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(57) ABSTRACT 

The present invention includes a group of chemical com 
pounds useful as modulators of calcium ion (Ca2+) channels, 
especially for T-type, N-Type and L-type channels. The 
present invention also includes pharmaceutical compositions 
comprising these calcium ion channel modulating agents and 
methods of using these calcium ion channel modulating 
agents for the treatment diseases and conditions associated 
With the calcium ion channels. 

13 Claims, 2 Drawing Sheets 
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AGENTS OF CALCIUM ION CHANNEL 
MODULATORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a US. National Stage application of 
International Application number PCT/US2008/056569, 
?led on Mar. 12, 2008 and entitled “Novel Agents for Cal 
cium Ion Channel Modulators”, Which claims priority to US. 
provisional application Ser. No. 60/894,368 ?led, Mar. 12, 
2007, Which is incorporated by reference herein in its entirety 
for all purposes. 

FIELD OF THE INVENTION 

The present invention generally relates to a group of 
chemical compounds useful as modulators of calcium ion 
(Ca2+) channels, in particularly as T-, N- and L-type calcium 
channels modulators and pharmaceutical composition useful 
for the modulation of calcium ion channels activity for pre 
vent and treatment of diseases related With calcium ion chan 
nels. 

BACKGROUND OF THE INVENTION 

Calcium ion channels are membrane-spanning, multi-sub 
unit proteins that alloW Ca2+ entry from the external milieu 
and concurrent depolarization of the cell’s membrane poten 
tial, and play a central role in neurotransmitter release. Tra 
ditionally calcium ion channels have been classi?ed based on 
their functional characteristics such as loW voltage or high 
voltage activated and their kinetics (L, T, N, P, Q). The ability 
to clone and express the calcium ion channel subunits has lead 
to an increased understanding of the channel composition that 
produces these functional responses. Calcium channels can 
be classi?ed into a number of types and subtypes, for example 
L-(orCav1),P/Q-(or Cav2.1),N-(orCav2.2), R-(Cav2.3) and 
T-(or Cav3) types. T-type calcium channels can, for example, 
be molecularly, pharmacologically and electrophysiologi 
cally sub-classi?ed into otlG (or Cav3.1), otlH (or Cav3.2), 
and all (or Cav3.3) T channels from various Warm blooded 
animals including rat. The “T-type” (or “loW voltage-acti 
vated”) calcium channels are so named because their open 
ings are of briefer duration (T?ransition) than the longer 
(L:long-lasting) openings of the L-type calcium channels. 
The L, N, P and Q-type channels activate at more positive 
potentials (high voltage activated) and display diverse kinet 
ics and voltage-dependent properties. See eg Catterall, 
Annu. Rev. Cell Dev. Biol. 16, 521-55, (2000) and Perez 
Reyes Physiol. Rev. 83, 117-161, (2003). 

The pharmacology of the three subfamilies of calcium ion 
channels is quite distinct from each other. The type I Cav1 
(L-type) channels are distributed Within cardiac muscle, 
smooth muscle including blood vessels, intestine, lung, 
uterus, skeletal muscale, endocrine cells, and are the molecu 
lar targets of the organic calcium channel blockers used 
Widely in the therapy of cardiovascular diseases. 

The type II Cav2 (P, Q, N. R) channels are in neurons, heart, 
etc. They are relatively insensitive to dihydropyridine cal 
cium channel blockers, but these channels are speci?cally 
blocked With high a?inity by peptide toxins from spiders and 
marine snails. The N type Ca2+ channel (Cav2.2) is highly 
expressed at the presynaptic nerve terminals of the dorsal root 
ganglion as it forms a synapse With the dorsal horn neurons in 
lamina I and II. These neurons in turn have large numbers of 
N type Ca2+ channels at their presynaptic terminals as they 
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2 
synapse onto second and third order neurons. This pathWay is 
very important in relaying pain information to the brain. The 
N type Ca2+ channel has been validated in man by intrathecal 
infusion of the toxin Ziconotide for the treatment of intrac 
table pain, cancer pain, opioid resistant pain, and neuropathic 
and severe pain. The toxin has over 80% success rate for the 
treatment of pain in humans With a greater potency than 
morphine. HoWever, Ziconotide causes mast cell degranula 
tion and produces dose-dependent central side effects. These 
include dizziness, nystagmus, agitation, and dysmetria. There 
is also orthostatic hypotension in some patients at high doses. 
It is believed that this may be due to Ziconotide induced mast 
cell degranulation and/or its effects on the sympathetic gan 
glion that like the dorsal root ganglion also expresses the N 
type Ca2+ channel. Use-dependent compounds that block 
preferentially in the higher frequency range >10 Hz should be 
helpful in minimizing these potential side-effect issues. The 
?ring rate in man of the sympathetic efferents is in the 0.3 Hz 
range. CNS neurons can ?re at high frequencies but generally 
only do so in short bursts of action potentials. Even With the 
selectivity imparted by use-dependence intrinsic selectivity 
against the L type calcium channel is still necessary as it is 
involved in cardiac and vascular smooth muscle contraction. 
The third type Cav3 (T-type) channels exist in brain, heart, 

kidney, liver, etc. They are insensitive to both the dihydropy 
ridines that block Cav1 channels and the spider and cone snail 
toxins that block the Cav2 channels. T-type Ca2+ channels are 
neW anticipated to be novel therapeutic targets for the treat 
ment of various cardiovascular disorders such as heart failure, 
arrhythmia, hypertension, neuronal disorders such as epi 
lepsy and pain, as Well as cancer. Inhibition of T-type Ca2+ 
channels may result in long-term organ protection through 
improvement of local microcirculation and reduction of 
adverse hormonal effects. HoWever, there are no Widely use 
ful pharmacological agents that block T-type calcium cur 
rents. The organic calcium channel blocker mibefradil is 
someWhat selective for T-type versus L-type calcium current 
and shoWed strong side effects due to drug interaction at the 
cytochrome P-450 3A4 enzyme Which Was unrelated to 
T-type Ca2+ channel blockade. The peptide kurtoxin inhibits 
the activation gating of Cav3.1 and Cav3.2 channels. Devel 
opment of more speci?c and high-af?nity blockers of the 
Cav3 family of calcium channels Would be useful for therapy 
and a more detailed analysis of the physiological roles of 
these channels. The T-type Ca2+ channel has properties dif 
ferent from those of the L-type such as more negative voltage 
range of activation and inactivation, rapid gating kinetics, and 
resistance to standard Ca2+ blockers such as Ca2+ channel 
blockers, Which block L-type Ca2+ channels. 

T-type calcium channels have been implicated in patholo 
gies related to various diseases and disorders, including epi 
lepsy, essential tremor, pain, neuropathic pain, schizophrenia, 
Parkinson’s disease, depression, anxiety, sleep disorders, 
sleep disturbances, psychosis, schizophreniac, cardiac 
arrhythmia, hypertension, certain types of cancer, diabetes, 
infertility, sexual dysfunction and cancer (J Neuroscience, 14, 
5485 (1994); Drug Future 30(6), 573-580 (2005); EMBO J, 
24, 315-324 (2005)). 
The knoWn therapeutic regimens for such treating such 

diseases and disorders suffer from numerous problems and a 
number of side effects. These side effects include various 
CNS disturbances such as blurred vision, dizziness, nausea, 
and sedation as Well more potentially life threatening cardiac 
arrhythmias and cardiac failure. Accordingly, a more physi 
ological Way, to develop additional Ca2+ channel blockers/ 
antagonists, preferably those With higher potency, high selec 
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tivity and fewer side effects, to treat these diseases and 
disorders Would be highly desirable. 

