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(34} Tifle: POTASSIUM CHANNEL INHIBITORS
(87} Abstrast
ul-
Compounds of \i‘
| general formula (1) whersin
tistorZ AandB ere LN
cach H or taken together ()]

form a bond beotween the
substitated carbons; R! is
H, alkyl or is selected from
the group comsisting of an
optionally substituted aryl
an  optionally substituted
- ‘heterparyl, an optionslly
substituted heterocyelyl and :
an optionally substituted carbocyeloalicyl; ¥2 is O, (CHy)y, HC=CH or NH, wis 0, 1or2,gis 0, 1 or 2; X2 js CmO), C=8 or SOy B3
is H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an optionally substituted
heteroglkyl, an optionally substitnted heterocycls, an optionally substituted heterocyclyl, an optionslly substituted carbocycloalkyl, or an
alkylene—{substinuted amino); Z is in particular H or OH; R? is selected from the group consisting of H, alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substitutéd heteroaryl, an olptionally substituted heterocyclyl, an optionally substituted
heteroalkyl, an optionally substituted carbocycloalkyl, R3-O- and R¥R%-N—; Y! is (CHR)y, CHRY(CHz)o, HO-CH or ethynyl, pi5 0, 1, 2
or3,0is0, 1 or 2; X! is C=0, C=8, 50 or (CHz)s, 0 is O, { or 2; R4 is H, alkyl, an optionally substituted aryl, an optionally substituted
wralkyl, an optionally substimsted heteroaryl, an optionally substituted heteroalkyl, an optionally substituted heterocycle, an optionally
substituted heterocycelyl, an optionally substituted carbocycloalkyl, or an alkylene—{substituted amino); or phammaceutically acceptable salts
or prodrags thereof are usefnl as potassivm channel inhibitors and especially usefol for the treatment of cardiac arthythmias and cell
proliferative disorders.




10 Kv2 Kv3, Kv4). Subtypes within these subcl asses have been
characteri-zed as to their putative function, pharmacol ogy
and distribution in cells and tissues (Chandy and Gut man,
"Vol t age- gat ed pot assi um channel genes" in Handbook of Receptors and

Chanel s- Li gaq& 938¢ke¥0l t age-gated [ on Channel s, ed, RA. "~ Norpdrusd8fsss

Doupni k et al., Curr. Opin. Neurobiol. 5:268, 1995). 15

I nhi bitors of potassium channels |lead to a decrease in potassiumion
novenent across cell nenbranes. Consequently, such inhibitors induce

prol ongati on of the electrial action potential or nenbrane
potential depolarization in cells containing the inhibited

or bl ocked potassi um channel ?03‘2@@&?&9& %iM%ﬁ cal
action potential is a preferred nmechanismrtror treating certain diseases,

e.g., cardiac 20 _ arrhyt hrni as(Col atsky et al., G rculation
82:2235, 1990). Menbrane potenti al depol ari zation is a

preferred mechanj sm for the treat of tain other di seases, such
L m&gﬂ owsl d and Koo, Perspectives in

as those invol VigiaHs FEH4
Drug 1. S5O0V Y iny sign, 2:233, 1994).

Pot assi um channel s whi ch exhirbrt Tunctional, pharmacol ogi cal and tissue -
25 . di st rihpprasem inuticads brokdly disectétiv e drewef colnporgds uFfidse cl oned

pot assi um channel s .are s useful targers in assays for
i denti fying caf?ﬁ%ﬁ?@%ﬁﬁﬁ%‘ﬁﬁﬁ‘?’?‘or t he treatnment of
5 2,  Description of Refated Art
Potassium channels 2re expressed in eukaryotic and procaryotic cells, and gre
elements in the control of electrical and nonelectrical céﬁular functions, Subclasses of

these channels bave been named based on amino acid sequence and functional
 properties, and include for example voltage gated potassiom channels (e.g., Kvi,

10 Kv2, Kv3, Kv4). Subtypes within these subclasses have been characterized as to their

: putative function, pharmacology and distribution in celis and tissues (Chandy and
Gutman, “Voltage-gated potassium channel genes™ in Handbook of Receptors and
Channels- Lfgand and Voltage-gated Ion Channels, ed. R A. North, 1995; Doupaik
et a8, Curr. Opin. Neurobiol. 5:268, 1995).

18 " Inhibitors of potassium channels lead to a decrease in potassium ion
movement &cross cell membranes. Consequently, such inhibitors induce prolongation
of the electrical action potential or membrane potential depolarization in cells
tontzining the inhibited or blocked potassium channels, Prolonging of the electrical
action potential is a preferred mechanism for treating certain diseases, ¢.g., cardiac

20 arthythmias (Colatsky et al., Circulation 82:2235, 1950). Membrane potential
depolarization is & preferred mechanism for the treating of certain other diseases, such
as those involving the immune system (Kaczorowski and Koo, Perspectives in Drug
Discovery and Design, 2233, 1994).

Potasstum channels which exhibit functional, pharmacological and tigssue
-25 distribution characteristics have been cloned. These cloned potassium channels are
useful targets in assays for identifying candidate compounds for the treatment of
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AVENDED SHEET vari ous di sease states. For exanple, the
del ayed rectifer voltage-gated potassium - channel teérned
I[err] or I[err] which has been reported to contain the Kvl.5 a-subunit
gene product is generally betieved—to be Tnportant in the repolarization of

t he human atr| | and t huecrarss#ieEdndi dat e
pot assi um cW2ANE%t ar get for t b5t 20} L treatnent of cardiac
arrhyt hm as especially those oc "" “ﬁl“ﬂllm at ria (Wang et al.

Circ.Res. 73:1061, 1993: Fedi da et 73: 210, 1993; V\ang et

al , J, Pharmacol . Erp. Ther. 272 184, 1995; Anos et adl, J.
Physiol, 491:31, 1996). US- A- 5631275 indicates that
certain sul fonylureas exhibit hypoglycem c effects maki ng

-them usef ul fwatiots ﬁadasmteb. JFoebaspleptht déle&d rw&dmme@m pu&mhms reseach
tools 10 ens t| ve a55| um h US- A- 5631275
speci al |y desthamsbierped § mec has been re @Eg{ggﬁf‘ Ul ¢ i t ut ed

benzenesul f on%énegmcﬁ@ i8R t58¢/n ﬁantmther&polanzatmn of th@Bdrhal 1 hyt hni ¢
activity. GB- 79544 descri bes a artlcul ar class of na ht hyI ur eas

as havi ng herun@hadmnmt@ntwwqthusrsacandr&atepetassmmc‘imwg phesent invention

s girect ed t&Mgﬂgﬁ%@%@&&%&ﬁﬁy&o&%&m&@&é&r of

pot assi um channe I on an (%J éct of the
present i nvet Cira, ResHES: 160, 1993 tFedide endl.(€ire denaii2ls, 1088,CHang et al., J.

ccpocial Iy | Prermacst B T st 58 AR o hPhmLe Al MY, can b

treated inhibitiNgrheo@bdentBMEREANR directed to compounds which are useful &s

inhibitors of potassium channe! function. - .
10 It is an object of the present invention, therefore, to provide compounds which

are usefitl for the treatment of diseases in mammals, inchiding humans, and especially
for the management of diseases which can be treated by inhibiting cell membrane o
potassium channels.
Another object of the invention is to provide a method of treating diseases in
15 mammals, including humans, which respond to the inhibition of potassium channel
function, which method comprises administering to a mammal in need thereof a

compound of the invention.

This invention describes compounds and their utility as inhibitors of potassium
20 channel fanction. The invention is particularly directed to compounds that inhibit
» potassium channels which could serve as targets for the treatment of cardiac
arthythmias (i.e., Iy, Kv1.5) especially those occurring in the atria (e.g., atrial flutter
and atrial fibrillation) (Wang et al., Cire, Res. 73:1061, 1993; Pedida et al,, Circ. Res.
73:210, 1993; Wang et al., L. Pharmacol. Exp. Ther. 272:184, 1995). The present
25 invention also provides a method for treating diseases which respond to the inhibition
of potassium channel function. These include, but are not limited to cardiac
arthythmias, cell proliferative disorders including cancer, disorders of the auditory
system, central nervous system mediated motor dysfunction and disorders of
pulmonary, vascular and visceral smooth muscle contractility.
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pot assi um channel s. 20 Anot her obj ect of the invention
is to provide a nethod of treating diseases in- manmal s,

i ncl udi ng humans, which respond to the inhibition of potassium channel
function, which nethod conprises admnistering to a mamal i n need t her eof
a wosss7so7 compound of the invention. 25 PCT/USIO/1663

Thi s |nvent|on descri bes conpounds and their utility as inhibitors of

pot assi um channel function. The invention is particularly
directed to conmpounds that inhibit pot assi um channel s

whi ch coul d serve as targets for the treatnent of cardiac

arrhythmas (i.e., I[err] Kvl.5) espeC|aIIy those occurring in the atria

( e._ g, atrial fl Ut t “Fhe i invention is particularly based on our discovery that the compRBET IS ET
following formuta (I} are inhibitors of potassium channel fonction and are thus useful
for inhibiting potassium transport across cellular membranes and for treating cardiac
arrhythmas In particuler, these compounds have demonstrated activity against

5 haman potassium channels.

Thus, this aspect of the present invention concemns such methods and such
compounds having potassium channel inhibitory activity of the formula (I) and
pharmaceutically acceptable salts, esters, amides, complexes, chelates, hydrates,
stereoisomers, crystaliine or amorphous forms, metabolites, metabolic precursors or

16 prodrugs thersof: '
Ri

l e e T e e
X R®

Thmsmmuﬁmem

“’\w_xf\“ Uk 11T

wherein tis 1, or 2;
A and B are each H, or taken together form a bond between the substituted
carbons;

15 RlisH, alkyl, or is selected from the group consisting of an optionatly
substituted acyl, an optionally substituted heteroaryl, an optionally substituted
heterocyelyl and an optionally substituted carbocycloalkyl;

¥*is (CH,),, (CH,),0, HC=CH, ethynyl or NH, wis 0, 1, or 2and qis 0, 1,
or 2, with the proviso that if Y? is (CH,), and q=0, then R cannot be H;

20 - X’is C=0, C=8, or SO,; with the proviso that if Y* is (CH,), 0, then X*
is not SO;;

R’ is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
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AMENDED SHEET and atrial fibrillation) (Wang et al., Grc.
Res, 73:1061, 1993; Fedida et al., Grc, Res. 73:210,1993;
“Wang et al., J.Pharnmacol Exp. Ther, 272:184, 1995). The present

i nvention also provides a nethod for treating di seases which respond to the

i nhi hi ton 37607 of potassium channel function. THEEESHMEIude, but
are not |im¥%4°*t%8" cardiac 5 arrhythmas cell proliferative

di sorders including cancer, disorders of the auditory
system central nervous system nedi at ed notor dysfunction and di sorders of
pul nonary, vascul ar and visceral snmooth nuscle contractility.

heterocyclyl, an optionally substituted carbocycloalky!, or an alkylene-(substituted
amino); | |

Z is H, alkyl, alkyenyl, alkylene(heierocyclyl), alkylene(heteroaryl),
atkylene-NHC(O)alkyl), zlkylene-NHC(O)(aryl), alkylene-NHC(O)(heterocyclyl),

5 alkylene-NHC(O)(heteroaryl), alkylene-NHC(O)-(alkylene-heterocyclyl), alkylene-
NEC(O)-(heteroaralkyl), alkylene-C(O)(alkyl), alkylene-C(O)O(alkyl), OR™, SR
or NR¥R"; where RY is selected from the group consisting of H, (CH,)-R}, or
CO-{CH)R%; mis1,2,3,0r4;1is 0, 1, 2, or 3; R%is CHLNQRY,,
CH,N®",L, or CO,R®; each R is independently selected from H, or alkyl; Lisa

10 counter fon; R* is H, or alkyl; and R' is H, alkyl or CORY and R® is H, or
alkyl;

R? is selected from the group consisting of H, alkyl, an optionally ~
substituted aryl, an optionally substituted aralkyl, an optionally substituted
heteroaryl, an optionally substituted heterocyclyl, an optionally substituted

15 heteroaralkyl, an optionally substituted carboeycloalkyl, R*-Q-, and R'R*-N- ;
where R* and R® are independently selected from the group consisting of alkyl, an
optionally substituted aryl, an optionally substituted aralkyl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl, an optionally
substituted heteroaralkyl, and an optionally substituted carbocycloalkyl; R® is

20 selected from the group consisting of H, alkyl, an optionally substituted aryl, an
optionally substituted aralkyl, an optionally substituted heteroaryl, an optionally
substituted heterocyclyl, an optionally substituted heteroaralkyl, and an optionelly
substituted carbocycloalkyl; or R and R° along with the nitrogen to which they are
attached form a heterocyclyl;

25  Y'is (CHy,, CHR(CH,),, HC=CH, or ethynyl; where RY s alkyl or is
selected from the group consisting of an optionally substituted aryl, an optionaily
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally
substituted carbocycloalkyl; pis 0, 1,2 0r3;andois 0, Lor 2;

X'is C=0, C=8, SO, or (CH,),; where nis 0, 1, or 2;

4
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R* is B, zalkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted
amino); and

with the provisos (i) that if Y* is (CH,),, p is 0 and X' is not (CH,),, then
R? is not H, (i) that if R? is RO and ¥* is (CH,), with p=0, then X' is not SO,
and (i#l) if Z is not H, ORY, SR¥ or NR¥R*, then X* must be SO,.

In another aspect, the present invention concerns such methods and such
compounds having potassium channe! inhibitory activity of the formula () and
pharmaceutically acceptable salts, esters, amides, complexes, chelates, hydrates,
stereoisomers, crystalline or amorphous forms, metabolites, metabolic precursors ar
prodrugs thereof:

R‘\Yz

!

whereintis 1, or 2;

R'isH, alkyl, or is selected from the group consisting of an optionally
substituted aryl, an optionally substituted heteroaryl, an optionally substituted
heterocyclyl and an optionally substituted carbocycloalkyl;

Y?is (CHy),, (CH,),/0, HC=CH, ethynyl or NH, wis 0, 1, or2 and g is 0, 1,
ar 2, with the proviso that if Y? is (CH,), and ¢=0, then R* cannot be H;

X2is C=0, C=8, or SO,; with the proviso that if Y* is (CH,),/O then X is not
S0, )

R®is H, alkyl, an optionally substituted aryl, or an optionally substituted

heteroaryl;



AVENDED SHEET The invetion is particularly based on
our discovery that the conpounds of the foll'owing formul a

(I') are inhibitors of potassium channel function are thus useful for

i nhibiting potassium transport across cellular nmenbrances and for treating

cardiac o oom7607 arrhythnias. In particular, tha8€™E8HfétiAds have
denonstrated activity against human 5 pot assi um channel s.
Thus, this aspect of the present invention concerns such nethods and such
conpounds havi ng potassi um channel inhibitory activity of the fornmula (1)
and pharmaceutically acceptable salts, esters, am des,
conpl exes, chel ates, hydrates, stereoi soners, crystalline
or anorphous forms, netabolites, metabolic precursors or 10

prodrugs thereof; ZisH, ORY, SR™or NR¥R', where R" is selected from the group consisting

of H, (CH,),-R’, or C{O~(CH,)-R}; mis1,2,3,0r4;ris 0, 1,2, or 3; R¥is

CH,N®®),, CH,N®’),L, or CO,R®; each R? is independently selected from H, or
- alkyl; L is a counter ion; RY is H, or alkyl; and R" is H, alkyl or CO,R™ and R*
5 is H, or alkyl; "

R?is selected from the group consisting of H, alkyl, an optionally substituted
aryl, an optionally substituted heteroaryl, an optionally substituted heterocyclyl, an
optionally substituted carbocycloalkyl, R*-O-, and R*R°N- ; where R® end R® are
independently selected from the group consisting of alkyl, an optionally substituted

16 aryl, an optionally substituted heteroaryl, an optionally substituted heterocyclyl and an
optionally substituted carbocycloatkyl; R® is selected from the group consisting of
H, alkyl, an optionaily substituted aryl, an optionally substituted heteroaryl, an
optionally substituted heterocyclyl and an optionally substituted carbocycloalkyl;

Y!is (CH,),, CHRY(CH,),, HC=CH, or ethynyl; where R¥ is alkyl or is

15 selected from the group consisting of an optionally substituted aryi, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally
substituted carbocycloalkyl; pis 0, 1,2, or3;and 0is 0, 1, or 2
X' is C=0, C=S, SO, or (CH,),: where nis 0, 1, or 2;
R*is H, alky}, an optionally substituted aryl, or an optionally substituted
.20 heteroaryl; and
. ' with the provisos (i) that if Y* is (CH,),, p is 0 and X" is not (CH,),, then R is
not H, and (i) that if R? is R*-O- and ¥* is (CH,), with p=0,, then X is not SO,.

A preferred subgroup of compounds for practicing such methods includes
compounds represented by formula (IIT) and pharmaceutically acceptable salts, esters,

25 amides, complexes, chelates, hydrates, sterecisotners, crystalline or amorphous forms,
metabolites, metabolic precursors or prodrugs thereof*



[err] whereint is 1, or 2;

A and B.are each H, or taken together forma bond between the substituted
15 car bons; ' Rlerr] is Halkyl, or is
selected fromthe group consisting of an optionally substdcriiseso1s63

aryl ,” an opwpémﬁ?g substituted heteroaryl, an optionally substituted

het erocycl yl and an optionally substitued

car bocycl oal kyl ; Y[err]

is(CHerr])[err](CH err])[err]O HC=CH, or ethynyl, wis 0, 1, or 2 and ¢
Is 0, 1, or 2, with 20 the proviso that if Y[err] is

(CH err])[err] and g=0, then R err] cannot be

Xerr] is C=0O C=S, or Sderr]; vvit;t\the proviso that that if Y[err] is
(CHerr])[err]O then X err] is not ¥ SQ2;

Rlerr] is H alkyl, an optignally substithted aryl, an optionally

subsituted aral kyl, \ arf2Bpt i oRal |y substituted
hereteroaryl, an optionally ¥ub¥tituted hetdroaral k&h') an 25
optionally substituted \N .

-3-- | R4/ N

wherein t, Y., R? R® and R* are as rocited sbove in connection with formula
@, Y* is (CH,),, HC=CH, or ethynyl and q is 0, 1, or 2, R* is selected from the group
of an optionally substituted aryl and an optionally substituted heteroaryl, X' is C=0,

5 C=8, or (CH,),; wherein nis 0, 1, or 2; and Z is H or OR™, where R is B, (CH,),-

R, or C(O)-(CH)AR% mis1,2,3,0r4;risQ, 1, 2, or 3; R*is CELNERY,,
CHN®R*,L, or CO,R®; where each R® is independently selected from H or alkyl; .
and L is a counter ion.

Another prefetred subgroup of compounds for practicing such methods

10 includes compounds represented by formula (IV) and pharmaceutically acceptable

salts, esters, amides, complexes, chelates, hydrates, sterecisomers, crystalline or
amorphous forms, metabolites, metabolic precursors or prodrugs thereoft

Rl
\e‘)q
3
N
» R‘ Z
\ X aw)
Y" /N"-‘T
Rz/ ~ x! / )t
wherein t, R?, R® and R® are as recited sbove in connection with formula (), q
15 is 0, 1, or 2, R! is H or an optionally substituted aryl selected from the group of

phenyl and naphthyl, with the proviso that when ¢=0, then R* cannot be l; X' is
C=0, or (CH,),; Z is H or OH; whereinnis 0, 1, or 2; and Y* is CH=CH, ethynyl, or
(CH,),; wherepis 0, 1,2 or 3.

A particularly preferred subgroup of compounds for practicing such methods

-
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- PCT/ US99/ 01663 WO 99/ 37607 ‘“ heterocycl yl,
an optionally substituted carbocycl oakyl, or an al kyl ene-(substituted
am no) ; Zis H alkyl, alkyenyl
al kyl-ene( hayesargrl y) , al kyl ene(heteroaryl), PCT/US99/01663
al kyl ene- NHC( O (al kyl ), al kyl ene-NHC(O) (aryl),
al kyl ene- NHC( O) (het erocyclyl), 5 al kyl ene- NHC( O) (het eroaryl),

al kyl ene- NHC( O) - (al kyl ene- heterocyclyl), alkyl ene-
NHC( O - (het eroaral kyl ), al kyl ene-C(O) (al kyl ), al kyl ene-C(O (U al kyl ),
ORlerr], SR err] or NR[err]R[err] Wnere R[err] S

sel ect ed fromthe grou onsi st CH. e
_ u@ ;mgncﬁ* rbpreae ormula (\9) t[.ﬁp{;axlna t: y aﬁ[bepta le
salts, esters, amides, complexes, chelates, hydrates, stereoisomers, crystalline or
amorphous forms, metabolites, metabolic precursors or prodrugs thereof:
Rﬁ
0,8 R}
Rt Ny

v ‘ i\

RZ/ ) x’/ﬂ O. z

5 wherein R?, R® &nd R* ere s recited above in connection with formula (@) (R®
preferably is H), where R? is an optionally substituted aryl éeie&ed from the group of
phenyl and naphthyl; ZisH, or OH; X'is C=0, or (CH,),; whereinnis 0, 1, or2;
and Y* is CH=CH, ethynyl or (CH,),, where pis 0, 1, 2 or 3. .

In the above formulae, R and R? are prefersbly moieties that are non-ionized
10 at a physiological pH. In preferred aspects of the present invention, R? is selected
from the group consisting of H, alkyl, an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl, an optionally substituted
carbooycloalkyl, R*-0-, and R"R°-N- ; where R* and R® are independently selected
from the group consisting of atkyl, an optionally substituted aryl, an optionally
15 substituted heteroaryl, an optionally substituted heterocyclyl and an optionally
substituted carbocycloalkyl and where R® is selected from the group consisting of H,
alkyl, an optionally substituted aryl, an optionally substituted heteroaryl, an
optionally substifuted heterocyclyl and an optionally substituted carbocycloalkyl
and R® and R* are independently selected from H, alkyl, an optionally substituted ary],
20 or an optionally substituted heteroaryl in the above formulae (), (IY), (L), @V) and
V). Compounds according to the present invention are particularly directed to those
compounds of formulae (f), (I0), (TI), (IV) and (V) subject to the proviso that when
R*is an optionally substituted aryl, then said optionally substituted arylisnot a
diatkoxyphenyl, and especially is not a 3,4-dialkoxyphenyl.
25 Further preferred compounds are those having the previously identified
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C(O-(CHerr])[err]-Rerr]; mis 1, 2, 3, or 4, r is 0, 1, 2, or 3; Rerr]
is CHerr]N(R[err])[err]; : ' CHerr]N(R err])[err]L, or
CJerr]Rerr]; each Rerr] is independently selected fomH, or alkyl; L is
a 10 counter ion; Rerr] is H or alkyl; and RL@-E;E;];%ID&&H al kyl
or CJerr] Ryasosps7emd Rlerr] is H or al kyl;

Rlerr] is selected fromthe group consisting of H alkyl, an optionally
substituted aryl, an optionally substituted aral kyl, an optionally
substituted het eroaryl, an optionally substituted
het erocyclyl, an optionally substituted 15 het er oar al kyl , an
~optionally substituted carbocycloal kyl, Rerr]-O, and Rlerr]Rerr]-N;
where Rierr] a@&tnﬂaemkwaérsmaa@sn@asg%geu) agl ao, fa:oqr)tttwh %uﬁe

ed aryl, an

consi sting of al kyI , tinall titut

optionally subste mﬁqﬁmﬁomfwwmnwhedm e saturated ring of thealyst i t ut ed
heteroaryl, an V.G [ ionally
substituted hef g?%%r%%&%‘rdﬁy i&%&ﬂ%{%@o&ﬁ%ﬁf&: ‘X'%ﬁt u:hg ar bocycl oal kyl

Rlerr] is 20 sel ected fromtﬁe\group consisting of H alkyl, an
optionally substituted aryl, an optionally substitut ed
aral kyl, an optionally substltut ed heteroatyl %n optionally

substi t ut ed het er ocycl yl , an optlonally S ,J/t' ted heteroaral kyl, and an
optionally 2substit ut ed carcycloal(tw)l or R[err] and
Rlerr] along with the mtrogé@ t o whi ch they jare attached
forma heterocyclyl; S {‘err] Is (CHerr])[err],
CI—IR[err](CH[err])[err] HC=CH, or ¢ Rlerr] is alkyl or is
selected fromthe group consistin » ARV substituted aryl, an

:t"‘

optiqgnal ly |tu J roar al |
subsgitut ed heterocfé‘lu)ﬂmeéﬂﬁfegﬁg 9 eptesent thventiorite RS & t ut ed
car bocycl oal kyl I xﬁ@@u&m@m&e @fiendiition of previous

Xerr] is C=0O :B—%);%err [err])[err]; where nis 0, 1, or 2;

-4- ormulac

The term “alkyl” as used alone or in combination herein refers to a straxgh; or
branched chain saturated hydrocarbon group containing from one to ten carbon
10 atoms. Preferably, the alkyl group is a “C, alkyl” or “lower alkyl” which refer to
such groups containing from one to six carbon atoms, such as methyl, ethyl, n-
propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl and the like.
The related term “alkylene,” as used alone or in combination herein, refers to
& siraight or branched chain saturated divalent hydrocarbon group containing from
15 one to ten carbon atoms. Preferably, the alkylene group is a “C,  alkylene” or “lower
alkylene” which refer to such groups containing from one to six carbon atoms, such
as methylene, ethylene, n-propylene, isopropylene, n-butylene, isobutylene, sec-
butylene, tert-butylene and the like,
The term “atkoxy” as used alone or in combination herein refers to a straight
20 or branched chain atkyl group covalently bonded to the parent molecule through an -
O- linkage containing from one to ten carbon atoms and the terms “C,  alkoxy” and
“lower alkoxy” refer to such groups containing from one to six cathon atoms, such as
methoxy, ethoxy, propoxy, isopropoxy, butoxy, t-butoxy and the like,
The term “alkoxyalkyl” refers to an alky! group substituted with an alkoxy

-9.
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Rlerr] is H alkyl, an optionally substituted aryl, an optionally
substituted aral kyl, an optionally subst i tut ed heteroaryl,
an optionally substituted het er or al kyl ; %5) 6gal |y
substi t ut edyhgsReYcCcl €, an optionally substituted PCT"U

het erocycl yl, an optionally substituted carbocycl oal kyl, or an

al kyl ene- (substituted 5 am no); and

with the provisos (i) that if Y[err] is (CHerr])[err], pis 0 and X err]
Is not (CHerr])[err], then Rlerr] is not H (ii) that if
Rlerr] is Rerr]-Oand Y[err] is (CHerr]) with p=0, then Xerr] is not
SO err] and (iii) if Zis not H ORerr], SR err] or

NR[ err] R[err]$1’°Flhen X[err] nust be SJerr].

anot her aspect, e Rt QG S uch 10
conpounds havi ng pot asgiuﬁn%lc Engtaslﬂﬁhl ori} p%ﬁ&ﬁ ﬂ?w?g%e?orrml a
(1) and alkyl, substituted wxmphanrrmom}takxgeda htpmpnﬁqtr&bdablyaak@to @sters,
ani des, conpl ﬁﬁﬁsshbs%m%edam'%xsone that ha?ogen atoms. One example of a haloalkyl is

S trifluoromethyl.

-ﬂ)

‘The term “alkanoyl” as used alone or in combination herein refers to an acyl
radical derived from an alkanecarboxylic acid, particularly 2 lower alkanecarboxylic
acid, and includes such examples as acetyl, propionyl, fauty:yl, valeryl, and 4-
methylvaleryl. .

10 The term “aminocarbonyl” means an smino-substitated carbonyl {carbamoyl
or carboxamide} wherein the amino group can be & primary, secondary (mono-
substituted amino) or tertiary amino (di-substituted amino) group preferably having as
a substituent(s) a lower alkyl.

The term “carbocycloalkyl” refers to stable, saturated or partially unsaturated

15 mono¢yclic, bridged monocyclic, bicyclic, and spiro ring hydrocarbyls of 3 to 15
carbon atoms such as cyoiopi‘opy!, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
bicyclohexyl, bicyclooetyl, bicyclononyl, spirononyl and spirodecyl. The term
“optionally substituted” as it refers to “carbocycloatky!l” herein indicates that the
carbocycloalkyl group may be substituted at one or more substitutable ring positions

20 ‘ by one or more groups independently selected from alkyl (preferably lower alkyl),

aratkyl, alkoxy (preferably lower alkoxy), nitro, monoalkylamino (preferably a lower

atkylamino), dialkylamino (preferably & diflower]alkylamino), cyano, halo, haloatkyl

(preferably trifluoromethyl), alkanoyl, aminocarbonyl, monoalkylaminocarbonyl,

dialkylaminocarbonyl, alkyl amido (preferably lower alkyl amido), alkoxyalky!

25 (prefgrably a lower alkoxy[lower]alkyl), alkoxycarbonyl (preferably a lower
alkoxycarbonyl), atkylcarbonyloxy (preferably a lower alkylcarbonyloxy) and aryl
(preferably phenyl), said aryl being optionally substituted by halo, lower alky! and
lower alkoxy groups,

The term “heterocyclyl” as used herein refers to a stable, saturated, or

-10-



stereoi sonmers, crystalline or anorphous forns, netabolites, netabolic
precursors or. prodrugs thereof. [err] 15
whereint is 1,or 2 Rlerr] is H alkyl, or is
selected fromthe group consisting of an optionally PCT/US99/01663
subst- t.ut edwar9sI37608n optionally substituted heteroaryl, an optionally
substituted het erocyclyl and an optionally substituted
car bocycl oal kyl ; Y[err] is (CHerr])[err],
(CHerr])[err]O HC=CH, etbynyl or NHL wis 0, 1, or 2 and qis 0, 1, 20
or 2, with the proviso that if Y[err] is (CHerr])[err] and g=0, then

Rl err] cannot be H; : X[err] is CGO C=S, or
A it h ) , , , I % ,
ng{ err] witht Mﬂ%@g@h@&%&w Soh SRR Bibpche raac@g??gi S[ o Ll 'k§| |

an optional |y systestcinteisiog earpén atoms amd adipdriatones seiectsdifrominitedgen| sulfur
het eroaryl ; and/or oxygen. Preferably, a heterocyclyl is a 5 or 6-membered monocyclic ring or
an 8-11 membered bicyclic ring which consists of carbon atoms and contains one,

5 two, or three heteroatoms selected from nitrogen, oxygen and/or sulfur. The term
“optionzlly substituted” as it refers to “heterocyclyl” herein indicates that the
heterocycly! group may be substituted at one or more substitutable ring positions by
one or more groups independently selected from alkyl {preferably lower alkyl),
mzmggﬂhmq(mﬁﬁmMykwwwdh&qlnkmynmmm&yhmmaQxdhm&yagmwx

10 alrylamine}, diatkylamino {preferably a difloweralkylamino), cyano, halo, haloalkyl
{prefersbly trifluoromethyl), atkanoyl, aminocarbonyl, monoslkylaminocarbonyl,
dialkylaminocarbonyl, alkyl amido (preferably lower alkyl amido), alkoxyalkyl
({preferably a lower alkoxy[lower]atkyl), alkoxycarbony! (preferably & lower
atkoxycarbonyl), alkylcarbonyloxy (preferably a lower alkylcarbonyloxy) and aryl

15 (preferably phenyl), said aryl being optionally substituted by halo, lower alkyl and
hmmrﬂhmygnmpaIEnmqmsofmwhhmmmqwmdgﬂn@smmixmmwh&
imidazolinyl, thiazolinyl, imidazolidinyl, pyrrolyl, pyrrolinyi, pyranyl, pyrazinyl,
piperidyl, morpholinyl and trazolyl. The heterocyclyl group may be attached to
the parent structure through a carbon atom or through any hetercatom of the

20 heterocycly! that results in a stable structure,

The term “heteroaryl” as used herein refers to a stable, aromatic monocyclic
or bicyclic ring system containing carbon atoms and other atoms selected from
nitrogen, sulfur and/or oxygen. Preferably, a heteroaryl is a 5 or 6-membered
monocycelic ring (optionally benzofused) or an 8-11 membered bicyclic ring which

25 coxgsists of carbon atoms and contains one, two, or three heteroatoms sefected from
nitrogen, oxygen and/or sulfur. The term “optionally substituted” as it refers to
“heteroaryl” herein indicates that the heteroaryl group may be substituted at one or
more substitutable ring positions by one or more groups independently selected from
alkyl {preferably lower alkyl), aralkyl, alkoxy (prefersbly lower alkoxy), nitro,

-11-
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OR[err], SRlerr] or NRlerr]r[err]; where Rlerr] is selected fromthe group

'con5|st|ng of H (CHerr])[err]-Rerr], or

C(O) (CHerr])[err]-Rerr]; mis 1, 2, 3, or 4, r is 0, 1, ; Rerr]
. 99,3.,607 CHerr]N(Rerr])[err], CI-l[err]N(R[é’FFT’?f%’rl?ﬁ]"L or

CCIerr]R[err each Rferr] is |ndependently selected fromH, or

al kyl; L is a count er ion; Rlerr] is H or alkyl; and R err] is H alkyl or

CIIerr]R[err] and Rferr] 5 is , or alkyl;

Rlerr] is selected fromthe group consisting of H, alkyl, an optionally
substituted aryl, an optlonally substltuted het er oaryl ,
an optionally subst i tuted heterocyclyl optionally

~ substituted c@%&?’%@l(ﬂ?&fa@}[%ﬁeﬁ?@iﬁ%ﬁﬂ W@ﬁmmffmwa where Rerr]

and err] arg g%@’gﬁﬁ% fnfathof e grou
consﬁ[sti n]g of QPWI] an oobﬂ'agﬁ’atfafy subst | tutxlg yi@uﬁ Y ﬂl@n&ﬁ a?yl : IOan
optional | y suirsinddachoay, mmmﬁ@mmmybﬁtm@mmmsﬂkymm het erocycl yl

T e AT e e A S

optjonal |y sulikbiycarb@] reférably?lﬁllmt' tiRaycarborghhakyldatboggloiaprrepdlyd , an

optionally supstituted eteroc and .an opj onal | substltuted

car bocycl oar | {gyier alkylcarbonyloxy) an axy (preferably phenyl), said aryl being optionally
substituted by halo, lower alkyl and lower alkoxy groups. Examples of such
heteroaryl groups are isoxazolyl, imidazolyl, thiazolyl, isothiazolyl, pyridyl, furyl,
pyrimidinyl, pyrazolyl, pyridazinyl, furazanyl and thienyl. The heteroary! group

10 may be attached to the parent structure through 2 catbon atc;m or through any

heteroatom of the heteroaryl that results in a stable structure.

The term “heteroaralkyl” as used herein refers to a lower alkyl as defined
above in which one hydrogen atom is replaced by a heteroaryl radical as defined
above. The term “optionally substituted” as it refers to “heteroaralky!l” herein

i5 indicates that the heteroary! group may be substituted at one or more substitutable
ring positions by one or more groups independently selected from alkyl (preferably
lower atkyl), aralkyl, alkoxy (preferably lower alkoxy), nitro, monoalkylamino
(preferably a lower alkylamino), dialkylamino (preferably a diflower]alkylamino,
cyano, halo, haloalkyl (preferably trifiuoromethyl), alkanoyl, aminocarbonyl,

20 monoalkyleminocarbonyl, dialkylaminocarbonyl, atkyl amido (preferably lower alkyl
R amido), alkoxyalkyl (preferebly & lower alkoxy[lower]alkyl), alkoxycarbonyl

(preferably a lower alkoxycarbonyl), alkylcarbonyloxy (preferably a lower
alkylcarbonyloxy) and aryl (preferably phenyl), said aryl being optionally substituted
by halo, lower alkyl and lower alkoxy groups. Examples of such heteroaralkyl

25 groups are 2-pyridylmethyl, 3-pyridylmethyl, 4-pyridylmethyl, 3-pyridylethyl and
4-pyrimidinylmethyl,

The specific chemical nature of the optionally substituted heterocyclyl and
heteroaryl groups for the terminal moieties R* and R? in the prior identified potassium
channel inhibitor compounds is not narrowly critical and, as noted above, 2 wide

-12-



Rl - S

Y[err] is (CHerr])[err], CI-lR[err](CI—l[err])[err] HC=CH, or ethynyl; where
Rerr] is alkyl or is 15 selected fromthe group consisting of
an optionally substituted aryl, an optionally

substituted heteroaryl, an optionally substituted het erocyé:%é(ggg
optionally wo 9937607 substituted carbocycl oal kyl* ,
3; and o is 0, 1, or 2 X[err] is CO C=S,
S err] or (CHerr])[err]; where nis 0, 1, or 2

Rlerr] is H akyl, an optionally substituted aryl, or an optionally
substituted 20 het er oayl ; and W th
~the provisos (i) that if Y[err] is (CHerr])[err], pis 0 and Xferr] is not
(CHerr])[err], .the rr] is y H....an that if
-Rlerr] is R[e‘??etb"?%'rg%t‘ww’]“pﬁ %WW%‘T% [Pé???b%r@%ﬁs‘}gsﬁ??ngﬁiﬁ} %X[ err] is

not SO err]. heterocyciyl and heteroaryl groups are selectdd Biichfitidt fiedotaligiberys c&bog ompounds

or

for practicing such nethods incluydes conpounds

repr esent ed bymf!éFtﬁ{ﬂ agompg ‘F‘H“)Pné‘ﬁﬁlmﬁﬁmdlm@&wlﬂs %F@é’éf?f"&ﬂilsés BWPCE  esters,
25 5 conpl exes, chel ates, hydrates, stereoisoners,
crystalline or armrp ous forns, met abol Ites, met abol I C

predursors or prodrihgsemiséhuieltand “halogen” as used herein to identify sybytira7
PCT/ US99/ 016 53 xetws, represent fluorine, chlorine, bromine or iodine, preferably chlorine or
fluorine. _
The term “aryl® when used alone or in combination refers to an unsubstituted
_ or optionally substituted monocyclic or bicyclic aromatic hydrocarbon ring system.
10 | Preferred are optionally substituted phenyl or naphthyl gfbu}is. The aryl group may
optionally be substituted at one or more substitutable ring positions by one or mare
groups independently selected from alkyl (preferably lower alkyl), aralkyl, atkoxy .
(preferably lower alkoxy), nitro, monoalkylamino (preferably a lower alkylamino),
dialkylamino (preferably a diflower}alkylamino), cyano, halo, haloatky! (preferably
15 trifluoromethyl), alkanoyl, aminocarbonyl, monoalkylaminocarbonyl,
dialkylaminocarbonyl, alkyl amido (preferably lower alkyl amido), alkoxyalkyl
{preferably a lower alkoxy[lowerJalkyl), alkoxycarbonyt (preferably a lower
alkoxycarbonyl), alkylcarbonyloxy (preferably & lower alkylcarbonyloxy) and aryl
(preferably phenyl), said aryl being optionally substituted by halo, lower alky! and
20 lower alkoxy groups. Preferably, the aryl group is phenyl optionally substituted
with up to four and usuaily with one or two groups, preferably selected from C; ¢
atkyl, C, . alkoxy, as well as cyano, trifluoromethyl and halo.
The term “aralkyl” alone or in combination refers to 2 lower alkyl radical as
defined above in which one hydrogen atom is replaced by an aryl radical as defined
25 above, and includes benzyl, and 2-phenylethyl, The aralkyl gronp may optionally be
substituted at one or more substitutable ring positions by one or more groups
independently selected from alkyl (preferably lower alky!), aratkyl, alkoxy (preferably
lower alkoxy), nitro, monoalkylamino (preferably a lower alkylamino), dialkylamino
(preferably a diflower]alkylamino), cyano, halo, haloalky! (preferably trifluoromethyl),

-13-



[err] wherein t, Y[err], R[err] R[err] and
Rl err] are as recited above in connection with formula (),
Y[err] is (CHerr])[err] HC=CH, or ethynyl and qis 0, 1, or 2, Rerr] is
sel ected fromthe group of an optionally subst i t ued aryl
and an op 8%{% Substituted heteroaryl; Xerr] is C=0, PETUS0I6E

C=S, or err%éferr] wherein n is O, 1 or 2; and Zis Hor OR[err],
wher e R[err] is H, (CH[err])[err] Rlerr], or
C(O-(CHerr])[err]-Rerr]; mis 1, 2, 3, or 4, r is 0, 1,2, or 3; Rerr]
Is CHerr]N(Rerr])[err], CHerr]N(R err])[err]L, or
CJerr]Rerr]; where each Rlerr] is independently selected fromH or alkyl;
and L is a counter ion. Anot hermgreferred subgr oup
of conpounds mmmm@yhmﬂﬁmmonﬂ d:alkyimnac otiyh ¢lkgicpsdde onmpounds

ot o “est er o el dbucs ity AR HRIRET bRy P58 SRS, ¢
crystal l'i ne oglkoxycarbonyl (preferably a ot ﬁik@ia}&aﬁ)ﬁﬁyh)} Wm@h@ @seferstity abol i c
P e? u Fsors of %rrc?' cai.{lcyl%a.rbo:xy oxg)ognd aryl (preferably pheﬁyl}, said aryl bemg optionally
5 substituted by halo, lower alky! and lower alkoxy groups.
The term “alkoxycarbony!” alone or in combination means & radical of the
formula -C(O)-alkoxy, in which alkoxy is 2s defined sbove.
The term “alkylcarbonyloxy™ alone or in combination means 2 radical of the
formmuia -O-C(O)-alkyl, in which alkyl is as defined above. -
10 The term "alkenyl" means a two to seven carbon, straxght or branched
hydrocarbon containing one or more double bonds, preferably one or two double
bonds. Examples of alkenyl include ethenylene, propenylene, 1, 3- butadienyl, and 1,
3, 5-hexatrienyl.
The term “substituted amino” refers to a group of the formula NZ'Z” wherein
15 Z’ is H, alkyl, carbocycloalkyl, aryl, heteroaryl, heterocyclyl, heteroaralkyl, or
heterocyelyl(alkylene) and Z” is H, alkyl, carbocycloalkyl, or ary! further substituted
with a carboxylic acid or carboxylic ester, provided that when Z’ is H, then Z” is
other than H, or Z' and Z” taken together with the nitrogen atom to which they are
attached are 1-pyrrolidinyl, 1-piperidinyl, 1-azepinyl, 4-morpholinyl, 4-
20 thiamorpholinyl, 1-piperazinyl, 4-alkyl-1-piperazinyl, 4-arylalkyl-1-piperazinyl, 4-
. diarylalkyl-1-piperazinyl, each optionally substituted with alkyl, alkoxy, alkyithio,
halo, aryl or hydroxy.
The term “treating” as used herein, describes the management and care of a
patient afflicted with & condition, disease or disorder for which the administration of 2
25 compound of the present invention alters the action or activity of a potasstum channel
to prevent the onset of symptoms or complica.tibns associated with the condition,
disease or disorder, to alleviate the symptoms or complications caused by the
condition, disease or disorder, or to eliminate the condition, disease or disorder

altogether,

ﬂ
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[err] wherein t, Rerr],Rerr] and Rerr] are
as recited above in connection with formula (1), q 15 is 0, 1,
or 2, Rlerr] is Hor an optionally substituted aryl selected fromthe group

of phenyl and naphthyl, with the proviso é%%% q=0,
then-R.err]weassmbr be H Xerr] is GO o err?)[err];
Zis Hor OH whereinnis O, 1, or 2; and Y[err] is CH=CH, ethynyl, or

A

(CHerr])[err]; where pis 0, 1, 2 or 3.
p$rticularly preferred subgroup of compounds for practicing such nethods
It is recognized that there may be one or two chiral centers in the compounds

falling within the scope of the present invention and thus such compounds will exist as
various stereoisomeric forms. Applicants intend to include all the various
stereoisomers within the scope of the invention, referred to herein as the

5 “pharmacéutically acceptable stereoisomers.”. Thus, this invention is intended to
inchude the cis and trans isomers and the corresponding enanfiomers of the
compounds of formula I-IV. Though the compounds may be prepared as racemates
and can conveniently be used as such, individual enantiomers slso can be isolzted or
preferentially synthesized by known techniques if desired. Such racemates and

10 individual enantiomers and mixtures thereof are intended to be included within the
scope of the present invention.

