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(57) ABSTRACT 

This invention is directed to PEGlyated derivatives, drug 
conjugates and isotopic derivatives of certain ion channel 
modulating compounds. Pharmaceutical compositions and 
methods of use of also disclosed 
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PEGYLATED ON CHANNEL MODULATING 
COMPOUNDS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 1 1/547.419, filed Sep. 14, 2007 (now allowed); 
which is a U.S. National Phase Application of International 
Application No. PCT/US2005/011124, filed Mar. 31, 2005; 
which claims the benefit of U.S. Provisional Patent Applica 
tion No. 60/559,405 filed Apr. 1, 2004, and 60/586,992, filed 
Jul. 8, 2004. These applications are incorporated herein by 
reference in their entirety. 

FIELD OF THE INVENTION 

0002 The field 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 fibrillation (AF) and for the treatment and/or prevention 
of atrial flutter. 

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 fluid 
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 specific 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 fibrillation (VF). Conservative estimates indicate 
that, in the U.S. alone, each year over one million Americans 
will have a new or recurrent coronary attack (defined as 
myocardial infarction or fatal coronary heart disease). About 
650,000 of these cases will be first 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 fibrillation. 
0006 Atrial fibrillation (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. 
Heart J. 123(1):264-7 January 1992). The prevalence of AF 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; Wolf P. 
A., Abbot R. D., Kannel W. B., Arch. Intern. Med 147(9): 
1561-4, 1987; Wolf P.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., Feinstein A. R. Am. J. Cardiol. 65(16): 1112-6, 
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 fibrillation) occur most 
often in the presence of myocardial ischemia and/or infarc 
tion. Ventricular fibrillation 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 fibrillation 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 
efficacy (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 
flutter than for AF and are generally regarded as less effective 
than Class I drugs for terminating of AF (Nattel S., Hadjis T., 
Talajic M., Drugs 48(3):345-71, 1994; Capucci A., Aschieri 
D., Villani G. Q., Drugs Aging 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 
onset AF (Capucci A., Aschieri D. Villani G.Q., Drugs Aging 
13(451-70, 1998), and they are also associated with a risk of 
the induction of Torsades de Pointes ventriculartachyarrhyth 
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 of AF 
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 fulfills 
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 Patent Application 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 2004/099.137; PCT 
Published Patent Application No. WO 2005/018635; and 
U.S. 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 specifically, 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 
I Such as Kv4.2 and Kv4.3), and the ultrarapid delayed 
rectifier current (I) such as Kv1.5. Kv1.4 and Kv2.1). The 
ultrarapid delayed rectifier current (I) has also been 
described as I. A second calcium dependent transient out 
ward current (I) 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 2004/099.137; PCT 
Published Patent Application No. WO 2005/018635; and 
U.S. Published Patent Application No. US2005002693; the 
disclosures of which are incorporated in full herein by refer 
ence in their entireties. 

A. Definitions 

0026 Inaccordance with the present invention and as used 
herein, the following terms are defined to have the following 
meanings, unless explicitly stated otherwise: 
0027 Acyl refers to branched or unbranched hydrocar 
bon fragments terminated by a carbonyl —(C=O)—group 
containing the specified number of carbon atoms. Examples 
include acetyl CH (C=O)—, a Cacyl and propionyl 
CHCH (C=O)—, a Cacyl. 
0028 “Alkanoyloxy' refers to an ester substituent 
wherein the ether oxygen is the point of attachment to the 
molecule. Examples include propanoyloxy (CHCH 
(C=O)—O—, a Calkanoyloxy and ethanoyloxy ICH 
(C=O)—O—, a Calkanoyloxy. 
0029 "Alkoxy' refers to an O-atom substituted by an alkyl 
group, for example, methoxy —OCH, a Calkoxy. 
0030 Alkoxyalkyl refers to an alkylene group substi 
tuted with an alkoxy group. For example, methoxyethyl 
CHOCH2CH2— and ethoxymethyl (CHCHOCH2— 
are both Calkoxyalkyl groups. 
0031 “Alkoxycarbonyl refers to an ester substituent 
wherein the carbonyl carbon is the point of attachment to the 
molecule. Examples include ethoxycarbonyl CHCHO 
(C=O)—, a Calkoxycarbonyl and methoxycarbonyl 
CHO(C=O)—, a Calkoxycarbonyl. 



US 2010/0273724 A1 

0032 Alkyl refers to a branched or unbranched hydro 
carbon fragment containing the specified number of carbon 
atoms and having one point of attachment. Examples include 
n-propyl (a Calkyl), iso-propyl (also a Calkyl), and t-butyl 
(a Calkyl). 
0033 “Alkylene' refers to a divalent radical which is a 
branched or unbranched hydrocarbon fragment containing 
the specified number of carbonatoms, and having two points 
of attachment. An example is propylene —CH2CHCH . 
a Calkylene. 
0034 Alkylcarboxy' refers to a branched or unbranched 
hydrocarbon fragment terminated by a carboxylic acid group 
—COOH). Examples include carboxymethyl HOOC 
CH , a Calkylcarboxy and carboxyethyl HOOC 
CH2CH2—, a Calkylcarboxy. 
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 CHCH , a Czaralkyl 
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 (CH, ), which 
is a five carbon (Cs) unsaturated cycloalkyl group. 
0038 “Carbocyclic” refers to a ring which may be either 
an aryl ring or a cycloalkyl ring, both as defined 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 (-OH) group. 
Examples include hydroxymethyl ( CH-OH, a 
Chydroxyalkyl) and 1-hydroxyethyl ( CHOHCH, a 
Chydroxyalkyl). 
0043 “Thioalkyl refers to a sulfur atom substituted by an 
alkyl group, for example thiomethyl (CHS , a 
C, thioalkyl). 
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 
benefit 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 benefi 
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 Sufficient to affect a desired biological 
effect, such as beneficial 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 specified 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 LM, the ion channel 
may be said to have an ICso of 1 LM 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 specified 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 anion 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 reflect 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 
flavoring 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, 1-para-chloro-benzyl-2-pyrroli 
din-1-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. Wermuth (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 
modified 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 flavor 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 of the 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 
finic double bonds or other centers of geometric asymmetry, 
and unless specified otherwise, it is intended that the com 
pounds include both E and Zgeometric 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) configuration, 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 configuration 
for naturally occurring amino acid residues is generally L. 
When not specified the residue is the L form. As used herein, 
the term "amino acid' refers to C.-amino acids which are 
racemic, or of either the D- or L-configuration. 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. 
0.058 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 configuration, whereas two full bonds 
or two dashed bonds means a cis configuration. 
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 hydrogenatom could otherwise be 
present at that atom. Where no particular substituent(s) is 
identified 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 
aC. 

0063 As used herein, substantially pure means suffi 
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 sufficiently pure Such that further puri 
fication would not detectably alter the physical and chemical 
properties. Such as enzymatic and biological activities, of the 
substance. Methods for purification 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 purification might increase the spe 
cific activity of the compound. 
0064. The compounds of the invention may contain an 
“aminocycloalkyl ether moiety”, i.e., the following moiety: 

N 

4. 
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 significant 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 significant 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 defined 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 defined 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 significant 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 KV1 channels in a “rate 
independent and use-independent manner means that there 
is no influence of the heart rate or stimulus rate on the amount 
of inhibition produced by the ion channel modulating com 
pound on KV1 channels. 
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0068. As used in this patent application, “affects atrial 
repolarizing currents' means “has a statistically significant 
effect on atrial repolarizing current amplitudes.” 
0069. As used in this patent application, “prolongs atrial 
refractoriness” means “has a statistically significant prolong 
ing effect on atrial refractoriness.” 
0070. As used in this patent application, “has substantially 
no effect on ventricular tissue” means “has no statistically 
significant 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 
nificant 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 significant 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 anion 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 theart: 
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 extracellularloci. 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 beneficial 
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 
inflammation. Changes such as these are observed during 
conditions of myocardial ischaemia or inflammation and 
those conditions that precede the onset of arrhythmias such as 
atrial fibrillation. 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 fibrillation. 
007.9 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 (I) and/or the ultrarapid delay rectifier current (I). 
The cardiac transient outward potassium current (I) and/or 
the ultrarapid delay rectifier current (I) may comprise at 
least one of the Kv4.2, Kv4.3, Kv2.1, Kv1.4 and Kv1.5 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 specific 
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=1, 2, 3 or 
4. 

(T) 

I0083) 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. 
in 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 Land Mthat are directly bonded to each 
other, any group that does not allow Substantial rotation about 
the bond between atoms Land 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 

I0084 where J and Kareas described above and groups P 
and Rare 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. 
I0085. 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 bean 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. 
I0086. 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 



US 2010/0273724 A1 

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: 

(I) 

0088 wherein, independently at each occurrence, 
I0089 X is selected from a direct bond, —C(RR)— 
Y—and C(R)—CH , with the proviso that when X is a 
direct bond and A is formula (III), then at least one of R. Rs 
and Ro is not hydrogen; 
0090. Y is selected from a direct bond, O, S and 
C-C alkylene; 
0091 R is selected from hydrogen, C-Calkyl, 
C-C scycloalkyl, aryland benzyl; 
0092 R and R are independently selected from hydro 
gen, C-Calkyl, C-Calkoxyalkyl, C-Chydroxyalkyl, and 
C7-Caralkyl; or 
0093 R and R, when taken together with the nitrogen 
atom to which they are directly attached in formula (I), form 
a ring denoted by formula (II): 

(II) 
71 R, 

N. 
wherein the ring of formula (II) is formed from the nitrogenas 
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-Chydroxyalkyl, oxo, C-Cacyl, C-C alkyl, 
C-C alkylcarboxy, C-Calkoxy, C-Coalkanoyloxy, or 
may be substituted to form a spiro five- 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 C-C scarbocyclic ring, 
and any one or more of the additional nitrogen ring atoms may 
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be substituted with substituents selected from hydrogen, 
C-Calkyl, C-Cacyl, C-Chydroxyalkyl and 
C-Calkoxyalkyl; or 
0094 R and R, 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. 
2nonan-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: 
0.095 R and Ra are independently attached to the cyclo 
hexane ring shown informula (I) at the 3-, 4-, 5- or 6-positions 
and are independently selected from hydrogen, hydroxy, 
C-Calkyl and C-Calkoxy, and, when both R and Ra are 
attached to the same cyclohexane ring atom, may together 
form a spiro five- or six-membered heterocyclic ring contain 
ing one or two heteroatoms selected from oxygen and Sulfur, 
0096 Rs. R and Ra are independently selected from 
hydrogen, C-Calkyl, aryland benzyl, or R and Ra, when 
taken together with the carbon to which they are attached, 
may form a spiro C-C cycloalkyl: 
I0097 A is selected from Cs-Calkyl, a 
C-C carbocyclic ring, and ring systems selected from for 
mulae (III), (IV), (V), (VI), (VII) and (VIII): 

(III) 

where R. R. and Rs are independently selected from bro 
mine, chlorine, fluorine, carboxy, hydrogen, hydroxy, 
hydroxymethyl, methanesulfonamido, nitro, Sulfamyl, trif 
luoromethyl, C-Czalkanoyloxy, C-Calkyl, C-Calkoxy, 
C-Czalkoxycarbonyl, C-Cathioalkyl and N(Rs.R.) where 
Rs and R are independently selected from hydrogen, 
acetyl, methanesulfonyl and C-Calkyl: 

(IV) 

N1 N. R 
R10 - -k 

O Neue and 
(V) 

N1 N. 
R R11 

O 2 21 

where Ro and R are independently selected from bromine, 
chlorine, fluorine, carboxy, hydrogen, hydroxy, hydroxym 
ethyl, methanesulfonamido, nitro, Sulfamyl, trifluoromethyl, 
C-C alkanoyloxy, C-Calkyl, C-Calkoxy, 
C-Czalkoxycarbonyl, C-Cthioalkyl, and N(Rs.R.) 
where Rs and Rare independently selected from hydrogen, 
acetyl, methanesulfonyl, and C-Calkyl; 
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(0.133 (1R,2R)/(1S,2S)-2-((3S)-hydroxypyrrolidinyl 
1-(3,4-dimethoxyphenethoxy)-cyclohexane; 

0.134 (1R,2R)-2-(3R)-hydroxypyrrolidinyl-1-(3,4- 
dimethoxyphenethoxy)-cyclohexane, 

0.135 (1R,2R)-2-(3S)-hydroxypyrrolidinyl-1-(3,4- 
dimethoxyphenethoxy)-cyclohexane, 

0.136 (1R,2S)-2-(3R)-hydroxypyrrolidinyl-1-(3,4- 
dimethoxyphenethoxy)-cyclohexane, 

0.137 (1R,2S)-2-(3S)-hydroxypyrrolidinyl-1-(3,4- 
dimethoxyphenethoxy)-cyclohexane, 

0.138 (1S,2R)-2-(3R)-hydroxypyrrolidinyl-1-(3,4- 
dimethoxyphenethoxy)-cyclohexane, 

I0139 (1S,2R)-2-((3S)-hydroxypyrrolidinyl)-1-(3,4- 
dimethoxyphenethoxy)-cyclohexane, 

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

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

0142 (1R,2S)/(1S,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: 

(IX) 
Rs 

Q 
A N ls 

X 

R4 xy's SS 
0144 wherein, independently at each occurrence, 
0145 n is selected from 1, 3 and 4: 
0146 Q is either O (oxygen) or —O—C(O); 
0147 X is selected from a direct bond, —C(RR)— 
Y—, and —C(R)=CH-. 
0148 Y is selected from a direct bond, O, S, and 
C-C alkylene; 
0149 R is selected from hydrogen, C-Calkyl, 
C-C scycloalkyl, aryl, and benzyl; 
0150 R and R are independently selected from hydro 
gen, C-Calkyl, C-Calkoxyalkyl, C-Chydroxyalkyl, and 
C7-Caralkyl; or 
0151 R and R, when taken together with the nitrogen 
atom to which they are directly attached informula (IX), form 
a ring denoted by formula (II): 

(II) 
1. R. 

Ruld 
wherein the ring of formula (II) is formed from the nitrogenas 
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, 
C-Chydroxyalkyl, Oxo, C-Cacyl, C-C alkyl, 
C-C alkylcarboxy, C-Calkoxy, C-Coalkanoyloxy, or 
may be substituted to form a Spiro five- 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 C-C scarbocyclic ring, 
and any one or more of the additional nitrogen ring atoms may 
be substituted with substituents selected from hydrogen, 
C-Calkyl, C-Cacyl, C-Chydroxyalkyl and 
C-Calkoxyalkyl; or 
0152 R and R, 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. 
2nonan-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 R. and Ra 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, C-Calkyl and C-Calkoxy, and, when both R. 
and Rare attached to the same cyclohexane ring atom, may 
together form a spiro five- or six-membered heterocyclic ring 
containing one or two heteroatoms selected from oxygen and 
sulfur, 
0154 Rs. R and Ra are independently selected from 
hydrogen, C-Calkyl, aryland benzyl, or R and Ra, when 
taken together with the carbon to which they are attached, 
may form a spiro C-C scycloalkyl; 
I0155) A is selected from Cs-Calkyl, a 
C-C carbocyclic ring, and ring systems selected from for 
mulae (III), (IV), (V), (VI), (VII) and (VIII): 

(III) 

where R-7, Rs and R are independently selected from bro 
mine, chlorine, fluorine, carboxy, hydrogen, hydroxy, 
hydroxymethyl, methanesulfonamido, nitro, Sulfamyl, trif 
luoromethyl, C-Czalkanoyloxy, C-Calkyl, C-Calkoxy, 
C-Czalkoxycarbonyl, C-Cthioalkyl and N(Rs.R.) where 
Rs and R are independently selected from hydrogen, 
acetyl, methanesulfonyl and C-Calkyl: 

(IV) 

N1 N. R 
- -k 

"N-N-4 and 
(V) 

N1 N. 
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where Ro and R are independently selected from bromine, 
chlorine, fluorine, carboxy, hydrogen, hydroxy, hydroxym 
ethyl, methanesulfonamido, nitro, Sulfamyl, trifluoromethyl, 
C-C, alkanoyloxy, C-Calkyl, C-Calkoxy, 
C-Czalkoxycarbonyl, C-Cthioalkyl, and N(Rs.R.) 
where Rs and Rare independently selected from hydrogen, 
acetyl, methanesulfonyl, and C-Calkyl; 

(VI) 

where R is selected from bromine, chlorine, fluorine, car 
boxy, hydrogen, hydroxy, hydroxymethyl, methanesulfona 
mido, nitro, sulfamyl, trifluoromethyl, C-C, alkanoyloxy, 
C-Calkyl, C-Calkoxy, C-Czalkoxycarbonyl, 
C-Cathioalkyl, and N(Rs.R.) where Rs and R are inde 
pendently selected from hydrogen, acetyl, methanesulfonyl, 
and C-Calkyl; and Z is selected from CH, CH, 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 R, 
when Z is N, and R, is selected from hydrogen, C-Calkyl, 
C-C scycloalkyl, aryland benzyl; 

(VII) 

(VIII) 

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: 

O OCH 

'N OCH 

"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 

0.161 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 1999/50225; 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. 
2003.0017131. 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., Choe Y. H. McGuire J. Conover 
C. D. Adv. Drug Del. Rev. 2003, 55,217, Molineux G. Phar 
macotherapy 2003, (8 Pt.2), 3S-8S, Roberts M.J., 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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0.165 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 compoundamenable 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, differention channel modulating com 
pounds may be attached to a single PEG moiety, such that a 
single PEGylated derivative may comprise differention 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 an ion 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 first ion channel modulating 
compound to a second ion channel modulating compound, 
wherein the first 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 first ion channel 
modulating compound to a second ion channel modulating 
compound. In other instances, a PEGylated derivative may 
comprise two differention channel modulating compounds, 
wherein a first 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-OCHCHOCH2CHO 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 sulfide, 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). 
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 
anion 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 modified to form a PEGylated derivative 
of the ion channel modulating compound. The ion channel 
modulating compound to be modified 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 fibrillation. Specific 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 ?m 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, Compound A, 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 
Compound A is attached to a PEG moiety by the substitution 
of the valency occupied by hydrogen in the "IOH 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 —OMe 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 
modified 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 modified 
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 modified 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 hydrogenatom of an O H 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, in particular, 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 largergroup 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. 
0.192 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 modified, 
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. 
0.195 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: 

vs.-2, 
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-continued 

(0199 wherein each n is 1 to 10 and the symbol wVV 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 M is present twice in a structure 
above, it indicates one point of attachment to a PEG moiety 
and another point of attachment to anion channel modulating 
compound. 
0200. In one variation of the formulae above, PEG is 
(CH2CH2O), whereinn is an integer selected from any one of 
the ranges 1 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 another variation, 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 10K in molecular weight. In another variation, 
the PEG moiety of the formulas about is about 5K in molecu 
lar weight. 
0201 Although any ion channel modulating compound 
may be modified 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: 

Rs 

As-S -/-/ Nx O 1. 

(PEGI) 
PEG 
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wherein: 
0203 R and R are independently selected from hydro 
gen, C-Calkyl, C-Csalkoxyalkyl, C-Chydroxyalkyl, and 
C7-Caralkyl; or 
0204 R and R are independently selected from 
C-Csalkoxyalkyl, C-Chydroxyalkyl, and C7-Caralkyl; 
O 

0205 R and Rare taken together with the nitrogenatom 
to which they are directly attached in formula (PEGI), form a 
ring denoted by formula (PEG-Z-II): 

(PEG-Z-II) 

wherein the ring of formula (PEG-Z-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, C-Chydroxyalkyl, oxo, C-C-acyl, C-C alkyl, 
C-C alkylcarboxy, C-Calkoxy, C-Coalkanoyloxy, or 
may be substituted to form a spiro five- 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 C-C scarbocyclic ring, 
and any one or more of the additional nitrogen ring atoms may 
be substituted with substituents selected from hydrogen, 
C-Calkyl, C-Cacyl, C-Chydroxyalkyl and 
C-Calkoxyalkyl; or 
0206 RandR are taken together with the nitrogenatom 

to which they are directly attached in formula (PEGI), may 
form a bicyclic ring system selected from 3-azabicyclo[3.2. 
2nonan-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 —Z Z"-PEG, 
0207 Z is a linkage group: 
0208 Z" is an optional linker; 
0209 R and Ra 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, C-Calkyl and C-Calkoxy, and, when both R. 
and Ra are attached to the same cyclohexane ring atom, may 
together form a spiro five- or six-membered heterocyclic ring 
containing one or two heteroatoms selected from oxygen and 
sulfur, 
0210 X, Y. R. R. R. and A are as described above for 
compounds of formula (I); including isolated enantiomeric, 
diastereomeric and geometric isomers thereof, and mixtures 
thereof. 

0211. It is understood, for purposes of this invention, that 
the —Z Z"-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 
(PEGI) and that the specific formulae depicted herein with the 
—Z Z"-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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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) 

wherein: 

0213 X is selected from a direct bond, —C(RR)— 
Y— and —C(R)—CH : 
0214. Y is selected from a direct bond, O, S and 
C-C alkylene; 
0215 R is selected from hydrogen, C-Calkyl, 
C-C scycloalkyl, aryland benzyl; 
0216 R and R are independently selected from hydro 
gen, C-Calkyl, C-Csalkoxyalkyl, C-Chydroxyalkyl, and 
C7-Caralkyl; or 
0217 R and R are independently selected from 
C-Csalkoxyalkyl, C-Cshydroxyalkyl, and C7-Caralkyl: 
O 

0218 R and Rare taken together with the nitrogenatom 
to which they are directly attached in formula (PEGII), form 
a ring denoted by formula (II): 

(II) 

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, C-Chydroxyalkyl, oxo, C-Cacyl, C-C alkyl, 
C-C alkylcarboxy, C-Calkoxy, C-Coalkanoyloxy, or 
may be substituted to form a spiro five- 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 C-C carbocyclic ring, 
and any one or more of the additional nitrogen ring atoms may 
be substituted with substituents selected from hydrogen, 
C-Calkyl, C-Cacyl, C-Chydroxyalkyl and 
C-Calkoxyalkyl; or 
0220 R and Rare taken together with the nitrogenatom 
to which they are directly attached in formula (PEGII), may 
form a bicyclic ring system selected from 3-azabicyclo[3.2. 
2nonan-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 

XN 
Rs. Za' 7'4 PEG-Za" R, 

0222 where R, and R are independently selected from 
bromine, chlorine, fluorine, carboxy, hydrogen, hydroxy, 
hydroxymethyl, methanesulfonamido, nitro, Sulfamyl, trif 
luoromethyl, C-Czalkanoyloxy, C-Calkyl, C-Calkoxy, 
C-Czalkoxycarbonyl, 
0223 where Rs 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 specific 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) (PEGIII), or a solvate or phar 
maceutically acceptable salt thereof, is provided: 

(PEGIII) 
Rs PEG 

A ls Z A Za" - a 

PEG1 inz.1 y O r 
N 
YR, 

R3 

0229 wherein: 
0230 X is selected from a direct bond, —C(RR)— 

0231 Y is selected from a direct bond, O, S and 
C-C alkylene; 
0232 R is selected from hydrogen, C-Calkyl, 
C-C cycloalkyl, aryl and benzyl: 
0233 R and R are independently selected from hydro 
gen, C-Calkyl, C-Csalkoxyalkyl, C-Chydroxyalkyl, and 
C7-Caralkyl; or 
0234 R and R are independently selected from 
C-Calkoxyalkyl, C-Chydroxyalkyl, and C7-Caralkyl: 
O 

0235 RandR are taken together with the nitrogenatom 
to which they are directly attached in formula (PEGIII), form 
a ring denoted by formula (PEG-Z-II): 

r Z. 

(U2 V it 
0236 wherein the ring of formula (PEG-Z-II) is formed 
from the nitrogen as shown as well as three to nine additional 

(PEG-Z-II) 
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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, C-Chydroxyalkyl, oxo, C-C-acyl, 
C-C alkyl, C-C alkylcarboxy, C-Calkoxy, 
C-Coalkanoyloxy, or may be substituted to form a spiro 
five- 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 
C-C scarbocyclic ring, and any one or more of the additional 
nitrogen ring atoms may be substituted with Substituents 
selected from hydrogen, C-Calkyl, C-C-acyl, 
C-Chydroxyalkyl and C-Calkoxyalkyl; or 
0237 R and Rare taken together with the nitrogenatom 
to which they are directly attached in formula (PEGIII), may 
form a bicyclic ring system selected from 3-azabicyclo[3.2. 
2nonan-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 —Z—Z"-PEG, 
0238 Z is a linkage group: 
0239 Z" is an optional linker; 
0240 R and Ra are independently attached to the cyclo 
hexane ring shown in formula (PEGIII) at the 3-, 4-, 5- or 
6-positions and are independently selected from hydrogen, 
hydroxy, C-Calkyl and C-Calkoxy, and, when both R. 
and Ra are attached to the same cyclohexane ring atom, may 
together form a spiro five- or six-membered heterocyclic ring 
containing one or two heteroatoms selected from oxygen and 
sulfur, 
0241 Rs. R and Ra are independently selected from 
hydrogen, C-Calkyl, aryland benzyl, or R and Ra, when 
taken together with the carbon to which they are attached, 
may form a spiro C-C scycloalkyl; 
0242 A is selected from formulae (PEG-Z-A): 

R 

\s 
- 
- Za' 7'4 PEG-Za" R, 

0243 where R, and R are independently selected from 
bromine, chlorine, fluorine, carboxy, hydrogen, hydroxy, 
hydroxymethyl, methanesulfonamido, nitro, Sulfamyl, trif 
luoromethyl, C-Czalkanoyloxy, C-Calkyl, C-Calkoxy, 
C-Czalkoxycarbonyl, and where Rs 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 Z-Z"-PEG 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 (PEGIII) and that the specific formulae 
depicted herein containing both the —Z Z"-PEG 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 aminocycleohexyl 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-1 
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 Compound A. In the 
scheme below, Zand 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-1 
SYNTHESIS OF PEGYLATED DERIVATIVES 

A 
M 
X 

)— Rs 
O R4 Z"-PEG or Za"-PEG 

A. Z'-PEG or Za"-PEG = 
PEG moiety with 

R n X optional linker Z" or Za" 
N 

PEG-Nz. X-A 

- 
ZNR Rs 

V 
/N o 

l 
(PEGI) 
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R3 

ROX 
Rs 

-R Za - An -N N PEG1 NZa. X O I 
R 

(PEGII) 
PEG 

M 
Za-Za" 

X-A 

PEG- 4. -Q 
i O 

Z'NR Rs 
V 
/N 

R u/ 
R3 

(PEGIII) 

0251 Further methods for preparing PEGylated deriva 
tives may be found according to the following specific 
Examples P1-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 defined 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 1 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 reflux and 
stirred at ambient temperature for 18 h. The reaction mixture 
may then be filtered and solvent removed. The resulting resi 
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due may be purified/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 J., Martinez J. Med. Chem. 
1996, 39, 424). 
0255. The following examples are illustrative of the 
PEGylated derivatives of the invention wherein Compound A 
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 He LG-L n 

O OMe PEG III iOH (P2) 

O OMe 

J. 
(P3) 

(A) 

LG = good leaving group on reaction with hydroxy function 
L = optional linker group 

0257. In atypical reaction, to a solution of PEG linker (P2) 
in a suitable solvent (e.g., anhydrous DMF) may be added 
COMPOUNDA and DMAP, and the mixture may be stirred 
for about 12 hat 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 -20° C. for about 12 h and the crude solid 
collected by filtration. The product may be further purified 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 
Her O o O 'N OMe PEG On 

... I IOH N 
O 

O (A) 
(P4) 
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-continued 

r 
O OMe O YN-meg 

O 

(P5) 

(0259. In a typical reaction, to a solution of PEG linker (P4) 
in a suitable solvent (e.g., anhydrous DMF) may be added 
COMPOUNDA and DMAP, and the mixture may be stirred 
for 12hat 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 
-20° C. for about 12 h and the crude solid collected by 
filtration. The product may be further purified 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) 
(DIPC-Diisopropylcarbodiimide and 
DMAP-Dimethylaminopyridine) 

0260 

PEG N 
COOH O OMe 

(P6) 
". DIPCDMAP 

p -- 

"O) OMe ... I liiOH 

(A) 

r 'N OMe 
II IO 

O 

PEG 

(P7) 

0261. In a typical reaction, to a solution of PEG linker (P6) 
in a suitable solvent (e.g., anhydrous DMF) may be added 
COMPOUNDA 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 -20°C. for about 12 hand the crude solid collected 
by filtration. The product may be further purified 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 

Orror PEG 

O OMe \-N=C=o iOH 
(P8) 

(A) 

r 'N AO OMe 

y 
PEG 

(P9) 

0263. In a typical reaction, to a solution of PEG linker (P8) 
in a suitable solvent (e.g., anhydrous DMF) may be added 
COMPOUNDA 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 hand the crude solid collected 
by filtration. The product may be further purified 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), MW 10K) 

18 
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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 filtration. The product may be further purified by 
re-crystallization to yield (P11). 

Example P6 

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

(PEG-(Isocyanate), MW 10K) 

0266 

O o PEG-CHCH-N=C=O). 

Or o (P12) 
O OMe OH 

(A) 

r o OMe ... O H y 
O 

2 PEG 
(P13) 

0267 In a typical reaction, to a solution of PEG linker 
(P12) in a suitable solvent (e.g., anhydrous DMF) may be 
added COMPOUNDA 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 

0264 at about -20°C. for about 12 hand the crude solid collected 
by filtration. The product may be further purified by re-crys 

O OMe PEG-CHCH-COOH tallization to yield (P13). 

(P10) 
Example P7 

'N OMe 
IOH 

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

O OMe Vinyl Sulfone NHS PEG vs.) 

C ro 0268 
PEG O OMe 

O 2 Or ro O 'N OMe O O 
(P11) Ono PE-O-N 

/ 
0265. In a typical reaction, to a solution of PEG linker (A) O 
(P10) in a suitable solvent (e.g., anhydrous DMF) may be (P14) 
added COMPOUNDA and DMAP, and the mixture may be 
stirred for 12 h at ambient temperature. Ethyl ether may be 
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-continued 

O OMe 

'N OMe 
... I IO 

X-r O V O sa 

(P15) 

0269. In a typical reaction, to a solution of PEG linker 
(P14) in a suitable solvent (e.g., anhydrous DMF) may be 
added COMPOUNDA and DMAP, and the mixture may be 
stirred for 12 hat 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 -20° C. for about 12 h and the crude solid 
collected by filtration. The product may be further purified by 
re-crystallization to yield (P15). 

Example P8 

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

0270 

O OMe 

(P15) 
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-continued 
O OMe 

''', N OMe 
... I I IO 

X- PEG 
O Y4 2 

(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 Cys. It has been demonstrated recently that the 
Cys 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 Cys 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, Cys of 
albuminis predominantly in the ionized form, which dramati 
cally increases its reactivity. In addition to the low pK value of 
Cys, another factor which enhances the reactivity of Cys 
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 Cys acces 
sible to ligands of all kinds, and is an important factor in the 
biological roles of Cys as a free radical trap (e.g., Davies M. 
J., 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 specific experimental procedures 
described below. 
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0274 The Williamson ether synthesis (see, e.g., Feuer, H.; 
Hooz, J. Methods of Formation of the Ether Linkage. In Patai, 
Wiley: New York, 1967: pp. 445-492) between the activated 
chloride form (37a) of aminoalcohol (18a) and the alkoxide of 
the appropriate phenethyl alcohol (19a) or (19b) in a polar 
solvent such as DME (General Reaction Scheme PEG2) pro 
vide the corresponding aminoether in high yield. Subsequent 
hydrogenolysis of (20a) or (20b) provide (21a) or (21b). 
0275 Reaction of benzyl alcohol with 2-bromoethyl iso 
cyanate or 4-bromobutyl isocyanate (see Minin, Patricia L. 
and Walton, John C. J. Org. Chem. 2003, 68, 2960-2963) in 
dichloromethane at ambient temperature gives intermediates 
(17a) and (17b), respectively (General Reaction Scheme 
PEG-2). Subsequent reaction of homovanillyl alcohol with 
intermediates (17a) and (17b) in the presence of sodium car 
bonate and in a polar solvent such as DMF give precursors 
(19a) and (19b), respectively. 
0276. The following example provides specific details on 
the preparation of Compound (37a). 

(1R,2R)/(1S,2S)-1-(3R)-benzyloxypyrrolidinyl-2- 
chlorocyclohexane (37a) 

0277. A recent study has established that activation of 18a 
with methanesulfonyl chloride gives the corresponding chlo 
ride 37a. To a chilled (0° C.) solution of 18a (16.151 g, 58.7 
mmol) and EtN (1.25 eq., 10.2 mL, 73.4 mmol) in anhydrous 
CHCl (250 mL) was added dropwise neat methanesulfonyl 
chloride (5.65 mL, 73.4 mmol). The reaction mixture was 
stirred at 0°C. for 30 min and then at ambient temperature for 
20h. The reaction mixture was concentrated in vacuo, and the 
resulting residue was partitioned between a mixture of HO 
2M NaHCO, aq (1:1, V/V, 150 mL) and diethyl ether (150 
mL). The aqueous layer was separated and extracted twice 
more with diethyl ether (2x150 mL). The organic extracts 
were combined and dried over anhydrous magnesium Sulfate. 
Concentration of the organic layer in vacuo and further 
removal of residual Volatile materials under high vacuum 
yielded the crude chloride 37a as a viscous oil (15.25 g). R, 
0.81 (EtOAc-iPrNH 95:5, v/v); H NMR (300 MHz, 
CDC1) & 7.36-7.22 (m, 5H, Ar), 4.53-4.41 (m. 2H, AB cou 
pling), 4.19-4.02 (m. 2H), 3.14-2.97 (m. 1H), 2.92-2.53 (m. 
4H), 2.38-2.18 (m, 1H), 2.18-1.80 (m, 3H), 1.79-1.60 (m, 
3H), 1.52-1.20 (m,3H); C NMR (75 MHz, CDC1, APT) & 
138.36(+), 128.26(-), 127.54(-), 127.44(-), 77.81/77.70(-), 
70.92/70.83 (+), 65.04/64.91 (-), 61.32/61.16(-) 56.39/56.29 
(+), 54.96(+), 48.86(+), 47.54/47.36(+), 33.36/33.18(+), 
31.21 (+), 24.76/24.68(+), 23.19/23.06(+), 22.48/22.40(+): 
MS (ES) M+H, C1' 294.0 M+H, C17296.0 

GENERAL REACTION SCHEME PEG-3 
PREPARATION OF COMPOUND 18(A). 

