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PYRROLOPYRAZOLES ASN-TYPE CALCIUM CHANNEL BLOCKERS

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority of the benefits of the filing of U.S. Provisional
Application Serial No. 61/683,780, filed August 16, 2012, The complete disclosures of the
aforementioned related U.S. patent application is/are hereby incorporated hercin by reforence

for all purposes.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

The research and development of the invention described below was not federally

sponsored.

BACKGROUND OF THE INVENTION

Caleium ions play a fundamental role in the physiology and biochemustry of
organisms and of cells. The entry of calcium into cells through ion channels mediates a
variety of cellular and physiological responses, including gene expression, signal
transduction, neurotransmitter release, muscle contraction and hormone secrction. lon
channels are classified by gating, or what opens and closes the channel to the flux of tons.
Voltage-gated ion channels open or close depending on the voltage gradient across the
plasma membrane, whereas ligand-gated ion channels open or close depending on the
binding of ligands to the channel. The classification of voltage-gated calcium channels
divides them into three groups: (i) high voltage-activated channels, which include L, N-,
P- and Q-type channels; (it} intermediate voltage-activated R-type channels; and {(iii) low

voltage-activated T-type channels.
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The N-type calcrum channel is distributed mainly in central and peripheral neurons,
being localized primarily to presynaptic nerve terminals. This channel rogulates the
calcium flux required for depolarization-evoked relcase of neurotransmitters from synaptic
endings. The transmission of pain signals from the periphery to the central nervous system
{CNS) is mediated, inter alia, by N-type calcium channels located in the spinal cord.
Inhibition of the N-type calcium channel in the superficial dorsal horn leads to a decrease
in membrane excitability and neurotransmitter release, resulting in pain relief. In addition,
knock-out mice lacking the N-type calcium channel cxhibit reduced nociceptive behaviors

in animal models of pain.

N-type calcium channels have been shown to mediate the development and
matnienance of the neuronal sensitization processes associated with neuropathic pain and
therefore provide attractive targets for the development of analgesic drugs. Three N-type
calcium channel modulators are currently approved for the treatment of pain: ®@-conotoxin
MVIA (ziconotide}, marketed as Prialt®, potently and selectively blocks the N-type
calcium channel and is indicated for the management of severe chronic pain; gabapentin,
markcted as Neurontin®, and pregabalin, marketed as Lyrica®, bind with high affinity to
the 2 subunit of the N-type calcium channel and arce indicated for the treatment of

fibromyalgia, diabetic nerve pain and/or post-herpetic neuralgia pain,

It is an object of the present invention to provide N-Tvpe calcium channel blockers.
it is also an object of the invention to provide a method of treating, amchorating or
preventing pain by the administration of a compound of Formula (I). And, it is an object
of the invention to provide a pharmaceutical composition comprising a compound of

Formula (1), usetul for treating, ameliorating or preventing pain

SUMMARY OF THE INVENTION

The present invention s directed to a compound of Formula (1)

[
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Formula (1)

wherein
R is selected from the group consisting of Cpalkyl, Cyalkoxy, 2.2

difluoroethoxy, di{Cy salkylhamino, trifluoromethoxy, fluoroe, and trifluoromethyi;

R’ is hydrogen; or, R* may be taken with R’ and the phenyl ring to which R' and R?

are both attached to form 2,3-dihydrobenzofuran-7-yi or 1,3-benzodioxol-4-vi;

R is hydrogen, methyl, methoxy, chloro, or fluoro;

(3 18 selected from the group consisting of Q1, Q2, and Q3;

s e b
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wherein
4 . - Lo — -
R s selected from the group consisting of hvdrogen, Ciaalkyl, Caalkoxy, cyans,

fluoro, and chloro;

R’ is independently sclected from the group consisting of hydrogen, Cysalkyl, Cy

salkoxy, cyano, chloro, and di{C, salkyliamine;

G is sclected from the group consisting of 4-methylphenyl, 3-cyanophenyl, 4-
cvanophenyl, 4-methoxycarbonylphenyl, 2-chloro-quinolin-6-vl, morpholin-4-vlsulfonyl,

morpholin-4-yl{C; salkyDaminosulfonyl, 2,6~-dimethylmorpholin-4-ylsulfonyl,Ce_jearyl{ C,.
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syalkylsulfonyl, CoparvioxviCistaloyvisutfonyl, 3,5-dimcthylisoxazol-4-yi-sulfonyl, Oy
satkoxycarbonyl{C4)alkyt-sulfonyl, triffuoromethyisuifonyi, Cscyeloatkyisulfonyl,

2,2 2-trifluorocthylsulfonyl, di(Cysalkylaminosulfonyi, di(Cy.
qalkyDaminosulfonylamino{Cy s yalkyl-sulfonyi, C, jalkylsulfonylamine(Ci g)alkyi-
suifonyl, 2,5-disne-pyrrohidin-1-yI-{(Cgyalkyl-sulfonyl, (2H}- ,3-dione-1H-isoindoi-1-vl-
(Crayalkyl-sulfonyl, 1,1-dioxidotetrahydrothiophen-3-vhisulfonyl, Csalkyisulfonyl, di{(C,.
salkyljaminosulfonyl, pyrrolidin- {-ylsulfonyl, piperidin-1-yisulfonyi, 4-(R%)-piperidin-1-
ylsulfonyl wherein R” is Calkoxycarbonyl or Ciaalkyl; azepan-1-yisulfonyl,
methoxymethyicarbonyl, triffuoromethylcarbonyl, Cisaltkoxyearbonylamino{C; 4jalkyl-
carbonyl, Cyyalkoxycarbonylaminomethyl-carbonyl,
trifluoromethylsulfonvlaminomethyloarbonyl, trifluoromethoxycarbonyl, Cy.
salkylsulfonylaminomethyl-carbonyl, Cisalkoxycarbonyl, di{C salkyDamunocarbonyl, Cy

satkoxyearbonyl, pyridinyicarbouyl, furanylcarbonyl, and 5~-methylisoxazol-3-vicarbonyl;

and enantiomers, diastereomers, solvates and pharmaceutically acceptable salts

thereof,

The present invention also provides, infer alia, a pharmaceutical composition
comprising, consisting of and/or consisting essentially of a pharmaceutically acceptable
carrier, a pharmacecutically acceptable excipient, and/or a pharmaceutically acceptable
diluent, and a compound of Formula (I}, or a pharmaceutically acceptable salt form
thereof.

Also provided are processes for making a pharmaceutical composition comprising,
consisting of, and/or consisting essentially of admixing a compound of Formula () and a
pharmaceutically acceptable carrier, a pharmaccutically acceptable excipient, and/or a
pharmaccutically acceptable diluent.

The present invention further provides, infer afia, methods for treating or
ameliorating a N-Type calcium channcl-modulated disorder in a subject, including a
human or other mammal in which the disease, syndrome, or condition is affected by the
modulation of the N-Type calcium channel, such as pain and the discases that lcad to such

pain, using a compound of Formula ().
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The present invention also provides, inter alia, methods for producing the instant

compounds and pharmaceutical compositions and medicaments thereof.

DETAILED DESCRIPTION OF THE INVENTION

With reference to substituents, the term “independently™ refers to the situation
where when more than one substituent is possible, the substituents may be the same or
different from cach other.

The term “alkyl” whether used alone or as part of a substituent group, refers to
straight and branched carbon chains having 1 to 8 carbon atoms. Thercfore, designated
numbers of carbon ators (e.g. Cy_5) refer independently to the mumber of carbon atoms n
an alkyl moiety or to the alkyl portion of a larger alkyl-containing substituent. In
substituent groups with multiple alkyl groups such as {Crsalkylhaminoe-, the Cygalkyl
groups of the dialkyvlamino may be the same or different.

The term “alkoxy” refers to an -O-alkyl group, wherein the term “alkyl” 15 as
defined above.

The terms “alkenyl” and “alkyoyl” refer to straight and branched carbon chains having 2 or
more carbon atoms, wherein an alkeny] chain contains at least one double bond and an
alkyny! chain contains at least one triple bond.

The term “cycloalkyl” refers to saturated or partially saturated, monocyclic or
polycyclic hydrocarbon rings of 3 to 14 carbon atoms. Examples of such rings include
cvelopropyl, evelobutyl, cyclopentyl, cvelohexyl, eyveloheptyl and adamantyl.

The term “benzo-fused cycloalkyl” refers to a 5- to &- membered monocyelic
cveloalkyl ring fused to a benzene ring. The carbon atom ring members that form the
cycloalkyl ring may be fully saturated or partially saturated.

The term “heterocyclyl” refers to a nonaromatic monocyclic or bicyclic ring system
having 3 to 10 ring members and which contains carbon atoms and from [ to 4
heteroatoms independently selected from the group consisting of N, O, and 8. Included
within the term heterocyclyl is a nonaromatic cyclic ring of 5 to 7 members in which 1 to 2
members arc nitrogen, or a nonaromatic cyclic ring of 5 to 7 members in which 6, L or 2
members are nitrogen and up to 2 members are oxygen or sulfur and at least one member
must be etther nitrogen, oxygen or sulfur; wherein, optionally, the ring contains zero to one

unsaturated bonds, and, optionally, when the ring 15 of 6 or 7 members, it contains up to 2
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unsaturated bonds. The carbon atom ring members that form a heterocycle ring may be
fully saturated or partially saturated. The term “heterocycelyl” also includes two 5
membered monocyclic heterocycloalkyl groups bridged to form a bicyelic ring. Such
groups are not considered to be fully aromatic and arc not referred to as heteroaryl groups.
When a heterocyele is bicyclic, both rings of the heterocycle are non-aromatic and at least
onc of the rings contains a heteroatom ring member. Examples of heterocycle groups
include, and arc not limited to, pyrrolinyl (including 2H-pyrrole, 2-pyrrolinyl or 3-
pyrrolinyl), pyrrolidinyl, imidazolinyl, inidazolidinyl, pyrazolinyl, pyrazolidinyl,
piperidiny], morpholinyl, thiomorpholinyl, and piperazinyl. Unless otherwise noted, the
heterocyele s attached to Uis pendant group at any heteroatom or carbon atom that results
in a stable structure.

The term “benzo-~fused heterocyelyl” refers to a 5 to 7 membered monocyelic
heterocycle ring fused to a benzene ring. The heterocycle ring contains carbon atoms and
from 1 to 4 heteroatoms independently selected from the group consisting of N, O, and S.
The carbon atom ring members that form the heterocyele ring may be fully satorated or
partially saturated. Unless otherwise noted, benzo-fused heterocyele ring s attached to its
pendant group at a carbon atom of the benzene ring.

The term “aryl” refers fo an unsaturated, aromatic monogcyelic or bicychic ring ot 6
to 10 carbon members. Examples of aryl rings include phenyl and naphthalenyl.

The term “heteroaryl” refers to an aromatic monocyclic or bicyclic aromatic ring
system having 5 to 10 ring members and which contains carbon atoms and from 1 {0 4
heteroatoms independently selocted from the group consisting of N, O, and S, Included
within the term heteroaryl are aromatic rings of 5 or 6 members wherein the ring consists
of carbon atoms and has at least one heteroatom member. Suitable heteroatoms include
nitrogen, oxygen, and suifur. In the case of 5 membered rings, the heteroaryl ring
preferably contains one member of nitrogen, oxygen or sulfur and, in addition, up to 3
additional nitrogens. In the case of 6 membered rings, the heteroaryl ring preferably
contains from 1 to 3 nitrogen atoms. For the case wherein the 6 membered ring has 3
nitrogens, at most 2 nitrogen atoms are adjacent. Examples of heteroaryl groups include
furyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl,
oxadiazolyl, triazolyl, thiadiazolyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl, indolyl,

isoindolyl, benzofuryl, benzothienyl, indazolyl, benzimidazolyl, benzothiazolyl,
o
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benzoxazolyl, benzisoxazolyl, benzothiadiazolyl, benzotriazolyl, quinolinyi, isoquinolinyl
and quinazolinyl. Unless otherwise noted, the heteroaryl is attached to its pendant group at
any hetcroatom or carbon atom that results in a stable structure.

The term “halogen” or “halo” refers to fluorine, chlorine, bromine and iodine.

The term “formyl” refers to the group —C(=0O)H.

The term “oxo” refers to the group (=0).

Whenever the term “alkyl” or “arvl” or cither of their prefix roots appear in a name
of a substituent {e.g., arvlalkyl, alkylamino) the name is to be interpreted as including
those limitations given above for “alkyl” and “arvL.” Designated numbers of carbon atoms
{e.g., C-Cs) refer independently to the number of carbon atoms in an alkyl motety, an aryl
motety, or in the alkyl portion of a larger substituent in which alkyl appears as is prefix
root. For alkyl and alkoxy substituents, the designated nuraber of carbon atoms meludes
all of the independent members included within a given range specified. For example Cs
alky! would nclude methyl, ethyl, propyl, butyl, pentyl and hexyl individually as well as
sab-combinations thereof (.8, Ci2, Ci3, Cia, Cis. Cog, Cas, Cas, Csg, Cas elc).

o general, under standard nomenclature roles used throughout this disclosure, the
terminal portion of the designated side chain is deseribed first followed by the adjacent
functionality toward the point of attachment. Thus, for example, a “C;-Cs aloyvlcarbonyl”
substituent refers to a group of the formula:

i
“%“CMCVC() alkyl

The term “R” at a stercocenter designates that the stercocenter is purely of the R-
configuration as defined 1n the art; likewise, the term “S” means that the stercocenter 18
purcly of the S-configuration. As used hercin, the terms “*R” or “*§” at a stercocenter are
used to designate that the stereocenter is of pure but unknown configuration.  As used
herein, the term “RS” refers to a stereocenter that exists as a mixture of the - and §-
configurations. Similarly, the terms “*RS” or “*SR” refer to a stercocenter that exists as a
mixture of the R~ and S-configurations and is of unknown configuration relative to another

stereccentier within the molecule.

