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NOVEL SUBSTITUTED OCTAHYDROCYCLOPENTA|C]PYRROL-4-AMINES AS
CALCIUM CHANNEL BLOCKERS

TECHNICAL FIELD AND BACKGROUND

The present application relates to compounds that are calcium channel blockers,
compositions comprising such compounds, and methods of treating conditions and disorders
using such compounds and compositions.

Voltage-gated calcium channels (VGCC) play an integral role in the regulation of
membrane 1on conductance, neurotransmitter release, and cellular excitability. VGCC are
composed of the pore-forming o1 subunit and auxiliary o.20 and 3 subunits that modulate
channel expression and functional properties (Dolphin, A. C. A short history of voltage-
gated calctum channels. British Journal of Pharmacology 2006, 147 (Suppl. 1), S56-S62.).
These channels can be classified into low-voltage activated (LVA; T-type or Ca,3.x) and
high-voltage activated (HVA; L-type or Cay1.x and N-, P/Q- and R-types or Ca,2.x)
channels. N-, P/Q and R channels typically activate at more positive membrane potentials (~
-30 mV) and are 1involved 1n “presynaptic’” neurotransmission (McGivern J. G. Targeting N-
type and T-type calcium channels for the treatment of pain. Drug Discovery Today 2006, 11,
245-253.). T-type channels are activated at relatively negative membrane potentials (~ -60
mV) and are primarily involved in “postsynaptic” excitability (Shin, H.-S.; et al. T-type Ca*’
channels as therapeutic targets in the nervous system. Curr. Opin. in Pharmacology 2008, 8,
33-41.).

N-type channel o5 subunits are encoded by a single gene (o;B or Ca,2.2) 1n contrast

to pharmacologically defined L- and T-type currents that are encoded by multiple o.;-subunit

genes. A diversity of N-type channels arises due to extensive alternative splicing of the o
subunit gene that generates variants with different expression patterns and GPCR-modulated
biophysical properties (Gray, A. C.; et al. Neuronal calctum channels: splicing for optimal
performance. Cell Calcium, 2007, 42(4-5), 409-417.). The primary sequence for Ca,2.2 18
highly conserved across species (rat and human share 91% 1dentity at the amino acid level).
N-type channels are widely expressed 1n the central nervous system (CNS) (cortex,
hippocampus, striatum, thalamus, brain stem nucle1 and spinal cord) and in the peripheral

nervous system (PNS) (adult sympathetic nervous system and dorsal root ganglia) (Ino, M.;

¢t al. Functional disorders of the sympathetic nervous system 1n mice lacking the o, subunit

(Ca,2.2) of N-type calcium channels. Proc. Natl. Acad. Sci. USA 2001, 98(9), 5323-5328).

In pain pathways, N-type channels are expressed in the rostral ventral medulla, an important
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site of descending pain modulation (Urban, M. O.; et al. Medullary N-type and P/Q-type
calcium channels contribute to neuropathy-induced allodynia. Neuroreport 2005, 16(6), 563-
566.) and are a major contributor to the synaptic neurotransmission that occurs between C/Ao
nociceptors and spinal lamina I neurons (Bao, J.; et al. Differences in Ca®" channels
governing generation of miniature and evoked excitatory synaptic currents 1n spinal laminae I
and II. J Neurosci. 1998, 18(21), 8740-50. Heinke, B.; et al. Pre- and postsynaptic
contributions of voltage-dependent Ca®" channels to nociceptive transmission in rat spinal
lamina I neurons. Eur. J. Neurosci. 2004, 19(1), 103-111.). In contrast, P/Q type channels
are expressed almost exclusively in laminae II-1V of the spinal cord and show little co-
localization with Substance P and N-type channels (Westenbroek, R. E.; et al. Localization
of Ca”" channel subtypes on rat spinal motor neurons, interneurons, and nerve terminals. J.
Neurosci. 1998, 18(16), 6319-6330.).

