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NOVEL POTASSIUM CHANNEL DRUGS AND TBEIR USES 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority to U.S. Application Serial Nos. 60/088,465; filed June 

9, 1998 and (i0/113,864, filed December 24, 1998, the entire contents of which are 

1 O incorporated herein by reference. 

15 

BACKGROUND 

Field of the Invention 

This invention relates to novel multi'binding compounds that bind to potassium (K.} 

channels and modulate their activity. The compounds of this invention comprise 2-10 K+ 

channel ligands covalently connected by a linker or linkers, wherein the ligands in their 

monovalent (i.e., unlinked) state bind to and are capable of modulating the activity of one or 

more types of K+ channel. The manner of linking the ligands together is such that the 

20 multibinding agents thus formed demonstrate an increased biologic and/or therapeutic effect 

25 

as compared to the same number of unlinked ligands made available for binding to the K+ 

channel. The invention also relates to methods of using such compounds and to methods of 

preparing them. 

The compounds of this invention are particularly useful for treating diseases and 

conditions of mammals that are mediated by K.+ channels. Accordingly, this invention also 

relates to pbannaceutical comp0sitions comprising a pharmaceiltically acceptable excipient 

and an effective amount of a compound of this invention. 
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its entirety to the same extent as if each individual publication was specifically an<;l 

individually indicated to be incoi'porate.d by reference in its entirety. 

Slate of the Art 

20 Voltage-regulated potassium channels ~ediate the flux ofK.+ out of cel,ls in response 
to changes in membrane potential..28 Voltage-gated I<.+ channels in the open state typically 

transition to an inactivated state, and must reacquire the ability to respond to an external 

stimulus during a recovery period. An inward rectifying voltage-regulated potassium channel 
in cardiac muscle is also activated by acetylcholine (i.e., it is gated by more than one type of 

25 stimulus).18 A calcium-activated K+ channel JW been described.16 Potassium channels serve 
a variety of important cellular functions. including excitability, setting and maintaining the 

resting potential, repolarizing action potentials, transmembrane transport, volume regulation, 

signal transduction, and so on. 28 They are implicated in a variety of pathophysiological 

disorders, including hypertension, cardiac arrh.ythm.ogenesis, insulin-dependent diabetes, non-
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insulin dependent diabetes mellitus, diabetic neuropathy, seizures, tachycardia, ~schemic heart 

disease, cardiac :tailure, angina, myocardial infarction, transplant rejection, autoimmune · 

disease, sickle cell anemia, muscular dystrophy, gastrointestinal disease, mental disorder, 

sleep disorder, anxiety disorder, neurosis, alcoholism, inflammation, cerebrovascular 

5 ischemia, CNS diseases, epilepsy, Parkins.on's disease, asthma, incontinence, urinary 

dysfunction , micturition disorder, irritable bowel syndrome, restenosis, subarachnoid 

hemorrhage, Alzheimers disease, and th~ mediate the transmission of pain impulses by 

peripheral nerves.45 

10 

15 

Figure 1 illustrates in cross-sectional view the transmembrane domain/subunit 

organimfion of various transporter molecules, as it is presently understood by tli.ose working 

in the field of transport physiology. It should be understood that, for purposes of 

simplification, other subunits that may be involved in or required for transporter activity have 

been omitted from the diagram. 

Referring to Figure 1, voltage-gated ion channels and related proteins are tetrameric 

structures formed by the noncoval~t association of individual subunits (1),(2), orb~ the 

interaction of homologous domains of a monomeric protein (3). The channels differ as well 

in the number of transmembrane segments per subunit or per domain. Inward-rectifier type 

20 K+ channels and Pix purinergic channels have two transmembrane-segments iD: each subunit, 

Shaker-type K_+ channels have six transmembrane segments per subunit and Na+ and Ca++ 

channels have six transmembrane segments per domain. Neurotransmitter-gated ion channels 

such as those shown in ( 4) are organized as pentamers, with each of the subunits having four 

transmembrane segments/domains. The activation gate for potassium channels has not been 

25 identified, although a trap door mechanism-has been proposed. 81
•
120 

Potassium channels are structurally similar to, but smaller and simpler than, sodium 

and calcium ion channels,98 with the K+ channel tetrameric structure being formed by four 

polypeptides.3 However, potassium channels represent a diverse class of ion channels. 18 
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Homotetramers can form, but there is ~vidence that heterotetramers may be functionally 

relevant in vivo. 10 The x-ray structure of a bacterial K+ channel (which is homologous to . . . 
mammalian K'" channels) has been disclosed. 21 A prolauyotic K'" channel was found to have 

the same structure as a eukacyotic r channel.104 The channel has an inverted teepee structure 

5 with a large hydrophobic cavity. The cavity (1 OA) is centered in the channel on the 

cytoplasmic side,. and appears to get larger upon channel opening.21·82.110
•
114 Voltage­

dependent cardiac potassium channel genes have.been ~loned as cDNAS. 10•113•116 Variability 

in the potassium channel ·genes may relate to disease conditions. t4•4a,.so;io 

10 Drug binding sites for tetraethylammonium, quinidine and 4-aminopyridine are found 

15 

in the inner vestibule of the K+ channel, and the amino acid side chains involved are localized 

in the 86 helix. Binding studies using mutagenesis show similarity to local anesthetic (LA) 

binding to sodium channels, although sodium channel inhibitors bind more deej,Iy in the 
cavity.12.sa 

There appear to be two types of potassium channel inactivation, N-type and C-type, 

which can occur simultaneously in Shaker potassium channels. Both are partially·coupled to 

activation and are usually voltage insensitive once activation is complete. N-tipe inactivation 

in Shaker B channels depends on a group of amino acids at the N-terminal ~t bind to the 

20 activated channel and occlude t:he inttacelhilar mouth "of the channel.· No sequence simtianty 

has been found among the N-termini of the N-type inactivating channels. N-type inactivation 

is voltage insensitive at positive potentials ~d competes with drug binding at the intracellular 

face of the channel. C-type inactivation, which is less understood, occurs by occlusion of the 

external mouth of the channel during sustained depolari7.ation. C-type inactivation is voltage 

25 insensitive at.potentials where activation is complete .. but recovery from C-~ inactivation is. 

voltage sensitive. Both C- and N-type ~tivation are coupled or partially coupled to 

activation, and both require similar degrees of activation to proceed.40 
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Not surprisingly, potassium channels are recognized as important targets for drug 

· therapy. For example, potassium channels are targeted by certain antidiabetic, 

antihypertensive and antiarryhthmic drugs. 

Potassium channel antagonists are used for treatment of arrhythmia. Antiarrhythmic 

-agenls are classified into four classes under the Vaughan Williams classification scheme; 

Class I (sodium channel blockers); Class Il (beta-blockers); Class ID (potassium channel 

blockers); and Class IV (calcium channel blockers). As shown in Table 1, an antiarrhytbmic 

agent may have activity in several channels and/or~ several recep~rs.89,.92.101 Newer drugs 

10 are more selective to specific ~-channels, as shown in Table 2. Properties of some known 
- -

K+ channel blockers are given in Table 3. Table 5 sets forth the principal K+ currents and 

some drugs that block them.45 The majority of drugs in development are Ii<r blockers.87
•
103

•
112 

Some agents appear to be cationic open-channel blockers.11S.118
•
119 

15 Combination therapy with two separate agents, e.g., a potassium channel opener with 

little or no effect on cardiac action potential and a Class III antiarrhytbmic compound has 

been disclosed.7s 

The clinical shortcomings of drugs in current usage are considerable. Their most 

20 common ·adverse side effects include headache, hypotension, nausea, vomiting, dizziness, and 

the like. Other side effects may include photo s~itivity, corneal microdeposits, neuropa,thy, 

fatigue, 35.39•41.s6•61 pneumonitis, hepatotoxicity, proarrhythmic effects, 46 thyroid abnormalities 

and bradycardia. Reverse use dependence, which may lead to torsades de pointes (an induced 

arrhythmia), is a major problem of most or all known Class m agents.:42-43
•
47.96.117 Further, 

25 there may be no survival benefit associated with the use of~e agents.47 With few 

exceptions, the currently used drugs have a short duration of action and must be administered 

frequently for sustained effects. 
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Thus, there continues to exist a need for novel compounds with greater tissue 

selectivity, increased efficacy, reduced side effects and a more favorable duration of action. 

SUMMARY OF THE INVENTION 

This invention is directed to novel multibinding compounds that bind to K+ channels 

in mammalian tissues and can be used to ~t diseases and conditions ~tecfby such 

channels. 

10 This invention is also directed to general synthetic methods for generating large 

libraries of diverse multimeric compounds which multimeric compounds are candidates for 

possessing multibinding properties for potassium channels. The diverse multimeric 

compound libraries provided by this invention are synthesized by combining a linker or 

linkers with a ligand or ligands to provide for a library of multim.eric compounds wherein 

15 the linker and ligand each have complementary functional groups permitting covalent 

linkage. The library of linkers is preferably selected to have diverse properties such as 

valency. linker ·l~ngth. linker geometry and rigidity, hydropWiicity or hydrophobicity. 

amphiphilicity, acidity, basicity and polariz.ation. The 'library of ligands is preferably 

selected to have diverse attachment points on the same ligand, different functional groups at 

20 the same site of otherwise the same ligand, and the like. 

This invention is also directed to libraries of diverse multim.enc· compounds which 

multimeric compounds are candidates for possessing multi.binding properties. These 

libraries are prepared via the methods described above and permit the rapid and efficient 
. . 

25 evaluation of what molecular constraints impart multibinding properties tO a ligand or a 

class of ligands targeting a potassium channel. 

Accordingly, in one of its composition aspects, this invention is directed to a 

multibincling compound and salts thereof comprising 2 to 10 ligands which may be the same 
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or different and which are covalently attached to a linker or linkers, which may be the-same or 

different, each of said ligands comprising a ligand domain capable of binding to a r channel. 

The multibinding compounds of this invention are preferably represented by Formula 

S I: 

I 

where each L is a ligand that may be the same or different at each occurrence; Xis a linker 

that may be the same or different at each occurrence; p is an integer of from 2 to 10; and 

q is an integer of from _l to 20; wherein each of said ligands comprises a ligand domain 

10 capable of binding to a K+ channel Preferably q is less than p. 

Preferably, the binding of the multibinding compollll.d to a r channel or channels in· a 

mammal modulates diseases and conditions mediated by the r channel or channels. 

15 In another of its composition aspects, this invention is directed to a pharmaceutical 

composition comprising a pharmaceutically acceptable excipient and a therapeutically 

effective amollll.t of one or more multibinding compollll.ds (or pharmaceutically ~ptable 
salts thereof) comprising 2 to 10 ligands which may be the same or different and which are 

covalently attached to a linker or linkers, which may be the same or different, each of said 

20 ligands comprising a ligand domain capable of binding to a r channel of a cell mediating 

mammalian diseases or conditions, thereby modulating the diseases or conditions. 

In still another of its composition aspects, this invention is directed to a 

pharmaceutical composition comprising a pharmaceutically acceptable excipient and a 

25 therapeutically .effective amount of one or more tmil'tibinding compounds represented by 

Formula I: 

I 

or pharmaceutically acceptable salts thereof, where each L is a ligand that may be the same or 

different at each occurrence; X is a linker that may be the same or different at each 
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occurrence; pis an integer of from 2 to 10; and q is an integer of from l ·tO 20; wherein each 

of said ligands comprises a Iig~d domain capable of binding to a :r channel of a cell 

mediating mammalian diseases or conditions, thereby modulating the diseases or conditions. 

Preferably q is less than p. 

In one of its method aspects, this invention is directed to a method for modulating the 

activity of a K+ channel in a biologic tissue, which method comprises contacting a tissue 

having a K+ channel with a multibinding compound (or pharmaceutically acceptable salts 

thereof) under conditions sufficient to produce a change in the activity of the channel in said 

10 tissue, wherein. the multi.binding compound comprises 2 to IO ligands which may be the same 

or different and which are covalently attached to a linker or linkers, which may be the same or 

different, each of said ligands comprising a ligand domain capable of binding to a :r channel. 

In another of its method aspects, this invention is ·directed to a method for treating a 

15 disease or condition in a mammal resulting from an activity of a :r channel, which method 

comprises administering to said mammal a therapeutically effective amount of a 
. . . 

phannaeeutical composition comprising a pharmaceutically acceptable excipient and one or 

more multibinding compounds (or phannaceutically acceptable salts thereof) comprising 2 to 

10 ligands which may be the same or different and which are covalently attached to a linker 

20 or linkers, which may be the same or different, each of said ligands comprising a ligand 

domain capable of binding to a K+ channel of a cell mediating mammalian diseases or 

conditions. 

In yet another of its method aspects, this invention is ~d to a method for treating 

25 a disease or condition in a mamnial resulting from an activity of a K:" channel, which method 

comprises administering to said mammal a therapeutically effective amount of a 

pharmaceutical composition comprishlg a pharmaceutically acceptable excipient and one or 

more multibinding compounds represented by Formula I: 

(L)p(X)q I 
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and pharmaceutically ~table salts thereof: wliere each Lis a' ligand that may be the same 

or different at each occurrence; Xis a linker that may be the same or different at each 

occurrence;p is an integer of from 2 to l O; and q is an integer of from 1 to 20; wherein each 

of said ligands comprises a ligand domain capable of binding to a K" channel of a cell 

5 mediating mammalian diseases or conditions. Preferably q is less thanp. 

In a further aspect, this invention provides processes for preparing the multibinding 

agents ofFOr.mula I. This can be accomplished by combiningp appropriately functionalix.ed 

ligands with q complementazy :functionali7.ed linkers under conditions where covalent bond 

1 O fonnulation between the ligands and linkers occurs; alternatively, linking portions of p 

appropriately functionalized ligands to q complementary functionali7.ed linkers and then 

completing the synthesis of the ligands in a subsequent step may be performed to prepare 

these compounds. Another method which may be used involves linldngp appropriately 

functionalized ligands to portions of the linker(s) and then'coinpleting the synthesis of the 

15 linker(s) in a subsequent step. Coupling one or more of an appropriately functionalized 

ligand to a complementary functionalized linker, and subsequently coupling one or more 

20 

. . . 

additional ligands to said linker or linkers may be done to prepare the claimed compounds. 

Coupling as above wherein coupling of different appropriately functionalized linkers occurs 

· simulataneously may also be used. 

In one of its method aspects, this invention is directed to a method for identifying 

multimeric ligand compounds possessing multibinding properties for potassium channels, 

which method comprises: 

(a) identifying a ligaJld or a mixture of ligands wherein each ligand contains at 

25 leas.t one reactive functionality; 

(b) identifying a library of linkers wherein each linker in said library comprises 

at least two functional groups having complementary reactivity to at least one of the 

reactive functional groups of the ligand; 
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(c) preparing a multimeric ligand compound library by combining at least two 

stOichiometric equivalents of the ligand or mixture of ligands identified in (a) with the 

library of linkers identified in (b) under condi~ons wherein the complementary functional 

groups react to form a covalent linkage between said linker and at least two of said ligands; 

s and 

(d)" assaying the multimeric ligand compounds produced in (c) above to identify 

multimeric.Jigand compounds possessing multi.binding properties. 

In another of its method aspects", this invention is directed to a method 

10 · for identifying multim.eric ligand compounds possessing multibinding properties for 

potassium. channels. which method comprises: 

(a) identifying a library of ligands wherein each ligand contains at least one 

reactive functionality; 

(b) identifying a linker or mixture of linkers wherein each linker comprises at 

15 least two functional groups having complementary reactivity to at least one of the reactive 

functional groups of the ligand; 

(c) preparing a multimeric ligand.compound library by combining at least.two 

stoichiometric equivalents of the library of ligands identified in (a) with the linker or 

mixture of liQkers identified in (b) under conditions wherein the cnmplementary functional 

20 groups react to form a covalent linkage between said linker and at least two of said Hgands; 

and 

25 

(d) assaying the multim.eric ligand compounds produced in (c) above to identify 

multimeric ligand compounds possessing multibinding properties. 

The preparation of the multimeric ligand compound library is achieved by either the 

sequential or concurrent combination of the two or more stoichiometric equivalents of the 

ligands identified in (a) with the linkers identified in (b). Sequential addition is preferred 

when a mixture of different ligands is employed to ensure heterodimeric or multimeric 
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compounds are p~ared. Concurrent addition of the ligands occurs whCn at least a portion 

of the multimer comouri.ds prepared are homomultimeric compounds. 

The assay protocols recited in (d) can be conducted on the multimeric ligand 

5 compound library produced in (c) above, or preferably, each member of the library is 

isolated by preparative liquid chromatography mass spectrometry (LCMS). · 

In one of its cpmposition aspects, this invention is directed to a library of multiriieric 

ligand compounds which may possess multivalent properties for potassium channels, which 

10 library is prepared by tbe method comprising: 

(a) identifying a ligand or a mixture of ligands wherein each ligand contains at 

least one reactive functionality; 

(b) identifying a library of linkers wherein each linker in said h'bracy comprises 

at least two functional groups having complementary reactivity to at least one of the 

15 reactive functional groups of the ligand; and 

20 

(c) . preparing a multimeric ligand compound library by co~ining at least two 

stoichiometric equivalents of the ligaad or inixture of ligands. identified in (a) with the 

library" of linkers identified in (b) under conditions wherein the complementary functional 

groups react to form a covalent linkage between.sai~ linker and at least two of said ligands. 

In another of its composition aspects. this invention is directed to a .library of 

multimeric ligand compounds which may possess multivalent properties for potassium 

channels, which library is prepared by the method comprising: 

(a) i~entifyin~ a library of ligands wherein each ligand contains at least one 

25 reactive t'un.Ctionality; 

(b) identifying a linker or mixture of linkers wherein each linker comprises at 

least two functional groups having complementary reactivity to at least one of the reactive 

functional groups of the ligand; and 
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(c) preparing a multimeric ligand compound library by combining at least two 

.stoichiometric equiv~ents of the library of ligands identified in (a) with the linker or 

mixture of linkers identified in (b) under conditions wherein the complementary functional 

groups react to form a covalent linkage between said linker and at least two of said ligands. 

In a preferred embodiment, the library of linkers employed in ·either the methods ·or 

the library aspects of this invention is selected from the group comprising flexible Bnk:ers, 

rigid linkers, hydrophobic linkers, hydrophilic linkers, linkers of different geometry, acidic 

linkers, basic Iink:ers, linkers of different polarization and amphiphilic linkers. For 

10 example, in one embodiment, each of the lhikers in the linker library may comprise linkers 

of different chain length and/or having different complementary reactive groups. Such 

linker lengths can preferably range from about 2 to lOOA. 

In another preferred embodiment, the potassium channel ligand or mixture of 

15 ligands is selected to have reactive functionality at different sites on said ligands in order to 

provide for a range of orientations of said liglllld: on said multimeric ligand compounds. 

Such reactive functionality includ~, by way of example, carboxylic acids, ·carbox.ylic acid 

halides, carboxyl esters, amineS, halides, isocyanates, vinyl unsaturation, ketone&, 

aldehydes, thiols, alcohols, anhydrides, and pr~ors thereof. It is understood, of cow:se, 

20 that the reactive functiorulllty on the ligand is selected to be complementary to at least one 

of the reactive groups on the linker so that a covalent linkage can be formed between the 

link.er and the ligand. 

In other embodiments, the multimeric ligand compound is homomeric (i.e., each of 

· 25 the ligands is the same, although it may be attached at different points) or heterodimeric 

(i.e., at least one of the ligands is different from the other ligands). 
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In addition to the combinatorial methods descn"bed herein, this fuvention provides 

for an interative process for rationally evaluating what molecular constraints impart 

multibinding properties to a class of multimeric compounds or ligands targeting a receptor. 

Specifically, this method aspect is directed to a method for identifying multimeric ligand 

S compounds possessing multibinding properties for potassium channels which method 

comprises~ 

(a) preparing a first collection or iteration of multimeric compoUnds which is 

prepared by contacting at least two stoichiometric equivalents of the ligand or mixture of 

ligands which target a receptor with a linker or mixture of linkers wherein said ligand or 

10 mixture of ligands comprises at least one reactive functionality and said linker or mixture of 

linkers comprises at least two functional groups having complementuy reactivity to at least 

one of the reactive functional groups of the ligand wherein said contacting is conducted 

under conditions wherein the complementary functional groups react to form a covalent 

linkage between said linker and at least two of said ligands; 

15 (b) assaying said first collection or iteration of multimeric compounds to assess 

which if any of said multimeric compounds possess multibinding properties; . . . 

(c) repeating the process of "(a) and (b) above uJlti]. at least one multimenc 

compound is found to possess multibinding properties; 

(d) evaluating what molecular constraints imparted multibinding properties to the 

20 multimeric compound or compounds found in the first iteration recited in (a)- (c) above; 

(e) creating a second collection or iteration of multimeric compounds which 

elaborates upon the particular molecular constraints imparting multibinding properties to 

the multimeric compound or compounds found in said first iteration; 

(f) evaluating what molecular constraints imparted enhanced multibinding 

25 properties to the multimeric compound or compounds found in the second collection or 

iteration recited in (e) above; 

(g) optionally repeating steps (e) and (f) to further elaborate upon said molecular 

constraints. 
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Preferably. steps (e) and (f) are repeated at least two times, more preferably at from 

2-50 times, even more preferably from 3 to SO~. and still more preferably at least 5-SO 

times. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a highly schematic illustration of the transmembrane organi7.ation of 

various cell membrane transporters. 

10 Figure 2 illustrates a method for optimizing the linker geometry for presentation of 

15 

20 

25 

ligands (filled circles) ·in bivalent compounds: 

A. phenyldiacetylene core structure 

B. cyclohexane dicarboxylic acid core structure 

Figure 3 shows exemplary linker "core" structures. 

Figure 4 illustrates examples of multi-binding compounds cemprising (A) 2 ligands, 

(B) 3 ligands, (C) 4 ligands, and (D) >4 ligands attached in different fonnats to a linker. 

Figure 5 illustrates the ligand amiodarone, which may be used in preparing multi­

binding compounds. Potentially modifiable positions are indi~ted by arrows. 

Figure 6 illustrates numerous reactive functional groups and the resulting bonds 

formed by reaction therebetween. 

Figures 7 to 21 illustrate convenient methods for preparing the multibinding 

compounds of this inventioti. In each of these figures, the filled circles represent linkers, 

referred to in the written Examples as "Link". 
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DETAILED DESCRIPTION OF THE INVENTION 

Biological systems in general are controlled by molecular mteractions between 

bioactive ligands and their receptors. in which the receptor "recogniz.es" a molecule or a 

S portion thereof (Le., a ligand domain) to produce a biological effect. The K+ channels are 

coliSidered to be pharmacological receptors: they possess specific binding sites for ligands· 

. having agonist and antagonist activities; the binding of ligands to such sites modulates r flux 

through the channel; the channel properties (Le., gating and ion selectivity) are regulatable. 

Accordingly, diseases or conditions that involve, or are mediated by, K: channels can be 

10 treated with phannacologic8lly active ligands that interact with such channels to initiate, 

modulate or abrogate transporter activity. 

The interaction of a r channel and a r channel-binding ligand may be described in 

tenns of"affinity" and "specificity". The "affinity" and "specificity" of any given ligand-K+ 

15 channel interaction is dependent upon the complementarity of molecular binding surfaces and 

the energetic costs of complexation (i.e., the net difference in free energy between bound and 

20· 

. . 
free states). Affinity may be.quantified by the equilibrium constant of complex formation, ·the 

ratio of on/off rate constants, and/or by the free energy of complex formation. Specificity 

relates to the difference in binding ltffinity of a ligand for different receptors. 

The net free energy of interaction of such ligand with a K'" channel is the difference 

between energetic gains (enthalpy gained through molecular complementarity and entropy 

gained through the hydrophobic effect) and energetic costs (enthalpy lost through decreased 

solvation and entropy lost through reduced translational, rotational and confonnational 

25 degrees of freedom). 

The compounds of this invention comprise 2 to 10 K+ channel-binding ligands 

covalently linked together and capable of acting as multi.binding agents. Without wishing to 

be bound by theory~ the enhanced activity of these compounds is believed to arise at least in 
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part from their ~bility to bind in a multivalent manner with multiple ligand binding sites on a 

r c~ or channel~ which gives rise to a more favorable net free energy of binding. 

Multivalent interactions differ from collections of individual monovalent (univalent) · 

interactions by being capable of providing enhanced biologic and/or therapeutic effect. 

5 Multivalent binding can amplify binding affinities and differences in binding affinities, 

·re"suiiing in enhanced \>inding specificity as well as affinity.· 

10 

Definitions 

AB used herein: 
• 

The term "alkyl" refers to a monoradical branched or unbranched saturated 

hydrocarbon chain, preferably having from 1 to 40 carbon atoms, preferably 1-10 carbon 

atoms, more preferably 1-6 carbon atoms, such as methyl, ethyl, n-propyl, isopropyl, 

n-butyl, secondary butyl, tert-butyl, n-hexyl, n-octyl, n-decyl, n-dodecyl, 2-ethyldodecyl, 

15 tetradecyl, and the like, unless otherwise indicated. 

··The term "substituted alkyl" refers to an alkyl group as defmed above having from 1 · . . . 
to 5 substituents selected from the group consisting of alkoxy, substituted alkoxy, cycloalkyl, 

substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, 

20. amino, amj.noacyl, aminoacyloxy, oxyaminoacyl, azido, cyano, halogen, hydroxyl, keto, 

thioketo, carboxyl, carboxylalkyl, thioaryloxy, thioheteroaxyloxy, thioheterocyclooxy, thiol, 

thioalkoxy, substituted thioalkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyclic, 

heterocyclooxy, hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SO-aryl, -SO-heteroaryl, 

-S02-alkyl, -SOi-aryl, -802-heteroaryl, arid-NR.•Rb, wherein R• and Rb may be the same or 

25 different and and are chosen from hydrogen, ·optionally substituted alkyl, cycloalkyl, alkenyl, 

cycloalk.enyl, alkynyl, aryl, heteroaryl and heterocyclic. 

The term "alkylene" refers to a diradical of a branched or unbranched saturated 

hydrocarbon chain, preferably having from 1 to 40 carbon atoms, preferably 1-10 carbon 
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atoms, more preferably 1-6 carbon atoms. This term is exemplified by groups such as 
methylene (-CH'z-), ethylene (-CH'zCH2-), the propylene isomers (e.g., -CffzCH'zC~-and 
-CH(CHJCH2-) and the like. 

The term "substituted alkylene" refers to: (1) An alkylene group as defined above 
hliving fi:Om 1 to 5 substituents selected from the group consisting of alkoxy, substituted 
alkoxy, cycloalkyl, substit\lted cr.cloalkyl, cycloalkenyl, substituted cycloalkenyl, acyl, 

acylam.ino, acyloxy, amino, aminoacyl, aminoacyloxy, oxyacylamino, azido, cyano, halogeDt 
hydroxyl, keto, thioketo, carboxyl, carboxylalkyl, thiol, thioalkoxy, substituted thioalkoxy, 

10 aryl, aryloxy, thioacyloxy, heteroaryl, heteroaryloxy, tbiohete.roaryloxy, heterocyclic, 
heterocyclooxy, tbioheterocyclooxy, nitro, and -NB.Rt,, wherein R. and R., may be the same or 
different and are chosen from hydrogen, optionally substituted alkyl, cycloalkyl, alkenyl, 
cycloalkenyl, alkynyl, aryl, heteroaryl and heterocyclic. Additionally, such substituted 
alkylene groups include those where 2 substituents on the alkylene group are fused to form 

15 one or more cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, 
heterocyclic or het~roaryl groups fused to the alkylene group; (2) An alkylene group as 
d~f'med above that is interrupted by 1-20 .atoms independently chosen from oxygen, sulfur anci 
NR._-, where R. is chosen from hydrogen, optionally substituted alkyl, cycloalkyl, alkenyl, 
cycloalkenyl, alkenyl, cycloalkenyl, alkynyl, aryl, he~aryl and heterocyclic, or groups 

20 selected from carbonyl, carboxyester, carboxyamide and sulfonyl; and {3) An alkylene group 
as defined above that has both from 1 to 5 substi.tuents as defined above and is also 
interrupted by 1-20 atoms as defined above. Examples of substituted alkylenes are 
chloromethylene (-CH(Cl)-), aminoethylene (-CH(NHi)C~-). 2-carboxypropylene isomers 
(-CH2CH(C02H)CH2-), ethoxyethyl (-CH2CH20-CH2CH:z-), ethylmethylaminoethyl 

25 (-CH2CH2N(CH3)CH2CH2-), 1-ethoxy-2-(2-~oxy-ethoxy)ethane (-CH2CH~O-CH2CH2-
0CH2CH2- OCH2CHd, and the like. 
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The term "alkaryl" or "aralkyl" refets to the groups -alkylene-aryl· and .substituted 

alkylene-aryl in which alkylene and myl are as defined herein. Such albryl groups are 

exemplified by benzyl, phenethyl and the like. 

S The term "alkoxy" refers to the groups alkyl-0-, alkenyl-0-, cycloalkyl-0-, 

10 

15 

cycloalkenyl-0-, and allcynyl-0-; where alkyl, alkenyl, cycloalkyl, cycloalkenyl, and alkynyl 

are as defined herein. Preferred alko?')' groups are alkyl-0- and includC, by way of example, 

methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, tert-butoxi, sec-butoxy, n-penioxy, 

n-hexoxy, 1,2-dim.ethylbutoxy, and the like. 

