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appl i cat iwo 20é4i78B3priority under 35 U S.C. 119 to U. S. PPras2e&4on@s1
Application nunbers: 60/451,458 filed March 3, 2003, entitled "Conpositions
Useful as Inhibitors of Voltage-Gated Sodi um Channel s", and 60/ 463, 797,
filed April 18, 2003, entitled "Conpositions Useful ¥R/ORh3HWRrs of

Vol t age- Gat ed Sodi um Channel s", and the entire contents of each of these
applications is hereby incorporated by reference. TECHNI CAL FlI ELD OF THE
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TECHNICAL FIELD OF THE INVENTION
[0002]  The present invention relates to compounds useful as inhibitors of ion channels.
The invention also provides pharmaceutically acceptable compositions comprising the
compounds of the invention and methods of using the compositions in the treatment of

various disorders.

BACKGROUND OF THE INVENTION

[0003]  Na channels are central to the generation of action potentials in all excitable cells

such as neurons and myocytes. They play key roles in 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 in 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-Hajj, et al.
(1999) “Sodium channels and pain” Proc Natl Acad Sci U S A 96(14): 7635-9 and Waxman,
S. G., T. R. Cummins, et 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 in myotonic disorders and in muscle channelopathies”
Neurol Sci 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 is abnormally expressed in the brains

of mice with experimental allergic encephalomyelitis and humans with multiple sclerosis”
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(1999) "Sodium channels and pain" Proc Natl Acad Sci US A 96(14): 7635-9
and Wxman, S. G, T. R Cummns, et al. (2000) "Voltage-gated sodi um

channel s woaoanestsel ecul ar pat hogenesi s of pain: a reviPeWuslooRebabi | Res
Dev 37(5): 517-28), nyotonia See Meola, G and V. Sansone (2000) "Therapy

in nyotonic _disorders and in nuscle channel opathi es” Neurol Sci 21(5):
S953- 61P S (8): AL5OBHef2n eod Renrgomihan\ybt MiniGeldesinay, etk "

ot al 5000y Preiiblc Rl S bt ety bt fe il bt of o R
di sor depkinfedcetle? Begig Res I80(HI 235450 uiichbRy bpweldSee, K, &) R. FLWatIREE et al.

sclerosis See Black, J. A, S. Dib-Hajj, et al. (2000) "Sensory
neur on- 988 TGapsaisy spmsitiyin ad volfase-gatad sedival FYITnth ik §Ql8H SERSOLY @CBYORE ns

of m ceg t ' .al i ] b n stW4h

il 11 pr ot iy SERAL LB GAR 0 T S0 SR BRUS e dntnd BB IaM X g
(Sci U) Sdusiva t) :al.l(l?)ga) ?‘ﬂl;éfic'ﬁmdn R&stgmhﬁpmrﬁndl\&e,ferbdd ggﬂ)eiﬁghiimrin Navis .
2003) "Expression of Na(v)1.8 sqodium channel s perturpbs the firing patterns
of cor cfSNY/RID)- i lHfes obargeei 3304 REX-Q gripsry ipgentipsyce nd VisestlebBbuel
see SU, (Se yobhintia, IRC ¥ &deki et ! (2000} 9982 infMRSALE! P tHE @c?tf&doi’dxtiﬁ/—r%fkgant

vol t age-gated sodi'um'currents i n colon sensory neurons romrat dorsal
root gaswglium chAmel NetGyv)1287 RIS3/BINS))in aGhl 80ode] ofinvilsckimil pdin” JI. Nikirosdd, 21(21):

Sousl ov ef. al. (2002) "Def.icits in, visceral in and referred .

nyper al RO Rl 28 armK QSRR b o5h il afl saSfepGsion e
ur i nar yahAER i N eIse) aﬂ@mﬁhﬁgﬁﬂ ldaRAdrd itsS@R iN ST MEGkderdt Anp PhalkicotiRl al -
(2001) "The i nvolvenment of the tetrodotoxin-resistant sodi um channel

Na(v) 1. 36@PNeOSRE) in a rat nodel of visceral pain" J Neurosci 21(21):
[0004] 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
glutamate 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 Z59(1): 213-0).

[0005]  Table 1 (Abbreviations: CNS = central nervous system, PNS = peripheral nervous
sytem, DRG = dorsal root ganglion, TG = Trigeminal ganglion):

Na Tissue TTX IC50 Indications
isoform
NaV1.l | CNS, PNS 10nM Pain, Epilepsy,
soma of neurodegeneration
neurons
NaV1.2 | CNS, high in 10nM Neurodegeneration
axons Epilepsy
NaV1l.3 | CNS, 15nM Pain
embryonic,
injured nerves
NaV1.4 | Skeletal 25nM Myotonia
muscle
NaV1.5 | Heart 2uM Arrythmia,
long QT
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[0006]

In general, voltage-gated sodium channels (NaVs) are responsible for initiating

the rapid upstroke of action potentials in excitable tissue in 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 in 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.

[0007]

presence of tissue injury or inflammation reflects, at least in part, an increase in the

Hyperalgesia (extreme sensitivity to something painful) that develops in the

excitability of high-threshold primary afferent neurons innervating the site of injury. Voltage
sensitive sodium channels activation is critical for the generation and propagation of neuronal
action potentials. There is a growing body of evidence indicating that modulation of NaV
currents is 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 in dorsal

root ganglion (DRG) neurons. The TTX-resistant current is insensitive to micromolar



NaV 1.3 CNS, 15nM Pain enbryonic, injured nerves NaV 1.4 Skeletal 25nM
Myotonia muscle Navl.5 Heart 2M Arrythma, long QI -2 WO 2004/078733
PCTI US200#0Q0@454733NaVI . 6 CNS 6nM Pai n, novenent di sor decs/usesdesq@sead,
nost abuntant NaVl.7 PNS, DRG 25nM Pain, Neuroendocrine termnals

[ [ V1.8 PNS, snall >50pM Pain neurons in DRG & TG
Nava. 0" PRECTEHHERE oF ool sim i GHPIT e agivaion and inactivation 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 involved in nociception. Specifically, TTX-resistant sodium
currents are expressed almost exclusively in neurons that have a small cell-body diameter;
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.

[0008] Intrathecal administration of antisense oligo-deoxynucleotides targeting a unique
region of the TTX-resistant sodium channel (NaV1.8) resulted in a significant reduction in
PGE;-induced hyperalgesia (See, Khasar, S. G., M. S. Gold, et al. (1998) “A tetrodotoxin-
resistant sodium current mediates inflammatory pain in 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 in pain
pathways” Nat Neurosci 2(6): 541-8.). In addition, deficit in both mechano- and
thermoreception were observed in these animals. The analgesia shown by the Navl.8
knockout mutants is consistent with observations about the role of TTX-resistant currents in
nociception.

[06002] Immunohistochemical, in-situ hybridization and in-vitro electrophysiology
experiments have all shown that the sodium channel NaV1.8 is selectively localized to the
small sensory neurons of the dorsal root ganglion and trigeminal ganglion (See. Akopian, A.
N., L. Sivilotti, 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 is the detection and transmission of nociceptive stimuli.  Antisense and
immunohistochemical evidence also supports a role for NaV1.8 in 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 in sensory neurons” Methods Enzymol 314: 201-13.). NaV1.8
protein is upregulated along uninjured C-fibers adjacent to the nerve injury. Antisense

treatment prevents the redistribution of NaV1.8 along the nerve and reverses neuropathic
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[0006] In general, voltage-gated sodium channels (NaVs) are responsible for
initiating the rapid upstroke of action potentials in excitable tissue in
nervous syetemworstssch transmt the electrical signals Pohatusearposer and
encode nornel and aberrant pain sensations. Antagonists of NaV channels

] th n signals and are useful for treating a variety of

pai - coRts TR OEBRAF e OBRe c'%eet i AnFigese GatcupBor eRPHPENaVAR fartha or y,
d n as TTX, |idocaine See.
K‘/go J?&bg%g@ﬁﬁh&tr%nﬁlsm&?%ﬂ) "Sys g%@gélﬁ%%cal %ﬂe}l for neuropathic pain

relief "081¢ 8-7611)18111‘?5}7&1?110) pdimy ptat@d:hemels a ;drtmﬂ;efmg of g&ecﬁh@ﬁaemfm&u? aﬁ@OOgjr
" h an clinical evidence

3" Pai n WaEoR el nhe et o uA L b SRd Nt Bare preaplygesuped whereas

"Ant i epispestibe oﬂ'thé%‘TX”sehélﬁvé@ﬁlﬁﬂﬁWl 9fis Sl10Slofl u nﬂ@gﬂgtgﬁ?%%og)ﬁ HAL'Y nal

neur al Headache 4118upp| 1: 525-32  and Jense )
"Ant | cg'HvJI EEHE &t pln (KA o Plasticity pﬁsmﬂlumrdmnmiadxpreamdn dh |DRGa:ieuﬂmlsdﬁrtﬁ@ Eur

61-8. b e .See 2002)
:']Uspgl gf&r&?l convu UO 'Y rmPE%aPﬁé}?ﬁmz I n Wt Bain gﬁg}\ Négﬁ)bl 0%96 59(5
Suppl AmecShde BF IhdﬂﬂMﬁa’éB?ﬁrNWP%aieﬂleQQhé'§?ﬂé&¥an@é bf Bty nMinPRiMal Hodisrans

and ani nal nodel s 0007 eral gesi a reme sensitivity to sonething
pai nf u|5)1b%qqa%ntde\;@r‘6:p@mrﬁ t blﬁphwmﬁdé the Na\élsiuehamyehrsydlstunthélmmaitlt on

th cit
i ohe ¢ ARouR opt RSt rebRaBRl bricBbabABEETTR iR 36 4G mofkatad ¢ dniSiaions oy,
Vol t agesustaimad irdtes/ ef hxgﬂlﬁmngcmis ndles seet in\/ﬂtﬁellﬂjﬂlrddsn&{zé (%?buﬁ%gé Zlellgs E

o oui ng- 8865 6 SuPOER: SR RRY Chmels AR sPPUmInE andviow slasedetid 5 an
endogengasiviRGhashiaigiafad e GEHehds ARHENBLGKE 4 Alintdn S8E LA Ly A
spinal sensory neurons” J Neurosci 21(16): 5952-61.). NaV1.3is expressed in the central and
peripheral systems of man. NaV1.9 is similar to NaV1.8 as it is 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) in nociceptive primary afferent neurons.” J Neurosci 22(17): 7425-33.). It
has a slow rate of inactivation and left-shifted voltage dependence for activation (See, Dib-
Hajj, 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 NaV1.2 to play a

role in establishing the resting membrane potential of nociceptive neurons. The resting
membrane potential of NaV1.9 expressing cells is in the —35 to —50mV range compared to —
65mV for most other peripheral and central neurons. This persistent depolarization is in large
part due to the sustained low-level activation of NaV1.9 channels. This depolarization
allows the neurons to more easily reach the threshold for firing action potentials in response
to nociceptive stimuli. Compounds that block the NaV1.9 channel may play an important
role in 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 in painful human neuroma- evidence from immunocytochemistry” Acta Neurochir

(Wien) 144(8): 803-10; discussion 810.). NaV1.6 and NaV1.7 are also expressed in dorsal
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of voltage-gated sodium channels in movement disorders and epilepsy” Novartis Found
Symp 241: 72-81)

[0012] Antagonists for NaV1.5 have been developed and used to treat cardiac

arthythmias. A gene defect in NaV1.5 that produces a larger noninactivating component to
the current has been linked to long QT in 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).

[0013] Several Na channel blockers are currently used or being tested in 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, Wiffen, P., S. Collins, et al. (2000)

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

(See, Wiffen, 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 in 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
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anti sense data support a role
understanding 0 the channel composition that produces these functional responses. There

are three primary subunit types that make up calcium channels - al, 629, and B. The ol is
the subunit containing the channel pore and voltage sensor, 0.2 is primarily extracellular and
is disulfide linked to the transmembrane d subunit, {3 is nonglycosylated subunit found bound
to the cytoplasmic region of the ol subunit of the Ca channel. Currently the various calcium

channel subtypes are believed to made up of the following specific subunits:

e L-type, comprising subunits o,c04nOyF, OF Ois, 020 and B3,
e N-Type, comprising subunits oyg, 028 , By,
P-Type, comprising subunits 0y4, 028 , P4a
e Q-Type, comprising subunits 0,4 (splice variant) 028 , Bsa
¢ R-Type, comprising subunits oy, 020 , B

e T-Type, comprising subunits 04g, Cyr, OF Oy

[0015] Calcium channels play a central role in neurotransmitter release. Ca influx into
the presynaptic terminal of a nerve process binds to and produces a cascade of protein-protein
interactions (syntaxin 1A, SNAP-25 and synaptotagmin) that ultimately ends with the fusion
of a synaptic vesical and release of the neurotransmitter packet. Blockade of the presynaptic
calcium channels reduces the influx of Ca and produces a cubic X° decrease in
neurotransmitter release.

[0016] The N type Ca 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 Ca channels at their
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detection and transm ssion of inflammatory and neuropathic pain. [0010] In
neuropathic pain states there is a renodeling of Na channel distribution
and subtwpeoodarstshe i njured nerve, expression of NaV 1prgtarsdooMant4it 9 are
greatly reduced whereas expression of the TTX sensitive subunit NaVl.3 is
5-10 fold upregulated ($ Dib-Hajj, S. ell, et al. (1999)

" Pl ast i petypaplic owinaln asihemneinapsqonig §¢qmd andmcgjl aestor aerrons Thie padiwayris c
constri deI " Pain 83(3): 591-600.) The
ti necou‘?esfg? Pé’lﬂhy{ny |lﬁl?‘?e\rl§{??sgwpglﬁéa %e] s the appearance of all odynia

i n ani n@b17PdePain &mbl%ﬂjmgﬁly divideerime thiveWiffereiiheypbs: ciobites infBin@hatdfye aV 1. 3
channel is distinctive in that it shows very fast reprimng after
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J
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peri ph%egly n3des ggfelrﬁgyens flort uﬁs%?%nu%néhg@ ! ﬁrﬂaﬁlﬂlalﬂ?rygpaﬁl 88 tﬁet othsr BRI 1%9 ively

| ocal iz ry neurons of the dorsal ot gangli1on and
tri gem last fog amghi longeBqeriedn of tiXe, ard it’sDpteosity is mbreagrad¢d2 00#Jamation pagsence

and rol e of the tetrodotoxin-resistant sodi um channel

noci cep?aVE IBT TRATYY TS4PPNSy gﬁpud% FISSHS. dargagg, AuiIpmuns ﬁ?orgs?ﬂ%‘?:i%w?)'\glz’?t
has a syQuist enPhmniRel ¥ahi @ rhneasdtehew -amhifnfiegmagd agmpd eReN deneses fopr
activation See Dib- Hajj, S., J. A Black, et al. (2002) "NaN Navl.9: a

S(r)]dl um ebaianed Bai lnlhtamnequ@cws dg@mglélyim Prasylinime GORSG | Cyrokings, AER. gng |
T t bi '
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restingthat results in reorganization of neuronal proteins and circuits yielding a pathologic

“sensitized” state that can produce chronic pain lasting for years. This type of pain provides
no adaptive benefit and is particularly difficult to treat with existing therapies.

[0018] Pain, particularly neuropathic and intractable pain is a large unmet medical need.
Millions of individuals suffer from severe pain that is not well controlled by current
therapeutics. The current drugs used to treat pain include NSAIDS, COX2 inhibitors,
opioids, tricyclic antidepressants, and anticonvulsants. = Neuropathic pain has been
particularly difficult to treat as it does not respond well to opiods until high doses are
reached. Gabapentin is currently the favored therapeutic for the treatment of neuropathic
pain although it works in only 60% of patients where it shows modest efficacy. The drug is
however very safe and side effects are generally tolerable although sedation is an issue at
higher doses.

[0019] The N type Ca channel has been validated in man by intrathecal infusion of the
toxin Ziconotide for the treatment of intractable pain, cancer pain, opioid resistant pain, and
neuropathic and severe pain. The toxin has an 85% success rate for the treatment of pain in
humans with a greater potency than morphine. An orally available N type Ca channel
antagonist would garner a much larger share of the pain market. Ziconotide causes mast cell
degranulation 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. The primary risk for this target involves the CNS side effects seen with

Ziconotide at high dosing. These include dizziness, nystagmus, agitation, and dysmetria.
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menbrane potential of NaV1l.9 expressing cells is in the -55 to -501V range
conpared to - 65nV for nost other peripheral and central neurons. This
persi st erwodepal7srBzation is in large part due to the ®astakovaadoddon-| evel
activation of NaVl.9 channels. This depolarization allows the neurons to
more easily reach the threshold for firing action potentials in response
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mld or_even no stinulation. These pathologic nerve swellings are terned

neur omkEealependeat mmﬂ@wls Nbatchiaskh @Ieieféktp%lb’sgleﬂle| I ghhes s enc \zange o> 194k
NaV1. 7 . ¢
(ﬁhéﬁg%go fp%lsl%crf.@ﬁpﬂe ng tlh%Se p%citenr{%r Qlﬁg effEbt @Jues (240 %1)r1n 'Afgt%qﬂ}‘fﬁaq{ 6N ©

PNI =um unman neur ona- ence 1rom

i mmnocchﬁ oahwaheicrofferddtd B ihlabée OBNHE ra{gdél eONS ldd{od} Caﬁ@lae &Ohlgﬁlf uSIEdiEs
810.). NaVl.6 and NaVl.7 are al so expressed in dorsal -5 WD) 2004/078733
PCTI UsPub geuaslhs only é@twglanw%hunﬁ@u%ﬁ%tloalnaotela}mls{ i BB Wish (the selseftvityrTX

sensit %ﬁg {H;F;Q & Hep%ﬁ&éhcb I}Illl.rl'llﬁ gﬁeleﬁﬁ{llk}f agzjl}i?intheZ L tgpep h1kiust CRdnnlY ist igf ef or e

be a po pal n targ neur oendocri ne
exci t almetdskary 3eé 1$<inygbfad|m carfiac ahd visacianameaothetusale.coftt®h. " St ruct ure and
functi | _expy.ession f a_ new ft etetrodot XII’I nsitive

vol t agd0G v ALREnSai et GRERRET A (g HRGH OO PSRBT HaArae | -
EMbo J i @tBs: an%loé%fcu%ﬁ)chalﬂ&@ bidckda\ér ghesﬁ?eagél%i/@rcﬁscn-ﬁed anvéVﬁZsaBéeh'\{bYaazak'
et al. (2001) mutations cause febrile seizures associated with

af ebri Ilagp@xtennaﬂms@diayr @authbpieaf sido gffestd( 4Fhesy GRlesffectsnigiclude various CNS

disturbances such as blurred vision, dizziness, nausea, and sedation as well more potentially
~ life threatening cardiac arrhythmias and cardiac failure. Accordingly, there remains a need to
develop additional Na channel and Ca channel antagonists, preferably those with higher

potency and fewer side effects.

SUMMARY OF THE INVENTION

[0021] It has now been found that compounds of this invention, and pharmaceutically

acceptable compositions thereof, are useful as inhibitors of voltage-gated sodium channels

and calcium channels. These compounds have the general formula 1z

RLX

~N
80
I
or a pharmaceutically acceptable derivative thereof, wherein Rl, X, R3, X, and ring A
are as defined below.
[0022] 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, migrane,

cluster headaches, trigeminal neuralgia, herpetic neuralgia, general neuralgias, epilepsy or



NaVl.2 See Sugawara, T., Y. Tsurubuchi, et al. (2001) "A m ssense nutation
of the Na+ channel alpha Il subunit gene Na(v)1l.2 in a patient with
febrile awm02a64b8i3Be sei zures causes channel dysfuncti eo't/uRe@a/oMasi Acad
Sci US A 98(11): 6384-9) have been linked to epil epsy condi ti ons
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associ ZPBEPSYi ©R I@B?I neyrdegFraiye shisorflgrs spsyft Sorders sECh Re pKiEly 2

(2002) dephébabn, Ongotomla, ValyiRasm; %%&P%M&E‘aﬁaﬁb&dﬁnﬁ@‘éﬁ%ﬁdﬁs détﬁﬁﬁder 5
and epi I epsy” Novartis Found " SYrilp 241: 72-8 1) [0012] Ant agoni sts for
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def ect NaV d t t ; t t th
cur r enPOREDRS Aetrafbia BEAREUF By Senfy anigH AR RO, s Gin PR AR AR PE PRl
anest hefalis sevBRX Idrllhuwamagm%eaaam@etmﬁ rpadkifBhsh paind pbétgﬁgls,@lepmngr D.

W, K ‘Yazav a, et al "Phar macol ogi cal targeting of g QT nutant
sodlunﬂ@W%ﬁ@@MS "J din Invest 99(7): 1714- 20). [0013] Several Na channe
bl ockers are currently used or being tested in the clinic to treat

epi | epsy See hdoulard, B. and D. Bertrand (2002) "Epilepsy and sodi um

channel bI ockers" EDETAISY DESCREPTIONOFTHEIRGVENTI®N 91.); acute See
Wffen, P., S. Collins, et al. (2000) "Anticonvulsant drugs for acute and

chronic 6)a| n" Cochrane Database Syst Rev 3), chronic See Wffen, P., S
Col | i nd002} al L GemaéDemwpmmﬁ@mmnnddvﬁ@g Inentigrsut e and chronic pain"”

the " maRiment e posnp e st Mbmeshndl of (Hblct SUTG isiadost = 17

i nfl aW%It@gatgaﬁe@sdamhrd,chaﬁﬂelssmd(cmﬁﬁﬁ chak@klsodot oxi n- reSI st ant Na+ currents
and inflamatory hyperal gesia." Proc I\Iatl

X

NN
x<“3>—CQ&°

I
or a pharmaceutically acceptable salt thereof, wherein:
X is O or NR%;

wherein R! and R? are each independently an optionally substituted group selected
from hydrogen, C;_galiphatic, or Cy', wherein Cy' is a 5-7-membered monocyclic aryl ring or
an 3-10-membered bicyclic aryl ring having 0-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, or is a 3-12-membered saturated, or partially unsaturated
monocyclic or bicyclic ring having 0-3 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, wherein Cy’ is bonded directly to the nitrogen atom or is bonded through
an optionally substituted C;_4aliphatic group, wherein one or more methylene units in the Ci.
saliphatic group are optionally replaced with -NR-, -O-, -COO, -OCO-, -NRCO-, -CONR-, -
SO,NR-, or -NRSO;-; or R! and Rz, taken together with the nitrogen atom to which they are
bound, form an optionally substituted 3-12-membered monocyclic or bicyclic saturated,
partially unsaturated, or fully unsaturated ring having 0-3 additional heteroatoms
independently selected from nitrogen, sulfur, or oxygen; wherein R! and R?, or the ring
formed by R' and R? taken together, are each optionally and independently substituted at one
or more substitutable carbon, nitrogen, or sulfur atoms with z independent occurrences of —

R4, wherein z is 0-5;
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Acad Sci U S A 96(14): 7645-9), and neuropathic pain See Strichartz, G R
Z. Zhou, et al. (2002) "Therapeutic concentrations of |ocal anaesthetics
unvei | thwopotsargizal rol e of sodium channels in neuropaChius2@aioncssNovarti s
Found Synmp 241: 189-201, and Sandner-Kiesling, A, G Runpold Seitlinger,
et al. (Zoogﬁl"LanDtrlglne nDnotheraEy for control of neuralgia after
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See An, . alo t ' e bl ock

ot ant T el 3o SRRERue i BepfleRly et IR e R ER S es
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targeting of |long QI nutant sodium channels" J din Invest

1714- 20havingr3 @sﬁema&m indepsadentipsplested from pitrogen, Qxyzen, omswliu wgawn( en7)
" Sodi um, g i‘@gl{b%h@y %t&ulfkgf‘g@?{ g?ﬂid pgxgtieﬁa%c LY —Ry%r?e%ﬂ'yé?@;eﬁn%ﬁdv Zhou

Phar macol nes I'CS ee r| chartz

et al. 4ddaoplly Hiptmrauguﬁbmmedlwahmaﬂemndembcdmbesaﬁaéé,t\mirmq isoeei |t he
potential role f sodi um channel s i n neuropathic pain."” Novartis Found
Synp 241: 18’91%% [ 0014] Cal ci um channel s are nenbrane- spanni ng,

mul ti - subuni &cRGEGRIASe bRE, fRa’[Ahe r?[mc%ﬂ&{ fiy OIRY r\@h&éﬁfg?@d qdﬂacﬁ r§4la and

concurrent depolarization o rane pot ent i ti onal |y
cal ci unﬁicﬁaalkell@nh&hanty«mmm bps$sivo roh-bdjseit owethylmicunits nf Qi abmaptionally

ki net: cidinaspeRaffetiorndy s 15 S acer 886 a0 sear e o hanne:
subuni t }WR@S- Lmd:dzo -SO,NRCRRSES-, -c0AGUSR ADNRODNAE -, LOEONTBNDGRNROMPOSI ti on

t hat produces these functional reésponses. There are three primary )§ubun|t

types tNBSOmMRe -80-.c80ci i ¢ HEAnmet@QPO)EIR)- a8 PORdarid eath ecaiirrenee of R™ is

independently selected from -R’, =0, =NR’, halogen, -NO,, -CN, -OR’, -SR’, -N(R),, -
NR’COR’, -NR’CON(R’),, -NR’CO2R’, -COR’, -CO,R’, -OCOR’, -CON(R’),, -
OCON(R’)2, -SOR’, -SO;R’, -SO;N(R”)2, -NR’SO,R’, -NR’SO,;N(R’),, -COCOR’, -
COCH;COR’, -OP(O)(OR’),, -P(O)(OR), -OP(0),0R’, -P(0),0R’, -PO(R),, or -
OPOR’)2;

each occurrence of R* is independently an optionally substituted C;-Cgaliphatic
group, halogen, -OR’, -SR’, -N(R’),, -NR’COR’, -NR’CON(R’),, -NR’CO,R’, -COR’, -
COzR’, -OCOR’, -CON(R)2, -OCON(R’),, -SOR’, -SO2R’, -SO;N(R’),, -NR’SO,R’, -
NR’SO;N(R™),, -COCOR’, -COCH,COR’, -OP(O)(OR"),, -P(O)(OR’),, -OP(0),0R’, -
P(O);0OR’, -PO(R"),, or -OPO(R"),; and

each occurrence of R is independently hydrogen or an optionally substituted Cj.¢
aliphatic group; and each occurrence of R’ is independently hydrogen or an optionally
substituted C,_¢ aliphatic group, a 3-8-membered saturated, partially unsaturated, or fully
unsaturated monocyclic ring having 0-3 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; or R and R’, two occurrences of R, or two occurrences of R, are taken together with
the atom(s) to which they are bound to form an optionally substituted 3-12 membered
saturated, partially unsaturated, or fully unsaturated monocyclic or bicyclic ring having 0-4
heteroatoms independently selected from nitrogen, oxygen, or sulfur.

[0025] In certain embodiments for compounds described directly above:
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the subunit containing the channel pore and voltage sensor, a2 is primarily
extracellular and is disulfide linked to the transnmenbrane 8 subunit, f is
nongl ycoswbaveidh7sbuni t found bound to the cytopl asm cPcegisemw4obesshe al
subunit of the Ca channel. Currently the various cal cium channel subtypes
are believed to made up of, the follow ng specific subunits: L-type,

conpri si ng sUBthePEsis 4 and Ridgoptionally §l}bS§QE€<£6r§h@f3{é0r 6-RyigyeandRiisr i si ng
subuni t , v - Type, conprising subunits a,,,, a26 , P4a
QType,l%{:(%0 %%@ﬁ?éﬁ%ﬁ sangA (splice variant) a28, (34a R-Type,

conpri si ng siipPipetazinatled-mafo-6(RBdimethokyPB quieralinyhi4g-ferahyloabsén@) 0, a, , or

a,, [0015 | ci um channel s play a central role In neurotransmtter

rel eas er.n(’%%h%i%ﬁ‘?qhhjﬂpqerﬂng PIR‘WEZ“}?Péﬁ‘&fﬁ@ﬁi%@7t%¥1ﬁ’ihﬁé%2cﬂm%zﬁ]émdb4K?écess bi nds
to and CES-bRnFRSEAES. ) N | i nteractions (syntaxin |A,
SNAP- ZS&Qg%HsI;ﬁggItlot agm 2)&%‘2@%&#%5%@ (;édgnds with the fusion of a
synapti c vesical and rel ease of the neurotransmtter packet. Bl ockade of

cubi ¢ SOBRE: e LMoL PAURPR er rol ease. [0016] The N type Ca -
Chan e SO, Dl e ROl Db RIBERLECA, el 0 00
i n | anfurther illasidated b thesdassasusubakasses, andrspetiavdistlasegdernimbAs ssaf hekeihythe Ca
channel ﬁ)ll%%ﬁiﬁghgéf{nitiéné shall apply unless otherwise indicated. For purposes of this invention,
the chemical elements are identified in 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”, 5t Ed., Ed.:
Smith, M.B. and March, J., John Wiley & Sons, New York: 2001, the entire contents of
which are hereby incorporated by reference.
[0028] 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” is 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 in 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, and when more than one position in
any given structure may be substituted with more than one substituent selected from a
specified group, the substituent may be either the same or different at every position.
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 is one that is not substantially altered when kept at a
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WD 2004/ 078733 PCTI US2004/ 006451 presynaptic termnals as they synapse
onto second and third order neurons. This pathway is very inportant in

rel ayi ng weiznod/q1gmssmati on to the brain. [0017] Pain canpog/useeghbessdi vi ded
into three different types: acute, inflammtory, and neuropathic. Acute
pain serves an inportant protective function in keeping the organi smsafe
from stierpeiatre A A ©r olgsse dnt the sahsertenafanoisuve o ather olmicatbe heactival , or

chenm c ' the potential to cause severe danage to the organi sm
i f unh?@g&%ﬂﬂ%ﬁ{%ﬁ%@}%weg ‘rves to quickly renove the individual fromthe

danagi nig029ivi r Chewstin “APhbecPe Thliatict Srouperay vdéd HERIn) ARahah siaizhit-SHRH t
lasting and intense. Inflammatory pain on the other had may |ast for nuch
| onger (&s i BWEanshed); ap baprehed, subistitutess ior yunsgbstisnted ghyddeatrbdm chainmthet o ngy
occur f S, | ' , Aut ol ni.yune_response, an
pat hogeﬁhﬁg S{a@%ﬁt‘é? nt| tgf%rg 6"938 tﬁg‘? ﬁoyﬁg&rgrer@?tgtcggu%?uéﬁmn? R Iaalﬂ'ﬁ%?‘:g?@c soup”

t hat cdngliatasbonfor biuybke Apdrecdtborhitat BTbMGRtelAsitdratdd @haToaRdisdne BF ARy ni n,
CGRP, cyt oki and neurotransmtter release. The third class of

., ATP, . . , C ¢
pai n i SHERL ORIl 4o} ARPahy s nofetrpmnatiarfalge Tefemeel tockipinsasi f"aﬂ"’l"y‘ﬂ?
. . § bote it o . . A c
cena t (FouEhall BFVERIGILATE iy e ingle Folht SOUEIAAS o VIR RS,
t ype ofmelatule.plmdsd etherwise apegpfiéd; eliplestief groumnabntsin Pt dliphbad tarbet hfohsul t to

1t act o1 SO SR, Rl AU GHPESS TnBDhAG CFBMS s i PUIGR S
Cher apott e s ey T AFANC Larksh Mol NEATED, oBSic
i nhi bi tesabpdimeyys,oplihaticr gwoyps i contain | b6 palggetint sarbemditems,i emhvinl getnother
Neur Opaetrﬁuo%irﬁaitp aﬁﬁl%ati%egergups contain 1-4 aliphatic carbon atoms. In some embodiments,
“cycloaliphatic” (or “carbocycle” or “cycloalkyl”) refers to a monocyclic C3-Cg hydrocarbon
or bicyclic Cg-C;2 hydrocarbon that is completely saturated or that contains one or more units
of unsaturation, but which is not aromatic, that has a single point of attachment to the rest of
the molecule wherein any individual ring in said bicyclic ring system has 3-7 members.
Suitable aliphatic groups include, but are not limited to, linear or branched, substituted or
unsubstituted alkyl, alkenyl, alkynyl groups and hybrids thereof such as (cycloalkyl)alkyl,
(cycloalkenyl)alkyl or (cycloalkyl)alkenyl.
[0030]1  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.
[0031]  The term “heterocycle”, “heterocyclyl”, “heterocycloaliphatic”, or “heterocyclic”
as used herein means non-aromatic, monocyclic, bicyclic, or tricyclic ring systems in which
one or more ring members are an independently selected heteroatom. In some embodiments,
the “heterocycle”, “heterocyclyl”, “heterocycloaliphatic”, or “heterocyclic” group has three to
fourteen ring members in which one or more ring members is a heteroatom independently

selected from oxygen, sulfur, nitrogen, or phosphorus, and each ring in the system contains 3

to 7 ring members.
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particularly difficult to treat as it does not respond well to opiods until
hi gh doses are reached. Gabapentin is currently the favored therapeutic
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t hat t hPrevionsly deéingdcattaehed te she priseipalneiuandchains threwgh andegygenu(‘akoxy?’) and/ or

its eff Q: » athetic ganglion that |ike the dorsal root ganglion
al so ex%ﬁé%ggglo%% ! ?\Iﬁt}égge Ca channel. Use-dependent conpounds that bl ock

pr ef er ef@0B3] | y The teines Hafpaticylt,regloaielylr ange “kaléitkoxyshaednd dne) hakedywlori n
m ni m Zziﬂ{ggx;, gg ﬁ'l% c%(s)é 1%25 ibf?,l su ét%jtgt_egf“];i?hcénei OSI'SnElJOerg 'hal-gggn atio;nlsr] hree%ér?n ‘I‘hnalc?g%?l” of
means F, Cl, Br, or 1.

[0036] . The term “aryl” used alone or as part of a larger moiety as in “aralkyl”,
“aralkoxy”, or “aryloxyalkyl”, refers to monocyclic, bicyclic, and tricyclic ring systems
having a total of five to fourteen ring members, wherein at least one ring in the system is
aromatic and wherein each ring in the system contains 3 to 7 ring members. The term “aryl”
may be used interchangeably with the term “aryl ring”. The term "aryl" also refers to
heteroaryl ring systems as defined hereinbelow.

[0037] The term “heteroaryl”, used alone or as part of a larger moiety as in
“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 in the
system is aromatic, at least one ring in the system contains one or more heteroatoms, and
wherein each ring in the system contains 3 to 7 ring members. The term “heteroaryl” may be
used interchangeably with the term “heteroaryl ring” or the term “heteroaromatic”.

[0038] 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 and thus may be “optionally substituted”. Unless otherwise defined above and
herein, suitable substituents on the unsaturated carbon atom of an aryl or heteroaryl group are
generally selected from halogen; -R°; -OR®; -SR°; phenyl (Ph) optionally substituted with R®;
-O(Ph) optionally substituted with R% -(CHy)12(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®),;; -NR°CO,R°; -NR°NR°C(O)R®;
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the synpathetic efferents is in the 0.3 Hz range. CNS neurons can fire at
hi gh frequencies but generally only do so in short bursts of action

pot enti alwo 2wt h t he selectivity inparted by use- #eparsd@ameasssnt ri nsic
selectivity against the L type cal ciumchannel is still necessary as it is
i nvol ved in cardiac and vascul ar snooth nuscle contraction. [0020]

Unf or t uNRfERﬁC(@ﬁ‘T(Réhcr HIRINRHSVR; t H(@EXOWRTG y -CIOTHAEOMRS wE€OIRS0H um

dosor s BERECH TR G oy R roR O N et saCPRC: HERDBIOHD B
ol urr odCPNORoR Xy SRR 0 SOHRE, SSONRRRR o T NP R RS 1,

life t hN@@Remong:@M@)LNgch; rPEOHR?;2POIRE),, C-emd)(ae)zf E(UH»o%NH@(O‘?R"—“ lﬂﬁh?'l

there remains a need devel op addi ti onal channel and hanne

ant agorfPlsx sptignally eﬂumtitytedhmle Ry @) gmuonalhosebfs@wtem dVlﬁleResr (SH:I)a 2@Mect s.

R T e N T L

usef ul j@fpbidtnPbéReneS oM ATREA R BRELEA, Gﬁ@&ﬁﬁ&%ubs%'ﬂﬁe&@ll ga atic,

channel s. These conpounds have the general formula is ~ X(R3) I i or
a phar naasstlistinitéd/S-@onepbatd heteroaiy at heterochidicawig, phmdaQ(le or XCH2@h)x, and

;Icggpﬁ%alré&ggtﬁg (Lpg gtt]f‘sg%tlpgn%% % 262}.\6(; qgée%eﬁc‘l)erﬁ?%gcnuqrsenggsdo ﬂé‘r eeuéalrr? ally
substituent or different substituents, taken together with the atom(s) to which each R° group
is bound, to form an optionally substituted 3-12 membered saturated, partially unsaturated, or
fully unsaturated monocyclic or bicyclic ring having 0-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur.

[0039] . Optional substituents on the aliphatic group of R° are selected from NHa,
NH(C.4aliphatic), N(Cj.4aliphatic),, halogen, Cj4aliphatic, OH, O(Cj4aliphatic), NO,, CN,
CO,H, CO3(C;.4aliphatic), O(haloC;.4 aliphatic), or haloC;aliphatic, wherein each of the
foregoing C;_saliphatic groups of R° is unsubstituted.

[0040] An aliphatic or heteroaliphatic group, or a non-aromatic heterocyclic ring may
contain one or more substituents and thus may be “optionally substituted”. Unless otherwise
defined above and herein, 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’, =NNR"), =NNHC(O)R", =NNHCO,(alkyl),
=NNHSO,(alkyl), or =NR’, where each R is independently selected from hydrogen or an
optionally substituted C;.¢ aliphatic group.

[0041] Unless otherwise defined above and herein, optional substituents on the nitrogen
of a non-aromatic heterocyclic ring are generally selected from -R*, -N(R"),, -C(O)R",
-CO.R*, -C(O)C(O)R*, -C(O)CH,C(O)R*, -SO.R™, -SO.N(RY),, -C(=S)N(R™),, -C(=NH)-
NR™),, or -NR*SO,R*; wherein R* is hydrogen, an optionally substituted Cy.¢ aliphatic,
optionally substituted phenyl, optionally substituted -O(Ph), optionally substituted -CHz(Ph),
optionally substituted -(CHy),.2(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, notwithstanding the definition above, two
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treating or lessening the severity of a variety of diseases, disorders,
conditions, including, but not limted to, acute, chronic, neuropathic,

i nf | ammatwoyopi7s73zarthritis, mgrane, cluster headachesT/useoogondssnl
neural gi a, herpetic neural gia, general neuralgias, epilepsy or -9 WO

2004/ 078733 PCT/US211114/ 006451 epil epsy conditions, neurodegenerative
di sor delﬂ@epepé% mcsturrwe@n@ oRUepr the chme substitpentyora different prubstitiens,

or
or

i#fzen oni a,

arrythrg,g, g S %@%qd%hisch gﬁjk@%p&% ik bBEn SN Ql?r @tm&}ll%h@stﬂut@&’%t iple

scl er osi

syn nt'irnence,

ost eoarth meinb&rddasaurateaopﬁrtiemaahmurmur al Guldy uﬁkaﬁhﬁﬁed&nmyé)lﬁlﬁbh}bwychc
radi cul ar pai n, SC|at|ca back pain, head or neck pain, severe or

i nt ract%ﬂﬂ @VHEHQT hetseqasaps U\?’épfﬁléiFle selectnd feote BYFPES A ‘i’?‘ygﬁ’é)sqr%]lf'éf cal pain,

or
Descr i

r el at esfrém Mm;)eumel_pfahf)hmmml d\I(Clusaéifphhticazs habhdgehj Uy saliphatioy 60FBgE(Gal ed

CRBP O AL UL b MNP kR B sl o

sodi um chann nd cal ci N [
phar macdiphai } I' _C%lﬁt a‘ﬁag?{sa 92 éraé’@%‘au%éééﬂlgﬁ% dl-_)(l ‘?lg’rhéf?@r oRPBlo((iher ei n
R and ff2na6i8, #AGEin LR BEREEhtLYind T, QRipHaRe kiotps UPRY i uistskianeap sel ected

[0043]  The term “alkylidene chain” refers to a straight or branched carbon chain that may
be fully saturated or have one or more units of unsaturation and has two points of attachment
to the rest of the molecule.

[0044] As detailed above, in some embodiments, two independent occurrences of R° (or
R*, R, R’ or any other variable similarly defined herein), are taken together with the atom(s)
to which they are bound to form an optionally substituted 3-12 membered saturated, partially
unsaturated, or fully unsaturated monocyclic or bicyclic ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur.

[0045]  Exemplary rings that are formed when two independent occurrences of R® (or RY,
R, R’ or any other variable similarly defined herein), are taken together with the atom(s) to
which each variable is bound include, but are not limited to the following: a) two
independent occurrences of R° (or R*, R, 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*, R, 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

OR°

E/@ORO

occurrences of R® are taken together with the oxygen atoms to which they are bound to form
O

where a phenyl group is substituted with two occurrences of OR® , these two

a fused 6-membered oxygen containing ring: % O” . It will be appreciated that a
variety of other rings can be formed when two independent occurrences of R° (orR*,R,R’ or
any other variable similarly defined herein) are taken together with the atom(s) to which each

variable is bound and that the examples detailed above are not intended to be limiting.
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from hydrogen, Cl_5allphatic, or Cyl, wherein Cyl is a 5-7-nmenbered
nmonocyclic aryl ring or an 8-10-nenbered bicyclic aryl ring having 0-3

het er oat owe 20;udepBadent | y sel ected from nitrogen, oxygear/useomobdsar, or is
a 3-12-menbered saturated, or partially unsaturated nonocyclic or bicyclic
ring having 0-3 heteroatons independently selected fromnitrogen, oxygen,
or sul fUnlessvithersiise Qptedi srusbneedepicteddiergin tage else meant ¢gdpclade pll dsomeridhonded

t hr oug an_opt.ional | y,. substituted .Cl4al i phatic gr . ' n r. nore
ot byl 8- UPRGO MR, iRt S “BEncBrotar” g M) Solnf I e, T
-NR-,  sBucturéP®6 xR, the RREG S cofdibifations fOFRMR- asy@imetfiRSeRes, (B) altl (BNd R2,
taken together with the nitrogen atomto which they are bound, form an

opt i onalohhles bprd i isemer, Fnd2 (Fervdr 60 monbupatioral ofsoprry c| Therstarer single

parti alsk&eo%ﬂ&%}cgf axtsg ersOas f \wf&%ya ”%%PH&%&? Eﬂa@l%re%ﬁié idd an(13 ér@gﬁéﬁfco E&I

het eroat ons | ndepéndent 'y selecte rom ni’trogen, sulfur, oxygen;

wher ei Rofformatonna?), mixtuieh f rthe) gresémrovathobydRireamithiRahe akepe dfogetihesntioar e
each optionally and i ndependently substjtuted at one . hore substitutable

or
car bon, Uessrasprtyiseoitatedy) alh fauiemssig farmahok thergamonadnel bednysndine ése within pg,
wher ei L =91 - . 3 4 4 | i .

5 7 meriig e the tenl e o e s it bffein
havi ng e 3ldoetmeamtatoo irelidedepepubadst Ithat sdiffec toaty in ahe présengent oox ygremoreor

sul fur, or is a 3-12-nmenbered nonocyclic or bicyclic saturated or

par t i aliPJORIFAL PP 2o il PRATIRI SOmRAYRGS SRS e (REFEIL SRR EEERbent | y

sel ect g {hkQBMA AT B hy RIYIBY dferiith biritiuth) F BldreplaBémerf of 3 caion®yad | Y
substi tuted th y i ndependent” occurrences of -R5, whereiny is 0-5  and is
BC- or "“C-enriched carbon are within the scope of this invention. Such compounds are

useful, for example, as analytical tools or probes in biological assays.

[0046] 3. Description of Exemplary Compounds:
[0047] As described generally above, for compounds of the invention, X is O or NR?.
Accordingly, in certain embodiments, X is NR?, and compounds have the structure of

formula I-A:

I-A

[0048] In other embodiments, X is O, and compounds have the structure of formula I-B:

[0049] In certain embodiments for compounds of general formula I-A, one of R! or R%is

hydrogen, and the other of R! and R? is selected from an optionally substituted C;.4aliphatic
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additionally optionally substituted with q i ndependent occurrences of Rya,
wherein g is 0-2; xis 0-4; each occurrence of R3, R4, and R5 is

i ndependew0l2904@78383 wherein Qis a bond or is a O -C6 achyiseaanasishai n
wherein up to two non-adjacent nethylene units of Q are optionally and

i ndependently replaced by -NR-, -5-, -0-, -CS-, -C02-, -OCO-, -CO, -COCO,
- CONR- , SroupjRy®Iein DNR@omore methyigRe Unit\RSHR C;.4alipBRRNBEOUD aNR)I@NRaIIy re@@@mﬁe

- NRNR- 2 NR- P 0 oP nd
each ocvé’%} rl\igﬁc’eHo’f 9 cQ n%gﬁ’de%(?%’#s egg%N%d i OM orley efel
hal ogenCy* N@25- 71ﬁéﬁhber€Fmono%hc arﬂ(rgig\l& , arr 8- réehbered BB @Q\Krg:?l@g havm%?

“NR QO2R ., - COR (R)2, - OCO\I(R‘)
- SO2N( F-p2heterqptomys oivdependently selppie® fyam nittogeoR oxygerpoaHadin or ioR( 8)I26R ) 2,

bgf:uoaﬁgri%‘)é‘%%faa%@%@r%eﬁ @é?ﬁsat%a?%tm%ﬁ)g (quc s?ﬁbs%cﬁut éaggl?ash&gal |’phat I C

group, hatogems 1nd3§endenﬁl§? sclecﬂ&(l E’i’rc)nZ nitroNEh, C&ﬂ?gen -didB'uEﬁI\l(\xﬁﬁe)éin CyNR 6B ,
-COR, -. CO2R, -OCOR , - OCON( R SO02R ., -SQ2N(R) 2,
-1" TR Sdisgetly to t&w@m@m b @oh@ﬂed thl@@mm@vtlonaﬂp cepttityted £ saliphatic

B LS CARRE ST LR
al i phat withgNBypO- ,aﬁ?d)(é,aﬂ@(bcelﬁRCéhp@QNRR $@2N]hdepeNMQZLy hydr ogen or an
opt L om kg U s A, 940 e e o b uc sk o,
het er oaf;AdRin OHEREBIRMmbER] B6A&Ichié A1 Ahf bPEEB-10-membered bicyclic aryl ring
having 0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or is a 3-12-
membered saturated, or partially unsaturated monocyclic or bicyclic ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein Cy1 is bonded
directly to the nitrogen atom or is bonded through an optionally substituted Cj.4aliphatic
group, wherein one or more methylene units in the C;_4aliphatic group are optionally replaced
with -NR-, -O-, -COO, -OCO-, -NRCO-, -CONR-, -SO;NR-, or -NRSO,-; or from an
optionally substituted Ci.4aliphatic group, wherein one or more methylene units in the Cj.
saliphatic group are optionally replaced with —-NR-, -O-, -COO-, -OCO-, -NRCO-, -CONR-, -
SO;NR-, or -NRSO;-.
[0051] In other embodiments, for compounds of formula I-A, one of R! or R? is
hydrogen, and the other of R' or R? is an optionally substituted Ci.4aliphatic group, wherein
one or more methylene units in the Cj4aliphatic group are optionally replaced with -NR-, -O-
, -COO-, -OCO-, -NRCO-, -CONR-, -SO;NR-~, or -NRSO;-. In still other embodiments, the
optionally substituted C;.saliphatic group is substituted with Cyl, wherein Cy' is 5-7-
membered monocyclic aryl ring or an 8-10-membered bicyclic aryl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, or is a 3-12 membered
saturated or partially unsaturated monocyclic ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein Cy1 is optionally substituted with 0-5
independent occurrences of —R’. In yet other embodiments, one of R! or R? is hydrogen or
C;-Cyalkyl, and the other of R' or R? is ~CH,-Cy.
[0052] In yet other embodiments, for compounds of formula I-B, R' is an optionally

substituted Cj.saliphatic group, wherein one or more methylene units in the Cj4aliphatic
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oxygen, or sulfur, or an 8-12 nenbered saturated, partially unsaturated, or
fully unsaturated bicyclic ring system having 0-5 heteroatons
i ndependewol2zgoseb®Bat ed from nitrogen, oxygen, or sulfuPCTars2R4ancdsR , two
occurrences of R or two occurrences of R, are taken together with the
aton(s) to which they are bound to forman optionally substituted 3-12
menber egoupsaewptiveally walcedith - MR -atQr,aCE0)-, 6PCOUFNRCihs LQNBe$OdiRecycl i ¢
or bicycli ing having 0-4 heteroatons i ndependently selected from
nitrogé’r‘i,"%%ﬂ, or sulfur. [0025] In certain enbodi ments for conpounds
descri ljges3]i r ent kivl] 8lRY emboditien¥DfE0MPHIRIS 3f REFHIUSEA) 4eRB64R nod R? When X
is 1 and is optjonal Ly substituted 6-phenyl or 6-pyridyl, and R _is
hydr ogéw,drngenawém endh B agy eachniadependently selected from Cy’, wherein Cy" is a 5-7-
E{DﬁgLs é‘i}%ﬁ%ﬁlr%cg I“'régr%é:& _icG’azy'/ld 'rﬂgt BO%Y%- 8184hAasakd nﬁﬂ:}c'h%( ar'yfl uﬁﬂ]magﬁlfgb gw!)-
Pi per aziehgodtohé iikpetatefitly seledted Boxynidogei, da7gdn, oy bylfud] ¢12is3r 3-12-membered
di hydr o- 1, 4- benzodi oxi n- 2-yl ) carbonyl ] - are excluded. [0026] 2. Conpounds
and Defseiiratpdnet Ppiply| ursatwsieth daonseyelis or i GxeHE | BRe iha¥ingd8-3 helseodatr i bed
gener al. r fu Il S | : es,
and spdiesBndiiy, g fom ikl olipdiiLY BHER, PRebiPc) BoRGReqHRIRSES
shal | ahphitrogah e of isdondaikthrough aatopdondyr supstitpied €% 4alipHatic Fraupy ehetetm,
the chem cal elenents are identjfied in accordance with the Periaodic Table
of t he CEE GG MeTO)ETeHBHS FORE Qbbb R PG APy SRSy TSR 70n B
Addi ti onglday - 0geieIaRCor, .@@r@k-%s.sogﬁng rogalaksogb%m,mh ptforfiAy GtibsBaded N
"Organic Chem stry", Thomas Sorrell, University

Cy.4aliphatic group, wherein one or more methylene units in the Cysaliphatic group are

optionally replaced with -NR-, -O-, -COO-, -OCO-, -NRCO-, -CONR-, SO;NR-, or -NRSO;..
In other embodiments, both R' and R are an optionally substituted Cj4aliphatic group,
wherein one or more methylene units in the Cy4aliphatic group are optionally replaced with —
NR-, -O-, -COO-, -OCO-, -NRCO-, -CONR-, -SO;NR-, or -NRSQO;..

[0054] In some embodiments, for compounds of formula I, I-A or I-B, Cy1 is selected

from:

N vy s S
G Y. T i Gy)
P e 7 P
a b c d

R4 RY), 4 4
N4\/( )z /\(\ ) N _;X(R ) N4\/(R )z
=0 28 b oNH N/
N/ '\N’/N ""b,’ ,_LL{L
e f g h
N’H\N N/‘\ﬁ\l(R‘t)z r’; ; N /(R4)
| i) \/,-\\/(Rﬁf)z .\""(\ z
AN ~ oA )
w R N & T
i j Kk ]
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Sci ence Books, Sausalito: 1999, and "March's Advanced Organic Chem stry",
5h Ed., Ed.: Smth, MB. and March, J., John Wley & Sons, New York: 2001,
t he entirwocontestss of which are hereby incorporated bycrafsesgneasi [ 0028]
As descri bed herein, conpounds of the invention may optionally be

substituted wth one or nmore subspituents, such as are illustrated
general |y above, xerrpl ifieg by parti cUfar cl asses,R'subcl asses, and
speC| es of thei It WiNT\be appr eci d that th@/k hr ase
"optionally subst% ﬁted" is us terchang pr W th th2=gﬁrase
bstituted",

"substituted or unsubstltute n generazlkb ©he tern
whet her preceded by the term™ ptlonally r not, refers~to the

repl acenent oflnydrogen radicgls in a given q;ructure with the radical of a
specified substituent. Unless otherw se indicated, an optionally
substituted group may have a substituent at each substitutable position of
t he group, and mh n nmore than gne position |n any given structure may be
substituted with nDre t han on substltuent &l ected from speci fied
group, the subsrA%Nent may it her the or diff qﬁ?tft every

posi tion. gtions of %ygﬁ ituents en sﬁoned by qventlon are
preferably th that resu i t he fOI’ﬂEETBIH of st abl e or(RPhenical |y
feasi bl e conpounds. The term™stable", as ed herein, refers to conmpounds
that are not sufpstantially altered when subjested to conditibns to all ow
for their production, detection, and preferably their recovery,
purification, and use for one or nore of the purposes disclosed herein. In
sonme enbodi nents, a stable co ound or cheqécally f easi bl e compound i s one

that is not s ially ep mhen k -12 gmkébeﬂlo78733
PCTI US2004/ 005451, ) R%), § I N
X o4 X4
(R%): (R,
H H
u v w X

‘ﬂ b
g‘/(\\ y SN o . _ARY,

(RY). \__/\([:(*)2
y / aa bb
wherein R is previously defined and z is 0-4. Other exemplary rings include those

shown below in Table 2.

[0055] In yet other embodiments, for compounds of formula I, I-A, and I-B, exemplary
R! and R? groups are optionally substituted methyl, ethyl, cyclopropyl, n-propyl, propenyl,
cyclobutyl, (CO)OCH,CH;, (CHp),OCH;, CHy(CO)OCHCHs;, CHx(CO)OCH;,
CH(CH3)CH,CHs, or n-butyl. Other exemplary R* and R? groups include those shown below
in Table 2.

[0056] In still other embodiments, for compounds of formula I-A, R' and R? taken
together with the nitrogen atom to which they are bound, form an optionally substituted 3-12
membered heterocyclyl ring having 1-3 heteroatoms independently selected from nitrogen,
sulfur, or oxygen. In certain preferred embodiments, R! and R” are taken together with the

nitrogen atom to which they are bound and form a group selected from:
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tenperature of 40C or less, in the absence of noisture or other chemcally
reactive conditions, for at |east a week. [0029] The term "aliphatic" or
"al i phat iwogooups733as used herein, nmeans a strai ght - chaPaoT/usSeooa/006451
unbranched) or branched, substituted or unsubstituted hydrocarbon chain
that is conpletely saturated or that contains one or nore units of
unsaturation, or a monocyclic hydrocarbon or bi cyclic hydrocarbon that is
conpl etely saturated, or tQat cont aigns nor e um&qa of unsaturation,

but which is not argf;rat/k fzal so r@-ffq\[] to her ei s )ér bocycl e"
at |has a si nglg&/lnt of attachment to
€

"cycl oal i phatic" or EZL/I‘N Noal kyl ")

the rest of the nolecy &HUnless ot se specifi Ilphatlc gr oups
contain 1-20 aliphatic carbon atons. _In sone enbodi nents, aliphatic groups
contain 1-10 aliphatic®arbon atoms. Af ot her embodPfents, ali phatic
groups contain 1-8 aliphatic carbon atoms. In still other enbodiments,
aliphatic groups contain 1-6 aliphatic carbon atong, and in yet other
enbodi ments al i phat i groups cont ai"'ﬂ’l""‘l 4 ali phatl ¢ ICAr bon atom; In some
enbodi ments, "cycl ogli phatic” (or @)cycl e" *s\y al kyl") refers to
a nonocyclic C3- C8<2_2rocarbon i y(cl fc Cs-(Cl2 hy rbon that IS
conpletely saturate \r(R‘t)hat cont one or nor of unsaturation,
but which is not aromatjc, that has a single point of attachrrent to the
rest of the mol ecul e Hherein any i ndé&idual ring i nhBaj d bi cyclic ring
system has 3-7 nenbers. Suitable aliphatic groups include, but are not
limted to, |inear or branched, substituted or unsubstituted al kyl,

al kenyl , al kynyl l;‘qups (Ffpd hybrl ds tT¢reof such as (cyaTvoaI kyl ) al kyI

(cycl oaI kenyl ) al ky (¢ ycl oal kyl ) al &nyl [ 0030] The

"het eroal i phatic", a§\/ d here-in, s al i phati ) 0 s wherei n one or
R
(R R%
ii ii kk

5
\__/
N

C\<R4)z

] TN 111k 00

4
AT (R):

wherein the ring formed by R' and R? taken together, is optionally substituted at one
or more substitutable carbon, nitrogen, or sulfur atoms with z independent occurrences of —

R4, and z is 0-5.

[0057] In other embodiments, for compounds of formula I-A, R! and R? taken together
are optionally substituted azetidin-1-yl (jj), pyrrolidin-1-yl (ff), piperidinl-yl (dd), piperazin-
1-yl (ec), or morpholin-4-yl (ee). In other embodiments, for compounds of formula I-A, R!
and R? taken together are optionally substituted azetidin-1-yl (jj), pyrrolidin-1-yl (ff),
piperidinl-yl (dd), or piperazin-1-yl (cc). In yet other embodiments, for compounds of
formula I-A, R' and R?, taken together is optionally substituted azetidin-1-y1 (jj). In yet other
embodiments, for compounds of formula I-A, R' and R® taken together is optionally
substituted pyrrolidin-1-yl (ff). In still other embodiments, for compounds of formula I-A, R!
and R?, taken together is optionally substituted piperidinl-yl (dd). In yet other embodiments,
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two carbon atons are independently replaced by one or nore of oxygen,

sul fur, nitrogen, phosphorus, or silicon. Heteroaliphatic groups may be
substi t utwao 2004/018m8bst i t ut ed, branched or unbranched, egehiseooano@sycli c,
and include " het erocycl e", "heterocyclyl" "het erocycl oal i phatic", or

"het erocyclic" groups. [0031 The term” heterocycl e", "heterocyclyl"”

" het er ooy eoropeungs f fermulak-A; Rétaad &y takew together isseptionallesubsi piperazin-

non- ar ora f(lﬁ:) nmonocyclic, bicyclic, or tricyclic ring systenms in which one
or more t é menbers are an independently sel ected heteroatom In sone

enbodi MYOSE), Tl eertdif lepibREMATS, 2 isHRD ETAHRdrYdmbodikelts, D &y6 lapalthohakiie”, or
"heterocyclic" g(?roup has three to fourteen ring menbers in which one or

mor e riUrgubRtifted sPiefereedibt ExpuRs: Biken mrégrén@rémmfylndgmné@mbﬁhafl@m Gizwg?u,,

1 g PRoer TN G i OBbAR R BT C b T oI 1 RIS FRNRLE
"het er o@C@uN(Rh)@aGs)mneNHCOtme -SDZEXy-ge)aN(Bw fotr an apﬁdrmgg rsubstnhteap@%pls or
silicon | ncl udi n&rﬁany oxi di zed form of nitraogen, ur, phosphorus, or

siliconse ché Hom: er-Rralivhatiorayloth eﬁ’ﬁ‘?ﬂfﬂa§D’%10ﬁ1illfhﬂa§@ehet6ﬁ°‘3y‘3°%ll]’é‘§’c1¢,t Kbt e
g' Elr 3??}?@?{}4 aﬁt@x%%ﬁ’l?{; ahkﬁ"_' %'agahpfhgﬁc O{;Q?%ﬁ Hf %@&rdc@ﬂ&ahyhaﬁcch -Cgalkyl.
N- subst Othat exiemylar;oRl (grcmpls Jare (1,0BB3], (e Qe nCHbﬁ)H@t(ENat(é@OH aN(T3sB}y, -
The. t oW kDT GO Ry - L0 L85 rERei Rt R 6B Sy "
group, $8,NH,, -SO,(CH,;);CH3, —SOZCH(CH3)2, 'SOQN(CH3)2’ -SO,CH,CH3, -
C(O)OCH,CH(CHz);, -C(O)NHCH,CH(CHs);, -NHCOOCH;, -C(O)C(CHs);, -
COO(CH),CH3, -C(O)NHCH(CHj3),, -C(O)CH,CH3, or an optionally substituted group
selected from -piperidinyl, piperizinyl, morpholino, C;.salkoxy, phenyl, phenyloxy, benzyl,
benzyloxy, -CHycyclohexyl, pyridyl, -CH,pyridyl, or -CHythiazolyl. Still other exemplary R*
groups include those shown below in Table 2.
[0052] In certain embodiments, for compounds of formula I-A, R! and R? , taken together
is optionally substituted azetidin-1-yl (jj), wherein z is 1 or 2 and at least one occurrence of
R*is —NRSO;R’, -NRCOOR’, or -NRCOR’. In certain other embodiments, for compounds
of formula I-A, R! and R? taken together is optionally substituted azetidin-1-yl (jj), wherein
is 1 and R* is —NRSO,R’. In other embodiments, for compounds of formula I-A, R! and
R?, taken together is optionally substituted azetidin-1-yl (jj), wherein z is 1 and R* is -
NRCOOR’. In certain other embodiments, for compounds of formula I-A, R! and R2, taken
together is optionally substituted azetidin-1-y1 (jj), wherein z is 1 and R* is -NRCOR’. In yet
other embodiments, for compounds of formula I-A, R! and Rz, taken together is optionally
substituted pyrrolidin-1-yl (ff), wherein z is 1 or 2 and R*is Cl, Br, F, CF;, CHs, -CH,CHs, -
OR’, or -CH,OR’. In still other embodiments, for compounds of formula I-A, R! and R2,
taken together is optionally substituted piperidin-1-yl (dd), wherein z is 1 or 2 and at least
one occurrence of R* is Cl, Br, F, CF;, CH;, -CH,CH3, -OR’, or -CH,OR’, -NRSO,R’, -
NRCOOR’, or -OCON(R’);. In certain other embodiments, for compounds of formula I-A,
R! and R?, taken together is optionally substituted piperidin-1-yl (dd), wherein z is 1 and R*
is F, CF3, CHs, -CHyCHjs, -OR’, or -CH,OR’. In other embodiments, for compounds of
formula I-A, R" and R, taken together is optionally substituted piperidin-1-yl (dd), wherein z
is 1 and R*is —NRSO,R’,. In certain other embodiments, for compounds of formula I-A, R!
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previ ously defined, attached to the principal carbon chain through an
oxygen ("al koxy") or sulfur ("thioal kyl") atom [0035] The terns

"hal oal kywb,2004naBmal kenyl " and "hal oal koxy" neans al kyl pcalusesntioocsst

al koxy, as the case nay be substituted with one or nore hal ogen atons. The
term "hal ogen" Br 1. [0036] The tern1"ary|" used, al one or

as par tang]R atakeqy @gethmsgp?og@ly s}\lbstgp@ﬂmendm—-lgﬂ Qe pereinz is' hagd Bx}sa-l kyl "
f |4 total
of 1 v IRCOPRE B oes ioddimeiOl ok chiBkb S, & RmBKEIATR) IRRdRL T

i's ar cogether mn;itwﬁté]tyesubsmandd p1pe1gzmnl ylh(i:c;ywhaamcpm QiR 3nd at Fakt Ok
eably with the term"aryl

F?rrlger S@"?ﬂg]e?’%‘%%gﬂ?l" QR’ sgf”ﬁé]é#\zér)é %21{113% r Qi%i o +RYORy stlarrertain ofbes ned
her ei nhalyatimdnt) 36} cgﬁﬁ)ohﬁ&smo'i" he lQaf X 'R &qizalt?l&?nkgf)gy&ér R& oi)t18£a1§r

| arger noiety as in t er oar al or’"heteroal’y
rmnocy(sllbatl,tutbi ipdrazin-lapld (€a)j ozghelmm ziingl mybtlbmss hSﬂRig alnt oemhn obthét ve to

f t wh ystemis
b oot oS IBF (CRimatRRdoh BiaviE; EherHs ot Afnslsmotage e o SpBoRHbAL ors,
and W@B@l‘tﬁte&%ﬁﬂiérﬁzlﬂg yIN (&) whkhe® &Nt BhdR8 id LCOORNY RERRLR - othBe term

"heteroaryl" may used i nt er changeabl'y vmth the term"heteroaryl ring"
or t he crbodimants, efpoeqomnds of [foosgp A, eRyth |Rlcltaichnng)gathat kgllo,ptlandl}koxy,

aryl ox th eteroary l.ud terparal k

het er o)aéﬁﬂ) %‘Fﬁ%)?gpeéazg "Wﬁ %ccge‘jvﬁ fFoup e t/agg i g%(gre)zrm ‘ecegﬁﬁs?t%‘ijent s
and thwmbmsaunelm "foptdo@ipauhds oBFBihilkt BA’ RlUBh&SEZ Qhlear Westerl§f iopadnalove
and herein, suitable substituents on t he unspturat ed carbon atom of "an

aryl Oﬁum@e%@gﬂra@yﬂwﬂ ¢eeh wherein z is 1 and R™ is -SO;N(R’),. In certain other
embodiments, for compounds of formula I-A, R! and R? taken together is optionally

substituted piperazin-1-yl (cc), wherein z is 1 and R* is -COR’.

[0060] As described generally above, for compounds of formulas I, I-A, or I-B, the
quinazoline ring can be substituted with up to four independent occurrences of R>. In certain
embodiments, x is 0-2. In other embodiments, x is 1 or 2. In still other embodiments x is 1
and R is substituted at the 6- or 7-position of the quinazoline ring. When the quinazoline
ring is substituted (x is 1-4), R® groups are halogen, CN, NO,, -N(R”);, -CHoN(R’),, -OR’, -
CH,OR’, -SR’, -CH,SR’, -COOR’, -NRCOR’, -CON(R’);, -OCON(R’),, COR’, -
NHCOOR’, -SOzR’, -SO,N(R"),, or an optionally substituted group selected from Cj.
Cealiphatic, aryl, heteroaryl, cycloaliphatic, heterocycloaliphatic, arylC;-Cgalkyl,
heteroarylC;-Cgalkyl, cycloaliphaticCi-Csalkyl, or heterocycloaliphaticC;-Cgalkyl. In still
other embodiments, each occurrence of R® is independently Cl, Br, F, CF;, -OCF;, Me, Et,
CN, -COOH, -NH3, —-N(CHa),, -N(Et),, -N(iPr),, -O(CH2),OCHj3, -CONH,, -COOCH3;, -OH,
-OCHj;, -OCH;CHs, -CHOH, -NHCOCH;, -NHCOCH(CH3);, -SO,NH,, -
CONH(cyclopropyl), -CONHCH3;, -CONHCH,CHj;, or an optionally substituted group
selected from -piperidinyl, piperizinyl, morpholino, phenyl, phenyloxy, benzyl, or benzyloxy.
In still other embodiments, x is 1 or 2 and each R? group is independently halogen, CN,
optionally substituted C;-Cgalkyl, OR’, N(R’);, CON(R’);, or NRCOR’. In yet other
embodiments, x is 1 or 2, and each R® group is -Cl, -CHjs, -CH,CHj3, -F, -CF;, -OCF;, -
CONHCH3, -CONHCH,CHj3, -CONH(cyclopropyl), -OCHj, -NH,, -OCH,CHj3, or -CN. In
still other embodiments, x is 1 and R? is at the 6-position of the quinazoline ring and is -Cl, -
CH;, -CH,CHs, -F, -CFs, -OCF;, -CONHCH;, -CONHCH,CH3;, -CONH(cyclopropyl), -
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generally selected from hal ogen; -R -OR -SR, phenyl (Ph) optionally
substituted with R -Q(Ph) optionally substituted wwth R -(CH2)1.2(Ph),
opti onal lwo=zomist7st3at ed with R, - CH=CH(Ph), optionally eabatsteuvedtsnmth R,
-NQ®2; -CN, -N(R)2; -NRC(O)R - NRC(SYR, -NRC(ON(R)2; -NRC(S)N(R)2;
- NRCO2R; NRNRC( OR 14 V\D 2004/ 078733 PCTI US2004/ 006451 - NRNRC( O) N(R) 2;
- NRNROODRHS. c{&fﬂz €M ClY) et atfmrarabodinggry R is CEGR” iSGHOPA(TR) 2;

S(0) ?@%&%%W%@ﬁﬁé@&ﬁﬂ%ﬂf e e B r -,

- P(0) ZRCONTEEEQH& GRDI\IHX%IOW@S*I)), 0-CUIHI( VR, POETYCH ( B) O | Olﬁia|o|thér
substltutgg M th ionally substituted wth R (CHal Ph),

opt i onafPYOdimpRts; ¥ éﬁ éd‘n@nl% h‘SFQI the 6-negitionobrie qipaslmaIting andoist o sWth
R wh d
er elhCcARCR, -drdeRandanty Coqhbtquém% Sl SnaedRfd el AV RG0S0

optionally substituted -6 a an unsu

het er oaatythe @pokigive Dﬁdgpcqmrmzohmegnng)bmhrysl C1,-OHzhCHAH;; EH2CP)-OCRe-OCH;,

not wi t hst th fini n above, i;ndependent occurrences of R, on
the san®¥ %@ﬁ uﬁ‘ni’tﬁ %"P @F’éﬁtxéﬁﬂ)sag’\ﬁt%e‘ﬁt the; op@sitipn QE theequinpacking he
at on( s) rih® aMisCICORTR" )R FNORCOR’ S RN dihet emi)e&meﬂ& gHF 1105y k%’lssétggé gt_ ut ed

3-12 nenbered saturatéd, partially unsaturated 'y unsatur
nmonocy cpasitiagrofithe gtulniazphrnﬂ miggtand |1mgCON4Rhe,tc&r1‘ﬂRi€6Ré Otitte pramphty R geivpst ed

ol 1 phatnEer BesC MO8 ZHaibay {om N2, NG dal i phatic)s

N( C14al j0pBEX i C)A3, debertteggRnerdlly 4dveD R cofipotditis B mARN RAaLE £B, R¥EA iEN.
a 5-7-membered monocyclic aryl ring or an 8-10-membered bicyclic aryl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, or is a 3-12-membered
saturated or partially unsaturated monocyclic ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein ring A is optionally substituted with y
independent occurrences of ~R>, wherein y is 0-5, and is additionally optionally substituted

with q independent occurrences of R, wherein qis 0-2.

[0062] In certain embodiments, ring A is selected from:

5 R5 R5a 5
| ‘/\}R y ¥ \Z\( )q y(R g\ v(R i/%
g—' L(RSa) ﬂ i\L! -l-—(R5a) §-—'T ) 5a
A / S8 (7
i ii fii iv
(R%) (R%) (R%) (RSa .
g__ll_/N:/‘j__);RSa) E_N./%N y(Rs) % ﬁ\q/f]ﬁ ) ) |—\\)/ (R%2),
! /) q o a Tl (S
y > q LN o N
v vi vii viii
(RY) a 5
N-NH_ (gs) N’H/(Rs) y ’ N'\’\\/(Rs ) (T "
P I LN I, N 5\//‘ D-(R%),
LY (RSa)q wl, (R5a)q LLLL. N
Ix X xi xii
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CO2H, C02(Cl4.aliphatic), Q hal oG -4 aliphatic), or halod _4aliphatic,
wherein each of the foregoing O _4aliphatic groups of R is unsubstituted.
[ 0040] Arwal20@inasi3a or heteroal i phatic group, or a non- RCEMEBL208/006451
heterocyclic ring may contain one or nore substituents and thus may be
"optionally substituted". Unless otherwise defined above and herein,
sui tabl e subst gents on the tur ated car b(q;zﬁ) of an al i phdRig or
het er oal i p roup, non- ar omat i et cycI i N g seI ected
fromthose ﬁt R%?hpve f°ons ’a}re(':i%?isaturé-f-gi g 4 a_p/
het er oar yl gr and addi ti o ly include t foll ovm ng: So —S =NNHR'
=NN(R*) 2, =NNHC(O R*, =NNHCOHM al kyl ), =NNHSC2(al kyl), or =NR*, where each
R is independgg!y sel ected fgpm hydrogen orgyan optionall kv;ubsti tuted
Cl-6 aliphatic group. [0041] Unl ess otherw se defined above and herein,
optional substituents on the nitrogen of a non-aromatic heterocyclic ring
are generallysselectedfrom R+ -N(R+)2 O R+, COZ 5 O C( O R+,
i { mc%

C(O)CHZC(O) -SOZ ¥q)2 or
- NR+SQ2R+; n R+ |s hyq qan optl a/‘NIy substltu

al i phati c, nally su Nt ed phenyl , ionally subs¥ /rm ut ed - (Ph),
optionally s stl tuted CHZ( ), opt i onal Py substituted -¢LCH2) 1. 2(Ph);
optional Iy substituted -CH=CH(Ph); or an unsubstituted 5-6 nenbered
heteroaryl or H&tdlerocyclic ringikhavi ng one tcXikour het er oat of%

i ndependently selected from oxygen, nitrogen, or sulfur, or,

notw t hst andi ng the definition above, two -15 WO 2004/078733

PCTI US2004/ 006451 |rkg(e)pendent occurren(fl_eﬁ of R on the s(a‘ﬁ); substituent or

di fferent substltue Yt aken
I e =R

R5a)q (RSa) (R5a)
xxi xxii xxiii
R R (R%)
0 o
HN\ _ . // LA N> ,/
\\(Rsa)q S \(RSa)q \(RSa)q
xxiv XXV XXvi
(R) H (5 5
’N A y '/\NH '/N\}R )y O./(R )y
N: \ /) %-—-I: J §_ ]__(RSa) g— L(RSa)
N ’\ 5a / \ |\N/ d k ) d
W s "R R ot & N
xxvii xxviii xxix XXX
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together with the aton(s) to which each R+ group is bound, form an
optionally substituted 3- 12 nenbered saturated, partially unsaturated, or
ful |y unswounatgszsaonocyclic or bicyclic ring having OPE¢ThSR@moed4oNS
i ndependent|ly sel ected fromnitrogen, oxygen, or sulfur. [0042] Optional
substituents on the aliphatic group or the phenyl ring of R+ are sel ected
from-NH2, -NH(C 4 akxphatic), -N(Ckxx¥ialiphatic)2X%*¥i ogen, Cl.4
aliphatic, -OH, -Q(d _4 aliphatic), -NO®2, -CN, -CQ2H, -CX2(Cl- aliphatic),
-Q(halo Cl-4 aliphatic), or halo(C _4 aliphatic), wherein each of the

foregoi [0g631L_4ah icehaihi 6ther eHdsd@ienRt iy Wisdbabitbditfash JpiRAaly Fhbstivaed
"al kyl i dene chain" refers to a straight or branched carbon chain that may

be ful | Bhensk droyridyl, drpyridyk opAPYEAY BT BYERli Iy of unsaturatlon and has two

OLNCS. el | 2SH0RAL cnb8ibl 6548l ablGorRIeRULR REQRAEL Afelpbalbede |

above, di nen tpendé occurren es 0

or any @ichemdsgniahlye hslloga:ﬂ aCNy Neb,i me@R’ her-ethN(R 95,e-ORk erCHORt h8R’ wi-t h
the atom(s to which they are bound to forman optionall substltuted 3-12

menber 4 urawo%arg Ry, tH92NIRee®WCBR 1R/ s 0cr9aR ur@CE&NKokocycl i ¢

or bicyght&nldn at de b | Lect

ni t rogelcr:%k Y Rge%Ois‘(;‘?étsul %ur (Gf(gglg] @@&p(})gryp ngg tﬁ)g@a)r%e @%{m% ’when
two i ndaapeptdmaﬂy Slﬂhsl:ltutﬁh gesp atleRed droniR€; C6ﬂ1phﬂlc arylahgtentaindy cychoalipbite,
simlar] def herein t ak 0 her wi.th t WhICh
cach yohslaBruTDheling e Bty RetaioatHior Crailil der g PR 31 Whg

two i nelepepdsst gﬁé&fd@lf@ ags of R (or R+, R R or any other varlable

simlarly defined herein that are bound to the sane atom and are aken
t oget hel0065} h fhaet ethommipdimentsay isihg, anido is lesa?yring, eaplt RpQurenpepeRBdGs h

oceurr en epenaentﬁl Ef eBrt %%!FJ (Mee t]j::'te NM tdb(t)ﬁe I(ﬁltz,r %&fhﬁ},om(ﬁ&, -N(Pr),, -
O(CH,),0CHj3, -CONH,, -COOCHj3;, -OH, -OCHs;, -OCH,CH3, -CH,OH, -NHCOCHs3, -
SO,;NH;, -SO,NHC(CHs3);, -OCOC(CHzs)3, -OCOCH,C(CH3)3, -O(CHz);N(CHz),, 4-CHs-
piperazin-1-yl, OCOCH(CHz3),, OCO(cyclopentyl), -COCHs, optionally substituted phenoxy,
or optionally substituted benzyloxy.
[8066] In still other embodiments, y is 0, and q is 1 and R is F. In yet other
embodiments, y is 0, q is 1, and R* is OR’. In still other embodiments, y is 0, q is 1 and R®
is OH. In yet other embodiments, y is 0, q is 2 and one occurrence of R* is OR’ and the
other occurrence of R is F. In yet other embodiments, y is 0, q is 2 and one occurrence of
R is OH and the other occurrence of R* is F.
[0067] In still other embodiments, ring A is phenyl, y is 0, and q is 1 and R™ is F
substituted at the 2-position of the phenyl ring. In yet other embodiments, ring A is phenyl, y
is 0,qis 1, and R is OR’ substituted at the 2-position of the phenyl ring. In still other
embodiments, ring A is phenyl, yis 0, q is 1 and R is OH substituted at the 2-position of the
phenyl ring. In yet other embodiments, ring A is phenyl, y is 0, q is 2 and one occurrence of
R>® is OR’ and the other occurrence of R** is F, wherein OR’ is substituted at the 2-position
of the phenyl ring and F is substituted at the 6-position of the phenyl ring. In yet other
embodiments, ring A is phenyl, y is 0, q is 2 and one occurrence of R is OH and the other
occurrence of R* is F, wherein OH is substituted at the 2-position of the phenyl ring and F is
substituted at the 6-position of the phenyl ring.
[0068]  Other exemplary R’ and R* groups include those shown below in Table 2.

-26 -



forma piperidin-|l-yl, piperazin-1-yl, or norpholin-4-yl group; and b) two
I ndependent occurrences of R (or R+, RR R or any other variable simlarly
defi ned hwoeomjo7stsat are bound to different atons and a&ce/usasanodioget her
with both of those atons to forma ring, for exanple \ OR/ o where a
phenyl group is substituted with two occurrences of OR OR O these two
occurr e[gﬁﬁ%] of Frr eerapeunkle descoifed hethisniection aeovexingzeneral, sompoundshvire lisethkey ar e

bound tQ . \ Q. use - ered oxygen containing ring. 4- .t
w1 b b iaR ehapeE, BT ) SHa s e sF it 2Rk A S vk oo 1 vo

| ndepenamicln C dhrdeaniGesxedipldty (dibddiméhts, Reor@foundd bf Phe) @iverBon ARl BseFhimhd ar |y
defined herein) are taken together with the aton(s) to which each variable

i s bouriBhigHerst palNaVi . eila@ﬁleé@a@dan«rréﬁ/ eamennandy of lml@q inVﬁaﬁww veelgleas |
| M Ui Ngpipg 4 { t at ed,
limti qghlbltélg (W?\Ig\gpﬁl a%.%%.f%{ HRrQfd! g%?og’l%hen ng(gﬁcig?lﬁ'ldis g)(rg\rﬂéef }er%/%nt?%fg_ ,

structures picted ‘herein are al so nean o Inclru

enant i creoseful o mhitdtoenoCaE2.2a1d ygeothet embodigtentsp bdrapdtaids f aho nveatids Of
the structure; for exanple, the R and S configurations for each asymmetric
cent er ,ar¢ Byelulgs dus) inhibjiass of NaVd-8 anghe TIX-seasitipojonehanpe)such as Hevdd enal

| soner sypierefore, single stereochemical isoners as well as enantioneric,
di astereoneric, and geonetric (or conformational) m xtures of the present
conpounds are within the scope of the invention.

[0070] Certain additional embodiments of compounds described generally above are
described in more detail below. For example:
[0071] I. Compounds of formula IA:

RLN,R2

X" N
3y

IA

or a pharmaceutically acceptable salt thereof, wherein:

R! and R?, taken together with the nitrogen atom to which they are bound, form an
optionally substituted 3-12-membered monocyclic or bicyclic saturated, partially unsaturated,
or fully unsaturated ring having 0-3 additional heteroatoms independently selected from
nitrogen, sulfur, or oxygen; wherein the ring formed by R' and R* taken together, is
optionally substituted at one or more substitutable carbon, nitrogen, or sulfur atoms with z
independent occurrences of —R4, wherein z is 0-5;

Ring A is a 5-7-membered monocyclic aryl ring or an 8-10-membered bicyclic aryl
ring having 0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or is a
3-12-membered saturated or partially unsaturated monocyclic ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein ring A is optionally
substituted with y independent occurrences of ~R>, wherein y is 0-5, and is additionally
optionally substituted with q independent occurrences of R*, wherein qis 0-2;

x is 0-4;

each occurrence of R?, R*, and R’ is independently Q-R*; wherein Q is a bond oris a

C1-Cs alkylidene chain wherein up to two non-adjacent methylene units of Q are optionally
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Unl ess otherwi se stated, all tautoneric forns of the conpounds of the

I nvention are wwthin the scope of the invention. Additionally, unless

ot her wi sewetatadg73st r uct ures depicted herein are al so meants2aoa/opqasi ude
conpounds that differ only in the presence of one or nore isotopically
enriched atons. For exanple, compounds having the present structures except

f or t heanddpdepcadantly reflaceddryoddir, bY- cut@8+, HaPor -@EOLi-0f-, €}10CAs -CONRrcenent

of a car by. 3C; 14 i C b it Ry e e of this
nvent | OO AR a ST Mg R, QLB FERRE 0 ¢ or
probes NRSOL,NROGEOAl-S@5Sape-, -P@glfl&}P@T)(@eﬁ,cm PORarkf eabif 660HrRhYe SoRPRUNS:
[0047] As described generally above, for conpounds of the invention, X is O

or NR2.indgpeadendiyriglogtedifipm ekt Arlagemnisét =R HYOX-CN, e, -8Rd -Vpwunds have
e T NOOR o N MG BB Do 0L L. erood rent s
Q a, N GCON(R’),, -SOR’, -SO,R’, -SO:N(R’)3, -NR’SO,R’, -NR’SO,;N(R’),, -COCOR’, -

COCH,COR’, -OP(O)(OR’),, -P(O)(OR’),, -OP(0),0R’, -P(0),0R’, -PO(R’),, or -

OPOR")2;

each occurrence of R* is independently an optionally substituted C;-Cealiphatic
group, halogen, -OR’, -SR’, -N(R’),, -NR’COR’, -NR’CON(R’),, -NR’CO,R’, -COR’, -
CO4R’, -OCOR’, -CON(R’),, -OCON(R’)2, -SOR’, -SO2R’, -SO,N(R’)2, -NR’SO2R’, -
NR’SO,N(R),, -COCOR’, -COCH,COR’, -OP(O)(OR’),, -P(O)(OR’),, -OP(0),OR’, -
P(O);,0R’, -PO(R’),, or -OPO(R’),; and

each occurrence of R is independently hydrogen or an optionally substituted Cy.¢
aliphatic group; and each occurrence of R is independently hydrogen or an optionally
substituted C;_¢ aliphatic group, a 3-8-membered saturated, partially unsaturated, or fully
unsaturated monocyclic ring having 0-3 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; or R and R’, two occurrences of R, or two occurrences of R’, are taken together with
the atom(s) to which they are bound to form an optionally substituted 3-12 membered
saturated, partially unsaturated, or fully unsaturated monocyclic or bicyclic ring having 0-4
heteroatoms independently selected from nitrogen, oxygen, or sulfur.

[0072] In certain embodiments, for compounds described directly above:

a. when R! and R?, taken together with the nitrogen atom to which they are bound,
form an optionally substituted 4-membered monocyclic saturated or partially unsaturated ring
having 0-3 additional heteroatoms independently selected from nitrogen, sulfur, or oxygen;
then 2-Oxazolidinone, 3-[(3R,4R)-2-0x0-1-(2-phenyl-4-quinazolinyl)-4-[2-(3-
pyridinyl)ethenyl]-3-azetidinyl}-4-phenyl-, (4S)- is excluded;

b. when R' and R?, taken together with the nitrogen atom to which they are bound, form
an optionally substituted 5-membered monocyclic saturated or partially unsaturated ring
having 0-3 additional heteroatoms independently selected from nitrogen, sulfur, or oxygen;
then:

i. ring A is not optionally substituted hexahydro-1H-1,4-diazepin-1-yl; and
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[0049] In certain enbodi nents for conpounds of general forrmula |I-A one of
Rl or RR is hydrogen, and the other of RL and R2 is selected from an

opti onal Iwosobt7stat ed C _4aliphatic -17 WO 2004/ 078732CPUTBWSA0Q41 006451
group, wherein one or nore nethyl ene units in the Cl. 4al i phatic group are

optionally replaced wth -NR -NRCO-, -CONR-, -SO2NR-,

or -NRSO2-, ibr Benzapgsulfopprmidsi %me@WXYr%[%r[B 2 phéﬁﬂél*@mnmptﬂ ic aryl ring

c oat.0
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havi ng teroat oms independently selected fromnitrogen, oxygen, or
sul fur & ‘é‘feﬂ Cyl is bonded directly to the nitrogen atomor is bonded
through an qgt Tt ] C UR, n or rmre
met hy?ene ugfitgqjliﬁllot i .4%6?&’%5?&%@@%%}@&%’8%%%& rq{edg g G-
-NR-, (Q-phenﬂ@@qummnyl)—, Keare exc@d™R-, - SO2NR-, or . NR|SOZ I[0058] f I n
still other .embodi nt Rl and are each |nde endent |y sel ecte rom
Cyl, whereil¥ &M R: gl??@r%%ert A PRIEhEH thted BVVPll‘?IPﬂng@Fm& is
8- 10- ”&iﬂi@@dsﬁ@lﬂéﬁ?ﬁl i, ﬁn@k)@lrthéiﬂR3ﬁfh\6't§-Q)ﬁé%r@%1‘i’r°at°”5 i ndependent | 'y
selected fromnitrogen is a 3-12- nenbered
saturated, ot phen Ralan@'Rurid@mogtﬂw anowsobstitited pyrrolidiyd-yicring Agishavi ng 0- 3

| f
hher e ‘éé‘r?sn*u@gcﬁ@ﬁeﬁgﬁ b jSERG 6 cvh & gt G STVE A 2 BMRE et hr ough
an optional Iy. shbsRY bhd RY tﬁébn‘%@%dtlﬁg}%i’é GnsubstiietBd pW‘i‘@l’i(ﬁhﬂ ﬁnﬁleﬁhn%ﬁ
met hyl ene units in the C-4aliphatic group are optionally replaced wth

-NR-, Jgt unsuw@atedw@olldlnfqﬁ@g)ptlmmwbstummerazmr1-yNRgﬂﬂ)sptumd from an
morpholin-1-yl; or unsubstituted piperidin-1-yl;

vii. when R' and R?, taken together are pyrrolidin-1-yl, x is 0 and ring A is
unsubstituted phenyl, then the pyrrolidin-1-yl group is not substituted at the 3-position with —
OH or 2-methoxy-phenoxy;

viii. whenR! and Rz, taken together are unsubstituted pyrrolidin-1-yl, and x is 0,
then ring A is not 2,3-xylyl, 3-methylphenyl, unsubstituted phenyl, 4-bromo-phenyl, 4-
chloro-phenyl, 3-nitro-phenyl, unsubstituted pyrid-3-yl, 2,4-dichlorophenyl, 3,4-
dichlorophenyl, 4-propoxyphenyl, 3-methylphenyl, 3,4,5-trimethoxyphenyl, 2-chlorophenyl,
unsubstituted pyrid-4-yl, 2-hydroxyphenyl, or 4-(1,1-dimethylethyl)phenyl;

c. when R! and R?, taken together with the nitrogen atom to which they are bound, form
an optionally substituted 6-membered monocyclic or bicyclic saturated or partially
unsaturated ring having 0-3 additional heteroatoms independently selected from nitrogen,
sulfur, or oxygen; then:

i. when R' and R? taken together form an unsubstituted morpholino ring, and ring A
is unsubstituted phenyl, then x is not 0, or if x is 1 or 2, then R* is not: 6-fluoro, 6,7-
dimethoxy, 6-nitro, 6-AcHN-, 6-methox, 6-NH2, 6-OCHN-, 6-OH, 6-AcMeN-, 6-TsHN-, 6-
Me2N-, 7-OH, 6-amino-thiazol-2-yl, 6-NHCOCOOEt, or 6-(4-phenyl-amino-thiazol-2-yl);

ii. when R' and R? taken together form an unsubstituted morpholino ring, and ring A
is unsubstituted cyclohexyl, unsubstituted pyrid-3-yl, unsubstituted 2-furyl, 2-fluorophenyl,
3-thienyl, benzofuran, pyridazine, phenyl substituted in one or more of the 3, 4, or 5-position
of the phenyl ring, and x is 1 or 2, then R? is not 6-NH;, 6-OHCHN-, 6-OH, 7-OH, 6-MsHN-,
6-AcHN-, 6-fluoro, or 6-OMe;
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optionally substituted Cl.4aliphatic group, wherein one or nore nethyl ene
units in the G _ 4aliphatic group are optionally replaced with -NR-, -0-,
-COO-, - WO2040¥RB®-, - CONR-, - S2NR-, or -NRS02-. [O00F®CI]USROV4@OGIST
enbodi nents, for corrpounds of fornmula I-A, one of RL or R2 is hydrogen,
and the other of Rl or I's an optionally substituted C -4aliphatic group,
wherein oneiliorWhenRe amétR]ytaémtoaﬁgcls f¢rmapif>emi-44mei, piratid-d-gJy@up are

or ' RreamOrBROR(E By b St mogshine sgn AP o g
Cl. 4al i pfuat isql, g{emlﬁlgaots@m{ltuted with Cyl, wherein Cyl is 5-7- nenbered
nonocyclic aryl ring or an 8-10-nenbered blcycllc aryl ring having 0-3

het er oat ons VadesBAdE frang Asis|uasebstitutedphenyt, B dgtHrimeshgyahendrorsddf ur, or is

a 3-12 ﬁﬁ%ﬁﬁ B ns t lic.ring having
0-3 heteroa oﬁghen dté%éé]n %}ﬁ/ ’Pag{éﬁ g‘% é% rnc())?ngﬁtlrl aﬁ SHPSH?&&SBW enleys?fl fur,
wher ei nogfidnailg sultitutetipipsragivbist i t ut ed V\A' t h 0- 5 | ndependent occurrences of

-R5. In yet ot her enbadi rrents ; one of n or_, C -C4al kyl,
and the ot he¥- dfheRX 52 qgd, pud Ry f@lOMF{RI@] 81“?110%3( t@ﬂﬁé@“é%o‘@k@%nts f or

co o] | up st 4l|phat|c

N o S R LA
2004/ 078733 ACTHEB 200 4/ DAGHEIA isgmeukstiarted pigniyh iadnl B/ arrﬂmzawdn wigether NR-
NR-, or -NRSQ2-. [00531 In stil I

ot her %&QPH’%&O?“}’?%WGQS%‘&G%B’sPeE?fzn? rmula |-A neither R nor R2 is

vii. when x is 0 and ring A is phenyl optionally substituted in one or more of the 3-,4-

SO2NR-,

,or 5-positions of the phenyl ring, then R! and R?, taken together is not optionally substituted
piperazin-1-yl, or morpholin-1-yl;

viii. when x is 0 and ring A is 2-F-phenyl, then R! and R?, taken together is not 4-(2-
Cl-phenyl)-piperazin-1-yl, 4-(3-Cl-phenyl)-piperazin-1-yl, or unsubstituted morpholin-1-yi;

ix. when x is 0 and ring A is 2-Cl-phenyl, then R! and R?, taken together is not
unsubstituted morpholin-1-yl, 4-Me-piperazin-1-yl, 4-Et-piperazin-1-yl, 4-phenyl-piperazin-
1-yl, or 4-CH,Ph,-piperazin-1-yl;

X. when x is 0 and ring A is 2-OH-phenyl, then R1 and R2, taken together is not
unsubstituted morpholin-1-yl, 4-(2-OMe-phenyl)-piperazin-1-yl, 4-CH2Ph-piperazin-1-yl, 4-
Et-piperazin-1-yl, or 4-Me-piperazin-1-yl;

Xi. when x is 0, x is 1 and R? is 6-Br, or x is 2 and R® is 6-7-diOMe, and ring A is
optionally substituted 2- or 3-thienyl, then R' and R? taken together is not 4-Ph-piperazin-1-
yl, 4-(3-CFs-phenyl)-piperazin-1-yl, 4-(2-OEt-phenyl)-piperazin-1-yl, 4-Me-piperazinyl, or
unsubstituted morpholin-1-yl;

xii when x is 0, and ring A is unsubstituted pyrid-3-yl or pyrid-4-yl, then R and R,
taken together is not optionally substituted morpholin-1-yl, or optionally substituted
piperazin-1-yl;

xiii. when X is 0, and ring A is optionally substituted 1H-imidazol-2-yl or 1H-
imidazol-1-yl, then R' and R? taken together is not unsubstituted morpholin-1-yl, 4-Me-
piperazin-1-yl, or 4-CH,CH,OH-piperazin-1-yl;

xiv. when x is 0 and ring A is 5-NO,-thiazol-2-yl, then R! and R, taken together is
not 4-Me-piperazin-1-yl;

xv. when x is 0 and ring A is 5-NO,-2-furanyl, then R! and Rz, taken together is not 4-
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hydrogen, and Rl and R2 are each independently selected fromCy', wherein
Cy' is a 5-7- nmenbered nonocyclic aryl ring or an 8-10-nenbered bicyclic
aryl ringwbavangsB33 heteroatons i ndependently sel ect e#Cfrrusnooriovésogen,
oxygen, or sulfur, or is a 3-12-nenbered saturated, or partially

unsat ur at ed nDnocycllc or bicyclic ring having 0-3 heteroatons
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and R2 MBFMmemmiqihwylwhsdwmmPHer@L 2ABlphpiivif 4-Brphenyl, 4-CMphegilyB-one or

nore nmet hyl ene units in the Cl.4 i phatic group are optionally repl aced
with - Mg-phengl, or 2degfichlorophenyl; - 1+?RCO-, - CONR-, - SC2NR-, or - NRSCR._.