SUMMARY OF THE INVENTION 

The present invention provides several classes of com 
pounds, including their enantiomers, diastereomers, salts, 
solvates, esters, and/ or prodrugs thereof, and their derivation 
With additional functional chemical groups and chemical 
modi?cations that is highly similar to the listed compounds, 
as the modulators of the calcium ion channels, especially as 
the blockers or antagonists of T-type and N-type calcium ion 
channels, and the therapeutic uses of those agent or mixtures 
containing one or more those agents in disease associated 
With calcium ion channels. 

In one aspect, the present invention provides a compound 
having a structural Formula (I), or a salt, solvate, ester, and/or 
prodrug thereof: 

(1) 

Wherein: 

X is iCR6i or iNi; 
Y is O, NR2, or S; 
Z is 40*, iNRgi, iSi, or 4CRllRl2i; 
n is 0 or l; 
R1 is hydrogen, alkyl, substituted alkyl, aryl, substituted 

aryl, arylalkyl, substituted arylalkyl, heteroaryl, substituted 
heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, het 
eroalkyl or substituted heteroalkyl; 

R2 is hydrogen, acyl, substituted acyl, alkoxycarbonyl, 
substituted alkoxycarbonyl, aryloxycarbonyl, substituted 
aryloxycarbonyl, iCONRlsRm, alkyl, substituted alkyl, 
aryl, substituted aryl, arylalkyl, substituted arylalkyl, het 
eroaryl, substituted heteroaryl, heteroarylalkyl, substituted 
heteroarylalkyl, heteroalkyl or substituted heteroalkyl; 

R3 is hydrogen, acyl, substituted acyl, alkoxycarbonyl, 
substituted alkoxycarbonyl, aryloxycarbonyl, substituted 
aryloxycarbonyl, iCONRlzRls, alkyl, substituted alkyl, 
aryl, substituted aryl, arylalkyl, substituted arylalkyl, het 
eroaryl, substituted heteroaryl, heteroarylalkyl, substituted 
heteroarylalkyl, heteroalkyl or substituted heteroalkyl; 

R4, R5, R6, R7, R8, R9, R10, R11, and R12 are independently 
hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, ary 
lalkyl or substituted arylalkyl; 

R1 5 and R1 6 are independently hydrogen, alkyl, substituted 
alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, 
heteroaryl, substituted heteroaryl, heteroarylalkyl, substi 
tuted heteroarylalkyl, heteroalkyl or substituted heteroalkyl 
or alternatively, R15 and R16, taken together With the nitrogen 
atom to Which they are attached, form a 4-, 5-, 6- or 7-mem 
bered cycloheteroalkyl ring, provided that both R15 and R16 
are not hydrogen; and 

R1 7 and R1 8 are independently hydrogen, alkyl, substituted 
alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, 
heteroaryl, substituted heteroaryl, heteroarylalkyl, substi 
tuted heteroarylalkyl, heteroalkyl or substituted heteroalkyl 
or alternatively, R15 and R16, taken together With the nitrogen 
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4 
atom to Which they are attached, form a 4-, 5-, 6- or 7-mem 
bered cycloheteroalkyl ring, provided that both R15 and R16 
are not hydrogen; 

With the proviso that at least one of R1, R2 and R3 is not 
hydrogen; and 

a pharmaceutically acceptable vehicle. 
In another aspect, the present invention provides a phar 

maceutical composition comprising a compound having a 
structural Formula (I) as de?ned above, or a salt, solvate, 
ester, and/ or prodrug thereof, and a pharmaceutically accept 
able vehicle. 

In another aspect, the present invention provides a method 
for treating a condition, disorder, or disease, or stimulating 
contraceptive effect, in a patient in need thereof comprising 
administering to the patient a therapeutically effective 
amount of the compound of formula (I) as de?ned above, or a 
salt, solvent, ester, and/or prodrug thereof, Wherein the con 
dition, disorder, or disease is implicated in the activation or 
hyperactivity of loW voltage-gated calcium channels. 

In another aspect, the present invention provides a method 
of modulating calcium ion channels comprising contacting 
the compound of formula (I) as de?ned above, or a salt, 
solvent, ester, and/or prodrug thereof, With the calcium ion 
channels. 

In another aspect, the present invention provides a com 
pound having a structural formula (II), (III) or (IV), or a salt, 
solvate, ester, and/or prodrug thereof, 

(11) 

(III) 

(IV) 

Wherein: 
XiZ is iC:Ci or iN4Ci; 
YiZ is iN%i, iN:Ci, 

iSiCHi; 
provided that XiZ is not 4C:Ci When YiZ is 

iNICi; 
R1 is iS(O)kR5, iNHiS(O)kR5, alkyl, substituted 

alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, 
cycloalkylalkyl, substituted cycloalkylalkyl, cyclohet 
eroalkylalkyl, substituted cycloheteroalkylalkyl, heteroaryl, 
substituted heteroaryl, heteroarylalkyl, substituted heteroary 
lalkyl, heteroalkyl, substituted heteroalkyl, iCONR6R7 or 

4CHiCHi or 
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alternatively R1 and R2 along With the atoms to Which they are 
attached form a cycloalkyl, substituted cycloalkyl, cyclohet 
eroalkyl, substituted cycloheteroalkyl, aryl, substituted aryl, 
heteroaryl, substituted heteroaryl ring, fused indanoyl or sub 
stituted fused indanoyl ring; 
k is 0, l or 2; 
R2 is hydrogen, iS(O)ZR8, :O, iNRZICORIS, 

iNRlgRzo, alkoxycarbonyl, substituted alkoxycarbonyl, 
alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, sub 
stituted arylalkyl, heteroaryl, substituted heteroaryl, het 
eroarylalkyl, substituted heteroarylalkyl or alternatively R2 
and R3 along With the atoms to Which they are attached form 
a cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, substi 
tuted cycloheteroalkyl, aryl, substituted aryl, heteroaryl or 
substituted heteroaryl ring; 

1 is 0, l or 2; 
R3 is hydrogen, alkyl, substituted alkyl, arylalkyl, substi 

tuted arylalkyl, heteroaryl, substituted heteroaryl, heteroary 
lalkyl, substituted heteroarylalkyl, heteroalkyl, substituted 
heteroalkyl or iCONRsRg When YiZ is iNiCi, or 
iCHiCHi and is not de?ned When YiZ is iN:Ci; 

provided that R2 does not form a ring With both R1 and R3; 
R4 is alkyl, acyl, substituted acyl, acyloxycarbonyl, substi 

tuted acyloxycarbonyl, aryloxycarbonyl, substituted aryloxy 
carbonyl, alkoxy, substituted alkoxy, alkyl, substituted alkyl, 
arylalkyl, substituted arylalkyl, heteroaryl, substituted het 
eroaryl, heteroarylalkyl, substituted heteroarylalkyl, het 
eroalkyl, substituted arylalkyl, halo, hydroxyl, nitro, cyano, 
iCONRloRll, iNRIZRB, carboxyl or iS(O)mRl4; 
m is 0, l or 2; 
R5, R8 and R14 are independently alkyl, substituted alkyl, 

aryl, substituted aryl, arylalkyl, substituted arylalkyl, het 
eroaryl, substituted heteroaryl, heteroarylalkyl, substituted 
heteroarylalkyl, heteroalkyl or substituted heteroalkyl; 

R6 and R7 are independently hydrogen, alkyl, substituted 
alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, 
heteroaryl, substituted heteroaryl, heteroarylalkyl, substi 
tuted heteroarylalkyl, heteroalkyl or substituted heteroalkyl 
or alternatively R6 and R7 along With the atoms to Which they 
are attached form a cycloheteroalkyl or substituted cyclohet 
eroalkyl, ring; 