O a) NaH O > - it du O N reflux O N 
Her 

RXIII IOH b) BnBr, R OB 

BuNI 
22a (cat.) 23a 

TFA, 
rt 
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OH 

O 

N HN 
*X"OBn -- Y - R Y III IIII 

H2O, 80° C. OB 

188 24a 

0278 Aminoalcohols used in General Reaction Scheme 
PEG-2 were prepared by typical S2 cyclohexene oxide 
opening with the secondary amine of choice in the presence of 
water which provides aminoalcohols with an anti relationship 
relative to the cyclohexane ring. More specifically, aminoal 
cohol (18a) (General Reaction Scheme PEG-3) required the 
preparation of amine (24a). N-Boc-3-(R)-pyrrolidinol (22a) 
was benzylated with benzyl bromide to give (23a), hydrolysis 
of the carbamate protecting group in the presence of trifluo 
roacetic acid provided (24a). Cyclohexene oxide ring open 
ing with (24a) in water gave aminoalcohol (18a). 
0279. The following examples provide specific details on 
the preparation of Compounds (23a), (24a), and (18a). 

N-tert-Butoxycarbonyl-3R-benzyloxypyrrolidine 
(23a) 

0280 A suspension of sodium hydride (8.08 g. 269 mmol. 
80%) in anhydrous THF (100 mL) was stirred, allowed to 
settle and the Supernatant was discarded. The grey residue 
was washed with THF (2x50 mL) and then re-suspended in 
THF (700 mL). To the cold (0° C.), stirred suspension of 
Sodium hydride was added dropwise a solution of 22a (41.7g, 
223 mmol) in THF (200 mL) and the resultant mixture was 
refluxed for 1 h. After the reaction mixture had cooled to 
ambient temperature, benzyl bromide (26.5 mL, 223 mmol) 
and tetrabutylammonium iodide (8.20 g, 22.3 mmol) were 
successively added. The mixture was stirred at ambient tem 
perature for 18 h and then concentrated under reduced pres 
sure. To the residue was added brine (300 mL) and water (50 
mL), and the pH of the resultant mixture was adjusted to 
neutrality with 1 Maq HC1. This mixture was extracted with 
hexane (100 mL), and the hexane extract was dried (MgSO 
anhydr) and concentrated under reduced pressure to give 64.3 
g (>98% yield) of a yellow oil, which was shown by GC 
analysis to consist almost exclusively of the desired product. 
A small amount of the oil was subjected to flash column 
chromatography on silica gel eluted with hexane-ethyl 
acetate (3:1) to give 23a as a colourless oil, which crystallized 
on standing. R0.58 (CHCls-MeOH, 4:1, v/v), "H NMR (400 
MHz, CDC1) & 7.35-7.25 (m, 5H), 4.58-4.47 (m, 2H), 4.12 
(brs, 1H), 3.55-3.40 (m, 4H), 2.10-2.00 (m. 1H), 2.00- 1.90 
(m. 1H), 1.48 (s, 9H); C NMR (75 MHz, CDC1) & 154.5, 
138.0, 128.3, 127.6, 79.1, 77.7, 76.8, 70.8, 514, 50.7, 44.0, 
43.6, 31.4, 30.4, 28.4; IR (film) 2.975, 1691, 1410 cm; 
HRMS m/z calcd for CHNO (M'.) 277.16779, found 
277.16790. 

3R-Benzyloxypyrrolidine (24a) 

0281. A mixture of trifluoroacetic acid (50 mL) and 23a 
(20g, 72 mmol) was stirred at ambient temperature for 1 hand 
then concentrated under reduced pressure. The residue was 
taken up in water (250 mL) and the resultant acidic aqueous 
solution was extracted with EtO (2x150 mL). To the acidic 
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aqueous layer was carefully added in portions solid NaHCO 
until saturation. The basic aqueous solution was then 
extracted with CHCl (2x150 mL) and the combined organic 
extracts were dried (NaSO anhydr). Evaporation of the sol 
vent in vacuo yielded 8.0 g of 24a (62% yield). R, 0.24 
(CHC1-MeOH, 9:1, v/v), "H NMR (400 MHz, CDC1,) & 
7.40-7.17 (m, 5H), 4.43 (s. 2H), 4.09-4.03 (m, 1H), 3.10-2.98 
(m. 2H), 2.85-2.70 (m, 2H), 2.46 (s, 1H), 1.90-1.78 (m, 2H): 
IR (film)3400, 1452, 1100, 1068 cm. 

(1R,2R)/(1S,2S)-1-(3R)-benzyloxypyrrolidinyl 
cyclohexan-2-ol (18a) 

0282. A mixture of cyclohexene oxide (12.5 mL, 120.9 
mmol), 24a (14.3 g, 80.6 mmol) and water (6 mL) was heated 
at 80°C. for 9.5 h, after which GCanalysis revealed complete 
consumption of 24a. The reaction mixture was allowed to 
cool to ambient temperature and diluted with water (140 mL). 
By the addition of 1 Maq HCl (55 mL), the pH was adjusted 
to 4.6 and the mixture was extracted with EtO (2x200 mL). 
After the aqueous layer was adjusted to pH 12.5 by the addi 
tion of 40% aq NaOH (NaCl may be added to effect separa 
tion into 2 clear layers), it was extracted with EtO (1x400 
mL, 1x200 mL). The combined EtO extracts (from basic 
aqueous layer) were dried (NaSO anhydr), and concen 
trated under reduced pressure and then in vacuo at 55°C. with 
stirring, to give 18a as an orange oil (15.9 g, 72%) of 96% 
purity (GC). R, 0.24 (EtOAc-iPrNH, 98.2, v/v); H NMR 
(200MHz, CDC1) & 7.4-7.2 (m, 5H), 4.5 (s.2H), 4.2-4.0 (m, 
1H), 3.9 (brs, 1H), 3.4-3.2 (m, 1H), 3.0-2.5 (m, 4H), 2.4 (t, J 
10Hz, 1H), 2.2-1.9 (m, 2H), 1.9-1.6 (m, 4H), 1.3-1.1 (m, 4H); 
'C NMR (75 MHz, CDC1,) & 138.30, 128.35, 127.61, 127. 
55, 77.98, 77.71, 71.07, 71.01, 70.52, 70.45, 64.96, 64.89, 
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54.16, 52.74, 46.83, 45.43, 33.24, 31.53, 31.34, 25.20, 24.13, 
21.40, 21.33: IR (film) 3450 (broad) cm'. 
(0283 Derivatized COMPOUND A (46a,b) may be pre 
ferred for the preparation of compounds (25a,b-30a,b). An 
alternate route is exemplified below in General Reaction 
Schemes PEG4 and PEGS. 
0284. In the following Reaction Schemes PEG4 and 
PEG5, the Williamson ether synthesis between the chloride 
(44) and the alkoxide of the appropriate phenethyl alcohol 
(19a) or (19b) in a polar solvent such as DME (General 
Reaction Scheme PEG4) provide the corresponding amino 
ether in high yield. Subsequent hydrogenolysis of (45a) or 
(45b) provide (46a) or (46b). 
0285 Aminoalcohol (43) (General Reaction Scheme 
PEG5) requires the preparation of amine (42). N-Benzyl-3- 
(R)-pyrrolidinol (40) is silylated with tert-butyldimethylsilyl 
chloride and imidazole in DMF to give (41), hydrogenolysis 
of the benzyl protecting group provides (42). Cyclohexene 
oxide ring opening with (42) in water gives aminoalcohol 
(43). 
0286. In a typical reaction, to a solution of PEG linker 
(General Reaction Scheme PEG-4) in a suitable solvent (e.g., 
anhydrous CHCl) is added derivatized COMPOUND A 
(46a,b) and EtN, and the mixture is stirred for 12hat ambient 
temperature. Ethyl ether is then added to the reaction solution 
with stirring to effect the precipitation of the silylated pro 
tected intermediate. Subsequent deprotection of the silyl 
group with tetra-butyl ammonium fluoride (TBAF) provide 
PEG derivative (25a,b). The mixture is stored at about -20°C. 
for about 12 hand the crude solid collected by filtration. The 
product may be further purified by recrystallization to yield 
pure (25a,b). 
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O 
GENERAL REACTION SCHEME PEG-5 OH 
PREPARATION OF COMPOUND 43. w 
o H2O, 80° C. HN 

se- RXIII IOTBDMS 
Bn n TBDMSC/ Bn n N 

N Imidazole N RXIII IOTBDMS 
RXIII III IOH - p - RXIII III IOTBDMS 42 

43 
40 41 

0287. The following examples provide specific details on 
the preparation of PEGylated derivatves of the invention. 

Example P9 
Synthesis of an Amide Linked PEG-Compound A 
Derivative (25a,b) from Derivatized Compound A 
(21a,b) and (P4) (MPEG-Succinimidyl Propionate 

tri-coil 
MW 2K, 20K) 

0288 

O OMe 

O 

N O PEG O 

C- N- N- NN 0 NH 
2HCI n=1,3 2 O 

O 
21 = 1 5i, 9, i. (P4) 

O OMe 
mPEG 

O 

N O 
III III IOH 

NH 
n=13 

25a (n = 1) 
25b (n = 3) 

0289. In a typical reaction, to a solution of PEG linker (P4) 
in a suitable solvent (e.g., anhydrous CH2Cl2) may be added 
to derivatized COMPOUND A (21a,b) and EtN, and the 
mixture may be stirred for 12 hat ambient temperature. Ethyl 
ether may then be added to the reaction solution with stirring 
to effect the precipitation of PEG derivative (25a,b). The 
mixture may be stored at about -20°C. for about 12 hand the 
crude solid collected by filtration. The product may be further 
purified by re-crystallization to yield (25a,b). 

Example P10 
Synthesis of an Amide Linked PEG-Compound A 
Derivative (26a,b) from Derivatized Compound A 
(21a,b) and (P6) (MPEG-Succinic Acid MW 2K, 

20K) (DIPC-Diisopropylcarbodiimide and 
DMAP-Dimethylaminopyridine) 

0290 

O OMe ni-V 
COOH 

(P6) 
-- 

O) O DIPCDMAP III III IOH 

o2HCI S- NH2 
p= 13 

21a (n = 1) 
21b (n = 3) 
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-continued 

O OMe 
a. PEG 

O 

N O 
III III IOH 

NH 
n=13 

26a (n = 1) 
26b (n = 3) 

0291. In a typical reaction, to a solution of PEG linker (P6) 
in a suitable solvent (e.g., anhydrous CH2Cl2) may be added 
to derivatized COMPOUNDA (21a,b) and DIPC/DMAP, and 
the mixture may be stirred for 12 hat ambient temperature. 
Ethyl ether may then be added to the reaction solution with 
stirring to effect the precipitation of PEG derivative (26a,b). 
The mixture may be stored at about -20°C. for about 12 hand 
the crude solid collected by filtration. The product may be 
further purified by re-crystallization to yield (26a,b). 

CO 
N 

Example P11 

Synthesis of an Urea Linked PEG-Compound A 
Derivative (27a,b) from Derivatized Compound A 
(21a,b) and (P8) (MPEG-Isocyanate MW 2K, 20K) 

0292 

ni-V NECEO 

(P8) 

III II IOH 
o2HCI N-N: n=13 

21a (n = 1) 
21b (n = 3) 

-O OMe 

ODOC O H 

O) O \-N-> 
III III IOH N- / NH 

n=13 

27a (n = 1) 
27b (n = 3) 

0293. In a typical reaction, to a solution of PEG linker (P8) 
in a suitable solvent (e.g., anhydrous CH2Cl2) may be added 
to derivatized COMPOUND A (21a,b) and EtN, and the 
mixture may be stirred for 12 hat ambient temperature. Ethyl 
ether may then be added to the reaction solution with stirring 
to effect the precipitation of PEG derivative (27a,b). The 
mixture may be stored at about -20°C. for about 12 hand the 
crude solid collected by filtration. The product may be further 
purified by re-crystallization to yield (27a,b). 
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Example P12 
Synthesis of Amide Linked PEG-Dicompound A 
Derivative (28a,b) from Derivatized Compound A 

(21a,b) and (P10) (PEG-(Succinic Acid), MW 10K) 
0294 

O OMe 

O ro N O 
III II IOH 

21a (n = 1) 
21b (n = 3) 

II III IOH 
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PEG-CHCH-COOH 
(P10) 

O OMe 

O o O PEG 
N O 

NH N 
28a (n = 1) 
28b (n = 3) 

0295. In a typical reaction, to a solution of PEG linker 
(P10) in a suitable solvent (e.g., anhydrous CHCl) may be 
added to derivatized COMPOUNDA (21a,b) and EtN, and 
the mixture may be stirred for 12 hat ambient temperature. 
Ethyl ether may then be added to the reaction solution with 
stirring to effect the precipitation of PEG derivative (28a,b). 
The mixture may be stored at about -20°C. for about 12 hand 
the crude solid collected by filtration. The product may be 
further purified by re-crystallization to yield (28a, b). 

Example P13 

Synthesis of Urea Linked PEG-Dicompound A 
Derivative (29a,b) from Derivatized Compound A 
(21a,b) and (P12) (PEG-(Isocyanate), MW 10K) 

0296 

OMe PEG-CH2CH2N=C=O) 
(P12) 

O 
II III IOH 

o2HCI NH2 
n=13 

21a (n = 1) 
21b (n = 3) 

O OMe 
w PEG 

O 

N O NH 
III III IOH 

NH 
n=13 

29a (n = 1) 
29b (n = 3) 

2 

0297. In a typical reaction, to a solution of PEG linker 
(P12) in a suitable solvent (e.g., anhydrous CHCl) may be 
added to derivatized COMPOUNDA (21a,b) and EtN, and 
the mixture may be stirred for 12 hat ambient temperature. 
Ethyl ether may then be added to the reaction solution with 
stirring to effect the precipitation of PEG derivative (29a,b). 
The mixture may be stored at about -20°C. for about 12 hand 
the crude solid collected by filtration. The product may be 
further purified by re-crystallization to yield (29a,b). 
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Example P14 
Synthesis of Amide Linked PEG-Thiol-Reactive 
Derivative (30a,b) from Derivatized Compound A 
(21a,b) and (P14) (NHS Vinyl Sulfone NHS PEG 

27 
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VS.) 
0298 

O OMe 

O - 

O) O O O II III IOH | o2HCI N-N: -pig-l-o-N 
21a (n = 1) 
21b (n = 3) (P14) O 

O OMe y 
s 

O / So 
N O Y-?o III III IOH N-f n=13 

30a (n = 1) 
30b (n = 3) 

0299. In a typical reaction, to a solution of PEG linker Example P15 
(P14) in a suitable solvent (e.g., anhydrous CHCl) may be 
added to derivatized COMPOUNDA (21a,b) and EtN, and 
the mixture may be stirred for 12 hat ambient temperature. 
Ethyl ether may then be added to the reaction solution with 
stirring to effect the precipitation of PEG derivative (30a,b). 
The mixture may be stored at about -20°C. for about 12 hand 
the crude solid collected by filtration. The product may be 
further purified by re-crystallization to yield (30a,b). 
0300. In another variation, the present invention provides 
methods for preparing PEG-aminocycloalkyl ether com 
pounds comprising the following reaction steps according to 
Examples P15-P20. 

Synthesis of a Di-PEG-Compound A Derivative 
(31a,b) from Derivatized Compound A (21a,b) and 
an Excess of (P4) (MPEG-Succinimidyl Propionate 

MW 2K, 20K) 

0301 

O 

PEG O 

N- NN OMe 
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O (P4) 
III III IOH 

NH2 
o2HCI n=13 

21a (n = 1) 
21b (n = 3) 

PEG 
OMe 

O O N O 
III III IO 

NH 
n=13 ^ 

31a (n = 1) 
PEG 

31b (n = 3) 
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0302) In a typical reaction, to a solution of excess PEG 
linker (P4) in a suitable solvent (e.g., anhydrous CHCl) may 
be added to derivatized COMPOUND A (21a,b) and EtN, 
and the mixture may be stirred for 12 hat ambient tempera 
ture. Ethyl ether may then be added to the reaction solution 
with stirring to effect the precipitation of PEG derivative 
(31a,b). The mixture may be stored at about -20°C. for about 
12 h and the crude solid collected by filtration. The product 
may be further purified by re-crystallization to yield (31a,b). 

Example P16 

Synthesis of Di-PEG-Compound A Derivative (32a, 
b) from Derivatized Compound A (21a,b) and an 

Excess of (P6) (MPEG-Succinic Acid MW 2K, 20K) 
(DIPC-Diisopropylcarbodiimide and 
DMAP-Dimethylaminopyridine) 

0303 

PEG 

N COOH 
O OMe 

O ro (P6) 
N O DIPCDMAP 

IIII IOH 
NH2 

o2HCI pi = 1.3 
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-continued 
O OMe 

w PEG 

O 

N O 
II III III IO 

NH 
O n=13 

PEG 

32a (n = 1) 
32b (n = 3) 

0304. In a typical reaction, to a solution of excess PEG 
linker (P6) in a suitable solvent (e.g., anhydrous CHCl) may 
be added to derivatized COMPOUND A (21a,b) and DIPC/ 
DMAP, and the mixture may be stirred for 12 hat ambient 
temperature. Ethyl ether may then be added to the reaction 
solution with stirring to effect the precipitation of PEG 
derivative (32a,b). The mixture may be stored at about -20° 
C. for about 12 h and the crude solid collected by filtration. 
The product may be further purified by re-crystallization to 
yield (32a,b). 

Example P17 

Synthesis of Di-PEG-Compound A Derivative (33a, 
b) from Derivatized Compound A (21a,b) and an 
Excess of (P8) (MPEG-Isocyanate MW 2K, 20K) 

0305 

Me 

III III IOH 

o2HCI 

O O 

1 ni-V O ro NCO 
O) - (P8) 

33a (n = 1) 
33b (n = 3) 
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0306 In a typical reaction, to a solution of excess PEG Example P18 
linker (P8) in a suitable solvent (e.g., anhydrous CHCl) may 
be added to derivatized COMPOUNDA (21a,b) and Et,N, Synthesis of Di-PEG-Dicompound A Derivative 
and the mixture may be stirred for 12 hat ambient tempera- (34a,b) from Derivatized Compound A (21a,b) and 
ture. Ethyl ether may then be added to the reaction solution 
with stirring to effect the precipitation of PEG derivative 
(33a,b). The mixture may be stored at about -20°C. for about 
12 h and the crude solid collected by filtration. The product 
may be further purified by re-crystallization to yield (33a,b). 0307 

O OMe 
* PEG-CHCH-COOH 

2 (P10) 
Her 

N O 
III III IOH 

NH2 
o2HCI n=13 

21a (n = 1) 

an Excess of (P10) (PEG-(Succinic Acid), MW 10K) 

21b (n = 3) 
PEG 

9 PEG 
; wO 

34a (n = 1) 
34b (n = 3) 

0308. In a typical reaction, to a solution of excess PEG 
linker (P10) in a suitable solvent (e.g., anhydrous CHCl) 
may be added to derivatized COMPOUND A (21a,b) and 
EtN, 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 (34a,b). The mixture may be stored at about -20° 
C. for about 12 h and the crude solid collected by filtration. 
The product may be further purified by re-crystallization to 
yield (34a,b). 

Example P19 
Synthesis of Di-PEG-Dicompound A Derivative 

(35a,b) from Derivatized Compound A (21a,b) and 
(P12) (PEG-(Isocyanate), MW 10K) 

0309 

O OMe 

2 PEG-CHCH-N=C=O) 
(P12) 

N O s 

III III IOH 

o2HCI NH2 
n=13 

21a (n = 1) 
21b (n = 3) 
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-continued 

PEG 

0310. In a typical reaction, to a solution of excess PEG Example P20 
linker (P12) in a suitable solvent (e.g., anhydrous CHCl) 
may be added to derivatized COMPOUND A (21a,b) and 
EtN, and the mixture may be stirred for 12 h at ambient 
temperature. Ethyl ether may then be added to the reaction sy 5. ESSES (3 s solution with stirring to effect the precipitation of PEG ) from Derivatize (21a,b) an 
derivative (35a,b). The mixture may be stored at about -20° (P14) (NHS Vinyl Sulfone NHS PEGVS) 
C. for about 12 h and the crude solid collected by filtration. 
The product may be further purified by re-crystallization to 
yield (35a,b). 0311 
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0312. In a typical reaction, to a solution of excess PEG 
linker (P14) in a suitable solvent (e.g., anhydrous CHCl) 
may be added to derivatized COMPOUND A (21a,b) and 
EtN, 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 (36a,b). The mixture may be stored at about -20° 
C. for about 12 h and the crude solid collected by filtration. 
The product may be further purified by re-crystallization to 
yield (36a,b). 

D. Ion Channel Modulating Compounds Conjugated 
to Additional Drug Moieties 

0313 The descriptions in this section are generally 
directed towards drug conjugates of ion channel modulating 
compounds, particularly compounds of formula (I), (IA) or 
(IX) and Compound A, and additional drug moieties (known 
herein as "drug conjugates). Generally, the drug conjugates 
described herein comprise an ion channel modulating com 
pound and at least one additional drug moiety, wherein the 
additional drug moiety is attached to the ion channel modu 
lating compound either directly or via a linker and wherein 
the ion channel modulating compound and the additional 
drug moiety may demonstrate the same or different biological 
and/or therapeutic effects. For instance, ion channel modu 
lating compounds of formula (I), (IA) or (IX) and Compound 
A may be conjugated to additional drug moieties, such as 
cardiovascular agents, beta-blockers, ACE inhibitors, antihy 
pertensives, diuretics, antipsychotics, anticoagulants (anti 
platelets), antidepressants, inotropes, Ca sensitizers, Ca 
Channel blockers, Adrenergic blocking agents, Angiotensin 
II receptor antagonists, Xanthine Oxidase Inhibitors (XOIs), 
Natriuretic Peptides such as an atrial natriuretic peptide 
(ANP), metabolic modulators, lipid/cholesterol modulating 
agents, anti-inflammatory agents, vasodilators, anti-convul 
sants, antioxidants, antilipids, digitalis glycosides, rate con 
trol drugs, antihistamines, antispasmodics, antibiotics, anti 
rejection drugs, immunomodulators, chemotherapeutics, and 
antiarrhythmics. The conjugation of an additional drug moi 
ety to an ion channel modulating compound may take place 
either directly (via a direct bond from the additional drug 
moiety to the ion channel modulating compound) or by the 
use of a linker, including but not limited to the linkers 
described in the “linker' section below. A drug conjugate 
comprises at least one additional drug moiety, and may in 
Some variations comprise more than one additional drug moi 
ety. If more than one additional drug moiety is present in a 
drug conjugate, the additional drug moieties may be the same 
or different or may exhibit similar or different biological 
activity. In one variation, a drug conjugate is provided, com 
prising an ion channel modulating compound and more than 
one additional drug moieties in a 2:1 molar ratio of additional 
drug moieties:ion channel modulating compound; in yet 
another variation, this molar ratio is from about 2:1 to about 
5:1; in still another variation, this molar ratio is from about 5:1 
to about 10:1; in still a further variation, this molar ratio is 
greater than 10:1. 
0314. Also provided herein are methods for the attach 
ment of an ion channel modulating compound to an addi 
tional drug moiety. Methods for the therapeutic use of the 
conjugates are also described. Such as their use in the treat 
ment and/or prevention of arrhythmia and/or other conditions 
Such as hypertension. 
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0315. Any ion channel modulating compound may be 
attached to an additional drug moiety to provide a drug con 
jugate thereof. The ion channel modulating compound for use 
in a drug conjugate may increase or decrease ion channel 
activity. In some instances, the ion channel modulating com 
pound 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 fibrillation. Specific ion 
channel modulating compounds for use in a drug conjugate 
are described throughout this patent, such as those com 
pounds of formula (I), (IA), (IX) and Compound A, as 
described above. 

0316. In one variation, a compound of formula (I), as 
described above, is used in a drug conjugate wherein the 
compound of formula (I) is attached to an additional drug 
moiety or linker by the substitution of any valency of the 
compound of formula (I) with a bond to the additional drug 
moiety or to a linker that in turn is bound to the additional drug 
moiety. 
0317. In another variation, a compound of formula (IA), as 
described above, is used in a drug conjugate wherein the 
compound of formula (IA) is attached to an additional drug 
moiety or linker by the substitution of any valency of the 
compound of formula (IA) with a bond to the additional drug 
moiety or to a linker that in turn is bound to the additional drug 
moiety. In one instance, a drug conjugate is provided, wherein 
the compound of formula (IA) is attached to the additional 
drug moiety by the substitution of the valency occupied by 
hydrogen in the vvvOH OH moiety with a bond to the 
additional drug moiety or to a linker that in turn is bound to the 
additional drug moiety. 
0318. In another variation, a compound of formula (IX), as 
described above, is used in a drug conjugate wherein the 
compound of formula (IX) is attached to an additional drug 
moiety or linker by the substitution of any valency of the 
compound of formula (IX) with a bond to the additional drug 
moiety or to a linker that in turn is bound to the additional drug 
moiety. 
0319. In another variation, Compound A, as described 
above, is used in a drug conjugate wherein Compound A is 
attached to an additional drug moiety or linker by the substi 
tution of any valency of Compound A with a bond to the 
additional drug moiety or to a linker that in turn is bound to the 
additional drug moiety. In one variation, Compound A is 
attached to the additional drug moiety by the substitution of 
the valency occupied by hydrogen in the -OH moiety 
with a bond to the additional drug moiety. 
0320. The depiction herein of the conjugation of the addi 
tional drug moiety to the compounds of formulae (I), (IA) and 
(IX) and Compound A is not intended to limit the scope of the 
invention. It is understood that the additional drug moiety 
may be attached to the rest of the molecule by substitution of 
any Valency of the compound of interest. 

Additional Drug Moiety Attachment Site on Ion Channel 
Modulating Compound 

0321) Ifanion channel modulating compound is modified 
to form a drug conjugate, at least one Valency of the ion 
channel modulating compound is substituted with a bond to 
an additional drug moiety or with a bond to a linker that is in 
turn bound to an additional drug moiety. That is, any Valency 
of an ion channel modulating compound occupied by an 
atom, lone pair of electrons, or an empty orbital may be 
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substituted with a bond to an additional drug moiety or a bond 
to a linker that is in turn bound to an additional drug moiety. 
0322 The additional drug moiety or linker may generally 
be attached to the ion channel modulating compound at any 
site on the ion channel modulating compound that allows for 
Such attachment. 
0323. In one version, a functional group on the ion channel 
modulating compound may be used as an attachment site for 
an additional drug moiety or linker. The attachment site may 
be modified by amenable chemistry to facilitate the attach 
ment of an additional drug moiety or linker. The modification 
may be the conversion of a first functional group to a second 
or further functional group, wherein the second or further 
functional group is used as an attachment site for the addi 
tional drug moiety or linker. An attachment site may be 
reacted with a functional group on the linker or additional 
drug moiety to form a linkage bond that attaches the ion 
channel modulating compound to the additional drug moiety 
or linker. Attachment sites on an ion channel modulating 
compound are typically Sufficiently reactive to undergo addi 
tion or substitution reactions. Illustrative examples of func 
tional groups that may be used to facilitate the attachment of 
an additional drug moiety or linker include but are not limited 
to amino, hydroxyl, mercapto, carboxy, alkenyl, nitrile, allyl, 
vinyl, amido, halo, urea, oxiranyl, aziridinyl, oxazolinyl, imi 
dazolinyl, Sulfonato, phosphonato, bipyridines, and isocy 
anato groups. 
0324. In synthesizing the conjugate, the attachment of the 
additional drug moiety to an ion channel modulating com 
pound may take place in a step-wise fashion. That is, the 
attachment may be performed in sequential reactive steps 
starting with the intact ion channel modulating compound. 
The step-wise synthesis may include a first attachment of the 
ion channel modulating compound to a linker and a second 
attachment of the ion channel modulating compound/linker 
complex to the additional drug moiety. These steps may be 
altered, for example, by first attaching the additional drug 
moiety to a linker and then attaching the additional drug 
moiety/linker complex to the ion channel modulating com 
pound. The step-wise synthesis may be a single reaction or a 
series of reactions by which the additional drug moiety is 
directly associated with an intact ion channel modulating 
compound. The attachment of an additional drug moiety to an 
ion channel modulating compound may also take place dur 
ing the synthesis of the ion channel modulating compound 
itself, either by direct attachment of the additional drug moi 
ety or via the use of a linker. The synthesis may be a “one-pot' 
procedure, or may take place over a series of different syn 
thetic steps, wherein the intermediate compounds are iso 
lated, purified, extracted, crystallized, or otherwise removed 
from the reaction media. 
0325 Synthetic protocols for attaching an additional drug 
moiety to an ion channel modulating compound will depend 
on the nature of the ion channel modulating compound, addi 
tional drug moiety and optional use of a linker. Specific 
protocols would be readily recognized by one of skill in the 
art upon the selection of conjugate components. 
0326 In general, an additional drug moiety or linker is 
bound to an ion channel modulating compound by reacting 
two complementary functional groups, thereby forming a 
linkage bond, wherein a first functional group is present on 
the additional drug moiety or linker and wherein a second 
functional group is present on the ion channel modulating 
compound. Complementary reactive functional groups on the 
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ion channel modulating compound and the additional moiety 
or linker are readily recognized by those of skill in the art. 
Examples of complementary reactive functional groups 
include but are not limited to those depicted in Table 1 below, 
entitled “Complementary Reactive Functional Groups.” The 
first or second functional groups in the table below may be 
present on the ion channel modulating compound or on the 
additional drug moiety or linker, so long as one of the fore 
going comprises a first functional group and another com 
prises a complementary second functional group. These and 
other functional groups may be present on the ion channel 
modulating compound, additional drug moiety or linker or 
may be introduced to any of the foregoing using known syn 
thetic techniques. See, for example, “Comprehensive 
Organic Transformations: A Guide to Functional Group 
Preparations”, Richard C. Larock, Wiley-VCH: 1999 or in 
“March's Advanced Organic Chemistry: Reactions, Mecha 
nisms and Structure, Jerry March & Michael Smith, John 
Wiley & Sons Inc: 2001. 

TABLE 1 

Complementary Reactive Functional Groups 

1 reactive group 2" reactive group Linkage Bond Formed 

hydroxyl Isocyanate urethane 
amine Epoxide 3-hydroxyamine 
Sulfonylhalide Amine Sulfonamide 
carboxyl acid Amine amide 
hydroxyl alkyl/aryl halide ether 
aldehyde amine/NaCNBHA amine 
ketone amine/NaCNBHA amine 
amine isocyanate 8 
amine NHS-ester amide 

0327 Various functional groups on the ion channel modu 
lating compound may be modified to facilitate attachment of 
a linker or the additional drug moiety. For example, a 
hydroxyl group on the ion channel modulating compound 
may be modified to facilitate attachment. The modified 
hydroxyl group may be part of a larger structural feature of 
the ion channel modulating compound, Such as a hydroxycy 
cloalkyl or hydroxyheterocycloalkyl ring. In some variations, 
the modified hydroxyl group is the hydroxyl portion of a 
3-hydroxyl-pyrrolidinyl moiety. In some variations, an 
alkoxy group is modified to facilitate attachment. The modi 
fied alkoxy group may be a C-C alkoxy group. In some 
variations, the modified alkoxy group is methoxy. The modi 
fied alkoxy group may be part of a larger structural feature of 
the ion channel modulating compounds, such as the alkoxy 
group of any one of an alkoxyaryl, alkoxyphenyl or Substi 
tuted derivative of the foregoing. In some variations, the 
modified alkoxy group is the methoxy group of a Substituted 
or unsubstituted methoxybenzene moiety. The modified 
alkoxy group may be the 4-methoxy group of a 3,4- 
dimethoxybenzene moiety on the ion channel modulating 
compound. 

Linkage Bonds for Drug Conjugates 

0328. When a functional group on the ion channel modu 
lating compound reacts with a complementary functional 
group on a linker oran additional drug moiety, a linkage bond 
is formed. The bond that is formed between the ion channel 
modulating compound and the linker or additional drug moi 
ety depends on the functional group that is used as the attach 
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ment site on the ion channel modulating compound and on the 
complementary functional group on the linker or additional 
moiety. In some variations, the linkage bond is a cleavable 
covalent bond. A cleavable covalent bond is usually cleaved 
by enzymatic or hydrolytic cleavage. In some variations, a 
reaction between the functional group on the ion channel 
modulating compound and a complementary functional 
group on the linker or additional drug moiety forms a linkage 
bond as listed in Table 1 above. In one variation, the linkage 
bond may be selected from an amide, carbamate, carbonate, 
urea, disulfide, Sulfonamide, Sulfonate, thio-sulfonate, thio 
ether, thio-ester, ether, ester, and amine bond. In another 
variation, the linkage bond is selected from an ester, ether, or 
amide bond. In another variation, a urethane bond is formed. 
Typically, the bond that is formed between the ion channel 
modulating compound and the linker or additional moiety is 
cleavable. 

Additional Drug Moieties for Drug Conjugates 
0329. A drug conjugate of an ion channel modulating 
compound and an additional drug moiety may comprise any 
drug moiety as the additional drug moiety. An additional drug 
moiety may be a drug that can be prescribed in tandem with an 
ion channel modulating compound. An “additional drug moi 
ety” as used herein may be an entire drug or may be any 
portion of an additional drug, wherein the portion of the 
additional drug contains the pharmacophore thereof. Illustra 
tive examples of additional drug moieties include drug moi 
eties such as cardiovascular agents, beta-blockers, ACE 
inhibitors, antihypertensives, diuretics, antipsychotics, anti 
coagulants (antiplatelets), antidepressants, inotropes, Casen 
sitizers, Ca Channel blockers, Adrenergic blocking agents, 
Angiotensin II receptor antagonists, Xanthine Oxidase 
Inhibitors (XOIs), Natriuretic Peptides such as an atrial natri 
uretic peptide (ANP), metabolic modulators, lipid/choles 
terol modulating agents, anti-inflammatory agents, vasodila 
tors, anti-convulsants, antioxidants, antilipids, digitalis 
glycosides, rate control drugs, antihistamines, antispasmod 
ics, antibiotics, antirejection drugs, immunomodulators, che 
motherapeutics, and antiarrhythmics. 