The term "substituted alkoxy" refers to the groups substituted alkyl-0-, substituted 

alkenyl-0-, substituted cycloalkyl-0-, substituted cycloalkenyl-0~, and Substituted alkynyl-0-

where substituted alkyl, substituted alkenyl, substituted cycloalkyl, substituted cycloalkenyl 

and substituted alkynyl are as defined herein. 

The term "alkylalkoxy" refers to the groups -alkylene-0-alkyl, alkylene-0-substituted 

alkyl,. substituted alkylene-0-alkyl and substituted alkylene-0-substituted alkyl wherein alkyl, 
. . 

substituted alkyl, alkylene and substituted alkylene are as defined herein. Examples of such 

groups are methylenemethoxy (-CHiOCH:J, ethylenemethoxy (-CH2CH20CH3), n-propylene-

20 iso-propoxy (-C~CH2CH20CH(CH:JJ, methylene-t-butoxy (-CH2-0-C(CH:JJ .and the like. 

The term "alkylthioalkoxy" refers to the group -alkylene-S-alkyl, alkylene-S;.. 

substituted alkyl, substituted alkylene-S-alkyl and substituted alkylene-S-substituted alkyl 

wherein alkyl, substituted alkyl, alkylene and substituted alkylene are as defined herein. 

25 Preferred alkylthioalkoxy ~ups are atkylene-S-alkyl '!llld include, by way of example, 

methylenethiomethoxy (-CHzSCHJ, ethylenethiomethoxy (-CH2C~SCH3), n-propylene-iso­

thiopropoxy (-C~CH2CH2SCH(CH3)2), methylene-t-thiobutoxy (-CHzSC(CHJ3) and the 

like. 
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"Alkenyl" refers to a monoradical of a branched or unbranched wisaturated 

hydrocarbon preferably having from 2 to 40 carbOn atoms, preferably 2-10 carbon atoms, 

more preferably 2-6 carbon atoms, and preferably having 1-6 double bonds. This term is 

further exemplified by such radicals as vinyl, prop-2-enyl, pent-3-enyl, hex-5-enyl, 

S S-ethyldodec-3,6-dienyl, and the like. 

The term ~substituted alkenyl" refers to an alk.enyl group as defined above having 

from 1 to S substituents selected from the group consisting of alkoxy, substituted alkoxy, 

acyl, acylamino, acyloxy, amino, aminoacyl~_aminoacyloxy, oxyaminoacyl, azido, cyano, 

10 batogen, hydroxyl, keto, thioketo, carboxyl, carboxylalkyl, thiol, thioalkoxy, substituted 

thioalkoxy, aryl, heteroaryl, heterocyclic, aryloxy, tbioaryloxy, heteroaryloxy, 

thioheteroaryloxy, heterocyclooxy, thioheterocyclooxy, nitro, -SO-alkyl, -SO-substituted 

alkyl, -SO-aryl, -SO-heteroaryl, -SCli-alkyl, -S02-substituted alkyl, -802-aryl. -S~­
·heteroaryl, and, -NR•Rb, wherein R_a and Rb may be the· same or different and are chosen from 

15 hydrogen, optionally substituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, 

heteroaryl and heterocyclic. 

•'Alkenylene" refers to a diradical of an unsaturated hydrocarbon, preferably having 

from 2 to 40 car~on atoms, preferably 2-10 carbon atoms, m~ preferably 2-6 carbon atoms, 

20 and preferably having 1-6 double bonds. This term is further exemplified ·by such rad!cals as 

1,2-ethenyl, 1.3-prop-2-enyl, l,S-pent-3-enyl, 1,4-hex-5-enyl, S-ethyl-1,12-dodec-3,6-dienyl, 

and the like. 

The term "substituted alkenylene" refers to an alkenylene group as defined above 

25 having from 1to5 substituents, selected from the group consistihg ofalkoxy, substituted. 

alkoxy, acyl, acylamino, acy~oxy, amino, aminoacyl, amin.oacyloxy, oxyacylamino, azido, 

cyano, halogen, hydroxyl, keto, tbioketo, carboxyl, carboxylalkyl, thiol, thioalkoxy, 

substituted thioalkoxy, aryl, aryloxy, thioaryloxy, heteroaryl, heteroaryloxy, 

thioheteroaryloxy, heterocyclic, heterocycloo~, tbioheterocyclooxy, nitro, and NRRb, 
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wherein R• and Rb may be the same or different and are chosen ftom hyctrOgen, optionally 

substitilted alkyl. cycloalkyl, alkenyl, cycloalkenyl. alkynyl. aryl, heteroaryl and heterocyclic. 

Additionally> such substituted alkenylene groups include those where 2 substituents on the 

alkenylene group are fused to form one or more cycloalkyl, substituted cycloalkyl. 

S cycloalkenyl, substituted cycloalkenyl, aryl, heterocyclic or heteroaryl groups fused to the 

'alken.ylene group. 

"Alkynyl" refers to a monoradical of an unsaturated hydrocarbon, preferably having 

from 2 to 40 carbon atoms, preferably 2-10 carbon atoms, more preferably 2-6 carbon atoms, 

10 and preferably having 1-6 triple bonds. This term is further exemplified by such radicals as 

acetylenyl, prop-:Z..ynyl, pent-3-ynyl, hex-5-ynyl. S-ethyldodec-3,6-diynyl, and the like. 

The tenn "substituted alkynyl" refers to an alkynyl group as defined above having 

:from 1 to S substituents, selected from the group consisting of alkoxy, substituted alkoxy. 

15 acyl, acylamino, acyloxy, amino, aminoacyl, aminoacyloxy, oxyacylamino, azido, cyano, 

halogen, hydroxyl, keto, tbioketo, carboxyl, carboxylalkyl, thiol, thioalkoxy, substituted . . 

thi~oxy, aryl! aryloxy, tbioaryloxy, heteroaryl, heterqaryloxy, thioheterQarylox~, 

heterocyclic, heterocyclooxy, thioheterocycloxy, nitro·, -SO-alkyl, -SO-substituted alkyl, 

-SO-aryl, -SO-heteroaryl, -SC>i-alkyl, -S02-substituted alkyl, -S02-aryl, -S02-heteroaryl, 802-

20 heterocyclic, NR~b, wherein R• and Rb may be the same or different and are chosen from 

hydrogen, optionally substituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, 

heteroaryl and heterocyclic. 

"Alkynylene" refers to a diradical of an unsaturated hydrocarbon radical, preferably 

25 having from 2 to 40 caroon atoms, j>referably 2-10 carbon at<ims, more preferably 2-6 carbon 

atoms, and preferably having 1-6 triple bonds. This term is further exemplified by such 

radicals as 1,3-prop-2-ynyl, l,5-pent-3-ynyl, l,4-hex-5-ynyl, 5-ethyl-1,12-dodec-3,6-diynyl, 

and the like. 
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The tenn "acyl" refers to the groups -CHO, alkyl-C(O)-, substituted alkyl-C(O}-, 

cycloalkyl-C(O)-, substituted cycloalkyl-C(O}-, cycloalkenyl-C(O}-, substituted cyeloalkenyl­

C(O)-, aryl-C(O}-, heteroai:yl-C(O)- and heterocyclic-C(O)- where alkyl, substituted alkyl, 

cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted cycloalk:enyl, aryl, heteroai:yl and 

S heterocyclic are as defined herein. 

The ierm "acy~o" refers to the group -C(O)NRR where each R is independently 

hydrogen, alkyl, substituted alkyl, aryl, heteroaryl, heterocyclic or where both R groups are 

joined to form a heterocyclic group (e.g., morpholine) wherein alkyl, substituted· alkyl, aryl, 

1 O heteroai:yl and heterocyclic:are as defined herein. 

15 

The term "aminoacyl" refers to the group -NRC(O)R where each R is independently 

hydrogen, alkyl, substituted alkyl, aryl, heteroaryl, or heterocyclic wherein alkyl, substituted 

alkyl, aryl, heteroaryl and heterocyclic are as defined herein. 

Tue term 11aminoacyloxy11 refers to the group -NRC(O)OR where each R is 
. . . . 

. independently hydrogen, alkyl,.substituted alkyl,.aryl, heteroaryl, or heterocyclic wherein . . . .. . 
alkyl, substituted alkyl, aryl; b,eteroaryl and heterocyclic are as defined herein. 

20 The term "acyloxy" refers to the groups alkyl-C(O)O-, substituted alkyl-C(O)O-, 
. . 

cycloalkyl-C(O)O-, substituted cycloalkyl-C(O)O-, aryl-C(O)O-, heteroaryl-C(O)O-, and 

heterocyclic-C(O)O- wherein alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl, 

heteroaryl, and heterocyclic are as defined herein. 

25 . The term'ltaijrl" refers to an unsaturated aromatic ear\>oeycijc group of from 6"to 20 

carbon atoms having a single ring (e.g., phenyl) or multiple condensed (fused) rings (e.g., 

naphthyl or anthryl). 
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Unless otherwise constrained by the definition for the aryl substitUent, such aryl 

groups can optionally be substituted with from 1 to 5 substituents selected from the group 
consisting of acyloxy, hydroxy, thiol, acyl, alkyl, alkoxy, alkenyl, alkynyl,.cycloalkyl, 

cycloalkenyl, substituted alkyl, substituted alkoxy, substituted alkenyl, substituted alkynyl, 
5 substituted cycloalk.yl, substituted cycloalkenyl, amino, aminoacyl, acylamino, alkaryl, aryl, 

aryloxy, "azido, carboxyl, carboxylalkyl, cyano, halo, nitro, heteroaryl, heteroaryioxy, 

heterocyclic, heterocyclooxy, aminoacyloxy, oxyacylamino, tbioalkoxy, substi~ 
thioalkoxy, thioaryloxy, tbioheteroaryloxy, -SO-alkyl, -SO-substituted alkyl, -SO-aryl, 

-SO-heteroaryl, -SOi-alkyl, -SOi-substituted alkyl, -S~-aryl, -SOi-heteroaryl, trihalomethyl, 
10 NR.'Rb, wherein Ra and Rb may be the same or different and are chosen from hydrogen, 

optionally substituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heteroaryl and 
heterocyclic. Preferred aryl substituents include alkyl, alkoxy, halo, cyano, nitro, 

trihalomethyl, and thioalkoxy. 

15 The term "aryloxy11 refers to the group aryl-0-wherein the aryl group is as defined 

above including optionally substituted aryl groups as also defined above. 

The term "arylene'' refers to a diradical derived from ary:I or substituted aryl as defmed 
above. and is exemplified by 1,2-phenylene, 1,3-phenylene, 1,4-phenylene, . . 

20 1,2-naphthylene and the like. 

The term "amino" refers to the group -NH2 

The term "substituted amino" refers to the group -NRR where each R is independently 
25 selected from the group consisting of hydrogen, alkyl, substiiut~ alkyl. cycloalkyl, 

substituted cycloalk.yl, alkenyl, alkynyl, substituted alkynyl, aryl, heteroaryl and heterocyclic 
provided that both R's are not hydrogen. 
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The term "carboxy~l" refers to the group "·C(O)O-alkyl", "-C(O)O-substituted 

alkyl'', "-C(O)O-cycloalkytt', "-C(O)O-substituted cycloalkyl'', "-C(O)O-alkenyl", "-C(O)O­

substituted alkenyl", "-C(O)O-alkynyl" and "-C(O)O-substituted alkynyl" where alkyl, 

substituted alkyl, cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl and 

5 substituted alkynyl where alkynyl are as defined herein. 

The term "cycloalkyl" refers to cyclic alkyl groups of from 3 to 20 carbon atoms 

having a single cyclic ring or multiple condensed rings. Such cycloalkyl groups include, by 

way of example, single ring structures such as cyclopropyl, cyclobutyl, cyclopentyl, 

10 cyclooctyl. and the like, or multiple ring structures such as adamantanyl, and the like. 

The term "substituted cycloalkyl" refers to cycloalkyl groups having from 

1 to 5 substituents selected from the group consisting of alkox:y, substituted alkoxy, 

cycloalkyl, cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, amino, 

15 aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano, halogen, hydroxyl, keto, thioketo, 

carboxyl, carboxylalkyl, thioaryloxy, thioheteroaryloxy, thioheterocyclooxy, thiol, thioalkoxy, 

. substi~ted thio8.Ikoxy, aryl, aryloxy, heteroaryl," heteroaryloxy, heterocyclic, heterocycl9oxy, 

hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SO-substituted alkyl, -SO-aryl, -SO­

heteroaryl, -SC>i-alkyl, -$Ci-substituted alkyl, -SC>i-aryl, -802-heteroaryl, and NRaR\ wherein 

20 R.· and R.!' may be the s8me or different and are chi>sen from hy~ogen, optionally substituted 

alkyl, cycloalkyl, allcenyl, cycloalkenyl, alkynyl, aryl, heteroaryl and heterocyclic. 

The term "cycloalkenyl" refers to cyclic alkenyl groups of from 4 to 20 carbon atoms 

having a single cyclic ring or fused rings and at least one point of internal unsaturation. 

· 25 Examples of suitable cycloalkenyl groups include, for ~ce, cyclobut-2-enyl, cyclopent-3-

enyl, cyclooct-3-enyl and the like. 

The term "substituted cycloalkenyl" refers to cycloalkenyl groups having from 1 to 5 

substituents selected from the group consisting of alkoxy, substitutedalkoxy, cycloalkyl, 
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substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, acyl, acylainino, acyloxy, 

amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano, halogen, hydroxyl, keto, 

thioketo, ~boxyl, carboxylalkyl, thioaryloxy, thioheteroaryloxy, thioheterocyclooxy, thiol, 

thioalkoxy, substituted thioalk.oxy, aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyclic, 

5 heterocyclooxy, hydroxyamino, alk.oxyamino, nitro, -SO-alkyl, -SO-substituted alkyl, -SO­

aryl, -SO-heteroaryl, -SOz-alkyl, -SC>i-substituted alkyl, -SOz-aryl, -SC>i-heteroaryl, and 

NR'R.\ wherein R• and Rb may be the same or different ll!ld are chosen ftom hydrogen, 

optionally substituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heteroaryl and 

heterocyclic. 

10 

The tenn "halo" or "halogen" refers to tluoro, chloro, bromo and iodo . 

.. Haloalkyl" refers to alkyl as defined above substituted by 1-4 halo groups as defined 

above, which may be the same or different, such as 3-fl.uorododecyl, 12, 12,12-

15 trifluorododecyl, 2-bromooctyl, -3-bromo-6-chloroheptyl, and the like. 

20 

The tenn "heteroaryl" refers to an aromatic group of from I. tO 15 carbon atoms and 1 

to 4 heteroatoms selected from oxygen, nitrogen and sulfur within at least one ring (if there is 

more than one ring). 

Unless otherwise constrained by the definition for the heteroaryl substituent, such 

heteroaryl groups can be optionally substituted with 1 to 5 substituents selected from the 

group consisting of acyloxy, hydroxy, tbiol, acyl, alkyl, alkoxy, alkenyl, alkynyl, cycloalkyl, 

cycloalkenyl, substituted alkyl, substituted alkoxy, substituted alkenyl, substituted alkynyl, 

25 substituted cycl~alkyl, substituted cycloalk.enyl, aminb, 8Iajnoa:cyl, acylamino, alkaryl, azyl, 

ai'yloxy, azido, carboxyl, carboxylalkyl, cyano, halo, nitro, heteroaryl, heteroaryloxy, 

heterocyclic, heterocyclooxy, aminoacyloxy, oxyacylamino, thioalkoxy, substituted 

tbioalk.oxy, tbioaryloxy, tbioheteroaryloxy, -SO-alkyl, -SO-substituted alkyl, -SO-aryl, -SO­

heteroaryl, -S02-alkyl, -S02-substituted alkyl,-SC>i-aryl, -SC>i-heteroaryl, trihalomethyl, 
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mono-and di-alkylamino, mono- and NR'R11, wherein R• and Rb may be the same or different 

and are chosen from hydrogen, optionally substituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, 

alkynyl, aryl, heteroaryl and heterocyclic .. Preferred heteroaryls include pyridyl, pyrrolyl and 

fury I. 

The term "heteroaryloxy" refers to the-group heteroaryl-0-. 

The teon·"heteroarylene" refers to the diradical group derived from heteroaryl or 

substituted heteroaryl as defined above, and is exemplified by the groups 2,6-pyridylene, 2,4-

10 pyridiyle~e, 1,2-quinolinylene, 1,8-quinolinylene, 1,4-benzofuranylene, 2,5-pyridinylene, 1,3-

morpholinylene, 2,5-indolenyl, and tlie like. 

The term "heterocycle11 or "heterocyclic" refers to a monoradical saturated or 

unsaturated group having a single ring or multiple condensed rings, from 1 to 40 carbon 

15 atoms and from l to 10 hetero atoms, preferably I to 4 heteroatoms, selected from nitrogen, 

sulfur, phosphorus, and/or oxygen within the ring. 

Unless otherwise constrained by the definition for the heterocyclic substituent, such 

heterocyclic groups can be optionally substituted with 1 to 5, and preferably 1 to 3 

· 20 subs.tituents, selected from the group consisting of alkoxy, substitu:ted ~oxy, cycloalky~, 

substituted cycloalk:yl, cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, 

amino, aminoacyl, aminoacyloxy, oxyaminoacyl, cyano, halogen, hydroxyl, keto, thioketo, 

carboxyl, carboxylalkyl, thioaryloxy, thioheteroaryloxy, thioheterocyclooxy, thiol, thioalkoxy, 

substituted thioalkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, 

25 hydrokyamino, ~oxyamino, nitro, -SO-alkyl, -S~substituted alkyl, -SO-aryl, -SO-· · 

heteroaryl, -S02-alkyl, -S(),_-substituted alkyl, -802-~l, -SO,.-heteroaryl, and NR-Rb, wh~in 

Ra and Rb may be the same or different and are chosen froin hydrogen, optionally substituted 

alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heteroaryl and heterocyclic. Such 

heterocyclic groups can have a single ring or multiple condensed rings. 
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Examples of nitrogen heterocycles and heteroaryls incluCle, but are not limited to, 
pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyrimidine, pyridazin~ indolizine, isoindole, 
indole, indamle, purine, quinolizine, isoquinoline, quinoline, phtbalazine, naphthylpyridine, 
quinoxaline, quinazoline, cinnoline, pterldine, carbamle, carboline, phenantbridine, acridine, 

S phenantbroline, isothiaz.ole, phenazine, isoxazole, phenoxazine, phenothiazine, imidazolidine, 
. imidazoline, piperidine, piperazine, indoline, morpholino, piperidinyl, tetrahydroforanyl, and 
. the like as well as N-alkoxy-nitrogen containing heterocycles. 

A preferred class of heterocyclics include "crown compounds" which refers to a 
10 specific class of heterocyclic compounds having one or more repeating units of the formula 

[-(C~-),.. Y-] where mis equal to ·or greater than 2, and Y at each separate occurrence can be 

0, N, Sor P. Examples of crown compounds include, by way of example only, [-(CH2)J­
NH-]3, [-((CH:z)2-0k((CH:z)2-NH);z] and the like. Typically such crown compounds can have 
from 4 to 10 heteroatoms and 8 to 40 carbon atoms. 

15 

20 

The term "heterocyclooxy" refers to the group heterocyclic-0-. 

The term ''thioheterocyclooxy" refers to the group·heterocyclic-S-. 

The tenn "heterocyclene" refers to the diradical group derived from a heterocycle as 
defined herein, and is exemplified by the groups 2,6-morpholino, 2,5-morpholino and the 
like. 

The term "oxyacylamino" refers to the group -OC(O)NRR where each R is 
25 . . inde~dently hydrogen, alkyl, substituted alky4 aryl, heteroaryl. orheterocyclic wherein 

alkyl, substituted alkyl, aryl, heteroaryl and heterocyclic are as defined herein. 

The term "thiol" refers to the group -SH. 
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The term 91thioalkoxy" refers to the group -S-alkyl. 

The term "substituted thioalkoxy" refers to the group -S-substituted alkyl. 

S The term "thioaryloxy• ~fers to the group aryl-S- wherein the aryl group is as defined 

10 

above including optionally substituted aryl groups also defined above. 

-· The term "thioheteroarylOxy" refers to the group heteroaryl-S- wherein the heteroaryl 

group is as defined above including optionally substituted aryl groups as also defined above. 

As to any of the above groups which contain one or more substituents, it is 

understood, of course, that such groups do not contain any substitution or substitution 

patterns which are sterically impractical and/or synthetically non-feasible. In addition, the 

compounds of this invention include all stereochemical isomers arising from the substitution 

15 of these compounds. 

"Aiicyl optionally interrupted ~y 1-5 atoms chosen from 0, S, or N" refers to alkyl as. 

defined above in which the carbon chain is interrupted by 0, S, or N. Within the scope are 

ethers, sulfides, and amines, for example 1-methoxydecyl, 1-penfyloxynonane, 1-(2-

20 ·• isopropoxrethoxy}-4-methylnonane, 1-(2-ethoxyethoxy)dOdecyl, 2-(t-butoxy)heptyl, 

25 

1-pentylsulfanylnonane, nonylpentylamine, and the like. 

"Heteroarylalkyl" refers tO heteroaryl as defined above linked to alkyl as defined 

above, for example pyrid-2-ylmeth.yl, 8-quinolinylpropyl, and the like. 

"Optional" or "optionally" means that the subsequently described event or 

circumstance may or may not occur, and that the description includes instances where said 

event or circumstance occurs and instances in which it does not. For example, optionally 
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substituted alkyl means that alkyl may or may not be substituted by those· groups enumerated 

in the definition of substituted alkyl. 

The term .. pharmaceutically acceptable salt" refers to salts which retain the biological 

S effectiveness and properties of the multibinding compounds of this invention and which are 

nOt biolo8;.c3ny or otherwise undesirable. ;In many cases, the multibinding compounds of this. 

invention are capable of forming acid and/or base salts by virtue of the presence of amino 

and/or carboxyl groups or groups similar thereto. 

10 Pharmaceutically acceptable base addition salts can be prepared from inorganic and 

organic bases. Salts derived from inorganic bases, include by way of example only, sOdium, 

potassium, lithium, ammoDium, calcium and magnesium salts. Salts derived from organic 

bases include, but are not limited to, salts of primary, secondary and tertiary amines, such as 

alkyl amines, dialkyl amines, trialkyl amines, substituted alkyl amines, di(substituted alkyl) 

15 amines, tri(substituted alkyl) amines, alkenyl amines, dialkenyl amines, trlalkenyl amines, 

substituted alkenyl amines, di(substitllted alkenyl) amines, tri(substituted alkenyl) amines, 

cycloalkyl amines,· di( cycloalkyl) amines, tri( cycloalkyl) amines, substituted .cycloalkyl 

amines, disubstituted cycloalkyl amine, trisubstituted cycloalkyl amines, cycloalkenyl amines, 

di(cycloalkenyl) amines, tri(cycloalkenyl) amines, substituted cycloalkenyl amines, 

20 disubstituted cycloalkenyl amine, trisubstituted cycioalkenyl amines, aryl amines, diaryl 

amines, triaryl amines, heteroaryl amines, diheteroaryl amines, triheteroaryl amines, 
heterocyclic amines, diheterocyclic amines, triheterocyclic amines, mixed di- and tri-amines 

where at least two of the substituents on the amine are different and are selected from the 

group consisting of alkyl, substituted alkyl, alkenyl, substituted alkenyl, cycloalkyl, 

25 substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, heteroaryl, heterocyclic, 

and the like. Also included are amines where the two or three substituents, together with the 

amino nitrogen, fonn a heterocyclic or heteroaryl group. 
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Examples of suitable amines include, by way of example only, is0propylamine, 

trim.ethyl amine, diethyl amine, tri(iso-propyl) amine, tri(n-propyl) amine, ethanobunine, 

2-dimeth.ylaminoethanol, tromethamine, lysine, arginine, histidine, caffeine, procaine, 

hydrabamine, choline, bet.aine, ethylenediamine, glucosamine, N-alkylglucamines, 

5 theobromine, purines, piperazine, piperidine, morpholine, N-ethylpiperidine, and the like. It 

shOuld also be understood that other carboxylic acid derivatives would· be useful in the 

practice of this invention, for example, carboxylic acid.amides, including carboxamides, 

lower alkyl carboxamides, dialkyl carboxamides, and the like. 

10 Pharmaceutically acceptable acid addition salts may be prepared from inorganic and 

organic acids. Salts derived from inorganic acids include hydrochloric acid, hydrobromic 
. . 

acid, sulfuric acid, nitric acid, phosphoric acid, and the like. Salts derived from organic acids 

include acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, malic acid, 

malonic acid, succinic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benz6iC acid, 

15 cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, 

p-toluene-sulfonic acid, salicylic acid, and the like. 

The term "protecting group" or "blocking group" refers to any group which when 

bound to one or more hydroxyl, thiol, amino or carboxyl groups of the compounds prevents 
. . 

20 reactfons from occurring at these groups and which protecting group can be removed by 

conventional chemical or enzymatic steps to reestablish the hydroxyl, tbiol, amino or 

carboxyl group. See, generally, T.W. Greene & P.G.M. Wuts, Protective Groups in Organic 

Synthesis, 2nc1Ed.,1991, John Wiley and Sons, N.Y. 

25 ·The particular removable blocking gtoup employed is not."critical and preferred 

removable hydroxyl blocking groups include cpnventional substituents such as allyl, benzyl, 

acetyl, chloroacetyl, thiobenzyl, benzylidine, phenacyl, t-butyl-diphenylsilyl and any other 

group that can be introduced chemically onto a hydroxyl functionality and later selectively 
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removed either by chemical or enzymatic methods in mild conditions conipatible with the 

-?tore of the product. 

Preferred removable amino blocking groups include conventional substituents such as 

5 t-butyoxycarbonyl (t-BOC), benzyloxycarbonyl (CBZ), fluorenylmethoxycarbonyl (FMOC), 

allyloX}'carbonyl (ALOC) and the like, which can be removed by conventional conditions. 

compatible with the nature of the product. 

Preferred carboxyl protecting groups include esters such as methyl, ethyl, propyl, 

10 t-butyl etc. which can be removed by mild hydrolysis conditions compatible with the nature 

of the product. 

As used herein, the tenns "inert organic solvent" or ''inert solvent" mean a solvent 

inert under the oonditions of the reaction being described in conjunction therewith r mcluding, 

15 for example, benzene, toluene, acetonitrile, tetrahydrofuran ("THF''), dimethylformamide 

("DMF"), chloroform (''CHC13.), methylene chloride (or dichloromethane or "CH:zCli"), 

diethyl ether, ethyl acetate, aceton~; methylethyl keione, methanol, ethat).ol, propanol, 

isopropanol, tert-butanol, dioxane, pyridine,.and the like]. Unless specified to the contrary, 

the solvents used in the reactions of the present invention are inert solvents. 

20 

·25 

The term ''K+ channel" ~fers to a structure eomprised of integral membrane proteins 

that functions to allow K+ to equilibrate across a membrane according to its electrochemical 

gradient and at rates that are diffusion limited . 

. "Ligand" as used herein denotes a compound that is a binding partner for a K_+. channel 

receptor, and is bound thereto, for example, by complementarity. The specific region or 

regions of the ligand molecule that is recognized by the ligand binding site of a K+ channel 

receptor is designated as the "ligand domain". A ligand may be either capable of binding to a 
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receptor by itself, or may require the presence of one or more non-ligand components for 

binding (e.g. ions, a lipid molecule, a solvent molecule, and the like). 

Ligands useful in this invention comprise K+ channel modulators such as quinidine, '.94 

5 glibenclamide, procaine, tetraethyl ammonium, 20 clofilium, 102 melperone,1 pinacidil, WAY-

· 123,398,111. ~",,,akatim,26 propoful, thiQ~toQ.e,32 risotilide, almokalant, 36 .brefylium,31 N­

acetylproc.ainamide, tacrine, UK.66,914, RPS8S66, 4-aminopyridine, RP~9356,45 atinidine, 49 

,· 

chromanol 293B,57 I, 768,673 and its analogs,53 bethanidine, S4 disopyramide, 23 

desetbylamiodarone, 1 NE-10064,9.14 artilide, 11, dofetilide, 19.7l.74,!IO.ff E-4031, 24.!1!1·109 

10 sematilide, 1°'·107 am.basilide, azimilide, S.S0.86.93.100•108 ~. dronedarone, 79 ibutilide, n.m 

sotalol, 15 benz.odiazepine analogs76.77 and am.iodarone.55.65.83.95,tos See Table 4 for structures of 

various potassium channel ligands. 

While it is contemplated that many potassium channel ligands that are currently 

15 known can be used in the preparation of multi.binding compounds of this invention (Table 2), 

it should be understood that portions of the ligand structure that are not essential for 

· molecular recognition and binding aCti.Vity (i.e., that are not part of the ligand ~olilain) may be · 

varied substantially. replaced with unrelated structures and, in some cases, omitted entirely 

without affecting the binding interaction. Accordingly, it should be understood that the term 

20 •'iigand" is not intended to be limited. to ~mpounds kllown to be useful as K+ channe1 

receptor-binding compounds (e.g., known drugs), in that ligands that exhibit marginal activity 

or lack useful activity as monomers can be highly active as multibinding compounds, ~ause 

of the biological benefit conferred by multivalency. The primary requirement for a ligand as 

defined herein is that it has a ligand domain, as defined above, which is available for binding 

25 to a recogni'tion site· on a-K+ channel. 

