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HETEROARYL AMIDES USEFUL AS INHIBITORS OF VOLTAGE-GATED
SODIUM CHANNELS

TECHNICAL FIELD OF THE INVENTION
[0001] The present invention relates to compounds useful as mhibitors of voltage-gated
sodium channels. The mvention also provides pharmaceutically acceptable compositions
comprising the compounds of the invention and methods of using the compositions 1n the

treatment of various disorders.

BACKGROUND OF THE INVENTION

[0002] Na channels are central to the generation of action potentials 1n all excitable cells
such as neurons and myocytes. They play key roles 1in excitable tissue including brain,
smooth muscles of the gastrointestinal tract, skeletal muscle, the peripheral nervous system,
spinal cord and airway. As such they play key roles 1n a variety of disease states such as
epilepsy (See, Moulard, B. and D. Bertrand (2002) “Epilepsy and sodium channel blockers”™
Expert Opin. Ther. Patents 12(1): 85-91)), pain (See, Waxman, S. G., S. Dib-Hayj, et al.
(1999) “Sodium channels and pain” Proc Natl Acad Sc1 U S A 96(14): 7635-9 and Waxman,

S. G., T. R. Cummuins, ¢t al. (2000) “Voltage-gated sodium channels and the molecular
pathogenesis of pain: a review” J Rehabil Res Dev 37(5): 517-28), myotonia (See, Meola, G.
and V. Sansone (2000) “Therapy 1n myotonic disorders and in muscle channelopathies™
Neurol Sci1 21(5): S953-61 and Mankodi, A. and C. A. Thornton (2002) “Myotonic
syndromes” Curr Opin Neurol 15(5): 545-52), ataxia (See, Meisler, M. H., J. A. Kearney, et

al. (2002) “Mutations of voltage-gated sodium channels in movement disorders and epilepsy”

Novartis Found Symp 241: 72-81), multiple sclerosis (See, Black, J. A., S. Dib-Hajj, et al.

(2000) “Sensory neuron-specific sodium channel SNS 1s abnormally expressed 1n the brains

of mice with experimental allergic encephalomyelitis and humans with multiple sclerosis™

Proc Natl Acad SciU S A 97(21): 11598-602, and Renganathan, M., M. Gelderblom, et al.

(2003) “Expression of Na(v)1.8 sodium channels perturbs the firing patterns of cerebellar
purkinje cells” Brain Res 959(2): 235-42), urritable bowel (See, Su, X., R. E. Wachtel, et al.

(1999) “Capsaicin sensitivity and voltage-gated sodium currents 1in colon sensory neurons

from rat dorsal root ganglia” Am J Physiol 277(6 Pt 1): G1180-8, and Laird, J. M., V.
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Souslova, et al. (2002) “Deficits 1n visceral pain and referred hyperalgesia in Navl.3

(SNS/PN3)- null mice” J Neurosci 22(19): 8352-6), urinary incontinence and visceral pain

(See,Yoshimura, N., S. Seki, et al. (2001) “The involvement of the tetrodotoxin-resistant

sodium channel Na(v)1.8 (PN3/SNS) 1n a rat model of visceral pain” J Neurosci 21(21):

8690-6), as well as an array of psychiatry dysfunctions such as anxiety and depression (See,

Hurley, S. C. (2002) “Lamotrigine update and 1its use in mood disorders” Ann Pharmacother
36(5): 860-73).
[0003] Voltage gated Na channels comprise a gene family consisting of 9 different

subtypes (NaV1.1-NaV1.9). As shown in Table 1, these subtypes show tissue specific

localization and functional differences (See, Goldin, A. L. (2001) “Resurgence of sodium

channel research” Annu Rev Physiol 63: 871-94). Three members of the gene family
(NaV1.8, 1.9, 1.5) are resistant to block by the well-known Na channel blocker TTX,

demonstrating subtype specificity within this gene family. Mutational analysis has identified
olutamate 387 as a critical residue for TTX binding (See, Noda, M., H. Suzuki, et al. (1989)
“A single point mutation confers tetrodotoxin and saxitoxin insensitivity on the sodium

channel II” FEBS Lett 259(1): 213-6).

[0004] Table 1 (Abbreviations: CNS = central nervous system, PNS = peripheral nervous
system, DRG = dorsal root ganglion, TG = Trigeminal ganglion):

_isoform '
NaV] | Pain, Epllepsy,
ncurodegeneration
neurons
NaV] 2 CNS, high in [OnM Neurode?generaﬂon
axons Epilepsy
CNS,
NaV1.3 embryonic, 15nM Pain
injured nerves
NaVl.4 Skeletal 25nM Myotonia
muscle
Arrhythmia,
NaV1.5 Heart 2uM long QT
CNS
NaV1l.6 widespread, 6nM Pain, movement disorders
most abundant
PNS, DRG, Pain N docr:
NaVl1.7 terminals 25nM alll, NCUroendoctne
. disorders
neuroendocrine
PNS, small
NaV1.8 neurons 1n >50uM Pain
DRG & TG
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PNS, small
neurons 1n 1uM Pain
DRG & TG

[0005] In general, voltage-gated sodium channels (NaVs) are responsible for initiating
the rapid upstroke of action potentials in excitable tissue 1n nervous system, which transmit
the electrical signals that compose and encode normal and aberrant pain sensations.
Antagonists of NaV channels can attenuate these pain signals and are useful for treating a
variety of pain conditions, including but not limited to acute, chronic, inflammatory, and

neuropathic pain. Known NaV antagonists, such as TTX, lidocaine (See, Mao, J. and L. L.

Chen (2000) “Systemic lidocaine for neuropathic pain relief” Pain 87(1): 7-17.) bupivacaine,

phenytoin (See, Jensen, T. S. (2002) “Anticonvulsants 1in neuropathic pain: rationale and

clinical evidence” Eur J Pain 6 (Suppl A): 61-8), lamotrigine (See, Rozen, T. D. (2001)

“Antiepileptic drugs in the management of cluster headache and trigeminal neuralgia”

Headache 41 Suppl 1: S25-32 and Jensen, T. S. (2002) “Anticonvulsants in neuropathic pain:

rationale and clinical evidence” Eur J Pain 6 (Suppl A): 61-8.), and carbamazepine (See,

Backonja, M. M. (2002) “Use of anticonvulsants for treatment of neuropathic pain”

Neurology 59(5 Suppl 2): S14-7), have been shown to be useful attenuating pain in humans

and animal models.

[0006] Hyperalgesia (extreme sensitivity to something painful) that develops 1n the
presence of tissue 1njury or inflammation reflects, at least in part, an increase in the
excitability of high-threshold primary afferent neurons innervating the site of injury. Voltage
sensitive sodium channels activation 1s critical for the generation and propagation of neuronal
action potentials. There 1s a growing body of evidence indicating that modulation of NaV

currents 18 an endogenous mechanism used to control neuronal excitability (See, Goldin, A.

L. (2001) “Resurgence of sodium channel research” Annu Rev Physiol 63: 871-94.). Several

kinetically and pharmacologically distinct voltage-gated sodium channels are found 1n dorsal
root ganglion (DRG) neurons. The TTX-resistant current 18 1mnsensitive to micromolar
concentrations of tetrodotoxin, and displays slow activation and 1nactivation kinetics and a
more depolarized activation threshold when compared to other voltage-gated sodium
channels. TTX-resistant sodium currents are primarily restricted to a subpopulation of
sensory neurons likely to be mnvolved 1n nociception. Specifically, TTX-resistant sodium

currents are expressed almost exclusively 1in neurons that have a small cell-body diameter;
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and give rise to small-diameter slow-conducting axons and that are responsive to capsaicin.
A large body of experimental evidence demonstrates that TTX-resistant sodium channels are
expressed on C-fibers and are important in the transmission of nociceptive information to the
spinal cord.

