AGENTS FOR PREVENTI NG AND TREATI NG DI SORDERS | NVOLVI NG MODULATI ON OF THE
RYR RECEPTORS [1] This invention was nmade wi th governnent support under
Nl H G antwBieoo7R2471FL 67849-01. As such, the United Stat @esTS2@6/H0BENE MmaYy
have certain rights in this invention. This application clainms priority to
-U. S. patent application serial nunber 11/212,413, filed on August 25,
2005. FIELD OF THE INVENTION [2] This invention relates to conpounds and

RUR recept or Serars PRRRRUATNG SRR FESAZMG DISORBARINATAENE "hore
particularly, the inveniicUOASEINSESTICO RYRURESEPT@Rsare related to
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ot her th?%g?ﬁlgjéﬁ% spec%al it%lé‘?jU?Sn?r aceHﬂul gr ?:al cium (Ca2l) st olre. nChannel S
in the SRugest2BE0P}anodi ne receptors (RyRs) open and close to regulate the
rel ease of Ca2+ fromthe SR into the intracellular cytoplasmof the cell.
Rel ease of Ca2+ into the cyt SBHI3PF TN WENERN ncr eases cyt opl asnmic Ca2+
concentration. QOpen probability (Po) of the RyR receptor refers to the
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associ ation wth faur FK506. bi ndi roteins (FKBPs), specifically FKBP12
(Cal st ab PSR eREpaCRIQL CrRROstioA) . Cal st abi nl bindS to RyRL.

cal stabi n2 binds to RyR2, and cal stahinl binds to RyYR3. The FKBP proteins
(cal stabi nl and cal st abi NRACKGROWNDtORTRE RNVEMNTION (one nol ecul e per RyR
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concentration of Ca2+ in the intracel lular cytopl asm causes contraction of
t he nuscraeasingPa mste thepyioptsedit BetSRon (EC) coupling in skel etal nuscles
invol ves el ectrical depolarization of the plasma nenbrane in the transverse
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channel cl gsed stat1 and i n{ racel L ul ar Ca24- | ea 2+ |l eak via RyRl

-. |l eak. SR
channel s Bk Same! {Be paltcateder RYR setamity siapilisgRpRchanps] WpgHonme. i i ner ease

conpensagRliiate BRHEM ﬁﬁgwﬁp&én%gha&%dgtm Sihdls, ikbrsyPRdvehdibnaese! er ation
e

of nuscle fatigue. e stress-induced nuscl e defect permanently reduces

i sol at edastivadeneotdprichapna) dyengibe thanpelifcdospdstatecul arly in situations of

i ncreased demand. 1009] It also has been shown that destabilization of the
RYRl1 cl osed state occurs under pathol ogic conditions of increased

synpat heti c activation and involves depletion of the stabilizing cal stabinl
(FKBP12) channel subunit. Proof-of-principle experinents have shown that

PI CA activation as an end effector of the synpathetic nervous systens

i ncreases RyRl PI CA phosphorylation at Ser-2843 which decreases the binding
affinity of calstabinl to RyRlL and i ncreases channel open probability.
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[ 12] Despite advances in treatnent, heart failure remains an inportant
cause of nortality in Western countries. An inportant hall mark of heart
failure iwoneauced7nyocardi al contractility. In heart faclaseqocosasactil e
abnormalities result, in part, fromalterations in the signaling pathway
that allows the cardiac action potential to trigger Ca2+ rel ease via RyR2
channel s and nuscle contraction. In particular, in failing hearts, the

anplitud f di ole-cell.Ca2+ transient .i.s d d t duration
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ar r hyt hningrgeellplar sdopdasmmemses cantyastion pCthe musde.r hythmia in the heart is
rapidly fatal - a phenonenon referred to as "sudden cardi ac death" (SCD).
Fatal vel¥07) cixcinticurgoniradtion(BS) cndligD skéleinl messles ivalvgselagtical
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ol ynorphic ventricul ar .tach i CPVI) is an .inherjted dbsorder in
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even in fh SERChoSihothgibas (A Rlepéddupt i thd miedd fibelkypease. CPVT is

predom nantly inherited in an autosonmal -dom nant fashion. Individuals with

CPVT havpospntk hiswekmEhodmrthat diedsd JortiaRat 8440jt @Cdvedink@ a@X@ti6d Sfahe but do not
devel op arrhydunias at rest. _ Studies_have identified nutations in the human
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hearts (gut@ation I iRBCHRMStrids HhhRAHN fesifiihd a8 @IBzakiBn BALERRIERRIE Of heart
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hyper ph o%%ﬁlé‘?'}%ﬁ“gt? ?dglﬁgsol ? Olﬁg@%\ﬂ%@ ,m éﬁ?%ﬁ?@rﬁﬁg%:h 5‘.1"‘?13 rug glkhgﬁ%nsc%r oni c
hyper adr seagidcdestiat.e that results in several pathol ogi c consequences,

i ncludi ng PI CA hyper phosphorylation of RyR2. [17] The PICA

hyper phopbprlyhlad havbeed shdyR2hdidsstibdkratipn ofths BER dslosedf stat¢ occursamtler buti ng to

depressed nt.ractile function and ant hyth engsi §. i n heart ilure.

Cons! ot hETPER Sk ot h B RSt s e Ry bERRR SRy AP SRR B R |1
failing hewltisg bagatheeEFRBPIRNSHahal ehunitn PiioV-of-pldadifle expetitien® havertiows and in
patients with heart failur gfnder oi ng cardiac transpl antation {18] In
failing HebFE4 aCHHEOM ARG ﬁmr%ﬂaﬁt%yawa@?tlwusﬁy TRSAnCTRAGERARY he

di ssoci apk @h1ephbKBITbR aBSd o84 S {valth Addredse LRk bhRinRMRZ §HARAELbIn T B RyIERUSES
mar ked changes in the biophysical properties of the R2 chamm , 1 ncluding
i ncr easeehdopernasey divapdl ppenpretEhilitdue to an i ncreased sensitivity to
Ca2+-dependent activation; destabilization gf the channel, resulting in

subcondub8hcla cardipcatiated mepseladiR2ds theanpisir &8 geelaasarhamet weguired dorfest s,
resulting, j f i S OUR, | di ; ' :
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sti nul at ¢dhmembing hingmnkd zes0 of the setidn Ererdiatiachivated VolagsFzaGdZa" | eak t hr ough
t he PI CA hyperphosphoryl ated RyR2 channel. 1019] The rmal adaptive response
to stress in heart failure results in depletion of FKBP12.6 fromthe
channel macronol ecul ar conpl ex. This2l-eads to a shift to the left in the
sensitivity of RyR2 to Ca2-induced Ca2+ release, resulting in channels
that are nore active at | owtonoderate Ca2+ concentrations. Over time, the
i ncreased "l eak"” through RYR2 results in resetting of the SR Ca2+ content
to a lower level, which in turn reduces EC coupling gain and contributes to
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SUMMARY COF THE I NVENTION [27] In view of the foregoing, there is a need to
identify new agents effective for treating or preventing disorders and

di seases woezociatad with the RyYR receptors that regul at ecralseoodnsnhiannel
functioning in cells, including skeletal nuscul ar disorders and di seases
and especially cardiac di sorders and di seases. Mre particularly, a need
remains to identify new conpounds that can be used to treat RyR associ ated

di sorder frQe+. l.eak . i.n R.ch

enhanci ngmglli/elllsdldr?lig %@S&% pdr“g Fﬁgl cggt ¢ disrs i Hlé{‘faéetsgtg %‘aSF gmm

Pl CA- phothpRBrwd RyyRed m@rocassds kmwnﬂsa}f’-lﬁ@nﬁetﬂ bat raédher niese Rramedisteguced
affinity yer(icaige n 1# $Ot BP12 and FKBP12, 6. Embodi ments of the

i nvent i of- Ol VESshe'™ er‘?lS 2PFD VRS R CpFacile profemsin e cardifc sgilyesultmg ihr esent
i nvent i ocurdjmnmusele pntpdctivh.des conpounds that may be C|aSSIerd as

1, 4- benzot hi azepi nes and sonetines are referred to herein as "RyCal s.'

[29] Th e[opnesmmphomamo@aarﬁm RerRR bp MM idaﬁ 1@%@%%% TR Aot

wher ei n, ,@ ﬁ§$§ 4; each Ris |gde§§£Fently
sel ect edrefPrOBFﬁ ﬁténcdf’%ﬁspcaﬁﬂ P?Wé‘n&galplbyﬁ%‘?j’élﬁg the@mouny i ga
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-0-acyl, alkyl, alkoxyl, alkylam no | am no thio, cycloalkyl
al kyl ar yqympa fic nghyqus lsb%ﬁf? |in Tﬁﬁﬁ‘ff@? ER:V’@’#S,' r eS“1Fﬁelt1 my@l %atfhéhd@lltput aPKényI

al | cynylgho 5tRm)o r no; wher ei n
each ac 17 I%H%%}gc Ikxlkz n(é?&fsé‘s e aﬁhﬁ‘f?@?ﬁ% Gl &{aﬁ‘t‘ﬁ%?hﬁga%aﬁlg% al kyl t hi o,
cycl oal k%ﬁismbg}zl@éﬁfﬂ 0) é@ry ithe qhemr@i @anlglbx Tes, ertmymioyda;seshm engtyigl ofl al kyl ,

al kenyl ’Rﬁu(% h+-de&>@1§&eﬁ{&h}/§f I, (hetero )arylthio, and (hetero-)aryl am no
may be optiona stitute is selected fromthe group consi sting of

H, oxo, I oa etero and
het er ocy[g!lf]y Pes \/\ﬁ1 gér(aggﬁﬁcg%&ﬁ}ga n&e%}: Iﬁ&rﬁaxﬂm rgr}ﬂgms ?n 1 Oﬁﬁqaﬂﬁ ?géﬁt?lbﬁl kyl ,
het er oarlyIWesmmdcmmtrssoA;aamyd)rtmb!alhnmrbpfheanéduluye smhﬁb&dmp@drdlm is selected

fromthe, LSt} of 1 02R7, -P(=0)R8R9,
o e RS b i g
ﬁycl oal l@ygrahﬂxgnbaithwer)dhmnlewm?mhmiaf a}ﬁﬂi@r@tdﬁtléﬂ&ﬁ i e K@ A% lréiéa‘éé waa{gml aryl, .
et er oar cl.oa clo a n et erocyc e optiona
substit ut' dlmsuséé F@E’fa lﬁ‘éla‘éirb@ g beatssthe ﬁéPB%i‘d? Pfa(1e p y

- O( =0) Nl-d‘éll Caﬁyt‘ransmlﬁ-lﬁde}ckease’duﬁﬁlthe dkdtRAYtolodly! . al kylaryl, cycl Oal kyl |
het eroaryl, and heterocyclyl; wherein each acyl al kenyl, aryl, alkylaryl,

cycl oal 11913] lﬁetcﬁdidmmy’cham@,m(iohﬁi(ﬁrf%ﬁ&|0Yheaﬁ‘iBﬁ£1hQ€ el ﬁﬁﬁhﬂ%ﬁh@&éﬁtﬂs uted; and
fromthe_group consisting of H alKyl, aryl,

wh Y
al E;F;P fﬁsgc%fgl"%}& &9 Hlse?ﬁ%t Arighilnllatign (ARES Begropt soprmonenediphasthyihmiaach
al kyl',  afi yhmart| 34l répridentseMfdjOdatisdl of RSP M Mhort A NALRLACHE El%émg%y be

opti onal | y substituted; R4 is selected fromt he grioup consi sting

al kyl, apRedling —apqydingsybrijerngof atria) sefenstokipss, Insstaraershted atadtatien ef ocycl y1;
wher ei n e ekbrikdsy hnd BHHERVS of 1R Wk Y k feroaryl, and
het er oc;cl yl mayybne opt i onéao suvt()ﬂsetﬂ}ﬁfl e XAtﬁgpl %‘*%Z% X{Cblgpgryom t he group
consi st iSAfaiped tapiResdial §; hl&ré@@)hng Nmksl'&?llﬁl,portaﬂlﬂﬁsﬂ B BadldbBent, nmidkBianecOR15,

O)N NRI. 5R | k |
aryl ) sl P et AR o SRR bR e B p ety el y1 and
het erocyblc'yicallrklylbdelwgm ﬁnml fémﬂhtum:yl al kyl, al kenyl, aryl, alkylaryl,

cycl oal kyl, cycl oal kyl al kyl heteroaryl, het er ocycl yl, and
het er oc;[Qﬂlﬂl Alpklywcinm«sly be%aptll pathtsyvigitest disedsedic ioapndathe@idan q is 1, 2, 3,

4, 5, or sel ected from.the grou |st| 1215

“NHNIt i B 351"1’%‘3 IONPIEE CASoR B VB R U aéﬁl}g’%mlgmq SgrtisRid ?-‘/ fiakyf aryl

al kyl ar yhenompnéromfdeie o ayehdush kyrtiab by (BeDS! Pa&él%ntnbtﬂ&@&&?ﬂﬁﬁﬁéé'and and
each acyl, al kenyl, alk , al kyl aryl,

heterocE kyhalk¥ . Wher ei

cycl oal § AP AR KOG %{;?MISHQF%WMWdUW@%%W pwn BHEVG structural

het er ocyedrydigdatey IIn FRY vOfiri P laf H%in‘nbﬁ iSHBHdst dhfithn Rfselo? skRbEERLf oM the
group conS|st|ng of -0245, -NRI5R16, -NHNRI5R16, -NHCOH, -CH2X, al kyl,

al keny| otharvseReplthyingividuglskyl aryl, cycl oal kyl, cycloal kyl al kyl, het eroaryl ,
het er ocycl yl, and heterocyclylalkyl; wherei n each al kyl, alkenyl, al kynyl ,
aryl, alkylaryl, cycl oal kyl, cycl oal kyl al kyl, heteroaryl, heterocyclyl, and
het er ocycl yl al kyl may be optionally substituted;
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Rg and R9 independently are selected fromthe group consisting of OH acyl,

al kenyl , al koxyl, al kyl, al kylam no, aryl, alkylaryl, cycloalkyl,

cycl oal kywel2kyto24het er oaryl , heterocyclyl, and het er ocyelcyluskéogloz2aoher ei n

each acyl, al kenyl, al koxyl, alkyl, alkylam no, aryl, alkylaryl,

cycl oal kyl, cycl oal kyl al kyl, heteroaryl, heterocyclyl, and

het erocycl yl al kyl nmay be optionally substituted; Riois selected fromthe

group consisting of -N I 15R16, OH, R11, -NHS . C(=0) (R12)

NHC=Q( R1l2§3] CgisEhqlaminsyeic p] mowm@wgﬁaéachﬁafdla%@%w% ‘g‘)ﬁlﬁﬁé

IN mﬁgendﬁ%ey I@malv%ﬁblgﬁtlepttﬁua@%p tt&lngﬂ ﬁfbﬁtsfﬁ%fkﬁ&dcwz@f byl-!;treﬁcl-l,ndthdldlé'tk ol
- acyl, al ken al kox a a arni no a ar

éﬂml Y. y %Ei %ﬁX}F ylhary

cycl oal wntnce%taélwcasdlaar wlpthal pratviiaia it caviestS6rid o [onpiects Zih
het erocy, pgllyﬁﬁl:ﬁl %féﬁjtlon Wr%tkrgslseﬁ’fﬁl@e EGMLotloﬁéllﬁﬁMt polﬁh@ﬁﬁé'v@ntﬁbﬂﬂﬂﬂ al kyl am no,

aryl, , cycl oal (% heteroarg heterocyclyl and
het er ocytectlqumlaythah}agd t@é%@‘f@@n@tﬂeyb@uﬁqf teeteblle sixugtarakherr diS685Sf r om t he

gr oup CORsy g,}% 15R A auadNRits Bpgr - 01215,
- 302R7, andfhg?ggﬁkgﬁgk%%%ﬁkﬂi gﬂ?% gg%ngﬁﬁﬁl areu%elected fromthe
gr oup cdnsé senmgllmTanﬂiythaua}d whmlskh ntydzd, toakdroixy but domjot MVQIZP aghyipnias all kyl am no,

I | k Kk l.oal kyl al t |yl d
o2 Sl RS BRbA S R0} b 03 o0 AR st geycly e
aryl, aligyhdividhals eyhlCrKRyl , cycloalkylalkyl heteroary 1, heterocyclyl,

and heterocyclylalkyl may be optionally substituted; and optionally R15 and
Ri 0 togefoingjr Failing hieles (Bl gt, bn phiieats umﬂielyeamfaﬂummdadanmyl thadeln & hhat er ocycl e

whi ch be substitute the nitrogen in the e ring may
opt § onal BUELE CE EEGPY & By SSRp S e BREeoh G SRR enbialy s
taUtFnErﬁmnmh%hnﬁﬁgﬂh&mﬂhixhﬁﬁgﬂﬁ&ﬁﬁﬁaﬁﬁ%iﬁ%nﬂh%ﬁﬁ@&@@mﬂ&%Wﬂﬁﬂes 0 ]

t t hat , t
R s notcipptopal bterodpaie reqeRt PG heat, oy b g vt O proterns, ' 1°"

- CO(=0) NHChivRd %%l cycgsgln'fél thm%y'%%se mtgcﬁﬁ)alﬁt cAMP %nc@l}ﬂﬁﬁﬁg‘@AMls( =0) 2Me,
or -S(=0)2Et; further provided that when g is O and nis 1 or 2, then R2 is
not - C( :@}lmes cAdyiRaipprndent PAoyimqlhas b?emSQ@W@)@EéucefhaPtrR@SPth%ﬁ t hat
when q i ! ta@@thgtfretdtt@ub&%@t hi azepene
ring, th%}/t Rzﬂlﬂlg (!I?(l;&ﬁc i;}@all't fglureg c'ﬁrd?ﬁc ﬁ)%@raﬁreﬁa'%i( S v o 20) D,
or -5S( OpemlEthglaqdlsecruameﬁenclwhwmédlypmhothftmlatqon RlyRZn is 0, and Ris
OCT3, OH, Ci1-C3 al koxyl at the 7 position of the benzothi azepene ring, then
R2 is nol0lf, THe(RKY) typegr@sphorbiion of 8382 hpybesnercsatedds adastor copfabyings ent

I nventi op {)I%%Qnﬁi %(?ntgagtrﬁg Eﬁn QI{d EF ‘%%ﬁyfl % l%glg%%?%ﬁlh} p eéO]?Sl?SQ Wl'[‘ﬂ‘tﬁlgl the

rovi so ? oun I'S" not n one e odlnent t he
pr esent hmémls Mhyparpiresplmmdzttmnrmcﬂgyﬁﬁ 1rFfarlmgIhaarlslals bednadeaionstrated, & 0, 1, or

2; qis dentlyv. sel ect fromthe group
consi sti ¥ %’Pﬂw‘ aWEtag‘&lSﬁéls aﬁﬂpgﬁﬂgg Wlﬂﬁtﬁgq i ondgpegine  _N3, -SO3H,
-S(:O)Zahﬁmmezﬁ@PO)alkyI -0S(=0) 2CF3, acyl, alkyl, al koxyl, alkylam no,
al kyl thi o, cycl oaLkyl, ant heterocyclyl, heterocyclylalkyl, al kenyl ,

al kynyl , unbpt@ﬁﬁhh@ha&th&BﬁﬁﬁmoﬁabmmﬁhhofRaRﬁbyRKManﬁx%amyﬁmmkmnmnmherein
each acyl

het er ocy®i Fﬁllglg(lt){?eq @%@&&Woﬁl Wl)ﬁy%? f ’hﬁ% %;lﬁ“(i)fl marté#e‘?l@?%?sg(%g’yar a
(hetero- 131@{55/513{0@1 Fgepemt of RRLIBIRY- chaknél, @fmlﬁﬂﬂngﬁﬁ&remd spdasgrotabilieg (F@) due to

bstit | ected f t'h t R5
EJ Qfg( SRGI) anumg@QsPQ 7enls§tp?t§(t;)e é@?_@ epeglg%n@g;/agqrz@gu Qst N ?ﬂ%sy:tt(s)n Iggtgfa chaﬁgqleqegg‘t%g X
cycl oal kyl sub&%gﬁ&ﬂcg sikle Y limp aﬁt‘%@ c&ﬁﬁ&ir AGYE bYthe MABEIS I rBsu@aphn abféstive aryl,

heteroaryl , cycl oal kyl , eycloal yl'al'’kyl~ and heterocyclyl may be
subst it uke (gtomhng nad b@dnag dyséenction. Thus, PK A-hyperphosphorylafed RyR2 is very

sensitive to low-level Ca®* stimulation, and this. manifests itself as a diastolic SR Ca*" leak

through the PKA hyperphosphorylated RyR2 channel.

[019] The maladaptive response to stress in heart failure results in depletion of FKBP12.6

from the channel macromolecular complex. This leads to a shift to the left in the sensitivity



R5 is selected fromthe group consisting of -NRi sR16, -NHNRI 5R16, - NHCH,
-ORB, - C(=0) NHNRI 5R16, -0M2R15, -C(=0)NR 151216, -02X, acyl, alkyl,

al kenyl , wbkygomd2471aryl , cycl oal kyl, cycl oal kyl al kyl , hetreramsgaipb240mnd
het erocycl yl al kyl ; wherein each acyl, alkyl, alkenyl, alkynyl, aryl,
cycl oal kyl, cycl oal kyl al kyl, heterocyclyl, and heterocyclyl al kyl may be
substituted or unsubstituted; R6 is selected fromthe group consisting of

-0R15, - R162+ - NHOL 1, 2+- NRI 5R16.. - CH2 I | k I Kyl |,
eycl oal KOTIRD G -pOve o HRpar S bR it e B K s ALK “er e n
each acyipdahtk €1 conédnisytions A0ytr, tingey dedadrieyskd "eake kioahdayit vl kegbultsvet er ocycl yl ,

and heterocycl | kyl . ymaybe substitute r unsubstituted, 7 1s selected
from t hefe@f%%ﬁpggéﬁ%@ $tAi rf)émﬁ?t tpys gy %‘zysf W%mbzagmeﬁdugwﬁﬁdﬁfﬁ@ BN, -
CH2X,  al dotkribudds &6 Diypaired byeyolk lcontiticNlity. cycl oal kyl , cycl oal kyl al kyl,

hct erocycl yl, and heterocyclyl al kyl; wherein each al kyl, akenyl, al kynyl,

aryl, cymhopl k3ditioralig, Obkopumtiby bt Ryres &E@ﬁ&ﬁiﬂ&ula@%aﬂtf‘t enassesral kyl may
be subst]tyted or unsubstituted;, R8 and RO md&g,endent,y are selected from
the group? cOwanssthe rryting phasypf thesardiageselon fastol) [Ehisyesultainidppolaizalionsefi no,

aryl, cymbeatitlyocfty flepdtdnk kabdtyds delSEE ARG VEYd1ari ARG BB MY Aa! Kyl ;
wherei n each acyl,” al kenyl, al koxyl, "al kyl, al kylam no, aryl, cycloal kyl,
cycl oal kkuosinkg triggeefatdl gentasulr carding arbytemeasycl yl al kyl may be substituted or
unsubstituted;, Rio is selected fromthe group consisting of -NRLI5R16, OH,
- SO2R i , [02KHSpRtients witloCPYY Rugstions s im0 RyRA 2nd otb¢rei)sRacturalyalormal

- P(=0) RL C . - : [ pendent |y
are sel e%%aét%{%fsgtg?rlr%rﬁj Rgnoérgega%mcag‘ﬁg?{étsﬁ)ﬁaﬁ%afnylﬁ%fto%a}af gﬁeqﬁ%?s{}g%% acyl ,
al kenyl , indidedhgte]easd dfichteclalldmihesthatactiate/beta-adrelwadik ydceptarg i thahkart. al kyl |

het erocygl yl .. ang,h rocyclyl al kvl : rei-n.each acyl | kenyl,, al koxyl ,
o kyt i eR REmO LRSI ] PRRTPGPuROrkalin SRR T o
het er ocydiayhedd. Kinlidemay albe sigrgbsd thtuhePIK Athyperphusliortldati@dof RERS rseiltamt fedn f r om
the gro consi sting of hal ogen, -CN, -0 . - C(=0) NR.L5R16, -NRL5R16,
RS, B RS ksl R e RO R A s a0E FPORAY PR TS BP et ed
f rom t heregixatith ghassdf3hd @died cykle, Rexhsingihk BRdhoo@bR@Mthmisdd, NH2, al kyl,

al kyl am no, aryl, cycloal kyl, cycl oal kyl al kyl, heterocyclyl, and

het er ocyfoebly | @drkiyt arrvyilehiak Bre @ackin 0 assoaldkainyith diadiRSH Ca%aldayd in al kyl ami no,

aryl, cycl oal kyl, | oal kyl al kyl ., heterqcyclyl, and heterqgcyclylal kyl may
be substl?‘itlﬁ?téﬂx%‘rcpﬁ%:ﬁ%?PP‘ﬁ}{lg&}rRa}i%; e eihshEss srukisallymerralgctitydbher " wi t h

the N t o cabes! theihodt SneRdedhiiim FRimmwRLhelRPEME]Bcedtvelis@y be
substituted or unsubstituted; the nltrogen in the benzot hi azepi ne ring may

be opt i oAgFErdia ivabapeiaharigmaticity. ogemiorrn atiebnariad piomstisity, dnewt e¥ eor ner s,
t aut oner e RRALARGRME, GalskotiARCHRE 9&%%12@%%5% of IR QF2L %icg%ﬁahm@; BADs.

conpl exes, "and prodtugs thereof; provi at when'qg1s O and nis 0, then
R2 i s noPARs ag abnoghal0danplzrizati @isNpRadiomyCe ) thit-asBurtafter rep@gr@fingof 2=0) CH2CL,

-C(=0)H, . ;& =0) - Ct =0 - =- - St 3R)2be = t;
further CSFC(%% %%algg P %tgﬁa\ll-maéﬁé naoﬁe%u(%-béa%%j WEO@Q ER cfzaherﬁle% tlflaEQ%Sgitgl%C( 0) Me,
- C( 0) Et , DADSha0)d2 besn fotly eBer@)edEtHovWaret, BADpamwkinded t¢ habloskehbyy is 1, and R

is M, G, or F at.the 6 positi f. the, benzat hi azepene ring,. then R2 is
ot 1 eSS afidilenyRigghial BBl et e alERy b iy "% Do) bt
and f ur tdverapiCatirelestet hat when q is 1, nis 0, and Ris OCT3, OH Cl-C3
alkoxyl at the 7 position OF the benzothiazepene ring, then R2 is not H,

- C(=0) C1j023{CH2S. Patent No. 6,489,125 discusses JTV-519 (4-[3-(4-benzylpiperidin-1-
yDpropionyl]-7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine monohydrochloride; also
known as k201 or ICP-Calstan 100), a 1,4-benzothiazepine, as a new modulator of RyR

calcium-ion channels.

[024] Co-pending application U.S. Serial No. 10/763,498 discusses RyR2 as a target for
treating and preventing heart failure and cardiac arrhythmias, including atrial fibrillation and

cardiac arrhythmias that cause exercise-induced sudden cardiac death (SCD). RyR2 channels

-5-



[32] In certain enbodi nents, the present invention provides conpounds of
formula I-a, wherein each Ris independently selected fromthe group

consi sti myoabo#24hal ogen, -OH, Ove, -NH2, -NO2, -CN, - CP8T/USU6D3240N3,

- S(=0) 2C1- Aal kyl, -S(=0)C -C4alkyl, -S-Cl- C4al kyl, -0S(=0)2CF3, Ph,

- NFI CH2Ph, -C(0) Me, -0C(=0)Me, norpholinyl and propenyl; andnis 0, 1, or 2.
[33] In other enbodinents, the present invention provides conpounds of

formula |- erei i s.select h
| L0 12 7 e g SiehS (< TR et DR RT3 10 ver
anot her @mod| V%EBF) bR fPiRISE Rhvel fﬁﬂ&lrahmefeatrsm gesltedanpusndstat fornul a
| -b: wherein R' are |ndependent sel ected fronlthe arao

Ne% &%‘pthe SO3H,

consi st i DGRBS leﬂ(}’ Qﬁab @)@@ﬁu“'—l@]‘l? wheg-gtimulpjep duringpgxercisp3 The peghgnism
- S(=0) 2afiy| cpvP @1&15096%11 li¥honstrel R@e%%@mneae%ﬁlle medhbkivth 1f01a‘l/ g Qi(]Yelart faldey/| am no,

al kyl thi o, cycloal kyl, aryl, heterocyclyl, heterocyclylal kyl, alkenyl,

al kynyl , Oﬁé]etlﬁﬁag‘bl:é}{s)hbwnQﬁh@%ﬁ&s&lﬂﬁﬂdeﬁ |aﬁ=hﬁhm?a'§@nc( HﬂH&{ &aﬁﬂwﬁa@eﬁ@o and
wher ei n eac arni no, CcCycl oa

het er ocy\@uﬂyCvaite@ﬂb&gmlaw@m%m@r RS2 Ry Ao aRERD. gy
(heter o- zﬁa{swe&baeqn@@efatgoe@t&é{asg chﬁggg\ﬁ}gkﬂﬁy Sdshilt Hf]]% }B?ylé’tﬂﬂ are as

defined 1 n conpoun or nu enant dlastereoners
t aut onmeralgngheratmonomhasihgtedcAMpl-déteadahbrotein kipatedPK4). WIMHRE%Z conpl exes

and pr o- qug%?s wﬁl il%a({l mla?g.ﬁ]nct%cir}l 11%% ta'hpn?g? rs”%@ér sal Q&idﬂ{ %?%e' nvention

provi des” oun ki@l erein are’in épendently
sel ect ecknélfe@msithe t@ ﬁ@ﬂptuﬁﬂf}&?l@& phgphéryHfiolnakxigeiting m@daseﬂwbtmtymbﬁqn -
-CN, -CF3,

Caal kyl Pm‘b@éqgg))aé‘érﬁéﬁo%ﬂ?dog O e kéé)vi\fé“gkg@% e k%‘r%‘ﬁ?‘ﬂ nyl a,nd

pr openy| pK AplosbhbS/1dkd shuteht FR2! dha@@[ﬁﬁvcﬁraﬁd's‘ﬁtanﬂo lllllﬁblhblﬁ)by O, aand R' is H
[36] In other enbodinents, the ent |n%f @iqn Bro§%ﬂ§? c? ounds of

f on- nul aPhysiglogigakinhibiorres thechamne @P shorredrrdued R L2 ﬁg - C=0( R5),
- C=S( R6) oals’té@r&R&rhlch s HEE hanAdI6h the S1ddd statBl o hes']e(}fnaﬂngk hdyRte tﬁzﬁtOt her

enbodi nent, present invention provides conpounds formula of I-c: zR,

q(R) Th (Dyie eWélﬁ@l“ﬂ’eéﬁl?lRW are PKA-phaphorylated, él&e et {dd T thagesih¥einds of

formula faa1 \f@o QHH tt?erl‘@l@;(dtﬁﬂ?ﬁ%e o@'ﬁﬁ%&ﬁia%%%é fdiast At BRRESng the
phar maceut i ca ceptab e sal hydrates, Solvates,” conpl exes and

pro-dr ugl@{eﬂlh@qdeaffaﬂhym tiiggerrdrby ARICEnireli ment s, t he present invention
provi des conpounds of fornmula |-c, wherein each R is independently sel ected
f r om t hel0g6loubddittmeilstcorpgndifie H,S. Rateaigrplicatir NoR/288, ffipdiscungep a meigd - CF3,

- 0CF3, 1N§ te gu1%£1n£ Zo%g‘lact%%f l§¥1llb_] eces dart by administering a compound that regulates
PKA phosphorylation of an RyR2 receptor and specifically decreases PKA phosphorylation.

Co-pending U.S. Patent Application No. 10/608,723 also discusses a method for treating and
prophylaxis for atrial tachyarrhythmia and exercise and stress-induced arrhythmias by
administration of an agent which inhibits PKA phosphorylation of RyR2.



C4al kyl, -0S(=0)2CF3, Ph, -NHCH2Ph, -C(=0)Ne, -0C(=0)Me, norpholinyl and
propenyl; and nis 0, I, or 2. 10391 In other enbodi nents, the present

i nvent i orwpnreovivuder7conpounds of formula wherein R7 is selCeatseaesfnsnns t he
group consisting of-OH -NR15R 16, al kyl, al kenyl, aryl, cycloal kyl,

cycl oal kyl al kyl, heterocyclyl, and heterocyclylal kyl; wherein each al kyl,
akenyl, aryl, cycloal kyl, cycloal kyl al kyl, heterocyclyl, and

het er ocycl yl al kyl may be substituted or unsubstituted. 10401 In a further
enbodi nent, the present i nVEMMARY SHOVHRENVENHNNds of formula of I- d:
wherein R and R' are independently sel ected -fron1th%§%ro%g1poEsisting of
H hal od8#] Iodew.oftheforegping, therg a neegty idendigynew aggats ellggrsig IOLERELRE 54| (y| |

- S(=0) aldhtovern BTN dRElks aRbdidtba with HORYR: redHplft B 18gulaid Ll o,

cycl oal kyl", aryl’, heterocyclyl, heterocyclylal kyl, al kenyl, alkynyl,

( het er o-chamng! fun¢thmingrio cylbs i,ﬂlci{lﬁiné skeletel museplar @Wéﬁ’@ﬁ%ﬁﬁ?@?eséﬂ‘g wher ei n each
acyl, alkyl ; nal L3 2d Kyl arni I G e

het er ocye(S: eﬁag?ﬁ%jrﬁ%%gfsﬁgdﬁ%l al}iggpha{;%yIl,ﬁ&%ﬁgﬁiec{ri%%ly’aa?{/eﬁ re(n%g%sgérs gi-é?(_a_itryyl }tvhi 0 may
be substdotpbedis tirat anshehstd touteetRyRRassesigtethdiaprdera by.dfef ¢xaanle rPraisRp&ends of

formula . l-a abgve: and enantioners,. di 1 OBl Statahy
phar modets B RPRr e el iRt i ot SR feat i@ AR csabind) o,
pr o- dr UgK A pRéphdrylaldd AR, bid tanbtaitRyRhaditveniss havelreduoeds@nity fomvaeoi on

provi des conpoun ff |-d, erein .and.R' are ind ently
selected“ﬁﬁﬁ “bﬁgiﬁﬁaaﬁfﬁgﬁgﬁé?iﬂ8b§$“¥fmﬂ%ﬁ%&@ﬁ?ﬂ@%ﬁﬁméﬂg?OEﬁfﬁe -NeR,
-CN, - CRBgscnb¥ds2, -1 13, -8(=0)2Cl-adal kyl, -S(=0)Cil-C4alkyl, -S-G -
-0S(=0) 2CF3, Ph, -NHCH2Ph, -C(0)Me, -0C(0)Me, norpholinyl and propenyl; and
nis 0, b8l Abcoldthgh) MR pR@sASnvdrtion genktally pfdviries agttipdiihds thathay ®42] | n ot her
enbodi nents, the present invention provides _conpounds of_fornula I-d,
wher ej n fepsifigd é%l»ﬂz@?’&ﬂ’ﬂﬁ%ﬂﬁn%@dﬁ%Efﬁn?:gc?ﬁes’l’egeﬁeﬂgo Feipd RS- 151216, al kyl
al kenyl, aryl, cycloal kyl, cycloal kyl al kyl, heferocyclyl, and
het er ocylPY Aibeypreseniiasieation WEther Papwdas compayngs ,Oh“e"&?’;‘#a?{' cycl oal kyl ,
cycl oal kyl al kyl, heterocyclyl, and heterocydyl al kyl may be substituted or
unsubstituted. [043] In one enbodi ment Rt he present invention provides
conpounds of fornula of I-e: wherein each R , g and n is as defined
conpounds of formula I-a above; en i rs, diastereoners, tautoners,
pharmaceutically acceptable s sol vat es, conpl exes and
pro-drugs thereof. [44] | khe present invention
provi des conpounds of forﬁu*a iy each RAs independently selected from
the group consisting of H halo -NO2, -CN, -CF3, -0CF3, -Ng3,
- S(=0) 2C1- 4al kyl, -S(=0)C1-C4al kyl, -S; -0S(=0) 2CF3, Ph,
- NHCH2Ph, - 0C(0) Me, nor pholinyl and proqgnyl; akgd nis O, 1, or 2. [45] In
ot her enbodi nents, the present inventiogh provides conpounds of forrmula I-e,
wherein R5 is selected fromthe group consisting of-NR :5R16, -NHOH, -O0RL5,
- CH2X, alvkatkin, al kenyl, aryl, cycloal kyl, cycl oal kyl al kyl, heterocyclyl, and
het erocycl yl al kyl ; wherein each acyl, al kyl, alkenyl, aryl, cycloal kyl,
cycl oal kylsal, kydr,2; het erocycl yl, and heterocycl yl al kyl may be substituted or
unsubsti t ut ed.

qis0,1,2,3,0r4;

each R is independently selected from the group consisting of H, halogen, -OH, -NHy, -NO,
-CN, -CF3, -OCF3, -N3, -SO3H, -S(=0),alkyl, -S(=0)alkyl, -OS(=0),CF3, acyl, -O-acyl,
alkyl, alkoxyl, alkylamino, alkylarylamino, alkylthio, cycloalkyl, alkylaryl, aryl, heteroaryl,
heterocyclyl, heterocyclylalkyl, alkenyl, alkynyl, (hetero-)aryl, (hetero-)arylthio, and (hetero-
)arylamino; wherein each acyl, -O-acyl, alkyl, alkoxyl, alkylamino, alkylarylamino, alkylthio,
cycloalkyl, alkylaryl, aryl, heteroaryl, heterocyclyl, heterocyclylalkyl, alkenyl, alkynyl,
(hetero-)aryl, (hetero-)arylthio, and (hetero-)arylamino may be optionally substituted;



[46] In some enbodi ments, the present invention provides conpounds of
formula Fe, wherein Rs is an alkyl substituted by at | east one |abeling
group, swwb2ee7/@4fifuorescent, a bi ol um nescent, a chem lPaFUSe@EABL4)S a
colorinmetric and a radi oactive | abeling group. A fluorescent |abeling group
can be sel ected from bodi py, dansyl, fluorescein, rhodam ne, Texas red,
cyani ne dyes, pyretic, counarins Cascade Bl ur, Pacific Blue, Nhrina Bl ue,

Or egon een ' m di no- 2- | ndol e ( API I nciter
Vel T ow, _Br BaHarEH B G RRHY G op el AR R SRR

deri vat i ¥&&oihE beDheterdORKI; wmbraﬂeachancye heayINEHL alkilagl, pfyelsanyl [ nventn on
provi des conpounds_ of formul a wherein R and R' are independently

sel ect edh§ ?IB?’FV]t ﬁ@db‘?t%mfy%w §’f’ PW@O“G]fIY pibstigtedgen, - oH, - NH2 -NO2, - CN,
-CF3, -0CF3, -803H, -S(=0)2alk | kyl , -03(=0)2CE |

al kyl aBm)@?lﬁcte%ﬁR%Mt%ﬁﬁrﬁBp &msq)%ﬁ&ﬁﬁ C&‘;ﬁ&‘)%gnq(aﬁ)&aﬁﬁﬁ%)ﬁg é—% C)r/yl

het er OCY§dI-Y2|)IaRlﬁ)¥ lalkylalaﬂ&? @Méylarﬁl ﬁ%‘t’ér@arﬁlh@c?da&y) %ZMbalk}ﬁQlﬁSfleéllﬂi'ﬁe@elfrUdyEm :0, and

(hetero-)aryl am no; wher'el n each acyl kyl am no,

cycl oal kyherciagach ﬁ]éxleirr?ﬁ]e?](kb’lﬂyl heterasedcgpislopikal, kmloal@llaé@ﬂyan hsteragpglyl

(hetero s Ithio may be substituted or unsubstituted; R5
and n ar)éﬁg)é (&%@ae}?@?\a%?fpounds of fornula |-a above; and enantioners,

di aStereR”}% §le?t[e@ﬁ51‘ﬁr{ﬁ protbg{ SRGLME CRId Y %?Wﬁﬁﬁ fc abta%yl lé fates,

sol vat es, exes an ugs” thet eof I'n certain e iments, the
pr esent alhwhtarﬂmlbylwl dE@Oaﬂ@d;i@tmmﬂodndﬂmtemdyelyl Ahetesy esich agyl, aélﬁdt R' ar e

|SPeTREBLY T 865 WA G, 59030008 1 S olphBEr o, ),

S Cl- cmbﬂnyted arﬁSﬂ'fe&‘)lQWB selRked fraMEAHEIZRRID consBiting MEH, al@ @), Miylarsdy phol i ny!|
d d R i
1 1645] Splph Pt iR o e i E88Re SR Bn o Brdbe i dounds of

formul a hetéroah) @h&hdterBoycllyd niEibe op@shally substifaeedgr oup consi sting of - NRASRIG,
-NHOH, -ORts, -CH2X, al kyl, alkenyl, aryl, cycloal kyl, cycl oal kyl al kyl,

het er ocyR), §é|sele&6@ fromtths 9@3{1@ bwsaﬁlkg/dﬂH,\Mn@n alm:nﬁaa:rlsﬂ alkylaryl adykphlkyll kenyl ,

be” subst hedout si GGaBent? Wt chaubp ikt dahalHbr reBaient, the |

present haueakl, aid RESEREA nkYPROURGIBIPEutsaitadl & of 1-9: q(R). (oP
wherein Wismg or 0; each I%fa@Rl Ri6, q, and n is as defined in conpounds

of for TTUREglls'sel%ct@&)%ﬁ th@@duﬁe@msm@gmr—mlgn@sz@qﬁ £, mmmgm,rﬁ,
phar maceuti cal | é acceptabl e salts, hydrates vat es, exes and

pr o- dr ugSHMFb &8s -GEEANENR 16fpt- QpﬂRléfrﬁj&D@P?%ﬁ%léa @H@Xp‘?"é‘b Lpkswylt i on
provi des ,connuRAScyRfoafkdl, %@léalﬁylgkﬁ/l%r@rﬂ R&GYC O\glﬁ%ﬂdﬁﬁ@@%{\%&g%ﬁ% 56' ECt ed

fromt hewgroup consi sti ng

- OCF3, eremg(ae%oacszlall@blall@wl arylselkmlmi apdatliyll cycloalkylalkybdetenyapdr3, Ph

- NHCH2Ph 1, or
2. [052] hTt%rgéo)fcﬁ})le’r gr‘}ﬁ)gg{cxgﬁt S, IHE%Qé;&éié)g%lty @Eggﬁ% ?%ﬁ@%\}rhgﬁﬁl sS ric%sr’rs}f)gunds of
formul a b-q,6; wherein R15 and R16 i ndependently are selected fromthe group
consisting of OH NH2, alkyl, alkylam no, aryl, cycloal kyl,

eycl oal kik 'aslskly:bt;ed fremeh@gty)u@ Wnsisamcmlhs oNVINRRak, kML OHWhN ResRig, e@d1X,al kyl ,

het or ooy oty 5 98 alany ¥ELERE St sl RSB e wdget her
wth thehéﬂerbeyc\tghalkjﬁ heyinasaeh mndlkdnﬂ&ykyﬂmrm dk¥ietybregdyakd, whi ch nay be

substit uE:yec?oalkylalkyl heteroaryl, heterocyclyl, and heterocyclylalkyl may be optionally

substituted;

R is selected from the group consisting of ~OR s, -NR;5R 6, -NHNR5R 16, -NHOH, -CH2X,
alkyl, alkenyl, alkynyl, aryl, alkylaryl, cycloalkyl, cycloalkylalkyl, heteroaryl, heterocyclyl,
and heterocyclylalkyl; wherein each alkyl, alkenyl, alkynyl, aryl, alkylaryl, cycloalkyl,
cycloalkylalkyl, heteroaryl, heterocyclyl, and heterocyclylalkyl may be optionally
substituted;



1053] In sone enbodi nents, the present invention provides conpounds of
formula I-g, wherein Wis 0 or S. [054] In yet another enbodinent, the
present iwoentamipr ovi des conpounds of formula of WO PCT/US2006/032405

2007/ 024717PCT/ US2006/ 032405 )----- NR15R16 wherein Wis S or 0; wherein R
and R' are independently selected fromthe group consisting of H hal ogen,
-OH, -NH2, -NO2, -CN,-0CF3, -N3, -SO03H, -S(-0)2alkyl, -S(0)alkyl,

-0S(=0 al _kox | | | k

ot or oyt 9 BritdenpRiesly bre SPFRR o Rl ConRyin LR alfel, Al
(heter opaarcylj mlayldmnamiylc bneylem c)yabadkﬁmy@mall@rmcy\mlefemamyle&méao@eml, andl kyI
al koxyl , al kyl am _nq, cycl oal

het erocycl yl , hete IaIkyI,
al kenyl , heé?rwﬁ alkylubési eyfélrawl al?ﬁeé &Hoxylaplliyl plicyatmine: # §@é@ﬂﬁt ut ed or
unsubst i tydfoamkyl, B}é@alﬁlﬁkﬁnﬁet&oﬁ&ﬁh@e&ogﬁﬁﬁ“ﬁﬂ He&r&?ﬂﬁal-l@ﬂﬁlan)e stomeia | -

above; and enantioners, diastereoners, tautoners rmaceutically
acceptab$@m§HW@s hydrates sol vat es, conpl exes and pr o-drugs thereof.
[55] In certain enbodi nents, the present invention provides conpounds of

f ormul a Ruos selgsteddiom tre eeava crosising of nNR pRivel OFk 1'§0§§sl ebH8®2Rnom t he group
t - - -OCF3, - N,

?g?sb)szlc?- i Q’N@@—%%R 0 5%?““% AR Ty kyl, -0S(=0)2CF3, Ph,

NHOH2Phg R 04 Mg 18k lﬁ&&%@s@ﬁ%& fFékn B0 ﬁ@&fﬁﬁhg o8hn, N, 0, 1 or

3.Insmmc nonreMmmnmns
t he presEﬁmﬁbnﬁﬁﬁ@Homwbﬁﬁvmdeéhnwhpﬁuhdgybﬁnmn |lafkylaryl, cyshvelkel.n R15 and

15 TSR0 ) KA B R T .
e it
?%d optL %EP? 3&f§8§ﬂ€“ﬁ¥%y¥%ﬁg?ﬁgﬁ Pﬂa§%%L%F$8£ahlchythey are bonded may
h
b esent it ETeRg Bl el g s ADEIH SR L R SRR o o

[ 058] In-@RﬁuﬁKhRﬁa@ﬁbﬂdﬁb&ﬂh,mﬁhe pr esent |nvent|on provi des conpounds of
formula of I-i:

Rys5 and Rye 1ndependently are selected from the group consisting of H, acyl, alkenyl, alkoxyl,
OH, NH,, alkyl, alkylamino, aryl, alkylaryl, cycloalkyl, cycloalkylalkyl, heteroaryl,
heterocyclyl, and heterocyclylalkyl; wherein each acyl, alkenyl, alkoxyl, alkyl, alkylamino,
aryl, alkylaryl, cycloalkyl, cycloalkylalkyl, heteroaryl, heterocyclyl, and heterocyclylalkyl
may be optionally substituted; and optionally R;s and R4 together with the N to which they

are bonded may form a heterocycle which may be substituted;
the nitrogen in the benzothiazepine ring may optionally be a quaternary nitrogen; and

enantiomers, diastereomers, tautomers, pharmaceutically acceptable salts, hydrates, solvates,

complexes, and prodrugs thereof;

provided that when q is 0 and n is 0, then R; is not H, Et, -C(=O)NH,, (=O)NHP, -
C(=S)NH-nButyl, -C(=O)NHC(=0)CH,Cl, -C(=0O)H, -C(=0)Me, -C(=0)Et, -
C(=0)CH=CHya, -S(=0),Me, or -S(=0),Et;

further provided that when q is 0 and nis 1 or 2, then R; is not -C(=0)Me, -C(=O)Et, -
S(=O)2Me, or -S(=0)2Et;

further provided that when q is 1, and R is Me, Cl, or F at the 6 position of the
benzothiazepene ring, then R, is not H, Me, -C(=0)H, -C(=0)Me, -C(=0)Et, -C(=O)Ph, -
S(=0),Me, or -S(=0),Et; and



0-0 wherein Anis selected fromthe group consisting of -N1245R16,
-NHNI t 15R16, -NHOH, -OR15, -CH2X, al kenyl, aryl, cycl oal kyl,

cycl oal kywel2kyto24het er ocycl yl, and heterocyclyl al kyl ; wreraisaooeasiaonl kenyl ,
aryl, cycloal kyl, cyel oal kyl al kyl, heterocyclyl, and heterocyclyl al kyl may
be substituted or unsubstituted; each R g, and n is as defined in
conpounds of formula |I-a above; and enantioners, diastereoners, tautoners,

pharmaceutical ly acceptable salts, éﬂﬁates sol vat e f g nﬁ exes and

pr o- dr ugrther@reeded thagmden ffs barit &iand &nis O TreAtsCr-tnalk gyt aldht 7 PANEGH i on
provi des conpounds of fornula I-i, wherein each R i sj i ndependently sel ected
fromthe group consisting of H hal ogen, - Elg,A\ , -0CF3,
-N3, -S(=0)2C -cCal kyl, -S(=0)Cl-#Aal kyl, -OS O)ZC#ET;E\or-NHCHZPh

- C( =0) Meof thénz6thiNBepeniifd) teh Ry lis @ @, prEPRCME-CHard n is 0 2. [60]

I n ot her enbodi nents, the present invention provides conpounds of formula

I -0, \Ahe[rosi)]n IRbAe é@bodﬂﬁalﬁﬁmspreaandlmafeﬂoﬁ prdvildesebmﬁd')ﬁdﬁbhhmnﬁm:lpﬂi ments, R17
is -CH E HEt , - NHPh, -NH2, or ﬁ%%d%rlg [61] In one
enbodi rre‘?‘ﬁsmbteﬂé ‘fee‘é’élﬁfhelﬂ‘i‘?i’ésr?tt %ﬁhepqomﬂoae%lsea FME%0f faima of 1-j: WO
2007/024717P /USZOO 032405 wherein R and R' are .n en tIy sel ected
from t hel03tloJp oB®ARPRARY- BF Prasenf iV eRjiss provdies corgppunds _CF3, -O0CF3,
- N3, -8031 1 -S( =0) 2al kyl , -3(=0)al kyl, -OS( ) 2CF3, acyl aIkyI al koxyl ,
al kyl arni no, al kyl t hi o, cycloalkyl, aryl, het gr'ocycl yl , heterocyclylalkyl,
al kenyl, allcynyl, (hetero-)aryl yl t hi o, and
(hetero-)aryl am no, - and wherei alkyl, al koxyl, al kyl am no,
cycl oal kyl, aryl, heterocgﬁ_yLi.heter cycl yl aNkyl , al kenyl, al kynyl,
(hetero-)aryl, (hetero-)ary i ;
selected fromthe group consi st NRI 3R16, - NHNR131Z46, -NHOH, - ORB,
-Cl12X, alkenyl, aryl, cycloal kyl, cycl kyl al kyl , heterocyclyl, and

het er ocycl yl al kyl ; wherei n each alkenylzﬁaryl, cycl oal kyl, cycl oal kyl al kyl
heterocyclyl, and heterocyclylal kyl mmy, be substigayjted or unsubstituted; n
is as defined in compounds of formula ka; and enantioners, diasterconers,
tautonerﬁhagggrnaceuticalIy acceptabl e salts, hydrates, solvates, conplexes
and pro-drugs thereof. 10621 In certain enbodinents, the present invention
provi des, capoyds of formula I-j, wherein R and R' are independently
selected fron1the group consisting of H halogen, -OH Owe, -N-12, -NO2,
-CN, -CF (;QQE% of N3, -S(=0)2C - C4al kyl, -S(=0)Ci -C4al kyl, -S-Cl- C4al kyl,
-08(=0) 2 3 Ph,™ -NHCI-12Ph -C(-0) Me, -OCXO)N@ nor phol i nyl and propenyl ;
and n i scQy Rlis HdependbitlySRI%Bic§ &9F:She Foup SorfsisRhg Q\?@ haﬁfggn ROH, s\, -NDS3] I'n

ot her enbodi nents, the present invention provid ounds of fornul a -,

wher ei n £, -C§3,-NQE51T23LGS@H,- BRORallqyh %Q—rﬂ)?ik}’i tﬁfﬂeﬁa)zg gevlndkyls, R17 is
- OH NEl%cox;N%kylam@Uﬂ%{lkylthHHE Rioardyiry1 terNg@r?%ﬁ%{ef&%l?lalk&ﬁﬁﬂkeﬁﬁ anOt her

enbodlne i nvéntion rOVI ounds” o
alkynyl, (hetero -)aryl, (hetero-)arylthio, and (hetero-)arylamino; wherein each acyl, alkyl,

alkoxyl, alkylamino, alkylthio, cycloalkyl, aryl, heterocyclyl, heterocyclylalkyl, alkenyi,
alkynyl, (hetero-)aryl, (hetero-)arylthio, and (hetero-)arylamino may be substituted or
unsubstituted;

R, is selected from the group consisting of H, -C=0O(Rs5), —C=S(Rs), ~SO2R7, -P(=O)R3R, -
(CHa)m-R 10, alkyl, aryl, heteroaryl, cycloalkyl, cycloalkylalkyl, and heterocyclyl; wherein
each alkyl, aryl, heteroaryl, cycloalkyl, cycloalkylalkyl, and heterocyclyl may be substituted

or unsubstituted;

Rs is selected from the group consisting of -NR5R 16, -NHNR5R 16, -NHOH, —ORjs, -
C(=0)NHNR ;5R 5, -CO2R 5, -C(=0)NR5R 6, -CH2X, acyl, alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl; wherein each acyl, alkyl,

-10 -



wherein R and R' are independently selected fromthe group consisting of
hal ogen, -OH, -NH2, -NO2, -CN, -CF3, -0CF3, -N3, -S03H, -S(=0)2alkyl,

- S(=0) al kyb,200708§H0) 2CF3, acyl, allcyl, al koxyl, al kyl arcmais2@lsloyidavhi o,
cycl oal kyl, aryl, heterocyclyl, heterocyclylal kyl, allcenyl, alkynyl,
(hetero-)aryl, (hctero-)arylthio, and (hetero-)arylam no; and wherein each
acyl , aIkyI alkoxyl alkylanino cycl oal kyl, aryl, heterocyclyl,

heterocy al ken l.,.. (hetero- het ero h|o may
be substgﬁlf%"ﬁ']:alkgé/?yl ﬁﬁqapiﬁ &X%ﬁalkél E@FIBEWL”E %@P}Fﬁ%’f%éé‘: %@mg‘é %i sting
of - N12.g:58t&ed ois@stilEaR16, - (C=0)0OR 5, -ORB, alkyl, aryl, cycloal kyl,

het erocyclyl, and at one fabeling group; wherein each al kyl, aryl,

cyclloal2k1y4 is s@&sﬂem&rﬁﬁ@@@dpy&nmmgm @Rb§tNHNR%m@erosmmmsmtem%{ymer einp
IS | oner s,

di ast er e@?bf’éP]%‘enﬁlﬂ?ﬂ#%r?é}’lsCYCBWQWH}SE‘@Q&“FB@@W heferpesyst yélﬂn@ h%‘ﬁlfot’gc ylﬂl§f at es,
sol vat esy;, £ONBAGXRT, ARchyR f ra%ﬁ%y%ﬁ@ﬂﬁ?%ycl@a@@@lk}h me@e%&yalym ag@bodi ment s,

the present i nvention provi des corpounds of formul -k,” wherein R and R'
are | ndelﬁé‘?li@fé'ﬁb’la}k}émw@?éwsflﬁmqﬁésuéﬁfﬁuﬁdﬁons| st ng of 1-1, hal ogen, -OH,

Ove, -NH2, -NO2, -CN, -CF3, -0CF3, -N3, ) 2Cl - C4al kyl

_ S(=0) G RO8atlrgj¢d fronstigierowy eonkigting ofﬁfsteﬁ)sz &SLSRRHNW&@HN HORE(—0) Me,

- 0C(=0) I some cases, R

s H of OGRS Y cnBAGh BERSisa ARG B, beReych, @Z}H esent | nvention

pr ovi deshetemmlyﬁuiﬂsylz lobherein nudhaall%yl lakf;nfﬁé;@ﬂle/mml RY8 ciydoaleylewyc I kfvl'abwid the group

consi st aryl, and at one

| abel | ngheg?rgfafﬁly[l\lan roc%cly(_}g.lgglcrﬁay %supstg‘%%g ns@dsh Iteél substituted or

unsubst i case nd R1 ) C(=0) OH,

am noal k ‘f %Cl\llﬁin&ﬂﬁﬁ%ﬂy areﬁélﬁ%erﬁ ﬁ?%%}gt%elgp Cé)élg}%ténsg Ol’fl‘l OHquP gJXEﬁIB is Cl1-C4

gllgyl salmyiia,sﬂklyk alkl&’la;fmm,(agy,l qyc]aaidiylbuy@dalkyﬂaﬁkw,dtetmdyeliyl (aa@es mis 2, and
is pyrroli eri dine a ol i ne

embod; melfraseibiay M sy, BBSh 3issh afy. MR EAHo oL stdhiBEne | ng

group setRidaig1allMD R0l 012K 217 IR &OROBY 340 Substitiedaa dnpibstitdeisy|

fluorescein, rhodam ne, Texas red, cyanine dyes, pyrene, coumarins, Cascade

Bl ung Eﬁgg §dl&t2e3|ﬂr$ﬁ1 th%@fd&lﬁftoﬂldﬂiﬁg oflﬁggﬂlmnzOzRu, -Il\IHSszRu, .

4' D am di_no enylindol e (DAPI pyra dyes, lucifer yellow,

pr opi di ufds |Q?8112dé\1£ rcéﬁiﬂr |Q\(§ =0, ’@1fﬁ‘idn§( Cgﬁ{éﬁ)f\}”ari ants and derivatives
thereof. [067] In yet another enbodi nent, the present invention provides
conpound%“%f) &r ¥t & of 1-1: wherein R and R are independently sel ected

fromthe_gr oup consi st g of hal

-0CF3, -Rg;Rudygnd Psrf( aﬁ%’yv are. %gfﬁjl éfoﬁg%e ngBFSEOIt? Sﬁ”@g ﬁ’a@é iqH%Ju kyl ,

al koxyl , naiNgy! amoQ, a laudeﬁﬁl Qko@y alkon |aH<‘y1am11%/\/a1;yl fb@&l@ﬁlﬁﬁ}’@c}éalkylalkyl

het erocycl ylalkyl, a enyI al kynyl -)ary het er o- yI th and
(het er o- heiprgpyehiliizd hatﬁ@cm@ﬁ’éwh W@é}@ﬁl f‘éely Pcyl Slepyt; 3159%@11.‘/1 aéh RGOy no

eycl oal k%(égl c?d'lé/dlk hg%al‘k%ﬁéryy hlete}?)%ir&ﬁ%«)aq{eye,'r@éylsw al gﬁﬁﬁﬁeémbsﬁdu&u%yl

(het ero- Yarylthio nmay be substituted or unsubstituted; R6
and n ar@nsabstﬁéf?d,ned i n conpounds of forrmula I-a; and enantioners,

di astereoners; tautoners, pharnaceutically acceptable salts, g{dr at es,
sol vat esX isgsiadxomn tagrpweontitige of halpgsss “CN.66PRs -66rQRFslombdBient s, t he

present entd V. unds of forrmula I-1, wherein R and R' are
i ndependegg}sytssdégég{j@dh?%zfﬁ?%%group consi sting of H, halogen, -CH Ow,

"05( -0) 2002 B nd g e e om e o Ut o AU IR o

nis O, (DHQNI-B, alkkyd, eélqrmnma,saesl cyRloalkyl, Hydpalmrﬂkyla}merﬂcyblyl,@nﬂl [69] In other

enmbodi nent,s ent o i de unds_ of [ -1,
ohorei e Bestpe bR s el Sikeb kSR R
- CH2X, agYdalkyadlkehetero o@rbliyy |and EéthcyotWﬁk}Zi&dede sulﬁbymitﬁ]adrkmblaisktyated, and

g_re§,|er ngg} élgplﬂ()gﬁg agitg.peégg? gﬂ rg&lpg N'to V\'ﬁlc{l?hey are ondgi:{: nYlay fo%lnlg Q:Yeldcyall kyl,

which may be substituted or unsubstituted;

the nitrogen in the benzothiazepine ring may be optionally a quaternary nitrogen; and

S11 -



het erocycl yl, and heterocyclyl al kyl may be substituted or unsubstituted. In
sone cases, R6 is -NRI5R16 such as -NHPh, pynolidine, piperidine,

pi perazi &0 20owqmlZzi ne, and the like. In sone other casesT/uRB0NO3IAKOXYI ,
such as -0-tBu. 10701 In a further enbodi nent, the present invention

provi des conpounds of fornmula I-m wherein R and R' are independently
selected fronlthe group consisting of H, halogen, -OH -NH2, -NO2, -CN,
-CF3, - - Ns, - 5(=0) 2al kyl , OS( =0) 2CF3, .acyl

al kyl ani wan’ﬂeﬂlwdme&em}%r 1y, Phazmgeeut 1%%?%?@931@%“8 hﬁfé%é%ﬂ&?i ‘al kyl

al kenyl , cohgiondy land pRREGE Metadry! . (hetero-)arylthio, and (hetero- )arylanlno
and wherein each acyl, al kyl, alkoxyl al kyl am no, cycloal kyl, aryl,

het er ocyghyikied et Gl Q%lg 0w b kyd, iheal K aDydt H, B Ky LSOOI, @-@Npﬁ)har yl,
(hetero- arglthlo e substituted or unsubstituted: Sﬂg% and n are as
g,

def i ned Qﬂﬁﬂﬁmﬁdsfﬁfoﬁﬂiﬁﬁfacﬁﬂg AHOPE, -G IMrark( di ast er eoners,
t aut oner $CB@EF@EBGE?R9 Tag@legble salts, hydrates, sol vat es, conpl exes

and pro-drugs thereo I'n Certain enbodlnents the present invention

provi des t g%?b’\qgéi fft \};}féﬁr&}ig 8 ahd Ms R Bl REis rﬁ)’f‘gt(g(c)])_'ﬁée-d(wendent ly

sel ected t he group consisting of H hal ogen, NC2,
-CN, - CF8FODER3r -SIRE)ELS( =0) 2Q C4al kyl, -S(=0)Ci - C4al kyl, -S-Cl- C4al kyl,
-0S(=0) 2CF3, Ph, -NHCH2Ph, -C(-0) M, -OCX =0) Me, nDrphollnyI and propenyl ;
and n |sﬁmthempr@wd@ithatnvmmeSéee@é&SMe Cl,r Fabthe Ovesitiomef the j s H, [72] In

her oi n BRI Rne HHE AR o PG o RO B Pte AR CE R T 2 1o

aIkyIanlﬁ©{»ﬂﬂe$mnﬁ—®@§e$ndRs is Cl-at alkyl such as Me, Et, propyl and
butyl; and RO is aryl such as phenyl. [0731 In one enbodinent, t he conpound
i s sel ecfiettlef provdedibatgrieng is dyysis §f amiR BIOET;, OB C1-83 plkBxyl abthe 7805iti8Y, 59,

811, 812, 813, 514, 819, 820, 822, 823, 825, 826, 83 7, 538, 840, 843,
S44, 545, 846, 847, 848, 849, 850, 851, 852, 853, /E76§\5 S56, 857, 558,
859, 860, 861, 862, 863, 864, 866, 867, 868, 869,

of the benzothiazepene ring, then R, is not H, -C(=0)CH=CHa, or

[032] In certain embodiments, the present invention provides compounds of formula I-a,
wherein each R is independently selected from the group consisting of H, halogen, -OH,
OMe, -NH,, -NO,, -CN, -CF3, -OCF3, -N3, -8(=0)2C;-Caalkyl, -S(=0)C;-Caalkyl, -S-C;-
Csalkyl, -OS(=0),CF;, Ph, -NHCH,Ph, -C(=0)Me, -OC(=0)Me, morpholinyl and propenyl;

andnis 0,1, or 2.

[033] In other embodiments, the present invention provides compounds of formula I-a,
wherein R, is selected from the group consisting of -C=0(R5), -C=S(R¢), -SO2R7, —
P(=O)R3R9, and -(CHg)m-Rlo.

[034] In yet another embodiment, the present invention provides compounds of formula I-b:

Rz

/

R' N

wherein R’ and R” are independently selected from the group consisting of H, halogen, -OH,
-NH,, -NO,, -CN, -CF3, -OCF3, -N3, -SO3H, -S(=0)2alkyl, -S(=0)alkyl, -OS(=0)CF3, acyl,

(I-b)
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871, 872, 873, 874, 875, 876, 877, 878, 879, 880, S81, 882, 883, 884, 885,
886, 887, 888, 889, 890, 891, 892, 893,
WO 2007/024717 PCT/US2006/032405

alkyl, alkoxyl, alkylamino, alkylthio, cycloalkyl, aryl, heterocyclyl, heterocyclylalkyl,
alkenyl, alkynyl, (hetero-)aryl, (hetero-)arylthio, and (hetero-)arylamino; and wherein each
acyl, alkyl, alkoxyl, alkylamino, cycloalkyl, aryl, heterocyclyl, heterocyclylalkyl, alkenyl,
alkynyl, (hetero-)aryl, (hetero-)arylthio may be substituted or unsubstituted;

R, and n are as defined in compounds of formula I-a above;

and enantiomers, diastereomers, tautomers, pharmaceutically acceptable salts, hydrates,

solvates, complexes and pro-drugs thereof.

[035] In certain embodiments, the present invention provides compounds of formula I-b,
wherein R’ and R” are independently selected from the group consisting of H, halogen, -OH,
OMe, -NH,, -NO,, -CN, -CF3, -OCF3, -N3, -S(=0),C;-Caalkyl, -S(=0)C-Calkyl, -8-C;-
Cyalkyl, -OS(=0),CF3, Ph, -NHCH,Ph, -C(=0)Me, -OC(=0)Me, morpholinyl and propenyl;

andnis 0, 1 or 3. In some cases, R’ is H or OMe, and R” is H.

[036] In other embodiments, the present invention provides compounds of formula I-b,
wherein R, is selected from the group consisting of -C=0O(Rs), -C=S(R¢), -SO2R7, —
P(=O)R8R9, and -(CHz)m-Rlo.

[037] In yet another embodiment, the present invention provides compounds formula of I-e:

N
N

0o

\ N
/

q(R)"—+

(O)n (I-C)

wherein each R, Ry, q, and n is as defined in compounds of formula I-a above; and
enantiomers, diastereomers, tautomers, pharmaceutically acceptable salts, hydrates, solvates,

complexes and pro-drugs thereof.

[038] In certain embodiments, the present invention provides compounds of formula I-c,
wherein each R is independently selected from the group consisting of H, halogen, -OH,
OMe, -NHj, -NO,, -CN, -CF3, -OCF3, -N3, -S(=0),C;-Cjalkyl, -S(=0)C;-Caalkyl, -S-C;-
Calkyl, -OS(=0),CFs, Ph, -NHCH,Ph, -C(=0)Me, -OC(=0)Me, morpholinyl and propenyl;

andnis 0,1, 0r 2.
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894, 895, 896, 897, 898, 899, 8100, 8101, 8102, 8103, 8104, 8105, 8107,
8108, 8109, Ss110, 8111, 8112, 8113, 8114, 8115, 8116, S117, 3118, 8119,
8120, 812w 28W22471and 8123. [74] The conpounds of the PoYAIskéoen3TBY
optionally conprise a |labeling group, such as a fluorescent,

bi ol um nescent, chem | um nescent, colorinmetric or radioactive |abeling
group. Suitable fluorescent Iabeling groups i ncl ude, but are not limted
to, bodi n ores r hodam ne, Texas red e_dyes,

pyr ene, @'éﬂh&?‘ ﬁiﬁ %&%‘E eu@éseﬁtalgvi’qnengf les Eapppqigd SB‘P %E&on G een,

4', 6-Di ﬁmrélmfm-ls?sdl)é&&idﬁdnﬂd@gﬁ)uﬁ B&N)stmgloﬂﬁtﬂﬁ’,y NR1QM?%1ky1 ldﬂdeﬁﬁrarylel | ow,
propldlunlioﬂlf g g,v riants and_derivatives thereof One of
skill in®% tcy?,l leél o he;;erg@rc drang heigracyglylalkyh mbereingach alkxh alsgylyr oup,
and conj argpt:?d@dmeﬁ @cio@wam@g h&é@uruﬁoaxﬁ%&écgtﬂ%ug@ma?H@@l&)s%teh%?

i nvention, W thout undue” experinentation present invention also
prOV|desum%P%66§1for t he syntheS|s of conpounds of Formula I, I-a, I-Db,

l-c -j, I-k, 1-1 and I-m and salts hydrat es,
sol vat esI04eb nlislaé%e@%er&wgowr@nfdﬂ@@gewrﬁem@@ron PrOVidss cPmgopids 96 frumiukiadht i on
further provides a nethod of treating or preventing various disorders and
di seases 1 n a subject that are associated wth RyR receptors, such as
muscul ar and cardi ac di sorders, uonprisin adnl |ster|ng to the subject an
anount of a conpound effective to prevent at a di sorder or disease
associated with the RyR receptors mhereln t conmpound is of Formula I,
l-a, I-b, 1-c, I-d, | -f , -1 or I-m or salts,
hydrates sol vat es, conpﬁe ¢ g therof [77] Al so provided is
a nethod of preventing or tre A leak i a RYR2 receptor in a subject,
including adm nistering to t j @ct an anppbunt of a conpound effective to
prevent or treat a |leak in tf ecept mherein t he conpound of
Formula I, I-a, I-b, I-cR"I- -g, I-h,I-j, I-k, I-1 or I-m or
salts, hydrates, solvates, conplexes rd pr o- drugs thereof. The subject is,
for exanple, an in vitro systenr(e %oy, cultured c iés or tissues) or in

Vi Vo systenr(e , animal or hunan) "[78] In addi %n t he present
|nvent|on no ng .t he b|nd| and BP in a
subj ect. 53 AR Rh Rl A9 g Bl g, of gy a0 BB |

e; fecti vlemzo mgucm €/ hodrg\val, -sbngy-@(Amgume!ylFlsGEBalkvhem@(hm)ztEI@ geglpound i s
of Fornu ], -1 or I-m

I I -h,l
or salts® I%}c}y@Fg&y@gﬂky&a&ngc&ta@gﬂn@o%l%ﬁ%(g aryl, heterc?cyclyl heterocyclylalkyl,

alkenyl, alkynyl, (hetero-)aryl, (hetero-)arylthio, and (hetero-)arylamino; and wherein each
acyl, alkyl, alkoxyl, alkylamino, cycloalkyl, aryl, heterocyclyl, heterocyclylalkyl, alkenyl,
alkynyl, (hetero-)aryl, (hetero-)arylthio may be substituted or unsubstituted;

R7 and n are as defined in compounds of formula I-a above; and enantiomers, diastereomers,
tautomers, pharmaceutically acceptable salts, hydrates, solvates, complexes and pro-drugs

thereof.

[041] In certain embodiments, the present invention provides compounds of formula I-d,
wherein R’ and R” are independently selected from the group consisting of H, halogen, -OH,
OMe, -NH3, -NO,, -CN, -CF3, -OCFj3, -N3, -S(=0),C)-Caalkyl, -S(=0)C;-Csalkyl, -S-C;-
Cjalkyl, -OS(=0),CF3, Ph, -NHCH,Ph, -C(=0)Me, ~-OC(=0)Me, morpholinyl and propenyl;

andnis 0, 1 or 3. In some cases, R’ is H or OMe, and R” is H.