Linkers for Drug Conjugates 

0330. The attachment of an ion channel modulating com 
pound to an additional drug moiety may employ one or more 
linker, connector and/or spacer groups. These groups are 
collectively referred to as “linkers.” The linkers may be used 
as a spacer molecule to create a separation between the ion 
channel modulating compound and the additional drug moi 
ety, and/or to avoid undesired steric interactions. The spatial 
separation may be desired for modified, enhanced, or optimal 
function of the conjugate. The linkers may also facilitate the 
preparation or use of the conjugate. 
0331. 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. A single linker may also comprise both hydropho 
bic regions and hydrophilic regions. 
0332 The linker may be cleavable or non-cleavable. A 
cleavable linker comprises or will form a linkage bond to an 
ion channel modulating compound that may be cleaved in 
Vivo or ex vivo including but not limited to cleavage via 
enzymatic, non-enzymatic, or hydrolytic cleavage. An 
example of a cleavable linker includes a linker that will com 
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prise or will form an ester bond upon attachment to an ion 
channel modulating compound. In one version, a drug con 
jugate comprises a linker that forms an ester oramide linkage 
bond between the ion channel modulating compound and the 
linker. 
0333. In synthesizing a drug conjugate 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 additional drug moiety. A linker functional group 
will usually be chosen to complement the functional groups 
on the ion channel modulating compound and the additional 
drug moiety. In one version, a drug conjugate comprises a 
bi-functional linker molecule. A bi-functional linker mol 
ecule has 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 additional drug moiety. 
The functional groups on the reactive termini may be the 
same or different. Suitable bi-functional linkers are reported 
extensively but not exhaustively by U.S. Published Patent 
Application US 2003/0044845 (Jenkins et al.). 
0334) Linkers may be selected from, but are not limited to, 
bi-functional linkers, hetero-bi-functional linkers and/or 
multi-functional linkers. As used herein, "hetero-bi-func 
tional linkers' are linkers with two different functional 
groups (e.g., SIAB, SPDP etc.) that may be used in a more 
selective conjugation of an ion channel modulating com 
pound to an additional drug moiety. As used herein, "multi 
functional linkers' are linkers with more than two functional 
groups (homo- or hetero-) and can be used to link an ion 
channel modulating compound to two or more additional 
drug moieties. Commercial and non-commercial examples of 
linkers are described below and in the Experimental section. 
0335 Commercially available hetero-bi-functional link 
ers can be obtained from Interchim or Nektar Therapeutics 
and include but are not limited to N-succinimidyl-3-(2-py 
ridylthio)proprionate and NHS PEG vinyl sulfone. Thiol 
reactive linkers are available from Biotium, Inc. Bi-functional 
linkers include but are not limited to amine-reactive linkers, 
thiol reactive linkers or both amine and thiol reactive linkers. 
By amine reactive, it is meant that the linker comprises a 
functional group that can form a linkage bond with a com 
pound (ion channel modulating compound or additional drug 
moiety) comprising an amine moiety. By thiol reactive, it is 
meant that the linker comprises a functional group that can 
form a linkage bond with a compound (ion channel modulat 
ing compound or additional drug moiety) comprising a thiol 
moiety. By both amino and thiol reactive, it is meant that the 
linker comprises at least one thiol reactive group and at least 
one amino reactive group. Functional groups that are thiol 
reactive include haloacetyls, such as bromoacetyls and 
iodoacetyls, and maleimides. An example of a linker that is 
both amino and thiol reactive is N-succinimidyl(4-io 
doacetyl)aminobenzoate (SIAB), which has amine-reactive 
and sulfhydryl-reactive ends. The NHS ester of SIAB can 
couple to amine-containing molecules, forming stable amide 
linkages. The iodoacetyl group creates stable thioether bonds. 
SIAB is water-insoluble and it must be first dissolved in 
organic solvent (such as DMSO and DMF) prior to addition to 
an aqueous reaction medium. Alternatively, water soluble 
derivatives of water insoluble linkers, such as SIAB, may be 
provided by the attachment of water soluble functional 
groups to the water insoluble linkers, such as provided by a 
sulfonate salt derivative of a water insoluble linker. In one 



US 2010/0273724 A1 

variation, a bifunctional linker comprises two carboxylic acid 
moieties separated by alkylene units, wherein either or both 
of the carboxylic acid groups may be optionally converted to 
an ester, including the N-succinic ester derivative. Illustrative 
bifunctional linkers include but are not limited to succinic 
acid, sebacic acid bis(N-Succinimidyl)ester, pimelic acid, 
B-alanine and 1,4-diisocyanato-butane from Sigma-Aldrich, 
and the linkers shown in the figures below. 

I O 

\ { O O 
O-N 

O 

I O 

\ { O O N-( )-( ) -on O-N 

O 

SIAB: succinimidyl-4-iodoacetyl-aminobenzoate 
or the water-soluble sulfonate salt thereof. 

SPDP: N-Succinimidyl-3-(2-pyridylthio)propionate 
or the water-soluble sulfonate salt thereof 

O 

O 

O 
N1 NH O 

N-\ W -CH3 O S 
O W 

O 
X 

(X = H) 
(X = SONa) 
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-continued 
O 

OH 
HO 

O 

Succinic acid 

O O O 
O X- (CH2)s -( 

N-O O 
n N 

O 
O 

sebacic acid bis(N-succinimidyl) ester 
O O 

--~~ 
pimelic acid 

HO 

O 

4-4-(2,5-Dioxo-2,5-dihydropyrrol-1-yl)phenylbutyric acid 

0336 Specific drug conjugates comprising an ion channel 
modulating compound and an additional drug moiety are 
provided herein. For instance, drug conjugates comprising 
the ion channel modulating compounds of formula (I), (IA), 
(IX) and Compound A, as described above, are provided. 
0337. In one variation, a drug conjugate comprising com 
pounds of formula (I) (DC-I), or a solvate or pharmaceuti 
cally acceptable salt thereof, is provided: 

(DC-I) 
DM Rs 

A 1s LB-1/ 
Yx O 1 

NN 
R 

"Nix 
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wherein: 
0338 R and R are independently selected from hydro 
gen, C-Calkyl, C-Csalkoxyalkyl, C-Chydroxyalkyl, and 
C7-Caralkyl; or 
0339 R and R are independently selected from 
C-Csalkoxyalkyl, C-Chydroxyalkyl, and C7-Caralkyl; 
O 

0340 R and Rare taken together with the nitrogenatom 
to which they are directly attached in formula (DC-I), form a 
ring denoted by formula (DC-II-Z): 

(DC-II-Z) 

wherein the ring of formula (DC-II-Z) 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, C-Chydroxyalkyl, oxo, C-C-acyl, C-C alkyl, 
C-C alkylcarboxy, C-Calkoxy, C-Coalkanoyloxy, or 
may be substituted to form a spiro five- 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 C-C scarbocyclic ring, 
and any one or more of the additional nitrogen ring atoms may 
be substituted with substituents selected from hydrogen, 
C-Calkyl, C-Cacyl, C-Chydroxyalkyl and 
C-Calkoxyalkyl; or 
0341 R and Rare taken together with the nitrogenatom 

to which they are directly attached in formula (DC-I), may 
form a bicyclic ring system selected from 3-azabicyclo[3.2. 
2nonan-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-LB-L-DM: 
0342 LB is a linkage group; 
0343 L is an optional linker; 
0344) DM is an additional drug moiety; 
0345 R and Ra are independently attached to the cyclo 
hexane ring shown in formula (DC-I) at the 3-, 4-, 5- or 
6-positions and are independently selected from hydrogen, 
hydroxy, C-Calkyl and C-Calkoxy, and, when both R. 
and Rare attached to the same cyclohexane ring atom, may 
together form a spiro five- or six-membered heterocyclic ring 
containing one or two heteroatoms selected from oxygen and 
sulfur, 
0346 X, Y. R. R. R. and A are as described above for 
compounds of formula (I); including isolated enantiomeric, 
diastereomeric and geometric isomers thereof, and mixtures 
thereof. 

0347. It is understood, for purposes of this invention, that 
the -LB-L-DM 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 (DC-I) 
and that the specific formulae depicted herein with the -LB 
L-DM radical are for illustration purposes only and are not 
intended to provide a limitation to the scope of the invention. 

Oct. 28, 2010 

0348. In another aspect, other drug conjugates of com 
pounds of formula (I) (DC-III), or a solvate or pharmaceuti 
cally acceptable salt thereof, is provided: 

(DC-III) 
Rs 

La A ls DMa1TYLE. Yx O 

wherein: 

0349 X is selected from a direct bond, —C(RR)— 
Y— and —C(R)—CH : 
0350 Y is selected from a direct bond, O, S and 
C-C alkylene; 
0351 R is selected from hydrogen, C-Calkyl, 
C-C scycloalkyl, aryland benzyl; 
0352 R and R are independently selected from hydro 
gen, C-Calkyl, C-Csalkoxyalkyl, C-Chydroxyalkyl, and 
C7-Caralkyl; or 
0353 R and R are independently selected from 
C-Csalkoxyalkyl, Chydroxyalkyl, and C7-Caralkyl, or 
0354 R and Rare taken together with the nitrogenatom 
to which they are directly attached in formula (DC-III), form 
a ring denoted by formula (II): 

7- R O) 
wherein the ring of formula (II) is formed from the nitrogenas 
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-Chydroxyalkyl, Oxo, C-Cacyl, C-C alkyl, 
C-C alkylcarboxy, C-Calkoxy, C-Coalkanoyloxy, or 
may be substituted to form a spiro five- 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 C-C scarbocyclic ring, 
and any one or more of the additional nitrogen ring atoms may 
be substituted with substituents selected from hydrogen, 

(II) 

C-Calkyl, C-Cacyl, C-Chydroxyalkyl and 
C-Calkoxyalkyl; or 
0355 R and Rare taken together with the nitrogenatom 
to which they are directly attached in formula (DC-III), may 
form a bicyclic ring system selected from 3-azabicyclo[3.2. 
2nonan-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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0356. A is selected from formula (DC-A-Z): 
(DC-A-Z) 

R 
R -XN 
8 
LBal W"ye 

DMa-La R9 

0357 where R, and R are independently selected from 
bromine, chlorine, fluorine, carboxy, hydrogen, hydroxy, 
hydroxymethyl, methanesulfonamido, nitro, Sulfamyl, trif 
luoromethyl, C-Czalkanoyloxy, C-Calkyl, C-Calkoxy, 
C-Czalkoxycarbonyl, 
0358 where Rs is hydroxy, hydroxymethyl or carboxy; 
0359 LBa is a linkage group; 
0360 La is an optional linker; and 
0361 DMa is an additional drug moiety; 
0362 including isolated enantiomeric, diastereomeric and 
geometric isomers thereof, and mixtures thereof. 
0363. It is understood, for purposes of this invention, that 
the -LBa-La-DMaradical 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 (DC 
III) and that the specific formulae depicted herein with the 
-LBa-La-DMaradical are for illustration purposes only and 
are not intended to provide a limitation to the scope of the 
invention. 
0364. In another aspect, drug conjugates of compounds of 
formula (I) (DC-IV) are provided, or a solvate or pharmaceu 
tically acceptable salt thereof: 

(DC-IV) 
Rs DM 

L A 1. LB / 8. 

DMa1 NLEYx O R1 
N 
YR, 

R3 

0365 wherein: 
0366 X is selected from a direct bond, —C(RR)— 

0367 Y is selected from a direct bond, O, S and 
C-C alkylene; 
0368 R is selected from hydrogen, C-Calkyl, 
C-C scycloalkyl, aryland benzyl; 
0369 R and R are independently selected from hydro 
gen, C-Calkyl, C-Csalkoxyalkyl, C-Chydroxyalkyl, and 
C7-Caralkyl; or 
0370 R and R are independently selected from 
C-Csalkoxyalkyl, C-Chydroxyalkyl, and C7-Caralkyl; 
O 

0371 R and Rare taken together with the nitrogenatom 
to which they are directly attached in formula (DC-IV), form 
a ring denoted by formula (DC-II-Z): 

7-> R 
2 LR 

(DC-II-Z) 

L-DM 
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0372 wherein the ring of formula (DC-II-Z) 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 hydro 
gen, hydroxy, C-C-hydroxyalkyl, oxo, C-Cacyl, 
C-C alkyl, C-C alkylcarboxy, C-Calkoxy, 
C-Coalkanoyloxy, or may be substituted to form a spiro 
five- 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 
C-C scarbocyclic ring, and any one or more of the additional 
nitrogen ring atoms may be substituted with Substituents 
selected from hydrogen, C-Calkyl, C-Cacyl, 
C-Chydroxyalkyl and C-Calkoxyalkyl; or 
0373 RandR are taken together with the nitrogenatom 
to which they are directly attached in formula (DC-IV), may 
form a bicyclic ring system selected from 3-azabicyclo[3.2. 
2nonan-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 -LB-L-DM: 
0374 LB is a linkage bond; 
0375 L is an optional linker; 
0376 DM is an additional drug moiety; 
0377 R and Ra are independently attached to the cyclo 
hexane ring shown in formula (DC-IV) at the 3-, 4-, 5- or 
6-positions and are independently selected from hydrogen, 
hydroxy, C-Calkyl and C-Calkoxy, and, when both R. 
and Ra are attached to the same cyclohexane ring atom, may 
togetherform a Spiro five- or six-membered heterocyclic ring 
containing one or two heteroatoms selected from oxygen and 
sulfur, 
0378 Rs. R and Ra are independently selected from 
hydrogen, C-Calkyl, aryland benzyl, or R and Ra, when 
taken together with the carbon to which they are attached, 
may form a spiro C-C scycloalkyl; 
0379 A is selected from formula (DC-A-Z): 

(DC-A-Z) 

R7 

Rs SS 
LBa1 

DMa-La R9 

0380 where R, and Rs are independently selected from 
bromine, chlorine, fluorine, carboxy, hydrogen, hydroxy, 
hydroxymethyl, methanesulfonamido, nitro, Sulfamyl, trif 
luoromethyl, C-Czalkanoyloxy, C-Calkyl, C-Calkoxy, 
C-Czalkoxycarbonyl, 
0381 where Rs is hydroxy, hydroxymethyl or carboxy; 
0382 LBa is a linkage group; 
0383 La is an optional linker; and 
0384 DMa is an additional drug moiety; 
0385 including isolated enantiomeric, diastereomeric and 
geometric isomers thereof, and mixtures thereof. 
0386. It is understood, for purposes of this invention, that 
the -LB-L-DM radical and the LBa-La-DMaradical may be 
attached to the compound of formula (I) by the substitution of 
any Valency of the compound of formula (I) to prepare com 
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pounds of formula (DC-IV) and that the specific formulae 
depicted herein with the -LB-L-DM and the -LBa-La-DMa 
radical are for illustration purposes only and are not intended 
to provide a limitation to the scope of the invention. 
0387. In another aspect, methods for preparing drug con 

jugates, such as those of formulas (DC-I), (DC-III) and (DC 
IV), are provided as illustrated in Reaction Scheme DC-1 and 
in the Examples section below. The methods may comprise of 
conjugation of an ion channel modulating compound to an 
additional drug moiety via a linker. The scheme below is 
generally applicable to ion channel modulating compounds 
comprising an aminocycloalkyl ether moiety, Such as the 
compounds of formula (I), (IA), (IX) and Compound A, as 
described herein. In the scheme below, LB and LBa represent 
a linkage bond that may form upon reacting an ion channel 
modulating compound with a bifunctional linker/additional 
drug moiety complex (i.e., L-DM and La-DMa). 

37 
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0388 Scheme DC-1 illustrates the syntheses of the amino 
linked (DC-I), aromatic-linked (DC-III) or the amino and 
aromatic linked (DC-IV) drug conjugate aminocycloalkyl 
ether. 
0389 Examples of drug conjugates of aminocycloalkyl 
ether compounds of formula (DC-I), (DC-III) and (DC-IV) 
and the methods for their preparation are further illustrated in 
the following reaction schemes DC-2 to DC-33. The reaction 
schemes are generally applicable to ion channel modulating 
compounds comprising an aminocycloalkyl ether moiety. 
0390 Commercially available hetero-bi-functional link 
ers may be obtained from Interchim or Nektar Therapeutics 
and include examples such as but not limited to N-Succinim 
idyl-3-(2-pyridylthio)proprionate and NHS PEG vinyl sul 
fone. Thiol-reactive linkers are also available from Biotium, 
Inc. Sebacic acid bis(N-succinimidyl)ester and pimelic acid 
are obtained from Sigma-Aldrich. 

REACTION SCHEMEDC-1 
SYNTHESIS OF THE AMINO-LINKED (DC-), AROMATIC-LINKED (DC-III) OR THE 

AMINO AND AROMATIC LINKED (DC-IV) DRUG CONJUGATE 
AMINOCYCLOALKYLETHER 

L-DM or La-DMa = bifunctional 
linker with additional drug 

moiety 

L-DM or La-DMa 

DM-N. A p 

O f 
LBal X R 

(DC-Ill) 
DMa 

LBa-La 
M 

DM- L X-A 

\,. - O 
LB- R Rs 

V 
N 

R^ f7 
R3 

(DC-IV) 
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0391. In a typical reaction, 2-(aminoethyl)methane thio 
sulfonate hydrobromide is dissolved in a suitable solvent and -continued 
reacted with N-hydroxysuccinimide bromoacetate or the 
optionally water soluble sulfonate derivative to form the MeO O 
thiol-reactive heterobifunctional linker or the water-soluble ~ 

derivative. The resultant thiol-reactive heterobifunctional MeO N----> 
linker is isolated and purified using standard work-up proce 
dures. OMe O 

0392 Hetero-bi-functional linkers may also be synthe- DCCNHS 
sized by standard methods known in the art from commer 
cially available starting materials. For example, 4-4-(2,5- 
dioxo-2,5-dihydro-pyrrol-1-yl)-phenyl-butyric acid is 
condensed from the commercially available 4-(4-aminophe 
nyl)butyric acid and maleic anhydride (e.g., Booth C. A. and 
Philip D. Tetrahedron Lett. 1998, 39, 6987 and Rich D. H., 
Gesellchen P. D., Tong A. Cheung A., Buckner C. K. J. Med. 
Chem. 1975, 18, 1004). 
0393 1-Bromo-4-isocyanato-butane may be synthesized 

T', 
N R 

“oH 
Compound A 

from the corresponding 4-isocyanato-butylamine hydrobro 
mide and phosgene or phosgene equivalent. OMe 
0394 The aminocycloalkyl ether compounds used in the 
following reaction schemes and examples are compounds of 
formula (I), (IA), (IX) or Compound A, as described herein. 
0395. An example of an ACE inhibitoris described in PCT 
published patent application WO-03104200, an antihyper 
tensive is described in PCT published patent application O O 
WO-09403481, a selective water diuresis agent is described 
in PCT published patent application WO-00228412, a gly- N 
cine cleavage system inhibitor (GCS) compound for psy 
chotic disorders is described in PCT published patent appli- () 
cation WO-000661 10, an anticoagulant compound is N OMe 
described in EP-00884325, an antidepressant is described in 
PCT published patent application WO-03064374, an inotro 
pic agent is described in U.S. Pat. No. 4,859,698, a calcium OMe 
channel sensitizer is described in PCT published patent appli 
cation WO-09819682, a xanthine oxidase inhibitor is 
described in Japanese patent application, JP-2002105067, a 
ANP modulator is described in PCT published patent appli 
cation WO-09428901 and a vasodilator is described in 
EP-OO54.462O. 

OMe 

OMe 

(DC-5) 

0396 Reaction Scheme DC-2 illustrates the synthesis of 
drug conjugate (DC-5) from trimetazidine (DC-1) and (1R, 
2R)-2-(3R)-hydroxypyrrolidinyl-1-(3,4-dimethox 
yphenethoxy)cyclohexane (Compound A). 

O 0397. In a typical reaction, trimetazidine (TMZ) may be 
dissolved in a Suitable solvent (e.g. CH2Cl2) and may be 

-- O Ho- reacted with succinic anhydride, DCC/NHS to generate the 
succinic acid derivative of TMZ. The intermediate (DC-3) 
may be isolated and purified and Subsequently dissolved in a 

O suitable solvent (e.g., CHCl) and reacted with (1R,2R)-2- 
OMe (3R)-hydroxypyrrolidinyl-(3,4-dimethoxyphenethoxy)cy 

(DC-1) clohexane (Compound A) to generate the drug conjugate 
(DC-5). The drug conjugate (DC-5) may then be isolated and 
purified by known standard methods. 

MeO 

1. 
N- NH 

MeO 

(DC-2) 
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O 

O 

S --- N | Y-1Ns o1 
O OMe leN O 

(DC-6) 
O SONa 

'N OMe 

S N N 1 
Compound A | N S O 

-e-N O 
(DC-6a) 

O OMe 

O OMe % 
O 

S 

s/ 

Y 
S. 

(DC-7) 

0398 Reaction Scheme DC-3 illustrates the derivatization equiv) (Compound A) may be dissolved in a Suitable solvent 
of (1R,2R)-2-(3R)-hydroxypyrrolidinyl-1-(3,4-dimethox 
yphenethoxy)cyclohexane (Compound A) with a bifunc 
tional linker 3-(pyridine-2-yldisulfanyl)-propionic acid 2.5- 
dioxo-pyrrolidin-1-yl ester (or N-succinimidyl-3-(2- 
pyridylthio)proprionate) (DC-6) (Interchim) or a water 
soluble sulfonate derivative (DC-6a) of the bifunctional 
linker to form a thiol-reactive derivative (DC-7). 
0399. In a typical reaction, (1R,2R)-2-(3R)-hydroxypyr 
rolidinyl-1-(3,4-dimethoxyphenethoxy)cyclohexane (1 

(e.g., DMF) and reacted with 3-(pyridine-2-yldisulfanyl)- 
propionic acid 2.5-dioxo-pyrrolidin-1-yl ester (or N-Succin 
imidyl-3-(2-pyridylthio)proprionate) (1 equiv) (DC-6) or a 
water-soluble sulfonate derivative (DC-6a) in a standard cou 
pling reaction. The resultant thiol-reactive aminocycloalkyl 
ether (DC-7) may be isolated and purified using standard 
work-up procedures. 
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OH 

(DC-8) 

(DC-9) 

0400 Reaction Scheme DC-4 illustrates the synthesis of 04.01. In a typical reaction, the thiol-reactive intermediate 
drug conjugate (DC-9) from the thiol-reactive derivative (DC-7) may be dissolved in a suitable solvent (e.g., CH,Cl) and reacted with a derivative of N-(3-mercapto-2-alkylpro 
(DC-7) and ACE inhibitor, a derivative of N-3 -mercapto-2- pionyl)-4-heteroaryl-L-phenylalanine (DC-8) to generate the 
alkylpropionyl)-4-heteroaryl-L-phenylalanine (DC-8). drug conjugate (DC-9). The drug conjugate (DC-9) may then 
(REF. WO-03104200 18 Dec. 2003, Glaxo Group Ltd.) be isolated and purified by known standard methods. 
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REACTION SCHEMEDC-5 

O O O 
O 

(CH2)s 
N-O O 

n N 

O 
O OMe O O OMe 

(DC-10) 
Ho 

'N OMe 'N OMe 
... iiiOH '. 

% 

Compound A (DC-11) 

0402 Reaction Scheme DC-5 illustrates the synthesis of 
the amine reactive derivative (DC-11) from sebacic acid bis 
(N-succinimidyl)ester (DC-10) (Sigma-Aldrich) and (1R, 
2R)-2-(3R)-hydroxypyrrolidinyl-1-(3,4-dimethox 
yphenethoxy)cyclohexane (Compound A). 
0403. In a typical reaction, (1R,2R)-2-(3R)-hydroxypyr 
rolidinyl-1-(3,4-dimethoxyphenethoxy)cyclohexane (Com 
pound A) may be dissolved in a suitable solvent (e.g., 
CHCl) and reacted with sebacic acid bis(N-succinimidyl) 
ester to generate the amine reactive intermediate (DC-11). 
This intermediate (DC-11) may be isolated and purified by 
known standard methods. 

REACTION SCHEME DC-6 

OH OH 
HN 

H O 

O N-l 
HN s N OH 

O 
O O 

Y-NH 
O OMe / 

(DC-12) 

'N OMe 

% 
y 

(DC-11) 
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-continued 

(H2C)s O OMe 

o—( 
HN o=1 

M 
NH 

O HN O 

(DC-13) 

0404 Reaction Scheme DC-6 illustrates the synthesis of 
drug conjugate (DC-13) from amine reactive derivative (DC 
11) and antihypertensive agent (DC-12). (Ref. 
WO-09403481 17 Feb. 1994, SCHERING CORPORA 
TION). 
0405. In a typical reaction, the amine-reactive intermedi 
ate (DC-11) may be dissolved in a suitable solvent (e.g., 
CHCl) and reacted with the antihypertensive agent (DC-12) 
to generate the drug conjugate (DC-13). The drug conjugate 
(DC-13) may then be isolated and purified by known standard 
methods. 
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'N 
% 
O (DC-14) 

(DC-11) R 

OH 

HO HN O 

(DC-15) 
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0406 Reaction Scheme DC-7 illustrates the synthesis of 
drug conjugate (DC-15) from the amine reactive derivative 
(DC-11) and the selective water diuresis agent (DC-14). (Ref. 
WO-002284.12 11 Apr. 2002, Zealand Pharmaceuticals A/S). 
0407. In a typical reaction, the amine-reactive intermedi 
ate (DC-11) may be dissolved in a suitable solvent (e.g., 
CHCl) and reacted with the selective water diuresis agent 
(DC-14) to generate the drug conjugate (DC-15). The drug 
conjugate (DC-15) may then be isolated and purified by 
known standard methods. 

REACTION SCHEME DC-8 

1N1 SH 

Cro HN 
av OMe 

(DC-16) 
He 
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-continued 

NH2 
(DC-17) 

0408 Reaction Scheme DC-8 illustrates the synthesis of 
drug conjugate (DC-17) from thiol-reactive derivative (DC 
7) and a glycine cleavage system inhibitor (GCS) compound 
for psychotic disorders (DC-16). (Ref. WO-000661 109 Nov. 
2000, MERCK PATENT GMBH). 
04.09. In a typical reaction, the thiol-reactive intermediate 
(DC-7) may be dissolved in a suitable solvent (e.g., CH,Cl) 
and reacted with glycine cleavage system inhibitor (GCS) 
compound for psychotic disorders (DC-16) to generate the 
drug conjugate (DC-17). The drug conjugate (DC-17) may 
then be isolated and purified by known standard methods. 

REACTION SCHEME DC-9 

OMe 

OMe O 
HN 

ro * C 
(DC-18) y 

(DC-11) 
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-continued 

OMe 

'N OMe 

"X 
O HN 

C > 
O 

HNeo 
( N O 

NH 

N. 
HN 

(DC-19) 

0410. Reaction Scheme DC-9 illustrates the synthesis of CHCl) and reacted with the anticoagulant compound (DC 
drug conjugate (DC-19) from the amine reactive derivative 18) to generate the drug conjugate (DC-19). The drug conju 
(DC-11) and the anticoagulant compound (DC-18). (Ref. gate (DC-19) may then be isolated and purified by known 
EP-00884325 16 Dec. 1998, AKZO NOBEL N.V.). standard methods. 

REACTION SCHEME DC-1() 
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--~~ O OMe O OMe 

(DC-20) 
He 
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II iOH w 
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O 
HO 

Compound A (DC-21) 

0411. In a typical reaction, the amine-reactive intermedi- 0412 Reaction Scheme DC-10 illustrates the synthesis of 
ate (DC-11) may be dissolved in a suitable solvent (e.g., the alcohol reactive derivative (DC-21) from (1R,2R)-2- 
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cyclohexane (Compound A) and pimelic acid (DC-20) -continued 
O OMe (Sigma-Aldrich). 

0413. In a typical reaction, (1R,2R)-2-(3R)-hydroxypyr 
rolidinyl-1-(3,4-dimethoxyphenethoxy)cyclohexane (1 "/N OMe 
equiv) (Compound A) may be dissolved in a Suitable solvent C) 
(e.g., DMF) and reacted with pimelic acid (1 equiv) (DC-20). O 
The resultant alcohol-reactive aminocycloalkyl ether (DC 
21) may be isolated and purified using standard work-up O 
procedures. 

REACTION SCHEME DC-11 

O 
O 

O 

HN \- NH 
O OMe OH 

(DC-22) 

'', O 

O) OMe 
'vo (DC-23) 

O 

0414 Reaction Scheme DC-11 illustrates the synthesis of 
drug conjugate (DC-23) from the alcohol derivative (DC-21) 
and the N-hydroxyalkyl-tetramethylcyclopropane-carboxa 
mide derivative (DC-22) for treatment of antidepression. 
(Ref. WO-030643747 Aug. 2003, Yissum Research Devel 
opment Company of The Hebrew University Of Jerusalem). 
0415. In a typical reaction, the alcohol-reactive interme 

HO O diate (DC-21) may be dissolved in a suitable solvent (e.g., 
(DC-21) CH2Cl2) and reacted with the anticoagulant compound (DC 

22) to generate the drug conjugate (DC-23). The drug conju 
gate (DC-23) may then be isolated and purified by known 
standard methods. 

REACTION SCHEME DC-12 

HC HC 
V Cl VCI 

HC-N+-CH COOH H3C-N+-CH2 
A V HN1\1 M 

/ (DC-25) M 
O )=O - S -> O Vo 
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(DC-24) 

HC CH-CH 
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- 
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(DC-26) 

O OMe 

N OMe 
It iOH 

Compound A 
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0416 Reaction Scheme DC-12 illustrates the synthesis of 
drug conjugate (DC-27) from the inotropic agent (DC-24), a 
suitable linker and (1R,2R)-2-(3R)-hydroxypyrrolidinyl)-1- 
(3,4-dimethoxyphenethoxy)cyclohexane (Compound A). 
(Ref. U.S. Pat. No. 4,859,698 22 Aug. 1989, SIGMA-TAU 
INDUSTRIE FARMACEUTICHERIUNITES.P.A.). 
0417. In a typical reaction, the inotropic agent may be 
reacted with 3-alanine and a coupling agent (e.g., tetramethyl 

HC-CH CH3 

CH 
(DC-27) 

uronium salts) to generate the alcohol reactive inotropic inter 
mediate (DC-26). This intermediate may be isolated, purified 
by known standard methods and Subsequently dissolved in a 
suitable solvent (e.g., CHCl) and reacted with (1R,2R)-2- 
(3R)-hydroxypyrrolidinyl-1-(3,4-dimethoxyphenethoxy) 
cyclohexane (Compound A) to generate the drug conjugate 
(DC-27). 

(DC-28) 

(DC-11) 
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-continued 

(DC-29) 

0418 Reaction Scheme DC-13 illustrates the synthesis of 
drug conjugate (DC-29) from the amine reactive derivative 
(DC-11) and the calcium channel sensitizer (DC-28). (Ref. 
WO-09819682 14 May 1998, MAGAININ PHARMACEU 
TICALS INC). 
0419. In a typical reaction, the amine-reactive intermedi 
ate (DC-11) may be dissolved in a suitable solvent (e.g., 
CHCl) and reacted with the calcium channel sensitizer 
(DC-28) to generate the drug conjugate (DC-29). The drug 
conjugate (DC-29) may then be isolated and purified by 
known standard methods. 

REACTION SCHEME DC-14 
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0420 Reaction Scheme DC-14 illustrates the synthesis of 
drug conjugate (DC-31) from the alcohol reactive derivative 
(DC-21) and the xanthine oxidase inhibitor (DC-30). (Ref. 
JP-2002105067 10 Apr. 2002, Ijin Ltd.). 
0421. In a typical reaction, the alcohol-reactive interme 
diate (DC-21) may be dissolved in a suitable solvent (e.g., 
CHCl) and reacted with thexanthine oxidase inhibitor (DC 
30) to generate the drug conjugate (DC-31). The drug conju 
gate (DC-31) may then be isolated and purified by known 
standard methods. 

(DC-32) 
OMe - - 
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(DC-33) 

0422 Reaction Scheme DC-15 illustrates the synthesis of 
drug conjugate (DC-33) from the thiol reactive derivative 
(DC-7) and the ANP modulator (DC-32). (Ref. 
WO-09428901 22 Dec. 1994, EISAI CO.,LTD.). 
0423. In a typical reaction, the thiol-reactive intermediate 
(DC-7) may be dissolved in a suitable solvent (e.g., CH,Cl) 
and reacted with the ANP modulator (DC-32) to generate the 
drug conjugate (DC-33). The drug conjugate (DC-33) may 
then be isolated and purified by known standard methods. 

Oct. 28, 2010 

0424 Reaction Scheme DC-16 illustrates the synthesis of 
the alcohol reactive derivative (DC-35) from (1R,2R)-2- 
(3R)-hydroxypyrrolidinyl-1-(3,4-dimethoxyphenethoxy) 
cyclohexane (Compound A) and 1,4-diisocyanatobutane 
(DC-34) (Sigma-Aldrich). 
0425. In a typical reaction, reaction of (Compound A) with 
an excess (at least 2 equiv.) of 1,4-diisocyanatobutane (DC 
34) in dichloromethane at ambient temperature may give, 
after standard work-up well known in the art, alcohol-reactive 
intermediate (DC-35). 

REACTION SCHEME DC-16 

O OMe 4. 
(DC-34) 

N C 
2 n1N1N 2 2 2 
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OMe "N 
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-continued 
O OMe OH 
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0426 Reaction Scheme DC-17 illustrates the synthesis of 
the drug conjugate (DC-37) from the alcohol reactive deriva 
tive (DC-35) and Xanthine oxidase inhibitor derivative 1-hy 
droxymethyloxypurinol (DC-36). 
0427. In a typical reaction, 1-hydroxymethyloxypurinol 
(DC-36) may be prepared from commercially available oxy 
purinol (4,6-dihydropyrazolo 3,4-dipyrimidine, Lancaster) 
following an adapted procedure of Bansal, P.C.; Pitman, I H.; 
Higuchi, T.N-Hydroxymethyl derivatives of nitrogen hetero 
cycles as possible pro-drugs II: Possible prodrugs of Allopu 
rinol, Glutethimide, and Phenobarbital. J. Pharm. Sci. 1981, 
70 (8), 855-857. More specifically, oxypurinol may be treated 
with 0.2M solution of formaldehyde in buffer pH7 to yield the 
desired hydroxymethylated product (DC-36). The alcohol 
reactive intermediate (DC-35) may then be reacted with (DC 
36) to give drug conjugate (DC-37), which can be isolated and 
purified by known standard methods. 