[0007] Intrathecal administration of antisense oligo-deoxynucleotides targeting a unique
region of the TTX-resistant sodium channel (NaV1.8) resulted 1n a significant reduction 1n

PGE,-induced hyperalgesia (See, Khasar, S. G., M. S. Gold, et al. (1998) “A tetrodotoxin-

resistant sodium current mediates inflammatory pain 1n the rat” Neurosci Lett 256(1): 17-20).

More recently, a knockout mouse line was generated by Wood and colleagues, which lacks
functional NaV1.8. The mutation has an analgesic effect in tests assessing the animal’s

response to the inflammatory agent carrageenan (See, Akopian, A. N., V. Souslova, et al.

(1999) “The tetrodotoxin-resistant sodium channel SNS has a specialized function 1n pain

pathways” Nat Neurosci 2(6): 541-8.). In addition, deficit in both mechano- and

thermoreception were observed 1n these animals. The analgesia shown by the Nav1.8
knockout mutants 1s consistent with observations about the role of TTX-resistant currents 1n
nociception.

[0008] Immunohistochemical, in-situ hybridization and in-vitro electrophysiology
experiments have all shown that the sodium channel NaV 1.8 1s selectively localized to the

small sensory neurons of the dorsal root ganglion and trigeminal ganglion (See, Akopian, A.

N., L. Swvilotti, et al. (1996) “A tetrodotoxin-resistant voltage-gated sodium channel
expressed by sensory neurons™ Nature 379(6562): 257-62.). The primary role of these

neurons 1s the detection and transmission of nociceptive stimuli. Antisense and

immunohistochemical evidence also supports a role for NaV 1.8 1n neuropathic pain (See, Lai,

J., M. S. Gold, et al. (2002) “Inhibition of neuropathic pain by decreased expression of the
tetrodotoxin-resistant sodium channel, NaV1.8” Pain 95(1-2): 143-52, and Lai, J., J. C.

Hunter, et al. (2000) “Blockade of neuropathic pain by antisense targeting of tetrodotoxin-

resistant sodium channels 1n sensory neurons” Methods Enzymol 314: 201-13.). NaV1.38

protein 1s upregulated along uninjured C-fibers adjacent to the nerve injury. Antisense
treatment prevents the redistribution of NaV1.8 along the nerve and reverses neuropathic
pain. Taken together the gene-knockout and antisense data support a role for NaV1.8 m the
detection and transmission of inflammatory and neuropathic pain.

[0009] In neuropathic pain states there 1s a remodeling of Na channel distribution and
subtype. In the injured nerve, expression of NaV1.8 and NaV 1.9 are greatly reduced whereas

expression of the TTX sensitive subunit NaV1.3 1s 5-10 fold upregulated (See, Dib-Hayjj, S.
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D., J. Fjell, et al. (1999) “Plasticity of sodium channel expression in DRG neurons 1n the

chronic constriction mnjury model of neuropathic pain.” Pain 83(3): 591-600.). The time

course of the increase 1n NaV 1.3 parallels the appearance of allodynia in animal models
subsequent to nerve injury. The biophysics of the NaV 1.3 channel 1s distinctive in that 1t
shows very fast repriming after inactivation following an action potential. This allows for

sustained rates of high firing as is often seen in the injured nerve (See, Cummins, T. R., F.

Aglieco, et al. (2001) “Nav1.3 sodium channels: rapid repriming and slow closed-state
inactivation display quantitative differences after expression in a mammalian cell line and 1n

spinal sensory neurons” J Neurosci 21(16): 5952-61.). NaV1.3 1s expressed 1n the central and

peripheral systems of man. NaV1.9 1s similar to NaV1.8 as 1t 1s selectively localized to small

sensory neurons of the dorsal root ganglion and trigeminal ganglion (See, Fang, X., L.

Djouhri, et al. (2002). “The presence and role of the tetrodotoxin-resistant sodium channel

Na(v)1.9 (NaN) 1n nociceptive primary afferent neurons.” J Neurosci 22(17): 7425-33.). It

has a slow rate of mactivation and left-shifted voltage dependence for activation (See, Dib-
Hayjj, S., J. A. Black, et al. (2002) “NaN/Nav1.9: a sodium channel with unique properties”
Trends Neurosci 25(5): 253-9.). These two biophysical properties allow NaV1.9 to play a

role 1n establishing the resting membrane potential of nociceptive neurons. The resting
membrane potential of NaV 1.9 expressing cells 1s 1n the —55 to —50mV range compared to —
65mV for most other peripheral and central neurons. This persistent depolarization 1s 1n large
part due to the sustained low-level activation of NaV 1.9 channels. This depolarization
allows the neurons to more easily reach the threshold for firing action potentials 1in response
to nociceptive stimuli. Compounds that block the NaV 1.9 channel may play an important
role 1n establishing the set point for detection of painful stimuli. In chronic pain states, nerve
and nerve ending can become swollen and hypersensitive exhibiting high frequency action
potential firing with mild or even no stimulation. These pathologic nerve swellings are

termed neuromas and the primary Na channels expressed in them are NaV1.8 and NaV1.7

(See, Kretschmer, T., L. T. Happel, et al. (2002) “Accumulation of PN1 and PN3 sodium

channels 1n painful human neuroma- evidence from immunocytochemistry” Acta Neurochir

(Wien) 144(8): 803-10; discussion 810.). NaV1.6 and NaV1.7 are also expressed 1n dorsal

root ganglion neurons and contribute to the small TTX sensitive component seen 1n these
cells. NaV1.7 1in particular my therefore be a potential pain target in addition to 1t’s role 1n

neuroendocrine excitability (See, Klugbauer, N., L. Lacinova, et al. (1995) “Structure and

functional expression of a new member of the tetrodotoxin- sensitive voltage-activated

sodium channel family from human neuroendocrine cells” Embo J 14(6): 1084-90).
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[0010] NaVl1.1 (See, Sugawara, T., E. Mazaki-Miyazaki, et al. (2001) “Nav1.1 mutations

cause febrile seizures associated with afebrile partial seizures.” Neurology 57(4): 703-5.) and

NaV1.2 (See, Sugawara, T., Y. Tsurubuchi, et al. (2001) “A missense mutation of the Na

channel alpha II subunit gene Na(v)1.2 1n a patient with febrile and afebrile seizures causes

channel dysfunction” Proc Natl Acad Sc1 U S A 98(11): 6384-9) have been linked to epilepsy

conditions including febrile seizures. There are over 9 genetic mutations in NaV1.1

associated with febrile seizures (See, Meisler, M. H., J. A. Kearney, et al. (2002) “Mutations

of voltage-gated sodium channels 1n movement disorders and epilepsy” Novartis Found

Symp 241: 72-381)

[0011] Antagonists for NaV1.5 have been developed and used to treat cardiac
arrhythmias. A gene defect in NaV1.5 that produces a larger noninactivating component to
the current has been linked to long QT 1n man and the orally available local anesthetic

mexilitine has been used to treat this condition (See, Wang, D. W., K. Yazawa, et al. (1997)

“Pharmacological targeting of long QT mutant sodium channels.” J Clin Invest 99(7): 1714-
20).