[042] In other embodiments, the present invention provides compounds of formula I-d,
wherein Ry is selected from the group consisting of -OH, -NRsR ¢, alkyl, alkenyl, aryl,
cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl; wherein each alkyl, akenyl,
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and pro-drugs thereof. The subject is, for exanple, an in vitro system
(e.g., cultured cells or tissues) or in vivo system(e.g., animl or

human) . W02po7lize7ipr esent i nventi on al so provi des arti clpes/uskoosmsasdact ur e
for treating and preventing di sorders and di seases associated with the RyR
receptors, such as nuscul ar and cardi ac disorders, in a subject. The
articles of nanufacture conpi se a pharnmaceutical conposition of one or nore

of the co f For l-a, I-b, I-c, |- -e, . 1-f, kg, I-h,

P - kA oy Qﬂ?kx?awloe%@ri beteyosiley @, hegeeswgtygék,yi EBHBE BESENEAT or o- dr ugs
t her eof dhevaddtbe! es of manufacture are packaged with indications for
various disorders that the pharmaceutical conpositions are capabl e of

t r eat i ngjoanp/ MronB eRBEREMAYthe pleB&: ifehidn frealisirBmpants ddwantRges-cof the
present 1 nvention will becone apparent fromthe tpol | ow ng detail ed

r, that the detailed

\ ndi cating various enbodi ments

description. It should be understood, howe
description and the specific exanples whi | e
of the invention are given by way of illustr og only, since various
changes and nodifications within the spirit/and Stope of the invention will
becone apparent to those skill fromthis detail ed description.
BRI EF DESCRI PTI ON OF THE FI 1] Figwe 1, enbodinents A, B, C, and D
are, respectively, (A i f PI CA phosphorylated RyR2 in the
presence of FKBP12.6 and i nckreasi JTV-519Y concentrations; (B) inmunoblots
of PKA phosphorylated RyR2 in ;g of 0.5 nM S36; (C) a graph of

—

current through plasma nenbrane, voltage dependent L-type Ca2+ channel s

whi ch are conpl etely bl ocked by nifedf/pi ne but not by S36 in isolated nouse
cardi onyocytes; and (D) a graph of the vol t age- depfmience of L-type Ca2+
current in channels in the presence ofJTV519 and S36, [82] Figure 2,

enbodi menhereip, ead) RQRs, grud Distkenefisdreampotrivie Oﬁfoeme}atﬁmbow aeo’( enaviismeisnduced
ventri cular,_an- hyt by JTV- 243 in h [ t

(Frerr2. S TR Mt eh! PSR b hE R bl

el ect r ocardbrogtwgshefds®€Gs) of an untreated cal stabi n2 (FKBP12. 6) +/ - nouse
(left), a JTV-519-treated cal stabin2 (FKBP116)+/- nouse (mddle), and a

cal st abi [0@4] FinC8R4iR empedimentuhepretanghivintiobmndderennpdmds ef foehwaidier vy

di f t t I t d VT
Capper ) Shegmpeat ey R i e o et 808 O se " and
(1 ower) @MkT\NHJ,%Dr,e@NecbmmmfabrNaz S(W1124aﬁ3y?/-5(=’@0$€4a113ﬁ,0|3 Gubj ecL ed to
exercise _testi [ a n wi i nephrine
por ki | oGm0y Gl R ERBbal reilec-QF 6 Y Miprermers gt Bt
2007/ 024 f44PE . US2006/ 032405 t he nunbers of mice with cardiac death (left),

sustained VIs (mddle), and nonsustained VIs (right) in experinental groups
of mce p4b] eGtdRith: bRALENRIAK SBe heSdnt MYedidd prmce@tcblﬁﬁmwt 6f Brreul ABekd

epi nephrine. Enbodiment D Provrdes graphs co arr t he dose de endence of
phar nmacol8giridts igpelectaddrom thyereup rongfme 98 sNR s @Hs 0OBuddtr*e aklh ac
death (I Qﬁc&r)yl a?ﬁséﬂlo'aﬁ(‘}l W&oeﬁl@lﬂﬁ'&leﬂmeﬁé}@lﬂ‘%& H&EI%\:{F}%%M{IS wtléﬂeﬂll'ttalh [ 83]
Frgure 31is raph showi ng fractional shortenin

Cent T o) s hsbelotntyil esllodirociardyloliyh prigrony e e hstsecyniy bl tes

infarcti [84] Figure 4 is a graph show ng heart wei ght
to body %ﬂ“%ﬁ“5%§$$§@W'f§§F%s and pressure- volune | oops quantifications

dP/ dt ted
i ce. - 3B} oERme et o RREN L B Rl ooy R A s PR a1 0
and incre&sEmJ%BSmmﬂkﬁsubmmneﬁaunémdeveﬂdphmm@nums@ﬁﬁma§h©0ﬁpamem to

pl acebo at.ed m.c . Fi qure I.S sumrar,iz ECH0 ,val ues
bt 37v- 51 elRbFGed A Bendphist it §orlabiinfis ARG B8P 8o Bomvounds wi t
a hi gher flhiredcegtilebetifig gmupyalﬁse selecide froacthddipysdaieylf ﬂmaéﬁcém, thodwtinECso val ues

conpared_to JTV-519. ure 6, od C ar
reggect i Vetay reds %angter‘i’%F }frﬁ’é ﬁ%li‘m?fﬁ‘rsr(g‘%f; JFEE%S’@PfB gﬁ égel'é‘?ad RyR2- WI';
(B) si ngbﬂsfg@ﬂ@?éb%' 4 GUbfaSidind-> 3a&S 180l izaﬁma %ra@l Ifdier {anmnobl ot

anal ysi s of cal stabin-2 binding of Ry 28S ure 7, enbodi nents
A and B, PRpigium diiecporplirips, ar&rlnaﬁnﬂﬂﬁtﬁ%wnétdeera%% eetrunopr eci pi t at ed
with an anti body agarnst RyR2, and i munobl ots of RyR2 PKA phosphoryl ati on
at Ser - 263 adinethpseahadiment, Ahepressyt mveion groxples suaraupdstfgmisectlef:at i ve
anount of PI CA phosphoryl ated RyR2 at Ser-2808 (corresponding to hunman
Ser-2809) bound to RyR2 in wild-typelfcontol) and cal stabi n2-defi ci ent
(FIKBP12.64") mce. [88] Figure 8, enbodinents A, B, and C, are,
respectively, bar graphs of (A) quantitative in vivo Mnode echocardi ograns
conmparing ejection fraction (EF) before and fol |l owi ng sham operation or
peinanent Ieft anterior descendrng (LAD) coronary artery Irgatron |n
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descendi ng coronary artery (LAD) ligation. [89] Figure 9, enbodinents A,

B, C, and D denonstrate the effect of JTV-519 on calstabin2 affinity to RyR2
i n hapl oiweubdimiant cal st abi n2 (FKBP12. 6) +/ - m ce aft ePCEABS2@I6HB2405

Enbodi ment A is i munobl ots of equival ent anmounts of RyR2

i mmunoprecipitated with an anti body agai nst RyR2 (top). Enbodinent B are
bar graphs showi ng the amount of PICA. phosphorylation of RyR2 at Ser-2809
and the amount of cal stabin2 bound to RyR2 from control animals and ani nal s
after exercise imedi ately followed by injegtion with 0.5 ng/kg

epi nephrine. Enbodi ment C are singl e-channel\\tracings of RyR2 channels

i solated from hearts of haploi nsuffici ent C Bi n2+/ - and cal st abi n2j -
deficient mce inmedi atgby follg : i i j
ng epi nephrine per kg of body both untreated (top) and after
treatment (mddle and botton) with |STY-519. \Average open probal ity (Po),

state is indicated by 'c',
for partial RyR2 openi ng% Errb0| ment 3§D is a bar graph summari zi ng aver age
open probabilities of single RyR2 chafjnels from hapl oi nsufficient

cal stabinti- and calstabi n2T- deficight mce after gxercise with and

wi thout JTV-519 treatnment. "*" indicates significance |evel P <0.05.

Nunb » ) 90
Fiigur e 16Rere 3l kP Bty leieo ne Yl SnARRIELE iR AR O 90
channel ¢4, AJOaRdN; WO o T, -¥a) S0abj ﬁSIZ:Cb)ua'ikbrln@(-*t(b)aHQYRQO%F&hﬁ3sacaf ter

treat ment th JTV+.519.. E o nment . A,a noh i recipitated
wi | d- typ lkgﬁg )éyalg?’jf Ochan heol’ %yd‘hﬂ |dh ry etrocalcﬁ'i %ﬁﬁ)e%&yggﬂ{&%fe) absence or
pr esencealiényl,uikyingh (Mdr@{)arﬂe(iietecte)am{ﬁh@ ardl(hateeh- }amgzialhmbemdwi/ltelmm edcht abi n2

(250 nM a h ndi e .JTV ratl 0 t he 0 show t he
anount o?cyli?f?f@'i(ah]f%ylc a]ﬁﬂj ‘?.?Hiy? ghq%?cé'ﬁﬁ'ﬁ?et(eﬁ)&? ‘flgfr%f(ygg% Sated with
| MuUnopr gGipilt@tes )&@thha&bearyum@ulwbe@abmt&u &funwitishiated; t he i ndi cat ed.
concentrations of JTV-519. Enbodiment B is inmunoblots of RyR2- S2809D,

whi ch m Rl e5d € 88S6 Héfilell vecdiidond@spiolyl-atbas, of RyR2, anal yzed as in
Enbodi mrent A. Enbodi nent C are binding curves of 35S-radi olabel ed

cal st abi i érantisindg sphRFechRte thudinetd, fhirpbaspbly oahedleRyRY hodrateq

RyR2- 32809D in the presence or bsence of JTV-519, docunenting differences
in the cl¥tenromp B’F%&P‘ﬁ@romgsﬁﬁ?r?ofor RyR2. Enbodi nents D, E, and F are

si ngl e channel tra,C| n eft) and a Iltude hi st ogr ans

PI CA- photdfibr Yy cstteig %@gt%%ﬁsr&m% pafiog PEgyides)o POW@%@%H@N Ttat ed
(embodi MpRbrefd Y dﬁae@’eﬁa&ﬁdsgen&an%sasmdo&&ﬁ&hePglédgﬂaonmgtmgbﬁtfma &d)-om) st abi n2
(250 nM with (enbodinent F) or without (enmbodinents D and E) JTV—519 (1
[tM. SiRde-HanNer -CNacthigOEse 1\§h1§\(\7rp)a€1 exk,i- Mﬂ%?ﬂfia Isi ShCrmi m cs the
di astol i g, Bkyr e%te@gcpmﬁe NHUHPE, 22200, Q@@P‘lﬁ)ﬁ\dé)%%hﬂgﬁyl%ﬁ@pféﬁ the
dash indi ¢ates the |'evel of channel ~openi , and |nd|cates
t he cl osewf sisdt &o0od. Ihzemetragendt’ss Hm@andRueﬁelglhl st ogr ans have anpl i t ude
represented on the x axis, and events on the axi s indicates the nunber of
channel &48hi hgpsher e{rm«]hmentguhep@s_ent mmméw&omﬁm@s oformuladdg F

denonstr t: C d n mt
mce trea Qgﬁﬂ@ lhg%ﬁ@ﬁﬁ%&%{kﬁééﬁ%&%&% g%‘%rslgﬁoglgsggcf rc{/ﬁe ygﬁg singl e
channel elkemdraryls cyatellkyhaydoalaylpkyl hmlaomclyﬂ,@gd antewiyRylRkyk, mbregodaelus nmuscl e

D aro. r sebetpiaiyYY Bk abau RRad AR AR eI W rea ORREN g © °

hi st ogr ave afbsfRyRd of noibgiditedis nmuscl e of an i ndx nmouse. Enbodi nent E and F
are, respectively, a single channel cunent trace and an anplitude histogram
of RyRl {030 Boleeatstigd smbedifkntathe REbseBiISatidn eatitel cotdpbuntlE\df flrm8la of [ 92]

Fi gure 1§, _enbodi ments A and B, are, respectively, irnmunoblots of RyRi,
RyRl- pSe®2S43, and RyRl-associ ated cal stabinl in mdx mice and wild-type

m ce; and bar graphs of the relative anbunts of RyRl-pSer2843 and

cal stabinl in nmdx and wild-type mce. [93] Figure 13, enbodinents A B,
and C, denonstrate that a SR Ca2+ |eak is detectable in the skel etal
nmuscles of animals with heart failure. Enbodinents A and B are fl uorescence
| ine scan i nages of Ca2+ sparks in nyofibers from respectively, sham and
poshnyocardi al infarction (PM) rats. Enbodi nent C provides bar graphs
summari zing the anplitude, rise tinejeFDHM and FWHM of the Ca2+ sparks for
t he sham (open synbols) and PM (cl osed synbols) rats. [94] Figure 14,
enbodi ments A and B, denonstrate that treatnent of wild-type mce with
JTV-519 i nproves sol eus nuscle fatigue tines. Enbodi nent A provides maxi nal
tetanlc force fatlgue tlrre traC| ngs for w | d-type and cal stabl nT L mce
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[0100] Figure 20, enbodinents A and B, denonstrate that RyRl PI CA
phosphoryl ati on i ncreases after exposure to increasing durations of

sust ai nedwexerizsH7 Enbodi ment A provi des i mmunobl ot s ofPCR{UR 0EMR4RY R1 -
pSer 2844 follow ng increasing durations of sustained exercise Enbodi nrent B
is a graph showing the relative PICA phosphorlation of RyRL for varying
durations of exercise. [0101] Figure 21, enbodinents A B, and C
denonstrate that RyRl PI CA phosphorylatiogn increases with nuscle fatigue.
Enbodi ments A and B are, respectively, fd\Nigue tinme tracings WO

2007/ 024717PCT/ US2006/ 032405 and a bar gr\gph show ng nean fatigue tines
for rat soleus nuscle of heart failure ang’ conNR@Risubj ects. Enbodi nent C
is a graph of PI CA phosphoryl ati fatigue tine. [0102] Figure 22
are trichrome and hemat oxy} s of cross-sections of the nouse
M extensor digitorlan rﬁJ)]on s, and denonsyrates mnyofi ber degeneration
consistent with dystrd&) i c|lrenode] i ng fol fowi ng sustained exercise. [0103]
Figure 23 shows a sanple h nt trAce before (control) and after
application of ARMD36 at 100 uM Al shown is the vol tage pul se protocol
used to evoke the hERG currents. [0104] Figure 24 shows a typical tinme
course of the effect of ARMD36 on@d)ERG current anpl i(il_%fd:e. Application of 10
uM ARMD36 is indicated by the horizontal bar. [0105 igure 25 is a
concent r at.i o e pPR._Show g LA Bist | \ERG current
after ap%f‘%rglgw S%Q%é%ﬁ%&iﬁgt ﬁl&‘é\!}:ag%é%gaggﬂgg%@? gtc?lgﬁéslghf gﬁ%ﬁ&lﬁ?g{ur e 26 is
a concenahoat; ad cnadipmesedigitarpdmet dnitorgers,pbapeacedivally adeeiiatile sattsof hERG
current pcati f VD36- t. vari ous concentrations. 101071
Fi gure 2§§d&a§ésa§@giﬁ%8éﬁ%$@%eg%Q‘fgg'péol? Sgﬁlegr?céﬂph showi ng the percent inhibition
of hERG t._af | ion . ARMDAT7 at.varl nt.rations.
Cor081 AU dsgtih ShoBBRue b ARl GNSR itlas SR &iBar RS ELE Blr comi

i nhi bi t i whereih eh&RGicindependentdy sedectaifpdm detgram ohsidRYDIB, hilogay 1QHLS

Che per cOMe A BPP oMot BTt Pni O e g R DE AR AR G0 o
vari ous CoillggnROSet(d)0s;, Ph[-NHUMN,PEi-QHEMY) -OS(=D)SMRnephokdsil ent frepggnse gr aph

show ng %@e pﬁr gent i nhibition of hERG current after application of ARN 057
at vari o tSfcb¥ fati ons. [0111] Figure 31 is a concentration-response

graph show the percent inhibition of, hERG current aft application of
ARMD64 aﬁ’\gﬂﬁﬁﬁp&?@ BBnee BREsen iyopsipn pryifce C%fzpquggaof_e formmlh 1-¢

concent r ahéei-K;$ SRORS Sndeh e Bnt5eybdaidd TR P Bl GefHp coidithib bl Anopf NIBERG cur rent
after application of ARMO74 at various concentrations. [0113] Figure 33 is

a concentlkd: tlbrapioptink sy dealiph SHeMHglkvhbetporrdr anddistanayrlyliliol hERG
current afleh AaPhkRaIIARNRD, ARMYCRA yl,%%lhﬁﬁﬁalﬁﬂ?ﬁ&%&ﬁﬁﬁ%ﬁ- [0114]

Figure 34 is a concentration-response "grap owi ng the percent inhibition
of hERG kaierpevstylalkylenaydisshbstisnted andbéptiaRND6:s and Rartpgsiler wath deadY tavhichs .

they are bonded may form a heterocycle which may be substituted.

[053] In some embodiments, the present invention provides compounds of formula I-g,

wherein W is O or S.

[054] In yet another embodiment, the present invention provides compounds of formula of
I-h:
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WD 2007/ 024717PCT/ US2006/ 032405 [0115] Figure 35 is a
concentration-response graph showi ng the percent inhibition of hERG current
af ter appvocatrvamrief AR MD77 at various concentrations. PLOAKBJocHBIOF € 36 i S
a concentration-response graph show ng the percent inhibition of hERG
current after application of ARMLO1 at various concentrations. [0117]
Figure 37 is a concentration-response graph showi ng the percent inhibition
of hERG current after application of ARMLO2 at various concentrations.
101181 Figure 38 is a concentration-respdRse graph show ng the percent
inhibition of ', ERG current after applicatjon of ARMLO3 at vari ous
concentrations. [0119] Figure 39 is a concenttMsRapn-response graph show ng
t he percent inhibitioR«Qf : mt—~gfter application of ARMLO4 at

vari ous concentrati ons. isS a concentration-response graph
show ng the percent inhi bi rent after application of ARMLO6
at various concentrations 41 is a concentration-response
graph show ng the percgent | G hERG eoneut after application of
ARM 107 at vari ous concentratlons 122] Figure 42 is a

concentrati on-response graph show the percent inhibition of hERG current
after application of 526 at vari ¢@s concentrations. Ih9123] Figure 43 is a
concentration-response graph showi ng the percent inhibition of hERG current
af ter applarda®v or$ @fF;TV-519 (" ARMOX. X") at various concentrations. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [0124] As used herein and in the appended

cl ai ns, wheeeis Rl’lgmﬂ R are@id¥Pendantly seRbted fidRtthe lo8p cbﬂlﬁhﬂ?@f R 1 ) @fH?r fences
or exa ererence

unI ess tggq m tg J) dictates ot herwi se. Thus
"an agenrt™ 1znctd éf b rY et S GRulkah HES)allnd, -QﬂfFQ)aCEﬂtasyl,t her eof
known talﬁymcaﬂ@,x§1kmlk&l@ﬂuﬂonalkﬁ%l@r Eycloalraﬁ 5&1‘ REERE ngigo%etérﬁﬁ'}?g}éﬁ??ﬂ, des (al 50

polypept rence to one o

known ad %&Vlsﬁlgmyllp'z(}letarﬁaa@h &errpéw@hlpmadébﬁtermmnnm ahdwkerskicatted i n t he
art, andcgoakar en and

ot her refgr engeﬁsm?feyﬁlﬁhl%yﬁ%g %gg‘g?ﬁ@rgg)l?hg%ﬁ geafé) B’%Plgﬁeﬁt% €n their
ent i ret)? YPWiQ@}emFWéYH @Fﬂemﬂaméthmmawsuhstttut@dlsrmfsumﬁnnai used in the present
specification. The initial definition provided for a group or termherein
appl i es Fio Rupgnd ngre epdadined israomphvsis ghiGututaien ghoesent  speci fi cat i on
individually or as part of another group, unless otherw se indicated. WO
2007/ 02479 PEEPIRS 6 USPADS tAEDEed phemasatictlbr eieptablalth, diydnateRy Cal

h | F lal, I-a, I-b, I-c,
Icogpoun%lva&@fc%ﬁle&é%aﬁﬁgg%ﬂgﬁ%hgrfeoft e19|6[‘renr f)‘r Ifrg‘; Sr ovi de d by the ¢
nvent IE! r ound(s) of the on"
I[0\1/27] ! $Gse cg{rjr%egﬁ% o?ﬂeﬁ% @g & H?Znﬂelgt?gpprg‘flg% c)gﬁlpﬁ%“ldﬁﬁf :11 .cal naning

syst em Whiexefn & omddl’u’rmle indegeadently sblect&&ﬂorp tlovgrogelcdnsis@igns Hl'hh@ﬁgem voer ed

‘?’ﬁgrs)outr]ﬁ)éd?ll rst nuﬁ’ber éﬁ?b%&%ng\hr 2& @Fgf Fg%ff%§é Q%ﬁé aalg}q;eg?rle];lrx AR

" ARMDO 1CAa1kﬁ&<&ve®)aan b &R PaqIgEOMé, SOCEE @M thok oSyl @hd Bl%li)en 2" or
" ARMDO2" nd g) r%dI nunberedlg rTPI;)und is referred to as either or
" ARMOD3" 38" on" SPHE %S, B { T HOMarRA Rndiincl at ure syst ens are used

i nterch a hr hout the specification, the drawi ngs, and the clai ns.
[0128] ﬁ‘ﬁgf g‘r “f?ﬁ}‘%me 1§ t %%T&Sfﬁé}f’é?fﬁwfl@f@ﬁiesF@naoqnﬂﬁ@%fgpn@wlaMlanched

sat ur at eidieﬂ@ymlgﬁﬂdhgﬁndbpéﬁd@ﬂl}fefr@%léctéd%&n BRIPAD Bh9he JFREPOEERI,at | ve al kyl
gr oups |

but t dt thyl © ethyl | B
but yl , E‘gi”f}]l“m%t @l %bﬂng%“fyl GHERE Ry Ak bplerrpytiyl @éwmpc&}glg%’ ' SOpr opy
| sohexylvheraiﬁckaé}?élﬁﬁxédkylarﬁﬁ% el E";'rcl(%lkl)ﬁ: Jf/?g{mlalk eh&kse g}; ?ylaan%t rai ght or

brandi ed chain al kane ( ydrocar bon con éu nin roml to 4 carbon
at ons, BeiERC¥lylafeylmay, bestbgjitutedy prshgrttionilsoRis epy R ;¢ togdthet yith the ¥t which and

i sobut Yihey are bonded may form a heterocycle which may be substituted.

[057] In some embodiments, the present invention provides compounds of formula I-g,
wherein W is O or S.
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[0129] The term "al kenyl" as used herein refers to a |inear or branched
hydr ocarbon having from2 to 6 carbon atons and havi ng at | east one

car bon- cawbanomnawhtire bond. I n one enbodi nent, the al kenpCTh®3006082405 t WO
doubl e bonds. The al kenyl noiety may exist in the E or Z conformation and
t he conpounds of the present invention include both conformations. [0130]
The term "al kynyl" as used herein refers to a linear or branched

hydr ocar hbon having fro to carbon atons and havi ng at .| eas e

car bon- c@?gor}ntarfil%reé B ?fg‘m to‘?l%ﬂeserﬁ@w%tmpw SHCOLPO ?é‘?lgfar???'éﬁ‘ ers to
an aromatic group cont ai ni ng 1 to 3 aronafic rings, elther fused or |inked.
[0132] The term "cyclic group” as used hekei ﬁdes a cycloalkyl group
and a heterocyclic group. [0133] The term \\cycl group” as used herein
refers to a thee- to seven-nenbered satur partlally unsat ur at ed
carbon ring. Any suitable rin cl oal kyl group may be
covalently linked to the de#ine em cal\ structare. Exenplary cycl oal kyl
groups i ncl ude cyclopr@By ,Icyclo uty-1, cl opentyl, cycl ohexyl, and

cycl oheptyl, [0134] Th® "t edm "hal ogen” as/used herein refers to fluorine,
chl orine, bromne, and iodi 007/ Q24717PCT/ US2006/ 032405 10135] The
term "heterocyclic group"” or " eterjf clic" or "heterocyclyl" or

"het erocycl 0" as used herein refers fo fully saturated or partially or
fully unsaturated, including aromggjc (i.e., heterqn@y ') cyclic groups
(for exanple, 4 to 7 nenbered nDnocycllc 7 to 11 nmenbered bicyclic, or 10
to 16 ne G L K h oat om
in at Ie{a@%&gn 183%;1%%%](1 g?%lrtn %ﬁ%@%oﬁgﬁang%}nm %ﬁ ﬁNng{?l? Nﬁ%e%ﬁ%cycl iC
group Coﬂﬁaﬁhmkgnaéhﬁlawbaﬂvfnydm#kﬂdkﬂjmﬂaggwﬁﬂfmdh¢@W@wéﬂdkatons sel ected

fromnitrogen atio X at i trogen
and sul f‘ﬁ'ﬁgﬁlg af og? énﬁg g}rg@f yc(’)lﬁ%lg%qsasf 03? kngall%r di zegglgfrgm% l‘ri:%&ﬂlgfcr oagléﬂ
het er oat magb&supstiipted onatsuystingedyuat er ni zed. The heterocyclic group may be

attached to the remai nder of the nol ecule at any heteroatom or carbon atom
of the reéasgRoy, anﬂimiga§de$‘mednn cﬁmnmmmffdmhhrlacghow canglennmpismbnspl ude, but are
not lim azet| i OX nyI furanyl ,

f ur azany 1asq?f5?rﬂ?r ‘g gris rmalcﬁlll ﬁ%f"‘i"aﬁﬁﬁ% Sﬁl{]rﬁyééag‘?ﬂf es - {20l yI |
|soxazolaﬁ¢pmﬁaﬁ@bqkhmyl oxadi azol yl , oxazol i dinyl, oxazonI oxazolldlnyl,
pyri m di nyl, phenanthridinyl, phenanthrolinyl, piperazinyl, piperidinyl,
pyr agyl [osy]r alZliC@Iyi!lin eig%ﬁcﬂﬂl@ﬂlﬂs dh@pijesenﬂmwaﬁﬁiﬁipﬁyzh(}es 5Mﬁ16<iIﬂH$/bffoﬁmﬂh Bazi _n;(;! , 5
pyri dooxa ri ot hi azo . P i.n rimdiny
pyrroli dW}Zi neﬁ?}’rgéﬂlfl ?Henge&ﬁ %?ﬂt?dc#% € ?@{Prcgﬁ%ﬁ%ﬁ%%ﬁwge“t ﬁﬁi’dl azi nyl ,

t hi adi ang@ NEHLROY, - CNt mpgnddm,a&gl-gtw)gdj,l-@aﬂ@xag tl cldiygngiay dazol yl ,
thlonnrphollnyl thio triazinyl riazo . Exenpl ary blcycllc
ot or ocy ENIBTAPBUTSS-FRo FbUBHGHBRy L Obis osl-F MepaiimbphrsaZel gopen:
benzoxazgld is oPgngaexadi azol yl, benzot hi enyl, qui nuclidinyl, quinolinyl,

tetrahydr0|squ|noI|nyI |squ|noI|nyI benzinidazolyl benzopyranyl,
i ndol i zi g ‘ RORE? teﬁ%éfdlmelp@ Qﬁ@ﬁﬂd%ﬂ?ﬁ%ﬂtwn %%UVQ{EQ @éﬁjn oﬁ@ywhﬂﬂa I—l
benzopyr any ci nnol i nyl, qui noxal i nyl, 1 ndazol yl, rrol opyrid

fur opyri dhﬂyiln RigiscNRasR b.uané FOR3- di pﬁ;rféludﬁ)thsﬂ embpém@ﬂigg 1718] ar'pMehyN?f or
furof 2, 38@& Nﬁ%ﬁyﬁii gi@ﬁ@ﬁ%h§ﬁypd0|yl di hydr oqui nazol i nyl (such as
r'o-

3, 4-di hy 4-0xodui n&zol'i ny |a2|nylazep|nyl t et rahydr oqui nol i nyl and

benzi dol PO pReRERt RS EH e BB B e D S BB "o e

i ke. [0136] The term "phenyl" as used hereln refers to a substituted or
unsubstituted phenyl group. 10137] The aforenentioned terns "al kyl,"
"al kenyl ," "al kynyl," "aryl,"” "phenyl," "cyclic group,” "cycl oal kyl,
"heterocyclyl,” "heterocyclo,” and "heterocycle” may further be optionally
substituted with one or nore substituents. Exenplary substituents include
but are not limted to one or nore of the follow ng groups: hydrogen,
hal ogen, CF3, OCF3, cyano, nitro, N3, oxo, eycloal kyl, alkenyl, alkynyl,
het erocycl e, aryl, alkylaryl, heteroaryl, OR, SR, WO
2007/ 024717PCT/ US2006/ 032405 8(=0) R* Se=0)21Ze, P(=-0)2R6, S(=0)20Ra,

=0) 20Ra, NRbRo NRbS(=0)2Re, N ZI, P(=0)2Re, S(=0)2NRbRe, P(=0)2NRbRe,
C(0)OP-a, C(=0)R2, C(=0)NRblle, OC(=0)Ra, OC(=0)N1202," NRbC(=0)04
NR. dC(=0) NRbRc, N12, 1S(r=0) 2NRbRe, NRdIP(=0) 2NRbR6, NRI, C(=-0)1Z, or
NRbP(=0) 2Re, wherein Ra is hydrogen,ial kyl, cycl oal kyl, al kenyl, al kynyl,
al kyl aryl, heteroaryl, heterocycle, or aryl; Rb, Rd and Rd are
i ndependent!|y hydrogen, al kyl, cycloal kyl, al kylaryl, heteroaryl,
heterocycle, aryl, or said Rb and Re together with the Nto which they are
bonded optlonally forn1a heterocycle and Re i's aIkyI cycloalkyl, al kenyl ,

T . T .



[0139] The term "quaternary nitrogen"” refers to a tetraval ent positively

charged nitrogen atomincluding, for exanple, the positively charged

ni t rogen wo 2s0@#tidal kyl ammoni urn group (e.g., tetranet lrgiraseaaiosa s

N- et hyl pyridiniunm, the positively charged nitrogen in protonated anmoni um

species (e.g., trinmethyl-hydroamonium N-hydropyridinium, the positively

charged nitrogen in am ne N-oxides (e.g., N-nethyl-norpholine-N oxide,

pyri di ne-N-oxi de), and the positively chatged nitrogen in an

N- am no- ammoni um group (e.g., N arninopyrhdi ni umgr,; [0140] Throughout the

specification, unless otherwi se noted, the\nitrggen in the benzothi azepi ne

ring of conpounds of the present inventiof nmay\pptionally be a quaternary

nitrogen. Non-limtingRexamles i fe-\ARM 113\\and ARM- 119. WO

2007/ 024717PCT/ US2006/ 0324 y ounds & the present invention nmay

exi st in their tautoneric ff or exanplhe, as an am de or imno ether).

Al'l such tautoneric forns enpl at herein as part of the present

invention. [0142] The ge gdr U a npl oyed herein denotes a conpound

that, upon adm nistration to a subjett, undergoes chem cal conversion by

met abolic or chem cal processes to yield conpounds of the present

invention. [0143] All stereoi sTmepPs of the corrpoundg_jpf t he present

invention (for exanple, those winch may exist due to asymetric carbons on

var i ous vdistrin Rt ashR S)re indepdndeithygeRoBa FoRRE poup 051¥RtiANG: Bl ARIEE CORET i C

forms, afg, CRUY e_%q&ﬁd fmh'&@ t he scope of this invention. Individual

st er eoi s;) rs of the %Fr%g % 510%h S (FiNeatky), oH=Majkylf OIS (=Ra6hd, ecylbe

subst antaikyl, lajkokyle alk glbmbioN Sk y1tS®) BpEISaIk A, Hvl. r ntially pure
) DEIkylHSORREISalkf; Sy, h@céroéy%,y ﬁ%‘gﬁ%@e@

optical _,soner. hayi a. specified activity), or for

exanpl e,alkﬁgﬁf%pég%t(gger&) > (ptegp-Parghiterand ghetese-Hasylamisos etdbwhersih @ndni SONer S.
The chi meyl, alkylf Ak yDfalkdyenify, 85@Mil1 eI et S,or R
configuratiqn_ as defi ned t;y t%e_l PA 1%#%%%’#%%%%&%@1’%@% acem c
forms cABY herired. Betesshpsithis mascherrobigitutediotunashstifuned; exanpl e, fracti onal
crystal :[\iyzati on, separation or crystallization of diastereoneric -

der i vat veS SEFetRtr Heisemppnssing af —NB I sBne -NHNBrsR: © GNEPHY - ORhe-GIng, vi dual
opti cal alks@ed§l, 6RMLAE1, RDL18d] r tes ny suitable nethod,
i ncl udi ng wit hglut |iakh;|®t a? i on?ﬁggiﬁlvgﬁ%r%’%é’{l’%%ggﬁ‘c‘j‘%?gilﬁ@ﬁﬂé{’ gy anpl e,
salt foPWENLGAYInFtcHpalinl, speloadiarlaliylaitirveychdi aid hetetooyadlalryl G5ysd al | i zati on,
[0144] Gometads ub%)tP&tecﬁ” esent invention are, subsequent to their
preparation, preferably i’solated and purified to obtain a conposition

cont ai ”hf@as@gﬁ@éﬁqH'EB@Péﬁn\ﬁﬂ%é?ﬁ&lyﬁ% %l}tﬁio or greater than 99% of the conpound

("substantially pure” conpoun is then used or fornul ated as

descri bggnh L N4 ’ iall re’ co nd f the present

i nvention aﬁg&%{ﬂézg%g%eé%gg%%gg’ garné%éﬁ&glgﬁb'flcfe%yet% S?S‘%’@"é‘@ﬁtsolvﬁ'\%nti on.
[0145] Nmplexsppidproatrigsiiadredfsomer s of the conpounds of the present '
invention are contenplated, either in adm xture or in pure or substantially
pure f o2l Theetin embedioentsfthcpnpoLindtioh ptdveich baERIHhd4 oMBRklIPR embr aces

bot h ci . rapns. (E | kene | rs, as well as cis and trans isoners
o Cyel | Eehb i a8 R AT ol B PR AR fissfoupsamnsny Bulieisn, o

speci f i @¥ei 0%, -NPHUEN, Qg -Oubs NG, USRS, d, heRRYf, _g@b)@lec%h%% eg.t o provide
stabl e @Qik%'@§ 4@@9 Olgﬁgfrl [01474i Th{e%é)r esent inventi on prévi des
conpounds YHa G ég@gr 2 sQEHYearRf (GPAVierombolinys anddeemensind

di seasemdads0cl atlednwhihiicdse RRSR bLORRL Aak-t i@l regul ate cal ci um channel
WO 2007/ 024717PCT/ US2006/ 032405 functioning 1n cells. Mre particularly,
the prd863]t In nthendmidifdn@y iHESPesERTRRAUAG ; Lreating or
preventj ng .al eakan RyR cha%ﬁeel s. "D sglgljggl?és %OB%ZOEE&&%S@OG ated with
the RyRHIB1dF sNRiBarfE ~QRs o rla epriaimalientishodieents, Ratis €@H, 408¢, kBt ed and/ or
pr event}HdEtpwmd,uNag,io?gNHhm@ﬁﬁg{ eceptors that regul ate cal ci um channel
functioning in cells. "D sorders and di seases associated with the RyR

recept Qo6f] gl oHee emBbdiOML ik bH1d QN i ac. di sorders and_di seases,
Skel ot ol r]mscul ar dli’ﬂg%%“lg‘glﬁ’sthgh%k%ii?gsde"g@éoéﬂcp?‘é‘g%%iCPF\I?%‘WF8@5"8‘8{}‘& Lkid di seases,
mal i gnant hypertherm a, diabetes, and sudden infant death syndrome. Cardi ac
di sorder and di seases include, but are not [imted to, irregular heartbeat
di sorders and di seases; exercise-induced irregul ar heartbeat disorders and
di seases; sudden cardi ac death; exercise-induced sudden cardi ac deat h;
congestive heart failure; chronic-ébstructive pul nonary di sease; and hi gh
bl ood pressure. Irregular heartbeat disorders and di seases include and
exerci se-induced irregul ar heartbeat disorders and di seases include, but
are not limted to, atrial and ventricular arrhythma; atrial and
ventricular fibrillation; atrial and ventricular tachyan-hythm a; atri al

. v o o .




gis 0, 1, 2, 3, or 4, WD 2007/024717PCT/ US2006/ 032405 each Ris

i ndependently selected fromthe group consisting of H, halogen, -OH -NH2,
-NC2, - CNvO-20FA24710CF3, - N3, -S03H, -S(=0)2allgd, -S(0)achkys200608(460) 2CF3,
acyl, -0-acyl, alkyl, alkoxyl, alkylam no, alkylarylam no, alkylthio,
cycl oal kyl, al kylaryl, aryl, heteroaryl, heterocyclyl, heterocyclylal kyl,
al kenyl, al kynyl, (hetcro-)aryl, (hetero-)arylthio, and (hetero)arylam no;
wherein each acyl, -0-acyl, alkyl, alkoxyl, <ﬁ£§ | am no, al kyl aryl am no,

al kyl t hi o, cycl oal kyl , a[kylaryl, aryl, he(é het er ocycl yl ,

het er ocycl yl al kyl , al kerr ; 0- )aryl (hetero-)arylthio, and
(hetero-)arylam no nay be Opti subst tut ed; RE is selected fromthe
group consisting of H, oxo, aryl, al kylaryl, cycloal kyl,
het eroaryl, and heterocyclyl; $in each aIkyI, al kenyl , aryl, aIkyIaryI,
cycl oal kyl, heteroaryl, antd Megefoc y be optionally substituted; R2
i's selected fromthe gréhp consistingSof H, -C(=0)R5, --C(=S)R6, -8M2R7,

ar,

il

-F(=--0)R8R9, - (CH2),-R10, alkyl, |, al kylaryl, heteroaryl, cycloalkyl,
cycl oal kyl al kyl, and heterocyclyl; erein each alkyl, aryl, alkylaryl,
het eroaryl, cycloal kyl, cycloal kylalkyl, and heterocyclyl may be optionally

substit U%vﬁé}em@ ah8 R® %ie%ﬁ&e?@ncfeﬁ@ﬂetl&%‘ed%d?ﬁ%e%%'c%ﬁéléiﬂg%ﬁ“ Hhalo 860260,
- C(=0) 1\ THY, acyl 0- acy , alk , { %%y cycIoaIkyI
het er oar WHz, 2¥aiH @Neﬁ@éy@pﬁb-thﬁ@éinS ﬁmaéyﬁ =ty -0, ackls y | |

al kyl arylpyicyed ,{Ahhééarnlﬂc‘?taﬁ{yﬂﬁ%y%yclo% 1 ?g{l) q{e%ﬁé/c%l?{/llhg@%cgc?}/lgl?%l' onal I'y

substltuted an ein’Y I's selecte oup co hg of I-1,
al kyl , aaﬂk@nyl allyyylathgtero- Iaysdl (dlatletoy)laryltﬂm aud)(énﬁtyzto )awrhdnlheiaad@drﬂciryd:a,ch and

wher ei n a I al k et er

het er ocy% Fl%éwg y1b£1¥§(1 %yd% %%’ }%,fche‘co?mcyééfl P‘L“s}ersog Cg%q ﬁé?ﬁl ?lg nr?lnl’t he group
consistiﬁ@w@&(ﬁMaakad(h@mtﬁmyhmoamybgsﬂkﬁym@MymnubmﬁhmalkyI, het er oaryl ,
and heterocyclyl; wherein each al kyl, al kenyl, aryl, alkylaryl, cycloal kyl,

hct er oar Rz is stedted ditoer the goby tomyiyindef ﬂmlishna-ld(yommsmg-(mﬂmomﬁ -I0R;s5¢el ect ed

o - ot P ERGS R Ruoh bty kb S A aoh SR acyl |

al kyl , act}}clmydyl afd yéteroég}ckﬂhady}bh sutfsuﬁﬂtesaairkméubstamhpal kyl al kyl, heteroaryl,
heterocyclyl, and heterocyclylal kyl; wherein each acyl, alkyl, alkenyl,
aryl, al widrainylis 136l Qal &yl 8 ocyclooal kyl al kyl , heteroaryl, heterocyclyl, and
het erocycl yl al kyl nay be optionally substituted, and wherein q is 1, 2, 3,
4, 5, orafnikG, i,9rgel ected fromthe group consisting of -ORE5, -NHNRI5R16

- NHOH, - CH2X, acyl, al kenyl, alkyl, aryl, alkylaryl, cycloal kyl,

cycl oal kaﬁideelnkt}tio;rnelmf}ﬂﬁﬁta&bmbr,s, thﬂbﬁéﬂppf&hﬁic;eu’r@d&ﬂy h@iepﬂé@l@)éﬂfsyhﬁih‘dtﬁ,, wher ein

each acyl | ken al kyl aryl, cycl oal kyl
2007/024§ﬂﬁé§§ﬁqﬁ%ﬁ%§ Ig%ﬁﬁ@ E%Qﬁyﬁﬁlkylalkyl hcteroaryl heterocyclyl, and

het er oc onaII sSubstitute R7 is select d fromthe
gr oup c)cl)@ggls P EB’PC lme ISeR‘fr%S 1RI¥NF??BR‘P6”£S femRguods e&yfermulg kekny | |

al kynyl, waéryih,R ah&gb @fthdep@ﬁﬂéhﬂ)}aiéfééted frveine %kdsmlcaﬁd@ﬁhg ohﬁt l%ﬂég%h%ﬂo
heterocyc and het er oc IalkﬁA wherein eac eny al kynyl ,
H%b@? oaP

aryl , N@y et Baf ¥y -OCEpcNoab o) o kel <yhe$(€péér<}4alkyhc$&mcycl yl,
and hEt e@ﬁﬂé&ﬁ' @b?clcb}’d‘Fg,nﬁif IbﬁC‘PIBIBH, Q0@ld)¥1es WRS{EO) M orpholinyl and propenyl;

andnis 0, 1 or 3. Insome cases, R’ is H or OMe, and R” is H.

[066] In other embodiments, the present invention provides compounds of formula I-k,
wherein R 5 is selected from the group consisting of ~NR5R 6, -(C=0)OR 5, ~OR s, alkyl,
aryl, and at one labeling group; and wherein each alkyl and aryl may be substituted or
unsubstituted. In some cases, m is 1, and Rjgis Ph, C(=0)OMe, C(=0)OH, aminoalkyl, NH,,
NHOH, or NHCbz. In other cases, m is 0, and R;3 is C,-C4 alkyl, such as Me, Et, propyl, and
butyl. In yet other cases, m is 2, and Rys is pyrrolidine, piperidine, piperazine, or morpholine.

In some embodiments, mis 3, 4, 5, 5, 7, or 8, and Rygis a fluorescent labeling group selected
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R8 and R9 independently are selected fromthe group consisting of OH acyl,
al kenyl , al koxyl, al kyl, al kylam no, aryl, alkylaryl, cycloalkyl,

cycl oal kywel2kyto24het er oaryl , heterocyclyl, and het er ocyelyltuskéosyB40her ei n
each acyl, al kenyl, alkoxyl, alkyl, alkylarnino, aryl, alkylaryl,
cycl oal kyl, cycl oal kyl al kyl, heteroaryl, heterocyclyl, and

het erocycl yl al kyl nay be optionally substituted; RLO is selected fromthe

roup co -9021111, - NHSO2 0) (R12)
RIHC—& le%?ﬁ‘%g @C%Esg}%@séem d Jofiss Tate8 ed. CW‘*%P&SZ PY%&%)CS‘H%“%M
i ndepend@aschde Bine s Bickitdt Blile fMaxﬁ]natBiee,g}regu‘m GReas l4$6 Diehni@fno - pHekliddb, -

NHNHZ2, Ikox al kyl , yl am no, aryl, alkylaryl,
cycl oal k{/ﬁ}ﬁwﬁ%&ﬁa@tﬁaf%ﬁf yiQ¥ePg aﬁdwm e e n§|argiBipg) and variants

het er ocyaldyetil ativkes thefeef. ei n each acyl, al kenyl, al koxyl, alkyl, alkylam no,
aryl, al kylaryl, cycloal kyl, cycloalkylalkyl heteroaryl heterocyclyl and
het er ocyioky) thlyyd aniGBr BEbAREHRNBS hiksetiSbrtlod %hde%(cb Sghest B om the
group cqgﬁlstlng of hal ogen, -CM - O2RIL5, - % -NR15R16, - ORB,

- 802R7 d -P(=0)RBR9; and R15 and R16 |ndependently are sel eeted fromthe
group consisting of H, acyl, alkenyl, alkoxyl, OH NH2, alkyl, alkylam no,
aryl, allcylaryl, cycloal kyl, cyel oal kyl al Ryl, heteroaryl, heterocyclyl,
and heterocyclylal kyl; wherein each acyl, akkenyl, al koxyl, alkyl,

al kyl am no, aryl, alkylaryl, cycloalkyl cy Ayl al kyl, hetero aryl,

het er oeyel yl , and het er ¢ kyl : optionally substituted; and
optionally R15 and R16 toge to which they are bonded may
forma heterocycle which nma . the nitrogen in the
benzot hi azepine ring may op be a quaternary nitrogen; and

enanti oners, diastereomersy” bauLoHt maceutical ly acceptable salts,
hydr at es, sol vates, conﬁiexes and pre ugs thereof; provided that when ¢
is 0and nis O, then R2 is not H, Et C(O)NH,, ( O)NHPh, -

C(=S) NH- nBut yl , - C(=0) NHC( O)CHZCl C( =0)H, -C(= ?Kb -C(0) Et, -

C(=0) CH=CH2, -S(=0)2Me, or - 0)2 further pro ed that when g is 0 and

Ty R S S Py 00281

of the béfﬁboﬁ\}@zaﬁﬁeﬁé,rﬁ)ﬁﬁg -NH eSO -$ (SOnatkyHl-S(MD)alk | <X\ Fd), CFGabyiMe,

0) Et or. -8(=0 t furt her OV|ded t hat
Wr?fan ) alkyl%ko%f%ylamlr %l(%“ﬁwgoal% @Zﬁ?fgroéi}'ﬁﬂxl}qtera‘fy"% Y5 posi tion of
t he benzadi«telnylazlkme(hetemqaryu liRAerbBaryBhi6 Pindttheterb) oGt aRd wﬁére{n%él%] l n one

enbodi nment , inventio rov es conpounds of Fornula |
descri béd’ g%@emﬁ ?ﬁﬂ@ﬂ%mﬁ?6V¢§akﬁh§W rigerplsigiecyiclylaled, lcaybr 868
[0150] lafkyapie (iemoedtiriEMkierd- ey 1 Mieebe dubViRtiled BPuRiRYkA&E conpounds of
Formula |-a wher ei n:

Rg and n are as defined in compounds of formula I-a;

and enantiomers, diastereomers, tautomers, pharmaceutically acceptable salts, hydrates,

solvates, complexes and pro-drugs thereof,

[068] In certain embodiments, the present invention provides compounds of formula I-1,
wherein R’ and R” are independently selected from the group consisting of H, halogen, -OH,
OMe, -NHj, -NO,, -CN, -CF3, -OCF3, -N3, -S(=0),C;-Cjalkyl, -S(=0)C;-Caalkyl, ~S-C;-
Caalkyl, -OS(=0),CF3, Ph, -NHCH,Ph, -C(=0)Me, -OC(=0)Me, morpholinyl and propenyl;

andnis 0, 1 or 3. In some cases, R’ is H or OMe, and R” is H.

[069] In other embodiments, the present invention provides compounds of formula I-,
wherein Ry is selected from the group consisting of -NRysR;6, -NHNR5R 16, -OR 5, -NHOH, -
CH-X, acyl, alkenyl, alkyl, aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and
heterocyclylalkyl; wherein each acyl, alkenyl, alkyl, aryl, cycloalkyl, cycloalkylalkyl,
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nis O, 1, or 2; qis 0, I, 2, 3, or 4; each Ris independently sel ected
fromthe group consisting of H halogen, -OH -NH2, -NO2, -CN, -CF3, -0CF3,
- N3, -S03mp 208(=2@12al kyl , -S(=0)al kyl, -0S(=0)2CF3, acylpcTalskgue/o3mbkoxyl ,
al kyl am no, al kylthio, cycloal kyl, aryl, heterocyclyl, heterocyclyl al kyl,
al kenyl , al kynyl, (hetero-)aryl, (hetero-)arylthio, and (hetero-)arylam no;
wherei n each acyl, al kyl, al koxyl, al kylam no, al kylthio, cycloal kyl, aryl,
het er ocy keny WO 2007/024717PCT/U82006/032405
al kynyl | ﬁf(*%@f}’&r-‘/i ﬁf} IOC%ﬂg‘Pﬁfﬁom&gmuPﬁ%ted SHEPSERTEEd 19 89F P8 fay be
SubSt i t UL sRof; skBSADMHPLUS REblidRR, 1§en%%{e§gﬁ>&qzmé %Blf)mne I mheaARSiSti ng of

H -CGO0(R5), -CS(R6 - S02R7, - . -Rio, alkyl, aryl,
heteroarVW“”E@?W@&ﬁ PSQEV6%§&ﬂk?*éQ -, and heterocyclyl wher ei n_ each

al kyl , het eroaryl, cycloal kyl, cycloal kyl alkyl, and heterocyclyl may
be subst [‘%ﬂi o adirthes simhadiens B presew ipentien mevides rwendsef Grmuls Idhsi sti ng
of -NRI5R16, -NHNR151116, -NHOH, -01215, - NHNI ZI 5R16, -002R15,
-C(=0) NRI 5R16, -CH2X, acyl, alkyl, alkeny9§%§kﬁényl aryl, cycl oal kyl

cycl oal kyl al kyl , heteroeyelyl, and heteroc | al kyl ; wherein each acyl

al kyl, al kenyl, al kynyl, aryl, cycIoaIkyI /é#b{oalkylalkyl het er ocycl yl ,
and heterocyclyl al kyl mafy B undsbstituted; R6 is sel ected
fromthe group consisting o R16, -NHOH, -NRI5R16, -Cl-12X,
acyl, al kenyl, alkyl, aryl, cychoal kyl al kyl , heterocyclyl, and
het erocycl yl al kyl ; wherein eglach acy alke yl, alkyl, aryl, cycloal kyl,

cycl oal kyl al kyl , hetero ely 2 clylal kyl may be substltuted or
unsubsti t ut ed; RO is selected fron1th group consisting of H -OR s,

-NRI 5R16, -N11NRI5R16, -NHOH, - CH2X,//al kyl, akenyl, al kynyl, aryl,
cycl oal kyl, cycl oal kyl al kyl , het er d&¥cl yl , and he@eﬁmcyclylalkyl; wher ei n
each al kyl, akenyl, al kynyl, aryl, cycloal kyl, cycl oal kyl al kyl,

het er ocywhgrbi,n Riradd Béhmriodnpeﬁc}ehaj/ kajdctentefionip the Suaptcohdidting o6 H, haisgeasiOH,ut ed; R5

o o | ERSIETEY b ot o ol D B ONB RS S ol ah L o0

hﬁ( elr ocyﬂkyil alk@ydl aﬁi@laﬁﬁﬁ@;&ﬁdy&thﬁ% &}%}Oaﬂ%@il‘}@']Jllﬁt(eﬁlﬂﬁflfl&’f?ri%rﬁcﬁdliﬂ@lﬂiyl| I i’il kox;(;l

al ky oa cyc ylal ky eterocyclyl, an

het er ocy® F%ﬁgnb??ﬂn§§%ﬁby§ﬁbéT¥W{%#%ﬂ aﬂﬁ@ﬁﬁ%T*?%@Eﬁofﬁﬁdﬂﬁgmé%FEcted from
t he grougytansi,stliord, kylahiRosHickal %%%&Lht%@@ kyl 11&( 0)1212,
_r\|||(c_0)y§12¢:y-oocﬁ_loij R12 ?C kg*)zr 3R44; m§‘|se , ﬁa{y - ﬁ R11,
R12, R13 ﬁﬁﬁ(ﬁﬁﬁﬁ)ﬁﬁ Qﬁ@ﬁﬂ@ﬁVWVO&W§ §@M§EW§@‘FP@W¢$H@Béroup conS|st|ng of
H OH NH2 NHNH2, acyl, al kenyl, al koxyl, alkyl, alkylam no,

aryl, cy®s 3&@%@/1‘ are@?é?%ﬂk‘%/?%‘ll Pds ﬁé@@%&é? ve, Wnﬁétoé?‘f‘é%ycl yl al kyl ;

wher ei N @aghe@hts, tatﬁd)rﬁ@r@lﬁharrﬁalcgﬁ?&l{ﬂl acdbptiile sals %ﬁl‘f@snﬁlva%s% %&é oal kyl ,
cycIoaIIcyIaIkyI, het er ocycl yl, d?heterocycly I"al kyl e substituted or
unsubst i #gtneerdiugnergd7/ 024717PCT/ US2006/ 032405 X is sel ected fromthe
group consi sting of halogen, -CN, -0Q2R13, -C(=0)NR131116, -SO2R7, and
P(=0) Rei3U dn@erian smboediments thawfessaticeamtivy pravises ednapuads ¢frf@m1ﬂ¢1bngr oup
consi sti , y I m aryl,
cycl oal k@%ﬂ%)}/ﬂ: Iagg helﬁ%ﬁﬂ%hﬂ}{ gérlég%lﬁoﬁ ﬁ?é'%dgllﬁ' fet stjrtlgl of +ih?%<eﬁ dH)\K/her ein
each acy@MeaiN&ézn;NOz, el ox3Fb,,-O8IFk N3, -8 G alkyl, a%&D)CpQLalllqal Rﬂl,

isubst | TR O8Tabr e el R e G o R Mo PRpn S E b  ch ¢ ney
are bonomninriaf) Imr?nlasbtﬁéeases;mhse[{nhom amyR’be Feubstituted or

unsubsti t ut ed;
[072] In other embodiments, the present invention provides compounds of formula I-m,

wherein Rg and Ry are independently alkyl, aryl, -OH, alkoxyl, or alkylamino. In some cases,

Rs is Cy-C; alkyl such as Me, Et, propyl and butyl; and Ry is aryl such as phenyl.

[073] In one embodiment, the compound is selected from the group consisting of S1, S2,
S3, 84, S5, 86, 87, 89, 811, 812, S13, S14, S19, S20, S22, 823, S25, $26, S36, S37, 838,
S40, S43, S44, 845, S46, 847, S48, S49, S50, S51, S52, S53, S54, S55, 856, 857, S58, S59,
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the nitrogen in the benzothi azepine ring may be optionally a quaternary
nitrogen; and enantioners, diastereoners, tautoners, pharnmaceutically
accept ablwozadie47inydr at es, sol vates, conpl exes, and pr @drag200s0a4ens ;
provided that when q is O and nis 0, then R2 is not FI, Et, -C(-0)NH2,
(=0) NHPh, - C(=S)NH nButyl, -C(=0)NHC(=0)CH2C1, -C(=0)H, -C(0)Me, -C(=0)Et,
- O)CH:CHZ -S(=0)2Me, or -S(=0)2Et; further provided that when g is O

75 =0) 26800 i S 56 sk W %6%%8%)85‘3 VIS TORR TS RS GG at the

6 positi 570,880,498, densss lsnsa,zwsgem BRTG88] $EONSHY SD§ 990! 593, sd& 595 (Hg80) H,
-C(0) Me, ‘2Bt and further provi ded

t hat mﬁWC(SPg)@ $10% Sldl?1 3108 ﬁalQ%_SEﬂﬂlOSeﬁlmc 198 SAPKAYP, i 1,1Hd2.7
posi ti Onsplffs Bhey, Berw gl 1Y, 87£D&N €3, 51 g 5 10H 8N 2128 20 SmARl 24} - O =0) CH=CH2, or
[0151] In certain enmbodinents, the present invention provides corrpounds of

formla jo7ay Tﬁt&foﬁipaurﬁ@%hthBm%nﬁ&fiﬁﬁ);%l\}l%ﬁﬁli;ycoﬁﬁa!n%&5Pd@elgggg}wﬂ‘%ﬁgrag’up

consi sting of H, hal ogen, -
- S(=0) 2cﬂumsméylvlolumS(eS@pmch@mwrmwscemso@pmmmwloact@@(ab@r%%p Ph,

- NHCH2 PhSul’fagfeﬁﬁl)oP@cenT ﬁ%hn%)eg%@.g)s %E}ﬂgo{ltﬁ Q1¥:| ?fﬁgltgd t%p&m{p I,dgns niso0 1, or

2. [0152] In other enbodi resent invention oVi QF conpounds of
f or nul a Hepresgpiar dpdpnpge, Texasgbd cyadne dy@snnyhaae,g:ommmmo@smsda Bige'dt PRH R3) ,

- ef anot her
e%?c(j |R6 rrzeﬁltue %&p]?lggéﬁ%% golng(%/ren |oﬁq%?r8bd§%}jg}d‘%%‘%?ﬁ%‘i)@ 18‘5%?%&316%: R2

wher ei n Reifernyell®y, mmmdlumdemé@@enmwnssaimeﬂs faﬂidkﬂ’ﬂritvb@veg nslggaaf@ws fg'; i2n|gkor
H., hal - al ky
TS(0) al KTn 1163“2‘8%’5/ 58%)23 S“’aﬁ%f‘iﬁi“a%ﬁ %l mg &okD: a&f-%cwaugaéffw fhi o,

cycl oal Kigbelingreydup t edyesfaky @mpoundseif @iedfydtivh, aliteph urRlu& 8pstimeRtbli Gy NY!
(hetero-)aryl, (hetero-)atylthio, and (hetero )aryl am no; and wherein each

acyl, al [mysl Eielp@esyﬂt,m\&hﬂimi 459 1d@s>4ﬁém@dskw the Sn¥iesis RELRHNANE A

heteroc | .k (hetero-)aryl, hetero-)arylthlo may
be substf%%’f"gl& %? I&ni&ﬁs‘%/h'teuftg' ﬁ%c}‘lnl JaII  lykand dim.redl salfs, eounds of
formul a sbi@teapdbmexaﬁﬁld%@.a{—dggﬂﬁfe%f di astereoners, tautoners,
pharmaceutically acceptable salts, hydrates, solvates, conpl exes and

pr o- dr ug®7éJhemeekesent invention further provides a method of treating or preventing various

disorders and diseases in a subject that are associated with RyR receptors, such as muscular
and cardiac disorders, comprising administering to the subject an amount of a compound
effective to prevent or treat a disorder or disease associated with the RyR receptors, wherein
the compound is of Formula I, I-a, I-b, I-c, I-d, I-e, I-f, I-g, I-h, I-i, I+, I-k, I-] or I-m, or salts,

hydrates, solvates, complexes and pro-drugs thereof.

[077] Also provided is a method of preventing or treating a leak in a RyR2 receptor in a
subject, including administering to the subject an amount of a compound effective to prevent
or treat a leak in the RyR2 receptor, wherein the compound of Formula I, I-a, I-b, I-c, 1-d, I-e,
I-f, I-g, I-h, I, Ij, Ik, I-1 or Im, or salts, hydrates, solvates, complexes and pro-drugs
thereof. The subject is, for example, an in vitro system (e.g., cultured cells or tissues) or in

vivo system (e.g., animal or human).

[078] In addition, the present invention provides a method of modulating the binding of
RyR and FKBP in a subject, including administering to the subject an amount of a compound
effective to modulate the level of RyR-bound FKBP, wherein the compound is of Formula I,

I-a, I-b, I-c, I-d, I-e, I-f, I-g, I-h, I, I+, Ik, Il or I-m, or salts, hydrates, solvates, complexes

-24-



[0154] In certain enbodi nents, die present invention provides conpounds of
formula I-b, wherein R and R' are independently selected fromthe group
consi sti myoabo#24hal ogen, -OH, 0. Me, -NH2, -NO2, -CN, - ECEI/US20@H32405 N3,

- S(=0) 2C1- 4al kyl, -0S(-0)2CF3, Ph, -NHCH2Ph, -0C(=0)Ivl e, norpholinyl and
propenyl; and nis O, 1 or 3. In some cases, R is Hor 01l\4e, and R' is H.
101551 I n other enbodi nents, the present invention provides conpounds of
fon-nul a | d.b wherelnfﬁagls sel ted fromthe group consisting o

- C=0( 123§7d Prh-dmses igo: d‘é‘i‘?"t tor erbﬁmb‘fmvmérﬁéfstelpéf:@) iwltumdd:ellf o156] In
yet anot igues sbodipaRtem ( bg Qﬁﬁ@ﬁ@ﬂmhﬁﬂﬁntlon provi des conpounds fornul a of
l-c: WO 2007/024717PCT/U 006/ 032405 wherei n each R R7, g, and nis as

defi ned [079F oTROMeds: iffenfiof A Brobidls BARONMEf RARIFRARN f BERY ng’an&“ astereoners,
tautomers, pharnmaceutical|ly acceptable salts, hydrates, | vat es, conplexes

and pro- By uing dispidets and disgases %ﬁs‘&éﬁft‘tda‘f’lﬁl @rBoBiraeatoss, sudhas pmé@%ﬂitand nventi on

provi des £9npasds s qh I WOeH tly selected
fron1thecgroup conglngﬁg&%f@?%Mﬁde Qhﬁgﬁﬁggﬁ§Wb§ﬁh§Q§B§%@&ﬁ CN, -CF3,

- OCF3, F@npqsgl@a@fg@or@gquyf the c@gpagin f@)ahklyﬂ,,l-a L-b, I-c, 1QIS]-e, I-f; I 9_)12(;]33 Ph,
- NI CH2 Pf'l 15, cf(k @—l MEI’-m &gﬁn@h&@rme?‘%l@t&% 1O #le%&dang POD grﬁ%%,tg\e/ﬁ%gggﬂ%l s 0, 1, or

2. [0158] ‘i it other enbo gsent nventi on onpounds of
formul a mﬁdﬁsqﬁem@ﬁwmﬂﬁmn@adﬁg@bWEMHﬂmaMnmmmwgnomphﬁmmaiﬁmhhg of -01-1,

- NRI 3R16 n al k oal k IaIkyI het er ocycl yl ,
and het ef o?%% hlc?iﬁﬁx%hﬁ ggﬁ&gg §F%§% hQﬁ%ﬂ?Y “ cycl oal kyl |
cycl oal k heter e su stltuted or
unsubst i tf}lsﬁL k&hfr %@ﬁ%‘g %ﬁd\./ fymt?% ft 8%638? Vr‘?{ngont ‘ﬁ’@ytﬁfc@@%?ﬁ Dagehi o
pr ovi desfotlowmguletiiedestriptivnl & shéuld 8¢ undedstabd, hovieg it the deanél R’ ar e
G B b S50 SRR Sy B 0 S5
acyl, adrk giv;en ay kax yf illuatdyh 3 fﬂ‘lyf@mceav'laﬁé‘dstdﬂbﬂ%? %h&ﬁhga\ﬁlons @ftbﬁh ’the
heterocycl hetergﬁﬂclylalk al kenyl 3ny het er o-

( het er o- PEHARE RPoBe OLRE TRz KL )bQP‘gﬂl%@ﬁPﬁ’@m tﬁﬁ]éf’sﬁ/ﬁ]@]fl@hﬁﬂ%h @myhls al kyl ,
al koxyl , deddiley ldag¥tipwon. cycl oal kyl , aryl, heterocyclyl, heterocyclyl alkyl,
alkenyl, al kynyl , (hetero-)aryl, (hetero-)arylthio may be substituted or

unsubstituted; R7 and n pr@rasssaiiptas ior BoRpRunggsof fornula I-a above;
and enantioners, diastereoners, tautoners, pharnaceutically acceptable

salts, hygrat@sure $QmtRERSNtCOMBI %8S DA ¢ b&m@&&g%q%ﬂﬁhﬁ&ﬁmégﬂ
certai n embadi nents, the present i nvention provi des conpounds o fornula

I-d, whetherphorylatsdRIRE mfhepresraepeiiteR 13,6 andliseeasthefITYM Ovengmbsationsonsi st i ng

?fS( HO) gaOquCélal kObIg-f's of PYea phmoryh’t\%ym%’the p%s%nce 8558m S%lg '(C) a graph

of current through plasma membrane, voltage dependent L-type Ca?* channels which are
completely blocked by nifedipine but not by S36 in isolated mouse cardiomyocytes; and (D)

a graph of the voltage-dependence of L-type Ca** current in channels in the presence of JTV-
519 and S36.

[082] Figure 2, embodiments A, B, C, and D demonstrate the prevention of exercise-
induced ventricular arrhythmias by JTV-519 in haploinsufficient calstabin (FKBP12.6)"~
mice. Embodiment A are representative telemetric electrocardiograms (ECGs) of an
untreated calstabin2 (FKBP12.6)"" mouse (left), a JTV-519-treated calstabin2 (FKBP12.6)"~
mouse (middle), and a calstabin2 (FKBP12.6)”~ mouse (right). Embodiment B are telemetry
recordings of a sustained polymorphic ventricular tachycardia (sVT) in (upper) an untreated
haploinsufficient calstabin2 (FKBP12.6)"" mouse and (lower) a JTV-519-treated calstabin2
(FKBP12.6)"" mouse, each subjected to exercise testing immediately followed by injection

with 0.5 mg epinephrine per kilogram of body weight. Embodiment C are graphs showing
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-0S(---0)2CF3, Ph, -NHCH2Ph, - 0C(-0) Me, norpholinyl and propenyl; and
nis O, I or 3. In sone cases, R' is Hor OW, and R' is H [0161]

I n ot her enbedigmpis; the present invention provides COﬁﬁﬁﬂE@ﬁm@ﬁpma
formula I-d, wherein R7 is selected fromthe group consisting of-

- NRI 5R16, aIkyI al kenyl, aryl, cycloal kyl, cycl oal kyl al kyl,

het er ocycl yl , and heterocyclylalkyl mhereln each aIkyI akenyl

aryl, evelma ers &N
he%/er ocgcl yI gli%/ %3 E%‘gjtﬁﬁah{g%ﬁ%?égﬁ% Sus%ﬂég &l[jts @@'B]@B ang pepgystained Ve
errbodl nrent (Tgpth e’ peiagtal srovesninoer qub;emdjteamameaﬂmg Snd)fﬁljefzt%nmﬁpg of

| -e defi ned conpounds of
formul a I - %%&?Eﬂgﬁ} Egﬁﬁltnfkgﬁgm@ﬂas %R%éF%IBIIPFé% thetdzg% 5 dsaedgace of
phar maceutF@Eacqlogies Fedtfd TYA110 spd $a6dn ateed to sdlistadt:@Bac ®ewpkexes and
pro- drugs subgh@ofTs (AdHS)] al d%oﬁsﬁgt%ﬁkcpvfsn&%ﬁjt ments, the present

+nvention provi des conpounds wherein each R is
g\‘/gepeaag sy F%Gh’«a:%llﬁ\legrag:ﬁmvtn @ra&foQM @hcﬁﬂﬁ‘iﬁ% Ei:%;) gt%g (eﬁb'?rﬁrlci?e 2958 by Phode
_Sel=0) G e‘?ﬂ&%warﬁ é%ﬁe@ Hostmyocartial ipfayetie) ip @EGed Pie. - NHCH2Ph,

-C(0) Mg, i nyl and propenyl; and nis 0, 1, or 2.
[0164] In do%%]er ey %%gﬂ OW{nﬁée%?\éﬁéﬁttowvmtgim@Wﬂm a@npounds
of for nul arepsugs- vcwmarleom demtifSatsoRk BB Ewa nsj sti.ng of

“NRi SR 16, !5‘8,‘& 60&631‘56& ZSX @9 ﬁ)th A n%/o@temg&cg%g)al 11@ tboélloi{
cycl oal ky;taf k}é et oy GEJUESy 1S 6gﬁﬁmﬁ‘gtr%sﬁbfcly@lbym&ﬁbﬂayﬂedumbﬁhé\HﬁaBW
acyl , al kypto sz inemaseq valogily of pysdalekard eﬁyﬁls
heterocyc}nyg and heterocycl yl al kyl maP;5n be su stlt %ﬂ}% Cplacebo treated
unsubsti t ut ed [0165] In sone enbodi ments, the present invention

provi des mespayndss af, erein RS is an al kyl substituted
by at |east one Iabel |g%% grouﬁnm’%*%@%ﬁt\;né@uﬁ of V16 B gt series of Rycal

bi ol umi ne¥E@AEIDs ndidstingwet eral coepoedt with a GRhAMIJIERLY éc%v@}n% ,géé? ggct ive
| abel i ng gg@mﬂﬂﬁo%% SYeT-T abgéﬁ ﬁgvgs%gup can be selecte

bodi py, dansyl, fl uor escei n. rHod xas red, cyanine dyes,

pyr ene, Cfagg%; aumg %absglﬂgptﬁﬁlgeaﬁ Opea‘r?é(s%l&%fe)@k' d%/ﬁrc‘h% EEJuHSnttrQe?

G een, ehylin yra | 'uci
yel | ow, pRUIE-RA3 RS aroddiy®E; W BdBp#iysié-shanned pugieni trages OéﬁmR%aiﬁéﬁta@d €nd

derivati V%L&Qtﬁ&e&%gsgl ijcglgt]abnha bﬂmag%?ﬁy@bgagmnt the present

i nvention provid onpounds of fornula of I-f: wherein R and R’

-arOE-}I ' ?%ﬁgm N&Lﬂé ﬁ%ﬁcﬁ%ﬁ:&tg Aglg:% hﬁe %}%’&H%Fﬁ al]s.ul?j. .511()%‘) dcfﬁhﬁgogen
-8(=0) al RVW“HQF@%F(I&J@FQWQ an a@WOdY &aknyﬂ RYRE?-L kobhiyrinunetldty bERFRIPKA
al kyl t hi cblios%}f@rklﬁﬁérkéUSer-%Oﬁland gﬁ%ttﬁ)z %é%ﬂ'ﬁilr 3%&%@& %&%Cf\g)ﬁr&{gatlhe Ye dtive

al kenyl , kynyl, (hetero-)
(het er o- )aa%owté?ﬁfﬁé Phawaomméqdéiym@a&daréé@iyqcpn%spwing tahioarySer-2809) bound

al kyl am RoRyeY ARl 4@{4 (cobY kng r{agta?{?%xﬁ&yrg g@%g s25ygly! al kyl,

al kenyl , ynyI et ero- etero- i'o’may’ be substltuted

or unsuqusstj uF@ﬁle S%Mﬁnéﬁtsaz{ &,38q 88k, ’Pi%g c'h@ﬁg%gpé}gﬂﬂ%ﬁg%)e{]%{t{{%{ ? -

above; and enantioners, diastereoners, ut oners ica
accept ablBvi¥aMaodesrhecatdigrangopmiing ejestomireions (B Hefpreand fullgwing

t her eof . shAb20REA Qs 4R g@@%?t@r@c@d@a%%ﬂﬁ% (LAD) coronary artery ligation in wild-

type and RyR2-52808A knockin mice; (B) in vivo pressure-volume loop quantification of
maximal pressure change over time (dP/dt) in wild-type and RyR2-$2808A knockin mice
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[0167] In certain enbodi nents, the present invention provides conpounds of
formula I-f, wherein R and R' are independently selected fromthe group
consi sti myoabo#24hal ogen, -OH, Ove, -NH2, -NO2, -CN, - CP8T/USU6D3240N3,
-S(=0)2C1 - C4al kyl , -08(=0) 2CF3, Ph, -NHCH2Ph, -C(=0)Me, -0C(=0) Me,
nor phol i nyl and propenyl; and nis 0, 1 or 3. In some cases, R is Hor
Owve, and R' is H [0168] In other enbodinents, the present invention

provi des conpounds of formula |-f, wherein R5 is selected fro_m t_he group
consi st | HT Slfem aperatien or permyesy! lefigriegior desppingaiotopry mﬂene(liﬁ,y%:l),) lhfatydn,; _
cycl oal , i > T clyla : erein
egch acl;j?h Id (gmﬁﬁﬁgﬂ}é@ﬁw& ?P y }ﬁé%%g%g%%{éﬁ?Fﬁggfgﬁ%gls%ﬁﬁa Cﬁ%}'?‘?ter?/@?@\gcycl yl,
and het efgtldéingiaad RyR2%8§08felkanekistniiteidfis sicmm opesatibstor pertradent | #la@dkok n yet

anot her gohogdi r ayention provides conpounds of formula of
| -g: V\hergfing%@v%%&%ﬂgg(g;ﬁ%gggﬁgﬁ Ri5 Ro g, and nis as defined in

f I - oves ~and nt i r i as rs, tautoners,
ohar nacaay e fr Y Aot T, B BURbLETRLGs otedE AR akes and
pr o- dr ucelstaheabfinifyae RYR2 Iimhmnmfﬁbimﬁbﬂdhwfﬁm@KBﬂlh%flb'rrgi%@@ﬁeé |eﬂ?f|@i§é.' Oln Ced
' . of f la.l- erein ch . Ris independently selec
Pr om ¢ nerieBRRUREcs B 0T B¢ el afel i itk GRS Rpmpgec bl vl - RS,

- OCF3, -anBbodyRE=fjtFGR2Qalply Embodiment B @8b#03r2Hs 3hovike ﬂrel\iggdgﬂgﬁcﬁg I=(r3]) ('\)/'?her
, r

- =0 | inyl _and propenyl: and nis O, 1, o .

enbodi mnPEToORRE Bk S SRR B the Bonmet uspbsnglo Rothbom 11 g,

wher ei n RholanthdRléhd AiRNEAHL btdnisdibin Ik as Tafbull BIROGNAHR £ADRLS! i NO Of

H OH NH2, alkyl, alkylamino, aryl, cycloalkyl, cycloalkylalky ;

het er ocyRIAFPIrng, frbedisiest (; arsqinglghanneljvapiaprofda®e dbknels iscitkd frami no, aryl ,

cycl oal kivhrts snrblombkentablodsunhiot SRGElablne - AhcidiEh ik afbEhR] k1 may be

substituted; and optionally R15 and R16 together wtl e 0 whi ch they

are bon%%léf"’i‘fﬁ%e*eé?l?ﬁ tQStWétaég%%ﬁ@@leoﬁ/Qﬁ vig epgplvmepablsg mﬁhw:iye]gf.eiglhf)lba’m} In sone
[ ' [: Vi » S 0 ornula I-g,

wher el n o et () RAESRS oy el 8 RS STBTRT RSt SewsBisant

i nvent i ®frbsliouPee spancimo(fiogandsfvefage chuded tnfe (Tehare a Miifvhted nd closed state

is indicated by ‘c’. The dotted lines indicate subconductance levels for partial RyR2

openings. Embodiment D is a bar graph summarizing average open probabilities of single
RyR2 channels from haploinsufficient calstabin2™~ and calstabin2 "~ deficient mice after
exercise with and without JTV-519 treatment. “*” indicates significance level P < 0.05.

