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BACKGROUND OF THE INVENTION

Cell membranes have a basic lipid bilayer structure that is impermeable to jons. Special
proteins (hereafter referred to as ion-channels) have evolved that provide pathways for ions
to Across cell membranes aﬁd so mai(e the membrane permeable to ions, such as potassium
(hereafter K), as sodium (hereafter Na) or calcium (hereafter Ca). Opening and closing of
ion-channels make the membrane permeable or impermeable to different ions and thereby
they regulate many properties and functions of the cell membrane. Ion-channels enable
cells to set up membrane potentials, and allow currents to flow that change these membrane
potentials, thereby underlying electrical signaling By the cell membrane. A transmembrane
current (hereafter I) is the ion-flow through an open ion-channel. Ion-channels are targets
for many antiarthythmic drugs, Which are used to treat abnormal electrical activity in the
heart.‘From a therapeutic perspective, blocking of K—channéls prolongs the action potential
duration (APD) and lengthens the refractory period, and is a classical antiarrhythmic
mechanism generating a Q-T prolongation on the surface ECG (Singh B and Nademanee
K, Am Heart J, 1985, 109:421-30).



Several different kinds of ion-channels, including Na- Ca- and K- ion
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K-channel blocking in the heart may be one of the most efficient antiarrhythmic
mechanisms identified so far. The problem is that any drug that prolongs repolarization has
an intrinsically associated risk of inducing torsade de points arthythmia in the ventricle.
However, since the K-channels responsible for repolarization actually differ between the
atrium and the ventricle, it is possible to identify K-channels that will be active against
supraventricular arrhythmias but that will not prolong the QT-interval and thus will not be
proarrhythmic.

Blocking of the particular ligand-activated K-currents IK(Ado) and/or IK(ACh) has been
shown to occur with anti-arrhythmic agents. It has also been postulated that this mechanism
may be of importance in explaining the efficacy of anti-arrhythmic drugs for the treatment
of atrial fibrillation (Mori K, et al. Circulation 1995 Jun 1;91(11):2834-43; Ohmoto-Sekine
Y, et al. Br J Pharmacol 1999 Feb;126(3):751-61; Watanabe Y, et al. J Pharmacol Exp
Ther 1996 Nov;279(2):617-24). The ligand-gated currents IK(Ado), IK(ACh) and IK(ATP)

probably only have minor roles in shaping repolarization under normal conditions but,
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Atrial fibrillation is today seldom treated with antiarrhythmic agents to normalize the
abnormal electric activity. The primary reason for the reluctance to treat AF-patients with
drugs that effectively normalize atrial electric activity is that available anti-arthythmic
drugs also block other ion-channels, in addition to the ligand-gated channels IK(Ado),
IK(ACh) and IK(ATP), in the heart. Therefore, treatment of AF-patients with
currently-available anti-arrhythmic drugs is associated with a substantial risk to induce
lethal proarthythmic effects (as Torsade-de Points in the ventricle): It is of importance to
consider that the antiarrhythmic agents referenced in Table 1 are not exclusively active on
the ligand-gated currents IK(Ado), IK(ACh) and IK(ATP), but also block other

transmembrane currents (references in Table 2).

The class IIl-agent amiodarone has been shown to be effective for treatment of AF (Roy D
etal., N Engl J Med 2000 Mar 30;342(13):913-20) and indeed amiodarone does block
ligand-gated currents IK(Ado) and IK(ACh) (Watanabe Y, et al. supra). However, in spite
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of the proven efficacy of amiodarone to treat AF, the side effect profile of the drug is

complex; there are features such as pulmonary toxicity, ocular and skin changes, and other
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present invention indicates that the clinical use of these compounds will be less

complicated than that of amiodarone. An ideal drug for treatment of atrial fibrillation
should also selectively inhibit the atrial currents that are increased under the pathological
conditions characterizing the disease and lack effects on other currents. This is the case
with the compounds of the present invention since the IK(Ado)/ATP current is
predominantly active in the fibrillating atrium and the IK(ACh) is the current responsible
for the induction of vagal-triggered atrial fibrillation. In comparison with other
antiaarhythmic drugs (see table 2) the compounds of the present invention are essentially
free from interactions with other ion-currents and can therefore be regarded as selective
inhibitors of the K-currents (IK(Ado), IK(ACh) and IK(ATP)) that have an increased
activity in supraventricular cardiac arrhytmias (i.e. atrial fibrillation) but without the ability
to block the ion-currents that mediate electrical activity in the cardiac ventriclés and in the

normal atrium.

Both the compounds that are the subject of the present invention and amiodarone have

been shown to antagonize triiodthyronine (T3)-signalling action in cells (manuscript in
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The inhibitory effects occur within seconds after induction of the current with ACh, Ado or
dinitrophenole (DNP reduces intracellular ATP). The acute inhibitory effects caused by the
compounds of the present invention on these K-currents in cardiac muscle tissue had not
previously been discovered. The reasons for this include the fact that these ligand activated
K-currents (IK(Ado), IK(ACh) and IK(ATP)) are preferentially active in the atrial
cardiomyocytes (Workman AJ et al. Cardiovasc Res 1999 Sep;43(4):974-84; Koumi S-1,
and Wasserstorm A. American Journal of Physiology 266[35], H1812-H1821. 1994), while
previous studies have been carried out with tissue from cardiac ventricles. Furthermore,
IK(Ado) and IK(ACh) must first be induced via the M2 or A1 receptor (with ACh and Ado
respectively) before any inhibition can be observed. Without any agonist at the

extracellular site of the membrane these ligand-gated channels probably have only minor
toles in shaping repolarization but, when activated by extracellular acetylcholine or
adenosine, they can substantially shorten action potential duration in the atrium

(Tristani-Firouzi M et al. dm J Med 2001 Jan;1 10(1):50-9).
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These mechani re . . . . .
cause ofstgésarral‘iythmm. Electrical remodeling is a phenomenon that develops in patients

and in the healthy heart. Other mechanisms than electrical remodeling are suggested to be
responsible for the development of the “disease atrial fibrillation”. These mechanisms are

discussed to be relevant at the early phase of the arrhythmia (a few minutes to a few hours).

The high frequency activation of the atrial myocardium during atrial fibrillation (more than
5Hz) is suggested to significantly increase atrial oxygen consumption and thereby to
significantly increase intracellular and interstitial adenosine concentrations due to
intracellular loss of ATP. These mechanisms have been well described for ventricular
fibrillation (Weiss JN et al. J Physiol 1992; 447:649-673; Schrader J. et al. Experientia
1990; 46(11-12):1172-1175; Decking UK et al. Circ Res 1997; 81(2):154-164; Deussen A.
and Schrader J. J Mol Cell Cardiol 1991; 23(4):495-504). Due to methodical difficulties at
the atrial level (much less tissue, no option to selectively collect atrial effluate) only
indirect observations suggest the occurrence of ischaemia during atrial fibrillation. After
episodes of atrial fibrillation Daod et al. showed a reduction of atrial effective refractory
period which was abolished after some tens of seconds during sinus rthythm (Daoud EG et

al. Circ 1996; 94:1600-1606). Furthermore Rubart et al. showed elevated potassium
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2000; 11(6):652-664). Both observations fit very wel h the hypot hesi s
of atri aignifi¢amt phdirataicolngicmldswbmdnitm:tmmﬂt mﬁatmddéibanllamcm Méreovaysiacushace of

t I d t fibrill I th tion of
" ( Ado) ERCHIGE APRE 5 B fehertialy B RHEFALY fﬂoaﬁﬁgm&%é% Lhe atrial

ef fecti yR(AeP) Atk Xx;fé%fekl%lbe Qctfv%dHGﬁéeOa[‘?ﬁg PSRRIV int6Y known
to be one mpjor determnant for the deve ment ree try tac ca di as
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reversedt he shorteni of tpe atrial effective r (i %@perl od such an
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t reat megk @gse@tlﬁl\,@hmfchgfmly{,@&éson Mor eover, since the ventricul ar tissue
S actlva?ed at a "normal ™ rate during atrlal fibrillation I K(Ado) and

| K(ATP) are not expected to be active. Hence a drug which selectively

i nhibits, | . KCATP not influe eventrlcul
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ef f ect s shéild bR RUEARER as PRarBBS b ZRLHARRYE fol KGAHRY shberbMS bt ptRfts in
which the pathophysiology of atrial fibrillation has been well defined: Vagal-induced atrial

fibrillation is regarded as an arrhythmia occurring when an increased vagal activity reduces
the atrial effective refractory period by activation of IK(ACh). Because adenosine- and
acetylcholine-induced inward rectifying potassium current is represented by the activation
of the same 1on channel population (Biinemann M. et al. J Physiol (Lond ) 1995;
489(3):701-707; Binemann M. et al. EMBO 1996), an inhibitor of adenosine-activated ion
channels will also be an effective inhibitor of IK(ACh). Inhibition of IK(ACh) would be of

significant value for the treatment of vagal-induced atrial fibrillation.

