MODI FI ED LYSI NE-M METI C COVPOUNDS Fi el d The present
teachings relate to |ysine mnetic conpounds havi ng
w@baroesoed ogi cal activity, such as anti arrhyt hP€T/US2006/048812
activity, and desirable bioavailability properties.
The present teachings further relate to pharmaceutica
conposi tions conprising such conpounds and net hods of
usi ng and maki ng such conpounds and conpositions.
Background There is increasing recognition that
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junctions. These structures are thought to be a route

for coupling cells and permtting “cross-talk." (See
general ly , SpBAGKGROUND QF¥.T] ] Ictl ons and

Gap Junctions, CRC Press I nc. (1989)) The cross-tal k
betmeen gap junctions is referred to as "gap

1j uncField £ The EBxvemitionl ar comuni cation" (&I C).

Cenerally, gap junctions are specialized regions of

t he @bk prasemiina¢rgidnhalatasqrhaially ¢d et devicblnalingdsatied die
t housands of densely packed channels that directly

cafipreaions MatCHnFIFuasHR Biputsddaditife (O eSperificl 8bSEMments

junction channels are conposed of two hem channels, or

rd 10 RS Xa6ked dik Qé(ﬂﬁj@ﬁa@éhs%?ﬁb@fre&u‘li}gné‘o@ththla?&L kﬁDLs) to

Each connexon, in turn, is nad SI X proteln

?\gkﬁgug}g%ﬁ% i rcohﬂeétggl' p o ’ed b oug{'lé oﬂ’ldggd em bodiments of

ctri |npu ses fa ace gap juncticonss

| GJl i.nked to. a i.e of dlsea
te ? ”P*“Vﬁ%‘rmdfeﬁ% o REGR e el i Siree whic racle
qg ce hete&g éﬁgus for. the Cx43 gene,
g&ﬁatt%‘ gaphflicfog pEeTHoular SERKng e He S exi n,
develop spont aneous ventricul ar arrhythm as and suffer
from sudden cardi ac death. (Guerrero et al., J. CHn.
I nvest, 99, 1991- 1998 (1997)) Reduced expression of
2Cx 43 Descrfiptien g stetbArs directly linked to an
i ncreased |nC|dence of ventricular arrhythm as during
i sch@msasectidreisrietendéd @l infro@cecthit agadento vidibus adpecB5T art that
(2000)). Several other studies have shown reduced
iy beeslatedno Ohridhd Apects dF tHerprbidht BveMiodDdiach Bre described and/or
chronically ischemc, hibernating, or hypertrophled

clhgréd SeIO\QIKEIﬂﬁs‘EJhk@\%s% idbelievel k& Bk ﬁEl‘pﬁ'ﬂ in gzoxﬁél%ngreader with
(1998); Peters et al., Grculation,

back
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HPHECAERIGAR' Abdiling}y) 3 HOLAh AR BRI A T Ese statements are
(Jo 28 332 3 1980 P10 (Dhein et a
t"r\%eu}rgfy‘% S h%hg RS a/&ra(jﬁ“iﬁh‘)af)rsr?af?gf” 350, 174- 184
(1994) Mul I er et aI., Eur. J. Pharmacol ., 327, 65-72
(1997)), and HP5 (disclosed in U S. Patent No.
4,775,743). However, these peptides exhibit

undePidcat¥irg; qdaaasagysearm FlekibSlity, a0l sibdicogsthMYs afePpichily .
short half-life, and a | ack of oral bioavailability.

coRTHERIYbyR 0 eNeink B8 thNkes St cfe@él@ﬁ'n? Q§m%ﬁ{e?§fstérﬁ’s and s stem

IyS|ne m meti ¢ conpounds havi ng use har nacol ogl ¢
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ar naceut | ceﬁF
esters, hydrates, and prodrugs thereof mhereln Y is
OX, OR2, NXR2, or NR2R3; k is 0, 1, or 2; Xis Hor a
lysine mnetic; Xis OR3, NR2R3, or a lysine mnetic;
Rl is H an optionally substituted Cl-10 al kyl, - an
optionally substituted Cb-20 aryl, an optionally
substituted C7_2oaral kyl, or an am no acid side chain;
and R2 and RS are deflned as descrlbed hereln
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Formul ae | (a) - KP) below, wherein X is OR3 (e.g.,

OH) or NR2R3 (e.g.,NH2) , Yis ORZ2 (e.g., OH or NR2R3
W@ e00g/07890H2) , E is C(OOR6 or C(O NR6R7, and RIT/URRN6/048812

R3, R5, R6, R7 and Z' are defined as described herein:

Ka) 1 (b)I(e) Kf) "(g) I(h)KOi<i) I(m Kn) I(0)

KP) Certai n conpounds of the present teachings have

structures represented by Formulae 1 (q) - |(x) bel ow,

wherein Rl, R2, E and each R5 and Z' (each of which

can be the sane or different) are defined as described

CRRPRNGHIS $ych ps pracyssres)qr peyiphari! degices (Tapically.imeronyalevices are

enbodi nents, the present teachings provi de conpounds

gefupEd faggther fo fara memaenyaedléscabh ys dud-éplinetthemen ihsdules

esters, hydrates and prodrugs thereof, wherein X is

(oRaMs). CBRIR8tet systems Bl ticobfdite nuiefcus MdRlesXo irfereigélthe
Z', k, RI, R2, R3 and R5 are defined as descri bed

sbpéapdoty Pt geapl es of these conpounds, Zlis

C(O (CH2) m C6- 20aryl optionally substituted with 1-5 Q
groups, and mis O (e.g., Z' can be benzoyl). In sone
compounds, RL is H 1In others, RL is an amno acid

si de r¢hai. n.; [ 1o acid ks, sel.ect from .

el e B HEY bl WL st BT 6 e ehirements

nyl al,ani ne rosi ne, tryptophan,, serine, . .
QR AR sloHed Sapipap it FEBRsroeke S5 shace, Die stacking
. a rtic acid, .glutamc acid, .asparagi nhe and o .
"&F:’LE{%&FH%?“ISFI ofmpunting myliiplachips erstop.of pRe arathergvithin psingle
1. Specific exanples of conpounds according to these
sapsepdusigTRacisze: Racksgeshaving @awhberg veriishllitistackedtchipser die in
not limted to,
a ginglespagkagedy b-adiestacking) advagiageoBlyciacizaseythy amoinodf-memory that
propionic acid, {]
cdqb&km@ﬁbandmyégMémﬁimpﬁnmmhhdhﬂs&mea&bﬁﬁ&ﬂéhﬂ@&B@ﬁd@ﬁvﬂﬁdm
tic acid,
thie[dde §tdclnitahaxyed) Ryt A ARKINPhhPbhdbld BoreCRuRAR Htdrednnects
m no}-acetic acid, 2- . .
ﬂgﬁ]ﬁ%mgggubgﬁwgc@m@ SilbfAINBectts HRIVRRA hips AhRGhs RHES aRd
repggl;.g%%cgsmg@% %%fh?l(» beHeRPoLAE UMY id AN LDbe FHiRBPD priRea
ciecﬁ{ft;l%%%cgg%gl?lg&%é fsi%lr#l%fgagfegéu%g %ek%\cf)erp{:lognbgrrlgnrt]so ;r_e Lxléqurg}eg){é Eg placed
- hen i.dopyrrolidine-2-carboxam do) hexanoi ¢ aci d,

OéﬁMiﬂﬂgﬁgngﬁﬁﬁﬁﬁﬁérrolidine- 2-car bonyl ) - am

po] -acetic acid,

{[ 4- benzoyl am no- pi peri di ne- 2-car bonyl ] - am no}-acetic
acid, ) ] _

{ [ 4- BePFeRFsHng Andsand glomeezapanity saptijuetaiimadaspr whilosystem
ic acid, and pharmaceutically acceptable salts,
sies eantinnehipdieateass, dierstacingds begeonting ireodasinglyoesefidifor different
enbodi nents, the present teachings provi de conpounds
mefnoFocamflgardtioas dF piexampie wiquirainkyts FecBphal @né&hiascess
esters, hydrates and prodrugs thereof, wherein X is
meh3rpMRIRRBT o fig@rationstadmdNed) desirdble dr BMRhecesshr t88@ck die to
71, k, R, R2, R3 and R5 are defined as descri bed
ingkea¥edenkily SORENGYAINI P Svidths.t 0$E SRIBA ighds | i
C(O)(CH2)m 06?2_oar yl opti %nal 'y subst g?%?lgﬁz‘\%\? %%eia-ug require
inShuSfoR YRR reABEILRibS1aler(R: ')’on7e]clﬁl‘fﬁﬁtﬁag Itg Sﬁgv?rﬂl)otﬁglj\ Wafer

ers, 'S no

some conpounds, Rl is H I'n ot an a
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phenyl al ani ne, tyrosine, tryptophan, serine,

t hreoni ne, cysteine, |ysine, argenine, histidine,
aspartic acid, glutamc acid, asparagi ne and
glutam ne. In sone conpounds, k is O; in others, k is
1. Specific exanpl es of conmpounds according to these
enbodi nents of the present teachings include, but are

e




al ani ne, phenyl al ani ne, tyrosine, tryptophan, serine,

t hreoni ne, cysteine, |ysine, argenine, histidine,
w@sspairsses aci d, glutam c acid, asparagi ne and PCT/US2006/048812

glutam ne. In sone conpounds, k is O in others, k is

1. Specific exanpl es of conmpounds according to these

enbodi nents of the present teachings include, but are

not limted to,

3- benzoyl am no- 5- ( 2- hydr oxy- acet yl am do) ~benzoi ¢ aci d,

; (2- am noacet ani do) - 5- benzam dobenzoi ¢ aci d,
ag‘ls(cf’-s*émrfgfg’é%iahm igglysign phan REnganseatly apduivsy baiqpely configured
acid, 3-(2-am no-3-carbanoyl -pr spionyl am no) - 5-
digdn peys binaedis stagk Kricgrtainmticl iebenremtse Underd) foyaccommodate
acceptabl e salts, esters, hydrates, and prodrugs
statldng ofquirementsforéach parioulandiet sachiifyer pf & diettack &l hypigdly have
provi de conpounds of Fornmula | and pharnmaceutically
a difeepitdIDE comfig\iati@st ers, hydrates and prodrugs
thereof, wherein Yis OR2 or NR2R3, X isand Z', k
E, Rl, R2, R3 and R5 are defined as described above.
In some exanpl es of these enbodinments, Y is OH or NH2.

o RRRAHHER S b h gy B e poien

M?gé, Z'is C(O(CH 2) m Ce-20aryl optionally
ﬁ%%@@?l uted with 1-5 Q groups, and mis Qe.g., Z is

benzoyl). In some conpounds, RlL is H In others, Rl is
an am no acid side chain, wherein the amno acid is
selected fromvaline, |eucine, isoleucine, nethionine,
al ani ne, phenyl al ani neBRIEX SUMMARY, pt ophan, seri ne,
threoni ne, cysteine, lysine, argenine, histidine,
as parierkniguesdior grayicding endiimplemesting aopfimirahid /O in stacked die
glutam ne. In sone conpounds, k is O in others, k is
arg. proyided.f Bpeaficathy, embodimemipofithe preaexiaechiniguet iacluie aeaking
enbodi nents of the present teachings include, but are
inpot silghals e statloed die configurable using path selectors, which can be set as
3-(4-benzoyl am no- phenyl ) - 2- (2- hydr oxy- acet yl am do) - pr
déiedfofa paitidulalstacking requirement. For example, path selectors may be
{4-[ 2- car banoyl - 2- ( 2- hydr oxy- acet yl am do) - et hyl ] - pheny

coUpl RERTRM WEs arﬁf%aeﬁartgaemmaédﬁx s&%gﬁgpgl?@gen@&h $Sra

esters, hydrates, and prodrugs thereo

p%‘?\@l‘ﬂqf ARtk stélgfg tlg{% %&ﬁlnéf ti’l 4 qué st%l?%e'tcg%f:g ngc]%?%?ts control