Numbers in the bars indicate the number of single channels measured.

[090] Figure 10, embodiments A, B, C, D, E, and F demonstrate normalized RyR2 channel
gating and increased calstabin2 binding to RyR2 channels after treatment with JTV-519.
Embodiment A are immunoblots of immunoprecipitated wild-type RyR2 (RyR2-WT)
channels phosphorylated by PKA in the absence or presence of the inhibitor peptide PKIs p4
and incubated with calstabin2 (250 nM) at the indicated JTV-519 concentrations; the
immunoblots show the amount of RyR2 (top) and the amount of calstabin? (bottom)
associated with immunoprecipitated RyR2 after incubation with or without the indicated
concentrations of JTV-519. Embodiment B is immunoblots of RyR2-S2809D, which mimics
constitutive PKA phosphorylation of RyR2, analyzed as in Embodiment A. Embodiment C
are binding curves of **S-radiolabeled calstabin2 to unphosphorylated or PKA
phosphorylated RyR2 or to RyR2-S2809D in the presence or absence of ITV-5 19,
documenting differences in the calstabin2 binding affinity for RyR2. Embodiments D, E, and
F are single channel tracings (left) and amplitude histograms (right) of PKA-phosphorylated
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wherein Wis S or 0; wherein R and R' are independently selected fromthe
group consisting of H, halogen, -OH -NH2, -NO2, -CN, -CP13, -0CF3,-S031-1,
- S(=0) 2alwQl2007#B§H0) al kyl , -0S(=0)2CF3, acyl, al kyl, al axys2ooaloBybsanai no,
al kyl thi o, cycloal kyl, aryl, heterocyclyl, heterocyclylalkyl, alkenyl,

al kynyl, (hetero-)aryl, (hetero-)arylthio, and (hetero-)arylam no; and
wherei n each acyl, al kyl, al koxyl, al kylam no, cycl oal kyl, aryl,

heterocycgg heterocyclylalkyl al ken |, al kynyl, (hetero )aryl
(het er o- RER38 Embeimgyts Fand et yuphewhoniatedr suberiment i prévesce okPBAand n ar e

as_def | nagivittr monpRKAR] ofit! QLB (sPAPONE (e RAREABR] 6rq?ﬁfoﬁ;1ydr at es.

di astereoners, tautoners, pharmaceutically accepta
sol vat es entb@ﬁlmeé%&a@rﬁ) JﬁlVoS](S’r(LllglM)t ISérgbeothanfid adhgd are stemtnadt hs@niidodi ment s,

Lhe.pr esRuP RGN RN Bf YRS SOROUDIS Pl LOETUALL DL eln, B, and

are i ndepen ent ecte rou
O\e, - NHke dashcbzdlcai@rtl;le fullR8vel oBERnel Gfeni)eAd bAGAAH Kyl indicSes-B) aosﬁéb@dtckw

or openyl e iedy e S i ogagits guditadpielena Btk a5 w

[0175] |wenﬁsroanheemmmemmemﬁbaroesmello@mﬁﬂgg.on provi des corrpounds of
formula I-h, wherein R15 and R16 independently are selected fromthe group

consi st NQI]OfF1g'd1re OH, enf¥ldimenal A8, C, &, Eydlﬂmlddﬁﬁ)ns@l’té/ {hat PEMECI' Eahk lfanction
cycl oal kyl. al k eter l yl and het er oc clyla wherein each al kyl,
al kyl ani %6“‘“‘* %/‘35’1 E?Bgléﬁ {pmdxayice Beated, yikh i@x‘( 51%&@19%%41@#\ ang fypre,

het er ocyebpekidely b siile dgnrsLSte Wicedad aEnARtdABRRb ¥ BE RyRD @oﬁls%léleget her
with the N Eo whi ch they are bonded may form a heterocy CPI may be

subst i t uPB¥le f@ropTol (Wi Ems) wapsddeieding conditinas Emboﬁhm%fﬁtq md Q)ﬂr@/l des
conpoundgsittived), Adingle!chehnegFRl t?ac%hc?alparﬁifhtﬁie h}gcl%grﬁok R%/ R1 kYL J&%&F

enbodi nent, the present invention provides conpoun
wher ei n 'RSPle of a8 ades aosee. fEl@lmdﬂm@m@mdﬁ 2 mesbsdtively, mnglmanaaﬂal@rrezm | NRI 5R16,

- NHCOH, t%@land %ht@de‘?ﬁﬂé@r m%'f?ikR %X%n g?e'ué(}ﬁlusdg%fcalnqa kl%{luasle Fr%/at?d with

het er ocycl\y , and "heter ocyc erein eac

eyel oal KMIV-5¥ycl oal kyl al kyl , het erocycl yl, and het erocycl yI al kyI may be
substituted or unsubstitut ed each R q, and n is as defned in conmpounds of
formul a 09 dikgwwel2, smiodiments woamlrli; aregl reapetoelvdg,rrenmmoblatstodmm;,, RyR1-

phar mac 2643 hydr at es at es, | ex d

pr o- drug}ge% heraé%%{ ?’ﬁg‘%‘%@%ﬁf? bi %lnc')é{g ajé%ﬁg\{mfﬁ?lge apﬁB %@éﬁ?

i nvent i che mptative aesutoriRyRidsSerT " fand mllétﬁonhl-ﬂ: mdphedd elild-teechlicR 1 S

i ndependently selected fromthe group consisting of H, hal ogen, -OH OW,

-NH2, - N023] FQ@hre 10BRpodifERS A, BNand € Slexdh ke Gdal s@ba2+i@(<%@a&écta®fkaihky| ,
- 08( 0) ?t%gke&sﬂl" muscBIesC'?Zamn‘lals wq:h quart thilure. ngmggclve entn?\r HOBJ 6!11'2 %Lor%g]c%n&r openyl;

and nis
line scan images of Ca®" sparks in myofibers from, respectively, sham and postmyocardial

infarction (PMI) rats. Embodiment C provides bar graphs summarizing the amplitude, rise
time, FDHM, and FWHM of the Ca®* sparks for the sham (open symbols) and PMI (closed
symbols) rats.

[094] Figure 14, embodiments A and B, demonstrate that treatment of wild-type mice with
JTV-519 improves soleus muscle fatigue times. Embodiment A provides maximal tetanic
force fatigue time tracings for wild-type and calstabin2”" mice, treated with JTV-519 or
placebo as indicated. Embodiment B are bar graphs summarizing the mean time to fatigue

for wild-type and calstabin2” mice, treated with JTV-519 or placebo as indicated.

[095] Figure 15, embodiments A and B, demonstrate that the beneficial effects of JTV-519
treatment on skeletal muscle function depend on calstabin] and not calstabin2 binding to

RyR1. Embodiment A provides bar graphs of PKA phosphorylation of RyR1 at Ser-2844 in
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[0179] In other enbodi nents, the present invention provides conpounds of
formula I-i, wherein RL7 is -NRI5R16, and -01345. In certain other

enbodi mrenwe,20021024713 - OH, -0Me, -NEt, -NHEt, -NHPh, - NH2pPCOUS2006Gs8pyri dyl .
[0180] In one enbodi nent, the present invention provides conpounds of
formul a of wherein R and R are independently selected fromthe group
consisting of H, halogen, -OH -NH2, -NO2, -CN, -CF3, -0CF3, -N3, -S03H,

- S(=0) 2a kyl wh cr% xggsponlaég‘d w{gﬁé% E{%%:Fg?yac ~al ck%!}rélbal koxyl , al kyl am no,

al kyl thi o, tyclo ?ﬁgfénhlwftheal kenyl ,

al kynyl ar(lblmlt efms)mmlbouﬁmmm fréh wifdh ana%glst(abﬁéeBﬁﬁ(@{a}’éd%mq%v-a”d

wher ei n al kyl, al koxyl, allcylam no, cycloa
het erocy%ﬁ;? ?é}%lf erocycl yI al kyl , al kenyl , al kynyl, (het eroparyl

(hetero- I.+.hi 0 substltut ed or unsubstitut ed; R7is sel ected from
the gr ou@@%r{églgf |1fqrag%8’f)§ C, angRifsmenree thatmm—$19mﬁmﬁ¢s - CH2X,
al | ceny| gbnaimydl Ié kot &YLQ‘J H | r

or y@m ann C @IH?IXJH% lEﬁjlbo etn?s ft%{e’sn@%ﬁ:}%ﬁe&yl al kyl .

het er ocycl IaIk wher ei n_each , ary cyc
het er ocy ¢yl traé? SfaldeyBegpigeyTith 11@9111 fa‘%hye tb@tedwbﬁtplau@bedq)oandummmm(cy uted; n

i s as defmpRBmkdls BRAPOUR g%i? d enanti. di ast er eoners,
t aut oner s1 phar rr?aceutl cal %nﬁgtg%eceﬂl%ta eggogwlﬁqy%w}cﬁ @%@ﬁ%‘a{%ﬁgﬂa et’é‘orrpl exes
and pro- _Withpfacebp &R el JTV@lIQIP)I n certain enbodi ments, the present invention

provi des conmpounds of fornula I-j, wherein R and R' are independently
sel ect edO? 710 rﬂ‘%‘ﬁ%lb reebpdinens iAsandiiy delﬁmhfktratmahal JEW,519 Grdrededdalstabld2, - NO2,

-CN, - S( G -C4al kyl , -S-Ci1- C4a| kyl ,
- 0S( 0)2CF3 Ph, RIH&}éoﬁﬁgte%% )E%’Odl 4 ‘MB“’)‘ FF&IfCﬁlﬂablahd propeny! :
and n i dng@bated gpd @socuanemﬂeRy}asamcamabm lhmatewm asBothat & Wit R l;kz L0182] "In

ot her enhq vi des conpounds of formula I-j,
wher ei n ngds{ﬁg%ﬁﬁfga%ggor - %91? HB@’F%&WH“@?SE%?P%WWM the R17 is

- OH, - Olvopostidtof calsthbifet and dslstaBin2 bov2to Igma{}{d(ﬂﬁrzygglqmgat 4.0183] In anot her
enbodi ment, the present invention provides conpounds of ?orrru la |-k

(0)n(1- H§98)h Eigsianl &?‘em’aafdimEhts Al B, Crnaape ﬂ%ﬂﬁétlﬁteﬁﬁdt?m%o%%@?ﬁt%&r 038 3n

consi st f .H__ha

-S(=0)2 SP‘;%Zf 3 m%f’asﬁﬁ tﬁ? R Pf‘%é’(h%ﬁrékgﬂﬁng kiagtics oA RNGI ch@mklgxljmbo@mwu ami no,

al kyl t hlPopromyled mgwgﬁameawﬂrem Brede8 hAC ¥t bbond BB (%qa{ﬁl % s @Jlkenyl

al kynyI r glhet er o- arylth| 0, and%? et ero- anin and

wher ei n 8&3 ‘ﬁy‘{?? i glﬁlck%%@? cuﬂﬁnmcmnd@orr@pgmdmg lnyﬂogramrqﬂwﬂd-

het R1hedt gy

(ﬁetere?gz})@lgﬁyt hi o rralgc%gh(}slsthj%ksrﬁé%e&t gg“’??‘y%%%w Pm ec e‘ré‘g%‘)é“ éﬁ ected from

the gr olip°E BRSFETSPRRdIE hiskemrmn P ByR 1-SEr=LBiS] FREBAmEDGYO4dh SingtORB. ,

al kyl, alidahel c@M&{t%bésBéhd cﬂﬁ{sﬁ&{aﬁy é%{; al%%‘%'Rlyf{ %”e%é%gﬁ' i ng group; wher ei n
y

each aIkyI aryl, cycl oal rocyc substituted or
unsubst[(tgg}ept ﬂéh@ré?ﬁ%dﬁné 10;. and n is 0, 1,
or 2; and enant i omers, di élzst%?%%%’rr%moé}mr%etheﬂ“??ﬁ’ﬁ@ﬁﬁ%?@ﬁfy?a@élpla?ﬂ accept abl e
salts, FAUfbiRledeliciearyefiReR] chamslseafesswatithep koerdine) JEmbdughaafa arh0184] | n

certai nngm et t bg@N es conpounds of formula

|-k, wher ei n@g@%{n%% ﬁg$25$%depgxggﬁ sé‘F‘LC@:{éag’erfﬁﬁ?‘{an@ L adswimeonsi st i ng
& HO) gmc@,f&@a{édbgwmm e regmHzEmb&m?en?%N R Bibp izing e rlstie o) we
mor phol Plgllrlly Héyéﬁpglcaetﬁd ‘fompa?ﬁédsrf ﬁ%W’@g the Ggprege 19gie omre  cases, R s Hor

Ove, an 8 ot h nbodi ments, the present invention
provi de@ @J %ﬁ %g’[ g%’ grlglnﬁpéx ‘deié %H‘QF’%%"‘FP tbatéi s]"e‘ﬁéh;S@hOW]:ﬁtj;nt hle group
consi stmmgasoé aﬁdﬂbﬁpokﬁrﬁl@;noreé@&g)dﬁiﬁ&é of SLanqﬁgg ,exg.jzlgé/l%mga& oAnd at one

| abel i r, QU e ch al kyl,.,.and aryl nmay uted or
unsubs e tPEH B ARl ot REk L anirh £ pbrshi mag.lscrmng@@m)»m o(-0) OH
am noal saythined\ERercidHBmMb o@fim NHERLZ [S1N d.Ris.is Cl-C4
al kyl, Clh as Me, Et, propyl, %%ﬂgﬁ%ut Wgtﬁg%? {Veo el?hds%honlgum}ﬁﬁs 2, and
Ri8 is % r%WQW‘ﬁ%durﬁfl%roifﬁX%@SG pi perazine, or norpholine. In some

enbodi g@m mis 3, 4 , 5, 7, or 8, and R18 is a fluorescent |abeling
gr oup EF&pre 21, embodlments A B, and C, demonstrate that RyR1 PKA phosphorylation

ncreases with muscle fatigue. Embodiments A and B are, respectively, fatigue time tracings
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from bodi py, dansyl, fluorescein, rhodam ne, Texas red, cyanine dyes,
pyrene, coumarins, Cascade BlueTM Pacific Blue, Marina Blue, O egon G een,
41, 6- Di amwoizner@4phenyl i ndol e (DAPI), indopyra dyes, | uecfrars2qeloBmes

propi di um i odi de, porphyrins, arginine, and variants and derivatives

t hereof [0186] In yet another enbodi nent, the present invention provides
conpounds of formula of I1-1: wherein R and R' are independently sel ected

from t he,Qrayy) Qgen, 12, -NQ2, -CN, -CF3, -COCR%
“N3, -S03H, P%]%gygﬂ %1 fﬁlgle&ge%eqﬁ or rabsg%déwgé%of }56? |falfuaq chonfmlkoxyl

al kyl ami f¥bjecisl Rybodinment € yeod gra;imﬂPl%pwsphd?ﬂtaﬁdMﬁk Ylieubgher ocycl yl al kyl,
alkenyl, al kynyl, (hetero-)aryl, (hetero-)arylthio, and ? et er o- )aryl am no;
and V\her[@ilW]game a2 g frictirdnyé andetielmsorh lin-absky 4t @I%ros@-)égétfaﬁé the B0 -

het er ocy, %6} lto}g’ygéyl al k%/ al kenyl al kgnyl hetero-)aryl ,
(hetero-)ar sfftg & 24559 fefnstatgs miifihehdqsenainteas: corgstamavith ar e as

defi ned dyntr@xdmrqx@mndlam(gffolﬂmlﬂyé@taineacx&&@'e.enant' oners, diastereomners,

taut omers, pharnmaceutically acceptable salts, hydrates, solvates, corrpl exes

and pro- [ﬂlQﬁg%guh@maﬂfows GadByiE hERG@h’éﬁ’t'tfhc@H&&@'(%ﬁ ag{.il gﬁ?r%r caﬂ%%{' venti on

provi des formula I-1, wherein R an

sel ect edt\wgﬁ?o %{Hga @%lﬁs‘b@ﬁg’ﬁﬁ i (};iO]éﬁfge Ralseppetpcol Sk toGVike ’EthIlBRG— NC2, CN

- CF3, - Q@fréats.- N3, -S(=0)2C1- C4al kyl, -S(=0)Cr-C4al kyl , -05( 0)2CF3
Ph, -NHCH2Ph, -C(=0)Me, -0C(=0) M, m)rphol i nyl and propenyl; and nis 0, 1
or 3. | NOHANE;LaseSsh, ot her

enbodi ngntswtgﬁe pregﬁﬁkﬁﬁd\%%?%@ﬁ OV fecjt?)fr’fg%% gé *E]#(ESFWE‘F% -1

wher ei n 2Rglifude.gnpdieatiog off i 6 gM ARMPB6 ixpindionsd b} ih8 GoffontdNRiS 1246, - NHNR15R16,
-OR15, -NHOH, - CH2X, acyl, al kenyl, alkyl, aryl, cycloal kyl,

cycl oal KYA08] Rigure 25ds elcmpymtthon—rapdnsh%t@h@w»ﬁhg t@lplébéknt\’iﬂ%ﬁibﬂ Opg@{gacyl

ggg??%!%?l?Pé#?rlﬁgél@gg?%%%@o%?fVra&gsltﬂ%;{:eﬁ rlé‘i%‘%illéhlet erocycl yl al kyl may be

substit In sone cases,, R6 is -NRi gRi g such as -NHPh,
pyrrol i 3‘? 12@1 96“%2?:{5? %%“"gmm QP EoPoRSe g}?Bﬁﬁli*RﬂlP&@e pawanttlﬁebunmx ef hERG sone

ot her céawesnt afkg apphmhé(rooctyARMQB&Naaﬁva:ﬁu& BihcedtR%8Q] I'n a further enbodi nent,

t he preg@elr(}tz“iélnventi on provides conpounds of forrmula I-m (0)n(l-m wherein
R and 'gumdép@mckeméﬂujansmmp@ﬁé gfahB BAdAE: BE QHReG
s A ?s?lﬂ% b EﬂTﬂG

hal ,
- g( 28)62%“&}19_%%6@8 %W%ﬁN%A}g@‘y até(l"“R?/‘}S Coaqmﬁ%wns al kyl am no, aI kyl t hi o,

cycl oal hetero het erocyclyl all cyl, al kenyl, al kynyl,
(het er o }1%Iy IJ(E %Onfﬂﬁﬂ?}l%/weéponéﬁ&m?%@%%@%ﬁ tha pecentimidbitiemef hidked ei n each

acyl , a¢‘k§°htama}ﬁlﬂm?‘ion@Mﬂéf@d’ﬂ@an&ﬁé%b?&htlfé‘dons.aryl heterocycl yl,
heterocycl yl al kyl, al kenyl, aLkynyl, (hetero-)aryl, (hetero- )arylthi 0 may

be s ubslﬂﬂt)!utlﬁghre o Lsmswﬂséritfémﬁrﬁfés JRse orsh @o¢hid) 5 er@e%t g‘?x ﬂn{‘on f‘rh%R(‘cP npounds

of for d_enantionmers, diastereo
har rra(r:lglu o a;ﬁ i‘ @?&%@IW@@W@“W@@W@WIOQ@I vat es conpl exes and

pro dru@fl(} e % [019%]n In certain enbodi nents, the present invention
provi de d%ﬁ%ﬁ Qisgrcopesiraion-tesnapseygrapheshawitg theperint mhibitionctepERdENE | Y

sel ect euﬂm‘bﬁt@ﬁdd&@h%tﬁﬂ@f%@ﬂl&@ﬁtkoﬂm% o4, Owve, -NH2, -NOZ,
“ON, -CF3, -0CF3, -NB, -S(=0)2G - CAal kﬁfce‘h}?%?g%)o-mmm,

[0111] Figure 31is a concentratlon-response graph showing the percent inhibition of hERG

current after application of ARMO064 at various concentrations,

[0112] Figure 32 is a concentration-response graph showing the percent inhibition of hRERG

current after application of ARMO074 at various concentrations.

[0113] Figure 33isa concentration-response graph showing the percent inhibition of hERG

current after application of ARMO75 at various concentrations.

[0114] Figure 34 is a concentration-response graph showing the percent inhibition of hAERG

current after application of ARMO076 at various concentrations,
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- =0) 2CF3, Ph, - NHCH2Ph, -C(=0)Me, -0C(=0)Me, norpholinyl and propcnyl;
agg(n ?s O, 1 or 3. In sone ggsel, R is Hor OW, and R' is H [0191] In
ot her enbwoiznemi2g717t he present invention provides conpoekauddarsedociosrsnsl a |- m
wherein Rg and RO are independently al kyl, aryl, -OH alkoxyl, or

al kylam no. In sone cases, Rg is Cl-Ca al kyl such as Me, Et, propyl and

butyl and RO is aryl such as phenyl. [0192] The conpounds of Foinula 1,
1-a, ., I-k, I-1 and I-mtreat and

1-d..Pe. 1-f. I-qg, |

S ent S gk I8t sombeaatir-Senes srdiharing ERERRI R [ 0193)

QU ' tation ,
Exaang;esggfenzaiﬁfha%%z 35%&%?1%??%%%%%%&%23 S25. 826, 836, 837

838, 840[01881Fig446 istAdoncdh@iioBAéponSétSapPdRwitklle petoet idrAtiondThERPS 899,

856, 857 urr8egt8 after application of ARM101 at various concentrations.

[0117] Figure 37 is a concentration-response graph showing the percent inhibition of hLERG

current after application of ARM102 at various concentrations.

[0118] Figure 38 is a concentration-response graph showing the percent inhibition of hERG

current after application of ARM103 at various concentrations.

[0119] Figure 39 is a concentration-response graph showing the percent inhibition of hERG

current after application of ARM104 at various concentrations.

[0120] Figure 40 is a concentration-response graph showing the percent inhibition of hERG

current after application of ARM106 at various concentrations.

[0121] Figure 41 is a concentration-response graph showing the percent inhibition of hLERG

current after application of ARM107 at various concentrations.

[0122] Figure 42 is a concentration-response graph showing the percent inhibition of hERG

current after application of S26 at various concentrations.

[0123] Figure 43 is a concentration-response graph showing the percent inhibition of hERG
current after application of JTV-519 (*“ARMOXX") at various concentrations.

DETAILED DESCRIPTION OF THE INVENTION

[0124] As used herein and in the appended claims, the singular forms "a," "an," and "the"
include plural references unless the content clearly dictates otherwise. Thus, for example,
reference to "an agent" includes a plurality of such agents and equivalents thereof known to
those skilled in the art, and reference to "the FKBP12.6 polypeptide" is a reference to one or
more FKBP12.6 polypeptides (also known as calstabin2) and equivalents thereof known to
those skilled in the art, and so forth. All publications, patent applications, patents, and other

references mentioned herein are incorporated by reference in their entirety.

[0125] The following are definitions of terms used in the present specification. The initial
definition provided for a group or term herein applies to that group or term throughout the

present specification individually or as part of another group, unless otherwise indicated.
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859, 860, 861, 862, 363, S64, 866, 867, 868, 369, 870, 871, 872, 873, 874,

875, 876, 577, 378, 379,

WO 2007/024717 PCT/US2006/032405

[0126] As used herein, the term “RyCal compounds” refers to compounds of the general
Formula I, I-a, I-b, I-c, I-d, I-e, I-f, I-g, I-h, I, Ij, Ik, I-], I-m or II as provided by the

invention, and herein referred to as “compound(s) of the invention”.

[0127] The compounds of the invention are referred using a numerical naming system, with
compound numbers 1 to 123 provided herein. These numbered compounds are referred to
using either the prefix “S” or the prefix “ARM.” Thus, the first numbered compound is
referred to either as “S1” or “ARMO0017, the second numbered compound is referred to as
either “S2” or “ARM002”, the third numbered compound is referred to as either “S3” or
“ARMO003”, and so on. The “S” and the “ARM” nomenclature systems are used

interchangeably throughout the specification, the drawings, and the claims.

[0128] The term "alkyl" as used herein refers to a linear or branched, saturated hydrocarbon
having from 1 to 6 carbon atoms. Representative alkyl groups include, but are not limited to,
methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl,
hexyl, isohexyl, and neohexyl. The term “C;-Cy alkyl” refers to a straight or branched chain
alkane (hydrocarbon) radical containing from 1 to 4 carbon atoms, such as methyl, ethyl,

propyl, isopropyl, n-butyl, t-butyl, and isobutyl.

[0129] The term "alkenyl" as used herein refers to a linear or branched hydrocarbon having
from 2 to 6 carbon atoms and having at least one carbon-carbon double bond. In one
embodiment, the alkenyl has one or two double bonds. The alkenyl moiety may exist in the

E or Z conformation and the compounds of the present invention include both conformations.

[0130] The term "alkynyl" as used herein refers to a linear or branched hydrocarbon having

from 2 to 6 carbon atoms and having at least one carbon-carbon triple bond.

[0131] The term "aryl" as used herein refers to an aromatic group containing 1 to 3 aromatic

rings, either fused or linked.

[0132] The term "cyclic group" as used herein includes a cycloalkyl group and a heterocyclic
group.

[0133] The term "cycloalkyl group" as used herein refers to a three- to seven-membered
saturated or partially unsaturated carbon ring. Any suitable ring position of the cycloalkyl
group may be covalently linked to the defined chemical structure. Exemplary cycloalkyl
groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and cycloheptyl.

[0134] The term "halogen” as used herein refers to fluorine, chlorine, bromine, and iodine.
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380, 881, 882, 883, 884, 885, 886, 887, 888, 889, 890, 891, 892, 893, 894,

095, 896 ,W392367/0824?781,7 o9 PCT/US2006/032405

[0135] The term "heterocyclic group” or “heterocyclic” or “heterocyclyl” or “heterocyclo” as
used herein refers to fully saturated, or partially or fully unsaturated, including aromatic (i.e.,
“heteroaryl”) cyclic groups (for example, 4 to 7 membered monocyclic, 7 to 11 membered
bicyclic, or 10 to 16 membered tricyclic ring systems) which have at least one heteroatom in
at least one carbon atom-containing ring. Each ring of the heterocyclic group containing a
heteroatom may have 1, 2, 3, or 4 heteroatoms selected from nitrogen atoms, oxygen atoms
and/or sulfur atoms, where the nitrogen and sulfur heteroatoms may optionally be oxidized
and the nitrogen heteroatoms may optionally be quaternized. The heterocyclic group may be
attached to the remainder of the molecule at any heteroatom or carbon atom of the ring or
ring system. Exemplary heterocyclic groups include, but are not limited to, azepanyl,
azetidinyl, aziridinyl, dioxolanyl, furanyl, furazanyl, homo piperazinyl, imidazolidinyl,
imidazolinyl, isothiazolyl, isoxazolyl, morpholinyl, oxadiazolyl, oxazolidinyl, oxazolyl,
oxazolidinyl, pyrimidinyl, phenanthridinyl, phenanthrolinyl, piperazinyl, piperidinyl, pyranyl,
pyrazinyl, pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazolyl,
pyridoimidazolyl, pyridothiazolyl, pyridinyl, pyrimidinyl, pyrrolidinyl, pyrrolinyl,
quinuclidinyl, tetrahydrofuranyl, thiadiazinyl, thiadiazolyl, thienyl, thienothiazolyl,
thienooxazolyl, thienoimidazolyl, thiomorpholinyl, thiophenyl, triazinyl, and triazolyl.
Exemplary bicyclic heterocyclic groups include indolyl, isoindolyl, benzothiazolyl,
benzoxazolyl, benzoxadiazolyl, benzothienyl, quinuclidinyl, quinolinyl,
tetrahydroisoquinolinyl, isoquinolinyl, benzimidazolyl, benzopyranyl, indolizinyl,
benzofuryl, benzofurazanyl, chromonyl, coumarinyl, benzopyranyl, cinnolinyl, quinoxalinyl,
indazolyl, pyrrolopyridyl, furopyridinyl (such as furo[2,3-c]pyridinyl, furo[3,2-b]pyridinyl]
or furo[2,3-b]pyridinyl), dihydroisoindolyl, dihydroquinazolinyl (such as 3,4-dihydro-4-oxo-
quinazolinyl), triazinylazepinyl, tetrahydroquinolinyl and the like. Exemplary tricyclic
heterocyclic groups include carbazolyl, benzidolyl, phenanthrolinyl, acridinyl,

phenanthridinyl, xanthenyl and the like.

[0136] The term "phenyl" as used herein refers to a substituted or unsubstituted phenyl
group.

[0137] The aforementioned terms “alkyl,” “alkenyl," “alkynyl,” “aryl,” “phenyl,” “cyclic
group,” “cycloalkyl,” “heterocyclyl,” “heterocyclo,” and “heterocycle” may further be

optionally substituted with one or more substituents. Exemplary substituents include but are

not limited to one or more of the following groups: hydrogen, halo gen, CF,, OCFs, cyano,

nitro, N3, oxo, cycloalkyl, alkenyl, alkynyl, heterocycle, aryl, alkylaryl, heteroaryl, OR,, SR.,
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S(=O)Re, S(=0)2Re, P(=0)2Re, S(=0),0R,, P(=0),0R;, NRtR., NRyS(=0),R,,
NRpP(=O)Re, S(=0)2NRsR;, P(=0)2NRsR;, C(=0)OR,, C(=O)R,, C(=0)NRyR., OC(=O)R,,
OC(=0O)NRgR., NR6C(=0)OR,, NR4C(=O)NR,R;, NR4S(=0)2NRyR,, NR4P(=0),NR}R.,
NRyC(=O)R,, or NRyP(=0),R., wherein R, is hydrogen, alkyl, cycloalkyl, alkenyl, alkynyl,
alkylaryl, heteroaryl, heterocycle, or aryl; Ry, R, and Ry are independently hydrogen, alkyl,
cycloalkyl, alkylaryl, heteroaryl, heterocycle, aryl, or said Ry, and R, together with the N to
which they are bonded optionally form a heterocycle; and R, is alkyl, cycloalkyl, alkenyl,
cycloalkenyl, alkynyl, alkylaryl, heteroaryl, heterocycle, or aryl. In the aforementioned
exemplary substitutents, groups such as alkyl, cycloalkyl, alkenyl, alkynyl, cycloalkenyl,
alkylaryl, heteroaryl, heterocycle and aryl can themselves be optionally substituted.

[0138] Exemplary substituents may further optionally include at least one labeling group,
such as a fluorescent, a bioluminescent, a chemiluminescent, a colorimetric and a radioactive
labeling group. A fluorescent labeling group can be selected from bodipy, dansyl,
fluorescein, thodamine, Texas red, cyanine dyes, pyrene, coumarins, Cascade Blue™, Pacific
Blue, Marina Blue, Oregon Green, 4',6-Diamidino-2-phenylindole (DAPI), indopyra dyes,
lucifer yellow, propidium iodide, porphyrins, arginine, and variants and derivatives thereof,
For example, ARM118 of the present invention contains a labeling group BODIPY, which is
a family of fluorophores based on the 4,4-difluoro-4-bora-3a,4a-diaza-s-indacene moiety. For
further information on fluorescent label moieties and fluorescence techniques, see, e.g.,
Handbook of Fluorescent Probes and Research Chemicals, by Richard P. Haughland, Sixth
Edition, Molecular Probes, (1996), which is hereby incorporated by reference in its entirety.
One of skill in the art can readily select a suitable labeling group, and conjugate such a

labeling group to any of the compounds of the invention, without undue experimentation.

[0139] The term “quaternary nitrogen” refers to a tetravalent positively charged nitrogen
atom including, for example, the positively charged nitrogen in a tetraalkylammonium group
(e.g., tetramethylammonium, N-methylpyridinium), the positively charged nitrogen in
protonated ammonium species (e.g., trimethyl-hydroammonium, N-hydropyridinium), the
positively charged nitrogen in amine N-oxides (e.g., N-methyl-morpholine-N-oxide,
pyridine-N-oxide), and the positively charged nitrogen in an N-amino-ammonium group

(e.g., N-aminopyridinium).

[0140] Throughout the specification, unless otherwise noted, the nitrogen in the
benzothiazepine ring of compounds of the present invention may optionally be a quaternary

nitrogen. Non-limiting examples include ARM-113 and ARM-119.
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[0141] Compounds of the present invention may exist in their tautomeric form (for example,
as an amide or imino ether). All such tautomeric forms are contemplated herein as part of the

present invention.

[0142] The term “prodrug” as employed herein denotes a compound that, upon
administration to a subject, undergoes chemical conversion by metabolic or chemical

processes to yield compounds of the present invention.

[0143] All stereoisomers of the compounds of the present invention (for example, those
which may exist due to asymmetric carbons on various substituents), including enantiomeric
forms and diastereomeric forms, are contemplated within the scope of this invention.
Individual stereoisomers of the compounds of the invention may, for example, be
substantially free of other isomers (e.g., as a pure or substantially pure optical isomer having
a specified activity), or may be admixed, for example, as racemates or with all other, or other
selected, stereoisomers. The chiral centers of the present invention may have the S or R
configuration as defined by the IUPAC 1974 Recommendations. The racemic forms can be
resolved by physical methods, such as, for example, fractional crystallization, separation or
crystallization of diastereomeric derivatives or separation by chiral column chromatography.
The individual optical isomers can be obtained from the racemates by any suitable method,
including without limitation, conventional methods, such as, for example, salt formation with

an optically active acid followed by crystallization.

[0144] Compounds of the present invention are, subsequent to their preparation, preferably
isolated and purified to obtain a composition containing an amount by weight equal to or
greater than 99% of the compound ("substantially pure" compound), which is then used or
formulated as described herein. Such "substantially purc" compounds of the present

invention are also contemplated herein as part of the present invention.

[0145] All configurational isomers of the compounds of the present invention are
contemplated, either in admixture or in pure or substantially pure form. The definition of
compounds of the present invention embraces both cis (Z) and trans (E) alkene isomers, as

well as cis and trans isomers of cyclic hydrocarbon or heterocyclic rings.

[0146] Throughout the specifications, groups and substituents thereof may be chosen to

provide stable moieties and compounds.

[0147] The present invention provides compounds that are capable of treating and preventing

disorders and diseases associated with the RyR receptors that regulate calcium channel
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functioning in cells. More particularly, the present invention provides compounds that are
capable of treating or preventing a leak in RyR channels. “Disorders and diseases associated
with the RyR receptors” means disorders and diseases that can be treated and/or prevented by
modulating the RyR receptors that regulate calcium channel functioning in cells. “Disorders
and diseases associated with the RyR receptors” include, without limitation, cardiac disorders
and diseases, skeletal muscular disorders and diseases, cognitive disorders and diseases,
malignant hyperthermia, diabetes, and sudden infant death syndrome. Cardiac disorder and
diseases include, but are not limited to, irregular heartbeat disorders and diseases; exercise-
induced irregular heartbeat disorders and diseases; sudden cardiac death; exercise-induced
sudden cardiac death; congestive heart failure; chronic obstructive pulmonary disease; and
high blood pressure. Irregular heartbeat disorders and diseases include and exercise-induced
irregular heartbeat disorders and diseases include, but are not limited to, atrial and ventricular
arrhythmia; atrial and ventricular fibrillation; atrial and veﬁtricular tachyarrhythmia; atrial
and ventricular tachycardia; catecholaminergic polymorphic ventricular tachycardia (CPVT);
and exercise-induced variants thereof, Skeletal muscular disorder and diseases include, but
are not limited to, skeletal muscle fati gue, exercise-induced skeletal muscle fatigue, muscular
dystrophy, bladder disorders, and incontinence. Cognitive disorders and diseases include, but
are not limited to, Alzheimer’s Disease, forms of memory loss, and age-dependent memory

loss.

Compounds

[0148] In'one embodimentm, the present invention provides compounds of Formula I:

2
N/
\
|
«R) _I Rs

F

wherein,
nis 0, 1, or 2;

qis0,1,2,3, or4;
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each R is independently selected from the group consisting of H, halogen, -OH, -NH,, -NO,,
-CN, -CF3, -OCF;3, -Nj, -SO3H, -S(=O)zalkyl, -S(=0)alkyl, -OS(=0),CF;, acyl, -O-acyl,
alkyl, alkoxyl, alkylamino, alkylarylamino, alkylthio, cycloalkyl, alkylaryl, aryl, heteroaryl,
heterocyclyl, heterocyclylalkyl, alkenyl, alkynyl, (hetero-)aryl, (hetero-)arylthio, and (hetero-
)arylamino; wherein each acyl, -O-acyl, alkyl, alkoxyl, alkylamino, alkylarylamino, alkylthio,
cycloalkyl, alkylaryl, aryl, heteroaryl, heterocyclyl, heterocyclylalkyl, alkenyl, alkynyl,
(hetero-)aryl, (hetero-)arylthio, and (hetero-)arylamino may be optionally substituted,

R} is selected from the group consisting of H, oxo, alkyl, alkenyl, aryl, alkylaryl, cycloalkyl,
heteroaryl, and heterocyclyl; wherein each alkyl, alkenyl, aryl, alkylaryl, cycloalkyl,
heteroaryl, and heterocyclyl may be optionally substituted;

R is selected from the group consisting of H, ~C(=O)Rs, -C(=S)Rs, -SO2R7, ~P(=0)RgRy, -
(CHz)m-Rio, alkyl, aryl, alkylaryl, heteroaryl, cycloalkyl, cycloalkylalkyl, and heterocyclyl;
wherein each alkyl, aryl, alkylaryl, heteroaryl, cycloalkyl, cycloalkylalkyl, and heterocyclyl
may be optionally substituted;

R3 is selected from the group consisting of H , -CO,Y, -C(=O)NHY, acyl, -O-acyl, alkyl,
alkenyl, aryl, alkylaryl, cycloalkyl, heteroaryl, and heterocyclyl; wherein each acyl, alkyl,
alkenyl, aryl, alkylaryl, cycloalkyl, heteroaryl, and heterocyclyl may be optionally
substituted; and wherein Y is selected frbm the group consisting of H, alkyl, aryl, alkylaryl,
cycloalkyl, heteroaryl, and heterocyclyl, and wherein each alkyl, aryl, alkylaryl, cycloalkyl,
heteroaryl, and heterocyclyl may be optionally substituted;

R4 is selected from the group consisting of H, alkyl, alkenyl, aryl, alkylaryl, cycloalkyl,
heteroaryl, and heterocyclyl; wherein each alkyl, alkenyl, aryl, alkylaryl, cycloalkyl,
heteroaryl, and heterocyclyl may be optionally substituted;

Rs is selected from the group consisting of -NRsR ¢, ~(CHz)qNRs5R16, -NHNR5R 16, -
NHOH, —ORs, -C(=0)NHNR5R i, -CO,R 5, -C(=O)NRysR 16, -CH>X, acyl, alkyl, alkenyl,
aryl, alkylaryl, cycloalkyl, cycloalkylalkyl, heteroaryl, heterocyclyl, and heterocyclylalkyl;
wherein each acyl, alkyl, alkenyl, aryl, alkylaryl, cycloalkyl, cycloalkylalkyl, heteroaryl,
heterocyclyl, and heterocyclylalkyl may be optionally substituted, and wherein q is 1, 2, 3,4,
5, 0r6;

Rg is selected from the group consisting of ~ORys, -NHNR5R -NHOH, -NRsR 5, -CH,X,
acyl, alkenyl, alkyl, aryl, alkylaryl, cycloalkyl, cycloalkylalkyl, heteroaryl, heterocyclyl, and
heterocyclylalkyl; wherein each acyl, alkenyl, alkyl, aryl, alkylaryl, cycloalkyl,
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cycloalkylalkyl, heteroaryl, heterocyclyl, and heterocyclylalkyl may be optionally
substituted;

R7 is selected from the group consisting of -OR;s, -NR;5R 16, -NHNR sR16, -NHOH, -CH, X,
alkyl, alkenyl, alkynyl, aryl, alkylaryl, cycloalkyl, cycloalkylalkyl, heteroaryl, heterocyclyl,
and heterocyclylalkyl; wherein each alkyl, alkenyl, alkynyl, aryl, alkylaryl, cycloalkyl,
cycloalkylalkyl, heteroaryl, heterocyclyl, and heterocyclylalkyl may be optionally
substituted;

Rg and Ry independently are selected from the group consisting of OH, acyl, alkenyl, alkoxyl,
alkyl, alkylamino, aryl, alkylaryl, cycloalkyl, cycloalkylalkyl, heteroaryl, heterocyclyl, and
heterocyclylalkyl; wherein each acyl, alkenyl, alkoxyl, alkyl, alkylamino, aryl, alkylaryl,
cycloalkyl, cycloalkylalkyl, heteroaryl, heterocyclyl, and heterocyclylalkyl may be optionally
substituted; |

Rjo is selected from the group consisting of -NR;sR36, OH, —SO,R;, -NHSOR;,
C(=0)(R12), NHC=O(R 1), -OC=O(R12), and —P(=O)R 3R 14;

Ri1, Riz, Ry3, and Ryy independently are selected from the group consisting of H, OH, NH,, -
NHNH,, -NHOH, acyl, alkenyl, alkoxyl, alkyl, alkylamino, aryl, alkylaryl, cycloalkyl,
cycloalkylalkyl, heteroaryl, heterocyclyl, and heterocyclylalkyl; wherein each acyl, alkenyl,
alkoxyl, alkyl, alkylamino, aryl, alkylaryl, cycloalkyl, cycloalkylalkyl, heteroaryl,
heterocyclyl, and heterocyclylalkyl may be optionally substituted;

X is selected from the group consisting of halogen, -CN, -CO,R s, -C(=O)NRisR16, -NR;5Rs,
—OR;s, -SO;R7, and ~P(=0)RgRy; and

Rys and Ry independently are selected from the group consisting of H, acyl, alkenyl, alkoxyl,
OH, NHp, alkyl, alkylamino, aryl, alkylaryl, cycloalkyl, cycloalkylalkyl, heteroaryl,
heterocyclyl, and heterocyclylalkyl; wherein each acyl, alkenyl, alkoxyl, alkyl, alkylamino,
aryl, alkylaryl, cycloalkyl, cycloalkylalkyl, heteroaryl, heterocyclyl, and heterocyclylalkyl
may be optionally substituted; and optionally R;s and Ry to gether with the N to which they

are bonded may form a heterocycle which may be substituted;
the nitrogen in the benzothiazepine ring may optionally be a quaternary nitrogen; and

enantiomers, diastereomers, tautomers, pharmaceutically acceptable salts, hydrates, solvates,

complexes, and prodrugs thereof;
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provided that when q is 0 and n is 0, then Ry is not H, Et, -C(=O)NH,, (=O)NHPh, -
C(=S)NH-nButyl, -C(=0)NHC(=0)CH,Cl, -C(=0)H, -C(=0)Me, -C(=O)Et, -
C(=0)CH=CH,, -S(=0),Me, or -S(=0),Et;

further provided that when qis 0 and nis 1 or 2, then Ry is not -C(=0)Me, -C(=0)Et, -
S(=0):Me, or -S(=0),Et;

further provided that when q is 1, and R is Me, C, or F at the 6 position of the
benzothiazepene ring, then R, is not H, Me, -C(=0)H, -C(=0)Me, -C(=0)Et, -C(=0)Ph, -
S(=0),Me, or -S(=0),Et; and ‘

further provided that when q is 1, nis 0, and R is OCT3, OH, C;-C3 alkoxyl at the 7 position

of the benzothiazepene ring, then R, is not H, -C(=0)CH=CHb, or -,

[0149] In one embodiment, the present invention provides compounds of Formula I, as

described above, with the proviso that said compound is not S24 or S68.

[0150] In one embodiment, the present invention provides compounds of Formula I-a:

/
AN N

Rz

wherein:

nis 0, 1, or 2;

qis0,1,2,3,o0r4;

each R is independently selected from the group consisting of H, halogen, ~-OH, -NHa, -NO,,
-CN, -CF3, -OCFj3, -N3, -SO3H, -S(=0),alkyl, -S(=0)alkyl, -OS(=0),CFs, acyl, alkyl,
alkoxyl, alkylamino, alkylthio, cycloalkyl, aryl, heterocyclyl, heterocyclylalkyl, alkenyl,

alkynyl, (hetero-)aryl, (hetero-)arylthio, and (hetero-)arylamino; wherein each acyl, alkyl,
alkoxyl, alkylamino, alkylthio, cycloalkyl, aryl, heterocyclyl, heterocyclylalkyl, alkenyl,
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alkynyl, (hetero-)aryl, (hetero-)arylthio, and (hetero-)arylamino may be substituted or
unsubstituted;

R is selected from the group consisting of H, —C=0(Rs), ~C=8(R¢), ~SO2R7, -P(=0)RgRy, -
(CH2)m-R 10, alkyl, aryl, heteroaryl, cycloalkyl, cycloalkylalkyl, and heterocyclyl; wherein
each alkyl, aryl, heteroaryl, cycloalkyl, cycloalkylalkyl, and heterocyclyl may be substituted

or unsubstituted;

Rs is selected from the group consisting of -NR;sR 4, -NHNR5R 6, -NHOH, —OR s, -
C(=0)NHNR;;5R 15, -CO5R s, -C(=0)NR5R 16, -CH, X, acyl, alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl; wherein each acyl, alkyl,
alkenyl, alkynyl, aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl may be
substituted or unsubstituted;

R is selected from the group consisting of “OR 5, -NHNR5R ;6, -NHOH, -NR5R 4, -CHX,
acyl, alkenyl, alkyl, aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyélylalkyl;
wherein each acyl, alkenyl, alkyl, aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and
heterocyclylalkyl may be substituted or unsubstituted,;

R7 is selected from the group consisting of H, ~OR s, -NR15R ¢, -NHNR5R 16, -NHOH, -
CHX, alkyl, akenyl, alkynyl, aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and
heterocyclylalkyl; wherein each allkyl, akenyl, alkynyl, aryl, cycloalkyl, cycloalkylalkyl,
heterocyclyl, and heterocyclylalkyl may be substituted or unsubstituted;

Rg and Ry independently are selected from the group consisting of -OH, acyl, alkenyl,
alkoxyl, alkyl, alkylamino, aryl, cycloalkyl, cycloalkylalkyl, heterocyelyl, and
heterocyclylalkyl; wherein each acyl, alkenyl, alkoxyl, alkyl, alkylamino, aryl, cycloalkyl,
cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl may be substituted or unsubstituted;

Rio is selected from the group consisting of -NRisR1g, OH, —SOR;;, -NHSO,R 3, -
C(=O)R12, —NH(C=O)R12, -O(C=O)R12, and —P(=O)R13R14;

mis0,1,2,3, or4;

R11, Rz, Ry3, and Ry4 independently are selected from the group consisting of H, OH, NH,, -
NHNH,, -NHOH, acyl, alkenyl, alkoxyl, alkyl, alkylamino, aryl, cycloalkyl, cycloalkylalkyl,
heterocyclyl, and heterocyclylalkyl; wherein each acyl, alkenyl, alkoxyl, alkyl, alkylamino,

aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl may be substituted or
unsubstituted;

- 40 -



871 NAN 572 1 NNHCH S76 S77 OH - 67 - 883

WO 2007/024717 PCT/US2006/032405

X is sclected from the group consisting of halogen, -CN, -CO2R 5, -C(=O)NR;5R 16, -NR5R 16,
—OR15, -SO2R7, and —P (=O)R8R9; and

Rys and Rys independently are selected from the group consisting of H, acyl, alkenyl, alkoxyl,
OH, NHy, alkyl, alkylamino, aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and
heterocyclylalkyl; wherein each acyl, alkenyl, alkoxyl, alkyl, alkylamino, aryl, cycloalkyl,
cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl may be substituted or unsubstituted; and
optionally R;s and R, together with the N to which they are bonded may form a heterocycle

which may be substituted or unsubstituted;
the nitrogen in the benzothiazepine ring may be optionally a quaternary nitrogen; and

enantiomers, diastereomers, tautomers, pharmaceutically acceptable salts, hydrates, solvates,

complexes, and prodrugs thereof:

provided that when q is 0 and n is 0, then R; is not H, Et, ~C(=0)NH,, (=O)NHPh, -
C(=S)NH-nButyl, -C(=0)NHC(=0)CH,Cl, -C(=0)H, -C(=0)Me, -C(=O)Et, -
C(=0)CH=CHy,, -3(=0),Me, or -S(=0),Et;

further provided that when q is 0 and n is 1 or 2, then R is not -C(=0O)Me, -C(=O)Et, -
S(=0),Me, or -S(=0),Et; |

further provided that when q is 1, and R is Me, Cl, or F at the 6 position of the
benzothiazepene ring, then R, is not H, Me, -C(=O)H, -C(=0)Me, -C(=0)Et, -C(=0)Ph, -
S(=0)Me, or -S(=0),Et; and

further provided that when q is 1, nis 0, and R is OCT3, OH, C1-C3 alkoxyl at the 7 position

200
of the benzothiazepene ring, then Rj is not H, -C(=0)CH=CH,, or ",

[0151] In certain embodiments, the present invention provides compounds of formula I-a,
wherein each R is independently selected from the group consisting of H, halogen, -OH,
OMe, -NHp, -NO;, -CN, -CF3, -OCFs, -N3, -S(=0),C;-Csalkyl, -S(=0)C;-Csalkyl, -S-C;-
Caalkyl, -OS(=0),CF3, Ph, -NHCH,Ph, -C(=0)Me, -OC(=0)Me, morpholinyl and propenyl;

andnis 0, 1, or 2.

[0152] In other embodiments, the present invention provides compounds of formula I-a,
wherein R; is selected from the group consisting of ~C=O(Rs), ~C=S(R¢), -SO:R7, —
P (:-O)RgRg, and -(CHz)m‘RI().
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[0153] In yet another embodiment, the present invention provides compounds of formula I-b:

R

/

R’ N

Rlv S

/

(O)y (I-b)

wherein R* and R” are independently selected from the group consisting of H, halogen, -OH,
~-NHy, -NO, -CN, -CF3, -OCF3, -N3, -SO3H, -S(=0),alkyl, -S(=0)alkyl, -OS(=0),CF;, acyl,
alkyl, alkoxyl, alkylamino, alkylthio, cycloalkyl, aryl, heterocyclyl, heterocyclylalkyl,
alkenyl, alkynyl, (hetero-)aryl, (hetero-)arylthio, and (hetero-)arylamino; and wherein each
acyl, alkyl, alkoxyl, alkylamino, cycloalkyl, aryl, heterocyclyl, heterocyclylalkyl, alkenyl,
alkynyl, (hetero-)aryl, (hetero-)arylthio may be substituted or unsubstituted;

R, and n are as defined in compounds of formula I-a above;

and enantiomers, diastereomers, tautomers, pharmaceutically acceptable salts, hydrates,

solvates, complexes and pro-drugs thereof,

[0154] In certain embodiments, the present invention provides compounds of formula I-b,
wherein R’ and R” are independently selected from the group consisting of H, halogen, -OH,
OMe, -NHy, -NO,, -CN, -CF3, -OCF3, -N3, -S(=0),C;-Cjalkyl, -S(=0)C;-Cyalkyl, -S-C;-
Caalkyl, -OS(=0),CF3, Ph, -NHCH,Ph, -C(=0)Me, -OC(=0)Me, morpholinyl and propenyl;

andnis 0,1 or 3. In some cases, R’ is H or OMe, and R” is H.

[0155] In other embodiments, the present invention provides compounds of formula I-b,
wherein R, is selected from the group consisting of -C=O(Rs), ~C=S(Rg), -SO,R7, —
P(=0)RsRy, and -(CHa)m-R 0.

[0156] In yet another embodiment, the present invention provides compounds formula of I-¢:
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q(R)_r

/
(O)n (I-C)
wherein each R, R7, q, and n is as defined in compounds of formula I-a above; and
enantiomers, diastereomers, tautomers, pharmaceutically acceptable salts, hydrates, solvates

2

complexes and pro-drugs thereof.

[0157] In certain embodiments, the present invention provides compounds of formula I-¢,
wherein each R is independently selected from the group consisting of H, halogen, -OH,
OMe, -NH,, -NO,, -CN, -CF3, -OCF3, -Nj, -S(=0),C;-Csalkyl, -S(=0)C;-Cyalkyl, -S-C;-
Caalkyl, -OS(=0),CF3, Ph, -NHCH,Ph, -C(=0)Me, -OC(=0)Me, morpholinyl and propenyl;

andnis 0, 1, or 2.

[0158] In other embodiments, the present invention provides compounds of formula I-e,
wherein Ry is selected from the group consisting of -OH, -NRsR s, alkyl, alkenyl, aryl,
cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl; wherein each alkyl, akenyl,
aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl may be substituted or
unsubstituted.

[0159] In a further embodiment, the present invention provides compounds of formula of I-
d:

N
N\

R' N 0

i

(O (I-d)

wherein R’ and R” are independently selected from the group consisting of H, halogen, -OH,
-NHy, -NOg, -CN, -CF3, -OCF3, -N3, -SO3H, -S(=0),alkyl, -S(=0)alkyl, ~-OS(=0),CF3, acyl,
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alkyl, alkoxyl, alkylamino, alkylthio, cycloalkyl, aryl, heterocyclyl, heterocyclylalkyl,
alkenyl, alkynyl, (hetero-)aryl, (hetero-)arylthio, and (hetero-)arylamino; and wherein each
acyl, alkyl, alkoxyl, alkylamino, cycloalkyl, aryl, heterocyclyl, heterocyclylalkyl, alkenyl,
alkynyl, (hetero-)aryl, (hetero-)arylthio may be substituted or unsubstituted;

R7 and n are as defined in compounds of formula I-a above; and enantiomers, diastereomers,
tautomers, pharmaceutically acceptable salts, hydrates, solvates, complexes and pro-drugs
thereof.

[0160] In certain embodiments, the present invention provides compounds of formula I-d,
wherein R’ and R” are independently selected from the group consisting of H, halogen, ~-OH,
OMe, -NH,, -NO,, -CN, -CF3, -OCF3, -N3, -S(=0),C,;-Caalkyl, -S(=0)C;-Caalkyl, -S-C;-
Caalkyl, -OS(=0),CF3, Ph, -NHCH,Ph, -C(=0)Me, -OC(=0)Me, morpholinyl and propenyl;

andnis 0, 1 or 3. In some cases, R’ is H or OMe, and R” is H.

[0161] In other embodiments, the present invention provides compounds of formula I-d,
wherein Ry is selected from the group consisting of -OH, -NRsR;g, alkyl, alkenyl, aryl,
cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl; wherein each alkyl, akenyl,
aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl may be substituted or
unsubstituted.

[0162] In one embodiment, the present invention provides compounds of formula of I-e:

/
(O )n (I—e)
wherein each R, Rs, q and n is as defined compounds of formula I-a above; and enantiomers,

diastereomers, tautomers, pharmaceutically acceptable salts, hydrates, solvates, complexes

and pro-drugs thereof.

[0163] In certain embodiments, the present invention provides compounds of formula I-e,
wherein each R is independently selected from the group consisting of H, halogen, -OH,
OMe, -NH3, -NO,, -CN, -CF3, -OCF3, -N3, -S(=0),C;-Csalkyl, -S(=0)C;-Caalkyl, -S-C;-
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Caalkyl, -OS(=0),CF3, Ph, -NHCH,Ph, -C(=0)Me, -OC(=0)Me, morpholinyl and propenyl;

andnis 0, 1, or 2.

[0164] In other embodiments, the present invention provides compounds of formula I-e,
wherein Rs is selected from the group consisting of -NR;5R;6, -NHOH, —OR5, -CH, X, alkyl,
alkenyl, aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl; wherein each
acyl, alkyl, alkenyl, aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl may
be substituted or unsubstituted.

[0165] In some embodiments, the present invention provides compounds of formula I-e,
wherein Rs is an alkyl substituted by at least one labeling group, such as a fluorescent, a
bioluminescent, a chemiluminescent, a colorimetric and a radioactive labeling group. A
fluorescent labeling group can be selected from bodipy, dansyl, fluorescein, rhodamine,
Texas red, cyanine dyes, pyrene, coumarins, Cascade Blue™, Pacific Blue, Marina Blue,
Oregon Green, 4',6-Diamidino-2-phenylindole (DAPI), indopyra dyes, lucifer yellow,

propidium iodide, porphyrins, arginine, and variants and derivatives thereof.

[0166] In another embodiment, the present invention provides compounds of formula of I-f:

S
(O)H// (-0)

wherein R’ and R” are independently selected from the group consisting of H, halogen, -OH,
-NHp, -NO,, -CN, -CF3, -OCF3, -N3, -SOsH, -S(=0),alkyl, -S(=0)alkyl, -OS(=0),CF3, acyl,
alkyl, alkoxyl, alkylamino, alkylthio, cycloalkyl, aryl, heterocyclyl, heterocyclylalkyl,
alkenyl, alkynyl, (hetero-)aryl, (hetero-)arylthio, and (hetero-)arylamino; and wherein each
acyl, alkyl, alkoxyl, alkylamino, cycloalkyl, aryl, heterocyclyl, heterocyclylalkyl, alkenyl,
alkynyl, (hetero-)aryl, (hetero-)arylthio may be substituted or unsubstituted,

Rs and n are as defined in compounds of formula I-a above;

and enantiomers, diastereomers, tautomers, pharmaceutically acceptable salts, hydrates,

solvates, complexes and pro-drugs thereof.
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Arm 120 [0194] In one enbodi nent of the present invention, for conpounds of

Formula I, if RRis CG-=0(R5) or 802R2, then Ris at positions 2, 3, or 5
on the bewpen@/ming. [0195] In anot her enbodi nent of thecCirnseosioszdps for
conpounds of Formula I, if RR is C=Q(R5) or SO2R2, then each Ris

i ndependently selected fromthe group consisting of H, halogen, -OH -NH2,
-N®2, -CN, -N3, -SO03H, acyl, alkyl, alkylam no, cycloal kyl, heterocyclyl,

(et er o) b Sktain B Selions SR nEee oGl plovien cieghommy RPEWIAGY

cycl oal kyhsreindt’ end & etejihdephieatlpsaferkad! fnk the ,gr&lEVe@ﬁB@ti,n OPet BA19sehdOth

(hetero-bﬁ&y%hgi and. ( ergi)arylanino may_ be subs%itufed W th dne or

more radicals i%gggéﬁ nt 1y “S&FecNedS Gt Relkyh odFRenSialiol.ng-Gf  hal ogen

N, 0, - SSsalkyCNDSENB,CFsoPh, -NHOMHPh,Q 1 e I no,
B har o ooy Byl CaPky R 00C M BRI iyl i

al kenyl , aryl het er o-) cycl oal kyl , | A anot her
enbodi rreﬁ’@%'fot]g]%r%‘ SAPP 535S, Rois B orpdenens BFisEbrnula 1, if R2 is C=O(R5)
en_there are at least two R groups attached to the benzene

or S021

ring. F@?ﬁf}é HPrBP’é‘E erppdirments, dhegyreseptdgyentioppRvidenenmpoandsaffenhulol-f he benzene
ring, andndehsR @leRtenSoR! Be aloh iR o9k Lk ON: 3,008 he benzene
ring. Still uFthernDréf eagﬁbRﬁﬁgﬁ%ﬁgéogn eﬁ?Vy§g§?%bf%dﬁfggﬁgt%%ﬁgroup

p
consi st i%‘@eﬂéii apfl, cpiglpglgdncycloaiylalityiiheteraygplyl, a@NieterdiSclylB03Hyhaaeiy kachal Kyl ,

al kyl am 491, al&kyC rocvel ylal kyl , al |
(hetero)a?@l,y(h%?gﬁ%#?éQGF%ﬁgg¥§%ﬁéﬁ%ﬂ§@§$%?¥?P¥@éﬁﬁﬁg?“ﬁﬁg§&¥ﬂiﬁﬁhh acyl ,
al kyl , éPWBWVIWB%@Ny$dﬁﬁWﬁﬁ-cycloaIkyI, het erocycl yl, heterocyclyl al kyl,

al kenyl, (hetero-)aryl, (hetero)arylthio, and (hetero-)arylam no may be
subst i t UPHP] i vet apeiberombedingent, sltki predest invaiéipe pdefiles yorseluged @dofmamt he group
consistﬁqg of halogen, N, 0, -S-, -CN, -N3, -SH, nitro, oxo, acyl, alkyl,
al koxyl, al kyl am no, al kenyl, aryl, (hetero-)cycloal kyl, and
(hetero-)cyclyl. [0197] In another enbogdjnment of the invention, for
conpounds of Formula I, if RR is C=Q(R3),\then R5 is selected fromthe
group consi sting of -NR36, NHNHRI 6, NHCH, , CONH2NHR16, CON1216, CH2X,
acyl, aryl, cycloal kyl, cycloal kyl al kyl, heterngyshyl, and

het er ocycl yl al kyl ; wherein ¢ ac Ky!. cycloal kyl, cycloal kyl al kyl,
het er ocycl yl, and heteroc | may Ye substituted with one or nore
romthe group consisting of halogen, N, O,

-S, -CN, -N3, nitro, oxo Iacyl , dl koxyl, al kyl am no, al kenyl, aryl,
(hetero-)cycl oal kyl, and ( . [0198] In another enbodi nent, the
present invention provides conpound$ of Forrmula Il: 1n another enbodi nent,
the present invention provides co unds of Formula Il: wherein

R=CR ", NW, alkyl, or halide and(®; = al kyl, aryl, a[)H, and wherein R can

be at position 6, 7, 8, or 9. Formula Il is discussed;also i n co-pendi ng
appl i catvherinlW/i68@r B8 8achtR)® I R$S H oS MEs &f deMibER dofhnl I _herein in
its entiretyﬁ@y ref erence. ﬁouteg oanEtijaty [Qfgg%&#ﬁgpg%ﬁ%%ﬁﬁgs of the

i nvent i 810 esdnALIoNIEE, ABNEISOMES, taetomersmhagmaceutically ageepiablesalis, | d, |-e, |-f,
| - g, | -] hydratks, sblvite@R8mbprekdd.andl 68 en probability of RyR by

i ncreasing the af?init% ofaEKEP%gﬁ%%gﬁgggbinl) and FKBP12.6 (cal stabin2)
for, refpngo}r inveltyin BEAOMRRERNAL Yo e ARy 7 her vl at ed RyR2.

