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PEGYLATED ION CHANNEL MODULATING 
COMPOUNDS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 11/547,419, ?led Sep. 14, 2007 (now allowed); 
Which is a US. National Phase Application of International 
Application No. PCT/US2005/011124, ?led Mar. 31, 2005; 
Which claims the bene?t of US. Provisional Patent Applica 
tion No. 60/559,405 ?led Apr. 1, 2004, and 60/586,992, ?led 
Jul. 8, 2004. These applications are incorporated herein by 
reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The ?eld of the compounds and methods described 
in this patent application is generally ion channel modulating 
compounds and their uses, and includes, but is not limited, to 
ion channel modulating compounds and their uses as antiar 
rhythmics, particularly for the treatment and/ or prevention of 
atrial ?brillation (AF) and for the treatment and/or prevention 
of atrial ?utter. 

BACKGROUND OF THE INVENTION 

[0003] Ion channels are ubiquitous membrane proteins in 
the cells of Warm-blooded animals such as mammals. Their 
critical physiological roles include control of the electrical 
potential across the membrane, mediation of ionic and ?uid 
balance, facilitation of neuromuscular and neuronal transmis 
sion, rapid transmembrane signal transduction, and regula 
tion of secretion and contractility. 
[0004] For example, cardiac ion channels are proteins that 
reside in the cell membrane and control the electrical activity 
of cardiac tissue. In response to external stimuli, such as 
changes in potential across the cell membrane, these ion 
channels can form a pore through the cell membrane, and 
alloW movement of speci?c ions into or out of the cell. The 
integrated behavior of thousands of ion channels in a single 
cell results in an ionic current, and the integrated behavior of 
many of these ionic currents makes up the characteristic 
cardiac action potential. 
[0005] Arrhythmia is a variation from the normal rhythm of 
the heart beat and generally represents the end product of 
abnormal ion-channel structure, number or function. Both 
atrial arrhythmias and ventricular arrhythmias are knoWn. 
The major cause of fatalities resulting from cardiac arrhyth 
mias is the subtype of ventricular arrhythmias knoWn as ven 
tricular ?brillation (VF). Conservative estimates indicate 
that, in the US. alone, each year over one million Americans 
Will have a neW or recurrent coronary attack (de?ned as 
myocardial infarction or fatal coronary heart disease). About 
650,000 of these cases Will be ?rst heart attacks and 450,000 
of these Will be recurrent attacks. About one-third of individu 
als experiencing these attacks Will die as a result. At least 
250,000 people a year die of coronary heart disease Within 1 
hour of the onset of symptoms and before they reach adequate 
medical aid. These are sudden deaths caused by cardiac 
arrest, usually resulting from ventricular ?brillation. 
[0006] Atrial ?brillation (AF) is the most common arrhyth 
mia seen in clinical practice and is a cause of morbidity in 
many individuals (Pritchett E. L., N. Engl. J. Med. 327(14): 
1031 Oct. 1, 1992, discussion 1031-2; Kannel and Wolf, Am. 
HeartJ 123(1):264-7 January 1992). The prevalence ofAF is 
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likely to increase as the population ages and it is estimated 
that 3-5% of patients over the age of 60 years have AF (Kan 
nel W. B., Abbot R. D., Savage D. D., McNamara P. M., N. 
Engl. J. Med. 306(17):1018-22, 1982; Wolf P. A., Abbot R. 
D., Kannel W. B., Stroke 22(8):983-8, 1991). While AF is 
rarely fatal, it can impair cardiac function and is a major cause 
of stroke (Hinton R. C., Kistler J. P., Fallon J. T., Friedlich A. 
L., Fisher C. M.,Am. J. Cardiol. 40(4):509-13, 1977; WolfP. 
A., Abbot R. D., Kannel W. B., Arch. Intern. Med. 147(9): 
1561-4, 1987; WolfP. A., Abbot R. D., Kannel W. B., Stroke 
22(8):983-8, 1991; Cabin H. S., Clubb K. S., Hall C., Per 
lmutter R.A., FeinsteinA. R.,Am. J. Cardiol. 65(16): 1 1 12-6, 
1990). 
[0007] Antiarrhythmic agents have been developed to pre 
vent or alleviate cardiac arrhythmia. For example, Class I 
antiarrhythmic compounds have been used to treat supraven 
tricular arrhythmias and ventricular arrhythmias. Treatment 
of ventricular arrhythmia is very important since such an 
arrhythmia can be fatal. Serious ventricular arrhythmias (ven 
tricular tachycardia and ventricular ?brillation) occur most 
often in the presence of myocardial ischemia and/or infarc 
tion. Ventricular ?brillation often occurs in the setting of 
acute myocardial ischemia, before infarction fully develops. 
At present, there is no satisfactory pharmacotherapy for the 
treatment and/ or prevention of ventricular ?brillation during 
acute ischemia. In fact, many Class I antiarrhythmic com 
pounds may actually increase mortality in patients Who have 
had a myocardial infarction. 

[0008] Class Ia, Ic and III antiarrhythmic drugs have been 
used to convert recent onset AF to sinus rhythm and prevent 
recurrence of the arrhythmia (Fuch and Podrid, 1992; Nattel 
S., Hadjis T., Talajic M., Drugs 48(3):345-71, 1994). HoW 
ever, drug therapy is often limited by adverse effects, includ 
ing the possibility of increased mortality, and inadequate 
e?icacy (Feld G. K., Circulation 83(6):2248-50, 1990; 
Coplen S. E., Antman E. M., Berlin J. A., HeWitt P., Chalmers 
T. C., Circulation 1991; 83(2):714 and Circulation 82(4): 
1106-16, 1990; Flaker G. C., Blackshear J. L., McBride R., 
Kronmal R. A., Halperin J. L., Hart R. G., J. Am. Coll. Car 
diol. 20(3):527-32, 1992; CAST, N. Engl. J. Med. 321:406, 
1989; Nattel S., Cardiovasc. Res. 37(3):567-77, 1998). Con 
version rates for Class I antiarrhythmics range betWeen 
50-90% (Nattel S., Hadjis T., Talajic M., Drugs 48(3):345-71, 
1994; Steinbeck G., Remp T., Hoffmann E., J. Cardiovasc. 
Electrophysiol. 9(8 Suppl):S104-8, 1998). Class III antiar 
rhythmics appear to be more effective for terminating atrial 
?utter than for AF and are generally regarded as less effective 
than Class I drugs for terminating of AF (N attel S., Hadjis T., 
Talajic M., Drugs 48(3):345-71, 1994; Capucci A., Aschieri 
D., Villani G. Q., DrugsAging 13(1):51-70, 1998). Examples 
of such drugs include ibutilide, dofetilide and sotalol. Con 
version rates for these drugs range betWeen 30-50% for recent 
onsetAF (CapucciA.,Aschieri D.,Villani G. Q., DrugsAging 
13(451-70, 1998), and they are also associated With a risk of 
the induction of Torsades de Pointes ventricular tachyarrhyth 
mias. For ibutilide, the risk of ventricular proarrhythmia is 
estimated at ~4.4%, With ~1.7% of patients requiring cardio 
version for refractory ventricular arrhythmias (KoWey P. R., 
VanderLugt J. T., Luderer J. R., Am. J. Cardiol. 78(8A):46 
52, 1996). Such events are particularly tragic in the case ofAF 
as this arrhythmia is rarely a fatal in and of itself. 

[0009] There remains a need in the art to identify neW 
antiarrhythmic treatments, for both ventricular arrhythmias 
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as Well as for atrial arrhythmias. The present invention ful?lls 
this need, and further provides other related advantages. 

Related Literature 

[0010] Certain ion channel modulating compounds of 
interest to the present invention are disclosed and described in 
PCT Published PatentApplication No. WO 1999/ 50225; PCT 
Published Patent Application No. WO 2000/047547; PCT 
Published Patent Application No. WO 2004/098525; PCT 
Published Patent Application No. WO 2004/099137; PCT 
Published Patent Application No. WO 2005/018635; and 
Us. Published Patent Application No. US2005002693, the 
disclosures of Which are incorporated in full by reference 
herein. 

SUMMARY OF THE INVENTION 

[0011] In one aspect, this invention is directed to PEGy 
lated derivatives of an ion channel modulating compound 
comprising one or more PEG moieties attached to an ion 
channel modulating compound. 
[0012] In another aspect, this invention is directed to phar 
maceutical compositions comprising a PEGylated derivative 
of the invention and a pharmaceutically acceptable excipient. 
[0013] In another aspect, this invention is directed to meth 
ods of treating arrhythmia in a subject in need thereof, 
Wherein the methods comprise administering to the subject a 
therapeutically effective amount of a PEGylated derivative of 
the invention or a pharmaceutical composition comprising a 
PEGylated derivative of the invention. 
[0014] In another aspect, this invention is directed to meth 
ods for modulating ion channel activity in a subject, Wherein 
the methods comprise administering to the subject a thera 
peutically effective amount of a PEGylated derivative of the 
invention or a pharmaceutical composition comprising a 
PEGylated derivative of the invention. 
[0015] In another aspect, this invention is directed to meth 
ods for modulating ion channel activity in vitro, Wherein the 
methods comprise utiliZing a PEGylated derivative of the 
invention. 
[0016] In another aspect, this invention is directed to drug 
conjugates comprising an ion channel modulating compound 
and an additional drug moiety. 
[0017] In another aspect, this invention is directed to phar 
maceutical compositions comprising a drug conjugate of the 
invention and a pharmaceutically acceptable excipient. 
[0018] In another aspect, this invention is directed to meth 
ods of treating arrhythmia in a subject in need thereof, 
Wherein the methods comprise administering to the subject a 
therapeutically effective amount of a drug conjugate of the 
invention or a pharmaceutical composition comprising a drug 
conjugate of the invention. 
[0019] In another aspect, this invention is directed to meth 
ods for modulating ion channel activity in a subject, Wherein 
the methods comprise administering to the subject an effec 
tive amount of a drug conjugate of the invention or a pharma 
ceutical composition comprising a drug conjugate of the 
invention. 
[0020] In another aspect, this invention is directed to meth 
ods for modulating ion channel activity in vitro, Wherein the 
methods comprise utiliZing a drug conjugate of the invention. 
[0021] In another aspect, this invention is directed to isoto 
pic ion channel modulating compounds comprising an ion 
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channel modulating compound Wherein at least one atom of 
the ion channel modulating compound is substituted With a 
stable isotope thereof. 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] As disclosed Within the present invention, a variety 
of cardiac pathological conditions may be treated and/or pre 
vented by the use of one or more of the compounds disclosed 
herein that, either singly or together With one or more addi 
tional therapeutic agents, are able to selectively inhibit certain 
combination of cardiac ionic currents. More speci?cally, the 
cardiac currents referred to above are the sodium currents and 
early repolarising currents. 
[0023] Early repolarising currents correspond to those car 
diac ionic currents Which activate rapidly after depolarization 
of membrane voltage and Which effect repolarisation of the 
cell. Many of these currents are potassium currents and may 
include, but are not limited to, the transient outWard current 
Itol such as Kv4.2 and Kv4.3), and the ultrarapid delayed 
recti?er current (I KW) such as Kvl .5, Kvl .4 and Kv2.l). The 
ultrarapid delayed recti?er current (I KW) has also been 
described as ISMS. A second calcium dependent transient out 
Ward current (L02) has also been described. 
[0024] The cardiac pathological conditions that may be 
treated and/or prevented by the compounds of the present 
invention may include, but are not limited to, arrhythmias 
such as the various types of atrial and ventricular arrhythmias. 
[0025] Of particular interest to the present invention are the 
ion channel modulating compounds disclosed in PCT Pub 
lished Patent Application No. WO 1999/50225; PCT Pub 
lished Patent Application No. WO 2000/047547; PCT Pub 
lished Patent Application No. WO 2004/098525; PCT 
Published Patent Application No. WO 2004/099137; PCT 
Published Patent Application No. WO 2005/018635; and 
Us. Published Patent Application No. US2005002693; the 
disclosures of Which are incorporated in full herein by refer 
ence in their entireties. 

