
s 

10 

15 

,. 

20 

. "Si- _ . mm-·· - =---;p-:r=;;;nr1 

W099137607 PCT/US99/01663 

POTASSIUM CB.A.1'"1\"EL lli"BIDITORS 

1. Field of the Invention 

The present invention is broadly directed to a class of compounds useful as 

petassium channel inhibitors. 

2. Description pf Belated Art 

Powsium channels are expressed in eukaryotic and proc:aryotic cells, and are 

elements in the control of electrical and non.electrical cellul¥ functions. Subclasses of 

these channels have been named based on amino aeid sequence and functional 

properties, and include for exmnple voltage gated potassium channels (e.g., Kvl, 

KvZt Kv3, Kv4). Subtypes 'Within these subclasses have been characterized as to their 

putative function, pharmacology and distribution in cells and tissues (Chandy and 

Gutman, "Voltage-gated potassium channel genes" in Handbook of.Receptors and 

Channels-Ligand md Voltage-gated Ion Channels, ed. RA. North, 1995; Doupnik 

et at., Curr. Opin. Neurobiol. 5:268, 1995). 

Imu"bitors of powsium channels lead to a decrease in potassium ion 

movement across cell membranes. Consequently, such inhibitors induce prolongation 

of the e1ectrical action potential or mem.brane potential depolarization in cells 

containing the inhibited or blocked potassium channels. Prolonging of the electrical 

acdon potemia1 is a preferred mechanism for treating cenain diseasest e.g .• cardiac 

mhythmiu (Colatsky et a!., Circulation 8.%:2235, 1990). Membrane potential 

depoladzasion is " preferred mechanism for the treating of certain other diseases. such 

as those involving the immune system (Kaczorowski and Koo, Perspectives in Drug 

Di$CCWU)'andDe• .2:233, 19!M). 

Potassium channels which exhibit functional, plimnacological and tissue 

distribution characteristics have been cloned. These cloned potassium channels are 

vsc:fbl 1mptS in assays for identifying candidate compounds for the treatment of 
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va.rious disease states. For example, the delayed rectifier voltage--gated potassium 

channel termed 1= or I.. which has been reported to contain the Kvl.5 «·subunit 

gene product is generally believed to be important in the repolariza.tion of the human 

atrial action potential and thus is a candidate potassium channel target for the 

treatment of cardiac arrhythmias especially those occurring in the atria (Wang et_ al., 

Circ. Res. 73:1061, 1993; Fedida et al., Circ. Res. 73:210, 1993; Wang et al., J. 

Pharmacol. Exp. Ther. 272:184,. 1995; Amos et al., J. PhysioL, 491:31, 1996). 

The present invention is directed to compounds which are use..fW. &.s 

inh!.'bitors of potassium channel function. 

I.t is an object of the present invention, therefore, to provide compounds which 

are useful 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. 

Another object of the invention is to provide a method of treating diseases in 

mammals, including h~ which respond to the inht"bi.tion of potassium channel 

function, which method comprises administering to a mammal in need thereof a 

compound of the invention. 

DETAU,ED DESCRIPJlON OF THE JNyENTION 

This invention describes compounds and their. utility as inhibitors of potassium 

channel function. The invention is particularly directed to compounds that inln"bit 

potassium channels which could serve as targets for the treatment of cardiac 

anitytbmias (i.e., IKllD Kvl.S) especially tb.ose occurring in the attia (e.g., atrial flutter 

and atrial fibrillation) (Wang et al., Circ. Res. 73:1061, 1993; Fedida et al., Circ. Res. 

7J:210, 1993; Wang et al., J. Phannacol. Erp. lher . .Z72: 184, 1995). The present 

invention also provides a method for treating dis.eases which respond to the inhibition 

of potassium channel function. These include, but are not limited to cardiac 

arrhythmias, 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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The invention is particularly based on our discovery that the compounds of the 

following formula (I) are inhibitors. of potassium channel function and are thus useful 

for inhibiting potassium transport across cellular membranes and for treating cardiac 

arrhythmias. In particular,. these compounds have demonstrated activity against 

human potassium channels. 

Thus, this aspect of the present invention concerns such methods and such 

compounds having potassium channel inhlbitocy activity of ti.11.e formula (1) and 

pharmaceutically acceptable saltsi esters, amides, complexes, chelates, hydrates. 

stereoisomers, crys'"..alline or amorphous fonns, metabolites,. metabolic precursots or 

proda""Ugs thereof 

(I) 
This Sheet Has Been Replaced 

11111111 /HI z 

B 

wherein tis l, or 2; 

A and B are each H, or taken together form a bond between the substituted 

carbons; 

R1 is B',. alkyi or is selected from the group consisting of an optionally 

substituted myl, an optionally substituted heteroaryl, an optionally substituted 

heterocyclyl and an optionally substituted carbocyc!Qalkyl; 

~is (CHJcp (CHJ..,p, H~ ethynyt or NH, w is 0, 1, or 2 and q is o. 1, 

or 2, with the proviso that ifY2 is (CHJ. and q=O, then R 1 cannot be H; 

x2 is C=O, C=S, or S02; with the proviso that if Y2 is (CHJ.,O, then X'" 

is not SOi; 

R3 is H, alkyl, an optionally substituted aryl, an optionally substituted 

m:allcyl, an optionally substituted heteroaryl, an optionally substituted 

heteroaralkyl; an optionally substituted heterocycle, an optionally substitut.ed 
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heterocyclyl, an optionally substituted ca:rbocycloalkyl, or an alkylene-(substituted 

amino); 

Z is H, all..')'l, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl), 

alkylene-NHC(O)(alkyl), alkylene-NHC(O}(aryl)t alkylene-NHC(O)(heterocyclyl), 

alkylene-W.tIC(O)(heteroaryl), all...-ylene-NHC(O}-(all..-ylene-heterocyclyl), alkylene­

NHC(O)-(heteroaralkyl), alkylene-C(O)(alkyl), alkylene-C(O)O(alkyl), OR14
, SR14 

or NR"R.16
; where R14 is selected from the group consisting of H, (CH,)=-R', or 

C(O)-(CHJr-R'; mis 1, 2, 3, or 4; r is 0, 1, 2, or 3; R8 is ~N(R'b 

~N{R~3L, or C02R
9
; each R' is independently seleCted ¥um H, or alkyl; :e is a 

counter ion; R15 is R, or alkyl; and R.16 is H, alkyl or COzR,10 and R10 is H, or 

~--yl; 

R2 is selected from the group wnsisting of H, alkyl, an optionally 

substituted aryl, an optionally substituted aralkyl, an optionally substituted 

heteroaryl, an optionally substituted heterocyelyl, an optionally substituted 

heteroaralkyl, an optionally substituted cax:bocycloalkyl, R•-o-, and RbRc-N-; 

where R• and R11 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 catbocycloalkyl; Rc 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 Rtt and Rc along with the nitrogen to which they are 

attached form a heterocyclyl; 

· Y1 is (CHz},, CHR17{CH,)0 , HC=CH, or ethy.nyl; where R17 is alkyl or is 

selected from the group consisting of an optionally substituted aryl7 an optionally 

substituted heteroaryl, an optionally substiruted heterocyclyl and an optionally 

substituted carbocycloalkyl; pis 0, 1, 2 or 3; and o is 0, l or 2; 

X1 is C=O, C=S, S02 or (CB,),..; where n is 0, 1, or 2; 
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R4 is H, all')'l, an optionally substituted aryl, an optionally substituted 

aralkyl, an optionally substituted heteroaryl, an optionally substituted 

heteroaralkyl; an optionally substituted hete.rocycle1 an optionally substituted 

heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 

amino); and 

with the provisos: (i) that if Y1 is (~.P' p is 0 and xi is not (CHJ." then 

R2 is not H, (ii) that if R2 is R•-o and Y1 is (CHJ,, with p=O, then xi is not S02 

and (fu) if Z is not H, OR1\ SR14 or NR.1sR.16
, then X!- must be S02• 

Jn another aspect, the present invention concerns so.ch methods and sucQ. 

compounds having potassium channel inhibitoi:y activiiy of the formula (ll) and 

pharmac:eutically acceptable salts, est~ amides, complexes, chelates, hydrates, 

stereoisomers. crystalline or amorphous fonns. metabolites, metabolic precursors or ..., 

prodrugs thereof 

(Il) 
z 

wherein tis 1, or 2; 

R.1 is H, alkyl, or is selected from the group consistjng of an optionally 

substituted aryl, an optionally substituted heterom:yl, an optionally substituted 

heterocyclyl and an optionally substituted carbocycloalkyl; 

Y2 is (CBJq, (CHJwO, HC=CH, ethynyl or NH, w is 0, 1, or 2 and q is 0, 1, 

or 2, with the proviso that ifY1 is (GIJ11 and q=O, then R1 cannot be H; 

X:- is C==O, C=S, or SO:i; With the proviso that ifY1 is (CHJ ... O then Xt is not 

R3 is Ii, alkyl, an optionally substituted aryl, or an optionally substituted 

heteroaryl; 
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Z is H, OR H, SRH or NR 15R.1'; where R 14 is selected from the group consisting 

ofli, (CHJID-R', or C(O)-(CHJr·R'; mis 1, 2, 3, or 4; r is 0, 1, 2, or 3; R8 is 

CB2N(R9)2, CH;N(R9)3L, or C02R
11; each R9 is independently selected from H, or 

alkyl; Lis a counter ion; R15 is H, or alkyl; and R16 is H, alkyl or C02R
10 and R10 

is ~ or alkyl; 

R2 is selected from the group consisting ofli, alkyl, an optionally substituted 

aryl, an optionally substituted heteroacy~ an optionally substituted h.eterocyclyl, an 

optionally substituted carbocycloalkyl, R•-O-> and R"'Rc-N- ; where R" and Rt. are 

independently selected from the group consisting of alkyl, an ~ptionally substituted 

my!, an optionally substituted heteroary~ an optionally substituted heterocyc1yl and an 

optionally substituted carbocycloalkyl; Re is selected from the group consisting of 

H, alkyl, an optionally substituted aryl, an optionally substituted heteroa.ryl, an I\ 

optionally substituted heterocyclyl and an optionally substituted carbocycloalkyl; 

Y1 is (CHJP, CBR.17(CBJ~ HC==CH, or ethynyl; where R.17 is alkyl or is 

selected from the group consisting of an optionally substituted atyl, an optionally 

substituted heteroaryl, an optionally substituted heterocyclyl and an optionally 

substituted carbocycloalkyl; p is o, 1, 21 or 3; and o is 0, 1, or 2 

X1 is C=O, C=S, S02 or (CH:Jn~ where n is 0, 1, or 2; 

R4 is H. atkYl, an optionally substituted aryl, or an optionally substituted 

heteroaryl; and 

with the provisos (i) that if Y1 is (CHJ,, p is O and X1 is not (C~ then R2 is 
not H., and (ii) that ifR2 is R··O· and Y1 is (CHi)p with p=O,, then X1 is not 802• 

A preferred subgroup of compounds for practicing such methods includes 

compounds represented by formula (ID) and pharmaceutically acceptable salts, esters, 

~s, complexes, chelates, hydrates, stereoi~omers, crystalline or amorphous forms, 

metabolites, metabolic precursors or prodrugs thereof 
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(Ill) 
z 

wherein~ Y1, R?-, R3 and R' are as recited above in connection with fonnula 

(1), 'Y2 is (CHJ~ HO=CH. or ethynyi and q is 0, 1~ or 2, R 1 is selected from the group 

of an optionally substituted aryl and an optionally substituted heteroaryI; X1 is~. 

C=S, or {CH~"; wherein n is 0, 1, or 2; and Z isH or OR14, whereR.14 is H, (C!Id).· 

R8 
> or C(O)-(CHJ:R8

; mis 1, 2, 3, or 4; r is 0, 1, 2, or 3; R' is CHzN(R~:b 

~(R9)5L, or CO;zR9; where each R' is independently selected from H or alkyl; " 

and L is a counter ion. 

Another preferred subgroup of compounds for practicing such method_s 

includes compounds represe~ted by formula (IV) and pharmaceutically acceptable 

salts, esters, amides, complexes, chelates, hydrates, stereoisomers, crystalline or 

amorphous forms) metabolites, metabolic precursors or prodrugs thereof. 

R1q 
0:$"-. /Ri 

N 

R4 Z 
\ I (IV) 

yf /Nf 
2/ 'x' ) R t 

wherein t, R2
, R1 and R.4 are as recited above in connection with formula (I), q 

is 0, 1, or 2, R1 is H or an optionally substituted aryl selected from the group of 

phenyl and naphthyl, with the proviso that when q=O, then R1 cannot be H; X1 is 

C=O, or (CHJ .. ; Z is H or OH; wherein n is 0, 1, or 2; and Y1 is CH=CH. ethynyl. or 

(CHJ,; where p is 0, l, 2 or 3. 

A particularly preferred subgroup of compounds for practicing such methods 
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includes compounds represented by formula. (V} and phannaceutica.lly acceptable 

salts, esters, amidest complexes, chelates, hydrates. stereoisomers, crystalline or 

amorphous forms, metabolites, metabolic precursors or prodrugs thereof: 

z (V) 

wherein R2
, R3 and R" are as recited above in connection with fonnula (l) ¢ 

preferably is R), where R! is an optionally substituted m:yl seleCted from the group of 

phenyl and naphthyl; Z is H, or OH; X1 is C--0, or (CHJ.; wherein n is 0, 1, or 2; 

and Y1 is CH=CH, ethynyl or (CHJp, where pis 0, 1, 2 or 3. 
" In the above fonnulae, R1 and R2 are preferably moieties that are non-ionized 

at a physiological pH. In preferred aspects of the present invention, R.1 is selected 

from the group consisting ofH, alkyl, an optionally substituted aryi an optionally 

substituted beteroaryl, an. optionally substituted heterocyclyl, an optionally substituted 

carbocycloalky~ R•-o-. and R"Rc-N- ; where R' and R11 are independently selected 

from the group consisting of alkyl. an optionally substituted m:y~ an optionally 

substituted heteroary~ an optionally substituted heterocyclyl and an optionally 

substituted carbocycloalkyl and where Re is selected from the group consisting of Ht 

alkyl, an optionally substituted aryl, an optionally substituted heteroaryl, an 

optionally substituted heterocyclyl and an optionally substituted catbocycloalkyl 

and R3 and R.4 are independently selected from H, alkyl, an optionally substituted aryl, 

or an optionally substituted heteroaryl in the above fonnulae {I), (IIh (DI), (IV) and 

(V). Compounds according to the present invention are particularly directed to those 

compounds of fonnulae (I}, (II), (Ill), (IV) and (V) subject to the proViso that when 

R1 is an optionally substituted aryl, then said optionally substituted a.ryl is not a 

dialk.oxypheny~ and especially is not a 3, 4-dialkoxyphenyl. 