The present invention also encompasses the pharmaceutically acceptable
esters, amides, complexes, chelates, hydrates, crystalline or amorphous forms,
metabolites, metabolic precursors or prodrugs of the compounds of formuize (T}, (),

15 (II) and (IV). Pharmaceutically esters and amides can be prepared by reacting,
respectively, 2 hydroxy or amino functional group with 2 pharmacentically acceptable
organic acid, such as identified below. A prodrug is a drug which has been chemically
modified and may be biologically inactive at its site of action, but whick is degraded
or modified by one or more enzymatic or other in vivo processes to the parent

20 bioactive form. Generally, 2 prodrug has a different pharmacokinetic profile than the
parent drug such that, for example, it is more easily absorbed across the mucosal
epithelium, it has better salt fonnaﬁoxi or solubility and/or it hes better systemic
stability (e.g., an increased plasma halflife).

Those skilled in the art recdgrﬁze that chemical modifications of & parent drug

25 to yield a prodrug include: (1) terminal ester or amide derivatives which are
susceptible to being cleaved by esterases or lipases; (2) terminal peptides which may
be recognized by specific or nonspecific proteases; or (3) & derivative that causes the
prodrug to accumulate at & site of action through membrane selection, and
combiriations of the above techniques. Conventional procedures for the selection and
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PCT/ US99/ 01663 . i ncl udes conpounds represented by
formula (V) and pharmaceutically acceptabl e salts, esters,
am des, conpl exes, chel ates, hydrates, stereoisoners, crystalline_or

anor phous f‘gg’g&z%gget abolites, netabolic precursors or pr@&%’ﬁ%"’mﬂﬁéreof;
[err] wherein R err], Rerr] and Rerr] are
as recited above in connection with formula (1) (Rl err]

preferably is H, where Rerr] is an optionally substitted aryl selected
fromthe group of phenyl and naphthyl; Zis H or OH
X[err] is C=O, or (CHerr])[err]; whereinnis 0, 1, or 2;

and Y[err] is CHCH ethynyl or (‘CH[err]')nger_r , Where pis 0, 1, 2 or3.
I.n the above fRseRAAteS of Rpdnugdedvigveres deperibedingi Suadgapidy Dadigned/i es that are

non-i oni zed 10p, f’ftﬁ%gr?)‘ ﬁosg : ngmég e%ﬁ%g@&'ﬁn&é&eﬁ’{rﬁoﬁ%ed aspects

of the present ‘Inv 1 on; err e romthe
group consi st iprgdrafs ddd aed Wwall-gwamoftifztnieaniag.| y substituted aryl, an optionally
substituted hetero |, an ggti nal | .substitutbgdselaet grocyc |, an
optionally substit gompounds of the present invention can be used in their neat orin

5 the form of pharmaceutically-acceptable salts derived from inorganic or organic acids.

Examples of acids which may be employed to form pharmaceutically acceptable acid
‘addition salts of compounds of the present invention include such inorganic acids as
hydrochloric acid, sulphuric acid and phosphoric acid and such organic acids as oxalic
acid, maleic gcid, succinic acid and citric acid. These salts thus include, but are not

10 limired to, the following: acetate, adipate, alginate, citrate, éspaﬁate, benzoate,
benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate, digluconate,
cyclopentanepropionate, dodecylsulfate, ethanesulfonate, glucoheptanoate,
glycerophosphate, hemisulfate, heptanoate, hexanoate, fumarate, bydrochloride,
hydrobromide hydroiodide, 2-hydroxy-ethanesulfonate, lactate, maleate,

15 methanesulfonate, nicotinate, 2-naphthalenesulfonate, oxalate, pamoate, pectinate,
persulfate, 3-phenylpropionate, picrate, pivalate, propionate, succinate, tartrate,
thiocyanate, p-toluenesulfonate and undecanoate.

Also, the basic nitrogen-containing groups can be quaternized with such
agents as lower alkyl halides, such as methyl, ethyl, propyl, and butyl chlorides,

20 bromides and iodides; diatkyl sulfates, like dimethy!, diethyl, dibutyl and diamyl
sulfates, long chain halides such as decyl, Iautyl, myristy! and stearyl chlorides, omides
and jodides, aralky! halides like benzyl and phenethy] bromides and others, Water or
oil soluble or dispersible products are thereby generally obtained.

The pharmaceutically acceptable salts of the compounds of the present

25 invention also can exist as various solvates, such as with water, methanol, ethanol,
dimethylformamide, ethyl acetate and the like, Mixtures of such solvates also can be
prepared. Such solvates are within the scope of the present invention.

The pharmacological profile of the potassium channel inhibitory activity of the
compounds of the present invention can be readily assessed by those skilled in the art

-16-~



carbocycloal kyl, Rlerr]-O, and Rlerr]Rerr]-N; where Rlerr] and Rerr]
are i ndependent I y sel ect ed fromthe group consisting of
al'’kyl, an optionally substituted aryl, an optionally 15
substltut ed heteroaryl, an optionally substituted heter oc%ﬁJ\,A‘#,g
optionaly g 99737607 substituted carbocycl oal kyl an ere R err] is
sel ected fromthe group consisting of H, al kyl, an
optionally substituted aryl, an optionally substituted het eroaryl , an
optionally substituted heterocyclyl and an optionally substituted

car bocycl oal kyl and Rlerr] and Rlerr] are independently
selected fromH, alkyl, an optionally substitut ed aryl 20 or
an optionally e f eLoar | np%l% 9%1% ‘{sﬁ%h {olthe

1), ¢1v) and Mi?&uﬁh‘ééﬂc&?@n@&ﬁ%&hd&% Q%s accor gdpr esent

i nvention are peaniplesuwhich fyllod. Aasdyefbr kxzessing shes activity of parncularcompmmdmnawnds of

o] 205 b bl bt st ebpfls SR ol R PR B o e
aryl is not a npative mammalian cells. mC#aeicm%wﬁeﬁyiy,um&ta&owmhhypdcﬁcnot a

3, 4-di al koxyphenyl . 25 rther, preferred conpounds
are Bhose havi metassinn eheanel.oriishbarekest trestediwith 2 voltage dependent fluorescent dye,

PCT/ US99/ 01663 gych; s bst@,Iintum goid)trimethine oxonol, can be used to gauge the
inhibitory activity of potassium channe! inhibitor compounds, possibly in corparison
to known inhibitors. Alternatively, such cells can be primed with & detectible species,
such as *Rb, and then challenged with & particular compound, under conditions

10  otherwise suitable for activeting the potassium channel, to £ssess the potassium
inhibitory activity of the compound. The potassium channe! inhibitory activity of a
compound ziso can be determined using isolated mammalian cells and the whole oell
configuration of the known patch clamp technique (Hamill et al., Pflugers Archiv
39185, 1981). These and other known techniques can be readily employed by those

15 skilled in the art to assess the activity level of the potassium channel inhibitor
compounds of the present invention.

The compounds of the present invention may be administered by a variety of
routes including orally, parenterally, sublingually, intranasally, by inhalation spray,
rectally, or topically in dosage unit formulations containing conventional nontoxic

20 phazmaoeu;ically acceptable carriers, adjuvants, and vehicles as desired. The term
parenteral as used herein includes subcutaneous injections, intravenous, intramuscular,
intracardiac injection, or infusion techniques. Topical administration may also involve
the use of transdermal administration such as transdermal patches or iontophoresis
devices.

25 Injectable preparations, for example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing
or wetting agents and suspending agents. The sterile injectable preparation may also
be a sterile inﬁectable solution or suspension in a nontoxic parenterally acceptable
diluent or solvent, for example, as a solution in 1,2-propanediol. Among the

-17-



formulae (1) (where A and B are hydrogen), (II), (I1l), (1V), or (V); but
st ereocheni cal configuration of substituents
the saturated ring of the core structure in

havi ng t he
attached to

accordance with the follow ng representative formula (VI):

SF@L%F?E){% of

Still. other 4 ed conpounds of the present i nvention¥

formul ae WBB%?% (), (1), (1v) and (M) having the ring
substituents in the orientation of previous formulae (111)
and (V). The term "al kyl" as used al one or

comnbi nati on
saturated hy
atons. Prefe
whi ch refer
carbon at ons
n-butyl, iso

The rel at ed teonventiahdlly employed ang solsantiorduspeadiog miedivamo Fhi thixtpiugposdeayei n,

to
hydr ocar bon

5

10

25

herein refers to a straight or branched chain

drocarbon group containing fromone to ten carbon 10

rably, the alkyl group is a-"Clerr] alkyl" or "lower alkyl"

tagoeptable vehicles and solvents that mpydgsmployed aie Misiey Ringss saltiono sj x

oo ol Wi, frataidon el g s o7 OPY1 1 SOPTORYT,

5 T S RS S e 3 ke o et
addition, fatty acids such as oleic acid find use in the preparation of injectables.

Suppositories for rectal administration of the drug can be prepared by mixing
the drug with a suitable nonirritating excipient such as cocoz butter and polyethylene
glycols which are solid at ordinary temperatures but liguid at the rectal temperémre
and will therefore melt in the rectum and release the drug: «

Solid dosage forms for oral administration may include cepsules, tablets, pills,
powders, and granules. In such solid dosage forms, the active compound may be
admixed with at lgast one inert diluent such as sucrose, lactose, or starch. Such
dosage forms may also comprise, as is normal practice, additional substances other
than inert diluents, e.g., lubricating agents such as magnesium stearate. In the case of
capsules, tablets, and pills, the dosage forms may also comprise buffering agents.
Tablets and pills can additionally be prepared with enteric coatings.

Liquid dosage forms for oral administration may include pharmaceutically
acceptable emulsions, solutions, suspensions, syraps and elixirs containing inett
diluents commoniy used in the art, such as water. Such compositions may also
comprise adjuvants, such as wetting agents, emulsifying and suspending sgents, and
sweetening, flavoring and perfuming agents.

The compounds of the present invention can also be administered in the form
of liposomes. As is known in the art, liposomes are generally derived from
phospholipids or other Jipid substances. Liposomes are formed as mono- or multi-
Iamell'ar hydrated liquid crystals that are dispersed in an aqueous medium. Any non-
toxic physiologically acceptable and metabolizable lipid capable of forming liposomes

can be used. The present compositions in liposome form can contain, in addition to a

L)

compound of the present invention, stabilizers, preservatives, excipients, ang the like.
The preferred lipids are the phospholipids and phosphatidyl cholines (lecithins), both

-18-
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15 one to ten carbon atons. Preferably, the al kylene group is

a "Cerr] alkylene" or "lower al kyl ene" which refer to such
groups containing fromone to six carbon atons, such as

nmet hyl ene, et hyl ene, n-propyl ene, isopropyl ene, n-butyl e%wdssg@u&,yl ene,

sec- - . w0 99737667 butylene, tert-butylene and the lik

The term "al koxy" as used alone or in conbination herein refers to a

strai ght 20 or branched chain al kyl group coval ently bonded to
t he parent nol ecul e through an - O linkage containing from

one to ten carbon atons and the terns "(ferr] al koxy" and
"I oner al koxy" refer to such groups containing fromone to six carbon

atoms, such aspamrgland s thetxc MetHEB&MMnhﬁ&s&Qé‘s\ﬁmﬁfo%%&eahsswﬁpoxy,
but oxy, t-butoxy and t i ke The term

"al koxyal kyl " mbsPteacoanEélMylhogﬂrmlﬁpHMm ngaevdmfmcedmlﬂmxy
-9-

PCT/ US99/ 01663767 Yotk N.§ {1820)p- 53t s2q.
To select preferred compounds from less preferred compounds, one uses by

s example the in vifro essays detailed under the sub-heading BioAssays hereafter,
Typically, a preferred compound will produce half maximal blocking activity at a
concentration ranging from about 100M to sbout 1yM in the /n vitro assays
described. One of ordinary skill will recopnize that the final and optimum dose and
regimen will be determined empirically for any given drug,

10 Total daily dose administered to 2 host in single or divided doses may be: an
amount, for example, from 0.001 to 100 mg of active ingredient per kg body weight
on a daily basis and more usually 0.01 to 10 mg/kg/day. Dosage unit compositions
may coatain such amounts of submultiples thereof to make up the daily dose. Itis "
anticipated that a therapeutically effective serum concentration of active ingredient

15 will be 10 nM to 10uM (Sng/mi to Spg/ml).

The amount of active ingredient that may be combined with carrier materiats
to produce a single dosage form will vary depending upon the host treated and the
particular mode of administration.

. It will be understood, however, that the specific dose level for any particular

20 patient will depend upon a variety of factors including the activity of the specific
compound employed, the age, body weight, genera! health, sex, and diet of the
patient, the time of administration, the route of administration, the rate of excretion,

. whether a drug combination is used, and the severity of the particular disease.

The present invention is explained in greater detail in the Examples which

25 follow. These examples are intended as illustrative of the invention, and are not to be
taken as limiting thereof. Unless otherwise indicated, all references to parts and
percentages are based on weight and all temperatures are expressed in degrees
Celsius. The scope of the invention is not construed as merely consisting of the
following examples, .

-19.



group. The term "hal oal kyl" is a substituted al kyl,
preferably a substituted [ower . al kyl, substituted with one
or nore hal ogen atons, and preferably is a (Jerr] to (Jerr]

al kyl substituted with one to three hal ogen atons. One ex | a
hal oal kyl is 5. trifluoromethyl. e RbdioShs The
term "al kaWQYPP™ 8% used al one or in combination herein refers to an acyl
radi cal derived from an al kanecarboxylic acid, particularly a | ower

al kanecar boxylic acid, and includes such exanpl es as
acetyl, propionyl, butyryl, valeryl, and 4- met hyaeryl . 10
The term "am nocar bonyl " nmeans an am no-substituted carbonyl (carbanoyl

or carboxam d erein the am no group can be a prinmary, secondary (nono-
substituted tertiary amno (di-substituted am no) group

preferably havi ngifiee ptherise sgeciﬁcd,aﬂso@eni#‘&?%égﬂzﬁ@%x%?u&h&s%mm kyl .
The term "carbocycl oaklyl"™ reters to stable, saturated or partially

unsat ur at ed l@mmercial suppliersraniowspd without Birthermuificasionc paslytical thindayer i ¢, and

spiro ring hydr ' - ?Eooigsmauch as
cycl opropyl, %@ﬁ%ﬁdﬁ @?ﬁ‘f’%&%ﬁ %;%%aﬁ%a%yzf‘?‘ 68?%‘%%@% f/’ N

bi gycl ohexyl , thickeegs)] Qompyinds Weryisalizedyrider BN lempmonrtyl devslepigpwitiodecyl . The
term "optj onal substi tuted.: it refers t

"car bocyl oal KEMEOWELE, ﬁ‘m)ﬁg&“’c%f ests‘ﬁ’g’f‘ sqipfion. %”g‘%“’mmgr@%yw"égf’?fbcycl oal kyl
group may be sisiich bl 8dmEel0ns SEEntiFe (i o323} YH NERDEE 0 R 20

by one or nore groups independently selected fromal kyl (prerably |ower

al kyl ), spectra were recordeg afi 300 MEZad GRS MBrap®edbRY. | ower al koxy), nitro,
nonoal kyl am ng, Lor cherably.a | oner _ al kyl am no),

di al kylam o (preferapry a di [l ower]al kyl ami no), cyano, hal o, hal oal kyl

(pieferably trifl (ntroipelrdnpbiihalak Katdin) endhrenzooydolopiayd, compounds of the
monoal Kyl am nocar banyl 1se ), (), (L) and (IV) usefil as potassium channel inkibiors in
accordance with the present invention can be prepared in accordance with several

N
sequential steps as illustrated with reference to the tetralin species in the preparation

which follow.
15 ‘Preparation 1
This preparation demonstrates the reduction of a nitrotetratone to give the
corresponding alcohol,
' 2] OH
MeOH, 0°C ‘
"20 A suspension of 7-nitro~1-tetralone (10.14 g, 0.053 mol) in MeOH (600 m!) was cooled

to 0 °C and treated with NaBH, (4.25 g, 0.11 mol, 2.1 equiv.). A nitrotetralone can be
obtained by nitration of a 1-tetralone, the desired product being separated from minor
component byproducts. The reaction mixture became homogeneous almost immediately.
After stirring at 0 °C for 30 min, 2N HCI (100 nl) was added and stirring was continued
25 for an addifional 30 min. The reaction mixture was concentrated under reduced pressure
(approx. 150 ml) and diluted with CH,Cl, (200 ml} and H,O (100 ml). The aqueous
layer was separated and extracted with additional CH,Cl, (2 x 100 ml). The combined

~20-



di al kyl am nocar bonyl, al kyl am do (preferably |Iower al kyl am do),
al koxyal kyl 25 _ (preferably a | ower al koxy[l| ower]al kyl),
al Koxycarbonyl (preferably a | ower al koxcar bonyl ),

al kyl car bonyl oxy (preferably a | ower al kyl carbonyl oxy) anqaﬁg 5163
(preferabl yophemed , said aryl being optionally substit ut® 5% Rafo, | ower
al kyl and | oner al koxy groups.

The term "heterocyclyl" as used herein refers to a stable, saturated, or
-10- WD 99/ 37607

PCT/ US99/ 01663 partially unsaturated, nonocyclic,

bri dged nonocyclic, bicyclic, and spiro ring system

Tl o oxygen. CHRPCRIRY IR SRl B0 R VEFLE Sl O IR i
ri ng or concentrated under reduced pressure to 7-nitro-1,2,3,4~tetrabydo-2-naphtbalenol as 2
white sofid (10.13g, 99%) which was used in the next step without further purification.
R, (silica gel): 0.50 (40% hexane: 40% CELCL,; 20% EtOAc), "H NMR (300 MHZ,
5 CDCL) 8.29 (4, /=2.1 Hz, 1H), 7.97 (dd, J=2.1 and 8.1 Hz, 1H), 7.21 (d,/=8.1 Mz,
1H), 4.80-4.77 (m, 1H), 2.94-2.73 {m, 2H), 247 (4, /=6.0Hz, 1H), 2.12-1.93 (m, 2H),
1.80-1.74 (m, 2H); “C NMR (75 MHZ, CDCl,) 146.5, 145.1, 140.6, 129.9, 123.6,

122.2, 67.8, 31.9, 29.3, 18.6.

I8

Preparation 2
10 Semthesis of 7-nitro-3,4-dihydronaphthalens
This preparation describes subjecting the alcohol product of Preparation 1 to an
acid catalyzed dehydration to give the cotresponding tetralene.

on
o /\: i cat TSOH-H,0 o
toluene, 100 °C m

7-nitro-1,2,3 4-tetrahydo-2-naphthalenol (10.13 g, 0.053 mol) (from Preparation 1} was

15 - heated in the presence of TSOH-H,0 (1.72 g, 0.009 mol, 0.2 equiv.) in toluens (150 ml)
for 2 hat 100°C. The solvent was removed under reduced pressure and the residue was

treated with EtOAc (150 ml) and saturated aqueous NaHCO, (150 mi). The aqueous

layer was separated and extracted with additional EtOAc (2 x 100 mi). The combined

organic layers were washed with saturated aqueous NaCl (200 ml), dried (Na,SO,),

.20 filtered, and concentrated under reduced pressure to give 7-nitro-3,4-dihydronaphthalene
es & brown oil (9.18 g, 100%) which was used in the next step without additional

purification. R, (silica gel): 0.79 (70% hexane: 30% EtOAc); *H NMR (300 MHZ,

CDCL) 7.95 (dd, J=2.4 and 8.1 Hz, 1H), 7.83 (d, J=2.4 Hz, 1H), 7.21 (4, J= 8.1 Hz,

1H), 6.50 (d, J = 6.50 Hz, 1H), 6.18 (dt, J= 4.5 and 9.6 Hz, 2H), 2.88 (t, J= 8.4 Hz,

25 2H), 2.40-2.34 (m, 2H); *CNMR (75 MHZ, CDCl)) 147.1, 143.1, 135.3, 131.4, 128.2,
126.5, 121.8, 120.3, 27,4, 22.5.
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an 8-11 nenbered bicyclic ring which consists of carbon atons and contains
one, b5 two, or three heteroatons selected from ni trogen,
oxygen and/ or sulfur. The tern1 "optionally substituted"
as it refers to "heterocyl"” herein indicates that the

het er.ocyol Wo99¢# may be substituted at one or nore sub&FTHEPRRIR ring
positions by one or nore groups indepedently selected from
al kyl (preferably | ower alkyl), aral kyl, al koxy
(preferably | ower al koxy), nitro, nonoal kyl am no (preferably a lower 10

al kyl am no), dial kylam no (preferably a di[lower]al kyl am no), cyano, hal o,

hal oal kyl (preferably trifluoronethyl), alkanoyl,
am nocar bonyl , nonoal kyl am nocar bonyl, - ",

dlalkylan1nocarbonyl aIkyI anldo ( y | ower al kyl am do),

al koxyal kyl . f BN havwese al koxy[ | ower] al kyl ),

al koxycar bony] ref erabl y R al koxycar bonyg?
. al kyl car bonyl oxy (@Mﬁ%%ﬁ%ﬁbmmépwpﬁ?@yﬁmlﬁ gpidiz

(preferably p&eﬁyéﬁxecﬁf?ésﬁjonﬁ%mggfdeng optionally substituted by hal o, |ower

al kyl and ral koxy groups. Exanpl es of such
het erocyclyl groups are,jsoxazgly [ azol I nyl,
| pyra2|nyl,

thi azolinyl, imdazolidin @@ F“CP trolinyl
pi psjl‘l dyl, norpholinyl and ol y hgolet eroc oup may be

at tached to structurethro h_a car,bon atom or

t hr ough any héts@‘“B%ﬁ‘i‘fr%”’B‘Fwﬁééﬂg’gmm?hth ene (9.18g; G52 mpaD 5‘84“%"%?“? sults in

a stable StrUﬁi@Hg:lzgsooml)wascooiedto0‘Candtreatedmn§-91’ﬁh, ?ﬁﬁ@%%ﬁ%g as used
herein refers to a Stabl €, aromatic nonocyclic of bicyclic

ring system caprres ADSEmelasopton. hi eqviv)alie reaktion rairtorecvas alloseadddl sinfords
nitrogen, sulfu I

6- mengered b Elo@i}%%m@%gxeb%m %rlgé:‘“aé)l }r%e it o"&%ﬁ}ga%ten ng%e(egéﬁ or an
8- 1¢ nenber edNaI—IGSDg(30@mt)laﬂ:gﬂxemdgmﬁdia3&5wasseparated Theorgmﬂatesiv&a&wm bon

i 17 ogen. oy Sk P E et HRECHn aafhed S adveobnnr o et Rpstiot Blerod ¢

refers to and concentrated urder efe@aeN | 'pré¥QUrei Ho | BRk CALPEpoRIInitkd18, 4~

-(IJ

het eroaryl group.may be substituted at one or nor e
subst i t ut abl edﬂvﬁfgnmal&pﬁz%% 0B% 2% white solif whish wa aesd dn dhererd/ S8R ect ed
from without fisrther purification. . R, (silica gel): 0.56 (70% hexane: 30% EtOAc); *H NMR

15 (300 MHZ, CDCly) 8.24 (5, 1H), 8.08 (dd, /= 1.8 and 8.1 Hz, 1H), 7.23 (d, /=8.1 Hz,

1H), 3.92 (d, J=4.2 Hz, 1H), 3.77 (s, 1H), 2.87-2.62 (m, 2H), 2.47 (dd, J=6.6 and
14.4 Hz, 1H), 1.78 (dt, /= 5.7 and 14.1 Hz, TH). SCNMR (75 MHZ, CDCL,) 146.5,
144.7, 134.5, 120.4, 124.4, 123 .4, 54.7, 51.8, 24.5, 21.0,

In this preparation, the epomde is reacted with ammonium hydromde to give the
corresponding amino alcchol.

o g oy
THF/EtOH, 50 °C
A solution of 1,2-epoxy-7-nitro-3,4-dihydroronaphthalens (10.84 g; 0.057 mol) (from

25 Preparation 3) in THF (50 ml) and EtOH (50 ml) was heated to 40°C and NH,OH (60
mi) was added dropwise over the course of 1 h. After the addition was complete, the

2.



al kyl (preferably I ower alkyl), aral kyl, al koxy (preferably |ower alkoxy),
nitro,

PCT/ US99/ 01663 WD 99/ 37607

nonoal kyl am no (preferably a | ower al kyl am no), dial kyl am rably a
di [ | ower] al kyd smsrée®, cyano, hal o, hal oal kyl (preferably ?k&ﬁpégﬁgﬁgthyl)

al kanoyl , aocar bonyl , nonoal kyl anocar bonyl ,

di al kyl am nocar bonyl, al kyl am do (preferably | ower alkyl
am do), al koxyal kyl (preferably a | ower al koxy[l|ower]alkyl), 5

al koxycarbonyl (preferably a | ower al koxycarbonyl), al kyl carbonyl oxy
(preferably a | oner al kyl carbonyl oxy) and aryl (preferably

phenyl), said a wﬁimlmaﬂsmédsmldosc and th resction was smed&wmtﬂ LAt £dii¥aihal O,
| ower al kyl and wer al koxy groups Exanpl es of such

het erayl groups’ wed aded pagi theweation was m@wethpszﬁmlamwm
pyridyl, furyl - ,
furazanyl and tvl'llaseny‘T"eduﬂ%i r%ed‘f BaF W %Mbmvgﬁlﬁc%&ww 73%%‘9% J}}'ed
under high vacuum at 50"C for48 h. The trm—l-anmo-?—mtm-l ,2,3,4-tetrahydro-2-

5 naphthalenol was used in the next two preparations without further purification.

In this preparation, the amino aleoho! is reacted with an aldehyde to attach anR’-
10 moiety to the amino group, where R’ is equivalent to R? as defined in formula (I).

Wy
M.
i -
j i HaBH{OAC)

The amino alcohol is reacted in a suitable solvent with the aldehyde under
reductive amination conditions. Suitable solvents in which the reaction can be conducted
include glacial acetic acid, MeOH, or 1,2-dichloroethane. Suitable reducing agents

15 include sodtam triacetoxyborohydride, sodium cyanoborchydride, or sodium
borohydride.

A solution of trams-1-amino-7-nitro-1,2,3,4-tetrahydro-2-naphthalenol (6.58 £

. 2.8 mmol) (from Preparation 4) in glacial acetic acid was treated with benzaldehyde
(0.31 ml; 3.0 mmol; 1.1 equiv.) followed by sodium tracetoxyborohydride (0.82 g; 3.9

20 mmol; 1.4 equiv.). The reaction mixture was allowed to stir at room temperature for 16

h. The reaction mixture was diluted with EtOAc (50 ml) and the pH was adjusted to pH

= 9 by the addition of 1 N NaOH. The organic layer was separated, washed with

" aqueous NaCl (50 ml), filtered, dried (Na,SO,) and concentrated under reduced pressure.

The crude product was purified by flash chromatography on silicz gel to give trans-N-

25 (benzyl)-1-amino-7-nitro-1,2,3,4-tetrahydro-2-naphthalencl (0.37 g; 44%). R, (silica gel)

23



10 may be attached to the parent structure through a carbon
atom or through any . - heteroatom of the heteroaryl that
results in a stable structure. The term

"het eroaral kyl" as used herein refers to a | ower al kyl as cgr%gaigfs‘ﬂﬁ

above i n whipgdveate? hydr ogen atomis replaced by a het er oS/ Tadi cal as
defi ned above. The term"optionally substituted” as it
refers to "heteroaral kyl" herein 15 i ndi cates that the

het eroaryl group may be substituted at one or nore substitutable

ring positions by one or nore groups independently selected from al kyl
(preferably | oner al kyl), aral kyl, al koxy (preferably

| ower al koxy) g spi n VAR=Teg A : z%g loyx@ | ower
al kyl ami no) , g‘isgfr‘gf://‘i)%t%bg%?ef er'a%%ycgﬂd’}’[ Fower |(§?Gk1§/ﬁ‘£%ﬁ1 no, 64! 3/3°

cyano, hal o, KaVed Xk I Bealdy/ & Rilfand 8,7 1HY 17)43 (8| JaheHz, 2B)736<ar bony! |

(Zgr eferably | 3@;&%&%%‘2&?&%%&%‘4(mgkﬁjé%%?g}j;=g§§%ﬁ%}?ﬁb@§ie{%'r aglmydg

| ower al koxy[ TEYSEIE, WH 9 Bz, aHK 6 XY ¢hUBABYIHz, 1K), 3.07-2.84 (m, 2H), 2.¢p2almabl y a

al k31 car bony| SN b0y e SR HSMbRcdsee oo B se 4. 581 3388t i onal 1

substituted 1206, 1283 (two wbsns*}ﬂdf@{t@e cArBURY, 186 812420 b1 0B @ﬂ.éﬁ%éﬁ, gr oups.
Exanpl es of such heteroaral kyl 25 groups are 2-pyri dyl met hyl,

3-pyri dyl net h¢f-528.3yri dyl net hyl, 3-pyridyl ethyl and

4- pyri m di nyl met hyl . ‘ The specific chem cal nature
of the optionally substituted heterd%?%??#mg%d het er oar yl
groups for thgheeemsrahatocainretht e 3 idasrak fllostrs the gmiHegtent i f i ed
poaﬁssium
crirtical and,

conventional protecting group(s) as are commonly employed to block or protect the

amino (-NF,) and/or the hydroxy (-OH) fimctionality while reacting other functional

groups on the parent compound, this (and the subsequent) preparations shows that it is
15 possible to react the amino alcohol directly without uss of any protecting group(s).

I this preparation, the amino alcohol is reacted with 2 sulfonyl chioride to attach
an R’-S0,- moiety to the amino group, where R’ is equivalent to R:-Y* as defined in
formula (1) and elsewhere. The amino alcoho! is reacted in 2 suitable solvent with the
sulfonyi chloride (R*SO,CH) or sulfonyl anhydride in the presence of an acid scavenger.

20 Suitable solvents in which the reaction can be conducted include methylene chloride,
DMF and tetrahydrofuran. Suitable acid scavengers include triethylamine, and pyridine.
Et

Et i O
NH, \@\ H‘N'S’O
O - O
cat DMAP, NEt?

THF, 25°C

A solution of frans-1-amino-7-nitro-1,2,3,4-tetrahydro-2-naphthalenol (0.91 g;
4.37 mmol) (from Preparation 4) in THF (20 mi) was cooled to 0 °C and treated with

24~



PCT/ US99/ 01663 WD 99/ 37607 vari ety of
substituent groups are. contenplated. Preferably, the substituents for the
het erocycl yl and heteroaryl groups are selected such that the total nunber
of carbon and hetero atons conprising the ed

het er ocycl ym 913@60Aet eroaryls i s no nore Fﬁgﬁgagttcl)ﬁ% 25. 5

The terns "hal 0" and "hal ogen" as used herein to identify substituent

noi eties, represent fluorine, chlorine, bromne or iodine, preferably
chlorine or fl uori ne. The term
“aryl" when used alone or in conbination refers to an unsubstituted

“or optionally substltuted nmonocyclic or bicyclic aromatic hydrocarbon ring

system 10 (0010 o8, fﬁ@jzﬁxﬁ&e@oﬁq&vpm%@bm §#€%¥an ﬁ'tS%Qm%@)ﬁ- or

napht hyl groups group tional I'y be
substi t ut ed atethsdbmmaﬂﬁmﬂ cbiub@tﬁlioﬁ@aﬁllémdzg ZoEmivi.i Aﬁ@ 1i§ymin atd"Cy theor e

glr Egg; | ndepende tl%assafl %% d frgl%gt _Lp' ai eraglsﬁﬁwu}@h%‘é@%:%alngyl ,

(preferably apl @h’%ol@ézkﬂaﬁfﬁnfw&dundu reduced pressure aﬁdtﬁhx@h&)&lmedmf erably
a dr[lower]al kyl am no), cyano, hal o, haloal kyl (prefe bI

trifl uorometh OA&KVQH’&/F“& A h g Salption ofsRaa G Qfﬁﬂqlﬁl’“
was separated, washed with squeous NaCl (50 ml), filtered, dried {Na,80,), and

concentrated. The crude product was purified by flash chromatography on silica gel to
give trans-N-{(4-ethylphenylsulfonyl)-1-amino-7-nitro-1,2,3 4-tetrahydro-2-naphthalenol
as & tan solid (1.10 g; 67%). R, (silica gel): 0.67 (60% EtOAc: 20% hexane: 20%
10 | CH,CL); ' NMR (300 MHZ, CDCL) 7.93 (4, J=2.1 Hz, 1H), 7.89 (4, J=8.4 Hx,
75, 744 (8, /= 8.4 Hz, 2H), 740 (d, J=2.1 Hz, 1H), 7.20(d, J=8.7 Hz, 1H), 5.21
& J=28.1Hz, 1H), 428 (¢, J="7.8 Hz, 1H), 4.07-4.04 (m, 1H), 3.03 (d, /=2.7 Hz,
1H), 2.98-2.88 (m, 2E), 2.77 (g, /= 7.5 Hz, 2H), 2.51-2.16 (xo, 1), 1.29 (t, J=7.5 Hz,
3H); “CNMR (75 MHZ, CDCL) 150.7, 146.5, 144.7, 136.5, 135.7, 120.7, 129.1 {two
15 carbons), 127.1 (two carbons), 123.8, 122.3, 70.4, 58.4, 28.6, 27.1, 26.3, 14.7.

20 . The sulfonylated product of Preparation 6 is reduced in this preparation to give
the corresponding aniline,
| 6 t

Hey

O
@joﬂ NaBH,, cat. NiCh %Nm%
THF/MeOH, O°C
A solution of frans-N-(4-ethylphenylsulfonyl)-1-amino-7-nitro-1,2,3,4-tetrahydro-2-

naphthalenol {0.96 g; 2.6 mmol) (from Preparation 6) in THF (15 ml) and MeOH (10 ml)
25 was cooled to 0°C and treated with NaBH, (0.46 g; 12.2 mmof; 4.7 equiv.) followed

-25-



di al kyl am nocar bonyl , al kyl am do (preferaby |ower alkyl am do),

al koxyal kyl (preferably a | ower al koxy[lower]al kyl),

al koxycarbonyl (preferably a | ower alkoxycarbonyl),

al kyl car bonyl oxy (preferably a | ower al kyl carbonyl oxy) and ar

(preferbly wbhewytshz said aryl being optionally substit ut &&F ﬁ? ‘Bﬁ%, | ower
al kyl and 20 | oner al koxy groups. Preferably, the aryl group
i s phenyl optionally substituted with up to four and
usually with one or two groups, preferably selected from(err]

al kyl, Cerr] al koxy, as well as cyano, trifluoronethyl and hal o.

The term "aral kyl" alone or in conbination refers to a | ower al kyl radical

an aryl v adi el BRG0S0 Enkl, U S RS ARG OT, Bk BED, DPoC Y

2- phenyl et hy kgas Ehewed R Wit 1916 egoniByhperaiur® Bl diyrel or an additional 1 b, The

substituted at one or nore substitutable rlng ositipns by one or,  nore
groups withwmveﬂﬂﬂ@ﬁ@amrpmé g ‘gi %CFPEP@F%bI y | ower
al kyl'), aral GE@B&E'N& 100 us laydr WAB Sep@ate@%dd . nitro,
nmonoal kyl am %ﬁl&?}‘%eratﬁl ower gﬁd aﬁl)ngle I al k§ I am ng #

(pbef erabl y axtickddovithy MEﬁMXMOThmmeﬁammhwmméﬁ& ably
E rl I?j | uor omet TNL,)SOQ, filtered, and concentrated under reduced pressure to give frans-N1-(4-

ethylphenyisulfony)-1,7-diamino-1,2,3 4-tetrahydro-2-naphthalencl as a tan solid (0.79g;

89%) which was used without firther purification in the next step. R, (siica gef): 043

(60% EtOAc: 20% hexane: 20% CH,CL); *H NMR (300 MHZ, d-MeOH) 7.86 (SI, J
e =84 Hz 2H), 745(d, J=8.4 Hz, 2H), 6.80 (d, /=8.1 Hz,. 1H), 6.55 (dd, J=24and
8.4 Hz, 1H), 6.03 (d, /= 1.8 Hz, 1H), 4.10 (d, J= 4.8 Hz, 1H), 3.92-3.88 (m, 1H),
2.81-2.71 (m, 3H), 2.60-2.51 (m, 1H), 2.06-1.96 (m, 1), 1.81-1.73 (m, IH), 1.30 (3,
J="1.5Hz, 3H); PCNMR (75 MHZ, d-DMSQ) 148.8, 146.8, 140.8, 135.5, 129.1':
128.8, 127.1, 124.5,115.5, 114.5, 68.4, 57.1, 28.4, 25.9, 234, 15.5.

15
In this preparation, the amino group on the aniline product of Preparation 7 is
substituted.
t Et
FaCo 20
1B, 0L O T
HyN _OH r N H
KoCOs

{8-crown-6

20 DMF, 25°C

A solution of rans-N1-(4-ethylphenylsulfonyl)-1,7-diamino-1,2,3,4-tetrahydro-2-
naphthalenol (0.045 g; 0.14 mmol) (from Preparation 6) in anhydrous DMF (2 ml) was
treated with K,CO, (0.040 g; 0.29 mmol; 2.1 equiv.) and 18-crown-6 (0.060 g; 0.23
mmol; 1.6 equiv.) followed by 4-trifluoromethoxybenzyl bromide (30 pM; 0.19mmol;
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PCT/ US99/ 01663 WD 99/ 37607 al kanoyl ,
am nocar pbonyl , nonoal kyl am nocar bonyl, di al kyl am nocar bonyl, al kyl am do
(preferably |lower al kyl am do), al koxyal kyl (preferably a | ower

al koxy[ | ower] al kyl ), al koxycar bonyl (pre 1@ ower
al koxycar bowa 99737607 ky| car bonyl oxy (preferably a fpeih%?;% f%g)wer

al kcar bonyl oxy) and aryl (preferably phenyl), said aryl being optionally 5
substituted by halo, |ower alkyl and | ower al koxy groups.

The term "al koxycarbonyl " al one or in conbination neans a radical of the
formula -C(O) -al koxy, in which al koxy is as defined above.

The term "al kyl car bonyl oxy" al one or in conbination neans a radical of the

formul a OC(C)3&k1kﬁtJ} Tﬁadﬂrewhioﬁhnm&yxbas licated S0 680 addlichaveir 24G. . The
The term "al kenyl” npans a fwo seven_ carbon, straight br an hed

hydr ocar bon cORBHPRMFRGEHas dipt %%BM 1 Gmp apckydN FIG12¢ @#)agﬁgr"m"
doubl e wES sepamted RARES  wix addidaat By mdik@ohy hﬁ@hﬂﬁ@g@txﬁﬁnaﬁﬁne

propenylene 1, 3- ‘butadienyl, and I, hexatri enyl .

The term subs@i’%ﬁ@éd filtned indr esnoengrated. Therasuds plodedtewssopwrified ty7fizsh wher ei n
ﬁgt e-'r ocycl yl, é?tgéi%ﬁkfgl léiﬁl:a gef\rtlao%gl %ﬂ{‘h%é Qﬁ{ﬁf‘@w&? ene) and
Z" is H al kyﬁmmmmywm%mulm tétnhydwa-xapﬂmdlenbl(oe}ds g, 48%)
then 2+ 1 Y as swhif sond r Gliggy s B myolhs” “femmne; Saoh RELORe CBEr i ¢
the nitrogen aim(smm@zgarbm)avﬂ (d, /=738 Hz, 1), 7.77 (4, /= 8.1 Hz, 2H), 7.39
(d,J=60Hz, 2H), 7.36 (d, J = 6.0 Hz, 2h), 7.28 (d, /= 8.4 Hz, ZH), 6.70 (4, J= 8.4
10 Hz, 1H), 6.39 (dd, 2.1 and 8.4 Hz, 1H), 6.03 (d, /= 1.8 Hz-1H), 5.89 (t, /= 6.0 Hz,
1H), 4.68 (d, J= 3.3 Hz, 1H), 4.03-3.88 (m, 35), 3.68 (d, /=33 Hz, 1H), 2.58 (g, J
=7.5Hz, 2H), 2.64-2.57 (m, 1H), 2.39-2.30 (m, 1E), 1.91-1.81 (m, 1H), 1.60-1.54 (m,
1H), 1.12 (t, J = 7.5 Hz, 3H); C NMR (75 MHZ, d-DMS0) 148.8, 147.7, 146},
140.5, 140.4, 1353, 129.7, 1293, 128.8, 127.2, 1249, 121.4, 113.5, 113.0, 68.8, 57.0,
15 46.2,28.3,25.6,23.2, 15.3.