A. De?nitions 

[0026] In accordance With the present invention and as used 
herein, the folloWing terms are de?ned to have the folloWing 
meanings, unless explicitly stated otherwise: 
[0027] “Acyl” refers to branched or unbranched hydrocar 
bon fragments terminated by a carbonyl i(C:O)i group 
containing the speci?ed number of carbon atoms. Examples 
include acetyl [CH3(C:O)i, a C2acyl] and propionyl 
[CH3CH2(C:O)i, a C3acyl]. 
[0028] “Alkanoyloxy” refers to an ester substituent 
Wherein the ether oxygen is the point of attachment to the 
molecule. Examples include propanoyloxy [(CH3CH2 
(C:O)iOi, a C3alkanoyloxy] and ethanoyloxy [CH3 
(C:O)iOi, a C2alkanoyloxy]. 
[0029] “Alkoxy” refers to an O-atom substituted by an alkyl 
group, for example, methoxy [4OCH3, a Clalkoxy]. 
[0030] “Alkoxyalkyl” refers to an alkylene group substi 
tuted With an alkoxy group. For example, methoxyethyl 
[CH3OCH2CH2i] and ethoxymethyl (CH3CH2OCH2i] 
are both C3alkoxyalkyl groups. 
[0031] “Alkoxycarbonyl” refers to an ester substituent 
Wherein the carbonyl carbon is the point of attachment to the 
molecule. Examples include ethoxycarbonyl [CH3CH2O 
(C:O)i, a C3alkoxycarbonyl] and methoxycarbonyl 
[CH3O(C:O)i, a C2alkoxycarbonyl]. 
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[0032] “Alkyl” refers to a branched or unbranched hydro 
carbon fragment containing the speci?ed number of carbon 
atoms and having one point of attachment. Examples include 
n-propyl (a C3alkyl), iso-propyl (also a C3alkyl), and t-butyl 
(a C4alkyl). 
[0033] “Alkylene” refers to a divalent radical Which is a 
branched or unbranched hydrocarbon fragment containing 
the speci?ed number of carbon atoms, and having tWo points 
of attachment. An example is propylene [4CH2CH2CH2i, 
a C3alkylene]. 
[0034] “Alkylcarboxy” refers to a branched or unbranched 
hydrocarbon fragment terminated by a carboxylic acid group 
[4COOH]. Examples include carboxymethyl [HOOCi 
CHzi, a C2alkylcarboxy] and carboxyethyl [HOOCi 
CH2CH2i, a C3alkylcarboxy]. 
[0035] “Aryl” refers to aromatic groups Which have at least 
one ring having a conjugated pi electron system and includes 
carbocyclic aryl, heterocyclic aryl (also knoWn as heteroaryl 
groups) and biaryl groups, all of Which may be optionally 
substituted. Carbocyclic aryl groups are generally preferred 
in the compounds, Where phenyl and naphthyl groups are 
preferred carbocyclic aryl groups. 
[0036] “Aralkyl” refers to an alkylene group Wherein one of 
the points of attachment is to an aryl group. An example of an 
aralkyl group is the benZyl group [C6H5CH2i, a C7aralkyl 
group]. 
[0037] “Cycloalkyl” refers to a ring, Which may be satu 
rated or unsaturated and monocyclic, bicyclic, or tricyclic 
formed entirely from carbon atoms. An example of a 
cycloalkyl group is the cyclopentenyl group (C5H7i), Which 
is a ?ve carbon (C5) unsaturated cycloalkyl group. 
[0038] “Carbocyclic” refers to a ring Which may be either 
an aryl ring or a cycloalkyl ring, both as de?ned above. 
[0039] “Carbocyclic aryl” refers to aromatic groups 
Wherein the atoms Which form the aromatic ring are carbon 
atoms. Carbocyclic aryl groups include monocyclic carbocy 
clic aryl groups such as phenyl, and bicyclic carbocyclic aryl 
groups such as naphthyl, all of Which may be optionally 
substituted. 
[0040] “Heteroatom” refers to a non-carbon atom, Where 
boron, nitrogen, oxygen, sulfur and phosphorus are preferred 
heteroatoms, With nitrogen, oxygen and sulfur being particu 
larly preferred heteroatoms. 
[0041] “Heteroaryl” refers to aryl groups having from 1 to 
9 carbon atoms and the remainder of the atoms are heteroat 
oms, and includes those heterocyclic systems described in 
“Handbook of Chemistry and Physics,” 49th edition, 1968, R. 
C. Weast, editor; The Chemical Rubber Co., Cleveland, Ohio. 
See particularly Section C, Rules for Naming Organic Com 
pounds, B. Fundamental Heterocyclic Systems. Suitable het 
eroaryls include furanyl, thienyl, pyridyl, pyrrolyl, pyrimidyl, 
pyraZinyl, imidaZolyl, and the like. 
[0042] “Hydroxyalkyl” refers to a branched or unbranched 
hydrocarbon fragment bearing a hydroxy (40H) group. 
Examples include hydroxymethyl (iCHZOH, a 
C lhydroxyalkyl) and l-hydroxyethyl (4CHOHCH3, a 
C2hydroxyalkyl). 
[0043] “Thioalkyl” refers to a sulfur atom substituted by an 
alkyl group, for example thiomethyl (CH3Si, a 
C lthioalkyl). 
[0044] “Modulating” in connection With the activity of an 
ion channel means that the activity of the ion channel may be 
either increased or decreased in response to administration of 
a compound or composition or method described herein. 
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Thus, the ion channel may be activated, so as to transport 
more ions, or may be blocked, so that feWer or no ions are 
transported by the channel. 
[0045] As used in this patent application, a “subject” may 
generally be any human or non-human animal that Would 
bene?t from the methods described in this application. In one 
version of the methods, a subject is a human subject. In some 
versions of the methods, a subject is a Warm-blooded animal. 
In some versions of the methods, a subject is a mammal. In 
some versions, the subject is any domestic animal, including, 
but not limited to dogs and cats. In some versions, the subject 
is any livestock animal, including but not limited to horses, 
pigs and cattle. In some versions, the subject is any ZOO 
animal, including but not limited to Bengal tigers. 
[0046] As used in this patent application, unless the context 
makes clear otherWise, “treatment,” and similar Word such as 
“treated,” “treating” etc., is an approach for obtaining bene? 
cial or desired results, including and preferably clinical 
results. Treatment can involve optionally either the ameliora 
tion of symptoms of the disease or condition, or the delaying 
of the progression of the disease or condition. 
[0047] As used in this patent application, unless the context 
makes clear otherWise, “prevention,” and similar Word such 
as “prevented,” “preventing” etc., is an approach for prevent 
ing the onset of a disease or condition or preventing the 
occurrence of the symptoms of a disease or condition, or 
optionally an approach for delaying the onset of a disease or 
condition or delaying the occurrence of the symptoms of a 
disease or condition. As used herein, “prevention” and similar 
Words also includes reducing the intensity, effect, symptoms 
and/or burden of a disease or condition prior to onset of the 
disease or condition. 

[0048] As used in this patent application, an “effective 
amount” or a “therapeutically effective amount” of a sub 
stance is that amount su?icient to affect a desired biological 
effect, such as bene?cial results, including clinical results. 
[0049] As used in this patent application, unless the context 
makes clear otherWise, “inhibition” and similar Words such as 
“inhibit” of any ion channel means any decrease in current 
through that channel. When “inhibition” is used in the context 
of a speci?ed concentration, it is determined by the ICSO. For 
example, an ion channel modulating compound Which inhib 
its an ion channel at a concentration of 1 uM, the ion channel 
may be said to have an IC5O of 1 [1M for that ion channel 
modulating compound. This example is for illustrative pur 
poses only and is in no Way intended to be limiting. 
[0050] As used in this patent application, unless the context 
makes clear otherWise, “ICSO” or “ICSO concentration” means 
a drug concentration at Which the speci?ed current amplitude 
(peak or steady-state, or integrated current) is inhibited by 
50%. 

[0051] As used in this patent application, unless the context 
makes clear otherWise, “blocking” or “block” of an ion chan 
nel means any block or inhibition of current through that ion 
channel. 
[0052] As used in this patent application, unless the context 
makes clear otherWise, “recovery time constant of inhibition” 
refers to a time constant at Which recovery of current ampli 
tude occurs, presumed to re?ect dissociation of a drug from 
its binding site, as for example, a sodium channel When the 
stimulus rate is decreased from 10 HZ to 1 Hz. 

[0053] “Pharmaceutically acceptable carriers” for thera 
peutic use are Well knoWn in the pharmaceutical art, and are 
described, for example, in Remington ’s Pharmaceutical Sci 
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ences, Mack Publishing Co. (current edition). For example, 
sterile saline and phosphate-buffered saline at physiological 
pH may be used. Preservatives, stabilizers, dyes and even 
?avoring agents may be provided in the pharmaceutical com 
position. For example, sodium benZoate, sorbic acid and 
esters of p-hydroxybenZoic acid may be added as preserva 
tives. In addition, antioxidants and suspending agents may be 
used. 
[0054] “Pharmaceutically acceptable salt” refers to salts of 
a compound of the invention derived from the combination of 
such compounds and an organic or inorganic acid (acid addi 
tion salts) or an organic or inorganic base (base addition salts) 
Which retain the biological effectiveness and properties of the 
compounds of the present invention and Which are not bio 
logically or otherWise undesirable. The compounds of the 
invention described herein may be used in either the free base 
or salt forms, With both forms being considered as being 
Within the scope intended herein. Pharmaceutically-accept 
able salts of the compounds of the invention include, but are 
not limited to, amine salts, such as but not limited to N,N' 
dibenZylethylenediamine, chloroprocaine, choline, ammo 
nia, diethanolamine and other hydroxyalkylamines, ethylene 
diamine, N-methylglucamine, procaine, 
N-benZylphenethylamine, l-para-chloro-benZyl-2-pyrroli 
din-l'-ylmethylbenZimidaZole, diethylamine and other alky 
lamines, piperaZine and tris(hydroxymethyl)aminomethane; 
alkali metal salts, such as but not limited to lithium, potassium 
and sodium; alkali earth metal salts, such as but not limited to 
barium, calcium and magnesium; transition metal salts, such 
as but not limited to Zinc, aluminum, and other metal salts, 
such as but not limited to sodium hydrogen phosphate and 
disodium phosphate; and also including, but not limited to, 
salts of mineral acids, such as but not limited to hydrochloride 
and sulfates; and salts of organic acids, such as but not limited 
to acetates, lactates, malates, tartrates, citrates, ascorbates, 
succinates, butyrates, valerates and fumarates. Other 
examples of pharmaceutically acceptable salt include but not 
limited to those described in for example: “Handbook of 
Pharmaceutical Salts, Properties, Selection, and Use”, P. Hei 
nrich Stahl and Camille G. Werrnuth (Eds.), Published by 
VHCA (SWitZerland) and Wiley-VCH (FRG), 2002. 
[0055] “Prodrug” refers to a compound that, upon in vivo 
administration, is metaboliZed by one or more steps or pro 
cesses or otherWise converted to the biologically, pharmaceu 
tically or therapeutically active form of the compound. To 
produce a prodrug, the pharmaceutically active compound is 
modi?ed such that the active compound Will be regenerated 
by metabolic processes. The prodrug may be designed to alter 
the metabolic stability or the transport characteristics of a 
drug, to mask side effects or toxicity, to improve the ?avor of 
a drug or to alter other characteristics or properties of a drug. 
By virtue of knoWledge of pharmacodynamic processes and 
drug metabolism in vivo, those of skill in this art, once a 
pharmaceutically active compound is knoWn, can design pro 
drugs ofthe compound (see, e.g., Nogrady (1985) Medicinal 
Chemistry A Biochemical Approach, Oxford University 
Press, NeW York, pages 388-392). 
[0056] When the compounds described herein contain ole 
?nic double bonds or other centers of geometric asymmetry, 
and unless speci?ed otherWise, it is intended that the com 
pounds include both E and Z geometric isomers. LikeWise, all 
tautomeric forms are also intended to be included. 