[0012] Several Na channel blockers are currently used or being tested 1n the clinic to treat
epilepsy (See, Moulard, B. and D. Bertrand (2002) “Epilepsy and sodium channel blockers™
Expert Opin. Ther. Patents 12(1): 85-91.); acute (See, Witten, P., S. Collins, et al. (2000)

“Anticonvulsant drugs for acute and chronic pain” Cochrane Database Syst Rev 3), chronic

(See, Witten, P., S. Collins, et al. (2000) “Anticonvulsant drugs for acute and chronic pain™

Cochrane Database Syst Rev 3, and Guay, D. R. (2001) “Adjunctive agents in the

management of chronic pain” Pharmacotherapy 21(9): 1070-81), inflammatory (See, Gold,
M. S. (1999) “Tetrodotoxin-resistant Na+ currents and inflammatory hyperalgesia.” Proc Natl
Acad Sci U S A 96(14): 7645-9), and neuropathic pain (See, Strichartz, G. R., Z. Zhou, et al.

(2002) “Therapeutic concentrations of local anaesthetics unveil the potential role of sodium

channels 1n neuropathic pain” Novartis Found Symp 241: 189-201, and Sandner-Kiesling, A.,

G. Rumpold Seitlinger, et al. (2002) “Lamotrigine monotherapy for control of neuralgia after

nerve section” Acta Anaesthesiol Scand 46(10): 1261-4); cardiac arrhythmias (See, An, R.

H., R. Bangalore, et al. (1996) “Lidocaine block of LQT-3 mutant human Na+ channels” Circ

Res 79(1): 103-8, and Wang, D. W., K. Yazawa, ¢t al. (1997) “Pharmacological targeting of
long QT mutant sodium channels” J Clin Invest 99(7): 1714-20); neuroprotection (See,

Taylor, C. P. and L. S. Narasimhan (1997) “Sodium channels and therapy of central nervous

system diseases” Adv Pharmacol 39: 47-98) and as anesthetics (See, Strichartz, G. R., Z.
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Zhou, et al. (2002) “Therapeutic concentrations of local anaesthetics unveil the potential role

of sodium channels 1n neuropathic pain.” Novartis Found Symp 241: 189-201) .

[0013] Various animal models with clinical significance have been developed for the
study of sodium channel modulators for numerous different pain indications. E.g., malignant
chronic pain, see, Kohase, H., et al., Acta Anaesthesiol Scand. 2004; 48(3):382-3; femur
cancer pain (see, Kohase, H., et al., Acta Anaesthesiol Scand. 2004; 48(3):382-3); non-
malignant chronic bone pain (see, Ciocon, J. O. et al., ] Am Gerniatr Soc. 1994; 42(6):593-6);
rheumatoid arthritis (see, Calvino, B. et al., Behav Brain Res. 1987; 24(1):11-29);
osteoarthritis (see, Guzman, R. E., et al., Toxicol Pathol. 2003; 31(6):619-24); spinal stenosis
(see, Takenobu, Y. et al., J Neurosci Methods. 2001; 104(2):191-8); Neuropathic low back
pain (see, Hines, R., et al., Pain Med. 2002; 3(4):361-5; Massie, J. B., et al., ] Neurosci
Methods. 2004; 137(2):283-9;

neuropathic low back pain (see, Hines, R., et al., Pain Med. 2002; 3(4):361-5; Massie, J. B.,
et al., J Neurosci Methods. 2004; 137(2):283-9); myofascial pain syndrome (see, Dalpiaz &
Dodds, J Pain Palliat Care Pharmacother. 2002; 16(1):99-104; Sluka KA et al., Muscle
Nerve. 2001; 24(1):37-46); fibromyalgia (see, Bennet & Tai, Int J Clin Pharmacol Res.
1995:15(3):115-9); temporomandibular joint pain (see, Ime H, Ren K, Brain Res Mol Brain
Res. 1999; 67(1):87-97); chronic visceral pain, including, abdominal (see, Al-Chaer, E. D., et
al., Gastroenterology. 2000; 119(5):1276-85); pelvic/perineal pain, (see, Wesselmann et al.,
Neurosci Lett. 1998; 246(2):73-6); pancreatic (see, Vera-Portocarrero, L. B., et al.,
Anesthesiology. 2003; 98(2):474-84);

IBS pain (see, Verne, G. N, et al., Pain. 2003; 105(1-2):223-30; La JH et al., World
Gastroenterol. 2003; 9(12):2791-5); chronic headache pain (see, Willimas & Stark,
Cephalalgia. 2003; 23(10):963-71); migraine (see, Yamamura, H., et al., J] Neurophysiol.
1999; 81(2):479-93); tension headache, including, cluster headaches (see, Costa, A., et al.,
Cephalalgia. 2000; 20(2):85-91); chronic neuropathic pain, including, post-herpetic neuralgia
(see, Attal, N., et al., Neurology. 2004; 62(2):218-25; Kim & Chung 1992, Pain 50:355);
diabetic neuropathy (see, Beidoun A et al., Clin J Pain. 2004; 20(3):174-8; Courteix, C., et
al., Pain. 1993; 53(1):81-8); HIV- associated ncuropathy (see, Portegies & Rosenberg, Ned
Tydschr Geneeskd. 2001; 145(15):731-5; Joseph EK et al., Pain. 2004; 107(1-2):147-58; Oh,
S. B., et al., J Neurosci. 2001; 21(14):5027-35); trigeminal neuralgia (see, Sato, J., et al., Oral
Surg Oral Med Oral Pathol Oral Radiol Endod. 2004; 97(1):18-22; Imamura Y ¢t al., Exp
Brain Res. 1997; 116(1):97-103);

Charcot-Marie Tooth neuropathy (see, Sereda, M., et al., Neuron. 1996; 16(5):1049-60);
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hereditary sensory neuropathies (see, Lee, M. J., et al., Hum Mol Genet. 2003; 12(15):1917-
25); peripheral nerve injury (see, Attal, N., et al., Neurology. 2004; 62(2):218-25; Kim &
Chung 1992, Pain 50:355; Bennett & Xie, 1988, Pain 33:87; Decostered, 1. & Woolf, C. J.,
2000, Pain 87:149; Shir, Y. & Seltzer, Z. 1990; Neurosci Lett 115:62); painful neuromas (see,
Nahabedian & Johnson, Ann Plast Surg. 2001; 46(1):15-22; Devor & Raber, Behav Neural
Biol. 1983; 37(2):276-83); ectopic proximal and distal discharges (see, Liu, X. et al., Brain
Res. 2001; 900(1):119-27); radiculopathy (see, Devers & Galer, (see, Clin J Pain. 2000;
16(3):205-8; Hayashi N et al., Spine. 1998; 23(8):877-85); chemotherapy induced
neuropathic pain (see, Aley, K. O., et al., Neuroscience. 1996; 73(1):259-65); radiotherapy-
induced neuropathic pain;