N 
C N N 

- 
H 

(DC-38) 
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0428 Reaction Scheme DC-18 illustrates the synthesis of 
the drug conjugate (DC-39) from the alcohol reactive deriva 
tive (DC-35) and antihypertensive 2-butyl-4-chloro-1-p-(o- 
1H-tetrazol-5-ylphenyl)benzyl)imidazole-5-methanol, 
monopotassium salt (DC-38). 
0429. In a typical reaction, the reaction between alcohol 
reactive derivative (DC-35) and antihypertensive 2-butyl-4- 
chloro-1-p-(o-1H-tetrazol-5-ylphenyl)benzyl)imidazole-5- 
methanol, monopotassium salt (DC-38) in a suitable solvent 
Such as dimethylformamide at a Suitable temperature may 
give, after standard work-up procedures well known in the art, 
drug conjugate (DC-39). 

REACTION SCHEME DC-19 
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-continued 
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0430 Reaction Scheme DC-19 illustrates the synthesis of 
the drug conjugate (DC-41) from the thiol reactive derivative 
(DC-7) and ACE inhibitor captopril, 1-(2S)-3-mercapto-2- 
methylpropionyl-L-proline (DC-40). 
0431. In a typical reaction, reaction of the thiol reactive 
derivative (DC-7) and ACE inhibitor captopril, 1-(2S)-3- 
mercapto-2-methylpropionyl-L-proline (DC-40) in a Suit 
able solvent such as dimethylformamide at a suitable tem 
perature may give, after standard work-up well known in the 
art, drug conjugate (DC-41). 
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0432 Reaction Scheme DC-20 illustrates the synthesis of 
the drug conjugate (DC-43) from the alcohol reactive deriva 
tive (DC-35) and diuretic furosemide 4-chloroN-furfuryl-5- 
sulfamoylanthranilic acid (DC-42). 
0433. In a typical reaction, the alcohol reactive derivative 
(DC-35) may be reacted with diuretic furosemide 4-chloroN 
furfuryl-5-sulfamoylanthranilic acid (DC-42) in a suitable 
Solvent Such as dimethylformamide at a suitable temperature 
to give, after standard work-up procedures well known in the 
art, drug conjugate (DC-43). 

"N / \ N OH 

(DC-35) (DC-44) 
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0434 Reaction Scheme DC-21 illustrates the synthesis of 
the drug conjugate (DC-45) from the alcohol reactive deriva 
tive (DC-35) and calcium sensitizer, SCH00013 (4,5-dihy 
dro-6-1-2-hydroxy-2-(4-cyanophenyl)ethyl-1,2,5,6-tet 
rahydropyrido-4-yl)pyridazin-3 (2H)-one) (DC-44) (see 
Hino, M. et al., Arzneimittel-Forschung (1999), 49(5), 398 
406). 
0435. In a typical reaction, the alcohol reactive derivative 
(DC-35) may be reacted with calcium sensitizer 4,5-dihydro 
6-1-2-hydroxy-2-(4-cyanophenyl)ethyl-1,2,5,6-tetrahy 
dropyrido-4-ylpyridazin-3 (2H)-one (DC-44) in a suitable 
Solvent Such as dimethylformamide at a suitable temperature 
to give drug conjugate (DC-45). 
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0436 Reaction Scheme DC-22 illustrates the synthesis of 
the amino reactive derivative (DC-47) from (1R,2R)-2-((3R)- 
hydroxypyrrolidinyl-1-(3,4-dimethoxyphenethoxy)cyclo 
hexane (Compound A) and 4-bromobutylisocyanate (DC 
46). 
0437. In a typical reaction, (1R,2R)-2-(3R)-hydroxypyr 
rolidinyl-1-(3,4-dimethoxyphenethoxy)cyclohexane (Com 
pound A) may be reacted with 4-bromobutylisocyanate (DC 
46) (see, Minin, P. et al., J. Org. Chem. (2003), Vol. 68, pp. 
2960-2963) in a suitable solvent such as dichloromethane at a 
suitable temperature to give amino-reactive derivative (DC 
47). 

REACTION SCHEME DC-22 
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''', N OMe 0438 Reaction Scheme DC-23 illustrates the synthesis of 
O) to O the drug conjugate (DC-49) from the amino reactive deriva 

)=0 (DC-48) tive (DC-47) and calcium sensitizer MCI-154 6-4-(4-py 
He- ridyl)aminophenyl-4,5-dihydro-3(2H)-pyridazinone (DC 

"N / \ 48), (JP 2003113084; Mitsubishi Wellpharma Co., Japan) 
Br 0439. In a typical reaction, the amino reactive derivative 

(DC-47) (DC-47) and 6-4-(4-pyridyl)aminophenyl-4,5-dihydro-3 
(2H)-pyridazinone (DC-48) may be reacted in a suitable sol 
vent Such as dimethylformamide at a Suitable temperature to 
give, after standard work-up procedure, drug conjugate (DC 
49). 
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0440 Reaction Scheme DC-24 illustrates the synthesis of 
the drug conjugate (DC-51) from the amino reactive deriva 
tive (DC-47) and antidepressant fluoxetine (+)-N-methyl-3- 
phenyl-3-(C.C.C.-trifluoro-p-tolyl)oxypropylamine (DC 
50). 
0441. In a typical reaction, reaction of the amino reactive 
derivative (DC-47) and (+)-N-methyl-3-phenyl-3-(C.O.C.- 
trifluoro-p-tolyl)oxypropylamine (DC-50) in a solvent such 
as dimethylformamide at a suitable temperature may give 
drug conjugate (DC-51). 

REACTION SCHEME DC-2s 
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EtOC COCH3 

N 
O OMe H O OMe 
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O OMe l O OMe ... III IO NH2 ... III IO 

)= O (DC-52) )= O 
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HCOC O 
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REACTION SCHEME DC-26. 

0442 Reaction Scheme DC-25 illustrates the synthesis of O OMe O OH 

the drug conjugate (DC-53) from the amino reactive deriva- Or O 
tive (DC-47) and antihypertensive/antianginal amlodipine 'tX OMe S NH 
3-ethyl-5-methyl(+)-2-(2-aminoethoxy)methyl-4-(o-chlo- 2. 
rophenyl)-1,4-dihydro-6-methyl-3,5-pyridinedicarboxylate O O O 

(DC-52). SH 

(DC-54) 
0443) In a typical reaction, the amino reactive derivative S 
(DC-47) and 3-ethyl-5-methyl(+)-2-(2-aminoethoxy)me- S 
thyl-4-(o-chlorophenyl)-1,4-dihydro-6-methyl-3,5-py- Z R 
ridinedicarboxylate (DC-52) may be reacted in a suitable s 
Solvent such as dimethylformamide to give, after isolation (DC-7) 
and purification by known methods, drug conjugate (DC-53). 
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0444 Reaction Scheme DC-26 illustrates the synthesis of 
drug conjugate (DC-55) from thiol-reactive derivative (DC 
7) and a vasodilator (DC-54). (Ref. EP-00544620 2 Jun. 
1993, CIBA-GEIGY AG). 
0445. In a typical reaction, the thiol-reactive intermediate 
(DC-7) may be dissolved in a suitable solvent (e.g., CH,Cl) 
and reacted with the vasodilator (DC-54) to generate the drug 
conjugate (DC-55). The drug conjugate (DC-55) may then be 
isolated and purified by known standard methods. 

Preparation of Drug Conjugates for B-Blockade 

0446. In one aspect, the additional drug moiety set forth 
above is a beta-blocker. Additional drug moieties may also be 
selected from any of the drug moiety described in this patent 
application, for example, the additional drug moieties 
described in the PCT Published Patent Application No. WO 
2005/O18635. 

0447. In another aspect, the additional drug moiety may be 
a drug or a pharmacophore with B-blocking activity. A drug 
or a pharmacophore with f3-blocking activity is said to be a 
“cardioselective beta-blocker'. 

Metoprolol as an Additional Drug Moiety 

0448 Atrial fibrillation (AF) can be divided into three 
groups based on the duration of the AF episode and the 
refractoriness to cardioversion. The three groups are; paroX 
ySmal, persistent and permanent, in decreasing order of 
receptivity to treatment. Permanent AF is resistant to any 
form of pharmacological treatment and cardioversion, and 
therefore patients with permanent AF may be considered 
candidates for therapies such as the MAZE procedure and can 
be treated with either calcium channel blockers or B-blockers 
to control ventricular rate. 

0449 In the remaining two categories of paroxysmal and 
persistent AF, treatment has a dual intent. Firstly, if a patient 
is in AF, physicians may wish to restore normal sinus rhythm 
(AF conversion). Secondly, after the patient has successfully 
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attained sinus rhythm the physician will attempt to maintain 
sinus rhythm and prevent recurrence of AF. 
0450. If a patient is in AF, the physician may elect to 
restore sinus rhythm by the use of pharmacological rhythm 
control agents such as Compound A, or alternatively, to allow 
AF to continue, and ensure that ventricular rate is controlled 
(correcting tachycardia-induced cardiomyopathy). 
0451. The AFFIRM (Atrial Fibrillation Follow-up Inves 
tigation in Rhythm Management, 2001) trial and RACE (Rate 
Control Equal to Rhythm Control) trial examined compara 
tive efficacy and mortality rates between AF patient groups 
using either rhythm control or rate control drugs. Results of 
these studies indicated that rate and rhythm control are 
equivalent in efficacy in relatively asymptomatic patients 
with atrial fibrillation. The AFFIRM trial randomized patients 
to medical therapy either to restore atrial rhythm or to control 
ventricular heart rate, whereas RACE compared medical 
therapy to control heart rate with electrocardioversion of 
rhythm. The primary study endpoint of the AFFIRM trial, 
total mortality, was slightly lower in the rate-control arm, 
although the trend was not statistically significant. Outcomes 
were approximately the same for the two groups in the sec 
ondary endpoint, ischemic stroke. In the RACE study, the 
difference between primary endpoints was also Small. It was 
reported that patients with hypertension in particular did not 
do well with electrocardioversion for rhythm control. The rate 
of mortality, thromboembolism, or other severe complica 
tions was approximately 19 percent for rate-control therapy 
vs. approximately 31 percent for rhythm control. 
0452. There are two classes of antiarrhythmic agents that 
restore and maintain sinus rhythm through rhythm control; 
Class I and Class III antiarrhythmics. A summary of their ion 
channel blocking profiles and mechanism of action is as fol 
lows: 

0453 Class IA: Sodium channel blockers that prolong 
Ventricular repolarization, including quinidine, 
procainamide, disopyramide 

0454 Class IB: Sodium channel blockers that shorten 
Ventricular repolarization, including lidocaine, mexilet 
ine, tocainide, phenytoin 

0455 Class IC: Sodium channel blockers with little 
effect onventricular repolarization, including encainide, 
flecainide, propafenone 

0456 Class III: Potassium channel blockers that prima 
rily prolong Ventricular repolarization, including amio 
darone, bretylium, d.l-sotalol, ibutilide, azimilide 

0457. The SWORD study (see, Waldo, A Let al. Effect of 
d-sotalol on mortality in patients with left ventricular dys 
function after recent and remote myocardial infarction. Lan 
cet 1996,348, 7-12) has shown that optically pure d-sotalol 
increased mortality by 65% compared to placebo. In light of 
those results, K. Stoschitzky et al. (see, Stoschitzki, K. et al. 
Racemic beta-blockers—fixed combinations of different 
drugs. J. Clin. Cardiol. 1998, 1, 14-18) suggest to replace the 
currently used racemic mixtures with the optically pure 
1-enantiomers. 

0458. There are two classes of antiarrhythmic agents that 
restore and maintain sinus rhythm through rate control; Class 
II and IV antiarrhythmics. A summary of their ion channel 
profiles and mechanism is as follows: 

0459 Class II: B-adrenergic blocking drugs that indi 
rectly reduce I current in SA and AV nodes, includ 
ing propranolol, atenolol, metoprolol, esmolol, timolol 
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0460 Class IV: Calcium channel blockers that block 
It current, thus slowing conduction in SA and AV 
nodes and depressing contractility in all heart myocytes, 
including Verapamil, diltiazem 

0461) The VERDICT (Verapamil versus Digoxin Cardio 
version Trial) (see, Van Noord, T. et al. VERDICT: The Vera 
pamil versus Digoxin Cardioversion Trial: A Randomized 
Study on the Role of Calcium Lowering for Maintenance of 
Sinus Rhythm after Cardioversion of Persistent Atrial Fibril 
lation. J. Cardiovasc. Electrophysiol. 2001, 12, 766-769) has 
shown that the use of calcium-lowering drugs alone initiated 
pre-ECV (electrical cardioversion) and continued post-ECV 
seems to be insufficient to prevent Subacute relapses. 
0462 AF patients are commonly treated with agents, such 
as B-blockers, to control ventricular rate (see, e.g., Van 
Gelder, I. C. etal. A comparison of Rate Control and Rhythm 
Control in Patients with Recurrent Persistent Atrial Fibrilla 
tion. N. Engl.J.Med. 2002,347 (23), 1834-1840; Basler, J. R. 
etal. B-Adrenergic Blockade Accelerates Conversion of Post 
operative Supraventricular Tachyarrhythmias. Anesthesiol 
ogy 1998, 89 (5), 1052-1059; and Yahalom, J. Beta-Adrener 
gic Blockade as Adjunctive Oral Therapy in Patients with 
Chronic Atrial Fibrillation. Chest, 1977, 71 (5), 592-596). 
B-adrenoceptor-blocking agents depress sinus node automa 
ticity and inhibit atrioventricular nodal function by prolong 
ing refractoriness and slowing conduction (see, Sung, R. J. et 
al. Beta-Adrenoceptor Blockade: Electrophysiology and 
Antiarrhythmic Mechanisms. Am. Heart J. 1984, 108, 1115 
1120; and Kowey, P. R. et al. Electrophysiology of Beta 
Blockers in Supraventricular Arrhythmias. Am. J. Cardiol. 
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1987, 60, 32D-38D). Rather than using multiple drugs, the 
pharmacophores for antiarrhythmic activity and B-blockade 
may be combined in a single drug molecule. Hence, such an 
agent may be derived by attaching metoprolol, a B-selective 
antagonist (cardioselective), to (1S,2S)-2-(3R)-hydroxypyr 
rolidinyl-1-(3,4-dimethoxyphenethoxy)cyclohexane or (1R, 
2R)-2-(3R)-hydroxypyrrolidinyl-1-(3,4-dimethox 
yphenethoxy)cyclohexane. 
0463. In one variation, the ion channel modulating com 
pound is (1R,2R)-2-(3R)-hydroxypyrrolidinyl-1-(3,4- 
dimethoxyphenethoxy)cyclohexane monohydrochloride 
(Compound A) and the additional drug moiety is a Bl-blocker 
that may have the S configuration. 
0464 Metoprolol may be used for the treatment of AF 
(see, Page, R. L. Beta-Blockers for Atrial Fibrillation: Must 
We Consider Asymptomatic Arrhythmias? J. Am Coll. Car 
diol. 2000, 36 (1), 147-150). However, other cardioselective 
B-adrenoceptor-blocking agents could be selected from the 
pharmacopea following the type of pharmacological profile 
targeted (i.e. short-acting vs. long-acting, potency vs. selec 
tivity) for the use in a drug conjugate (for example: Esmolol. 
Acebutolol, Practolol, Atenolol, Celiprolol, Betaxolol, Ceta 
molol, Bisoprolol and Bevantolol) 
0465 Examples of conjugates of ion channel modulating 
compounds and Metoprolol include, but are not limited to, 
covalently linking (1R,2R)/(1S,2S)-2-(3R)-hydroxypyrro 
lidinyl-1-(3,4-dimethoxyphenethoxy)cyclohexane to Meto 
prolol via a linker with complementary functionalities for the 
ion channel modulating compound and the additional drug 
moiety such that the drug conjugates of Table 2 are provided 
(i.e., Compounds DC-67, DC-69, DC-72 and DC-73). 

TABLE 2 

STRUCTURE OF METOPROLOL, COMPOUND A AND DRUG 

CONJUGATES C-67, DC-69, DC-72, DC-73 

Metoprolol 

O OMe 

1. c s O O N N OMe 
H 

OH 

Compound A 
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STRUCTURE OF METOPROLOL, COMPOUND A AND DRUG 
CONJUGATES C-67, DC-69, DC-72, DC-73 

COC's O N 
H 

DC-69 

O OMe 

O o O O 
N O n II iOH N n = 1.3 

DC-72 (n = 1) 
DC-73 (n = 3) 

0466 Compounds DC-67, DC-69, DC-72 and DC-73 are 
prepared using chemical reactions as illustrated in more detail 
below in Reaction Schemes DC-27 to DC-31. Diastereomeric 
mixtures or pure enantiomeric forms of the compounds can 
be prepared by methods known in the art. 
0467 Suitable divalent linkers include, by way of com 
pound only, those derived from dihalides and diisocyanates or 
mixtures of halides and isocyanates, as exemplified in Table 
2. In each case, the divalent linker is reacted with a comple 
mentary functionality on the ligand to form a linkage bond. 
Such complementary functionality is well known in the art 
and is exemplified by compounds DC-67, DC-69, DC-72 and 
DC-73. Metoprolol (Log D7 -0.60 (Pallas 2.1)) is 
covalently linked to the pyrrolidinol ring of Compound A 
(Log D, a 1.87 (Pallas 2.1)) (DC-67, Log Da, 1.80, 
Pallas 2.1) via 1,4-diisocyanatobutane. The same divalent 

Oulu. 

O-1 
linker is used to attach Metoprolol in 4-position of the phenyl 
ring of Compound A (DC-69, Log D, 0.37, Pallas 2.1). 
Alternatively, the use of a mixed divalent linker, Such as 
2-bromoethyl isocyanate or 4-bromobutyl isocyanate, pro 
vide compounds DC-72 (Log D, 0.34, Pallas 2.1) and 
DC-73 (Log D, 1.19, Pallas 2.1), respectively. 
0468 Reaction Schemes DC-27 to DC-31 illustrate the 
synthesis of drug conjugates (DC-67), (DC-69), (DC-72) and 
(DC-73) which links the B-blocker metoprolol with (1R,2R)/ 
(1S,2S)-2-(3R)-hydroxypyrrolidinyl-1-(3,4-dimethox 
yphenethoxy)cyclohexane. 
0469. The aminocycloalkyl ethers described in the present 
patent application could be prepared from aminoalcohols and 
alcohols by following the general methods and specific 
experimental procedures described in the references cited 
above and the reaction schemes and examples shown below. 

REACTION SCHEME DC-27 

OH Cl 

N N 
RXIII III IOBn CHSOCI/EtN III III IOBn 
He 

CHCl2 
188 37a DME 

(1:1 mixture of trans 
diastereomers) 

HO OMe HO OMe 

BnBriNaOHFEtOH NaH 
Her 

OMe OB 
DC-61 



US 2010/0273724 A1 

-continued 

CC 
H/Pd-C/ 

EtOH 

OMe 

N 
III III IOBn 

DC-64 

0470 The Williamson ether synthesis (Feuer, H.; Hooz, J. 
Methods of Formation of the Ether Linkage. In Patai, Wiley: 
New York, 1967: pp. 445-492) between an activated form 
(37a) of aminoalcohol (18a) with the alkoxide of the appro 
priate phenethyl alcohol (DC-61) in a polar solvent such as 
ethylene glycol dimethyl ether (DME) (Reaction Scheme 
DC-27) provide the corresponding aminoether in high yield. 
Subsequent hydrogenolysis of (DC-62) in the presence of 
Pd C provides compound (DC-63) in strongly acidic con 
ditions and compound (DC-64) in neutral conditions, respec 
tively. 
0471 Compound (DC-61) was prepared as follows: 
homovanillyl alcohol was reacted with benzyl bromide in the 
presence of NaOH acqueous in EtOH to provide intermediate 
(DC-61). Activation of (18a) via mesylation to give chloride 
(37a), as previously described herein, was followed by reac 
tion with the alkoxide of (DC-61) to provide (DC-62). Hydro 
genolysis of (DC-62) in the presence concentrated HCl gives 
(DC-63), whereas partial hydrogenolysis in neutral condi 
tions gives (DC-64). 
0472. The following examples provide specific details on 
the preparation of Compounds (DC-61, DC-62, and DC-63). 

4-Benzyloxy-3-methoxyphenethyl Alcohol (DC-61) 

0473. A mixture of homovanillyl alcohol (100 mmol, 17.0 
g), benzyl bromide (105 mmol. 18.33 g) and 5M aqueous 
NaOH (24 mL) in ethanol (200 mL) was refluxed for 6h. The 
organic solvent was evaporated in vacuo. The residue was 
partitioned between brine (200 mL) and diethyl ether (200 
mL). The aqueous layer was separated from the organic layer 
and extracted again with ether. The combined organic layers 
were dried over MgSO and the solvent was evaporated in 
vacuo. Purification by dry-column chromatography with 
mixtures of ethyl acetate-hexanes (1:4, 1:3, V/v) yielded 
20.66 g (80% yield) of (DC-61) as pale yellow oil. R, 0.25 
(EtOAc-hexanes, 1:1, v/v): 'H-NMR (300 MHz, CDC1) & 
7.44-7.25 (m, 5H, Ar), 6.84-6.67 (m, 3H, Ar), 5.12 (s. 2H, 
PhCHO), 3.88 (s, 3H, CHO), 3.81 (t, 2H, CHCH-OH), 
2.79 (t, 2H, CHCH-OH), 1.54 (s, 1H, OH); 'C-NMR (75 

60 

w r 
OH O) OH 
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l 

III III IOB 

DC-62 

III III IOH 

oHCI 

DC-63 

MHz, CDC1, APT) & 149.63 (+), 146.75 (+), 137.21 (+), 
131.60 (+), 128.43 (-), 127.70 (-), 127.17 (-), 120.84 (-), 
114.25 (-), 112.74 (-), 71.07 (+), 63.58 (+), 55.90 (-), 38.67 
(+). 

(1R,2R)/(1S,2S)-1-(4-Benzyloxy-3-methox 
yphenethoxy)-2-(3R)-benzyloxypyrrolidinylcyclo 

hexane (DC-62) 
0474. To a suspension of NaH (2.07 g., 80% dispersion in 
mineral oil, 69 mmol) in anhydrous ethylene glycol dimethyl 
ether (100 mL) was added a solution of 4-benzyloxy-3-meth 
oxyphenethyl alcohol (DC-61) (17.05 g. 66 mmol) in ethyl 
ene glycol dimethyl ether (100 mL). The resultant mixture 
was then stirred at room temperature for 30 minto complete 
formation of the sodium alkoxide. 
0475. The chloride (37a) (19.4 g. 66 mmol) in anhydrous 
ethylene glycol dimethyl ether (50 mL) was added quickly to 
the mixture containing the alkoxide of (DC-61) and the result 
ant mixture was refluxed under argon for 16 h. The reaction 
mixture was allowed to cool to room temperature and then 
quenched with water (250 mL), followed by concentration 
under reduced pressure. The resultant aqueous solution was 
adjusted to pH0.6 by the addition of 37% aqueous HCl (22 
mL) diluted with HO (28 mL). To remove unreacted 4-ben 
Zyloxy-3-methoxyphenethyl alcohol (DC-61), the acidic 
aqueous layer was extracted with ether (3x300 mL. 350 mL). 
The aqueous solution was then adjusted to pH13 by the addi 
tion of 40% aqueous NaOH (24 mL) and extracted with ether 
(2x300 mL). The ether extracts at pH 13 were combined and 
dried (NaSO anhydr). Removal of solvent in vacuo yielded 
25.7g (83% yield) of the compound (DC-62) as an orange oil. 
R, 0.44 (EtOAc-iPrNH, 98.2, v/v); H NMR (300 MHz, 
CDC1) & 7.43-7.24 (m. 10H, Ar), 6.79-6.66 (m,3H, Ar), 5.10 
(s. 2H, PhCHO), 4.45 (d. 2H, PhCHO), 4.05 (m, 1H), 3.85 
(s, 3H, CHO), 3.75-1.18 (m, 20H); C NMR (75 MHz, 
CDC1, APT) & 149.45 (+), 146.53 (+), 138.56 (+), 137.41 (+), 
132.72 (+), 128.46 (-), 128.32 (-), 127.70 (-), 127.63 (-), 
127.46 (-), 127.24 (-), 120.80 (-), 114.20 (-), 112.99 (-), 
79.26 (-), 77.88 (-), 71.18 (+), 70.95 (+), 70.89 (+), 69.74 (+), 
64.00 (-), 57.57 (+), 56.94 (+), 55.96 (-), 49.88 (+), 49.26 (+), 
36.52 (+), 31.29 (+), 28.73 (+), 27.02 (+), 23.16 (+), 22.82 (+). 
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(1R,2R)/(1S,2S)-1-(4-Hydroxy-3-methoxypheneth 
oxy)-2-(3R)-hydroxypyrrolidinylcyclohexane 

monohydrochloride (DC-63) 
0476 (a) To a 100 mL Schlenk-flask charged with a solu 
tion of (DC-62) (1.25g, 2.42 mmol) in ethanol (12 mL) was 
added Pd-C catalyst (400 mg) and aqueous 6M hydrochloric 
acid (0.8 mL). The reaction mixture was stirred vigorously 
overnight (20 h) at room temperature under a positive pres 
Sure of H.TLC and GC analysis indicated total consumption 
of Substrate and clean conversion into the desired product. 
The reaction mixture was filtered through a syringe filter 
(PTFE, pore size:0.2 um: diameter: 25 mm. VWR #28195 
868) and rinsed with methanol. 
0477 (b) The acidic alcoholic solution was concentrated 
under reduced pressure to yield the title compound as a hygro 
scopic solid (840 mg., 93% yield). Further trituration of 0.38 
g of compound (DC-63) in diethyl ether yielded 0.34 g of 
non-hygroscopic white solid. R, 0.10 (EtOAc-iPrNH2,98:2. 
v/v); H NMR (free amine, 300 MHz, CDC1) & 6.81-6.66 (m, 
3H, Ar), 4.21-4.17 (m. 1H, OH), 3.84 (s.3H, CH), 3.75-1.18 
(m. 20H); 'C NMR (free amine, 75 MHz. APT, CDC1) & 
146.28 (+), 143.95 (+), 131.24 (+), 121.49 (-), 114.17 (-), 
111.67 (-), 79.42/79.18 (-), 71.27/71.03 (-), 69.80/69.65 (+), 
63.28 (-), 59.79/59.28 (+), 55.89 (-), 48.63/48.33 (+), 36.55 
(+), 34.43/34.27 (+), 28.93 (+), 27.36/27.14 (+), 23.43/23.35 
(+), 23.04/22.98 (+): MS (ESI) IM+H" 336.4 (100). 
0478. In the following Reaction Scheme DC-29 and 
DC-30, compounds (DC-67) and (DC-69) require the same 
isocyanate intermediate (DC-65), which is obtained from 
reaction between 1,4-diisocyanatobutane and 4-benzylox 
yphenethyl alcohol in dichloromethane at room temperature. 

Oct. 28, 2010 

0479. Reaction of intermediate (DC-65) in Reaction 
Scheme DC-29 with (1R,2R)-2-(3R)-hydroxypyrrolidinyl 
1-(3,4-dimethoxyphenethoxy)cyclohexane monohydrochlo 
ride (Compound A) in dichloromethane at room temperature 
provides (DC-66). Hydrogenolysis of the benzyloxy group in 
the presence of palladium charcoal in EtOH was followed by 
appendage of the oxypropanolamine side-chain (Reaction 
Scheme DC-29). In one aspect of the invention, elaboration of 
the propanolamine side-chain was achieved by reacting 
epichlorohydrin (ECH) with the hydrogenolyzed product 
from (DC-66) in the presence of NaOH adueous in EtOH. 
After removal of the excess epichlorohydrin, the crude mate 
rial was refluxed in isopropylamine for 18 hours to provide 
compound (DC-67). In another aspect of the invention, the 
propanolamine side-chain is appended using N-benzyl-N- 
isopropyl-2,3-epoxypropylamine. Once the reaction is 
judged complete by TLC analysis, a final hydrogenolytic step 
is carried out to provide compound (DC-67). N-Benzyl-N- 
isopropyl-2,3-epoxypropylamine is prepared by heating to 
70° C. N-benzyl-N-isopropylamine with epichlorhydrin as 
described by Stecket al. (see, Steck Edgar A. Hallock Louis 
L. and Suter C. M. Quinolines VI. Some 4-Aminoquinoline 
Derivatives. J. Am. Chem. Soc. 1948, 70, 4063-4065). Alter 
natively, N-benzyl-N-isopropyl-2,3-epoxypropylamine is 
prepared by alkylation of N-benzyl-N-isopropylamine with 
allyl bromide followed by epoxidation according to Hou et al. 
(see, Xue-Long Hou, Bin-Feng Li and Li-Xin Dai Synthesis 
of novel and enantiomerically pure epoxypropylamine: a 
divergent route to chiral B-adrenergic blocking agents. Tetra 
hedron: Asymmetry 1999, 10, 2319-2326). 

REACTION SCHEME DC-29 

O 

OH 
BO 

CCC. ? / \{\{). 
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i. H2/Pd-C/EtOH 
ii. NaOH ad/EtOH 
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REACTION SCHEME DC-30 

O 

BH3SMe 

OH OH 1,4-diisocyanatobutane 
BO BO 

O OMe 

r O) OH 
O 

*IOB 

N DC-64 

* I liiOB 1. HN O O NH 
O N BO N H 1 SCs 

O O O 
OB l 

DC-68 DC-65 

i. H2/Pd-C/EtOH 
ii. NaOH ad/EtOH 

1. O OMe D-1N i. H2/Pd-C/EtOH 
O bn ii. NaOHaq/ECH/EtOH 

iii. H2/Pd-C/37% iPN: YanoH O 
HCEtOH iv. H2/Pd-C/37%HCI/EtOH 1. HN O 

H 
O 

orr H 
OH 

DC-69 

0480. The preparation of compound (DC-69) (Reaction for compound (DC-67). Elaboration of the propanolamine 
Scheme DC-30) is achieved by reacting intermediates (DC- side-chain from (DC-68) was preferably achieved by using 
64) and (DC-65) in similar conditions as the ones described N-benzyl-N-isopropyl-2,3-epoxypropylamine. 

REACTION SCHEME DC-31 

O 

BHSMe 
OH OH 2-Bromoetly isocyanate 

BO BO 

OMe 
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N 
O OMe iiiOH Br 

O o esco, l n=1,3 Os. O 

BO 
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IIIOH NH 
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ii. NaOH ad/EtOH 

-O OMe 
i. H2/Pd-C/EtOH 
ii. NaOHaq/ECH/EtOH Os. O 

Bn iii. iPrNH) Yuon O N 
iii. H2/Pd-C/37%HCIEtOH iv. H2/Pd-C/37%HCI/EtOH N-St. 1. 

n=13 orr H 
OH 

DC-72 (n = 1) 
DC-73 (n = 3) 
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0481 Compounds (DC-72) and (DC-73) require the reac 
tion of 4-benzyloxyphenethyl alcohol with 2-bromoethyl iso 
cyanate or 4-bromobutyl isocyanate (see, Minin, Patricia L. 
and Walton, John C. J. Org. Chem. 2003, 68, 2960-2963) in 
dichloromethane at ambient temperature to form (DC-70a) 
and (DC-70b), respectively (Reaction Scheme DC-31). Inter 
mediates (DC-70a) and (DC-70b) react with (DC-63) in the 
presence of sodium carbonate in a polar solvent such as DMF 

“N 
III IO 

Oct. 28, 2010 

to give precursors (DC-71a) and (DC-71b), respectively. 
Finally, the propanolamine side-chain was elaborated prefer 
ably using N-benzyl-N-isopropyl-2,3-epoxypropylamine as 
reported for compounds (DC-72) and (DC-73). 
0482 In addition to the foregoing drug conjugates of the 
invention, the following drug conjugates may be prepared as 
set forth in Reaction Schemes DC-32-38. 

(DC-47) 

REACTION SCHEME DC-32 

O NH2 

1. 
OMe 

O 

OMe OH 
Atenolol 
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)=0 
HNV / \ Br 
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... I IO 

)=0 

HN 

(DC-74) 
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0483 Reaction Scheme DC-32 illustrates the synthesis of 0485 Reaction Scheme DC-33 illustrates the synthesis of 
the drug conjugate (DC-74) from the amino reactive deriva 
tive (DC-47) and beta-blocker atenolol. 
0484. In a typical reaction, the alcohol reactive derivative 
(DC-47) may be reacted with atenolol in a suitable solvent 
Such as dimethylformamide at a Suitable temperature to give 
drug conjugate (DC-74) which can be isolated and purified by 
general standard methods known in the art. 

REACTION SCHEME DC-33 

O OMe 

'N OMe 
... I IO OCH 

(DC-47) OH 

... I IO 

Cro 
O OMe 

the drug conjugate (DC-75) from the amino reactive deriva 
tive (DC-47) and beta-blocker carvedilol. 
0486 In the typical reaction, the alcohol reactive deriva 
tive (DC-47) may be reacted with carvedilol in a suitable 
Solvent such as dimethylformamide at a suitable temperature 
to give drug conjugate (DC-75) which can be isolated and 
purified by general standard methods known in the art. 
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REACTION SCHEME DC-34 

O OMe O OMe 

C O 
'', N OMe O N OMe 

“o C “o 

C 

(DC-77) 

0487. Reaction Scheme DC-34 illustrates the synthesis of 
drug conjugate (DC-77) from the amine reactive derivative 
(DC-11) and the Zoloft (DC-76) (antidepressant). 
0488. In a typical reaction, the amine-reactive intermedi 
ate (DC-11) is dissolved in a suitable solvent (e.g., CH,Cl) 
and reacted with Zoloft (DC-76) (antidepressant) to generate 
the drug conjugate (DC-77). The drug conjugate (DC-77) is 
then isolated and purified by known standard methods. 