Further preferred compounds are those having the previously identified 
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formulae (I) (where A and B are hydrogen), (II), (III), (IV)t or (V); but having the 

stereochemical configuration of substltuents attached to the ·saturated ring of the core 

structure in accordance with the following representative fonnula (VI): 

R2 
(VI) \ 

y1-x1 .. ~z 

\ .~ 
N •• 

R! )t ~ 
Still other preferred compounds of the present hivention are those of foxmulae 

(!), (If), (IV) and (VI) having the ring substituents in the orientation of previous 

formulae (Ill) and (V). 

"' The tenn "alkyl" as used alone or in combination herein refers to a straight or 

branched chain saturated hydrocarbon group containing from one to ten carbon 

atoms. Preferably, the alkyl group is a "C1"' 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 "aikylene," as used alone or in combination herein, refers to 

a. straight or branched chain saturated divalent hydrocarbon group containing from 

one to ten carbon atoms. Preferably, the alkylene group is a ''Ci~ alkylene,, or "lower 

allcylene,, 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 "alkox.y'' as used alone or in combination herein refers to a straight 

or branched chain alkyl group covalently bonded to the parent molecule through an -

0- linkage containing from one to ten cari>on atoms and the terms "C1~ aJkoxy>> and 

"lower alkoxy" refer to such groups containing from one to six carbon atoms, such as 

methoxy, ethoxy, propoxy, isopropoxy, butoxy, t-butoxy and the like. 

The term "alkoxyallcyl,, refers to an alkyl group substi_tuted with an alkoxy 

-9-



5 

10 

1s 

20 

25 

PCTIUS99/01663 
WO 99/37607 

group. 

The term. "haloalk:yl" is a substituted alkyl, preferably a substituted lower 

alkyl, substituted with one or more halogen atoms, and preferably is a C1 to C4 

alkyl substituted with one to three halogen atoms. One example of a haloalkyl is 

trlfluoromethyl. 

The term "alkanoyl" as used alone or in combination herein refers to an acyl 

radical derived from an alkanecarboxyiic acid, particularly a lower alkanecarboxylic 

acid, and includes such examples as acetyl. propiony~ butyryl. valeryl. and 4-

methylvaleryl 

The tenn "aminocaroon.yl" means an amino-substituted carbonyl ( cai."bamoyl 

or carboxamide) wherein the amino group can be a primary, secondary (mono-­

substituted amino) or tertiary amino (di-substituted amino) group preferably having ~ 

a substituent(s) a. lower alkyl. 

The tenn "ca.rbocycloalkyl" refers to stable, saturated or partially unsaturated 

monoeyclic, bridged monocyclic; bicyclic, and spiro ring hydrooarbyls of 3 to 15 

carbon atoms such as cyclopropyl, cyclobutyl, cyclopentyl, cyctohexyl, cyc!oheptyl, 

bicyclohexyL bicyclooctyl, bicyclononyl, spirononyl and spirodecyl. The tenn 

"optionally substituted" as it refers to "carbocycloalky!" herein indicates that the 

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

alkylamino), dialkylamino (preferably a di{lowerJalkylamino), cyano, halo, baloalkyl 

(preferably trifluoromethyl), alkanoyl, aminocarbonyl. monoallcylaminocarbonyl, 

dialkylaminocarbonyl, alkyl amido (preferably lower alkyl amido ), alkoxyalkyl 

(pref~rably a lower alkoxy[lower]alkyl). alkoxycarbonyl (preferably a lower 

alkm.ycarbonyl), alkylcarbonyloxy (preferably a lower alk.ylcarbonyloxy) and aryl 

(preferably phenyl» said aryl being optionally substituted by halo. lower alkyl and 

lower alkoxy groups. 

The term "heterocyclyl" as used herein refers to a stable, saturated, or 
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partially unsaturated, monocyclic, bridged monocyclic, bicyclic, and spiro ring 

syst.em containing carbon atoms and other atoms selected from nitrogen, sulfur 

and/or oxygen. Preferably, a heterocyclyl is a 5 or 6-membered monocycllc ring or 

an 8-1 l membered bicyclic ring which consists of carbon atoms and contains one, 

two, or three heteroatoms selected :from nitrogen, oxygen and/or sulfur. The term 

"optionally substituted'' as it refers to "heterocyclyf' herein indicates that the 

heterocyclyl group may be substituted at one or more substitutable ring positions by 

one or more groups indep-...ndently selected from alkyl (preferably lower alk-yI). 

aralky~ alkoxy (preferably lower alk:oxy), nitro, monoalkylamino (preferably a lower .. 
all..-ylamino}, diallcylamino (preferably a di[lower]alkylamino), cyano, halo, haloatkyl 

(preferably trlfiuoromethyl), alkanoyl, aminocaibonyl. monoalkylaminocarbonyl, 

dialkyl.mninocarbonyl, alkyl amido (preferably lower alkyl amido ), alkox.yalkyl 

(preferably a lower alkoxy[lower]alkyl), alkoxycarbonyl (preferably a lower 

alkoxycarbonyl), alkylcarbonyloxy (preferably a lower allcylcarbonyloxy) and aryl 

(preferably phenyl), said acyl being optionally substituted by halo, lower alkyl and 

lower alkoxy groups. Examples of such heterocyclyl groups are isoxazolyl, 

imidazolinyl, thiazolinyl, imidar.olidinyl, pyn:o.lyl, pyrrolinyl, pyran.yl, pyrazinyl, 

piperidyl, morpholinyl and triuolyl. The heterocyclyl group may be attached to 

the parent structure through a carbon atom or through any heteroatom of the 

heterocyclyl that results in a stable structure. 

The term "heteroaryl" as used herein refers to a stable, aromatic monocyclic 

or bicyclic ring system containing catbon atoms and other atoms selected from 

nitrogen, sulfur and/or oxygen. Preferably, a heteroaryl is a 5 or 6-membered 

monocyclic ring (optionally benzoibsed) or an 8-11 membered bicyclic ring which 

consists of catbon atoms and contains one, two, or three heteroatoms selected from 

nitrog~ 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 (preferably lower alkoxy), nitro, 

-11-
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monoalkylamino (preferably a lower alkylamino ), diSlkylamino (preferably a 

di[lower]alkylamino, cyano, halo, haloalkyl (preferably trl:fluoto:methyl), alkanoy~ 

aminocarbonyl. monoalkylaminocarbonyl, dialkylamin.ocarbony~ alkyl amido 

(preferably lower alkyl anlido), alkox.yalkyl {preferably a lower alkox:y[lower]alkyl), 

alkox.ycarbonyl (preferably.a lower alkoxycarbonyI), alkylcarl>onyloxy (preferably a 

lower a!L.')'lcarbonyloxy) and aryl (preferably phenyl), said m:yl being optionally 

substituted by halo, lower alkyl and lower alkoxy groups. Examples of such 

heteroaryl groups are isoxazolyl, imidazolyl, thiaml}1, isothiazolyl, pyti.d.yl, furyl, 

pytimidinylt pyrazolyl, py.ri.dazinyl, fur"2.anyl and thienyl. The heteroaryl group 

may be attached to the parent structure through a carbon atom or through any 

heteroarom of the heteroar:yl that results in a stable stmcture. 

The tenn "heteroaralk.yl'' as used herein refers to a lower alkyl as de.fined I\ 

above in which one hydrogen atom is replaced by a heteroaiyl radical as defined 

above. The term "optionally subsdtutedn as it refers to "heteroaralkyr' herein 

in.OJ.Cates that the heteroaryl group may be substituted at one or more substitutable 

ring positions by one or more groups independently seiected from alkyl (preferably 

.lower alkyl), srallcyl, alkoxy (preferably lower alkox:y), nitre, monoalkylamino 

(preferably a lower alkylamino), dialkylamino (preferably a dipower)alkylamino, 

oyano, halo, haloalkyl (preferably trifluoromethyl), aJkanoyl, aminocarbonyl, 

monoatkylaminocarbonyl, dialkylaminocarbonyl. alkyl amido (preferably lower alkyl 

amido), alkoxyalkyl (preferably a lower allcox.y[Iower]alkyl), alkoxycarbonyl 

(preferably a lower atkoxycarbonyl}, alkylcarbonyloxy (preferably a lower 

alkylcarbonyloxy) and aryi (preferably phenyl), said aryl being optionally substituted 

by halo, lower alkyl and lower alkoxy groups. Examples of such heteroaralkyl 

groups are 2-pyridylmethyl, 3-pyri.dylmethyl, 4-pyridylmethyl, 3-pyridylethyl ~d 

4-pyrlmidinylmethyl. 

The specific chemical nature of the optionally substituted heterocyclyl and 

heteroaryl groups for the tenninal moieties R1 and R2 in the prior identified potassium 

channel inhibitor. compounds is not narrowly critical and, as noted above, a wide 
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variety of substituent groups are contemplated. Preferably, the substituents for the 

heteroeyolyl and heteroaryl groups are selected such that the total number of carbon 

and hetero atoms comprising the substituted heterocyclyls and heteroaryls is no more 

than about 25. 

The terms "halo'r and "halogen" as used herein to identify substituent 

moieties, represent fluorine, chlorine, bromine or iodine. preferably chlorine or 

fluorine. 

The term. "aryt« when used alone or in combination refers to an unsubstituted 

or optionally substituted monooyclie or bicyclic aromatic hydrocarbon ring system. .. 
Preferred are optionally substituted phenyl or naphthyl groups. The aryl group may 

optionally be substituted at one or more substitutable ring positions by one or more 

groups independently selected from alkyl (preferably lower all."Yl). arall...-yl, aikoxy 
"I 

(preierably lower alkox.y}, nitro, monoalkylamino (preferably a lower alkylamino ), 

dialkylamino (preferably a di[lower]alkylamino ), cyano, halo, haloalkyl (preferably 

trifluoromethyl), allcanoyl, aminocarbonyl, monoalkylaminocarbony~ 

dialk.ylaminocarbonyl, alkyl amido (preferably lower alkyl amide), alkoxyalkyl 

(preferably a lower alkoxy[lower]alkyl), alk:oxycarbonyl (preferably a lower 

atkox:ycarbonyl)» alk:ylcarbonyloxy (preferably a lower alkylcarbonyloxy) and aryl 

(preferably phenyl» said aryl being optionally substituted by halo, lower alkyl and 

lower alkoxy groups. P.refe.tably, the aryl group is phenyl optionally substituted 

with up to four and usually with one or two groups, preferably selected from Ci~ 

alkyl, C1~ alkoxy, as well as cyano. trifluoromethyl and halo. 

The tenn '<aralkyf' alone or in combination refers to a lower alkyl radical as 

defined above in which one hydrogen atom is replaced by an aryl radical as defined 

above, and includes benzyl. and 2-phenylethyl. The aratkyl group may optionally be 

substituted_ at one or more substitutable ring positions by one or more groups 

independently selected from alkyl (preferably lower alkyl), aralkyl, alkoxy (preferably 

lower alkoxy), nitro, monoalkylamino (preferably a lower alkylamino ), dialkylamino 

(preferably a di[lower]alkylamino ). cyano, halo, haloalkyl (preferably trifluoromethyl), 
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allcanoyl, aminocarbonyl, monoall..-ylaminocarl>onyl, dialkylaminocarbonyi, alkyl amido 

(preferably· lower alkyl amido ), alkoxyalkyl (preferably a lower a!ko'1..1'[lowerJalkyI), 

alkoxycarbonyl (preferably a lower alkoxycarbonyl), alkylearbony!oxy (preferably a 

lower alkylcarbonyloxy) and aryl (preferably phenyl), said aryl being optionally 

substituted by halo, lower alkyl and lower alkoxy groups. 

The tenn "alkoxycarbonyl" alone or in combination means a radical of the 

formula -C(O)-alkoxy, in which alkoxy is as defined above. 

The term "alkylcarbonylox:y" alone or in combination means a radical of the 

formula -0-C(O)-alkyl, in which alkyl is as defined above. . 
The term "alkenyl" means a two to ser11en carbon, straight or branched 

hydroeaxbon containing one or more double bonds, preferably one or two double 

bonds. Examples of alkenyl include ethenylen.e, propenylene, l~ 3- butadienyl, and ~ 

3, 5-hexatrienyl. 

The term "substituted amino" refers to a group of the fonnula NZ'Z'' wherein 

z· is H, alkyl, carbocycloa2kyl, acyl, heteroaryl, heterocycl.yl, heteroaraJkyl, or 

heterocyclyl(alkylene) and Z1' is H, allcyl, carl>ocycloa1kyl, or my! further substituted 

with a cad>oxylic acid or carboxylic ester, provided that when Z, is H, then Z" is 

other than H, or Z, and 'C, taken together with the nitrogen atom to which they are 

attached are 1-pyrrolidinyl, 1-piperidinyi 1-azepinyl, 4-morpholinyl, 4-

thiamorpholinyl, 1-piperazinyl, 4-alkyl-l-piperazinyl, 4-mylalkyl-1-piperazinyl, 4-

diarylalkyl-l-piperazinyl, each optionally substituted with alkyl, alkoxy, alkyltbio, 

halo, aryl or hydroxy. 

The term "treating" as used herein, describes the management and care of a 

patient aftlicted with a conditio~ disease or disorder for which the administration of a 

com~ound of the present invention alters the action or activity of a potassium channel 

to prevent the onset of symptoms or complications associated with the condition, 

disease or disorder, to alleviate the symptoms or complications caused by the 

conditio~ disease or disorder, or to eliminate the condition, disease or disorder 

altogether. 
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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 vnn exist as 

various stereoisomeric forms. Applicants intend to include all the various 

stereoisomers within the scope of the invention, referred to herein as the 

"pharmaceutically s.cceptable stereoisomers.». Thus, this invention is intended to 

include the cis and trans isomers and the corresponding enantiomers of the 

compounds of fonnula I-IV. Though the compounds may be prepared as ra.cema.tes 

and can conveniently be used as such, individual enantiomers also can be isolated or 

preferentially synthesized by known techniques if desired. Such racemates and .. 
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, hydra~ crystalline or amorphous forms, 

metabolites, metabolic precursors or prodrugs of the compounds of funnula.e (.11 (Il)~ 

{ID.) and (IV). Pharmaceutically esters and amides can be prepared by reacting, 

respectively, a hydroxy or 8mino functional group with a pharmaceutically 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 which· is degraded 

or modified by one or more enzymatic or other in vivo processes to the parent 

bioactive form. Generally, a prodrug has a different pharmacokinetic profile than the 

parent dmg such that, for example, it is more easily absorbed across the mucosal 

epithelium, it has better salt fonnation or solubility and/or it has better systemic 

stability (e.g.7 an increased plasma half-life). 

Those skilled in the art recognize that chemical modifications of a parent drug 

to yield a prodrug include: (1) tenninal ester or amide derivatives which are 

susceptible to being cleaved by esterases or lipases; (2) tenninal peptides which may 

be recognized by specific or nonspecific proteases; or (3) a derivative that causes the 

prodrug to accumulate at a site of action through membrane selection, and 

combinations of the above techniques. Conventional procedures for the selection and 
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preparation of prodrug derivatives are described in H. Bundgaard, Design of 

Prodrugs, (1985). Those skilled in the art are well-versed in the preparation of 

prodrugs and are well-aware ofits meaning. 

