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(57) ABSTRACT 

The present invention provides a class of chemical com 
pounds useful as efficacious drugs in the treatment of sickle 
cell disease and diseases characterized by unwanted or 
abnormal cell proliferation, and in particular in?ammatory 
diseases associated with unwanted cellular proliferation. 
The active compounds are substituted triaryl methane com 
pounds or analogues thereof where one or more of the aryl 
groups is replaced with a heteroaryl, cycloalkyl or hetero 
cycloalkyl group and/or the tertiary carbon atom is replaced 
with a different atom such as Si, Ge, N or P. the compounds 
inhibit mammalian cell proliferation, inhibit the Gardos 
channel of erythrocytes, reduce sickle erythrocyte dehydra 
tion and/or delay the occurrence of erythrocyte sickling or 
deformation. 
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USE OF TRIARYL METHANE COMPOUNDS FOR 
INHIBITING UNWANTED CELLULAR 
PROLIFERATION ASSOCIATED WITH 

INFLAMMATORY DISEASE 

RELATED APPLICATIONS 

[0001] This application is a continuing application of Ser. 
No. 09/159,335, ?led Sep. 23, 1998, noW pending, Which is 
a continuation of Ser. No. 08/822,550, ?led Mar. 19, 1997, 
now US. Pat. No. 6,028,103, issued Feb. 22, 2000, Which is 
a continuation-in-part of application Ser. No. 08/618,952, 
?led Mar. 20, 1996, noW pending and 08/618,760, ?led Mar. 
20, 1996, noW pending, each of Which is a continuation-in 
part of application Ser. No. 08/307,874, ?led Sep. 16, 1994, 
noW abandoned. The application is also a continuation-in 
part of application Ser. No. 08/618,762, ?led Mar. 20, 1996, 
noW pending and application Ser. No. 08/ 618,75 9, ?led Mar. 
20, 1996, noW pending, each of Which is a continuation-in 
part of application Ser. No. 08/307,887, ?led Sep. 16, 1994, 
noW abandoned. Each of these applications is incorporated 
herein in its entirety by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to aromatic organic 
compounds Which are speci?c, potent and safe inhibitors of 
the Ca2+-activated potassium channel (Gardos channel) of 
erythrocytes and/or of mammalian cell proliferation. The 
compounds can be used to reduce sickle erythrocyte dehy 
dration and/or delay the occurrence of erythrocyte sickling 
or deformation in situ as a therapeutic approach toWards the 
treatment or prevention of sickle cell disease. The com 
pounds can also be used to inhibit mammalian cell prolif 
eration in situ as a therapeutic approach toWards the treat 
ment or prevention of diseases characteriZed by abnormal 
cell proliferation. 

BACKGROUND OF THE INVENTION 

[0003] Sickle cell disease has been recogniZed Within 
West Africa for several centuries. Sickle cell anemia and the 
existence of sickle hemoglobin (Hb S) Was the ?rst genetic 
disease to be understood at the molecular level. It is recog 
niZed today as the morphological and clinical result of a 
glycine to valine substitution at the No. 6 position of the beta 
globin chain (Ingram, 1956, Nature 178:792-794. The origin 
of the amino acid change and of the disease state is the 
consequence of a single nucleotide substitution (Marotta et 
al., 1977, J. Biol. Chem. 252:5040-5053). 

[0004] The major source of morbidity and mortality of 
patients suffering from sickle cell disease is vascular occlu 
sion caused by the sickled cells, Which causes repeated 
episodes of pain in both acute and chronic form and also 
causes ongoing organ damage With the passage of time. It 
has long been recogniZed and accepted that the deformation 
and distortion of sickle cell erythrocytes upon complete 
deoxygenation is caused by polymeriZation and intracellular 
gelation of sickle hemoglobin, hemoglobin S (Hb S). The 
phenomenon is Well revieWed and discussed by Eaton and 
Hofrichter, 1987, Blood 70:1245. The intracellular gelatin 
and polymeriZation of Hb S can occur at any time during 
erythrocyte’s journey through the vasculature. Thus, eryth 
rocytes in patients With sickle cell disease containing no 
polymeriZed hemoglobin S may pass through the microcir 
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culation and return to the lungs Without sickling, may sickle 
in the veins or may sickle in the capillaries. 

[0005] The probability of each of these events is deter 
mined by the delay time for intracellular gelation relative to 
the appropriate capillary transit time (Eaton et al., 1976, 
Blood 471621). In turn, the delay time is dependent upon the 
oxygenation state of the hemoglobin, With deoxygenation 
shortening the delay time. Thus, if it is thermodynamically 
impossible for intracellular gelation to take place, or if the 
delay time at venous oxygen pressures is longer than about 
15 seconds, cell sickling Will not occur. Alternatively, if the 
delay time is betWeen about 1 and 15 seconds, the red cell 
Will likely sickle in the veins. HoWever, if the delay time is 
less than about 1 second, red cells Will sickle Within the 
capillaries. 
[0006] For red cells that sickle Within the capillaries, a 
number of possible consequent events exist, ranging from no 
effect on transit time, to transient occlusion of the capillary, 
to a more permanent blockage that may ultimately result in 
ischemia or infarction of the surrounding cells, and in 
destruction of the red cell. 

[0007] It has long been recogniZed that the cytoplasm of 
the normal erythrocyte comprises approximately 70% Water. 
Water crosses a normal erythrocyte membrane in millisec 
onds; hoWever, the loss of cell Water causes an exponential 
increase in cytoplasmic viscosity as the mean cell hemoglo 
bin concentration (MCHC) rises above about 32 g/dl. Since 
cytoplasmic viscosity is a major determinate of erythrocyte 
deformability and sickling, the dehydration of the erythro 
cyte has substantial rheological and pathological conse 
quences. Thus, the physiological mechanisms that maintain 
the Water content of a normal erythrocytes and the patho 
logical conditions that cause loss of Water from erythrocytes 
in the blood circulation are critically important. Not surpris 
ingly, regulation of erythrocyte dehydration has been rec 
ogniZed as an important therapeutic approach toWards the 
treatment of sickle cell disease. Since cell Water Will folloW 
any osmotic change in the intracellular concentration of 
ions, the maintenance of the red cell’s potassium concen 
tration is of particular importance (Stuart and Ellory, 1988, 
Brit J. Haematol. 69:1-4). 

[0008] Many attempts and approaches to therapeutically 
treating dehydrated sickle cells (and thus decreasing poly 
meriZation of hemoglobin S by loWering the osmolality of 
plasma) have been tried With limited success, including the 
folloWing approaches: intravenous infusion of distilled 
Water (Gye et al., 1973, Am. J. Med. Sci. 266:267-277); 
administration of the antidiuretic hormone vasopressin 
together With a high ?uid intake and salt restriction (Rosa et 
al., 1980, M. Eng. J. Med. 303:1138-1143; Charache and 
Walker, 1981, Blood 58:892-896); the use of monensin to 
increase the cation content of the sickle cell (Clark et al., 
1982, J. Clin. Invest. 70:1074-1080; Fahim and Pressman, 
1981, Life Sciences 29:1959-1966); intravenous administra 
tion of cetiedil citrate (Benjamin et al., 1986, Blood 
67:1442-1447; BerkoWitZ and Orringer, 1984,Am. J. Hema 
tol. 17:217-223; Stuart et al., 1987,J. Clin. Pathol. 40:1182 
1186); and the use of oxpentifylline (Stuart et al., 1987, J. 
Clin. Pathol. 40:1182-1186). 

[0009] Another approach toWards therapeutically treating 
dehydrated sickle cells involves the administration of imi 
daZole, nitroimidaZole and triaZole antimycotic agents such 
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as ClotrimaZole (US. Pat. No. 5,273,992 to Brugnara et al.). 
ClotrimaZole, an imidaZole-containing antimycotic agent, 
has been shown to be a speci?c, potent inhibitor of the 
Gardos channel of normal and sickle erythrocytes, and 
prevents Ca2+-dependent dehydration of sickle cells both in 
vitro and in vivo (Brugnara et al., 1993, J. Clin. Invest. 
92:520-526; De Franceschi et al., 1994, J. Clin. Invest. 
93:1670-1676). When combined With a compound Which 
stabiliZes the oxyconformation of Hb S, ClotrimaZole 
induces an additive reduction in the clogging rate of a 
micropore ?lter and may attenuate the formation of irrevers 
ibly sickled cells (Stuart et al., 1994, J. Haematol. 86:820 
823). Other compounds that contain a heteroaryl imidaZole 
like moiety believed to be useful in reducing sickle 
erythrocyte dehydration via Gardos channel inhibition 
include miconaZole, econaZole, butoconaZole, oxiconaZole 
and sulconaZole. Each of these compounds is a knoWn 
antimycotic. Other imidaZole-containing compounds have 
been found to be incapable of inhibiting the Gardos channel 
and preventing loss of potassium. 