There is a unique specificity of the compounds that are the subject of the invention to
exclusively block the three currents IK(ACh), IK(Ado), and IK(ATP). Several compounds
that display well-known anti-arrhythmic properties have been shown to inhibit at least one
of these three currents (see Table 2). However, all these other compounds are known to
inhibit other ion-currents as well. Table 2 is a compilation of antiarrhythmic drugs that
have been shown to inhibit IK(ACh). Interestingly compounds from different classes of
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shown t &lackpdaet inpardpcurreris.er est i ngl y conpounds from di fferent classes of
WO 03/ 009839 PCT/ EP02/ 07905 8 antiarrhythm c conpounds have all been shown
to display simlar actions on this particular current and the conpilation

i ncl udeResslechaR x@ﬂagd Abin@Rxpérimbis With cofipbandsbfttheintentfoardtagds, such as
D-sotal ol and Teri kal ant, whi ch areugoten inhibitors of the rapid

conponefn-gfreiss thpndK tAda)i (ALY knd L) are included e Talderdi Dataifom these

i ncl udes the class_ 11 nts An odarone and Draonedar that are known to
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prom nent nechani smof antiarrhythmc activity of these class | conpounds
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solely inhibit IK(ACh), IK(Ado), and IK(ATP) suggests that they will be effective in the

treatment of atrial fibrillation and/or atrial flutter to normalize pathological electric activity
in the atrium. The absence of inhibition of other ion-currents such as the inward rectifier
(IK1), the slow component of the delayed rectifier (IKs), the transient outward K-current
(Ito) or the depolarizing Na-current (INa) predict the risks for the compounds of the present
invention to induce proarrhytmicity in normal cardiac tissue to be minor. Today clinicians
are reluctant to treat AF-patients with effective antiarrhythmic drugs due to the intrinsic
risks of proarrhythmic effects in the ventricles associated with the currently-available
drugs. The selective action of the compounds of the present invention excludes significant
effects on ventricular electrophysiology yielding prevention of proarrhythmias at that level.
Moreover, the pharmacodynamic profile of the compounds of the present invention is
expected to be of special value for the treatment of every kind of atrial fibrillation

(inclusive of vagal-induced atrial fibrillation) without ventricular proarthythmias.

Another aspect of the invention is that the compounds that it is concerned with are at least

as potent as the drug amiodarone as blockers of the currents IK(Ado), IK(Ach) and
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Consequently, in a first aspect of the invention there are provided compounds according to

the general formula I:

R4
X O—R;
Ry
_ o _

wherein;
R, is Ci-C, alkyl;



In accordance with a first aspect of the present invention, novel conpounds
are provided that inhibit certain transnenbrane K-currents that are

i nduced two®a@bpsst i mul ati on by rnuscarinic receptor agoni PCI/EPODHTIOS

Acetyl Choline (ACh) or Al adenosine receptor agonists such as Adenosi ne
(Ado) and by reduction of intracellul al0 ATP. Consequently, in a first

aspect of, Lhegbagre y ovi ded compounds according to the
gener al f%rﬁabﬁ’%ﬁe()? 5&%&?@{5\’ R3 O1 wherein; R is Cl-C4 al kyl;

WO 03/ 00RS&M RGTé Hdep{IéAND seldded fRami fuoNnedRioriddHCPNERy1, @hd ltydy ogen; R3
and R4 are independent|ly selected fromfluorine, chlorine, C - al kyl, and
CF3; RaRiis selested frem ¥ fu-crilyl, end d4RNGdHs; and - (4- Ro) C6H4; Rb i s sel ect ed

from Cl I ro fluoro, @and nitro; Rs is selected from
hydr ogeﬁﬁbaﬁggg%ﬁe%ﬁ“‘ @?Xél’lé’%%gg’gﬁmm’gﬂé@%?’and C=0 with the proviso
that whemy iRSelested R B@eShen%nli SCHEEDOAN phar maceuti cal |y acceptabl e
salts, esters and isoners thereof. Preferably R2 is hydrogen. Al so

pr ef er abXys selgséaddrqm G and SF=QyroitiRthe fRevismthaRaherr Bs isi ndependent |y C, - C4
al kyl , %g@rrmr Qrpé}?r_,ably R3 and R4 are both isopropyl. In conpounds where
Rs is - - K1 preferably nmethyl; R2 is preferably hydrogen; R3

and R4 am@ phbehReailally 2BSPRMISIQNs! dtdes arfdisdhkklherE8r. 1 S Preferably
-CH2-COOH; and X is
Preferably R, is hydrogen. Also preferably, where R; is H or NHCOR?, R; and R, are
independently C;-C, alkyl, and more preferably R; and R, are both isopropyl.

In compounds where R; is -CH,-COOH, R is preferably methyl; R, is preferably hydrogen;
Rs; and Ry are preferably independently C;-C, alkyl; Rs is preferably -CH,-COOH; and X is
preferably -CH,-.

Especially preferred compounds of the invention are:
2-methyl-3-(3,5-diisopropyl-4-hydroxybenzoyl)benzofuran (E1);
2-methyl-3-(3,5-diisopropyl-4-carboxymethoxybenzoyl)benzofuran (E2);
2-methyl-3-(3,5-diisopropyl-4-hydroxybenzyl)benzofuran (E3);
2-methyl-3-(3,5-diisopropyl-4-carboxymethoxybenzyl)benzofuran (E4);

and pharmaceutically acceptable salts and esters thereof and isomers thereof.

In accordance with a second aspect of the invention there is provided a pharmaceutical use
of a compound that inhibits certain transmembrane potassium current, which are more
active in the diseased atrium of a mammalian heart than in a normal atrium, without
affecting other ion channels, for the preparation of a medicament for the treatment or
prevention of atrial fibrillation and atrial flutter. Preferably the said inhibition derives from
inhibition of one or several of the three ligand-sensitive potassium currents IK(Ado),
IK(ACh) and IK(ATP). The inhibition caused by the said compound is more preferably not

due to a T3 antagonistic effect.



preferably -CH2-. Especially preferred conpounds of the invention are:

2- et hyl - 3- (3, 5-di i sopropyl - 4- hydr oxybenzoyl ) benzofuran (El);

2- met hyl -\80(03/08988¢ i sopr opyl - 4- car boxymet hoxybenzoyl ) benzofPararo/&2y3

2-met hyl - 3- (3, 5-di i sopropyl - 4- hydr oxybenzyl ) benzof uran (E3);
2-nethy|-3-(3,5-diisopropyl-4-carboxyﬂéthoxybenzyl)benzofuran (E4); and
phar maceutically acceptable salts and esters thereof and isoners thereof.
In accordance with a second aspect of the invention there is provided a
phar mac diltei said conywundy ara dessniped hylthehgeneriahformistadl:cer t ai n t r ansnenbr ane
potassium current, which are nore active in the diseased atriumof a
manmmal i an heart than in a normal atrium w thout affecting other ion
channels, for the preparation of a nedicanent for the treatnment or
prevention of atrial fibrillation and atrial flRgter. Preferably the said
inhibition derives from inhibition of one _or Several of the three

| i gand-sensitive potassiumcurrents | K(Ad | KCACh) and | K(ATP). The

i nhibition caused by the said conmpoungAi Bierably not due to a T3
antagonistic effect. WO 03/ > ¢ 05 11 The said conpounds are
descri bed by the general for : g OR12 )O-\ R8 OR6 II
wherein; R6 is Cl-C 4 al kyl; NHZOR10, NHCBRHR10, or hydrogen; R8 and
1Qdi neRgand bromine; RI10 is selected
fromCF3, Cl-C 3 alkyl, and (4-R11) C6H4;

I

wherein;

R® is C;-C, alkyl;

R’ is NHCOR", NHCONHRY, or hydrogen;

R?® and R’ are independently selected from iodine, and bromine;
R" is selected from CF3, C;-C; alkyl, and (4-R!)CsHy;

R" is selected from C,-C 4 alkoxy, hydroxy, fluoro, and nitro;
R" is selected from hydrogen, and CH,-COOH;

X is selected from CH; and C=0;

or pharmaceutically acceptable salts and esters thereof and isomers thereof.