R8 and R9 are independently hydrogen, alkyl, substituted 
alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, 
heteroaryl, substituted heteroaryl, heteroarylalkyl, substi 
tuted heteroarylalkyl, heteroalkyl or substituted heteroalkyl 
or attentively R8 and R9 along With the atoms to Which they 
are attached form a cycloheteroalkyl or substituted cyclohet 
eroalkyl, ring; 

R1 O and R1 1 are independently hydrogen, alkyl, substituted 
alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, 
heteroaryl, substituted heteroaryl, heteroarylalkyl, substi 
tuted heteroarylalkyl, heteroalkyl or substituted heteroalkyl 
or alternatively R10 and R11 along With the atoms to Which 
they are attached form a cycloheteroalkyl or substituted 
cycloheteroalkyl, ring; 

R1 2 and R1 3 are independently hydrogen, alkyl, substituted 
alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, 
heteroaryl, substituted heteroaryl, heteroarylalkyl, substi 
tuted heteroarylalkyl, heteroalkyl or substituted heteroalkyl 
or alternatively R12 and R13 along With the atoms to Which 
they are attached form a cycloheteroalkyl or substituted 
cycloheteroalkyl, ring; 
W is 40*, iNRls or iSi; 
U is iOi, iNRm or iSi; 
V is iCHi or iNi; 
R1 5 and R1 6 are independently hydrogen, alkyl, substituted 

alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, 
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6 
heteroaryl, substituted heteroaryl, heteroarylalkyl, substi 
tuted heteroarylalkyl, heteroalkyl or substituted heteroalkyl; 

R1 8 and R2 1 are independently hydrogen, alkyl, substituted 
alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, 
heteroaryl, substituted heteroaryl, heteroarylalkyl, substi 
tuted heteroarylalkyl, heteroalkyl or substituted heteroalkyl; 
and 

R1 9 and R20 are independently hydrogen, alkyl, substituted 
alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, 
heteroaryl, substituted heteroaryl, heteroarylalkyl, substi 
tuted heteroarylalkyl, heteroalkyl or substituted heteroalkyl; 

provided that Formula (II), (III), or (IV) does not include 
3 -{2-[4-(4-Fluoro-benZoyl)-piperidin-l -yl]-ethyl}-1H 
quinaZoline-2,4-dione. 

In another aspect, the present invention provides a phar 
maceutical composition comprising a compound of formula 
(II), (III), or (IV) as de?ned above, or a salt, solvate, ester, 
and/or prodrug thereof; and a pharmaceutically acceptable 
vehicle. 

In another aspect, the present invention provides a method 
for treating a condition, disorder, or disease, or stimulating 
contraceptive effect, in a patient in need thereof comprising 
administering to the patient a therapeutically effective 
amount of the compound of formula (II), (III), or (IV) as 
de?ned above, or a salt, solvent, ester, and/ or prodrug thereof, 
Wherein the condition, disorder, or disease is implicated in the 
activation or hyperactivity of loW voltage-gated calcium 
channels. 

In another aspect, the present invention provides a method 
of modulating calcium ion channels comprising contacting 
the compound of formula (II), (III), or (IV) as de?ned above, 
or a salt, solvent, ester, and/or prodrug thereof, With the cal 
cium ion channels. 

In another aspect, the present invention provides a method 
of treating a condition, disorder, or disease, or stimulating 
contraceptive effect, in a patient in need thereof, comprising 
administering to the patient a therapeutically effective 
amount of a compound having structural formula (XII), or a 
salt, solvate, ester, and/or prodrug thereof, Wherein the con 
dition, disorder, or disease is implicated in the activation or 
hyperactivity of loW voltage-gated calcium channels, 

(XII) 

L 
\ 

A1 I 
N / 

/ / 
l \ N /(alkylene) (R)n 

/ / N/KAZ 
(Rh | 

R4 

Wherein 
Al and A2 are each independently O, S, NiR, or NiOR; 
R4 is hydrogen, alkyl, substituted alkyl, heteroalkyl, sub 

stituted heteroalkyl, hydroxyl, alkoxy, amino, or alkamino; 

R is each independently halo, alkyl, substituted alkyl, het 
eroalkyl, substituted heteroalkyl, hydroxyl, alkoxy, amino, 
alkamino, cyano, or nitro; 
n is an integer of0, 1,2, 3,or 4; and 
m is an integer of 0, l, or 2. 
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In another aspect, the present invention provides a method 
of modulating calcium ion channels comprising contacting 
the compound having a structural formula (XII) as de?ned 
above, or a salt, solvent, ester, and/or prodrug thereof, With 
the calcium ion channels. 

In another aspect, the present invention provides a method 
of treating a condition, disorder, or disease, or stimulating 
contraceptive effect, in a patient in need thereof, comprising 
administering to the patient a therapeutically effective 
amount of a compound selected from the group consisting of 
cyclopentyl[3-(2 -methoxy-4-{ [(2 -methylphenyl) sulfonyl] 
carbamoyl }benZyl)-l -methyl- 1 H-indol-5 -yl]carbamate 
(Za?rlukast); (5'0t)-2-bromo-l2'-hydroxy-5'-(2-methylpro 
pyl)-3',6', l 8-trioxo-2'-(propan-2-yl)ergotaman (Bromocrip 
tine); and 4,4'-(propane-2,2-diyldisulfanediyl)bis(2,6-di 
tert-butylphenol) (Probucol), or a salt, solvate, ester, and/or 
prodrug thereof, Wherein the condition, disorder, or disease is 
implicated in the activation or hyperactivity of loW voltage 
gated calcium channels. 

In another aspect, the present invention provides a method 
of modulating calcium ion channels comprising contacting a 
compound selected from the group consisting of cyclopentyl 
[3 - (2 -methoxy-4- { [(2 -methylphenyl) sulfonyl] 
carbamoyl }benZyl)-l -methyl- 1 H-indol-5 -yl]carbamate 
(Za?rlukast); (5'0t)-2-bromo-l2'-hydroxy-5'-(2-methylpro 
pyl)-3',6', l 8-trioxo-2'-(propan-2-yl)ergotaman (Bromocrip 
tine); and 4,4'-(propane-2,2-diyldisulfanediyl)bis(2,6-di 
tert-butylphenol) (Probucol), or a salt, solvent, ester, and/or 
prodrug thereof, With the calcium ion channels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph shoWing reduction of Formalin induced 
pain in rat animal models of hyperalgesia by the compound 
(52): VMD-A. 

FIG. 2 is a graph shoWing reduction of Formalin induced 
pain in rat animal models of hyperalgesia by the compound 
(401): VMD-B. 

DETAILED DISCLOSURE OF THE INVENTION 

De?nitions 

“Alkyl” by itself or as part of another substituent, refers to 
a saturated or unsaturated, branched, straight-chain or cyclic 
monovalent hydrocarbon radical derived by the removal of 
one hydrogen atom from a single carbon atom of a parent 
alkane, alkene or alkyne. Typical alkyl groups include, but are 
not limited to, methyl; ethyls such as ethanyl, ethenyl, ethy 
nyl; propyls such as propan-l-yl, propan-2-yl, cyclopropan 
l-yl, prop- 1 -en- 1 -yl, prop- l -en-2-yl, prop-2-en-l -yl(allyl), 
cycloprop- 1 -en- 1 -yl; cycloprop -2-en-l -yl, prop- l -yn- l -yl, 
prop-2-yn-l -yl, etc.; butyls such as butan-l -yl, butan-2-yl, 
2-methyl-propan- l -yl, 2-methyl-propan-2-yl, cyclobutan-l - 
yl, but-l -en-l -yl, but- 1 -en-2-yl, 2-methyl-prop- 1 -en- 1 -yl, 
but-2-en- l -yl, but-2 -en-2 -yl, buta- l ,3-dien- l -yl, buta-l ,3 - 
dien-2 -yl, cyclobut- 1 -en- 1 -yl, cyclobut-l -en-3 -yl, cyclobuta 
1,3-dien-l-yl, but-l -yn-l -yl, but- 1 -yn-3-yl, but-3-yn- l -yl, 
etc.; and the like. 