[0057] It is also to be understood that the compounds 
described herein may contain chiral centers. Such chiral cen 
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ters may be of either the (R) or (S) con?guration, or may be a 
mixture thereof. Thus, the compounds provided herein may 
be enantiomerically pure, or be stereoisomeric or diastereo 
meric mixtures. In the case of amino acid residues, such 
residues may be of either the L- or D-form. The con?guration 
for naturally occurring amino acid residues is generally L. 
When not speci?ed the residue is the L form. As used herein, 
the term “amino acid” refers to ot-amino acids Which are 
racemic, or of either the D- or L-con?guration. The designa 
tion “d” preceding an amino acid designation (e.g., dAla, 
dSer, dVal, etc.) refers to the D-isomer of the amino acid. The 
designation “dl” preceding an amino acid designation (e.g., 
dlPip) refers to a mixture of the L- and D-isomers of the 
amino acid. It is to be understood that the chiral centers of the 
compounds provided herein may undergo epimeriZation in 
vivo. As such, one of skill in the art Will recogniZe that 
administration of a compound in its (R) form is equivalent, for 
compounds that undergo epimeriZation in vivo, to adminis 
tration of the compound in its (S) form. 
[0058] For purposes of this invention, When a bond is indi 
cated in a formula as a Wavy line, such as the bond betWeen 
the oxygen atom and cyclopentyl moiety in compound of 
formula (IA), it is meant to indicate a bond Which can give rise 
to either R or S stereochemistry. 
[0059] FolloWing the standard chemical literature descrip 
tion practice and as used in this patent, a full Wedge bond 
means above the ring plane, and a dashed Wedge bond means 
beloW the ring plane; one full bond and one dashed bond (i.e., 
- - - - - )means a trans con?guration, Whereas tWo full bonds 

or tWo dashed bonds means a cis con?guration. 

[0060] In the formulae depicted herein, a bond to a substitu 
ent and/or a bond that links a molecular fragment to the 
remainder of a compound may be shoWn as intersecting one 
or more bonds in a ring structure. This indicates that the bond 
may be attached to any one of the atoms that constitutes the 
ring structure, so long as a hydrogen atom could otherWise be 
present at that atom. Where no particular substituent(s) is 
identi?ed for a particular position in a structure, then hydro 
gen(s) is present at that position. 
[0061] Optically active (+) and (—), (R)- and (S)-, or (D) 
and (L)-isomers may be prepared using chiral synthons or 
chiral reagents, or resolved using conventional techniques, 
such as reverse phase HPLC. 

[0062] Thus, in the description of the compounds of formu 
lae (I), (IA) and (IX) and Compound A, as described herein, 
all enantiomeric and diastereomeric forms of the compounds 
are intended. Pure stereoisomers, mixtures of enantiomers 
and/or diastereomers, and mixtures of different ion channel 
modulating compounds are described. The compounds of of 
formulae (I), (IA) and (IX) may therefore occur as racemates, 
racemic mixtures and as individual diastereomers or enanti 
omers With all isomeric forms being included in the present 
invention. A racemate or racemic mixture does not imply a 
50:50 mixture of stereoisomers. Where a given structural 
formula or chemical name is presented for a compound of 
formulae (I), (IA) and (IX) it is intended that all possible 
solvates, pharmaceutically acceptable salts, esters, amides, 
complexes, chelates, stereoisomers, geometric isomers, crys 
talline or amorphous forms, metabolites, metabolic precur 
sors or prodrugs of the compound are also separately 
described by the chemical structural formula or chemical 
name. 

[0063] As used herein, substantially pure means su?i 
ciently homogeneous to appear free of readily detectable 
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impurities as determined by standard methods of analysis, 
such as thin layer chromatography (TLC), gel electrophore 
sis, high performance liquid chromatography (HPLC) and 
mass spectrometry (MS), used by those of skill in the art to 
assess such purity, or suf?ciently pure such that further puri 
?cation Would not detectably alter the physical and chemical 
properties, such as enZymatic and biological activities, of the 
substance. Methods for puri?cation of the compounds to 
produce substantially chemically pure compounds are knoWn 
to those of skill in the art. A substantially chemically pure 
compound may, hoWever, be a mixture of stereoisomers. In 
such instances, further puri?cation might increase the spe 
ci?c activity of the compound. 
[0064] The compounds of the invention may contain an 
“aminocycloalkyl ether moiety”, i.e., the folloWing moiety: 

#1 
Where n is 0, 1, 2, or 3. As used herein, the term “aminocy 
cloalkyl ether moiety” includes compounds Wherein the 
cycloalkyl group is a cyclohexyl group, such as in compounds 
of formula (I), formula (IA) and Compound A disclosed 
herein, and includes compounds Wherein the cycloalkyl 
group is a cyclopentyl, cycloheptyl or cyclooctyl group, such 
as in compounds of formula (IX) disclosed herein. 
[0065] As used in this patent application, “equivalently 
inhibits” and “equivalently inhibited” means equally inhibits 
or equally inhibited. In one version, equivalently inhibits 
means that there is no statistically signi?cant difference in 
inhibition of currents resulting from application of an ion 
channel modulating compound. For example, the early and 
sustained sodium currents are equivalently inhibited if there 
is no statistically signi?cant difference in the effect of an ion 
channel modulating compound on early and sustained 
sodium currents. 

[0066] As used in this patent application, “rapidly associ 
ated and dissociated” means that a compound has blocking 
and unblocking kinetics of the ‘fast-on, fast-off form such as 
the ‘fast-on, fast-off kinetics de?ned by Carmeliet and 
MubagWa (Prog. Biophys. Molec. Biol. 70, 1-72, 1998). For 
example, an ion channel modulating compound rapidly asso 
ciates and dissociates from sodium channels Where the ion 
channel modulating compound has ‘fast-on, fast-off kinetics 
as de?ned by Carmeliet and MubagWa. 

[0067] As used in this patent application, “rate-indepen 
dent and use-independent” inhibition means inhibition that is 
predominantly heart rate and/or stimulus rate and use-inde 
pendent such that there is no statistically signi?cant effect of 
steady-state or transient changes in heart rate or stimulus rate 
With respect to the inhibition. For example, an ion channel 
modulating compound that inhibits Kvl channels in a “rate 
independent and use-independent” manner means that there 
is no in?uence of the heart rate or stimulus rate on the amount 
of inhibition produced by the ion channel modulating com 
pound on Kvl channels. 
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[0068] As used in this patent application, “affects atrial 
repolariZing currents” means “has a statistically signi?cant 
effect on atrial repolariZing current amplitudes.” 
[0069] As used in this patent application, “prolongs atrial 
refractoriness” means “has a statistically signi?cant prolong 
ing effect on atrial refractoriness.” 
[0070] As used in this patent application, “has substantially 
no effect on ventricular tissue” means “has no statistically 
signi?cant effect on normal human ventricular action poten 
tial duration or refractoriness.” Any apparent difference in 
effect, therefore, is attributed to intrinsic variability, such as in 
one aspect, less than a 10% difference. 
[0071] As used in this patent application, “does not sub 
stantially sloW conduction” means “has no statistically sig 
ni?cant effect on sloWing conduction in the ventricles.” As 
such, any apparent difference in effect, therefore, is attributed 
to intrinsic variability. In one aspect, the ion channel modu 
lating compound has no statistically signi?cant effect on the 
sloWing of conduction Wherein the compound produces less 
than a 15%, preferably less than a 10%, increase in cardiac 
QRS duration at physiological heart rates. 
[0072] As used in this patent application, “rate-dependent 
inhibition” of an ion channel means that the level of inhibition 
of the ion channel changes With the frequency of stimulation. 
[0073] The term “QT interval” is used as is knoWn in the art; 
for example, the QT interval as measured from an electrocar 
diogram. As used herein, unless the context makes clear oth 
erWise, the term “prolongs” or “prolong” generally means 
extends or lengthens as in duration. 
[0074] The term “antiarrhythmic” is used as is knoWn in the 
art; for example, as a compound Which prevents or alleviates 
irregularities in heart rate. 
[0075] The term “induces” as used herein, unless the con 
text indicates otherWise, generally means to stimulate the 
occurrence of. 

[0076] The term “chemically induced” or “chemically 
induces” is used as is knoWn in the art. As used herein, unless 
the context makes clear otherWise, the term “terminating” or 
“terminates” generally means to bring to an end or to halt. 

B. Compounds of Formula (I), (IA), (IX) and 
Compound A 

[0077] The present invention utiliZes ion channel modulat 
ing compounds. Generally, any compound that modulates ion 
channel activity may by an ion channel modulating com 
pound. A compound that modulates ion channel activity may 
be a compound that increases or decreases ion channel activ 
ity. An ion channel modulating compound that decreases ion 
channel activity may be a compound that blocks ion channel 
activity completely or partially. 
[0078] In another version, any compound that either singly 
or together With one or more additional compounds selec 
tively inhibit certain combination of cardiac ionic currents is 
an ion channel modulating compound. The cardiac currents 
may be the sodium currents and early repolariZing currents. 
Ion channel modulating compounds may block cardiac cur 
rents from extracellular loci. Such compounds act on an exter 
nal locus of the ion channel that is accessible from the extra 
cellular surface. This facilitates access to the ion channel and 
provides rapid onset kinetics and exhibits frequency depen 
dent blockade of currents. Such properties are all bene?cial 
for compounds used to treat arrhythmias. An ion channel 
modulating compound may selectively inhibit cardiac early 
repolariZing currents and cardiac sodium currents. Ion chan 
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nel modulating compounds may be used to selectively inhibit 
cardiac early repolariZing currents and cardiac sodium cur 
rents under conditions Where an “arrhythmogenic substrate” 
is present in the heart. An “arrhythmogenic substrate” is 
characterized by a reduction in cardiac action potential dura 
tion and/or changes in action potential morphology, prema 
ture action potentials, high heart rates and may also include 
increased variability in the time betWeen action potentials and 
an increase in cardiac milieu acidity due to ischaemia or 
in?ammation. Changes such as these are observed during 
conditions of myocardial ischaemia or in?ammation and 
those conditions that precede the onset of arrhythmias such as 
atrial ?brillation. An ion channel modulating compound may 
be an atrial selective agent. An ion channel modulating com 
pound may treat or prevent ventricular arrhythmia. An ion 
channel modulating compound may block cardiac sodium 
currents or cardiac early repolariZing currents. An ion channel 
modulating compound may inhibit multiple cardiac ionic 
currents. An ion channel modulating compound may be used 
to treat or prevent arrhythmic, including ventricular or atrial 
arrhythmia, particularly atrial ?brillation. 
[0079] The ion channel modulating compounds may block 
the cardiac ion channels responsible for early repolariZing 
currents and sodium currents; and/or block cardiac early 
repolariZing currents and cardiac sodium currents under con 
ditions Where an arrhythmogenic substrate is present in the 
heart; and/or block the cardiac ion channels responsible for 
early repolariZing currents and sodium currents under condi 
tions Where an arrhythmogenic substrate is present in the 
heart; and/or block cardiac early repolariZing currents and 
cardiac sodium currents from extracellular loci in cardiac 
cells. 

[0080] In one variation, the cardiac early repolariZing cur 
rents referred to above comprise ionic currents Which activate 
rapidly after depolariZation of membrane voltage and Which 
effect repolariZation of the cell. The early repolariZing cur 
rents may comprise the cardiac transient outWard potassium 
current (Ito) and/ or the ultrarapid delay recti?er current (I KW). 
The cardiac transient outWard potassium current (Ito) and/or 
the ultrarapid delay recti?er current (IKW) may comprise at 
least one of the Kv4.2, Kv4.3, Kv2.l, Kvl .4 and Kvl .5 cur 
rents. 

[0081] Ion channel modulating compounds may generally 
have any pKa, hoWever ion channel modulating compounds 
typically have pKa values of betWeen 4-9, and may have pKa 
values that are less than 8, including pKa values betWeen 
5 -7 .5. Methods to determine pKa values are Well knoWn in the 
art (see, e.g., Perrin, “Dissociation Constants of Organic 
Bases in Aqueous Solution”, ButterWorth, London, 1972). 
For ion channel modulating compounds With the speci?c 
ranges of pKa described above, the fraction of the charged 
(protonated) species Will be increased under the pathological 
conditions such as cardiac arrhythmias and the presence of an 
arrhythmogenic substrate in the heart as described above due 
to the increase in cardiac milieu acidity. Where the charged 
form of a compound is active, its potency increases under 
conditions associated With an increase in cardiac milieu acid 
ity. 
[0082] Particular ion channel modulating compounds have 
structural characteristics that may be determined by various 
physical methods, such as single crystal X-ray crystallogra 
phy. For instance, some ion channel modulating compounds 
comprise a cycloalkane ring and substituents J and K as 
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shoWn beloW in structure T, Wherein the relative positions of 
J and K provide a “C” shaped angle and Wherein n:l, 2, 3 or 
4. 