Preferably, the compound of formula II is selected from:
2-methyl-3-(3,5-diiodo-4-hydroxy-benzoyl)benzofuran (E5);
2-methyl-3-(3,5-diiodo-4-carboxymethoxy-benzyl)benzofuran (E6);

and pharmaceutically acceptable salts, esters, and isomers thereof.

Another embodiment of the present invention relates to pharmaceutical compositions for
the treatment of atrial fibrillation or atrial flutter comprising at least one compound of

formula I or II, if appropriate together with a pharmaceutically-acceptable carrier



R' is selected from Cl-C 4 al koxy, hydroxy, fluoro, and nitro; R 2 is
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such oral "dosage forns as
treating atrial fibrillation and atrial flutter includes in principle any combination with any

pharmaceutical composition useful for treating atrial fibrillation and atrial flutter.

The compounds of formulae I and II can be administered in such oral dosage forms as
tablets, capsules (each of which includes sustained release or timed release formulations),
pills, powder, granules, elixirs, tinctures, suspensions, syrups and emulsions. Likewise,
they may also be administered in intravenous (bolus or infusion), intraperitoneal, topical
(e.g., skin cream or ocular eyedrop), subcutaneous, intramuscular, or transdermal (e.g.,
patch) form, all using forms well known to those of ordinary-skill-in the pharmaceutical

arts.

The dosage regimen utilizing these compounds is selected in accordance with a variety of
factors including type, species, age, weight, sex, and medical condition of the patient; the
severity of the condition to be treated; the route of administration; the renal and hepatic
function of the patient; and the particular compound or salt thereof employed. An
ordinarily skilled physician, veterinarian or clinician can readily determine and prescribe the
effective amount of the drug required to prevent, counter or artest the progress of the

condition.



tabl ets, capsules (each of which includes sustained release or tined
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of a transdermal delivery system, the dosage administration will, of course, be continuous

rather than intermittent throughout the dosage regimen.

The specific compounds of formulae I and II described herein can form the active
ingredient, and are typically administered in admixture with suitable pharmaceutical
diluents, exipients or carriers (collectively referred to herein as “carrier” materials) suitably
selected with respect to the intended form of administration, that is, oral tablets, capsules,

elixirs, syrups and the like, and consistent with conventional pharmaceutical practices.

For instance, for oral administration in the form of a tablet or capsule, the active drug
component can be combined with an oral, non-toxic, pharmaceutically acceptable, inert
carrier such as lactose, starch, sucrose, glucose, methyl cellulose, magnesium stearate,
dicalcium phosphate, calcium sulfate, mannitol, sorbitol and the like; for oral administration

in liquid form, the oral drug components can be combined with any oral, non-toxic,



of suitable intranasal vehicles, or via transdernmal routes, using those

forms of transdermal skin patches will known to those of ordinary skill in
the art. Wo obmoma nistered in the form of a transdernmal PAEIEPIBOWOSYSt em
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such as aca}gléea, t“grg’afl ac’allj(r%ﬁﬁmgg’%sa%g}aﬁr%ugﬂ aéi%r"fﬁ? Bi,ge'car boxymet hyl cel | ul ose,

pol yet hyl ene glycol, waxes and the |ike. Lubricants used in these dosage

forms includes sodiumoleate, sodium stearate, nmagnesium stearate, sodium

benzoat sodi um acet.at e, odium chloride and the like. D sintegrators

el ude i ERBROUIASH %%fm%?? ﬁ@g’rfg Fan alspbagdnaiaistasedisethe fopar of lipmsomni t e,

xant handgm';gé@ i€ shd e Iahﬁl SRR . of . and. |1 can also be

adm ni stere :55% thésformso I posoﬂe lé’ﬁsvléuo er’ﬂs{l)l/ls 8”%1,%5{?&5{ aﬁ@ smal |

uni | amemudtilameBirclesisles! digmonies bantd foaned 86incd BficBN6E pHIhldHpAER IR as

vesi cl es. é.i glosorrﬁl c%n ,Be Lor med froma variety of phospholipids, such as
,2-dipalmitoylphosphatidylcholine, phosphatidyl ethanolamine (cephalin), or

phosphatidylcholine (lecithin)

The following definitions apply to the terms as used throughout this specification, unless

otherwise limited in specific instances.

The term “alkyl” as employed herein refers to those groups of the designated number of .
carbon atoms in either a straight and branched chain hydrocarbons, such as methyl, ethyl,

propyl, iso-propyl, butyl, isobutyl, tert-butyl, pentyl, hexyl, 2-methylpentyl, and the like.

The term “alkoxy” as employed herein refers to a straight or branched chain radical
attached through an oxygen linkage, containing 1, 2, 3 or 4 carbon atoms in the normal

chain. Examples of such alkoxy groups are methoxy, ethoxy, propoxy, butoxy, isobutoxy

and the like.



1, 2-di pal m t oyl phosphati dyl chol i ne, phosphati dyl ethanol am ne (cephalin),

or phosphatidylcholine (lecithin) The followi ng definitions apply to the
ternms as weadoodssoughout this specification, unless ot hePairgPo2/omied in
specific instances. The term "al kyl" as _ enployed herein refers to those
groups of the designated nunmber of catbon atons in either a straight and
br anched | ) . .S Q= yl,
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radi cal a achgﬁi t%ough ﬁ)n oxygen |inkage, containing 1, 2, 3 or 4 carbon
at ons i n249HLOh Al iga T hesersg fmeaf pxample, Wil srongperganic eoids, wick asminassly

et hoxy, Q& i 1 . ' MO 03/ 009839 .
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sal ts, icrianlicavidsrsupihas akarchibogyliyaci@csfanb adagboraltbms wWhicH 26y have, for
exanpl e, at_|east one basic center, they can formacid addition salts.

These arWisubstiaigd of sbstituigds far, example, &y halegen, foyayampls acetid egidsweh aas ni ner al

acids, f furic.aci osphaoric,acid or hydrohal i c .aci d,
with st r%ﬁg&%@g@hﬁaﬁﬂ%‘cﬁ# 855)(yﬁoﬁgﬁggﬁgg’%gwpg%oﬁﬁﬁdﬂgﬁm%5‘}@9}1}1% malelds of 1
to 4 carfagiarie] piBaliddraéreplitBaliddisdiiath hahRRo:8cabBRAld 4ot tor k@pfxanpl e, by
hal ogen, for exanple acetic acid, such as saturated or unsaturated

di car boxasrerbic elygslic, lasticomalig tartasicadri citric maidosvich as smins adids, (forbxdnaple

fumari c, halic or.ter thalic aci.d, suych as hydroxycarboxyljc acids,
for exarﬁgﬁ %%1@3)5 glrt%jlng ,aC‘é‘le @g%ﬁn?ec?r grgrine, RIS ¢t ‘{ré’?“}/l?:‘”@f‘mt‘,’isll PRiCaci d,
such as afdsNouckGisqe,-Chtdkylesadpl-Qulf@SPaGAd wWhieh afd! dHsABuRE bfsstituted Ne or
ar gi ni ni), or benzoic acid, or with organic sulfonic acids, such as

( C, - C4) -far gxgample by halppens dorf exampleamiethenetvir piolese-swisaris a¢itluCotresponding

bsti t ut £ | hal f | e, et hane- _
o Ul uersiecidi it A RS BY relfisataing: 2 dert i ntapresotthisis so be
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conpounds of fornulae I and Il having at l'east one acid group
COOH) c&PQFE gan alsenfaral sadts withtbases eSuitaBle sabipiveh bases srapifohexaamps naata, f or

exanpl e 'salls, S8Lh as alkali metal or alkaline earth metal salts, for example sodium, potassium or

magnesium salts, or salts with ammonia or an organic amine, such as morpholine,
thiomorpholine, piperidine, pyrrolidine, a mono-, di- or tri-lower alkylamine, for example
ethyl-, tert-butyl-, diethyl-, diisopropyl-, triethyl-, tributyl- or dimethyl-propylamine, or a
mono-, di- or trihydroxy lower alkylamine, for example mono-, di- or triethanolamine.
Corresponding internal salts may furthermore be formed. Salts which are unsuitable for
pharmaceutical uses but which can be employed, for example, for the isolation or

purification of free compounds or their pharmaceutically acceptable salts are also included.