L0051 L1 38y TS0 g S SBRADES P o en Achipndss O
(R4) z (OtBrphend, 2.4+ dlé‘ﬁloﬂobhé\iylhj 3 4-Nidhlbrophenyl, 4—Me-pheny1 3-Me-phenyl, pyrid-3-
yl, pyrid-4-yl, 2-OH-phenyl, 4-NO,-phenyl, 4-tBu-phenyl, then R! and R?, taken together is
not 2-Me-piperidin-1-yl, 4-CH,-Ph-piperidin-1-yl, 4-Me-piperidin-1-yl, 3-COOEt-piperidin-
1-y1, 4-COOEt-piperidin-1-yl, 2-Et-piperidin-1-yl, 3-Me-piperidin-1-yl, 3,5-diMe-piperidin-
1-y1, 4-CONH,-piperidin-1-yl, (4-piperidinyl, 4-carboxamide)-piperidin-1-yl, 1,4-dioxa-8-
azaspiro[4.5]decane, 3,4-dihydro-2(1H)-isoquinolinyl,or piperidin-4-one;

xix. whenxisl, R%is 6-Br, 6-Cl, 6-OH, 6-OMeg, or 6-Me and ring A is 4-
bromophenyl, 4-CH,P(O)(OH)(OEt)phenyl, or unsubstituted phenyl, then R! and R?, taken
together, is not optionally substituted piperidinyl;

xx.when x is 2, and R3is 6,7-dimethoxy, and A is unsubstituted phenyl, then R! and
R?, taken together is not 1,4-dioxa-8-azaspiro[4.5]decane or 3,4-dihydro-2(1H)-isoquinolinyl;

xxi. when x is 3, and the three occurrences of R? are 5-0Ac, 6-OAc, and 8-
piperidinyl , and ring A is unsubstituted phenyl, then R! and R?, taken togsther is not an
unsubstituted piperidinyl ring;

xxii. when x is 3 and the three occurrences of R are 6-Me, 7-COOEt, and 8-Me,
and ring A is 2-Cl-phenyl, then R! and R?, taken together, is not 4-phenyl-piperidin-1-yl, 4-
(4-Cl-phenyl)-piperazin-1-yl, unsubstituted piperazin-1-yl, 4-CH,Ph-piperazin-1-yl, 4(2-Cl-
phenyl)piperazin-1-yl, or 4-COOEt-piperazin-1-yl;

c. when R' and R, taken together with the nitrogen atom to which they are bound, form
an optionally substituted 7-membered monocyclic or bicyclic saturated or partially
unsaturated ring having 0-3 additional heteroatoms independently selected from nitrogen,
sulfur, or oxygen; then:

i. Benzenesulfonamide, 2-methoxy-5-[2-[5-(2-phenyl-4-quinazolinyl)-2,5-
diazabicyclo[2.2.1Thept-2-yl]ethyl]-, and bis(trifluoroacetate) 2,5-
Diazabicyclo[2.2.1]heptane, 2-(2-phenyl-4-quinazolinyl)- are excluded;

ii. when x is 2 and both occurrences of R? are OMe, and ring A is 4-Cl-phenyl,
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then R' and R?, taken together is not unsubstituted hexahydro-1H-azepin-1-yl;

iii. when x is 0 and R' and R, taken together is unsubstituted hexahydro-1H-
azepin-1-yl, then ring A is not unsubstituted phenyl, 4-F-phenyl, 4-NO,-phenyl, pyrid-4-yl,
3,4-diCl-phenyl, 2-Cl-phenyl, 2,4-diCl-phenyl, 2,4-diCl-phenyl, 3-NO,-phenyl, 4-Cl-phenyl,
4-O,Pr-phenyl, 3-Me-phenyl, 3,4-OMe-phenyl, 3,4,5-OMe-phenyl, pyrid-3-yl, or 2-OH-
phenyl;

d. when R' and R?, taken together with the nitrogen atom to which they are bound, form
an optionally substituted 8-membered monocyclic or bicyclic saturated or partially
unsaturated ring having 0-3 additional heteroatoms independently selected from nitrogen,
sulfur, or oxygen; then:

i. Benzenesulfonamide, 2-methoxy-5-[2-[8-(2-phenyl-4-quinazolinyl)-3,8-
diazabicyclo[3.2.1]oct-3-yl]ethyl]-, bis(trifluoroacetate) 3,8-Diazabicyclo[3.2.1]octane, 3-
(phenylmethyl)-8-(2-phenyl-4-quinazolinyl)- 3,8-Diazabicyclo[3.2.1]octane, 8-(2-phenyl-4-
quinazolinyl)-; Quinazoline, 2-(3-methylphenyl)-4-(1,3,3-trimethyl-6-azabicyclo[3.2.1]oct-6-
y1)-, monohydrochloride; Quinazoline, 2-(4-nitrophenyl)-4-(1,3,3-trimethyl-6-
azabicyclo[3.2.1]oct-6-yl)-, monohydrochloride; Quinazoline, 2-(3-methylphenyl)-4-(1,3,3-
trimethyl-6-azabicyclo[3.2.1]oct-6-y1)-; Quinazoline, 2-(4-methylphenyl)-4-(1,3,3-trimethyl-
6-azabicyclo[3.2.1]oct-6-yl)-; and Quinazoline, 2-(4-nitrophenyl)-4-(1,3,3-trimethyl-6-
azabicyclo[3.2.1]oct-6-yl)-are excluded; and

e. when R' and R?, taken together with the nitrogen atom to Which»they are bound, form
an optionally substituted 9-membered monocyclic or bicyclic saturated or partially
unsaturated ring having 0-3 additional heteroatoms independently selected from nitrogen,
sulfur, or oxygen; then:

Piperazine, 1-[4-(1,3-dihydro-1,3-dioxo-2H-isoindol-2-yl)-6,7-dimethoxy-2-

quinazolinyl]-4-(2-furanylcarbonyl)- is excluded.

[0073]  In other embodiments, for compounds described directly above, the ring formed

by R’ and R? taken together is selected from:

4 4
K{N/\/(:4)z ’:{N/\/( o ‘J;:N/\/(jﬂ §
(_NH K) 0
cc dd ee
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-J (R (R)z L (R4)z Y z as bb wherein R4 is previously defined and z is
0-4. O her exenplary rings include those shown below in Table 2. [0055] In
yet ot herwerbedi7sBat s, for compounds of fornula I, |-A pamaSkeodoo&Renpl ary
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wherein the ring formed by R* and R? taken together, is optionally substituted at one
or more substitutable carbon, nitrogen, or sulfur atoms with z independent occurrences of —
R* and z is 0-5.
[0074] In other embodiments, for compounds of formula I-A, R! and R? taken together
are optionally substituted azetidin-1-yl (jj), pyrrolidin-1-yl (ff), piperidinl-yl (dd), piperazin-
1-y1 (e€), or morpholin-4-yl (ee). In other embodiments, for compounds of formula I-A, R!
and R? taken together are optionally substituted azetidin-1-yl (jj), pyrrolidin-1-yl (ff),
piperidinl-yl (dd), or piperazin-1-yl (ee). In yet other embodiments, for compounds of
formula I-A, R! and R?, taken together is optionally substituted azetidin-1-yl (jj). In yet other
embodiments, for compounds of formula I-A, R! and R2, taken together is optionally
substituted pyrrolidin-1-yl (ff). In still other embodiments, for compounds of formula I-A, R
and R, taken together is optionally substituted piperidinl-yl (dd). In yet other embodiments,
for compounds of formula I-A, R! and R?, taken together is optionally substituted piperazin-
1-y1 (cc).
[0075] For compounds described directly above, z is 0-5, and R* groups, when present,
are each independently halogen, CN, NO,, -N(R’),, -CHoN(R’),, -OR’, -CH,0R’, -SR’, -
CH,SR’, -COOR’, -NRCOR’, -CON(R’);, -OCON(R’);, COR’, -NHCOOR’, -SO;R’, -
SO,;N(R’),, or an optionally substituted group selected from C;.Csaliphatic, aryl, heteroaryl,
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t aken tSEAN(EER).I SOH,;GHa| C(O)OCH,CH(CHjs),, -C(O)NHCH,CH(CHj3),, -NHCOOCHS, -

C(O)C(CHs)3, -COO(CH,),CH3, -C(O)NHCH(CHj3),, -C(O)CH,CHjs, or an optionally
substituted group selected from -piperidinyl, piperizinyl, morpholino, C;.salkoxy, phenyl,
phenyloxy, benzyl, benzyloxy, -CHacyclohexyl, pyridyl, -CHapyridyl, or -CHythiazolyl.

[0077] In certain embodiments, for compounds of formula I-A, R! and R?, taken together
is optionally substituted azetidin-1-yl (jj), wherein z is 1 or 2 and at least one occurrence of
R*is —-NRSO,R’, -NRCOOR’, or -NRCOR’. In certain other embodiments, for compounds
of formula I-A, R! and R? taken together is optionally substituted azetidin-1-yl (jj), wherein
zis 1 and R*is ~NRSO;R’. In other embodiments, for compounds of formula I-A, R! and
R?, taken together is optionally substituted azetidin-1-yl (jj), wherein z is 1 and R* is -
NRCOOR’. In certain other embodiments, for compounds of formula I-A, R! and Rz, taken
together is optionally substituted azetidin-1-y1 (jj), wherein z is 1 and R* is -NRCOR’. In yet
other embodiments, for compounds of formula I-A, R! and R?, taken together is optionally
substituted pyrrolidin-1-yl (ff), wherein z is 1 or 2 and R*is Cl, Br, F, CFs, CHs, -CH,CHj, -
OR’, or -CH;0R’. In still other embodiments, for compounds of formula I-A, R! and Rz,
taken together is optionally substituted piperidin-1-y1 (dd), wherein z is 1 or 2 and at least
one occurrence of R? is Cl, Br, F, CF;, CH;, -CH,CHj;, -OR’, or -CH,OR’, -NRSO,R’, -
NRCOOR’, or -OCON(R"),. In certain other embodiments, for compounds of formula I-A,
R' and R?, taken together is optionally substituted piperidin-1-yl (dd), wherein z is 1 and R*
is F, CFs, CHs, -CH,CHs, -OR’, or -CH,OR’. In other embodiments, for compounds of
formula I-A, R! and R?, taken together is optionally substituted piperidin-1-yl (dd), wherein z
is 1 and R*is -—NRSO;R’,. In certain other embodiments, for compounds of formula I-A, R!
and R?, taken together is optionally substituted piperidin-1-yl (dd), wherein z is 1 and R* is -
NRCOOR’. In yet other embodiments, for compounds of formula I-A, R! and R?, taken
together is optionally substituted piperazin-1-yl (cc), wherein z is 1 or 2 and at least one
occurrence of R* is —-SOR’, -CON(R’)3, -SO;N(R’)2, -COR’, or -COOR’. In certain other
embodiments, for compounds of formula I-A, R' and R? taken together is optionally
substituted piperazin-1-yl (ec), wherein z is 1 and R* is -SOR’. In certain other

embodiments, for compounds of formula I-A, R' and R? taken together is optionally
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substituted pyrrolidin-1-yl (ff). In still other enbodi nents, for conpounds
of formula I-A, RL and R2, taken together is optionally substituted

pi peri di ‘tvoybo4de)33 | n yet ot her enbodi nents, -21 WO 2004/13Z@488451

PCTI US2004/ 006451 for conpounds of fornmula I-A R and R2, taken together
I's optionally substituted piperazin- 1-yl (cc) [0058] In certain

embodi webstisyted piper@zif-1-yln(ee),hwheribadisdnesd R’ is € ‘.t ha eéntain j ether

unsubstl ed. Preferred R4 n es : h d dent |
hal ogef it for opreopnts SEipRRNe DR IBRIRE T s ERERe! W ERBAE 'Y
- asubéﬂm 1pergg1\|(l|-:§rl) ), - wRGEN( IR ik 21 RDR is NHONR")o. - BOEtain other
-S2N(R )2, or "‘an optiona Iy substi tuted rom;) ,sSelected from

O _Chalembadinhens, afoy | contperedso af >fprmle19cl -8alR phed iR, tieneiogetier enlapgamaliyc,

| C h C

o ooy Y e RIS B iy EXBIRL I SRR e

CF3, C'é&bodﬁr&ﬁ‘ﬁﬁor mepoaﬂwof fbhﬁiﬂB)IZA -RlNéfd )12Z talEdﬁql forgpther ﬂo@uam@crls
- CONH2, - - “CH2OH, - . S2NH2, - SC2( CH2) 3CHB,

- S m(smwed PE?@MIEHS') fce) ,-@@myze}@an REBSCFOBRCH( CHB) 2,

- (O Nip v ' is 0-
-C(O Nm%@ &&@Wb%dr %Q}lg(at%'g%g som stit u%lgéqglrsé)u% ange ected
Lr om - | ry'rcmgfsi dhftybrﬁs@itmg éfdhlriydicpemlwnlﬂlsrdialdgen, m N%J«N(R )2 HIERNIR)pRORY] Of(yi
enz enz (0).¢ cyC X , ri
2T R Rer bl ar G TSR o CORR: o REORY | ocoNRn PN THaRs 5 ° Y
[ 0059] Nfc ﬁa' BOSRDOEGIRIAR S, 5:0'an COFRAUM SsuBtichRlModp s‘el%cteﬁl’ﬁ%ﬁﬂ(ﬁz

t aken toget h
Csahphauc aryl, heteroaryl, cycloaliphatic, heterocycloaliphatic, arylC;-Cealkyl,

heteroarylC;-Cgalkyl, cycloaliphaticC;-Cgalkyl, or heterocycloaliphaticCi-Csalkyl.

[0079] In yet other embodiments, x is 1 or 2, and each occurrence of R? is independently
Cl, Br, F, CF;, -OCF;, Me, Et, CN, -COOH, -NH,, -N(CHs);, -N(Et);, -N@Pr), -
O(CH,),0CH;, -CONH,, -COOCHjs, -OH, -OCHjs, -OCH,CHj3, -CH,OH, -NHCOCH3;, -
NHCOCH(CHj3),, -SO,NH,, -CONH(cyclopropyl), -CONHCHj3, -CONHCH;CH3, or an
optionally substituted group selected from -piperidinyl, piperizinyl, morpholino, phenyl,
phenyloxy, benzyl, or benzyloxy.

[0080] In still other embodiments, x is 1 or 2 and each R® group is independently
halogen, CN, optionally substituted C;-Cgalkyl, OR’, N(R*),, CON(R)2, or NRCOR’.

[0081] In yet other embodiments, x is 1 or 2, and each R? group is -Cl, -CHj3, -CH,CHg, -
F, -CF;, -OCF;, -CONHCH;, -CONHCH,CH3;, -CONH(cyclopropyl), -OCH3, -NH;, -
OCH,CHjs, or -CN.

[0082] In still other embodiments, x is 1 and R? is at the 6-position of the quinazoline
ring and is -Cl, -CHs, -CH,CHj, -F, -CF;, -OCFs, -CONHCH;, -CONHCH,CHj, -
CONH(cyclopropyl), -OCHj3, -NH,, -OCH,CHj, or -CN.

[0083] In yet other embodiments, x is 1 and R? is at the 7-position of the quinazoline ring
and is -Cl, -CH;, -CH,CHs;, -F, -CF;, -OCF;, -CONHCHj;, -CONHCH,CHj, -
CONH(cyclopropyl), -OCHs, -NH,, ~-OCH,CH3, or -CN.

[0084] In still other embodiments, x is 1 and R’ is at the 6-position of the quinazoline
ring and is -Cl, -CHj3, -CH,CHj, -F, -CF3, -OCF;, -OCHs, or -OCH,CHs.

[0085] In yet other embodiments, x is 1 and R is at the 7 -position of the quinazoline ring
and is -Cl, -CHs, -CH,CHj, -F, -CF;, -OCF;, -OCH3, or -OCH>CHs.
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is optionally substituted azetidin-l-yl (jj), wherein z is 1 or 2 and at

| east one occurrence of R4 is -NRSO2R, -NRCOOR , or -NRCOR . In certain
ot her enbwdiznemit78733f or conpounds of formula |-A, Rl anecRas2dcaledsst oget her
is optionally substituted azetidin-I-yl (jj), wherein z is 1 and R4 is

NRSCJZ n ot her,. enbod for, conpounds of fornmula 14 ,,% Rl and
R2, Egﬂs‘{]ogeinng}u ngﬁﬁl %Ea‘gfan Zupsh i‘rg)q.lﬁeéﬁ a7 beiGapesitian, of {he j‘l)‘ﬁn%]éﬁleel n z

is 1 antho¥hdii$-€o +NRGBORErtai n other enbodi ments, for conpounds of
formula I'-A, Rl an taken together is optionally substl tuted
azet i dilA0&Zy| I yet, OtMeandnnzentss x1s haod R i a tho\RQORtion bfithgefuinasoliverring

enbodi ne taken together is
opt i onaf'InFi 'CS}U’E%{% ?@@b;ﬁ’r' ?’dl 2k ')dcﬁi’f’ﬁmo "“Cﬁzn zisl1lor 2and R4 is
d, Br [0688] CF3FotCt&mpoudds Qé&nbedq?r’recﬂ?rabo@%g%eﬁaim eﬂnbhﬁneﬁﬁsh% A s a
enbodi nents, for corrpounds of forrmula l-A, R2, ken together is
opt i on@prmﬁdlfmmed pi peridin-1-yl (dd) V\/nerel n z |s 1 or 2 and at

| east one occurrence of R4 is O, Br, F, CF3, CH3, -CH2CH3, -OR, or
-CH2OR , -NRSO2R', - NRCOOR , or -OCO\I(R')Z In certain other enbodi nents,
for corrpounds of(Rd)or mul a Iy(-FA Ga:® and RARSt aken toget h@qs IS opt| onal |y
substituted pj r|d|n1yI|\( , Wher ei n 1 and R4 /& CF3 CH3,

- CH2CH3, Cﬁ'ﬁ—@@ﬁj@c}? I\erﬁyt her enbo |:n/'§=ﬂ B2 or er% fornul a
l-A, Rl and “1 aken toge{b/ﬁur is optio substltute perldln | -yl
(dd), wherein z is 1 and R4 is -NRSO2R,. In certain other enbodi nents,
for compounds df formula I-A Rl -22 V\D 2004iki078733 PCT/ US2i¥1114/ 006451

and R2, taken together is optionally substituted piperidin-1-yl (dd),
wherein z is I and R4 is - NRCOOR . In yet other enbodi ments, for conpounds

of formula I- ﬁé) and Rz, tak(ﬁ@)y SR o, TS) -
N N VA
é E ) (RSa)q g—K // —(R%), g—':/\/\1 T/\ —\)/ i
N kN',N %/ ‘N‘
v vi vii viii
RS
N-NH s NROy y(N.\Z\\/ R°%) (Ts)v
"L,_L (Rsa)q wl, (RSa)q '-LLH N S
IX X xi xii
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together is optionally substituted piperazin-1-yl (cc), wherein z is 1 or 2
and at | east one occurrence of R4 is -SOR, -CON(R )2, -S&®N(R )2, -COR ,

or - COOR woOl2n040@813ai N ot her enbodi ments, for conpounds pofi/dSesmmwbasi - A, Rl
and R2, taken together is optionally substituted piperazin-1-yl (cc),

wherein z is 1 and RA is -SOR . In certain other enbodinents, for
conmpounds of formla hSA R1 and , ta toget her is op‘ﬁsbnally
substituted pipega -yI (cc), Zis 1 and ¥\-COOR . In
certain ot her d| nts, for CWQS of forrriﬂ—g \A R1 and R2, taken
together is o substltuteqh gzm 1-yl (b‘c) inzis 1 and

R4 is -CO\I(R)Z In cé?‘tbu n ot her "bnbo mts, for conpounds 6f formul a
l-A, Rl and R2, taken Spaet her is op nal |y substlxtx t ed pi perazin-|-yl
(cc), wherein z is 1 R4 R4 is -S02N )2. In certai'n other errbodi ment s,

for conpounds of for la I-A, Rl and R% )t aken toget her |s onaIIy
substituted per yI yl (cc), % is 1 and RAN [ 0060] As
descri bed gepgfa Iy bove for pndﬂ of formul | or |-B, the
qui nazol i ne r| g substi tut \hFB to fo ep 1 occurrences
of R3. In certain %ddlrrents x is 0-2 ﬁlother enbodlrren qX|slor
2. In still other enb ‘mantsxml gnd R3 is sub juted at the 6- or

7-position of the qU| nazol i ne ring. \ﬁl‘en t he qui nazo |ne ring is
substituted (x is 1-4), R3 groups are halogen, CN, NO2, -N(R)2,

-CH2N(R ) 2, - R, CH2ZOR', -SR, -CH2SR, -COOR, -NRCCR‘ CO\I(R‘)Z
-OCO\I(R)Z ( b o1 rHCOCR -SOZR sozkl\llﬁ)y)z or Btﬂ pal | y
substitute sel ected _f_r_/\ d1- Csali i pha ryI ?e’fe/\pargga
cycl oal i ph et er ocycl atic, éy';LCJ,IJTB
het er oar yl CV C6a| a,)q cyel og;{ } pl(ﬁﬁa)chI CGaIH<yI or H
het er ocycl oat i phatl cCl- Ceal In still
xxvii Xxviii XXix XXX
Ry (R°) (R%) <R5>
S, Y y y
) o N
T 7 RM —_ T (R
% Sy ! % Y SN \RSa)
H (RSa)q
Xxxi xxxii xxxiii XXXiv
N_(R%y }m y(RY)
L 7 o™ /& (R%3),
‘ic \_._J\(RSa)q X|_/\(R5) 34
(R%)q
XXXV XXXVi xxxvii

[0089] In other embodiments, ring A is optionally substituted phenyl, 2-pyridyl, 3-
pyridyl, or 4-pyridyl, or pyrrol-1-yl.

[0090] For compounds described directly above, in some embodiments, y is 0-5, q is 0-2,
and R’ and R® groups, when present, are each independently halogen, CN, NO,, -N(R’),, -
CH;N(RR’);, -OR’, -CH,OR’, -SR’, -CH,SR’, - -NRCOR’, -CON(R’)z, -S(0O),NR"),, -
OCOR’, -COR’, -COsR’, -OCON(R™);, -NR’SO;R’, -OP(O)OR’);, -P(O)(OR’),;, -
OP(0).0R’, -P(0),0R’, -PO(R’),, -OPO(R’),, or an optionally substituted group selected
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ot her enbodi nents, each occurrence of R3 is independently C, Br, F, CF3,
-OCF3, Me, Et, OCN, -COOH, -NH2, -N(CH3)2, -N(Et)2, -N(iPr)2,

- ( CHa_) 20014804/07€3BIH2, - COOCH3, -OH, -OCH3, -OCH2CH3, PCIHAGR)044ONHEOCHS,

- NHCOCH( CH3) 2, - SO2NH2, - CONH(cycl opropyl), -CONHCH3, - CONHCH2CH3, or an
optionally substituted group selected from -piperidinyl, piperizinyl,

nor phol frero, CpGetiphaticp heply | heteyoarle gyloalipiratioe r]nzgemnyyloaliphatisl iatyICﬁClﬁaikyl
enbodi nent s ro IS in t hal ogen, CN,
opt | ondigsislby CelplavacabmuiRG otk ey TR CHIMRR | I yer
Ot her CF[%U@Hd' ”?rﬂ&tﬁl othe} émﬁocﬁﬁug%binfﬁ% Qa&ﬂi DbPY) pan'dseacl%ccun@h@e oﬂ@ﬂm

H( cycl - NH2,
OCHZ Cl-iﬁdewnderﬂlyl C] rBr &, iTHs, Mﬁh@t @hhoﬂfﬂfﬂﬂi NHx -rl‘é(demd @)z, sNél‘Pr)rzhe

°bes, ‘ORStAT BN ot Shmct - i SR S

PCTI Uszg@mptis@mﬂ@éﬁmz, hb@oc@ﬂﬂ%&@cmzc@@ﬂs}al\[ @@EHBEN@HWQJHEE nts,

x is 1 and R3 is at the p05|t|ono U|na20|ner|ngan is -d

CHB m&m 1~y1FOCQ¢I§(CHMO eptopmly SUMI@@)PBPWOWI)
fa(%a I n ot her enbodl ments, x is 1 and R3 is at

the 6 p solpllb%ar% %q-t‘gtea%e%g%#lne ring and is -d, -CH3, - CH2CH3, -F,

-CF3, -[00%3, - GCiHBIl 6ther GEi3E@HRNtd, v $¢ 0| lanat des Embackﬁ’remtls m Iyst ﬂ:thafld R3
is at the 7-position of the qyinazoline rlng and is -

-F, - Ccranbedopens, v io@Ag 18 1ggnd 1290142@&3 I siilhether el@h%@ﬁeﬂw i g A15d aindal%d R3
Is at t QQ% %{ gfﬁ@r Qlfnbwi‘ﬁleﬂfé' ?6}5 thZ aﬁfdn&leatg]},‘éufréncemﬁlg OR’ UndNRER -
other e

In yet I nen S,
other occurrence of R™ is F In yet other embodiments, y is 0, q is 2 and one occurrence of

R is OH and the other occurrence of R* is F.

[0023] In yet other embodiments, ring A is optionally substituted phenyl and compounds
have the structure YA-i:

RLN,R2

X(Rs)_C(%N (RE),
N/KC//J
(R,
TA-i
wherein:
y is 0-5;
q is 0-2; and
each occurrence of R is independently an optionally substituted C;-Csaliphatic
group, halogen, -OR’, -SR’, -N(R’),, -NR’COR’, -NR’CON(R’),, -NR’CO,;R’, -COR’, -
COzR’, -OCOR’, -CON(R’);, -OCON(R’),, -SOR’, -SOzR’, -SO,N(R™)2, -NR’SO2R’, -
NR’SO,N(R’),, -COCOR’, -COCH,COR’, -OP(O)(OR )3, -P(O)(OR’),, -OP(0),0R’, -
P(0);0OR’, -PO(R’),, or -OPOR’),.
[0094] In certain exemplary embodiments, the ring formed by R! and R* taken together is

selected from:
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position of the quinazoline ring and is -CON(R )2, or NRCOR . O her

exenpl ary R3 groups include those shown below in Table 2. [0061] As

descri bedvgenewEasisy above, for conpounds of forrmula |, PEAUSeN04l00B51 Ri ng A
is a 5-7-nmenbered nonocyclic aryl ring or an 8-10-nenbered bicyclic aryl
ring havi ng 0 3 heteroatons mdependently sel ect ed from nitrogen, oxygen,
or sul fur, is av’g 12-{Rbpber ed gi mjﬂa ed or ,a.l(ﬁ*))z unsat ur at ed
nonocyclic r| ng ha 3 hetero ndepende Eel ected from

ni trogen, oxygen, b\ul/f\“,qr, wher ei ng Ais optllsn,aOI y substituted with
y i ndependent occurrences of -R5, V\/ner einyis 0-5 and is additionally
optionally substitutedee With g indepeddient occurrencees of Rba, wherein q is
0-2. [0062] In certain errbodi ments, ring Ais selected from (RS)Y y(R5)
(R5a)q y(R5) y(R5) N' ~-" -(Rha)q(RFa)q (Rsa)g N 1 ii iii iv (R5y (RH)y
y(R5) Rya (R5)y SaM/l s Ni/. N vy )g NI (R)YE™} N(Ra)g ~N (Rsa)q ¢

NN NH v vi \/'\I CoVidi 55%% v(R1-\ Nﬁg)%‘i(RS)Y
L\R‘*) 6_/ C/

ff gg hh
P T T
~ N /\/j N N
S )
S Q\(Fﬁ)z ﬁ
AR%)
ii ji Kk

N
%j %{ (X
- X \ 4
4 RY) (R%):
) | (R,
i 11111 nn 00

wherein the ring formed by R! and R? taken together, is optionally substituted at one
or more substitutable carbon, nitrogen, or sulfur atoms with z independent occurrences of —

R4, and z 1s 0-5.

[0095] In other embodiments, for compounds of formula TA-i, R! and R? taken together
are optionally substituted azetidin-1-yl (§j), pyrrolidin-1-yl (ff), piperidinl-yl (dd), piperazin-
1-yl (ec), or morpholin-4-yl (ee). In other embodiments, for compounds of formula I-A, R!
and R taken together are optionally substituted azetidin-1-yl (jj), pyrrolidin-1-yl (ff),
piperidinl-yl (dd), or piperazin-1-yl (cc). In yet other embodiments, for compounds of
formula JA-i, R! and R? taken together is optionally substituted azetidin-1-yl (jj). In yet
other embodiments, for compounds of formula IA-i, R' and R?, taken together is optionally
substituted pyrrolidin-1-yl (ff). In still other embodiments, for compounds of formula IA-i,

R! and R? taken together is optionally substituted piperidinl-yl (dd). In yet other
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y /" ~(RR)y | -4K 5a)g Il NN5a)g gHS ix x xi xii -24 W 2004/078733
PCTI US2004/ 006451 (R5)y (R5)Y (I 5y (R)Y ~ (Rea)q\r~I (R5a)q (Rsa)q / |
(R5a)q QwbBl2bb4/873Z4, O S xiii xiV xv xvi y(R5)(R5a)q (REXNSerREAY643( R5)
(R5a)q Y(RSI (Rsa)g N ggN g NN NNI=N/"N xvii xviii xix xx (R5)Y
(RB) Y (Ry / N ~\J NN O (R5a), H (R5a)q, (R5a ;q xxi xxii xxiii (R5)y N
(H5)y (d@Bbhadiments/ fou compounds of formula IA-i, R' and R? taken together is optionally

substituted piperazin-1-yl (cc).

[0096]  For compounds of formula IA-i, z is 0-5, and R* groups, when present, are each
independently halogen, CN, NO,, -N(R’),, -CH,N(R’),, -OR’, -CH,0R’, -SR’, -CH,SR’, -
COOR’, -NRCOR’, -CON(R’),, -OCON(R’),, COR’, -NHCOOR’, -SO,R’, -SO;N(R’),, or
an optionally substituted group selected from C;.Cgaliphatic, aryl, heteroaryl, cycloaliphatic,
heterocycloaliphatic, arylC;-Cealkyl, heteroarylC;-Cealkyl, cycloaliphaticC;-Cgalkyl, or
heterocycloaliphaticC;-Cealkyl. In other embodiments, z is 0-5 and R* groups are each
independently Cl, Br, F, CF;, CHs, -CH,CHj3, CN, -COOH, -N(CHs),, -N(Et),, -N(iPr),, -
O(CH_,),0CHj3, -CONH,, -COOCHj3;, -OH, -CH,OH, -NHCOCH3, -SO,NHj,, -SO,(CH,);CHs,
-SO,CH(CHz),, -SO,;N(CHz)s, -SO,CH,CHs, -C(O)OCH,CH(CHs3),, -
C(O)NHCH,CH(CHs)s,, -NHCOOCH;z, -C(O)C(CHs)s, -COO(CH;),CHs, -
C(O)NHCH(CHs),, -C(O)CH,CH3, or an optionally substituted group selected from -
piperidinyl, piperizinyl, morpholino, C;4alkoxy, phenyl, phenyloxy, benzyl, benzyloxy, -
CHycyclohexyl, pyridyl, -CHzpyridyl, or -CHjthiazolyl.

[0097] In certain embodiments, for compounds of formula IA-i, R! and Rz, taken together
is optionally substituted azetidin-1-yl (jj), wherein z is 1 or 2 and at least one occurrence of
R*is —NRSO;R’, -NRCOOR’, or -NRCOR’. In certain other embodiments, for compounds
of formula IA-i, R! and R, taken together is optionally substituted azetidin-1-yl (jj), wherein
z is 1 and R* is -NRSO,R’. In other embodiments, for compounds of formula LA-i, R! and
R?, taken together is optionally substituted azetidin-1-y1 (jj), wherein z is 1 and R* is -
NRCOOR’. In certain other embodiments, for compounds of formula [A-i, R! and RZ, taken
together is optionally substituted azetidin-1-yl (jj), wherein z is 1 and R* is -NRCOR’. In yet
other embodiments, for compounds of formula IA-i, R' and R?, taken together is optionally
substituted pyrrolidin-1-yl (ff), wherein z is 1 or 2 and R*is Cl, Br, F, CF;, CH;, -CH,CH3, -
OR’, or -CH,OR’. In still other embodiments, for compounds of formula IA-i, R! and R2,
taken together is optionally substituted piperidin-1-yl (dd), wherein z is 1 or 2 and at least
one occurrence of R* is Cl, Br, F, CF;, CHs, -CH,CH3, -OR’, or -CH,OR’, -NRSO;R’, -
NRCOOR’, or -OCON(R’),. In certain other embodiments, for compounds of formula IA-i,
R! and R?, taken together is optionally substituted piperidin-1-yl (dd), wherein z is 1 and R*
is F, CF;, CHs, -CH,CHs, -OR’, or -CH,0R’. In other embodiments, for compounds of
formula IA-i, R' and R?, taken together is optionally substituted piperidin-1-yl (dd), wherein
zis 1 and R*is -—NRSO2R’,. In certain other embodiments, for compounds of formula IA-i,

R' and R?, taken together is optionally substituted piperidin-1-yl (dd), wherein z is 1 and R*
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HN 5a N (R5a)q 5 \(R5a)g (R )q xxiv xxv xxvi ~(1R5)y N(R5)Y (H5)y N)q
~lH" J (Rha)g J (Rba (R5a)q y(R5) (R5a)q H H Xxvii xxviii xxix xxx $
(R5) y (RvB)2904R8)133 (R5)Y (R5a) O (R5a) HJ q r,\J q Per(URB@pngoc4§R5a) q
XXXI Xxxii xxxiii xxxiv NX R5)y /'/ Y(R5) ~ O (Rsa) Vv\(R5a)q I~ (R5)y ¢
(R5a)q -25 WD 2004/ 078733 PCTI US2004/ 006451 XXXV XXXVI XXXVI i
is -NRCOOR’. In yet other embodiments, for compounds of formula IA-i, R! and Rz, taken
together is optionally substituted piperazin-1-yl (cc), wherein z is 1 or 2 and at least one
occurrence of R* is ~SOR’, -CONR’),, -SO;N(R")2, -COR’, or —COOR’. In certain other
embodiments, for compounds of formula IA-i, R' and R? taken together is optionally
substituted piperazin-1-yl (ce), wherein z is 1 and R* is —=SOR’. In certain other
embodiments, for compounds of formula IA-i, R' and R? taken together is optionally
substituted piperazin-1-yl (cc), wherein z is 1 and R* is -COOR’. In certain other
embodiments, for compounds of formula IA-i, R' and R? taken together is optionally
substituted piperazin-1-yl (cc¢), wherein z is 1 and R* is -CON(R’),. In certain other
embodiments, for compounds of formula IA-i, R! and R? taken together is optionally
substituted piperazin-1-yl (cc), wherein z is 1 and R* is -SO;N(R’);. In certain other
embodiments, for compounds of formula IA-i, R! and R? taken together is optionally
substituted piperazin-1-yl (cc), wherein z is 1 and R* is -COR".
[0098] In some embodiments for compounds of formula IA-i, x is 0-4, and R> groups,
when present, are each independently halogen, CN, NO;, -N(R’),, -CH,N(R"),, -OR’, -
CHOR’, -SR’, -CH,SR’, -COOR’, -NRCOR’, -CON(R’);, -OCON(R’);, COR’, -
NHCOOR’, -SOR’, -SO;N(R’);, or an optionally substituted group selected from Ci.
Csaliphatic, aryl, heteroaryl, cycloaliphatic, heterocycloaliphatic, arylC;-Csalkyl,
heteroarylC;-Csalkyl, cycloaliphaticC;-Cgalkyl, or heterocycloaliphaticC;-Cgalkyl.
[0099] In still other embodiments, x is 1 or 2, and each occurrence of R? is independently
Cl, Br, F, CF;, -OCFs;, Me, Et, CN, -COOH, -NH,, —-N(CH3),, -N(Et);, -N@Pr),, -
O(CH)2,0CH3;, -CONH,, -COOCHj3, -OH, -OCHj3;, -OCH,CHs;, -CH,OH, -NHCOCH;, -
NHCOCH(CHz3),, -SO,NH;, -CONH(cyclopropyl), -CONHCH;, -CONHCH,CH3;, or an
optionally substituted group selected from -piperidinyl, piperizinyl, morpholino, phenyl,
phenyloxy, benzyl, or benzyloxy.
[00100] In yet other embodiments, x is 1 or 2 and each R* group is independently halogen,
CN, optionally substituted C;-Cgalkyl, OR’, N(R"),, CON(R’),, or NRCOR”’.
[00101] In still other embodiments, x is 1 or 2, and each R> group is -Cl, -CHj3, -CH,CHj, -
F, -CFs, -OCF;, -CONHCHj3, -CONHCH,CH3;, -CONH(cyclopropyl), -OCHs, -NH,, -
OCH,CHs, or -CN.
[00102] In yet other embodiments x is 1 and R? is at the 6-position of the quinazoline ring
and is -Cl, -CH;, -CHyCH;, -F, -CFs;, -OCF;, -CONHCH;, -CONHCH,CHj, -
CONH(cyclopropyl), -OCHj3, -NH,, -OCH,CHj, or -CN.
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[0063] In certain other enbodinents, ring Ais selected fromoptionally
substituted phenyl, 2-pyridyl, 3-pyridyl, or 4-pyridyl, or pyrrol-1-yl.

[ 0064] | rwecne/@st3edi ments, y is 0-5, qis 0-2, and RS anm/URs@4@o@8ps, when
present, are each independently hal ogen, CN, N2, -N(R )2, -CH2N(R) 2,
-OR, -CH2OR, -SR, - CH2SR, - -NRCOR, -CON(R)2, -S(O2N(R )2, -OCOR,
-COR , 06193t | In cibntiRr)epbodimiRsEORR 1 andRC Gy @ORE) DpositgrOpf GR qEnazoline
-OP(O20R , -P(O 20R .- P , - %) r j on substit ut ed
group slél??ec&{ngdgsf r"@?n &H%%ﬁb%é%’i 'CFOD% @%ﬁ%r‘me%ycﬁyﬁiﬁ% arie, -
het er ocgouRL| bbb, -DCHLCINIEZabkH, CHhesecaar yl C1- Ceal kyl ,

cycl oal i plr:gf(i %Cﬁlﬂggg? kyIO,H30r het er ()2cycl qql i phati cCl- C6al kyl . [0065] In yet
ot her elf8d0Inede yet gth¢renthodimeniy Xqs ilgind Roris 2t the Acposition ob dhaquiearolinefin®sa i s

i nd I B 3, : : - ~NH2, -N(CH3)2, -N(Et)2,
I-r|\1|(ieI[Fire)n?g]?m‘ '()&%E‘?’z' 2 H3w 0‘%@5%**30895%% OCI(-|2CI-E% -CH(ZO-l?
O N ) 2 L L LBy 2 o0 oy aloanazaine

- - - _piperazin-1- cycl open :

- 000, e DAy CHab kel Han Gt O Togtr- GhakCFasubat i it od’

b I 00 ' ' [ - P . ais
F o0 AR et oo AL xTFHUTE L §e o gfton P plifyrbufefingS

ot her earddd HTEN® ), yoriNRAORG. is | and Rsa is OH In yet other enbodi nents,

is O, | S 2_and._one occurrence of a.is OR and the other occurrence
of Rsa 1001671 T ylll Oéle%mct@ﬂ%wwmsﬁpd R ip at the; 2—99815%0 fe gEBgrolisfce of
Rsa is anfis LeOMRS! ol0eREDReNCe of Rsa is F. [0067] In still other
enbodi ments, ring Ais phenyl, yis 0, and qis 1 and Rsa is F
[00108] In some embodiments for compounds of formula IA-i, y is 0-5, q is 0-2, and R’

and R™ groups, when present, are each independently halogen, CN, NO,, -N(R’),, -
CHoN(R’),, -OR’, -CH;OR’, -SR’, -CH,SR’, - -NRCOR’, -CON(R’);, -S(O)N(R),, -
OCOR’, -COR’, -CO;R’, -OCON(R’),, -NR’SO;R’, -OP(O)(OR’);, -P(O)}OR*),, -
OP(0),0R’, -P(O),0R’, -PO(R’),, -OPO(R’), or an optionally substituted group selected
from C;.Cgaliphatic, aryl, heteroaryl, cycloaliphatic, heterocycloaliphatic, arylC;-Csalkyl,
heteroarylC;-Csalkyl, cycloaliphaticC;-Cealkyl, or heterocycloaliphaticC;-Cgalkyl.

[00109] In yet other embodiments, y is 0-5, and q is 1 or 2, and each occurrence of R ig
independently Cl, Br, F, CF;, Me, Et, CN, -COOH, -NH;, -N(CHj3),, -N(Et)2, -N(iPr),, -
O(CH,),OCHj3;, -CONH,, -COOCH;, -OH, -OCH;, -OCH,CH;, -CH,0H, -NHCOCH;, -
SO:NHz, -SONHC(CHs),, -OCOC(CHs)s, -OCOCH,C(CHz)s, -O(CH2)2N(CH3)2, 4-CHs-
piperazin-1-yl, OCOCH(CHj3),;, OCO(cyclopentyl), -COCHs, optionally substituted phenoxy,
or optionally substituted benzyloxy.

[00110] In still other embodiments, when ring A is phenyl, y is 0, and q is 1 and R*is F
substituted at the 2-position of the phenyl ring. In yet other embodiments, when ring A is
phenyl, y is 0, q is 1, and R is OR’ substituted at the 2-position of the phenyl ring. In still
other embodiments, when ring A is phenyl, y is 0, q is 1 and R* is OH substituted at the 2-
position of the phenyl ring. In yet other embodiments, when ring A is phenyl, y is 0, q is 2
and one occurrence of R is OR’ and the other occurrence of R* is F, wherein OR’ is
substituted at the 2-position of the phenyl ring and F is substituted at the 6-position of the
phenyl ring. In yet other embodiments, when ring A is phenyl, y is 0, q is 2 and one
occurrence of R> is OH and the other occurrence of R is F, wherein OH is substituted at the

2-position of the phenyl ring and F is substituted at the 6-position of the phenyl ring.
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substituted at the 2-position of the phenyl ring. In yet other enbodi nents,
ring Ais phenyl, v is 0, gis 1, and Rsa is OR substituted at the
2- posi ti omoabodrdigraphenyl ring. In still other enbodi meRCI/USLIAMYOAS] S
phenyl, y is 0, gis 1 and Rsa is OH substituted at the 2-position of the
phenyl ring. In yet other enbodinents, ring Ais phenyl, vy is 0 gis 2 and
one ocd00¥dhcenatill dlsar ensbodizherds) dort ¢Denpnuhés oﬁ)focmnlaelu%eis q6é 1Red R°%isAt theher ei n
OR is subtlt&ed at the 2- 05|t| of }r‘?ﬂ rlng and F is
subst i CIREHOROT hePREYLERS 28 CPDOYs B © Aillyet ot her
enbodi ments, ring Ais phenyl, yv is®, @2is 2 and one occurrence of Rsa is
OH and the other occurrence of R5a |sNF wherein OHis substituted at the
2-position of the phenyl ring and ,\%ub galtut ed at the 6-position of
t he phenyl ring. [0068] O her, (R ry 51and Rs' groups include those
shown below in Table 2. -26 WD 2 | US2004/ 006451 [0069] For
conpounds described in this section above, general , conpounds are useful
as inhibitors of ion channels, preferably v }F{s ge gat ed sodi um channel s and
N-type calcium channels. In certain exenpl ary’enbodi nents, conpounds of
the invention are useful as inhibitdAdiof NaV 1.8. In ot her enbodi nent s,
conpounds of the invention are useful as inhibitors of NaVl. 8 and CaV2. 2.
In still ot f&¥f&¥bodi nents, conpounds of the invention are useful as
inhibitors gf faNde ?onﬂeﬁb\[grfﬁl aﬁiﬁﬁ?ﬁak’eﬁ?g&tﬁ@@é SolectPOYNds of the invention
are useful aS dual™inhibitors of NaVvl and a TTX—sen5|t|ve i on channel
such as NaVvl. 3 or yav 1(RP), [0070 Cert(%ﬁ)n addi tl?‘h Bﬁ)bodl ments of

9

conmpounds descri bed grr\ IIy abo KJ

CC ee
e T N
Ny U(ﬂ‘bz ) (RY,
(%J\(R“-)z
ff gg hh
£ R T T
~ N /\/j N N
> )
s <’\(Fa‘bz T{ﬁ
z(R%)
ii ji kk
w|vw bhdd baidd wany
N ! ' ]
o4 4
\
(R4)\-—J C\(Rdf)z (R,
z (R4,
|| min nn 00

and the ring formed by R! and R? taken together, is optionally substituted at one or
more substitutable carbon, nitrogen, or sulfur atoms with z independent occurrences of —R*,
and z is 0-5;
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described in nore detail below For exanple: [0071] |I. Conpounds of fornula
lAX R~ NR2 LC ;NH IA or a pharnmaceutically acceptable salt thereof,
wher ei n: WO 2a0uh78RB3 t aken together with the nitrogen at ecrtus2etkioedsst hey are
bound, forman optionally substituted 3-12-nenbered nonocyelic or bicyclic
saturated, partially unsaturated, or fully unsaturated ring having 0-3
addi tional he whergitonds Drfdapé Riegrohys, seienqirestnt, ragereachi indepgadentyuhilogen, or

oxygen; in ri f y ta Qge o | Jonally
subst i tﬁl“?ﬁ@% '6‘}439)67 "%&&sggg?gt’u%wcgg%dn'ﬁﬂﬁs ’o@%ﬁ?’ ot @]ﬁp& » 4t ons
W th z CON{RPENASTONEE Y €OREs -NHCHIR’ WNSOR™N SOMN(R*)3; Jri B Optichafly
5-7-nmenbered nonocyclic aryl ring or an 8-10-nmenbered bicyclic aryl Ting

havi ng Bbstityiader swiprsselastidpefigent IG-Galiphatied ybm kftetoaydn, cysigakiphaticr
| ' . 3-12- [
ooy bk diphadd URTECEEMcns” i@l alaCh Rl Mo Biglei 3 fhkyp, or

ni t r ogeheteroxydealiphaticGuldaldyl. wherein ring Ais optionally substituted with

y independent occurrences of -R5, whereiny is 0-5 and is additionally
optional l'y sBh¥berei &ds fi4 ing R ngropen adien esnlk Peheed Brependenibehalpeery | s
0-2: Xi eN0-Mo, SRR BCCHINGRCS, BDRRE-CIROR N8R O-CHt, SR 1P 08K CBR -
wherein Qis a bond“or is a

CON(R’)2, -OCON(R’);, COR’, -NHCOOR’, -SO;R’, -SO;N(R’);, or an optionally

substituted group selected from C,.Cealiphatic, aryl, heteroaryl, cycloaliphatic,

heterocycloaliphatic, arylC;-Cealkyl, heteroarylCy-Cealkyl, cycloaliphaticC;-Cegalkyl, or
heterocycloaliphaticC;-Cgalkyl.

d) wherein y is 0-5, and R’ groups, when present, are each independently halogen,
CN, NOg, -N(R),, -CH,N(R)2, -OR’, -CH,OR’, -SR’, -CH,SR’, - -NRCOR’, -CON(R”),, -
S(O)N(R’);, -OCOR’, -COR’, -COR’, -OCON(R’);, -NR’SO;R’, -OP(O)(OR’);, -
P(O)(OR’)2, -OP(0),0R’, -P(0);0R’, -POR’)2, -OPO(R’),, or an optionally substituted
group selected from Ci.Cealiphatic, aryl, heteroaryl, cycloaliphatic, heterocycloaliphatic,
arylCy-Cealkyl, heteroarylCi-Cgalkyl, cycloaliphaticCy-Cealkyl, or heterocycloaliphaticC;-
Csalkyl; and

e) R* is Cl, Br, F, CFs, Mg, Et, CN, -COOH, -NH,, -N(CHa3),, -N(Et),, -N(Pr),, -
O(CH;);0CH3;, -CONH,, -COOCHj3, -OH, -OCHj;, -OCH,CH;, -CH,OH, -NHCOCH3, -
SO;NH3, -SO;NHC(CH3),, -OCOC(CHzs)s, -OCOCH,C(CHs)s, -O(CH,),N(CH3),, 4-CHs-
piperazin-1-yl, OCOCH(CHjs),, OCO(cyclopentyl), -COCHjs, optionally substituted phenoxy,
or optionally substituted benzyloxy.
[00112] In still other embodiments, for compounds of formula IA-ii: q is 1 and R* is at the
2-position of the phenyl ring, and compounds have the structure IA-ii:

1 2
R N’R
XN R5a
N N

TA-ii

wherein:
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Cl-C6 al kyli dene chain wherein up to two non-adj acent nethylene units of Q
are optionally -27 WO 2004/078733 PCTI US2004/ 006451 and i ndependently
repl aced w9 200%787335- , -0-, -CS-, -C02-, -0OCO, -CO, -EOTMS20040LME:
-NRCO-, -NRCO2-, -S2NR-, -NRS02-, -CONRNR-, -NRCONR-, -OCONR-, -NRNR-, -
NRSOZNR - SO, -502- - PO - P02- - CP(O)(CR) or - PCR— and each

occur rence @ Rand R* takaﬂetpg’lhl@rns by op&dnwdltyenibsftrtmﬁdriﬁg selleaﬂedgfmm azeDdinr=NR' |

NR 2. -NR CC2R, -COOR
CO2R' b U&HQTOIIC“&%WIF@Q&PG&@%@Q(% T Piligggin-1- éfg) {SN(R) 2,
-NR SR, YR “2% ;Q%@Eiwh éﬁ@ﬁh‘@%l; Bt @3@)5 (ER,)-21,cH( ! @NCR ) 2,

- OP(0) ZOR -P O 20R , 2, 2: each occurrence of Rya is
i ndeperﬁ@‘ﬁHL y N tME@bI%(@bst@@izé@@h GE@NHIha(E@@CI‘br o, -GEIden,

' R N L
NR sozr@amanzeg@g@ %@Q@ HORLA) ( CRNFR0OBHD)  CRAC(ERRLO) 20R | -

P(O 20R and each occurrence of Ris ependently

R -
hydr ogéFQQ(C Q}%Xz,i &{Q)Nﬁ h2t uCE@LE L, ari pihaptienadlyospbstitier ey

f t [ td ed
Cr 6 i befied gt Bk ARE0E BRNnl MODROF X6 dRkoRE rRAM phemdsRn okbal o,
fully bensadiy, aCthy&mheﬁylpbymiyﬂl @glzbﬁvdyn,gor(lcﬂzimﬁzerwat ons i ndependent |y
sel ected from nltrogg gen, or sulfur, or an 8-12 nenbered saturated,

partial |y ufd&tisilay an%ﬁacmcpwwgé’ef & d¢ giependently Cl, Br, F, CF3, -OCF3, Me,
Et, CN, -COOH, -NH;, —-N(CHzs);, -N(Et);, -N(iPr),, -O(CH;),OCHj3, -CONH,, -COOCHj, -

OH, -OCH;, -OCH;CH;, -CH,OH, -NHCOCH; -NHCOCH(CHs);, -SO,NH;, -
CONH(cyclopropyl), -CONHCH;, -CONHCH,CH3s, or an optionally substituted group
selected from -piperidinyl, piperizinyl, morpholino, phenyl, phenyloxy, benzyl, or benzyloxy;

d) wherein y is 0-4, and R® groups, when present, are each independently Cl, Br, F,
CE;, Me, Et, CN, -COOH, -NH;, -N(CHs),, -N(Et), -N(iPr);, -O(CH;),0CH3, -CONH,, -
COOCH;, -OH, -OCHj;, -OCH,CHj3, -CH,OH, -NHCOCH;3, -SO;NH;, -SO,NHC(CHjz),, -
OCOC(CHzs)s, -OCOCH,C(CH3)3, -O(CHz),N(CH3),, 4-CHs-piperazin-1-yl, OCOCH(CHjs),,
OCO(cyclopentyl), -COCHs, optionally substituted phenoxy, or optionally substituted
benzyloxy; and

e) R is Cl, F, CF;, Me, Et, -OH, -OCHj, -OCH,CHs, -CH,OH, -SO,NH,, -
SO, NHC(CHzs),, ~-OCOC(CHj3)3, -OCOCHC(CHs)s, -O(CHz),N(CHs),, 4-CHj-piperazin-1-
yl, OCOCH(CHs;),, OCO(cyclopentyl), or -COCHj.

[00113] In still other embodiments, for compounds of formula IA-ii x is 1 and R3 is at the
6-position of the quinazoline ring and is -Cl, -CHj3, -CH,CH3, -F, -CF;, -OCF;, -CONHCHj, -
CONHCH,CH3, -CONH(cyclopropyl), -OCHs, -NH,, -OCH,CHj;, or -CN. In yet other
embodiments, x is 1 and R is at the 7-position of the quinazoline ring and is -Cl, -CH3, -
CH,CHs, -F, -CFs, -OCF;, -CONHCH;3, -CONHCH,CHj3, -CONH(cyclopropyl), -OCHs, -
NH,, -OCH,CHj, or -CN. In still other embodiments, x is 1 and R is at the 6-position of the
quinazoline ring and is -Cl, -CHj, -CH,CHj3, -F, -CF3, -OCF;, -OCHjz, or -OCH,CH3. In yet
other embodiments, x is 1 and R? is at the 77-position of the quinazoline ring and is -Cl, -CHj,
-CH,CHj, -F, -CF;, -OCFs, -OCHj, or -OCH,CHs. In still other embodiments, x is 1 and R®
is at the 6-position of the quinazoline ring and is —-CON(R’),, or NRCOR’.
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bicyclic ring system having 0-5 heteroatons independently selected from
nitrogen, oxygen, or sulfur; or. Rand R two occurrences of R or two
occurr encwe 2004/R873ar e t aken together with the aton(s) troTwisc@h/iovdaey are
bound to forman optionally substituted 3-12 nmenbered saturated, partially
unsaturated, or fully unsaturated nonocyclic or bicyclic ring having 0-4
het er oaf®9#d4] ndapyenebet drybalshnents edisfIr o Rl is rbthe 7-pasitiapest, thoquisaddine ring0072]

In certain e irent ar_,conpounds described directly above: a. when Rl
and m,achﬁéwgggh%rrsfm PRt he ni trogen atomto which they are bound,

form anjomatispnah ! stis whet | dowWdndmeRPeied MenemCNE BatoRalEH, eHopAr i al |y
unsaturated ring having 0-3 additional heteroatons independently sélected
from ni OCEGEH. sul fur, or oxygen; then 2-Oxazol i di none,

3-[ (3R, ox0-1 - (2-phenyl - 4- quisaazoli nyl ).z.4-[ 2- ( 3- . Sa .

pyri di n@%&%eﬁﬁnygéﬁgge&%%flﬁwtf’f&- Bh y{]‘?{‘,s)“%li’&gef e@omq%;}d;ls 5" when R
and R2, [00diEN tIogel befer w&dﬂgplm%nﬁﬂddirﬁmyc@hpmnti@hm obmAQA-@r € bound, form
an optionally substituted 5-nenbered nozcycl ic saturated or partially
unsaturated ring having 0-3 additi oﬁwN—ﬂet eroatons i ndependently sel ected
fromnitrogen, sulfur, or oxygen; ther: i. ring Ais not optionally
substituted hexahydro-I1H 1, 4- d'@hz PR TSMl ; R®Ad - 28 WD 2004/ 078733

PCTI US2004/ 006451 ii. Benzen&Sul f '

2- met hoxy- 5-[ 2-[[ 1- ( 2- phenyl - 4- qui nazoN ny pyrrolidinyl]amno]ethyl]-,
(R -, bis(trifluoroacetate), and Benzenesu am de, 2-met hoxy-
5-[2-[[1- ( 2- phenyl - 4- qui nazol i nyl )-3-pyrrol i dRPyl Janiinolethyl]-, (S)-,

bi s(trifluoroacetate)

IA-ii

wherein:

a) R! and R taken together is an optionally substituted ring selected from azetidin-1-
y1 (i), pyrrolidin-1-yl (£f), piperidinl-yl (dd), or piperazin-1-yl (ee);

b) z is 0-5 and R* groups are each independently Cl, Br, F, CF;, CHs, -CH,CH3, CN, -
COOH, -N(CHz),, -N(Et),, -N(iPr);, -O(CH),OCHj;, -CONH,, -COOCH;3, -OH, -CH,0H, -
NHCOCH;, -SO,NH;, -SO,(CH,);CHs, -SO,CH(CHs),;, -SO,N(CH3s),, -SO,CH,CHj, -
C(O)OCH,CH(CH3);, -C(O)NHCH,CH(CH3);, -NHCOOCH;3;, -C(O)C(CH3)s, -
COO(CH;),CHs;, -C(O)NHCH(CHz),, -C(O)CH,CHj, or an optionally substituted group
selected from -piperidinyl, piperizinyl, morpholino, C;4alkoxy, phenyl, phenyloxy, benzyl,
benzyloxy, -CHacyclohexyl, pyridyl, -CH;pyridyl, or -CH,thiazolyl;

c) x is 1, and each occurrence of R is independently Cl, Br, F, CF;, -OCF;, Me, Et,
CN, -COOH, -OH, or -OCHj;

d) yis O or 1, and R? groups, when present, are each independently Cl, Br, F, CF;,
Me, -OH, -OCHjs, ~-OCH,CHj3, -CH,0OH, -NHCOCH3, -SO,NH,, -SO,NHC(CH3),; and

e) R*is F, -OR’, or NHSO,R’.

[00118] In some embodiments for compounds described directly above, x is 1 and R3is at
the 6-position of the quinazoline ring and is -Cl, -CHs, -CH,CHj;, -F, -CF;, -OCF;, -
CONHCH;, -CONHCH,CH3, -CONH(cyclopropyl), -OCHs, -NHj,, -OCH,CH;s, or -CN. In
still other embodiments, x is 1 and R? is at the 7-position of the quinazoline ring and is -Cl, -

CHs, -CH2CH3, -F, -CFs, -OCF;, -CONHCH;, -CONHCH,CH;, -CONH(cyclopropyl), -
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are excluded; iii. 3-Pyrrolidinam ne, 1-(2-phenyl-4-quinazolinyl)-, and
(R - 3-Pyrrolidinamne, 1- (2-phenyl-4-quinazolinyl)-, (S)- are excluded;

i v. when WO 20047833 t aken t oget her are unsubstituted pyPcolisdeoands4gl , ring
A is unsubstituted phenyl, and xis 1, then R3 is not 6-Ove or 6-OH, v.
when Rl and R2, taken together are unsubstituted pyrrolidin- I3-y|, ring Ais
unsubstPEHeedNBheMIHCihd ox -CN. 2In yieptheh embodinatsgKospls and & ’nistat Gk and

7-OVB: Vi y .t qget her : sybstit uted. )

pyrrol iﬁcﬁsﬁ{o\f{?%hggqﬁlg{r%g?ﬁ%gn ?@‘P lsn?l’ uﬁgfrbg}ﬁf%geﬁ pyﬁ’dcﬁgﬁ%j p-cﬁ%, Or'

opt i onaDCH,CHRs T btill @thepemBodizicAts] x\ib .1 ANARAF Lk thet PPosition BP& diihabline OF
' . when Rl and R2, taken together are

unsubstituted piperidin-l-yl; wvil

pyrr ol irﬂ?g"l-ali‘g9$ ,‘&( (g Qﬁé‘CHiinﬁ ACFs, -QEEubOCHu08 dO6HERHs, Thent dther
rroligi:g.- | SpNQt I t the 3-position. w P or

D et ha it & RUPal Rt M BUGHBEr B bR MR " QR B E e

pyr r ol iNREOR’- yih, stifinather dnsbddimerthienis 1 agd R’iis angie ’IZ-FGSM()’A ¥t the quinazoline

3- net hyl phenyl , stituted phenyl, 4-Dbrono-phenyl, 4- chloro-phenyl,

3-nitrd? F,‘Cbﬁ 1 NReHRpyri d-3-yl, 2, 4-dichiorophenyl, 3,4-

di chl orfeaf@y! mn JeiStQR VORERM s, B3 [EORY Lupcggri]sy | andR4 ’isséttt?xé %gﬁ&ﬁﬁpol}%ﬂé/ .

2-chorophenyl, uUnsubstituted pyrid-4-yl, 2-hydroxyphenyl, “or .

4- (1, 1-quiinazohind Bnggnd i:sh@hyCHsc—.CHzt(&fﬁgb aFF -8, RICF;4 é(}(ét : l=]3,tai1|g®(jIQEHt/§4 Emty@ge

nitrogen atomt.o I ¢lyat hey, ar oynd, form an optionally substituted

6- rrengeolﬁéed G %6189%4}?’@{50?5 @éc%‘f?‘ds _iaﬁnﬁlrétlé&t W%H‘%ﬂ‘i‘% Py the gyanpeoking Bee r i ng

havi ng #d3s aoidicignel,drs, er catro e dmdependeptbyusehgct ed from nitrogen,

[00120] In yet other embodiments, R* is OH and x is 1 and R? is at the 6-position of the

quinazoline ring and is -Cl, -CHs, -CH,CHj, -F, -CFs, -OCF;, -OCHs, or -OCH,CH;, In yet

other embodiments, R® is OH and x is 1 and R® is at the 7-position of the quinazoline ring
and is -Cl, -CHjs, -CH,CHj, -F, -CF3, -OCF3, -OCHj3, or -OCH,CHj.

[00121] In yet other embodiments, R is F and x is 1 and R® is at the 6-position of the
quinazoline ring and is -Cl, -CHj;, -CH,CHg, -F, -CF3, -OCF;, -OCHj, or -OCH,CH;, In yet
other embodiments, R* is F and x is 1 and R® is at the 7-position of the quinazoline ring and
is -Cl, -CH3, -CH,CHa, -F, -CF3, -OCF;, -OCHj, or -OCH,CH;,

[00122] In still other embodiments, for compounds of formula IA-ii, R! and Rz, taken
together is optionally substituted azetidin-1-y1 (jj). In yet other embodiments, for compounds
of formula TA-ii, R' and R? taken together is optionally substituted pyrrolidin-1-yl (£ff). In
still other embodiments, for compounds of formula IA-ii, R! and R?, taken together is
optionally substituted piperidinl-yl (dd). In yet other embodiments, for compounds of
formula IA-ii, R! and R?, taken together is optionally substituted piperazin-1-yl (ec).

[00123] In certain embodiments, for compounds of formula IA-ii, R! and RZ, taken
together is optionally substituted azetidin-1-yl (jj), wherein z is 1 or 2 and at least one
occurrence of R* is -NRSO,R’, -NRCOOR’, or -NRCOR’. In certain other embodiments, for
compounds of formula IA-ii, R' and R?, taken together is optionally substituted azetidin-1-yl
(ji), wherein z is 1 and R*is —~NRSO;R’. In other embodiments, for compounds of formula
IA-ii, R' and R? taken together is optionally substituted azetidin-1-y1 (jj), wherein z is 1 and
R*is -NRCOOR’. In certain other embodiments, for compounds of formula YA-ii, R! and Rz,
taken together is optionally substituted azetidin-1-yl (jj), wherein z is 1 and R* is -NRCOR”.

In yet other embodiments, for compounds of formula IA-ii, R! and Rz, taken together is
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sul fur, or oxygen; then: i. when RL and R2, taken together form an
unsubstituted norpholino ring, and ring A is unsubstituted phenyl, then x
i s not O,woroe40787383s 1 or 2, then R3 is not: 6-fluoro, @CTASdIKBOIGISKY,
6-nitro, 6-AcHN-, 6-nethox, 6-NH2, 6-OCHN-, 6-0OH 6-AcMeN-, 6-TsHN-, 6-
Me2N-, 7-0OH, 6-am no- thlazol 2-yl, 6- NHCOCOOEt or

6- (4- phmtwnaﬁymmhstltdmchgmolﬁhlyﬂ)}’l (&), whetwn zR1 1 &n@ 2R R*tig kBt Eg@FhéT:Hj‘ erm an

unsubst ;phol rin nsubsti t ut I,
nsubst (PEcEs B PaSEBPR | AR igTPhel pato Simelsd for Sompoungs sf frafipfa E0T K
3-thi enyld RbQﬂéﬁftbge@l{br 1@ Ay @@osﬂﬁﬂé‘d‘ﬁﬁbeﬁ&iﬁsﬂ-yﬁ(HH?QNHe@elﬁQqs Wormos@ #f the
3, 4, or 5-position ephe% ring, and x 1s 2, then R3 is not

6- NH2, l@amq@mccur@nmf R €1, Br, s 618, CH6 -BHLRES, @-RHQIDC(HZQR BNRRER%, 29 WO

2004/ 07 I 06451 t aken, t Qge f.orm a
oi per | (RCOQI oPoGEGER i ot o EBRGrRRE. B cob B filinsd PELHIAIAUE! oo
mor phol Rhend RAGakeni tﬂgetl‘}eﬂ i$ opﬁéﬂﬁl’@tslubsﬂtﬁﬁd piyRmdin-1 -yii(lﬁl)x ivherkin £ ReNalmBRis not
6-0H;, iv. when x is 0 a i s unsubstituted phe

3, 4, 5- t 18 et o yikh ﬁ?ﬁzCbe QR4 or HHEORS x yshether eméﬁ@ments derdcqrppoungdik of
L et el 08 WAR el SRR i e 8B AR Yo

6,7,8-tz isCMmd Rﬁsn-RRse)aH’ RIn céredie othet agb@diﬁrentssfdn@bmppmndsroalféxymﬁam&m tuted
plperld ﬁgd pi perazin-1- r porpholin-1-y ' xisOangrlng
t

RS Lnkngad 1 oBis”Grahon s cpheel SisuRRITRS pincaiL b berein 2 is 1 and

is -NRCOOR’. In yet other embodiments, for compounds of formula IA-ii, R! and R?, taken
together is optionally substituted piperazin-1-yl (cc), wherein z is 1 or 2 and at least one
occurrence of R* is —SOR’, -CON(R’),, -SO;N(R’),, -COR’, or —COOR’. In certain other
embodiments, for compounds of formula IA-ii, R' and R? taken together is optionally
substituted piperazin-1-yl (ec), wherein z is 1 and R* is -SOR’. In certain other
embodiments, for compounds of formula TA-ii, R! and RZ, taken tofgether is optionally
substituted piperazin-1-yl (cc), wherein z is 1 and R* is -COOR’. In certain other
embodiments, for compounds of formula TA-ii, R! and RZ, taken together is optionally
substituted piperazin-1-yl (cc), wherein z is 1 and R* is -CON(R’),. In certain other
embodiments, for compounds of formula IA-ii, R' and R? taken together is optionally
substituted piperazin-1-yl (ce), wherein z is 1 and R* is -SO,N(R*),. In certain other
embodiments, for compounds of formula IA-ii, R! and R2, taken together is optionally
substituted piperazin-1-yl (ec), wherein z is 1 and R* is -COR’.

[00124] For compounds described in this section above, in general, compounds are useful
as inhibitors of ion channels, preferably voltage gated sodium channels and N-type calcium
channels. In certain exemplary embodiments, compounds of the invention are useful as
inhibitors of NaV1.8. In other embodiments, compounds of the invention are useful as
inhibitors of NaV1.8 and CaV2.2. In still other embodiments, compounds of the invention
are useful as inhibitors of CaV2.2. In yet other embodiments, compounds of the invention
are useful as dual inhibitors of NaV1.8 and a TTX-sensitive ion channel such as NaV1.3 or
NaVl.7.

[00125] II. Compounds of formula IA-ii:
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not optionally substituted or fused piperazinyl; vii. when x is 0 and ring
A is phenyl optionally substituted in one or nore of the 3-,4- ,or

5- posi ti one 2004/a78B3phenyl ring, then RL and R2, taken t®geEtuseso4iosc4ant
optionally substituted piperazin-1-yl, or norpholin-1-yl; viii. when X is
0 and ring A is 2-F-phenyl, then Rl and R2, taken together is not 4-(2-

d - phenyl) - pi perazin-1-yl, 4-(3- CIBerH@I) pi perazi n-1-yl, or unsubstituted

nmor pholin-1-yl; ix. when x is 0 and ring Ais 2-d - phenyl then Rl and R2,
taken together is not unsubstjt Kphetsd n- 1-yl , 4- Me- plperazin-l-yl,
4- Et - pi perazin-1-yl, 4- phenﬂﬁ )Xpl' egazin- J-yl, or 4- CH2Ph2- pi per azi n-1-yl ;

X. when x is 0 and ring Ais 2- phény Y the 5§I and R2, taken together is
not unsubstituted norpholin-1-yl, 4-(2- ﬁ‘e yl) - pi perazin-1-yl,

4- CH2Ph- pi perazin-1-yl, 4- Et-piperazin-l-yl, or 4-Me-piperazin-1-yl; xi.
when x is 0, x is 1 and R3 is 6-Br, Mk is 2 and R3 is 6-7-di OV, and ring
Ais optionally substituted 2- or 3-thienyl, then Rl and R2, taken
together is not 4- Ph pi perazin-1- yl, 4-(3- CF3- phenyl ) - pi perazi n- 1-yl ,

4- (2- CEt - phevhgtein R rmﬂdﬁ areleagh 1ndbpbhdqmlpeanaapt1wh],ly eubstltutedj IgBIUIpt afbiegttd

T . i, 1o (B 85 e BB S5 BB R 3
o 5,0 A Tty g, b
i m dazokygeny br sulfignoRs adrd 2Raembdred satorgitadher paridallyounsaivsatipd momg@mhc ring
ror phOlhla\r/Il-ng o i heterog/t%ms independently selected from nitrogen, oxygen, or sulfur, wherein Cy'
is bonded directly to the nitrogen atom or is bonded through an optionally substituted Ci.
saliphatic group, wherein one or more methylene units in the Cj.jaliphatic group are
optionally replaced with -NR-, -O-, -COO, -OCO-, -NRCO-, -CONR-, -SO;NR-, or -
NRSO,-; wherein R! and R? are each optionally and independently substituted at one or more
substitutable carbon, nitrogen, or sulfur atoms with z independent occurrences of —R4,
wherein z is 0-5;

X is 0-4;

y is 0-4;

each occurrence of R3? R4, and R’ is independently Q-RX; wherein Qisabond oris a
C1-Cs alkylidene chain wherein up to two non-adjacent methylene units of Q are optionally
and independently replaced by —-NR-, -S-, -O-, -CS-, -CO;-, -OCO-, -CO-, -COCO-, -CONR-,
-NRCO-, -NRCO;-, -SO,NR-, -NRSO;-, -CONRNR-, -NRCONR-, -OCONR-, -NRNR-, -
NRSO,NR-, -SO-, -SO,-, -PO-, -PO,-, -OP(0)(OR)-, or -POR-; and each occurrence of R¥is
independently selected from -R’, =0, =NR’, halogen, -NO,, -CN, -OR’, -SR’, -NR’),, -
NR’COR’, -NR’CON(R’),, -NR’CO;R’, -COR’, -CO2R’, -OCOR’, -CON(R’)s, -
OCON(R’),, -SOR’, -SO;R’, -SO2N(R )2, -NR’SO;R’, -NR’SO2N(R’),, -COCOR’, -
COCH,COR’, -OP(O)(OR’),, -P(O)(OR"),, -OP(0),0R’, -P(0),OR’, -PO(R’),, or -
OPOR")2;

R is an optionally substituted C;-Cealiphatic group, halogen, -OR’, -SR’, -N(R’),, -
NR’COR’, -NR’CON(R’), -NR’CO,R’, -COR’, -CO;R’, -OCOR’, -CON(R’), -
OCON(R’)2, -SOR’, -SO3R’, -SO,N(R’)z, -NR’SO2R’, -NR’SO,N(R’),, -COCOR’, -
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pi perazin-1-yl, or 4-CHCH2OH piperazin-1-yl; xiv. when x is 0 and ring A
I's 5-NQ2-thiazol-2-yl, then Rl and R2, taken together is not

4- Me- pi pewazoow/078733yl ; xv. when x is 0 and ring A is 5- RCRAR24040e6331 , t hen
R1 and R2, taken together is not 4- -30 WO 2004/ 078733 PCTI US2004/ 006451
CH2CH2COH- pi pera2| n-1-yl, 4-Me- razin-1- or unsubstituted
rmrphoDOGHz(Sﬂ)R XOP(O)(mBFDz,x-iP@XO , iGP(O arR:(Or)z% AOR pn8irbst i t ut ed
phenyl I;ﬁﬂf{n)«] nd R2, taken together is not unsubstituted

rmrphoH "Cor 4- Me-piperazin-1-yl; xvii. when x is 0 and Rl and R2,

taken toget bgih desubBReRTR & @BeRicAay hidogbn ot diesptionblgsubstitteddd
2- OH phenyl , 4- Ove- phenyl , 4(%? hen?gl X phenyl mgrld3 o

gy rB i d- ﬁhpﬂlaﬁc geoug; ap@gapyu OCCW@CPPf Bhﬁnwepeadwldubdﬁm% Bﬁ%‘h?ﬂ’tl(’th]t phenyl ,
X s 0SiNinsedTraalpany prout s SRGRAREAN syfilusy JadluliybRRRREDGEAIY 11 when
OnPr - phagithrated, rﬂorﬂicﬂ}élicqihﬁgil’&&mg 0-3 &e&r(dit@hd; ﬁfde]pﬂiﬂamly sefechdel-fpdre mttqgen

3- Me- phenyl , pyrid- 3- yrid-4-y
4- t Bu- ORESSA, Of $UA, <RI1H§nHZ mmbﬁrgééhtw%@ﬂetpﬁ%#aﬂv §n8%189te§ Wéﬁﬁy Bé%aF‘HP‘}ffdl yl,

4- CH2-
£ G2 P04 i B0 Sy S B Loi tih Sd

3, 5- di Mesylfyreot Rliand R:L twb,ocdurfﬁ\bﬂ;’zefm,nﬁ twd |oneutre)nb¢s ¢fR parp takied together with
4- car boxam de) - pi per, n-1-y

azaspi e AoBYde Whichghoy uF ma%wzfelm)an ogaalaﬁlW&PPﬁWegﬁ 13 BEPPEPS- 4- one;
Xi X. WReRated, Dartiall Faniaturled! or fBi1{unsairkldd nforebolicdr bieyMic ARghaVIAGOA | S 4-

heteroatoms independently selected from nitrogen, oxygen, or sulfur.
[00126] In certain embodiments, for compounds described directly above,

a. when x is O, R!is hydrogen, and R is Cl, Me, CFs, Br, or F, then R? is not —
(CH,),-4-Cy', -SO,CH,Cy', or —CH,SO,Cy', wherein Cy' is a 5-7-membered monocyclic
aryl ring or an 8-10-membered bicyclic aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or is a 3-8-membered saturated or partially
unsaturated monocyclic ring having 0-3 heteroatoms independently selected from nitrogen,
oxygen, or sulfur;

b. when x is 0, and R>is Cl, Me, NO,, or OH, then:
i. when R! is hydrogen, R* is not Me, iBu, nBu, -COCHj;, -CH,COOEt, -
CH,COOMe, -CH,CH,OH, iPr, -CH,-pyridyl, -CHyPh, -(CH3)sNH», -
(CHy)z-moropholinyl, or -CH,CH,Ph;
ii. R!andR? are not simultaneously Et or Me; and
jii. when R! is Et, then R? is not 4-Me-phenyl, 4-OMe-phenyl, or 2-Me-
phenyl;
¢. when x is 1 and R® is 6-Cl, or 7-F, or x is 0 and R>® is —OPr, or Cl, then when
R'is hydrogen, R? is not —(CHy)>-morpholino, or ~CH,(benzofuran); and
d. when x is 2 and one occurrence of R? is 6-OMe and the other occurrence of R’

is 7-OMe, and R is F, then when R!is hydrogen, R?is not -(CH;)sN(CHs)y;

[00127] In certain other embodiments, for compounds described directly above,

a) one of R! or R*is hydrogen, and the other of R! and R? is selected from:
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br onophenyl, 4-CH2P(O (OH) (OEt) phenyl, or unsubstituted phenyl, then Rl and
R2, taken together, is not optionally substituted piperidinyl; xx.when x
is 2, andwB2004%76733- di met hoxy, and A is unsubstituted plremyusomsioesssRl and
R2, taken together is not 1,4-dioxa-8-azaspiro[4.5]decane or

3, 4-di hydro-2(1H) -i sqqui nollny} xxi. when x is 3, and the three
occurrences of R3) &ve whezpig, C @Abonc&dddl&cﬁwpterihalmpgeraﬁ@m iongs Aopded

unsubsti t ut e[gmggﬁf ny lo tlé r},ﬁ"@ sﬁ%stﬁ‘@tgd %21 4a1 ﬁp éo?lg gﬁ&fm en&trﬂgrg ethylene o

unsubstitute perl g; XXil

of R3 are 6- 1Mats n?th@@;ﬁhhpmﬁd gﬁod)zﬁ\re opﬂi’td]a[l A€plAced Svidh @RphequOO heaOrl and
R2, taken together, |s not 4 henyﬁgﬁ (Bel’ldln | -yl, 4-
(4-d - phenyl- r ut¥d pi perazin-1-yl,

4- CH2Ph- pi per azi np1;y! I n

4- COCEt - pi per azi 2-) = OPtzgnaaﬁ n Pt‘ﬁf@ﬁ )Clgéﬁ hgéééngljtogéet%l%ren\}m T he™ Wt r ogen
atom t o whi ahethleye am& fmothe dCy mhthlcagionquemmiohyllﬁ wdpsddet uvidd -NR4e@ber ed
nonocyclic or _hic i c_saturat artlaII saturated ring having 0-3
addi ti onal (t)g cél‘t%éﬁsmp&égﬁr @Re»cocreé‘ni‘é@‘h ‘Pﬁ trogen, sulfur, or
oxygen; then, Rl jRenee Sé%cfloiﬂgtf,}?quent Y, selected, from (? Y, Wherein Cg[ js ponded

2rrethoxy5[2[5(2pen na20|ny )-2,5- abi cycl
1] hept - 2- y| |ditehi}y Jto , thamdtrégen( atondf louds dnanﬁdatl'a@ugx 2n optlonally substituted Ci.

Dy Sl cyoL oLt ASRY i o PN TR L b e SIS |
-31 WD 2004/ 848, RpiIhtddSwRR4NRA64R1-COO, -0OCO-, -NRCO-, -CONR-, -SO,NR-, or -
NRSO;-; or an optionally substituted Cj.aliphatic group, wherein one or more
methylene units in the Cj.4aliphatic group are optionally replaced with —-NR-, -O-, -
COO-, -OCO-, -NRCO-, -CONR-, -SO,NR-, or -NRSO,-.
[00128] In other embodiments Cy1 is:

: NP ?R;M S
| 4 L1 b T
B _(R )z < (R )Z N _(R4)z
A 5 . e
a b c d
(RY), (RY); (RY), (R
~ N-: ' “ - z
N il gt NG
e f g h
H 4
N,N\ N/\\/(R )Z 4
Y | \’N ;‘Ff\/ﬁ\ (RY ; N"‘/(R )z
AN(Rd N ~ vz T
¢ (R N & T
i J k 1
(R4) R4 R4 R4
N—/) z
%\\ >/ NN N/\< 0N
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then R1 and R2, taken together is not unsubstituted

hexahydro-| H azepin-1-yl; iii. when x is 0 and RL and R2, taken together is
unsubst i twoedodngsshydr o- | H azepin-1-yl, then ring A isPaootusangobssit ut ed
phenyl, 4-F-phenyl, 4-NOQ2-phenyl, pyrid-4-yl, 3,4-di G -phenyl,

2-C -phenyl, 2,4-did -phenyl, 2,6 4-did -phenyl, 3-NO2-phenyl, 4-0 -phenyl,

4- Q. Pr- phenyl, 3-Ve-phenyl, 3 4 ovve phenyl, 8&%4,5-OWe-phenyl, pyrid-3-yl, .
or 2-COH phenyl g when” Rl , taken tg@\et her wt nitrogen atom
to which they ar e_,ﬁound, forgLQn opti onal Substi t ut nber ed
nonocyclic or “kBfcyclic sat u&a’n or parti J)r‘sN unsat ur at e R‘hg havi ng 0-3
addi ti onal heteroatons inde dently sel ected fromnitrogen, sulfur, or
oxygen;, then: i g Benzenesul fongm de, t

2- met hoxy- 5-[ 2- [‘]8 (2- phenyl - 4- qui nazol i nyl ) - 3, 8-

di azabi cyclo[3.2.1]oct-3-yl]et hyI ]-, bis(trifluoroacetate)
3, 8-Di azabi cycl o[ 3. 2. 1] oct ane -

(phenyl net hyI phenyl azoI i nyI D azabi yrer[S 2. 1
] oct ane, 8- (2 4. qU| I-4—n 4 Lb’i%%(lﬁ‘i)g ]
2- (3- net hyl phény ﬁ‘t 1, 3, 3°t thy yclo[321]%re¥ yl) -

nonohydr ochl ori de; QJl nazol i neH 2- (4-ni trophé*nyl) 4-(1, 3, 3- tr| rret hyI
azabi cycl o[ 3. 2. }J oct-6-yl)-, ngnohydrochl oridg; Quinazoline,

2- ( 3- net hyl phenyl )-4-(1, 3, 3- trimethyl -6-azabi cycl o[ 3. 2. 1] oct-6-yl)-
Qui nazol i ne, 2-(4-nethyl phenyl )-4-(1,3,3-trinethyl -

6- azabi cyci of 3. 2. 1] oct-6-yl)-; yand Qui nazol i ne,

2- (4-ni trophenyl (1 3, 3- t hyI 6- azab:}ygl o[ 3. 2. 1] oct-6-yl)-are

excl uded; andsel @p n'g ken t ogey with thg i fdden atomto
whi ch they aré& boun )z orm ar\l“ép(ﬂ enal |y sh—b@t(ﬁt‘yt ed 92nenbered nonocyclic

or bicyclic Sat)ll.ll’ ated or part |zal |y aa bb

[001292] In still other embodiments, for compounds described directly above, R! is
hydrogen or an optionally substituted C;-Cjaliphatic group and R%is —CHR-Cyl, wherein R is
hydrogen or C;-Cyalkyl, and Cy' is:

N S oy NS
0 T
g :\;(R L/Q/ (R )z % KN/ E—K /)_(R4)z
“f, N
a b ¢ d
(R4)Z (R4)Z I (R4)z =N (R4)z
N N Zl’/\NH N
RN § N A N7
N N i ",
e f g h
N’N N/\\/(Rdl)z 4
| N A F N
N ~ 3 z T N
HHLL)N (R%), =N & T
j k 1
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unsaturated ring having 0-3 additional heteroatons independently selected
fromnitrogen, sulfur, or oxygen; then: Piperazine,

1-[4- (1, w0i2hgadr7e73%, 3- di oxo- 2H i soi ndol - 2-yl ) - 6, 7- di met [RQXYS2604/006451

qui nazol i nyl ] -4-(2-furanyl carbonyl)- is excluded. [0073] In other

enbodi nents, for conpounds descri bed dlrectly ahove, the r|ng formed by R1

and R2 taken to her sel ected Brom /] R4z \N~(R&z N ~NH cc dd
ee -32 WO 2004%9%( | US20( 6451 D z o ff ( v~(R4z gg hh
s~ (R4 )z N N 4) z z(R4) ' ~51I11)\I\INN )*N
m n ) p
R* R4 R
s N ey )
=N =N } NN
W"‘m,, v"‘%“ "l'z.l% (R%)2
q r S t
NH 2 S 0
J Y _(R4)z - T (R g J
% \/\(R4)Z % Kﬁ) % k”) \/\\(R4)Z
u w X

H
/\ 'd N} /\/LH“L

\(RY,
%/\_/\(R‘*)z E/‘—’\(R"f)z \—/\(R4)z '%/4 (R%)

aa bb

B
N

[00130] In yet other embodiments, R' and R? groups are each independently an optionally
substituted Cjsaliphatic group and are each independently selected from optionally
substituted methyl, ethyl, cyclopropyl, n-propyl, propenyl, cyclobutyl, (CO)OCH,CHs,
(CH,),0CHj3;, CH,CO)OCH,CH3, CH2(CO)OCH3, CH(CH;3)CH,CH;, or n-butyl.

[00131] For compounds described directly above, z is 0-5, and R* groups, when present,
are each independently halogen, CN, NO,, -N(R’),, -CH,N(R"),, -OR’, -CH;OR’, -SR’, -
CH,SR’, -COOR’, -NRCOR’, -CON(R’);, -OCON(R’);, COR’, -NHCOOR’, -SO.R’, -
SO2N(R’),, or an optionally substituted group selected from C..Cealiphatic, aryl, heteroaryl,
cycloaliphatic, heterocycloaliphatic, arylC;-Cgalkyl, heteroarylC;-Cgalkyl, cycloaliphaticC;-
Csalkyl, or heterocycloaliphaticC;-Cgalkyl.