For nmul a | arnmaceuti ca acce e sa
. r r n r odr t her eof rein Y,is .
SRS, g BT G B 0 WL DB SR w00ty i
degseﬁ %}I ?gqesdﬂﬂa?ts ’n$1$.%§3£ebsd§e dy bt%V S _bliF Esl gmne le X aﬂ"g% g.f] &glfa rtglqﬁg:&exer) It
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aryl optionally substituted with 1-5 Q groups, and m
CQQﬁggﬁgﬂgﬁ; Z is benzoyl). In sone conpounds, Rl is H.
In others, RL is an amno acid side chain, wherein the
amno acid is selected fromvaline, |eucine,
i sol euci ne, methi oni ne, al ani ne, phenyl al ani ne,
tyrosi ne, trBRIEFESCRIPTHON ORTHIEDRAWINGSI ne,
| ysi ne, argeni ne, histidine, aspartic acid, glutamc
aci d Adeapagegsfithe dnantbn/ inaibeeomé BpSce PRRREAIMIS iheKollowing
is 0; inothers, k is 1. Specific exanples of
daaitRPAgeEpaes idlinfith deferéhRY6 tRNBANinERNh Wi t he
present teachings include, but are not limted to,
4- benzoyl am no- 1- ( 2- hydr oxy- acet yl am do) - cycl ohexaneca
rboxy!ic acid,
4- (2- am noacet am do) - 1- benzoyl pi peri di ne- 4- car boxylic
acid, and pharnmaceutically acceptable salts, esters,
hydrates, and prodrugs thereof. The present teachings
include all stereoisomers of the conpounds descri bed
herei n. For exanple, the stereochem stry of dipeptide
enbodi nents of the present teachings can be 2R4R
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(CH2) m C6-20 aryl optionally substituted with 1-5 Q
groups or (CH 2)m5-20 nenbered heteroaryl optionally

wgaaimsnrgomt ed with 1-5 Q groups, wherein mis 1POF/US2004048812

nonlimting exanple of thesk enbodi nents is

1- (2-am noacetyl)-4-(2-

phenyl acet am do) pyrrol i di ne-2-carboxylic acid. In

ot her enbodi nents, Bis NR5(CH 2)nC(O wherein nis 1
or 2. A non- Iiniting exanpl e of these enbodi nents is

1-(2 4- (2- 0x0- 2- phenyl et hyl am no) pyrrolid
i ne- fa 8afgg5§ é’&‘i’é‘) dlagrﬁmcﬂﬁ%@r Mipdaty peoressortdased system;
NR5, R5 is H Z is (CH2)m C6.20 aryl optionally
substituted with 1-5 Q groups or (CH2) m5-20 nenbered
het eroaryl optionally substituted with 1-5 Q groups,
and rhigs2 Olustratgs an exemplary memory sub-system in accordance with
1- (2-am noacetyl)-4-(phenyl am no) pyrrol i di ne- 2-
eathioliatits of teipieseat inbehord- .

1- (2-am noacetyl)-4-(benzyl am no) pyrrolidi ne- 2-
carboxylic acid). In still other enbodi nents, Bis
NR5(CH2)nS(O) 2, nis 0 (i.e., Bis NRBS(O 2) and Z

bf’oﬁ?;g?ﬁs?ﬁ”’g%m?%g RS }e“c?f“ﬁ&f’%ﬁ%%%gﬂ%ﬁﬁa e g%*ks of
ASURSICLE UHES, Wt B 1685 308 BUDS DOt L L N0 XPIR Secen

ese €

é&’? Xlsulfonan1do) pyrrolidine-2- carboxyllc acid). In
'MP™ot her embodi ments, B is an anide bi oi sostere,

such as, for exanple, |n1dazole oxazol e, thiazol e,

pyrazole triazol e, oxadi azole, thiadiazole, or

tetrazole, each of which optionally can be

subs tFiigft ibstratze fayir a8ynereryolenitss efrangrdse tentrakisnentls devices

i nclude, but are not limted to,

whigtpmayrbe canlgykd inladcdrdrnea withemrtaidiRents of the present invention;

yl) pyrrolidi ne-2-carboxylic acid,

1- (2-am noacetyl)-4-(5-phenyl oxazol - 2-

yl ) pyrrolidi ne-2-carboxylic acid,

1- (2 Fagn noRsLANKS Tmﬁ)&%&ﬁ&@%evﬂceﬁaﬁ%é@%ﬁ lfo @ ranks of x4 devices

yOpyrrolidine”- carboxyllc acid

V\&ucfhzm b0 easGNLd irft (%; d%PA@@Wlth]egiﬂo@ng%g ot 6 oresent 1r%ventlon

)pyrrolldlne 2-car I C aci sone’ e
|s CKC»CRB Exanpl es |nclude conmpounds wherein E is
In other enbodinents, Eis C(ONR6R7. In sone

?:??)‘f %ﬁ%%‘?ﬂuéém iRl P S OEG wEORY AP nich may be

stituted C1 10 alk |, an optionally
C%’Eﬁ%i" %’& &“ Veicghodments at thsiareseal Inyentionst i t ut ed

C6-20 aryl, an optlonally substituted 3-20 nenbered
cycloheteroalkyl and an optionally substituted 5-20
nmenber ed heteroaryl In other enbodinents, Eis a

car big 7iig ashagrammstisalstiew of ¢ dithstack assosiated awiph Big. 5 and
i m dazol e, oxazol e, thiazole, pyrazole, triazole,

e@nhvdlmn@nbcmfaddlamﬁuapnd;ayetset razol e, each of which

optionally can be substituted. Exenplary conpounds of
t hese enbodi nents include, but are not limted to,
N-[1-(2-am noacetyl)-5-(1Htetrazol -

yl) p¥ig. 8lii dﬂﬁhg@aMHaﬂ@ﬂZ\&éﬂv @€a cblm{i%.u'able die stack assoclated with Fig.
-(2-am noacetyl )-5-(1 Himdazol-2~yl)pyrrolidip-3-

5 ¥hd bshzamsig four die in accordance W1th embodlmeré s of thezprefe)nt 1nvent10n

N-[ 1- (2-am noacetyl)-5-(5-nethyl-1H1m
ol i di n-3- yljbenzam de,

N-[ 1- (2-am noacetyl)-5-(5-isopropyl -1H i m dazol -2-yl)p
yrrolidin-3- yl[benzam de, N[1

- (2-am noacetyl )-5-(oxazol - 2-yl ) pyrrolidin-3-yl ] benzam
ide, N[1 -
(2-aninoacetyl)-5-(5-isopropy|oxazol-2-y|)pyrro|idin-3
-yl ] benzam de, N-[1 -(2- .

an1noacety|) 5- (5 met hyl oxazol - 2-yl ) pyrrolidin-3-yl]be

azol -
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enbodi nents, when k is 0, RL is nethyl, R4 is OH R5
is H and Z' is benzoyl, then Y is not NH2. Conpounds

W@e@andiony to the present teachings include t hPEEUS2006/048812

having the follow ng structyures: and pharmaceutically
acceptable salts, esters, hydrates, and prodrugs

t hereof. Exanpl es of suitable prodrugs of any of the
conmpounds of the present teachings include, but are
not limted to, oxazolidinone or imdazolidinone
prodrygs.. I n another aspect, the present teachings

pr ovifd& pisarblackedingram ot fws pathisclsstors brgncpelange with
conmpound according to the present teachings and a
epivadimendsiof dalprgsentiowpttidsi;e carrier. In still another
aspect, the present -teachings provi de nethods of
preventing or treating a pathol ogi cal condition
conprising adm nistering to a subject in need

t her €uf. 106is @.block didgRm DRAsIng CRE SRR YE1b6@} h¥ving a path
effective anmount of a conmpound or pharnaceutica

sE1eBmRP 8ttt RirdGit B i st LolkiPS1QH %@éﬁrd"ur?c@%itﬁ]&abodiments of the
Exanpl es of pathol ogical conditions that can be

L dseat B feionPhyent ed using conpounds of the present
pteac I Ngs |gaﬁﬁde, but are not limted to,

cardi ovascul ar di sease (e.qg., atrial fibrillation
atrial flutter, ventricular tachycardia or ventricul ar

fibrillatian)., teoporosis; inflammtion of airway

epi t &%-Bbﬁlqd? §3’ﬁ%‘§? agramLof padh sgleqtprsand selsrigd geths in each of
i ncontinence; inpaired hearing, such as due to :
ferraie gea digrstack @ssasdaipd withdtigof ineadeatdanes vithsmhgidithente of the
i ncludi ng di abetic retinopathy and diabetic
preseniopeeiyenCNS rel ated conditions; ischema (e.g.

i schem a of the central nervous system spinal cord,

brain or brain sten); dental tissue disorders

i ncl udi ng periodontal disease; kidney diseases;

haenmat @RDAILBEPRMESCRIPTION OF SPECHIECAMBODIMENTS

| eukopeni a, thronmbocytopenia, and pancytopenra

espe@d dnmbrelsheiiB Snito@RhEROLE Wetphesedt AFEA drPwill be described
conpounds or irradiation therapy; wounds such as

belORET Tl o0l c@fo%rﬂggﬁdgg‘%oqsﬁp d%&?ﬂén B?E%F% élggcr)éig*rpe%s, not all

trauma; erecti dy uncti on; I nary

' ' 0 hi c i n;..subchronic..and chroni
o0 b APRGE ENRBRL 8 Be s B IHeRe R e i be
cel l. tr plantation: conditions which arise durin
ol % e im0 S8 iy PieB sl BptemerliOheth i apy
r.ocedures, such as surgery; conditions caused by, an
BSIREQIGAT deRiRE FrOEC o RYBIETPIE J0R cerentatioBeshogicclep SiaRe must be
nitric oxide;, diseases or disorders of pregnancy
made 4o achigvedhe dayRlpperantpepiisigonls susbas)complignes withsystem-
The conpounds and pharmaceutical conpositions
releted @Hgggsm?fstrhlétqsir%@éﬁmnt%a@iﬂhmsy wan fiven Poe implemedtation to
for parenteral or oral admnistration. A Definitions
apthes Mersovert itestioukdrter apipseiated that sddhandlavglaheidnnieffoamsight be
are provided for specific terns, which are used in the
céobleswnd ginver ¢drisemints dat vouldorevekhélossraifouting undertaking of
description and clains the three-letter code for
degign) fabricatibnCandah sfufaSuttsd thtse Webldidsy SRIMEKAidg/the benefit of
accepted three letter codes for other a-am no acids,
tiasl8fRRcRsurear cosi ne (Sar). Wiere the L or D form has not
been specified, it is to be understood that the am no
acid in question can be either the L or Dform A
m xture of equi nol ar anounts of D and L conpounds is
ternmed racemc and is designated by the prefix DL,
e.g., DL-leucine. It can alternatively be designated
by the prefix rac- (e.g. rac-leucine) or by the prefix
[+/-]. The present teachings include all possible
st ereoi sonmers of the conpounds of Fornulae I, Il and
1l as well as of the specific conpounds shown herein.
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20 ring atons, that contains 1-4 ring heteroatons
i ndependently sel ected from oxygen (O, nitrogen (N

war@7ewdur (S), and optionally contains one OPCTDRE06/048812

(e.g., 1, 2 or 3) double or6triple bonds. The

cycl ohet eroal kyl group can be attached to the defined
chem cal structure at any heteroatom or carbon atom

that results in a stable structure. One or nore N or S
atonms in a cycl oheteroal kyl ring can be oxidized

(e.g.. N-hydroxypiperidine, norpholine N oxide,

t hi onFHREMPHEodhe diaydngs, and rafersing initiallptsFig. dxa block diagram
Exanpl es of cycl oheteroal kyl groups include

depieting ki pxemplhtyaproeqshol-based sysferangeniemillyatesigndied dy reference

I m dazol i ne, oxazolidine, pyrazolidine, pyrazoline,
npyerad |1 0disriBustragad: dltiensysteire1 0 afay deahy lofia variety of types such as a
t et rahydr ot hi ophene, piperidine, piperazine, and the

conls@ter,/Bager, celtl a0 tbne Npdriéhatl 8idaRizet, R8n@bl circuit, etc. In a typical
cycl ohet eroal kyl are noi eties that have one or nore

pRIcREREbasdd Y9 nd, UaSEr frior@m(o;?&\ﬁfs B, Q?&l{jaé Hick S sor, control

with) to thé cycl oheteroa ring, tor exa ,

BRI R e SRSRAERE SRR e 10

Cycl ohet er oal kyl groups can al so contain one or nore
0X0 groups, such as phthalini de, piperidone,

oxazaql.i di none, rimdine-2,4(1H, 3/-/)-di ane, .
o+ ke Sy Lo bicatt incieS piniarer sy A1 RPY psianes- it
wi thin the definition of "cycloheteroal kyl" are those
systerg 19y & BAE2blA SYstemethe povsh aRRR)Y 46 may adyariggenushnipelude
het er oat om and/ or carbon atomthat results in a stable
penmanenibatterias replackabler atteries, tahdfor a¢chargeable dsttpdes THe power
anot her group, "heteroaryl" refers to nonocyclic or
sypgily ¢4 cldyalsr ionbtde an (AQ gdaptet, emrthelsgvtemgl 0 magbb pluge2a into a
ring atons and containing 1-4 ring heteroatons
wiallcaypien deminbiincee | Bied mvdrsappl, 14Nn @ sl sSinchiRiead B abapter such
heteroaryl rings do not contain OGO S-S, or S-O

tHAO MidSsystdat I RAY e plig2ed IntoRGHflfe Hi%ﬂﬂ:?% Gghfer Ot Gispacy!