Mor eover, the congounds of theyfnveﬁygﬁﬁﬁﬁornasﬁégﬁggggﬂg%ﬁFaﬁgﬁant RYR
channel ¥herei@aefii AYindeperdenty sel¢eigdelomtiteameupRpRdstatzari i hslpgdy -ORcr easi ng

FI CBP120ffalistrabid) )-cRNGEEKBRE. &, (salStabkngd) ; binding affinity. Therefore,
t he conBounds %f t%e ?ﬁgggiion3?g%b§?{%ﬁgd¢ﬁé%% %ng§655¥¥$6ﬁ§¥rnvolving
modul at Fe#HYSf-OBROIGIR, PhcdpiChhEh, -fer@)iMiy HaC(=0)MeemBypRalia dndRiBRery8CEPt O S.
Exanpleﬁgqﬁsgupgrgﬁsorders and conditions include, without limtation

cardi ac disordérs and di seases, skeletal nuscul ar disorders and di seases,

cogniti i L seases, . .nmali.gnant . hypert herm di abet es, and
sudden Pﬁ?gﬁﬁggggéﬁbggﬁ-r%?§HK€EWaP£%m- B%WH@¥gﬁﬁﬁmﬂﬁ%@§§%@ﬂ?ﬁéiude, but

ar e notwhereih Redartddi 1 imdepguiéraly arkeaidolee dionlihs Qg consiide 8F BEOBERH _
exerC|SﬁE|Q@yéedhlrrqgulzr hgartbeat glsorders and di seases; sudden cardi ac
deat h; e LRLT AL 67 elat cy doalaylalkylibetemeychdmd detewsydulaliol; f ai | ur e;

chr oni cwledéih eathtallpe, Al ABINE ayy1 , cdIchIR) re. lrregular
heart beat disordg?§ aﬁg diseééeg§?%§ﬁhcelaggngggg%%ggpﬁhggégd i rregul ar
heart beat di sorders and di seases include, but are not limted to, atrial
and ventricular arrhythma; atrial-48nd ventricular fibrillation; atrial and
ventricul ar tachyarrhythma; atrial and ventricul ar tachycardi a;

cat echol ar ni nergi ¢ pol ynorphic ventricular tachycardia (CPVT); and

exerci se-induced variants thereof Skeletal nuscul ar disorder and di seases

i nclude, but are not limted to, skeletal nuscle fatigue, exercise-induced
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protein that is bound to an RyRlL protein subunit or a tetramer of FK13P12
that is in association with a tetraner of RyRl, a nol ecul e of FKBP12.6

(cal st abiw@pogwoasarn that is bound to an RyR2 protein sebmniseoosn3mos et r amer
of FKBP12.6 that is in association with a tetranmer of RyR2, and a nol ecul e
of an FICBP12 (cal stabinl) protein that is bound to an RyR3 protein subunit
or a tetramer of FlI CBP12 that is in associ ation with a tetranmer of RyR3.
Ther ef or nd er 1- bound FKBP12 R2- bound
FKBP12. esﬁ<ﬁt r&%&%@éﬁ é’ﬁﬁa SF—‘ 12“ %@/ 15 ﬁn‘g%éé‘?%ﬁ’%&}éﬂ’fw}teﬁ“ Hehiflt hod of
the pr esetlajzaﬂerbwdvdlnﬁuyfoﬁnaﬁ@t@fo@ﬁes@wh@ﬁmagllbsat&ﬁﬁnedl n the level of RyR-bound
FKBP in cells of a subject refers to a detectable decrease, dimnution or
reduct i o[172] lhkemb emBbdikntR0R: ResntinTddBBn bivviR) bsnpfuntidér suRiIgEL; Such a
decrease is |imted or prevent ed in cells of a subject when the decrease is
in any wAYREIY &S0 hPndered, inpeded, obstructed or reduced by the

adm ni stration of conpounds of the invention, such that the | evel of

RyR- bouni1E1dRmet another srabosimentthe prisjeat mvension pgtvades compoungds fgreulapher wi se
be in thgpabsence of the adm ni stered conpound [0205] The |evel of
RyYR-bound FKBP in a subject is detected by standard assays and techni ques,
i ncluding those readily determ ned from{he known art (e.g., immunol ogi cal
t echni ques, hybridi zation anal ysis, immungprecipitation, Wstern-bl ot

anal ysis, fluorescence inmaging techniquesVand/ or radi ati on detection,
etc.), as well as any assays and detecti met'¥oefse di scl osed herein. For
exanpl e, protein is idthated-a Rd fromcells of a subject using

st andard mnet hods known in Ny, incluging, without limtation,
extraction fromthe cells with a detergent that solubilizes the
protein) where necessary, gd by affinity purification on a colum,
chromat ography (e.g., g - NC mununopreci pitation (wth an

anti body), and preci pltatl on (e.g.,/with i sopropanol and a reagent such as
Trizol). Isolation and purification/of the protein is followed by

el ectrophoresis (e.g., on an SDSBbl yacryl ami de gel JI-h)A decrease in the

| evel of RyR-bound FKBP in a subject, or the limting or prevention

t her eof , whegeidd¥ é&v$om@d by conparing the anount of RyR-hound FKBP det ect ed
prior to the adm nistration of JTV-519 or a conpound of Forrmula I, I-a,

i -b, Pc,wherein R’ ard RY afe,indepgndehtihselecjed filonkthe lgrolip @onsistify of HnhAggeay-ddhce with

met hods chibe el-aw) wi -t h th nt.. det ect e uitable tinme after
adni ni st ﬁkﬁf@i %@%?Crtp’hégéoﬁ?ygaﬁﬁ?’ 'g?%ggggsz\zaﬁ%fgr%gg%ﬁ}‘ >t¢§g‘bé§§ta agyL

lF)eyR- bﬁunmkﬁ,l dIBRYl, alkyahliso, afkyAhis pbjcwelyl, Syl matetceglcfl?tr ha?@v}ﬁmﬁﬁg for e>t<) anpl e,
y inhib I s§ogci ation.o FKBP esotesulect y

i ncr easi E ?ﬁ@?’@g @ tteWe)éFVl’l—d“ sﬂlﬁy%ﬁhetﬁr@ pylagping;riad ehgicuigach or by

st abi | i zidyyalichie alkE%R FHBNiGO) rﬂgﬂcmlkytna@ta ttlet%rdagctﬂ B&BHEFA 1a119ﬁ Ag&[1 herein,

the term "inhi b di ssoci ation" includes bl ockin ecr easi ng,

i nhi bi t i #gnyk |(1?ﬁttft>ﬂ§y1@£hetﬁrmmh1%§m¥h@%ﬁ%teéézr upRuBEHeRdit i on or separation
of an FKBP subupit froman RyR nolecule in cells of the subject, and

bl ocki ngRlSC%éP‘eg%Prﬁés d?ﬁﬂ?ﬁ[‘ﬂ tqmRpunds; ofiferrydp b abpvevent i ng t he phyS| cal

di ssoci ati.on or separation of an RyR nol ecul e froman FKBP subunit i n cells
of the stfjeR¥iomgs. @la%ttrﬁ@tler&steﬂomeﬁeqhﬁﬂnﬂtCﬁ@w@léY paceptalde aadisi hygraisndi ng”

i ncl udessog)a{@%in@gbxeg) eglqrpe@.gﬂggﬂle&rofl nproving the ability of phosphorylated
RYR to associate physically wth FKBP (e.g., binding of approximately two

fol d or, [o#RRrR¥i et &h%dﬁlhé&ﬁs ft}fél }9eseﬁtif?ye'ﬁh&hﬁrobﬁ%(&ﬁlﬁ%ﬂgdsmf@%ﬁga 25, a

negatlve control) in cel of the subject and cing, increasing or

i mpr ovi nghareRapid RY gfemdemttwelﬁs‘@é(ﬁiomtée poys comistipg of Hﬁlailﬂms,p@éi yl at ed
RYR (€. dopeh i 0X t f-ol f|vefold
above theMbayEptgg) ?{F b@&,%}%é(‘ﬁ@ Coég%l%?lr‘ oﬁ(ﬁ@?&rtoé“a@ of 't he

subj ect . C4A&tdi T:(DfE(Ff@DzIC)Fa, B, déHCH@EE GJ(FrOt)Me -IOéE(eD)Mé Iﬁgrﬁadjmghdadlﬁmﬁnyln cells
of a SUbaln sbsl |mhtltsacgnorag ﬁ\/ %% drlg,ct decreasing the | evel of
phosphory atea F%; ef 1285 et y indirectly decreasing the

| evel d R.in th a in enzyne
(such asloﬁgﬁ‘?mg?lyeé%(’% rr?;Y eﬂjﬁgéeeg d%veﬂ%‘?‘teé‘ml eg[ct?ﬁﬁ’o %‘&%ﬁctr@glag'?h’mdul at es

t he f unotliepsis Rorant ®yeindepehddptlp arhelepbdirem tﬁﬁ’ﬁoh@cdﬂﬁﬁﬁﬁ%bﬂﬁ)OHJ MHQNe

enbodi ment, the | evel of phosphorylated RyRin the cells is decreased by at
| east 10% in the nmethod of the present invention. In another enbodi nent,

t he | evel of phosphorylated RyR is-dgcreased by at |east 20% [0207] The
subj ect of the present invention are in vitro and in vivo systens,
including, without limtation, isolated or cultured cells or tissues,
non-cell in vitro assay systens and an aninmal (e.g., an anphibian, a bird,
a fISh a nannal a marsupi al , a hunan a donestic animal (such as a cat,




are adm nistered to a subject by contacting target cells (e.g., cardiac
muscle cells) in vivo in the subject with the conpounds. The conpounds are
cont act edwwi2007/02¢71@. , i ntroduced into) cells of the subjpettuse@icnsgzsihown
techniques utilized for the introduction and adm nistration of proteins,
nucl ei ¢ acids and ot her drugs. Exanples of nethods for contacting the cells
with (i.e., treating the cells with) the conpounds of the invention

i ncl ude, w.t t limtation bsorption, electroporation, inmersion,
injectioﬂﬁhiagﬁﬁﬁﬁ@t?8%?“&#%8§6W@°ﬂéﬂPW¥¥9faPFﬁﬁﬂf%@ﬂF6ﬁ¥W@V§H§#usion

vect or s angleilch@l alfl Udkyliethiny 8y, RHafdvE Sy A TRINORSro MG, e target cells

are localized to a particular portion of a subject, it is desirable to
i nt r oducketerpeychiatod made srbstifed; arndontionslydt s et Ris tegsthehwith die N to which

i njecti L - ci ng the conpounds into
t he blOggwgéﬁgﬁg%ﬁgﬁwg%%§5Pﬁ%?g?ﬂéﬁ%%h?g ég%a%gﬁ's'are contained in tissue
of a subj ; ; i di |y
et or i m T B R PR RE A 0 IPER,

l'i mi t at i wherelniim@londi cal techni ques (e.g., ininunohistochenical staining),
fl uorescence inmagi ng techni ques, and m croscopi c techni ques. [0213]

Addi t i onEfLT 7, Intatfurties mpbeditisntothe phasens irersatian froxidestdompoends ofmnniasfdied to a
human or ani mal subj ect by known procedures including, without limtation,
oral adm nistration, sublingual or buccal @adm ni stration, parenteral

adm ni stration, transdennal adm nistration ynHal ati on or intranasally,
vaginally, rectally, and intranmuscul arly. npounds of the invention
are adm ni stered parenterally, by ep i tracapsul ar, intracranial

i ntracut aneous, intrathecal , intrgorbital, intraperitoneal,

intraspinal, intrasternal, | ntravascul ar, \i ntravenous, parenchymatous,
subcut aneous or subl i rftial I 'nj ectifon, or way of catheter. In one
enbodi ment, the agent is adkg ed to A he subject by way of delivery to

t he subject's muscles includi S limted to, the subject's cardiac
muscles. In an enbodi nent, the agent//is adm nistered to the subject by way
of targeted delivery to cardiac e cells via a catheter inserted into
the subject's heart. [0214] For gw%% adninistrationf'Q formul ati on of the

conpounds, of. the invention_nmay be presented as c e tahl ets, powders,
gr anul es” B0 ”ﬁsgﬂ%%gﬁngﬁg%?q§€ﬁﬂﬁpgﬁ{"%ﬁé$$%?ﬁﬁ#@$§%hqﬁgggtﬁggéhtiona
addi ti vegH,Xalkerds, akdCdyomalkylyeiilodilialkd Hetsb 3B 204 heelodjdyigkar ch. The

foimul ati on al i nted with binders, such as crystalline cellul ose,

SQ IS pres
cel I ul os%hf‘&%lme%%ﬁlkﬁégl,» ary|, g¥sigaliyl ysloplieyiafkyh hefgencuslyinand e qvichidtly, t he
f or mul atigpbd SubRit6Se bt @duddtitdled; di Si ntegrators, such as cornstarch, potato
starch or sodi um carboxynet hyl eel | ul ose. The fornul ation also is presented
wi th di baghR, g,aaha ndAspRABRNALCEMBMIE bPHFm AL ISHOBLWNAY &faahodlycol at e.
Finally, the formulation is presented with lubricants, such as talc or
magnesi UHssarecspeas, dautoraers, phanmscewiigplbnaceeniableents.iivdratest jobyatesi complexes
adm ni st 4@tk QBrBY teRbeCt i on through a route other than the alinmentary
canal ), the conpounds of the invention are conbined with a sterile aqgueous
sol uti onoY1Mtin k&did GhYlimetd, bl ﬂr%n@h?éﬁqoﬁﬁro(/ﬂ%s SRl or PRIy A f, OF MUl ation
is prepared by dissolving a’'solid active ingredient in water containing
physi ol oghasein gchdbispadependentdussbacted deos the goiup gensivid ofifichdlegend®©H, gl yci ne and
the lik nerthawi g &g bpdf e ofd. ¢ i | th_physial.ogi
conditi§%¥@’§gﬂé§hgb(%$o E%ebgﬁ%gg%e%%§3§3333¥ hfﬂtﬁg%‘¢@#agfgﬁg"said
sol ut i orCgikgl, -O&(=OMEF f Rir, AWNHEH, Bl -CEQPMes€ni(ed)Ma, moipholaryl mdl gropedols e
containerghis hﬁgz seal ed anpoules or vials. The fornulation is delivered
e nj €c

by any modé of’ tion, including, without limtation, epifascial,

intraca r., Lntracranial, intracutapeous,..intrathecal,. intramuscular,
it ¢ aor DAt 0 o SR e P AR ik SR e B ascul ar

i nt r avenoiesein B/ i8 ANRY;REY, ants-OR YD EikderaR@iser c@bodithehts, TaY & -00f, -OVeNAELOf
catheters%ﬁ;dol\%ﬂ)eﬁlt ubject's heart. [0216] For transdermal adm nistration,
the conp S’ » WO GWYEEY: conbined with skin penetration
enhancer ch as propylene glycol, polyethylene glycol, isopropanol,

et hanol ,la}ﬁﬂi :TI’(’: OnGIRPodNReRb ths PrESARt I FISR BTOYHIES CoRPIYRE O igFmdm of hibr ease t he
perneability of the skin to the conpounds of the invention and permt the
conpounds to penetrate through the skin and into the bl oodstream The
conpound/ enhancer conpositions al sa4gay be further conbined with a

pol ynmeri c substance, such as ethylcellul ose, hydroxypropyl cellul ose,

et hyl ene/ vi nyl acet ate, pol yvinyl pynulidone, and the like, to provide the
conposition in gel form which are dissolved in a solvent, such as

met hyl ene chl oride, evaporated to the desired viscosity and then applied to

e o Y- Y E -] e



[ 0223] Because of its ability to stabilize RyR-bound FKBP and mai ntain and
restore balance in the context of dynam c PI CA phosphoryl ation and
dephosphowgl2advmam7ief RyR, the conpounds of the inventi orcars2@bmsedosef ul in
treating a subject who has al ready experienced clinical synptons of these
various disorders. For exanple, if the synptons of the disorder are
observed in the subject early enough, the conpounds of Formula |, 1-a, I-b,
l-c, hd, he, If, I-g, I-h,I-j, I-k, 1-1 and Pm are effective in limting
or preventing a further decrease in the I'qvel of R-bound FKBP in the

subj ect. [0224] Additionally, the subject \§f th d esent invention is a
candi date for exercise-induced cardiac dis such as exercise-induced
cardi ac anhthm a. Exergjse-induced
(e.g., a ventricular fibr
that | eads to sudden cardi @
has under gone physical exefici se. "candi
cardi ac disorder is a suby®e e N to be, or is believed to be, or
is suspected of being, Rat risk for de opi ng a cardi ac di sorder
during/after physical exercise. Exanples of candi dates for exercise-induced
cardi ac arrhythm a i ncl ude, mﬁthogg limtation, an i,mal / person known to
have cat echol am nergic ponnDrphi ventricul ar tachycdrdia (CPVT); an

| / ted d wh k
fo be. ornnuS R EC Bl e nat B P By f lptiporoet, <O
devel opi AgHs aN0},aCNarCHY-CUR; aNgl,uSOgIg/-afi@EallghyS(ﬂa)hlk@Ke@S@%‘J%C]E@,FHéthO i's

As i scudEUEHERRTaEmtrre; SOt Sl R raisr i errar Vel s w h

st ruct ur gikéngl, ROEyATL, (HeeRS-Hayl, qhbtefos)aﬁ;h@t[cﬂﬁﬁ(ﬁ@l'e‘%ﬁﬂ)abﬂalﬁﬁﬁ) e WHEHIC 8dh
et hal arrhythnta t hat causes sudden cardi ac

ventricul ar gé¥card|a -

death. | ?F-‘/%@B‘iy Kox 3 tlhylepw cysiarikiyt arvldietsreayell, Aptgrosycldalkel alkemduc e

bi di rect yipal, (ﬁétgt/o()ﬁrypghétémﬂﬁmﬂ‘ﬁo\ﬁ?a@'tb%'S%tlﬁﬁedt(ﬁ%m’tﬁ@ﬁtq{e@s that lead to
sudden cardi'ac death in"the absence of detectable structural heart

di sease. leteyécetuato& We'g{%uﬁ:%ﬁgmlﬁﬁg@fyr@@&lik JN}NR@R[ hy\rROiasord @P%Xbl ect ed

to exercise, but do not devel op arrhythmas at res [0225] Accordihgly, in

still andkewd afsaiontt cytoallialir deiasecychk and h@iprocyqlnéalkﬂbyvb@mnrea@l been

exer ci si Se 95@%

exermsegllgﬁluce1 aeg%%ggtyma g%q%ﬁggwégggﬁgﬁggﬁgﬁﬁﬂaﬁﬂe&@bnpounds of the
i nvent i ofebelfthisd or yesubdititdri t or prevent a decrease in the |evel of
RyR-bound FICBP in the subject is an amount of conpound effective to treat
t he exer%issﬁédﬁfh@hdeedordpwdﬁ@frfomulthe, adbj ect. As used herein, an amount of
conpounds of the invention "effective to treat an exercise- |nduced

di sor der enapieherslakasteneomEr G@W@M Fllaiﬁaﬂ'dummsé@&bmlta impdrates,sblvates,onpound
of Fornu&gnﬂlexehledﬁrt) d?u%tﬁe?eofl l-e, |-f I-g, h | - j_ , -k, 1-1 or I-m

effective to a amel i orate the clini cal i npai rment or synptons of
t he exer of cardi an thm a,
palpitatﬁ%hg}hgggﬁﬁgﬁgéﬁﬁgﬁ éﬁFgmt?L%ﬁ&Fﬁggﬁ%ﬁcmggn?gﬁ%ﬁc g hycar di a,
and suddwherclari‘tilaadeemtlhc)epeﬂdmﬂﬁmﬂﬁdfmfmthlagrcmprcpmmﬁg 061, hiﬂegelnn’l:&{ltl on

effectiv 0 a u o) vary
dependlngl\/tpgﬁ5 a%oba§$ic Pa§%F ﬁé 5963‘3‘@ﬁﬁ€£s§1evﬁb$ﬁﬁﬂi §% e type of
exer Ci seC4aﬂ¢jqu96(=d]>)§@ﬂ3dB]ﬁ, ,-NHKBHZBM brea) Ve, VBT EH)Mel RErpEEVMSI hﬁ@/preltentyhe

subj ect" sdcon |eg npde _of adm njstration of the conpounds. This
amount i &4 di eIPéPWF ﬁ%*ﬂs &/ 15 ar OMe PR alst-san, based upon | cnown
procedu |nclud|n cllnlcal trials, and nethods dlsclosed here|n In one
enbodi neﬁisz]tlﬂé?th(‘?b ReEnts dhepmgestl igventiop prgvides gompovpds qf fgrmyla b, |-, |- g,

| -h, 1-], wherkin Rl7 i —mqsmw m-dm?am BUGH GlIRLerhbEHua8ds %ﬁ@r Laar sonB, -Nig - s ubj ect .
[0226] The present_invention fitrther provides a nmethod for treating
exerC|seNHﬁng38 h NS e NSIGHhpyidylibj ect . The net hod conprlses adntnlstering
t he conpounds of Forrmula 1, 1-a, I-b, I-c, 1-d, 1-e, I-f, I-g, I-h1-j,
|-k, 1- 2008§3]iIn gpothes em?l?ed@t?a] mrtsmtamveampmveﬁs eemovedstas errI@léa I—k he
exerC|se i nduced disorder in the subject. A suitable anpbunt of the
conpounds effective to treat, for exanple, exercise-induced cardiac
arrhythm a in the subject ranges from about 5 ng/kg/day to about 20

ng/ kg/ day, and/or is an ampunt sufficient to achieve plasnma | evels ranging
from about 300 nem to about 1000 ngfgnd . The present invention also
provides a nethod for preventing an exercise-induced disorder in a subject.
The net hod conprises adm ni stering the conpounds of the invention to the
subject in an amount effective to prevent the exercise-induced disorder in
t he subject A SU|tabIe anDunt of the conpounds of the |nvent|on effectlve

o r 1 .

Htricula(Dtachycardia, i ncl udi ng any
evel ops during/after a subject
ate" for an exercise-induced



[0234] Accordingly, the nmethod of the present invention further conprises
the steps of contacting one or nore conpounds of the invention with a

cul ture oWocedlm4miont ai ni ng RyR, and determ ning if thePomaSesocisr4es
conpounds has an effect on an RyR-associ ated biol ogical event in the cells.
As used herein, a "RyR-associ ated biol ogi cal event" includes a bi ochem cal
or physiol ogical process in which RyR levels or activity have been

i nplicated. As disclosed herein, exanples of R-associ at ed bi ol ogi cal
events include, wthout Ilnltatlon EC coupfSrhgRei d contractility in
cardiac nuscle cells. Agf ngthod of the present invention,
the one or nore conpounds a acted wth one or nore cells (such as
cardiac nuscle cells) in vit a culture of the cells is

i ncubated with a preparatio one or nore conpounds of
Formula I, I-a, I-b, I-c, A~ , l~g, I-h,1-j, I-k, I-12 or I-in.
The conpounds' effect o a RyR-associated biol ogical event then is assessed
by any bi ol ogi cal assays or nmet hods own in the art, including

i nmunobl otting, single-chatnmel recosdi ngs and any( ers di scl osed herein.
[0235] The present invention is further directed t0 bne or nore conpounds

of Fornu or I-m
i dentifi lggerhnﬁ I% ﬁgda gv mééfgg%dregbgcfa léccf:e r%cfcl fh(e: ﬁtoug co}m{eﬁggk Haislaléj\f%eﬁ da%’ a

phar rrachNHzcdﬂOz;e@mD{lg?,l Q@Fe,oﬁp,r-ﬁ@gmgscﬁmzaﬁqﬂgpgwmaamd -@S(phgpCFacevt i cal |y

accepta or dil uent e, co nds use r preventin

exerglselgﬂdjgeﬁl§ﬁ%@@%n%§' # ©- ﬁ@g?ﬁylﬁ BT’@?fggﬁﬁc¥:1d%%eaPing or °
prevent i figenst, hMynﬁy ﬁie&ﬁcsmyla(ﬂqeﬂrd;ﬁf}dﬂhtd, @rﬂB(hetéﬁ) YaBesniney Bid iwhefin each

"RyR-assoc is a | on, dise or djsor in which
RyR | evef® Ltaﬁggta ¥ alkﬁgmﬁlé?ewc %ﬁﬂ]w é’atef%ﬁely ﬁ??ﬁ?&&ylélﬁngﬂﬁ’%s oci at ed
bi ol ogi cakyrﬁjvemeteromgl Rydrera S &9Rhia i be Suititukddor bisubktRadegd or prevented in
the subject by adnministering to the subject an anmount of the conpound

ef f ect i VR glidselecRAltrof thP g@) £@bnstdfifg W&mmgu@&emmg@gl J(a:f:m)oms tlow,subj ect .
Thi s anount is readil term ned one skilled in the art. I'n one

embodi mefkYL %rﬁlecﬂl‘%?é theferrry Ryl éﬂdﬁroéﬁ‘/iaéé@lgagfﬁ‘ﬁt W@Greflb?ac%ﬁlevleﬁb’l 'ng
exer ci segjcRAG e dnd a8, SRRt Ae stRallbd i uisudMBRLREL . by administering the

one or nore conpounds of the invention to the subject in an anmount

effecti V@hérgin%rleyem 4 hegexgrchsgy i nduced sudden cardiac death in the

subj ect. [0236] Thé present inventfion also provides an in vivo method for

assayi ngatdheis of f @ebi veness of the conpounds of the invention in preventing

di sorders and di'seases associated with the RyR recpetors. The method

conpri segndgntRhRRS dbtercbMbrsORkiBMmaks! 1aﬁﬁa<9@t'ik%ﬂ§‘taédaﬁta@1@ AR ARkat&QNt ai ni'ng

RyR, (b) adm ni steri ng one or nore o he compounds of the Tnvention to the

ani mal ; f%\)ateéx@wqafgsemraﬁmrt a¥fone or nore conditions known to increase

phosphor?/I ation of RyRin cells; and (d) determ ning the extent the

conpoundlfBHiIpgergrin ﬁnb%mp@s dhejareseatigueniign pregide anpayndryffonainltkFKBP i n

the ani h ) ni~st eri ng
n@wreﬂ?@ aﬂ%k ol 15&13%%11{&%5‘%1? %Eéldﬁf\ﬁ;)?}] f[h:a%ro%%)%gﬁs@ﬁl 04“9 haqg%?n Oﬁ

one or nore o conpou 0 an a taini'ng RYR
and (f) O¥eedYHaniWG, tGN, €5Fb.eOClof-Nb,r8(=6Di@eCalkll, t~$(eo()©ﬁﬁ(aﬂ¢yﬂ:l -B1C1a

RyR-asso Vet pa N ni Vi

phar nnceg‘faﬁ(é/ Og{)_(naaﬁsftlﬁgnﬁco F#s?ﬁ%{\% !d) ou’n%fl“n%gl y?anneqrﬁ%eély}f’ or
pr event i agl neix 6y Lorse- mmdmeeﬂesmﬁdehoﬁ@mamm’eat}h in a subject, by
adm nistering this conpound to the subject in an anount effective to

pr event IOHI&S] dn eﬂxei“ embddmdemg dhesprekatetingation pmvdiemdanpommﬂm fotahylebk, [0237] It

has been at co ounds Whl I cti woul d be

expect ed” 661}3 Eée ?cﬁ%it‘g FOBES g RVR @e‘@oﬁe% ISnaﬁYln | ess

rel ease afl, asl £ obenabéling g&dmp ﬁl&i%her@ﬁﬁmwﬂd& aﬁdwza:yl Bhy6e dudstitied ByR channel at
t he FKBP binding site, but do not cone gff t he. channel when the channel is
phosphor‘;‘}}sﬁqsféﬂ‘%ﬂ@?@e CaRER s At 49 Ryels ERpeCTREMe CiEOEh sminogtkyh NHayi ty of

the channgbH, &NH@BQ“E&%& chHebAn 840, thcﬁR{ sHCOE, ﬁf(\ﬁesfucﬁ 5:1, QREESplop@t aRCli vat e
the RyR channel. Such compounds woul so result in |ess ca?m um r el ease

into t heP®d} In yqt ofeBfasesy sy, @rdRammmrehdlltl%elpérl@}gﬁmqrazms@ray@pb@men f or
the rel C

cal ci um@éﬁ%?%?g@lﬁbﬂtg]rlggﬁﬁf ? & O\f(8 ea ']@18@/ gé Q%Sraab?lgqsgl %9%) ehedef]l ke) .
Cells are |l oaded with the fluorescent dye of ch0| ce, then stinulated with
RyR activators to determ ne the redugtion of the cal ci um dependent
fluorescent signal (Brillantes, et al., Stabilization of calciumrelease
channel (ryanodi ne receptor) function by F10506- WO

2007/ 024717PCT/ US2006/ 032405 bi nding protein. Cell, 77 :513-23, 1994;

Gll o, et aL Cal CI um entry dur| ng i nduced di fferent| at| on in rrurl ne




Ca2 el evations are prevented by adm nistration of a pharmaceuti cal
conposition conprising a conpound of Fornmula I, I-a, I-b, i-c, I-d, I-e

[ -f, 1-g,wO-20070247171 -k, -1 or I-m 10245] The present POTAIS2006/03HDS0
provi des a nmethod of diagnosis of a disease or disorder in a subject, said
met hod conprising: obtaining a cell or tissue sanple fromthe subject;
obtaining DNA fromthe cell or tissue; conparing the DNA fromthe cell or
tissue with a control DNA encoding RyR to determ ne whether a nmutation is

present HemPREPHIMANHE, &#‘Pfeﬁ“éﬂ% éhlqda@rnet Ty Eed, ¢y9Bing d¥SeAEEG FOUNAREat i on
i ndi cati @&c?de%lﬁgusﬁacﬁfc 1ly8 %Qﬁfa Blh@ a7 n@f@&p ﬂ@fﬁa&m@hﬁ@ 2%%@;1111199@ s a RyRz

mut ati on on chronosone 1g42Z-q43. |n anot her efbddi nent, the nutation is one
or nore @PRD,fudoayiaghies, luciferyedpwepropidivaviogidatporphyensrarzining andrariasts a
nutatlonth@hV%§,p&g§gpt in the DNA encoding RyR2 of a SIDS subject. The

di agnostic et q s used to detect the presence of a disease or disorder
in an ad but are
not Iini@ggﬂlﬁygggfgm F%gé 2?%&%%§gg§§gggggﬂgkge@ﬁﬁgﬁhﬁﬂgggfa?gglsorders
and di sebkes, cognitive disorders and di seases, nalignant hyperthennia,

di abet es, and sudden infant death syndrone. Cardiac di sorder and di seases

i nclude, but are not limted to, irregularSheartbeat disorders and

di seases; exercise-induced irregul ar heartbgat di sorders and di seases;
sudden cardi ac deat h; exercise-induced sudd giac deat h; congestive
heart failure; chronic q?structlve pulapnary di sease; and hi gh bl ood
pressure. Irregul ar heartbs QL ger s afd di seases include and

exerci se-induced irregul ar 3 ders and diseases i ncl ude, but
are not limted to, atrial
ventricular fibrillation;
and ventricul ar tachycarrl a; ' RA-1TEr gi ¢ pol ynor phi c ventrlcular
tachycardia (CPVT); and exercise- |nd§2ed variants thereof. Skel etal

muscul ar di sorder and di seases i ncl , but are nof limted to, skeletal
nmuscl e fatigue, exercise-induced s%e "etal nuscle f T)gue muscul ar

dystrophy, bl adder disaorders, and i ncontinence. njti i.sorders and
di seases"heremtiend B greipdepspdently pglected frogm t gi‘ﬂ’@l St‘s“glﬁ\fg‘eg@%genf s of

menory | 0@, -04 @He@?p@mmﬂ@@mystﬂ%lkyhﬂgéc@alibﬁ @S@@WF Ideyent i on

further prOV|des a_net hod of diagnosis of disorders and diseases in a

subj ect , alky; tkeret e lasgppallyithiy: Csinabivhiang l‘t?taelf?%/ddlf heterosydyialkil e from the
subj ect; a1k&§glea§£ n hte&?o G2 GreQFo-JalBHE aRAR %&Wlﬁnﬂﬁ%n@%%éﬁcﬁf the

i nvention |t|ons I ch 1ncrease phos orylation of RyRin cells;
det er ni nievy afkal a\l/lﬂ@éylhdkylﬁylmobmmﬂwb i @tea@yal}'( ﬂleférocwmlkmb aiensi.o

| st ab | st abi nl
cal ot 201 Bl BAINRY G 0cpIIHAN I et U UG G2l SLDI D) T

trol t | Ki t ant R
cal ci um SRk ol ASRUEE: %ﬁ*ﬁﬁ%ﬁ“ﬁﬁ%ﬂgﬁiﬂaﬁ 'n reloase of Gal i Um occure in
RyR chanpgf ShafiIRAL Qhstefofhets@Gitoffers ﬁ?&&é%%@%%{ g&ﬁel&ﬁ%oﬁgdr%@%
decrease I n releaseé of calcliumin the Contro i Acreasé in
Ry R- bounsbleaédss talylexes and arp-dregditiom¢dfng a di sorder or di sease in the subject

or a decrease in release of calciumin RyR channels in (b) conpared to the
control {dBYIsInicadiic ambor@mants,&hdpxamndinsaa@a porvidis sompamds of fotrauls dHb, ect. The

di agnost i ¢ net use esen sorder
in an ad‘ﬁ‘?rel 5{! s d 4t mgepfe%qeﬁ}gy S CéedF%nggls? % %d: Ogglsst%lrgg’g?gﬁiaﬁ%q?ﬂ > but are
not | i m Odb, tNE,, cHOdi-aN, diFs o10lH; s-NanS (e sepS syl sSREIBCalC aikid o8t G di sor ders

G abet os Coti -OBHRNRCY P bt PGP Erbn 00 BN B EBha A Bt ceases

i ncl ude, aki is@ € 0P InlsoAfle cds,tFO0.is HIor €k, and Rearfbeat di sorders and
di seases; exercise-induced |rregular heartbeat disorders and di seases;

sudden C{il"lﬂS]aIﬁ AeRbRbo@NEeNS, BE %I’eib‘ﬁtlﬁeéhtﬁﬁ(ﬂﬂﬁ/ﬁﬂeﬁ%ﬁp@@dﬂ@ﬁﬁ)ﬂml@mgeﬁ| ve
heart fallure; chronic obstructive pul non and hi gh_ bl ood

di
pr essur eWhereindips salectrd framb g e SORTBING 0§M@§ZMG% eRisRce& whas,alN§lOH
exerci se Imtegﬂan{aﬁgaﬂlﬂrarﬂe%r&&aﬁ& SUSALARKS, Rchoticngasas i ncl ude, but

are not atriral ahd ventricular arrhythma; atrial and

ventri cuhaerofychylilkylawherin cathr dcsl, atkmeylyabletlrardupysioatirb leyelealiglelih a; atri al
and ventricul ar tachycardi a; catechol am nergi ¢ pol ynorphic ventri cul ar
tachycardia (CPVT); and exercise-indgced variants thereof Skel etal nuscul ar
di sorder and di seases include, but are not [imted to, skeletal nuscle
fatigue, exercise-induced skeletal nuscle fatigue, muscul ar dystrophy,

bl adder di sorders, and incontinence. Cognitive disorders and di seases

i ncl ude, but are not Ilnlted to, Alzhelner S Di sease, forns of nmenory | oss,

I o NN AT o T



862, 863, 864, 866, 867, 569, S70, 871, 872, 573, 574, 875, 876, 877, 878,
879, 880, 881, 882, 883, 884, 885, 586, S87, 888, S89, 890, 891, 592, S93,
894, 895,w626¢7/@%7A7; 898, 899, 8100, 5101, 8102, 5103, 5P04/USBW6H3248107,
8108, 8109, S110, 5111, 5112, 8113, 5114, S115, 8116, 8117, 8118, S119,
8120, 8121, 5122, and 8123, and salts, solvates, hydrates, conpl exes, and
pro-drugs thereof, and pharnmaceutically acceptable salts of such pro-drugs.

The varip c_rou to the c ounds are described herein. [0250]
Sore of lﬂfﬁé"?%&ﬂbh e%";‘i%‘%‘ﬁ@%é’sm%}f‘m prilhed Qe stiftfede i SERBEAIPSRAES, t he

sol vent INR;gRyg @dicgaa@Lle Meidlidink, rpl td@elslp@faiaﬁéih{@ﬁﬁallné hGd Ble9AR! ¢ SOl vent
is methylene chloride (CH2Cl2), oroforn1( f or mal dehyde’ (CH20) or

nethanol“T%%ﬁ@?f“eﬁéﬁés@kmﬂﬁéuﬁﬁﬁréhﬁhg syntheses al so utilize a base

cat al yst ﬁ%ﬁ enbodi t he base catal yst is an am ne co ound In
anot her 9MYd ler ‘ﬁlértiei%@ {hg Presgs inviertionrproyigss| camppends o€ formyla I-m
triethylamne (TEA). In still another enbodi nent, the base catalyst i's
pyridine. Sonme of the follow ng syntheses<al sg tilize basic solutions. In
one enbodi nent, the basic solution is sodiu i carbonate or cal ci um
carbonate. I n another enbodi nent, the basig¢g/swlution is saturated sodi um
bi carbonate or saturat edRsal cj carponatq. Some of the followng WO
2007/ 024717PCT/ US2006/ 03240

/
© )n (I—m)
wherein R’ and R” are independently selected from the group consisting of H, halogen, -OH,
-NHa, -NO;, -CN, -CF3, -OCF3, -N3, -SO3H, -S(=0),alkyl, -S(=0)alkyl, -OS(=0),CFs, acyl,
alkyl, alkoxyl, alkylamino, alkylthio, cycloalkyl, aryl, heterocyclyl, heterocyclylalkyl,
alkenyl, alkynyl, (hetero-)aryl, (hetero-)arylthio, and (hetero-)arylamino; and wherein each
acyl, alkyl, alkoxyl, alkylamino, cycloalkyl, aryl, heterocyclyl, heterocyclylalkyl, alkenyl,
alkynyl, (hetero-)aryl, (hetero-)arylthio may be substituted or unsubstituted;

Rs, Ry and n are as defined in compounds of formula I-a above; and enantiomers,
diastereomers, tautomers, pharmaceutically acceptable salts, hydrates, solvates, complexes

and pro-drugs thereof.

[0190] In certain embodiments, the present invention provides compounds of formula I-m,
wherein R’ and R” are independently selected from the group consisting of H, halo gen, -OH,
OMe, -NH,, -NO,, -CN, -CF3, -OCF3, -N3, -S(=0),C;-Cyalkyl, -S(=0)C;-Cqalkyl, -S-C;-
Caalkyl, -OS(=0),CF3, Ph, -NHCH,Ph, -C(=0)Me, ~-OC(=0)Me, morpholinyl and propenyl;

andnis 0, 1 or 3. In some cases, R’ is H or OMe, and R” is H.

[0191] In other embodiments, the present invention provides compounds of formula I-m
wherein Rg and Ry are independently alkyl, aryl, -OH, alkoxyl, or alkylamino. In some cases,
Rg is C;-C; alkyl such as Me, Et, propyl and butyl; and Ry is aryl such as phenyl.

[0192] The compounds of Formula I, I-a, I-b, I-c, I-d, I-¢, I-f, I-g, I-h, I-, I, I-k, I-1 and I-m

treat and prevent disorders and diseases associated with the RyR receptors.

_52.-



synt heses use acidic solutions. In one enbodinent, the acidic solutionis a
sul furic acid solution, a hydrochloric acid solution, or a nitric acid

sol uti on.wOroeomesanbodi nent, the solution is IN HCL. OnecwofusssocloB24bh t he
art will appreciate still other solvents, organic solvents, base catalysts,
basi ¢ solutions, and acidic solutions that are used in the enbodi nents,
according to the description herein. The solvents, organic solvents,

react ant al sh solutions, and so forth are added at a ropriate
t enper at fﬂlgiﬁ%@% roéé (carpeTds inclids, witleypimpgoneSic S20%3, Sét $5. 56, %’8251]
Some of s@%1ﬁ®ﬂ20m3ﬁgt$mbh§.§ﬁ§2yt92b'@% sit@s%’@é‘?usb% 853 s§§ s%4dé%”'

Mbscow,

material . 868 is availabl e cormerci al romM croChcm stry

Russi a) . S€pe4al148, Y6551 P RoB5Y, Hed, &é’p%ﬁ6aﬁ7oﬁ58}f3586$ﬁ0 3@0252,186several of
the foll t 6 r t hesi zed
as an i ntggeur %g%?g?eéﬁg?ghgggysﬁ]t%hse?ssa%t%%%"s‘%js gmrrgge §7§hs7§8§§0 aS§1| ustrated
i n schen®d3 SBh BRa¥is, 887 SSREIN0B, 50T, S8R e84 iSAT) SOBHS W 6983IS%, sdescri bed
in U S e / Iomﬁng

synt heseg?qlégmzlﬁ?gég %l:f}?% ilar);ga)itsllé?i Sggg)tsﬁ%rség@t%ﬁ% Sﬁqu%}ﬁé %133 % Pd a final
product . SP% 8117(;&118051 1, St h& Si12hcRDRndS K23urkhesdvoalpstsdsdnaes He falfieng
processeg s ch as renoval of any solvent, crystallization of the product,
chronatograp i separation of the product (including HPLC, silica gel

chr omat ogr aphy, colum chromat ogr aphy, and so forth), washing with basic
solution, washing with acidic solution, re- d|ssoIV|ng t he product in

anot her solvent, and so forth. One of sk|II i poart wll appreciate
still other processes that are yused in the € bodi 1 .nts according to the
description herein. [0254] The actio N\ as | ong as needed
(e.g., one hour, several hours, ®verni to obtain the
desired or optimal yields of th

m xtures are _g{ined.JThe reas 6ﬁs are carried out at a,aroprr\te
temmrmULa{(e~. ] emmratn@cn about 20C-25C, 0G

[ 0255] Synthon 53p is priepared agcording to nethods descN_bed A n U.S.

Pat ent App. No. )38. ] 83, $S4, 55, and 554 are prepared from
826. 826 is reacted W RSQ2CY, wherein Ris CH2=CH (53), M- (54),

p- Me- C618114- (S5), or NH23SPy (Sb4), to forma product. The product is
purified, for exanple by colum chromatography, to yield 83, 54, 85, or
554. In one enbodi ment, the reaction occurs in a solvent, such as an
organi ¢ solvent |ike CH/Cl2, so that a reaction m is formed, and the
solvent is renoved fromthe reaction m xture befor or during purification
of the product. If necessary, a base catalyst, h as triethylamne, is
used in the synthesis. Also, égc (e.g., saturated sodi um bi carbonate) and

acidic washes (e.g., 1N HCl) are&\used i —heded to purifying the reaction
m xt ure and/ or product, and are cco ni ed drying, for exanple over
sodium sul fate, if needed. Co u ronatograp Y,

for exanple, is used to
puri fying th [0257] SI and 52 are
prepared f

(31) or NBu2 (52

e desired produgt.
ANRI R2, where RS
purified, for exanple by col um
chr omat ogr aphy, I n one enbodi ment, the reaction occurs
in a solvent, such~aszdn\Qrgani/c solvent |ike CH2Cl2, so that a reaction
m xture §s forned, and thessolvent is renoved fromthe reaction m xture
before or during purification of the product. Columm chromat ography, for
exanple, is used to purifying the residue to isolate the desired product.
[ 0258] 87, 89, 827 and 840 are prepared, from 526 by reaction with an
al cohol of founula RCOX, where X%is Cygor NHS and Ris I1C-12- (57), Ph-
(S9), CH2=CH (527), or 4-N3- 2 0 (840). In one enbodi nent, the
reaction occurs in a solvent, Qkas an organi c solvent |ike CH2Cl12, so
that a reac g 0 Ned oand the solvent is renoved fromthe
reaction xt ur eyjbef oreyor duriyg purification of the product. If
necessary, a baseg , suchy as triethylamne, is used in the
synt hesis. Al so, e.g., saturated sodi um bi carbonate) and acidic
washes (e.g., IN if needed to purifying the reaction m xture
and/ or ﬁpoduct, and are accConpanied by drying, if needed. |In another
enbodi ment, 540 is formed by reaction with an al cohol of fornula RCOX,
where R is 4-N1-2-0H C6H5 and X i ssAHS. Col umm chr omat ogr aphy, for
exanple, is used to purifying the residue to isolate the desired product.
[0259] S1 1 and 512 are prepared from S26 by reaction with a conmpound of
formula C6114- NCX, wherein Xis 0 (S11) or S (812). In one enbodi ment, the
reactlon occurs |n a solvent such as an organlc soIvent I|ke CHZG 2, so
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[ 0260] The isoners 813 and S14 are prepared from 826 by reaction with
phenyl net hoxyphosphonyl chloride (Ph(MeO)P(0)Cl). In one enbodi nent, the
reacti on woeue72iTi7a sol vent, such as an organi ¢ sol venrCTdisetwoas24net hyl ene
chloride. If necessary, abase catal yst such as triethylam ne may be used,
for exanple, by adding it to a reaction m xture formed by m xing the
reactants in a solvent. Al so, the reaction mxture is washed with basic
solution, for exanple saturated sodi um bi carbonate, if necessary. The

i soners are separated and purified, for exanple, using silica gel

chromat ography, [0261] 819 and 22 are prepared from 826 by reaction with a
conpound of forrmula N COQ, wheré\X is CH2-CH2 (S19) or(822). In one

enbodi ment, the reaction occurs presence of a solvent, such as an
organic soIvent such as nethyleﬁ \chloride. | f necessary, a base catal yst
such as tr/et : Q\dﬁe reaction m xture formed by m xing the
reactants a sq bgse (e.g., saturated sodi um bi carbonate),
acid (e.g., I N HQf wat er shes are used to renove unwant ed conmpounds
fromthe reactio ye, if ngeded. [0262] 820 and 523 are prepared from
an intergfdlate COonMpg > mula O MeONji Th Ph-CH , where R is CH2=CH
(S20) or=7(823). The internediate conpound is treated with H202. If
necessary, sodiumthiosulfate also is used to treat the intennediate. In
one enbodi nent, the reaction occurs in the presence of a solvent, such as
an organi c solvent, such as netﬂgnol (CH3EH), formng a reaction m xture.

The solvent is renbved fromthe Keaction m xh\ure after the reaction takes
pl ace and, if desired, the residis ved- i n anot her sol vent, such
as anot her organi c solvent , dtate. The reaction mxture is
washed wi t bas e . ed” sodi um carbonate) if desired to
renove unwant ed mpounds from t\nre reaction mxture. The reaction mxture
is dried (e.qg., ate) if it is washed with basic sol ution.
The final residue~Ns parnfi or exanple by colum chronmat ography, to
obtain tée final : WO 2007/ 024717PCT/ US2006/ 032405 [ 0263]
S57 is prepared from 526 and net hyl chl orooxoacetate. In an enbodi nent, the
reaction occtirs in the presence of a solvent, such as an organic sol vent,
such as nethylene chloride. A base catal yst such as idine is used as
necessary to facilitate or hasten the reaction. Th 'on m xture forned
by m xing the reactants and a s@] vent solution (e.g.,
sat urated sodi um bi carbonate), i di , and water.
Purification such as silic gel [0264] 536 is
pr epar ed fro 357 by reactj t ‘ I'n one enbodi nent, the
reaction t sol vent as An organi c solvent, such as
met hanol . The sol $ renove eaction mxture formed by m xi ng
| thereby formng a residue. The residue is
di ssolved in wate th anot her organic solvent, such as ether,
to renove. unwanted T 9 conpounds. The aqueous phase fromthe basic
washes is acidified and the product is extracted therefromusing an organic
solvent, such as nethylene chloride. Further purification is used if
necessary. [0265] 538 is prepargd in a manner simlar to 336, except a
conpound of fornmula is used as e starting material in the synthesis.
[0266] 344 is prepared by treating 336 with thionyl chloride to form crude
336-Cl. Excess thionyl chlorlde , is renoved fromthe reaction
m xture. Theagude 3 nTs dissolved in a solvent, such as an
organi c so?/ent hl ori de, and reacted w th nono- protected
(e.g., nono-Boc protected) cystam ne. A base catal yst such as pyridine is
used if desired, : ion m xture i s quenched with a basic solution
(e.qg., saturated b car bgnate). The reaction mxture forned by m xing
the cystS¥m ne and 336 Cl r8actants is purified. The protecting groups
(e.g., Boc) are renoved using an appropriate acid or base wash (e.g.,
trifluoroacetic acid in an organic solvent in the case of the Boc
protecting group). The final product then is purified, for exanple, using
chromat ography techni ques. [0267] 357 and 359 are prepared from 336-C1,
which is reacted with nethanol (357) or ethylam ne (S59). [0268] 343 and
345 are prepared from S36-cystam ne, which is prepared as di scl osed herein.
3-36 cystamne is reacted with an NHp_activated ester of an appropriate
azi do conpound to yield 343 and 345. The reaction takes place in a solvent,
such as an organi c sol vent.




- 102 - 10269] 537 is prepared from 526 by reaction with 4-nitrophenyl

chl orof ormat e ( NORC6HSOCOC1). The reaction takes place in a solvent and, if
desi red, wohasm2¢rral yst such as triethylam ne nay be ugeu/UusStde/srasti on

m xture formed by m xing the reactants and a solvent is washed with water
to renmove unwant ed hydrophilic conmpounds. The solvent is renoved fromthe
reaction mxture to forma residue, which is purified (e.g., using
chromat ogr aphy techni ques) to yleld 837. [0270] S6, 546-53, 864, 866, and
567 are prepared from 837 by regction h _an am ne of formula RNH2,
wherein NR is NH2 (846), NEt2 (5% ($S49), NHOH (851), in the
presence of a solvent, such as ar org@ni ¢ sokvent, such as DMF. |In one
enbodi nment , Iy ong eqU|v. of anﬁ\e |§/Qsed in the reaction.

Purificati S r exanpgke, /0y Si 02 col um chr omat ogr aphy.
[0271] 36, 346 5 567 al so are prepared from 826, via the
S26- phosgene i nt 26- phosgene internediate is forned by
reacting 826 with ] ) . /Thereafter, the S26-phosgene is reacted with
an am neS®f formul a RNH2, ere NRis NH2 (547),

(S50), (552), (853), (864), sol vent, such as an organic solvent. In one
enbodi nent, only one equivalent of amne is used in the reaction.
Purification is acconplished, fop exanple, by Si02 colum chromat ography. -
103 - WD 2007/ 024717PCT/ US2006/ 082405
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[0272] 855, 856, 858, and 860-63 are prepared from 327 by reaction with
HNILIR, , where a Hz (861), 1>J1(S62), or(863). The reaction occurs in a
sol vent, woeho7ae4mn or gani ¢ sol vent, such as chl or of or mpCrhise@iowsf40s m ng a
reaction m xture. The solvent is renoved fromthe reaction mxture to form
a residue, which is purified, for exanple, by silica gel colum

chromat ography to yield the final product. [0273] S69-75 are prepared from
868, via the S68-phosgene internediate. 868 is treated with triphosgene to
formthe intermediate, which in rnis jreated with an amne RNI-11, where
Ris NH2 (870), NEt2 (575), NHOH {\874), DAN—\872), and(873). The reaction

occurs in a solvent, such as an o5 sol vent, such as chloroform
thereby formng a reagtion s . & At is renoved fromthe
reaction nixture S e, OMpith i & purified, for exanple, by

silica gel colum o yield the final product. [0274] S76 is
prepared from 868 nmet hyl chl orooxo acetate. In an
enbodi ment, the reagt] S n the presence of a solvent, such as an
organi c sp{vent, such as nes ene' chloride. A base catalyst such as
pyridine is used as necessary to facilitate or hasten the reaction. The
reaction mxture fornmed by m xing the reactants and a solvent is washed
with basic solution (e.g., saturated sodium bicar @nate) acidic solution
(e.g. HO, and water. gr aphy yi el ds
S76. [0275] 877 is prepared from S76 by reacy/ion wt hydr oxi de. In
one enbodi ment, the reaction takes place in a\solvent, 4s an organic
sol vent, such as nethanol. The solvent is renoved frogr tion mxture
for med by m xing the reactants apd the soIventN eby T™Orm ng'@ residue.
The residue is dissolved in waten)and d i th anot her organlt sol vent,
such as ether, to renove unwant ed\\aydr conpounds. The aqukeous - 104
- phase fron1the basi c washes is/acidified and the product is extracted
+Qfit, such as nethyl ene chloride. Further
[0276] 878-881 are prepared by treating
crude 877-Cl. Excess thionyl chloride, if
any, is renoved f m xture. The crude 877-Cl then is
di ssolved in a sol ve stigh as /an organi c solvent |ike nethylene chloride,
and reacB®d with MX, where Ri's NHEt (878), NHPh (879), Nw(880), and
N1- 1C112-pyridine (881). The solvent is renpbved, and the residue is
purifi ed.

purificatio
577 with thionyl

520 0]
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[0277] 882 is prepared from868. 868 is reacted wth CH2CHSO2C1 in a manner
anal ogous to the production of S3. The product then is treated with HNRI R2
in a nmanEo 20Talzeyous to the production of S1 and 82, erceEftS2a0aB24NRI R2 i s
[0278] 883 is prepared from868. 868 is reacted with RCOCl, wherein Ris
in a manner anal ogous to the production of 87, 89, and 840. [0279] S84 is
prepared from 868 by reaction with benzyl brom de. In an enbodi nent, the
reaction_takes place in a solvent, such as an organic solvent |ike
nethyled%mchlorlde A base catalyst such as triethylamne is added as
necessary to catalyze the rea%}lon The reactioom xture forned by m xing
the reactants and the solvent \s purified to yyeld S84. [0280] 885 is
prepared from 526. S26 is react -butyl dicarbonate in a

sol vent, for exanple an organlr o i R ‘ i de. A base

m xt ure r ned Xk F ) is mashed with
saturated sodiu » tracted
wi th an organic &hd

a solvent, for

exanpl e an organi c sol verfi— i i B of/m a reaction
m xture. |If necessary, a base catalyst, such as triethyTanmne, is used in
the reaction. The reaction is quenched (e.g., in the case of triethylam ne,

exanpl e by col um
prepared by reacting S86
arried out in a

as triethylam ne
{on m xture

N\ Wat er ,

wi th nethanol) and concentrated. Purification,
chromat ography, yields 886. - 105 - [0282] :
with trifluoronethyl sul fonyl anhgdri de.
sol vent, such as an organic solv
i s added if necessary. In the cas
formed by HIXIng the reactants apd the sol vent
after which 230}

solvent. |f” desir¢§ \ gnesi um
sul fate), and thejp re concentrated. Purlflc;
concentrated organ s 887. [0283] S88 is prepared from S87 by
reaction of norphol Nve i +Henzyl i deneacet one) di pal | adi unm(0),
2-(di-tert-butyl phosphi no) - henyl , and pot assi um phosphate. The reaction
mxture is diluted with a | vent, such as nethyl ene chloride or another
appropri®t® organic sol vent, and washed with water. The aqueous | ayer,
formed by washing with water, is extracted with an organic solvent, such as
met hyl ene chloride. The organic layers then are dried (e.g., over magnesium
sul fate) and concentratedO The residue is purified, for exanple by silica
gel flash chromat ography, \o yield S88. [0284] S89 is prepared from S87 by
reaction mﬁb@xfenzenethiol and i-Pr2NEt in a solvent, such as CH3CN or

anot her appropriate S ent . After reaction, an organi c sol vent
such as ethyl aceflate i added t\po the reaction m xture. |If necessary, the
reaction mxture ||s washed with one or nore of acidic (e.g., HC), basic
(e.g. NaCH), and wa i After drying (e.g. with Na2SO), the
solution is concentr : rication, for exanple by chromatography,
yields 889. In an alternative, refluxing S87 wi th benezethiol in an
appropri &% solvent such as dioxanc with a catal yst such as

i - Pr2NEt / Pd2( dba) 3/ xant phos yi el ds 389. [0285] S90 is prepared from 587
reacted with a base, phenylboronlc acid, and a catalyst. In an enbodi nent,
t he base i lyst is (Pd(Ph3P)4) I n one enbodi nent, the
reacti on occurs such as an organic solvent, such as dloxane.
The reaction m xt orned y m xing the reactants and the solvent is
diluted with a somyg e. met hyl ene chl oride), and washed with water to
renmove unwant ed hydrophi$ic conpounds. Concentration and purification of
the residue yields S90. [0286] S92 is prepared from 887 reacted with zinc
cyani de. S2¢ an enbodi nent, the reaction occurs in a solvent, such as an
organi c solvent |ike DMF. A catal yst such as Pd(Pb3P)4 also is used to
facilitate and hasten the reaction. The reaction m xture formed by m xi ng
the reactants and the solvent, if necessary, is diluted with water and an
acidic solution and extacted with an organic solvent. The organic extracts
then are washed using a salt solution, dred, filtered, and concentrated.
Purification of the residue proceedss7 for exanple, by silica gel colum
chromat ography. [0287) 894 is prepared for 886 by reaction with acetic
anhydride. In an enbodi nent, the reaction takes place in a solvent, such as
an organi c solvent Iike methylene chloride. Triethylanne or another base
catalyst |s added as necessary. washlng mnth wat er, follomed by dry|ng
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[0289) 896 is prepared from 886 by iodination. For exanple, 886 is added to
a solvent, such as an organic solvent |ike nmethanol, with excess Nal and
Chl or am rwoRodte4Tieacti on m xture i s gquenched wi th Na2SP03/seé0doBrIns
Concentration and purification of the residue yields 596 as a m xture of
nono-i odi nated and di-i odi nated products. [0290] 897 is prepared from 586
by reaction with a nitric acid. 586 is protected (e.g., using the Boc
protecting groups) and added to goncentrated sulfuric acid. Nitric acid is
added to the reaction m xture. TRe react®in m xture is cool ed and
neutralized (e.g., using Na2CCB) ch the reaction. Organic extraction
and subsequent concentratlon |s isolate the product. Purification
159 298 drogenati on of 897. For exanpl e,
897 is add-d to a i such as an @rganic solution like nethanol. H2
gas i s bubbl ed thfough the soluti)on and Pd/ C catal yst or another applicable
catal yst i s added\_Fi Qt i ifi i
yi el ds ﬁg; [ 0292] Tgr
sol utio>%uch as aqueous this a solution of sodiumnitrite, and then
NaN3 in water, are added. The reaction mxture is extracted using an
organi c solvent. I f needed, the extract is washed with a basic sol ution
(e.g., saturated sodium bi carborfgte) and water. Organic |layers fromthe
washi ng are dried using, for exanple, anhydrous sodiumsulfate, and
concentrated to form a residue. gsidue is purified to yield 8100. To
prepare 899, NaN3 is _substisutedwith \NaBF4 in a simlar manner. [0293]

S 3 prepaked from S68. [0294] S101 may be
prepared from S68 Tr\ phosggne M\s reacted with S68 in the
presence of a sol ch as the ofQani c \§ol vent di chl orornet hane,

i 2 i y, a base is also present or
g reacton. Any suitable base may
s organic am nes |ike

added to scavenge aC|d gentg-ated duri kg
be used. For exanple, organic bases such
triethyl am ne, di-isopropylethylarnine or pyridine may be used. |norganic
bases s8#8h as as sodi um bi carbonat e may al 882be used. Then, wi thout the
need for purification, the reaction mxture containing the S68-phosgene is
treated with 1-pi peronyl pi perazine. If necessary, the reaction mxture is
washed with one or nore of acidicc (e.g., HCl), basic (e.g. NaOH), and water
sol utions. The solvents are renmoyed, for exanple under reduced pressure.

for exanpl e using Si02 col um
chromat ography. [0295] 8102 _nmype pregared from 868 using the same schene
as for S10L~" W exc&pti o, that pyperidine is used in the place of

pi per onyl pi per azi , S10% may @pared from S68 using the sane
schenme as for S1¢ t he exceptggn that N-Boc 1-piperazine is used in

t he pl ace of pipe seraziné. Also, trifluoroaeetic acid (TFA) is added
de-protegsd the Hoc group. ] S104 may be prepared by reacting S36 with
hydr ogen peroxide (1-1202) in the presence of a solvent (such as MeOH). The
solvents are renoved (for exanpl e under reduced pressure), and the S104
product can then be purified, for exanple by re-crystallization. [0298]
S105 may be prepared from 568 as foll 568 is be reacted with CH30-

Preferably, the CH30-C(0)C(0)Cl Shauld be added dropw se. |If necessary, the
reaction mxtyre is washed. wt pf _acidic (for exanple HCl),

basi ¢ (forexaml e N&ad) ~ and € sol vents are renoved and
t he product may iy
chr omat ogr aphy. B107 nmay/be prepared from S26 as follows. To a

solution of S26 f or mal dehyde (C1120) and
sodi umggyanobor ohy dr aBCNl - 13) are added and allowed to react.

Preferably, the reaction mxture is maintained at around pH 4-5, for
exanple by addition of a few drops of 1N HCl. The solvents are then
removed, for exanple under reduced pressure. |f necessary, the residue may
be dissolved in ethyl acetate and washed with with one or nore of a basic
solution (for exanple NaCH), and water. The solvents may WO

2007/ 024717PCT/ US2006/ 032405 be renoved, and the product may be further
purified, for exanple using Si2 eéfumm chronmat ography. [0300] 5108 may be
prepared as follows. A m xture of N benzyl oxyearbonyl-glycine (CbhzQy,),

Di i sopropyl -carbodiimde (DIC), and N-hydroxysuccinimde (NHS), are reacted
together in a solvent (such as the organic sol vent dichloronethane
(CH2C12)) for a SU|tabIe amount of time. 526 |s then added to t he nlxture
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[ 0302] 5110 rmay be prepared as follows. A m xture of S26, nethyl

1- bronoacetate and pyridine are reacted in DM for a suitable anpunt of
time. To wbizsomizxtiare, ethyl aceate is added, and if ne®eTamegos/ 081365
reaction mxture is washed with a basic solution (for exanple NaHCO3), or
wat er. The product 8110, as an oil, may be purified, for exanple by Si02
col um chromat ography. [0303] 8111 nmay be prepared as follows. A base (such

as 1IN Na is added to 5110 in a solvent (such as MeOH), and the m xture
is allo to react for a suitable amount of time. The solvents are then
removed, for exanple under reduced pressure, and the residue may then be

di ssol ved in an aqueous s
washed with ethyl acetate
around 4. The solvents ma

ution,Hsuch as water. The aq nhase nay be
d aciHified_forsexa Wi to pH of
bek?éﬁg;E@f/%or exanple und exjuced
pressure, The NaCl may be renoved us al cohol ,
such as ure %111 as a solid. [0304] 5112 ye prepared
as follows: Tdg 526 and pyridine in an solvent (suchlas the
or gani ¢ sol ven t hane (CH2C19)), 502Cl12 is added drop-%ﬁse at
around OC and reacted ¥0or a suitable anount of tinme. The solvents may be
renmoved, for exanple - 109 - WD 2007/024717PCT/ US2006/ 032405 under
reduced pressure. The residue can be dissolved in a suitable basic
sol ution, such as NaOH The agueous sol ution may then be wagped with ethyl
acetate, and acidified (for eXanple ﬂﬁth IN HCI)Sto ar ound 4. {ﬁe
aqueous phase may be extract?§§ag%5n W eyl avet at e t hyl
acetate phaseoevaporated, f or/exanpl e under reduced pressure, tlo provide
: SI\3 mayyjbe prepared as follows. S10
acetate is treat¢gd wwth CH3l.\The m xture is stirred for a suftabke anount
of time, and thellprodygt S113/ as white solid, is collected/by filtration.
[ 03061 8114 nay be~pfépae s follows. The conpound S26, 4 a solyent such
as the organi c sol vent C2C12 s i deal ly cool ed tQéarou d O\ To _rhis
solution, triphosgene, is added. Optionally, a base,is{also presént or
added toS‘Pavenge acid generated during the reacton. Angw.suifabl e base may
be used. "For exanple, organic bases such as organic am nes |ike
triethylam ne, di-isopropylethylamne or pyridine my be used. Inorganic
bases such as as sodi um bi carbonate may al so be used. Theeactjipn is
all owed to proceed (ideally @around gca for a suitable anmoiint of|tinme (for
exanpl e about 1 hour). Wtho t he peed fQr pukification,
S26- phosgene in the reaction jm re\hﬁy/gheﬁ/be featad” wi
gai b deattyyat arbund 0C, and the reaction i
bund ) fo? a suitable anmount of tine
dgssary, )the reaction mxture is washed wi th one or
more of acidic (tar_gxanpl e £l CH basic (for exanple NaOH), and wdbker
sol uti onS845 The sol vents e renoved and the product may be further
purified, for exanple by Si02 columm chromatography. [0307] S115 may be
prepared as follows. A mxture of S114 and Lawesson Reagent in toluene is
stirred at around 90C for severab hours. The m xture is cooled to room
tenperature and washed with a suif\abl e base, such as saturated NaHCO3. The
product S115 nmay be purified, for e by Si, chromatography. [0308]
8116 may be prepared as fol lows. /A nixtdre of 8115 and trifluoroacetic acid
(TFA) in a s sol'Ment (such as the organic sol vent
is stihred at around roomtenperature for a
sui tabl e anount off (f or exanpl e, about 2 hours). Evaporation of the
sol vents, for exanmy A reduted pressure, produces S116. [0309] S117
(S117) n§¥ be prepareg A solution of SO057 in a suitable sol vent
(such as te organi ¢ sol vent di chl oronet hane (CH2C12)) is cool ed to about
-78C. To this, 1M BBr3 a suitable solvent (such as the organic sol vent
di chl oronet hane (CH2C12)) is added, - 110 -

1- pi per azi ne,og
pr oceed (idégll
about 1 hour).
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WO 2007/ 024717PCT/ US2006/ 032405 and the m xture is stirred (still at about
78C) for a suitable amount of tinme (for exanple around 3 hours) and then
wSed to rwormdrwarature. |If necessary, the m xture is washsdoosiostaoman aci d
(such as IN BCl) and/or H20. After renoval of the solvents, the product
S117 may be purified, for exanple by Si 02 columm chromat ography. [0310]
S118 may be synthesized as follows. 826 in as suitable solvent a suitable
sol vent (such as the organic solgent dichloronethane (CHI Cl19)) is treated

wi th BODI PY TMR- X, SE (Mol ecul ar \r obes for a suitable amount of tine
(for exanple, around 3 hours). If\\necegSary, \the m xture may be washed with
an acid (such as 0. 01 N HC1) and/0r aNbase (sych as NaHCOB). Renoval of the
solvents, f er” Tediced prgéigig/ W yield S118. [0311] S119
| ows. m Xt ur 7, H20Q (for exanple around
50%, and an alcol h as MeQH), is stirred at ound room tenperature
for a suitable ang tlne (tgypically around N\ If desired, nass
spectronetry may be™&ed tor the di sappeafance of\ S107 and the

formati on of the S119 prodd%t) The sol vents may pveeh, for exanpl e
under reduced pressure, to give S119. [0312] S120 oe—;igthesized as

follows. A mxture S26, benzyl brom de and Na2CO3 i n a\sol vgnt (such as
DVF) , i $47eacted for a suitable amount of time, preferak overni ght. Ethyl
acetate is added to the reaction, and then, if necessary, the reaction is
washed with a suitabl e sol vent, f or exanple with H20 (4x10 m). The organic
phase may be concentrated, for e&xanple under reduced pressure, and the
residue may be purified, for exaWyple by colum chromatography to give S121.
[0313] S121 may be synt hesized a r,,8120,_ut using 4-0H benzyl brom de
instead of begzyl brom de. 03)4] S1X2 may be synthesized as follows. To a
cold solutjef 0 R Nn a solyent, such as the organic solvent in
CH2C19, DIEA is 3
The reaction is 3

and subsaguent |l acet oxyacetyl chloride is added.
Flomed to procegd f a suitable anount of tine, and then
di luted, (for ex.wolg,, | C1 aqueous solution) and extracted (for
exanplesm§|ng CHz2d ined organic |ayers may, if necessary, be
washed (for exanple Wi th H20 brine), dried (for exanple with Na2SO4),
filtered, and dried (for exanple by evaporation). The product may be
further purified, for exanple by chromat ography on a silica gel columm, and
may be eluted with a gradient increasing in pgls fromO to 50% of
petroleumin ethyl acetate. Rel i en be conbined to give
the desired product. WO 2007/ 0% [ 0315] S123 may be
synt hesi zed as follows. To a sol 22 in a solvent (such
as MeOH) and THF, preferably at ¥ is added LiOH The
reactlon:;;49 s a suitable anount of tine at a suitable
tenperature (idey tenperature, and may then be diluted (for
exanple with wt C1 aquequs solution) and extracted (for exanple
wth CH2C12). The ed organhic |ayers may be washed (for exanple with
1120, ngne) dri ed orxexanpfe with Na2SO4), filtered and dried (for
exanpl By evaporation). THe crude product nay be purified, for exanple by
chromat ography on a silica gel colum, eluted, for exanple with a gradi ent
increasing in polatity fromO to 70@6petro|eun1in ethyl acetate. Rel evant
fractions may then beO conbine®to give S123. [0316] It should be noted
that the conpounds used as star¥ ng | s for, or generated as
internediates in, the synthesis {ré conppunds of the invention, may
t hensel ves hgve structure assgd by the fornmulae of the invention,
and/ or may-T héng

| in the nmethods and
conposi tions of : i nkention. h starting materials and
i nt er nedi at es : inter cilia, treating or preventing
various di sorder N seases/associated with RyR receptors such as
muscul gsg and cardi ac di soO , treating or preventing a leak in a RyR2
receptor in a subject, or nodulating the binding of RyR and FKBP in a
subj ect. The present invention enconpasses any of the starling materials or
i nternmedi ates di scl osed herein that have structures enconpassed by Fornul a
|, 1-a, I-b, I-c, I-d, I-e, I-f, I-g, I-h, 1-i, I-j, I-k, I-1 or I-m
and/ or which are useful as active agents in the nethods and conpositions of
the present invention. For exanpl€0- n one enbodi nent the conpound 868,
which is useful as a starting material for the synthesis of conpounds 569 -
875, may be used for, inter alia, treating or preventing various disorders
and di seases associated with Ry-R receptors, treating or preventing a |eak
in a RyR2 receptor, or nodul ating the blndlng of RyR and FKBP |n a subject.
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[ 0321] A "pharmaceutical conposition” refers to a m xture of one or nore of
t he conpounds descri bed herein, or pharmaceutically acceptable salts,

hydr at es WO 2pe72diTiags t hereof, with ot her chem cal conp@®aEiSV6HBLINS as
physi ol ogi cal |y acceptabl e carriers and excipients. The purpose of a
pharmaceutical conposition is to facilitate adm nistration of a conpound to
an organism [0322] A "pro-drug" refers to an agent which is converted
into the parent drug in vivo. PrQ-drugs are often useful because, in sone
situations, they are easier to agyn nister than the parent drug. They are
bi oavai | abl e, for instance, by or adm ni strati on whereas the parent drug
is not. The pro-drug also has i Hsol ubility in pharnmaceuti cal
conpositions gyer th . For\exanpl e, the conmpound carries
protectlve,g(bu- : of f kyy hydrolysis in body fluids, e.g.
in the bloodstrea g active compound or is oxidized or
reduced in body fl the conmpound. 103231 A conpound of the
present invention a rmul ated as a pharnmaceutically acceptabl e
salt, e.g1, acid addition satrt, and conpl exes thereof The preparation of
such salts can facilitate the pharnmacol ogi cal use by altering the physical
characteristics of the agent without preventing its physiol ogical effect.
Exanpl es of useful alterations ig physical properties include, but are not
limted to, lowering the mailing\point to facilitate transnucosal

adm ni stration and increasing theWolupility to facilitate adm nistering

hi gher concentrati ons of the dru [ 03¢4] The term”phapnaceutically
acceptable/}ﬂ N ~ wddi ti o (ATei is syitable for or
conpatible“wth t xfment of\a pati €l Rj ect/such as a hunan
patient or an anlw as a dgg. [0325] Yhar maceutical |y
acceptabl e acid ad salt" used herei any non-toxic organic
or inorganic salt ofhany bsa npounds represented by Formula I. I-a, |-Db,
- 113 - B 2007/ 024717PCT/ US2006/ 032405 Pc, he, I-f, kg, kh,I-j, I-k, 1-1 or
km or any of their internedi ates. IIlustrative i norganic aci ds which form

suitable acid addition salts include hydrochloric, hydrobromc, sulfuric
and phosphoric acids, as well asQuetal salts such as sodi um nonohydr ogen
ort hophosphat e and potaSS|un1hydr gen sdl fatg. Illustrative organic acids
that formsuitable acid addition iy, and
tricarboxylic @cids such as Al oni ¢, succinic,
glutaric, fufaris, 1o pi ¢, benzoic,
phenyl acetic, cin lic acids, as well | foni c aci ds such
as p-toluene sulf sul foni c aci ds. nono or di-acid
salts can be fornedh_3 ts exist in either a hydrated, solvated or
substantggl | y anhydrous for general, the acid addition salts of
conmpounds of Formula I, I-a, I-b, I-c, I-d, 1-;1-g,1-k, I-1 and km are
nore soluble in water and various hydrophilic organic solvents, and
general ly denonstrate higher nelging points in conparison to their free
base forms. The sel ection of an Qpropriate salt will be known to one
skilled in the art. O her non-phalymaceutically acceptable salts, e.g.,

oxal ates, are used, for exanple, i solation of conmpounds of the

i nvention tfy/Q bor g e orNforysulisequent conversion to a

phar maceut i€al | y g : I't. 103261 The conpounds of

t he present inventf on fofm hydrat)es tes, which are included in the
scope of the clai . 0 the cofpounds of tfe present invention exist as
regi oi somers, configwdti oral__igoners) rmers or diasteroisoneric forns
al | suchS¥orns and various R xtures the are included in the scope of
Formula I, ka, I-b, I-c, I-d, ke, I-f, I-g, I-h,1-j, I-k, I-1 and km It is
possi ble to isolate individual isoners using known separation and
purification nethods, if desired. For exanple, when a conpound of the
present invention is a racenate, the racemate can be separated into the
(8)-conmpound and (P)-conpound by optical resolution. Individual optical

lic,
ic, citwic, Ascorb

i somers and m xtures thereof are included in the scope of Formula I, Ia,
l-b, I-c, I-d, Le, 1-f, kg, 1-21,1-j, I-k, I-1 and km 103271 The term
"sol vate" as used herein neans a conpound of Forrmula I, ka, I-b, ke, I-d,
T-e, I-f, I-g,1-j, I-k, kIl or km or a pharnaceutically acceptable salt

t hereof, wherein nol ecules of a suit@hl e solvent are incorporated in the
crystal lattice. A suitable solvent is physiologically tolerable at the
dosage admi ni stered. Exanples of suitable solvents are ethanol, water and
the Iike. Wien water is the solvent, the nolecule is referred to as a
"hydrate " 10328] The terntan "effectlve anDunt " "suff|C|ent anount" or
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- 114 - WD 2007/ 024717PCT/ US2006/ 032405 results, including clinica
results and, as such, an "effective anount"” depends upon the context in

whi ch it we 2b&imngriappl i ed. The response i s preventati vePamd/Sesostobanapeut i C.
The tem . "effective amount” al so includes that anount of the conpound of
Formula I, I-a, I-b, I-¢c, I-d, I-e, I-f, I-g, 1-h, I-i, I-j, I-k, 1-1 or
l-m which is "therapeutically effective" and which avoids or substantially
attenuates undesirable side effegts. [0329] As used herein and as well
understood in the art, "treatnenty\ is an approach for obtaining beneficial
or desired results, including clikycal results. Beneficial or desired
clinical results can include, ot limted to, alleviation or

anel i oration ' , dimnishnment of extent
of di sease,” st abi stat e\ of di sease, preventing
spread of disease]| del ay or sl owiyng of di segse progression, anelioration or
pall'iation of thelldi e her partlal or total),
whet her det ect abl e an al so nean prol ongi ng
survival as conpared to expéCted survi ff not receiving treatnent.
[0330] The terns "animal," "subject” atient" as used herein include
all nmenbers of the animal kingdom in , but not limted to, manmal s,
animals (e.g., cats, dogs, horseg ~dnd humans. [0331] The present
invention further provides a conposition, conprising radio |abeled
conmpounds of Formula I, I-a l-c, Pd, I-e, I-f, I-g, I-hI-j, I-k, I-1
and |-m Labeling of the co i's acconplished using one of a variety
of different radioactive |ﬁ own in the art. The radioactive | abel of
t he present invention is, N ex3 pl e, a radioi sotope. The radi oi sotope is
any isot¥de that enmts detechabte radiation including, without limitation,
35S, 1251, 3H, or '4C Radioactivity emtted by the radi oi sotope can be
detected by techniques well known in the art. For exanple, gamma em ssion
fromthe radioi sotope is detect usi ng gama i magi ng techni ques,
particularly scintigraphic inmagi [0332] By way of exanple, radio-I|abel ed
conpounds of the invention are pr ed as follows. A conpound of the

i nventi on may be denethylat using BBr3. The resulting
phenol co -l abel ed net hyl ating

agent (such as 3 ' ) i Npresence of a base (such as Nan)
to provide 3H | abg i nvention further

provi des conpound 12 NE 47 benzot hi azepi nes,

i ncluding, by way o . ymtation, S, S2, S3, 54, S5,

S6, S7, 59, S11, S12, S13, S14, S19, 2 S22, S23 825, 526, S36, S37,
S38, 540, 843, S44, - 115 - $45, 7, 848, 849,

S56

S57 S

-62 -



S50, S51, 852, 353, Sh4, Shb5, Sh6, 857, 558, Shb9, S60, 861, S62, S63,
566, S67, S68, S69, S70,
WO 2007/024717 PCT/US2006/032405
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S71, S72, S73, 374, S75, 576, S77, 578, S79, 880, S81, 582, S83, S84,
S86, 587, S88, S89, S90,

WO 2007/024717 PCT/US2006/032405
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891, S92, 893, 594, 595, 896, S97, 898, 899, S100, S101, S102, 8103, S104,
S105, 8107, S108, S109, S110, S111, S112, S113, S114, S115, S116, S117,
S118, S1NQ 267204719121, S122, and S123. [0334] These an@Carns2@iciogr403
conmpounds of the present invention are associated with a pharmaceutically
acceptabl e carrier, as described above, so as to forma pharnaceuti cal
conposition. [0335] In accordance with the nmethod of the present invention,
the decrease in the |level of RyRybound FKBP is [jmted or prevented in the
subj ect by decreasing the |evel phosphorﬁhar€§§ByR in the subject. In
one enbodi nent, the anmount of the\agent effeqtive t linmt or prevent a
BP12.6 \n t subj ect is an anount of
tfure, atrial fibrillation
rrhyt n the subject. In another
enbodi nent, the afount o the aggnt effective to limt or prevent a
decrease in the | RyR2- bond FI CBP12.6 in the subject is an anount
of the ent effecttEt oNqrevent exerci se-i nduced sudden cardiac death in
t he subﬁggt. [0336] In vi ewpof the foregoi ng, the present invention further
provides a nethod for treating or preventing exercise-induced cardiac
arrhythm a i n.a% bjegf?’bﬁgmﬂjsing adm ni stering to the subject a

1, 4- benzot hifazepi M&ytonpoundy, as di scl osed herein, in an amount effective
to treat or |} fknduced cardiac arrhythm a in the subject.
Simlarly, th 4 on provides a nethod for preventing

exer ci se- i nduegg=STldte, argfac death in a subject, conprising
admi ni stering to the subféct a |, 4-benzot hi azepi ne conpound, as di scl osed
herein,§6? an amount effective to prevent exercise-induced sudden cardi ac
death in the subject. Additionally, the present invention provides a nethod
for treating or preventing atrial fibrillation or heart failure in a

subj ect, conprising administ{@ing to the subject a conpound, as disclosed
herein, in an anobunt effectiNe to treat or prevent the atrial fibrillation
or heart failure in the subPagt. Ln e nmet hods, the conpound is
sel ected fromxt comgNunds conpounds of the

formula: - 1 wher ei n ik | ocated at one or nore
posi tions on gnzene rfng;

S69

and/ or exe cise-ilduce-

S70
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each R is independently selected fromthe group consisting of H hal ogen,
-OH, -NH2, -NO2, -CN, -143, -SO03H, acyl, alkyl, alkoxyl, alkylam no,

cycl oal kywo 2beteesacycl yl , hoterocyclyl al kyl, al kenyl, (Rerarsesosaszh;
(hetero-)arylthio, and (betero-)aryl am no; wherein each acyl, ailcyl,

al koxyl , al kyl am no, cycloal kyl, heterocyclyl, heterocyclylal kyl, alkenyl,
(hetero-)aryl, (hetero-)arylthio, and (hetero-)arylam no may be substituted
wi th one or nore radlcalgntydependently selected fromthe group consisting
of hal ogen, N, O, nitro, oxo, acyl, alkyl, alkoxyl,

al kyl am no, al kenyl, aryl/ﬂéhetero ) cycl oal kyl, and (hetero-)cyclyl; Rl is
sel ected from tk Y% Ckyl, al kenyl, aryl,
cycl oal kyl, a ocyal yl ; P 3 kyl \ al kenyl, aryl,
cycl oal kyl, a -|erd3§?1yl 3 : th one or nore radicals

i ndependent |y 3« om t he™g ing of halogen, N, 0, -S,
-CN, -N3, -SH, nitro} oxo, acyl, alkyl, alkoxyl, alkylam no, alkenyl, aryl,
(het ero-) &Ykl oal kyl, and (hetero-)cyclyk R2 is selected fromthe group
consisting of H -C=QR5), -C=S(R6), -802R7, -POR2R9, - (d2)mRio, alkyl,
aryl, heteroaryl, cycloal kyl, cycloal kylallcyl, and heterocyclyl; wherein
each al kyl, aryl, heteroaryl, cycloal kyl, cycl oal kyl al kyl, and heterocyclyl
may be substituted with one or nore radicals independently selected from
the group consisting of halogen, N, 0, -S-, -CN, -N3, nitro, oxo, acyl,

al kyl', al koxyl, al kyl am no, Chlkenyl aryl, (betero-)cycloal kyl, and
(hetero )cyclyl R3 is sele ted frontthe group consisting of H, CQY,
CONY, acyl, alk I ; and heterocyclyl; wherein
each acyl, alky eny

substituted Wt or Ns iAdependent|ly selected fromthe WO
2007/ 024717PCT/ U é) 405 group consi styng of halogen, N, 0, -5-, -CN
-N3, -SH, nitro, oxo, acyl, alkyl; alkoxyl, alkylam no, alkenyl, aryl,
(hetero-ggycloalkyl, and (hetero-)cyclyl; and wherein Y is selected from
the group consisting of H allcyl, awl, cycloal kyl, and heterocyclyl; R4 is
sel ected fromthe group consisting of 11, alkyl, al kenyl, aryl, cycl oal kyl,
and heterocyclyl; wherein each al kyl, al kenyl, aryl, eycloal kyl, and

het erocycl yl nmay be substituted with one or nore radicals independently
selected fromthe group consisting of halogen, N, 0, -5-, -CN, -N3, -SH,
nitro, oxo, acyl, alkyl, alkoxyl, alkylamno, atkenyl, aryl,
(hetero-)cycl oal kyl, and (héDero-)cycIyl; R5 is selected fromthe group
consi sting of -N12. 16, NHNHR , NHOH, -01215, CONH2M R16, CO21243, CONR4G6,
CH2X, acyl, alk S | kyl . Myl oal kyl al kyl, heterocyclyl; and

het erocycl yl al K Y e| eac cyI alkenyl, aryl, cycloal kyl,
erocyc t e cycIyIaIkyI may be substituted
2 Is |ndepe ent M sel ected fromthe group consisting

cycl oal kyl al kyl

with one or noré

of hal oggn, N, O, N3, nitro, oxo, acyl, alkyl, alkoxyl,

al kyl am no, alkenyl, aryl, (hetero )cycl oal kyl, and (hetero-)cyclyl; R8 is
selected fromthe group consisting of -ORB, NHN ZI 6, NHCH, CH2X, acyl,

al kenyl, al kyl, aryl, cycloal kyl, cycloal kyl al kyl, hcterocyclyl, and

het erocycl yl al kyl ; wherein eacpyacyl, al kenyl, alkyl, aryl, cycloal kyl,
cycl oal kyl al kyl , heterocyclyl,™nd heterocycl yl al kyl may be substituted

with one or nore radicals independently selected fromthe group consisting
of hal ogen. N, O, Ed 0 acyl, al kyl, al koxyl,

al kyl am no, al aryl, eter &ggﬂrbalkyl and (hetero-)cyclyl;, R7 is
sel ected fromtlhe group consi\sting of-0B. 13, -NR16,NHNH1216, NHOH, CH2X,

al kyl, aryl, c cyl, cyfl oal kyl al kyl, heterocyclyl, and

het er ocycl yl al ky™ ered ach al kyl, aryl, cycloal kyl, cycl oal kyl al kyl,
het erocycl yl, and heter®styclyl al kyl may be substituted with one or nore
radi cal 4|ndependently sel ected fromthe group consisting of hal ogen, N, O,
-S-, - -N3, nitro, oxo, acyl, alkyl, alkoxyl, alkylam no, alkenyl, aryl,
(hetero )cycloalkyl and (hetero )cyclyl R8 and RO i ndependently are
selected fromthe group consisting of OH acyl, alkenyl, alkoxyl, alkyl,

al kyl am no, aryl, cycloal kyl, cycloal kyl al kyl, heterocyclyl, and

het er ocycl yl al kyl ; wherein each acyl, al kenyl, al koxyl, alkyl, alkylam no,
aryl, cycloal kyl, cycl oal kyl al kyl, heterocyclyl, and heterocyclyl al kyl may
be substituted with one or nore raggcal s i ndependently selected fromthe
group consisting of halogen, N, 0, -S-, -CN, -N3, nitro, oxo, acyl, alkyl,
al koxyl , al kyl am no, al kenyl, aryl, (hetero-)cycloal kyl, and
(hetero-)cyclyl; - 118- WD 2007/024717PCT/ US2006/ 032405 Rio is sel ected

frontthe group consisting of NI-12, OH -S02R11, -NHSO2R1i, C;O(Rlz)

M IS T ™A /~\ NN NS A N\ N 1 FNANNA A INA A —~aA A A N A N 1l A A D Y T

and heterocyclyl my be

Vﬁ\jyclo.
arnaqvg cl oal




Xis selected fromthe group consisting of halogen, CM CO212.13,

CON- R16- NR16, -O0R15,- SO2R7, and -POR3129; and R15 and R16 independently
are sel ecweadodvaamiirhe group consisting of H acyl, alLkemgirjusasdeozzsbs al kyl ,
al kyl am no, aryl, cycloal kyl, cycl oal kyl al kyl, hcterocyclyl, and

het erocycl yl al kyl ; wherein each acyl, al kenyl, al koxyl, alkyl, alkylam no,
aryl, cycloal kyl, cycloal kyl al kyl, heterocyclyl, and heterocyclyl al kyl may
be substituted with one or nore radicals independently selected fromthe
group consisting of halogen, -N, -0-, -S-, -CN, -N3, nitro, oxo, acyl,

al kenyl, al koxyl, al kyl, alkyl anj am no, aryl, cycloal kyl,

cycl oal kyl al kyl , heterocyclyl h erocyclylalkyl and hydroxyl, and wherein
each substituted acyl, aIkenyI koxyl aIkyI alkylanino, aryl,

cycl oal kyl , cycIoaIkyIaIkyI he and heterocyclylal kyl radica

¢ mnth]one dﬂ e radi cal s i ndependently sel ected
ng of hal ogen, - -0-, -S, -CM -N3, nitro, oxo,
acyl, al kenyl, al kyl , Ikylanlno anino, aryl, cycl oal kyl ,
cycl oal kyl al kyl , 108 cIyI, het er ocycl yl al kyl, and hydroxy; and salts,
hydr at es, sol vat es,~onpl 7 and prodrugs thereof. 10337] Exanpl es of
such conmpBunds include, wthout limtation, Si, 82, 83, S4, S5, 86, 37, 89,
511, 512, 813, S14, 819, 820, S22, 823, 825, 326, 836, S37, 838, 840, 843,
844, 845, 546, 847, S48, 549, 850, 851, 852, Sb3, 854, 855, 856, 857, 858,
359, 860,

O

may itself be sub
fromthe group cf

N OMe

S76
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561, 562, 863, 864, 866, 867, 868, 869, 870, 371, 572, 573, 574, 875, 576,
377, 878, 879, 880, 881,
WO 2007/024717 PCT/US2006/032405
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582, 583, 884, 885, 386, 887, 888, 889, 390, 891, 892, S93, S94, 895, 896,
397, 898, 899, 8100,
WO 2007/024717 PCT/US2006/032405
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5101, 3102, 8103, 8104, 8105, 8107, 8108, 8109, 3110, S111, 8112, 8113,
5114, 8115, 8116, 8117, S118, 8119, 8120, 8121, 8122, and S123. - 119 - WO
2007/ 024 M OR@0282006/ 032405 [0338] I n an enbodi ment of PCHAISPEEHEIINS
invention, if R2is C-=0(R3) or 802117, then Ris at positions 2, 3, or 5
on the benzene ring. [0339] In another enbodi nent of the invention, if R2
is CQ(R5) or 302R7, then each R is independently selected fromthe group
consisting of H halogen, -OH -NH2, -NO2, -CN, -N3, -S03H, acyl, alkyl,

al kyl am no, eyel oal kyl heterocyd[&l, het er ocycl yl al kyl, al kenyl
(hetero)aryl, (hetero-)arylthio, Hgnd (hetero-)aryl am no; wherein each acyl,
al kyl, al ko gylkylanino, cycl kyl , heteroc, yclyl, heterocyclylal kyl,

al kenyl, (h £33 '-teﬂﬂ)aryléSﬁ}hﬂ d (hetero-)aryl am no nay be
substituted with o pre rayi cals i ndepéndently selected fromthe group
consi sting of hal od 0, -&, -CN, -N3, -SH, nitro; oxo, acyl, alkyl,

al koxyl , al kyl am no, ryl, (hetero-)cycloal kyl, and
(hetero-)cyclyl. [0340] I n\Another enbodi ment of the invention, if R2is
C=A Rs) 802R7, then there are at |least two R groups attached to the
benzene ring. Furthernore, there are at |least two R groups attached to the
benzene ring, and both R groups are attached at positions 2, 3, or 5 on the
benzene ring. Still further, each Ris independently selected fromthe
group consisting of H, hal ogen, 14, -NH2, -NO2, -CN, -N3, -S03H, acyl,

al kyl, al kyl am no, cycl oal kyl, hqterocyclyl, heterocyclylal kyl, alkenyl,
(hetero-)aryl and (hetero)arylam no; wherein each acyl,
al kyl, al koxyH . M(é erocyclyl, heterocyclyl al kyl,

al kenyl, (hetcro-)3 -)ar é% ~3and (hetero-)arylam no may be
substituted with o pre ragli cal s i ndependently selected fromthe group
consi sting of hal ogs NGO, -5, -CN, -N3, -SH, nitro, oxo, acyl; alkyl,

al koxyl, al kyl ami no, al ken87aryl, (hetero-)cycloal kyl, and
(heteroS8éyelyl. [03411 In another enbodi ment of the invention, if R is
0=0(R5), then R5 is selected fromthe group consisting of -NR16, NHNHR16,
NHOH, - ORB, CONH2NFI R15, CON1116, CH2X, acyl, aryl, cycloal kyl,

cycl oal kyl al kyl , heterocyclyl, and heterocyclylal kyl; wherein each acyl,
aryl, cycl oal kyl, eyel oal kyl al kyl , Aheterocyclyl, and heterocyclyl al kyl may
be substituted wiOh one or nore ragfcals independently selected fromthe
group consi ié}l_ L{Balogen, N, 0, XS-, -CN, -N3, nitro, oxo, acyl, alkyl,
al koxyl, al Ky3'aniyo, Yalkedyl ~ aiMl, (G&Mes; ) cycl oal kyl, and
(hetero-)cyelyl. @ffica r:;;z%}ations [0342] As denonstrated by Figure
1, enbodinents A B, C g \D, 836 is nore potent at increasing the binding
of FKBP1Z, 6 and RyR2 than JTVS5T9 and does not bl ock the L-type Ca2+
channel %Yca,L) or HERO I C00. In enbodi nent A, PICA phosphorylated - 120 -
WO 2007/ 024717PCT/ US2006/ 032405 RyR2 is generated as follows: cardiac SR
menbr ane preparations (5 pl, 50 jig) are added to a total of 100 pl of

ki nase buffer (8 mM MyCl2, 10 nM EGTA, 50 nMIris-PIPES, pH 6.8) containing
100 pl VI MUATP and 40 units of PI@, and incubated at roomtenperature.
Sanpl es are centrifuged at 95,000/|g for 10 min and the pellets are washed

three tines iM 0.2 nm imdazole fer. The final pellets are pooled and
resuspended Qn i M ' dN (fi @QICNhbgsentration 10 pg (pi). To test
for the FKBPD2—€ r el fikiency of STY-519, PICA phosphoryl ated
cardiac SR (50 ng) i ed/for 30 mnutes at roomtenperature with the
test conpounds and 2 2.6 in 10 mMimdizol buffer, pl-1 7.0.