[0010] As can be seen from the above discussion, reducing 
sickle erythrocyte dehydration via blockade of the Gardos 
channel is a poWerful therapeutic approach toWards the 
treatment and/or prevention of sickle cell disease. Com 
pounds capable of inhibiting the Gardos channel as a means 
of reducing sickle cell dehydration are highly desirable, and 
are therefore an object of the present invention. 

[0011] Cell proliferation is a normal part of mammalian 
existence, necessary for life itself. HoWever, cell prolifera 
tion is not alWays desirable, and has recently been shoWn to 
be the root of many life-threatening diseases such as cancer, 
certain skin disorders, in?ammatory diseases, ?brotic con 
ditions and arteriosclerotic conditions. 

[0012] Cell proliferation is critically dependent on the 
regulated movement of ions across various cellular com 
partments, and is associated With the synthesis of DNA. 
Binding of speci?c polypeptide groWth factors to speci?c 
receptors in groWth-arrested cells triggers an array of early 
ionic signals that are critical in the cascade of mitogenic 
events eventually leading to DNA synthesis (RoZengurt, 
1986, Science 234:161-164). These include (1) a rapid 
increase in cystolic Ca2+, mostly due to rapid release of Ca2+ 
from intracellular stores; (2) capacitative Ca2+ in?ux in 
response to opening of ligand-bound and hyperpolariZation 
sensitive Ca2+ channels in the plasma membrane that con 
tribute further to increased intracellular Ca2 concentration 
(Tsien and Tsien, 1990, Annu. Rev Cell Biol. 6:715-760; 
Peppelenbosch et al., 1991, J. Biol. Chem. 266:19938 
19944); and (3) activation of Ca2+-dependent K+ channels in 
the plasma membrane With increased K+ conductance and 
membrane hyperpolariZation (Magni et al., 1991, J. Biol. 
Chem. 261:9321-9327). These mitogen-induced early ionic 
changes, considered critical events in the signal transduction 
pathWays, are poWerful therapeutic targets for inhibition of 
cell proliferation in normal and malignant cells. 

[0013] One therapeutic approach toWards the treatment of 
diseases characteriZed by unWanted or abnormal cell prolif 
eration via alteration of the ionic ?uxes associated With early 
mitogenic signals involves the administration of Clotrima 
Zole. As discussed above, ClotrimaZole has been shoWn to 
inhibit the Ca2+-activated potassium channel of erythro 
cytes. In addition, ClotrimaZole inhibits voltage- and ligand 
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stimulated Ca2+ in?ux mechanisms in nucleated cells (Vil 
lalobos et al., 1992, FASEB J. 6:2742-2747; Montero et al., 
1991, Biochem. J. 277:73-79) and inhibits cell proliferation 
both in vitro and in vivo (BenZaquen et al., 1995, Nature 
Medicine 1:534-540). Recently, ClotrimaZole and other imi 
daZole-containing antimycotic agents capable of inhibiting 
Ca2+-activated potassium channels have been shoWn to be 
useful in the treatment of arteriosclerosis (US. Pat. No. 
5,358,959 to Halperin et al.), as Well as other disorders 
characteriZed by unWanted or abnormal cell proliferation. 

[0014] As can be seen from the above discussion, inhib 
iting mammalian cell proliferation via alteration of ionic 
?uxes associated With early mitogenic signals is a poWerful 
therapeutic approach toWards the treatment and/or preven 
tion of diseases characteriZed by unWanted or abnormal cell 
proliferation. Compounds capable of inhibiting mammalian 
cell proliferation are highly desirable, and are therefore also 
an object of the present invention. 

SUMMARY OF THE INVENTION 

[0015] These and other objects are provided by the present 
invention, Which in one aspect provides a class of organic 
compounds Which are potent, selective and safe inhibitors of 
the Ca2+-activated potassium channel (Gardos channel) of 
erythrocytes, particularly sickle erythrocytes, and/or of 
mammalian cell proliferation. The compounds are generally 
substituted triaryl methane compounds, or analogues thereof 
Wherein one or more of the aryl moieties is replaced With a 
heteroaryl, cycloalkyl or heterocycloalkyl moiety and/or 
Wherein the tertiary carbon is replaced With another atom 
such as Si, Ge, N, or P. 

[0016] In one illustrative embodiment, the compounds 
capable of inhibiting the Gardos channel and/or mammalian 
cell proliferation according to the invention are compounds 
having the structural formula: 

(1) 
Ar 1 

Arz 

[0017] or pharmaceutically acceptable salts of hydrates 
thereof, Wherein: 

[0018] n is 0, 1, 2, 3 or 4; 

[0019] X is absent, (C1-C3) alkyl, (C1-C3) alkenyl, or 
(C1'C3) alkynyl; 
[0020] Y is C, N, P, Si or Ge; 

[0022] Ar1 is aryl, substituted aryl, heteroaryl other than 
imidaZole, nitroimidaZole and triaZole, heteroarylium other 
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than imidaZolium, nitroimidaZolium and triaZolium, (C5-C8) 
cycloalkyl or (C5-C8) heterocycloalkyl; 

[0023] Ar2 is aryl or substituted aryl; 

[0024] Ar3 is aryl, substituted aryl, biaryl or heteroaryl 
other than imidaZole, nitroimidaZole and triaZole; 

[0025] each R is independently selected from the group 
consisting of —H, (C1-C6) alkyl, substituted (C1-C6) alkyl, 
(C1-C6) alkenyl, substituted (C1-C6) alkenyl, (C1-C6) alky 
nyl, substituted (C1-C6) alkynyl and (C1-C6) alkoXy; 

[0026] the aryl substituents are each independently 
selected from the group consisting of -halo, trihalomethyl, 
—R, —R‘, —OR‘, —SR‘, NR‘2, —NO2, —CN, —C(O)R‘, 
—C(S)R‘, —C(O)OR‘, —C(S)OR‘, —C(O)SR‘ and 
—C(S)SR‘; 
[0027] the alkyl, alkenyl and alkynyl substituents are each 
independently selected from the group consisting of -halo, 
—R‘, —OR‘, —SR‘, NR‘2, —NO2, —CN, —C(O)R‘, 
—C(S)R‘, —C(O)OR‘, —C(S)OR‘, —C(O)SR‘, —C(S)SR‘, 
aryl, y-butyrolactonyl, pyrrolidinyl and succinic anhydridyl; 
and 

[0028] each R‘ is independently selected from the group 
consisting of —H, (C1-C6) alkyl, (C1-C6) alkenyl and (C1 
C6) alkynyl. 
[0029] In one aspect of the invention a method is provided 
for inhibiting unWanted cellular proliferation associated 
With an in?ammatory disease. The method includes the step 
of contacting a cell the proliferation of Which contributes to 
in?ammation in situ With an amount of a compound having 
the above described formula (I) effective to inhibit prolif 
eration of the cell. In one embodiment the method of 
administration is selected from the group consisting of oral, 
parenteral, intravenous, subcutaneous, transdermal and 
transmucosal for a living human. In one embodiment the 
mammalian cell is a ?brotic cell or a lymphocyte. 

[0030] According to another aspect of the invention a 
method is provided for treating or preventing an in?amma 
tory disease. The method includes the step of administering 
to a subject in need of such treatment a therapeutically 
effective amount of a compound of the above-described 
formula In one embodiment the in?ammatory disease is 
diarrhea. Preferably the diarrhea is caused by in?ammatory 
boWel disease. In another embodiment the in?ammatory 
disease is an autoimmune disease. In other embodiments the 
in?ammatory disease is selected from the group consisting 
of proliferative glomerulonephritis; lupus erythematosus; 
scleroderma; temporal arteritis; thromboangiitis obliterans; 
mucocutaneous lymph node syndrome; asthma; host versus 
graft; in?ammatory boWel disease; multiple sclerosis; rheu 
matoid arthritis; thyroiditis; Grave’s disease; antigen-in 
duced airWay hyperactivity; pulmonary eosinophilia; Guil 
lain-Barre syndrome; allergic rhinitis; myasthenia gravis; 
human T-lymphotrophic virus type l-associated myelopa 
thy; herpes simpleX encephalitis; in?ammatory myopathies; 
atherosclerosis; Goodpasture’s syndrome 

[0031] In certain embodiments the administration is 
parenteral or per oral. 

[0032] In another aspect, the present invention provides 
pharmaceutical compositions comprising one or more com 
pounds according to the invention in admixture With a 
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pharmaceutically acceptable carrier, eXcipient or diluent. 
Such a preparation can be administered in the methods of the 
invention. 

[0033] In still another aspect, the invention provides a 
method for reducing sickle erythrocyte dehydration and/or 
delaying the occurrence of erythrocyte sickling or deforma 
tion in situ. The method involves contacting a sickle eryth 
rocyte in situ With an amount of at least one compound 
according to the invention, or a pharmaceutical composition 
thereof, effective to reduce sickle erythrocyte dehydration 
and/or delay the occurrence of erythrocyte sickling or defor 
mation. In a preferred embodiment, the sickle cell dehydra 
tion is reduced and erythrocyte deformation is delayed in a 
sickle erythrocyte that is Within the microcirculation vascu 
lature of a subject, thereby preventing or reducing the 
vaso-occlusion and consequent adverse effects that are com 
monly caused by sickled cells. 