In this preparation, an aniline analogous to that of Preparation 7 is acylated,
20 for example using RCOC] where R is equivalent to R%Y* and X' is C=0 as defined in
formula (I) and elsewhere to attach a substituent group to the amino group.

n-Pr -7

N’xg % H“N :(’?
ol L Ol
NEt;, DMF, 25°C

A solution of #rans-N1-(4-n-propylphenylsulfonyl)-1,7-diamino-1,2,3,4-tetrahydro-2-
naphthaleno! (0.076 g; 0.21 mmol) in anhydrous DMF (2 ml) was cooled to 0°C and
25 treated with NEt, (30 uL, 0.22 mmol; 1 equiv) followed by cinnamoyl chloride (0.049

27
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attached are 1-pyrrolidinyl, 1-piperidinyl, 1-azepinyl, 4-norpholinyl, 4-

20 t hi anor phol i nyl, 1-piperazinyl, 4-alkyl-1-piperazinyl,

4- aryl al kyl - 1- pi perazi nyl, 4- di aryl al kyl - 1- pi per azi nyl ,
each optionally substituted with al kyl, al koxy, aIkyIthlo

hal 0,. aryl @i shyREPXY. The ter mPEERYES" as used
herein, describes the managenent and care of a pati ent
afflicted with a condition, disease or disorder for which the

adm nistration of a 25 conmpound of the present invention
alters the action or activity of a potassi um channel to

prevent the onset of synptons or conpli cations associ at ed with the

condi tion, ) . sease or . order, viate the synptons
or conplicati &I mlet B?)m‘f)hg{"efe1 min at 0 °r°a°ﬁ°né’6ﬁa€ %r’i" VAR or

di sorder, or fRmAbhpérRafednd aﬁreaqe%tademm&ir@ea?ﬁe fehctich SO fvas diluted

al t oget her

-14- with EtOAc (15 mi) apf I NHCR2801). The organic layer was separated, washed with
PCT/ US99/ 0166 yitional 1N'HC! (20 m) and brine (20 mi), dried (N2,SO,), fltered and concentrated.
5 ' The crude product was purified by flash chromatography on silics gel to give frans-N1-

(4-n-propylphenytsulfonyl)-N7-(styrylcarbamoyl)-1,7-diamino-1,2,3, 4-tetrahydro-2-
naphthalenol (0.061 g; 59%) as 2 white solid. R, (silica gel): 0.61 (60% EtOGAc: 20%
hexane: 20% CH,CL); ); *H NMR (300 MHZ, d-DMSO} 10.06 (s, IH), 7.96 (d, J=
8.1 Hz, 1H), 7.76 (d, /= 8.4 Hz, 2K), 7.62-7.53 (m, 48, 7.46-7.35 (m, 5H), 7.04 (4,
10 J=8.4¥Hz, 15), 6.82(d, J=15.6 Hz, 1H), 4.81 (4, J=3.0Hz, 1H), 4.16 (4, J=4.1 Hz,
1), 3.61 (d, J=2.7 Hz, 1H), 2.76-2.66 (m, 1H), 2.61 (t, J=7.5 Hz, 2H), 2.58-2.50 (m,
1H), 2.00-1.85 (m, 1H), 1.60-1.53 (m, 3H), 0.85 (¢, J = 7.5 Hz, 3H); “CNMR (75
MEZ, d-DMS0) 163.8, 147.2, 140.6, 140.4, 137.5, 135.6, 1354, 132.5, 130.2, 129.6
{two carbons), 129.4 (two carbons), 129.1, 128.2 (two carbons), 126.9 (two carbons),
15 : 123.0, 1219, 1194, 67.9, 56.8,37.4, 25.2, 24.0, 23.5, 13.9.

When using a protecting group in connection with & specific synthesis, the species
of protecting group used is not critical so long as the derivatized -NH, or -OH group is
stable to the condition(s) of subsequent reaction(s) and can be removed at the
appropriate point without disrupting the remainder of the molecule. For amine

20 protecting groups sec T.W. Greene and P. Wats, Protective Groups in Organic

Synthesis, Chapter 7 (1991). Preferred amino protecting groups are t-butoxycarbonyl

(Boc), phthalimide, a cyclic alkyl, and benzyloxycarbonyl. For hydroxy protecting

groups see T.W. Greene and P. Wuts, Protective Groups in Orpanic Synthegis, Chapter

2 (1951). A suitable "hydroxy protecting group” includes one of the ether or ester

25 derivatives of the hydroxy group commonly employed to block or protect the hydroxy
gnxqivmﬂenwmkmmaﬁzuuﬁuioutonoﬂmrﬁnmﬁmmlgmmpsonacmmpmnm.
Hydroxy protecting groups include tert-butyldiphenylsilyloxy (TBDPS), tert-
butyldimethylsilyloxy (TBDMS), triphenylmethyl (trityl), mono- or di- methoxytrityl, or
an alkyl or aryl ester.
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It is recognized that there may be one or two chiral

conpounds

i nvention and thus such conpounds wil |

stereoi sonmeric fornms. Applicants intend to include al
st er coi sonewe%M¥i n the scope of the invention,

5

centers int

he

falling wwthin the scope of the present

i nvention is intended to
and the correspondi ng enanti onmers of the

exi st as

Thus,

vari ous

t heTaspy/a6s
referred to herein as the
"pharmaceutical ly acceptabl e stereoi soners.™

this

include the cis and trans isoners
conpounds of

formula I-1V. Though the conmpounds may be prepared as racenates
and can conveniently be used as such, individual enantioners also can be

i sol ated or Using the principjes eddteehnigued ofyPrepartiivas I geoighy? (kmiowsthadschni ques

S S st G R 1

appro
scope of the eREiLIPRilL be well-understood by those skilled in the-Eﬂea ?ir&%%ft

i nvention al so enconpasses t he pharnmaceutically acceptable

fest ers, ani desetherwpivevwads Bllingerithindle sqapeipfibe sreset ipvension Pﬁ’ebﬁéﬁntb?m‘bhousf
he ths regacd, SRR fi ipr WMolify RASEHLEDIR oY 1E1QIIOS ©

t he conpounds of
Phar naceut i cal dypthesizedr s and ani des can be prepared by reacting,

respectively, a hydroxy or am no functc,#agpall_ group with a pharmaceuically .
accept abl e organic a © fbch as identified below A

prodrug is a drug which has been chem call nodi 7§ ed and
may be bi ol ogijcally inactive at its site QT action, but which is %ggraded
or nodified by one or nore enzymatic in_vivo processes to the
parent 20 bi oacti.ve §-Oxr , a. prodrug has”a idifferent
phamacoki netig profile than the parent drug such g hat, for
exanpl e, it | S-HetEe—easity~—ar3erHet reoset
Eatry (R | R? vyt
10 1 4-cthyiphenyl 3-methoxyphenyl LL0)-
2 3-cthyiphenyl 3.methoxypheny! C(0) N
3 3-npropyiphenyl 3-methoxyphenyl L0y
4 4-cthyiphenyl 4-methaxyphenyt L£(0)-
5 4-cthyiphenyl A-chiorophenyl L(0)-
15 § 4-cthylphenyl 4-pentoxyphenyl ()
1 4-isopropviphenyt 3-methoxyphenyt L(0)
3 4-n-propyiphenyl 3-methoxyphenyl LL0)-
8 4-cthyiphenyl 3-cthoxyphenyl L0
10| 4-chiorophenyl 3-cthoxyphenyt L(O)-
20 11| 4-chioropheny! phenyl C(O)
12 | 4-bromophenyl 3-cthoxyphenyl £O-
13| 4-cihyiphenyl 2-methoxyphenyl <(0)
14 {4styrenyd 3-toivl CLO)
15 |} 4-isopropyiphenyt 4ol ~trans-CHCHC(O)-
.25 16 _ | 4-isopropyiphenyt 4-chlorophenyl -trans-CHCHC(O)-
17 | 4-n-propyiphenyl phenyl ~irans-CECHC(O)-
18 | 2-dimethylamino-6-naphihyl 4-cthylpheny] C{O)~
19 | 4-n-butyiphenyl 3-mefhocyphenyl <O
20 | 4-t-butyiphenyl 4-tolyl <0)
30 21 | 4-n-pentylphenyl J-methoxyphenyt C(O)
22 | 4-cthyiphenyl phenyl . ~SyelopropytC(0)-
23 {4-cthylphenyl <?:]::;J\\ C(0)
O
24 4-cthylphenyl (m:ﬂ C(0)




epithelium it has better salt formation or solubility and/or it has better

system c stability (e.g., an increased plasna half-life).
"Those skilled in the art recogni ze that chem cal nodifications of a parent
drug 25 (1) term

to yield a prodrug include: n r or
am de. deri va§d ypmeaahi ch are suscepti bl e fﬁnﬁé?ﬁg%%leaved
by esterases or |ipases; (2) term nal peptides which may
be recogni zed by specific or nonspecific proteases; or (3) a derivative

t hat causes the prodrug to accumul ate at a site of action
t hr ough nenbrane sel ection, and conbi nati ons of the above
“techni ques. Conventional procedures for the selection and '

PCT/ US99/ 0166 Pt 'cpiou ft-orr—of- Pt oo oY dertyati ves
are describedfin H Bundgaard, Design of 4 Prodrug$, (1985).
Those skilled}iin the art are well-versed t he preparation of
x”ﬁ\x' M o :
- 25 | frans-2{4-chlorophenyhethenyl 3-methoxyphenyl <O
26 | 4-chlorophenylethynyl __| 3-methoxyphenyl <0y
27 phenylethynsd 3-methoxyphenyl LO)-
28 | 4-cthyiphenyl phenyt L=C(0)
5 20 1 4-thyiphenyl phenyi CH,CHCO)
30 |3<ohi phenyl CHCHCOr
131 | 4-cyanophenyt phenyt CHCECO)
32 44-butylphonyl 3-methoxyphenyt L0)- .
33 | 4-cthyiphenyl 3-chlorophenyl L)
10 34 | 4-cthylphenyt phenyl -NBC(O)-
35 | 4-cthyiphend phenyt ~trans-CHCHC(O)-
36 | 4-cthylphonyi phenylethynyl L(O)
37 | 4-cthylphenyl 4-methoxyphenyl L=CCO)- A
38 __ | 4-n-propyiphenyl 2-methoxyphenyl £0)
15 39 | d-ctivyiphenyl 4-ethylphenyl £(0)-
40 ] 4-isopropyiphenyl 4-<thyiphenyl L(O)
41 | 4npropyiphenyl 4-cthylphenyl (0}
42 | 4-cthylphonyl 34olyl <0}
43 | 4-biphenyi 3,5<dimcthoxypheny] C0)-
20 44 { 4-n-propyiphenyt ' 3-tolyl L(0)-
' 45 | 4-cthyiphenyl 3-cthoxyphenyt O(0)-
46 | 4-isopropyiphenyl 3ecthoxyphenyl -C(O)
47 4n-propyiphenyl 3-ethoxyphenyl £(0)-
: 48 | 2-naphthyl 4-methoxyphenyl £O)
25 43 | 4-isopropyiphenyl phenyl ~trans-CHCHC(O)-
5¢ | 4-methaxyphenyl phenyl ~trans-CHCHC(O)-
* $1 |34yt pheayl ~trans-CHCHC(O)-
52 {phenyl phenyl ~trans-CHCHC(O)-
53 trans-2{4-chiorophenyl)ethenyl pheayl ~frans-CHCHC(O)-
30 54 | trans-2{4-chlorophenylethenyl 4oyl CsCC(0)-
55 13-l 2.2-diphenethyl <Oy
56 phenyl 2,2-diphencthyl C(0)
57 | 4-methoxy-2,6-dimethyiphenyl 3-methoxyphenyl . (0}
58 | A-cthylpheayl _ phenylNE- -CE,C(Oy
35 59 | S-chloro-2-naphiiiyl 4-methoxypheny! Oy
60 | a-cthyiphenyt 4-rifluoromethoxy <H,
phenyl
61 3 4-dichlorophenyl 3rifluoromethoxy L(O)
henvi
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prodrugs and are wel |l -aware of
conmpounds of the present

Its meani ng.
i nvention can be used in their

neat form

The

or in5

the form of pharmaceutically-acceptable salts derived frominorganic or
Exanpl es of acids which ngyrinoerssd oyed to

organi ¢ aci ds.

f or m-phar rewensoi308f | y acceptable acid

conpounds of the present

hydr ochl ori ¢ aci d,
acids as oxalic

addition salts of

I nvention include such inorganic acids as

sul phuric acid and phosphoric acid and such organic

acid, maleic acid,

succinic acid and

citric acid. These salts thus include, but are not 10 limed
to, the follow ng: acetate, adipate, alginate, citrate, aspartate,
benzoat e, BENZenesurronatg, DIsultate, Dbulyrate,
canphorate, ¢ hor sul f onat e, digl uconate,,!
cycl opent aneprppi onat e, dodecyl sul fate, eth- esul fonate, gl ucoheptjnoat e,
gl ycer ophosphaf e, hem sul fate, hepﬂhpd. e Heydhoat e, funmarate,
hydr ochl ori de, ydr oi odi de,
2- hydr oxy-eth = .
met hanesul f onagf@, ﬁr“l‘)btl nate, 2- naphW@ﬂ@@Wfonate ok&at e, panpat e,
pecti nat e, ' —nafouﬂslrﬂﬂ PheH-preptonare—pi-erate
pi val ate, prop}®Bn ‘@”"Wl nate, tar @‘m romethoxy COr"t hj ocypnat e,
p-t ol uenesul f o neecanoate: t he
basi ¢ nitrogen Ao grotPe—t :
agenis as | owe but yl
chl otides, 20 i ke
di met hyl, di et : _ bng chai n
hal i des such akeéde kehlon /48 J:n/rigf foland st earyl chl besEECHO@ Hes
and i odi des, af{fil kiA<hibwphenipfinan| | ke her l!m’l and Dhenpi h\/l e PHEEECHnH ot her s.
Wat er or 76 }benzyl 0il _solubl 3ﬂmmﬁd5ubrSLble4pr7§6&Ls_aLg_,hereby
gentdal | y obt ajfRed! benzyi detiyiphent The pharnpe Lcal
acceptabl e sal {8 _of4sitldendonpounds _of {Rimshopplegiont 25 €£©) - nvention
al so can exi st{as jmagoplibnd0l vat es, dJuaekhorgheml t h wat er , {g@-hanol , kBt hanol ,
di mretyl for mam tha, bidamphessicet at e and tlBediphbo@d. M Xt ures oigguch sol yat es
al so can be 75 | d-acclyiphenyl pr epar gd4nSuch sol vates afewpm thin the scope
of the present J3NVELEHON. 3-methoxyphenyl C(O)-
S 4-cthyiphonyt <)
38 | 4-methoxyphenyi 3-tolyi <)
» | pheayl 3-methoxyphenyl <(0)-
80 | 4-methoxyphenyt 3-methoxyphenyl £(O)
20 £1  { 24hienyt 3-methoxyphenyl {0y
82 4-«thyiphenyl phenyl CH,CO>
83__{ 4-n-butyiphenyl phenyl -CH,C0)-
84 {4-n-pentyiphenyl phenyi -CEC(O}
85 i 4npropyiphenyl 4-nitrophenyl <(0)
.25 86 | phenyt 4-cthylphenyl C(O)
, {87 | vhenyt 3,4-dimethyiphenyl 0>
88 - | 3-trifluoromethyiphenyl 3 A-dimethyiphenyl -C(0)-
B9 }d-cthyiphenyl 3-talyi <)
9¢ __ | 4sopropylphenyl 3-tohyt -C(O)
30 91 4-methoxyphenyt 3-tolyl C(O)
92 | 4<thylphenyl 4-fluorophenyl C(0)-
93 ' | 4-sopropyiphenyt 4-fluorophenyl £(0)-
94 | 4-n-propylpbenyl 4-fluorophenyl L)
95 1 3-dolyi 4-cthyiphenyl )
35 96 | 3-nirophenyl 3,5dimethoxyphenyl (O}
57 1340yl 3-tolyl 0}
98 4-cthviphenyl diphencthyt B E(s)8
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The pharnmacol ogi cal profile of the potassi um channel
t he conpounds of the present
assessed by those skilled in the art

- 16- .
PCT/ US99/ 04$§ 3937667 WO 99/ 37607 PCTUSHHr out i ne
experinentation, such as the procedures and techiues illustrated in the
exanpl es which follow. Assays for assessing the activity of particul ar
conpounds may enpl oy cells stably transfected to express a
speci fic potassium channel, as well as native mammal i an

inhibitory activity of
i nvention can be readily

cell s.

In particular,

ceIIs stably transfected to express a specific 5

pot assi um ch , ; nt
fl uorescent éye, i
N . M ok
l
- 99 | 44sopropyiphenyt diphensthyl C(0)-
100 | 4-n-propyiphenyl diphencthyt C(0)-
101 | 4-mocthoxypheayt diphenethyl O
102§ 3-4olyl phenoxy €E,C{O)y
s 103 | 4-cthylphenyl 2-thienyl L0)-
104 | 4-cthyiphenyi 4-dimethyi eminopheayt L0
105 | 4-isopropyiphenyt 22dimethylctienst -£(0)
106  { 4-isopropyiphenyt 4-pitrophenyl {0y
107 | 340 4-fluorophieny] £{O>-
1¢ 108 3ol 3-methoxyphenyl L)
109 | 2,3,6-imethyl4-methoxyphenyl 3-methoxypheny} LOY
110 | 4-methoxy-2.3,6-ttimeihylphenyt pheay -S0)
111 | 2-phenethyt 3-methoxyphenyl -C(0) o
112§ prams-2-phenylethenyi 3anethoxyphenyl L(O)
15 113 | 4-n-propyiphenyl 3,5-dimethoxyphenyl L0
114 | 4-tamyiphenyl 3-mefhoxyphenyl 1 -C(0)-
115 | 4~isopropylphenvi 4-methoxyphenyl CH,C0)
116 | 4-tifluoro methoxyphenyl phenyl LLO)-
117 | 4-tifluormothyiphenyl 3-4olyt COy
20 118 | 3-chloroshenyt 3-methoxyphenyl L)
Table 1B
e
- ‘:,\"\ ’»'lw
| Entry [ R R R R} YL
25 119 | 4<thyiphenyl 3-methoryphenyl benzyt H )
120 | 4-cthyiphonyl cyelopropyl benzyt H -C¢0)-
121 | 4-cthyiphenyl 3-methoxypheny} butyl 3 C(O)-
122 | 4-cthylphenyl 3-methoxyphenyl £:3\¢» H (o)
123 | 4-cthylphenyl vyclopropyl E::Lv/ H (0
30 124 | 4-methoxy2,3,6- 3-pyridine H H CH,-
trimethylpheny}
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L

such as bis-(1, 3-di butyl barbitudic acid)trinethine oxonol, can be used to

gauge the _ I nhibitory activity of potassi um channel

i nhi bitor conmpounds, possibly in conparison to known
inhibitors. Alternatively, such cells can be prinmed w th gegdoectesdl e
speci-es, WO 99/37607 such as [err]Rb, and then challenged with a
particul ar conpound, under conditions 10 ot herwi se suitable

for activating the potassiumchannel, to assess the potassium

inhibitory activity of the conmpound. The potassi um channel inhibitory
activity of a conpound al so can be determ ned using

| sol ated mammal ian cells and the whol e cell configuration
of the known p%tch clanmp technique (Ham- |l at at., Pflugers Archiv
391: 85, 1981). {These and ot her known techni guess can be readily enpl oyed by
t hose 15 skilled in the aft to @ssess the activity |eve
of t he potassiurpchannel i nhibitor ey~ N conpounds of the pgresent
i nventi on. The [&@o of the present invédntion

IPIP-G BT S~V-S ol il A
roTttST 2

may be adm ni st

A TIUTITUty Uf g orer Y
orally, parentdft cyelapipt anasal |y, Eyzinhfﬁation Say,

A cx.4j?
%I), Hﬁ?nguall _
recally, or topical ' It _formulationy ning cehnventilonal

nont oxi ¢ 20 126 | &tiflioromethoyi o ra¢ &M cal |y accep Eégngaﬁriers <& uyjant s,
and vehicles ad ded™®4._ The ter R ht eral _Bs useg

her ei n i ncl uded 1Fuhéebiradus | nj ¢Bndtalshemti Nt r avehn , | il r anus calopr
i ntracardi ac ifjectjion, or infusion techniques. adm ni gtrati gn may

also involve [ dchyiphenyt SO transuejgat—adgmrstT i_bk;_)ll juch as
trangder mal patfglies or. TonLopt ﬁhma - deyCesTT AT
| nj eCt abl e prefar at}iR8Sipheay0" e, sterile injectabl§ aqueojéﬁbr
ol eagi nous 130 | 4<fhyiphenyl S US DG Blnitidigobaminy D€ 1 Pl at 6 acCof JJIg 1o t he

known art usi nq U aRayfT SPET S il oT T eHET™s and
suspendi ng agerts. {The sterile imjectable preparation m | so|

e

.be a sterile i [jlﬁbt M’Fﬁy‘ﬁ UrtToT gl St eSO+ a1oty € p:i;:g -eral | Yy

accept abl e di | u¢nt or" sol vent, r exanpld, a solfuti on
in 1, 2- pr opanegi-et-Arerg—the

133 | 4<thyiphcayl 3-methoxyphenyt H benzyl -C(0)-
10 134 | 4-cthyiphenyl 3-methoxyphenyl H butyl Fol(s)"

135 | d-cthylphenyt

? H H L(O)-
5:?

136 | 4-cthyiphenyl ”K[:lvjz? " H LSOy
137 | 4-cthylphenyl G\E:1VJ:2 H H C(O)

. 138 | 4-cthylphenyl o H H (O
15 139 | 4-cthyiphenyt phenyl NH- 2} H CH,C(0)
140 | 4-cthylphenyt benzykNE- B B CHL©)
141 | 4-cthyiphenyl 3, 4-dimethoxy H H LH,C(0)-
: ' benzyl NH-
142 - | d-ethyiphenyl 34dimethyl - H B -CH,C(0)
phenyl N(CH,)-
143 | 4-cthyiphonyl 4-chlorobonzyl-N(CH,- H H CH,E(0)
20 144 | 4-etiniphenyl | benzytN(CHy)- H H CH,C0)
145 _ 14 1 4-methoxyphenviN(CH). [ H H CH,CO) |
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-17- PCT/ US99/ 01663 . WO
99/ 37607 accept abl e vehicles and solvents that may be
enpl oyed are water, Ringer's solution, and isotonic sodium

chloride solution. In addition, sterile, fixed oils are ,.cusoo/1663
conventi ongld o44p! oyed as a solvent or suspending nedi um For this purpose
any bl and fixed oil may be enpl oyed including synthetic
nono- or diglycerides. In 5 addition, fatty acids such as oleic
acid find use in the preparation of injectables.

Suppositories for rectal adm nistration of the drug can be prepared by

m Xi ng the drug with a suitable nonirritating excipient
such as cocod butter and pol yet hyl ene ‘ gl ycol s which are
solid at ordinary tenperatures but | igui d«l{t‘/.& he rectal tenperaturg

: _

Y K, <
e m

146 | 4-cthyiphenyl 3 4-dimethowy phenyiN(CEL)- | H
' H

M7 | 4~thyiphenyt O:)
N
) 148 pm-cﬁzylphmgd m H b1 LCHLC0)
N

149 | 4-cthyiphenyl | (j\ H H e{9)]

5 ' .150 4-ethyiphenyl " H COr »
BOUSY
151 | 4-ethyiphenyl O\
Y

152 | 4-cthyiphenyl O/U\ H H (o)

CHLOO)
CH,COr

o i

153 { 4-cthylphenyl 4-methoxyphenyl cthyl methyl L0y
154 | 4-thyiphenyt 4-methoxyphenyl O\/ tmethyl L0y
10 188 | 4-cthylphenyl 3-pyridine cthyl H LHy
156  { 4-efhyiphenyl 3-methoxyphenyl methyl methyl -CH-
157 ¢ 4-cthviphenyl phenvi methvl H -CH.CH.- |
* Teble 1C
o ol\u /ll’
: |
k:.«'\ﬁ\ Ya \@5
15 .
Em Rl R2 Rt R!v _Yl_xl_
158 | 4-ethylphenyl 3-methoxyphenyl | H H <Or
159 | 4-cthylphenyl 4-methoxyphenyl  {H H -C{O)
160} 4-cthyiphenyl t-butyt H H (O
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and will therefore nelt in the rectumand rel ease the drug. 10
Solid dgsage forns for oral adm.nistration may include capsules, tablets,

pills, powders, and granules. In such solid dosage forns,
the active conpound may be adm xed wi t h gtrpnlsesenieone i nert
di l uent sucwoa®3®dtcrose, | actose, or starch. Such dosage
forms may al so conprise, as is normal practice, additional substances other
than inert diluents, e.g., lubricating agents such as nagnesi um st earate.
In the case of 15 capsul es, tablets, and pills, the dosage forns
may al so conprise buffering agents. : Tablets and pills can

additionally be prepared with _enteric coatings. ..

" Liquid dosage gor nms for oral adm nistration gay I nclude pharmaceutically
acceptable emu si ons, sol utions, suspensionsg} SW ups and elixirs containing
I nert , di l uents corrrmnly used fn the art, such as ter.
Such conpositijpns may al so 20 N coRpri se adjuvants, suchf as
wetting agents} enulsifying and suspendi nj s, and
sweps ening, fllvoring and perfum ng agent

The

conmpounds of t hfaepr gheinVent i on Cmﬁ%be adm ni stlyed injtd@ fofm
of liposones. gz beimw | N the ar { eyldpdpn@®SONMES e generally Jagsy v from
phosphol | pi ds pr ofher |ipid substapces. Lipos s| are} formed fas nonjo- or
multi- 25 Lamellar hy! Wil are
di spersed in aphqlistideatedi um Any | Fedt Bt oxi|c©r
physi ol ogi cal | y acgeptabl e and netabholizable I} cappbl e of jform
| i posones 164 | dctayioh can be USHdm 1NME PrEesSARut COJgposT T o T
| i posomre formgan fon %ismr?, in additi %gr}l&to a c?rrp)'ouhn}i of t he
present invent{fon. lstabilizers, preservatives, yehts, and the 1§ ke.
The Preferred |ispi phrtgiprasit he phosph@-ingiodsesind phalgdyl cHet@wres
(lecithins), bpth i
166 | d-sthylphenyl 3methoxyphenyt | X O\/ <0y
%
167 } 4-cihyipheny cyclopropanc H O\/ £(0)-
168 | 4thyiphenyl tbutyl H O\/ £(0)-
169 | 4-cthylphenyt H O\/ H CH;
1D 170 | 4-methoxy-2,3,6-timethyiphenyl  § S-pyridyl H H CH,
171 | 4-cthyiphenyl 4-pyridyl H H CH-
172 | 4-cthylphonyt 3-pyridyt miethyl H CH,~
173 | 4<thviphenyl 4-CF,O-phenyl H H CH,-
174 | decthylphenyi 3-pyridyl H Q/ CHy-
15 175 | d-ethyiphenyt 4-cthylpheny! H Q\/ CH,-
N,
EXAMPLES: BioAssays
“Rb Efflux Assays:
Cells stably transfected with cDNA for human Kv1.5 (in pcDNA3 vector)
20 were grown as confluent monolayers in 96 well tissue culture plates in MEM alpha

with 10% heat inactivated fetal bovine serum and 400 pg/ml G418. Cells were
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WO 99/ 37607 natural and synthetic. Methods to form
| i posones are known in the art. See, for exanpl e,
Prescott, Ed., Methods in Cell Biology, Volue XV, Academ c Press,

New York, N. Y. (1976), p. 33, et seq. el ect
preferred CRBROwRES fromless preferred conpounds, one u§5§m§§f&ﬂgﬁ§
exanple the in vitro assays detailed under the sub-heading Bi oAssays

hereafter. Typically, a preferred conmpound will produce
hal f maxi mal bl ocking activity at a concentration ranging
fromabout 10nMto about 1[err]Min the in vitro assays

descri bed. One of ordinary skill will recognize that the final and optinum

dose and incubated overnight it SwFHed ddn £LEIH 2o pERiheAIuarf Or any
gi ven drug. %m ated ovemight i £ élc'Jmal?Bméj {1% doseoadm nistered to a host

in single or uptakeSthedsstaps. Ahthelond efithe incubation period, the ‘Rtas@mmzwas or exanpl e,
on & dai |y aspiedihd the G5} iied G S ¥ yn BEFe ety RIBBA EBs),
conposi ti ons which contzined (in mM) 1328¥a0L, &4 KC1) 18uCICLA08 uid Mp@l, Duidul ti pl es
R CONENL." NTRITN VA N THEW——CTE- LSRR
temperature in 100 ul/well of EBSS or EBSS containing test compounds. At the end
of this period the wells were aspirated and to each well was then added 100 pl of a
modified EBSS solution containing 70 mM KCl (NaCl replaced by KCI) and the
compound to be tested. The high KCI concentration was utilized to depolarize the
10 ~ cells to membrane potentials that would activate Kv1.5 channels. Aftera 1 minute
incubation in 70 mM KCIEBSS plus test compound, the solution was remaved and
placed into the appropriate well of a 96 well counting plate for analysis. Finally 100
ut of 0.1% sodium docecyl sulfate in EBSS was added to each well to lyse the cells. ™
The lysate was taken for analysis to determine final cell content of *Rb, Samples
15 were counted in 2 Wallac Microbeta liquid scintilfation counter by Cerenkov emission.
Efflux was expressed as a percentage of the initial cell content of *Rb.
The testing results of selective compounds from Tables 1A-C using this assay
are reported in Table 2 (flux) as the potency for inhibition of “Rb efftux through
Xwv1.5 potassium channels expressed in CHO cells by compounds of the invention.
20 Electrophysiological stadies
Electrophysiological recordings of potassium currents in Chinese hamster
ovary cells stably expressing the gene construct for the Kv1.5 potassium channel
subunit were performed using the whole cell configuration of the patch clamp
technique (Hamill et al,, Pflugers Archiv 39185, 1981). Cell lines expressing Kv1.5
25 were prepared using standard techniques known to those skilled in the art. Cells were
plated on glass coverslips at a density of 2 x 10* cells/coverslip and used within 24-48
hours. Solutions used for electrophysiological recordings were as follows.
Extracellutar bathing solutions contained (in mM) 132 NaCl, 5.4 KXCl, 1.8 CaCl,, 0.8
MgClz, 10 HEPES, S glucose at pH 7.3. Electrode pipette solrx_tions for measuring

-36-



15 will be 10 nMto 10[err]M (5ng/m to 5[err]g/m).

The anpunt of active ingredient that may be conbined with carrier materials
to produce a single dosage formw || vary dependi ng upon the host treated
and the particul ar node of adm ni straton.

It wilt be uwdessteod, however, that the specific dose | evBFTPEP ARy
particul ar 20 - patient will depend upon a variety of factors

i ncluding the activity of the specific conmpound enpl oyed,
t he age, body wei ght, general health, sex, and diet of the

patient, the tine of adm nistration, the route of admnistration, the rate
of excretion, whet her a drug conbination is used, and the

severity of theyd donfeitl @ mWf) IOREE, 40 KCl, 5 NaCl, 2 M; cg,sn-MBGmhMresent
i nvention is exgl ained in greater detail in the impl es whi ch 25

fol l ow. These w4 Sglucopeat et 288 mQsmy Jbe eqvierstipsorere placadiiy e malon, and
are not to be g beerrévolume'vzoc Ii?xﬁﬁ%ﬁ%ﬁhaﬁcﬂ‘sﬁh@&&ﬁﬁkﬁ?&%% sBote e Nerw se

indicated, all re nces to rcernt ages are
based on wei ghtpetstd £2 ml/mayrpith axtrceliniarreconiigy solntien] Drmugokag eppdied using &
Cel si,us. The sc f  the.invention is not, construed, 3s relLy consistin
of t ﬁ e 50868 of nmt‘roxrz-(-?lo e ﬁ@apglm?eés@mer%xsameter ~1(?0 ;m'ise posxt}/oneg g
-19- . approximately 200 um from the cell.

The testing results of selective compounds from Tables 1A-C using this assay

are reported in Table 2 (EP) as the potency for inhibition of Kv1.5 potassium currents

by compounds of the invention,
10 ;
Table 2
Entry | IC;, (M) | IC, (M)
# (EP) (flux) N
1 0.25 6.8
15 13 0.4 >50
19 0.05 2.9
24 0.6 5.9
28 0,09 59
40 ND 9

20 60 0.5 >50
70 2.1 29
85 ND 46
97 ND 39
g 103 ND 20
25 110 ND 12
123 0.1 ND
132 0.5 ND
135 0.1 ND
_ 158 0.6 ND
30 162 0.2 ND

The principles, preferred embodiments and modes of operation of the
present invention have been described in the foregoing specification. The
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Unl ess otherw se specified, all solvents and reagents were purchased from
comerci al suppliers and used without further purification. Analytical thin
| ayer chromat ography (TLC) was performed on Wiat man | nc.

60 silica gejo@mt®s (0.25 mm 5 t hi ckness) . PEHHPBAHES were
vi sual i zed under WV | anp or by devel oping with

KMh err]/KOH, ninhydrin, or Hanessian's solution. Flash chromatography was
done using silica gel fromSelectro Scientific (particle
size 32-63). [err]H NVR and [err]C NWR. spectra were
recorded at 300 MHz and 75.5 MHz, respectively. 10

Tet rahydrona@wﬂg ' 3’3‘19{! ocycC IpaNRgs of the
previ ous forul a@ﬁ;@fﬂ %sﬁ%n%ﬁde{i?c?? ‘a‘ﬁgé??’&%ﬂégpﬁg’ggg%ﬁgs& um channel
i nhi bi tors i raslimited to the particular fomuodiscitaad; esinge tHey ttectope esgardedznvent i on can be
prepared in cor gdanc ,th several_ . . _ equential steps as
i | lustrated #EHFEre Fegpie- t‘éﬁ@&?ﬁ‘ﬂ@gﬁgﬁﬂg&%‘“ﬁ%&t %@%Yégﬁsfeat i on
whi ch fol | ow.gkiligd in the art without departingShékh MRS ipBritQ¥f the invention. Those skilled
7-nitro-1, 2, 3, 4-t et rahydr o- 2- napht hl enol
5 in the art will recognize variations in the processes as described above and will
recognize appropriate modifications based on the above disclosure for making and
using the compounds of the invention.

In the forgoing specification, the following abbreviations are used:

Designation Beagent or Fragment .
10 m-CPBA meta-chioroperoxybenzoic acid
THF tetrahydrofuran
TLC Thin Layer Chromotagraphy N
DMF dimethylformamide
DMAP para-dimethylaminopyridine
15 Me ' methyl
Et ethyl
EiOH ethanol
MeOH methanol
EtOAc ethyl acetate
20 . TsOH = H,O para-toluenesulfonic acid » water
NEt, triethylamine
DMSO dimethyisulfoxide
nPr n-propyl
NMR nuclear magnetic resonance
25 MHz : megzhertz
Hz hertz
CDClL, | chloroform-d
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This preparation denonstrates the reduction of a nitrotetral one to give the
correspondi ng al cohol . - [err]

20 A suspensi on bf 7-nitro-1-tetral one (10.14 g, 0.053 nol)
in MeOH (600 _m) was cool ed to Oferr]C a W th
NaBH[ err] (4%98%47%%0. 11 nol, 2.1 equiv.). A nitrotetral one%glgglsg%h%%

obtained by nitration of a 1-tetral one, the desired product being separated
from m nor conponent byproducts. The reaction m xture
became honbgeneous al nost i mredi ately. After stirring at O
[err]C for 30 mn, 2N HO (100 mM) was added and stirring was continued 25
for an additional 30 mn. The reaction m xture was concentrated under
reduced pressUbgsignation (appr ILb.and diluted with
CHerr]C[err] (200 M) and Herr]O (10&g%%?%§$ﬁ9'aafeous

| ayer was sepa¥¥ted and extracted with ated-tiblenal CH err]C [err] (2 x 100
m). The conbilgled

-20-

retention factor
- rat. ' Catalytic
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PCT/ US99/ 01663 organic |l ayers were washed with brine
(100 m), dried (Na[err]SCIerr]) filtered and concentrat ed
under reduced pressure to 7-nitro-1, 2, 3, 4-tetrahydo- 2- napht hal e‘ﬁ? as a
white solidypdfshed, 999 which was used in the next st e PREUESF ur t her
purification. Rlerr] (silica gel) 0.50 (40% hexane: 40%
CH err]Cd[err]: 20% Et OAc); [errTH‘NN‘R—(—Sﬂe CDCl [err])
8.29 (d, J= 2.1 Hz, 1H),7.97 (dd, Hz, 1H), 7.21 (d, J=28.1
Hz, 1H), 4.80-4.7 eet ced 73 (m 2H), 2.47 (d,J
=6. OHz, 1H), 2.12-1.93 (m 2H), 90174(m 2H); [err]C
NVR (75 MHZ . CDCl[err]) 146.5, 1 9 9, 123.6,

122.2, 67.8 GAMS 29 3 "18.6. 10 Synt hesis of 7-

nitro-3, 4-di hydr oRgp | ene Thi s preparation

descri bes subjecting € al cohol product of Preparation 1 to an
acid catal yzdd dehyconaicundof formile () bhe phormaesticaliyl aaveptotie salt] estos,

Ler r ] amide, complex, chelate, hydrate, sterecisomer, crystalline or amorphous form,
5 metabolite, metabolic precursor or prodrug thereof:

whereintis l,0r2;
A and B are each H, or taken together form a bond between the substituted
carbons;

N

10 R'isH, alkyl, or is selected from the group consisting of an optionally
substituted aryl, an optional& substituted heteroaryl, an optionally substituted
heterocyclyl and an optionally substituted carbocycloalkyl with the proviso that when
R! is an optionally substituted aryl, then R? is not a dialkoxyphenyl;

Y? is (CH,),, (CH,), 0, HC=CH, ethynyl or NH, wis 0, 1, or2and qis 0, 1,

15 or 2, with the proviso that if Y2 is (CH,), and ¢=0, then R' cannot be H;
. X? is C=0, C=S, or SO,; with the proviso that if Y* is (CH,),0, then X
' is not SO,;

R’ is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted
20 heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted
amino);
Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylenetheteroaryl),
alkylene-NHC(O)(alkyD), alkylene-NHC(O)(aryl), alkylene-NHC(O)heterocyclyl),

REPLACED SHEETS SG
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7-nitro-1, 2, 3, 4-tetrahydo- 2- napht hal enol (10.13 g, 0.053 nol) (from

Preparat.ion 1) was 15 heated in the presence of TsOHHerr]O
(1.72 g, 0.009 nol, 0.2 equiv.)yir+toluene (150 ni) for 2
hat 100[err]C. The sol vent was renoved under reduced pr eSSt BoRgsst he

resi due waswo %9/37607 tre &beéﬁtR%S d(150 m) and saturated
aqueous NaHCO err] (15 m). The a | ayer was
separated and extracted with addi l[H{IMZ x 100 m). The conbi ned
organic | ayers were washed with satur us NaC (200 m), dried
(Na[err]SOerr]), 20 filtered, and concentrated under reduced
pressure to give 7-nitro-3, 4- dihydronaphthalene as a brown

me:beycl Ipdtkylengnal

oil (9.18 g, GO alkeyl ﬁdqﬁHm@@)t-
puri 1£i cation. %icererf] &%%Oggﬁimoi?g %E] xane; 30% I':y @Ri) g‘er rlH NMR

(300 MHZ, (O)-(he 0¥ )(ésvienﬂ@m(a&wa,
7.83 (d, J= 2 is , 6 50
(d, 2% 20 Hglest)R H“'}‘?ngﬁ%ﬂgbmd?‘g%‘%ﬁf%’%“ﬁszﬁ)ﬁ (SHQSI& J= 8.4 Hz,
25 C(O)- 0I5, -’ ais 1, w,rnr‘%mso,[mcbamﬁsmm CDCl [err])
%;17.511 2%42 L Cﬁﬁ'a@)&l?’lc R’l i’mmdependenﬂyselectedfmm& mﬁlm 120. 3,
-21- counter jon; R™ is H, or alkyl; and R is H, alky! or CO,R™ and R® is H, or

alkyl;

R?is selected from the group consisting of H, alkyl, an optionally substituted

aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an

10 optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an )
optionally substituted carbocycloalkyl, R%-O-, and R*R>-N- ; where R* and R® are
independently selected from the group consisting of alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an
optionally substifuted heterocyclyl, an optionally substituted heteroaralkyl, and an

15 optionally substituted carbocycloalkyl; R is selected from the group consisting of
H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an
optionally substituted heteroaryl, an optionally substituted heterocyclyl, an
optionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl;
or R® and R® along with the nitrogen to which they are attached form a

20 beterocyclyl;

Y* is (CH,),, CHR"(CH,),, HC=CH, or ethynyl; where R is alkyl or is
selected from the group consisting of an optionally substituted aryl, an optiopally
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally
substituted carbocycloatkyl; pis G, 1, 20r3; andois 0, L or 2;

25 X! is C=0, C=S, SO, 0r (CH,),; where n is 0, 1, or 2;

R* is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocycly'l, an optionally substituted carbocycloalkyl, or an alkylene-(substituted

41~ T
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Preparation 3 Synt hesi s of _ S

1, 2- epoxy- 7-ni tro- 3, 4-di hydr or onapht hal ene In this
preparation, the double bond in the tetralene of Prepar ag,ki s%d:é%:sox' di zed
to gi-ve thewoessmgpondi ng epoxide. [err] 5 so ution of
7-nitro-3, 4-di hydronapht hal ene ('Husjsaﬁ t HQ BepReptmed (from Preparation 2)

in CHerr]OJerr] (600 m) was co ]Cand treated with m CPBA,
approx 1.1 equiv). The
|

57-85% (13.86 g,

reaction mxture was allowed to s h, slowy warm ng
to roomtenperature. The m xture was treated with aqueous 10

NaHCJ err] (300 fﬂa}mdand the organic | ayer was separated. The organic | ayer
was extract et wi th additional aqueous NaHCO err], washed with

aqueous NaCl, dri Qgth(NAL-EviEds BPltak 192, xsfﬁtﬂl})e&ﬁiﬂ()andx‘1snot(CH,}=,ﬁfbﬂ

concentrated under reduced pressure tg gi Ve 2- epoxy- 7- nitro- 3, 4-

di hydr onapht RaisawtH; Gidhat ifi BUipR"Sxang Wﬁfﬁiﬁpﬁtﬁpwﬁiwgﬁaiﬁm‘é@zl n the next
step PPRATY I8 ' % C (silica gel): 0.56
(70% hexane: a%%‘)éfg&%?&%e‘f?#] %hﬁ%@tﬁ "ﬁ&ﬁﬂm“ﬁ[(bgé@w, CDO [err]) 8.24
(S 1H), 8.08. (ddTHecompbumdiof ofkiml 1 WherehdB and/B dtb elach Hdamd the fortinla (I) has

a stereochemical configuration of substituents in accordance with the following

formula (Ia):

10 3. A compound of formula (IT) or a pharmaceutically acceptable salt, ester,
amide, complex, chelate, hydrate, sterecisomer, crystalline or amorpbous form,
metabolite, metabolic precursor or prodrug thereof:

o
x%\N Ly
R @

» yl—x z

N

AN
R{ s I
whereintis 1, or2;

15 R'isH, alky}, or is selected from the group consisting of an optionally

substituted aryl, an optionally substituted heteroaryl, an optionally substituted

-42-
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1H), 3.92 (d, J 4.2 Hz, 1H), 3.77 (s, 1H), 2.87-2.62 (m 2H), 2.47 (dd, J=