Sanpl essgghen are centrifuged at 100,000 g for 10 m nutes and pellets washed
3 times with imdizol buffer. After washing, proteins are size-fractionated
on 15% PAGE. | nmunobl ots are devel oped using an anti-FKBP anti body (1:3, 000
dilution). The anmpunt of rebinding is quantified using densitonmetry of
Western blots and is conpared to the anount of FKBP associated with RyR in
non- phosphoryl ated SR EC50's for the conpounds are determ ned by
generating FKBP bindi ng data using concentrations of conpounds ranging from
0.5-1000 nM In enbodi nent B, currents through L-type Ca2+ channels in

i sol ated nouse cardi omyocytes are recorded using whol e-cell patch clanmp
recording conditions with Ba2+ as the charge carrier. The extracel |l ul ar
solution contains (in mVM: N nethyl-D glucam ne, 125; BaCl2, 20; Csd, 5;
MyCb, 1; HEPES, 10; glucose, 5; pH70.-4 (1-1Cl). The intracellular solution
contains (in mMM: Csd, 60; CaCl2, 1; EGIA, 11; MCi2, 1; |C2ATP, 5; HEPES,
10; aspartic acid, 50; pH 7.4 (CsOH). Under these conditions, it is
expected that the neasured current was carried by Ba2+ primarily through
L-type cal cium channels which is referred to as Ica, E. Drugs are applied by
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WO 2007/ 024717PCT/ US2006/ 032405 telemetry in an untreated FKBP12.64/- nouse
(upper tracing) subjected to exercise testing, imediately foll owed by

i nj ecti orwoi2bdr/@4B7g epi nephrine per kil ogram of body wergisto06/032405
Representative telemetry ECG recording of a JTV-519-treated FKBP12. 6+/ -
nouse follow ng the sane protocol is shown in the bottomtracing. In

enbodi nent C are shown nunbers of mce with cardiac death (left), sustained
VTs (>10 beats, mddle), and nonsustained VIs (3 to 10 arrhyt hnogenic
beats, right) in experinmental groups of mice subjected to exercise testing
and injection with 0.5 ng/ kg epineghrine. In enbodiment D, the

dose- dependenge-of pharmacol ogi cal {leffects of JTV-519 and 836 i s shown.
Pl asma | evel JS : 3 @gi ac arrhythm as and sudden
cardi ac deat i FKB i ce.

e s of 1 p,Mand 0.021.t.M 836
al so prevent cardi ac ¢ hnif;)and sudden cardi ac death in
FI CBP12. 644-mi ce. [03MMEF 3 shows the results of treated mce that
are subjected to permanent |iation of the left anterior descending

coronar 2;grtery resulting in myocardial infarction. [0345] As denonstrated
by Figure 4, 336 inproves cardiac function in chronic heart failure
post-nyocardial infarction. Wld-type mce are subjected to pernmanent
ligation of the left anterior descending coronary artery resulting in
myocardi al infarction. Seven days follow ng myocardial infartion, mce are
treated with 836 (plasma concentrg{ion 200 al 1/1) or placebo. Heart wei ght
to body weight (HWBW ratios and\-pressure-volune | oops quantifications

(dP/ dt, slope, of the maxi num deriyfati ve of change in systolic pressure over
time) show rg S¢e renmdel i_ag I (9 cardiac contractility in
' wi th Rl ace o.“ﬁ 6] Figure 5 is a summary graph

836-treated ™
of EC50 val ues OfJT and corppounds 81-867 di scl osed herein. The
FKBP12. 6 rebi ndi ng assgyg-described above is used to determ ne the anmount of
FI CBP12..68.binding to PKA-ph&%phoryIated RyR2 at various concentrations (0.5
- 1000 é%? of the compounds shown. BCH, val ues are cal cul ated using

M chael i s-Menten curve fitting. [0347] Figure 6, enbodinents A B, and C
show CPVT-associ at ed RyR2-P2328S channel function and structure. In

enbodi ment A are shown representative single-channel current traces of

RyR2- P2328S and RyR2-WI whi | e epbodi nent B shows RyR2-P23283. Enbodi nent C
shows i mmunobl ot anal ysis of cal $tabin-2 binding of RyR2-P23283. [0348] As
denonstrated by Figure 7, enbodi gents A and B, treatnment with JTV-519

reduces PI CA phosphag ice with heart failure. Equivalent
anount s of 5 TRy opr ecl pi t ate B an anti body agai nst RyR2 (top
bl ot). Representat nobl ot s (enbodi nent A) and bar graphs (enbodi nent
B) show t he anount™~Qf BrCA phosphoryl ated RyR2 at Ser-2808 bound to RyR2 in
wi | d-type and cal st abi n2( FBBP12.6)-/- mice. Treatment with JTV-519 (0.5

ng/ kg/ h) for 28 days post-nyocardial infarction reduces Pl CAphosphorylation
of RyR2, presumably due to reverse cardiac renodeling, in wldtype but not
cal stabin-2 (FKBP12.6)-R mice. [0349] As denonstrated by Figure 3,

embodi Bt s A and B, nice in which cardiac RyR2 cannot be PICA
phosphoryl at ed (RyR2-S2808A knocicin mce) have inproved cardiac function
foll ow ng nmyocardial infarction. Shown in enbodinment Ais the
guantification of Mnode echocardi ograns show ng i nproved ejection fraction
in RyR2- S2808A knockin mce conpared with wil dtype 28 days foll ow ng

per manent coronary artery ligation. Shown in enbodinents B and C are
pressure-vol une | oop quantifications show ng (enbodi nent B) i nproved
cardiac contractility and decreased cardiac dilation (enmbodinent C) in
RyR2- 82808A Icnocicin mce conpared with wildtype foll ow ng nyocardi al
infarction. [0350] Figure 9, enbodinments A, B, C, and D denonstrate the
effect of JTV-519 on cal stabin2 affinity to RyYR2 in hapl oi nsufficient

cal stabin2 (FI CBP12.6)+/- mce after exercise. The average probability that
RyR2 channels will be open in cal stabintk m ce subjected to exercise were
significantlyincreased conpared to those of channels from exercised wld
type (control; cal stabin2+/) mce, which are predom nately closed under
conditions that sinulate diastole in the heart. As shown in enbodinents C
and D, treatnent of exercised cal stabin2+/- mce with JTV-519 significantly
reduced the channel open probabil F7y-(Po) conpared with that of channels
fromexercised mce that were not treated, consistent with increased
anounts of calstabin2 in the RyR2 channel conplex. Therefore, JTV-519

i ncreases the binding affinity of calstabin2 to RyR2. In contrast, JTV-519
treatnment of exercised CalstabinTIL deficient mce did not result in
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type trace, thereby indicating that JTV-519 can nornalize RyRl channel
function in mix mce. [0354] The data of Figure 11 are consistent with

i ntracel Iwbapo78R41Ga2+ | eak via RyRl channel s as the caugeTafS20mmsrased
cytosolic Ca2+ | eak in skeletal nuscles from nmdx (dystrophin deficient)

m ce. [0355] Figure 12, enbodi nents A and B, denonstrate that ndx skel et al
nmuscl e has normal | evels of RyRl PI CA phosphoryl ation, but depleted |Ievels
of cal stabinl. The i munoblots in enbodi mrent A show that ndx type mce have
depel eted | evel s of cal stabinl conpared to a control (wld-type) nmouse. The
summary bar graphs of enbodi nrent B show that the ndx nouse, neverthel ess,
has an equi val ent | evel of PICA-p phoryl ation. Therefore, it is concluded
that cal stabinl depeletion is a defject that is consistent with the

intracellular Ca2 | eak observed i kel etal muscle cells from/mx mce and
nmyof i bers fronNW{i}a at Lon -:rn<3§?c2&¥ acel lular SR Ca2+ leak is
likely to contri but g nyof i bery deat stlng of nuscle mass by toxic
intracel lular Ca2+ g gad and Activation of proteases. [0356] Figure 13,

enbodi mrents A, B, and nsyrates that SR Ca2t |eak at the subcellul ar
| evel in skeletal nuscles oOaninmals with heart failure is detectable. Life
quality and prognosis in heart failure (W patients is severely decreased
due to sk¥2etal nuscle dysfunction (e.g., shortness of breath due to

di aphragmati ¢ weakness, and exercise intolerance due to |inb skeletal
nmuscle fatigue) in addition to depressed cardiac function. Dysregul ati on of
intracel lular SR Ca2+ rel ease is a pat hogeni c nechani sm underlyi ng skel et al
nmuscl e dysfiniction in HF. HF in aninmals causes significantly accel erates
intrinsic skeletal nuscle fatigue. [0357] Enbodi nents A and B of Figure 13
are AF/F fluorescence |line scan imagps of representative exanples of Ca2-L
sparks in nmyofibers from sham and gﬂ\\nyocardlal infarction (PML) rats and

correspondln rk time nbodi ment C shows the relative
di stribution ﬁ%ﬁﬁéR@g ' e

ges of the Ca2+ sparks. Charts
i ndi cate 25, 50, 75 per{ t e horlzontal i nes indicate the range
from 1-99% of the distriby

am open synbols (ii = 137, three
anlnals)Szﬁostnyocardial i nfarétion (PM), gray synbols (n = 82, two

ani mal s)?>°*, P <0.05. FDHM full duration at 50% peak anplitude; FWAM full
wi dth at 50% peak anplitude. [0358] Figure 14, enbodi nents A and B,
denonstrate that treatnent of wild-type mce with 1TV-519 i nproved sol eus
nmuscl e fatigue tinmes conpared with placebo. Sol eus nuscles from WO

2007/ 024717PCT/ US2006/ 032405 JTV51Qytreated wil d-type mice or cal stabin2
mce with heart failure fron1nyoca dial infarction are nore resistant to
fatigue (Pc 0~Q5) ¢® o-treated mce. After conpletion of
treatnent, sol egQf nusy s di ssect CHHH&yDunted in atissue bath to
assess isol at ed l5kel ef unction. Representative 50% of maxi ma
tetanic force f&¥igue gs are shown for wld-type and

cal stabin. 2-1- mce, th JTV519 or placebo, in enbodinent A In
enbodi n8p4 B are shown bar graph summarizing nmean tinme to fatigue. [0359]
In summary, JTV-519 treatnment inproved skeletal nuscle fatigability in
heart failure animals in vivo. Interestingly, in calstabin2-1- knockout
mce, fatigue tinmes were also significantly inproved in JTV519 treated

m ce, suggesting that the beneficial effects on isolated skeletal nuscle
functi on depend on cal st abi nl éXd not cal stabin2 bi nding to RyRl. | ndeed,
cal stabinl appears to be the op]y isofonn of functional significance

expressed in 2@. éﬁg&qFlgure 15, enbodi nents A and B
dermonstrates that puse\node ®®st-nyocardial infarction heart
musclye is al so PKA-hyperphosphoryl ated. Both in

failure. RyR
wi | d-type ano | M ce, JTV-519 increased binding of cal stabin
suggesting that JTV-519 i nproves skel etal nuscle

to RYRL in sol ¢
fatigability bQ)nornaI|2|ng cal stabinl rebinding to the channel conpl ex.
EqU|vaﬁgﬁt anounts of RyRlL were i munoprecipitated with an anti body agai nst
RyR1l. Enbodi nent A provides bar graphs show the anount of PICA
phosphoryl ati on of RyRlL at Ser-2844 in mce (corresponding to human
Ser-2843). The significant decrease of RyRl PI CA phosphorylation in JTV519
treated wild-type aninmals is likely resulting from beneficial cardiac
effects and secondary reduction of7synpathetic nervous activity. Enbodi nent
B are bar graphs show ng the anount of cal stabinl bound to RyRl from

wi |l d-type or calstabint mce treated with JTV519 or placebo. Mce were
treated with JTV519 by inplantable osnotic mnipunps using a dose of 0.5
ng/kg/day In sumary, JTV—519 treatnent resulted |n a hlghly 5|gn|f|cant



[ 0365] Figure 19, enbodi nents A and B, denonstrates the depletion of
stabilizing cal stabinl and Pl CA hyperphosphorylation of RyRlL channels from
sust ai nedwexerizsH7 Aer obi ¢ exerci se can be defined as a&cfrarsnosfiphysi cal
exercise that increases the heart rate and enhances oxygen intake to
i nprove performance. Exanpl es of aerobic exercise are running, cycling, and
swimm ng. During the study of Figure 19, mce were challenged by aerobic
exercise (forced swimmng) for 90 mins twice daily. The animals were
accustonmed to swinmming in preHq nmnary training sessions: day -3 twice 30
mns, day -2 twice 45 mns, d -1 twice 60 mins, day O and follow ng tw ce
90 nins Mce were then exercllsed for 1, 7, or 21 addi tional, consecutive
days for 90 SW nmm ng sessions separated by a 4
hour rest perio C%éi%ﬁ kept warth and gi ven food and water. An

po

adj ust abl e-current was used to exercise mce by swinmmng. An
acrylic pool (90 5 c.du wwde x 45 cmdeep) filled with water to
a depth of 25 cmlwas use?d. A current in the pool was generated with a punp.
The curr¥it speed during the sw nming session was at a constant speed of
11/mn flow rate. The water tenperature was maintained at 34C with an
el ectric heater. Age- and wei ght-matched m ce were used to exclude
di fferences in buoyancy frombody fat. [0366] Using forced swinm ng as an
efficient protocol to increase gkeletal muscle aerobic capacity in nce,
t he conposition and phosphoryl on status of the skeletal RyRl channel
conpl ex have been investigated. |[[Unexpectedly, after 3 weeks of 90 nuns
swi mm ng twi cq@ni 336 gggép(xashomed significantly increased
RyR1l phosphoryl atig ile Zal noduli n kinase Il (CaMKH)
phosphoryl ati on wa chang d indicating specificity of the stress
pat hway RyRl prote e n was stable, however, RyRl channels were
depl eted of t IHtab|I|z|~a subunit cal st abinl (EKBP12) It has been shown
that Ry hyper phosphoryl ati on and cal stabinl depletion are consistent with
| eaky channel s that cause intracellular SR Ca2+ | eak. [0367] RyR1l
channel s are PI CA. hyperphosphoryl ated and depleted of the stabili zing
cal stabinl subunit after 3 weeks of 90 mins swinmng twice daily. As seen
i n Enbodi nent A, the inmmunoprecipitated RyRlL macronol ecul ar channel conpl ex
shows increased Pl CA phosphoryl ati on at Ser-2844 (corresponding to human
RyRl- Ser - 2843) whereas CaMKl | 6§osphorylation at Ser-2849 (corresponding to
human RyR1- Ser-2848) i's unchanggd. Concomitant w th increased RyRl- Ser-2844
|5t g?ef %; depl eted fromthe channel conpl ex.
As seen in enbodl : 3y norngl iz gﬂ phosphoryl ati on and cal stabin
content to four su- $ of t e tetranmeric channel conplex shows a
significant in inereas PVCA phosphoryl ation and depl etion of the
stab|I|2|ng cbkﬁﬂablnl suBunit. Control, non-exercised mce; swm mce
exerci sed%90 mins tw ce daily for 3 meeks (prelimnary data). P <O0.05.
[0368] Figure 20, enbodinents A and B, denonstrate that PICA
phosphoryl ation i ncreases for increasing durations of sustained exercise.
To investigate the influence of the duration of sustained exercise on the

RyR1 Ca24 rel ease channel defegf{, mce were exposed to swmmng for 1, 7,
or 21 days followed by i mredi a sacrifice Longer exposure to sustained
exercise results in a signific i ncrease of RyRl PI CA hyper phosphoul ati on

v t| (%R@§l days. [0369] hi Figure 20,
opr I\pi tatre &1 channel conpl ex shows

g physiplogic levels increased PKA phosphoryl ation at
Ser - 2844 (corres-. égb man RyR1- Ser-2843) after 7 days of sw mm ng
exercise. In Figure 20, odi nent B, inonnalization of RyR2-Ser-2844
phosphoryl ation within the tetrameric channel conplex documents a
S|gn|f|é@ﬂt i ncrease in PICA phosphorylation. *, P < 0.05; **, P <0.005.
[0370] in sumary, the data of Figure 20 shows that sustained exercise
results in significantly increased RyRl phosphoryl ation by protein kinase A
(PI'CA) which contributes to depletion of the stabilizing cal stabinl subunit
fromthe channel conplex as the cause of a gain-of-function defect. [0371]
Figure 21 provides data showi ng that showi ng that chronically increased
synpat hetic stinulation of skeletal nuscles, results in RyRl-dependent
intracel lular Ca2+ | eak and signifigantly increased nuscle fatigue. Wat is
the functional consequence of chronically increased RyRl PKA

hyper phosphoryl ati on? As shown in Figure 21 for mce and rats with heart
failure fromnyocardial infarction, chronic RyRL PICA hyperphosphorylation
results in |ncreased nmuscl e fatlgue [0372] In enbodlnent A it can be seen
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[0379] Figure 24 shows a typical tine course of the effect of ARMI36 at 100
nv on the anplitude of the hERG channel current. 10380] Figure 25 is a

gr aph showoregotdre7iconcent r at i on- dependence of the effectCofUs2dwD3BodN t he
hERG current. Table 1 provides the nunerical data that is illustrated
graphically in Figure 25. Because the highest concentration of ARMD36
tested resulted in Il ess than 50% current inhibition, it was not possible to
determ ne an |1 C50 val ue for ARLV1036. Table 1 Coneratiop, M Mean SD SEM N
10 0. 7% 0.3%0.2% 1.00 0.9%0. 7% 0, 4%
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[0381] Figure 26 is a graph showi ng the concentration-dependence of the
effect of ARMD36- Na on the hERG current. Table 2 provides the nunerical
dat a t hatwp=oédd2emtr at ed graphically in Figure 26. Becaks@/ush@chsnhest
concentration of ARMD36-Na tested resulted in |less than 50% current
inhibition, it was not possible to determine an |1 C50 val ue for ARMD36- NA
Table 2 Test Article IDleso , ," "11","" Cone. i"", 'nn" Mean%/1"G

I nhi bition % Standard Devi at i ono% Standard Error n

HOH
MeO N

S104
O%\<OM€
)N ’
S105 ES
CH;0 N/CH3
S107 S
@)

N/“\/NHCbz

MeO\©\/\)

S108 S

L

MeO\©\/S\/)

S109
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8, 2%

131 - [0382] Figure 27 is a graph show ng the

concentration-dependence of the effect of ARMD47 on the hERG current.
3 provi desotber/mureri cal data that is illustrated graphipcalusgoocnsHogure 27.

The 1050 val ue for

Test Article IDIC haiibD., ,+1 " Cormiiirmm ~'""''''"" Mean % hERG

Inhibition _O N'/\O\
oy L,
S

Arm120
[0194] In one embodiment of the present invention, for compounds of Formula I, if R, is

C=O(Rs) or SO.R7, then R is at positions 2, 3, or 5 on the benzene ring.

[0195] In another embodiment of the invention, for compounds of Formula I, if R, is
C=0(Rs) or SO2R7, then each R is independently selected from the group consisting of H,
halogen, -OH, -NHj, -NO,, -CN, -N3, -SO3H, acyl, alkyl, alkylamino, cycloalkyl,
heterocyclyl, heterocyclylalkyl, alkenyl, (hetero-)aryl, (hetero-)arylthio, and (hetero-
)arylamino; wherein each acyl, alkyl, alkoxyl, alkylamino, cycloalkyl, heterocyclyl,
heterocyclylalkyl, alkenyl, (hetero-)aryl, (hetero-)arylthio, and (hetero-)arylamino may be
substituted with one or more radicals independently selected from the group consisting of
halogen, N, O, -S-, -CN, -N3, -SH, nitro, oxo, acyl, alkyl, alkoxyl, alkylamino, alkenyl, aryl,
(hetero-)cycloalkyl, and (hetero-)cyclyl.

[0196] In another embodiment of the invention, for compounds of Formula I, if R; is
C=0(Rs) or SO2R7, then there are at least two R groups attached to the benzene ring.
Furthermore, there are at least two R groups attached to the benzene ring, and both R groups
are attached at positions 2, 3, or 5 on the benzene ring. Still furthermore, each R is
independently selected from the group consisting of H, halogen, -OH, -NH,, -NO,, -CN, ~N3,
-SOsH, acyl, alkyl, alkylamino, cycloalkyl, heterocyclyl, heterocyclylalkyl, alkenyl, (hetero-
)aryl, (hetero-)arylthio, and (hetero-)arylamino; wherein each acyl, alkyl, alkoxyl,
alkylamino, cycloalkyl, heterocyclyl, heterocyclylalkyl, alkenyl, (hetero-)aryl, (hetero-
)arylthio, and (hetero-)arylamino may be substituted with one or more radicals independently
selected from the group consisting of halogen, N, O, -S-, -CN, -N3, -SH, nitro, oxo, acyl,
alkyl, alkoxyl, alkylamino, alkenyl, aryl, (hetero-)cycloalkyl, and (hetero-)cyclyl.

[0197] In another embodiment of the invention, for compounds of Formula I, if R is
C=0(Rs5), then R is selected from the group consisting of -NR 6, NHNHR 15, NHOH, —-OR;s5,
CONH,NHR 5, CONR 5, CHoX, acyl, aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and
heterocyclylalkyl; wherein each acyl, aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and
heterocyclylalkyl may be substituted with one or more radicals independently selected from
the group consisting of halogen, N, O, -S-, -CN, -Nj, nitro, oxo, acyl, alkyl, alkoxyl,
alkylamino, alkenyl, aryl, (hetero-)cycloalkyl, and (hetero-)cyclyl.

[0198] In another embodiment, the present invention provides compounds of Formula II:
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% St andard Devi ation % Standard Error n Individual Data (% I nhibition)

0.01 2. 7% 1A% 1. 0% 2 1, 7%
WO 2007/024717 PCT/US2006/032405

In another embodiment, the present invention provides compounds of Formula II:

wherein R=OR’*’, SR**’, NR’*, alkyl, or halide and R>*’ = alkyl, aryl, or H, and wherein R
can be at position 6, 7, 8, or 9. Formula Il is discussed also in co-pending application
10/680,988, the disclosure of which is incorporated herein in its entirety by reference.

Routes of Activity

[0199] The compounds of the invention, such as the compounds of Formula I, I-a, I-b, I-c, I-
d, I-e, I-f, I-g, I-h, I, I-j, I-k, I-] and I-m, reduce the open probability of RyR by increasing
the affinity of FIKBP12 (calstabinl) and FKBP12.6 (calstabin2) for, respectively PKA-
phosphorylated RyR1 and PKA-phosphorylated RyR2. Moreover, the compounds of the
invention normalize gating of mutant RyR channels, including CPVT-associated mutant
RyR2 channels, by increasing FKBP12 (calstabinl) and FKBP12.6 (calstabin2) binding
affinity. Therefore, the compounds of the invention revent disorders and conditions
involving modulation of the RyR receptors, particularly the RyR1 and RyR2 receptors.
Examples of such disorders and conditions include, without limitation, cardiac disorders and
diseases, skeletal muscular disorders and diseases, cognitive disorders and diseases,
malignant hyperthermia, diabetes, and sudden infant death syndrome. Cardiac disorder and
diseases include, but are not limited to, irregular heaﬁbeat disorders and diseases; exercise-
induced irregular heartbeat disorders and diseases; sudden cardiac death; exercise-induced
sudden cardiac death; congestive heart failure; chronic obstructive pulmonary disease; and
high blood pressure. Irregular heartbeat disorders and diseases include and exercise-induced
irregular heartbeat disorders and diseases include, but are not limited to, atrial and ventricular
arthythmia; atrial and ventricular fibrillation; atrial and ventricular tachyarrthythmia; atrial
and ventricular tachycardia; catecholaminergic polymorphic ventricular tachycardia (CPVT);
and exercise-induced variants thereof, Skeletal muscular disorder and diseases include, but
are not limited to, skeletal muscle fatigue, exercise-induced skeletal muscle fatigue, muscular
dystrophy, bladder disorders, and incontinence. Cognitive disorders and diseases include, but

are not limited to, Alzheimer’s Disease, forms of memory loss, and age-dependent memory
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loss. The compounds of the invention treat these disorders and conditions by increasing
FKBP12 (calstabinl)-RyR1 binding affinity and increasing FKBP12.6 (calstabin2)-RyR2
binding affinity.

[0200] In accordance with the foregoing, the present invention provides a method for limiting
or preventing a decrease in the level of RyR-bound FKBP (calstabin) in cells of a subject. As
used herein, “RyR” includes RyR1, RyR2, and RyR3. Additionally, FKBP includes both
FKBP12 (calstabinl) and FKBP12.6 (calstabin2). “RyR-bound FKBP” therefore refers to
RyR1-bound FKBP12 (calstabinl), RyR2-bound FKBP12.6 (calstabin2), and RyR3-bound
FKBP12 (calstabinl).

[0201] As used herein, "RyR" also includes a "RyR protein" and a "RyR analogue." A"RyR
analogue" is a functional variant of the RyR protein, having RyR biological activity, that has
60% or greater amino-acid-sequence homology with the RyR protein. The RyR of the
present invention are unphosphorylated, phosphorylated (e.g., by PKA), or
hyperphosphorylated (e.g., by PKA). As further used herein, the term "RyR biological
activity” refers to the activity of a protein or peptide that demonstrates an ability to associate
physically with, or bind with, FKBP12 (calstabin1) in the case of RyR1 and RyR3, and
FKBP12.6 (calstabin2) in the case of RyR2 (i.e., binding of approximately two fold or,
approximately five fold, above the background binding of a negative control), under the

conditions of the assays described herein.

[0202] As used herein, "FKBP" includes both an "FKBP protein" and an "FKBP analogue,"
whether it be FKBP12 (calstabinl) or FKBP12.6 (calstabin2). Unless otherwise indicated
herein, "protein" shall include a protein, protein domain, polypeptide, or peptide, and any
fragment thereof. An "FKBP analogue" is a functional variant of the FKBP protein, having
FKBP biological activity, that has 60% or greater amino-acid-sequence homology with the
FKBP protein, whether it be FKBP12 (calstabinl) or FKBP12.6 (calstabin2). As further
used herein, the term "FKBP biological activity" refers to the activity of a protein or peptide
that demonstrates an ability to associate physically with, or bind with, unphosphorylated or
non-hyperphosphorylated RyR2 (i.e., binding of approximately two fold, or approximately
five fold, above the background binding of a negative control), under the conditions of the

assays described herein.

[0203] FKBP binds to the RyR channel, one molecule per RyR subunit. Accordingly, as
used herein, the term "RyR-bound FKBP" includes a molecule of an FKBP12 (calstabinl)
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protein that is bound to an RyR1 protein subunit or a tetramer of FKBP12 that is in
association with a tetramer of RyR1, a molecule of FKBP12.6 (calstabin2) protein that is
bound to an RyR2 protein subunit or a tetramer of FKBP12.6 that is in association with a
tetramer of RyR2, and a molecule of an FKBP12 (calstabin1) protein that is bound to an
RyR3 protein subunit or a tetramer of FKBP12 that is in association with a tetramer of RyR3.
Therefore, “RyR-bound FKBP” refers to “RyR1-bound FKBP12,” “RyR2-bound
FKBP12.6,” and “RyR3-bound FKBP12.”

[0204] In accordance with the method of the present invention, a "decrease" or "disorder" in
the level of RyR-bound FKBP in cells of a subject refers to a detectable decrease, diminution
or reduction in the level of RyR-bound FKBP in cells of the subject. Such a decrease is
limited or prevented in cells of a subject when the decrease is in any way halted, hindered,
impeded, obstructed or reduced by the administration of compounds of the invention, such
that the level of RyR-bound FKBP in cells of the subject is higher than it would otherwise be

in the absence of the administered compound.

[0205] The level of RyR-bound FKBP in a subject is detected by standard assays and
techniques, including those readily determined from the known art (e.g., immunological
techniques, hybridization analysis, immunoprecipitation, Western-blot analysis, fluorescence
imaging techniques and/or radiation detection, etc.), as well as any assays and detection
methods disclosed herein. For example, protein is isolated and purified from cells of a
subject using standard methods known in the art, including, without limitation, extraction
from the cells (e.g., with a detergent that solubilizes the protein) where necessary, followed
by affinity purification on a column, chromatography (e.g., FTLC and HPLC),
immunoprecipitation (with an antibody), and precipitation (e.g., with isopropanol and a
reagent such as Trizol). Isolation and purification of the protein is followed by
electrophoresis (e.g., on an SDS-polyacrylamide gel). A decrease in the level of RyR-bound
FKBP in a subject, or the limiting or prevention thereof, is determined by comparing the
amount of RyR-bound FKBP detected prior to the administration of JTTV-519 or a compound
of Formula I, I-a, I-b, I-c, I-d, I-e, I-f, I-g, I-h, I, I, I-k, I-] or I-m, (in accordance with
methods described below) with the amount detected a suitable time after administration of the

compound.

[0206] A decrease in the level of RyR-bound FKBP in cells of a subject is limited or
prevented, for example, by inhibiting dissociation of FKBP and RyR in cells of the subject;
by increasing binding between FKBP and RyR in cells of the subject; or by stabilizing the
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RyR-FKBP complex in cells of a subject. As used herein, the term "inhibiting dissociation"
includes blocking, decreasing, inhibiting, limiting or preventing the physical dissociation or
separation of an FKBP subunit from an RyR molecule in cells of the subject, and blocking,
decreasing, inhibiting, limiting or preventing the physical dissociation or separation of an
RyR molecule from an FKBP subunit in cells of the subject. As further used herein, the term
"increasing binding" includes enhancing, increasing, or improving the ability of
phosphorylated RyR to associate physically with FKBP (e.g., binding of approximately two
fold or, approximately five fold, above the background binding of a negative control) in cells
of the subject and enhancing, increasing or improving the ability of FKBP to associate
physically with phosphorylated RyR (e.g., binding of approximately two fold, or,
approximately five fold, above the background binding of a negative control) in cells of the
subject. Additionally, a decrease in the level of RyR-bound FKBP in cells of a subject is
limited or prevented by directly decreasing the level of phosphorylated RyR in cells of the
subject or by indirectly decreasing the level of phosphorylated RyR in the cells (e.g., by
targeting an enzyme (such as PKA) or another endogenous molecule that regulates or
modulates the functions or levels of phosphorylated RyR in the cells). In one embodiment,
the level of phosphorylated RyR in the cells is decreased by at least 10% in the method of the
present invention. In another embodiment, the level of phosphorylated RyR is decreased by
at least 20%.

[0207] The subject of the present invention are in vitro and in vivo systems, including,
without limitation, isolated or cultured cells or tissues, non-cell in vitro assay systems and an
animal (e.g., an amphibian, a bird, a fish, a mammal, a marsupial, a human, a domestic
animal (such as a cat, dog, monkey, mouse or rat) or a commercial animal (such as a cow or
pig)).

[0208] The cells of a subject include striated muscle cells. A striated muscle is a muscle in
which the repeating units (sarcomeres) of the contractile myofibrils are arranged in registry
throughout the cell, resulting in transverse or oblique striations that are observed at the level
of a light microscope. Examples of striated muscle cells include, without limitation,
voluntary (skeletal) muscle cells and cardiac muscle cells. In one embodiment, the cell used
in the method of the present invention is a human cardiac muscle cell. As used herein, the
term "cardiac muscle cell” includes cardiac muscle fibers, such as those found in the
myocardium of the heart. Cardiac muscle fibers are composed of chains of contiguous heart-

muscle cells, or cardiomyocytes, joined end to end at intercalated disks. These disks possess
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two kinds of cell junctions: expanded desmosomes extending along their transverse portions,

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

[0209] A decrease in the level of RyR-bound FKBP is limited or prevented in cells of a
subject by administering the compounds of the invention to the subject; this would also
permit contact between cells of the subject and the compounds of the invention. The
compounds of the invention are modulators of calcium-ion channels. In addition to
regulating Ca”" levels in myocardial cells, the compounds of the invention modulate the Na*
current and the inward-rectifier K current in cells, such as guinea pig ventricular cells, and

inhibits the delayed-rectifier K* current in cells, such as guinea pig atrial cells.
p

Pharmaceutical Composition

[0210] The compounds of the invention are formulated into pharmaceutical compositions for
administration to human subjects in a biologically compatible form suitable for
administration in vivo. According to another aspect, the present invention provides a
pharmaceutical composition comprising compounds of Formula I, I-a, I-b, I-c, I-d, I-e, I-f, I-
g, I-h, I, I, I-k, I-1 or I-m, in admixture with a pharmaceutically acceptable diluent and/or
carrier. The pharmaceutically-acceptable carrier must be "acceptable" in the sense of being
compatible with the other ingredients of the corﬁposition and not deleterious to the recipient
thereof. The pharmaceutically-acceptable carrier employed herein is selected from various
organic or inorganic materials that are used as materials for pharmaceutical formulations and
which are incorporated as analgesic agents, buffers, binders, disintegrants, diluents,
emulsifiers, excipients, extenders, glidants, solubilizers, stabilizers, suspending agents,
tonicity agents, vehicles and viscosity-increasing agents. If necessary, pharmaceutical
additives, such as antioxidants, aromatics, colorants, flavor-improving agents, preservatives,
and sweeteners, are also added. Examples of acceptable pharmaceutical carriers include
carboxymethyl cellulose, crystalline cellulose, glycerin, gum arabic, lactose, magnesium
stearate, methyl cellulose, powders, saline, sodium alginate, sucrose, starch, talc and water,

among others.

[0211] The pharmaceutical formulations of the present invention are prepared by methods
well-known in the pharmaceutical arts. For example, the compounds of Formula I, I-a, I-b, I-
¢, I-d, I-e, I-f, I-g, I-h, I-i, I+, I-k, Il or I-m, are brought into association with a carrier and/or
diluent, as a suspension or solution. Optionally, one or more accessory ingredients (e.g., V

buffers, flavoring agents, surface active agents, and the like) also are added. The choice of
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carrier is determined by the solubility and chemical nature of the compounds, chosen route of

administration and standard pharmaceutical practice.

[0212] The compounds of Formula [, I-a, I-b, I-c, I-d, I-e, I-f, I-g, I-h, I, I+, I-k, I-] or I-m,
are administered to a subject by contacting target cells (e.g., cardiac muscle cells) in vivo in
the subject with the compounds. The compounds are 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 methods for contacting the cells with
(i.e., treating the cells with) the compounds of the invention include, without limitation,
absorption, electroporation, immersion, injection, introduction, liposome delivery,
transfection, transfusion, vectors and other drug-delivery vehicles and methods. When the
target cells are localized to a particular portion of a subject, it is desirable to introduce the
compounds of the invention directly to the cells, by injection or by some other means (e.g.,
by introducing the compounds into the blood or another body fluid). The target cells are
contained in tissue of a subject and are detected by standard detection methods readily
determined from the known art, examples of which include, without limitation,
immunological techniques (e.g., immunohistochemical staining), fluorescence imaging

techniques, and microscopic techniques.

[0213] Additionally, the compounds of the present invention are administered to a human or
animal subject by known procedures including, without limitation, oral administration,
sublingual or buccal administration, parenteral administration, transdermal administration,
via inhalation or intranasally, vaginally, rectally, and intramuscularly. The compounds of the
invention are administered parenterally, by epifascial, intracapsular, intracranial,
intracutaneous, intrathecal, intramuscular, intraorbital, intraperitoneal, intraspinal,
intrasternal, intravascular, intravenous, parenchymatous, subcutaneous or sublingual
injection, or by way of catheter. In one embodiment, the agent is adiminstered to the subject
by way of delivery to the subject’s muscles including, but not limited to, the subject’s cardiac
muscles. In an embodiment, the agent is administered to the subject by way of targeted

delivery to cardiac muscle cells via a catheter inserted into the subject's heart.

[0214] For oral administration, a formulation of the compounds of the invention may be
presented as capsules, tablets, powders, granules, or as a suspension or solution. The
formulation has conventional additives, such as lactose, mannitol, cornstarch or potato starch.
The formulation also is presented with binders, such as crystalline cellulose, cellulose

derivatives, acacia, cornstarch or gelatins. Additionally, the formulation is presented with
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disintegrators, such as cornstarch, potato starch or sodium carboxymethylcellulose. The
formulation also is presented with dibasic calcium phosphate anhydrous or sodium starch
glycolate. Finally, the formulation is presented with lubricants, such as talc or magnesium

stearate.

[0215] For parenteral administration (i.e., administration by injection through a route other
than the alimentary canal), the compounds of the invention are combined with a sterile
aqueous solution that is isotonic with the blood of the subject. Such a formulation is 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
compatible with physiological conditions, so as to produce an aqueous solution, then
rendering said solution sterile. The formulation is presented in unit or multi-dose containers,
such as sealed ampoules or vials. The formulation is delivered by any mode of injection,
including, without limitation, epifascial, intracapsular, intracranial, intracutaneous,
intrathecal, intramuscular, intraorbital, intraperitoneal, intraspinal, intrasternal, intravascular,
intravenous, parenchymatous, subcutaneous, or sublingual or by way of catheter into the

subject's heart.

[0216] For transdermal administration, the compounds of the invention are combined with
skin penetration enhancers, such as propylene glycol, polyethylene glycol, isopropanol,
ethanol, oleic acid, N-methylpyrrolidone and the like, which increase the permeability of the
skin to the compounds of the invention and permit the compounds to penetrate through the
skin and into the bloodstream. The compound/enhancer compositions also may be further
combined with a polymeric substance, such as ethylcellulose, hydroxypropyl cellulose,
ethylene/vinylacetate, polyvinyl pyrrolidone, and the like, to provide the composition in gel
form, which are dissolved in a solvent, such as methylene chloride, evaporated to the desired

viscosity and then applied to backing material to provide a patch.

[0217] In some embodiments, the composition is in unit dose form such as a tablet, capsule
or single-dose vial. Suitable unit doses, i.e., therapeutically effective amounts, can be
determined during clinical trials designed appropriately for each of the conditions for which
administration of a chosen compound is indicated and will, of course, vary depending on the
desired clinical endpoint. The present invention also provides articles of manufacture for
treating and preventing disorders, such as cardiac disorders, in a subject. The articles of
manufacture comprise a pharmaceutical composition of one or more of the compounds of

Formula I, I-a, I-b, I-c, I-d, I-e, I-f, I-g, I-h, I-i, I-j, I-k, I-1 or I-m, as described herein. The
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articles of manufacture are packaged with indications for various disorders that the
pharmaceutical compositions are capable of treating and/or preventing. For example, the
articles of manufacture comprise a unit dose of a compound disclosed herein that is capable
of treating or preventing a muscular disorder, and an indication that the unit dose is capable

of treating or preventing a certain disorder, for example an arrhythmia.

[0218] In accordance with a method of the present invention, the compounds of Formula I, I-
a, I-b, I-c, I-d, I-e, I-f, I-g, I-h, I, I<j, I-k, I-] or I-m, are administered to the subject (or are
contacted with cells of the subject) in an amount effective to limit or prevent a decrease in the
level of RyR-bound FKBP in the subject, particularly in cells of the subject. This amount is
readily determined by the skilled artisan, based upon known procedures, including analysis of
titration curves established i vivo and methods and assays disclosed herein. In one
embodiment, a suitable amount of the compounds of the invention effective to limit or
prevent a decrease in the level of RyR-bound FKBP in the subject ranges from about 0.01
mg/kg/day to about 20 mg/kg/day, and/or is an amount sufficient to achieve plasma levels
ranging from about 300 ng/m! to about 1000 ng/ml. In an embodiment, the amount of
compounds from the invention ranges from about 10 mg/kg/day to about 20 mg/kg/day. In
another embodiment, from about 0.01 mg/kg/day to about 10 mg/kg/day is administered. In
another embodiment, from about 0.01 mg/kg/day to about 5 mg/kg/day is administered. In
another embodiment, from about 0.05 mg/kg/day to about 5 mg/kg/day is administered. In
another, preferred embodiment, from about 0.05 mg/kg/day to about 1 1ng/kg/day is

administered.
Uses

[0219] The present invention provides a new range of therapeutic treatments for patients with
various disorders involving modulation of the RyR receptors, particularly skeletal muscular

disorders (RyR1), cardiac (RyR2) disorders, and cognitive (RyR3) disorders.

[0220] In one embodiment of the present invention, the subject has not yet developed a
disorder, such as cardiac disorders (e.g., exercise-induced cardiac arthythmia). In another
embodiment of the present invention, the subject is in need of treatment for a disorder,

including a cardiac disorder.

[0221] Various disorders that the compounds of the invention treat or prevent include, but are
not limited to, cardiac disorders and diseases, skeletal muscular disorders and diseases,

cognitive disorders and diseases, malignant hyperthermia, diabetes, and sudden infant death
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syndrome. Cardiac disorder and diseases include, but are not limited to, irregular heartbeat
disorders and diseases; exercise-induced irregular heartbeat disorders and diseases; sudden
cardiac death; exercise-induced sudden cardiac death; congestive heart failure; chronic
obstructive pulmonary disease; and high blood pressure. Irregular heartbeat disorders and
diseases include and exercise-induced irregular heartbeat disorders and diseases include, but
are not limited to, atrial and ventricular arrhythmia; atrial and ventricular fibrillation; atrial
and ventricular tachyarrhythmia; atrial and ventricular tachycardia; catecholaminergic
polymorphic ventricular tachycardia (CPVT); and exercise-induced variants thereof. Skeletal
muscular disorder and diseases include, but are not limited to, skeletal muscle fatigue,
exercise-induced skeletal muscle fatigue, muscular dystrophy, bladder disorders, and
incontinence. Cognitive disorders and diseases include, but are not limited to, Alzheimer’s
Disease, forms of memory loss, and age-dependent memory loss. One skilled in the art will
recognize still other diseases, including but not limited to muscular and cardiac disorders, that
the compounds of the invention can be useful to treat, in accordance with the information

provided herein.

[0222] The amount of compounds of the invention effective to limit or prevent a decrease in
the level of RyR2-bound FKBP12.6 in the subject is an amount effective to prevent exercise-
induced cardiac arrhythmia in the subject. Cardiac arrhythmia is a disturbance of the
electrical activity of the heart that manifests as an abnormality in heart rate or heart thythm.
As used herein, an amount of compounds of the invention "effective to prevent exercise-
induced cardiac arrhythmia" includes an amount of compounds of Formula I, I-a, I-b, I-c, I-d,
I-e, I-f, I-g, I-h, I, I+j, I-k, I-] and I-m, effective to prevent the development of the clinical
impairment or symptoms of the exercise-induced cardiac arrthythmia (e.g., palpitations,
fainting, ventricular fibrillation, ventricular tachycardia and sudden cardiac death). The
amount of the compounds effective to prevent exercise-induced cardiac arrthythmia in a
subject will vary depending upon the particular factors of each case, including the type of
exercise-induced cardiac arrhythmia, the subject's weight, the severity of the subject's
condition, and the mode of administration of the compounds. This amount is readily
determined by the skilled artisan, based upon known procedures, including clinical trials, and
methods disclosed herein. In one embodiment, the amount of the compounds of the invention
effective to prevent the exercise-induced cardiac arrhythmia is an amount effective to prevent

exercise-induced sudden cardiac death in the subject. In another embodiment, the
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induced sudden cardiac death in the subject.

[0223] Because of its ability to stabilize RyR-bound FKBP and maintain and restore balance
in the context of dynamic PKA phosphorylation and dephosphorylation of RyR, the
compounds of the invention are also useful in treating a subject who has already experienced
clinical symptoms of these various disorders. For example, if the symptoms of the disorder
are observed in the subject early enough, the compounds of Formula I, I-a, I-b, I-c, I-d, I-e, I-
f, I-g, I-h, I, Ij, I-k, I-1 and I-m, are effective in limiting or preventing a further decrease in
the level of RyR-bound FKBP in the subject.

[0224] Additionally, the subject of the present invention is a candidate for exercise-induced
cardiac disorders, such as exercise-induced cardiac arrhthmia. Exercise-induced cardiac
arrhythmia is a heart condition (e.g., a ventricular fibrillation or ventricular tachycardia,
including any that leads to sudden cardiac death) that develops during/after a subject has
undergone physical exercise. A "candidate" for an exercise-induced cardiac disorder is a
subject who is known to be, or is believed to be, or is suspected of being, at risk for
developing a cardiac disorder during/after physical exercise. Examples of candidates for
exercise-induced cardiac arrhythmia include, without limitation, an animal/person known to
have catecholaminergic polymorphic ventricular tachycardia (CPVT); an animal/person
suspected of having CPVT; and an animal/person who is known to be, or is believed to be, or
is suspected of being at risk for developing cardiac arthythmia during/after physical exercise,
and who is about to exercise, is currently exercising or has just completed exercise. As
discussed above, CPVT is an inherited disorder in individuals with structurally-normal hearts.
It is characterized by stress-induced ventricular tachycardia — a lethal arthythmia that causes
sudden cardiac death. In subjects with CPVT, physical exertion and/or stress induce
bidirectional and/or polymorphic ventricular tachycardias that lead to sudden cardiac death
(SCD) in the absence of detectable structural heart disease. Individuals with CPVT have

ventricular arrhythmias when subjected to exercise, but do not develop arrhythmias at rest.

[0225] Accordingly, in still another embodiment of the present invention, the subject has
been exercising, or is currently exercising, and has developed an exercise-induced disorder.
In this case, the amount of the compounds of the invention effective to limit or prevent a
decrease in the level of RyR-bound FKBP in the subject is an amount of compound effective
to treat the exercise-induced disorder in the subject. Asused herein, an amount of

compounds of the invention "effective to treat an exercise-induced disorder” includes an
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amount of a compound of Formula I, I-a, I-b, I-c, I-d, I-e, I-f, I-g, I-h, I, Ij, I-k, I-1 or I-m,
effective to alleviate or ameliorate the clinical impairment or symptoms of the exercise-
induced disorder (e.g., in the case of cardiac arrhythmia, palpitations, fainting, ventricular
fibrillation, ventricular tachycardia, and sudden cardiac death). The amount of the
compounds of the invention effective to treat an exercise-induced disorder in a subject will
vary depending upon the particular factors of each case, including the type of exercise-
induced disorder, the subject's weight, the severity of the subject's condition, and the mode of
administration of the compounds. This amount is readily determined by the skilled artisan,
based upon known procedures, including clinicai trials, and methods disclosed herein. In one
embodiment, the compounds of Formula I, I-a, I-b, I-c, I-d, I-e, I-f, I-g, I-h, I-i, I-j, Ik, I-l and

I-m, treat exercise-induced disorders in the subject.

[0226] The present invention further provides a method for treating exercise-induced
disorders in a subject. The method comprises administering the compounds of Formula I, I-a,
I-b, I-c, I-d, I-e, I-f, I-g, I-h, I-i, Ij, Ik, I-1 or I-m, to the subject in an amount effective to
treat the exercise-induced disorder in the subject. A suitable amount of the compounds
effective to treat, for example, exercise-induced cardiac arrhythmia in the subject ranges from
about 5 mg/kg/day to about 20 mg/kg/day, and/or is an amount sufficient to achieve plasma
levels ranging from about 300 ng/ml to about 1000 ng/ml. The present invention also
provides a method for preventing an exercise-induced disorder in a subject. The method
comprises administering the compounds of the invention to the subject in an amount effective
to prevent the exercise-induced disorder in the subject. A suitable amount of the compounds
of the invention effective to prevent the exercise-induced disorder in the subject ranges from
about 5 mg/kg/day to about 20 mg/kg/day, and/or is an amount sufficient to achieve plasma
levels ranging from about 300 ng/ml to about 1000 ng/ml. Additionally, the present
invention provides a method for preventing exercise-induced disorders in a subject. The
method comprises administering the compounds of the invention to the subject in an amount
effective to prevent an exercise-induced disorder in the subject. A suitable amount of the
compounds of the invention effective to prevent an exercise-induced disorder in the subject
ranges from about 5 mg/kg/day to about 20 mg/kg/day, and/or is an amount sufficient to

achieve plasma levels ranging from about 300 ng/ml to about 1000 ng/ml.

[0227] Additionally, the compounds prevent irregular heartbeat disorders in subjects with
heterozygous defects in the FKBP12.6 gene.
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[0228] The compounds of Formula I, I-a, I-b, I-c, I-d, I-e, I-f, I-g, I-h, I, 15, Ik, I-| and I-m,
can be used alone, in combination with each other, or in combination with other agents that
have cardiovascular activity including, but not limited to, diuretics, anticoagulants,
antiplatelet agents, antiarthythmics, inotropic agents, chronotropic agents, o and B blockers,
angiotensin inhibitors and vasodilators. Further, such combinations of the compounds of the
present invention and other cardiovascular agents are administered separately or in
conjunction. In addition, the administration of one element of the combination is prior to,

concurrent to or subsequent to the administration of other agent(s).

[0229] In various embodiments of the above-described methods, the exercise-induced cardiac
arrthythmia in the subject is associated with VT. In some embodiments, the VT is CPVT. In
other embodiments of these methods, the subject is a candidate for exercise-induced cardiac

arrhythmia, including candidates for exercise-induced sudden cardiac death.

[0230] In view of the foregoing methods, the present invention also provides use of the
compounds of the invention in a method for limiting or preventing a decrease in the level of
RyR-bound FKBP in a subject who is a candidate for a disorder. The present invention also
provides use of the compounds of the invention in a method for treating or preventing a
muscular disorder in a subject. Furthermore, the present invention provides use of the
compounds of the invention in a method for preventing treating or preventing exercise-

induced muscular disorders in a subject.

[0231] Accordingly, the present invention further provides a method for assaying the effects
of the compounds of the invention in preventing disorders and diseases associated with the
RyR receptors. The method comprises the steps of: (a) obtaining or generating a culture of
cells containing RyR; (b) contacting the cells with one or more of the compounds of the
invention; (c) exposing the cells to one or more conditions known to increase
phosphorylation of RyR in cells; and (d) determining if the one or more compounds of the
invention limits or prevents a decrease in the level of RyR-bound FKBP in the cells. As used
herein, a cell "containing RyR" is a cell in which RyR, including RyR1, RyR2, and RyR3, or
a derivative or homologue thereof, is naturally expressed or naturally occurs. Conditions

known to increase phosphorylation of RyR in cells include, without limitation, PKA.

[0232] In the method of the present invention, cells are contacted with one or more of the
compounds of the invention by any of the standard methods of effecting contact between

drugs/agents and cells, including any modes of introduction and administration described
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herein. The level of RyR-bound FKBP in the cell is measured or detected by known
procedures, including any of the methods, molecular procedures and assays known to one of
skill in the art or described herein. In one embodiment of the present invention, the one or
more compounds of the invention limits or prevents a decrease in the level of RyR-bound

FKBP in the cells.

[0233] RyR, including RyR1; RyR2, and RyR3, has been implicated in a number of
biological events in cells. For example, it has been shown that RyR2 channels play an
important role in EC coupling and contractility in cardiac muscle cells. Therefore, it is clear
that preventive drugs designed to limit or prevent a decrease in the level of RyR-bound FKBP
in cells, particularly RyR2-bound FKPB12.6 in cardiac muscle cells, are useful in the
regulation of a number of RyR-associated biological events, including EC coupling and
contractility. Thus, the one or more compounds of the invention are evaluated for effect on
EC coupling and contractility in cells, particularly cardiac muscle cells, and therefore,

usefulness for preventing exercise-induced sudden cardiac death.

[0234] Accordingly, the method of the present invention further comprises the steps of
contacting one or more compounds of the invention with a culture of cells containing RyR;
and determining if the one or more compounds has an effect on an RyR-associated biological
event in the cells. As used herein, a "RyR-associated biological event" includes a
biochemical or physiological process in which RyR levels or activity have been implicated.
As disclosed herein, examples of RyR-associated biological events include, without
limitation, EC coupling and contractility in cardiac muscle cells. According to this method of
the present invention, the one or more compounds are contacted with one or more cells (such
as cardiac muscle cells) in vitro. For example, a culture of the cells is incubated with a
preparation containing the one or more compounds of Formula I, I-a, I-b, I-c, I-d, I-e, I-f, I-g,
I-h, I, I-j, I-k, I-l or I-m. The compounds’ effect on a RyR-associated biological event then
is assessed by any biological assays or methods known in the art, including immunoblotting,

single-channel recordings and any others disclosed herein.

[0235] The present invention is further directed to one or more compounds of Formula I, I-a,
Ib, I-c, I-d, I-e, I-f, I-g, I-h, I-i, I, I-k, I-] or I-m, identified by the above-described
identification method, as well as a pharmaceutical composition comprising the compound and
a pharmaceutically acceptable carrier and/or diluent. The compounds are useful for
preventing exercise-induced sudden cardiac death in a subject, and for treating or preventing

other RyR-associated conditions. As used herein, a "RyR-associated condition" is a
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condition, disease, or disorder in which RyR level or activity has been implicated, and
includes an RyR-associated biological event. The RyR-associated condition is treated or
prevented in the subject by administering to the subject an amount of the compound effective
to treat or prevent the RyR-associated condition in the subject. This amount is readily
determined by one skilled in the art. In one embodiment, the present invention provides a
method for preventing exercise-induced sudden cardiac death in a subject, by administering
the one or more compounds of the invention to the subject in an amount effective to prevent

the exercise-induced sudden cardiac death in the subject.

[0236] The present invention also provides an iz vivo method for assaying the effectiveness
of the compounds of the invention in preventing disorders and diseases associated with the
RyR recpetors. The method comprises the steps of: (a) obtaining or generating an animal
containing RyR; (b) administering one or more of the compounds of the invention to the
animal; (c) exposing the animal to one or more conditions known to increase phosphorylation
of RyR in cells; and (d) determining the extent the compound limits or prevents a decrease in
the level of RyR-bound FKBP in the animal. The method further comprises the steps of: (e)
administering one or more of the compounds of the invention to an animal containing RyR;
and (f) determining the extent of the effect of the compound on a RyR-associated biological
event in the animal. Also provided is a pharmaceutical composition comprising this
compound; and a method for preventing exercise-induced sudden cardiac death in a subject,
by administering this compound to the subject in an amount effective to prevent the exercise-

induced sudden cardiac death in the subject.

[0237] It has been demonstrated that compounds which block PKXA activation would be
expected to reduce the activation of the RyR channel, resulting in less release of calcium into
the cell. Compounds that bind to the RyR channel at the FKBP binding site, but do not come
off the channel when the channel is phosphorylated by PKA, would also be expected to
decrease the activity of the channel in response to PKA activation or other triggers that
activate the RyR channel. Such compounds would also result in less calcium release into the

cell.

[0238] By way of example, the diagnostic assays screen for the release of calcium into cells
via the RyR channel, using calcium-sensitive fluorescent dyes (e.g., Fluo-3, Fura-2, and the
like). Cells are loaded with the fluorescent dye of choice, then stimulated with RyR
activators to determine the reduction of the calcium-dependent fluorescent signal (Brillantes,

et al., Stabilization of calcium release channel (ryanodine receptor) function by FK506-
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binding protein. Cell, 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). Calcium-dependent fluorescent signals are monitored with a
photomultiplier tube, and analyzed with appropriate software. This assay can easily be

automated to screen the compounds of the invention using multiwell dishes.

[0239] To demonstrate that the compounds of inhibit the PKA-dependent activation of RyR-
mediated intracellular calcium release, an assay involves the expression of recombinant RyR
channels in a heterologous expression system, such as Sf9, HEK293, or CHO cells. RyR
could also be co-expressed with beta-adrenergic receptors. This would permit assessment of
the effect of compounds of the invention on RyR activation, in response to addition of beta-

adrenergic receptor agonists.

[0240] The level of PKA phosphorylation of RyR2 which correlates with the degree of heart
failure also is assayed and then used to determine the efficacy of the one or more compounds
of the invention to block the PKA phosphorylation of the RyR2 channel. Such an assay is
based on the use of antibodies that are specific for the RyR2 protein. For example, the RyR2-
channel protein is immunoprecipitated and then back-phosphorylated with PKA and

[ gam1na32P]-ATP. The amount of radioactive [3 2P] label that is transferred to the RyR2
protein then is measured using a phosphorimager (Marx, et al., PKA phosphorylatién
dissociates FKBP12.6 from the calcium release channel (ryanodine receptor): defective
regulation in failing hearts. Cell, 101:365-76, 2000).

[0241] Another assay of the compounds of the invention involves use of a phosphoepitope-
specific antibody that detects RyR1 that is PKA phosphorylated on Ser 2843 or RyR2 that is
PKA phosphorylated on Ser 2809. Immunoblotting with such an antibody can be used to
assess efficacy of these compounds for therapy for heart failure and cardiac arrhythmias.
Additionally, RyR2 S2809A and RyR2 S2809D knock-in mice are used to assess efficacy of
therapy for heart failure and cardiac arrhythmias. Such mice further provide evidence that
PKA hyperphosphorylation of RyR2 is a 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 arrhythmias.

[0242] Therefore, in a specific embodiment, the present invention provides a method of

treating heart failure, atrial fibrillation or exercise-induced cardiac arrhythmia, comprising
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administering to an animal in need thereof, a therapeutically effective amount of a compound
selected from the compounds of Formula I, I-a, I-b, I-c, I-d, I-e, I-f, I-g, I-h, I, I, Ik, I-]

and I-m.

[0243] Intracellular Ca** leak is proposed as a principal mediator of depressed muscle
performance and dystrophic muscle remodeling. Muscular dystrophies are heterogeneous
hereditary diseases characterized by weakness and progressive muscle wasting. Of all forms
of muscular dystrophies involving the dystrophin-associated protein complex (referred to as
dystrophinopathies), Duchenne muscular dystrophy (DMD) is one of the most frequent
genetic diseases (X-linked; 1 in 3,500 boys) with death usually occurring before age 30 by
respiratory and/or cardiac failure in high numbers of patients. Becker muscular dystrophy
(BMD) represents a milder form of the disease associated with a reduction in the amount or
expression of a truncated form of the dystrophin protein whereas Duchenne patients have
been characterized by complete absence or very low levels of dystrophin. Duchenne and
Becker’s muscular dystrophy (DMD/BMD) are caused by mutations in the gene encoding the
427-kDa cytoskeletal protein dystrophin. However, with increasing age in BMD cardiac
symptoms are more common than in DMD patients and do not correlate with skeletal muscle
symptoms. Since genetic screening will not eliminative DMD due to a high incidence of
sporadic cases, an effective therapy is highly desirable. DMD/BMD have been consistently
associated with disturbed intracellular calcium metabolism. Because alterations of
intracellular Ca** concentrations in DMD myofibers are believed to represent a central
pathogenic mechanism, development of a therapeutic intervention that prevents intracellular

Ca®" abnormalities as a cause of skeletal muscle degeneration is highly desirable.

[0244] 1t is well established that lack of dystrophin expression is the primary genetic defect
in DMD and BMD. However, the key mechanism leading to progressive muscle damage is
largely unknown. It has been suggested that elevations of intracellular Ca®" concentrations
([Ca*"];) under resting conditions directly contributed to toxic muscle cell (myofiber) damage
and concurrent activation of Ca”*-dependent proteases. Since calpain activity is increased in
necrotic muscle fibers of mdx mice and calpain dysfunction contributes to limb-girdle
muscular dystrophy, preventing activation of calcium-dependent proteases by inhibiting
intracellular Ca®" elevations represents a strategy to prevent muscle wasting in DMD.
Significant differences in [Ca®"]; between normal and dystrophic muscles have been reported

in myotubes and animal models including the dystrophin-deficient mdx mouse. Intracellular
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Ca”" elevations are prevented by administration of a pharmaceutical composition comprising

a compound of Formula I, I-a, I-b, I-c, I-d, I-e, I-f, I-g, I-h, I, I+, I-k, I-1 or I-m.

[0245] The present invention also provides a method of diagnosis of a disease or disorder in a
subject, said method comprising: obtaining a cell or tissue sample from the subject; obtaining
DNA from the cell or tissue; comparing the DNA from the cell or tissue with a control DNA
encoding RyR to determine whether a mutation is present in the DNA from the cell or tissue,
the presence of a mutation indicating a disease or disorder. In one embodiment, the mutation
is a RyR2 mutation on chromosome 1q42-q43. In another embodiment, the mutation is one
or more CPTV mutations. In another embodiment, the mutation may be a mutation that is
present in the DNA encoding RyR2 of a SIDS subject. The diagnostic method is used to
detect the presence of a disease or disorder in an adult, a child or a fetus. The disease and
disorders include, but are not limited to, cardiac disorders and diseases, skeletal muscular
disorders and diseases, cognitive disorders and diseases, malignant hyperthermia, diabetes,
and sudden infant death syndrome. Cardiac disorder and diseases include, but are not limited
to, irregular heartbeat disorders and diseases; exercise-induced irregular heartbeat disorders
and diseases; sudden cardiac death; exercise-induced sudden cardiac death; congestive heart
failure; chronic obstructive pulmonary disease; and high blood pressure. Irregular heartbeat
disorders and diseases include and exercise-induced irregular heartbeat disorders and diseases
include, but are not limited to, atrial and ventricular arrhythmia; atrial and ventricular
fibrillation; atrial and ventricular tachyarrthythmia; atrial and ventricular tachycardia;
catecholaminergic polymorphic ventricular tachycardia (CPVT); and exercise-induced
variants thereof. Skeletal muscular disorder and diseases include, but are not limited to,
skeletal muscle fatigue, exercise-induced skeletal muscle fatigue, muscular dystrophy,
bladder disorders, and incontinence. Cognitive disorders and diseases include, but are not

limited to, Alzheimer’s Disease, forms of memory loss, and age-dependent memory loss.

[0246] The present invention further provides a method of diagnosis of disorders and
diseases in a subject, said method comprising: obtaining cells or tissue sample from the
subject; incubating the cells or tissue sample with the compound of the invention under
conditions which increase phosphorylation of RyR in cells; determining (a) whether RyR
bound to calstabin (i.e. RyR1 bound to calstabinl, RyR2 bound to calstabin2, or RyR3 bound
to calstabinl) is increased in the cells or tissue compared to RyR bound to calstabin in control
cells or tissues said control cells or tissues lacking mutant RyR calcium channels, or (b)

whether a decrease in release of calcium occurs in RyR channels compared to a lack of
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decrease in release of calcium in the control cells; an increase in RyR-bound calstabin in (a)
indicating a disorder or disease in the subject or a decrease in release of calcium in RyR
channels in (b) compared to the control cells indicating a cardiac disease or disorder in the
subject. The diagnostic method is used to detect the presence of a disease or disorder in an
adult, a child or a fetus. The disease and disorders include, but are not limited to, cardiac
disorders and diseases, skeletal muscular disorders and diseases, cognitive disorders and
diseases, malignant hyperthermia, diabetes, and sudden infant death syndrome. Cardiac
disorder and diseases include, but are not limited to, irregular heartbeat disorders and
diseases; exercise-induced irregular heartbeat disorders and diseases; sudden cardiac death;
exercise-induced sudden cardiac death; congestive heart failure; chronic obstructive
pulmonary disease; and high blood pressure. Irregular heartbeat disorders and diseases
include and exercise-induced irregular heartbeat disorders and diseases include, but are not
limited to, atrial and ventricular arrhythmia; atrial and ventricular fibrillation; atrial and
ventricular tachyarrhythmia; atrial and ventricular tachycardia; catecholaminergic
polymorphic ventricular tachycardia (CPVT); and exercise-induced variants thereof, Skeletal
muscular disorder and diseases include, but are not limited to, skeletal muscle fatigue,
exercise-induced skeletal muscle fatigue, muscular dystrophy, bladder disorders, and
incontinence. Cognitive disorders and diseases include, but are not limited to, Alzheimer’s

Disease, forms of memory loss, and age-dependent memory loss.