rings fused to a phenyl ring. The heteroaryl group can

Viagiodd bdehad il rﬁi}ebéjgcfd.tﬁgkﬁ]ﬁttogtgig Bidelsof b ld%}g%f{dgr%éé? g@%unctions

het er oat om or carbon a results
C . -N.or S atons i et er oar
o} ISR B s 3F e B8 PBs Ry i RE DS B6pled (o the
ridi oxi de, thiophene.S-oxide, thiophene ,
PR 8%, 45 S PO Py dns e Pitonr bl eprfeeadeard.  lght
f or exanpl e rrole, furan, thiophene, pyri di ne,
P AP Wen e/ 7 YRI5 FRSQEmSPR SyTtAm, L nsisnsee,A fiypley danay also
i mdazole, isothiazole, thiazole, thiadiazole,
b conplsdbiodhe preersios 1201haidisnbnve! 8 may sraduds arol @Bulisplay, a CRT,
benzof uran, benzot hi ophene, quinoline, 2-
LEPsh3ndder %’oﬂqdﬁeglsplﬁiq{zﬁf avtmple; Fyctheoxere] ateRF sub-
qui nazol i ne, benzotriazol e, benztetrazole, indazole,
systemy/basedand pmwcetson20 vyt g cduphziostht bickasdoe 12. The RF sub-
benzi soxazol e, benzoxadi azol e, benzoxazol e, cinnoli ne,
sybténi/bdsebahd prodbison @@ anlydncludeloh hitefien thabiketglell s anRF
napht hyri di ne, phthal azi ne, pteridine, purine,
reR¥iRE DArPHO AnCR N randitRZ UAABNEWAY. Bre bihBAZQRNYh UFIcREon ports 22
furopyridine, thienopyridine, pyridopyrimdine,
mRY alseMHRYoaBic0 e tHEr | dagy ' ' ﬁ(ﬁ)
t %i enoxaz oFe, and lﬁrﬁlg%ﬁ%{ ngggégl&énﬁlggggﬁﬁy a %/fmay be
ada%@éd&@% d@ﬂu%)ﬁli'?o bhE offlokd érhﬂﬁraﬁ fdevidgd f{ &ﬁ:rh)qs a fb&em, a
those aromatic ring systens that are optionally
substituted on any heteroatom and/ or carbon atomt hat
results in a stable structure. The term "heterocycle"
nmeans a heteroaryl or cycloheteroal kyl as defined
herein. As used herein, "carboxylic acid bioisostere"
means a substituent or group that has chem cal or
physi cal properties simlar to that of a carboxylic



Conpound 2: (2$4R)

1-~- Am no- acet yl - benzoyl am no- pyrrol i di ne®-carboxylic
W@e00d/0(5926, PCT/US2006/048812

4R) - 1- (2- am noacet yl ) - 4- berizam dopyrrol i di ne- 2- car boxy

lic acid, HAy- (2S 4R)-4Anmp(Benzoyl)-0OH) Conpound 3:

(2S,

4R) 1- (2- Am no- acetyl ) - 4- (4- net hyl - benzoyl am no) - pyrr ol

i di ne-2- carboxyl ic acid (HQdy-(2S,

4R) neth | benz npound 4:
PAR) of: a(Ag’D it 05 Q¢ 9&}”‘%“ (S&‘%;%ﬁ ??ga@l Héﬁ zlewcaha TREIPITER O
I |d|g 2- carboxil ic acid (Hdy
NYRIOrEARBRACt ek e tBRISE b1 nstange. Conpound 5. (2S,
4R) 1- ( 3- Am po- propi onyl ) - 4- benzoyl am no- pyrrol i di ne- 2-
carboxylic acid (H Al a-(2S, 4R)-4Anp(benzoyl)-OH)
Compound 6: (2S,
4R) 1-The-plodessord2cgenbakly cbuiiols yhe syétéae NG By iApleRRnENE s tware
idi pe- 2-carboxylic acid (H Qd u- (2

é@}mﬁs‘\ﬁmfdzﬁmﬂahbengﬁ TRORR is ] ledfo t
4R) 1-[ 2- Ami no- 3- (1H-1 ndsl - 3-ylI Spc; opi o}r’1§?]]lpe oerl]lggr?cessorlz

td4%§&£in§p@?lgghd}g ;Te%u%g_l)ﬁ QPQ‘&’A&& A%S%’Qm% Hg-g{. Bis a%§e the processor 12

nﬁ?&?z cQ)ap t{)‘ ElQ\‘AenP y%&%%c (r% 1nc Gy bﬁAI\UI or static

car I C acCl

refpiys %%ﬁ%%gé %ﬁ%ﬁ?ﬁ?ﬁﬁ%ﬁ&%ﬂ% b oRR b reiRtoals e so
th&kﬁ Eiﬁﬁ’ 43 b°x§1 ggwg%nd@g As described further

- Anmi no- acetyl ) -4-(4- hydroxy- benzoyl am no rro
béf’%}' H}? VOi égwﬁé)@@{( ((qq)iigu ing stack)ﬁ/:d onentazlolg ¥n
4R) - 4Anp( 4- hydr oxybenzoyl ) - OH) Conpound 11: (2S,
acsegydanco Witk enpbogtiments of the(presemt veptiienz oy ani no) - pyrro
lidine- 2-carboxylic acid (Hdy-(2S,
4S) - 4Anp( 4- met hoxybenzoyl ) - OH) Conpound 12: (2S,
43) 1- (2- Am no- acetyl) - 4- (4- net hyl - benzoyl am no) - pyrr ol

| di n&he PraesddNRIchdy A6d Be Edtfid/to(rR-volatile memory 28. The non-
4S) - 4Anmp( 4- et hyl benzoyl ) - OH) Conpound 13: (2S,

v Sk rhemér zrpmaf H¥hde frehd- oﬁl}I ﬁem%%néwm MLR)az BY EPR v,

di ne-2- carboxylic acid (HdQ

arfiRr ﬂa@ﬂﬁﬁém tﬁq}%%ﬁ’}ﬂ éo}?@‘mgﬁ %M@ aul{ gigml%y -, The size of

4S) 1- (2- Am no- acet nzoyl am no- pyrro

th%o%M i éﬁﬁg&h)ﬂ %E?é%@' tg%g _]usf’i%rg Ang&gqn 0 s%/re an}(l}gcessary operatlng
oA AR S AL B o

ou

28%’“2 ’lﬁq%'% o2 Rl%s?eﬁﬂﬂﬁl‘ydaﬂf’a%w? 23 agane A idndrive Bewery. di
ne- 2-carboxylic acid (H Leu-(234S)-4Anpi (benzoyl)-OH)
Compound 17: (2848)
4- Benzoyl am nQ- 1- 6- di am no- hexanoyl ) - pi peri di ne- 2-
car b%bgyﬁug@n%rellu il ‘HIYEVQ a(rdskgliagrampef{dopartion of a Gkdmory sub-
Compound 18: (2$49)

syste(iR speh aothgvelapily mémven26y Aantmorypiqerollei Be isdzenafalloX y
lic acid (Hdy-(2$4S)-4Anpi (Benzoyl )-0H) Conpound 19:

pro2ig4d)o facilitate access to storage devices in the volatile memory. The memory
1- ( 3- Am no- propi onyl ) - 4~benzoyl am no- pi peri di ne-

onabh iy @edeilv e g id s
c Corrpm 2%1 (286(41&1 s&r to A0den) tHAStBiagb aBvieYd Qlagﬂ% or more

précdsforfRudl-a3 thelptot&4SH 13v¥d ﬂerﬂfh@pdl QABV¥icts, ulEAZRY nglrﬂ)lm:(}al
pi peri di ne- 2-carboxylic acid
(HTrp-(234S) - 4Anpi (Benzoyl ) - OH) Conpound 21: (2$4S)
1- (2- Am no- 3- phenyl - propi onyl ) - 4- benzoyl am no- pi peri di
ne- 2-carboxylic acid (H Phe-(254S)-4Anpi (Benzoyl) - OH)
Compound 22:
1- (2- Am no- 4- car boxy- but yroyl ) - 3- benzoyl -i m dazol i di ne
-2- carboxylic acid (Hd u-Ilca(Benzoyl)-0OH) Conpound

~
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yl) pyrrolidi ne-2-carboxam de Conpound 78: (2S.4R)
1- (2-am noacetyl)-4-benzam do- N- phenyl pyrrol i di ne- 2-

w@e a0oboxsasd de Conpound 79: (2S. 4R PCT/US2006/048812

1- (2-am noacetyl)-4-benzam®&o- N ((R)-tetrahydrofuran-3
- yl)pyrrolidine-2-carboxam deConpound 80: (2S, 4R)
1- (2-acetam doacetyl ) -4-benzam dopyrrol i di ne-2-car boxy
lic acid Conpound 81: (2S, 4R
4- benzam do- 1- (2- (et hyl am no) acetyl ) -pyrrolidi ne-2-
car baxylic aci d Conpound 82: (2S.4R)
dg\_flﬁggg,aqﬂ _via ()gl_e(isz?rzg. The memory controller 30 is generally tasked
t.r irtel uor pacet am do) acet yl ) pyrrol i di ne-2-carboxylic
with fgc hei egesution of iy requests to the memory devices and coordinating
4- benzam do- 1- (2-{tert-but oxycarbonyl am no) acetyl )
theyexcbangsi ofdnformatiboxintiudingciodfigomtion itfofdatidm $o 4R from the
4- benzam do- 1- ( 2- (di met hyl am no) acetyl ) pyrrolidi ne-2-
nemdrgxglices.aci d Conpound 85: (2S. 4R)
4- benzam do- 1- ( 2-f or mam doacet yl ) pyrro!i di ne- 2- car boxy
lic acid Conmpound 86: (2S.4R)
4- benzam do- 1- (1H i m dazol e- 2- car bonyl ) pyrrol i di ne- 2-

car bggglism é(ﬂ;bQ?EﬂBMQY ﬁx?cgqc{ezﬁgﬁ%ﬂ of slots 32, 34 36, 38, 40, 42,

4- benzam do@?- 1H pyrazol e carpon pyTT
[ 4 1,Ch~CO 8. (.2S. 4R
R AR PR R red SRSk gl s memapsmadle

rhoxyl i ¢ acid Conpound : S. 4R
S ANl Sl ORI BN B pemetn sratmpliesd i one or
lic acid Conp ungl 90: (2S.4R . ]
9 BIEIAT BHEET y1eph ATy G ke TR nehudes mplpalitsobgremory
l.ic acjdConpound 91: (2S. 49R% ) :
dgviges sugh ag 5’3&% Jevicesicapatile ot starng datppHack egiorg nbdule has a
carboxylic acid Conmpound 92: (2S.4R)
nymber efithemanedgMioes arapged imi‘gianks: 5 Reakdoaditionkd)ypiyciudt ik
i ne- 2-carboxylic acid Conpound 93: (2S.4R)
artar(g@neemi nbmestoyy evie¢Dorf tachroppesiag pidd of fthe moluldi MRywiver, in
carboxylic acid Conpound 94: (2S.4R)
adofd@naeiwithagresenk krdboliindrty) asTe 2@t AR PYE BRI Zsingle
carboxytic acid Conpound 95: (2S.4R)
sile (g2 »oasiddontiufioh).U ' | ixgi ne-is
(;ag b(g)xy! i c aci dI Co{r%pglﬁlr?gb 9%5&;(}2@?;)69@ QXH?l .46.1-‘?%%
= - 13 ) - - - |_n - -
c &mor}@@&@é d's Cgﬂ%(_)éﬁl%&h%%@i%g@o@%ﬁﬁso Il“oq' msqance, the

carboxylic acid

- al] tyl )-4-(3-net hyl benzam do roldine:2-
Sl%gé%g?ﬁl?ga%?i té r%%?rvpﬁg%wgﬁé)@/m()ggé%vmg NS %A and %2%, the slot
S SR AR ARRRRa Y SR UYL U 658 1m0