[0034] In still another aspect, the invention provides a 
method for the treatment and/or prevention of sickle cell 
disease in a subject, such as a human. The method involves 
administering a prophylactically or therapeutically effective 
amount of at least one compound according to the invention, 
or a pharmaceutical composition thereof, to a patient suf 
fering from sickle cell disease. The patient may be suffering 
from either acute sickle crisis or chronic sickle cell episodes. 

[0035] In yet another aspect, the invention provides a 
method for inhibiting mammalian cell proliferation in situ. 
The method involves contacting a mammalian cell in situ 
With an amount of at least one compound according to the 
invention, or a pharmaceutical composition thereof, effec 
tive to inhibit cell proliferation. The compound or compo 
sition may act either cytostatically, cytotoXically or a by a 
combination of both mechanisms to inhibit proliferation. 
Mammalian cells in this manner include vascular smooth 
muscle cells, ?broblasts, endothelial cells, various types of 
pre-cancer cells and various types of cancer cells. 

[0036] In still another aspect, the invention provides a 
method for treating and/or preventing unWanted or abnormal 
cell proliferation in a subject, such as a human. In the 
method, at least one compound according to the invention, 
or a pharmaceutical composition thereof, is administered to 
a subject in need of such treatment in an amount effective to 
inhibit the unWanted or abnormal mammalian cell prolifera 
tion. The compound and/or composition may be applied 
locally to the proliferating cells, or may be administered to 
the subject systemically. Preferably, the compound and/or 
composition is administered to a subject that has a disorder 
characteriZed by unWanted or abnormal cell proliferation. 
Such disorders include, but are not limited to, cancer, 
epithelial precancerous lesions, non-cancerous angiogenic 
conditions, arteriosclerosis, lymphoproliferative disorders 
and other blood cell proliferative disorders. 

[0037] In a ?nal aspect, the invention provides a method 
for the treatment and/or prevention of diseases that are 
characteriZed by unWanted and/or abnormal mammalian cell 
proliferation. The method involves administering a prophy 
lactically or therapeutically effective amount of at least one 
compound according to the invention, or a pharmaceutical 
composition thereof, to a subject in need of such treatment. 
Diseases that are characteriZed by abnormal mammalian cell 
proliferation Which can be treated or prevented by Way of the 
methods of the invention include, but are not limited to, 
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cancer, blood vessel and blood cell proliferative disorders, 
?brotic disorders and arteriosclerotic conditions. 

[0038] De?nitions: 

[0039] As used herein, the following terms shall have the 
following meanings: 
[0040] “Alkylz” refers to a saturated branched, straight 
chain or cyclic hydrocarbon radical. Typical alkyl groups 
include methyl, ethyl, propyl, isopropyl, cyclopropyl, butyl, 
isobutyl, t-butyl, cyclobutyl, pentyl, isopentyl, cyclopentyl, 
heXyl, cycloheXyl and the like. 

[0041] “Heterocycloalkylz” refers to a saturated cyclic 
hydrocarbon radical Wherein one or more of the carbon 
atoms is replaced With another atom such as Si, Ge, N, O, S 
or P. Typical heterocycloalkyl groups include, but are not 
limited to, morpholino, thiolino, piperidyl, pyrrolidinyl, 
piperaZyl, pyraZolidyl, imidaZolidinyl, and the like. 

[0042] “Alkenylz” refers to an unsaturated branched, 
straight chain or cyclic hydrocarbon radical having at least 
one carbon-carbon double bond. The radical may be in either 
the cis or trans conformation about the double bond(s). 
Typical alkenyl groups include ethenyl, propenyl, isoprope 
nyl, cyclopropenyl, butenyl, isobutenyl, cyclobutenyl, tert 
butenyl, pentenyl, heXenyl and the like. 

[0043] “Alkynylz” refers to an unsaturated branched, 
straight chain or cyclic hydrocarbon radical having at least 
one carbon-carbon triple bond. Typical alkynyl groups 
include ethynyl, propynyl, butynyl, isobutynyl, pentynyl, 
heXynyl and the like. 

[0044] “Alkoxyz” refers to an —OR radical, Where R is 
alkyl, alkenyl or alkynyl, as de?ned above. 

[0045] “Arylz” refers to an unsaturated cyclic hydrocarbon 
radical having a conjugated at electron system. Typical aryl 
groups include, but are not limited to, penta-2,4-diene, 
phenyl, naphthyl, anthracyl, aZulenyl, indacenyl, and the 
like. 

[0046] “Heteroarylz” refers to an aryl group Wherein one 
or more of the ring carbon atoms is replaced With another 
atom such as N, O or S. Typical heteroaryl groups include, 
but are not limited to, furanyl, thienyl, indolyl, pyrrolyl, 
pyranyl, pyridyl, pyrimidyl, pyraZyl, pyridaZyl, and the like. 

[0047] “Heteroaryliumz” refers to a heteroaryl group 
Wherein one or more hydrogens has been added to any 
position of the neutral parent ring. Typical heteroarylium 
groups include, but are not limited to, pyridinium, 
pyraZinium, pyrimidinium, pyridaZinium, 1,3,5-triaZinium, 
and the like. 

[0048] “In Situ:” refers to and includes the terms “in 
vivo,”“eX vivo,” and “in vitro” as these terms are commonly 
recogniZed and understood by persons ordinarily skilled in 
the art. Moreover, the phrase “in situ” is employed herein in 
its broadest connotative and denotative conteXts to identify 
an entity, cell or tissue as found or in place, Without regard 
to its source or origin, its condition or status or its duration 
or longevity at that location or position. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0049] As discussed in the Background section, blockade 
of sickle dehydration via inhibition of the Gardos channel is 
a poWerful therapeutic approach toWards the treatment and/ 
or prevention of sickle cell disease. In vitro studies have 
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shoWn that ClotrimaZole, an imidaZole-prevention contain 
ing antimycotic agent, blocks Ca2+-activated K+transport 
and cell dehydration in sickle erythrocytes (Brugnara et al., 
1993, J. Clin. Invest. 921520-526). Studies in a transgenic 
mouse model for sickle cell disease (SAD mouse, Trudel et 
al., 1991, EMBO J. 11:3 157-3165) shoW that oral admin 
istration of ClotrimaZole leads to inhibition of the red cell 
Gardos channel, increased red cell K+ content, a decreased 
mean cell hemoglobin concentration (MCHC) and 
decreased cell density (De Franceschi et al., 1994, J. Clin. 
Invest. 93:1670-1676). Moreover, therapy With oral Clotri 
maZole induces inhibition of the Gardos channel and reduces 
erythrocyte dehydration in patients With sickle cell disease 
(Brugnara et al., 1996,J. Clin. Invest. 97:1227-1234). Other 
antimycotic agents Which inhibit the Gardos channel in vitro 
include miconaZole, econaZole, butoconaZole, oXiconaZole 
and sulconaZole (US. Pat. No. 5,273,992 to Brugnara et al.). 
All of these compounds contain an imidaZole-like ring, i.e., 
a heteroaryl ring containing tWo or more nitrogens. 

[0050] Also as discussed in the Background section, the 
modulation of early ionic mitogenic signals and inhibition of 
cell proliferation are poWerful therapeutic approaches 
toWards the treatment and/or prevention of disorders char 
acteriZed by abnormal cell proliferation. It has been shoWn 
that ClotrimaZole, in addition to inhibiting the Gardos chan 
nel of erythrocytes, also modulates ionic mitogenic signals 
and inhibits cell proliferation both in vitro and in vivo. 

[0051] For eXample, ClotrimaZole inhibits the rate of cell 
proliferation of normal and cancer cell lines in a reversible 
and dose-dependent manner in vitro (BenZaquen et al., 1995 
Nature Medicine 11534-540). ClotrimaZole also depletes the 
intracellular Ca2+ stores and prevents the rise in cystolic 
Ca2+ that normally folloWs mitogenic stimulation. More 
over, in mice With severe combined immunode?ciency 
disease (SCID) and inoculated With MM-RU human mela 
noma cells, daily administration of ClotrimaZole resulted in 
a signi?cant reduction in the number of lung metastases 
observed (BenZaquen et al., supra). 

[0052] Quite surprisingly, it has noW been discovered that 
the imidaZole-like ring moieties of ClotrimaZole and the 
other above-mentioned antimycotic agents, Which are Well 
recogniZed as the essential functionality underlying their 
antimycotic and other biological activities, is not the under 
lying functionality responsible for effecting inhibition of the 
Gardos channel or inhibition of mitogen-induced mamma 
lian cell proliferation. Thus, based in part on this surprising 
discovery, in one aspect the present invention provides a 
neW class of organic compounds that are capable of inhib 
iting the Ca2+-activated potassium channel (Gardos channel) 
of erythrocytes, particularly sickle erythrocytes and/or of 
inhibiting mammalian cell proliferation, particularly mito 
gen-induced cell proliferation. 