[0247] The present invention further provides a method of diagnosis of a cardiac disorder or
disease in a subject, said method comprising: obtaining cardiac cells or tissue sample from
the subject; incubating the cardiac cells or tissue sample with the compound of Formula I, I-a,
I-b, I-c, I-d, I-e, I-f, I-g, I-h, I, I-j, Ik, I-1 or I-m, under conditions which increase
phosphorylation of RyR2 in cells; determining (a) whether RyR2 bound to calstabin2 is
increased in the cells or tissue compared to RyR2 bound to calstabin2 in control cells or
tissues said control cells or tissues lacking mutant RyR2 calcium channels, or (b) whether a
decrease in release of calcium occurs in RyR2 channels compared to a lack of decrease in
release of calcium in the control cells; an increase in RyR2-bound calstabin2 in (a) indicating
a disorder or disease in the subject or a decrease in release of calcium in RyR2 channels in (b)
compared to the control cells indicating a cardiac disease or disorder in the subject. The
provided method is used to diagnose CPTV. The provided method also is used to diagnose
sudden infant death syndrome (SIDS). The provided method additionally is used to diagnose

cardiac irregular heartbeat disorders and diseases; exercise-induced irregular heartbeat
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disorders and diseases; sudden cardiac death; exercise-induced sudden cardiac death;
congestive heart failure; chronic obstructive pulmonary disease; and high blood pressure.
Irregular heartbeat disorders and diseases include and exercise-induced irregular heartbeat
disorders and diseases include, but are not limited to, atrial and ventricular arrhythmia; atrial
and ventricular fibrillation; atrial and ventricular tachyarrhythmia; atrial and ventricular
tachycardia; catecholaminergic po.lymorphic ventricular tachycardia (CPVT); and exercise-

induced variants thereof.

[0248] In addition to the above-mentioned therapeutic uses, the compounds of the invention

are also useful in diagnostic assays, screening assays and as research tools.

Methods of Synthesis

[0249] The present invention, provides, in a further aspect, processes for the preparation of a
compound of Formula I, I-a, I-b, I-c, I-d, I-e, I-f, I-g, I-h, I, I-j, I-k, I-1 or I-m, and salts,
solvates, hydrates, complexes, and pro-drugs thereof, and pharmaceutically acceptable salts
of such pro-drugs. More particularly, the present invention provides processes for the
preparation of compounds selected from the group consisting of S1, S2, S3, S4, S5, S6, S7,
S9, 811, S12, S13, S14, S19, 820, S22, S23, S26, S36, S37, S38, S40, 843, S44, S45, S406,
S47, 848, 849, S50, S51, S52, S53, 854, S55, 856, S57, S58, 859, S60, S61, S62, S63, S64,
S66, S67, 869, S70, 871, 872, 873, 874, 875, S76, S77, S78, S79, S80, S81, S82, S83, S84,
585, S86, S87, S88, 589, S90, 591, S92, S93, S94, S95, S96, S97, S98, S99, S100, S101,
5102, 8103, S104, S105, 8107, S108, 8109, S110, S111, S112, S113, S114, S115, S116,
S117,S118, S119, S120, S121, S122, and S123, and salts, solvates, hydrates, complexes, and
pro-drugs thereof, and pharmaceutically acceptable salts of such pro-drugs. The various

synthetic routes to the compounds are described herein.

[0250] Some of the following syntheses utilize solvents. In one embodiment, the solvent is
an organic solvent. In another embodiment, the organic solvent is methylene chloride
(CHyClp), chloroform (CCly), formaldehyde (CH,0) or methanol (CH3;OH). Some of the
following syntheses also utilize a base catalyst. In one embodiment, the base catalyst is an
amine compound. In another embodiment, the base catalyst is an alkylamine such as
triethylamine (TEA). In still another embodiment, the base catalyst is pyridine. Some of the
following syntheses also utilize basic solutions. In one embodiment, the basic solution is
sodium bicarbonate or calcium carbonate. In another embodiment, the basic solution is

saturated sodium bicarbonate or saturated calcium carbonate. Some of the following
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syntheses use acidic solutions. In one embodiment, the acidic solution is a sulfuric acid
solution, a hydrochloric acid solution, or a nitric acid solution. In one embodiment, the
solution is IN HCL. One of skill in the art will appreciate still other solvents, organic
solvents, base catalysts, basic solutions, and acidic solutions that are used in the
embodiments, according to the description herein. The solvents, organic solvents, reactants,
catalysts, wash solutions, and so forth are added at appropriate temperatures (e.g. room

temperature or about 20°C-25°C, 0°C, etc.).

[0251] Some of the following syntheses utilize the compound S68 as a starting material. S68
is available commercially from MicroChemistry Ltd. (Moscow, Russia). See also
WO01/55118 for the preparation of S68.

[0252] Several of the following syntheses use S26 as a starting material. S26 is synthesized
as an intermediate in the synthesis of S3, S4, S5, and S54, as illustrated in scheme 1 in
example 4. Methods for synthesizing S26 are also described in U.S. Patent Applicatin No.
10/680,988. |

[0253] Some of the following syntheses requiring purification of the reaction mixture to yield
a final product. Purification of the reaction mixture involves one or more processes such as
removal of any solvent, crystallization of the product, chromatographic separation of the
product (including HPLC, silica gel chromatography, column chromatography, and so forth),
washing with basic solution, washing with acidic solution, re-dissolving the product in
another solvent, and so forth. One of skill in the art will appreciate still other processes that

are used in the embodiments, according to the description herein.

[0254] The reactions are carried out as long as needed (e.g., one hour, several hours,
overnight, 24 hours, etc.) to obtain the desired or optimal yields of the desired compounds.
Often, the reaction mixtures are stirred. The reactions are carried out at appropriate

temperatures (e.g. room temperature or about 20°C-25°C, 0°C, 100 °C, etc.).

[0255] Synthon 826 is prepared according to methods described in U.S. Patent App. No.
10/680,988.

[0256] S3, S4, S5, and S54 are prepared from S26. S26 is reacted with RSO, Cl, wherein R is
CH,=CH- (83), Me- (S4), p-Me-CgHy- (S5), or NH-2-Py (S54), to form a product. The
product is purified, for example by column chromatography, to yield S3, S4, S5, or S54. In
one embodiment, the reaction occurs in a solvent, such as an organic solvent like CH,Cl,, so

that a reaction mixture is formed, and the solvent is removed from the reaction mixture before
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or during purification of the product. If necessary, a base catalyst, such as triethylamine, is
used in the synthesis. Also, basic (e.g., saturated sodium bicarbonate) and acidic washes
(e.g., IN HC]) are used if needed to purifying the reaction mixture and/or product, and are
accompanied by drying, for example over sodium sulfate, if needed. Column

chromatography, for example, is used to purifying the residue to isolate the desired product.

[0257] S1 and S2 are prepared from S3 by reaction with HNR; R, where R is

NC>— CH,-Ph

(S1) or NBuy (S2). The product is purified, for example by column
chromatography, to yield S1 or S2. In one embodiment, the reaction occurs in a solvent, such
as an organic solvent like CH,Cl,, so that a reaction mixture is formed, and the solvent is
removed from the reaction mixture before or during purification of the product. Column

chromatography, for example, is used to purifying the residue to isolate the desired product.

[0258] S7, S9, S27 and S40 are prepared from S26 by reaction with an alcohol of formula
RCOX, where X is Cl or NHS and R is ICH;- (S7), Ph- (89), CH,=CH- (S827), or 4-N3-2-OH-
CeHs (S40). In one embodiment, the reaction occurs in a solvent, such as an organic solvent
like CH,Cl,, so that a reaction mixture is formed, and the solvent is removed from the
reaction mixture before or during purification of the product. If necessary, a base catalyst,
such as triethylamine, is used in the synthesis. Also, basic (e.g., saturated sodium
bicarbonate) and acidic washes (e.g., 1N HCI) are used if needed to purifying the reaction
mixture and/or product, and are accompanied by drying, if needed. In another embodiment,
S40 is formed by reaction with an alcohol of formula RCOX, where R is 4-N3-2-OH-CgHs
and X is NHS. Column chromatography, for example, is used to purifying the residue to

1solate the desired product.

[0259] S11 and S12 are prepared from S26 by reaction with a compound of formula CgHa-
NCX, wherein X is O (S11) or S (S12). In one embodiment, the reaction occurs in a solvent,
such as an organic solvent like CH,Clj, so that a reaction mixture is formed, and the solvent
is removed from the reaction mixture before or during purification of the product. If
necessary, a base catalyst, such as triethylamine or pyridine, is used in the synthesis. In
another embodiment, a base catalyst such as pyridine is used as the solvent in which the
reaction takes place, and additional solvent, such as ethyle acetate or another appropriate
organic solvent, is added after the reaction occurs. Also, basic (e.g., saturated sodium

bicarbonate) and acidic washes (e.g., 1N HCI) are used if needed to purifying the reaction
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mixture and/or product, and are accompanied by drying, if needed. Column chromato graphy,

for example, is used to purifying the residue to isolate the desired product.

[0260] The isomers S13 and S14 are prepared from S26 by reaction with phenyl
methoxyphosphonyl chloride (Ph(MeO)P(O)CI). In one embodiment, the reaction occurs in a
solvent, such as an organic solvent, such as methylene chloride. If necessary, a base catalyst
such as triethylamine may be used, for example, by adding it to a reaction mixture formed by
mixing the reactants in a solvent. Also, the reaction mixture is washed with basic solution,
for example saturated sodium bicarbonate, if necessary. The isomers are sepaiated and
purified, for example, using silica gel chromatography.
[0261] S19 and 22 are prepared from $26 by reaction with a compound of formula C10C-X-
. ] =

o
COCl, where X is CH,-CH; (S19) or (S22). In one embodiment, the

~ reaction occurs in the presence of a solvent, such as an organic solvent, such as methylene

chloride. Ifnecessary, a base catalyst such as triethylamine is added to the reaction mixture
formed by mixing the reactants in a solvent. Also, base (e.g., saturated sodium bicarbonate),
acid (e.g., IN HCI), and water washes are used to remove unwanted compounds from the

reaction mixture, if needed.

[0262] S20 and S23 are prepared from an intermediate compound of formula

, T

, where R is CH,=CH- (S20) or " (S23). The
intermediate compound is treated with H,0,. If necessary, sodium thiosulfate also is used to
treat the intermediate. In one embodiment, the reaction occurs in the presence of a solvent,
such as an organic solvent, such as methanol (CH;OH), forming a reaction mixture. The
solvent is removed from the reaction mixture after the reaction takes place and, if desired, the
residue is redissolved in another solvent, such as another organic solvent, such as ethyl
acetate. The reaction mixture is washed with basic solution (e.g., saturated sodium
carbonate) if desired to remove unwanted compounds from the reaction mixture. The
reaction mixture is dried (e.g., using sodium sulfate) if it is washed with basic solution. The

final residue is purified, for example by column chromatography, to obtain the final product.
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[0263] S57 is prepared from S26 and methyl chlorooxoacetate. In an embodiment, the
reaction occurs in the presence of a solvent, such as an organic solvent, such as methylene
chloride. A base catalyst such as pyridine is used as necessary to facilitate or hasten the
reaction. The reaction mixture formed by mixing the reactants and a solvent is washed with
basic solution (e.g., saturated sodium bicarbonate), acidic solution (e.g. HCI), and water.

Purification such as silic gel chromatography yields $57.

[0264] S36 is prepared from S57 by reaction with sodium hydroxide. In one embodiment,
the reaction takes place in a solvent, such as an organic solvent, such as methanol. The
solvent is removed from the reaction mixture formed by mixing the reactants and the solvent,
thereby forming a residue. The residue is dissolved in water and washed with another
organic solvent, such as ether, to remove unwanted hydrophobic compounds. The aqueous
phase from the basic washes is acidified and the product is extracted therefrom using an
organic solvent, such as methylene chloride. Further purification is used if necessary.

[0265] S38 is prepared in a manner similar to $36, except a compound of formula
0

0 N

-~ Ry o
)4
G

[0266] S44 is prepared by treating S36 with thionyl chloride to form crude S36-Cl. Excess

18 used as the starting material in the synthesis.

thionyl chloride, if any, is removed from the reaction mixture. The crude S36-Cl then is
dissolved in a solvent, such as an organic solvent like methylene chloride, and reacted with
mono-protected (e.g., mono-Boc protected) cystamine. A base catalyst such as pyridine is
used if desired, and the reaction mixture is quenched with a basic solution (e.g., saturated
sodium bicarbonate). The reaction mixture formed by mixing the cystamine and S36-Cl
reactants is purified. The protecting groups (e.g., Boc) are removed using an appropriate acid
or base wash (e.g., trifluoroacetic acid in an organic solvent in the case of the Boc protecting

group). The final product then is purified, for example, using chromatography techniques.

[0267] S57 and S59 are prepared from S36-Cl, which is reacted with methanol (S57) or
ethylamine (S59).

[0268] S43 and S45 are prepared from S36-cystamine, which is prepared as disclosed herein.
S-36 cystamine is reacted with an NHS activated ester of an appropriate azido compound to

yield 843 and 845. The reaction takes place in a solvent, such as an organic solvent.

-102 -



10 30.3% 2,5% 17% 2 320% - 133 - [0387] Figure 32 is a graph
showi ng the concentrati on-dependence of the effect of ARMD74 on the hERG
current. wehb@/@4rovi des the nunerical data that is il PaStusatoed32405
graphically in Figure 32. Because the highest concentrati on of ARMD50
tested resulted in less than 50% current inhibition, it was not possible to
determ ne an | CH value for ARMD74. [0388] Table 8

[0269] S37 is prepared from S26 by reaction with 4-nitrophenyl chloroformate
(NO,CcHsOCOCI). The reaction takes place in a solvent and, if desired, a base catalyst such
as triethylamine may be used. The reaction mixture formed by mixing the reactants and a
solvent is washed with water to remove unwanted hydrophilic compounds. The solvent is
removed from the reaction mixture to form a residue, which is purified (e.g., using

chromatography techniques) to yield S37.

[0270] S6, S46-53, S64, S66, and S67 are prepared from S37 by reaction with an amine of
formula RNH,, wherein NR is NH, (S46), NEt, (S48), NHCH,Ph (S49), NHOH (S51),

o A
\:)_)j ;’ _/ﬁc? N HN Sl N,—'N Y
N A .
(S6), 47, = (850), e S52), Y
' ’\@ HN-"\'i ri?
(853) = (S64), OH  (866), or (S67). The reaction takes place

in the presence of a solvent, such as an organic solvent, such as DMF. In one embodiment,
only one equivalent of amine is used in the reaction. Purification is accomplished, for

example, by SiO, column chromatography.

[0271] S6, S46-53, S64, S66, and S67 also are prepared from S26, via the S26-phosgene
intermediate. The S26-phosgene intermediate is formed by reacting S26 with triphosgene.

Thereafter, the S26-phosgene is reacted with an amine of formula RNH,, where NR is NH,

o u]
o AT
(346), NEt, (S48), NHCH,Ph (S49), NHOH (S51), S6),

O e 00 O

47, ' (ss0), (ssz) (S53), (S64),

i
H”/\/Q—QH HNA\/E{?

BH - (S66), or (S67). The reaction takes place in the presence of a
solvent, such as an organic solvent. In one embodiment, only one equivalent of amine is used

in the reaction. Purification is accomplished, for example, by SiO, column chromatography.
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[0272] S55, 856, S58, and S60-63 are prepared from S27 by reaction with HNRR,, where

SUSE W

1, - HHa
H-H N-H R H g 2
UMD DD Oy
NR;R, is (855), (S56), (S58),
HoH HHz
W o - N: e My Hy
(S60), (S61), (S62), or (S63). The

reaction occurs in a solvent, such as an organic solvent, such as chloroform, thereby forming
a reaction mixture. The solvent is removed from the reaction mixture to form a residue,
which is purified, for example, by silica gel column chromato graphy to yield the final

product.
[0273] S69-75 are prepared from S68, via the S68-phosgene intermediate. S68 is treated
with triphosgene to form the intermediate, which in turn is treated with an amine RNH,,

"D—)@ N _jn—ﬁ '3}

where R is NH; (S70), NEt, (S75), NHOH (S74), (869), — (S71),

H
H

e A
;uun—-’@ HH

(S72), and (S73). The reaction occurs in a solvent, such as an
organic solvent, such as chloroform, thereby forming a reaction mixture. The solvent is
removed from the reaction mixture to form a residue, which is purified, for example, by silica

gel column chromatography to yield the final product.

[0274] S76 is prepared from S68 by reaction with methyl chlorooxoacetate. In an
embodiment, the reaction occurs in the presence of a solvent, such as an organic solvent, such
as methylene chloride. A base catalyst such as pyridine is used as necessary to facilitate or
hasten the reaction. The reaction mixture formed by mixing the reactants and a solvent is
washed with basic solution (e.g., saturated sodium bicarbonate), acidic solution (e.g. HCI),

and water. Purification such as silic gel chromato graphy yields S76.

[0275] S77 is prepared from S76 by reaction with sodium hydroxide. In one embodiment,
the reaction takes place in a solvent, such as an organic solvent, such as methanol. The
solvent is removed from the reaction mixture formed by mixing the reactants and the solvent,
thereby forming a residue. The residue is dissolved in water and washed with another

organic solvent, such as ether, to remove unwanted hydrophobic compounds. The aqueous

- 104 -



0146% 1. 8% 11%, 5.9% 13%

WO 2007/024717 PCT/US2006/032405

phase from the basic washes is acidified and the product is extracted therefrom using an

organic solvent, such as methylene chloride. Further purification is used if necessary.

[0276] S78-581 are prepared by treating S77 with thionyl chloride to form crude S77-CL
Excess thionyl chloride, if any, is removed from the reaction mixture. The crude S77-Cl then
is dissolved in a solvent, such as an organic solvent like methylene chloride, and reacted with
HX, where X is NHEt (S78), NHPh (879), NH, (S80), and NHCH,-pyridine (S81). The

solvent is removed, and the residue is purified.

[0277] S82 is prepared from S68. S68 is reacted with CH,CHSO,Cl in a manner analogous

to the production of S3. The product then is treated with HNR R, in a manner analogous to
=N e
the production of S1 and S2, except that NR R, is
[0278] S83 is prepared from S68. S68 is reacted with RCOCI, wherein R is
S YR =

[0279] S84 is prepared from S68 by reaction with benzyl bromide. In an embodiment, the

, in a manner analogous to the production of 87, S9, and S40.

reaction takes place in a solvent, such as an organic solvent like methylene chloride. A base
catalyst such as triethylamine is added as necessary to catalyze the reaction. The reaction

mixture formed by mixing the reactants and the solvent is purified to yield S84.

[0280] S85 is prepared from S26. S26 is reacted with di-tert-butyl dicarbonate in a solvent,
for example an organic solvent like methylene chloride. A base catalyst such as
triethylamine also is used, if necessary. The reaction mixture formed by mixing the reactants
and the solvent is washed with saturated sodium bicarbonate solution and the aqueous layer is
extracted with an organic solvent. The combined organic layers are dried and concentrated

provide S85.

[0281] S86 is prepared from S85 in a solvent, for example an organic solvent. S85 is treated
with BBr; to form a reaction mixture. If necessary, a base catalyst, such as triethylamine, is
used in the reaction. The reaction is quenched (e.g., in the case of triethylamine, with
methanol) and concentrated. Purification, for example by column chromatography, yields
S86.
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[0282] S87 is prepared by reacting S86 with trifluoromethylsulfonyl anhydride. The reaction
is carried out in a solvent, such as an organic solvent. A base catalyst such as triethylamine is
added if necessary. In the case of triethylamine, the reaction mixture formed by mixing the
reactants and the solvent is quenched with water, after which the aqueous layer is extracted
with an appropriate organic solvent. If desired, the organic layers are dried (e.g., using
magnesium sulfate), and the organic layers are concentrated. Purification of the concentrated

organic layers yields S87.

[0283] S88 is prepared from S87 by reaction of morpholine,
tris(dibenzylideneacetone)dipalladium(0), 2-(di-zert-butylphosphino)-biphenyl, and
potassium phosphate. The reaction mixture is diluted with a solvent, such as methylene
chloride or another appropriate organic solvent, and washed with water. The aqueous layer,
formed by washing with water, is extracted with an organic solvent, such as methylene
chloride. The organic layers then are dried (e.g., over magnesium sulfate) and concentrated.

The residue is purified, for example by silica gel flash chromatography, to yield S88.

[0284] S89 is prepared from S87 by reaction with benzenethiol and i-Pr,NEt in a solvent,
such as CH3CN or another appropriate organic solvent. After reaction, an organic solvent
such as ethyl acetate is added to the reaction mixture. If necessary, the reaction mixture is
washed with one or more of acidic (e.g., HCI), basic (e.g. NaOH), and water solutions. After
drying (e.g. with Na;SO4), the solution is concentrated. Purification, for example by
chromatography, yields S89. In an alternative, refluxing S87 with benezethiol in an
appropriate solvent such as dioxane with a catalyst such as i-Pr,NEt/Pda(dba)s/xantphos
yields S89.

[0285] S90 is prepared from S87 reacted with a base, phenylboronic acid, and a catalyst. In
an embodiment, the base is K,COj3 and the catalyst is (Pd(PhsP);). In one embodiment, the
reaction occurs in a solvent, such as an organic solvent, such as dioxane. The reaction
mixture formed by mixing the reactants and the solvent is diluted with a solvent (e.g.
methylene chloride), and washed with water to remove unwanted hydrophilic compounds.

Concentration and purification of the residue yields S90.

[0286] S92 is prepared from S87 reacted with zinc cyanide. In an embodiment, the reaction
occurs in a solvent, such as an organic solvent like DMF. A catalyst such as Pd(PhsP)y also is
used to facilitate and hasten the reaction. The reaction mixture formed by mixing the

reactants and the solvent, if necessary, is diluted with water and an acidic solution and
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extacted with an organic solvent. The organic extracts then are washed using a salt solution,
dred, filtered, and concentrated. Purification of the residue proceeds, for example, by silica

gel column chromatography.

[0287]) S94 is prepared for S86 by reaction with acetic anhydride. In an embodiment, the
reaction takes place in a solvent, such as an organic solvent like methylene chloride.
Triethylamine or another base catalyst is added as necessary. Washing with water, followed
by drying (e.g., using sodium sulfate), is used as desired. Purification of the residue yields
S94.

[0288] S95 is prepared from S94 by reaction with anhydrous AlCls, in a solvent if desired.
The solvent is an organic solvent like benzene. The reaction mixture is refluxed and cooled

on ice. Extraction with an organic solvent, concentration, and purification of the residue
yields S95.

[0289] S96 is prepared from S86 by iodination. For example, S86 is added to a solvent, such
as an organic solvent like methanol, with excess Nal and Chloramine-T. The reaction
mixture is quenched with NayS,03 solution. Concentration and purification of the residue

yields S96 as a mixture of mono-iodinated and di~iodinated products.

[0290] S97 is prepared from S86 by reaction with a nitric acid. S86 is protected (e.g., using
the Boc protecting groups) and added to concentrated sulfuric acid. Nitric acid is added to
the reaction mixture. The reaction mixture is cooled and neutralized (e.g., using Na,COs) to
quench the reaction. Organic extraction and subsequent concentration is used to isolate the

product. Purification yields S97.

[0291] S98 is prepared by hydrogenation of S97. For example, S97 is added to a solution,
such as an organic solution like methanol. H; gas is bubbled through the solution and Pd/C
catalyst or another applicable catalyst is added. Filtration to remove the catalyst and

purification yields S97.

[0292] S100 is prepared from S98. S98 is dissolved in acid solution, such as aqueous HCL.
To this a solution of sodium nitrite, and then NaNjs in water, are added. The reaction mixture
is extracted using an organic solvent. If needed, the extract is washed with a basic solution
(e.g., saturated sodium bicarbonate) and water. Organic layers from the washing are dried
using, for example, anhydrous sodium sulfate, and concentrated to form a residue. The
residue is purified to yield S100. To prepare S99, NaNj is substituted with NaBF4 in a

similar manner.
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[0293] S101, S102, and S103 may each be prepared from S68.

[0294] S101 may be prepared from S68 as follows. Triphosgene is reacted with S68 in the
presence of a solvent (such as the organic solvent dichloromethane, CH,Cl) to generate S68-
phosgene. Optionally, a base is also present or added to scavenge acid generated during the
reacton. Any suitable base may be used. For example, organic bases such as organic amines
like triethylamine, di-isopropylethylamine or pyridine may be used. Inorganic bases such as
as sodium bicarbonate may also be used. Then, without the need for purification, the reaction
mixture containing the S68-phosgene is treated with 1-piperonylpiperazine. If necessary, the
reaction mixture is washed with one or more of acidic (e.g., HCl), basic (e.g. NaOH), and
water solutions. The solvents are removed, for example under reduced pressure. The S101

product can then be purified, for example using SiO; column chromatography.

[0295) S102 may be prepared from S68 using the same scheme as for $101, with the

exception that piperidine is used in the place of piperonylpiperazine.

[0296] S103 may be prepared from S68 using the same scheme as for S101, with the
exception that N-Boc 1-piperazine is used in the place of piperonylpiperazine. Also,

trifluoroacetic acid (TFA) is added de-protect the Boc group.

[0297] S104 may be prepared by reacting S36 with hydrogen peroxide (H,0,) in the presence
of a solvent (such as MeOH). The solvents are removed (for example under reduced

pressure), and the $104 product can then be purified, for example by re-crystallization.

[0298] S105 may be prepared from S68 as follows. S68 is be reacted with CH;O-
C(O)C(0)Cl in the presence of a solvent (such as the organic solvent dichloromethane
(CH2Cl,)) and optionally a catalyst (such as pyridine). Preferably, the CH30-C(O)C(O)Cl
should be added dropwise. If necessary, the reaction mixture is washed with one or more of
acidic (for example HCI), basic (for example NaOH), and water solutions. The solvents are
removed and the product may be further purified, for example by SiO, column

chromatography.

[0299] S107 may be prepared from S26 as follows. To a solution of S26 in a solvent (such as
MeOH), formaldehyde (CH>O) and sodium cyanoborohydride (NaBCNH3) are added and
allowed to react. Preferably, the reaction mixture is maintained at around pH 4-5, for example
by addition of a few drops of 1N HCI. The solvents are then removed, for example under
reduced pressure. If necessary, the residue may be dissolved in ethyl acetate and washed

with with one or more of a basic solution (for example NaOH), and water. The solvents may
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be removed, and the product may be further purified, for example using SiO; column

chromatography.

[0300] S108 may be prepared as follows. A mixture of N-benzyloxycarbonyl-glycine (Cbz-
Gly,), Diisopropyl-carbodiimide (DIC), and N-hydroxysuccinimide (NHS), are reacted
together in a solvent (such as the organic solvent dichloromethane (CHClp)) for a suitable
amount of time. S26 is then added to the mixture and the reaction is allowed to proceed
further. Ifnecessary, the reaction mixture is washed with one or more of acidic (for example
HCI), basic (for example NaOH), and water solutions. The solvents may then be removed,
for example by evaporation. The product may be further purified, for example using SiO,

column chromatography.

[0301] S109 may be prepared from S108, as follows. S108 in a solvent (such as the organic
solvent dichloromethane (CH,CL)) is reacted with HBr/CH;CO,H. After a suitable amount
of time, the reaction mixture is evaporated, for example under reduced pressure. The residue
is dissolved in a suitable solvent, such as MeOH, and is treated with propylene oxide. The
solvent may then be removed, for example under reduced pressure, to provide crude S109.
The S100 may be further purified, for example by dissolving in an acidic solution (such as

HCI), washing with ethyl acctate, and evaporating.

[0302] S110 may be prepared as follows. A mixture of $26, methyl 1-bromoacetate and
pyridine are reacted in DMF for a suitable amount of time. To this mixture, ethyl aceate is
added, and if necessary, the reaction mixture is washed with a basic solution (for example
NaHCOs), or water. The product S110, as an oil, may be purified, for example by SiO,

column chromatography.

[0303] S111 may be prepared as follows. A base (such as IN NaOH) is added to S110in a
solvent (such as MeOH), and the mixture is allowed to react for a suitable amount of time.
The solvents are then removed, for example under reduced pressure, and the residue may then
be dissolved in an aqueous solution, such as water. The aqueous phase may be washed with
ethyl acetate and acidified, for example with 1N HCJ, to pH of around 4. The solvents may
then be removed, for example under reduced pressure, to produce crude S111. The NaCl

may be removed using an alcohol, such as ethanol, to yield pure S111 as a solid.

[0304] S112 may be prepared as follows: To a mixture of S26 and pyridine in an solvent
(such as the organic solvent dichloromethane (CH,Cl,)), SO,Cl, is added drop-wise at around

0°C and reacted for a suitable amount of time. The solvents may be removed, for example
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under reduced pressure. The residue can be dissolved in a suitable basic solution, such as
NaOH. The aqueous solution may then be washed with ethyl acetate, and acidified (for
example with 1N HCI) to around pH 4. The aqueous phase may be extracted again with ethyl
acetate, and the ethyl acetate phase evaporated, for example under reduced pressure, to

provide S112, as a powder.

[0305] S113 may be prepared as follows. $107 in ethyl acetate is treated with CH,I. The
mixture is stirred for a suitable amount of time, and the product S113, as white solid, is

collected by filtration.

[0306] S114 may be prepared as follows. The compound 826, in a solvent such as the
organic solvent CH,Cl, is ideally cooled to around 0°C. To this solution, triphosgene, is
added. Optionally, a base is also present or added to scavenge acid generated during the
reacton. Any suitable base may be used. For example, organic bases such as organic amines
like triethylamine, di-isopropylethylamine or pyridine may be used. Inorganic bases such as
as sodium bicarbonate may also be used. The reaction is allowed to proceed (ideally around
0°C) for a suitable amount of time (for example about 1 hour). Without the need for
purification, the resulting S26-phosgene in the reaction mixture may then be treated with N-
Boc 1-piperazine, again ideally at around 0°C, and the reaction is allowed to proceed (ideally
at around 0°C) for a suitable amount of time (for example about 1 hour). If necessary, the
reaction mixture is washed with one or more of acidic (for example HCI), basic (for example
NaOH), and water solutions. The solvents are removed and the product may be further

purified, for example by SiO, column chromatography.

[0307] S115 may be prepared as follows. A mixture of S114 and Lawesson Reagent in
toluene is stirred at around 90°C for several hours. The mixture is cooled to room temperature
and washed with a suitable base, such as saturated NaHCO;. The product S1 15 may be
purified, for example by SiO, chromatography.

[0308] S116 may be prepared as follows. A mixture of 8115 and trifluoroacetic acid (TFA)
in a suitable solvent solvent (such as the organic solvent dichloromethane (CH,CL,)) is stirred
at around room temperature for a suitable amount of time (for example, about 2 hours).

Evaporation of the solvents, for example under reduced pressure, produces S116.

[0309] S117 (S117) may be prepared as follows. A solution of S057 in a suitable solvent
(such as the organic solvent dichloromethane (CH,Cl,)) is cooled to about —78°C. To this,

IM BBrj; a suitable solvent (such as the organic solvent dichloromethane (CH,CLy)) is added,

-110-



10 1 6 0% 18% 1 3% 14. 7% 17 r/0 [0390] Figure 34 is a graph

showi ng the concentration-dependence of the effect of ARMD76 on the hERG
current. webbe/@@71pr ovi des the nunerical data that is ilPCuatSe@speR405
graphically in Figure 34. Because the highest concentration of ARMD76
tested resulted in less than 50% current inhibition, it was not possible to
determ ne an |1 G0 value for ARMD76. - 134 -

and the mixture is stirred (still at about 78°C) for a suitable amount of time (for example
around 3 hours) and then wSed to room temperature. If necessary, the mixture is washed with
an acid (such as 1N HCI) and/or H,O. After removal of the solvents, the product $117 may
be purified, for example by SiO, column chromatography.

[0310] S118 may be synthesized as follows. S26 in as suitable solvent a suitable solvent
(such as the organic solvent dichloromethane (CH,CL)) is treated with BODIPY TMR-X, SE
(Molecular Probes Inc.) for a suitable amount of time (for example, around 3 hours). If
necessary, the mixture may be washed with an acid (such as 0.01 N HC1) and/or a base (such

as NaHCO3). Removal of the solvents, for example under reduced pressure, will yield S118.

[0311] S119 may be synthesized as follows. A mixture 107, H,O, (for example around
50%), and an alcohol (such as MeOH), is stirred at around room temperature for a suitable
amount of time (typically around 2 days). If desired, mass spectrometry may be used to
monitor the disappearance of S107 and the formation of the S119 product). The solvents may

be removed, for example under reduced pressure, to give S119.

[0312] S120 may be synthesized as follows. A mixture $26, benzyl bromide and Na,COs in a
solvent (such as DMF), is reacted for a suitable amount of time, preferably overnight. Ethyl
acetate is added to the reaction, and then, if necessary, the reaction i‘s washed with a suitable
solvent, for example with H,O (4x10 ml). The organic phase may be concentrated, for
example under reduced pressure, and the residue may be purified, for example by column

chromatography to give S121.

[0313] S121 may be synthesized as for $120, but using 4-OH-benzyl bromide instead of

benzyl bromide.

[0314] S122 may be synthesized as follows. To a cold solution of compound S26 in a
solvent, sﬁch as the organic solvent in CH,Cl,, DIEA is added, and subsequently
acetoxyacetyl chloride is added. The reaction is allowed to proceed for a suitable amount of
time, and then diluted, (for example with 1.0 M HCI aqueous solution) and extracted (for
example using CHzCl,). The combined organic layers may, if necessary, be washed (for
example with H,O, brine), dried (for example with Na,SQy), filtered, and dried (for example
by evaporation). The product may be further purified, for example by chromatography on a
silica gel column, and may be eluted with a gradient increasing in polarity from 0 to 50% of
petroleum in ethyl acetate. Relevant fractions may then be combined to give the desired

product.
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[0315] S123 may be synthesized as follows. To a solution of compound S122 in a solvent
(such as MeOH) and THF, preferably at room temperature, is added LiOH. The reaction is
allowed to proceed for a suitable amount of time at a suitable temperature (ideally around
room temperature, and may then be diluted (for example with with 1.0 M HCI aqueous
solution) and extracted (for example with CH,Cl,). The combined organic layers may be
washed (for example with H,O, brine), dried (for example’with NayS0y), filtered and dried
(for example by evaporation). The crude product may be purified, for example by
chromatography on a silica gel column, eluted, for example with a gradient increasing in
polatity from 0 to 70% petroleum in ethyl acetate. Relevant fractions may then be0 combined

to give S123,

[0316] 1t should be noted that the compounds used as starting materials for, or generated as
intermediates in, the synthesis of the compounds of the invention, may themselves have
structures encompassed by the formulae of the invention, and/or may themselves be active
agents useful in the methods and compositions of the present invention. Such starting
materials and intermediates may be useful for, inter alia, treating or preventing various
disorders and diseases associated with RyR receptors such as muscular and cardiac disorders,
treating or preventing a leak in a RyR2 receptor in a subject, or modulating the binding of
RyR and FKBP in a subject. The present invention encompasses any of the starting materials
or intermediates disclosed herein that have structures encompassed by Formula I, I-a, I-b, I-c,
I-d, I-e, I-f, I-g, I-h, I, I-j, Ik, I-1 or I-m, and/or which are useful as active agents in the
methods and compositions of the present invention. For example, in one embodiment the
compound S68, which is useful as a starting material for the synthesis of compoﬁnds S69 —
S75, may be used for, inter alia, treating or preventing various disorders and discases
associated with RyR receptors, treating or preventing a leak in a RyR2 receptor, or

modulating the binding of RyR and FKBP in a subject.

'[0317] In another embodiment, the compound $26, which is useful in the synthesis of many
of the compounds described herein (including S3, S4, S5, S7, S9, S11, 812, 813, S14 and
other compounds) may be used for, inter alia, treating or preventing various disorders and
diseases associated with RyR receptors, treating or preventing a leak in a RyR2 receptor, or

modulating the binding of RyR and FKBP in a subject.

[0318] Similarly, in another embodiment, the compound S25 (see U.S. Patent Application

10/809,089) may also be used for, inter alia, treating or preventing various disorders and
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diseases associated with RyR receptors, treating or preventing a leak in a RyR2 receptor, or

modulating the binding of RyR and FKBP in a subject.

[0319] The compounds of the present invention are prepared in different forms, such as salts,
hydrates, solvates, complexes, pro-drugs or salts of pro-drugs and the invention includes all

variant forms of the compounds.

[0320] The term "compound(s) of the invention" as used herein means a compound of
Formula 1, I-a, I-b, I-c, I-d, I-e, I-f, I-g, I-h, I, I-j, Ik, I-] or I-m, and salts, hydrates,

prodrugs and solvates thereof.

[0321] A "pharmaceutical composition" refers to a mixture of one or more of the compounds
described herein, or pharmaceutically acceptable salts, hydrates or pro-drugs thereof, with
other chemical components, such as physiologically acceptable carriers and excipients. The
purpose of a pharmaceutical composition is to facilitate administration of a compound to an

organism.

[0322] A "pro-drug" refers to an agent which is converted into the parent drug in vivo. Pro-
drugs are often useful because, in some situations, they are easier to administer than the
parent drug. They are bioavailable, for instance, by oral administration whereas the parent
drugis not. The pro-drug also has improved sotubility in pharmaceutical compositions over
the parent drug. For example, the compound carries protective groups which are split off by
hydrolysis in body fluids, e.g., in the bloodstream, thus releasing active compound or is

oxidized or reduced in body fluids to release the compound.

[0323] A compound of the present invention also can be formulated as a pharmaceutically
acceptable salt, e.g., acid addition salt, and complexes thereof. The preparation of such salts
can facilitate the pharmacological use by altering the physical characteristics of the agent
without preventing its physiological effect. Examples of useful alterations in physical
properties include, but are not limited to, lowering the melting point to facilitate transmucosal
administration and increasing the solubility to facilitate administering higher concentrations

of the drug.

[0324] The term "pharmaceutically acceptable salt" means an acid addition salt which is
suitable for or compatible with the treatment of a patient or a subject such as a human patient

or an animal such as a dog.

[0325] The term "pharmaceutically acceptable acid addition salt" as used herein means any

non-toxic organic or inorganic salt of any base compounds represented by Formula L, I-a, I-b,
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I-c, I-d, I-e, I-f, 1-g, I-h, I, Ij, I-k, I-] or I-m, or any of their intermediates. Illustrative
inorganic acids which form suitable acid addition salts include hydrochloric, hydrobromic,
sulfuric and phosphoric acids, as well as metal salts such as sodium monohydrogen
orthophosphate and potassium hydrogen sulfate. Illustrative organic acids that form suitable
acid addition salts include mono-, di-, and tricarboxylic acids such as glycolic, lactic, pyruvic,
malonic, succinic, glutaric, fumaric, malic, tartaric, citric, ascorbic, maleic, benzoic,
phenylacetic, cinnamic and salicylic acids, as well as sulfonic acids such as p-toluene
sulfonic and methanesulfonic acids. Either mono or di-acid salts can be formed, and such
salts exist in either a hydrated, solvated or substantially anhydrous form. In general, the acid
addition salts of compounds of Formula I, I-a, LI-b, I-c, I-d, I-e, I-f, I-g, I-h, I, Ij, I-k, I- and
I-m, are more soluble in water and various hydrophilic organic solvents, and generally
demonstrate higher melting points in comparison to their free base forms. The selection of an
appropriate salt will be known to one skilled in the art. Other non-pharmaceutically
acceptable salts, e.g., oxalates, are used, for example, in the isolation of compounds of the
invention for laboratory use or for subsequent conversion to a pharmaceutically acceptable

acid addition salt,

[0326] The compounds of the present invention form hydrates or solvates, which are
included in the scope of the claims. When the compounds of the present invention exist as
regioisomers, configurational isomers, conformers or diasteroisomeric forms all such forms
and various mixtures thereof are included in the scope of Formula I, I-a, I-b, I-c, I-d, I-e, I-f,
I-g, I-h, I, I+j, I-k, Il and I-m. It is possible to isolate individual isomers using known
separation and purification methods, if desired. For example, when a compound of the
present invention is a racemate, the racemate can be separated into the (S)-compound and
(R)-compound by optical resolution. Individual optical isomers and mixtures thereof are

included in the scope of Formula I, Ia, I-b, I-c, I-d, I-e, I-f, I-g, I-h, I, I-j, Ik, I-l and I-m.

[0327] The term "solvate" as used herein means a compound of Formula I, I-a, I-b, I-c, I-d, I-
e, I-f, I-g, I-h, I-i, I+, I-k, I-l or I-m, or a pharmaceutically acceptable salt thereof, wherein
molecules of a suitable solvent are incorporated in the crystal lattice. A suitable solvent is
physiologically tolerable at the dosage administered. Examples of suitable solvents are
ethanol, water and the like. When water is the solvent, the molecule is referred to as a
"hydrate."

[0328] The term an "effective amount," "sufficient amount” or “therapeutically effective

amount” of an agent as used herein is that amount sufficient to effect beneficial or desired
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results, including clinical results and, as such, an "effective amount" depends upon the
context in which it is being applied. The response is preventative and/or therapeutic. The
term "effective amount" also includes that amount of the compound of Formula I, I-a, I-b, I-c,
I-d, I-e, I-f, I-g, I-h, I, I, I-k, I-1 or I-m, which is "therapeutically effective" and which

avoids or substantially attenuates undesirable side effects.

[0329] As used herein and as well understood in the art, "treatment" is an approach for
obtaining beneficial or desired results, including clinical results. Beneficial or desired

clinical results can inchide, but are not limited to, alleviation or amelioration of one or more
symptoms or conditions, diminishment of extent of disease, stabilized (i.e., not worsening)
state of disease, preventing spread of disease, delay or slowing of disease progtession,
amelioration or palliation of the disease state and remission (whether partial or total), whether
detectable or undetectable. "Treatment" can also mean prolonging survival as compared to

expected survival if not receiving treatment.

[0330] The terms "animal," "subject" and "patient” as used herein include all members of the
animal kingdom including, but not limited to, mammals, animals (e.g., cats, dogs, horses,

etc.) and humans.

[0331] The present invention further provides a composition, comprising radio labeled
compounds of Formula I, I-a, I-b, I-c, I-d, I-e, I-f, I-g, I-h, I, I+, Ik, I-1 and I-m. Labeling
of the compounds is accomplished using one of a variety of different radioactive labels
known in the art. The radioactive label of the present invention is, for example, a
radioisotope. The radioisotope is any isotope that emits detectable radiation including,
without limitation, *°S, 125 3 H, or "C. Radioactivity emitted by the radioisotope can be
detected by techniques well known in the art. For example, gamma emission from the

radioisotope is detected using gamma imaging techniques, particularly scintigraphic imaging.

[0332] By way of example, radio-labeled compounds of the invention are prepared as
follows. A compound of the invention may be demethylated at the phenyl ring using BBr;.
The resulting phenol compound then is re-methylated with a radio-labeled methylating agent
(such as *H-dimethy] sulfate) in the presence of a base (such as NaH) to provide *H-labeled

compounds.

[0333] The present invention further provides compounds that may be classified as 1,4-
benzothiazepines, including, by way of example and without limitation, S1, 82, S3, S4, S5,
56, 87, 89, S11, S12, S13, S14, S19, 820, 822, 823, 825, 826, S36, 837, S38, 5S40, S43, S44,
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S45, 46, 847, 848, 849, S50, S51, S52, 853, 854, S55, $56, $57, S58, $59, S60, S61, S62,
563, 864, 866, 867, $68, $69, 70, S71, 872, 873, $74, $75, S76, S77, 78, S79, 80, S81,
S82, S83, S84, $85, 386, S87, S88, S89, S90, $91, S92, $93, $94, $95, S96, S97, S98, S99,
8100, S101, 8102, $103, S104, $105, 8107, $108, $109, 8110, S111, $112, $113, S114,
8115, 8116, S117, S118, S119, S120, S121, $122, and $123.

[0334] These and any other compounds of the present invention are associated with a
pharmaceutically acceptable carrier, as described above, so as to form a pharmaceutical

composition.

[0335] In accordance with the method of the present invention, the decrease in the level of
RyR-bound FKBP is limited or prevented in the subject by decreasing the level of
phosphorylated RyR in the subject. In one embodiment, the amount of the agent effective to
limit or prevent a decrease in the level of RyR2-bound FKBP12.6 in the subject is an amount
of the agent effective to treat or prevent heart failure, atrial fibrillation and/or exercise-
induced cardiac arrhythmia in the subject. In another embodiment, the amount of the agent
effective to limit or prevent a decrease in the level of RyR2-bound FKBP12.6 in the subject is
an amount of the agent effective to prevent exercise-induced sudden cardiac death in the

subject.

[0336] In view of the foregoing, the present invention further provides a method for treating
or preventing exercise-induced cardiac arrhythmia in a subject, comprising administering to
the subject a 1,4-benzothiazepine compound, as disclosed herein, in an amount effective to
treat or prevent exercise-induced cardiac arrhythmia in the subject. Similarly, the present
invention provides a method for preventing exercise-induced sudden cardiac death in a
subject, comprising administering to the subject a 1,4-benzothiazepine compound, as
disclosed herein, in an amount effective to prevent exercise-induced sudden cardiac death in
the subject. Additionally, the present invention provides a method for treating or preventing
atrial fibrillation or heart failure in a subject, comprising administering to the subject a
compound, as disclosed herein, in an amount effective to treat or prevent the atrial fibrillation
or heart failure in the subject. In each of these methods, the compound is selected from the

group of compounds consisting of compounds of the formula:
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wherein,

nis 0, 1, 0r2;
R s located at one or more positions on the benzene ring;

each R is independently selected from the group consisting of H, halogen, -OH, -NH,, -NO,,
-CN, -Nj3, -SO;H, acyl, alkyl, alkoxyl, alkylamino, cycloalkyl, heterocyelyl,
heterocyclylalkyl, alkenyl, (hetero-)aryl, (hetero-)arylthio, and (hetero-)arylamino; wherein
each acyl, alkyl, alkoxyl, alkylamino, cycloalkyl, heterocyclyl, heterocyclylalkyl, alkenyl,
(hetero-)aryl, (hetero-)arylthio, and (hetero-)arylamino may be substituted with one or more
radicals independently selected from the group consisting of halogen, N, O, -S-, -CN, -Nj, -
SH, nitro, oxo, acyl, alkyl, alkoxyl, alkylamino, alkenyl, aryl, (hetero-)cycloalkyl, and
(hetero-)cyclyl;

R, is selected from the group consisting of H, oxo, alkyl, alkenyl, aryl, cycloalkyl, and
heterocyclyl; wherein each alkyl, alkenyl, aryl, cycloalkyl, and heterocyclyl may be
substituted with one or more radicals independently selected from the group consisting of
halogen, N, O, -S-, -CN, -Ns, -SH, nitro, oxo, acyl, alkyl, alkoxyl, alkylamino, alkenyl, aryl,
(hetero-)cycloalkyl, and (hetero-)eyclyl;

R» is selected from the group consisting of H, -C=0(R5), ~C=S(Rs), -SO2R7, ~POR3Rg, -
(CHy)m-R ¢, alkyl, aryl, heteroaryl, cycloalkyl, cycloalkylalkyl, and heterocyclyl; wherein
each alkyl, aryl, heteroaryl, cycloalkyl, cycloalkylalkyl, and heterocyclyl may be substituted
with one or more radicals independently selected from the group consisting of halogen, N, O,
-S-, -CN, -N3, nitro, oxo, acyl, alkyl, alkoxyl, alkylamino, alkenyl, aryl, (hetero-)cycloalkyl,
and (hetero-)cyclyl;

R3 is selected from the group consisting of H, CO,Y, CONY, acyl, alkyl, alkenyl, aryl,
cycloalkyl, and heterocyclyl; wherein each acyl, alkyl, alkenyl, aryl, cycloalkyl, and

heterocyclyl may be substituted with one or more radicals independently selected from the
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[0391] Figure 35 is a graph showi ng the concentration-dependence of the
effect of ARMD77 on the hERG current. Table 11 provides the nunerical data
that is iwbusewveasad graphically in Figure 35. Because t ReThiSgiess2405
concentration of ARMD77 tested resulted in |ess than 50% current
inhibition, it was not possible to determ ne an | C50 val ue for ARMD77.

Table 11 Test Article | 10 50 1-IM n . I-1 hERG Inhibition % Standard
(%1 nhi bition
Devi ati op 1% 90%91% 11(11gf c|>f halogglgzI II\YI du§1 | C% ! 16\‘13 -S(I)—I nitro, 0xo, acy? alkyl, alkoxyl,

alkylamino, alkenyl, aryl, (hetero-)cycloalkyl, and (hetero-)cyclyl; and wherein Y is selected
from the group consisting of H, alkyl, aryl, cycloalkyl, and heterocyclyl;

Ry is selected from the group consisting of H, alkyl, alkenyl, aryl, cycloalkyl, and
heterocyclyl; wherein each alkyl, alkenyl, aryl, cycloalkyl, and heterocyclyl may be
substituted with one or more radicals independently selected from the group consisting of
halogen, N, O, -S-, -CN, -N3, -SH, nitro, oxo, acyl, alkyl, alkoxyl, alkylamino, alkenyl, aryl,
(hetero-)cycloalkyl, and (hetero-)cyclyl;

Rs is selected from the group consisting of -NR;s, NHNHR 4, NHOH, —OR 5, CONH,NHR 4,
COzR15, CONRy5, CHoX, acyl, alkenyl, aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and
heterocyclylalkyl; wherein each acyl, alkenyl, aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
and heterocyclylalkyl may be substituted with one or more radicals independently selected
from the group consisting of halogen, N, O, -S-, -CN, -N3, nitro, oxo, acyl, alkyl, alkoxyl,
alkylamino, alkenyl, aryl, (hetero-)cycloalkyl, and (hetero-)cyclyl;

R is selected from the group consisting of ~OR; 5, NHNR 6, NHOH, -NR 5, CH,X, acyl,
alkenyl, alkyl, aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl; wherein
each acyl, alkenyl, alkyl, aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and
heterocyclylalkyl may be substituted with one or more radicals independently selected from
the group consisting of halogen, N, O, -S-, -CN, -Ns, nitro, oxo, acyl, alkyl, alkoxyl,
alkylamino, alkenyl, aryl, (hetero-)cycloalkyl, and (hetero-)cyclyl;

Ry is selected from the group consisting of ~ORs, -NR 6, NHNHR 6, NHOH, CH,X, alkyl,
aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl; wherein each alkyl,
aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl may be substituted with
one or more radicals independently selected from the group consisting of halogen, N, O, -S-,
-CN, -N3, nitro, oxo, acyl, alkyl, alkoxyl, alkylamino, alkenyl, aryl, (hetero-)cycloalkyl, and
(hetero-)cyclyl;

Rs and Ry independently are selected from the group consisting of OH, acyl, alkenyl, alkoxyl,
alkyl, alkylamino, aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl;
wherein each acyl, alkenyl, alkoxyl, alkyl, alkylamino, aryl, cycloalkyl, cycloalkylalkyl,
heterocyclyl, and heterocyclylalkyl may be substituted with one or more radicals
independently selected from the group consisting of halogen, N, O, -S-, -CN, -N3, nitro, oxo,
acyl, alkyl, alkoxyl, alkylamino, alkenyl, aryl, (hetero-)cycloalkyl, and (hetero-)cyclyl;
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Rip 1s selected from the group consisting of NH,, OH, —SO,R 11, -NHSOR 4, C=0(R1),
NHC=0(R12), -OC=O(R,), and ~POR 3R 14,

Ri1, Riz, Rys, and R4 independently are selected from the group consisting of H, OH, NH,,
NHNHz, NHOH, acyl, alkenyl, alkoxyl, alkyl, alkylamino, aryl, cycloalkyl, cycloalkylalkyl,
heterocyclyl, and heterocyclylalkyl; wherein each acyl, alkenyl, alkoxyl, alkyl, alkylamino,
aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl may be substituted with
one or more radicals independently selected from the group consisting of halogen, -N-, -O-, -
S-, -CN, -Nj, nitro, 0xo, acyl, alkenyl, alkoxyl, alkyl, alkylamino, amino, aryl, cycloalkyl,
cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, and hydroxyl;

X is selected from the group consisting of halogen, CN, CO,R;s, CONRy5,-NRy5, —OR ;s -
SOzR7, and —PORgRg; and

Ris and Ry independently are selected from the group consisting of H, acyl, alkenyl, alkoxyl,
alkyl, alkylamino, aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl;
wherein each acyl, alkenyl, alkoxyl, alkyl, alkylamino, aryl, cycloalkyl, cycloalkylalkyl,
heterocyclyl, and heterocyclylalkyl may be substituted with one or more radicals
independently selected from the group consisting of halogen, -N-, -O-, -S-, -CN, -N3, nitro,
0xo, acyl, alkenyl, alkoxyl, alkyl, alkylamino, amino, aryl, cycloalkyl, cycloalkylalkyl,
heterocyclyl, heterocyclylalkyl, and hydroxyl, and wherein each substituted acyl, alkenyl,
alkoxyl, alkyl, alkylamino, aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and
heterocyclylalkyl radical may itself be substituted with one or more radicals independently
selected from the group consisting of halogen, -N-, -O-, -S-, -CN, -N3, nitro, oxo, acyl,
alkenyl, alkoxyl, alkyl, alkylamino, amino, aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
heterocyclylalkyl, and hydroxy;

and salts, hydrates, solvates, complexes, and prodrugs thereof.

[0337] Examples of such compounds include, without limitation, S1, S2, S3, S4, S5, S6, 7,
89, 811, 812, S13, S14, S19, 820, §22, $23, $25, $26, $36, S37, S38, S40, §43, S44, S45,
846, S47, S48, $49, 850, 851, 852, 853, S54, S55, $56, S57, S58, $59, $60, S61, S62, S63,
864, 566, 567, S68, S69, S70, 871, 872, 873, S74, 875, 876, S77, S78, S79, S80, S81, S82,
$83, 384, $85, 386, S87, $88, $89, $90, S91, S92, $93, $94, $95, $96, S97, $98, §99, S100,
S101, S102, S103, $104, 8105, $107, S108, S109, S110, S111, S112, 8113, S114, S115,
S116, 8117, 8118, 8119, S120, S121, S122, and S123.
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[0338] In an embodiment of the present invention, if R, is C=0O(Rs) or SO2R7, then R is at

positions 2, 3, or 5 on the benzene ring.

[0339] In another embodiment of the invention, if R, is C=O(Rs) or SO;R7, then each R is
independently selected from the group consisting of H, halogen, -OH, -NHz, -NO,, -CN, -Nj3,
-SO3H, acyl, alkyl, alkylamino, cycloalkyl, heterocyclyl, heterocyclylalkyl, alkenyl, (hetero-
)aryl, (hetero-)arylthio, and (hetero-)arylamino; wherein each acyl, alkyl, alkoxyl,
alkylamino, cycloalkyl, heterocyclyl, heterocyclylalkyl, alkenyl, (hetero-)aryl, (hetero-
Jarylthio, and (hetero-)arylamino may be substituted with one or more radicals independently
selected from the group consisting of halogen, N, O, -S-, -CN, -Ns, -SH, nitro, oxo, acyl,
alkyl, alkoxyl, alkylamino, alkenyl, aryl, (hetero-)cycloalkyl, and (hetero-)cyclyl.

[0340] In another embodiment of the invention, if R, is C=0O(Rs) or SO,R7, then there are at
least two R groups attached to the benzene ring. Furthermore, there are at least two R groups
attached to the benzene ring, and both R groups are attached at positions 2, 3, or 5 on the
benzene ring. Still further, each R is independently selected from the group consisting of H,
halogen, -OH, -NHj, -NO,, -CN, -N3, -SO3H, acyl, alkyl, alkylamino, cycloalkyl,
heterocyclyl, heterocyclylalkyl, alkenyl, (hetero-)aryl, (hetero-)arylthio, and (hetero-
)arylamino; wherein each acyl, alkyl, alkoxyl, alkylamino, cycloalkyl, heterocyclyl,
heterocyclylalkyl, alkenyl, (hetero-)aryl, (hetero-)arylthio, and (hetero-)arylamino may be
substituted with one or more radicals independently selected from the group consisting of
halogen, N, O, -S-, -CN, -N3, -SH, nitro, 0x0, acyl, alkyl, alkoxyl, alkylamino, alkenyl, aryl,
(hetero-)cycloalkyl, and (hetero-)cyclyl.

[0341] In another embodiment of the invention, if R, is C=O(Rs), then Rs is selected from the
group consisting of -NR 5, NHNHR 6, NHOH, —OR;5, CONH,NHR j5, CONR ¢, CH, X, acyl,
aryl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl; wherein each acyl, aryl,
cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl may be substituted with one
or more radicals independently selected from the group consisting of halogen, N, O, -S-, -CN,
-Ns, nitro, oxo, acyl, alkyl, alkoxyl, alkylamino, alkenyl, aryl, (hetero-)cycloalkyl, and
(hetero-)cyclyl.

Efficacy Demonstrations

[0342] As demonstrated by Figure 1, embodiments A, B, C, and D, S36 is more potent at
increasing the binding of FKBP12.6 and RyR2 than JTV-519 and does not block the L-type
Ca2+ channel (Ic, 1) or HERG K channel (Ixr). In embodiment A, PKA phosphorylated
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RyR2 is generated as follows: cardiac SR membrane preparations (5 pl, 50 ug) are added to a
total of 100 ul of kinase buffer (8 mM MgCl,, 10 mM EGTA, 50 mM Tris-PIPES, pH 6.8)
containing 100 uM MgATP and 40 units of PKA, and incubated at room temperature.
Samples are centrifuged at 95,000 g for 10 min and the pellets are washed three times in 0.2
ml imidazole buffer. The final pellets are pooled and resuspended in imidazole buffer (final
concentration = 10 pg /ul). To test for the FKBP12.6 rebinding efficiency of JTV-519, PKA
phosphorylated cardiac SR (50 mg) is incubated for 30 minutes at room temperature with the
test compounds and 250 nM FKBP12.6 in 10 mM imidizol buffer, pH 7.0. Samples then are
centrifuged at 100,000 g for 10 minutes and pellets washed 3 times with imidizol buffer.
After washing, proteins are size-fractionated on 15% PAGE. Immunoblots are developed
using an anti-FKBP antibody (1:3,000 dilution). The amount of rebinding is quantified using
densitometry of Western blots and is compared to the amount of FKBP associated with RyR
in non-phosphorylated SR. ECsy’s for the compounds are determined by generating FKBP
binding data using concentrations of compounds ranging from 0.5-1000 nM. In embodiment
B, currents through L-type Ca** channels in isolated mouse cardiomyocytes are recorded
using whole-cell patch clamp recording conditions with Ba2 as the charge carrier. The
extracellular solution contains (in mM): N-methyl-D-glucamine, 125; BaCl,, 20; Cs(l, 5;
MgCly, 1; HEPES, 10; glucose, 5; pH 7.4 (HCI). The intracellular solution contains (in mM):
CsCl, 60; CaCl,, 1; EGTA, 11; MgCl,, 1; K,ATP, 5; HEPES, 10; aspartic acid, 50; pH

7.4 (CsOH). Under these conditions, it is expected that the measured current was carried by
Ba®* primarily through L-type calcium channels which is referred to as Icar. Drugs are
applied by a local solution changer and reach the cell membrane within 1 s. The effects of
nifedipine and S36 are tested with 20 ms long voltage-clamp steps to +10 or +20 mV (peak of
current-voltage relation for each individual cell) from holding potentials of -80 mV or -40
mV. In embodiment C, the voltage-dependence of L-type Ca*" current blocked by JTV-519
(1 UM) and 836 (111M) are measured and presented.

[0343] As demonstrated by Figure 2, embodiments A, B, C, and D, 'S36 prevents exercise-
induced sudden cardiac death at lower plasma levels compared with JTV-519. In
embodiment A are shown representative ECGs of an untreated FKBP12.6"- mouse and
JTV519-treated FKBP12.6" and FKBP12.6” mice. Mice are treated with 0.5 mg JTV-
519/per kilogram of body weight per hour for 7 days with an implanted osmotic mini-pump.
JTV-519 has no effect on resting heart rate or other ECG parameters such as heart rate (HR).

In embodiment B are shown sustained polymorphic ventricular tachycardia recorded by
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telemetry in an untreated FKBP1 2.6”‘ mouse (upper tracing) subjected to exercise testing,
immediately followed by injection with 0.5 mg epinephrine per kilogram of body weight.
Representative telemetry ECG recording of a JTV-519-treated FKBP12.67 mouse following
the same protocol is shown in the bottom tracing. I embodiment C are shown mumbers of
mice with cardiac death (left), sustained VTs (>10 beats, middle), and nonsustained VTs (3 fo
10 arthythmogenic beats, right) in experimental groups of mice subjected to exercise testing
and injection with 0.5 mg/kg epinephrine. In embodiment D, the dose-dependence of
pharmacological effects of JTV-519 and 836 is shown. Plasma levels of 1 uM JITV519
prevent cardiac arrhythmias and sudden cardiac death in FKBP12.6™1mice. Plasma levels of
1 pM and 0.02 uM S36 also prevent cardiac arthythmias and sudden cardiac death in
FKBP12.6*" mice,

[0344] Figure 3 shows the results of treated mice that are subjected to permanent ligation of the left

anterior descending coronary artery resulting in myocardial infarction.

[0345] As demonstrated by Figure 4, 8§36 improves cardiac function in chronic heart failure
post-myocardial infarction. Wild-type mice are subjected to permanent ligation of the left
anterior descending coronary artery resulting in myocardial infarction. Seven days following
myocardial infartion, mice are treated with $36 (plasma concentration 200 M) or placebo.
Heart weight to body weight (HW/BW) ratios and pressure-volume loops quantifications
(dP/dt, slope of the maximum derivative of change in systolic pressure over time) show
reverse remodeling and improved cardiac contractility in S36-treated mice compared with

placebo.

[0346] Figure 5 is a summary graph of EC50 values of ITV-519 and compounds S1-S67
disclosed herein. The FKBP12.6 rebinding assay described above is used to determine the
amount of FKBP12.6 binding to PK A-phosphorylated RyR2 at various concentrations (0.5—
1000 nM) of the compounds shown. ECsp values are calculated using Michaelis-Menten

curve fitting.

[0347) Figure 6, embodiments A, B, and C, show CPVT-associated RyR2-P2328S chanrel function
and structure. In embodiment A are shown representative sin gle-channel current traces of RyR2-
P23288 and RyR2-WT whijle embodiment B shows RyR2-P2328S. Embodiment C shows
immunoblot analysis of calstabin-2 binding 6f RyR2-P2328S.



2] Figure 36 is a graph showi ng the concentration-dependence of
Eggge%fectg of ARMLO1 o% tE\e hERG current. Table 12 provides the
nunerical data that is illustrated graphically in Figure 36. Because0
the highest concentration of ARM 0l tested resulted in less than 50%
current inhibition, it was not possible to debAinine an | C§O val ue
for ARMLO1. - 135 - Table 12 .Test Article | D tCSD himw' Conc.
IjRin. hERG I nhibition Mean % St andard Stand Devi ati on Standard

[0348] As demonstrated by Figure 7, embodiments A and B, treatment with JTV-519 reduces
PKA phosphorylation of RyR2 in mice with heart failure, Equivalent amounts of RyR2 are
immunoprecipitated with an antibody against RyR2 (top blot), Representative immunoblots
(embodiment A) and bar graphs (embodiment B) show the amount of PKA phosphorylated
RyR2 at Ser-2808 bound to RyR2 in wild-type and calstabin2(FKBP12.6)" mice. Treatment
with JTV-519 (0.5 mg/kg/h) for 28 days post-myocardial infarction reduces PKA-
phosphorylation of RyR2, presumably due to reverse cardiac remodeling, in wildtype but not
calstabin-2 (FKBP12.6)" mice,

[0349] As demonstrated by Figure 8, embodiments A and B, mice in which cardiac RyR2
cannot be PKA phosphorylated (RyR2-S2808A knoclkin mice) have improved cardiac
function following myocardial infarction. Shown in embodiment A is the quantification of
M-mode echocardiograms showing improved gjection fraction in RyR2-S2808A knockin
mice compared with wildtype 28 days following permanent coronary artery ligation. Shown
in embodiments B and C are pressure-volume loop quantifications showing (embodiment B)
improved cardiac coniractility and decreased cardiac dilation (embodiment C) in RyR2-

52808 A knockin mice compared with wildtype following myocardial infarction.

{0350] Figure 9, embodiments A, B, C, and D demonstrate the effect of JTV-519 on
calstabin? affinity to RyR2 in haploinsufficient calstabin? (FKBP12.6)" mnice after exercise.
The average probability that RyR2 channels will be open in calstabin2™ mice subjected to
exercise were significantly increased compared to those of channels from exercised wild type
(control; calstabin2™") mice, which are predominately closed under conditions that simulate
diastole in the heart. As shown in embodiments C and D, treatment of exercised calstabin?™
mice with JTV-519 significantly reduced the channel open probability (P,) compared with

that of channels from exercised mice that were not treated, consistent with increased amounts
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of calstabin2 in the RyR2 channel complex. Therefore, JTV-519 increases the binding
affinity of calstabin2 to RyR2. In contrast, JTV-519 treatment of exercised Calstabin2 ™~
deficient mice did not result in channels with a low P,, indicating that the presence of
calstabin? is necessary for JTV-519 effects which are documented as binding of calstabin2 to
RyR2.

[0351] Figure 10, embodiments A, B, C, D, E, and F demonstrate, respectively, normalized
RyR2 channel gating and increased calstabin2 binding to RyR2 channels after treatment with
JTV-519. The immunoblots in embodiments A and B show the amounts of RyR2 and
calstabin2 associated with immunoprecipitated RyR2 after incubation with the indicated
concentrations of JTV-519 for, respectively, wild-type RyR2 (RyR2-WT) channels and
RyR2-82809D. The binding curves in embodiment C demonstrate that JTV-519 significantly
increases the affinity of calstabin2 for PKA-phosphorylated RyR2 channels. The results also
show that depletion of calstabin2 from the RyR2 macromolecular complex which is
associated with increased RyR2 open probability, ventricular tachycardias, and sudden
cardiac death in haploinsufficient calstabin2*~ mice is reversed by treatment with JTV-519.
Therefore, the JTV-519 and related compounds prevent disorders and conditions associated

with the RyR2 receptors.

[0352] As shown in Figure 11, embodiments A, B, C, D, and E RyR1 channel functioning is
increased and normalized in mdx (dystrophin deficient) mice treated with JTV-519. In Figure
11, channel openings are represented as upward deflections; ‘c’ indicates the closed state; and
4 pA current open amplitude is indicated by dash. Upper traces represent 5 secs and lower

traces 500 ms; dotted lines indicate subconductance states.

[0353] Embodiment A of Figure 11 shows a single channel current trace of RyR1 from

soleus muscle of control (wild-type) mouse under resting conditions (cytoplasmic Ca®* 150
nM). As seen, RyR1 is predominantly closed. Embodiment C of Figure 11 shows that RyR1
channel function in mdx mouse shows significantly increased open probability, increased
average open, and decreased average closed dwell times, To and Tc, respectively. Increased
Po in mdx mice is consistent with intracellular Ca** leak. The amplitude histograms in
embodiments B, D, and F show multiple subconductance states consistent with calstabinl
(FKBP12) depletion in RyR1 from mdx soleus muscle. Embodiment E of Figure 11 shows an
mdx mouse treated with 1.0 uM JTV-519. As seen, the RyR1 channels JTV-519-treated

mouse demonstrates normal activity that is not significantly different from untreated wild-
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type trace, thereby indicating that JTV-519 can normalize RyR1 channel function in mdx

mice.

[0354] The data of Figure 11 are consistent with intracellular SR Ca®* leak via RyR1
channels as the cause of increased cytosolic Ca?* leak in skeletal muscles from mdx

(dystrophin deficient) mice.

[0355] Figure 12, embodiments A and B, demonstrate that mdx skeletal muscle has normal
levels of RyR1 PKA phosphorylation, but depleted levels of calstabinl. The immunoblots in
embodiment A show that mdx type mice have depeleted levels of calstabinl compared to a
control (wild-type) mouse. The summary bar graphs of embodiment B show that the mdx
mouse, nevertheless, has an equivalent level of PKA-phosphorylation. Therefore, it is
concluded that calstabinl depeletion is a defect that is consistent with the intracellular Ca®*
leak observed in skeletal muscle cells from mdx mice and myofibers from human mutation
carriers. Intracellular SR Ca”* leak is likely to contribute to myofiber death and wasting of

muscle mass by toxic intracellular Ca®* overload and activation of proteases.

[0356] Figure 13, embodiments A, B, and C, demonstrates that SR Ca®* leak at the
subcellular level in skeletal muscles of animals with heart failure is detectable. Life quality
and prognosis in heart failure (HF) patients is severely decreased due to skeletal muscle
dysfunction (e.g., shortness of breath due to diaphragmatic weakness, and exercise
intolerance due to limb skeletal muscle fatigue) in addition to depressed cardiac function.
Dysregulation of intracellular SR Ca®" release is a pathogenic mechanism underlying skeletal
muscle dysfunction in HF. HF in animals causes significantly accelerates intrinsic skeletal

muscle fatigue.

[0357] Embodiments A and B of Figure 13 are AF/F fluorescence line scan images of
representative examples of Ca®" sparks in myofibers from sham and postmyocardial
infarction (PMI) rats and corresponding Ca®" spark time course. Embodiment C shows the
relative distribution of the spatio-temporal properties of the Ca*" sparks. Charts indicate 25,
50, 75 percentiles, the horizontal lines indicate the range from 1-99% of the distribution.
Sham, open symbols (n = 137, three animals); postmyocardial infarction (PMI), gray symbols
(n = 82, two animals). *, P < 0.05. FDHM, full duration at 50% peak amplitude; FWHM,
full width at 50% peak amplitude.

[0358] Figure 14, embodiments A and B, demonstrate that treatment of wild-type mice with

JTV-519 improved soleus muscle fatigue times compared with placebo. Soleus muscles from
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JTV519-treated wild-type mice or calstabin2™~ mice with heart failure from myocardial
infarction are more resistant to fatigue (P < 0.05) compéred to placebo-treated mice. After
completion of treatment, soleus muscle was dissected and mounted in a tissue bath to assess
isolated skeletal muscle function. Representative 50% of maximal tetanic force fatigue time
tracings are shown for wild-type and calstabin2™" mice, treated with JTV519 or placebo, in

embodiment A. In embodiment B are shown bar graph summarizing mean time to fatigue.

[0359] In summary, JTV-519 treatment improved skeletal muscle fatigability in heart failure
animals in vivo. Interestingly, in calstabin2™" knockout mice, fatigue times were also
significantly improved in JTV519 treated mice, suggesting that the beneficial effects on
isolated skeletal muscle function depend on calstabinl and not calstabin2 binding to RyR1.
Indeed, calstabinl appears to be the only isoform of functional significance expressed in

skeletal muscles.

[0360] Figure 15, embodiments A and B, demonstrates that in a mouse model of post-
myocardial infarction heart failure, RyR1 in soleus muscle is also PKA-hyperphosphorylated.
Both in wild-type and calstabin2™ mice, JTV-519 increased binding of calstabinl to RyR1 in
soleus muscle, suggesting that JTV-519 improves skeletal muscle fatigability by normalizing
calstabin] rebinding to the channel complex. Equivalent amounts of RyR1 were
immunoprecipitated with an antibody against RyR1. Embodiment A provides bar graphs
show the amount of PKA phosphorylation of RyR1 at Ser-2844 in mice (corresponding to
human Ser-2843). The significant decrease of RyR1 PKA phosphorylation in JTV519 treated
wild-type animals is likely resulting from beneficial cardiac effects and secondary reduction
of sympathetic nervous activity. Embodiment B are bar graphs showing the amount of
calstabinl bound to RyR1 from wild-type or calstabin2™™ mice treated with JTV519 or
placebo. Mice were treated with JTV519 by implantable osmotic minipumps using a dose of
0.5 mg/kg/day. In summary, JTV-519 treatment resulted in a highly significant increase of

calstabinl in the RyR1 complex in soleus muscles in vivo.

[0361] Figure 16, embodiments A, B, C, and D demonstrates that calstabinl rebinding to
RyR1 by JTV519 normalizes abnormal or leaky RyR1 channel function in vivo. In
embodiments A and C are shown RyR1 single-channel tracings at 150 nM cytoplasmic Ca®"
representing resting conditions in skeletal muscle for wild-type mice treated with placebo and
JTV-519. JTV-519 treatment of mice with heart failure and increased muscle fatigue
normalized RyR1 channel gating in skeletal muscle in vivo. Channel openings are upward,

the dash indicates the full level of channel opening (4 pA), the dotted lines indicate
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subconductance levels, and ‘¢’ indicates the closed state of the channels. For the amplitude
histograms in embodiment B and D, amplitude is represented on the x axis, and events
indicates the number of channel openings. Po, To and Tc values correspond to the
representative traces. Treatment as indicated on top of traces. Inset shows higher resolution

of open states.