1- (2-am npacetyl).-4-(4-net hoxybenzam do) ?yrrol I di ne-2-
prgg%'% 83{?}{1}3’%!%81?%0 360 9bhe e(%_nmow slots 32 —- 46 is capable of
1- [(‘)2; am noacet yl ) - 4- ( 3- met hoxybenzam do) pyrrol i di ne- 2-
SUPRPEBIEA Medulei ceusisie sightindividuabmemory devices on each rank 32A/B
1-(2-am noacetyl)-4-(4-hydroxybenzam do) pyrrolidine-2-
- éﬁé‘k@%xﬁls ivillhei appeasigieds mad 29 descfips fufer below, each memory module
1- (2-am noacetyl)-4-(3-hydroxybe
may elwls)foyr pomios rawke- car boxyl i ¢ aci dConpound 103:
(2S. 4R
1- (2-am noacetyl)-4-(2-phenyl acet am do) pyrrolidi ne-2-
carboxylic acid Conpound 104:. (2S. 4R
1- ( 2ZRefertinpnagtiy ko Fir 2 2the¥®erdory buses may include a memory data bus
phenyl et hyl am no) pyrrolidi ne-2-carboxy]ic acid
4Cnmolitde #HisxchadszeAdt)data between each memory, device on the DIMMs and
1- (2-am noacetyl)-4-(phenyl am no) pyrroli del ne- 2- car boxy
lic acid Conpound 106: (2S.4R)
1- (2-am noacetyl)-4-(benzyl am no) pyrrol i di ne-2- car boxy
lic acid Conmpound 107: (2S.4R)
1- (2-am noacetyi)-4-(phenyl sul f onam do) pyrroli di ne- 2-
carboxylic acid Conpound 108: N-((3R, 5S)
1- (2-am noacetyl)-5-(1Htetrazol - 5-yl ) pyrrolidin-3-

A NN AN N



3R5S), as well as their salts, esters, hydrates, and
prodrugs. Pharmaceutically acceptable salts of the

w@omposgs of the present teachings having an BCT/UB2006/048812

noi ety can be formed using rgani c and i norganic
bases. Suitable salts forned with bases include netal
salts, such as alkali netal or alkaline earth neta
salts, for exanple sodium potassium or nagnesi um
salts; ammonia salts and organic am ne salts, such as

t hose fornmed, w rphol i ne, thionorpholine,
ths memegy ?fgl?mb‘ﬁ f’@l 5"8? Hemegy datadus 4§imay,gomprisg aplirality of
alkylamne (e.g., ethyl-tert-butyl-, diethyl-,

singleshiprap prses (et R0-DQE3dnacl courded from the memory controller 30
di met hyl propyl am ne), or a nono-, di- or trihydroxy

10 awmemazy Kgviaer heoreeergbodimentef thdivelatite memory 26, the memory data
triethanolamne). Internal salts also can be forned.

bfis #48 heyligcludd e imli cidupidatdibedes ! RertiireoR therh 88 AHNABISs 48 may

contains a basic noiety, salts can be forned using

I @R U oRgbre MRiJRIMALL@CS @S eachQheBHITRAE 32 A7 LS18928 vifich
formed fromthe follow ng acids: acétic, propionic,

: e . e f e Leic
e e i P Ut i e lin. TR b ap PR3 by those
' | nictric. sulfuric . .
SMEH B0 Ay e BHARRIRN bies Brald Bty Safa k5 48 iy depending
| uenesul f.oni c,. and. sul foni.c as well as other

o s 1%3%%@8@&?&83%1@3%‘3@‘3&% S A0 ds. A no aci d
addition salts can also be fornmed with am no acids

such as |ysine, glycine, or phenylal anine. The present

t eachi ngs, al so i nclude_ prodrugs of the congounds
descrilg¥glatids wepmorng6 alsednelades acommpnd bugy50 pavdrich adslress
.a noiety that produces, generates or rel eases a
inferpaioncuch as pemprand eddrese€eh), mow adbens seledtr(R4SSy exdumno

a mamal i an subj ect. Prodrugs can be prepared by
addrelssf seleny(CARY; tvwrta @halgle §WE), pardsaidiess (BANScHIP BE166tTES), clock
in such a way that the nodifications are cl eaved,

el ECKBY, ahd vhidie térimfitos (@D D) fQ@TexbMpld, Yithy B @lveRE for a
par ent conpounds. Exanpl es of prodrugs include

cEPEIOHAES r@fuelt &F RS ARE c&xﬁlﬁﬁﬁh RYS S@MACIST B@ﬁ&dhg &‘%’iﬂtate the

that contain one or nore nol ecul ar nol ét1 es appende

e atfoRli ! Ie S
%&aﬂg@&fj& biratiR Hfbrm%%hxfn QVIS’Jaﬁrfﬁuﬁ)l, gﬁgse\?gfé PR M@ R Blis 48,

he conpound, and that en a to a

PRI e sob Pl ISy SUABoUR GRSt
PSP R B e e TR s R iS5 50l o85S, s
pERlo bt it g neE Lot e o e ol

ef.erred prodrugs include oxazolidinone or )
R iE201S T B e e gL BercmmAaLsgY daending on the system
preferably fornmed with | ower al cohols, such as C -6
cofteyEsion. " preparati on and use of prodrugs is di scussed
in T. Hguchi and V. Stella, "Pro-drugs as Novel
Delivery Systens," Vol. 14 of the A.C. S. Synposium
Series, and in Bioreversible Canmers in Drug Design
ed. Edyérisia BlocRaligamAsfamooaemblyateries Bt ia@dl56 arranged in two
Associ ati on and Perganon Press, 1987. In a further
raakp ciccotdaacwith@mbddineits 66 theliresthtimveatiby. as paceically, Fig. 3
t he compounds, and nore particularly protected forns
illmbtritee tve® DRAM(tReviddy Wifigh 85ch@%8R R4 [ ORReHIEGS widh. The
be protected at their N and/or Ctermni, and/or at
the am no acid side chain (in those conpounds wherein
Rl is an am no acid side chain). Exanples of
protecting groups include tBu, Boc, Fnoc, Fm Benzyl,
Dde and Z and al so i nclude the conpounds when coupl ed
to a solid phase, e.g. when they have been nade by
solid phase synthesis. C Pharmaceutical conpositions

o " e M T
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revascul ari zation, and the like. In specific
enbodi nents, conpounds according to the present

W0 e@ciisIgs can be used to treat and/ or preventPCT/US2006/048812

bradyarrhythm as (e.g.,duelto di sease in sinus node,
AV node, bundle of His, right or left bundle branch),
and tachyarrhythm as associated with reentry (e.g.,
atrial premature conpl exes, AV junctional conpl exes,
ventricul ar premature conpl exes, atrial fibrillation,
atrial flutter, paroxymal supraventricul ar

e arangedian (wo gerks afedrmemary ingepbgrdarati with present
nodal reentrant tachycardi a, and non-sust ai ned
expbotlivhents, avhickateydisoudsesl)in frdhérhdetaibbedowc Baplo DRIEM includes four
according to the present teachings can be useful in
dafalipputadutput piris @ Q@B Nolitigh asd condigdiddi to Reosivey ditdsignals, such as
sl owi ng of conduction velocity is an inportant factor,

detaGigna® QO3 LA Addili¥eAly kabh DRAM iikdHhds a number of control
fibrillation, and atrial fibrillation. Compounds

i | i | il -
xgsiutegrrgt N deiliLiRacPd ER8PkintRGIE E&ﬁﬁcﬁg{.‘%@ AAAERGE b b6 select

er alone or in conbination wt

PRI & PR EhIE PRI an ACle Rl o PP oo

oS RiGF T o G F5R8 gt e S0l ol nHpored 1o receive o
Conmpounds accordi ng to, the present teachings can _al so

CR) ST SEH Bnine GnBEVBTAIL beamer CKBigicP et 2R
arrhythma, ventricular reentry (e.g., arising during
sGeume ShfdendliSOD Fsafinred 5ERsinghvberem thy peefixd(sgIrefers to a stacked
infarction, stable angina pectoris andunstabl e angi na

sigoek dt skould pahelet ithatsach DRAMIioeludescatoover mptagstitoby (LDQS) and
atrial fibrillation, repolarization alternans,

aiowendatpmask @ddM)i Cudhenld dshpe aowd ahat Vssasresentep@ns, Each of
bradyarrhyt hm as, reduced contractility of cardiac
thid comtiel irfpt it OdLS inpafduipiepink kAd cHRIEOILINAR wilLBCicOfTized by
i n which endothelial gap-junctional intercellular

of® BTUFlIGRY kI Qe Hgen inplicated are the mgratory
behavi or of endothelial cells after injury, '

angi ogenesi s, endothelial growth and senescence and

the coordinati on of vasonotor responses (Christ et al.

Braz. ' , =429 00)). Therefore
conpéAst\ris g@ og-gg%b?)& f‘a’rﬁig“%t1 ‘got:i;‘i el)ﬁ}g&'Is ' l%‘é%%rﬁi%rgagg%‘gﬁs gy ranks of

present
d t h duct ed I dt
< TRUS: BF SBHC R PRI e o RAVE S oper it sk Sagked
tabolic d d ., physi cal ise, a1 s
oRERAERP AP SMEISHAS 5 Fitghors e, ACBDBLARaRS EBdn e ar

t? the present teachings can be used to cytoprotect a
will zecognize, difigegat amrangementaet memape@ay be ytilized todaenense storage,
cytoprotecting refers to reduci ng, preventing or
thel nusahes of ﬁgalba%iﬁﬁeémnﬁs@&s%ﬁo@a- ddeduRigant-6dre dlustrative of
swel ling. Particular tissues and organs that wl|
susdremibadimentn FoeexanplodFigné ilhuseratels doer xSombimoeddevices (e.g.,
ot herwi se inpacted by a fiborous capsul e such as heart
DRAMisplareangedlis ovo rexiks d€ et 1 6bit wides URse memoey edrdthudtion
bone such as brain, spinal cord and bonemarrow.

ilatrped it Finh Have apresaniidisatbh fdse 68RiDS and $ak1hde additional
prevent or treat ischemc injury in the organs of a

davanmgdt/Jufpul 9ed (DIQBYGHA D@8 BE Nig. & NRIsHA el Four 3 devices
exanpl e, the heart, central nervous system ildney,

ad@8ded Qh B @ Shhitad idthl | i idd TR -
e wid nfhory: RS In Ao i sebet sigmals
of the conmpounds to treat or prevent haenat ol ogic
mani festations followng treatnment with cytostatic
conpounds or irradiation therapy. I|npaired
haemat opoi esi s recovery is observed in patients after
5-fluorouracil (5-FU) cytostatic treatnent. This
i ncl udes absence of recovery of peripheral bl ood



about 3 hours, or nore than about 6 hours, or nore

t han about 12 hours, or nore than about 24 hours, or
woreoog/ordyan about 48 hours) as determ ned usi ngPCiUS2006/048812

assay. Plasma stability canlbe exam ned in vivo using

standard assays. For exanpl e, conpounds can be

adm ni stered to a mammal , such as a rat, by bol us

injections in volunes of about 1 m/kg for both i.v.

and p.o. dosing. Preferably, conpounds are tested in

allel wit ontrol sanples such as buffer or_an

s@ﬁ{ﬁsﬁ%%&%ammom"ﬁr thaatkslitionsd sasiksi Fig. 60)legntes a
sanples are collected at different tinme periods (e.g.,
sigglegank ofx32 menway beift frgo twe2] 6 m@deryadeyic@40 The menesy
where B.D. refers to before dose). Amounts of
cardigpoativdsillustratedipl Big. 6 has beregteantiidfh than Uit oOFiges hads

of routine in the art, such as LC M5/ Ms. For exanpl e,
adchedinglydaciudes ddaitiorafl dae Mgt Pind! @R 1§ aRPDER 653N
be cal cul ated from an external standard curve covering
concentration ranges of conpound from1.00 to 1000 nM
The pl asmaconcentrations versus tine data can be used
for pharneeddAshinausRdsdl bgg\)dhé“usétw gé\ﬁ?ﬂén}ig%fgu? die that is

(Pharsight, Muntain view, I'ng non

BB S L ik ok WPt R B nogpeitially,
s ST hstiiss 5o Tk ofa Sl Bommohion gt SpkAe o urther, the di