-~J
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Compounds containing one stercocenter drawn without a stereo bond designation
are a mixture of 2 enantiomers. Compounds containing 2 stercocenters both drawn
without sterco bond designations are a mixture of 4 diastercomers. Compounds with 2
stereocenters both labeled “RS” and drawn with stereo bond designations arc a 2-
component mixture with relative stercochemistry as drawn, Compounds with 2
stercocenters both labeled “*RS” and drawn with stereo bond designations are a 2-
component mixture with relative stercochemistry unknown. Unlabeled stereocenters
drawn without stereo bond designations arc a mixture of the 8- and S-configurations. For
unlabeled stercocenters drawn with stereo bond designations, the absolute stercochemistry
is as depicted.

Unless otherwise noted, it 1s intended that the definition of any substituent or
variable at a particular location in a molecule be independent of its definitions elsewhere in
that molecule. ¥t s understood that substitoents and substitution patterns on the
compounds of Formauda (I can be selected by one of ordinary skill in the art to provide
compounds that are chemically stable and that can be readily synthesized by technigues
known in the art as well as those methods set forth herein

The term “subject” refers to an animal, preferably a mammal, most preferably a
human, who has been the object of treatment, observation or experiment.

The term “therapeutically effective amount” refers to an amount of an active
compound or pharmaceutical agent, including a compound of the present invention, which
clicits the biological or medicinal response in a tissue system, animal or human that is
being sought by a rescarcher, veterinarian, medical doctor or other clinician, which
includes alleviation or partial alleviation of the symptoms of the discase, syndrome,
condition, or disorder being treated.

The term “composition” refers to a product that includes the specified ingredients
in therapeutically effective amounts, as well as any product that results, directly, or
indirectly, from combinations of the specified ingredients in the specified amounts.

The term “N-Type calcium channel blocker” is intended to cncompass a compound
that interacts with the N-Type calcium channcl to substantially reduce or climinate its
functional activity, thercby decreasing the flow of calciom ions through the channel and

the rise of intracellular calcium concentrations.
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The term “N-Type calcium channel-modulated” is used to refer to the condition of
being affected by the modulation of the N-Type calcium channel, including the condition
of being affected by the inhibition of the N-Type calcium channcl, such as, for example,
pain, the discascs that lead to such pain and treatments that lead to the reduction of such
pain.

As used herein, unless otherwise noted, the term “affect” or “affected” (when
referring to a discase, syndrome, condition or disorder that is affected by the inhibition of
N-Type calcium channel} shall include a reduction in the frequency and / or severity of one
or more symptoms or manifestations of said disease, syndrome, condition or disorder and /
or include the prevention of the development of one or more symptoms or manifestations
of said discase, syndrome, condition or disorder or the development of the disease,
condition, syndrore or disorder.

The compounds of Formula (1) are useful in methods for treating, ameliorating and/
or preventing a discase, a syndrome, a condition or a disorder that 1s affected by the
inhibition of N-Type calcium channel. Such methods comprise, consist of and/or consist
essentially of adminisiering fo a subject, including an anirnal, 4 mammal, and a human in
need of such treatment, ameclioration and / or prevention, a therapeutically effective amount
of a compound of Formula (I}, or an enantiomer, diastereomer, solvate or pharmaceutically
acceptable salt form thereof.  In particular, the compounds of Formuda (1) are useful for
treating, amehiorating and / or preventing pain as well as diseases, syndromes, conditions
or disorders causing such pain. More particularly, the compounds of Formula (I} are
uscful for treating, amcliorating and / or preventing acute pain, inflammatory pain and / or
neuropathic pain, comprising administering to a subject in need thercof a therapeutically
effective amount of a compound of Formmula (1), as herein defined.

Acute pain, as used herein, refers to pain that comes on quickly, can be of varying
severity but is seli-limiting and of relatively short duration. Examples of acute pain
include, but are not limited to, post-operative pain, post-surgical pain, toothache, burn,
sunburn, inscct/animal bites and stings, headache and/or any pain associated with acute
trauma or injury.

Inflammatory pain refers to pain arising from an inflammatory disease, condition,
syndrome or disorder, including but not limited to inflammatory bowel discase, irritable

bowel sysdrome, visceral pain, migraine, post-operative pain, osteoarthritis, theumatoid
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arthritis, back pain, low back pain, joint pain, abdominal pain, chest pain, labor pain,
nmusculoskeletal diseases, skin discases, toothache, pyresis, burn, sunburn, snake bite,
venomous snake bite, spider bite, inscct sting, neurogenic or overactive biadder, interstitial
cystitis, urinary tract infection, rhinitis, contact dermatitis/hypersensitivity, itch, eczema,
pharyngitis, mucositis, cnteritis, irritable bowel syndrome, cholecystitis, pancreatitis, post-
mastectomy pain syndrome, menstrual pain, endometriosis, pain due to physical trauma,
headache, sinus headache, tension headache or arachnoiditis.

A further embodiment of the present invention 18 dirccted to a method for treating,
ameliorating and / or preventing ncuropathic pain. Neuropathic pain refors to a discase,
syndroroe, condition and/or disorder involving damage to the peripheral or central nervous
systern, including cancer pain, neurological disorders, spine and peripheral nerve surgery,
brain tumor, traumatic brain injury (TBI}, chemotherapy-induced pain, pain chronification,
radicular pain, HIV pamn, spinal cord trauma, chronic pain syndrowe, fibromyalgia, chrovic
fatigue syndrome, tupus, sarcoidosis, peripheral neuropathy, bilateral peripheral
neuropathy, diabetic neuropathy, central paim, neuropathics associated with spinal cord
injury, stroke, amyotrophic lateral sclerosis {ALS), Parkinson’s discase, multiple sclerosis,
sciatic neuritis, mandibular joint neuralgia, peripheral neuritis, polyneuritis, stamp pain,
phantom limb pain, bony fractures, oral nenropathic pain, Charcot's pain, complex regional
pain syndrome T and I {CRPS ¥}, radicelopathy, Guillain-Barre syndrome, meralgia
paresthetica, burning~-mounth syndrome, optic neuritis, postfebrile neuritis, migrating
neuritis, segmental neuritis, Gombault's neuritis, neuronitis, cervicobrachial neuralgia,
cranial ncuralgia, geniculate neuralgia, glossopharyngial neuralgia, migrainous neuralgia,
idiopathic neuralgia, intercostals neuralgia, mammary neuralgia, Morton's neuralgia,
nasociliary neuralgia, occipital neuralgia, post-herpetic neuralgia, causalgia, red neuralgia,
Studer's neuralgia, splenopalatine neuralgia, supracrbital ncuralgia, trigeminal neuralgia,

vulvodynia, or vidian neuralgia.

Embodiments of the present invention include a compound of Formula (F)
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Formula (1)

wherein

a) R'is selected from the group consisting of Cyalkyl, Ciualkoxy, 2.2-
diftaoroethoxy, di{Cy salkyhamino, and trifluoromethoxy;

b} R'is selected from the group consisting of cthyl, methoxy, ethoxy,
isopropyloxy, difluorocthoxy, dimethylamino, and trifluoromethoxy;

c R is hydrogen, methyl, chloro, or fluoro;

d) Q is selected from the group consisting of Q1, Q2, and 33;

1
W

o 5 /\ ,«’fi\f
X Q\/N 2N
R4 R5
o) {42 Q3
wherein

R" is chioro;
R is independently sclected from the group consisting of Cyalkvl, Oy
salkoxy, and chloro;

e} Qis selected from the group consisting of Q1, Q2, and Q3;

bbb wans

SN A
58 &
X N Y N
R4 éS |/
it Gz Q3
wherein

R* is chloro;
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R’ is independently sclected from the group consisting of Cysalkoxy and
chioro;
G is sclected from the group consisting of 4-methylphenyl, 2-chloro-quinolin-6-
yl, Co.paryHCg)alkylsulfonyl, Coparyioxy(Ciatkylsulfonyl, 3.5-
dimcthylisoxazol-4-yl-sulfonyl, triftuoromethylsuifonyi, C;.
salkoxycarbonyi{C, 4jalkyl-sulfonyl, Ciycveloalkylsuifonyl, 2,2,2-
triftuorocthylsulfonyl, di{fCisalkylaminosulfonyl, di{Cy.
salkyhaminosulfonylamino{Cy4yaltkyl-sulfonyl, Cyaalkylsulfonylamino(C,.
gyalkyl-sulfonyl, 2,5-dionc-pyrrolidin- 1-yI-{Cy 4jalkyl-sulfonyl, (2H)- 1,3-
dione-1H-isomdol~-1-v1-{Cy slalkyl-sulfonyl, |,1-dioxidotetrabydrothiophen-3-
yvhsulfonvl, Cysalkyisulfonyl, d{Calkyhaminosulfonyl, pyrrolidin-1-
yisulfonyl, piperidin-1-ylsulfonyl, 4-{R°)-piperidin-1-ylsulfonyl wherein R is
Ciaalkoxycarbonyl or Cyalkyl; azepan-1-yisulfonyl, morpholin-4-yilsulfonyl,
2, 6-dimethylmorpholin-4-yisulfonyl, methoxymethylearbonyl,
triftuoromethylcarbonyl, Cyqalkoxyearbonylamino(Co.qdalkyl-carbonyl, Cy.
salkoxyearbonylaminomethyl-carbonyl, Cy salkylsulfonylaminomethyi-
carbonyl, Cyalkoxycarbonyl, di{Cy qalikyllaminocarbonyl, Cy yalkoxyearbonyi,
pyridinylcarbonyl, and furanvicarbonyt;
G is selected from the group consisting of methyiphenyl, 2-chloro~-quinolin-6-
vi, Copparvi Crgyalkvisulfonvi, Ceearvioxy(Cy qjaltkylsulfonyl, 3,5-
dimethylisoxazol-4-yl-sulfonyl, 4-Cjsalkoxycarbonyl{Cy y)alkyi-sulfonyl,
trifluoromethylsulfonyl, Cs oycloalkylsulfonyi, 2.2 Z-triftluorocthylsulfonyl,
di{Cysalkylaminosulfonyl, di{C; salkylyaminosulfonylamino{C; salkyl-
sulfonyl, Ciaalkyvisulfonylamino{Cy_salkyl-sulfonyl, 2,5-dione-pyreolidin-1-yl-
{Crpyalkyl-suifonyl, (2H)- 1,3-dione-1H-isoindol-1-v1-(C i s)alkyl-sulfonyi, 1,1~
dioxidotetrahydrothiophen-3-yhsuifonvl, O salkylsuifonyl, di{Cy.
salkyDaminosulfonyl, pyrrotidin-1-ylsulfonyl, piperidin-1-yisuifonyl, 4-{ R%)-
piperidin-1-yisuifonyt wherein R® is Cy_jalkoxyearbony! or Cyalkyl; azepan-1-
visulfonyl, morpholin-4-ylsulfonyl, 2,6-dimethylmorpholin-4-ylsulfonyl,
methoxymethylearbonyl, trifluoromethylcarbonyl, Cj.
salkoxycarbonylamino{Co.ajalkyl-carbonyl, Cyalkoxycarbonylaminomethyl-

2
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carbonyl, Cisakkoxycarbonyl, di{Cysalkyljaminocarbonyl, € salkoxycarbonyl,
and pyridinylcarbonyl;

h} G is selected from the group consisting of 2-chloro-quinolin-6-yi, Cs yparyl{Cy.
gyalkvisulfonyl, Coarvioxy(Ci sdalkylsulfonyl, 3,5-dimethylisoxazol-4-yl-
sulfonyl, Ciaalkoxyearbony¥{Cy 4 )alkyl-sulfonyi, Cscyvcloalkylsulfonyl, 2,2,2-
trifluorocthylsulfonyl, di{Cy yalkyaminosulfonyl, di{C,.
qalkyDaminosulfonylamino{ Ty 4 jalkyl-sulfonyl, Cisalkyisuifonviamine{(C;.
syalkvi-suifonyl, 2,5-dionc-pyrrohidin- 1-yl-{C4)alkyl-sulfonyl, (2H}- 1,3~
dione- i H-isoindol-1-y1-{(Cy 4 jalkyl-sulfonyl, 1, 1-dioxidotetrahydrothiophen-3-
vhsultonyl, Cgalkylsulfonyl, di{CyyallvbBaminosulfonyl, pyrrolidin-1-
sisulfonyl, piperidin-1-ylsulfonyl, 4-( R%-piperidin-1-vlsulfonyl wherein R is
Cy4alkoxycarbonyi or C;salkyl azepan-1-yisulfonyl, morpholin-4-yisulfonyl,
2,6-dimethylmorpholin-d-yisultonyl, C, salkoxycarbonylamino(Cy.gdalkyl-

carbonyl, and C; 4alkoxyearbonyl;

and any combination of embodiroents a) through h) above, provided that it 18
understood that combinations in which different emmbodiments of the same substituent
would be combined are exchuded;

and enantiomers, diastercomers, solvates and pharmaccutically acceptable salts

thereof.