Preferred salts of the compounds of formulae I and IT which include a basic group include
monohydrochloride, hydrogensulfate, tartrate, fumarate or maleate. Preferred salts of the
compounds which include an acid group include sodium, potassium and magnesium salts

and pharmaceutically acceptable organic amines.

The compounds of formulae I and II may contain one or more chiral centers and therefore
may exist as optical isomers. The invention therefore comprises the optically inactive

racemic (rac) mixtures (a one to one mixture of enantiomers), optically enriched scalemic



salts, such as alkali netal or alkaline earth netal salts, for exanple
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am ne, suwwb 0a®09s8? phol i ne, thionorpholine, piperidine, ppcr@podiTe; a
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di ethyl -, diisopropyl-, triethyl-, tril_tﬁjtyl - or dinmethyl-propylamne, or a
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i nclude nonohydrochl oride, hydrogensultate, tartrate, funarate Or nal eate.
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sodi um pot assi ym and magnesi um salts_ and pharmaceutically acceptable
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to one thetampountl contalisiaanieyls) alket orexirhy fitMiohal peshps Calse Thduddd Wiskid 9R839
PCT/ EP0O2/ 07905, 16 m xtures as well as the optically pure individual

enant i ofE9RS oftheinyentiom ase golymorphs, hydigtentand solsinten ofiiy componids ofthe t han one
chiral eenter and therefore may exist as diastereonmers. The invention

t herefore conprises individual diastereonmers as well as m xtures of

di astereoners in cases where the conmpound contains nore than one stereo
center. _The conpounds in _the invention also may contain acyclic al kenes or
oxi mes AME PraspririBYetien déngludes xgthin ith sgope peodrugserfithrecranjounds of farusidawten)

B T N
an acy! iveatidendiohlar©atiy EaiveitibIéln GhdiRo thhlr&filed CbaPetnd Thiid fie  Scope
of the inventiagn are pol ynorphs, hydrates, and sol vates of the conpounds of
the i ngtcthadsiofiresfes .ft{lﬁ pregerdduyantippyihe teror administedeg hraHiencorhpass twpe
prodr Uleree&Inehpgf e qyr%ﬂ}%%ngifﬁoLg (rigs}cjzlriggd \livith the compound specifically disclosed or

with a compound which may not be specifically disclosed, but which converts to the

specified compound in vivo after administration to the patient. Conventional procedures for

the selection and preparation of suitable prodrug derivatives are described, for example in

“Design of Prodrugs” ed. H. Bundgaard, Elsevier, 1985, which is incorporated by reference

herein in its entirety. Metabolites of the compounds includes active species produced upon

introduction of compounds of this invention into the biological milieu.

The novel compounds of formula I can be prepared according to the following schemes

and non-limiting examples, using appropriate materials and are further exemplified by the

following non-limiting specific examples. The examples further illustrate details of the

preparation of compounds of formula I. Those skilled in the art will readily understand

that known variation of the conditions and processes of the following preparative

procedures can be used to prepare these compounds.



and I'l. In general, such prodrugs will be functional derivatives of the
conpounds of this invention which are readily convertible in vivo into the
requi red worsppoosse? Thus, in the nethods of treatnent of Poa/EPIBEEN
invention, the term"adm nistering” shall enconpass the treatnent of the
vari ous conditions described with the tbnpound specifically disclosed or

with a cppp I t cifically.disclosed ug i ch converts
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1

H. Bundgaaeelures foethices readigs appgar bereimafienast ipdhawerkingexanfidesence herein in
its entirety. Metabolites of the compounds includes active species produced
upon introduction of compounds of this invention into the biol ogical
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follow ng schenes and non-limting exanples, using appropriate materials
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03/ 0098 3h1ddE/ F0Bé PrES&mce dT a TH@isCoatalpsy Beth Rftinftewitulctide, @ Gvethepar ed
according to the general nethods outlined in Schenes 1 and 2, and

accor di rfguplsdupdend Sipdigs staedesd wesl-upEA dwge eellestion efdjarent methods forctbdur es

for thes act -ons ear hereinafter and in.the rkj n xampl es.
Conpoundey BRORSE ATRREERvA e 1Bk bl er ok e PV RE & oup (-0,
R2 is  hyfluReenOramst ChehiSyy alithddi 0992, St Waley B SQRUER pX39tie &fd R3, R4
and R5 positions can be prepared using the nethod out i ned bel ow and

i ndi cat aeferences pidadethdareinbagnerabef whigh ¢owlyl be appliedria tivepresait meghvgdof uran 1 is
regi osel ective acylated at the (3-position by an acyl <chloride 2 in the
prescence of a Lewis catalyst such as tin tetrachloride, to give the

coupl ed THtBEMN etferdih@ionTha BE ArHo VR By thiiméht I vl Deghivalknffofdi f f er ent
met hods for the acylation of aromaticCs is available inthe literature (see
for ex arh@l“és agid Isugh agchoron fripromide at low temperature and in an inert solvent such as

dichloromethane or benzene. The reaction mixture gives after standard work-up and
purification, the end product 4. Several alternative methods for demethylation of anisol
derivatives are available in the literature, some which might be applied for the conversion
of 3 to 4. Examples of such alternative methods includude the use of: (i) AlBrs/ethanethiol,
Node Manubu et al, Tetrahedron Lett., 1989; (ii) BFs/dimethy! sulfide, Bindal R. D.,
Katzenellenbogen J. A., J. Org. Chem., 1987, pp 3181; (iii) HBr/acetic acid, Takeshita Hitosh,
Bull. Chem. Soc. Jpn., 1986, pp 1125; and the like. -

The phenol 4 is finally O-alkylated employing the appropriate halide in the presence of a
base such as potassium carbonate and then further treated with a base, to give the end
product containing a carboxymethoxy function. Several alternative methods for the
O-alkylation of phenols and hydrolysis of carboxylic acid esters have been published in
the litterature, several which might be applied for the conversion of 4 to 5.

Scheme 1



Advanced Organic Chem stry, 4th ed, 1992, John Wley & Sons, Inc, p 539-542
and references cited therein), several of which could be applied in the
present m&0DloM09sThe net hyl ether function can be renoved PpgTRPeZOTYRNt of 3
with 1-2 equivalents of a Lewis acid such as boron tribromde at |ow
tenperature and in an inert solvent suth as dichl oromethane or benzene.
The reaction m xture gives after standard work-up and purification, the
end product 4. Several alternﬁtlve nmet hods for denethyl %4 on of ani sol

derivatives gqre available in ckkﬁerature somPwhi e\ ght be applied
for the co jnp of 3 to anpl es of such al fret hods
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Bull . Chem Soc. Jpn 1986, pp 1125; and the like. henol 4 is flnaIIy

e appropriate halide in the pre ce of a base

0-al kyl ated enpl oyi ng Rh

such as potassiH nate and then further treated a base, to give
the end pr oduct u g a carboxynet hoxy functfo al _alternative
met hods f or, Iati on of pneMols and 'rsKAs of ca?(B%{yl ic acid
esters have Ubl i 8hed in the litteratu eye Bhi ch m ght be

applied for he ‘tonversion of 4 to 5. Scheme 1 WD 03/ 009839 PCT/ EP02/ 07905
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Compounds of formula I of the invention where X is a methylene group (-CH-), R; is
hydrogen and where variation can be introduced at the Ry, Rs, R4 and R positions can be
prepared using the method outlined below and indicated in Scheme 2 (Examples 3 and 4).
In the method, the carbonyl group (C=0) of 3 is reduced to a methylene group (-CH,-)
employing a combination of lithium aluminium hydride and aluminium trichloride as
reducing agent. Several other methods for the reduction of carbonyl groups to methylene
groups are known in the litterature and might be used here with successful results and are
well known to those skilled in the art (see for example: Jerry March in Advanced Organic
Chemistry , 4th ed, 1992, John Wiley & Sons, Inc, p 1209-1211 and references cited
therein). The reaction mixture yields after standard work-up the corresponding reduced
material 7, which can be further reacted further to give the carboxymethoxy 8 using the

same method as described above.