Following nerve injury there 1s increased expression of Ca,2.2 (Westenbroek, R. E.; et
al. Localization of Ca®" channel subtypes on rat spinal motor neurons, interneurons, and
nerve terminals. J. Neurosci. 1998, 18(16), 6319-6330. Cizkova, D.; et al. Localization of
N-type Ca®" channels in the rat spinal cord following chronic constrictive nerve injury. Exp.
Brain Res. 2002, 147, 456-463. Yokoyama, K.; et al. Plastic change of N-type calcium

channel expression after preconditioning 1s responsible for prostaglandin E2-induced long-
lasting allodynia. Anesthesiology 2003, 99(6), 1364-1370.) and o201 subunits (Luo, Z. D ;

ct al. Upregulation of dorsal root ganglion a20 calcium channel subunit and 1ts correlation
with allodynia in spinal nerve-injured rats. J. Neurosci. 2001, 21(6), 1868-1875. Newton, R.

A.; et al. Dorsal root ganglion neurons show increased expression of the calcium channel

a.20-1 subunit following partial sciatic nerve injury. Mol. Brain Res. 2001, 95(1-2), 1-8.) in
addition to increases in the superficial layers of the dorsal horn of the spinal cord supporting a
role for N-type channels in neuropathic pain. Recently a nociceptor-specific Ca,2.2 splice
variant has been 1dentified 1n the dorsal root ganglion (Bell, T. J.; et al. Cell specific
alternative splicing increases calcium channel density 1n the pain pathway. Neuron 2004,
41(1), 127-138.). These channels have distinct electrophysiological properties and current
densities (Castiglioni, A. J.; et al. Alternative splicing in the C-terminus of Cay2.2 controls
expression and gating of N-type calcium channels. J. Physiol. 2006, 576(Pt 1), 119-134.)

compared to wildtype Ca,2.2 channels. While G-protein coupled receptor inhibition of
wildtype N-type channels 1s typically mediated by Gy and 1s voltage-dependent, the

nociceptor specific splice variant 1s inhibited by GPCR activation (e.g. op1oids) in a voltage-
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independent fashion (Raingo, J.; et al. Alternative splicing controls G protein-dependent
inhibition of N-type calcium channels 1n nociceptors. Nat. Neurosci. 2007, 10(3), 285-292.).
This mechanism substantially increases the sensitivity of Ca,2.2 channels to opiates and
gamma-aminobutyric acid (GABA) suggesting that cell-specific alternative splicing of
mRNA for Ca,2.2 channels serves as a molecular switch that controls the sensitivity of N-
type channels to neurotransmitters and drugs that modulate nociception. Collectively these
data provide further support for the role of Ca,2.2 channels 1n pain states.

The relative contributions of various HVA Ca®' channels in nociceptive signaling
have been evaluated using knockout mice studies. Ca,2.2 knockout mice are healthy, fertile,
and do not display overt neurological deficits (Ino, M.; et al. Functional disorders of the
sympathetic nervous system 1n mice lacking the alpha 1B subunit (Ca,2.2) of N-type calcium
channels. Proc. Natl. Acad. Sci. USA 2001, 98(9), 5323-5328. Kim, C.; et al. Altered
nociceptive response in mice deficient in the alpha;g subunit of the voltage-dependent
calcium channel. Mol. Cell. Neurosci. 2001, 18(2), 235-245. Hatakeyama, S.; et al.
Differential nociceptive responses in mice lacking the alpha;s subunit of N-type Ca*’
channels. Neuroreport 2001, 12(11), 2423-2427. Liu; L.; et al. In vivo analysis of voltage-
dependent calcium channels. J. Bioenerg. Biomembr. 2003, 35(6), 671-685.). This finding
suggests that other types of Ca, channels are able to compensate for the lack of Ca,2.2
channels at most synapses 1n these mice (Pictrobon, D. Function and dysfunction of synaptic
calcium channels: insights from mouse models. Curr. Opin. Neurobiol. 2005, 15(3), 257-
265.). Ca,2.2 deficient mice are resistant to the development of inflammatory and
neuropathic pain (Kim, C.; et al. Altered nociceptive response 1n mice deficient in the
alpha;g subunit of the voltage-dependent calcium channel. Mol. Cell. Neurosci. 2001, 18(2),
235-245. Hatakeyama, S.; et al. Differential nociceptive responses in mice lacking the
alpha; subunit of N-type Ca®" channels. Neuroreport 2001, 12(11), 2423-2427. Saegusa,
H.; et al. Suppression of inflammatory and neuropathic pain symptoms in mice lacking the
N-type calcium channel. EMBO J. 2001, 20(10), 2349-2356.), have decreased sympathetic
nervous system function (Ino, M.; et al. Functional disorders of the sympathetic nervous
system 1n mice lacking the alpha 1B subunit (Ca,2.2) of N-type calcium channels. Proc.
Natl. Acad. Sc1. USA 2001, 98(9), 5323-5328.), and altered responses to both ethanol and
ancsthetics (Newton, R. A.; et al. Dorsal root ganglion neurons show increased expression of
the calctum channel alpha2delta-1 subunit following partial sciatic nerve mjury. Brain Res.
Mol. Bramn Res. 2001, 95(1-2), 1-8. Take1, R. et al. Increased sensitivity to halothane but