An embodiment of the present invention is dirceted to a compound of Formula (1)

Formuila (1)
wherein
R is sclected from the group consisting of Crsalkyl, Cyalkoxy, 2.2-

diffuoroethoxy, di{Csalkyhamino, trifluoromethoxy, fluoro, and trifluoromethyl;
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®° is hydrogen; or, R* may be taken with R’ and the pheny! ring to which R’ and R?
are both attached to form 2,3-dihydrobenzofuran-7-yl or 1,3-benzodioxol-4-yi;

R is hydrogen, methyl, methoxy, chloro, or fluoro;

(3 18 sclected from the group consisting of G1, Q2, and Q3;

wherein

R* s selected from the group consisting of chloro;
R’ is independently sclected from the group consisting of C_yalkoxy and chloro;

G is selected from the group consisting of 4-methylphenyl, 2-chloro-quinolin-6-yi,
Ces-10aryl{Cr g yalkyisulfonyl, Coparvioxy{Cisalkyisulfonyl, 3,5-dimethylisoxazol-4-yi-
suifonyvl, triftuoromethyisulfonyl, O salkoxyecarbonyl(Cy s )alkyi-sulfonyl, T
seyveloalkylsulfonyl, 2,2, 2-trifluorcethylsulfonyl, di{C; salkyllaminosulfonyl, di(C,.
salkyhaminosulfonylamino(Cis)alkyl-sulfonyi, Ciaalkylsulfonylamino(Cy gjalkyl-
suifonyl, 2,5-dione-pyrrolidin-1-yl-{Cy_gjalkyl-sultfonyl, (2H)- 1,3-dionc-1H-isoindol-1-yl1-
{Cy_alkyl-sulfonyi, 1 I-dioxidotetrahydrothiophen-3-vhsulfonyl, Cy qalkylsulfonyl, di{C.
salkyDaminosuifonyl, pyrrofidin-1-ylsulfonyl, piperidin-1-yisulfonyl, 4-{ R%-piperidin-1-
yisulfonyl wherein R is Ciualkoxyearbonyl or Cpalkyl: azepan-1-ylsulfonyl, morpholin-
4-yisulfonyl, 2,6-dimethyimorpholin-d-yisulfonyl, methoxymethylcarbonyl,
trifluoromethylcarbonyl, Crsalkoxyearbonylamino(Cyjalkyl-carbonyl, Cy.

salkoxycarbonylaminomethyl-carbonyl, Cyalkylsulfonylaminomethyl-carbonyl, Ci.

satkoxyearbonyl, ditCysalkylaminocarbonyl, Cysalkoxyearbonyl, pyridinylearbonyl, and

furanvlcarbonyl;

i4
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and enantiomers, diastereomers, solvates and pharmaccutically acceptable salts thereof.

An embodiment of the present invention is direeted to a compound of Formula (1)

Formula (I}

wherein
R’ is sclected from the group consisting of Ciealkyl, Cyyalkoxy, 2.2

difluoroethoxy, di{Cysalkvhamino, triftacromethoxy, fluoro, and triftuoromethyi;

R” is hydrogen; or, R” may be taken with R' and the phenyl ring to which R' and R”

are both attached to form 2,3-dihydrobenzofuran-7-yl or 1,3-benzodioxol-4-y1;

R is hydrogen, methyl, methoxy, chioro, or flaoro;

Q is selected from the group consisting of @1, Q2, and (Q3;

MY A Ny

A A A
'\? E\\\ri\! N
,_;i‘ R‘S

Q1 Qz Q3

wherein

R*is chloro:

R’ is independently sclected from the group consisting of Cysalkoxy and chioro;

G 1s sclected from the group consisting of methylphenyl, 2-chloro-quinolin-6-yi,

CooaryH{Cy_palkylsultonyl, Coyparvioxy(Cygalkylsulfonyl, 3,5-dimethylisoxazol-4-yi-

5
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suifonvl, 4- Cysalkoxycarbonyl{C; 4 )alkyl-sulfonyl, wifluoromethyisulfonyl, Cs.
seyveloalkylsulfonyl, 2,2, 2-trifluorcethylsulfonyl, di{C; salkyllaminosulfonyl, di(C,.
salkyhaminosulfonylamino(Cy s )alkyl-sulfonyi, C; salkylsulfonylamino(Cy galkyl-
suifonyl, 2,5-dione-pyrrolidin-1-yl-{Cy_gjalkyl-sultfonyl, (2H)- 1,3-dionc-1H-isoindol-1-yl1-
{Cipalkyl-sulfonyl, 1 1-dioxidotetrahydrothiophen-3-yvhsulfonyl, Cy galtkylsulfonyl, di(C;.
satkylaminosuifonyl, pyrrolidin-1-yisulfonyl, piperidin-i-ylsulfonyl, 4-(R%-piperidin-i-
ylsulfonyl wherein R® is Cyalkoxyearbonyl or Cyalkyl; azepan-{-ylsulfonyl, morpholin-
4-yisulfonyl, 2,6-dimethylmorpholin-4d-ylsulfonyl, methoxymethyicarbonyl,
trifluoromethylcarbonyl, Cisalkoxycarbonylamino(Cy 4 jalkyl-carbonyl, Cy.
salkoxycarbonylaminomethyl-carbonyl, Cyatkoxyearbonyl, di(CysalkyDarminocarbonyl,

Cisalkoxycarbonyl, and pyridinylcarbonyl;

and enantiomers, diastercomers, solvates and pharmaceutically acceptable salts thereof,

An embodiment of the present invention is directed to a compound of Formula (I}

G\

Formula (I}
wherein
R'is selected from the group consisting of ethyl, methoxy, ethoxy, isopropyloxy,

diftuoroethoxy, dimethylamino, and triflucromethoxy;

R is hydrogen; or, R* may be taken with R’ and the pheny! ring to which R' and R?

are both attached to form 2,3-dihydrobenzofuran-7-yl or 1,3-benzodioxol-4-yi;

R’ is hydrogen, methyl, chlore, or fluoro;

Q is sclected from the group consisting of (31, Q2, and Q3;

16
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i
S S
RE
Qi Q2 a3

wherein

R* is chloro;
R s independently selected from the group consisting of Cisalkoxy and chilore;

(3 is selected from the group consisting of 2-chloro~quinolin-6-y1, Ceroaryl{Cs.
syatkylsulfonvl, Coearvioxy{Ciaalkylsalfonyl, 3,5-dimethylisoxazol-d-yi-sulfonyi, C;.
satkoxycarbonyvl{Crq)alkyi-sulfonyl, Csreycloatkylsulfonyl, 2.2, 2-trifhuoroethyisulfonyl,
di{ Cialkyhaminosulfonyl, di{Cyaalkylaminosulfonylamino{Cy4jalkyl-sulfonyl, C.
satkylsulfonylamino{Cy4}alkyl-sulfonyl, 2,5-dione-pyrrolidin-1-yI-{Cy 4 alkcyl-sulfonyl,
(2H)- 1,3-dione-H-isoindol- I -yI-{(Cis)alkyl-sulfonyl, 1,1-dioxidotetrahydrothiophen-3-
yhsulfonyl, Cyealkylsulfonyl, di{Csalkyliaminosulfonyl, pyrrolidin-1-visulfonyl,
piperidin-1-ylsulfonyt, 4-( R")-piperidin-1-yisulfonyl wherein R® is Cysalkoxycarbonyl or
Cysalkyl azepan-I-yisulfonyl, morpholin-4-yvisulfonyl, 2.6-dimethylmorpholin-4-

visulfonyl, O salkoxyearbonylamino(C,.aalkyl-carbonyl, and Oy salkoxycarbonyl;
and cnantiomers, diastereomers, solvates and pharmaceutically acceptable salts thercof.

An cmbodiment of the present invention is directed to a compound of Formula ()

G\
N
L =N
NN
Q.
aQ
RV NpN
e
Formula (1)

wherein

17
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#' is selected from the group consisting of ethyl, methoxy, ethoxy, isopropyloxy.,

diftuoroethoxy, dimethylamino, and trifluoromethoxy;

R” is hydrogen;

R’ is hydrogen, methyl, chiore, or fluoro;

(3 18 sclected from the group consisting of G1, Q2, and Q3;

2 2
oM N
R5
Q1 Q2 Q3

wherein

R is chloro;

R’ is independently sclected from the group consisting of C_yalkoxy and chloro;

G is selected from the group consisting of 2-chloro-quinolin-6-y1, Cer1paryl{ ;.
syatkylsulfonyl, Coparvloxy{Ciajalkylsulfonyl, 3,5-dimethylisoxazol-d-yi-sulfonyi, C;.
salkoxycarbonyl{Cy yjalkyl-sulfonyl, Csyreycloalkylsulfonyl, 2,2 2-triflucrocthyisulfonyl,
di{Ciaalkyhaminosulfonyl, di{Cysalkylaminosulfonylamino{Cy 4jalkyl-sulfonyl, Ci.
salkylsulfonylamino{C4)alkyl-sulfonyl, 2,5-dione-pyrrolidin-1-y1-{(C 4 )alkyl-sulfonyl,
(2H)- 1,3-dionc-H-isoindol-1-yI-{Cy s)alkyl-sulfonyl, 1,1-dioxidotetrahydrothiophen-3-
yvhsulfonyl, C saltkylsulfonyl, di{C salkyliaminosulfonyl, pyrrolidin-1-visulfonyl,
piperidin-1-ylsulfonyl, 4-{ R-piperidin-1-ylsulfonyl wherein R® is Cualkoxycarbonyl or
Cialkyl; azepan- i -yisulfonyl, morpholin-d-yisulfonyvl, 2,6-dimethylmorpholin-4-

yvisulfonyl, C;aalkoxycarbonylamino{C; 4jalkyl-carbonyl, and C salkoxycarbonyl;

and enantiomers, diastercomers, solvates and pharmaceutically acceptable salis
thereof,

8
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Further embodiments of the present invention are directed to a compound of

Formula (1)

Formula (I}

sclected from the group consisting of

Cpd 1, tert-Butyl 3-(4-chlorophenyl}-2-(2-ethylpheny)-2,6-dihydropyrrolof3,4-
clpyvrazole-5{(4H}-carboxvlate;

Cpd 2, 3-(4-Chlorophenyl}-2-(2-cthylphenyl}-5-(methylsulfonyl}-2,4,5,6-

tetrahydropyrrolof 3.4-¢lpyrazole;

Cpd 3, 3-(4-Chlorophenyl}-2-(2-cthylphenvl)-5-[(iritflaoromethylisulfonyl}-2,4,5,6-
tetrahvdropvrroio[3,4—c}pyrazoie;

Cpd 4, 3-(4-Chlorophenyl}-2-(2-cthyiphenyl}-5-(pyridin-3-ylcarbonyl)-2,4,5,6-
tetrahvdropyrrolof3,4-clpyrazole;

Cpd 5, 3-(4-Chlorophenyl}-2-(2-cthyiphenvl}-5-(pyridin-4-ylcarbonyl)-2,4,5,6-
tetrahvdropvrroio[3,4—c}pyrazoie;

Cpd 6, 3-(4-Chlorophenyl}-2-(2-cthylphenyl)-5-(irifluoroacetyi)-2,4,5,6-
tetrahydropyrrolof3,4-clpyrazole;

Cpd 7, 3-(4-Chlorophenyl}-2-(2-cthyiphenvl}-S-{pyridin-2-ylcarbonyl-2,4,5,6-
tetrahydropyrrolof3,4-clpyrazole;

Cpd 8, 3-(4-Chlorophenyl}-2-(2-cthyiphenvi}-5-{furan-2-ylcarbonyi}-2,4,5,6-
tetrahydropyrrolof3,4-clpyrazole;

Cpd 9, 3-(4-Chlorophenyl)-2-(2-cthylphenyl}-5-[(5-methylisoxazol-3-yljcarbonyli-
2,45 6-tetrahydropyrrolo]3,4-cipyrazole;

Cpd 18, 3-(4-Chiorophenyl)-2-{2-ethyiphenyl}-5-{methoxyacetyl}-2,4,5,6-
tetrahydropyrrolof3,4-clpyrazole;

Cpd 11, tert-Butyl {2-[3-(4-chlorophenyl}-2-(2-cthyiphenyl)-2,6-dihydropyrrolof3,4-

clpyrazol-5{(4H}-v1}-2-oxocthyl} carbamate;
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Cpd 12, N- {2-{3-{(4-Chlorophenyl}-2-(2-cthylphenyi}-2,6-dihydropyrrolo]3,4-clpyrazol-
S5{(4H}-vl}-2-oxoethyl} methanesulfonamide;

Cpd 13, N-{2-[3-(4-Chlorophenyl}-2-(2-cthylphenyi)-2 6-dihydropyrrolo]3,4-clpyrazol-
5(4H)-vl}-2-oxoethyl} -1, H-trifluoromethancsulfonamide;

Cpd 14, tert-Butyl 3-(4-chlorophenyl)-2-[2-(trifluoromethyliphenyi]-2,6-
dihvdropyrrolof3.4-clpyrazole-5{4H)-carboxylate;

Cpd 15, 3-(4-Chiorophenyly-5-{methylsulfonyl}-2-[2-(trifluoromethyiphenyl}-2,4,5,6-
tetrahydropyrrolof 3.4-¢lpyrazole;

Cpd 16, 3-{4-Chiorophenyl}-5-[(1 -methylethylisulfonyl}-2-[ 2-(trifluoromethyphenyli-
2.4.5 6-tetrahydropyrrolo[3,d-clpyrazole;

Cpd 17, 3-(4-Chlorophenyl}-5-[{4-methylphenyhsolfonyl}-2-[2-(rifluoromethylphenyl]-
2.4.5 6-tetrahydropyrrolo[3,d-clpyrazole;

Cpd 18, tert-Butyl 12-[3-(4-chlorophenyl}-2-[2-(trifluoromethyliphenyi]-2,6-
dihydropyrrolof3,4-clpyrazol-S(4H)-y1}-2-oxoethyl} carbamate;

Cpd 19, tert-Butyl 3-(4-chlorophenyl}-2-[2-(trifluoromethoxyiphenyl}-2,6-
dihydropyrrolof3,4-clpyrazole-5(4H}-carboxylate;