“éé%éfd in.a cardi gnmyocyte assa whi ch neasures the

| Yo . . 2
gerepTidss Hahe dispescdondhregiof¢he four dieaflndged, Fig. 7 illustrates a
adnini stration of the conpounds. In one exmapl e,
figshfligi Gchaving 3 fiagt RDIs 6f dispased hmegnnaserand difhhasnga second
gui nea pig hearts, by perfusion with coll agenase :
RBEC®Y diispesed dherhen, laghyd dito7d hasing od ROendel fosrthdie 74 having a
exposed to conmpound and eval uated for GJI C by patch
thadd RIPL 76 digpased teeksonk Tostouldibé hetedtiliat chél @ie®@l 661 7Y, and 74 is
conductance (G) is calculated using the fornmula: ~ p

diptifdtffcin he' @Bérsbecaule of W differeat totTightati8 o8 tePasBdtigted RDLs
and Ip.rest represent the current- in the passive cel

64\g8i Akl Y6 er el 1ask &nth PBL.qQER ’id")ledi ggédeoﬁ ESRERL ] ¥R Yoalso

and Up and Ua represent the voltage of the passive and

. . . . oad
IRGUFLEGE DOYRIUARAB AN Ghe Wi BT S E W on e
' .~ aEQr exanple, the relative G as a
re?%%%%?ﬁ%é {;J?(ﬁ[t? ﬁg%ef ore, and during, stinulation with
compound (e.g., at about 10 8 M can be deterni ned.
Preferably, the conpound provides a G, which is
substantially the same as the G (+ 10% of an
ant i aFFyE "e‘tiféﬁ‘tqoagoﬁﬂéﬁalaée-m KEnaqan € SsipibsC e,
functignal anal ogues thereof. In one exanple, the cel
OPd'sign> £Qsitneinttd $4Ddena) Qi@INAR fropntside op thevdielstack 6¢and enter
which is substantially the same as that of a
the die. staeihedrfremcan wndeslyig, supstedte oa BCIB, (not €@Hn) through the bottom
Addi ti onal details concerning perform ng cardi omyocyte
dig 63aiy ¢s dgsirablegvipdeddé rouiBs GROOZH EHe7die StackSbans alehw the desired
cal ciuminduced arrhythm a assay Peptides suitable for
sigréls i shelathie@ontrol inpuid ifaceaehldic ToRDE sicde68,idhded dperate to
an in vivo nodel of calciuminduced arrhythm as
difeee tedi g4 © dppeopiReeping (e.bY ORE, hurdd, C$ 19&4), DT, Dum2, ZQ,
Car di ovasc. Pharmacol. 3: 49-60. Male CD-1 mce afe
ordN@fs}] fiebachetle WEb e MG AL tAE CS (2, TBAK) sidH enables the CS control
nmedetom dine ( 1 ng/kg) 1P. AnT1.v. cannula Is
inserted into the tail vein. Alead Il ECG signal is
recorded continuously by positioning stainless stee
ECG el ectrodes on the right forelinb and | eft
forelinb. The ground el ectrode is placed on the right
hind I'inb. The signal is anplified and filtered
usi ngGoul d physi ograph conponents and po-ne-nah data

AL +



10

L5

20

2-carbonyl ) pyrrolidi ne-2-carboxylic acid,
(2S, 4R) - 4~benzam do- 1- ( 1Hpyr azol e-

wG2@antsIsy| ) pyrrol i di ne-2-carboxylic acid, or PCT/US2006/048812

(2S, 4R) - 4- benzam do- 1- (1H M2 dazo!

e- 5-car bonyl ) pyrro!idi ne-2-carboxylic acid can be
synt hesi zed according to Schene 1 using

| Hi m dazol e®-carboxylic acid,

1H pyrazol e-5-carboxyiic acid, or IHimdazole-

.d-carboxylic acjd, _respectively. Schenme 3 depicts
G PR RS SShLal 62 5d FsiPurth e cHpbever, 810 GCopimsoa the
[l wherein Ylis NHR3 and R3 is not hydrogen. In this
smﬁ-@pee@ eg@;’gl&;@ dig 79 e enAblisl by the sCSgigna control signal, rather than
éééZ-(S-phenylureido)acetyl)pyrrolidine-2-carboxy|ic
thaecEBgndRBoTiten] GIEDANRS Rior@inighyyehe3R DL by wHilizel 36 eMas #esSS g0, and
(e.g., nethylisocyanate or isopropylisocyanate) can be

sE€finho yigdals o tiecappysptidiepins. ShecHEBANE f& dxAmPIQIRE Brst RDL, 64
ot her ureas of Fornmula Ill (e.qg.

rdudss thRICSL, REvizaN e fe(@S bitr ST AL B9IGGE b¥AilddYd §i! such as
i di ne-2-carboxylic acid or
Dt ) d@z a1 e (354 AT cetyl r

r ol |?J)|B)r§géfgg§gﬁgﬂ><ygls év lgg)ie %’?Pll%%ﬁe;d?re depi ¢ %regﬁégel)“py

hesi S - 4-ben 1.00-1-(2- .

GASIERLA oY R I o Bl 5556 Do - Lok e on the irst
acid, a conpoupd of Fornula |1l _wherein Y is NHR3 and
aBp4s BpbPRES Ser D TPiay 57 s st Oo el yiong

chl orides %e. .. .ethanesul fonyl chloride or proane-2-
CAPBHAOR KPHF ithat passes thrapginboth ihe sacand diestandrbirdhdiea70 to
11 £e.g., (2S, 4R) - 4- benzam do-
the RDL (76t a1y the §prindiei o) BrsRDL) T6yany dieifolintie di2-Tanobtes yhe €Ssignal
acid or ‘
sigpd, tafhe CSipdmpanhaifolrthli¢ 14, thuhgnablinyg lits While dhis thoy single

yl ) pyrrolidi ne-2-carboxylic acid) can b e prepared
exmnplg, ¢riecofimrtimady siild i therariSetlEreeoghize fHarRURIOES @lso provide
Formula Ill wherein kis 1 o0or 2 (e.g.,

sipdfar 46tink throwhi te BledRaRA0l th-enable other control input pins with the
4- benzam dopyrrolidi ne-2-carboxylic acid) can b e

cSYEpbAdnE eehuifedsighadIpl €, according t o Schene 5 .
Schene 5 Schene 6 shows a n exenplary synthesis of
a compound of Forrmula 111, (2S, 4R)-1-

(2-am noacetyl)-4-(phenyl am no) pyrrol i di ne-2-carboxyl i

2SR, e KL . 60 ST Py e oo

co und.of, Fornmula 111 . .

60950 iy beReigalL hecauie {E puables ompmpnignion pTPREITe: 2
-carboxylic acid, wherein Z' is (CH 2)mC6-20 ary' ar).
apRrpLRriafe \Tl’gﬁh% “fh%ﬁw&fkd Haprryenithe pse oiRPEsipgmb&egpnsive

nenbered heteroaryl and mis Cor 1 also can be
a‘ﬁ’r 1@5@?%% FPngxamleagiiaspst above. eachrofithrydindRep§.al0s and 74 are
according to the nethods of Schemes 6 or 7. Schene 8
differang bagpusk saght meaAyires mdiffssing RIIL eonftgupationiororbig|the
11, (2S,4R)-1-(2-
appropriaie pinglthrotighQuipghe diel stk t6Om Akaopdinglyl seianige Brocedsbgx
ylic acid, wherein Z is C(O(CH 2)mC6-20 aryl and m
equsprientSmhatarial SGdmpocaddses\uwiereguited to povideQuEHE the die
2)mCb-20ar " and mis 2o0or z"' 1 CO(CH)m5- 20
cotHighedtions NThiay it B dbsifabis. Acebrdingll HPbdd@Re RS of the present
prepared using the appropriate starting materials
according to the nethod of Schene 8. Conpounds of
Formula Il1 wherein Z' is S(O 2(CH2) m C6-20aryl or
S(O 2(CH2) m 5- 20 nenbered heteroaryl can be
synt hesi zed, for exanple, according to Schene 9, which
depi cts the synthesis of
(2S, 4R) - 1- (2- am noacet yl ) - 4- (phenyl sul f onani do)
pyrrolidine-2-carboxylic acid. Schenme 9 Schene 10
shows an exenpl ary synthesis of

oy
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Coupling Procedures The first amno acid can be
coupl ed as a symmetrical anhydride in DMF generated

wo e@mordses appropriate N-D protected am no aci dPERUS100€048812

subsequent anmi no acids can1Be coupled as in situ
generated HOBt or HOAt esters made from
appropriateN-D-protected am no aci ds and HOBt or HOAt

by neans of DIC in DVMF. The acyl ati ons were checked by
the ninhydrin test performed at 800C in order to

reven Fooc deprotection during the test (B. D.
IEVae.nggﬂ acjlitaigg |t PIIOHtSlonJof G that apsy fgbesaiekequiyalagt to png another
(1994)) Deprotection of the Protecting G oup (Fnoc
byhthattaAn Yscsombiguead topmest thereqwinersents df & perticuiag nmmaomsemem
performed by treatnment with 20% pi peridine in DVF (1x5
and 1x10 mn.), followed by washing with DMF (5 x 15

m, 5 mn. each) until no yellow col our could be

det edlig® iafatdigramehdticalnviedw JPaionfikiutaBlel di6 sAER D0 §8ntd From
Deprotection of the Protecting Goup (Boc and tBu)

fRe e rertbansd withenBRRin f
tr e;t ment with 50% TFA rn&%?:f\)ﬂgvﬂl/e\%ﬁgézégiﬂgﬁnnﬁ&; %&?ﬁcaw the

s boseg g B e

f ol | b
écgﬁdea%@ ?«in@sﬁa& UL R e B
tﬁ?ﬁj nd 3 R %‘?a %‘7’% i & gtack 9 'Pnﬁi@eﬁea&reamre that RDLs

sin. The treat ment vvas continued for three hours at
be g%?ﬂ?f’feéerd’ear“Xthr e giedaspable signplronting 4siig Fig <k rAdvangggenusly,
.through the mxture Coupling O Hobt-Esters 3 eq
“P\P':&O&f%fl smhodimenisioh theapreseniviny entien dhe eenfigurabi-die (i.c.,

o et her vvlth 3 eg. HOBt and 3 eqg. DI C and then added

4 196, ansk38) incarporatanpeth Sslevtotsr 100afk.gAmhyhiplcter Sivices) that
N—a am no protected am no acid was dissolved in DCM
failitacalid ewbtdmizAtiGn. BisGo(ld tethoredithat eadtiednfigarablRalic 92, 94, 96,
reaction continued for 10 m nutes. The sol vent was

afi@ABWRG beliniially dndikhdt fdnt SIRRRAS (. ?' 86 Ebﬁh%@lé:cﬁo%- the die
The sol ution was i medi atel y added e resin

héah} 8¥&hdtivafed) EhHus, e FAVAEatiH cﬁ%‘é@lgﬁleQZ bheooHRend
fromthe resin using TFMSA The Pepti dyl-resin was

egséﬁt@élﬁ'qd%ﬁcgl M%elbed kryﬁge%ﬂﬁ)%tdhﬁ %lgstﬂal_s%:cﬁb% 3 u?etlhe de. 92, 94,

Frankfurt, Gernan 4/otr| uor one ¥ oni

9@%9§8T'§Vf§%e?ﬂ‘9%§?§dF?ﬁgﬁi‘%%gfﬁs Pr Bl TRE) gy
TF [

th"‘"‘%?QSE' régﬂdlg)ge dg% v lave be I e}l-rfﬁt%tg 5 é@g&a\égaﬁ%en%%ﬁ@gﬁ lﬁlﬁtrated by
PSR oIS R FBG Fe omscivacs

anahyzed by high-performance |iquid chromatography
p @)th%bhféﬂnr"fd%ﬁmiaély tgyheRBEsipEig. dy Tlmﬂailaselmionsdé)g will be
spectrorretry ESWPF%? G eavage O the Conpound from
degsgiberd rF!é?gsdﬂ‘d?lgSr%dlnlm intesest @6l pwividing
95% tri fI uor oacetic acid (TFA Ri edel -de Haen,
cqmtetkit ahquld Be motadythatdtige$ alsp vihestratds tHiovas %qmchnﬂp&%Qs on
ethandithiol v/v at r.t. for 2 hours. The filtered
eachsifithendis. washed with 95% TFA-water and filtrates and
washi ngs evapor ated under reduced pressure. The
resi due was washed with ether and freeze-dried from
acetic acid-water. The crude freeze-dried product was
anal yzed by hi gh-performance |iquid chronmatography
(HPLC) and identified by el ectrospray ionisation mass
spectronmetry (ESM5S). Preparative HPLC conditions
Preparative chromatography was carried out using a
VI SI ON Wor kst ation (PerSeptive Bi osysten) equi pped
wi th AFC2000 autonatic fraction coll ector/autosanpler.
VI SION-3 software was used for instrument control and
data acquisition. Colum Kr orra3| | (EKA Chem cal s)