decreased sensitivity to propofol in mice lacking the N-type Ca®' channel. Neurosci. Lett.



10

15

20

25

30

CA 02742350 2011-04-29
WO 2010/062927 PCT/US2009/065847

2003, 350(1), 41-45.). Additional behavioral studies indicate that Ca,2.2 knockout mice are
less anxious, are hyperactive, and show enhanced vigilance compared to wild-type littermates
(Beuckmann, C. T.; et al. N-type calctum channel alpha;g subunit(Ca,2.2) knock-out mice
display hyperactivity and vigilance state differences. J. Neurosci. 2003, 23(17), 6793-
6797.).

N- and P/Q-type channels are localized at neuronal synaptic junctions and contribute
significantly to neurotransmitter release (Olivera, B. M.; et al. Calcium channel diversity and
neurotransmitter release: the omega-conotoxins and omega agatoxins. Annu. Rev. Biochem.
1994, 63, 823-867. Miljanich, G. P.; et al. Antagonists of ncuronal calcium channels:
structure, function, and therapeutic implications. Annu. Rev. Pharmacol. Toxicol. 1995, 335,
707-734.). N-type channels play a major role 1n the release of glutamate, acetylcholine,
dopamine, norepinephrine, GABA and calcitonin gene-related protein (CGRP). P/Q-type
channels may be mvolved in the release of glutamate, aspartate, SHT, GABA and probably
glycine (Pictrobon, D. Function and dysfunction of synaptic calcium channels: insights from
mouse models. Curr. Opin. Neurobiol. 2003, 15(3), 257-2635.).

L, P/Q and N-type channels are blocked by channel specific antagonists 1.¢.,

dihydropyridines, w-agatoxin IVA and w-conotoxin MVIIA/ ziconotide, respectively.
Agatoxin IVa has been shown to block excitatory (Luebke, J. I.; et al. Multiple calcium
channel types control glutamatergic synaptic transmission 1n the hippocampus. Neuron
1993, 11(5), 895-902.) as well as inhibitory neurotransmission (Takahashi, T.; et al.
Different types of calcium channels mediate central synaptic transmission. Nature 1993,
366(6451), 156-158.). Intrathecal 1njection of selective N-type channel blockers (e.g.
conotoxin-derived peptides such as GVIA, MVIIA (ziconotide), and CVID) significantly
attenuates pain responses in animal models of neuropathic pain, formalin-induced pain, and
post-operative pain (Chaplan, S. R.; ¢t al. Role of voltage-dependent calcium channel
subtypes 1in experimental tactile allodynia. J. Pharmacol. Exp. Ther. 1994,269(3), 1117-
1123. Malmberg, A. B.; et al. Voltage-sensitive calcium channels 1in spinal nociceptive
processing: blockade of N-and P-type channels inhibits formalin-induced nociception. J.
Neurosci. 1994, 14(8), 4882-4890. Bowersox, S. S.; et al. Selective N-type neuronal
voltage-sensitive calcium channel blocker, SNX-111, produced spinal antinociception in rat
models of acute, persistent and neuropathic pain. J. Pharmacol. Exp. Ther. 1996, 279(3),
1243-1249. Wang, Y. X.; et al. Effects of intrathecal administration of ziconotide, a