Cpd 28, 3-(4-Chioropheny-5-{methylsulfonyl}-2-[2-(trifluoromethoxy jphenyli-2,4,5,6-
tetrahydropyrrolof3,4-clpyrazole;

Cpd 21, 3-(4-Chiorophenyt}-5-{trifluorcacetyl}-2-[ 2{trifluoromethoxy yphenyti-2,4,5,6-
tetrahydropyrrolof3,4-clpyrazole;

Cpd 22, tert-Butyl {2-[3-(4d-chlorophenyi}-2-[2-{trifluoromethoxy)phenyti-2,6-
dihydropyrrolof3,4-cipyrazol-5{(dH)-yi}-2-oxoethyl} carbamate;

Cpd 23, 3-[3-(4-Chlorophenyl)-2-{2-(tritluoromethoxy jphenyl]-2,6-dihydropyrrolo] 3,4~
clpyrazol-5{(4H}-yl]benzonitrile;

Cpd 24, Moethyl 4-[3-(4-chlorophenyl}-2-[2-{(trifluoromcthoxyiphenyl]-2,6-
dihydropyrrolo]3,4-cipyrazol-5{(4dH)-yllbenzoate;

Cpd 25, 4-[3-(4-Chlorophenyl)-2-{2-(tritluoromethoxy jphenyl]-2,6-dihydropyrrolo] 3,4~
clpyrazol-5{(4H}-yl]benzonitrile;

Cpd 26, 4-[3-(4-Chlorophenyl)-2-{2-(tritluoromethoxyiphenyli-2,6-dihydropyrrolo{3 .4~
clpyrazol-5(4H}-y1}-N-{2-morpholin-4-victhylybenzenesulfonamide;

Cpd 27, 2-Chloro-6-[3-(4-chlorophenyl}-2-{2-(trifluoromcthoxyphenyl]-2,6-

dihydropyrrolof3,4-clpyrazol-3{(4H)-vl]quinoling;
20
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Cpd 28, tert-Butyl 3-{4-chlorophenyl)-2-(Z-methoxyphenyi)-2,6-dihydropyrrolof 3,4~
clpyrazole-5{(4H}-carboxylate;

Cpd 29, tert-Butyl {2-[3-(4-chlorophenyl}-2-(2-methoxyphenyi)-2,6-dihydropyrrolof3.4-
clpvrazol-5(4H)-vl]-2-oxocthyl} carbamate;

Cpd 30, 3-(4-Chiorophenyl)-2-(2-methoxyphenyl)-S-(methylsulfonyl}-2,4,5,6-
tetrahydropyrrolof 3.4-¢lpyrazole;

Cpd 31, 3-(4-Chiorophenyl}-2-{2-methoxyphenyly-5-[(1 -methylethyhisuifonyl}-2.4,5 6-
tetrahydropyrrolof 3.4-¢lpyrazole;

Cpd 32, 3-(4-Chiorophenyli-5-{cyclopropylsulfonyl-2-(2-methoxyphenyl}-2,4,5,6-
tetrahydropyrrolof3,4-clpyrazole;

Cpd 33, 3-(4-Chiorophenyl)}-2-{2-methoxyphenyl}-N N-dimethyl-2,6-dihvdropyrrolo]3,4-
¢lpyrazole-5{4H)-sulfonamide;

Cpd 34, 3-(4-Chiorophenyl)}-2-{2-methoxyphenyl}-N N-dimethyl-2,6-dihvdropyrrolo]3,4-
¢lpyrazole~-5(4H)-carboxaride;

Cpd 353, 3-(4-Chlorophenyl}-5-[{1 -methylethyDsulfonyl}-2-[ 2-(trifluoromethoxy iphenyl]-
2.4.5 6-tetrahydropyrrolo[3,d-clpyrazole;

Cpd 36, 3-(4-Chiorophenyl}-2-{2-methoxyphenyl}-5-[{2,2, 2~ trifluoroethyl sulfonvi}-

2.4.5 6-tetrahydropyrrolo]3,4-cipyrazole;

tetrahydropyrrolof3,4-clpyrazole;

Cpd 38, 2-(2-{[3-(4-Chlorophenylt)-2- 2-methoxyphenyl)-2,6-dibydropyrrolo| 3,4~
clpyrazol-5{(4H}-yl]sulfonyl} ethyl)- 1 H-isoindole-1,3(2H}-dione;

Cpd 39, 5-(Benzylsulfonyl)-3-(4-chiorophenyl}-2-{2-methoxyphenyl}-2,4,5,6-
tetrahydropyrrolof 3,4-clpyrazole;

Cpd 40, 3-(4-Chiorophenyl)}-5-{cyclopentylsulfonyl}-2-(2-methoxyphenyl}-2.4,5,6-
tetrahydropyrrolof 3,4-clpyrazole;

Cpd 41, 3-(4-Chiorophenyl)-2-{2-methoxyphenyl}-5-[{1-methyibutylisulfonyl]-2,4,5,6-
tetrahydropyrrolof 3,4-clpyrazole;

Cpd 42, 1-(2-{[3-(4-Chlorophenyl}-2-(2-mecthoxyphenyl)-2,6-dihydropyrrolsf3,4-
clpyrazol-5(4H}-yljsulfonyl} ethylipyrrolidine-2,5-diong;

Cpd 43, 3-(4-Chioropheny!)}-2-(2-methoxyphenyl}-3-[(2-phenoxyethysulfonyi}-2,4,5,6-

tetrahydropyrrolo[3,4-¢]pyrazole;
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Cpd 44, N-(2- {{3-(4-Chlorophenyl}-2-{2-methoxyphenyl)-2 6-dihvdropyrrolof{3 4-
¢lpyrazol-S{(4H)-yijsulfonyl}cthylymethancsulfonamide;

Cpd 45, N-(2- {{3-(4-Chlorophenyl)-2-(2-methoxyphenyl)-2 6-dihvdropyrrolo]3.4-
clpyvrazol-5{(4H)-yljsulfonyl}cthylpropanc-2-sulfonamide;

Cpd 46, N'-(2- {{3-(4-Chlorophenyl)-2-(2-mcethoxypheny)-2,6-dihvdropyrrolo[3,4-
clpyvrazol-5(4H)-yljsulfonyl}cthyl}-N,N-dimethylsulfamide;

Cpd 47, Mcthyl 3-4[3-(4-chlorophenyh)-2-[2-(triflucromethoxyyphenyl}-2,6-
dihvdropyrrolo|3,4-clpyrazol-5{(4H)-yljsulfonyl} propanoate;

Cpd 48, 3-(4-Chiorophenyl-5-[(1, I -dioxidotetrahydrothiophen-3-yhsulfonyl]-2-[2-
{(trifluoromethoxy jphenyil-2 4,5 6-tetrahyvdropyrrolof3,4-clpyrazole;

Cpd 49, 3-(4-Chiorophenyl)}-2~{2-ethoxypheny-5-{methyisultonyi}-2,4,5,6-
tetrahydropyrrolof3,4-clpyrazole;

Cpd 50, 3-(4-Chlorophenyl}-2~(2-ethoxyphenyh)-5-[( I-methylethyDsulfonyl]-2,4,5,6~
tetrahydropyrrolof3,4-clpyrazole;

Cpd 51, 3-(4-Chlorophenyl}-5~{cyclopentylsulfonyl}-2-(2-cthoxyphenyl)-2,4,5,6-

tetrahydropyrrolof3,4-clpyrazole;

tetrahydropyrrolof3,4-clpyrazole;

Cpd 53, 5-(Benzylsulfonyl)-3-(4-chiorophenyi}-2-(2-cthoxyphenyi)-2,4,5,6-
tetrahydropyrrolof3,4-clpyrazole;

Cpd 54, 3-(4-Chiorophenyl}-2-{2-ethoxyphenyi}-N, N-dimethyi-2 6-dihydropyrrolo{3,4-
clpyrazole-5{4H)-sulfonamide;

Cpd 55, 5-(Azepan-1-yisulfonyl}-3-(4-chlorophenyl)-2-(2-methoxyphenyl)-2,4,5,6-
tetrahydropyrrolof 3,4-clpyrazole;

Cpd 56, 3-(4-Chlorophenyl)-N,N-dicthyi-2-(2-methoxyphenyl}-2,6-dihydropyrrolo{3.4-
clpyrazole-5{4H)-sulfonamide;

Cpd 57, 3-(4-Chioropheny-2-{2-methoxyphenyl}-5-[{4-methylpiperidin-1-ylisulfonyl}-
2,45 6-tetrahydropyrrolo]3,4-cipyrazole;

Cpd 58, Mcthyl 1-{[3-(4-chlorophenyl}-2-(2-methoxypheny)-2.6-dihydropyrrolof 3,4~
clpyrazol-5(4H}-yljsulfonyl} piperidine-4-carboxylate;

Cpd 59, 3-(4-ChiorophenyD-2-(2-methoxyphenyl}-3-(morpholin-4-yisuifonyi)-2,4.5,6-

tetrahydropyrrolo[3,4-¢]pyrazole;

[V
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Cpd 60, 3-{(4-Chlorophenyl)-2-{2-methoxyphenyl}-5-(pyrrolidin-1 -ylsulfonyl)-2.4,5.6-
tetrahydropyrrolof 3.4-¢lpyrazole;

Cpd 61, 3-(4-Chiorophenyly-5-{{{2S,65)-2,6-dimcthyimorpholin-4-yljsulfonyl} -2-(2-
methoxyphenyl}-2.4,5 6-tetrahydropyrrolo]3,4-clpyrazole;

Cpd 62, 3-(4-Chiorophenyl)-2-{2-methoxyphenyli-5-(piperidin-1-yisulfonyi)-2,4.5,6-
tetrahydropyrrolof3.4-clpyrazole;

Cpd 63, 3-(4-Chlorophenyl)-N N-dimethyl-2-[ 2-(1 -methylethoxy)phenyl}-2,6-
dihydropyrrolo{3.4-clpyrazole-5(4H}-sulfonamide;

Cpd 64, 2-{4-Chloro-2-methoxyphenyl}-3-(4-chlorophenyh)-53-{{1-mcthylethyljsulfonyi]-
2.4.5 6-tetrahydropyrrolo[3,d-clpyrazole;

Cpd 653, 2-(4-Chioro-2-methoxyphenyi}-3-{4-chlorophenyl)-N,N-diroethyl-2,6~
dihydropyrrolof3,4-clpyrazole-5(4H}-sulfonamide;

Cpd 66, 3-(4-Chlorophenyly-2-{(4-methoxy-2-methylphenyl}-5-(methylsulfonyl}-2,4,5,6-
tetrahydropyrrolof 3,4-clpyrazole;

Cpd 67, 3-(4-Chlorophenyl)-2~{4-methoxy-2-methy Iphenyl}-5-[{ { -methylethylsulfonyi}-
2.4.5 6-tetrahydropyrrolo[3,d-clpyrazole;

Cpd 68, 3-(4-Chiorophenyl}-5-{cyclohexylsulfonyl}-2-(4-methoxy-2-methyiphenvi}-
2.4.5 6-tetrahydropyrrolo]3,4-cipyrazole;

Cpd 69, 3-(4-Chiorophenyl}-2-{4-methoxy-2Z-methylphenyl}-N N-dimethyl-2,6-
dihvdropyrrolo]3,4-cipyrazole-5(4H}-sulfonamide;

Cpd 78, 3-(4-Chlorophenyl}-2-{4-fluoro-2-methoxyphenyl}-5-{methyisulfonyi}-2,4,5,6-
tetrahydropvrrolof3,4-clpyrazole;

Cpd 71, 3-(4-Chiorophenyl)-2-{4-fluoro-2-methoxyphenyl}-5-[{ 1 -methylcthybsulfonyt}-
2,45 6-tetrahydropyrrolo]3,4-cipyrazole;

Cpd 72, 3-(4-Chiorophenyh-5-{cyclohexylsulfonyl}-2-(4-fluoro-2-methoxyphenyly-
2,45 6-tetrahydropyrrolo]3,4-cipyrazole;

Cpd 73, 3-(4-Chiorophenyy-2-{4-fluoro-2-methoxyphenyl)-5-{{4-methylpiperidin-1 -
yhsulfonyl}-2,4,5 6-tetrahydropyrrolof3 4-clpyrazole;

Cpd 74, 3-(4-Chlorophenyh-2-(2-methoxy-4-methylpheny-5-(methylsulfonyl}-2,4,5,6-
tetrahydropyrrolo[3,4-clpyrazole;

Cpd 75, 3-(4-ChlorophenyD-2-(2-methoxy-4-methyiphenyl)-3-[{ {-methylcthyhsuifonyi}-

2.4.5 6-tetrahydropyrrolo[3,4-clpyrazole;
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Cpd 76, 3-{4-Chlorophenyl)-2-{2-methoxy-4-methyiphenyl}-5-{{ L -methylbutylsutfonvi}-
2.4.5 6-tetrahvdropyrrolo3.4-clpyrazole;

Cpd 77, 3-(4-Chiorophenyly-2-(2-methoxy-4-methylphenyl}-5-[{4-methylpiperidin-1-
yhsulfonyl}-2.4,5,6-tetrahydropyrrolof 3,4-clpyrazole;

Cpd 78, 3-(4-Chiorophenyl)-2-(2-tluoro-4-methoxyphenyl)-5-(methylsulfonyl}-2,4,5,6-

tetrahydropyrrolo[3.4-clpyrazole;

Cpd 79, 3-(4-Chiorophenyly-2-(2-tluoro-4-methoxyphenyl)-5-f(1-methylethyhisulfonyi}-
2.4.5 6-tetrahydropyrrolo[3.4-clpyrazole;