[0362] In summary, the data shows that in vivo JTV519 treatment normalizes skeletal muscle
function and RyR1 channel dysfunction consistent with preventing intracellular SR Ca”" leak

as a cause of increased skeletal muscle fatigue.

[0363] Figure 17 demonstrate that JTV-519 also increases the binding affinity of calstabinl
for RyR1 in skeletal muscle in vivo. This probably explains why JTV519 treated mice with
heart failure have increased levels of calstabinl bound to RyR1 in soleus muscle. In
embodiment A, equivalent amounts of skeletal RyR1 or cardiac RyR2 were
immunoprecipitated, PKA phosphorylated and incubated with calstabinl or calstabin2 at
increasing concentrations of JTV519, respectively. Sediment represents only calstabin bound
to RyR. Immunoblotting showed that 250 nM of JTV519 increased the binding affinity of
calstabin for RyR. The graphs of embodiment B further demonstrate that PKA
phosphorylation of RyR1 reduced the affinity of calstabinl for RyR1 (open circles), whereas
treatment with JTV519 (filled circles) restored the binding affinity of calstabinl for RyR1 to
that of non-PKA phosphorylated RyR1 (open squares).

[0364] Figure 18, embodiment A, B, C, and D demonstrates that Ser-2843 is the unique PKA
phosphorylation site in skeletal RyR1 channels. (A) Representative single channel traces of
wild-type RyR1, (B) effect of exogenous PKA phosphorylation of RyR1 (wt RyR1-P), (C)
PKA does not affect RyR1-S2843 A that contains a non-functional PKA phosphorylation site.
Since PXA does not increase RyR1-S2843 A activity, Ser-2843 appears to constitute the
unique PKA phosphorylation site in RyR1 channels in skeletal muscle. Accordingly, (D)
constitutively phosphorylated RyR1-S2843D mimics exogenous PKA phosphorylation
shown in (B) confirming that Ser-2843 is the unique PKA phosphorylation site in skeletal
RyR1 channels. RyR1 single channel recordings in planar lipid bilayers show activity of the
channels at 150 nM [Ca®"];, (cytosolic side) with 1 mM ATP. Recordings were at 0 mV,
closed state of the channels as indicated by ‘¢’, and channel openings are upward deflections.
All point amplitude histograms are shown on the right. Open probability (P,) and mean

closed (Tc) and open (To) dwell times are indicated above each channel tracing.
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[0365] Figure 19, embodiments A and B, demonstrates the depletion of stabilizing calstabinl
and PKA hyperphosphorylation of RyR1 channels from sustained exercise. Aerobic exercise
can be defined as a form of physical exercise that increases the heart rate and enhances
oxygen intake to improve performance. Examples of aerobic exercise are running, cycling,
and swimming. During the study of Figure 19, mice were challenged by aerobic exercise
(forced swimming) for 90 mins twice daily. The animals were accustomed to swimming in
preliminary training sessions: day -3 twice 30 mins, day -2 twice 45 mins, day -1 twice 60
mins, day 0 and following twice 90 mins. Mice were then exercised for 1, 7, or 21 additional,
consecutive days for 90 mins twice daily. Between swimming sessions separated by a 4 hour
rest period the mice are kept warm and given food and water. An adjustable-current water
pool was used to exercise mice by swimming. An acrylic pool (90 cm long x 45 cm wide x
45 cm deep) filled with water to a depth of 25 cm was used. A current in the pool was
generated with a pump. The current speed during the swimming session was at a constant
speed of 1 I/min flow rate. The water temperature was maintained at 34°C with an electric
heater. Age- and weight-matched mice were used to exclude differences in buoyancy from

body fat.

[0366] Using forced swimming as an efficient protocol to increase skeletal muscle aerobic
capacity in mice, the composition and phosphorylation status of the skeletal RyR1 channel
complex have been investigated. Unexpectedly, after 3 weeks of 90 mins swimming twice
daily, C57Bl6 wild-type mice showed significantly increased RyR1 phosphorylation by PKA
while Ca®*-calmodulin kinase II (CaMKII) phosphorylation was not changed indicating
specificity of the stress pathway RyR1 protein expression was stable, however, RyR1
channels were depleted of the stabilizing subunit calstabinl (FKBP12). It has been shown
that RyR1 hyperphosphorylation and calstabinl depletion are consistent with leaky RyR1

channels that cause intracellular SR Ca®" leak.

[0367] RyR1 channels are PKKA hyperphosphorylated and depleted of the stabilizing
calstabinl subunit after 3 weeks of 90 mins swimming twice daily. As seen in Embodiment
A, the immunoprecipitated RyR1 macromolecular channel complex shows increased PKA
phosphorylation at Ser-2844 (corresponding to human RyR1-Ser-2843) whereas CaMKII
phosphorylation at Ser-2849 (corresponding to human RyR1-Ser-2848) is unchanged.
Concomitant with increased RyR1-Ser-2844 PKA hyperphosphorylation, calstabin] is
depleted from the channel complex. As seen in embodiment B, normalization of

phosphorylation and calstabinl content to four subunits of the tetrameric channel complex

-128 -



01 42% 3 3% 24% 157%

WO 2007/024717 PCT/US2006/032405

shows a significant in increase in PKA phosphorylation and depletion of the stabilizing
calstabinl subunit. Control, non-exercised mice; swim, mice exercised 90 mins twice daily

for 3 weeks (preliminary data). P < 0.05.

[0368] Figure 20, embodiments A and B, demonstrate that PKA phosphorylation increases
for increasing durations of sustained exercise. To investigate the influence of the duration of
sustained exercise on the RyR1 Ca®" release channel defect, mice were exposed to swimming
for 1, 7, or 21 days followed by immediate sacrifice. Longer exposure to sustained exercise
results in a significant increase of RyR1 PKA hyperphosphorylation beginning at 7 days and
saturating at 21 days.

[0369] In Figure 20, embodiment A, the immunoprecipitated RyR1 channel complex shows
significantly and above physiologic levels increased PKA phosphorylation at Ser-2844
(corresponding to human RyR1-Ser-2843) after 7 days of swimming exercise. In Figure 20,
embodiment B, inormalization of RyR2-Ser-2844 phosphorylation within the tetrameric
channel complex documents a significant increase in PKA phosphorylation. *, P < 0.05; **,
P <0.005.

[0370] In summary, the data of Figure 20 shows that sustained exercise results in
significantly increased RyR1 phosphorylation by protein kinase A (PKA) which contributes
to depletion of the stabilizing calstabinl subunit from the channel complex as the cause of a

gain-of-function defect.

[0371] Figure 21 provides data showing that showing that chronically increased sympathetic
stimulation of skeletal muscles, results in RyR 1-dependent intracellular Ca** leak and
significantly increased muscle fatigue. What is the functional consequence of chronically
increased RyR1 PKA hyperphosphorylation? As shown in Figure 21 for mice and rats with
heart failure from myocardial infarction, chronic RyR1 PKA hyperphosphorylation results in

increased muscle fatigue.

[0372] In embodiment A, it can be seen that heart failure skeletal muscle fatigues earlier than
control. Rat soleus muscle (=5 control, » = 8 HF) was mounted in a tissue bath to assess
contractile function. Representative fatigue time tracing is shown for control and HF skeletal
muscles. Bar graph shows mean (= S.D.) time to 40% fatigue. *, P <0.05. In embodiment
B, it can be seen that heart failure skeletal muscle achieved maximal tetanic force more
slowly than control skeletal muscles. Tetanic force was induced by high-frequency field

stimulation. Bar graph shows tetanic 50% contraction time. **, P < 0.01. Embodiment C
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demonstrates the correlation between time to fatigue and RyR1 PKA phosphorylation (r =
0.88) in rat skeletal muscle from sham and heart failure animals. Muscle function and RyR1

PKA phosphorylation were assessed using contralateral soleus muscles from each animal.

[0373] In summary, Figure 21 provides data showing that sustained exercise causes RyR1
PKA hyperphosphorylation and calstabinl depletion, and Figure 21 shows that the identical
defect occurs in disease forms with increased sympathetic activity causing intracellular SR

Ca®" leak and significantly accelerated skeletal muscle fatigue.

[0374] An additional problem during sustained exercise and stress is skeletal muscle
degeneration further contributing to decreased skeletal muscle performance. To assess
structural changes during sustained exercise, histologic changes in the fast-twitch muscles of
mice exposed to 3 weeks of exercise by swimming have been characterized. Results are
shown in Figure 22. Cross-sections of the mouse M. extensor digitorum longus (EDL)
showed histologic changes consistent with myofiber degeneration from intracellular Ca*"
overload from defective RyR1 channels. Therefore sustained exercise for 90 mins twice

daily triggers a dystrophic phenotype in EDL muscles of normal C57B16 mice.

[0375] Trichrome stain shows packed fnyoﬁbers of similar cross-sectional dimension in non-
exercised control (WT) mice (left). Three weeks swimming results in myofiber degeneration
and interstitial collagen deposits with irregular fiber sizes. Hematoxylin-eosin (H&E) stain
indicates nuclear changes and myofiber death. These changes are consistent with dystrophic

remodeling.

[0376] The rapid delayed rectifier potassium channel (I(Kr)) is important for repolarization
of the cardiac action potential. HERG is the pore-forming subunit of the I(Kr) channel.
Suppression of I[(Kr) function, for example as a side-effect of a drug or the result of a
mutation in hERG, can lead to long-QT (LQT) syndrome, which is associated with increased
risk of life-threatening arrhythmias. The compounds of the present invention exhibit a lower
level of hERG blocking activity than JTV-519, as demonstrated in Figures 23- 43. Thus, the
compounds of the present invention are expected to be less toxic and/or exhibit fewer side
effects than JTV-519.

[0377] Figures 23 to 26 illustrate the effect of the compound ARMO036 (also referred to as
S36) and ARMO036-Na (a sodium salt of ARMO036) on hERG currents.

[0378] Figure 23 shows a typical hERG voltage-clamp current recording before (control) and
after application of ARMO036 at 100uM. The voltage pulse protocol used to activate the
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hERG currents is illustrated below the current trace. It can be seen that, following activation
by the conditioning prepulse (to +20 mV), partial repolarization (=50 mV test pulse) of the
membrane evoked a large, slowly decaying outward tail current. Application of ARMO036

minimally reduced the outward tail current in a concentration- and time-dependent manner.

[0379] Figure 24 shows a typical time course of the effect of ARMO036 at 100 mM on the
amplitude of the hERG channel current.

[0380] Figure 25 is a graph showing the concentration-dependence of the effect of ARM036
on the hERG current. Table 1 provides the numerical data that is illustrated graphically in
Figure 25. Because the highest concentration of ARMO036 tested resulted in less than 50%

current inhibition, it was not possible to determine an ICsq value for ARMO036.

Table 1
Concentration (uM) Mean SD SEN N
1] 0.7% 0.3% .2% 3
100 0.9% 0. 7% (0.4% 3

[0381] Figure 26 is a graph showing the concentration-dependence of the effect of ARM036-
Na on the hERG current. Table 2 provides the numerical data that is illustrated graphically in
Figure 26. Because the highest concentration of ARMO036-Na tested resulted in less than 50%

current inhibition, it was not possible to determine an ICsq value for ARMO036-NA

Table 2
Ic Cone Mean % % % Individuat Data
Test Article 1D ( p?’?) ! M)' hERG Standard | Standard | n {% Inhibition)
H ¥ Inhibition | Deviation Error o
0.0%
. 9 29 025
0.01 02% 02% 2% |2 T
&,
01 5.0% 7.1% 50% | 2 1&2 //"
ARMO36-Na ND 2‘4(;
" 0
1 5.5% 4 4% 31% 2 56
51%
10 6 7% 2 2% 16% | 2 S5
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[0382] Figure 27 is a graph showing the concentration-dependence of the effect of ARMO047
on the hERG current. Table 3 provides the numerical data that is illustrated graphically in
Figure 27. The ICsg value for ARMO47 block of the hERG current was 2.496 M.

Table 3
Mean % % %
TestArticlo D | =% | SO | HERG | Standard | Standard hdividual Data
H 8 inhibition | Deviation Error (% Inhibition}
1.7%
- [s] B, 8,
0. 2.7% 1.4% 'LO{E: 2 3T
6.5%
0.1 a7y 4 5% Y
% % 32% | 2 o
ARMDAT 2496 30.8%
9 28 6% B.G% 8.40% 3 204%
37.5%
82.1%
10 78 0% 36% 2 1% 3 75.9%
75.9%

[0383] Figure 28 is a graph showing the concentration-dependence of the effect of ARMO048
on the hERG current. Table 4 provides the numerical data that is illustrated graphically in
Figure 28. Because the highest concentration of ARMO048 tested resulted in less than 50%

current inhibition, it was not possible to determine an ICsq value for ARMO04S.

Table 4
Mean % | % A " ‘ .
TestartiolelD | (068 | GO0 | HERG | Standard | Standard | n Individual Data
] i } Inhibition | Deviation Error e i)
‘ 0.5%
001 139 11% 0s% | 2
i . ) 2.0%
] 0
0.1 3 6% b 9% oe% | 2 ‘;i ;
ARMD4S ND [ 5%
N o . )
1 4 1% 0 8% 0s% | 2 T
- | 15,2%
il 1 1, ; Dy, 2
" e T 12.8%

[0384] Figure 29 is a graph showing the concentration-dependence of the effect of ARMO050
on the hERG current. Table 5 provides the numerical data that is illustrated graphically in
Figure 29. Because the highest concentration of ARMO50 tested resulted in less than 50%

current inhibition, it was not possible to determine an ICsg value for ARMO050.

Table 5
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Figure 30 is a graph showing the concentration-dependence of the effect of ARMO057 on the

hERG current. Table 6 provides the numerical data that is illustrated graphically in Figure 30.

Because the highest concentration of ARMO057 tested resulted in less than 50% current

inhibition, it was not possible to determine an ICs, value for ARMO057.

Table 6
, T Mean % %% % .
Testhrtioletn | 0% | GO | hERG | Stendard | Standard | n e 2
Ll Bl Inhibition | Deviation Error o1 )
0.3%
Eo % 317 J 12
| oo 02% 0% 02% | 2 o
]
01 7 3% 4 5% 39% | 2 ;‘BL*;
ARMO57 ND 0%
1 2 7% 3.7% 26% | 3 ==
18.5%
’ R 4, )} o, L
10 13 6% 6.7% 48% | 2 =

[0385] Figure 31 is a graph showing the concentration-dependence of the effect of ARMO064

on the hERG current. Table 7 provides the numerical data that is illustrated graphically in

Figure 31. Because the highest concentration of ARMO064 tested resulted in less than 50%

current inhibition, it was not possible to determine an ICsq value for ARMO064.

[0386] Table 7

cong.

Wioan %

%

%

. Ic Individual Data
Fost Ardicle 1D i , hERG Standard | Stapdard | n Mot
M) | M | nnisition | Deviation | Error (% Inhibition)
- -0.6%
& o, 0, Rdin
601 0 2% 11% 0 8% 2 o
ihas
61 3 0% 13% 0 9% 2 :i*:
ARMOGS ND o
0, a0 » i
! 9 6% 51% 36% 2 0%
32 0%
o 0 e/
10 30.3% 2.6% 17% 2 T
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[0387] Figure 32 is a graph showing the concentration-dependence of the effect of ARM074
on the hERG current. Table 8 provides the numerical data that is illustrated graphically in
Figure 32. Because the highest concentration of ARMO050 tested resulted in less than 50%

current inhibition, it was not possible to determine an ICsq value for ARMO074.

[0388] Table 8

Testartileln | [Gm | Gone. | NRERE | G e Individual Data
i ’ ’ : 9, it
W) | WM | ihibition | Devietion |  Esror {% Inhibition)
001 | 19% 16% 1 1% b.8%
3.0%
L 5.0%
01 | aw 16% 1% e
ND 5.3%
ARMOT4 1 13% 16% 11% 2.4%
5.5%
5%
10 9 5% 02% 02% 5.5%
14.0%

[0389] Figure 33 is a graph showing the concentration—dépendence of the effect of ARMO075
on the hERG current. Table 9 provides the numerical data that is illustrated graphically in
Figure 33. Because the highest concentration of ARMO075 tested resulted in less than 50%

current inhibition, it was not possible to determine an ICs value for ARMO75.

Table 9
. MeanS | % T w .
TestArtioled | (0@ | ©%U% | hER@ | Standard | Standard e T
H B Inhibition | Deviation |  Error §
# B
001 14% 0.4% 0 3% jféz
{nf
01 | a7 1.6% 1 1% —
ARMO?5 ND ”;f
3 oo ) 0 ek
1 3 9% 0.3% 8.2% Fx:
14.7%
# 2 K £ ts’ﬂ
10 16 0% 1.8% % o

[0390] Figure 34 is a graph showing the concentration-dependence of the effect of ARM076
on the hERG current. Table 10 provides the numerical data that is illustrated graphically in
Figure 34. Because the highest concentration of ARMO076 tested resulted in less than 50%

current inhibition, it was not possible to determine an ICso value for ARMO076.
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current inhibition, it was not possible to determine an ICsp value for ARMO077.

[0391] Figure 35 is a graph showing the concentration-dependence of the effect of ARMO077
on the hERG current. Table 11 provides the numerical data that is illustrated graphically in
Figure 35. Because the highest concentration of ARMO77 tested resulted in less than 50%

Table 11 ‘
, | Mean<% % ] % ]
TestArticle D | 0@ | SO | “hgpg | Standard | Standard Individual Data
(Hra) ) Inhibition | Dewvlation Error (% inhibition)
) : oy 1.4%
B L3}
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0.1 ¥ 8% 5 8% 39% 1_; ;;5
ABRMOTT N o 3‘1;
1 D, ) X S 2]
i 35% 0655 0 4% A0%
0.9%
4] kivd
10 4,19 4.5% 3 2% 2%
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current inhibition, it was not possible to determine an ICsp value for ARM101.

[0392] Figure 36 is a graph showing the concentration-dependence of the effect of ARM101
on the hERG current. Table 12 provides the numerical data that is illustrated graphically in
Figure 36. Because the highest concentration of ARM101 tested resulted in less than 50%

It was not possible to determ ne an |1 C50 val ue
pm ' Pm Done ham
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Table 12
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[0393] Figure 37 is a graph showing the concentration-dependence of the effect of ARM102

on the hERG current. Table 13 provides the numerical data that is illustrated graphically in
Figure 37. Because the highest concentration of ARM102 tested resulted in less than 50%

current inhibition, it was not possible to determine an ICsg value for ARM102.

Table 13
s tWan % [ C*y T
Testaricleld | 0% | SO0 | WERG | Standard | Standard | n | e
H # Inbibition | Deviation Error ‘
5%
] Lt o Qi Rs
0.01 2 5% 5 §% ao% | 2 -
3,
o1 4 2% 33% 24w | 2 ; g;’f
ARN102* ND I G5%
. L1} W) T
1 5 7% & 5% bo% | 2
26.5%
155 |
10 47 5% 1.5% 11% | 2 e

Fal iy

[0394] Figure 38 is a graph showing the concentration-dependence of the effect of ARM103

on the hERG current. Table 14 provides the numerical data that is illustrated graphically in

Figure 38. Because the highest concentration of ARM103 tested resulted in less than 50%

current inhibition, it was not possible to determine an ICsq value for ARM103.
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[0395] Figure 39 is a graph showing the concentration-dependence of the effect of ARM104

on the hERG current. Table 15 provides the numerical data that is illustrated graphically in
Figure 39. Because the highest concentration of ARM104 tested resulted in less than 50%

current inhibition, it was not possible to determine an ICsq value for ARM104.

Table 15
™ T Wean % % % :
TestArtiolel | 'O | SRS | HERG | Standard | Standard ey
- H Inhibition | Deviation | _ Epror .

12%

25 Lot 17
001 | 16% 0 5% 0.4% —

L

01 | 25% 2 0% 14% —
ARNH 04 ND - 3 1%
1 4 6% 21% 15% —
’ B 3%

e 4 = o
1 | 7.4% 3% 0.9% e

[0396] Figure 40 is a graph showing the concentration-dependence of the effect of ARM106

on the hERG current. Table 16 provides the numerical data that is illustrated graphically in

Figure 40. Because the highest concentration of ARM106 tested resulted in less than 50%

current inhibition, it was not possible to determine an ICsg value for ARM106.
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[0397] Figure 41 is a graph showing the concentration-dependence of the effect of ARM107
on the hERG current. Table 17 provides the numerical data that is illustrated graphically in
Figure 41. Because the highest concentration of ARM107 tested resulted in less than 50%

current inhibition, it was not possible to determine an ICsy value for ARM107.

Table 17
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[0398] Figure 42 is a graph showing the concentration-dependence of the effect of S26 on the
hERG current, Table 18 provides the numerical data that is illustrated graphically in Figure
42. The ICsq value for S26 was 7.029 uM.
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[0399] Figure 43 is a graph showing the concentration-dependence of the effect of JTV-519
(referred to in the figure as “ARMOXX") on the hERG current. Table19 provides the
numerical data that is illustrated graphically in Figure 43. The ICsy value for JTV-519 was

0.463 LIM.
Table 19
[ Tiean % % % o |
TestArtiele D | ‘9% | ©O- | "hERG | Standard | Standard Irowicuz! Data
(Whh | @M | whibition | Deviation |  Error (% Inhibition}
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B, A8 . 2 il
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06.9%
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[0400] The antiarthythmic drug E-4031, a known blocker of hERG currents, was used as a
positive control. E-4031 blocked the hERG current with an ICsp 0of 0.5 uM (n = 6).

[0401] In summary, the compounds of the present invention exhibit reduced hERG blocking

activity as compared to JTV-519. Thus, the compounds of the invention are expected to be

less toxic and/or exhibit fewer side effects than JTV-519,

[0402] Table 20 below provides ECs; values for compounds S1-S107. These ECsp data were
obtained using thee FKBP12.6 rebinding assay described above to determine the amount of
FKBP12.6 binding to PKA-phosphorylated RyR2 at various concentrations (0.5 — 1000 nM)
of the compounds shown in Table 20. The ECs values are calculated using Michaelis-

Menten curve fitting.
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Table 20

Compound No. | EC50 (nM) | Compound No.| EC50 (nM)
1 150 48 100
2 211 49 81
3 50 40
4 102 51 175
5 208 52 143
6 252 53 200
7 55 54 77
9 205 55 111
11 181 56 95
12 197 57 73
13 174 58 55
14 182 59 102
19 265 60 68
20 61 95
22 355 62 45
23 268 63 52
25 40 64 44
26 40 66 110
27 ca. 50 67 89
36 15 68 ca. 100
37 74 220
38 44 75 150
40 100 76 25
43 80 77 60
44 121 101 105
45 80 102 135
46 150 104 111
47 20 107 190

High-throughput screening method

[0403] In addition to the compounds disclosed herein, other compounds can be discovered

that are capable of modulating calcium ion channel activity, in particular those channels

related to the RyR series of caclium ion channels. Provided herein is a highly-efficient assay

for high-throughput screening of other compounds that are capable of modulating calcium ion

channel activity.

[0404] By way of example, and as shown in Example 5 below, a highly-efficient assay for

high-throughput screening for small molecules is developed by immobilizing FKBP, either
FKBP12 or FKBP12.6 (e.g., wild-type FKBP12.6 or a fusion protein, such as GST-
FKBP12.6) onto a 96-well plate coated with glutathione, using standard procedures. PKA-
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phosphorylated ryanodine receptor (RyR), specifically RyR1 or RyR3 in the case of FKBP12
and RyR2 in the case of FKBP12.6, is loaded onto the FKBP-coated plate, and incubated
with compounds at various concentrations (10-100 nM) for 30 min. Thereafter, the plate is
washed to remove the unbound RyR, and then incubated with anti-RyR antibody (e.g., for 30
min). The plate is washed again to remove unbound anti-RyR antibody, and then treated with
florescent-labeled secondary antibody. The plate is read by an automatic fluorescent plate

reader for binding activity.

[0405] Alternatively, RyR is PKA-phosphorylated in the presence of **P-ATP. Radioactive
PKA-phosphorylated RyR is loaded onto an FKBP-coated, 96-well plate, in the presence of
JTV-519 analogues and other compounds at various concentrations (10-100 nM) for 30 min.
The plate is washed to remove the unbound radiolabeled RyR, and then read by an automatic
plate reader. PKA-phosphorylated RyR also is coated to the plate, and incubated with **S-
labeled FKBP in the presence of the compounds.

[0406] The present invention is described in the following Examples, which are set forth to
aid in the understanding of the invention and should not be construed to limit in any way the

scope of the invention as defined in the claims which follow thereafter.
EXAMPLES

EXAMPLE 1 — RyR2 PKA PHOSPHORYLATION AND FKBP12.6 BINDING

[0407] Cardiac SR membranes are prepared, as previously described (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; Kaftan, et al., Effects
of rapamycin on ryanodine receptor/Ca(2+)
78:990-97, 1996). *°S-labelled FKBP12.6 was generated using the TNT™ Quick Coupled

Transcription/Translation system from Promega (Madison, WI). [*H] ryanodine binding is

-release channels from cardiac muscle. Circ. Res.,

used to quantify RyR2 levels. 100 pg of microsomes are diluted in 100 pl of 10-mM
imidazole buffer (pH 6.8), incubated with 250-nM (final concentration) [*>S]-FKBP12.6 at
37°C for 60 min, then quenched with 500 pl of ice-cold imidazole buffer. Samples are
centrifuged at 100,000 g for 10 min and washed three times in imidazole buffer. The amount
of bound [*°S]-FKBP12.6 is determined by liquid scintillation counting of the pellet.

EXAMPLE 2 — IMMUNOBLOTS
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[0408] Immunoblotting of microsomes (50 pg) is performed as described, with anti-
FKBP12/12.6 (1:1,000), anti-RyR-5029 (1:3,000) (Jayaraman, ef al., FK506 binding protein
associated with the calcium release channel (ryanodine receptor). J. Biol. Chem., 267:9474-
77, 1992), or anti-phosphoRyR2-P2809 (1:5,000) for 1 h at room temperature (Reiken, ez 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,
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 are developed using ECL (Amersham Pharmacia, Piscataway, NIJ).

EXAMPLE 3 — SINGLE-CHANNEL RECORDINGS

[0409] Single-channel recordings of native RyR2 from mouse hearts, or recombinant RyR2,
are acquired under voltage-clamp conditions at 0 mV, as previously described (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). Symmetric
solutions used for channel recordings are: trans compartment — HEPES, 250 mmol/L;
Ba(OH),, 53 mmol/L (in some experiments, Ba(OH), is replaced by Ca(OH)y); pH 7.35; and
cis compartment — HEPES, 250 mmol/L; Tris-base, 125 mmol/L; EGTA, 1.0 mmol/L; and
CaCl,, 0.5 mmol/L; pH 7.35. Unless otherwise indicated, single-channels recordings are
made in the presence of 150-nM [Ca®"] and 1.0-mM [Mg®"] in the cis compartment.
Ryanodine (5 mM) is applied to the cis compartment to confirm identity of all channels.

Data is analyzed from digitized current recordings using Fetchan software (Axon
Instruments, Union City, CA). All data is expressed as mean + SE. The unpaired Student's #-
testis used for statistical comparison of mean values between experiments. A value of p<0.05

is considered statistically significant.

EXAMPLE 4 — COMPOUNDS AND METHODS FOR THEIR SYNTHESIS
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[0410] Synthon S26 was prepared according to methods described in U.S. Patent App. No.
10/680,988.

[0411] Synthesis of S3 (Scheme 1): To a stirred solution of vinylsulfonic acid (22 mg, 0.2
mmol) in anhydrous CH,Cl, (5 ml) is added thionyl chloride (2M in CH;Cl,, 0.1 ml, 0.2
mmol). The reaction mixture is stirred at room temperature overnight and evaporated under
vacuum. The residue is dissolved in CH,Cl, (5 ml). To this solution, a solution of $26 (20
mg, 0.1 mmol) in CH,Cl, (3 ml) is added drop-wise at 0°C. The reaction mixture is stirred at
1 0°C for one hour and at room temperature for another hour and washed with saturated sodium
bicarbonate and 1N HCl. After removal of the solvent, the product S3 is purified by SiO,

column chromatography as a colorless oil (18 mg, 65%).

[0412] Synthesis of S4 (Scheme 1): To a stirred solution of S26 (20 mg, 0.1 mmol) in
CH;Cl; (5 ml) is added methylsulfonyl chloride (26 mg, 0.2 mmol) and triethylamine (30 mg,
0.3 mmol) at 0°C. The resulting mixture is stirred at 0°C for one hour and at room
temperature overnight. The organic phase is washed with aqueous saturated sodium
bicarbonate and dried over sodium sulfate. After filtration and evaporation of the organic
solvents, the product S4 is purified by SiO, column chromatography (25 mg oil, yield: 90%).
Similarly, 85 and S54 are synthesized in 95% and 91% yields respectively.

Scheme 2: Synthesis of $1 and S2

S\/ HNR,]R2 “\/\NR1R2 S1:NR{Ry = NC>—CH2-P|1

[0413] Synthesis of S1 and S2 (Scheme 2): To a solution of 3 (28 mg, 0.1 mmol) in
chloroform (5 ml) is added 4-benzylpiperidine (18 mg, 0.1 mmol). The resulting mixture is
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stirred at room temperature for 1 day. After removal of organic solvent, the residue is
purified on silica gel column. Product S1 is obtained as a colorless oil (34 mg, yield 75%).

S2 is synthesized similarly from S3 and dibutylamine in 78% yield.

Scheme 3: Synthesis of $7, $9 and $40

0
§7: R=ICH2-
Me0 NH RCOX MeO. NJLR S9: R=Ph-
J —_— ) S27: R= CH,=CH-
S X=Cl s S40: R=4-N4-2-OH-C6H5-
326 or NHS

[0414] Synthesis of S7, S9, S27 and S40 (Scheme 3): To a stirred solution of iodoacetic acid
(37 mg, 0.2 mmol) in CH,Cl, (10 ml) is added thionyl chloride (2 M solution in CH,Cl,, 0.1
ml, 0.2 mmol). The resulting mixture is stirred at 0°C for one hour and at room temperature
overnight. After removal of solvent, the crude acid chloride is added to a stirred solution of
$26 (20 mg, 0.1 mmol) and triethylamine (30 mg, 0.3 mmol) in CH,Cl, (10 ml) at 0°C. The
mixture is stirred at 0°C for one hour and at room temperature overnight. The organic phase
is washed with saturated sodium bicarbonate and 1N HCI. The crude product is purified by
column chromatography to give S7 as a colorless oil (34 mg, yield, 95%). Similarly, S9 is
synthesized in 95% yield; synthon S27 is synthesized in 96% yield; and S40 is synthesized in
91% yield using N-hydroxysuccinimidyl 4-azidosalicylic acid (NHS-ASA).

Scheme 4: Synthesis of S11 and $12

his
Meo\ﬂ:(*NH Q—NCX MEO\C(\N EF@
) J
s s
526

S11: X=0
S$12: X=8

[0415] Synthesis of S11 and S12 (Scheme 4): To a solution of S26 (20 mg, 0.1 mmol) in
pyridine (1 ml) is added phenyl isocyanate (18 mg, 0.15 mmol). The resulting mixture is
stirred at room temperature for 24 hours. Then ethyl acetate (10 ml) is added and the organic
phase is washed with 1N HCI and saturated sodium bicarbonate. The product S11 is purified
by Si0O; column chromatography as a white solid (27 mg, yield: 86%). Similarly, S12 is
synthesized from S26 and pheny! isothiocyanate in 85% yield.

Scheme 5: Synthesis of $13 and $14

0
1]
.B—Ph
Meo\(:(\'“” Ph(MeO)P(O)CI  MeO N e
) D,
s s
526 S13/S14
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[0416] Synthesis of S13 and S14 (Scheme 5): To S26 (20 mg, 0.1 mmol) in CH,Cl, (5 ml) is
added triethylamine (30 mg, 0.3 mmol) and phenyl methoxyphosphonyl chloride (38 mg, 0.2
mmol) at 0°C. After stirring for 2 hours at room temperature, the reaction mixture is washed
with saturated sodium bicarbonate. Isomers are separated and purified by silica gel column

to yield S13 (14 mg, yield: 40%) and S14 (16 mg, yield: 45%).

Scheme 6: Synthesis of $19, S22

0 )
MeO NH  ciocx-coc
\©i\/) L_» MeO\C(\NJJ\X)J\N OMe
S PS4
526 . s
N\
$19: X=CHp-CH,  522: XU

[0417] Synthesis of S19 (Scheme 6): To a stirred solution of S26 (20 mg, 0.1 mmol) and
triethylamine (30 mg, 0.3 mmol) in CHCl, (5 ml) is added 1,4-butyldiacid chloride (8 mg,
0.05 mmol) at 0°C. The resulting mixture is stirred at 0°C for one hour and at room
temperature overnight. The organic phase is washed with saturated sodium bicarbonate and
IN HC] and water. After removal of solvent, product S19 is purified by column
chromatography (oil, 19 mg, 80% yield). Similarly S22 is prepared from 2,6 pyridyl

dicarboxylic acid dichloride.

Scheme 7: Synthesis of S20 and S23

(e] (o]
Meo\@(‘ "“)/ILR Hy0, Meo\@(\’}/u\l? $20: n=1, R= CHy=CH-
S S $23:n=2, R= Ph-CH, N
3 a O
[0418] Synthesis of S20 and S23 (Scheme 7): S27 (25 mg, 0.1 mmol) in MeOH (5 ml) is
treated with HyOs (30%, 0.5 ml) at room temperature for 1 day. After treatment with sodium
thiosulfate solution, methanol is removed by evaporation. The resulting residue is dissolved
in ethyl acetate (10 ml) and washed with saturated sodium carbonate. After drying over
sodium sulfate, solvent is evaporated to provide a crude product which is purified by silica
gel column chromatography to yield S20 as colorless oil (16 mg, 60% yield). Similarly, S23
is synthesized from S10.
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Scheme 8: Synthesis of S36, S43, 8344, S45, 857, S59

o]
0 J\[rx
MeO N OCH;, MeO. OH Meom §57: X=0CHjs
o]
S

S57 S36 336 Cl S36-cystamine:
X=NHCH,CH,S-
SCH,CH,NHBoc
o R
\C(\ N\/\S s/\/N /j@’OMe Meo\(:(~ N\/\S/S\/\H)K@
S44 & ) 43: R= NOp- Ns
45: R= HO-

[0419] Synthesis of S36 and S57 (Scheme 8): To a stirred solution of S26 (0.85g, 4.4mmol)
and pyridine (0.70g, 8.8mmol) in CH,Cl, (50 ml) at 0°C is added drop-wise methyl
chlorooxoacetate (0.81g, 6.6mmol). The reaction mixture is stirred at 0°C for 2 hours then
washed with saturated sodium bicarbonate, 1N HCl, and water. Silica gel column
chromatography provides S57 as a white solid (1.1g, 90% yield). S57 (1.1g, 3.9mmol) is ‘
dissolved in methanol (10ml) and then a solution of sodium hydroxide (0.3g, 7.5mmol) in
water (10ml) is added. The reaction mixture is stirred at room temperature for one hour.
After solvent is removed, the residue is dissolved in water (10 ml) and washed with ether
(2x10ml). The aqueous phase is acidified with 1N HCI to pH=2. The product is extracted
with CH,Cl; (2x10ml). Removal of solvent yields product S36 as a white solid (1.0g, yield
100%). The product can be further purified by recrystalization. S38 is similarly synthesized
(see Structure List).

[0420] Synthesis of S43, S44, S45 and S59 (Scheme 8): S36 (150mg, 0.56mmol) is treated
with thionyl chloride (5ml) at room temperature overnight. After removal of the excess
thionyl chloride, the crude product S36-Cl is dissolved in CH,Cl, (10ml) and, to this solution,
mono-Boc protected cystamine and pyridine (0.2ml, 196mg, 2.48mmol) are added at 0°C.
The reaction mixture is stirred at 0°C for one hour and at room temperature overnight and
quenched with saturated sodium bicarbonate. The organic phase is separated and the solvent
is removed to give intermediate S36-cystamine, which is purified by SiO, column
chromatography in 80% yield. Deprotection of the Boc-group is achieved with
trifluoroacetic acid in CH;Cl,, and the deprotected S36-cystamine is used for the synthesis of
S43 and S45 by reaction with NHS-activated ester of azido compounds. Yield is 75% for
S43 and 80% for S45.
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[0421] S44 is synthesized as a by-product of the following reaction: S36 (50mg, 0.19mmol)
is treated with thionyl chloride (2ml) at room temperature overnight. After removal of the
excess of thionyl chloride, the crude product is dissolved in CH,Cl, (Sml). To this solution,
cystamine (134mg, 0.88mmol) and pyridine (98mg, 1.23mmol) in CH,Cl, (10ml) is added
and the reaction mixture is stirred at room temperature overnight. S44 is purified by column
as a white solid (20mg, 16%). Similarly, S57 and S59 are synthesized by reaction of S36-Cl

with methanol or ethylamine (Scheme 8).

Scheme 9: Synthesis of urea-based analogs $6,546-553,564,566, S67
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[0422] Synthesis of urea-based analogs S6, S46-S53, S64, S66, S67 (Scheme 9). S26 (195
mg, 1.0 mmol) in CH,Cl, (20 ml) is added 4-nitrophenyl chloroformate (220 mg, 1.1 mmol)
and triethylamine (120 mg, 1.2 mmol) at 0°C. The reaction mixture is stirred for 2 hours at
room temperature and washed with water. Removal of the solvents, followed by purification
using column chromatography provides compound S$37 (330 mg, 91%). Reaction of S37 (36
mg, 0.1 mmole) with one equivalent of amine in DMF (3 ml) overnight provides urea-based
compounds in >60% yield after purification by SiO, column chromatography. Alternatively,
the urea-based compounds can be synthesized through a versatile and more reactive

intermediate S26-phosgene shown in Scheme 9.
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Scheme 10: Synthesis of $55, $56, S58, S60-S63
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[0423] Synthesis of S55, S56, S58, S60-S63 (Scheme 10): The reaction mixture of S27
(25mg, 0.1mmol) and 4-(4-aminobenzyl)piperidine (19 mg, 0.1mmol) in chloroform (5 ml) is
stirred at room temperature for 2 days. After removal of solvent, the product §60 is purified
by silica gel column chroma‘tography as a white solid (36mg, yield 90%). S55, S56, S58, and

S61-S63 similarly are synthesized according to method described above.
Experimental for new compounds

Scheme 11: Synthesis of urea-based analogs S69-S75
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[0424] Analogs S69-S75, having no methoxyl groups on the benzene ring (R=H in Formula

+ §74: NR=NHCH, 8§75: NR=NEt,

D), are synthesized as shown in Scheme 11 in a similar manner to that employed in the
synthesis of $46-S53 (see Scheme 9). The synthesis starts with commercially available S68
and involves a versatile intermediate, S68-phosgene, to provide $69-S75 in 60-95% vyield.
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Scheme 12: Synthesis of S76-S81
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Scheme 13: Synthesis of $82-S84
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[0425] By analogy to the syntheses of $36, S43-S45, S57, and S59 (Scheme 8), S76-S81 are
synthesized from commercially available S68 as shown in Scheme 12 in 70-95% yield.

R

Using S68 as starting material, the compounds $82, $83, and S84, as shown in Scheme 13,
also are synthesized similarly to the compounds which have a methoxy group on the benzene

ring (R=4-OCHj in Formula I).

Scheme 14: Synthesis of $88-S93
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[0426] Synthesis of S85-S93 is accomplished as shown in Scheme 14. The following are
examples of the synthesis.

[0427] Synthesis of S85: A solution of S26 (10 mmol), di-tert-butyl dicarbonate (11 mmol),
and triethylamine (12 mmol) in dichloromethane (100 ml) is stirred at room temperature for 5
hours. The reaction mixture is washed with saturated sodium bicarbonate solution (10 ml)
and the aqueous layer is extracted with dichloromethane (2 x 15 ml). The combined organic
layers are dried over magnesium sulfate and concentrated under vacuum to provide S85 as

colorless 0il (2.90g, 98% yield).

[0428] Synthesis of S86: To a solution of S85 (2.36 g, 8 mmol) in dichloromethane (100 ml)
at -78°C is added BBrj; (1.0 M solution in dichloromethane) (18 ml, 18 mmol) drop-wise.
The solution is warmed to room temperature and the reaction mixture is quenched with
methanol (100 ml) and concentrated under vacuum. The product S86 is purified by column

chromatography.

[0429] Synthesis of S87: To a solution of S86 (6 mmol) in dichloromethane (40 ml) at 0°C is
added triethylamine (7 mmol) followed by trifluoromethylsulfonyl anhydride (7 mmol). The
solution is stirred at room temperature for 30 minutes, and the reaction mixture is quenched
with water (10 ml). The aqueous layer is extracted with dichloromethane (2 X 15 ml), and the
combined organic layers are dried over magnesium sulfate and concentrated under vacuum.

The crude product is purified by silica gel flash chromatography to provide S87 in 75% vield.

[0430] Synthesis of S88: A mixture of S87 (1 mmol), morpholine (8 ml),
tris(dibenzylideneacetone)dipalladium(0) (5 mol %), 2-(di-zert-butylphosphino)-biphenyl (20
mol %), and potassium phosphate (1.2 mmol) is heated at 80°C in a sealed tube for 12 hours.
The reaction mixture is cooled to room temperature, diluted with dichloromethane (50 ml),
and washed with water (10 ml). The aqueous layer is extracted with dichloromethane (2 x 15
ml), and the combined organic layers are dried over magnesium sulfate and concentrated
under vacuum. The crude product is purified by silica gel flash chromatography to give S88
in 81% yield.

[0431] Synthesis of S89: A solution of S87 (1 mmol), benzenethiol (2 mmol) and i-Pr,NEt (2
mmol) in CH3CN (20 ml) is heated at 80°C for 18 hours. After cooling, ethyl acetate (30 ml)
is added and then washed with 1N HC], water, and then IN NaOH. After drying with
NayS0Oy4, the solution was concentrated. The product S89 was purified by chromatography in
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59% yield. Alternatively, S89 is synthesized by refluxing of S87 with benzenethiol in
dioxane for 10 hours using i-Pr,NEt/Pdy(dba)s/xantphos as catalyst.

[0432] Synthesis of S90 : To a solution of $87 (1.0 mmol) in dioxane (10 mL) are added
K,CO3 (2 mmol), phenylboronic acid (1 mmol), and (Pd(PhsP); (0.11 mmol), and the mixture
is stirred at 90 °C for 16 hours. The reaction mixture is cooled to 25 °C, diluted with CH,Cl,
(30 mL), washed with water (10 mL), and the organic phase is evaporated to dryness under
vacuum. Purification by column chromatography gives $90 in 40% yield.

[0433] Synthesis of S92: To a solution of S87 (1.0 mmol) in DMF (5 mL) are added zinc
cyanide (1 mmol) and Pd(Ph;P), (0.11 mmol). The reaction mixture is stirred and heated at
100°C for 1 hour, followed by cooling, dilution with water (50 mL) and 2 M sulfuric acid (5
mL), and extraction with EtOAc (3%). The combined organic extracts are washed with brine
(2x%), dried over magnesium sulfate, filtered, and evaporated under vacuum. The product S92

is purified by silica gel column chromatography in 80% yield.
Scheme 15: Synthesis of $94-8100
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[0434] Synthesis of S94: To a solution of S86 (1mmol) in CH,Cl, (10 ml) is added at 0°C
acetic anhydride (1.2 mmol) and triethylamine (1.3 mmol). The reaction mixture is stirred at
room temperature overnight, then washed with HyO. After drying with Na;SOy, the solvent
is evaporated and the product S94 (98% vield by NMR) is used for the next reaction without
further purification.
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0% [0435] Synthesis of S95: To a stirred solution of S84 (0.5 mmol) in benzene (20 ml) is
added anhydrous AlCl; (0.6 mmol) drop-wise. The reaction mixture is refluxed for 5 hours
and poured on to crushed ice (10 g). After extraction and concentration, the product S95 is

purified by silica gel column chromatography in 83% yield.

[0436] Synthesis of S96: To a solution of S86 (0.1 mmol) in methanol (5 ml) is added Nal
(10 mg, excess) and Chloramine-T (0.3 mmol). The reaction mixture is stirred for 30 minutes
and quenched with NayS;0;3 solution. The solvent is evaporated. The product is purified by
silica gel column chromatography as a mixture of mono-iodinated or di-iodinated products in
a combined yield of 60%.

[0437] Synthesis of S97: S86 (3 mmol) is added to concentrated H,SO4 (2 ml). To the
stirred mixture is added, slowly, concentrated HNO3 (2 ml) drop-wise. After 10 minutes, the
reaction mixture is poured on to crushed ice (5 g) and neutralized with Na,COj to pH= 7.
The Boc-deprotected nitro intermediate is collected by extraction with EtOAc and converted
back to 897 by reaction with Boc,O. Purification by silica gel column chromatography
provides S97 in 78% yield.

[0438] Synthesis of S98: A mixture of $97 (2 mmol) and 10% Pd/C (0.1 g) in methanol
(20ml) is bubbled through with Hj gas for 2 hours. After filtration and concentration, the

amine product is used for the next reactions without further purification.

[0439] Synthesis of S99 and S100: S98 (1 mmol) is dissolved in aqueous HCI (2 mmol HCI,
10ml H,0). To this solution is added at 0°C slowly a solution of sodium nitrite (1 mmol) in
water (5 ml). The reaction mixture is stirred at 0°C for 1 hour, then NaN; (2 mmol) in water
(2ml) is added drop-wise at 0°C. The resulting mixture is stirred at 0°C for 1 hour and at
room temperature overnight. The product is extracted with ethyl acetate and washed with
saturated sodium bicarbonate and water. The organic layer is dried over anhydrous sodium
sulfate and concentrated to give crude product $98. Column purification on silica gel provide

the product in 71% yield. Similarly, S99 is synthesized in 60% yield.

[0440] Synthesis of S101, S102, and S103 (also referred to as ARM101, ARM102, and
ARM103, respectively) may be accomplished as shown in Scheme 16. The following are

examples of the synthesis.

Scheme 16: Synthesis of ARM101, ARM102, and ARM103
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[0441] Synthesis of S101: A solution of S68 (165 mg. 1mmol) in CH,Cl; (50 ml) was cooled
to 0°C. To this solution, triphosgene (150 mg, 0.5 mmol) and pyridine ( 0.5 ml. excess) were
added and stirred at 0°C for 1hour. Without purification, the resulting S68-phosgene in the
reaction mixture was treated with 1-piperonylpiperazine (233 mg, 1.1 mmol) at 0°C. After
stirring at 0°C for 1 hour, the reaction mixture was washed with HoO (2 x 10 ml), IN HCI (2
x 10 ml) and satuarted NaHCOs3 (2 x 10 ml), and the solvents were removed under reduced
pressure. Purification by SiO; column chromatography provided ARM101 having a yield of
80%. The structure of the product was confirmed by nuclear magnetic resonance (NMR),

mass spectroscopy (MS) and/or by elemental analysis.

[0442] Synthesis of S102: S102 was synthesized from S68 using the same method used to
synthesize S101, with the exception that piperidine was used in place of 1-
piperonylpiperazine. The structure of the product was confirmed by nuclear magnetic

resonance (NMR), mass spectroscopy (MS) and/or by elemental analysis.

[0443] Synthesis of S103: S103 was synthesized from S68 using the same method used to
synthesize S101, with the exception that N-Boc 1-piperazine was used in place of 1-
piperonylpiperazine, and in a subsequent step the Boc group was deprotected using
trifluoroacetic acid (TFA). The structure of the product was confirmed by nuclear magnetic

resonance (NMR), mass spectroscopy (MS) and/or by elemental analysis.
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Scheme 17: Synthesis of ARM104
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[0444] Synthesis of S104 (ARM104) may be accomplished as shown in Scheme 17. The
following is an example of the synthesis. A mixture ARMO036 (S36) (27 mg, 0.1 mmol), 50%
H,0; (1 ml), and MeOH (3 ml) was stirred at room temperature for 2 days to generate the
ARM104 product. Mass spectroscopy (MS) was used to monitor the disappearance of
ARMO036 and the appearance of the product ARM104. The solvents were removed under
reduced pressure, and the product was purified by re-crystallization. The final yield was 26
mg of ARM104 at 85% purity. The structure of the final product was determined by nuclear
magnetic resonance (NMR) and/or MS.

Scheme 18: Synthesis of ARM105
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[0445] Synthesis of S105 (ARM105) may be accomplished as shown in Scheme 18. The
following is an example of the synthesis: To a stirred solution of S68 (80 mg, 0.48 mmol) and
pyridine (0.1 ml, excess) in CH,Cl, (50 ml) at 0°C, CH30-C(O)C(O)CI (70 mg, 0.58 mmol)
was added dropwise. The reaction mixture was stirred at 0°C for 2 hours and washed with 1N
HCI, saturated sodium bicarbonate, and water. Removal of the solvents and purification by
S10, column chromatography were performed to produce the ARM105 product as a white
solid (yield: 95 mg, 94%)).

Scheme 19: Synthesis of ARM107
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[0446] Synthesis of S107 (ARM107) may be accomplished as shown in Scheme 19. The
following is an example of the synthesis: To 826 (180 mg, 0.92 mmol) in MeOH (20 ml) was
added 30% CH,O solution (1.5 ml, excess) and sodium cyanoborohydride (NaBCNHj3) (0.4g
excess). The reaction mixture was stirred at room temperature, and the pH of the solution was
maintained at around pH 4-5 by addition of a few drop of IN HCI. After 3 hours, the
solvents were removed under reduced pressure. The residue was dissolved in 20 ml ethyl
acetate and washed with H,O and saturated NaHCOs (2 x 10 ml). The solvents were removed
and the ARM107 was purified by SiO; column chromatography to give a yield: 170 mg,
93%.

Scheme 20: Synthesis of ARM108
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[0447] Synthesis of S108 (ARM108) may be accomplished as shown in Scheme 20. The
following is an example of the synthesis: A mixture of N-benzyloxycarbonyl-glycine (Cbz-
Gly, 129 mg, 0.61 mmol), Diisopropyl-carbodiimide (DIC, 90 mg, 0.71 mmol), N-
hydroxysuccinimide (NHS, 70.4 mg, 0.71 nmol) in CH,Cl, (50 ml) was stirred for 0.5 h at
room temperature. To this mixture was added S26 (100 mg, 0.51 mmol) and the mixture was
stirred at room temperature for overnight. After washing with INCI (2x10ml) and saturated
NaHCOj; solution (2x10ml), the solvents were removed by evaporation. The product

ARM108 was purified by SiO, column chromatography, to give a yield of 120 mg, 61%.

Scheme 21: Synthesis of ARM109
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[0448] Synthesis of S109 (ARM109) may be accomplished as shown in Scheme 21. The

following is an example of the synthesis: ARM108 (40 mg, 0.1 mmol) in CH,Cl, (5 ml) was
treated with 1 ml of 30% HBr/CH3;CO,H. After stirring at room temperature overnight, the

reaction mixture was evaporated under reduced pressure. The residue was dissolved in

MeOH (3 ml) and treated with propylene oxide (1 ml). The solvents were removed under

reduced pressure to provide crude ARM109 which was further purified by dissolving in 0.15
N HC1 H,O solution (3.5 ml), followed by washing with ethyl acetate ( 3 ml) and
evaporation. The yield of ARM109 was 28.3 mg, 95% (white powder, HCI salt).

Scheme 22: Synthesis of ARM110
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[0449] Synthesis of S110 (ARM110) may be accomplished as shown in Scheme 22. The

following is an example of the synthesis: A mixture of S26 (100 mg, 0.51 mmol) and methyl

1-bromoac

etate (100 mg, 1,2 eq.) and pyridine (50mg) in DMF (what is DMF?) (5 ml) was

stirred at room temperature overnight. To this mixture, ethyl aceate (50 ml) was added and

washed with saturated NaHCOj solution (2x10ml) and H,O (2x10ml). The product ARM110

as an oil was purified by SiO, column chromatography, to give a yield of 32 mg, 23%.

Scheme 23: Synthesis of ARM111
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[0450] Synthesis of S111 (ARM111) may be accomplished as shown in Scheme 23. The
following is an example of the synthesis: To a mixture of ARM110 (16 mg, 0.06 mmol) in
MeOH (2 ml) was added 1N NaOH (0.1 ml) and the mixture was stirred at room temperature
overnight. The solvents were removed under reduced pressure and the residue was dissolved
in H,O (10 ml). The aqueous phase was washed with ethyl acetate (2x5 ml) and acidified
with 1IN HCl to pH=4. Removal of the solvents under reduced pressure provided crude
ARM111. The NaCl was removed using ethanol to yield pure ARM111 as solid, having a
yield of 13mg, 87%.

Scheme 24: Synthesis of Arm112
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[0451] Synthesis of S112 (ARM112) may be accomplished as shown in Scheme 24. The
following is an example of the synthesis: To a mixture of $26 (100 mg, 0.51 mmol) and
pyridine (100mg) in CH,Cl, (20 ml), SO,Cl, (89 mg, 1.2 eq.) was added drop-wise at 0°C and
stirred at room temperature overnight. The solvents were removed under reduced pressure
and the residue was dissolved in 5.5 ml NaOH solution (5 ml H>O +0.5 ml 1N NaOH). The
water solution was washed with ethyl acetate (2x5 ml), and acidified with 1N HCl to pH 4.
The aqueous phase was extracted with ethyl acetate (3x5ml) and the ethyl acetate phase was

evaporated under reduced pressure to provide ARM 112, as powder, with a yield of 9 mg.

Scheme 25: Synthesis of ARM113
+/
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[0452] Synthesis of S113 (ARM113) may be accomplished as shown in Scheme 25. The
following is an example of the synthesis: ARM107 (45 mg, 0.21 mmol) in ethyl acetate (2

ml) was treated with CHsI ( 200 mg, excess). The mixture was stirred at room temperature
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overnight and the product ARM113, as white solid, was collected by filtration to give a yield
of 69 mg, 97%.

Scheme 25A: Synthesis of Arm114
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[0453] Synthesis of S114 (ARM114) may be accomplished as shown in Scheme 25A. The
following is an example of the synthesis. S26 (195 mg, Immol) in CH,Cl, (50 ml) was
cooled to 0°C. To this solution, triphosgene (150 mg, 0.5 mmol) and pyridine ( 0.5 ml.
excess) was added and stirred at 0°C for 1 hour. Without purification, the resulting S26-
phosgene in the reaction mixture was treated with N-Boc 1-piperazine (200 mg, 1.1 mmol) at
0°C. After stirring at 0°C for 1 hour, the reaction mixture was washed with H,O (2X10 ml),
IN HCI (2X10 ml), and saturated NaHCO; (2X10 ml), and the solvents were removed under
reduced pressure. Purification by SiO, column chromatography provided ARM114 with a
yield of 80%.

Scheme 26: Synthesis of Arm115

S
Arm114 Arm115

3
0 O
— Ny /%
HSCO\@\NkN N)LO+ Lawesson Reagent HSCO\C(\N N\_/N ©
!

[0454] Synthesis of S115 (ARM115) may be accomplished as shown in Scheme 26. The
following is an example of the synthesis: A mixture of ARM114 (200mg, 0.49 mmol) and
Lawesson Reagent (400 mg) in toluene (50 ml) was stirred at 90°C for 5 hours. The mixture
was cooled to room temperature and washed with saturated NaHCO; (2x20ml). The product
ARM115_was purified by SiO, column chromatography to give a yield of 160 mg, 75%.

Scheme 27: Synthesis of Arm116
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[0455] Synthesis of S116 (ARM116) may be accomplished as shown in Scheme 27. The
following is an example of the synthesis: A mixture of ARM115 (10mg, 0.02 mmol) and
trifluoroacetic acid (TFA, 0.5 ml) in CH,Cl, (10 ml) was stirred at room temperature for 2

hours. Evaporation of the solvents under reduced pressure produced ARM116 with yield of 6

mg, 92%.

Scheme 28: Synthesis of Arm117
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[0456] Synthesis of S117 (ARM117) may be accomplished as shown in Scheme 28. The
following is an example of the synthesis: A solution of ARMO057 (200mg, 0.71 mmol) in
CH,Cl; (20 ml) was cooled to —78°C. To this, 1M BBr3 in CH,Cl; (1 ml) was added, and the
mixture was stirred at -78°C for 3 hours and then warmed to room temperature overnight. The
mixture was washed with 1N HCI (2x10 ml) and H,O (1x10ml). After removal of the
solvents, the product ARM117 was purified by SiO, column chromatography to give a yield
of 60 mg, 33%.

Scheme 29 Synthesis of Arm118
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[0457] Synthesis of S118 (ARM118) may be accomplished as shown in Scheme 29. The
following is an example of the synthesis: S26 (3.6 mg, 0.018 mmol) in CH,Cl, (3 ml) was
treated with BODIPY TMR-X, SE (Molecular Probes Inc.) (4 mg, 0.006 mmol) for 3 hours.
The mixture was washed with 0.01 N HC] (2x1ml) and saturated NaHCO; (2x1ml).
Removal of the solvents under reduced pressure yielded pure ARM118 (98%).

Scheme 30: Synthesis of ARM] 19
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[0458] Synthesis of S119 (ARM119) may be accomplished as shown in Scheme 30. The
following is an example of the synthesis: A mixture ARM107 (50 mg, 0.24 mmol), 50%
H20; (1 ml), MeOH (3 ml) was stirred at room temperature for 2 days (mass spectrometry
was used to monitor the disappearance of ARM107 and the formation of the product). The
solvents were removed under reduced pressure to give ARM110, having a yield of 26 meg,

45%,
Scheme 31: Synthesis of ARM120 and ARM 121
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[0459] Synthesis of S120 (ARM120) and S121 (ARM121) may be accomplished as shown
in Scheme 31. The following is an example of the synthesis: A mixture S26 (195 mg, 1
mmol), benzyl bromide (1.1 mmol) and Na,CO3 (10 mmol) in DMF (10 ml) was stirred
overnight. Ethyl acetate (30 ml) was added to the reaction, and then the reaction was washed
with HO (4x10 ml). The organic phase was concentrated under reduced pressure and the
residue was purified by column chromatography to give S121 as a white powder, with a yield
of 280 mg, at 98%. S120 was similarly synthesized, but using 4-OH-benzyl bromide instead

of benzyl bromide.

[0460] Synthesis of S122 (ARM122) (L1321300-30). The following is an example of the
synthesis: To a cold solution of compound S26 (250 mg, 1.28 mmol, 1 equivalent) in CH,Cl,
(50mL) at 0°C was added DIEA (0.67 mL, 3.8 mmol, 3.0 equivalent), followed by
acetoxyacetyl chloride (0.17 mL, 1.58 mmol, 1.24 equivalent). Then, the reaction mixture
was stirred at 0°C for 20 min, diluted with 1.0 A/ HCI aqueous solution (100 mL) and
extracted by CH,Cl, (3x50 mL). The combined organic layers were washed (H,O, brine),
dried (NaySOy), filtered, and evaporated to dry. The crude product was purified by
chromatography on a silica gel column, eluting with a gradient increasing in polarity from 0
to 50% petroleum in ethyl acetate. Relevant fractions were combined to give the desired

compound (350 mg, 93%).

[0461] Synthesis of S123 (ARM123) (LB21300-34). The following is an example of the
synthesis: To a solution of compound S122 (287 mg, 0.97 mmol, 1 equivalent) in MeOH
(5mL) and THF (8 mL) at 23°C was added LiOH (140 mg, 3.33 mmol, 3.44 equivale in H,O
5mL). The reaction mixture was stirred at 23°C for 20 minutes, diluted with 1.0 A HCI
aqueous solution (100 mL) and extracted by CH,Cl, (3x50 mL). The combined organic layers
were washed (H2O, brine), dried (NazSOy), filtered and evaporated to dry. The crude product

was purified by chromatography on a silica gel column, eluting with a gradient increasing in

- 161 -



150 104 111 47 20 107 190 High-throughput screening nethod [0403] In
addition to the conpounds discl osed herein, other conpounds can be

di scover esotzb@o2arie capabl e of nodul ati ng cal ci umion clramnskoaosiswsty, in
particul ar those channels related to the RyR series of cacliumion
channel s. Provided herein is a highly-efficient assay for high-throughput
screeni ng of other conpounds that are capable of nodul ating cal ciumion
channel activity. [0404] exanp and as shown in Eé e 5

bel ow, aPHTHKEPmEY tpﬂ@/ceaﬁtroﬁeg@dp e%aﬂ« aoﬁiab%RFlﬁY%Bﬁﬁlj’Ps WEPSOAOHE {8 VE nal |
nDIecuIe§quzﬂngh@p by i mobilizing FKBP, either FKBP12 or FKBP12.6
(e.g., wild-type FICBP12.6 or a fusion protein, such as GSTFKBP12.6) onto a

96-viel | platfraoat edouitin ol SOREENSN@SIStandar d procedures. Pl CA- -
140 - phosphorylated ryanodi ne receptor (RyR), specifically RyRlL or RyR3

in the cpag OASSE%QE%re%ﬂﬂg Bidally 1By Rl 1RflednttBReve foen isvelpadethant o the
FI CBP-coated plate, and incubated w th conpounds at various concentrations
(10- 100 #Mgysfaeybasel amrebirdiag eRFKBP12 pRiSHP&R- i s washed to renove t he
unbound RyR, and then incubated with anti-RyR anti bod for 30 mn)
The pl at W4p3] Ahichbyoetheiantrestay fordpglvirensba sercening fOR‘;iF@IﬁWpleﬁgws and then
treat ed withebd 0f S68RLlaPe ags @ﬁﬁ[ﬁgﬂgf&aﬂy@m Jhss. Weﬁ?ﬁaté Sategad by an

automati c orescent plate rea er g activit

Al t er nat itk lgwaﬂﬁsm iR APpiBrsphiryleisd ayapodine tecepiot type %)ﬂ@é@) éﬁeloaiedB’Ep-thﬂ'P
Radi OaCt Fféﬁg Ffé\ cgate%s a gr%dﬁr@g%%!%th ?}“‘{7 %9 gx?alc?‘%l%g %t%naﬁ%ljnge?lﬁ' t?(gls 96- vel |

pl ate, € prese anal ogues a her ounds at vari ous
concent r(aiﬂ)rkb)ﬂ&M)]ﬂir 3A06inn Mhefeafter 3he plate. is Wlashep liateenoive thmh@dﬂbelQeme t he

unbound dl0| a h d. by UtOITB.tI C te reader.
oo phos TRD IS iy ikl shelbfiek 80 Y bR s Peh Beb SR o 11
325- | abelugduikBii-RyRY hribpdg aediien atattdeite ﬂl‘iﬁ&@dd:ﬂdﬁbel{:cﬁéb@&ldaiﬂwhbﬁ@s ent
invention is descr] bedlntheﬁbllovvln]g agglgll ]s%](51 ich.are set forth to
aid in theeRlAGT SedRGrRgRaticorsigrabp Aty Aeadrigios igding aﬁtb‘fl Ybe construed to
[imt in

he scope of .the vention as defined in i ms which
ol | ow tWép%laIptagratereme BB A SRy 3 BT BRORPRIERIT ST &P AND

FKBP12. 6REI;iDINGPK A46h ph@%ﬂzﬂbdillﬁ IBRisB4Hed 8M6 Sn EKSPRL 6RBAGE,. 96ascPslge] ously
descri bed '(nl\/arx et al osphoryl ati on di ssoci ates FKBP12. 6 fromthe

cal ci um Peheasenenefldd- 51(%%%5@@8@&%@@@5%?9“&“6%? @01100 8M) derA0apiod e n

failing Beart fasceld rem@;@é—thggébozlﬁd ra%ﬂﬁ@oeléﬁﬁﬂ@nancﬁhmﬂead b}EM f6dRatRf

raparnyci n on ryanodi ne receptor/ Ca(2+)-release channels from cardi ac

muscl e. DlategeadRes. | 78: 990-97, 1996). 355-1abel | ed FKBP12. 6 was gener at ed

using the TNTTm le ck Coupl ed Transcri ption/ Transl ati on _system from Pronega

(I\/B_d| sonEXWMPLE 84 EFFECEAANARMO3 P S OMBOUNDpEN hER CGOHRREN SRyRZ | evel s. 100

jig of mcrosones are diluted in 100 ptl of 10-nM i m dazole buffer (pH

6, 8), i nt463) Bep sifeets oPthe-campeunds af the srvertirnroaatiERG cyrepsrrrepudicdusdne 37C f or

60 mMm t f anpl es are
\gl é:h"iﬁl?ﬂat g%glg}c’?oéﬁfl%?{éxgbé (I‘i’leK '295 c%ﬁ%}ggfc?hgtﬁgé%hgt tiaﬁf‘ecte@

centrifuge mn and ‘was ree tines in imdazole
buf f er. itk hERGUNNAFHIES AH¥ cdli3 86 noFxEBRY hdegénousleERE nil BB 29 30sellk ivgei d

scintill ?rans?ecte% htaI pQ%mqgl C(gHQalni%g l’cl%eehER(_liE W d%he&n%l"}l%%& gene.

Stable transfectants were selected by culturing the cells in the presence of G418. The

selection pressure was maintained by continued culture in the presence of G418. Cells were
cultures in Dulbecco’s Modified Eagle Medium/Nutreint Mizture F-12 (D-MEM/F-12)
supplemented with 10% fetal bovin serum, 199U/ml penicillin G sodium, 10pg/mL
streptomycin sulfate and 500 pg/mL G418. Cells for use in electrophysiology were cultured

in 35 mm dishes.

[0466] Electrophysiological recordings (using the whole-cell patch clamp method) were

performed at room temperature (18°C-24°C). Each cell acted as its own control. The effect of
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[ 0408] I munoblotting of mcrosones (50 rig) is perfornmed as descri bed,
with anti FKBP12/12.6 (1:1,000), anti-RyR-5029 (1:3,000) (Jayaranan, et al.,
FK506 bi mstorego7pnaetiei n associ ated with the cal ci um r el easeTatsacvamB2405
(ryanodi ne receptor). J. BioL Chem, 267:9474- 77, 1992), or

anti - phosphoRyR2-P2809 (1:5,000) for 1 h at roomtenperature (Reiken, et

al ., Beta-blockers restore calciumrel ease channel function and i nprove
cardi ac nuscle performance in human heart failure. Circul ation,
107 2459ABB005653] o AR B THHGEIG M POKMe EF enseMTL Ok ant i body

i's an af foibd fnyat Rt thieS Bl R@h ¥ Gh.®0EIM CRRRde BBy aCHRbRBIBRESCRYS Zy med
Laboratories (San Francisco, CA) using the peptide, CRITRRI (;ﬁélpS) -QIsSQ which
BIbE

cor r es poBRigscierse RYFUSEKAS HSEIYR 6¢3/10h fes AERC tdeskndo Jor mperding S on with
HRP- | ab ks hig; X i QN 1. i L- ories,
Loxi ngt ont iy g ERgplaietFutes o Hholed il Vep HADRRUS . R BRERDY

Pi scat avgipstteNdutioffoavitiole @l r&ionBLECcoBi4iNNER 0 RECORBSINESa§pa# @85S BMgl e- channel
recor di bl £, P ~mQl 1 econmhi nant , are
acquired %gf;érs @%IEE%QAIC lél/lfrﬁ&) condﬁﬁ%@%g}?gér h(rghy,ﬂrvglgss ap%“es{\%lgé%g' y "escri bed
(Mar x, eKO&al The plp€&ite phomplvas pteatred in itchsg aliqioss], bldCBIRER fi6zdnr Arfrekhe cal ci um

rel ease channel (ryanodi ne receptgr).: defective ulation in failing

hoar . SR hEURRAI eS0T Bbiabfles St Hedditn BentrlpouRbinhe)

E_ecor di n@ﬁngaem_mmaﬂpipgtww( et (Saiér Instidﬁ%ﬁﬁl d,lgaﬁl@o,zoé?ll Alz.;;)mg@gcgzﬂbamgSB_ rnnol / L
in some _experinents, Ba is replace (011)2);7.35; and cis

conpar t nEAE maﬁgfasmi f%%ﬁ?% Felfﬁepgrﬁwgg c,B,e}(omcglg}ﬁ%a%% CupRaTILCoMlS §effon; and

CaCl2, Owp%-pmPhiltdred Adné-f3M-of YRl seSHligd h&fuh$e | ndi cated, single-channels

recordings are made in the presence of 150-nM[Ca2+] and 1.0-mM [MJ] in the

ci s conppubedhset RAARAN f8e KIOKIIERS dRrRhi W& hostb@ush$a FRBPSHIABML t O

confumidentity of all channels. Data is analyzed fromdigitized current

r ecor di nf%ed pmnigdeetcondifonieg prapyles: (AXBYY fond sedondstest alisi o @Vifpr2 ca). Al

data is QXHRPREC:&StT6E orEintcHis, YR ERGn SR of—duh9SbdaR afped for

statistical conparison of nean val'ues between experinments. A val ue of p<0.05

i s consi ¢ereatiwatmedsatell dutingithe 2 geriond stamio._SOxAYRA Beady sGOvVPOUNBStaND IVETHODS

FOR THEI ~ rding.t o nmet hods
doscri bed T ) Eoiis pERfe B RLE R B MR AR RPN D 3
(Schene dirrenffgasamstiforgdathtis ohew bteadyotaterwasydchieh¢d Akest campelind22neegirat®n? mMmol )

I n_anhydg Or%s Cﬁ_e%cc:l]irznu%gvép ln Asse1%gndeoqd§r%%gé{tl aCchl)u(%li)ietgvee rgz% Mliicerllt'ogs_'Z Cl2, 0.1 m,
0.2 mi oTV?. S GRG0 h REUT &5 € STy Ped BT Som Tefiperatlie over ni ght
and evapgyr under .vacuum  The residue is.di.ssolved i 12 (H ml). To
Ehi s vor Qepy et RGeS o3 R SR B R RV 5, T
added drmpgmins €éAadn BErunidnes, UaratGinonCr) Stexkle siate wdsidefied BithOGnitag one hour

and at roomtenperature for. anot her. haqur and hed with saturated sodi um
D1 c.ar borGPReLA TR DR EES v ARt (REHE fa QefeniRsoh DRy Y APV EES | &

puri fi edagp¥icdiod 2f €@ltesiBr ehntrolNRbRYiaRRYas aSedao cab@lkte BsSpefdehtafd SF dtent65%) .
[0412] Sy 'h%ii s of 54 QSQheme 1): To a stirred sol %ti on of 526 (20 ny, 0.1
mol ) i nitehied 3t cpeh gpppentiationy GogcantipRpnaainesindatackite fit eneaBativg o 812 m nol )
and triegly amne (30 ng, 0.3 mml) at 0C. The resulting mxture is stirred
at 0C for one hour and at room tenperature overnight. The organic phase is
washed wi th aqueous saturab/@:]oapgi{pm[msqg@p@q?g@o@nd dried over sodium
sulfate. After filtration and evaporation o he organi c solvents, the
product Rded]Syie gfels@@h Y copleBAraGOh B fb QERLOS, @@Jaxinﬁigﬁoxg@oﬂéémm%nel d:
90%9 . Simlarly, 55 and S54 are synthesized in 95% and 91%vyields

r espect i ¥Bhs/the Geneenteatipn othatesbeimpoynd Bpdugies spf-maxignl Mbibitdn, Njnhasklls of Si

and S2 (?& e' t Zhd %Tﬁ1o@k %qil r(,oéﬂta%%_ §§§Eﬁé%u1¥@rt il@li’tﬂi’SeHHp akh ic&lcg Hﬁ'&)ﬂ%p rm (5

nil) is d 4-benzyl pi peridi ne ng, 0.1 mnol). The resulting mxture
is stirthettsttonrpound. Nompingaa sqnares flicy wdre delyed wiftlt the Sobrpaddhindér Excgl2000

sol vent, 4i-he j I refied aon silic el .c roduct. S~ 1S

obt a ned SR ER AL SR ForsFie Binfois § 85no BT 1o JARRIERTIOA | ar 1y
from 53 laeasd itmitigteatr cohcatration/@%he/eetlcdmpGakierel dd nGyiddkake BERG chehneB9 and
840

by 50% or more.
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NH RCOX MeO Si X=CI or NHS R 99: R= Ph- S7: Ft= 10H2- 927: R CH2=CH 540:
R=4- N3- 2- OH- C6H5- = [0414] Synthesis of 57, S9, 527 and S40 (Schene 3): To
a stirredveabatizeni7of i odoacetic acid (37 ng, 0.2 mol) PCm/USRREDZ224010 )

i s added thionyl chloride (2 Msolution in CH2C12, 0.1 m, 0.2 mmol). The
resulting mxture is stirred at OC for one hour and at room tenperature
overnight. After renoval of solvent, the crude acid chloride is added to a

ool o ERnEaYy QbrpElr (0 MRiqus bAIROUNBRON BERBIRRERES 30 1o DS

d t i ght.. . Th i h ' dwith
aat ur at eGPl it BuR BB e eaienbars g o e b and R BRI | ed by
O o sl o

I m I S % ;
S60b y 1 ol SRV ABUOPL EOUETE Auds AraTunt, ABKE DR fe R oot oty
4- azi dosaRivayh LREG 06 ARNITOARR) ARMOES5Rw 4y oW HpheRhSthebr&t br AndsH12 MeO NH

5-) 526 NCX MeO .
(referred to in the figures as ARMOXX) on hERG currents was also tested.