The compounds of the present invention can be used in their neat fbnn or in 

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

Ercimples of acids which may be employed to fonn 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 acid, succinic acid and citric acid. These salts thus include, but are not . 
limited to, the following: acetate, adipate, a!.ginate, cit.--ate,. aspartate, benzoate, 

benzenes-alfona«\ bisulfate, butyrate, camphorate,. camphorsulfonate, digluconate, 

cyclopentanepropionate, dodecy!sulfate, ethanesulfonate, glucoheptanoate, 

glycerophospbate, hemisu1fate, heptanoate, hexanoate, fumarate, hydrochloride, 

hydrobromide hydroiodide, 2-hydroxy-ethanesulfonate, lactate, maleate, 

methanesulfonate,. nicotinate, 2-naphthalenesulfonate, oxalate, pamoate, pectinate, 

persulfa~ 3-phenylpropionate, picrate, pivalate, propionate, succinate, tartrate, 

thiocyanate, p-toluenesulfonate and undecanoate. 

Also, the basic nitrogen-containing groups can be quatemized with such 

agents as lower alkyl halides, such as methyl, ethyl, propy~ and butyl chlorides, 

bromides and iodides; dialkyl sulfates, like auneth}'4 diethyl, dibutyl and diamyl 

sulfates, long chain halides such as decy~ laury~ myristyl and steatyl chlorides, omides 

and iodide~ aralkyl halides like benzyl and phenethyl bromides and others. Water or 

oil soluble or dispersible products are thereby generally obtained. 

The phannaceutically acceptable salts of the compounds of the present 

invention also can exist as various solwtes, such as with water, methanol, ethanol, 

dim.ethylfonnamide, 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 
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using routine experimentation., such as the procedures and techniques illustrated in the 

~les which follow. Assays for assessing the activity of particular compounds may 

employ cells stably trar.sfected to express a specific potassium channel, as well as 

native mammalian cells. In particular, cells stably transfected to express a specific 

potassium channel, which have been treated with a. voltage dependent :fluorescent dye, 

such as bis-(1,3...dibutylbarbi:turlc acid)trimethine oxono~ can be used to gauge the 

inhibitory activity of potassium channel inhibitor compounds,. possibly in comparison 

to known inhibitors. Alternatively, such cells can be primed with a detectible specie~ 

such as "Rb, and then challenged with a particular compou~ under conditions 
·~ 

otherwise suitable for activating the potassium channe~ to assess the potassium 

inbibito:ry activity of the compound. The potassium ehannet inlu1>itocy activity of a 

compound also can be determined using isolated mammalian cells and the whole cell 
" configuration of the known patch clamp technique (Hamill et al., Pjlugers Archtv 

391:85, 1981). These and other known techniques can be readily employed by those 

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 ma.y be administered by a variety of 

routes including orally, parente.rally, sublingually, intranasally, by inhalation spray. 

rectally, or topically in dosage unit formulations containing conventional nontoxic 

phannaceutically acceptable carriers, adjuvants, and vehicles as desired. The tenn 

parenteral as used herein includes subcutaneous injectio~ intravenous, intramuscular, 

intracardiac injection, or infusion techniques. Topical administration may also involve 

the use of transdermal administration such as transderm.al patches or iontophoresis 

devices. 

Iqectable preparations, for exam.pl(\ 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 injectable solution or suspension in a nontoxic parenterally acceptable 

diluent or solvent, for example, as a solution in 1,2-propanediol.. Among the 
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acceptable vehicles and solvents that may be employed are water, Ringerts solution,. 

and isotonic sodium chloride solution. In addition, sterile, fixed oils are 

conventionally employed as a solvent or suspending medium. For this purpose any 

bland fixed oil may be employed including synthetic mono- or diglycerides. In 

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 cocoa butter and polyethylene 

glycols which are solid at ordinary temperatures but liquid at the rectal temperature 

and will therefore melt in the rectum and release the drug: . 
Solid dosage forms for oral administration ma.y include capsules, tablets, pills, 

powders, and granules. In such solid dosage foim.s, the active compound may be 

admixed with at least one inert diluent such as sucrose, lactos~ or starch. Such 

dosage forms may also comprise~ as is normal practice, additional substances other 

than inert diluents, e.g., lubri.c:a.ting agents such as magnesium stearate. In the case of 

capsule~ 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, syrups and elixirs containing inert 

diluents commonly used in the art, such as water. Such compositions may also 

comprise adjuvants, such as wetting agents, emulsifying and suspending agents, and 

sweetenin& flavoring and perfuming agents. 

The compounds of the present invention can also be administered in the fonn 

of liposomes. As is known in the art, liposomes are generally derlved from 

phosphollpids or other lipid substances. Liposomes are formed as mono- or m.ulti­

lamellar hydrated liquid crystals that are dispersed in an aqueous medium. Any non­

toxic physiologically acceptable and metabolizable lipid capable of fanning Hposomes 

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

compound of the present invention. stabilizers, preservatives, excipients. and the like. 

The preferred lipids are the phospholipids and phosphatidyl cholines (lecithins}. both 
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natural and synthetic. Methods to form liposomes are knovm in the art. See, for 

example, Prescott, Ed.t Methods in Cell Biology, Volume XIV, Academic Press, 

New York, N.Y. (1976). p. 33, et seq. 

To select preferred compounds from less preferred compounds,. one uses by 

example the in vitro assays detailed under the sub-heading BioAssays hereafter. 

Typically, a preferred compound will produce half maximal blocking activity at a 

concentration ranging from about 1 OnM: to about lµM in the in vitro assays 

described. One of ordinary skill will recognize that the final and optimum dose and 

regimen will be determined empirically for any given drug. 

Total daily dose administered to a host in single or divided doses may be an 

amount. for example, from 0.001to100 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 contain such amounts of submultiples thereof to make up the daily dose. It is 

anticipated that a therapeutically effective serum concentration of active ingredient 

will be 10 nM to lOµM (Sngfml to Sµglml). 

The amount of active ingredient that may be combined with carrier materials 

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 

patient will depend upon a variety of factors including the activity of the specific 

compound employed, the age, body weight, general 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 

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 tb.e 

following examples. 
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EXAMPLES 
Unless otherwise specified, all solvents and reagents were purchased from 

commercial suppliers and used without further purification. Analytical thin layer 

chromatography (TLC) was perfonned on Wb.atman Inc. 60 silica gel plates (0.25 mm 

thickness). Compounds were visualized under UV lamp or by developing with 

KMnOJKOH, ninhydrin, or Hanessian's solution. Flash chromatography was done 

using silica gel from Selectro Scientific (particle size 32-63). 1H NMR and 13C NMR 

spectra were recorded at 300 MHZ and 75.5 MHz, respectively. 

Compmmtf Prepamtioa 

Tetrahydronaphthalene (te-i.ralin) and benzocycloheptme, compounds of the 

previous formulae (I). (Il), (ID) and (IV) useful as potassium channel inhibitors in 

accordance with the present invention can be prepared in acoordance with several ,.. 

r..quenti.al steps as illustrated with reference to the tetralin species in the preparation 

which follow. 

Pr§pA!ltion l 

Synthesis of 7-nitro-l,213,+tetrahydw-2-napbthalenpl 

This preparation demonstrates the reduction of a nitrotetralone to give the 

corresponding alcohol. 

NaBH4 

MeOH,o0c 
Asuspensionof7-nitro-1-tetralone(l0.14 & 0.053 mol)inMeOH(600 ml) was cooled 

to O°C and treated withNa'BB. (4.25 g, 0.11mo~2.1 equiv.). Anitrotetralone can be 

obtained by nitration of a 1-tetralonei the desired product being separated from minor 

component byproducts. The re.aw"tion mixture became homogeneous almost immediately. 

After stirring at(} °C for 30 min, 2N HCl (100 ml) was added and stirring was continued 

for an additional 30 min. The reaction mixture was concentrated under reduced pressure 

(approx. 150 ml) and diluted with C~Cli (200 ml) and ~O (100 ml). The aqueous 

layer was separated and extracted with additional ~C~ (2 x l 00 ml). The combined 
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organic layers were washed with brine (100 ml), dried (NS:?S04). filtered and 

concentrated under reduced pressure to 7-nitnrl,2,3,4-tetrahydo-2-naphtbalenol as a 

white solid (10.13g, 990A) which was used in the next step without further purification. 

~(silica ge.l): 0.50 ( 40% hexane: 40% ~Cl2: 20% EtOAc); 1H NMR. (300 MHZ, 

CDC~ 8.29 (d, J=2.l Hz, lH}, 7.97 (d~J=2.l and 8.1 Hz, lH), 7.21(d,J=8.1 Hz, 

lH), 4.80-4.77 (m, lH), 2.94-2.73 (m. 2H). 2.47 (d,J=6.0Hz, ill), 2.12-1.93 (m, 2H), 

1.90-1.74 (m, 2H); 13C NMR (75 }dHZ, CDC13) 146.S, 145.l, 140.6, 129.9, 123.6, 

122.2. 67.8, 31.9, 29.3, 18.6. 

Preparation Z .. 
Synthesis of 7 .. nftro=3,4=dihydronapbthalene 

This preparation descnoes subjecting the alcohol product ofPreparation 1 to an 

acid catalyzed dehydration to give the corresponding tetralene. 
Clll 

""~ cat. TSOH-ff .,O °"'("Y"'i 
~ totuene.100°0 ~ 

7-nitro-1,2,3,4-tetrahydo-2-naphthalen.ol (10.13 g, 0.053 moI) (from Preparation 1) was 

heated in the presence ofTsOH-~O (1.72 g,, 0.009 mol, 0.2 equiv.) in toluene (150 ml) 

fur 2 hat 100 °C. The solvent was removed under reduced pressure and the residue was 

treated with EtOA.e (150 ml) and saturated aqueous NaHC03 (150 ml). The aqueous 

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

organic layers were washed with saturated aqueous NaCl (200 ml), dried (N"azSOJ, 

filtered, and concentrated under reduced pre.wre to give 7-nitro-3,4-dihydronaphthalene 

as a brown oil (9.18 & lOOoA.) which was used in the next step without additional 

purification. Rt (silica gel): 0.79 (70% hexane: 30% BtOAc); 1HNMR. (300 MHZ, 

CDCla) 7.95 (dd, J = 2.4 and 8.1 Hz.. lH), 7.83 (d, J = 2.4 Hz. IR), 7.21 (d, J= 8.1 Hz, 

IH}, 6.SO (d, J= 6.SOHz. lH), 6.18 (dt~ J= 4.5 and 9.6Hz, 2H), 2.88 (t, J= 8.4Hz, 

2H}, 2.40-2.34 (m, 2H); ncmm..(7s MHZ CDCls) 141.1, t43.1, 135.3, 131.4, 12s.2. 
126.S, 121.8, 120.3, 27.4, 22.S. 
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Preparation 3 
Synthesis of 1.2-epox.y-7-nitro-3,+dihydrgronaphtbalene 

PCTIUS99/M663 

In this preparation, the double bond in the tetra1ene of Preparation 2 is oxidized 

to give the corresponding epoxide. 

mCPBA ~~ 
~ CH~12.2s0c 

A solution of7-nitro-3,4-dihydronaphthalene (9.18g; 0.052 mol) (from Preparation 2) 

in Cllz~ (600 ml) was cooled to 0 °C and treated withm-CPBA, 57-85%, (13.86 g, 

approx. 0.056 mot, approx. 1.1 equiv). The reaction mixtUr.e ~ allowed to stir for 48 

h, slowly wanning to room temperature. The mixture was treated with aqueous 

NaHC03 (300 ml) and the organic layer was separated. The organic layer was ex:t.racted 

with additional aqueous NaHCO,, washed with aqueous NaCl, dried (N~SO.c), filtered 

and concentrated under reduced pressure to give 1,2-epoxy-7-nitro-3,4-

dihydronaphthalene (9.94, 100%) as a white solid which was used in the next step 

without further purification. • Rt-( silica gel): 0.56 (700,,. hexane: 30% EtOAc); 1H NMR. 

(300MBZ, COCli) 8.24 (s, 1~, 8.08(dd,J=1.8 and 8.1 Hz, lR), 7.23 (d, J= 8.1 Hz, 

lH), 3.92 (d, J= 4.2 Hz. IH), '3.77 (s. IH), 2.87-2.62 (m, 2H), 2.47 (dd, J= 6.6 and 

14.4 Hz, lH), 1.78 (dt, J= 5.1and14.1 Hz, UI). nc NMR (75 MHZ, CDC13} 146.5, 

144.7, 134.5, 129.4, 124.4, 123.4, 54.7~ 51.8, 24.5, 21.0. 

E~aration4 

Synthesis of trans-1-amino-7-nitro-1,2,3,4-tetrabydro-2-na,phthalenol 

In this preparation; the epoxide is reacted with ammonium hydroxide to give the 

corresponding amino alcohol. 

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

Preparation 3) in THF (SO ml) and EtOH (50 ml) was heated to 40°C and NH.OH (60 

ml) was added dropwise over the course of 1 h. After the addition was complete, the 
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temperature was increased to 60°C and the reaction was stirred for 24 h. An additional 

SO mI ofNH.OH was added and the reaction was stirred for another 24 h. The soi vent 

-was removed under reduced pressure to give a brown powder (10. 73 g) that was dried 

under high vacuum at 50°C for 48 h. The trans-l-amino-7-nitro-1,2,3,4-tetrahydro-2-

naphthalenol was used in the next two preparati~s without :further purification. 

frqiaratjon S 

The genera} synthesis of serondazy amines a.c: illustrated for the synthesis of give traas-N­

O>enzyl)-1-amino-7-nitro-1,2.,3.4-tetrabvdro-2-naphthale.no!. 

In this preparation, the amino alcohol is reacted with an aldehyde to attach an R' -.. 
moiety to the amino group, where R' is equhralent to R' as defined in formula (I). 

~ 9 
~cr.;.W 

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 

include sodium triacetoxyborohydride., sodium cyanoborohydri.de, or sodium 

borohydride. 

A solution of trans-1-amino-7-nitro-1,2,3,4-tetrahydro-2-naphthalenol (0.58 g; 

2.8 mmol) (from Preparation 4) in glacial acetic acid was treated with benzaldehyde 

(0.31ml;3.0 mmo~ 1.1 equiv.) followed by sodium triacetoxyborohydrlde {0.82 g; 3.9 

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

h. The reaction mixture was diluted with EtOAc (SO 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 (SO ml), :filtered, dried (Na..zSO.) and concentrated under reduced pressure. 

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

(benzyl)-1-amino-7-nitro-1,2,3 ,4-tetrah.ydro-2-naphthalenol (0.37 g; 44%). Rr(silica gel) 
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0.58 (00°/C EtOAc: 200/o hexane: 20°/o CaPJ; 1HNMR (300 MHz, '4-acetone) 8.38 

{d,J=2.1Hz, lH), 7.96(d~J=2.land8.7~ lH). 7.43(d,J=7.2Hz,2H), 7.35-

7.30(m, 3Hh 7.25-7.20(m, lR), 4.20-4.14 (m, lB), 3.93 (d, J= 13.5 Hz. lH}. 3.81 (s, 

1H).3.80(d,J=6Hz, lH), 3.77(d,J=13.5 Hz, lH), 3.07-2.84 (m, 2H), 2.27-2.17 (m, 

lH). 1.97-1.96 (m, lH); 13CNMR (75 MHz. '4-acetone) 146.5, 145.6, 141.3, 139.8, 

129.6, 128.3 (two carbons), 128.2 (two carlxlns), 126.8, 124.2, 121.1, 67.2, 61.9, 49.8, 

27.5, 26.3. 