selective neuronal N-type calcium channel blocker, on mechanical allodynia and heat
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hyperalgesia in a rat model of postoperative pain. Pain 2000, 84(2-3), 151-158. Scott, D.
A.; et al. Actions of intrathecal omega-conotoxins CVID, GVIA, MVIIA, and morphine in
acute and neuropathic pain in the rat. Eur. J. Pharmacol. 2002, 451(3), 279-286.). These
peptide blockers bind to the pore region of the channel, do not show voltage- or frequency-
dependent activity, and show 1rreversible channel block (Feng, Z. P.; et al. Determinants of
inhibition of transiently expressed voltage-gated calcium channels by omega-conotoxins
GVIA and MVIIA. J. Biol. Chem. 2003, 278(22), 20171-20178.). Ziconotide potently
blocks neurotransmitter release in the spinal cord dorsal horn (Matthews, E. A.; et al. Effects
of spinally delivered N-and P-type voltage-dependent calctum channel antagonists on dorsal
horn neuronal responses 1n a rat model of neuropathy. Pain 2001, 92(1-2), 235-246. Smuth,
M. T.; et al. The novel N-type calctum channel blocker, AM336, produces potent dose-
dependent antinociception after intrathecal dosing 1n rats and inhibits substance P release in
rat spinal cord slices. Pain 2002, 96(1-2), 119-127. Heinke, B.; ¢t al. Pre- and postsynaptic
contributions of voltage-dependent Ca®" channels to nociceptive transmission in rat spinal
lamina I neurons. Eur. J. Neurosci. 2004, 19(1), 103-111.) and 1in dorsal root ganglion
(DRG) neurons (Evans, A. R.; et al. Differential regulation of evoked peptide release by
voltage-sensitive calcium channels 1n rat sensory neurons. Brain Res. 1996, 712(2), 265-
273. Smith, M. T.; et al. The novel N-type calcium channel blocker, AM336, produces
potent dose-dependent antinociception after intrathecal dosing 1n rats and inhibits substance P
release 1n rat spinal cord slices. Pain 2002, 96(1-2), 119-127.). It also potently and fully
blocks depolarization-induced release of substance P from rat spinal cord slices. In contrast,
intrathecal delivery of the selective P/Q type blocker w-agatoxin IVA had no effects on
mechanical allodynia in the spinal nerve ligation model (Chaplan, S. R.; et al. Role of
voltage-dependent calctum channel subtypes in experimental tactile allodynia. J. Pharmacol.
Exp. Ther. 1994, 269(3), 1117-1123.) or thermal hyperalgesia in the chronic constriction
injury model (Yamamoto, T.; ¢t al. Differential effects of intrathecally administered N- and
P-type voltage-sensitive calcium channel blockers upon two models of experimental
mononeuropathy 1n the rat. Brain Res. 1998, 794(2), 329-332.) of neuropathic pain.

Pain 1s the most common symptom of disease and the most frequent complaint with
which patients present to physicians. Inadequate pain management across the spectrum of
pain ctiologies remains a major public health problem. Going forward, the development of
novel therapeutics with new mechanisms of action for the treatment of pain including

calcium channel blockade will have a significant impact on the ongoing struggle to balance
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ctficacy and safety for those patients most in need. The compounds of the present invention

arc novel calcium channel blockers that have utility 1n treating pain, amongst other

conditions.
5 SUMMARY OF THE INVENTION
The invention 1s directed to compounds of formula (I)
R3
L e /
N
R2/
N—L/!
\
(D),

or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination

10  thereof, wherein

L' is C(0), S(0),, SO,N(RY), C(0)O or -(CR*R®),-;

R'is alkyl, G', -CH(G"),, -(CR*R"),-G', (CR*R"),n-CH(G"),, -(CR°R),-N(R’),,
(CR°RH,-N(R”)-C(0)O(alkyl), -(CR°R"),-N(R>)-C(O)(alkyl), or -(CR°R"),-N(R’)-SO,R’; or

L'-R' taken together are hydrogen, alkyl, hydroxyalkyl, G', or -CH(G'),;