(T) 

[0083] Typically, one of J and K comprises a hydrophobic 
moiety, such as but not limited to a moiety comprising alkyl 
and/or aryl moieties. In one variation, one of J and K com 
prises a hydrophobic aromatic moiety, Which may be attached 
to the cycloalkane ring of structure T via an ether bond. 
Typically, one of J and K comprises a hydrophilic moiety, 
such as a heteroatom containing moiety, including but not 
limited to a nitrogen containing moiety that is available to 
form a quaternary salt and/ or a hydroxyl moiety. In one varia 
tion, one of J and K comprises a nitrogen containing moiety 
substituted With a hydroxyl moiety or the like, such as a 
pyrrolidinyl moiety. In a particular variation of structure T, 
n:2, J comprises an aromatic moiety and K comprises a 
nitrogen containing moiety substituted With a hydroxyl moi 
ety or the like. The cycloalkane ring may be optionally sub 
stituted. In one version, the cycloalkane ring may be replaced 
by a structural moiety imparting rigidity to the relative posi 
tions of the J and K groups. For example if the J and K groups 
are attached to atoms L and M that are directly bonded to each 
other, any group that does not alloW substantial rotation about 
the bond betWeen atoms L and M can impart rigidity to the 
relative positions of the J and K groups. For example, the ion 
channel modulating compound may be a compound of for 
mula 

[0084] Where J and K are as described above and groups P 
and R are moieties such that there is not substantial rotation 
about the L-M bond. In one example P and R are taken 
together form a cyclic moiety that prevents substantial rota 
tion about the L-M bond. 
[0085] In one version, the ion channel modulating com 
pound comprises an amino substituted 5, 6, 7 or 8-membered 
ring, Which may be a 5, 6, 7, or 8-membered substituted or 
unsubstituted cycloalkyl ring. The amino substituted cycloal 
kane ring may be an aminocyclohexyl ring and may be further 
substituted With one or more additional moieties. In one ver 

sion, the amino substituted cycloalkane ring is further substi 
tuted With an ether moiety. In some instances, the ion channel 
modulating compound comprises an aminocyclohexyl ring 
that is further substituted With an ether moiety. 
[0086] In another, the ion channel modulating compound is 
a protonated version of any of the ion channel modulating 
compounds described herein. That is, for each ion channel 
modulating compound described herein, the quaternary pro 
tonated amine form of the compound may also be considered 
as an amino ion channel modulating compound. These qua 
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ternary protonated amine forms of the compounds may be 
present in the solid phase, for example in crystalline or amor 
phous form, and may be present in solution. These quaternary 
protonated amine forms of the compounds may be associated 
With pharmaceutically acceptable anionic counter ions, 
including but not limited to those described in for example: 
“Handbook of Pharmaceutical Salts, Properties, Selection, 
and Use”, P. Heinrich Stahl and Camille G. Wermuth (Eds), 
Published by VHCA (Switzerland) and Wiley-VCH (FRG), 
2002. 

[0087] In one aspect, the present invention utiliZes ion 
channel modulating compounds of formula (I), or solvates or 
pharmaceutically acceptable salts thereof: 

(1) 

[0088] Wherein, independently at each occurrence, 
[0089] X is selected from a direct bond, 4C(R6,Rl4)i 
Yi and 4C(Rl3):CHi, With the proviso that When X is a 
direct bond and A is formula (III), then at least one of R7, R8 
and R9 is not hydrogen; 
[0090] Y is selected from a direct bond, 0, S and 
Cl-C4alkylene; 
[0091] R13 is selected from hydrogen, Cl-C6alkyl, 
C3-C8cycloalkyl, aryl and benZyl; 
[0092] R1 and R2 are independently selected from hydro 
gen, C l-Csalkyl, C3 -C8alkoxyalkyl, C l-Cshydroxyalkyl, and 
C7-Cl2aralkyl; or 

[0093] R1 and R2, When taken together With the nitrogen 
atom to Which they are directly attached in formula (1), form 
a ring denoted by formula (II): 

(II) 
/“ R1 

KR? 
Wherein the ring of formula (II) is formed from the nitrogen as 
shoWn as Well as three to nine additional ring atoms indepen 
dently selected from carbon, nitrogen, oxygen, and sulfur; 
Where any tWo adjacent ring atoms may be joined together by 
single or double bonds, and Where any one or more of the 
additional carbon ring atoms may be substituted With one or 
tWo substituents selected from hydrogen, hydroxy, 
C l-C3hydroxyalkyl, oxo, C2-C4acyl, C l-C3alkyl, 
C2-C4alkylcarboxy, C l-C3alkoxy, C l-C2Oalkanoyloxy, or 
may be substituted to form a spiro ?ve- or six-membered 
heterocyclic ring containing one or tWo heteroatoms selected 
from oxygen and sulfur; and any tWo adjacent additional 
carbon ring atoms may be fused to a C3-C8carbocyclic ring, 
and any one or more of the additional nitrogen ring atoms may 
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be substituted With substituents selected from hydrogen, 
Cl-C6alkyl, C2-C4acyl, C2-C4hydroxyalkyl and 
C3-C8alkoxyalkyl; or 

[0094] R1 and R2, When taken together With the nitrogen 
atom to Which they are directly attached in formula (I), may 
form a bicyclic ring system selected from 3-aZabicyclo[3.2. 
2]nonan-3-yl, 2-aZabicyclo[2.2.2]octan-2-yl, 3-aZabicyclo 
[3.1.0]hexan-3-yl and 3-aZabicyclo[3.2.0]heptan-3-yl; 
[0095] R3 and R4 are independently attached to the cyclo 
hexane ring shoWn in formula (I) at the 3-, 4-, 5- or 6-positions 
and are independently selected from hydrogen, hydroxy, 
Cl-C6alkyl and Cl-C6alkoxy, and, When both R3 and R4 are 
attached to the same cyclohexane ring atom, may together 
form a spiro ?ve- or six-membered heterocyclic ring contain 
ing one or tWo heteroatoms selected from oxygen and sulfur; 

[0096] R5, R6 and R14 are independently selected from 
hydrogen, C l-C6alkyl, aryl and benZyl, or R6 and R14, When 
taken together With the carbon to Which they are attached, 
may form a spiro C3-C5cycloalkyl; 

[0097] A is selected from C5-C12alkyl, a 
C3-Cl3carbocyclic ring, and ring systems selected from for 
mulae (III), (IV), (V), (VI), (VII) and (VIII): 

(111) 

Where R7, R8 and R9 are independently selected from bro 
mine, chlorine, ?uorine, carboxy, hydrogen, hydroxy, 
hydroxymethyl, methanesulfonamido, nitro, sulfamyl, trif 
luoromethyl, C2-C7alkanoyloxy, Cl-C6alkyl, Cl-C6alkoxy, 
C2-C7alkoxycarbonyl, C 1 -C6thioalkyl and N(Rl 5,Rl 6) Where 
R15 and R16 are independently selected from hydrogen, 
acetyl, methanesulfonyl and Cl-C6alkyl; 

(\g 
R11 

R10 | 
/ / and 

R 
R 11 

(1V) 

(V) 

M2 | 

Where R10 and R1 1 are independently selected from bromine, 
chlorine, ?uorine, carboxy, hydrogen, hydroxy, hydroxym 
ethyl, methanesulfonamido, nitro, sulfamyl, tri?uoromethyl, 
C2-C7alkanoyloxy, C 1 -C6alkyl, C 1 -C6alkoxy, 
C2-C7alkoxycarbonyl, Cl-C6thioalkyl, and N(Rl 5,R16) 
Where R 1 5 and R 1 6 are independently selected from hydrogen, 

acetyl, methanesulfonyl, and Cl-C6alkyl; 





US 2010/0273724 A1 

[0133] (1 R,2R)/ (1 S,2S)-2-[(3S)-hydroxypyrrolidinyl] - 
1 -(3,4-dimethoxyphenethoxy) -cyclohexane; 

[0134] (1R,2R)-2-[(3R)-hydroxypyrrolidinyl]-1-(3,4 
dimethoxyphenethoxy)-cyclohexane; 

[0135] (1R,2R)-2-[(3S)-hydroxypyrrolidinyl]-1-(3,4 
dimethoxyphenethoxy)-cyclohexane; 

[0136] (1R,2S)-2-[(3R)-hydroxypyrrolidinyl]-1-(3,4 
dimethoxyphenethoxy)-cyclohexane; 

[0137] (1 R,2S)-2-[(3S)-hydroxypyrrolidinyl]-1 -(3,4 
dimethoxyphenethoxy)-cyclohexane; 

[0138] (1 S,2R)-2-[(3R)-hydroxypyrrolidinyl]-1-(3,4 
dimethoxyphenethoxy)-cyclohexane; 

[0139] (1 S,2R)-2-[(3S)-hydroxypyrrolidinyl]-1 -(3,4 
dimethoxyphenethoxy)-cyclohexane; 

[0140] (1 S,2S)-2-[(3R)-hydroxypyrrolidinyl]-1 -(3,4 
dimethoxyphenethoxy)-cyclohexane; 

[0141] (1 S,2S)-2-[(3S)-hydroxypyrrolidinyl] -1 -(3,4 
dimethoxyphenethoxy)-cyclohexane; and 

[0142] (1 R,2S)/(1 S,2R)-2-[(3R)/(3S)-hydroxypyrro 
lidinyl] -1 -(3,4-dimethoxyphenethoxy)-cyclohexane. 

[0143] In another aspect, the present invention utilizes ion 
channel modulating compounds of formula (IX), or solvates 
or pharmaceutically acceptable salts thereof: 

(1X) 

[0144] Wherein, independently at each occurrence, 
[0145] n is selected from 1, 3 and 4; 
[0146] Q is either 0 (oxygen) or 4OiC(O); 
[0147] X is selected from a direct bond, 4C(R6,Rl4)i 
Yi, and 4C(Rl 3):CHi; 
[0148] Y is selected from a direct bond, 0, S, and 
Cl-C4alkylene; 
[0149] R13 is selected from hydrogen, Cl-C6alkyl, 
C3-C8cycloalkyl, aryl, and benZyl; 
[0150] R1 and R2 are independently selected from hydro 
gen, C l-Csalkyl, C3 -C8alkoxyalkyl, C l-Cshydroxyalkyl, and 
C7-Cl2aralkyl; or 
[0151] R1 and R2, When taken together With the nitrogen 
atom to Which they are directly attached in formula (IX), form 
a ring denoted by formula (II): 

(11) 
/‘ R1 

NU? 
Wherein the ring of formula (II) is formed from the nitrogen as 
shoWn as Well as three to nine additional ring atoms indepen 
dently selected from carbon, nitrogen, oxygen, and sulfur; 
Where any tWo adjacent ring atoms may be joined together by 
single or double bonds, and Where any one or more of the 
additional carbon ring atoms may be substituted With one or 
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tWo substituents selected from hydrogen, hydroxy, 
Cl-C3hydroxyalkyl, oxo, C2-C4acyl, Cl-C3alkyl, 
C2-C4alkylcarboxy, Cl-C3alkoxy, Cl-C2Oalkanoyloxy, or 
may be substituted to form a Spiro ?ve- or six-membered 
heterocyclic ring containing one or tWo heteroatoms selected 
from oxygen and sulfur; and any tWo adjacent additional 
carbon ring atoms may be fused to a C3-C8carbocyclic ring, 
and any one or more of the additional nitrogen ring atoms may 
be substituted With substituents selected from hydrogen, 
Cl-C6alkyl, C2-C4acyl, C2-C4hydroxyalkyl and 
C3-C8alkoxyalkyl; or 

[0152] R1 and R2, When taken together With the nitrogen 
atom to Which they are directly attached in formula (IX), may 
form a bicyclic ring system selected from 3-aZabicyclo[3.2. 
2]nonan-3-yl, 2-aZabicyclo[2.2.2]octan-2-yl, 3-aZabicyclo 
[3.1 .0]hexan-3-yl and 3-aZabicyclo[3.2.0]heptan-3-yl; 
[0153] R3 and R4 are independently attached to the cyclo 
hexane ring shoWn in formula (IX) at the 3-, 4-, 5- or 6-posi 
tions and are independently selected from hydrogen, 
hydroxy, Cl-C6alkyl and Cl-C6alkoxy, and, When both R3 
and R4 are attached to the same cyclohexane ring atom, may 
together form a spiro ?ve- or six-membered heterocyclic ring 
containing one or tWo heteroatoms selected from oxygen and 

sulfur; 
[0154] R5, R6 and R14 are independently selected from 
hydrogen, C l-C6alkyl, aryl and benZyl, or R6 and R14, When 
taken together With the carbon to Which they are attached, 
may form a spiro C3-C5cycloalkyl; 
[0155] A is selected from Cs-Clzalkyl, a 
C3-Cl3carbocyclic ring, and ring systems selected from for 
mulae (III), (IV), (V), (VI), (VII) and (VIII): 