post-mastectomy pain (see, Devers & Galer, Clin J Pain. 2000; 16(3):205-8); central pain
(Cahana, A., ct al., Anesth Analg. 2004; 98(6):1581-4), spinal cord injury pain (see, Hains, B.
C., etal., Exp Neurol. 2000; 164(2):426-37); post-stroke pain; thalamic pain (see,
LaBuda, C. J., et al., Neurosci Lett. 2000; 290(1):79-83); complex regional pain syndrome
(see, Wallace, M. S., et al., Anesthesiology. 2000; 92(1):75-83; Xantos D et al., J Pain. 2004;
5(3 Suppl 2):S1); phantom pain (see, Weber, W. E., Ned Tydschr Geneeskd. 2001;
145(17):813-7; Levitt & Heyback, Pain. 1981; 10(1):67-73); intractable pain (see,
Yokoyama, M., et al., Can J Anaesth. 2002; 49(8):810-3); acute pain, acute post-operative
pain (see, Koppert, W., et al., Anesth Analg. 2004; 98(4):1050-5; Brennan, T. J., et al., Pain.
1996; 64(3):493-501); acute musculoskeletal pain; joint pain (see, Gotoh, S., et al., Ann
Rheum Dis. 1993; 52(11):817-22); mechanical low back pain (see, Kehl, L. J., et al., Pain.
2000; 85(3):333-43); neck pain; tendonitis; injury/exercise pain (see, Sesay, M., et al., Can J
Anaesth. 2002; 49(2):137-43); acute visceral pain, including, abdominal pain; pyelonephritis;
appendicitis; cholecystitis; intestinal obstruction; hernias; etc (see, Giambernardino, M. A., et
al., Pain. 1995; 61(3):459-69); chest pain, including, cardiac pain (see, Vergona, R. A., et al.,
Life Sci. 1984; 35(18):1877-84); pelvic pain, renal colic pain, acute obstetric pain, including,
labor pain (see, Segal, S., et al., Anesth Analg. 1998; 87(4):864-9); cesarean section pain;
acute inflammatory, burn and trauma pain; acute mtermittent pain, including, endometriosis
(see, Cason, A. M., et al.,Horm Behav. 2003; 44(2):123-31);

acute herpes zoster pain; sickle cell anemia; acute pancreatitis (see, Toma, H;
Gastroenterology. 2000; 119(5):1373-81); breakthrough pain; orofacial pain, including,
sinusitis pain, dental pain (see, Nusstein, J., et al., J Endod. 1998; 24(7):487-91; Chidiac, J. J.,
et al., Eur J Pain. 2002; 6(1):55-67); multiple sclerosis (MS) pain (see, Sakurai & Kanazawa,
J Neurol Sci. 1999; 162(2):162-8); pain 1n depression (see, Greene B, Curr Med Res Opin.
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2003; 19(4):272-7); leprosy pain; Behcet's disease pain; adiposis dolorosa (see, Devillers &
Oranje, Clin Exp Dermatol. 1999; 24(3):240-1); phlebitic pain; Guillain-Barre pain; painful
legs and moving toes; Haglund syndrome; erythromelalgia pain (see, Legroux-Crespel, E., et
al., Ann Dermatol Venereol. 2003; 130(4):429-33); Fabry's disease pain (see, Germain, D. P.,
J Soc Biol. 2002;196(2):183-90); Bladder and urogenital disease, including, urinary
incontinence (see, Berggren, T., et al., J Urol. 1993; 150(5 Pt 1):1540-3); hyperactivity
bladder (see, Chuang, Y. C., et al., Urology. 2003; 61(3):664-70); painful bladder syndrome
(see, Yoshimura, N., et al., J Neurosci. 2001; 21(21):8690-6); interstitial cyctitis (IC) (see,
Giannakopoulos& Campilomatos, Arch Ital Urol Nefrol Androl. 1992; 64(4):337-9; Boucher,
M., et al., J Urol. 2000; 164(1):203-8); and prostatitis (see, Mayersak, J. S., Int Surg. 1998;
83(4):347-9; Keith, I. M., et al., J Urol. 2001; 166(1):323-8).

[0014] Unfortunately, as described above, the efficacy of currently used sodium channel
blockers for the disecase states described above has been to a large extent limited by a number
of side eftects. These side eftects include various CNS disturbances such as blurred vision,
dizziness, nausea, and sedation as well more potentially life threatening cardiac arrhythmias
and cardiac failure. Such undesirable side effects may be avoided by using a Na channel
blocker that exhibit a degree of selectivity 1n its activity against a Na channel subtype.
However, Na channel blockers currently 1in the market lack such selectivity. Perhaps because
of this lack of molecular selectivity, drugs currently in the market exhibit use-dependent
block and generally show higher atfinity at depolarized potentials resulting in the preferential
targeting of actively firing neurons, believed to be a key factor in the therapeutic window of
existing Na channel blocking drugs. While every drug has it own unique therapeutic profile,
current Na channel blockers are generally associated with central nervous system (CNS) and
cardiovascular (CV) side-ettfects, including blood pressure changes, which are often dose-
limiting. Dizziness, sedation, nausea, ataxia, and confusion are some of the specific side-
effects observed for phenytoin™, mexiletine™, and lidocaine™.

[0015] Accordingly, there remains a need to develop additional Na channel antagonists,

preferably those with higher potency and fewer side etfects.

SUMMARY OF THE INVENTION

[0016] It has now been found that compounds of this mnvention, and pharmaceutically
acceptable compositions thereof, are useful as inhibitors of voltage-gated sodium channels.

These compounds have the general formula I:
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or a pharmaceutically acceptable derivative thereof.
[0017] These compounds and pharmaceutically acceptable compositions 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 inflammatory pain, arthritis, migraine,
cluster headaches, trigeminal neuralgia, herpetic neuralgia, general neuralgias, epilepsy or
epilepsy conditions, neurodegenerative disorders, psychiatric disorders such as anxiety and
depression, dipolar disorder, myotonia, arrhythmia, movement disorders, neuroendocrine
disorders, ataxia, multiple sclerosis, 1rritable bowel syndrome, incontinence, visceral pain,
osteoarthritis pain, postherpetic neuralgia, diabetic neuropathy, radicular pain, sciatica, back
pain, head or neck pain, severe or intractable pain, nociceptive pain, breakthrough pain,
postsurgical pain, cancer pain, stroke, cerebral 1schemia, traumatic brain injury, amyotrophic
lateral sclerosis, stress- or exercise induced angina, palpitations, hypertension, migraine and

abnormal gastro-intestinal motility.

DETAILED DESCRIPTION OF THE INVENTION

Definitions and General Terminology

[0018] The present invention relates to a compound of formula I:

o X

)L” y
(R3)y R

I

or a pharmaceutically acceptable salt thercof, wherein:

Ring B 18 a 5-6 membered monocyclic heteroaryl ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein ring B 1s optionally
substituted with up to x occurrences of R’;

X', X*, X° and X" are each independently nitrogen or C-R* provided that X', X?, X°

and X" are not all simultancously nitrogen;

10
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R* is selected from SOQN(RZ)Q, SOle, NRZSOQRl;

R' is C;-¢ aliphatic, wherein up to two carbon atoms other than the atom attached to
the nitrogen or oxygen atom is optionally replaced with O, S, NR", or C(O);

each R” is independently hydrogen, or C;-¢ aliphatic, wherein up to two carbon atoms
other than the atom attached to the nitrogen atom is optionally replaced with O, S, NR", or
C(0);

x 15 0-4;

each occurrence of R is independently selected from hydrogen or a C_¢ aliphatic
sroup optionally substituted with 1-3 independent occurrences of -R’, oxo, thioxo, -CO,R’,
-OR’, -N(R"),, -SR’, -NO, halogen, -CN, -C,_shaloalkyl, -C;_shaloalkoxy, -C(O)N(R"),,
NR'C(O)R’, -SO,R’, -SO,N(R"),, -NR'SO,R’, -NR'CON(R"),, -NR'CO,R’, -COR’, -OCOR’,
-OCON(R’),, -SOR’, -NR’SO,N(R’),, -COCOR’, -COCH,COR', -OP(O)(OR"),, -P(O)(OR),,
-PO(OR’)(R"), -P(O)(R"),, or -OP(O)(R"),; wherein