\-COOH R L RB R R3 OO 4: Exanple 1: R =Me, R2=H, R3=R4= i-Pr 5: Exanple
2: Rl=Me, R2=H, R3=R4= i-Pr Conpounds of formula | of the invention where
X is a mwbywBess3igroup (-CH2-), R2 is hydrogen and wher e PCarEpa/om9ns can be
i ntroduced at the RlL, R3, R4 and R5 positions can be prepared using the
met hod outlined bel ow and indicated i l%cheme 2 (Exanples 3 and 4). In the
met hod, the carbonyl group (C=O_of 3 is reduced to a nethylene group
(-CH2-) enploying a conb ‘of |ithium alum nium hydride and al um ni um
trichloride as reducing ral other nmethods for the reduction of
car bonyl gfoups to met yl ou%@eare known in the litterature and m ght
be used hete W Ph sugces R lts and»are well known to those skilled
inthe art (see for eéxgaple: Jerrdy March in Advanced Organic Chenises vy ,
4th ed, 1992, John Wl ey Sens, Inc, p 1209-1211 and references cited
therein). The reaction m xture yields after standard work-up the
correspondi ng reduced Ryraterial 7, which can be further reacted further to
gi ve the carboxynetpeXy 8 using the sane nmethod as des<ri bed above. WO
03/ 009839 PCT/ EPp2 , <@

Ml es

—_— \ COOH
R Rs
(6]
7 8
Example 3: R1=Me, R3=R,=i-Pr Example 4: R;=Me, R3=R,=i-Pr
EXAMPLES

The following Examples represent preferred compounds of formula I of the present
invention. However, they should not be construed as limiting the invention in any way. The
following abbreviations, reagents, expressions or equipment, which are amongst those used
in the descriptions below, are explained as follows: gas chromathography mass
spectroscopy (GC-MS), electron impact (EI); liquid chromathography mass spectroscopy
(LC-MS), electrospray (ES), ethyl acetate (EtOAc).

Example 1: 2-methyl-3-(3,5-diisopropyl-4-hydroxybenzoyl)benzofuran (E1)

(a) A stirred mixture of 3,5-diisopropyl-4-methoxybenzoic acid (5 mmol, 1.2 g)and
phosporous pentachloride (1.3 g, 6.0 mmol) in dichloromethane (50 mL) was refluxed for
two hours. The reaction mixture was cooled down to room temperature,
2-methylbenzofuran (0.76 g, 5 mmol) was added followed by tin tetrachloride (13¢g,5
mmol). After two hours the organic solvent was removed and the residue solved in EtOAc,
washed with hydrochloric acid (2 N), sodium hydroxide (1 N) and finally with an aqueous
saturated solution of sodium chloride. The organic phase was dried over magnesium
sulphate. The crude product was purified on column (silica gel, petrolium ether/EtOAc 9: 1)
to give 1.7 g (97%) of 2-methyl- 3-(3,5-diisopropyl-4-methoxybenzoyl)benzofuran as a
colorless oil, which slowly solidified at room temperature: 'H NMR. (CD;COCDs) d 1.22
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R3=R4= i -Pr EXAMPLES The foll ow ng Exanpl es represent preferred conpounds
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construed as limting the invention in any way. The follow ng
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The crude product was purified on colum (silica gel, petrolium ether/EtOAc

9:1) tepngenEated. 7The residug wag subjestadp|column (silica gel, petrolium ether/EtOAc 8:1)
3-(3, 5-di J.508r -4-aet hoxvbenzoyl ) benzof uran as.a colorless oil, ich
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2- met hy A2 4H S0P ~ 4= met hoxybenzoyl ) benzofuran (1.7 g, 4.8 muol)
in 20 HQCME?T%O#%ZE%A s kept under nitrogen and cooled to -40C. To
the solution was added boron tribromde (6.0 nmL, 1 N, solution in

di chl or onet hane) and .
Example 2: 2-Methyl-3-(3,5-diisopropyl-4-carboxymethoxybenzoyl)benzofuran (E2)

A mixture of 2-methyl-3-(3,5-diisopropyl-4-hydroxybenzoyl)benzofuran (170 mg, 0.5
mmol) and K,CO; (138 mg, 1 mmol) in dry acetone (10 mL), a-brom ethylacetate (170 mg,
1 mmol) was added during 5 minutes, the solution was stirred over night at room
temperature. Ethyl acetate was added and the solution was washed with water. The organic
phase was evaporated to dryness and the residue was dissolved in a mixture of methanol 2
mL) and sodium hydroxide (2 mL, 1 N). The solution was stirred at room temperature over
night, extracted with ethyl acetate and dried over magnesium sulphate. Evaporation of the
organic phase gave 1.1 g which was purified on column (silica gel,
chloroform/methanol/acetic acid 95:5:1 ): 'H NMR (CDsCOCDs) d 1.21 (d, 12H, CHCH;,
J=6.9), 2.50 (s, 3H, CH;), 3.49 (m, 1H, CH), 4.56 (s, 2H, CH,), 7.21-7.61 (m, 4H,
aromatics), 7.66 (s, 2H, H-2> and H-6"); LC-MS (ES) m/z 393(M*-1).

Example 3: 2-Methyl-3-(3,5-diisopropyl-4-hydroxybenzyl)benzofuran (E3)

Aluminium trichloride (120 mg, 4 mmol) in diethyl ether (1.5 mL) was added to a
suspension of lithiumaluminiumhydride (40 mg , 2 mmol) in diethyl ether (1 mL) during
20 minutes at 0°C. 2-Methyl-3-(3,5-diisopropyl-4-hydroxybenzoyl)benzofuran (330 mg, 1

mmol) in 3 mL of ether was added, and the mixture then stirred at room temperature for



| eft at roomtenperature over night. The reaction m xture was treated with
cold hydrochloric acid (1 N), the phases were separated and the organic
phase wasw@ashes3once with water. The organi ¢ phase was @CITEPODY®DS
magnesi um sul phate, filtrated and concentrated. The resi due was subjected
to colum (silica gel, petroliumether?EtOAc 8:1) to give 2-nethyl-3-
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and H- 6'efhyldeCtaly 26 6B g, T ZmARBY( Mind e frsadiRtEdederib
2- Met hyl - g (3, %@(dl i sogropyl - ghyd%ofyﬂg‘zesnzyl be%réoe drrlgﬁalpgge)z %eu%uc}ﬁ um

trichlo pmﬂi@ci(was)pmﬁe merdin (ciﬂ@hoﬁrrmjmeémhdf adefic Beidi9p : Sabstoaide 800 mga

fnlf)s pgﬂflﬁnlp%? ?6 %thyugg-(gg dgléfgjproﬁl}q r4 carngymer‘zgdxy? byné?f{)%erizgﬁgrlag gst] %1/ IWh?’cteher (1
2- Met hybry%rai hads: Af1 SR @DY.Cobhy aoxyPanaonl theis Of-lr6r93“2 4839 3@{061%;36”“0' ) in

3 mL of éther was added, and thé m xture t hen Saki réom’ rature
for WO B3A¢0043D GféDTBQPGiszfz@Izmﬁ) 4237 ¢sv2HNGHb)s 7.0B70Es(@n, o, tanem 4@y eh1 0 was

destr oy gd, By AR DO Fio Ak (B nd0 975 Q4T

The following Table 1 illustrates the potency (IC50-values) of compounds of formulae I and
II compared with other anti-arrhythmic drugs to inhibit the transmembrane currents

IK(Ado) and IK(ACh) after stimulation of the currents with Adenosine or Acetylcholine
(or Carbachol).



hydroxide (0.1 nmL). Ethyl acetate (100 nmL) was added, and the organic |ayer
was washed w th sodi um bi carbonate and dried over nagnesi um sul phate. The
organi c pWas/ovm39 evaporated and the residue and purifi e®CoEPODITINHN
(petroliumether/EtOAc 9:1) to give 290 ng (90 %9 of 2-nmethyl-
3-(3,5-diisopropyl-4- hydroxybenzyl )be?r?zofur an as ared oil: GCM (EI, 70
eV) mz (%9 322(M. Exanple 4: 2-Methyl-3 - (3,