(111) 

Where R7, R8 and R9 are independently selected from bro 
mine, chlorine, ?uorine, carboxy, hydrogen, hydroxy, 
hydroxymethyl, methanesulfonamido, nitro, sulfamyl, trif 
luoromethyl, C2-C7alkanoyloxy, Cl-C6alkyl, Cl-C6alkoxy, 
C2-C7alkoxycarbonyl, C l -C6thioalkyl and N(Rl 5,Rl 6) Where 
R15 and R16 are independently selected from hydrogen, 
acetyl, methanesulfonyl and Cl-C6alkyl; 

(1V) 

R I | R11 
10 | 

/ / and 
(V) 

R I | R11 
10 | 

/ / 
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Where R10 and R 1 1 are independently selected from bromine, 
chlorine, ?uorine, carboxy, hydrogen, hydroxy, hydroxym 
ethyl, methanesulfonamido, nitro, sulfamyl, tri?uoromethyl, 
C2 -C7alkanoyloxy, C l -C6alkyl, C l -C6alkoxy, 
C2-C7alkoxycarbonyl, C l-C6thioalkyl, and N(Rl5,R16) 
Where R l 5 and R l 6 are independently selected from hydrogen, 
acetyl, methanesulfonyl, and C l-C6alkyl; 

(V1) 

Where R12 is selected from bromine, chlorine, ?uorine, car 
boxy, hydrogen, hydroxy, hydroxymethyl, methanesulfona 
mido, nitro, sulfamyl, tri?uoromethyl, C2-C7alkanoyloxy, 
C 1 -C6alkyl, C 1 -C6alkoxy, C2-C7alkoxycarbonyl, 
Cl-C6thioalkyl, and N(Rl5,R16) Where R15 and R16 are inde 
pendently selected from hydrogen, acetyl, methanesulfonyl, 
and Cl-C6alkyl; and Z is selected from CH, CH2, O, N and S, 
Where Z may be directly bonded to “X” as shoWn in formula 
(IX) When Z is CH or N, or Z may be directly bonded to Rl7 
When Z is N, and R17 is selected from hydrogen, C l-C6alkyl, 
C3-C8cycloalkyl, aryl and benZyl; 

55 
[0156] including isolated enantiomeric, diastereomeric and 
geometric isomers thereof, and mixtures thereof. 
[0157] Of particular interest are compounds of formula 
(IX) selected from the group consisting of the folloWing: 

[0158] (1R,2R)/(1S,2S)-2-(4-morpholinyl)-1-(2-naph 
thalenethoxy)cyclopentane monohydrochloride; and 

[0159] (1R,2R)/(1S,2S)-2-(3-ketopyrrolidinyl)-1-(2,6 
dichlorophenethoxy)cyclopentane monohydrochloride. 

[0160] Of particular interest to the invention described 
herein is a compound of formula (IA) having the folloWing 
formula: 

(VII) 

(VIII) 

o ocrr3 

"'N ocH3 

"WI/OH 

This compound has the chemical name of (1R,2R)-2-[(3R) 
hydroxypyrrolidinyl] -1 - (3 ,4 -dimethoxyphenethoxy)cyclo - 
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hexane and is referred to herein as “Compound A”. For pur 
poses of this invention, the term “Compound A” is intended to 
include this compound and its pharmaceutically acceptable 
salts, solvates, esters, amides, complexes, chelates, stereoiso 
mers, stereoisomeric mixtures, geometric isomers, crystal 
line or amorphous forms, metabolites, metabolic precursors 
or prodrugs thereof. 

B. Preparation of the Compounds of Formula (I), 
(IA), (IX) and Compound A 

[0161] The compounds of formulae (I), (IA) and/or (IX) 
and/or Compound A used in the present invention may be 
prepared as described in PCT Published Patent Application 
No. WO 1 999/ 50225; PCT Published Patent Application No. 
WO 2000/047547; PCT Published Patent Application No. 
WO 2004/098525; PCT Published Patent Application No. 
2004/099137; PCT Published Patent Application No. 2005/ 
018635; and U.S. Published Patent Application No. 
2005002693; or may be prepared by methods knoWn to one 
skilled in the art. 

C. Preparation of Polyethylene Glycol Derivatives of 
Ion Channel Modulating Compounds 

[0162] It is Well knoWn in the art that polyalkylene glycols, 
such as polyethylene glycol (PEG), may be attached to a 
therapeutic agent. Polyalkylene glycolated (PAGylated) 
therapeutic agents, and in particular, PEGylated therapeutic 
agents, have been reported to increase solubility, circulating 
life, safety, decrease renal excretion, and decrease immuno 
genicity thus potentially providing a method of improved 
drug delivery. A PEGylated therapeutic agent may exhibit: (a) 
increased plasma circulatory half lives in vivo compared to 
the corresponding non-PEGylated compound, (b) enhanced 
therapeutic indices compared to the corresponding non-PE 
Gylated compounds and (c) increased solubility compared to 
the corresponding non-PEGylated compounds, effecting pos 
sible improved drug delivery. 
[0163] Examples in Which PEGylation has been used to 
effect drug delivery are disclosed, for example, in U.S. Pat. 
No. 6,623,729; U.S. Pat. No. 6,517,824; U.S. Pat. No. 6,515, 
017; U.S. Pat. No. 6,217,869; U.S. Pat. No. 6,191,105; U.S. 
Pat. No. 5,681,811; U.S. Pat. No. 5,455,027; U.S. Published 
Patent Application No. 20040018960; U.S. Published Patent 
Application No. 20030229010; U.S. Published Patent Appli 
cation No. 20030229006; U.S. Published Patent Application 
No. 20030186869; U.S. Published Patent Application No. 
20030026764; and U.S. Published Patent Application No. 
20030017131. U.S. Pat. No. 6,214,966, U.S. Published 
Patent Application No. 2003000447, and U.S. Published 
Patent Application No. 2001021763 describe soluble, 
degradable polyethylene glycol) derivatives for controlled 
release of bound molecules into solution. 

[0164] Recent revieWs on PEGylation are provided in, for 
example, GreenWald R. B., ChoeY. H., McGuire 1., Conover 
C. D. Adv. Drug Del. Rev. 2003, 55, 217, Molineux G. Phar 
macotherapy 2003, (8 Pt 2), 38-88, Roberts M. 1., Bentley, M. 
D., Harris J. M. Adv. Drug Deliv. Rev. 2002, 54, 459, Bhadra 
D., Bhadra S., Jain P., Jain N. K. Pharmazie 2002, 57, 5, 
GreenWald R. B. J. Controlled Release 2001, 74, 159, 
Veronese F. M., Morpurgo M. Farmaco. 1999, 54, 497 and 
Zalipsky S. Adv. Drug Deliv. Rev. 1995, 16, 157. 
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[0165] Ion channel modulating compounds, particularly 
the compounds of formulae (I), (IA) and (IX) and Compound 
A, as described above, may be PEGylated as described beloW. 
[0166] Attachment of a PEG moiety (known as “PEGyla 
tion”) to an ion channel modulating compound may be 
accomplished by knoWn chemical synthesis techniques, 
Which are described in more detail beloW. Any moiety com 
prising PEG may be attached to an ion channel modulating 
compound to provide a PEGylated derivative of an ion chan 
nel modulating compound. In general, a PEGylated deriva 
tive of an ion channel modulating compound comprises a 
PEG moiety attached to an ion channel modulating com 
pound at any site on the compound amenable thereto. 
[0167] A PEGylated derivative may comprise more than 
one ion channel modulating compound. A PEGylated deriva 
tive comprising more than one ion channel modulating com 
pound may comprise one or more than one type of ion channel 
modulating compound. An ion channel modulating com 
pound type is determined by its chemical structure, such that 
ion channel modulating compounds With different chemical 
structures are of different types. As such, high loading of a 
single ion channel modulating compound in a PEGylated 
derivative may be achieved by attaching more than one of the 
same ion channel modulating compound to a single PEG 
moiety. Alternatively, different ion channel modulating com 
pounds may be attached to a single PEG moiety, such that a 
single PEGylated derivative may comprise different ion chan 
nel modulating compounds. 
[0168] A PEGylated derivative may contain ion channel 
modulating compounds in any amount that is alloWed by the 
loading capacity of the PEG moiety. The loading capacity of 
the PEG moiety refers to the number of ion channel modu 
lating compounds that may be attached to the PEG moiety. 
The loading capacity may be determined by the number of 
available functional groups (i.e., “attachment sites”) on the 
PEG moiety, Which Will be readily apparent to one of skill in 
the art. For instance, a bifunctional PEG moiety With avail 
able functional groups on each terminus of the PEG moiety 
Will have a loading capacity of 2, provided that no other sites 
on the PEG moiety are available as attachment sites. Although 
usually present at the termini of a PEG moiety, an attachment 
site may be any functional group on the PEG moiety that 
alloWs attachment of an ion channel modulating compound. 
A PEGylated derivative as described herein contains at least 
one ion channel modulating compound and may contain any 
number of additional ion channel modulating compounds up 
to an including the maximum number that is determined by 
the loading capacity of the PEG moiety. 
[0169] In other instances, more than one PEG moiety may 
be attached to a single ion channel modulating compound. 
For instance, a PEGylated derivative may comprise an ion 
channel modulating compound With 2 PEG moieties attached 
to different sites on the ion channel modulating compound. In 
another instance, a PEGylated derivative comprises 3 or more 
PEG moieties attached to an ion channel modulating com 
pound. A PEG moiety may be attached to any site on an ion 
channel modulating compound that is amenable to such 
attachment, as detailed in the “attachment site” section beloW. 

[0170] In some variations, the PEGylated derivative com 
prises anion channel modulating compound and a PEG moi 
ety in a 1 :1 molar ratio of ion channel modulating compound: 
PEG moiety. In other variations, the PEGylated derivative 
comprises an ion channel modulating compound and a PEG 
moiety in a 2:1 molar ratio of ion channel modulating com 
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pound:PEG moiety. In still other variations, the PEGylated 
derivative comprises an ion channel modulating compound 
and a PEG moiety in a molar ratio of ion channel modulating 
compound:PEG moiety of from about 1:1,000 to about 1,000: 
1; or, in yet another variation, in a molar ratio of from about 
1:100 to about 100: 1; or, in still a further variation, in a molar 
ratio of from about 1:10 to about 10:1. 

[0171] A PEGylated derivative comprising tWo or more 
types of ion channel modulating compounds may have the ion 
channel modulating compounds present in the PEGylated 
derivative in any molar ratio of a ?rst ion channel modulating 
compound to a second ion channel modulating compound, 
Wherein the ?rst and second ion channel modulating com 
pounds are not the same. In some instances, the PEGylated 
derivative Will comprise tWo different ion channel modulat 
ing compounds in a 1:1 molar ratio of a ?rst ion channel 
modulating compound to a second ion channel modulating 
compound. In other instances, a PEGylated derivative may 
comprise tWo different ion channel modulating compounds, 
Wherein a ?rst ion channel modulating compound is about 
tWice as abundant in the PEGylated derivative than the second 
ion channel modulating compound. 
[0172] The PEG moiety of the PEGylated derivative may 
be any siZe or length. As used herein, the siZe of the PEG 
moiety refers to the overall molecular Weight of the PEG 
moiety. As used herein, the length of the PEG moiety refers to 
the number of ethylene glycol units from Which the PEG 
moiety is derived. The PEG moiety is described in more detail 
beloW in the section entitled, “PEG moiety”. 
[0173] Examples of PEGylated derivatives of ion channel 
modulating compounds may be found in the sections that 
folloW. 

[0174] A PEG moiety of a PEGylated derivative may be 
any moiety that comprises at least tWo ethylene glycol units 
(i.e. a iOCH2CH2OCH2CH2Oi moiety). The PEG moiety 
may be solely comprised of PEG, or may be part of a larger 
structure, such as polyoxyethylated glycerol (“POG”) and 
other polyoxyethylated polyols such as polyoxyethylated sor 
bitol or polyoxyethylated glucose. 
[0175] The PEG moiety may be further substituted With 
one or more additional functional groups, including but not 

limited to: an alkane, an alkene, an alkyne, an arene, a halide, 
an alcohol, an ether, an amine, a nitrile, a nitro, a sul?de, a 
sulfoxide, a sulfone, a thiol, a carbonyl, an aldehyde, a ketone, 
a carboxylic acid, an ester, an amide, a carboxylic acid chlo 
ride, a carboxylic acid anhydride and the like, or any combi 
nation of the foregoing. 
[0176] The PEG moiety may be present as a polymer of tWo 
or more ethylene glycol monomer units, and can be a 
homopolymer or a heteropolymer, either of Which may be a 
straight chain or branched, substituted or unsubstituted poly 
mer. If the PEG moiety is part of a heteropolymer, it may be 
present in a random or block copolymer. 