6.6 and . 14.4 Hz,1H), 1.78 (dt, J=-5.7 and 14.1 Hz, 1H).
[err] C NVR (75 Mz, cDd[err]) 146.5 144.7, 134.5, 129.4,
124. 4, 123.4,54.7,51.8, 24.5, 21 0. PCT/USIS/01663
Preparation WO 99437607 Sy nt ‘esshect Bés Beendlisplactd\ani no- 7-ni t r o-

1, 2,3, 4-tetrahydro-2-napht hal enoI In this preparation,
the epoxide is reacted with arrm)n to give the

correspondi ng am no al cohol . A sol ution of
1, 2-epoxy-7-nitro-3, 4-di hydroronapht hal ene (10 84 g; 0.057 nol) (from 25
Preparation 3) in THF (50 m) and EtOH (50 M) was heated to 40[err] C and

N err] O (60 eerncyey an on oot pn?%y 08 Blo Sy AR AR bl RRE OF 1 N

-22- - Rlisan aptwnaﬁy substituted aryl, then R? is not & dialkoxyphenyl;
Y?*is (CH,),, (CH,),0, HO=CH, ethynyl or NFL, wis 0, 1, or2 and qis 0, 1,

or 2, with the proviso that if Y* is (CH,), snd q=0, then R' cannot be H;

5 X2is C=0, C=8, or SO,; with the proviso that if Y* is (CH,),0 then X*is not
SO,;
R®is H, alkyl, an optionally substituted arvl, or an optionally substituted
heteroaryl,
ZisH, ORY, SR or NRM™RY; where R* is selected from the group .
10 consisting of H, (CH,)-R%, or C(O)-(CH,)R% mis1,2,3 0r4;ris0, 1,2, or

3; R’ is CHNR"),, CE,N®®),L, or CO,R%; each R® is independently selected
from H, or alkyl; L is 2 counter jon; R* is H, or alkyl; and R¥ is H, alkyl or
CO,R” and R* is H, or alkyl;
R? is selected from the group consistii:g of H, alkyl, an optionally substituted
15 aryl, an optionally substituted heteroaryl, an optionally substituted heterocyclyl, an
optionally substituted carbocycloalkyl, R%0-, and R'R%N- ; where R* and R® are
independently selected from the group consisting of alkyl, an optionally substituted
aryl, an optionally substituted heteroaryl, an optionally substituted heterocycly! and an
optionally substituted carbocycloaliyl; R® is selected from the group consisting of
20 H, alkyl, an optionally substituted aryl, an optionally substituted heteroaryl, an
optionally substituted heterocyclyl and an optionally substituted carbocycloalkyl;
Y*is (CH,),, CHRY(CH,),, HC=CH, or ethynyl; where R" is alkyl or is
selected from the group consisting of an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl and an optiopally
25 substituted carbocycloatkyl; pis 0,1,2, or3;and 0 is 0, 1, or 2
X!is C=0, C=8, SO, or (CH,),; wherenis 0, 1, or 2;
R*is H, alkyl, an optionally substituted aryl, or an optionally substituted
heteroaryl; and
with the provisos (i) that if Y' is (CH,),, p is 0 and X' is not (CH,),, then R*is

~
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PCT/ US99/ 01663 WO 99/ 37607 tenperature was -
-lncreased-to 60C and the reaction was stirred for 24 h. An additional '
50 m of -NH err] OH was added and the reaction was stirred for another 24 h..
The sol vent was renmoved under reduced pr aSHUEBniees 9i ve a
brown powd¥® 9360773 g) that was dried under hi gh vacuum at

50[err]C for 48 h. The trans-1-amno-7-nitro-1,2,3,4-tetrahyro-2- 5

napht hal enol was used in the next two preparations wthout further
purification.
_ Preparation.5. - - The general synthesis of secondary am nes .as
I llustrated for the synthesis of give trans-N
(benzyl) - 1naHNand iyt iORLis R*D-4nd &1y @yl vithd=0a phbn 2 ienaIsO
In this preparation, the ami no_alcohol is reacted with an al éehyde to
attach an H-- 10h compound of formulafl-era pharmassuticallysooptablasaltigiterie R i s

equi val ent . udRbahblbx, 25el6l8 B, BrobBEHbA oidelline or sakoRibhs form,

.-metabolite, metabalic precursor or prodrug thereof:

R? R‘\Yz.
L . ‘2 3 This Sheet Has Been Replace
N [T

whereintis 1, or2;
A.- and B are each H, or taken together form a bond between the substituted
carbons;
R! is H, alkyl, or is selected from the group consisting of an optionally
10 substituted aryl, an optionally substituted heteroaryl, an optionally substituted
" heterocyclyl and an optionally substituted carbocycloalkyl with the proviso that
when R is an optionally substituted aryl, then R’ is not a dialkoxyphenyl;
Y?*is (CH),, (CH,,0, HC~=CH, ethynyl or NH, wis 0, 1,0or2 and qis 0, 1,
~or 2, with the proviso that if ¥? is (CH,), and q=0, then R* cannot be H;
15 X?is C=0, C=8, or SO,; with the proviso that if ¥? is (CH,), O, then X*
isnot SO;
R? is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted .
heteroaralkyl' an optionally substituted heterocycle, an optionally substituted
20 heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(subshtuted
amino);

LY

Z is H, alkyl, alkyeayl, alkylene(heterocyclyl), alkylene(heteroaryl),
alkylene-NHC(O)(alkyl), alkylene-NHC(O)(aryl), alkylene-NHC(O)(heterocyclyl),
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The ami no al cohol is reacted in a suitable solvent with the al dehyde under
~reductive amnation conditions. Suitable solvents in which the reactio can

be conduct ed i nclude gl acial acetic acid, MeOH, or

1, 2-di chl or oet hane, Suitabl e reducing agents 15 pcTrUsSamkaddie sodi um
triacet oxybBORGHT de, sodi um cyanoborohydride,” or sodium

bor ohydri de. This Shet HapB4sh R

trans-1l-amno-7-nitro-1, 2, 3, 4-t ety thal enol (0.58 g;
2.8 mol) (from Preparation 4) i c acid was treated with
benzal dehyde (0. M

; 1.1 equiv.) followed by

Sodi um tri acet oxyborohydride (0.82 g; 3.9 20 nmol; 1.4
equiv.). The raﬂ@féhwmp feEoal¥AR ieﬁwdme%mgﬁ eihelRRRIVE MAIRIaeUr e for
16 - h. Temréeactior?ﬁ‘gixture(v\%s Il uted wtzgg?%%(SO m )

and the pH wasUBE{Qdheieroraliyly alkylene-C(O)alkyD), aligleoe-SOIOEANFRTSROT 1 N
NI (0B ) O e LR B BB M o, (B B, o200
reduced pressui{@-(CH) R mis 1, 2, 3, oildja ic OB, or 3¢l R¥tis CHNG@IY,) fi ed by flash
(beazyl )1 AN, o8 TR starlels indepaitly.sisged el rollol risaaog .
_R[zgf r1(silica gk jon; R is H, or alkyl; and R is H, alkyl or CO,R” and R¥is H, or
alkyl;
R? is selected from the group consisting of H, alkyl, an optionally
substituted aryl, an optionally substituted aralkyl, an optionally substituted
10 heteroaryl, an optionally substituted heterocyclyl, an optionally substituted '
hetercaralicyl, an optionally substituted carbocycloalkyl, R*-O-, and RPR*-N-;
where R" aud R” are independently selected from the group consisting of alkyl, an
optionally substituted aryl, an optionally substituted aralkyl, an optionally *
substituted heteroaryl, an optionally substituted heterocyclyl, an optionally
15 substituted heteroaralkyl, and an optionally substituted carbocycloalkyl; R® is
selected from the group consisting of H, alkyl, an optionally substituted aryl, an
optionally substituted aralkyl, an optionally substituted heteroaryl, an optionally
substituted heterocyclyl, an optionally substituted heteroaralkyl, and an optionally
substituted carbocycloalkyl; or R® and R°® along with the nitrogen to which they are
20 attached form a heterocyclyl;
. Y' is (CH,),, CHR"(CH,),, HC=CR, or ethynyl; where R is alkyl or is
selected from the group consisting of an optionally substituted aryl, an optionaily
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally
substituted carbocycloalkyl; pis 0, 1,2 0r3;and0is 0, 1 or 2;
25 - X'is C=0, C=S, SO,, or (CH,),; where nis 0, 1, or 2; -
R* is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted

45-
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; WO 99/ 37607 _ )
; PCT/ US99/ 01663 0.58 (60% Et QAc: 20% hexane: 20%
CH err]C[err]); [err]H NWR (300 Mz, d[err]-acetone) 8.38

(d, J= 2.1 Hz, 1H), 7.96 (dd, J= 2.1 and 8.7 H 1H), F&‘érr&&smﬂmﬂ 2 He,

2H), . 7. 35 wo 99137607 7.30(m_3H) 7. 25-7. 20 (m1 20-4. 14 (m
1H), 3.93 (d, J= 13.5 Hz, 1H), 3. 81 (s , 3.80 (d, J=
6Hz, 1H), 3.77 (d, J = 13.5 Hz, Shea’BHQbe&lii 2. 27 2.17 (m 5
1H), 1.97-1.96 (m 1H); [err]C N rr]_ acetone) 146. 5, 145. 6,
141. 3, 139.8, carbons) 128.2 (two
carbons), 126.8, 124.2, 121. 1 6 .

27.5, 26. 3. Preparation 6

The general pFERRBuH% for the synthesis of sulfonamides as illustrated for

the synthesis 10 with the provisos ((Phat if Y* is (CH,).. m&andX‘xsnot(CHz} then
trans- N (4- etllyl phenylsulfon ?pﬁl -amn( |¥ 4-1t et r ahydr o- 2- napht h

al enol . is not B, (i) ﬂmtrfk¥ww¢a@d¥ 6@%@@%&\@“@?1%@ ation 4 or
5 can be opt '339 g&i)f%ﬁﬁt uv\ns hor 1SR then X2 my e? entlonal protecting
group(s) as are enpl oye ock “or pro

amsno (-NH ers]) M/wmpMﬁoﬂﬁdm@hﬁmﬂ%mﬁMeeahﬂmﬁyhammmﬁEMt| ng

ot her functional roups on the aren oppound, this (and
t he subsequerﬁs}erﬁchmf?m@%@“g H“gefgﬁ WB&sible to
react the anmgpemad gghol directly W|thout use of any protecting group(s).
In this preparation, the am no al coh‘ol Is reacted wth a sulfonyl chloride
to attach a{l(R'-Sq% - noiety to the am no group, where
R is equivalent to Rerr]BY[err] as glnedln : formula (1)
and el sewhere. The am no al1cohol is redcted in a suitable solvent with the

Y\‘ \/
e

10 6. The compound of cIa?m 1 or a pharmaceutically acceptable szlt, ester, amide,
complex, chelate, hydrate, stereoisomer, crystalline or amorphous form, metabolite,
metabolic precursor or prodrug thereof, wherein

AandBareeach H;
Y?is (CH,),, HC=CH, or ethynyl and qis 0, 1 or 2;

15 X%is SO,;

R} is selected from the group of an optionally substituted aryl and an
optionally substituted heteroaryl;

X! is C=0, C=S8, or (CH,),; wherein nis 0, 1, or 2; and

ZisH or ORM,

20 7.  The compound of claim 1 or a pharmaceutically acceptable salt, ester, amide,
complex, chelate, hydrate, stereoisomer, crystatline or amorphous form, metabolite,
metabolic precursor or prodrug thereof, wherein

Aand B are each H; .

I



mp——

sul fonyl chloride (R SJerr]d) or sulfonyl anhydride in the presence of an

acid scavenger. 20 Sui t abl.e solvents -in whi-ch the reaction can
be conduct ed i ncl ude nethyl ene chl ori de, DMVF and

t et rahydrofuran. Suitable acid scavengers include triethypafismmend

pyri di ne. wosen3r4o? A sol ution of

trans-1l-amno-7-nitro-1, 2, 3, 4-t et rahydr o- 2- napht hal enol (0.91 g;
4.37 mmol ) (from Preparation 4) in THF (20 m ) was —cooted-te-0-ferr]C and
treated with - 24-

This Sheet Has Been R

Y?is(CH,), and q is0, 1, 0r2: "m ,",” m' m !m

X*is SO,;

R!isH or an optionally substituted ary! selected from the group of pheny! and
naphthy; |

"5 X' is C=0, or (CH,),; where nis 0, 1, or 2; and

Y' is (CH,),, CH=CH, or ethynyl where pis 0, 1,2 or 3.
8. The compound of claim 4 or a pharmaceutically acceptable salt, ester, amide,
complex, chelate, hydrate, sterecisomer, crystelline or amorphous form, metabolite,

metabolic precursor or prodrug thereof, wherein
10 tisi;
AandBarecach H;
Y?is (CH,), and q is 0;
X2is SO, "
R} is an optionally substituted aryl selected from the group of phenyl and
15 naphthyl;
X is C=0, or (CH,),; wherenis 0, 1, or 2;' and
Z s H, or OH; and
Y* is CH=CH, ethynyl or (CH,),, wherepis 0, 1, 2 or 3.
9. The compound of claim 8 or a pharmaceutically acceptable salt, ester, amide,
20 complex, chelate, hydrate, stereoisomer, crystalline or amorphous form, metabolite,
metabolic precursor or prodrug thereof, wherein R is H.
* 10.  The compound of claim 9 wherein R! is an optionally substituted phenyl.
11. A pharmaceutical composition comprising a compound of claim 1 or its
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate,
25 stereoisomer, crystalline or amorphous form, metabolite, metabolic precursor or
prodrug and a pharmaceutically acceptable diluent or carrier.
12. A pharmaceutical composition comprising a compound of claim 2 or its
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate,

stereoisomer, crystalline or amorphous form, metabolite, metabolic precursor or

-47-
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WO 99/ 37607 _ ) '

PCT/ US99/ 01663 DWAP (0.010 g; 0.082 mol’, 0.02 equiv),

NEt[err] (0.90 m; 6.46 nmol; 1.5 equiv) and 4-

et hyl benzene sul fonyl chlori de—(+-65—¢+—5-313—mmwl; 1.2 e%g_iln\r{{es ter 15 mn
e

at O[-err] C wbbesr607 reactlon phas al | oned to 0 room
tenperature and stirred for an eplaced h. The sol vent
was renoved under reduced pressur due was treated with 5

Et OAc (150 ml) and a 20% aqueous nc. HC (50 m). The organic
| ayer was separ at ed, washed wrth aqueous Nad (50 m),
filtered, dried (Na[err]SOerr]), and concentrated. The
crude product was purified by flash chromatography on silica gel to

gi ve prodrug and & pharmaceutically acceptable diluent or carrier,

IL

Lenot e PR e chimboHioe B b dond kiR YT 0 2 Bpt e
0.67 (60% Et :ablﬂ@ﬂit,kﬂer arm_de complex, dﬁhlﬁterhy]iﬁt_d, err]) [err]H NMR
(300 W0 SOt e B iy, bttt oot aF - .7 10,
1Hs, 5.21 prodmgandapharmécélmeﬂl?&cebmbﬁdﬁkﬂntoﬂc@&r(t J=7.8 Hz, 1H),
407404(m1H) 03(d 2 2.98-2.88 (m

oH), 2.77 (q,Y =7 4 phgmacepfical @mmzmww@w congpopgd pf clil)'an:al470r=5ﬂ=ﬂHz

3H); [err]C EM& c% 36. 9, 135.7,
129.7, 129.1%(two 1 8 fe‘%él{ car‘ ons) w%?%scfa%éwéca bons), 123.8,
122.3, 70.4, skSeolsonRf cfystallifie br arRBpidws fotmy metabolite, metabolic precursor or

Preparation ener al, procedure for the reduction of
the aromatic %PW%%%%MW?@“&%"@ dié[’f'ﬂi ~for the

syr heSN ils Zf ISh I ﬁre].pharmaeelu?cal c:.}lmposimc%n r(:jumpnsmg a2 fompouncjf of claim Shor g )
trans et enyl sul fo i am no- t et r ahydr o- 2-
( haf\;m%eu % cccptagfé s?zit, ester, amide, complex, chelate, hydrate, y

stereoisomer, crystaliine or amorphous form, metabolite, metabolic precursor or

prodrug thereof and 2 pharmaceutically acceptable diluent or carrier,
16. A pharmaceutical composition comprising 2 compound of claim 6 or its
15 pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate,
stereoisomer, crystalline or amorphous form, metabolite, metabolic precursor or
prodrug and a pharmaceutically acceptable diluent or carrier.
17. A phammaceutical composition comprising a compound of claim 7 or its
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate,
20 sterecisomer, crystalline or amorphous form, metabolite, metabolic precursor or
prodrug and a pharmaceutically acceptable diluent or carrier.
18. A pharmaceutical composition comprising a compound of claim 8 or its
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate,
stereoisomer, crystalline or amorphous form, metabolite, metabolic precursor or
25 prodrug and a pharmaceutically acceptable diluent or carrier.
19. A phammaceutical composition comprising a compound of claim ¢ or its
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate,
stereoisomer, crystalline or amorphous form, metabolite, metabolic precursor or
prodrug and a pharmaceutically acceptable diluent or carrier.
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20 The sul fonyl ated product of Preparation 6 is reduced

in this.preparation to give __the correspondi ng aniline.
“Jerr] A sol ution of

trans- N- (4- et hyl phenyl sul fon I){‘hJiSlfactifh&ﬁeZanplaced 1, 2, 3, 4- t prrodvpditess 2-

napht-hal enoWO(S'@’-" 7g 2.6 rrrml) |on 6) in THF (15 m) and

MeCOH (10 ml) rr]Candtreated wth

NaBH[ err] (0.46 g; 12.2 mol ; 4 eqU|v

- 25-

20. A pharmaceutical composition corti}:rising a compound of claim 10 or its
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate,
stereoisomer, crystalline or amorphous form, metabolite, metabolic precursor or
prodrug and & pharmaceutically acceptable diluent or carrier.

5 21. A method for inhibiting potassium fransport across cellular membranes
possessing potassium channels comprising exposing 4 cell membrane possessing said
channels to the presence of 2 compound of formula (f) or a pharmaceutically
acceptable salt, ester, amide, complex, chelate, hydrate, stereoisomer, crystaltine or
amorphous form, metabolite, metabolic precursor or prodrug thereof:

R *
oF
X2 S
o \N/
A @ n
Yo r4
N
N : B
10 R{ / )t

wherein tis 1, or 2;
A and B are each H, or taken together form a bond between the substituted
carbons;
R!is H, alkyl, or is selected from the group consisting of an optionally
15 substituted aryl, an optionally substituted heteroaryl, an optionally substituted
heterocyelyl and an optionally substituted carbocycloatkyl;
g : Y?is (CHy),, (CH,), 0, HC=CH, ethynyl or NH, wis 0,1, 0or2and qis 0, 1,
or 2, with the proviso that if Y* is (CH,), and q=0, then R! cannot be H
X% is C=0, C=S, or SO,; with the proviso that if Y? is (CH,), O, then X*
20 is not SOa,

R’ is H, alkyl, an optionally subsnturzd aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted

-49-



WD 99/ 37607

PCT/ US99/ 01663 i medi ately by Nd[err](0.15 g; 1.2
mmol, 0.5 equiv.). After 15 mmat O[err]C, the reaction vvas
aIIovved to warmup to roomtenperature and stirred for an a&%bwg

The - woO 99737607 SOl vent was- ~LeNrmved under reduced pre§§3 (:l) eave a
bl ack residue which was treated ———wWth EtOAc (100 m) and
aqueous Nacl (100 m). The aque@‘hlssﬂea separ ated and 5

extracted with additional EtOAc e conbi ned organic |ayers
were dried (Na[er Itered and concentrat ed
under reduced pressure to give tr

et hyphenyl sul fonyl ) -1, 7-di am no- 1, 2, 3 4- tetrahydro- 2- napht hal enol as a tan

solid (0.79g; amind); 89% whi ch was used without further
rification int

I(JEO:)/O IEt OAL: 26% hgasﬂgx I’W ‘%"J)"S’a'f’gf #’ﬁ‘“ﬁlﬁ@f?ﬁw

dlerr]-MeOH) amylaﬁ-mHC(@(ﬂm), alkylene-NHC(Oy@ryd) leamaoxﬁemyc% 8.4 Hz,

fﬂ)') 080 (4 e i) S SN G S oy tostio
T3 G (M NERopaia Bokhl oot oo er L S
148.8, 146. 8, oriR R'; whse B™ iy gdected from the group conszsungZBHB(CHa}Ri orl124. 5,

115.5, 114. 5’0&55 &H,)'S%{‘ 13?, ﬁéy%f?ﬁg% s§3 or% 5R‘1S%H2N(R9)z:

Preparation 8

trans- N1- (4- wmm@gnﬁ@{x%@ RNE-ifdd; F&meﬁﬁm@%mpmﬂ) 1lisd- .
di am no- 1, 3, 4-t et r ahydt.0- 2- napht hal enol In this

preparati on, CaBEES AT B d?guﬁfﬁtmlih@%nﬁfﬁnﬁkﬂr%&% Pond Bl'dpEy 8 ron 7 i s
supgtituted. gy

R?is selected from the group consisting of H, alkyl, an optionally
substituted aryl, an optionally substituted aralkyl, an optionally substituted n
heteroaryl, an optionally substituted heterocyclyl, an optionally éubstituted
heteroaralkyl, an optionally substituted carbocycloalkyl, R*-O-, and R°R*-N- ;

15 ' where R* and R® are independently selected from the group consisting of alkyl, an
optionally substituted aryl, an optionally substituted aralkyl, an optionaily
substituted heteroaryl, an optionally substituted heterocyclyl, an optionally
substituted heteroaralkyl, and an optionally substituted carbocycloalkyl; R® is
selected from the group consisting of H, alkyl, an optionally substituted aryl, an

20 optionally substituted aralkyl, an optionally substituted heteroaryl, an optionally

- substituted heterocyclyl, an optionally substituted heteroaralkyl, and an optionally
substituted carbocycloalkyl; or R® and R® along with the nitrogen to which they are
attached form a heterocyclyl;

Y! is (CH,),, CHR"(CH,),, HC=CH, or ethynyl; where R is alkyl or is

25 selected from the group consisting of an optionally substituted aryl, an optiopally

" substituted heteroaryl, an optionally substituted heteracyclyl and an optionally
substituted carbocycloalkyl; pis 0, 1,2 0r3; and 0is 0, 1 or 2;
X!is C=0, C=8, SO, 0r (CH,),; wheren is 0, 1, or 2;

R* is H, alkyl, an optionally substituted aryl, an optionally substituted

-50-
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[err] 20 A solution of
t rans- NL- ( 4- et hyl phenyl sul f onyl =1 7=di-amno=1,2,/3, 4-t et r ahydr o- 2-

napht hal enol (0.049 g; 0.14 nmol ), (.f 10 F;ree ar at([r_e](i)n 6) in anhydrous- DMF (2
m) was treated w (0.040_g. l; 2.1
M - et

equi v:) andWBsETein- 6 (0. 060 g; qui v.)
foll owed by 4-trifluoronethoxybenz [err]M 0. 19mmmol ;

aralkyl, an optionally substituted heteroaryl, an aptionaﬁy substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloatkyl, or an alkylene-(substituted
amino); and o

5 with the provisos (i) that if Y* is (CH,),, p is 0 and X' is not (CH,),,, then
R?is not H, (if) that if R? is R~O and Y' is (CH,), with p=0, then X' is not 0,
and (i) if Z is not H, OR™, SR or NR¥RY, then X* must be SO,.
22. 'Themethod of claim 21 wherein the potassium channsl is a voltage gated

potassium channel. _
10 23. The method of claim 22 wherein the potassium channel is selected froma

potassium channel responsible for cardiac I, potassium current.

24. The method of claim 22 wherein the potassium channel is Kv1.5.

25, A method for inhibiting potassium transport across cellular membranes *

possessing potassium channels comprising exposing a cell membrane possessing said
15 channels to the presence of a compound of formula (I) or a pharmaceutically

acceptable salt, ester, amide, complex, chelate, hydrate, stereoisomer, crystalline or

amorphous form, metabolite, metabolic precursor or prodreg:

R‘
\Y’
2 %
. >(\‘\i /R
\Y’-—x‘ * 4 ®
» \

wherein tis 1, or 2;
20 A and B are each H:
" R'is H, alkyl, or is selected from the group consisting of an optionally
substituted aryl, an optionally substituted heteroaryl, an optionally substituted
heterocyclyl and an optionally substituted carbocycloalkyl;
Y2 is (CH,),, HC=CH, or ethynyl and q is 0, 1, or 2, with the proviso that when

-51-

I



WD 99/ 37607
PCT/ US99/ 01663 - 1.3 equiv.). The reaction'm xture was

heated to 60[err]C and aI | owed stir 24 h. The reaction

m xture was diluted with EtQCAc (10 ml) and 1IN HCO (20 m). The organic

| ayer ~ WO 99/37607 was separated, washed with additi oRgI/USR/0IH3] (20
m) and brine (20 m), dried (Na[err]SCIerr]) filtered and
concentrated. The crude product was purified by flash . ._

chromat ography on sHica gel to give

trans- N1- (4-ethyl phenyl sul fonyl) - N7- (4. This Sheet Has Been Replaced

trifl uoronet hoxybenzyl)-1, 7-di am no-1, 2, 3, 4- tetrlllmwummlmmr hal enol
(0.035 g, 489 as a white SO|Id 0.54 (30%
Et OAc: 40% he@}’éﬁe{%%%ﬂo ther Bf pazpotbeES[ er NI\/R (300
MHZ , d[err]- S4(d, J= 7.8 Hz, 1H), 777(dJ 8.1 H, 7.39
(d,J= 6.0 Hz, 2H)736(2 3 =6.0 Hz, 2h), 7.28(d, J= 8.4 Hz, 2H), 670(dJ—
ﬁ'z41i|§) 5. 89 e Loty it sl s 68 y(%bguﬁu - I(—I(zj JlH)l °
4. gsca 3.88 (m %r % ‘8%‘“’(%“3’ sybstiguted hgseroaryl, M@H%'»@a'é)qsubsﬁmted )

7.55Hz, 2H), Bet€réardlkSF ab wptiddad

1.60-1. 54 ( b ot ys"%{)s%atealz (t° jﬂ)f"’ggqﬁg} “ﬁﬁ%“"%’err]c NMVR (75

MHZ, d[err]- DRWW% 3 optignally substigites! carbocycloalkyl or an alkylehdGubstitikdd. 4,
135. 3, 129.7, mﬁ%g)S 128.8, 127.2, 124.9, 121.4, 113.5, 113.0, 68.8, 57.0,
15 62283256232 15. 3.

Preparation 9  ZisH, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl),
. alkylene-NHC(O)(alkyl), alkylene-NHC(O)aryl), alkylene—NHC(O)(heterocyclyl),
10 alkylene-NHC(O)(heteroaryl), alkylene—NHCfO)-(alkerne»heterwyclyl), alkylena-
NHC(O)-(beteroaralkyl), alkylene-C(O)(alkyl), alkylene-C(O)O(alkyl), ORY, SRY¥
or NR¥R*; where R™ is selected from the group consisting of H, (CH,)_-R?, or
COHCH)R* mis1,2,3,0rd;ris0, 1, 2, or 3; R*is CH,NR),,
CH,N®R’),L, or CO,R% each R’ is independently selected from H, or alkyl: Lisa
15 counter jon; R* is H, or alkyl; and R* is H, alkyl or CO,R® and R* is ¥, or
alkyl;

R? is selected from the group consisting of H, alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an

20 optionally substituted carbocycloalkyl, R%O-, and R*R*-N- ; where R* and R® are

- independently selected from the group consisting of alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an
optionally substituted heterocyelyl, an optionaly substituted heteroara]kyl, and an
optionally substituted carbocycloalkyl; R® is selected from the group consisting of

25 H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an
optionally substituted heteroaryl, an optionally substituted heterocyclyl, an
optionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl;

or R® and R* along with the nitrogen to which they are attached form a
heterocyclyl;

N
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1, 2, 3, 4-t et rahydr o- 2- napht hal enol In this
preparation, an aniline anal ogous to that of Preparation 7 is acylated, 20
for exanple using RCOCI where Ris equivalent to Rerr]-Y[err] and X err]

is C=0 as defined in fonmrula (1) and el seovwmesveroree® att ach a
subst’i t uent "@¥81®t o the ani no group. :
[err] A sol ution of

trans- N1- (4- n- propyl phenyl sul fonyl)-1, 7-di am no-1, 2, 3, 4-t etrahydro- 2-
napht hal enol (0.076 g; 0.21 mmmol) in anhydrous DVF (2 m) was cooled to

O[err]C and 25 treated with NEt[err] (30 [err]L, 0.22 mol; 1
equi v) followed by cinnanoyl chloride (0.049
-27- to beY&m‘(ﬁHa),;,eﬁHR "(CH,),, HC=CH, or ethynyl; where R” is alkyl or is

selected from the group consisting of an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally
substituted carbocycloallyl; pis 0, 1,2 0r3;ando0is 0, 1 or2;

5 X! is C=Q, C=S, or (CH,),; where nis 0, 1, or 2;

R*is H, alkyl, an optionally substituted aryl, an optionally substituted
arafkyl, an optionally substituted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted caxbocycloalkyl_, or an alkylene-(substituted

10 amino); and )

with the provisos (i) that when Y is (CH,),, pstandX‘zsnot (CH)),, then

R? is not H, and (i) that if R? is RO and Y' is (CH,), with p=0, then X" is not
SO,. "
26. The method of claim 25 wherein the potassium channel is a voltage gated

15 potassium channel.
27. The method of claim 26 wherein the potassium channel is selected from a
potassium channel responsible for cardiac I, potassium current.
28. The method of claim 26 wherein the potassium channe! is Kv1.5.
29. A method for inhibiting potassium transport across cellular membranes

20 possessing potassium channels comprising exposing a cell membrane possessing said
channels to the presence of a compound of formula (I) or a pharmaceutically
acceptable salt, ester, amide, complex, chelfate, hydrate, stereoisomer, crystalline or
amorphous form, metabolite, metabolic precursor or prodrug:

R'\Yz
N e—
= e~ T
R{ E/ )
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.4 equiv). After 15 mn at 00C, the reaction was allowed to warmup to

ZCT/ US9901 663 WD 99137607 g, .0.29 mnol ;
roomtenperatue and stirred for an additional 12 h. The reaction m xture

/was di | ut ed wi EtOAt (15 m) and IN Ha (2 or gani ¢
j’l ayer-was swoesared, washed wth— addltlong’i&jmai?& nl) and
fbrine (20 M), dried (N2SO4), filtered and _concentrated. S The
- crude product was purified by f ce “&phy on silica gel to give
ras- N - (4-n-prop ﬂ yl)-N7-(styryl car banoy-
1,7-diaimno-1, 2, 3,4-tetrahydro- napl t aenol (0.061 g;

50%) as a white solid. Rf (silica gel): 0.61 (60%tQAc: 20%B

hone. 20% 1 %&ﬁbxs)o;m—lNNR(Soo WVHz, drDMSO 10.06 (a, 18), 7.96 (d, J=
8.1 Hz, 18), 7.762851 8 4 Hz, 28), 7.62-7.53 (in, 4H, 7.46-7.39 (in,
58), 7.04(, 10 # Bmmh B.1z, 1R), 6.82 ( J= 15.6 Hz5, |4.81 (43.HOB,

11 4.16(J=4.1 iy 2 76-2. 66
M)Z o1 (E 17 E slidk%l)orx%selec*edﬁéﬁ‘x)t %‘F@&p%wst}x?g&'ikop%y 5 005 85(|(|nn

1), 1.60- 1. 5S:bsiimted 35, an@p&m«.ust subgitutad Betdrparyl3yn optioGlyisthstitutes -

44 o Byt dn oty hisdted odboBRU. 1 00 10071, 1282 (1o

car bons) 126. 9 ¥tisgCHY imdnp)() HBrZ,mththeprowsoﬂﬁﬂwﬁbnq“fB,]ﬁen Riéandot 67. 9,
56. 8, 374%% 24.0, 23.5, 13. When using a
protecting gP% I n connection W|th a gecfo sythesis, the species

of protecti nggrouy}m Is not critical so long as the derivafized N2 or

-OHgroup i s stable to the condition(s) of subsequent
reaction(s) and Bhis lelkyd ancndonailytshiestituted aryl, an optionally substituted

10 aralkyl, an optionally substituted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted
amino);

Zis B, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl),

15 alkylene-NHC(O)(alkyl), alkylene-NHC(O)(aryl), alkylene-NHC(O)heterocyclyl),
alkylene-NHC(O)(beteroaryl), alkylene-NEC(O)-(alkylene-heterocyclyl), alkylene-
NHC(0)-(heteroaralkyl), alkylene-C(Q)(alkyl), alkylene-C(Q)Ofalkyl), ORY, SR™
or NR¥R'S; where R" is selected from the group consisting of H, (CH),-R’, or
COCH,)R: mis 1,2,3,0r4;ris 0, 1, 2, or 3; R*is CH,NE®",,

20 CH,N(®,L, or CO,R’; each R® is independently sclected from H, or alkyl; Lisa
counter ion; R¥ is H, or alkyl; and R' is H, alkyl or CO,R"* and R* is H, or
alkyl;

R?is selected from the group consisting of H, alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an

25 optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an
opﬁoﬁally substituted carbocycloalkyl, R*-O-, and R°R*-N- ; where R* and R® are
independently selected from the group consisting of alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, and an

*

L}
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approprlate poi nt w thout disupting the remai nder of the nol ecule. For

am no 20 . protecting groups see T.W Geene and P. Wirts,
Protcive Ghrups in Orgaic Synt hsi a, Chapter 7 (1991)
Preferred am no protecting groups are t-butoxycarbonyl

(Bot); phalivpisglerson cyclic aikyl, and benryl oxycarbonyl . ggrm%w&lrsges(
protecting groups see T.W Geene and P. Wits, Prctlve
Goups in Organic Sythesis, Chapter 2 (1991). A suitable
"hydroxy protecting group' includes one of the ether or ester 25
derivatives of the hydroxy group commonly enployed to bl ock or protect the
hydr oxy group while reactions are carried out on other

" O e R i e ot 5 BG40 O 00
but YI di met hyl g htkkrp&ﬂ opti&iiy) subtsﬁﬂu@h%fsu é}%ﬂ&)&haﬂgtsbwﬁh&ed SRR 0" di -
met hoxytrityl, ry! ester.
-28- optxonal!y substitute\VBRteroaryy, @Wﬁonally substituted heterocyclyl, an
PCT/_ US99 106630pt10na11y substituted heteroaralkyl, and an optionally substituted carbocycloaticyl;
5 or R® and R® along with the nitrogen to which they are attached form a
heterocyelyl;

Y! is (CH,),, CHR"(CH),),, HC=CH, or ethynyl; where R" is alkyl or is
selected from the group consisting of an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally _

10 mMﬂﬂﬁmﬁmwMﬁ%pﬂ&Lzmﬁmmaﬁmi&k

X!is C=0, or (CH,),; wherenis 0, 1, or 2;

R*is H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl,
an optionally substituted heteroaryl, an optionally substituted heteroaralkyl; an
optionally substituted heterocycle, an optionally substituted heterocyclyl, an

15 optionally substituted carbocycloalkyl, or an alkylene-(substituted amino); and

with the proviso that when Y' is (CH,), and p is 0, then R? is not H.
30. The method of cleim 20 wherein the potassium channel is 2 voltage gated

potassium channel.
31. The method of claim 30 wherein the potassium channel is selected from a
20 potassinm channel responsible for cardiac I, potassium current.
. 32. The method of claim 30 wherein the potassium channel is Kv1.5.

33. A method for inhibiting potassium transport across cellular membranes
possessing potassium channels comprising exposing & cell membrane possessing said
channels to the presence of a compound of formula (I) or 2 pharmaceutically

25 acceptable salt, ester, amide, complex, chelate, hydrate, stereoisomer, crystalline or
amorphous form, metabqlite, metabolic precursor or prodrug thereof:

Sheet Has Been Replaced
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Using the principles and techniques of Preparations | through 9 (and
nmet hods : aval-able fromthe ltetr, suc as WO 9S8/ 04521 and
WO 9&/ 36749), and appropriate—— st materials, which wll

be well-understood by those skiled in the art, a variety of

ot her - conpoypslsyShdzi Ng Wi t hi rilkisiSaeesioBen Qfp dbe present i nBEHUSBAIEAN be
synt hesi zed. -5 melﬁﬂ ﬁﬂ!ﬂm cormpounds iisted in the
following Tables A, IB and | synt hesi zed.
Table | A ’ L It -
9% .

wherein tis 1;

A and B are each H;

R! 15 alkyl, or is selected from the group consisting of an optionally

5 substituted aryl, an optionslly substituted heteroaryl, an optionally substifuted

heterocyclyl and an optionally substituted carbocycloalkyl;

Y*is (CH,), and q is §;

X2 is SO,;

R is H, alkyl, an optionally substituted aryl, an optionally substituted

10 aralkyl, an optionally substituted heteroaryl, an optionally substituted

heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted
amino);

Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl),

15 alkylene-NHC(O)(alkyl), alkylens-NHC(O)(aryl), alkylene-NHC(O)(heterocyclyl), =

. alkylene-NHC(O)(heteroaryl), alkylene-NHC(O)-(alkylene-heterocyclyl), alkylenc-
NHC(O)-(heteroaralkyl), alkylene-C(O)(alkyl), alkylene-C(O)O(alkyl), ORY, SR™
or NRPR'; where R™ is selected from the group consisting of B, (CH,),-R", or
CO)-(CHY R, mis1,2, 3, or4;ris0, 1, 2, or 3; R®is CH,NE®),,

20 CH,N®”),L, or CO,R’; each R® is independently selected from H, or alkyl; Lisa
counter ion; R* is H, or alkyl; and R is H, alky} or CO,R" and R’ is H, or
alkyl;

R? is selected from the group consisting of H, alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an

56~ —_—
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optionally quhsntutad carbocycloalkyl, R-O-, and R'R™

- whcrc R* zud R® are

independently selected from the group consisting of alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an
optionally substituted heterocyclyl, an optionally substituted heteroaratkyl, and an
optionally substituted carbocycloalkyl; R° is selected from the group consisting of
H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an
optionally substituted heteroaryl, an optionally substituted heterocyclyl, an
optionally substituted heteroaralkyl, and an optionally substituted carbocycloatkyl;
or R* and R° along with the nitrogen to wihich they are attactied form a )

heterocyclyl;

Y is (CH,),, CHR™(CH,),, HC=CH, or ethynyl; where R is aikyl or is
selected from the group consisting of an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally
substituted carbocycloalkyl; pis 0, 1,2 0r3;andois 0, 1 or 2;

X! is C=0, or (CH,),; wherenis 0, i, or2;

A

R*is H, alkyl, an optionally substituted aryl, an optionally substituted aratkyl,
an optionally substituted heteroaryl, an optionally substituted heteroaratkyl; an
optionally substituted heterocyele, an optionally substituted heterocyclyl, an
optionally substituted carbocycloalkyl, or an alkylene-(substituted amino}; and

with the proviso that when Y’ is (CH,), and p is 0, then R? is not H.

34. The method of claim 33 wherein the potassium channel is a voltage gated

potassium channel,

35. Themethod of claim 34 wherein the potassium channel is selected from a
potassium channel responsible for cardiac Iy, potassium current.

36. The method of claim 34 wherein the potassium channe] is Kv1.5. .

37. A method for treating cardiac arrhythmias which comprises administering to a
patient in need thereof, a pharmaceutically effective amount of a compound of
formula (I) or a pharmaceutically acceptable salt, ester, amide, complex, chelate,

. .57~
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22 4 L p m1l opo 4
() 23 4. chdphbenyl _ '
< 24 U yiphcu™ T 13~ ~ ~

X (S bis Shest Has Been Replaced /US99/01663
T i T

hydrate, stereoisomer, crystalline or amorphéus form, metabolite, metabolic

precursor or prodrug thereof:
R’
o
XZ\N/Rs |
R2
A @
A y? Z
Y X ' \
—_ ;!
!
R{ F )
wherein tis 1, or 2; _ .
5 A and B are each H, or taken together form a bond between the substituted

carbons;

RlisH, atkyl, or is selected from the group consisting of an optionally
substituted aryl, an optionally substituted heteroaryl, an optionally substituted
~ heterocyclyl and an optionally substituted carbocycloalkyl;

10 Y? is (CH,),, (CH,),0, HC=CH, ethynyl or NH, wis 0, 1, or2 and qis 0, 1, or
2, with the proviso that if Y? is (CH,), and q=0, thea R* cannot be H

X? is C=0, C=8§, or SO,; with the proviso that if Y is (CH,), 0, then X* is
not SO,;
R is H, alkyl, an optionally substituted aryl, an optionally substituted

15 aralkyl, an optionally substituted heteroaryl, an optionally substituted

. heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted
amino);

Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl),

20 alkylene-NHC(O)(alkyl), alkylene-NHC(O)(aryl), alkylene-NHC(O)(heterocyclyD,
alkylene-NHC(O)(heteroaryl), alkylene-NHC(O)-(alkylene-heterocyclyl), alkylene-
NHC(O)-(heteroaralkyl), alkylene-C(O)(alkyl), alkylene-C(O)O(alkyl), ORY, SR*
or NRPR'; where R™ is selected from the group consisting of H, (CH,).-R?, or
CO)-(CH)-R*; mis1,2,3,0r4; ris 0, 1, 2, or 3; R®is CHN®Y,,

-58-
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144s0 e CH,Ni (R.’)BL, or C&R®; eaciDR? is independently selected from(H) or alkyl; Lisa

counter fon; RY is H, or alkyl; and R'® is H, alkyl or CO,R® and R® is H, ar
alkyl; | | .