The term “alkyl” is speci?cally intended to include groups 
having any degree or level of saturation, i.e., groups having 
exclusively single carbon-carbon bonds, groups having one 
or more double carbon-carbon bonds, groups having one or 
more triple carbon-carbon bonds and groups having mixtures 
of single, double and triple carbon-carbon bonds. Where a 
speci?c level of saturation is intended, the expressions “alka 
nyl,” “alkenyl,” and “alkynyl” are used. In some embodi 
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8 
ments, an alkyl group comprises from 1 to 20 carbon atoms 
(Cl-C2O alkyl). In other embodiments, an alkyl group com 
prises from 1 to 10 carbon atoms (C l-C 10 alkyl). In still other 
embodiments, an alkyl group comprises from 1 to 6 carbon 
atoms (Cl-C6 alkyl). 

“Alkanyl” by itself or as part of another substituent, refers 
to a saturated branched, straight-chain or cyclic alkyl radical 
derived by the removal of one hydrogen atom from a single 
carbon atom of a parent alkane. Typical alkanyl groups 
include, but are not limited to, methanyl; ethanyl; propanyls 
such as propan-l -yl, propan-2-yl(isopropyl), cyclopropan-l - 
yl, etc.; butanyls such as butan-l-yl, butan-2-yl(sec-butyl), 
2-methyl-propan- l -yl(isobutyl), 2-methyl-propan-2-yl(t-bu 
tyl), cyclobutan-l-yl, etc.; and the like. 

“Alkenyl” by itself or as part of another substituent, refers 
to an unsaturated branched, straight-chain or cyclic alkyl 
radical having at least one carbon-carbon double bond 
derived by the removal of one hydrogen atom from a single 
carbon atom of a parent alkene. The group may be in either the 
cis or trans conformation about the double bond(s). Typical 
alkenyl groups include, but are not limited to, ethenyl; pro 
penyls such as prop-l -en-l -yl, prop-l -en-2-yl, prop-2-en-l - 
yl(allyl), prop-2-en-2-yl, cycloprop-l-en-l-yl; cycloprop-2 
en- 1 -yl; butenyls such as but- 1 -en- 1 -yl, but- 1 -en-2-yl, 
2-methyl-prop-l -en-l -yl, but-2-en- l -yl, but-2-en- l -yl, but 
2-en-2-yl, buta-l ,3-dien-l -yl, buta-l ,3-dien-2-yl, cyclobut 
l-en- l -yl, cyclobut-l -en-3 -yl, cyclobuta-l ,3-dien-l -yl, etc.; 
and the like. 

“Alkynyl” by itself or as part of another substituent refers to 
an unsaturated branched, straight-chain or cyclic alkyl radical 
having at least one carbon-carbon triple bond derived by the 
removal of one hydrogen atom from a single carbon atom of 
a parent alkyne. Typical alkynyl groups include, but are not 
limited to, ethynyl; propynyls such as prop-l -yn-l -yl, prop 
2-yn-l -yl, etc.; butynyls such as but-l -yn-l -yl, but-l -yn-3-yl, 
but-3 -yn-l-yl, etc.; and the like. 

“Alkoxy” by itself or as part of another sub stituent, refers to 
a radical of the formula 4OiR, Where R is alkyl or substi 
tuted alkyl as de?ned herein. 

“Alkoxycarbonyl” by itself or as part of another substitu 
ent, refers to a radical of the formula 4C(O)OiR, Where R 
is alkyl or substituted alkyl as de?ned herein. 

“Alkamino” by itself or as part of another substituent refers 
to a radical iNHR or iNRZ, Wherein R is alkyl or substi 
tuted alkyl. 

“Acyl” by itself or as part of another substituent refers to a 
radical iC(O)R, Where R is hydrogen, alkyl, substituted 
alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, 
heteroalkyl, substituted heteroalkyl, heteroarylalkyl or sub 
stituted heteroarylalkyl as de?ned herein. Representative 
examples include, but are not limited to formyl, acetyl, cyclo 
hexylcarbonyl, cyclohexylmethylcarbonyl, benZoyl, benZyl 
carbonyl and the like. 

“Aryl,” by itself or as part of another substituent, refers to 
a monovalent aromatic hydrocarbon group derived by the 
removal of one hydrogen atom from a single carbon atom of 
a parent aromatic ring system, as de?ned herein. Typical aryl 
groups include, but are not limited to, groups derived from 
aceanthrylene, acenaphthylene, acephenanthrylene, 
anthracene, aZulene, benZene, chrysene, coronene, ?uoran 
thene, ?uorene, hexacene, hexaphene, hexalene, as-indacene, 
s-indacene, indane, indene, naphthalene, octacene, 
octaphene, octalene, ovalene, penta-2,4-diene, pentacene, 
pentalene, pentaphene, perylene, phenalene, phenanthrene, 
picene, pleiadene, pyrene, pyranthrene, rubicene, triph 
enylene, trinaphthalene and the like. In some embodiments, 
an aryl group comprises from 6 to 20 carbon atoms (C6-C2O 
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aryl). In other embodiments, an aryl group comprises from 6 
to 15 carbon atoms (C6-Cl5 aryl). In still other embodiments, 
an aryl group comprises from 6 to 15 carbon atoms (C6-C1O 
aryl). 

“Arylalkyl,” by itself or as part of another substituent, 
refers to an acyclic alkyl group in Which one of the hydrogen 
atoms bonded to a carbon atom, typically a terminal or sp3 
carbon atom, is replaced With an aryl group as, as de?ned 
herein. Typical arylalkyl groups include, but are not limited 
to, benZyl, 2-phenylethan-1-yl, 2-phenylethen-1-yl, naphth 
ylmethyl, 2-naphthylethan- 1 -yl, 2-naphthylethen- 1 -yl, naph 
thobenZyl, 2-naphthophenylethan-1-yl and the like. Where 
speci?c alkyl moieties are intended, the nomenclature aryla 
lkanyl, arylalkenyl and/or arylalkynyl is used. In some 
embodiments, an arylalkyl group is (C6-C3O) arylalkyl, e.g., 
the alkanyl, alkenyl or alkynyl moiety of the arylalkyl group 
is (Cl-Clo)alkyl and the aryl moiety is (C6-C2O) aryl. In other 
embodiments, an arylalkyl group is (C6-C2O) arylalkyl, e.g., 
the alkanyl, alkenyl or alkynyl moiety of the arylalkyl group 
is (Cl-C8)alkyl and the aryl moiety is (C6-C12) aryl. In still 
other embodiments, an arylalkyl group is (C6-C5) arylalkyl, 
e.g., the alkanyl, alkenyl or alkynyl moiety of the arylalkyl 
group is (Cl-C5)alkyl and the aryl moiety is (C6-C1O) aryl. 

“Aryloxycarbonyl,” by itself or as part of another substitu 
ent, refers to a radical of the formula 4C(O)4OiR32, 
Where R32 is aryl, substituted aryl, arylalkyl, substituted ary 
lalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl or 
substituted heteroarylalkyl. 