For pwposes of the present invention, the tenn "ligand" or "ligands" is intended to 

include the racemic ligands as well as the individual stereoisomers of the ligands, including 

pure enantiomers and non-racemic mixtures thereof. The scope of the invention as described 
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and claimed encompasses the racemic forms of the ligands as well as ttie individual 

enantiomers and non-raeemic mixtures thereof. 

The term "ligand binding site" as used herein denotes a site on a K" channel i:eceptor 

5 that recognizes a ligand domain and provides a binding partner for the ligand. The ligand 

binding site may be defined by monomeric or multimeric stmctures. This interaction may be 

caPable of producing a unique biological effect, for example agonism, antagonism, 

modulation, or may maintain an ongoing biologic8J. event, and the like. 

10 It should be recogni7.ed that the ligand binding sites of K.+ channel receptors that 

participate in biological multivalent binding interactions are constrained to varying degrees by 

their intra- and intermolecular associations. For example, K+ channel ligand ~inding sites 

may be covalently joined in a single structure, noncovalently associated in one or more 

multimeric structures, embedded in a membrane or biopolym.er matrix, and so on, and 

15 therefore have less translational and rotational freedom than if the same sites were present as 

monomers in solution. 

The terms "agonism" and "antagonism" are well known in the art. A2. ~ed herein,_the 

term "agonist" refers to a ligand that when bound to a K" channel stimulates its activity. The 

20 term "antagonist" refers to a ligand ~t when bound to a K" channel inhil?its its activity. 

2s· 

Channel block or activation may result from allosteric effects of ligand binding to the channel 

rather than occupancy of the channel pore. These allosteric effects may produce changes in 

protein conformation that affect K+ binding sites, gating mechanisms and/or the pore region 

(i.e., ion permeation). 

A potassium channel can exist in several modes: C (closed resting state); C* 

(activated closed state); 0 (open state); and I (inactivated state).44 The probability that a 

channel will exist in one of these four states changes with voltage. A given ligand may have 
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different binding affinities for different states, and be capable of producing agonist or 

antagonist activity. 

The term "modulatory effect" is intended to refer to the ability of a ligand to change 

S the activity of a K" channel through binding to the channel. 

"Multi.bin.ding agent" or "multibinding compound" refers herein to a compound that 

has from 2 to 10 K+ channel ligands as defined herein (which may be the same or different) 

covalently bound to one or more linkers (which may be the same or different), and is capable 

10 ofmultivalency, as defined below. 

A multibinding compound provides an improved biologic and/or therapeutic effect 

compared to that of the same number of unlinked ligands available for binding to the ligand 

binding sites on a K+ channel or channels. ·Examples of improved ''biologic and/or 

15 therapeutic effect" include increased ligand-receptor binding interactions (e.g., increased 

affinity, increased ability to elicit a functional change in the target, improved kinetics), 

increased selectivity for the target, increased po~cy, increased efficacy, decreased tOxicity, 

increased therapeutic index, improved duration of action, improved bioavailability, improved 

pharmacokinetics, improved activity spectrum, and the like. The multibinding compounds of 

20 this invention wi~ exhibit at least one, and preferably more than one, of the above-mentioned 

effects. 

"Uni~ency'' as used herein refers to a single binding interaction between one ligand 

with one ligand binding site as defined herein. It should be noted that a compound having 

25 multipl~ copies of a ligand (or ij.gands) exhibits univalency when 'Only one· ligand of that 

compound interacts with a ligand binding site. Examples of univalent interactions are 

depicted below. 
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.. 

univalent interaction 

"Multivalency" as used herein refers to the concurrent binding of from 2 to 10 linked 

ligands, which may be the same or~ and two or.more corresponding ligand binding 

sites, which may be the same or different An example of trivalent binding is depicted below 

for illustrative purposes. 

trivalent interaction 

It should be understood that not all compl'!unds that contain multiple copies of a ligand 

attached to a linker necessarily exhibit the phenomena of multivalency, i.e., that the biologic 

and/or therapeutic effect of the multibinding agent is greater than that of the same number of 

20 unlinked ligands made available for binding to the ligand binding sites. For multivalency to 

occur, the ligand domains of the ligands that are linked together must be presented to their 
cognate ligand binding sites by the linker or linkers in a specific manner in order to bring 

about the desired ligand-orienting result, and thus produce a multibinding interaction. 

25 The term "libraryn refers to at least 3, preferably from 10'1to"109 and more preferably 

from 102 to 104 multimeric compounds. Preferably, these compounds are prepared as a 

multiplicity of compounds in a single solution or reaction mixture which permits facile 

synthesis thereof. In one embodiment, the library of multimeric compounds can be directly 

assayed for multibindi:rig properties. In another embodiment, each member of the library of 
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multimeric compounds is first isolated and, optionally, cbaracteri7.ed. This member is then 

assayed for multi.binding properties. 

The term "collection" refers·to a set of multimeric compounds which are prepared 

5 either sequentially or concmrently (e.g., combinatorially). The collection comprises at least 2 

members;. preferably from 2 to 1 Cf members and still more preferably from 10 to 1<>4 

members.. 

The term "multimeric com.pound" refers to compounds comprising from 2 to 10 

10 ligands covalently connected through at least one linker which compounds may or may not 

possess multi.binding properties (as defined herein). 

The tenn "pseudobalide" refers to functional groups which react in displacement 

reactions in a manner similar to a halogen. Such functional groups include, by way of 

15 example, mesyl, tosyl, azido and cyano groups. 

The tenn "linker", identified where appropriate by the symbol X, refers to a group or 

groups that covalently links from 2 to 10 ligands (as defined above) in a manner that provides 

a · compound capable of multivalency. The linker is a ligand-orienting entity that 

20 permits attachment of multiple copies ~fa ligand (which may be the same or different) 

thereto. 

The term "linker" includes everything that is not considered to be part of the ligand, 

e.g., ancillary groups such as solubilizing groups, lipophilic groups, groups that alter 

2'5 pharmacodynamics or phannacokinetics, -groups that modify the diffilsability of the 

multi.binding compound, spacers that attach the ligand to the linker, groups that aid the 

ligand-orienting function of the linker, for example, by imparting flexibility or rigidity to the 

linker as a whole, or to a portion thereof, and so on. The term "linker'' does not, however, 

cover solid inert supports such as beads, glass particles, rods, and the like, but it is to be 
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understood that the multibinding compounds of this invention can be attaChed to a solid 

support if desired, for example, for use in separation and purification processes and for 

similar applications. 

The extent to which the previously discussed enhanced activity of multibinding 

compounds is realized .in this invention depends upon the efficiency with which the linker or 

linkers that joins the ligands presents them to their array oflig~ binding sites. Beyond 

presenting these ligands for multivalent interactions with ligand binding sites, the linker 

spatially constrains these interactions to occur within dimensions defined by the linker. 

The linkers used in this invention are selected to allow multivalent binding of ligands 

to any desired ligand binding sites of a IC' channel, whether such sites are located within the 

cell membrane, interiorly (e.g., within a channeJ/translocation pore}, both interiorly and on the 

periphery of a channel, at the boundary region between the lipid bilayer and the channel, or at 

15 any intennediate position thereof. The preferred linker length will vary depending on the 

distance between adjacent ligand binding sites, and the geometry, flexibility and composition 

of the linker. The length of the linker ~ll preferably be in the range of about 2A to about 

20 

1 ooA,. more preferably from about 2A to about SOA and even more preferably from about SA 

to about 20A. 

The ligands are covalently attached to the linker or linkers using conventional 

chemical techniques. The reaction chemistries resulting in such linkage are well known in the 

art and involve the use of reactive functional groups present on the linker and ligand. 

Preferably, the reactive functional groups on the linker are selected relative to the functional 

25 groups available on the ligand for coupling, ·or wliich can: be introduced onto the ligand for 

this purpose. Again, such reactive functional groups are well known in the art. For example, 

reaction between a carboxylic acid of either the linker or the ligand and a primary or 

secondary amine of the ligand or the linker in the presence of suitable well-known activating 

agents results in formation of an amide bond covalently linking the ligand to the linker; 
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reaction between an amine group of either the linker or the ligand and a sUlfonyl halide of the 

ligand or the link.er results in formation of a sulfonamide bond covalently linking the ligand to 

the linker; and reaction between an alcohol or phenol group of either the linker or the ligand 

and an alkyl or myl halide of the ligand or the linker results in formation of an ether bond 

5 covalently linking the ligand to the linker. The table below and Figure 6 illustrate numerous 

reactive functional groups and the re.suiting bonds formed by reaction therebetween. Where 
functional groups are lacking, they can be created by suitable chemistries that are descJ;ibed in 

standard organic chemistty texts such as J. March, .Advanced Organic Ch(!~stry, ~ FA., 

(Wiley-Interscience, N.Y., 1992). 

10 

15 

20 

25 

Complementary Binding Chemistries 

First Reactive Group Second Reactive Group Linkage 

hydroxyl isocyanate urethane 

amine epoxide p-hydroxyamine 

sulfonyl halide amine sulfonamide 

carboxyl amine- amide 

hydroxyl alkyl/myl halide ether 

amine alkyl halide substituted amine 

The linkef is attached to the ligand at a position that retains ligand domain-ligand 

binding site interaction and specifically which permits the ligand d~ of the ligand to 

orient itself to bind to the ligand binding site. Such positions_ and synthetic protocols for 

linkage are well known in the art. The term linker embraces everything that is not 

co~idered to be p~ of the ligand. 

The relative orientation in which the ligand domains are displayed depends both on 

the particular point or points of attachment of the ligands to the linker, and on the :framework 

geometry. The determination of where acceptable substitutions can be made on a ligand is 
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typically based on prior knowledge of structure-activity relationships of the ligand and/or 

congeners and/or structural information ·about ligand-receptor complexes (e.g., X-ray 

crystallography, NMR, and the like). Such positions and synthetic protocols for linkage are 

well known in the art and can be determined by those with ordinary skill in the art (see, e.g., 

S METHODS OF PREPARATION, Examples 1-29 and Figures 7 to 21. Following 

10 

-
attachment of a ligand to the link.er or linkers, or to a significant portion thereof (e.g., 2-10 

atOms of linker), the linker-ligand conjugate may be tested for retention of activity ~a 

relevant assay system (see Utility and Testing below for representative assays). 

At present, it is preferred that the multibinding compound is a bivalent compound in 

which two ligands are covalently ~ or a trivalent compound, in which three ligands are 

covalently linked. Linker design is further discussed under METHODS OF 

PREPARATION. 

15 "Potency" as used herein refers to the minimum concentration at which a ligand is 

able to achieve a desirable biological or therapeutic effect. The potency of a ligand is 

ty,pically proportioiial. to itS 8.ffinity for its receptor. In some cases, the potency may be non­

linearly correlated with its affinity. In comparing the potency of two drugs, e.g., a 

mµltibinding agent and the aggregate of its unlinkeq ligand, the dose-response curve of each 

20 is determj.ned under identical test conditions {e.g., in an in vitro or in vivo assay, in mi 
appropriate animal model (such-as a human patient)). The finding that the multibinding agent 

produces an equivalent biologic or therapeutic effect at a lower concentration than the 

aggregate ~nked ligand (e.g., on a per weight, per mole or per ligand basis) is indicative of 

enhanced potency. 

25 

"Selectivity" or "specificity'" is a measure of the binding preferences of a ligand for 

different receptors. The selectivity of a ligand with respect to its target receptor relative to 

another receptor is given by the ratio of the respective values of~ (i.e., the dissociation 

constants for each ligand-receptor complex) or, in cases where a biological effect is observed 
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below the~ the ratio of the respective EC50s or I<;,s (i.e., the concentrations.that produce 

50% of the maximum. response for the ligand interacting with the two distinct receptors). 

The term "treatment" refers to any treatment of a disease or condition in a mammal, 

5 particularly a human, and includes: 

10 

(i) preventing the disease or condition from occurring in a subject which may be 

predisposed to the condition.but bas not yet been diagnosed with the condition and, 

accordingly, the treatment constitutes prophylactic treatment for the pathologic condition; 

(ii) inhibiting the disease or condition, i.e., arresting its development; 

(fu') relieving the disease or condition, i.e., causing regression of the disease or 

condition; or 

(iv) relieving the symptoms resulting from the disease or condition without 

addressing the underlying disease or condition, e.g., relieving symptoms of angina pectoris 

and other conditions of ischemia but not an underlying ~use such as, for example, 

15 atherosclerotic disease or hypertension. 

The phrase "disease or condition which is modulated by treatment with a muitibfuding 

K+ channel ligand" covers all disease states and/or conditions that are generally 

acknowledged ~the art to be usefully treated with a ligand !or a K'" channel in general, and 

20 those disease states and/or conditions that have been found to be usefully treated by a specific 

multibinding compound of our invention, i.e., the compounds of Fonnula I. Such disease 

states include, by way of example only, hypertension, cerebral ischemia, cardiac arrythmias 

(particularly, arrythmias resulting from potassium-related changes in membrane potential and 

conduction), cardiac hypertrophy due to systolic or diastolic overload, congestive heart 

25 failure, and the like. 

The tenn "therapeutically effective amount" refers to that amount of multi.binding 

compound that is sufficient to effect treatment, as defined above, when administered to a 

mammal in need of such treatment. The therapeutically effective amount will vary depending 
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upon the subject and disease condition being treated, the weight and age of the subject, the. 

severity of the disease condition, the manner of administration and the like, which can readily 

be determined by one of ordinary skill in the art. 

The tenn "pharmaceutically acceptable excipienf' is intended to include vehicles and 

carriers capable of being coadministered with a multioinding compoumi to &cilitate the · 

performance of its intended function. The use of such media for pbaanaceutically active 

substances is well known in the art. Examples of such vehicles and carriers include solutions, 

solvents, dispersion media, delay agents, emulsions and the like. Any other conventi~ 

l 0 carrier suitable for use with the multi.binding compounds also falls within the scope of the 

present invention. 

METHODS OF PREPARATION 

15 Linkers 
The linker or linkers, when covalently attached to multiple copies of the ligands, 

provides a biocompatible, substantially non-imm~~genic multi.binding compoulld. The. 

biological activity of the multi.binding K+ channel compound is highly sensitive to the 

geometry, composition, siz.e, length, flexibility or rigidity, the presence or absence of anionic 

20 or cationic charge, the relative hydrophobicity/hydrophilicity, and similar properties of the 

linker. Accordingly, the linker is preferably chosen to maximiz.e the biological activity of the 

compmmd. The linker may be biologically ''neutral," i.e., not itself contribute any additional 

biological activity to the multibinding compound, or it may be chosen to further enhance the 

biological activity of the compound. In general, the linker may be chosen from any organic 

25 molecule construct that orients two or more ligands for binding to the receptors to permit 

multi.valency. In this regard, the linker can be considered as a ":framework" on which the 

ligands are arranged in order to bring about the desired ligand-orienting result, and thus 

produce a multi.binding compound. 
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For example, different orientations of ligands can be achieved by Varying the 

geometry of the framework. (linker) by use of mono- or polycyclic groups, such as aryl and/or 

heteroaryl groups, or structures incorporating one or more carbon-carbon multiple bonds 

(alkenyl, alkenylene, alkynyl or alkynylene groups). The optimal geometry and composition 

5 of frameworks (linkers) used in the mUitibinding compounds of this invention are based upon 

the properties of their intended receptors. For example, it is prefened to use rigid cyclic 

groups (e.g., aryl, heteroaiyl), or non-rigid cyclic groups (e.g., cycloalkyl or crown groups) to 

reduce conformational entropy when such may be necessary to achieve energetically coupled 

binding. 

10 

Different hydrophobic/hydrophilic characteristics of the linker as well as the presence 

or abserice of charged moieties can readily be controlled by the skilled artisan. For example, 

the hydrophobic nature of a linker derived from hexamethylene di.amine {H2N(C~)fiNH2) or 

related polyamines can be modified to be substantially more hydrophilic by replacing the 

15 alkylene group with apoly(oxyalkylene) group such as found in the commercially available 
11Jeffamines11 (class of surfuctants). 

Different :frameworks can be designed to provide preferred orientations of the ligands. 

The identification of an appropriate framework geometry for ligand domain presentation is an 

20 important first step in the coI1$truction of a multi binding agent with enhanced activity. 

Systematic spatial searching strategies can be used to aid in the identification of preferred 

frameworks through an iterative process. Figure 2 illustrates a useful strategy for determining 

an optimal framework display orientation for ligand domains and can be used for preparing 

the bivalent compounds of this invention. Various alternative strategies known to those 

25 skilled in the art of molecular design can be substituted for the one described here. 

As shown in Figure 2, the ligands (shown as filled circles) are attached to a central 

core structure such as phenyldiacetylene (Panel A) or cyclohexane dicarboxylic acid (Panel 

B). The ligands are spaced apart from the core by an attaching moiety of variable lengths m 
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and n. If the ligand possesses multiple attachment sites (see discussion bclow), the 
,, 

orientation of the ligand on the attaching moiety may be varied as well. The positions of the 

display vectors around the central core structures are varied, thereby generating a collection of 

compounds. &say of each of the individual compounds of a collection generated as 

5 described. will lead to a subset of compounds with the desired enhanced activities (e.g., 

·patency, selectivity). The analysis of this subset using a technique such as Ensemble 

Molecular Dynamics will suggest !l framework orientation that favors the properties desired. 

The. process may require the use of multiple copies of the same central core structure 

10 or combinations ·of different types of display cores. It is to be noted that core structures other 

than those shown here can be used for determining the optimal framework display orientation 

of the ligands. The above-described technique can be extended. to trivalent compounds and 

compounds of higher-order valency. 

15 A wide variety of linkers is commercially available (Chem Sources USA and Chem 

Sources International; the ACD electronic database; and Chemical Abstracts). Many of the 

linkers that are suitable for use in this invent!-on fall into this category. Others can be readily. 

synthesized by methods known in the art, and as described. below. Examples of l~ers 

include aliphatic moieties, aromatic moieties, steroidal moieties, peptides, and the like. 

20 Specific examples are peptides or polyamides, hydrocarbons, aromatics, heterocyclics; ether~. 

lipids, cationic or anionic groups, or a combination thereof. 

Examples are given below and in Figure 3, but it should be understood that various 

changes may be made and equivalents may be substituted without departing from the true 

25 spirit and scope of the invention. For example, properties of the lhi:ker can be modified by the 

addition or insertion of ancillary groups into the linker, for example, to change the solubility 

of the multibinding compound (in water, fats, lipids, biological fluids, etc.), hydrophobicity, 

hydrophilicity, link.er flexibility, antigenicity, stability, and the like. For example, the 

introduction of one or more poly( ethylene glycol) (PEG) groups onto the linker enhances the 
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hydrophilicity and water solubility of the multibinding compound, increaSes both molecular 

weight and molecular size and, depending on the nature of the unPBGylated linker, may 

increase the in vivo retention time. Further, PEG may decrease antigenicity and potentially 

enhances the overall rigidity of the linker. 

Ancillary groups that enhance the water solubility/hydrophilicity of the linker, ancf 

accordingly, the resulting multi.binding COlllpo1\tlds, are useful in practicing this invention. 

Thus, it is within the scope of the present invention to use ancillary groups such as, for 

example, sinall repeating units of ethylene glycols, alcohols, pol;yols, (e.g., gly~ glycerol 

10 propoxylate, saccharides, including mono-, oligosaccharides, etc.) carboxylates (e.g., small 

repeating units of glut.amic acid, acrylic acid, etc.), amines (e.g., tetraethylenepentamine), and 

the like to enhance the water solubility and/or hydrophilicity of the multibinding compounds 

of this invention. In preferred embodiments, the ancillary group used to improve water 

solubility/hydrophilicity will be a polyether. In particularly preferred embodiments, the 

15 ancillary group will contain a small number of repeating ethylene ox,ide (-CH2CH20-) units. 

The Incorporation of lipophilic ancillary groups within the structure of the linker to 

enhance the lipophilicity and/or hydrophobicity of the compounds of Formula I is also within 

the scope of this invention. Lipophilic groups useful with the linkers of this invention 

20 include,.but are not limited to, lower alley~ aromatic groups and polycyclic aromatic.groups. 

· The aromatic groups may be either unsubstituted or substituted With other groups, but are at 

least substituted with a group which allows their covalent attachment to the linker. As used 

herein the term "aromatic groups" incorporates both aromatic hydrocarbons and heterocyclic 

aromatics. Other lipophilic groups useful with the linkers of this invention include fatty acid 

25 derivatives which may or may not form micelles in aqueous !Jledium and other specific 

lipophilic groups which modulate interactions between the multi.binding compound and 

biological membranes. 
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Also within the scope of this invention is the use of ancillary groups which result in 

the compound of Fonnula I being incoi:porated into a vesicle, such as a liposome, or a 

micelle. The term "lipid" refers to any fatty acid derivative that is capable of fanning a 

bilayer or micelle such that a hydrophobic portion of the lipid material orients toward t:Q.e 

S bilayer while a hydrophilic portion orients toward the aqueous phase. Hydrophilic 

"cliara.Ct:eristics derive from the presence of phosphato, carbOxylic, sulfato, amino, sulthydryl, 

nit(<> and other like groups well known in the art. Hydrophobicity could be conferred by the 

inclusion of groups that include, but are not limited to, long chain saturated and unsaturated 

aliphatic hydrocarbon groups of up to 20 carbon atoms and such groups_ substituted by one or 

10 more aryl, heteroaryl, cycloalkyl, and/or heterocyclic group(s). Preferred lipids are 

phosphoglycerides and sphingolipids, representative examples of which include 

phosphatidylcholine, phosphatidylethanolamine, phospha~dylserine, phosphatidylinositol, 

phosphatidic acid, palmitoyleoyl phosphatidylcholine, lysophosphatidylcholine, . 

lysophosphatidyl-ethanolamine, dipalmitoylphosphatidylcholine, dioleoylphosphatidyl-

15 choline, distearoyl-phosphatidylcholine and dilinoleoylphosphatidylcholine. Other 

compounds lacking phosphorus, such as sphingolipid and glycosphingolipid families, are also 

·within the group designated as lipid. Additionally, the amphipathic lipids described above 

may be mixed with other lipids including triglycerides and sterols. 

20 The flexibility ~f the linker can be manipulated by the inclusion of ancillary grou.Ps· 

which are bulky and/or rigid. The presence of bulky or rigid groups can hinder free rotation 

about bonds in the linker, or bonds between the linker and the ancillary group(s), or bonds 

between the linker and the functional groups. Rigid groups can include, for example, those 

groups whose conformational freedom is restrained by the presence of rings and/or 7t-bonds, 

25 for example, aryl, heteroaryl and heterocyclic groups. Other groups which can impart rigidity 

include polypeptide groups such as oligo- or polyproline chains. 

Rigidity can also be impaited electrostatically. Thus, if the ancillary groups are either 

positively or negatively charged, the similarly charged ancillary groups will force the linker 
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into a configuration affording the maximum distance between each of the ·like charges. The 

energetic cost of bringing the like-charged groups closer to each other, which is inversely 

related to the square of the distance between the groups, will tend to hold the linker in a 

configuration that maintains the separation between the like-charged ancillary groups. 

5 Further, ancillary groups bearing opposite charges will tend to be attracted to their oppositely 

charged counterparts and potentially may enter into both inter- and intramolecular ionic 

bonds. This non-covalent m.ecbanism will tend to hold ~e linker in a CQDformation which 

allows bonding between the oppositely charged groups. The addition of ancillary groups 

which are charged, or alternatively, protected groups that bear a latent charge which is 

10 unmasked, following addition to the linker, by deprotection, a change in pH, oxidation, 

reduction or other mechanisms known to those skilled in the art, is within the scope of this 

invention. 

Bulky groups can include, for example, large atoms; ions (e.g., iodine, sulfur, metal 

15 ions, etc.) or groups containing large atoms, polycyclic groups, including aromatic groups, 

non-aromatic groups and structures incorporating one or more carbon-carbon 1t-bonds (i.e., 

alkenes and alkynes ). Bulky groups can also include oligomers and polymers which are 

branched- or straight-chain species. Species that are branched are expected to increase the 

rigidity of the structure more per unit molecular weight gain than are straight-chain species. 

20 

In preferred embodiments, rigidity (entropic control) is imparted by the presence of 

alicyclic (e.g., cycloalkyl), aromatic and heterocyclic groups. In other preferred 

embodiments, this comprises one or more six-membered rings. In still further preferred 

embodiments, the ring is an aryl group such as, for example, phenyl or naphthyl, or a 

25 macrocyclic ring such as, for ex.ample, a crown compound. 

In view of the above, it is apparent that the appropriate selection of a linker group 

providing suitable orientation, entropy and physico-chemical properties is well within the 

skill of the art. 
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Eliminating or reducing antigenicity of the multibinding compowids described herein 

is also within the scope of this invention. In certain cases, the antigenicity of a multibinding 

compound may be eliminated or reduced by use of groups such as, for example, poly( ethylene 

glycol). 

The Compounds ofFormu1a I 

As explained abov.e, the multi.binding comp0unds described herein comprise 2-10 

ligands attached covalently to a linker that links the ligands in a manner that allows their 

multivalerit binding to ligand binding sites of r channels. The linker spatia"lly constrains 

10 these interactions to occur within dimensions defined by the linker. This and other factors 

increases the biologic and/or therapeutic effect of the multi.binding compound as compared to 

the same number ofligands used in monobinding form. 

The compounds of this invention are preferably represented by the empirical formula 

15 (L)p(X)q where L, X, p and q are as defined above. This is intended to include the several 

ways in which the ligands can be linked together in order to achieve the objective of 

multivalency, and a more detailed explanation is provided below. 

As noted previously, the linker may be considered as a framework to which ligands 

20 are attached. Thus, it should be recognized that the ligands can be attached at any suitable 

position on this framework, for example, at the termini of a linear chain or at any intermediate 

position thereof. 

The simplest and most preferred multibinding compound is a bivalent compound 

25 which can be represented as L-X-L, where L is a ligand and is the same or different and X is 

the linker. A trivalent compound could also be represented in a linear fashion, i.e., as a 

sequence of repeated units L-X-L-X-L, in which Lis a ligand and is the same or different at 

each occurrence, as is X. However, a trivalent compound can also comprise three ligands 

attached to a central core, and thus be represented as (L)3X, where the linker X could 
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include,for example, an aryl or cycloalkyl group. Tetravalent compounds· can be represented 
in a linear array: 

L-X-L-X-L-X-L, 

or a branched array: 

L-X-L-X-L, 

I 
L 

10 i.e., a branched 'construct analogous to the isomers of butane (n-butyl, iso-butyl, sec-butyl, 
and t- butyl). Alternatively, it could be represented as an aryl or cycloalkyl derivative as 
described above with four (4) ligands attached tO the core linker. 

The same considerations apply to higher multibinding compounds of this invention 
15 containing from 5-10 ligands. However, for multibinding agents attached to a central linker 

such as an aryl, cycloalkyl or heterocyclyl group, or a crown compound, there is a self-evident 

constraint that 1;here must be sufficient attachment sites on the link.er to ~commodate the 
number of ligands present; for example, a benzene ring could not accommodate more than 6 

ligands, whereas a multi-ring linker (e.g., biphenyl) could accommodate a larger number of 
20· ligands. 

The formula (L )p(X)q is also intended to represent a cyclic compound of formula (-L­

X-)n ,where n is 2-10. 

25 All of the above variations are intended to be within the scope of the invention 

defined by the formula (L)p(X)q. Examples of bivalent and higher-order valency compounds 
of this invention are provided in Figures 4A to 40. 
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With the foregoing in mind, a preferred linker may be represented by the following 

formula: 

-X'-Z-(Y'-Z)m-Y"-Z-X'-

5 in which: m is an integer of from 0 to 20; X' at each separate occmrence is -0-, -S-, -S(Oh -

S(O)i-, -NR-,-W RR'-, -C(O)-.-.qO)O·, -C(O)NH-, -C(S), -C(S)O-, -C(S}NH-or a covalent 

bon,d, where Rand R at each separa~ <?CCurrence are as defined below for R' and R"; Z is at 

each separate occurrence selected from alkylene, substituted allcylene, alkylalkoxy, 

cycloalkylene, substituted cycloalkylene, alkenylene, substituted alkenylene, alkynylene, 

· 10 substituted alkynylene, cycloalkenylene, substituted alkenylene, arylene, substituted arylene, 

heteroarylene. heterocyclene. substituted heterocyclene. crown compounds, or a covalent 

bond; Y' and Y'' at each separate occurrence are selected from the group consisting of 

15 

R' 
'-.,.N 

20 )lN/ 
I 
R' 

0 
25 

,N)lO/ 
I 
R' 

0 

'-.N~ 
I 
R' 

N/ 
R' 

,NA_ 
I 
R' 

X' 

'-..~/ N N 

I 
R' 

-P(Oh(OR')-0-

-S(O)n-CR'R.,.-, -S(0)0-NR'-, 
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-S-S- or a covalent bond; in which: n is 0, 1 or 2; and R' and R '' at eacth 8eparate occurrence 

re selected ftom hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, alkenyl, 

substituted alkenyl, alkynyl, substituted alkynyl, aryl, heteroaryl or heterocyclic. 

5 Additionally, the linker moiety can be optionally substituted at any atom therein by 

one or more alkyl, substituted alkyl, cycloalkyl, .substituted cycloalkyl, alkenyl, substituted 

alkenyl, alk:ynyl, substituted alkynyl, aryl, heteroaryl and heterocyclic group. 

As indicated above, the simplest (and prefeaed) construct is a bivalent compound 

10 which can be represented as L-X-L, where Lis a K" channel ligand that is the same or 

different at each occurrence, and X is the linker. Accordingly, examples of the preparation of 

a bivalent ligand are given below as an illustration of the manner in which multioinding 

compounds of Formula I are obtained. 