R? is selected from the group consisting of H, alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an
optionally substituted carbocycloalkyl, R*-O-, and R'R*-N- ; where R* and R® are
independently selected from the group consisting of alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an
optionally substitated heterocyclyl, an optionally substituted heteroaralkyl, and an
optionally substituted carbocycloalkyl; R® is selected from the group consisting of
H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an
optionally substituted heteroaryl, an optionally substituted heterocyclyl, an
optionally substituted heteroaralkyl, and an optionally substituted carbocycloatkyl;
or R* and R* along with the nitrogen to which they are attached form a
heterocyclyl; |

Y* is (CH,),, CHR"(CH,),, HC=CH, or ethynyl; where R" is alkyl or is
selected from the group consisting of an optionally substituted aryl, an optionally
substituted beteroaryl, an optionally substituted heterocyclyl and an optionally
substituted carbocycloalkyl; pis0, 1,2 0or3;andois 0, 1 or 2;

X'is C=0, C=S8, SO,or (CH,),; wheren is 0, 1, or 2;

R*is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted
amiim); and

with the provisos (i) that if Y' is (CH,),, p is 0 and X is not (CH,),, then R?
is not H, (ii) that if R* is RO and Y" is (CH,), with p=0, then X* is not SO, and
(i) if Z is not H, OR™, SR or NR¥R'S, then X* must be SO,.
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whereintis 1, or2;
Aand B are each H: "
R'is H, atkyl, or is selected from the group consisting of an optionally
10 substituted aryl, an optionally substituted heteroaryl, an optionally substituted

 heterocyclyl and an optionally substituted carbocycioalkyl;
¥?is (CH,),, HC=CH, or ethynyl and q is 0, 1, or 2, with the proviso that when
Y?is (CHy), and q=0, then R* cannot be H;
X%is 8O,;

15 R*is H, alkyl, an optionally substituted aryl, an optionally substituted

araikyl, an optionally substituted heteroaryl, an optionally substituted

heteroaralkyl; an optionally substituted heterocycle, an optionally substituted |
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted
amino);

20 Z is B, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl),
alkylene-NHC(O)(alkyl), alkylene-NHC(O)(aryl), alkylene-NEHC(O)(heterocyclyl),
alkylene-NHC(O)(heteroaryl), alkylene-NHC(O)-(alkylene-heterocyclyl), alkylene-
NHC(O)-(heteroaralkyl), alkylene-C(O)(alkyl), alkylene-C(O)O(alkyl), OR™, SR*
or NRR'®; where R™ is selected from the group consisting of H, (CH,)-R®, or
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COCHY R mis 1,2, 3, 0r4;ris0, 1, 2, or 3; R®is CH,N®,,
CH,N@R"),L, or CO,R% each R’ is independently selected from H, oralkyl; Lisa
counter fon; RY is H, or alkyl; and R* is H, alkyl or CO,R® and R™is H, or
alkyl;

5 R? is selected from the group consisting of H, alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an
optionally substituted carbocycloalkyl, R*-0-, and R°R*-N- ; where R® and R® are
independently selected from the group consisting of alkyl, en optionally substituted

10 aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, and an
optionally substituted carbocycloalkyl; R® is selected from the group consisting of
H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an *
optionally substituted heteroaryl, an optionally substituted heterocyclyl, an

15 optionally substituted heteroaralkyl, and an optionally substitated carbocycloatkyl;
or R® and R® along with the nitrogen to which they are attached form a
heterocyclyl; _

Y' is (CH,),, CHR'(CH,),, HC=CH, or ethynyl; where R" is alkyl or is
selected from the group consisting of an optionally substituted aryl, an optionalty
20 substituted heteroaryl, an optionally substituted heterocyclyl and an optionally
substituted carbocycloalkyl; pis 0, 1,2 0r3; andois 0, 1 or2;
X! is C=0, C=8, or (CH,),; where nis 0, 1, or 2;
R*is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted beteroaryl, an optionally substituted

25 heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted
amino); and

with the provisos (i) that when Y* is (CHL),, p is 0 and X" is not (CH,),, then
R*is not H, and (i) that if R? is RO and Y" is (CH,), with p=0, then X" is not

-61-
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phenyl 64 4-bronophenyl 3- et hoxyphenyl - O -

65 4-nitrophenyl 3- net hoxyphenyl -C(O- ) ' 66

4- chl or ophenyl 4-t ol yl -C=CC(O) - 67 4-chl orophenyl
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4- met hoxyphenyl - O - 74 4-et hyl phenyl

3-acet yl phenyl -C(O- 75 4-acetyl phenyl

4-t ol yl -C(O- 15 < 76 4-tolyl
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wherein tis 1, or 2;
Aand B are each H;
0 R}is H, alkyl, or is selected from the group consisting of an optionally

substituted eryl, an optionally substituted heteroaryl, an optionatly substituted
heterocyclyl and an optionally substituted carbocycloalkyl;

Y?is (CHy)  and q is 0, 1, or 2, with the proviso that when ¢=0, then R? cannot
be H;

15 X%is SO,

R’ is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substifuted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted
20 amino);

Z is H, alkyl, alkyenyl, alkylene(lieterocyalyl), alkylene(heteroaryl),
alkylene-NHC(O)alkyl), alkylene-NHC(O)(aryl), alkylene-NHC(O)heterocyclyl),
alkylene-NHC(O)(heteroaryl), alkylene-NHC(O)-(alkylene-heterocyclyly, alkylene-
NHC(O)-(heteroaralkyl), alkylene-C(O)(alkyl), alkylene-C(O)O(alkyl), OR¥, SR*
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25 86 phenyl 4- et hyl phenyl - O -
88

87 phenyl . 3, 4-di net hyl phenyl -C(O -

3-trifluoronethyl phenyl 3, 4-dinmethyl phenyl -C(O- 89

4- et hyl phenyl 3-tolyl -C(O - 0

4-1 sopropy| poesnshen? 3-tolyl -C(O- 30 PCTIUS”M“QQI

4- met hoxyphenyl 3-tolyl -C(O- 92

4- et hyl phenyl 4-f | uor ophenyl -C(O- 93

4-1 sopropyl phenyl 4-f 1 uor ophenyl - O - 94

4-n- propyl phenyl 4-f | uor ophenyl - O - 95 .
3-tolyl 4- et hyl phnyl -C(O- 35 96
3-ni trophenyl or NR¥™R'; whef B* th solettd frymhthe gloup consBif) of 19,7(CEB) FRY, ok

o ;ﬁgx'r  hyl C(O)-(cziz),-kt;% gg 2,3, 0r4;ris 0, 1.5 or §; B WERIGRY, 3L

CH,N®,L, or CO,R% each R’ is independently selected from H, or alkyl; Lisa
counter fon; RY is H, or alkyl; and R is H, alkyl or CO,R” and R is H, or
s alkyl;

R?*is selected from the group consisting of H, alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted hetaroaryl, an
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an
optionally substituted carbocycloalkyl, R*-O-, and R'R*-N- ; where R* and R® are

10 independently selected from the group consisting of allyl, an optionally substituted

| aryl, an optionally substituted aralkyl, an optionally substitued heteroaryl, an
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, and an
optionafly substituted carbocycloalkyl; R° is selected from the group consisting of
H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an

15 optionally substituted heteroaryl, an optionally substituted heterocyclyl, an
optionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl;
or R® and R® along with the nitrogen to which they are attached form =
heterocyclyl;

Y is (CH,),, CHR"(CH,),, HC=CH, or ethynyl; where R" is alky! or is

20 selected from the group consisting of an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally
substituted carbocycloalkyl; pis 0, 1, 2or 3; and 0is 0, 1 or 2;
X! is C=0, or (CH,),; wheren is 0, 1, or 2;
R* is H, alkyl, an optionally substituted aryl, an optionally substituted aratkyl,
25 an optionally substituted heteroaryl, an optionally substituted heteroaralkyl; an
optibnally substituted heterocycle, an optionally substituted heterocyclyt, an
optionally substituted carbocycloalkyl, or an alkylene-(substituted amino); and

with the proviso that when Y* is (CH,), and p is 0, then R* is not H.

40. A method for treating cardiac arrhythmias which comprises administering to a
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WD 99/ 37607 PCT/ US99/ 01663

[err] 99 4-i sopropyl phenyl : ' -di -phenyl

-C(O- 100 4-n- propyl phenyl di phenyl

-C(O) - 101 4- met hoxyphenyl ﬁhen yl

- (O wossszssr 102 3-tolyl PCTUSSEhy i
-CHerr]C(O- 5 103 4- et hyl phenyl

2-t hi enyl -C(O- 104 4- et hyl phenyl

4- di met hyl am nophenyl -C(O) - 105 4-i sopropyl phenyl
2, 2-di nent hyl et henyl -C(O) - 106 4-i.sopropyl phenyl
4-ni trophenyl -C(O- 107 3-tolyl

g: L,L? ﬁggs Bﬁ%@t in need thereof, & Qh%v&gutxca]!@%&‘ectivg 51;[18111)( lof & compound of
formulz (IV) or s pharmaceutically acceptable salt, ester, amide, complex, chelate,
hydrate, stereoisomer, crystalline or amorphous form, metsbolite, metabolic
precursor or prodrug thereof:

wherein tis I,
AandB are each H;
R' is alkyl, or is selected from the group consisting of an optionally
substituted aryl, an optionally substituted heteroaryl, an optionally substituted
10 hetero¢yclyl and an optionally substituted carbocycloalkyl;
Y?is (CH), and g is 0;
X2is SO,;
R’ is H, alkyl, an optionally substituted aryl, an optionally substituted
aratkyl, an optionally substituted heteroaryl, an optionally substituted
15 beteroaralkyl; an optionally substituted heterocycle, an optionally substituted
. heterocyclyl, an optionally substituted carboeycloalkyl, or zn alkylene-(substituted
anino);
Z is H, atkyl, alkyenyl, alkylene(heterocyciyl), alkylene(heteroaryl),
alkylene-NHC(O)(alkyl), alkylene-NHC(O)(aryl), alkylens-NBC(O)(heterocyclyl),
20 alkylene-NHC(O)(heteroaryl), alkylene-NHC(O)-(alkylene-heterocyclyl), alkylene-
NHC(O)-(heteroaralkyl), alkylene-C(O)(alkyl), alkylene-C(Q)O(alkyl), ORM, SR
or NR¥R"; where R™ is selected from the group consisting of H, (CH,).-R*, or
CO-CH)-R*; mis 1,2,3,0r4;ris 0, 1, 2, or 3; R®is CHN®R®),,
CH,N®R’),L, or CO,R%; each R® is independently selected from H, or alkyl; Lisa
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109 2,3,6-trinethyl -4-nmet hoxyphenyl 3- et hoxyphenyl - O -

110 4- met hoxy- 2, 3, 6-tri nmet hyl phenyl phenyl - -C(O-
111 2- phenet hyl 3- met hoxyphenyl -C(O -

112 trans- 2- phenyl et henyl 3- met hoxyphenyl petrussooisss - C(O) -
15 - WO PR3607  4-n- propyl phenyl 3, 5- di met hoxyphenyl
-C(O- 114 4-t - anyl phenyl

3- met hoxyphenyl -C(O- 115 4-1 sopropyl phenyl

4- met hoxyphenyl -CHerr](O)- 116 4-trifluoro
met hoxphenyl phenyl o - O- 117
4-trifluoronot hyl ph_eanIH . 3-t %I'yl " 10 -C(O- 20

118  3-chl or eptsjen; R- is H, or alkyl; and R” is §, piyha§GQdierapd R™ is B, or -¢(O) -
Tabl e 1B erd] Entry Rerr] R err] R err]
Rlerr] -YerrT-Kferr]- 25 119 4- et hyl phenyl

3- met hoxypheny| &2 faaslastbd frin the grougédohisting of H, alkyl, an optionally substituted

1 ne! 4 phenyl

cycl opr opyl ”YE a%_qggﬁ‘;’}lb' sutHgtnted araliglgm °Pﬁ°“&1%’03“1’3ﬁ“;§ H%*!?’WL 4. et hyl phenyl
g: gt Egggﬂgggﬁkm@?gbﬁh@ Ebterwycl)fl%f%p:ﬁonaﬂy substituted heterd&alkyl, aff~ €t hyl pheny!
optionally substituted carbocycloalkyl, R*-O-, and R*R*-N- ; where R* and R® are
independently selected from the group consisting of alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted hetercaryl, an
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, and an
10 optionally substituted carbocycloalikyl; B° is selected from the group consisting of
H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an
optionslly substituted heteroaryl, an optionally substituted heterocyclyl, an
optionally substitted heteroaralkyl, and an optionally substitated carbocycloalkyl®
or R* and R” along with the nitrogen to which they are attached form a
15 heterocyclyl;

Y! is (CH,),, CER™(CH,),, BC=CH, or ethynyl; where RY is afkyl or is
selected from the group consisting of an optionally subs:timted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally
substituted carbocycloalkyl; pis 0, 1,2 0r3;andois 0, 1 or2;

20 X! is C=0, or (CH,),; where nis 0, 1, or 2;

R*is H, alkyl, an optionally substituted asyl, an optionally substituted aralkyl,
an optionzlly substituted heteroaryl, an optionally substituted heteroaralkyl; an
optionally substituted heterocycle, an optionally substituted heterocyclyl, an
optionally substituted carbocycloalkyl, or an aiL'yiene-(subsﬁmted amino); and

25 with the proviso that when Y* is (CH,), and p is 0, then R? is not H.

A
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123 4- et hyl phenyl cycl opropl _ [err] H -C(O- 30

124 4- met hoxy- 2, 3,6- 3-pyridine H H -CHerr]-

trimet hyl phenyl PCT/ US99/ 01663 WO

99/ 376007 [err] 125 4- et hyl phenyl cycl opropyl

[err] = H  wo®b&d07 PCT/US99/01663
AMENDED CLAIMS

[received by the Interpational Bureau on 7 July 1999 (07.07.99);
original claims 1-40 replaced by new claims 1-41(31 pages)]

1. A compound of formula (I) or a pharmaceutically acceptable salt, ester,
N amide, complex, chelate, hydrate, stereoisomer, crystalline or amorphous form,

5 metabolite, metabolic precursor or prodrug thereof:
R‘
\Y’
|
3
x’\‘N P
R2
A @
! z.
X i X .
;1 e o
b P a )t This Sheet Has Been R

1A I i

A and B are each H, or taken together form a2 bond between the substituted
carbons;
10 R!is H, alkyl, or is selected from the group consisting of an optionally
substituted aryl, an optionally substituted heteroaryl, an optionally substituted
heterocyclyl and an optionally substituted carbocycioalkyl with the proviso that
when R! is an optionally substituted aryl, then R! is not a dialkoxyphenyl;
Y?is (CH,),, (CH,), 0, HC=CH, ethynyl or NH, wis 0,.1,or2and qis 0, 1,
15 or 2, with the proviso that if Y? is (CHL), and q=0, then R* cannot be H;
X% is C=0, C=8, or 80,; with the proviso that if Y2 is (CH,),0, then X*
is not SO,;
- R®is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted

REPLACED SHEETS SG
' 1 Descrintion - ;r'.-'-f.‘_.cd . w to pagad
) O N 0 esciption - vsed oot o
* c L H $ * -
' [T} Drawingivi ;:::gcd ........ 10 payed L.
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126 4-trifluoromethoxy 3-tolyl [err] H -C(O - phenyl
127 4-et hyl phenyl 3- net hoxyphenyl [err] H -C(O -
128 4- et hyl phenyl 4-pyridi ne H H -CH err]-
129 4- met hoxy-2, 3, 6- 2- pyridi ne H H - m%k
tri met hyl phentyP 9937607 130 4- et hyl phenyl 3- net &6
et hyl H -C(O- 131 4- et hyl phenyl tert-butyl
H [err] -C(O) - 132 4- et hyl phenyl 3- met hoxyphenyl
H [err] -C(O)- 133 4- et hyl phenyl 3- met hoxyphenyl
H benzyl -C(O- 10 134 4- et hyl hengu
3- met hoxy phenjéteroanatkyl; an aptipapily substitgjed heterocyclyl, an op twedhy | phenyl
[err] _ 136 4- et hyl phenyl
[err] mrbocyﬂoalkyl oEan alkylene> @stxtuted amino}; 137 4- et hyl phenyl
[err] ﬂ is H, andyll alkyenyl,G{i6)lene(heterocyclyl), alkylamdtheteroadylpt hy| pheny!l
err

[ ! alkyiene—NHC(O)(alkyl), alkyl Cgﬁ%HC(O)(aryl), aIIquene-NHC(O)(heterocycIyI),

5.  alkylene-NHC(O)(heteroaryl), alkylene-NHC(O)-(alkylene-heterocyclyl), alkylene-~

NHC(O)-(heterozralkyl), alkylene-C(O)(alkyl), alkylene-C(0)OalkyD), OR™, SR
or NR®RY; where R* is selected from the group consisting of H, (CHy),-R’, or
CO)-{CH)R% mis1,2,3, or4;ris 0, 1, 2, or 3; R*is CH.NR),,
CH,N®%,L, or CO,R® each R’ is independently selected from H, or alkyl; Lisa
10 counter ion; RY is H, or alkyl; and R is H, alkyl or CO,R" and R is H, or

alkyl;

]

R? is selected from the group consisting of H, alkyl, an optionally
substituted aryl, an optionally substituted aralkyl, an optionally substituted
heteroaryl, an optionally substituted heterocyclyl, an optionally substituted

15 heteroarafkyl, an optionally substituted carbocycloalkyl, R*-O-, and R'R*-N- ;
where R* and R® are independently selectad from the group consisting of alkyl, an
optionally substituted aryl, an optionally substituted aralkyl, an optionally
substituted heteroaryl, an optionaily substituted heterocyclyl, an optionally
substituted heteroaralkyl, and an optionally substituted carbocycloalkyl; R® is

20 selected from the group consisting of H, alkyl, an optionally substituted aryl, an
optionally substituted aralkyl, an optionally substituted heteroaryl, an optionally

* substituted heterocyclyl, an optionally substituted heteroaralkyl, and an optionally
substituted carbocycloalkyl; or R® and R® along with the nitrogen to which they are
attached form a heterocyclyl;

25 Y! is (CHp),, CHR"(CH,),, HC=CH, or ethynyl; where R is alkyl or is
selected from the group consisting of an optionally substituted aryl, an optionally
substituted heteroaryl, an optiona}iy substituted heterocyclyl and an optionally

-_

—— M
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15 139 4- et hyl phenyl phenyl - NH H H

-CHerr]C(O - 140 4- et hyl phenyl benzyl - NH - H

H -CHerr]C(O) - 141 4- et hyl phenyl 3, 4-di et hyl

H H -CHerr]C(O) - benzyl - NH

142 " 4- et hWMOPRBTH)T 3, 4-di net hyl H H POTH[SO¥01H63( O) -
phenyl -N(CH err]) - 143 4- et hyl phenyl

4-chl orobenzyl -N(CH err])- H H -CHerr]C(O- 20 144

4- et hyl phenyl benzyl -N(CH err]) - H H -CHerr]CO)-

145 4- wt hyl phenyl 4- met hoxyphenyl -N(CH err])- H H -CHerr]CO) -
- 33- substituted carbocycloalkyl; pis €, 1, 20r3; and o is 0, 1 or 2;

PCT/ US99/ 01663 X'isC=0, C= \QOS%QI SZC%)Z),, wherenxs() 1, 0r2;

R* is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted
5 - heteroaratkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted
amino); and
with the provisos (i) that if Y is (CH,),, p is 0 and X! is not (CH,),, then
R*is not H, (i) that if R* is R~O and Y' is (CH,), with p=0, then X is not SO,,
10 @) if Z is not H, OR™, SR or NR¥R", then X* must be SO, and (v) if t=1, 4,
B and Z are each H, X* is C=0, or C=$, Y is NH, R*isHoralkyl, R' is H ar*
alkyl, X' is C=0, or C=§, R*is H, and Y'is (CH,), with p=0 then R* cannot be
alkyl, or R'R*N
2. The compound of claim 1 wherein A and B are each H and the formula (I) ®
15 has a stereochemical configuration of substituents in accordance with the following
formula (Xa):

3 A compound of formula (II) or a pharmaceutically acceptable salt, ester,
20 amide, complex, chelate, hydrate, stereoisomer, crystalline or amorphous form,

AL

metabolite, metabolic precursor or prodrug thereof:
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146 4- et hyl phenyl 3, 4-di net hoxy phenyl-N(CH err])- H H
-CHerr]O - - . 147 4- et hyl phenyl : [err]

H H -CHerr]C(O) - 148 par a- et hyl phenyl
[err] H H -CHerr]C(O) - 63
149 ~ 4-et hyl prr?)/F%m [err] PCT/!I{?99/016

-4 O -

H

whereintis 1, or 2;
R'is H, alkyl, or is selected from the group consisting of an optionally
5 substituted aryl, an optionally substituted heteroaryl, an optionally substituted
heterocyclyl and an optidnaﬂy substituted carbocycloalkyl with the proviso that™
when R' is an optionally substituted aryl, then R® is not a dialkoxyphenyl;
Y is (CH,),, (CHL,),0, HC=CH, ethynyl or NH, wis 0,1, or2 and qis 0, 1,
or 2, with the proviso that if Y? is (CH,), and q=0, then R* cannot be H; ~
10 X% is C=0, C=S, or SO,; with the proviso that if Y* is (CH,), O then X*
is not 80,;
R®is H, alkyl, an o;ﬁtionally substituted aryl, or an optionally substituted
heteroaryl;
Z is H, OR™, SR™ or NR™R; where R™ is selected from the group
15 consisting of H, (CH),-R?, or C(O)-(CH)-R% mis 1,2,3,0r4;ris0, 1,2, or
3; R*is CHN®’),, CHLNRM,L, or CO,R®; each R’ is independently selected
from H, or alkyl; L is a counter ion; R” is H, or alkyl; and R is H,, alkyl or
CO.R™ and R” is H, or alkyl;
R? is selected from the group consisting of H, alkyl, an optionally
20 substituted aryl, an optionally substituted heteroaryl, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, R*-O-, and R*R*-N- ;
where R* and R® are independently selected from the group consisting of alkyl, an

W
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150 4-et hyl phenyl [err] H H

-C¢(O- - 151 4- et hyl phenyl [err]

H H -C(O - 152 4-et hyl phenyl [err]

H H -C(O)- : 153 4-et hyl phenyl

4- et hoXypheM”37607 et hyl met hyl -C(O) - PCT/US99/01663

154 4- et hyl phenyl 4- met hoxyphenyl [err]

met hyl -C(O) - 10 155 4-et hyl phenyl 3-pyridine
ethyl H -CHerr]- 156 4-et hyl phenyl

3- et hoxyphenyl met hyl nmethyl -CHerr]-

157 4- et hyl piyeioxdliy substituted angh enbtionally substituted hetercaryl, an optionally net hyl H
TSJ{ gr rl]CCH[ er u]bsnmted heterocyclyl and an optionally subsututed carbocycloatkyl; R is NA\ N

Table 1C selected from the group consisting of H, alkyl, an optionally substituted aryl, an
optionally substituted heteroaryl, an optionally substituted heterocyclyl and an
5- optionally substituted carbocycloalkyl;

' Y is (CH),, CHR"(CH,),, HC=CH, or ethynyl; where R" is alkyl or is
selected from the group consisting of an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally
substituted carbocycloalkyl; pis0, 1,2, 0r3;and0is 0, 1,0r 2

10 X! ig €=0, C=S, SO, 0r (CH,),; wheren is 0, 1, or 2;

R* is H, alkyl, an optionally substituted aryl, or an optionally substitated
heteroaryl; and

with the provisos (i) that if ¥* is (CH,),, p is 0 and X* is not (CH,),, then
R?is not H, (i) that if R is R~O- and Y" is (CH,), with p=0, then X" is not SO,

15 and (iif) if t=1, Z is B, X?is C=0, or C=S§, Y*is NH, R*is H or alkyl, R'is H
or alkyl, X! is C=0, or C=S$, R*is H, and Y" is (CH,), with p=0 then R® cannot
be alkyl, or R*'R™N.

4. A compound of formula (I} or a pharmaceutically acceptable salt, ester,
amide, complex, chelate, hydrate, sterecisomer, crystalline or amorphous form,

20 metabolite, metabolic precursor or prodmg thereof:
Rr? \Yz
’ Yl‘ >E2 R
N\, N
X N
| A @
N Z
R4/ \ \ m——

This Sheet

) //ml///lm////nl//iﬁ“’
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Entry Rerr] R err] Rl err] R[errl]

-Y[err]-Xferr]-- 158 4- et hyl phenyl

3- net hoxyphenyl H H - -

159 . 4-et 4- met hoxyphenyl H

%0 - "WoRESRY 160 4 ethyl phenyl . bulpﬁTmés?mess
H H -C(O)-

-34-

PCT/ US99/ 01663 WD 99/ 37607

wherein tis 1, or2;
A and B are each H, or taken together form a bond between the substituted
carbons;

5 R! is H, alkyl, or is selected from the group consisting of an optionally
substituted aryl, an optionally substituted heteroaryl, an optionally substituted
heterocyclyl and an optionally substituted carbocycloalkyl with the proviso that
when R is an optionally substituted aryl, then R? is not a dialkoxyphenyl;

Y2 is (CH,),, (CH,),0, BC=CH, ethynyl or NH, wis 0, 1, or2and qis 0, 1,
10 or 2, with the proviso that if Y* is (CH,), and ¢=0, then R? cannot be H
X2 is C=0, C=§, or SO,; with the proviso that if Y? is (CH,),0, then X*
is not SO,;
R® is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted "
15 heteroaralkyl; an optionally substituted heterocyclyl, an optionally substituted
carbocycloalkyl, or an alkylene-(substituted amino);
Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl),
alkylene-NEC(O)(alkyl), alkylene-NHC(O)(aryl), alkylene-NHC(O)(heterocyclyl),
alkylene-NHC(O)(heteroaryl), alkylene-NHC(O)-(alkylene-heterocyclyl), alkylene-

20 NHC(O)-(heteroaralkyl), alkylene-C(O)(alkyl), alkylene-C(O)O(alkyl), ORY, SR*
or NR¥R%; where R™ is selected from the group consisting of H, (CH,)-R}, or
. C(O)(CH),-R%; mis1,2,3,0r4;risQ, 1, 2, or 3; R*is CEHN®’),,

CH,N®®),L, or CO,R’; each R’ is independently selected from H, or alkyl; Lisa
counter ion; R® is H, or alkyl; and R™ is H, alkyl or CO,R™ and R¥ is H, or

25 alkyl;
 R*is selected from the group consisting of H, alkyl, an optionally
substituted aryl, an optionally substituted aralkyl, an optionally substituted

e

Sheet Has Been Replaced

"
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161  4-et hyl phenyl ' 3-chl or ophenyl H H

-C(O- 162 4- et hyl phenyl _

cycl opr pane [err] H -C(O- ' 163

4- et hyl phenyl met hyl [err] H

-C(O- " WO 99/37607 164  4-et hyl phenyl PCT/US99/01663t - but yI
[err] H -C(O- 5 165 4-et hyl phenyl

3- met hoxyphenyl [err] H -C(O- 166

4- et hyl phenyl 3- met hoxyphenyl H [err]
-C(O- 167 4-ethyl phenyl _

cycl opr opane heteroaryl, an-optionally spmtu]ted heteroc@(l@)) an optonally substxtuted 168

[err]

?C(e tO;]yl phenyl heteroamlkyl,.an optignally sgftgsgpf;é%qqm}oﬂkyl, R~O-, and R'R*-N-;
[err] H where R*Ghll ® &le-independently selected from the group consisting of alkyl, an
optionally substituted aryl, an optionally substituted aralkyl, an optionally
5- substituted heteroaryl, an optionally substituted heterocyelyl, an optionaily
substituted heteroaralkyl, and an optionally substituted carbocycloalkyl; R° is
selected from the group consisting of H, alkyl, an optionally substituted aryl, an
optionally substituted aralkyl, an optionzlly substituted heteroaryl, an optionally
substituted heterocyelyl, an optionally substituted heteroaralkyl, and an optionally
10 substituted carbocycloalkyl; or R® and R® along with the mtmgen to which they are
attached form a heterocyclyl;

Y! is (CH,),, CBR"(CH,),, BC=CH, or ethynyl; where RY is alkyl or is
selected from the group consisting of an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally

15 substitnted carbocycloalkyl; pis 0, 1,2 o0r3; and0is 0, 1 or 2;

X'is C=0, C=S§, S0,, or (CH,),; wherenis 0, 1, or 2;

R*is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted

20 heterocyelyl, an optionally substituted carbocycloatkyl, or an alkyiene-(substituted
amino); and
. with the provisos (i) that if ¥’ is (CH,),, p is 0 and X* is not (CH,),, then

R?is not H, (ii) that if R® is RO and Y' is (CH,), with p=0, then X" is not SO,,

(iif) if Z is not H, OR™, SR™ ar NR®R™, then X* must be SO, and (iv) if t=1, A,
25 B and Z are each H, X is C=0, or C=S8, Y* is NH, R® is H or alkyl, R' is H or

alkyl, X' is C=0, or C=$, R*is H, and Y* is (CH,), with p—O then R? cannot be

alkyl, or R°R°-N. T ——
This Sheet Hag

LTI
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10 170 4-nethoxy-2, 3,6, -trinethyl phenyl 3-pyridyl

H H -CH[err] - | 171 4-ethyl phenyl

4- pyri dyl H H -CH err] - ol
ﬁ?Z ot hyI_ %2)}5}?1@7 1§épy£1|- Cei%llhyl phenylPCT’US’M”6?:"'at Y

4- CF[ err] O phenyl H H -CHerr]- : | 174
4- et hyl phenyl 3-pyridyl H err
-CHerr]- 15 175 4-et hyl phenyl

4- et hyl phenyl H err .-CHerr]- L
EXAMPLE. Bi ASs ays The compound of b 4 whenein A pighB @ qaph Hand fhasformula (3)

CelI's stably hidiéecdhgtlionichitightabibn f}%bﬁ%ﬁﬁ@&:oﬁa@e%ﬂﬂ‘iﬂ%ﬁo%ggt or) 20

al pha
400 [err]g/mM (418. Cells were

- 35-

were grown as confluent nonolayers in 96 we tissue culture p es in MEM
forraulz (Ta). with 10% heat inactivated fetal bovine sefum and
Rz
Y’
\ t
X
N
R‘/ N AN

10

15

20

6. The compound of claim 1 or a pharmaceutically acceptable salt, ester,
amide, complex, chelate, hydrate, stereoisomer, crystalline or amorphous form,
metabolite, metabolic precursor or prodrug thereof, wherein °

A and B are each H;

Y?is (CH,),, HC=CH, or ethynyl and ¢ is 0, 1 or 2;

X* 5 SO,;

R' is selected from the group of an optionally substituted aryl and an
optionally substituted heteroaryl;

X' is C=0, C=S§, or (CH,),; wherein n is 0, 1, or 2; and Z is H or OR*.
7. The compound of claim 1 or a pharmaceutically acceptable salt, ester,
amide, complex, chelate, hydrate, stereoisomer, crystalline or amorphous form,
metabolite, metabolic precursor or prodrug thereof, wherein

Aand Bareeach H;

Y?is (CHp, and q is 0, 1, or 2;

X2 is SO,;

R' is H or an optionally substituted aryl selected from the group of phenyl

L
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PCT/ US99/ 01663 WD 99/ 37607 I ncubat ed
overni ght in growth nedia containing 1 [err]C/m [err]Ro to permt

i ntracel | ul ar upt ake of the isotope. At the end of the

i ncubation period, the [err]Rb solution was aspi rated and
the cells washe®4’%e times with Earls Bal anced Salt Sol uPCHHSPRESS)

whi ch contained (in MM 132 NaCl, 5.4 KC1, 1.8 CaC[err], 0.8 mM MO [err]

10 MM 5 HEPES and 5 mM gl ucose. The cells were then
prei ncubated for 10 minutes at room tenmperature in 100
.En?r : ]h: /Swe-l I Ogﬂ %g&k%{;l EBSS cont ai ni [lg.dt esfjI tcorrpoqu_ls. I iAt t het ﬁnd dded 100
peri o s were aspirated and to each well was then adde
(Na T opl aced by ) anacl (S WhEH PSS ALMET T 01 DS {ested. The
hi gh KO concent r ali dh(GRs, (H+CHeor atiyngbwbérapiiz, 1,12eor B0 cells
| ncubati on i E70. mARERIRBME iR £ BB iisall SRRl P s 1 emoved
Dlate for analyer s Broal Ly Tog o acRaRbAR, HAIEL! pafbR il o im
docecyl sul f abgtapofittspmetabolis pEravrsenas pexiseaieteof, ovheseire t he cel | s.
tisl;
AandBareeach H; -
Y is (CH), and qis 0;
10 X2 is SO; _
R' is an optionally substituted aryl selected from the group of phenyl and‘
naphthyl;
X! is C=0, or (CH,),; where nis 0, 1, or 2; and
Z is H, or OH; and )
15 Y' is CH=CH, ethynyl or (CH,),, where pis 0, 1, 2 or 3.
9. The compound of claun 8 or a pharmaceutically acceptable salt, ester,
amide, complex, chelate, hydrate, stereoisomer, crystalline or amorphous form,
metabolite, metabolic precursor or prodrug thereof, wherein R® is H.
10.  The compound of claim 9 wherein R! is an optionally substituted phenyl.
20 il. A pharmaceutical composition comprising a compound of claim 1 or its
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate,
» stereoisomer, crystalline or amorphous form, metabolite, metabolic precursor or
prodrug and a pharmaceutically acceptable diluent or carrier.
12. A pharmaceutical composition comprising a compound of claim 2 or its
25 pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate,
stereoisomer, crystalline or amorphous form, metabolite, metabolic precursor or
prodrug and a pharmaceutically acceptable diluent or carrier. -

R Y
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The | ysate was taken for analysis to determne final cell content of

[err] Rb. Sanple 15 were counted in a Wall ac M crobeta |iquid
scintillation counter by Cerenkov em ssion. Efflux was
expressed asyd ntage of the initial cell content of [ 0166

The testing res?gﬁﬁg-?of sel ective conpounds from Tabl es lA—%ﬁz&S’élggg tzﬁi S
assay are reported in Table 2 (flux) as the potency for
inhibition of [err]Rb efflux through Kvl.5 potassium

channel s expressed in CHO cells by conpounds of the invention. 20

El ect.rophysi ql,ogi cal , st udi es. o - l.ecty ophysi ol ogi cal
recor di ngs 0133p0t d‘gW%g@éWsﬁWWgﬁm@md of it § P ovary

cel I's stably pRuiHasicany DR QICORT! &high, dofipldeheitsl hHydReL assi um channel
subunit were perfornmed ‘using the whole cell configuration of t he patch

clanp . stereoisomer, cryssdlingi of @mornhavs form e megabolite prptabplicprequesnr or 391: 85,

1981). Cell |i§§§ LI - ... were prepared using
standard t ecfhi qﬁgﬁiﬁéngm %o %gxé%?lfg%uﬁnﬁo%ﬁgx%“. Cells were

pl ated on gl d4s cQvphkaina@sticl compbahivh tymprisiny Kcohipbunddf Gdimoverisd i p and used
within 24-48

el ect r ophysi m%%@&%%agﬁﬁf 4081%@3"?2116 tg’ grdrate,
Cadl forr] o rousonitd SRt sneiiioRt 5, Gy, pebegrenolol 1 175
El ect rode pi peedreg s aphasmecehtinallyracreptabile diluent or carrier.
- 36- 15. A pharmaceutical composition comprising 2 compound of claim 5 or a
10 pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate,
sterenisomer, crystalline or amorphous form, metabolite, metabolic precursor or
prodrug thereof and 2 pharmaceutically acceptable diluent or carrier.
16, A pharmacestical composition comprising a compound of claim 6 or its
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate,
15 stereoisomer, crystalline or amorphous form, metabolite, metabolic precursor or
prodrug and a pharmaceutically acceptable diluent or carrier.
17. A pharmaceutical composition comprising a compound of claim 7 or its
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate,
stereoisomer, crystailine or amorphous form, metabolite, metabolic precursor or
20 prodrug and a pharmacentically acceptable diluent or carrier.
18. A pharmaceutical composition comprising a compound of claim 8 or its
. pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate,
stereoisomer, crystalline or amorphous form, metabolite, metabolic precursor or
prodrug and 2 pharmaceutically acceptable diluent or carxier.
25 19. A pharmaceutical composition comprising a compound of claim 9 or its
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate,
stereoisomer, crystailine or amorphous form, metabolite, metabolic precursor or

AT
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PCT/ US99/ 01663 Kvl.5 contain (in mM 100 KF, 40°KCl, 5
NaCl, 2 Myd [err] 5 mM EGTA, 10 niM HEPES and 5 gl ucose at
pH 7.4, 295 gdmg e coverslips were placed in a snall

chanber (vol ub® 0 [err]l) on the mechanical stage of aRCTHYEIN]

m cr oscope and perfused (2 mM/mn) wth extracellular
recordi ng solution. Drug was applied using a 5 series of

narrow bore gl ass capillary tubes (inner dianeter ~100 [err]m positioned

approxi mately 2Q0 [err] fromt cel | The testing
resul ts of seP@gﬁg @%@E%@%&WW@“%QWF%Q this assay -
are reported am Taﬂ'ﬁaﬁnaﬁ:&@cﬂ%mb@ﬁu&% 5
pot assi um currents E%p % %gb%r%\%nﬁ%ﬁy
Table 2 pharmaceutically acceptable salt, estex amide, complﬁn tchglate, Il@[dmtaf ] ([err]M
ICerr] ([err (EP)
(1 ux) .'ltg%olsomer, crystalline or amorphous form, metabolite, metabohcd?r%usor o 5 8 15
33055 - 0. g prodrug and 2 @harmacentically acceptable diluent or carrier. 19
' '21. A method for inhibiting potassium transport across cellular membranes

possessing potassium channels comprising exposing a cell membrane possessing

said channels to the presence of a compound of formula (f) or 2 pharmaceutically

acceptable salt, ester, amide, complex, chelate, hydrate, stereoisomer, crystalline

10 or amorphous form, metabolite, metabolic precursor or prodrug thereof:
R1
2

|
2
S

wherein tis 1, or2;
A and B are each H, or taken together form a bond between the substituted
carbons;
15 R'is H, alkyl, or is selected from the group consisting of an optionally
substituted aryl, an optionally substituted heteroaryl, an optionally substituted
- heterocyclyl and an optionally substituted carbocycloalkyl;
Y?is (CH,),, (CH,),/0, HC=CH, ethynyl or NH, wis 0, 1, or 2 and qis 0, 1,
or 2, with the proviso that if Y* is (CH,), and q=0, then R’ cannot be H;
20 X?is C=0, C=S, or SO,; with the proviso that if ¥? is (CH,), 0, then X?
is not SO,;
R’ is H, alkyl, an optionally substituted aryl, an optionally substituted

AR O R
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24 0.6 5.9 28

0. 09 . 5.9 40 ND
9 20 60 0.5 >50

7 2.1 2

Ng - IO 99137607 9 97 PCT!US991(§E§3
39 103 ND 20 25
110 ND 12 123
0.1 ND 132 0.5
ND _ 135 . . 0.1 . . ND
158 0. g araliyl, an Qpjiopglly substituted heteroaryl, an optionally substituted 162

resent invention
have been des tefetveyclyly at hptiohaliyespbititeted parbadytloalkiylo or arTdikylene-(substituted
-37-

0.2 ND . : : 160 Rt NG d
enbodi nent s artlxamrm e }’oﬁ‘n c?ggrﬁaéiy isgbnstzgx];ed t%%?w%}le’ fl @tﬁﬁmy%g%ﬁ{t&e

amina);

5 Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl),
alkylene-NHC(O)(alkyl), alkylene-NHC(O)(aryl), alkylene-NHC(O)heterocyclyl),
alkylene-NHC(O)(heteroaryl), alkylene-NHC(O)-(alkylene-heterocyclyl), alkylene-
NHC(O)-(heteroaralkyl), alkylene-C(O)alkyl), alkylene-C(Q)O(alkyl), ORM, SR*
or NR™R"; where R* is selected from the group consisting of B, (CH),-R?, or

10 CO-(CHY R, mis1,2,3,0r4;1is0, 1,2, or 3; R®is CHLN(R"),,
CH,N(®®*),L, or CO,R*; each R® is independently selected from H, or alkyl; Lisa
counter ion; R™ is H, or alkyl; and R is H, alkyl or CO,R* and R" is H, or
alkyl;

R? is selected from the group consisting of H, alkyl, an optionally

15 substituted aryl, an optionally substituted aralkyl, an optionally substituted
heteroaryl, an optionally substituted heterocyclyl, an optionally substituted
heteroaralkyl, an optionally substituted carbocycloalkyl, R%0-, and R'RN- ;
where R* and R® are independently selected from the group consisting of alkyl, an
optionally substituted aryl, an optionally substituted aralkyl, an optionally

20 substituted heteroaryl, an optionally substituted heterocyelyl, an optionally

 substituted heteroaralkyl, and an optionally substituted carbocycloalkyl; R® is
» selected from the group consisting of H, alkyl, an optionally substituted aryl, an
optionally substituted aralkyl, an optionally substituted heteroaryl, an optionally
substituted heterocyclyl, an optionally substituted heteroaralkyl, and an optionally

25 substituted carbocycloalkyl; or R® and R® along with the nitrogen to which they zre
attached form a heterocyclyl;

Y! is (CHy),, CHR"(CH,),, HC=CH, or ethynyl; where R" is alkyl or is

A
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PCT/ US99/ 01663 WD 99/ 37607 i nvention which
Is intended to be protected herein, however, is not to be construed

as limted to the particular forns disclosed, since they are to be regarded
as illustrative rather than restrictve. Variaons and changes
may be nade DBYOPHIsYw skilled in the art w t hearus®massi ng
fromthe spirit of the invention. Those skilled 5 in the art

wi |l recognize variations in the processes as descri bed above and wil |
recogni ze appropriate nodifications based on the above di scl osure for

maki ng and usi ng the conpounds of the invention.

In the forgoi nglestpe fiofi thagioup codsieing ofl dnasptiogalig blssainka@tarfiNgn @tRnased:

Desi gnati on \ . Reagent , or Fragnent 10 )
m CPBA substituted heteroaryl, an optionally spsitoteh hespropchid RYbhanonsiopallyci d
THF substitated carbocycloalkyl; p is 0, 1} £f HURPRY 0r2; TLe

Thi n Layer Chronot aglaphy
di met hyl f or mam de X' is C=0, C=8, 8O,0r (CH,),; wheren is 0, 1, or 2;

5- R* is ¥, alkyl, an optionally substituted aryl, an optionally substituted
aralicyl, an optionally substituted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substifuted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted
amino}; and

10 with the provisos (i) that if Y' is (CH,),, p is 0 and X" is not (CH,),, then
R is not H, (if) that if R? is RO and Y' is (CH,), with p=0, then X" is not SO,
and (iif) if Z is not H, OR¥, SR" or NR'RY, then X must be SO,.

22. ‘The method of claim 21 wherein the potassium channel is a voltage gated
potassium channel.

15 23. The method of claim 22 wherein the potassium channel is selected from a
potassium channel responsible for cardiac I, potassium current.