Cpd 80, 3-(4-Chiorophenyly-2-(2-tluoro-4-methoxyphenyl)-5-{{(4-methylpiperidin-1 -
yhsulfonyl}-2,4,5,6-tetrahydropyrrolof3,4-¢clpyrazole;

Cpd 81, 2-(1,3-Benzodioxol-4~-yi}-3-(4~chlorophenyl)-5-[( 1 -methylethyDsulfonyl}-2,4,5,6-
tetrahvdropyrrolof3,4-clpyrazole;

Cpd 82, 2-(1,3-Benzodioxol-4~-y1}-3-{4~-chloropheny)-5-[(Z-methyipropybisulfounyi}-
2.4.5 6-tetrahydropyrrolo[3,d-clpyrazole;

Cpd 83, 2-(1,3-Benzodioxol-4~-y1}-3-{4~-chlorophenyl)-5-[{d-methyipiperidin- | -
yhsulfonyl}-2,4,5,6-tetrahydropyrrolof3,4-¢clpyrazole;

Cpd 84, 3-(4-Chiorophenyl}-2-(2,3-dihydro-1-benzofuran-7-v1}-5-[(1-
methylethysulfonyli-2 4,5, 6-tetrahydropyrrolo]3,4-cipyrazole;

Cpd 88, 3-(4-Chlorophenyl}-2-(2,3-dihydro- 1 -benzoturan-7-vi}-5-[{2-
methyipropylsultfonyl}-2,4,5,6-tetrabydropyrrolo3,4-clpyrazole;

Cpd 86, 3-(4-Chiorophenyt}-2-(2,3-dibydro-1-benzofuran-7-y1}-5-[{(4-methyipiperidin-1-
yvhsulfonyl]-2,4,5 6-tetrahydropyrrolo|3.4-clpyrazole

Cpd 87, 3-(4-Chiorophenyl}-5-[{3,5-dimethylisoxazol-d-yl}sulfonyi}-2-(2-
methoxyphenyl)-2,4,5,6-tetrahydropyrrolo{3,4-¢fpyrazole;

Cpd 88, 2-[3-(4-Chlorophenyl)-5-{{1-methylcthylsulfonyi-5,6-dihydropyrrolo| 3,4~
clpyrazol-2{4H}-y1}-N,N-dimethylaniline;

Cpd 89, 2-[3-(4-Chlorophenyl)-5-{cthyisulfonyl}-5,6-dihydropyrrolo]3,4-cfpyrazol-2(4H}-
vi}-N,N-dimethylaniline;

Cpd 90, 3-(4-Chiorophenyh-N,N-dimethyl-2-[ 2-(2 2 2-trifluorocthoxy )phenyi]-2.,6-
dibydropyrrolof3,4-cipyrazole-5(4H)}-sulfonamide;

Cpd 91, 2-(2-tert-Butoxyphenyh-3-(4-chlorophenyl)-N N-dimethyi-2,6-

dibydropyrrolof3,4-cipyrazole-5(4H)}-sulfonamide;
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Cpd 92, 3-(6-Chloropyridin-3-yi}-2-(2-methoxyphenyt)-5-[ {1 -methylethyljsulfonyl}-
2.4.5 6-tetrahvdropyrrolo3.4-clpyrazole;

Cpd 93, 3-{2-(2-Methoxyphenyl}-3-{(1 -methylethyhsulfonyl]-2.4,5.6-
tetrahydropyrrolof3.4-clpyrazol-3-y1} quinoling;

Cpd 94, 2-(2-Methoxyphenyli-5-{{-methylethyDsulfonyli-3-(6-methylpyridin-3-vi)-
2.4.5 6-tetrahydropyrrolo[3.4-clpyrazole;

Cpd 95, 3-(4-Chiorophenyl}-2-[2-(2,2-difluorocthoxy jphenyl}-N N-dimethyl-2,6-
dihydropyrrolo{3.4-clpyrazole-5(4H}-sulfonamide;

Cpd 96, 2-(2-Methoxyphenyly-3-[6-( I -methylcthoxypyridin-3-yi}-53-{(1 -
methylethylsulfonyl-2 4,5 6-tetrahydropyrrolo]3,4-clpyrazole;

Cpd 97, 2-(2-Methoxyphenvly-3-{6-methoxypyridin-3-y1}-5-[{1 -methylethylsulfonyl]-
2.4.5 6-tetrahydropyrrolo[3,d-clpyrazole;

and pharmaceutically acceptable salt forms thercof,

For use n moedicine, salts of compounds of Formula (1) refer to non-toxic
“pharmaccutically acceptable salis,” Other salts may, however, be useful in the
preparation of compounds of Formula (I} or of their pharmacentically acceptable salts
thereof. Suitable pharmaceutically acceptable salts of compounds of Formulda (I} include
acid addition salts which can, for example, be formed by mixing a solution of the
compound with a solation of a pharmaceutically acceptable acid such as hydrochloric acid,
sulfuric acid, fumarie acid, maleic acid, succinic acid, acetic acid, benzoic acid, citric acid,
tartaric acid, carbonic acid or phosphoric acid. Furthermore, where the compounds of
Formula (I} carry an acidic moicty, suitable pharmaccutically acceptable salts thereof may
include alkali metal salts, such as sodium or potassium salts; alkaline carth metal salts,
such as calcium or magnesitim salts; and salts formed with suitable organic ligands, such
as quaternary ammonium salts. Thus, representative pharmaceutically acceptable salts
include acetate, benzenesulfonate, benzoate, bicarbonate, bisulfate, bitartrate, borate,
bromide, caleium cdetate, camsylate, carbonate, chloride, clavulanate, citrate,
dihvdrochloride, edetate, edisylate, estolate, esylate, fumarate, ghuceptate, gluconate,
glutamate, glycollylarsanilate, hexylresorcinate, hydrabamine, hydrobromide,
hydrochloride, hydroxynaphthoate, iodide, isothionate, lactate, lactobionate, laurate,

malate, maleate, mandelate, mesylate, methylbromide, methylnitrate, methylsulfate,
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mucate, napsylate, nitrate, N-methylghicamine ammonium salt, oleate, pamoate
{embonate), palmitate, pantothenate, phosphate/diphosphate, polygalacturonate, salicylate,
stearate, sulfate, subacctate, succinate, tannate, tartrate, teoclate, tosylate, tricthiodide and
valcrate,

Representative acids and bases that may be used in the preparation of
pharmaccutically acceptable salts include acids including acetic acid, 2,2-dichloroactic
acid, acylated amino acids, adipic acid, alginic acid, ascorbic acid, L-aspartic acid,
benzenesulfonic acid, benzoic acid, 4-acetamidobenzoic acid, (+)-camphoric acid,
camphorsulfonic acid, (+)-(18}-camphor-10-sulfonic acid, capric acid, caproic acid,
caprylic acid, cinnamic acid, citric acid, cyclamic acid, dodecyisulfuric acid, ethane-1,2-
disulfonic acid, ethanesulfonic acid, 2-hvdroxy-ethanesulfonic acid, formic acid, fumaric
acid, galactaric acid, gentisic acid, glucoheptonic acid, D-gluconic acid, D-glucoronic acid,
L-ghutamic acid, a-oxo-ghutaric acid, glyeolic acid, hippuric acid, hydrobromic acid,
hydrochloric acid, (+)-L-lactic acid, (£)-DL-lactic acid, lactobionic acid, malcic acid, (-}~
L-malic acid, malonic acid, (=)-DL-mandclic acid, methanesulfonic acid, naphthalene-2-
suifonic acid, naphthalenc-1,5-disulfonic acid, -hydroxy-2-naphthoic acid, nicotinic acid,
nitric acid, oleic acid, orotic acid, oxalic acid, palmitic acid, pamoic acid, phosphoric acid,
L-pyroglutamic acid, salicylic acid, 4-amino-salicylic acid, sebaic acid, stearic acid,
suceinic acid, sulfuric acid, tannic acid, (+}-L-tartaric acid, thioeyanic acid, p-
toluenesulforue acid and undecylenic acid; and bases including ammonia, L-arginine,
benethamine, benzathine, calcium bydroxide, choline, deanol, diethanolamine,
diethylamine, 2-(diethylamino}-cthanol, cthanolamine, cthylenediamine, N-methyi-
glucaming, hydrabanune, | H-imidazole, L-lysine, magoesium hydroxide, 4-(2-
hydroxyethyli-morpholine, piperazine, potassium hydroxide, 1-(2-hydroxyethyl)-
pyrrolidine, sodium hydroxide, tricthanolamine, tromethanune and zine hydroxide.

Embodiments of the present invention include prodrugs of compounds of Formula
(D). In gencral, such prodrugs will be functional derivatives of the compounds that are
readily convertible in vive into the requuired compound. Thus, in the methods of treating or
preventing embodiments of the present invention, the term “administering” encompasses
the treatment or prevention of the various diseasces, conditions, syndromes and disorders

deseribed with the compound specifically disclosed or with a compound that may not be
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specitically disclosed, but which converts to the speeified compound in vive after
administration to a patient. Conventional procedures for the selection and preparation of
suitable prodrug derivatives are described, for example, in “Design of Prodrugs”, od. H.
Bundgaard, Elscvier, 1985,

Where the compounds according to embodiments of this invention have at least one
chiral center, they may accordingly cxist as enantiomers. Where the compounds posscss
two or more chiral centers, they may additionally exist as diastercomers. Itis to be
understood that all such isomers and mixtures thercof arc encompassed within the scope of
the present invention. Furthermore, some of the crystaliine forms for the compounds may
exist as polymorphs and as such are intended to be included in the present invention. In
addition, some of the compounds may form solvates with water (1.¢., hydrates) or common
organic solvents, and such solvates are also intended to be encormpassed within the scope
of this invention. The skilled artisan will understand that the term compound as used
herein, 1s meant to inchude solvated compounds of Formula ().

Where the processes for the preparation of the compounds according to certain
embodiments of the invention give rise to mixtare of stercotsomers, these isomers may be
separated by conventional technigues such as preparative chromatography. The
compounds may be prepared in racemic form, or individual enantiomers may be prepared
either by ¢nantiospecific synthesis or by resolution. The compounds may, for example, be
resolved into their component enantiomers by standard techniques, such as the formation
of diastercomeric pairs by salt formation with an optically active acid, such as
{-)-di-p-toluoyi-d-tartaric acid and/or (+)-di-p-toluoyl-I-tartaric acid followed by fractional
crystallization and regeneration of the free base. The compounds may also be resolved by
formation of diastercomeric esters or amides, followed by chromatographic separation and
removal of the chiral auxiliary. Alternatively, the compounds may be resolved using a
chiral HPLC column.

One embodiment of the present invention is directed to a composition, including a
pharmaccutical composition, comprising, consisting of, and/or consisting essentially of the
{(--)-cnantiomer of a compound of Formula (I} wherein said composition is substantially
free from the (-}-isomer of said compound. In the present context, substantially frec means
icss than about 25 %, preferably less than about 10 %, more preferably less than about 5

%, even more preforably less than about 2 % and even more preferably less than about 1 %
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of the (-)-isomer calculated as.

o . mass {+) - epantiomer )
% {(+) - enantiomer = (m — ( — — ) - x 160
{mass{+) - enantiomer} + {mass{—) - cnantiomer)

Another embodiment of the present invention is a composition, including a
pharmaccutical composition, comprising, consisting of, and consisting cssentially of the (-
y-enantiomer of a compound of Formula (1) wherein said compaosition is substantially free
from the (+}-isomer of said compound. In the present context, substantially free from
means fess than about 25 %, preferably less than about 10 %, more preferably less than
about 5 %, cven more preferably less than about 2 % and even more preferably less than

about 1 % of the {(+}-isomer calculated as

. {mass (—} - cnantiomer)
%% (-} - cnantiomer = — ! e ) : : - ~ % 100
{(mass (+) - enantiomer) + {mass(—) - chantiomer)

Praring any of the processes for preparation of the compounds of the various
embodiments of the present invention, it may be necessary and/or desirable to protect
sensitive or reactive groups on any of the molecules concerned. This may be achicved by
means of conventional protecting groups, such as those described in Protective Groups in
Organic Chemistry, Second FEdition, J F W . McOmie, Plenum Press, 1973; T.W. Greene &
P.G.M. Wuts, Protective Groups in Organic Synithesis, John Wiley & Sons, 1991; and
T.W. Greene & P.G.M. Wuts, Profeciive Groups in Organic Synthesis, Third Edition, John
Wiley & Sons, 1999, The protecting groups may be removed at a convenicnt subscquent
stage using methods known from the art.

Even though the compounds of embodiments of the present invention {including
their pharmaceutically acceptable salts and pharmaceutically acceptable solvates) can be
administered alone, they will generally be administered i admixture with a
pharmaccutically acceptable carrier, a pharmacceutically acceptable excipicnt and/or a
pharmaceutically acceptable diluent selected with regard to the intended route of

admimustration and standard pharmaceutical or veterinary practice. Thus, particular

3
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embodiments of the present invention are directed to pharmaccutical and veterinary
composttions comprising compounds of Formula (1} and at least onc pharmaceutically
acceptable carrier, pharmaccutically acceptable excipient, and/or pharmaccutically
acceptable diluent.

By way of example, in the pharmaceutical compositions of embodiments of the
present invention, the compounds of Formula (1) may be admixed with any suitable
binder(s), lubricant(s), suspending agent{s}, coating agent{s}, solubilizing agent(s}, and
combinations thercof,

Solid oral dosage forms, such as tablets or capsules, containing the compounds of the
present invention may be administered in at least one dosage form at a time, as appropriate.
it 15 also possible to administer the compounds in sustained release formulations.
Additional oral forros in which the present inventive compounds may be adminisiered
include ehixirs, solutions, syrups, and suspensions; cach optionally containing flavoring
agents and coloring agents.