15 The reaction schemes that follow illustrate preferred linking strategies for linking 

phenylmethane sulfonamide ( dofetilide, ibutilide, sematilide, sotalol, and B-4031) and 

benzofuran (amiodarone, desethylamiodarone, NE-10064) classes of potassium channel 

modulators. These strategies are intended to apply as well to any K:+ channel ligand that 

includes, or can be functionalized with groups compatible with the chosen linker (e.g., 

20 azimilide and tedisamil). 

As was previously discussed, the linker or linkers can be attached to different 

positions on the ligand mol<?cule to achieve different orientations of the ligand domains and 

thereby facilitate multivalency. For example, the positions that are potentially available for 

25 linking a benzofuran such as amiodarone are indicated by arrows in the structure shown in 

Figure 5. 

Preferred positions of attachment suggested by known SAR are illustrated in the 

reaction schemes of Figures 7 to 21. Examples of ligands are shown in Table 4. 
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Certain r channel Iigm:i.ds may be chiral and exhibit stereoselectiVity. The most 

active enantiomCIS are preferably used as ligands in the multibinding compounds of this 

invention. The chiral resolution of enantiomCIS is accomplished by well known procedures 

that result in the formation of diastereomeric derivatives or salts, followed by conventional 

5 separation by chromatographic procedures or by fractional crystallimtion (see, e.g., Bossert, 

et al., Angew. Chem. Int. Ed., 20:762-769 (1981) and U.S. Patent No. 5.57.1,827 and 

ref~ces cited~). ~may also be obtained by asymmetric.synthesis. 

The ligands are covalently attached to the linker using conventional chemical 

10 techniques. The reaction chemistries resulting in such linkage are well known in the art arul 

involve the Coupling of reactive functional groups present on the linker and ligand. In some 

cases, it may be necessary to protect portions of the ligand that are not involved in linking 

reactions. Protecting groups for this purpose are well known in the art and are indicated 

generally in the reaction schemes by the symbols PG and PG'. 

15 

Preferably, the reactive functional groups on the linker are selected relative to the 

functiorutl groups on the ligand that are available for coupling, or can be introduced onto the 

ligand for this purpose. In some embodiments, the linker is coupled to ligand precursors, 

with the completion ofligand synthesis being carried out in a subsequent step. Where 

20 functional groups are lacking, they can be created by suitable chemistries that are described in 

standard organic chemistry texts such as J. March, Advanced Organic Chemistry. 4lh Ed. 

(Wiley- lnterscience, N.Y., 1992). Examples of the chemistry for connecting ligands by a 

linker are shown in Figure 6, where R1 and R2 represent a ligand and/or the linking group. 

One skilled in the art will appreciate that synthetically equivalent coupling reactions can be 

25 substituted for the reactions illustrated herein. 

The linker to which the ligands or ligand precursors are attached comprises a "core" 

molecule having two or more functional groups with reactivity that is complementary to that 

of the functional groups on the ligand. Figure 3 illustrates the diversity of"cores" that are 
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useful for varying the linker si?.e, shape, length, orientation, rigidity, acidlty/basicity, 

hydrophobicity/hydrophilicity, hydrogen bonding characteristics and number of ligands 

connected. This pictorial representation is intended only to illustrate the invention, and not to 

limit its scope to the structures shown. In the Figures and reaction schemes that follow, a 

5 solid circle is used to generically represent a core molecule, referred to as "Link'' in the 

·Examples. The solid circle is equivalent to a linker as defined above after reaction. 

The preferred compounds of Fonnula I are bivalent.. Accordingly, and for the purpose 

of simplicity, most of the figures and reaction schemes below illustrate the synthesis of 

10 bivalent K+ channel modula~ It should be noted, however, that the same techniques can be 

used to generate higher order multibinding compounds, i.e., the compounds of the invention 

where pis 3-10. (See, e.g., Figure 15 and 20.) 

Reactions perfonned under standard amide coupling conditions are carried out in an 

15 inert polar solvent (e.g.,DMF, DMA) in thepresenceofahindered base (e.g., TEA, DIPEA) 

and standard amide coupling reagents (e.g., DPPA, PyBOP, HATIJ, DCC). 

Several methods for preparing bivalent benzofuran (BF) compounds, as exemplified 

here for amiodarone and structurally analogous molecules, are illustrated in the reaction 

20 · schemes for amiodarone and dronedarone shown in Figure 7. These are described in detail in 

Examples 1-3. 

Several methods for preparing bivalent phenylmethane sulfonamide (PMS) 

compounds, as exemplified by dofetilide, ibutilide, sematilide and sotalol, and structurally 

25 analogous molecules are illustrated in the reaction schemes shown in Figures 8 - 11. These 

are described in detail in Examples 4-11. 
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Several methods for preparing bivalent azimilide and tedisamil coinp0unds are 

illustrated in the reaction schemes shown in Figures 12 - 13. These are described in detail in · 

Examples 12 - 14. 

5 The strategies for preparing compounds of Formula I discussed above involve 

coupling the ligand directly to a homobifunctional core. Another strategy that can .be used 

with all ligands, and for the ~on of both bivalent and higher order multibinding 

compounds, is to introduce a 'spacer' before coupling to a central core. Such a spacer can 

itself be selected from the same set as the possible core compounds. Examples of this 

10 linking strategy using starting materials prepared as descn"bed above, are shown in Figure 14, 

where the spacer is represented by a black circle. As defined herein, the linker comprises the 

spacer+ core. These are described in detail in Examples 15-17. 

Compounds of Formula I of higher order valency, i.e., p>2, can be prepared by simple 

15 extension of the above strategies. As shown in Figure 15, compounds are prepared by 

coupling ligands to a central core bearing multiple functional groups. The reaction conditions 

are the same as described above for the preparation of bival~t compounds, with appropriate 

adjustments made in the molar quantities of ligand and reagents. These are described in 

detail in Examples 18-21. 

20 

Figures 16 and 17 show .ligands coupled to a polypeptide core with a sidechain spacer. 

Solid phase peptide synthesis can be used to produce a wide variety of peptidic core 

molecules. Techniques well-known to those skilled in the art (including combinatorial 

methods) are used to vary the distance between ligand attachment sites on the core molecule, 

25 the nwnber of attachment sites available for coupling. and the chemical properties of the core 

molecule. Orthogonal protecting groups are used to selectively protect functional groups on 

the core molecule, thus allowing ancillary groups to be inserted into the linker of the 

multibinding compound and/or the preparation of "heterovalomers" (i.e., multibinding 

compounds with nonidentical ligands). 
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All of the synthetic strategies described above employ a step in which the ligand, 

attached to sp~ or not, is symmetrically linked to .functionally equivalent positions on a 

central core. Compounds of Formula I can also be synthesiz.ed using an asymmetric linear 

approach. This strategy is preferred when linking two or more ligands at different points of 

5 connectivity (see, e.g., Figure 18) or when preparirig heterovalomers (see, e.g., Figure 19). 

These are described in detail in Examples 22-25. 

Isolation and Purification of the Compounds 

Isolation and purification of the compounds and intermediates described herein can be 

10 effected, if desired, by any suitable separation or pmification such as, for example, filtration, 

extraction, crystallization, colwnn chromatography, thin-layer chromatography, thick-layer 

chromatography, preparative low or high-pressure liquid chromatography or a combination of 

these procedures. Characteri7.ation is preferably by NMR and mass spectroscopy. 

15 Utility and Testin~ 

The multibinding compounds of this invention can be ~d to modulate potassium 

Channels in various tissues including heart, muscle, and neurons. They will typically be used 

for the treatment of diseases and conditions in mammals that involve or are mediated by K_+ 

channels, such as hypertension, cardiac anytbmias, cerebral ischemia, congestive heart 

20 failure, and the like. 

25 

The multibinding compounds of this invention are tested in well-known and reliable 

assays and their activities are compared with those of the corresponding unlinked (i.e., 

monovalent) ligands. 

Binding affinity to potassium Channels 

The binding affinity is determined by a radioligand competitive inhibition assay'P 

The ability of the present compounds to compete with (3H]dofetilide or a similar radioactive 

ligand in binding to high- and low-affinity binding sites of guinea pig ventricular myocytes is 
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measured in vitro. The binding aflinify, calculated from competition curY-es, is compared 

with that of the monovalent ligand and/or monovalent link:er·ligand conjugate. 

Antiarrhytbmic ~ffect 

5 Antiarrhythmic effect of compounds of this invention may be detemlined in vivo in 

dogs with induced myocardial infarction and reproducibly inducible ventricular tachycardia or 

ventricular fibrillation. 1.n Suppression of inducible arrhythmias is measured. 

The antifibrillatory and antiarrhytluiuc effects of the compounds of this invention may 

10 ·be determined in vivo using a canine model of suddC?Jl death.7 Reduction of the incidence of 

programmed electrical stimulation (PBS) induced ventricular tachycardia and protection 

against ischemia-induced ventricular fibrillation are measured. 

The antiarrhytbmic effect of the compounds of this invention may be detennined in 

15 vivo using the mouse chloroform model.8 The percentage of animals showing nonnal sinus 

rhythm is measured. 

The antiarrhytbmic effect of the compounds of this invention may be determined in 

vivo using the rat coronary ligation model.8 Ventricular extrasystoles occurring during the 30 

20 minutes following the procedure are counted. 

The antiarrhythmic effect of the compounds of this invention may be determined in 

vitro or in vivo using rat coronary artezy ligationf:reperfusion models.8 In the in vitro model, 

excised rat hearts are retrogradely perfused with a solution of the compound to be tested, then 

25 the coronary artery is ligated, followed by reperfusion. In the in vivo evaluation, the 

compound is administered i.p., then the coronacy arte.rY is ligated, followed by reperfusion. In 

both models the incidence and time to onset during reperfusion of ventricular extrasystole, 

tachyarrhythmia and fibrillation are meas~. 
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The antiatthythmic effect of the compounds of this invention may.be determined in 

vivo using an anesthetized rat mo<Iel of ventricular mhythmias.9 The time to onset of 

ventricular extrasystoles is measured. 

5 The anti.arrhythmic effect of the compounds of this invention may be determined in 

10 

15 

20 

vivo using a canine myocardial infarction model where compound is administered 24 hours 

after ligation of the left anterior descending coronary artery.11 Rig!it ventricular effective 

refractory period, monophasic action potential duration and reduction of PBS indu~ 

ventricular 1achycardia and ventricular fibrillation are measured. 

.· 
The ability of the compounds of this invention to prolong the action potential (achieve 

a slower onset of active state block) and recover faster from block may be determined in vitro 

using rabbit ventricular myocytes.1'.30 Development of block during a long depolarizing 

clamp and recovery from block are measured. 

The ability of the compounds of this invention to suppress repolari7.ation arrhythmias 

may be determined in vitro using canine epicardium. midniyocardium. and endocardium and 

canine cardiac Purkinje fibers and in vivo using anesthetized rabbits. 26.sa.62 

The ability of the compounds of this invention to suppress arrhythmias may be 

determined in vivo using the feline coronary occlusion and left stellate ganglion stimulation 

model, the consciol.is canine model of transient ischemia during exercise in the presence of a 

healed MI and the conscious canine model of complete occlusion after recent MI. n.s9 

25 The ability of the compounds of this invention to prolong action potential duration 

may be determined in vivo and in vitro using guinea pig hearts, S1 and in vitro using calf 

cardiac Purkinje fibers.63 
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The ability of the compounds of this invention to prevent atrial fWrlllation (AF) may 
be determined using a canine model of sustained vagotonic AF .68 Prevention of AF induction 

is measured. Reverse use dependence may also be determined. 

5 . Effect on tachycardia 

The effect of compowi<Js of this invention on tachycardia may be determined in vitro 

using rabbit right atrial preparations. 2 Micro-electrode techniques are used to measure the . . 
ability to prolong the refractory period and thus prevent initiation of tachycardia. 

10 The effect of the compounds of this invention on tachyanhytbmias may be deteanined 

15 

in vi"tro using guinea pig right ventricular papillary muscle.27 The action potential duration at 

different extra.cellular potassium concentrations is measured. 

Effect on potassium currents 

The effect of compounds of this invention on the repolarization currents Ire. and Iro 

may be determined in vitro using whole cell recordings in cat ventricular myocytes and 

papillary muscles from the hearts of oophorectomized rabbits.4•
31 

The effect of compounds of this invention on various specific potassium current may 

20 be detennined in vitro using guinea pig ventricular myocytes and sinoatrial node cells, human 

atrial myocytes, canine ventricular muscle and Purkirtje fibers, guinea pig papillary muscle, 

single voltage clamped guinea pig ventricular myocytes and human ventricular 
endomyocardium. li,t2.17.2.5.29,32,3J,J1,s1,lili,69,11 

25 The ability of compounds of this invention to inhibit potassium currents in a non­

cardiac preparation may be determined using rat taste receptor cells.60 
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Selectiyitr and/or 8.pecificity: 

The ability of compounds o(this invention to modulate the KATP channel may be 

determined using a~ efflux assay.15
"" Thus, this is a potency assay. 

The selectivity and/or specificity of the compounds of this invention may be 

determined using CHO cell lines expressing specific recombinant potassium channel 

subtypes.34 

The selectivity of compounds of this invention for various potassium channel currents 
10 may be detennined in vitro using cloned K channels expressed in cells or ventricular 

myocytes.12.34 

The selectivity of compounds of this invention for various receptors may be 

detennined in vitro using rat synaptosomal membrane. (Pong, et al. ''Binding profile ofNE-

15 10064, a novel Class III anti-arrhythmic agent to rat brain receptors'', Faseb J., 7:A474 

{1993)). 

Antivasoconstrictor activity 

Antivasoconstrictor activity is d.etennined as described in Brittain. et al., Physiologist, 

20 28:325 (1985) as the concentration of a compound required to produce 50% vasorelaxation in 

KCl-contracted rabbit thoracic aorta strips in the presence of calcium. Alternatively, the 

concentration of a compound required to inhibit coronary vasoconstriction induced by a 

thromboxane mimetic (U-46619, i.e., 9,11-methanoepoxy-PGHJ in guinea pig Langendorff 

heart preparation is measured as described in Eltze, et al., Chirality, 2:233-240 (1990). 

25 

Antihnertensiye activity 

Antihypertensive activity is determined in male spontaneously hypertensive rats by 

measurement of mean arterial blood pressure (R.ovnyak. et al., J. Med Chem., 35:3254-3263 

(1992)). 
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Tissue selectivity 

Selectivity for vascular smooth muscle as compared with cardiac muscle can be 

assessed by comparing the concentration of a multibinding compound that produces a 50% 

increase in coronary blood flow in an isolated guinea-pig heart with that required to inhibit 

S myocardial con1ractility. See, e.g., Osterrieder, W. andH;olck, M.,.T. Cardiovasc. Pharm., 

·13:754-9 (1989); and Cremers, et al.,.!. Cardiovasc. Phann:, 29:692-696 (1997). 

Combinatorial Libraries 

The methods described above lend themselves to combinatorial approaches for 

10 identifying mnltimeric compounds which possess multibinding properties for potassium 

chat]Dels. 

Specifically, factors such as the proper juxtaposition of the individual ligands of a 

multioinding compound with respect to the relevant array of binding sites on a target or 

15 targets is important in optimizing the interaction of the multibinding compound with its 

target(s) and to maximize the biological advantage through multivalency. One approach is 

to identify a librari-0f candidate multibinding compounds with properties spanning the 

multibinding parameters that are relevant for a particular target. These parameters include: 

(1) the identity of ligand(s), (2) the orientation of ligands, (3) the valency of the construct, 

20 (4) linker length, (5) linker geometry, (6) linker physical properties, and (7) linker chemical 

functional groups. 

Libraries of multimeric compounds potentially possessing multibinding properties 

(i.e., candidate multibinding compounds) and comprising a multiplicity of such variables 

25 are prepared and these libraries are then evaluated via conventional assays corresponding to 

the ligand selected and the multibinding parameters desired. Considerations relevant to 

each of these variables are set forth below: 
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Selection of lipnd(s) 

A sing!e ligand or set of ligands is (are) sel~ for incorporation into the libraries 

of candidate multibinding compounds which library is directed against a particular 

biological target or targets. The only requirement for the ligands chosen is that they are 

S capable of interacting with the selected target(s). Thus, ligands may be known drugs, 

mod~ed forms of known drugs, substructures of known drugs or substrates of modified 

forms of known clmgs (which are competent to interact with the target). or other . . 
compounds. Ligands are preferably Chosen based on known favorable properties that may 

be projected to be carried over to or amplified in multi.binding forms. Favorable properties 

10 include demonstrated safety and efficacy in human patients, appropriate PK/ ADME 

profiles, synthetic accessibility, and desirable physical properties such as solubility, logP, 

etc. However, it is crucial to note that ligands which display an unfavorable property from 

among the previous list may obtain a more favorable property through the process of 

multibinding compound formation; i.e., ligands should not necessarily be excluded on such 

15 a basis. For example, a ligand that is not sufficiently potent at a particular target so as to 

be efficacious in a human patient may become highly potent and efficacious when presented 

in multibinding form. A ligand that is potent and efficacious but not of utility because of a 

non-mechanism-related toxic side effect may have increased therapeutic index (increased 

potency relative to toxicity) as a multibinding compound. Compounds that exhibit short in 

20 vivo half-lives may have extended half-lives as multi.binding compounds. Physical 

properties of ligands that limit lheir usefulness (e.g. poor bioavailability due to low 

solubility, hydrophobicity, hydrophilicity) may be rationally modulated in multibinding 

forms, providing compounds with physical properties consistent with the desired utility. 

25 Orientation: selection of lipnd attachment points and linkini cbemistcy 

Several points are chosen on each ligand at which to attach the ligand to the linker. 

The selected points on the ligand/linker for attachment are functionalized to contain 

complementary reactive functional groups. This permits probing the effects of presenting 
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the ligands to their receptor(s) in multiple relative orientations, an important multibinding 

design parameter. The only requirement for choosing attachment points is that attaching to 

at least one of these points does not abrogate activity of the ligand. Such points for 

attachment can be identified by struciural information when available. For example, 

5 inspection of a co-crystal structure of a pro~ inhibitor bound to its target allows one to 

identify one or more sites where linker attachment will not preclude the enzyme:inhibitor 

interaction: Alternatively. evaluation of ligand/target binding by nuclear magnetic 

resonance will permit the identification of sites non-essential for ligand/target binding. See, 

for example, Fesik, et al., U.S. Patent No. 5,891,643. When such structural information is 

·10 not available, ·utilization of structure-activity relationships (SAR) for ligands will suggest 

positions where substantial structural variations are and are not allowed. In the absence of 

both structural aD.d SAR information, a homy is merely selected with multiple points of 

attachment to allow presentation of the ligand in multiple distinct orientations. Subsequent 

evaluation of this library will indicate what positions are suitable for attachment. 

15 

It is important to emphasize that positions of attachment that do abrogate the activity 

of the monomeric ligand may also be-advantageously included in candidate multJ.oinding 

compounds in the libmy provided that such compounds bear at least one ligand attached in 

a manner which does not abrogate intrinsic activity. This selection derives from, for 

20 exam.Pie, heterobivalent interactions within the context of a single target molecule. For 

example, consider a receptor antagonist ligand bound to its target receptor, and then 

consider modifying this ligand by attaching to it a second copy of the same ligand with a 

linker which allows the second ligand to interact with the same receptor molecule at sites 

proximal to the antagonist binding site, which include elements of the receptor that are not 

25 part of the formal antagonist binding site and/or elements of the matrix surrounding the 

receptor such as the membrane. Here, the most favorable orientation for interaction of the 

second ligand molecule with the receptor/matrix may be achieved by attaching it to the 

linker at a position which abrogates activity of the ligand at the formal antagonist binding 
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site. Another way to consider this is that the SAR of individual ligands· within the context 

of a m.ultibinding structure is often different from the SAR of those same ligands in 

m.omomeric form. 

The foregoing discussion focused on bivalent interactions of dimeric compounds 

beariiig two copies of the same ligand joined to a single Wiker through different attachment 

points, one of which may abrogate the binding/activity of the monomeric ligand. It should 

also be understood that bivalent advantage may also be attained with heterodimeric 

constructs bearing two different ligands that bind to common or different targets. For 

10 example, a 51IT4 receptor antagonist and a bladder-selective muscarinic ~ antagonist may 

be joined to a linker through attachment points which do not abrogate the binding affinity of 

the monomeric ligands for their respective receptor sites. The dimeric compound may 

achieve enhanced affinity for both receptors due to favorable interactions between the SHT 4 

ligand and elements of the M3 receptor proximal to the formal M3 antagonist binding site 

15 and between the~ ligand and elements of the SHT4 receptor proximal to the formal SHT4 

antagonist binding site. Thus, the dimeric compound may be more potent and selective 

antagonist of overactive bladder and a superior therapy for urinary urge incontinence. 

Once the ligand attachment points have been chosen, one identifies the types of 

20 chemical linkages that are possible at those points. The most preferred types of chemical 

linkages are those that are compatible with the overall structure of the ligand (or protected 

forms of the ligand) readily and generally formed; stable and intrinsically inocuous under 

typical chemical and physiological conditions, and compatible with a large number of 

available linkers. Amide bonds, ethers, amines, carbamates, ureas, and sulfonamides ·ar~ 

25 but a few examples of preferred linkages. 
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Linlrers: ~DI relevant multibinding parameters thnm!lh selection Of valency. linker 

· leogth. linker geometey. rigiditf. physical properties. and chemical functional groups 

In the library of linkers employed to generate the library of candidate multibinding 

compounds; the selection of linkers employed in this library of linkers takes into 

5 eonsideration the following factors: 

Valency. In most instances the library of linkers is initiated with divalent linkers. • . 

The choice of ligands and proper juxtaposition of two ligands relative to their binding sites 

permits such molecules to exht'bit target binding affinities and specificities more than 

IO sufficient to confer biological advantage. Furthermore, divalent linkers or constructs are 

also typically of modest size such that they retain the desirable biodistn'bution properties of 

small molecules. 

Lln1cer leuPh. Linkers are chosen in a range of lengths to allow the spanning of a 

1 S range of inter-ligand distances that encompass the distance preferable for a given divalent 

interaction. In some instances the preferred distance can be estimated rather precisely from 

high-resolution structural information of targets, typically enzymes and soluble receptor 

targets. In other instances where high-resolution structural information is not available 

(such as 7TM G-protein coupled receptors), one can make use of simple models to estimate 

20 the maximum distance between binding sites either on adjacent receptors or at different 

locations on the same receptor: In situations where two binding sites are present on the 

same target (or target subunit for multi.subunit targets), preferred linker distances are 2-20 

A, with more preferred linker distances of 3-12 A. In situations where two binding sites 

reside on separate (e.g., protein) target sites, preferred linker distances are 20-100 A, with 

25 more preferred distances of 30-70 A. 

Linlcer lleometzy and rigidity. The combination of ligand attachment site, linker 

length, linker geometry, and linker rigidity determine the possible ways in which the 
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ligands of candidate multibinding compounds may be displayed in tbree'dimensions and 

thereby presented to their binding sites. Linker geometry and rigidity are nominally 

determined by chemical composition and bonding pattern. which may be controlled and are 

systematically varied ~ another spanning function in a multibinding array. For example, 

linker geometry is varied by attaching two ligands to the orth.o •. meta, and para positions of 

a benzene ring, or in cis- or trans-arrangements at the 1,1- vs. 1,2- vs. 1,3- vs. 1,4-

positions around a cyclohexane <:ore or in cis- or trans-arrangements at a point of ethylene 

unsaturation. Linker rigidity is varied by controlling the number and relative energies of 

different conformational states possible for the linker. For example. a divalent compound 

10 bearing two ligands joined by 1,8-octyl linker bas many more degrees of freedom, and is 

therefore less rigid than a compound in which the two ligands are attached to the 4,4' 

positions of a biphenyl linker. 

Linker physical pro.petties. The physical properties of linkers are nominally 

15 determined by the chemical constitution and bonding patterns of the linker, and linker 

physical properties impact the overall physical properties of the candidate multibinding 

compounds in which they are included. A range of linker compositions is typically selected 

to provide a range of physical properties (hydrophobicity, hydrophilicity, amphiphilicity, 

polarization, acidity, and basicity) in the candidate multloinding compounds. The 

20 particular choice of linker physical properties is made within the context of the physical 

properties of the ligands they join and preferably the goal is to generate mol~cules with 

favorable PK/ADME properties. For example, linkers can be selected. to avoid those that 

are too hydrophilic or too hydrophobic to be readily absorbed and/or distributed in vivo. 

25 Linker chemical fiinclional ifOUps. Linker chemical functional groups are selected 

to be compatible with the chemistry chosen to connect linkers to the ligands and to impart 

the range of physical properties sufficient to span initial examination of this parameter. 



--==·· 

-78-

Combinatorial synthesis 

Having chosen a set of n ligands (n being determined by the sum of the number of 

different attachment points f~r each ligand chosen) and m linkers by the process outlined 

above, a library of (n!)m candidate divalent multibinding compounds is prepared which 

S spans the relevant multibinding design parameters for a particular target. For example, an 

array generated from two ligands, one which has two attachment points (Al. A2) and one 

which has three attachment points (Bl. B2, B3) joined in all possible combinations provide 

for at least 15 possible combinations of multibinding compounds: 

10 Al-Al A1-A2 Al-Bl Al-B2 Al-B3 A2-A2 A2-Bl A2-B2 

A2-B3 Bl-Bl Bl-B2 Bl-B3 B2-B2 B2-B3 B3-B3 

When each of these combinations is joined by 10 different linkers. a library of 150 

15 candidate multibinding compoUnds results. 

Given the combinatorial nature of the library, common chemistries are preferably 

used to join the reactive functionalies on the ligands with complementary reactive 

functionalities on the linkers. The library_ therefore lends itself to efficient parallel synthetic 

20 methods. The combinatorial librafy can employ solid phase chemistries well known in the 

art wherein the ligand and/or linker is attached to a solid support. Alternatively and 

preferably, the combinatorial libary is prepared in the solution phase. After synthesis, 

candidate multibinding compounds are optionally purified before assaying for activity by, 

for ex.ample, chromatographic methods (e.g .• HPLC). 

25 

Analysis of may by biochemical. analytical. phannacolqgjcal. and computational methods 

Various methods are used to cbaracteri7.e the properties and activities of the 

candidate multibinding compounds in the library to determine which compounds possess 
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multibind.ing properties. Physical constants such as solubility under various solvent 

conditions and logD/clogD values can be ~ed. A combination of NMR 

spectroscopy and computational methods is used to determine low-energy conformations of 

the candidate multibind.ing compounds in fluid media. The ability of the menibers of the 

5 library to bind to the desired target and other targets is determined by various standard 

·methods, which include radioligand displacement assays for receptor and ion channel 

targets, and kinetic inhibition analysis for many enzyme -targets. In vitro efficacy, such as • 

for receptor agonists and antagonists, ion channel blockers, and antimicrobial activity, Ca.n 

also be determined. Pharmacological dat.a, including oral absorption, everted gut 

10 penetration, other pbarmacokinetic parameters and efficacy dat.a can be determined in 

appropriate models. In this way, key structtire-activity relatiQnships are obtained for 

multi.binding design parameters which are then used to direct future work. 

The members of the library which exhibit multibinding properties, as defined 

15 herein, can be readily detennined by conventional methods. First those members which 

exhibit multibinding properties are identified by conventional methods as described above 

including conventional assays (both in vitro and in vivo). 

Second, ascertaining the strocture of those compounds which exlnoit multJ.oinding 

20 properties can be accompnShed via art recognized procedures. For example, each member 

of the library can be encrypted· or tagged with appropriate information allowing 

determination of the structure of relevant members at a later time. See, for example, 

Dower, et al., International Patent Application Publication No. WO 93/06121; Brenner, et 

al., Proc. Natl. Acad. Sci., USA, 89:5181 (1992); Gallop, et al., U.S. Patent No. 

25 5,846,839; each of which are incorporated herein by reference in its entirety. 

Alternatively. the structure of relevant multivalent compounds can also be determined from 

soluble and untagged libaries of candidate multivalent compounds by methods known in the 

art such as those described by Hindsgaul, et al., Canadian Patent Application No. 
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2,240,325 which was published on July 11, 1998. Such methods couple frontal affinity 

chromatography with mass spectroscopy to determine both the structure and relative 

binding affinities of candidate multibinding compounds to receptors. 

S The process set forth above for dim.eric candidate multibinding compounds can, of 

course, be"extended to trimeric candidate compounds and higher analogs thereof. 

Follow-up synthesis and analysis of additional array(s) 

Based on the information obtained through analysis of the initial library, an optional 

10 component of the process is to ascertain one or more promising multibinding •1ead" 

compounds as defmed by particular relative ligand orientations, linker lengths, linker 

geometries, etc. Additional libraries can then be generated around these leads to provide 

for further information regarding structure to activity relationships. These arrays typi.Cally 

bear more focused variations in linker structure in an effort to further optimize target 

15 affinity and/or activity at the target (antagonism, partial agonism, etc.}, and/or alter 

physical properties. By iterative redesign/analysis using the novel principles of 

multibinding design along with classical medicinal chemistry, biochemistry, and 

pharmacology approaches, one is able to prepare and identify optimal multibinding 

compounds that exhibit biological advantage towards their targets and as therapeutic agents. 