R’is hydrogen or unsubstituted C; ¢ aliphatic;

each occurrence of R’ and R* is independently Q-R*;

Q 1s a bond or 1s a Cy-¢ aliphatic chain wherein up to three methylene units of Q are

-C(O)-, -C(S)-, -C(O)NH-, -C(O)NR-, -C(=N-CN)-, -NHCO-, -NRCO-, -NHC(O)O-,
-NRC(O)O-, -SO,NH-, -SO,;NR-, -NHSO,-, -NRSO,-, -NHC(O)NH-, -NRC(O)NH-,
-NHC(O)NR-, -NRC(O)NR, -OC(O)NH-, -OC(O)NR-, -NHSO,NH-, -NRSO,NH-,
-NHSO,;NR-, -NRSO;NR-, -SO- or -SO»-; wherein

Q is optionally substituted with 1-3 independent occurrences of R%;

each occurrence of R™ is independently selected from -R’, halogen, -NO,, -CN, -OR’,
-SR’, -N(R’),, -NR’C(O)R’, -NR’C(O)N(R’),, -NR’CO,R’, -C(O)R’, -CO,R’, -OC(O)R”,
-C(O)N(R’),, -OC(O)N(R’),, -SOR’, -SO,R’, -SO,;N(R’),, -NR’SO;,R’, -NR’SO,;N(R ),
-C(O)C(O)R’, -C(O)CH,C(O)R’, -OP(O)(OR ),, -P(O)(OR ),, -PO(OR )R ), -P(O)(R )y, or
-OP(O)(R )2;

cach occurrence of R 1s independently selected from hydrogen or a C; ¢ aliphatic
group optionally substituted with 1-3 independent occurrences of -R ", -T-Ar', halogen, oxo,
thioxo, -OR", -SR", -N(R "), -NO,, -C,_shaloalkyl, -C;_shaloalkoxy, -CN, -CO,R", -COR ",
-CON(R"),, -OCOR", -NR'COR", -SO,R", -SO,N(R"),, or -NR"'SO,R"; wherein

each R' is independently hydrogen or unsubstituted C;.¢ aliphatic; or

any two R' groups, on the same substituent or different substituents, together with the

atom(s) to which each group 1s bound, optionally form a 3-8 membered saturated

11
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or partially unsaturated monocyclic ring, or a 5-6 membered monocyclic aryl ring
having 0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur;
wherein said monocyclic ring 1s optionally substituted with 1-3 independent
occurrences of -R*, -T-Ar', halogen, oxo, thioxo, -OR", -SR*, -N(RR)Q, -NO»,
-C,_shaloalkyl, -C;haloalkoxy, -CN, -CO,RY, -CORY, -CON(R"),, -OCORY,
NR*CORY, -SO,R", -SO,N(R™),, or -NR*SO,R"; wherein

each R" is independently hydrogen or unsubstituted C,_¢ aliphatic;

T 18 (CHy)w:

w 1s 0-2;

Ar' is selected from a 3-8 membered saturated or partially unsaturated ring, a 5-6
membered aryl ring, a 3-7 membered heterocyclic ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, a 5-6 membered
heteroaryl ring having 1-3 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-12 membered saturated, partially unsaturated, or fully
unsaturated bicyclic ring system having 0-5 heteroatoms independently selected
from nitrogen, oxygen, or sulfur; wherein

Ar' is optionally substituted with 1-3 independent occurrences of R, oxo0, thioxo,
-CO,R", -OR", -N(R™),, -SR", -NO,, halogen, -CN, -C;_shaloalky],
-C4haloalkoxy, -C(ON(R™),, -NRYC(O)R", -SO,R", -SO,N(R™),,
NR"SO,RY, NRYCON(R"),, -NR¥CO,R", -COR", -OCOR", -OCON(R™),,
-SORY, NRYSO,N(R™),, -COCORY, -COCH,CORY, -OP(O)(OR™),, -
P(O)(OR™),, -PO(OR™)R™), -P(O)YR™),, or -OP(O)R" ),; wherein
R" is hydrogen or unsubstituted C,¢aliphatic;

R¥ is selected from halogen, —RS, -N(RS)Q, —SRS, —ORS, Cs.10 cycloaliphatic, Cg.1¢ aryl,
5-10 membered heteroaryl, 5-10 membered heterocyclyl, oxo, thioxo,
-Cy_shaloalkoxy, -Cshaloalkyl, -NO,, -CN, -CF3, -OCF3, -CO,R>, -COR®,
-OC(O)R” or -NR’C(O)R”; wherein
R® is hydrogen or unsubstituted C;_¢ aliphatic; or

any two R¥ or two R” groups, or any combination of an R group with an R group on
the same substituent or different substituents, together with the atom(s) to which
cach group 1s bound, optionally form a 3-8 membered saturated or partially
unsaturated monocyclic ring, or a 5-6 membered monocyclic aryl ring; each ring
having 0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

wherein any of said monocyclic ring 1s optionally substituted with 1-3

12
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independent occurrences of RO, halogen, oxo, thioxo, —ORO, -SRO, -N(RO)Q, -NOo,

-Cy_shaloalkyl, -C; 4haloalkoxy, -CN, -CO,R", -COR", -CON(R"),, -OCOR®,

NR“COR", -SO,R®, -SO,N(R®),, or -NR”SO,R"; wherein

R" is hydrogen or unsubstituted C_¢ aliphatic;

cach occurrence of R’ 1s independently selected from hydrogen or a C;_g aliphatic, Ce.

10 aryl, a heteroaryl ring having 5-10 ring atoms, or a heterocyclyl ring having 3-10 ring
atoms, or wherein R and R’ taken together with the atom(s) to which they are bound, or two
occurrences of R’ taken together with the atom(s) to which they are bound, form a 5-8
membered cycloalkyl, heterocyclyl, aryl, or heteroaryl ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur; wherein said C;_g aliphatic, Cq_19
aryl, heteroaryl ring or heterocyclyl ring 18 optionally substituted with 1-3 independent
occurrences of R, halogen, oxo, th10xo, -OR’, -SR’, —N(Rl)z, -NO,, -C;_4haloalkyl,
-Cy_shaloalkoxy, -CN, -CO,R’, -COR’, -CONHR', -OCOR’, -NR'COR’, -SO,R’, -SO,N(RY),,
or -NR'SO,R": wherein

R’ is hydrogen or unsubstituted C;_¢ aliphatic.
[0019] Compounds of this invention include those described generally above, and are
further 1llustrated by the classes, subclasses, and species disclosed herein. As used herein, the
following definitions shall apply unless otherwise indicated. For purposes of this invention,
the chemical elements are 1dentified 1n accordance with the Periodic Table of the Elements,
CAS version, Handbook of Chemistry and Physics, 75" Ed. Additionally, general principles
of organic chemistry are described in “Organic Chemistry”, Thomas Sorrell, University
Science Books, Sausalito: 1999, and “March’s Advanced Organic Chemistry”, 5th Ed., Ed.:
Smith, M.B. and March, J., John Wiley & Sons, New York: 2001, the entire contents of
which are hereby incorporated by reference.
[0020] As described herein, compounds of the invention may optionally be substituted
with one or more substituents, such as are illustrated generally above, or as exemplified by
particular classes, subclasses, and species of the invention. It will be appreciated that the
phrase “optionally substituted” 1s used interchangeably with the phrase “substituted or
unsubstituted.” In general, the term “substituted”, whether preceded by the term “optionally™
or not, refers to the replacement of hydrogen radicals 1n a given structure with the radical of a
specified substituent. Unless otherwise indicated, an optionally substituted group may have a
substituent at each substitutable position of the group. When more than one position in any
given structure may be substituted with more than one substituent selected from a specified

oroup, the substituent may be either the same or different at each position.