15 L*is (CR°R%),-, C(0), C(O)N(RY), S(0),, SO,N(R”), or C(0)0;

R’ is alkyl, G*, -C(RNG*)(G"), -(CR°R?),-G*, (CRRY),-CH(G*)(G"),
-(CR®RM-N(R”)-C(0)O(alkyl), -(CR®R");-N(R’)-C(0)0-G?, -(CRE®R");-N(R’)-C(O)(alkyl),
-(CR®RM-N(R”)-SO,R®, -(CRER™)-N(R*)(R”), -(CRER")-N(R’)-C(O)N(R")-(alkyl), or
-(CRR"),-N(R’)-C(O)N(R)-G*; or

20 L°-R” taken together are alkyl, G, or -C(R )G} G");

m and p, at ecach occurrence, are cach independently 1, 2, 3, 4, 5, or 6;

n and ¢, at cach occurrence, are cach independently 1, 2, 3, 4, or 5;

R* R’ R® and R®, at each occurrence, are each independently hydrogen, alkyl,
arylalkyl, halogen, haloalkyl or OR’; or

25 R* and R®, or R® and R, together with the carbon atom to which they are attached,
optionally form a Cs cycloalkyl ring;

R®, R, R&, and R", at each occurrence, are each independently hydrogen, alkyl,
halogen, haloalkyl, OR’, cycloalkylalkyl, heteroaryl, arylalkyl, or heteroarylalkyl; wherein
the aryl, cycloalkyl and heteroaryl groups of aryl, cycloalkyl and heteroaryl are each
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independently unsubstituted or substituted with 1, 2, 3, 4, or 5 substituents independently
selected from the group consisting of alkyl and haloalkyl;

G', G%, and G’ at each occurrence, are each independently aryl, cycloalkyl,
cycloalkenyl, heteroaryl, or heterocycle; wherein G', G%, and G’ at each occurrence are each
independently unsubstituted or substituted with 1, 2, 3, 4, or 5 substituents selected form the
group consisting of alkyl, alkenyl, alkynyl, cyano, haloalkyl, halogen, nitro, oxo, phenyl,
N(R"),, N(RHC(O)R’, OR’, C(O)R’, C(O)OR’, C(ON(R"),, SO,R®, and SO,N(R"),; and
wherein G' is other than quinoline, quinazolinedione, or pyridopyrimidinedione;

R” is hydrogen, alkyl, haloalkyl, cycloalkyl, or cycloalkylalkyl;

R* R°, and R’, at each occurrence, are each independently hydrogen, alkyl, aryl,
arylalkyl, cycloalkyl, cycloalkylalkyl, or haloalkyl; wherein said aryl, the aryl of arylalkyl
and cycloalkyl are independently unsubstituted or substituted with 1, 2 3, 4, or 5 substituents
independently selected from the group consisting of alkyl, haloalkyl, and halogen;

R® is alkyl, aryl, cycloalkyl, cycloalkenyl, heteroaryl, or heterocycle; wherein said
aryl, heteroaryl, and heterocycle are independently unsubstituted or substituted with 1, 2 3, 4,
or 5 substituents independently selected from the group consisting of alkyl, haloalkyl, and
halogen;

R® is alkyl or haloalkyl;

with the proviso that L'-R' and L*-R” are not both alkyl at the same time;

and with the proviso that when L'-R" is alkyl, L*-R” is other than C(O)N(R"), wherein
R* is alkyl;

and with the further proviso that the compound 1s other than:

N-(2-trityloctahydrocyclopenta| c]pyrrol-4-yl)acetamide;

N-(octahydrocyclopenta[c]pyrrol-4-yl)acetamide

N-methyl-N-(2-trityloctahydrocyclopentalcpyrrol-4-yl)acetamide;

N-methyl-N-(octahydrocyclopenta|c]pyrrol-4-yl)acetamide;