[0053] In another aspect, the invention provides a method 
of reducing sickle cell dehydration and/or delaying the 
occurrence of erythrocyte sickling in situ as a therapeutic 
approach toWards the treatment of sickle cell disease. In its 
broadest sense, the method involves only a single step—the 
administration of at least one pharmacologically active 
compound of the invention, or a composition thereof, to a 
sickle erythrocyte in situ in an amount effective to reduce 
dehydration and/or delay the occurrence of cell sickling or 
deformation. 

[0054] While not intending to be bound by any particular 
theory, it is believed that administration of the active com 
pounds described herein in appropriate amounts to sickle 
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erythrocytes in situ causes nearly complete inhibition of the 
Gardos channel of sickle cells, thereby reducing the dehy 
dration of sickle cells and/or delaying the occurrence of cell 
sickling or deformation. In a preferred embodiment, the 
dehydration of a sickle cell is reduced and/or the occurrence 
of sickling is delayed in a sickle cell that is Within the 
microcirculation vasculature of the subject, thereby reducing 
or eliminating the vaso-occlusion that is commonly caused 
by sickled cells. 

[0055] Based in part on the surmised importance of the 
Gardos channel as a therapeutic target in the treatment of 
sickle cell disease, the invention is also directed to methods 
of treating or preventing sickle cell disease. In the method, 
an effective amount of one or more compounds according to 

the invention, or a pharmaceutical composition thereof, is 
administered to a patient suffering from sickle cell disease. 
The methods may be used to treat sickle cell disease 
prophylactically to decrease intracellular Hb S concentration 
and/or polymeriZation, and thus diminish the time and 
duration of red cell sickling and vaso-occlusion in the blood 
circulation. The methods may also be used therapeutically in 
patients With acute sickle cell crisis, and in patients suffering 
chronic sickle cell episodes to control both the frequency 
and duration of the crises. 

[0056] The compounds of the invention are also potent, 
speci?c inhibitors of mammalian cell proliferation. Thus, in 
another aspect, the invention provides methods of inhibiting 
mammalian cell proliferation as a therapeutic approach 
toWards the treatment or prevention of diseases character 
iZed by unWanted or abnormal cell proliferation. In its 
broadest sense, the method involves only a single step—the 
administration of an effective amount of at least one phar 
macologically active compound according to the invention 
to a mammalian cell in situ. The compound may act cyto 
statically, cytotoXically, or by a combination of both mecha 
nisms to inhibit cell proliferation. Mammalian cells treatable 
in this manner include vascular smooth muscle cells, ?bro 
blasts, endothelial cells, lymphocytes, various pre-cancer 
cells and various cancer cells. In a preferred embodiment, 
cell proliferation is inhibited in a subject suffering from a 
disorder that is characteriZed by unWanted or abnormal cell 
proliferation. Such diseases are described more fully beloW. 

[0057] Based in part on the surmised role of mammalian 
cell proliferation in certain diseases, the invention is also 
directed to methods of treating or preventing diseases char 
acteriZed by abnormal cell proliferation. In the method, an 
effective amount of at least one compound according to the 
invention, or a pharmaceutical composition thereof, is 
administered to a patient suffering from a disorder that is 
characteriZed by abnormal cell proliferation. While not 
intending to be bound by any particular theory, it is believed 
that administration of an appropriate amount of a compound 
according to the invention to a subject inhibits cell prolif 
eration by altering the ionic ?uxes associated With early 
mitogenic signals. Such alteration of ionic ?uxes is thought 
to be due to the ability of the compounds of the invention to 
inhibit potassium channels of cells, particularly Ca2+-acti 
vated potassium channels. The method can be used prophy 
lactically to prevent unWanted or abnormal cell prolifera 
tion, or may be used therapeutically to reduce or arrest 
proliferation of abnormally proliferating cells. The com 
pound, or a pharmaceutical formulation thereof, can be 
applied locally to proliferating cells to arrest or inhibit 
proliferation at a desired time, or may be administered to a 
subject systemically to arrest or inhibit cell proliferation. 
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[0058] Diseases Which are characteriZed by abnormal cell 
proliferation that can be treated or prevented by means of the 
present invention include blood vessel proliferative disor 
ders, ?brotic disorders, arteriosclerotic disorders and various 
cancers. 

[0059] Blood vessel proliferation disorders refer to angio 
genic and vasculogenic disorders generally resulting in 
abnormal proliferation of blood vessels. The formation and 
spreading of blood vessels, or vasculogenesis and angiogen 
esis, respectively, play important roles in a variety of physi 
ological processes such as embryonic development, corpus 
luteum formation, Wound healing and organ regeneration. 
They also play a pivotal role in cancer development. Other 
eXamples of blood vessel proliferative disorders include 
arthritis, Where neW capillary blood vessels invade the joint 
and destroy cartilage and ocular diseases such as diabetic 
retinopathy, Where neW capillaries in the retina invade the 
vitreous, bleed and cause blindness and neovascular glau 
coma. 

[0060] Another eXample of abnormal neovasculariZation 
is that associated With solid tumors. It is noW established that 
unrestricted groWth of tumors is dependent upon angiogen 
esis and that induction of angiogenesis by liberation of 
angiogenic factors can be an important step in carcinogen 
esis. For eXample, basic ?broblast groWth factor (bFGF) is 
liberated by several cancer cells and plays a crucial role in 
cancer angiogenesis. The demonstration that certain animal 
tumors regress When angiogenesis is inhibited has provided 
the most compelling evidence for the role of angiogenesis in 
tumor groWth. Other cancers that are associated With 
neovasculariZation include hemangioendotheliomas, 
hemangiomas and Kaposi’s sarcoma. 
[0061] Proliferation of endothelial and vascular smooth 
muscle cells is the main feature of neovasculariZation. The 
invention is useful in inhibiting such proliferation, and 
therefore in inhibiting or arresting altogether the progression 
of the angiogenic condition Which depends in Whole or in 
part upon such neovasculariZation. The invention is particu 
larly useful When the condition has an additional element of 
endothelial or vascular smooth muscle cell proliferation that 
is not necessarily associated With neovasculariZation. For 
eXample, psoriasis may additionally involve endothelial cell 
proliferation that is independent of the endothelial cell 
proliferation associated With neovasculariZation. LikeWise, a 
solid tumor Which requires neovasculariZation for continued 
groWth may also be a tumor of endothelial or vascular 
smooth muscle cells. In this case, groWth of the tumor cells 
themselves, as Well as the neovasculariZation, is inhibited by 
the compounds described herein. 
[0062] The invention is also useful for the treatment of 
?brotic disorders such is ?brosis and other medical compli 
cations of ?brosis Which result in Whole or in part from the 
proliferation of ?broblasts. Medical conditions involving 
?brosis (other than atherosclerosis, discussed beloW) include 
undesirable tissue adhesion resulting from surgery or injury. 

[0063] Other cell proliferative disorders Which can be 
treated by means of the invention include arteriosclerotic 
conditions. Arteriosclerosis is a term used to describe a 
thickening and hardening of the arterial Wall. An arterio 
sclerotic condition as used herein means classical athero 
sclerosis, accelerated atherosclerosis, atherosclerotic lesions 
and any other arteriosclerotic conditions characteriZed by 
undesirable endothelial and/or vascular smooth muscle cell 
proliferation, including vascular complications of diabetes. 
[0064] Proliferation of vascular smooth muscle cells is a 
main pathological feature in classical atherosclerosis. It is 
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believed that liberation of growth factors from endothelial 
cells stimulates the proliferation of subintimal smooth 
muscle Which, in turn, reduces the caliber and ?nally 
obstructs the artery. The invention is useful in inhibiting 
such proliferation, and therefore in delaying the onset of, 
inhibiting the progression of, or even halting the progression 
of such proliferation and the associated atherosclerotic con 
dition. 

[0065] Proliferation of vascular smooth muscle cells pro 
duces accelerated atherosclerosis, Which is the main reason 
for failure of heart transplants that are not rejected. This 
proliferation is also believed to be mediated by groWth 
factors, and can ultimately result in obstruction of the 
coronary arteries. The invention is useful in inhibiting such 
obstruction and reducing the risk of, or even preventing, 
such failures. 

[0066] Vascular injury can also result in endothelial and 
vascular smooth muscle cell proliferation. The injury can be 
caused by any number of traumatic events or interventions, 
including vascular surgery and balloon angioplasty. Rest 
enosis is the main complication of successful balloon angio 
plasty of the coronary arteries. It is believed to be caused by 
the release of groWth factors as a result of mechanical injury 
to the endothelial cells lining the coronary arteries. Thus, by 
inhibiting unWanted endothelial and smooth muscle cell 
proliferation, the compounds described herein can be used to 
delay, or even avoid, the onset of restenosis. 