Prepamtion 6 

Ihe generaI pmt'.edure fort® syntbe!:is of suifruwnid~ as illustr,a.ted for the synthesis .. 
Qftrgzzy-N:{+etlnrlpbenylsulfo~,1)-1-aroin.o-7-nitr0=1,2,3.4:tetrabydro-;2-napht.halenol. 

While the amino alcohol of Preparation 4 or S can be optionally protected with 

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

" amino (-NB2) and/or the hydroxy (-OB) functionality while reacting other :functional 

groups on the parent compound, this (and the subsequent) preparations shows that it is 

possible to react the amino alcohol directly without use of any protecting group(s). 

In this preparation, the amino alcohol is reacted with a sulfonyl chloride to attach 

an R, -S02- moiety to the amino groupt where R' is equivalent to R1-Y-2 as defined in 

fonnula (I) and elsewhere. The amino alcohol is reacted in a suitable solvent 'With the 

suifonyl chloride (R.~SO:tCl) or sulfonyl ai.-tllydride in the presence of an acid scavenger. 

Suitable solvents in which the reaction can be conducted include methylene chloride, 

DMF and tettabydrofuran. Suitable acid scavengers include triethylamine, and pyridine . 

Et'Q NH2 1 

OzN~...OH I S~CI 
~ cat OMAP, NEt3 

THF,25°C 

A solution of trans-1-amino-7-nitro-l,2,3 ,4-tetrahydro-2-naphthalenol (0.91 g; 

4.37 mmol) (from Preparation 4) in THF (20 ml) was cooled to 0 °C and treated with 
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DMAP (0.010 g 0.082 mmo~ 0.02 equiv), NEt, (0.90 ml; 6.46 mmol; 1.5 equiv) and 4-

ethylbenzen.e sulfonyi chloride (1.05 g; S.13 mmo!; 1.2 equiv). After IS min at O"C, the 

reaction was allowed. to warm up to room temperature and stirred for an additional 24 

h. The solvent was removed under reduced pressur~ and the residue was treated with 

BtOAc (150 ml) and a 20% aqueous solution of cone. HCI (SO ml). The organic layer 

was separated, washed wi!h aqueous NaCl (SO ml). filtered, dried (Na:iS04)t and 

concentrated. The crude product was purified by flash chromatography on silica gel to 

g.ive trans--N-( 4-ethylpb.enylsulfonyl)-1-a..tnino-7-nitro-1,2~3>4-te~"ahydro-2-naphthalenol 

as a tan solid (1.10 g; 67"/o). Rt (silica gel}: 0.67 (60% EtOAc: 20% hexane: 20% .. 
CH:zClJ; 1HNMR. (300 MHZ, CDCI~ 7.93 (d, J = 2.1 Hz, lH), 7.89 (d, J= 8.4 Hz, 

2HJ~ 7.44 (d, J= 8.4 Hz, 2H), 7.40 {~J=2.l Hz. lH). 7.20 (d, J= 8.7Hz, lB), 5.21 

(d, J= 8.1Hz,llr),4.28 (t, J= 7.8 Hz, lB), 4.07-4.04 (m, lH), 3.03 (d,J=2.7Hz, 
I\ 

lH). 2.98-2.88 (m, 2H), 2.77 (q,J=7.S Hz, 2H), 2.51-2.16 (m, lH), 1.29 (~J= 7.S Hz. 
3H); .UCNMR (75 MHZ, CDC~ 150.7, 146.S, 144.7, 136.9, 135.7, 129.7, 129.1 (two 

carbons), 127.1 (two carbons), 123.8, 122.3, 70.4, 58.4, 28.6, 27.1, 26.3, 14.7. 

Preparation 7 

The general procedure for the reduction ofthe aromatic nitro functionality as illustrated 

for the S)'llthesis oftmn.r-bl-(4-etbylphenylsulfonyl)-l,7-diamino-1,2,3,4-tetrahydm-2-

naphtbate;ml. 

The sulfonylated product of Preparation 6 is reduced in this preparation to give 

the corresponding aniline. 

THF/MeOH, D°C 

A solution of trans-N-( 4-ethylphenylsulfonyl)-1-amino-7-nitro-1,2,3,4-tetrahydro-2-

naphthalenol (0.96 g; 2.6 mmol) (from Preparation 6) in T.BF (15 ml) and MeOH (10 ml) 

was cooled to O°C and treated with NaBH4 (0.46 g; 12.2 mmol; 4.7 equiv.) followed 
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immediately by NiC~ (0.15 g; 1.2 mmol, 0.5 ·equiv.). After 15 m1n at OOC, the reaction 

was allowed to warm up to room temperature and stirred for an additional I h. The 

solvent was removed under reduced pressure to leave a black residue which was treated 

with BtOAc (100 ml) and aqueous NaCl (100 ml). The aqueous layer was separated and 

extracted with additional EtOAc (3 x SO ml). The combined organic layers were dried 

(NazSO.J, filtered, and concentrated under reduced pressure to give trans-Nl-(4-

eth.ylphenylsulfonyl)-l,7-diamino-1,2,3,4-tetrahydro-2-naphthalenol as a tan solid (0.79g 

89°Ai) which was used without further purification in the next step. R:r (silica gel): 0.43 

(OOo.4 BtO.Ac: 20% hexane: Z00..4 CH2Cl,); 1HNMR. (300 MHZ, 4-MeOH) 7.86 (d, J 
. . ~ 

= 8.4Hz, 2H), 7.45 (d, J:: 8.4 Hz, 2H), 6.80 (d, J= 8.1 ID; lH), 6.55 (dd, J= 2.4 and 

8.4 Hz, lH), 6.03 (d, J = 1.8 Hz, IH), 4.10 (d, J= 4.8 Hz, lH), 3.92-3.88 (m, lil), 

2.81-2.71 (~ 3R), 2.60-2.Sl (m, lH), 2.06--1.96 (m, lH), 1.81-1.73 (~ lE.), 1.30 {t, 
. ~ 

J=1.5Hz, 3H); 13CNMR(7SMHZ,'4-DMSO) 148.8, 146.8, 140.8, 135.5, 129.1, 

128.8, 127.1. 124.5, 115.5, 114.S, 68.4, 57.1. 28.4, 25.9, 23.4t 15.5. 

Preparation 8 

Synthesis of trans-NI ·(4-ethylpbenylmlfonyl)=NZ-(4-trifluorom•A}'benzyl)-l,7-

diamino-1,2,3,4-tetrahydro-2-naphthalenql 

In this preparation, the amino group on the aniline product of Preparation 7 is 

substituted. 

~COY') 

v.-._.ar 
------

~c~ 
18-crown-6 
DMF,26°C 

Et 

FaC°'Q H ~ 
N H HWV~ 

A solution of trans-Nl-( 4-ethylphenylsulfonyl)-1, 7-diamino-1,2,3,4-tetrahydro-2-

naphthalenol (0.049 g; 0.14 mmol) (from Preparation 6) in anhydrousD:MF (2 ml) was 

treated with ~C03 (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 µM; 0.19mmol; 
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1.3 equiv.). The rea.cti.on mixture was heated to 60°C and allowed stir 24 h. . The 

reaction mixture was diluted with EtOAc (1 O ml) and IN Ha (20 ml). The organic layer 

was separated, washed with additional IN HCl (20 ml) and brine (20 ml), dried 

(Na:iS041 filtered and concentrated. The crude product was purified by flash 

chromatography on silica gel to give trans-NI-( 4-ethylphenylsulfonyl)-.N7-( 4-

trlfluoromethoxybenzyl)-l, 7-diamino-l,Z3 .~ tetrahydro-2-naphthalenol (0.035 g; 48%) 

as a white solid. Rr{silica gel): 0.54 (30% EtOAc: 40% hexane: 30% CHzCl:z); 1H 

NMR(300MHZ, d'°DMSO) 7.84 (~J=7.8H2; lH), 7.77 (d.,J= 8.1Hz,2R), 7.39 

(d,J=6.0~ 2H). 7.36 (d,J= 6.0Hz. 2h), 7.28 (d., J=: 8.4Hz, 2H), 6.70 (d,J= 8.4 

Hz, IR)., 6.39{dd,J2.1and8.4Hz, IH), 6.03(d,J=1.8 Hz7 llI), S.89 (t.J= 6.0Hz, 

1H14.68 (d, J= 3.3 Hz, lH), 4.03-3.88 (m, 3B), 3.68 (d, J= 3.3 Hz, lH), 2.58 (q, J 

= 1.S Hz, 2H). 2.64-2.57 (m, IR), 2.39-2.30 (m, lB), 1.91-1.81 (m, lH), 1.60-1.54 (m, 

lH), 1.12 (t, J= 1.5 Hz, 3H); 13C NMR. {75 MHZ, c4-DMSO) 148.8, 147.7s lID, 

140.5, 140.4, 135.3, 129.7, 129.3, 128.8, 127 .z 124.9, 121.4, 113.5, 113.0, 68.8, 57.0, 

46.2~ 28.3, 25.6, 23.2, lS.3. 

En;iaration 9 

Synthesjs of tran,s-Nl:(+n-propylphmylsu}fonyQ-NZ-(styzylcarhamoyl)-l .7-dirunin0: 

1,2,3,4-tetrahydro-2-naphthalenol 

In this preparatio~ an aniline analogoul to that of Preparation 7 is acylated, 

for example using RCOCI where R is equivalent to R1-Y1 and x1 is C=O as defined in 

formula (I) and elsewhere to attach a substltuent group to the amino group . 

Qy1 
0 

NEt3, DMF, 2f?C 

A solution of trans-NI-( 4-n-propylphenylsulfonyl)-l, 7-diamino-1,2,3 ,4-tetrahydro-2-

naphthale~ol (0.076 g; 0.21 nunol) in anhydrous DMF (2 ml) was cooled to ere and 

treated with NEt, (30 µL, 0.22 mmol; I equiv) followed by cinnamoyl chloride (0.049 
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g; 0.29 mmol; 1.4 equiv). After 15 min at 0°C, the reaction was allowed to wann up to 

room temperature and stirred for an additional 12 h. The reaction mixture v.-ras diluted 

with EtO~ (15 ml) and lNHQ (20 ml). The organic layer was separated, washed 'With 

additional lNHa (20 ml) and brine (20 ml), dried (N11zS04), filtered and concentrated. 

The crade product was purified by flash chromatography on silica gel to give trans-Nl­

(~n-propylphenylsulfonyl)-.N7-(styrylcarbamoyI)-ls 7-diamino-1,2,3. 4-tetrahydro-2-

naphthalenol (0.061 g; 59%) as a white solid. Rt(silicagel): 0.61 (60%Et0Ac: 20% 

hexane; 20% CH:iCIJ; ); 1HNMR(300MHZ, drDMSO) 10.06 (s, lH)i 7.96 (d,J= 

SJ. Hz, lH), 7.76 (d, J= 8.4Hz, 2B), 7.62-7.53 (m, 4H), 7.46-7.39 (m, SH}, 7.04(d. 

J=8.4Hz, lH). 6.82 (d, J= 15.6Hz, lH), 4.81 (d,J=3.0Bz, lH), 4.16 (d, J=4.I Hz; 

IR), 3.61 (d, J= 2.7 ~ ffi.), 2. 76-2.66 (m, 1H), l.61 (t, J = 1.S Hz, 2H), 2.58-2.50 (m, 

lH), 2.00-1.85 (m, lH), 1.60-1.53 {11\ 3H), 0.85 (!. J= 7.5 Hz, 3B.); 13CNMR (7~ 

MHZ, d.,DMSO) 163.8. 147.2, 140.6> 140.4, 137.5, 135.6, 135.4, 132..5, 130.~ 129.6 

(two caroons). 129.4 (two carbons), 129.1, 128.2 (two carbons), 126.9 (two catbons), 

123.0, 121.9, 119.4, 67.9, 56.8, 37.4, 25.2, 24.0, 23.S, 13.9. 

When using a protectiiig group in connection with a specific synthesis, the species 

of protecting group used is not critical so long as the derivatized ·NB:z or -OH group is 

stable to the condition(s) of subsequent reaci-Jon(s) and can be removed at the 

appropriate point without disrupting the remainder of the molecule. For amino 

protecting groups see T.W. Greene and P. Wuts, Protective Qmups in Organic 

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

(Boe). phtbalimide, a cyclic alkyl, and benzylo>i..-ycarbonyl. For hydroxy protecting 

groups see T.W. Greene and P. Wuts, Protective Groups in Organic Synthesis, Chapter 

2 (1991). A suitable "hydroxy protecting group" includes one of the ether or ester 

derivatives of the hydroxy group commonly employed to block or protect the hydroxy 

group while reactions are canied out on other functional groups on a compound. 

Hydroxy protecting groups include tert-butylcliphenylsilylox:y (TBDPS), tert­

butyldimethylsilyloxy (TBD:MS), triphenylmethyl (trityl}, mono- or di- methoxytrity~ or 

an alkyl or aryl ester. 
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Using the principles and techniques of Preparations 1through9 (and methods 

available from the literature, such as WO 98/04521 and WO 98/36749) , and appropriate 

starting material~ which will be well-understood by those skilled in the art, a variety of 

other compounds falling within the scope of the present invention can be synthesized. 

In this regard, compounds listed in the follo\\iing Tables lA, lB and 1 C can be 

synthesized. 

Table IA 

J' 
~,-W ... 

En.Irv R' :R.1 .yt..;xt. 

l 4-ethvlnhenv! 3-meth - . 
.cto\. 

2 3-c:thvtnt.cn.vt 3-mcth 
. 

.Q'O). "' 
3 3-n"'l'mtrvlnheml 3--m~bc:ml ..cYO'\. 

4 
,. ... ... . 

4-mctb . ..l".10\. . 
s 4~'\'hiheo.Vl 

. . hcnvt .NO\. 

6 4.etlMobmvl . 
~.cnvf .ctO\. 

'7 4-' • hcn\'l 3-m - . - .ctO\. 

8 i- • hen\i g-mefboxwhenvt .C(m. 

9 A .tt .. ~ __ I cnvl 3-cth - ·.c1m. 

10 4-chlDM!!henvt ~..,.,,..hcnvl -.ctO). 

11 4-chiOn'l.fthcnvl phcnvf . .£'.IQ). 

l2 4-0romcmhonvl :- .. - . 
..CO-. 

13 4-c!hvtnheft'llt .. . - cnvl •..fYQ).. 

14 
,. . 

3-tolvt .L'YQ). 

1S .. !;'{ 44oM -tl'~CRC(O)-

1~ 
.. 'phenyl 4-cblon>ohcnYI -trans-CHCmi(O). 