[0177] The PEG moiety, can be of any length or molecular 
Weight, and these characteristics can affect the biological 
properties of the PEGylated derivative. PEG moiety average 
molecular Weights Which may be useful for decreasing clear 
ance rates in vivo are generally in the range of 2,000 to 35,000 
daltons. In addition, if tWo ion channel modulating com 
pounds are linked to a bifunctional PEG moiety, for instance 
one at each terminus, the length of the PEG moiety can impact 
upon the effective distance, and other spatial relationships, 
betWeen the tWo ion channel modulating compounds. Thus, 
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one skilled in the art can vary the length of the PEG moiety to 
optimize or confer the desired biological activity. 

[0178] The length of the PEG moiety, represented by (Z)n, 
Where Z is the monomeric ethylene glycol unit, may be such 
that n is any positive integer greater than 1. These lengths 
include variations Where n is selected from a range of from 
about 2 to about 1000; in another instance, n is selected from 
a range of from about 50 to about 500; in another instance, n 
is selected from a range of from about 400 to 600, in another 
instance, n is selected from a range of from about 500 to about 
1,000; in yet another instance, n is selected from a range of 
from about 50 to about 250; in still another instance, n is 
selected from a range of from about 2 to about 50. In certain 
instances, n is greater than 10 and in other instances, n is 
greater than 10. In still another instance, n is an integer from 
about 1,000 to about 5,000. 
[0179] Attachment of a PEG moiety to an ion channel 
modulating compound may be by any means, including but 
not limited to a direct bond or via a linker as detailed in the 
“linker” section beloW. The PEG moiety may be attached to 
an ion channel modulating compound, either directly or via a 
linker from any site on the PEG moiety that is amenable to 
such attachment. 

[0180] Typically, the attachment sites on a PEG moiety Will 
be a reactive site at the terminus of a PEG polymer chain. 
Reactive sites are functional groups that may be utiliZed in the 
attachment of a PEG moiety to an ion channel modulating 
compound or linker. Examples of reactive sites include esters, 
alcohols and isocyanates. PEG moieties embedded Within 
bifunctional groups may be used for the attachment of tWo ion 
channel modulating compounds to a single PEG moiety. 
[0181] As described above, any ion channel modulating 
compound may be modi?ed to form a PEGylated derivative 
of the ion channel modulating compound. The ion channel 
modulating compound to be modi?ed to a PEGylated deriva 
tive may increase or decrease ion channel activity. In some 
instances, the ion channel modulating compound may be used 
in the treatment of arrhythmia. In still other instances, the ion 
channel modulating compound may be used in the treatment 
of atrial ?brillation. Speci?c ion channel modulating com 
pounds for use in a PEGylated derivative are compounds of 
formula (I), (IA) and (IX) and Compound A, as described 
above. 

[0182] In one variation, a compound of formula (I), as 
described above, is attached to a PEG moiety or linker by the 
substitution of any valency of a compound of formula (I) With 
a bond to the PEG moiety or to a linker that in turn is bound 
to the PEG moiety. 

[0183] In another variation, a compound of formula (IA), as 
described above, is attached to a PEG moiety or linker by the 
substitution of any valency of a compound of formula (IA) 
With a bond to the PEG moiety or to a linker that in turn is 
bound to the PEG moiety. In one instance, a PEGylated 
derivative is provided, Wherein the compound of formula (IA) 
is attached to the PEG moiety by the substitution of the 
valency occupied by hydrogen in the ‘WW OH moiety With a 
bond to the PEG moiety or to a linker that in turn is bound to 
the PEG moiety. 
[0184] In another variation, a compound of formula (IX), as 
described above, is attached to a PEG moiety or linker by the 
substitution of any valency of a compound of formula (IX) 
With a bond to the PEG moiety or to a linker that in turn is 
bound to the PEG moiety. 
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[0185] In still another variation, CompoundA, as described 
above, is attached to a PEG moiety or linker by the substitu 
tion of any valency of the compound With a bond to a PEG 
moiety or to a linker that in turn is bound to the PEG moiety. 
In one instance, a PEGylated derivative is provided, Wherein 
CompoundA is attached to a PEG moiety by the substitution 
of the valency occupied by hydrogen in the "'"I OH moiety 
With a bond to the PEG moiety or to a linker that in turn is 
bound to the PEG moiety. In still another variation on this 
variation, a second PEG moiety is attached to Compound A 
by the substitution of the valency occupied by one of the 
methyl groups of the iOMe groups With a bond to the second 
PEG moiety. 
[0186] As noted above, an ion channel modulating com 
pound may be attached to a PEG moiety or a linker that is in 
turn attached to a PEG moiety from any site on the ion channel 
modulating compound that is amenable to such attachment. 
That is, any atom or atoms on the ion channel modulating 
compound may be replaced With a covalent bond to a PEG 
moiety or a linker. For instance, a hydroxyl group or an amino 
group on the ion channel modulating compound may be 
modi?ed to attach the ion channel modulating compound to 
the PEG moiety or linker. In another variation, an alkoxy 
group on the ion channel modulating compound is modi?ed 
such that the oxygen containing functionality is used in the 
attachment of the ion channel modulating compound to the 
PEG moiety. 
[0187] In general, When an ion channel modulating com 
pound is modi?ed to form a PEGylated derivative, at least one 
valency of the ion channel modulating compound is substi 
tuted With a bond to a PEG moiety or With a bond to a linker 
that is in turn bound to the PEG moiety. When a valency is 
said to be substituted With a bond, it is meant that any atom, 
unpaired electron, lone pair of electrons, or empty electron 
orbital present in the ion channel modulating compound may 
be replaced With a bond to the PEG moiety or to a linker. For 
instance, an ion channel modulating compound comprising a 
hydroxyl functional group may form a PEGylated derivative 
by the replacement of the hydrogen atom of an OiH moiety 
With a bond to a PEG moiety. Accordingly, a PEGylated 
derivative With an O-PEG moiety is provided. 
[0188] An ion channel modulating compound may be 
attached to a PEG moiety by any method that is amenable 
thereto. By attached to the PEG moiety, it is meant that the ion 
channel modulating compound is attached either via a direct 
bond to the PEG moiety or via a linker that is in turn bound to 
the PEG moiety. An ion channel modulating compound may 
be attached to a linker or to a PEG moiety by any means, 
including but not limited to a covalent, ionic, hydrogen, 
dative, van der Waals, or other chemical bonding or any 
combination of chemical bonding. In a particular version, the 
ion channel modulating compound is attached to the PEG 
moiety via a covalent bond. 

[0189] Mutually reactive groups on the PEG moiety and the 
ion channel modulating may be used to effect attachment 
thereof. Mutually reactive groups are recognized by those of 
skill in the art and examples of mutually reactive groups are 
described herein, inparticular, in the Examples section beloW. 
[0190] As noted above, the ion channel modulating com 
pound may be attached to a PEG moiety either directly (i.e. by 
a direct bond) or via a linker. Typically, the ion channel 
modulating compound is bound to the PEG moiety or linker 
via a linkage group, including but not limited to an ester, 
ether, amide, carbamate, urea, N-hydroxyimide or boronate 
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linkage group. If additional atoms are required to form the 
linkage group, a linker may be used, Wherein the linker may 
be used to facilitate the formation of the linkage group. 

[0191] A linker may be of any siZe, from a small moiety that 
is only used to facilitate the formation of the linkage bond, to 
a larger group Which is employed as a connector and/ or spacer 
group. These groups are collectively referred to as “linkers.” 
In one variation, the linker comprises a group selected from 
an alkyl, aryl or alkoxy group. 

[0192] A linker may be used as a spacer molecule to create 
a separation betWeen the ion channel modulating compound 
and the PEG moiety, and/ or to avoid undesired steric interac 
tions. The spatial separation may be desired for modi?ed, 
enhanced, or optimal function of the PEGylated derivative. 
The linkers may also facilitate the preparation or use of the 
PEGylated derivative. 
[0193] Alternatively, the PEG moiety may be embedded in 
the linker, such that a PEG moiety is not the terminal group of 
the PEGylated derivative. Examples of embedded PEG moi 
eties may be linkers comprising a terminal functional group 
including but not limited to an alkyl, substituted alkyl, alkene, 
substituted alkene or Wherein the PEG embedded linker com 
prises an additional terminal group, such as a serum protein, 
including human serum albumin. 

[0194] The linker may be primarily hydrophobic in nature 
or may be primarily hydrophilic in nature and may thus con 
tribute to the overall hydrophobicity or hydrophilicity of the 
conjugate. 
[0195] The linker may be cleavable or noncleavable. A 
cleavable linker comprises a bond that may be cleaved in vivo 
including but not limited to cleavage via enzymatic, non 
enZymatic, or hydrolytic cleavage. An example of a cleavable 
linker includes a linker that includes an ester bond. 

[0196] In synthesiZing a PEGylated derivative comprising 
a linker, it may be useful to employ a linker that has at least 
tWo functional groups, one for bonding of the linker to the ion 
channel modulating compound and one for bonding of the 
linker to the PEG moiety. 

[0197] In one variation, the linker molecule is a bifunc 
tional linker molecule. A bifunctional linker molecule com 
prises tWo reactive termini, one of Which is available for 
linkage to the ion channel modulating compound and one of 
Which is available for linkage to the PEG moiety. The func 
tional groups on the reactive termini may be the same or 
different. 

[0198] In particular variations, a PEGylated derivative is 
provided, Whereby the use of a linker, including linkers Where 
the PEG moiety is embedded therein, gives rise to a PEG 
moiety in the PEGylated derivative selected from the group 
consisting of: 
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[0199] Wherein each n is 1 to 10 and the symbol ‘WW indi 
cates a point of attachment to an ion channel modulating 
compound if the symbol is present only once in a structure 
above, and if the symbol ‘WW is present tWice in a structure 
above, it indicates one point of attachment to a PEG moiety 
and another point of attachment to an ion channel modulating 
compound. 
[0200] In one variation of the formulae above, PEG is 
(CH2CH2O)n Wherein n is an integer selected from any one of 
the ranges I to 1,000,000; 1 to 100,000; 1 to 10,000; 1 to 
1000; 1 to 100; 1 to 10; 100 to 1,000; 100 to 10,000; 200 to 
500; 200 to 800; 500 to 800; 800 to 1,000; 500 to 1,000; 500 
to 10,000; 5,000 to 10,000; 5,000 to 100,000; 100 to 100,000; 
1 to 8; 1 to 5; 2 to 10 and 4 to 10. In anothervariation, the PEG 
moiety of the formulas above is about 20 K in molecular 
Weight. In another variation, the PEG moiety of the formulas 
above is about 10 K in molecular Weight. In another variation, 
the PEG moiety of the formulas about is about 5 K in molecu 
lar Weight. 
[0201] Although any ion channel modulating compound 
may be modi?ed to a PEGylated derivative thereof, examples 
of PEGylated compounds of formulae (I), (IA) and (IX) are 
provided beloW, as Well as PEGylated Compound A. 
[0202] Thus, in one aspect, PEGylated derivatives of com 
pounds of formula (I) (PEGI), or a solvate or pharmaceuti 
cally acceptable salt thereof, is provided: 

R5 

A 1 Z, Z4 \x o / 

(PEGI) 
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wherein: 
[0203] R1 and R2 are independently selected from hydro 
gen, C l-C6alkyl, C3 -C8alkoxyalkyl, C l-Cshydroxyalkyl, and 
C7-Cl2aralkyl; or 
[0204] R1 and R2 are independently selected from 
C3 -C8alkoxyalkyl, C l-Cshydroxyalkyl, and C7-Cl2aralkyl; 
or 

[0205] R1 and R2 are taken together With the nitrogen atom 
to Which they are directly attached in formula (PEGI), form a 
ring denoted by formula (PEG-Z-ll): 

éClh 
(PEG-Z-ll) 