20 

To further elaborate upon this procedure, suitable divalent linkers include, by way 

of example only, those derived from dicarboxylic acids, disulfonylhalides, dialdehydes, 

diketones, dihalides, diisocyanates,diamines, diols, mixtures of carboxylic acids, 

sulfonylhalides, aldehydes, ketones, halides, isocyanates, amines and diols. In each case, 

25 the carboxylic acid, sulfonylhalide, aldehyde, ketone, halide, isocyanate, ·amine and diol 

functional group is reacted with a complementary functionality on the ligand to form a 

covalent linkage. Such complementary functionality is well known in the art as illustrated 

in the following 'table: 
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COMPLEMENTARY BINDING CBEMISTRIES 

Eimt Ra~tiE Group Second Ractiv~ Grolll2 Linkage 

hydroxyl isocjanate urethane 

amine epoxide P-hydroxyamine 

sulfonyl halide amine sulfonamide 

carboxyl acid amine amide 

hydroxyl alkyl/aryl halide ether 

aldehyde amine/NaCNBIJ. amine 

ketone amine/NaCNBIJ. amine 

amine isocyanate carbamate 

Exemplary linkers include the following linkers identified as X71 through X-418 as 

set forth below: 
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Representative ligands for use in this invention include, by way of example, L-1 

through L4. L-1 ligands~ benzofw:an compounds (e.g., 7A-1, 7B-1 or 7C-1 of 

Examples 1-3). Phenylmetbane sulfonamide structures are designated L-2 ligands (e.g., 

8A-1, 8B-1, 8C-1, 9A-1, 9B-1, lOA-1, lOB-1, or 11-1 of Examples 4-11). L-3 ligands are 

s azimUir1e ~(e.g., 12-1, 12-3 of Examples 12-13). IA ligauds are tedisamil 

compounds (e.g., 13-1 of Example 14) . 
. . 

Combinations of ligands (L) and linkers (X) per this in':'ention include, by way 

example only, homo- and hetero-<limers wherein a first ligand is selected from L-1 through 

10 ~ above and the second Ugand and linker is selected from the foll~: 

L-1/X-1- L-1/X-2- L-1/X-3- L-1/X-4- L-1/X-S- L-1/X-6-

L-.1/X-7- L-1/X-8- L-1/X-9- L-1/X-10- L-1/X-11- L-1/){-12-

L-1/X-13- L-l/X-14- L-l/X-15- L-1/X-16- L-1/X-17- L-1/X-18-

15 L-l/X-19- L-1/X-20- L-1/X-21- L-1/X-22- L-1/X-23- L-1/X-24-

L-1/X-25- L-1/X-26- L-l/X-27- L-1/X-28- L-1/X-29- L-1/X-30-

L-1/X-31- L-llX-32- L-1/X-33- .L-llX-34- L-1/X-35- "kl/X-36~ 
.. 
L-1/X-37- L-1/X-38- L-1/X-39- L-1/X-40- L-1/X-41- L-1/X-42-

L-1/X-43- L-l/X-44- L-l/X-45- L-1/X-46- L-1/X-47- L-1/X-48-

20 L-l/X-49- L-l/X-50- L-l/X-:51- L-l/X-52- L-1/X-53- L-l/X-54-

L-1JX.:ss- L-1/X-56- L-J/X-57- L-i/X-58- L-1/X-59- L-1/X-60-

L-1/X-61- L-1/X-62- L-1/X-63- L-1/X-64- L-1/X-65- L-1/X-66-

L-1/X-67- L-1/X-68- L-1/X-69- L-1/X-70- L-l/X-71- L-lfX.-72-

L-1/X-73- L-1/X-74- L-l/X-75- L-1/X-76- L-1/X-77- L-1/X-78-

25 . L-1/X-79- L-lix-80- L-lJX-81- "L-1/X-82- L-l/X~3- L-1.IX-84-

L-i/X-85- L-1/X-86- . L-1/X-87- L-1/X-88- L-1/X-89- L-1/X-90-

L-1/X-91- L-1/X-92- L-l/X-93- L-1/X-94- L-1/X-95- L-1/X-96-

L-1/X-91- L-1/X-98- L-1/X-99- L-1/X-100- L-1/X-101- L-1/X-102-
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L-l/X-103- L-1/X-104- L-llX-105- Irl/X-106- L-1/X-107- . L-1/X-108-

L-1/X-109- L-1/X-110- L-1/X-111- L-1/X-112- L-lfX.,.113- L-1/X-114-

L-1/X-115- L-1/X-116- L-1/X-117- L-1/X-118- L-1/X-119- L-1/X-120-

L-1/X-121- L-1/X-122- L-1/X-123- L-1/X-124- L-1/X-125- L-1/X-126-

5 L-1/X-127- L-1/X-128- L-1/X-129- L-1/X-130- L-1/X-131- L-1/X-132-

L-1/X-133- L-1/X-134- L-1/X-135- L-1/X-136- L-1/X-137- L-1/X-138-

L-1/X-139- L-1/X-140- L-1/X-141- L-1/X-142- L-1/X-143- L-1/X-144-

L-1/X-145- L-1/X-146- L-1/X-147- L-1/X-148- L-l/X-149- L-1/X-150-

L-1/X-151- L-1/X-152- L-1/X-153- L-1/X-154- L-1/X-155- L-1/X-156-. 
10 ~lQ{-157- L-1/X-158- L-1/X-159- L-1/X-160- L-1/X-161- L-llX-162-

IA/X-163- L-1/X-164- L-1/X-165- L-1/X-166- L-1/X-167- L-1/X-168-

L-1/X-169- L-1/X-170- L-1/X-171- L-1/X.,172- L-1/X-173- L-1/X-174-

L-1/X-175- L-1/X-176- L-1/X-177- L-1/X-178- L-1/X-179- L-1/X-180-.. 
L-1/X-181- L-l/X-182- L-l/X-183- L-1/X-184- L-1/X-185- L-lfX.:186-

15 L-l/X-187- L-1/X-188- L-l/X-189- L-1/X-190- L-l/X-191- lrl/X-192-

L-l/X-193- L-l/X-194- L-1/X-195- L-1/X-196- L-l/X-197- lrl/X-198-

L-1/X-199- L-lix-200- L-1/X-201- L-1/X-202- L-l/X-203- L-1/X-204-

L-1/X-205- L-1/X-206- L-1/X-207- L-1/X-208- ~1/X-209- L-1/X-210-

L-1/X-211- L-1/X-212- L-1/X-213- L-1/X-214- L-1/X-215- L-1/X-216-
. 20 L-l/X-217- L-1/X-218- L-1/X-219- L-1/X-220- L-1/X-221- L-1/X-222-

L-1/X-223- L-1/X-224- L-lix-225- L-1/X-226- L-l/X-227- L-1/X-228-

lrl/X-229- L-1/X-230- L-1/X-231- L-1/X-232- L-1/X-233- L-1/X-234--

L-1/X-235- L-l/X-236- L-1/X-237- L-1/X-238- L-l/X-239- L-1/X-240-

L-1/X-241- L-1/X-242- L-1/X-243- L-1/X-244- L-1/X-245- L-1/X-246-

2S L-1/X-247- L-1/X-248- L-ltX-249- L-1/X-250- L-1/X-251- L-1/X-252-

L-1/X-253- L-1/X-254- L-1/X-255- L-1/X-256- L-l/X-257- L-1/X-258-

L-1/X-259- L-1/X-260- L-1/X-261- L-l/X-262- L-1/X-263- . L-1/X-264-

L-1/X-265- L-l/X-266- L-1/X-267- L-1/X-268;. L-1/X-269- L-1/X-270-
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L-1/X-271- L-1/X-272- L-1/X-273- L-1/X-274- L-1/X-275- . L-1/X-276-

L-1/X-277- L-1/X-278- L-1/X-279- L-1/X-280- L-1/X-281- L-1/X-282-

L-1/X-283- L-1/X-284- L-1/X-285- L-1/X-286- L-1/X-287- L-1/X-288-

L-1/X-289- L-1/X-290- L-1/X-291- L-1/X-292- L-1/X-293- L-1/X:-294-

5 L-1/X-295- L-1/X-296- L-1/X-297- L-1/X-298- L-1/X-299- L-1/X-300-

-L-1/X-301- L-1/X-302- L-1/X-303-- L-1/X-304- L-1/X-305- L-1/X-306-

'L-1/X-307- L-1/X-308- L-1/X-309- L-1/X-310- L-1/X-311- L-1/X-312-. . . 
L-1/X-313- L-1/X-314- L-1/X-315- L-1/X-316- L-1/X-317- L-1/X-318-

L-1/X-319- L-1/X-320-· L-1/X-321- L-1/X-322- L-1/X-323- L-1/X-324-

10 l.-;1/X-325- L-1/X-326- L-1/X-327- L-1/X-328- L-1/X-329- L-1/X-330-

L-1/X-331- L-1/X-332- L-1/X-333- L-1/X-334- L-1/X-335- L-1/X-336-

L-1/X-337- L-1/X-338- L-1/X-339- L-1/X-340- L-1/X-341- L-1/X-342-

L-1/X-34~- L-1/X-344- L-1/X-345- L-1/X-346- L-1/X-347- L-1/X-348-

L-1/X-349- L-1/X-350- L-1/X-351- L-1/X-352- L-1/X-353- L-1/X-354-

15 L-1/X-355- L-1/X-356- L-1/X-357- L-l/X-358- L-l/X-359- L-1/X-360-

L-1/X-361- L-1/X-362- L-1/X-363- L-1/X-364- L-1/X-365- L-1/X-366-

L-1/X-367- L-1/X-368- L-1/X-369- L-1/X-370- L-1/X-371- L-1/X-372-

L-1/X-373- L-1/X-374- ·L-1/X-375- L-1/X-376- L-1/X-377- L-1/X-378-

L-1/X-379- L-1/X-380- L-1/X-381- L-1/X-382- L-1/X-383- L-1/X-384-

20 L-1/X-385- L-1/X-386- L-1/X-387- L-1/X-388- L-1/X-389- L-1/X-390-

L-1/X-391- L-1/X-392- L-l/X-393- L-1/X-394- L-1/X-395- L-1/X-396-

L-l/X-397- L-1/X-398- L-1/X-399- L-1/X-400- L-1/X-401- L-1/X-402-

L-l/X-403- L-1/X-404- L-1/X-405- L-1/X-406- L-1/X-407- L-1/X-408-

L-l/X-409- L-1/X-410- L-llX-411- L-1/X-412- L-1/X-413- L-1/X-414-

25 L-i/X-415- L-1/X-416- L-1/X-417- L-1/X-418-

L-2/X-1- L-2/X-2- L-2/X-3- L-2/X-4- L-2/X-5- L-2/X-6-

L-2/X-7- L-2/X-8- L-2/X-9- L-2/X-10- L-2/X-11- L-2/X-12-
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L-2/X-13- L-2/X-14- L-2/X-15- L-2/X-16.. L-2/X-17- . L-2/X-18-. 
L-2/X-19- L-2/X-20- L-2/X-21- L-2/X-22- L-2/X-23- L-2/X-24-
L-2/X-25- L-2/X-26- L-2/X-27- L-2/X-28- L-2/X-29- L-2/X-30-
L-2/X-31- . L-2/X-32- L-2/X-33- L-2/X-34- L-2/X-35- L-2/X-36. 

s L-2/X-37- L-2/X-38- L-2/X-39- L-2/X-40- L-2/X-41- L-2/X-42-
L-2/X-43- L-2/X-44- L-2/X-45- L-2/X-46- L-2/X-47- L-2/X-48-

L-2/X-49- L-21X-SO- L-2/X-Sl- L-2/X-52- L-2/X-53- L-2/X-54--
L-21X-5S- L-21X-S6- L-2/X-57- L-2/X-58- L-2/X-59- L-2/X-60-
L-2/X-61- L-2/X-62- L-2/X-63- L-2/X-64- L-2/X-65- L-2/X~ 

10 L-2/X.-67- L-2/X-68- L-2/X-69- L-2/X-70- L-2/X-71- L-2/X-72-
T.,2/X-73- L-2/X-74-.· T.,2/X-75- L-2/X-76. L-2/X-77- L-2/X-78-
T.,2/X-79- L-2/X-80- L-2/X-81- L-2/X-82- L-2/X-83- L-2/X-84-

T.,2/X-85- L-2/X-86. L-2/X-87- L-2/X-88- L-2/X-89- L-2/X-90-

L-2/X-91- L-2/X-92- L-2/X-93- L-2/X-94- L-2/X-95- L-2/X-96-
15 J.,2/X-97- L-2/X-98- L-2/X-99- L-2/X-100- L-2/X-101- L-2/X-102-

T.,2/X-103- L-2/X-104- L-2/X-105- L-2/X-106- L-2/X-107- L-2/X-108-

J.,2/X-109.- L-2iX-UO- L-2/X-111- L-2/X-112- L-2/X-113- L-2/X-114-
J.,2/X-115- L-2/X-116- L-2/X-117-: L-2/X-118- L-2/X-119- L-2/X-120-

L-2/X-121- L-2/X-122- L-2/X-123- L-2/X-124- L-2/X-125- L-lm-126-
20 L-2/X-127- L-2/X-128- L-2/X-129- L-2/X-130- L-2/X-.131- L-2/X-132-

L-2/X-133- L-2/X-134- L-2/X-135- L-2/X-136- L-2/X-137- L-2/X-138- . 

L-2/X-139- L-2/X-140- L-2/X-141- L-2/X-142- L-2/X-143- L-2/X-144-

L-2/X-145- L-2/X-146- L-2/X-147- L-2/X-148- L-2/X-149- L-2/X-150-

L-2/X-151- L-2/X-152- L-2/X-153- L-2/X-154- L-2/X-155- L-2/X-156-
25 . L-2iX-157- L-2/X-158- L-2/X-159- L-2/X-16(): . L-liX-161'.. L-UX-162-

L-2/X-163 L-2/X-164 L-2/X-165 L-2/X-166 L-2/X-167 L-2/X-168 

L-2/X-169 L-2/X-170 L-2/X-171 L-2/X-172 . L-2/X-173- L-2/X-174-

L-2/X-175- L-2/X-176- L-2/X-177- L-2/X-178- L-2/X-179- L-2/X-180-
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L-2/X-181- L-2/X-182- L-2/X-183- L-2/X-184- L-2/X-185- . L-2/X-186-

L-2/X-187- L-2/X-188- L-2/X-189- L-2/X-190- L-2/X-191- L-2/X-192-

L-2/X-193- "L-2/X-194- L-2/X-195- L-2/X-196- L-2/X-197- L-2/X-198-

L-2/X-199- L-2/X-200- L-2/X-201- L-2/X-202- L-2/X-203- L-2/X-204-

5 L-2/X-205- L-2/X-206- L-2/X-207- L-2/X-208- L-2/X-209- L-2/X-210-

L-2/X-211- L-2/X-212- L-2/X-213- L-2/X-214- .L-2/X-215- L-2/X-216-

L-2/X-217- L-2/X-218- L-2/X-219- L-2/X-220- L-2/X-221- L-2/X-222-

L-2/X-223- L-2/X-224- L-2/X-225- L-2/X-226- L-2/X-227- L-2/X-228-

L-2/X-229- L-2/X-230- L-2/X-231- L-2/X-232- L-2/X-233- L-2/X-234-

10 lr2/X-235- L-2/X-236- L-2/X-237- L-2/X-238- L-2/X-239- L-2/X-240-

L-2/X-241- L-2/X-242- L-2/X-243- L-2/X-244- L-2/X-245- L-2/X-246-

L-2/X-247- L-2/X-248- L-2/X-249- L-2/X-250- L-2/X-251- L-2/X-252-

L-2/X-253- L-2/X-254- L-2/X-255- L-2/X-256- L-2/X-257- L-2/X-258-

L-2/X-259- L-2/X-260- L-2/X-261- L-2/X-262- L-2/X-263- L-2/X-264-

15 L-2/X-265- L-2/X-266- L-2/X-267- L-2/X-268- L-2/X-269- L-2/X-270-

L-2/X-271- L-2/X-272- L-2/X-273- L-2/X-274- L-2/X-275- L-2/X-276-

L-2/X-277- L-2/X-278- L-2/X-279- L-2/X-280- L-2/X-281- L-2/X-282-

L-2/X-283- L-2/X-284- L-2/X-285- L-2/X-286- L-2/X-287- L-2/X-288-

L-2/X-289- L-2/X-290- L-2/X-291- L-2/X-292- L-2/X-293- L-2/X-294-

20 L-2/X-295- L-21X~296- L-2/X-297- L-2/X-298- L-2/X-299- L-2/X-300-

L-2/X-301- L-2/X-302- L-2/X-303- L-2/X-"304- L-2/X-305- L-2/X-306-

L-2/X-307- L-2/X-308- L-2/X-309- L-2/X-310- L-2/X-311- L-2/X-312-

L-2/X-313- L-2/X-314- L-2/X-315- L-2/X-316- L-2/X-317- L-2/X-318-

L-2/X-319- L-2/X-320- L-2/X-321- L-2/X-322- L-2/X-323- L-2/X-324· 

25 L-i/X~325- L-2/X-326- i:;2/X-327·· L-2/X-328-. L-2/X~329- L-iJX-330-

L-2/X-331- L-2/X-332- L-2/X-333- L-2/X-334- L-2/X-335- L-2/X-336-

L-2/X-337- L-2/X-338- L-2/X-339- L-2/X-340- L-2/X-341- L-2/X-342-

L-2/X-343- L-2/X-344- L-2/X-345- L-2/X-346- L-2/X-347- L-2/X-348-
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L-2/X-349- L-2/X-350- L-2/X-351- L-2/X-352- L-2/X-353- . L-2/X-354-

L-2/X-355- L-2/X-356- Ir2/X-3S1- L-2/X-358- . L-2/X-359- L-2/X-360-

L-2/X-361- L-2/X-362- L-2/X-363- L-2/X-364- L-2/X-365- L-2/X-366-

L-2/X-367- L-2/X-368- L-2/X-369- L-2/X-370- L-2/X-371- L-2/X-372-

5 L-2/X-373- L-2/X-374- L-2/X-375- L-2/X-376- L-2/X-377- L-2/X-378-

L-2/X-379- L-2/X-380- L-~-381-- L-2/X-382- L-2/X-383- L-2/X-384--
L-2/X-385.- L-2/X-386- L-2/X-387- L-2/X-388- L-2/X".'~g9.; L-2/X-390-

L-2/X-391- L-2/X-392- L-2/X-393- L-2/X-394- L-2/X-395- L-2/X-396-

L-2/X-397- L-2/X-398- L-2/X-399- L-2/X-400- L-2/X-401- L-2/X402-

10 L-2/X-403- L-2/X-404- L-2/X-405- L-2/X-406- L-2/X-407- L-2/X-408-

L-2/X-409- L-2/X-410- L-2/X-411- L-2/X-412- L-2/X-413- L-2/X-414-

L-2/X-415- L-2/X-416- L-2/X-417- L-2/X-418-

L-3/X-1- L-3/X-2- L-3/X-3- L-3/X-4- L-3/X-5- L-3/X-6-
15 L-3/X-7- L-3/X-8- L-3/X-9- L-3/X-10- L-3/X-11- L-3/X-12-

L-3/X-13- L-3/X-14- L-3/X-15- L-3/X-16- L-3/X-17- L-3/X-18-

L-3/X-19- L-3/X-20- L-3/X-21- L-3/X-22-. L-3/X-23- L-3/X-24-

L-3/X-25- L-3t:X'.:·26- L-3/X-27- L-3/X-28- L-3/X-29- L-3/X-30-

L-3/X-31- L-3/X-32- L-3/X-33- L-3/X-34- L-3/X-35- L-3/X-36-

20 "L-3/X-37- L-3/X-38- L-3/X-39- L-3/X-40- L-3/X-41- L-3/X-42-

L-3/X-43- L-3/X-44- L-3/X-45- L-3/X-46- L-3/X-47- L-3/X-48-

L-3/X-49- L-3/X-50- L-3/X-51- L-3/X-52- L-3/X-53- L-3/X-54-

L-3/X-55- L-3/X-56- L-3/X-57- L-3/X-58- L-3/X-59- 1,.:3/X-60-

L-31.X-61- L-3/X-62- L-3/X-63- L-3/X-64- L-3/X-65- L-3/X-66-

25 L-3/X-67- L-3/X-68- L.~JX-69- L-3/X-70- L-3/X-71- L-3/X-72-

L-3/X-73- L-3/X-74- L-3/X-75- L-3/X-76- L-3/X-77- L-3/X-78-

L-3/X-79- L-3/X-80- L-3/X-81- L-3/X-82- L-3/X-83- L-3/X-84-

L-3/X-85- L-3/X-86- L-3/X-87- L-3tx.:s8- ·L-3/X-89- L-3/X-90-



;; 
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L:3/X-91- L-3/X-92- L-3/X-93- L-3/X-94- L-3/X-95- ·L-3/X-96-

L-3/X-97- .L-3/X-98- L-3/X-99- L-3/X-100- L-3/X-101- L-3/X-102-

L-3/X-103- L-3/X-104- L-3/X-105- L-3/X-106- L-3/X-107- L-3/X-108-

L-3/X-109- L-3/X-110- L-3/X-111- L-3/X-112- L-3/X-113- L-3/X-114-

5 L-3/X-115- L-3/X-116- L-3/X-117- L-3/X-118- L-3/X-119- L-3/X-120-

L-3/X-121 .. .L-3JX.;.122- L-3/X-123- L-3/X-124- lr.3/X-125- L-3/X-126-

L-3/X-127- L-3/X-128- L-3/X-129- L-3/X-130- L-3/X-131: L-3/X-132-. 
L-3/X-i33- lr3/X-134- L-3/X-135- L-3/X-136- L-3/X-137- L-3/X-138-

L-3/X-139- L-3/X-140- ~3~-141- L-3/X-142- L-3/X-143- . L-3/X-144-

10 L-3/X-145- L-3/X-146- L-3/X-147- L-3/X-148- L-3/X-149- L-3/X-lSO-

L-3/X-151- L-3/X-152- L-3/X-153- L-3/X-154- L-3/X-155- L-3/X-156-. 
L-3/X-157- L-3/X-158- L-3/X-159- L-3/X-160- L-3/X-161- L-3/X-162-

L-3/X-163- L-3/X-164- L-3/X-165- L-3/X-166- L-3/X-167- L-3/X-168-

L-3/X-169- L-3/X-170- L-3/X-171- L-3/X-172- L-3/X-173- L-3/X-174-

15 L-3/X-175- L-3/X-176- L-3/X-177- L-3/X-178- L-3/X-179- L-3/X-180-

L-3/X-181- L-3/X-182- L-3/X-183- L-3/X-184- L-3/X-185- L-3/X-186-

L-3/X-187- L-3/X-188- L-3/X-189- L-3/X-190- L-3/X-191- L-3/X-192-

L-3/X-193-. L-3/X-194- L-3/X-195- L-3/X-196- L-3/X-197- L-3/X-198-

L-3/X-199- L-3/X-200- L-3/X-201- L-3/X-202- L-3/X-203- L-3/X-204-

20 L-3/X-205- L-3/X-206- L-3/X-207- L-3/X-208- L-3/X-209- L-3/X-210-

L-3/X-211- L-3/X-212- L-3/X-213- L-3/X-214- L-3/X-215- L-3/X-216-

L-3/X-217- L-3/X-218- L-3/X-219- L-3/X-220- L-3/X-221- . L-3/X-222-

L-3/X-223- L-3/X-224- L-3/X-225- L-3/X-226- L-3/X-227- L-3/X-228-

L-3/X-229- L-3/X-230- L-3/X-231- L-3/X-232- L-3/X-233- L-3/X-234-

25 . L-3/X-235..: . L-3/X.:.236- L-3/X-237- L-3/X-238- L-3/X-239- L-3/X-240-

L-3/X-241- L-3/X-242- L-3/X-243- L-3/X-244- L-3/X-245- L-3/X-246-

L-3/X-247- L-3/X-248- L-3/X-249- L-3/X-250- L-3/X-251- L-3/X-252-

L-3/X-253- L-3/X-254- L-3/X-255- L-3/X-256- L-3/X-257- L-3/X-258-
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L-3/X-259- L-3/X-26()... L-3/X-261- L-3/X-262- L-3/X-263- . L-3/X-264-

L-3/X-265- L-3/X-266- L-3/X-267- L-3/X-268- L-3/X-269- L-3/X-270-

L-3/X-271- L-3/X-272- L-3/X-273- L-3/X-274- L-3/X-275- L-3/X-276-

L-31X-277- L-3/X-278- L-3/X-279- L-3/X-280- L-3/X-281- L-3/X-282-

s L-3/X-283- L-3/X-284- L-3/X-285- L-3/X-286- L-3/X-287- L-3/X-288-

L-3/X-289- L-3/X-290- L-3/X-291- L-3/X-292- L-3/X-293- L-3/X-294-
•· 

L-3/X-295- L-3/X-296: . L-3/X-297- L-3/X-298- L-3/X-299- L-3/X-300-. 
L-3/X-301- L-3/X-302- L-3/X-303- L-3/X-304- L-3/X-305- ~3/X-306-

L-3/X-307- L-3/X-308- L-3/X-309- L-3/X-310- L-3/X-311- L-3/X-312-

10 L-3/X-313- L-3/X-314- L-3/X-315- L-3/X-316- L-3/X-317- L-3/X-318-

L-3/X-319- L-3/X-320- L-3/X-321- L-3/X-322- L-3/X-323- L-3/X-324-

L-3/X-325- L-3/X-326- L-3/X-327- L-3/X-328- L-3/X-329- L-3/X-330-

L-3/X-331- L-3/X-332- L-3/X-333- L-3/X-334- L-3/X-335- L-3/X-336-

L-3/X-337- L-3/X-338- L-3/X-339- L-3/X-340- L-3/X-341- L-3/X-342-

15 L-3/X-343- L-3/X-344- L-3/X-345- L-3/X-346- L-3/X-347- L-3/X-348-

L-3/X-349- L-3/X-350- L-3/X-351- L-3/X-352- L-3/X-353- L-3/X-354-

L-3/X-355- L-3./X-356- L-3/X-357- L-3/X-358- L-3/X-359- L-3/X-~60-

L-3/X-361- L-3/X-362- L-3/X-363- L-3/X-364- L-3/X-365- L-~/X-366-

L-3/X-367- L-3/X-368- L-3/X-369- L-3/X-370- lr3/X-371- L-3/X-372-

20 . L-3/X-373- L-3/X-374- L-3/X-375- L-3/X-376- L-3/X-377- L-3/X-378-

L-3/X-379- L-3/X-380- L-3/X-381- L-3/X-382- L-3/X-383- L-3/X-384-

L-3/X-385- L-3/X-386- L-3/X-387- L-3/X-388- L-3/X-389- L-3/X-390-

L-3/X-391- . L-3/X-392- L-3/X-393- L-3/X-394- L-3/X-395- L-3/X-396-

L-3/X-397- L-3/X-398- "L-3/X-399- L-3/X-400- L-3/X-401- L-3/X-402-

25 L-3/X-403- L-3/X-404- L-3tx-4os- L-3/X-406- L-3/X-407- L-3/X-408- . 

L-3/X-409- L-3/X-410- L-3/X-411- L-3/X-412- L-3/X-413- L-3/X-414-

L-3/X-415- L-3/X-416- L-3/X-417- L-3/X-418-
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L-4/X-1- L-4/X-2-. L-4/X-3- L-4/X-4- L4/X-5- -L-4/X-6-

L-4/X-7- L-4/X-8- L-4/X-9- L-4/X-10- L-4/X-11- L-4/X-12-

L-4/X-13- L-4/X-14- L4/X-15- L-4/X-16- L4/X-17- L-4/X-18-

L-4/X-19- L-4/X-20- L-4/X-21- L-4/X-22- L4/X-23- L-4/X-24-

5 L-4/X-25- L-4/X-26- L-4/X-27- L-4/X-28- L-4/X-29- L-4/X-30-

. L-4/X-31- L-4/X-32- L-4/X-33- L-4/X-34- L-4/X-35-. L-4/X-~6-

L-4/X-37- L-4/X-38- L-4/X-39- L-4/X-40- L4/X41- L-4/X-42-

L-4/X-43- L-4/X-44- L-41X45- L-4/X-46- L-4/X-47- L4/X48-

L4/X49-. lA/X-SO- L4/X-51- L-4/X-52- L-4/X-53- L-4/X-54-

10 L4~~55- L4/X-S6- L-4/X-57- .L-4/X.58- L4/X-59- L-4/X-60-

L-4/X-61- L4/X-62- L4/X-63- L-4/X-64- L-4/X-65- L-4/X-66-· 

L-4/X-67- L-4/X-68- L-4/X-69- L-4/X-70- L-4ix-71- L-4/X-72-

L-4/X-73- L-4/X-74- L-4/X-75- L-4/X-76- L-4/X-77- L-4/X-78-

L-4/X-79- L-4/X-80- L-4/X-81- . L-4/X-82- L-4/X-83- L-4/X'-84-

15 L-4/X-85- L4/X-86- L-4/X-87- L-4/X-88- L-4/X-89- L-4/X-90-

L-4/X-91- L-4/X-92- L-4/X-93- L-4/X-94- L-4/X-95- L-4/X-96-

L4n(:-97- L-4/X-98- L-4/X-99- L-4/X-100- L-4/X-101- L-4/X-102-

L-4/X-103- L-4/X-104- L-4/X-105-. L-4/X-106- . L-4/X-107- L-4/X-108-

L4/X-109- L-4/X-110- L-4/X-111- L-4/X-112- L-4/X-113- L-41X-114-
. 20 L-4/X-115- L-41X-116- L-4/X-117- L-4/X-118- . L4/X-119- L-4/X-120-

L-4/X-121- L-4/X-122- L-4/X-123- L-4/X-124- L-4/X-125- L-4/X-126-

L-4/X-127- L-4/X-128- L-4/X-129- L-4/X-130- L-4/X-131- L-4/X-132-

L-4/X-133- L-4/X-134- L-4/X-135- L-4/X-136- L-4/X-137- L-4/X-138-

IAIX-139- L-4/X-140- L-4/X-141- L-4/X-142- L-4/X-143- L-4/X-144-

25 L-4/X-145- . L-4/X-146.:. L-4/X-147- L4/X-148- L-4/X-149- L-4/X-150-

L-4/X-151- L-4/X-152- L-4/X-153- L-4/X-154- L-4/X-155- L-4/X-156-

L-4/X-157- L-4/X-158- L-4/X-159- L-4/X-160- L-4/X-161- L-4/X-162-
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L-4/X-163. L-4/X-164 L-4/X-165 L-4/X-166 L-4/X-167 . L-4/X-168 

L-4/X-169 L-4/X-170 L-4/X-171 L-4/X-172 L-4/X-173- L-4/X-174-

L-4/X-175- L-4/X-176- L-4/X-177- L-4/X-178- L-4/X-179- L-4/X-180-

L-4/X-181- L-4/X-182- L-4/X-183- L-4/X-184- L-4/X-185- L-4/X-186-

s L-4/X-187- L-4/X-188- L-4/X-189- L-4/X-190- L-4/X-191- L-4/X-192-

L-4/X-193- L-4/X~194- L-4/X-195- L-4/X-196- IA/X-197- L-4/X-198-

L-4/X-199- L-4/X-200- L-4/X-201- L-4/X-202- L-4/X-203- L-4/X-204-

L-4/X-205- L-4/X-206- L-4/X-207- L-4/X-208- L-4/X-209- L-4/X-210-

L-4/X-211- L-4/X-212- L-4/X-21~- L-4/X-214-. L-4/X-215- L-4/X-216-

10 L-4/X-:217- L-4/X-218- L-4/X-219- L-4/X-220- L-4/X-221- L-4/X-222-

L-4/X-223- L-4/X-224- L-4/X-225- L-4/X-226- L-4/X-227- L-4/X-228-

L-4/X-229- L-4/X-230- L-4/X-231- L-4/X-232- L-4/X-233- L-4/X-234-

L-4/X-235- L-4/X-236- L-4/X-237- L-4/X-238- L-4/X-239- L-4/X-240-

L-4/X-241- L-4/X-242- L-4/X-243- L-4/X-244- L-4/X-245- L-4/X-246-

15 L-4/X-247- L-4/X-248- L-4/X-249- L-4/X-250- L-4/X-251- L-4/X-252-
f- . 
L-4/X-253- L-4/X-254- L-4/X-255- L-4/X-256- L-4/X-257-: L-4/X-258-

L-4/X-259- .L-4/X-260- . L-4/X-261- L-4/X-262- L-4/X-263- L-4/X-264-
.. 