5-di i sopropyl - 4- car boxynet hoxybenzyl ) benzof uran (E4) This conpound was

pr epar edl'4blein Petert;h{ICSBvaldesofcomppuieiz\of e iayehtivniuag oamer eaaaftnis (290

ng, 1 |) and .a-brom ethylacetate (230 ng, 1.5 mol), using the
pr Oced%‘l etgéglpgﬁ(ﬁhqm ranezurrepis I (Adio angd IBACH) spigruldticedofdhe col um

(chlorofg;rgé : i hdi:95; 5 t ive 300 mg (79 % of

2- met hylc- 3- ﬁﬁﬁd‘?%&gﬁﬁl&%ﬁ%ﬁ@ggggggg/or?re(f%% cggﬁ'benzyl ) benzofuran as a white
cryst al 1688:sMolarchident@iEId ¥ mpbund 2bwhith 5b%inhi¥ildiBef hetaddbed Actfiy(S: 3H,
CH3), 3.34 (m 1H, CH), 3.97 (s, 2H, CH2), 4.37 (s, 2H, CH2), 7.05-7.45
(m 4H, %§f¥fatics), 7.10 (s, 2H, H2' and H6'); LGM (ES) mz 379
(Mt-1). The following Table 1 illustrates the potency (I C50-val ues) of
conpounds—of—fornutae—t+—and—H——conparet—w i } rugs
t o i nhi gdmpdignd r ansmenbr angnRBiHANSBIK (AH0Ad0) ﬁimfm(

stimul ati onpof t he currentspMubd gﬁgﬁgﬁgor Ag;%ﬂbj 9'A g‘?grﬁ; Car bachol ) .
WO 03/ 009839 PCT/ EP02/ 07905 22 Table 1: otencgg? %va ues) of conpounds

of the iyvensi d other aptizarrhythnic dru K/%g‘i hibit the
transmggrsgﬁagélgmoﬁ}gnts I K( Aii{f(g))efgeﬁé | K(ACh) afte 6o i on of the

cur r ent Pry¥rhdblf0BRARItHE Or Rigtggyol i ne (or Ca | C50: Mol ar
concentra(%ﬁ% on o?kig; co?rpoundegt whsidgh 50% i nhi bi ??gﬁbgﬁ%e i nduced activity
occur s. EeiddMatDl nhi bi t i onSofie leRieétchd X 00 pM bi t | BEM{IC5K) (ACh) | nduced by

Ad [ by ACh Car bachol
enost R}fs-%l_s{’?l%ﬁﬁj Y OrSome e%fec?tcat ?O uM 11 pM (IC50)

Aprinidine (Ohmoto) Not studied 0.4 pM (IC50)

Amiodarone (Watanabe) 2 uM (IC50) 2 pM (IC50)

Terikalant (Brandts) 2 uM (IC50) 2 pM (IC50)

SUN 1165 (Inomata) Not studied 29 uM (IC50)

Flecainide (Inomata) Not studied 3.6 uM (IC50)

Disopyramide (Inomata) Not studied 1.7 uM (IC50)

Quinidine (Inomata) Not studied 1.6 uM (IC50)

Dronedarone (Guillemare) Not studied 0.01 pM (IC50)

E5 luM ICS50) 1 uM (IC50)

E6 Similar to ES Similar to ES
(100% Inh at 50 uM) (100% Inh at 50 uM)

E4 100% Inh at 50 pM 100% Inh at 50 uM

IC50: Molar concentration of a compound at which 50% inhibition of the induced activity
OCCuss.

ES is 2-methyl-3-(3,5-diiodo-4-hydroxy-benzoyl)benzofuran. (Formula II)

E6 is 2-methyl-3-(3,5-diiodo-4-carboxymethoxy-benzyl)benzofuran. (Formula II)

E4 is 2-methyl-3-(3,5-diisopropyl-4-carboxymethoxybenzyl)benzofuran.(Formula )]

For references, see Table 2.



d, 1- sot al ol
56 M (1 C50)
Sore ef f a0 0a0988O M 11 M (| C50)
Am odar one (\Watanabe) 2 M (1 C50 _
SUN 1165 (I nonat @33 Not studied 29 M (I C50)

iRl Bhee

aro

(1 C50)

M (1C50) 2 M (IC50)
(I nomat ayajeR: SlouiPafiordetblbikih
" Qui nidine (Inomata)

( Gui | | erdiffetenNoanspiembirent ©On@irrpnty] (| C50)
Simlar to E5 Similar to E5 (100% Inh at 50 M (100% Inh at 50 M

M (1 C50)

I nh at
which 5
2- met hy
2- met hy
s 2-me
1) For
Conpar i
on dif
| Na E4

(Mori) No effect 36 M (IC50)
E-4031 (Mori) Some effect at 100 .tM8 M (1C50) |
Apri ni di ne (Ohnot o) Not PETEPOEAI0S 4 M
Teri kal ant (Brandts) 2

Pr opr anol ol

2 M (1 C50)

Py SRR R g

E5 1 M (1C50) 1 M (1C50)

one

(Brandts) 8.tMC50)
MS-551 (Mori)

Fl ecai ni de

E6

No:

IK(Ado):
IK(ACh):
IK(ATP):
IK1:

IKSs:

Ito:

INa:

(reference within parenthesis).

The compound has been demonstrated to not inhibit the particular current

(reference within parenthesis).

No data regarding interaction of the compound with the particular current has

been found in the literature.

Adenosine activated K-current

AcetylCholine activated K-current

ATP-sensitive K-current

Inward rectifier K-current

Slow component of the delayed rectifier K-current

Transient outward K-current

Depolarizing Na-current

Table 2 References:

udied 1.7
on

E4 100%

50-M-100%1nh at 50 MICRQ: Mdlar concentration of a conpound at
% i nhi bi t|i Be(Ado)t hel KA Cige dIKEATR) |t vy IKdccpr SIKsES |i s Ito INa
E4-K63, 5- di i odes 4- hydryesy- benzgyd ) Henagd ur AN. NG Fof, rrull\g) [T . I:N.O'. S e
Qtﬁn{cﬁne'S-Ei | oqp_- 4- £ar by MefNO¥ys bgNZyy ) DegzoN ra [ VEor oot
DS (4501 sobagidedt Sas Rl bonadt i Lo
Flecaltide 124 g acli \IncY‘iF of |EaY&hd |E6 Nthd bt WP ant i Xes hyk hi¥es drlugs
 orontt ;%nsn:gnhrn dlnomata),  r (Sai@) | (Sawgley)] KWaaw) || Slawsky) KK dnken) [t 0
Diggpyyamgidyes ¥bs No Novaso Np Yes No Yes Yes Yes
e (Inomata) (Wu) (Sato) (Sato) (Sato) (Sato)
Aprinidine U Yes 9] No No Yes Yes
(Ohmoto) (Ohmoto) | (Ohmoto) | (Tanaka) | (Ohmoto)
Terikalant Yes Yes No Yes Yes Yes No
(RP58866) | (Brandts) | (Brandts) |(Brandts)| (Yang) (Yang) | (Yang) | (Yang)
d,I-Sotalol No Yes (Mori) U Yes No Yes No
(Mori) (Berger) | (Lai) (Berger) [(Malecot)
Amiodarone Yes Yes Yes Yes Yes U Yes
(Watanabe)| (Watanabe) |(Holmes)|(Kodama) (Kodama) (Kodama)
Dronedarone U Yes U U Yes U Yes
(Guillemare)
(Guillema (Guillema
re) re)
Explanations
Yes: The compound has been demonstrated to inhibit the particular current



Quinidine U Yes Yes No No Yes Yes (lnomata) (Undrovi) (Sl awsky) (Lai)

(Sl awsky) (Sl awsky) Flecainide U Yes Yes No No Yes Yes (lnomata) (Sato)

( Sl ansky)wOwanes3{ S| awsky) (Konen) Disopyram d U Yes Yes ROTN®82/¥®85 Yes e
(I'nomata) (Wi) (Sato) (Sato) (Sato) (Sato) Aprinidine U Yes UNo No Yes
Yes (Ohmto) (Ohnoto) (Ghnoto) (TanakaZ} (Chnoto) Teri kal ant Yes Yes No Yes