REACTION SCHEME DC-3s. 
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O --> O ) HO NH2 --> O 
O (DC-26) HO N O O 
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0489 Reaction Scheme DC-35 illustrates the synthesis of 
drug conjugate (DC-78) from acetylsalicylic acid (DC-79), a 
suitable linker and (1R,2R)-2-(3R)-hydroxypyrrolidinyl)-1- 
(3,4-dimethoxyphenethoxy)cyclohexane (Compound A). 
0490. In a typical reaction, acetylsalicylic acid is reacted 
with 3-alanine (DC-26) and a coupling agent (e.g., tetram 
ethyluronium salts) to generate the alcohol reactive interme 

HN 

se 
(DC-78) 

diate (DC-80). This intermediate is isolated, purified by 
known standard methods and Subsequently dissolved in a 
suitable solvent (e.g., CHCl) and reacted with (1R,2R)-2- 
(3R)-hydroxypyrrolidinyl-1-(3,4-dimethoxyphenethoxy) 
cyclohexane (Compound A) to generate the drug conjugate 
(DC-78). 
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0491 Reaction Scheme DC-36 illustrates the synthesis of 
drug conjugate (DC-83) from ramipril (DC-81), a suitable 
linker and (1R,2R)-2-(3R)-hydroxypyrrolidinyl-1-(3,4- 
dimethoxyphenethoxy)cyclohexane (Compound A). 
0492. In a typical reaction, ramipril (DC-81) is reacted 
with 3-alanine (DC-26) and a coupling agent (e.g., tetram 
ethyluronium salts) to generate the alcohol reactive interme 

N OH 
IIIOH 21 

(DC-63) 

III IO 
OOC 

C) )- 
"V / \, 
(DC-84) 

67 
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diate (DC-82). This intermediate is isolated, purified by 
known standard methods and Subsequently dissolved in a 
suitable solvent (e.g., CH,Cl) and reacted with (1R,2R)-2- 
(3R)-hydroxypyrrolidinyl-1-(3,4-dimethoxyphenethoxy) 
cyclohexane (Compound A) to form the drug conjugate (DC 
83). 

OMe 

N 2 n.1N1N 2 Br 

(DC-46) 

loc, 
2 

(DC-84) 

0493 Reaction Scheme DC-37 illustrates the synthesis of 
the amino reactive derivative (DC-84) from compound (DC 
63) and 4-bromobutylisocyanate (DC-46). 
0494. In a typical reaction, amino reactive derivative (DC 
84) may be prepared by reaction of compound (63) with 
4-bromobutylisocyanate (DC-46) in a suitable solvent such as 
dichloromethane at a Suitable temperature. The product may 
be isolated and purified by standard methods known to those 
skilled in the art. 

Br 

1. 
Atenolol 
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0495 Reaction Scheme DC-38 illustrates the synthesis of 
drug conjugate (DC-85) from the amino reactive derivative 
(DC-84) and atenolol. 
0496. In a typical reaction, drug conjugate (DC-85) may 
be prepared by reaction of the amino reactive derivative (DC 
84) with excess atenolol in a suitable solvent such as dichlo 
romethane at a Suitable temperature. The product may be 
isolated and purified by standard methods known to those 
skilled in the art. 

REACTION SCHEME DC-39 
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0497 Reaction Scheme DC-39 illustrates the synthesis of 
the drug conjugate (DC-86) from (1R,2R)-2-(3R)-hydroxy 
pyrrolidinyl-1-(3,4-dimethoxyphenethoxy)cyclohexane 
(Compound A) and 1,4-diisocyanatobutane (DC-34) (Sigma 
Aldrich). 
0498. In a typical reaction, drug conjugate (DC-86) may 
be prepared by reaction of 1-(1R,2R)/(1S,2S)-2-[2-(3,4- 
dimethoxyphenyl)ethoxycyclohexyl)-3-pyrrolidinyl, 
hydrochloride (0.59 g, 1.53 mmol) and triethylamine (223 
uL, 1.6 mmol) indichloromethane (5 mL) to which was added 
1,4-diisocyanatobutane (100 uL, 0.76 mmol). The resultant 
mixture was then refluxed for 18 hours. The cooled reaction 
mixture was concentrated in vacuo and the residue was par 
titioned between 1M HCl aq. (30 mL) and diethyl ether (2x30 
mL). The aqueous layer was then collected and extracted with 
dichloromethane (2x30 mL). The combined organic layers 
were then washed with 2M NaHCO aq (50 mL), dried over 
anhydrous MgSO and concentrated in vacuo to give the 
crude material as the free base. Purification by column chro 
matography using a mixture of EtOAc-iPrNH (98:2, V/v) 
provided 0.52 g of purified material. The material was then 
partitioned between 1M HCl (20 mL) and dichloromethane 
(20 mL). The organic layer was collected, dried over anhy 
drous MgSO and concentrated in vacuo. The residue then 
was lyophilized to give compound #1. MS (ES+) M/2+H" 
42O3. 

E. Isotopic Ion Channel Modulating Compounds 

0499. In general, an ion channel modulating compound 
may be modified by the substitution of one or more atoms in 
the ion channel modulating compound with a stable isotope 
thereof, wherein the stable isotope is stable over the time scale 
needed for compound synthesis, storage, and use. For 
instance, one or more hydrogen atoms may be replaced by 
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one or more deuterium atoms to yield a deuterated analog of 
the ion channel modulating compound. The replacement of 
one or more atoms of an ion channel modulating compound 
with an isotope thereof yields what is referred to herein as an 
“isotopic ion channel modulating compound'. An isotopic 
ion channel modulating compound may include an atom that 
is a heavier or lighter isotope than the standard isotope of the 
replaced atom or atoms (an "isotopic derivative”). 

Biological Significance of Isotopic Ion Channel Modulating 
Compounds 

0500 Sustained release of an ion channel modulating 
compound may be achieved by the replacement of one or 
more atoms of the ion channel modulating compound with a 
stable isotope thereof, wherein the stable isotope contains one 
or more additional neutron(s) than the normally abundant 
isotope of the atom in question (i.e., a "heavy atom'). An ion 
channel modulating compound may also be modified by the 
replacement of one or more atoms of the ion channel modu 
lating compound with a stable isotope thereof, wherein the 
stable isotope contains fewer neutron(s) than the normally 
abundant isotope of the atom in question (i.e., a “light atom'). 
Incorporation of a heavy atom, particularly Substitution of 
deuterium for hydrogen, can give rise to an isotope effect of 
the ion channel modulating compound that can alter its phys 
iochemical properties, metabolism, pharmacodynamic 
response and pharmacokinetics. For instance, deuteration, as 
exemplified by deuterated Rapamycin (see U.S. Pat. No. 
6,503,921), Cyclosporine (see U.S. Pat. No. 6,613,739) or 
Nifedipine (see U.S. Pat. No. 5,846,514) has been reported to 
alter the pharmacokinetics of a drug. Forster et al. (Isotech 
nica, AB) have shown that deuteration can enhance duration 
of action. 
0501. An ion channel modulating compound may be 
modified by the substitution of one or more atoms or a mix 
ture of atoms with stable isotopes thereof. Although any atom 
in anion channel modulating compound of the invention may 
be replaced with an isotopic derivative thereof, common iso 
tope substitutions of C, N, O, and H make these atoms natural 
candidates for isotopic Substitutioninion channel modulating 
compounds. Thus, in general, isotopic ion channel modulat 
ing compounds of the invention may comprise one or more or 
a mixture of heavy atom isotopes of C, N, O and H. Any 
isotope of an atom may be used to provide an isotopic ion 
channel modulating compound. Heavy atom isotopic ana 
logs, light atom isotopic analogs, and an analog comprising a 
mixture of heavy and light atom isotopic derivatives are con 
sidered. Any ion channel modulating compound that is iso 
topically enriched may be considered an isotopic ion channel 
modulating compound. 
0502. An ion channel modulating compound of the inven 
tion may be deuterated by the substitution of any hydrogen in 
an ion channel modulating compound for deuterium. Mono 
deuterated (substitution of one deuterium atom for one hydro 
gen atom) isotopic analogs, polydeuterated (Substitution of 
deuterium for more than one hydrogen) isotopic analogs, and 
perdeuterated (substitution of deuterium for all available 
hydrogen atoms) isotopic analogs are considered. 
0503. In one variation, a single moiety in an ion channel 
modulating compound may be replaced with a monodeuter 
ated, polydeuterated, or perdeuterated moiety thereof. For 
instance, an isotopic ion channel modulating compound may 
comprise a —CHD, a —CDH or a —CD moiety. 
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0504. In an isotopic ion channel modulating compound, a 
single atom of an ion channel modulating compound may be 
substituted with an isotopic derivative thereof. In another 
variation, more than one of the same or different atoms of an 
ion channel modulating compound may be substituted with 
an isotopic derivative thereof. For instance, in one variation, a 
single hydrogen atom of an ion channel modulating com 
pound may be replaced with a deuterium to provide a mono 
deuterated isotopic ion channel modulating compound. In 
another variation, hydrogen and at least one other atom of an 
ion channel modulating compound are replaced with corre 
sponding stable isotopes thereof to provide an isotopic ion 
channel modulating compound. In still another variation, 
multiple hydrogen atoms in an ion channel modulating com 
pound are replaced with deuterium atoms to yield a polydeu 
terated isotopic ion channel modulating compound. In yet 
another variation, all hydrogens in the ion channel modulat 
ing compound that may be replaced with a hydrogen isotope 
are replaced with deuterium to yield a perdeuterated isotopic 
ion channel modulating compound. 
0505) Any ion channel modulating compound described 
herein may be modified to provide an isotopic ion channel 
modulating compound. The ion channel modulating com 
pound to be modified may increase or decrease ion channel 
activity. In some instances, the ion channel modulating com 
pound 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 fibrillation. Specific ion 
channel modulating compounds, which may be modified to 
provide isotopic ion channel modulating analogs are 
described throughout this specification, including com 
pounds of formulae (I), (IA) or (IX), Compound A, polyeth 
ylene glycol derivatives of ion channel modulating com 
pounds and ion channel modulating compounds conjugated 
to additional drug moieties, where such compounds may also 
be referred to as “antiarrhythmic compounds” or “antiar 
rhythmic agents. Each ion channel modulating compound, 
or derivative thereof, as listed or described throughout this 
specification may be modified to provide an isotopic ion 
channel modulating compound the same as if each and every 
ion channel modulating compound or derivative thereof were 
individually and specifically indicated for use as an isotopic 
ion channel modulating compound. 
0506. In one variation, an isotopic ion channel modulating 
compound is provided, wherein the compound comprises one 
or more standard atom replacements, and wherein the single 
isotopic replacement atom or multiple isotopic replacement 
atoms are non-radioactive. In another variation, an isotopic 
ion channel modulating compound is provided, where the 
compound comprises an atom selected from the group con 
sisting of C, N, O, and H (or D). 
0507. In another variation, an isotopic ion channel modu 
lating compound is provided, wherein the compound is 
derived from an ion channel modulating compound as 
described herein, particularly a compound of formula (I), 
(IA), (IX) or Compound A. The compound may comprise one 
or more atoms selected from the group consisting of C, N, 
'O, and H (or D). 
0508. In another variation, an isotopic ion channel modu 
lating compound is provided, wherein the compound com 
prises an aminocycloalkyl ether moiety. In a particular varia 
tion, an isotopic ion channel modulating compound of 
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formula (XX) is provided, or a Solvate, pharmaceutically 
acceptable salt, ester, amide, complex, chelate, Stereoisomer, 
Stereoisomeric mixture, geometric isomer, crystalline or 
amorphous form thereof, and mixtures thereof: 

(XX) 
R21 

O Sé 

G. k2 
2 

R23 

3- OH 

wherein, R. R. and R2 are independently selected from 
hydrogen, deuterium, C-Calkoxy, and a C-C alkoxy com 
prising an isotopic derivative of a H, C or O atom, with the 
proviso that R. R. and R cannot all be hydrogen, and 
wherein at least one of the atoms informula (XX) is replaced 
with an isotopic derivative thereof. In another variation, a 
heavy ion channel modulating compound of formula (XX) is 
provided, wherein the compound comprises at least one atom 
of carbon-13 ('C). In another variation, a heavy ion channel 
modulating compound of formula (XX) is provided, wherein 
the compound comprises at least one atom of nitrogen-15 
('N). In another variation, a heavy ion channel modulating 
compound of formula (XX) is provided, wherein the com 
pound comprises at least one atom of oxygen-18 (O). In 
another variation, an isotopic ion channel modulating com 
pound of formula (XX) is provided, wherein the compound 
comprises at least one atom of deuterium (H or D). 
0509. In another variation, an isotopic Compound A or its 
hydrochloride salt (shown below as the compound of formula 
(XXVIII)), or its solvates, other pharmaceutically acceptable 
salts, esters, amides, complexes, chelates, stereoisomers, Ste 
reoisomeric mixtures, geometric isomers, crystalline or 
amorphous forms thereof, and mixtures thereof is provided: 

Cro 
O OMe 

“oil 

Compound A 

Compound of formula (XXVII) 

O OMe 

' 

O OMe 
'OH oHCI 

wherein at least one of the atoms in Compound A or in the 
compound of formula (XXVII) is replaced with an isotopic 
derivative thereof. In another variation, an isotopic Com 
pound A or an isotopic compound of formula (XXVII) is 
provided, wherein the compound comprises at least one atom 
of carbon-13. In another variation, an isotopic Compound A 
or an isotopic compound of formula (XXVII) is provided, 
wherein the compound comprises at least one atom of nitro 
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gen-15. In another variation, an isotopic Compound A or an 
isotopic compound of formula (XXVII) is provided, wherein 
the compound comprises at least one atom of oxygen-18. In 
another variation, an isotopic Compound A or an isotopic 
compound of formula (XXVII) is provided, wherein the com 
pound comprises at least one atom of deuterium. 
0510. In another variation, isotopic ion channel modulat 
ing compounds of formula (ID), or a Solvate, pharmaceuti 
cally acceptable salt, ester, amide, complex, chelate, Stereoi 
Somer, Stereoisomeric mixture, geometric isomer, crystalline 
or amorphous form thereof, are provided, wherein the hydro 
gen atoms of the methoxy group at 4-position of the phenyl 
ring of Compound Aare substituted by deuterium as shown in 
formula (ID): 

(ID) 
O OMe 

N OCD, 
III III IOH 

oHCI 

0511. In another variation, isotopic ion channel modulat 
ing compounds of formula (IID), or a solvate, pharmaceuti 
cally acceptable salt, ester, amide, complex, chelate, stereoi 
Somer, Stereoisomeric mixture, geometric isomer, crystalline 
or amorphous form thereof, are provided, wherein the hydro 
gen atoms of the two methoxy groups at 3- and 4-position of 
the phenyl ring are Substituted by deuterium as shown in 
formula (IID): 

(IID) 
O OCD, 

N OCD, 
III III IOH 

oHCI 

0512. In another variation, isotopic ion channel modulat 
ing compounds of formula (IIID) are provided, or a Solvate, 
pharmaceutically acceptable salt, ester, amide, complex, che 
late, Stereoisomer, Stereoisomeric mixture, geometric isomer, 
crystalline or amorphous form thereof, wherein the hydrogen 
atoms of the methoxy group at 4-position of the phenyl ring 
are substituted by deuterium as shown in formula (IIID): 

(IIID) 

'N OCD, 
III III IOH 

oHCI 

0513. In another variation, isotopic ion channel modulat 
ing compounds of formula (IVD) are provided, or a Solvate, 
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pharmaceutically acceptable salt, ester, amide, complex, che 
late, Stereoisomer, Stereoisomeric mixture, geometric isomer, 
crystalline or amorphous form thereof, wherein the hydrogen 
atoms of the two methoxy groups at 3- and 4-position of the 
phenyl ring are Substituted by deuterium as shown informula 
(IVD): 

(IVD) 
O OCD, 

'N OCD, 
III III IOH 

oHC 

0514. In another variation, isotopic ion channel modulat 
ing compounds of formula (VD), or a solvate, pharmaceuti 
cally acceptable salt, ester, amide, complex, chelate, Stereoi 
Somer, Stereoisomeric mixture, geometric isomer, crystalline 
or amorphous form thereof, are provided, wherein the carbon 
atom of the methoxy group at 4-position of the phenyl ring is 
substituted by carbon-13 as shown in formula (VD): 

(VD) 
O OMe 

N O3OH 
III III IOH 

oHC 

0515. In another variation, isotopic ion channel modulat 
ing compounds of formula (VID), or a solvate, pharmaceuti 
cally acceptable salt, ester, amide, complex, chelate, Stereoi 
Somer, Stereoisomeric mixture, geometric isomer, crystalline 
or amorphous form thereof, are provided, wherein the carbon 
atoms of the two methoxy groups at 3- and 4-position of the 
phenyl ring are substituted by carbon-13 as shown informula 
(VID): 

(VID) 
O O3OH 

N O3CH 
III III IOH 

oHC 

0516. In another aspect, isotopic ion channel modulating 
compounds of formula (VIID) are provided, or a solvate, 
pharmaceutically acceptable salt, ester, amide, complex, che 
late, Stereoisomer, Stereoisomeric mixture, geometric isomer, 
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crystalline or amorphous form thereof, wherein the carbon 
atom of the methoxy group at 4-position of the phenyl ring is 
substituted by carbon-13 as shown in formula (VIID): 

(VIID) 
O OMe 

'N O3CH 
III iOH 

oHC 

0517. In another variation, isotopic ion channel modulat 
ing compounds of formula (VIIID) are provided, or a solvate, 
pharmaceutically acceptable salt, ester, amide, complex, che 
late, Stereoisomer, Stereoisomeric mixture, geometric isomer, 
crystalline or amorphous form thereof, wherein the carbon 
atoms of the two methoxy groups at 3- and 4-position of the 
phenyl ring are substituted by carbon-13 as shown informula 
(VIIID): 

(VIIID) 
O O1CH 

N O3OH. 
II iOH 

oHCI 

0518) Isotopic Ion Channel Modulating Compound 
Metabolites 

0519 Isotopic ion channel modulating compound 
metabolites are also described herein. That is, one or more 
atoms of a metabolite of an ion channel modulating com 
pound may be substituted with an isotopic derivative thereof. 
Any metabolite of anion channel modulating compound may 
be converted into an isotopic derivative by the substitution of 
any atom or atoms with an isotope thereof to provide an 
isotopic ion channel modulating compound metabolite. Any 
isotopic ion channel modulating compound may be broken 
down either in vivo, in vitro or ex vivo to its metabolites to 
provide an isotopic ion channel modulating compound 
metabolite. The metabolite pathway shown in FIG. I-1 
depicts the major metabolites of one ion channel modulating 
compound, Compound A, or its HCl salt (compound of for 
mula (XXVII)) in man. The metabolites result from (a) 
O-demethylation at the 4-position of the phenyl ring to form 
metabolite A (Phase I biotransformation), which may be fol 
lowed by fast glucuronide formation to form metabolite I-C, 
wherein the glucuronide moiety is attached at the phenol 
moiety of metabolite B; and (b) glucuronide formation of 
metabolite C directly from the compound of formula (XX 
VII), wherein the glucuronide moiety is attached at the 
hydroxyl moiety on the pyrrolidinyl ring of the compound of 
formula (XXVII) (slow) (Phase II biotransformation). 
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OMe 

O-DEMETHYLATION 
N OMe BY CYP2D6 

oHCI (FAST) 

'OH 

(XXVII) 

low 

OMe 

OMe 
N 

oHCI 

'', O-glucuronide 
Metabolite C 

Combination of Isotopic Ion Channel Modulating Com 
pounds with Other Variations 
0520. The isotopic ion channel modulating compounds 
described herein may be taken together with any other modi 
fication of the ion channel modulating compounds disclosed 
in this specification. Dosage forms, routes of administration, 
and formulations of the isotopic ion channel modulating com 
pounds are the same as those described in any of the sections 
of this specification and, in particular, in PCT Published 
Patent Application 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. 2004/099137: PCT Published Patent 
Application No. 2005/018635; and U.S. Published Patent 
Application No. 2005002693 for ion channel modulating 
compounds or antiarrhythmic compounds or agents. How 
ever, any effective dosage forms, routes of administration, 
and formulations of the isotopic ion channel modulating com 
pounds may generally be used with any and all other aspects 
described in this patent. Examples of dosage forms, routes or 
administration, and formulations that may be used includebut 
are not limited to those described in Remington's Pharma 
ceutical Sciences, Mack Publishing Company, Philadelphia, 
Pa., 17" ed. (1985). The isotopic ion channel modulating 
compounds may also be part of a modified ion channel modu 
lating compound as described in other sections of this speci 
fication, such as isotopic compounds of PEGylated ion chan 

OMe 

OH 
N 

oHCI 

'', OH 
Metabolite A 

|Ast 

OMe 

O-glucuronide 

Metabolite B 

nel modulating compounds or isotopic compounds of drug 
conjugates comprising ion channel modulating compounds 
or the like. 

Isotopic Atom Replacement Methods 

0521. Replacement of an atom with an isotopic derivative 
thereof may take place by methods known in the art, such as 
those described in U.S. Pat. No. 6,503,921, U.S. Pat. No. 
6,613,739, U.S. Pat. No. 5,846,514, and the patents and pub 
lications referenced therein, all of which are herein incorpo 
rated by reference in their entirety. Additional experimental 
methods are described in the section immediately below. 

Preparation of Isotopic Ion Channel Modulating Compounds 

0522 The aminoethers described in the present patent can 
be prepared from aminoalcohols and alcohols by following 
the general methods and specific experimental procedures 
described herein. The isotopic ion channel modulating com 
pounds of the invention may be prepared as set forth in the 
followin reaction schemes and examples. 
0523 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 configuration, whereas two full bonds 
or two dashed bonds means a cis configuration. 
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0524 Compounds of formula (ID) may be prepared 
according to the methods described below: 
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refluxed for 2.5 hand concentrated. The residue dissolved in 
ethyl acetate and washed with sat. NaHCO, water and dried 

CHSOCI/EtN 
CHCl2 

-Cl 

188 37a 

(1:1 mixture of trans 
diastereomers) 

ro OH 

0525. In the above Reaction Scheme, the Williamson ether 
synthesis (see Feuer, H.; Hooz, J. Methods of Formation of 
the Ether Linkage. In Patai, Wiley: New York, 1967: pp. 445 
492) between the activated chloride form (37a) of aminoal 
cohol (18a) with the alkoxide of the appropriate phenethyl 
alcohol, e.g., compound (2a), in a polar solvent such as DME 
(Reaction Scheme 1-1) provided the corresponding aminoet 
her, e.g., compound (3a), in high yield. Subsequent hydro 
genolysis of compound (3a) provided compound (ID), as 
described in more detail below. 
0526. More specifically, homovanillyl alcohol may be 
reacted with deuterated methyl iodide in the presence of 
cesium carbonate in a solvent such as ethylene glycol dim 
ethyl ether (DME) to provide intermediate (2a). Activation of 
(18a) via mesylation produces chloride (37a) as previously 
described herein. (37a) may then be reacted with the alkoxide 
of (2a) to provide (3a). Debenzylation of (3a) to (ID) can be 
carried out by hydrogenolysis in the presence of palladium on 
charcoal and concentrated HCl in a protic solvent Such as 
EtOH. 

Preparation of Compound of Formula (ID) 

0527 Homo vanillyl alcohol (1.0 g, 5.95 mmol) was dis 
solved in anhydrous DME (25 mL) followed by the addition 
of cesium carbonate (3.87 g, 11.89 mmol). The mixture was 
stirred under argon for 1 h and deuterium iodomethane (1.29 
g, 8.92 mmol. 555 uL) was added. The reaction mixture was 

HO OMe 
CDI NaH 
--- 

CsCO/DME 
OCD, 

2a 

N 
I I I I IOB 

O OMe 

DME O o 
O) OCD, I I I I IOB 

3a 

H/Pd-C 
aq HCI/EtOH 

r N OCD, 
III III IOH 

oHCI 

(ID) 

over MgSO filtered, concentrated to give a light yellow oil 
(2a)(1.03 g.93%). "H NMR (300 MHz, CDC1): 8 6.82-6.74 
(m,3H, aromatic), 3.86 (s.3H, OCH), 3.82 (t, 2H), 2.79 (t, 
2H), 1.47 (s, 1H). 
0528. To an oven dried round bottom flask (100 mL) 
charged with argon and cooled was added NaH (197 mg, 8.2 
mmol). A solution of (2a) (690 mg. 4.09 mmol) in anhydrous 
DME (20 mL) was added slowly to the reaction mixture and 
stirred for 1 h, then a solution of (37a) (1.0 g, 3.41 mmol) in 
DME (20 mL) was added and the resultant mixture was 
heated to 80-85°C. for 18h. To the cooled mixture was added, 
2M NaHCO (10 mL), water (30 mL) and ethyl acetate (40 
mL). The organic layer was collected and washed with brine, 
dried over MgSO and concentrated in vacuo to give (3a) (1.4 
g, 93% yield). 
0529. To a solution of (3a) (1.3 g, 2.94 mmol) in absolute 
ethanol (40 mL) was added palladium, 10 wt.% activated 
carbon (520 mg), 6M HCl (2 mL). The resultant reaction 
mixture was stirred for 18 hunder a positive hydrogen atmo 
sphere. The reaction mixture was filtered through celite 545 
and concentrated to give 1.06 g of (ID) (92.6%). H NMR 
(300 MHz, DMSO-d) & 10.9-10.34 (m. 1H, NH), 6.86-6.73 
(m, 3H), 5.49 (s, 1H), 4.33 (s, 1H), 4 (q, 1H), 3.73 (s, 3H, 
OCH), 3.57-3.02 (m, 6H), 2.78 (d. 2H, J5.06), 2.18-1.62 (m, 
6H), 1.39-1.05 (m, 4H); MS (ES+) M+H" 353.10. 
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N CHCl2 N 
RXIII IOBn I I I I IOB 

188 37a 

(1:1 mixture of trans -O OCD, 
diastereomers) DME 

O) OCD, IIII IOB 

3b 

HO OH HO OCD, 
CDI NaH H/Pd-C 
--- 
CsCO/DME aq HCI/EtOH 

OH OCD, 
2b 

r N OCD, 
III III IOH 

oHC 

Compound (IID), as described above in Reaction Scheme I-2, 
follows the same synthetic methodology as Compound (ID) 
in Reaction Scheme I-1 except that 3,4-dihydroxyphenethyl 
alcohol is used as the starting material. Compound IID: "H 
NMR (300 MHz, CDC1) & 6.77-6.74 (m, 3H), 4.21-4.16 (m, 
1H), 3.83-3.67 (m. 1H), 3.58-3.50 (m. 1H), 3.04-2.90 (m, 
1H), 2.83-2.77 (m, 3H), 2.71-2.60 (m. 1H), 2.50-2.42 (m, 
2H), 2.05-1.84 (m, 3H), 1.72-1.60 (m, 3H), 1.37-1.19 (m, 
4H); 'C NMR (300 MHz, CDC1) & 148.70 (+), 147.40 (+), 
131.80 (+), 120.71 (-), 112.36 (), 111.16 (-), 79.28/79.14 

(IID) 

(-), 70.92/70.59 (-), 69.59/69.47 (+), 63.80/63.69 (-), 59.78/ 
59.58 (+), 50.62 (-), 49.07/48.70 (+), 36.34 (+), 34.29/34.08 
(+), 29.13 (+), 27.26/27.18 (+), 23.54 (+), 23.05 (+): MS 
(ES+) M+H 356.2. 
0531 Similarly, compounds of formulae (VD) and (VID) 
may be synthesized according to Reaction Schemes I-3 and 
I-4, respectively. 
0532 Compounds of formula (VD) may be prepared as 
described below: 

CHSOCI/EtN 
CHCl2 

188 

(1:1 mixture of trans 
diastereomers) 

O OMe 

DME O o 
O) O3CH I I I I IOB 

3c 

HO OMe HO OMe 
13CHI NaH H/Pd-C 
CsCO3/ aq HC1/EtOH 

OH DME O3OH 
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-continued 

0533 Compounds of formula (VID) may be prepared as 

OMe 

CHSOCI/EtN 

described below: 

-OH -Cl 

N CHCl2 N 
RXIII IOBn I III IOB 

188 37a 
13 

(1:1 mixture of trans -O O'CH 
diastereomers) DME 

O) O3OH III IOB 

3d 

HO OH HO O1CH 
13CHI NaH H/Pd-C 
Cs2CO3/ aq HCI/EtOH 

OH DME O1CH 
2d 

ro N O3OH 
III III IOH 

oHCI 

(VID) 
0534 Compounds (18a) and (37) may be prepared as 
described herein or by methods similar to those described in 
Published Patent Application 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. 2004/099.137; PCT Pub 
lished Patent Application No. 2005/018635; and U.S. Pub 
lished Patent Application No. 2005002693. 
0535 Compound (IIID) and (IVD) may be isolated from 
compounds (ID) and (IID), respectively, by standard isolation 

techniques, by methods known to one skilled in the art or by 
the methods disclosed in PCT Published Patent Application 
WO 2004/099.137. In a similar manner, Compounds (VIID) 
and (VIID) may be isolated from compounds (VD) and 
(VID), respectively, by standard isolation techniques, by 
methods known to one skilled in the art or by the methods 
disclosed in PCT Published Patent Application WO 2004/ 
O991.37. 
0536 Compounds of formulae (VIIID), (IXD), (XD), 
(XID) and (XIID) may be prepared as described below: 

REACTION SCHEME I-5. PREPARATION OF COMPOUND (XIID) 

LiAID4 
-a- 

D 
D 

MeO OH 

EtO 
O 

MeO 

(VIIID) 

D 
D 

MeO OH 

D D 

MeO 

(IXD) 

KOH, BuNMeCl, 
CCICN, MTBE 
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-continued 
D 

D Toluene 
O OMe BF*EtO 

-a- 
OH 

D D 

OSOPh OMe 

(XID) OSOPh 

1) HN 
IOH neat 

2) HCl in Et2O 

D 
D 

O OMe 

D D 
'N OMe 

III.iiOH 
oHCI 

(XIID) 

Preparation of Compounds of Formula (VIIID) and (IXD) 

0537. To a one liter two necked round bottom flask was 
charged lithium aluminum deuteride (2.86 g. 68.1 mmol) and 
to this was slowly added anhydrous ether. Athermometer was 
placed in one neck to ensure the temperature remained steady. 
To this was added a solution of (3,4-dimethoxy-phenyl)-ace 
tic acid-d (6.00 g, 30.3 mmol, CDN Isotope, Cat #D-1941, 
Cas #19031-58-4) in anhydrous ether (300 mL) via addition 
funnel. The reaction mixture was allowed to stir at r.t. for 6 h. 
It was then quenched by adding water until bubbling had 
stopped. 5% HCl (75 mL) was then added. This mixture was 
allowed to stir at r.t. overnight. The mixture was then diluted 
with ethyl acetate, filtered and concentrated. The residue was 
then dissolved in ethyl acetate and washed successively with 
water and sodium bicarbonate. The aqueous layer was further 
extracted with ethyl acetate. The combined organic extract 
was dried over magnesium Sulphonate, filtered and concen 
trated to afford a light yellow solid (4.01 g, 71.1% yield). TLC 
(EtOAc:Hexanes): compound of formula (VIIID) at R, 0.20; 
compound of formula (IXD)at R, 0.33; H-NMR (300 MHz, 
CDC1) 8: 6.71-6.80 (m, 3H), 3.83 (s, 3H), 3.81 (s, 3H): 
'C-NMR (75 MHz, CDC1) 8: 148.95, 147.61, 130.91, 120. 
81, 112.21, 111.40, 62.76 (pentex, coupled to D), 55.84, 
55.75, 37.73 (pentex, coupled to D). MS (ES): Calcd=186.24 
MI; Found=1870M+HOIt 
Preparation of 2,2,3-Trichloro-acetimidic acid 2-(3,4- 
dimethoxy-phenyl)-ethyl ester-da (XD) 
0538 To a two necked 500 mL round bottom flask con 
nected with a thermometer and an additional funnel was 
charged 3,4-dimethoxyphenethyl alcohol-d (IXD) (10.63 g, 
57.1 mmol) and methyl tent-butyl ether MTBE (50 mL). 
The temperature was adjusted to 12° C. and then crushed 
solid potassium hydroxide (5.1 g, 91.0 mmol) and methyl 
tributylammonium chloride (75% wt in water) (0.45 g, 1.24 
mmol) were introduced to the flask. While stirring slowly, a 
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MeO 

D 
D 

MeO O CCl3 

D 
D NH 

(XD) 

solution of trichloroacetonitrile (10.25 g, 71.0 mmol) in 
MTBE (10 mL) was added through the addition funnel. The 
reaction was stirred at 12° C. until it was completed. Once 
completed, the reaction mixture was diluted with MTBE (10 
mL) and cooled in an ice bath. The solution was washed 
successively with water (3x30 mL) and 0.4M KOH. The 
organic layer was dried over MgSO4, filtered, and concen 
trated at a maximum bath temperature of 35°C. The residue 
was dissolved in ethanol (50 mL) and stirred for one hour at 
ambient temperature. The solution was left in the freezer 
overnight to allow crystallization. Water (50 mL) was added 
and allowed to stir at 0°C. for one hour. It was then filtered 
through a Buchner funnel and allowed to air dry for 30 min 
utes. The resulting crystals were transferred to around bottom 
flask and dried under vacuum to afford off-white crystals 
(18.43 g, 97.7% yield). NMR spectral data suggested that this 
product was the E-isomer. TLC (EtOAc: Hexanes): Com 
pound of formula (XD) at R, 0.76 H-NMR (300 MHz, 
CDC1) 8: 8.24 (bs, 1H), 6.75-6.77 (m, 3H), 3.80-3.82 (m, 
6H): 'H-NMR (75 MHz, CDC1,) 8: 162.58, 148.71, 147.64, 
130.02, 120.84, 112.32, 111.19, 91.32, 69.50 (pentex, 
coupled to D). 55.73, 55.66, 33.56 (pentex, coupled to D). 
MS(ES): Calcd=330.63 MI; Found=330.9 Mt 

Preparation of (1R,2S)-Benzenesulfonic acid 2-2-(3, 
4-dimethoxy-phenyl)-ethoxy-cyclohexyl ester-d 

(XID) 

0539. To a 500 mL round bottom flask under nitrogen 
connected to an addition funnel was charged a solution of 
(1R,2S) diol monosulfonate (XD) (13.0 g, 51.0 mmol) in 
anhydrous toluene (25 mL). To this solution, borontriflouride 
etherate (7.3 g) was added. The reaction mixture was allowed 
to stir for half an hour at ambient temperature. A solution of 
DMPEEster-d (XD) (18g, 54.4 mmol) in anhydrous toluene 
(25 mL) was added via the addition funnel and was then 
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stirred at ambient temperature under nitrogen for 24 hours. 
The reaction mixture was then cooled to -10°C. in a salt/ice 
bath. The cooled solution was filtered through a Buchner 
funnel and washed with cold (-10°C.) toluene. NaOH (4%, 
100 mL) was then added to the toluene solution and stirred at 
ambient temperature for one hour. The organic layer was then 
separated followed by addition of 8% NaOH (100 mL) and 
was allowed to stir for 3 hours at 40°C. The organic layer was 
then separated, dried over MgSO filtered, and concentrated. 
The oil was then dried further under vacuum to afford brown 
oil which was then purified by column chromatography (Gra 
dient elution, 4:1 to 8:1 hexanes: ethyl acetate). Yellow oil 
was obtained at (14.4 grams, 67% yield). TLC (EtOAc: Hex 
anes): (XID) at R, 0.5; 'H-NMR (300 MHz, CDC1): 8 12 
1.77 (m, 6H), 2.00 (s, 1H), 2.65 (t, J=7 Hz, 2H), 3.48 (t, J=7 
Hz, 3H), 3.82 (m, 7H), 4.68 (m, 1H), 6.72 (m, 3H), 7.53 (m, 
3H), 7.89 (m, 2H); MS(ES): Calcd=424.24 MI"; 
Found=425.3 M+H" 