L-4/X-265- L-4/X-266- L-4/X-267- L-4/X-268- L-4/X-269- L-4/X-270-

L-4/X-271- L-4/X-272- L-4/X-213- L-4/X-274- L-4/X-275- L-4/X-276-

20 L-4/X-217- IAIX-278- L-4/X.:279- L-4/X-480- L-4/X-281- L-4/X-282-

L-4/X-283- L-4/X-284- L-4/X-285- L-4/X.:.286- L-4/X-287- L-4/X~288-

L-4/X-289- L-4/X-290- L-4/X-291- L-4/X-292- L-4/X-293- L-4/X-294-

L-4/X-295- L-4/X-296- L-4/X-297- L-4/X-298- L-4/X-299- L-4/X-300-

L-4/X-301- L-4/X-302- L-4/X-303- L-4/X-304- L-4/X-305- L-4/X-306-

25 L-4/X:..307- IA/X-308- IA/X-309- L-4/X-~10- L-4/X-3H- L-41X-312'" 

L-4/X-313- L-4/X-314- L-4/X-315- L-4/X-316- L-4/X-317- L-4/X-318-

L4/X-319- L-4/X-~20- L-4/X-321- L-4/X-322- L-4/X-323- L-4/X-324-

L-4/X-325- L-4/X-326- L-4/X-327- L-4/X-328- L-4/X-329- L-4/X-330-

L-4/X-331- L-4/X-332- L-4/X-333- L-4/X-334- L-4/X-335- L-4/X-336-
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L-4/X-337- L-4/X-338- IA/X-339- L-4/X-340- L-4/X-341- . L-4/X-342-

L-4/X-343- L-4(X-344- L-4/X-345- L-4/X-346- L-4/X-347- L-4/X-348-

L-4/X-349- L-4/X-350- L-4/X-351- L-4/X-352- L-4/X-353- L-4/X-354-

L-4/X-355- L-4/X-356- L-4/X-357- L-4/X-358- L-4/X-359- L-4/X-360-

L-4/X-361- L-4/X-362- L-4/X-363- L-4/X-364- L-4/X-365- L-4/X-366-

L:.t/X-367- L-4/X-368- L-4/X-369- L-4/X-370-. L-4ix-371- . L-4/X-372-

L-4/X-373- L-4/X-374- L-4/X-375- L-4/X-376- - L-4/X-377- L-4/X-378-. 
L-4/X-379:- L-4/X-380- L-4/X-381- L-4/X-382- L-4/X-383- L-4/X-384-

L-4/X-385- L-4/X-386-- . L-4/X-387- L-4/X-388- L-4/X-389- L-4/X-390-

L-4/X-.391- L-4/X-392- L-4/X-393- L-4/X-394- L-4/X-395- L-4/X-396-

L-4/X-397- L-4/.X-398- L-4/X-399- L-4/X-400- L-4/X-401- L-4/X-402-
L-4/X-403- L-4/X-404- L-4/X-405- L-4/X-406- L-4/X-407- L-4/X-408-

L-4/X-409- L-4/X-410- L-4/X-411- L-4/X-412- L-4/X-413- L-4/X-414-

L-4/X-415- L-4/X-416- L-4/X-417- L-4/X-418-

fbarm51ceutical Ei:mnuliltiml6 

When employed as ph8rmaceuticals, the compounds .of Formula I ~ usually 
administered in the form of pharmaceutical compositions. This invention therefore provides . . 
pharmaceutical compositions which contain, as the active ingredient, one or more of the 

. ··compounds of Formula I aboVe or~ pharmaceuticaily acceptable salt thereof and one or more 

pharmaceutically accept.able eXclpients, carriei.'sy diluents, permeation enhancers, solubilizers 

and ad.juvants. The compounds may be administered alone or in combination with other 

therapeutic agents (e.g., other antihypert.ensive drugs, diuretics and the like). Such 

compositions are prepared in a manner well known in the pharmaceutical art (see, e.g., 

is Remington's Pharm. Set., Mack: Publishing_ Co., Philadelphia, P ~ 1 Th Ed. (1985) an.d 

"Modem Phann.", Marcel Dekker, Inc., 3111 Ed. (G.S. Banker & C.T. Rhodes, _Eds.). 

The compounds of Formula I may be administered by any of the accepted modes of 

administration of agents having similar utilities, for example, by oral, parenteral, rectal, 
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bucca1. ~ or transdermal routes. The most suitable route will depend on the nature 
and severity of the condition being treated. Oral administration is a preferred route for the 

compounds of this invention. In making the compositions of this invention, the active 

ingredient is usually ~uted by an excipient or ~losed within such a ca¢er which can be in 

S the form. of a capsule, sachet, pa~ or other container. When the excipient serves as a 

diluent, it can be a solid, semi-solid, or liquid material, which acts as a vehicle, canier or · 

medium for ,!he ~ve ingredient. Thus, the compositioss ~be in the fonn ~f tablets, pills, 
. . 

powders, lozenges, sachets, cachets, elixirs, suspensiom, emulsions, solutions, syrups, 

aerosols (as a solid or in ~.liqqid medium), o~tments containing, for example, up to 10% by 

10 weigh~ of the active compound, soft and hard gelatin capsules, suppositories, sterile injectable 

solutio~ and sterile packaged powders. Pharmaceutically acceptable salts of the active 

agents may be prepared using standard procedures known to those skilled in the art of 

synthetic organic chemistry and described, e.g., by J. ~Advanced Organic Chem. 

Reactions, Mechanisms andhture, 4th Ed. (N.Y~: Wiley-Interscience, 1992). 

15 

Some examples of suitable excipients include lactose, dextrose, sucrose, sorbitol, 

mannitol, starches,·~ acacia, calcium phosphate, alginates, tragacan~ gelatin, calcium 

siliCate, ~erocrystalline eellulose~ polyvinylpyrrolidone, ceilulose, _sterile water, Synip, and· 

methyl cellulose. The fonnulations can additionally include: lubricating agents such as talc, 

20 .magnesium stearate; and mineral oil; wetting agents; emulsifying and suspending 'agents; 

preserving agents such as methyl- and propylhydroxy-benzoates; sweetening agents; and 

flavoring agents. 

The compositions of the invention can be fonnulated so as to provide quick, sustained 

25 or delayed release of the acti¥e ingredient-after administration to the patient by employing 

procedures known in the art. Controlled release drug delivery systems for oral administration 

incb.~de osmotic pump systems and dissolutional systems containing polymer-coated. 

reservoirs or drug-polymer matrix formulations. Examples of controlled release systems are 

given in U.S. Patent Nos. 3,845,770; 4,326,525; 4,902514; and S,616,345. Another preferred 
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formulation for use in the methods of the present invention employs transdermal dellvecy 

devices ("patches"). Such transdermal patches may be used to provide confinuous or 

discontfuuous infusion of the compounds of the present invention in controlled amouq.ts. The 

construction and use of transdermal patches for the delivery of phannaceutica1 agents is well 

S kn.own in the art. See. e.g., U.S. Patent Nos. 5,023,252; 4,992,445 and S,001,139. Such 

patches may be constructed for continuous,_pulsatile, or on demand delivery of 

pharmaceutical agents. 

The compositions are preferably fonnulated in a unit dosage form. The term "unit 

10 dosage forms" refers to physically discrete units suitable as unitmy dosages for human 

subjects and other mammals, each unit cOntain!ng a predetermined quantity of active material 

calculated to produce the desired therapeutic effect, in association with a suitable 

pharmaceutical excipient (e.g.,~ tablet, capsule, ampoule). The active compound is effective 

over a wide dosage range and is generally administered in a pbarmaceutically effective 

15 amount. Preferably, for oral administration, each dosage unit contains from 1-250 mg of a 

compound ofFonnula I, and for parenteral administration, preferably from 0.1 to 60 mg of a 

compound of Formula I or~ phannaceuµcally acceptable salt thereof. It will be un~er8tood. 
. . 

however, tWt.t the amount of the compound actually administered will be determined by a 

physician, in the light of the relevant circumstances, including the condition to be treated, the 

20 chosen route of administratio11t the actual co~pound administered and its relative actlvify', the 

age, weight, and response of the individual patient, the severity of the patient's sympto~, and 

the like. 

For preparing solid compositions such as tablets, the principal active ingredient is 

· · 25 mixed ~th a~tical excipientto form a solid preformulation compositi~ containing 

a homogeneous mixture of a compound of the present invention. When referring to these 

prefonn.ulation compositions as homogeneous, it is meant that the active ingredient is 

dispersed evenly throughout the composition so that the composition may be readily 

subdivided into equally effective unit dosage fonns such as tablets, pills and capsules. 
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· The tablets or pills of the present invention may be coated or otherivise compoUnded 

to p~vide a dosage form ~the_advantage of prolonged action. For example, the 

tablet ot pill can comprise an inner dosage and an outer dpsage component, the latter being in 

the form of an envelope over the former. The two components can be separated by an enteri<? 
S layer which serves to resist disintegration in the stomach and permit the inner component to 

10 

· pass intact into the duodenum or to be delayed in ~ease. A variety of materials can be used 

fo,:- such enteric layers or coatings, such materials including a number of polymeric acids and 

mixtures of polymeric acids with such materials as ~etw; cetyl alcohoi 8nd cellulose 

acetate. 

The liquid fonns in which the novel compositions of the present invention may be . . . 
incorporated for administration orally or by injection include aqueous solutions, suitably 

flavored syrups, aqueous or oil suspensions, and :flavored emulsions with edible oils such as 

com oil, cottoD:Seed oil, sesame oil, coconut oil, or peanut oil, as well as·elixirs and ·similar 
15 pharmaceutical vehicles. 

CompOsitions for inhalation or insuftlation include Solutions and $USi>ensions in. 

pbannaceutically acceptable, aqueous or organic solvents, or mixtures thereof, and p<>wders. 

The liquid or solid compositions may contain suitable pharmaceutically acceptable excipients 

20 as described supra. Preferably ihe comp0:;itions are administered by the oral o~.nasal 

respiratory route for local or systemic effect Compositions in preferably pharmaceutically 
acceptable solvents may be nebulized by use of inert gases. Nebuliz.ed solutions may be 

inhaled directly from the nebulizing device or the nebulizing deVice may be attached to a face 

mask tent, or intennittent positive pressure breathing machine. Solution, suspension, or 

25 powder compositioDS" may be adminiSt~ preferably orally or nasally, from devices which 

deliver the formulation in an appropriate manner. 

The following formulation examples illustrate representative phannaceutical 

compositions of the present invention. 



s 

···-=-=-

-102-

Fonuulation Example J 

Hard gelatin capsules containing the following ingredients are prepared: 

Ingredient 

ActiVe Ingredient 

Starch 

Magnesium stearate 

Quantity 

bnifcapsu1e) 

30.0 

305.0 

. s.o 

10 The above ingredients are mixed and filled into hard gelatin capsules in 340 mg 

quantities. 

Fommlation Example 2 

A tablet formula is prepared using the ingredients below: 

15 

Quantity 

mmem (mg/tablet) 

Active~ent 25.0 
•. 

Cellulose, microcrystalline 200.0 
. . 

20 Colloidal silicon dioxide 10.0 

Stearic acid 5.0 

The components are blended and compressed to fonn tablets, each weighing 240 mg. 

25 Fminulation Example 3 

A dry powder inhaler formulation is prepared containing the following components: 
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Active Ingredient 

Lactose 
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Weight% 

s 
95 

S The active ingredient is mixed with the lactose and the mixture is added to a dry 

10 

15 

20 

p<>wder inhaling appliance. 

Formulation Example 4 

Tal?lets, each containing 30 mg of active ingredi~ are prepared as follows: 

Quantity 

Ingredient (mgftablet) 

Active Ingredient 30.0 

Starch 45.0 

Microccystalline cellulose 35.0 

Polyvinylpyrrolidone (as 10% solution in sterile water) 4.0 

Sodium carboxymethyl starCh 4.5 

Magnesium stearate 0.5 

Talc 1.0 

Total 120.0 

The active ingredient, starch and cellulose are passed through a No. 20 mesh U.S. 

sieve and mixed thoroughly. The solution of polyvinylpyrrolidone is mixed with the resultant 

powders, which are then passed through a 16 mesh U.S. sieve. The granules so produced are 

25 dried at 50°C to ~0°C and· passed through a 16 mesh :U.S. sieve. The so<fi:unr carboxymethyl 

starch, magnesium Stearate, and talc, previously J38SSed through a No. 30 mesh U.S. sieve, are 

then added to the granules which, after mixing, are compressed on a tablet maclrlne to yield 

tablets each weighing 120 mg. 
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Formulation Example S 

Capsules, each containing 40 mg of medicament are made as follows: 

Quantity 

ln,gredient (mg/capsule) 

Active Ingredient 40.0 

S1arch 109.0 

Magnesium stearate 1.0 

Total 150.0 

The active ingredient, starch, and magnesium stearate are blended, passed through a 
No. 20 mesh U.S. sieve, and filled into bard gelatin capsules in lSQ mg quantities. 

Fonnulation Example 6 

Suppositories, each containing 25 mg of active ingredient are made as follows: 

In~ient 

Active Ingredient · 

Saturated fatty acid glycerides to 

Amount 

25.0mg 

2,000.0mg 

The active ingredient is ~assed through a No. 60 mesh U.S. sieve and suspended in the 
saturated fatty acid glycerides previously melted using the minimum heat necessacy. The 

mixture is then poured into a suppository mold of nominal 2.0 g capacity and allowed to cool. 

Formulation Bxample 7 

Stispensions, each containing SO mg of medicament per 5.0 mL dose are made as 

follows: 
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Ingredient Amomit 

Active Ingredient 50.0mg 

Xantban·gum 4.0~ 

Sodium c&rboxymethyl cellulose (11 %) 

Microcrystalline cellulose (890~) 50.0mg 

·sllCJ.'Pse 1.75 g 

Sodium benzoate 10.0mg 

Flavor and Color q.v. 

Purified water to S.Oml 

The active ingredient, sucrose.and xantban gum are blended, passed through a No. 10 

mesh U.S. sieve, and then mixed with a previously made solution of the microcrystalline 

cellulose and sodium carboxymethyl cellulose in water. The sodium benzoate, flavor, and 

color are diluted with some of the water and added with stirring. Sufficient water is then 

15 added to produce the required volume. 

20 

25 

fyrmUiation Exampl~ _8 

Quantity 

. Ingredient Un2fcapsule) 

Active Ingredient 15.0mg 

Starch 407.0mg 

~agnesium stearate 3.0mg 

Total 425.0mg 

The active ingredient, starch, and magnesium stearate are blended, passed through a 

No. 20 mesh U.S. sieve, and filled into hard gelatin capsules in 425.0 mg quantities. 
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Fomm]ation Rxmnple 2 

A subcutaneous formulation may be prepared as follows: 

In2fedient 

Active Ingredient 

Com Oil 

. 

Quantity 

5.0mg 

1.0mL 

Frequently, it will be deshable or necessmy to introduce the pbarmaCeutical 

composition to the brain, either ditCctly or indirectly. Direct techniques usually involve 

10 placement of a drug delivery catheter into the host's ventricular system to bypass. the 

blood-brain barrier. One such unplantable delivery system used for the transport of biological 

factors to specific anatomical regions of the body is descnDed in U.S. Patent 5,011,472 which 

is herein incorporated by reference. 

15 Indirect techniques, which are generally preferred, usually involve formulating the 

compositions to provide for drug latentiation by the conversion of hydrophilic drugs into 

lipid-soluble drugs. Latentia~on is generally achieved through bl~g of the hydroxy, 

carbonyl, sulfate, and priin.ary aµiine groups present on the drug to render the drug more lipid 

-soluble and amenable to transportation across the blood-brain barrier. Alternatively, the 

·20 delivery ofhydOOphilic drugs inay be Cnhanced by intta-arterial infusion of hypertonic" 

25 

solutions which can transiently open the blood-brain barrier. 

Synthesis Examples 

· Example 1. {Figure 7 A) 

Preparation of N,N'-dimethyl-N,N'-di-[2-[4-[2-butyl-3-bemofuranylcarbonyl}-2,6-

diiodophenoxy)ethyl]hexane, (7A-2), in which n=l, and Link is (CHJ,. 
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A. A solution of 3-[(2-bromoethoxy}3,S..cliodobenzoyl]-2-butflbenzofuran (7 A-

1), prepared as described in Eur. J. Med. Chem., 1974, 19-25, and in Belgian Patent 900138, 

(2 mmol}, diisopropylethylamine (5 mmol) and 1,6-di-(methylamino)hexane (1 mmol) in 

acetomtrile (25mL) is maintained at room temperature, and the reaction is monitored by thin 

5 layer chromatography (tic). When it is complete, the solution is added to water and ·extracted 

·with C~Cl2• The extract is dried and evaporated, and the residue is cbromatographed to 

.• afford.~ title compound 7A-2. 

B. In a similar manner, by employing different diamjnes in place of 1,6-di-
. . 

10 (niethylamino)hexane, as described herein, in A above, different compounds of Formula 7 A-2 

15 

20 

are obtained. 

C. In similarmanne,r, by employingdifferentbromo compounds ofFormula 7A-

1, as described herein, in A above, different compounds of Formula 7 A-2 are obtained. 

Example 2. (Figure 7B) 

Preparation of 1,8-di-[2-(4-(2-bugrlbenzofuran-3-ylcarb9nyl}-2,~ . 

diiodophenoxy]ethyl]methylamino}-3,S-dioxaoctane, 7B-2, bl which n is 1, and Link is 

(CHJ2(0(CHJJ2• 

A. A solution ofN-methyl 2-[4-[2-but.ylbenzofuran-3-ylcarbonyl]-2,6-

diiodophenoxy ]-ethylamine (7B-1), prepared according to procedures described in Eur. J. 

Med. Chem., 1914, 19-25, (5 mmol}, l,8-dibromo-3,5..clioxaoctane (2.5 mmol) and 

diisopropylethylamine (2mL) in EtOH (25mL) is maintained at room temperature. The 
25 progress of the reaction "is followed by tlc. When it is complete, the mixture is poured ·hrto 

water and extracted with CHiCii. The extract is dried and evaporated, and the residue is 

cbromatographed to afford the title compound 7B-2, in which n is I and Link is 

(CH2)2(()(C:Eli):z)2. 



. . -108-

B. · In a similar manner, by employing different compounds 7B-1, as described 

herein, different linked compounds of Formula 7B-2 are obtained. 

C. In a similar manner, by employing different linking compounds, as described 

5 herein, in place of l,8-dibromo-3,5-dioxaoctane, different linked compounds ofFonnula 7B-

2 are obtained. 

Example 3. (Figure 7C). 

Preparation of 1,10-di-[l-butyl-[3-[4-(3-dibutylaminopropoxy)benzoyl]benzofllran-5-

10 yl)aminosulfonyl}decane, 7C-2,. in which Link~ ((CHJ)J1.,. 

A. S-Amino-2-butyl-3-f 4-(3-dibutylaminopropoxy)benzoyl]benzo:furan (7C-1), 

prepared as described in BP 0471609, (1 mmol) and 1.10-di(chlorosulfonyl)decane (0.5 

mmol) are heated at reflux in cH;c12 (20mL). The progress of the reaction is followed by tic. 

15 When it is complete, the solution is added to dilute Na2C03 .• The organic phase is separated, 

dried and evaporated, and the residue is chromatcigraphed to afford the title compound 7C-2. 

20 

B. In a .similar manner, by employing different di-(eblorosulfonyl) linking 

compounds, .as described herein, different linked compounds of Fonnula 7C-2 me obtained 

. EXample 4. (Figure SA) 

Preparation of 1,6-di[4-[2-[l-[4-(methylsulfonylamino)phenoxy}­

ethylmethylamino}ethyl)phenylaminosulfonyl]hexane SA-2, in which Link is (CH2) •• 

25 A. 2-[4-(Methylsulfonylamino)phenoxy]ethyl bromide, 21-1, (10 mmol) and N-. . . 

methyl 2-(4-nitrophenyl)ethylamine, 21-2, (10 mmol) both prepared as described in J. Med 

Chem., 1990, 1151, are heated at reflux in MeCN (lOOmL) containing ~C03 (3g) and KI 

(0.2g). The reaction is monitored by tic. When it is complete, the solution is added to water 

and extracted with EtOAc. The extract is dried and evaporated and the residue is 
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chromatographed to 8.fford N-methyl N-(4-nitrophenylethyl) 2-[4-

(metby1sulfonylamino)phenoxy]ethylamine (21-3). 

B. The.above compound (3mmol) is dissolved in BtOH (SOmL) and Raney nickel 

S (lg) is added. The mixture is stined in a hydrogen atmosphere. The progress of the reaction 

is monitored by tlc. When it is complete, the solution is filtered and then evaporated. The 

residue is cbromatographed to afford N-methyl N-(4-aminophenylethyl) 2-[4-

(methylsulfonylambio)phenoxy]ethy~e, SA-1. 

10 C. A solution ofhexane-1,6-disulfonyl chloride (1 mmol), dlisopropylethylamine 

15 

(lmL) and 8A-1 (0.5 mmol) in chy CHiC12 (2SmL) is maintained at room temperature. The 

progress of the reaction is monitored by tic. When it is complete, the solvent is removed 

under reduced pressure and the residue is chromatographed to affor<l the title compound 8A-

2, in which Link is (CHJ4• · 

D. In a similar manner, by employing different di(chlorosulfonyl) linking 

compounds, as described herein, in C above, different linked compowids 8A-i are prepared. 

Example 5. (Figure 8B) 

20 Preparation of 1,4-di[-4-[2-methyl-2-(4-(methylsulfonylamino)phenyl]ethylamino l­
ethoxy]phenyl]aminosulfonyhn.ethyl]benzene, 8B-2, where Link is p-CH.,.<;H..CIIi· 

A. 2-(4-Nitrophenoxy)ethyl bromide, 21-4, (10 mmol) and 2-(4-

methylsulfonylaminophenyl) N-methylethylamine 21..;S (10 mmol) are heated at reflux in 

25 ·MeC1" (50mL) containirlg ~C03 (2g). The progress of the reaction is monitored by"tlc. 

When it is complete, the solution is added to water and extracted with EtOAc. The ex1IaCt is 

dried and evaporated and the residue is cbromatographed to afford N-methyl N-(4-

(methylsulfonyl-amino)phenylethyl) 2-( 4-aminophenoxy)ethylamine 8B-1. 
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B.. The above compound SB-1, (1 mmol) and 1,4-di-

(chlorosulfonylmethyl)benzene (O.S mmol) are dissolved in CHiClz (SO mL). The progress of 

the reaction is monitored by tlc. When it is complete, the solution is washed with dilute 

N~C~, then dried and evaporated. The residue is chromatographed to afford 8B-2, in which 

S Link is p-Ci{zCJI.cCHi. 

10 

C. In a similar manner, by employing different di(sulfonyl chloride) linking 

compounds, as descn"bed herein, in B above, different linked compounds SB-2 are prepared 

Example 6. (Figure SC) 

Preparation of 1,10-di-[2-[4-(methylsulfonylamfnophenoxy}ethyl] 2-(4-

[methylsulfonylaminophenyl]ethyl}amino]decane, SC-2, in which Link is (CllJ10• 

A. N-Benzyl 2-[4-(methylsulfonylaminophenyl)]ethylamine, (21-7 prepared as 

15 described in EP 338793), (10 mmol), 2-[4-(methylsulfonylaminophenoxy)ethyl bromide 21-8 

(1 O mmol) and ~C03 (1 g) are heated at reflux in MeCN (SO mL). The progress of the 

reaction is monitored by tic. When it is complete, the solution is added to water and extracted . . . 
with EtqAc. The extract is dried and evaporated, and the residue is chromatographed tQ 

afford N-benzyl N-2-(4-methyls~fonylaminophenoxy)ethyl 2-(4-

20 methylsulfonylaminophenyl)etb.ylamine, 21-9. 

B. The compound 21-9 (1 mmol) is dissolved in EtOH (20 mL) and ammonium 

formate (100 mg) and 10% Pd/C (50 mg) are added. The progress of the re~on is 

monitored by tlc. When it is complete, the solution is filtered then added to water and 

25 . . .extracted with BtOAc. "The extract iS" dried ana evapoiated, and the residue is 

cbromatographed to afford N-[2-(4-methylsulfonylaminophenoxy)ethyl] 2-(4-

methylsulfonylaminophenyl)-ethylamine, SC-1. 
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C. The above compound (lmm.ol), 1,10-dibromodecane (O.S mmol), K.iC03 {lg) 

and KI (O.OSg) are heated at reflux in MeCN. The progress of the reaction is mQDitored by 
tic. When it is complete, the solution is added to water and extracted with EtOAc. The 

extract is dried and evaporated. The residue is cbromatographed to aft'.ord the title compound 

S BC-2, in which Link is {CH:z)10• 

10 

D. Jn a similar manner, by employing different dialkylating agents, as described 

herein, in place ofl,10-dibromodecane, in C above, different compounds of Formula 8C-2 

are obtained. 

Example 7. (Figuie 9A) 

Preparation of 1,8-di-[4-[4-(ethylheptylamino)-1-hydroxybutyllphenylamino­

sulfonyl]octane, 9A-2, in which Link is (CHJ'" 

15 A. 4-Nitrophenyl-4-oxobutanoic acid, 21-10,prepared as described in Gazz. 

Chim. Ital., 1967, 97, 654, and U.S. Patent 5,405,851 (10 mmol), 1-hydroxybenztriazole (10 

mmol) and dicyclo.hezylearbodfunide (1 o mmol) are dissolved in DMF (50mLj. To the 
solution is added ethylheptylamine (10 mmol). The progress of the reaction is monitored by 

tic. When it is complete, the solution is added to water and extracted with EtOAc. The 

20 eXtract is dried and. ~aporaied, ap.d the residue is chrQmatographed to affo~ N-ethyl N­

heptyl 4-(4-nitrophenyl)-4-oxobutanamide, 21-11. 

B. The above prepared com.polind (2 mmol) is dissolved in dry diglyme (20mL) 

and MeOH (lmL). Lithium borohydride (25 mmol) is added and the solution is heated to 

25 reflux. The progress of the reaetion is monitored by tic. When it is compl~, the solution is 

added to water and extracted with EtOAc. The extract is dried and evaporated and the residue 

is chromatographed to afford 4-[1-hydroxy-4(ethylheptylamino)butyl]aniline 9A-1. 
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C. The compound 9A-1 (1 mmol) and octane-1,8-disulfonyl chloride (0.5 mmol) 

are dissolved in ~C4 (2SmL). The progress of the reaction is monitored by tic. When it is 

complete, the solution is added to dilute NaiC03, and then extracted with EtOAc. The extract 

is dried and evapomted, and the residue is chromatographed to afford the title compound 9A-

5 · 2., in ~ch Link is (CHJ6• 

10 

D. In a similar ma111Jer, by em.ploying different disulfonyl chlorides, as described 

herein, in C above, different compounds of Formula 9A-2 are obtained. 