[00132] In other embodiments, z is 0-5 and R* groups are each independently Cl, Br, F,
CF;, CH3, -CH,CH;3, CN, -COOH, -N(CHj),, -N(Et),, -N(iPr)2, -O(CH,),OCH3, -CONH,, -
COOCH;, -OH, -CH;OH, -NHCOCH;, -SO,NH;, -SO(CH;);CHs, -SO,CH(CHi),, -
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NJI z(R4) R4), (R& (R)z ( )z 11 nmnn 00 wherein the ring fornmed by Rl
and R2 taken together, is optionally substituted at one or nore

subst i t utvbl2eo4ca8136n, nitrogen, or sulfur atons with z iPodaserdondsst
occurrences of - R4, and z is 0-5. [0074] In other enbodinents, for
conmpounds of fornula I-A, RL and R2 taken together are op tlonal

subst i tSOAUClkt rSﬁzﬁleOHa AM)OETREBICHs)n- Q(QDNﬁf:HzCﬁ(@HB)szCQQC(P&d)

CompourdSCHabmir R RRIE SRk, SRR RS TR ity

subst i tdhbgtuRdedrotp Relectéll fidrh)-pipe¥itingd, lr%péhzhnyﬂ drx?ﬁohnop mqalk@lxywlpmhyl( dd),
or piperazin-1-yl (cc). In yet other odi nent s rcrﬁ_(i)unds of formula

| - A, RiphgamloRp, benaydebprlzw@ém@ﬁszcl@wwbmndxl Chhopyridyh e-Ghasiipzalyl. | - yI

Lok t@ggﬁleoﬁf? St o b B et Lo PR Srfod ey Boguet's 5942301 1T
ot her erbg@up®riiten frevent Qfei)@ad:ﬁdﬁdap'én(ﬂ@xltlmﬂaa)glenPCNRNOzaMH:% -CHRSR’ )2099t her

t I bsti tuted di nl et. ot her enbodj nent
For Cor@BondSSHe; PRI £ HIORR:, RIRCOR e CONUBURCTIOSONIB O RNy

SUDST i RGN Persi‘%g“R g%[\}(RFfCl)r an0BtRdnall sxﬁgmﬁ%”g uiesaLhhe il fect !y

above, Zzis a when rese are e epen ently
hal ogenCsalbhatOP?, aryI\( Rhgt@roaryCH2 bifdtojlhhatiOR he‘eeﬁd&ﬂﬁhhphaﬁﬁ{' arylCHESitkyl,

- R heterﬁcq% CGE&P}I cycPoallpha%N@al}(zl or eterocycloamlccl—é Oﬁ<y1
'[00134] In yet other embodients, for compounds described directly above, x is 1 or 2, and
each occurrence of R is independently Cl, Br, F, CF;, -OCFs, Me, Et, CN, -COOH, -NH, —
N(CHs),, -N(Et);, -N(iPr),, -O(CH,),OCHj3, -CONH,, -COOCH3;, -OH, -OCHj3, -OCH,CHs, -
CH,OH, -NHCOCH;, -NHCOCH(CH3),, -SO,NH,, -CONH(cyclopropyl), -CONHCHs, -
CONHCH,CHs3, or an optionally substituted group selected from -piperidinyl, piperizinyl,
morpholino, phenyl, phenyloxy, benzyl, or benzyloxy.
[00135] In still other embodiments, x is 1 or 2 and each R® group is independently
halogen, CN, optionally substituted C;-Cgalkyl, OR’, N(R”);, CON(R’), or NRCOR’.
[00136] In yet other embodiments, X is 1 or 2, and each R® group is -Cl, -CHz, -CH,CHj, -
F, -CF;, -OCF;, -CONHCHj;, -CONHCH,CH;, -CONH(cyclopropyl), -OCHj, -NH, -
OCH,CH3, or -CN.
[00137] In still other embodiments, x is 1 and R® is at the 6-position of the quinazoline
ring and is -Cl, -CH;, -CH,CH3;, -F, -CF;, -OCF;, -CONHCH;, -CONHCH,CHj, -
CONH(cyclopropyl), -OCHjz, -NH,, -OCH,CHs, or -CN.
[00138] In yet other embodiments, x is 1 and R? is at the 7-position of the quinazoline ring
and is -Cl, -CH;, -CH,CHjz, -F, -CF; -OCF;, -CONHCH;, -CONHCH;CHj, -
CONH(cyclopropyl), -OCHj3, -NH;, -OCH,CHs, or -CN.
[00139] In still other embodiments, x is 1 and R® is at the 6-position of the quinazoline
ring and is -Cl, -CH3, -CH,CHj, -F, -CF3, -OCFs, -OCH3, or -OCHCHs.
[00140] In other embodiments, X is 1 and R is at the 7-position of the quinazoline ring and
is -Cl, -CHj3, -CH,CH3, -F, -CF;3, -OCF3, -OCHs, or -OCH,CHs.
[00141] In yet other embodiments, R? is at the 6-position of the quinazoline ring and is —
CON(R’);, or NRCOR’.
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S2N(R )2, or an optionally substituted group selected fromd -C6aliphati c,
aryl, heteroaryl, -33 WO 2004/078733 PCT/ US211114/006451 cycl oaliphati c,
het er ocycWwoabe4pitstszc, aryl Cl- Céal kyl, het eroaryl C - Coal lrgirjuS2004/006451

cycl oal i phatiicd - Co6al kyl, or heterocycloaliphaticC -C6al kyl. [0076] In
still other _enbodinments, z is 0-5 and R4 oups are each independently O,
Br, F,[00H2] chgstill gph@gqgmbo@memq;mﬂ 1 ang g 2t then{-Pesition of\ftherrujmazoline

-Q(CH2 -OH, -CHZOH, - NHCOCH3, - SO2NHZ,
- %2( c?—’@)%q@és ‘%@W 'SO2N( CH3) 2, - SORCH2CH3, - C( O) OCH2CH( CHB) 2,
- C( O) NHGOR431i( CHa) ébmpd\iﬂﬁmdﬁbed dlﬁc@p@b%)ﬁs 0-40GG% GFQZ)iﬂd:HS and R* groups,

-C(O NHCH(CH3) 2, - an optionall subst | tut ed_group_sel ect ed
from - pYBsr PEFSTIH arepP"t‘?é‘r 1@Ppﬁﬂdentbbbﬁlﬁ8PﬂanN @ﬁ{ M&I ) ‘(Bﬁenyl oxy,

benzyl, I y CYC | qﬁf i o] zoI yl.

[00?7/] ﬁ:lﬁz ce?’/t%%% % |¥re1gtﬁs ’or po{m%n%(so)% F (9([);‘61{' E()‘lg" _

tlaken t©©@NﬁRt)lz, -I\Rt S@bRCn@PI(@)(Gle}‘zI +Rf(01)(@R’?cz GOECRﬁ))aOg- yJP(‘%)zDR ng)zn zis
or east one occyrrence o is - ., .- NRCOOR ,

- NRCOR ‘%@3@% 3 PRBPRY @ﬁ)@t&@tﬁ%&f?gp Sgetteiét%ﬁn%ahntm i hsteroanyl, R

and R2:cykﬁaléﬁﬁhatt@,@lﬁétgﬁfcyélgal%fah&’”ﬁR'yiO{ -G i'ﬁe't'é e@éa QP %yc}’dah hitleC,-

wherein” z is and her nent npounds of
f or mul eCdalks], oRbetarmgyclaaliphtatik€n Coalydt her is opt i onal |y substitut ed

arhoa rE ¢ bl blogr S TRAERsfs s aind Wb R or hoeoeich AelRIEs 525??;
optlonqhae@eﬁamtyl tutmd R, did) Bt mN(r:domheﬂguN H3§2 nﬁ@wﬁRﬁ( P -

NRCOR' . ot her enbodi rrents for npounds for
R2, tak@WHﬂzﬁQIﬂsr -GQNHpt 1AQCH;, -OH, -OCH3, —OCH2CH3, -CH,OH, -NHCOCH;, -

SO;NH;, -SO,NHC(CHs);, -OCOC(CHjz);, -OCOCH,C(CHz)3, -O(CH;),N(CHj3),, 4-CHs-
piperazin-1-yl, OCOCH(CHzs),, OCO(cyclopentyl), -COCHjs, optionally substituted phenoxy,

or optionally substituted benzyloxy.

[00145] In still other embodiments, y is 0, and R®isF. In yet other embodimentsy is 0, q
is 1, and R*® is OR’. In still other embodiments, y is 0, q is 1 and R*® is OH. In yet other
embodiments, y is 1, R>*is OR’ and R’ is F, wherein OR’ is substituted at the 2-position of
the phenyl ring and F is substituted at the 6-position of the phenyl ring. In yet other
embodiments, y is 1, R is OH and R’ is F, wherein OH is substituted at the 2-position of the
phenyl ring and F is substituted at the 6-position of the phenyl ring.

[00146] In still other embodiments for compounds of formula IA-ii described directly
above:

a) one of R! or R? is hydrogen, and the other of R! and R? is selected from Cyl,
wherein Cy' is bonded directly to the nitrogen atom or is bonded through an optionally
substituted Cj.saliphatic group, wherein one or more methylene units in the Cj.aliphatic
group are optionally replaced with -NR-, -O-, -COO, -OCO-, -NRCO-, -CONR-, -SO,NR-, or
-NRSO;-, or an optionally substituted C;.4aliphatic group, wherein one or more methylene
units in the Cj.saliphatic group are optionally replaced with -NR-, -O-, -COO, -OCO-, -
NRCO-, -CONR-, -SO,NR-, or -NRSO,-; or R! and R? are each independently selected from
an optionally substituted C;_saliphatic group, wherein one or more methylene units in the C;.
saliphatic group are optionally replaced with -NR-, -O-, -COO, -OCO-, -NRCO-, -CONR-, -
SO,NR-, or -NRSO,-; or Cy' wherein Cy' is bonded to the nitrogen atom directly or is
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substituted pyrrolidin-l-yl (ff), wherein z is 1 or 2 and R4 is d, Br, F,
CF3, CH3, -CHCH3, - OR, or -CH2ZOR . In still other enbodi nents, for
conpoundswof2odsar7gsBa 1- A, RL and R2, taken together i sPpoptiseevalobesst
substituted piperidin-l-yl (dd), wherein z is | or 2 and at |east one
occurrence of R4 is d, Br, F, CF3, CH3, -CH2CH3, -OR, or -CH2OR ,

- NRSO2Fponded fmgyahran opsionalbyorstiuyes. Cialiphatio T WSROI A0l meretrsethylgne

compou o} t ak h I S~opt

substitu §ts Bp@mgeﬁaﬁ%hﬁtlcygro%ﬁ g%%aél eglac‘gdo%ﬁgnmll "0y (l‘Faa(Té&O' -
-G%ZGﬂachcQQ(nﬁR , BODR-, of nNRSDBF; enbodi nents, for corrpounds of fornula
I-A, R and R2, t aken_t gether IS optlonallfl substituted‘_ﬁl peridin-1-yl
(dd), wherei® zis r%a@%nafoms 18 eﬂc}NRé@@Rden N @l Ber K. LF & e'rc}&%dCNents

Subst | (OO P RGEL B TRy Y -ORIFardiens ONIRARITIL SO PIL Y ey

ot her eNHO]G)CEMtsSOZMIZ, O(S@(:(CHQ_S;CI@ fSIDjﬂH(ﬁ:H3)2A -S,N¢@H; 22 -SORHFCHS, 0get her
is optionall substltuted ra2|n('L (cc 8 inz is 1 or 2 and at

| east ROIASEHERsY: of “RORHCEGR oo rEL 08T -0, “or

- COOR . @q&qﬁl 0, and
R2, tak%ér? toge)%ﬁer @@pt | onal wes@lg%%(t:fﬁ%g%dwﬁﬂerazﬂéu}i%hpy tﬁ‘teé ﬁmﬂglel n
z is 1 sixttdddfrom —p$@?dmyl rplp@“rznrwlnmormmhno e@b@ﬂmmnphnnyi qrhenyinpy),dmﬂzylof

f or mul %I'Ai R ?gd ll:%l? t]?ken to her..i.s 0 nali . -34 WD 2004/ 078733
PCT/ US2XPEY 3?%06: qreltignal Pyrda Hoperdy; o -+ EANZ05L  wherein z is 1 and R4

is -COOR . 14)CRIG,al Br Of ART eacBrHReftERB (of R>i® indePERIRHINI €1 08Br, fforOPgH S'D(L‘FgA R1
and R2, taken together is optionally substituted piperazin- )

Sher ef M. 5, ChnCG@H, s NIEONARGE). | N(E90t aNGPOh@(CHROCH;, CONE
COOCH;, -OH, -OCHj;, -OCH,CH3, -CH,0OH, -NHCOCH3, -NHCOCH(CHz),, -SO;NH,, -
CONH(cyclopropyl), ~-CONHCHj3;, -CONHCH;CH3, or an optionally substituted group
selected from -piperidinyl, piperizinyl, morpholino, phenyl, phenyloxy, benzyl, or benzyloxy;

d) wherein y is 0-4, and R’ groups, when present, are each independently Cl, Br, F,
CFs, Me, Et, CN, -COOH, -NH;, —-N(CHj3),, -N(Et),, -N(iPr), ~-O(CH;),OCH3, -CONH,, -
COQCH3;, -OH, -OCHj3;, -OCH,CHj;, -CH,OH, -NHCOCH3, -SO;NH,, -SO,NHC(CHjz),, -
OCOC(CHa)3, -OCOCH,C(CHs)3, -O(CH,),N(CHz),, 4-CHjs-piperazin-1-yl, OCOCH(CHz3);,
OCO(cyclopentyl), -COCHj3, optionally substituted phenoxy, or optionally substituted
benzyloxy; and

e) R™ is Cl, F, CF;, Me, Et, -OH, -OCHj, -OCH,CHs, -CH,OH, -SO,NH,, -
SO,NHC(CHs),, -OCOC(CHz)s, -OCOCH;C(CHs)z, -O(CH;),N(CH3),, 4-CHs-piperazin-1-
yl, OCOCH(CH3);, OCO(cyclopentyl), or -COCHs.

[00147] In other embodiments, for compounds described directly above, x is 1 and R3is at
the 6-position of the quinazoline ring and is -Cl, -CHs, -CH,CH3, -F, -CF;, -OCF;, -
CONHCH3, -CONHCH;CHj3;, -CONH(cyclopropyl), -OCHjz, -NH;, -OCH,CH3, or —CN. In
yet other embodiments, x is 1 and R? is at the 7-position of the quinazoline ring and is -CI, -
CH;, -CH,CH3, -F, -CF;, -OCF;, -CONHCH3;, -CONHCH,CH3, -CONH(cyclopropyl), -
OCHs, -NH,, -OCH,CHj;, or —CN. In still other embodiments, x is 1 and R is at the 6-
position of the quinazoline ring and is -Cl, -CHj3, -CH,CHs, -F, -CF3, -OCF3, -OCHj, or -
OCH,CHs;. In still other embodiments, x is 1 and R is at the 7-position of the quinazoline
ring and is -Cl, -CHz, -CH,CHj, -F, -CF3, -OCFs, -OCHs, or -OCH,CH;. In yet other
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enbodi nents, for conpounds of fornmula I-A, R and R2, taken together is
optionally substituted piperazin-1-yl (cc), wherein z is 1 and R4 is

- SO2N( R )Wwo 200w/0e138ai n ot her enbodi nents, for conpoundecofustanmudsal | - A, R
and R2, taken together is optionally substituted piperazin-1-yl (cc),
wherein z is 1 and R4 is -COR . [0078] For compounds described directly
above, emnhodictentse R diand R s atxthe 6-1sitionanfdhéRguinggobing singwheé is frOdER1);, ar e
each i ,dently hal ogen, CN, N2, -N(R )2, -CH2N(R )2, -OR, -CH2OR ,
-SR, = -COOR , -NRCOR , GIKR)Z -OCON(R )2, COR, - NHCOOR ,

- SR Hmﬁ@jz N ik oty BRbGRELAB2K liy 1Bt Uit @B gLfRkiios effand qdmfammed
C6al i phatic, aryl, heteroaryl, cycl oal i phatic, heterocycloaliphatic,

aryl Cln@gahd(ySI—CONéléf oaNﬂRIQQRCGaI kyl, cycl oal i phati cCl- Ceal kyl, or

het e BR8P ko okt ROGOL L Br e B g kg ot =

Et, CN{OOI@W" In- sHﬂ?other%@dahﬁents E'O) Znd RT(GE Pr X2 yet otﬁKr@riﬂjoﬂﬁﬁHﬁs rsGJ.J}iHZ

- OCH2CHB, - NHCOCH3, - OH§H
- SR INN-D, andcﬁﬁm( ORI dprsgByather errcb@ﬂnw ¥- l@éuneﬂécml Roops Bbb"‘i’tdﬁb‘?ﬂ y

substif, Hﬁ)ggn%f ROR, ! 29} RELEORY HERPIRE véﬁ%ké}{f g&gf REBEEY he thEDL ARG

phenyl benzyl enzyl
embodi meNpBenyX ring ﬂnd)F 2 afbdtlﬁmdhaﬂ?&egﬁ-@uﬁtwls of rtﬂegfhaﬁlflnlhhg/ Inayetgether CN,

opt oL e 0 P B2 N L T O
) %B-IS Eﬁﬁgﬁﬁg aﬁé%ﬁgﬁtutem 6-poShbI-5Bhe pHEANTHRE CH3, - CONH(cycl opr opyl ).
[00151] In still other embodiments for compounds of formula IA-ii described above:

a): one of R or R? is hydrogen, and the other of R! and R? is selected from Cy',
wherein Cy1 is bonded directly to the nitrogen atom or is bonded through an optionally
substituted Cj4aliphatic group, wherein one or more methylene units in the Cpgaliphatic
group are optionally replaced with -NR-, -O-, -COQO, -OCO-, -NRCO-, -CONR-, -SO;NR-, or
-NRSO,-, or an optionally substituted Cj.4aliphatic group, wherein one or more methylene
units in the Cjjaliphatic group are optionally replaced with -NR-, -O-, -COO, -OCO-, -
NRCO-, -CONR-, -SO;NR-, or -NRSQO;-; or R! and R? are each independently selected from
an optionally substituted Cy.4aliphatic group, wherein one or more methylene units in the C;.
qaliphatic group are optionally replaced with -NR-, -O-, -COQ, -OCO-, -NRCO-, -CONR-, -
SO,NR-, or -NRSO,-; or Cy' wherein Cy1 is bonded to the nitrogen atom directly or is
bonded through an optionally substituted C4aliphatic group, wherein one or more methylene
units in the Cj.jaliphatic group are optionally replaced with -NR-, -O-, -COO, -OCO-, -
NRCO-, -CONR-, -SO,NR-, or -NRSO,-; and Cy' is selected from:

2R
N NP PN S
E—:/\—(R"’)Z . TR, T P - T (RY,
i »«E{J kNJ % >
a b ' d
(R, (R*), (R% (R%)
= A N ( Z 4\ Z
T [ N
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[0082] In still other enbodinments, x is 1 and R3 is at the 6-position of
the quinazoline ring and is -d, -CH3, -CH2CH3, -F, -CF3, -OCF3, -CONHCH3,
- CONHCH2 GWB,2004/0C€4BI( cycl opropyl), - OCH3, -NH2, - OCH2CH3pPCmrus2@M00448083] I n
yet other enbodiments, x is 1 and R3 is at the 7-position of the

qui nazoline ring and is -d, -CH3, -CH2CH3, -F, -CF3, -0OCF3, -CONHCH3,

- CONHCH2CH3, - @O\IH(cycIopropyIf) -OCH3, -NH28 - OCH2CH3, or hCN. [0084] In

still other enbNoT$mants X|slan R3 is at the6position of the

gui nazoline ri and is -d, , z- CH2 , -F, - gp—B

- OCH2CH3. [ 0085 . yet oth |emb‘od| ment s \)(‘\}(Bi‘*)@ﬂd RéHNs”‘ (R
7-position oh.HDhe dBl)laazoll and is , -F, -CF3,
-OCF3, -0OCH3, or -OCH2CH3. -3 V\O 2004/ 07873 PCT/ US211114 711116 4 51

[0086] In still jother enmbodinergts, x is 1 andIR3 is at the 6-pposition of
the quinazoline ring and is -CON(R )2, or NRCOR . [0087] In yet other
enbodi nents, x is 1 and R3 is at the 7- position of the qui nazoline ring

and is -d, -CH3, -CHCH3, -F, - - O@d3, or - . [0088] For
conpounds descri beN:Lw/ Ré)gt |y ab | n certal n /enbodi msnt S&I‘I ng Ais a
group sel ected fér‘@n)(RS)y y(R a)q y(R5)\l I\P'(R) \’\I\b NII | (R5a)q
rrNl1 I/~ (Rsa)g % g
", "
m n o P
R4 R R4
S N N e
~N —_— / — h
‘%"'—z, v""bbb N "'q,,'a_N \/\(R4)z
q r s t
/\ H @) '/\
NH Y A : O
Y _(R4)z - T (R):
§ S ), : N % kH) % \,\J(R4)Z
m v W X
N . O
( 5 O/\/ /(R4)z
EE/L_J\(RAI)Z %/L““’\(Fﬁ)z \_/l(|:;4)Z %E/Q
y z aa bb

or R! and R? are each independently an optionally substituted C;.4aliphatic group and are
each independently selected from optionally substituted methyl, ethyl, cyclopropyl, n-propyl,
propenyl, cyclobutyl, (CO)OCH,CHjs, (CH;),OCH3, CH,CO)OCH,CHj3, CH,(CO)OCHs,
CH(CH;3)CH,CHs, or n-butyl;

b) z is 0-5 and R* groups are each independently Cl, Br, F, CF;, CHj, -CH,CHj3, CN, -
COOH, -N(CHz)2, -N(Et),, -N(iPr),, -O(CH,),OCHs;, -CONH,, -COOCH3;, -OH, -CH,0H, -
NHCOCHj3, -SO;NH;, -SO2(CH3);CHs, -SO,CH(CHs)z, -SO,N(CHs),, -SO,CH,CHj, -
C(O)OCH,CH(CHz);,  -C(O)NHCH;CH(CH3);, -NHCOOCH;3;, -C(O)C(CHz)s, -
COO(CH),CHj3, -C(O)NHCH(CH3);, -C(O)CH,CH3, or an optionally substituted group
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N)q

N | 11 111 iv (R5)Y (R5)Y Y(R) (Rsa)q (RE)Yy 5a N'/6N 1 V (R)q

(R5a)q NJ (Rsa)g NH V vi vii VII1 HNHN(R5)Y y(RL) (IF1 (R5)Y [I

A (R,
(R5)Y

N LWwo200407883 "/\ (R5a)q (R5a)g N ix x h xi xii (RPCY/USROMPOERD) y
s ~<IJ (R5a) s~5-17N R6a) N-11/(Rsa)9 ~! I1i(Rsa)qg q N> q Q1

xiii xiv xv xvi y(R5) Y(*ll.RSa) (R5)y 5a y(R5) (R5a)q ){1( R5) (R5a)gq N1 g

/ (R )y sdectpd Gom anem

pippERnyN marpholing, Grsadkex yephenge phenyloxy, benzyl,
benzyloxy, -CHycyclohexyl, pyridyl, -CHzpyridyl, or -CHythiazolyl;

c) x is 0, 1, or 2, and each occurrence of R® is independently Cl, Br, F, CF;, -OCF;,
Me, Et, CN, -COOH, -NH,, —-N(CHzs);, -N(Et), -N(@iPr),, -O(CH,),OCH3, -CONH,, -
COOCHs;, -OH, -OCHj;, -OCH,CH3, -CH,OH, -NHCOCH;3, -NHCOCH(CHj3),, -SO,NHj, -
CONH(cyclopropyl), -CONHCH3;, -CONHCH,CH3, or an optionally substituted group
selected from -piperidinyl, piperizinyl, morpholino, phenyl, phenyloxy, benzyl, or benzyloxy;

d) wherein y is 0-4, and R groups, when present, are each independently Cl, Br, F,
CF;, Me, Et, CN, -COOH, -NH;, -N(CHjs)z, -N(Et)2, -N(iPr)2, -O(CH),OCHj;, -CONH,, -
COOCH;, -OH, -OCHj;, -OCH,CH3;, -CH,OH, -NHCOCH;, -SO;NH;, -SO,NHC(CHj3),, -
OCOC(CHzs)3, -OCOCH,C(CHjs)3, ~-O(CH,),N(CHs),, 4-CH3-piperazin-1-yl, OCOCH(CHas),,
OCO(cyclopentyl), -COCHj3;, optionally substituted phenoxy, or optionally substituted
benzyloxy; and

e) R® is Cl, F, CF;, Me, Et, -OH, -OCH;, -OCH,CH3, -CH,OH, -SO,NH;, -
SO,NHC(CHjz),, -OCOC(CHjz)s, -OCOCH,C(CH3)3, -O(CH;),N(CH3),, 4-CH3-piperazin-1-
yl, OCOCH(CHj3),,0CO(cyclopentyl), or -COCHj.
[00152] In yet other embodiments for compounds described directly above, x is 1 and R%is
at the 6-position of the quinazoline ring and is -Cl, -CHj, -CH,CH3, -F, -CF3, -OCF;, -
CONHCH;3;, -CONHCH,CH3;, -CONH(cyclopropyl), -OCHjs, -NH,, -OCH,CHj3, or -CN. In
still other embodiments, x is 1 and R? is at the 7-position of the quinazoline ring and is -Cl, -
CHj;, -CHyCH3, -F, -CF;, -OCF;, -CONHCHj;, -CONHCH,CH3, -CONH(cyclopropyl), -
OCH;, -NH,, -OCH,CH;, or -CN. In still other embodiments, x is 1 and R® is at the 6-
position of the quinazoline ring and is -Cl, -CHj, -CH,CH3, -F, -CFs3, -OCFs, -OCHj, or -
OCH)CH3;. In yet other embodiments, x is 1 and R is at the 7-position of the quinazoline
ring and is -Cl, -CHj, -CH,CHj, -F, -CF;, -OCF3, -OCHj3, or -OCH,CH3. In still other
embodiments, x is 1 and R® is at the 6-position of the quinazoline ring and is ~-CON(R’), or
NRCOR’. In yet other embodiments, x is 1 and R is at the 7-position of the quinazoline ring
and is “CON(R’);, or NRCOR’. In still other embodiments, R*is Cl, F, CFs, Me, Et, -OH, -
OCHs, -OCH,CH3.
[00153] In still other embodiments, y is 0, and R>*isF. In yet other embodimentsy is 0, q
is 1, and R® is OR’. In still other embodiments, y is 0, q is 1 and R> is OH. In yet other
embodiments, y is 1, R is OR’ and R’ is F, wherein OR’ is substituted at the 2-position of
the phenyl ring and F is substituted at the 6-position of the phenyl ring. In yet other
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WO 2004/ 078733 PCTI US2004/ 006451 ( 5) (R5 )y 1 Epp YN)Y N (R5a), H
(Rea)g (R5a), xxi xxii xxiii (R5) vy (RS)Y YN.I ~/- HNN Rba)g S (Rba)q
(R5a)q xwowoowxrs3szvi (RE)Y r NHrN (R5)Y ~Q-RS)Y N N PCF/US2004j006450 ( Rsa) q
J (R5a)9 "Ln (R5a)q y(R5) (R5a)q H H xxvii xxviii xxix xxx | $~RS)Y (R5)Y
(RB)Y (RS Y ~ 1/ zg N IgIRSa)Rg 5e)q Z/~\(R5a) (R5a) g H g xxxi

xxXii xSRbediments; 5018 1 R>* is OH and R” is F, wherein OH is substituted at the 2-position of the

phenyl ring and F is substituted at the 6-position of the phenyl ring.

[00154] For compounds described in this section above, in general, compounds are useful
as inhibitors of ion channels, preferably voltage gated sodium channels and N-type calcium
channels. In certain exemplary embodiments, compounds of the invention are useful as
inhibitors of NaV1.8. In other embodiments, compounds of the invention are useful as
inhibitors of NaV1.8 and CaV2.2. In still other embodiments, compounds of the invention
are useful as inhibitors of CaV2.2. In yet other embodiments, compounds of the invention
are useful as dual inhibitors of NaV1.8 and a TTX-sensitive ion channel such as NaV1.3 or
NaV1.7.

[00155] 1III. Compounds of formula IA-i:

RLN R?

X(RS)—C(%N JR9y
N l /j
o),
TA-i
or a pharmaceutically acceptable salt thereof,
wherein R! and R? are each independently an optionally substituted group selected
from Cjealiphatic, Cy', wherein Cy' is a 5-7-membered monocyclic aryl ring or an 8-10-
membered bicyclic aryl ring having 0-3 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or is a 3-12-membered saturated or partially unsaturated monocyclic ring
having 0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein Cy1
is bonded directly to the nitrogen atom or is bonded through an optionally substituted C;.
saliphatic group, wherein one or more methylene units in the C.aliphatic group are
optionally replaced with -NR-, -O-, -COO, -OCO-, -NRCO-, -CONR-, -SO,NR-, or -NRSO,-
; wherein R' and R?, are each optionally and independently substituted at one or more
substitutable carbon, nitrogen, or sulfur atoms with z independent occurrences of —R4,
wherein z is 0-5;
x is 1 and R? is substituted at either the 6- or 7-position of the quinazoline ring;
y is 0-4;
qis0,1or2;
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w, (R5)Y Y(R5) 5a 0\ 5 ~. (Rea)g ) J (R)Y (R5a)g XXXV XXXVi XXXVi i
[0089] In other enbodinents, ring Ais optionally substituted phenyl,

2- pyri dylwo2eo4pygisdyl , or 4-pyridyl, or pyrrol-I-yl. [0®e@juskaw/ocaspounds
described directly above, in some enbodinents, y is 0-5, gis 0-2, and R5
and R5a groups when present are _each |ndepend | y hal ogen, CN, NOZ2,
“N(R )2, - exthNjcRuirece-ofR’, R?, @2 BRis indgRndentigHR-SR; whereilRGoR'bond GON(ER ) 2,

-S(0O 2 R -NR S - OR )2,
RO g%@ﬁxhd@% oSO oI R noh- AR theth eps s O e GHOBINE ol |
Subst 1 1 MR RERELSty -NRT W0 ZI0EKOTRTSS BETLSB004CORES CORROM

Cl _Coaliphatic, aryl, heteroar oal I phat i c, het er ocycl oal i phati c,
ar yl C1-NB&IOyINRCAet FQRARH R aHé(D CONR-i €50 ngor

05 anCoRm e 5505 o Do.. OROUARE- 3 ‘%’:é PBE R R R s °g,
F, CF3.inddpendehtly @ﬂecte@ﬁﬂ'ﬂ, -R’ NIE@,, =NRI(, Grild)en, NN(ZETOI\?, -ORN( i9RC) N (R-’)g,
o CH2) 20CH3, - CONH2., - OCH2CHE,. - CHROH, -

SO2NH2 NR* SORIHARIGON (R’ m@@%z@@ 3-CORGEEARY, PSR, -CORR) 2 N( CHB) 2, 4- COHB-
pi per ?ﬁjqbgzw%n%gﬂ*é@ﬁ) 2SOSRHR £Y SRRRIRY | A SEFRIE),, RBOLRRE! | Y

COCH,COR’, -OP(O)(OR’)3, -P(O)(OR’),, -OP(0);0R’, -P(0);0R’, -PO(R’),, or -
OPOR")z;

each occurrence of R* is independently an optionally substituted C;-Cealiphatic
group, halogen, -OR’, -SR’, -N(R’),, -NR’COR’, -NR’CON(R’);, -NR’CO,;R’, -COR’, -
CO,R’, -OCOR’, -CON(R’);, -OCONR )2, -SOR’, -SO2R’, -SO,N(R’),, -NR’SO;R’, -
NR’SO,N(R’),, -COCOR’, -COCH,COR’, -OP(O)(OR )2, -P(O)(OR’),, -OP(O),0R’, -
P(0),0R’, -PO(R’),, or -OPO(R’),; and

each occurrence of R is independently hydrogen or an optionally substituted C;¢
aliphatic group; and each occurrence of R’ is independently hydrogen or an optionally
substituted Cy¢ aliphatic group, a 3-8-membered saturated, partially unsaturated, or fully
unsaturated monocyclic ring having 0-3 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; or R and R’, two occurrences of R, or two occurrences of R’, are taken together with
the atom(s) to which they are bound to form an optionally substituted 3-12 membered
saturated, partially unsaturated, or fully unsaturated monocyclic or bicyclic ring having 0-4
heteroatoms independently selected from nitrogen, oxygen, or sulfur.
[00156] In certain embodiments, for compounds described directly above:

a) when R° is at the 7-position of the quinazoline ring then:

i) when R is Cl or Me, ring A is unsubstituted naphthyl, and R' is hydrogen,
then R? is not —(CH;)sNMey;

ii) when R? is Cl, the sum of q and y is 1 and the phenyl ring is substituted at
the 4-position with Br, and R! is hydrogen, then R* is not Cyl, wherein Cy’ is bonded to the
nitrogen atom through an optionally substituted C;.4aliphatic group, wherein one or more
methylene units in the C;_4aliphatic group are optionally replaced with -NR-, -O-, -COO, -
OCO-, -NRCO-, -CONR-, -SO,;NR-, or -NRSO,-;

-61-



or opt
s O,

and Ry
In yet
and th

is 2 and one occUuil sther Rofis ClRey{OMs,
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and co

I ndepe
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NR' S@

lonally substituted benzyloxy. [0092] In still other enbodi nents,

y

and g is 1 and Ryais F. In yet other enbodinents, yis 0, qis 1,

a iwoap4/078133sti |1 ot her enbodinments, y is 0, g i #CI/ian@4B8@51i s OH.

ot her enbodinents, y is O, g is 2 and one occurrence of Rsa is OR

e other occurrencg of Rsa is F. In yet other enbodinents, y is 0, g
el samcbfigradotindrang giaphearcangs R 5a i s

el T e B R it PR B bt ) W A s D™

| A- i WheHETH;)(CHL)ENE),S; g is 0-2; and each occurrence of Rsa is

ndently an ogt | onal3l y substituted Cl-Co6aliphatic grou%2 hal ogen
SR, -N(R I)V whepR” &dite, OMqro Rupx andyrareBpthen K
@1@1 -OCON(R )2, -SOR, -S2R, -SO2N(R) 2, -NR'SOZR' -

‘COCOR, - COCH2COR -CP(O)(CR')Z -P(O (R 2, ~OP(0) 20R

P(O20R , - Pq R ), wiagn RGROMR, )q2and y are 0, and R' is hydrogen, then R* is not —SO,(4-

Me-phenyl);

vi) when R? is F, the sum of q and y is 1 and the phenyl ring is substituted at

the 2-position with Cl, and R!is hydrogen, then R?is not —(CHz)morpholino; and
b) a) when R is at the 6-position of the quinazoline ring then:

1) when R’is NH,, Me, Cl, Br, -NHAc, the sum of q and y is 1 and the phenyl
ring is substituted at the 4-position with F, or ring A is naphthyl, and R!is hydrogen, then R?
is not ~(CHjz)3-4N(R’),;

ii) when R%is —OCHPh, or OH, and q and y are 0, then when Rl'is hydrogen,
R?is not Me, nBu, or —-(CH;);morpholino, or R! and R? are not simultaneously Me or Et;

iii) when R® is Me or Cl, and the sum of q and y are 1, then the phenyl ring is
not substituted in the 4-position with Br;

1v) when R3is Cl,qandy are 0, and R'is hydrogen, then R? is not -S0,(4-
Me-phenyl);

v) when R? is OMe, and q and y are 0, and R'is hydrogen, then R? is not —
CH,CH,0OH or —CH,CH;pyrrolidinyl;

vi) when R? is Cl or Br, the sum of q and y is 1, and the phenyl ring is
substituted in the 4-position with —CH,PO(OR”),, then R' is not hydrogen when R is -Me, or
R! and R? are not simultaneously Me or Et; i

vii) when R?is OH and q and y are 0, then R' and R? are not simultaneously —
CH,CH;OME;

viii) when Rj is Cl, the sum of q and y is 1 and the phenyl ring is substituted in
the 2-position with OnPr, and R'is hydrogen, then R?is not —CHj3(1,3-benzodioxol);

ix) when R3is OMe, OH, Br, Cl, NO,, Me, and q and y are O, then when R!is
hydrogen, R? is not Me, -CH,CH,COOMe, -CH,COOMe, or —(CHy);CHs, or R! and R? are
not simultaneously Me; and

x) when R is CI, the sum of g and y is 1 and the phenyl ring is substituted in

the 4-position with CI, then R' and R are not simultaneously Me or iPr.
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[0094] In certain exenplary enbodinents, the ring forned by Rl and R2 taken
together is selected from -38 WO 2004/078733 PCT/ US211114/ 006451 ss~/ R4%
z N'~R4) 2wb20034)78733NH , cc dd ee |j (R 4)z -(R4)z (N Drcz(iR4)ma/0bd453g9g hh
(R&)z I N ~SN(R4)z z(R Hjj kk NNNNz(R4) \(R4), (RA)z (R4, (

11 MM mm 00 wherein the ring fornmed by |I: and R2 taken together, is

opt i ond0PPI57d ubbt ¢eriaineethert enabpsliments, for compounds described directly above:

a) one of R orR?%is hydrogen, and the other of R! and R? is selected from:

i) Cy! wherein Cy' is bonded directly to the nitrogen atom or is bonded
through an optionally substituted C;.4aliphatic group, wherein one or more methylene
units in the C;_4aliphatic group are optionally replaced with -NR-, -O-, -COO, -OCO-,
-NRCO-, -CONR-, -SO;NR-~, or -NRSO,-; or

il) an optionally substituted Cj4aliphatic group, wherein one or more
methylene units in the Cj.saliphatic group are optionally replaced with -NR-, -O-, -
COO, -OCO-, -NRCO-, -CONR-, -SO;NR-, or -NRSO;-; or
b) R' and R? are each independently selected from Cy', wherein Cy' is bonded
directly to the nitrogen atom or is bonded through an optionally substituted C;.
saliphatic group, wherein one or more methylene units in the C.4aliphatic group are
optionally replaced with -NR-, -O-, -COO, -OCO-, -NRCO-, -CONR-, -SO,NR-, or -
NRSO,-; or an optionally substituted C;saliphatic group, wherein one or more
methylene units in the C;_saliphatic group are optionally replaced with -NR-, -O-, -
COO-, -OCO-, -NRCO-, -CONR-, -SO;NR-, or -NRSO,-.

[00158] In still other embodiments, Cy] is:

(RY)
S, N 5 VSN NS
R SR g L RS
wd, N
a b C d
(R, (R*), (R, (R*),
1 i gt N
: X, N % C _N A N7
N” N’ i £
e f g h
H 4
N’N\ N/‘\((R )z 4
I ,'N | ,N y9';.\//§‘\ (R4) 5 N"’\/(R )Z
INod 7 \/ z \I \
LH"H_)\/ R, N & S
i J k 1
. R* R4 R4
N—y~(R%);
g\i 53 )NI:\Q,N Y OA\,N
S ‘1,_’1'1 0] g ):N
4, 4,
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or nore substitutable carbon, nitrogen, or sulfur atons with z independent
occurrences of - R4, and z is 0-5. [0095] In other enbodi nents, for
conpoundswof2odsar7gsBa | A-i, R and R2 taken together arecoatscaaabdag
substituted azetidin-1-yl (jj), pyrrolidin-1-yl (ff), piperidinl-yl (dd),

pi perazin- 1-yl (cc), or norpholin-4-yl (ee). In other enbodi nents, for
conpounds of fommula I-A, R Bnd R2 taken together are optidnally
substituted azetidin-l-yl (jj), pyrrolidin-1-yl (ff), piperidinl-yl (dd),
or piperazin-1-yl (cc). In yet other enbodi nents, for conpounds of fornula

lA-i, R and R2 tgken togethergds optionallygsubstituted azetidin-I-yl

(jj). I'n yet o#h&r enbodlnent for conpougﬁ: of formul -i, R and R2,

t aken toget her bbtlonaIIyN sﬂbstltuted Pyt Yol i di n-1 f). In stil

ot her enbodineQMOBIfor co of formulag=\fi, R an R4)taken
together is optrfenally subst uted pi perith.nl -yl (dd). In yet dther -39 WO

2004/ 078733 PCTI US2004/ 006451 enbodi nents, for conpounds of fornula I A-i
Rl and R2, takef together is oftionally subsfi t ut ed plperazﬁn | -yl (cc).
[ 0096] For conpounds of formula IA-i, z is 0-5, and R4 groups, when
present, are each independentky hal ogen, CN, NO®2, -N(R )2, -CH2N(R )2,
-OR, -CHOR (SR - CH2SR' 000R , - NRCOB CO\I(R)Z OCON(R ) 2,
COR -NHCOCR’w, -soz_l\_r(R)_(mﬁze g_ﬁpt\l pal |y s%ﬂg{\ uted group
sel ected fro @#Iphatl t er dakyls Eloal ﬁ%

het er ocycl oal i phat i Zarle:l IkyI hetero yIO Coéal kyl , z

cycl oal i phati cCl- C6al kyl, or heterocycloallphatlco C6a|ky| I n ot her
embodi ments, z Ms 0-5 and R4 gFfoups are each ¥

N, ¢ NV /‘}LLL \ - (R*
i'g/ CNRY, sg/ T>RY), O\_,l(sz)z 2/4 (0
y i aa bb

[00159] In yet other embodiments, R! is hydrogen or an optionally substituted Ci-
Cjaliphatic group and R? is -CHR-Cy', wherein R is hydrogen or C;-Cyalkyl, and Cy' is:

- AN Ny
§_©—(R4)Z LE@‘;—(R“)Z é EN /)N é{N/j_(R4)Z
a b € d

(R%), (R*) __(RY; _RY;
LTS g 7
N~ N~ v, ma
e f g h
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i ndependently d, Br, F, CF3, CH3, -CH2CH3, CN, -000R, -N(CH3)2, -N(Et)?2,
-N(iPr)2, - Q(CH2)20CH3, -CONH2, -COOCH3, -OH, -CH2OH, - NHCOCH3, - SO2NH2,
- SO2( CH2)w0HMB04/078BE2CH( CH3) 2, - SO2N(CH3) 2, - SO2CH2CH3, PCrOSONHBEHSTCHI) 2, -
C(O) NHCH2CH( CH3) 2, - NHCCOOH3, -C(O C(CH3)3, -COQ(CH2)2CH3, -

C(O NHCH(CH3) 2, -C(O CGH2CH3, or an,optionally substituted group sel ected

from- piperidipyl, pigerizinyl, r phol i no, ~4al koxy, p %nyl , phenyl oxy,
benzyl, benzyl ogﬂ"\/%ycl ohebgﬁz pyri dyl ,N/Cgl—prri dyl /qu - CH2t hi azol yI .
[0097] In certa n\gf%bodi rrents,/Lo(g corrpoundslo},Nfor mul a P; N Rl and R2,
taken together is optionall yﬂ’ﬂﬁﬁubsti t ut ed?%e\tﬁ di n- 1-yl ()'Iij"j wherein z is
1 or 2 and at |east one occurrence of R4 i§ -NRSO2R , %'NRCCIR or
-NRCOR . In cerfain other enbaggiments, for cogpounds of forgula IA-i, Rl
and R2, taken together is optionally substituted azetidin-1-ylI (jj),
wherein z is 1 and RA is -INNRSO2R . I n other enbodi nents, for conpounds
of formula I A-i, and R 2, taken together is optionally substituted
azetidin-1-yl. Q), wherein zfH's 1 and R4 i 8% NRCOOR . In certain other
enmbodi nents, f @npounds qtl)T\ rmul a | A- 1N)Ré and R2,. t@k together is
optionally subs)#:N’uted azetidinel -yl (jj), \wh8rein z isq ahd R4 is
-NRCOR . I n yéth, other enbod] nents, for &tgﬁﬁ@unds of formil®%A-i, Rl and
R2, taken together is optionally substituted pyrrolidin-1-yl (ff), wherein
zis 1or 2 andgR4 is d, Br, F, CF3, CH3, -GR2CH3, - OR, ot -CH2ZOR . In
still other enbodi ments, for compounds of fornula IA-i, Rl and R2, taken
together is optionally substituted piperidin-l-yl (dd), wherein z is | or 2
and at |east one occurrence o R4 is C, Br, F, CF3, CH3, -CH2CH3, -OR,

or -CH2OR , -N\RSOPM4, - N Nor - ﬁ%‘?g. |p certapfinot her
enbodi nent s, brpounds f fla 1 A5 C T (RY): %~ J
SR \ﬁg Tt kH) \,\(R4)Z
u v w X
N N >
N A (R4,
PG O NRY, O\_/lmﬁ*)z 2/4
y zZ aa bb

[00160] In yet other embodiments, R' and R2 groups are each independently an optionally
substituted Cj.aliphatic group and are each independently selected from optionally
substituted methyl, ethyl, cyclopropyl, n-propyl, propenyl, cyclobutyl, (CO)OCH,CHjs,
(CH,),0CH3, CH,CO)OCH,CH3, CH2(CO)OCH3, CH(CH3)CH,CH3, or n-butyl.

[00161] In still other embodiments, for compounds described directly above, z is 0-5, and
R* groups, when present, are each independently halogen, CN, NO,, -N(R’),, -CHN(R ), -
OR’, -CH,OR’, -SR’, -CH3SR’, -COOR’, -NRCOR’, -CON(R’),, -OCON(R’),, COR’, -
NHCOOR’, -SOzR’, -SO;N(R’),, or an optionally substituted group selected from Cj.
Cealiphatic, aryl, heteroaryl, cycloaliphatic, heterocycloaliphatic, arylC;-Cgalkyl,
heteroarylCy-Csalkyl, cycloaliphaticC;-Cgalkyl, or heterocycloaliphaticC;-Cealkyl.

[00162] In yet other embodiments, z is 0-5 and R* groups are each independently CI, Br, F,
CF;, CHs, -CH2CH3, CN, -COOH, -N(CHjs),, -N(Et),, -N(iPr),, -O(CH,);OCHj;, -CONHS, -
COOCH3, -OH, -CH,OH, -NHCOCHj;, -SO,NH,, -SO,(CH,);CH;, -SO,CH(CH:),, -
SO,;N(CHs)z, -SO,CH,CH3, -C(O)OCH,CH(CH3),, -C(O)NHCH,CH(CH3),, -NHCOOCH3;, -
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R1 and R2, taken together is optionally substituted piperidin-1-yl (dd),
wherein z is 1 and R4 is F, CF3, CH3, -CHCH3, -OR, or -CH2OR . In other
enbodi menwe,2064ar7836npounds of fornula A-i, Rl and R2, pcalsmoosogasher is
optionally substituted piperidin-1-yl (dd), wherein z is 1 and R4 is

-NRSO2R' ,. In certain other enbodi nents, for conpounds of formula IAi, RL
and R2,C(03€é®H§)QgeC@é}(CPB)26HB,i oA 4O)YHEWEH: hout-E4O T PLPHdi ne Iarylop(tiodally
wher ei n é é g WO 2004/078733 PCTI US20 4/1006 s . In
yet ot st RS athgne ectp, (102 FBBEREDY bPPE AT AT OARHO ingy G ‘Wedn

t oget heﬂhehﬁoﬁ?tﬂeﬁﬂfﬂEeﬁzﬁHQﬁLCw&%ﬂbﬁkwg@ﬁ bgévﬁagl or A@Iﬁﬂﬁazbl 'S 1 -y

and at | east one ‘occurTrence -S2N( R
or -CODB0163In Eerstilli pthet leerbodimndrdsii fasneampdunds clsgsihedd direstlyr ebeis, aRsl AS i, Rl

wher o SRS £tk NIRRT ber Orn GRS BrboalFifls Gopk®:
CONPOUNRCOR’f QCDN® ), A-DCONFang B2R’! akRICOOBE! h8D,R’S ngMRE)U )ér an

substituted i)l perazin-1-yl (cc), wherein z is | and R4 is -
cert ai ropsiohdly sebsbBiedEmUD, SeﬂQﬂte%&ﬁﬁb@n@sﬂ&ﬁlaﬂ@r 3], hetgmoqryl, F@]YCE}QBPMIC t aken

R e e A e R L S RO A

| A1, Miktadel cRalip ha’tice:qLGﬁ@]ggl her is opt i onal I y substituted piperazin-1-yl
(cc), wherein z 1s 1 and R4 is -sog . In._certain other enmhodi ent s,

for corfiBledls & yelopthen embodimentgg Ry gy ChZBr Fakdi 1Ogke e, Fis @bt i y

23?@1‘ e N PEOE SN N OB RO, '/@Omnf’g%m& | R's‘)%?%ﬁﬁ?s ;
OCH,CHj3;, -CH,0H, -NHCOCH3;, -NHCOCH(CHz);, -SO,NH,, -CONH(cyclopropyl) -
CONHCH3;, -CONHCH,CH3, or an optionally substituted group selected from -piperidinyl,
piperizinyl, morpholino, phenyl, phenyloxy, benzyl, or benzyloxy.
[00165] In still other embodiments, R3 is halogen, CN, optionally substituted C;-Csalkyl,
OR’, N(R”);, CON(R"),, or NRCOR’. In yet other embodiments, R3 is -Cl, -CH3, -CH,CHj, -
F, -CF;, -OCF;, -CONHCH;, -CONHCH,CH3;, -CONH(cyclopropyl), -OCH3, -NH,, -
OCH,CHs, or -CN. In still other embodiments, R is at the 6-position of the quinazoline ring
and is -Cl, -CHs;, -CH,CHj;, -F, -CF;, -OCF;, -CONHCHj;, -CONHCH,CHj;, -
CONH(cyclopropyl), -OCHs, -NH,, -OCH,CHj3, or -CN. In yet other embodiments, R? is at
the 7-position of the quinazoline ring and is -Cl, -CHj;, -CH,CHj, -F, -CFs3, -OCFs, -
CONHCHj3;, -CONHCH,CHj3, -CONH(cyclopropyl), -OCHj3, -NH;, -OCH,CH;3, or -CN. In
still other embodiments, R is at the 6-position of the quinazoline ring and is -Cl, -CHj, -
CH,CHjs, -F, -CF;, -OCFs, -OCH3, or -OCH,CHj3. In yet other embodiments, R? is at the 7-
position of the quinazoline ring and is -Cl, -CHj3, -CH,CHj, -F, -CFs, -OCFs, -OCHs, or -
OCH,CHs;. In still other embodiments, R is at the 6-position of the quinazoline ring and is —
CON(R’)2, or NRCOR’. In still other embodiments, R? is at the 7-position of the quinazoline
ring and is -CON(R’),, or NRCOR’.
[00166] In still other embodiments for compounds described directly above, y is 0-5, q is
0-2, and R’ and R™ groups, when present, are each independently halogen, CN, NO,, -
N(R’),, -CHoN(R),, -OR’, -CH,0R’, -SR’, -CH,SR’, - -NRCOR’, -CON(R’)z, -S(O)2N(R )2,
-OCOR’, -COR’, -CO;R’, -OCON(R’);, -NR’SO;R’, -OP(O)(OR’);, -P(O)}OR’);, -
OP(0);0R’, -P(O),0R’, -PO(R"),, -OPO(R’),, or an optionally substituted group selected
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when present, are each independently halogen, CN, NO2, -N(R )2, -CH2ZN(R) 2,
-OR, - CH2ZOR, -SR, -CH2SR, -COX', -NRCOR, -CON(R )2, -OCON(R) 2,
COR , - NIVIG@GR/WSBSOZR' -S2N(R )2, or an optionally seosttustesmoe4gr oup
sel ect ed fromd C6al i phatic, aryl, heteroaryl, cycloaliphatic,

het erocycl oal i phatic, aryl Cl- Caal kyl, het eroaryl G - Coal kyl ,

cycl oalfnophﬁuQsaiipltaﬁaJ lampll, heiercasile rcmiy:dinhatw phetetogysioabiphiptic| aIY{QiE@@]k}’ILn

S Ldepe ta@ff{arfﬁb Rl ol ighdice el M3 EREIRRAMEEELL AN ' 5\ ) 2.

- N( Et ) ?001'6'7![ | Pr) ybt othe%ﬁiﬁg&lw is @ONkRd qi£Dee3and &4dh mﬁﬁﬂr&ceﬂ@ﬁjﬁm,
NHCOCH3, - NHCOCH( CH3) 2 - SOZNHZ ( cl opro {3 - CONI | CH3,

Co\ch&mtgpglde@tlyéﬁ Bpki Gl Mg, Eab@N. OO, o B SU b Vi mN@Pr)z,-

[)glngilrlc()gbﬁi Eprﬁﬁy%t cqué 'Ir%ﬁ’glcr)rg nyd)CHFs Y orﬁz?%nggﬁ group

is i ndgp)ozmmgnt_i‘,@zmﬂbc(gm)g, -GNOCOPHE)QNaDCOCIHOETHL ) €D CEL) SREHK)| 4-Chs-,

N(R )2, CON(R)2, or 01] In st|II ot her enpbodi nents, x is 1 or
2, and pigEaTIRE- Y@,r%GQQPHCI@z, L“Q@'dom OCHp, optignally seksigited phegogys,

, -NH2 - OCH2CH3, or -CN. [00102] In
yet ot h?a&&?%lg |rnenlft‘?ﬁs%}&%H 9¥%gnd R3 is at the 6- position of the quinazoline

ri ng @01]16&; Iﬁlsﬂlldﬂx&emﬂﬁlﬂﬁﬁéﬂs y—1EQ ar(a:B 1s EJCIEByet-cﬂ@klldﬁiHBdlmdﬁ@WM@HS -
(P:gT\I}_lEJg%‘gl@M lg% OR’GiHSstlll ot er 'embo 1ments 'y 1s 0 q 181 anAEllRwl)s %%4&19 Z/ggg’t er
embodiments, y is 1, R is OR’ and R’ is F, wherein OR’ is substituted at the 2-position of
the phenyl ring and F is substituted at the 6-position of the phenyl ring. In yet other
embodiments, y is 1, R* is OH and R is F, wherein OH is substituted at the 2-position of the
phenyl ring and F is substituted at the 6-position of the phenyl ring.

[00169] In still other embodiments, R® is substituted at the 6-position of the quinazoline

ring, q is 1, and y is 0, and compounds have formula III:

1111
[00170] In certain embodiments, for compounds described above,

a) R! and R? are each independently an optionally substituted group selected from Cj.
saliphatic, Cy', wherein Cy1 is a 5-7-membered monocyclic aryl ring or an §-10-membered
bicyclic aryl ring having 0-3 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, or is a 3-12-membered saturated or partially unsaturated monocyclic ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein Cy' is bonded
directly to the nitrogen atom or is bonded through an optionally substituted Cj.4aliphatic
group, wherein one or more methylene units in the Cy.4aliphatic group are optionally replaced
with -NR-, -O-, -COO, -OCO-, -NRCO-, -CONR-, -SO,NR-, or -NRSO,-; wherein R and
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[00103] In still other enbodinenst, x is 1 and R3 is at the 7-position of
the quinazoline ring and is -d, -CH3, -CH2CH3, -F, -CF3, -OCF3, -CONHCH3,
- CONHCH2 GKB,2004/0Z€M4B1( cycl opr opyI ), -OCH3, -NH2, -OCH2CH3PCOrUS2@M004460104] In
yet other enbodinments, x is 1 and R3 is at the 6-position of the

qui nazol j ne ring andls- -CH3, -CH2CH3, -F, -CF3, -0OCF3, -0OCH3, or

- OCH2CHR'; e @adspptianally jand independesity substisvied at pnp Qr ﬂngnwub&ltm@blatcarbma

T il o A BRI POl ng RSB BIEES, 1T T

is at the 6- lpm1ls10l-5)ﬁthR4 gﬂaapgatereazloinus@nﬂemgz Chisi, FSCFgCG}{gROH?zCI-Q[ CNRCOR .
[ 00107] In_still other enbodine x 1s 1 and R3 is at the p05|t|on of

t he qw‘ﬁ@ﬁlﬂ,l‘ﬁ\g Hﬂ?an}‘I@ﬁh 1@(1]3@0\!(3@})122 GHs.NREDRH:, -LOICH;, pﬁl seReOH, -

nbodi R5 d
eRsaoglr oups, vﬁén presen %'(%F%ﬁ@é(gﬁ ’ F\dcé\ (gﬁ-%?zl y%(%Nogeﬁ)%’ Cﬁlg)bﬁ{%g@fl N( Ra)nz
- CH2N(&O)YDCHAORY(CH;¥atH2 O;C(OH\&ECHzGJW --NHROOR' Hs, - CQS‘(@Q(QHQ& -
-S(O) 2N(R “NR SQ2R O (OR )2,

S0 2 o R 0 P SR o 0 S iAW),
b : I
ST O GHR R oL A0 AR e Hhn SRIREY s,

het er oabqrﬂz@bxﬁ;ﬁéllkyyc,lom:w] pyﬁdyﬁihﬁﬂgp&jﬂdﬂ&}aﬂ -I(‘;I{thmzcolyl

het er ocycl oaI| yl 001091 I n.yet ot her _enbqdi nt is 0-5,

and q is 1 of) hﬁ%’ag 'PF%?\’C&IO %Et F@g -@O éﬁ%ﬂi‘ﬂ{?% )

CF3, | MexBly, CU<CH%§17H NN @60en, M) 0CH 1 BORCH, %ﬁ;@h’zm
NHCOCHs;, NHCOCH(CH3)2, -SOZNHZ, -CONH(cyclopropyl) -CONHCH3;, -
CONHCH,CHj3, or an optionally substituted group selected from -piperidinyl, piperizinyl,

morpholino, phenyl, phenyloxy, benzyl, or benzyloxy; and

d) R® is Cl, F, CFs;, Me, Et, -OH, -OCH;, -OCH,CHs, -CH,0OH, -SO,NH,, -
SO, NHC(CHz),, -OCOC(CHjs)s, -OCOCH,C(CH3)3, -O(CHz),N(CHs),, 4-CH;-piperazin-1-
yl, OCOCH(CHj3),, OCO(cyclopentyl), or -COCHs.

[00171] In certain other embodiments, for compounds described directly above R%is -C], -
CH;, -CH,CH;3, -F, -CF;, -OCF;, -CONHCH3, -CONHCH,CHj3, -CONH(cyclopropyl), -
OCHjs;, -NH,, -OCH,CHs, or -CN. In still other embodiments, R?is -Cl, -CH3, -CH,CH;, -F,
-CF3, -OCF;, -OCHj, or -OCH2CH;3. In yet other embodiments, R3 is is -CONR’),, or
NRCOR’. In still other embodiments, R*is Cl, F, CFs, Mg, Et, -OH, -OCH3;, -OCH,CHs.
[00172] In still other embodiments, y is 0, and R*isF. In yet other embodimentsy is 0, q
is 1, and R®ijs OR’. In still other embodiments, y is 0, qis 1 and R* is OH.

[00173] In certain other embodiments, for compounds described directly above:

a) Cy' is:
2R
X VN BN
- 3w, USRI s £ Fwmo,
= LJ y § {7
a b c d
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SO2NH2, - SO2NHC( CH3) 2, - 0OCOC(CH3) 3, -0OCOCH2C(CH3) 3, -Q(CH2)22N(CH3) 2,

4- CH3- piperazin-1-yl, OCOCH(CH3)2, OCO(cyclopentyl), -COCH3, optionally
substi t utwo 2pduen1e’sy, or optionally substituted benzyl orgT/Uyse@inod4sin still
ot her enbodi nents, when ring Ais phenyl, yis 0, and qis 1 and Ryais F
substituted at the 2 position of the phenyI ring. In yet other enbodi nents,
when ring Ais H?ehayl, y is O(Pé)zls 1, and Ry&%)s OR subst [H4yted at the
2- position of tN1/6/ henyI ri ng/\ﬁn still e{ nmbodi nentlg// en ring Ais
phenyl, vy is é\q NS 1 and§ a_ing OH SUbStIé’(MN at the 2N osition of the
phenyl ring. In Vet ot her enbd\'jl nents, wherr ring Ais p nyI y is 0, qgis
2 and one occurrence of RS is OR and the other occurrence of Rya is F,
wherein OR is ©€substituted atfthe 2- position8of the phenyl hing and F is
substituted at the 6-position of the phenyl ring. In yet ot her

enbodi nent s, V\Amﬁ"\rlngAls 9» i's 2andg rrence of

Rya is OH and ‘P occur en e, of Rsa @(Rﬁ)grel n Q?I"I‘/s/ stituted
at the 2-po%i t|on'5zthep )H ring and gs‘substltu (9% t he
6- position of the phenyl ring. -42 WO 2004/ 078733 PCTI US2004/ 006451

[00111] In stilli other enbodi mgnts, for conpoknds of formulallA-i, gis 1
and RSa is at the 2-position of the phenyl ring, and conpounds have the

structure IAii: R, NR2 x(R31 i \ NRsa (R5)Y IA-ii
- R4 R4 R4
§\">H\/( )z N N~ /&
\S) ' o’N )'\ N )‘
S
ht ~ L,
m n 0 p
R4 R4 R
o~ o s -
q r S t
‘/\ “
_C H 2 § d \ 4 g_/\o
T T (RY: T (R%):

% \/\(R“)z % KH/' kH) \’\(R“‘)z
u v w X
o~ N >

N /‘/ \(R%),

TONRY),  TONRe, \__,\(R4) )

y y/ aa bb

or R' and R? are each independently an optionally substituted C;.4aliphatic group and are
each independently selected from optionally substituted methyl, ethyl, cyclopropyl, n-propyl,
propenyl, cyclobutyl, (CO)OCH,CHj3, (CH;),OCH;, CH,CO)OCH,CH3, CH,(CO)OCHS3,
CH(CH3)CH,CHjs, or n-butyl;

b) z is 0-5 and R* groups are each independently Cl, Br, F, CF3, CH3, -CH,CHj, CN, -
COOH, -N(CHz),, -N(Et),, -N(iPr),, -O(CH,),OCHj3, -CONH,, -COOCH;, -OH, -CH,OH, -
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wherein: a) the ring formed by R and R2 taken together is selected from
R4z N“\~R4)z ~N(R4)z N"/ ~NH cc dd ee | NRz No- ff (R4)z G\(R»D gg
hh (R4) a WoNoo«@®4)33 z(R ii jj kk NN NN NJ z (R4) RExYarsesdooR4)z )z
11 mmnn 00 and the ring forned by Rl and R2 taken together, is optionally

substituted at one or nore substitutable carbon, nitrogen, or sulfur atons
with z NEGESdhdenONEeursQuldh)Sits, REO:CH(CHs):, -SON(CHz), -SOCH,CHs, -

C(O)OCH,CH(CH3);, -C(ONHCH,CH(CH3);, -NHCOOCH;, -C(O)C(CH3z);, -
COO(CH3),CH3, -C(O)NHCH(CHs),, -C(O)CH,CHs, or an optionally substituted group
selected from -piperidinyl, piperizinyl, morpholino, Ci.4alkoxy, phenyl, phenyloxy, benzyl,
benzyloxy, -CHzcyclohexyl, pyridyl, -CHypyridyl, or -CHthiazolyl;

¢) R? is Cl, Br, F, CF3, -OCF;, Me, Et, CN, -COOH, -NH,, -N(CHs),, -N(Et),, -
N@Pr),;, -O(CH;):0OCH;, -CONH,;, -COOCH;, -OH, -OCHs;, -OCH,CHj;, -CH,OH, -
NHCOCH;, -NHCOCH(CHj);, -SO;NH;, -CONH(cyclopropyl), -CONHCH;, -
CONHCH,CHj3, or an optionally substituted group selected from -piperidinyl, piperizinyl,
morpholino, phenyl, phenyloxy, benzyl, or benzyloxy; and

d) R® is Cl, F, CF;, Me, Et, -OH, -OCH;, -OCH,CHs, -CH,OH, -SO,NH,, -
SO,NHC(CHs),, -OCOC(CHjs);, -OCOCHC(CHj3)s, -O(CH2),N(CHj),, 4-CH;-piperazin-1-
yl, OCOCH(CH3),;,0CO(cyclopentyl), or -COCHj.

[00174] In certain embodiments, for compounds described directly above R3is -Cl, -CH;, -
CH,CHj3, -F, -CF3, -OCF;, -CONHCHj;, -CONHCH,CH3, -CONH(cyclopropyl), -OCHs, -
NH,, -OCH,CHs;, or -CN. In other embodiments, R’is -Cl, -CH;, -CH,CHjs, -F, -CF3, -OCF;,
-OCH;, or -OCH,CHj;. In still other embodiments, R? is—~CON(R’);, or NRCOR’. In yet
other embodiments, R is Cl, F, CF;, Me, Et, -OH, -OCH3, -OCH,CHs. In still other
embodiments, y is 0, and R*isF. In yet other embodiments y is 0, q is 1, and R¥®is OR’. In

still other embodiments, y is 0, q is 1 and R* is OH.

[00175] In yet other embodiments, R is substituted at the 7-position of the quinazoline

ring, qis 1, and y is 0, and compounds have formula IV:

R‘\N,Rz

/@(& N R5a
G

v
a) wherein R' and R? are each independently an optionally substituted group selected
from C;.¢aliphatic, Cy', wherein Cy' is a 5-7-membered monocyclic aryl ring or an 8-10-

membered bicyclic aryl ring having 0-3 heteroatoms independently selected from nitrogen,
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and z is 0-5; -43 WD 2004/ 078733 PCTI US2004/ 006451 b) wherein z is 0-5, and
R4 groups, when present, are each independently hal ogen, CN, NO2, -NR)2,
- CH2N( R )W®0 20@R78733CH20R , -SR, -CH2SR , -COOR , - NRCORCT/US200@M(dR5) 2,
-OCON(R )2, COR, -NHCOOR , -S2R, -S02N(R)2i or an optionally
substituted group selected fromd -C6al i phatlc aryl, heteroaryl,

cycl oaloxpgen Ot sulfurepeisor §dRonempered seuratadyorqlartglyl ysaturated monocyclic ring

hetero

net o oRp b Ao HALRRUARYH G PR e ey, g oW YIS i
pr esents balﬁc%d&ﬂféhtly néeRe AflRpeh tdigloege Bonde@\ihrd‘n@ amr MtBn)ﬂZy sulﬁltiﬂ.NécR’C)l
-OR, -CH2OR, -SR, -CH2SR, -COOR, -NRCOR CON(R ) OCON(R' ) 2,

COR . +MNiRbatiR groupspherein Qoo NpIRMORE lmthxdﬁn%pwté g thy‘ Ce @ﬂé@biﬁtqngéalpgmp

sel ect & ic :
2oL oot SPupaal GncRaliR Rkl o, 2o RIS SRYD. SRS LBIAR 6r -NRSO,-

cycl oal; |\plliea:é1ncﬂj aﬁBaRZk}dre each obmrmﬂlgcamll nelepeidadil e @Jbsﬁﬁabdqat ond)oanerel ny

:\ISOZO SNF%QI?gaRa@groups I)lvvck)lgeer;lagz)?rressur%ﬂ arse vslgphz |mndependent I ¥]iqhal ogg_R4 \
- CON( R'v%‘%[ i Z%@_éZN( R)2, -OCCOR, -COR, -Q02R, OCO\I( R)2, -NR SOZR‘

-OP( O ( 35 (O)(CR)Z CP(O)ZOR -P(O)ZOR -PQ(R)2, -OPQR )2, or

an opti onal Iby z3s10sStanglR* @iou;@rawpawehmedhnﬂry@h Bt, fCGfb,l(pHat—CH,zCHg HIN, -

et or odi gt KRG RUBDe Db i LRettd REPNigy -CPERb SR e
NHCOCH3, -SO,NH;, -SO2(CH;);CH;, -SO,CH(CHsj);, -SO;N(CHjs);, -SO,CH,CHj, -
C(O)OCH,CH(CH3);, -C(O)NHCH,CH(CH3);, -NHCOOCH;, -C(O)C(CHz);, -
COO(CH,),CH3, -C(O)NHCH(CHj3),;, -C(O)CH2CH3, or an optionally substituted group
selected from -piperidinyl, piperizinyl, morpholino, C; 4alkoxy, phenyl, phenyloxy, benzyl,
benzyloxy, -CHacyclohexyl, pyridyl, -CHypyridyl, or -CHjthiazolyl;

¢) R? is Cl, Br, F, CFs, -OCFs, Me, Et, CN, -COOH, -NH,, -N(CHj),, -N(Et),, -
N@Pr),;, -O(CH,),OCH3, -CONH,, -COOCH;, -OH, -OCHj, -OCH;CHs;, -CHOH, -
NHCOCH;, -NHCOCH(CH3);, -SO,NH;, -CONH(cyclopropyl), -CONHCHj;, -
CONHCH,CH3;, or an optionally substituted group selected from -piperidinyl, piperizinyl,
morpholino, phenyl, phenyloxy, benzyl, or benzyloxy; and

d) R™ is Cl, F, CFs;, Me, Et, -OH, -OCH;, -OCH,CH;, -CH,OH, -SO.NH,, -
SO,NHC(CHj3),, -OCOC(CHs)s, -OCOCHC(CHs)s, -O(CH,),N(CHjz),, 4-CH3-piperazin-1-
yl, OCOCH(CH3),, OCO(cyclopentyl), or -COCHs.
[00176] In certain embodiments, for compounds described directly above, R3is -Cl, -CH3,
-CH,CHs, -F, -CF3, -OCF3, -CONHCH3, -CONHCH,CH3, -CONH(cyclopropyl), -OCHs, -
NH,, -OCH,CHjs, or -CN. In other embodiments, R® is -Cl, -CHj;, -CH,CHs;, -F, -CF5, -
OCF;, -OCHj3, or -OCH,CHs. In still other embodiments, R3isis —CON@R’),, or NRCOR’.
In yet other embodiments, R is Cl, F, CF;, Me, Et, -OH, -OCHs;, -OCH,CH3. In still other
embodiments, y is 0, and R® is F. In yet other embodiments y is 0, q is 1, and R*®is OR’. In
still other embodiments, y is 0, q is 1 and R is OH.

[00177] In certain other embodiments, for compounds described directly above:

a) Cy' is:
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Coéal kyl ;
-N(Et) 2,

and e) Rya is d,
-N(i Pr) 2,

-CH20H, -WbiCuiaHas733 SO02NTHZ2,

-Q(CH2) 2N(CH3) 2, 4- CH3- pi perazin-| -

Br,
Q( CH2) 20CH3, - CONH2,

- SO2NHC( CH3) 2,
yl,

F, CF3, M, Et,

- OCOC( CH3) 3 pCTOSDOHPERUEHS) 3,
OCOCH( CH3) 2, OCO(cycl opentyl),

“NH2, - N(CH3) 2,

-COCH3, optionally substituted phenoxy, or4 opti onal |y substituted
benzyl oxy. [00112] In still /o.%ir ermbodi ¥R for corrpownds of formul a
A qisa%__lan is atNt #4-)po8|'[| 1Nthe ph R, and
conpounds havd i He 2 uct ur b -||: 4‘ (C f1 (R5)y
| A-ii wherein: -44 V\D 2004 78733 PCTI USZOO 006451 a) and R2 taken
together is an _optionally subgtituted ring selected fromazetidin-1- vyl
(Y, pyrrolldlﬁllyl (ff), piperidinl-yl (dd), or piperazin-1-yl (cc); b) z
is 0-5 and R4 groups are each independently c, Br, F, CF3, CH3, -CH2CHS,
CN, - COOH, -N(CH3)2, -N(Et)?2, N(|Pr)2 - R3)20(:1—!3 CO\IHZ) - COOCHS3,
-OH, -CH2OH, , - SO z S02( CH2) zSOZCH(Ckl@ SO2N( CH3) 2,
- SO2CH2CH3, -§N>L/j %/qu f-C/Hg \/ /QR
xat %
e f g h
,N /\/(R4) 4
N N — (R
LN Lromy, N3
AN 7 7
ﬁ‘&,_)\/ (R, «H‘HL QO) KO)
j k 1
R4 R* h‘*
R
g\r,\:m»/( )z A N .
\ )l\ ¢ I /N —
S iLL-L' 0 S o, N
= 4,
m n 0 P
R4 R* R4
Ny NAO Néks T
=N =N =N \’\(R‘*)
q r s t
N 0
FO e FE e HOS
S, 7 N (RY,
H H
u A w X
H
N o
N N s (R
YORY),  YORY, L S
y z aa bb
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C(O) OCH2CH( CH3) 2, -C(O NHCH2CH( CH3) 2, - NHCOOCH3, -C(O C(CH3) 3, -

000(CH2) 2CH3, -C(O NHCH(CH3)2, -C(O CH2CH3, or an optionally substituted
group sewecve78136m - pi peri di nyl, piperizinyl, norphol Poo/US@o44644RDXY ,
phenyl, phenyl oxy, benzyl, benzyl oxy, CH2cycIohexyI pyridyl,

-CH2pyri gyl , .qr, -CH2t hiazolyl: ¢) x.is 1 or 2, and h occurrence of R3is
i ndeggrﬂfﬁtw% are %18?1 tndebepdently @é:ﬁetwwély suﬁtﬂu@hcl ppic gRpp and NECH3) 2,

- N(Et ) Zoach MdebEndéntly t sthit kycl .
) o s SUETE O om0 ST 5. 1 SIS

- CONHCHEGp3, @ryclahuttybt(C&)@CHyCHuK@Hz)zmc&ﬁ @HQ(I@)Oélé]zl@Hh e(wfécm)olcm,

- pi peri | Zi nor phol i no, phenyl, phenyl oxy, benzyl, or
benzyl o %{Eﬁ]&)c\%ﬁgf_}% I’;}B/‘ft}él *0-4, and R5 groups, when present, are each

i ndependent | z@sOfBa dlE4 are Mioh Gllepebibntt r, F caN( ST, oN(E) 2,
NG P 2, L&D RN COOHB, n&im Wgo%ﬁzg%, *orp o,

- NHCOCI'@OO}E 73)25' M}ﬂ 'OGCWH%-B?QNHMQZEQQG}B -CH,0H, -

~cooro, SBSEIGH 18N PR B i s STy o i Fodia M.

; COCH NG Gtig, EL. - CH2CH,
enzy ax@)og&gzﬁﬁc((cﬁgﬁzol)s O Dl G T g,

48853 frOOKGHYACHs, (¢ )zc(@ﬁ(lz,(;lfés , Opfe AR qulon@iiy smsed[mms] I'n
t
The o sREiedEARCHIBRRLRyL b bRTRMDRoRho, CLAMGy, My, brkfyeftarfd, ' ©

me ring a

- CF3, Haﬁﬁﬁoxy,@@*@d&)hexylwﬁfﬁpm@@%ﬂ(%ﬂ@momw ), -OCH3, -NHZ,

S OO, or @ U B2, B OCE,, Me, Bt, CN, -COOH, -NHs, ~N(CHa)s, -N(E), -
N@Pr),, -O(CHz)ZOCH3, -CONH;, -COOCH;, -OH, -OCHj;, -OCH.CHj;, -CH,OH, -
NHCOCH;, -NHCOCH(CHs);, -SO,NH;, -CONH(cyclopropyl), -CONHCH;, -
CONHCH,CHj3, or an optionally substituted group selected from -piperidinyl, piperizinyl,
morpholino, phenyl, phenyloxy, benzyl, or benzyloxy; and

d) R™ is Cl, F, CFs;, Me, Et, -OH, -OCH;, -OCH,CHs, -CH,OH, -SO,NH,, -

SO,;NHC(CHz)2, -OCOC(CHs)s, -OCOCH,C(CHs);, -O(CH;),N(CHj3),, 4-CHj-piperazin-1-
yl, OCOCH(CH3),,0CO(cyclopentyl), or -COCHj.
[00178] In certain other embodiments, for compounds described directly above R%is -Cl, -
CH3, -CHxCH;3, -F, -CF;, -OCF;, -CONHCHj;, -CONHCH;CH;3, -CONH(cyclopropyl), -
OCH3, -NH,, -OCH,CHs, or -CN. In other embodiments, R’ is -Cl, -CHs, -CH,CHa, -F, -
CF;, -OCF3, -OCHj, or -OCH,CH3. In still other embodiments, R3 is~CONR’),, or
NRCOR’. In yet other embodiments, R* is Cl, F, CFs, Me, Et, -OH, -OCHj, or -OCH,CH.
In still other embodiments, y is 0, and R*®isF. In yet other embodiments y is 0, q is 1, and
R is OR’. In still other embodiments, yis 0,qis 1 and R>* is OH.

[00179] For compounds described in this section above, in general, compounds are useful
as inhibitors of ion channels, preferably voltage gated sodium channels and N-type calcium
channels. In certain exemplary embodiments, compounds of the invention are useful as
inhibitors of NaV1.8. In other embodiments, compounds of the invention are useful as
inhibitors of NaV1.8 and CaV2.2. In still other embodiments, compounds of the invention

are useful as inhibitors of CaV2.2. In yet other embodiments, compounds of the invention
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enbodi nents, x is 1 and R3 is at the 7-position of the quinazoline ring and
is -d, CH3, - CH2CH3, -F, -CF3, -0OCF3, -CONHCH3, - CONHCH2CH3,
CC]\IH(cyc,Wopmes‘)ss -OCH3, - NH2, -OCH2CH3, or -CN. |n ecrius2aklessst
enbodi ments, x is 1 and R3 is at the 6-position of the quinazoline ring
and is -d, -CH3, -CH2CH3, -F, -CF3, -OCF3, -0OCH3, or -OCH2CH3. In yet
ot her erdmdfulentlsgl ixhibitots fida VB8 iand atTEXReerpitissionichpnnst sudheasdia b3 ori ne
ring aﬁjaﬁ)'s -d, -CH8, -CH2CH3, -F, -CF3, -OCF3, -OCH3, or -OCH2CH3. In
still dr’-embodi ments, x is 1 and R3 is at the 6-position of the

qui nazoline ring and is -CON(R )2, or NRCOR . -45 WD 2004/078733

PCTI US2004/ 006451 [00114] In yet other enbodinents, x is 1 and R3 is at
t he 7- 5081801 on\6f Compoyuisefioringa Vi ng and is -CON(R )2, or NRCOR .

[00115] In still other enbodi nents |sC1 F, CF3, Me, Et, OR,-OH,
-OCH3, - OCH2CH3. [00116] In yet otﬁeN enbodi rrents Rsa is OR,. In still
ot her enbodi nents, R5' is F. [00 /LA still ot her exenpl ary enbodi nent s
conpounds have for mul a IA—||(R3) XfR3) i \ NRsa ND5Y IAii
wher ei n: / N N/\>\(R5a)q
(R%)y
A\

wherein R! and R? are each independently an optionally substituted group selected
from Cj¢aliphatic, Cy', wherein Cy' is a 5-7-membered monocyclic aryl ting or an 8-10-
membered bicyclic aryl ring having 0-3 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or is a 3-12-membered saturated or partially unsaturated monocyclic ring
having 0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein Cy1
is bonded directly to the nitrogen atom or is bonded through an optionally substituted C;.
saliphatic group, wherein one or more methylene units in the Cigaliphatic group are
optionally replaced with -NR-, -O-, -COO, -0OCO-, -NRCO-, -CONR-, -SO;NR-, or -
NRSQ,-; or R! and RZ, taken together with the nitrogen atom to which they are bound, form
an optionally substituted 3-12-membered monocyclic or bicyclic saturated or partially
unsaturated ring having 0-3 additional heteroatoms independently selected from nitrogen,
sulfur, or oxygen; wherein R! and R?, or the ring formed by R! and R? taken together, are
each optionally and independently substituted at one or more substitutable carbon, nitrogen,
or sulfur atoms with z independent occurrences of —R", wherein z is 0-5;

x is 0-4;

yis 0-2;

each occurrence of R3, R?, and R’is independently Q-RX; wherein Q is abond or is a
C1-Cs alkylidene chain wherein up to two non-adjacent methylene units of Q are optionally
and independently replaced by -NR-, -S-, -O-, -CS-, -CO»-, -0OCO-, -CO-, -COCO-, -CONR-,
-NRCO-, -NRCO;-, -SO,NR-, -NRSO>-, -CONRNR-, -NRCONR-~, -OCONR-, -NRNR-, -
NRSO,NR-, -SO-, -SO,-, -PO-, -PO,-, -OP(0)(OR)-, or -POR-; and each occurrence of R¥is
independently selected from -R’, =0, =NR’, halogen, -NO,, -CN, -OR’, -SR’, -N(R")z, -
NR’COR’, -NR’CON(R’), -NR’CO,R’, -COR’, -CO;R’, -OCOR’, -CON(R’)s, -

-4 -



a) R1 and R2 taken together is an optionally substituted ring selected from
azetidin-1- yl (jj), pyrrolidin-l-yl (ff), piperidinl-yl (dd), or

pi perazi rwh-2964/07818; b) z is 0-5 and R4 groups are eachpcmasp@adesssiy C ,
Br, F, CF3, CH3, CHZCHB CN, - COOH, -N(CH3)2, -N(Et)2, -N(iPr)2,

O o R e 23021%&2%3(%%?@211 s@w»; '@%w o) 2,

g%mm%G)_éaW§P an opﬁﬁégr%{ @J%t i tut ed g%hp sel ect ed

from - ORXR’ G nyl , piperizinyl, norpholino, O 4al koxy, phenyl, phenyl oxy,

ey ik i’xﬁﬂf@@t%éﬁx&@%a N N S

- OCF3, NYec cﬁL-NLQ&ONﬁQIZ, c@@ﬁcogik yocsm\@ QION(R §{ld RS O%rQUps

when present, are eac naepen enfl
- OCH2 CABCONROHS ORNHBOER13 - SO DTRNH?, NR’SOZRIHGNBI-S@Q\T(Rahd Q@CQB& is F, -OR,

above, GOEA0R, Bkséﬂg ; -PﬁﬂﬁB% % f SRR T HRBRORE G g ana 1 s

-4, - Gipr HadS, - CONHCH3, CO\IHCI—lZCI—B
CO\IH(cycI opropyl), - OCH3, - NH2 OCHZCH3 or -CN. In still other
errbodl ment s eash dasutrenaschf Raisiindependendy hygiogen poan emtionaldy subisitesl Cre ring and

S el asmi R i by SE R, ks R DS B SRSy

substituted C.¢ aliphatic group, a 3-8-membered saturated, partially unsaturated, or fully
unsaturated monocyclic ring having 0-3 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; or R and R’, two occurrences of R, or two occurrences of R, are taken together with
the atom(s) to which they are bound to form an optionally substituted 3-12 membered
saturated, partially unsaturated, or fully unsaturated monocyclic or bicyclic ting having 0-4
heteroatoms independently selected from nitrogen, oxygen, or sulfur.

[00181] In certain embodiments, for compounds described directly above, when x is 1 and
R’ is 6-OMe, R! is hydrogen, and y and q are both 0, then R is not -CH,CH,OCH,CH,OH

or the monomethanesulfonate salt.

[00182] In certain other embodiments, for compounds described directly above,
a) one of R! or R? is hydrogen, and the other of R' and R? is selected from:

i) Cy! wherein Cy' is bonded directly to the nitrogen atom or is bonded
through an optionally substituted Cj_saliphatic group, wherein one or more methylene
units in the Cy.4aliphatic group are optionally replaced with -NR-, -O-, -COO, -OCO-,
-NRCO-, -CONR-, -SO;NR-, or -NRSO5-; or

iil) an optionally substituted Cjg4aliphatic group, wherein one or more
methylene units in the Cj.4aliphatic group are optionally replaced with -NR-, -O-, -
CO0, -OCO-, -NRCO-, -CONR-, -SO;NR-, or -NRSO,-; or
b) R! and R? are each independently selected from Cyl, wherein Cy' is bonded
directly to the nitrogen atom or is bonded through an optionally substituted Cj.

saliphatic group, wherein one or more methylene units in the Cj.qaliphatic group are
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OCH3, -NH2, -OCH2CH3, or -CN. In yet other enbodinents, x is 1 and R3 is at
the 6- position of the quinazoline ring and is -d, -CH3, -CH2CH3, -F,

- CF3, - OGFB,20040@8B3 or - OCH2CH3. In still other enbodi memtus2om/00&sl and R3
is at the 7-position of the quinazoline ring and is -O, -CH3, -CH2CHS,
-F, -CF3, -OCF3, -OCH3, or -OCH2CH3. In yet other enbodinents, x is 1 and
R3 is at th@pﬁemmmplacedownln HER g uORaL610.nOGP-ngNBRE- 1@01’@&}%6@)@1- of -

NRCOR . | i t 1 d t,. 1 f
t he qui nagom 2 ? |°ﬁgana|98 ?réallly Cﬁt\tt(sﬁufeéi %6 al%%%'gr&ts%g‘ﬂeﬁml %“%?e? Jhlf) ﬁn 0
enbodi ment s, pddyAersSutiR 1nat!ﬂ3 . 4%1?3%’[1@@% S)pﬁbnéllg'e:reﬁtab&ﬁ Wwith UNR, -Olile-

qui nazoline ring and is - OCH3, or

- OCH2CH3. | £Q@t, -OSQteleéﬂﬁodC@é‘m~s-S%R~b ar FRSQud x is 1 and R3 is at the
7-position of the quinazoline ring and is -d, -CH3, -CH2CH3, -F, -CF3,
-OCF3, -0OCH3, or -OCH2CH3_ [00120] In yet other enbodi nents, Rya is OH and

X i's 1[80m3R3 Irﬁotﬁérélﬁlﬁ)dﬁn&ﬁ§l(ly @gn of the quinazoline ring and is -d,

- CH3, CHZCHS -F - OCH3, or -CCH2CH3. In yet other
enbodi nent s, |s O—I and x and R3 |2€R the 7 posutu on of t he
gui nazol i ne g is - E:gw - CHZ , %] or
- OCH2CH3. f/et oth odl ments IS F a d\cﬁB and R3 is
at the6p03|t|on of the qu nazollnerlng andls- -CH2CH3, -F,
-CF3, -OCF3, -QgH3, or -OCH2CH§. In yet otheg enbodi rrents &a is F and x
is1land R3is at the 7- position of the quinazoline ring and is -d, -CH3,
-CH2CH3, -F, - -OCH3, or -OCH2CH3. [00122] In still other
enbodi nent s, for ?pounds of f anul a lA-H R agnd R2, taken toget her is
optionally subst ngzed azetidi 1Zyl (5 1)- Ngy y ot her r\«]=,3a<t)(<'§‘dzrnents for
conpounds g M0 i
KN’/N v""’b
e f g h
H 4
-N — Rz
NN, N7 (R
| ,gN ] ’N f\/,‘-\\/ (R4) . \N"‘\/ z
E)N\(R‘*)z N ey 4 T
i J k 1
- R4 R R*
3 SN 5 TR s W o
S o] g =N
* ™, e
m n o P
R4 R4 R4
AT S T
=N =N =N Xio4
q r S t
g o
O e, HEOFes FES
(R ﬁ ” (R%)z
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of formula I A-ii,
pyrrolidin-1-yl (ft). In
A1,
(dd).

certai n enbodi nent s,

and at | east one

certain other enbodi nents,

t aken toget her (s\optl onal
1a_n_dR4isijz<lRSC?*IGa In o

lA-11,
(i),

R and
wher ei n

conpounds of formula I A-ii,
substituted azetidin-1-yl

ot her E %ﬂj neiilt?

togeth

R and R2,
still

Riweando#R2g738aken t oget her is
In yet other enbodinents,
taken together is optionally substituted piperazin-1-yl

Leher

(),

taken together is optionally substituted

R1 and R2,

ot her enbodi nent s,

for conmpadunds of fornul aWlA-ii,
together is optionally substituted azetidin-1-yl
occurrence of R4 is -NRSO2R ,
forH conpounds of

Iy(supstltuted

a
d| nment 362%

taken t oget her |s optiona y
|s 1 and R4 s - NRCOOR .

(i),
- NRCOOR' ,
o rmul a IA—||,
nI-yI

for conmpounds of fornula
optional ly substit ecedspiopeodsdi nl -yl
for conpounds of

formula 1A-ii, RL and R2,
(cc). [00123] In
R1 and R2, taken

wherein z is 1 or 2
or -NRCOR . In
R1 and R2,

swherein z i s
r%?s)\/'@)( )6rrmla

stitu ed azetidin-1-yl

| nggertain other ggbodi nents, for

t aken toget her
wherein z is 1 and R4 is - NRCCOR .

%Z?Wiﬁcfﬁl[ﬁzwﬁ 6162{'5fn E%t 1976n4 I%%gﬁgst%stl {Cllflged

is optionally
In yet

pyrrol I(Zdal[phbtléi gro(ubfa)ld W@]—IR-(Zy | %/hdredt R2s ytllogeh dr<C;@4allBi,, anlf CyERS3,
CH2CHS3,

, or -CH

In still

ot her e

od| ment s,

for conpounds of

formula I A-i i, andR2 t ntogetherZ |onaIIy bstltuted
pi peridin-1- gl.l_ )(R4)mher ei N Rﬂ;zor Ieast ne Wyrrence of R4
is d, Br, , or - NRCOOR , or
OCC]\I(R’ )2 I n certal n ot her errbodl ments, for corrpounds forrrul alAli,
R and R2, takep together is gptionally subst¢tut ed piperidig-1-yl (dd),
wherein z is 1 and R4
(R, (RY), (R%), _RY
é\ ‘\ N \ // z
L N g N S &
N~ N”N o, "'{;
e f g h
,N 2 (R4)z
N N R%)
| N ;fe) ) (R4) \N"\/( z
“{N\ RY: N \KO)/ . T
J k |
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m n o p
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is F, CF3, CH3, -CH2CH3, -OR, or -CH2OR . In other enbodi nents, for
conpounds of fornula IA-ii, R and R2, taken together is optionally
substi t utwo 2pe4egisdi n- 1-yl (dd), wherein z is 1 and RAPCI/US20RBWAR ,. | n
certain other enbodi ments, for compounds of fornmula IA-in, R and R2,
taken together is optlonally substituted piperidin-1-yl (dd), wherein z is

1 and R4 is - ?QOCR In ther enbodi ngnts, for co ds of fornmula
lA-1i, R ang : ken gg/t mr opt égﬁal\_ﬂ_y }JbSt i g% pi perazin-1-yl

(cc), wherei | néL t 0 ek chir Pence Q:‘ s -SOR
-CON(R ) 2, -SOZN(R( . ertain other di nents, for
conpounds of formula IA-|| R and R2 taken together is optionally

substituted piperazin-1-yl (cd), wherein z id1 and R4 is SGR. In certain
ot her enbodi nents, for conpounds of formula IA-nn, R and R2, taken
together IS optionally substituted pi perazin-1-yl (cc), wherein z is 1 and
R4 is - certain othe enbodlnents r conmpounds of formla

TA -ii, (ﬁZ\ t aken t ge’t is opti (@ subst i h/L&adn‘b;perazi n-1-yl
(cc), wher ei % SEYand RA T~ (EEM(R‘ ) 2. ain offier enmbodi nents,
for conmpounds of formula IA-ii, R and R2, takntogether is optionally
substituted piperazin-1-yl (ce), wherein. z a8 1 and R4 is bBO2N(R )2. In

certain other enbodinents, for conpounds of forrmula IA-ii, R and R2,
taken together is optionally substituted piperazin-1-yl (cc) wherein z is

1 and thl?@ - GiRtin cgﬁ’é}%%fﬂodﬁ%tsc RRRY RASSPS afd el indepeiticatly aﬁbpﬁmaatlyove

in gen conpounds are useful as inhibitors of ion channels, ai]'yerably
vol t ageulgstitueetl SGdialiphaticargrips anddam- £9qbe indapendsmilyc pelpgied stromn optien

of N B, TR ShodPREReyh BRI TP SR RRHAE KoROCHERL) o6
(CH,),0CHs, CH,CO)OCH,CH;, CHy(CO)OCH3, CH(CH3)CH,CHj, or n-butyl.
[00186] In yet other embodiments for compounds described directly above, R! and R?,
taken together with the nitrogen atom to which they are bound, form an optionally substituted
3-12 membered heterocyclyl ring having 1-3 heteroatoms independently selected from

nitrogen or oxygen and form a 3-12 membered heterocyclyl group selected from:

£ N»/(;nz £ N‘:E%‘bz £, A/(;nz
NH ©
e dd ee
T N N
N U(R“)z Q(ﬁ“')z
&\(Rd‘)z
f oo hh

;f\ (R4)z tll

i i kk
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i nhibitors of NaVvl.8 and CaV2.2. In still other enbodi nents, conpounds of
the invention are useful as inhibitors of Cav2.2. In yet other

enbodi mrenwe,20eTgBands of the invention are useful as aagaluscevhiobéssors of
NaV 1.8 and a TTX-sensitive ion channel such as NaVvl.3 or NaV 1.7. [00125]
H Conpounds of formula |A-ii: -48 WD 2004/078733 PCTI US2004/ 006451
RMNR2 i L 3) N {i5a (Rx N 'lj"RS)y | A-ii erein RL and R2 are each

i ndependent |y an eW¥tjonal |y subBtituted groupselected fromy Cl _6aliphatic,
Cyl, wherein Q// ja 5-7-me red nmonocycljic aryl ring or 8- 10-

menber ed bi cycl "ryl ring hayi\ng 0-3 hete I ndepe ly sel ected
fromnitrogen, gen or sul s a 3- nber ed sgi4 rated or
partially unsﬁBﬁrated nDnocycllc(?)ﬁg havi ng heteroatons i ndependent |y
sel ected fromnitrogen, oxygen, or sulfur, mherg k I's bonded directly
to the nitrogep atomor is bonged through annnptlonally subebi tuted C

4al i phatic group, wherein one or nmet h ne, units in the C aI| hatlc
group are wb@rp@rtap ripg femed YR Vﬁn[d}«R _tRfen tog@ﬁ er, 1s%onal&%tbst Ttufg p

- SQ2 NRor m8fe substitutable carbon, nitrogen, or sulfur atoms with z independent occurrences of -

R4, and z is 0-5.