Y 6 ngts) (Yang) (Yang) (Yan g)
z{eYan;as I%QF?%(?F%I%%? %g%sww%”%ﬁug%s%@ies > (Mori) (Berger) (Lai)

( Ber ger )GuiNemeredt. et Alri Maeion Ae Nieato MeGatits PYECaNa6vds: YRs mdcdbL@ombe)

WAt ana (Kodane) (Kodane) (Kodama) Dronedarone U Yes U U Yes U
g/es Gﬁﬂ %&%‘S%Gﬂ llema (CGuillema re) re) Expl anati ons Yes: The

COWOU”djﬂlﬁévlﬁ AT e 4P 06 J P oltl%gbﬁlﬁq]vbisbg Jﬁ%ié}dggiﬂoar current

(reference vvlt In pare esi’s een denonstrated to

not i nhiStawskyldTpakid M%N@uﬂﬁﬂimadd?@&pﬂﬁ&c@%Aﬂ%%9 rgrphesis). U No
data regarding_interaction of the co rrpound with the partlcul ar current has

been fo Ll?fa@héBloi”%eé'rSﬁ 49Y, Jul-&ugefd$):2WdBnosi ne activated K-current
| KCACH) ga st 8 D0 A aB5i 008 0ol 2 Kb 530 |

Wang DW, et al. Cardiovasc Res 1995 Apr;29(4):520-5.

Konzen G. et al. Arch Pharmacol 1990 Jun;341(6):565-76.

Wu B. et al. Cardiovasc Res 1992 Nov;26(11):1095-101.

Tanaka H. et al. Naunyn Schmiedebergs Arch Pharmacol 1990 Apr;341(4):347-56.
Yang BF. et al. Zhongguo Yao Li Xue Bao 1999 Nov;20(11):961-9.
Berger F. et al. Arch Pharmacol 1989 Dec;340(6):696-704.

Holmes DS. Et al. J Cardiovasc Electrophysiol 2000 Oct;11(10):1152-8.
Mori K. et al. Circulation 1995 Jun 1;91(11):2834-43 . ‘
Ohmoto-Sekine Y. et al. Br J Pharmacol 1999 Feb;126(3):751-61.
Watanabe Y. et al. J Pharmacol Exp Ther 1996 Nov;279(2):617-24.
Brandts B. et al. Pacing Clin Electrophysiol 2000 Nov;23(11 Pt 2):1812-5.



| K(ATP): ATP-sensitive K-current IKI: Inward rectifier K-current |IKs: Slow
conponent of the delayed rectifier K-current Ito: Transient outward

K- cur r entwbNanodBepol ari zi ng Na-current Table 2 Reference®CTHRIDE79009839
PCT/ EPO2/ 07905 24 Inomata N. et al. Br_ JPharmacol 1991 Dec;
104(4):1007-11. Guillemare E. et al. M&xion A N sato D, Gautier P.J

Car di ovasc Pharmacol 2000 Dec; 36(6%. Undr ovi nas AT. et al. Am
JPhysi ol 1990 Nov; 259(5 Pt 2): H1609- awsky MT,. And Castle NA

JPhar macol Exp Ther 1994 Apr; 269(1):66-74. Lai L. et al. JBionmedSci 1999
Jul - Aug; 6(4):251-9. Satoh Eur JPhar macol 2000 Cct 27;407(1-2):123-9.
wang DW!-et coppppndRersrdinglo fogamla ko - 29(4) : 520-5.  Konzen G et al. Arch
Phar macol 1990 Jun;341(6).565 76. Wi B. et al. Cardiovasc Res 1992 Nov;
26(11):1095-101. Tanaka H. et al. Naunyn Sclﬁm edebergs Arch Pharnmacol 1990
Apr;341(4):347-56. Yang BF. et al. Zhongguo “Yao Li Xue Bao 1999 Nov;
20(11):961-9. Berger F. et al. Arch PRpar 9 Dec; 340(6): 696-704.

Hol mes DS. Et al. JCardi ovasg, El ect rgphysi gf 2 00°Cct ; 11(10) 1152-8. Mori
K. et al. Grculation 1995 Juh -43. Ohroto-Sekine Y. et al. Br
JPhar macol 1999 Feb; 126(3).751 o nabé Y. et al. JPharmacol Exp Ther
1996 Nov; 279(2):617-24. Brandts B. et al. Pacing din Electrophysiol 2000
Nov; 23(11 Pt 2):1812-5. WD 03/009839 PLT/ EP02/ 07905 25

wherein;

R; is C;-Cy alkyl;

R; is NHCOR?, NHCONHR?, or hydrogen;

R and R, are independently selected from fluorine, chlorine, C;-Cs alkyl, and CF 3;
R* is selected from CF;, Cy; alkyl, and -(4-R*)CeH,;

R" is selected from Cy4 alkoxy, hydroxy, fluoro, and nitro;

Rs is selected from hydrogen and -CH,-COOH;

X is selected from CH; and C=0;with the proviso that when Rs is
hydrogen, X is -CH,-;

and pharmaceutically acceptable salts, esters and isomers thereof.

2. A compound according to claim 1 wherein R, is hydrogen or NHCOR® and each of

R; and Ry is independently C;-C, alkyl.

3. A compound according to claim 2 wherein R; and R, are isopropyl.

4, A compound according to claim 1 where Ry is H or NHCOR?, or claim 2 or 3,

wherein R;s is -CH,-COOH.

S. A compound according to claim 1 wherein R, is methyl; R, is hydrogen; R; and R,

is C-C, alkyl; Rs is -CH,-COOH; and X is -CH,-.



CLAIM5 1. A conpound according to formulal; R4 ORS5 R ICRL R3 O
wherein; R is G-C4 alkyl; R2 is NHCORa, NHCONHRa, or hydrogen; R3 and R4
are i ndepgndeodsys sel ected from fluorine, chlorine, Cl-C6Pairpn2oans CF3;
Ra is selected fromCF3, Cl_3 alkyl, and -(4-Rb)C6H4; Rb is selected from
C, .4 al koxy, hydroxy, fluoro, and nltr% R5 is selected from hydrogen and
-CH2-COOH;, X is selected fromCH2 and C=Owth the proviso that when R5 is
hydrogen, X is -CH2-; and pharmaceutically acceptable salts, esters and

i soner s & her ébfettl- 3K3@mmpf@yﬁ¢¢@dtﬂ)lx§1§eriz@y19$@26fuiaﬂ/@m5 ern R2 is hydrogen
or NHCORa and, each_of and R4 is independently Cl-C4 alkyl. 3. A

cormpound accdriehyl '?’d305| @FW@%@C@WXY@G@QW@ZWEGWE??I r(:]ziz ér ;
Sherain ro t e Ala Ailblonl %X%&Y%@égbﬁﬁnﬁgﬁf B34 T wherein L is
methyl; R2 i9- ﬂlgﬁgf(BScR%oEfbgg/ A calby 26 G théx AekidtibeRotitn TRER oFOOH  and X

is -CH2-. WD 03/009839 PCT/
2- et hyl - 3- ( 3n8 phtnsasputinailly -adeceptablesalthesteosy/dndisomer titeaeof( El ) ; or
2-met hyl - 3- (3, 5-di i sopropyl - 4- car boxymnmet hoxybenzoyl ) benzofuran (E2); or

7. A compound according to any one of claims 1 to 6 for use in medical therapy.

8. A pharmaceutical composition comprising a compound according to any one of

claims 1 to 6, together with a pharmaceutically acceptable carrier.

9. A method of treating atrial fibrillation or atrial flutter comprising providing to a
patient in need thereof a pharmaceutically effective amount of a compound

according to any one of claims 1 to 6.

10.  The use of a compound according to any one of claims 1 to 6 in the preparation of a

medicament for the treatment or prevention of atrial fibrillation or atrial flutter.

11. Pharmaceutical use of a compound that inhibits transmembrane potassium currents
that are more active in the diseased atrium of a mammalian heart than in a normal
atrium, without affecting other ion channels, for the preparation of a medicament

for the treatment or prevention of atrial fibrillation and atrial flutter.

12. The use according to claim 11, wherein the said inhibition derives from inhibition
of one or more of the three ligand-gated potassium currents IK(Ado), IK(ACh) and
IK(ATP).