Alternatively, coropounds of Formula (1) can be administered by inhalation
{intratracheal or intranasal) or in the form of a suppository or pessary, or they may be
applied topically in the form of a lotion, solution, cream, ointment or dusting powder. For
example, they can be incorporated into a ercam comprising, consisting of, and/or
consisting cssentially of an aqueous emulsion of polvethylene glycols or liguid paraffin,
They can also be incorporated, at a concentration of between about % and about 10 % by
weight of the eream, into an ointment comprising, consisting of, and/or consisting
cssentially of a white wax or white soft paraffin basc together with any stabilizers and
preservatives as may be required. An alternative means of administration inchudes
transdermal administration by using a skin or transdermal patch.

The pharmaceutical compositions of the present invention {as weil as the
compounds of the present invention alone} can also be injected parenterally, for exampie
intracavernosally, intravenously, intramuscularly, subeutancously, intradermally or
intrathecally. In this case, the compositions will also include at least one of a suitable
carrier, a suitable excipient, and a suitable diluent.

For parcnteral administration, the pharmaceutical compositions of the present
invention arc best used in the form of a sterile agueous solution that may contain other

substances, for cxample, enough salts and monosaccharides to make the solution isotonic
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with blood.

For buccal or sublingunal administration, the pharmaceutical compositions of the
present invention may be administered in the form of tablets or lozenges, which can be
formulated in a conventional manner.

By way of further example, pharmaccutical compositions containing at least one of
the compounds of Formula (1) as the active ingredicnt can be prepared by mixing the
compound(s}) with a pharmaccutically acceptable carrier, a pharmaccutically acceptable
diluent, and/or a pharmaceutically acceptable excipicnt according to conventional
pharmaccutical compounding technigues. The carricr, excipicnt, and diluent may take a
wide variety of forms depending upon the desired route of administration {e.g., oral,
parenteral, etc.). Thus for liquid oral preparations, such as suspensions, syraps, elixirs and
solutions, suttable carriers, excipients and dilucnts include water, glycols, oils, alcohols,
flavoring agents, preservatives, stabilizers, coloring agents and the like; for solid oral
preparations, such as powders, capsules and tablets, suitable carriers, excipients and
dituents include starches, sugars, diluents, granulating agents, lubricants, binders,
disintegrating agents and the like. Solid oral preparations also may be optionally coated
with substances, such as, sugars, or be enterically-coated so as to modulate the major site
of absorption and disintegration. For parenteral administration, the carvier, excipicnt and
diluent will usually include sterile water, and other ingredients may be added to increase
solubility and preservation of the composition. Injectable suspensions or solutions may
also be prepared utilizing aqueous carriers along with appropriate additives, such as
soiubilizers and preservatives.

A therapeutically effective amount of a compound of Formula (I ora
pharmaccutical composition thereof inchudes a dose range from about 0.1 mg to about
3000 mg, or any particular amount or range therein, in particular from about 1 mg to about
1000 mg, or any particular amount or range thercin; or, more particularly, from about 10
mg to about 500 mg, or any particular amount or range therein, of active ingredient in a
regimen of about 1 to about 4 times per day for an average {70 kg) human; although, it is
apparcnt to one skilled in the art that the therapeutically effective amount for a compound
of Formula () will vary as will the discases, syndromes, conditions, and disorders being

treated.
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For oral administration, a pharmaceutical composition is preferably provided in the
form of tablets containing about (.01, about 10, about 50, about 100, about 150, about 200,
about 250, and about 500 miiligrams of a compound of Formula (1)

Advantageously, a compound of Formula (1) may be administered in a single datly
dose, or the total daily dosage may be administered in divided doses of two, three and four
times datly.

Optimal dosages of a compound of Formula {1} to be administered may be readily
determined and will vary with the particular compound used, the mode of administration,
the strength of the preparation and the advancement of the disease, syndrome, condition or
disorder. Tn addition, factors associated with the particular subject being treated, including
subject gender, age, weight, dict and time of administration, will result in the need to adjust
the dose to achieve an appropriate therapeutic level and desired therapeutic effect. The
above dosages are thus exemplary of the average case. There can be, of course, individual
instances wherein higher or lower dosage ranges are merited, and such are within the scope
of this invention.

Compounds of Formula (I} may be administered 1o any of the foregoing
composttions and dosage regimens or by means of those compositions and dosage
regimens established in the art whenever use of a compound of Formula (I} 1s required for
a subject in need thereof,

As N-Type calcium channel blockers, the compounds of Formula (1) are useful in
methods for treating and/or preventing a disease, a syndrome, a condition or a disorder ina
subiject, including an animal, a mammal and a human in which the discase, the syndrome,
the condition or the disorder is affected by the modulation of the N-Type calcium channel.
Such methods comprise, consist of and/or consist gssentially of administering to a subject,
including an animal, a mammal, and a human in necd of such treatment or prevention a
therapeutically effective amount of a compound, salt or solvate of Formula (1), In
particuiar, the compounds of Formula (1) are useful for preventing or treating pain, such as
inflammatory pain or neuropathic pain, or discases, syndromes, conditions or disorders

causing such pain.

GENERAL SYNTHETIC METHODS
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Representative compounds of the present invention can be synthesized in
accordance with the general synthetic methods described below and iliustrated in the
schemes and examples that follow. Since the schemes are an illustration, the invention
should not be construed as being limited by the chemical reactions and conditions
described in the schemes. The various starting materials used in the schemes and examples
are commercially available or may be prepared by methods well within the skill of persons

versed in the art. The variables are as defined herein.

Abbreviations used in the instant specification, particularly the schemes and

examples, are as follows:

ACN acetonitrile

AcOH glacial acetic acid

aq. aqueous

Bnor Bzl henzyl

Boc tert-butyloxyearbonyl

CONC. concentrated

DBU I,8-diazabicyclof5.4.0fundec-7-ene
BCC N N'-dicyelohexyl-carboditmide
DCE 1,2-dichloroethane

DCM dichloromethane

DIBALH diisobutylalominum hydride

DIPEA or DIEA
DPMF

diisopropyl-cthyl amine

N N-dimethylformamide

DMSO dimethylsulfoxide

EA cthyl acetate

EDCI -cthyl-3-(3-dimethylaminopropyl} carbodiimide
EGTA cthylene glycol tetraacetic acid

EST clectrospray 1onization

EtOAc orEA
EiOH
h or hr(s)

cthyl acctate
cthanol

hour or hours
32
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HEK human embryonic kidney

HEPES (4-(2-hydroxyethyl)-1-piperazinecthane
sulfonic acid

HPLC high performance liquid chromatography

LAH lithium alominum hydride

LDA lithinm diisopropylamide

LHMDS lithium bis(trimethyisilylamide

mCPBA meitag-chloroperoxybenzoic acid

MeOH mcthanol

MHz megahertz

min roingie or minutes

MS mass spectrometry

Ms roethanesulfonyl

NMM N-methyhmorpholine

NMR nuclear magnetic resonance

PCC pyvridinium chlorochromate

RP reverse-phase

RT room temperature

R, retention time

Sec second or seconds

TBDMS t-butyldimethylsiiyl

TEA or Et;N
TFA

tricthylamine

trifluoroacetic acid

THF tetrahydrofuran

TIPS triisopropyisilyl

TLC thin layer chromatography
TMS tetramethylsilane

PCT/US2013/055275

Schome A illustrates a route for the synthesis of compounds of Formula (I)-A and
intermediate A%, wherein Q, R', R? and R’ arc as defined herein, and G is t-
butoxycarbonyl group.

Scheme A

(2
(2
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Corapound Al is cither coromercially available or may be prepared by methods known in
the scientific literature. The compound Al may be alkylated with propargyl bromude in the
presence of a strong base, such as sodium hydride, to afford compound A3, Compound A3
may be cross~coupled with an aryl or heteroaryl iodide of formula Ad (wherein Q is as
defined herein) in the presence of a palladium catalyst, appropriate ligands, appropriate
coupling reagents such as copper iodide, and in the presence of a tertiary amine base such
as tricthvlamine, to afford a compound of formula A3, The compound of formula AS may
be coupled with a substituted hydrazine of formula A8, in the presence of an appropriate
amide-type coupling reagents such as EDC and HOB, or with DCC, to afford a compound
of formula A7. Treatment of a compound of formula A7 with triphenylphosphine and
carbon tetrachloride, or with POCl; affords a compound of formula A8, which, upon
heating to about 100°C in the presence of a tertiary aming base such as tricthylamine,
affords a compound of formula (I}-A. The Boc function group of a2 compound of formula
{I}-A may be removed by treatment with a strong acid, such as trifluoroacetic acid, or a

mineral acid such as hydrochloric acid to afford an intermediate compound of formula A%,
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Scheme B illustrates a route for the synthesis of compounds of Formula ()-8,
wherein Q, R', R?, and R’ arc as defined herein, and G is a sulfonyl group, wherein R is a
substituent as defined by the present invention, including, but not Hmited to, Cygalkyl, Cy.
waryHCpnalkyl, Cojearyloxy(Cygjalkyl, 3,5-dimethylisoxazol-4-vl, Cy.
salkoxycarbonyl{Cy4jalkyl, rifluoromethyl, Coqeycloalkyl, 2.2, 2-trifluorocthyl, di{C,.
qalkyDamino, di{C, satkyljaminosulfonylamino(C, 4jalkyl, Cisalkylsuifonylamino(Cy.

syalkyl, and 2,5-dionc-pyrrolidin- 1-yI-{Cy 4JalkylL

Scheme B
Ry R
WA
N N
i
'\SJM%\%\
pd
'[\),RB
S\

Formula (1)-B
The compound of formula A8 may be treated with an R”-substituted sulfonyl chloride in
the presence of an organic aminge basc, such as tricthylamine, to afford a compound of
formula (£}-B.

Scheme C tllustrates a route for the synthesis of compounds of Formula (1)3-C,
wherein (3, R' R% and R’ are as defined herein, and Gis a carbonyl group, wherein Risa
substituent as defined by the present invention, inchuding, but not limited to,
methoxymethyl, trifluoromethyl, Cy qalkoxycarbonylamino{Cogdalkyl, Cy.
satkoxyearbonylaminoroethyl, C satkyisulfonylaminomethyl, Csalkoxy, dy(C,.
salkyDamino, and pyridinyl.

Scheme €



WO 2014/028805 PCT/US2013/055275

Y, O B g

R .
= /¢ J\O}'—I
\ R C1 ‘ R

. Awmide Coupling
Ny o AN
A9 fi )

Formula (H-C
The compound of formula AS may be coupled with an R -substituted carboxylic acid of
formula €1 in the presence of an appropriate amide-type coupling agent such as
polystyrene-supported CDI, and in the presence of a coupling activating agent such as
HOBY, to afford a compound of formula (3)-C.

Schome D illustrates a route for the synthesis of compounds of Formula (1)-D,
wherein Q, R', R, and R’ arc as defined herein, and G is a heteroaryl or aryl ring {Arp) as
defined by G of the present invention.

Scheme D

1
>

RZ

R 2

1 R .

p UG
it D1 \ R

Cross-Coupling

o N Ny
OnY @w/\(\iS
N

~N
A8 H Formula (1)-D h

The compound of formula A% may be coupled with an aryl or heteroaryt (Arp) iodide of
forroula B in the presence of a transition metal catalyst such as palladium (I}, appropriate
ligands, and an inorganic base such as potassium or cesium carbonaie, to afford a
compound of formula (D)-D.

Scheme E illustrates a route for the synthesis of compounds of Formula (I)-E,

. I p2 3 . .
wherein Q, R, R, and R, and G is as defined hergin,
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Scheme E
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The compound A3 may be bromunated in the presence of a brominating reagent such as
bromine, to afford coropound E1. The coropound E1 may be coupled as with a compound
of formula A6, using the methods described in Scheme A, to afford a compound of
formuola E2. A compound of formula E2 may be converted to a compound of formula E3
using the methods described herein, and, upon heating to about 1080°C in the presence of a
base, the compound of formula E3 may be cyclized to a compound of formula E4. Upon
amino deprotection by conventional methods known to one of skill in the art, a G-group of
the present invention may be introduced by onc of the methods described in the schemes
hereinabove to afford a compound of formula E6. A compound of formula E6 may be
cross-coupled with an aryl or heteroaryl borounie acid of forroula E7, n the presence of a
transition metal catalyst such as palladium (11} acetate, appropriate ligands, and an

inorganic base such as sodium carbonate, to afford a compound of formula (-E.

Specific Ixammles

37
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A. To a solution of N-Boc-glycine (1a) (3.0 g, 17.1 mumol, 1.0 cq} in DMF (40
mb} at (°C under an Argon atmospherowas added sodium hydride (60% dispersion in oil,
2.12 g, 53.1 mmol, 3.5 ¢q) in 2 portions, 10 minutes apart. After stirring 1.5 hes, the
bubbling had slowed and propargyl bromide (1b) (80% in toluene, 3.24 mi, 29.1 mmol,
1.7 eq) was added. The grey solution was allowed to warm to rt overnight. Water was
added carcfully, and the solution brought to pH 3 with 1 N HCL The agucous phasc was
extracted with DCM, dried over MgSO;, filiered, and concentrated. Purification by
column chromatography (80 g}, cluting with 30 to 50% cthyl acctatc/hexancs + 0.1%
HOAg, afforded compound 1e (3.17 2. 87%). 'H NMR (CHLOROFORM-d) & 4.06 - 4.28
(m, 4H}, 2.27 (¢, J =24 Hz, TH), 1.42 - 1.52 {m, 9H).