[00187] In other embodiments, for compounds of formula I-A, R! and R? taken together
are optionally substituted azetidin-1-yl (jj), pyrrolidin-1-yl (ff), piperidin1-yl (dd), piperazin-
1-yl (ec), or morpholin-4-yl (ee). In other embodiments, for compounds of formula I-A, R!
and R? taken together are optionally substituted azetidin-1-yl (jj), pyrrolidin-1-yl (ff),
piperidinl-yl (dd), or piperazin-1-yl (cc). In yet other embodiments, for compounds of
formula I-A, R and R?, taken together is optionally substituted azetidin-1-y1 (jj). In yet other
embodiments, for compounds of formula I-A, R' and R? taken together is optionally
substituted pyrrolidin-1-yl (£f). In still other embodiments, for compounds of formula I-A, R
and R?, taken together is optionally substituted piperidinl-yl (dd). In yet other embodiments,

for compounds of formula I-A, R! and R?, taken together is optionally substituted piperazin-

1-y1 (gc).

[00188] In still other embodiments, for compounds described directly above, z is 0-5, and
R* groups, when present, are each independently halogen, CN, NO,, -N(R"),, -CHN(R )z, -
OR’, -CH,OR’, -SR’, -CH,SR’, -COOR’, -NRCOR’, -CON(R’);, -OCON(R’);, COR’, -
NHCOOR’, -SO;R’, -SO;N(R");, or an optionally substituted group selected from Ci.
Cgaliphatic, aryl, heteroaryl, cycloaliphatic, heterocycloaliphatic, arylC;-Cealkyl,
heteroarylC;-Csalkyl, cycloaliphaticCq-Cealkyl, or heterocycloaliphaticC;-Cealkyl.

[00189] In yet other embodiments, z is 0-5 and R* groups are each independently CI, Br, F,
CF;, CHs, -CH,CHs, CN, -COOH, -N(CH3),, -N(Et),, -N(iPr);, -O(CH2),OCH3, -CONH, -
COOCH;, -OH, -CH,OH, -NHCOCH;, -SO,NH;, -SO2(CH):CHs, -SO,CH(CHs)z, -
SO,N(CHs),, -SO,CH,CH3, -C(O)OCH,CH(CHj),, -C(O)NHCH,CH(CH3),, -NHCOOCH;, -
C(0)C(CHs);, -COO(CH,),CH;, -C(O)NHCH(CHs),, -C(O)CH,CH3, or an optionally
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| NLRSO2-; wherein RL and R2 are each optionally and independently
substituted at one or nore substitutable carbon, nitrogen, or sul fur atons
with z | wepenidestizoccurrences of -R4, wherein z is O-BPCTASR@4006451 Yy i S
0-4; each occurrence of R3, R4, and R5 is independently Q Rx; wherein Qis
a bond or isa Cd-C6 aIkylldene chain wherein up to two non-adjacent

rret hyI estibstitntied sgrowp celagted dram opiRETiginyh ripsriviete M9EMOLIpO, Eppalkeny, IheolR- |

" Sopnr e pen RSty Craighen Y Byt SR, o R,

- SO2-, [06(90] - BCCertain aﬁb@dn@ﬁ)s for ObmpE’ﬁRls of dochda A, (k}candﬂ??ntakemfogﬁbher S
| ndependent ly selected from,- =NR' , hal ogen, -SR
- N( R )ds 0pt1m11@<§nbstltunqﬂzam1w1)ﬂ (u) NFhereipra is L id a%one Oe%tai?nce of

R sozl?\l(‘l-se WCO%@ ¥ &?%%%@ *§°? emjr)w?r%?@:‘yf?r CompAns S0 |

- P(0) ZQFEformlﬂﬁXIFA)}Ql aral R t{Bef{dge)irsy 1R5pt1orm11ynubsptut@hazteh;ilrsh-lyls (jiix wtherbin
Moo R ond B a0 O 2 fomer Grpedimenis g combpndersh e d Nk e,
2004/ 0787%ﬂ Botr ?J%%%I(() %)%%%@Rﬁ%ﬁ{ed b &2 (&})o%v}l)ez&ogqgg))l( 0%41)%423&0'
- OP( O) 2RCOOR( On2@Rain othd(eibodiments,-for compounds of formula I-A, R and R?, taken
together is optionally substituted azetidin-1-yl (jj), wherein z is 1 and R*is -NRCOR’. In yet
other embodiments, for compounds of formula I-A, R! and R2, taken together is optionally
substituted pyrrolidin-1-yl (ff), wherein z is 1 or 2 and R*is Cl, Br, F, CF;, CH;, -CH,CHj, -
OR’, or -CH,OR’. In still other embodiments, for compounds of formula I-A, R! and R?,
taken together is optionally substituted piperidin-1-yl (dd), wherein z is 1 or 2 and at least
one occurrence of R* is Cl, Br, F, CF;, CH;, -CH,CH;3, -OR’, or -CH,OR’, -NRSO;R’, -
NRCOOR’, or -OCON(R”),. In certain other embodiments, for compounds of formula I-A,
R' and R?, taken together is optionally substituted piperidin-1-yl (dd), wherein z is 1 and R*
is F, CF;, CHs, -CH,CHjs, -OR’, or -CH,OR’. In other embodiments, for compounds of
formula I-A, R! and R?, taken together is optionally substituted piperidin-1-yl (dd), wherein z
is 1 and R*is -—NRSO,R’,. In certain other embodiments, for compounds of formula I-A, R!
and R, taken togsther is optionally substituted piperidin-1-yl (dd), wherein z is 1 and R*is -
NRCOOR’. In yet other embodiments, for compounds of formula I-A, R' and R, taken
together is optionally substituted piperazin-1-yl (ce), wherein z is 1 or 2 and at least one
occurrence of R* is —=SOR’, -CON(R’),, -SO,N(R’),, -COR’, or -COOR’. In certain other
embodiments, for compounds of formula I-A, R! and R? taken together is optionally
substituted piperazin-1-yl (ec), wherein z is 1 and R* is =SOR’. In certain other
embodiments, for compounds of formula I-A, R! and Rz, taken together is optionally
substituted piperazin-1-yl (cc), wherein z is 1 and R* is -COOR’. In certain other
embodiments, for compounds of formula I-A, R! and R? taken together is optionally
substituted piperazin-1-yl (cc), wherein z is 1 and R* is -CON(R’);. In certain other
embodiments, for compounds of formula I-A, R! and R? taken together is optionally
substituted piperazin-1-yl (cc¢), wherein z is 1 and R* is -SO;N(R’);. In certain other
embodiments, for compounds of formula I-A, R! and R? taken together is optionally

substituted piperazin-1-yl (c¢), wherein z is 1 and R*is -COR".
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OPQ(R )2; and each occurrence of R is independently hydrogen or an
optionally substituted Cl-6 aliphatic group; and each occurrence of R is
i ndependewol2godnyer3dgen or an optionally substituted Cl PETAlS2@AAb4461 gr oup,
a 3-8-nmenbered saturated, partially unsaturated, or fully unsaturated
nonocyclic ring having 0-3 heteroatons independently selected from
nitrogen, oxygen, or sulfur, or an 8-12 nenbered saturated, partially

unsat a8, O S SRR REE R oo SRS, ST PR i e o,

and R ,mdapem&qyrﬂawg@ﬁscmf sz, ON(RVY -CELN(RB5COR’ OICIR,OR QI-SRE, akEnSRoget her
with the ato to which th égare bound to form an opti onall substltuted

3-12 néeRed Brva'@H\I(Ppbzr tPE@ONRDpsGPR athBdCOOR’ p P2R ¥l
rmnocycab %tlBﬁaIB} &%ﬁ 1ﬂu?ed OérB& P{Rfét&? 86’156?%%58% l‘l@qg g;grglioaﬂplfa?ll ected

from ni gen, cert

corrpourlﬂ&migislmhjﬂmﬂlcdl a@t@ll-%aamvmeteaoaryl@m@alkyﬁ chlBihpl&itlb&QC@aQEyl, and Rya
is d, M, hen R2 i s not - - S02CH, Cyl, or

- CH2 soévegﬂocym@ﬂ%lmc@wcsalgyla I yet Rihes erbe w&%wﬁllcor %rayﬂ eafhhaccyFrense

8- 10- I t q\gi@me

sel ecte rlg%d%ﬁgg%)ﬁcwm Fréﬁ}g @ég?jl %@cﬂe @@%Oﬁﬁﬁ’enber 5(} gg{ﬂu)léht ed
or par t-NglPr)y, -OGCH:pOaHed @mM&yCMQOCH@,g @Hu HOCH,,3 -O€HRCHat 06H,OH, -

I ndepe |y, sel i trqQge 0X or sulf xis 0,
and %yﬁgb '3, %%&%&% 1%83? 2, mﬁﬁ%ﬁcw ogerpom’ not Me,

| Bu, n@ONH@EU@Ig,, ofHR Ggbhally s@'@ﬁ%vgroup qél?egéa%m' B[pen‘dgﬁ? ;H}{ériz%/}h

- CH2Ph, - (CH2)3NH2, -
morpholmo phenyl phenyloxy, benzyl, or benzyloxy.

(

[00192] In still other embodiments, x is 1 or 2 and each R® group is independently
halogen, CN, optionally substituted C;-Cgalkyl, OR’, N(R’);, CON(R’);, or NRCOR’. In yet
other embodiments, x is 1 or 2, and each R? group is -Cl, -CHs, -CH,CHj, -F, -CF3, -OCF;, -
CONHCH3;, -CONHCH,CH3, -CONH(cyclopropyl), -OCHj3, -NH3, -OCH,CH3, or -CN. In
still other embodiments, x is 1 and R® is at the 6-position of the quinazoline ring and is -Cl, -
CH;, -CH,CH3, -F, -CF;, -OCF3;, -CONHCH3;, -CONHCH,CH3;, -CONH(cyclopropyl), -
OCHjs;, -NH;, -OCH,;CHjz, or -CN. In yet other embodiments, x is 1 and R? is at the 7-
position of the quinazoline ring and is -Cl, -CHj, -CH,CHj3, -F, -CF3, -OCF;, -CONHCHj3, -
CONHCH,CH3, -CONH(cyclopropyl), -OCHs, -NH;, -OCH,CHj3, or -CN. In still other
embodiments, x is 1 and R is at the 6-position of the quinazoline ring and is -Cl, -CHj, -
CH,CHs, -F, -CF;3, -OCF;, -OCHs, or -OCH,CHj3. In yet other embodiments, x is 1 and R%is
at the 7-position of the quinazoline ring and is -Cl, -CH3, -CH,CHj, -F, -CF3, -OCF3, -OCH3,
or -OCH,CHs. In still other embodiments, x is 1 and R? is at the 6-position of the quinazoline
ring and is —-CON(R’),, or NRCOR’. In yet other embodiments, x is 1 and R3 is at the 7-
position of the quinazoline ring and is ~-CON(R’),, or NRCOR’.

[00193] In still other embodiments for compounds described directly above, y is 0-2, q is
0-2, and R’ and R>® groups, when present, are each independently halogen, CN, NO,, -
N(R’)2, -CHzN(R),, -OR’, -CH,0R’, -SR’, -CH,SR’, - -NRCOR’, -CON(R’);, -S(0),N(R )3,
-OCOR’, -COR’, -COzR’, -OCON(R’);, -NR’SO,R’, -OP(O)(OR’);, -P(O)(OR’),, -
OP(O),0R’, -P(O);0R’, -PO(R’)z, -OPO(R’),, or an optionally substituted group selected
from C,.Cealiphatic, aryl, heteroaryl, cycloaliphatic, heterocycloaliphatic, arylC;-Cealkyl,
heteroarylC;-Cealkyl, cycloaliphaticCy-Cgalkyl, or heterocycloaliphaticC;-Cgalkyl.
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(CH2) 2- norophol i nyl, or -CH2CH2Ph; ii. Rl and R2 are not sinultaneously Et
or Me; and iii. when RL is Et, then R2 is not 4-Me-phenyl, 4-Owe-phenyl, or
2- Me- phewngl2podsm7sisben x is 1 and R3is 6-C, or 7-F, or PRTIs204@0c5Rya i s
-OPr" or C, then when Rl is hydrogen, R2 is not -(CHZ)2-m)rphoIino or

-CHZ(benzofuran) and d. when x is 2 and one occurrence of R3 is gJVE and
the ot 0188k ulhRtether erpBodimegnts, Oigd-2asm quSal PE 2and; ¢ash ogpiarenge of B

hyd [ ment s,
or compacpeadelilEl, B LH i Be I OSSN S BD. s ana
t he ot he&XCH}),GCHaNeCBRH,s G?hmﬁlﬁdngMCH%%(V%}%@ﬂmt ImtBS l\tIIﬁCOCI{g, -
PCT/ US2 0064 erein | S _bonde I rec 0 e ni rogen
2t om or SPNHon N HGHCHag SR itk O QU (e CRETA SN GHaei &Gy,
wh r h
opt 1 onal Py 7l 2R G QeppR ok chpluh” ot He oGty S ﬁ{eﬁ@a@ R
or - NRSG2eptionally sx)bstaﬂutaalﬂienmylakyy substituted C 4aliphatic group, wherein
(r)ggl ggewéhrmlt hthlercl) eyrgngs | ner;[ he Cl;lS fal | phat | f:@ﬁroupd are o%& Iygfré]%lﬂqu%soz-
or b) Remsmmﬁﬁts f‘s(?%ﬁ@ 11 BERENGSIR Yo S8 SHeREmbEAM mec[ﬁ'n {R3! S
¥ t rou h an

bonded directl o the nitrogen atomor 1s bonded opt | onal |y
substi t 5t@H. dn yet other embodiments, y is 0, q is 2 and one occurrence of R*® is OR’ and the

other occurrence of R is F. In yet other embodiments, y is 0, q is 2 and one occurrence of

R>*is OH and the other occurrence of R* is F.

[00196] In still other embodiments:

a) R and R? taken together is an optionally substituted ring selected from azetidin-1-
yl (jj), pyrrolidin-1-yl (ff), piperidinl-yl (dd), or piperazin-1-yl (cc); one of R! or R? is
hydrogen, and the other of R' and R? is selected from Cy', wherein Cy' is bonded directly to
the nitrogen atom or is bonded through an optionally substituted C;.4aliphatic group, wherein
one or more methylene units in the Cj.saliphatic group are optionally replaced with -NR-, -O-
» -COO, -OCO-, -NRCO-, -CONR-, -SO;NR-, or -NRSO;-, or an optionally substituted C;.
saliphatic group, wherein one or more methylene units in the Cj.aliphatic group are
optionally replaced with -NR-, -O-, -COQ, -OCO-, -NRCO-, -CONR-, -SO,NR-, or -
NRSO,-; or R! and R? are each independently selected from an optionally substituted C;.
saliphatic group, wherein one or more methylene units in the Cjqaliphatic group are
optionally replaced with -NR-, -O-, -COO, -OCO-, -NRCO-, -CONR-, -SO,NR-, or -
NRSO,-; or Cy' wherein Cy' is bonded to the nitrogen atom directly or is bonded through an
optionally substituted Cj_saliphatic group, wherein one or more methylene units in the C;.
saliphatic group are optionally replaced with -NR-, -O-, -COO, -OCO-, -NRCO-, -CONR-, -
SO,NR-, or -NRSO,-;

b) z is 0-5 and R* groups are each independently Cl, Br, F, CFs, CHs, -CH,CHj, CN, -
COOH, -N(CHjs),, -N(Et),, -N(iPr);, -O(CHz),OCH3, -CONH,, -COOCHj;, -OH, -CH,0H, -
NHCOCH;, -SO;NHj, -SO3(CH)3CHs, -SO,CH(CHj),, -SO,N(CH3);, -SO,CH,CH3, -
C(O)OCH,CH(CH3);, -C(O)NHCH,CH(CH3);, -NHCOOCH;, -C(O)C(CHz);, -
COO(CH2),CH3, -C(O)NHCH(CH3);, -C(O)CH,CHj;, or an optionally substituted group
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4al i phatic group, wherein one or nore nethylene units in the Gyaliphatic
optionally replaced with -NR-, -0-, -COO, -0OCO, -NRCO, -CONR-,
- SO2NR-, W0 2004MR8G2-; or an optionally substituted C _4aCiralsatoi4oogspup,

group are

wherein one or nore nethylene units in the Cl 4aliphatic group are
optionally replaced with -NR-, -0-, - COO, -0OCO, -NRCO, -CONR-, -SO2NR-,

or

- NRseiected [fogn 2Biperidingh, péeriainyb dnemphoknayG14akoxy,(reenyls phenylogy, beneyIN

u

R4)7 i)(ROlz NI H N

(R 2. §8tony, bHic@Kfi%hé%fl gﬂ:&yl,%ﬁ ﬁ}(l‘ﬁ}}jl( Feef, é‘%@( = 1 (R4 z

c) xis 0, 1, or 2, and each occurrence of R? is 1ndependently Cl, Br, F, CFs, -OCF;,
Me, Et, CN, -COOH, -NH;, -N(CH3);, -N(Et);, -N(iPr);, -O(CH,);OCHj;, -CONH,, -
COOCHs, -OH, -OCHjs;, -OCH;CH;3, -CH,OH, -NHCOCH;, -NHCOCH(CHs),, -SO,NH,, -
CONH(cyclopropyl), -CONHCH3, -CONHCH,CH3, or an optionally substituted group
selected from -piperidinyl, piperizinyl, morpholino, phenyl, phenyloxy, benzyl, or benzyloxy;

d) wherein y is 0-2, and R’ groups, when present, are each independently Cl, Br, F,
CEs, Me, Et, CN, -COOH, -NH;, -N(CHjs),, -N(Et);, -N(iPr),, -O(CH3),OCHj, -CONH,, -
COOCHs, -OH, -OCHs;, -OCH,CH;3, -CH,OH, -NHCOCH3, -SO,NH;, -SO,NHC(CH3),, -
OCOC(CHs)3, -OCOCH,C(CHs)s, -O(CH;),N(CH3),, 4-CHjs-piperazin-1-yl, OCOCH(CHjs),,
OCO(cyclopentyl), -COCHj;, optionally substituted phenoxy, or optionally substituted
benzyloxy; and

e) R® is Cl, F, CFs, Me, Et, -OH, -OCH;, -OCH,CHs, -CH,OH, -SO,NH,, -
SO,NHC(CHs);, -OCOC(CH3)s, -OCOCH,C(CH3)s, -O(CHz),N(CHj3),, 4-CH;-piperazin-1-
yl, OCOCH(CHj3),, OCO(cyclopentyl), or -COCHs.

[60127] In yet other embodiments, for compounds of formula I-A, R! and R?, taken
together is optionally substituted azetidin-1-yl (jj). In yet other embodiments, for compounds
of formula I-A, R' and R?, taken together is optionally substituted pyrrolidin-1-yl (£). In still
other embodiments, for compounds of formula I-4, R' and R taken together is optionally
substituted piperidinl-yl (dd). In yet other embodiments, for compounds of formula I-A, R*
and R?, taken together is optionally substituted piperazin-1-yl (ce).

[00198] In certain embodiments, for compounds of formula I-A, R! and RZ, taken together
is optionally substituted azetidin-1-yl (jj), wherein z is 1 or 2 and at least one occurrence of
R*is -NRSO;R’, -NRCOOR’, or -NRCOR’. In certain other embodiments, for compounds
of formula I-A, R' and R?, taken together is optionally substituted azetidin-1-yl (jj), wherein
z is 1 and R* is —NRSO;R’. In other embodiments, for compounds of formula I-A, R! and
R?, taken together is optionally substituted azetidin-1-yl (jj), wherein z is 1 and R* is -
NRCOOR’. In certain other embodiments, for compounds of formula I-A, R! and Rz, taken
together is optionally substituted azetidin-1-yl (jj), wherein z is 1 and R* is -NRCOR’. In yet
other embodiments, for compounds of formula I-A, R! and R2, taken together is optionally
substituted pyrrolidin-1-yl (ff), wherein z is 1 or 2 and R*is Cl, Br, F, CFs, CH3, -CH,CHs, -
OR’, or -CH,OR’. In still other embodiments, for compounds of formula I-A, R! and Rz,
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taken together is optionally substituted piperidin-1-yl (dd), wherein z is 1 or 2 and at least
one occurrence of R* is Cl, Br, F, CFs;, CH,, -CH,CHj, -OR’, or -CH,OR’, -NRSO,R’, -
NRCOOR’, or -OCON(R’),. In certain other embodiments, for compounds of formula I-A,
R! and R? taken together is optionally substituted piperidin-1-yl (dd), wherein z is 1 and R*
is F, CFs, CH3, -CH,CHj3, -OR’, or -CH,OR’. In other embodiments, for compounds of
formula I-A, R! and R?, taken together is optionally substituted piperidin-1-yl (dd), wherein z
is 1 and R*is —NRSO,R’,. In certain other embodiments, for compounds of formula I-A, R!
and R?, taken together is optionally substituted piperidin-1-yl (dd), wherein z is 1 and R* is -
NRCOOR’. In yet other embodiments, for compounds of formula I-A, R! and RZ, taken
together is optionally substituted piperazin-1-yl (cc), wherein z is 1 or 2 and at least one
occurrence of R* is —SOR’, -CON(R")z, -SO;N(R"),, -COR’, or <COOR’. In certain other
embodiments, for compounds of formula I-A, R' and R? taken together is optionally
substituted piperazin-1-yl (cc), wherein z is 1 and R* is —SOR’. In certain other
embodiments, for compounds of formula I-A, R! and Rz, taken together is optionally
substituted piperazin-1-yl (ee), wherein z is 1 and R* is —COOR’. In certain other
embodiments, for compounds of formula I-A, R! and R? taken together is optionally
substituted piperazin-1-yl (ec), wherein z is 1 and R* is -CON(R’),. In certain other
embodiments, for compounds of formula I-A, R! and R? taken together is optionally
substituted piperazin-1-yl (cc), wherein z is 1 and R* is -SO,N(R’),. In certain other
embodiments, for compounds of formula I-A, R' and R? taken together is optionally
substituted piperazin-1-yl (ee), wherein z is 1 and R*is -COR’.

[001929] In yet other embodiments for compounds described directly above, x is 1 and R®is
at the 6-position of the quinazoline ring and is -Cl, -CHs, -CHxCHjs, -F, -CF3, -OCF;3, -
CONHCH;, -CONHCH,CHs;, -CONH(cyclopropyl), -OCHjs, -NH,, -OCH,CHj3, or -CN. In
still other embodiments, x is 1 and R? is at the 7-position of the quinazoline ring and is -Cl, -
CH;, -CH,CH3, -F, -CF3;, -OCF;, -CONHCH;, -CONHCH,CH3, -CONH(cyclopropyl), -
OCHj;, -NH,, -OCH,CH;3, or -CN. In yet other embodiments, x is 1 and R? is at the 6-
position of the quinazoline ring and is -Cl, -CHj, -CH,CH;, -F, -CFs, -OCFs, -OCHs3, or -
OCH,CHjs. In still other embodiments, x is 1 and R3 is at the 7-position of the quinazoline
ring and is -Cl, -CHs, -CH,CHs, -F, -CFs, -OCFs3, -OCHs, or -OCH,CH;. In yet other
embodiments, x is 1 and R is at the 6-position of the quinazoline ring and is -CON(R’)z, or
NRCOR’. In yet other embodiments, x is 1 and R3 is at the 7-position of the quinazoline ring
and is -CON(R’),, or NRCOR’. In yet other embodiments, R*is Cl, F, CFs, Me, Et, -OH, -
OCH;, -OCH,CH;. In still other embodiments, y is 0, and q is 1 and R?isF. In yet other
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directly above, R

group andwB2004278B3BIR- Cy' , wherein R is
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is OH. In yet other embodiments, y is 0, q is 2 and one occurrence of R>® is OR’ and the

other occurrence of R* is F. In yet other embodiments, y is 0, q is 2 and one occurrence of

R>® is OH and the other occurrence of R is F.

[00200] In certain embodiments, for compounds described directly above,
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=NSa qgr st HO ~~~(R4)z LI (RQ)z LI (R4) r 0 HH(Rgz UV WX H
RA L %(R)z Y z as bb [00130] In yet other enbodi nents, RI and R2 groups
are each wodeperemsat |y an optionally substituted Cd 4al ipphatsce4go@ap and
are each independently selected fromoptionally substituted nethyl, ethyl,
cycl opropyl, n-propyl, propenyl, cyclobutyl, (CO)OCHZCHB (CH2) 20CH3,

CH2CO OCHZCH3 ) OCH3, CH ) CH2CH3, oro n- but yl . 1] For
conpounds des é“‘tll rectl boﬁe,(R S ? @24’?4 gr Owhen present,
are each |nde hal o eh, LN, 4ifOZ F&\)XJ R,

“CH2OR , -SR, - . -00RN -NROOR | - (R‘)2 ocoxl(R(FSé COR |

- NHCOOR' , - SOZR , - SOZN( R )2, or an opt | onal Ié%/ substituted %roup sel ect ed
fromC]-CGaIiphél‘tic, aryl, heté’roaryl , cycloadliphatic,

het er ocycl oal i phatic, aryl G -C6al kyl, heteroaryl C1-C6al kyl
cycl oal i phati cCr- C6al kyl, or heterocycl oaliphaticCl-Cé6al kyl. [00132] In
ot her enbodi ment(s\z Is 0-5 an(ﬂ R4 groups ar e}%ch | ndependently d, Br, F,

Ve’ \ R4 2
%/‘—-’\(Fﬁ)z %i/\__,\(Ra,)z O\—/Q(R“)z @2/4 (R%)
y V/ aa bb

or R! and R? are each independently an optionally substituted C.saliphatic group and are
each independently selected from optionally substituted methyl, ethyl, cyclopropyl, n-propyl,
propenyl, cyclobutyl, (CO)OCH,CHs3, (CH2)OCHj3, CH,CO)OCH,CH3, CHy(CO)OCHs,
CH(CH;)CH,CHs, or n-butyl;

b) z is 0-5 and R* groups are each independently Cl, Br, F, CF;, CHj, -CH,CHj, CN, -
COOH, —N(CHs)z, -N(Et)z, -N(iPr),, -O(CH;),0CHjs;, -CONH,, -COOCHj3, -OH, -CH,OH, -
NHCOCH;, -SO;NH;, -SOy(CH,);CHj, -SO,CH(CHz);, -SO;N(CHs);, -SO,CHCHjs, -
C(O)OCH,CH(CH3);, -C(O)NHCH,CH(CHs),, -NHCOOCH;, -C(O)C(CH3);, -
COO(CH,),CH3, -C(O)NHCH(CH3),, -C(O)CH,CH3;, or an optionally substituted group
selected from -piperidinyl, piperizinyl, morpholino, C;4alkoxy, phenyl, phenyloxy, benzyl,
benzyloxy, -CHacyclohexyl, pyridyl, -CHapyridyl, or -CHythiazolyl;

¢) X is 0, 1, or 2, and each occurrence of R? is independently Cl, Br, F, CF3, -OCFj5,
Me, Et, CN, -COOH, -NH;, -N(CHz),, -N(Et);, -N(@iPr);, -O(CHz),0CHs, -CONH;, -
COOCH;3, -OH, -OCHj;, -OCH,CHj3, -CH;0H, -NHCOCH3;, -NHCOCH(CHjs),, -SO,NHp, -
CONH(cyclopropyl), -CONHCH3;, -CONHCH,;CHj3, or an optionally substituted group
selected from -piperidinyl, piperizinyl, morpholino, phenyl, phenyloxy, benzyl, or benzyloxy;

d) wherein y is 0-5, and R® groups, when present, are each independently Cl, Br, F,
CF;, Mg, Et, CN, -COOH, -NH;, —-N(CH3),, -N(Et)2, -N(iPr);, -O(CH;),OCHjs, -CONH,, -
COOCH;, -OH, -OCHjs, -OCH,CHj3, -CH,0H, -NHCOCH3;, -SO,NH;3, -SO,NHC(CH3),, -
OCOC(CHs)3, -OCOCH;C(CHj3)s, -O(CH,),N(CHjs),, 4-CH;s-piperazin-1-yl, OCOCH(CHa),
OCO(cyclopentyl), -COCHs3, optionally substituted phenoxy, or optionally substituted

benzyloxy; and
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CF3, CH3, -CH2CH3, ON, -000H, -N(CH3)2, -N(Et)2, -N(iPr)2, -O(CH2)20CH3,
-CONH2, - COOOH3i -0OH, -CH20H, -NHCOCH3, -S2NH2, -SO2(CH2) 3CH3,

- SO2CH( CH8P2004/078B33 WO 2004/ 078733 PCTI US2004/ 006451  SERN(USRIBNA)6451

_ SO2CH2CH3, - C(O) OCH2CH( CHB) 2, - C( O) NHCH2CH( CH3) 2, - NHOOOCHS, -

G0 Q(CH3)3, - 0 CH2) 20K, - O O NHCH(CHB) 2, -c&gémchs, or an optionally
substi t ut ed @rBupiss€lebt &&Fsf Men Epi g3l dD6¥h, -@petHzi nyHOlpr-B@aNHno;

s e e e
conpoundsOdesTH(CIRY, OCOaStlope@yDy s -COCH;.0- 4, and  R3 groups, when present,

are each i ndependently hal ogen, CN, NO2, -N(R )2, -CHZN(R )2, - OR,
-CH2ZOR', -SR, -CH2SR, -COOR, -NRCOR, -CON(R )2, -OCON(R )2, COR, -

NHCOCOR Ry, ..z N : ' I . Lt r.o lBct ed
fromG [EOZ@I Frf)%eatﬁ ?(?:er g{a%%&lmﬁ%éﬁ fg)? 8@@@4"%@9@%g?@%ﬁ%‘{#&%ﬁv& xR R 1§
het er ocitche®@-pgsitiini of ther yuithzolioaldag and het@lr c@Hy,| CHAH, k¥ -CF;, -OCF;, -
cycloal iphaticC -C6al kyl ., or heterocycl oal i phati cCl-C6al I}(lyl .. [00134] I n yet
ot her . drODRGH sCONMCHIS B iR QNRIEH P ik | D Hab REEGH) or Y. 30 and

N e S g e O R
-OH, - GCHR, -CH)CHBCHB, -CFLCHDTE;, ~NA0MER;, -CONBCH,CHB) 2CONH@MIZpropyl), -
Oy Py s B So BOMORSE, a OBL el Yoot o
phenyl qekitioRe8IZe quitfazHBRZYA SN id A1 381, | CHBUH,! -teg, &veRdioBR,Ser X 1S 1
or 2 and each R3 group is independentfly
OCH,CHj. In still other embodiments, X is 1" and R? is at the 7-position of the quinazoline
ring and is -Cl, -CHj, -CH;CHj;, -F, -CF;, -OCF;, -OCHj3, or -OCH,CH;. In yet other
embodiments, x is 1 and R3 is at the 6-position of the quinazoline ring and is -CON(R’),, or
NRCOR’. In yet other embodiments, x is 1 and R? is at the 7-position of the quinazoline ring
and is —-CON(R’),, or NRCOR’. In yet other embodiments, R is ClL, F, CF;, Me, Et, -OH, -
OCHjs;, -OCH,;CHjs. In still other embodiments, y is 0, and q is 1 and R*®isF. In yet other
embodiments, yis 0, g is 1, and R is OR’. In still other embodiments, y is 0, q is 1 and R
is OH. In yet other embodiments, y is 0, q is 2 and one occurrence of R* is OR’ and the
other occurrence of R is F. In yet other embodiments, y is 0, q is 2 and one occurrence of
R is OH and the other occurrence of R* is F.
[00202] For compounds described in this section above, in general, compounds are useful
as inhibitors of ion channels, preferably voltage gated sodium channels and N-type calcium
channels. In certain exemplary embodiments, compounds of the invention are useful as
inhibitors of NaV1.8. In other embodiments, compounds of the invention are useful as
inhibitors of NaV1.8 and CaV2.2. In still other embodiments, compounds of the invention
are useful as inhibitors of CaV2.2. In yet other embodiments, compounds of the invention
are useful as dual inhibitors of NaV1.8 and a TTX-sensitive ion channel such as NaV1.3 or
NaV1l.7.

[00203] V. Compounds of formula I-B-i:
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hal ogen, CN, optionally substituted G -C6al kyl, OR, N(R)2, CON(R )2, or
NRCOR . [00136] In yet other enbodinents, x is 1 or 2, and each R3 group
is -C, -WbRRpo#TBBEH3, - F, -CF3, -OCF3, - CONHCH3, - CONPICIHAGRBI4/006451

- CONH(cycl opropyl ), -OCH3, -NH2, - OCH2CH3, or -CN. [00137] In still other
enbodi nents, x is 1 and R3 is at the 6-position of the quinazoline ring
and is -0, -CH3, -CH2CH3, -F, -CFRL:OCF3, - CONHCH3, - CONHCH2CH3, -
CONH( cycl opropyl ), -OCH3, -NHZ, OCH&:I—B or -CN. [00138] In yet other
embodi nents, x is 1 and R3 is at NDOSg3iI on of the quinazoline ring
and is -0, -CH3, -CHCH3, ~E)=CF - CONHCH3, - CONHCH2CH3, -
CONH( cycl opropyl ), -OCH3, -NHZ2, OF rg@;\l [00139] In still other
enbodi ments, x is 1 and R3 is at the 6-p i(S )bf t he qui nazoline ring
and is -Cl, -CH3, -CH2CH3, -F, -CF3, -OCF3, -OCH3, or -OCH2CH3. [00140] In
ot her embodinents, x is 1 and R3 is :ltB'Ehe 7- p05|t|on of the quinazoline

ring and |s -OCH3, or -QOCH2CHS.
[00141] In yet %hflﬁg tﬁ%allglj%gaﬁable %tths Car the 6 position of the
qui nazol i ne whetginaRY ié Selecte@Nidn) C;.saliphMRCTR’, wlﬁﬂell‘i\@320ﬁ4é (57 3-#33nbered

PCTI US2004/ 006451 [ 00142] In_still other erbodi ment s, 1 and R3 is at
the 7- FBRQCYElE BFYlt HBS Ui Aol (-Aemberedy bigyellq rylcing Fbayrzlg §r3 keiergetoms

ggglégg égd'en&%%ﬁgﬁedq%ﬁ TieR6n b Lyeeh | & RBAY Br 1Y a 351 DinmbbreliSaliidted 87 RS

part1a11y unsaturated monocyclic ring having 0-3 heteroatoms independently selected from

nitrogen, oxygen, or sulfur, wherein Cy' is bonded directly to the nitrogen atom or is bonded
through an optionally substituted C;.4aliphatic group, wherein one or more methylene units in
the Cj.qaliphatic group are optionally replaced with -NR-, -O-, -COO, -OCO-, -NRCO-, -
CONR-, -SO,NR-, or -NRSO,-; wherein R! is optionally substituted at one or more
substitutable carbon, nitrogen, or sulfur atoms with z independent occurrences of —R4',
wherein z is 0-5;

X is 0-4;

yis 0-4;

each occurrence of R3, R4, and R’ is independently Q—RX; wherein Q is abond oris a
C1-Cs alkylidene chain wherein up to two non-adjacent methylene units of Q are optionally
and independently replaced by -NR-, -S-, -O-, -CS-, -CO,-, -OCO-, -CO-, -COCO-, -CONR-,
-NRCO-, -NRCO;-, -SO;NR-, -NRSO;-, -CONRNR-, -NRCONR-, -OCONR-, -NRNR-, -
NRSQ;NR-, -SO-, -SO;-, -PO-, -PO,-, -OP(O)(OR)-, or -POR-; and each occurrence of R*is
independently selected from -R’, =0, =NR’, halogen, -NO,, -CN, -OR’, -SR’, -N(R”),, -
NR’COR’, -NR’CON(R’),, -NR’CO,R’, -COR’, -CO,R’, -OCOR’, -CON(R’),, -
OCON(R’),, -SOR’, -SO2R’, -SO,N(R "), -NR’SO2R’, -NR’SO,N(R’),, -COCOR’, -
COCH,COR’, -OP(O)(OR’),, -P(O)(OR’),, -OP(0),0R’, -P(0);0R’, -PO(R’),, or -
OPO(R");

each occurrence of R™ is independently an optionally substituted C;-Cgaliphatic
group, halogen, -OR’, -SR’, -N(R’),, -NR’COR’, -NR’CON(R’);, -NR’CO2R’, -COR’, -
CO4R’, -OCOR’, -CON(R’);, -OCON(R"),, -SOR’, -SO2R’, -SO,N(R),, -NR’SO2R’, -
NR’SO,N(R’),, -COCOR’, -COCH,COR’, -OP(O)(OR’),, -P(O)(OR’);, -OP(O),OR’, -
P(O),0R’, -PO(R’),, or -OPO(R’),; and
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when present, are each independently halogen, CN, NO2, -N(R )2, -CH2ZN(R) 2,
-OR, - CH2ZOR, -SR, -CH2SR, - -NRCOR, -CON(R )2, -S(O2N(R )2, -OCOR ,
-COR , -GOPR004/078BEON(R )2, -NR S2R, -OP(O (OR )2, - PeOX(USBIMDI6451
-OP(O20R, -P(O20R, -PQ(R )2, - OP(R )2, or an optionally substituted
group selected fromG _Céaliphatic, aryl, heteroaryl, cycloali hat i C,

het erocycl oahthnaunrmceaxf }21 1@m@amdcytly hyépgm@;rgnl Qitionsty gypistituted Cy

cycl oal j.phati cCr hat i.cC - Coal k 00144] |
SRS ST TN TG R e Y
'_ &??gﬁ;@g@éﬁﬂté’d al?haud: gro@@o\?%neﬁbere@ﬁtum%obhﬁ&al%ﬁ?msanﬂt% ;Eullyolj( Et) 2,

- NHCOCH3$atura@®zmmCyclsm4@(vmg§) -3 hete@@@y(lmdwnde@bcxgl@tqdm gitrogen,

- oo R Bt G o a8 T4 RELRE siiied. etk Sk G hERATY)

benzyl exdycli¢ AR éyxlenh Ravihg L5 l‘i&tél@ﬁtoﬁﬁbﬁlﬂﬂpéﬁ&lﬂy sMed:tSd &onﬁrﬁdogﬁ okggehn, I n yet
ot her enbodinentsy is 0O, g is 1, and Rsais OR. In.still other

enbodi eAelEus; or R gndR, qwp ocqurzangestefzR.jos tepocqusTepass Qfthhedre taken iRackiehmdth y | s
1, Rsa,s t osition of
the phé%y?tgﬁ(sagggﬁgﬁﬁh%sgguw& @uﬁagﬁ bﬁ%ﬁaﬂg%%it#%t?g%algfﬁl%}ﬁb&e enyl ring.
| nbyet s@ﬁui‘tﬁéd p&ﬁﬁhﬂ%ﬁ@ﬂirﬁtedyon fall;lunsﬁaaaﬁed nﬁﬂoaytdlcRE bicychc nmglhmﬂnglO@H is
substituted at the osition of the rin nd Fis substituted at
the 6- P6&TAIRS ’Gﬂeﬂ%@e‘ﬁwcu’f‘% frp n[tmf%‘]’ég'ﬁ %Pll? Yot her enbodi nents for

Py ogdar2 B g Feamolfins Jos A RED POORE trufplibaigenene of 1 or 2 is

a) when R is Me, Cl, or OMe, and x is 0, then R' is not Et or Me;

b) when R%is Cl, x is 3, and the three occurrences of R are 6-Me, 7-COOEt, and 8-
Me, then R!is not —(CHy),piperidin-1-yl;

c¢) when R is Me, x is 1 and R?is NQ, or NH,, then R!is not Et;

d) when R is OH, NHMe, or N(NO)Me, and x is 0, then R!isnot Et, Me or —
CH,CH=CHz;

e) when R is NH?, and x is 0, then R! is not -COCHs;

f) when R’?is Cl or Me, and yisOor 1 and whenyis 1, R is 4-Cl, and x is O, then R!
is not 4-CN-phenyl, 4-Me-phenyl, 4-OMe-phenyl, 4-Cl-phenyl, 4-NO»-phenyl, -
CH,CH,NHMe, Et, Me, 4-COOMe-phenyl, -CH,Ph, iPr, 2-Me-phenyl, 4-phenyl-phenyl, or —
CH,CH=CHa,.

[00205] For compounds described directly above, in certain other embodiments,
a) R! is selected from:

i) Cy' wherein Cy' is bonded directly to the nitrogen atom or is bonded
through an optionally substituted C;.4aliphatic group, wherein one or more methylene
units in the Cj4aliphatic group are optionally replaced with -NR-, -O-, -COO, -OCO-,
-NRCO-, -CONR-, -SO;NR-, or -NRSO,-; or

ii) an optionally substituted Cj.saliphatic group, wherein one or more
methylene units in the Cj.aliphatic group are optionally replaced with -NR-, -O-, -
COO0, -OCO-, -NRCO-, -CONR-, -SO;NR-, or -NRSO;-.

[00206] For compounds described directly above, in certain embodiments Cy1 is,
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wherein Cyi is bonded directly to the nitrogen atomor is bonded through an
optionally substituted G -4aliphatic group, wherein one or nore nethyl ene
uni ts i n wbeo@odmsBi phatic group are optionally repl acedTwistén4oMR51 - 0-,
-COO, -0CO, -NRCO, -CONR-, -S2NR-, or -NRS2-, or an optionally
substituted G -4ali phat| C group, wherein one or rmre nmet hyl ene units in

theCl 4aI|phat| group areo |onaIIy rep(ﬁa dvmth-NR— -0- -

- f&@% NRSO 2 f oN R and; ach

i ndependent Seldc A from /@,nJ @? onal I? titut ed GL %I F@ﬁatl c group,
wherein one or nore methylef® units in the G Allphatlc group are
optionally replgaced with -NR-, p-0-, -COO CI:%} -NRCO-, -COyR-, - SOZNR-,
or -NRSQ2-; or i wherein Q/i is bonded to e nitrogen atomdirectly or
is -55 WD 2004/078733 PCTI US2004/ 006451 bonded t hrough an optionally
substituted Cl4aliphatic group, wherein one or mor e met hyl ene units in the
Cl4al i phatic gr 0}1 e opt i onal )zr epl aced | I(R-)zNR— - 0- /§(B:5)3, -0CO-, -

NRCO- CC]\IR- CﬁNR— or -y b)) z i SL%ZIQE_' and R4 grh are each
i ndependent I y k (;NB - CH2 000H, )2, -N(Et) 2,
-N(i Pr)2, -Q(CH2)20CH3, - CONHAY - CoocH3, , - CH2COH, WOOFB - SO2NH2,

- S02( CH2) 3CH3, - SORCH( CHB) 2, SC2N( CHB) 2, -sozmchs - (O QOHRCH( CH3) 2,
- O( O) NHCHRCH( CH8) 2, - NHOOOGHS, C(O)C(CHS)S £ 0co0( CH2) 2CH3,

- C( O) NHCH( CH3) 2, H C( O CH2CH3, optional |y substituted group selected
from - pi peridi p| peri zi ny G®B hol i n C14ali<oxy, hﬁA(I (R‘D enyl oxy,
benzyl , beanLLi/L (RZ CHchcLLLHlL pyri d 2edBnyr i dy? t hi azol yl ;

i k I
R4 R4 R*
R
%\s—'\\)}/( ) I\‘%/\SN NN O*\N
S LLHE)/J\O g =N
4, T,
m n 0 P
R* R4 R4
S/&li\! NAO NAS é_

d, w wf N -,
q r S t
/\ H 0] /\

NH N (N e 0O

C\J Y _(R4)z T T (R%): g J
u v w X

H
N N A \(RY)

%/\-J\(R‘l)z 5%L/\—-/\(F{":l')z O\___,l(R4)z 31/4 ‘

y / aa bb
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c) xis 0, 1, or 2, and each occurrence of R3 is independently O, Br, F,

CF3, -OCF3, M, Et, CN, -000H, -NH2, -N(CH3)2, -N(Et)2, -N(iPr)2,

- O( CH2) 200612004/028MB2, - COOCH3, -COH, - OCH3, -OCH2CH3, - EHZMS2004MNB38CHS,

- NHCOCH( CH3) 2, - SO2NH2, - CONH(cycl opropyl), -CONHCH3, - CONHCH2CH3, or an

optional |y substituted group selected from pi peridinyl, piperizinyl,

mor phol[ﬂﬁ%ﬂ phargther quitmdiments, R HerGHR-Cyr Wbemmylgos( kxydrqgemméﬁleCwllyyh ando- 4,

and R5 Cg;s,noups when present, are each independently d, Br, F, CF3, M,
EooH, - NH2, -N(CH3)2, -N(Et)2, -N(iPr)2, -O(CHZ)ZOCHB, - CONH2, -

COOCHS -OH, -0OCH3, -OCH2CH3, -CH2CH, -IN(HGpCHB, - SO2NH2, SCJZNHC(CHB)Z, -

OCOC( CH3) 3, Cmrl CH3) 3, N- %ZNCHSZr\ NCH3- p|§ 1y|

OCOCH( CI—IS)Z,E_@_@(Qkopent T/ é IIy su ‘w zphenoxy, or
optionally substituted ben xy, and e) Ry& 3, Me, Et, -OH,
-OCH3, -OCH2CH3, -CH2OH, -SO2 - SCJZNHC(CHS)Z OCOC(CHS)

- OCOCH2C( CH3) 3,2 - O( CH2) 2N( CH3) 3, ' 4- CHB- pi pera%in-1- vyl, (CH3)2,

OCQ( cycl opentyl), or -COCH3. [00147] In other enbodinments, for conpounds
descri bed directly above, x is 1 and R3 is at the 6-position of the
qui nazoline ri ng @i is -d, -arY, -CHZCHS - FRH,CF3, - OCF3, (R4), CONHCHS,

- CONHCH2CH3, cycl oprg OCH3, I?l“fx OCH2CH3, O‘J/\ CN. In vyet
ot her enbodi n%m‘\\s}Nx i's n%ugl%% is at the /&/HBISI tion of N-b£ quinazoline
ring and is -d ,N- CH3, -CH2 F, - "t OCF3, CO\IH@f;B - CONHCH2CH3,

- CONH( cycl opropyl) - OCH3, -NH2, OCHZCHB or -CN. In still_other
enbodi ments, x ¢s 1 and R3 is &t the 6- p05|tgon of the qui nBzol i ne ring
and is -d, -CH3y -CH2CH3, -F, -CE3, -OCF3, -OCH3, or -

N7 < z 4
LN | N L@y, AN F:
Ve e RS
i i k 1
N3 R — I T
%\\ D );\ N N Q"N
S K4 0 Mg =N
s d,
m n 1) p
R4 R4 R4
S)%N Néko N4K _
= =N P A
", g, g N (R,
q r S t
/\ H 0] /\
£ MH ) s 0
J —- T (@Y, - (R J
% \/\(R4)z % km) g g J % \/\(R4)z
u v w X
N “ >
N, 29 (R4,
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OCH2CH3. In still other enbodinents, x is | and R3 is at the 7-position of
the quinazoline ring and is -d, -G8, -CHCH3, -F, -CF3, -OCF3, -COCH3, or
- OCH2CH3. wonoyset7sssher - 56 WO 2004/ 078733 PCTI US2004/ 0@64AK2008/mb@di ment s,
X is 1 and R3 is at the 6-position of the quinazoline ring and is _
-CON(R )2, or NRCOR . [00148] In still other enbodinments, x is 1 and R3 is
at the 7-positi®n of the quina%oline ring anéis -CON(R )2, bbr NRCCR

" oot 20FE 0 B o RERAoCRRs, KU ah Balnets oy iRty gt htove oy e

ot her emt@ochchsndewndmtl@ sefpctedsfrdm epibnkisy sub‘stﬁ%d methya] ethyl, @yBRpropyl, n-
enbodi nent s, y is

t oth
inb%g:anggg %h' B’f?@e‘ﬁg’ i sc.‘/ﬁlo%w reﬁﬁ%&%ﬂzg%ubéﬁ&haé&%;t CHeLCOIQCHEHon of

t he phe t the 6-position of the phenyl ring.
In ygt o@ﬁﬁegroﬁg:n%%gfﬁd}ﬁ)éﬂmg ofhft ais OHand R5 is F, wherein OH is

subst i t [A0289kt In]t'n@t ﬁotb@sembmhmhtst tzet)somiemylﬂ Rt r@o@gg ?ﬁg?s%ﬁbs%g.t %ﬁfgf g'ﬁ
he 6- t S

o n bRl ISR R Nk sl SdNR ) SO CHLOR, SR peCHsoR

hydr ogecOORTd -NREOR’harOMR B, TR ) ?cﬁﬁteCfﬁget ﬁroug : dn%ﬁﬁ%

bonded direct lai/ to the nitrogen atomor 1s bo
subst i t &t eptieally subssiteied eraypoelectedifeone iGh-Gaakiphaticnaryk hmrdmyyleoﬁ:lomiphsuo n the

N R A o

C _aal |ndstaﬂobyc1@pr11phmc(yyc(egaﬁ¢ym one or nore nethyl ene
[00210] In still other embodiments, z is 0-5 and R* groups are each independently Cl, Br,
F, CFs, CHs, -CH,CHj3, CN, -COOH, -N(CHa),, -N(Et),, -N(iPr),, -O(CH;),OCH;, -CONH,,
-COOCHs, -OH, -CHOH, -NHCOCH;, -SO,NH,, -SOx(CH,);CHs, -SO,CH(CHa),, -
SO2N(CHs),, -SO,CH,CHj3, -C(O)OCH,CH(CHs),, -C(O)NHCH,CH(CHs),, -NHCOOCHS, -
C(O)C(CHz);, -COO(CH,),CHs, -C(O)NHCH(CH3),, -C(O)CH,CH;, or an optionally
substituted group selected from -piperidinyl, piperizinyl, morpholino, Cisalkoxy, phenyl,

phenyloxy, benzyl, benzyloxy, -CHacyclohexyl, pyridyl, -CHzpyridyl, or -CHjythiazolyl.
[00211] 1In yet other embodiments, R is halogen, CN, NO,, -N(R’),, -CH;N(R’),, -OR’, -
CH,OR’, -SR’, -CH,SR’, -COOR’, -NRCOR’, -CON(R’);, -OCON(R’),, COR’, -
NHCOOR’, -SO;R’, -SO,N(R*),, or an optionally substituted group selected from Cj.
Cealiphatic, aryl, heteroaryl, cycloaliphatic, heterocycloaliphatic, — arylC;-Cgalkyl,
heteroarylC;-Csalkyl, cycloaliphaticC;-Cgalkyl, or heterocycloaliphaticC;-Csalkyl.

[00212] In still other embodiments, R? is Cl, Br, F, CF;, -OCF;, Me, Et, CN, -COOH, -
NH;, -N(CHs),, -N(Et), -N(iPr);, -O(CH,),0CH;, -CONH,, -COOCH;, -OH, -OCHj, -
OCH:CHj;, -CH,OH, -NHCOCH;, -NHCOCH(CHs),, -SO,NH,, -CONH(cyclopropyl), -
CONHCH3s, -CONHCH,CHj, or an optionally substituted group selected from -piperidinyl,
piperizinyl, morpholino, phenyl, phenyloxy, benzyl, or benzyloxy.

[00213] In yet other embodiments, R? is halogen, CN, optionally substituted C;-Cealkyl,
OR’, N(R’)2, CON(R’), or NRCOR’. In still other embodiments, R? is -Cl, -CHs, -CH,CH,
-F, -CFs;, -OCF;, -CONHCH;, -CONHCH,CH;, -CONH(cyclopropyl), -OCHs, -NH,, -
OCH;CHj, or -CN. In yet other embodiments, R? is at the 6-position of the quinazoline ring
and is -Cl, -CHs, -CH,CH;, -F, -CFs;, -OCF;, -CONHCH;, -CONHCH,CH;, -
CONH(cyclopropyl), -OCH3, -NH,, -OCH,CHj, or -CN. In still other embodiments, R? is at

-92 .-



units in the Cl.4aliphatic group are optionally replaced with -NR-, -0-,
-COO, -0CO, - INTRCO, -CONR-, -SO2NR-, or -NRSO2-; or Rl and R2 are each
i ndependew0l2g04ge8Bst ed from an optionally substituted EcrASado4pbhasi C
group, wherein one or nore nethylene units in the Ca 4al i phatic group are
opt i onal l}/? replaced with -NR-, -0-, -COQ, -CONR-, - SO2NR-,
or - NR8mR7:pogitiogyof W%q@inhZWp Tieg isodded-Qlo -@He TQHZ%WFat-SEB diQ@Es 1y or

5 SO oA ORI ONb i i 2k S oK cAere
repl aceet wihthembbtimens; R’ -1§3@lf)the- @Q@mon oNEOquinazdNB-ring: QQHZNR-CI OCH, NRS@-
and Cyl _is selected from a N N(Ra)z / (R4)z Na) z
N a b GG Ry, R -QCHRey OPHSHs Ny il g moctxmmsw et - o
| mo/ '\%/osmonr’ (532 &8%‘2’0@?@ Z‘ﬁl% dnd'is u@?,o-Qﬂ‘i(;)Qéﬁ?éH&e-Ff -@Fg, -OCF;3, -OCHs, or -
OCH,CH;. In other embodiments, R® is at the 6-position of the quinazoline ring and is —
CON(R’)2, or NRCOR’. In yet other embodiments, R? is at the 7-position of the quinazoline
ring and is ~-CON(R’),, or NRCOR’.
[00214] In yet other embodiments, for compounds described directly above, y is 0-5, q is
0-2, and R® and R® groups, when present, are each independently halogen, CN, NO,, -
NR’),, -CH;N(R™),, -OR’, -CH;0R’, -SR’, -CH,SR’, - -NRCOR’, -CON(R’)y, -S(O):N(R ),
-OCOR’, -COR’, -CO;R’, -OCON(R’);, -NR’SO,R’, -OP(O)(OR’),;, -P(O)OR’),, -
OP(O);0R’, -P(0);,0R’, -PO(R’);, -OPO(R’);, or an optionally substituted group selected
from C,.Cgaliphatic, aryl, heteroaryl, cycloaliphatic, heterocycloaliphatic, arylC;-Csalkyl,
heteroarylC;-Cealkyl, cycloaliphaticC;-Csalkyl, or heterocycloaliphaticC;-Csalkyl.
[00215] In still other embodiments, y is 0-5, and q is 1 or 2, and each occurrence of R¥is
independently Cl, Br, F, CF3;, Me, Et, CN, -COOH, -NH;, —N(CHj3), -N(Et);, -N(iPr),, -
O(CH),0CH3, -CONH;3, -COOCH;3, -OH, -OCH;, -OCH,CH3, -CH,0OH, -NHCOCH;, -
SO,;NH,, -SO,NHC(CH3),, -OCOC(CHz)3, -OCOCH,C(CHs)s, -O(CH;),N(CHj3),, 4-CHj3-
piperazin-1-yl, OCOCH(CHjs),, OCO(cyclopentyl), -COCH3, optionally substituted phenoxy,
or optionally substituted benzyloxy.
[00216] In still other embodiments, y is 0, and R is F. In yet other embodimentsy is 0, g
is 1, and R> is OR’. In still other embodiments, yis 0, qis 1 and R®is OH. In yet other
embodiments, y is 1, R is OR’ and R’ is F, wherein OR’ is substituted at the 2-position of
the phenyl ring and F is substituted at the G-position of the phenyl ring. In yet other
embodiments, y is 1, R*® is OH and R’ is F, wherein OH is substituted at the 2-position of the
phenyl ring and F is substituted at the 6-position of the phenyl ring.

[00217] For compounds described in this section above, in general, compounds are useful
as inhibitors of ion channels, preferably voltage gated sodium channels and N-type calcium
channels. In certain exemplary embodiments, compounds of the invention are useful as
inhibitors of NaV1.8. In other embodiments, compounds of the invention are useful as
inhibitors of NaV1.8 and CaV2.2. In still other embodiments, compounds of the invention

are useful as inhibitors of CaV2.2. In yet other embodiments, compounds of the invention
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are useful as dual inhibitors of NaV1.8 and a TTX-sensitive ion channel such as NaV1.3 or
NaVv1l.7.

[00218]  Representative examples of compounds as described above and herein are set
forth below in Table 2.

[00219] Table 2. Examples of Compounds of Formula I:
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or RL and R2 are each independently an optionally substituted Cl-4aliphatic
group and are each independently selected fromoptionally substituted

met hyl , ewbybo4wogsBopropyl, n-propyl, propenyl, cycl obecylus2¢e@@yéISH2CH3,
(CH2) 20CH3, CH2CO) OCH2CH3, CH2(CO) OCH3, CH(CH3)CH2CH3, or n-butyl; b) z is
0-5 and R4 groups are each independently d, Br, F, CF3, CH3, -CH2CH3, CN,
- 000H, -N(CH3)2, -N(Et)2, -N(iPr)z, -Q(CH2)20CH3, -CONH2, -COOCH3, -OH,
-CH20H, - NHOOOH3, - SO2NH2, -SOZ(CHZ) 3CH3, -SO2CH(CH3) 2, -SOZN( CH3) 2,

- SO2CH2CH3 r‘l r\\ rY‘I_l’)r‘l_ll r‘l_l')\ 2 eyl ) NH DOLY O D NHCOOY IR

OO ) Z IO io)25 Nt ICOCC10;
-C(O)C(CHS)S GE@(pGIHB)ZCJ—B -C( H3) 2, - C(Cr@me@d3, or an opfﬁ})cnally
subst i futed—group—58"WO260647 071873 US21T11147/ 006451 etected fTom

- pi perfi di nyl, piperizinyl, norph | 4al koxy, phenyl, phenyl oxy,
benzyl|, benzyl oxy, - CHchcI ohex idyl, -CH2pyridyl, or -C 2thiazolyl;
c) x ils 0, 1, or 2, and each ocg of R3 is independently d,| Br,| F,
CF3, -|OCF3, M, Et CN, - COOH, CH3)2, -N(Et)2, -N(iPr)2,

- Q( CH2) 20CH3, - COOCH3, |- H3, - OCH2CHR, - @H20H, - NHQOCH],

- NHCOQH( CH3) 2, , - CONH(g V1), - CONHOBH” éO\IHCHZCHB, orl an
optionally substl ut ed group s¢g y om - pi peri d i perizijnyl,

nmor phol i no, 2N phenyl oxy, b I benzyl oxy;| d) re| n y i % C-4,
and R5 groups$ , arg dependeg Ne,
Et, CN -000 }RCH3) 2, - EN(i Pr O(CHZ)ZOCHB -CO\IH:, -

000CH3, -0OH, 4CH3, -( HCOCHS, CPMNH2, - SO2NHC(dH3) 2, -

ey ( j
ulc)\ B "

‘\‘N | \a %ﬂ ‘ ‘,—" l
HO = %
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OCOC( CH3) 3,

OCOCH(

opt i onal lwo=sobat7813at ed benzyl oxy;
- SO2NH2,

- OCH3,

- OCOCH2C( CH3) 3,

- OCOCH2C( CH3) 3,

CH3)2, OC(O(cycl opentyl),

- OCH2CH3, - CH2OH,

- COCHS,

-Q(CH2) 2N(CH3) 2, 4- CH3- pi perazin-1-yl,
optionally substituted phenoxy,
and e) Rya is d,
SO2NHC( CH3) 2,
-Q(CH2) 2N(CH3) 2, 4-CH3- pi perazin-1- yl,

or
F, PCERIS20d8/00E51 - OH,

- OCOC( CH3) 3,

OCOCH( CH3) 2, OCQO( cycl opentyl ), or -COCH3. [00152] In yet other enbodi nents
for conpounds described directly above x is |l and R3is at the 6-position
of the zoline rj ng and—is _C]-I?” (‘I_QC'LB, E CF‘?“ fY‘E%}m
CONHCHB, - CONHCH2 Gidund- CO\IH(cycI 8@?‘% pyl)| -OCH3, Nbi@goundCIJ-QC}B, of #P%N. I'n
still thetr—enboth refits—x s arteHR3 | g—at—tte—7- pUbl tTomof —the
qui nazpline ring and is -C, - QH3, |-CH2CH3, -F, -CF3, -Q0OCF3, -Cd [THCH3,
- CO +THCH2CH3, - CONH(cycl opropyl), OCHB, -NII12, -OCH2CH3, or -CN In
still pther enbodinments, x is 1jand|R3 i§ at the 6- position of the
quinazpline ring and is -d, -C8, -CH2CH3, -F, -CF3, -OCF3, -OCH3| or| -
OCH2CH3. In yet r enbodi mentis, ¥ is 1 and R3 (s the 7-posit|on |of
t he qu| nazol i ne g and is -d} -CH3, {CH2CH3, CF3, -OCF3, tOCH3, or
-OCH2CH3. In Stl|“ ot her enbodijrent|s, x|is 1 and RS is at the 6-ppsit|on
of the| quinaz rlng and is -ICON(|R ) 2] or In yet other
enbodi 1ents ‘and R3 is at|theg 7- positio qU| nazol i ne|rl nig
and is In stil{l ot her enbegfny ~fa is d| F,| CF3,
Me, Et [00153] In still iments, |y ijs O,
andRyalsF Inyet ecnenbodmentsyiso,q is 1, a Rya is OR .| In
still pther enbodinments, y is 0,|gqijs 1 and Rsa is OH 1In yet ot he
F i:q}
L )
NH hl"',
s M{} ”“x:] -ﬁﬁ ‘ u’;(‘l\ -
| )
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enbodinments, y is 1, Ryais OR and RS is F, wherein OR is substituted at
the 2-position of the phenyl ring and F is substituted at the 6-position
of the phwoybowi7sts3 In yet other -59 WO 2004/078733 PCPCDSR0M4/006451
enbodiments, y is 1, Ryrais OHand R5 is F, wherein OHis substituted at
the 2-position of the phenyl ring and F is substituted at the 6-position
of the phenyl ring. [00154] For conpounds described in this section above,
in general, conpounds are useful as inhibitors of ion channels, preferably
vol t age—gat-ed-—sedium-channels a.g N type eale-um—ehannels—ar—certal

exenpl pry enbodi Gembsd conpounds| §f |the {nvention Gompousleful as if Hitors
of NaVi—8—tmother—enbodiments;conpoungs—of the—nventtomr—are usgful] as
i nhibitors of NaVl.8 and CaV2.2.| Inj|stil| other enbodi nents, conpounds of
the invention are useful as inhjibitors of CaV2.2. In yet other
enbodi pents, conpounds of the invention |are useful as dual inhibiforg of
NaVl. 8| and a TTX-sensitive ion channel stch as NaV1l.3 or NaV 1.7.|[00155]
II'l. Conpounds of formula IAi: [R-NR2 fa -N,(Rgs,, / NRSyY (R5p)q [l A-
or a pharnaceutical |y acceptabl g sallt thereof, ~o

- r al [i::rilju
9 . 11
RH,LE\) N,

A
N’p\j
[:::[i£b” ? L\wfu N
-
\H‘”ﬁ'{’ _,f \\ l
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wherein RL and R2 are each independently an optionally substituted group
selected fromC.6aliphatic, Cyl, wherein Cyl is a 5-7-nenbered nonocyclic
aryl ringwvoroawn787330- mnenbered bicyclic aryl ring havi n@COAB260a0a646Rt OB
i ndependently selected fromnitrogen, oxygen, or sulfur, or is a
3-12-nmenbered saturated or partially unsaturated nonocyclic ring having
0-3 heteroatons i ndependently selected fromnitrogen, oxygen, or sulfur,
wherein Cyl is bonded directly to the nitrogen atomor is bonded through
an opt jonally—substitutedCt—4al i&hati-:—ng—eﬁﬁ,—w‘ﬁereiﬁ ofe—6r—BfE
met hyl pne units Comgol@ Cl - 4al i phgf’ﬂ ¢ group are opCpropratd y repl aceﬁﬁn th
-NR-, FO——€0O0—CCo—T——NRCOTFCANR-, SCNR——or -NRSC2=—— whergirm |RL
and R2| are each optionally and | ndgpendently substituted at one of ngre
substifutabl e carbon, nitrogen, lor qulfur atons with z independent
occurrences of -R4, wherein z is 0-5; xjis | and R 3 is substituted at
either{the 6- or 7-position of the quinazoline ring; y is 0-4; g|{s 0 1
or 2; +60 WO 2008#/ 078733 PCTI US2004/|006451 each ogtunrence of R3,|R4,| and
R5 is | ndependent|ly Q Rx; whereipn Qlis ajbond or i§ ald-C6 al kyli deneg
chai n wher up |"to two non-adj acent| net hyl ene unitsf of Q are opti
and i ndeperdernt)y ™, ced by -NR—13 -5-, X
-COCO-| -CONR-, -N , NRCO2-| = SO2NR;
, -NRNR-, -

- OCONRt OleR\, -SG, s |
-POR-; { and each occurrené\e)f Rx{is

Iy

Do | | iy |
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i ndependently selected from-R, =0, =NR, halogen, -NO2, -CN, -OR, -SR
-N(R)2, - NRCOR, -NRCON(R )2, -NRCR2R, -COR, -CRR, -OCOR ,
-CON(R ) 2v020@0@B3R )2, -SOR, -SSR, -SA2ZN(R )2, -NR SOIRPIS;2004/006451
-NR S2N(R )2, -COCOR, - COCH2COR , -OP(O(OR )2, -P(O(OR )2, -0OP(O 20R ,
-P(0)20R, -PQ(R )2, or - OPQ(R )2; each occurrence of R5' is independently
an optionally substituted O -C6aliphatic group, halogen, -OR, -SR,
-N(R’)2 -NR’CCR’ -NR CON(R )2, -NR CO2R, -COR, - CR2R, -OCOR ,
- CON( - OCON -SOR, -9 , -SENR )2, ——NR SR
NR'SOZ\I(R‘)Z cﬁ%@'ﬁé?“n - COCH2COR, ,# -|OP(O[ (OR ) 2, - SemyqueR ) 2, -OP(SB‘;@R, -
P(0O)2OR, -POR )2, or -OPQ R )2 and ea¢h occurrence of R 1S independently
hydrogen or an optionally substifutgd C1|6 aliphatic group; and each
occurrence of R is independentlly hydrogen or an optionally subst(tuted
Cl.6 aliphatic group, a 3-8- menbered saturated, partially unsaturated,| or
fully unsaturated|hnnocycllc ring having 0-3 heterg@atons independentlly
sel ect ed fron1nlt;zgen oxygen, | or |sul fur, or an 8- nmenber ed saf ur at ed,
at

partially unsatu d, or fully unsdturated bicydliclring system havifng

0-5 heteroatons independently se| ectjed ffom nitroge oxygen, or sul fur;

or Rand R, occurrences of [Ry7qr twp occur s of R, are tahgn
toget hper wit Te dtonfs) to whichthey|are b to forn1an optipnal|ly
substituted 3 A saturjated, paftiall HSG or fully
unsat ur at ed nonocycl i ¢ bi cycl|i c rfi ng havi ng O- 4 hetr tons

i ndepepdent |y sel ect ed om ni trjogen, oxygen, or sulfur ™>f08L56] Ih certain

enbodi rents, for conpounds descrji bed directly above:

ME Y "
L
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a) when R3 is at the 7-position of the quinazoline ring then: i) when R3 is
C or Me, ring Ais unsubstituted naphthyl, and Rl is hydrogen, then R2 is
not - ( CHayveNMA;78133) when R3 is O, the sumof g and y iPsTAUSand/0bdas1 phenyl
ring is substituted at the 4-position with Br, and Rl is hydrogen, then R2
is not Cyl, wherein Cyl is bonded to the nitrogen atomthrough an
optionally substituted Cl4aliphatic group, wherein one or nore nethylene
units in the Cl.4aliphatic group are optlonally replaced with -NR-, -0-,

Cm ~00 - NREOS s CONR - (o N , OF ouc-; —61—AD qnG4Il 078703(1
PCTI USR004/ 00645¢ompound) when R3 |s# 0 or|OWe, the §gm0(9fld g and y |_§ﬁ;lf and
t he phpnyr—r g Ts substituted—at—the 4-position wth erther Ove o C, and

R1 is hydrogen, then R2 is not -| CH|CH3)(CH2)3N(Et)2; iv) when R3 | s N,
Owve, of N2, and g and y are 0, then RL and R2 are not both nethy|; v)
when RB is O, g and y are 0, and Rl is|hydrogen, then R2 is not t S02Z(4-
Me- phepyl); vi) when R3 is F, the symof|q and y is 1 and™ he phenyl rfing
is substituted at ,the position wilth Cl, and RL is ogen, thep RAis
not - ([CH2) nor phol i b) a) When R3 |s at the %—Hp sitlion of the

qui nazpl i ne ri nguthen: when R3 i§ NH2| Me, O, -BHAc, the simof q
and y (s 1 and_t Hphenyl 21 “ 2
l N"/‘\‘g | W N

cl

cu,
[+] Er
Py o o
W P i M
H HH N
H
ey

22 AN 24
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ring is substituted at the 4-position with F, or ring Ais naphthyl, and R
is hydrogen, then R2 is not -(CH3)3-4N(R )2; ii) when R3 is -OCH2Ph, or
OH, and owendo4o7sre O, then when Rl is hydrogen, R2 isPaotuskm4/ondal or
- (CH2) 2nor pholino, or RlL and R2 are not simultaneously Me or Et; iii) when
R3is M or A, and the sumof q and y are 1, then the phenyl ring is not
substituted in the 4-position with Br; iv) when R3is O, g and y are O,

and R is hydrogen, then R2 is not -S02(4- Me-phenyl); v) when R3 is Owve,
and q_a_n_d__y_g,p_@_g__and Rlis—hydrogen, theaR2—istet Yo N a¥a N ,

- CH2CH2pyrr ol i diGuthoundi ) when R T’g C gr Br, the Gumwf q and y i|S pf and
t he phemyt—r+ng—is—stubstitutediin{ he 4=posrtiomwthr =CHZPO(OR™)[2 hen

R1 is|not hydrogen when R2 is -Me, pr Rl and R2 are not si rmltaneously Me
or Et;] vii) when R3 is OH and qfand|y arle 0O, then Rl and R2 are naqgt
si mul tlaneously - CH2CH2OMWe; viii) wnen R3 is C, the sumof q and|y i$
and the phenyl ringeis substituged |n tlhe 2- p05|t|on Widh OnPr, gnd R1
hydrogden, then R2_ifs not -CH2(1,3-benzodi oxol); iXx) h R3is C]VE, Od, Br,
d, N2, Me, andfjgMand y are 0, |theh when Rl is hydjfoden, R2 is ot Ik

- CH2CHRCOOMe, 1 EFREO0ME, -(CH2) 3CH3, lor R andw ¥e not
Si mJItaneoust Me; “and X) when F2325| 5 C,| the s ol..gand y is 1 an£i7the
phenyl| ri Substituted in I

e

H

S TR 26 ey 28

| k/
L\/ H i~ o,
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the 4-position with A, then Rl and R2 are not sinultaneously Me or iPr.
-62 WD 2004/ 078733 PCTI US2004/ 006451 [00157] In certain other enbodi nents,
for conpowodsosdesssi bed directly above: a) one of R or PRR/USR00ApOG4ODEN, and
the other of RL and R2 is selected from i) Cyl wherein Cyl is bonded
directly to the nitrogen atomor is bonded through an optionally
substituted G -aaliphatic group, wherein one or nore nethylene wunits in
the d 4aliphatic group are optionally replaced with - NR- -0-, -C00, -0CO,

- NRCO_ CONR. SN NR. or ANRCSOD. or 1 Al he T |
NI DO U1 I\II\\JﬁIlpﬂ 1 I } ull UIJI.I UTlar‘l T OUIJOLI L U élr\l.i)d

Cldal i phat| C gro@pwponherei n one prynore |methyl ene Qempdugd i n t he P

Cl_4al [ptrattTtyroup—areoptTonmat Ty Tjepl a¢cedwtir—=NR—,—0-; COO T~

-NRCO- | -CONR-, -SM2NR-, or -NRS{2-;| or ) Rl and R2 are each i ndependgnt |y
sel ect éd from Q/l, wher ei n Cyl is bonded| directly to the nitrogen|atom or
is bonded through an optionally gubstituted C _ 4aliphatic group, |{whefein
one or [nore nethylene unjts in the (1. 4alli phatic groupcare optionally
replaced with -NR-, - -COO, -PCO|, -NRCO, -CONR-_.-{- SO2NR-, or {1 NRSO2-;
or an ¢ptionally su bt‘mt uted G _4ali|phatijc group, ersgi n one or npre
met hyl ene units i " Cl 4al i phatic |group are optinon IH'Ty replaced Wwth
-NR-, CQO -NRCO- | -QONR-,| -SQ21, TR-, or - NRSO2- [)%3158] In

StiT] Stner o Runts. o7 is. | 20Re) b
ﬁ o )\’O\Am

CHy CHy

H e
o ﬂu’},J\«,O e, . i/ =
| o
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fil
(IR4)z N~/ ) (R4) z
O i j

N~ ~~~N (N1 N U (Ra)z ~f
NNNN%NHIfNI IK e f g
k WO 200078%3" ~ (Ra)z i~ RA NN "N OLN S
PCTI US2004/ 006451 mn o p R4 ~R4 ~R4 s~N N i '

1] (RA)z ~ (Ra)z
f

N b dN-(4)z (R&)z N==/,

NA
S
N

INIIA/ (Ra)z (R4),
- 6RCVWDS20040QF8B733
°s

Compound Cni;pd
Hat
Tl
@N 33

’ W =g
fu

g M

o~ cH,
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N~\(R&)z gqr st Hrj H(N6(RA)zZ rO (R4 z r"O \(R4), "H H
\.\(R4)z Uv wx HNRY)z )z Vy z as bb [00159] In yet other

enbodi nenwe,2081078B3hydr ogen or an optional |y substit ut e#cTius264abésphat i c
group and R2 is -CHR-Cyl, wherein Ris hydrogen or Cl-C4al kyl, and Cyl is:
a z(Rr | NWNUtR4A)z/ J (R)z "NJLJ(R4)z abed ~ (Rd)z (R4)z

(R4)z N-:~\z (Rzj, I "NNNNMNHN/ 17<1 e f gh
Compound Crgpd Compound Crgpd
O
39

[:] .

g

I
Gy P
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N,/ (R4), I(RA)z H'0~0 i j k1 -64 W 2004/078733 PCT/US211114 /11116 4
51 RARARARA~ ()z NANNAO-N SN~p ~S}=N mnOp RARIRLISN
Ni k O NASvBe4pw/o7gr3s t HJI (A4 J(R4)z INJ (R4z %jr, ) PRCr/usp@m4/00646R H H

Cmopd

Compound # Compound Crmpd

o I ey 42 Hie \© Ny 44
X M")\/‘%l ~ M/]%\ ”\I
U
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Uuvwx H(7 (/] ~~(Rd)z vI(R)z \(R% (R4), y z as bb [00160] In
yet ot her enbodi nents, Rl and R2 groups are each i ndependently an

opt i onal Iwo 2embw8i3But ed Cl-4al i phatic group and are eaclkrcirn$e@andant | y
selected fromoptionally substituted nmethyl, ethyl, cyclopropyl, n-propyl,
propenyl, cyclobutyl, (CO OCH2CH3, (CH2)20CH3, CH2CO) OCH2CH3, CH2( CO OCHS,
CH(CH3) CH2CH3, or n-butyl. [00161] In still other enbodi nents, for
conpounds described directly above, z is 0-5, and R groups, when present,

are eagh lndnpnndnnflu halngnn hM1 hK21 kVD‘\O PHONID'\Q oR

-CH20R|, -SR, - Chigbkd, - (:CX:F? . OR' (:[]V( F? ) 2 (laﬂﬁiiﬁﬁﬂﬂ( F? ) 2, (:[]fgrgpd_
r‘m” CONMNI D H +

NHCOOR|—=S&2R———S&EN(RJ2;—or—an dpt | opatty—substituted—group—selected

fromClL C6aliphatic, aryl, hetefoarlyl, c¢ycloaliphatic,

het erogycl oal i phatic, aryl Cl- C6a kyl|, heteroaryl C4- Caal kyl ,
cycl oal i phati cCl- csal kyl, or hetprogycloaliphaticCl- Ceal kyl. [00162] Iph ye
ot her ¢nbodi nents, w&_i 0-5 and R4 dgroups are each independently G, Br, F,
CF3, CHS, - CH2CH3, , -N[CH3)2, {N(Et)2, -N(iPr) 3

- CONH2 COQOCHS, 20H, - NHCQCH3, |- SOZNHZ, -S02(C
- SO2CH CHS) 2, - SOZ (CHB) 2i - SRCH2QH3, C?»OCHZCH( CH3)
-C(ON CHZCH( CH3) 2,~"- NHCOOCH3, -|-63 WO ?004{ 078733 PCTI USR004/ 006451

(O C(CH3) 3, - 2)2CHS - C( O RRQH( CH3) 2, CI—IZCI—IS“‘”"orl" an opti%dnal Iy
| H
CH, .