Electrophysiological recordings were made using the PatchXpress 7000A (Molecular
Devices) automatic parallel patch clamp system. Each compound was tested at 0.01, 0.1, 1
and 10mM, with each concentration tested in 2 cells (n > 2). The duration of exposure to
each test concentration was 5 minutes. Other aspects of the experimental protocols were
essentially similar to those described in Example 6. For some compounds it was not possible
to determine the ICsg because the highest concentration of the test compound used did not
block the hERG channel by 50% or more.

[0471] All publications, references, patents and patent applications cited herein are
incorporated by reference in their entirety to the same extent as if each individual application,
patent or patent application was specifically and individually indicated to be incorporated by

reference in its entirety.

[0472] While the foregoing invention has been described in some detail for purposes of
clarity and understanding, it will be appreciated by one skilled in the art, from a reading of
the disclosure, that various changes in form and detail can be made without departing from

the true scope of the invention in the appended claims.
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8 S11: X=0 $12: X S [0415] Synthesis of 511 and S12 (Schenme 4): To a
solution of 526 (20 ny, 0.1 mml) in pyridine (1 nl) is added phenyl
i socyanate (18 ng, 0.15 nunol) The resulting mxture is stirred at
room t enpamafsWHmb@is: 24 hours. Then ethyl acetate (10 m) is added
and the organic phase is washed with 1IN HCl and saturated sodi um

bi carbonate. The product SlI is purified by Si02 colum

chr omat ogr aphy. as A cehipbend bdsiog {@iAuhm;a:yi el d: 86% . Simlarly, S12
is synthesized from 526 and phenyl i sothiocyanate in 85%yield.
Schenme 5: Synthesis of 513 and 514 9 MeO Si Me0) P(0) C1 M=0QOMVs
$26%$13/ 514 [0416] Synthesis of. S13 (Schene 5): To 526 (20
nmg, 0.1 mmol) in CH2Cl2 (5 i ethylamne (30 ng, 0.3

wi no!) and phenyl methox (38 mg, 0.2 nmml) at OC
After stirring for 2 hours re, the reaction mxture
is washed with saturated so . | somers are separat ed
and purified by silica gel col 513 (14 ny, yield: 409
and 514 (16 ny, yield: 45% . Schene %7 Synt hesis of 319, 322 pi0
MeO1' 124---X AN ClI OC- X-000l Si Nry ©)

(Formula I-a),
or an enantiomer, diastereomer, tautomer, pharmaceutically acceptable salt, hydrate, solvate,
complex, or prodrug thereof, wherein

nis0, 1, or2;

qis0,1,2,3,0or4;

each R is independently halogen, -OH, -NH,, -NO,, -CN, -CF3, ~OCFj3, -N3, -SO;H,
-5(=0halkyl, -S(=0)alkyl, -OS(=0),CF3, acyl, -O-acyl, alkyl, alkoxyl, alkylamino,
alkylarylamino, alkylthio, cycloalkyl, alkylaryl, aryl, heteroaryl, heterocyelyl,
heterocyclylalkyl, alkenyl, alkynyl, (hetero-)aryl, (hetero-)arylthio, or (hetero-)arylamino;
wherein each acyl, -O-acyl, alkyl, alkoxyl, alkylamino, alkylarylamino, alkylthio, cycloalkyl,
alkylaryl, aryl, heteroaryl, heterocyclyl, heterocyclylalkyl, alkenyl, alkynyl, (hetero-)aryl,
(hetero-)arylthio, and (hetero-)arylamino may be substituted; and

Ry is H, -C(=0O)Rs, -C(=S)Rs, -SO2R7, -P(=0)RgRy, -(CHy)u-Rio, alkyl, aryl, alkylaryl,
heteroaryl, cycloalkyl, cycloalkylalkyl, or heterocyclyl; wherein each alkyl, aryl, alkylaryl,
heteroaryl, cycloalkyl, cycloalkylalkyl, and heterocyclyl may be substituted.

Rs is -NR;5R 6, alkyl substituted with -NR5R 4, -NHNR ;3R 4, -NHOH, -OR 3,
-C(=O)NHNR5R 4, -CO3R 5, -C(=O)NR5R 6, -CH, X, acyl, alkyl, alkenyl, aryl, alkylaryl,
cycloalkyl, cycloalkylalkyl, heteroaryl, heterocyclyl, or heterocyclylalkyl; wherein each acyl,
alkyl, alkenyl, aryl, alkylaryl, cycloalkyl, cycloalkylalkyl, heteroaryl, heterocyclyl, and
heterocyclylalkyl may be substituted;

Rg is ~ORy5, -NHNR 5R 16, -NHOH, -NR;5R 4, -CH, X, acyl, alkenyl, alkyl, aryl,
alkylaryl, cycloalkyl, cycloalkylalkyl, heteroaryl, heterocyclyl, or heterocyclylalkyl; wherein
each acyl, alkenyl, alkyl, aryl, alkylaryl, cycloalkyl, cycloalkylalkyl, heteroaryl, heterocyelyl,
and heterocyclylalkyl may be substituted:;
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[0417] Synthesis of 519 (Schenme 6): To a stirred solution of 526 (20
mg, 0.1 mml) and triethylarnine (30 ng, 0 3 nrnol) in CHCl2 (5 m)
is added 1, 4-butyldiacid chloride (8 ng, 0.05 nml) at 0C. The
[esulling, MIRSCORS, SULAGE MmO o1 0B AN JLORP i, s,
sodi um mllcsdaltybr@atlealému cy No#iictlabayt] hait @iyl l@d‘témCydTﬁmWadterOf:ycﬁjdhlkﬁnTwherem
product 81 rifie chr omat h
yi el d). Cha %ﬂ” F‘y eg¥lyd I?(gn%r L\ragg lgryly fryeo agl%ﬂ ‘?ycﬁﬁ’ﬁkyéqlkﬂr B‘?ﬁ"ﬁ?‘iyé aC| d
Cshz gm o(rj |%§§o§gnﬁmdm§te%%k§@§k§1 1By @@Qb@tﬁqteaj% NL8‘11318](5S¥11H§ hesis of
an chene : in is
treated wth Feom R?HO%PGDd@ﬁh‘Ia)’G g?g{ rednstkenvhelebat, ell@tb,rallﬂyidaylo amyt er

t t I t th

evapor at S s OHLNTR ESR RGN LR SR TR O SR R s Wgsin
m ) and esels hed, alkdryl, &ﬂtdxyﬂfaﬁ@l S0ichi1AInG 24D AR Riry I AE fc@Fall yéyagaaﬁwkyi
sodium sul fate, solvent is evaporated to provide a crude product

whi ch i S*fFEP4TY L Bererrpyely. iapd hefatocyelylaty! ery brwvlsginaptiy to yiel d 820 as

| orl IR 0
510 - 145 - “A5a ORGP JTOR KPR S ERRIGORE

stirred -86tQR dhaof 526 (0.85g, 4.4mmol) and pyridine (0.70g,

8.8 | 2 t. 0C dd j th
chl moiogget ﬁg%‘ Oﬁ@ﬁjld %‘@?ﬂ‘?ﬁ?‘ Aeﬁ%ﬁ@ree[‘i gﬁ) H%S"i‘{}gﬁgh?lg\l}@ﬁf%%ﬁ at
OC for 2keyl,slldoReN aM@lS %ﬂ@la%lhb &t HH@fa%q SRau, g@l%raﬁ DAER, h%ﬁoﬂgﬂ

and water. Silica col urm chr omat ogr ap provid as a

solid (ilelegocygb%%l?ﬁieﬁgcycmlixllwmgrelf@aghﬁml)alk@lydlﬁmzdy\l/e&ml nllrarhimno|
10ml d
\(Nat er) ( %%%ﬁl?l&ﬁd%gl&% 1?Hecy81é’a%ty Faé)kr?m’r# etr%ﬁ?éf ggteé{cyégE&l’lggetpkp&%ﬁlyﬂlkﬁ

t enper atmdyebd mibstneedhour . After solvent is renoved, the residue is
di ssolved in water (10 ml) and washed with ether (2x10ml%1 The
aqueous phase® ISs1aRE%H; 1hed CiaRiv: NI RaR1p HR.sREe Offn o d%Q1R% &1
extract e;i( Q CH2C12(2x10m) . Renpval of sol vent yields product 836
as a white solld (1.0g, yield 100% . The product can be further
purified by rlhs:alydsRa,l indegtendentlyS38HL sc;&laﬂtdnar lajkosynthHs iniagd a(l@@@tikylammo,
Structure L| 04% nt heﬁ %ﬁ 844, SA5 and S59 (Sch

s36 PAsURY i g ﬁﬂw veloplkalalleds Wﬂaimletﬁwcyelm 6F h%r@roesmaﬂ@a
room term@gqugg r e
chl oride, the c(%lu%\ﬂ3 apégﬁgléalke‘;;}l 511(91???{ g%&%@% \;% alﬁiﬁ%ﬁé f%n% %/rﬁ) and,
to this cyeloalkyistcylisto Byt hpﬁcmcﬁfdwbdnéiﬁstbmdglaﬂqyﬁ rrpyrbeduhsmtl@t@d 2mi,

196ny, ] e 0 eaction | stlrreda
oC for (%) §]h%lnr én&dgﬂﬁaﬁo %tgh %&ﬂ?ﬂ@%@?%%%&% ErHéldleW?Wc
sat ur at e;duSIOﬁhlaw[’ﬁbbulﬁgﬁhhaﬂB.faﬁd The organi ¢ phase is separated and the
solvent is renoved to give intermedi ate S36-cystam ne, which is
purified by $hopitesenirihe henrathtizrgomphingimeysasiopildy be a Depewpwotiirogenobr
the Boc-group is achieved with trifluoroacetic acid in CH2Cl1, and

t he depr ot ectagdnsBeneysdiastticenis tageder pharmbeswiyal hasiptable s&43yarue,
S45 by rg&g{e Om\gatthHS ac |va ed ester of azido conpounds. Yield is
75% f or and 86%Y (?lmdéﬂ% 21] S44 is synthesized as a

by- product of the follow ng reactlon S36 (50ngy, 0.19mnol) is

treated w th pidiidstythaichhar g e 4ndnlks Oathehcfgrn hETREVIAL ’K, &-(©gNBl, ght .
t he excess of thion chloride, the crude product is

Af f
ABRORRRILOT e M@)@éﬁh@&ﬂz@yﬁa@me-%@m@ ‘CEONE, -

'([) hgsmlctl oz@}rﬁggﬂ u’reS gf i rr(eﬁ) )gr?mtgj_%)?@&nﬁ ﬁ @ %&%P&Wﬁ gg&%“’i’@'

purifi ed! by-@elupm as a white solid (20nyg, 16% Simlarly, S57 and
S59 are synthesized by reaction of S36-ClL with nethanol or ethylam ne

Schene 8). t hesi s of urea-based anal o
( ) mhhel p10v1dedy t?lat when q 83 Oandnis i or 2, then Ry 159 not H, -C(=0)Me, -

C(=0)Et, -S(=0)Me, -8(=0),Et or -C(=0)O(CHa)y;
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Schene 10: synthesis of 555, S56, S58, S60-S63 S27 [0423]
Synt hesis of Sb5, S56, S58, S60-S63 (Schene 10): The reaction m xture
of S27 (25ng, 0.1mml) and 4-(4-am nobenzyl )pi peridine (19 ny,

0.1mol) in Cﬂﬂl’tﬁéﬂ:ﬁ@{hﬂb(ﬁ ﬁlamrv)leﬂ ﬁtif 'a'ila O@Nt S{HOFE% é%gglﬂf)n %f the

days. After renoval of solvent, uct ’0 I's purl
gel col urmnzethiazening oo apByata:msmomﬁ dfehesbﬂnzdth(a%mge riyig.eheh Eg%not B ke, -

deser i bed & RN e B a0 Ren bl SO F iz éi%aq“ﬁtg?"d

S69- S75, h t.h I t he benzene rin
Fornul a 1) avﬁghglﬁﬂfr’rﬁgg %ngéggﬁ%bw%qﬁﬁ %@H&#ﬁé)li]?rlcn (ga ?glfcﬁi)/l dlriberdnner

to that @anlayechd anfzaﬁla%éfﬁ]h@ﬁﬁ héH‘ RG0PA3. déggﬁj ek ﬁvO%)Oe)C-ngr :

synthesis starts with cormerma l'y aval l
versatile internedi ate, S68- hosgene to provi de S69- S75 in 60-95%

yield. Scheme 12: Synthesis @\/
N
(CH3)5-4-benzylpiperidine, Q\/F’h ;
further provided that the compound is not S1, 83, 84, S6, 87, $20, 824, $25, 526, 8§27
or 536;
further provided that when q is 0, nis 0 or 2, R, is not —-C=ONHPHh, -
C=0ONHCOCH,Cl, -C=0NH,, -C=ONH(n-Bu), -C=S(NHPh), -C=S(NHCOCH,C]), -

C=§(NH,), -C=SNH(n-Bu), -CH,CH,N(Me),, -CH,CH,NH; or —~C=0CHCl,;
further provided that when q is 2, each R is methoxy at positions 7 and 8 or 7 and 9 of

3

the benzothiazepine ring and n is 0, then R; is not H;

further provided that when q is 0 and n is 0, then R; is not methyl,
benzotriazolylmethyl, 4-methoxybenzyl, Ph-C=C-CH,-, 4-chlorobenzyl, ethyl, pentyl,
-CHRP(O)(OCH,CHj),, Ph-CO-CH,CH;-, C(=0)CH=CH,; and C(=0)CH,Br;

further provided that when q is 1, R is CHj at position 9 of the benzothiazepine ring,
and n is 0, then R; is not methyl, benzotriazolylmethyl, pentyl, -CH,P(OYOCH,CHj;), or 4-
methoxybenzyl.

further provided that when q is 1, nis 0, R is -OCHj at the 7 position of the
benzothiazepine ring, then R, is not -C(=0)CH,, -C(=0)C(=0)OH, (4-benzylpiperidin-1-
yDhpropyl, -S(=0)2R ¢, -S(=0);NR20, -C(=0)NHR 34 or -C(=0)OR 39, wherein R;q is Ryg or
alkenyl; Ry is aryl, alkyl, -(CHa)N(R21)2, or -(CH)SRay;jis 0, 1, 2, or 3; and Ry is alkyl or
cycloalkyl;

further provided that when q is 1, nis 1 or 2, and R is -OCHj at the 7 position of the
benzothiazepine ring, then R; is not CO(CH;)N(R21 )2, SO2(CH)(N(R21 )2,
SO;NH(CH;)N(Ra1)2; CO(CH3)SRa1, SO2(CH;),SR31, or SO;NH(CH;) SRy, and tis 1, 2 or
3; and

further provided that the following structure is excluded from formula I-a
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Schenme 13: Synthesis of 582-S84 [0425] By anal ogy to the syntheses of
836, $S43-5S45, S57, and S59 (Schene 8), S76-581 are synthesized from
commercially avail able S68 as shown in Schenme 12 in 70-95% vyi el d.
Using S68 as starting material, the cgmpounds S82, S83, and S84, as
shown in Schene 13, also are synthesized simlarly to the conpounds
whi ch have a net hoxy group on the benzéfge ring (R=4-0CH3 in Formul a
). Scheme 14: Synthesis of 588-S93 [@426]FR8ynthesis of S85-S93 is
acconpl i shed as shown in e follow ng are exanpl es of the
synt hesis. 104271 Synt [ solution of S26 (10 mmol),
di-tert-butyl dicar piethylam ne (12 nmol) in
di chl or onet hane (100 %enperature for 5 hours.
The reaction mxture is ith saturated sodi um bi carbonate
solution (10 m) and the aqueoustShayer is extracted with

di chl oronethane (2 x 15 m). The#conbi organic |ayers are dried

over magnesi um sul fate and con trated ‘Under vacuumto provi de S85

as colorless oil (2.90g, 98%yiel®). [0428] Synthesis of 586: To a
solution of S85 (2.36 g, 8 mmpl ) in dichl oromethane (100 nl) at -78C

i s addedViBEsis Regawl Revgse He reshRisris alieml ovasbrstyhane)l, ¢ried atky! costaimimg O, S, or
drop-w sg¢. The solution is warned to roomtenperature and the

reaction mxture is quenched with nethanol (100 nl) and concentrated
under vacuum The product 586 is purified by colunni chromatography.
[0429] Synthesis ofhedBhipotd af Sehwl hevin@ForaRf: (6 nunol ) in

di chl oronethane (40 mM) at OC is added triethylamne (7 mmol)

foll owed by trifluoronethyl sul fonyl anhydide (7 mmol). The sol ution
is stirred at roomtenperature for 30 m nutes, and the reaction

m xture is quenched with water (10 nil). Th ggus | ayer is

extracted with dichl oronethane (2 x nilY), and the conbi ned organic
| ayers are dried over nagnest u d concentrated under

vacuum The crude product {lica gel flash

chromat ography to proyR [ 0430] Synthesis of 588:

A mxture of 587 (1 nunol)
tris(di benzylideneacet one) di
2-(di-tert-butyl phosphi no) - bi phenyl %, and potassium
phosphate (1.2 mmol) is heated at 8 in a sealed tube for 12 hours.
The reaction mxture is cooled to(®kom tenperat ur@rndild bted wth

di chl oronet hane (50 m ), and washed with water (10 m ). The aqueous

| ayer is extracted with dichloromethane (2 x 15 nl), and the conbi ned
organi ¢ J1RY8h R, enflired jpver nmagnesi um sul fate and concentrated
under vacuum The crude product is purified by silica gel flash

chr omat ogr apHygrmda giive S88 in 81% yield. [0431] Synthesis of S89: A
solution of S87 (1 mmol), benzenethiob (2 mol) and i-Pr2Net (2 nmol)
in CH3CN (20 ml) is heated at 80C for 38 Rours. After cooling, ethyl
acetate (30 m) is added and then with 1IN HC1, water, and then
IN NaOH After drying with h%ﬁ_ﬁﬁ: the s& ution was concentrated. The
product S89 was purified bJ ography in 59%yield.

Al ternatively, 889 is synthesized Py refluxing of S87 with

benzenet hiol in dioxane for 10 howms using ] .

i - Pr 2NEt / Pd2( dba) 3/ xant phos as catal yst. [04S3&fdhesis of 590 : To

a sol ut ivateréh R38i6 -NR (R pIIHNR AR o¥@0e], (GR, M %Héﬁigi?%fll,%@géll&y?,
d d( Ph31 >11 ‘miol), “and

nunol ), phenyl bgronic acid (1 mol), and (P % §£4ﬁé
t he m xtgleaiylaleylhetsgogichidorrdetesecyelyldlioyly each ahenyleact.icoplonikyt.ure i s
cooled t ir | A yas i,th water (10
m.), anJ9?égkg%gﬁﬁﬁ%&%ﬁaéghP%ﬁggg%%?%ﬁ@ﬁQﬁg%ﬁ?yneggﬂﬁﬁ%ég vacuum

Purification foyndel:.um chromat ography gives S90 in 40%vyield. [0433]
Synthesis of 892: To a solution of S87 (1.0 mmol) in DMF (5 nL) are

>
(0]
—~
(o0]
=1
~

(5 mol 9,
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[0437] Synthesis of 597: S86 (3 nu-nol) is added to concentrated
H2SO4 (2 nll). To the stirred m xture is added, slowy, concentrated
1INOG3(2 m) drop-wi se. After 10 mnutes, the reaction mxture is
poured on to crushed ice (5 g) and neutralized with Na2CO3 to pli= 7.
The Boc-deprotected nitro intennediat® is collected by extraction
with EtOAc and converted back to S97 redction wth Boc20.
Purification by silica gel colu graphy provides S97 in 78%
yi el d. [0438] Synthesis of 81 A mixture 297 (2 mol) and 10%
Pd/C (0.1 g) in methanol (20m)l_i s _Bubbl ed thfough with H2 gas for 2
hours. After filtration and conceéfitr atg t he am ne product is used
for the next reactions without furthey purgfication. [0439] Synthesis
of S99 and S100: S98 (1 mmol) is disséhved in aqueous HC1 (2 mmol

HC1, 10ml H20). To this solution is added at OGrglpwhy) a sol ution of
sodiumnitrite (1 nmol) in water (5 m). The reaction mxture is
stirred v@ergeRn oks, anghBupre i pand Rk GHR)anBod; pri n water (2ml) is added
drop-wi se at 0OC. The resulting mxture is stirred at OC for 1 hour
and at roomtenperature overnight. The product is extracted with

et hyl acetate and washed with saturated sodi um bi carbonate and water
The organic |layer is dried over anhydrous sodium sul fate and
concentrated to give crude product S98. Colum purification on silica
gel provide the product in 71%vyield. Simlarly, S99 is synthesized
in 60%yield. [0440] Synthesis of 5101, 5102, and 8103 (also referred
to as ARMLO1l, ARMLO2, and ARMLO3, respectively) may be acconpli shed
as shown in Schene 16. The followi ng are exanpl es of the synthesis.
Schene 16: Synthesis of ARMLO1, ARMLO2, and ARMLO3 104411 Synthesis
of S101: A solution of 868 (165 ng. | mMmoD in CH2C12 (50 m ) was
cooled to OC. To this solution, triphosgene (150 ng, 0.5 rnnol) and
pyridine ( 0.5 m. excess) were added and stirred at OC for | hour.
Wt hout purification, the resulting S68-phosgene in the reaction

m xture was treated wth 1-piperonyl pi perazine (233 ng, 1.1 nunol) at
0C. After stirring at OC for 1 hour, the reaction m xture was washed
with 1120 (2 x 10 M), 1IN 11C1 (2 x 10 mM) and satuarted NaHCO3 (2 x
10 mM), and the solvents were renoved under reduced pressure.
Purification by Si02 colum chromat ography provided ARMLO1 having a
yield of 80% The structure of the product was confirned by nucl ear
magneti c resonance (NWMR), nass spectroscopy (MS) and/or by el emental
anal ysis. [0442] Synthesis of S102: S102 was synthesized from S68
usi ng the sanme nmethod used to synthesize S101, with the exception
that piperidine was used in place of 1- piperonyl pi perazine. The
structure of the product was confirmed by nucl ear magnetic resonance
(NMR), nmass spectroscopy (MS) and/or by elenental analysis. [0443]
Synt hesis of S103: S103 was synthesized from S68 using the sane

nmet hod used to synthesize S101, wth the exception that N Boo

1- pi perazine was used in place of 1- piperonyl piperazine, and in a
subsequent step the Boo group was deprotected using trifluoroacetic
acid (TFA). The structure of the product was confirmed by nucl ear
magneti c resonance (NVR), mass spectroscopy (MsS) and/or by el enental
anal ysis. Schenme 17: Synthesis of ARMLO4 H3CO COHH3CO H202
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Arml04 [0444] Synthesis of S104 (ARMLO4) may be acconplished as
shown in Schene 17. The following is an exanple of the synthesis. A
m xture ARMD36 (S36) (27 ng, O 1 nmol), 50% H202 (1 m), and MeOH (3
m) was stirrggnhah noomtenperature for 2 days to generate the ARMLO4
product. Mass spectroscopy (MsS) was used to nonitor the di sappearance
of ARMD36 and the appearance of the produciCHARRMEO4. The sol vents were
renoved under reduced pressure, oduct was purified by
re-crystallization. The o¥ 6 mg of ARMLO4 at 85%
purity. The structure of t was det erm ned by nucl ear
magneti c resonance (NWVR) . Sche 18: Synthesis of ARMLO5 O
) 0S1 Arm 05 [0445] of S10%Y (ARMLO5) may be

acconpl i shed as showng*h Sche#€ ST ol lowing is an exanpl e of
the synthesis: To a stirred sol ut|o of S68 (80 ng, 0.48 mnol) and
pyridine (0.1 m, excess) in CH C12/(50 m) at 0C, CH3O-C(0)C(0)C1
(70 ng, 0.58 mml) was added drop#ise. The react i(@imiatky e was
stirred t 0C Q/\ét n-s. and washed with | N HCl, saturated sodi um
bi car bon‘?;i sgeindn andygt rderenddeniinpredhe same asdiabnis HardRpfnd: FECEDNGh s oy

Si 02 col yneoghe r 0

product as a th?{t? oy a@%h}’ar‘!)‘fé'&;%cl@%%}l b (if%ycwéc%dﬁ%l@g%réw(%gfﬂ agfi
ARMLO7 heterocyclyl may be subst1tuted andpis 1, 2 3 4,5,6,7,8,9, 0r10;

wherein

n, g, R, Ry, Rys5, and Rygand X are as defined in claim 1,
mis0,1,2,3,4,5,6,7,or8;
or an enantiomer, diastereomer, tautomer, pharmaceutically acceptable salt, hydrate,

solvate, complex, or prodrug thereof.

3. The compound of claim 1 having formula I-d:
O\\ ~R;
/S\\
R' N 0O
Rn S)
/]
(O)n (Formula I-d), or

formula I-h:

W
\)\\
NR..R
" N 1516
R‘Il S)
C/)/
(O), (Formula I-h); or
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104461 Synthesis of 5107 (ARLVI107) may be acconplished as shown in
Schenme 19. The following is an exanple of the synthesis: To 526 (180
nmg, 0.92 nunol) in MeOH (20 m ) was added 30% CH20 solution (1 5 m,
excess) and sgghgﬁq%yanoborohydride (NaBCNH3) (0.4g excess). The
reaction mxture was stirred at roomtenperature, and the pH of the
sol ution was mmintained at around pH @-5 by.addition of a few drop of
IN HC1. After 3 hours, the solvents er ved under reduced
pressure. The residue was di ssol ved i et hyl acetate and washed
with H20 and sat ur at edR'N O mi) . \The solvents were renpved
and the ARMLO7 was purifi Si 02 cql umm ~Cchr omat ography to give a
yield: 170 mg, 93% Scheng Synt hegi s of ARMLO8 [ 0447]

Synt hesi s of S108 ( ARMLOZ : e _acconplished as shown in Schene 20.
The following is an exanple of thg synthesis: A m xture of

N- benzyl oxycar bonyl - gl yci ne (Cbz W 129 ng, 0.61 mol),

Di i sopropyl -carbodiimde (D C, 90 ‘fig, 0.71 molhormNhyHj)patysucci ni m de
(NHS, 70.4 ng, 0.71 nnol) in CH2C12 (50 m) was stirred for 0.5 Ii at
roomtenperature. To this m xture was added 526 (100 ny, 0.51 nmol)
and the m xt ubgnwWas-nstirred at roomtenperature for overnight. After
washing with 1INCl (2x1 Onl) and saturated NaHCO3 sol ution (2x1 Onil),
t he sol vents were renoved by evaporatioﬁ\ T%e product ARMLO8 was
purified by Si02 colum chronatography,\ﬁp/ $ve a yield of 120 ny,
61% Schene 21: Synthesis of ARMIO9 [0448] Synthesis of S109 (ARM

09) may be acconplished i Schene™1. The followng is an
exanpl e of the synthesis: A 40 mg\, 0 1 mmol) in CH2C12 (5 m)
was treated with 1 ml of 309 CH3CO2IA. After stirring at room

t enper ature overnight, h C ture was evapor at ed under
reduced pressure. The residue was stsoIved in MeOH (3 m) and
treated with propyl ene oxide (1 m ﬁQ'The sol vents were renoved under
reduced pressure to provide crude ARVLO9 whi chFevasild bmdher purified
by dissolving in 0.15 N HC1 H20 solution (3.5 m), followed by
washing with ethyl acetate ( 3 m) and evaporation. The yield of
ARMLO9 wderd8. 3 ng, 95% (white powder, HCl salt). Schene 22:

Synt hesis of ARM 10 0449 nt hesis of S110 (ARML10) may be
acconplishedIﬁék%ﬁo%ﬁkpﬁkgeﬁﬁgﬁﬁg??mﬁ%%ﬂ$bIIomﬁng is an exanpl e of
the synthesi sl:,RAjoxwa% RfinePf 40,9, 0.51 mmol) and net hyl
1-bronpacetate (100 ng, 1,2 eq.) and pyridine (50my) in DVF (what is

DVF?) (5 ml) Rias -3iiskiedNEINR o8m, tNHPET, aOBi e -OMEX nilkgnty|, alid, dyleicglkyl,

i I h ith

Narioce STt Bl oS b Bl et AR o ol 10 as
an oi | wesloplyliafliyghelyoSc02, £aIHBRoSHF ] QAR ive a yield of
32 ny, gg@f Szhegg SB:métﬁ?hesis o#@g MLT1 0456bﬁ%3ﬁ?hesis of S111

(ARML11) may FeatRoripiarspdantly sresHosmyliatkegrh etkex i3 -OfftheNHiphlkowiatgldnsino,

an exanpl i.S. pxture of  AR1\'].110 6 0,0
o) 1 ROk Py REAEE cReled R R G nokvei T Rebeer T ate
stirred vatereimeanhtaepipel@nyir slkoxdl alkghblkyiiend alwenkPaMerSchenmy ed
under red ced pressure and the resjdue was dissolved in H20 (10 m).
The aquéésﬂea ghla@%( ’iﬁ?r‘?ﬁélélh Befeiucy Hy b ard heteropyddy lalkybrmy e pubstighted; and
acidifi MV N t 4, I er reduce
o essur o/ oraly Fan RO HRRY Rty 5 AEPb R Bl 0 R EARSHs
yi el d povhecharindd qubsgtusol, i d, having a yield of 13ngy, 87% Schene 24:

Synthesis of Armll2 . : )
or an enantiomer, diastereomer, tautomer, pharmaceutically acceptable salt, hydrate,

solvate, or complex thereof.

4, A compound selected from the group consisting of
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[ 0451] Synthesis of S112 (ARML12) may be acconplished as shown in
Scheme 24. The following is an exanple of the synthesis: To a m xture
of S26 (100 ng, 0.51 mml) and pyridine (100ng) in CH2Cl12 (20 m),

S02C12(89 ng, 1.2 eq.) was added drop-wi se at OC and stirre room
tenperature overni ght. The solvents were renoved under
pressure and the residue was dissolved in 5.5 nm Na tion (5 n

H20 +0.5 m IN NaCH). The water solution was washed W th ethyl
acetate (2x5 m), and acidified with I’ HCL to The agueous
phase was extracted with ethyl acetate Q@igzig/ﬁﬁ;4T e ethyl acetate
phase was evaporated under reduced pressg pr ovi 112, as
powder, with a yield of 9 ng. Schene 25/ ynt hesi s of ARMLY3
10452] Synthesis/g?' 13 (ARML1 may Noe conpl i shed as sh in
Schenme 25. The follow ng i s anYexanpl e\of the synthesis: ARMLO7 (45
ng, 0.21 nmmol) in ethyl|acetatr (2 m) s treated with CH3l ( 200
ng, excess). The m xtur€ was sfiirred at/ room tenperature ovnight and
the product ARML13, as whiNeg hd, collected by filtration to
give a yield 0269 ng, 97% Schen® 25A: Synthesis of Armll4 10453]
Synthesis of 8114 (ARML14) may be acconplished as shown in Schene
25A. The followng is an exanple of the symthesis. S26

| mol) in CH202 (50 m) was cooled to OC.

tri phosgene (150 ng, 0.5 mmol) and pyri di nes was
added and stirred at OC for 1 hour. VWthog(
Xt ated with

resul ting S26- phosggn@'
N- Boc 1-pi perazine (200 nu)
1 hour, the reaction m xtu

] C. After stirring at 0C for
pashed wi ph H20 (2X10 m), 1N HC1
(2X10 m), and saturated Na 2X10 m ),/ and the solvents were
renmoved under reduced pressure urnfi catdi on by Si 02 col um

chr onmat ogr aphy pr8%i ded ARML14 with & yield of 80% Schene 26:

Synt hesis of Annl11l5 H3 C Lawesson Reagent H3CO NNC \

0

O N

e

S9 S

O

- N>\NH
100%s
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Armll5 Arnmll4 104541 Synthesis of S115 (ARML15) may be
acconpl i shed as shown in Schene 26. The follow ng is an exanpl e of
the synthesis: A mxture of ARML14 (200ng, 0.49 mmol) and Lawesson
Reagent (400 ng) in toluene (50 M) was stirrgd at 90C for 5 hours.
The m xture was cooled to roomtenperature angh washed with saturated
NaHCO3 (2x20nml). The product ARML15 was purifi
chromat ography to give a yield of 160 nm, 75%
of Armll6 [0455] SynthesiG |

shown in Schenme 27. The T ol | Ow
m xture of ARML15 (10ng, O0.02
0.5 mM) in CHC12 (10 nil) was
hours. Evaporation of the solv
ARML16 with yield ofg16 mg, 92%

S13 S

S14 S

S19 S
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[ 0456] Synthesis of S117 (-1111V1117) may be acconplished as shown in
Schene 28. The following is an exanple of the synthesis: A solution
of ARMD57 (200ng, 0.71 mmol) in CH2Cl1l2 (20 m) was cooled to -78C. To
this, 1IMB13r3 in CH2C12 (1 m ) was added, and the npxture was
stirred at -78C for 3 hours and t to roo enperature
overni ght. The m xture was washed 0 mM) and H20
(1x10nl). After renoval of the so
purified by Sif2 colu

Schene 29 Syt hesj
Synt hesis of S118
The following is 4
mmol ) in CH2Cl12 ( with BODIPY T
Probes Inc) (4 ng, b r 3 hours. The m
wi th 0. 02N HCL (2x1nﬂ) and saturated NaHCO3(2x1ml).
sol vents under reduced pressure yielded pure ARIVI118 (98% . Schene
30: Synthesis of ARML19 H3CO [0458] Synthesis o 5

be acconplished as shown in Schenme 30. The follo
the synthesis: A m xture ARMLO7 (500 nyg,
MeOH (3 in!) was stirred
spectrometry was used to
formation of the product)

synt hesis: S2

S23

/
s
337 NO,
O
O /\-N
/ o
HO
S38 S
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benzyl bromde (1.1 nmmol) and Na2CO3 (10 mmol) in DVF (10 m) was
stirred overnight. Ethyl acetate (30 m) was added to the reaction,
and then the reaction was washed with H20 (4x10 nil). The organic
phase was concentrated under reduced pressure apg the residue was
purified by col um chromatography to give S121 as\a white powder,
with a yield of 280 ng, at 98% S120 was & ni i
using 4-0H benzyl brom de instead of benzyl brom de:
of S122 (ARML22) (LB21300-30).
synthesis: To a cold s?
equi val ent) in CH2C
3.0 equivalent), foll owed
ntnol, 1.24 equivalent).
for 20 mn, diluted with 10 -
extracted by CH2§% (3x50 mb)> ' i-Aed organic | ayers were
washed (1-120, b drled (Na2SOX4), filtered, and evaporated to
dry. The crude product was purified by chromatography on a silica gel
columm, eluting with a gradient increasing in polarity fromO to 50%
petroleumin ethyl acetate. Relevant fractions were conbined to give
t he desired compound (350 ng, 93% . [0461] Synthesis of SI23 (ARNL23)
(LB21300-34). The followi ng,is an @xanple of the synthesi g
sol ution of compound S122 (R87
(5nmL) and THF (8 nL) at 23¢Q was addm 140 .
equi val e _ifA~H2 7 The reactiion m xture was stirred at 23
m nutes, dilu ' ) . &queous sol ution (100 nL) and
extracted by (¢ ). The conbi ned organic |ayers were
' i (Na2304), filtered and evaporated to drys
The crude product mas rified by chromatography on a silica gel
colum, eluting with a gradient increasing in polarity fromO to 70%
petroleéﬁvln ethyl acetate. Relevant fractions were conbined to give
Sl 23 (244 ngy, 100% . EXAMPLE 5 - H GH THROUGHPUT SCREENI NG MET
104621 Assays for screening bigl ogical]y- active snall nDIecuIe
been devel oped. These assays arg bas n r P12 ot ein
to RyR 104631 A highly-effici i
for small I deve
(GST-fusio ) melloplate coated with glutathlon.N

vari ous concentratro s (Tg
i s washed to remove the unbound RyR2, and then incu
anti-RyR2 antibody for 30 min. The plate is again was
unbound @4 i - RyR2 anti body, and then treated with fl orescen 2
secondary anti body. The plate is read by an automatic fl uorescent
plate reader for binding activity. [0464] In an alternative assay,,
RYR2 is PKA-phosphoryl ated i mthe presence of 32P- ATP. Radi dacti ve
PKA- phosphoryl ated RyR2 is | oaded onfio an EI CBP12. 6- cq :

plate, in the presence of JTV- al o S atgvaried 3
(10-100 nlI VI ) ofor 3¢ pl atie i s washed to renove t%e unh

r adi ol abel ‘ hen rnead by an automatic plate reader.

EXAMPLE 6 - EFFE( POUNDS ON hERG CURRENTS 10465] Th |
effects of the ca peds of t/he invention on hERG currents were N3

st udi ed 4§ ng cul t grarm enbryoni ¢ ki dney 293 (HEK 293) cells

whi ch had been stably tranfected with hERG cDNA. HEK 293 cells do not
express endogenous hERG HEK293 cells were transfected with a plasmd
cont ai ning the hERG cDNA and a neonycin resi stance gene. Stable
transfectants were selected by culturing the cells in the presence of
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El ectrophysi ol ogi cal recordi ngs were made using the Patch. Xpress
7000A (Mol ecul ar Devices) automatic parallel patch clanp system Each
conpound was tested at 0,01, 0.1, 1 and 10mM w th each concentration
tested in 2 cells (n > 2). The duration of exposyre to each test
concentration was 5 mnutes. O her aspects of thg experinental
protocols were essentially sinlar to those descri\bed i n Exanple 6.
For sone conpounds it was not possible to deter
t he hi ghest concentration Q.pe tes ’ sed did not block the
hERG channel by 50% or Pe/’[OA ‘
patents and patent applications ¢jted herein are |ncorporated by
reference in their entirety to t as i f each individua
application, patent or patent appM™ \Was specifically and
i ndi vidual Iy indicatedsgge be incorporated By Teference inits
entirety. [0472] While the foregoing invention has been described in
some detail for purposes of clarity afd understanding, it wll be
appreci ated by one skilled in the art)\ from ing of the
di scl osure, that various changes in fopm and detai\ can be nade
wi t hout departing fromthe true scope of tThe inven {on in the
appended cl ai ns. _~OQdhat | . A cﬁnpoun?' a g fornul a
l-a: (RQq (Forﬁﬁ/e | =g 1 enant honer, db eoner ,\ t aut oner,
pharmaceutical ly accep 9 hyd ate sol vat e, X
prodrug thereof, whergi
each Ris |ndependentlv ogeq,
-N3, -S03H, -S(=0)2alkyl,” -S(0)a&dkKy -OS(:O)ZCFS, acyl
al kyl, al koxyl, al kyl am no, al kyl aryl am no, al kylthio,
al kylaryl, aryl, heteroaryl, heterocyclyl, heterocyclylalkyl
al kenyl , alggoyl (betero-)aryl, (hetero-)arylthio, or 0
(het er o- )arylanlno wherein each acyl, -0-acyl, alkyl, alkoxyl,
al kyl am no, al kyl aryl am no, al kylthio, cycloal kyl, alkylaryl, aryl,
het eroaryl, heterocyclyl, heterocyclylalkyl,o | kenyl, al kynyl,
(hetero-)aryl, (hetero-)arylthio, and (hetero arylanino y be
substituted; and R2 is H, -C(:O)RS - ,
- P(=0) RBR9, -(CH2) m R10, gl kyl, yI h teroaryl
cycl oal kyl, cycl oal kyl aFkyT™ wherein each aIkyI
aryl, alkylaryl, heteroaryl, cychoal kylsal kyl , and
het er ocycl yl nmay be substi t ut|ed. - NR}5R16, aIkyI
substituted with -NRL5R16, - - C(=0) NHNR15R16,
-0021215, -C(=0)NRl 6, -CH2X, y al kenyl , aryl,
al kyl aryl, cycloalﬁg cycloalkylalkyl het eroaryl, heterocyclyl, or
het er ocycl yl al kyl ; wherei n each acyl , aIkyI al kenyl , aryl,
al kyl aryl , cycIoaIkyI cycIoaIkyIaIkyI, heteroaryl het ergt
het er ocyel yl al kyl may be substi tut ed; R6 is -012]
-NHNRI 5R16, - NHOH, -NR15R16, - CH2X, acyl al kenyl ,
al kylaryl, cycl oal kyl, cycl oal kyl al kyl h eroaryl,
het er ocycl yl al kyl ; wherein each acyl, aIk ~Na
| kyl al eterdéryl heterocyclyl and
7|S-GE” - NR15R16, Nmﬁ,
3 | aryl, cycl oal kyl,
erocycl yl/ or heterocyclyl al kyl ;
wherei n each al kyl, al keny |, al kylaryl, cycloal kyl,
cycloalkyIaIkyIS4@eteroaryI 1Y and heterocyclyl al kyl may
be substituted; R8 and RO i ndependently are OH, acyl,
al kenyl , aIkoxyI, al kyl, al kyl am no, aryl, alkylaryl, cycIoaIkyI,
cycloalkylalkyl, heteroaryl, heterocyclyl, or heterocyclylalkyl;
wherei n each acyl, al kenyl, al koxyl, alkyl, alkylam no, aryl,

|, or

al kyl aryl , cycloalkyI@ cyclo
heterocyclylalkyl ey De.sub
-CH2X, al kyl, al kenyl,
cycIoaIkyIaIkyI, heteroar;
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1211, R12, R13, and R14 independently are H, -OH -NH2, -NHNH2,
-NHOH, acyl, al kenyl, al koxyl, al kyl, al kylam no, aryl, alkylaryl,
cycl oal kyl, cycl oal kyl al kyl, beteroaryl, heterocyclyl, or

het erocycl yl al kyl ; wherein each acyl, al kenyly al koxyl, alkyl,

al kyl am no, aryl, alkylaryl, cycloal kyl, cycl\qal kyl al het er oaryl ,
het erocycl yl, and heterocyclyl al kyl may be subgtituged; X\is hal ogen,

-CN, -CO2R15, -C(-0)NRI5R16, -NR151246, - SO2R. orN- P( R9;
R15 and 1216 i ndependent Lp.are al OH, - NH2,
al kyl , al kyl am no, arykf/alkv , cycl al kyl ,

het eroaryl, heterocyclyl, or wherei n each acyl,

al kenyl , al koxyl, al kyl, al kyliam no, ylaryl, cycl oal kyl

cycl oal kyl al kyl, heteroaryl, he 3 d heterocyclyl al kyl may
be substituted; or gptionally RL5 and ogether with the Nto

whi ch they are bonded may form a heterocycle which may be substituted
|; and the nitrogen in the benzothi azepi ne ringsmay optionally be a
quat ernary nitrogen; or an enantioner, diagtereoner, tautoner,
pharmaceutically acceptable salt, hydrate, solvatge, conplex, or
prodrug thereof; provi ded that when g is Q/and is 0, then R2
is not H M, Et, -C(=0)NH2,0 = =—S(=3) NH- nBut yl

- C(=0) NHC( =0) CH2C1, -C(0)H - - C(=0pQH=CH2,
-S(=0)2Me, -S(=0)2Et, -C(=0)0(C
9-13-D-ri bof uranosy1- 9H- puri n- 6-
provided that when g is 0 and n i R2 is not H -C(0) M,
- C(O)Et, -S(=0)2Me, -$(=0)2Et or j er provided that when g
is 1l and Ris Mg, CI, CN and F at the 6 position of the
benzot hi azepine ring or Br at position 4 of the benzothi azepine ring,

then R is not H M, - C(=0)H -C(0) M\ -C(=0)Et, -C(=0)Ph,
-S(=0) 2Me, S(=0) Me, or -S(=0)2Et; further provided that when g
is 1 nis 0, and Ris OH or Cl-C3 al koyyl "atNHt he 7 position~ef the

further

benzot hi azepi ne ring)_then R2 is no - C(=0)\CH=C1- ¥z Br; -
further provided at G ) ot Si, 0,
S24, 525, S26, S27, or r provi gn_g4 s O,

nis O0or 2, R is not C=0ONHCOCH2C1,

- C=ONH( n- Bu), - C=S( NHPh)3 HCOCH2¢1) , - , =SNH( n- Bu) ,

- CH2CH2N( Me) 2,559CH2CH2NH2 © HET?Z,; further provided that
when q is 2, each Ris nmethoxy at positions 7 and 8 or 7 and 9 of the
benzot hi azepine ring and n is 0, then 421 is not H; further

provi ded that when q is O and nis O,
benzotri azol yl net hyl, 4-met hoxybenzyl ,

en R2 is_not nethyl,
h- C4- £hl or obenzyl , ethyl,

pentyl, - CH2P(0) (OCH2CH3) 2, Ph- CO- CH2 =0) CH=GH2 an
C(=0) CH213r; /O\@\N
$53 s)
2
)
/ v ~NH
P N \\o
S54 s S
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further provided that when g is 1, Ris CH3 at position 9 of the
benzot hi azepine ring, and nis 0, then R2 is not nethyl,
benzotri azol yl net hyl, pentyl, -CH2P(0)(OCH2CH3)2 or 4- net hoxybenzyl .
further provided that when g is I, nis O, Ris -OCH3 at the 7

posi tion of the benzothiazepine ring, thenyR2 is not -C(=0)CH2I,
-C(=0) C(=0) OH, (4-benzyl pi peridin-1yl)propy, -S(=0)212.19,

-S(=0) 2NR20, -C(=0)NH. 12. 20 or -C(=0)0R20, ﬂGH\MﬂISF@OOr

al kenyl; R20 is aryl, alKkyl, (CH2)|N(R202 joi
1, 2, or 3; and R21 isaal kyl :
that when g is 1, nAs 1
t he benzot hi azepi ne ring,
SQ2( CH2) EN(R202, SO2NH( CH2 ) ESR21, S
SO2NH( CH2) 1SR21, and t is rther provi
followi ng structure is excl uded fro g oy
R27 are FI; and R28 is al kenyl, carboxylic acid
containing 0, S, or N 2.The conpound of clai
R) wherein R5 is -N12.15R16; or fornula |-}
-NRI 5R16, -NHNI 2151216, -NHOH, -01z15,
cycl oal kyl, cycl oal kyl al kyl, heterocyclyl
al kenyl, aryl, cycloal kyl, cycl oal kylaF*
het erocycl yl al kyl may be substituted

CH2) EN(

ng formula I -e
\th/reln RL7 is

, enyl, aryl,

or heterocyclylal kyl, each

het er ocycl yl, and
mul a |: (formula I)

S55
O
/O N
N
S 0O \
NN
N
3556
o\
W\ e
: Van
/ e}
S57 S
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wherein R1, R3, and R4 are H, and R2 is -(CH2)-R10; or fornula I-k :
2Cl-12)pRis (O)n(formula I-k) wherein R and R' independently are
the same as R R18 is H -NRL5R16, -C(=0)NR15R15, -(C=0)01215, -OR

5, alkyl, aryl, cycloal kyl, or heterocycly, each alkyl, aryl,
cycl oal kyl, and heterocyclyl may be substi uted; and p is 1, 2, 3, 4,
5 6, 7, 8, 9, or 10; wherein n, g, R R10,\\R15, and R16 and X are as

defined in claiml1l, mis 0, 1, 2 3, 4 5, /6, : or an
enanti oner, di astereonk : 3 . abl e salt,
hydr at e, solvate, ce poundiof cl ai m

1 having fornula I-d: N formual-j:

S58 S
O
NEt,
O N
/// 0
S59 S
o NH,
/O N
N
S60 S
o NH,
H,N
O N
/m N
S61 S

- 179 -



(Formula I-D; or formula I-m (Forrmula I-1n) wherein: R and R

i ndependently are the same as R, n, R R7, X are as defined in claim
1, R17 is -NRI5R16, -NHNR151216, -NHOH, -01215, -CH2X,

al kenyl, aryl, cycloal kyl, cycl oal kyl al kyl, heterocyclyl, or N
het erocycl yl al kyl , each al kenyl, apyl, cycloal kyl, cycloal kyl al kyl / °
het erocycl yl, and heterocycl yl al kyN\ may be substi tut ed; R
and R16 i ndependently are H, acyl,
al kyl, al kyl am yl, al kyl aryl
het er oaryl , y <
al kenyl , al
cycl oal kyl al kyl ,
be substituted;
whi ch they are bonded.y® Qr m et erocycl e whi CT
substi t utéd; or an enasToner, diastereoner, tautotner,

phar maceutical ly acceptable salt, hydrate, solvate, or conplex
thereof. 4A conpound selected fromthe group consisting of / 0/ %/n,

\' Nn)\ 0
N3
///o N
N

0 N/\\
o N>\ \\/NH

564 S

|, heterocyclyl, “ may

OH

0

X
O

NH OH

S66
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S9 S11 S22

569

570 S

S71
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S37NO2 S38

HO S40 $43 0 0CH S46

573

S74

SO

S75 S
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S48 S49 S55 S56 S57

O
N)‘H_‘/OMG
) °
S
576
O
N,ﬂ\”,OH
@R
S77 S
O
NJ\H/NHEt
) °
S
S78
O

[::Ijij}JkE:NHPh
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S58

S59 N Et2 S60 NH2 S6I

S80

NH2

S

S67

O

oy

O

SORE

581

S82

S83

- 184 -



S72 S73 0 NANHOH S74 S76 S77 OH O

CO©

O

MeOmJLOCM%

S

S8

S85

S
S86
0
0 e
F3C=8-0 N~ ~“OCMe;
S )
S87 S
0O
g N N)LOCMe
\__/ 3

S88
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0 NN S84

0 9 F3C1-ONOCCMe3 0 i s o

O
O)s N SocHe,
T

O

)N J\OCIVIeg

S

y N OCMesj
e

S8

590

S91

Ncm OCMeg
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0 S89

0 NOCMme3

599 S101

O

PhCHQNHm OCMes

S
593

S94

HO N~ “OCMe,

S95

596
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5112 Me0

S113 MeO

S114 MeO S117 HO 0

S97

598

Hom OCMe,

S99

Hom OCMe,

S100
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S118 MeO0 Bodi py S119 MeO S122 8123 or a pharmaceutically
acceptabl e salt or hydrate thereof. 5. The conmpound of claim4 having
the fornula S64 or a pharmaceutically acceptable salt or hydrate

t hereof . The conpound of claim4 haéi ng the formul a

NN

5102

MOH
MeQO N
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or a pharmaceutically acceptable salt or hydrate thereof. 7.
The conpound of claim4 having the formula MeONOH (S111) or a
pharmaceutically acceptable salt or hydrate thereof 8. The
conmpound of any of clains 5 to 7, wherein4he pharmaceutically
acceptable salt is a hydrochlorlde salt conpoqgﬂg&%'fornula [1:
(Formula I'l) wherein: nis O, I, or 2; are

i ndependently sel ected fromthe group consysti of H, hal ogen, -OH,
-N112, -NO2, -CN, -CF3, -0CF3, —NJ -S(-®) 2al kyl, -S(=0)al kyl,
-0S( - 0)2CF3 acyl, -0C(=0) M , al koxyl, al Ianino al kyl t hi o,
cycl oal kyl, aryl, heterocycl erocycl IaIkyI, al kenyl , al kynyl,
(hetero-)aryl, (hetero-)aryl pr (het ¢ro-)aryl am no; wherein each
acyl, al kyl, al koxyl, alkyl am™g Ltk o, cycloal kyl, aryl,

het erocycl yl, heterocydiykal kyl, al kenyl, allcynyl, (hetero-)aryl,
(hetero-)arylthio, and (hetero-)arylam no may be substituted; Gis
-S02127, -C(=--WNR, 8R16, -C(=0)C(=0)1217, (CI—|2)p%ﬁI - R(=0) R4R9; or
one or more of R, R' or O -. ses a quor scC 3r adi oacti ve

| abel i ng group; R7 i ORTS G NRI 5RI 6, - NHCH

- CH2X, al kyl, al kenyl, al kynyl, ar cycl oal kyl al kyl ,
het eroaryl, heterocyclyl, or hetero erein each al kyl,
al kenyl , aIkynyI aryl, cycIoaIkyI . yl, heteroaryl,

het er ocycl yl , and heterocgclylalkyl ma be i tuted,;

MeO NJK/NHz

S109

MeO N/\W/OMe

3110 S

MeO._ /”‘N/\N/OH

S111
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R8 and R9 independently are OH acyl, alkenyl, alkoxyl, alkyl,

al kyl am no, aryl, cycloal kyl, cycloal kyl al kyl, heteroaryl,

het erocyclyl, or heterocyclylallcyl; wherein each acyl, al kenyl,

al koxyl , al kyl, al kyl ainino, aryl, cycloal kyl, %ﬁgloallcylalkyl,
heteroaryl, heterocyclyl, and heterocyclylalkyl y be substituted; W
is S or O Xis halogen -CN, -0Q2R15, C( Q)¢ﬁa5Rl6, - NR15R16,
-01215, -S2R7, or - P(=0) RM@O 3 ’F§ ependently are
H, acyl, aIkenyI al koxyl, -OH, kyl am no, aryl,

cycl oal kyl , cycIoaIkyIaIkyI, heter- het er cycIyI or
heterocyclylalkyl; wherei n each ac at kenyl aIkoxyI al kyl,

al kyl am no, aryl, cycl oadikyl, cycloalkylaﬁﬁy , heteroaryl,

het erocycl yl, and heterocyclyl al kyl may be substituted; or optionally
R 15 and R15 together with the N to which they are bonded may form a
het erocycl e which may be substituted; R17 is -01215, -NR15R16,
-NHN1215R16, -NHOH, -CH2X, d\e : : yl,

cycl oal kyl al kyl , heterocyclyl, or t ervy cIyIa kyl ; mherein each

al kenyl , aryl, cycloalkyl, cycl oal ﬁéte ocydlyl and

het er ocycl yl al kyl may be substi t ut ed;
or 10; R18 is -0R15, CF§ R 6, -C(=0)KX - C( 0)01215 al kyI
aryl, cycl oal kyl heter éjélyl; wherei n eac aIkyI aryl, cycIoaIkyI,
het erocycl yl nmay be substituted; the nitrggin in the benzothiazepine

ring may optionally be a quaternary nitrogén; or an enanti omer,
di ast ereoner, tautoner, phaﬂﬂgfeutlcally ﬁP?ﬁQIe salt, hydrate,
3 t_&c/qqp%%gd is not: 4-et

sol vate, or conplex t her eof
2, 3-di hydro-1, 4- benzoth%aégplne boxénilide;

hyl-2, 3, 4, 5-tetrahydro- 1, 4- benzof ep i

N- butyl - 2, 3- dlhydro 1,4 zothlazeplne-4(5FD-carbothioanide;
4- (nethylsulfonyl) 2,3,4,5-tetrahydro-1, 4- benzot hi azepi ne;

4- (et hyl sul fonyl)-2, 3, 4,5-tetrahydro-1, 4- benzﬁlhlazeplne

4- (et hylsulfonyl) - 2 3, 4 5-tetrahydro- 1 4- ben t hi pi ne- 1- oxi de;
4 (1H benzotri azol - 1- ylnethyﬂﬁ}gjfijjjifefn@ benzothlazeplne
SI117
0]

S119 O
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4- (2H benzotri azol - 1-yl met hyl ) -2, 3, 4, 5-t et rahydr o- 1, 4- benzot hi azepi ne
- [ (4- met hoxyphenyl ) met hy1] - 2, 3, 4, 5-t et rahydr o- 1, 4- benzot hi azepi ne;

- (3-phenyl - 2-propyn-1-y1)-2, 3, 4, 5-t et rahydr o- 1, 4- benzot hi azepi ne;

-[ (4-chl or ophenyOret hy11- 2, 3, 4, 5-t et rahydro- 1, 4- benzot hi azepi ne;
-pentyl-2, 3,4, 5-tetrahydro- 1, 4- benzot hi azepi ne;
[ (2, 3-di hydro-1, 4- benzot hi azepi n-4( 514
di ethyl ester; T

3-(2, 3-di hydro-1, 4- benzot hi azep ((5H) 7y 1) - henyl - pr opan- 1-one;

further provided that the conpound ig-rot S3, S4 and S36. 10. A
pharmaceutically acceptable salt of g¢pmpound of the formula: 0 OH

N ] phosphoni ¢ aci d,

(S36) with a pharnaceutically acceptable base. 1. The conpound of
clai m 10, wherei nXlB@ pharnmaceutically acceptable salt is a sodium
salt. 12. A pharnmaceutical conposition conprising a conpound

according to any of clains 1 to 11 and at | east one additive sel ected

fromthe group consisting of antioxidants ﬂ E , buffers,

bi nders, colorants, disintegrant’s; ~gi Faght s} e iers, excipients,
extenders, flavor-inproving agents, ajigk gl nd&nt s,
preservatives, skin-penetration enhan€ers;—sol ubilizers, stabilizers,

suspendi ng agents, sweeteners, tonicitxmﬁﬂ@ﬂts, vehi cl es, and
Vi scosi ty-increasing agents. 13. € pharnmaceutica
conposition of claim12i2lin the formof a capsule, granule, powder,
sol ution, suspension, or tablet and is designed for adm nistration by
an oral, sublingual, buccal, parenteral, iftravenous, transdernal,

i nhal ation, intranasal, vaginal, intranusc;ﬂg;}-pr rectal node.

14. A compound according to any;of ¢l aj-ns & or a

phar maceutical |y acceptable salt b ' or a pharnmaceutica
conposition according to clains 12 13 f/or use ¥n the treatment or
prevention of a disorder or disease’asspciated with an RyR t hat

regul ates cal ci um channel functioning ip,eells by adm nistering the
conmpound, salt or coqgﬁ%ition to a patient 1n need thereof.

15. The use of a conp d according to any of of clainms 1 to 11 or a
pharmaceutically acceptable salt thereof, or a pharnaceuti cal
conposition according to clainms 12 or 13, fijthe manuf acture of a
medi canent for the treatnent or prevention ofjja diﬁprder or di sease
associated with an RyR that regulates. calci A%ehén el functioning in
cells. 16. The use of cl4ing[1406r 15, wherein the disorder or
di sease is selected fromthe group i stinng of cardiac disorders
and di seases, skeletal nuscul ar diso s-ahd di seases, cognitive

di sorders and di seases, malignant hypgktheim a, diabetes, and sudden
i nfant death syndrorns.8123

>

or a pharmaceutically acceptable salt or hydrate thereof,

5. The compound of claim 4 having the formula
(]

/o\ : m N%PONH
S64 s)
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17. The use of claim 16, wherein the cardiac disorders and di seases
are selected fromthe group consisting of irregular heartbeat

di sorders and di seases; exercise-induced irregular heartbeat

di sor dergs a%ﬂgmgdcéﬁ?c%ﬁ Ac B%@%aﬁ%ﬁﬂ?@lﬁteqﬁgltegf exerci se-| nduced sudden
cardi ac death; congestive heart failure; chronic obstructive
prlnnni;y SLsease; ﬁnd_high Flooﬂ prs;sure._ 4 18.dTge use of g
claim 17, rein eirre r .he eat di sorders an i seases an
exer ci se-i nduced i’F&@UWSW%ﬁ@g#?Bb Eaﬂ?%'ﬁ grlang di seases are
selected fromthe group consisting of atrial and ventricul ar
arrhythm a; atri and ventrigular/fibrillation; atrial and
ventricul ar t ' ¥ ?ﬂl and ventricul ar tachycardi a;

cat echol am nergi c pg¢ pphi ¢ ventYicul ar tachycardia (CPVT); and
exerci se-induced va 19. The use of claim 16,
wherein the skel et al >
fromthe group consisting of etal nuscle fatigue,

exerci se-induced skel etal nuscle fat(Yyé) nuscular dystrophy, bl adder
di Sor d.er0§a Bﬁzﬂgna:ﬁ&%&gﬁ%agdgp%ble S%R'OIH@dI‘H%%h&‘EOE laim 16, wherein the
cognitive disorders a seases are selected fromthe group
consisting of Alzheiner's D sease, forns of nenory |oss, and

age- dependent, ne | oss. A nmethod for the synthesis of a
conpound of 1E7or w%&gﬁmp?gnf&clalﬂégﬁi@ &Ef?r}l}%]? wherein R is

Owe or H and n, R15 and REQB%%S sy defined in claim1, conprising:
f
197

(i) readig@._a a A2: with triphosgene to forma
conmpound of fa (ii) reacting the conpound of
formula A3 wit f @nul a HNRI 5R16 under conditions
sufficient to f ound of formula Al; or (i) reacting an

am ne of fornula | TNRE61216 with tripResgene to forma conpound of
fornmula A4: CI3CO(C=0)NRI5R15 (A4);, and (i) reacting the conpound of
f or nul a opd Phreceutisep aeagttable shbomhydraigahereof.

8. The compound of any of claims 5 to 7, wherein the pharmaceutically

acceptable salt is a hydrochloride salt.

9. A compound of formula II:
/G
R' N
Ru S/>
/]
©h  (Formula )
wherein:

nis0, 1,or2;

R"and R" are independently selected from the group consisting of [, halogen, -OH,
-NH3, -NOa, -CN, -CF3, -OCFj, -N3, -SO3H, -S(=O)alkyl, -S(=0)alkyl, -OS(=0),CF;, acyl,
-0C(=0)Me, alkyl, atkoxyl, alkylamino, alkylthio, cycloalkyl, aryl, heterocyclyl,
heterocyclylalkyl, alkenyl, alkynyl, (hetero-)aryl, (hetero-)arylthio, or (hetero-)arylamino;

wherein each acyl, alkyl, alkoxyl, alkylamino, alkylthio, cycloalkyl, aryl, heterocyclyl,
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(A2) under conditions sufficient to formthe conpound of fornmula Al.
22. A nethod for the synthesis of a corrpound of formula AS: 0 a (AS)
wherein R is O or H nis 0, 1, or 2, and Raa is Cl-C4 al kyl or

aryl, Cq{é&ﬁb@bﬂﬁla!kﬂeﬁﬁ&d}rﬁghlgl 58 C@(?d‘:'fbd) %Ia (thtremJLa?}riﬁﬁo and((ﬁ%)nfo )Mﬁcj&mﬂg

acid chloride of formul 0)0 resence o
under condi bg wwstisierlf i cient to formthe conpound of formul a AS. 23 A

method for the;SyefRe -b?"wf)Nﬁls(\R?sr,rPeH:QﬂC?fo) 17:%?12)%;8, -P% %}RSR&),

or one or more of R', R" or G comprises a fluorescent or radioactive labeling group;

R7is -ORys, -NR 3R g, -NHNR5R 15, -NHOH, -CH,X, alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, cycloalkylalkyl, heteroaryl, heterocyclyl, or heterocyclylalkyl: wherein each alkyl,
alkenyl, alkynyl, aryl, cycloalkyl, cycloalkylalkyl, heteroaryl, heterocyelyl, and
heterocyclylalkyl may be substituted;

Rg and Ry independently are OH, acyl, alkenyl, alkoxyl, allkyl, alkylamino, aryl,
cycloalkyl, cycloalkylalkyl, heteroaryl, heterocyclyl, or heterocyclylalkyl; wherein each acyl,
alkenyl, alkoxyl, alkyl, alkylamino, aryl, cycloalkyl, cycloalkylalkyl, heteroaryl, heterocyclyl,
and heterocyclylalkyl may be substituted;

WisSorQ;

X is halogen, -CN, -CO3R 5, -C(=O)NRsR s, -NR5R 16, <OR 5, -SO2R, or -
P(=0)RsRo;

Rys and Ry¢ independently are H, acyl, alkenyl, alkoxyl, -OH, -NH,, alkyl, alkylamino,
aryl, cycloalkyl, cycloalkylalkyl, heteroaryl, heterocyclyl, or heterocyclylalkyl; wherein each
acyl, alkenyl, alkoxyl, alkyl, alkylamino, aryl, cycloalkyl, cycloalkylalkyl, heteroaryl,
heterocyclyl, and heterocyclylalkyl may be substituted; or optionally R;s and R together
with the N to which they are bonded may form a heterocycle which may be substituted;

Ry7 15 -ORys, -NR5R 16, -NHNR 5R 15, -NHOH, -CH,X, alkenyl, aryl, cycloalkyl,
cycloalkylalkyl, heterocyclyl, or heterocyclylatkyl; wherein each alkenyl, aryl, cycloalkyl,
cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl may be substituted:

pis1,2,3,4,5,6,7,8,9, or 10;

Rjg is -OR s, -NR5R 6, “C(=0)NR5R 5, -C(=O)OR; 3, alkyl, aryl, cycloalkyl,
heterocyclyl; wherein each alkyl, aryl, cycloalkyl, heterocyclyl may be substituted;

the nitrogen in the benzothiazepine ring may optionally be a quaternary nitrogen;

or an enantiomer, diastereomer, tautomer, pharmaceutically acceptable salt, hydrate,
solvate, or complex thereof;

provided that the compound is not:

®  4-ethyl-2,3,4,5-tetrahydro-1,4-benzothiazepine;

= 2,3-dihydro-1,4-benzothiazepine-4(5H)-carboxanilide;

" N-butyl-2,3-dihydro-1,4-benzothiazepine-4(5 H)-carbothioamide:
®  4-(methylsulfonyl)-2,3,4,5-tetrahydro-1,4-benzothiazepine;
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wherein R is O or H and nis 0, 1, or 2, conprising reacting a
conpound of fornula A5 a (AS) wherein Raa is C-C4 al kyl or aryl,
with an acid or a base under conditions sufficient to formthe

conpound of f or suleacAfisRny TS ABLARG Bfo- £4 MM ARzoigE €in n s 0
and R is -OCH3. %&@Asurreﬁ;gd for theysfnt hes??% o?z conmpound of

formula A7: (A7) 4niwestieylmlfoyB-20R4:5; te@Rydro-NARYeny @hiaabye- 1 -odideor
halide and R"" s alkyl, aryl. or H 1Lch | ses, reacting a.
conmpound of for nul%lz%i:)e%#%ﬂ%l) P\Xi}l?filihm?%_ﬁﬁ’%g%ﬁl(’dﬂ"gfn@ﬁag@m%m
cyanobor ohydri de @NaB(EdbE)azolnOoIm@BATD B DRSetiUl dioCi £BEn iR hAHMEt he
conpound of the fornmula A7. 26. A nethod for the synthesis of a
conpound of f Or'mj|4a[(93;ggethoxyphenyl)methyl]~2,3,4,5-tetrahydr0-1,4—benzothlazep1ne;

*  4-(3-phenyl-2-propyn-1-yl)-2,3,4,5-tetrahydro-1,4-benzothiazepine;

" 4-[(4-chlorophenyl)methyl]-2,3,4,5-tetrahydro-1,4-benzothiazepine;

= 4-pentyl-2,3,4,5-tetrahydro-1,4-benzothiazepine;

*  [(2,3-dihydro-1,4-benzothiazepin-4(5 H)-yl)methyl|phosphonic acid, diethyl

ester;
*  3-(2,3-dihydro-1,4-benzothiazepin-4(5 H)-y1)- 1 -phenyl-propan-1-one;
further provided that the compound is not 83, S4 and $36.

10. A pharmaceutically acceptable salt of a compound of the formula:

with a pharmaceutically acceptable base.

11. The compound of claim 10, wherein the pharmaceutically acceptable salt is a

sodium salt.

12, A pharmaceutical composition comprising a compound according to any of
claims 1 to 11 and 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, sweeleners, tonicity agents, vehicles,

and viscosity-increasing agents.

13. The pharmaceutical composition of claim 12, in the form of a capsule, granule,

powder, solution, suspension, or tablet and is designed for administration by an oral,
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(A9) wherein Ris selected fromthe group consisting of OR"
SR", N(R"")2, alkyl, H and halide and R"" is alkyl, aryl, or H,
conprising (i) reacting a conpound of fornula A8: (A8) wth

met hyl - Isublf . veReatdal, %a%ﬁi@klﬂ}’fnhﬁ{lélﬁ)us %fh‘ﬁ@der&@lnmhtala‘ﬂeﬁ lﬁH’BﬁdS&ll @5%1?]&110
forma conpound of fornula A 1 O: 10); and (i1) treating

conmpoundEFMYss R oF reeta migdeh sodlun1hydrOX|de under conditions
sufficient to formthe conpound of fornula A9. 27. A conpound of
formula I-a or a pharmaceutically accepteble salt thereof

as defined in4cl aixcémpnchdsiubstinntth ahy ¥t @sinler ©iinbef peardesarichgd

wth T Efagée%?a%?e sa?t EEXIG Iore a gharmaceutlcal composition according to claims 12 or 13 for use
in the treatment or prevention of a disorder or disease associated with an RyR that regulates
calcium channel functioning in cells by administering the compound, salt or composition to a

patient in need thereof,

15. The use of a compound according to any of of claims 1 to 11 or a
pharmaceutically acceptable salt thereof, or a pharmaceutical composition according to claims
12 or 13, for the manufacture of a medicament for the treatment or prevention of a disorder or

disease associated with an RyR that regulates calcium channel functioning in cells.

16. The use of claims 14 or 15, wherein the disorder or disease is selected from the
group consisting of cardiac disorders and diseases, skeletal muscular disorders and diseases,
cognitive disorders and diseases, malignant hyperthermia, diabetes, and sudden infant death

syndrome.

17. The use of claim 16, wherein the cardiac disorders and diseases are selected
from the group consisting of irregular heartbeat disorders and diseases; exercise-induced
irregular heartbeat disorders and diseases; sudden cardiac death; exercise-induced sudden
cardiac death; congestive heart failure; chronic obstructive pulmonary disease; and high blood

pressure.

I8. The use of claim 17, wherein the irregular heartbeat disorders and diseases and
exercise-induced irregular heartbeat disorders and diseases are selected from the group
consisting of atrial and ventricular arrthythmia; atrial and ventricular fibrillation; atrial and
ventricular tachyarrhythmia; atrial and ventricular tachycardia; catecholaminergic

polymorphic ventricular tachycardia (CPVT); and exercise-induced variants thereof.

19. The use of claim 16, wherein the skeletal muscular disorders and diseases are
selected from the group consisting of skeletal muscle fatigue, exercise-induced skeletal

muscle fatigue, muscular dystrophy, bladder disorders, and incontinence.
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20.  The use of claim 16, wherein the cognitive disorders and diseases are selected

from the group consisting of Alzheimer's Disease, forms of memory loss, and age-dependent

memory loss,

21. A method for the synthesis of a compound of formula Al:

NR{5Rg
R’ N

[

©hn (A1),
wherein R’ is OMe or H, and n, R5 and R¢ are as defined in claim 1,
comprising:
(1) reacting a compound of formula A2:

R’ NH

(O (A2)

with triphosgene to form a compound of formula A3:

OCCly

(O (A3);
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(i) reacting the compound of formula A3 with an amine of formula HNRsR | under
conditions sufficient to form the compound of formula Al; or

(i) reacting an amine of formula HNR 5R ¢ with triphosgene to form a compound of formula
Ad:
ClgCO(Cﬂo)NRgsR](, (A4),

and (11) reacting the compound of formula A4 with a compound of formula A2:

R’ NH

(© )n//s

under conditions sufficient to form the compound of formula Al.

(A2)

22. A method for the synthesis of a compound of formula A5:

O
Raa

R’ N \
0

i

(O (AS)

wherein R’ is OMe or H, nis 0, 1, or 2, and Raa is C-Cy alkyl or aryl,
comprising:

reacting a compound of formula A2:
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S
(O)n// (A2)

with an acid chloride of formula CIC(=0)C(=0)ORaa in the presence of a base under

conditions sufficient to form the compound of formula AS5.

23. A method for the synthesis of a compound of formula A6,
0
H
R" N \
O

©n (A6),

wherein R* is OMe or H; and nis 0, 1, or 2,

comprising reacting a compound of formula A5
R' N \
O

/
(O (A5)
wherein Raa is C-C, alkyl or aryl,

with an acid or a base under conditions sufficient to form the compound of formula AG.

24, The method of claim 23, wherein nis 0 and R’ is -OCHj.
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25, A method for the synthesis of a compound of formula A7:

/

R N

S (A7)
wherein R is OR”**, SR””*, N(R’**), alkyl, H, or halide and R*** is alkyl, aryl, or H, which
comprises reacting a compound of formula A8:
SJ (A8)
with formaldehyde (CH,0) and sodium cyanoborohydride (NaB(CN)H3) under conditions

sufficient to form the compound of the formula A7.

26. A method for the synthesis of a compound of formula A9:

OH

R N/\\g
)

S (A9)

wherein R is selected from the group consisting of OR™’, SR**, N(R’**),, alkyl, H,
and halide and R*"’ is alkyl, aryl, or H,
comprising

(1) reacting a compound of formula A8:
S (A8)

with methyi-1-bromoacetate and pyridine, under conditions sufficient to form a compound of
formula A10:
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Me

S (A10);

and (ii) treating the compound of formula A10 with sodium hydroxide, under conditions

sufficient to form the compound of formula A9.

27. A compound of formula I-a

(Formula I-a),

or a pharmaceutically accepteble salt thereof as defined in claim 1 and substantially as

hereinbefore described with reference to Example 4.
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