Example 8. (Figure 9B) 

Preparation of 1,6-di-[4-[4-hydroxy-4-(methylsulfonylam~oi.>henyl)butyl]­

ethylamino)henne 9B-2, in which Link is (CHJ,. 

A. 4-(4-Aminophenyl)-4-oxobutanoic acid 21-12, (5 mmol) is added to a solution 

15 of dicyclohexylcarbodiimide (5 mmol) and ethylamine (5 mmol) in nIF (SOmL). After 12 

hours, the mixture is added to water and extracted with EtOAc. The extract is washed with 

dilute ~aO~ th~ d:J:ied and e~rated. The ·resjdu.t? is ·~ographed 1o afford N-Ctb.yl 4-

(4-aminophenyl)-4-oxobutanamide, 21-13. 

20 }3. . The" prodUct from A above (3 mm.oi) is dissoived in TIIF (25mL) and to the 

solution is added diisopropylethylamine (5 mm.ol) and methanesulfonyl chloride (3 mm.ol). 

The reaction is monitored by tlc. When it is complete, the solution is added to water and 

extracted with EtOAc. The extract is dried and evaporated and the residue is 

chromatographed to afford N-ethyl 4-(4-methylsulfonylaminophenyl)-4-oxobutanamide, 21-

25 14. 

C. The above-described compound (1 mmol) is dissolved in ether (SOmL); the 

solution is cooled to 0°C, and to it is added lithium aluminum hydride (5 mmol). The 

reaction is monitored by tlc. When it is complete, excess hydride is decomposed by addition 
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of aqueous potassium sodium tartrate. The organic phase is separated, dried and evaporated, 

and the residue is chromatographed to afford N-ethyl 4-(4-methylsulfonylaminophenyl)-4-

hydroxybutylamine, 9B-1. 

5 D. The compound 9B-1 (lmmol), diisopropylethylamine (2 mmol) and 1,6-

10 

dibromohexane (0.5 mmol) are dissolved in MeCN (25 mL). The progress of the reaction is 

monitofed by tic. When it is complete, the mixture is &afted to dilute :tjazC03, and extracted 

with ~Cli- The extract is dried and evaporated, and the residue is cbromatographed to 

afford the title compound 9B-2, in which Link is (CHJ6• 

E. In a similar manner, by employing different dialkylating agents, as described 

herein, in place of 1,6-dibromohexane, different compounds ofFormula 9B-2 are obtained. 

Example 9. (Figure lOA) 

15 Preparation of 1,8-di-[ 4-[2-[diethylaminoethyl}am.inocarbonyl}phenylamino­

sulfonyl]octane, lOA-2, in which Link is (CBi),. 

A. Procaine amide (lOA-1) (10 mmol) is dissolved in MeCN (50 mL) and 1,8-di.-

(cblorosulfonyl)octane (5 mmol) is ~ed. The progress of the reaction is monitored by tlc. . . . 
·20 When it is complete, the solution is added tO dilute N~C03 and extracted with CH2Cl2• The 

extract is dried and evaporated to afford the title compound, lOA-2, in which Link is {ClIJ15• 

25 

B. In a similar manner, by employing different disulfonyl chlorides, as described 
herein, different compounds of Formula lOA-2 are obtained. 

Example 10. (Figure lOB) 

Preparation of 1,8-di-{N-ethyl N'-[2-[4-[metbylsulfonylamino}benzoylaminoethyl]­

am.ino] 3,5-dioxaoctane, lOB-2, in which Link is (CBi)2(0(CBi)z}2• 
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A. N-Bthyl N'-(4-methylsulfonylaminobenmyl)ethylenediamfue, (lOB-1), 

prepared as descnOed in.T. Med Chem., 1987, 30, 155, (S mmol) diisopropylethylamine (S 

mmol) and l,8-dibromo-3,5-dioxaoctane (2.5 mmol) are dissolved in MeCN (25 mL). The 

progress of the reaction is monitozcd by tlc. When it is complete, the solution is added to 

S dilute NSi903 and extracted with CH2C~. The solution is dried and evaporated, and the 

reSidue is cbromatographed to afford the title compound lOB-2; in which Link is 

(CHJ:t(O(~ • 

. B. In a similar manner, by employing different dialkylating agents, as described 

10 herein, different compounds ofFormula lOB-2 are obtained. 

15 

Example 11. (Figure 11) 

Preparation of 1,10-di-[2-hydroxy-2-(4-methylsulfonylaminophenyl}ethylamino]-decane, 

11-2, in which Link is (CHJ10" 

A. 1,10-Dibromodecane (Smmol), 2-hydroxy-2-(4-methylsulfonylaminophenyl)-
. . 

. ethylamine (11-~) (10. ~ol), prepared as described in European P~t 338793, po~sium 

iodide (O.lg) and :KiC03 (lg)~ stirre4 in MeCN (SOmL). The reaction is moll;itored by tlc. 

When it is complete, the mixture is added to water and extract~ with CH2Cl2• The extract is 

20 dried and evaporated, and the residue is chrom.atographed to afford the title compound 11-2, 

in which Link is (CHJio· 

. 25 

B. In a similar manner, by employing different dialkylating agents, as described 

herein, different compounds of Formula 11-2 are obtained . 

Example 12. (Figure 12) 

Preparation of 1,6-di[4-[1-[[5:.C4-cbtorophenyl)-2-filranylmethylene}aminol­

imidazolidine-2,4-dion-3-yllbutylmethylamino ]hexane, 12-2, where Link is (CHJ6• 
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A. 1-Benzylamino-3-(4-iodobutyl)imidazolidine-2,4-dione (12-5). prepared as 
described in W093/04061, (S mmol) is added to a solution of.methylamine (2g) in MeOH 
( 40mL). The progress of the reaction is monitored by tic. When it is complete, the mixture is 

added to. water and extracted with CHiC12• The extract is dried and evaporated and the 
S residue is chromatographed to afford 1-benzylamino-3-(4-methyJ.am4iobutyl)imidaz.olin-2,4-

dione,-12~. 

B. The latter compound 12-6, (2 mmol) is added to ElOH (2SmL) containing 1 OOA. 
Pd/C (SOmg) and ammonium formate (0.Sg). The progress of the reaction is followed by tic. 

10 When it is complete, the solution is filtered and added to water. The aqueous solution is 

extracted with BtOAc. The extract is dried and evaporated. The residue is chromatographed 

to afford 1-amino-3-(4-methylaminobutyl)imidazolidine-2,4-dione, 12-7. 

C. The above-described compound (1 mmol) is dissolved in EtOH (20mL). To 

15 the solution is added S-{4-chlorophenyl)furan-2-carboxaldehyde (12-8), {1 mmol) and p­

toluenesulfonic acid (1 Omg). The progress of the reaction is followed by tic. When it is 

complete, tlie mixture is addea to water aitd extracted with C~Cl2• The extract is dried and 

evaporated to·afford 1-[5-(4-chlorophenyl}2-furanylmethyleneamino ]..J-[4-

20 

(methylamino )butyl]imidazolidine-2,4-dione, 12-1. 

D. A solution of 12-1 (1 mmol), l,6-di-(p-toluenesulfonyloxy)hexane (0.5 mmol) 
and diisopropylethylamine (3 mmol) in C&Cl2 (SO mL) is heated at reflux. The progress of 
the reaction is monitored by tic. When it is complete, the solution is cooled and added to 

water. The aqueous solution is extracted with CH2C~ and the extract is dried and 
ZS evaporated .. The resi<I:ue is chromalographed to affotd the title compound 12-2, in whicli Link 

is(CHJ6• 

E. In a similar manner, by employing other dialkylating agents, as described 

herein, different compounds of Formula 12-2 are obtained. 
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Example 13. (Figure 12) 

Preparation of l,4-di[4-[1-[[5-(4-chlorophenyl)-2-furanylmethylene]amino]­

imidazolidine-2,4-dion-3-yl]4-butyl(piperazin-1-yl)]butane, 12-4, where Link is (CHJ4• 

A. 1-Benzylamino-3-(4-i¢obutyl)imidamlidine-2,4-dione (12-S), ~as 

descrlbed in W093/04061, (5 mmol), dilsopropylethylamine (10 mmol) and N­

benzyloxycarbonylpiperazine (S mmol) are dissolved in MeCN (SO mL). The p19gress qf the 

reaction is monitored by tlc. when it is complete, the mixture is added to water and extracted 

with CHiC~. The ~is dried and evapotated, and the residue is cbromatographed to 

10 afford l-benzylamino-3-[ 4-( 4-benzyloxycarbonylpiperazinyl)butyl]-imidamline-2,4-dione, 

12-9. 

B. The above compound, (2 mmol) is disso~ved in EtOH (25 mL), and to the 

solution are added 5% Pd.IC (1 OOmg) and ammonium formate (250mg). The progress of the 

15 reaction is monitored by tic. When it is complete, the mixture is filtered and added to water. 

then extracted with EtOAc. The extract is dried and evaporated and the residue is 

chreinatographed to afford 1-amino-3-[4-(piperazin7 l,.yl)butyl]imidazoline-2,4-dione," 12-10. 

C. The above-described compound (1 mmol) is dissolved in EtOH (20mL). To 

20 the solution is added 5~4-chlorophenyl)furan~2-carboxaldehyde (12-8), (1 mmol) and p­

toluenesulfonic acid (lOmg). The progress oftlie reaction is followed by tic. When it is 

complete, the mixture is added to water and extracted with Cl!iC12• The extract is dried and 

evaporated to afford 1-[S-( 4-chlorophenyl)-2-furanylm.ethyleneamino ]-3-[4-(piperazin-l­

yl)butyl]imidazolidine-2,4-dione, 12-3. 

D. A solution of 1,4-dibromobutane, (0.5 mmol) and 12-3 (1 mmol) in EtOH is 

maintained at room temperature, while the progress of the reaction is monitored by tlc. When 

it is complete, the mixture is evaporated to deyness under reduced pressure. and the residue is 

cbromatographed to afford 12-4, in which Link is (CHJ4• 
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B. In a similar manner, by employing mff:erent dialkylating agents, as described 
herein, in part D above, different compounds of Formula 12-4 are obtained. 

Example 14. (Figure13) 

5 Preparation of 1,10-di-(3-cyclopropylmethyl-9,9-tetramethylene-3, 7-diazabieyclo­

{33.I]non-7-yl)decane, 13-2, in which Link is (CHJ100 

A 3-Benzyl-7-cyclopropylmethyl-9,9-tetmm.ethylene-3, 7-

diaz.abicyclo[3.3.l]nonane, (20-1, in which R1 is ~l), the preparation of which is 

10 descril?ed in European Patent 461574~ (fable 1, compound 221 (5 mmol) is dissolved in 

MeOH (20 mL) containing S°Ai Pd/C (SOmg) end formic acid (O.S mL). nie progress of the 

reaction is monitored by tic. When it~ complete, the solution is filtered and the solvent is 

removed under reduced pressure. The residue is cbromatographed to afford 3-

cyclopropylmethyl-9,9-tetramethylene-3,7-diazabicyclo(3.3.l)nonane, (20-1, in which Rs is 
15 H). 

B. . .1,10-Dibromooecane (O.S mmol) is added to a solution of the compound 20-1 

in which R1 is H, prepared as described above, (1 mmol) and diisopropylethylamine (0.5 mL) 

in· DMF (10 m.L). The progress of the reaction is monitored by tlc. When it is complete, the . . 
· 20 solution is added~ dilute N~C03 and extracted with EtOAc. The extract is dried and 

. . . 
evaporated and the residue is chromatographed to afford the title compound 13-2, in which 

Link is (CHJw 

C. In a similar manner, by employing different dialkylating agents, as described 

25 hereiri, different comp6unds of strocture·13:..2 are obtained. 
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Example ts. (Figure 14) 

Preparation of 1,4-cii"![2-[2-[4-(2-butylbenzofuran-3-yl)carbonyl-2,6-· 

diiodophenoxyethyl]methylamino]acetylamino]butane, {4-2, in which n is 1 and Link is 

CCHJ •• 

A. The ~pound 7B-:1~ prepared according to procedures described in Eur. J. 

Med ·chem., 1974, 19-25, (5 mmol), diisopropylethylamine (5 n;unol) and ethyl brom.oacetate - . 
(5 mmol) are dissolved in Cllzeli. The reaction is m0nitored by tic. ·When it is complete, the 

mixture is added to water and extracted with EtOAc. The extract is dried and evaporated; the . 

10 residue is chromatogmphed to afford ethyl N-methyl 2-[4-[2-butylbenzofuran-3-ylcarbonyl]-

2,6-diiodophenoxy]ethylaminoacetate, 14-1, in which R iS ethyl. 

B. The above compound (1 mmol) is dissolved in THF (10 mL) and water (3 

mL), and lithium hydroxide monohydrate (1.25 mmol) is added. The reaction is monitored by 

15 tlc. When it is complete, acetic acid ·(2 mmol) is added, and the solvents are removed under 

reduced pressure. The residue is chr,omatographed to afford N-methyl 2-[4-[2-

butylbenzofuran-3-ylcarbonyl]-2,6-dj.iodophenoxy]ethylaminoacetic acid, 14-1, in which R is 

H. 

20 C. The above-prepared compound (1 mmol) is dissolved in DMF. (20 mL) and 

25. 

dicyclohexylcarbodiimide (1 ~ol) and 1,4-diaminobutane (0.5 mmol) are added.· The 

reaction is monitored by tlc. When it is complete, the mixture is added to water and extracted 

with EtOAc. The extract is dried and evaporated; the residue is chroma~ographed to afford 

the title compound 14-l, in which n is 1 and Link is (CHJ4• 

D. In a similar manner, by employing different diamines, as described herein, 

different compounds of Formula 14-l are obtained. 
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Example 16. (Figure 14) 

Preparation of 1,4-di-[3-[4-(2-[4-(methylsulfonylamino)phenoxy]ethyl]­

amin~ethyl]phenylaminosulfonylJpropylmethylam.ino]buta•e, 14-7, in which Link is 

(CHJ,. 

A. N-methyl ~-{4-aminophenylethyl) 2-(4-

(methylsulfonylamino)phenoxy]ethylamine, 14-3, prepared as described in Examples 3A and 

3B, (5 mmol) is dissolved in ~Cli (25 mL) and 3-azidopropylsulfonylchloride (S mmol) is 

added. The reaction is monitored by tic. When it is complete, the mixture is added to water 

10 and-extracted with EtOAc. The extract is dried and evaporated; the residue is 

chromatographed to afford N-methyl N-(4-(3-azido~ylsulfonyl)aminop~enylethyl] 2-[4-

(metb.ylsulfonylamino)phenoxy ]-ethylamine, 14-5. 

B. The above-prepared compound (1 mmol) is dissolved in MeOH (20 m.L) and 

15 5% Pd/C (50 mg) is added. The mixture is stirred in a hydrogen atmosphere. The progress of 

the reaction is followed by tic. When it is complete, the solution is filtered. and the solvent is 

removed ilnder reduced press\ire. 'l)le residue is redissolved.in MeOH (20 m.L) and 
. . . 

paraformaldehyde (1 m.mol) and sodium cyanoborohydride (1 mmol) are added. The reaction . . 
is monitored by tlc. When it is complete, the mixture is added to water and extracted with 

2o BtO~c. The eXtnict ~s dried and evaP<>ra:ted and the.residue is cblomatographed to Bfford N­

methyl N-[4-(3-methylaminopropylsulfonyl)-aminophenylethyl]-2-[4-

(methylsulfonylamino )phenoxy ]ethylamine, 14-6. 

C. 1,4-Dibromobutane (O.S mmol) is dissolved in MeCN, and ~C03 (0.5 g) and 

25 the compol:Uld 14-6 (~.25-mmo~) are add~; The reaction is moni~ored by tlc. When it is 

complete, the mixture j.s added to water and extracted with EtOAc. The extract is dried and 

evaporated and the residue is chromatographed to afford the title compound 14-7, in which 

Link is (CHJ4• 
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D. In a similar manner, by employing different dialkylating agents, as described 

herein, in step C above, different compounds of Formula 14-7 are obtained. 

Example 17. (Figure 14) 

5 Preparation of 1,8-di-[{N-[2-(4-m~ylsulfonylaminophenoxy)ethyl] N-2-(4-

methylsulfonylaminophenyl)ethyl] 2-am.inoethoxy]octane, 14-10, in which Link is 

CCHJr 

A. N-2-(4-Methylsulfonylaminophenoxy)ethyl 2-( 4-methylsulfonylaminophenyl)-

10 ethylamine, (14-8), the preparation of which is described above in Examples 6A and 6B, (1 

mmol) is dissolved in EtOH (20 mL) and to the solution is added 2-brom.oetbanol (1 mmol) 

and diisopropylethylamine (5 mmol). The reaction is monitored by tic. When it is complete, 

the mixture is added to water and extracted with EtOAc. The extract is dried and evaporated 

and the residue is chromatographed to afford N-(2-hydroxyethyl) N-[2-(4-

15 methylsulfonylaminophenoxy)ethyl] 2-( 4-methylsulfonylaminophenyl)ethylamine, 14-9. 

B. The compound 14-9, (1 mmol) is ~solved in DMSO (10 mL) and KOH (10 
.. 

mmol) and 1,8-dibromooc~ (O.~ mmol) are added. The progress of the reaction is . . 
monitored by tic. When it is complete, the mixture is added to water. and extracted with 

20 EtOAc. ~ ~tis dried and evaporated and the residue is cbromat6graphed to afford· tlie 

title compound, 14-10, in which .Link is (CHJ8• 

25 

C. In a similar manner, by employing different dihalo compounds, in place of 1,8-

dibromooctane, different compounds of Formula 14-10 can be obtained. 

Example 18. (Figure 15) 

Preparation of l,4,8,12-tetra-[2-(4-methylsulfonylaminophenoxy)ethyl)-1,4,8,12-

tetraazacyclohexadecane, 15-3, in which X Is O. 
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A. 2{4-Methylsulfonylamin.O)phenoxyethyl bromide (15-~. in: which Xis 0). the 

prepaxation of which is described in J. Med Chem., 1990, 1551, (4 mmol) and 1,4,8,12-

. tetraa7.acyclohexadecane (15-2) (1 mmol) are dissolved in MeCN (25 mL). The progress of 

the reaction is monitored by tlc. When it is complete, the mixture is added to water and 

S extracted with BtOAc. The extract is dried and evaporated and the residue is 

·cliromatographed to afford the title-compound, 15-3, in which ?C is 0. 

B. · In a similar manner, by employing 2{4-

metbylsulfonylaminophenyl)ethylamine, (15-1, in which Xis a·direct bond, the prepamtfun of 
10 which is described inJ. Med Chem., 1990, 1551), there is obtained 1,4,8,12-tetra-[2-(4-

metliylsulfonylaminophenyl)ethyl]-1,4,8, 12-tetraazacyclohexadecane, 15-3, in which~ is a 
direct bond. 

Example 19. (Figure 15) 

1 S Preparation of 1,3,5-tri-[N-methyl 2-(2,6-diiodo-4-(2-butyl-3-t>enzofuran­

ylcarbonyl]phenoxy]ethyl]aminomethyl]benzene, 15-6. 

N-Methyl 2-[4-[2-butylbenzofuran-3-ylcarbonyl]-2,6-diiodophenoxy]etbylamine (15-

4), prepared according to procedures described in Eur. J. Med. Chem., 1974, 19-25, (3 mmol) 
20 is dissolved in M~CN (30. m.L), and l,3,5-tri(bro1n:omethyl)benz.ene (1 ~ol) and ~COs 

(0.5g) are added. The progress of the reaction is monitored by tlc. When it is complete, the 

mixture is added to water and extracted with EtOAc. The extract is dried and evaporated and 

the residue is chromatographed to afford the title compound 15-6. 

25 ~pfo20. (Figure 15) 

Preparation of the trimeric amide 15-9. 

A. N-Methyl 2-[4-[2-butylbenmfuran-3-ylcarbonyl]-2,6-

diiodophenoxy]ethylamine (lS-4), prepared according to procedures described in Eur. J. 
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Med Chem., 1974, 19-25, (5 mmol) is dissolved in BtOH (2S mL) and ethyl bromoacetate (5 

mmol) and diisopropylethylamine (10 mmol) are added. The progress of the reaction is 

followed by tlc. When it is complete, the reaction is added to water and extraCted with 

BtOAc. The extract is washed with dilute HCl, the dried and the solvent is evaporated wtder 

5 reduced pressure. The residue is dissolved in 1HF (15 mL), and LiOH, HzO (5 mmol) is 

adde<i. The progress of~ reaction is followed by tlc. Wh~ it is ~mplete, the pH is 

adjusted to 7 by addition of dilute HcL The solvents are removed wtder reduced pressure and 

the residue is chromatographed to afford N-methyl N-[2-[4-[2-butylbemofuran-3-ylcarbonyl]· 

2,6-diodophenoxy]ethyl]glycine, 15-7. 

10. 

B. The compound 15-7 (3 mmol) is dissolved in DMF (25 mL) and 

dicyclohexylcarbodiimide .(3 mmol) and tris(2-aminoethyl)amine (1 mm.ol) are added. The 

progress of the reaction is monitored by tlc. When it is complete, the mixture is added to 

water and extracted with EtOAc. The extract is dried aitd evaporated and the residue is 

15 chromatographed to afford the triamide product 15-9. 

20 

Example 21: (Fig~mdS) 

Preparation of 1,4-di-[N-methyl 2-( 4-methylsulfonylaminophenoxy)-ethylamino]butane, 

15-12, in which X is"O, R is methyl and Link is (CHJ4• 

A. 2-(4-Methylsulfonylaminophenoxy)ethyl bromide, 15-10, in which Xis 0, (2 

mmol) and 1,4-di(methylamino )butane, 15-11, (1 mmol) are dissolved in MeCN (20 mL) 

containing ~C03 (O.Sg). The progress of the reaction is followed by tlc. When it is 

complete, the reaction is added to water and extracted with EtOAc. The extract is dried and 

25 evaporated, and the residue is cbromatographed to afford ~e title compound 15-12. 

B. In a similar manner, by employing 2-(4-methylsulfonylaminophenyl)ethyl · 

bromide in A above, there iS obtained the corresponding product 1,4-di-[N-methyl 2-(4-
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methylsulfonylaminophenyl}ethylamino]butane, 15-12, in which Xis a direct bond, R is 

methyl and Link is (CHJ4• 

C. In a similar manner, by ~ploying different diamines 15-11, as described 

5 herein, in A and B above, there me obtained the COlTCSpOilCling diamine products 15-12. 

10 

Bxample22. (Figure 18) 

Preparation of the asymmetrically linked aminosalfonamide 18-4, in which Link is 

CCHJ1· 

A. N-Methyl N-(4-aminophenylethyl) 2-[4-(methylsulfoDylamino)phenoxy]-

ethylamine,18-1, the preparation of which is described ill Examples 4A and 4B above, (2 

mmol) is dissolved in dry CH2<; (25 mL); diisopropylethylamme (10 mmol) and 3-

bromopropanesulfonyl chloride (2 mmol) me added. The progress of the reaction is followed 

15 by tlc. When it is complete, the reaction is added to Water and extracted with EtOAc. The 

extract is washed and dried and the solvent is evaporated under reduced pressure. The residue 

is cbromatographed to afford i.,bromo-3-~4-[N-methyl 2-[2-[4-

20 

methylsulfonylamino ]phenoxy]ethylamino ]phenylaminosulfonyl]propane, 18-2, in-which 

Link is (CH.ili. 

B. N 2-(4-aminophenyl)ethyl 2-[4-methylsulfonylaminophenoxy]ethylamine, 18-

3, prepared using methods described in BP 338793, (1 mmol) and the compound 18-2, (1 

mmol) me dissolved in CffaC~ (25 mL) and to the solution is added diisopropylethylamine 

(10 mmol). The progress of the reaction is monitored by tlc. When it is complete, the 

25 mixture is added to water and extraeted witli EtOAc. The extract is dried and evaporated ari1i 

the residue is chrom.atographed to afford the title compound 18-4, in which Link is (CH~2• 

C. In a similar lnanner, by employing different bromosulfonyl chlorides, as 

described herein, the corresponding compounds of Formula 18-4 me obtained. 
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Exampl~ 23. (Figure 19) 

Preparation of the dimeric heterovalomer 19-4, in which Link is (CHJs-

A. Using the procedure described in Example 22A, but using 6-

5 bromohexanesulfonyl chloride instead of 3-bromopropanesulfonyl chloride* 1-bromo-6-[4-

[N-methyl 2-[2-[4-methylsulfonylamino ]phenoxy]ethylamino]phenylaminosulfonyl]hexane, 

19-2, in which Link.is (CH2),, is prepared. 

B. The above compound (2 mmol) and N-ethyl 2-[4-[2-butylbell7.0furan-3-

l 0 ylcarbc;>nyl]-2,6-diiodophenoxy]ethylamine (19-3), prepared 8ccording to procedures 

described in Eur. J. Med. Chem., 1974, 19-25, are dissolvedin·MeCN (25 mL).· The progress 

of the reaction is monitored by tlc. When it is complete, the mixture is added to dilute 

NaHC03 and extracted with EtOAc. The extract is dried and evaporated and the residue is 

chromatographed to afford the title compound 19-4, in which Link is (CHJ5• 

15 

C. In a similar manner, by employing different bromo compounds 19-2, the 

correspondµig heterQvalomers 19-4 are obtained. 

Example 24. (Figure 19) 

. 20 Preparation of the dimeric heterovalomer 19-8, iri. which Link is (CHJs-

A. N-[4-[[2-(6-methyl-2-pyridinyl)ethyl]-4-piperidinyl]carbonyl]phenyl 

methanesulfonamide, (E-4031, Table 4) prepared.as described in.T. Med Chem., 1990, 903, 

(10 mmol) is dissolved in 48% HBr in AcOH (50 mL). The solution is heated to 60°C and 

· 25 the progress of the reactio~ is In;Onitored by tlc. When i~ is complete, the mixture is cooled 

and the solvent is removed under reduced pressure. The residue is taken up in water and the 

solution is basified with aqueous NaOH. The aqueous solution is extracted with CH2Cl2, and 

the extract is dried and evaporated. The residue is cbromatographed to afford 6-[2-[4-[4-

aminobenzoyl-l-piperidyl]ethyl)-2-methylpyridine, 19-5. 
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B. The above compound 19-5 (2 mmol) is dissolved in CHiC11 {35 mL) and to 

the solution are added diisopropylethylamine (S mmol) and ~bromohexanesulfonyl chloride 

(2 mmol). The progr:ess of the reaction is monitored by tJ.c. When it is complete, the mixture 

is added to dilute NaHC01 and extracU:d with EtOAc. The extract is dried and evaporated 

S and the residue is cbromatographed to afford 1~-6, in which Link is (CHJ,. 

C. To a solution of the ~ve compound (1 mmol) in CHzCli (20 mL) is added N-

{2-(4-methylsulfonylaminopheno~)etliyl] 2{4-methyisulfonylaminophenyl}ethylamine, 

19-7, the prep8ration o~which is ~Qed in Example 6A and 68, (1 mniol). The progress 

10 of.~e reaction is monitored by tlc. When it is complete, the mixture is added to dilute 

NaHC~ and extracted With EtOAc. The extract is dried and evaporated and ~e residue is 

cbromatographed to afford the dimeric product 19-8, in which Link is (CHJ5• 

D. In a similar manner, by employing different bromoalkyl sulfonyl chlorides, as 

15 described herein, the co~nding products of FOIDlula 19-8 are obtained. 

· Example 25. (Figure 19) 

Preparation of tlie dimeric heieronI:omer 19-11, in which Liiik is (CHi)3• 

· 20 A. Using the procedme of Example 24A, except that 4-bromobutanesulfonyl 

chloride is employed instead of 6-bromohexanesuifonyl ebloride, there is prepared the 

compound 19-9, in which Link is (CHJ3• 

B. N-Methyl.N-(4-aminophenylethyl) 2-[4-

45 (methylsulfonylamino )phenoxy]ethylamine, (8A-1, the preparation of which is described in . . 

Examples 4A and 4B) (l mm.ol} is dissolved in MCCN (2S mL) and to the solution is added 

3-bromopropanesulfonyl chloride (2 mmol). After 6 hours, 10% metbanolic m.ethylamine (1 

mL) is added. The progress of the reaction is followed by tlc. When it is complete, the 
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mixture is added to water and extracted with CH.i02. The~ is dried and evaporated, 
mid the residue is chromatogmphed to afford N-methyl N-[4-(3-methylaminopropylsulfonyl)­

aminophenylethyl]-2-[4{metb.ylsulfonylamino)phenoxy]ethylamine, 19-10. 

5 C. The prodUct :from A above (1 ~l) and the product :from B above (1 mmol) 

10 

15 

· ~ dissolved in EtOH (20 mL). ~o the mixture is added diisopropylethylamine (20 mmol). 

The progress of the ieaction is monitoteet by tlc. When it is complete, the mixture is added to 

water and extracted with CII,i02• The extract is dried and evaporated. alid the residue is 

chromatographed to afford the title compound 19-11, in which Link is (CHib. 

D. In a similar manner, by employing different bromoalkyl sulfonyl chlorides, as 

described herein, in step A above, there are obtained the corresponding products of Formula 

19-11. 