CHy CHy

PN 3
un CHy
S :]E::::L*mx’ﬁ 5
] H 46 ° “ 48
W | s 2 | !
s N

Br
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substituted group selected from -piperidinyl, piperizinyl, norpholino,
C - 4al koxy, phenyl, phenyl oxy, benzyl, benzyl oxy, -CH2cycl ohexyl, pyridyl,
- CH2pyri dyb,20ow0783B12t hi azol yl . [00163] In still other ecibasgcenniestfor
conmpounds described directly above, R3 is halogen, CN, N2, -N(R)2,
-CH2N(R )2, -OR, -CH2ZOR, -SR, -CH2SR, -COOR, - NRCOR, -CON(R) 2,
-OCON(R )2, COR, -NHCOOR , -SO2R, -S2N(R )2, or an optionally
substituted group selected from Cl-Cé6al i phatl c, aryI het er oar yl ,
cycloaltphatic, _heterocyclioa TpjEhic, arytt—©C6atkyts

het eroaryl d - C6aICR’§}1P°““dcycI oal i phptg dC1- Cgal kyl , or Compound Crgpd
het erocycl oal i phati cC - Coal kyl . [00164] |n yet ot her enpbodiments,R3—+s Cd,

Br, F,|CF3, -OCF3, Me, Et, CN, -COCH, - NH2, -N(CH3)2, -N(Et)2, -NiPr)2,
-Q(CH2) 20CH3, -CONH2, -COOCH3, -[OH, [-OCHB, - OCH2CH3, -CH2OH, - NHCPCH3|
- NHCOCH( CH3) 2, - SO2NH2, - CONH(cycl ogropyl), - CONHCH3, - CONHCH2CH3{ or| an
optionally substituted group seljectgd from -piperidi ﬁ*yl pi peri zi pyl ,

nor phol i no, phenyl nyloxy, benzyl, of benzyl ox 00165] In st{l!l |other
enbodi rent s, i gen CN, pptijonally substi tgj Cl - Ceal kyI R ,
N(R )2 CO\I(R')Z o I n yet |ot hef enbodi ne R3is -d, :CH3

- CH2CHB, CO\II—CL;@, - CONHCH2CH3

- OCH3, -NH2 : CN. In gtill 15

6- posi fion of euu I|ne rijng |and

- OCF3, | - CONHCH3, - CON - |CONK( cyc

or -CN In yet other e odlrrents, R3 is at the 7-positisQrtf the
quinazpline ring and. is -d, -QH3, |[-CH2[CH3, -F, -CF3, -Q0OCF37 - CONHCH3,
- CONHOH2CH3, - CONH(cycl opropyl),| -OCH3, NH2, -OCH2CH3, or -CN. In

. o]
I o Nl ] 50 \©\ Ny 50
H “ 4
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still other enbodinents, R3 is at the 6-position of the quinazoline ring
and is -d, -CH3, - CH2CH3, -F, -CF3, -0OCF3, -0OCH3, or -OCH2CH3. In yet

ot her enbwoi2oewt78733R3 is at the 7- position of the qui nazoltise@4nidgt and i s
-d, -CH3, -CH2CH3, -F, -CF3, -OCF3, -OCH3, or - OCH2CH3. In still other
enbodi nrents, R3 is at the 6-position of the quinazoline ring and is -
CON(R )2, or NRCOR . In still other enbodinents, R3 is at the 7-position of
the quinazoline ring and is -CON(R )2, or NRCOR . [00166] In still other

enbodi prert-s—f-or—conpeunas—tescripety di r eptty—above, vy s O0-5—0 s mBa21
and R5/ and Rsa g@mng@d when pr ese@ are| each i ndepenent | y hal ogen,s QN,
N2, -rNR )2, =CR2ZNR )2, —-0OR, H? OR SR, -CHZSR, - -NRCORT,

-CON(R )2, -S(O2N(R )2, -OCOR|, -COR ,|-CO2R, -OCON(R) 2, -NR’SOZR’,
-OP(O(OR)2, -P(O(OR)2, - OP(O20R, P(O2CR, -POR)2, -OPAOR )2
an optjonally substituted group |sel ected], -66 WO 2004/ 078733
PCTI USR004/ 006451 from Clbaliphatig¢, aryl, heteroaryl, cycloaliphatig
het er ogycl oal i phatic yl C1- %ql kyl{, heteroaryl Cl-C6al k

cycl oa] i phatiicC, -C6 |, or het erocycl pal i phati cC - Coal [00167] |In
yet other e odi ment STy ties 0-5,fand g i 1 O 7 and eg@ch™0ccurrence |of

Rya is| ind ently , Br, F, 931), Me| Et, J wi - NH2 -N(CH%}Z,
NCED P, NG 6( o) 200H3, ° CONH2| - COO o3, - oHBtHG,
- CH2OH, - NH - "'w-. , - SO2NHC(CH3) R, - OCEC( CHS - OCOCH2C( GH3) 3,
- Q( CH2) 2N( CH3) 2, 4JCHB per azin-14yl, OCOCH( CH3) 2, X cycl opent yl ),

-COCH3| optionally sub
benzyl pxy.

uted phenaxy, |or optional Ig~Substituted

“N\ CH,
l £ uu”l\‘ cH,
w “\-f um
H
S, I B e
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-67 WO 2004/ 078733 PCTI US2004/ 006451 R2, are each optionally and

i ndependently substituted at one or nore substitutable carbon, nitrogen,
or sul furwetzoms78d38h z i ndependent occurrences of -R4, ROEMUS2004006451 0-5; b)
z is 0-5 and R4 groups are each independently C, Br, F, CF3, CH3, -CH2CH3,
CN, - O000H, -N(CH3)2, -N(Et)2, -N(iPr)2, -Q(CH2)20CH3, -CONH2, - COCCH3,
-OH, -CH20H, - NHCOCH3, -SO2NH2, -S02(CH2)3CH3, -SOQ2CH(CH3)2, -SO2N(CH3) 2,
- S2CH2CH3, - C(O)OCHZCH(CHS)Z - C(O) NHCH2CH( CH3) 2, - NHCOOCHS3,

- (O CreEHB)y3—066(EH2)263—E(LH) %r‘leHCH( pH3)-2—C(-O-CH2EH3—er—an- Crpd
optional | y subst iCompadd gr oup se ed friom - pi peri@mpyshd pi peri zrny“I;,
nor pholTTo, G Zal koxy;—phenyi, pheny| oxy;—benzyt,——bernzytoxy,

- CH2cycl ohexyl , pyridyl, -CHpyr|dyl| or |[-CH2thiazolyl; ¢c) R3is C|, Br, F,
CF3, -QCF3, Me, Et, CN, -000H, -NH2,| -N(CH3)2, -N(Et)2, - N(iPr)2,
-Q(CH2) 20CH3, - CONH2, -COOCH3, -fH, |-OCH3, -OCH2CH3, -CH20H, - NHCDCH3
- NHCOCH( CH3) 2, - SG2NH2, - CONH(cygl opropyll), - CONHCH3, - CONHCH2CH3) or| an
optionally substituged, group sel pected fr i© nyl, piperiziny

nmor phol i no, phenyl i phgnyl oxy, benzyl, o ,

CF3, Mg, Et, -OH?} : - OCH2CHB, -|CH20h
- OCOC( CH3) 3 Qe CH3)3 -O(:IEJ%)ZN(CP )
OCOCH( CH3) 2 o cYicl opfent yl ), of °X GocHB.
enbodi rent s, ~0or conpoynds descr | bed dir¢
-CH2CHB, -F, -CF3, -COCF¥, »CONHCH3, |- CONH

ool
o, .u\
MY CHy ] P
, o H,C
WE NP N =5
| 4 |
\. e
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R3

N

OCH3, -NH2, -OCH2CH3, or -Cl1. In still other enmbodinents, R3is -d, -CH3,
-CH2CH3, -F, -CF3, -OCF3, -OCH3, or -OCH2CH3. In yet other enbodi nents,
is is -COMOR0)42y788 NRCOR . In still other enbodi nent spCRys2008/0a8451 F, CF3,
Me, Et, -OH, -OCH3, -OCH2CH3. [00172] In still other enbodinents, y is O,
and Rya is F. In yet other enbodinentsy is 0, g is 1, and Rsais OR. In
still other enbodinents, y is O, gis 1 and Rya is OH [00173] In certain
ot her enbodi nents, for conpounds described directly above: a) Cyi is:
z( R4~ +H—R&yz—+—N—A(Rb)z2—N-=a bg d 68W2004/078433
PCTI USPO04/ 00645ComoRd) z (R4)z (REFY (Ra)z Na// . ~Chimjourori N N t [ RN
N K efgthm—HNRN—N7Tt)z—=N ¢ NaNy(RO)Z
F
F CHy
r e
[ ] ~
Sy
uHl /'N I e 65 djﬂ 67
e N L] | %
CH,
|
s P
66 - I n/ HH 68
=

0
H'}'}k*"‘ﬁ\
o
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\(RzHO-)z0 i j k1l RARARA~NSS >=N mnOp R4 REIRgNRIikO
N,KS =1V ~=NR4)z qr st HNOqr 'O jRA)Yz NJ (Rg)z N~ (R)z P LI'\~ 4)
HH (R z woweoswas73Bl N i'~\(Rg)z ~(Rg)z 0 ~(R4)z (Rq)zrgTasam4bbsssor R1
and R2 are each independently an optionally substituted C _4aliphatic group
and are each independently selected fromoptionally substituted nethyl,

et hyl, cycl opropyl, n-propyl,

Compound Cr;pd Compound Crgpd

H
60 @Lﬂ 71
b 1

CHy
T %
,ﬁ Y,
HK 3 &

~SH 70 S 72
Nx)\" EC(/ O u’A\ u
° l
O\) O
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propenyl, cyclobutyl, (CO OCH2CH3, (CH2)20CH3, CH2CO) OCH2CH3, CH2( CO) OCH3,

CH(CH3) CH2CH3, or n-butyl; b) z is 0-5 and R4 groups are each independently

c, Br, RyoGh®07€H3, -CH2CH3, CN, - 000H, -N(CH3)2, - N(EBCras2eoids) 2,

- Q(CH2) 20CH3, -CONH2, -COOCH3, -0OH, -CH20H, - -69 WD 2004/078733

PCT/ US211114/ 006451 NHCOCH3, - SO2NH2, -S02(CH2)3CH3, -SO2CH(CH3) 2,

-S2N(CH3) 2, -SQ2CH2CH3, - C(O) OCH2CH(CH3) 2, -C( O NHCH2CH( CH3) 2, - NHCOOCHS,
C(O)C(CHS)S - COQ(CH2) 2CH3, - C(O NHCH(CH3) 2, -C(O CH2CH3, or an

tion |\ cnl‘\cf: tut-ed-group selected from—piperi-di n\ll ni-perizipvl
mor phol i no, . AGékpoxnd, phenyl , SH;@ yl oxy, benzyl Coﬂomumiyl OXY, P
- CH2cy iuhcxyl, pyrioyt; -pncpyl'uyl, or —tH2thiazotyt—c)R3—+—s—CG——H8r, F,

CF3, -[OCF3, Me, Et, CN, -000H, -[NH2,| -N(CH3)2, -N(Et)2, - N(iPr)2,
- O( CH2) 20CH3, - CONH2, - COOCH3, -[OH, |- OCHB, - OCH2CH3, - CH2OH, - NHOOCH3,

- NHCOCH( CH3) 2, - SO2NH2, - CONH( cylcl opgropyl), - CONHCH3, - HCH2CH3} or| an
optionglly substitutes, group seljectad from -piperidinylj piperizinyl,

nor pho| i no, phenyl henyl oxy, benzyl, of benzyl oxy; ! d) Rya is{d,| F,
CF3, Mg, Et, -OH }§ , -OCH2CH3, -|CH2CH, . szNHC( CHB)2

- OCOC([CH3) 3, - 2C(CH3) 3, - Q([CH2)12N( T

OCOCH( ICH3) 2, | ycl opentyl ), or| - COCHS.

for coppoune ribed directly dbdve R

- OCF3, | - CON 8 ZH3, - QONH(|cycl

ey 74
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NH2, -OCH2CH3, or -CN. In other enbodinents, R3is -d,
-CF3, -OCF3, -0OCH3, or -QOCH2CH3
i s- CON(RWwD,200w078iREOR . I n yet

Et, -OH, -OCH3, -OCH2CHS.
F. In yet other enbodinents y is 0, gqis 1, and Rya is OR .
is OH [00175] In yet other

R3 is substituted at the 7-position of the quinazoline r
have forra—+—R-N-R2

enbodi nent s,
enbodi nent s,

gis 1
a) whe

ot her
In still other

yis 0, gis 1 and RS

. In stil

and v 1 e N and comoring
ATTU y T J \J, ATTO UU"PUU"U

rein R andolumr e each in

enbodi nent s,

- CH3, - CH2CH3,
| other enbodi nents, R3

_F1

Rsa PETAS2008/006858, Me,

enbodi nents, y is 0, and Rya is

In sti

ot her

i ng,
IV

N

l'y an opt iCompduhd/ substi t uf

NP\
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‘\53?!‘\‘

gr oup

sel ect
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ng or an 8-10- nenbered bjcycdlic 3
ndently sel ected fromnitrpgen, -7(
or sulfur, or is a 3-12-penpered
clic ring having~0-3 hetefoatijons i
BN, oxygen, or fur, whefein Cyl
en atom or is nded through an opt
wher ei n one re met hy| end unit
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0-3 heter
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; wherein RL and R2, are each optionally and i ndependently substituted at
one or nore substitutable carbon, nitrogen, or sulfur atons with z

i ndependew® 20@i018138¢nces of -R4, wherein z is 0-5; b) zPCc3IBe4andsR4
groups are each independently d, Br, F, CF3, CH3, -CH2CH3, CN, - OO0OH,
-N(CH3) 2, -N(Et)2, -N(iPr)2, -Q(CH2)20CH3, -CONH2, -COOCH3, -0OH, -CH2OH, -
NHOOOH3, - SO2NH2, -S2(CH2) 3CH3, -SM2CH(CH3)2, -SO2N(CH3)2, -SRCH2CH3, -
C(O)OCHZCH(CHS)Z C(O)NHCHZCH(CHS)Z - NHCOOCH3, C(C))C(CH3)3 -

000( CHR) L}:U) NACH(CH3) 2, CH2CH3—or —am optiomatty substituted
group sel ect ed preReradni per i di nyl ,# di peri zi nyl, nogmeiupho, C1_4al %@?/
phenyl | phenyl oxy, benzyl, benzyl oxy, -CHZCyclohexyl, pyriadyTl,

- CH2pyridyl, or -CHZthiazonI; c) Ris d, Br, F, CF3, -OCF3, Me, | Et,| CN,
-COOH, | -NH2, -N(CH3)2, -N(Et)2, t N(iPr)2, -Q(CH2)20CH3, -CONH2, -{OOQdH3,

-OH, -OCH3, -OCH2CH3, -CH20H, - NHCQCH3, |- NHCOCH( CH3) 2, - SO2NHR,
- CONH( ¢ycl opropyl ), - CH3, - [CONHCH2CH3, or an opti onal
group sel ected from Py peri dinyl'} pijperizinyl, m)rphol i
phenyl pxy, benzyl penzyl oxy;|and d) Rya is O,
- OCH3, | - OCH2CH3, CHZ(ﬂH - SO2NH2 SQ2N| HC( CH3) 2,

- OCOCHRC( CH3) o 2) 2N( C113) 2 8f1' CH3- pi per azi n- ’1 Wi, OCOCH( CH3 %
OCO( cy¢l open . [00L76]l In cert eaodi ments, for copnpounds
descri bed direé€ R3 is td,| -CHS, F, CF3 -OCF,

_CO\IHG'B, - CONHCH2CH3 (SO H( cyc| opr Opy| . - 0sEs, di
I n other enbodi ment §, is -d.|-CH3, -CH2CH3, -F, - )

CH,

e
: iff““ l\\, H"*a, N
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OCF3, -OCH3, or -OCH2CH3. In still other enbodinments, R3 is is -CONR )2,

or NRCOR . In yet other enbodinents, R5' is d, F, CF3 Me, Et, -OH,
- OCH3, - ub2eaHa7s813a still other enbodinents, y is O, aRdTRS2004H0651 | n yet
ot her enbodinents y is 0, qis 1, and Rsais OR. In still other

enbodi nents, y is 0, gis 1 and Rsa is OH [00177] In certain other

enbodi nents, for conpounds described directly above: a) Cyl is: -71 WO
2004/ 078733 PCTI US2004/ 006451 ( 4 zR N N~ (R4)z v (R4)z li (RA)z "N a
d (RA)yzL—(RYz (RAYyz (RAzZz WexN=L1 |1 NH N—N—NO NN f

NN, N (R4)z 4)zContound( RE) 2z Of Hctgp 1 IR4 1R4 R&ompound

N b c
-\
Gogf 9 b
#

u,f"
Ja.
S 86 .:g 88
S . .
A O “ \‘
L/
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" (R4)z NA\A\NNAN QANs 0s }=NmOp RARAREA (R4)z qgr st H (NH
JjrN) 4 L 4r" (RA)z ~N~(R)z N(R)z K\o (R4)zHHuv wx n- HNO
(R4)z VWORWBBI (R~ Z 4)z y z as bb -72 WO 2004/ @T8A33004/006451

PCTI1 US2004/ 006451 or Rl and R2 are each independently an optionally
substituted C _4aliphatic group and are each independently selected from
optionally substituted nethyl, ethyl, cyclopropyl, n-propyl, propenyl,

cycl obutyl, (CO OCH2CH3, (CH2)20CH3, CH2CO) OCH2CH3, CH2( CO) OCH3,

G_l( G_B\ CLO CLIR or—n-hit ] -
o oo U ety

. Compound Cn;pd Compound Cn;pd
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b) z is 0-5 and R4 groups are each independently Cd, Br, F, CF3, CH3,
-CH2CH3, CN, - COCH, -N(CH3)2, -N(Et)2, -N(iPr)2, -Q(CH2)20CH3, -CONH2,

- COOCH3, wOMpo4(@s3eH, - NHCOCH3, - SO2NH2, - S02( CH2) 3CH3PCTRC2@H(OEH3) 2,
-S2N(CH3) 2, -SQ2CH2CH3, - C(O OCH2CH(CH3) 2, -C(O NHCH2CH( CH3) 2, - NHCOOCHS3,
-C(O C(CH3)3, - 000(CH2)2CH3, -C(O NHCH(CH3)2, -C(O CH2CH3, or an
optionally substituted group selected from -piperidinyl, piperizinyl,

nor phol i no, ¢ _4al koxy, phenyl, phenyl oxy, benzyl, benzyl oxy,

-CHch rﬁjﬁc)\yl }J_YI;u’y—l, aJlZpyl “&_‘ or cH2t+hi cu_ul‘y!; C} R3—s o Br, F,
CF3, -IOCF3, Me, €ampo@N, - O00H, - - N( )2 - N( Eopgypnd-~ N(i Pr) 2, op
- CH2) 20CH3, - CONHZ,—=COOCH3, =[O - - OCHZCH3, —CH2OH——NHGEEH],

- NHCOQH( CH3) 2, - SO2NH2, - CONH(cyicl opropy|), - CONHCH3, - CONHCH2CH3, or| an
optionally substituted group sellected frpm -pi peridinyl, piperizinyl,
mor phol i no, phenyl, phenyl oxy, benzyl, of benzyl oxy; and Cﬂ? Rsa is| d,| F,
CF3, Me, Et, _ - OCH2CH3, - CH2CH, - S2NH2, - HC( CH3) 2,

- OCOC((CH3) 3, pC ,73,“"3—0(CI—IZ)2N(dp—I3)2 4- CH3- pifpenazin-1- yf,
OCOCH(|CH3) 2, 000( Gy yl), or| -CPCH3.| [00178] Tny, tu‘éln ot her
enbodi ment s, q,ﬂrpounds descrii beﬂl directly above R3 i's -d, - a8,
- CH2CH3, -Ca - H%—L), -G Ak

OCH3, N, oY In Other e

- CH2CH3, -OCH3, or -0C

R3 i s-|{CONGR . In yet other

Me, Et, -OH, ) -OCH2CH3.! In sti

R5' is| F. In yet otk enbodi nents y is

94 926
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Rs' is OR. In still other enbodinents, y is O, gis 1 and Rya is OR

[ 00179] For conpounds described in this section above, in general,
conmpoundsweneo«wefsal as inhibitors of ion channels, preCenskiog/ovabt age
gated sodi um channel s and N-type cal cium channels. In certain exenplary
enbodi nents, conpounds of the invention are useful as inhibitors of
NaVl. 8. In other enbodi nents, conpounds of the invention are useful as
inhibitors of NaVvl.8 and CaV2.2. In still other enbodinents, conmpounds of
t he i nvention—areuseftutr—as—mhihig ors pf—Cav22—tm yet ottrer Cmpd
enmbodijments, confprowadd of the inveniion | -73 WO 208umro7g733 #
PCTI US20047/ 006451 are usef ul ag GK$| inhibitors of NaV 1.8 and a
TTX-sensitive ion channel such gs V 1.8 or NaVv 1.7. [00180] IV.
Conmpounds of fornmula V: RANR2| (R3)x i|/ N N\WW(R5a)q yJ (RY V wherlein
Rl and R2 are each independently anjoptipnally substituted group siel eqt ed

from 1l 5aliphati c, | ., wherein Cyll is g 5-7-nenbered no C|IC aryll ring
or an |8-10- menbered picyglic arlyl fing having 0-3 er oq
Hfromnitrogen,

i ndepejndent |y sel e

@l\)u:)\ : N/” @

B
S 08 [::i]:ij” 100
i ~y 7 e
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oxygen, or sulfur, or is a 3-12-nenbered saturated or partially unsaturated
nmonocyclic ring having 0-3 heteroatons independently selected from

ni t rogen,woxy@atg73er sul fur, wherein Cyl is bonded dir@ectlus2aoa/ovdist
nitrogen atomor is bonded through an optionally substituted O _

4al i phatic group, wherein one or nore nethylene units in the Cl.4aliphatic
group are optionally replaced with -NR-, -0-, -COO -0CO, -NRCO, -CONR-,
-S2NR-, or - NRSO2-; or Rl and R2, taken together with the nitrogen atom
t o whi gh—they—are—boeunrd—Form a0 t i ongHy—substi-tuted—3-12-rerbered
nmonocy¢l i ¢ or bi €yopousd sat ur at ed 3;;" partijally unsdbmpabed ring ha "ﬁ’é 0-3
addi t i gmal—heteroatons TTdependetrt sel gcted—frommtrogen,—sutfur—por
oxygen] wherein R and R2, or the rijng formed by RL and R2 taken together,
are each optionally and indepengent{ly substituted at one or nore
substifutabl e carbon, nitrogen, |or |sulfur atons wth z independent
occurrences of -R4, rein z is|0-5; x ils 0-4; vy is 0-s each ocgurrgence
of R3, |R4, and R5 is ihdependent|y Q@ Rx; |[wherein Qis a)Qond or isfa (C-C6
al kyl'i dene chai n whe 'n up to two non-adj acent net hyl"eﬁeI units of |Q are

optionally and in qndent |y replaced by -NR-, -S4 -GS, -C2-,
-0COo-, |-CO-, -COoCy, +=CONR-, - N?%]) , - NRCO2-, , -NRSQ2-, - <3%\3|RNR— :
- NRCC]\IR-, - OCEMNR> %y NRNR-, - NRSPDZNR-, - $O-, RO-, - PO2-,
-OP(O(OR) -, - ; and each pccurrence of

from-R, =0 ™= : mi ogen, - NOR, -ICN, {OR,
-NR CON(R )2, -NR CO2R -COR, {CO2ZR, {0OCOR

,}lqd endent | y| sel pct ed
()2, - NR COR |
-74

102 | 104
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WD 2004/ 078733 PCT/ US211114/ 006451 OCON(R )2, -SOR, -SO2R, -SO2N(R) 2,
-NR SO2R , -NR SO2N(R )2, -COCOR, - COCH2ZCOR , -OP(O(OR )2, -P(O (OR) 2,
-OP(O 2O0RVD 20R(DBBR , -POR )2, or - OPQ R )2; Rya is aoTastécanadssy
substituted O -C6aliphatic group, halogen, -OR, -SR, -N(R)2, - NR COR
-NR CON(R )2, -NRCR2R, -COR, -CO2R, -OCOR, -CON(R )2, - OCON(R) 2,
-SOR', -S2R, -SX2N(R )2, -NR SO2R, -NR SO2N(R )2, -COCOR, - COCH2COR,
-OP(O(OR )2, -P(O(OR )2, -OP(O20R, -P(O20R, -PQR )2, or - OPQR)2;
and eagh—ececurrence—of-RiIs—independent | y-hydregen—e+r—an—-opti-onal
substijfuted C16 Cammmhatlc group;ﬁ? d ea¢h occurre@ospanfd R i s i nde|
hydr ogerm—or—an—opttonarty—substjtutjed Ct——S5—attphattc—group;—a3=87
saturated, partially unsaturated, or| fully wunsaturated nonocyclic
havi ng| 0- 3 heteroatons i ndependently selected from nitrogen, oxyg
sul fur} or an 8-12 nenbered satuyrated, partially unsaturated, or f
unsatufated bicyclig ring system having|0-5 heteros 5 | hdepende
sel ected from n|tr oxygen, | or |sulfur; or R and two occurr
R, or two occurrences™ofs R, are| taken topgether with

they a u'an optional |y substituted 3- Enbered sa
partia , or fully unsaturated nDnocy Wic or bi cyclic
havi ng ;.tons independeHFIy se Ml trogen, oxyg
sul fur ert@dtn enbodj merts, | descri bed dif
above, ‘ R3 is 6-Ove,| R o1 md“yranﬂ q ar
0, thepn R2 is not - CH2OCH2CH2CH 5

CHy

HH

Y
106 @J:’L 108
S H u/\l
| N
H_,a::r yy -~ CHl
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or the nononet hanesul fonate salt. [00182] In certain other enbodinents, for
conpounds descri bed directly above, a) one of Rl or R2 is hydrogen, and

t he ot herwof200/07813d R2 is selected from i) Cyl wherei nPCy/US2@4lo0saded
directly to the nitrogen atomor is bonded through an optionally
substituted Cl-4aliphatic group, wherein one or nore nethylene wunits in
the Cl-4aliphatic group are optionally replaced with -NR-, -0-, -COO

- 0CO, -NRCO CC]\IR- -S2NR-, or -NRSQ2-; or ii) an optionally

subst i trutet—C—4atiphat+e—group, Tuhgf ei n ere—er—Abre—hethytene—units d’ n
the Cl-4ali phati @Oglp@mqb are opt| onvg' y raplaced w tCompid, -0-, - (f@?
-0OCO, [FNRCO, -CONR—, -SO2NR—, 0 - NRSOZ-—or b)) Rt—andRZ—are—eagh
[ ndeperdently sel ected from Cy', (wherein|Cy' is bonded directly to the
nitrogen atomor i s bonded thr ough ah optjionally substituted d _
4al i phatic group, mherein one or |nore netlhyl ene units in the CL. 4alji phatic
group are -75 WD [ 078733 PCTI US2004/|006451 opt poRal Iy repl aced with
-NR-, 40-, -COO, - -NRCO-, {CONR-, -SO2NR-, or ! RSCQZ-; or ar
opti Ol’lcl| |y substitubeeh Cl _4al i phatic| groyp, wherein nore gt hyl ene
units ifn the G 4aI|

atlc grouplare| optijonal |y repl_ ak J -01, -
Coo-, {0CO, -CONR- - SOPNR-| or |- NRSQ2- .
enbodi nent s, z(R4), 111
v
H
110 112
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4 N~ N(R4 )z (R4) z Nabcd (R4)z (R4)z (R4)z (R4)z > >N/ Nri |
CNHI N 'NNef gh HN(Ra)z g—-/(Rd)z N '"NIl Ns~—~i(Rd)z (R4d)z H O
O k R4AWO24/078BB(R4) N\\ N GL UIins N mn o p ReCFRS20R4/006451

Cmpd Cmpd

Compound
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":‘ / HN H
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NN'ON" ~~\! NN~IRa)z gr st HNr o (R4z IN (R&)z LJ (Raz N
(R4), HH -76 WD 2004/078733 PCTI US2004/ 006451 U v Wx (/\I H\(Ra)z

~ i~ Ra ~woam(7®s3z ( )z 1i (R)z y z as bb [00184] pcm/ustekloogasher
enbodi ments, Rl is hydrogen or an optionally substituted Cl- C4aliphatic
group and R2 is -CHICCy', wherein Ris hydrogen or O -Caal kyl, and Cyl is:
z(R4) (Ra)z a)z N (Ra) LJ ~ LNJ (R

Compound Cn;pd Compound Cn;pd

u 117 . 119
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. H
u'/ I = H/ .
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CH,

=y 118 120
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N // N abcd(Raz (Ra)z (Ra)z (Ra)z
H N a ~H (Ra)z °

N-N. N(Ra) z

(R)z

(R)z |

I N~

Jis |.

Ra Ra Ra Ra |

NHNJ2NN < e[ g

S

h
1~

[1] S, weNoo47s1330 p Ra Ra Ra S ,J\, NNKO N IS N-- NPLTNIS200¢Bd451 g r S
t

Compound Crgpd
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-77 WD 2004/ 078733 PCTI US2004/ 006451 r-~"NH (N, gL (0 (R1 a)z (Rg)z

(R4), HHUV WX HN -(R4)z J (Ra)z (R4)z y z as bb [00185] In stil

ot her enbwodiznemi78733R1 and R2 groups are each i ndependentcy/tsrooapodsonal |y
substituted C _aaliphatic group and are each i ndependently sel ected from
optionally substituted nethyl, ethyl, cyclopropyl, n-propyl, propenyl,

cycl obutyl, (CO OCH2CH3, (CH2)20CH3, CH2CO) OCH2CH3, CH2( CO) OCH3,

CH( CH3) CH2CH3, or n-butyl. [00186] In yet other enbodi ments for conpounds
descri bed—direct! y ::hn\/n R1—-and CI:Y) t aken_t ngnf her with the nitroge atom
to whi ¢h they arebhmmmﬁ forman @B?lonally subst i tQomedlnd 3- 12 nmenber
het er o¢yctyt—ringhaving—t=—3—heterodt ons Hnrdependentty—setected—F+om

nitrogen or oxygen and forma 3-[2 nenbened heterocyclyl group sel ¢ctefd
from
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N~N~i(Rq)z (Jc(R4)z ~(Rq)z C~/) ff gghh (R4) zi N ~'5 (Ra)z z(RHjj
kk -78 WD 2004/ 078733 PCTI US2004/ 006451 N NN 4 z(R4) (R)z (R4)z (R4)z
( 11 nm rwoQoo4/0memBei n the ring formed by R and R2 takeoTiusg@loeddst i s
optionally substituted at one or nore substitutable carbon, nitrogen, or
sul fur atoms with z independent occurrences of - R4, and z is 0-5. [00187]
I n other enbodi nents, for conpounds of fornula I-A, R and R2 taken
together are optionally substituted azetidin-1-yl (jj), pyrrolidin-21-yl
(ff), piperidinl-yl (dd)—pi peraéi A~ 1- yl+{ee)+—or—norphoti-n-4-y] Cen\. I'n
ot her enbodi nent omfoatd conpounds @P formula | -A, RComsnai R2 taken 8{3@ t her
ar e opptonatty—stubsti+tuted—azetitichry1l-yl G)—pyrrottdim=—t=y—f5

CHy
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pi peridinl-yl (dd), or piperazin-1-yl (cc). In yet other enbodinents, for
conpounds of fornula I-A Rl and R2, taken together is optionally

substi t utwo 20eet788N- 1-yl (jj). In yet other enbodi nensr/Udsesosoasppunds of
formula I-A, R and R2, taken together is optionally substituted
pyrrolidin-l-yl (ff). In still other enbodinents, for conpounds of fornula
I-A, R and R2, taken together is optionally substituted piperidinl-yl
(dd). In yet ot her enbodi nments, for conpounds of formula I-A R and R2,

t aken together-is optionally °"h=fifuted piperazi-A—1-y—(cc)—[00188] In
still pther enbodommaidss, for cong@ﬂ%ds descri bed d|Oompnuhcy above, qu 0- 5,
and R#—groups—when—presents—arg—edch i pdependentty—hatogen—C€N—NS2
-N(R )2, -CH2ZN(R )2, - OR, -CH2OR ,| -SR|, -CH2SR , -COOR , -NRCOR|,
-CON(R})2, -CCON(R )2, COR, - NHCOOR , {S2R, -S2N(R )2, or an
optionally substituted group selpctgd fromd _ C6aliphatic, aryl,
het eroaryl, cycl oaI i phatl c, hetefocycloalliphatic, aryl Cl-C6al kyl,
het er oar yl C1- kyvl’ cycI oal i phati dC | {C6al kyl, or het€rgcycl oal i ph:ltl cC
| -C6alkyl. [00189] In yet other|enmjodingnts, z is 0-5 @ R4 groups are
each i 1dependent"y‘ a, Br, F, CF3, |CH3, |-CH2CH3, CN, -0QO0H, *- N(CHB) 2,
-N(Et) 2, - NCLR() 2, - O CH2) 20CH3, | - OONH2, COOCH3, -OH, =QH20H, - NHCOOHS3,
-SCeNHp, - SR(gR) 308, - SCRCH( CHB¥%2, - f:OZN(CHS)Z -SCHCHS, 135
- C( O) OCH2 CH("6E3 NHCH2 CH( CH3)|2, - INHCOOCHS, OF

0
z

-COO(CH2) 2CH3, -C(O (CH3) 2, C(Q) CH2CH3, oy an opiio -79{WO
2004/ 0y8733 PCTI US200 51 spbstfituted gr ouprSerect ed om
- pi peridinyl, piperizinyl, norphplino, df4al kox phenyl ,
(T
Ry Ny
(\N A 134 v .\ 136
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phenyl oxy, benzyl, benzyl oxy, -CH2cycl ohexyl, pyridyl, -CH2pyridyl, or
-CH2t hi azolyl. [00190] In certain enbodi nents, for conpounds of fornula
| -A, Rl awo2R®/0788BRen together s optionally substitut @edTasetuoidst-yl
(jj), wherein z is 1 or 2 and at | east one occurrence of R4 is -NRSO2R
-NRCOOR', or -NRCOR . In certain other enbodi nents, for conpounds of
formula I-A, R and R2, taken together is optionally substituted
azetidin-1-yl (jj), wherein z is 1 and RA is -NRSO2R . In other

enbodi pemnts,for——conpounds—of 'Udjn'dl a | - A—Rt—antd—R2—takentoget her d. S
optional Iy subst Comease! azetidin-T-41| (jj). whereinCempasnd and R4 i 57

N . I'n certain other enbodi frent|s, f¢r compounds of fornmotra =&/l and
R2, taken together is optionallly sybsti{ut ed azetidin-1-yl (jj), wherkin z
is 1l aphd RA isr-NRCOR . In yet pthgr enbodi ments, for compounds of fofnula
I-A, RL and R2] taken together i ogtionally substituted pyrrolidin-1}yl
(ff), Wherei is 1lor 2 and R4{is|d, Br, F, CF3, , -CH2CH3, 1 OR, or
-CH2OR| . In | ot her enbodi ments,| for|conpounds Of §ormula I-A |Rl fand

R2, taken toggether is optionallly sybsti
z is ljor 2 anthgt |east one ocfurrience

uted piperigin-1-yl (dd), [wherein
of R4 is G/ Br, F, CF3, (B,

-CH2CHB, -OR, -CH2OR, -NRSC2R,.| - N OCO\I(R')Z In :gtain

ot her enbodgk - for conpounds og formula |- wyand R2, taken 5bether
i s opt|onal ub:tltuteq plperldln-l-yl (dd), rg;n zis 1and R4 |is F,
CF3, CH3, - Ry Ore's- CH2IOR .| | n ot her edboU for compounds of

formulpg I-A R and 2L aken together is$ optionally s (tuted
pi peridin-1-yl (dd), erfein z s 1 and{R4 is --NRSO2R™. I%f*certfin |ot her
enbodi rents, for coppdunds of formulla 1-A R and R2, taken together |is
optionglly substltuted pi peridint1-yl (dd), wherein z i.s 1 and R4{is [
NRCOOR . In yet other enbodi nents, flor conpounds of forrmula I-A R and R2,
t aken

138 " 140
Ay “ |
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together is optionally substituted piperazin-1-yl (cc), wherein z is 1 or 2
and at | east one occurrence of R4 is -SOR, -CON(R )2, -S&®N(R )2, -COR ,
or - COORwol2no408813ai n ot her enbodi ments, for conpoundspafi/uisesmwbasi - A, R
and R 2, taken together is optionally substituted piperazin-l-yl (cc),
wherein z is 1 and R4 is -SOR . In certain other enbodinents, for
compounds of formula I-A Rl and R2, taken together is optionally
substituted piperazin-1-yl (cc), wherein z is 1 and R4 is -COOR . In
cert ai ot her enbodi nents, for compounds—of formila |-A R and | t aken
together is opti a&ﬂdohr)a substltuFé;a pi perazin-1- yI C()ﬁﬁo)md wher ei n zq 41 and
R4 is M\EIR)Z Fr—eertatn—othe gnbod Fents; for CGn"ﬁGUﬁuS of—Fprrdl a
|-A, R and R2, taken together ijs optionally substituted piperazih-1-jyl
(cc), Wherein z is 1 and R4 is -S2N(R )2. In certain other enbod|nents,
for coppounds of fornmula I-A R |and R2, |taken together is optionally
substituted p| azin-1-yl (cc),|wharein|z is 1 and R4 is -COR. -B0 WO
2004/ 0[8733 PCTI g82004/ 006451 [pPO0191] Ip still ather enbodinments, |x ils
0-4, aﬁd R3 when present}, arle each indepehdently hal ogen, | CN,| NO2,
-N(R )R , N(!%: -CH2ZAR , |-SR | -CH2SR , % 000R , -NRCOR|,
-CON(R)) )2 CCR - NHCOOR , - BO2R "F\’)Z, or an
optionally suhstityted group sel pt4'gd from Ct- iphatic, aryl, |43
het er oaryl , I oali phatic, hetgerodycl oali phat ar yl Cl1- Coéal kyl
heteroaryIC EBal, cloallphaticCi-C(SaI kyl , N
het erocycl oal i phati e al kyl . | n ylet other enbodi nentg is |l or 2, and
each ogccurrence of i Sdindepepdertly @, Br, F, CF8 - 3, M, | Et,| CN,
-000H, | -NH2, -N(CH3)2, -N(Et)?2,
CHy I =
N
2
‘ HH
S 142 .,,,,/‘/ 144
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-N(i1 Pr)2, -Q(CH2)20CH3, -CONH2, -COOCH3, -0OH, -0OCH3, -OCH2CH3, -CH20H, -
NHCOCH3, - NHCOCH( CH3) 2, - SO2NH2, - CONH(cycl opropyl), - CONHCH3, -

CONHCH2 CHBO 2004/@8730pt | onal | y substituted group sel ect edpCmarseeopiopasi di nyl ,
pi peri zinyl, norpholino, phenyl, phenyloxy, benzyl, or benzyl oxy. [00192]
In still other enbodinments, x is 1 or 2 and each R3 group is independently
hal ogen, CN, optionally substituted C-C6alkyl, OR, N(R )2, CON(R )2, or
NRCOR . In yet other enbodinments, x is 1 or 2, and each R3 group is -Q,

- CH3, —eH2eH3—F—CF3—6CcF3; le;‘f]\lHCl-‘.?r CONHEH2EH3—CaNH(eyretpprapyl ) ,
- OCH3, | - NH2, ocemue@;d or -CN. I|i,”Still|other enbeliments, x is 1 ahd R3
is at tte 6- posTtTom of the quimnazol|{i ne [Tngand 15 -C, CH3,—CGH2CHI,

-F, -QF3, -OCF3, -CONHCH3, - CONHCH2(HS, CC]\IH(cycIopropyI) - OCH3} - NH2,
-OCH20H3, or -CN. In yet other ¢gnbodiments, x is 1 angIHRB is at the 7-
positijon of the quinazoline ring and is td, -CH3, -CHOGER

- OCF3,| - CONHCH3, - HCH2CH3, -|CONH( cyc| opropyl), -OCHB, -f-TH2, FOCH2CH3,
or -ClA. In still ¢ther pdinentg, x [s 1 and R3 i , the 6-pogsitijon of
t he quj nazolinej’ng is -d,|l -CH3, -|CH2CH3, -F, : -OCF3, FOCH3, or
-OCH2GH3. I n yet. ot her enbodinents, |Xx is|1 and R3 is éT the 7-posjtign of

t he qumazollne ring and is -d, -45}13, - CH2CH3, - F, w~CF8, - OCF3, Cﬁl;ﬁ or
- OCH2QH3. I_other enbodi nentg, xis 1 and R3 ils at t he 6-pos dn of
e

t he quj naz v and is -CAN(R|)2, pr N I 'rvyet ot her
enbodi ment S XHS R3 is at| the 7- positi gl nazoling rifng
and is CO\I(R)Z .. NRCOR [00193]f In still ents fof

conpounds described dir&ctly above, |y is|0-2, qis
groups, when present, are each ijndegendeptly hal ogerr,” ICN,

Hy 2y,
HH S
PPN 146 g 148
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N(R)2, -CH2ZN(R )2, -OR, -CH2ZOR, -SR, -CH2SR, - -NRCOR, -CON(R) 2,
-S(O2N(R )2, -0OCOR, -COR, -C2R, -OCCON(R )2, -NR SO2R, -OP(O (OR) 2,
-P(O (ORWD,2004/0F30) 20R , -P(O 20R, -PQ(R )2, -0OPQR)PcTars2a@n/ooqsi onal |y
substituted group selected fromd _C6aliphatic, aryl, heteroaryl,

cycl oal i phatic, heterocycloaliphatic, aryl Cl-Co6al kyl,

het eroaryl d - Céal kyl, cycl oaliphaticd -C6al kyl, or

het er ocycl oal i phati cCl- C6al kyl . -81 WO 2004/ 078733 PCT/ US2004/ 006451

[00194] 1 nyet—other enbodinments—yi s 02—ahdgi+s—1-or 2—andeaeh
occurrence of Ry&oiysund ndependenﬁ'@da, Br, F, CF3Cofdyun€Et , CN, -01’6;39
-NH2, INCEHS2—NEH)2—NGPr— O CH2)y26eH3—CaNH2—€CCeCeHS ¢

- OCH3, | - OCH2CH3, -CH20H, - NHCOCHB, -| SO2INH2, -SO NHC(CH3) 2, -0OCOC({H3)[3,
- OCOCHRC( CH3) 3, - Q(CH2) 2N(CH3) 2, | 4- QH3- pi perazi n-1-yl, OCOCH( CH3) 2,
OCQO(cy¢l opentyl ), -COCH3, optionplly substituted phenoxy, or optignally

substituted benzyl oxy. [00195] Ip stlill o¢ther enbodinmgnts, y is O,|and q is

1 and Rya is F. ﬁ,y “af her enpodijments, y is O,Rj_/w*‘ and Ryajis OR .
)
0

NJ

In still other e difrentls, vy is|0, |gis|1l and RS |is . |In yet othef
enbodi frents, y , and pne |occulirence of wRya i s nd the pther
occurreénce of Rya is F. In yét ofher| enmbodi ment.s, is 0, ¢ i 8"2 and_ophe

occurrence R84 is OH and the|&Pher o¢curr Rya is F. [OOLé%l] I'n
still others gmodig s: a) Rl apd R2 taken t er~.] S~an optionally
substifuted ring se ed fromaretildin-1- vyl (j,[’), Iidin-l-_l (Ff),
pi peri di nl -yl e piperazing 1-yl (c¢); one of RepE*R2 is

»::H N
I ] 150 ey 152
= N!’ S M":*J\ .
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hydrogen, and the other of Rl and R2 is selected fromCyl, wherein Cyl is
bonded directly to the nitrogen atomor is bonded through an optionally
substi t utwo 20)4/asi3Bphati ¢ group, wherein one or nore meChyiSeova/o06ISt S i N

the O _4aliphatic group are optionally replaced with -NR-, -0- , -COQ,
-0CO, -NRCO, -CONR-, -SO2NR-, or -NRS02-, or an optionally substituted
C Ali phatlc group, wherein one or nore nethylene units in the

Cl 4aliphatic group are optlonallyreplaced vvlth NR-, -0-, -COO -0OCO,

- NRCO- = (0] att—R2—are—each [IIUC'JNHIA ntly
selected from anCm}milrdnal |y subs [ ted Zz_ 4al i pRamposndyr oup, whef e,;pn one
or norg methytene units in the O 434l i phatic group are optionatty|repl aced
with -NR-, -0-, -COO, -0OCO, -N | -CONR-, -S@2NR-, or - NRSO02-;|or |Cyl

whereip Cyr is bonded to the nitfogen atpmdirectly or is bonded through an
optionplly substituted C _4aliphatig group, wherein one or nore nefhyljene
units n t he Cl 4,allphat|c group dre optionally rephaced with -Nr-, |-0-,

- COO, : Q - SO2NR-, of -NRS2-: by"w.4'%0-5 and| R4
groups are each deendntly c} Brl, F,|CF3, CH3, {CH2 CN, - DOOH,
-N(CH3) 2, - IN( Et»;u (P - ([CH2)|20CHB, - CONH244- , , - CH2QH, -
NHCOCH3, - SQ2NH -SOZ(CHZ) QR2CH( CH3) 2, ] : E’bZCHZ%B -
C( O OCH2CH AL C(O)NHCHZCH(CH@?’, - NHCOOg! O C(CH3) 3, -

COQ( CHR) 2CH (CH3) 2, -[C(O|CH2CH3, i.enalky subst|tutled

group |-82 WO 2304/ 7 33 PCTI USR004/ 006451 selected m - pi peri di ny|l ,
pi perigi nyl, norpholifio, Cl4al koxy, |phenyl, phenyl oxy

H
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benzyl oxy, -CH2cycl ohexyl, pyridyl, -CHpyridyl, or -CH2thiazolyl; c) x is
0, 1, or 2, and each occurrence of R3 is independently Cd, Br, F, CF3,

- OCF3, MwQ 2B64/07€N3 - COOH, -NH2, -N(CH3)2, -N(Et)2, -N(iPPm)uR2004@)635L2) 20CH3,
-CONH2, - COOCH3, -0OH, -0OCH3, -0OCH2CH3, -CH2O0H, - NHCOCH3, - NHCOCH(CH3) 2,

- SO2NH2, - CONH(cycl opropyl), -CONHCH3, -CONHCH2CH3, or an optionally
substituted group selected from-piperidinyl, piperizinyl, norpholino,
phenyl , phenyloxy, benzyl, or benzyloxy d) wher ei n y is 0-2, and R5

gr oupsy—wWherm present;,—are eacirt i luende ity — € —Br—F,—CF3,—ivk; CN,
-000H, | - NH2, -N(@lmoszﬂd N(Et)2, FN(I[Pr)2 O(mz)zﬁwyndcn\le - H3,
-OH, - . - OCHZCH3, - CHZOH, -N E—B SOZNHZ, - SOZNHC[ CH3) Z, -

N( E)Z 4- CH3- pi perazi n-1-yl,

OOOC(ﬂHS)S, - OCOCH2C( CH3) 3, - Q(gH?2) 4
OCOCH(|CH3) 2, OCQ(cycl opentyl), CGEI—B fptlonally substituted phepoxy|, or
optionglly substituted benzyloxy; and e) Rsa is O, F, CF3, M, E, -/OH
- OCH3, | - OCH2CH3, , - SO2NH2, - {SO2NHC( CH3 - OCOC( CHI) 3,

- OCOOHRC( OHB) 3., ) 2N( CH3) 2, | 4- ¢H3- pi per d OCOCH( CH3) B,

OCO( cykl opentyl ), gr . [oo197] In ﬁet mibodT™ent s, for
compounds of fornmuka A'I-A Rl and R2, taken ppt i gnal |y
substifuted azetdind1- yl (j5). (Ig;)et other enbodiTty g, ToOT corrpowgds of
formulp I-A pd R2, taken tlogetther |s optional hy substit ut ed

pyrrol| din- m (f ). 3till ot her enpodi nents, for conpounds of fdr mul a
f-A Rl and R ™u#kKe gét her ils optionally i tuted piperidihpl-yl

(dd). | n yet other e,hbm”ents f or {conppundsiyoff formula 1-A, R1L pand |R2,
taken together is opti8nally substituted|piperazin-1-yl (cc).
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[00198] In certain enbodinents, for conpounds of formula I-A Rl and R2,
taken together is optionally substituted azetidin-1-yl (jj), wherein z is
1 or 2 amwloavodesst one occurrence of R4 is -NRSO2R , PHRCSDR4/00@51
-NRCOR . In certain other enbodi nents, for conpounds of fornula I-A R1L
and R2, taken together is optionally substituted azetidin-1-yl (jj),
wherein z is 1 and R4 is -NRSO2R . In other enbodi nents, for conpounds of
formula I-A Rl and R2, taken together is optionally substltuted
azetldl_ﬁ-_lTY'l—‘('TT)_‘_WQrGrC|llL|oCi_n nd R nother
enbodi frent s, for Cowppwunds of fof rg? al-A RL and K’zmpctuad(en toget Féxpd s
opti onal Ty subsStituted azetidim-t=vyt| (] ] s wherernmz+s—t—and—R4—
-NRCOR|. In yet other enbodinents, |for ¢onpounds of fornmula I-A Rl and
R2, taken together is optionally| substifuted pyI‘I‘O|JdIn 1-yl (ff)] wherein
zis 1jor 2 and R4 is d, Br, F, |CF3, CHB, -CH2CH3, & OR, or -CH2OR .| In
still other enbodi rrents for conpounds of for -A, Rl and R2, |-83 WO
2004/ 0Y8733 PCTind 6451 taken together i v substi{ut e

pi peridin-1-yl (ddy, Ssheréil z is 1|or 2|and at pbccurrepce jpof R4
is d,|Br, : -CH2ERB, | -0, or -CH2OR, -M 2~ - NRCOOR | or
-OCO\I(R’) . certaln ot her enbaﬂ{lnents for conpounds of forrrula l|-A Rl
and R2| tf te dget her is optionafly substituted piperiygin-1-yl (dgye3

wherei n z™is is F, CF3] CH3, -CH2CH3, -OR\_a¢ -CH2OR . |n of her
enbodi prent s, for qorrpgunds of fprmlla I{A, Rl and R2,} taken together |is
optionally substit iiding1-yl (dg), wherein s 1 and R4|is
-NRSQ2R' ,. I n certain other enbodi ngnts, |for corrpounf formula |-A | Rl
and R2| taken together is optionglly substituted pipéertdi n-1-yl (dd),
whereip z is 1 and R4 is -

162 164
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NRCOOR . In yet other enbodi nents, for conpounds of formula I-A Rl and R2,
taken together is optionally substituted piperazin-l-yl (cc), wherein z is
1 or 2 amstoavodiigsmsB one occurrence of R4 is -SOR , - CORCRUS20040&3RBN(R ) 2,

-COR, or -COOR . In certain other enbodinments, for conpounds of fornula
I-A, Rl and R2, taken together is optionally substituted piperazin-21-yl
(cc), wherein zis 1 and R4 is -SOR . In certain other enbodinents, for
compounds of formula I-A Rl and R2, taken together is optionally
subst i truted—ptperazi-n—3t—y—{ee); éﬂvhﬂ ein z—s—t-andR4-is -COOR —In
certain other erfbogiuknts, for (:(ﬂf’sounds of fornulGmpetd Rl and chmlfdaken
t oget hgT—Ts OoptTomalty —substTtuted i per —4= ; rer-ei-i—z—-4 and

R4 is HCON(R )2. In certain othef epbodijments, for conmpounds of farnula
I-A, Rl and R2, taken together i$ optiondlly substituted piperazin-21-yl
(cc), wherein zis | and R4 is -E2NR )4. In certain other enbodijnents,
for conpounds o forrmula IA, Rl and R2, tlaken together is optionall]y
substi tjut ed .pi perazin-1-yl (cc), |whefein|z is 1 and 44 is -COR . [00199] In
yet other enbydiments for conpounds descr|i bed djreg¢tly above, x is|l apd R3

is at|the 6-pQsEti C he qui pazojine |ring ar - CH2CHB,
-F, -CEF3, -OCF3 ' , - CONHCHR[CH3, CO\IH(cycl o[ - OCH3,| - NH2,
- OCH2CH3, or BELW | ot hel bodi ments, x is B is at |thk

7-posi tion of the qwﬂnazolme rinmg and is -CI, - CH3, & CH2CH3, -F, [-CF3,
- OCF3, |- CONHCH3, - 2CH3, - CONH(cycl apropyl), - @ -NH2, - OCH2CH3,
or -CN| In yet oth eibodi nents| x s 1jand R3 is at e 6- positijon pf

t he quilnazoline ring®and is -d, |-CH3, -CH2CH3, -F, -CF3, -OCF3, -QCH3| or
- OCH2CH3. In still other enbodipentls, x|is 1 and R3 is at the 7-posit|on
of thejquinazoline

166 168

-136 -



ring and is -d, -CH3, -CH2CH3, -F, -CF3, -0OCF3, -0OCH3, or -OCH2CH3. In yet
other enbodinents, x is 1 and R3 is at the 6-position of the quinazoline
ring and we 20€3@R3)z, or NRCOR . In yet other enbodi neorajS2004i0864%1 and R3
is at the 7-position of the quinazoline ring and is -CON(R )2, or NRCOR .
In yet other enbodinents, Ryais d, F, CF3, M, Et, -OH - OCH3, -OCH2CH3.

In still other enbodinents, y is 0, and qis 1 and Rya is F. In yet other
-84 WD 2004/ 078733 PCTI US2004/ 006451 enbodi ments, y is 0, q is 1, and Rya
is OR; i i Sy | s&—ats—tantRya ‘rsGJ..CIIH**.dyet
ot her lenbodi nent €qmppurids O, q i S #%ﬁd ong occurren€empindR 5a is Cﬁ ﬁ d the
ot her ptturrence of RSaTs F. I yetl ot her—enmbodiments, vy s 0, g7TS and

one ocrcurrence of Rya is OH and the other occurrence of RSa is F.|[0(200]
In certain enbodi ments, for conpounds depcribed directly above, a) Oyl is:
zZ(R4) |4 N~ 4z N(NL (RW(R)zl> JLJ(R4)z NNabcd (R4)z (R4)z

(R4) z (R4) za ,
2 ” .
N , H S,
169 ‘ 171

M 170 N 172
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NNHI ei gt~
ONIT NO-N mn O p

t -85 WwOaQoewosB8333 PCTI US2004/ 006451

(Ra)z HH (R )z

HNN N, (R4
R4 RA1IR4A n

(R)
SNN

Compound

Cmpd

173

174

-138 -
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HOO I j k1 RARARA NA Sf

A" 0O NN\g N~--N ~~J(R4)z qgrr

HH  NJ (Rgq)2CT/uf200400535 a
Compound Cl;;pd

175

176
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11 VWx HN ~v (Ra)z ° ~(Rq)Z 0~ "(R4), U(Rg)Zy z as bb or R and
R2 are each independently an optionally substituted G _4aliphatic group and
are eachwondepassent |y sel ected fromoptionally substi taras2emaobesst et hyl ,
cycl opropyl, n-propyl, propenyl, cyclobutyl, (CO OCH2CH3, (CH2)20CH3,
CH2CO) OCH2CH3, CH2(CO) OCH3, CH(CH3)CH2CH3, or n-butyl; b) z is 0-5 and R4
groups are each independently d, Br, F, CF3, CH3, CHZCHS CN, - COOH,
-N(CH3)2 -N(Et) 2, -N(iPr)2, O(CHZ)ZOCHS -CONH2, -COOCH3, -OH, -CH2OH, -

NH SO2NH2 - SQ2{ CH2)-3CH3. 3)-2 anml CH3) 2 - SQRCH2CHR, -
C( O) OTH2CH( CH3) 2comp@(n@) NHCH? CH( d;@ HCOOCHS 0@@0@@043) 3, - ‘;P
COQ( CH22EeH 3, —CE(ONHEH(EH3)y 2, — CHZC —or—an—opttonatty—substjtutied

group | sel ected from - pi peri di nyI pi per| zi nyl, norpholino, G _4al koxy,
phenyl| phenyl oxy, benzyl, benzyl oxy, - CHchcI ohexyl, pyridyl,
-CH2pyridyl, or -CH2thiazolyl; c) x|is O] 1, or 2, and each occurrgenceg of

R3 is jndependently C, Br, F, QF3, |-OCF3, M, Et, CN, -COOH, -NH2,
-N(CH3) 2, -N -N(iPr)2, - 3 - OCHS,
- OCH2CH3, - = NHC2EH3, - NHC P ppyl)) ,
B S ST
D
179

el
)
O N =
= I
| £ 2 I
N, 178 180
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sel ected from -piperidinyl, piperizinyl, norpholino, phenyl, phenyloxy,
benzyl, or benzyloxy; d) whereiny is 0-5, and R5 groups, when present, are
each i ndependewt78ys3Cl, Br, F, CF3, Me, Et, CN, -000H, PHIHAIS200M0@H3) 2,
-N(Et)2, -N(iPr)2, -Q(CH2)20CH3, -CONH2, - COOCH3, -OH, -0OCH3, -OCH2CH3,
-CH20H, - NHCOCH3, -SO2NH2, - SO2NHC(CH3) 2, - OCOC(CH3) 3, - OCOCH2C( CH3) 3,
-Q(CH2) 2N(CH3) 2, 4-CH3-pi perazin-1-yl, OCOCH(CH3)2, OCQ cyclopentyl),
-COCH3, optionally substituted phenoxy, or optionally substituted

benzyl gxy-—anrd—86- \WD-2004/-078/33-PCTI US2004/-006451+—e)Rya—is—C—F =

Ny, arra AT ATAn i =y (— )
Me, Et,| -OH - OCH3mpou@CH2CH3, -Cls'égﬁé, - SO2NH2, - S@RNplﬁ‘(nt{:l-B)Z -OC&%@-B)B,
- OCOCHZE(CH3) 3, = O(EH2)2N(CH3) 2, 14-"GH3- pi ezt vi;

OCOCH( €CH3) 2, 000( cycl opentyl ), or|-CACH3. |[00201] In yet other enbodi nments
for conpounds descyibed directly|above, % is 1 and R3 is at the 6qpos|tion

of thejquinazq sring and is -Q, | CHS, -CHZCHS -F -CF3, -OCF3, -
CONHCH3, - ppr opyl ) , -OCH2CH3, off -CN. In
still other i i hnd R3 i 9 at th p05| tion of the

qui nazgline ring ahd i 13,  CH2QH3

- CONHCH2CH3, Hsythop ' dos, |- N2, - ON.

ot her enbodi nents, ill__gs1 at the 6- p05| t| O -OF i ne
ring and is -d, - CF3,| - OCF3, - n

still other errbodiﬁ:f’s, xis 1 and R3ig at the 7 p |on of the
qui nazgline ring and is -, -CH3, FCH2CH3, -F,
-OCH2CH3. In ygtr"a@

uzc

) O
@Kr” : @Y“
- 99
H\ﬁD 182 ”” 184
Hye
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enbodi nents, x is 1 and R3 is at the 6-position of the quinazoline ring and
is -CON(R )2, or NRCOR . In yet other enbodinents, x is | and R3 is at the
7- posi ti omoaho4dre73qui nazoline ring and is -CON(R ) a--, pam/uSR@O@BIGc451 N yet

ot her enmbodinents, Rais d, F, CF3, M, E, -OH - OCH3, -OCH2CH3. hi

still other enbodinments, y is O, and qis 1 and Rya is F. In yet other
enbodi nents, y is 0O, gis 1, and Ryais OR. In still other enbodi nents, y
is 0, gis 1land Rya is OH In yet other enbodinments, y is 0, gis 2 and
one ocgurrence—of—Rya I s-OR—and-the ot her ocecurrence—of—R5a+sF_1n yet
ot her enbodlnentsmmymms 0, q |s Eﬁ%%d ong occurrenCenoind R5a is Olgﬁﬁ$d t he
ot her grrence—of—R-a—+sF—166262] Fof—conpounds—described—+n—tfhts

section above, in general, conpdundg are|useful as inhibitors of jon
channe| s, preferably voltage gatled $odi um channel s and N-type cal cj um
channe| s. In,certain exenplary gnbodi nenfs, conpounds of the invenfion are
useful| as |hh|b|tors of NaVl. 8.| Injother enbodi nents, conpounds of the

i nvent on -are~us f i nhi bi tjors |of NaVvi.8 V2.2. In still}other
enmbodi hrent s, cl undg of.. t he |Hvention are u i phi bi tors pf
CaV2.2, In yet dijment s|, conpoupds of tHe IfAve gn are psefjul as

dual ijphibitors of Mg and a TTX-sensitive ion c¢haphgl ~such as| NaV\ 1.3
or NaV 1.7. [00203] onpounds!®df forfrula I-B-i O 2004/ 078733

PCTI USP004/ 006451 Ii%N Rya ' IH\L

H 0

o]
I |
) oH,y oy

HyC

186 188
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Xx(R C'1 i N6 (R5) I1-B-i or a pharmaceutically acceptable salt thereof,
wherein R is selected fromd 6aliphatic, Cy', wherein C' is a

5- 7- menbewedooaosmaeycl i c aryl ring or an 8-10- menber ed Ipceyuskeoa/oadsgi ri ng
havi ng 0-3 heteroatons independently selected fromnitrogen, oxygen, or
sul fur, or is a 3-12-nenbered saturated or partially unsaturated
nmonocyclic ring having 0-3 heteroatons independently selected from
nitrogen, oxygen, or sulfur, wherein Cyl is bonded directly to the nitrogen
at om o—s—bended—through—an—optiopal | y substituted Cldaliphatic group,
wherei h one or nOomponmet hyl ene un P;g in {he Cl1_4al ioplagdinhdc gr oup ar gopd
option 'h] reptaced—wi-th—NR——0="—- COO—0CO——NRCE——CONR— SfECENR-,
or -NRSQz-; wherein Rl is optiongal
substif ut abl e carbon nitrogen, pr

|y substituted at one or nore
ul fur atons with z independent
occurrences of 4, wherein z is 045, Xxj{s 0-4; vy is 0-4; each ocgurrence
of Rs,| R4, and i ndependent| y d}Rx; wherein Qis a bond or isja |[C-C6
al kyl i dene ug are Bp to two non- agj acevf pethyl ene units of | Q are
optionpally and mle\r%".ly repl aged by -NR-, @

-0CO-, [ -CO, -COCO ,Y-CoB dR- - NRCO- , NRCI)Z-
- CONRNN?R-, - NRCONR- i, - OCONR-, - NRNR-, - NRSO2NR-
-P02-,|-0P(O (OR) - > -FOR-; and®ach ogcurrence of

I

A

cu
o, °

= /H = "
N l ~
190 LN 192
N\C“l H
-
- SN
- I Mo o cH,
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i ndependently selected from-R , =0, =NR, halogen, -NO2, -CN, -OR, -SR,
-N(R)2, - NRCOR, -NRCON(R )2, -NRCR2R, -COR, -CRR, -OCOR ,
-CON(R ) 2v020@03B13R )2, -SOR, -SA2R, -SOCS R) 2, "NR S@EEVUSNMRDQSJZN(R’)Z
-COCOR', - COCH2COR, -OP(O(OR )2, -P(O(OR )2, -OP(O 20R, -P(O20R ,
-PQAR )2, or - OPQ(R )2; each occurrence of Rya is independently an
optionally substituted C -C6aliphatic group, halogen, -OR, -SR, -N(R)2,

-NRCOR, -NRCON(R)2, -NRCO2R, -COR, - CO2R, -OCOR, -CON(R) 2,

-G:O\K )21 —SER—~ SRR SOPN |:3l\21 - NR-SO2R-— NR QrY)I\IID'\21 COoC ,
- COCH2COR , - OP( Op@ihd) 2, -P(O)(s%p 2, -OP(0)20R , ComRp@ 20R , -PO(CF% D, or
-OPQ(R CT'U)ZUULI-I 006451t —each—occurrenc f R

is i ndeendent |y hydrogen or an pptijonal |y substituted Cl.6 aliphatic
group; |and each occurrence of R |is |independently hydrogen or an optiopally
substitfuted Cl1.6 aliphatic group| a |3-8-menbered saturated, partially
unsatufated, orsfully unsaturated nopnocyclic ring havighg 0-3 het efoatpns
i ndepepdently gel ected fromnitrpgen, oxygen, or sukfiy, or an 8-12
menber ¢d sat ed, partlally un:aturate(, or fully ted bifcyclic
ring system hg ) \5 , iilndepéndently sgl ected from nitfgogen,
oxygen or sul furf L?go occurren R or two occufrences
of R,|are taken t* Wi atom(s) t ich)\;pey ar boung!®ol form
an optionally substltut ed 3-12 rrerrbered satu ,u”'p unsat ur at ed,
or fully unsaturat@mnocycl ic pr Bicyclic ring having 04

H
¥

cn,

R o /N

)\ 194 196
u'f T L
N ]
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het er oat ons i ndependently sel ected from nitrogen, oxygen, or sulfur.
[ 00204] For conpounds described directly above, in certain enbodinents, a)
when R5' We 2Mey07€133 or Ove, and x is 0, then RL is not BCTaS208/00d351 when
RSa is O, x is 3, and the three occurrences of R3 are 6-M, 7-COCEt, and
8- Mg, then R1 is not -(CH2)2piperidin-1-yl; c) when Rya is M, xis | and
R3is N2 or NH2, then RL is not Et; d) when RSa is OH | NTM#e, or

N(NO Me, and x is O, then RL is not Et, Me or - CH2CH=CH2; e) when R5' is
NH2, apdx+s—0—then Rl is-—not 13, f)l—when-Rya—+s—Cor—Me, an"t vis 0
or 1 apd when y CSmp'b;de5 is 4- 0,“;8 d x {s 0, thenBnpounds not 4- CN @nyl,
4- Me- ppenyt—4=0CMe=phenyt—4=Cr—phenyl =NCE=phenyt——CH2CH2NHivie
Et,1VI g, 4-COOve-phenyl, -CH2Ph,| i Pr|, 2-WMe-phenyl, 4-phenyl-phenyl| or| -
CH2CH=[CH2. [00205] For corrpounds degcri bed directly above, in certhin |other
enbodi rents, a) R is selected from i) |Cyl wherein Cyl is bonded|dirjectly
to the|nitrogen atomor is bonded tihrough an optionally substituted
Cl. 4al | phatic group, wherein one| or |nore|nethylene .units in the
Cl _4al{phatic groudp are optional]y rlepl aced wi R—, -0-, -C0O, 0CG,

- NRCO- or -NRS or i) ankopti o s~ Substituged
Cl. 4al i nore| methylene ﬁnl n the
Cl. 4al epl aced with - NRxy -~ ~z1 199

]
r
H
; -
L. ::m
= 198 Mo " 200
= el
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COoO, - 0OCO-,

descri bed directly above,
2004/ 078A886 278182004/ 006451

-NRCO-, - CONR-

- SO2NR-
I n certain enbodi nents Cy
f 1 N~ z(R4) N g rN1L (RapzT(URa)ma/obé431 E t J

or

- NRSO2- .

IS,

[ 00206] For conpounds
~89_ WO

(RA)z N abcd(Ra)z (RA)z (RaA)z (Ra)z ,) [/ N-rill 7-~-NH NJ ft N N
ef gh HNNNom(Ra)z a (R, ~-NNa~N\\ (R)zHOOi j k1
Compound Crzpd Compound Crgpd
g
=2 » H
| =
1] w’m(ﬂ N ‘ﬁm
i 201 el 203
W
(]
U .
€M,
N"“x l )
”a\%;J:::::LMCI 202 Ny el 204
A iy i)
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Ra Ra Ra N/(Ralz N--"\ f\ fN NANON -

(¢) NSgr st H( HZNL (Raz |

~OS mu Qp Ra Ra Ra SAN Nr~~
Of 4z '"\(R4)z LH HI\(Ra)z

uv wiX

--~(Ra) z wo20dRay3m3(Ra), y z as bb -90 WD 2004/ 078733 PCTIUSSRA04d4606451
[ 00207] In other enbodinents, R is-CHR-Cyr, wherein R is hydrogen or
Cl-C4al kyl, and Cy' is: z(R4)
Compound Cm#pd Compound Cn;pd
VF
§ F
N
N |
’;j@\ 205 Mo 207
H Br
X i Br
H
u;c"""“‘cu, ; ;'
.
F I \
@‘/”\ (—lﬁ—" ‘
L '
“ﬁfﬁ o 206 tey e 208
§ Eu\|
O e
b
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fi I Rg-(R4) z ~Nt'NL ( )z/ IINJ (RA)z / N abcd (Rd)z (R4)z N==/,
(R4)z (RA)z I N> NNHN NNef gh HN NN-,c," z4)z 'NII N
Ss'~~_ (RoyoNed«Rs)32 k 1 RA RA R4 }s NI/ (R4)z N -\~ m BCO/US2000404341 ~R4
SANN~ONi "g NN(R% gr st Hr'NH,N 4 X01 (

Compound Cm#pd Compound Cn;pd

N [
©i(” M
o
H
”ﬁa, 209 m = 211
P

oo | SR b
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4)z LNJ (R4 )z "'NJ z (R)z (RHHuvwx HNpz/ (R4)z

N (R4)z~v\(Rg)z -\ (Rg)z -91 WO 2004/ 078733 PCTI US2004/ 006451 Y z as bb
[ 00208] Iwo=vedd7sBBher enbodi nents, R is an optional | yPemhstoo0dadl

Cl _4aliphatic group and are each independently selected fromoptionally
substituted nethyl, ethyl, cyclopropyl, n- propyl, propenyl, cyclobutyl,
(CO) OCH2CH3, (CH2)20CH3, CH2CO OCH2CH3, CH2(CO) OCH3, CH(CH3) CH2CH3, or
n-butyl. [00209] In yet other enbodinents, z is 0-5, and R4 groups, when

pr esents—are—each—independenttyiakogen, —EN—NR2—NR)2—CH2N(R )2
-OR, {CH20OR , - SRmpoundCH2SR' , - )C(@ﬁ‘ , -NRCOR , - COmpdun@, -OCO\I(RS'?’,
COR , {NACOOR, -SOZR, -S0ZN(R™)Z, jor am optional 'y substitutedgrou

sel ect ¢d fromC _C6aliphatic, ar/I: het enoaryl, cycl oaliphati c,
het er o¢ycl oal i phati c, aryl Cl-C6al kyl|, het/eroaryl C1-C6al kyl

cycl oali phati cCl- C6al kyl, or heterocycl gal i phati cCl-C6al kyl. [00210] |In
still other enbodinents, z is 0-% and R4 |groups are each i ndependently| d
Br, CHy Br
|
N\C”; q/ﬂ
N . il
| Rt 213 ”¢§%:I::::] 215
o cl NH
we ™ eu cu,

|| S0 |
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F, CF3, CH3, -CH2CH3, CN, -000H, -N(CH3)2, -N(Et)2, -N(iPr)2, -Q(CH2)20CHS,
-CONH2, -COOCH3, -0OH, -CH20H, -NHCOCH3, -SO2NH2, -SO2( CH2) 3CH3,

- SQ2CH( CH8P2004/078BBN( CH3) 2, - SO2CH2CH3, - C( O) OCH2CH( CH3P2T/US2004/006451

- C(O) NHCH2CH( CH3) 2, - NTHCOOCH3, - C(O C(CH3)3, -COQ(CH2)2CH3,
-C(ONHCH(CH3) 2, -C(O CH2CH3, or an optionally substituted group selected
from - piperidinyl, piperizinyl, norpholino, O _4alkoxy, phenyl, phenyloxy,
benzyl, benzyl oxy, -CH2cyclohexyl, pyridyl, - CH2pyridyl, or _ cH2t hi azol yl .

[00211—+n—yetother—enbodifrent sR3 | s hatogen—€i NCZ, NR—-2; 3
“CH2N(R ) 2, - OR Compo@20R , - SR | p‘EszsR . - COOR , ComR@ER , - CON( R
-OCON( R 2, COR, = NrHCOOR—, -3 , -SOZNT(R™) 2, or an optiomatty
substituted group selected from CI Céal i phatic, aryl, heteroaryl

cycl oal i phatic, heterocycl oal i phat
het er oar yl Cl1- Céal kyl , cycl oal i phjat
het erogycl oal i phatl CCI Coal kyI [ O

g, aryl Ci1- Ceal kyl,
gCi - Cpal kyl , or
412] |n still other enbodinments| R3 is

a, Bry F, CE3 i AN, -|COOH| - NH CH3) 2, -N(Et)2
-N(iPr)2, -Q - COPCH3, | - OH, - , . OCH2CH3, - CH2OH,

- NHCOCH3, - NHSeEr SCJZNHZ - CONH( cycl opr I - ICH3,

- CONHCH2CH3, ! al |y sub;lt7| tuted group sel e m - pi pa%j(?di nyl ,
pi peri ki nyl, , | phanyl oxy, benzyl, orf behzyl oxy. 2(13]
In yetjot her enbodi i s hal ggen, [CN, opti Ny substi t ut ed

Cl1- Coal kyl, CON(R ) 2, |or NRCOR . In%her enbodi nent s,
R3is td, - - -CF3,| - OCF3, - CONHCH3; HCH2 CH3,

- CONH( :yclopropill), - OCH3, -Ni—l2, - QCH2CH3, or -CN. In yet other
enbodi rents, R3 is at the 6-positior] of the quinazoline ring and s -,
-CH3, {CH2CH3, -F, -CF3, -OCF3, }CONHCH3| - CONHCH2CH3, -

e B
@”/”\ g O
N, o A
Nz 218 N 220
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CONH(cycl opropyl ), -OCH3, -NH2, -OCH2CH3, or -CN. In still other

enbodi nents, R3 is at -92 WD 2004/078733 PCT/ US211114/ 006451 the

7- posi ti omoabo4rd1e73qui nazoline ring and is -C, -CH3, -CPRTHS3200460645CF3,

- OCF3, - CONHCH3, - CONHCH2CH3, -CONH(cyclopropyl), -0OCH3, -NH2, -OCH2CH3,
or -CN. In yet other enbodinents, R3 is at the 6-position of the

qui nazoline ring and is -d, -CH3, - CH2CH3, -F, -CF3, -OCF3, -OCH3, or
-OCH2CH3. In still other embodinments, R3 is at the 7- position of the

C]U| naz gHHne—+i R1°) are—+s & \w " 2 Q i WB, WEB, rY‘I_l31 O -

OCH2CH3. | n ot herCompiyvodi rrents R Iipg at the 6- posi tGogpougd t he C]UI na%‘?id ne
ring afd—T5s - CON(R )2, —or NRCCR 1 yetiother—enmpodiments; R3S at—1{ he
7- posi i on of the quinazoline ring and ijs -CON(R )2, or NRCOR . [00214] In
yet ot her enbodi nents, for conpolinds| desqri bed directly above, y ig 0-5, q
is 0-2, and R5 and Rsa groups, \wien| pregent, are each independentljy
hal ogenn, CN, N&R - NR )2, -CH2ZN(R )2, {OR, -CH2OR, -SR, -CH2SR ,
-NRCOR|, -CO -S(0)2N(R’)2 -IOCOR|[, - COR ,He : OCC]\I(R’)Z,
4 e ' P(O(OR )2, - OP(O) 20R , -P(O 20R, -PO(R)2
-CPO(R‘)Z |y subs{itufed group
G _Coal|i phati c, 7 héteroaryl vyl oal|i phat i
aryl C1{1Coal kyl, heteroaryl G - CGdF%y , cycloali
het er o¢ycl oal i phat} cCl- Ceal kyl . [00215] Iin still other _s#nbadi nents,f y |s
0-5, and g is 1 , and each o¢curyence of Rya is i ndependently|C,|Br,
F, CF3| Isle, Et] dllr, -COH, -i IH, -NCH3)2, (CEF;% N(iPr)2,| -
Q( CH2) 20CH3, - 7 -COOCH3, -OH, -[oCH3, OCHZCHs CHa—i - NHCOCH3,

from
etgroc cloal i phatic
Cy By kyl, of 23

(\N !CH}

) [

@fj y l 222 @F} | 224
1RT:I:::]\Y1
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SO2NH2, - SO2NHC( CH3) 2, -0OCOC(CH3) 3, -0OCOCH2C(CH3)3, -Q(CH2)2N(CH3)2, 4-CH3-
pi perazin-1-yl, OCOCH(CH3)2, OCO(cycl opentyl), -COCH3, optionally

substi t utwo 2péwentessy, or optionally substituted benzyl orgT/(Us0@206d4si n stil |
ot her enbodinents, y is 0O, and Rfa is F. In yet other enbodinmentsy is 0, ¢
is 1l and Ryais OR. In still other enbodinents, y is 0, qis 1 and Rya is
OH In yet other enbodinents, yis 1, RS’ is OR and R5 is F, wherein OR

is substituted at the 2- p05|t|on of the phenyl ring and F is substituted
at ther6 of—the—phemH | n ret—other—enrbodiments—yis1,

\9) |JU°I LIUII UI LIIC IJIICII_yI . oot TTTT O3y
ﬁmp substituted atCompen®- position %ﬁpdt he

R5' i1s|OH and RS5Cpmpdend wherein O
phenyl fTimgand F Ts substitutedrat—t he ¢=posrtiomrof—thephenyt—in
[ 00217] For conpounds described |n tlhis section above, in general,
conpounds are useful as inhibitprs [of i¢on channels, preferably voltag
gated $odi um channel s and N-type|caljcium| channels. In certain exefmplaly
enbodi Tents corrpounds of the inyentjion are useful as inhibitors of

D

NaVl. 8 other enbodi ments, cofrpounds of the |nveq&| on are useful as
i nhi bi { ors V1 8 and CaV2 2.1Inistill other sodionent s, conpouyinds| of
the inyentio as 1 nhfbitlors of CaV | nwyet ot her

enbodi nent s, f the iny gﬂtion -93 WO 2004} 0798 207

PCT/ US>1111347"0064 3 dual i nhibitors ok pa
TTX-sensitive ion ghannel gsuch ag NgV1l.3|or NaV 1.7. [00218]
Represent ati ve ex@npl es of conpopunds as descri bed ab@and herei n|are| set
forth bel ow i n Tabte

]
: T" 226 228
Hom, ) /N s |
I-l\\. \Vf
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00219] Table 2. Exanples of Conpounds of Formula I:

/
N 5

x 1 aw02004/02¥33H4 0 CN} Xx)

-95 WD 2004/ 078733 PCTI US2004/ 006451 Conpound C # d Conpound C npd

HyCxH/ /| x 2 J Ix C

[00
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[00221] The conpounds of this invention may be prepared in general by

nmet hods known to those skilled in the art for anal ogous conpounds, as

i 11 ustratwad 2og/78B3general schene bel ow, and the preparatrivseooasedipl es t hat
follow. [00222] Schene A bel ow depicts general conditions for the synthesis
of conpounds of fornula IA where X is NR2. In general, the useful

internmediate -iii can be obtained by condensing a benzoylchloride with an
ant hrani |l am de. [00223] Scheme A: 0 x(R3) i NH2 + Cl a NH2 ORANR2 R3
NH b N—d————N—x{R3}——N Ly ] P A00224]—Reaction-of |
and ii|(step a) GenpgndK2CO03 and gﬁﬁ%r under refl ux Compuid i ons, and mpd
subseqpent—tTeatmemt—wth 5% aqg-Na{OH under—reftux—condirttons—yrefds
internediate iii. Reaction of ipterinediate iii with POC13 to genefate the
4-chl ofo compound, andcsubsequent rleactjion with i) N, N-dimethylan|line in
benzene under reflux [conditions;|ii)} BBr8, CH2Cl2, -78 C, and iii) RUR2NH,

in THF[ CH2C12 at ro tenperaturg yilelds|the desired ptoduct |A.
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[ 00225] Schene B: Schene B depicts an alternative synthesis for conpounds
of formula A - 395 WD 2004/078733 PCTI US2004/ 006451 O OO lzz~ CH a OH
X(R3) i +wWGR20e/(78®33) NHZ N p 0 O X R3 OH bNH (R3) 2 PNTNS24i006481 P
RNR2 x(R3) / NNRc RB\ NANA v IA [00226] Reaction of i and ii
(step a) using triethylam ne and 1, 4-Di oxane under anbient conditions
yields internediate iii. Reaction of internediate iii (step b) with 0.5M
solution of anmonia in 1,4-Di oxane, triethylam ne and BOP reagent was

stirred-at—anbient tenperature for
Cmpd Cmpd

Compound P Compound u

E j |
H 1121 Rl 1123
|
N | (kux FCH}

1122 N 1124
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16h to yield internediate iv. Treatnent of iv with 5% ag. NaCH under refl ux
conditions yields internediate v. Treatnent of v with POCL3 to generate

t he 4-chlwoaoetpsand, and subsequent reaction with i) PRTNsSdéoawodagl anil i ne
i n benzene under reflux conditions; ii) BBr3, CH2Cl2, -78 C;, and iii)
R1IR2NH, in THE/ CH2Cl2 at roomtenperature yields the desired product |A

[ 00227] Schene C. -396 WD 2004/ 078733 PCTI US2004/ 006451 CN O x1R3) ~ + q a

3i\CN/NHAX(R)i/ZNiii OCNORLNR2Z R3\ bNHxI ) i / NH
X(R3) —+—+—R3)—C——N—++—86 " '\' N' efl—v+A—]00228} Reaction—pf i and
ii (step a) usin@omppmiddi ne yi el ds mP mternpdi ate iii Compest ment of i1, |wth
5% aq. [NaOHunder—Teftuox LUIIditIUIIb yi el gs—Tternmediate Tv—ReactTom qf

internediate iv with POC1l3 to genernate fhe 4-chloro conpound, and
subsequent reaction with i) N N
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di rethyl aniline in benzene under reflux conditions; ii) BBr3, CH2Cl2, -78

C and iii) RR2NH, in THE/ CH2Cl12 at roomtenperature yields the desired

product WO 2p@02283 Schenmes D and E bel ow depi ct the symrChast@4mbedal vari ety
of useful anthranilimdes: [00230] Scheme D OO / 0) i H CY H/ NHzZ ii
iii  [00231] Reaction of i (step a) wth chloral hydrate in the presence of
hydroxyl am ne hydrochloride yields isatin ii. Treatment of ii wth basic

hydrogen perOX| de gi ves ||| (step b), useful as shown in Schene D. [00232]
Schenme [E—O6—x(R3)—=a—x(R3)—+— 3 | A—H—NHI2-NoI1—x(R) Té NH2
iii -1397 WO 260up0E8733 PCT/ U%ilw 006451 [OGE&Bc]uncReactl on of ’31’“ step
a) wth Boc anhydride yi el ds T1. [ Sufjsequent —metatattonmof—+—wth

)
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butyl lithiumat |ow tenperature and reaction with CO2 yields the
N-protected anthranilic acid (step b). Boc renoval with TFA yields the
ant hr ani Iwo 20@i/d8738i , useful as shown in Schene E. [00P8zjussohmoasF. O o

NH 2 x(R3) e~N Oa x(R3) ez H10 H2 ii [00235] Reaction of isatoic
anhydrides i (step a) w th agueous ammoni um hydroxi de yields ii, useful as
shown in Schene F. [00236] Schenre G O N2 x(R3) 2 a (R3) ¢ -N"'"Ob x(R3)
i/ iNHNO ri iii C RLLNR2Z ~-Ne x(R3) NC (R3) CJ

Compound Cn;pd Compound Cn;pd
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NCI iii Iv [00237] (step a) i) Traeatment of i in water with AcOH and KOCN
OC to roomtenperature for 24h, and subsequent reaction with ii) NaOH

fol | onwed W9 2a@od8f3scati on with HCL yiel ds internedi at e PCI/USE@kBR645)
Treatment of ii with POC13 and triethyl am ne under reflux conditions

yields internediate iii. (step c) Treatnment of iii wth RIR2ZNH, in

THE/ CH2C12 0C to room tenperature yields internediate iv. [00238] Schene
H - 398 WD 2004/078733 PCT/ U8211114/006451 OCd x(R3) NHa x(R3) \ \ N

| H-O Ne— T R=—N-Re RN ( R3)T——N-o—N—{RB)-H NS 1 A
iv / RI R2 Compound #p Compound I:Ep
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RL RN N\ 3Nex(R3) i/ ~(R5) xX(R1I NN Y NNH vi LI (Rsa) 9
\9 R RI~,. R RLI 2vii NN; CH2)n viii NN (CH2)n 0 fl 0 R [00239]
React i on wb 2000g8188di ate | (step a) with POCL3 gener at epCrhs2@440ad5chl or o
compound ii. Reaction of internediate ii (step b) with RI-NHR2, and Et 3N,
in CH2Cl2 yields amine iii. Reaction of internmediate iii (step c) with an
NH cont ai ning heterocycle, NaH, and THE generates iv. Reaction of
internediate iii (step d) with Li HNMS, Pd2(dba)3, 2-

(di cycl-ehexy)rphoesphinebiphemry—rang THE yH-elds—diamnhe—v—Reaction of
interngdi ate v (Soepunde) Wth a PCE,’;B’ tituted 2, 5-di etnpexyt et r ahydr SR
i n AcOfgenerates vi——ReactT om0 nt er recate—v—(step—f)—wth
CCOCH-(CH2)n CH2-C, Et3N, ang p-i{di oxane generates vii. Reaction of
intermpdiate iii (step«@ wWth alcyclic anhydride, and p-di oxane génergtes

viii. 4 399 aHy
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x(R3)
Viii
~e \

WO 2004/ 078733 PCT/[JS2004/ 006451 [00240] Scheme I: 0 C \ NHa\ N
I/ (R N XR.. b R N RZ,(R3)-,, \ NgH X R' / NARNR
R3 WO 2R4/R8733R -NI Oii " del \ } X--~O O SX R . PCRIN203/0065t+ N, R2
,(R3) x(R3)Ii \ Ny v/ NAA ~NOR
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[ 00241] Reaction of
t r eat mrentwoi20bw/B8r33, CH2Cl 2,
Reacti on of
CH2Cl 2 yields iii.
R N(R') X- S02C1, and Et 3N,

iv OSX, R ..
i nternedi ate
at
nternedi ate ii
Reaction of

R R R..XO N

RNRz NONv CLII

o vl
(step a) wth POCI 3 and subsequent

-78 C generates the 4-ebrarseoodoogeund ii .

(step b) with
internediate iii
in CH2CI 2 generates iv.

(step c) with
Reacti on of

R -NHR2-X(R'')H, and Et 3N,

in

i nternedi ate

iii (step d) with R -S2C1, and Et3N, in CH2Cl 2 generates v. Reaction of

i nt er npdirate T {step e—wth Rcm%&\QCI, atrt— = 3N—-R—CH2E2—or—wi-t-h
phosgene, and R CRm)oXM generates| Vi .| Rea¢tion of i oepeediate iii ep )
with R[COO, Et3N, 1n CHZCIZ generatles vi. Reactiom of Tmnternedrate—
(step g) with electrophiles in the |presgegnce of Et3N (organic hali¢ge
el ectrpphiles) or NaBH(OAc)3 (al fehylde and ketone el ectrophiles) Yiel(ds
viii. 400 WO 20044&\0,7/8"?33 PCTI US2004/ 006451 [ 002429 Schene J: C| R1P
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x(R(/ nJ N(Rsa) N5a) s Q(R~Het g () N1 ~" g OH M=Li, ZnX, MJX R
R f e RRNRR RI\ RR RLNNR2Z N iN5a)Qk | "NR5sa i~N"1R5a)9 x(R NI
/1 (R N IwO20@/7833/ N Y 'ill NR R x x CO2H CONR R  [pO@A%32(0400dadi t i ons:

(a) for MeLi: s-BuLi, TMEDA, THF, -78C; for M=ZnX: i. s-BuLi, TMEDA, THF,
-78C, ii. ZnCl2; for M=MgX: My, THF, reflux. (b) i. RSSR, ii. H202 (n=1) or
KMX4 (n=2). (¢) RR2C=0Q, THF, -78Cto RT. (d) C02, THF, -78Cto RT. (e)
for RlI=H. - 401 WD 2004/078733 PCTI US2004/ 006451 R2NCO, ot hers:
R ROOpH—THE—(F)—+—H2EC=0—+=PBf3; |1+ - —N ac) 2,
PPh3, MeMgBr, THFomm@umd (h) i. 5(8@3; il. ArX (X=Reibmygehn), Pd(PPh )
NaCEt , [totuene, 80 C. (1) . SQCI2,| CHCIZ, 1. RISN(R 3, PU(PPN3| 4,
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CH2dl 2;

ii. RR2NH, THE (k) LiAl H4, THE.

[00246] Schene L: R~ .R2 RIN. R2

R~ .RR NN I \ ~: NNb5a~Nx(RN(nea)9 x(R3)/ N(R)9 a NRSa)4 /
Hal b S(QvO 200407338 a RIN Rz Rl~ R2 RlI~ R2 "N 11 N (Rcras2@4Moc3si N Sa r
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Compound Cn;&pd Compound Cm#pd
H,C H;c
0=S=0 o==sS=0
! y
[ j 1161 ( j 1163
R H
‘ e e}
Hye u N Hye N “y
-
HyC ey
e
CHy
(H/
- NI/‘D\ 1162 1164
‘ K CH,
o
J=o
0,

-385-




1" ~ed12i 2 RNRRINRR~NRN(Rsa) k\ fyN5a ' i \' \ NR5a 3/
NN~ 9/ '"(R)qgq3/ N)gx(R Il ) x(R3) NX(R \-NR' CONR R R HgnMe,
CO2H [O00RO2pos@osmBti ons: (a) For MeLi: s-BulLi, TMEDA, TPHE/US2008/0a545T or
MeZnX: i. s-BuLi, TMEDA, THF, -78 C, ii. ZnCl2; for MEMgX: My, THE,
reflux. (b) i. RSSR ii. H202 (n=1) or KMIO4 (n=2). (c) RIRRC=O THF, -78
Cto RT. (d) €02, THE, -78 Cto RT. (e) for R=H R2NCO others: R R2CQOC1,
THE. (f) i. H2C=O ii. PBr3; iii. RR2ZNH (g) Het-OR, N (acac)2, PPh3,
MeMyBr [T THF, RT. () for Rt=Arytjcq ogeh

B(G\‘E)S, TI . AIX (X—ha: UUCII),

Pd( PPh3) 4, NaOEt Compound)? \/\020049“55’98733 PCTI US20047c008461  t ol uene(,:né‘% C.

for Rlfalkyl: R T, THE -78 CTo[RT.| (i) [i. SOCIZ, CHZCrz; T1. RISI(R3B,

Pd(PPh3) 4, toluene; iii. RRMgX, THE |(j) i|. SOC12, CH2C12; ii. RIR2NH, [THF.

(k) Li A H4, THF\(l) Ar XB( OR) 2, | Pd(JPPh3)[4, NaCEt, toluene, 80 C. [00248]
)

Scheme|lM 5 0 Brj)YO Oa OB\J(R5)Y B-B

DTS =0 Elj

|
H
CHy
o "sc\l,c"s 1165 1167

H.C H

LS

LG

J |
" 1166 N 1168
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| Va)q ~Rsa)q ii iii ORLINRZb RRNR2 BiR5)Y ~\ + x(Ri n(Ra) ~1(R5)Y

(Rea)g NVC ~J RSa IV )g I1Il V [00249] Treatnent of i with ii using
pal | adi unwoabalorgsd conditions (step a) Pd(dppf)Cl2, KeA&r/Uuseev4DhédSO or DMVF
at 84C for 2-6 hours yields internediate iii. Reaction of internmediate il

with intermediate iv using palladiumcross coupling conditions (step b)
Pd(dppf)C12 or (Ph3P)4Pd, K2C03, DN4F: H20 (4:1) under m crowave
irradiation at 170C for 6 m nutes vyi eI ds conpound v. [00250] Schene N

Rl N 2 R1 ! !\\L F\Y)L & Dv ( l\l I—n’)f‘fl“ J } Gf
Compound Cmpd Compound Coopd
# #
Hsc\ Hye
o=s=o0 o=s=0
! \
[uj cu,y 1169 Eﬂj 1171

!
. H o CH
@u ™ eH, /@f‘gu :
e o
Hye N Q Hye TN

Hye
Hye \L’
\ 0=S=0
0=5=0 |
1 N
E j 1170 0 1172
H
3 ),
L L
A
we S ,,f} He u
0 o,y
D
e
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X=0-3 i Y(RS) X=0-3 ii Y(R5) - 403 WD 2004/078733 PCTI US2004/ 006451

[ 00251] Treatnent of i with t-BuLi at -78 C, followed by addition of solid
CO2 and wsOrmooug)78136 room t enperature yi el d carboxyl at e PCT/USh@4madsbDXyl at e
inii can be retained or utilized for reactions characteristic of the
functional group. [00252] Schenme 0: s RL,NR2 s RI'NR2 Brx(\ Na RI:..
(r~ NN (Rsa)g N ~J (Rsa)g x=0-3 i Y(R5) x=0-3 Y(RS) [00253] Palladi um
catal yzed cross coupling of i with the appropriate am ne in toluene (80 C

yi el ds H—10662541—Sechere—P—-H 1 R N—N-O-3—N-O4-a N O ==0Bnu bore
X(R) x(R3) N1 (Rsypoud (R5)Y n C{I%E N, R2 O RI. N R3m@ound C‘gpd
Hye
CH,
O=sS==0
N
() ]
N 1173 . HI,,\ 1175
e
Hye H o CHy
Qg,cu3

N 1174 1176

r ul S S
2 e
ool At
s
Hye oy ‘ R o oy
r
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.OHONa s NO- SOHd 3 NO \Onla X N(RS)Y X( NI/ (R5)Y ii iv [00255]
a) Di benzyl phosphite, DVAP, DI EA, CCl4, CH3CN, 0OCto rt; b) TMSBr, CH2Cl12,
RT; c) HAaoORdé«@m7sMBOH;, d) NaOwve, MeOH, RT. RIN. R2 RI, NPRZ/US200a/08¢4R8) %N OH
X(R3) iNOR N (R5)Vv NI (R5)y [00256] Conditions: (a) R40001, pyridine,
CH2C12, 0 C, then WE. -404-,, WO 2004/078733 PCTI US2004/ 006451 [00257]

Schenme 0: G H2N-R2 HHNR2 x(Ra) i Nfiaa N x(R NAa/ f iii (~Al)
Compound Crgpd
»l,r_‘\wlcu1
C-:SIZQ

)

1177
A\ij
Hye H

-389 -



R~NRaHDb fibl2RNRRNR -Nx(R) ~~~N Nx(R3) V

FTINN ~~\"" +++/J"" 111 fV [00258] Reaction of i withiia or iib (step a),

t r eat mentwoi2bdw/ 78138t hyl am ne in THE/ CH2C12 at room t enperAtseooa/oyi4el ds
conmpounds iii and v respectively. Treatnent of iii (step b) with i) NaH in
THE OC, then reaction with electrophiles at 0OC to roomtenperature yields
conpound iv. [00259] Although certain exenplary enbodi nents are depicted
and descri bed above and herein, it will be appreciated that a conpounds of
t he i nventi-on—can—be—prepared—a ée.Ldi ng p-o—t-he—nethoeds deseri-bed r*e.arally
above |usi ng appr@ompowmtie starting ‘@@leri gl s, and acCwoipoinig to net hggg known
i n t he—art—For—exanpte,—n—certarm enbgdinments;—conpounds—as—descr+bed
hereirn wherein R is hydrogen, land|R2 i|s pyrazolyl, exenplary procedyres
and carrpounds can be found in WO02/226Q7, WO 02/ 22604, WD 02/ 066461, |WO
02/ 22601, WO 02/ 22603, WD 02/ 2208, { WD|02/ 022605, or WO 02/ 22602.

CH, H;C\Nfcﬂl

=2 o
Ha , 1178 u 1180
- ji :l
\&‘.