“Cycloalkyl or carbocyclyl,” by itself or as part of another 
substituent, refers to a saturated or unsaturated cyclic alkyl 
radical, as de?ned herein. Where a speci?c level of saturation 
is intended, the nomenclature “cycloalkanyl” or “cycloalk 
enyl” is used. Typical cycloalkyl groups include, but are not 
limited to, groups derived from cyclopropane, cyclobutane, 
cyclopentane, cyclohexane, and the like. In some embodi 
ments, the cycloalkyl group comprises from 3 to 10 ring 
atoms (C3-Cl0 cycloalkyl). In other embodiments, the 
cycloalkyl group comprises from 3 to 7 ring atoms (C3-C7 
cycloalkyl). 

“Cycloalkylalkyl,” by itself or as part of another substitu 
ent, refers to an acyclic alkyl group in Which one of the 
hydrogen atoms bonded to a carbon atom, typically a terminal 
or sp3 carbon atom, is replaced With an cycloalkyl group as, as 
de?ned herein. 

“Cycloheteroalkyl or heterocyclyl,” by itself or as part of 
another substituent, refers to a saturated or unsaturated cyclic 
alkyl radical in Which one or more carbon atoms (and option 
ally any associated hydrogen atoms) are independently 
replaced With the same or different heteroatom. Typical het 
eroatoms to replace the carbon atom(s) include, but are not 
limited to, N, P, O, S, Si, etc. Where a speci?c level of 
saturation is intended, the nomenclature “cycloheteroalka 
nyl” or “cycloheteroalkenyl” is used. Typical cyclohet 
eroalkyl groups include, but are not limited to, groups derived 
from epoxides, aZirines, thiiranes, imidaZolidine, morpho 
line, piperaZine, piperidine, pyraZolidine, pyrrolidone, quinu 
clidine, and the like. In some embodiments, the cyclohet 
eroalkyl group comprises from 3 to 10 ring atoms (3-10 
membered cycloheteroalkyl) In other embodiments, the 
cycloalkyl group comprise from 5 to 7 ring atoms (5 -7 mem 
bered cycloheteroalkyl). 
A cycloheteroalkyl group may be substituted at a heteroa 

tom, for example, a nitrogen atom, With a (C l -C6)alkyl group. 
As speci?c examples, N-methyl-imidaZolidinyl, N-methyl 
morpholinyl, N-methyl-piperaZinyl, N-methyl-piperidinyl, 
N-methyl-pyraZolidinyl and N-methyl-pyrrolidinyl are 
included Within the de?nition of “cycloheteroalkyl.” A cyclo 
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10 
heteroalkyl group may be attached to the remainder of the 
molecule via a ring carbon atom or a ring heteroatom. 

“Cycloheteroalkylalkyl,” by itself or as part of another 
substituent, refers to an acyclic alkyl group in Which one of 
the hydrogen atoms bonded to a carbon atom, typically a 
terminal or sp3 carbon atom, is replaced With an cyclohet 
eroalkyl group as, as de?ned herein. 

“Fused Indanoyl,” by itself or as part of another substituent, 
refers to the fused ring system beloW: 

“Heteroalkyl,” “Heteroalkanyl,” “Heteroalkynyl” and 
“Heteroalkynyl,” “by themselves or as part of other substitu 
ents, refer to alkyl, alkanyl, alkenyl and alkynyl groups, 
respectively, in Which one or more of the carbon atoms (and 
optionally any associated hydrogen atoms), are each, inde 
pendently of one another, replaced With the same or different 
heteroatoms or heteroatomic groups. Typical heteroatoms or 
heteroatomic groups Which can replace the carbon atoms 
include, but are not limited to, O, S, N, Si, iNHi, 
iS(O)i, iS(O)2i, iS(O)NHi, iS(O)2NHi and the 
like and combinations thereof. The heteroatoms or heteroat 
omic groups may be placed at any interior position of the 
alkyl, alkenyl or alkynyl groups. Typical heteroatomic groups 
Which can be included in these groups include, but are not 
limited to, 40*, iSi, iO4Oi, iSiSi, 
‘Gigi’ iNRli 5 R3 6*’ INiNI’ iNINi, 
iN:NiNR37R38, iPRwi, iP(O)2i, iPOR‘loi, 
4OiP(O)2i, iSOi, iSOzi, iSnR4lR42i and the 
like, Where R35, R36, R37, R38, R39, R40, R41 and R42 are 
independently hydrogen, alkyl, substituted alkyl, aryl, substi 
tuted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, substi 
tuted cycloalkyl, cycloheteroalkyl, substituted cyclohet 
eroalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl, 
substituted heteroaryl, heteroarylalkyl or substituted het 
eroarylalkyl. 

“Heteroaryl,” by itself or as part of another substituent, 
refers to a monovalent heteroaromatic radical derived by the 
removal of one hydrogen atom from a single atom of a parent 
heteroaromatic ring systems, as de?ned herein. Typical het 
eroaryl groups include, but are not limited to, groups derived 
from acridine, [3-carboline, chromane, chromene, cinnoline, 
furan, imidaZole, indaZole, indole, indoline, indoliZine, 
isobenZofuran, isochromene, isoindole, isoindoline, iso 
quinoline, isothiaZole, isoxaZole, naphthyridine, oxadiaZole, 
oxaZole, perimidine, phenanthridine, phenanthroline, phena 
Zine, phthalaZine, pteridine, purine, pyran, pyraZine, pyra 
Zole, pyridaZine, pyridine, pyrimidine, pyrrole, pyrroliZine, 
quinaZoline, quinoline, quinoliZine, quinoxaline, tetraZole, 
thiadiaZole, thiaZole, thiophene, triaZole, xanthene, and the 
like. In some embodiments, the heteroaryl group comprises 
from 5 to 20 ring atoms (5 -20 membered heteroaryl). In other 
embodiments, the heteroaryl group comprises from 5 to 10 
ring atoms (5-10 membered heteroaryl). Exemplary het 
eroaryl groups include those derived from furan, thiophene, 
pyrrole, benZothiophene, benZofuran, benZimidaZole, indole, 
pyridine, pyraZole, quinoline, imidaZole, oxaZole, isoxaZole 
and pyraZine. 

“Heteroarylalkyl” by itself or as part of another substituent 
refers to an acyclic alkyl group in Which one of the hydrogen 
atoms bonded to a carbon atom, typically a terminal or sp3 
carbon atom, is replaced With a heteroaryl group. Where 
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speci?c alkyl moieties are intended, the nomenclature het 
eroarylalkanyl, heteroarylakenyl and/ or heteroarylalkynyl is 
used. In some embodiments, the heteroarylalkyl group is a 
6-21 membered heteroarylalkyl, e.g., the alkanyl, alkenyl or 
alkynyl moiety of the heteroarylalkyl is (C 1 -C6)alkyl and the 
heteroaryl moiety is a 5-15-membered heteroaryl. In other 
embodiments, the heteroarylalkyl is a 6-13 membered het 
eroarylalkyl, e.g., the alkanyl, alkenyl or alkynyl moiety is 
(Cl-C3)alkyl and the heteroaryl moiety is a 5-10 membered 
heteroaryl. 

“lmplicated” means culpably involved or causually con 
nected to. 

“Modulating” refers to adjusting, varying, or changing. As 
used herein, modulation of calcium ion channel includes 
antagonizing, agoniZing, or partially antagonizing. That is, 
the compounds of the present invention may act as antago 
nists, agonists, or partial antagonists of the calcium ion chan 
nel activity. 