6-(2-(2-(3-tluoro-6-methoxy-1,5-naphthyridin-4-
yl)ethyl)octahydrocyclopentalc]pyrrol-4-ylamino)methyl-2 H-pyrido[3,2-5][ 1,4 ]thi1azin-
3(4H)-one;

tert-butyl 2-(2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-
yl)ethyl)octahydrocyclopenta|c]pyrrol-4-ylcarbamate;

tert-butyl 2-benzyl octahydrocyclopenta[c]pyrrol-4-ylcarbamate; or

tert-butyl octahydrocyclopenta|c]pyrrol-4-ylcarbamate.
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Another aspect of the invention relates to pharmaceutical compositions comprising
therapeutically effective amount of compound(s) of the invention or pharmaceutically
acceptable salts therecof, in combination with one or more pharmaceutically acceptable
carricr. Such compositions can be administered in accordance with a method of the
invention, typically as part of a therapeutic regimen for treatment or prevention of conditions
and disorders related to calcium channels. More particularly, the method 1s useful for treating
conditions related to a method of treating pain 1n a subject in need thercof. The method
comprises administering to the subject a therapeutically suitable amount of a compound of
formula (I), or a pharmaceutically acceptable salt thercof. Conditions related to pain include
acute pain, chronic pain, ncuropathic pain, inflammatory pain, visceral pain, cancer pain,
allodynia, fibromyalgia, sciatica, back pain, and headache pain including migraine, or

combinations thereot.

Another aspect of the invention provides a method of treating disorders of the central
nervous system in a subject 1n need therecof. The method comprising the step of:
administering a therapeutically suitable amount of a compound of formula (I), or a
pharmaceutically acceptable salt thercof. The disorders of the central nervous system include
stroke, epilepsy, manic depression, bipolar disorders, depression, anxiety, schizophrenia,
migraine, and psychoses; neural degenerative disorders including Alzheimer's disease, AIDS
related dementia, Parkinson's disease, neuropathy caused by head injury, and dementia
caused by cerebrovascular disorders; disorders of the lower urmary tract including overactive
bladder, prostatis, prostadynia, interstitial cystitis, and benign prostatic hyperplasia; disorders
caused by psychogenic stress including bronchial asthma, unstable angina, and hypersensitive
colon inflammation; cardiovascular disorders including hypertension, atherosclerosis, heart
failure, and cardiac arrhythmias; drug addiction withdrawal symptoms, including ethanol
addiction withdrawal symptoms; skin disorders including pruritis and allergic dermatitis,
inflammatory bowel disease; cancer; diabetes; and infertility and sexual dysfunction, or

combinations thereot.

The compounds, compositions comprising the compounds, and methods for treating
or preventing conditions and disorders by administering the compounds are further described
herein.

These and other objects of the invention are described 1n the following paragraphs.

These objects should not be deemed to narrow the scope of the invention.
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DETAILED DESCRIPTION

Compounds of formula (I) are disclosed 1n this invention

(D).

wherein L', L, R', R%, and R’ are as defined above in the Summary of the Invention.
Compositions comprising such compounds and methods for treating conditions and disorders
usig such compounds and compositions are also disclosed.

In various embodiments, the present invention provides at least one variable that
occurs more than one time 1 any substituent or in the compound of the invention or any
other formulae herein. Definition of a variable on each occurrence 1s independent of 1ts
definition at another occurrence. Further, combinations of substituents are permissible only 1f
such combinations result 1n stable compounds. Stable compounds are compounds, which can

be 1solated from a reaction mixture.

a. Definitions

As used 1n the specification and the appended claims, unless specified to the contrary,
the following terms have the meaning indicated:

The term "alkenyl" as used herein, means a straight or branched hydrocarbon chain
containing from 2 to 10 carbons and containing at least one carbon-carbon double bond
formed by the removal of two hydrogens. Representative examples of alkenyl include, but
ar¢ not limited to, ethenyl, 2-propenyl, 2-methyl-2-propenyl, 3-butenyl, 4-pentenyl, 5-
hexenyl, 2-heptenyl, 2-methyl-1-heptenyl, and 3-decenyl.

The term "alkenylene" denotes a divalent group derived from a straight or branched
chain hydrocarbon of 2 to 4 carbon atoms and contains at least one carbon-carbon double.

Representative examples of alkylene include, but are not limited to, -CH=CH- and

-CH,CH=CH-.
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The term "alkyl" as used herein, means a straight or branched, saturated hydrocarbon
chain containing from 1 to 10 carbon atoms. The term “lower alkyl” or “C;_¢ alkyl” means a
straight or branched chain hydrocarbon containing 1 to 6 carbon atoms. The term “C,_;
alkyl” means a straight or branched chain hydrocarbon containing 1 to 3 carbon atoms.
Representative examples of alkyl include, but are not limited to, methyl, ethyl, n-propyl, 1so-
propyl, n-butyl, sec-butyl, 1so-butyl, zert-butyl, n-pentyl, 1sopentyl, neopentyl, n-hexyl, 3-
methylhexyl, 2,2-dimethylpentyl, 2,3-dimethylpentyl, n-heptyl, n-octyl, n-nonyl, and n-decyl.