B. To a solution of compound 1¢ (2.83 g, 13.3 mmol, 1.0 eq) in DMF (30 mL) at 1t
was added tricthylamine (30 mL) followed by 4-chlorg-1-iodobenzene (1d) (3.49 g, 14.6
mmol, 1.1 eq), (PhsP)PACEH (467 mg, (.67 mmol, 8.05 ¢q) and copper todide (253 mg,
1.33 mmol, 0.1 cq}. The solution was placed under an Argon atmosphere and heated to
80°C. After 2 hrs, the solution was concentrated, dissolved in DCM, washed scquentially

with | N HCl and saturated NaHCQ;, dried over MgSQy, filtered, and concentrated.

38
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Purification by column chromatography (150 g}, cluting with 20 to 40% cthyl
acetate/hexancs, afforded compound 1e (2.65 g, 62%). 'H NMR (CHLOROFORM-d) &
7.30-736 (m, 2H), 7.27 - 7.30 (o, 2H}, 439 {d, J = 30.8 Hz, 2H}, 4.19 (d, ] = 25.5 Hz,
2H), 1.42 — 1.52 (m, 9H

C. To a solation of compound 1e {1.33 g, 4.10 mmol, 1.0 eg} in acctonitrife {30
mb) was added EDCE (1,18 g, 6.15 mmol, 1.5 ¢q) and hydroxybenzotriazole hydrate (831
mg, 6.15 mmol, 1.5 eq}. After 15 min, 2-cthylphenylhydrazine (1) (976 mg, 7.17 mmol,
1.75 eq) was added. After 1 hr, water and 1 N HCl were added, the agucous phase was
extracted with DOUM, the combined organic phases were washed with NaHC Oy, dricd over
MgSQ,, filtered, and concentrated. Purification by column chromatography (115 g),
cluting with 10 to 30 to 40% EA/hexancs, gave compound 1g (1.19 g, 66%). ESI-MS
{m/z). Caled. for C24H28CIN303: 464.2 (M+23); found: 464.0.

D. To asolution of compound 1g (1.19 g, 2.69 mmol, 1.0 cq) in acctonitrile (75
mb} was added triphenyiphosphine (2.11 g, 8.06 mmol, 3.0 eq) followed by carbon
tetrachloride (0.78 mb, 8.06 mmol, 3.0 cq). Afier 2 hrs, brine was added and the reaction
mixiure was extracted with EA. The combined organic phases were dried over MgSQ;,
filtered, and concentrated. Purification by column chromatography (80 g), cluting with §
to 10% EA/hexanes, compound 1h (718 mg, 58%). '"H NMR (CHLOROFORM-d) 8: 7.74
{br.s., 1H), 737 (d, =78 Hz 1H), 727 -733 (m, 2H), 7.19- 727 (m, 2H}, 7.07 - 7.19
{(m, 2H}, 6.85-6.93(m, 1H),4.22 - 457 (m, 4H), 2.54 (g, F = 7.6 Hz, 2H), 1.42 - 1.58 (m,
O Y, 1.25(t, I = 7.5 Hz, 3H). ESI-MS {im/z): Caled. for C24HZT7CIZN302: 482.2 (M+23);
found: 481.9.

E. A solution of compound 1h (718 mg, 1.56 mmol, 1.0 cq) and tricthylamine
{0.87 mL, 6.25 mumol, 4.0 eq} in toluene (20 mL} were heated to 100 °C overnight. The
solution was cooled, water was added, and the aqueous phase was cxtracted with EA. The
organic phases were combined, dried over Mg8Qy, filtered, and concentrated. Purification
by column chromatography (40 g), cluting with 0 to 15% EA/hexancs, gave compound 1
(600 mg, 91%). 'H NMR (CHLOROFORM-d) 8: 7.36 - 7.42 (m, 1H), 7.31 - 7.35 {m, 1H),
TA7 - 728 (m, 4H), 6.95 - 7.01 (m, ZH), 4.54 - 468 (m, 4H), 2.30 - 2.40 (m, 2H), 1.54 (s,
OH), 1.01 (t, J = 7.6 Hz, 3H)}. ESI-MS {m/z): Caled. for C24H26CIN30Z: 4242 (M+1};
found: 424.0
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F. To a solution of compound 1 (600 mg, 1.42 mmol, 1.0 eq) in DOM {20 mbL) was
added trifluorcacetic acid {2 mL). After 2 hrs, the sohation was concentrated. DUM was
added, the solution was washed with NaHCO;, dried over MgSQy, filtered, and
concentrated to give compound 1 (396 mg, 86%). 'H NMR (CHLOROFORM-d) 3: 7.35 -
74Y (m, 1H)}, 7.32¢d, F = 7.6 Hz, 1H}, 7.16 - 7.26 (m, 4H), 6.95 - 7.01 (m, 2H), 4.22 {s,
2HY, 4.14 (5, 2HY, 2.38 (q, F = 7.6 Hz, 2H), 0.9€ - 1.04 (m, 3H). ESEMS (nvz) Caled. for
CIOHIBCINSG: 324.1 (M+1); found: 3242

Following the procedure described above for Example | and substituting the
appropriate reagents, starting materials and purification methods known to those skilled in
the art, the folowing compounds were prepared:

g

e,

B

L L}*N %

r“-—j‘~0 )_\\\b
F 't N N
Ci

J
P

Cpd 19
Cpd 19 'H NMR (CHLOROFORM-d) 8: 7.55 (ddd, J = 10.0, 7.8, 1.9 Hz, 1H),
7.43-749 {(m, tH), 7.36 - 742 {m, 1H}, 7.21 - 7.33 {m, 3H), 6.9€ - 7.06 {m, 2H}, 4.62 (5,
2HY, 4.57(d, J =43 Hz, 2H)}, 1.53 {d, } = 2.0 Hz, 9H}. ESI-MS (m/z); Caled. for
C23H21CIF3N303: 480.1 {(M+1); found: 480.1.
£
%,

i
Qfﬁ\,},

Cpd 28
Cpd 28 'H NMR (CHLOROFORM-d) §: 7.34 - 7.43 {m, 2H), 7.23 (dd, T = 8.5,
6.7 Hz, ZH}, 7.01 - 7.09 (m, 3H), 6.88 - 6.94 (m, 1H), 4.62 {5, 2H), 4.56 {4, ] = 9.6 Hz,
2H), 3.52 (s, 3H), 1.53 (s, 9H). ESI-MS (m/z). Caled. for C23H24CIN3G3: 4262 (M+1};
found: 426.2.

44
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Example 2
i‘\,‘a" ~Et L{; ~Et
_ N MeSO,Cl, TEA N
,xr\\}&’\ | T (:1----{ - & P
== \" DCM \oe/ ’\
e s -, 4
1N Cpd 2 0‘;[\&3
g

To a solution of compound i (18.5 mg, 0.06 mmol, 1.0 eq) in DCM {1.5 mL) was
added methancsulfonylchloride (6.7 ul, 0.09 mumol, 1.5 ¢q} and tricthylamine (159 yl,
0.12 mmol, 2.0 eq). After 1 hr, DCM was added, and the solution was washed with
saturated aqueous NaHCQO;. The organic phase was dried over MgSQ,, filtered, and
concentrated. Purification by column chromatography (¥ g}, cluting with 20 to 40%
EA/hexancs, gave compound 2 (12.8 mg, 56%). 'H NMR (CHLOROFORM-d) 8: 7.39 -
7A4S {m, TH), 7.32 - 7.37 (my, 1H), 7.17 - 7.30 (m, 4H), 6.93 - 6.99 (m, 2H), 4.70 (s, 2H},
4.63 (s, 2H), 2.98 (s, 3H), 2.35{(q, F = 7.6 Hz, 2H), 1.02 (¢, J = 7.6 Hz, 3H}. ESL-MS {m/z):
Caled. for C20HZ0CIN3O2S: 4021 (M+1}; found: 402.1.

Following the procedure described above for Example 2 and substituting the
appropriate reagents, starting materials and purification methods known to those skilled in

the art, the following compounds were prepared:

Cpd 3
Cpd 3: "H NMR (CHLOROFORM-d) &: 7.39 - 7.46 (m, 1H), 7.35(d, J = 6.6 Hz,
1H), 7.17 - 731 (m, 4H), 6.92 - 6.98 (m, ZH}, 4.88 (5, 2H}, 4.82 (s, 2H}, 2.35{q, } = 7.6
Hz, 2H), 1.03 (¢, } = 7.6 Hz, 3H). ESI-MS (w/z): Caled. for C20HTTCIFIN302S: 456.1
{M+1}; found: 456.1.

41
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Cpd 18
Cpd 15: 'H NMR (CHLOROFORM-d) 8: 7.84 (dd, J=5.8, 3.8 Hz, 1H), 7.58 -
7.65 (m, 2H), 7.29(dd, J = 5.6, 3.5 Hz, 1H), 7.21 - 7.26 (m, 2H}, 6.93 - 7.00 (m, 2H), 4.68
{s, 2H}, 4.64 {t, J = 1.5 Hz, 2H), 2.9€ (5, 3H). ESI-MS (w/z): Caled. for
CISHIACIFIN30O2ZS: 442.1 (M+1};, found: 4421,

/ I}
)
- Y D
2 N $
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Fooe & 49
/

d
Cpd 16
Cpd 16: 'H NMR (CHLOROFORM-d) 8: 7.83 (dd, J = 5.6, 3.8 Hz, 1H), 7.57 -
7.64 {m, 2H), 7.29¢dd, I = 54, 3.7 Hz, 1H), 7.20 - 7.25 (m, 2H}, 6.93 - 6.99 (m, 2H)}, 4.75
{br.s., 2H}, 4.70 (s, ZH}), 3.40 (quin, I = 6.8 Hz, 1H), 1 .46 (4, J = 6.8 Hz, 6H). ESI-MS
(myz}: Caled. for C2IHIOCIFIN302S: 470.1 (M+1); found: 470.1.
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Cpd 17
Cpd 17 "H NMR (CHLOROFORM-d) §: 7.75 - 7.85 {m, 3H), 7.53 - 7.63 {m, 2H),
736 (d, =81 Hz, 2H), 7.17 - 7.25 (m, 3H), 6.87 - 6.95 (m, 2H), 4.59 (5, 2H), 4.56 (s,
2H), 2.44 (5, 3H). ESE-MS (/2 Caled. for C25HISCIFAN30O2S: 5181 (M+1); found:
Si8.1.
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Cpd 28
Cpd 20 'H NMR (CHLOROFORM-d) 5: 7.54 (dd, J = 7.7, 1.9 Hz, 1H), 748 (14, ]
=79, L9 Hz, 1H), 7.38 - 745 (m, 1H), 7.23 - 7.33 (m, 3H}, 6.97 - 7.03 (m, ZH}, 4.65{d, ]
=4 & Hz, 4H), 2.97 (3, 3H). ESI-MS (m/z): Caled. for CI9HISCIF3N3O38: 458.1 (M+1);
found: 453&.1.

Cpd 30
Cpd 36: "H NMR (CHLOROFORM-d) 8: 7.36 - 7.44 (m, 2H), 7.21 - 7.26 {m, 2H),
T.00-7.09 (m, 3H), 6.92(d, F=8.1 Hz, 1H), 4.58 - 4.72 (m, 4H), 3.53 (5, 3H}, 2.95 (5,
3H). ESEMS (m/z): Caled. for CIGHIRCINGO3S: 404.1 (M+1); found: 404.1.

Cpd 3%
Cpd 31: 'H NMR (CHLOROFORM-d} §: 7.35 - 7.4 (m, 2H), 7.19 - 7.25 (m, 2H)
6.99 - 7.09 {(m, 3H), 6.88 - 6.95 {m, T1H), 4.63 - 4.79 (m, 4H), 3.54 (5, 3H), 3.38 (quin, I =
6.8 Hz, TH), 1.45(d, J = 6.8 Hz, 6H). ESI-MS {(m/z):. Caled. for C2TH22CIN3O38: 432.1
{(M+1}; found: 432.1.
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Cpd 32
Cpd 32: H NMR {CHLOROFORM-d} 3: 7.36 - 7.43 {m, 2H), 7.20 - 7.26 {m, 2H),
7.00 - 7.00 (m, 3H), 6.9~ 6.95 (0, 1H), 4.64 - 4.77 (m, 4H), 3.54 (s, 3H), 2.42 - 2.51 (m,
1H), 1.26 - 1.32 (m, 2H), 8.99 ~ 1.06 (1, 2H). ESI-MS (m/z): Caled. for
C2TH20CIN30O38: 430.1 (M+1); found: 430.1.

Cpd 33
Cpd 33 "H NMR (CHLOROFORM-d) 8: 7.36 - 7.43 (m, 2H), 7.20 - 7.25 (m, 2H)
7.00 - 7.08 (m, 3H), 6.89 - 694 (m, 1H), 4.63 (s, 2ZH), 4.59 (s, ZH), 3.53 (5, 3H), 2.90 (s,
6H). ESI-MS (mvz): Caled. for C20H21CIN4O3S: 433.1 (M+1); found: 433.1.

%

Cpd 38
Cpd 35: "H NMR (CHLOROFORM-d) 3: 7.55 (dd, J= 7.6, 1.8 Hz, 1H), 7.48 (td,
=78, 1.8 Hz, 1H), 738 - 7.44 {m, 1H}, 7.22 - 7.33 (m, 3H), 6.96 - 7.03 {(m, 2H}, 4.71 (d,]
= 10.6 Hz, 4H), 3.39 {(quin, = 6.8 Hz, 1H), 1.46 (d, J = 6.8 Hz, 6H). ESI-MS (mv/z):
Caled. for C2IHI9CIFIN30O3S: 486.1 (M+1); found: 486.1.
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Cpd 36

%

Cpd 36: 'H NMR (CHLOROFORM-d} 8: 7.37 - 7.44 (w, 2H), 7.21 - 7.26 (m, 2H)
6.99 - 7.09 (m, 3H), 6.89 - 6.95 (m, 1H), 4.62 - 4.81 (m, 4H), 3.88 (q, I = 9.3 Hz, 2H), 3.53

{s, 3H). ESI-MS (m/z): Caled. for C20H1TCIF3N3038: 472.1 (M+1); found: 472.1.