13
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[0021] As described herein, when the term “optionally substituted” precedes a list, said
term refers to all of the subsequent substitutable groups 1n that list. For example, 1f X 18
halogen; optionally substituted C;_; alkyl or phenyl; X may be either optionally substituted
alkyl or optionally substituted phenyl. Likewise, 1f the term “optionally substituted” follows
a list, said term also refers to all of the substitutable groups in the prior list unless otherwise
indicated. For example: if X 18 halogen, C,_; alkyl, or phenyl, wherein X 1s optionally
substituted by J*, then both C;_3 alkyl and phenyl may be optionally substituted by J*. As is
apparent to one having ordinary skill in the art, groups such as H, halogen, NO,, CN, NH,,
OH, or OCF; would not be included because they are not substitutable groups. If a
substituent radical or structure 1s not 1dentified or defined as “optionally substituted,” the
substituent radical or structure 1s unsubstituted.

[0022] Combinations of substituents envisioned by this invention are preferably those
that result in the formation of stable or chemically feasible compounds. The term “stable”, as
used herein, refers to compounds that are not substantially altered when subjected to
conditions to allow for their production, detection, and preferably their recovery, purification,
and use for one or more of the purposes disclosed herein. In some embodiments, a stable
compound or chemically feasible compound 1s one that 1s not substantially altered when kept
at a temperature of 40°C or less, 1n the absence of moisture or other chemically reactive
conditions, for at least a week.

[0023] The term ““aliphatic” or “aliphatic group”, as used herein, means a straight-chain
(1.c., unbranched) or branched, substituted or unsubstituted hydrocarbon chain that 1s
completely saturated or that contains one or more units of unsaturation. Unless otherwise
specified, aliphatic groups contain 1-20 aliphatic carbon atoms. In some embodiments,
aliphatic groups contain 1-10 aliphatic carbon atoms. In other embodiments, aliphatic groups
contain 1-8 aliphatic carbon atoms. In still other embodiments, aliphatic groups contain 1-6
aliphatic carbon atoms, and 1n yet other embodiments aliphatic groups contain 1-4 aliphatic
carbon atoms. Suitable aliphatic groups include, but are not limited to, linear or branched,
substituted or unsubstituted alkyl, alkenyl, or alkynyl groups. Further examples of aliphatic
oroups 1include, but are not limited to, methyl, ethyl, propyl, butyl, 1sopropyl, 1sobutyl, sec-
butyl, tert-butyl, n-pentyl, n-heptyl, or 2-ethylhexyl. The terms “alkyl” and the prefix “alk-",
as used herein, are inclusive of both straight chain and branched saturated carbon chain.
[0024] The term ““alkylene™, as used herein, represents a saturated divalent straight or

branched chain hydrocarbon group and 1s exemplified by methylene, ethylene, 1sopropylene
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and the like. The term “alkylidene,” as used herein, represents a divalent straight chain alkyl
linking group.

[0025] The term ““alkenyl”, as used herein, refers to an aliphatic carbon group that
contains 2-8 (e.g., 2-6 or 2-4) carbon atoms and at least one carbon-carbon double bond.

Like an alkyl group, an alkenyl group can be straight or branched. Examples of an alkenyl
oroup include, but are not limited to, allyl, i1soprenyl, 2-butenyl, and 2-hexenyl.

[0026] The term “alkynyl”, as used herein, refers to an aliphatic carbon group that
contains 2-8 (e.g., 2-6 or 2-4) carbon atoms and has at least one carbon-carbon triple bond.
An alkynyl group can be straight or branched. Examples of an alkynyl group include, but are
not limited to, propargyl and butynyl.

[0027] The term “cycloaliphatic” (or “carbocycle”), as used herein, refers to a
monocyclic Cz-Cg hydrocarbon or bicyclic Cs-Cy, hydrocarbon that 1s completely saturated or
that contains one or more units of unsaturation, but which 1s not aromatic, that has a single
point of attachment to the rest of the molecule, and wherein any individual ring 1n said
bicyclic ring system has 3-7 members. Suitable cycloaliphatic groups include, but are not
limited to, cycloalkyl, cycloalkenyl, and cycloalkynyl. Further examples of aliphatic groups
include cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl, and
cycloheptenyl

[0028] The term “heteroaliphatic™, as used herein, means aliphatic groups wherein one or
two carbon atoms are independently replaced by one or more of oxygen, sulfur, nitrogen,
phosphorus, or silicon. Heteroaliphatic groups may be substituted or unsubstituted, branched
or unbranched, cyclic or acyclic, and include “heterocycle”, “heterocyclyl”,
“heterocycloaliphatic”, or “heterocyclic” groups.

[0029] The term “heterocycle”, “heterocyclyl™, “heterocycloaliphatic™, or “heterocyclic”,
as used herein, means non-aromatic, monocyclic, bicyclic, or tricyclic ring systems 1n which
one or more ring members 1s an independently selected heteroatom. In some embodiments,
the “heterocycle™, “heterocyclyl”, “heterocycloaliphatic”, or “heterocyclic” group has three to
fourteen ring members 1n which one or more ring members 1s a heteroatom independently
selected from oxygen, sulfur, nitrogen, or phosphorus, and each ring 1n the system contains 3
to 8 ring members.

[0030] Examples of heterocyclic rings include, but are not limited to, the following
monocycles: tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, tetrahydrothiophen-2-yl,
tetrahydrothiophen-3-yl, 2-morpholino, 3-morpholino, 4-morpholino, 2-thiomorpholino, 3-
thiomorpholino, 4-thiomorpholino, pyrrolidin-1-yl, pyrrolidin-2-yl, pyrrolidin-3-yl,
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tetrahydropiperazin-1-yl, tetrahydropiperazin-2-yl, tetrahydropiperazin-3-yl, piperidin-1-yl,
piperidin-2-yl, piperidin-3-yl, piperidin-4-yl, pyrazolin-1-yl, pyrazolin-3-yl, pyrazolin-4-yl,
pyrazolin-5-yl, thiazolidin-2-yl, thiazolidin-3-yl, thiazolidin-4-yl, thiazolidin-5-yl,
imidazolidin-1-yl, imidazolidin-2-yl, imidazolidin-4-yl, imidazolidin-5-yl; and the following
bicycles: 3-1H-benzimidazol-2-one, 3-(1-alkyl)-benzimidazol-2-one, indolinyl,
tetrahydroquimolinyl, tetrahydroisoquinolinyl, benzothiolane, benzodithiane, and 1,3-dihydro-
1midazol-2-one.