“Parent Aromatic Ring System” refers to an unsaturated 
cyclic or polycyclic ring system having a conjugated at elec 
tron system. Speci?cally included Within the de?nition of 
“parent aromatic ring system” are fused ring systems in 
Which one or more of the rings are aromatic and one or more 

of the rings are saturated or unsaturated, such as, for example, 
?uorene, indane, indene, phenalene, etc. Typical parent aro 
matic ring systems include, but are not limited to, acean 
thrylene, acenaphthylene, acephenanthrylene, anthracene, 
aZulene, benzene, chrysene, coronene, ?uoranthene, ?uo 
rene, hexacene, hexaphene, hexalene, as-indacene, s-in 
dacene, indane, indene, naphthalene, octacene, octaphene, 
octalene, ovalene, penta-2,4-diene, pentacene, pentalene, 
pentaphene, perylene, phenalene, phenanthrene, picene, ple 
iadene, pyrene, pyranthrene, rubicene, triphenylene, trinaph 
thalene and the like. 

“Parent Heteroaromatic Ring System” refers to a parent 
aromatic ring system in Which one or more carbon atoms (and 
optionally any associated hydrogen atoms) are each indepen 
dently replaced With the same or different heteroatom. Typi 
cal heteroatoms to replace the carbon atoms include, but are 
not limited to, N, P, O, S, Si, etc. Speci?cally included Within 
the de?nition of “parent heteroaromatic ring system” are 
fused ring systems in Which one or more of the rings are 
aromatic and one or more of the rings are saturated or unsat 

urated, such as, for example, benZodioxan, benZofuran, chro 
mane, chromene, indole, indoline, xanthene, etc. Typical par 
ent heteroaromatic ring systems include, but are not limited 
to, arsindole, carbaZole, [3-carboline, chromane, chromene, 
cinnoline, furan, imidaZole, indaZole, indole, indoline, 
indoliZine, isobenZofuran, isochromene, isoindole, isoindo 
line, isoquinoline, isothiaZole, isoxaZole, naphthyridine, oxa 
diaZole, oxaZole, perimidine, phenanthridine, phenanthro 
line, phenaZine, phthalaZine, pteridine, purine, pyran, 
pyraZine, pyraZole, pyridaZine, pyridine, pyrimidine, pyrrole, 
pyrroliZine, quinaZoline, quinoline, quinoliZine, quinoxaline, 
tetraZole, thiadiaZole, thiaZole, thiophene, triaZole, xanthene 
and the like. 

“Patient” includes mammals, such as, for example, 
humans. 

“Preventing” or “prevention” refers to a reduction in risk of 
acquiring a disease or disorder (i.e., causing at least one of the 
clinical symptoms of the disease not to develop in a patient 
that may be exposed to or predisposed to the disease but does 
not yet experience or display symptoms of the disease). 

“Protecting group” refers to a grouping of atoms that When 
attached to a reactive functional group in a molecule masks, 
reduces or prevents reactivity of the functional group. 
Examples of protecting groups can be found in Green et al., 
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12 
“Protective Groups in Organic Chemistry”, (Wiley, 2”“ ed. 
1991) and Harrison et al., “Compendium of Synthetic 
Organic Methods”, Vols. 1-8 (John Wiley and Sons, 1971 
1996). Representative amino protecting groups include, but 
are not limited to, formyl, acetyl, tri?uoroacetyl, benZyl, ben 
Zyloxycarbonyl (“CBZ”), tert-butoxycarbonyl (“Boc”), trim 
ethylsilyl (“TMS”), 2-trimethylsilyl-ethanesulfonyl (“SES”), 
trityl and substituted trityl groups, allyloxycarbonyl, 9-?uo 
renylmethyloxycarbonyl (“FMOC”), nitro-veratryloxycar 
bonyl (“NVOC”) and the like. Representative hydroxy pro 
tecting groups include, but are not limited to, those Where the 
hydroxy group is either acylated or alkylated such as benZyl, 
and trityl ethers as Well as alkyl ethers, tetrahydropyranyl 
ethers, trialkylsilyl ethers and ally) ethers. 

“Salt” refers to a salt of a compound, Which possesses the 
desired pharmacological activity of the parent compound. 
Such salts include: (1) acid addition salts, formed With inor 
ganic acids such as hydrochloric acid, hydrobromic acid, 
sulfuric acid, nitric acid, phosphoric acid, and the like; or 
formed With organic acids such as acetic acid, propionic acid, 
hexanoic acid, cyclopentanepropionic acid, glycolic acid, 
pyruvic acid, lactic acid, malonic acid, succinic acid, malic 
acid, maleic acid, fumaric acid, tartaric acid, citric acid, ben 
Zoic acid, 3-(4-hydroxybenZoyl)benZoic acid, cinnamic acid, 
mandelic acid, methanesulfonic acid, ethanesulfonic acid, 
1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid, 
benZenesulfonic acid, 4-chlorobenZenesulfonic acid, 2-naph 
thalenesulfonic acid, 4-toluenesulfonic acid, camphorsul 
fonic acid, 4-methylbicyclo[2.2.2]-oct-2-ene-1-carboxylic 
acid, glucoheptonic acid, 3-phenylpropionic acid, trimethy 
lacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, 
gluconic acid, glutamic acid, hydroxynaphthoic acid, sali 
cylic acid, stearic acid, muconic acid, and the like; or (2) salts 
formed When an acidic proton present in the parent compound 
is replaced by a metal ion, e.g., an alkali metal ion, an alkaline 
earth ion, or an aluminum ion; or coordinates With an organic 
base such as ethanolamine, diethanolamine, triethanolamine, 
N-methylglucamine and the like. 

“Prodrug or softdrug” refers to a precursor of a pharrna 
ceutically active compound Wherein the precursor itself may 
or may not be pharmaceutically active but, upon administra 
tion, Will be converted, either metabolically or otherWise, into 
the pharmaceutically active compound or drug of interest. For 
example, prodrug or softdrug is an ester or an ether form of a 
pharmaceutically active compound. Several prodrugs have 
been prepared and disclosed for a variety of pharmaceuticals. 
See, for example, Bundgaard, H. and Moss, 1., J. Pharm. Sci. 
78: 122-126 (1989). Thus, one of ordinary skill in the art 
knoWs hoW to prepare these precursors, prodrugs or softdrugs 
With commonly employed techniques of organic synthesis. 

“Substituted,” When used to modify a speci?ed group or 
radical, means that one or more hydrogen atoms of the speci 
?ed group or radical are each, independently of one another, 
replaced With the same or different substituent(s). Substituent 
groups useful for substituting saturated carbon atoms in the 
speci?ed group or radical include, but are not limited to -R“, 
112110, 40', :0, iORb, iSRb, -S', :s, iNRCRC, 
:NRZ’, :NADRZ’, trihalomethyl, %F3, %N, iOCN, 
iSCN, iNO, iNOz, :N2, iN3, iS(O)2Rb, 
iS(O)2NRb, is(o)2o-, iS(O)2Orb, ws(o)2Rb, ws 
(0)20: -OS<O)2ORZ2 -P(0><0->2, -P(0)(0Rb)(0-), 
iP(O)(ORb)(ORb), %(O)Rb, iC(S)Rb, iC(NRb)Rb, 
4C(O)O_, iC(O)ORb, 4C(S)ORb, 4C(O)NRCRC, 
%(NRZ’)NRCRC, iOC(O)Rb, wc(s)Rb, ioc(o)o-, 
wc(o)oRb, wc(s)oRb, iNRbC(O)Rb, iNRbC(S) 
Rb, iNRbC(O)O_, iNRbC(O)ORb, iNRbC(S)ORb, 
iNRbC(O)NRCRC, iNRbC(NRb)Rb and iNRbC(NRb) 
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NRCRC, Where R“ is selected from the group consisting of 
alkyl, cycloalkyl, heteroalkyl, cycloheteroalkyl, aryl, aryla 
lkyl, heteroaryl and heteroarylalkyl; each Rb is independently 
hydrogen or R“; and each RC is independently Rb or altema 
tively, the tWo Rcs are taken together With the nitrogen atom 
to Which they are bonded form a 4-, 5-, 6- or 7-membered 
cycloheteroalkyl Which may optionally include from 1 to 4 of 
the same or different additional heteroatoms selected from the 
group consisting of O, N and S. As speci?c examples, 
iNRCRC is meant to include iNHZ, iNH-alkyl, N-pyrro 
lidinyl and N-morpholinyl. 