— —

cH,y

1179 L 1181
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[00260] 5. Uses, Formulation and Adm nistration [00261] Pharnmaceutically
accept abl e conpositions - 405 WD 2004/078733 PCTI US2004/ 006451 [00262]
As di scuswedoaboss3 t he present invention provides conpegmds2eoaabedsar e

i nhibitors of voltage-gated sodiumion channels and/or cal ci umchannels,
and thus the present conpounds are useful for the treatnent of diseases,
di sorders, and conditions including, but not limted to acute, chronic,
neur opat hi c, or |nflannatory pain, arthritis, mgrane, cluster headaches,
t ri gemmal—mneuratgta—herpetie rm'r | gi & las, epilepsy or
epi | epgy condi ti diesipountheur odegene %?Hve C|sorders QEypedadat ri c dlsopﬁ S
such ag anxiery and depressiom—1yotoni a,—arrythma—Hoverent—ei-sardes s,
neur oendocri ne di sorders, ataxia, rmultiplle sclerosis, irritable bgwel
syndrone, and incontinence. Accor|di ngly, |in anot her aspect of the gresent
inventiion, pharnaceutically accgptabl e gonpositions are provided, [wherein
these g¢onpositions, conprlse any |of the ¢onpounds as descri bed herdgin, |and
optionally conpr a pharmaceutifcal |y 4qcceptable carrier, adjuvarlt of
vehicle. In certajnlenbodi nents, |these conpg oNns optlonall f ur|t hej

conpri $e one or gLf addi ti onal therapeutic nts. [00263] IE*will] al $0 be
AT '~x'hﬁgﬁhuﬁan gﬁ#st
|& harfraceut i @
T

apprecilated t hat tain of the cg&gaunds of

infreé formfor| truatnent or W appropri ate,

accept abl e der ivakj- . #*her eof . Accoftding to the i nvention,| a
phar mageuti cal | ceptabl e deriVatiye infcludes, is not Iimitdd t o,
phar mageut i cal | y*acceptabl e saltg, esterg, salt&of Such esters, or] any
ot her jadduct or derivative which uppn adm nistration to a patient |in need
i s capabl e of providing,

CJ

1185
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directly or indirectly, a conpound as otherw se described herein, or a
netabolite or residue thereof. [00265] As used herein, the term

"phar nacewvi2o@ld7g73accept abl e salt” refers to those sal t CwhiSedn4/006461 W t hi n
t he scope of sound nedical judgenent, suitable for use in contact with the
ti ssues of humans and | ower animals w thout undue toxicity, irritation,
allergic response and the |like, and are commensurate with a reasonabl e
benefit/risk ratio. A "pharmaceutically acceptable salt" means any
non- t oyx+e—satt—or—salt—of—an est“' "‘ a eonpound—of—thts—nvention é#ﬁ?,
upon admi ni st r aChopourd a reC|p|eﬁ? i s tapabl e of Gompwindli ng, eithery
di rect fyor inditTectty, a compound-—of thirs Tnventiom or am i bitoritiy
activejmetabolite or residue theneof| As|jused herein, the term
"inhibjtorily active nmetabolite ¢r residie thereof” neans that a mgtabplite
or res{due thereof is also an inhibjtor|of a voltage-gated sodi umfi on
channe| or cal cium channel. [00265] Pharpaceutically acceptable sallts are
wel | khown in thg:arQM}For exanplle, S. M Berge, et al. describe
phar mageutical |y adbeptable saltsg inl detail in J."ﬁhawﬁﬁceughcal Sg¢i enges,
1977, 66, Incl9,. rporated her¢i n py reference. Phar ically
accept abl e sal f “the ™ 406 V[)§$$4/073733 P 4/ 451 COHP@$1dS
of this invent : jert ved {rom sui eﬁin gani ¢ and jani ¢
aci ds and bases. Exanp of pharmageutically accept'ab
additi pn salts are salt f an amnp group formed with imorganic acid
such a$ hydrochloric acid, hydrobrom c acid, phosphoric acid, sulflur
acid apd perchloric acid or with|organic|acids such as acetic acid,| o
acid, pmaleic acid, tartaric acid,| cifric|acid, succinic acid or nalloni
acid or by using other

alic

CI X0 UJ

OH

1187 1189
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met hods used in the art such as ion exchange. O her pharnmaceutically
acceptabl e salts include adipate, alginate, ascorbate, aspartate,
benzenesuWbanatwwg73benzoat e, bi sul fate, borate, butyratepPCTuB2PROIGSE,
canphorsul fonate, citrate, cycl opentanepropionate, digluconate,
dodecyl sul fate, ethanesulfonate, formate, fumarate, glucoheptonate,

gl ycerophosphat e, gluconate, hem sul fate, heptanoate, hexanoate,
hydroiodide, 2-hydroxy-ethanesu|fonate, | act obi onate, lactate, |aurate,

e |
Iauryl DUIIGLC, HnIaLC, frareate; .ﬁhanat,, ucthancsulfcnate,

2- napht hal enesul fGomequed nlcotlnate# nitnate, ol eat@mpandl at e, paIn?ﬁ%ﬁe,
panoat & pectinate, persutfate, 3-phenyl propronate, phosphate,—pirarate,
pi val ate, propionate, stearate, succ|nate, sulfate, tartrate, thioqyanate,
p-tol u¢gnesul fonate, undecanoate, valerafe salts, and the |ike. Saljts
derived from appropri ate bases inclugde allkali netal, alkaline earth ngtal
anmoni im and NF(Cl1. 4al kyl )4 saltg. This ifnventio 0 envisions tlhe
quaternlzatloq)of any basi c nitraggentcontai ni ng ps of the conpqund$
di scl o$ed h Ater or 0|I-<oluble or di spers#bl €products may be
obt ai ne¢d by suc At erni zation. | Representative ;,kali or alkaling earth
metal salts incluge spdiwn |ithi gg pot assi um alq um nagne5|urq and
the |ike. Fu?phg ha ;-,.-utically1 ccepfabl e s ;::ﬁ: when [1192
approptiate, | ngntoxic ni um [quafernary an um am ne catiops

f or med| usi ng® nterionsesuch ag halide| hydro e, C Oxapl at e, gqulfate,
phosphate, nitrate, |oweral kyl sulfopate|land aryl, sul fonate. [00266] As
descri bed above, the pharnaceutig¢al |y acg¢eptabl e cyhpositions of the
presenf{ invention additionally ¢onprisela pharnmacéutically acceptable
carrief, adjuvant, or vehicle, which, a$ used herein, includes any ang al
sol vents

, diluents, or other liquyid vehi¢le, dispersion or suspengion
ai ds, $uwrface—active agents—i-sotoni agents, thickening or emil siflyi ng
agents

F e} oy o

1191 1193
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preservatives, solid binders, lubricants and the |like, as suited to the
particul ar dosage form desired. Rem ngton's Pharnaceutical Sciences,

Si xt eent hwaadbed/oos733E. W Martin (Mack Publishing Co., EBastusego4@es4s1 1980)

di scl oses various carriers used in fornmulating pharmaceutically acceptable
conpositions and known techni ques for the preparation thereof. Except

i nsof ar as any conventional carrier nmediumis inconpatible with the
compounds of the -407 WO 2004/078733 PCTI US2004/ 006451 inventi on, such as

by pr oduetng—any—undesi+able bi"'ciical se—+htera =9 in
a deljeterious ne&mpemdwi th any F_gr conponent (s) ©fmpoird pharnaceutuﬁ Iy

accept@abte——conposititom,—Ttsuse TS |contenptatedto be wthim the scopge of
this ijnvention. Some exanples of{ materijals which can serve as
pharmgceutically acceptafl e carrjerg include, but are not linmted fo, | ion

exchangers, alumna, al untnum stlearate, |l ecithin, serug1pr9te|ns such as
human |serum al bum n, ffer substances |such as phosphat e gl ycing, gorbic
acid, |or potassiumsorpate, partjal | glyceride nixtuﬁe@xgﬁﬁﬁﬁturated

vegetable fatty acjds water, saltsjor e|ectrolytes, such as protpamne
sul fatle, di sodi um hydrfogen phosphat &, poftassi um hy ogen phosphat e} sddi um

chlori|de, zinc s col | oi dal si&fca, magnesi um trijsilicate, poly%byyl
pyrrolli done, polyadrylates, wax é, pol y 3l rRxyprapyl ene- i &k
pol yrnelr s, mooI‘ wsugars such ps ljacto ‘ },d sjucr ose; Btarfches

such as corn ivati ves such

nd potato stargh; c
as sodi um,ga -

f el lul ose, |ethyl cellul ose and ul ose hcetlat e;
powder led tragacanth , gelatin;| talg; excipients such”as cocop butter
and sujppository waxes; S such| as |peanut oil, cottonseed oil; saffl|ower
oil; sjesame oil; olive oil; corn|oill and] soybean oil; glycols; such a

1195
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propyl ene gl ycol or polyethylene glycol; esters such as ethyl ol eate and
ethyl laurate; agar; buffering agents such as nagnesi um hydroxi de and

al um numwoanoxi7e®s3 al gi ni ¢ aci d; pyrogen- free water; PEOIUSR00d/08&@51 ne;

Ri nger's solution; ethyl alcohol, and phosphate buffer solutions, as well
as ot her non-toxic conpatible lubricants such as sodiumlauryl sulfate and
magnesi um stearate, as well as coloring agents, rel easing agents, coating
agents, smeetening, flavoring and perfum ng agents, preservatives and

ant i oxi n al s ent .in the conposition, according to the
j udgrrem{ﬁgb]s Ffasg’f%?”cﬁﬁtﬁ%ofﬁ’gmses of Conpounds and Pharmaceutically
Accept aiu2g1f0 nnfésdofrﬂpéﬁﬁds[ &S0BRhvenfoy SlayaR0irBfie BRP&SEral By MRAHYAY khwn ttbe

treatment or |essening the severity of acute, chronic, neuropathic, or

i nf | amthese skilleshinghe agt foranglogousepmpawnss, as illasaredrhy thaemer] sghemgdriowsjand
neur al gi re &Rg%kgmggyﬁﬂiemgw general neural gias, epilepsy or epilepsy
conditio neur odegenerati ve di sorders, psychiatric disorders such as
anxi et wma] dauhemsubrbelcwoiepmtsagenemﬂ rophﬂmutbas forothengymthesis safr chenpunds of

neur oendoct i di sorgders a cl er osi Lrrit bI .b I
Syndr o A8 PhEB el WREc FafesiRin teb UE Bl A FrRPARE Habth OpGDIRLY i ¢
neur al gm@denﬁhgb%ﬁz@ylcﬁma@mhwanmil&ui@r pain, sciatica, back pain, head
or neck pain, severe or intractable pain, nociceptive pain, breakthrough
pai n, ﬁMﬁ@ r €sdi n, or cancer pain is provided conprising - 408 WO
2004/ 078733 PCTI US2004/ 006451 adninistering an effective anount of a
conpound, or a pharnace t| | I'y acceptabl @ conposition conprising a
conmpound to a SUbLﬁﬁL—ln neeHthereof -' ai n enbddi nents, a nethod for
the treatnent or the severit ofute —Throntc, neuropathic, or
inflammatory pain is

d — cﬁ

1A
[00224] Reaction of i and ii (step a) using K;CO3 and ether under reflux conditions, and
subsequent treatment with 5% aq. NaOH under reflux conditions yields intermediate iii.
Reaction of intermediate iii with POCI; to generate the 4-chloro compound, and subsequent
reaction with i) N,N-dimethylaniline in benzene under reflux conditions; ii) BBr3, CH;Cl,, -78

OC; and iii) RIRZNH, in THF/CH,Cl, at room temperature yields the desired product IA.

[00225] Scheme B: Scheme B depicts an alternative synthesis for compounds of formula IA:
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provi ded conprising adm ni stering an effective anount of a conpound or a
phar maceutically acceptable conposition to a subject in need thereof. In
certai n ovbenosntesdi nents, a nethod for the treatnent ecTiiss®endaglt he
severity of radicular pain, sciatica, back pain, head pain, or neck pain
is provided conprising adm nistering an effective anount of a conpound or a
phar maceutical ly acceptabl e conposition to a subject in need thereof. In
still other enbodinents, a nmethod for the treatnent or |essening the
severity of severgyor intractable pain, acute pain, postsurgical pain,
back pain, or cancler pain is prowyded conprising adm nistering an

ef fective, anogntydf 0l conpound oyl a pharnaceatically acce gonposi tion
to a subV@ﬁf—Tn/ eed t herteof . C['00¢7 | n -eertabn enp@d of the

pr esent i nvention Miz "effective amduat” of the conpound O NH
pharmaceutical | y acceptable corrpqlsi tion is that anount effectiye @
treating or |essening the severity of one or nore of acute @éhro
neuropathic, or inflamatory pain, arthritis, mgrane, cluster headaches,
trigem nal neural @ a, herpetic neural gia, genetal neural gias, epilepsy or

epi | epsy condity neur odegenerati ve disordeffs, psychiatric disorders
such as @fxiiety anngepressidh, myot oni a ia, novenent disorders,
neur oendocri n ders, -ataxtea, rnﬂﬁ?p'e clerosis, irritable bowel
syndronme, inconti vi sceral pain, ostéoarMhritis pain, postherpetic
neur al gi a, di abéticC new opat hy, radicul ar pq&q%ﬁﬁsghica, back pain, head
or neck pain, severe or intractable pain, noctceptive pain, breakthrough
pai n, postsurgical pain, or cancer pain. [00270] The conpounds and

conpositions, according to the nmethod of the present invention, my be
adm ni stered using any anount and any route of adm nistration effective for

treati ng or o RLN/RZ
X C
X(RS)_: P /NH - X(RS)_: XN
~
v 1A

[00226] Reaction of i and ii (step a) using triethylamine and 1,4-Dioxane under ambient
conditions yields intermediate iii. Reaction of intermediate iii (step b) with 0.5M solution of
ammonia in 1,4-Dioxane, triethylamine and BOP reagent was stirred at ambient temperature for
16h to yield intermediate iv. Treatment of iv with 5% aq. NaOH under reflux conditions yields
intermediate v. Treatment of v with POCl; to generate the 4-chloro compound, and subsequent
reaction with i) N,N-dimethylaniline in benzene under reflux conditions; ii) BBr3, CH;Cl,, -78

OC; and iii) R'R®NH, in THF/CH,Cl, at room temperature yields the desired product IA.

[00227] Scheme C:
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| essening the severity of one or nore of acute, chronic, neuropathic, or
inflammatory pain, arthritis, mgrane, cluster headaches, trigem nal

neur al gi awohes4pesi3de neur al gi a, general neural gi as, epi lpepas2an/oeqs] epsy
condi tions, neurodegenerative disorders, psychiatric disorders such as
anxi ety and depression, nyotonia, arrythm a, novenent disorders,

neur oendocri ne disorders, ataxia, nmultiple sclerosis, irritable bowel
syndrome, incontinence, visceral pain, osteoarthritis pain, postherpetic
neural gi a, diabeﬁic neur opat hyy radicul ar pain, sciatica, back pain, head

or neck ﬁa,n severe or |ntr. table paim n00|cept|v- padM, br eakt hr ough
pain, pé pai r an - 409—WD 200Qd%H-0 B3 PCTI US2004/ 006451

pai n. The exact unt reqU|red vary from subjec t-|5ub'ect
dependi ng on tihe species, ags, and general condition of bj ect, the
severity of the infection, the particular agent, its rbde o

adm nistration, and the |ike. The conpounds of the invention are preferably
formulated in dosage unit formfor ease of adm nistration and uniformty
of dosage. The expression "dosage wunit_fornt' as used herein ngfe&§ to a

physi cal |y dkgcCBte unit of agent appro riate for the patient "IN be
treat ed®-wi]l | be unders tood p@hat t hectotal dail e of the

conpounds a sanposi fions of * Epr |nvenrrUﬂ'mnxm% ci ded by the
attendi ng physi c}a‘ 3 thin the scope u medi cal | udg ? ‘
specific effeltPve dose | evel for any part| -Iar pati ent or organi wi ||

depend upon a variety of factors inclyding the disorder being tkeated and
t he S%Frlty of the disorder; the activity of the specific conpound
enpl oyeW228he Resetor pl al%,cbmf%P 18) BFINE Pytidipe dieldshimteapediateaidy Tveaimgdtt of gener al

heal t hwife39, 3 INGORt urRbr fffix R q? ni.str on, .route of
adri ni S Io0 gtlf'na re eo xe)%clhg{;ﬁs 151'3? 1r¥t%rgleg16€eec e Rea tb%%ﬁﬁtermedlate v
with POC13 to generate the 4-chloro compound, and subsequent reaction with i) N,N-
dimethylaniline in benzene under reflux conditions; i) BBrs, CH,Cl,, -78 °C; and iii) R'R*NH,
in THF/CHCl; at room temperature yields the desired product IA.

[00229]  Schemes D and E below depict the synthesis of a variety of useful anthranilimides:

[00230] Scheme D:

X
X(Ra)—@ SN
NH, =2
i

[00231] Reaction of i (step a) with chloral hydrate in the presence of hydroxylamine

o)

NH,

hydrochloride yields isatin ii. Treatment of ii with basic hydrogen peroxide gives iii (step b),

useful as shown in Scheme D.

[00232] Scheme E:
O

X a R
x(H3)—©\ 2. X(Rf*)—:(l 1 bo _ me Y OH
NH ZSN o N
o H NH;
i i
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enpl oyed; the duration of the treatnent; drugs used in conbination or
coincidental with the specific conpound enployed, and |ike factors well
known i n wbeomedsmal arts. The term "patient", as usedPO®Eruseevd/on@ans an
animal, preferably a manmal, and nost preferably a human. [00271] The
pharmaceutically acceptabl e conpositions of this invention can be

adm nistered to humans and other animals orally, rectally, parenterally,
intracisternally, intravaginally, intraperitoneally, topically (as by

Ffvﬁgeri%?@hﬂ-t :139%?}0? ﬁég P .Weghblgff q'%ﬂﬁl%?@ f&nag&éf‘%agr@?%@@%& o withy ahe

enbodi rgRj %rthlhﬂxeatqgmélﬁﬁé}&uféf arﬁih%adti'&ﬁaﬂtﬁ eo Wﬁ:\ldsbﬁe Qﬂﬁi‘o@c%efdee[nﬁﬁaﬁh@'ah}d or
parenteralL; dosage | evel s of about i to about 50 ng/ kg and

pr ef er dBeY b} rRen ool V?thhﬂj]M( gields th%@mambs aﬂé/nk,glsef@f asshipyvadn Sgheehe Eaei ght
per day, one or nore tines a day, to obtain the desired therapeutic
effect. [00272] Liquid dosage forns for oral adm nistration include, but
ar e not[00234i t eSiclieme F:phar maceuti cal |y acceptabl e enul si ons, m croenul si ons,
sol utions, suspensions, syryps and elixirs. In addition to the active
conmpounds, the |iquid dosag di luents conmmonly
used in the art such as; gxanpl e, awat er Qr r | vents, solubilizing
agents and enuIS|fMBH§‘§y h/gg ethy+—a%eoh6?2 ropyl al cohol, ethyl
carbonate, ethyl acetate; b¢pzyb al cohol , benz b¥zoat e, propyl ene
glycol, 1,3-butylene glygol, dlrnethylfornanlde .oils (in particular,
cottonseed groundnut, corn, germ olive, castor and sesane oils),

gl ycer c[00235q et Redvyidn of isati)uraynhycaidemhcsltep apahﬂﬂtqlnycm nénngdnyen hyddride fydddsyii,aci d

esters of f itan, ﬁl xtures -410 WD 2004/ 078733 PCTI US2004/ 006451
useful as shown in Scheme ‘

forns may contain iner

[00236] Scheme G:

O
9 cl
)
(RH— D OH _a;_b (R _:(‘jL j]\\}-{ b ) XN
NH, A * (AN AN
H N™ ~Cl
i
ii iii
Cl R1\Na

g L L —— w )
X i R®)—+
Z N el A P

iii v
[00237] (step a) i) Traeatment of i in water with AcOH and KOCN 0°C to room temperature
for 24h, and subsequent reaction with ii) NaOH followed by acidification with HCI yields
intermediate ii. (step b) Treatment of ii with POCl; and triethylamine under reflux conditions
yields intermediate iii. (step c) Treatment of iii with R!R®NH, in THF/CH,Cl, 0°C to room
temperature yields intermediate iv.

[00238] Scheme H:
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thereof. Besides inert diluents, the oral conpositions can al so include

adj uvants such as wetting agents, enulsifying and suspendi ng agents,

sweet eni g 20é420781383Nng, and perfum ng agents. [00273] | njpeTtuabooa/006451
preparations, for exanple, sterile injectable aqueous or ol eagi nous
suspensi ons may be formul ated according to the known art using suitable

di spersing or wetting agents and suspending agents. The sterile injectable
preparation may also be a sterile injectable solution, suspension or

emul sion in a nontoxig parenterally acceptabl gydiluent or solvent, for
exanple, as a solutiof in 1,3-butanediol. Anmong the acceptable vehicles and
sol vents that | oyed @are vat ef, i gem s solution, U S. P. and

i sotonic sodF@ﬁ? idébsquTTUNT’IN& A4 'OQJ\steriIe, fixed oils are
conventional |y enpl oyfjd # a sol vent or susperfin§' medium For this

pur pose any bland fixed oil can be enploy%d i ncl udi ng synthetic nono- or

diglycerides. In addition, fattyajgkdé such as oleic acid are used in the

preparation of injectables. [00274] /The injectable formrulations can be
sterilized, for exanple, by filtrafion through a bacteria]-retaining
filter, or by incorporatingRb)e¥i|izing agents in the f oRfy@f* sterile solid
conposi tions which can be disgsolved or dispersed in sterilg water or other

sterile injectable W@ﬁL—- I to use._ [©0275] | 3§EL tONprol ong the
effect of a conpound* hedprgkent invention, itXs dften Mesirable to

sl ow the absorption of the coMpoléhd from subcutaneous or i Mt rafniscul ar
injection. This may be dcconplished by the use of a Wﬁquid suspensi on of
crystalline or anorphous natégrial wth poor water solubility. The rate of
absorption of the compound d hen depends upon its rate of dissolution that,
in turn, may depend upon crystal size and crystalline form Alternatively,
del ayed absorption of a parefterally adm ni stered conpode é@rn1is

acconpl i shed by dissolvingFﬂ\ 2 N
N e (R3) l \N
XN — = <R 5
Uea Y & N//‘\N/‘\/\(R y
N NH2 vi L‘I‘
v RSa
(R™)q
/ \g
R'I\N’RZ RLN,RQ
X XY SN
Fo5 T) AR [
wo L orem e T o
Jd R o R

[00239] Reaction of intermediate i (step a) with POCl; generates the 2,4-dichloro compound
ii. Reaction of intermediate ii (step b) with R;-NH-R;, and Et3N, in CH,Cl, yields amine iii.
Reaction of intermediate iii (step ¢) with an NH containing heterocycle, NaH, and THF generates
iv. Reaction of intermediate 1iii (step d) with LiHMDS, Pdy(dba)s, 2-
(dicyclohexyl)phosphinobiphenyl, and THF yields diamine v. Reaction of intermediate v (step
e) with a substituted 2,5-dimethoxytetrahydrofuran, in AcOH generates vi. Reaction of
intermediate v (step f) with CICO-CH,-(CH2),-CH,-Cl, Et3N, and p-dioxane generates vii.

Reaction of intermediate iii (step g) with a cyclic anhydride, and p-dioxane generates viii.
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or suspending the conmpound in an oil vehicle. Injectable depot forns are
made by formng mcroencapsule matrices of the conmpound in biodegradabl e
pol ynmer s wocho4ag83al yl acti de- pol ygl ycol i de. Dependi ng ®eporustéva/oo@si o of
conpound to polynmer and the nature of the particular polyner enployed, the
rate of conpound rel ease can be controll ed. Exanples of other

bi odegr adabl e pol yners include poly(orthoesters) and pol y(anhydri des).

Depot injectable formulations are also prepared by entrapping the conpound

in lipqg penmul sions that are conpatible with body tissues.
[00276] Cbnp05| for rectal or vaginal admnistration are preferably
supposi tories which 9 be prepared by m xing the conPbunds of this
invention with suit -irritating excipients rriers such as
cocoa butter, pBPyH egcoI Qr_a syppos kROry hich are - 411 WO

2004/ 078733 PCTI US solid at anbient te
body tenperature and \ore nelt in the rectumior

rel ease the active conpound. [00277] Solid dosage f or al

adm ni stration include capsules, tablets, pills, powders, and granules. In
such solid dosage fo?gg gethe active conpound is mAked with at | east one

put |iquid at
cavity and

inert, pharnaceutically acceptable excipient & Larrier such as sodium
citrate or dlcaIC|Uﬂm osphate and/or a) filler/s or extenders such as
starches, | actoseg ‘ gl ucose, mannitol, /and silicic acid, b)

bi nder s sucfp®st T dxanpl e, qgrboxyneﬂhy}%e ul ose, alginates, gelatin,

ponV|nyIpyrroI 2 > and acia, c¢) hunectants such as
gl ycerol, d) d|ﬁ|nteora‘nb‘rnzggﬁfs sﬁthgs agar --agar, cal cium carbonate,

.
l 3t
) N O x(R°) /kO
vi
[00241] Reaction of intermediate i (step a) with POCl; and subsequent treatment with BBr3,
CH,Cl,, at -78 °C generates the 4-chloro compound ii. Reaction of intermediate ii (step b) with
R’—NH-RZ-X(R”’)H, and EGN, in CH,Cl, yields iii. Reaction of intermediate iii (step ¢) with
R’N(R’*)X-SO,Cl, and Et;N, in CH,Cl, generates iv. Reaction of intermediate iii (step d) with
R’-SO,Cl, and Et3N, in CH,Cl, generates v. Reaction of intermediate iii (step e) with R’-CO,Cl,
and Et3N, in CH,Cl, or with phosgene, and R’(R”")XH generates vi. Reaction of intermediate iii
(step f) with R’COCI, Et:N, in CH,Cl, generates vi. Reaction of intermediate iii (step g) with

electrophiles in the presence of Et;N (organic halide electrophiles) or NaBH(OAc)s (aldehyde
and ketone electrophiles) yields viii.
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silicates, and sodium carbonate, e) solution retarding agents such as
paraffin, f) absorption accelerators such as quaternary anmoni um
conmpoundswogpoavEs1sBng agents such as, for exanple, cetyCTalsecahrobésand

gl ycerol nonostearate, h) absorbents such as kaolin and bentonite clay, and
i) lubricants such as talc, calciumstearate, magnesium stearate, solid
pol yet hyl ene glycols, sodium lauryl sulfate, and m xtures thereof. In the
case of capsules, tablets and pills, the dosage form may al so conprise
bufferi ?enéa. !2E278] Solid conpositions of a simlar type may al so be
enployégg%g fi £4n soft and hard- filled gel atin capsul es using such
excipients as |actose or mlk sugar as well as high nolecul g weight

pol yet hyl ene glycgls and the |ike. The solid dosage forns of Tabl et s,
dragees, cap ~nPills, and granules can be prepared wi gt i ngs and

shel |I's SMB% ntg ic coaplngsRangHotheL__QQallngs Werk) “the
phar maceuti ca ONfu ng art. They may optionally contal O ng
agents and can al so be_of a conposition that they release the acti

ingredient(s) onky, or preferentizally, in a certain part of the intestinal
tract, gtlonally, in a del ayed manner. Exanples of enbeddlnb conp05|t|ons
that cd480248] usRexction pidwitly ¢il iy Wishl arorsethsteandlesmamalv avaxiasdiatiGoati 160°C yields
conposﬂﬂﬁ%§nof a simlar type may also be enployed as fillers in soft and
har d-fi d gelatln capsul es using such excipients as |actose or mlk
sugar as well as high nol ecul ar weight polethylene glycols and the I|ike.
[00279] ig; active npounds can al so be in m croencapsul ated formw th one
mor 400 $ noted above. The solid dosage fornms of tablets,
dragees capsules, pills, and gr nulgp can be prepared mnth coatings and

shells such a§\enm%r|c coat|Rﬁ$ rePEase controllin al gs and ot her
coatings we own in the p |caI fornulaﬁﬁmq\art In such solid
5 QY D8 R5a)
R a q
X(Fn )\Q
@ S(O)nFi
a
R1\ /R2
N
XY N XN
S— (RS2 O\)\ 5
~ S q (R )
S g g !
=
M=Li, ZnX, MgX ] . R'
L I

e NG
N N

N N
A e x@ Ny *C )
X ] «(R%)

(L
NRR “CoNRR ~ooH

[00245] Conditions: (a) for M=Li: s-BuLi, TMEDA, THF, -780C; for M=ZnX: i. s-Bul.i,
TMEDA, THF, -78°C; ii. ZnCl,; for M=MgX: Mg, THF, reflux. (b) i. RSSR; ii. H,0, (n=1) or
KMnO; (n=2). (c) R'R’C=0, THF, -78°C to RT. (d) CO,, THF, -78°C to RT. (e) for R'=H:
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dosage forns the active conpound nmay be adm xed with at | east one inert

di luent such as -412 WD 2004/ 078733 PCTI US2004/ 006451 sucrose, |actose or
starch. Swohodiowstye forns may al so conprise, as i s nor nRCTAISa@I00ES1
addi ti onal substances other than inert diluents, e.g., tableting lubricants
and other tableting aids such a magnesium stearate and m crocrystalline
cellulose. In the case of capsules, tablets and pills, the dosage forns
may al so conprise buffering agents. They may optionally contain opacifying

?gSPLZien s) on %ngé Q;Ti?gfgﬁfﬁikigplﬁ 5?6%$¥d¥ﬁhggng%$8?ﬁ§&Eﬁﬁ@%tlnal

tract, JMaMgBy,,TIHFL mrotm ﬁﬂ@mmiermx (B<halpban, Pd(PPR)E MHOH, RERQIOL | ONs
t hat cag; %b 3§g kﬁde pol ymeric substances and wax 0280] Ebsage
forms foér @ (I:2’o Clhandddy nalR)adrA(RPhsty felpens: did. BM@%&&% Dfi- 139Gk,
|nventuggﬁmpglRgg%g[qﬁﬁsqggjﬁgg§h§ﬁ; creans, |otions, gels, powders,

sol utions, sprays, inhalants of patches. The active conponent is adm xed
under sterile conditions with a pharmaceutically acceptable carrier and
any ne resgrvatd ves or buffers as nay be required. Ophthalmc
fornuljﬁﬁﬂuﬁ §81n%]5, and eye drops are al so contenplated as being within
the scope of this invention. Additionally, the present invention

contenpl ates the use of transdermal pajches, which have the added

advant age ofﬁp ¥Pd|ng controlledengvery of a conpouml t k% he body. Such
dosage forns are’ preparedlby di ssol Ji ng or di spensing theNconpound in the
proper mediymiAbsorption enh rease the fl ux

of the conpoufd acros s%ﬁ skiln, - dan be cofjtr by (=¥ her
provi di ng ing pe raﬁb [ ﬁy dlspersRH tNe ﬁ?Pund in a
pol ymer i dix or gel N
/ Hal b S(O)an
y(RY) h
a
1 2
R\N/R 1 1 2
l\ ~N 5a R\N/Rz F%\N/H
. é/ N/ \/(\R )q @KN . C ’ N N ]
- —— a
o ] S | LA e
Het «(R%) | J (R | J
M XR'
M=Li, ZnX, MgX l HO R

et i
f l e d
R1\N,R2 R1\N,RZ
Xy SN j AN
5 XN N
d\ (R %) C(K e !/ . /)\C(Rsa)q

NG (R \’] W)

X NRR Conrm A=A, M,

[00247] Conditions: (a) For M=Li: s-BuLi, TMEDA, THF, -78 OC; for M=ZnX: i. s-Buli,
TMEDA, THF, -78 OC; ii. ZnCly; for M=MgX: Mg, THF, reflux. (b) i. RSSR; ii. H,0, (n=1) or
KMnO; (n=2). (c) R'R’C=0, THF, -78 °C to RT. (d) CO,, THF, -78 °C to RT. (e) for R'=H:
R®NCO; others: R'R*COCI, THF. (f) i. H,C=0; ii. PBr3; iii. R'R’NH. (g) Het-OT¥, Ni(acac),,
PPh;, MeMgBr, THF, RT. (h) for R'=Aryl: i. B(OMe)s; ii. ArX (X=halogen), Pd(PPh;)s, NaOEL,
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[ 00281] As described generally above, the conpounds of the invention are
useful as inhibitors of voltage-gated sodiumion channels or cal cium
channel s,wpneds«n7stsBy N-type cal ci um channels. | n one emrbodisa®an)csshe
conpounds and conpositions of the invention are inhibitors of one or nore
of Nav 1.1, NaVv 1.2, NaV 1.3, NaV 1.4, NaV 1.5, NaVl. 6, NaVl.7, NaVvl.8§,
NaVvl. 9, or CaV2.2, and thus, without w shing to be bound by any particul ar
t heory, the conpounds and conpositions are particularly useful for

treating or VEr, ar d' der
whore SORGERon 0P RYGRRCR bi T T Bore Bithmrb- oo ML R RBroais

NaVl . 3 pd(Eimy, kothend\aly, FEMBX, NEYF. 1)@, SOBY, CHZCLNAR'R?RH, INEIY:, ak)a_,lm Cave. 2 is
inplicated I n the disease conditiony or disorder. Wen activation or
hyper aél A EB{OBE: Rﬂwhd)ml\h@ﬁ toluenga§4 °6. Navi.4, NaV 1.5, NaV 1.6, NaV
1.7, Navl .8, NaVvl.9, or CaV2.2, is inplicated in a particul ar disease,
condition, or disorder, the disease, condition, or disorder may al so be

ref err AD248] aSchethbld¥1. 1, NaV 1.2, NaV 1.3, NaV 1.4, NaVl.5, NaVl. 6,

NaVl .7, NaV 1.8 or NaV 1.9-nedi ated di sease, condi{i,on or disorder” or a

"CaV2. 2- nedi at ed condition or disorder”. Accordingly¥-oin another - 413 WO
2004/ 078883 _RETUS2004/ 00 b ag , theg prese ngent i gro)provi des a

met hod for ting oy les enpn@ severity of a d’sé s&) condition, or
di sorder wh ctivation-OrOhyp ivity of one or no f_.NaV .1, NaVv

1.2, NaV13, V 1.4, NaVl .5, NaV1.6, NaVv 1.7, NaV18,(ﬁ\?§)dl.9, or
CaV2 2 is inplicated in the disease state. [00282] The activity of a
conpound utiliized in this inveniion as an inhibitor ofiiNavi.1, NaV 1.2,
NaVl .3, NaV 1.4, NaV 1.5, NaV 1.6, Navl.7, NaV 1.8, NaVvl.9, or CaV2.2 may

be
RY, .R?
e ;
o y 7N SN o 3 ~N
o, - o < CEB\C ),

(RSa)q
v (RSa)
jii
v

[00249] Treatment of i with ii using palladium catalyzed conditions (step a) Pd(dppf)Cl,
KOAc, in DMSQ or DMF at 84°C for 2-6 hours yields intermediate iii. Reaction of intermediate
iii with intermediate iv using palladium cross coupling conditions (step b) Pd(dppf)Cl2 or
(PhsP)4Pd, K,CO3, DMF:H20 (4:1) under microwave irradiation at 170°C for 6 minutes yields

compound v.

[00250] Scheme N:

R1\N¢R2 R1\NIR2
«(R® a x(R®
N\ N ' N N
N X N
x=0-3 i 5/\/ x=0-3 i e
V(R ) y(R )
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assayed according to nethods described generally in the Exanples herein, or
according to nethods avail able to one of ordinary skill in the art.

[ 00283] Iwocessastssexenpl ary enbodi nents, conpounds of wPhe/tisavenbd4on are
useful as inhibitors of NaV 1.8. In other enbodi nents, conpounds of the
invention are useful as inhibitors of NaVvl.8 and Cav2.2. In still other
enbodi nents, conpounds of the invention are useful as inhibitors of
CaVv2.2. In yet ot her enbodi nents, conpounds of the invention are useful as

R e R A I

phar mage ¥ddne @érﬁpéra%ﬁ@%@élaléh@oxﬁ@t@ﬁpsﬂ‘hé 0aB0:0flaté e iidaf HRNbtaindd SR LutiRFedcRA be
enpl oyed in combination therapies, that is, the conpounds and
pharnaé%ﬁﬁ@@émm?dﬁéﬁéﬂﬂﬁb?%mgﬁﬁﬁbgpﬂpons can be administered concurrently
with, prior to, or subsequent to, one or nore other desired therapeutics or
nedical procedures. The particular conbination of therapies (therapeutics
or prodeeRseks)Sdchemer@®l oy in a conbination reginen will take into account
conpatibility of the deshred t herapeutics and/ or ﬁroc%dures and the
desired therapeutl% e?ﬁe t to be achieved. It wiJ "°’S® be appreciated that
t he therapies nay achi evg a desiregd éﬁV for the sane disorder
(for exanple, aQPLﬁV conpaund gny bé‘aﬂdﬁ ni kit efed concurrently with
anot her agent use 3 e same di sordéf), Xx y achleve
different effects (e.g., cpnt *f any adverse ef f ect s (Ri83ed herei n,
ed to treat or

addi tional thesrap®utic aggﬁrs)that are noryablg adnlnlqh
prevent a particular dis¥ age conditi on, are known'as ° "appropriate for

the di yeem38] OPalle@ph datDyked RAIsH BodpliBRbEPWith Ewappwpﬁmél #in€HEBRERM §80 °C)
addi tional therapeutic agents include, but are not Iimted to: nonopioid

analge§ﬁ@§1(|ndoles such as Etodol ac, | ndonethacin, Sulindac, Tol netin;

napht hXb@isK?“%ﬁné‘iﬁh

—OB
(F%3‘>_(/\(L A F«“’)—qK o =
e

(Rs)y

RL .R2 RL-R
A _bOH g _P-ONa
RY— | N @ oH . N O ONa
G P e G P
T e SN e
R | R

i v
[00255] a) Dibenzylphosphite, DMAP, DIEA, CCly, CH3CN, 0°C to rt; b) TMSBr, CH,Cl,,
RT; c) Hp, Pd/C, MeOH;; d) NaOMe, MeOH, RT.

e a N

(Rs (Rs)y

[00256] Conditions: (a) R4COC1, pyridine, CH,Cl,, 0 °C, then RT.
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sa Nabunet one; oxicanms such as Piroxicam para-am nophenol derivatives,
such as Acetam nophen; propionic acids such as Fenoprofen, Flurbiprofen,

| bupr of ersvOKet4ap8BBen, Naproxen, Naproxen sodi um OxapPaziusomabdssy| at es
such as Asprin, Choline magnesium trisalicylate, Diflunisal; fenamates
such as necl of enam ¢ acid, Mefenam c acid; and pyrazoles - 414 WO

2004/ 078733 PCTI US2004/ 006451 such as Phenyl but azone); or opioid
(narcotic) agonists (such as Codei ne, Fentanyl, Hydronorphone,

Levor phanol , Meperidi ne, Methadone, Morphi ne, Oxycodone, Oxynorphone,

Pr opoxyphene, Buprenor phi ne, Butorphanol, Dezocine, Nal buphine, and
Pentazocine). Additionally, nondrug anal gesic approaches may be utilized
in conjunctlon with adm nistration of one or nore conpounds of the

i nvent i[80257kor Schemee  anest hesi ol ogi ¢ (intraspinal infusion, neura

bl ocade), neurosurgical (neurolysis og2CNS pathways), neugostlnulatory
(transcut aneous el ectri®al nerve EN"nul ati on, dorsaIquﬁunn stinul ation),
physiatric (physicala{ y, orthotic, deV|ces di at helrmy), or psychol ogi c
(cognitive nethgﬂ$rhyp osglp bi of eedbd® E@a { OR \Nnethods)
approaches may al so . Additional ap i erapeuti c agents
or approaches are describe neral |l yain The Merck Manual vent eent h
Edition, Ed. Mark H  Beers and Robert Berkow, Merck Resear Laboratori es,
1999, and the Food and Drug Administration website, Mw.fda.eov, the
entire contents of which are hereby incorporated by reference. [00285] The
anount of additional therapleutR?2c agent present in the conpositions of this
invention will be no @aofe than the anount that would ngrmally be

adm nistered in a conposition b

iib
Rl _R?
N 1 2
R\N,R
s N
N e x(R%) T P
0
v

iv

[00258] Reaction of i with iia or iib (step a), treatment with triethylamine in THF/CH,C], at
room temperature yields compounds iii and v respectively. Treatment of iii (step b) with i) NaH
in THF 0°C , then reaction with electrophiles at 0°C to room temperature yields compound iv.
[00259] Although certain exemplary embodiments are depicted and described above and
herein, it will be appreciated that a compounds of the invention can be prepared according to the
methods described generally above using appropriate starting materials, and according to
methods known in the art. For example, in certain embodiments, compounds as described herein
wherein R! is hydrogen, and R? is pyrazolyl, exemplary procedures and compounds can be found
in WO02/22607, WO 02/22604, WO 02/066461, WO 02/22601, WO 02/22603, WO 02/22608,
WO 02/022605, or WO 02/22602.

[00260] 5. Uses, Formulation and Administration

[00261] Pharmaceutically acceptable compositions
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conprising that therapeutic agent as the only active agent. Preferably the
anount of additional therapeutic agent in the presently disclosed

conposi t iwoxoewd78738ange from about 50% to 100% of the aowarstooroodml |y
present in a conposition conprising that agent as the only therapeutically
active agent. [00286] The conpounds of this invention or pharmaceutically
accept abl e conpositions thereof may al so be incorporated into conpositions
for coating an inplantable nedical device, such as prostheses, artificial
val ves ular grafts, stents and.catheters.., Accordi t he ., present

! Pvont 19803 1 &3 afiiieaSopu. A% Biofihl S B Shie! FrohtpdPintt by i 88

| mpl antgipd 8- FARMi s6 @umCioNBhanhtR Gnd/of SAIE N Hakfels, BR1 MO ERPreseVdRipoandsate
descri bed generally above, and in classes and subclasses herein, and a

car r i epsaful foathedrepirent ebdipengess diserdeiipingrongitionsyigeiude, by not limited AL
aspect chﬂoﬁﬁ‘:, REGREMhic! BY Sidnhath héigeﬁxﬂﬂ'ﬂis', R H@,aa{lﬁexdﬁé/ddﬁ&eg,og{g@gﬁﬂéﬂt h a
conposi'tion’ conprising a conpount of the preSent’ invention as déscri bed
gener ahbwyralzipv derpetid  inaumalgis s esenemt  newrhblglass sepilehsy eon, epilgpsp  canditiens,

sui tabl e fgr coat i ng s%i d igp{]a tag.l e .devi gg. Sui t abl & oat i ngs apd.the
gener aPePPEEAPSIRH H ISPTaErs a PGS SROTART SUEL AR, & dé%pé?sls gdmiyﬂ Ve
Pat ent arrGth@9, Mbvemend dBBRlet:? heuBAdderigd Hisbdders, B aabltiplgSschiésid, iitatde | y
bi oconpati bl e polyneric materials such as a hydrogel

pol ymePRYPLpwidramcarmad ipemjiaense orseareingly. pbepeihery PeRe @‘{) @lséqgsrebbirvﬁaf&w c -
415 y&%?r%éé&l%%l?}sg%cgﬁgtlgi% 360004t prévil W) @R Cbmpbsi@GRt &hnfprisand

m Xt u ereo e coatings nay optionally be tfurther "covered by a

sui t ablmy tapgeatompounts g odéstiilmsin berepo| andacptzmialle sconpaisy et phhamrseioptpl

gﬂgf gglglécépg&gfeccga&i%f)? g\pa% 'of Q/ghiglg.e fneggrtagnoerlngg ntntent(sz,otrﬁ%sreoclcjn?p%sfti Inse %St?onally
further comprise one or more additional therapeutic agents.

[00263] It will also be appreciated that certain of the compounds of present invention can exist
in free form for treatment, or where appropriate, as a pharmaceutically acceptable derivative
thereof. According to the present invention, a pharmaceutically acceptable derivative includes,
but is not limited to, pharmaceutically acceptable salts, esters, salts of such esters, or any other
adduct or derivative which upon administration to a patient in need is capable of providing,
directly or indirectly, a compound as otherwise described herein, or a metabolite or residue
thereof.

[00264]1 As used herein, the term "pharmaceutically acceptable salt" refers to those salts which
are, within the scope of sound medical judgement, suitable for use in contact with the tissues of
humans and lower animals without undue toxicity, irritation, allergic response and the like, and
are commensurate with a reasonable benefit/risk ratio. A “pharmaceutically acceptable salt”
means any non-toxic salt or salt of an ester of a compound of this invention that, upon
administration to a recipient, is capable of providing, either directly or indirectly, a compound of
this invention or an inhibitorily active metabolite or residue thereof. As used herein, the term
"inhibitorily active metabolite or residue thereof" means that a metabolite or residue thereof is
also an inhibitor of a voltage-gated sodium ion channel or calcium channel.

[00265] Pharmaceutically acceptable salts are well known in the art. For example, S. M.
Berge, et al. describe pharmaceutically acceptable salts in detail in J. Pharmaceutical Sciences,

1977, 66, 1-19, incorporated herein by reference. Pharmaceutically acceptable salts of the
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conposition. [00287] Another aspect of the invention relates to inhibiting
one or more of Nav |l .1, NaV 1.2, NaV 1.3, NaV 1.4, NaV 1.5, NaV 1.6, NaV
1.7, NaV wopo4day73t. 9, or CaV2.2 activity in a biol ogi caCT/tsacmploas4or a
patient, which nmethod conprises adm nistering to the patient, or contacting
said biological sanple wwth a conpound of fornmula | or a conposition
conprising said conpound. The term "biol ogical sanple", as used herein,
includes, without limtation, cell cultures or extracts thereof; biopsied

mat erial obtai ned.from.a na |. or extracts t.hereof: and bl ood | ivya,
Tr e, Sombands QEfis e SRTER ik B0 E b readtt R pBSitg ap B ahd ®
[ 00288hasef hiHxiafnpRe dFfphanBacentidily Qcéptabiey nbndoxicNed iddtiodNsdltslard saltadf an 4,
NaV | .5, NaV 1. NaVvl1l. 7, NaVl. 8, V1.9, or CaV2.2 activity in_a

bi ol ogP®ine geawpl Eormed ywih yinotzgnic sacidsy seshy 26 thydmghiosis eacid nBydrabramic Gid: t o

f ' -in:kh 1. . h ) \
one o Bﬁé%gh&%éh Reili, aléﬁli‘% fac?(; gllrfﬁljhlaéhlgﬁc SHfd OIprtch?giaﬁig% RGhYESEh RUiceRE Sicliot

limte e study I on channels In ogl cal and pat hol ogi ca
phenonmexaic aeit ntaleéc acidrtpdiarit dcide cenia heidit suoginiofacidew nsadohici agifl on by bising other

i nhibitors., [00289] In order.that.the ipvention desqgribed rein | be
ror et HEPOEHSE O gpdn hb o 1o pstingg QFBrSRcREl REGRt ShE SRS be
under st@ipgke! Riginate) @S rieate NI3batatdl MRniedbsuliohats] baizbme, bipulfasatoNbytyary ar e
not to be construed as |limting this invention in any manner., EXAMPLES

[ 00290 FAyNTMESCapiorskonpte AR O\ICIIRER argpropipnafen figlprendte: dadgodMiiater anpl e

10 Oeth%ufforulf&@mmate, fumarate, glucoheptonate, glycerophosphate, gluconate, hemisulfate,

heptanoate, hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate, lactate, laurate,
lauryl sulfate, malate, maleate, malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate,
nitrate, oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate, phosphate,
picrate, pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanate, p-toluenesulfonate,
undecanoate, valerate salts, and the like. Salts derived from appropriate bases include alkali
metal, alkaline earth metal, ammonium and N*(Cj.4alkyl), salts. This invention also envisions
the quaternization of any basic nitrogen-containing groups of the compounds disclosed herein.
Water or oil-soluble or dispersable products may be obtained by such quaternization.
Representative alkali or alkaline earth metal salts include sodium, lithium, potassium, calcium,
magnesiuom, and the like. Further pharmaceutically acceptable salts include, when appropriate,
nontoxic ammonium, quaternary ammonium, and amine cations formed using counterions such
as halide, hydroxide, carboxylate, sulfate, phosphate, nitrate, loweralkyl sulfonate and aryl
sulfonate. ‘

[00266] As described above, the pharmaceutically acceptable compositions of the present
invention additionally comprise a pharmaceutically acceptable carrier, adjuvant, or vehicle,
which, as used herein, includes any and all solvents, diluents, or other liquid vehicle, dispersion
or suspension aids, surface active agents, isotonic agents, thickening or emulsifying agents,
preservatives, solid binders, lubricants and the like, as suited to the particular dosage form
desired. Remington's Pharmaceutical Sciences, Sixteenth Edition, E. W. Martin (Mack
Publishing Co., Easton, Pa.,, 1980) discloses various carriers used in formulating
pharmacentically acceptable compositions and known techniques for the preparation thereof.

Except insofar as any conventional carrier medium is incompatible with the compounds of the
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NHZ N1 5 1 2 [00292] In a 2L three-necked round-bottonmed flask equi pped
with an overhead stirrer and reflux condenser, anthranilam de 1 (20.0g,
147 nmol )warndo4posm3ssi um car bonat e (28.4g, 206 -416 WO 2P0Q0ASEN8/HBAS1
PCTI US2004/ 006451 mmol ) was suspended in 1L dry ether and heated to
reflux. o-Anisoyl chloride (32.5g, 191 mmol) was added slowy to the
refluxing mxture. After 3 hours at reflux, the reaction m xture was
allowed to cool to roon1tenperature the et her was renoved under reduced
ressur.e nd th esu n filter shed, with water.
The"r ectirotht 45F e b LiSidilithichuss Fecbpt elanse rfsrgine on
and boidebslerfoat @nRendtoWith Tde rofast b&ﬁp&ﬁﬁt(@l lop ek tphaﬁﬁ&buﬁ&n I @&¥ptable
tenperature, then neutralized with acetic acid, upon which quinazilinone 2

was  preoRinesitign.dis uspiskanimpatag o bawithinthaisagpe pf rh[iSr iavension. Semexpmilesof

t 293]
Le i £AREAS WAL UFLALOR pldbimadkRBLRly oo ety i, U 1 0
3H), 5700%®x¢hangdrs]) aluBina, BBinfidym 1¢tharat@ IEci88n,(serui HhroteRis,7 sueh z(sg%ur?d;b se;ffm? 80

1
", gttt Spshiles sogh Ipornabes 2 S0re B33 oP patabain SObAE BSG 41
5132. 13lydeiidd .m@idturds of Batdvated Ybgotdtle fhityl adidd,2walr, 1&lts & BleéitolytBdiQuch ~Y (")

N-"~ 6pr'<')ga:nt1)ne sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate, sodium
chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone, polyacrylates,
waxes, polyethylene-polyoxypropylene-block polymers, wool fat, sugars such as lactose, glucose
and sucrose; starches such as corn starch and potato starch; cellulose and its derivatives such as
sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate; powdered tragacanth;
malt; gelatin; talc; excipients such as cocoa butter and suppository waxes; oils such as peanut oil,
cottonseed oil; safflower oil; sesame oil; olive oil; corn oil and soybean oil; glycols; such a
propylene glycol or polyethylene glycol; esters such as ethyl oleate and ethyl laurate; agar;
buffering agents such as magnesium hydroxide and aluminum hydroxide; alginic acid; pyrogen-
free water; isotonic saline; Ringer's solution; ethyl alcohol, and phosphate buffer solutions, as
well as other non-toxic compatible lubricants such as sodium lauryl sulfate and magnesium
stearate, as well as coloring agents, releasing agents, coating agents, sweetening, flavoring and
perfuming agents, preservatives and antioxidants can also be present in the composition,

according to the judgment of the formulator,

[00267]  Uses of Compounds and Pharmaceutically Acceptable Compositions

[00268] In yet another aspect, a method for the treatment or lessening the severity of acute,
chronic, neuropathic, or inflammatory pain, arthritis, migrane, cluster headaches, trigeminal
neuralgia, herpetic neuralgia, general neuralgias, epilepsy or epilepsy conditions,
neurodegenerative disorders, psychiatric disorders such as anxiety and depression, myotonia,
arrythmia, movement disorders, neuroendocrine disorders, ataxia, multiple sclerosis, irritable
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, or cancer pain is provided comprising
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[ 00294] Qui nazolinone 2 (20.0g, 79.3mmol) was suspended in 500 nL dry
benzene in a 1 L round-bottoned flask equi pped with a refl ux condenser.
N, N- Di metwol2anizi7si3gae (14.4g, 119 mol) was added and t lreTrisa@iiooddsnas
refluxed for 30 m nutes under nitrogen. Upon cooling to roomtenperature,
phosphorus oxychloride (12.2 g, 79.3 mol) was added and the reaction

m xture was then refluxed for an additional 3 hours under nitrogen. The

m xture was cooled to roomtenperature, poured over ice, and neutralized |
with s a sodi Lum i car bon hen e tracte
Four ¢ MoHRGE(ng B FOMSE Snoil R S 3imaPRh Sop pitmaRiulCitarigye cahagsiicn
nagnesi sompsiginkat @mpouthd & £6ubjéudth f@AaREESRAIAGeitiin \CabABinicdtsR 2 hedtidSior Beown
solid. The resulting 4-chloroquinazoline 3 was purified via flash

chr orat BEHEBEHYPL( lﬁﬁf%ngtaﬁéévef%%f %P@hlcmt%amy‘fht% o&f INHAPMatErY; PR3l 3

?S ﬁl\/éel%ﬂc)%\é%@ QJ)lhgnsng)Qc?rﬁﬁlstérgg'\%%fg%ﬁgeg%lgﬁﬁtzofzggmﬂ Ju?lged}tal_gﬂ%qéh%ﬁﬂéan?gm n,

a;coqp_[al:(lmorgpq;smog tq a8@bj ¢ehin hedd, th&edf 915 cérigin dier exBbodimeints  dmethbil forS

.50, ey PSRNy b BT AL b 8 1

(s), S pbdv.id5 I(Odl)ded 8cohzftistily (adininiSterd@? . ah0 eff8)tive8 ahdbnt2®f () condpobhd - di6 a( S) ,

S 158 ]h%n'ga eutlcally acc(e)gta le) bOII?pOjé%IZODSE%O (a? )subjce:lct |}l1|1 nee|<\il %l)lelr\leol’z"lo/@ InNstfll 4other
embodiments, a method for the treatment or lessening the severity of severe or intractable pain,
acute pain, postsurgical pain, back pain, or cancer pain is provided comprising administering an
effective amount of a compound or a pharmaceutically acceptable composition to a subject in
need thereof.
[00269] In certain embodiments of the present invention an "effective amount" of the
compound or pharmaceutically acceptable composition is that amount effective for treating or
lessening the severity of one or more of acute, chronic, neuropathic, or inflammatory pain,
arthritis, migrane, cluster headaches, trigeminal neuralgia, herpetic neuralgia, general neuralgias,
epilepsy or epilepsy conditions, neurodegenerative disorders, psychiatric disorders such as
anxiety and depression, myotonia, arrythmia, movement disorders, neuroendocrine disorders,
ataxia, multiple sclerosis, irritable 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, or cancer
pain.
[00270] The compounds and compositions, according to the method of the present invention,
may be administered using any amount and any route of administration effective for treating or
lessening the severity of one or more of acute, chronic, neuropathic, or inflammatory pain,
arthritis, migrane, cluster headaches, trigeminal neuralgia, herpetic neuralgia, general neuralgias,
epilepsy or epilepsy conditions, neurodegenerative disorders, psychiatric disorders such as
anxiety and depression, myotonia, arrythmia, movement disorders, neuroendocrine disorders,
ataxia, multiple sclerosis, irritable 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, or cancer
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[ 00296] A 500 rnL two-necked round-bottoned flask equi pped with an addition
funnel was charged with 4-Chl oroqui nazoline 3 (5.00 g, 18.5 mmpl) and 80
mL dry diwbl2oedmTetsBane under nitrogen. The m xture wasPcoaiSea4ios4s78 C and
92 nL of 1M boron tribromde in dichloronmethane was added dropw se via the
addition funnel. The cooling bath was renoved and the reaction allowed to
stir for three hours at roomtenperature. The m xture was then cooled to O
C and slowy neutralized mﬁth sat ur at ed aqueous sodi um bi car bonat e,
extracted 3., tine i chl.or.anet h conbj ned..or I ¢ _sol utions
r e Ut R ST ce bbb S VoL B sk b RGP dePEuriTh 85 B st

yel | ow age) drd. cehbral c@RlitthhcofWBs sitsjedtPihk et of HROnfedtich) thérgmﬂtular doedf, Mits

THE/ CH2C12, %en treated with 2 Mdi methl yanine in THE (4 92.5

m nol ) .moderqf admirgstratian. and the ke thhe\ﬁa@psa@%@ééwuamwn me@rqbbe’émalétedt he

residu , S
ot ut o8t bhi? R BELIE SR it B0 B (aREmAD Sr UELEL TR Meplelforf S
sol uti omg fean'eascused diemmetlefamgneplhysmaﬂm Idfsa;te&z utfii oft agemtchppeoptiiatedioc thetpatiered i n

ato lid cr talllz n from.et hanol .gave 2. 61 39

vor | ow SESSreRfe Raviibe' iaseBe Rodien iR vl 5 Baes o PEemppint i
2.59m ﬂ:,ombbblﬁuﬁ c(f mseﬁ&ﬁ&t{oﬁ)wﬂl b'éaeélaec(lﬁy th® bﬁtendﬁlg%l‘@f&dﬂﬂlw@ﬂiﬂ the 8cope3d
(m 1H), 7.46 1H), 8.43 (d, 1H);
13C NVRE( M@b)m@wg]l J'Gtgmeﬂsﬂw SPefoIF 1f§ect1msiozﬁs le\fﬂ@rg?ny lezucvlar pag@t 165,
126. 51, é.(gﬁ%sn? 6 3 [ ] HC1
salt: 1or e ﬁlyﬂl ]d%ﬁexﬁNulf_'quoé; {v:clu%eNty #‘fgfapc%rs/ 111%1%&%% s thd Afbofdbr b%ﬁl% Pehted SRR

severity of the disorder; the activity of the specific compound employed; the specific

composition employed; the age, body weight, general health, sex and diet of the patient; the time
of administration, route of administration, and rate of excretion of the specific compound
employed; the duration of the treatment; drugs used in combination or coincidental with the
specific compound employed, and like factors well known in the medical arts. The term
“patient”, as used herein, means an animal, preferably a mammal, and most preferably a human.
[00271] The pharmaceutically acceptable compositions of this invention can be administered
to humans and other animals orally, rectally, parenterally, intracisternally, intravaginally,
intraperitoneally, topically (as by powders, ointments, or drops), bucally, as an oral or nasal
spray, or the like, depending on the severity of the infection being treated. In certain
embodiments, the compounds of the invention may be administered orally or parenterally at
dosage levels of about 0.01 mg/kg to about 50 mg/kg and preferably from about 1 mg/kg to
about 25 mg/kg, of subject body weight per day, one or more times a day, to obtain the desired
therapeutic effect.

[00272] Liquid dosage forms for oral administration include, but are not limited to,
pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, syrups and
elixirs. In addition to the active compounds, the liquid dosage forms may contain inert diluents
commonly used in the art such as, for example, water or other solvents, solubilizing agents and
emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl
alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, dimethylformamide, oils (in
particular, cottonseed, groundnut, corn, germ, olive, castor, and sesame oils), glycerol,

tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and mixtures
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4 5 -418 WD 2004/ 078733 PCTI US2004/ 006451 [00299] A 250 nL round-bottoned
flask was charged with quinazoline 4 (1.0 g, 3.8 mmol), [100OM dry ether,
11 i dr ywoebkizo1e133 t hen seal ed with a septum and pl ace®@cCirrusaogoni4sat or
with the bath tenperature at 43 C. Upon conplete dissolution of 4, 2 M
ethereal HO solution was added (1.9 nm, 3.8 mml), causing i medi ate
precipitation of 5. The solvent was renoved in vacuo, and the salt tw ce
re-suspended in dry ether, concentrated, and dried in vacuo. After drying

0T A SR L BBl S ISR, AP BORE SR
6H) , S a@elﬁa epMlsifyig, andSugpeﬁ&ng dgenid‘&we@en]né?la(xcbﬁnglhﬁd pe‘ﬁfuﬁuﬁﬁaé_dﬁts 1H), S

7.96 gﬁj S 8.05 (d, , 8.8.20 (d, 1H 8.35 (d, 1H); 13C NWR
(DvsO) [ n§0247 37InJeﬂableorreP@1a7lonsa forg exemnpla, fteeb lm%ahﬂs aquoqus,@r  olgaginops

27 (o WOy Ay B Mmul Ehoreh o e S Or s BRA: Sp e SRR
4- Q mgemte ancEsu,sNemdu(g ageQts/ TF@SIeNelZn}bctable pRd¢pafativh nay dlso e a sterile injectable

solution, suspension or emulsion in a nontoxic parenterally acceptable diluent or solvent, for
example, as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents that may
be employed are water, Ringer's solution, U.S.P. and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally employed as a solvent or suspending medium. For
this purpose any bland fixed oil can be employed including synthetic mono- or diglycerides. In
addition, fatty acids such as oleic acid are used in the preparation of injectables.
[00274] The injectable formulations can be sterilized, for example, by filtration through a
bacterial-retaining filter, or by incorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved or dispersed in sterile water or other sterile injectable
medium prior to use.
[060275] In order to prolong the effect of a compound of the present invention, it is often
desirable to slow the absorption of the compound from subcutaneous or intramuscular injection.
This may be accomplished by the use of a liquid suspension of crystalline or amorphous material
with poor water solubility. The rate of absorption of the compound then depends upon its rate of
dissolution that, in turn, may depend upon crystal size and crystalline form. Alternatively,
delayed absorption of a parenterally administered compound form is accomplished by dissolving
or suspending the compound in an oil vehicle. Injectable depot forms are made by forming
microencapsule matrices of the compound in biodegradable polymers such as polylactide-
polyglycolide. Depending upon the ratio of compound to polymer and the nature of the particular
polymer employed, the rate of compound release can be controlled. Examples of other
biodegradable polymers include poly(orthoesters) and poly(anhydrides). Depot injectable
formulations are also prepared by entrapping the compound in liposomes or microemulsions that
are compatible with body tissues.
[00276] Compositions for rectal or vaginal administration are preferably suppositories which
can be prepared by mixing the compounds of this invention with suitable non-irritating

excipients or carriers such as cocoa butter, polyethylene glycol or a suppository wax which are
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[00302] 2-(2- Met hoxy-benzoyl am no)-4-trifluoronethyl-benzoic acid

2- Am no-4-trifluoro- benzoic acid (3.84qg,18. 73nmpl ) was di ssol ved in 30nmL
dry 1, 4- Dvoxemen7818| owed by the slow addition of O Ani goyluseéondsde
(3.3nl, 24.35mmol), then triethylarnine (7.851., 56.199mrnol) and stirred
under a nitrogen atnosphere at roomtenperature for 2 hours. Solvent was
renove under reduced pressure and organic was partitioned between water

and Et OAc and the pH was adjusted to 3 with HO. Organic | ayer was
of f white

ar at ri over S filfere nd concent,rated to an
Sorre ™ sBlla o b Bin bR Bt d ey B NG RSBt Rl s SRR | e
3.58 maghiabsavitCaRdte@aldile aftdle comibind. NF4 BOP, Et3N F3C | NH P 0O rt, 16h O

OO0 \ -419 WD 2004/ Q78733 PCTI US2004/ 006451 [00303] _

2-(2- Ne[bﬂ%%? - beplbgesass ox erat pdpinisiration incha £apsules. blets, pillsh psoyders,

b | ani s ' C _ <

Suspendag B Ll e O o R0 A gt emixed y ok Wners
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tenperature for 16 hours. The

e b, R et B R LG Sl SR
acid, b) binders such as, for example, carboxymethylcellulose, alginates, gelatin,
polyvinylpyrrolidinone, sucrose, and acacia, c) humectants such as glycerol, d) disintegrating
agents such as agar--agar, calcium carbonate, potato or tapioca starch, alginic acid, certain
silicates, and sodium carbonate, e) solution retarding agents such as paraffin, f) absorption
accelerators such as quaternary ammonium compounds, g) wetting agents such as, for example,
cetyl alcohol and glycerol monostearate, h) absorbents such as kaolin and bentonite clay, and 1)
lubricants such as talc, calcium stearate, magnesium stearate, solid polyethylene glycols, sodium
lauryl sulfate, and mixtures thereof. In the case of capsules, tablets and pills, the dosage form
may also comprise buffering agents.

[00278] Solid compositions of a similar type may also be employed as fillers in soft and hard-
filled gelatin capsules using such excipients as lactose or milk sugar as well as high molecular
weight polyethylene glycols and the like. The solid dosage forms of tablets, dragees, capsules,
pills, and granules can be prepared with coatings and shells such as enteric coatings and other
coatings well known in the pharmaceutical formulating art. They may optionally contain
opacifying agents and can also be of a composition that they release the active ingredient(s) only,
or preferentially, in a certain part of the intestinal tract, optionally, in a delayed manner.
Examples of embedding compositions that can be used include polymeric substances and waxes.
Solid compositions of a similar type may also be employed as fillers in soft and hard-filled
gelatin capsules using such excipients as lactose or milk sugar as well as high molecular weight
polethylene glycols and the like.

[00279] The active compounds can also be in microencapsulated form with one or more
excipients as noted above. The solid dosage forms of tablets, dragees, capsules, pills, and
granules can be prepared with coatings and shells such as enteric coatings, release controlling

coatings and other coatings well known in the pharmaceutical formulating art. In such solid

dosage forms the active compound may be admixed with at least one inert diluent such as
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wat er. The desired product was dried on the |yophilizer for 24h. Recovered
3.89 as a white solid. LM (10-99%9 MZ 339.1, retention tinme 2.93

m nut es. VOONBIRY/O873B3C NH 5% ag. NaCH el ,.~ NH QJ,, b 1- 1PCTARRE@D4/08435F3C O

[ 00304] 2-(2-Methoxy-phenyl)-7-trifluoronethyl-3H quinazolin-4-one

2- (2- Met hoxy- benzoyl am no)-4-trifluoronethyl -benzam de (3.8g, 11.24mmmol)
was suspended in 145mL 5% aqueous NaOH sol ution then refluxed fro three
hours at 1200 The reaction was cooled to room tenperature and adj usted to

H4c desire uct to ec te fromsol ution

Col | ecriton BB e 0B adsabe) iy wY ofte] o Msctsopmpl practice, "

| yophi Iadﬂﬂfonﬁlcn’ub&diibes Wit than $idr @lludntéPe.g.( tilating l16brickhhis Mbd OiHer &d¥etinMadds
321.1, retention tinme 3.25 mnutes. [00305]. Synthesis of
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reacti ur ed ver 2L of ice and_.the product forned a precipitate.
The pr gﬁﬁ%@i ﬁosage orms for topical or transdermal Fgldmmlstra’uon of a com%ound %f this

invention include ointments, pastes, creams, lotions, gels, powders, solutions, sprays, inhalants
or patches. The active component is admixed under sterile conditions with a pharmaceutically
acceptable carrier and any needed preservatives or buffers as may be required. Ophthalmic
formulation, eardrops, and eye drops are also contemplated as being within the scope of this
invention. Additionally, the present invention contemplates the use of transdermal patches,
which have the added advantage of providing controlled delivery of a compound to the body.
Such dosage forms are prepared by dissolving or dispensing the compound in the proper
medium. Absorption enhancers can also be used to increase the flux of the compound across the
skin. The rate can be controlled by either providing a rate controlling membrane or by dispersing
the compound in a polymer matrix or gel.

[00281] As described generally above, the compounds of the invention are useful as inhibitors
of voltage-gated sodium ion channels or calcium channels, preferably N-type calcium channels.
In one embodiment, the compounds and compositions of the invention are inhibitors of one or
more of NaV1.1, NaV1.2, NaV1.3, NaV14, NaVl.5, NaVv1.6, NaV1.7, NaV1.8, NaV1.9, or
CaV2.2, and thus, without wishing to be bound by any particular theory, the compounds and
compositions are particularly useful for treating or lessening the severity of a disease, condition,
or disorder where activation or hyperactivity of one or more of NaV1.1, NaV1.2, NaV1l.3,
NaV1l.4, NaV1l.5, NaV1.6, NaV1.7, NaV1.8, NaV1.9, or CaV2.2 is implicated in the disease,
condition, or disorder. When activation or hyperactivity of NaV1.1, NaV1.2, NaV1.3, NaV1.4,
NaV1.5, NaV1.6, NaV1.7, NaV1.8, NaV1.9, or CaV2.2, is implicated in a particular disease,
condition, or disorder, the disease, condition, or disorder may also be referred to as a “NaV1.1,
NaV1.2, NaV1l.3, NaV14, NaV1l.5, NaV1.6, NaV1.7, NaV1.8 or NaV1.9-mediated disease,

condition or disorder” or a “CaV2.2-mediated condition or disorder”. Accordingly, in another

-413 -



coll ected by vacuumfiltration and dried for 3 days to produce the desired
product a fluffy tan solid. Recovered 92. g 91%yield. LC M5 (10-99% WZ
267. 2, rewvenveanstsdme 3.34 mnutes. - 420 WO 2004/ 0787B8TRSTIWS2A8Y/ 006451
OOFFOFI j OH 1151 N2 HNHZ Il iii N\ O O _ 6M NaCH 30% H202 NH
O- NHEOH rt toreflux, 3h N O [00307]

2- (2- Met hoxy- phenyl ) - 7- met hyl - 3H qui nazol i n- 4-one N-(2- Cyano-5-net hyl -
phenyl ) - 2- met hoxy- benzam de (47.0g, 176.5mml) was suspended in 1L of

Then & 3850oar Bral mbR a0t ipfthof sV AMIER IR e Behbl  50lh)

hours, crond:ltled oodisoden tvherpedctivation @rityppradtied of eie a;nnmqajaf NawliuneNavaf.2,i ce.

cof utt oV DEFEL RS YL8 el 2oNekiTh, NS Rl Bl Eiefised i e on

the | yansdatd #ge. for 24h. 22.4g, 48%

[00282] The activity of a compound utilized in this invention as an inhibitor of NaVl.1,
NaV1.2, NaV1.3, NaV14, NaV1l.5, NaV1.6, NaV1.7, NaV1l.8, NaV1l.9, or CaV2.2 may be
assayed according to methods described generally in the Examples herein, or according to
methods available to one of ordinary skill in the art.

[00283] In certain exemplary embodiments, compounds of the invention are useful as
inhibitors of NaV1.8. In other embodiments, compounds of the invention are useful as inhibitors
of NaV1.8 and CaV2.2. In still other embodiments, compounds of the invention are useful as
inhibitors of CaV2.2. In yet other embodiments, compounds of the invention are useful as dual
inhibitors of NaV1.8 and a TTX-sensitive ion channel such as NaV1.3 or NaV1.7.

[00284] It will also be appreciated that the compounds and pharmaceutically acceptable
compositions of the present invention can be employed in combination therapies, that is, the
compounds and pharmaceutically acceptable compositions can be administered concurrently
with, prior to, or subsequent to, one or more other desired therapeutics or medical procedures.
The particular combination of therapies (therapeutics or procedures) to employ in a combination
regimen will take into account compatibility of the desired therapeutics and/or procedures and
the desired therapeutic effect to be achieved. It will also be appreciated that the therapies
employed may achieve a desired effect for the same disorder (for example, an inventive
compound may be administered concurrently with another agent used to treat the same disorder),
or they may achieve different effects (e.g., control of any adverse effects). As used herein,
additional therapeutic agents that are normally administered to treat or prevent a particular
disease, or condition, are known as "appropriate for the disease, or condition, being treated". For
example, exemplary additional therapeutic agents include, but are not limited to: nonopioid
analgesics (indoles such as Etodolac, Indomethacin, Sulindac, Tolmetin; naphthylalkanones such
sa Nabumetone; oxicams such as Piroxicam; para-aminophenol derivatives, such as
Acetaminophen; propionic acids such as Fenoprofen, Flurbiprofen, Ibuprofen, Ketoprofen,
Naproxen, Naproxen sodium, Oxaprozin; salicylates such as Asprin, Choline magnesium

trisalicylate, Diflunisal; fenamates such as meclofenamic acid, Mefenamic acid; and pyrazoles
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yield. LG M5 (10-99% M Z 267.0, retention tine 2.54 m nutes.
5-Fltdoro-4-nethyl-antliranilic acid [00308]

2- Am no- 5wol2oewos7s3 et hyl - benzoi ¢ aci d. Chl oral hydr at e PCTAISg)04i00EIS1
dissolved in 1 L water and subsequently 1 kg Na2SO4, 94.1 g H2NOH HO , and
51.3 g 4-fluoro-3-nethyl aniline in 250 ntl 5% aq. HO were added. The
suspensi on was heated to boiling and kept boiling for 1 mnute. After
cooling down to roomtenperature, the solid vvas filtered off and washed

t t.h fter d oernl ht .a unde
v\émcﬁﬁmwwal% %rﬁ%\wﬁo\/\%l ‘érl’?s)w% ﬁglgﬁid v@f“'l‘f%‘f) %@r c%‘?‘* en&?‘&y ’ng.
The 273 @rehogphusts LRV e@hsiol, Waspesidaie] Metmuﬁ@ql/mrpm%@%mcoaénec O)k?ﬁf&pl@h@d
H2S04 at 50C, such_that the tenperature was kept bel ow 75C. After

conpl et Broppxyphengi B}llafﬁnorphf@e,daﬁ%%barmhe Renoging.o nNalhephiest agd t é?e%@cma 15
m NUt eSAddidily, FRRhI hafloNB obobHIul:S TRAIHAN fr cduiifhcBBh Witk UmtfSr AR e

in 2 L of 1ce ter stan |ng our . e re solid
vvas fi lafenedr syede waspmmds ol the innviettior; of ar emarnplle aneslhmaqgle r(haltlyspmah énfagibn,d was

dried unde ac uantitativel
{1 uor o BURLpIERLhHondiery et ph. NP iR, o Bt Geiopaneoun
3-fl UOrdlhcﬁjdaiBh&Wb stigulldtion, Hérs@ doRinh® s@huREEN| p iftGe (PHBicAl Wethp§, Bfthdtzat i ns
(69. 49), was dj.ssol v dinlL 1IN ag. NaCH and sequent | g 100 of 30% aq.
202 weleVisery ctiaths mﬁ)rsesycmle@fs A@O&%vet @ﬁ@@ﬂ%bmn@%ebleﬁve bpgls, ompehavioral
conpl ethQRod) %gﬁia%lﬁé?,nmair NisgThX LG edaS ARGRbRA 4 réﬁ&teu @ﬁér%peﬁﬁ@laléteﬁtg’ Mo Of
gas ceased. WO 2004/ 078733 PCTI US2004/ 006451 © The sol'uti on™was cool ed
to roorAppragies areidescribed gencealyaindllecMeidki Manwdlt &@hamthlEdam iBd. Markl H.The
Pees! Dishe oh@1eBr Aabb! MkE ubarcif AESH. Todd,  dha B Pt nd D'
Administration website, www.fda.gov, the entire contents of which are hereby incorporated by

reference.

[00285] The amount of additional therapeutic agent present in the compositions of this
invention will be no more than the amount that would normally be administered in a composition
comprising that therapeutic agent as the only active agent. Preferably the amount of additional
therapeutic agent in the presently disclosed compositions will range from about 50% to 100% of
the amount normally present in a composition comprising that agent as the only therapeutically
active agent.

[00286] The compounds of this invention or pharmaceutically acceptable compositions
thereof may also be incorporated into compositions for coating an implantable medical device,
such as prostheses, artificial valves, vascular grafts, stents and catheters. Accordingly, the
present invention, in another aspect, includes a composition for coating an implantable device
comprising a compound of the present invention as described generally above, and in classes and
subclasses herein, and a carrier suitable for coating said implantable device. In still another
aspect, the present invention includes an implantable device coated with a composition
comprising a compound of the present invention as described generally above, and in classes and
subclasses herein, and a carrier suitable for coating said implantable device. Suitable coatings
and the general preparation of coated implantable devices are described in US Patents 6,099,562;
5,886,026; and 5,304,121. The coatings are typically biocompatible polymeric materials such as
a hydrogel polymer, polymethyldisiloxane, polycaprolactone, polyethylene glycol, polylactic
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5-fluoro-4-nethyl-anthranilic acid iii. OO FI FOF eOHd NH2 HH2 i

[ 00309] 2-Antino-5-trifluoronethyl-benzoic acid. 4-(trifluoronethyl)aniline
(25 g, 0.wO2004m08)33Was di ssolved in THE (275 nl), then trreatsea4mwddssl Boc
anhydride (41 g, 0.19 nol), ET3N (19 g, 0.19 nol), and

4- (di met hyl am no) pyridine (0.1 g, 0.8 mol). The m xture was refluxed for
3 hours, the solvents renoved in vacuo, and the organic residue dissolved
in Et OAc, washed with 1 M NaCH, then 1 M HCI, then dried and concentr at ed.

The resultl roduct t al fr.om hept ane vyi el di 3 fina
or oducoids edNie e cact e, shE SRl 1RE o OB By asrob R ey 350
nL) andotqed esyt® svifible uapimt raft rfmgﬁialhcbﬁ@npblymtcﬁdieﬁlr qlyellenet [¥lycBYLi
(1.6 M |n hexane, 282 ni, 0.45 nol). After 1 the solution was warnmed to
0 C and®hpwgbglipidyory cambinatipns thesept, rt‘é W@ﬂpmnt@lle% Helsawx shaactastics dgndbe and
stirredopyssifhght at RT. After partitioning against | lvi HO, the THE
| ayer was evaporated and the residue dissolved in EtOAc, mashed wth 1 M
HCI , t 180283} i efinathet aspavt efhthe anvedtionTtetatesab iihilpitingl ong onsmeretafiNayHalk, 8hWAi2, h

nexan S R DN Nal 32 M3 bt by ko
ant hr ariple€or(d patieng) whicls nfstlﬁﬂOddnqﬂlsem adﬁrﬁxﬁ:&m@aﬁ thé bhtieRCort donadctifly swtit h

TFA (21 .nl). After stirring at RT for, 2 h, the solution was dried in vacua,
the redinlpgicr sapple; ‘H‘ﬁ'éa&PE’é’B‘Fﬂﬂe‘Ef fopmyla 1 R rAecquarsSItion \compE Hag ik LogwpopRd-

drynes Sphe i tRg164ie3 Aakiple®N ad usldy h&fin, RAQERSS Wﬁtﬁ@lﬁaﬁlﬁﬂaﬁdﬂ' €l "Blthres or
yi el ding the desired product as a white solid (10.8 g), LC M

extracts thereof; biopsied material obtained from a mammal or extracts thereof; and blood,
saliva, urine, feces, semen, tears, or other body fluids or extracts thereof.

[00288] Inhibition of one or more of NaV1.1, NaV1.2, NaV1.3, NaV1.4, NaV1.5, NaVvl.6,
NaV1.7, NaV1.8, NaV1.9, or CaV2.2 activity in a biological sample is useful for a variety of
purposes that are known to one of skill in the art. Examples of such purposes include, but are not
limited to, the study of sodium ion channels in biological and pathological phenomena; and the

comparative evaluation of new sodium ion channel inhibitors.

[00289] 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.

EXAMPLES
[00290] SYNTHESIS OF EXEMPLARY COMPOUNDS OF THE INVENTION:

[00291] Example 1:

0 0
O O
r——— /
NH, NJ\©
1 2

[00292] In a 2L three-necked round-bottomed flask equipped with an overhead stirrer and
reflux condenser, anthranilamide 1 (20.0g, 147 mmol) and potassium carbonate (28.4g, 206
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retention tine 1.2 min, mz (obs, MH = 204.0. 00 Br OBr NH2 H-O NH2
[ 00310] 2- Am no-5- bronp-benzam de. The isatoic anhydride (15 g, 0.062 nol)
was conmbwoedoad7sts3l M aq. NHAOH (340 nL) and stirred fecrasdocatoodd¥1t The
solid product was - 422 WD 2004/078733 PCTI US2004/ 006451 col |l ected by
filtration and dried in vacuo (6.6 g). LCMS retention tine 2.47 mn, mz
obs = 215.2. 0O NNH cx~ H 2 [00311]] To a stirring suspension of

benzoyl eneurea 1 (10.CQg, 61.7 mmol) and phosphorus oxychloride (20 ) in

St 77 r e T O Eoh ALY S SH SHER® RE P ner ] FRRBEY PBtE o1 61, 7

ranol ) mmoB wiks A&l slP0ittb Qlﬁb reﬁhﬁmg WERAAS | AfteVBBodIe al RAuRthé Bfabiibh Mmoiturd
hours and slowy forned a Iight red solution. The sol uti on was

concentYastalgwesirgoot @dee@derﬁp@g@ms thegther piae rengayed yadaggeduses prasputns evd thee
Sodi um by KRS AP ARSI Tl A R LRI
and H2®00Tile oH5 Haagi NaPb tolwionead bdilédefibr one hour. The reaction was allowed to cool to
room temperature, then neutralized with acetic acid, upon which quinazilinone 2 was
precipitated. Product 2 was collected by filtration, washed with water, and dried overnight in
vacuo to yield 27g (73%) of pure 2.
[00293] LC/MS(10-99%) M/Z 253.0 retention time 3.22 min; "H NMR (DMSO) 53.86 (s,
3H), 57.09 (t, 1H), 8 7.18 (d, 1H), § 7.53 (m, 2H), § 7.70 (m, 2H), & 7.80 (m, 1H), 5 8.14 (d, 1H),
§ 12.11 (s, 1H); >°C NMR (DMSO) § 55.75, 5 111.86, & 120.89, § 120.97, § 122.74, § 125.75, §

126.45, § 127.26, § 130.41, § 132.13, 8 134.32, § 148.97, § 152.48, § 157.12, § 161.35

0
CE“NH\O @ﬁ

N

OIS
[00294] Quinazolinone 2 (20.0g, 79.3mmol) was suspended in 500 mL dry benzene in a 1 L
round-bottomed flask equipped with a reflox condenser. N,N-Dimethylanaline (14.4g, 119
mmol) was added and the reaction was refluxed for 30 minutes under nitrogen. Upon cooling to
room temperature, phosphorus oxychloride (12.2 g, 79.3 mmol) was added and the reaction
mixture was then refluxed for an additional 3 hours under nitrogen. The mixture was cooled to
room temperature, poured over ice, and neutralized with saturated aqueous sodium bicarbonate.
The solution was then extracted four times with toluene and the combined organic layers dried
over magnesium sulfate, filtered, and concentrated in vacuo to a reddish-brown solid. The
resulting 4-chloroquinazoline 3 was purified via flash chromatography (40% hexanes, 60%
dichloromethane) to afford 20 g (93%) 3 as a yellow solid.
[00295] LC/MS (40-99%) M/Z 271.4 retention time 2.49min; 'H NMR (CDCl,) 83.89 (s, 3H),
§7.06 (d, 1H), 8 7.09 (d, 1H), & 7.45 (m, 1H), 8§ 7.71 (m, 1H), & 7.80 (m, 1H), 8 7.95 (m, 1H), §
8.17 (d, 1H), 8 8.30 (d, 1H); “CNMR (CDCls) § 56.3 (d), § 112.15 (d), § 121.0 (s), § 122.29 (s),
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(MgS™) and evaporated to dryness under reduced pressure. The residue was
di ssolved in anhydrous THE (75 m) and cooled to O T. D nethylaniline
(67.7 nL,w02bo4mTe133 2.0 Min THF) was added dropw se, WRCTIUS3M0400448y, over
a period of 30 mnutes. The solution was then stirred at 0 C for 1 hour.
The sol ution was concentrated under reduced pressure and the residue was
purified by silica gel chronatography usi ng (70% hexanes, 30% et hyl
acetate) to obtain 2 (7.90 g, 38.1 nmol, 62%yield) as a white solid.

(d,  1r3p P83 kil ) ﬁﬁﬁz?@né)ﬁ%@ B1ski0 enb 55 R 1t gb ek

3 [003ﬁgk1§‘ @16Pb§ VM 4 tion vessel was charged with a mxture of 2
(100 ﬁ% &92 netﬁgggphenylboronlc acid (96 ng, 0.63 mmol),

tetrakls(trlphenylphosph|ne)palladlun(C» (55 ng, 0.048 mml), sodium

carbonate ( 1.20 nm, 0.48 |, 0.40 Nlaqueous~$alut|on) and acetonitrile
(1.20 nL). The vessel was sgealed and heated, MA stlrrlng at 170 C for
10 mi nutes via m crowgy ¥*adig i on. The dion was concentrated
under reduced pressuré ‘ e residue wags fid d o silica gel - 423
WO 2004/ 078733 PCTIU82004/0064 chr omat ogréaphw u (80%)hexanes, 20%

ethyl acetate) to obtain 3 (12 , 0.43 mol , 9@6

[00296] A 500 mlL two-necked round-bottomed flask equipped with an addition funnel was
charged with 4-Chloroquinazoline 3 (5.00 g, 18.5 mmol) and 80 mL dry dichloromethane under
nitrogen. The mixture was cooled to —78 °C and 92 mL of 1M boron tribromide in
dichloromethane was added dropwise via the addition funnel. The cooling bath was removed
and the reaction allowed to stir for three hours at room temperature. The mixture was then
cooled to 0 °C and slowly neutralized with saturated aqueous sodium bicarbonate, extracted 3
times with dichloromethane, and the combined organic solutions dried over magnesium sulfate,
filtered, and concentrated in vacuo to a yellow solid. The residue was promptly dissolved in 30
mL of 2:1 dry THF/CH,Cl,, then treated with 2 M dimethlyamine in THF (46.3 mL, 92.5 mmol).
After 30 min the solvent was removed under reduced pressure, the residue partitioned between
dichloromethane and water, and the aqueous solution extracted 4 times with dichloromethane.
The combined organic solutions were dried over magnesium sulfate, filtered, and concentrated in
vacuo to an orange solid. Recrystallization from ethanol gave 2.61g (53 %) yellow crystalline 4.
[00297] LC/MS (10-99%) M/Z 266.0 retention time 2.59min; 'H NMR (DMSO) 83.32 (s,),
83.45 (s, 6H), 8 6.93 (m, 2H), & 7.35 (m, 1H), § 7.46 (m, 1H), & 7.78 (m, 2H), 3 8.21 (d, 1H),
8.43 (d, 1H); *C NMR (DMSO) § 41.62, 113.77, 117.18, 118.25, 118.97, 124.75, 126.15,
126.51, 128.96, 132.36, 133.11, 149.09, 159.22, 160.74, 161.69.

[00298] HCI salt:

N7 N7 OHCL
CLHY o
o N
N —_— N
4 5
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yield) as a white solid. [00314] 'H NVR(CDO 3) 53.32 (s, 6H), 3.81(s, 3H),
6.89-7.02 (m 2H), 7.28-7.34 (m 2H), 7.62 (t, 1H), 7.75 (d, 1H), 7.89 (d,
1H), 7.95w0apo4ld#733M+l (obs) = 280.2; R = 2.46. 0 N1~ PHEUS200@006480 O | NCI
OH H OH [00315] 2-Chl oro-4-di net hyl am noqui nazol i ne-7-carboxylic acid

met hyl ester. A stirring suspension of

2, 4-di oxo-1, 2, 3, 4-t etrahydro- qui nazol i ne-7-carboxylic acid nethyl ester
(12.2 g, 55.4 mmol), N, Ndinethylaniline (14.0 nL, 110.8 nmol), and POC13

25 nL heated at. 100 C for 15 mnutes. T ol Ui on S
fav apor ;[tog%ﬁbﬂgr &5 eﬁé\l@srﬁ?fﬁgﬁm ogqc?ﬁcf@ék g §%‘Hg% W&W@“{%ap’@i@t@g’ %% I :
pour ed 100k digethsnt drml 3P methanolJihen Biatddunieh H\@?tﬁfﬁ@ﬁd placanBl a/sobratof withy t he
additioR f 50% aqueous, NaOH solution at O T. The m xture was partitioned
bet weerf?® &q@@@pg%arw(%) Candremeonaplefa dissolption ploh ZNketherapdiGh wdption sy ness

under rRduf edo RIS rfenol TQQusiﬂﬁ%éfﬁ%%cﬁﬂﬁﬁ&Lgpib ﬁ‘hﬁ IsbiveR v removed in

chromat ogr aphy using 70% hexanes/ 30%t OAc 'to obtalin the 1 nternediate
chl ori dwcas adwhé sdt swice de-s&pendpd i 9ir ethen| donceiitmtedbbmd daell imvemmedhfidre was

di ssol ved- in CHC12 (100 ni h |t led tg O C.foll owed b
he® addt g dvprey et ool 1153508 oy iy R b Eeg R 3R el RS ar o or e
(1.6 g,[005003 VDY 266.Dheehtiof tih€ 28 mint TENME (DXBD) .59 (& D! § 3@2h) 4tigS -

The m xture was evaporated to dryness and the obtained residue was

puri fi 749 &0.dH)i 8449, dH).Ga64 (maliRly STA6ngn. 2606 §80Ar(dsIHB06®—I204d, 1), bt ai n
the d%ﬁﬁ% B "Rk BMs0)°8 %7 31309; 1171811884, 14708 %84S 125 VP

(10- 99
130.45, 134.01, 134.67, 155.37, 158.61, 160.97.

[00301] Example 2: Synthesis of 2-(2-Methoxy- -7-trifluoromethyl-3H-

uinazolin-4-

one

- CO-H
o ©° ?
/@[C()zl" 1,4-Dioxane, EtgN /C[
+ FaC NH
FaC NH; i, 2h ’ ' O
&

o]
\

[00302] 2-(2-Methoxy-benzoylamino)-4-trifluoromethyl-benzoic acid 2-Amino-4-trifluoro-
benzoic acid (3.84g,18.73mmol) was dissolved in 30ml dry 1,4-Dioxane followed by the slow
addition of O-Anisoyl chloride (3.3ml, 24.35mmol), then triethylamine (7.85ml, 56.19mmol) and

stirred under a nitrogen atmosphere at room temperature for 2 hours. Solvent was remove under
reduced pressure and organic was partitioned between water and EtOAc and the pH was adjusted
to 3 with HCl. Organic layer was separated, dried over MgSO4, filtered and concentrated to an
off white solid. Recovered 6.35g 100% yield. LC/MS (10-99%) M/Z 339.9, retention time 3.58

minutes.

COoH CONH»
Fsc/[ INH NH, BOP,EtzN . FSC/[ INH

0] o
\ \
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retention tinme 2.85 mn. N~ N NN FFIl :XNC | hl [00316]

6- Fl uor o- N4, N4- di net hyl qui nazoline-2,4-dianiine. A stirring m xture of (2-
chl or o- 6-Wbuross7gmsBnazol i n- 4-yl ) -di met hyl am ne (50 ng, @Cc2arsnomalod451 it hi um
bis(trimethylsilyl)amde (260 L, 0.26 mmol, 1.0 Min hexanes), Pd2(dba)3
(20 ng, 0.022 - 424 WD 2004/078733 PCT/t1S211114/006451 nmmol ),

2- (di cycl ohexyl ) phosphi nobi phenyl (19 ng, 0,053 mmol), and THE (1.0 nlL) was
heated in a sealed tube via mcrowave irradiation at 65 C for 1.5 hours.

ai 1 ool ader AtLthih-Bhny Rimind-4 wifSorhineitn Denamilar | i oo BuBhen

H20 andodakéPmind 8-t GRomethPObdnz60 MRS (20aR0RAYRRdoD was ymp%ﬁdémql@ro sx¥duced
pressure, The obtained residue was purified via sili Cag(?d) chr omat ogr aphy
Yt

usi ng GYBHORDEfl AMINRIE Gy 1 ¢-Rjbxanen (RAmLA 63 A1 BEoRn] follow ghe aédition (of0 ny,
]l\-lgl € H\%ﬁh}jﬁ&?&’ ?4(:89111 Lil"l?ﬁmlc(l)’l'%e%g%PMegge%PQl?g, rﬁ(ﬁﬂ'&lbﬁ rlcmtdI Hred- &qog?nn N

temperature for 16 hours. The product was collected by vacuum filtration and washed with
water. The desired product was dried on the lyophilizer for 24h. Recovered 3.8g as a white
solid. LC/MS (10-99%) M/Z 339.1, retention time 2.93 minutes.

CONH, 0

@[ % ag. NaOH NH O

FoC NH 5% aq. Na _
o@ 120°C, 3h FsC N

o]
\

[00304] 2-(2-Methoxy-phenyl)-7-trifluoromethyl-3H-quinazolin-4-one 2-(2-Methoxy-

benzoylamino)-4-trifluoromethyl-benzamide (3.8g, 11.24mmol) was suspended in 145ml 5%
aqueous NaOH solution then refluxed fro three hours at 120°C. The reaction was cooled to room
temperature and adjusted to pH 4 causing the desired product to precipitate from solution. Solid
was collected by vacuum filtration as a white solid and dried on the lyophilizer for 24h. White
solid 2.7g, 75% yield. LC/MS (10-99%) M/Z 321.1, retention time 3.25 minutes.

[00305] Synthesis of 2-(2-Methoxy-phenyl)-7-methyl-3H-quinazolin-4-one
N

=
[\ ~ =
/@(// 0O O Pyridine, 16h, rt /@(
+ Cl NH
w 0
0]

0
\

[00306] N-(2-Cyano-5-methyl-phenyl)-2-methoxy-benzamide 2-Amino-4-methyl
anthronitrile (50.0g, 378.3mmol) was dissolved in 1L dry pyridine and cooled to 0°C. O-Anisoyl

chloride (63.0ml, 453.96mmol) was added dropwise over a 40 minute period and the reaction
was allowed to warm to room temperature and stirred under a nitrogen atmosphere for 16 hours.
The reaction was poured over 2L of ice and the product formed a precipitate. The product was
collected by vacuum filtration and dried for 3 days to produce the desired product a fluffy tan
solid. Recovered 92.0g 91% yield. LC/MS (10-99%) M/Z. 267.2, retention time 3.34 minutes.
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NNH2 / W~ O [00317]

1- (4- Di net hyl am no- 6-f | uoroqui nazol i n-2-yl)-pyrrolidine-2,5-dione. A

stirring wWoxoawesmB 6-fl uor o- N4, Nd- di et hyl qui nazol i ne- PcaAse@aionas( 30. 0

ng, 0.13 mml), succinic anhydride (12 ng, 0.12 nmol), and p-di oxane (500

L) was heated in a, sealed tube via mcrowave irradiation at 170 C for 20

m nutes. The m xture was purified via HPLC to obtain the desired succinate

as a TFA salt (40 ng, 0.10 nmmol, 76%vyield). LCM (10-99%9 MZ 289.3

retention time 2.01 min. 9 N\ F~F1 "N14 N NNHz O [00318]

1- (6- Fluoro-4zpyrrolidin-1-yl-quinazol i/A-2-yl)-pyrraolidin-g-one. A stirring
O15—Tmol ),

m xture of 6-F |" 0-4-pyrrolidin: 030.0 ny, 0.14
mmol ), 4- chl oplobuytyryl —chtortde
and p-di oxane” (500 INH2 was heat eal ed tube

(42 L, 0.30 mmol),
| a~Mm cNkave

irradiation at 120 C for 20 mnutes| The m xture was pyrified via HPLC to

obtain the deS|red | acham as a TFA sal t (45 ng, 0.11 nnDI 81% vyield).