Example 26. (Figure 20) 

Preparation of 3-cyclopropylmethyl 7-[2-[4-methylsulfonylam.inophenoxy}ethyl)-9~­

tetramethylene-3, 7-diazabicyclo[3.3.l]nonane, 20-3, in which Xis O. . . 

A. 3-Cyclopropylmethyl-9,9-tetram.ethylene-3,7-diazabicyclo[3.3. l]nonane, (20-

20 1, in which R is H, the preparation of which is described in Example 14A), (2 mmol) is 

dissolved fu MeCN (20 mL). To the solution is added 2-[4-

methylsulfonylaminophenoxy]ethyl bromide (20-2, in whichR~ 0) (2 mmol) and~C03 
(O.Sg). The progress of the reaction is monitored by tlc. When it is complete, the mixture is 

added to dilute NaHC~ and extracted with EtOAc. The extract is dried and evaporated and 

. 25 the residue is chromatographed to afford the title com°pound 20-3. 

B. In a similar ~er, by employing 2-[4-methylsulfonylaminophenyl]ethyl 

bromide 20-2, in which R is a direct bond, in A ~bove, there is obtained the corresponding 
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product 3-cyclopropylmethyl 7-[2-[4-methylsulfonylaminophenyl]ethyl]-9,9-tetramethylene-
3,7~icyclo[3.3.l]nonane. 20-3, ~which Xis a direct bond. 

Example 27. (Figure 20) 
5 Preparation of 3,8-di-[2-[4-methy1sulfonylaminophenoxy]ethyl}-9,9-tetramethy~e-3,7-

dbm.bicydo[3.3.1Jnonane, 20-5, in which Xis O. 

A. 3,8-Dibenzyl-9,9-tetramethylene-3,7-diambicyclo[3.3.l]nomme, 20-4, in 

which R1 and~ are benzy}. the preparation of which is described in European Patent 461574, 
10 (S·~l) is dissolved in:EtOH{25 mL). lOOA. Pd/C (SO mg) and ammonium formate (200 

mg) are added. The progress of the reaction is followed by tic. When it is complete, the 

solution is filtered and the solvent is removed under vacuum to afford 9,9-tetram.ethylene-3,7-

diazabicyclo[3.3.l]nonane, 20-4~ in which R1 and R2 are H. 

15 B. The above compound (1 mm.ol) is dissolved in MeCN, and to the solution is 

20 

25 

added diisopropyletbylamine (S mmol) and 2-[4-methylsulfonylaminophenoxy]ethyl bromide 

(O.S mm.ol). The progress of the_ reaction is monitored bytlC. Whe» it is C01'lplete, the . 

mixture is added to water and eXtracted with EtOAc. ~extract is driCd and evaporated and 

the residue ~s chromat<?grap~ to aff~ ~title compoUJJ.d 20-5, in. which Xis 0. 

C. In a similar mamier, by employing 2-[4-methylsulfonylaminophenyl]eth.yl 

bromide in B above, there is obtained the corresponding product 3,8-di-[2-[4-

methylsulfonylaminophenyl]ethyl]-9,9-tetramethylene-3, 7-diazabicyc~o[3.3.l]nonane 20-5, in 

which X is a direct bond. 
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Example 28. (Figure 20) . 

Preparation of 3-cyclopropylmethyl-7-[4-[2-[4-methylsulfony'8niinophenoxy)­

ethylmethylam.ino ]butyl}-9,9-tetram.ethylene-3, 7-diazabicyclo[3.3.1]nonane, 20-5, in 

whichXisO. 

A. 3-Cyclopropylmethyl-9,9~ethylene-3,7..mambicyclo(3.3.l]nonane. (20.. 

1, in whiCh R is H), (S mmol) and 1,4-dl"bromobutane (S mm.al) an= dissolved in EtOH (30 

mL). The progress of the reaction is followed by tic. When it is complete, N-methyl 2-(4-

methylsutfonylaminophenoxy)etb.ylamine (20-6, in which Xis 0), (S mmol) is added. The 

10 progress of the reaction is followed by tic. When it is complete, the mixture is added to dilut.e 

NaHC03 and extracted with EtOAc. The eXtract is dried ·and evapOrated and tb,e residue is 

chromatographed to afford the title compound 20-5, in Which Xis 0. 

B. In a similar manner, by employing 2-[4-methylsulfonylaminophenyl]ethyl 

15 bromide in A above, there is obtained the cottesp0nding product 3-cyclopJ:Opylmethyl-7-[4-

[2~[4-methylsulfQnyl~yl]-ethylm.ethy~ ]butyl]-9,~-tetrametb.ylene-3, 7-

diazabicyclo[3.3.l]nonane,20-S, in wbichX is a direct bond. 

C. In a sipill.ar nuwner, by employing~ dibromo com.pounds in place of . 

20 1,4-dimomobutane, there 8re obtained the corresponding products similar to 20-7. 

25 

Example 29. (Figure 20) 

Preparation of 1,3,5-tri-{2-[4-(methylsulfonylamino )phenoxy]ethylmethylamino­

methyl]benzene, 20-9, in which Xis 0. 

A. N-Methyl 2-[(4-methylsulfonylamino)phenoxy]ethylamine (20-6, in which X . 

is 0), (3 mm.ol) and 1,3,S-tri-(bromomethyl) benzene (20-8), (1 mmol) are dissolved in . 

MeCN (25 mL) containing K2C03 (0.Sg). The progress of the reaction ·is monitored by tle. 
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When it is complete, the~ is added to water and extracted with BtOAc. The extract is 
dried and evaporated and the residue is chromatographed to afford the title compound, 20-9, 
in which Xis 0. 

S B. · In a smiilar manner, by employing N-m.etbyl 2-[(4-

10 

Dtethylsulfonylamhlo)plienyl]-etbylamine, (.20-6, in which Xis a direct bond) there is 

obtained the correspond}ng product t,3,s-m-12-C4-. 
(metbyls.ulfonylamino)phenyl]ethylmethyJamino..methyl]benzene, 20-9, in which Xis a 
direct bond. 

While the present invention has been described with reference to. the specific 
embodiments thereof, it should be understood by those skilled in the art that various changes 
may be made and equivalents may be substituted without departing from the true spirit and 
scope of the invention. In addition, many modifications may be made to adapt a particular 

15 situation, material, composition of matter, process, process step or steps,"tO the objective 
spirit and scope of the present invention. All such modifications are intended to be within the 

scope of the cl~ aPJ>Cllded hereto. 

All of the publications, patent aeplications and patents cited in this application a.re . . . . 
20 herein incorporated by reference in their entirety to the same extent as if each individual 

publication, patent application or patent was specifically and individually indicated to be 

incorporated by reference in its entirety. 
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Table 1: Multiple Activities of Antiarrhythmic Agents 

Drag Channels .. Recepton 

Na. 

s Fast Med. Slow Ca K CZ p Mi 
Classl 

Lidocaine • . 
Mexiletine •· 
Tocainide • 

10 Mo:ricizine + 
Procainamide + • 
Disopymmid~ + • • 
Quinidine + • • • 
Propafenone • • 

15 Flecainide + • : 

Encainide + 
Class IV 

·Bepridil • • • 
Verapamil • • • 

20 Diltiazem • 
Classm 

Bretylium + * * 
Sotalol .+· • 
Amiodarone • • + • • 

25 Afinidine • 
Potency of block: • Low • Moderate + lllgh * Bipbasic Action 
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Table 2: Activity of Potassl11m cliannel Ligands · 

Drag Development I... IKa ·lco Na..,.. U~e 

Stage Depen~en.ce 

Amiodarone Approved • • None 

5 .Dofetilide Phase3 • Reverse 

Sematilide . Phase3 • Reverse 

B-4031 Phase2 • Reverse -
Amnilide Phase3 • • Reverse 

Ambasilide Temdnated •• • None 

10 Ibutilide Approved . • t None 

Tedisamil Phase3 • • Reverse 



Table 3: Properties of Potassium-Channel Blocken 

ICSO(p.M) 

Drag TnideName D.weloper Status IKr IK. .. 
s Dofetilide Tikosyn Pfizer Phase3 · 0.01 

:&4031' Eisai Phase2 0.4 

Sematilide ScheringAG Phase3 25 

Ambasilide BASF Tenn. 

Azimilide Stedicor P&:G Phase3 0.2 2 

10 Tedisamil Solvay Phase3 <10 s 
Dronedarone Sanofi ·Phase2 

Ibutilide Coni'ert Pharmacia Apprvd 0.016 

d-Solatol Bristol-Myers Pre-reg 100 

Amiodarone Cordarone · Wyeth-Ayerst Apprvd 

1S 

BloavaD. 

lOOOAi 

96% 
500/0 

. 
<5% 

100% 

22-86% 

Elim fill 

7-13 hrs. 

4-8 hrs. 

3 .. 21 hrs. 

I 
I-' 
w 
N 
I 

1\ 

I 

~ 
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Table 4: Potassium Channel Ligands 

~{)-0 
... -..... J.) 

o:XJ 
0 

CLA...J-.~ . u...: - '-' '-/ 

l?c 

Dnaed:araa11 

Cll 

~ 
Sol:llol 

0 (' 

~~-
ScmzdDde 

Ambasllldt 

Tcdbmill 
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Table 4: Potassium Channel Ligands (continued) 

Elrcct o( Sa'bsdtutioa. oa. lx. Poteacr 

2211 
2bJlt 
a 
" 5 
6 
1 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
:u 
22 
23 
:l4 

l 

L-768,673 
and analogs 

• oiat 
.R 
s 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
RS 
RS 

~ 
s 
R 
R 
R 
R 
s 
R -

R 
\ 0 0 

~~cH?. 
" r 

214 
10000 

6Qbl 
'5"' 

300' 
SS 

140 
2oo' 

14.i 
ti 

2800' 
«OD' 

- >10000 
1~ 

1000 
520" 
20" 

6 
110 

10" 
. 11" 

30 
9 

. 60' 
6" 

IQOO 
10000 

23frat1000 
17,,ulGOO. 
31'Jiat1GOO 

32'JO at 1000 
31'1tatlOQ 

1500 .. 
8800 

1000 

100 

6~&t:1000 

25'ii:atl00 
4000 
2400 
, 35fr at 1000 
6000 

2:1:0JI 
· 151:U2 

>1.000 

>1000 

>1000 
>1000 
>1000 
>locO 
>1000 
>1000 
>1000 

>1000 
>1000 

>1000 

>1000 
>1000 

224-225· 
111-180 
1'1-JC 
209-210 
100-103 
119 
92-95· 

137-139 
84-86 

175-178 
138-1~ 
1'4-1'5 
192-193 
199-201 
154-155 
1(0-141 
l~lU 
90-96 

140-1'3 
93-100 

1'3-HS 

132-134 
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Table S: Principal Cardiac K'" Currents and Some Drugs that Block Them 

c.irrent Drugs that Block Current Reference 

ltc UK.66,914, dofetilide, Argentieritl992;Carm.eliet, 

sematilide, d-solatol 1985; Gwilt, et al., 1990,. 

19~1 

S· ltci RPS886~,RP62719 Bscande; et al., 1992; 

Imoto, et al., 1987 

Iro1 TedisamiJ Dukes, et al .• 1~0 

~A'll') OlibencJamide, s~ Kantor, et al., 1990; Notsu, 

hydroxydecanoate etal., 1989; 1992 
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WHAT IS CLAIMED IS: 

1. A multibinding compound ~prising 2 to 10 ligands which may be the same 

or different and which ~ covalently attached to a linker or linkers, ~ch may-be the same or 

5 different, each of said ligands comprising a ligand domain capable ofbuiding to a r chamieL 

2. The multto~ding compound of Claim 1 wherein said ligand is selected from 

·the group consisting of quii>idine, glibenclamide, procaine, tetraethyl ammonium, clofilium, 

melperone, pinacidil, WAY-12~,398, cromakalim, propoful, thiopentone, risotilide, 

10 almOkalant, bretyli~ N-ecetylprocainamide, tacrine, UK.66,914, RPS8866, 4- · 

aminopyridine, RP493S6, afinidine, chromanol 293B, L-768,673 and its analogs, betbanidine, 

disopyramide, desethylamiodarone, NE-10064, artilide, dofetilide, B-4031, sematilide, 

ambasilide, azimilide, tedisamil, dronedarone, ibutilide, sotalol, bemodiazepine analogs and 

amiodarone. 

15 . 

3. The multi.binding compound of Claim 1 which has 2 ligands. 

4. A Jnultibinding compound represented by Formula I: 

(L)p(X)q I 

20 · where each L is a ligand ~t may be the sanie or different at each occurrence; . 

25 

X is a linker that may be the ~e or different at each occurrence; 

p is an integer of from 2 to 10; and 

q is an integer of from 1 to 20; 

wherein each of said ligands comprises.a ligand domain capable of binding to a K+ channel. 

5. The multi.binding compound of Claim 4, wherein q is less than p. 

6. The multtoinding compowid of Claim 4 wherein said ligand is selected frOm 

the group consisting of quinidine, glibenclamide, procaine, tetraethyl ammonium, clofilium, 
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melperone, pinacldil, WAY-123,398, cromabHm, propoful. tbiopentone~ risotilide, 
almok:alant, bretylium, N-acetylprocainamide, tacrine, UK66,914, RPS8866, 4-
aminopyridine, RP49356, atinidine,"cbromanol 293B, L-768,673 and its analogs, bethanidine, 
disopyramide, desethylamiodarone, NB-10064, artilide, dofetilide, E-4031, sematilide, 

S ambasilide, azimilide, tedisamil, drOnedarone, ibutilide, sotalol, benzodiazepine analogs and 
amiodarone. 

IO 

7. The multibinding compound of Claim 4 whereinp is 2 and q is 1.-

8. A pharmaceutical composition comprising a pharmaceutically-acceptable 
excipient and a therapeutically effective amount of one or more ll;lu1:tibinding compounds, or 
pharmaceutically acceptable salts thereof, comprising 2 to 10 ligands which may be the same 
or different and which are covalently attached to a linker or linkers, which may be the same or 

. . 
different, each of said ligands comprising a ligand domain capable of binding to a IC" channel 

15 of a cell mediating mammalian diseases or conditions, thereby modulating the diseases or 
conditions. 

9. The pharmaceutical composition of Claim 8 wherein said ligand is selected · 
from the group consisting of quinidine, glibenclamide, procaine, tetraethyl ammonium, 

io ciofili~ melperone, pinacidil, W A.Y-123 ,398, crornakatim, propotui, thio~ne, risotilide, 
almokalant, bretylium, N-acetylprocainamide, tactine, .UK66,914, RP58866; 4-
aminopyridine, RP49356, afinidine, chromanol 293B, L-768,673 and its analogs, bethanidine, 
disopyramide, desetb.ylamiodarone, NE-100_64, artilide, dofetilide, E-4031, sematilide, 
ambasilide, azimilide, tedisamil, dronedarone, ibutilide, sotalol, benzodiazepine analogs and · 

25 amiodarone. 

10. The pharmaceutical composition of Claim 8 which has 2 ligands. 
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. 11. A pbamw:eutical composition comprising a pharmaceutically acceptable 

excipient and a thempeutically effective·amount of one or more multi.binding compolUlds 

represented by Formula I: 

(L)p(X)q 

5 and pbarmaceuti.cally acceptable salts thereof, 

where each L is a ligand that may be the same or different at each occurrence; 

Xis a linker that may be the same or different at each occummce; 

pis an integer of from 2 to 10; and · 

q is an integer of ftom 1 to 20; 

I 

10 wherein each of said ligands comprises a ligand domain capable of binding to a~ channel of 

a cell mediating mammalian diseases ~ conditions, .thereby modl,llating the diseases or 

conditions. 

12. The pharmaceutical composition of Claim 11 wherein said ligand is selected 

15 from the group consisting of quinidine, glibenclamide, procaine, tetraethyl ammonium, 

clofilium, melperone, pinacidil, WAY-123,398, cromakalim, propoful, 1biopentone, risotilide, 

alinokalant, bret}'.'lium. N-acetylprocainamide, ~e, UK66,~14, RPS8866, 4-

aminopyridµie, RP4935(), afinidine, chroQUU1ol 293B, L-768,~73 8¢ its analogs, bethanidine, 

disopyramide, desethylamiodarone, NE-10064, artilide, dofetilide, E-4031, sematilide, 

20 am&asilide, ~ilide, tedisamil, dronedarone, illutilide, scitalol, benzodiazepine aI)alogs and · 

amiodarone. 

13. The pharmaceutical composition of Claim 11 which has 2 ligands. 

· 25 14. A method for modlllating the activity of a K+ channel in a biologic tissue, 

which method co~prises contacting a -tissue having a :re+ channel with a multib.inding 

compound, or a pharmaceutically acceptable salt thereof, under conditions sufficient to 

produce a change in the activity of tlie channel in said tissue, wherein the multibinding 

compound.comprises 2 to 10 ligands which may be the same or different and which are 
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covalently attached to a linker or linkers, which may be the same or different, each of said 

ligands comprising a ligand aomain capable of binding to a IC' channel. 

15. The method of Claim 14 wherein said ligand ·is selected from the group 

S consisting of quinidine, gliben.clamide, procaine, tetraetbyl ammonium, clofilium, 

meiperoD.C?, pinacidil, WAY-123,398, croma1caUm, propoful. tb.iopentone, rlsotilid.e, 

almokalant. bretylium, N-acetylprocainamide, tacrine, UK66,9J4, RPS8866, 4-. . . 
aminopyridine, RP49356, atinidine, chromanol 293B, L-768,673 and its analogs, betbanidine, 

disopyramide, desethylainiodarone, NE-10064, artilide, dofetilide, B-4031, sematilide, 

10 ambasilide, azimilide, tedisami1, dronedarone, ibutilide, sotalol, benzodiazepine analogs and 

amiodarone. 

16. The method of Claim 14 wherein the multtDinding compound has 2 ligands. 

15 17. A method for treating a disease or condition in a mammal resulting from an 

activity of a K" channel, which method comprises administering to said mammal a 

therapeutically effective amount of a pharmaceutical composition comprising a 
. . 

pharmaceutically acceptable excipient and one or more multibinding compounds, or 

pbannaceutically acceptable salts thereof, comprising 2 to 1 O ligands which may be the same 

20 or different and which are covalentiy attached to a linker or linkm, which may be the same 

or different, each of said ligands comprising a ligand domain capable of binding to a K+ 

channel of a cell mediating mammalian diseases or conditions. 

18. The method of Claim 17 wherein said ligand is selected from the group 

25 consisting of quinidine, glibenclamide, procaine, tetraethyl ammo~um, clofilium, 

melperone, pinacidil, WA Y-123,398, cromakalim, propoful, tbiopentone, risotilide, 

almokalant, bretylium, N-acetylprocainamjde, tacrine, UK66,914, RP58866, 4-

aminopyridine, RP49356, afinidine, chromanol 293B, L-768,673 and its analogs, bethanidine~ 

disopyramide, desethylamiodarone, NE-10064, artilide, dofetilide, B-4031, sematilide, 
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ambasilide, azimilide, tedisamil, dronedarone, ibutilide, sotalol, benzodi87.epine analogs and 

amiodarone. 

19. The method of clainl 17 wherein the multibinding compound bas 2 ligands: 

20. A method for-treating a disease or condition in a mammal resulting from an 

activity of a r chapnel, which method comprises administering to said mammal a 

thempeutically effective amount of a pharmaceutical composition comprising a. 

pharmaceutically acceptable excipient and one or more multi.binding compounds represented 

10 by Formula I: 

(L),(X)q 

atJ.d pharmaceutically acceptable salts thereof, 

where each Lis a ligand that may be the same· or different at each occUITence; 

X is a linker that may be the same or different at each occurrence; 

I 

15 p is an integer of from 2 to 1 O; and 

q is an integer of from 1 to 20; 

20 

wherein each of said ligands comprises a ligand domain capable of binding to a K: cbannei of 
. . . . . 

a cell.mediating mammalian diseases or conditions. 

21. The meth~d of Claim 20 wh~ said ligand is ~elected. from the gro~p 
consisting of quinidine, glibenclamide, procaine, tetraethyl ammonium. clofilium. 

melperone, pinacidil, WA Y-123,398, cromakalim, prop0ful, thiopentone, risotilide, 

almokalant, bretylium, N-acetylprocainamide, tacrine, UK66,914, RPS8866, 4-

aminopyridine, RP49356, afinidine, ehromanol 293B, L-768,673 and its analogs, bethanidine, 

25 disopyramide, desethylamiodarone, NE-10064, artilide, do~tillde, E-4031, sematilide, 

ambasilide, azimilide, tedisamil, dronedarone, ibutillde, sotalol,.benzodiuepine analogs and 

amiodarone. 

22. The method of Claim 20 wherein the multibinding compound has 2 ligands. 
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23. A method for identifying multimeric ligand compounds possessing 

multib.inding properties for potassium channels, whi~ method comprises: 

"(a) identifying a ligand or a mixture of ligands wherein each ligand contains at 

least one reactive ftmctionality; 

5 (b) identifying a library of linkers wherein each linker in said library comprises 

at least two tbnctional groups having complementary reactivity to at least one of the 

i:eactive functionaI groups of the ligand; . 

(c) preparing a mu_ltimeric ligand compound library by combining at least two 

stoichiometric equivalents of the ligand or mixture of ligands identified in (a) with the 

10 library of linkers identified in (b) under conditions wherein the complementary ~onal 
. . 

groups react to fotm. a covalent linkage between said linker and at least two of said ligands; 

and 

(d) assaying the multimeric ligand compounds produced in the library prepared 

in (c) above to identify multimeric ligand comp0unds possessing multibinding properties. 

15 

24. A method for identifying multimeric ligand compounds possessing 

multl'binding properties for po~sium. channels, .which method comprises: 

(a) identifying a library of ligands wherein each ligand contains at least one 

reactive .functionalit:r; 

20 (b) identifying a linker or mixture of linkers wherein each linker comprises at· 

least two functional groups having complementary reactivity to at least one of the reactive 

functional groups of the ligand; 

(c) preparing a multimeric ligand compound library by combining at least two 

stoichiometric equivalents of the library of ligands identified in (a) with the linker or 

25 mixture of linkers identified iii (b) Under ·conditions wherein the complementary functional 

groups react to form a covalent linkage between said linker and at least two of said ligands; 

and· 

(d) assaying the multimeric ligand compounds produced in the library prepared 

in (c) above to identify multimeric ligand compounds possessing multibinding properties. 
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25. The method accotding to Claim 23 or 24 wherein the preparation of the 

multimeric ligand compound libruy is achieved by either the sequential or concurrent 

combination of the two or mote stoichiometric equivalents of the ligands identified in (a) 

with the linkers identified in (b). 

26. The method according to-Claim 25 wherein the nmltimeric ligand 

compounds comprising the~ ligand cmDpound ~-are dimeric. 

27. The method according to Claim 26 w~ the climerlc ligand compounds 

10 comprising the dimeric ligand compound horary are heterodimeric. 

28. The method according to Claim 27 wherein the heterodimeric ligand 

compound library is prepared by sequential addition of a first and s~ond ligand. 

is 29. The method according to Claim 23 or 24 wherein, prior to procedure (d), 

20 

25 

each member of the multimeric ligand compound hlmuy is isolated from the library. 

30. . The method according to Claim 29 wherein each member of the library is 

isolated by preparative ll:quid chromatography ~s sp,:ctrometty.CLC¥.S>· 

31. The method acci>rding to Claim 23 or 24 wherein the linker or linkers 

employed are selected from the group COmPrising flexible linkers, rigid linkers, 

hydrophobic linkers, .hydrophilic linkers, linkers of different geometry, acidic linkers, basic 

linkers, linkers of different polamation and amphi.philic linkers. 

32. The method according to Claim 31 wherein the linkers comprise linkers of 

different chain length and/or having different complementary reactive groups. 
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33. The method according to Claim 32 wherein the linkers are selected to have 

different linker lengths· ranging from about 2 to lOOA. 

34. The method according to Claim 23 or 24 wherein the ligand or mixture of 

5 ligands is sel.ected to have reactive functionality at different sites on said ligands. 

35. The method according to Claim 34 w~in said reactive ~onality is 
seiected from the group consisting of carboxylic acids, carboxylic acid balides, carboxyl 

ester&, amines, Jialides, pseudohalides, isocyanates, vinyl unsatliration, ketones, aldehydes, 

10 thiols, alcohols, anhydrides, boronates, and precursors thereof wherein the reactive 

functionality on the ligand is selected to be complementacy to at least one of the reactive 

groups 9n the linker so that a covalent linkage can be formed between the linker-and the 

ligand. 

15 

20 

25 

36. The method according to Claim 23 or Claim 24 wherein the multimeric 

ligand compound library comprises homomeric ligai:td compounds. 

37. The method according to Claim 23 or Claim 24 wherein the multimeric 

ligand co~d lib:racy comprises heteromeric ligand compoun.Ps. 

38. A, library of multimeric ligand compoundS which may possess multivalent 

properties for potassium channels, which library is prepared by the method comprising: 

(a) identifying a ligand or a mixture of ligands wherein each ligand contains at 

least one reactive functionality; 

(b) . identifying a library of linkers wherein each linker in said library comprises 

at least two functional groups having complementacy reactivity to at least one of the 

reactive functional groups of the ligand; and 

(c) preparing a multimeric ligand compound library by combining at least two 

stoichiometric equivalents of the ligand or mixture of ligands identified in (a) with the 
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library of linkers identified in (b) under conditions wherein the complementary functional 

groups react to form a ~alent linkage between said linker and at least two of said ligands. 

39. A hllrary of multimeric · lig"and compounds which may possess multivalent 

: 5 properties for potassium channels, which h1>rary is prepared by the method comprising: 
. 

(a) identifying a horary of ligands wherein each ligand contains at least one 

reactive functionality; 

(b) identifying a linker or mixture of linkers wherein each linker comprises at 

least two functional groups having complementary reactivity to at least one of the reactive 

10 functional groups of~ ligand; and 

15 . 

20 

(c) preparing a multimeric ligand compound library by combining·at least two 

stoichiometric equivalents of the library of ligands identified in (a)·with the linker or 

mixture of linkers identified in (b) under conditions wherein the complementary functional 

groups react to form a covalent linkage between said linker and at least two of said ligands. 

40. The library according to Claim 38 or Claim 39 _wherein the linker or linkers . . 

employed are selected from the group comprising tlexible linkers, rigid linkers, 

hydrophobic linkers, hydrophilic linkers, linkers of different geometry, acidic linkers, basic 

linkers, linkers of diffei:ei:rt polatjzation and amphiplPlic linkers. . 

41. The library according to Claim 40 wherein the linkers comprise linkers of 

different chain length and/or having different complementary reactive groups. 

42. The library according to Claim 41 wherein the linkers are selected to have 

25 different linker lengths ranging from about 2 to too.A. 

43. The library according to Claim 38 or 39 wherein the ligand or mixture of 

ligands is selected to have reactive functionality at different sites on said ligands. 
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44. The library accordirig to Claim 43 wherein said reactive l\mctionality is 
selected from the group co~isting of carboxylic acids, carboxylic acid halides, carboxyl 
esters. amines, halides, pseudobalides, isocyanates, vinyl unsaturation. ketones, aldehydes, 
thiols, alcohols, anhydrides, boronates, and precursors thereof wherein the reactive 

5 functionalicy on the ligand is selected to be complement.ary to at least one of the reactive 
· groups on the linker so that a covalent linkage can be formed between the linker and the 

ligand. 

45. The h"brary acconling to Claini 38 or Claim 39 wherein the multimeric 
10 ligand compound h'bruy comprises homoineric ligand compounds. 

15 

46. The library according to Claim 38 or Claim 39 wherein the multimeric 
ligand compound library comprises heteromeric ligand compounds. 

47. An interative method for identifying multimeric ligand compounds 
possessing multibinding properties for potassium channels, which method comprises: 

(a) preparing a first collection or iteration of multimeric compounds which is 

prepared by contacting at least two stoichiometric equivalents of the ligand or mixture of 
ligands which target a receptor with a linker or mixture of linkers wherein said Ugaiid or . . 

20 ~e of ligands comprises at least one reactive functi.onalicy and said linker or mixture of 
linkers comprises at least two functional IJ:'OUps having complementary reactivity to at least 
one of the reactive functional groups of the ligand wherein said contacting is conducted 
under conditions whelein the complementary functional groups react to form a covalent 
linkage between said linker and at least two of said ligands; 

25 (b) assaying said first collection or iteration of multimeric compounds to assess 
which if any of said multimeric compounds possess in.ulti'bindini properties; 

(c) repeating the process of (a) and (b) above until at least one multimeric 
compound is found to possess multibinding properties; 
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(d) evaluating what molecular constraints Imparted or are c0nsistent with 

imparting multibinding P.roperties ·to the multimeric compound or compounds found in the 

first iteration reci~ in (a)- (c) above; 
. . 

(e) creating a second collection or iteration of multimeric·compounds which 

5 elaborates upon the.particular molecular constraints imparting multib~ properties to 

·the multimeric compound or COJDP-Ounds found in said first itemtion; 

(f) evaluating ~bat molecular constraints imparted or are co~istent with 

imparting enha~ multibinding properties to the multimeric compound or compounds 

found in the second collection.or iteration recited in (e) above~ 

IO (g) optionally repeating steps (e) and (f) to further elaborate upon said molecular 

constraints. 

48. The method according to Claim 47 wherein steps (e) and (f) are repeated 

from 2-50 times. 

15 

49. The method according to Claim 47 wherein steps (e) and (f) are repeated 

from S-50 times. 