17 4+prvpyiphen~ phenyl -von.r.cHCHC(O)-

18 2-dintclhvhmin~anhil't'I " -· ...... . 
-C(O)-

19 i - • . 
3-metbmMlhcnyf .c(O)--

20 4-t. . - - 4-tolYI -C<O)-
21 +n- -. . 

3-mcthOIM)btnyl -Cf..0)-
22 4-ethvJnhcl\» t1hc:nyl -cvcloortm\11.c(O)-

23 4-ethylpbc:ll.yl (Q .c(O}-

24 4-dhylphcn,l 
N OC( ..c(O)-
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J /,.w 
25 tran.s•2.( 4-chtomJ>henvl'lcthenyl 3~=M -C<O} 

26 .wblorophmwcthvny! 3-melh 
. -C(O} .. 

27 : phenvlcthvnvi 3 
.. 

henyl .CCO} 

'28 4dhylphcnyl phQlyl .CaCC(O} 

5 2!> 
~ ... . . . 

iihcnYl .CH.CH..C(O)-

30 3-tolyl oheayl -CB'.~C(O} 

31 4-oyanophenyt iJhcny( .r:r:r.----

32 4-t-bufyiphcnyl 3-m.elhoxyplu:nyl - -C(O} 
~ 

33 4-db,\llnhcn'lll 3-chJ.o,mohen'VI • . -C<O} 

10 S4 4-efhylphcn}'i Dheftvl -NHC(O)-

SS 4«1\ytphc!M phenyl ../r1111$~ .r ~• ... 

36 ; 4-ctb.ylpbcnyl phenylcthynyt -C(O)-

37 4-dhylphen)f. 4-mcthoxyphcnyl ..C-cc(O} " 38 4-Hl'OPYlphc:nyl 2-mcthoxyphcnyl -C(O)-

15 39 ... 
"~"'"""""" -C(O). 

40 4-isoDIODYlnhcnyl • ..... • '* -C(O} . 
41 . • hcn)i I •• yi -C(,0)-.. 
42 6 -- . . 

3.;fotvl -0'0)--
43 4-biphenyl 3~ -

. . -C(O} 

44 4-ft· 
. . 

3-to'M -C(O). .. 20 
45 4-othyfphcnyl 3-cthoxyphenyl -C(O} 

46 . 6. • hcnvl 3 .• . . .Q'O} 

47 4-n1'>fOPYlphenyl ~ .CCO} 
48 2-aaohth.yl . .. . . .c(O)-

2S· 49 4-iloprop)ipheeyl phenyl -tran.J.CHCHC(O)-

so ~ phenyl ,~. - ~· ... 
Sl ~ phcail ~C(O} 

:S2 phen.yl ohonYl -b'alflr-CHCHC(O)-

53 ,,..,,,..2-(4-chlorophenyl)cthcnyl phenyl - ··O} 

30 54 lralf.'f-2-(4dllorophcnyl)ctbcnyt 4-tolyl .C.cc(O} 

SS 3-folyl 2,2-diphc:netityl .a.or 
~ ohtmi 2,2-dit>hcncthyl -e(O)-

S7 4-methoxy-2,6-dimc:th~phcnyl 3-methaxyphenyi . -C(O} 

S& 4-dhy!Phca.vl iiben\ll-NH. ~0)-

35 59 S<hloio-2·naphthyl 4-mcthoxyphc:nyl -C(O} 

60 4-ethytphcny! +trifluoromcthox.y ~-
phenyl 

61 3.4~icblorophcnyl 3..trifluOJt>melho'll)' -C(O} 
t1hcny\ 
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62 3-tolyl 3--trifluoromcihoxy -C(O)-
phenyl 

63 tnmr-~yl 3-trifluoiomcthe»ey -C(O)-
phenyl 

64 4-bromOPhcnvl 3-cthoxwbcnvl -CCO)-

65 4-ftitroahcayl 3-mothoxyphcnyl -C(O)-

5 66 ~Yllyi 4~ -C•~ 

(II ~ynyl ~ .C•CC(O} 
Q 4-chtompbenyletbynyl 4-folyl -trans"' ··G)-

69 4chl010phcnylclhynyl phenyl -b'tms..caCRC(o}-

10 bcmsl ~ .. bcnyt -c(O)-

10 71 bcnzyt 4-eth)dphenvl -c(O} 

7.2 
,, . • cnyl 2-mcth.oxwhcnYI -c(O)-

'73 ~phenyl ~ - .. . ..cxor ., 

74 4-dhvlebeiM ~ . bawl .CCO} -
7S 4-ecctylphmyl 4-tolyl . -c(O)-

15 76 4-Wvl. 3-m .• - -0(0). 

11 44aM 4-cthylphcnyl -CCO)-

18 "' 
.. 

r enyl 3-tolvl .ciO). 

19 Dhmvf 3-mcthoxyphenyl .c(O)-

80 . d hcllyf 3 
.. . . ..ctO} ,. 

81 2-thimyl ~ -C(<J'>-
82 

. .... .. . 
Dhctwl -cB.C(O)-

83 
. . .. 

enyl phenyl .at.C(O)-

84 "'- -. - Dileo.vi -CI£.C(O}-

8$ 
, .. 

yt 4-Ntroohenyl .(:(<>} 

25 86 Dhenvl ~ .... . . 
~ ,,. 

87 phcn)'I 3.4-dimcthylphenyJ .c(O} 

88· 3-triflUOIOmOthvlDhcnyl 3,4-dimdh\'lahcmd -c(O)-

B9 ~phenyl 3-t.otyl -C(O). 

90 
,,. •• cnyl 3-fnlvl -C(O)-. 

30 91 4-mcthoxyphcnyl 3-t.olyl -c(O)-

92 4-ethvlnhawl 4-fluOIOOhenyl -C(O). 

93 
,,. . . 

4-.flUOR>flhcn}'i -C(O)-

94 
,,_ 

bcnyl 4-tluon>nhcnyf -C(O). -· 
9S 3-toJyl 4-ethvJohem!I .c(O}-

35 96 3-ni . 
l.S4mclhoxyphcnyl .c(O} ,,., 34olyl 3-tolyl ..c(O)-

98 ~nhcnvf diohenc!hvl -CfOl-

-31-
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99 4-ia0nnmvlnhcnvl dinhcncthvl -C(O} 

100 4-n-DtDO'Ylpbc:nyi diphcnothyf .c(O}-

101 4-mc:ithoxvohci:M diphcnctiM -c(O).. 

102 3-tolyl phcnoxy -CFI.,C(,0)-

5 103 4-eth\lluhmM 2-tbicnyl -c(O)-

104 4-ethylohcnyI 4-<limothyl aminophcn.y{ ..c(O).. 

'105 ". · hcnyl 2,2-<limetil.vlclhcnvl -C(O). 

106 4-iaopropy{phtn.yl +mtntph.enyt -c(O)-

107 . 3-toM 44iuorocltenyl . -C(O).. 
; 

10 108 3-tolyl. 3-metb.OXV!lh=nyl ..c(O)-

109 .2,3,.. .• · ' ~:cfhor.Vllhen'Vl 3-m 
.. ·=v! .c(O). 

11G ~iey-2,3,6-uime!hylphcnyl ph::nyl -C(O)-
111 2-tih.cnetb\t 3-mcthoxwhcny! . -C(O). ~ 

112 b'om-2-phcnylc1hc.nyi 3-mctboxypb.cnyl .c(O)-

113 
, 

• hcnyl 3,S-dim 
.. . . -0(_0} ... 15 

. ... 
4am)'liibc:nyl ... - .QO)-114 - hcnyl 

115 , - en'd 4 
.. 

hcu.yl .cH/XP} 
116 44rifluo.m 111 

- . 
c:nyl phenyl .c(O} 

117 4-trifluommh'llfnhenvl. S.fal:vl -c(O)-
118 3-ch101'0l!h!il!M 3-mefho . ... ~0). _, 20 

Table lB 

J'v' ... 
,,. ~,-W 

R• as 
25 H 

R 
121 H 
122 .. Q, H 

123 441y)phcnyt c:yclopropyl 

°" 
H -C(O)-

30 124 3-pyridinc H H -CHi-
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I 
·12s 4-cthyJphcnyi cyclopropyl Q, H .c(O)-

126 4-trifluoromethoxy 3-tolyl 

~ 
1I ..c(O}-

phenyl 

127 ~ylphcn)i 3-mcthoxyphenyl Ov H -C(_O}-

128 4<!hylphcnyl 4-pyridinc H 'H -CHi-
s 129 +.m.othox:y-2,3,6- 2-pyridinc H H -en:-

trimcrthvtohcnyl 
130 4-cthylpb0&1yl 3-mcthox:yphcnyl eth~ H ..c(O)-

131 4-ethyfphenyl tcrt-buf;yl H Q, -CfP)-

132 4-c:fh)iphenyl 3~ H 

~ 
-C(O~ 

133 4<;thvlnhcnyl 3-rn .. . 
H bcazvl -C(O)-

10 134 4-ctllylphenyl 3-~yl H butyl -C(O} 
135 4-dhylphcnyl 

Qq 
H H -C(,0)-

136 4-cthylphenyl '"Qq H H .c(O}-

137 <Hlhy1pbcnyl a~ H H .c(O} 

.. 138 4-efhylpllenyl 

~ 
H H .qo} 

15 139 4-eth\'Jnhenvt -• ,_. 
H H .c!LC(O)----

140 4 - . bcm:vl-NH- H H -CB;.C(O} 
141 4-c!hylphcnyl 3,4-<limethoxy H H ~C(O)-

bcnN-NH-
142. 4-cthylphcnyl M·oamethyt H H -cH,.C(O)-

pbcnyt..N(CH,} 
143 A A • 

4..ml0robcnzyl-N(CH1} H H -CH.C(O)-
20 144 i ....... . 

bcnzvl..N(CH,)- H H -cHiC(O)-
14S 4 .... i 4-metholMlhc:nvl-N<CH.). H H -CR.ctO). 
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'146 4-cthyipbenyl 3,4-dimethoxy J>hcnYi·N(Clis)- H H ..cRtC(O)- I 

147 4-cth~bcnyl 00 H H ~O} 

N......._ 

148 pam-cthylphenyl 0) EI H .cF.I,.C(O}-. 

I 
149 4~!hyiphcnyl 9' H H .c(O}-

-

u 
s ISO 4-ethylphcnyl aj)__Q H R .c(,O}- I\ 

151 4-cthylphcnyl 

>Tr°' 
R H .a.or 

152 4-ethylphcnyl VO.... H H .C(O)-

153 4-cthvfphcftyl 4-methoxyphcnyt ethyl methyl -C(O)-

1S4 4-et.'lylphcmyl 4-mcthoxyphenyl Q, mcfh)'l -C{O)-

lSS . -- . 3-pYtidinc G!hyi H -CH.-·-10 
156 4-othylphcn.yl. 3-methox.yphCJtYl m.cthyl methyl -CRr 
1S7 4-eth"'""-"' nhcnvf methvl H J"f:t_,..u • 

Table lC 

15 

H H 
H H 
H H 
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~rm rt'-/ 'x' /l 

I " 
161 4-e!hy!phemoi 

162 4-ethyfphenyl 

163 4-c:thylphenyl 

164 «fuylph:ny! 

: 165 4-ethylphccy! 

166 4-«hylplu:nyi 

167 4-cthyiphcttyl 

168 4-cthyiphcnyt 

169 +cth)'fpb..-ny! 

170 4-mcthoxy..2,3,6-trimcthyl,l'iumyl 

171 4-d!Mphcnyl 

172 4-cfh)ipbcnyl 

173 4-dhvlnhcrwl 
174 4-cthylphcnyi 

175 4-dhylphcnyl 

EXAMPLES: BioAssays 

''Rb Efflux Assays: 

3-ohloror>hcnvi H 
eycloptpanc Q, 
methyl 

·~ 
t-butyl 

~ 
~mcthox;yphcnyi 

~ 
~cnyi H 

cyi:lopropanc H 

t-bui,i H 

H Q, 
3-pyridvt H 
4-mnidyl H 
3-pyridyl mcdtyl 

4-CF.0-1>hcnyl H 
3-pyridyl H 

4-ethylphcnyl H 

PCTIUS99/01663 

H -c(,0)-

H -c(,0)-

H -C(O} 

R .c{O} 

"T 

H .t;;;{O)-

~ 
-C(O} 

I\ 

~ 
-C(O). 

~ 
.c(O). 

H ~-

H .CBr 
R .t'!R'-

H .CH.-

H ..cR.-

~ 
.Clir 

Q/ ~-

Cells stably transfected with cDNAfor human Kvl.S (in pcDNA3 vector) 

were grown as confluent monolayers in 96 well tissue culture plates in MEM alpha 

with 10% heat inactivated fetal bovine serum and 400 µg/ml 0418. Cells were 
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incubated overnight in growth media contahllng l µCi/ml '°Rb to pennit intracellular 

uptake of the isotope. At the end of the incubation period, the 16Rb solution was 

aspirated and the cells washed three times with Earls Balanced Salt Solution (EBSS) 

which contained (in mM') 132 NaCl, 5.4 KCl, l.8 CaClit 0.8 mMMgC12 10 mM 

HEP.BS and 5 nlM glucose. The cells were then prclncubated for I 0 minutes at room 

temperature in I 00 µI/well of EB SS or EBSS containing test compounds. At the end 

of this period the wells were aspirated and to each well was then added 100 µ1 of a 

modified EBSS solution containing 70 mM KCl (NaCl replaced by KCI) and the 

compound to be tested. The high KCl concentration~ utilized to depolarize the 
... 

cells to membrane potentials that would activate Kvl.S channels. After a 1 minute 

incubation in 70 mM:KCl EBSS plus test compound, the solution was removed and 

placed into the appropriate well of a 96 well counting plate for analysis. Finally I 00 

tll of0.1% sodiumdocecyl sulfateinEBSS was added to each well to lysethecells. ~ 
The lysate was taken for analysis to detennine final cell content of ~b. Samples 

were counted in a Wallac Microbeta liquid scintillation counter by Cerenkov emission. 

Bffi.ux was expressed as a percentage of the initial cell content oferu,. 

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

·are reported in Table 2 (flux) as the potency for inhibition of"Rb eftlux through 

Kvl.S potassium channels expressed in CHO cells by compounds of the invention. 

Electrophysiological studies 

Blectrophysiologi.cal recordings of potassium currents in Chinese hamster 

ovary cells stably expressing the gene construct for the Kvl.5 potassium channel 

subunit were performed using the whole cell configuration of the patch clamp 

technique (Hamill et al., PjlugersArchiv 391:8St 1981). Cell lines expressingKvl.S 

were prepared using standard teclmiques known to those skilled in the art. Cells were 

plated on glass coverslips at a density of 2x10" cells/coverslip and used within 24-48 

hours. Solutions used for electrophysiological recordings were as follows. 

Extracellular bathing solutions contained (in mM.) 132 NaC~ 5.4 KCl, 1.8 CaCl,, 0.8 
. . 