I Z™NA /PN A PN NI A NI N ~ o~ A~ P P N P N . .
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foll owed by washing with DVF. Coupling of Boc-dy-COH

was carried out as follows. 3 eq. Boc-dy-COH was
wale@sorssed i n DMF together with 3 eq. HOBt andPGI/E@82006/048812

DI C and then added to the nésin. The coupling was

conti nued 2 hours. Excess coupling reagent was renoved

by washing with DMF. The coupling was repeated and

conti nued over night. Beforecl eavage of the peptide

fromthe solid support the peptide resin was washed

with DCM and then with ether and finally dried under

vacudifragsedas sferngt sigpals (5-Be S ftenit Kttt Suan, RIT dgnat,

was carried out as follows. The peptide-resin was .
ZQsieas 8 6 Qdpna)rariginase evoe ontsidaeif the dmfiguRibdeldie-strek 90 and

Haen) and after 10 m n a volunme corresponding to 10%
enter thealid fack 80 dirough thesbotont diefRyiodedlableas prévidé couting

acid (TFMBA Al drich) was added at roomtenperature and

thirbegh Shealié StackAG tealldvw tecdbsired signkious foacl B ddnltdoB irfhts for
resins were washed with TFA. The raw materi al was

ededib PIitidhRE dbSipdPId ReachicdetRis %ﬂlﬁﬁt B¥in

di ethyl ether. The raw material was col ?ect ed

t}\%ﬁ Q (ﬂE Ibré: u;l;{hgl ?tggﬁuﬁi& %cc\e@cﬁnélgr %@ qﬁu%?é\ dé godlment

wat er an he wat er ase was ora
I f I f
1rh%{1_<% (%y W tse&(i)tgorsal\%ga hﬁ hl. caagdrfefcgp 'lé{l}eglsﬁ& #Aq%ﬁ%regf the

Buffer B. 90% 0. 1% \\at er , FI ow
SRR K4 PRPTOBEHG Pt - ‘&E%D dobim s Db
(Linear). HPLC trt)lu“t 99% NB: cal cul ated MHH = 291
Duss). £k sxemmlp the £igncontyol signahanaplepthedeS syrireldspus pin on
of Conpound 2 To a solution of NaHCC3 (58.64 g, 0.698
thepfinst dig GZeand on(the ourth) dik 9BOELqwees,-the C8minven thersetombdie 94
nmet hyl ester hydrochloride (50 g, 0.1745 nol, CNH
affé tirdodio §b @ss ergd®idd hyathe alSag. contpalrsigrahmot fied C8yegcdntrol
Et OAc (500 nlL). The m xture was cooled to 0 C. A
sigahlutAdordihglyethe pyth @idovsrs €0 @20er2®1ddlsuck tHat 4k oeiutilized
Et OAc (100 nL) was added over 25 min at 0 OC. The
td R ThRIT ST, XiAMH SON S, St drials0d (8BS afprBfrifte Elrils While'Riding
phases were separated and the aqueous phase was
irfppfopriafRCpih.t h 2x200 mL of Et CAc. The conbined organic
fraction was washed with 200 nL of 1IN HCl, 100 nL of
saturated NaHCO3 sol ution, 100 nmL of brine, dried over
MySO>4, and concentrat ed to afford 60.67 g of

(2S, 1-ferf
benziﬁh SRR s G T R ig B dymatscleerars 00 spupler

89 d: 9 el d adju d to residu

mﬁ%@%&r@ 31 %Pﬁf"%afﬁst% %Ghﬁf‘é}%@%@)ﬁa toprthglie 9% are

7.56-7.4 , 6.25-6.1

én'?sg%e%%uombatfhw rbul Yo Gl imalg W%&PM e fist and
7, 7 Hz H, 3.97-3.84 ( }—& : (s, 3H),
foyirdpdies; 32 alad 98 fojthe gelpged cercsltw 02 an3404 gel eaqh die11, 4
Hz, 0.4 H), 2.47-2.21 (m2 H), 1.46 (s, 3.6 H), 1. 43
pres;smdmg)!y, thaspdth s¢lectopo0Q sanple@detwear thivhMapins and the Dum 1
371.(2S,4R) - 1-te/t-Butyl - 2- net hyl - 4- benzam dopyrrol i di
pimg-of the2sedondhdio Odydnaitbird @ik 96 Sage tleoDS i, SighalGobyp438atie related
0.1631 nol) was dissolved in Et20 (100 nL), and the
cisalitseltb andd 08\vapachied TuioRsiryise $omtht Qirt GIFPMIS AP (34| be
Et OAc. The residual oil was dissolved in Et20 (100
byassedby HEIC S Uligrid bbéhubt Sy @fOhdbldd W&e%@@s.g\a;(s[gnlaﬂ not the

exotherm precipitation commenced after about

cﬁgga, Bighb M BhNGiSposité Batﬁ@e&hoa '_%ﬁraﬁmq é{ﬁ&até@for%hel
At that point, of solution 1n Et2

vvas added, and the mxture was stirred for additi onal

24 h. The precipitate was filtered, washed with 500 nL

of diethyl ether, and dried in vacuum at anbi ent

tenperature for 24 h to afford 46.03 g of (2S,

4R) - met hyl 4-benzami dopyrrol i di ne-2- car boxyl ate

hydr ochl or| de (99% y| eI d) 1H NVR (CD30D, d, ppm:

-— e~ oA -— e~ A 7 ~1 N A — 7 . - ~ -

d W1thout requiring
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0.20 mmol ) in anhydrous dichl oronethane (10 nL) was
added L/-net hyl norpholine (0.05 nL) under nitrogen
warwosmIes e at 0 OC. The reaction m xture was BCT/O8906/048812
to warmto roomtenperaturdSduring 2 hour tinme period
and stirred overnight at anbient tenperature. The
volitiles were renoved in vacuo and the residue was
purified by silica-gel (EMD, 0.040-0.063 mm
chr omat ogr aphy (devel opi ng sol vent: 3-5% gradi ent
nmet hanol / di chl oronmet hane) to afford 0.064 g (75%
s§Pednd piganl komte. dinysramplepthsduss 1QQsstampn thet Gy hnd Duml pins of
4- benzam do- 1- (2- (t e/t but oxycar bonyl (
theesehgid diei S40s hostegIsyiclpthat tiei coirmespchdigy decoyd ratedvesTihe aCSgigny
solution of the abovenentioned am de (0.064 g, 0.15
sigonll httien thmt tha msl;y () Sighh), avaltusadeaad WhiledieRuSsimplddadiple,
of sodi um hydroxide (0.38 nL, 0.75 mmol, 5

of8lbf M@iﬂﬁ»&r@}mqh the SEwiin o ghizk HRASR: gétﬂeéle&%fﬁ dVRhy also
m nutes. The reaction was nonitored by LCM5 and was
a = NOUs - u
PSR oo R e RIEACHI GeAGhla oo,

. ' | di.stilled off .
RRBF o i YR eranlE QoL B i U ol sigmas.

wer e added. The aqueous phase was saturated with
sodi um chl ori de and thephases were separated. The

aquequs phas . extracted with ethyl acetate (2x10
). %Weqo E&r@?ﬁ@%a%fﬁ@a?ﬁ four pathsplsptorstPingficrardanssewith
magnesi um sul fate and concentrated to afford a white
emggﬁyymmtsbg{,@p present invention. Specifically, Fig. 9 illustrates a CKE path
(2S, 4R) - 4- benzam do- 1- (2- (t ert but oxycar bonyl
sglegtoh {20, arCH pathoelegtor 92y 0l Qdbatle sélectar 12 whd an &DH path
that was used in the next step w thout purification.
selbgtont2@l Eadinofithepphevicooss $266122a524]iasd 0R§ dtoiporabey a
di chl oronet hane (10 nmL) under nitrogen atnosphere and

mhltiplekérad €adilitaed dipna padi selectbaC FbPEkAn16] tHe Oﬁ@g&rﬁi@kleaor 120
(1 nm) was added whil e keeping the tenperature bel ow

amPtHZQ Phath JefREdr 128 iMtorbdiat NRStoSbhd hERipR4RE B)the ODT path
under nitrogen atnosphere. The fornmed precipitate was

s%%xh&?[f(‘%ingﬁ?ﬁ?ﬁgs Y- (-64M %ﬁ?ﬂé#@ﬁ@o! a?ncﬂ#% c L8 BiLctor 122

er and dri ed under vacuum roduct

B, R 0 B 3 S B LR 1

hanol /wat er gradient (0.1%formc acid.in hano

sCF% SRR mpRle oS Bt gy 124 b e Dt iGeat e i gpes not
over 3 steps) of the desired product. 7. Synthesis of
SYRROE rag%. (2S, 4R) - 4- benzam do- 1- (2- (2, 2, 2-
trifluoroacetam do)acetyl)pyrrolidine-2-carboxylic

acid To a solution of (2$4R)

1-(2- Am no-acetyl)-4-benzoyl am no-pyrrolidi ne-2-carbox

yl i c lmeperationhopil szlpc@rs)ﬁ)(gr,ecwi Fignals|(¥-8a GK Esigna) and
triethylamne {Aldrich) (0.048 nL, 0.34 mol, 2
s@Rbiiwa), dhatpass threught borfitery B3h(Witinersceptiom tb the BQ path selector 124)
trifluoroacetic anhydride (0.024 ni, 0.17 mmol) with

aisd inte thegmaltipleoen(d. @ 2R, 805 sndulBR)) whichldegf@hates a signal path. The
at nosphere. The mi xture was stirred for 1.5 hours wth

satedted signalathés erdbikg thy cditddpondipgRirceiMBE! KeRyilltdd&ppreciated,
vol atil es were renpved in vacuo and the resi due was

edddifcufid 3BYsim REdnfErhieRefivé SO8 WP are’dsS8dided/Blid Bnatiled b
x 250 mm 10u?gﬁ§?n91%96t5'9096nethaﬁ%lfha€§? grag?en? Y

. A 0 . i
S T DR Thup R er s o8 | R EhE TR gobrotied
product. 8. Synthesis of Conpound 84:
(2S, 4R) - 4- benzam do- 1- ( 2- (di met hyl ar ni no)
acetyl)pyrrolidine-2-carboxylic acid To a sol ution of
(2$4R)
1- (2- Am no- acetyl ) -4-benzoyl am no- pyrrol i di ne-2- car box
ylic acid (Compound 2, 0.05 g, 0.17 mmol) in nethano