[0031] The term “heteroatom”, as used herein, means one or more of oxygen, sulfur,
nitrogen, phosphorus, or silicon (including, any oxidized form of nitrogen, sulfur,
phosphorus, or silicon; the quaternized form of any basic nitrogen or; a substitutable nitrogen
of a heterocyclic ring, for example N (as 1n 3,4-dihydro-2H-pyrrolyl), NH (as 1n pyrrolidinyl)
or NR" (as in N-substituted pyrrolidinyl)).

[0032] The term "unsaturated", as used herein, means that a moiety has one or more units
of unsaturation.

[0033] The term ““alkoxy™, or “thioalkyl™, as used herein, refers to an alkyl group, as
previously defined, attached to the principal carbon chain through an oxygen (“alkoxy™) or
sulfur (“thioalkyl’”) atom.

[0034] The terms “haloalkyl™, “haloalkenyl” and “haloalkoxy” refers to alkyl, alkenyl or
alkoxy, as the case may be, substituted with one or more halogen atoms.

[0035] The term, a “haloaliphatic” group refers to an aliphatic group substituted with 1-3
halogen. For instance, the term haloalkyl includes the group -CFs;.

[0036] The term “halogen” or “halo™, as used herein, refers to fluorine, chlorine, bromine
or 10d1ne.

[0037] The term “0x0”, as used herein, refers to =0.

[0038] The term “th10x0”, as used herein, refers to =S.

[0039] The term “carbonyl” group refers to -C(O)-.

[0040] The term “aryl” used alone or as part of a larger moiety as in ““aralkyl”,
“aralkoxy™, or “aryloxyalkyl”, refers to monocyclic (¢.g., phenyl); bicyclic (e.g., indenyl,
naphthalenyl, tetrahydronaphthyl, tetrahydroindenyl); and tricyclic (e.g., fluorenyl
tetrahydrofluorenyl, or tetrahydroanthracenyl, anthracenyl) ring systems in which the
monocyclic ring system 18 aromatic or at least one of the rings 1n a bicyclic or tricyclic ring
system 18 aromatic and wherein each ring 1n the system contains 3 to 7 ring members. The

bicyclic and tricyclic groups include benzofused 2- to 3-membered carbocyclic rings. For
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example, a benzofused group includes phenyl fused with two or more C4.¢ carbocyclic
moieties. The term “aryl” may be used interchangeably with the term “aryl ring.”

[0041] The term a “bicyclic ring system”, as used herein, includes 8-to 12- (e.g., 9, 10, or
11) membered structures that form two rings, wherein the two rings have at least one atom 1n
common (e.g., 2 atoms 1n common). Bicyclic ring systems include bicycloaliphatics (e.g.,
bicycloalkyl or bicycloalkenyl), bicycloheteroaliphatics, bicyclic aryls, and bicyclic
heteroaryls.

[0042] The term “heteroaryl,” used alone or as part of a larger moiety as 1n
“heteroaralkyl,” or “heteroarylalkoxy,” refers to monocyclic, bicyclic, and tricyclic ring
systems having a total of five to fourteen ring members, wherein at least one ring 1n the
system 18 aromatic, at least one ring in the system contains one or more heteroatoms (e.g., N,
O, S, or combinations thercof), wherein each ring in the system contains 3 to 7 ring members
and that has a single point of attachment to the rest of the molecule. A heteroaryl group
includes a benzofused ring system having 2 to 3 rings. For example, a benzofused group
includes benzo fused with one or two 4 to 8 membered heterocycloaliphatic moieties (e.g.,
indolizyl, indolyl, 1soindolyl, 3H-indolyl, indolinyl, benzo[b]furyl, benzo[b]thiophenyl,
quinolinyl, or 1soquinolinyl). The term “heteroaryl” may be used interchangeably with the
term “heteroaryl ring” or the term “heteroaromatic.”

[0043] Without limitation, monocyclic heteroaryl rings include the following: furanyl
(¢.g., furan-2-yl or furan-3-yl); imidazolyl (e.g., N-imidazolyl, imidazol-2-yl, imidazol-4-yl,
or imidazol-5-yl); 1soxazolyl (e.g., 1soxazol-3-yl, 1soxazol-4-yl, 1soxazol-5-yl); oxazolyl (e.g.,
oxazol-2-yl, oxazol-4-yl, or oxazol-5-yl); pyrrolyl (e.g., N-pyrrolyl, pyrrol-2-yl, or pyrrol-3-
yD); pyridinyl (e.g., pyrid-2-yl, pyrid-3-yl, or pyrid-4-yl); pyrimidinyl (e.g., pyrimidin-2-yl,
pyrimidin-4-yl, or pyrimidin-5-yl); pyridazinyl (e.g., pyridazin-3-yl, pyridazin-4-yl,
pyridazin-5-yl, or pyridazin-6-yl); thiazolyl (e.g., thiazol-2-yl, thiazol-4-yl, or thiazol-5-yl);
tetrazolyl (e.g., tetrazol-1-yl or tetrazol-5-yl); triazolyl (e.g., 2-triazolyl or 5-triazolyl), thienyl
(e.g., thiophen-2-yl or thiophen-3-yl); pyrazolyl (e.g., pyrazol-2-yl, pyrazol-3-yl, or pyrazol-
4-y1); 1sothiazolyl; 1,2,3-oxad1azolyl; 1,2,5-oxadiazolyl; 1,2,4-oxadiazolyl; 1,2,3-triazolyl;
1,2,3-thiadiazolyl; 1,3,4-thiadiazolyl; 1,2,5-thiadiazolyl; pyrazinyl; 1,3,5-triazinyl.
Monocyclic heteroaryls are numbered according to standard chemical nomenclature.

[0044] Without limitation bicyclic heteroaryls include the following: indolizyl, indolyl,
1soindolyl, 3H-1ndolyl, indolinyl, benzo[b]turyl, benzo[ b Jthiophenyl, quinolinyl (e.g., 2-
quinolinyl, 3-quinolinyl, or 4-quinolinyl), 1soquinolinyl (e.g., 1-1soquinolinyl, 3-

1soquinolinyl, or 4-1soquinolinyl), indolizyl, 1soindolyl, indolyl, benzo[b]furyl,
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bexo[b]thiophenyl, indazolyl, benzimidazyl, benzthiazolyl, purinyl, 4H-quinolizyl, quinolyl,
1soquinolyl, cinnolyl, phthalazyl, quinazolyl, quinoxalyl, 1,8-naphthyridyl, or pteridyl.
Bicyclic heteroaryls are numbered according to standard chemical nomenclature.