Wherein the ring of formula (PEG-Z-ll) is formed from the 
nitrogen as shoWn as Well as three to nine additional ring 
atoms independently selected from carbon, nitrogen, oxygen, 
and sulfur; Where any tWo adjacent ring atoms may be joined 
together by single or double bonds, and Where any one or 
more of the additional carbon ring atoms may be substituted 
With one or tWo substituents selected from hydrogen, 
hydroxy, Cl-C3hydroxyalkyl, oxo, C2-C4acyl, Cl-C3alkyl, 
C2-C4alkylcarboxy, Cl-C3alkoxy, Cl-C2Oalkanoyloxy, or 
may be substituted to form a spiro ?ve- or six-membered 
heterocyclic ring containing one or tWo heteroatoms selected 
from oxygen and sulfur; and any tWo adjacent additional 
carbon ring atoms may be fused to a C3-C8carbocyclic ring, 
and any one or more of the additional nitrogen ring atoms may 
be substituted With substituents selected from hydrogen, 
C 1 -C6alkyl, C2 -C4acyl, C2-C4hydroxyalkyl and 
C3-C8alkoxyalkyl; or 
[0206] R1 and R2 are taken together With the nitrogen atom 
to Which they are directly attached in formula (PEGI), may 
form a bicyclic ring system selected from 3-aZabicyclo[3.2. 
2]nonan-3-yl, 2-aZabicyclo[2.2.2]octan-2-yl, 3-aZabicyclo 
[3.1.0]hexan-3-yl and 3-aZabicyclo[3.2.0]heptan-3-yl, 
Wherein the bicyclic ring is substituted With iZ'iZ'KPEG; 
[0207] Z' is a linkage group; 
[0208] Z" is an optional linker; 
[0209] R3 and R4 are independently attached to the cyclo 
hexane ring shoWn in formula (PEGI) at the 3-, 4-, 5- or 
6-positions and are independently selected from hydrogen, 
hydroxy, Cl-C6alkyl and Cl-C6alkoxy, and, When both R3 
and R4 are attached to the same cyclohexane ring atom, may 
together form a spiro ?ve- or six-membered heterocyclic ring 
containing one or tWo heteroatoms selected from oxygen and 

sulfur; 
[0210] X, Y, R5, R6, R14 andA are as described above for 
compounds of formula (1); including isolated enantiomeric, 
diastereomeric and geometric isomers thereof, and mixtures 
thereof. 

[0211] It is understood, for purposes of this invention, that 
the iZ'iZ'KPEG radical may be attached to the compound 
of formula (I) by the substitution of any valency of the com 
pound of formula (I) to prepare compounds of formula 
(PEGI) and that the speci?c formulae depicted herein With the 
iZ'iZ'KPEG radical are for illustration purposes only and 
are not intended to provide a limitation to the scope of the 
invention. 
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[0212] In another aspect, other PEGylated derivatives of 
compounds of formula (I) (PEGII), or a solvate or pharma 
ceutically acceptable salt thereof, is provided: 

(PEGII) 
R5 

Za/r A 
PEG/ \Za'/ \X 0 1'11 

N 

\R2 

MR 
R3 

Wherein: 

[0213] X is selected from a direct bond, iC(R6,Rll)i 
Yi and iC(R1 3):CHi; 
[0214] Y is selected from a direct bond, 0, S and 
Cl-C4alkylene; 
[0215] R13 is selected from hydrogen, Cl-C6alkyl, 
C3-C8cycloalkyl, aryl and benZyl; 
[0216] R1 and R2 are independently selected from hydro 
gen, Cl-C6alkyl, C3-C8alkoxyalkyl, Cl-Cshydroxyalkyl, and 
C7-C12aralkyl; or 

[0217] R1 and R2 are independently selected from 
C3-C8alkoxyalkyl, Cl-C8hydroxyalkyl, and C7-Cl2aralkyl; 
or 

[0218] R1 and R2 are taken together With the nitrogen atom 
to Which they are directly attached in formula (PEGH), form 
a ring denoted by formula (ll): 

(11) 

[0219] Wherein the ring of formula (II) is formed from the 
nitrogen as shoWn as Well as three to nine additional ring 
atoms independently selected from carbon, nitrogen, oxygen, 
and sulfur; Where any tWo adjacent ring atoms may be joined 
together by single or double bonds, and Where any one or 
more of the additional carbon ring atoms may be substituted 
With one or tWo substituents selected from hydrogen, 
hydroxy, Cl-C3hydroxyalkyl, oxo, C2-C4acyl, Cl-C3alkyl, 
C2-C4alkylcarboxy, Cl-C3alkoxy, Cl-C2Oalkanoyloxy, or 
may be substituted to form a spiro ?ve- or six-membered 
heterocyclic ring containing one or tWo heteroatoms selected 
from oxygen and sulfur; and any tWo adjacent additional 
carbon ring atoms may be fused to a C3-C8carbocyclic ring, 
and any one or more of the additional nitrogen ring atoms may 
be substituted With substituents selected from hydrogen, 
Cl-C6alkyl, C2-C4acyl, C2-C4hydroxyalkyl and 
C3-C8alkoxyalkyl; or 

[0220] R1 and R2 are taken together With the nitrogen atom 
to Which they are directly attached in formula (PEGII), may 
form a bicyclic ring system selected from 3-aZabicyclo[3.2. 
2]nonan-3-yl, 2-aZabicyclo[2.2.2]octan-2-yl, 3-aZabicyclo 
[3.1.0]hexan-3-yl and 3-aZabicyclo[3.2.0]heptan-3-yl; 
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[0221] A is selected from formulae (PEG-Z-A): 

R7 

(\ \ 
R8; 

Z3’! I 

/ K/ / 
PEG—Za" R9 

[0222] Where R7 and R9 are independently selected from 
bromine, chlorine, ?uorine, carboxy, hydrogen, hydroxy, 
hydroxymethyl, methanesulfonamido, nitro, sulfamyl, trif 
luoromethyl, C2-C7alkanoyloxy, Cl-C6alkyl, Cl-C6alkoxy, 
C2-C7alkoxycarbonyl, 
[0223] Where R8 is hydroxy, hydroxymethyl or carboxy; 
[0224] Za' is a linkage group; 
[0225] Za" is an optional linker; 
[0226] including isolated enantiomeric, diastereomeric and 
geometric isomers thereof, and mixtures thereof. 
[0227] It is understood, for purposes of this invention, that 
the -Za'-Za"-PEG radical may be attached to the compound of 
formula (I) by the substitution of any valency of the com 
pound of formula (I) to prepare compounds of formula 
(PEGII) and that the speci?c formulae depicted herein With 
the -Za'-Za"-PEG radical are for illustration purposes only 
and are not intended to provide a limitation to the scope of the 
invention. 
[0228] In another aspect, still other PEGylated derivatives 
of compounds of formula (I) (PEGIH), or a solvate or phar 
maceutically acceptable salt thereof, is provided: 

(PEGHI) 

PE 

[0229] Wherein: 
[0230] X is selected from a direct bond, 4C(R6,Rl4)i 
Yi and iC(Rl3):CHi; 
[0231] Y is selected from a direct bond, 0, S and 
Cl-C4alkylene; 
[0232] R13 is selected from hydrogen, Cl-C6alkyl, 
C3-C8cycloalkyl, aryl and benZyl; 
[0233] R1 and R2 are independently selected from hydro 
gen, C l-C6alkyl, C3 -C8alkoxyalkyl, C l-Cshydroxyalkyl, and 
C7-Cl2aralkyl; or 
[0234] R1 and R2 are independently selected from 
C3-C8alkoxyalkyl, Cl-Cshydroxyalkyl, and C7-Cl2aralkyl; 
or 

[0235] R1 and R2 are taken together With the nitrogen atom 
to Which they are directly attached in formula (PEGIH), form 
a ring denoted by formula (PEG-Z-ll): 

[0236] Wherein the ring of formula (PEG-Z-ll) is formed 
from the nitrogen as shoWn as Well as three to nine additional 

(PEG-Z-H) 
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ring atoms independently selected from carbon, nitrogen, 
oxygen, and sulfur; Where any tWo adjacent ring atoms may 
be joined together by single or double bonds, and Where any 
one or more of the additional carbon ring atoms may be 
substituted With one or tWo substituents selected from hydro 
gen, hydroxy, Cl-C3hydroxyalkyl, oxo, C2-C4acyl, 
Cl-C3alkyl, C2-C4alkylcarboxy, Cl-C3alkoxy, 
Cl-C2Oalkanoyloxy, or may be substituted to form a spiro 
?ve- or six-membered heterocyclic ring containing one or 
tWo heteroatoms selected from oxygen and sulfur; and any 
tWo adjacent additional carbon ring atoms may be fused to a 
C3-C8carbocyclic ring, and any one or more of the additional 
nitrogen ring atoms may be substituted With substituents 
selected from hydrogen, Cl-C6alkyl, C2-C4acyl, 
C2-C4hydroxyalkyl and C3-C8alkoxyalkyl; or 
[0237] R l and R2 are taken together With the nitrogen atom 
to Which they are directly attached in formula (PEGIH), may 
form a bicyclic ring system selected from 3-aZabicyclo[3.2. 
2]nonan-3-yl, 2-aZabicyclo[2.2.2]octan-2-yl, 3-aZabicyclo 
[3.1.0]hexan-3-yl and 3-aZabicyclo[3.2.0]heptan-3-yl, 
Wherein the bicyclic ring is substituted With iZ'iZ'KPEG; 
[0238] Z' is a linkage group; 
[0239] Z" is an optional linker; 
[0240] R3 and R4 are independently attached to the cyclo 
hexane ring shoWn in formula (PEGIH) at the 3-, 4-, 5- or 
6-positions and are independently selected from hydrogen, 
hydroxy, Cl-C6alkyl and Cl-C6alkoxy, and, When both R3 
and R4 are attached to the same cyclohexane ring atom, may 
together form a spiro ?ve- or six-membered heterocyclic ring 
containing one or tWo heteroatoms selected from oxygen and 

sulfur; 
[0241] R5, R6 and R14 are independently selected from 
hydrogen, C l-C6alkyl, aryl and benZyl, or R6 and R14, When 
taken together With the carbon to Which they are attached, 
may form a spiro C3-C5cycloalkyl; 
[0242] A is selected from formulae (PEG-Z-A): 

R7 
(\ \ 
T 
/ 

Z3’! I 

/ K/ / 
PEG—Za" R9 

[0243] Where R7 and R9 are independently selected from 
bromine, chlorine, ?uorine, carboxy, hydrogen, hydroxy, 
hydroxymethyl, methanesulfonamido, nitro, sulfamyl, trif 
luoromethyl, C2-C7alkanoyloxy, Cl-C6alkyl, Cl-C6alkoxy, 
C2-C7alkoxycarbonyl, and Where R8 is hydroxy, hydroxym 
ethyl or carboxy; 
[0244] Za' is a linkage group; and 
[0245] Za" is an optional linker; 
[0246] including isolated enantiomeric, diastereomeric and 
geometric isomers thereof, and mixtures thereof. 
[0247] It is understood, for purposes of this invention, that 
the iZ'iZ'KPEG radical or the -Za'-Za"-PEG radical may 
be attached to the compound of formula (I) by the substitution 
of any valency of the compound of formula (I) to form a 
compound of formula (PEGIH) and that the speci?c formulae 
depicted herein containing both the iZ'iZ'KPEG radical 
and -Za'-Za"-PEG radical are for illustration purposes only 
and are not intended to provide a limitation to the scope of the 
invention. 
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[0248] Various methods of attaching a PEG moiety to a 
compound are Well known in the art and Would be readily 
recognized by one of skill in the art. Examples of such meth 
ods may be found in the examples beloW. 

[0249] A PEG moiety may be attached directly to an ion 
channel modulating compound, Whereby a linkage group, or 
bond, is formed. If a linker is used, the linker may be attached 
to the ion channel modulating compound via a linkage group, 
folloWed by addition of the PEG moiety to the linker. This 
step-Wise fashion may take place by knoWn synthetic meth 
ods. Alternatively, a PEG moiety may be attached to a linker 
and then attached to the ion channel modulating compound as 
a PEG moiety-linker compound. 