[0067] Other atherosclerotic conditions Which can be 
treated or prevented by means of the present invention 
include diseases of the arterial Walls that involve prolifera 
tion of endothelial and/or vascular smooth muscle cells, 
such as complications of diabetes, diabetic glomeruloscle 
rosis and diabetic retinopathy. 

[0068] The compounds described herein are also useful in 
treating or preventing various types of cancers. Cancers 
Which can be treated by means of the present invention 
include, but are not limited to, biliary tract cancer; brain 
cancer, including glioblastomas and medulloblastomas; 
breast cancer; cervical cancer; choriocarcinoma; colon can 
cer; endometrial cancer; esophageal cancer; gastric cancer; 
hematological neoplasms, including acute and chronic lym 
phocytic and myelogenous leukemia, multiple myeloma, 
AIDS associated leukemias and adult T-cell leukemia lym 
phoma; intraepithelial neoplasms, including BoWen’s dis 
ease and Paget’s disease; liver cancer; lung cancer; lympho 
mas, including Hodgkin’s disease and lymphocytic 
lymphomas; neuroblastomas; oral cancer, including squa 
mous cell carcinoma; ovarian cancer, including those arising 
from epithelial cells, stromal cells, germ cells and mesen 
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chymal cells; pancreas cancer; prostate cancer; rectal cancer; 
sarcomas, including leiomyosarcoma, rhabdomyosarcoma, 
liposarcoma, ?brosarcoma and osteosarcoma; skin cancer, 
including melanoma, Kaposi’s sarcoma, basocellular cancer 
and squamous cell cancer; testicular cancer, including ger 
minal tumors (seminoma, non-seminoma (teratomas, cho 
riocarcinomas)), stromal tumors and germ cell tumors; thy 
roid cancer, including thyroid adenocarcinoma and medullar 
carcinoma; and renal cancer including adenocarcinoma and 
Wilms tumor. 

[0069] The compounds of the invention are useful With 
hormone dependent and also With nonhormone dependent 
cancers. They also are useful With prostate and nonprostate 
cancers and With breast and nonbreast cancers. They further 
are useful With multidrug resistant strains of cancer. 

[0070] In addition to the particular disorders enumerated 
above, the invention is particularly useful in treating or 
preventing in?ammatory diseases associated With cellular 
proliferation. An “in?ammatory disease associated With 
cellular proliferation” as used herein is a disease in Which 
lymphoproliferation contributes to tissue or organ damage 
leading to disease. For instance, excessive T cell prolifera 
tion at the site of a tissue or organ Will cause damage to the 
tissue or organ. In?ammatory disease are Well knoWn in the 
art and have been described extensively in medical text 
books (See, e.g., Harrison’s Principles of Experimental 
Medicine, 13th Edition, McGraW—Hill, Inc., 
[0071] In addition to the particular disorders enumerated 
above, the invention is also useful in treating or preventing 
dermatological diseases including keloids, hypertrophic 
scars, seborrheic dermatosis, papilloma virus infection (e. g., 
producing verruca vulgaris, verruca plantaris, verruca plan, 
condylomata, etc.), ecZema and epithelial precancerous 
lesions such as actinic keratosis. 

[0072] In?ammatory diseases associated With cellular pro 
liferation include but are not limited to proliferative glom 
erulonephritis; lupus erythematosus; scleroderma; temporal 
arteritis; thromboangiitis obliterans; mucocutaneous lymph 
node syndrome; asthma; host versus graft; in?ammatory 
boWel disease; multiple sclerosis; rheumatoid arthritis; thy 
roiditis; Grave’s disease; antigen-induced airWay hyperac 
tivity; pulmonary eosinophilia; Guillain-Barre syndrome; 
allergic rhinitis; myasthenia gravis; human T-lymphotrophic 
virus type 1-associated myelopathy; herpes simplex 
encephalitis; in?ammatory myopathies; atherosclerosis; and 
Goodpasture’s syndrome. Some examples of in?ammatory 
diseases associated With cellular proliferation as Well as 
animal models for testing and developing the compounds are 
set forth in Table 1 beloW. 

TABLE 1 

Disease Proliferating Cells Reference Animal Model Reference 

Asthma T cells Hogg 1997 APMIS AirWay in?ammation Henderson et al. 

100:105(lO):735-45 and 1997 J Clin Invest 
hyperresponsiveness 100(12):3083—3092. 
in Ovalbumin 

sensitized mice or 

guinea pigs. 
Glomerulonephritis Mesangial Nitta et al. 1998 NZB/NZW crossed Clynes et al. 1998 

(glomerular) cells Eur J Pharmacol 

344:107-110 

mice develop 
glomerular disease 
and lupus-like 
syndrome. 

Science 279 (5353): 
1052-54. 
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TABLE l-continued 
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Host versus Graft 

In?ammatory Bowel 
Disease 

Systemic Lupus 
Erythematosis 

Multiple Sclerosis 

Rheumatoid Arthritis 

Thyroiditis 

Grave’s Disease 

T cells 
B cells 

Epithelial cells 

Glomerular cells 
Lymphocytes 

T cells 

T cells 
Synovial cells 

T cells and 
Epithelial cells 

Thyroid cells 

Schorlemmer et al. 
1997 Int] Tissue 
React 19:157-61. 
SedgWick et al. 1998 
J Immunol 
160:5320-30. 
Bajaj-Elliott et al. 
1997 Am J. Pathol. 
151:1469-76. 

Kodera et al. 1997 
Am J Nephol 17:466 
70. 
Akashi et al. 1998 
Immunology 93:238 
48 
Constantinesecu et 
al. 1998 Immunol 

Res 17(1-2):217-27. 
Ceponis et al. 1998 
Br J Rheumatol 

37(2):170-8 
Rose et al. 1997 
Crit Rev Immunol 
17:511-7. 
Schumm-Draeger et 
al. 1996 Verh Dtsch 
Ges Pathol 80:297 
301. 
DiPaola et al. 1997 
J Clin Endocrinol 

Renal allograft 
rejection in mice. 

Trinitrobenzene 
sulphonic acid 
induced boWel 
in?ammation in rats. 
NZB/NZW crossed 
mice develop 
glomerular disease 
and lupus-like 
syndrome. 

Experimental allergic 
encephalomyelitis. 

Rat adjuvant arthritis 
assay 

HLA transgenic mice 
immunized With 
thyroglobulin. 

Thiouracil-fed rats. 

Lazarivuts et al. 1996 

Nature 380(6576) 
717-720. 

Boughton-Smith et 
al. 1988 Br J 
Pharmacol 94:65-72. 

Peng et al. 1996 
Mol Biol Rep 23(3 
4);247-51. 

Drescher et al. 1998 
J Clin Invest 
101(8): 1765-74. 
Anderson et al. 1996 
J Clin Invest 

97(11):2672-9. 
Taneja et al. 1998 
J Clin Investig 
101(5):921-6. 

Viglietto et al. 1997 
Oncogene 15:2687 

Metab 82:670-3. 98. 

Disease Proliferating Cells Reference Model 

Antigen-induced airWay T cells Wolyniec et al. 1998 
hyperactivity Am J Respir Cell Mol 

Biol 18:777-85 
Pulmonary eosinophilia T cells Wolyniec et al. 1998 

Am J Respir Cell Mol 
Biol 18:777-85 

Guillain-Barre T cells Hartung et al. 1991 Experimental 
Syndrome Ann Neurol. 30:48-53 autoimmune neuritis 
(in?ammatory (immunization With PNS 
demyclinating disease) myelin and Freunds 

complete adjuvant) 
Giant cell arteritis (a T cells Brack et al. 1997 
form of systemic Mol Med 3:530-43 
vasculitis) In?ammation 
of large arteries 
Allergic Rhinitis T cells Baraniuk et al. 1997 

J Allergy Clin Immunol 
99:S763-72 

Myasthenia gravis T cells Hartung et al. 1991 
Ann Neurol 30:48-53 

Human T-lymphotropic T cells Nakamura et al. 1996 
virus type 1 — associated Intern Mede 35:195-99 

myelopathy 
Herpes simpleX T cells Hartung et al. 1991 
encephalitis Ann Neurol 30:48-53 
In?ammatory T cells Hartung et al. 1991 
myopathies (ie. Ann Neurol 30:48-53, 
Polymyositis, Lindberg et al. 1995 
dermatomyocitis) Scand J Immunol 

41:421-26 
Artherosclerosis T cells Rosenfeld et al. 1996 

Diabetes Res Clin Pract 
30 suppl.: 1-11 

Goodpasture’s syndrome Macrophages Lan et al. 1995 
Am J Pathol 147:1214 
20 
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[0073] The compounds and methods of the invention 
provide myriad advantages over agents and methods com 
monly used to treat cell proliferative disorders. For example, 
many of the compounds of the invention are more potent 
than ClotrimaZole in in vitro tests, and therefore may pro 
vide consequential therapeutic advantages in clinical set 
tings. 