Preparation of (1R,2R)-2-(3R)-Hydroxypyrrolidi 
nyl-1-(3,4-dimethoxyphen-ethoxy)cyclohexane-d 

Hydrochloride Salt (XIID) 

0540. The toluene stock solution of (1R,2S) ether mono 
sulfonate (XI) (13.5g, 31.8 mmol) was concentrated under 
reduced pressure to dryness at a maximum bath temperature 
of 45° C. 3-(R)-pyrrolidinol (13.9 g, 159 mmol. 5.0 mole eq) 
was added to the flask and the pot contents were adjusted to 
62°C. (60-64°C.). The reaction mixture was agitated at 62° 
C. (60-64°C.) until the reaction was judged complete by TLC 
analysis. The flask was kept under vacuum for the first 6 hours 
of reaction to remove all traces of toluene. Upon completion 
the reaction mixture was cooled to 40°C. (37-43°C.), then 
diluted with 3 M HCl solution (-30 ml, 3.5 mole eq). The 
aqueous solution was cooled to 22°C. (19-25°C.) and further 
diluted with 1M HCl solution (ca. 1 Vol. 0.5 mole eq) until pH 
3-4 by pH paper. The aqueous solution was washed 3 times 
with isopropyl acetate (3x30 ml) at 22°C. (19-25°C.). The 
acidic aqueous layer was neutralized with 12% NaOH solu 
tion (ca. 40 mL, 5.3 mole eq) until pH 12 (11.5-12.5) while 
maintaining the temperature at 22°C. (19-25°C.). The aque 
ous layer was extracted twice with isopropyl acetate (2x30 
mL) at 22°C. (19-25°C.). The combined organic layer was 
dried over anhydrous sodium Sulfate, filtered, and concen 
trated under reduced pressure to obtain a light brown syrup 
(5.8 g). The residue was dissolved in acetonitrile (anhydrous) 
and concentrated under reduced pressure to reduce the Vol 
ume of acetonitrile. The content was charged with HCl/ 
CHCN solution (20-30%) until the pHs2-4 (pH paper) while 
keeping the temperature at <15° C. during the addition. The 
acetonitrile was removed and dried under high vacuum to 
obtainabeige gummy Solid. To the gummy Solid was charged 
CHCN and the solution was heated to 40°C. The flask was 
allowed to cool to ambient temperature without cooling 
medium. After cooling at -10° C. for 2 h, no slurry was 
observed and the content was left in the fridge (4-6°C.) for 24 
h. This did not produce any slurry and the CHCN was 
removed under vacuum and dried high vacuum to obtain a 
hygroscopic beige Solid. This solid was washed with acetone 
(15 mL) at 50-60° C. (i.e. agitate solid in acetone at 50-60° C. 
for 2-3 h). The contents were cooled to ambient temperature, 
filtered to obtain a non hygroscopic off-white solid (3.9 g, 
33%). Purity: 96% by HPLC, 98.1 CE; R-0.50 (1:1, v/v, 
EtOAc:MeOH with 5% iPrNH); MS(ES): Calcd=353 MI; 
Found=354.1 M, MS and NMR data suggested that 
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15-20% of the non-deuterated compound. Elemental analy 
sis: Calcd for CHD.CINO, C, 61.60; N, 3.59; C1, 9.09: 
H, 8.27. Found C, 61.25: N, 3.57; H, 8.02; C1, 9.82. 
0541 Compounds of formula (XIIID) may be prepared as 
follows: 

O OMe 

Cro DO, 90-959 C. 
'8 Amberlyst 15 

oHCI 'OH ion-exchange 
resin 

(XIIID) 

Preparation of 1R,2R)-2-(3R)-Hydroxypyrrolidi 
nyl-1-(3.4 dimethoxyphenethoxy)cyclohexane-d 

Hydrochloride Salt (XIID) 

0542 Compound (XIIID) was synthesized according to 
Reaction Scheme I-6 using the procedure of Tucket al. (K. L. 
Tuck, Tan, H-W. Hayball, P. J.; J. Labelled Cpd. Radiop 
harma. 2000, 43, 817-823). To a solution of the starting 
compound (0.6g, 1.6 mmol) in DO (2.0 mL. 99% D enrich 
ment, Aldrich) was added Amberlyst 15 ion-exchange resin 
(0.6 g. Sigma-Aldrich, cas #39389-20-3). The mixture was 
heated in a sealed vessel for 24 h. On completion, the vessel 
was cooled, and the solution was filtered to remove the resin 
and washed with HO (2x5 mL). To the filtered solution was 
added a brine Solution (15 mL) and the aqueous Solution was 
extracted with CHCl (4x10 mL). The combined organic 
extracts were dried (MgSO), filtered, and concentrated 
under reduced pressure to obtain a foamy solid (0.5 g), which 
was further recrystallized from isopropyl alcohol to give a 
white solid (0.4 g). R-0.51 (1:1, viv, EtOAc:MeOH with 5% 
iPrNH); MS (ES) Found=351.1 M, 352.1 M, 353.1 
MI" (ratio-66%:100%:33% by MS). 
0543 Compounds of formula (XIVD) may be prepared as 
follows: 

MeO 1. MsCl, MeO 2N 
OH EtN C2 

Or 2. Nal'CN Or 
MeO or KCN, MeO 

DMF 

3. KOH, EtOH, HO 
4. LAH 
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-continued 
MeO OH 

MeO 

KOH, MTBE 
CNCC1 

MeO st 
NH 

MeO 

(XIVD) 

0544. To 3,4-dimethoxyphenyl)methanol was added 
either Na''CN or K''CN in DMF to give the ''Canalog of the 
2-(3,4-dimethoxyphenyl)acetonitrile. Reduction of the 
acetonitrile with LAH gave ''C labeled 2-(3,4-dimethox 
yphenyl)ethanol. 
(0545. A solution of ''C labeled 2-(3,4-dimethoxy-phe 
nyl)-ethanol in CHCl was stirred for 45 min at RT and then 
cooled to 0°C. before drop-wise addition of trichloroaceto 
nitrile. The reaction mixture was stirred until the reaction was 
judged to be complete by TLC and G.C. Compound (XIVD) 
may be isolated by standard isolation techniques, by methods 
known to one skilled in the art. 

0546 
follows: 

R 1.OH 

OC OSOAr 

Compounds of formula (XVD) may be prepared as 

s 

MeO O CCl3 
: 

NH 
MeO 

(XIVD) 
BFEt2O 

R OMe 

: 

SYoso, Ar OMe 

HN 
... I I IOH 

O OM R e 

: 

R"/N OMe 
IOH 

(XVD) 
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0547 (1S,2R)-2-Hydroxycyclohexyl benzenesulfonate 
reacts with the ''C labelled trichloroaetimidate (XIVD) 
derivative of 3,4-dimethoxyphenethyl alcohol under Lewis 
acid conditions to give the activated sulfonate. Nucleophilic 
displacement with 3-(R)-pyrrolidinol of the activated sul 
fonate will afford the ''C labelled (XVD). Compound (XVD) 
may be isolated by standard isolation techniques, by methods 
known to one skilled in the art. 

F. Preferred Embodiments of the Invention 

0548. As set forth above, certain embodiments of the 
invention are preferred. 
(0549. One embodiment of the invention is a PEGylated 
derivative described herein wherein the PEG moiety is 
attached to the ion channel modulating compound via a 
linker. 
0550 Another embodiment of the invention is a PEGy 
lated derivative described herein wherein the ion channel 
modulating compound is a compound of formula (I), or Sol 
Vates or pharmaceutically acceptable salts thereof, as 
described above. 
0551. Of this embodiment, a further embodiment is a 
PEGylated derivative wherein the compound of formula (I) is 
attached to a PEG moiety by the substitution of any valency of 
the compound of formula (I) with a bond to the PEG moiety, 
wherein the bond to the PEG moiety is a direct bond from the 
compound of formula (I) to the PEG moiety or is a bond from 
the compound of formula (I) to a linker that is bound to the 
PEG moiety. 
0552. Another embodiment is a PEGylated derivative 
wherein the ion channel modulating compound is a com 
pound of formula (IA), or Solvates, pharmaceutically accept 
able salts, esters, amides, complexes, chelates, Stereoisomers, 
Stereoisomeric mixtures, geometric isomers, crystalline or 
amorphous forms, metabolites, metabolic precursors or pro 
drugs thereof, as described above. 
0553. Of this embodiment, a further embodiment is a 
PEGylated derivative wherein the compound of formula (IA) 
is attached to a PEG moiety by the substitution of any valency 
of the compound of formula (IA) with a bond to the PEG 
moiety, wherein the bond to the PEG moiety is a direct bond 
from the compound of formula (IA) to the PEG moiety or is 
a bond from the compound of formula (IA) to a linker that is 
attached to the PEG moiety. 
0554 Of this embodiment, another embodiment is a 
PEGylated derivative wherein the compound of formula (IA) 
is Compound A, or Solvates, pharmaceutically acceptable 
salts, esters, amides, complexes, chelates, stereoisomers, Ste 
reoisomeric mixtures, geometric isomers, crystalline or 
amorphous forms, metabolites, metabolic precursors or pro 
drugs thereof, as described above. 
0555. Of this particular embodiment, a further embodi 
ment is wherein Compound A is attached to the PEG moiety 
by the substitution of any valency of Compound A with a 
bond to a PEG moiety, wherein the bond to a PEG moiety is 
a direct bond from Compound A or is a bond from a linker that 
is bound to the PEG moiety. 
0556. Of this particular embodiment, a further embodi 
ment is wherein Compound A is attached to the PEG moiety 
by the substitution of the valency occupied by the hydrogen in 
the IOH moiety in Compound A with a bond to the PEG 
moiety. 
0557. Of this particular embodiment, a further embodi 
ment is wherein a second PEG moiety is attached to Com 
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pound A by the substitution of the valency occupied by one of 
the methyl groups of the —OCH groups in Compound A 
with a bond to the second PEG moiety. 
0558 Another embodiment of the invention is a PEGy 
lated derivative wherein the ion channel modulating com 
pound is a compound of formula (IX), or Solvates or pharma 
ceutically acceptable salts thereof, as described above. 
0559. Of this embodiment, a further embodiment is 
wherein the compound of formula (IX) is attached to a PEG 
moiety by the substitution of any valency of the compound of 
formula (IX) with a bond to the PEG moiety, wherein the 
bond to the PEG moiety is a direct bond from the compound 
of formula (IX) to the PEG moiety or is a bond from the 
compound of formula (IX) to a linker that is bound to the PEG 
moiety. 
0560 Another embodiment of the invention is a PEGy 
lated derivative having the formula (PEGI), or a solvate or 
pharmaceutically acceptable salt thereof; as described above. 
0561. Another embodiment of the invention is a PEGy 
lated derivative having the formula (PEGII), or a solvate or 
pharmaceutically acceptable salt thereof; as described above. 
0562 Another embodiment of the invention is a PEGy 
lated derivative having the formula (PEGIII), or a solvate or 
pharmaceutically acceptable salt thereof; as described above. 
0563 Of the drug conjugates of the invention described 
herein, one embodiment is a drug conjugate further compris 
ing a linker. 
0564 Of the drug conjugates of the invention described 
herein, one embodiment is wherein the ion channel modulat 
ing compound is a compound of formula (I), or Solvates or 
pharmaceutically acceptable salts thereof, as described 
above. 
0565. Of the drug conjugates of the invention described 
herein, another embodiment is wherein the ion channel 
modulating compound is a compound of formula (IA), or 
Solvates, pharmaceutically acceptable salts, esters, amides, 
complexes, chelates, stereoisomers, Stereoisomeric mixtures, 
geometric isomers, crystalline or amorphous forms, metabo 
lites, metabolic precursors or prodrugs thereo, as described 
above. 
0566. Of this embodiment, a further embodiment is 
wherein the compound of formula (IA) is Compound A, or 
Solvates, pharmaceutically acceptable salts, esters, amides, 
complexes, chelates, stereoisomers, Stereoisomeric mixtures, 
geometric isomers, crystalline or amorphous forms, metabo 
lites, metabolic precursors or prodrugs thereof, as described 
herein. 
0567. Of the drug conjugates of the invention described 
herein, another embodiment is wherein the ion channel 
modulating compound is a compound of formula (IX), or 
Solvates or pharmaceutically acceptable salts thereof, as 
described herein. 
0568 Another embodiment of the invention is a drug con 
jugate having the formula (DC-I), or a Solvate or pharmaceu 
tically acceptable salt thereof; as described above. 
0569. Another embodiment of the invention is a drug con 
jugate having the formula (DC-III), or a Solvate or pharma 
ceutically acceptable salt thereof; as described above. 
0570 Another embodiment of the invention is a drug con 
jugate having the formula (DC-IV), or a solvate or pharma 
ceutically acceptable salt thereof; as described above. 
0571 Another embodiment of the invention is a drug con 
jugate wherein the additional drug moiety is selected from the 
group consisting of a cardiovascular agent, beta-blocker, 
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ACE inhibitor, antihypertensive, diuretic, antipsychotic, anti 
coagulant (antiplatelet), antidepressant, inotrope, calcium 
sensitizer, calcium channel blocker, adrenergic blocking 
agent, angiotensin II receptor antagonist, Xanthine oxidase 
Inhibitor (XOI), natriuretic peptide, metabolic modulator, 
lipid/cholesterol modulating agent, anti-inflammatory agent, 
vasodilator, anti-convulsant, antioxidant, antilipid, digitalis 
glycoside, rate control drug, antihistamine, antispasmodic, 
antibiotic, antirejection drug, immunomodulator, chemo 
therapeutic and antiarrhythmic. 
0572. Of the isotopic ion channel modulating compounds 
described herein, one embodiment are those compounds 
wherein the stable isotope is selected from a heavy atom 
isotope of C, N, O or H. 
0573. Of this embodiment, one preferred embodiment is 
wherein the stable isotope is H (deuterium). 
0574. Another preferred embodiment is wherein the iso 
topic ion channel modulating compound is perdeuterated. 
0575 Another preferred embodiment is wherein the iso 
topic ion channel modulating compound comprises a —CDs 
moiety. 
0576 Another preferred embodiment is wherein the iso 
topic ion channel modulating compound comprises a 
—OCD moiety. 
0577. Of the isotopic ion channel modulating compounds 
described herein, another embodiment are those compounds 
wherein the stable isotope is C. 
0578. Of this embodiment, a preferred embodiment is 
wherein the compound comprises a —CHs moiety. 
0579. Another preferred embodiment is wherein the com 
pound comprises a —O'CHs moiety. 
0580. Of the isotopic ion channel modulating compounds 
described herein, one embodiment are those compounds of 
formula (XX), or a solvate, pharmaceutically acceptable salt, 
ester, amide, complex, chelate, Stereoisomer, Stereoisomeric 
mixture, geometric isomer, crystalline or amorphous form 
thereof, or mixtures thereof, as described above. 
0581. Of these compounds of formula (XX), one embodi 
ment are those compounds comprising at least one C atom. 
0582. Of these compounds of formula (XX), another 
embodiment are those compounds comprising at least one 
'Natom. 
0583. Of these compounds of formula (XX), another 
embodiment are those compounds comprising at least one 
'O atom. 
0584) Of these compounds of formula (XX), another 
embodiment are those comopunds comprising at least one H 
(deuterium) atom. 
0585. Of the isotopic ion channel modulating compounds 
described herein, other embodiment are those compounds of 
formula (ID), formula (IID), formula (IIID), formula (IVD), 
formula (VD), formula (VID), formula (VIID) or formula 
(VIIID), or solvates, pharmaceutically acceptable salts, 
esters, amides, complexes, chelates, Stereoisomers, Stereoi 
Someric mixtures, geometric isomers, crystalline or amor 
phous forms thereof, or mixtures thereof, as described above. 

G. Pharmaceutical Compositions, Dosage Forms and 
Administration of the Compounds of the Invention 

0586. The compounds of the invention as described 
herein, including PEGylated derivatives of ion channel 
modulating compounds; drug conjugates comprising ion 
channel modulating compounds and isotopic derivatives of 
ion channel modulating compounds, may be used in pharma 
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ceutical compositions. Such pharmaceutical compositions 
include one or more compounds of the invention, selected 
from any of the compounds described herein, or a Solvate, 
pharmaceutically acceptable salt, ester, amide, complex, che 
late, Stereoisomer, Stereoisomeric mixture, geometric isomer, 
crystalline or amorphous form, metabolite, metabolic precur 
sor or prodrug thereof, including isolated enantiomeric, dias 
tereomeric and geometric isomers thereof, and mixtures 
thereof, described above, in combination with a pharmaceu 
tically acceptable carrier, diluent or excipient. These pharma 
ceutical compositions may be prepared in a similar manner as 
described for compounds of formula (I), (IA), and (IX) and 
Compound A in Published Patent Application 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 U.S. Published Patent Application No. 
US2005002693, the pertinent disclosures of which are incor 
porated in full by reference herein. 
0587. The pharmaceutical compositions of the present 
invention may be in any form which allows for the composi 
tion to be administered to a patient. For example, the compo 
sition may be in the form of a solid, liquid or gas (aerosol). 
Typical routes of administration include, without limitation, 
oral, topical, parenteral, Sublingual, rectal, vaginal, and intra 
nasal. The term parenteral as used herein includes Subcuta 
neous injections, intravenous, intramuscular, epidural, 
intrasternal injection or infusion techniques. Pharmaceutical 
compositions of the invention are formulated so as to allow 
the active ingredients contained therein to be bioavailable 
upon administration of the composition to a patient. Compo 
sitions that will be administered to a patient take the form of 
one or more dosage units, where for example, a tablet, capsule 
or cachet may be a single dosage unit, and a container of the 
compound in aerosol form may hold a plurality of dosage 
units. 
0588 Materials used in preparing the pharmaceutical 
compositions should be pharmaceutically pure and non-toxic 
in the amounts used. The inventive compositions may include 
one or more compounds (active ingredients) known for a 
particularly desirable effect. It will be evident to those of 
ordinary skill in the art that the optimal dosage of the active 
ingredient(s) in the pharmaceutical composition will depend 
on a variety of factors. Relevant factors include, without 
limitation, the type of Subject (e.g., human), the particular 
form of the active ingredient, the manner of administration 
and the composition employed. 
0589. In general, pharmaceutical compositions of the 
invention include a compound of the present invention as 
described herein, in admixture with one or more carriers. The 
carrier(s) may be particulate, so that the compositions are, for 
example, in tablet or powder form. The carrier(s) may be 
liquid, with the pharmaceutical compositions being, for 
example, an oral syrup or injectable liquid. In addition, the 
carrier(s) may be gaseous, so as to provide an aerosol com 
position useful in, e.g., inhalatory administration. 
0590 When intended for oral administration, the pharma 
ceutical composition of the invention is preferably in either 
Solid or liquid form, where semi-solid, semi-liquid, Suspen 
sion and gel forms are included within the forms considered 
herein as either solid or liquid. 
0591. As a solid composition for oral administration, the 
pharmaceutical composition of the invention may be formu 
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lated into a powder, granule, compressed tablet, pill, capsule, 
cachet, chewing gum, wafer, lozenges, or the like form. Such 
a solid composition will typically contain one or more inert 
diluents or edible carriers. In addition, one or more of the 
following adjuvants may be present: binders such as syrups, 
acacia, Sorbitol, polyvinylpyrrolidone, carboxymethylcellu 
lose, ethyl cellulose, microcrystalline cellulose, gum traga 
canth or gelatin, and mixtures thereof; excipients such as 
starch, lactose or dextrins, disintegrating agents such as alg 
inic acid, Sodium alginate, Primogel, corn starch and the like; 
lubricants such as magnesium Stearate or Sterotex, fillers 
Such as lactose, mannitols, starch, calcium phosphate, Sorbi 
tol, methylcellulose, and mixtures thereof: lubricants such as 
magnesium Stearate, high molecular weight polymers such as 
polyethylene glycol, high molecular weight fatty acids Such 
as Stearic acid, silica, wetting agents such as sodium lauryl 
Sulfate, glidants such as colloidal silicon dioxide; Sweetening 
agents such as Sucrose or saccharin, a flavoring agent Such as 
peppermint, methyl salicylate or orange flavoring, and a col 
oring agent. 
0592. When the pharmaceutical composition of the inven 
tion is in the form of a capsule, e.g., a gelatin capsule, it may 
contain, in addition to materials of the above type, a liquid 
carrier Such as polyethylene glycol or a fatty oil. 
0593. The pharmaceutical composition may be in the form 
of a liquid, e.g., an elixir, syrup, Solution, aqueous or oily 
emulsion or Suspension, or even dry powders which may be 
reconstituted with water and/or other liquid media prior to 
use. The liquid may be for oral administration or for delivery 
by injection, as two examples. When intended for oral admin 
istration, preferred pharmaceutical compositions contain, in 
addition to the present compounds, one or more of a Sweet 
ening agent, thickening agent, preservative (e.g., alkyl p-hy 
droxybenzoate), dye? colorant and flavor enhancer (flavorant). 
In a pharmaceutical composition intended to be administered 
by injection, one or more of a Surfactant, preservative (e.g., 
alkyl p-hydroxybenzoate), wetting agent, dispersing agent, 
Suspending agent (e.g., Sorbitol, glucose, or other Sugar Syr 
ups), buffer, stabilizer and isotonic agent may be included. 
The emulsifying agent may be selected from lecithin or Sor 
bitol monooleate. 
0594. The liquid pharmaceutical compositions of the 
invention, whether they be solutions, Suspensions or other 
like form, may include one or more of the following adju 
vants: Sterile diluents such as water for injection, saline solu 
tion, preferably physiological Saline, Ringer's solution, iso 
tonic sodium chloride, fixed oils such as synthetic mono or 
diglycerides which may serve as the solvent or Suspending 
medium, polyethylene glycols, glycerin, propylene glycol or 
other solvents; antibacterial agents such as benzyl alcohol or 
methyl paraben; antioxidants such as ascorbic acid or sodium 
bisulfite; chelating agents such as ethylenediaminetetraacetic 
acid; buffers such as acetates, citrates or phosphates and 
agents for the adjustment of tonicity Such as Sodium chloride 
or dextrose. The parenteral preparation can be enclosed in 
ampoules, disposable syringes or multiple dose vials made of 
glass or plastic. Physiological Saline is a preferred adjuvant. 
An injectable pharmaceutical composition is preferably ster 
ille. 
0595 A liquid pharmaceutical composition of the inven 
tion intended for either parenteral or oral administration 
should contain an amount of a compound of the invention 
such that a suitable dosage will be obtained. Typically, this 
amount is at least 0.01% of a compound of the invention in the 
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composition. When intended for oral administration, this 
amount may be varied to be between 0.1 and about 70% of the 
weight of the composition. Preferred oral compositions con 
tain between about 4% and about 50% of the active aminocy 
cloalkyl ether compound. Preferred compositions and prepa 
rations according to the present invention are prepared so that 
a parenteral dosage unit contains between 0.01 to 10% by 
weight of active compound. 
0596. The pharmaceutical composition of the invention 
may be intended for topical administration, in which case the 
carrier may suitably comprise a solution, emulsion, ointment, 
cream or gel base. The base, for example, may comprise one 
or more of the following: petrolatum, lanolin, polyethylene 
glycols, bee wax, mineral oil, diluents such as water and 
alcohol, and emulsifiers and stabilizers. Thickening agents 
may be present in a pharmaceutical composition for topical 
administration. If intended for transdermal administration, 
the pharmaceutical composition of the invention may include 
a transdermal patch or iontophoresis device. Topical formu 
lations may contain a concentration of the inventive com 
pound of from about 0.1 to about 25% w/v (weight per unit 
Volume). 
0597. The pharmaceutical composition of the invention 
may be intended for rectal administration, in the form, e.g., of 
a suppository which will melt in the rectum and release the 
drug. The pharmaceutical composition of the invention for 
rectal administration may contain an oleaginous base as a 
suitable nonirritating excipient. Such bases include, without 
limitation, lanolin, cocoa butter and polyethylene glycol. 
Low-melting waxes are preferred for the preparation of a 
Suppository, where mixtures of fatty acid glycerides and/or 
cocoa butter are suitable waxes. The waxes may be melted, 
and the aminocycloalkyl ether compound is dispersed homo 
geneously therein by stirring. The moltenhomogeneous mix 
ture is then poured into convenient sized molds, allowed to 
cool and thereby solidify. 
0598. The pharmaceutical composition of the invention 
may include various materials which modify the physical 
form of a solid or liquid dosage unit. For example, the phar 
maceutical composition of the invention may include mate 
rials that form a coating shell around the active ingredients. 
The materials which form the coating shell are typically inert, 
and may be selected from, for example, Sugar, shellac, and 
other enteric coating agents. Alternatively, the active ingredi 
ents may be encased in a gelatin capsule or cachet. 
0599. The pharmaceutical compositions of the invention 
in solid or liquid form may include an agent which binds to 
the aminocycloalkyl ether compound and thereby assists in 
the delivery of the active components. Suitable agents which 
may act in this capacity include a monoclonal or polyclonal 
antibody, a protein or a liposome. 
0600 The pharmaceutical compositions of the present 
invention may consist of gaseous dosage units, e.g., it may be 
in the form of an aerosol. The term aerosol is used to denote 
a variety of systems ranging from those of colloidal nature to 
systems consisting of pressurized packages. Delivery may be 
by a liquefied or compressed gas or by a Suitable pump system 
which dispenses the active ingredients. Aerosols of com 
pounds of the invention may be delivered in single phase, 
bi-phasic, or tri-phasic systems in order to deliver the active 
ingredient(s). Delivery of the aerosol includes the necessary 
container, activators, valves, Subcontainers, and the like, 
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which together may form a kit. Preferred aerosols may be 
determined by one skilled in the art, without undue experi 
mentation. 

0601 Whether in solid, liquid or gaseous form, the phar 
maceutical compositions of the present invention may con 
tain one or more known pharmacological agents used in 
methods for either modulating ion channel activity in a warm 
blooded animal or for modulating ion channel activity in 
vitro, or used in the treatment and/or prevention of arrhythmia 
including atrial/supraventricular arrhythmia and Ventricular 
arrhythmia, atrial fibrillation, ventricular fibrillation, atrial 
flutter, ventricular flutter, diseases of the central nervous sys 
tem, convulsion, cardiovascular diseases (e.g. diseases 
caused by elevated blood cholesterol or triglyceride levels), 
cerebral or myocardial ischemias, hypertension, long-QT 
syndrome, stroke, migraine, ophthalmic diseases, diabetes 
mellitus, myopathies, Becker's myotonia, myasthenia gravis, 
paramyotonia congenita, malignant hyperthermia, hyper 
kalemic periodic paralysis, Thomsen's myotonia, autoim 
mune disorders, graft rejection in organ transplantation or 
bone marrow transplantation, heart failure, atrial contractile 
dysfunction, hypotension, Alzheimer's disease, dementia and 
other mental disorders, alopecia, sexual dysfunction, impo 
tence, demyelinating diseases, multiple Sclerosis, amyo 
trophic lateral Sclerosis, epileptic spasms, depression, anxi 
ety, Schizophrenia, Parkinson's disease, respiratory disorders, 
cystic fibrosis, asthma, cough, inflammation, arthritis, aller 
gies, urinary incontinence, irritable bowel syndrome, and 
gastrointestinal disorders such as gastrointestinal inflamma 
tion and ulcer or other diseases. Other agents known to cause 
libido enhancement, analgesia or local anesthesia may be 
combined with compounds of the present invention. 
0602. The pharmaceutical compositions of the invention 
may be prepared by methodology well known in the pharma 
ceutical art. The aminocycloalkyl ether compounds of the 
present invention may be in the form of a solvate in a phar 
maceutically acceptable solvent such as water or physiologi 
cal Saline. Alternatively, the compounds may be in the form of 
the free base or in the form of a pharmaceutically acceptable 
salt such as the hydrochloride, Sulfate, phosphate, citrate, 
furnarate, methanesulfonate, acetate, tartrate, maleate, lac 
tate, mandelate, salicylate. Succinate and other salts known in 
the art. The appropriate salt would be chosen to enhance 
bioavailability or stability of the compound for the appropri 
ate mode of employment (e.g., oral or parenteral routes of 
administration). 
0603 A pharmaceutical composition of the invention 
intended to be administered by injection can be prepared by 
combining the aminocycloalkyl ether compound of the 
present invention with water, and preferably buffering agents, 
so as to form a solution. The water is preferably sterile pyro 
gen-free water. A surfactant may be added to facilitate the 
formation of a homogeneous solution or Suspension. Surfac 
tants are compounds that non-covalently interact with the 
aminocycloalkyl ether compound so as to facilitate dissolu 
tion or homogeneous Suspension of the aminocycloalkyl 
ether compound in the aqueous delivery system. Surfactants 
are desirably present in aqueous compositions of the inven 
tion because the aminocycloalkyl ether compounds accord 
ing to the present invention may be hydrophobic. Other car 
riers for injection include, without limitation, sterile 
peroxide-free ethyl oleate, dehydrated alcohols, propylene 
glycol, as well as mixtures thereof. 
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0604 Suitable pharmaceutical adjuvants for the injecting 
Solutions include stabilizing agents, solubilizing agents, buff 
ers, and Viscosity regulators. Examples of these adjuvants 
include ethanol, ethylenediaminetetraacetic acid (EDTA). 
tartrate buffers, citrate buffers, and high molecular weight 
polyethylene oxide viscosity regulators. These pharmaceuti 
cal formulations may be injected intramuscularly, epidurally, 
intraperitoneally, or intravenously. 
0605 As used herein, “treating arrhythmia' refers to 
therapy for arrhythmia. An effective amount of a composition 
of the present invention is used to treat arrhythmia in a warm 
blooded animal. Such as a human. Methods of administering 
effective amounts of antiarrhythmic agents are well known in 
the art and include the administration of an oral or parenteral 
dosage form. Such dosage forms include, but are not limited 
to, parenteral dosage form. Such dosage forms include, but 
are not limited to, parenteral Solutions, tablets, capsules, Sus 
tained release implants, and transdermal delivery systems. 
Generally, oral or intravenous administration is preferred for 
Some treatments. The dosage amount and frequency are 
selected to create an effective level of the agent without harm 
ful effects. It will generally range from a dosage of from about 
0.01 to about 100 mg/kg/day, and typically from about 0.1 to 
10 mg/kg where administered orally or intravenously for 
antiarrhythmic effect or other therapeutic application. 
0606 Administration of compositions of the present 
invention may be carried out in combination with the admin 
istration of other agents. For example, it may be desired to 
administer an opioid antagonist, such as naloxone, if a com 
pound exhibits opioid activity where such activity may not be 
desired. The naloxone may antagonize opioid activity of the 
administered compound without adverse interference with 
the antiarrhythmic activity. As another example, an aminocy 
cloalkyl ether compound of the invention may be co-admin 
istered with epinephrine in order to induce local anesthesia. 