24. The method of claim 22 wherein the potassium channel is Kv1.5.
25. A method for inhibiting potassiﬁm transport across cellular membranes
possessing potassium channels comprising exposing a cell membrane possessing

20 said channels to the presence of a compound of formula (I} or a pharmacentically
acceptable salt, ester, amide, complex, chelate, hydrate, stereoisomer, crystalline

. or amorphous form, metabolite, metabolic precursor or prodrug:

_—

§LTm
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DIVAP par a- di net hyl am nopyri di ne 15
Me met hy Et
et hyl EtOH et hanol
e CH WO 99/37607 met hanol S99/0Th63\C
et hyl acetate 20 0 TsOH [err] Herr]O PCTUSISAtEe
para-tol uenesul fonic acid [err] water NEt [ err]
triethylamne DMSO
di net hyl sul f oxi de n- Pr
n- propyl NVR . nucl ear
magnetic resonance 25 MHZ N2
megahert z Hz 1 hertz
CDCl'[err] chl oxzof ormt d
- 38- " Sy
A @
S Z
\ N
N—7 B
R{ L )
wherein tis 1, or 2;
Aand B are each H;
R is H, alkyl, or is selected from the group consisting of an optionally
3 substituted aryl, an optionally substituted heteroaryl, an optionally substituted
heterocyclyl and an optionally substituted carbocycloalkyl; h
¥?is (CH,),, HC=CH, or ethynyl and qis 0, 1, or 2, with the provisc that when
Y? is (CH,), and ¢=0, then R} cannot be H;
X% is SO,; ~
10 R’ is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted
amino);
15 Zis H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl),
alkylene-NHC(O)(alkyl), alkylene-NEC(O)(aryl), alkylene-NHC(O)(heterocyclyl), |
. alkylene-NHC(O)(heteroaryl), alkylene-NHC(O)-(alkylene-heterocyclyl), alkylene-
NHC(O)-(heteroaralkyl), alkylene-C(O)(alkyl), alkylene-C(0)O(alkyl), ORY, SR*
or NR¥R"; where R™ is selected from the group consisting of H, (CH,),-R®, or
20 CO)-(CH)R*; mis 1,2, 3,or4;ris 0, 1, 2, or 3; R*is CH,N®),,

CH,I‘;(R’),L, or CO,R’; each R’ is independently selected from H, or alkyl; Lisa
counter ion; R* is H, or alkyl; and R* is H, alkyl or CO,R™ and R is H, or-

NER T
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PCT/ US99/ 01663 Desi gnati on Reagent or

Fragnent

ultra-violet: Rerr]

retention factor cat. Catal ytic

10

15

20

25

WO 99/37607 PCTAUSS9/01663

alieyl; |

R? is selected from the group consisting of B, alkyl, an optionally substituted
aryl, an optionally substituted aratkyl, an optionally substituted heteroaryl, an
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an
optionally substituted carbocycloalkyl, R%-O-, and R'R®-N- ; where R* and R® are
independently selected from the group consisting of alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, and an
optionally substituted carbocycloalkyl; R® is selected from the group consisting of
H, alkyl, an optionally substituted aryl, an optionally substituted aratky], an
optionally substituted heteroaryl, an optionally substituted heferocyelyl, an
optionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl;
or R® and R° along with the nitrogen to which they are attached form a
heterocyclyl;

Y! is (CH,),, CHR"(CH,),, BC=CH, or ethynyl; where R" is alkyl or is
selected from the group consisting of an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally
substituted carbocycloalkyl; pis 0, 1,2 0r3;and0ois 0, 1 or 2;

X' is C=0, C=S, or (CH,),; wherenis 0, 1, or 2;

R*is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted
heteroaratkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted
amino); and

with the provisos (i) that when Y* is (CH,),, p is 0 and X" is not (CH,),, then
R*ismot B, and (if) that if R? is RO and Y" is (CH,), with p=0, then X* is not

| D T 1

T
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26. The method of claim 25 wherein the potassmm channel is a voltage gated
potagsium channel.

27. The method of claim 26 wherein the potassium channel is selected from 2
potassium channel responsible for cardiac I, potassium current.

28. The method of claim 26 wherein the potassium channe! is Kv1.5.

29. A method for inhibiting potassium transport across cellular membranes
possessing potassium channels comprising exposing 2 cell membrane possessing
said channels to the presence of a compound of formula (I} or 4 pharmaceutically
acceptable salt, ester, amide, complex, chelate, hydrate, stereoisomer, crystalline
or amorphous form, metabolite, metabolic precursor or prodrug:

wherein tis 1, or 2;

Aand Bareeach H; _

R! is H, alkyl, or is selected from the group consisting of an optionally
substituted aryl, an optionally substituted heteroaryl, an optionally substituted
heterocyclyl and an optionally substituted carbocycloalkyl;

Y?is (CH,), and ¢ is 0, 1, or 2, with the proviso that when ¢=0, then R’ cannot
be H:

X% is SO,;

R? is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionaily substituted

This Sheet Has Been Replaced
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heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted
armino); |

Z i3 H, alkyl, alkyenyl, alkylenetheterocyclyl), atkylenetheteroaryl),
alkylene-NHC(O)(alkyl), alkylene-NHC(O)(aryl), alkylene-NHC(O)(heterocyclyl),

5. alkylene-NHC{O)heteroaryl), alkylens-NHC(O)-(alkylene-heterocyclyl}, alkylene-
NHC(0)-(heteroaralkyl), alkylene-C(O)(alkyl), alkylene-C(O)O(alkyl), OR™, SR*
or NR¥R; where R™ is selected from the group consisting of H, (CH,).-R?, or
CO-CH), R mis1,2,3,0r4ris0, 1,2, or3; R is CENR®,,
CH,N@®,L, or CO,R” each R’ is independently selected from H, oralkyl; Lisa

10 counter jon; R is H, or aikyl; and R* is B, alkyl or CO,R"® and R is H, or
aliyl; '

R? is selected from the proup consisting of H, alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted beteroaryl, an
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an

15 aptionally substituted carbocycloalkyl, R*-0-, and R*R"~N- ; where R* and R® are
' independently selected from the group consisting of alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an
optionally substituted heterocyclyl, an optionally substitated heteroaralkyl, and an
optionally substituted carbocycloalkyl; R® is selected from the group consisting of

hi

20 H, alkyl, an optiopally substituted aryl, an optionally substituted aralkyl, an
optionally substituted heteroaryl, an optionally substituted heterocyelyl, an

» optionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl;
or R® and R° along with the nitrogen to which they are attached form a
heterocyclyl;

25 Y! is (CH,),, CHRY(CH,),, HC=CH, or ethynyl; where R" is alkyl or is

selected from the group consisting of an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally

L
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1. A corrpound of formula (1) or a pharmaceutically acceptable salt,
ester, ' am de, conplex, chelate hydrate, stereoisoner,
crystal | ine or anorphou form 5 nmet abol i te, met abol i c precursor

d t 1,
(Z)'r prodrug %ﬁ%wv [err] er foll6%3 or

: A and B are each H, or taken toge orm a bond
bet ween the substituted carbons; 10
Rlerr] is H alkyl, or is selected fromthe group consisting of an
optionally substituted aryl, an optionally substituted

het er oar yi , i onal | tit het Iyl and
opt onal 1y’ s ST BoAFRRRYEP Sy P 9% B0 hls b0 hat .

when Rlerr] is amﬂpb&maﬁﬂ@m&sﬁ&@uﬁ@ Iargyl;g then R err] |s not a
di al koxphenyl ; Y[err] s (CHerr])[e
(CH err])[err] O HdxBrnalksh apopyonlly supsiityted atyl, angmplpnallygu e . 1, or 2,

aralkyl, an optionally substituted heteroaryl, an optionally substituted
5 heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted
amina); and .
with the proviso that when Y is (CH,), and p is 0, then R® is not H.
30. The method of claim 29 wherein the potassium chaanel is a voltage gated
10 potassium channel.
31. The method of claim 30 wherein the potassium channel is selected from a
potassiuvm channel responsible for cardiac I, potassium current.
32. The method of claim 30 wherein the potassium channel is Kv1.5.
33. A method for inhibiting potassium transport across cellular membranes
15 possessing potassium channels comprising exposing a cell membrane possessing

said channels to the presence of a compound of formula () or a pharmaceutically
acceptable salt, ester, amide, complex, chelate, hydrate, sterecisomer, crystalline
or amorphous form, metabolite, metabolic precursor or prodrug thereof:

R1

\Yz
I
Xz R
- N
\ A @
* Y'—x! x z
N } 8
R{ A )
20 wherein tis 1;
AandB are each

R} is alkyl, or is selected from the group consisting of an optionalty

L
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15 with the proviso that if Y[err] is (CHerr])[err] and g=0,

then R err] cannot be H X[err] is C0O, -C=S, or
SJerr]; wth the proviso that if Y[err]is (CHerr])[err]O the Xerr]
is not SOerr]; Rlerr] is H alkyl, an optionally
substitut ed 337@h optional |y substituted PCTAVRPRASPS  an
optionally substituted heteroaryl, an optionally substituted

- 40- AVENDED SHEET

substituted aryl, an optionaily substituted heteroaryl, an optionally substituted
heterocyclyl and an optionally substituted cafﬁocycloalkyl;

Y?is (CH,), and q is 0;

X is 8O,;

5. R*is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionaily substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene~(substituted
amino);

10 Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), zlkylene(heteroaryl),
alkylene-NHC(O)(alkyD, alkylene-NHC(O)(aryl), alkylené—NHC(O)(hetemcyclyi},
alkylene-NHC(O) (heteroaryl), alkylene-NHC(O)-(alkylene-heterocyclyl), alkylene-
NHC(O)-(heteroaralkyl), alkylene-C(O)(alkyl), alkylene-C(Q)O(alkyl), OR™, SR*
or NR¥R; where RY is sejected from the group consisting of H, (CH,),-R’, or

15 CO-(CH) R mis1,2,3,0r4;ris 0, 1, 2, or 3; R®is CH,NR"),,
CH,N®R);L, or CO,R’; each R’ is independently selected from H, or alkyl; Lisa
counter ion; R is H, or alkyl; and R is H, alkyl or CO,R™ and R¥is H, or

alkyl;
R? is selected from the group consisting of H, alkyl, an optionally substifuted
20 aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an
. optionally substituted carbocycloalkyl, R-O-, and R°R>-N- ; where R* and R® are

independently selected from the group consisting of alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an

25 optionally snbstituted heterocyclyl, an optionally substituted heteroaralkyl, and an
optionally substituted carbocycloalkyl; R® is selected from the group consisting of
H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an

| RER )
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het eroal kyl ; an optionally substituted heterocyclyl, an optionally.

substituted car bocycl oal kyl , or an al kyl ene-(substituted

am no) , Zis H alkyl, alkyenyl,

al kyl ene( het é’f%?fgﬁ% ), al kyl ene(heteroaryl, PCT/USII01663

al kyl ene- NHC( O (al kyl ), al kyl ene-NHC(O) (aryl), _

al kyl ene- NHC( O) (het erocyclyl), 5 al kyl ene- NHC( O) (het eroaryl),

al kyl ene- NHC( O) - (al kyl ene- heterocyclyl), al kyl ene-

NHC( O - (het eroar al kyl )., .. _ ; L

al kyl ene- C(O P&Wﬂ?ﬁg ?‘%ﬁsﬁweéﬁgw’@aﬂ%’i’%yﬁw hepgroeyripls an

or NR[ err] R epponaltp sitatitpted heterd .| 98§ SpficraTy bitSdHe0 U bEGRRERYL N of H,
blgnalty or R P 1"&ai(ﬁ%)-(CI-l ?gﬁaﬁt?ﬁ[err]; m

(CHerr])[err]-Rerr], _ err]) ]
is 1,2,3, or 4 G LW (e Birogenetor Whif! prer amd )[err],
and:Rel iththe 3 hichs they
O%[err]N(R[erF!!z!gélgL, or COerr]Rerr]; each Rerr] is indepently
selected fro ) & Pkyl; Lis a- 10 counter ion; Rerr] is

H sr alkyl; and R &(CH) sCHRVCRY), BO=CHl of éhyysrwiere®d iRflieyikis s H, or

al kyl ; . .Rerr] 1s selected fromthe group
consi sting of sglgcted fgrm thegroun,eqnsisting| of an optionally substituted aryl, ansqptigialiyut ed aryl ,

2 L on Y s Rt Bl Bonatl SRR B et bty

het eroaryl, an optiona erocy an optirona
substituted sibStituted carbocycloatit;qrie 8y &) Xyt 3; aad odp0j bor2] y substitut ed

car bocycl oal kyl , ert] O Rerr].Rerr] -\ wher e
Rlerr] and R err]%?seé%ﬁd%gﬁ%gn%eé?@cﬁe%# om the group consisting of
al kgl , an R'is H, alkyl, an optiBhd§abstivutelB$L, iah Upeshaldy Mibstitaed opt i onal |y
substituted aral kyl, an_optional l%‘ﬂ . .Substituted

het er oaryl , aﬁﬁgﬁ‘i/,i anaptiopally pibstituted belerearyb g optivnally sehstigpdi onal | y

substituted h KN ot , l4Qnal L ySsubst i fut focycl oal kyl ;
Rlerr] is ZBE&OW’% dpg%?% t%gbcfm?éégnf ﬁ%yﬁgb%{oépglg‘tr‘lag@is%{ng?%, al kyl , an
optional | y suhsttoeytityidamoptionaliynsubstituted carbocycloalkyl, or anogikylenea(bibgtitateldst i t ut ed

aral kyl, an optiopal l'y substituted heteroaryl, an optionally )
substituted h lyl, an optionally substituted heteroal kyl, and an
opgsonal |y with the proviso that when Y* is (CH,), and p is 0, then R® is not H.
34. The method of claim 33 wherein the potassium channel is a voltage gated
potassium channel,

35. The method of claim 34 wherein the potassium channel is selected from a
potassium channel responsible for cardiac I, potassium current.

20 36. The method of ciaim 34 wherein the potassium channel is Kv1.5.
37. A method for treating cardiac arrhythmias which comprises administering to
- a patient in need thereof, a pbarmaceutically effective amount of a compound of

formula (I) or a pharmaceutically acceptable salt, ester, amide, complex, chelate,
hydrate, stereoisomer, crystalline or amorphous form, metabolite, metabolic

AR

25 precursor or prodrug thereof:
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substituted carbocycloal kyl; R err] and Rerr] along with the nitrogen to

which they are attached froma heterocyclyl; 25
Y[err] is (CHerr])[err] CHR{err](CHerr])[err], HC=CH or ethynyl; where
Rlerr] is alkyl or is sel ected fromthe group

consi sting oWOaA3H8¥i onal |y substituted aryl, an opti onal | BCT/US9/01663
substituted heteroayl, an optionally

-41- AMENDED
SHEET

wherein tis 1, or 2;
A and B are each H, or taken together form & bond between the substituted
carbons;

5 R'is H, alkyl, or is selected from the group consisting of an optionally
substituted aryl, an optionaily substituted heteroaryi, an optionally substituted
heterocyclyl and an optionally substituted carbocycloalkyl;

Y*is (CHL),, (CH,),,0, HC=CH, ethynyl or NH, wis 0, l,or2andqis 0, 1, or
2, with the proviso that if Y is (CH,), and q=0, then R’ cannot be H;
10 X?is C=0, C=8, or SO,; with the proviso that if Y is (CH,),,0, then X* is
not SO,; _
R is H, alky}, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted

‘

15 heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted
amino);
- Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl),

alkylene-NHC(O)alkyl), alkylene-NHC(O)(aryl), alkylene-NHC(O)(heterocyclyl),
alkylene-NHC(O)(heteroaryl), alkylene-NHC(O)-(alkylene-heterocyclyl), alkylene-
20 NHC(O)-(heteroaralkyl), atkylene-C(O)(alkyl), alkylene-C({O)O(alkyl), OR™, SR™
or NR¥R; where R" is selected from the group consisting of H, (CH,),-R?, or
C(OCH)R% mis1, 2,3, 0or4;ris0, 1, 2, or 3; R®is CH,NR),,

N A
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AVENDED SUBSTI TUTED SHEET
substituted carbocycloal kyl; pis.0,1,20or 3; and o.is 0,1 or 2;
Xerr] is CCO C=S, SOerr] or (CHerr])[err]; where nis 0,1,or 2

Rlerr] is H _alkyl an optionally substituted aryl, an opti do¥01663
substituted W s9is7607 aral kyl, an optionally substituted het eorayl,
an optionally substituted 5 het eroaral kyl; an optionally

substituted heterocycle, an optionally substituted
het erocyclyl, an optionally substituted carbocycl oal kyl, or an

| k | - b .v 9, P i 1 . .

with the é?&%@ﬁbﬁ’% FCQR ek By ‘rs]m‘fe?m@f?g%*ﬁ%? gﬁ"P’] Hoonallyls Ld§axrerr] is
not (CHf err])dountel idnh & is H, or alkyl; and R* is H, alkfll@IQ.RI*andRI° i, 6fi ) that if
Rlerr] is Rlerr]-Oand Y[err] is (CHerr])[err] with p=0, then Xferr] is
not SO err] 18k¥L ‘and (iii).if Zis not H ORerr], SRlerr] or

Compound of ¢ ai e Ahars o e g2Ghrgoh ibdog of . eliyl, go oponplly sbsBueq, T
has® a st er eocirglyias aptiarely supstitated eralil, sudptivhaiytsebbtitneddeemaddnae with the
Fol 'owi ng optionally substituted hgtgrgcrgr%iyi a(nl o%hbnﬁy substituted heteroaralkyl, an Lerr]
optionally substituted carbocycloalkyl, R*0-, and R°R*-N- ; where R* and R® are
independently selected from the group consisting of alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an
10 optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, and an
optionally substituted carbooycloalkyl; R® is selected from the group consisting of
H, alkyl, an optionally substituted aryl, an optionaily substituted aralkyl, an
optionally substituted heteroaryl, an optionally substituted heterocyclyl, an
optionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl;®
15 or R® and R°® along with the nitrogen to which they are attached form 2
heterocyclyl; _
Y! is (CHy),, CHRY(CH,),, HC=CH, or ethynyl; where RY is alkyl or is
selected from the group consisting of an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally

20 substituted carbocycloatkyl; pis 0, 1,2 or3;and 0 is 0, 1 or 2;
X! is C=0, C=8, SO,o0r (CH,),; wherenis 0, 1, or 2;
. R*is H, alkyl, an optionally substituted aryl, an optionally substituted

aratkyl, an optionally substituted heteroaryl, an optionally substituted
beteroaralkyl; an optionally substitnted heterocycle, an optionally substituted
25 beterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted
amino); and
with the provisos () that if Y* is (CH,),, p is 0 and X' is not (CH,),, then R?

[T I
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3. The conpound of claim1, or a pharmaceutically acceptable salt,

ester, am de, conpl ex, chel ate, hydrate, stereoisoner,
crystalline or anorphous form netabolita, met abol i c
precursor or prodrug thereog, wherein A and B
are each H, WD@9%37607 Rlerr] is H alkyl, an SFT{USHA¢
substituted aryl, or an optionally substituted

het er oar yl ; Zis H ORerr], SRerr] or

NR[err]Rerr], where Rlerr] is selected fromthe group

.SUBSTI TUTED SHEET
is not H, (i) that if R is R0 and Y' is (CH), with p=0, then X" is not SO2 and

(i) if Z is not H, OR™, SR™ or NR¥RYS, then X? must be SO,.

38. A method for treating cardiac arthythmias which comprises administering to

a patient in need thereof, a pharmaceutically effective amount of 2 compound of
-3 " formual (I} or a pharmaceutically acceptable salt, ester, amide, complex, chelate,

hydrate, sterecisomer, crystalline or amorphous form, metabolite, metabolic

precursor or prodrug thereof:
1
R\Yz
l2
B} x\N /R3
A b ]
Y} 4 ®
N
N— B
R{ s )
b ]

whergin tis 1, or 2;
10 ) A and B are each H;

R is H, alkyl, or is selected from the group consisting of an optionally
substituted aryl, an optianaﬁy substituted heteroaryl, an optionally substituted
heterocyclyl and an optionally substituted carbocycloalkyl;

Y? is (CH,),, HC=CH, or ethynyl and q is 0, 1, or 2, with the proviso that when

15 Y? is (CH,), and q=0, then R cannot be H;
X?is SO,;
. R®is H, alkyl, an optionally substituted aryl, an optionally substituted

aralkyl, an optionally substituted hetercaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
20 heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted
amino);
Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl),
-

T O A
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consisting of H (CHerr])[err]-Rerr], or CCO(CHerr])-Rerr]; mis

1,2,3, or'4; r is 0,1,2 or 3; Rerr] is

CH err]N(R[err])[err], CHerr]N(Rerr]), L, or Cerr]Rerr]; each Rerr]

i s i ndependeniylgesaect ed fromH, or al kylpcfudeSpisesount er
lon; Rlerr] is H,9 ?P al kyl; and Rerr] is H, alkyl or

Cderr]Rerr] and R err] is H or alkyl; 5 R err]

is selected fromthe group cinsisting of H, alkyl, an optionally
substituted aryl, an optionally substituted heteroaryl, an optionally

substituted leﬂrﬂH?{O&alkyI)h me)(ax?ﬁ E’IEE&M&RJHEXOW&%&M&W

carbocycloalk err ere

Rierr] and R edkyleneNEBO@) fstersayylh eliaieneNHC(On(alkglemrintapooyanh; alicylemp- of

ﬁlar )élr’oafgl aMﬁf@o@ﬁﬂW@ﬁtl nlal Ié(@?ﬁ%@%ﬂgﬁxﬁ%@qﬁ%@g%}%"';ﬁg an

optional 'y subsytNRef'SdyKeRE RYGY eleerl ook thEERIup keohsksting of H,I) RE, or
sel ected from t he rou%sconm sting of H alkyl, an opt | on y Substituted

aryl, an m ipbt2, Gnél 4y 8 0pEi2.taaBe RHeCHMN® ) , an optionally

i;lr)f)t)l:;glt ggl ES/(# &gﬁ%‘i yér é&?ﬁ* Wech R® is independently selﬁftgc?ﬁ?}n'%nq%ahé' ’kgwlﬁ%' tuted
optional ly sub&ﬁnt&nﬁbﬁﬁkﬁﬁm{, oﬂlk;&;r‘arﬂm“f 811 iyl 911 CELR'P B 15K, or

het er oaryl . : The conmpound of claim1l where the

formula (1) h 4yt conflguratlon of substitutents in

?g(r:(r)]r dance wi th t 8 ;f ahdpwirfeh e 5roub Rodsistife of H, alkyl, an optionally substituted
10 aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an

optionally substituted heterocyclyl, an optionally substituted -heteroaralkyl, an ~
optionally substituted carbocycloalkyl, R*-O-, and R°R"-N- ; where R* and R® are
independently selected from the group consisting of alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an ~ ®
15 . optionally substituted heterocyelyl, an optionally substituted heteroaralkyl, and an
optionally substituted carbocycloalkyl; R is selected from the group consisting of
H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an
optionally substituted heteroaryl, an optionally substituted heterocyclyl, an
optionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl;

20 or R and R°® along with the nitrogen to which they are attached form a
beterocyclyl;
. Y! is (CHp),, CHR"(CH,),, HC=CH, or ethynyl; where R" is alky! or is

selected from the group consisting of an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally
25 substituted carbocycloalkyl; pis0, 1,2 0r3;andois 0, L or 2;
X'is C=0, C=S$, or (CH,),; where nis 0, 1, or 2;
R*is H, alkyl, an optionally substitated aryl, an optionally substituted .
-

LT
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5. The conmpud of claim4 wherein A anad B are each H and the formul a
(11a) _ y . - 43-
AVENDED SHEET

WO 99/37607 PCTAIS99/01663

aralkyl, an optionally substituted heteroaryl, an optionally substituted

heteroaralkyl; an optionally substituted heterocycle, an optionally substituted

heterocyclyl, an optionally subsﬁmted'cazbocycloalkyl, or an alkylene-(snbstituted

amino); and

with the provisos (i) that when Y is (CH,),, p is 0 and X' is not (CH,),, then

R? is not H, and (i) that if R* is R*-0 and Y* is (CH,), with p=0, thea X' is not

S0,.

39. A method for treating cardiac arthythmias which comprises administering to

a patient in need thereof, a pharmaceutically effective amount of a compound of

10 formuzl (00} or a pharmaceutically acceptable salt, ester, amide, complex, chelate,
hydrats, sterepisomer, crystalline or amorphous form, metabolite, metabolic )
precursor or prodrug thereof:

wherein tis 1, or 2;
15 A and B are each I
R'is H, alkyl, or is selected from the group consisting of an optionally
. substituted aryl, an optionally substituted heteroaryl, an optionally substituted
heterocyclyl and an optionally substituted carbocycloalkyl;
Y*is (CH,), and q is 0, 1, or 2, with the proviso that when q=0, then R! cannot
20 be H;
X% is 50,;
R® is H, alkyl, an optionally substituted aryl, an optionally substituted

~90- -
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SUBSTI TUTED SHEET has a stereochem cal configuration of

substituents i accordance with the follow ng formul a
(Iira); [err] 5 6. The conpoud of claiml or a
phar maceut i cajhyopgeePt abl e salt, ester, am de, | ex,
chel ate, hydrate, stereoisoner, cryst al | ne or anor phous fgCTms?r%@g% i te
nmet abol i ¢ precursor or prodrug thereof, wherein

and B are each H, Y[err]is (CHerr])[err] HC=CH, or

ethynyl and q is 0,1 or 2; Xerr] is SOerr];
o] o e AT, RSP L L, AL 1 200
C=S, or (CH ehét]:ﬁoh&llfyban%&é&h? stbstifited hbisreld; anfptlodd§ stibsBhuddR err] .
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted
amino);

5 Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl),
alkylene-NHC(O)(alkyl), alkylene-NHC(O)(aryl), alkylene-NHC(O)(heterocyclyl),
alkylene-NHC(O)(heteroaryl), alkylene-NHC(O}-(atkylene-heterocyclyl), alkylene-
NHC(O)-(hetercaralkyl), alkylene-C(O)(alkyl), alkylene-C(0)Ofalkyl), ORM, SR*
or NR¥R'; where R' is selected from the group consisting of H, (CIL),-R?, or

10 CO-(CH) R mis 1, 2,3, 0r4;ris 0, 1, 2, or 3; R*is CH,N®,,
CH,N(R"),L, or CO,R; each R’ is independently selected from H, or alkyl; Lisa
counter jon; R¥ is H, or alkyl; and R* is H, alkyl or CO,R! and R®is H, or
alkyl;

R’ is selected from the group consisting of H, alkyl, an optionally substituted

15 aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an
optionally substituted heterocyclyl, an optionally substituted heteroaratkyl, an
optionally substituted carbocyeloalkyl, R*-O-, and R'R*-N- ; where R* and R" are
independently selected from the group consisting of alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an

20 optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, and an

‘ optionally substituted carbocycloalkyl; R® is selected from the group consisting of
- H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an
optionally substituted heteroaryl, an optionally substituted heterocyclyl, an
optionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl;

25 or R” and R® along with the nitrogen to which they are attached form a
heterocyclyl;

Y' is (CH,),, CBR"(CH,),, HC=CH, or ethynyl; where R is alkyl or is

R
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7. - The conpound of claim1 or a pharmaceutically acceptable salt, ester,

15 am ede, conplex, chelete, hydrate, stereoisoner; crystalline
or anor phous form nrtabolite, nmetabolic precursor or
prodrug thereof, wherein A and B are each H

Y[err] is(CHM¥PJ§@rr],and q is 0, 1, or2; PCTAUSI901663 [ o 1]
Is SOerr]; 20 Rlerr] is Hor an optionally substituted
aryl selected fromthe group of phenyl and naphtyl;

-44- AMENDED

selected from the group consisting of an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally Substiti;ted heterocyclyl and an optionally
substituted carbocycloalkyl; pis 0, 1,2 0r3;andois 0, 1 or2;

X! is C=0, or (CH)),; wherenis 0, 1, or 2; _

5- R4 is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionaily substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted
amino); and

10 with the proviso that when Y* is (CH,), and p is 0, then R* is not H.
40. A method for treating cardiac arrhythmias which comprises administering *to
a patient in need thereof, a pharmaceutically effective amount of a compound of
formula (IV) or a pharmaceutically acceptable salt, ester, amide, complex, chelate,
hydrate, sterevisomer, crystalline or amorphous form, metabolite, metabolic ®
15 precursor or prodrug thereof:

Y
Yyl
. whereintis 1;
A and B are each H;
R! is alkyl, or is selected from the group consisting of an optionally
20 substituted aryl, an optionally substituted heteroaryl, an optionally substituted
heterocyclyl and an optionally substituted carbocycloalkyl;
Y?is (CH,), and qis 0; '
TR R 0
-92- | . ___.___-____ .
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SUBSTI TUTED SHEET Xerr] is CO or

(CH err])y[err]; where nis 0, 1, 2 or 2; and Y[err]

is (CHerr])[err], CHCH or ethynyl where pis 0,1,2 or 3.

8. The conpound of claim4 or a pharmaceutically acceptabl egf/%g; ter,
B

am de, conpl X0 PR at e, hydrate, stereoisoner, cystalline ous
form 5 net abol ite, netabolic precursor or prodrug thereof,
wher ei n t is 1; A and B are
each H; Y[err] is (CHerr])[err] and q is O;

Xferr] is SOerr] g Rlerr] ia an optionally
substituted aryl %e‘F Seed fromthe group of phenyl and

napht hyl ; R is H, alkyl X I [err]; where
P o 2 R is H, alkyl, an optionally Hushidaded a?ylc?cbpﬁ%al@%ﬁ.x{d&an g

Yierr] is CHraalkyletanopsibnaly spigelfused Hejdranryl) anowwﬂ@wbmted 1, 2 or 3. 15

i de, T?inﬁf"e‘%?&“mﬁ& S B RS SRR SRl o1 ot

forgn heterocyclyl, anBptishal 'sﬁ&unﬁ&tc&%b cﬁoaBgr?Cdi”aﬁ Rhe-pRubdiniiey t her eof
wherein Rerr] is Hy ok 5' y corrpggc%d %?uclalmg V\/nereln
Rlerr] is an &npknal | y substituted pheyl A

phar maceut | oal |y Aeca ety 2RV sl Aoty %@W@% o a2
st er eoi soner , alkylyet NHC(®)(alkylp nikyleno-REC(@) @rylyatigiob-NEC(O)@ttatoydyl),pr ecur sor
carrier,  atiyioneNat(Sicidodsl, Rtk el doitnskiBoate i | oi ng a
COffPri si ng a RAMRO){telardkd), Mit1eRs-C(ORalkyl), alicylens-C(0)OGalky), OR¥, SR“

or NR¥RY; where R is selected from the group consisting of H, (CH,),-R*

CO)-(CH), R, mis1,2,3,0r4;ris 0, 1, 2, or 3; R'is CH,NR®,,

CH,N®R%,L, or CO,R®, each R’ is independently selected from H, or alkyl; Lisa

counter jon; R™ is H, or alkyl; and R is H, alkyl or CO,R® and R®is H, or

15 alkyl;
R? is selected from the group consisting of H, alkyl, an optionally substituted

aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an

optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an

optionally substituted carbocycloalkyl, R*-O-, and R*R*-N- ; where R* and R® are

20 independently selected from the group consisting of alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an
. optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, and an

optionally substituted carbocycloalkyl; R® is selected from the group consisting of
H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an

25 optionally substituted heteroaryl, an optionally substituted heterocyclyl, an
optionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl;
or R® and R® along with the nitrogen to which they are attached form a

This Sheet Has Been Replaced
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phamaceutically acceptable salt, ester, am de, conplex, chelate, hydrate,

25 stereoi soner, crystalline or anorhous form netabolite, .
nmet abol i ¢ precursor or prodrug and a pharnaceutacal |y
acceptabl e diluent or carrier. 13. A pharmaceuti cal
conposi ti on BOHIBY@T ng a conmpound of claim3 or its PCT/US99/01663

-45- AVENDED
SUBSTI TUTED SHEET pharmaceutically acceptable salt, ester,
am de, conpl ex, chelate, hydrate, stereoi sonmer, crystalline

or anorphous form netabolite, metabolic precursor or
prodrug and &etptoayaiceutically acceptable diluent or carrier.

14 A pharmaceyt i cals Y, cRRFRAD)! UL GRVE! iyl whet WP MG 8 50 &1 M 4 OF
selected from the group consisting of an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally

5. substituted carbocycloalkyl; pis0, 1,2 0r3;and0is 0, L or 2;

X! is C=0, or (CH,),; wherenis 0, 1, or 2;

R is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted

10 heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted

amino); and .

with the proviso that when Y is (CH,), and p is 0, then R? is not H.

41. A compound of formula {I) or a pharmaceutically acceptable salt, ester,
amide, complex, chelate, hydrate, stereoisomer, erystalline or amorphous form,

L]

15 metabolite, metabolic precursor or prodrug thereof:
1
R\\iz
SN
R? N
A @
Yl z
N
N—T1 8
R{ F Y

wherein tis 1, or 2;
A and B are each H, or taken together form a bond between the substituted
20 carbons;
R!is H, alkyl, or is selected from the group consisting of an optionally
substituted aryl, an optionally substituted heteroaryl, an opnonally substituted

This Sheet Has Been Replaced
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5 pharmaceutically acceptable salt, ester, am de, conplex,

chel at e, : hydrat e, stereoi soner,. .crystalline or anorphous
form netabolite, metabolic precursor or prodrug and a
phar maceut i c§'l I % ept able diluent or carrier, PCTIUSOSARE: A
phar maceutic 9¥/3 'fcrp05|t|on conprising a corrpound of claimb5 or a

phar maceutically acceptable salt, ester, am de, conplex, chelate, hydrate,
10 st er eoi soner, cryst all'ine or anor phous form netabolite,
met abol i ¢ precur sor or prodrug thereof and a

phar maceuti cal | e ri A
phar maceut i cg‘ EQ{K?%L&:“W s@%ﬁg@%%&%ﬁ%k%ﬁ@l%c Ws%lghal ts

phar maceut i cawheﬁ B‘Cﬁﬁﬁb?@&rﬂﬂﬁﬁlb&um@&h@ﬂ,, théRYE norOaiplkExyphedyg] at e, hydrate,
st er eoi soner, cry |{él ne_or anr phous form netabolite, netapol,c

precursor or e HG5E FAHAVE, B re¥A AT Eds Pyl aﬁ%vﬁi"ﬁbl e dil uent
or carrier. roviso thatfo'xs Cﬁ)?and M%ﬁ@%&‘%' y conposition :

conprising a co ound of claim pharmaceutical ly
accept abl e salt, X580, ani de, corrpl ex chel ate, hydate,

st er'eoi soner, cryst.a or a hoys n .netabolite. . netabolic precusor

or yﬁsm#rgg‘ryﬁ go ‘gﬁﬁ?’ cr%?&t l%'ﬁo ﬂ@é&‘%%ﬁ‘ﬁﬁfe di [ uent or

carrier. 20 aralkyl, mcgpﬁund&&ubsnnﬁeﬂkb%@?leﬁﬁ bftadnkly subeYM@gi ti on conpri sing
it

a conpound of cl ai m phar maceutical |y acceptable

salts, ester,haismpaalkyl @ﬁﬁp@aﬂ%m@fx@d hpfproepale an ozmonally substituted

or o0 SOTEL ey p'ro?,fﬁ R ool L O BB R O oy "

carrier. aminac); A phar maceuti cal |y conposition conprising

a conpound of cla,m eu |caI accept abl e
salt, ester, m?)# 191 @%8 enylﬁﬁﬁgéfa%(hptemcycpv?afﬁfen eoi soner,

crystal i ne 1 T z?lr bR cy€ll),
prodrug and a ar ITHCEU'[I%KQY y accep tabﬁt(g uent or ca(rejr;(l‘kerm:y

- 46- lene-NEC(O)heteroaryl), allqlene-NEC(O}-(alkylene-heﬁerocyclyI), alkylene-
NHC(O)-(heteroaralkyl), alkylene-C(O)(alkyD), alkylene-C(O)O(alkyl), OR¥, SR™
15 or NR¥R'S; where R™ is selected from the group consisting of B, (CH)-R’, or

C(O)y-(CHp R mis1,2,3,0or4;1is 0, 1, 2, or 3; R®is CH,NR®"),
CHQN(I’{”);L, or CO,R% each R® is independently selected from H, or alkyl; Lisa
counter jon; R™ is H, or alkyl; and R" is H, stkyl or CO,R" and R® is H, or
alkyl; |
20 R*? is selected from the group consisting of H, alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an
optionally substituted heterocyclyl, an optionally substituted heteroaratkyl, an
optionally substituted carbocycloalkyl, R*O-, and R'R*-N- ; where R* and R” are
independently selected from the group consisting of alkyl, an optionally substituted
25 aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, and an
optionally substituted carbocycloalkyl; R® is selected from the group conszsung of

This Sheet Has Been Replaced
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20. A pharnmaceuti cal

phar maceutically acceptable salt, ester, am de, conplex, chelate,

stereoisoner
pr ecur sor

[err]

16

15

crystalline or anorphous form netabolite, netabolic

conposition conprising a conpound of claim10 or its

hydr at e,

QE’% Jé% and a pharnaceutical ly acceptable diluent or carrier.
21. Use of ac nd of the following fornula, or a phar REEESIVAE| v
acceptable salt, ester, am de, conplex, chelate, hydrate, stereois
crystalline or am)rphous form netabolite, metabolic precursor or
t hereof for preparing a nmedi canent used for inhibiting potassiumt
across cellul ar menbranes possessi ng potassi um channel s:

H, alkyl, an optionally substituted aryl, an optmnaiiy substituted aralkyl, an

- optionally substituted heteroaryl, an optmnally substituted heterocyclyl, an

optionally substituted heteroaratkyl, and an optionally substituted carbocycloalkyl;
or RP and R® along with the nitrogen to which they are attached form a
heterocyclyl;

Y' is (CH,),, CHR"(CH,),, HC=CH, or ethynyl; where R is alkyl or is
selected from the group consisting of an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally
substituted carbocycloalkyl; pis 0, 1,2 or 3; and 0is 0, 1 or 2;

X'is C=0, C=8, SO,0r (CH,),; where nis 0, 1, or 2;

RisH, aikyl an optionally substituted aryl, an optxonaﬂy substituted
aralkyl, an optionzlly substituted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted

omer,
prodrug
ransport

heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted

amino); and
with the provisos (i) that if Y* is (CH)),, p is 0 and X' is not (CH),, then R?
is not H; (i) that if R® is RO and Y* is (CH,), with p=0, then X' is not SO,.

This Sheet Has Been Replaced
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bond between the substituted carbons; Rlerr] is H alkyl, or is

sel ected fromthe group consisting of an optionally substituted aryl, an
optionally substituted heteroaryl, an optionally substituted heterocyclyl
and an optionally substituted carbocycl oal kyl ; Y[err] is _
(CHerr])[err], (CHerr])[err]O HC=CH ethynyl or NH wis O, 1, or 2 and
gis 0, 1, or 2, with the proviso that if Y[err] is (CHerr])[err] and g=0,
then Rl err] cannot be H, Xerr] is CCO C=S, or SOerr]; wth the

proviso that if Y[err] is '(Cl-l[mgﬁ hen X[err] is not SOerr];
Rlerr] is H alkyl an optionall Ecr} aryl an optionally substituted
ar al kyl , optional | | t stituted
het er oar al kyl"g"l Qﬁﬁ’gﬁ{%?lé e&'&ﬁ&{{ﬁ%%&%ek%r lg %%5" ﬁs%ﬁglly

substituted qummmmmmwmmmwmm kyl, or an

al kyl ene- (substituted am no),;

e el e arsnspodi s sy et i o e n G Ry ey
gl )Iéyleeﬁe NCH:(C%%?M epggﬁmiyl ene- Wmmﬁfﬁe

-4% - treatment of cardiac arrhythm those occurring in the atria (Wang et al.,
Cire. Res. 73:1061, 1993; Fedida et al., Cfrc. Res. 73:210, 1993; Wang et al.,, J.
Pharmacol, Exp, Ther. 272:184, 1995; Amos et al., J Physiol,, 49131, 1996).
US-A-5631275 indicates that certain sulfbnyhreas exhibit ypoglycemic effects
making them usefill for treating disbetes mellitus and bave been used as research tocis

10 for ATP-sensitive potassium chamisls. US-A-563127S specifically describes that
certain classes of substituted benzenesulfonylureas and -thioureas have an
antiarrhythmic activity, GB-A-1479544 describes & particular class of naphthylureas
as having herbicidal activity. :

The present invention is directed to compounds which are useful gs inhibitors

15 of potassium channel function. :

1t is an object of the present invention, therefore, to provide compounds which
are usafol for the treatment of diseases in mammals, including humans, and especially
for the management of diseases which can be treated by inhibiting cell membrane
potassium channels,

20 : Another object of the invention is to provide 2 method of treating diseases in
mammals, including humans, which respond to the inhibition of potassinm channel
fimction, which method comprises administering to 2 mammal in need thereof a
compound of the invention.

DETAILED DESCRIPTION OF THE INVENTION .

25 This invention describes compounds and their utllity as inhibitors of potassium
channel function. The invention is particularly directed to compounds that inhibit
potassium channels which could serve as targets for the treatment of cardiac
arrhythmias (i.e., T, Kv1.5) especially those occurring in the atria (e.g., atrial flutter

2.

AMENDED SHEET




LV T sm = CHEN O 116- 2- 0 3
( &l 16408FRO0RETBT Ty T T at Ky I BMe: NFELO) - (TTETaT oat Al kyT ), al Ryl enes: US 009901663

GO (al kyl), alkylene-C(OQ O(alkyl), ORlerr], SRerr] or NRlerr]Rerr];
where Rl err] is selected fromthe group consi st i ng of H,
(CHerr])[err]-Rerr], or C(O-(CHerr]){err]-Rerr]; mis 1, 2, 3, or 4
is 0, 1, 2, or 3; R[err] is CHerr]N(Rerr])[err], CHerr]N(R err])[err]L,

or COerr]Rerr]; each Rlerr] is independently selected fromH, or alkyl;
is acounter ion; Rerr] is H or alkyl; and Rlerr] is H alkyl or

CJerr]Rerr] and Rlerr] is H or alkyl; Rlerr] is selected from
the group consisting of H, al kyA%ﬁ?Dgﬁt |y substituted aryl, an
optionally substituted aral kyl ronal 'y substituted heteroaryl, an

tionall { I4
ﬁ&;?2;alykit‘aﬁgﬁéﬁaﬁéﬁﬁyﬂ%?ﬁr?ﬂ??ﬁ?&%@}?ﬁ?ﬁb*Rrerr] S and
Rlerr]R err] wzxmmmwu,dmmmﬂmm%d ) Thepresestied from

E)Bt(:al gLSFPyCSES' oo n%m M&F\%%’%%Mﬁ%@#%&ghet eroaryl-, an

0P onal | SUb5idrkicf bnlbHeeTANA These GRS hinliniel 9 bindie
an

het er oar al kyl optionally substitut ed car bocycl pal k tL@ err] is
selgct ed fromatringhming wcell gmwer@mn %ﬁﬂeﬁn@y | tuted

aryl, an optionally su stltute ted
heteroaryl, afvs6Pbi REEVORY, e?g%g%# S an opL onal | y

subst i t ut ed h PhicRaR visrilar Sitchisersdghioct vkl contraetilityit ed car bocycl oal ky! ;
or Rb

~28~
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het erocycl yl ; Y[err] is (CHerr])[err], CHRerr](CH err])[err],

HC=CH, :or ethynyl; where Rlerr] is alkyl or is selected fromthe group
consisting of an optionally substituted aryl, an optionally substituted
heteroaryl, an optionally substituted heterocyclyl and an optionally
substituted carbocycloalkyl; pis 0, 1, 2'or 3; and ois 0, 1 or 2

Xerr] is CCO C=S, SHJerr] or (CHerr])[err]; wherenis 0, 1, or 2;

Rlerr] is H alkyl, an optionall ﬁw‘g aryl, an optionally
substituted aral kyl, an optional®f d heteroaryl, an optionally
opti onal |y subst | TRIBHEt i PO bese s FBFRIPD PO PR ofthe
carbocycl oal kipliowing st (dre Biihitors oP pthdsitariitl BAdion 304 are thus usefial for - 48-
inhibiting potassinm transport across cellular membranes and for'treating cardiac
arthythmias, Tn particular, these compounds have demonstrated activity against human
5 potassium channels,
Thus, this aspect of the present invention concerns such methods and such
compounds having potassium channel inhibitory activity of the formula (T) and
pharmaceutically acceptsble saits, esters, amides, complexes, chelates, hydrates,
stereoisomers, crystalline or amorphous forms, metaholites, metabolic precursors or
10 prodrugs thercof:

Sy
:!3 o
R? v
\ A @
v‘-—-x'\ z
N—tbe ®

wherein tis 1, or2;
A and B are each H, or taken together form & bond between the substituted
15 carbons;

R’ is H, alkyl, or is selected from the group consisting of an optionally substituted
aryl, an optionally substituted heteroaryl, an optionaily substituted heterocyelyl and an
optionally substituted carbocycloalkyl;

Y2is (CH,),, (CH,),0, HC=CH, or ethynyl, wis 0, I, or 2 and q is 0, I, or 2, with

20 the proviso that if Y2 is (CH,), and =0, then R* cannot be H;

X?is C=0, C=S, or SO,; with the proviso fhat if Y2 is (CH,), 0, then X is not
50, .