[0045] In some embodiments, an aryl (including aralkyl, aralkoxy, aryloxyalkyl and the
like) or heteroaryl (including heteroaralkyl and heteroarylalkoxy and the like) group may
contain one or more substituents. Suitable substituents on the unsaturated carbon atom of an

aryl or heteroaryl group are selected from those listed in the definition of R’ R* R’,R". R’
R? R*, R or R". Other suitable substituents include: halogen; -R°; -OR®; -SR°; 1,2-
methylenedioxy; 1,2-ethylenedioxy; phenyl (Ph) optionally substituted with R”; -O(Ph)
optionally substituted with R”; -(CH»),.»(Ph), optionally substituted with R”; -CH=CH(Ph),
optionally substituted with R”; -NO,; -CN; -N(R®),; -NR°C(O)R®; -NR°C(S)R®;
-NR°C(O)N(R®),; -NR°C(S)N(R®)2; -NR°CO,R?; -NR°NR°C(O)R?; -NR°NRC(O)N(R®),;
-NR°NR°CO,R?; -C(O)C(O)R?; -C(O)CH,C(O)R?; -CO,R®; -C(O)R®; -C(S)R®;
-C(O)N(R? )25 -C(S)N(R")2; -OC(O)N(R?),; -OC(O)R?; -C(O)N(OR”) R”; -C(NOR®) R”;
-S(0)2R"; -5(0)0R?; -S(O)2N(R)2; -S(O)R®; -NRZS(O)2N(R?)2; -NR"S(O)2R®; -N(OR”)R?;
-C(=NH)-N(R")2; -(CH2)0o.NHC(O)R®; -L-R"; -L-N(R"),; -L-SR®; -L-OR®; -L-(Cs.10
cycloaliphatic), -L-(Ceg.10 aryl), -L-(5-10 membered heteroaryl), -L-(5-10 membered
heterocyclyl), oxo, C;4 haloalkoxy, C;_4 haloalkyl, -L-NO,, -L-CN, -L-OH, -L-CFj3; or two
substituents, together with the intervening atoms to which they are bound, form a 5-7

membered saturated, unsaturated, or partially saturated ring, wherein L 1s a Cy_¢ alkylene
oroup 1n which up to three methylene units are replaced by -NH-, -NR°-, -O-, -S-, -C(O)O-,
-0C(0)-, -C(O)CO-, -C(O)-, -C(O)NH-, -C(O)NR°®-, -C(=N-CN), -NHCO-, -NR°CO-,
-NHC(O)O-, -NR°C(0O)O-, -S(O),NH-, -S(O),NR°-, -NHS(O),-, -NR°S(O),-, -NHC(O)NH-
, -NR°C(O)NH-, -NHC(O)NR°-, -NR°C(O)NR°®, -OC(O)NH-, -OC(O)NR°-, -NHS(O),NH-,
-NR°S(O),NH-, -NHS(O),NR°-, -NR°S(O),NR°-, -S(O)-, or -S(O),-, and wherem each
independent occurrence of R° 1s selected from hydrogen, optionally substituted C_¢ aliphatic,
an unsubstituted 5-8 membered heteroaryl or heterocyclic ring, phenyl, -O(Ph), or -CH,(Ph),
or, two independent occurrences of R°, on the same substituent or different substituents,

taken together with the atom(s) to which each R® group 1s bound, form a 5-8-membered
heterocyclyl, aryl, or heteroaryl ring or a 3-8-membered cycloalkyl ring, wherein said
heteroaryl or heterocyclyl ring has 1-3 heteroatoms independently selected from nitrogen,

oxygen, or sulfur. Optional substituents on the aliphatic group of R® are selected from NHo,
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NH(C,_saliphatic), N(C,_saliphatic),, halogen, C;_4aliphatic, OH, O(C,_saliphatic), NO,, CN,
CO,H, CO,(Cy_saliphatic), O(haloC,_4 aliphatic), or haloC,_saliphatic, wherein each of the
foregoing C,_saliphatic groups of R° 18 unsubstituted.

[0046] In some embodiments, an aliphatic, cycloaliphatic, heteroaliphatic group, or a
non-aromatic heterocyclic ring may contain one or more substituents. In some instances two
substituents, on the same atom or on different atoms, together with the intervening atoms to
which they are bound, form a 5-7 membered saturated, unsaturated, or partially saturated ring
containing 0-3 heteroatoms selected from N, O, or S. Suitable substituents on the saturated
carbon of an aliphatic or heteroaliphatic group, or of a non-aromatic heterocyclic ring are
selected from those listed above for the unsaturated carbon of an aryl or heteroaryl group and
additionally include the following: =0, =S, =NNHR", =NN(R ), =NNHC(O)R,
=NNHCO,(alkyl), =NNHS(O), (alkyl), or =NR’, where each R is independently selected
from hydrogen or an optionally substituted C,_¢ aliphatic, or two R* on the same nitrogen are
taken together with the nitrogen to form a 5-8 membered heterocyclyl or heteroaryl ring
having 1-3 heteroatoms independently selected from nitrogen, oxygen, and sultur. Optional
substituents on the aliphatic group of R are selected from NH,, NH(C;_4 aliphatic), N(C)_4
aliphatic),, halogen, C;_4 aliphatic, OH, O(C,_4 aliphatic), NO,, CN, CO,H, CO,»(C_4
aliphatic), O(halo C.4 aliphatic), or halo(C;.4 aliphatic), wherein each of the foregoing C;.
saliphatic groups of R™ is unsubstituted.

[0047] In some embodiments, optional substituents on the nitrogen of a non-aromatic
heterocyclic ring include -R ", -N(R"),, -C(O)R”, -C(O)OR", -C(O)C(O)R’,
-C(O)CH,C(O)R", -S(0):R", -S(0O)N(R )3, -C(=S)N(R),, -C(=NH)-N(R"),, or
-NR"S(O);R"; wherein R" is hydrogen, an optionally substituted C,.¢ aliphatic, optionally
substituted phenyl, optionally substituted -O(Ph), optionally substituted -CH,(Ph), optionally
substituted -(CH»)12(Ph); optionally substituted -CH=CH(Ph); or an unsubstituted 5-6
membered heteroaryl or heterocyclic ring having one to four heteroatoms independently
selected from oxygen, nitrogen, or sulfur, or two independent occurrences of R, on the same
substituent or different substituents, taken together with the atom(s) to which each R™ group
1s bound, form a phenyl, 5-8-membered heterocyclyl, 5-8-membered heteroaryl, or a 3-8
membered cycloalkyl ring, wherein said heteroaryl or heterocyclyl ring has 1-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur. Optional substituents on the
aliphatic group or the phenyl ring of R are selected from -NH,, -NH(C;_4 aliphatic), -N(C .4
aliphatic),, halogen, C;_4 aliphatic, -OH, -O(C,_4 aliphatic), -NO,, -CN, -C(O)OH, -C(O)O(C;.
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4 aliphatic), -O(halo(C; 4 aliphatic)), or halo(C,_4 aliphatic), wherein each of the foregoing
C.saliphatic groups of R" is unsubstituted.

[0048] As detailed above, in some embodiments, two independent occurrences of R” (or
R", or any other variable similarly defined herein), are taken together with the atom(s) to
which each variable 1s bound to form a 3-8-membered cycloalkyl, heterocyclyl, aryl, or
heteroaryl ring having 0-3 heteroatoms independently selected from nitrogen, oxygen, or
sulfur. Exemplary rings that are formed when two independent occurrences of R® (or R, or
any other variable similarly defined herein) are taken together with the atom(s) to which each
variable 1s bound include, but are not limited to the following: a) two independent
occurrences of R® (or R, or any other variable similarly defined herein) that are bound to the
same atom and are taken together with that atom to form a ring, for example, N(R"),, where
both occurrences of R” are taken together with the nitrogen atom to form a piperidin-1-yl,
piperazin-1-yl, or morpholin-4-yl group; and b) two independent occurrences of R° (or R, or
any other variable similarly defined herein) that are bound to different atoms and are taken
together with both of those atoms to form a ring, for example where a phenyl group 1s
o

substituted with two occurrences of OR” % ORO, these two occurrences of R” are

taken together with the oxygen atoms to which they are bound to form a fused 6-membered
o
% O

be formed when two independent occurrences of R® (or R, or any other variable sim