H. Utility and Testing of the Compounds of the 
Invention 

0607. The present invention provides one or more com 
pounds, or Solvates, pharmaceutically acceptable salts, esters, 
amides, complexes, chelates, Stereoisomers, Stereoisomeric 
mixtures, geometric isomers, crystalline or amorphous 
forms, metabolites, metabolic precursors or prodrugs thereof, 
including isolated enantiomeric, diastereomeric and geomet 
ric isomers thereof, and mixtures thereof, or a composition or 
medicament that includes said compound or mixture com 
prising compounds as described above, for use in methods for 
modulating ion channel activity in a warm-blooded animal or 
for modulating ion channel activity in vitro. In one version of 
this embodiment, the warm-blooded animal in which the ion 
channel activity is modulated is a mammal; in one version, the 
warm-blooded animal is a human; in one version, the warm 
blooded animal is a farm animal. In one version of this 
embodiment, the method for modulating ion channel activity 
in vitro utilizes a compound of the invention to determine the 
desired activity. 
0608. 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 compounds of the present 
invention or Solvates, pharmaceutically acceptable salts, 
esters, amides, complexes, chelates, Stereoisomers, Stereoi 
Someric mixtures, geometric isomers, crystalline or amor 
phous forms, metabolites, metabolic precursors or prodrugs 
thereof, including isolated enantiomeric, diastereomeric and 

Oct. 28, 2010 

geometric isomers thereof, and mixtures thereof, or a com 
position or medicament that includes said compound or mix 
ture comprising compounds as described above. These com 
pounds of the present invention are ion channel modulating 
compounds that either singly or together with one or more 
additional compounds are able to selectively modulate certain 
ionic currents. The ion currents referred to herein are gener 
ally cardiac currents and more specifically, are the Sodium 
currents and early repolarising currents. 
0609 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 
I Such as Kv4.2 and Kv4.3), and the ultrarapid delayed 
rectifier current (I) such as Kv1.5. Kv1.4 and Kv2.1). The 
ultrarapid delayed rectifier current (I) has also been 
described as I. A second calcium dependent transient out 
ward current (I) has also been described. 
0610 The pathological conditions that may be treated and/ 
or prevented by the present invention may include, but are not 
limited to, various cardiovascular diseases. 
0611. The cardiac pathological conditions that may be 
treated and/or prevented by the present invention may 
include, but are not limited to, arrhythmias Such as the various 
types of atrial and Ventricular arrhythmias, e.g. atrial fibrilla 
tion, atrial flutter, ventricular fibrillation, ventricular flutter. 
0612. In one embodiment, the present invention provides 
ion channel modulating compounds that can be used to selec 
tively inhibit cardiac early repolarising currents and cardiac 
Sodium currents. 
0613. In another embodiment, the present invention pro 
vides ion channel modulating compounds that can be used to 
selectively inhibit cardiac early repolarising currents and car 
diac sodium currents under conditions where an "arrhyth 
mogenic substrate' is present in the heart. An “arrhyth 
mogenic Substrate' is characterized by a reduction in cardiac 
action potential duration and/or changes in action potential 
morphology, premature 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 inflammation. Changes such as these are 
observed during conditions of myocardial ischaemia or 
inflammation and those conditions that precede the onset of 
arrhythmias such as atrial fibrillation. 
0.614. In other embodiments, the present invention pro 
vides a method for modulating ion channel activity in a warm 
blooded animal comprising administering to a warm-blooded 
animal in need thereof, an effective amount of one or more 
compounds of the present invention or Solvates, pharmaceu 
tically acceptable salts, esters, amides, complexes, chelates, 
Stereoisomers, stereoisomeric mixtures, geometric isomers, 
crystalline or amorphous forms, metabolites, metabolic pre 
cursors or prodrugs thereof, including isolated enantiomeric, 
diastereomeric and geometric isomers thereof, and mixtures 
thereof, or a composition or medicament that includes said 
compound or mixture comprising compounds as described 
above. 
0615. In other embodiments, the present invention pro 
vides a method for modulating ion channel activity in an in 
vitro setting comprising administering in vitro an effective 
amount of one or more compounds of the present invention or 
Solvates, pharmaceutically acceptable salts, esters, amides, 
complexes, chelates, stereoisomers, Stereoisomeric mixtures, 
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geometric isomers, crystalline or amorphous forms, metabo 
lites, metabolic precursors or prodrugs thereof, including iso 
lated enantiomeric, diastereomeric and geometric isomers 
thereof, and mixtures thereof, or a composition or medica 
ment that includes said compound or mixture comprising 
compounds as described above. 
0616) In other embodiments, the present invention pro 
vides a method for blocking/inhibiting the activity/conduc 
tance of ion channel in a warm-blooded animal comprising 
administering to a warm-blooded animal in need thereof, an 
effective amount of one or more compounds of the present 
invention or Solvates, pharmaceutically acceptable salts, 
esters, amides, complexes, chelates, Stereoisomers, Stereoi 
Someric mixtures, geometric isomers, crystalline or amor 
phous forms, metabolites, metabolic precursors or prodrugs 
thereof, including isolated enantiomeric, diastereomeric and 
geometric isomers thereof, and mixtures thereof, or a com 
position or medicament that includes said compound or mix 
ture comprising compounds as described above. 
0617. In other embodiments, the present invention pro 
vides a method for blocking/inhibiting the activity/conduc 
tance of ion channel in an in vitro setting comprising admin 
istering in vitro an effective amount of one or more 
compounds of the present invention or Solvates, pharmaceu 
tically acceptable salts, esters, amides, complexes, chelates, 
Stereoisomers, stereoisomeric mixtures, geometric isomers, 
crystalline or amorphous forms, metabolites, metabolic pre 
cursors or prodrugs thereof, including isolated enantiomeric, 
diastereomeric and geometric isomers thereof, and mixtures 
thereof, or a composition or medicament that includes said 
compound or mixture comprising compounds as described 
above. 
0618. In other embodiments, the present invention pro 
vides a method for modulating potassium ion channel activity 
in a warm-blooded animal comprising administering to a 
warm-blooded animal in need thereof, an effective amount of 
one or more compounds of the present invention or Solvates, 
pharmaceutically acceptable salts, esters, amides, complexes, 
chelates, Stereoisomers, stereoisomeric mixtures, geometric 
isomers, crystalline or amorphous forms, metabolites, meta 
bolic precursors or prodrugs thereof, including isolated enan 
tiomeric, diastereomeric and geometric isomers thereof, and 
mixtures thereof, or a composition or medicament that 
includes said compound or mixture comprising compounds 
as described above. 

0619. In other embodiments, the present invention pro 
vides a method for modulating Voltage-gated potassium ion 
channel activity in a warm-blooded animal comprising 
administering to a warm-blooded animal in need thereof, an 
effective amount of one or more compounds of the present 
invention or Solvates, pharmaceutically acceptable salts, 
esters, amides, complexes, chelates, Stereoisomers, Stereoi 
Someric mixtures, geometric isomers, crystalline or amor 
phous forms, metabolites, metabolic precursors or prodrugs 
thereof, and mixtures thereof, or a composition or medica 
ment that includes said compound or mixture comprising 
compounds as described above. 
0620. In other embodiments, the present invention pro 
vides a method for modulating cardiac sodium currents activ 
ity in a warm-blooded animal comprising administering to a 
warm-blooded animal in need thereof, an effective amount of 
one or more compounds of the present invention or Solvates, 
pharmaceutically acceptable salts, esters, amides, complexes, 
chelates, Stereoisomers, stereoisomeric mixtures, geometric 
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isomers, crystalline or amorphous forms, metabolites, meta 
bolic precursors or prodrugs thereof, and mixtures thereof; or 
a composition or medicament that includes said compound or 
mixture comprising compounds as described above. 
0621. In other embodiments, the present invention pro 
vides a method for modulating cardiac early repolarising 
currents and cardiac sodium currents ion channel activity in a 
warm-blooded animal comprising administering to a warm 
blooded animal in need thereof, an effective amount of one or 
more compounds of the present invention or Solvates, phar 
maceutically acceptable salts, esters, amides, complexes, 
chelates, Stereoisomers, stereoisomeric mixtures, geometric 
isomers, crystalline or amorphous forms, metabolites, meta 
bolic precursors or prodrugs thereof, including isolated enan 
tiomeric, diastereomeric and geometric isomers thereof, and 
mixtures thereof, or a composition or medicament that 
includes said compound or mixture comprising compounds 
as described above. 
0622. In other embodiments, the present invention pro 
vides a method for blocking/inhibiting cardiac early repola 
rising currents and cardiac sodium currents ion channel activ 
ity in a warm-blooded animal comprising administering to a 
warm-blooded animal in need thereof, an effective amount of 
one or more compounds of the present invention or Solvates, 
pharmaceutically acceptable salts, esters, amides, complexes, 
chelates, Stereoisomers, stereoisomeric mixtures, geometric 
isomers, crystalline or amorphous forms, metabolites, meta 
bolic precursors or prodrugs thereof, including isolated enan 
tiomeric, diastereomeric and geometric isomers thereof, and 
mixtures thereof, or a composition or medicament that 
includes said compound or mixture comprising compounds 
as described above. 
0623. In other embodiments, the present invention pro 
vides a method for blocking/inhibiting the cardiac ion chan 
nels responsible for cardiac early repolarising currents and 
cardiac sodium currents ion channel activity in a warm 
blooded animal comprising administering to a warm-blooded 
animal in need thereof, an effective amount of one or more 
compounds of the present invention or Solvates, pharmaceu 
tically acceptable salts, esters, amides, complexes, chelates, 
Stereoisomers, stereoisomeric mixtures, geometric isomers, 
crystalline or amorphous forms, metabolites, metabolic pre 
cursors or prodrugs thereof, including isolated enantiomeric, 
diastereomeric and geometric isomers thereof, and mixtures 
thereof, or a composition or medicament that includes said 
compound or mixture comprising compounds as described 
above. 

0624. In other embodiments, the present invention pro 
vides a method for blocking/inhibiting cardiac early repola 
rising currents and cardiac sodium currents ion channel activ 
ity in a warm-blooded animal under conditions where an 
arrhythmogenic Substrate is present in the heart of said warm 
blooded animal comprising administering to a warm-blooded 
animal in need thereof, an effective amount of one or more 
compounds of the present invention or Solvates, pharmaceu 
tically acceptable salts, esters, amides, complexes, chelates, 
Stereoisomers, stereoisomeric mixtures, geometric isomers, 
crystalline or amorphous forms, metabolites, metabolic pre 
cursors or prodrugs thereof, and mixtures thereof, or a com 
position or medicament that includes said compound or mix 
ture comprising compounds as described above. 
0625. In other embodiments, the present invention pro 
vides a method for blocking/inhibiting the cardiac ion chan 
nels responsible for cardiac early repolarising currents and 
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cardiac sodium currents ion channel activity in a warm 
blooded animal under conditions where an arrhythmogenic 
substrate is present in the heart of said warm-blooded animal 
comprising administering to a warm-blooded animal in need 
thereof, an effective amount of one or more compounds of the 
present invention or Solvates, pharmaceutically acceptable 
salts, esters, amides, complexes, chelates, stereoisomers, Ste 
reoisomeric mixtures, geometric isomers, crystalline or 
amorphous forms, metabolites, metabolic precursors or pro 
drugs thereof, and mixtures thereof, or a composition or 
medicament that includes said compound or mixture com 
prising compounds as described above. 
0626. In other embodiments, the cardiac early repolarising 
currents referred to in the present invention comprise ionic 
currents which activate rapidly after depolarisation of mem 
brane voltage and which effect repolarisation of the cell. 
0627. In other embodiments, the cardiac early repolarising 
currents referred to in the present invention comprise the 
cardiac transient outward potassium current (Ito) and/or the 
ultrarapid delayed rectifier current (I). 
0628. In other embodiments, the cardiac transient outward 
potassium current (I) and/or the ultrarapid delayed rectifier 
current (I) referred to in the present invention comprise at 
least one of the Kv4.2, Kv4.3, Kv2.1, Kv1.4 and Kv1.5 cur 
rentS. 

0629. In other embodiments, the present invention pro 
vides a method for treating and/or preventing arrhythmia in a 
warm-blooded animal comprising administering to a warm 
blooded animal in need thereof, an effective amount of one or 
more compounds of the present invention or Solvates, phar 
maceutically acceptable salts, esters, amides, complexes, 
chelates, Stereoisomers, stereoisomeric mixtures, geometric 
isomers, crystalline or amorphous forms, metabolites, meta 
bolic precursors or prodrugs thereof, including isolated enan 
tiomeric, diastereomeric and geometric isomers thereof, and 
mixtures thereof, or a composition or medicament that 
includes said compound or mixture comprising compounds 
as described above. 
0630. In another embodiments, the present invention pro 
vides a method for treating and/or preventing atrial arrhyth 
mia in a warm-blooded animal comprising administering to a 
warm-blooded animal in need thereof, an effective amount of 
one or more compounds of the present invention or Solvates, 
pharmaceutically acceptable salts, esters, amides, complexes, 
chelates, Stereoisomers, stereoisomeric mixtures, geometric 
isomers, crystalline or amorphous forms, metabolites, meta 
bolic precursors or prodrugs thereof, including isolated enan 
tiomeric, diastereomeric and geometric isomers thereof, and 
mixtures thereof, or a composition or medicament that 
includes said compound or mixture comprising compounds 
as described above. 
0631. In other embodiments, the present invention pro 
vides a method for treating and/or preventing ventricular 
arrhythmia in a warm-blooded animal comprising adminis 
tering to a warm-blooded animal in need thereof, an effective 
amount of one or more compounds of the present invention or 
Solvates, pharmaceutically acceptable salts, esters, amides, 
complexes, chelates, stereoisomers, Stereoisomeric mixtures, 
geometric isomers, crystalline or amorphous forms, metabo 
lites, metabolic precursors or prodrugs thereof, including iso 
lated enantiomeric, diastereomeric and geometric isomers 
thereof, and mixtures thereof, or a composition or medica 
ment that includes said compound or mixture comprising 
compounds as described above. 
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0632. In another embodiments, the present invention pro 
vides a method for treating and/or preventing atrial fibrilla 
tion in a warm-blooded animal comprising administering to a 
warm-blooded animal in need thereof, an effective amount of 
one or more compounds of the present invention or Solvates, 
pharmaceutically acceptable salts, esters, amides, complexes, 
chelates, Stereoisomers, stereoisomeric mixtures, geometric 
isomers, crystalline or amorphous forms, metabolites, meta 
bolic precursors or prodrugs thereof, including isolated enan 
tiomeric, diastereomeric and geometric isomers thereof, and 
mixtures thereof, or a composition or medicament that 
includes said compound or mixture comprising compounds 
as described above. 

0633. In other embodiments, the present invention pro 
vides a method for treating and/or preventing ventricular 
fibrillation in a warm-blooded animal comprising adminis 
tering to a warm-blooded animal in need thereof, an effective 
amount of one or more compounds of the present invention or 
Solvates, pharmaceutically acceptable salts, esters, amides, 
complexes, chelates, stereoisomers, Stereoisomeric mixtures, 
geometric isomers, crystalline or amorphous forms, metabo 
lites, metabolic precursors or prodrugs thereof, including iso 
lated enantiomeric, diastereomeric and geometric isomers 
thereof, and mixtures thereof, or a composition or medica 
ment that includes said compound or mixture comprising 
compounds as described above. 
0634. In another embodiments, the present invention pro 
vides a method for treating and/or preventing atrial flutter in 
a warm-blooded animal comprising administering to a warm 
blooded animal in need thereof, an effective amount of one or 
more compounds of the present invention or Solvates, phar 
maceutically acceptable salts, esters, amides, complexes, 
chelates, Stereoisomers, stereoisomeric mixtures, geometric 
isomers, crystalline or amorphous forms, metabolites, meta 
bolic precursors or prodrugs thereof, including isolated enan 
tiomeric, diastereomeric and geometric isomers thereof, and 
mixtures thereof, or a composition or medicament that 
includes said compound or mixture comprising compounds 
as described above. 

0635. In other embodiments, the present invention pro 
vides a method for treating and/or preventing ventricular 
flutterina warm-blooded animal comprising administering to 
a warm-blooded animal in need thereof, an effective amount 
of one or more compounds of the present invention or Sol 
Vates, pharmaceutically acceptable salts, esters, amides, com 
plexes, chelates, stereoisomers, Stereoisomeric mixtures, 
geometric isomers, crystalline or amorphous forms, metabo 
lites, metabolic precursors or prodrugs thereof, including iso 
lated enantiomeric, diastereomeric and geometric isomers 
thereof, and mixtures thereof, or a composition or medica 
ment that includes said compound or mixture comprising 
compounds as described above. 
0636. As noted above, the present invention provides for 
utilizing the compounds described above in in vitro and in 
Vivo methods. In one embodiment, ion channels, such as 
cardiac potassium channels, are blocked in vitro or in vivo. 
0637 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 fluid 
balance, facilitation of neuromuscular and neuronal transmis 
Sion, rapid transmembrane signal transduction, and regula 
tion of secretion and contractility. 
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0638 Accordingly, compounds that are capable of modu 
lating the activity or function of the appropriate ion channels 
will be useful in treating and/or preventing a variety of dis 
eases or disorders caused by defective or inadequate function 
of the ion channels. The compounds of the invention are 
found to have significant activity in modulating various ion 
channel activity both in vivo and in vitro. 
0639. In one embodiment, the present invention provides a 
compound of the present invention or a composition contain 
ing said compound, for use in methods for either modulating 
ion channel activity in a warm-blooded animal or for modu 
lating ion channel activity in vitro. Some of the ion channels 
to which the compounds, compositions and methods of the 
present invention have modulating effect are various potas 
sium and sodium channels. These potassium and Sodium ion 
channels may be Voltage-activated (also known as Voltage 
gated) or ligand-activated (also known as ligand-gated), and 
may be present in cardiac and/or neuronal systems. 
0640. In one embodiment, the invention provides a com 
pound of the present invention, or composition containing 
said compound, for use in methods for either modulating 
activity of ion channel(s) in a warm-blooded animal or for 
modulating activity of ion channel(s) in vitro, wherein said 
ion channel(s) correspond to Some of the cardiac and/or neu 
ronal ion channels that are responsible for one or more early 
repolarising currents comprising those which activate rapidly 
after membrane depolarisation and which effect repolarisa 
tion of the cells. 

0641. In another embodiment, of the present invention, the 
above-mentioned early repolarising currents comprise the 
transient outward potassium current (I for cardiac or I for 
neuronal) and/or the ultrarapid delayed rectifier current 
(I); and include at least one of the Kv4.2, Kv4.3, Kv2.1, 
Kv1.3, Kv1.4 and Kv1.5 currents. 
0642. In another embodiment, the present invention pro 
vides a compound of the present invention, or composition 
containing said compound, for use in methods for either 
modulating activity of ion channel(s) in a warm-blooded ani 
mal or for modulating activity of ion channel(s) in vitro, 
wherein said ion channel(s) correspond to either the cardiac 
or neuronal ion channel(s) that are responsible for Kv1.5 
Current. 

0643. In yet another embodiment, the present invention 
provides a compound of the present invention, or composition 
containing said compound, for use in methods for either 
modulating activity of ion channel(s) in a warm-blooded ani 
mal or for modulating activity of ion channel(s) in vitro, 
wherein said ion channel(s) correspond to the potassium 
channel that are responsible for Kv4.2 current. 
0644. Furthermore, the voltage-activated sodium ion 
channels comprise the Na1, Na2 or Na3 series and may be 
present in cardiac, neuronal, skeletal muscle, central nervous 
and/or peripheral nervous systems (e.g. hE1 Na). 
0645. For cardiac sodium channels, in studies onion chan 
nels in isolated human atrial myocytes, compounds of the 
present invention have been shown to produce frequency 
dependent blockade of cardiac sodium channels. In these 
studies enchanced blockade of cardiac sodium channels was 
observed at faster rates of stimulation with sodium block 
increasing several-fold during rapid stimulation rates. These 
protocols have been designed to mimic the short recovery 
intervals during fibrillation. 
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0646. As noted earlier, modulating the activity of an ion 
channel as used above may imply but does not limit to block 
ing or inhibiting the conductance of the current through the 
ion channel. 

0647 Thus, the present invention provides for methods of 
treating a disease or condition in a warm-blooded animal 
Suffering from or having the disease or condition, and/or 
preventing a disease or condition from arising in a warm 
blooded animal, wherein a therapeutically effective amount 
of a compound of the present invention, or a composition 
containing a compound of the present invention is adminis 
tered to a warm-blooded animal in need thereof. Some of the 
diseases and conditions to which the compounds, composi 
tions and methods of the present invention may be applied are 
as follows: arrhythmia including atrial/supraventricular 
arrhythmia and ventricular arrhythmia, atrial fibrillation, ven 
tricular fibrillation, atrial flutter, ventricular flutter, diseases 
of the central nervous system, convulsion, cardiovascular 
diseases (e.g. diseases caused by elevated blood cholesterol 
or triglyceride levels), cerebral or myocardial ischemias, 
hypertension, long-QT syndrome, stroke, migraine, oph 
thalmic diseases, diabetes mellitus, myopathies, Becker's 
myotonia, myasthenia gravis, paramyotonia congenita, 
malignant hyperthermia, hyperkalemic periodic paralysis, 
Thomsen's myotonia, autoimmune disorders, graft rejection 
in organ transplantation or bone marrow transplantation, 
heart failure, atrial contractile dysfunction, hypotension, 
Alzheimer's disease, dementia and other mental disorder, 
alopecia, sexual dysfunction, impotence, demyelinating dis 
eases, multiple Sclerosis, amyotrophic lateral Sclerosis, epi 
leptic spasms, depression, anxiety, Schizophrenia, Parkin 
son's disease, respiratory disorders, cystic fibrosis, asthma, 
cough, inflammation, arthritis, allergies, urinary inconti 
nence, irritable bowel syndrome, and gastrointestinal disor 
derS Such as gastrointestinal inflammation and ulcer. 
0648. Furthermore, the present invention provides a 
method for producing analgesia or local anesthesia in a warm 
blooded animal which includes administering to a warm 
blooded animal in need thereof an effective amount of a 
compound of the present invention or a pharmaceutical com 
position containing said compound. These methods may be 
used to relieve or forestall the sensation of pain in a warm 
blooded animal. 

0649. The invention further provides a method for enhanc 
ing libido in a warm-blooded animal which includes admin 
istering to a warm-blooded animal in need thereofan effective 
amount of a compound of the present invention or a pharma 
ceutical composition containing said compound. These com 
positions and methods may be used, for example, to treat a 
sexual dysfunction, e.g., impotence in males, and/or to 
enhance the sexual desire of a patient without a sexual dys 
function. As another example, the therapeutically effective 
amount may be administered to a bull (or other breeding 
stock), to promote increased semen ejaculation, where the 
ejaculated semen is collected and stored for use as it is needed 
to impregnate female cows in promotion of a breeding pro 
gram. 

0650 Furthermore, the present invention provides a 
method in an in vitro setting, wherein a preparation that 
containsion channels is contacted with an effective amount of 
an aminocycloalkyl ether compound of the invention. Suit 
able preparations containing cardiac sodium channels and/or 
cardiac potassium channels include cells isolated from car 
diac tissue as well as cultured cell lines. The step of contacting 
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includes, for example, incubation of ion channels with a 
compound under conditions and for a time sufficient to permit 
modulation of the activity of the channels by the compound. 
0651) Administration of compositions of the present 
invention may be carried out in combination with the admin 
istration of other agents. For example, it may be desired to 
administer an opioid antagonist, such as naloxone, if a com 
pound exhibits opioid activity where such activity may not be 
desired. The naloxone may antagonize opioid activity of the 
administered compound without adverse interference with 
the antiarrhythmic activity. As another example, an aminocy 
cloalkyl ether compound of the invention may be co-admin 
istered with epinephrine in order to induce local anesthesia. 
0652. In order to assess whether a compound has a desired 
pharmacological activity with the present invention, it may be 
subjected to a series of tests. The precise test to employ will 
depend on the physiological response of interest. The pub 
lished literature contains numerous protocols for testing the 
efficacy of a potential therapeutic agent, and these protocols 
may be employed with the present compounds and composi 
tions. 
0653 For example, in connection with treatment or pre 
vention of arrhythmia, a series of fourtests may be conducted. 
In the first of these tests, a compound of the present invention 
is given as increasing (doubling with each dose) intravenous 
infusion every 5 minutes to a conscious rat. The effects of the 
compound on blood pressure, heart rate and the ECG are 
measured continuously. Increasing doses are given until a 
severe adverse event occurs. The drug related adverse eventis 
identified as being of respiratory, central nervous system or 
cardiovascular system origin. This test gives an indication as 
to whether the compound is modulating the activity of sodium 
channels and/or potassium channels, and in addition gives 
information about acute toxicity. The indices of sodium chan 
nel blockade are increasing P-R interval and QRS widening 
of the ECG. Potassium channel blockade results in Q-T inter 
val prolongation of the ECG. 
0654. A second test involves administration of a com 
pound as an infusion to pentobarbital anesthetized rats in 
which the left ventricle is subjected to electrical square wave 
stimulation performed according to a preset protocol 
described in further detail below. This protocol includes the 
determination of thresholds for induction of extrasystoles and 
ventricular fibrillation. In addition, effects on electrical 
refractoriness are assessed by a single extra beat technique. In 
addition effects on blood pressure, heart rate and the ECG are 
recorded. In this test, sodium channel blockers produce the 
ECG changes expected from the first test. In addition, sodium 
channel blockers also raise the thresholds for induction of 
extrasystoles and ventricular fibrillation. Potassium channel 
blockade is revealed by increasing refractoriness and widen 
ing of the Q-T intervals of the ECG. 
0655 A third test involves exposing isolated rat hearts to 
increasing concentrations of a compound. Ventricular pres 
sures, heart rate, conduction velocity and ECG are recorded in 
the isolated heart in the presence of varying concentrations of 
the compound. The test provides evidence for direct toxic 
effects on the myocardium. Additionally, selectivity, potency 
and efficacy of action of a compound can be ascertained under 
conditions simulating ischemia. Concentrations found to be 
effective in this test are expected to be efficacious in the 
electrophysiological studies. 
0656. A fourth test is estimation of the antiarrhythmic 
activity of a compound against the arrhythmias induced by 
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coronary artery occlusion in anaesthetized rats. It is expected 
that a good antiarrhythmic compound will have antiarrhyth 
mic activity at doses which have minimal effects on either the 
ECG, blood pressure or heart rate under normal conditions. 
0657 All of the foregoing tests may be performed using 
rat tissue. In order to ensure that a compound is not having 
effects which are only specific to rat tissue, further experi 
ments may be performed in dogs and primates. In order to 
assess possible sodium channel and potassium channel block 
ing action in vivo in dogs, a compound is tested for effects on 
the ECG, ventricular epicardial conduction velocity and 
responses to electrical stimulation. An anesthetized dog is 
Subjected to an open chest procedure to expose the left ven 
tricular epicardium. After the pericardium is removed from 
the heart a recording/stimulation electrode is sewn onto the 
epicardial surface of the left ventricle. Using this array, and 
Suitable stimulation protocols, conduction Velocity across the 
epicardium as well as responsiveness to electrical stimulation 
can be assessed. This information coupled with measure 
ments of the ECG allows one to assess whether sodium and/or 
potassium channel blockade occurs. As in the first test in rats, 
a compound is given as a series of increasing bolus doses. At 
the same time possible toxic effects of a compound on the 
dog's cardiovascular system is assessed. 
0658. The effects of a compound on the ECG and 
responses to electrical stimulation are also assessed in intact, 
anesthetized monkeys (Macaca fascicularis). In this prepa 
ration, a blood pressure cannula and ECG electrodes are 
suitably placed in an anesthetized monkey. In addition, a 
stimulating electrode is placed onto the right atria and/or 
Ventricle, together with monophasic action potential elec 
trode. As in the tests described above, ECG and electrical 
stimulation response to a compound reveal the possible pres 
ence of Sodium and/or potassium channel blockade. The 
monophasic action potential also reveals whether a com 
pound widens the action potential, an action expected of a 
potassium channel blocker. 
0659. As another example, in connection with the mitiga 
tion or prevention of the sensation of pain, the following test 
may be performed. To determine the effects of a compound of 
the present invention on an animal's response to a sharp pain 
sensation, the effects of a slight prick from a 7.5 g weighted 
syringe fitted with a 23 G needle as applied to the shaved back 
of a guinea pig (Cavia porcellus) is assessed following Sub 
cutaneous administration of Sufficient (50 uL. 10 mg/mL) 
solution in saline to raise a visible bleb on the skin. Each test 
is performed on the central area of the bleb and also on its 
periphery to check for diffusion of the test solution from the 
point of administration. If the test animal produces a flinch in 
response to the stimulus, this demonstrates the absence of 
blockade of pain sensation. Testing may be carried out at 
intervals for up to 8 hours or more post-administration. The 
sites of bleb formation are examined after 24 hours to check 
for skin abnormalities consequent to local administration of 
test substances or of the vehicle used for preparation of the 
test solutions. 

Biological Example 1 

Assessment of Antiarrhythmic Efficacy 

0660 Antiarrhythmic efficacy may be assessed by inves 
tigating the effect of a compound of the invention on the 
incidence of cardiac arrhythmias in anesthetized rats Sub 
jected to coronary artery occlusion. Rats weighing 200-300 
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gms are subjected to preparative Surgery and assigned to 
groups in a random block design. In each case, the animal is 
anesthetized with pentobarbital during Surgical preparation. 
The left carotid artery is cannulated for measurement of mean 
arterial blood pressure and withdrawal of blood samples. The 
left jugular vein is also cannulated for injection of drugs. The 
thoracic cavity is opened and a polyethylene occluder loosely 
placed around the left anterior descending coronary artery. 
The thoracic cavity is then closed. An ECG is recorded by 
insertion of electrodes placed along the anatomical axis of the 
heart. In a random and double-blind manner, an infusion of 
vehicle or the compound to be tested is given about 15 min 
post-Surgery. After 5 minutes infusion, the occluder is pulled 
So as to produce a coronary artery occlusion. ECG, arrhyth 
mias, blood pressure, heart rate and mortality are monitored 
for 15 minutes after occlusion. Arrhythmias are recorded as 
ventricular tachycardia (VT) and ventricular fibrillation (VF) 
and scored according to Curtis, M. J. and Walker, M. J. A., 
Cardiovasc. Res. 22:656 (1988). 
0661 Rats are excluded from the study if they do not 
exhibit pre-occlusion serum potassium concentrations within 
the range of 2.9-3.9 mM. Occlusion is associated with 
increases in R-wave height and “S-T segment elevation; and 
an occluded Zone (measured after death by cardiogreen dye 
perfusion) in the range of 25%-50% of total left-ventricular 
weight. 
0662 Results of the test compounds may be expressed as 
values of a given infusion rate in micromol/kg/min. 
(EDsoAA) which will reduce the arrhythmia score in treated 
animals to 50% of that shown by animals treated only with the 
vehicle in which the test compound(s) is dissolved. 

Biological Example 2 

Measurement of Cardiovascular and Behavioral 
Effects 

0663 Preparative surgery is performed in Sprague Daw 
ley rats weighing 200-300 gm and anaesthetized with 65 
mg/kg (i.p.) pentobarbital. The femoral artery and vein are 
cannulated using polyethylene (PE)-10 tubing. Prior to sur 
gery, this PE-10 tubing had been annealed to a wider gauge 
(PE-50) tubing for externalization. The cannulated PE-107 
PE-50 tubing is passed through a trocar and exteriorised 
together with three (lead II) limb ECG leads (see below). The 
trocar is threaded under the skin of the back and out through 
a small incision at the mid-scapular region. A ground ECG 
electrode is inserted Subcutaneously using a 20 gauge needle 
with the lead wire threaded through it. To place the other ECG 
electrodes, a small incision is made in the anterior chest 
region over the heart and ECG leads are inserted into the 
Subcutaneous muscle layer in the region of the heart using a 
20 guage needle. Other ECG leads are inserted into the sub 
cutaneous muscle layer in the region near the base of the neck 
and shoulder (right side). The animal is returned to a clean 
recovery-cage with free access to food and water. The treat 
ment and observational period for each animal commenced 
after a 24-hour recovery period. 
0664. A 15 min observational period is recorded followed 
by the intravenous infusion regime of the test compound at an 
initial dose of 2.0 umol/kg/min (at 1 ml/hr). This rate is 
doubled every 5 minutes until one of the following effects is 
observed: 
0665 a) partial or complete convulsions 
0666 b) severe arrhythmias 
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0667 c) bradycardia below 120 beats/min 
0668 d) hypotension below 50 mmHg 
0669 e) the dose exceeds 32 times the initial starting dose 
(i.e. 64 umol/kg/min). 
0670) 
Blood pressure (BP), heart rate (HR) and ECG vari 
ables are continuously recorded while behavioral responses 
are also monitored and the total accumulative drug dose and 
drug infusion rate at which the response (such as convulsion, 
piloerection, ataxia, restlessness, compulsive chewing, lip 
Smacking, wet dog shake etc.) occurred are recorded. 
0671 
Estimates of plasma concentrations of the test com 
pound are determined by removing a 0.5 mL blood sample at 
the end of the experiment. Blood samples are centrifuged for 
5 min at 4600xg and the plasma decanted. Brain tissue 
samples are also extracted and kept frozen (-20°C.) along 
with the plasma samples for chemical analysis. 
0672 
Electrocardiograph (ECG) parameters: PR, QRS, 
QT (peak of T-wave), QT (midpoint of T-wave deflection) 
and hemodynamic parameters: BP and HR are analyzed using 
the automated analysis function in LabView (National Instru 
ments) with a customized autoanalysis software (Nortran 
Pharmaceuticals). The infused dose producing 25% from 
control (Ds) for all recorded ECG variables is determined. 
0673 
Results of the tests can be expressed as Ds (micro 
mol/kg) which are the doses required to produce a 25% 
increase in the ECG parameter measured. The increases in 
P-R interval and QRS interval indicate cardiac sodium chan 
nel blockade while the increase in Q-T interval indicates 
cardiac potassium channel blockade. 

Biological Example 3 
Electrophysiological Test (In Vivo) 

0674) 
Male Sprague-Dawley rats weighing between 250 
350 g are used. They are randomly selected from a single 
group and anesthetized with pentobarbital (65 mg/kg, ip.) 
with additional anesthetic given if necessary. 
0675 
The trachea is cannulated and the rat is artificially 
ventilated at a stroke volume of 10 mL/kg, 60 strokes/minute. 
The right external jugular vein and the left carotid artery are 
cannulated for intravenous injections of compounds and 
blood pressure (BP) recording, respectively. 
0676 
Needle electrodes are subcutaneously inserted 
along the Suspected anatomical axis (right atrium to apex) of 
the heart for ECG measurement. The superior electrode is 
placed at the level of the right clavicle about 0.5 cm from the 
midline, while the inferior electrode is placed on the left side 
of the thorax, 0.5 cm from the midline and at the level of the 
ninth rib. 
0677 
Two Teflon-coated silver electrodes are inserted 
through the chest wall using 27 G needles as guides and 
implanted in the epicardium of left ventricle (4-5 mm apart). 
Square pulse stimulation is provided by a stimulator con 
trolled by a computer. 
0678 
In-house programmed Software is used to determine 
the following: threshold current (iT) for induction of extra 
systoles, maximum following frequency (MFF), effective 
refractory period (ERP) and ventricular flutter threshold 
(VTt). Briefly, iT is measured as the minimal current (in LA) 
of a Sollare wave stimulus reduired to canture and nace the 
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is the maximum stimulation frequency (in HZ) at which the 
heart is unable to follow stimulation (1.5xiT and 0.2 msec 
pulse width); VTt is the minimum pulse current (in LA) to 
evoke a sustained episode of VT (0.2 msec pulse width and 50 
Hz) (Howard, P. G. and Walker, M. J. A., Proc. West. Phar 
macol. Soc. 33:123-127 (1990)). 
0679 Blood pressure (BP) and electrocardiographic 
(ECG) parameters are recorded and analyzed using LabView 
(National Instruments) with a customized autoanalysis Soft 
ware (Nortran Pharmaceuticals Inc.) to calculate mean BP 
(mm Hg, 2/3 diastolic--/3 systolic blood pressure), HR (bpm, 
60/R-R interval); PR (msec, the interval from the beginning 
of the P-wave to the peak of the R-wave). QRS (misec, the 
interval from the beginning of the R-wave due to lack of Q 
wave in rat ECG, to the peak of the S-wave), QT (msec, the 
interval from the beginning of the R-wave to the peak of the 
T-wave). 
0680 The initial infusion dose is chosen based on a pre 
vious toxicology study of the test compound in conscious 
rats. This is an infusion dose that did not produce a 10% 
change from pre-drug levels in haemodynamic or ECG 
parameters. 
0681. The animal is left to stabilize prior to the infusion 
treatment according to a predetermined random and blind 
table. The initial infusion treatment is started at a rate of 0.5 
mL/hr/300 g (i.e., 0.5 Lmol/kg/min). Each infusion dose is 
doubled (in rate) every 5 minutes. All experiments are termi 
nated at 32 mL/hr/300 g (i.e., 32 umol/kg/min). Electrical 
stimulation protocols are initiated during the last two minutes 
of each infusion level. 
0682 Responses to test compounds are calculated as per 
cent changes from pre-infusion values; this normalization is 
used to reduce individual variation. The mean values of BP 
and ECG parameters at immediately before the electrical 
stimulation period (i.e., 3 min post-infusion) are used to con 
struct cumulative dose-response curves. Data points are fit 
using lines of best fit with minimum residual sum of squares 
(least squares; SlideWrite program; Advanced Graphics Soft 
ware, Inc.). Dss (infused dose that produced 25% change 
from pre-infusion value) are interpolated from individual 
cumulative dose-response curves and used as indicators for 
determining the potency of compounds of the present inven 
tion. 