13, The use according to claim 11 or 12, wherein the said inhibition caused by the

compound is not due to a T3 antagonistic effect.



2-met hyl - 3- (3, 5-di i sopropyl - 4- hydr oxybenzyl ) benzof uran (E3); or

2- et hyl - 3- (3, 5-di i sopropyl - 4- car boxynet hoxybenzyl ) benzofuran (E4); or and
phar macewpDa®albg3accept abl e salts, esters and isoners thePewfEP0Z07985
conmpound according to any one of clains 1 to 6 for use in nedical therapy.
8. A pharnmaceutical conposition conpriXing a conpound according to any one

of «clai 140 6, together wth har euticall. cce arrier. 9.
A et hod or (HEabr AR ATRERS ot el it BRSTTEF iy it REERRIRRIT TG g

provi di ng to mpdahd 88dordifig AeREmtlAgI.eof a pharmaceutically effective anount
of a compound according to any one of clains 1 to 6. 10. The use of a

conpound according to any one of clains 1 to 6 in the preparation of a

medi canment for the treatnent or prevention of atrial fibrillation or atrial
flutter. 11. Pharnmaceutical use of a conpound tigt inhibits transnenbrane
potassiumcurrents that are nore active int i seased atriumof a
mammal i an heart than in a normal atrium out affecting other ion
channel s, for the preparation of a nmedX OR,t he treatnent or
prevention of atrial fibrRR}Jatign ang/atri lutter. 12. The use according
to claim1ll, wherein the said ) t\'on derivwes frominhibition of one or
nore of the three |igand-gateg asspwq currenRy | K(Ado), | K(ACh) and

| K(ATP). 13. The use accordi nge @ m 1R;or 12, wherein the said

i nhibition caused by the conpound is not due to a T3 antagonistic effect.
WO 03/ 009839 PCT/ EPO2/ 07905 27 14. ng use according to any one of clains
11 to 13, wherein the conpound is a npound according to fornmula I1: RO
R XOORL2 \ Rs ORS6

wherein;

RS is C1-C4 alkyl;

R’ is NHCOR’, NHCONHR?, or hydrogen;

R? and R? are independently selected from iodine and bromine;
R is selected from CFs, C1-3 alkyl, and 4-R6C6H4;

R!! is selected from C1-4 alkoxy, hydroxy, fluoro, and nitro;
R" is selected from hydrogen, and CH2-COOH;

X is selected from CH2 and C=0; |

or pharmaceutically acceptable salts, esters and isomers thereof.

15.  The use according to any one of claims 11 to 14, wherein the compound is
2-methyl-3-(3,5-diiodo-4-hydroxy-benzoyl)benzofuran (E5);
2-methyl-3-(3,5-diiodo-4-carboxymethoxy-benzyl)benzofuran (E6);

or pharmaceutically acceptable salts and esters thereof and isomers thereof.

16. A pharmaceutical composition for the treatment of atrial fibrillation or atrial flutter
comprising at least one compound that inhibits certain transmembrane potassium
currents, which are more active in the diseased atrium of a mammalian heart than in

a normal atrium, without affecting other ion channels.



Il wherein; R6 is C1-C4 alkyl; R7 is NHCORS, NHCONHRS, or hydrogen; R$
and RO are independently selected fromiodine and bromne; R10 is selected
from CF3,wGb3BomBkyl , and 4-R6C6H4; R' is sel ected from CPCIAPA/KIRY ,
hydroxy, fluoro, and nitro; Rl2 is selected from hydrogen, and CH2- COOH, X
is selected fromCH2 and C=O, or pharmfeutically acceptable salts, esters

3mnd | SONgf S tﬂ?é'c%?%}oogi’ltﬁm a-w@rdih%qo 3fff rl%i, Redeth BE%ai8 %ﬁ&fﬁoﬁ 'd@ﬁl?@s f}émt o 14,
erein the_‘conpound Is

2- met hyl - 3- ( Inbibitidnosfaoné-ob yelepal f Herthreg ljcaed-gatd patassilrd)currents IK(Ado),

2-met hyl - 3- (3, 5-di i odo-4- car boxynet hoxy- benzyl ) benzofuran (E6); or

phar maceut i cdRIHChe aed A )sal t s and esters thereof and isomers ther eof.
16. A pharmaceutical conposition for the treatnent of atrial fibrillation
or atrial flutter <conprising at |east one conpound that inhibits certain

t r ansnentyr anerieoihasmhdsiticslWonpokifion Wotdin@ teeitiRF 6laghs 16/ 6r 17) vitlgeifltigeased
atriumof a manmalian heart than in a normal atrium wthout affecting

ot her ion chaaitkinbibitd GEAGLIYRBEE cHBPPERDE/MOT GBS0 B3 antagoRisicefepbsi ti on
according to claim 16, wherein the said inhibition derives from inhibition
of one or several of the three |igand-gated potassiumcurrents |K(Ado),

| K(ACh) 1and IM‘fﬁhna&&ﬁczﬁ%n@taﬁfma@miﬁgto S8RV ClRRs 86601 8livskrdig €l t her

claims 16 or 17, wherein the “said inhibition caused by the conpound is not
due to a T3 dhe¢ eqruopdund is asbfnpound dgordiietophemnla dkastdefiakbd toctpios 4. on
according to any one of clains 16 to 18, wherein the conpound is a
conpound according to fornmula Il as defined in claim14. 20. The

phar macegt i cafpeGhaRASItiS BRpesiHbNScofiif &) &hikD19, WiRk&h thd EfnsRmRYYNd i s
2-methyl-3-(3,5-diiodo-4-hydroxy-benzoyl)benzofuran (ES);
2-methyl-3-(3,5-diiodo-4-carboxymethoxy-benzyl)benzofuran (E6);

or pharmaceutically acceptable salts and esters thereof and isomers thereof.

21. A method of treating atrial fibrillation or atrial flutter comprising providing to a
patient in need thereof a pharmaceutically effective amount of at least one
compound that inhibits certain transmembrane potassium currents, that are more
active in the diseased atrium of a mammalian heart than in a normal atrium, without

affecting other ion channels.

22.  The method according to claim 21, wherein the said inhibition derives from
inhibition of one or several of the three ligand-gated potassium currents IK(Ado), -
IK(ACh) and (ATP).

23.  The method according to either of claims 21 or 22, wherein the said inhibition

caused by the compound is not due to a T3 antagonistic effect.

24.  The method according to anyone of claims 21 to 23, wherein the compound is a

compound according to formula II as defined in claim 14



2- met hyl - 3- (3, 5-di i odo- 4- hydr oxy- benzoyl ) benzof uran (E5);

2- met hyl - 3- (3, 5-di i odo- 4- car boxynet hoxy- benzyl ) benzof uran (E6); or

phar maceuwwpaalobyg3accept abl e salts and esters thereof and iPsamPozotoher eof .
21. A nmethod of treating atrial fibrillation or atrial flutter conprising
providing to a patient in need thereo?9a pharmaceutically effective anount
of at | t Ml o o TP i S rane pot assi um
currentggﬁthg?ﬁzggﬂﬁgggaﬂg%gﬁégh?%kgﬁgﬁ%ﬁgggg%%%é@$$§un(%céiﬂﬁf i ian heart

than in a nor2mhetiatls3-(3p3-dilbddradiydroxitRardylbenidtgnn (BS); channel s. 22. The
met hod according to claim2l, wherein the said inhibition derives from

i nhi bi tion of 2&8Ehd3-Setrdiiado-ficathesympthesy-bengyhlienrafwdn @B6)assi um current s
| K(Ado), [IK . Th hod i i.th f clai
o1 or 52, whech b ace it B T G R0 (el S Heats ot due t o

a T3 antagonistic effect. 24. The nethod according to anyone of clains 21
to 23, wherein the conpound is a conpound according to fornula Il as
defined in claim214 WO 03/009839 PCT/ EP02/ 07905 29 25. The net hod
according to anyone of clains 21 to 24, wherein the conpound is

2-met hyl - 3- (3, 5-di i odo- 4- hydr oxy- benzoyl ) benzof uran (E5);

2- et hyl - 3- (3, 5-di i odo- 4- car boxynet hoxy- benzyl ) benzof uran (E6); or
pharmaceutically acceptable salts and esters thereof and isoners thereof.