The term "alkylene" denotes a divalent group derived from a straight or branched
chain hydrocarbon 1 to 10 carbon atoms. Representative examples of alkylene include, but
are not limited to, -CH,-, -CH,CH,-, -CH,CH,CH,-, -CH,CH,CH,CH,-, and
-CH,CH(CH3)CH,-.

The term "alkynyl" as used herein, means a straight or branched chain hydrocarbon
ogroup contaming from 2 to 10 carbon atoms and containing at Ieast one carbon-carbon triple
bond. Representative examples of alkynyl include, but are not limited, to acetylenyl, 1-
propynyl, 2-propynyl, 3-butynyl, 2-pentynyl, and 1-butynyl.

The term "aryl" as used herein, means phenyl or a bicyclic aryl. The bicyclic aryl 1s
naphthyl, or a phenyl fused to a monocyclic cycloalkyl, or a phenyl fused to a monocyclic
cycloalkenyl. Representative examples of the aryl groups include, but are not limited to,
dihydroindenyl, indenyl, naphthyl, dihydronaphthalenyl, and tetrahydronaphthalenyl. The
bicyclic aryl 1s attached to the parent molecular moiety through any carbon atom contained
within the bicyclic ring system. The aryl groups of the present invention can be unsubstituted
or substituted.

The term "arylalkyl" as used herein, means an aryl group, as defined herein, appended
to the parent molecular moiety through an alkylene group, as defined herein. Representative
examples of arylalkyl include, but are not limited to, benzyl, 2-phenylethyl, 3-phenylpropyl,
and 2-naphth-2-ylethyl.

The term "cyano" as used herein, means a -CN group.

The term "cycloalkyl" or “cycloalkane” as used herein, means a monocyclic, a
bicyclic, or a tricyclic cycloalkyl. The monocyclic cycloalkyl 1s a carbocyclic ring system
containing three to eight carbon atoms, zero heteroatoms and zero double bonds. Examples
of monocyclic ring systems include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, and cyclooctyl. The bicyclic cycloalkyl 1s a monocyclic cycloalkyl fused to a
monocyclic cycloalkyl ring, or a bridged monocyclic ring system in which two non-adjacent

carbon atoms of the monocyclic ring are linked by an alkylene bridge containing one, two,
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three, or four carbon atoms. Representative examples of bicyclic ring systems include, but
arc not limited to, bicyclo[3.1.1]heptane, bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane,
bicyclo[3.2.2|nonane, bicyclo[3.3.1]nonane, and bicyclo[4.2.1]nonane. Tricyclic cycloalkyls
are exemplified by a bicyclic cycloalkyl fused to a monocyclic cycloalkyl, or a bicyclic
cycloalkyl in which two non-adjacent carbon atoms of the ring systems are linked by an
alkylene bridge of 1, 2, 3, or 4 carbon atoms. Representative examples of tricyclic-ring
systems include, but are not limited to, tricyclo[3.3.1.0>'nonane (octahydro-2,5-
methanopentalene or noradamantane), and tricyclo[3.3.1.17']decane (adamantane). The
monocyclic, bicyclic, and tricyclic cycloalkyls can be unsubstituted or substituted, and are
attached to the parent molecular moiety through any substitutable atom contained within the
ring system.

The term “cycloalkylalkyl” as used herein, means a cycloalkyl group appended to the
parent molecular moiety through an alkyl group, as defined herein.