[0074] Most signi?cantly, the compounds of the invention 
have reduced toxicity as compared With these other agents. 
For ClotrimaZole, it is Well-known that the imidaZole moiety 
is responsible for inhibiting a Wide range of cytochrome 
P-450 isoZyme catalyZed reactions, Which constitutes their 
main toxicological effects (Pappas and Franklin, 1993, Toxi 
cology 80:27-35; Matsuura et al., 1991, Biochemical Phar 
macology 41:1949-1956). Analogues and metabolites of 
ClotrimaZole do not induce cytochrome P-450 (Matsuura et 
al., 1991, Biochemical Pharmacology 41:1949-1956), and 
therefore do not share ClotrimaZole’s toxicity. 

[0075] The Compounds 

[0076] The compounds Which arc capable of inhibiting the 
Gardos channel and/or mammalian cell proliferation accord 
ing to the invention are generally triaryl methane com 
pounds or analogues thereof Wherein one or more of the aryl 
moieties is replaced With a heteroaryl, cycloalkyl or hetero 
cycloalkyl moiety and/or Wherein the tertiary carbon is 
replaced With another atom such as Si, Ge, N or P. In one 
illustrative embodiment, the compounds of the invention are 
compounds having the formula: 

(I) 
All 

A12 

[0077] 

[0078] n is 0, 1, 2, 3 or 4; 

Wherein: 

[0079] X is absent, (C1-C3) alkyl, (C1-C3) alkenyl or 
(C1'C3) alkynyl; 

[0080] Y is C, N, P, Si or Ge; 

[0082] Ar1 is aryl, substituted aryl, heteroaryl other than 
imidaZole, nitroimidaZole and triaZole, heteroarylium other 
than imidaZolium, nitroimidaZolium and triaZolium, (C5-C8) 
cycloalkyl or (C5-C8) heterocycloalkyl; 

[0083] Ar2 is aryl or substituted aryl; 

[0084] Ar3 is aryl, substituted aryl, biaryl or heteroaryl 
other than imidaZole, nitroimidaZole and triaZole; 
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[0085] each R is independently selected from the group 
consisting of —H, (C1-C6) alkyl, substituted (C1-C6) alkyl, 
(C1-C6) alkenyl, substituted (C1-C6) alkenyl, (C1-C6) alky 
nyl, substituted (C1-C6) alkynyl and (C1-C6) alkoxy; 

[0086] the aryl substituents are each independently 
selected from the group consisting of -halo, trihalomethyl, 
—R, —R‘, —OR‘, —SR‘, NR‘2, —NO2, —CN, —C(O)R‘, 
—C(S)R‘, —C(O)OR‘, —C(S)OR‘, —C(O)SR‘ and 
—C(S)SR‘; 
[0087] the alkyl, alkenyl and alkynyl substituents are each 
independently selected from the group consisting of -halo, 
—R‘, —OR‘, —SR‘, NR‘2, —NO2, —CN, —C(O)R‘, 
—C(S)R‘, —C(O)OR‘, —C(S)OR‘, —C(O)SR‘, —C(S)SR‘, 
aryl, y-butyrolactonyl, pyrrolidinyl and succinic anhydridyl; 
and 

[0088] each R‘ is independently selected from the group 
consisting of —H, (C1-C6) alkyl, (C1-C6) alkenyl and (C1 
C6) alkynyl. 

[0089] In another illustrative embodiment, the compounds 
of the invention are those of formula (I), except that the 
compound is not 1-(2-chlorophenyl)-1,1-diphenyl methanol, 
1-(2-chlorophenyl)-1,1-diphenyl methane or 1-(2-chlo 
rophenyl)-1-(4-hydroxyphenyl)-1-phenyl methane. 

[0090] In yet another illustrative embodiment, the com 
pounds of the invention are those of formula (I), except that 
the compound is not any compound encompassed by the 
formula: 

\ 
| —R4 
/ 

Cl / 

/\ \ C—R1 
R3/— 

/ I 

|—R2 
\ 

[0091] Wherein: 

[0092] R, is —H, —OH, alkyl or alkoxy; 

[0093] R2 is —H or —OH; 

[0094] R3 is —H, —OH or halogen; and 

[0095] 
[0096] In still another illustrative embodiment, the com 
pounds of the invention are those of formula (I), except that 
the compound is not any compound encompassed by the 
formula: 

R4 is —H, —OH or halogen. 

R 
C1 / 

/\ \ (LR. 
R1/— I 
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[0097] 
[0098] R1 is —H, —OH or halogen; 

[0099] R2 is absent, —H, phenyl or hydroXyl-substituted 
phenyl; 

[0100] R3 is —H, —OH, lower alkyl or lower alkoXy; 

[0101] R4 is —S—CH2—R5, —O—CH2—R5, 
=N—O—CH2—R5, CH2—CH(CH3)—S-substituted phe 
nyl, O-phenyl-CH=CH2, phenyl or substituted phenyl, the 
phenyl substituent being —OH or halogen; 

Wherein: 

[0102] R5 is vinyl, phenyl, halogen mono-substituted phe 
nyl, halogen di-substituted phenyl, phenyl-S-phenyl, 
—CH2—O-phenyl, —CH2—O-(halogen-substituted)phe 
nyl or a substituent of the formula: 

[0103] Wherein Z is S, O or N; and 

[0104] R6 is —H or halogen. 

[0105] In a preferred embodiment, the substituents of the 
compounds of formula (I) are as folloWs: 

[0106] n is 0, 1, 2, 3 or 4; 

[0107] X is absent or —CEC—; 

[0108] Y is C, N, P, Si or Ge; 
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[0110] Ar1 is phenyl, substituted phenyl, heteroaryl other 
than imidaZole, nitroimidaZole and triaZole, cycloheXyl, 
piperidyl or pyridinium; 

[0111] Ar2 is phenyl or substituted phenyl; 

[0112] Ar3 is phenyl, substituted phenyl, biphenyl, naph 
thyl or pyridyl; 

[0113] R is —H, (C1-C3) alkyl, substituted (C1-C3) alkyl, 
(C1-C3) alkenyl, substituted (C1-C3) alkenyl (C1-C3) alky 
nyl, substituted (C1-C3) alkynyl and (C1-C3) alkoXy; 

[0114] the phenyl substituents are each independently 
selected from the group consisting of —F, —Cl, —Br, 
—CF3, —R, —R‘, —OR‘, —SR‘, NR‘2, —NO2, —CN, 
—C(O)R‘ and —C(O)OR‘; 

[0115] the alkyl, alkenyl and alkynyl substituents are each 
independently selected from the group consisting of —F, 
—Cl, —Br, —R‘, —OR‘, —SR‘, NR‘2, —NO2, —CN, 
—C(O)R‘, —C(O)OR‘, naphthyl, y-butyrolactonyl and pyr 
rolidinyl; and 

[0116] each R‘ is independently selected from the group 
consisting of —H, (C1-C3) alkyl, (C1-C3) alkenyl and (C1 
C3) alkynyl. 

[0117] Exemplary preferred compounds according to for 
mula (I) include those listed in TABLE A, beloW. 

TABLE A 

Exemplary Compounds 
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TABLE A-continued 

Exemplary Compounds 





Aug. 29, 2002 US 2002/0119953 A1 
12 

TABLE A-continued 

Exemplary Compounds 

c— CHZCOZH c— CHZOH 

(3 6) (35) (34) 

c— CHZCOZH 

(39) 

c— OH 

OH 

(42) 

CH 

OCH3 

(45) 

C1 

OCH3 
C1 C—CH CH NH 

\CH3 2 2 2 

(43) (44) 
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TABLE A-continued 

Exemplary Compounds 

(46) 

c— ocH3 

C1 

(51) 

(50) 
N02 

(49) 

(5 
if OCH3 

c— CH2CN< 
cH3 

(56) 
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TABLE A-continued 

Exemplary Compounds 

OCH3 CH3 

@iC—OH H3C4®iC—OH 
OCH3 

(60) 
OCH3 CH3 

(58) (59) 

@HH 0W 0W 
\ 

l / N 
(61) (63) 

CO2CH3 
(62) 

C1 

(64) 

(67) 

c1 

(65) 

C113 
(68) 

(69) 
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TABLE A-continued 
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Exemplary Compounds 

(70) 

®isi— CHZCHZCHZCHZOH 

(73) 

C1 

(79) 

(71) 

(74) 

(77) 

(80) 

®iGe—CHZCHZCHZCHZOH 
(72) 

(75) 

0 

(78) 

OCH3 

(81) 
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TABLE A-continued 

Exemplary Compounds 

0 

i ,Cl 
Cl 

(85) 

mc—on 

(88) 

ocH3 

(84) 

(83) 

(87) 

(90) 

[0118] The compounds Will be referred to herein by Way 
of compound numbers as presented in TABLE A, above. 