LC M5 (10-99% .2 retention tine 2.24 mn. 4259 WD 2004/ 078733
PCTI US2004/ 0064 /dLNH o~

6M NaOH, 30% H,0,

NH 2 b
O)_Q EtOH, rt to reflux, 3h N

Q
\

[00307] - 2-(2-Methoxy-phenyl)-7-methyl-3H-quinazolin-4-one N-(2-Cyano-5-methyl-

phenyl)-2-methoxy-benzamide (47.0g, 176.5mmol) was suspended in 1L of ethanol followed by
the addition of a 6M aqueous NaOH solution (326ml), then a 30% solution of H,O, (100ml). The
reaction was refluxed for 3 hours, cooled to room temperature and poured over an equal volume
of ice. The solution was adjusted to pH3.5 and the product precipitated from solution. Desired
product was collected by vacuum filtration and dried on the lyophilizer for 24h. 22.4g, 48%
yield. LC/MS (10-99%) M/Z 267.0, retention time 2.54 minutes.

5-Fluoro-4-methyl-anthranilic acid
[00308] 2-Amino-5-flucro-4-methyl-benzoic acid. Chloral hydrate (76 g) was dissolved in 1

L water and subsequently 1 kg NaySO4, 94.1 g H,NOHHCI, and 51.3 g 4-fluoro-3-methyl
aniline in 250 ml 5% aq. HCI were added. The suspension was heated to boiling and kept boiling
for 1 minute. Afiter cooling down to room temperature, the solid was filtered off and washed
twice with warm water (40°C). Yield after drying overnight at 60°C under vacuum was 275 g,
which was used without further purification or drying. The 275 g of crude product was slowly
poured in 500 ml of concentrated H,SOy at 50°C, such that the temperature was kept below 75°C.
After completion of addition, the dark/purple solution was heated to 85°C for 15 minutes. After
cooling down to room temperature, the solution was poured in 2 L of ice water and was left
standing for an half hour. The red solid was filtered and washed twice with cold water.
Subsequently, the solid was dried under vacuum at 70°C. Yield: 69.9 g (quantitatively from 4-
fluoro-3-methyl aniline) of a mixture of two regio isomers: 5-fluoro and 3-fluoro 3-methyl-isatin
in a ratio of about 55:45. The mixture of isatins (69.4g) was dissolved in 1L IN aq. NaOH and
subsequently 100 ml of 30% aq. H,O, was added drop wise, keeping the temperature below

30°C. After completion of addition, the mixture was heated to 45°C until evolution of gas ceased.
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N~NNN FF / NNH2 I NLNH O [00319]

1- (4- Di net hyl am no- 6-f | uor o- qui nazol i n-2-yl)-1H pyrrol e- 3-car bal dehyde. A
stirring wWoxoawesmB 6-fl uor o- N4, Nd- di et hyl qui nazol i ne- PcaAse@aionas( 20. 0
ng, 0.10 nmol), 2,5- dinethyoxy-3-tetrahydrofurancarboxal dehyde (43 L, 0.30
mmol ), and AcOH (500 L) was heated at 90 C for 30 m nutes. The m xture was
evaporated to dryness and the obtained residue was purified via silica gel
chr omat ogr aphy using 70% hexanes/ 30%t OAc to obtain the desired al dehyde

. | QAc esir
ot ot s SoRien b 8oqiohto Papsperature, lietoa Snd heialfiea Wit glacial acbtio acid. 108

(6- Met hpaypitndoih& was Hier8d bifad Ahb 1éicd ith G A& LAY lairafen @5°d. OriBlds 19 .4 Il 079
solution 'pyrrole (310 ng, 4.6 mmol) and DVF (5.0 nl), under N2, was added
NaH ( 1706flygyo-44methyirasithraniBoesidaii.mi neral oil). The mixture was stirred at

roomtenperature for 10 minutes. To this, solution was added

(2-chl oro- 6- meghoxyqui nazol i n-4-yl ) di rethyl amne (1.@ g, 4.2 nmol). The
m xt ure was he a. seal ed tulge Wa\ncrowave irrgdigti dtlat 220 C for
20 m nutes. The~@g# e Was evaporate o0 dryness and~N{ be @gt ai ned residue

was purified via silic& gel chromatography using 70% hexanes? 30%Et OAc t o
obtain the desired al dehyde as a whitje solid (15 ng, 0.@5 nmol, 50%

yield) obsdel ' 5.8 h0n0 2 hittoramathl-Denmoie meia " (T ooty Namitine 29 5, O 15

mol) was dissolved in THF (275 mL), then treated with Boc anhydride (41 g, 0.19 mol), ET5N

(19 g, 0.19 mol), and 4-(dimethylamino)pyridine (0.1 g, 0.8 mmol). The mixture was refluxed
for 3 hours, the solvents removed in vacuo, and the organic residue dissolved in EtOAc, washed
with 1 M NaOH, then 1 M HCI, then dried and concentrated. The resulting product was
recrystallized from heptane yielding 39 g final product as a white solid. The solid (0.15 mol)
was dissolved in THF (350 mL) and cooled to —78 °C under nitrogen, then treated dropwise with
BulLi (1.6 M in hexane, 282 mL, 0.45 mol). After 1 h, the solution was warmed to 0 °C and held
for 1.5 h. The mixture was poured onto excess solid CO; and stirred overnight at RT. After
partitioning against 1 M HCI, the THF layer was evaporated and the residue dissolved in EtOAc,
washed with 1 M HC], then dried and concentrated. The solid product was triturated with hexan
to yield the final product as a white solid (15.8 g). LC/MS retention time 2.70 min, m/z (obs, M-
H) = 304.1. Finally the Boc anthranilate (11.3 g) was dissolved in CH2CL?2 (26 mL) and treated
with TFA (21 mL). After stirring at RT for 2 h, the solution was dried in vacuo, the resulting
residue dissolved in toluene (100 mL), concentrated to dryness, and the dissolution / drying
process repeated twice more, yielding the desired product as a white solid (10.8 g), LC/MS

retention time 1.2 min, m/z (obs, M-H) = 204.0.
0

0]
“Cly, — "o
N™ ~0 NH
H 2
i

ii
[00310] 2-Amino-5-bromo-benzamide. The isatoic anhydride (15 g, 0.062 mol) was
combined with 1 M aq. NH;OH (340 mL) and stirred for 2 d at RT. The solid product was
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O~ NiO NC I/N-No NN\ [00321]

[ 2- (2-Chl oro-pyrrol -1-yl)-6-nmet hoxyqui nazol i n-4-yl ] di met hyl -am ne. To a.
stirring WOl20a4/008736f PCT/US2004/006451

(6- met hoxy- 2-pyrrol -1-yl - qui nazol i n-4-yl )di nethyl -am ne (25 ng, 0.09 nmol)
and THE (2.0 nlL), under N2, was added N-chl orosuccinimde (13 ng, 0.09

nmol ) .

The solution was stirred at roomtenperature for 17 hours. The

m xture was purified via HPLC to obtain the desired chloropyrrole as a

e ool by Msdionsnd el r ey erelichbONR goisnenn e 0h mit, e ebp =

N N [00832. 2-[4-(4- Am nopi peridin-1-yl)-7-nethyl qui nazolin-2-yl]- phenol .
To a stirring solution of 2-(4-Chloro-7-nethy|quinazolin-2-yl)-phenol
ng, 0.35 mmol), Et3N (72 L, @52 nminol), and Cl2 (300 L) under N2, was
added 4-am nopi peri di ne (

- am ' I di Al (2[52 mol ) . ) xture was stirred at
tenperature for 2 hours. m' erfit Ed to dryness under

reduced pressure. The reshdgde opurifieds

gel chromat ography

using 98% CH2Cl 2/2%veC0H to qbitain the desired amne as a white solid (
my, 0.31 nmmol, 89%yield).

[00311] To a stirring suspension of benzoyleneurea 1 (10.0g, 61.7 mmol) and phosphorus
oxychloride (20 ml) in a 500 mL three-necked round-bottomed flask equipped with a magnetic
stirrer and reflux condenser, was added N, N-dimethylaniline (7.80 ml, 61.7 mmol) in a single
portion. The suspension was heated at reflux for 3 hours and slowly formed a light red solution.
The solution was concentrated under reduced pressure and the residue was poured onto ice (100
g). The solution was basified to pH = 9.0 using concentrated aqueous sodium bicarbonate
solution. The mixture was partitioned between CH,Cl, and H,O. The organic portion was dried
(MgSO,) and evaporated to dryness under reduced pressure. The residue was dissolved in
anhydrous THF (75 ml) and cooled to O °C. Dimethylaniline (67.7 mL, 135 mmol, 2.0 M in
THF) was added dropwise, with stirring, over a period of 30 minutes. The solution was then
stirred at 0 °C for 1 hour. The solution was concentrated under reduced pressure and the residue
was purified by silica gel chromatography using (70% hexanes, 30% ethyl acetate) to obtain 2
(7.90 g, 38.1 mmol, 62% yield) as a white solid.

[00312] . 'H NMR (CDCls) 83.43 (s, 6H), 7.40 (t, 1H), 7.69 (t, 1H), 7.78 (d, 1H), 8.02 (d, 1H);
M+1 (obs) =208.0; R; = 2.26.

A @%)\(5

[00313] A 5 mL microwave reaction vessel was charged with a mixture of 2 (100 mg, 0.48
mmol), 2-methoxyphenylboronic acid (96 mg, 0.63 mmol),
tetrakis(triphenylphosphine)palladium(0) (55 mg, 0.048 mmol), sodium carbonate ( 1.20 mL,
0.48 mmol, 0.40 M aqueous solution), and acetonitrile (1.20 mL). The vessel was sealed and
heated, with stirring, at 170 °C for 10 minutes via microwave irradiation. The organic portion

was concentrated under reduced pressure and the residue was purified by silica gel
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LCO M5 (10-99% M Z 349.3 retention tinme 2.22 min. -NH~NHz \NN NOHN OH
I~ N~v r- N~v [00323] Ethanesulfonic acid

{1-[ 2- ( 2-wodrexyptsanyl ) - 7- met hyl qui nazol i n-4-yl ] - pi per ipdirrusdoogiopesan de. To
a stirring solution of 2-[4-(4-Am nopiperidin-I-yl)-7-

met hyl qui nazol i n-2-yl]-phenol (30 ng, 0.09 mmol ), Et3N (25 L, 0.18 mmol),
and CH2Cl 2 (500 M.) under N2, was added et hanesul fonyl chloride (10 pL,
0.09 mml). The m xture was stirred at roomtenperature for 3 hours. The

m xture,was purified v PLC to_obtain the desired_ sul fonam de as_a TFA
salt ( Shomabmany Yiihg (O%grignes 9% i) psaiRgoSHHAT HG20ume, 845 maneln8dhn
time 2.8Qaydsh whitehdhd. WO 2004/ 078733 PCTI US2004/ 006451 -S, NHZ -S"NH th
[ 00324] '

3- { 1- [ 2003143y dHDRPEREBTY)- 33. 33 (sh GHYLA. Srész 8H).r6.89-71.92 (i, (2H), @i28-A34 (i, 2H),

2- 1. (2 ShuAD pdF REineD 5 50 410, 2B GP U OB B =290 ot (35 my, 0.1

mml ), Et3N (30 L, 0.22 mml) 5 and CH2C12 (300 L) under N2, was added
dnnet hyl sul fanoyl chloride (14 L, 0.11 nmol). The m xture was stirred at
roomtenperature for 17 . "MHe m xture was p yetNia HPLC-to obtain
t he
© N/&O © N/)\Cl
OH H

OH

[00315] 2-Chloro-4-dimethylaminoquinazoline-7-carboxylic acid methyl ester. A stirring
suspension of 2,4-dioxo-1,2,3,4-tetrahydro-quinazoline-7-carboxylic acid methyl ester (12.2 g,
55.4 mmol), N,N-dimethylaniline (14.0 mL, 110.8 mmol), and POCl3 (25 mL), under N,, was
heated at 100 °C for 15 minutes. The solution was evaporated to dryness under reduced pressure
and the residual oil was poured into ice-water (800 mL). The mixture was made strongly basic
by the addition of 50% aqueous NaOH solution at 0 °C. The mixture was partitioned between
CH Cl; and H0 and the organic portion was evaporated to dryness under reduced pressure. The
residue was purified by silica gel chromatography using 70% hexanes/30%EtOAc to obtain the
intermediate chloride as a white solid (5.1 g, 19.8 mmol). The obtained intermediate was
dissolved in CH,Cl; (100 mL). The solution was cooled to 0 °C followed by the addition of EtsN
(5.5 mL, 39.6 mmol) and dimethylamine hydrochloride (1.6 g, 19.8 mmol). The mixture was
then stirred at 0 °C for 30 minutes. The mixture was evaporated to dryness and the obtained
residue was purified via silica gel chromatography using 70% hexanes/30%EtOAc to obtain the
desired amine as a white solid (3.3 g, 12.4 mmol, 11% yield). LC/MS (10-99%) M/Z 268.0
retention time 2.85 min.

\N/ \N/

>N _ SN

N/)\Cl N/)\NHg

[00316] 6-Fluoro-N4,N4-dimethylquinazoline-2,4-diamine. A stirring mixture of (2-
chloro-6-fluoro-quinazolin-4-yl)-dimethylamine (50 mg, 0.22 mmol), lithium

bis(trimethylsilyl)amide (260 pL, 0.26 mmol, 1.0 M in hexanes), Pdy(dba); (20 mg, 0.022
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desired sulfonylurea as a TFA salt (44 ng, 0.08 mml, 71%yield). LUMS
(10-999%9 1V. 1/ Z 442.4 retention tine 2.84 mn. O -rOINH NH2 m [|! ~N
OH [ 00325)0 2004/078733 PCT/US2004/006451

OH N

{1-[ 2-(2- Hydroxyphenyl ) -7- et hyl qui nazol i n-4-yl]-piperidin-4-yl}-carbanlic

acid isobutyl ester. To a stirring solution of
2-[4-(4-Arinopiperidin-1-yl)-7-nmethyl quinazolin-2-yl]7 phenol (30 ny,
mol ), Et3N (25 L, 0.18 nmol), and CH2C12 (300 L) under N2, was added

0. 09

tanper 002 RoRkStetormmabimtenl Lo G5 i 5 tBENRL Shoneine

desi r edn aagiladaibe vas micréWavesitdaliiatiér 4t 68°C Gor0B5 AHm@k. 15)81%agh&iu§)ﬂc1LsGid‘e@n
(10-99% M Z 435.2 retention time 3.21 min. - 428 WD 2004/ 078733

PCTI US2684mbd aues pdded pped ther mixtyg Was\stirrgdapy nqomHtengerafyre for 30 minutes. The

mixture was partitioned between H,O and EtOAc. The organic portion was evaporated to
dryness under reduced pressure. The obtained residue was purified via silica gel
chromatography using 95% CH;Cl»/5%MeOH to obtain the desired amine as a tan solid (40 mg,

19.4 mmol, 88% yield). LC/MS (10-99%) M/Z 206.9 retention time 1.18 min.
~
N

N/)\N b

[00317] 1-(4-Dimethylamino-6-fluorequinazolin-2-yl)-pyrrolidine-2,5-dione. =~ A stirring

e

mixture of 6-fluoro-N4,N4-dimethylquinazoline-2,4-diamine (30.0 mg, 0.13 mmol), succinic
anhydride (12 mg, 0.12 mmol), and p-dioxane (500 pL) was heated in a sealed tube via
microwave irradiation at 170 °C for 20 minutes. The mixture was purified via HPLC to obtain
the desired succinate as a TFA salt (40 mg, 0.10 mmol, 76% yield). LC/MS (10-99%) M/Z

289.3 retention time 2.01 min.

N
F A F
N —_— . SN
N//kNHz N/J\)NQ

[00318] 1-(6-Fluoro-4-pyrrolidin-1-yl-quinazelin-2-yl)-pyrrolidin-2-one. A stirring
mixture of 6-fluoro-4-pyrrolidin-1-yl-quinazolin-2-ylamine (30.0 mg, 0.14 mmol), 4-
chlorobutyryl chloride (17 pL, 0.15 mmol), EtsN (42 pL, 0.30 mmol), and p-dioxane (500 uL)
was heated in a sealed tube via microwave irradiation at 170 °C for 20 minutes. The mixture was
purified via HPLC to obtain the desired lactam as a TFA salt (45 mg, 0.11 mmol, 81% yield).
LC/MS (10-99%) M/Z 301.2 retention time 2.24 min.
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[ 00326] |sobutyl carbamc acid

1-[ 2- (2- hydr oxyphenyl ) - 7- met hyl qui nazolin-4-yl]- piperidin-4-yl ester. To a
stirring wol2oaosr3ef 1-[ 2- (2- Met hoxyphenyl ) - 7- met hyl qui RazalS2oV4406451
yl]-piperidin-4-ol (100 ng, 0.30 nrnol) and THE (500 L) under N2, was added
phosgene (317 L, 0.60 nmmol, 20%in toluene). The m xture was stirred at
roomtenperature for 15 mnutes. |sobutylamne (300 L, 3.0 nmol) was added
dropwi se over a 2 mnute period followed by stirring at roomtenperature
for 1 hour. The mixture was evaporated to dryness.and the obtained residue
was purified via silica gelNchronmatography using 97 CH2C12/ 3%dd1eCH to
obtain the desired €agbagekeg,internedi ate ab I oil (90 ng, 0.20
mol ). To a stirring s' n|_of tthe car bamat te/rN‘redi ate,(90 ng, 0.20
mmol ) and CH2C12 (15 ni ndenHp2, at -78 C adoe \Br§ (0.60 ni,
0.60 mml, 1.0 Min CH2C12) dropw se over a period of nNes. The

m xture was then allowed to warmto roomtenperature and was then heated at
50 C for 15 mnutes. The m xture was poured into a. saturated agueous

NaHC03 e} fﬁm t r [.Cye | t o dryness.
The res[ia%fg] wais]({)ﬁr?'lnglhé’l Vi 3'%ﬁ‘g%f(ﬁﬁ%%zt%gﬁ%—il?{gﬁ'%g?l?gggagé&ggﬁ%‘ieé asxa TFA
sal t ( GBiming mixid of Fluor@BUANA- i}yl duGiaBinclD4 F2indA 2,013, 6,10 Kkl 2, Hn
time 3. 08 My Sretihiimiurancarboxaliehyds (43 1D 0.30 tamol), and ACOH (500 L) was

heated at 90 °C for 30 minutes. The mixture was evaporated to dryness and the obtained residue
was purified via silica gel chromatography using 70% hexanes/30%EtOAc to obtain the desired
aldehyde as a white solid (15 mg, 0.05 mmol, 50% yield). LC/MS (10-99%) M/Z 285.1
retention time 3.23 min.

[00320] (6-Methoxy-2-pyrrol-1-yl-quinazolin-4-yl)-dimethyl-amine. To a stirring solution
pyrrole (310 mg, 4.6 mmol) and DMF (5.0 mL), under N, was added NaH (170 mg, 4.2 mmol,
60% in mineral oil). The mixture was stirred at room temperature for 10 minutes. To this
solution was added (2-chloro-6-methoxyquinazolin-4-yl)dimethylamine (1.0 g, 4.2 mmol). The
mixture was heated in a sealed tube via microwave irradiation at 220 °C for 20 minutes. The
mixture was evaporated to dryness and the obtained residue was purified via silica gel
chromatography using 70% hexanes/30%EtOAc to obtain the desired aldehyde as a white solid
(15 mg, 0.05 mmol, 50% yield). LC/MS (10-99%) M/Z 269.0 retention time 2.39 min.

PN

—

~N
N

[00321] [2-(2-Chloro-pyrrol-1-yl)-6-methoxyquinazolin-4-yl]dimethyl-amine. To a
stirring solution of (6-methoxy-2-pyrrol-1-yl-quinazolin-4-yl)dimethyl-amine (25 mg, 0.09
mmol) and THF (2.0 mL), under N,, was added N-chlorosuccinimide (13 mg, 0.09 mmol). The
solution was stirred at room temperature for 17 hours. The mixture was purified via HPLC to
obtain the desired chloropyrrole as a TFA salt (23 mg, 0.06 mmol, 62% yield). LC/MS (10-
99%) M/Z 303.0 retention time 2.71 min.
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WD 2004/ 078733 PCTI US2004/ 006451 [00327]

N-{1-[ 2- (2- Hydr oxy- phenyl) - 7- et hyl qui nazol i n-4-yl ] -pi peridin-4-yl}-3-

met hyl butwoam4des733o a stirring sol ution of PCT/US2004/006451

2-[4- (4- Ami nopi peridin-1-yl)-7-methyl qui nazolin- 2-yl]-phenol (35 ng, 0.11
mml ), Et3N (30 L, 0.22 ntnol), and CH2C12 (300 L) under N2, was added

i sovaleryl chloride (14 L, 0.11 mml). The m xture was stirred at room
tenperature for 17 hours. The mixture was purified via HPLC to obtain the
desired sul fonam de as a TFA salt (37 ng, 0.07 mol, ﬁ?l% yield). LC M
(10-99% M Z 419.3 retention tinme 2.77 min. [00328] Symthesis of 2-(

4- Et hoxy- qui nazolin-2-yl)-phenol C O N OH EtCH CH /"1 NOH N
p-wave, 160C, 1 h N [00329]_ 2-(4-Ethoxy-quinazolin-2-lyl)phenol.

2- (4- Cnhl or o- qui nazol i n- 2-yICj- phenol (50ng, 0.196mmol ) Nwas placed in a

m crowave tube charged-® A- gdr bar and dissol mL dry

di chl or onet hane, folld by |t hg addi t+en—ef>2nl eth npp. Tube was
eat

sealed with a cap and Ed i 160 to 200C for-0 Nar CEM m cr owave.
Sol vent was renoved under reduted’ pressure, reconstituted gani ¢ i n DMSO
and purified by Glson HPLC. The desired conpound was conc&ntrated to a

white solid as the TFA salt. LC M5 (10-99% M Z 267.2, retention tinme 2.57

m nut e 33 nt heoi, 2-(4--binethyl arm uo-quna_ alin-2-yl)-t

- met | xjﬁ‘-’#ﬁ%&erg‘b‘?‘y‘ﬁ“@‘ﬂl"?ﬁ“ ‘P']riﬁbjﬁ‘}‘e%mu‘n%@g'z‘yl]'Phe“"l- yT‘)) a_ stirring
solution of 2-(4-Chloro-7-methylquinazolin-2-yI)-phenol (100 mg, 0.35 mmol), Et;N (72 uL,

0.52 mmol), and CH,Cl, (300 pL) under N, was added 4-aminopiperidine (54 uL, 0.52 mmol).
The mixture was stirred at room temperature for 2 hours. The mixture was evaporated to dryness
under reduced pressure. The residue was purified by silica gel chromatography using 98%
CHCly/2%MeOH to obtain the desired amine as a white solid (11 mg, 0.31 mmol, 89% yield).
LC/MS (10-99%) M/Z 349.3 retention time 2.22 min.

O
NN é’
N d/%
N , N

NN OH . N OH
N/)\© N7 \[j

[00323] Ethanesulfonic acid {1-[2~(2-hydroxyphenyl)-7-methylquinazolin-4-yl]-
piperidin-4-yl}-amide. To a stirring solution of 2-[4-(4-Aminopiperidin-1-yl)-7-
methylquinazolin-2-yl]-phenol (30 mg, 0.09 mmol), Et;N (25 pL, 0.18 mmol), and CH,Cl, (500
uL) under Nz, was added ethanesulfonyl chloride (10 uL, 0.09 mmol). The mixture was stirred
at room temperature for 3 hours. The mixture was purified via HPLC to obtain the desired

sulfonamide as a TFA salt (33 mg, 0.06 mmol, 68% yield). LC/MS (10-99%) M/Z 427.3

retention time 2.80 min.
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N N2 M, -78Grt [00331]
[ 2- ( 2- Met hoxy- 3- net hyl - phenyl ) - qui nazol i n-4-yl]-di methyl -am ne To a
stirring weabatda7ers3of [ 2-(2- Met hoxy- phenyl) - qui nazol i n- 2¢yigs2aummddsy| - am ne
(200mg, 0.72mmol) in dry THE under an argon atnosphere at -78C was added
dropwi se a 1.6M solution of nBuLi in hexanes (0.671m, 1.074mol). After

10 mnutes Mel (0.076nl, 1.22mvl) was added and the reaction was all owed
to warmto roomtenperature. After 10 minutes at roomtenperature the
reacti on was quenched with a saturated aqueous sol uyti on of NH4Cl and
partitioned between aqueous and Et OAc. Organi c phgs¢ was separated, dried
over MySO4, filtered and concentrated -430 WO 2004)873733

PCTI US2004/ 006451 to a yel Nbw oil. Purified by flash ghronat ograpy 10%

Et OAc/ 90% hexanes to aff product as a white soIE%tLF@covered 146mg 50%
yield. LM (10-99% M Z 294.0, retention tine 3.23mnhutes. N"N N 1~ 0
BBr3, CH2Cl 2, -78Crt | \™N< N OH N N~ [00332] N
2- (4- Di met hyl am no- qui pazolli n- 2-yl ) - 6- net hyl - phe
of [2- (2-Met hoxy-phe-cﬁj na®bl i n- 4—y+H—edi et
in CH2CI 2 at -78C unte B\ J

0.92muol ). The reaction was al dto warmto roomtenpe
heated at 45C for 4 hours. The action was allowed to cool

ring solution
4nyg, 0.184nmmol)
(0.92m,
g ure and the

[00324] 3-{1-[2-(2-Hydroxyphenyl)-7-methylquinazolin-4-yl]-piperidin-4-yl}-1,1-

dimethylsulfonylurea. To a stiming solution of 2-[4-(4-Aminopiperidin-1-yl)-7-
methylquinazolin-2-yl}-phenol (35 mg, 0.11 mmol), EtsN (30 pL, 0.22 mmol), and CH-CL, (300
uL) under N,, was added dimethylsulfamoyl chloride (12 uL, 0.11 mmol). The mixture was
stirred at room temperature for 17 hours. The mixture was purified via HPLC to obtain the
desired sulfonylurea as a TFA salt (44 mg, 0.08 mmol, 71% yield). LC/MS (10-99%) M/Z 442.4

retention time 2.84 min.

NH, '\j/ﬁ\oji?ﬂﬁ

M N

mN OH SN OH
//L i

[00325] {1-[2-(2-Hydroxyphenyl)-7-methylquinazolin-4-yl]-piperidin-4-yl}-carbamic acid
isobutyl ester. To a stirring solution of 2-[4-(4-Aminopiperidin-1-yl)-7-methylquinazolin-2-yl}-
phenol (30 mg, 0.09 mmol), EtsN (25 pL, 0.18 mmol), and CH,Cl, (300 pL) under N, was
added isobutylchloroformate (12 pL, 0.09 mmol). The mixture was stirred at room temperature
for 1 hour. The mixture was purified via HPLC to obtain the desired carbamate as a TFA salt

(27 mg, 0.05 mmol, 58% yield). LC/MS (10-99%) M/Z 435.2 retention time 3.21 min.
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to roomtenperature and then quenched with an aqueous solution of NaHCG3
until pH3. Organic layer was separated, dried over MgSH4, filtered, and
concent r esivedoqwss3yel | ow solid. Purified by G |son HPeCrarsdodesissed
product was isolated as the TFA salt. LC/ M5 (10-99%9 M Z 280.2, retention
time 2.55m nutes. [00333] Synthesis of

2- (4- Di net hyl am no- qui nazol i n-2-yl ) -4-nor pholin-4-yl-phenol N1~ N\ ~N ~O
O Pd2(dba)3, Na-QBu cll~ H Ph[de, 100C, 18h Br Co [00334] _

[ 2- (2- Met hoxy- 5- nor phol i n- 4-yl - phenyl ) - qui nazol i n-é-yl ] -di met hyl -anline To
a tube charged with a stirbar was added Pd2(dba) 3j(51. 1ng, 0.0558mmvl),

bi phenyl -2-yl -di-tert- b | - phosphane (67ng, 0 R ), NaQ:Bu (80ng,

0.837mml ) in 2ml dry toljuéne was added H
4- Br ono- 2- (4- di net hyl ang'noy qui nazol i n- 2-yl ) - phenol Onyg, 0. 558mMml ) and
nor pholine (0.073m , 0.837 1). The reaction was seafed with a screw cap

and heated at 100C in a® oil bath for 16h. Purified by fl ash chromat ogr apy
30% 60% Et OAc/ hexa af d product as a phtexppol igly Recovered 100ngy

49% vyi el d. LC/I\/S(l Z1365.0, reténtio N .07l nutes. -431 WO
D O N l ll

2004/ 078733 PCTI USZ004
[00326] Isobutylcarbamic acid 1-[2-(2-hydroxyphenyl)-7-methylquinazolin-4-yl]-
piperidin-4-yl ester. To a stirring solution of 1-[2-(2-Methoxyphenyl)-7-methylquinazolin-4-
yll-piperidin-4-ol (100 mg, 0.30 mmol) and THF (500 uL) under N, was added phosgene (317

ML, 0.60 mmol, 20% in toluene). The mixture was stirred at room temperature for 15 minutes.
Isobutylamine (300 pL, 3.0 mmol) was added dropwise over a 2 minute period followed by
stirring at room temperature for 1 hour. The mixture was evaporated to dryness and the obtained
residue was purified via silica gel chromatography using 97% CH,Cl,/3%MeQH to obtain the
desired carbamate intermediate as a clear oil (90 mg, 0.20 mmol). To a stirring solution of the
carbamate intermediate (90 mg, 0.20 mmol) and CH,Cl, (15 mL), under N, at —78 °C, was
added BBr3 (0.60 mL, 0.60 mmol, 1.0 M in CH,Cl,) dropwise over a period of 2 minutes. The
mixture was then allowed to warm to room temperature and was then heated at 50 °C for 15
minutes. The mixture was poured into a saturated aqueous NaHCQj; solution (80 mL) and the
organic portion was evaporated to dryness. The residue was purified via HPLC to obtain the

desired carbamate as a TFA salt (66 mg, 0.12 mmol, 39% yield). LC/MS (10-99%) M/Z 435.3

¢ s

N N

SN OH - ~N OH
/J\© /)\i/k
N N

retention time 3.08 min.
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\ NOBBr3, CHC 2, -78Crt \ OH NN Co Co [00335]

2- (4- Di nmet hyl am no- qui nazol i n-2-yl ) -4-nor phol i n-4-yl -phenol To a stirring
sol ut i on WO 2004/078733 PCT/US2004/006451

[ 2- (2- Met hoxy- 5- nor phol i n- 4-yl - phenyl ) - qui nazol i n-4-yl ]-di net hyl -am ne
(109ng, 0.299mmo1)in CH2Cl2 at -78C under a nitrogen atnosphere was added
BBr3 (1.5m, 1.5nvnol). The reaction was allowed to warmto room
tenperature and was heated at 40C for 2 hours. The reaction was quenched

ith i f H tjl. pH8. .Or [ | ayer separ at ed,
i ed” J0BE R A%t DR b Bl o s e R T port T 1o
by G| Slﬂét'\l?'lﬂﬂtﬁaﬁﬁde.dﬂf§ b s8MinRsORL6A o415 Andh&HpaRlid-1§ 1) IF-theBRliduindzGHid/5

(10-999 2 351.4, retention tinme 1.89m nutes. [0033 Synt hesi s of
2- ( 4- Di arEiiphgndd i3 eg gt haewll FisX @0 L4028 mrpol),pind §31CLNBONLL) ynder 1z, 1was

COO it O N T
[S'E i2r E ISHg had. gTh@?lri]ﬂﬁre was purilfi)ed via HPLCth obtAzfajn tlhia das_irrer:gtmﬁlf?naénr%d% as 2(1'21'53 n%alt
- ( 5- Br ono- 2- net hoxy- phenyl ) - qui nazol i n-4-yl | - di net hyl - _ )
0. 550mIB1 05 A CARymT B rtindd). 4/ MG AFardUEHING rakentiorgionaad Taded dr opwi se

1.6M ti : bl X A ON1 23mmol ). After 10 m nutes
"\i/m (0 gg%ﬁs‘] '1925@%%{‘&%( 45 GRS 20125 pherdol L

Cl (0]
@N OH EtOH, CHoCly @N OH
N/)\© p-wave, 160°C, 1h N/)\(j
[00329] 2-(4-Ethoxy-quinazolin-2-yl)-phenol. 2-(4-Chloro-quinazolin-2-yl)-phenol (50mg,

0.196mmol) was placed in a microwave tube charged with a stir bar and dissolved 0.5ml dry

dichloromethane, followed by the addition of 2ml dry ethanol. Tube was sealed with a cap and
heated at 160 to 200°C for one hour in CEM microwave. Solvent was removed under reduced
pressure, reconstituted organic in DMSO and purified by Gilson HPLC. The desired compound
was concentrated to a white solid as the TFA salt. LC/MS (10-99%) M/Z 267.2, retention time

2.57 minutes.

[00330] Synthesis 2-(4-Dimethylamino-quinazolin-2-yl)-6-methyl-phenol

d\N o 1. nBuLi, THF, -78°C d N Q
p o
N N

2. Mel, -789C-rt

[00331] [2-(2-Methoxy-3-methyl-phenyl)-quinazolin-4-yl]-dimethyl-amine To a stirring
solution of [2-(2-Methoxy-phenyl)-quinazolin-4-yl]-dimethyl-amine (200mg, 0.72mmol) in dry
THF under an argon atmosphere at —78°C was added dropwise a 1.6M solution of nBulLi in
hexanes (0.671ml, 1.074mmol). After 10 minutes Mel (0.076ml, 1.22mmol) was added and the
reaction was allowed to warm to room temperature. After 10 minutes at room temperature the
reaction was quenched with a saturated aqueous solution of NH,Cl and partitioned between

aqueous and EtOAc. Organic phase was separated, dried over MgSO,, filtered and concentrated
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was added and the reaction was allowed to warmto roomtenperature. After
10 mnutes at room tenperature the reaction was quenched with a saturated
aqueous swbube4n1sB NHACI and partitioned between aque®@Us/usee4H06IET .
Organi ¢ phase was separated, dried over MgSO4, filtered and concentrated
to a yellowoil. Purified by flash chromatograpy 30% Et OAc/ 70% - 432 WO
2004/ 078733 PCTI US2004/ 006451 hexanes to afford product as a white solid.
Recovered 146ng 89% vyield. LG/ M5 (10-99% M Z 294.4, retention tine

' . - 10N N BBr 30CH - 78C 00338]
2 (a0 ey e udficd B fobh etomelognipy T EI0AA Siinsbmes & #Forst mepcsetass on
of [2- yiBteMsolbxRedovert hyd6nph a0yl )yical nazaisi prodegsh) Mizedhg! e @iééﬁm’
0.498@%}21].i n CH2Cl1l2 at -78C under a nitrogen atnosphere was added r3
(2. 49m>“FYR8Hol ). The reaction was allowed to warmto room tenperature
and was conplete affer 2 hours. The reaction was quegghed with an aqueous
sol ution of NaHCO3 pntil pH8. Organic layer was separdted, dried over
MySO4, filtereg, ¢d r\c(ﬁmentre@éreq:#@ a_7§68[r{]ow sopT Ry i faygd by G I son
HPLC and desi réd Jprdduct was T<Blafed 45 the TFA

t. _JLC 10-99% M Z
280.2, retention tife W 63ninutes. [00339] Synthe¥i s Nof
2- (2" -met hyl sul f onyl phery#) - 4- di net hyl am noqui nazol i ne | ~ N11

[00332] 2-(4-Dimethylamino-quinazolin-2-yl)-6-methyl-phenol To a stirring solution of [2-

(2-Methoxy-phenyl)-quinazolin-4-yl]-dimethyl-amine (54mg, 0.184mmol) in CH,Cl, at —78°C
under a nitrogen atmosphere was added BBr; (0.92ml, 0.92mmol). The reaction was allowed to
warm to room temperature and the heated at 45°C for 4 hours. The reaction was allowed to cool
to room temperature and then quenched with an aqueous solution of NaHCO; until pHS. Organic
layer was separated, dried over MgSQs,, filtered, and concentreated to a yellow solid. Purified by
Gilson HPLC and desired product was isolated as the TFA salt. LC/MS (10-99%) M/Z 280.2,
retention time 2.55minutes.

[00333] Synthesis of 2-(4-Dimethylamin0-quinazolin-z-yl)-4-morpholin-4-yl-phenol

\N/

\N/
hy N
©\)\N 0 [Oj Pda(dba)s, Na-OtBu ©\/§\I ~o
~ .
N TNy~ Phie, 100°C, 16h i
H
Br

)
(8]
[00334] [2-(2-Methoxy-5-morpholin-4-yl-phenyl)-quinazolin-4-yl]-dimethyl-amine To a
tube charged with a stirbar was added Pd,(dba)s (51.1mg, 0.0558mmol), biphenyl-2-yl-di-tert-

butyl-phosphane (67mg, 0.223mmol), NaOtBu (80mg, 0.837mmol) in 2ml dry toluene was
added 4-Bromo~2-(4-dimethylamjno-quinazolin-Z—yl)-phenol(ZOOmg,O.S5Smmol) and

morpholine (0.073ml, 0.837mmol). The reaction was sealed with a screw cap and heated at
100°C in an oil bath for 16h. Purified by flash chromatograpy 30%-60% EtOAc/ hexanes to
afford product as a white solid. Recovered 100mg 49% yield. LC/MS (10-99%) M/Z 365.0,

retention time 2.07minutes.
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~N St 0O CN\ I N =0/[00340] _ _ _

2-(2' -met hyl sul fonyl phenyl ) - 4- di met hyl am noqui nazoline. A 2 mL Personal
Cheni st r ywbl2e040018088 reaction vessel with a stir bar wasPciarsged/ owsdsh

2-(2' - bronophenyl ) -4- di met hyl am noqui nazoline (0.020 g, 61 nml), copper
(1) iodide (0.017 g, 91 mmol), sodium nethanesulfinate (0.010 g, 97 mmol),
and 0.5 nL of DMF.' This mxture was irradiated at 180C for 10 mn. After
cooling, water and ether were added, and an extraction was performed. The
ether layer was then filtered through celite and then\x/tract ed once agai n,
using approxi matel 20% NHACH to renopve additional cofiper. After
concentrati ng, Rdded was _redissolved in a 50A&8 n of

DVBQ MeCH.  Pur i as cortfeePEela e ertVs to hTFA sa:ct.
LG/ M5(10-99% M ‘ tentlontlrre303 m n. hesis o
2-(2 (anl l'i no) - 4-di rret h I noqui nazoline - 433 WO 2004/ 0 33

(2"~ ani 11 n0) - 4 di met hyPagi noqui nazol i ne. i nc. pé&‘iiﬂ 1 18hg, 18.0 o))

was added to a sol uti oﬁ? 2-(2' -nitrophenyl) - 4-di net hyl aﬁdﬁqw nazol i ne

(0.530 g, 1.80 nmol) in "Cdcetic acid (10.9 nmL, 190 nmol) a The

react i pgo3zExt %—@-ﬁﬂh&tﬂ&fa&lﬁﬂo-qﬁﬂfaz&lﬂﬁﬁ-ﬂgﬂ-%rf)ﬁohsn-ll-yl-phenol To a stimring
solution of [2-(2-Methoxy-5-morpholin-4—y1-phenyl)-quinazolin-4-yl]-dimethyl-amine (109mg,
0.299mmol)in CH,Cl, at ~78°C under a nitrogen atmosphere was added BBr3 (1.5ml, 1.5mmol).
The reaction was allowed to warm to room temperature and was heated at 40°C for 2 hours, The
reaction was quenched with an aqueous solution of NaHCO; until pHS8. Organic layer was
separated, dried over MgSOs, filtered, and concentreated to a yellow solid. Purified by Gilson
HPLC and desired product was isolated as the TFA salt. LC/MS (10-99%) M/Z 351.4, retention

time 1.89minutes.

[00336] Synihesis of 2-(4-Dimethylamino-quinazolin-2-yl)-4-methyl-phenol

~ ~, B N
@LN Y 1. nBuli, THF, -78°C ©\)\N o
2 - ~
N N
2. Mel, -78°C-rt
Br

[00337] [2-(2-Meth0xy-5 -methyl-phenyl)-quinazolin-4-yl]-dimethyl-amine To a stirring
solution  of [[2 (5-Bromo-2-methoxy-phenyl)-quinazolin-4-yl]- -dimethyl-amine  (200mg,
0.558mmol) in dry THF under an argon atmosphere at —78°C was added dropwise a 1.6M
solution of nBuLi in hexanes (0.76ml, 1.23mmol). After 10 minutes Mel (0.054ml, 1.23mmol)
was added and the reaction was allowed to warm to room temperature. After 10 minutes at room
temperature the reaction was quenched with a saturated aqueous solution of NH;Cl and
partitioned between aqueous and EtOAc. Organic phase was separated, dried over MgSOy,
filtered and concentrated to a yellow oil. Purified by flash chromatograpy 30% EtOAc/ 70%
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again after the ice bath was renoved. 3.4 The reaction m xture was stirred
for three hours at room tenperature. Deionized water (approxinmately 10 nml)
was t hen wodeal/o07sr3d a sol ution formed, followed by formatriuseooafoosi
precipitate. This solution was then taken slightly basic with NaHCG3(aq).
The product was extracted three tines with ethyl acetate, dried wth MgSH,
filtered, and concentrated. Approxinmately 20 ng of the product was
redi ssolved in a 50/50 solution of DMSO 1VI eCH and purified by LOM to

- 99% M retention ti

i i s . 265 0, me 2,81
pr oVt Fgﬁi‘%ﬁ ?@%ﬁ@ﬁ of 45 aThie sAI Recovered T46ma ¥8% gield” LEs 0-55 25 vz

2- (2" - exdayl, sadnkion ikdeleeurhihatds. di et hyl ami noqui nazoline N\N N F NE\ s 1/

N ~v O [00344] 2- LZ'/—et hyl sul f anyl phenyl ) - 4- di et hyl am'/noqw nazol i ne.

Pot assi um car bonat e N°( 0. 052g, 0.374 nnnol) and et hanet "ol (0.055 nm, 0.748
th a stir

iated in the mcrowave at 1 @ 1.5 hours.
The resulting mxture wasffiltered and then purified by LCNVE to provide
the TFA salt. LOMS (10-99% M Z 310.2, retention tinme 3.27 mn. [00345]

Synt heq06333] 22-(£Difi/hiy a6 uin:AoRh- 21 ndthIsHEn0A%C) §ifing sdidfon of [2-
(2-Methoxy-5-methyl-phenyl)-quinazolin-4-yl]-dimethyl-amine (146mg, 0.498mmol) in CH,Cl,
at —78°C under a nitrogen atmosphere was added BBr; (2.49ml, 2.49mmol). The reaction was

fl uorophenyl) -4
NN- di et hyl f or ;
bar. This m xture was i

i noquBBnaebCine78l0t020 g,
d.) | nTaTcrowave™r eacti o

allowed to warm to room temperature and was complete after 2 hours. The reaction was
quenched with an aqueous solution of NaHCO; until pH8. Organic layer was separated, dried
over MgSQ,, filtered, and concentreated to a yellow solid. Purified by Gilson HPLC and desired
product was isolated as the TFA salt. LC/MS (10-99%) M/Z 280.2, retention time 2.65minutes.
[00332] Synthesis of 2-(2’-methylsulfonylphenyl)-4-dimethylaminoquinazoline

NN -
N
SN Br
O F L el
N |

[00340] 2-(2’-methylsulfonylphenyl)-4-dimethylaminoquinazoline. A 2 mL Personal
Chemistry Microwave reaction vessel with a stir bar was charged with 2-(2’-bromophenyl)-4-
dimethylaminoquinazoline (0.020 g, 61 mmol), copper (I) iodide (0.017 g, 91 mmol), sodium
methanesulfinate (0.010 g, 97 mmol), and 0.5 mL of DMF.! This mixture was irradiated at
180°C for 10 min. After cooling, water and ether were added, and an extraction was performed.
The ether layer was then filtered through celite and then extracted once again, using
approximately 20% NH4OH to remove additional copper. After concentrating, the product was
redissolved in a 50/50 solution of DMSO/MeOH. Purification was conducted on LC/MS to
provide the TFA salt. LC/MS(10-99%) M/Z 328.3, retention time 3.03 min.

[00341] Synthesis of 2-(2’-anilino)-4-dimethylaminoquinazoline
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WO 2004/ 078733 PCTI US2004/006451 N N "4~ NBr N\ N\ \ N [00346]

2-(2' -cyanophenyl) - 4- di net hyl am noqui nazol i ne. A round bottom fl ask was
char ged wwOhlo@/a78733br omophenyl ) - 4- di net hyl am noqui nazol iPo@/Us20anh0s4g1 0. 0305
mol ), potassium cyanide (0.0040 g, 0.0609 nmol),

tetraki s(triphenyl phosphi ne) pal | adi um(0) (0.0018 g, 0.00152 nniol),

copper (1)iodide (0.00058 g, 0.00305 imol), and acetonitrile (0.50 nL) and
heated to reflux overnight 5 After cooling to roomtenperature, ethyl
acetate was added and_ filtered through celite. An extraction was then
performed, using ammonlUm hydroxi de (approxi matel y~®0% to renpve

addi tional copper. AAf be| g concentrated, the pragduct was redissolved
in a 50/50 sol uti E@CH and purlfled : t oNps ovi de the TFA
salt. LC MS (10- 2, Terentiom &t ' 4
of 2- (2'-|sopropenylphenyl di met hyl am noqui nazol
[ 00348] 2-(2'-isopropenyl phetiyl ) - 4- di net hyl am noqui nazol~g€. A 0.5 M
solution of isopropenyl nagnesium bronmide (0.898 ni, 0.449 nmol) was added
to a solution of 2-(2'- fluorophenyl)-4-dinmethyl am noqui nazoline (0.040g,

0. 150 roed4p]i m-e2’tiimds- @dm&ﬂiylﬁiinﬂﬁfq'ﬁﬁiazoﬂé’e&n& b&tederi (0.18 gm1§ DIMRBYS wasSSel

with a stir bar. The sanple was irradiated in the m crowa
added to a solution of 2-(2’-nitrophenyl)- -4-dimethylaminoquinazoline (0. 530 g, 1.80 mmol) in

acetic acid (10.9 mL, 190 mmol) at 0°C. The reaction mixture solidified, but then began to stir
again after the ice bath was removed. *>* The reaction mixture was stirred for three hours at room
temperature. Deionized water (approximatelyl0 mL) was then added, and a solution formed,
followed by formation of a precipitate. This solution was then taken slightly basic with
NaHCOs(aq). The product was extracted three times with ethyl acetate, dried with MgSOy,
filtered, and concentrated. Approximately 20 mg of the product was redissolved in a 50/50
solution of DMSO/MeOH and purified by LC/MS to provide the bis-TFA salt. LC/MS (10-
99%) M/Z 265.0, retention time 2.81 min.

[00343] Synthesis of 2-(2’-ethylsulfanylphenyl)-4-dimethylaminoquinazoline

\N/ ~..

B Y N\N I\s
— Q

[00344] 2-(2’-ethylsulfanylphenyl)-4-dimethylaminoquinazoline. Potassium carbonate
(0.052¢, 0.374 mmol) and ethanethiol (0.055 mL, 0.748 mmol) were added to a solution of 2-(2’-
fluorophenyl)-4-dimethylaminoquinazoline (0.020 g, 0.0748 mmol) in N,N-dimethylformamide
(1 mL) in a microwave reaction vessel with a stir bar. This mixture was irradiated in the
microwave at 135°C for 1.5 hours. The resulting mixture was filtered and then purified by
LC/MS to provide the TFA salt. LC/MS (10-99%) M/Z 310.2, retention time 3.27 min.

[00345] Synthesis of 2-(2’-cyanophenyl)-4-dimethylaminoquinazoline
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for 5 mn at 170C. Deionized water (approximately 2 nlL) was then added. An
extraction was then perforned with ether. After being concentrated, the
product wae 2o@di’ssel ved in a 50/50 sol ution of DVBQ Me@dTAsdoopondssi ed by
LCMs to provide the TFA salt. LC/MS (10-99%9 M Z 289.8, retention tine
3.23 mn. [00349] Synthesis of

2- (2' - hydr oxyphenyl) - 4- di net hyl am no- 6- net hoxyqui nazoline -435 WO

2004/ 078733 PCTI US2004/ 006451 "I N O NBr NO i0O \ N OH [00350]

2- (2' - hydroxyphenyl ) - 4- di net hyl am no- 6- net hoxyqui nazol i ne. A m crowave
reaction vessel with aN§tir bar was charged with Ny~
2- (2' -acet oxyphenyl).- 4Adi net hyl am no- 6- bronbqui nazofi ne
mol ), copper ()i @dide ('P. 0245 g, 0.129 nmol), Net
m), and a 0.5 M Sal4 N‘V
met hanol . The sanple was i mn at 150C.
After cooling, the sanpl e™wé Iltered through
celite. Next, an extraction was perforned, using amoni um hydroxi de
(approximately 209 to renove additional copper. After being concentrated,

' i R. [ 50 . ut i f, DV i fied
o iy 2SS GOy, U B
g;c/:/n"[vﬁ)e-scihsaig@dof Mevithl @-@3%orhdphe 264 diméthylaminoqGinkiole 2 (BA107 g. 63035 mol),
4- Fl uorRptagsipm cyanidg (Q.0340.2, 0 068, mmol), teteskis(tiRbenyipbpsphing)nplladipmd) 490018 g,

0.00152 mmol), copper()iodide (0.00058 g, 0.00305 mmol), and acetonitrile (0.50 mL) and

.100 g, 0.259
| f or mam de (0. 90
518 mmmol) in

heated to reflux overnight.’ After cooling to room temperature, ethyl acetate was added and
filtered through celite. An extraction was then performed, using ammonium hydroxide
(approximately 20%) to remove additional copper. After being concentrated, the product was
redissolved in a 50/50 solution of DMSO/MeOH and purified by LC/MS to provide the TFA salt.
LC/MS (10-99%) M/Z 275.2, retention time 2.85 min.
[00347] Synthesis of 2-(2°-isopropenylphenyl)-4-dimethylaminoquinazoline

NN ~

[00348] 2-(2’-isopropenylphenyl)-4-dimethylaminoquinazoline. A 0.5 M solution of

isopropenyl magnesium bromide (0.898 mL, 0.449 mmol) was added to a solution of 2-(2’-
fluorophenyl)-4-dimethylaminoquinazoline (0.040g, 0.150 mmol) in ethylene glycol dimethyl
ether (1ImL) in a microwave vessel with a stir bar. The sample was irradiated in the microwave
for 5 min at 170°C. Deionized water (approximately 2 mL) was then added. An extraction was
then performed with ether. After being concentrated, the product was redissolved in a 50/50
solution of DMSO/MeOH and purified by LC/MS to provide the TFA salt. LC/MS (10-99%)
M/Z 289.8, retention time 3.23 min.

[00349] Synthesis of 2-(2’-hydroxyphenyl)-4-dimethylamino-6-methoxyquinazoline
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acid methyl ester 0 O HO Br TNBCHNZdBr tﬁ r THF/ MOOH, rt, 20mn F

00352] 3-Brono-4-fluoro-benzoic acid nmethyl ester. .
g-fl ro]rm-Wszbtlmmmenzoi c acid (2.5g, 11.42mol) was plracas2em/oec43i00ml
round bottom flask charged with a stir bar, sealed with a septum and
pl aced under a nitrogen atnosphere and dissolved in 9n] dry THF and 3nl dry
MeCH. A 2. OM sol ution of TMsdi azonethane in ether (6.28ml, 12.56mmol) was
added dropwise to the stirring solution of the acid. Conversion of the
acid to the ester was cqppleteo after twenty m nutes according to LCI M
anal ysis. The solvent was renpjed under reduced pre§§mfé and producg was
used without fuBmbenng n. Recovered a/d)l (2.66g, 100%

yield) LC/ MBS (10- M retention time”3. ut\d%. OH436 WO

SO

B- p ODVMSO, 800C, 2h \O I

5004/ 078733 PCTI U 8/uer OO P dp Z OO0 B/ F +

[00350] 2-(2’-hydroxyphenyl)-4-dimethylamino-6-methoxyquinazoline. A microwave
reaction vessel with a stir bar was charged with 2~(2’-acetoxyphenyl)-4-dimethylamino-6-
bromoquinazoline (0.100 g, 0.259 mmol), copper(Diodide (0.0245 g, 0.129 mmol), N,N-
dimethylformamide (0.90 mL), and a 0.5 M solution of sodium methoxide ( 1.04 mL, 0.518
mmol) in methanol. The sample was irradiated in the microwave for 20 min at 150°C. After
cooling, the sample was diluted with ether and then filtered through celite. Next, an extraction
was performed, using ammonium hydroxide (approximately 20%) to remove additional copper.
After being concentrated, the product was redissolved in a 50/50 solution of DMSO/MeOH and
purified by LC/MS (20-99%) to provide the TFA salt. Approximate yield = 60% (by LC/MS).
LC/MS (10-99%) M/Z 296.4, retention time 2.31 min.

[00351] Synthesis of 4-Fllu0r0-3-(4,4,5,5-tetramethyl—[1,3,2]dioxaborolan-z-yl)-benzoic
acid methyl ester

O 0

F THF/ MeOH, rt, 20min F

[00352] 3-Bromo-4-fluoro-benzoic acid methyl ester. 3-Bromo-4-fluoro-benzoic acid

(2.5g, 11.42mmol) was placed in a 100ml round bottom flask charged with a stir bar, sealed with
a septum and placed under a nitrogen atmosphere and dissolved in 9ml dry THF and 3ml dry
MeOH. A 2.0M solution of TMSdiazomethane in ether (6.28ml, 12.56mmol) was added
dropwise to the stirring solution of the acid. Conversion of the acid to the ester was complete
after twenty minutes according to LC/MS analysis. The solvent was removed under reduced
pressure and product was used without further purification. Recovered a light oil (2.66g, 100%
yield) LC/MS (10-99%) M/Z 234, retention time 3.09minutes.
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[00353] 4-Fluoro-3-(4,4,5, 5-tetranethyl.[1,3,2]dioxaborol an-2-yl)-benzoic
acid nethyl ester. To a round bottom flask charged with a stir bar was
added 3- Bvormoe#781380r 0- benzoi c acid methyl ester (1.66@CTUSI@0DI4F]

Bi s(pi nacol at o) di boron (2.2g, 8.5nmmpl), potassium acetate (2.1g,
21.3mol ), and (0.35g, 0.43mml) [1,1"- _ _

Bi s(di phenyl phosphi no) f errocene] di chl oropal | adi um (11), conplex with

di chl oronethane (1:1). The reaction was sealed with a septum evacuated
and the pl@ced under a nitrogen atnnsphere foll onwed by the addrtr n of

20 of dr) DNBOg,The reacfion heated at 80C in an oil bath -1 Wo
hours. THe r I on was aitﬁ\e Cool RddpbhOKOAREPer at ur’g and FQi i oned

bet ween et acet at @ and| weB e gan epap? he
aqueous | ayer was extracte Q G( r gani cs orrbl ned,
dried over MgSHA4, filtered and concentrat ed under reduced pr Sswe to a

black q003s3Thed MOt IS sRkhilb A1 PY3 SIBBRALGRITBLALHAD te, it

gradi ent of Et OAc/ Hexanés 0 to 60% to
whi t e <8terq Te  ragyl bortens flask @h@rged with W[Stn(ua@m@‘a@dekﬂ@ﬁ&io 4|—,ﬂubﬁ)t EAkbioaciti me

2.73 m se(;qﬂ Oy . N1T.\V \.N 2 00354]

The qurlﬂrggol T (86? g 12%%0%%% I}acaatsow‘gg%r%l&%gé |8r§1TFPE)(R§633H’F}3 aL?iFtFer

cool i nd2.1g, 21 3mm01) and (0.35g, 0.43mmol) [1,1°-
Bis(diphenylphosphino)ferrocene]dichloropalladium (1), complex with dichloromethane (1:1).

The reaction was sealed with a septum, evacuated and the placed under a nitrogen atmosphere,
followed by the addition of 20ml of dry DMSO. The reaction was heated at 80°C in an oil bath
for two hours. The reaction was allowed to cool to room temperature and partitioned between
ethyl acetate and water. Organic layer was separated, and the aqueous layer was extracted two
more times. All organics were combined, dried over MgSQ,, filtered and concentrated under
reduced pressure to a black oil. The product was purified by flash chromatography using a
gradient of EtOAc/ Hexanes 0 to 60%, to afford the desired product as a white solid (1.48g, 74%
yield). LC/MS (10-99%) M/Z 281 .4, retention time 2.73 minutes.

0P 0.0
) ™
N 0 N
B e
T fO/ O T,
1 2

[00354] The quinazoline 1 (1.5 g, 3.0 mmol) was dissolved in THF (150 mL). After cooling
to —78°C, t-BuLi (1.7 M in heptane, 1.76 mL) was added dropwise. After stirring for 10 min at —
78°C, CO; (crushed) was added to the solution, then warmed up to RT and stirred for 30 min.
Quenched the reaction with H,O (100 mL), diluted with EtOAc (100 mL), The organic layer was
dried, concentrated, purified by flash chromatography (1%-10% MeOH/DCM) to obtain 2 (600
mg, 43% yield).
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to -78C, t-BuLi (1.7 Min heptane, 1.76 nL) was added dropw se. After
stirring for 10 mn at - 78C, CQ2 (crushed) was added to the solution, then
war med upwoaoifo7srsd stirred for 30 min.  Quenched the reatiuser4ddr H2O
(100 nL), diluted with EtOAc (100 mL), The organic |ayer was dried, _
concentrated, purified by flash chromat ography (1% 10% McOH DCM to obtain
2 (600 ng, 43%yield). - 437 WO 2004/078733 PCTI US2004/ 006451 [00355]
Synt hesi s of 2-(2'-hydroxyphenyl)-4-di net hyl am no- 6- nor phol i noqui nazol i ne

2" (o7 Toss], pbtbess f 2 toammiisTEApp e el neuinestipe

reaction tube wth a~sgpta scieew cap under N2 was charged with
tris(di benzyli %eneaoetﬁ_ne) di pdl | adi un{ 0) (0.0‘Q\\g, 13 XNfmol ) ,

2, 2" - bi s(di phefy N0) 0”14 - bi napt hyl (\rorfcm 8.8 mmol ), cesium
carbonate (0.097 98_lmoll) , toluene (0.25 nf), N OH
2- (2' - acet oxyphenyl¥] - 4Ndi | am no- 6- br omoqui na . g, 129
mol ), and norpholine (2 259 nunol), in that order.2 m xture was
then heated to 80C for 24 hours. After cooling, the mxtu s diluted
with ether, filtered through celite and silica gel, and concentrated. The
product was redissolved in a 50/50 solution of DMSQ MeCOH and

[00356] 2-(2’-hydroxyphenyl)-4-dimethylamino-6-morpholinoquinazoline. A dry

reaction tube with a septa screw cap under N, was charged  with
tris(dibenzylideneacetone)dipalladium(0) (0.012 g, 13.0 mmol), 2,2’-bis(diphenylphosphino)-
1,1’-binapthyl (0.024 g, 38.8 mmol), cesium carbonate (0.097 g, 298 mmol), toluene (0.25 mL),
2-(2’-acetoxyphenyl)-4-dimethylamino-6-bromoquinazoline ~ (0.050 g, 129 mmol), and
morpholine (23 pL, 259 mmol), in that order.’ This mixture was then heated to 80°C for 24
hours. After cooling, the mixture was diluted with ether, filtered through celite and silica gel,
and concentrated. The product was redissolved in a 50/50 solution of DMSO/MeOH and
purified by LC/MS to provide the bis-TFA salt. LC/MS (10-99%) M/Z 351.0, retention time

2.75 min.
-0Bn
Me0\©|\/kN OH . MeOQ. | SN o \OBn
— —
(| 2

[00357] The quinazoline 1 (0.2 g, 0.62 mmol) was dissolved in CH3CN (5 mL). After cooling
to —10°C (ice/NaCl), CCly, DIEA and DMAP were added. After stirring for 10 min, a solution of
dibenzyl phosphite in CH3CN (2 mL) was slowly added over 10 min. Stirring was continued at —
10°C for 2 h, then at RT for 24 h. Quenched by addition of 0.5 M K,HPO4, diluted with water
(15 mL), extracted with DCM (30 mL), dried, concentrated, purified by flash chromatography
(100% DCM) to obtain 2 (168 mg, 47% yield) as a colorless oil. LC/MS(10-99%) M/Z 586.0

retention time 2.54 min.
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purified by LG/ M5 to provide the bis-TFA salt. LC M (10-99% 1M Z 351.0,
retention time 2.75 mn. NNO MO NOH MO/ ' NO& OB OBn t 2

[ 00357] TWe 2guia18z33l ine 1 (0.2 g, 0.62 mmol) was di ssol Pea/tuspoodiodddsi (5 ) .
After cooling to -10C (ice/NaCl), CCl 4, DIEA and DVAP were added. After
stirring for 10 mn, a solution of dibenzyl phosphite in CH3CN (2 nlL) was
slowy added over 10 mn. Stirring was continued at - 10C for 2 h, then at
RT for 24 h. Quenched by addition of 0.5 M K2HPO4, diluted with water (15

m), extracted with DCM (30 n), dried, concentrated, \pl;fjl)fled by}‘laish
chr omat ogr aphy (100%DCI\/9 o obtain 2 (168 . A7%Yyi asQa_col orl ess
oil. LU g/B( I 58 '?'ét ention tine \AEYQBOM 078733
PCTI US2004/ 0064 MeO A-OBn NeO =~ n GHH \ NV
N2 3 N

2 3

[00358] To a solution of the quinazoline 2 (0.168 g, 0.29 mmol) in DCM (1.5 mL) was added
TMSBr (0.079 mL, 0.61 mmol) at 0°C. The reaction was stirred for 1 h at 0°C, then for 1 h at
RT. The reaction was quenched with water (3 mL) and stirred for 15 min. The aqueous layer
was washed with EtOAc (5 mL), and dried with lyophilizer overnight to give desired product 3
as white foam (0.14 g, 100% yield). LC/MS(10-99%) M/Z 406.0 retention time 3.32 min.

‘ —OH MeOQ -ONa
~ o
3 4

[00359] To a solution of the quinazoline 3 (0.14 g, 0.36 mmol) in MeOH (3 mL) was added
NaOMe (1.44 mL, 0.72 mmol) at RT. The reaction was stirred overnight at RT. The reaction
mixture was concentrated using rotavap (25°C), then the residue was taken up with water (75
mL) and washed with EtOAc (3 x 50 mL). The aqueous phase was dried with lyophilizer to give
final product 4 (0.14 g, 98% yield) as solid. LC/MS(10-99%) M/Z 406.0 retention time 3.32
min.

[00360] 2-{7-Methyl-4-[methyl-(S-methyl-[1,3,4]oxadiazol-2-yhnethyl)-amino]-
quinazolin-2-yl}-phenol

N
N'jf
Cl HN

/©\/L/,L ,VL + \g K?/\NHQ DMF, EtgN, rt 3h /@\)\/
N - N° \(5

[00361] [2-(2-Methoxy-phenyl)-7-methyl-quinazolin-4-y1]-(5-methyl-[1,3,4]Joxadiazol-2-
ylmethyl)-amine  4-Chloro-2-(2-methoxy-phenyl)-7-methyl-quinazoline (400mg, 1.48mmol)
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[00358] To a solution of the quinazoline 2 (0.168 g, 0.29 mmol) in DCM (1.5
nm) was added TMSBr (0.079 mL, 0.61 nmol) at O0C. The reaction was stirred
for 1 h avoQ@u4/a7emn for 1 h at RT. The reaction was quecthmsdoowioddasnat er (3
m) and stirred for 15 min. The aqueous |ayer was washed with EtOAc (5
nm), and dried with |yophilizer overnight to give desired product 3 as
white foam (0.14 g, 100%yield). LG MS(10-99% M2 406.0 retention tine
3.32 mn. N OIVEO OOH MO-ONa N O k- NO ~ONa 4 [00359] To a solution

(1 s G4 gnighs il R o S8 ecbl W givasbeora e

reacti qaethmmtﬂércﬁamasczgm emhgﬁhﬁ)ﬁ tHéi ﬂﬁtﬁy@&lﬁ\ﬁéruﬁa%écé 96@%813 %ﬁ& f%ﬁh@

was taken up with water (75 nlL) and washed wth
aqueoushe tigasomenas deampletd partitiguadhbdtivear Et@Agiand wﬁuendrhepbrgdmctpmSe( Gvak4 g,

[ gooﬁ)?)%bi%legz)ratgé 30kd dovek q\/ig@‘/d (fll%re%goﬁd N{:ozncél(l)tersatgd rtgt &h t 1)1 n Ptu}lggd by ﬂasi;rI n

2- { 7- Mehiophateeriphyt 6§%- E&amyt n@%- héxaaeszllcsmﬁdrcazm x@sﬂedrrpltdauét) a ahiRO kolid.

NOO~N\O
qui naz (ﬂelcgve%ecy i&Ont SE6Q}) ylell\tli LC/MS (10 909%) M/Z 348.4, retention time 2.17minutes.

N
N":Ii)( N,\\o(
ba L

HN
N Yo NaH, Mel, DMF, 0°C-rt /CCKN o

[00362] [2-(2-Methoxy-phenyl)-7-methyl-quinazolin-4-yl]-methyl-(5-methyl-
[1,3,4loxadiazol-2-ylmethyl)-amine To a stirring suspension of freshly washed sodium hydride

(42mg, 1.04mmol) in dry DMF at 0°C under a nitrogen atmosphere was added the [2-(2-
Methoxy-phenyl)-7-methyl-quinazolin-4-yl]-(5-methyl-[1,3,4]oxadiazol-2-ylmethyl)-amine
(180mg, 0.518mmol, in 5ml DMF). After 30 minutes at 0°C, Mel (74pl, 1.19mmol) was added
and the reaction was allowed to warm to room temperature. After one hour the reaction was
quenched with water and extracted 3 times with EtOAc. Organics were combined, dried over
MgSO,, filtered and concentrated to a yellow oil. Purified by flash chromatography 50/ 50
EtOAc/ hexanes to afford the desired product as a clear oil. 128mg, 66% yield. LC/MS (10-99%)
M/Z 376.1, retention time 2.06 minutes.

N
N'TQO( N,\\o(
b i

HN
SN Yo BBrs, CHoCly, -78°C-1t /@j% OH
N//'\© g Nig \[5
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+ [/ NFI'2 DVF, EtsN, rt 3h N\ NN N i [00361] _

[ 2- (2- Met hoxyy- phenyl ) - 7- met hyl - qui nazol i n-4-yl ] -(5-nethyl -[1, 3, 4] oxadi azol
- 2- yl metwipl2pe4aiTsT38 4- Chl or o- 2- ( 2- met hoxy- phenyl ) - 7- met lrgirAusadonagabi ne _
(400mg, 1.48tnnol) -439 WD 2004/078733 PCTI US2004/ 006451 was di ssolved in
10m dry DMF fol lowed by the addition of C (5-Methyl-[1,3, 4] oxadi azol-2yl)-
nmet hyl am ne oxal ate (234ngy, 1.48mmvl) then triethylamne (4131, 2.96mmol).
After 6 hours the reaction was conplete, partitioned between Et QAc and

filtered and
\évgtngant ir;-gtge r tg %%%"[& SZFBﬂr R4 l'éseg'ﬁgly fﬂ%’ﬂﬂ’xﬁ‘ﬁ‘%@ﬂﬁ?wh{’gﬁ%ﬁmﬂa OAc/ 40%
hex anesqllmazahhdﬂd}-phen(ﬂékj 4 ethrine GAlitibn dF \{@J(Z-Mﬁlﬁixwflbhenﬁﬁq%&ﬁ%%cﬁﬁgﬁﬂx 56%
yi el d. 7m nut es

L oS RTRIIs- Bl faloxasitol 2oxmetyRy feping. (L4, 034 Lmmol) 7l dy
CH2C12 at ~78°C under a nitrogen atmosphere was added BBr3 (1.71ml, 1.71mmol) dropwise.
The reaction was allowed to warm to roofn temperature and after three hours the reaction was
quenched with a saturated aqueous solution of NaHCOj; until pHB. The organic was separated,
dried over MgSOy, filtered and concentrated to a light yellow oil. Purified by Gilson HPLC and
compound was isolated as the TFA salt. LC/MS (10-99%) M/Z 362.3, retention time 2.12

minutes.

N7 SN o)

/O NN OH )?\ /O ~N O/U\
7 Cl ~
N I j N I j

1
[00364] To a solution of the quinazoline (187 mg, 0.63 mmol) in CH,Cl, (5 mL) was added

pyridine (0.11 mL, 1.36 mmol) at RT. After cooling to 0 °C a solution of acetyl chloride (50 pL,
0.70 mmol) in CH,Cl, (5 mL) was added, stirring was continued for 45 Min at RT and the
solvent was removed in vacuo. Chromatography over silica (hexanes / FtOAc / NEts: 2:1:0.05)
afforded compound 1 as a white solid (90 mg, 42%). Compound 1: LC/MS (10-99%): m/z = 338
[M+H]*, R;: 3.28 min.

[00365] Other compounds of general formula I have been prepared by methods substantially
similar to those described above. The characterization data for these compounds is summarized

in Table 3 below, and compound numbers correspond to the compounds depicted in Table 2.

[00366] Table 3. Exemplary Characterization Data for Compounds of Formula I

Cmpd # LC_MASS_PLUS

15 308.40
16 306.00

164 320.00

194 389.20

195 404.20

198 302.00,302.20,302.00

202 328.20,328.20,328.00

241 268.30

250 346.00

252 310.00
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N [00362]

[ 2- (2-1 VI et hoxy- phenyl ) -7- et hyl - qui nazol i n-4-yl ] -net hyl - (3- net hyl -

[ 5, 3, 4] oxmidi2amal78 B3yl nt et hyl )-ami ne To a stirring suspemrerars2@f/obaseshl y
washed sodi um hydride (42ng, 1.04mmol) in dry DMF at OC under a nitrogen
at nosphere was added the [2-(2-

Met hoxy- phenyl ) - 7- net hyl - qui nazolin-4-yl]-(5-nethyl-[ 1, 3, 4]

oxadi azol - 2-yl net hyl )-am ne (180ng, O. 518rrm)| i n 5ml D 14F). After 30

m nutes at 0C, Mel (74t 1C;n§dmu¢, WarS auucLLQ MRS T reagtion was al | oned
to warmto room tenperatureysyA ter ong hout u.@l@ac;rﬂn—\;(/as quenched wi th
wat er and extracted 3 TIMESff Th ETCAG Orgami g oyer € combi ned, dried over
MSH, filtered and concenipggied 10 a|yel Tow oisggopPurified by flash
chromat ography 50/ [50 Et OAefe6 hexanes [t 0 af T orsighhe desired product as a
clear oil. 128ny, 6% yiel d25A.C M5 (1(0-99% Migo876.1, retention tine 2.06
mnutes. NCO ~-NHN_~ N O B®W 3, CHCI[2, -78C28.8 N OCH NN\ - 440 WO
2004/ 078733 PCTI US2004/ 006433 [ 00363] 249.80,250.40
2-{7-Methyl - 4. [ met Hyl - (5-me26fy| - [1 3 4] oxadi azB862®- y| net hyl ) - ami no] -
qui nazol i n- 2-yl } - pHerol—To 205tirring [sol uti omdSaR0
[ 2- (2- Met hoxy- pheny)—7—ret !%62! gui-nazglin- 275.20
4-yl] - et hyl - (5- metthyt—13-3 §?‘ oxathazgh—2—y neﬁﬁ‘qq) am-nel{(128ny,
0.341mol) in 7nl dr 264 52500
Y 265 296.60,296.40,296.40

266 345.20

267 310.20,310.00

268 351.00

269 310.00

270 340.10

271 298.10

272 314.00

273 328.20

274 284.00

275 300.10

276 328.10

277 286.90

278 306.00

279 280.20

280 380.00

281 334.00,334.00

282 336.00

283 351.00

284 336.00,336.00

285 322.00,322.00,322.00,322.00

286 307.00

287 378.00

288 405.00

289 349.00

290 292.00

291 322.00

292 342.00

293 294.00

294 358.20

295 374.00

296 382.40

297 256.80

298 239.00

299 339.80

300 279.00

301 386.00

302 307.20

303 318.00

304 296.20
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CH2d 2 at
1. 71lmmol ) dropw se.

and aft erwoOhne78mBars the reacti on was
sol ution of NaHCO3 unti l

-78C under a nitrogen atnosphere was added BBr3 (1.71nd,

The reaction was allowed to warmto roomtenperature
guenched w t h aPsatusec@umob4agUEOUS

pH3. The organi c was separ at ed,

filtered and concentrated to a light yellow oil. Purified
and conpound was isolated as the TFA salt. LC M5 (10-99%
retention time 2.12 m'nutes I~N ~INIl 0 Ojj ~ NOHH+
"J"" 14 C N b1 A+ |_003G 1 & JUI HH-ot—eof—the-guinazol
mmol) in CH2C 2 (5 Chpd? % ?S
After cooling to O [Ca solugppm of acgtyt——c %gltg@ﬁ“ -t
CH2C12 (5 nmlL) was ddded, StUrg7inNg was [COnNti NUegoh@r 45 M
sol vent was renoved I n vacu@pg Chr onat Qgr apny oOxehosifica
NEt 3: 2:1:0.05) afjforded ceogpound 1 s a whitgosel 1 d (90ny,
1. LM (10-99%: rn/fz = 338 [MtH +,| R : 3. 2&2n0n. [003
conmpounds of genergl formul 81 have bden prepa¥edo by net hg
simlar to those described 3Bove. The |charact e¥Rf&ti on dat
conpounds is sunmarlized 313 320.20

314 309.00

315 399.00

316 318.00

317 332.00

318 332.00

319 315.00

320 329.00

321 343.00

322 357.00

323 342.00

324 342.00

325 368.00,368.10

326 352.00

327 369.80

328 456.20

329 381.80

330 384.00

331 395.80

332 322.00,322.20

333 284.00

334 334.00

335 280.00

336 296.00

337 306.00

338 286.80

339 286.80

340 329.40

341 356.20

342 329.40

343 463.20

344 491.60

345 353.20

346 315.80

347 359.00

348 402.20

349 341.80

350 359.80

351 384.80

352 371.80

353 369.60

354 343.00

355 441.00

356 353.80
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in Tabl e 3 bel ow, and conpound nunbers correspond to the conpounds depicted
in Table 2. [00366] Table 3. Exenplary Characterization Data for Conpounds
of For nulaolzo@m7gm3# LC MASSILUS 15 308.40 16 306. 00 pLéAIS3@a/00651 194
389.20 195 404.20 198 302.00, 302. 20, 302.00 202 328. 20, 328.20,328.00 241
268. 30 250 346.00 252 310.00 -441 WO 2004/078733 PCT/ US2004/ 006451 OCmd
# LC MASS PLUS 253 344.00 254 319.00 255 333.00 256 348.00 257 319.00

Cmpd # 1LC_MASS_PLUS
357 314.00
358 320.00
359 323.00
360 289.00
361 322.20
362 400.00
363 386.00
364 390.00
365 306.00
366 385.80
367 370.00
368 374.00
369 320.00
370 320.00
371 322.00
372 320.00
373 308.00,308.00
374 340.00
375 356.00
376 280.20,280.00
371 300.40,300.00
378 282.00
379 326.20
380 351.20
381 338.20
382 336.20
383 309.20
384 407.40
385 334.20
386 323.40
387 380.20
383 294.00
389 350.00
390 345.00
391 326.00
392 352.80
393 - 323.00
394 286.00
395 344.00
396 340.00
397 326.00
398 314.00
399 312.00
400 343.20
401 354.00
402 340.00
403 282.00
404 285.00
405 283.20
406 292.00
407 464.00
408 298.00

444 -



258 289.80 259 249. 80, 250.40 260 386.20 261 357.00 262 275.20 263
358.00 264 325.00 265 296.60, 296. 40, 296. 40 266 345.20 267 310. 20, 310. 00
268 351. W0 28@9781B3. 00 270 340.10 271 298.10 272 314pr00/US2003/086a81 20 274
284.00 275 300.10 276 328.10 277 286.90 278 306.00

Cmpd # LC_MASS_PLUS
409 273.00
410 326.20
411 326.20
412 356.00
413 359.20
414 355.00
415 338.00
416 370.00
417 328.00
418 298.20
419 279.80
420 281.80
421 340.90
422 269.30,269.20
423 303.00
424 372.80
425 272.80
426 307.00
427 322.20
428 324.20
429 284.00,285.00
430 236.00
431 429.00
432 439.00
433 443.00
434 456.00
435 486.00
436 326.20
437 328.00
438 253.00
439 257.00
440 299.20
441 273.00
442 414.40
443 286.00
444 302.20
445 330.00
446 328.20
447 355.40
448 412.00
449 286.00
450 338.20,338.00
451 352.20
452 267.00
453 326.20
454 284.20
455 309.20
456 399.20
457 312.00
458 340.20
459 302.00
460 316.00
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279 280.20 280 380.00 281 334.00,334.00 282 336.00 283 351.00 284

336. 00, 336. 00 285 322. 00, 322. 00, 322. 00, 322. 00 286 307.00 287 378.00 288
405. 00 2802847803 290 292. 00 291 322.00 292 342. 00 PE93IS2@4/006151 294
358.20 295 374.00 296 382.40 297 256.80 298 239.00 299 339. 80

Cmpd # LC_MASS_PLUS
461 344.00

- 462 328.00
463 378.00
464 316.00
465 327.80
466 371.80,371.60
467 355.60
468 356.80
469 359.00
470 435.20
471 368.00 .
472 344.00
473 282.20
474 281.20
475 355.00
476 302.20
477 316.20
478 344.20
479 328.20
480 378.00
481 316.20
482 282.00
483 286.00
484 328.00
485 324.20
486 353.80
487 377.80
488 365.00
489 339.80
490 267.00
491 281.00
492 310.20
493 352.20
494 342.00
495 328.00
496 402.20,402.40
497 439.20
498 421.00
499 367.00
500 397.20
501 365.00
502 270.00
508 290.90
516 403.40
517 403.40
518 403.60
519 403.40
520 408.40
521 409.20
522 432.40
523 432.20
524 431.40
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300 279.00 301 386.00 302 307.20 303 318.00 304 296.20 - 442 WO
2004/ 078733 PCTI US2004/ 006451 Cm pd # LC _MASS_PLUS 305 278.00 306 291. 80
307 239. 080 280@7889. 00 309 270.00 310 402.20 311 342p00/US3d3/ 086421 00 313
320.20 314 309.00 315 399.00 316 318.00 317 332.00

Cmpd # LC_MASS_PLUS
525 432.40
526 432.40
527 437.40
528 437.40
529 446.40
530 452.40
531 463.00
532 370.00
533 382.20
534 384.20
535 398.20
536 437.40
537 439.40
538 439.40
539 439.20
540 377.40
541 384.00
542 386.00
543 391.20
544 391.20
545 397.40
546 397.40
547 397.40
548 411.40
549 368.20
550 420.20
551 441.40
552 446.00
553 449.40
554 394.00
555 450.20
556 330.00
557 332.20
558 334.00
559 346.00
560 348.00
561 372.00
562 383.20
563 383.20
564 383.20
565 383.20
566 387.80
567 388.80
568 403.40
569 412.00
570 412.00
571 412.00
572 349.20
573 361.00
574 375.20
575 389.20
576 411.20
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318 332. 00 319 315.00 320 329.00 321 343.00 322 357.00 323 342.00 324
342.00 325 368.00,368.10 326 352.00 327 369.80 328 456.20 329 381.80
330 384. 080 28@107883. 80 332 322. 00, 322. 20 333 284.00 P84/U33¢b400645835
280.00 336 296.00 337 306.00 338 286.80

Cmpd # LC_MASS_PLUS
577 411.20
586 281.00
587 342.40
588 356.00
589 358.20
590 365.20,365.20
591 369.20,369.20
592 370.00
593 37240
594 383.20,383.20,383.20,383.20
595 384.00
596 391.20
597 39740
598 337.80
599 350.00
600 352.00
601 376.00
602 387.20
603 391.80
604 393.00
605 416.00
606 416.20
607 416.00
608 353.00
609 415.20
610 415.20
611 416.20
612 421.00
613 430.20
614 431.20
615 436.20
616 447.00
617 459.20
618 493.00
619 353.80
620 353.80
621 365.80
622 367.80
623 367.80
624 367.80
625 383.00
626 409.40
627 421.00
628 423.20
629 423.20
630 423.20
631 429.20,429.00
632 430.00
633 435.20
634 437.00
635 43740
636 479.20
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339 286.80 340 329.40 341 356.20 342 329.40 343 463.20 344 491.60 345
353.20 346 315.80 347 359.00 348 402.20 349 341.80 350 359.80 351
384.80 3§028mln7803 353 369. 60 354 343.00 355 441.00 P8DAIS2&I/ 08651 - 443
WD 2004/ 078733 PCT/ US2004/ 006451 Cm pd # LC_MASS_PLUS

Cmpd # LC_MASS_PLUS
637 361.00
638 362.20
639 364.80
640 366.00
641 366.00
642 367.20
643 367.80
644 368.00
645 370.00
646 375.20
647 375.20
648 375.20
649 375.20
650 375.20
651 381.00
652 381.00
653 381.20
654 381.20
655 381.20
656 388.20
657 395.00
658 395.20
659 418.00
660 352.00
661 365.80
662 365.80
663 385.80
664 404.20
665 404.00
666 406.00
667 425.20
663 430.20
669 430.20
670 446.00
671 429.40
672 433.20
673 457.20
674 430.00
675 418.20
676 436.20
677 378.00
678 269.80
679 411.20
680 427.20
681 399.80
682 420.20
683 420.00
684 434.20
685 454.20
686 399.80
687 414.20
688 420.00
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357 314.00 358 320.00 359 323.00 360 289.00 361 322.20 362 400.00 363
386.00 364 390.00 365 306.00 366 385.80 367 370.00 368 374.00 369
320. 00 30287803 371 322.00 372 320.00 373 308. 00, B08/UBR00487645840. 00
375 356.00 376 280.20,280.00 377 300.40, 300.00

Cmpd # LC_MASS_PLUS
689 432.00
690 367.80,367.80
691 323.00
692 324.00
693 326.00
694 326.00
695 326.00
696 338.00
697 340.00
698 342.00
699 342.00
700 349.00
701 353.20
702 353.00
703 353.00
704 353.20
705 353.20
706 354.00
707 354.00
708 356.00
709 355.80
710 355.80
711 367.00
712 367.20
713 367.20
714 367.20
715 368.00
716 367.80
717 371.80,373.10
718 375.00
719 381.00
720 382.00
721 382.20
722 383.20
723 385.00
724 389.20
725 390.00
726 393.20
727 393.20
728 397.20
729 400.20
730 403.40
731 404.20
732 407.40
733 411.20
734 413.20
735 415.40
736 416.20
737 419.00
738 419.20
739 421.00
740 423.20
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378 282.00 379 326.20 380 351.20 381 338.20 382 336.20 383 309.20 384
407.40 385 334.20 386 323.40 387 380.20 388 294.00 389 350.00 390
345. 00 38028047803 392 352.80 393 323.00 394 286. 00 P8¥AISAeh4/006151 396
340.00 397 326.00 398 314.00

Cmpd # LC_MASS_PLUS
741 428.20
742 429.40
743 430.20
744 431.40
745 431.20
746 441.40
747 446.00
748 450.20
749 432.00
750 470.20
751 352.00
752 352.00
753 352.00
754 374.00
755 373.80
756 374.00
757 378.00
758 378.00
759 378.00
760 416.20
761 429.20
762 432.00
763 441.40
764 470.20
765 477.00
766 326.00
767 366.00
768 365.80
769 388.20
770 326.00
771 352.20
772 364.20
773 380.80
774 397.20
775 407.40
776 413.20
777 415.20
778 421.00
779 429.20
780 350.00
781 283.80
782 294.00
783 296.00
784 298.00
785 312.00
786 314.00
787 314.00
788 324.00
789 328.00
790 340.00
791 343.80
792 310.00
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399 312. 00 400 343.20 401 354.00 402 340.00 403 282.00 404 285.00 405
283.20 406 292.00 407 464.00 408 298.00 -444 WO 2004/078733

PCT/ US20040Q0@4B54733Cm pd # LQ MASS PLUS 409 273.00 410P8241S2@4/0dcsi1 326. 20
412 356.00 413 359.20 414 355.00 415 338.00 416 370.00

Cmpd # LC_MASS_PLUS
793 347.00
794 347.00
795 351.00
796 373.80
797 326.00
798 326.00
799 326.20
800 338.00
801 372.00
802 372.00
803 381.80
804 377.20
805 377.20
806 377.20
807 384.00
808 391.00
809 391.20
810 414.40
811 348.00
812 362.00
813 362.00
814 381.80
815 399.80
816 399.80
817 402.00
818 425.80
819 426.00
820 442.00
821 474.20
822 425.20
823 425.20
8§24 429.20
825 453.00
826 426.00
827 373.80
828 407.40
829 413.00
830 423.20
831 395.80
832 416.00
833 416.00
834 430.00
835 395.80
836 410.00
837 409.80
838 416.00
839 364.00,364.00
840 439.20
841 319.00
842 319.80
843 321.80
844 321.80
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417 328.00 418 298.20 419 279.80 420 281.80 421 340.90 422

269. 30, 269. 20 423 303.00 424 372.80 425 272.80 426 307.00 427 322.20
428 324. 200 242%7884. 00, 285. 00 430 286. 00 431 429.00 282/u83@400645133
443.00 434 456.00 435 486.00 436 326.20 437 328.00

Cmpd # LC_MASS_PLUS
845 322.00
846 334.00
847 336.20
848 337.80
849 337.80
850 344.80
851 349.20,349.00
852 349.20
853 349.20
854 350.00
855 350.00
856 352.20
857 353.00
858 352.00
859 352.00
860 363.00
861 363.00
862 363.00
863 363.20
864 363.80,364.00
865 364.00
866 363.80
867 370.80
868 373.20
869 377.00
870 378.00
871 379.20
872 385.20
873 385.80
874 385.80
875 389.20
876 389.20
877 392.80,393.20,393.30
878 396.20
879 398.20,398.20
880 399.00
881 284.30
882 412.20
883 417.40
884 417.20
885 432.20
886 417.40
887 419.20
883 357.00
889 364.40
890 371.00
891 348.00,348.20
892 360.20
893 386.20
894 393.20
895 409.00
896 417.40
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438 253.00 439 257.00 440 299.20 441 273.00 442 414.40 443 286.00 444
302.20 445 330.00 446 328.20 447 355.40 448 412.00 449 286.00 450
338. 20, 3380Q004/481B3352. 20 452 267.00 453 326.20 454 P82/UR004406&5809. 20
456 399.20 457 312.00 458 340. 20

Cmpd # LC_MASS_PLUS
897 425.00
898 346.00
899 412.40
900 426.20
901 427.40
902 443720
903 455.20
904 489.20
905 350.20
906 350.20
907 362.00
908 364.00
909 364.00
910 364.00
911 378.60
912 405.60
913 410.40
914 419.20
915 425.00
916 431.40
917 433.40
918 433.40
919 475.20
920 358.20
921 361.00
922 362.00
923 362.00
924 363.20
925 364.00
926 366.00
927 371.20
928 37140
920 371.20
930 377.20
931 377.20
932 368.00,368.00
933 400.20
934 400.00
935 403.40
936 407.60
937 409.20
938 411.20
939 412.00
940 415.20
941 417.00
942 419.20
943 424.40
944 425.20
945 426.00
946 427.00
947 427.60
9438 437.20
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459 302.00 460 316.00 - 445 WO 2004/078733 PCTI US2004/ 006451 Cm pd # LC
MASS PLUS 461 344.00 462 328.00 463 378.00 464 316.00 465 327.80 466
371. 80, 3AM0R004/48783355. 60 468 356.80 469 359.00 470 2#8%/UR00447c45868. 00
472 344.00 473 282.20 474 281.20 475 355.00 476 302.20

Cmpd # LC_MASS_PLUS
949 442.20
950 446.00
951 348.00
952 348.00
953 348.00
954 370.00
955 370.00
956 370.00
957 374.00
958 ) 374.20
959 374.00
960 412.40
961 425.00,425.00
962 430.00
963 437.60
964 440.00
965 466.40
966 473.00
967 364.20,364.00
968 290.20
969 292.00
970 306.20
971 308.60
972 310.00
973 324.20
974 336.00
975 340.00
976 306.60
977 343.00
978 347.00
979 370.00
980 322.20
981 322.40,322.00
982 356.00
983 368.40
984 368.00
985 378.20
986 405.60
987 409.40
988 416.20
989 420.00
990 423.40
991 427.40
992 429.20
993 431.40
994 435.40
995 439.20
996 445.20
997 447.00
998 466.40
999 432.40
1000 369.00

-455-



477 316.20 478 344.20 479 328.20 480 378.00 481 316.20 482 282.00 483
286.00 484 328.00 485 324.20 486 353.80 487 377.80 488 365.00 489
339.80 48028607803 491 281.00 492 310.20 493 352. 20 pr¢IAIS36b2/00651 495
328. 00 496 402. 20, 402.40 497 439. 20

Cmpd # LC_MASS_PLUS
1001 381.00
1002 409.20
1003 431.60
1004 432.40
1005 509.40
1006 384.00
1007 384.00
1008 425.40
1009 445.20
1010 451.20
1011 452.40
1012 495.40
1013 381.00
1014 382.00
1015 411.20
1016 444.40
1017 457.40
1018 384.00
1019 352.40
1020 368.00
1021 391.20
1022 391.20
1023 328.40
1024 434.40
1025 382.00
1026 358.20
1027 369.20
1028 369.20
1029 383.20
1030 340.20
1031 409.40
1032 420.40
1033 368.00
1034 445.20
1035 330.40
1036 340.00
1037 356.00
1038 359.80
1039 363.20
1040 367.00
1041 390.00
1042 342.00
1043 342.60
1044 388.40
1045 343.80
1048 455.00
1049 338.00
1050 324.20
1051 433.60
1052 427.00
1053 443.20
1054 398.20
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498 421.00 499 367.00 500 397.20 501 365.00 502 270.00 508 290.90 516
403.40 517 403.40 518 403.60 519 403.40 520 408.40 521 409.20 522
432. 40 520824827203 524 431.40 -446 WD 2004/078733 PCTPUS2GM00@4561 Cm
pd # LC_MASS_PLUS 525 432.40 526 432.40 527 437.40

Cmpd # LC _MASS_PLUS
1055 435.20
1056 415.20
1057 417.40
1058 393.00
1059 361.00

' 1060 422.00
1065 385.20
1066 353.10
1067 354.10
1068 367.10
1069 380.90
1070 388.30
1071 353.10
1072 368.10
1073 410.00
1074 383.90
1075 429.10
1083 352.00,351.90,352.30,352.20,352.3

0,352.30,352.00

1084 350.00
1085 363.00
1086 377.00
1087 384.00,384.00
1088 380.00
1089 362.00
1090 410.00
1091 426.00
1092 370.00
1101 293.00
1102 307.00
1103 334.00
1106 374.10,374.060
1107 379.30
1108 421.10,421.00,421.00
1109 435.50
1110 407.50
1111 399.30
1112 413.30
1113 427.30
1114 391.30
1115 405.50
1116 377.30
1117 441.50,441.00
1118 410.90
1119 335.90
1120 355.80,355.90
1121 394.90
1122 407.50
1123 343.00,341.90
1124 427.10
1125 396.00
1127 461.30
1128 393.80
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528 437.40 529 446.40 530 452.40 531 463.00 532 370.00 533 382.20 534
384.20 535 398.20 536 437.40 537 439.40 538 439.40 539 439.20 540
377.40 SX028847803 542 386. 00 543 391.20 544 391.20 PE4AISI4/046151 546
397.40 547 397.40 548 411.40

Cmpd # LC_MASS_PLUS
1133 443.00
1134 419.80
1135 453.00
1136 378.00
1137 463.00,463.00
1138 457.00
1141 504.00
1142 420.20
1143 422.20
1144 436.00
1145 448.20
1146 370.10
1147 457.50
1148 463.10,463.10
1151 435.80
1152 450.00
1153 407.60
1155 518.10
1156 482.00
1157 485.50
1158 432.20
1159 473.10
1160 432.20
1161 468.50
1162 393.80
1163 444.00
1164 450.00
1165 511.00
1166 467.00
1167 363.30
1168 463.00
1169 482.00
1170 415.00
1171 467.00
1172 511.00
1173 491.00
1174 495.00
1175 365.90
1176 380.30
1179 321.80
1180 560.00
1181 337.20
1182 280.00
1183 259.20
1184 500.20,500.20,500.20
1185 353.00
1186 526.80
1190 350.20
1191 392.00
1192 376.00
1193 404.20
1194 462.20
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549 368.20 550 420.20 551 441.40 552 446.00 553 449.40 554 394.00 555
450.20 556 330.00 557 332.20 558 334.00 559 346.00 560 348.00 561
372.00 580288A7803 563 383.20 564 383.20 565 383.20 PEGAIS2@4/086351 567
388.80 568 403.40 569 412.00

Cmpd # LC_MASS_PLUS
1195 427.20
1196 407.40
1197 391.10

[00367] Methods:

[00368] (A) Micromass MUX LCT 4 channel LC/MS, Waters 60F pump, Gilson 215 4
probe autosampler, Gilson 849 injection module, 1.5 mL/min/column flow rate, 10-99% CH;CN
(0.035 % TFA) / H;0 (0.05 % TFA) gradient, Phenomenex Luna 5u C18 columns (50 x 4.60
mm), Waters MUX UV-2488 UV detector, Cedex 75 ELSD detectors.