Similarly, substituent groups useful for substituting unsat 
urated carbon atoms in the speci?ed group or radical include, 
but are not limited to, iR“, halo, 40-, iORb, iSRb, is‘, 
iNRCRC, trihalomethyl, iCF3, iCN, 4OCN, iSCN, 
iNO, iNOz, iN3, iS(O)2Rb, iS(O)2O_, iS(O)2ORb, 
iOS(O)2Rb, ws(o)2o-, iOS(O)2ORb, iP(O)(O_)2, 
iP(O)(ORb)(O_), iP(O)(ORb)(ORb), %(O)Rb, ic(s) 
Rb, iC(NRb)Rb, 4C(O)O_, 4C(O)ORZ’, iC(S)ORb, 
iC(O)NRCRC, %(NRZ’)NRCRC, A)C(O)Rb, iOC(S)Rb, 
iOC(O)O_, iOC(O)ORb, 4OC(S)ORZ’, iNRbC(O)Rb, 
iNRbC(S)Rb, iNRbC(O)O_, iNRbC(O)ORb, 
iNRbC(S)ORb, iNRbC(O)NRCRC, iNRbC(NRb)Rb and 
iNRbC(NRb)NRCRC, Where R“, Rb and RC are as previously 
de?ned. 

Substituent groups useful for substituting nitrogen atoms 
in heteroalkyl and cycloheteroalkyl groups include, but are 
not limited to, -R“, 4O‘, iORb, iSRb, is‘, iNRCRC, 
trihalomethyl, iCF3, %N, 4N0, iNOZ, iS(O)2Rb, 
iS(O)2O_, iS(O)2ORb, 4OS(O)2Rb, iOS(O)2O_, 
OS(O)ZORZZ -P<O)(0-)2, -P(O)(ORb)(O-), -P<O)(0Rb) 
(ORZ’), %(O)Rb, iC(S)Rb, iC(NRb)Rb, %(O)ORZ’, 
iC(S)ORb, 4C(O)NRCRC, 4C(NRZ’)NRCRC, 4OC(O)RZ’, 
iOC(S)Rb, wc(o)oRb, wc(s)oRb, iNRbC(O)Rb, 
iNRbC(S)Rb, iNRbC(O)ORb, iNRbC(S)ORb, iNRbC 
(O)NRCRC, iNRbC(NRb)Rb and iNRbC(NRb)NRCRC, 
Where R“, Rb and RC are as previously de?ned. 

Substituent groups from the above lists useful for substi 
tuting other speci?ed groups or atoms Will be apparent to 
those of skill in the art. 

The substituents used to substitute a speci?ed group can be 
further substituted, typically With one or more of the same or 
different groups selected from the various groups speci?ed 
above. 

“Treating” or “treatment” of any disease or disorder refers, 
in some embodiments, to ameliorating or preventing the dis 
ease or disorder (i.e., arresting or reducing the development of 
the disease or at least one of the clinical symptoms thereof). In 
other embodiments “treating” or “treatment” refers to ame 
liorating at least one physical parameter, Which may not be 
discernible by the patient. In yet other embodiments, “treat 
ing” or “treatment” refers to inhibiting the disease or disorder, 
either physically, (e.g., stabiliZation of a discernible symp 
tom), physiologically, (e. g., stabiliZation of a physical param 
eter) or both. In yet other embodiments, “treating” or “treat 
ment” refers to delaying the onset of the disease or disorder. 

“Therapeutically effective amount” means the amount of a 
compound that, When administered to a patient for treating a 
disease, is su?icient to effect such treatment for the disease. 
The “therapeutically effective amount” Will vary depending 
on the compound, the disease and its severity and the age, 
Weight, etc., of the patient to be treated. 

“Vehicle” refers to a diluent, adjuvant, excipient or carrier 
With Which a compound is administered. 

The term “a compound of the present invention”, “the 
compound of the present invention”, “compounds of the 
present invention”, or “the present compounds” includes one 
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or more compounds covered by the generic formula (I), (II), 
(111), (IV), (V), (VI), (VII), (VIII), (IX), (X), (X1), (XII), 
cyclopentyl [3 - (2 -methoxy-4- { [(2-methylphenyl)sulfonyl] 
carbamoyl }benZyl)-1 -methyl-1H-indol-5 -yl] carbamate 
(Za?rlukast), (5'0t)-2-bromo-12'-hydroxy-5'-(2-methylpro 
pyl)-3',6',18-trioxo-2'-(propan-2-yl)ergotaman (Bromocrip 
tine), and 4,4'-(propane-2,2-diyldisulfanediyl)bis(2,6-di 
tert-butylphenol) (Probucol); and/or any subgenric formula 
thereof including the racemic mixtures, enantiomers, diaste 
reomers, tautomers, and other isomers thereof. 

These compounds and pharmaceutically acceptable com 
positions are useful for treating or lessening the severity of a 
variety of diseases, disorders, or conditions, including, but 
not limited to, acute, chronic, neuropathic, or in?ammatory 
pain, arthritis, migraine, cluster headaches, trigeminal neu 
ralgia, herpetic neuralgia, general neuralgias, epilepsy or epi 
lepsy conditions, neurodegenerative disorders, psychiatric 
disorders such as anxiety and depression, myotonia, arryth 
mia, movement disorders, neuroendocrine disorders, ataxia, 
multiple sclerosis, irritable boWel syndrome, incontinence, 
visceral pain, osteoarthritis pain, postherpetic neuralgia, dia 
betic neuropathy, radicular pain, sciatica, back pain, head or 
neck pain, severe or intractable pain, nociceptive pain, break 
through pain, postsurgical pain, or cancer pain. 