MgCl:b 10 BEPES, 5 glucose at pH 7.3. Electrode pipette soW:tions for measuring 
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Kvl.S contain (m mM) 100 KF, 40 KCl, 5 Naa, 2 MgC~ S mM EGTA, 10 mM 
HBPBS and 5 glucose at pH 7.4, 295 mOsm. The coverslips were placed in a. small 

chamber (volume - 200 µI) on the mechanical stage of an inverted microscope and 

peribsed (2 ml/min) with eXtracellular recording solution. Drag was applied using a 

series of narrow·bore glass capillary tubes (mner diameter-100 µm) positioned 

approximately 200 µm from the cell. 

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

are reported in Table 2 (EP) as the potency for inhibition ofKvl.S potassium currents 

by compounds of the invention. 

Table2 

Entry IC50 (µM} ICso(µM) 
# (BP) (flux:) 

l 0.25 6.8 
13 0.4 >SO 
19 0.05 2;9 
24 0.6 S.9 
28 0.09 5.9 
40 ND 9 
60 0.5 >50 
70 2.1 29 
85 ND 46 
97 ND 39 

103 ND zo 
110 ND 12 
123 0.1 ND 
132 o.s ND 
135 0.1 ND 
158 0.6 ND 
162 0.2 ND 

The princip~, preferred embodiments and modes of operation of the 

present invention have been described in the foregoing specification. The 

-37-



. ---r ----=-- . 

s 

10 

IS 

20 

2S 

7 

W099/37607 
PCTIUS99/01663 

invention which is intended to be protected herein, however, is not to be construed 

as limited to the particular forms disclosed, since they are to be regarded as 

illustrative rather than restrictive. Variations and changes may be made by those 

skilled in the art without departing from the spirit of the invention. Those skill.e.d 

in the art will recognize variations in the processes as described above and will 

recognire appropriate modifications based on t.fie above disclosure for making and 

using the compounds of the invention. 

In the forgoing specification, the following abbreviations are used: 

m-CPBA 

TRF 

TLC 

DMF 

DMAP 

Me 

Et 

BtOH 

:MeOH 

EtOAc 

TsOH•HzO 

NB~ 

DMSO 

n-Pr 

NMR 

MI:Iz 

Hz 

CDC13 

Rr&gent or Fragment 

meta-chloroperoxybenzoic acid 

tetrahydrofw:an 

Thin Layer Chromotagraphy 

·dimethylformamide 

para-dimethylaminopyrldine 

methyl 

ethyl 

ethanol 

methanol 

ethyl acetate 

para-toluenesulfonic acid • water 

triethylamine 

dimetb.ylsulfoxide 

n-propyl 

nuclear magnetic resonance 

megahertz 

hertz 

chloroform-d 

-38-



.. 

WO 9!>/37607 

Designation 

UV 

~ 
cat. 

Reae-eot or Fra~ment 

ultra-violet 

retention factor 

Catalytic 
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CLAIM"S 

We claim: 

1. A compound of formula (I) or a phannaceutically acceptable salt, esterf 

amide, complex, chelate, hydrate, stereoisomer, crystalline or amorphous form, 

metabolite, metabolic precursor or prodrug thereof: 

R" 
........ y'J. 

I 
X2 R, 
'N/ 

A (I) 
z 

B 

wherein t is 1, or 2; 

A and B are each H, or taken together fonn a bond between the substituted 

carbons; 

R 1 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 

R1 is an optionally substituted aryl. then R 1 is not a dialkox.yphenyl; 

Y2 is (CHJq. {CHJ,..O, HC=Ca ethynyt or NH, w is o, 1, or 2 and q is o, 1, 

or 2, with the proviso that if Y2 is (C~q and q=O, then R1 cannot be H; 

~is C=O, C=S, or SC>i; with the proviso thatifY2 is (CHJwOt then x2 
is not S02; 

R3 is H, a1kyl, 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 substitut.ed 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)(heterocycl.yl), 
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alkylene.-WrlC(O)(heteroaryl), alkylene--NHC(O)-(alk:ylene--heterocyclyl), alk:ylene-: 

NHC(O)-{heteroaralkyl)t alkylene-C(O)(alkyl). alkylene-C(O)O(all..'Yl), OR14
, SR14 

or NR15R16
; where R.14 is selected from the group consisting of H, (CH,)..·R8

, or 

C(O)-(~r-R1; mis 1, 2, 3, or 4; r is 0, 1, 2, or 3; R' is CHzN(R~, 

CH2NCR'.hL, or C~; each R! is independently selected from H, or alkyl; L is a 

counter ion; R15 is H, or alkyl; and R16 is H, alkyl or C~R10 and R10 is H, or 

alkyl; 

R2 is selected :from the group consisting ofH, alkyl, an optionally substituted 

aryl> an optionally substituted aralkyl, an optionaJ.ly substituted heteroaryl, an 

optionally substituted heterocyclyl, an optionally substifuted heteroaralkyl, an 

optionally substituted carbocycloalkyl, Ra-().., and R•R0-N- ; where R.• and R11 are 

independently .selected from the group consisting of alkyl, an optionally substituted . ~ 

aryl, an optionally substituted amlky~ an optionally substituted heteroaryl, an 

optionally substituted heterocyclyl, an optionally substituted heteromlkyl, and an 

optionally substituted carbocycloalkyl; R0 is selected from the group consisting of 

H, alkyl, an optionally substituted aryl, an optionally substituted ai:alk:yl, an 

optionally substituted heteroai:yl, an optionally substituted heterocyclyl, an 

optionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl; 

or Rb and R.0 along with the nitrogen to which they are attached form a 

heterocyclyl; 

Y1 is (CHJ,, CHR.17(CRJ07 HC=CH, or ethynyl; where R17 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 catbocycloatkyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 

X1 isC=O, C;::S, S~or(Clli).; wherenisO, 1, or2; 

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

aralkyl, an optionally substituted het.eroaryl, an optionally substituted 

hete.roaralkyl; an optionally substituted heterocycle, an optionally substituted 

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

with the provisos (1) that if Y1 is (CHJ,, ·p is 0 and X1 is not (CHJ11 , then 

R2 is not H, (ii) that if R2 is R1-0 and Y1 is (CH~, with p=O, then X1 is not S~ 

and (lli) if Z is not H, OR14
, SR14 or NR 15R16

, then x?- must be S02• 

2. The compound of claim 1 wherein A and B are each Hand the formula (I) has 

a stereochemieal configuration of substituents in accordance with~ following 

formula (Ia): 

3. A compound offonnula (II) or a pharmaceutically acceptable salt, ester, 

amide, complex, chelate, hydrate, stereoisomer, ccystalline or amorphous form. 

~olite, metabolic precursor or prodru.g thereof: 

wherein t is 1, or 2; 

Rt 
......... ~ 

R2\ 
y1-x1 

\ rt---l---
R" 

I 
x2, /Ff 

N 
(II) 

z 

R1 is B, alkyl, or is selected from the group consisting of an optionally 

substituted aryl. an optionally substituted heteroaryl, an optionally substituted 
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1ltiU111~1 Ill 
heterocyclyl and an optionally substituted ·carbocycloalkyl with the proviso that when 

R1 is an optionally substituted aryl, then R1 is not a dialkoxyphenyl; 

'\'...z is (CHJq, (CHJ.,..O, HC=CH, ethynyl or NH, w is O, l, or 2 and q is 0, 1, 

or 2, with the proviso that ifY1 is (CHJ11 and q=-0, then R1 cannot be H; 

X: is C=O, C=S, or S02; with the proviso that if Y2 is (CHJ..,O then~ is not 

R3 is H, alkyl, an optionally substituted aryl, or an optionally substituted 

heteroaxyl; 

Z isli, OR14, SR1"orNR1~16; whereR14 is selected from the group .. 
consisting ofH, (CHJ11cR8

, or C(O)-(CHJr-R8
; mis 1, 2, 3, or 4; r is 0, 1, 2, or 

3; R11 is CB2N(R9)2, CH.zN(R'}3L, or C~R9; each R9 is independently selected 

from H, or alkyl; Lis a counter ion; R15 is H, or alkyl; and R16 is H, alkyl or 
~ 

CO;R.10 and R10 is H, or alkyl; 

R.1 is selected from the group consisting ofH,. alkyl, an optionally substituted 

aryl, an optionally substituted heteroaryl, an optionally substituted heterocyclyl, an 

optionally substituted cai.--bocycloalky~ R•-Q..7 and R."R..11-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 heterocyclyl and an 

optionally substituted carbocycloalk.yl; Re: is selected from the group consisting of 

H, alkyl, an optionally substituted aryl, an optionally substituted heteroaryl, an 

optionally substituted heterocyclyl and an optionally substituted carbocycloalkyl; 

Y1 is (CH:z),, CHR1'(CHJ°' HC--cH, or ethynyl; where R11 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 o. 1, 2, or 3; .and o is o. 1, or 2 

X1 is C=O, C=S, S02 or (CHJ.; where n is 0, 1, or 2; 

R' is H, alkyl, an optionally substituted aryi or an optionally substituted 

heteroaryl; and 

with the provisos (i) that ifY1 is (CH:JF p is 0 and X1 is not (CHJ"' then R2 is 
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not H, and (ii) that ifR2 is R·-o- and Y1 is (CHJP with-p=O,, then X1 is not S02. 

4. A compound of formula (I) or a phannaceutically acceptable salt, ester, 

amide, complex, chelate, hydrate, stereoisomer, crystalline or amorphous form, 

metabolite, metabolic precursor or prodrug thereof: 

R1 
'v2 . - I 

x2 R3 
'N/ 

(I) 

B 

wherein t is 1, or 2; 

A and B are each H, or taken together fonn a bond between the substituted 

carbons; 

R1 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 th_at 

when R 1 is an optionally substituted aryl, then R1 is not a dialkoxyphenyl; 

Y2 is (CHJ11, (CHJ.O, HC==CH., ethynyl or NH, w is 0, 1, or 2 and q is 0, 1, 

or 2, with the proviso that if Y2 is (CBJq and q=O, then R1 cannot be H; 

x2 is C=O, C=S, or S~; with the proviso that if Y2 is (CH:JwO, then Kl 
is not SC>i; 

R3 is H, alkyl, an optionally substituted aryl, an optionally substituted 

aralkyl, an optionally substituted heteroaryl, an optionally _substituted 

he~l; 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), 
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11~ IOI ml 11111 
alkylene-NHC(O)(heteroaryl)-1 alkylene-NHC(O}-(alkylene-heterocyclyl), alkylene­

NHC(O)-(hete.romlkyl), all..')'lene-C(O)(alkyl), alkylene-C(O)O(alkyl), OR14
, SR14 

or NR15R16
; where R14 is selected from the group consisting of H, (CHJm-R', or 

C(O)-(CHJr-R'; m is 1, 2, 3, or 4; r is 01 1, 2, or 3; R' is CHzN(R.9)2, 

CBzN(R.'),L, or C02R9; each R9 is independently selected from H, or alkyl; L is a 

counter ion; R15 is H, or alkyl; and R16 is H, alkyl or COzR.10 and R10 is H, or 

alkyl; 

R2 is selected from the group consisting of H, alkyl, an optionally 

·~ 

substituted aryl, an optionally substituted aralk.yl, an optionally substituted 

heteroacyl, an optionally substituted heterooyclyl, an optionally substituted 

heteroanllkyl, an optionally substituted carbocycloalkyl, R'-0·, and R11~-N- ; 

where R& and R" are independently selected from the group consisting of alkyl, an 

"' optionally substituted aryl, an optionally substituted amlkyl, an optionally 

substituted heteroaryl, an optionally substituted heterocyclyl, an optionally 

substituted heteroaralkyl, and an optionally substituted cai:bocycloall.1'1; R0 is 

selected from the group consisting of Ht alkyl, an optionally substituted aryl, an 

optionally substituted aralkyl, an optionally substituted heteroaryl, an optionally 

substituted heterocyclyl, an optionally substituted heteroanllkyl, and an optionally 

substituted carbocycloalkyl; or R11 and R~ along with the nitrogen to which they are 

attached form a heterocyclyl; 

Y1 is (CHJP, CBR17(CHJ0 , HC=CH, or ethynyl; where R11 is alkyl or is 

selected ~m the group consisting of an optionally substituted aryl, an optionally 

substituted heteroa:ryl, an optionally substituted heterocyclyl and an optionally 

substituted carbocycloalkyl; pis 0, 1, 2 or 3; and o is 0, 1or2; 

X1 is C=O, C=S1 S02 , or (CHJ.J where n is O, 11 or2; -

R4 is H, alkyl, an optionally substituted aryl, an optionally substituted 

aralkyl, an optionally substituted het.eroaryl, an optionally substituted 

heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 

heterocyclyl, an optionally substituted carbocycloalkylt or an alkylene-(substituted 
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amino); and 

with the provisos (i) that if Y1 is (~,., p is O and X1 is not (CHJ,.. then 

R1 is not H, (ii) that if R.2 is Rs-o and Y1 is (C~, with p=O, then X1 is not SOz 

and (rli) if Z is not H, OR14
, SR.14 or NR15R16

, then :X: must be S02• 

5. The compound of claim 4 wherein A and B are each Hand the formula (I) has 

a stereochemical configuration of substituents in accordance with the following 

formula (Ia.): 

(Ia) 

6. The compound of claim 1 or a phannaceutically 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; 

Y2 is (CHJ41, HC--cH, or ethynyl and q is 0, 1 or 2; 

x.2is S01; 

R1 is selected from the group of an optionally substituted aryl and an 

optionally substituted heteroaryl; 

7. 

X1 is C--0, C=S, or (CH;).,; wherein n is o. l,. or 2; and 

ZisHorOR14
• 

The compound of claim 1 or a pharmaceutically acceptable salt, ester, amide, 

complex, chelat~ hydrate, stereoisomer, crystalline or amorphous form, metabolite, 

metabolic precursor or prodrug thereof, wherein 

A and B are each H; 
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R1 is H or an optionally substituted aryl selected from the group of phenyl and 

naphthyl; 

X1 is C=O, or (CH:J.; where n is o, 1, or 2; and 

Y1 is (CHJP, CH=Ca or ethynyl where pis 0, 1, 2 or 3. 

8. The compound of claim 4 or a pharmaceutically acceptable salt, ester) amide, 

compl~ chelate, hydrate, stereoisomer, crystalline or amorphous fonn, metabolite, 

metabolic precursor or prodrug thereof: wherein 

tis 1; 

A and B are each H; 

~ is (Cli2)q and q is O; 

X:is so2; 

R1 is an optionally substituted aryl selected from the group of phenyl and 

naphthyi; 

X1 is C=O, or (CHJ.; where n is o, I, or 2; and 

Z is H, or OH; and 

Y1 is CH=CH, ethynyl or (CHJP, where pis 0, 1, 2 or 3. 

9. The compound of claim 8 or a pharmaceutically acceptable salt, ester, amide, 

complex, chelate, hydrate, stereoisomer, crystalline or amorphous form, metabolite, 

metabolic precursor or prodrug thereof: wherein R3 is H. 

10. The compound of claim 9 wherein R1 is an optionally substituted phenyl. 

11. A pharmaceutical composition comprising a compound of claim 1 or its 

pharmaceutically acceptable salt, ester, amide, complex, chelate1 hydrate, 

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

prodrug and a phannaceutically 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 fonn, metabolite, metabolic precursor or 
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prod.rug and a phannaceutically acceptable diluent or carrier. 