Biological Example 4 

Absorption, Distribution, and Excretion of Radioac 
tivity Following Oral or Intravenous Administration 

of ''CCompound A to Rats 
0683 Sprague Dawley and Long Evans rats weighing 
between 150-275 g were used. They were randomly selected 
via computer generated random numbers for assignment of 
animal numbers and groups based on body weight. 
0684. The study design are shown in Table 1 below: 

TABLE 1. 

STUDY DESIGN SHOWING GROUP DESIGNATIONS AND DOSE 
LEVELS 

Target Target 
Number Dose Dose 

of Animals Dose Level Volume Samples 

Group Male Female Strain Route (mg/kg) (mL/kg) Collected 

1 8 8 SD Oral 25 2 Carcass 
for WBA 
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TABLE 1-continued 

STUDY DESIGN SHOWING GROUP DESIGNATIONS AND DOSE 
LEVELS 

Target Target 
Number Dose Dose 

of Animals Dose Level Volume Samples 

Group Male Female Strain Route (mg/kg) (mL/kg) Collected 

2 6 O LE Oral 25 2 Carcass 
for WBA 

3 3 3 SD Oral 25 2 Urine 
and 
Feces 
Carcass 
for WBA 
Carcass 
for WBA 

6 3 3 SD IV 25 2 Urine 
and 
Feces 

IW Intravenous 

LELong Evans 
SD Sprague Dawley 
WBA Whole-body autoradiography 
Note: 

Each animal will receive a target dose of approximately 100 uCi kg 

0685. The appropriate quantities of radiolabeled test 
article were combined in an appropriate vehicle to prepare the 
dose formulations. Predose and postdose samples of each 
radiolabeled dose formulation were taken at the time of dose 
administration to determine radioactivity concentration and 
homogeneity. Predose and postdose samples were stored at 
approximately -20°C. until analyzed. 
0686. The volume of radiolabeled dose formulation 
administered to each animal was calculated based on the body 
weight taken on the day of dose administration. The actual 
amount administered was determined by weighing the dose 
Syringe before and after dose administration. Animals dosed 
orally were fasted overnight approximately 4 hours postdose. 
Animals dosed intravenously were not fasted. The oral dose 
was administered via a ball-tipped gavage needle. The intra 
venous dose was administered as a slow bolus injection via a 
tail vein. The dose apparatus was flushed with approximately 
0.5 mL of dose vehicle. The dose and flush were administered 
over 2 minutes. After the dose and flush were administered, 
but before the needle was removed from the animal, a gauze 
pad was placed over the injection site and slight pressure was 
applied as the needle is removed. The gauze pad and dose 
apparatus were saved for radioanalysis. 
0687 For animals dosed intravenously (Groups 4 and 5), 

all postdose collections were based off the time from the end 
of the intravenous dose. For Groups 1 and 4, one animal/sex/ 
time point was sacrificed via an overdose of halothane anes 
thesia at 0.25, 0.5, 2, 4, 8, 24, 72, and 168 hours postdose 
(Group 1) and at 0.083, 0.5, 2, 4, 8, 24, 72, and 168 hours 
postdose (Group 4). For Groups 2 and 5, one animal/time 
point was sacrificed via an overdose of halothane anesthesia 
at 0.25,0.5, 2, 24, 72, and 168 hours postdose (Group 2) and 
at 0.083, 0.5, 2, 12, 72, and 168 hours postdose (Group 5). 
Blood (approximately 2 mL) was collected from the right 
jugular vein via Syringe and needle and transferred into tubes 
containing sodium EDTA anticoagulant prior to sacrifice. 
Samples were maintained on wet ice, in a chilled Kryorack, or 
stored at approximately 5° C. until aliquoted and centrifuged 
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to obtain plasma. Immediately after blood collection, the 
animals were prepared for WBA. The carcasses were imme 
diately frozen in a hexane/dry ice bath for approximately 5 
minutes. The carcasses were drained, blotted dry, and placed 
on dry ice or stored at approximately -70° C. for at least 2 
hours. Each carcass was then be placed into an appropriately 
labeled bag and stored at approximately -20°C. The frozen 
carcasses were embedded in chilled carboxymethylcellulose 
and frozen into blocks. Embedded carcasses were stored at 
approximately -20° C. in preparation for autoradiographic 
analysis. 
0688. Urine and feces were collected (Groups 3 and 6). 
The following samples were collected for analysis of excre 
tion of radioactivity. Urine was collected in plastic containers 
surrounded by dry ice at 0-8, 8-24, and at 24-hour intervals 
through 168 hours postdose. The weight of each sample was 
recorded. Feces were collected in plastic containers Sur 
rounded by dry ice at 24-hour intervals through 168 hours 
postdose. The weight of each sample was recorded. After the 
last excreta collections, cages were washed and wiped with a 
Solution of 1% trisodium phosphate in water and gauze pads. 
The cage wash samples and gauze were collected into sepa 
rate plastic containers and the weight of each cage wash 
sample was recorded. Animals were sacrificed via an over 
dose of halothane anesthesia and the residual carcass from 
each animal was retained for possible radioanalysis. 
0689 Samples were uniquely identified to indicate origin 
and collection time. All samples, except blood, were stored at 
approximately -20°C. before and after analysis. Blood was 
stored at approximately 5°C. until aliquoted and centrifuged. 
Plasma was harvested, aliquoted, and stored at approximately 
-20°C. The cellular fraction of the blood was discarded. 
0690 Samples were analyzed for content of radioactivity 
by liquid Scintillation counting (LSC). Each sample was 
homogenized before radioanalysis, unless the entire sample 
was to be analyzed. All samples were analyzed in duplicate if 
sample size allows and counted for at least 5 minutes or 
100,000 counts. 
(0691 Quality control standards fortified with ''C radio 
activity were placed into the frozen block containing the 
carcass, and were used for monitoring the uniformity of sec 
tion thickness. Using a Leica CM 3600 cryomicrotome, the 
appropriate sections were collected on adhesive tape. All of 
the major tissues, organs, and biological fluids were repre 
sented. After drying, a representative section from each level 
of interest was mounted and wrapped tightly with mylar film. 
Plastic embedded ARC autoradiographic standards pur 
chased from American Radiolabeled Chemicals, Inc. were 
exposed with the sections to Amersham BioSciences phos 
phorimaging screens. The exposed screens were scanned 
using an Amersham Biosciences Storm. The autoradio 
graphic standards were sampled using Imaging Research Inc. 
AIS software to create a calibrated standard curve. Using this 
standard curve, a lower limit of detection based on the lowest 
readable concentration was calculated (this was reported as 
the lower limit of quantitation based on the mean). Using AIS 
Software, tissue concentrations were interpolated from each 
standard curve as nanocuries/g and then converted to pg 
equivalents/g (or ng equivalents/g, if appropriate) on the basis 
of the test article specific activity. The autoradiographs were 
annotated using Adobe Pagemaker Software and printed on a 
FUJIX Pictrography 3000 digital image printer. 
0692. In addition to the foregoing assays, the compounds 
of the invention may be tested in any of the assays described 
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in detail in PCT Published Patent Application 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 U.S. Published Patent Application No. US 
2005OO2693. 
0693 All of the U.S. patents, U.S. patent application pub 
lications, U.S. patent applications, foreign patents, foreign 
patent applications and non-patent publications referred to in 
this specification are incorporated herein by reference, in 
their entirety. 
0694. From the foregoing it will be appreciated that, 
although specific embodiments of the invention have been 
described herein for purposes of illustration, various modifi 
cations may be made without deviating from the spirit and 
Scope of the invention. Accordingly, the invention is not lim 
ited except as by the appended claims. 
What is claimed is: 
1. A PEGylated derivative of an ion channel modulating 

compound comprising one or more PEG moieties attached to 
an ion channel modulating compound. 

2. The derivative of claim 1 wherein the PEG moiety is 
attached to the ion channel modulating compound via a 
linker. 

3. The derivative of claim 1 wherein the ion channel modu 
lating compound is a compound of formula (I), or Solvates or 
pharmaceutically acceptable salts thereof: 

(I) 

wherein, independently at each occurrence, 
X is selected from a direct bond, —C(R.R.) Y— and 
—C(R)—CH , with the proviso that when X is a 
direct bond and A is formula (III), then at least one of R, 
Rs and R is not hydrogen; 

Y is selected from a direct bond, O, S and C-C alkylene; 
R is selected from hydrogen, C-Calkyl, 
C-C scycloalkyl, aryland benzyl; 

R and R are independently selected from hydrogen, 
C-Calkyl, C-Calkoxyalkyl, C-Chydroxyalkyl, and 
C7-Caralkyl; or 

R and R, when taken together with the nitrogen atom to 
which they are directly attached in formula (I), form a 
ring denoted by formula (II): 

(II) 
R 

( ) 
wherein the ring of formula (II) is formed from the nitrogenas 
shown as well as three to nine additional ring atoms indepen 
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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-Chydroxyalkyl, OXO, C-Cacyl, C-C alkyl, 
C-C alkylcarboxy, C-Calkoxy, C-Coalkanoyloxy, or 
may be substituted to form a spiro five- 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 C-C scarbocyclic ring, 
and any one or more of the additional nitrogen ring atoms may 
be substituted with substituents selected from hydrogen, 
C-Calkyl, C-Cacyl, C-Chydroxyalkyl and 
C-Csalkoxyalkyl; or 
R and R, when taken together with the nitrogen atom to 
which they are directly attached informula (I), may form 
a bicyclic ring system selected from 3-azabicyclo3.2.2 
nonan-3-yl 2-azabicyclo2.2.2]octan-2-yl, 3-azabicy 
clo3.1.0 hexan-3-yl and 3-azabicyclo[3.2.0]heptan-3- 
yl; 

R and R are independently attached to the cyclohexane 
ring shown in formula (I) at the 3-, 4-, 5- or 6-positions 
and are independently selected from hydrogen, hydroxy, 
C-Calkyl and C-Calkoxy, and, when both R- and R. 
are attached to the same cyclohexane ring atom, may 
togetherform a spiro five- or six-membered heterocyclic 
ring containing one or two heteroatoms selected from 
oxygen and Sulfur, 

Rs. R and Ra are independently selected from hydrogen, 
C-Calkyl, aryland benzyl, or R and Ra, when taken 
together with the carbon to which they are attached, may 
form a spiro C-C cycloalkyl: 

A is selected from C-C alkyl, a C-C carbocyclic ring, 
and ring systems selected from formulae (III), (IV), (V), 
(VI), (VII) and (VIII): 

(III) 

where R. R. and Rs are independently selected from bro 
mine, chlorine, fluorine, carboxy, hydrogen, hydroxy, 
hydroxymethyl, methanesulfonamido, nitro, Sulfamyl, trif 
luoromethyl, C-Czalkanoyloxy, C-Calkyl, C-Calkoxy, 
C-Czalkoxycarbonyl, C-Cathioalkyl and N(Rs.R.) where 
Rs and R are independently selected from hydrogen, 
acetyl, methanesulfonyl and C-Calkyl, 

(IV) 
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-continued 
(V) 

N1 N. 
- I - 

21N 21 
R11 

R10 ser 
where Ro and R are independently selected from bromine, 
chlorine, fluorine, carboxy, hydrogen, hydroxy, hydroxym 
ethyl, methanesulfonamido, nitro, Sulfamyl, trifluoromethyl, 
C-C,alkanoyloxy, C-Calkyl, C-Calkoxy, 
C-Czalkoxycarbonyl, C-Cthioalkyl, and N(Rs.R.) 
where Rs and Rare independently selected from hydrogen, 
acetyl, methanesulfonyl, and C-Calkyl; 

resy 
(VI) 

S-Nz 

where R is selected from bromine, chlorine, fluorine, car 
boxy, hydrogen, hydroxy, hydroxymethyl, methanesulfona 
mido, nitro, Sulfamyl, trifluoromethyl, C-Czalkanoyloxy, 
C-Calkyl, C-Calkoxy, C-Czalkoxycarbonyl, 
C-Cathioalkyl, and N(Rs.R.) where Rs and R are inde 
pendently selected from hydrogen, acetyl, methanesulfonyl, 
and C-Calkyl; and Z is selected from CH, CH, O, N and S. 
where Z may be directly bonded to “X” as shown in formula 
(I) when Z is CH or N, or Z may be directly bonded to R, 
when Z is N, and R, is selected from hydrogen, C-Calkyl, 
C-C cycloalkyl, aryland benzyl: 

c 
ar 

including isolated enantiomeric, diastereomeric and geo 
metric isomers thereof, and mixtures thereof. 

4. The derivative of claim 3 wherein the compound of 
formula (I) is attached to a PEG moiety by the substitution of 
any valency of the compound of formula (I) with a bond to the 
PEG moiety, wherein the bond to the PEG moiety is a direct 
bond from the compound of formula (I) to the PEG moiety or 
is a bond from the compound of formula (I) to a linker that is 
bound to the PEG moiety. 

5. The derivative of claim 1 wherein the ion channel modu 
lating compound is a compound of formula (IA), or Solvates, 
pharmaceutically acceptable salts, esters, amides, complexes, 
chelates, Stereoisomers, stereoisomeric mixtures, geometric 

(VII) 

(VIII) 
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isomers, crystalline or amorphous forms, metabolites, meta 
bolic precursors or prodrugs thereof: 

CCC. i OH 

wherein, R. Rs and R are independently selected from 
hydrogen, hydroxy and C-Calkoxy, including isolated 
enantiomeric, diastereomeric and geometric isomers 
thereof, and mixtures thereof, with the proviso that R-7, 
Rs and R cannot all be hydrogen. 

6. The derivative of claim 5 wherein the compound of 
formula (IA) is attached to a PEG moiety by the substitution 
of any valency of the compound of formula (IA) with a bond 
to the PEG moiety, wherein the bond to the PEG moiety is a 
direct bond from the compound of formula (IA) to the PEG 
moiety or is a bond from the compound of formula (IA) to a 
linker that is attached to the PEG moiety. 

7. The derivative of claim 5 wherein the compound of 
formula (IA) is the following Compound A: 

(IA) 

Compound A 

OCH 

OCH: 

or Solvates, pharmaceutically acceptable salts, esters, amides, 
complexes, chelates, stereoisomers, Stereoisomeric mixtures, 
geometric isomers, crystalline or amorphous forms, metabo 
lites, metabolic precursors or prodrugs thereof. 

8. The derivative of claim 7 wherein Compound A is 
attached to the PEG moiety by the substitution of any valency 
of Compound A with a bond to a PEG moiety, wherein the 
bond to a PEG moiety is a direct bond from Compound A or 
is a bond from a linker that is bound to the PEG moiety. 

9. The derivative of claim 8 wherein Compound A is 
attached to the PEG moiety by the substitution of the valency 
occupied by the hydrogen in the "IOH moiety in Com 
pound A with a bond to the PEG moiety. 

10. The derivative of claim 9 wherein a second PEG moiety 
is attached to Compound Aby the substitution of the valency 
occupied by one of the methyl groups of the —OCH groups 
in Compound A with a bond to the second PEG moiety. 

11. The derivative of claim 1 wherein the ion channel 
modulating compound is a compound of formula (IX), or 
Solvates or pharmaceutically acceptable salts thereof: 

(IX) 
Rs 
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wherein, independently at each occurrence, 
n is selected from 1, 3 and 4: 
Q is either O (oxygen) or —O—C(O); 
X is selected from a direct bond, —C(RR)—Y—, and 
—C(R)=CH-: 

Y is selected from a direct bond, O, S, and C-C alkylene; 
R is selected from hydrogen, C-Calkyl, 
C-C cycloalkyl, aryl, and benzyl: 

R and R are independently selected from hydrogen, 
C-Calkyl, C-Calkoxyalkyl, C-Chydroxyalkyl, and 
C7-Caralkyl; or 

R and R, when taken together with the nitrogen atom to 
which they are directly attached in formula (IX), form a 
ring denoted by formula (II): 

R (II) 

?", 

wherein the ring of formula (II) is formed from the nitrogenas 
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-Chydroxyalkyl, Oxo, C-Cacyl, C-C alkyl, 
C-C alkylcarboxy, C-Calkoxy, C-Coalkanoyloxy, or 
may be substituted to form a spiro five- 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 C-C scarbocyclic ring, 
and any one or more of the additional nitrogen ring atoms may 
be substituted with substituents selected from hydrogen, 
C-Calkyl, C-Cacyl, C-Chydroxyalkyl and 
C-Calkoxyalkyl; or 
R and R, 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-azabicyclo2.2.2]octan-2-yl, 
3-azabicyclo3.1.0 hexan-3-yl and 3-azabicyclo[3.2.0 
heptan-3-yl; 

R and Ra are independently attached to the cyclohexane 
ring shown informula (IX) at the 3-, 4-, 5- or 6-positions 
and are independently selected from hydrogen, hydroxy, 
C-Calkyl and C-Calkoxy, and, when both R- and R. 
are attached to the same cyclohexane ring atom, may 
togetherform a spiro five- or six-membered heterocyclic 
ring containing one or two heteroatoms selected from 
oxygen and Sulfur, 

Rs. R and Ra are independently selected from hydrogen, 
C-Calkyl, aryland benzyl, or R and Ra, when taken 
together with the carbon to which they are attached, may 
form a spiro C-C cycloalkyl; 
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A is selected from C-C alkyl, a C-C carbocyclic ring, 
and ring systems selected from formulae (III), (IV), (V), 
(VI), (VII) and (VIII): 

(III) 

where R-7, Rs and R are independently selected from bro 
mine, chlorine, fluorine, carboxy, hydrogen, hydroxy, 
hydroxymethyl, methanesulfonamido, nitro, Sulfamyl, trif 
luoromethyl, C-Czalkanoyloxy, C-Calkyl, C-Calkoxy, 
C-Czalkoxycarbonyl, C-Cathioalkyl and N(Rs.R.) where 
Rs and R are independently selected from hydrogen, 
acetyl, methanesulfonyl and C-Calkyl, 

(IV) 

R11 and 
R10 

2N21 
(V) 

N1 N. 
R11 

Roi 
2n-2 

where Ro and R are independently selected from bromine, 
chlorine, fluorine, carboxy, hydrogen, hydroxy, hydroxym 
ethyl, methanesulfonamido, nitro, Sulfamyl, trifluoromethyl, 
C-Czalkanoyloxy, C-Calkyl, C-Calkoxy, 
C-Czalkoxycarbonyl, C-Cthioalkyl, and N(Rs.R.) 
where Rs and Rare independently selected from hydrogen, 
acetyl, methanesulfonyl, and C-Calkyl, 

(VI) 

where R is selected from bromine, chlorine, fluorine, car 
boxy, hydrogen, hydroxy, hydroxymethyl, methanesulfona 
mido, nitro, Sulfamyl, trifluoromethyl, C-Czalkanoyloxy, 
C-Calkyl, C-Calkoxy, C-Czalkoxycarbonyl, 
C-Cathioalkyl, and N(Rs.R.) where Rs and R are inde 
pendently selected from hydrogen, acetyl, methanesulfonyl, 
and C-Calkyl; and Z is selected from CH, CH, 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 R, 
when Z is N, and R, is selected from hydrogen, C-Calkyl, 
C-C scycloalkyl, aryland benzyl; 
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(VII) 

ar 
including isolated enantiomeric, diastereomeric and geo 

metric isomers thereof, and mixtures thereof. 
12. The derivative of claim 11 wherein the compound of 

formula (IX) is attached to a PEG moiety by the substitution 
of any valency of the compound of formula (IX) with a bond 
to the PEG moiety, wherein the bond to the PEG moiety is a 
direct bond from the compound of formula (IX) to the PEG 
moiety or is a bond from the compound of formula (IX) to a 
linker that is bound to the PEG moiety. 

13. The derivative of claim 1 having the formula (PEGI), or 
a Solvate or pharmaceutically acceptable salt thereof: 

(VIII) 

(PEGI) 
R3 PEG 

A 1s 7 -Z" 
Yx O R 

N 
YR, 

t 
R3 

wherein: 
X is selected from a direct bond, —C(RR)—Y— and 
—C(R)=CH-: 

Y is selected from a direct bond, O, S and C-C alkylene; 
R is selected from hydrogen, C-Calkyl, 
C-C scycloalkyl, aryland benzyl; 

R and R2 are independently selected from hydrogen, 
C-Calkyl, C-Calkoxyalkyl, C-Chydroxyalkyl, and 
C7-Caralkyl; or 

and R2 are 
C-Calkoxyalkyl, 
C7-Caralkyl; or 

R and R are taken together with the nitrogen atom to 
which they are directly attached informula (PEGI), form 
a ring denoted by formula (PEG-Z-II): 

R independently selected from 
C-Chydroxyalkyl, and 

(PEG-Z-II) 

wherein the ring of formula (PEG-Z-II) is formed from the 
nitrogen as shown as well as three to nine additional ring 
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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, C-Chydroxyalkyl, oxo, C-Cacyl, C-C alkyl, 
C-C alkylcarboxy, C-Calkoxy, C-Coalkanoyloxy, or 
may be substituted to form a spiro five- 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 C-C scarbocyclic ring, 
and any one or more of the additional nitrogen ring atoms may 
be substituted with substituents selected from hydrogen, 
C-Calkyl, C-Cacyl, C-Chydroxyalkyl and 
C-Calkoxyalkyl; or 
R and R are taken together with the nitrogen atom to 
which they are directly attached informula (PEGI), may 
form a bicyclic ring system selected from 3-azabicyclo 
3.2.2 nonan-3-yl, 2-azabicyclo2.2.2]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 
- Z Z"-PEG: 

Z is a linkage group; 
Z" is an optional linker; 
R and R are independently attached to the cyclohexane 

ring shown in formula (PEGI) at the 3-, 4-, 5- or 6-po 
sitions and are independently selected from hydrogen, 
hydroxy, C-Calkyl and C-Calkoxy, and, when both 
R and Ra are attached to the same cyclohexane ring 
atom, may together form a spiro five- or six-membered 
heterocyclic ring containing one or two heteroatoms 
Selected from oxygen and Sulfur, 

A is selected from C-C alkyl, a C-C carbocyclic ring, 
and ring systems selected from formulae (III), (IV), (V), 
(VI), (VII) and (VIII): 

(III) 

where R-7, Rs and R are independently selected from bro 
mine, chlorine, fluorine, carboxy, hydrogen, hydroxy, 
hydroxymethyl, methanesulfonamido, nitro, Sulfamyl, trif 
luoromethyl, C-Czalkanoyloxy, C-Calkyl, C-Calkoxy, 
C-Czalkoxycarbonyl, C-Cthioalkyl and N(Rs.R.) where 
Rs and R are independently selected from hydrogen, 
acetyl, methanesulfonyl and C-Calkyl, 

(IV) 
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-continued 
(V) 

N1 N 
R R11 

10 21 2 

where Ro and R are independently selected from bromine, 
chlorine, fluorine, carboxy, hydrogen, hydroxy, hydroxym 
ethyl, methanesulfonamido, nitro, Sulfamyl, trifluoromethyl, 
C-C,alkanoyloxy, C-Calkyl, C-Calkoxy, 
C-Czalkoxycarbonyl, C-Cthioalkyl, and N(Rs.R.) 
where Rs and Rare independently selected from hydrogen, 
acetyl, methanesulfonyl, and C-Calkyl; 

(VI) 

where R is selected from bromine, chlorine, fluorine, car 
boxy, hydrogen, hydroxy, hydroxymethyl, methanesulfona 
mido, nitro, Sulfamyl, trifluoromethyl, C-Czalkanoyloxy, 
C-Calkyl, C-Calkoxy, C-Czalkoxycarbonyl, 
C-Cathioalkyl, and N(Rs.R.) where Rs and R are inde 
pendently selected from hydrogen, acetyl, methanesulfonyl, 
and C-Calkyl; and Z is selected from CH, CH, O, NandS, 
where Z may be directly bonded to “X” as shown in formula 
(I) when Z is CH or N, or Z may be directly bonded to R, 
when Z is N, and R, is selected from hydrogen, C-Calkyl, 
C-C scycloalkyl, aryland benzyl; 

(VII) 

(VIII) 

including isolated enantiomeric, diastereomeric and geo 
metric isomers thereof, and mixtures thereof. 

14. The derivative of claim 1 having the formula (PEGII), 
or a solvate or pharmaceutically acceptable Salt thereof: 

Rs 

(PEGII) 
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wherein: 
X is selected from a direct bond, —C(RR) Y— and 
—C(R)=CH-; 

Y is selected from a direct bond, O, S and C-C alkylene: 
R is selected from hydrogen, C-Calkyl, 
C-C scycloalkyl, aryland benzyl; 

R and R2 are independently selected from hydrogen, 
C-Calkyl, C-Calkoxyalkyl, C-Chydroxyalkyl, and 
C7-Caralkyl; or 

and R are 
C-Calkoxyalkyl, 
C7-Caralkyl; or 

R and R2 are taken together with the nitrogen atom to 
which they are directly attached in formula (PEGII), 
form a ring denoted by formula (II): 

R independently selected from 
C-Chydroxyalkyl, and 

(II) 

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, C-Chydroxyalkyl, OXo, 
C-Cacyl, C-C alkyl, C-C alkylcarboxy, 
C-Calkoxy, C-Coalkanoyloxy, or may be substituted 
to form a spiro five- or six-membered heterocyclic ring 
containing one or two heteroatoms selected from oxy 
gen and Sulfur, and any two adjacent additional carbon 
ring atoms may be fused to a C-C carbocyclic ring, and 
any one or more of the additional nitrogen ring atoms 
may be substituted with substituents selected from 
hydrogen, C-Calkyl, C-C-acyl, C-Chydroxyalkyl 
and C-Csalkoxyalkyl, or 

R and R 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-azabi 
cyclo3.2.2 nonan-3-yl, 2-azabicyclo2.2.2]octan-2-yl, 
3-azabicyclo[3.1.0 hexan-3-yl and 3-azabicyclo[3.2.0 
heptan-3-yl; 

A is selected from formulae (PEG-Z-A): 

R 

Xs 
Za' 21 PEG4- A 

where R, and R are independently selected from bromine, 
chlorine, fluorine, carboxy, hydrogen, hydroxy, 
hydroxymethyl, methanesulfonamido, nitro, Sulfamyl, 
trifluoromethyl, C-C, alkanoyloxy, C-Calkyl, 
C-Calkoxy, C-Czalkoxycarbonyl, 

where Rs is hydroxy, hydroxymethyl or carboxy; 
Za' is a linkage group; 
Za" is an optional linker; 
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including isolated enantiomeric, diastereomeric and geo 
metric isomers thereof, and mixtures thereof. 

15. The derivative of claim 1 having the formula (PEGIII), 
or a solvate or pharmaceutically acceptable Salt thereof: 

Rs 

Za" A 1s 1“nz Nx O PEG 

(PEGIII) 

wherein: 

X is selected from a direct bond, —C(RR)—Y— and 
—C(R)=CH-; 

Y is selected from a direct bond, O, S and C-C alkylene; 
R is selected from hydrogen, C-Calkyl, 
C-C cycloalkyl, aryland benzyl: 

R and R are independently selected from hydrogen, 
C-Calkyl, C-Calkoxyalkyl, C-Chydroxyalkyl, and 
C7-Caralkyl; or 

and R are 
C-Calkoxyalkyl, 
C7-Caralkyl; or 

R and R are taken together with the nitrogen atom to 
which they are directly attached in formula (PEGIII), 
form a ring denoted by formula (PEG-Z-II): 

R independently selected from 
C-Chydroxyalkyl, and 

Z"-PEG 

(PEG-Z-II) 

wherein the ring of formula (PEG-Z-II) is formed from the 
nitrogenas 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, C-Chydroxyalkyl, 
OXO, C-Cacyl, C-C alkyl, C-C alkylcarboxy, 
C-Calkoxy, C-Coalkanoyloxy, or may be substituted 
to form a spiro five- or six-membered heterocyclic ring 
containing one or two heteroatoms selected from oxy 
gen and Sulfur, and any two adjacent additional carbon 
ring atoms may be fused to a C-C scarbocyclic ring, and 
any one or more of the additional nitrogen ring atoms 
may be substituted with substituents selected from 
hydrogen, C-Calkyl, C-C-acyl, C-Chydroxyalkyl 
and C-Csalkoxyalkyl; or 

R and R2 are taken together with the nitrogen atom to 
which they are directly attached in formula (PEGIII), 
may form a bicyclic ring system selected from 3-azabi 
cyclo3.2.2 nonan-3-yl, 2-azabicyclo2.2.2]octan-2-yl, 
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3-azabicyclo[3.1.0 hexan-3-yl and 3-azabicyclo[3.2.0 
heptan-3-yl, wherein the bicyclic ring is substituted with 
Z-Z"-PEG; 

Z is a linkage group; 
Z" is an optional linker; 
R and Ra are independently attached to the cyclohexane 

ring shown in formula (PEGIII) at the 3-, 4-, 5- or 6-po 
sitions and are independently selected from hydrogen, 
hydroxy, C-Calkyl and C-Calkoxy, and, when both 
R and Ra are attached to the same cyclohexane ring 
atom, may together form a spiro five- or six-membered 
heterocyclic ring containing one or two heteroatoms 
Selected from oxygen and Sulfur, 

Rs. R and Ra are independently selected from hydrogen, 
C-Calkyl, aryland benzyl, or R and Ra, when taken 
together with the carbon to which they are attached, may 
form a spiro C-C cycloalkyl; 

A is selected from formulae (PEG-Z-A): 

R 
XN 

Za 7'44 
PEG-Za" R, 

where R, and Rare independently selected from bromine, 
chlorine, fluorine, carboxy, hydrogen, hydroxy, 
hydroxymethyl, methanesulfonamido, nitro, Sulfamyl, 
trifluoromethyl, C-Czalkanoyloxy, C-Calkyl, 
C-Calkoxy, C-Czalkoxycarbonyl, and where Rs is 
hydroxy, hydroxymethyl or carboxy; 

Za' is a linkage group; and 
Za" is an optional linker; 
including isolated enantiomeric, diastereomeric and geo 

metric isomers thereof, and mixtures thereof. 
16. A pharmaceutical composition comprising a PEGy 

lated derivative of claim 1 and a pharmaceutically acceptable 
excipient. 

17. A method of treating or preventing arrhythmia in a 
subject in need thereof, wherein the method comprises 
administering to the subject a therapeutically effective 
amount of a PEGylated derivative of claim 1 or a pharmaceu 
tical composition of claim 16. 

18. A method for modulating ion channel activity in a 
Subject, wherein the method comprises administering to the 
subject an effective amount of a PEGylated derivative of 
claim 1 or a pharmaceutical composition of claim 16. 

19. A method for modulating ion channel activity in vitro, 
wherein the method comprises utilizing a PEGylated deriva 
tive of claim 1. 

20. An isotopic ion channel modulating compound com 
prising anion channel modulating compound wherein at least 
one atom of the ion channel modulating compound is Substi 
tuted with a stable isotope thereof. 

21. The compound of claim 20 wherein the stable isotope is 
selected from a heavy atom isotope of C, N, O or H. 

22. The compound of claim 21 wherein the stable isotope is 
*H (deuterium). 

23. The compound of claim 22 wherein the compound is 
perdeuterated. 

24. The compound of claim 23 wherein the compound 
comprises a —CD moiety. 
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25. The compound of claim 23 wherein the compound 
comprises a —OCD moiety. 

3. 26. The compound of claim 21 wherein the stable isotope is 
C. 
27. The compound of claim 26 wherein the compound 

comprises a —CHs moiety. 
28. The compound of claim 26 wherein the compound 

comprises a O'CH moiety. 
29. The compound of claim 20 wherein the compound is of 

formula (XX): 

(XX) 
R21 

O Sé 
HR: 

C. OH 
or a solvate, pharmaceutically acceptable salt, ester, amide, 

complex, chelate, Stereoisomer, Stereoisomeric mixture, 
geometric isomer, crystalline or amorphous form 
thereof, or mixtures thereof, 

wherein: 
R. R. and R are independently selected from hydro 

gen, deuterium, C-Calkoxy, and a C-Calkoxy com 
prising a heavy atom, with the proviso that R, R22 and 
R cannot all be hydrogen, and wherein at least one of 
the atoms in the compound is a heavy atom isotope. 

30. The compound of claim 29 wherein the compound 
comprises at least one C atom. 

31. The compound of claim 29 wherein the compound 
comprises at least one Natom. 

32. The compound of claim 29 wherein the compound 
comprises at least one 'O atom. 

33. The compound of claim 29 wherein the compound 
comprises at least one H (deuterium) atom. 

34. The compound of claim 29 wherein the compound is of 
the formula (ID): 

O r 
O) OCD. 

(ID) 

III III IOH 
oHCI 

35. The compound of claim 29 wherein the compound is of 
the formula (IID): 

C r 
O) OCD3. 

(IID) 

III III IOH 
oHCI 
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36. The compound of claim 29 wherein the compound is of 
the formula (IIID): 

r 
O OCD. 

(IIID) 

III IOH 
oHC 

37. The compound of claim 29 wherein the compound is of 
the formula (IVD): 

ro C D O OCD. 

(IVD) 

III IOH 
oHCI 

38. The compound of claim 29 wherein the compound is of 
the formula (VD): 

ro O) O3CH. 

(VD) 

II iOH 
oHCI 

39. The compound of claim 29 wherein the compound is of 
the formula (VID): 

r O) O'CH. 

(VID) 

... I IOH 
oHCI 
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40. The compound of claim 29 wherein the compound is of 
the formula (VIID): 

Cro O O'CH. 

(VIID) 

III IOH 
oHCI 

41. The compound of claim 29 wherein the compound is of 
the formula (VIIID): 

Cro O O'CH. 

(VIIID) 

IIIOH 
oHCI 

42. A pharmaceutical composition comprising a com 
pound of claim 20 and a pharmaceutically acceptable excipi 
ent. 

43. A method of treating or preventing arrhythmia in a 
subject in need thereof, wherein the method comprises 
administering to the subject a therapeutically effective 
amount of a compound of claim 20 or a pharmaceutical com 
position of claim 42. 

44. A method for modulating ion channel activity in a 
Subject, wherein the method comprises administering to the 
subject an effective amount of a compound of claim 20 or a 
pharmaceutical composition of claim 42. 

45. A method for modulating ion channel activity in vitro, 
wherein the method comprises utilizing a compound of claim 
20. 