T-channel blockers are also useful for the treatment of 
sleep disorders, mood disorders, depression, migraine head 
ache, neuronal excitability disorders, hypertension, stroke, 
cardiovascular diseases, hyperaldosteronemia, preterm labor, 
urinary incontinence, brain aging, or neurodegenerative 
related diseases such as AlZheimer’s disease. See e.g., WO 

01/02561; WO 00/02455; JP11035483; and Chemin, J. 
Physiol., 540, 3-14, (2002). Additionally, T-type calcium 
channels play a role in pancreatic beta-cell insulin secretion. 
Therefore, T-type blockers may be useful for treatment of 
hypo- and hyperinsulinemia and the treatment and/ or preven 
tion of type 1 and type 2 diabetes as Well as microvascular or 
macrovascular diseases associated With diabetes. See, e.g., 
Bhattacharjee, Endocrinology, 138, 3735-40, (1997), and 
WO 00/15845. T-type calcium channel blockers may also be 
useful in the treatment of cancer. See e.g., W0 00/ 59882 and 
WO 2001019845. 
Compound of the Present Invention and Their Use 

In one aspect, the present invention provides a compound 
having a structural Formula (I), or a salt, solvate, ester, and/or 
prodrug thereof: 

(1) 

Wherein: 
A-B is iCHR‘lCHRsi or iCR“:CR5i; 
X is 4CR6i or iNi; 
Y is O, NR7, or S; 
Z is 40*, iNRgi, iSi, or iCRllRlzi; 
n is 0 or 1; 
R1 is hydrogen, alkyl, substituted alkyl, aryl, substituted 

aryl, arylalkyl, substituted arylalkyl, heteroaryl, substituted 
heteroaryl, heteroarylalkyl, substituted heteroaryl alkyl, het 
eroalkyl or substituted heteroalkyl; 

R2 is hydrogen, acyl, substituted acyl, alkoxycarbonyl, 
substituted alkoxycarbonyl, aryloxycarbonyl, substituted 
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aryloxycarbonyl, iCONRlsRm, alkyl, substituted alkyl, 
aryl, substituted aryl, arylalkyl, substituted arylalkyl, het 
eroaryl, substituted heteroaryl, heteroarylalkyl, substituted 
heteroarylalkyl, heteroalkyl or substituted heteroalkyl; 

R3 is hydrogen, acyl, substituted acyl, alkoxycarbonyl, 
substituted alkoxycarbonyl, aryloxycarbonyl, substituted 
aryloxycarbonyl, iCONRURIS, alkyl, substituted alkyl, 
aryl, substituted aryl, arylalkyl, substituted arylalkyl, het 
eroaryl, substituted heteroaryl, heteroarylalkyl, substituted 
heteroarylalkyl, heteroalkyl or substituted heteroalkyl; 

R4, R5, R6, R7, R8, R9, R10, R1 l, and R12 are each indepen 
dently hydrogen, alkyl, substituted alkyl, aryl, substituted 
aryl, arylalkyl or substituted arylalkyl; 

R1 5 and R1 6 are independently hydrogen, alkyl, substituted 
alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, 
heteroaryl, substituted heteroaryl, heteroarylalkyl, substi 
tuted heteroarylalkyl, heteroalkyl or substituted heteroalkyl 
or alternatively, R15 and R16, taken together With the nitrogen 
atom to Which they are attached, form a 4-, 5-, 6- or 7-mem 
bered cycloheteroalkyl ring, provided that both R15 and R16 
are not hydrogen; and 

R1 7 and R1 8 are independently hydrogen, alkyl, substituted 
alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, 
heteroaryl, substituted heteroaryl, heteroarylalkyl, substi 
tuted heteroarylalkyl, heteroalkyl or substituted heteroalkyl 
or alternatively, R15 and R16, taken together With the nitrogen 
atom to Which they are attached, form a 4-, 5-, 6- or 7-mem 
bered cycloheteroalkyl ring, and 

provided that (a) R15 and R16 are not both hydrogen; (b) at 
least one of R1, R2 and R3 is not hydrogen; and (b) the above 
Formula (I) does not include the compounds of Table 1. 

Some representative compounds of formula (I), as 
examples, are given in the folloW Table 1. In order that the 
invention described herein may be more fully understood, the 
folloWing examples are set forth. It should be understood that 
these examples are for illustrative purposes only and are not to 
be construed as limiting this invention in any manner. The 
folloWing compounds canbe readily synthesiZed described in 
the literature by one skilled in the art of organic synthesis or 
readily acquired from commercially available sources. 
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(54) 3 - [3 -(BenZyl-methyl-amino)-propyl] -4 -oxo- l 0-oXa-3 - 
aZa-tricyclo[5.2.l.01’5]dec-8-ene-2,6-dicarboxylic acid 
6-[(3-chloro-4-?uoro-phenyl)-amide]2-[(2,3-dimethyl 
cyclohexyl)-amide] 

(55) 3-[2-(BenZyl-methyl-amino)-ethyl]-4-oXo-l0-oXa-3 
aZa-tricyclo[5.2.l.01’5]dec-8-ene-2,6-dicarboxylic acid 
2-cyclohexylamide 6- [(4-phenoXy-phenyl) -amide]. 
In one embodiment of formula (I), When R3 is 

iCONRURIS and R2 is hydrogen or 4CONR15Rl6, R1 is 
not alkyl, substituted alkyl, arylalkyl, substituted arylalkyl, 
heteroarylalkyl or cycloheteroalkylalkyl. 

In one embodiment of formula (I), R3 is iCONRURIS, 
R17 is hydrogen, R18 is substituted alkyl, arylalkyl, substi 
tuted arylalkyl, heteroaryl, heteroalkyl or substituted aryl or 
R2 is hydrogen or 4CONR15Rl6, R15 is hydrogen, R16 is 
cycloalkyl or substituted cycloalkyl, R1 is not alkyl, substi 
tuted alkyl, arylalkyl, substituted arylalkyl, heteroarylalkyl or 
cycloheteroalkylalkyl. 

In one embodiment of formula (I), at least tWo of R1, R2 and 
R3 are not hydrogen. 

In one embodiment of formula (I), X is iNi andY is O. 

In one embodiment of formula (I), X is iNi, Y is O and 
Z is 40* 

In one embodiment of formula (I), X is iNi, Y is 0, Z is 
iOi and n is 0. 

In one embodiment of formula (I), X is iNi, Y is 0, Z is 
iOi A-B is CR“:CR5 and n is 0. 

In one embodiment of formula (I), X is iNi, Y is 0, Z is 
*O* and n is 1. 

In one embodiment of formula (I), X is iNi, Y is 0, Z is 
iOi A-B is CR“:CR5 and n is 1. 

In one embodiment of formula (I), R3 and R1 are not hydro 
gen. 

In one embodiment of formula (I), X is iNi, Y is 0, Z is 
iOi, and R3 and R1 are not hydrogen. 

In one embodiment of formula (I), R3 is iCONRURIS, 
acyl, substituted acyl, alkoxycarbonyl, substituted alkoxycar 
bonyl, aryloxycarbonyl or substituted aryloxycarbonyl and 
R2 is hydrogen or iCONRls R16, acyl, substituted acyl, 
alkoxycarbonyl, substituted alkoxycarbonyl, aryloxycarbo 
nyl or substituted aryloxycarbonyl. 

In one embodiment of formula (I), R3 is iCONRURIS and 
R2 is hydrogen or iCONRls R16. 

In one embodiment of formula (I), X is iNi, Y is 0, Z is 
iOi, R3 is 4CONR17Rl8, acyl, substituted acyl, alkoxy 
carbonyl, substituted alkoxycarbonyl and R2 is hydrogen or 
iCONRls R16, acyl, substituted acyl, alkoxycarbonyl or 
substituted alkoxycarbonyl. 

In one embodiment of formula (I), X is iNi, Y is 0, Z is 
iOi, R3 is 4CONR17Rl8, acyl, substituted acyl, alkoxy 
carbonyl, substituted alkoxycarbonyl, R2 is hydrogen or 
iCONRls R16, acyl, substituted acyl, alkoxycarbonyl or 
substituted alkoxycarbonyl and R1 is not hydrogen. 

In one embodiment of formula (I), R4 and R5 are hydrogen, 
alkyl or aryl. 

In one embodiment of formula (I), R4 and R5 are hydrogen. 

In one embodiment offormula (I), R6, R7, R8, R9, R10, R1 1, 
and R12 are independently hydrogen, alkyl, aryl or arylalkyl. 

In one embodiment of the present invention, the compound 
having a structural formula (I) is selected from the group 
consisting of 
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(56) 

(57) 

(53) 

(59) 

(60) 






















































































