13. A pharmaceutical composition comprising a compound of claim 3 or its 

phannaceutically acceptable sa.1t, ester, amide, compleJi; chelate, hydrate, 

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

prodrug and a pharmaceutically acceptable diluent or carrier. 

14. A pharmaceutical composition comprising a compound of claim 4 or its 

pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate, 

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

prodrug and a pharmaceutically acceptable diluent or carrier . . 
15. A pharmaceutical composition comprising a compound of claim 5 or a 

pharmaceutically acceptable sait, ester, amide, complex, chelate, hydrate, 

stereoisom.er, crystalline or am.orpho-'1S form, metabolite, metabolic precursor or 

prodrug thereof and a pharmaceutically acceptable diluent or carrier. 

16. A phannaceutical composition comprising a compound of claim 6 or its 

phannaceutically acceptable salt, ester, amide, complex, chelate, hydrat~ 

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:, chelatet hydrate, 

stereoisomer, czystalline or amorphous fo~ metabolite, metabolic precursor or 

prodrug and a pharmaceutically acceptable diluent or carrier. 

1 S. A pharmaceutical composition comprising a compound of claim 8 or its 

pharmaceutically acceptable salt, ester, amide, complex, chela.tf; hydrate, 

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

prodrug and a pharmaceutically acceptable diluent or carrier. 

19. A pharmaceutical composition comprising a compound of claim 9 or its 

phannaceutically acceptable salt, ester, amide, complex, chelate, hydrate, 

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

prodrug and a phannaceutically acceptable diluent or cani.er. 

-48-

I\. 

- I If 1111 /lllll lllll lllll II 1111 
C L M S * 



10 

15 

,. 

PCTIUS99/01663 
W099/37607 

20. A pharmaceutical composition cortiprlsing a compound of claim 10 or its 

phannaceutically acceptable salt, ester, amide, complex, chelate, hydrate, 

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

prodrug and a phannaceutically acceptable diluent or carrier. 

21. A method for inbioiting potassium transport across cellular membranes 

possessing potassium channels comprising exposing a cell membrane possessing said 

channels to the presence of a compound of formula (I} or a phannaceutically 

acceptable saltt ester, amide, complex, chelate, hydrate, stereoisomer~ crystalline or 

amorphous form, metabolite, metabolic precursor or pr~dru.g thereof: 
... 

(I) 
z 

e 

wherein tis 1, or 2; 

A and B are each H.. or taken together fonn a bond between the substituted 

carbons; 

R1 is H, alkyl, or is selected from the group consisting of an optionally 

substituted aiyl, an optionally substituted heteromy~ an optionally substituted 

h.eterocyclyl and an optionally substituted carbocycloalkyl; 

~is (CHJ11, (CHz)....O, HC=C.H, ethynyl or NH, w is 0, 1, or 2 and q is 0, l, 

or 2, with the proviso that if Y2 is (C:E!Jci and q=O, then R 1 cannot be H; 

X2 is C=O, C=S, or S02; with the proviso thatifY2 is (~wO, then X2 

is not~; 

R3 is H, alkyl, an optionally s~bstituted arylt an optionally substituted 

aralkyl, an optionally substituted heteroaryl, an optionally substituted 

heteroaralkyl; an optionally substituted heterocycle, an optionally substitut.ed 

heteF<>cyclyl, an optionally su~stituted carbocycloalkyl, or an alkylene-(substituted 
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amino); 

Z is H, all.'Yl, alk.yenyl1 alkylene(heterocyclyl), alkylene(heteroaryl), 

alkylene-NHC(O)(alkyl}, alkylene-NHC(O)(aryl), alkylene-NHC(O)(heterocyclyl)J 

alkylene-l\1HC(O)(het.eroaryl), alkylene-NHC(O)-(alkylene-heterocyclyl), alkylene­

NHC(O)-(heteromlkyl), alkylene-C(O)(alkyl), alkylene-C(O)O(alkyl), OR14
, SR14 

or NR15R16
; where R14 is selected from th~ group consisting ofH, (~m-R8, or 

C(O)-(CH2>r·R8
; mis 1, 2, 3, or 4; r is 0, 1, 2, or 3; R* is CHzN(R.9)1, 

~{R.'),L, or C02R
9
; each R9 is independently selected from H, or alkyl; Lis a 

counter ion; R15 is H, or alkyl; and R16 is H, alkyl or C~Rto and R10 is H, or .. 

alkyl; 

R2 is selected from the group consisting of H, alkyl, an optionally 

substituted aryl~ an optionally substituted aialkyl, an optionally substituted 

heteroaryl, an optionally substituted heterocyclyl, an optionally substitut.ed 

heteroaralkyl, an optionally substituted catbocycloalkyl, R&..Q-, and R~0-N-; 

where R* and R" are ind~dently 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; Re 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 heteroaialkyl, and an optionally 

substituted carbocycloalkyl; or R" and R• along with the nitrogen to which they are 

attached form a heterocyclyl; 

Y1 is (CHJP, CBR17(CHi)0 , HC=CH, or ethynyl; where R17 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 cmbocycloalkyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 

X1 is C~O, C=S, SO:zor (CHJ0 ; where n is 0, 1, or 2; 

R4 is H, alkyl, an optionally substituted aryl, an optionally substituted 
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aralkyl, an optionally substituted heteroaryl, an optionally substituted 

heteroatalk.yl; an optionally substituted heterocycle1 an optionally substituted 

beterocyclyl, an optionally substituted carboeycloalkyl, or an alkylene-(substituted 

amino); and 

with the provisos (i) that if Y1 is (CHJP, p is 0 and X1 is not (CH:J11, then 

az is not H, (ii) that if R1 is R•-o and Y1 is (CHJ, with p=O) th.en X1 is not S02 

and (iii) if Z is not H, OR1
', SR14 or NR15R16

, then X:Z. must be S02• 

22. The method of claim 21 wherein the potassium channel is a voltage gated 

potassium channel 

23. The method of claim 22 wherein the potassium channel.is selected from a · 

potassium channel responsible for cardiac Im.ir potassium current. 

24. The method of claim 2.2 wherei.'l the potassium channel is Kvl.5. 

25. 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 (I) or a phannaceutically 

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

amorphous form, metabolite, metabolic precursor or prodmg: 

wherein tis 1, or 2; 

A and B are each H; 

R' 
'v2 

I 
X2 R3 

--....,.N/ 

(I) 
z 

8 

' ll1 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 (QIJq, HC=CH, or ethynyl and q is 0, 1, or 2. with the proviso that when 
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Y2 is (CHJl'I and q=O, then R1 cannot be H; liliiiii1mr 
x2 is S02; 

R3 is HJ alkyl, an optionally substituted aryl, an optionally substitut.ed 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroardlkyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionally substituted caibocycloalkyl, or an alkylene-(subs!ituted 
amino); 

Z is H, alkyl, all-yenyl, alkylene(heterooyclyl), aikylene{heteroaxyl), 
allcylene-NHC(O)(all.."Yl), all..J'lene-NHC(O)(aryl), alkylene-NRC(O)(heterocyczyl), 
all.."jflene-NHC(O){heteroacyl), alk:ylene-NHC(O)-(alkylene-heter~j'clyl), alkylene­
NHC(O)-(heteroaralkyl), all..'Ylene-C(O)(alkyl), alkylene-C(O)O(all..]'l), OR14

, SR1
" 

or NR.15R16
; where R1

" is selected from the group consisting of H, CCHi>m·R', or " 
C(O)-(CH:Jr-R'; mis 1, 2, 3, or 4; r is 0, 1, 2, or 3; R1 is ~N(R.9)2, 
~N(R'},L, or C02R

9
; each R9 is independently selected from H, or alkyl; Lis a 

count.er ion; R15 is H, or alkyl; and R16 is H, alkyl or C02R
10 and R10 is H, or 

alkyl; 

R2 is selected from the group consisting of H, alkyl, an optionally substituted 
aryl, an optionally substituted m.lkyl, an optionally substituted heteroaryl, an 
optionally substituted heterocyclyl, an optionally substituted hete.roanilkyl, an 
optionally substituted carbocycloalkyl, R•-0-, and R11R0-N-; where R& and R11 are 
independently selected from the group c.onsisting of all-yl, an optionally substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an 
optionally substituted hete.rocyclyl, 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 substitute.d heteroaryl, an optionally substituted heterocyclyl, an 
optionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl; 
or Rb and Re along with the nitrogen to which they are attached form a 
heterocyclyl; 
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Y1 is (CHJ", CHR17(C..B::z)0 , HC=CH, or ethynyl; where R17 is alkyl or is 

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

substituted heteroa.ryl, an optionally substituted heterocyclyl and an optionally 

substituted carbocycloalkyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 

X1 is C=O, C=S, or (CHJ11; where n is O, 1, or 2; 

R4 is HJ alkyl~ an optionally substituted aryl, an optionally substituted 

m.lkyl, 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 Y1 is (CHJ.,, p is 0 and X1 is not (CRJa~ then 

R2 is not H, and f:rl.) that ifR2 is R•-o and Y1 is (C~P with p=Ot then X1 is not 

S02. 

26. The method of claim 25 wherein the potassium channel is a voltage gated 

potassium channel 

27. The method of claim 26 '\>Yherein the potassium channel is selected from a 

potassium channel responSlble for cardiac IKw potassium CUtTent. 

28. The method of claim 26 wherein the potassium channel is Kvl.5. 

29. 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 fonnula (I) or a. pharmaceutically 

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

amorphous form, metabolite, metabolic precursor or prodrug: 
R1 
'v2 

I x2 Ra 
'N/ 

A {I) 

iiiRi~r z 

B 
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1iili1UT 
wherein t is l, or 2; 

A and B are each H; 

R 1 is H, alkyl, or is selected from the group consisting of an optionally 

substituted my~ an optionally substituted heteroaryl, an optionally substituted · 

heterocyclyl and an optionally substituted carbocycloalkyl; 

yi is (CHJq and q is 0, l> or 2, with the proviso that when q=O, then R1 cannot 

beH; 

X:is S02; 

R3 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 cazbocycloalkyl, or an alkylene-(substituted 

amino); 

Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), all..'Ylene{heteroatyl}, 

alkylene-NHC(O)(alkyl), alkylene-NHC(O)(aryl), alkylene-NHC(O)(heterocyclyl}, 

alkylene-NHC(O){heteroaryl), alkylene-NHC(O)-(alkylene-heterocyclyl), alk.ylene­

NHC(O)-(het.eroatalkyl), alkylene-C(O}(alkyl), alkylene-C(O)O(alkyl), OR14
, SR14 

or NR15R.16
; where R14 is selected from the group consisting of R, (C~m-Rc, or 

C(O)-(CB;Jr-R'; m is 1, 2, 3, or 4; r is O~ 1, 2, or 3; R' is CBlN(R9}z, 

CH,_N(R')3L, or COiR9; each R:' is independently selected from H, or alkyl; L is a 

count.er ion; R15 is H, or alkyl; and R16 is H, alkyl or C01R
10 and R10 is H, or 

alkyl; 

R2 is selected from the group consisting of H, alkyl. an optionally substituted 

aryl, an optionally substituted_ aralkyl, an optionally substituted heteroa.ryl, an 

optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an 

optionally substituted carbocycloalkyl, &•-o-, and R"'R~-N-; where R• and Rb 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 
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optionally substituted carbocycloall..'Yl; R0
-is selected from the group consisting of 

H, alkyl, an optionally substituted aryl, an optionally substituted a:ralkyl, an 

optionally substituted heteroaryl, an optionally substituted heterocyclyl, an 

optionally substituted heteroarall.'Yl, and an optionally substituted carbocycloalkyl; 

or R' and R0 along with the nitrogen to which they are attached fonn a 

heterocyclyl; 

Y1 is (CHJ,, CHR.17(~0, HC=CH, or etb.ynyl; where R17 is ~l or is 

selected from the group consisting of an optionally substituted a:rylj an optionally 

substituted heteroaryl, an optionally substituted heterocyclyl and an optionally .. 

substituted carbocycloalkyl; p is 0, 1, 2 or 3; a.Tld o is 0, 1 or 2; 

X1 is C=O, or (CHJ~ where n is 0, 1, or 2; 

R4 is H, alky~ an optionally substituted ary~ an optionally substituted &-alkyl> 4" 

an optionally substituted heteroaryl. an optionally substituted heteroaralkyl; an 

optionally substituted heterocycle. an optionally substituted heterocyclyi, an 

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

with the proviso that when Y1 is (CH;)r and p is 0, then R2 is not H. 

30. The method of claim 29 wherein the potassium channel is a voltage gated 

potassium channel. 

31. The method of claim 30 wherein the potassium channel is selected from a 

potassium channel responsible for cardiac ~potassium current. 

32. The method of claim 30 wherein the potassium channel is Kvl.S. 

33. 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 (I) or a pharmaceutically 

~le salt, ester, amide. complex,. chel~ hydrate, stereoisomer, crystalline or 

amorphous mrm. metabolite, metabolic precursor or prodrug thereof: 
------

. ~ ,...,._ ... 

liiiU I llllll llllll lllll f flfl 111111 . 
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(I) 
z 

e 

wherein t is 1; 

A and B are each H; 

R1 is alkyl, or is selected from the group consisting of an optionally 

substituted az:yl, an optionally substituted heteroaryl, an. opti.On.ally substituted 

heterocyclyl and an optionally substituted carbocycloalkyl; 

Y2 is (CH:z)q and q is O; 

X2 is SC>i; 

R3 is H, alkyl, an optionally substituted aryl, an optionally substituted 

mdkyl, an optionally substituted heteroaryl, an optionally substituted 

heteroamlkyl; an optionally substituted heterocycle, an optionally substituted 

hetero....--yclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 

amino); 

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

alkylene-NHC(O)(alkyl), alkylene-NHC(O)(aryl), alkylene-NHC(O}(heterocyclyl), 

alk.ylene-NHC(O)(heteroaryl), alkylene-NHC(O)-(alkylene--heterocycl.yl), alkylene­

NHC(O)-(heteroarall.-yl), all.."}'lene-C(O)(alkyl), alkylene-C(O)O(all71), OR14
, SR14 

or NRisR16
; where R14 is selected from the group consisting of H, (CHJ=-R1

, or 

C(O)-(CH,)r-R'; mis 1, 2, 3, or 4; r is 0, 1, 2, or 3; R' is CHzN(R'>z, 

CB2N(R.9),L, or C02R
9
; each R9 is independently selected from H, or alkyl; Lis a 

counter ion; R15 is H, or alkyl; and R16 is H, alkyl or CQiR.10 and R10 is H, or 

alkyl; 

R2 is selected from the group consisting ofH, alkyl, an optionally substituted 

aryl, an optionally substituted aralkyl, an optionally substituted· heteroaryl, an 
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optionally substituted heterocyclyl, an optionally substituted heteroarallcyl, an 

optionally substituted carbocycloalkyl, R*-0-, and R11Rc-N-; where R' and R'b are 

independently selected from the group consisting of alkyl, an optionally substituted 

aryl, an optionally substituted amll..JTl, an optionally substituted heteroaryl, an 

optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, and an 

optionally s-1.1bstituted carbocycloalkyl; Re is selected from the group consisting of 

H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an 

optionally substituted heterom:yl, an optionally substituted heterocyclyl, an 

optionally substituted hete.roanilkyl, and an optionally substituted caibocycloalkyl; ... 
or R11 and R= along with the nitrogen to which they are attaclied form a 

heterocyclyl; 

Y1 is (~P' CHR11(CH~0, HC=CH, or eth.ynyl; where R27 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 o is 0, 1 or 2; 

X1 is C=O, or (CHJ.; where n is O, 1, or Z; 

R.4 is~ alkyl, an optionally substituted aryl, an optionally substituted aralky4 

an optionally substituted heteroaryl, an optionally substituted heteroaralkyl; an 

optionally substituted heterocycle, an optionally substituted heterocycly4 an 

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

with the proviso that when Y1 is (CHJ, and p is O, then R2 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 whereiri the potassium channel is selected from a 

potassium channel responsible for cardiac !Kut potassium current 

36. The method of claim 34 where~ the potassium channel is Kvl.S. 

~ 

37. A method for treating cardiac arrhythmias which comprises administering to a 

patient in need thereof; a p.bannaceutically effective amount of a compound of 

formula (1) or a pharmaceutically acceptable salt. ester, amide, complex, chelate, 
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hydrate, stereoisomer, crystalline or amorphous form, metabolite, metabolic 

precursor or prodrug thereof: 

(I) 

wherein tis 1, or 2; 

A and B are each H, or taken together form a bond between the substituted 

carbons; 

It1 is H, alky4 or is selected ftom the group consisting of an optionally 

substituted aryl, an optionally substituted heteroaryl, an optionally substituted 

heterocyclyl and an optionally su~stituted carbooycloall-yl; 

... 