R’ is K, alkyl, an optionally substituted aryl, 2n optionally substituted aralkyl,
an optionally substituted heteroaryl, an optionally substituted hetercaralkyl; an

25 optionally substituted
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iIs not (CHerr])[err], then Rlerr] is not H (ii) that if Rerr] is
Rlerr]-Oand Y[err] is (CHer])[err] with p=0, then X[err] is not SJerr]
and (iii) if Zis not H ORferr], SRerr] or NRerr]Rerr], then Xerr]
must be SO err]. 22. Use of a compound of following forrmula, or a
phar maceutically acceptable salt, ester, am de, conplex, chelates hydrate,
stereoi sonmer, crystalline or anorphous form netabolite, netabolic
precursor or prodrug thereof for preparing a nedicanent for inhibiting
pot assi um transport across cellula nes possessi ng potassi um

channel s: [err] wher ei E0): %W@F&T A and B are each H
Rlerr] is H alkyl, or is selecte rom the group consisting of an
optionally SUEEM ed aryl, an optionally substituted heteroaryl, an

optionally substituted heterocyclyl and an optionally substituted
carbocycl oal kyl ; Weclitdferr] is (CHerr])[err], HC=CH, or ethynyl and q is

ek o ! BB 1 ) S50 Wb, 0 =

amide, complex, chelate, hydrate, stereoisomer, crystalline or amorphous form,

5 metabolite, metabolic precarser ar prodrug thereof:
R‘
B
xa\ /R’
R N
N s 0
X
.\N ] o B
R{ l = )t
wherein tis 1, or 2;
A aud B are each H, or teken together form 2 bond between the substituted
carbons;
10 R'is H, alkyl, or is selected from the group consisting of an optionally

substituted aryl, an optionally substituted heteroaryl, an optionally substitated
hsterocyclyl and an optionally substituied carbocycloalkyl with the proviso that
when R' is an optionally substituted aryl, then R is not a dialkoxyphenyl;

Y2 is (CH,),, (CH,).0, HC=CH, or ethynyl, wis 0, 1, cr 2and qis 0, 1, or 2,

15 .. with the proviso that if Y*is (CH,), 2nd g=0, then R canmot be E;

X* is C=0, C=S, or S0,; with the proviso that if Y2 is (CH}), 0, then X*
is not SQ;

R*is H, alkyl, an optionally substitmted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substitated

-40-
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substituted aral kyl, an opionally substituted het eroaryl an optionally
substituted heteroaral kyl'; an optionally substituted het erocycl e, an
"optionally substituted heterocyclyl, an‘optionally substituted

car bocycl oal kyl , or an al kyl ene- (substituted am no); Zis H alkyl,
al kyenyl, al kyl ene(heterocyclyl), al kylene(heteroaryl),

al kyl ene- NHC( O) (al kyl ), al kyl ene-NHC(O) (aryl), al kyl ene-

NHC( O (het erocycl yl), al kyl ene-NHC(O) (heteroaryl), alkyl ene-NHC(O) -

(al kyl ene-heterocyclyl), alkylene- het er oar al kyl ), al kyl ene-

C(O (al kyl), alkylene-C(O (Qal kigpprSR err] or NRlerr]Rerr];
where R err] is selected fromthe group consisting of H,

f?*%eri”?rzﬂfi%&%k%&@w%ﬁw 6 odnfly Sl D TerriL,
or CJ err] R egafticoysioaliyl substtated pmEme)ect ed fromH, or alkyl; L is
a counter ion; R[err] r akI apd er.r H, .al kyl '
CJerr]Rerr] and Mﬂkvkaﬁyw Wﬁm cted fromthe
group. consi st gl Ny, diiieae!O)ary), alkylene- NHC(O)hsterocyclyl),
5 alkylene-NEC(O)hetercaryT), alkylens-NEHC(O)-(alkylene-heterocycly), alkylene-
NHC(O)-(heteroaralkyl), alkylene-C(0)(alkyl), alkylens-C(O)Ofalky)), OR™, SR™
or NR¥R': where R is selected from the group consisting of H, (CH,),-R", ar
COCH)R* mis 1,2, 3,0rd; ris0, 1,2, 0r3; R is CH,NR"),,
CH,N(R’),L, or CO,R’; each R’ is independently selected from H, or alkyl; Lisa
10 counter ion; RY is H, or alkyl; and R% is H, alkyl or CO,R' and R® is H, or
alkyl;
R? is selected from the group consisting of H, alkyl, an optionaly
substituted aryl, an optionally substituted aralkyl, an optionally substituted
heteroaryl, an optionally substituted heterocyclyl, an optionally substituted
15  heteroaralkyl, an optionally substituted carbocycloalkyl, R'-O-, and R'R*-N-
where R* and R® are independently selected from the group consisting of alkyl, an
optionally substituted aryl, an optionally substituted aralkyl, an optionally
substituted heteroaryl, an optionalty substituted heterocyclyl, an optionaily
substifuted hetercaralkyl, and an optionally substituted carhocycloalkyl; R® is
20 selected from the group consisting of H, alkyl, an optionally substituted aryl, an
optionally substituted aralkyl, an optionally substituted heteroaryl, an optionalty
substituted heterocyclyl, an optionally substituted heteroaralkyl, and an optionaily
substitated carbocycloalkyl; or R® and R® along with the nitropen to which they are
attached form a heferocyclyl;
25 Y! is (CH,),, CHR"'(CH,),, HC=CH, or ethynyl; where R" is alkyl or is
selected from the group consisting of an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally

-41-
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substituted heteroaryl, an- optlonally substituted heterocyclyl, an
optionally substituted heteroaral kyl, an optionally substi t ut ed
carbocycloal kyl, Rerr]-O, and Rerr]Rterr]-N; where Rerr] and R err]
are independently selected fromthe group consisting of alkyl, an
optionally substituted aryl, an optionally substituted aral kyl, an
optionally substituted heteroaryl, an optionally substituted heterocyclyl,
an optionally substituted heteroaral kyl, and an optionally substituted
carbocycl oal kyl ; Rlerr] is selected fromthe group consisting of H, alkyl,
an optionally substituted aryl, a | |y substituted aral kyl, an
optional |y substituted heteroafyBs |y substituted heterocyclyl,
an optionally substituted heteroarafk and an oEtlonaIIy substituted

car bocycl oal isybsfituted carbogycloatiydy p is Oa oigfﬁ»@'#‘tﬁ@n ®pgen to which they are
attached forma h | )[err]
Gﬂew“&{mﬂ)%%?gﬁg s%%&%) A %H]ISMklorw

sel ected fromthe M@mmnmwpﬁmmmwgubsﬁh aryl, an
optionally substltuted _heteroaryl, .an o tlonaIJ alfub tituted heterocyclyl
and an optlo S0 9Pt Y@J"Bﬁ‘m é 2 or 3; and 0 is
0, 1 or 2, [ E@?“&g’@”ﬂ?@% Gdcally siagfaedn is O, 1, or
2; R er LL? n optionally *su st??utedyaryl an optionally

substi t ut ed L@MMWM@@@W sohstigedonal | y

substituted heteroa | kyl; an optionally substituted heterocycle, an
optional |y s A%Eek amdy het erocyclyl, an optionally substituted

car bocycl oal kyl , O e U8 5 thek VS (CBDS S 80TaROX" i (CHL),, then
R? {5 not H, (i) that if B? is R0 and Y* is (CH,), with p=0, then X" is not SO,,
10 and (i) if Z is not H, OR¥, SR*or NR¥R", thea X* must be SO,
2. The compound of claim | wherein A and B are each H and the fonmula (T)
has 2 stereochernical configuration of substituents in accordance with the following
fénmla(la):

;F\N P
&
\ - A (=)
Yl x z
N\ !
M 5
R£ S )e
15
3. The compound of claim 1, or a pharmaceutically acceptable salt, ester, amide,
complex, chelate, hydrate, sterecisomer, crystalline or amorphous form, mztabohte,
metabolic presursor or prodrug thereof, wherein
A and B are each H:
20 R® is H, alkyl, an optionally substituted aryl, or an optionally substituted
heteroaryl;

Z is H, ORY, SR* or NR¥RY; where R™ is selected from the gmup

42~ d/////’//’/,,//’?&ﬁ
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Is not (CHerr])[err], then Rlerr] is not H and (ii) that if Rerr] is
Rlerr]-O and Y[err] i s (CHerr])[err] with p=0, then X err] i s not
SJerr]. 23. Use of a conpound -of followi ng fornula, or a
pharmaceutically acceptable salt, ester, am de, conplex, chelate,
hydr at e, stereoi soner, crystalline or anorphous form netabolite,
met abol i ¢ precursor or prodrug t hereof for preparing a nedi canent for
i nhibiting potassiumtransport across cel l ul ar menbr anes possessi ng
pot assi um channel s: [err] AMENDED
SUBSTITUTE SHEET

consisting of H, (CE,),-R", or C(O)-(CH) R ;mis 1, 2,3, or4;ris0, 1,2, 0r

3; R® is CH,NG),, CH.N®),L, or CO,R’; 'each R’ is independently selected

from H, or alkyl; L is a covnterion; R” is H, or alkyl; and R* is H, alkyl or

CO,R" and R¥ is H, or alky};

s R? is selected from the group consisting of H, alkyl, an optionatly

substitated aryl, an optionally substituted he'cefoaryl, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, R™-O-, and R°R-N- ;
where R* and B® are independently selected from the group consisting of alkyl, n
optionally substituted aryl, an optionally substituted heteroaryi, an optionally
10 substituted heterocyclyl and an optionally substituted carbocycloalkyl; R° is
selected from the group consisting of H, alkyl, an opiionally substituted aryl, an
optionally substituted heteroaryl, an optionally substitited heterocyclyl and zn
optionally substituted carbocycloalkyl; and
R is H, alkyl, an optionally substituted aryl, or an optionally substituted
15 heteroaryl.
4, The compound of claim 1 wherein the formula () has a configuration of
substitnents in accordance with the following formala (Tla):

5. The compound of claim 4 wherein A end B are cach H and the formula (ITa)

~43-
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al kyl, or is selected fromthe group consisting of an optionally
substi t ut ed aryl, an optionally substituted heteroaryl, an optionally

substituted heterocyclyl and an eptionally substituted car bocycl oal kyl ;
Y[err] is (CHerr])[err] and g is 0, 1, or 2, with the proviso that when
g=0, then R err]- cannot be H X[err] is Sderr]; R err]

is H alkyl, an optionally substituted aryl, an optionally substituted
aral kyl, an optionally substituted heteroaryl, an optionally substituted
heteroaral kyl ; an optionally substi Hst erocycl e, an optionally
substituted heterocyclyl, an m tituted carbocycl oal kyl, or
an al kyl ene- (substitut ed am is H alkyl, alkyenyl,

121 e o g g i i )

al kyl ene- NHC( dpfriwds @ehir yl ), al kyl ene- NHC( O) - (al kyl ene- het erocycl yl),
al kyl ene- NHC( O) - (het eroar al kyl ), al quI ene-
-51 -

N N
| A (¢135))
’ \‘ AN o
B
r )t
5 6. The compound of claim 1 or 8 pharmaceutically acceptable salt, ester, amide,

complex, chelate, hydrate, stercoisomer, crystalline or amorphous form, metabolite,
metsbolic precursor or prodrug thersof, wherein
A and B are each H;
Y?is (CH)),, HC=CH, or cthynyl and qis 0, 1 or 2;
10 X215 80,
R! is selected from the group of an optionally substml:edarylandan
optionally substituted heteroaryl;
X'is C=0, C=8, or (CH,),; wherein i 0, 1, or 2; and Z is H or OR™,
7. The compound of claim 1 or a pharmacevtically acceptable salt, ester,
15 amide, complex, chelate, hydrate, stereoisomer, crystalline or amorphous form,
metaholite, metabolic precursor or prodrug thersof, wherein
A and B are each H;
Y?is (CH,), and q s 0, 1, or2;
X%1s SO,;
20 R' is H or an optionally substituted aryl sclected from the group of phenyl
and naphthyl;

“
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a counter

substituted heterocyclyl, an o
optionally substituted carbocy

where R err] and err are |ndependentl sel d fromthe group

consi sting of alk F |d¥| Gﬁﬂbl?“%ﬁé&%t an optionally
substituted aral ky &ﬂ&é’—‘ﬁ'd’@ﬂen@lsyl an -optionally
substituted het erocycﬂ/ an o onal I"y" subst’ t ut ed het eroar al kyl, and an

optlonfllly s]lCSbsHtlt'?teedmpanﬁcnf A:c::wphammﬁpll yoavsepiabls it ,mmthlel gr oup
consisting o a RoRRbdpnal |y
substituted iﬁﬁ Mhﬁ&?@ Wﬁ%ﬁ%@f’%ﬁ%@ an optionally
su?stitut ed WW@ W whbgsh heteroaral kyl, and an
opfional ly substituted carbocycl oal kyl R[err] and R[err] along with the

nitrogen to which tiildy are attached forma het er ocycl yl ; Y[err] is
(CHerr])[err], e CH ])[err], HC=CH, or ethynyl; where Rlerr] is
al kyl is sel emgﬁk%%roup consisting of an optionally substituted
aryl,

10

15

rr] is selected fromthe group consisting of H,
(CHerr])[err]-Rerr], or C(O-(CHerr])[err]Rerr]; mis 1, 2, 3, or 4; r
is 0, 1, 2,
CJerr]Rerr]; each Rerr] is independently selected fromH, or alkyl; L is
ion; Rerr] is H or alkyl; and Rerr] is H alkyl or

CJerr]Rerr] and Rerr] is H, -or alkyl; Rlerr] is selected fromthe
group consisting of H, alkyl, an optionally substituted aryl, an optionally
substituted aral kyl, an optronallmﬁ'tut ed heteroaryl, an optionally

2L OBy ene-2B0) hkaAR 10 tap or 1}—SRIBF BP*or  NRER89] 2§98 Uk 009901663

or 3; RBis CH2ZN(R9)2,. CH err]N(Rerr])[err]L, or

[ituted heteroaral kyl, an
-L] O, and Rlerr]Rerr]-N;

¥ is (CH), and qis 0;

X*is SO;;

R! is 2n optionally substituted aryl selected from the group of phenyl and
naphithyl; ' |

X! is C=0, or (CH)),, wherenis 0, 1, ar2; and

Z iz H, or OH; and

Y' is CH=CH, ethynyl or (CH,),, wherepis 0, 1, 2 or 3.
S. The compound of claim 8 or a pharmaceutically acceptable salt, ester,
amide, compiex, chelate, hydrate, stereoisomer, crystalline or amorphous form,
metabolite, metabolic precursor or prodrug fhereof, wherein R” is H.
10.  The compound of claim 9 wherein R’ is an optionally substituted phenyl.
11. A pharmaceutical composition comprising a compouvnd of claim 1 or its
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate,
sterepisomer, crystalfine or amorphous form, metabolite, metabolic precursor or
prodrug and a pharmaceutically acceptable diluent or carrler,
12, A pharmaceutical composition comprising a compound of claim 2 or its
pharmaceutically acceptzble salt, ester, amide, complex, chelate, hydrate,
sterecisomer, crysiziline or amorphous form:, metabolite, metabolic precursor or
prodrug and a pharmaceutically acceptable dituent or carrier.
13. A pharmaceutical composition comprising a compound of claim 3 or its
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an optionally substituted carbocycloalkyl; pis O, 1, 2 or 3; and o is
0, 1 or 2 Xerr] is C=O m(G{HH)MH] where nis 0, 1, or 2
Rlerr] is H alkyl, an optionally substituted aryl, an optionally
substituted aral kyl, an optionally substituted heteroaryl, an optionally
substituted heteroaral kyl; an optionally substituted heterocycle, an
optionally substituted heterocyclyl, an optionally substituted

car bocycl oal kyl , or an al kyl ene- (substituted am no); and with the
provi so that when Y[err] is (CHerr and pis 0, then Rerr] is not
H. -52- m&]ﬁmound of followi ng formula,
or a pharmaceutically acceptabl e $a , ester, am de, conplex, chelate,

Pyt oL o Rl Yalelbil e ] el Bl o, 7oL 2001 1
sterecisomer, crystalline or emorphous form, metabolite, metabolic precursor or
prodrug and a pharmaceutically acceptsble diluent or carrier.

14, A pharmacentical composition comprising a compound of claim 4 or its

5 pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate,
stereoisomer, crystslfine or amorphous form, metabolite, metabolic precursor or
prodrug and a pharmaceutically acceptable diluent or carrier,

15. A pharmaceutical compositiofi comprising a compound of claim S ora
pharmageutically acceptsble salt, ester, amide, complex, chelate, hydrate,

10 stereoisomer, crystalline or amorphous form, metabalite, metabolic precursor or
prodrug thereof and a pharmaceutically acceptable diluent or catrier,

16. A pharmacentical composifion comprising 2 compound of claim 6 or its
pharmacsutically acceptable salt, ester, amide, complex, chelate, hydrate,
steregisomer, crystalline or amorphous form, metabolite, metabolic precursor or

15 prodrug and a pharmaceutically acceptable diluent or carrier.

17. A pharmacentical composition comprising a compound of claim 7 or its
pharmaceutically acceptable salt, ester, amide, compiex, chelate, hydrate,
sterepisomer, crystalline or amorphous form, metabaolite, metabolic precutzsor or
prodrug and & pharmacentically acceptable diluent or carrier.

20 18, A pharmaceutical composition comprising a compound of claim 8 orits
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate,
stercoisomer, crystalling or amorphous form, metabolite, metabolic precursor or
prodrug and a pharmacentically accepizable diluent or carrier.

19. A pharmacsutical composition comprising a compound of claim 9 or its

25 pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate,
stexeoisomer, crystilling or amorphous form, metzbalite, metabolic precursor or
prodrug and a pharmaceutically acceptable diluent or carrier.
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across cel lular nenbranes possessi ng potassi um channel s

[err] wherein t is 1; A and B arg each EDSI _%rj Ib
alkyl, or is selected fromthe group consisting of an op rona ’JF:%
substituted aryl, an optionally substituted het ggw{p;xoanpmul QNnadyl y(nd ________

substituted het erocycl yl and an optionally subg imghycar p%ﬁmgw yd%
Yierr] is (CHerr])[err] and g is O; X[ en €] DirswiSkbLr plged ... to pRL &1
is H alkyl, an optionally substituted aryl, anroptienally ag@st Ity e‘cf """""
aral kyl, an optionally substituted heteroaryl an_opt.ional Fy SUBst t‘lﬁéd """""
het eroaral kyl ; an optional |y subst iAMENBERet erocycl e, an optionally

substituted heterocycl yl, an opSUBSEITUTESHEET t ut ed car bocycl oal kyl, or an
al kyl ene- (substituted am no); Zis H alkyl, alkyenyl,

al kyl ene( het e@0cy c A/ pharmadeinieh cirtpesision comprising4. copiponnd af-BEE) 10oniss ) |

al kyl ene- N G edentically atiigtibls mit, ester, amide, complex, chelate, bydrate,
sterecisomer, crystalline or amorphous form, mefaholits, metabolicprecm'soror
prodrug and a pharmaceutically acceptable diluent or carrier.

5 21. A method for inhibiting potassinm transport across cellular membranes
Ppossessing potassinm channels comprising exposing 2 cell membrane possessing
said channels to fhe presence of a compound of foarmula (I) or 2 phermaceutically
acceptable salt, ester, amide, cmnplm,chelate,hydrm, sterecisomer, crystaltine

or amorphous form, metabolits, metaholic precursor or prodrug therenf:
R‘l

e
“Z\Y’_),\ P ‘Tm\ —
l N s Sheet Has Been Repla

RO R | 1)

A and B are each H, or taken together form a bond between the substitured

carbons;

R is H, alkyl, or is selocted from the group consisting of an optionally

15 substituted aryl, an optionally substituted heteroaryl, an optionally substifuted

heterocyclyl and an optionally substituted carbocycloalky);
Y? is (CH,),, (CH,),0, HC=CH, ethynyl or NH, wis 0, 1, or2 and qis 0, 1,
or 2, with the proviso that if Y* is (CH,), and q=0, then R? cannot be B;
“X?is C=0, C=8, or SO;; with the proviso that if Y2 is (CH,),0, then X?
20 is not SO,;
R’ is H, alkyl, an optionally substituted aryl, an optionally sibstituted
aralkyl, an optionally substituted heteroaryl, an op':iqna]ly substituted

R R 6 O
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(al kyl ene-het erocycl yl), al kylene-NHC(O) - (heteroaral kyl), al kyfene-

C(O (alkyl), alkylene-C(O Q(al kyl), OR[err], SR err] or NRerr]Rerr];

where R err] is selected fromthe group consisting of H, '
(CHerr])[err]-Rerr], or C(O-(CHerr])-Rerr]; mis1;—2—3—06f 4, 'S

0, 1, 2, or 3; Rerr] is CHerr]N(R err])[err], CHerr {

CJerr]Rerr]; each Rlerr] is independently
alkyl; L is a counter ion; Rerr] is H or alkyl; and R

€ err]L, or
] _ edor
Gl H , yl or
CJerr]Rerr] and Rerr] is H or a . Rl err] ilskRd4 m t he
group consisting of H, alkyl, a;v@m ubstituted aryl, an
optionally substituted aralyl, TerE ubstituted heteroaryl, an

optionally substituted hetefocyclyl, an optionally substituted
het er oar al kyl WH&F’P‘}M&% W@m%IMW-O, and

the. ot oup condi PR Bkl Rt g peiaec 17 om
optionally subatiab)ted aral kyl, an optionally substituted heteroaryl, an
R s
5 alkylene-NHC(O){alkyl), alkylene-NHC(O){aryD, alkylene-NHC{O)(heterocyclyD),
alkylene-NEC(O) (heteroaryl), alkylens-NHC(O)-(alkylene-heterocyclyD, alkylens-
NHC(Q)-(hewroaralkyl), alkylene-C(O)(alkyD), alkylene-C(O)O(aliyD), ORY, SR
or NRPR'; where R* ix selected from the group consisting of H, (CH,),-R’, or
COCH) R mis1,2,3,0r4;ris 0, 1,2, oc3; B*is CHNER,,
10 CB,N®*,L, or COR?; cach B’ i5 independently selected from B, oralkyl; Lisa
counter fon; RY is H, or alkyl; and R is H, afkyl or CO,R™ and R is H, or
alkyl;
R? is selected from the group consisting of H, alkyl, an optionally
. substituted aryl, an optionally substituted aralkyl, an optionally substifuted
15 ‘heteroaryl, an optionally substituted heteracyclyl, en optionally substituted
heteroaralkyl, an optionally substituted carbocycloalkyl, R\-O-, and R'R*N- ;
where R* and R® are independently selected from the group consisting of alkyt, an
optionally substituted aryl, an optionslly substituted aralkyl, an optionally
substituted heferoaryl, an opticnally substituted haterccyclyl, an optionally ';
20 substitited heteroaralkyl, and an optionally substitmted carbocycloalkyl; R® is |
selected from the group consisting of H, alky], an optionally substituted aryl, an
optionally substituted aralkyl, an optionally sobstituted heteroaryl, an opfionally
substituted heterocyclyl, an optionally substituted heteroeralkyl, and an optionally
substitated carbocycloalkyl; or R® and R® slong with the nitrogen to which they are
25 atiached form ahetgrocyclyl;
Y' is (CB,),, CER"(CH,),, HC=CH, or ethynyl; where R is alkyl or is
sclected from the group consisting of an optionally substituted aryl, an optionally
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an optionally substituted aryl, an optionally substituted aral kyl, an
optionally substituted heteroaryl, an optionally substituted heterocyclyl,

ah optionally substituted heteroaral kyl, and an optionally substituted
carbocycloal kyl; or Ro and Rlerr] along with the nitrogen to which they

are attached forma heterocyclyl; Y[err] is (CHerr])[err],

CHR[err](CH err])[err], HC=CH, or ethynyl; where R err] is alkyl or is
selected fromthe group consisting of an optlonally substituted aryl, an

optionally substituted heteroaryl, naIIy substituted heterocyclyl
and an optionally substituted c pis O 1, 2 or 3; and o is
0, 1 or 2 X1 is C=O or where n is 0, 1, or 2;
Rlerr] is H alkyl, optiona Stitu optigna

substituted af g@%@muﬁﬁﬁmggy 8?*?“@55@???&&gﬁgﬁéwg¥ fB tlonally
subst it ut ed_NeGiRALALRMcy 1013, st b, Akei ! o7 ocycl e, an
optionally substitute erocyctyl, ‘An optionally substltuted

car bocycl oal kyl orX‘anf&#%yCESeS%mm mnMnb)ﬁf with the

provise that uhen Mig i (hBkaby ity év&n?ﬁs“ﬁ%ﬁﬁmeui eally

accgpt abl e salzralkyls tadroptioRallg qubstitated) leteroeyic ki bptontiliysubitituted t er eoi soner
crystalline or anorphous form_netabolite, nmetabolic¢ precursor or prodr ug
thereof for prhssaaralkyl; an epticsalin.mbsttuted beterocycle, 2a optonslly subsitpedyi as: - 54-

heterocyclyl, an optionally substituted carbocycloalkyl, ar an alkylene-(substituted

L4

aming); and
with the provisos () that if ¥* is (CHy),, p is 0 and X" is not (CH)),, then
10 R? is not H, (i) that if R* is RO and Y' is (CH), with p=0, then X" is not SO,

and (i) if Z is not H, OB, SR* or NR¥RY, then X must be $O,.

22. Themethod of claim 21 wherein the potassium channel is a voltage gated

potassium channel,

23. The method of claim 22 wherein the potassivm channe} is selected from a
15 potassium channel responsible for cardiac Iy, potassium current,

24. The method of claim 22 wherein the potassium channel is Ev1.5.

25. The method of cleim 21 for inhibiting potassium transport across ceflular

membranes possessing potassium chammels wherein in the compound of formula (I):

A and B are each H: ¥2 is (CH,),, HC=CH, or ethynyl and qis 0, 1, or 2, with the
20 proviso thut when Y? is (CHy), and g=0, then R* canmnot be H; X?is SO,; and X* is

C~0, C=S, or (CH,)),; wherenis 0, 1, or 2.

26. The mefhod of claim 25 wherein the potassinm channel i a voltage gated

poiassium channel.

27. The method of claim 26 wherein the potazsium channe] is selected from a
25 potassium channel responsible for cardiac I, potassiom current.

28. ‘The method of claim 26 wherein the potassium channel iz Kv1.5.

29. The method of claim 25 for inhibiting potasstum fransport agross celiuler

- e ———
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together forma bond between the substituted carbons; Rlerr] is H,

al kyl, or is selected fromthe group consisting of an optionally
substituted aryl, an optionally substituted heteroaryl, an optionally
substituted heterocyclyl and an optionally substituted carbocycl oal kyl ;

Y[err] |S(CH[err])[err] (CH err])[err]O HC=CH, ethynyl or NHL wis 0, 1,
or 2 and q is O,

AMENDED
SUBSTITUTE SHEET

maﬂnawspmmﬂ%hgmnaﬁmndmmnkvmaﬁMﬁnmmﬁnﬁmcmmgnmdof
formula (I):
Y?is (CH,), and 8 0, 1, or 2, with the proviso that when q=0, then R' cannot
be H; and X* is C=0, or (CH,),; wherenis 0, 1, or 2,
5 30. Thenwﬂmdufdhhn29vﬂmmﬁnﬂw;mﬁsﬂmndhmﬂﬂjsavmﬁgpgmmd
potassium chamnel,
31, The method of claim 30 wherein the potassium channel is selected from a
potassium channel responsible for cardiac I, potassium carrent.
32, The method of claim 30 wherein the potassinm channel is Kv1.5.
10 33. The method of claim 29 for inhibiting potassium transport across cellular
membranes possessing potassium channels wherein farther in the compound of
formnla (1):
tis 1; and '¥? is (CH,), and q iz 0.
34, The method of claim 33 wherein the potassium channel is a voltage gated
15 potassium channel,
35. The mathod of claim 34 wherein the potassium channel is selected from a
potassium channel sesponsibls for cardiac I, potassium current.
36. The method of claim 34 wherein the pofassium channel is Kv1.5.
37. A method for treafing cardiac arthythmias which comprises administering to
20 & patient in need thereof, a pharmacetically effective amount of a compound of
formula (T) or a pharmaceatically acceptable salt, ester, amide, complex, chelate,
hydrate, stereoisomer, crystalline or amorphous form, metsholite, metabolic

precursor or prodrug thereof:
RN
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Rl err] cannot be H; X[err] is CGO, C=S, or SOJerr]; with the proviso
that if Y[err] is (CHerr])[err]O then Xerr] is not Serr]; Rl err]
is H alkyl, an optionally substituted aryl, an optionally substituted
aral kyl, an optionally substituted heteroaryl, an optionally substituted
het eroaral kyl ; an optionally substituted heterocycle, an optionally
substituted heterocyclyl, an optionally substituted carbocycl oal kyl, or an
al kyl ene- (substituted am no); Zis H alkyl, alkyenyl,
al kyl ene(heterocyclyl), al kyl ene(het eroa%l ), al kyl ene-NHC(O) (al kyl),
al kyl ene-NHC(O) (aryl), alkylene- AMEND
NHC( Q (het erocycl yl ), al kyl ene- NURSIITUTBREEE®/| ), al kyl ene- NHC( O) -
(al kyl ene-heterocyclyl), al kyl ene-NHC(O) - (het eroaral kyl ), al kyl ene-
C(O (al kyl), alkylene-C(O (al kyl), CR[errR]\ SR[err] or NRlerr]Rerr];
where Rlerr] is selected fromthe group cons¥st i ng of H,
(CHerr])[err]-Rerr], or C(O (CI—I[err])[erri errl; mis 1, 2, 3, or 4; r
is 0, 1, 2, or 3; Rerr] is CHerr]N(R err]) e{g‘.]/, CHerr]N(R err])[err]L,
or CJerr]Rerr]; each R err] ®s independently I cted@rom H or alkyl; L
Is a counter ion; Rerr] is H, §|; q{.kyl; d fi,_s H al kyl or
a

CJerr]Rerr] and Rlerr] is H or yl;
— B
[,
R*
wherein tis 1, or 2;
A and B are each H, or taken together form a bond between the substituted
carbons;
5 R' is H, alkyl, ar is selected from the gronp consisting of an optionally

substituted aryl, an optionally substituted heteroaryl, an optionally substituted
heterocyclyl and an opfionaily substitnted carbocycloalkyl;

Y is (CH,),, (CH,),0, HC=CH, ethynyl or NH, w iz 0, l,ar2andqis 0,1, or
2, with the proviso that if Y2 is (CHL), and q=0, then R} cannot be i,

10 ' X’isC=0,C=S,orSOz;wi&thepmvisomatifY’is(CEz),,O,thenfis

not SC,;

R is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an aptionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted

15 heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylens-(substituted
amino);

Z is B, alkyl, alkyenyl, alkylenetheterocyclyl), alkylene(heteroaryl),
alkylene-NHC(O)(alkyl), alkylene-NHC(O)(aryD), alkylene-NHC(O)(beterocyciyl),
alkylene-NHC(O)(heteroaryl), elkylene-NHC(O)-(alkylene-heterocyclyD, alkylens-

20 NHC(O)-(heteroaralkyl), alkylene-C(O)(alkyD), alkylene-C(0)O(alkyl), OR", SR
or NRPR'; where R is selected from the group consisting of H, (CH).R’, ar
C(O)-(CH)RE:; mis 1,2, 3, or 4; Tis 0, 1, 2, or 3; R'is CHN®),,

N,
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R[!eue'-(])z-geoeqﬁmct ed fromihe groud¢Bnsisting of T BMeyl , P BHPIRaUS po9so166s
substituted aryl, an optionally substituted aral kyl, an optionally

substituted heteroaryl, an optionally substituted heterocyclyl, an

optionally substituted heteroaral kyl, an optionally substituted

carbocycl oal kyl, Rerr]-O, and Rerr]Rerr]-N; where Rerr] and R err]

are independently selected fromthe group consisting of alkyl, an

optionally substituted aryl, an optionally substituted aral kyl, an

optionally substituted heteroaryl, an opti onal |y substituted heterocyclyl,

an optionally substituted heteroara an optionally substituted
carbocycl oal kyl; Rerr] is sele oup consisting of H, alkyl,
an optionally substi t ut ed aryl, an-optronalTy subst ituted aral kyl, an

g?\t iogtnﬁloln)a/tl F;@%@%%@Qeroar &L}n@&%%an op |onaH’]y gmgg)fe'{lg S

car bocycl oal kygounee i R*‘rﬂmhdamwmdk’éhmngamwt COR nt RIYBHE,iar whi ch t hey
are attached forma heterocyclyl; Y[err] is (CHerr])[err], CHR

[err](CH err] )8yl ], HC=CH, or ethynyl: where Rier] is alkyl or is selected

Substi tuted het 2?2‘?@#1%%@%&%&%@#? %Sw@?%ﬁ sl " Y
opt isonal | y subary héderoarytian is O, 1 or
2 é%ii?%pdsﬂ&s?ymm% e”#lo‘”vétgwéﬁwlv%{nmé SR Bop | onal |y
Substi tuted nepmiedl aﬁﬁyﬁﬂ%ﬁ“ﬁﬁyﬁ‘sﬁ'ﬁ”&%@ﬁ?ﬁﬁgﬁé‘ﬁiﬁgﬁﬁ%ﬁﬂa’ Y
optionally subwmdmmebmmmgmmmmgﬁmmsmﬁmmmm
car bocycl oal kyLryl,O{n aﬁma']lkymﬁﬁ&mdnmlky!, an optionally substituted hetercaryl, an
10 optionally substituted heterocyclyl, an optionaily substituted heteroaralkyl, and an
optionally substituted carbocycloalkyl; R® is selected from the group consisting of
H, alkyl, an optionzily substituted aryl, an optionally substituted aralkyl, an
optionzlly substituted heteroaryl, an optionally substituted heterocyclyt, an
optonally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl;
15 ' or R® and R°® along with the nitrogen to which they are attached form a
heterocyclyl;
Y is (CHy),, CHR"(CH,),, HC=CH, or ethynyl; where R is alkyl or is
selected from the group consisting of an aptionally substifuted aryl, an optionally
substituted heteroaryl, an optionafly substituted heterocyclyl and an optionally
20 substituted carbocycloalkyl; pis0, 1,2 or3;and0is 0, L or2;
X! is C=0, C=S, SO, or (CH,),; wherenis 0, 1, or 2;
R is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
25 heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted
amino); and
with the provisos (i) that if Y* is (CH,),, pis 0 aml'.ist1 isnot (CH,),,, then Rz
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(CHerr])[err], pis O and X[err] is not (CHerr])[err], then Rlerr] is not

H (ii) that i f Rlerr] is Rerr]-Oand Y[err] is (CH[err])[err] wi th p=0,

then X[err] is not SJerr] and (iiir) if+-Zis not H ORerr], SR err] or NR
[err]Rlerr], then X[err] nust be SOerr]. :

- 56- 26. Use of a compound of following forrmula, or a
pharmaceutically acceptable salt, ester, am de, conplex, chelate, hydrate,
stereoi somer, crystalline or anorphous form netabolite, netabolic

precursor or prodrug thereof for preparing a nedi canent for treating
cardi ac arrhythni as: AMENDB%
SUBSTITUTE SHEET

is not H, (i) that if R? is RO and Y* is (CH,), with p=0, then X' is not SO, and
(i) if Z is not H, ORY, SR or NR®R*, then X* must be SO,.
38. The method for treating cardiac arrhythmias of cfaim 37 which comprises
sdministering to & patient in need thereof, a pharmaceufically effective amount of &
5 compound of formulz () or a pharmaceutically acceptable salt, ester, amide,
complex, chelate, hydrate, stereoisomer, crystalline or amorphous form,
metabolite, metabolic precursor or prodrug thereof wherein:
A and B are each H; Y* is (CH,),, HC=CH, or ethynyl and q is 0, 1, or 2, with
the proviso that when Y2 is (CB,), and g=0, then R’ cammot be E; X" is SO,; and X*
10 is C=Q, C=8, or (CH,),; where nis 0, 1, or 2.
39. ‘The method for treating cardiac arthythmias of claim 38 which comprises
administering to a patient in need thereof, 2 pharmaccutically effective amount of a
compound of formula (J) or a pharmaceutically acceptable salt, ester, amide,
complex, chelate, hydrate, sterecisomer, crystalline or amorphous form,
15 metabolite, metabolic precursor or prodrug thereof wherein further in the
compound of formula (I):
Y?is (CHy), 2nd q is 0, 1, or 2, with the proviso that when ¢=0, then R’ cannot
be H; and X* is C=0, or (CH,),; wherenis 0, 1, or 2.
40, The method for treating cardiac archythmise of claim 39 which comprises
20 administering to a patient in need thersof, a pharmacentically effective amount of &
compound of formulz (I) or & pharmaceutically acceptable selt, ester, amide, complex,
chelate, hydrate, stereoisomer, crystalline or amorphous form, metsbolite, metabolic
precursor or prodrug thereof, wherein further in the compound of fornmila (I):
tis 1; and V2 is (CH,), and qis 0.
25 41. A compound of formula () or a pharmaceutically acceptable salt, ester,
amide, complex, chelate, hydrate, sterecisomer, crystalline or amorphous form,
metabolite, metabolic precursor or prodrug thereof:

- KO O R
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H alkyl, or is selected fromthe group consisting of an optionally
substituted aryl, an optionally substituted heteroaryl, an optionally
substituted hetercoyclyl and an optionally substituted carbocycl oal kyl ;
Y[err] iS (CHerr])[err], HC=CH, or ethynyl and q is O, 1, or 2, with the
proviso that when Y[err] is (CHerr])[err] and gq=1, then R err] cannot be
H; Xerr] is SOerr]; Rlerr] is H alkyl, an optionally
substituted aryl, an optionally substituted aral kyl, an optionally
substituted heteroaryl, an optionall shi t ut ed heteroar al kyl ; an
optionally substituted heterocy F=Yal n" aaal |y substituted het erocycl yl,
an optionally substituted carboc [ = n al kyl ene- (substituted

am no) ; Zis H alky, alkyenyl, aleyI ene( heterocyclyl),

al kyl ene(heteroaryl), alkyl ene- NHC(O)(aI‘ky:I ), alkylen

NHC( O (aryl ), al kl yl ene- NHC(O) (het erocycl yl )|, al kyl ene- NHC(O) (heteroaryl),
al kyl ene- NHC( O) - al kyl ene- het erocycl yl), al k&ken NHC( O - (heteroaral kyl),
al kyl ene-C(O) (al kyl'), al kyl gge-C(O ((al kyl ) Aerr] ,(I)SR[err] or

tan

wherein€is ], or2;
A and B are cach H, or taken together form a bond between the substituted
5 carbons;

R'is H, alkyl, or is selected from the group consisting of an optionally
substituted aryl, an optionally substituted heteroaryl, an optionally substituted
heterocyclyl and an optionally substituted carbocycloalkyl with the proviso that
when R ig an optionally substituted aryl, then R? is not a dialkoxyphenyl;

10 Y* is (CH),, HC=CH, etiynyl or NH, wis 0, 1, or 2and qis 0, 1, or 2, with
the proviso that if Y2 is (CH,), and ¢=0, then R! cannot be H,

X% is SO,

! is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted

15 heteroaralkyl; an optionally substituted heterocyele, an optionally substituted
heterocyciyl, an optionally substituted carbocyeloalkyl, or an alkylene-(substimted
amino);

Z s H, alkyl, alkyenyl, alkylene(heterocyelyl), alkylene(heteroaryl),
alkylene-NHC(O)(alkyl), alkylens-NHC(O)(aryD), alkylens-NHC(O)(heterocyclyl),

20 alkylene-NHC(O)(heteroaryl), dlkylene-NHC(O)-(alkylene-hetesocyelyl), alkylene-
NHC(O)-(heteroaralkyl), alkylene-C(O)(alkyl), alkylene-C(O)O(alkyl}, ORY, SR*
or NRR'; where R™ is selected from the group consisting of H, (CH,),-R", or

T

Sheet Has Been Replaced

T

AMENDED SHEET




N g5 0 BlopbFieWhere—REWY 1]~ Os* s8Rkt ed from t KEITI B constes B rgeef| 4, 09901663
(CHerr])[err]-Rerr], or (OQ-(CHerr])[err]Rerr]; mis 1, 2, 3, of ZP r

is 0, 1, 2, or 3 R[err] is CHerr]N(R[err])[err], CHerr]N(R err])[err]L,

or CQerr]R[err] each R err] is independently selected fromH, or alkyl; L

is a counter ion; Rerr] is H or alkyl; and Rerr] is H alkyl or
-Cderr]Rerr] and Rlerr] is H or alkyl; Rerr] is

selected fromthe group consisting of H alkyl, an optionally substituted

aryl, an optionally 'substituted aral kyl, an optionally substituted

heteroaryl, an optionally substituted heterocyclyl an optionally

substituted heteroaral kyl, an opti oAMENDERbst | t ut ed car bocycl oal kyl ,

Rlerr]-O, and R err] R[err] N-; SHRSTETUIESHEEIhd Rlerr] are i ndependently
selected fromthe group consi st ng of al kyl, an Oﬁél onal | subst i tuted
aryl, an opti cﬂ@)K‘}Eb).rB&tMtwl.eﬁ %mﬂkyiso.dn%m?no Biituted

Cubst i tu ed horBRIRRnRICONK e S Rkt e P B BLORRE Mrnn o

Rierr] is sel agofr fonpRPUOEL, oF Spl; GSIRY 5 HD kgl or CORManld R Mywiri onal | y
substituted aryl, an optionally substituted aralkyl, an optionally
substituted heﬂlb‘loaryl an optional ly.substituted het erocyclyl, an

optigonal Iy substi tﬂtﬁ%&%&ﬁ@% eﬁWtw,% %ﬁﬂﬁﬁtﬁﬁ&mﬂ
aryl, an optionaliy substituted aralkyl, an opfionally substifuted heteroaryl, an
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an
optionally substituted carbocycloalkyl, R-O-, and R*R*-N- ; whare R* and R® are
independently selected from the proup consisting of alkyl, an optionally substituted
19 aryl, an optionally substitated aralkyl, an optionally substituted heteroaryl, an
optionally substituted heterocyclyl, an optionally substituted hetercarslkyl, and an
opticnally substituted carbocycloalkyl; R° is selected from the group consisting of
H, alkyl, an optionally substifuted aryl, an optionally substituted aralkyl, an
optionally substituted heteroaryl, an optionally substituted heteracyclyl, an
15 optionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl;
or B* and B* along with the nifrogen to which they are attached form 1
heterocyclyl;
Y' is (CH,),, CBRY(CH,),, HC=CH, or ethynyl; where R¥ is alkyl or is
selected from the group consisting of an optionally substituted aryl, an optionsally
20 subsfituted heteroaryl, en optionally substituted heterocyclyl and an aptionzlty
substifuted carbocycloalkyl; pie0, 1,2 or 3; andois 0, 1 or 2;
X' is C=0, C=8§, SO,0r (CHy),; wheren it 0, 1, or 2;
R*is H, alkyl, an optionally substituted sryl, an optionslly substituted
aralkyl, an optionally substituted hetercaryl, an optionally substituted
25 heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted

aminc); and
s (IO
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are attached forma het erocycl yl ; Y[err] is (CHerr])[err],

CHR err](CH err])[err], HC=CH, or ethynyl; where R err] is alkyl or is
selected fromthe group consisting-«of amn opti onal ly substituted aryl, an
optionally substituted heteroaryl, an optionally substituted heterocyclyl
and an optionally substituted carbocycloalkyl; pis 0, 1, 2 or 3; and o is
0, 1 or 2 Xerr] is CCO C=S, or (CHerr])[err]; where nis 0, 1, or
2; Rlerr] is H alkyl, an optionally substituted aryl, an optionally
substituted aral kyl, an opti onaIIy ut ed heteroaryl, an optionally
substituted heteroaral kyl; an o %%ﬁtltut ed heterocycle an
optionally substituted heterocy Wally substituted

carbocycl oal kyl, or_an al kyl ene (sub tituted am;nl# and t he
provisos (i) that Wifhche prowisey () ? (0B.),cpig 0 xism(?o‘é@ﬁ[ ]l%i s not

5 e ot 4 s i 5 ©

27. Use of a compound of follow ng fornula, or a pharnaceutically
acceptabl e salt, ester, am de, conplex, chelate, hydrate, stereoisoner,
crystalline or anorphous form netabolite, nmetabolic precursor or prodrug
t hereof for preparing a nedicanent for treating cardiac arrhythm as:

—_—_——
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[err] wherein t is 1, or 2; A and B are each 'HEN[AGEMEFIIT?EEU

I's H alkyl, or is selected fromthe group consisting of an Opilona
substituted aryl, an optionally substituted heteroaryl, an optionally

substituted hetergeyclyl ' Ly subst it Ul rbocycl oal kyl ;

Y[err] is (CH err]??’er r%( p]g%ﬂ'ﬂa@élbstﬁgltéo%ﬁ'% C‘Wﬁé"ﬁ”ﬁg%ﬁf@ﬁ@ Cﬁﬁgﬁm\men

q=0, then R[ el br its phaphadsitically acceptablé s&if lestsr, Sdidy, cbmplex, cheldiderr] is
Substituted aryl, an optionally substituted

v ai kyl . an QTR S19rboBBer (yRiaUnmel aicahas farm opelblle, yesabald t ut ed
het eroar al Kyl gre%[]rso?%f' Gfﬂb‘i‘g#)énﬁ‘ébﬁdrﬁl‘é'b@gﬁ&%%EB&MQB@’diﬁQnP&I sty

substituted heterocyc
' 21. Use of a compound of the following formula, or a
pharmaceutically acceptable salt,' ester, amide, complex, chelate, hydrate,
stereoisomer, crystalline or amorphous form, metabolite, metabolic precursor
or prodrug thereof for preparing a medicament used for inhibiting potassium
transport across cellular membranes possessing potassium channels:

R?