[0250] In one variation, attachment of a PEG moiety to an 
ion channel modulating compound comprising an aminocy 
cloalkyl ether moiety, such as an aminocyclcohexyl ether 
moiety, is provided via a linkage group (Z') and an optional 
linker, (Z"). A PEGylated derivative, such as the compounds 
(PEGI), (PEGII) or (PEGIII) as described above and as pre 
pared as described beloW in General Reaction Scheme PEG-l 
beloW, are provided. In general, a PEGylated derivative may 
be provided by conjugation of an ion channel modulating 
compound to a PEG moiety via a linkage group, and option 
ally, With the use of a linker. The scheme beloW is generally 
applicable to ion channel modulating compounds comprising 
an aminocycloalkyl ether moiety as set forth in the com 

pounds of formulae (I), (IA) and (IX) and CompoundA. In the 
scheme beloW, Z' and Za' represent a linkage group that may 
be formed upon reacting an ion channel modulating com 
pound With a PEG moiety or With a linker/PEG moiety com 

plex (i.e, Z"-PEG and Za"-PEG). 

GENERAL REACTION SCHEME PEG-l 
SYNTHESIS OF PEGYLATED DERIVATIVES 

—> 

A 
/ 
X 

>i R5 
0 R4 Z"-PEG or Za"-PEG 

/ Z"—PEG or Za"-PEG I 
PEG moiety With 

R2 \ \ optional linker Z" or Za" 
N 

| R3 
R1 —> 

(I) 

X —A 

PEG\Z\,, , O 

z \R\l R5 

/N 

R3 
(PEGI) 
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-continued 

[0251] Further methods for preparing PEGylated deriva 
tives may be found according to the folloWing speci?c 
Examples Pl-P8. 
[0252] The folloWing examples describe methods for pre 
paring PEGylated derivatives as described herein. The reac 
tion steps as described beloW may be used in the preparation 
of the derivatives, or alternate reaction steps may be used. 
Alternate reaction steps Would be readily recognized by one 
of skill in the art and include the reaction steps described 
“Comprehensive Organic Transformations: A Guide to Func 
tional Group Preparations”, Richard C. Larock, Wiley-VCH: 
1999 and in “March’s Advanced Organic Chemistry: Reac 
tions, Mechanisms and Structure”, Jerry March & Michael 
Smith, John Wiley & Sons Inc: 2001. 
[0253] Commercially available PEGs of many different 
types and molecular Weights can be obtained from Nektar 
Therapeutics, SunBio, Serva (Crescent Chemical Co.) and 
Fluka (Sigma-Aldrich) and include examples such as but not 
limited to activated PEG-NHS ester reagents and NHS PEG 
vinyl sulfone. These activated PEG reagent examples may be 
used to conjugate directly With the aminocycloalkyl ether 
compounds. Polypure AS, NorWay, supplies monodisperse 
PEG and PEG derivatives that are consisted of substantially 
one oligomer only. Where appropriate, these monodisperse 
PEG and PEG derivatives may be advantageously utilized to 
form more Well de?ned PEG derivatives of the present inven 
tion. 
[0254] PEG derivatives of the present invention may also be 
synthesized by standard methods from commercially avail 
able starting materials. For example, PEG (40 kDa) dicar 
boxylic acid may be synthesized from the commercially 
available PEG diol. In a typical reaction, a solution of PEG 
diol in a suitable solvent (e.g., toluene) may be azeotroped 
With the removal of a pre-determined amount of distillate. 
The reaction mixture may be alloWed to cooled to 30° C. 
folloWed by addition of l M potassium tert-butoxide in tert 
butyl alcohol. The resulting mixture may be stirred at ambient 
temperature for approximately 1 h folloWed by addition of 
ethyl bromoacetate. The solution may be heated to re?ux and 
stirred at ambient temperature for 18 h. The reaction mixture 
may then be ?ltered and solvent removed. The resulting resi 
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due may be puri?ed/recrystallized to yield the pure PEG (40 
kDa) dicarboxylic acid (see, e.g., GreenWald R. B., Gilbert C. 
W., Pendri A., Conover C. D., Xia 1., Martinez J. Med. Chem. 
1996, 39, 424). 
[0255] The following examples are illustrative of the 
PEGylated derivatives of the invention Wherein CompoundA 
is indicated as compound (A) in the reaction schemes: 

Example P1 

Synthesis of the PEG-Compound A Derivative (P3) 
from Compound A and (P2) 

[0256] 

O\/\©iOMe —> LG-L 
-., \ 

who OM6 PEG -----||oH (P2) 

(A) 
OMe 

LG I good leaving group on reaction With hydroxy function 
L I optional linker group 

[0257] In a typical reaction, to a solution of PEG linker (P2) 
in a suitable solvent (e.g., anhydrous DMF) may be added 
COMPOUND A and DMAP, and the mixture may be stirred 
for about 12 h at a suitable temperature. Ethyl ether may then 
be added to the reaction solution With stirring to effect the 
precipitation of PEG derivative (P3). The mixture may be 
stored at about —200 C. for about 12 h and the crude solid 
collected by ?ltration. The product may be further puri?ed by 
re-crystalliZation to yield (P3). 

Example P2 

Synthesis of an Ester-Linked PEG-Compound A 
Derivative (P5) from Compound A and (P4) (MPEG 

Succinimidyl Propionate; MW 2K, 20K) 

[0258] 

O OMe 
— U \/\©: O "IN 0M6 mPEG O\ 

. I | |OH N 

O 
O (A) 

(P4) 
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-continued 

[0259] In a typical reaction, to a solution of PEG linker (P4) 
in a suitable solvent (e. g., anhydrous DMF) may be added 
COMPOUND A and DMAP, and the mixture may be stirred 
for 12 h at ambient temperature Ethyl ether may then be added 
to the reaction solution With stirring to effect the precipitation 
of PEG derivative (P5). The mixture may be stored at about 
—200 C. for about 12 h and the crude solid collected by 
?ltration. The product may be further puri?ed by re-crystal 
liZation to yield (P5). 

Example P3 

Synthesis of an Ester Linked PEG-Compound A 
Derivative (P7) from Compound A and (P6) (MPEG 

Succinic Acid MW 2K, 20K) 
(DIPCIDiisopropylcarbodiimide and 
DMAPIDimethylaminopyridine) 

[0260] 

mPEG —\— 
COOH o 0M6 

(P6) 
DIPC/DMAP 

'30 OMe - I | | | OH 

(A) 
o 0M6 

"'N OMe 
.-||||| O 

o 

mPEG 

(P7) 

[0261] In a typical reaction, to a solution of PEG linker (P6) 
in a suitable solvent (e. g., anhydrous DMF) may be added 
COMPOUND A and DMAP, and the mixture may be stirred 
for 12 h at ambient temperature. Ethyl ether may then be 
added to the reaction solution With stirring to effect the pre 
cipitation of PEG derivative (P7). The mixture may be stored 
at about —200 C. for about 12 h and the crude solid collected 
by ?ltration. The product may be further puri?ed by re-crys 
talliZation to yield (P7). 
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Example P4 

Synthesis of a Carbamate Linked PEG-Compound A 
Derivative (P9) from Compound A and (P8) (MPEG 

Isocyanate MW 2K, 20K) 

[0262] 

O’OWOOMe mPEG ‘II/D 0M6 _\_N=C=O ---|oH 
(P3) 

(A) 

: ,OVUOMe [IN ‘.\\\\O 0M6 

7/NH 
O 

mPEG 

(P9) 

[0263] In a typical reaction, to a solution of PEG linker (P8) 
in a suitable solvent (e.g., anhydrous DMF) may be added 
COMPOUND A and DMAP, and the mixture may be stirred 
for 12 h at ambient temperature. Ethyl ether may then be 
added to the reaction solution With stirring to effect the pre 
cipitation of PEG derivative (P9). The mixture may be stored 
at about —20° C. for about 12 h and the crude solid collected 
by ?ltration. The product may be further puri?ed by re-crys 
talliZation to yield (P9). 

Example P5 

Synthesis of Ester Linked PEG-Dicompound A 
Derivative (P11) from Compound A and (P10) 

(PEG-(Succinic Acid)2 MW 10K) 

[0264] 

O OMe 

0/ \/U (P10) —> 
‘11/10 0M6 . . | | | OH 

(A) 

O\/\©iOMe [ 1,1”, 
BO , . l \\\O 0M6 

PEG 
O 

(P11) 

[0265] In a typical reaction, to a solution of PEG linker 
(P10) in a suitable solvent (e.g., anhydrous DMF) may be 
added COMPOUND A and DMAP, and the mixture may be 
stirred for 12 h at ambient temperature. Ethyl ether may be 
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then added to the reaction solution With stirring to effect the 
precipitation of PEG derivative (P11). The mixture may be 
stored at about —20° C. for about 12 h and the crude solid 
collected by ?ltration. The product may be further puri?ed by 
re-crystalliZation to yield (P11). 

Example P6 

Synthesis of Carbamate Linked PEG-Dicompound A 
Derivative (P13) from Compound A and (P12) 

(PEG-(Isocyanate)2 MW 10K) 

[0266] 

OMe 

OMe 

[0267] In a typical reaction, to a solution of PEG linker 
(P12) in a suitable solvent (e.g., anhydrous DMF) may be 
added COMPOUND A and DMAP, and the mixture may be 
stirred for 12 h at ambient temperature. Ethyl ether is then 
added to the reaction solution With stirring to effect the pre 
cipitation of PEG derivative (P13). The mixture may be stored 
at about —20° C. for about 12 h and the crude solid collected 
by ?ltration. The product may be further puri?ed by re-crys 
talliZation to yield (P13). 

Example P7 

Synthesis of Ester Linked PEG-Thiol-Reactive 
Derivative (P15) from CompoundA and (P14) (NHS 

Vmyl Sulfone NHS PEG vs.) 

[0268] 

(P14) 
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-continued 

O OMe 

“I”, N OMe 

O > 
(P15) 

[0269] In a typical reaction, to a solution of PEG linker 
(P14) in a suitable solvent (e.g., anhydrous DMF) may be 
added COMPOUND A and DMAP, and the mixture may be 
stirred for 12 h at ambient temperature. Ethyl ether may then 
be added to the reaction solution With stirring to effect the 
precipitation of PEG derivative (P15). The mixture may be 
stored at about —200 C. for about 12 h and the crude solid 
collected by ?ltration. The product may be further puri?ed by 
re-crystalliZation to yield (P15). 

Example P8 

Conjugation of PEG-Thiol-Reactive Derivative (P15) 
With Thiol Function of Albumin to Generate the 
PEG-Compound A-Albumin Derivative (P16) 

[0270] 

(P15) 
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-continued 

..ul/ IO 

OMe 

||||O 

(P16) 

[0271] The conjugation of thiol-reactive derivative (P15) 
With the thiol functionality of albumin to generate the albu 
min derivative (P16). The single free thiol group of albumin, 
highly conserved among species, is located at amino acid 
residue Cys34. It has been demonstrated recently that the 
Cys34 of albumin has an increased reactivity relative to free 
thiols on other free thiol-containing proteins. This is due in 
part to the very loW pKa value of 5.5 for the Cys34 of albumin. 
This is much loWer than typical pK values for cysteine resi 
dues in general, Which are typically about 8. OWing to this 
loW pK, under normal physiological conditions, Cys34 of 
albumin is predominantly in the ioniZed form, Which dramati 
cally increases its reactivity. In addition to the loW pK value of 
Cys34, another factor Which enhances the reactivity of Cys34 
is its location, Which is in a crevice close to the surface of one 
loop of region V of albumin (see, e.g., Sugio S., Kashima A., 
MochiZuki S., Noda M., Kobayashi K., Prot. Eng. 1999, 12, 
439 and references therein). This location makes Cys34 acces 
sible to ligands of all kinds, and is an important factor in the 
biological roles of Cys34 as a free radical trap (e.g., Davies M. 
1., Gilbert B. C., HayWood R. M., Free Radic. Res. Commun. 
1993, 18, 353) and free thiol scavenger (e.g., Soriani M., 
Pietraforte D., Minetti M., Arch. Biochem. Biophys. 1994, 
312, 180). As a result, the reaction rate acceleration can be as 
much as 1000-fold relative to rates of reaction With other 
free-thiol containing proteins. 
[0272] In another variation, methods are provided for pre 
paring PEG-aminocycloalkyl ether compounds comprising 
the folloWing reaction steps according to General Reaction 
Schemes PEG2 and PEG3 and Examples P9-P14. 
[0273] The aminoethers described in the present invention 
may be prepared from aminoalcohols and alcohols by folloW 
ing the general methods and speci?c experimental procedures 
described beloW. 




























































































































