[0119] In another preferred embodiment, the compounds 
of the invention are compounds having the structural for 
mula: 

(11) 

[0120] Wherein: 

[0121] n is 0, 1, 2, 3 or 4; 

[0124] Rzvis —H or —NO2; 

[0125] R3 is —H, (C1-C6) alkyl, (C1-C6) alkenyl, (C1-C6) 
alkynyl, —OR or —SR; 

[0126] R4 is —H or —NR2; 

[0127] R4vis —H, —F, —Cl, —Br or —I; and 

[0129] Exemplary preferred compounds according to for 
mula (II) include the following: 6, 14, 15, 17, 20, 27, 32, 33, 
36, 42, 45, 49, 55, 70, 75, 79, 80, 81, 82, 83, 84, 85 and 86. 
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[0130] In another preferred embodiment, the compounds 
of the invention are compounds having the structural for 
mula: 

(III) 

[0131] Wherein: 

[0132] X is absent or —CEC—; 

[0133] Y is C, P, Si or Ge; 

[0134] n is 0, 1, 2, 3 or 4; 

[0135] Ar1 is phenyl, substituted phenyl, cycloalkyl or 
heteroarylium other than imidaZolium, nitroimidaZolium or 
triaZolium; 

[0136] Ar3 is phenyl, naphthyl, piperidyl or cyclohexyl; 

[0138] each of R2, R3 and R4 is independently selected 
from the group consisting of —H, —F, —Cl, —Br, —I, 
—OR, —SR, —NR2, —NO2, —C(O)R, —C(O)OR, 
—C(O)NR2, trihalomethyl, (C1-C6) alkyl, (C1-C6) alkenyl, 
(C1-C6) alkynyl and phenyl; 

[0139] each R is independently selected from the group 
consisting of —H, halo, (C1-C6) alkyl, substituted (C1-C6) 
alkyl, (C1-C6) alkenyl, substituted (C1-C6) alkenyl, (C1-C6) 
alkynyl, substituted (C1-C6) alkynyl and (C1-C6) alkoxy; 

[0140] the alkyl, alkenyl or alkynyl substituents are each 
independently selected from the group consisting of aryl, 
—C(O)OR, pyrrolidinyl, butyrolactonyl, —F, —Cl, —Br, 
—I and —CN; and 

[0141] the phenyl substituents arc each independently 

[0142] Exemplary preferred compounds according to for 
mula (III) include the folloWing: 7, 10, 12, 13, 16, 18, 19, 21, 
22, 23, 24, 26, 28, 29, 30, 31, 34, 35, 37, 38, 40, 41, 43, 44, 
46, 47, 48, 50, 51, 52, 53, 54, 56, 58, 59, 60, 61, 62, 64, 65, 
67, 68, 69, 71, 72, 73, 78, 87, 88, 89 and 90. 

[0143] The chemical formulae referred to herein may 
exhibit the phenomena of tautomerism or conformational 
isomerism. As the formulae draWings Within this speci?ca 
tion can represent only one of the possible tautomeric or 
conformational isomeric forms, it should be understood that 
the invention encompasses any tautomeric or conforma 
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tional isomeric forms Which exhibit biological or pharma 
cological activity as described herein. 

[0144] The compounds of the invention may be in the 
form of free acids, free bases or pharmaceutically effective 
salts thereof. Such salts can be readily prepared by treating 
a compound With an appropriate acid. Such acids include, by 
Way of example and not limitation, inorganic acids such as 
hydrolalic acids (hydrochloric, hydrobromic, etc.), sulfuric 
acid, nitric acid, phosphoric acid, etc.; and organic acids 
such as acetic acid, propanoic acid, 2-hydroxyacetic acid, 
2-hydroxypropanoic acid, 2-oxopropanoic acid, propandioic 
acid, butandioic acid, etc. Conversely, the salt can be con 
verted into the free base form by treatment With alkali. 

[0145] In addition to the above-described compounds and 
their pharmaceutically acceptable salts, the invention may 
employ, Where applicable, solvated as Well as unsolvatecd 
forms of the compounds (eg hydrated forms). 
[0146] The compounds described herein may be prepared 
by any processes knoWn to be applicable to the preparation 
of chemical compounds. Suitable processes are Well knoWn 
in the art. Preferred processes are illustrated by the repre 
sentative examples. Necessary starting materials may be 
obtained commercially or by standard procedures of organic 
chemistry. Moreover, many of the compounds are commer 
cially available. 

[0147] An individual compound’s relevant activity and 
potency as an agent to affect sickle cell dehydration or 
deformation and/or mammalian cell proliferation may be 
determined using standard techniques. Preferentially, a com 
pound is subject to a series of screens to determine its 
pharmacological activity. 
[0148] In most cases, the active compounds of the inven 
tion exhibit tWo pharmacological activities: inhibition of the 
Gardos channel of erythrocytes and inhibition of mamma 
lian cell proliferation. HoWever, in some cases, the com 
pounds of the invention may exhibit only one of these 
pharmacological activities. Any compound encompassed by 
formula (I) Which exhibits at least one of these pharmaco 
logical activities is considered to be Within the scope of the 
present invention. 

[0149] In general, the active compounds of the invention 
are those Which induce at least about 25% inhibition of the 
Gardos channel of erythrocytes (measured at about 10 pM) 
and/or about 25% inhibition of mammalian cell proliferation 
(measured at about 10 pM), as measured using in vitro 
assays that are commonly knoWn in the art (see, e.g., 
Brugnara et al., 1993, J. Biol. Chem. 268(12):8760-8768; 
BenZaquen et al., 1995, Nature Medicine 11534-540). Alter 
natively, or in addition, the active compounds of the inven 
tion generally Will have an IC5O (concentration of compound 
that yields 50% inhibition) for inhibition of the Gardos 
channel of less than about 10 pM and/or an IC5O for 
inhibition of cell proliferation of less than about 10 pM, as 
measured using in vitro assays that are commonly knoWn in 
the art (see, e.g., Brugnara et al., 1993, J. Biol. Chem. 
268(12):8760-8768; BenZaquen et al., 1995, Nature Medi 
cine 11534-540). Other assays for assessing the activity 
and/or potency of an agent With respect to the uses of the 
invention are described beloW With respect to an effective 
amount of the compounds. 

[0150] Representative active compounds according to the 
invention are those listed in TABLE A, supra. 
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[0151] In certain embodiments of the invention, com 
pounds Which exhibit only one pharmacological activity, or 
a higher degree of one activity, may be preferred. Thus, 
When the compound is to be used in methods to treat or 
prevent sickle cell disease, or in methods to reduce sickle 
cell dehydration and/or delay the occurrence of erythrocyte 
sickling or deformation in situ, it is preferred that the 
compound exhibit at least about 75% Gardos channel inhi 
bition (measured at about 10 uM) and/or have an IC5O of 
Gardos channel inhibition of less than about 1 uM, With at 
least about 90% inhibition and/or an IC5O of less than about 
0.1 uM being particularly preferred. 
[0152] Exemplary preferred compounds for use in meth 
ods related to Gardos channel inhibition and sickle cell 
disease include compound numbers 6, 7, 10, 12, 13, 14, 15, 
16, 17, 18, 20, 21, 22, 23, 24, 27, 29, 30, 31, 32, 33, 34, 35, 
37, 38, 42, 43, 44, 45, 46, 47, 49, 50, 51, 52, 53, 55, 56, 58, 
59, 60, 62, 64, 65, 67, 68, 69, 70, 73, 75, 78, 79, 80, 81, 82, 
83, 85, 86, 87, 88 and 90. 

[0153] Exemplary particularly preferred compounds for 
use in methods related to Gardos channel inhibition and 
sickle cell disease include compound numbers 6, 14, 15, 16, 
32, 37, 43, 46, 55, 62, 64, 69, 75, 79, 82, 87 and 90. 

[0154] When the compound is to be used in methods to 
treat or prevent disorders characteriZed by abnormal cell 
proliferation or in methods to inhibit cell proliferation in 
situ, it is preferable that the compound exhibit at least about 
75% inhibition of mitogen-induced cell proliferation (mea 
sured at about 10 uM) and/or have an IC5O of cell prolif 
eration of less than about 3 uM, With at least about 90% 
inhibition and/or an IC5O of less than about 1 uM being 
particularly preferred. 
[0155] Exemplary preferred compounds for use in meth 
ods inhibiting mammalian cell proliferation or for the treat 
ment or prevention of diseases characteriZed by abnormal 
cell proliferation include compound numbers 13, 14, 15, 16, 
17, 18, 19, 21, 26, 27, 28, 30, 31, 36, 38, 40, 41, 42, 43, 45, 
46, 47, 48, 49, 50, 52, 54, 59, 61, 65, 67, 68, 70, 71, 72, 73, 
79, 82, 83, 84, 85, 86, 89 and 90. 