The term "cycloalkenyl” or “cycloalkene” as used herein, means a monocyclic or a
bicyclic hydrocarbon ring system. The monocyclic cycloalkenyl has four-, five-, six-, seven-
or cight carbon atoms and zero heteroatoms. The four-membered ring systems have one
double bond, the five-or six-membered ring systems have one or two double bonds, and the
seven- or eight-membered ring systems have one, two or three double bonds. Representative
examples of monocyclic cycloalkenyl groups include, but are not limited to, cyclobutenyl,
cyclopentenyl, cyclohexenyl, cycloheptenyl and cyclooctenyl. The bicyclic cycloalkenyl 1s a
monocyclic cycloalkenyl fused to a monocyclic cycloalkyl group, or a monocyclic
cycloalkenyl fused to a monocyclic cycloalkenyl group. The monocyclic or bicyclic
cycloalkenyl ring may contain one or two alkylene bridges, each consisting of one, two or
three carbon atoms, cach linking two non-adjacent carbon atoms of the ring system.
Representative examples of the bicyclic cycloalkenyl groups include, but are not limited to,
4,5,6,7-tetrahydro-3aH-indene, octahydronaphthalenyl and 1,6-dihydro-pentalene. The
monocyclic and bicyclic cycloalkenyl can be attached to the parent molecular moiety through
any substitutable atom contained within the ring systems, and can be unsubstituted or
substituted.

The term "halo" or "halogen" as used herein, means Cl, Br, I, or F.

The term "haloalkyl" as used herein, means an alkyl group, as defined herein, 1n
which one, two, three, four, five or six hydrogen atoms are replaced by halogen.

Representative examples of haloalkyl include, but are not limited to, chloromethyl, 2-
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fluorocthyl, 2,2,2-trifluorocthyl, trifluoromethyl, difluoromethyl, pentafluorocthyl, 2-chloro-
3-fluoropentyl, and trifluoropropyl such as 3,3,3-trifluoropropyl.

The term "heterocycle" or "heterocyclic” as used herein, means a monocyclic
heterocycle, a bicyclic heterocycle, or a tricyclic heterocycle. The monocyclic heterocycle 1s
a three-, four-, five-, six-, seven-, or eight-membered ring containing at least one heteroatom
independently selected from the group consisting of O, N, and S. The three- or four-
membered ring contains zero or one double bond, and one heteroatom selected from the
group consisting of O, N, and S. The five-membered ring contains zero or one double bond
and one, two or three heteroatoms selected from the group consisting of O, N and S. The six-
membered ring contains zero, one or two double bonds and one, two, or three heteroatoms
selected from the group consisting of O, N, and S. The seven- and eight-membered rings
contains zero, one, two, or three double bonds and one, two, or three heteroatoms selected
from the group consisting of O, N, and S. Representative examples of monocyclic
heterocycles include, but are not limited to, azetidinyl, azepanyl, aziridinyl, diazepanyl, 1,3-
dioxanyl, 1,3-dioxolanyl, 1,3-dithiolanyl, 1,3-dithianyl, imidazolinyl, imidazolidinyl,
1sothiazolinyl, 1sothiazolidinyl, 1soxazolinyl, 1soxazolidinyl, morpholinyl, oxadiazolinyl,
oxadiazolidinyl, oxazolinyl, oxazolidinyl, piperazinyl, piperidinyl, pyranyl, pyrazolinyl,
pyrazolidinyl, pyrrolinyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydropyranyl,
tetrahydropyridinyl, tetrahydrothienyl, thiadiazolinyl, thiadiazolidinyl, 1,2-thiazinanyl, 1,3-
thiazinanyl, thiazolinyl, thiazolidinyl, thiomorpholinyl, 1,1-dioxidothiomorpholinyl
(thiomorpholine sulfone), thiopyranyl, and trithianyl. The bicyclic heterocycle 1s a
monocyclic heterocycle fused to a phenyl group, or a monocyclic heterocycle fused to a
monocyclic cycloalkyl, or a monocyclic heterocycle fused to a monocyclic cycloalkenyl, or a
monocyclic heterocycle fused to a monocyclic heterocycle, or a bridged monocyclic
heterocycle ring system 1n which two non adjacent atoms of the ring are linked by an
alkylene bridge of 1, 2, 3, or 4 carbon atoms, or an alkenylene bridge of two, three, or four
carbon atoms. Representative examples of bicyclic heterocycles include, but are not limited
to, benzopyranyl, benzothiopyranyl, chromanyl, 2,3-dihydrobenzofuranyl, 2,3-
dihydrobenzothienyl, 2,3-dihydroisoquinoline, azabic<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>