REPLACEMENT SHEET
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whereintis 1, or 2;

A and B are each H, or taken together form a bond between the
substituted carbons;

R'is H, alkyl, or is selected from the group consisting of an optionally
substituted aryl, an optionally substituted heteroaryl, an optionally substituted
heterocyclyl and an optionally substituted carbocycloalkyl;

Y? is (CHz)q, (CH2)wO, HC=CH, ethynyl or NH, wis 0, 1, or 2 and q is

\ 0, 1, or 2, with the proviso that If Y2 is (CH;)q and =0, then R’ cannot be H;

X2 is C=0, C=S, or SOj; with the proviso that if Y? is {CH2WO, then X2
is not SO,; _

Rlis H, alkyl, an aptionally substituted aryl, an optionally substituted
aralkyl, an op}ionally substituted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-
(substituted amino);

Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl),
alkylene-NHC(O)(alkyl), alkylene-NHC(O)(aryl), alkylene-
NHC(O)(heterocyclyl), alkylene-NHC(O)(heteroaryl), alkylene-NHC(O)-

-47.
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6ptional|y substituted carbocycl oal kyl, or an al kyl ene-(s ' FE0) ;
Zis H alkyl, alkyenyl, alkylene(heterocyclyl), alkylene( ¢@gﬁ§/‘ ?ﬂtﬂo

&l kyl ene-  NHC(O) (al kyl), al kyl ene-NHC(O) (aryl),
al kyl ene- NHC( O) (het erocycl yl), al kyl ene- NHC(O) (heteroaryl),
al kyl ene- NHC( O) - (al kyl ene-heterocyclyl), al kylene-NHC(O - (heteroaral kyl),

R er 1 or 1) GlRheas i e OB et TRa FUREE: g or 1
Lo 1 I UOHARYD s AOAghn] DRE.SE R e e 1 1 0.
CJ err] R er r ] selectet! fRira the groyipi qensisEng et {Al‘iﬁm]%; @HC{Q{J&}&,)P rMBkyl; Lis
S orr] R er ] Mg F o 0t of p K RFNIRL CraNRehL JorOR each |
the group congP i ih&épéﬁdér\ﬂy@el@dted fioman} oraiigll] | isalesuntenion] R'aisy, oran
obt1 onal |5 syt 0d &1° el RGP sang it T il ovallibs ¢ ted 0
reher o e 2 RSB b rn SRR R sl O, ano
substituted aryl, an optionally substituted aralkyl, an optionally substituted
heteroaryl, an optionalty substituted heterocyclyl, an optionally substituted
heteroaralkyl, an optionally substituted carbocycloalkyl, R®-O-, and R°R°N- ;
where R® and R are independently selected from the group consisting of
alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an
optionally substituted heteroaryl, an optionally substituted heterocyclyl, an
optionally substituted heteroaralkyl, and an optionally substituted
carbocycloalkyl; R®is selected from the group consisting of H, alkyl, an
optionally substituted aryl, an optionally substituted aralkyl, an optionalty
substituted heteroaryl, an optionally substituted heterocyclyl, an optionally
substituted heteroaralkyl, and an optionally substituted carbocycloalkyl; or R"
and R® along with the nitrogen to which they are attached forma
heterocyclyl;
Y' is (CHz)p, CHR"(CHz)o, HC=CH, or ethynyl; where R is alkyl or is

selected from the group consisting of an optionally substituted aryl, an
hed optionally substituted heteroaryl, an optionally substituted heterocyclyl and

an optionally substituted carboeycloalkyl; pis 0, 1,2 0or 3;and 0is 0, 1 or 2;

X! is C=0, C=S, SO, or (CH;),; where nis 0, 1, or 2;
R*is H, alkyl, an optionally substituted aryl, an optionally substituted

aralkyl, an optionally substituted heteroaryl, an optionally substituted

heteroaralkyl; an optionally substituted heterocycle, an optionally substituted

heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-

(substituted amino); and —_—
T AT
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i-ndependently selected fromthe group consisting of alkyl, @%@mbhﬁ'f

substituted aryl, an optionally substituted aral kyl, an opti

Substituted heteroaryl, an optionally substituted heterocyclyl, an
optionally substituted heteroaral kyl, and an optionally substituted
carbocycl oal kyl; Rlerr] is selected fromthe group consisting of H, alkyl,
an optionally subst AV i@r@ 46 ahyw'qs nat . an
optionally substi tﬂ#@w%gfog{rt%dasr@ﬁﬁagﬁyopt ' (ﬂ%’l’ ?y suBst I tut ed%@er ocyclyl,

an gp.t i olnal : ¥h'§nwigmtp|q(ii)em§triﬁam lR%col, arahy’ i;sr(Cbb)ﬁivdﬂ'qDﬂ/, them Xt ismgmeﬂ )
carpocyci oa , or err an r on t I tr e 0 Ich the
are at%/ached %@z and (il F@r%d}ﬂiﬁ,%g‘- éR?“F["é‘ﬁﬂgHé; i;fPPf‘?‘?%SPEZ Y
CHR err] (CHLerr])3Lrrlyee ez CEdmdiunGtdf ¥olbwin ahﬂy:ﬁérphahﬁaeédtwhnw i's

selected fromthe group consisting of an (3 | ona substituted aryl, an
optional |y suinsdeptabiledalcestenamide, complex,ichelaie,hydate ste@ols®mast er ocycl yl

10,20 00 L e o A o e g

Rlerr] is H if iof HHsHiY potassitmapdrispottidcyoss
substituted a@?ﬁ%“ﬁﬁ;ﬁgggft’?%ﬁgﬁﬁé@%{sﬂt ut eél E}t e?oaryl , sgn optionally

substitut ed heslitiaranemnkranesgposspssing pptassiimehannglssd het erocycl e, an
optionally substituted heterocyclyl, an tionally substituted

car bocycl oal kyl, or an al kyl ene-(substitu‘eqzarri no); and with the
proviso that when Y[err] is (CHerr])[err] and p is O, then Rlerr] is not
H. 28. Use of a conmpound of follow ng fxarnmulg&, or a pharmaceutically

acceptabl e salt, ester, anide, conplex, chelatw” hydrate, stereoisoner,
crystal line or anorphous forn?z nmet abolite, netgbghic precursor or prodrug
t hereof for preparing a nedica xifor t ti f ac arrhythm as:
[err]

wherein tis 1, or 2;

A and B are each H;

R'is H, alky!, or is selected from the group consisting of an optionally
substituted aryl, an optionally substituted heteroaryl, an optionally substituted
heterocyclyl and an optionally substituted carbocycloalkyl;

Y2 is (CHa)q, HC=CH, or ethyny! and q is 0, 1, or 2, with the proviso that
when Y2is (CH,)q and g=0, then R' cannot be H;

X?is SOz

R®is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, - an-optionally substituted heteroaryl, an aptionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-
(substituted amino);

Zis H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl),
alkylene-NHC(O)(alkyl), alkylene-NHC(O)(aryl), alkylene-
NHC(O)(heterocyclyl), alkylene-NHC(O)(heteroarytl), atkylene-NHC(O)-
(alkylene-heterocyclyl), alkylene-NHC(O)-(heteroaralkyl), alkylene-

-49 .- —
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[ | kyl, [ | ected f th i sti f '
Rlerr] is alky or is selecte romthe group consisting O&anﬂﬁ¥

substituted aryl, an optionally substituted heteroaryl, an

substituted heterocyclyl and an optionally substituted carbocycl oal kyl ;
Y[err] is (CHerr])[err] and q is O; Xerr] is SOerr]; Rl err]
is H alkyl, an optionally substituted aryl, an optionally substituted
aral kyl, an optionally substituted heteroaryl, an optionally substituted

het er oar al kyl ; ' ' t esRY e NR1°RT; whereoRHlis y
substituted he(t; ré@%‘?%@‘%ﬂn&%%%%wdgﬁbstitut gd carbocycl 0gl I%/I , Or an
al kyl ene- ( subssaleaied froomthecgroup consisting of Ky (GhiyR", ol Qg@dﬁ/ﬂz)rR (mis

0 e ek e b B LR LR e
NHO( O (het er Oak?fs)ind@é?ﬂeﬁﬂﬁéllé&@flrﬁmlmfr_ 1 hetﬁ e?uméyioh: R¥isH, or
19 ) ( P
o ene G SOl s
Sl ey or o) | o FELRURIGBEHoh 88 Ghulbof Sl oK p) i’
i s CH err] N( Risubsliluted aiyl, £7bstiorially Blibstithfstiaralkyl, am opfshatlysubjiituted; each
Ter] 12 L dnshoral A vt emfolbyap e
is H or alkylheteroaralkyl, an optionally substituted carbocycloalkyl, R:-O-, and R'R%N- ;
where R* and R are independently selected from the group consisting of
S/ alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an
optionally substituted heteroaryl, an optionally substituted heterocyclyt, an
optionally substituted heteroaralkyl, and an optionally subsfituted
carbocycloalkyl; R® is selected from the group consisting of H, alkyl, an
optionally substituted aryl, an optionally substituted aralkyl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl, an optionally
substituted heteroaratkyl, and an optionally substituted carbocycloalkyl; or R®
and R°® along with the nitrogen to which they are attached form a
heterocyclyl;
Y'is (CHz)s, CHRV(CHy)o, HC=CH, or ethynyl; where R" is alkyl or is
selected from the group consisting of an optionally substituted aryl, an
N\ oplionally substituted heteroaryl, an optionally substituted heterocyclyl and
an optionally substituted carbocycloalkyl, pis 0, 1,20r3;and 0is 0, 1 or2;
X"is C=0, C=S, or (CHp)y; where nis 0, 1, or 2;
R*is H, dlkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-

{substituted amine); and
_

ReRLAGBRA 7 R
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Rlerr] is selected fromthe group consisting of H, alkyl, '
substituted aryl, an optionally substituted aral kyl, an opmwdw §|¥EET
substituted heteroaryl, an optionally substituted heterocyclyl, an
optionally substituted heteroaral kyl, an optionally substituted

carbocycl oal kyl, Rerr]-O,. and Rerr]Rerr]-N; where Rerr] and R err]
are independently selected fromthe group consisting of alkyl, an

optional |y substi tuitrethesprpvisoa i) tytiwdveal Y'yis $OHs), p ist @andXispot,(Clrz)n,

optionally substituted heteroaryl,..an.optignal |y, s | t uped tergeyclyl,
an optionally @ﬁﬁi#r‘? fPeR.: AB 3965%[? §/Fs,p§% cFr!Sln%otSRBﬁﬂiﬂW’g" gﬂﬂ‘i‘?@rq& ed
car bocycl oal kyk ing r] is selected fromthe group consisting of H alkyl,

an optionally substi #ut ed aryl, an optionally substituted aral kyl, an
optional |y subst i t28.edséef acomppund afi fallowing-farmylas obs phamaaceulisalbt ocycl yI |

an optionally substi.tut het eroar al kyl , and .a | I i tuted
car bocycl oal kyqo:cegfa 8¢ ,]esgtﬂdapg[l PPM%@QWF%%%@?%#%%St}%@& whi ch t hey
are attached fQysafin8rahfihdys form, metabolite, metabolic pecursor or prodrug
thereof for preparing a medicament for inhibiting potassium transport across
cellular membranes possessing potassium channels:
R1

o
v/ X \N/Rs
Rz\ A
Y‘—-——x\ | N z
N— 8
NG !

wherein tis 1, or 2;

A and B are each H;

R'is H, alkyl, or is selected from the group consisting of an optionally
substituted aryl, an optionally substifuted heteroaryl, an optionally substituted
heterocyclyl and an opfionally substituted carbocycloalkyl;

Y?is (CHz)q and q is 0, 1, or 2, with the proviso that when g=0, then R'
cannot be H;

= X? is SO;

R?is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an opfionally substituted-heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-
(substituted amino); |

Z is H, alkyl, alkyenyl, alkylene{heterocyclyl), alkylene(heteroaryl),
alkylene-NHC(O)(alkyl), alkylene-NHC(O)(aryl), alkylene-
NHC(O)(heterocyclyl), alkylene-NHG(O)(heteroaryl), alkylene-NHC(O)-
(alkylene-heterocyclyl), alkylene-NHC(O)-(heteroaralkyl), alkylene-

REPLACEMENT SHEET -51-
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Y[err] is (CHerr])[err], CHRerr](CH err])[err], HC=CH or ethynyl; where
Ri,err] is alkyl or is sel ected fromthe group consisting ofREEkADEMmeﬁHEEy
substituted aryl, an optionally substituted heteroaryl, an optionally
substituted heterocyclyl and an optionally substituted carbocycl oal kyl; p
is 0. 1, 2 or 3; and o is O, 10r2 X1l is CO or (CH[err])[err]
Wnerenlso 1, or 2 Rlerr] is H alkyl, an optlonally substltuted

aryl, an opti OG(ID)(alkylbl,taikerm-@ﬂoa@(sdIM ORIA, &lﬂ‘cﬁoo NR'PR s whets Riftisd
e oar R ST s ot ot B RIS o SRS e
optonal |y, Subsiz(s/cpd, CRIBOEYCbPS) ¥l o rzwﬁ'dé%?‘i??"s"e*‘i‘?%“??gﬁ‘“ P
then Rlerr] i sR%(sundLapendenﬂy selected from H, oralkyl; L is a counter ion; 15is H, or

alkyl; and R'®is B, alkyl or CO.R" and R™ is H, or alkyl;

RZis selected from the group consisting of H, alkyl, an optionally
substituted aryl, an optionally substituted aralkyl, an optionally substituted
heteroaryl, an optionally substituted heterocyclyl, an optionally substituted
heteroaralkyl, an optionally substituted carbocycloalkyl, R®-O-, and R°R*N-;
where R? and R® are independently selected from the group consisting of

N alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an
opfionally substituted heteroaryl, an optionally substituted heterocyclyl, an
optionally substituted heteroaralkyl, and an optionally substituted
carbocycloalky); R® is selected from the group consisting of H, alkyl, an
optionally substituted aryl, an optionally substituted aralkyl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl, an optionally
substituted heteroaralkyl, and an optionally substituted carbocycloalkyl; or R®
and R°® along with the nitrogen to which they are attached forma
heterocyciyl;

Y is (CHz)s, CHR"(CHy),, HC=CH, or ethynyl; where RY is alkyl or is
selected from the group consisting of an optionally substituted aryl, an
optionally substituted heteroaryl, an optionally substituted heterocyclyl and
an optionally substituted carbocycloalkyl; pis 0, 1,2 or 3;and 0is 0, 1 or 2;

X'is C=0, or (CHz),; where nis 0, 1, or 2;

R*is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substifuted heteroary!, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-
(substituted amino); and

with the proviso that when Y' is (CH,), and p is 0, then R? is not H.
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24. Use of a tofnpound of following farmula; of a phammaceutically
acdeptable salt, ester, amide, complex, chelate, hydrate, stereocisomer,
crystalline or amorphous form, metabolite, metabolic precursor or prodrug
thereof for preparing a medicamént for inhibiting potassium transport' across

cellular membranes possessing potassium channels:
R1

T
x‘\N /R“
RZ
\ A
Yi—x! 2
N : B
/ = )

wherein tis 1;

A and B are each H;

R! is alkyl, or is selected from the group consisting of an optionally
substituted aryl, an opfionally substituted heteroaryl, an optionally substituted
heterocyclyl and an optionally substituted carbocycloalkyl;

Y?is (CHz) and q is O;

X% is SOy

R®is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-
(substituted amino);

Zis H, alkyl, alkyenyl, alkylene(heteracyclyl), allkylenefheteroaryl),
alkylene-NHC(O)(alkyl), alkylene-NHC(O)(aryl), alkylene-
NHC(O)(heterocyclyl), alkylene-NHC({O)(heteroaryl), alkylene-NHC(O)-
(alkylene-heterocyclyl), alkylene-NHC(O)-(heteroaralkyl), alkylene-
C(O)(alkyl), alkylene-C(O)O(alkyl}, OR™, SR or NR™¥R'®; where R™ is
selected from the group consisting of H, (CH2)m-R®, or C(O)-(CH2)R® m is
1,2,3,0r4:ris 0, 1, 2, or 3; R®is CHN(R®), CHN(R®)sL, or CO,R®; each

wEETE > W
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WD 99/ 37607
PCT/ US99/ 01663 or NRlerr]Rerr]; mwwr?m?g

selected fromthe group consisting of H, (CH[err])[err] Rlerr], or
AO-(CHerr])[err]-Rerr]; mis 1, 2, 3, or 4, r is 0, 1, 2, or 3; Rerr]
Is CHerr]N(Rerr])[err], CI-l[err]N(R[err])[err]L or
Cderr]Rerr]; each R[err] i's independently selected fromH or alkyl; L is

a R? is inde yisefactdd ﬁbrlh]HléT aHkyl oL i l&uhntealmh H‘%rsrﬂl ors H,
al kyl or CO err Rl err 1gmd err] is b kyl

Rlerr] is sel e@ aW s, @kﬂlﬂi QR Qﬂﬁr% éﬁH.I-OfaiNyl an optional I'y
substituted 2. td al kyl-, an
optionally substi tRut 'esds%ee?%? grgf/rf gﬂeaq{gup %ﬁé&ﬂﬂ Af)“'salﬂgﬁ {!l'lsona Y

substitut ed hesubstituted ahyl, mopﬂnanauyaubst:tetﬁsaralkw an obﬁomllyeswbkmted an

optionally substituted car clo err ;

V\Eer e R e?/r] g’?ﬁfef-ﬂa@’r?“g g‘”l ly su %Sm)'/-’ted lﬂtﬁ?ﬂf&ﬁ‘&hé@ﬂ’??’%&%@hﬂ’tﬁ om t he
roup consi sti . br¢ NI -

gr yl, P an opti oﬁgﬁz{/ shgl}slté?fgpggﬂg %{ﬁdﬁﬁ%‘?@ﬂw yRscu)bsq[r} t}t:théGN

heteroaryl, arwhere R®and R®are mdepepdemﬂyaelellgcteduﬁemtha@wmemmlstmcﬂfyl an

optionally sub I,.t ut ed..hetero J Ia tlonally

substi tuted caﬁmc 3 H‘PW@ UEF&UQ Ay @@I%’P@ﬁ"yfﬂ?rﬂ‘%@ gtaled, %ﬁnsi sting

of a‘?ﬂ?ﬁ

optionally subo ttllﬁtn S{iyégh%sﬁtg%ij ,he‘fél'oﬁgﬂ ﬁohaﬁ}‘&l?dét:lhg%gf\e@rdé l?‘s%]llrhtnuat d

het er oaryl , arpptpna&wambgirttdedMQmathaMrmgmiomny aubstltuted

optanal Ty Aol Sl oo B PSR ST A

ni trogen to woptienaihesulsstituted anyhanl optisrallg substituted aralkyl, an optibeaigr ocycl yl ;
substituted heteroaryl, an optionally substituted heterocyclyl, an optionally
substituted heteroaralkyl, and an optionally substituted carbocycloalkyf; or R®
and R° along with the nitrogen to which they are attached form a
heterocyclyl; '

Y'is (CHz)p, CHRY(CH,)o, HC=CH, or ethynyl; where R'” is alkyl or is
selected from the group consisting of an optionally substituted aryl, an
optionally substituted heteroaryl, an optionally substituted heterocyclyl and
an optionally substituted carbocycloalky); pis 0, 1,2 0r3;and o is 0, 1 or2;

X'is C=0, or (CHa)y; where nis 0, 1, or 2;

) R*is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an opftionally substituted heteroaryl, an optionally substituted
heteroaralky!; an optionally substitufed heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-
(substituted amino); and

with the proviso that when Y' is (GH.), and p is 0, then R? is not H.

25. Use of a compound of following formula, or a pharmaceutically
acceptable salt, ester, amide, complex, chelate, hydrate, stereoisomer,
crystalline or amorphous form, metabolite, metabolic precursor or prodrug

 thereof for prepariﬁg a medigament for treating cardiac arrhythmias:
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Y[ et ' CH , CH CH , HC=CH, ,
Rorr] 15 alkyl or 1e 200 e CTeet b T rom the or o REPEARRMENTISHEER: ©

an optionally substituted aryl, an optionally substituted
het eroaryl, an optionally substituted heterocyclyl and an optionally
substituted carbocycloalkyl; pis 0, 1, 2 or 3; and ois 0O, 1 or 2
X[err] is CO, or (CHerr])[err]; wherenis 0, 1, or 2;

Rlerr] is H alkyl, an optionally substitutegd aryl, an optionally
substituted aralyl, 25 an optiofally substituted heteroaryl,
an optionally substltuted het er oar al kyl ; an | optionally
substituted heterocycle, an optionally substitw ed Wet erocyclyl, an
optional |y substituted carbocyckoal kyl, or an al R§l ene-(substituted am no);
and witR the proviso thgt mhen Y[err] is

(CH err])[err] and p is 0, then Rfer¥] is_nb

nmet hod for treating cardiac arrhythnﬁg§ '
-63-
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whereintis 1, or 2;
A and B are each H, or taken together form a bond between the
substituted carbons;

s R" is H, alkyl, or is selected from the group consisting of an optionally
substituted aryl, an optionally substituted heteroaryl, an optionally substituted
heterocyclyl and an optionally substituted carbocycloalkyl;

Y2is (CHz)q, (CH2)wO, HC=CH, ethynyl or NH, wis 0, 1, or2and q is 0,
1, or 2, with the proviso that if Y2 is (CHy)q and =0, then R! cannot be H;

X2is C=0, C=S, or SO;; with the proviso that if Y2 is (CH.)«O, then X2
is not SO3;

R®fs H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-
(substituted amino);

Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl),
alkylene-NHC(O)(akyl), alkylene-NHC(O){aryl), alkylene-

. NHC(O)(heterocyclyl), alkylene-NHC(O)(heteroaryl), alkylene-NHC(O)-
(alkylene-heterocyclyl), alkylene-NHC(O)-(heteroaralkyl), alkylene-
C(O)(alky!), alkylene-C(0)O(alkyl), OR™, SR or NR'R®; where R* is
selected from the group consisting of H, (CH2)x-R®, or C(O){CHz)-R®; mis
1,2,3,014;ris 0, 1, 2, or 3; R®is CHN(R®)z, CH2N(R®)sL,, or CO;R®; each
R® is indepéndently selected from H, or alkyl; L is a counter ion; R™is H, or
&lkyl; and R is H, alkyl or CO,R™ and R"° is H, or alkyl;
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es adm nistering to a




patient in need thereof, a pharmaceutically efftive amount of a conmpound of
formula (1V) or a pharmaceutically acceptable salt, ester REPIRCEMENT SHEEEX,

chel at e, hydrate, stereoisoner, crystalline or anorphous
form netabolite, netabolic precursor or prodrug thereof:
[err] 5 whereint is 1;

A and B are each H Rlerr] is alkyl, or is selected

from the group combisiidisdted$roANtHRYbAY Bbhsisting of H, alkyl, an optionaligt i t ut ed
aryl, an optiona?lqy ssuébstle?ut ggtr%grgrgaryl, agn opti‘(i)ynalzl’{%/’psubstitut ed 10

het er ocyclyl substituied arylcarbptorsallp substituted aralkploap opbenallyisubstituted

;Ef o ]r ] ° (CH SErd 15 opBBSaif) dubstiuted heterocyclyl, an optionally <ibSkifuted S
heteroaralkyl, an optionally substituted carbocycloatkyl, R*-O-, and RPR%N-;
where R? and R® are independently selected from the group consisting of
alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an
optionally subsfituted heteroaryl, an optionally substituted heterocyclyl, an
optionally substituted heteroaralkyl, and an optionally substituted
carbocycloalkyl; R® is selected from the group consisting of H, alkyl, an
optionally substituted aryl, an optionally substituted aralkyl, an optionally

s substituted heteroaryl, an optionally substituted heterocyclyl, an optionally

substituted heteroaralkyl, and an optionally substituted carbocycloatky!; or R®
and R® along with the nitrogen to which they are attached form a
heterocyclyl; .

Y' is (CHz), CHR'(CHz)e, HC=CH, or ethynyl; where R is alkyl or is
selected from the group consisting of an optionally substituted aryl, an
optionally substituted heteroaryl, an optionally substituted heterocycly!l and
an optionally substituted carbocycloatkyl; pis 0, 1,2 or3;and 0 is 0, 1 or 2;

X' is C=0, C=S8, SOz or (CHy),; where nis 0, 1, or 2;

R*is H, alkyl, an optionally substituted aryl, an optionally substituted
aralkyl, an optionally substituted heteroaryl, an optionally substituted

e heteroaralkyl; an optionally substituted heterocycle, an optionally substituted
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-
(substituted amino); and

with the provisos (i) that i Y' is (CH2),, p is 0 and X' Is not {CHy),, then
R? is not H, (if) that if R? is R*-0 and Y" is (CHz), with p=0, then X' is not SO;
and (jii) if Z is not H, OR™, SR™ or NR™R", then X* must be SO;.

U]

r
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Rlerr] is H alkyl, an optionally substituted aryl, an o

substituted arakyl, an optionally subst | mﬁ"m §gﬁvl ,
a&n optionally substituted 15 het er oaral kyl ; an optionally
substituted heterocycle, an optionally substituted

het erocyclyl, an optionally substituted carbocycloalkyl or an

al kyl ene- (subst I tuted am no) ; Zis H,
al kyl, al kyemﬂs Al bbaeohpiotndf flivwin Elnlmdla?aﬂé iphaEmaceutically

al kyl ene- NHC( O) ( al kyI ), al kyl.ene, - NHC( Ci( yl),

al kyl ene, -a9aeptaplesalhestste agnlqe complex, ¢ elate hydrate, sterecisomer,

al kyl ene- k g&eycl yl),

al kyl ene- W@xﬁ@%‘f%ﬁ;i&ibi’{&m %ﬁ@gﬁg&a b°§é b k;rﬁaoe C(O)%al kyl ),

al kyl ene- Ghedeof edrpreparingh enedicarhehtefor freating cardiac arrhythmlas or
NR{err]R{err]; where 14 is_selected fromthe group consisting of

H (CH[err]- R[err] or R\ C(O-(CHerr])[err]-Rerr]; is
1, 2, 3, or 4; r is 0, 1, 2, er 3; Rerr] is CHerr]N(Rerr])[err],
CHerr]N(Rerr])or COerr]R ekr]; gach Rlerr] is independently sel-ected
fromH, or alkg/zI;Lisa Ny

-64-
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wherein tis 1, or 2;

A and B are each H;

R?is M, alkyl, or is selected from the group consisting of an optionally
substituted aryl, an optionally substituted heteroaryl, an optionally substituted
heteracyclyl and an optionally substituted carbocycloalkyl;

Y2 is (CHz)q, HC=CH, or ethynyl and q is 0, 1, or 2, with the proviso that
when Y2 Is (CHa), and g=0, then R’ cannot be H;

X?is SO;;

R®is H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl,
an optionally substituted heteroaryl, an optionally substituted heteroaralkyl; an
optionally substituted heterocycle, an optionally substituted heterocyclyl, an

o optionally substituted carbocycloalkyl, or an alkylene-(substituted amino);

Zis H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl), alkylene-
NHC(O)(alkyl), alkylene-NHC(O)(atyl),.alkylene-NHC(O)(heterocyclyl), alkylene-
NHC(O)(heteroaryl), alkylene-NHC(O)-(alkylene-heterocyclyl), alkylene-NHC(O)-
(heteroaralkyl), alkylene-C(O)(alkyl), alkylene-C(O)O(alkyl), OR™, SR or
NRSR': where R is selected from the group consisting of H, (CH2)m-R®, or
C(O)CH2)-R® mis 1,2, 3, or 4; ris 0,1, 2, or 3; R®is CHzN(R®)2, CH:N(R)sl,
or CO,R®% each R®is independently selected from H, or alkyl; L is a counter ion;
R is H, er atkyl; and R"® is H, alkyl or @O;R" and R is H, or alky};

. ) ) O

P
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counter ion; Rerr] is H or alkyl; and Rerr] is H alky rr
and Rerr] is H, or alkyl; : R err] h@ﬂéﬁﬁﬁﬁm

t*he group consisting of H, alkyl, an optionally substituted

aryl, an optionally substituted aral kyl, an optionally substituted
heteroaryl, an 5 optional Iy substituted heterocyclyl, an
optionally substituted heteroaral kyl, an opti onal |

substi t ut ed cak’f)mcsetéenedi frpin the group c&srsmyiofﬂ[{ ealkﬂl Iﬁreopf}oﬂally subgfitutedR er r]
and Rlerr] pendept I romthe group

consi st i ngaM‘ aama}mﬂ&w@aW%Q@@@m% Lstfiute heteroaryl, a, . |~ an
N A ok S

optloally eterocyc substitute
het er oar al éptionally dubstitited carbocyc!oalkyl Raa(bt mda‘kW—MuMere Rend R are

car bocycl oal k er I ected fromthe con

H, al kyl, Bﬂeéﬁqéhé(lsﬁlﬁ Ii'“t P&PYR Fensis “gg’&ah&h t'?ﬂB@?l t ut ed
aral kyl, agbstituted aryl, A optxonénytsuaaﬁh@a SrHIRGL bh %bﬁélnéwtsﬁbemméd an
optlonally substitut'ed heterocyclyl optionally

subst i t ut dieteeagylpan apt«gmallyaubsuwteq)betamwl sowpticeallyssybstiiuiret y ci oal kyl ;
or Rerr] 20d Rk ahd %ﬁ&pgpbg%%hshﬂhéé 298 0cy ol Re fs%‘aeYec?é;Ffr { aChed

forma 15

(CHLer 1) 18 igrouBhesig GHA aki) & DplonalSaSitiued ayinamsptondiyr o R err] is

al kyl or is from the group consisting of an
opt i onal | ysubsttited atailwl,aarypptmaﬂuﬁubgﬂtmadweteroaryf an optionally s fa@l ut ed

cudst i it diptEheBBi, B nepna hbeyed nBE AR oK s UpegRa iRy
Xerr] is cﬁfﬁbc)mdloa(ll@ﬁ[mR'] érlictﬂ"]alongfwmethe fiisogen tb, which they are attached
Rerr] is Pptl onally substituted aryl, an optionally

subst i t ut efH"Hraaﬁ‘%ﬁfocyc'Y
' Y' is (CHz)p, CHR'(CHy)o, HC=CH, or ethynyl; where R" is alkyl or is

selected from the group consisting of an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally
substituted carbocycloalkyl; pis 0, 1,2 0r3; and 0is 0,1 or 2;

X' is C=0, C=8, or (CH2),; where nis 0, 1, or 2;

R*is H, alkyl, an optionally substituted aryl, an opfionally substrtuted aralkyl,
an optionally substituted heteroaryl, an optionally substituted heteroaralkyl; an
optionally substituted heterocycle, an optionally substituted heterocyclyl, an

“optionally substituted carbocycloalkyl, or an alkylene-(substituted amino); and
with the provisos (i) that when Y' is (CHz),, p is 0 and X' is not (CHz)s, then
RZ s not H, and (ii) that if R? is RO and Y" is (CHy), with p=0, then X" is not
SOs..

27. Use of a compound of following formula, or a pharmaceutically
acceptable salt, ester, amide, complex, chelate, hydrate, stereoisomer,
crystalline or amorphous form, metabolite, metabolic precursor or prodrug

thereof fof preparing a medicament for treafing cardiac arrhythmias:
R

LA ST 0
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an.optionally substituted heteroaryl, an optionally subSe

het er oar al kyl ; an optionally substitut 35"%&5’3&“@ an
optionally substituted heterocyclyl, an optionally
substituted carbocycl oal kyl, or an al kyl ene-(substituted am no); and 25

with the proviso that when Y[err] is (CHerr])[err] and p is 0, then Rerr]
I's not H. :

R"

wherein i is 1, or 2;

A and B are each H;

R! is H, alkyl, or is selected from the group consisting of an optionally
substituted aryl, an optionally substituted heteroaryl, an optionally substituted
heterocyclyl and an optionally substituted carbocycloalkyl;

YZis (CH,)q and q is 0, 1, or 2, with the proviso that when g=0, then R’
cannot be H;

X2 is SO;;

R® is H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl,
an optionally substituted hetei'oaryl, an optionally substituted heteroaralkyl; an
optionally substituted heterocycle, an optionally substituted heterocyclyl, an
optionally substituted carbocycloalkyl, or an alkylene-(substituted amino);

Z is H, alkyl, alkyenyl, alkylene(heterocycly!), alkylene(heteroaryl), alkylene-
NHC(O)alkyl), alkylene-NHC(O)(aryl), alk)}Iene-NHC(O)(heterocycly!), alkylene-
NHC(O){heteroaryl), alkylene-NHC(O)-(alkylene-heterocyclyl), alkylene-NHC(O)-
= (heteroaralkyl), alkylene-C(O)(alky), alkylene-C(O)O(alkyl), OR™, SR™ or

NR™R'S: where R™ is selected from the group consisting of H, (CH2)n-R®, or
C(O){CH)-R®.mis 1,2,3, 0r 4; ris 0, 1, 2,0r.3; R%is CHN(RY)2, CHN{RYL,
or CO.R% each R® is independently selected from H, or alkyl; L is a counter jon;
R is H, or alkyl: and R* is H, alkyl or CO,R" and R’ is H, or alkyl;

R?is selected from the group consisting of H, alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally subsfituted heteroaryl, an
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an
optionally subﬁﬁtuted.canbmynloalb;L_R“-O-, and RPR®-N- ; where R® and R” are

REPLACEMENT SHEET
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independently selected from the group consisting of alkyl, an optionally
substituted aryl, an optionally substituted aralkyl, an optionally substituted
heteroaryl, an optionally substituted h_eterocyclyl, an optionally substituted
heteroaralkyt, and an optionally substituted carbocycloalkyl; R°is selected from
the group consisting of H, alkyl, an optionally substituted aryl, an optionally
substituted aralkyl, an optionally substituted heteroaryl, an opfionally substituted
heterocyclyl, an optionally substituted heteroaralkyl, and an opfionally substituted
carbocycloalkyl; or R® and R along with the nitrogen to which they are attached
form a heterocyclyl;

Y'is (CHy)p, CHR'(CHy)o, HC=CH, or ethynyl; where R" is alkyl or is
selected from the group cbnsisﬁng of an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally
substituted carbocycloalkyl; pis 0, 1,2 or 3; and ois 0,10r2;

X'is C=0, or (CHy),; Where nis 0, 1, or 2;

R* is H, alkyl, an optionally substituted aryl, an opfionally substituted arafkyl,
an optionally substituted heteroaryl, an optionally substituted heteroaralkyl; an
optionally substituted heterocycle, an optionatlly substituted heterocyclyl, an
optionally substituted carbocycloalkyl, or an alkylene-(substituted amino); and

with the proviso that when Y' is (CHz), and p Is 0, then R? is not H.

28. Use of a compound of following formula, or a pharmaceutically
acceptable salt, ester, amide, complex, chelate, hydrate, stereoisomer,
crystalline or amorphous form, metabolite, metabolic precursor or prodrug
thereof for prepariﬁg a medicament for treating cardiac arrhythmias:

]!

“ -~ | RN R R

whereintis 1;
A and B are each H; REMEMEN?«SEEET
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R' is alkyl, or Is sefected from the group consisting of an optionally
substituted aryl, an optionally substituted hetercaryl, an tptionally substituted
heterocyclyl and an optionally substituted carbocycloalkyl;

Y2is (CHz)qand q is O; |

X2 is SOy;

R3is H, alkyl, an optionally substituted aryl, an optionally substituted aralky,
an optionally substituted heteroaryl, an optionally substituted heteroaralkyl; an
optionally substituted heterocycle, an optionally substituted heterocyclyl, an
optionally substituted carbocycloalkyl, or an alkylene-(substituted amino);

Z is H, alkyl, alkyenyl, alkylene(heterocyciyl), alkylene(heteroaryl), alkylene-
NHC(O)(alkyl), alkylene-NHC(O)(aryl), alkylene-NHC(O)(heterocyclyl), alkylene-
NHC(O)(heteroaryl), alkylene-NHC(O)-(alkylene-heterocyclyf), alkylene-NHC(O)-
(heteroaralkyl), alkylene-C(O)(alkyl), alkylene-C(0)O(alkyl), OR™, SR or
NR¥R®; where R™ is selected from the group consisting of H, (CH2)m-R®, or
C(O)-(CH2)~R%: mis 1,2, 3, 0r4;ris 0, 1, 2, or 3; R®is CHaN(R®)2, CHN(R%)L,
or CO;R?®; each R? is independently selected from H, or alkyl; L is a counter ion;
R is H, or alkyt; and R is H, alkyl or CO.R'? and R" is H, or alky!;

R? is selected from the group consisting of H, alkyl, an optionally substituted
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an
optionally substituted carbocycloatkyl, R®-0-, and R°R%-N- ; where R® and R’ are
independently selected from the group consisting of alkyl, an optionally
substituted aryl, an optionally substituted aralkyl, an optionally substituted
heteroaryl, an optionally substituted heterocyclyl, an optionally substituted -
heteroaralkyl, and an optionally substituted carbocycloalkyl; R®Is selected from
the group consisting of H, alkyl, an optionally substituted aryl, an optionally
substituted aralkyl, an optionally substituted heteroaryl, an optionally substituted
heterocyclyl, an optionally substituted heteroaralkyl, and an optionally substituted
carbocycloalkyl; or R® and R° along with the nitrogen to which they are attached

| g
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Y' is (CHy),, CHRY(CH,)o, HC=CH, or ethynyl; where R" is alkyl or is
selected from the group consisting of an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocycly! and an optionally
substituted carbocycloalkyl; pis 0,1,20r 3;and 0is 0, 1 or 2;

X' is C=0, or (CHy),; where nis 0, 1, or 2;

R*is H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl,
an optionally substituted heteroaryl, an optionally substituted heteroaralkyi; an
opfionally substituted heterocycle, an optionally substituted heterocyclyl, an
optionally substituted carbocycloalkyl, or an alkylene-(substituted amino); and

with the proviso that when Y' is (CH,), and p is 0, then R?is not H,

L
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