[0156] Exemplary particularly preferred compounds for 
use in methods of inhibiting mammalian cell proliferation or 
for the treatment or prevention of diseases characteriZed by 
abnormal cell proliferation include compound numbers 16, 
28, 30, 36, 43, 45, 47, 48, 49, 50, 54 and 84. 
[0157] Certain compounds of formula (I) are commer 
cially available. For example, compound numbers 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, 12, 19, 20, 21, 23, 24, 25, 26, 28, 34, 
37, 38, 39, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 54, 57, 
59, 60, 61, 62, 66, 67, 69, 71, 72, 73, 76, 77 and 87 are 
commercially available. HoWever, no biological activity has 
been reported as for these compounds (see, e.g., Hanessian 
et al., 1976, Methods Carbohydr Chem. 7:63; Paike, 1992, 
Mater Sci. 18:53-57, Liu & Paike, 1987, Tetrahedron Lett. 
28(3):3763-3766; Tomioka et al., 1981, Chem. Lett. 
11:1621-1624; GlideWell et al., 1994,Acta Crystallogr, Sect 
C: Cryst. Struct. Commun. C50:1362-1366; PonnusWamy et 
al., 1984,Acta Crystallogr, Sect C: Cryst. Struct. Commun. 
C40(1):142-144; LeWis et al., 1980, J. Am. Chem. Soc. 
102(14):4659-4664 and CA 083:018922; Illes et al., 1988, 
Acta Phytopathologica et Entomologia Hungarica 23:243 
255; and Matsuura et al., 1991, Biochem. Pharmacol. 
41:1949-1956). 

Aug. 29, 2002 

[0158] Apart from the inventions disclosed and claimed 
herein, additional active compounds of formula (I) for Which 
no biological activity has been previously reported include 
Compound 13 (US. Pat. No. 4,006,023); Compound 25 
(WO 96/36631); Compound 26 (Fan et al., 1983, Ifiyao 
Gongye 2:2-4); Compound 60 (Ethridge et al., 1990, J. 
Production Agriculture 3(2):246-252); Compound 76 (CAS 
No. 18740-94-8); Compound 77 (Ferguson et al., 1992,Acta 
Crystallogr Sect. C: Cryst. Struct. Commun. C48(7):1228 
1231); and Compound 90 (1957, Comptes. Rendus. 
245(1):73-75). 
[0159] Apart from the inventions disclosed and claimed 
herein, other compounds of formula (I) for Which no bio 
logical activity has been reported include 1,1-diphenyl-1 
(2-hydroxynaphthyl)-methanol (LeWis et al., 1980, J. Am. 
Chem. Soc. 102(14):4659-4664; CA 083:018922); 1,1 
diphenyl-1-(pyrid-2-yl)-methanol, 1-(4-chlorophenyl)-1 
phenyl-1-(pyrid-2-yl)-methanol, 1-(4-methoxyphenyl)-1 
phenyl-1-(pyrid-3-yl)- methanol and 1,1-di-(4 
methoxyphenyl)-1-(pyrid-3-yl)-methanol (Illes et al., 1988, 
Acta Phytopathologica et Entomologia Hungarica 23:243 
255); 1,1,1-triphenyl-1-aminomethane and 1,1-diphenyl-1 
(N-pyridyl)-methane (Matsuura et al., 1991,Biochem. Phar 
macol. 41:1949-1956); 4,4‘-dimethoxytrityl chloride, pixyl 
chloride, di-o-anisyl-1-naphthyl-methyl chloride and p-ani 
syl-1-naphthyl-methyl chloride (Gait, 1984, Oligonucle 
otide Synthesis: A Practical Approach, IRL Press, Oxford). 
[0160] Additionally, Compounds 6, 17 and 85 are knoWn 
metabolites of ClotrimaZole (Duhm et al., 1974, Postgradu 
ate Medical Journal July Suppl. : 13-16). HoWever, unlike 
ClotrimaZole, no biological or pharmacological activity has 
been reported for these compounds. For example, unlike 
ClotrimaZole, Compound 6 does not induce hepatic 
microsomal cytochrome P450 in rats (Matsuura et al., 1991, 
Biochem. Pharmacol. 41:1949-1956). 
[0161] The pharmaceutical compositions of the invention 
embrace all of the compounds of formula Certain 
compounds of formula (I) Which are included in the inven 
tion apart from any pharmaceutical excipients, carriers or 
diluents are represented by formulae (A), (B) and (C), 
beloW. 

[0162] In a preferred embodiment, compounds of the 
invention are compounds having the formula: 

(A) 

[0163] or pharmaceutically acceptable salts or hydrates 
thereof, Wherein: 
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[0166] R2 is —F, —Cl, —Br or —I; 

[0167] R3 is —R, —OR or —SR; 

[0168] R4 is —H or —NR2; 

[0169] R4vis —H, —F, —Cl, —Br or —I; and 

[0170] each R is independently selected from the group 
consisting of —H, (C1-C6) alkyl, (C1-C6) alkenyl, (C1-C6) 
alkynyl and (C1-C6) alkoXy. 

[0171] In another preferred embodiment, the compounds 
of the invention are those of formula (A), With the provisos 
that When n is 0 and R1 is —H or —OH, R3 is other than 
—H; and (ii) When n is 0 and R1 is —H, R3 is other than 
—OH. 

[0172] In another preferred embodiment, the compounds 
of the invention are those of formula (A), With the proviso 
that When n is 0 and R1 is —C(O)NH2, R2 is other than —F. 

[0173] Representative compounds according to formula 
(A) include Compounds 14, 15, 32, 33, 36, 55, 70, 75, 79, 
80, 81, 82, 83, 84 and 86. 

[0174] In another preferred embodiment, the compounds 
of the invention are compounds having the formula: 

(B) 

[0175] or pharmaceutically acceptable salts or hydrates 
thereof, Wherein: 

[0176] n is 0, 1, 2, 3 or 4; 

[0181] each R is independently selected from the group 
consisting of —H, (C1-C6) alkyl, (C1-C6) alkenyl, (C1-C6) 
alkynyl and (C1-C6) alkoXy; and 

[0182] each R‘ is independently selected from the group 
consisting of —H, (C1-C6) alkyl, (C1-C6) alkenyl, (C1-C6) 
alkynyl and (C1-C6) alkoXy. 
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[0183] Representative preferred compounds according to 
formula (B) include Compounds 30, 40, 41 and 65. 

[0184] In another preferred embodiment, the compounds 
of the invention are compounds having the formula: 

((3) 
A11 

Qua.-. 

[0185] or pharmaceutically acceptable salts or hydrates 
thereof, Wherein: 

[0186] n is 0, 1, 2, 3 or 4; 

[0187] Ar1 is phenyl or cycloheXyl; 

[0188] R1 is —NR2, _cH[c(o)oR]2, —CH[C(S)OR]2, 
—CH[C(O)SR]2, —CH[C(S)SR]2> —C(O)NR2 or 
—C(S)NR2; and 
[0189] each R is independently selected from the group 
consisting of —H, (C1-C6) alkyl, (C1-C6) alkenyl, (C1-C6) 
alkynyl and (C1-C6) alkoXy. 

[0190] In another preferred embodiment, the compounds 
of the invention are those of formula (C), With the proviso 
that When R1 is —NH2 or —C(O)NH2, n is 1, 2 or 3. 

[0191] Representative preferred compounds according to 
formula (C) include compounds 18, 29, 31, 56 and 78. 

0.1 Formulation and Routes of Administration 

[0192] The compounds described herein, or pharmaceuti 
cally acceptable addition salts or hydrates thereof, can be 
delivered to a patient using a Wide variety of routes or modes 
of administration. Suitable routes of administration include, 
but are not limited to, inhalation, transdermal, oral, rectal, 
transmucosal, intestinal and parenteral administration, 
including intramuscular, subcutaneous and intravenous 
injections. 
[0193] The compounds described herein, or pharmaceuti 
cally acceptable salts and/or hydrates thereof, may be 
administered singly, in combination With other compounds 
of the invention, and/or in cocktails combined With other 
therapeutic agents. Of course, the choice of therapeutic 
agents that can be co-administered With the compounds of 
the invention Will depend, in part, on the condition being 
treated. 

[0194] For eXample, When administered to patients suf 
fering from sickle cell disease, the compounds of the inven 
tion can be administered in cocktails containing agents used 
to treat the pain, infection and other symptoms and side 
effects commonly associated With sickle cell disease. Such 
agents include, e.g., analgesics, antibiotics, etc. The com 
pounds can also be administered in cocktails containing 
other agents that are commonly used to treat sickle cell 
disease, including butyrate and butyrate derivatives (Perrine 
et al., 1993, N. Engl. J. Med. 328(2):81-86); hydroXyurea 
(Charache et al., 1995, N. Engl. J. Med. 323(20):1317 


