[00369] (B) PESciex API-150-EX LC/MS, Shimadzu LC-8A pumps, Gilson 215
autosampler, Gilson 819 injection module, 3.0 mL/min flow rate, 10-99% CH;CN (0.035 %
TFA) / H,0 (0.05 % TFA) gradient, Phenomenex Luna 5u C18 column (50 x 4.60 mm),
Shimadzu SPD-10A UV/Vis detector, Cedex 75 ELSD detector.

[00370] (C) PESciex API-150-EX LC/MS, Shimadzu LC-8A pumps, Gilson 215
autosampler, Gilson 819 injection module, 3.0 mL/min flow rate, 40-99% CH;CN (0.035 %
TFA) / HO (0.05 % TFA) gradient, Phenomenex Luna 5u C18 column (50 x 4.60 mm),
Shimadzu SPD-10A UV/Vis detector, Cedex 75 ELSD detector.

[00371] ASSAYS FOR DETECTING AND MEASURING NaV__ INHIBITION
PROPERTIES OF COMPOUNDS

[00372] A) Optical methods for assaying NaV inhibition properties of compounds:

[00373] Compounds of the invention are useful as antagonists of voltage-gated sodium ion
channels. Antagonist properties of test compounds were assessed as follows. Cells expressing
the NaV of interest were placed into microtiter plates. After an incubation period, the cells were
stained with fluorescent dyes sensitive to the transmembrane potential. The test compounds
were added to the microtiter plate. The cells were stimulated with either a chemical or electrical
means to evoke a NaV dependent membrane potential change from unblocked channels, which
was detected and measured with trans-membrane potential-sensitive dyes. Antagonists were
detected as a decreased membrane potential response to the stimulus. The optical membrane
potential assay utilized voltage-sensitive FRET sensors described by Gonzalez and Tsien (See,
Gonzalez, J. E. and R. Y. Tsien (1995) “Voltage sensing by fluorescence resonance energy

transfer in single cells” Biophys J 69(4): 1272-80, and Gonzalez, J. E. and R. Y. Tsien (1997)
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570 412. 00 571 412.00 572 349.20 573 361.00 574 375.20 575 38920 576
411.20 - 447 WD 2004/078733 PCT/ US2004/ 006451 Cm pd # LC MASS- PLUS 577
411.20 586:20@107803 587 342.40 588 356.00 589 358.20 PeEIWS2@E/0265865. 20
591 369. 20, 369.20 592 370.00 593 372.40 594 383. 20, 383 20, 383. 20, 383. 20

595 384. 00

“Improved indicators of cell membrane potential that use fluorescence resonance energy
transfer” Chem Biol 4(4): 269-77) in combination with instrumentation for measuring
fluorescence changes such as the Voltage/Ion Probe Reader (VIPR®) (See, Gonzalez, J. E., K.
Oades, et al. (1999) “Cell-based assays and instrumentation for screening ion-channel targets”
Drug Discov Today 4(9): 431-439).

[00374] B) VIPR® optical membrane potential assay method with chemical stimulation
[00375] Cell Handling and Dve Loading

[00376] 24 hours before the assay on VIPR, CHO cells endogenously expressing a NaV1.2

type voltage-gated NaV are seeded in 96-well poly-lysine coated plates at 60,000 cells per well.

Other subtypes are performed in an analogous mode in a cell line expressing the NaV of interest.

1) On the day of the assay, medium is aspirated and cells are washed twice with 225 UL of Bath
Solution #2 (BS#2).

2) A 15 uM CC2-DMPE solution is prepared by mixing 5 mM coumarin stock solution with
10% Pluronic 127 1:1 and then dissolving the mix in the appropriate volume of BS#2.

3) After bath solution is removed from the 96-well plates, the cells are loaded with 80 pL of the
CC2-DMPE solution. Plates are incubated in the dark for 30 minutes at room temperature.

4) While the cells are being stained with coumarin, a 15 UL oxonol solution in BS#2 is
prepared. In addition to DiSBAC,(3), this solution should contain 0.75 mM ABSC1 and 30
L veratridine (prepared from 10 mM EtOH stock, Sigma #V-5754).

5) After 30 minutes, CC2-DMPE is removed and the cells are washed twice with 225 uL of
BS#2. As before, the residual volume should be 40 pL.

6) Upon removing the bath, the cells are loaded with 80 UL of the DiSBAC,(3) solution, after
which test compound, dissolved in DMSO, is added to achieve the desired test concentration
to each well from the drug addition plate and mixed thoroughly. The volume in the well
should be roughly 121 uL. The cells are then incubated for 20-30 minutes.

7) Once the incubation is complete, the cells are ready to be assayed on VIPR® with a sodium
addback protocol. 120 pL of Bath solution #1 is added to stimulate the NaV dependent
depolarization. 200 WL tetracaine was used as an antagonist positive control for block of the

NaV channel.
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596 391.20 597 397.40 598 337.80 599 350.00 600 352.00 601 376.00 602
387.20 603 391.80 604 393.00 605 416.00 606 416.20 607 416.00 608
353. 00 0802477803 610 415.20 611 416.20 612 421. 00 PETAIS4BA/0RES51 614
431.20 615 436.20 616 447.00

[00377] Analysis of VIPR® Data:

[00378] Data are analyzed and reported as normalized ratios of background-subtracted
emission intensities measured in the 460 nm and 580 nm channels. Background intensities are
then subtracted from each assay channel. Background intensities are obtained by measuring the
emission intensities during the same time periods from identically treated assay wells in which
there are no cells.  The response as a function of time is then reported as the ratios obtained

using the following formula:

(intensity 460nm - background 460 o )
R(t)=

(intensity sgonm - background sgg nm)

[00379] The data is further reduced by calculating the initial (R;) and final (Ry) ratios. These
are the average ratio values during part or all of the pre-stimulation period, and during sample
points during the stimulation period. The response to the stimulus R = R¢/R; is then calculated.
For the Na* addback analysis time windows, baseline is 2-7 sec and final response is sampled at
15-24 sec.

[00380] Control responses are obtained by performing assays in the presence of a compound
with the desired properties (positive control), such as tetracaine, and in the absence of
pharmacological agents (negative control). Responses to the negative (N) and positive (P)
controls are calculated as above. The compound antagonist activity A is defined as:

A= :};P #100.  where R is the ratio response of the test compound

Solutions [mM]

Bath Solution #1: NaCl 160, KCl1 4.5, CaCl, 2, MgCl, 1, HEPES 10, pH 7.4 with NaOH
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617 459.20 618 493.00 619 353.80 620 353.80 621 365.80 622 367.80 623
367.80 624 367.80 625 383.00 626 409.40 627 421.00 628 423.20 629
423.20 68024247803 631 429.20,429.00 632 430.00 633 #8%/UR0046845137. 00

635 437.40 636 479.20 - 448

Bath Solution #2 TMA-CI 160, CaCl; 0.1, MgCl, 1, HEPES 10, pH 7.4 with KOH (final K
concentration ~ 5 mM)

CC2-DMPE: prepared as a 5 mM stock solution in DMSO and stored at -20°C

DiSBAC,(3): prepared as a 12 mM stock in DMSO and stored at -20°C

ABSCI: prepared as a 200 mM stock in distilled H,O and stored at room
temperature

[00381] Cell Culture

[00382] CHO cells are grown in DMEM (Dulbecco's Modified Eagle Medium; GibcoBRL
#10569-010) supplemented with 10% FBS (Fetal Bovine Serum, qualified; GibcoBRL #16140-
071) and 1% Pen-Strep (Penicillin-Streptomycin; GibcoBRL #15140-122). Cells are grown in
vented cap flasks, in 90% humidity and 10% CO,, to 100% confluence. They are usually split by
trypsinization 1:10 or 1:20, depending on scheduling needs, and grown for 2-3 days before the
next split.

[00383] C) VIPR® optical membrane potential assay method with electrical stimulation

[00384] The following is an example of how NaV1.3 inhibition activity is measured using the
optical membrane potential method#2. Other subtypes are performed in an analogous mode in a
cell line expressing the NaV of interest.

[00385] HEK293 cells stably expressing NaV1.3 are plated into 96-well microtiter plates.
After an appropriate incubation period, the cells are stained with the voltage sensitive dyes CC2-
DMPE/DiSBAC2(3) as follows.

[00386] Reagents:

100 mg/mL Pluronic F-127 (Sigma #P2443), in dry DMSO

10 mM DiSBAC(3) (Aurora #00-100-010) in dry DMSO

10 mM CC2-DMPE (Aurora #00-100-008) in dry DMSO

200 mM ABSC1 in H,0

Hank’s Balanced Salt Solution (Hyclone #SH30268.02) supplemented with 10 mM HEPES
(Gibco #15630-080)
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WD 2004/ 078733 PCTI US2004/ 006451 Cm pd # LC_MASS_PLUS 637 361.00 638
362.20 639 364.80 640 366.00 641 366.00 642 367.20 643 367.80 644
368. 00 Oowb 280783 646 375.20 647 375.20 648 375.20 P64AIS300E/086151 650
375.20 651 381.00 652 381.00 653 381.20 654 381.20 655 381.20

[00387] Loading protocol:

[00388] 2X CC2-DMPE = 20 pM CC2-DMPE: 10 mM CC2-DMPE is vortexed with an -
equivalent volume of 10% pluronic, followed by vortexing in required amount of HBSS
containing 10 mM HEPES. Each cell plate will require 5 mL of 2X CC2-DMPE. 50 pL of 2X
CC2-DMPE is to wells containing washed cells, resulting in a 10 pM final staining
concentration. The cells are stained for 30 minutes in the dark at RT.

[00389] 2X DISBAC,(3) with ABSC1 = 6pM DISBAC:(3) and 1 mM ABSC1: The
required amount of 10 mM DISBAC,(3) is added to a 50 ml conical tube and mixed with 1 uL
10% pluronic for each mL of solution to be made and vortexed together. Then HBSS/HEPES
is added to make up 2X solution. Finally, the ABSC1 is added .

[00390] The 2X DiSBAC,(3) solution can be used to solvate compound plates. Note that
compound plates are made at 2X drug concentration. Wash stained plate again, leaving residual
volume of 50 pL. Add 50 uL/well of the 2X DiSBAC,(3) w/ ABSC1. Stain for 30 minutes in
the dark at RT.

[00391] The electrical stimulation instrument and methods of use are described in ION
Channel Assay Methods PCT/US01/21652, herein incorporated by reference. The instrument
comprises a microtiter plate hgndler, an optical system for exciting the coumarin dye while
simultaneously recording the coumarin and oxonol emissions, a waveform generator, a current-
or voltage-controlled amplifier, and a device for inserting electrodes in well. Under integrated
computer control, this instrument passes user-programmed electrical stimulus protocols to cells
within the wells of the microtiter plate.

[00392] Reagents

[00393] Assay buffer #1

140 mM NaCl, 4.5 mM KCl, 2 mM CaCl,, 1 mM MgCl,, 10 mM HEPES, 10 mM glucose, pH
7.40, 330 mOsm

Pluronic stock (1000X): 100 mg/mL pluronic 127 in dry DMSO
Oxonol stock  (3333X): 10 mM DiSBAC»(3) in dry DMSO
Coumarin stock  (1000X): 10 mM CC2-DMPE in dry DMSO
ABSCI1 stock (400X): 200 mM ABSC1 in water
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656 388.20 657 395.00 658 395.20 659 418.00 660 352.00 661 365.80 662
365.80 663 385.80 664 404.20 665 404.00 666 406.00 667 425.20 668
430.20 6802487803 670 446.00 671 429.40 672 433.20 PETAISA&4/006151 674
430.00 675 418.20 676 436.20

[00394] Assay Protocol

1. Insert or use electrodes into each well to be assayed.

2. Use the current-controlled amplifier to deliver stimulation wave pulses for 3 s. Two
seconds of pre-stimulus recording are performed to obtain the un-stimulated intensities.
Five seconds of post-stimulation recording are performed to examine the relaxation to the

resting state.

[00395] Data Analysis

[00396] Data are analyzed and reported as normalized ratios of background-subtracted
emission intensities measured in the 460 nm and 580 nm channels. Background intensities are
then subtracted from each assay channel. Background intensities are obtained by measuring the
emission intensities during the same time periods from identically treated assay wells in which
there are no cells.  The response as a function of time is then reported as the ratios obtained

using the following formula:

(intensity 460 nm - background 460 um )
R(t)=

(intensity sgonm - background sgp nm)

[00327] The data is further reduced by calculating the initial (R;) and final (Ry) ratios. These
are the average ratio values during part or all of the pre-stimulation period, and during sample
points during the stimulation period. The response to the stimulus R = R¢/R,; is then calculated.
[00398]  Control responses are obtained by performing assays in the presence of a compound
with the desired properties (positive control), such as tetracaine, and in the absence of
pharmacological agents (negative control). Responses to the negative (V) and positive (P)
controls are calculated as above. The compound antagonist activity A is defined as:

_R-P

A

*100.  where R is the ratio response of the test compound.

[00399] ELECTROPHYSIOLOGY ASSAYS FOR NaV ACTIVITY AND INHBITION OF
TEST COMPOUNDS
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[00400] Patch clamp electrophysiology was used to assess the efficacy and selectivity of
sodium channel blockers in dorsal root ganglion neurons. Rat neurons were isolated from the
dorsal root ganglions and maintained in culture for 2 to 10 days in the presence of NGF (50
ng/ml) (culture media consisted of NeurobasalA supplemented with B27, glutamine and
antibiotics). Small diameter neurons (nociceptors, 8-12 um in diameter) have been visually
identified and probed with fine tip glass electrodes connected to an amplifier (Axon
Instruments). The “voltage clamp” mode has been used to assess the compound’s IC50 holding
the cells at — 60 mV. In addition, the “current clamp” mode has been employed to test the
efficacy of the compounds in blocking action potential generation in response to current
injections. The results of these experiments have contributed to the definition of the efficacy
profile of the compounds.

[00401] VOLTAGE-CLAMP assay in DRG neurons

[00402] TTX-resistant sodium currents were recorded from DRG somata using the whole-cell

variation of the patch clamp technique. Recordings were made at room temperature (~22° C)
with thick walled borosilicate glass electrodes (WPI; resistance 3-4 MQ) using an Axopatch
200B amplifier (Axon Instruments). After establishing the whole-cell configuration,
approximately 15 minutes were allowed for the pipette solution to equilibrate within the cell
before beginning recording. Currents were lowpass filtered between 2-5 kHz and digitally
sampled at 10 kHz. Series resistance was compensated 60-70% and was monitored continuonsly
thronghout the experiment. The liquid junction potential (-7 mV) between the intracellular
pipette solution and the external recording solution was not accounted for in the data analysis.
Test solutions were applied to the cells with a gravity driven fast perfusion system (SF-77;
Warner Instruments).

[00403] Dose-response relationships were determined in voltage clamp mode by repeatedly
depolarizing the cell from the experiment specific holding potential to a test potential of +10mV
once every 60 seconds. Blocking effects were allowed to plateau before proceeding to the next
test concentration.

[00404] Solutions

[00405] Intracellular solution (in mM): Cs-F (130), NaCl (10), MgClp (1), EGTA (1.5),

CaCly (0.1), HEPES (10), glucose (2), pH = 7.42, 290 mOsm.
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[00406] Extracellular solution (in mM): NaCl (138), CaCly (1.26), KCl (5.33), KHpPOy4
(0.44), MgCly (0.5), MgS0O4 (0.41), NaHCO3 (4), NapHPOy4 (0.3), glucose (5.6), HEPES (10),
CdCI2 (0.4 ), NiCI2 (0.1), TTX (0.25 x 10™).

[00407] CURRENT-CLAMP assay for NaV channel inhibition activity of compounds
[00408] Cells were current-clamped in whole-cell configuration with a Multiplamp 700A

amplifier (Axon Inst). Borosilicate pipettes (4-5 MOhm) were filled with (in mM):150 K-
gluconate, 10 NaCl, 0.1 EGTA, 10 Hepes, 2 MgCl,, (buffered to pH 7.34 with KOH). Cells were
bathed in (in mM): 140 NaCl, 3 KCI, 1 MgCl , 1 CaCl , and 10 Hepes). Pipette potential was
zeroed before seal formation; liquid junction potentials were not corrected during acquisition.

Recordings were made at room temperature.

[00409] Following these procedures, representative compounds of the present invention were.

found to possess desired voltage gated sodium channel activity and selectivity.

[00410] ASSAYS FOR DETECTING AND MEASURING CaV INHIBITION PROPERTIES
OF COMPOUNDS

[00411] A) Optical methods for assaying CaV inhibition properties of compounds:

[00412] Compounds of the invention are useful as antagonists of voltage-gated calcium ion
channels. Antagonist properties of test compounds were assessed as follows. Cells expressing
the CaV of interest were placed into microtiter plates. After an incubation period, the cells were
stained with fluorescent dyes sensitive to the transmembrane potential. The test compounds
were added to the microtiter plate. The cells were stimulated with electrical means to evoke a
CaV dependent membrane potential change from unblocked channels, which was detected and
measured with trans-membrane potential-sensitive dyes. Antagonists were detected as a
decreased membrane potential response to the stimulus. The optical membrane potential assay
utilized voltage-sensitive FRET sensors described by Gonzalez and Tsien (See, Gonzalez, J. E.
and R. Y. Tsien (1995) “Voltage sensing by fluorescence resonance energy transfer in single
cells” Biophys J 69(4): 1272-80, and Gonzalez, J. E. and R. Y. Tsien (1997) “Improved
indicators of cell membrane potential that use fluorescence resonance energy transfer” Chem

Biol 4(4): 269-77) in combination with instrumentation for measuring fluorescence changes such
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as the Voltage/Ion Probe Reader (VIPR®) (See, Gonzalez, J. E., K. Oades, et al. (1999) “Cell-

based assays and instrumentation for screening ion-channel targets” Drug Discov Today 4(9):
431-439).
[00413] VIPR® optical membrane potential assay method with electrical stimulation

[00414] The following is an example of how CaV2.2 inhibition activity is measured using the
optical membrane potential method. Other subtypes are performed in an analogous mode in a
cell line expressing the CaV of interest.

[00415] HEK293 cells stably expressing CaV2.2 are plated into 96-well microtiter plates.
After an appropriate incubation period, the cells are stained with the voltage sensitive dyes CC2-
DMPE/DiSBAC2(3) as follows.

Reagents:

100 mg/mL Pluronic F-127 (Sigma #P2443), in dry DMSO
10 mM DiSBAC¢(3) (Aurora #00-100-010) in dry DMSO
10 mM CC2-DMPE (Aurora #00-100-008) in dry DMSO
200 mM Acid Yellow 17 (Aurora #VABSC) in H,0
370mM Barium Chloride (Sigma Cat# B6394) in H,0

Bath X

160mM NaCl (Sigma Cat# S-9833)
4.5mM KCI (Sigma Cat# P-5405)
ImM MgCIi2 (Fluka Cat# 63064)
10mM HEPES (Sigma Cati# H-4034)
pH 7.4 using NaOH

[00416] Loading rotocol:

[00417] 2X CC2-DMPE = 20 pM CC2-DMPE: 10 mM CC2-DMPE is vortexed with an
equivalent volume of 10% pluronic, followed by vortexing in required amount of HBSS
containing 10 mM HEPES. Each cell plate will require 5 mL of 2X CC2-DMPE. 50 pL of 2X
CC2-DMPE is added to wells containing washed cells, resulting in a 10 pM final staining

concentration. The cells are stained for 30 minutes in the dark at RT.
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[00418] 2X CC2DMPE & DISBAC3) = 8 uM CC2DMPE & 2. 5 uM DISBAC¢(3):
Vortex together both dyes with an equivalent volume of 10% pluronic (in DMSO). Vortex in
required amount of Bath X with beta-cyclodextrin. Each 96well cell plate will require 5 ml of
2XCC2DMPE. Wash plate with ELx405 with Bath X, leaving a residual volume of 50 uL/well.
Add 50 pL of 2XCC2DMPE & DISBACs(3) to each well. Stain for 30 minutes in the dark at
RT.

[00419] 1.5X AY17 =750 uM AY17 with 15mM BaCl,: Add Acid Yellow 17 to vessel
containing Bath X. Mix well. Allow solution to sit for 10 minutes. Slowly mix in 370mM
BaCl;. This solution can be used to solvate compound plates. Note that compound plates are
made at 1.5X drug concentration and not the usual 2X. Wash CC2 stained plate, again, leaving
residual volume of 50 uL. Add 100 uL/well of the AY17 solution. Stain forl5 minutes in the
dark at RT. Run plate on the optical reader.

[00420] The electrical stimulation instrument and methods of use are described in ION
Channel Assay Methods PCT/US01/21652, herein incorporated by reference. The instrument
comprises a microtiter plate handler, an optical system for exciting the coumarin dye while
simultaneously recording the coumarin and oxonol emissions, a waveform generator, a current-
or voltage-controlled amplifier, and a device for inserting electrodes in well. Under integrated
computer control, this instrument passes user-programmed electrical stimulus protocols to cells
within the wells of the microtiter plate.

[00421] Assay Protocol

[0042Z] Insert or use electrodes into each well to be assayed.

[00423] Use the current-controlled amplifier to deliver stimulation wave pulses for 3-5 s.
Two seconds of pre-stimulus recording are performed to obtain the un-stimulated intensities.
Five seconds of post-stimulation recording are performed to examine the relaxation to the resting
state.

[00424] Data Analysis

[00425] Data are analyzed and reported as normalized ratios of background-subtracted
emission intensities measured in the 460 nm and 580 nm channels. Background intensities are
then subtracted from each assay channel. Background intensities are obtained by measuring the

emission intensities during the same time periods from identically treated assay wells in which
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there are no cells.  The response as a function of time is then reported as the ratios obtained

using the following formula:

(intensity 460nm - background 460 nm )
R®=

(intensity sgonm - background sgo nm)

[00426] The data is further reduced by calculating the initial (R;) and final (R¢) ratios. These
are the average ratio values during part or all of the pre-stimulation period, and during sample
points during the stimulation period. The response to the stimulus R = R#/R; is then calculated.
[00427]  Control responses are obtained by performing assays in the presence of a compound
with the desired properties (positive control), such as mibefradil, and in the absence of
pharmacological agents (negative control). Responses to the negative () and positive (P)
controls are calculated as above. The compound antagonist activity A is defined as:

_R-P

A #100.  where R is the ratio response of the test compound.

[00428] ELECTROPHYSIOLOGY ASSAYS FOR CaV ACTIVITY AND INHBITION OF
TEST COMPOUNDS

[00429]  Patch clamp electrophysiology was used to assess the efficacy of calcium channel
blockers expressed in HEK293 cells. HEK293 cells expressing CaV2.2 have been visually
identified and probed with fine tip glass electrodes connected to an amplifier (Axon
Instruments). The “voltage clamp” mode has been used to assess the compound’s IC50 holding
the cells at — 100 mV. The results of these experiments have contributed to the definition of the
efficacy profile of the compounds.

[00430] VOLTAGE-CLAMP assay in HEK293 cells expressing CaV2.2

[00431] CaV2.2 calcium currents were recorded from HEK293 cells using the whole-cell
variation of the patch clamp technique. Recordings were made at room temperature (~22° C)
with thick walled borosilicate glass electrodes (WPL; resistance 3-4 MQ) using an Axopatch
200B amplifier (Axon Instruments). After establishing the whole-cell configuration,
approximately 15 minutes were allowed for the pipette solution to equilibrate within the cell

before beginning recording. Currents were lowpass filtered between 2-5 kHz and digitally
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sampled at 10 kHz. Series resistance was compensated 60-70% and was monitored continuously
throughout the experiment. The liquid junction potential (-7 mV) between the intracellular
pipette solution and the external recording solution was not accounted for in the data analysis.
Test solutions were applied to the cells with a gravity driven fast perfusion system (SF-77;
Warner Instruments).

[00432] Dose-response relationships were determined in voltage clamp mode by repeatedly
depolarizing the cell from the experiment specific holding potential to a test potential of +20mV
for 50ms at frequencies of 0.1, 1, 5, 10, 15, and 20 Hz. Blocking effects were allowed to plateau
before proceeding to the next test concentration.

[00433] Solutions

[00434] Intracellular solution (in mM): Cs-F (130), NaCl (10), MgCly (1), EGTA (1.5),

CaCl» (0.1), HEPES (10), glucose (2), pH = 7.42, 290 mOsm.
[00435] Extracellular solution (in mM): NaCl (138), BaCly (10), KCl (5.33), KHyPO4 (0.44),
MgCly (0.5), MgSO4 (0.41), NaHCO3 (4), NapHPO4 (0.3), glucose (5.6), HEPES (10).

[00436] Following these procedures, representative compounds of the present invention were

found to possess desired N-type calcium channel modulation activity and selectivity.
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CLAIMS
1. A compound of formula TA-ii:
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or a pharmaceutically acceptable salt thereof,
wherein:

a) the ring formed by R' and R? taken together is selected from:
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80 816 399.80 817 402.00 818 425.80 819 426.00 820 442.00 821
822 425.20 823 425.20 824 429.20 825 453.00 826 426.00 827

828 407.40 829 413.00 830 423.20 831 395.80 832 416.00 833
834 430.00 835 395.80

and the ring formed by R' and R? taken together, is optionally substituted at one or more
substitutable carbon, nitrogen, or sulfur atoms with z independent occurrences of —R* and zis
0-5;

b) wherein z is 0-5, and R* groups, when present, are each independently halogen, CN,
NOs, -N(R");, -CH2N(R™)z, -OR’, -CH,0R”, -SR’, -CH,SR’, -COOR’, -NRCOR’, -CONR™),,
-OCON(R’),, COR’, -NHCOOR’, -8O;R’, -S0;N(R’), or an optionally substituted group
selected from C, Cgaliphatic, aryl, heteroaryl, cycloaliphatic, heterocycloaliphatic, arylC;-
Csalkyl, heteroarylC,-Cgalkyl, cycloaliphaticC,-Csalkyl, or heterocycloaliphaticC;-Cgalkyl;

¢) wherein x is 1, and R? is halogen, CN, NO,, -N(R*)z, -CHN(R "), -OR’, -CH,0R’, -
SR’, -CH,SR’, -COOR’, -NRCOR’, -CON(R )z, -OCON(R")2, COR’, -NHCOOR’, -SO;R”’, -
SO;N(R™),, or an optionally substituted group selected from C,-Cgaliphatic, aryl, heteroaryl,
cycloaliphatic, heterocycloaliphatic, arylC;-Cealkyl, heteroaflex-C(,alkyl, cycloaliphaticC-
Csalkyl, or heterocycloaliphaticCy-Cgalkyl; . _

d) wherein y is 0-5, and R groups, when present, are each independently halogen, CN,
NOy, -N(R™),, ~CHaN(R ™), ~OR’, -CH,0R’, -8R’, -CH,8R’, -NRCOR’, -CON(R")a,
-S{0);N(R™),, -OCOR’, -COR’, -CO,;R’, -OCON(R"),, -NR’SO;R’, -OP(O)}(OR’), -P(O)OR ),
-OP(0),0R’, -P(0);0R’, -PO(R’),, -OPO(R’),, or an optionally substituted group selected from
C,-Cgaliphatic, aryl, heteroaryl, cycloaliphatic, heterocycloaliphatic, arylC;-Cgalkyl,
heteroarylC,-Cgalkyl, cycloaliphaticCi-Cgalkyl, or heterocycloaliphaticC,-Cealkyl; and

) R*is Cl, Br, F, CF3, Me, Et, CN, -COOH, -NH;, -N(CHa),, -N(Et),, -NGPr);,
-O(CH,),0CHs, -CONH,, -COOCH3, -OH, -OCHj3, -OCH;CH3, -CH,OH, -NHCOCHj,
-SO,NHjy, -SO;NHC(CHjs)3, -OCOC(CH;);, -OCOCH,C(CHzs)s, -O(CH3)2N(CHj3)z, 4-CHs-
piperazin-1-yl, OCOCH(CHa),, OCO(cyclopentyl), -COCHj3, optionally substituted phenoxy, or
optionally substituted benzyloxy;

provided that:
when R! and R?, taken together form an unsubstituted morpholino ring, and ring A is 2-
fluorophenyl, then R? is not 6-NH,, 6-OHCHN-, 6-OH, 7-OH, 6-MsHN-, 6-AcHN-, 6-flucro, or
6-OMe.

2. The compound of claim 1, wherein:

-472 -




836 410.00 837 409.80 838 416.00 839 364.00,364.00 840 439.20 841
319.00 842 319.80 843 321.80 844 321.80 - 452 WO 2004/078733

PCT/ US2004/ 006451 Cm pd-# LC_MASSJLUS 845 322.00 846 334.00 847 336
848 337.80 849 337.80 850 344.80 851 349.20,349.00 852 349.20 853
349. 20

a) R! and R? taken together is an optionally substituted ring selected from azetidin-1-yl
(§i), pyrrolidin-1-yl (ff), piperidinl-yl (dd), or piperazin-1-yl (ec);

b)zis 0-5 and R* groups, if present, are each independently CI, Br, F, CFs;, CHs, -
CH,CHs, CN, -COOH, -N(CH3),, -N(Et), -N(iPr)a, -O(CH;);OCHj3, -CONH;, -COOQCH3, -OH,
-CH,0H, -NHCOCH3, -SO;NH», -SO2(CH;)3CHs, -SO2CH(CHs)s, -SO,N(CHa),, -SO,CH,CH;,
-C(0YOCH,CH(CHj;),, -C(OYNHCH,CH(CHjs),, -NHCOOCHs;, -C{OYC(CHa)s, -
COO(CH,);CHs, -C(O)NHCH(CH3);, -C(O)CH,CHj, or an optionally substituted group selected
from piperidinyl, piperazinyl, morpholino, C;.4alkoxy, phenyl, phenyloxy, benzyl, benzyloxy, -
CH,eyelohexyl, pyridyl, -CHapyridyl, or -CH;thiazolyl;

o)} R’ is Cl, Br, F, CF3, -OCF3, Me, Et, CN, -COOH, -NHz, -N(CHs),, -N(Et)2, -N(iPr),, -
O(CH:);OCHs, -CONH,, -COOCH3, -OH, -OCH3, -OCH,CHj, -CH,;0H, -NHCOCH;, -
NHCOCH(CHj),, -S0;NH,, -CONH(cyclopropyl), -CONHCH;, -CONHCH,CHj, or an
optionally substituted group selected from piperidinyl, piperazinyl, morpholino, phenyl,
phenyloxy, benzyl, or benzylexy;. _

d) wherein y is 0-4, and R® groups, when present, are each independently Cl, Br, F, CF;,
Me, Et, CN, -COOH, -NH;, -N(CHa)3, -N(Et), -N(iPr),, -O(CH;),0CHjs, -CONH,, -COOCH;3, -
OH, -OCHj3, -OCH,CHj, -.CHZOH; -NHCOCHj3;, -SO;NH;, -SO,;NHC(CH3)3, -OCOC{CH3);, -
OCOCH;C(CHs)s, -O(CH2)N(CHas),, 4-CHs-piperazin-1-yl, OCOCH(CHzs)2, OCO(cyclopentyl),
-COCH;, optionally substituted phenoxy, or optionally substituted benzyloxy; and -

) R*is Cl, F, CF3, Me, Et, -OH, -OCH;, -OCH,CHj, -CH,OH, -SO-NH;,
-SO.NHC(CHs)3, -OCOC(CHa)s, -OCOCHC(CH3)a, -O(CHz);N(CH3)s, -CH3-p1perazm-1-yl
OCOCH(CH3);, OCO(cyclopentyl), or -COCHa.

3. The compound of claim 1, wherein R’ is at the 6-position of the quinazoline ring and is
~Cl, -CHjs, -CH,CH;, -F, -CF3, -OCF;, «CONHCH3, -CONHCH,CH;z, -CONH(cyclopropyl),
-OCHs, -NH,, -OCH,CHs, or -CN.

4. The compound of claim 2, wherein R’ is at the 7-position of the quinazoline ring and is -

Cl, -CHz, -CH,CHj, -F, -CF3, -OCF;, -CONHCH;3, -CONHCH,CHs, -CONH(cyclopropyl), -
OCHs, -NH;, -OCH,CH3, or -CN.
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5. The compound of claim 2, wherein R’ is at the 6-position of the quinazoline ring and is -
CI, -CH3, 'CH2CH3, -F, -CF3, -OCF3, -0CH3, or -OCH:CHQ,.

6. The compound of claim 2 wherein R® is at the 7-position of the quinazoline ring and is -
Cl, -CHjs, -CH;CHj, -F, -CF3, -OCF3, -OCHj, or -OCH;CHa,

7. The compound of claim 2, wherein R* is Cl, F, CFs, Me, Et, -OH, OR’, -OCHs, or -

OCH,CH;.
8.  The compound of claim 2, wherein R* is OR’.
9. The compound of claim 2, wherein R* is OH.

10,  The compound of claim 2, wherein R™ is F.

11.  The compound of claim 2, wherein:

a)R! and R? taken together is an optionally substituted ring selected from azetidin-1-yl
(ij), pyrrolidin-1-y! (ff), piperidinl-yi (dd), or piperazin-1-yi (cc);

b) zis 0-5 and R* groups are each independently Cl, Br, F, CF3, CHj;, -CH,CH3, CN, -
COQH, ~N(CH3)3, -N(Et),, -N(iPr),, -O(CH;),0CHj3, -CONH,, -COOCHj3, -OH, -CHOH, -
NHCOCHj3;, -SO;NH;, -SO,(CH»)3CH3, -SO,CH(CHj3)s, -S02N(CHs)s, -SO.CH,CH, -
C(OYOCH>CH(CHs),, -C(O)NHCH,CH(CHs),, -NHCOOCH3, -C(O)C(CHs)s, ~-COO(CH;),CHa,
-C(OYNHCH(CH3)2, -C(O)CH;CH3, or an optionally substituted group selected from -
piperidinyl, piperazinyl, morpholino, C4alkoxy, phenyl, phenyloxy, benzyl, benzyloxy, -
CHacyclohexyl, pyridyl, -CHapyridyl, or -CHzthiazolyl;

¢) R? is Cl, Br, F, CFs, -OCFs, Me, Et, CN, -COOH, -OH, or -OCHj;

d)yisOor 1, and R® groups, when present, are each independently Cl, Br, F, CF3, Me, «
OH, -OCHj;, -OCH,CH3, -CH20H, -NHCOCH3;, -SO;NH3, -S0,NHC(CHj)s; and

¢)R**is F, -OR’, or NHSO,R’.
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12. A compound according to claim 1, wherein said compound is selected from:
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896 417.40 - 453 WO 2004/078733 PCT/ US2004/ 006451 OCmd # LC_MASS _PLUS 897
425.00 898 346.00 899 412.40 900 426.20 901 427.40 902 443.20 903
455.20 904 489.20 905 350.20 906 350.20 907 362.00 908 364.00 909
364.00 910 364.00 911 378.60 912 405.60 913 419. 40

Compound Crapd,

208

Compound Canpd

oo Ty, 204 _ H
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914 419.20 915 425.00 916 431.40 917 433.40 918 433.40 919 475.20 920
358.20 921 361.00 922 362.00 923 362.00 924 363.20 925 364.00 926
366. 00 927 371.20 928 371.40 929 371.20 930 377.20 931 377.20 932
368. 00, 368. 00 933 400.20 934 400. 00

Cmpd
o

Compound &
Compound C’ipd
. ¥
L.
:
W ; 207
i i Br
] 2125
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935 403.40 936 407.60 937 409.20 938 411.20 939 412.00 940 415.20 941
417.00 942 419.20 943 424.40 944 425.20 945 426.00 946 427.00 947
427.60 948 437.20 -454 WO 2004/078733 PCTI US2004/ 006451 Cm pd #

LG MASS- PLUS 949 442.20 950 446.00 951 348.00 952 348.00

Componnd Cigp d

o e SH
312 n, e S
e

(VGM
i C.[ 324
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953 348.00 954 370.00 955 370.00 956 370.00 957 374.00 958 374.20 959
374.00 960 412.40 961 425.00,425.00 962 430.00 963 437.60 964 440.00
965 466.40 966 473.00 967 364.20,364.00 968 290.20 969 292.00 970
306.20 971 308.60 972 310.00 973 324.20

Compound C“??Pﬂ : Compound Er:;p d

Y . \\]I\j

CoF . v .
L .
. z . ,
. H\\""m\d 330 “*’“‘I:‘j\m 352
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974 336.00 975 340.00 976 306.60 977 343.00 978 347.00 979 370.00 980
322.20 981 322.40,322.00 982 356.00 983 368.40 984 368.00 985 378.20
986 405.60 987 409.40 988 416.20 989 420.00 990 423.40 991 427.40 992
429.20 993 431.40 994 435.40

Compound Cmpd Cotmpound CI:;P d

353

F
] S ol 354 b Sy - 357
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995 439.20 996 445.20 997 447.00 998 466.40 999 432.40 1000 369.00 -
455 WD 2004/ 078733 PCT/ US2004/ 006451 Cmd # LC_MASS PLUS 1001 381.00 1002
409.20 1003 431.60 1004 432.40 1005 509.40 1006 384.00 1007 384.00
1008 425.40 1009 445.20 1010 451.20 1011 452.40 1012 495.40

361

362

- -481 -




1013 381.00 1014 382.00 1015 411.20 1016 444.40 1017 457.40 1018 384.00
1019 352.40 1020 368.00 1021 391.20 1022 391.20 1023 328.40 1024 434.40
1025 382.00 1026 358.20 1027 369.20 1028 369.20 1029 383.20 1030 340. 20

1031 409.40 1032 42040 1033 368. 00 :

J

]
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1034 445.20 1035 330.40 1036 340.00 1037 356.00 1038 359.80 1039 363.20
1040 367.00 1041 390.00 1042 342.00 1043 342.60 1044 388.40 1045 343.80
1048 455.00 1049 338.00 1050 324.20 1051 433.60 1052 427.00 1053 443. 20
1054-398.20 - 456 WO 2004/078733 PCT/ US2004/ 006451

Compound Cmpd Componnd Crapd

_ .
.
‘ “ ™
365 “B, 367

e, |.
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350. 00

Cm pd # LC- MASS- PLUS 1055 435.20 1056 415.20 1057 417.40 1058 393.00
1059 361.00 1060 422.00 1065 385.20 1066 353.10 1067 354.10 1068 367.10
1069 380.90 1070 388.30 1071 353.10 1072 368.10 1073 410.00 1074 383.90
1075 429.10 1083 352.00, 351. 90, 352. 30, 352. 20, 352. 3 0, 352. 30, 352. 00 1084
Compound C:;pd Componnd C;:;p d
: o o
,, - u
“ o
HO‘,C‘is 415 "Q,«-’c"-‘* 497

416
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1085 363. 00 1086 377.00 1087 384.00,384.00 1088 380.00 1089 362.00 1090
410.00 1091 426.00 1092 370.00 1101 293.00 1102 307.00 1103 334.00
1106 374.10,374.00 1107 379.30 1108 421.10, 421. 00, 421.00 1109 435.50
1110 407.50 .1111 399.30 1112 413.30 1113 427.30 1114 391.30 1115 405.50

’_,f /H . H T
Ha . 436 442
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1116 377.30 1117 441.50,441.00 1118 410.90 1119 335.90 1120

355. 80, 355.90 1121 394.90 1122 407.50 1123 343.00, 341.90 1124 427.10
1125 396.00 1127 461.30 1128 393.80 - 457 WD 2004/078733

PCT/ US2004/ 006451 Cmd # LQ MASS PLUS 1133 443.00 1134 419.80 1135 453.00
1136 378.00 1137 46100, 463. 00 1138 457.00

Cropd Cmpd|

Compound Compound

.
“ : |
f ]
47 ~, 457

H 448 458 |

Hy&
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1141 504.00 1142 420.20 1143 422.20 1144 436.00 1145 448.20 1146 370.10
1147 457.50 1148 463.10,463.10 1151 435.80 1152 450.00 1153 407.60 1155
518.10 1156 482.00 1157 485.50 1158 432.20 1159 473.10 1160 432. 20

1161 468.50 1162 393.80 1163 444.00 1164 450.00Q

Cmpd

)
W B
[= X

Compound Compound

fat] cl

| 463 _ T 467
G0 oo
Hyl =

<l ' cl

466 468
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1165 511. 00 1166 467.00 1167 363.30 1168 463.00 1169 482.00 1170 415.00
1171 467.00 1172 511.00 1173 491.00 1174 495.00 1175 365.90 1176 380.30
1179 321.80 1180 560.00 1181 337.20 1182 280.00 1183 259.20 1184

500. 20, 500. 20, 500. 20. 1185 353.00 1186 526.80 1190 350. 20

Componad ?r%pd

O

(A

H .
N ‘ :
H & L
1 4 3 3
S| @ |
" t
| |

Componnd Cn:épd
Compound - Ct?ﬁpd
F
0
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1191 392.00 1192 376.00 1193 404.20 1194 462.20 -458 WO 2004/078733

PCTI US2004/ 006451 Cm pd # LC-MASS PLUS 1195 427.20 1196 407.40 1197
391.10 [00367] Methods: [00368] (A) Mcromass MJX LCT 4 channel LC/ M5,

Wat ers 60F punp, G lson 215 4 probe autosanpler, Glson 849 injection
module, 1.5 nL/mn/colum flow rate, 10-99% CH3CN (0.035 % TFA) / H20 (0. 05
% TFA) gradi ent, Phenonenex Luna 5u C18 colums (50 x 4.60 nun), Waters MJX
UV- 2488 UV detector, Cedex 75 ELSD detectors. [00369] (B) PESci ex API-150-EX
LG/ M5, Shimadzu LC 8A punps, G lson 215 autosanpler, Glson 819 injection
nodule, 3.0 nL/mn flowrate, 10-99% CH3CN (0.035 % TFA) / H20 (0.05 % TFA)
gr adi ent ;TPhemomenmex—touma Su—Ci8&Tptum (50 x 4.60 mm), Shinmadzu SPD-| OA
W/ Vis detector, Cedex 75 ELSD detpctqgr. [00370] (C) PESci ex API-150-EX

LG M5, Shimadzu LC 8A punps, G lsop 215 autosanpler, Glson 819 injection
nmodul e, B.0 mWpin &l ow rate, 40-9p% CH3CN (0. 035 %

0

405
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TFA) / H20 (0.05 % TFA) gradi ent, Phenonenex Luna 5u C18 colum (50 x 4.60
nm, Shimadzu SPD-10A UV/ Vis detector, Cedex 75 ELSD detector. [00371]
ASSAYS FOR DETECTI NG AND MEASURI NG NaV I N1 BI TION PROPERTI ES OF COVPOUNDS
[00372"] A) Optical nethods for assaying Nay inhibition properties of
conpounds: [00373] Conpounds of .the invention are useful as antagonists of
vol t age-gat ed sodiumion channels. Antagonist properties of test conpounds
were assessed as follows. Cells expressing the NaV of interest were placed
into mcrotiter plates. After an incubation period, the cells were stained
wi th fluorescent dyes sensitive to the transmenbrane potentlal The test
conpounds—wereadded to tire T er ptate. —The cefts Were sti at ed
with either a cherf@=or el ectrilcal| mehns to evdicgrgudgy depenceﬂt
menbr ane| potential change from unbl ocked|channel s, which was detec%gd and

measurediw th trans-nenbrane potentijal -sensitive dyes. Antagoni st|s re

det.ected|as a decreased nenbrane |potienti al response to the stinulius.| The

opti cal mpenbr : otential assay utfilized voltage-sensitive FRET sensors
“descri bed by | ez. and Tsien $ee CGongal ez, 4 B and R Y. Tqien (1995)

"Vol t age|sensin b fTI Bscence |respnange en tgansfer in siinglie cells”

Bi ophys J 69(4): 8Q,~and CGonzalez, J. E. add sien (1997)] - 459
WO 2004/ 978733 PCTIU'2004/006451 "ljproyed indi catsQ)s el | mgnbrane
potentiak that use. rescence rlg@ggonanceé energy trdns &r " Chem|Booo| 4(4):
269-77) 1n conbina isESmﬁth i nstrjument ation for fl uoréscence
changes such as tf:(u tage/ |l on Rrobe Reader (VI PR(ﬁOj

K. b=

ﬂ;c% u,c =T
eH,

See Gonzallez,| J. E.,

ST ok
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Cades, et al. (1999) "Cell-based assays and instrunmentation for screening
i on-channel targets" Drug D scov Today 4(9): 431-439). [00374] B) VIPR(r)
optical nenbrane potential assay nmethod with chem cal stinmulation [00375]
Cel | Handling and Dye Loading [00376] 24 hours before the assay on VIPR CHO
cel I s endogenously expressing a NaVl.2 type voltage-gated NaV are seeded in
96-wel | poly-lysine coated plates at 60,000 cells per well. Oher subtypes
are perforned in an anal ogous node in a cell |ine expressing the NaV of
interest. 1) On the day of the assay, nmediumis aspirated and cells are
washed twice with 225 L of Bath Solution #2 (BS#2). 2) A 15 uM CC2- DAAPE
sol ution O U raA—Ssteek—sotut+oa—w-t+-h—31069
Pl uronic| 127 1: 1 aﬁdmhmmn di ssol ving/ tthe [m x in t he&Compmndpr i at e voﬁﬁﬁ% of
BS#2. 3) [ After—battr—sotutionrtsTenoved fromthe—96=—wett—ptates—the—<ells
are loaded with 80 ItL of the CC2 DIVl PE solution. Plates are incuybatfed in
the darkj for 30 mnutes at roomtenperlatyre. 4) Wiile the cells arg¢ bejng
stained with coumarin, a 15 L oxonpl dol d@tion in BS#Z is prepared] In
addition| to Di - this solutyonishould contain 0.75 nml4 ABSCI} and. 30 |
L veratrj di ne { :pared from10 m}{ 4 Ht Od stock, ifﬁ? #V-5754). 5} Afger 30

ViLF d

)

m nut es, | CC2- D& yed and fhe |celll s arge twice with 225 pL of
BS#2. As| before, 3 vol u ghoul d be 4& Upon renovijng f he

bath, the cells are Mpade ith 80| L df the Di SBAC2(B) solution, affter
whi ch tejst conpound, i ssolved in DNBQ, ils addegl Tt athi ey® the degitled test
concentriation to efich Il fromthe drug addit e d m xed
t hor ough| y. The vol 1 in the well

ﬂ)
auy

aI
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shoul d be roughly 121 L. The cells are then incubated for 20-30 m nutes.

Once the incubation is conplete,
VIPR(r) with a sodium addback protocol.

to stinu
an antag

2004/ 078733 PCTI US2004/ 006451

intensit
i ntensi t

| at e the NaV dependent

oni st positive control f

ies are

FaVWal Ay N (WA % a WV

)

the cells are ready to be assayed on
120 L of Bath solution #1 is added

depol ari zati on.
bl ock .of the
[00377] Analysis of VIPR(r) Data:

or

then subtracted from each assay channel .

sane ti

no cell sf.

obt ai ned
R(t)
backgrou
initial
during p
during t
t hen cal
sec and

aobt ad kh
Co AT C UIJL (J.I IICU Uy MM Uo

peri ods Cimpoindi dent i cal

i
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r eat

NaV channel .

Backgr

460

200 L tetracai ne was used as

WO

[ 00378]
Data are anal yzed and reported as nornalized ratios of background-subtracted
em ssion intensities neasured in the 460 nm and 580 nm channel s.
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15-24 sec. (00330] Control responses are obtained by perform ng assays in
the presence of a conpound wth the desired properties (positive control),
such as tetracaine, and in the absence of pharnacol ogi cal agents (negative
-control). Responses to the negative (N) and positive (P) controls are

cal cul ated as above. The conpound antagoni st ‘activity Ais defined as: A= R;
- P*100 . where Ris the ratio response of the test conpound N-P Sol utions
[MM Bath Solution #1: NaCl 160, KCI 4.5, CaCz 2, Mg 2 1, HEPES 10, pH 7.4
with NaOH -461 WO 2004/078733 PCTI US2004/ 006451 Bath Sol ution #2 TNVA-Cl
160, CaC 2 0.1, MyCl2 1, HEPES 10, pH 7.4 with KOH (final K concentration -

5 mM) Qcz: X st ock—solutTon T DVBO and S d at -20C
Di SBAC2| 3): prepdf@f™™s a 12 mv|sf dck i h DVBO and“®#B¥ed at -2045%&801: ,

prepared as a 200 nM stock 1 n disti]l | edf HO and stored at room jterperature
[ 00381]] Cell Culture [00382] caglls pre grown in DVEM (Dul be¢co'is

Modi fi ed Eagle Medium G bcoBRL} #1j0569F 010) suppl enented with 10%|FBS
(Fetal PBovine Serum qualified; |G hcoBRL #16140Q- @71) and 1% Pen- Stjrep
(Penici]lin-St reptlorrym n; G bcoBRL [#151140-123) .™Cel | s are grownjin
Wﬁ 517 519
i 4
ja ¥ <
Clon .
P o
H\’ﬁ 518 ' Sz 520
S | Y
H 2w S
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vented cap flasks, in 90% hum dity and 10% CO2, to 100% confl uence. They are
usual ly split by trypsinization 1:10 or 1:20, depending on scheduling
needs, and grown for 2-3 days before the next split. [00383] C VIPR(r)
optical nenbrane potential assay nmethod with electrical stinulation [00384]
The followng is an exanple of how NaV 1.3 inhibition activity is nmeasured
using the optical nenbrane potential nethod#2. O her subtypes are perforned
in an anal ogous node in a cell line expressing the NaV of interest. [00355]
HEK293 cells stably expressing NaVl.3 are plated into 96-well mcrotiter
plates. After an appropriate incubation period, the cells are sta| ned W|th
t he vol t pge—sensttve—adyes—Ce2 / DI SBAC2(3—as—FoHows—-086386 v
Reagent sf 100 ny/ rfemy@badr oni ¢ F- 129;9 Si gnp #P2443) Comppuy y DVBO t&p
D SBAC2(B) (Aurora #00-100-010) n qry O 10 MV CC2-DVPE (AUT
#00- 100-P08) in dry DMSO 200 mM{AB3CLl inh H20 Hank's Bal anced Salt E>0I ution
(Hycl one| #SH30268. 02) suppl enente¢d wWith 10 nmM HEPES (G bco #15630-Q80) -
462 WD R004/ 078733 PCTI US2004/ 006451 [D0387] Loadi ng protocol: }[0Q388] 2X
CC2- DMPE = 20 M CC2-DVPE: 10 nmM CC2-iDMPE is vortexed with an

M

NP 51

4]
Ol
=
sﬁ 522
d
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equi val ent vol une of 10% pluronic, followed by vortexing in required anmount
of HBSS containing 10 nM HEPES. Each cell plate will require 5 nL of 2X
CC2-DWPE. 50 tL of 2X CC2-DMPE is to wells containing washed cel | s,
resulting in a 10 ItMfinal staining concentration. The cells are stained
for 30 mnutes in the dark at RT. [00389] 2X DI SBAC2(3) with ABSCL = 6j uM

DI SBAC2(3) and 1 mM ABSCl: The required anount of 10 nM DI SBAC2(3) is added
to a 50 m conical tube and mxed with 1 L 10% pluronic for each nL of
solution to be made and vortexed together. Then HBSSIHEPES is added to nake
up 2X solutlon FlnaIIy, the ABSC 1 is added. [00390] The 2X Di SBAC2( 3)

"sol uti onfrtambe usedto sovate (ﬁﬂwound ptates—Notethat COMPURET pl at es
are made| at 2X dr §§=®88cent rati of. s Wash bt ai ned pl@e®™gai n, | eayi g
residual{ volume of 50 L. Add 50jul/jwel | T of tThe 2X D SBACZ(3) W |ABSCI
Stain for 30 mnutes in the dark at| RT.|[00391] The electrical $tinulation
i nstrument and netkhods of use ar¢ dgscriped in | ONy Channel Assay Mgt hods
PCT/ USO1 hefei n incorporated |by referenca, Fhe instrunent| cdnprises
a mcrot : an optidgal system eXC|t|ng the cgunarin dye
while s EOUg °F t he {counpri n ang : 2A"Ssi ons, 3
wavef or m gener at or 5. gz : vdl t age-control | fier, andja device
for inse Under ntegrated o YUt er control|, this

i nstrunment passes progranunedmelectflcal stinu protocol s|sx [cells
within the wells oﬁiq e mcrotiter glate; [00392] %t;aents [ 00393] |Assay
buf fer #l ‘

()}
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el

oI NN e
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140 MM Nad, 4.5 MM 1{d, 2 nM CaCl2, 1 nM MyCl2, 10 mM HEPES, 10 niM

gl ucose, pH 7.40, 330 nOsm Pl uronic stock (1000X): 100 ng/nL pluronic 127
in dry DMSO Oxonol stock (3333X): 10 nM Di SBAC2(3) in dry DVSO Counarin
stock (1000X): 10 mM CC2-DVPE in dry DVMSO ABSCl stock (400X): 200 nM ABSCl
in water - 463 WD 2004/ 078733 PCTI US2004/ 006451 [00394] Assay Protocol 1
Insert or use electrodes into each well to be assayed. 2. Use the
current-controlled anplifier to deliver stinulation wave pul ses for 3 s. Two
seconds of pre-stinulus recording are performed to obtain the un-stinul ated
intensities. Five seconds of post-stinulation recording are perforned to
exam ne [Ne refaxariton to the 71 fing state. [00395] Data Anal ysis [00396]
Data are analyzedqgﬂﬁmWeported ai fidrmal i zed ratios of background-subtracted
em ssionjintensities nmeasured inlthe 460 nm and 580 nm channel s. Background

intensit|es are then subtracted|frdm each assay channel. Background

intensit|es are obtained by neasuring the emssion intensities during the
sane tine perigs-fromidenticallly tfeated assay wells in which there are
no cell's{ The kefuonse as asfunction of tinme is then reported as the ratios
obt ai ned I off mul ja: =

50

(¥l
[ R%]

) ]
N £
4 Loy
e '
S
. oo,
§ 530 3
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(intensity 460 nm - background 460 nm) R(t) _
--------------------------------------------- (intensity 580 nm - background
sso nn) [00397] The data is further reduced by calculating the initial (R))
and final -(Rf) ratios. These. are the average ratio values during part or
all of the pre-stinulation period, and during sanple points during the
stimul ation period. The response to the stimulus R= Rf/R is then
cal cul ated. [00398] Control responses are obtained by perform ng assays in
the presence of a conpound wth the desired properties (positive control),
such as tetracaine, and in the absence of pharmacol ogi cal agents (negative
cont r0| ) Dacpnncnc o+ lf':n r\ngﬁf I e‘-{n N) & nrl pncu 1'1 Ve l D\ cont rnl Is e
cal cul at ¢d as aboviempdihe conpound’%ﬁtagonlst act|wRMym&i|s deflned:“s: R-P
*100 A = rs—theT@atip response-of—thetest—ctonpound.| [ 00399]
ELECTROPHYSI OLOGY ASSAYS FOR NaV |ACT VITY AND | NHBI TI ON OF TEST jCOMPOUNDS
-464 WO 2004/078733 PCTI US2004/ 006454 [ 00400] Patch clanp el ectrjophysi ol ogy
was used|to assess the efficacy gnd seleg¢tivity of sodium channgl b] ockers
[ i . |Rat}{ neujons were isolated from tthe | dorsal
cul furejfor 2 0 @ days in the |presence of
nsi st ed | of Neu]js sahA supphenmented| wi th
[ Snal |l di amet er™~ne torp, 8-12
533 535

B27, gl ugam ne and o
ter) have

3 534 a1, 536
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identified and probed with fine tip glass electrodes connected to an

anplifier

(Axon Instrunents).

assess the conmpound' s 1 C50 hol di ng

"current clanp"” node has been enpl oyed to test the
conpounds in bl ocking action potenti al
i njections.
definition of the efficacy profile of the conpounds.

the c

ells at

ef f

I n addi ti on,
i cacy of the

The "voltage cl anp" nbde has been used to
60 nv.

t he

generation in response to current
The results of these experinents have contributed to the
[ 00401] VOLTAGE- CLAWVP

assay in DRG neurons [00402] TTX-resistant sodiumcurrents were recorded

from DRG somat a usi ng the whol e-cel

variation of the patch clanp

-498 -

t echni que—-Recoerdt-nrgs—were—rade—at t - Tk
wal | ed bqrosil i cat e€ogpand eIectrodeé?%WPl; resi stan€ensud M Q usi ngsza
Axopat ch —260B—anptifier—(Axon—tmstrunent sy After establishing the
whol e-cel|l configuration, approximnately {15 mnutes were allowed for the
pi pette gol ution toﬂeqU|I|brate wi tthi n| t hie cel | before begi nni ng rjecondi ng.
Currents [were | >s filtered between{2-5 kHz and dégltally sanplled. [at 10
kHz. Serijes re nce was cgnpensated 60F 70% a as noni tored continuously
t hr oughodt the ' P e liqyid junction 2Nt i 7_aV) betme¢n t he
i ntracel lful ar S ion and the eixternal $ol uti onf wag not
accountedq for in the @ata anal ysis Test| sol uti ons twer.esgpplied to|l t hd
cells witth a gravity dciven fast pgrfugion system (SF-I77; \Warner )
Instrunerlts). [00403] Ddse-response 32| atf onshi ps wepe~det er mi ned i[r-vql t age
cl anp node by repeateg depolarizing|the cell fromthg experinent| specific
hol di ng gotential to & test potentifal pf H10nV once ery 60 seconEs.
Bl ocki ng leffects wer ?ﬁlomed to pliat efu beforeﬂgggge ;ng to the next
_ , .
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test concentration. [00404] Sol utions [00405] Intracellular solution (in
my: Cs-F (130), NaC (10), mgd 2 (1), EGTA (1.5), Cad 2 (0.1), HEPES (10),
glucose (2), pH = 7.42, 290 mOsm - 465 WD 2004/078733 PCTI US2004/ 006451

[ 00406] Extracellular solution (in mV: NaC (138), CaCl2 (1.26), KCl
(5.33), KH2PO4 (0.44), MyCl2 (0.5), MgSO4 (0.41), NaHCO3 (4), Na2HPO4
(0.3), glucose (5.6), HEPES (10), CdCi2 (0.4), N Cl2 (0.1), TTX (0.25 x
10-3). [00407] CURRENT- CLAMP assay for NaV channel inhibition activity of
conpounds [00408] Cells were current-clanped in whole-cell configuration
with a Miultiplanp 700A anplifier (Axon Inst). Borosilicate pipettes (4-5
Mohm) WeLe—#%%%ed—%#%hwébﬁmﬁwk—}?}éﬁ gl yeonate—1+0-—NaCG—0-1-EGFA-—1
Hepes, 2| MyCl 2, (lsohfoewded to pH ['84 with KOH). Celdompoued e bat hed [T])(i n
rrM: 140 NaC,—3 KRGt IVQG , 1 LﬁL;I , pre—1o ||C|Jco} P pette—pot sitHal was
zeroed bpfore seal formation; liquid jungtion potentials were not c¢orrlected
during apquisition. Recordings ywereg nadg at room tenperature. [ 00409]
Fol | ow ng these procedures, representatipde conpq ndg of the present
i'nvention were  found to possess]degi

hel

activityjand s |V|ty [ 00410] AS NG (aV
I NHI BI TION P I Ep QUNDS assayi ng
CaV inhibition 0 i conpour
N 549
353

]
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[ 00412] Conpounds of the invention are useful as antagoni.sts of

vol tage-gated calcium ion channels. Antagonist properties of test
conpounds were assessed as follows. Cells expressing the CaV of interest
were placed into mcroliter plates. After an incubation period, the cells
were stained with fluorescent dyes sensitive to the transnenbrane
potential. The test conpounds were added to the microliter plate. The cells
were stinulated with el ectrical neans to evoke a CaV dependent nenbrane
potenti al change from unbl ocked channel s, which was detected and neasured
wi th trans-nenbrane potential -sensitive dyes. Antagonists were detected as a
decr easeg—rerbrare—potetrtt+eat FespoRseqlt O the stimulus. The optical nenbrane
pot enti al assay uﬁhﬁmw@ﬁ voltage-sqﬁS|t|ve FRET sensors descri bed by

Conzal ez fand—Fsten—See~CGonzatezr;—3—E1 and R Y. Tsien (1995) "Voltage
.sensing by fluorescence resonance enerigy transfer in single cells" Biophys
J 69(4): (1272-80, and CGonzalez, J.}E jand R Y. Tsien (1997) "I nproved

i ndi catoffs of cell nenbrane potenttal {t hat use fluorescence resonance energy
transfer’] Chem Birol #(4): 269-77)in jconbination with instrunentation for
measuring fl uor changes such -| 466 WD 2004/078733 PCTI US2004/ 006451
as the Vol tage/l rohQe Readeg (VIPR(j)) See Gonzalez, J. E., K CQOades, et
al. (1999) ' JAsS&S and|insfrunentation for screening ion-channel
targets” {9): 431-439). [00413] VIPR(r) optical nenbrane
pot ent.i al electri@®| stimulation [00414] The following is
an exanpl 2_inhibition activity is neasured using the optical
menbr ane d. Ot her subtyjpes are perfornmed in an anal ogous node
in a :

- 500 -




cell line expressing the CaV of
expressing CaV2.2 are plated into 96-well mcrotiter plates. After an

appropriate incubation period,
sensitive dyes CC2- DWPE/ D SBAC2(3) as foll ows. Reagents:
Pluronic F-127 (Sigma #P2443),
#00- 100- 010)

Cat# B6394) in H20 Euth X 160nM NaCl (Sigma Cat# S-9888) 4.5mM KCl (Sigma
Cat# P-5405) 1mM MyCl2 (Fl uka Cat# 63064) 10nmM HEPES (Si gma Cat# H 4034)

pH 7.4 usThg NaOH_[O004T16] Loadi Ngghdt ocol - [ 004T7 cé};h pM
CC2-DVWPE: 10 mM E is vortgxed vvlth an equi voI ume pfE 10%

pl uronicl, followed by vortexing | n fequilred amount of HBSS cont hi niilng 10 nM{
HEPES. Hach cell plate will requ|lre|5 mj of 2X CC2-DWPE. 50 L ofj2X

CC2-DWVPE is added to wells contalning washed cells, resulting in|a jLO M

final stfaining y 3

in dry DVSO 10 mi vl
200 mM Acid Yell ow 17 (Aurora #VABSC)

i nterest.

[ 00415] HEK293 cells stably

the cells are stained with the voltage
100 ng/ m
in dry DMSO 10 nM Di SBAC6(3) (Aurora
CC2- DVPE (Aurora #00-100-008)

in dry DVBO

in HO 370mJW Bari um Chl oride (Sigma

557

.| 339

358

560
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concentration. The cells are stained for 30 mnutes in the dark at RT. - 467
WO 2004/ 078733 PCT/ US2004/ 006451 [00418] 2X CC2DWPE & DI SBAC6(3) = 8 M
CC2DMPE & 2. 5 AM DI SBAC6(3): Vortex together both dyes with an equival ent
vol une of 10% pluronic (in DMSO . Vortex in required anount of Bath X with
bet a- cycl odextrin. Each 96wel| cell plate will require 5 m of 2XCC2DWPE. . |
Wash plate with ELx406 with Bath X, |eaving a residual volune of 50 jL/well.
Add 50 L of 2XCC2DMPE & DI SBAC6(3) to each well. Stain for 30 mnutes in the
dark at RT. [00419] 1. 5X AYl7 = 750 M AY17 with 15mM Bad 2: Add Acid
Yellow 17 to vessel containing Bath X. Mx well. Allow solution to sit for
10 m nut y—x—+n—370rM—Bagl2. Fhrs—sotutton—canbeusegip sol vate

g{;ﬁ&[ Cripet!

rX

conpound] pl at es. Nemeoutdhat conpol plates are nédgaroard 1. 5X drug ¢
concentration and not the usual ZX [WAshiTCZ Stained plate, again, Illeaving-
residual jvolume of 50 AL. Add 100 uly wel| of the AY17 solution. $taijn forl5
mnutes [{n the dark at RT. Run pl atje on|the optical reader. [00420]| The
electrical stimulation instrunment and methods of use are described ifn 1 ON
Channel Assay Met hods PCT/ US01/ 21652, hefein incorporated by reference. The
instrunment compekdes a microtitér plate| handles,.~an optical sys{em|for
exciting|the “n dye while |si Ita1eousqrdi ng tke coumarin and
oxonol e ssi oNS, g Wgetyor m genegr atior, a current =yor age-contral |l ed
anplifier, and a deyi.t or insentsng el ectrodes i = Under & pBegrated

conputer fcontrpgh t I's instrunent passes|user, ) grdnmed el ectri ¢al |stinmul us
protocol 5 to del " — "

4 ~s
ks ] &
ng’u / LN (Z(’N €Hy .
Ny Aa ] 562 i 564
A 7\ .
Toha, H e
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within the wells of the mcrotiter plate.
use el ectrodes into each well t
current-controlled anplifier to deliver stinulation wave pul ses for 3-5 s.
Two seconds of pre-stinulus recording are performed to obtain the

| nsert or

un-stinulated intensities.
performed to examne the relaxation to the resting

[ 00421] Assay Protocol
o0 be assayed.

state.

[ 00422]

[00423] Use the

Fi ve seconds of post-stinulation recording are
[00424] Data

Anal ysis [00425] Data are anal yzed and reported as nornalized ratios of

backgr ound- subt ract ed
m channel s.

em ssion intensities neasured in the 460 run and 580
Background intensities are

then subtracted from each assay

channel . [Backgroung TNTENsi 11 €S ddnggobt ained by nMeasuri ng tNe efiusgi on
intensit]es duri nd®®8%anme tinme trr;ngri ods|fromidedtt®PF¥ v treated n.sg)ssay
wells infwhich -468 WD 2004/078733 |[PCTI YS2004/ 006451 there are|no cells.
The resppnse as a function of tine ijs then reported as the rati og obtained
using the follow ng fornula: (intensity #60,,,,, background 469 nm) R(t)
R AL R TR e e (intensity 580 nm
- background 50 fm [00426] The datg is turther refluced by cal cullatijng the
initial [R) gl lal AR rati ¢s. [These ar g ®he average ratiojfvaljues
during pprt or al Ipre-sti mul fati oh per @ zilnd rirg sanpl e
565 By, 367
L]
LN
5 T
H
4 ]
. L+ I
Ty
L k L] CHy e
nQi;:[::::r, 566 *ﬁ;:[::::r/ 568
y e "
’s Q”U
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points during the stinmulation period. The response to the stimulus R = Rl/R
responses are obtained by performng
assays in the presence of a conpound wth the desired properties (positive

is then cal cul at ed.

control),

R -

efficacy
cells ex
tip glas
"vol t age
t he cell
t he defi
VOLTACE-
currents
the patc
with thi
using an
whol e-ce
pi pette

are cal cul ated as above. The conpound antagoni st activity Ais defined as: A}
P :{,100. where Ris the ratio response of the test compound. NP
[ 00428] ELECTROPHYSI OLOGY ASSAYS FOR CaV ACTIVITY AND I NHBI TION OF TEST
COVPOUNDS [ 00429] Patch cl anmp- el ectrophysi ol ogy was used to assess the
of calcium channel.. bl ockers ex 93
pr essi ng Gaﬁﬁmﬁ have beefr®¥fisual |l y identtﬁﬁﬁﬂmand probef®#i th fine
etectrodes—conrectet—tp—an a +Her—(Aron—tnastrurent )ﬁ. The
cl anp” node has been used tio as|sess the conmpound' s | C50{ hol di ng
s at - 100 nV. The results of these experinents have confributed to
hition of the efficacy proflile [of the conmpounds. [00430
CLAMVP ass in HEK293 cell s iexpriessing CaVg.2 [00431] CaM2.2 cal cium
wer e ded from HEK293 gel | s{ usi ng eswhol e-cel | vari ation of
h cla echni gue. Recordi ngs were na room tenperatpure (_220 O
ck wal *ed r cate gl asg electrgge> Ape~ eesi-st'ance| 3- 4 MB2)
Axopat ch 42 mpl i fiefsgpAxon InstrUﬁentt r estapiz shing the
| cogAtygurdtion, approkin&tely " al | oned| folf the
50| ut '.oUI|Ibrate M thin t
o
u,c”'
I:I
H o
O
. " M, ' -
- 106
*4 570 ﬁ:./ 572
o f
v H.C N
i !
Caly

such as m befradil,
(negative control).

[ 00427] Control

and in the absence of
Responses to the negative (N) and positive (P)

phar macol ogi ca

agents
control s
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bef ore beginning recording. Currents were | owpass filtered between 2-5 kHz
and digitally -469 WO 2004/078733 PCT/11S211114 /0 0 6 4 51 sanpled at 10
kHz. Series resistance was conpensated 60-70% and was nonitored continuously
t hroughout the experinent. The liquid junction potential (-7 nV) between the
intracellular pipette solution and the external recording solution was not
accounted for in the data analysis. Test solutions were applied to the
cells with a gravity driven fast perfusion system (SF-77; \Warner

I nstrunents). [00432] Dose-response relationships were determ ned in voltage
cl anp node by repeatedly depolar|2|ng the cell fromthe experlnent specific
hol di ng potentia—to—a-test—potepial of r20m—for—S56ms at—frequengigs of
0.1, 1, B, 10, 15FCcmmepd20 Hz. Bl pckiing ef|f ects wer &ogpdundved t o pl at ead
before pffoceeding t0 the next test doncefitration. {00433 Sof uttons [(0434]
Intracelfular solution (in mMJ): €s-F (130), Nad (10), Mgd 2 (1), EGIA
(1.5), ICaCl2 (0.1), HEPES (10), {glUcosel{(2), pH = 7.42, 240 mOsm }[ 00435]
Extraceljular solution (in mV): NaCl(138){, BaCl2 (10), KC (5.33), |KHZPO4
(0. 44), |vgc:1 0+%5), MgSO4 (0.41.),} NaHEOB (4), Na2HPO4 (0.3), gl licosle
(5.6), HEPES | { 00436] .Fol | ow nd t hege procedu representative

V]

ok A r
conpounds of tHhe pfes nventi on vere |(|{found to ég§§ess desired N-type
n activity {and Hel ecti veéty. ™" - 470 CLAl Mp

cal ci um [channel
" ‘ 577 @L\m o 581
oy ae
H .
N .
(0
CH; .

y )

(WA

£
H
f:} Eﬂj
382
Ny SRy <H )
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1. A conpound of formula IAii: RI. N R2 x(R Rya (R5)y IAii or a

phar maceutically acceptable salt thereof, wherein: a) the ring forned by Rl
and RZ taken together is selected from (R4)z N(RA)z N xxj J LO ~NH cc dd
ee | C",)(R%o- ff (R4)z gg hh ~(R4)z N F, N~ S (R 4)z z(R ii JJ kk
N NNN

c.
: -
584 "”‘\\g@/ 588

Compound C%Fd
(]
I H
L4
585
jei]
g
T
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IN~4""4 z(R4) (R)z 4 (R)z (R)z 11 Mnnn or 00 - 471 and the ring
formed by R and R2 taken together, is optionally substituted at one or nore
substitutabl e carbon, nitrogen, or sulfur atons with z i ndependent
occurrences of-R4, and z is 0-5; b) wherein z is 0-5, and R4 groups, when
present, are each independently halogen, CN, N2, -N(R )2, -CH2N(R ) 2,
-OR, -CH2ZOR, -SR, -CH2SR, -COOR, -NRCOR, -CON(R )2, -OCON(R )2, COR,
-NHCOOR' , -S02R ; -S2N(R )2, or an optionally substituted group selected
fromd -C6aliphatic, aryl, heteroaryl, cycloaliphatic, heterocycloaliphatic,
aryl G3- C6al kyl, heteroaryl C1-C6al kyl, cycloali phat| cCl- Coal kyl , or

het erocygl oal i phatj cC -Coalkyl; c) I eirp—é-s—t—aned—R3—+s—halogepn——EN,
N2, -N(R)2 042@(,,57%5),3& -OR, -Cfdme® , |- SR, -CH2SR, -COOR , -\IRCﬁ .,
-CON(R ) &, (HN(P'\ — COR - NHCODE | -$2R, - SO02N(R )2, or an B ijonal 'y
substituted group selected fromC | -@salli phatic, aryl, heteroaryl
cycl oali phatic, heterocycloaliphatic, jaryl Cl- CGaI kyl}, heteroaryl Cli C64l kyl ,
cycl oal i phati cCl- Ceal kyl,, or heteftocycl ¢al i phatTeeI- Coal kyl; d) [1ere| ny
is 0-5 and RS groups when present, dLre each i en;;ient y hal ogep, GN,
N2, - N(R , -OR, -CH2OR , |-SR, ISR RCOR , - CON(R ) 2,
-S( O 2N -COW - CO2R -(iJCO\I(F\’)Z, #§ 4~ OP(O) (PR )12,
-P(O (OR - 504
H
501 [: i]
H H
iy . &
u;c-—-uj“ "
CiHy
Compound ‘ﬁ?d
4
0
c.
A 592 4 595
@
£ u"g
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-OP(O20R, -P(O20R, -POR )2, -OPQR )2, or an optionally substituted
group selected from G -C6aliphatic, aryl, heteroaryl, cycloaliphatic,

het er ocycl oal i phatic, arylC -C6al kyl, heteroaryl G - Co6al kyl

cycl oal i phati cCl- C6al kyl, or heterocycl oal i phati cCl-C6al kyl; and e) Rya is
a, Br, F, CF3, M, Et, CN, -000H, -NH2, -N(CH3)2, -N(Et)2, -N(iPr)2,
-Q(CH2) 20CH3, -CONH2, -COOCH3, -OH, -0OCH3, -0OCH2CH3, -CH20H, - NHCOCHS3,

- SO2NH2, - SO2NHC( CH3) 3, - OCOC( CH3) 3, - OCOCH2C( CH3) 3, -Q(CH2) 2N(CH3) 2,  4- CH3-
pi perazin-1-yl, OCOCH(CH3)2, OCQO(cyclopentyl), -COCH3, optionally
substituted phenoxy, or optlonally substituted benzyl oxy; provided that:

when R and-R2 - taken-together form.an upsubstituted rerpholinoring, and
ring Ais 2- fluorcepfesryl , then F%‘i‘ﬁis nof 6- NH2, &ﬂ@d@lﬂN— 6- OH, C?:‘P%]-I,
6- MsHN- ,  6=AcHN——6=f1+uoro,—or g=ONe. 2—The—conpound—of—ctam erein:
472 a) R. and R2 taken together |is |an optionally substituted ri ng del ect ed
fromazetidin-1-yl (jj), pyrrolidin-1-y| (ff), piperidinl-yl (dd), jor
pi perazi p-1-yl (cc)a b) z is 0-5|and R4 proups, if present are e¢ach
i ndepende B, -1 CH2[CH3, PGOOH, -N(CH3)2} -N(Et) 2,
-N(iPr)2 : 1 COQCH3, | - OH, 20H, - NHCOCHS, |- SO2NH2,
- SQ2( CH2 2 ZH3 PN( QH3) 2| - SO2CHZCHG; O) CCH2CH( ¢H3) 2,
- C(O) NHCH2CH( CH3) 2 s ICO C( O|C(CHB) 3, COO(%),@\ C( O] NHCH( CH3) 2,
- C(O) CH2(CH3, [ Dgdyi [t ut ed group seledte F 500
. H
Myl -y
[N
o
4 4
o O e
s e
| Hyt
] ]
u,c/—\() e
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from pi peridinyl, piperazinyl, norpholino, Cl 4al koxy, phenyl, phenyl oxy,
benzyl, benzyl oxy, - CH2cycl ohexyl, pyridyl, -CH2pyridyl, or -CH2thi azolyl;
c) R3is d, Br, F, CF3, -OCF3, M, Et, CN, -COOH, -NH2, N(CH3)2, -N(Et)2,
~N(i.Pr)2, - Q(CH2)20CH3, -CONH2, -COOCH3, -0OH, -0OCH3, -OCH2CH3, -CH20H,

- NHCOCH3, - NHCOCH(CH3) 2, - SO2NH2, - CONH(cycl opropyl), - CONHCH3,

- CONHCH2CH3, or an optionally substituted group selected from pi peridinyl,
pi-perazi nyl, norpholino, phenyl, phenyloxy, benzyl, or benzyl oxy; d)
wherein yis 0-4, and R5 groups, when present, are each independently C, Br,
F, CF3, Me, Et, CN, -000H, -NH2 N(CHB)Z -N(Et)2 -N(i Pr)2, -Q(CH2)20CH3,
- CONH2, -© =43 OH —-OCH3,—OGH2 CHR OH——NHCOCH3 - ——SE2NHZ
- SO2NHC( QH3) 3, - COOEHENS) 3, - u%’ﬂ(aﬂ)s, qaﬂmwms)z Copd
4- CH3- pi gerazim=t=y—OCOCHCH3) 21— cyctopentyty,——=COCH3,upt{ional | y
substi tutled phenoxy, or optionallly substijtuted benzyl oxy; and e) jRyajis O,
F, CF3, Mg, Et, -OH, -OCH3, -OCH2CH3| -CHR2OH, -SO2NH2, :SOZNHC(CJ—B)b,

- OCOC( CH3) 3, - OCOCH2C(CH3) 3, - O(GH2) PN(CHB) 2, 4- CH3- pi per azi n-1-yl,
OCOCH( CH3) 2, OC((cygl opentyl), or| -CPCH3.; 3. The cogpound of claijm 1
wherein R3 is 1 phe 6-position of the qdinazolLige.*ing and is -{d,|-CH3,

-CH2CH3, |-F, - - CONH , 1 CONHICH2 CH CO\IH(C clopropyl),| -OCH3,
- NH2, Od 2CH3, r The co Ol[:nd af cl arns eren R3 i g atjthe
7-positign of the qg#lind ne ringeand ig - C, ; CH2CH3, - H,s03 CF3,
- OCF3, - QONHCH3 \ ¥CHS, - CANH( ¢ycl dpr opyl 3 GCH3Z “RNH2, -{OCHRCH3, or
_CN_ ; H H
43 S
. H 4
O o]
L L.
(ﬁ\ (l/\
) Hj'nf 502 H = : 604
Ty : b
M . / h\ #
v 4
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- 473 5. The compound of claim2, wherein R3 is at the 6-position of the
qui nazoline ring and is - d, -CH3, -CH2CH3, -F, -CF3, -OCF3, -OCH3, or
-OCH2CH3. 6. The conpound of claim2 wherein R3 is at the 7-position of the
qui nazoline ring andis - d, -CH3, -CH2CH3, -F, -CF3, -OCF3, -OCH3, or
-OCH2CH3. 7. The conpound of claim?2, wherein Ryais d, F, CF3, M, Et,
-OH, OR, -OCH3, or - OCH2CH3. 8..The compound of claim2, wherein Rya is
OR . 9. The compound of claim2, wherein Rya is OH 10. The conpound of
claim2, wherein Rya is F. 11. The conpound of claim 2, wherein: a) Rl and
R2 taken together is an optionally substituted ring sel ect ed from
azeti di n4+——Hr+—py+rroti-ein 13‘ (f fp—ptpertent—y—{dd-

or pi perdzin-1-yl (@@)mndb) z is OF%%nd Ha groups afespemth |ndeper118mg1f1 ly d,
Br, F, QFSCH3—=CH2CH3—CN—PO0H, - N(CH3)Y 2 —N(EO)y2—=N(TPr)2;
- Q(CH2) 10CH3, - CONH2, -COOCH3, -[OoH, -CH:O—L - NHCOCH3, - SO2NH2,
- SO2( CHZ) 3CH3, -SOZCH(CH3)2, -SCQN(CI—B)Z, - SR2CH2CH3, - C( 0O OCHZCH( £H3) 2,
- C( O) NHGH2CH( CH3) 2, - NHOOOCH3, -[C( O] C(CHB) 3, - COQ(CH2) 2CH3, _
-C(O'NHGH( CH3) 2, - €( O CH2CH3, or{ an|optijonal |y subst.ltut ed group selected
from- (iperigrmg, piperazinyl, phol|i Yy, phenyl, Cﬂhen/l oxy,
benzyl, |benzylioxy, -« CH2cycl ohex pyri - CH2t h{ azol yl ;

c) RBigad, Et, £ - OCH:
’ . 607

$ i R

H - # /H :
L i )
“r 506 X v 608
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d) yis 0 or 1, and Ry groups, when present, are each independently O, Br,

F, CF3, Me, - OH, -OCH3, -OCH2CH3, -CH2OH, - NHCOCH3, -SO2NH2, - SO2NHC(CH3) 3;
and e) Ryais F, -OR, or NHSO2R . -474 12, A conpound according to claim1,
wher ei-n said conmpound is selected from r 02 202 ,.r aEf O -475 Conpound
Cnpd 206 zi 203 Compound Cad I 2?04 " *. | 209 14 - "llyy e, NCt~

Compound Cn;pd

J

] 612

)
Q .
. "
] =2
i ' i
. u.,\\!,\ 4, 3
; r
610

- =511-




- 476 Compound Cmpd Conpound Crpd 1-07 y ac,-o it I 1.0225 0 a |l 20S
CHS - 477 Conpound Cnpd J!| |l 4N ONI H~H 312 o f " ~I 323 <ci 324 Cod
-478 i. Conpound Cnpd Conpound npd

Cotnpound (ﬁgpd : Componnd

%
qag
[«

E“ ) 613 M §1%
W ®

i
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Conmpound C d Conpound Cnpd
, N\ ( ci 354 " \ cr 357 N -480 ~ w f
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CND GHx O

Conmpound Cm pd

INk Q 362 a~ CQ - 481 OH " .. | 363 -482 Conpound ~npd
ax 1 | - ~r/ i ox a 365 a R\ e, 367 Cx~ 366 6 tLJ -
Conmpound Crpd Conpound Cnpd
Compound C‘ﬂipﬁ Compounnd le;pd
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A6 gx it 415 "
cep 428

ut_ v o -484 ~,,

I otcWs 4427 COD |

fy f t1 '+v
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Compound C npd Conpound 04 5r, A, | as A7 457 CHs OH
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gC i ~448 hi r 458 | 4 - 486 ii Conpound Crpd Conpound Crpd F LI C

~Nr 465 467 NYN Al O A /JI'"Lx, "~ INr 466 468 Nr "H N CHS -487 it
Compound Cnpd 484 471 1 N\N I~ ~r |
Componad (hgpd Compound (hg?d
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H H

620 8 631

O
¥ _\

630 632

-516 -




Compound Cmpd Conpound Cnpd A Paz I f Nr ~N~/ of | 489 N ci 415 ON CND
-488 9 496 -489 Conpound Cnpd Conpound Cnpd ~ ~1~o0o Ny \' | .~ 1 x}99 497
H Ot O]
Corpound C?d Compound C?d
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H3c % N - r -600 13. A conposition conprising a conpound according to any
one of clainms 1-12; and a pharmaceutically acceptable carrier, vehicle or
diluent. 14. A use of a conmpound of formula I A-ii according to any one of
clainms 1-13 for the manufacture of a nedicament for treating or |essening
the severity of a disease, disorder, or condition selected from acute,
chronic, neuropathic, or inflammatory pain, arthritis, mgraine, cluster
headaches, trigem nal neural gia, herpetic neural gia, general neuralgias,
epi |l epsy or an epilepsy condition, a neurodegenerative disorder, a
psychiatmlc dlsorqgémSU"h as anxijahpd] and depressupn myot oni a, dnipllyt hm a,
a novenent_di sorder, %P%euroendo réne di sorder. ataxta. nultiple scierosis,
irritabl ¢ bowel syndronme, incontilnence, Visceral pain, osteoarthniti|s pain,
post herpgtic neural gi a, diabetic {neuyropathy, radicular pain, sciatica, back
pai n, head or nﬁc'“pain, severe [or jntractabl e pain, nociceptive pain,

br eakt hr gugh paj#,~ postsurgical pain, or[cancer paiﬁ.nﬁf”‘1 15. The uge af claim
14, wherg¢in the di gease, conditign, pr disorder is ?ﬁfﬂicated i nithe
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activation or hyperactivity of voltage-gated sodium channels. 16. The use of
claim 14, wherein the disease, condition, or disorder is inplicated in the
activation or hyperactivity of cal ciumchannels. 17. The use of claim 14,
wherein the disease, condition, or disorder is acute, chronic, neuropathic,
or inflammatory pain, 18. The use of claim 14, wherein the disease,
condition, or disorder is radicular pain, sciatica, back pain, head or neck
pain. 19. The use of claim 14, wherein the disease, condition, or disorder
is severe or intractable pain, acute pain, postsurgical pain, back pain or
cancer pain. 20. A use of a conpound according to any one of clains 1-12,
for inhibiting Na\tehpokes NaV 1.2, [fer 1.3 NaV 1. 4,;0590\4151 5, NaV Jcﬂmd NaV

Q

1.7, NaVj|4-8—NaV-31- 9 or GCav2 2laktf vit y—ina bi-ological—sanpl 601
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13. A composition comprising a compound according to any one of claims 1-12; and a

pharmaceutically acceptable carrier, vehicle or diluent.

14. A use of a compound of formula IA-ii according to any one of claims 1-13 for the
manufacture of a medicament for treating or lessening the severity of a disease, disorder, or
condition selected from acute, chronic, neuropathic, or inflammatory pain, arthritis, migraine,
cluster headaches, trigeminal neuralgia, herpetic neuralgia, general neuralgias, epilepsy or an
epilepsy condition, a neurodegenerative disorder, a psychiatric disorder such as anxiety and
depression, myotonia, arrthythmia, a movement disorder, a neuroendocrine disorder, ataxia,
multiple sclerosis, irritable 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, or cancer pain.

15.  The use of claim 14, wherein the disease, condition, or disorder is implicated in the

activation or hyperactivity of voltage-gated sodium channels.

16.  The use of claim 14, wherein the disease, condition, or disorder is implicated in the

activation or hyperactivity of calcium chanmels.

17.  The use of claim 14, wherein the disease, condition, or disorder is acute, chronic,

neuropathic, or inflammatory pain.

18.  The use of claim 14, wherein the disease, condition, or disorder is radicular pain, sciatica,

back pain, head or neck pain,

19.  The use of claim 14, wherein the disease, condition, or disorder is severe or intractable

pain, acute pain, postsurgical pain, back pain or cancer pain.
20. A use of a compound according to any one of claims 1-12, for inhibiting NaV1.1,

NaV1.2,NaV1.3,NaV1.4, NaV1.5, NaV1.6, NaV1.7, NaV1.8, NaV1.9, or CaV2.2 activity ina
biological sample.
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