Y2 is (CHJ.,., (CRJ,p, HC=CH, ethynyl or NH, w is 0, 1, or 2 and q is O, 1, or 

2, with the proviso that if Y2 is (CHJq and q=O, then R1 cannot be H; 

~is C=O, C=S, or SC>i; with the proviso that if Y2 is (CRJ..,O, then x2 is 

not 802; 

R1 is H, alkyl, an optionally substituted aryl, an optionally substituted 

aralk.yl, an optionally substituted heteroaryl, an optionally substituted 

heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 

heterocyclyl, an optionally substituted c.arbocycloalkyl, or an alkylene-(substituted 

amino); 

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

alkylenerNHC{O)(alkyl), alkylene-NHC(O)(aryl), alkylene--NHC(O)(heterocyclyl), , 
alk:ylene--NHC{O)(heteroaryl), alkylenerNHC(O)-{a1kylene-heterocyclyl), alkylene-

NBC(O)-(heteroanlkyl), alkylene--C(O)(alkyl), alkylene-C(O)O(alkyl), OR14
, SR14 

or NR15R16
; where R14 is selected from the group consisting ofH, (CHJ.-R', or 

C(O)-(CHJi"R8
; mis 1, 2, 3, or 4; r is 0, 1, 2, or 3; R1 is C~N(R.')2, 
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CHzN(R'}3L, or COzR9
; ea.ch R9 is independently $elected from H, or alkyl; L is a 

counter ion; R15 is H, or alkyl; and R16 is H, alkyl or CO:zR10 and :R.10 is H, or 

alkyl; 

R2 is selected. from the group consisting of H, alkyl, an optionally substituted 

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

optionally substituted heterocyclylt an optionally substituted heteroaralkyl, an 

optionally substituted ca:rbocycloalkyl, R"-0·, and R"R~-N~ ; where R• and Rlt are 

independently selected from the group consisting of all..."Yl, an optionally substituted 

aryl, an optionally substituted arall.-yl, an optionally substituted heteroaryl, an 
" 

optionally substituted heterocyclyl, an opti.onall.y substituted heteromlkyl, and an 

optionally substituted carbocycloalkyl; ac 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 rand R.11 along with the nitrogen to which they are attached form a 

heteroeyclyl; 

Y1 is (CHJ,, CBR.17(CHJ0 J HC=CB, or ethynyl; where R17 is alkyl or is 

selected from the group consisting of an optionally substituted a..ryl, a.11 optionally 

substituted heteroaryl, an optionally substituted heterocyclyl and an optionally 

substituted carbocycloalkyl; p is O, 1, 2 or 3; and o is O, 1 or 2; 

X1 is C=O, C=S, S~or (CHi).; where n is 0, 1, or 2; 

R4 is H, alkyl, an optionally substituted aryl, an optionally substituted 

aralkyl, an optionally substituted heteroaryl, an optionally substituted 

heteroaralkyl; an optionally substituted heterocyclet an optionally substituted 

heterocyclyl, an optionally substituted ca.rbocycloalkyl, or an alkylene-(substituted 

amino}; and 

with the provisos (i) that if Y1 is {~P' p is 0 and X1 is not (~ .. , then R2 

is not H, (ii) that if R2 is R'-0 and Y1 is (C~P with p=O, then X1 is not S01 and 

(iii) HZ is not H, OR14, SR14 or NR15R16, then xi must be S01• 
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38. A m_ethod for treating cardiac arrhythmias which comprises administering to a 

patient in need there~ a pharmaceutically effective amount of a compound of 

formual (ll) or a pharmaceutically acceptable salt, ester, amide, complex. chelate, 

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

precursor or prodrug thereof: 

z 

B 

wherein t is 1, or 2; 

A and Bare each H; 

R1 is~ alkyl, or is selected from the group consisting of an optionally 

substituted m:yl, an optionally substituted-heteroary~ an optionally substituted 

_ heterocyclyl and an optionally substituted carbocycloalkyl; 

.. 

Y!- is (CHJ" HC=C~ or ethynyl and q is 0, 1, or 2, with the proviso that when 

Y2 is (CH~ and q=O, then R 1 cannot be H; 

x2is SOi; 

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

araikyl, an optionally substituted heteroaryl, an optionally substituted 

heteroamlkyl; an optionally substituted heterocycle, an optionally substituted . 

heterocycly~ an optionally substituted carbocycloalk:yl, or an alkylene-(substituted 

amino); 

Z is H, alkyl, all..'Yenyl, alkylene(hetecocycl.yl), 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(O)O(alkyl), OR14
, SR14 

or NR15R.1'; where R14 is selected from the group consisting of H, (CHJ.i.-R' t or 
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C(OHCHJr-Rt; mis 1, 2, 3, or 4; r is 0, 1, 2, or 3; R8 is C..qzN(R.9)1, 

~(R9)3L, or C~9; each R.11 is independently selected from H, or alkyl; Lis a 

counter ion; R15 is H, or alkyl; and R16 is H, alkyl or C02R
10 and R10 is H, or 

alkyl; 

R.1 is selected from the group consisting of H, alkyl, aii optionally substituted 

aryl, an optionally substituted atalk:yl, an optionally substituted heteroaryl, an 

optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an 

optionally substituted carbocycloa.U..-yl, R"-0-, and Ri>&c-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 cm:bocycloall..."Yl; R11 is selected from the group consisting of 
. ~ 

H, alkyl, an optionally substituted aryl, an optionally substituted. aralkyl, an 

optionally substituted heteromyl, an optionally substituted heterocyclyl, an 

optionally substituted heteroamlkyl, and an optionally substituted caibocycloalkyl; 

or R1' and R0 along \\i.tb. the nitrogen to which they are attached form a 

heterocyclyl; 

Y1 is (CHJp, CHR17(~0, HC=CH, or ethynyl; where R17 is alkyl o.r is 

seh:eted 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 o is 0, 1or2; 

x1 is C==O, C=S, or (CHJ.; where n is 0, 1, or 2; 

R4 is H, alkyl, an optionally substituted aryl, an optionally substituted 

amlkyl, an optionally substituted heteroaryl, an optionally substituted 

heteroaralkyl; an optionally substituted heterocycle, an optionally substitut.ed 

heterocyclyl, an optionally substituted carbocycloalkyl. or an alkylene-(substituted 

amino); and 

with the provisos (i) that when Y1 is (CH.JP, p is 0 and X1 is not (CH:J11, then 

R2 is not H, and (ii) that if R2 is R•-o and Y1 is (CHJi> with p=O, then X1 is n~t 
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39. A method for treating cardiac arrhythmias which comprises administering to a 

patient in need thereo~ a phannaceutically effective amount of a compound of 

fonnual (Ill) or a pharmaceutically acceptable salt, ester, amide, complex, chelate, 

hydrate, stereoisomer, crystalline or amorphous ~ metabolite, metabolic 

precursor or prodrug thereof 

wherein t is 1, or 2; 

A and B are each H; 

·------·-------· -··------

tti1i1n1r 
R1 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; 

Yl is (CHJ, and q is o, I, or 2, with the proviso that wh~ q=O, then R1 cannot 

beH; 

X.Zis soi; 
R' ia H1 alkyl, an optionally substituted aryl, an optionally substituted 

aralky~ an optionally substituted heteroaryl, an optionally substituted 

heteroaralkyl; an optionally substituted hete.tocycle, an optionally substituted 

heterocyclyl, an optiOnally substituted carbocycloalkyl, or an alkylene--(substituted 

amino~; 

Z is H, alkyl, alkyenyl, alkylene(lieterocyclyl), alkylene(heteroaiyl), 

alkylene-NHC(OXalkyl), alkylene--NHC(O)(aryl), alkylene-NHC(O)(heterocyclyl), 

alkylene-NHC(O)(heteroaryl), alkylene-NHC(O)-(alkylene-heterocyclyl), alkylene­

NHC(O)-(heteroaralk.yl), alkylene-C(O)(alkyl), alkylene-C(O)O(alkyl), OR1
\ SR14 
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or NR1'R.16
; where R14 is selected from the group consisting of Ht (CHi>m-R', or 

C(O)-(CHJ,-R'; m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R' is CHzN(R'h, 
~N(R9),L, or CO;R?; each R~ is independently selected from H, or all.71; Lis a 

counter ion; R15 is H, ~r alkyl; and R16 is H, alkyl or COiR10 and R10 is H, or 

alkyl; 

R~ is selected from the group consisting ofH, alky~ an optionally substituted 

my~ an optionally substituted aralkyl, an optionally substituted heteroatyl, an 

optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an 

optionally substituted carbocycloalkyl, R1-0-, and Rb~'-N-; where Ra and Rb are 

independently selected from the group consisting of aJkYl, an optionally substituted 

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

optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, and an 

optionally substituted caibocycloalkyl; R0 is selected from the group consisting of 

H, alkyl, an optionally substj.tuted acyl, an optionally substituted amlkyl, an 

optionally substituted heteroaryl, an optionally substituted heterocyclyl, an 

optionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl; 

or Rb and R0 along with the nitrogen to which they are attached form a 

heterocyclyl; 

Y1 is (CH2),, CBR17(CH2}0 , HC=CH, or ethynyl; where R17 is alkyl or is 

selected from the group consisting of an optionally substituted atyl, an optionally 

substituted heteroaryl, an optionally substituted heterocyclyl and an optionally 

substituted cm:bocycloalk.yl;· p is O, 1, 2 or 3; and o is 0, 1 or 2; 

X1 is C=O, or (CHJ.; where n is 0, 1, or 2; 

R4 is H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl; 

an optionally substituted heteroacyl, an optionally substituted heteroaralkyl; an 

optionally substituted heterocycle, an optionally substituted heterocyclyl, an 

optionally substituted carbocycloalky~ or an alkylene{suhstituted amino); and 

with the proviso that when Y1 is (CH:z), and pis 0, then R2 is not H. 

40. A method for treating cardiac arrhythmias which comprises administering. to a 
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patient in need thereof;. a pharmaceutically effective amount of s compound of 

formula (IV) or a pharmaceutically acceptable salt, ester, amide, complex, chelate, 

hydrate, stereoisomer, crystalline or amorphous form. metabolite, metabolic 

precursor or prodrug thereof: 

wherein tis 1; 

A and B are ea.ch H; 

R1 is alkyl, or is selected from the group consisting of an optionally 

substituted aryl, an optionally substitut.ed hete.roaryl, an optionally substituted 

heteroeyclyl and an optionally substituted cari>ocycloalkyl; 

:Y2 is (CH:Jq and q is O; 

x.1isS~; 

R' is H, alkyl, an optionally ·substituted aryl, an optionally substitut.ed 

aralkyl, an optionally substituted heteroaryl, an optionally substituted 

het:eromlkyl; 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)(alky.l), alkylene-NHC(O)(aryl), alkylene-NHC(O)(heterocyclyl), 

alkylc?ne-NHC(O)(heteroaryl}, alkylene-NHC(O}-(alkylene--heterocyclyl), alkylene­

NHC{O)-(heteroa.ralkyl), alkylene-C(O)(alkyl), alkylene-C(O)O(alkyl), OR14
, SR14 

or NR15R16
; where R14 is selected from the group consisting of H, (CHJm-R', or 

C(O)-(~r-R1; mis 1, 2, 3, or 4; r is 0, 1, 2, or 3; R' is ~N(R.'h, 

CH2N(R'hL, or C02R
9

; each R' is independently selected from H, or alkyl; Lis a 
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counter i.On; R15 is R, or alkyl; and R16 is .H, alkyl or C02R
10 and R10 is H, or 

atkyl; 

R2 is selected from the group consisting of H, all.-yl, an optionally substituted 

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

optionally substituted hetero...'j'clyl, an. optionally substituted heteroa:rall-yl, an 

optionally substituted carbocycloall...-yl, R'-0-, and R~~-N- ; where R .. and R"' are 

independently sele.cted from the group consisting of alkyl, an optionally substituted 

aryl, an optionally substituted aralkyl, an optionally substituted heteroa..ryl, an 

optionally substituted heterocyclyl1 an optio..'l.ally s:ubs~ted heteroaralkyl, and an 

optionally substituted carbocycloallcyl; R0 is selected from the group consisting .. of 

H, all..-yl, an optionally substituted aryl, an optiOnally substituted aralkyl, an 

optionally substituted heteroaryl, an optionally substituted heterocyclyl, an 

qptionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl~ 

or R11 and R.0 along with the nitrogen to which they are attached form a 

heteroeyclyl; 

Y1 is (CHJ,, CHR11(CHJ0 , HC=CH, or eth'ynyl; where R17 is alkyl or is 

selected from the group consisting of an optionally substituted ai:yl, an optionally 

substituted heteroaryl, an optionally substitut.ed hetetocyclyl and an optionally 

substituted carbocycl.oalkyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 

x1 is C=O, or (CH~ .. ; where n is 0, 1, or 2; 

R4 is H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, 

an optionally substituted heteroaryl, an optionally substituted heteroarall'YI; an 

optionally substituted heterocycle, an optionally substituted heterocyclyl, an 

optionally substituted carbocycloatkyl, or an all"}'lene-(substituted amino); and 

with the proviso that when Y1 is (CHJP and pis 0, then R2 is not H. 
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