N » ~Nn7 S
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col | eagues, which [acks functional NaVvl. 8. The
mut ati on has an anal gesic effect in tests assessing

wo b@7arsdsml ' s response to the inflammatory agePCT/US2006/048812
carrageean (See, Akopian, A6 N., V. Souslova, et al.
(1999) "The tetrodotoxin-resistant sodi um channel SNS
has a specialized function in pain pathways" Nat
Neurosci 2(6): 541-8.). In addition, deficit in both
mechanoand t hernorecepti on were observed in these
animal s. The analqgsi§ shown by the Navl.8 knockout
(Grire MR8 & TUSTORAN ANHITE) BF MY atidies MadeangistabsrlectiMR)dpe
,of TTX-resistant currents in nociception. [008]
inplemsahpathselsetirralFor xample, Fighylfyis @i bledk dingmndillustrating the
in-vitro el ectrophysi ol ogy experiments have all shown
GKRpathiselestedi12thbahangraghatiNselectoBcdmrod elregit L ¥®that is fuse
| ocalized to the small sensory neurons of the dorsa

comedllegaritei puth sslector s@gdl Birbuit mggymme@ 288znaMNPP L@t input 142
A N, L. Sivilotti, et al. (1996) "A

of Bl REIBIpReP 1 28 absdnditg HPA LARGHSRbLS fv%g g %ggg%@ mell44 is either

expressed by sensory neurons” Nature

= T ' ] nguyr ons.i.s the
bﬁoé@e F%)nora%g b?ér; ang r}ﬁ}é gtg ?Ao%]%? V‘%@?% %?qi%{i‘g" leEsﬁ'ﬁ'l“'i Of SCKEsignal)
[ ' Jnohi chenical evidence a
o e RRgh e LeR 2 R Y ER oL T Ao. Waien the fuse
L, J. S ld, et al. (.2002) . "Inhibition of
I%E‘Ztﬁ%ﬁ‘a?lh% Sb%l?f?%@'e JelerienRu s ekﬁ?‘é@ﬁh&ﬁ-g@fa Valie of 1) by a weak
t et rodot oxi n-resi stant sodi um channel, NaVl. 8" Pain
PuByR raysistey 565 oIt the,fpse A4 ispot blowig the signalrto the sed¢ct input 142 is
(2000) "Bl ockade of neuropathic pain by antisense
pulgdylom (9. oA velue o6 Bbtoostpynd 148 i 45 ane of owlinary skidlrindhesart will
i n sensory neurons" Methods Enzvnol 314: 201-13.).
rédaghize 8n pnofuse maybeupilzgd imdthdr ahbodinentsouchidve the same or
C-fibers adjacent to the nerve injury. Antisense
sintiba famnionpligy dirthet, Rehileelisgle eRarhpRITs dlustiadél. b3 BEONY other
the nerve and reverses neuropathic pain. Taken

einBO&IRks MBP vl ERSsIKNIRE kAMlse ROH A HRRRSAd ?thaseﬁ;éém}%'gktrol
arole for VI. 8 in the detection and transm sSsion

cRéuitsnid AINBRLEH Yn ?l}? jpeuropathic pain. [009] In
neuropathic pain states there is a renodeling of Na
channel distribution and subtype. In the injured
nerve, expression of Navl. 8 and NaVvl. 9 are greatly

reduged r,eas. £xpressi on the TTX sensgitiye
St N8 PR ERernT o thpunati telscudS ( Bhiand Setected paths
L b-Hajj .S .D.,..J. Fiell, et al. (1999) "Plasticit
16} LGsih o S e %ﬁ%ﬁ%@'ﬁbaﬁe WibIRePSFE (R BissS; Speditically, the
hroni% ggns%%iction,injugy nodel of neuropathic
Cé}m‘?? ot pathselpstoss 106 gmFigaol 1y 14rpre represeniativscoiche digd2, 94, 96,
increase in NaVl. 3 parallels the appearance of
ang 9 yFiga8 respaetivaly. Ferdwampbu tsegl&path scloetoy £20 of the first die
The bi ophysics of the NaVl.3 channel is distinctive in
in¥igt 11 indidasessthatethy CReR;tyn.r gl i papsed theoughnthe muldiplerer 128 and
foll owi ng an action potential. This allows for
inga theaionespaoratiggscieduihl Ibdsed bR @s path stlcRtdrednFeE#rdult 14d&nd so
injured nerve (See, Cunmins, T. R, F. Aglieco, et al.

folr 0 Al fleschibyd aBove0 A duT6MARNRIgS | 1 -3 ihshaRY path 8e@BR 100 and
sl ow cl osed-state inactivation display quantitative

seldiéREARE €60 BirltRE dAY BARIDU plhs IR BhA @gﬁ% 1t 5i¥hud be

and in spinal sensory neurons” J Neurosc

5952-61.). NaV1l.3 is expressed in the central and
peri pheral systens of nman. NaV1.9 is simlar to NaVl.
8 as it is selectively localized to small sensory
neurons of the dorsal root ganglion and trigem na
ganglion (See, Fang, X., L. Douhri, et al. (2002).
"The presence and role of the tetrodotoxin-resistant
sodi um channel Na(v)1.9 (NaN) in nociceptive primary
afferent neurons." J Neurosci 22(17): 7425-33.). It

. o - . B - . T



Segal, S., et al., Anesth Analg. 1998; 87(4):864-9);
cesarean section pain; acute inflanmmtory, burn and
WO c@ae89pai n; acute intermttent pain, includi PQr/US2006/048812
endonetriosis (see, Cason, 1A. M, et al., Horm Behav.
2003; 44(2):123-31); acute herpes zoster pain; sickle
cell anem a; acute pancreatitis (see, Tona, H
Gastroenterol ogy. 2000; 119(5):1373-81); breakthrough
pai n; orof aci al pain including, sinusitis pain,
dental .pain (see, stein, J., et al., J Endod. 1998;
“%%Ef@awga’eg‘il S‘E%F‘E’JF Odljnen3> the path gelectopy 1 0Q fapghadata
2002; 6(1):55-67); multiple scl erosis (MB) pain
lr(%lé/eutpshkw ancludedrenoaone demlidplestrsSci . 1999 162(2)
162-8); pain in depression (see, Geene B, Curr Med
Res Opin. 2003; 19(4):272-7); |eprosy pain; behcet's
di sease pain; adi posis dolorosa (see, Devillers &

O anjVéhileGhe invenpioRan aEbosuscd bl toddridhs affdtifidations and

phlebitic pain; Guillain-Barre pain; painful |egs and

ali@athg foRas, spbkigicenthodyn ekt BRve @Je}‘ltsﬂf)@ﬁg%%nﬂ @r]’ c@éhﬂ:le in the

(see, Legroux Crespel, E., et al

dM@Hﬁéseé?Jd ha@@ ®8en a&%ﬁéd %getg’igh rleﬁ‘?g(g%\géve%gig ?gs?ﬁd %e understood

(see, CGermain, D. Soc

th]agl?l"xqu')lenti%hqgﬂg ln%%eél li(? gemé\tét?ég gﬁa aft'xculgx:? tlogps g%glosed.

I nconti nence
1993 150(,5
R%J{h%r ahe 1n(v§1gtéor15 léhto gﬂéer 2}1 m é’%gtllgrg}, ea/\ﬁﬁlgﬁ%é%ﬂdt aéty@gatwes falling

“Vééﬂ&ﬁg64 Zﬂ& palnful bl adder syndrone (see,

Plél sceqe %t e inyeREeoR asggfined oy the followmg appended
21(21):8690-6); |nterst|t|al cyctitis (10 (see,

°¥§@mnakopoulos& Canpi | omatos, Arch Ital Urol Nefrol
Androl . 1992; 64(4):337-9; Boucher, M, et al., J
Urol. 2000; 164(1):203-8); and prostatitis (see,
Mayersak, J . S., Int Surg. 1998; 83(4):347-9; Keith,
. M, et al., J Uol. 2001; 166(1):323-8). [0014]
Unfortunately, as described above, the efficacy of
currently used sodi um channel bl ockers for the di sease
states descri bed above has been to a |l arge extent
limted by a nunber of side effects. These side
effects include various CNS disturbances such as
bl urred vision, dizziness, nausea, and sedation as
well nore potentially life threatening cardiac
arrhythm as and cardiac failure. Accordingly, there
remai ns a need to devel op additional Na channe
ant agoni sts, preferably those with higher potency and
fewer side effects. SUVWARY OF THE | NVENTI ON [ 0015] It
has now been found that conpounds of this invention,
and pharmaceutically acceptabl e conpositions thereof,
are useful as inhibitors of voltage-gated sodi um
channel s. These conpounds have the general fornula I
or a pharmaceutically acceptable salt thereof. [0016]
These conpounds and pharmaceutically acceptable
conpositions are useful for treating or |essening the
severity of a variety of diseases, disorders, or
conditions, including, but not [imted to, acute,
chronic, neuropathic, or inflamatory pain, arthritis,
m grai ne, cluster headaches, trigem nal neuralgia,
herpeti c neural gi a, general neural gias, epilepsy or
epi | epsy condi tions, neurodegenerative disorders,
psychiatric disorders such as anxi ety and depression,
nmyot oni a, arrhythm a, novenent disorders,
neur oendocri ne di sorders, ataxia, nultiple sclerosis,
irritable bowel syndrone, incontinence, visceral pain,
osteoarthritis pain, postherpetic neuralgia, diabetic
neur opat hy, radicul ar pain, sciatica, back pain, head
or neck pain, severe or intractable pain, nociceptive
pai n, breakthrough pain, postsurgical pain, or cancer
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nore ring nmenbers is a heteroatom i ndependently
sel ected from oxygen, sulfur, nitrogen, or phosphorus,
wW@r@7e289 ring in the ring system contains 3 tBCTUR1006048812
menbers. [0022] The term "H&teroatoni neans oxygen,
sul fur, nitrogen, phosphorus, or silicon (including,
any oxidi zed formof nitrogen, sulfur, phosphorus, or
silicon; the quaternized form of any basic nitrogen
or; a substitutable nitrogen of a heterocyclic ring,
for exanple N (as in 3,4-dihydro-2Hpyrrolyl), NH (as
in pyrrolidinyl) or NR+ ( L; substi tut ed
pyrrolidinyl)). [0023] The term "unsaturated", as used
herein, nmeans that a noiety has one or nore units of
. unsaturation but is not aromatic. [0024] The term
L. g mepmory deyice edmpasikgsl ", as used herein, refers to an
al kyl group, as previously defined, attached to the
prd die hpeihg aairbuincaifigured torbeleghblad by ¥ xeewol(sighakoxy”) or
sul fur ("thioalkyl") atom [0025] The term"aryl" used

al riap@ipigorfidutedtb récdi 86 bortRil QlghaBand N "ar al kyl ",
"aral koxy", or "aryloxyal kyl", refers to nonocyclic,

bi st btect@Mrah b Wetn i SFmba el
{1 e e Y T B LY SRl cpliBleeo seecta
: Pﬁﬁh ' A .5, aromati c and wherein each
Slgnar ng&%ﬁgfhgnggg zﬁgkgﬁ%gﬁhs 3 to 7 ring carbon atons.
The term "aryl"™ may be used interchangeably with the
term"aryl ring". [0026] The term "heteroaryl", used
al.qne or as part .of .a larger noiety as in, . i
2. wp emawyﬂs%w OgFfa’“Hét whgrsin th cppfgl signakis grchin glect signal.
nonocyclic, bicyclic, and tricyclic ring systens
having a total of five to fourteen ring nenbers,
wherein at l.east one ring in the systemis aromati c,
3. atThegnemonyrigvice of claim tihwheneit thepethrselectos camerises anmuleiplexer.
het er oat ons, and wherein each ring in the system
contains 3 to 7 ring nmenbers. The term "heteroaryl”
may be used interchangeably with the term "heteroaryl

4. riTg' manolylievice bt laig1CEQAPNIRG A Bath stIBOY Lonth clrélifomprising a fuse
"al kyl i dene chain" refers to a straight or branched

wherdiR (HRGRC i cforicBatron@ultes EdHg¥iredab Yot QA IhOpath 3MEBNE
or nore units of unsaturation and has two points o
attachnment to the rest of the nolecule. [0028] The
term "spirocycl oal kyl ene” refers to a cycloaliphatic

[ . | h f .
S ARk B MR, S R ret SPGB scgeored o

-0t her wi tated. struyctures depicted herein are al so
pmv“?reFfpaﬁ'lgWlts§ ?ﬁ"(‘:’ Wralugp i t%@‘6’%“ c (e.g., enantioneric,

di astereoneric, and geonetric (or conformational))

forms of the structure; for exanple, the R and S

configurations for each asymetric center, (Z) and (E)

d gl{‘]i’ﬁ [raerpRyy deyise piflal Antrherzin the path syleetontentrpd cironibis configured to

.isoners. Therefore, single stereochem cal isoners as

proviqdged lovasignah avhen epentifuse thitdewnr eoneri c, and geonetric
(or conformational) m xtures of the present conpounds
are within the scope of the invention. Unless
ot herw se stated, all tautoneric forns of the

7. cdipoematgy devithef ¢laine bf ¢ontprisirgs metbiytonliRisioPsiueiin Sfdie.
i nvention. Additionally, unless otherw se stated,
structures depicted herein are also neant to include
conmpounds that differ only in the presence of one or

8. NN Rem®8 MPHGIelcbmpeitinkched atons. For exanpl e,
compounds of fornula (T), wherein one or nore hydrogen
atons are replaced deuteriumor tritium or one or
nore carbon atons are replaced by a 13C or C-enriched
carbon are within the scope of this invention. Such
compounds are useful, for exanple, as analytica
tools, probes in biological assays, or sodi um channe
bl ockers with inproved therapeutic profile. [0030] In

o Y T . g, R 1 e 1. . a

2
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O, Qis NR2. O, Qis NHor NC1-C6) alkyl. [0069] In

anot her enbodi nent, Qis a Cl-C6 straight or branched
wa@bkdoylors#vne chain, wherein up to one net hyl enePCIUB2008/048812

Qis replaced by O, S, NH 1®r N(O -C4 alkyl). [0070]

In anot her enbodinment, Qis a Cl-C6 al kyl, wherein one

nmet hyl ene group is replaced by a spirocycl oal kyl ene

group such as spirocycl opropyl ene. [0071] In another

embodi nent, Qis -Xz-(XOp-, wherein: X2 is Cl1-C6

a'a'cﬁ@@ttabl@corﬁﬁﬁét NAbluYal B?He['n}‘b e\%e%sh up to two

ect ed

substituents in =pende Iy se fomRl, R4, or R5;

%ﬂﬂ@m@ rﬁng%ﬂnse&%}@ thg of Berfesy detil 007§J&ﬁ%em &% of the

lona sub ut ed
pluralif of Pigs a%%org?%%t eV lsad G e
Me)2-, -CH(Me =
é@._l%%ﬁty of@q p\t,f) c%spos@c(zat@%.q( }1 of th( I(l])q@btwof mrmlory dev1ces wherein each
CH(i-Pr)-. [0073] In certain enbodrnents Xi s NH
of thecnlurakry qfgirepitsis configured 1) be erablad by cbntroirsgmrmrdhmpnuramy of signals;
pis 0. [0075] In another enbodinment, pis 1 and Xi is
and O [0076] |n another enbodinment, p is 1, and X is S
[0077] In another enmbodinment, p is 1, and Xi is NR2.
Pragfleiatitl of, palPseleztdiy cordipied toQOE8ivel dﬁp@ﬂﬂe%ﬁﬁﬁ’&xﬂ@eﬂive coupling

zis 0. O, zis 1. In another enbodinent, z is

betwekf Wegﬂlu}aﬂ% mgﬁﬁﬁah&@f bRcufits Bhsddorfthé Q&‘H’dlgl als that enable

group, wherein Ris optionally substituted with u
each&tﬁygﬁgm@lgptlscurltgdependent ly selected fromRl, R2, R3
R4, . [0

80] In another enbodinent, RQis a
3- 8- nenbered saturated partraIIy unsaturated or
aromati ¢ nonocyclic ring havi ng 0-3 heteroatons

[ dent | | ect.ed, f O, wher.ei -
| I A 5 ol i

seIect R2, R3, R4, or R5. In one
ﬁﬁ%&kﬁgb is optionally substituted with up to 3

substltuents sel ected from hal o, cyano,
trifluoronmethyl, OH C - alkyl, C2-4 al kenyl, C1-
al koxy, trifluoromethoxy, C(O NH2, NH2, NH(C -4
10.  alThgimemogy@rodnladksline, Winati@each df the biuiralitp of HeMody devices comprises
al kyl. [0081] In one enbodinent, Ris optionally
a dynaniogtndan ectepdmambry (MRAM)eREi s optional |y
substituted with up to 4 substituents selected from
Rl, R2, R3, R4, or R5. In one enbodinent, R is phenyl
optionally substituted with up to 3 substituents

11. sdhe Gﬁ@ﬂon@rrr@éﬁdl@b&lalﬁyﬁ R%erélhltlﬁé #lﬁfa@i'ﬁe&f’é@nalsqﬁ'clu% ahip select signal,

al kyl, C2- al kenyl, - koxy, trifluoronethoxy,
O G
a cloc%gllﬂl}glsrgw,zan N’fl@@ tet‘m‘ff\la%rl{ %1 gné)}!é%il aacrayb%lo)l grgnQ{HC( )

i ncl ude: CONFIGURABLE I NPUTS AND QUTPUTS FOR MEMORY
STACKING SYSTENIAND METHOD BACKGROUND QF THE | NVENTI ON

12,7 g pEoimodifs oFER & b R b ERE o ks gompises at leas

nfl ratlons MAth configurable i nputs and outputs
one“Tﬁ "Speci fic enbodi ments relate to stacked die
confrgurations wi thout requiring redistribution |ayers
(RDLs) to allow through wafer interconnects (TWs) or
edge bondi ng. |Indeed, enbodi ments of the present
13. H%le ety Tegdieof cdaigh & whraeinithecplrpsdinaofpapusdiectors comprises at least
sel ectors, which enable configuration of each die for
one path pelpttpcmrarol sireiikdomepristng B fuserenantifiise, Phewin fhtipath efector control
The Related Art This section is intended to introduce
circuit if gonfiguted to eontral thepathawpeesirs of art that may be
rel ated to various aspects of the present invention,
whi ch are descri bed and/or cl ainmed below This
di scussion is believed to be hel pful in providing the
reader with background information to facilitate a
better understandrng of the varrous ~aspects of the

e nN



be coupled to the processor 12. The display 18 may

i nclude an LCD display, a CRT, LEDs, and/or an audio
waele@ploaspo4 f or exanpl e. Furthernore, an RF subsPGI/ER1006/048812

baseband processor 20 nay &Pso be couple to the

processor 12. The RF sub systenl baseband processor 20

may i nclude an antenna that is coupled to an RF

receiver and to an RF transmtter (not shown). One or

nore conmuni cation ports 22 may al so be coupled to the

processor 12. The conmuni cations port 22 may be

adapted to be coupled to one or nore periphera

dep| . rinter, .a .co ter., ofr.
14 HSREmed Pl 8P Bnl 1 M SR Sh solfePRedef it configured o
. . network, intranet, or the Internet, for instance.
prOVlﬁgﬁﬁﬂ&%?LweﬂB’eg‘ﬁﬁe‘FMq‘x}“’cont rols the system 10 by
i mpl enenting software 5 prograns stored in the nenory.
The nmenory is operably coupled to the processor 12 to
store and facilitate execution of various prograns.
15, pobhejmemarygaodulp ef plpise d3.swherdin thapath eeleciondantrol cirduiitds configured to
volatile menory 26 which may include DRAM and/ or
providg alave sigaal dvrengbe egifusedsblop SRAM) . The vol atil e
menory 26 is typically quite large so that it can
store dynam cal ly | oaded applications and data. As
described further O below, the volatile nmenory 26 may
16. beA canpitgtisyetbn forpidigeked orientation in accordance
wi th enbodi nents of the present invention. The

PaQ8&3§r; 4k MY al so be coupled to non-volatile
menory 28. The non volatile menory 28 may include a

r = V. s.an EP .5 and/ or
f ?gg?fﬁﬁ‘gr% ?%H?%&GB(SB%%& ’?'%ﬁ&eg%"%j and COMBASREL 1 ¢ he
vol atil e nennrg.tTpe.size of the ROMis typically
sel ect dPE BT  ar ge enough to store any
necessg&¥ operatin systenl appl i.cation prog&ans, and
fixed SMORTGedRXNe A ciichit cRBHgWeT i bq enapleddyyp cpgtrol signal;
may i nclude a high capath¥ menory such as a tape or
di sk drAnBPYR® Aipposed vithin the memeryalevigeiand genfigarektogeceive the
bl ock di agram of a portion of a nenory sub system
controd gignalignd he vol atile nenory 26. A nenory controller 30
is generally provided to facilitate access to storage
devi ces path sdiectomdranipédbaremar the iffe pireana the civavit @21d @hfigured to
30 may receive requests to access the storage devices
selectaisignahpathrto thercircpit fioastheisput pitch as the processor 12,
vi a peripheral devices, such as the peripheral device
24, and/or via other systenms. The nenory controller 30
is generally tasked with facilitating the execution of

17. t T8e hRMEF Psté JrBRIMBBDhMedFVthE ﬁﬁeg?cﬁg d%@% Q%rﬂﬁlg%elgg dynamic random

t he exchange of information, inc conf |
accesérﬂéﬁB{}ﬂ@lQRM)ta%vﬂQd fromthe nmenory devices. The
menor ub-system may include a plurality of slots 32,
- 34, 36, 38, 40, 42, 44, and 46. Each slot 32-46 is
configured to operably couple a nenory nodul e, such as

15. - ZgR Pty S50 X ot Thr Ve e i BigmRconE o chip slect sgal.

menory nodul e generally includes a plurality of nmenory
devi ces such as DRAM devi ces capabl e of storing data.
Each nmenory nodul e has a nunber of nenory devices
aﬂclﬁ AFERPTY System ok slaim R nyBereinglie eonsted sigpali qopinuides arhiaverse chip select
. arrangenent of nmenory devices on each opposing side of
signalt he npdul e. However, in accordance w th present
enbodi ments, multiple ranks may be di sposed on a
single side (e.g., in a stacked configuration).
Accordingly, each slot 32-46 may be configured to
receive a single nenory nodul e having two ranks. For
i nstance, the slot 32 is configured to receive a
menory nodul e havi ng ranks 32A and 32B, the slot 34 is
configured to receive a DI MM having ranks 34A and 34B,

N | Y T T T oy I Y T 1 .
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essentially identical. However, in the enbodi nent
illustrated by Fig. 8, the die 92, 94, 96, and 98 have

whe@n/0tsss oni zed by activating the path sel ect B€ BFUSD06/048812

20.

select

21.

Specifically, the die 92, 24, 96, and 98 have been

custom zed to operate like the die illustrated by Fig.

7 without using RDLs. In other words, the path

sel ectors 100 have been activated such that they

function simlarly to the RDLs in Fig. 7. The path

S i [ [ ail. wit

R Ty s o e 16 Wil bR Bl S Rptpeha o controlled path
gﬁntext, it should be noted that Fig. 8 also

I'TTustrates Lower DQ and Upper D@ on each of the

di e. Because the external signals (e.g., CKE sjgnai,

CSsi gnai, sCS signa|5 ODT signai ZQsignai, and

s%&?%gnai) originate fromoutside of the configurable

di ‘dedperpary system et elaine20; whergindths fiseiconolied patlybeledter includes an
bottomdie 92, it is desirable to provide routing

antifuptyr ough the die stack 90 to allow the desired signals

22,

and

requiremen

23.

layer.

24.

25.

to reach the control inputs for each die. It is also
desirable to achieve this w thout using RDLs and

wi t hout requiring that each die be uniquely
menhikthot Wf ethnuAR AR fighyry, édieprisingist r at ed enbodi nent

i ncludes the path selectors 100, which can be

C prdviding @ HhaHlty dfhdmdry e KlivirGlaih Bgectd
a%gfr oprlga?)e pitgs (e. g.r? CKE, lglsn() C%ﬁbl%u%}én%%%o“hememorydle’
Dun2, ZQ or DunB). For exanple, the CSsjgnaicontro

signal enables the CS control input pin on the first

Sl SR R P BB G b e

the s Sj gnai.control signal, not the CSSjgnai contro
S|gﬂg%§ﬂﬁg%3Pﬁ?ngly, the path selectors 100 are

enabl ed such that they can be utilized to route the

CSSi gnai and sCS Sjgnai signals to the appropriate pins

whi | e avoi di ng i nappropriate pins. In the enbodi nent

i (Thg srethadeef PPy comprising sigekine tha die mathoutiprovisings zedistribution
between the CS pins and the Dum 1 pins of the first

die 92 and fourth die 98 are configured such that they

route the CSsigpai signal fromthe CS pins on the

first and fourth dies 92 and 98 to the rel ated

circuits 102 and 104 on each die. Correspondingly, the

pdhh nettheriod falAmlZE) wierdih €@ gadi swkRboriddtpaSesd fise 36rdliBe path selector.
Dum 1 pins of the second die 94 and third die 96 cause

the CSSjgnal signal to bypass the related circuits 106

and 108 on each die. It is desirable for the circuits

186 afthol®t A j ih$ € B Bluraii i -
because t hey ﬁ?gge’ Eg%?g%ﬁg;ﬁ%flﬁfég g%:Ss [ ﬁgﬁhﬁgg , ' rt1C(’JIt001rm a die stack.
the CSsignai signal. The opposite path sel ector

configuration is inplenmented for thesCSsjgnai signa

route. For exanple, the fuse 100 between the CS and

Dum pins of the second die 94 is burned such that the -
corresponding circuit receives the sCS Signai signha

rather than the CSs, gnai signal, as illustrated. Wile
this is a sinple exanple, one of ordinary skill in the
art will recognize that the path selectors 100 may

al so provide simlar routing, as illustrated in Fig. 8

and nore clearly described bel ow, through the die
stack 90 to enable other control input pins with
corresponding signals. Fig. 9 is a block diagram of
four path selectors 100 in accordance with enbodi nents
of the present invention. Specifically, Fig. 9
illustrates a CKE path.selector 120, a CS path

sel ector 122, a ZQ path selector 124, and an ODT path
sel ector 126. Each of the path selectors 120, 122,

124, and 126 incorporates a nultiplexer to facilitate
signal path selection. For exanple, the CKE path

I A NN I T —~ a1 I A PN A - - .