Cpd 37
Cpd 37: 'H NMR (CHLOROFORM-d) &: 7.35 - 7.44 (n, 2H), 7.19 - 7.25 (m, 2H),
6.99 - 7.08 {m, 3H), 6.89 - 6.95 {m, TH)}, 4.61 -4.79 {m, 4H}, 3.53 (5, 3H}, 3.04 - 3.16 (m,
1H), 2.17 - 2.27 (m, 2H), 1.91 (d, J = 12.9 Hz, 2H), 1.59 - 1.76 (m, 3H), 1.17 - 1.37 (m.

3H). ESI-MS (nvzy: Caled. for C24H26CIN303S: 472.1 (M+1); found: 472.1

VTN
& }“\

]

Cpd 38

Cpd 38 'H NMR (CHLOROFORM-d) : 7.82 - 7.89 (m, 2H), 7.68 - 7.76 {m, 2H),
7.35 - 7.44 {m, 2H), 7.20 - 7.26 (m, 2H), 6.98 - 7.09 (m, 3H), 6.91 (d, J = 8.3 Hz, 1H), 4.60

7.35
- 476 (m, 4H), 4.23 (1, = 6.9 Hz, 2H), 3.47 - 3.57 (m, 5H). ESI-MS (m/z): Calced. for

C28H23CINAOCSS: 563.1 (M+1); found: 563.1.
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Cpd 39
Cpd 39: 'H NMR (CHLOROFORM-d} §: 7.30 - 7.44 (m, 7TH), 7.17 - 7.23 (m, 2H)
7.02 - 7.08 (m, 1H), 6.89 - 6.95 (m, 3H), 4.47 (s, 2H), 4.37 (s, 4H), 3.54 (5, 3H). ESI-MS
{r/z); Caled. for C25H22CIN3038: 480.1 (M~+1); found: 480.1.

%

Cpd 40
Cpd 40:'H NMR (CHLOROFORM-d) §: 7.36 - 7.43 (m, 2H), 7.20 - 7.25 (m, 2H),
6.99 - 7.08 (m, 3H), 6.89 - 6.95 (m, 1H}, 4.65 - 4.77 (m, 4H}, 3.59 - 3.70 (m, 1H), 3.54 (s,
3H), 198 - 220 (m, 4H), 1.78 - 1.91 {m, 2H), 1.59 - 1.73 (m, 2H). ESI-MS (mw/z): Caled.
for C23H24CIN3038: 458.1 (M+1); found: 458.1.

Cpd 41
Cpd 41: 'H NMR (CHLOROFORM-d) 8: 7.36 - 7.44 (m, 2H), 7.20 - 7.25 (ro, 2H),
7.00 - 7.08 (m, 3H}, 6.92 (dd, 1 = 8.7, 1.1 Hz, 1H}, 4.64 - 4.78 {m, 4H), 3.54 (s, 3H}, 3.21
{td, F =6.7,3.5 Hz, 1H), 1.96 - 2.08 {m, 1H), 1.49 - 1.69 {m, 2H), 1.43 (4, J = 6.8 Hz, 3H),
1.32- 1410 (m, 1H)Y, 096 (t, J=7.2 Hz, 3H). ESI-MS (m/z): Caled. for
C23H26CIN30O3S: 460.1 (M+1); found: 460.1.
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Cpd 42
721 -7.26{m, 2H),

Cpd 42: 'H NMR (CHLOROFORM-d) 8: 7.37 - 7.44 (m, 2H),
7.01 - 7.08 (m, 3H), 6.89 - 6.94 (m, [H), 4.60 - 4.75 (m, 4H), 4.04 (t, F = 6.6 Hz, 2H), 3.53

(s,3H}, 344 (t, ] = 6.7 Hz, 2H), 2.73 (s, 4H). ESE-MS (im/z): Caled. for
C24H23CIN4AGSS: 515.1 (M+1); found: 515.1.
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Cpd 43
Cpd 43: 'H NMR (CHLOROFORM-d} §: 7.37 - 7.45 (m, 2H), 7.15 - 7.24 (m, 4H)

7.03 - 7.10 (m, 1H), 6.88 - 6.97 {m, 4H), 6.71 (4, I = 7.8 Hz, 2H), 4.68 (4, J = 12.6 Hz,
4T), 4.44 ¢, 1= 5.6 Hz, 2H), 3.62 (£, T = 5.6 Hz, 2H), 3.56 (s, 3H). ESEMS (w/z): Caled.

for C26HZACIN3O4S: 510,71 (M+1); found: 5101,
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Cpd 44

Cpd 44 'H NMR (CHLOROFORM-d) 5: 7.37 - 7.45 (m, 2F), 7.24 (4, J = 8.3 Hz,

2H), 7.00 - 7.10 (my, 3H), 6.92 (4, J = 8.3 Hz, 1H), 5.19 - 5.28 (m, 1H), 4.61 - 475 (m, 4H)
3.65-3.74 (m, 2H), 3.54 (s, 3H), 3.34 (dd, T = 6.6, 4.8 He, 2H), 3.01 {s, 3H). ESI-MS

{ro/z); Caled. for C2IH23CINAOSS2: 5111 (M+1); foond: 5111
47
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Cpd 45 'H NMR (CHLOROFORM-d) §: 7.37 - 7.45 {m, 2H), 7.21 - 7.26 {m, 2H),
7.00 - 7.10 (m, 3H), 6.92 (d, J = 8.6 Hz, 1H), 5.02 (br. 5., LH), 4.68 (4, J = 11.9 Hz, 4H),
3.65 - 3.75 (m, 2H), 3.54 (s, 3H), 3.33 (dd, ] = 6.6, 4.8 Hz, 2H), 3.15 - 3.25 (m, 1H), 1.40
(d, = 6.8 Hz, 6H). FSI-MS (m/z): Caled. for C23H27CINAOSS2: 539.1 (M+1); found:

539.1.

Cpd 46
Cpd 46: 'H NMR (CHLOROFORM-d) : 7.37 - 7.44 (m, 2H), 7.21 - 7.26 {m, 2H),
7.00-7.09(m, 3H),692(d, I =7.8Hz 1H), 5.06(, =64 Hz, 1H),4.62-473(m, 4H),
3.58 - 3.66 (m, 2H), 3.54 (s, 3H), 3.35(dd, J = 6.6, 4.8 He, 2H), 2.83 (s, 6H). ESI-MS
{ro/z); Caled. for C2ZH26CINSOS82: 540.1 (M+1); found: 540.1.
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Cpd 47

Cpd 47: 'H NMR (CHLOROFORM-d} §: 7.54 (dd, I = 7.8, 1.8 Hz, 1H), 7.48 (td, I
=78, 1.8 Hz, 1H), 7.38 - 7.45 (m, 1H), 7.23 - 7.33 (m, 3H), 6.97 - 7.03 (m, 2H), 4.66 (d, J
48
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=45 Hz, 4H), 3.66 (s, 3H), 3.47 {t, J =73 Hz, 2H), 2.91 (t, } = 7.3 Hz, 2H}. ESI-MS
(mv/z} Caled. for C2ZHISCIF3IN3058: 530.1 (M+1); found: 330.1.
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Cpd 48
Cpd 48: 'H NMR (CHLOROFORM-d) 8: 7.52 - 7.57 (m, 1H), 7.49 (1d, T =79, 1.9
Hz 1H), 742 ¢¢d, } = 7.6, 1.4 Hz, 1H), 7.24 - 7.34 {m, 3H), 6.96 - 7.02 (m, 2H}, 4.65 - 479
{m, 4H), 402 -4.16{m, 1H),347(d, J=9.1 Hz, 2H), 336 - 345 {m, 1H), 3.16(dt, J =
13.4, 8.0 Hz, 1H), 2.60 - 2.76 {m, 2H). ESI-MS {m/z): Caled. for C22HISCIF3N30552:
562.0 (M+1); found: 562.0.
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Cpd 49

Cpd 49 'H NMR (CHLOROFORM-d) 8: 7.47 (dd, Y= 7.8, 1.5 Hz, 1H), 7.34 -
741 (o, 1H), 7.23¢d, J=8.6 He, 2H), 7.00 - 7.10 (o, 3H), 6.87 {d, J =83 He, 1H), 4.63
{br. s., 4H), 3.75 (br. s., 2H), 2.96 (s, 3H), 1.01 (t, J = 6.9 Hz, 3H). ESI-MS (w/z): Caled.
for C20H20CIN303S: 418.1 (M+1); found: 418.1.
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Cpd 58
Cpd 88: 'H NMR (CHLOROFORM-d} &: 7.47 (dd, T=7.7, 1.6 Hz, 1H), 7.34 -
7.40 (m, 1H), 7.19 - 7.25 {(m, 2H), 7.00 - 7.09 (m, 3H), 6.84 - 6.89 (o, iH)}, 4.69 (br. s,

49
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45y, 3.75(br. s, 2H), 339 (quin, J = 6.8 Hz, 1H), 1.45{(d, I=68 Hz, 6H), 1.02 {t, J = 7.1
Hz, 3H). ESE-MS {m/z}: Caled. for C22HZ24CIN303S: 446.1 (M+1}; found: 446.1.

Cpd 81
Cpd 81 "H NMR {CHLOROFORM-d} 3: 747 (dd, J =78, 1.8 Hz, 1H), 737 (¢d. J
8.0, 1.8 He, 1H}, 7.19-7.25 {(m, 2H}, 7.01 - 7.09 {m, 3H), 6.83 - 6.90 {(m, 1H), 4.68 {(br.

S., 4H), 3.59 - 381 (m, 3H), 1.99-2.21 (m, 4H), 1.78 - 1.92 (o, 2H), 1.59 - 1.7} (m, 2H},
LOL{, T=69Hz, 3H). ESIMS (n/z): Caled. for C2Z4H26CIN3O3S: 4721 (M+1);

found: 472.1.

Cpd 82
Cpd 52 '"H NMR (CHLOROFORM-d) 8: 7.47 (dd, J=7.7, 1.6 Hz, 1H), 7.37 (14, ]
=80, 1.8 Hz, 1H), 7.19 - 7.25 {(m, 2H), 7.00 - 7.09 (m, 3H), 6.84 - 6.89 (m, 1H}, 4.54 -
491 (m, 4H), 3.74 (br. s, 2H}, 3.11 (41, J = 12.1, 3.4 Hz, 1H), 2.16 - 2.26 (m, 2H}, 1.91 {d,
F=129Hz 2H) 1.59-1.76 (m, 3H), 1.15- 1.38 (m, 3H), 1.01 {¢, I = 6.9 Hz, 3H). ESi-
MS {m/z): Caled. for C2SH2ECIN3O3S: 486.2 (M+1); found: 4862,
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Cpd 53: 'H NMR (CHLOROFORM-d) 8: 7.46 (dd, J=7.7, 1.6 Hz, 1H), 7.29 -
742 (m, 6H), 7.16 - 7.23 (m, 2H), 7.06 (¢d, I = 7.6, 1.1 Hz, 1H}, 6.90 - 6.97 (m, 2H}, 6.84 -
6.90 (m, 1H}, 4.23 - 4.56 (m, 6H), 3.76 (br. s, 2H), 1.04 {t, 3= 7.1 Hz, 3H). ESI-MS
{m/z): Caled. for C26HZ24CIN303S: 4941 (M+1y; found: 494.1.

Cpd 54
Cpd 54: 'H NMR (CHLOROFORM-d} 8: 747 (dd, § = 7.8, 1.5 Hz, 1H), 7.34 -
7.40 (m, 1H), 719 -7.25 (m, 2H), 7.01 - 7.09 (m, 3H), 6.84 - 6.89 (v, 1H}, 4.59 (br. s,
4H), 3.74 (br. 5., 2H3, 2.90 (s, 6H), 1.02 (t, = 7.1 Hz, 3H). ESI-MS (m/z): Caled. for
C2IH23CINAO3S: 4471 (M+1); found: 4471,
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Cpd 58

Cpd 85: 'H NMR (CHLOROFORM-d) 8: 7.36 - 7.43 (m, 2H), 7.20 - 7.25 {m, 2H),
7.00 - 7.07 (m, 3H), 6.88 - 6.94 (m, 1H), 448 - 4.65 {m, 4H), 3.53 (s, 3H}, 340 - 347 (m,
4H), 1.72 - 1.83 {m, 4H), 1.62 - 1.70 {m, 4H}. ESI-MS (m/z}: Caled. for
C24H27CINAO3S: 487.2 (M+1); found: 487.2.

Cpd 56
Cpd 56: 'H NMR (CHLOROFORM-d) 8: 7.35 - 7.43 (m, 2H), 7.19 - 7.25 {m, 2H),

7.00 - 7.07 (m, 3H), 6.91 (dd. = 8.7, 1.1 Hz, 1H), 4.49 - 4.65 (m, 4H), 3.53 (s, 3H), 3.35
5
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(g, =72 Hz, 4H}, 123 {t, J =72 Hz, 6H). ESI-MS (m/z}: Caled. for C22HZ5CINAQ3S:
461.1 (M+1}; found: 461.1.

Cpd 87
Cpd §7: 'H NMR (CHLOROFORM-d} 8: 7.35 - 7.43 (m, 2H), 7.20 - 7.25 (m, 2H),
6.99 - 7.08 {m, 3H}, 6.89 - 6.94 (m, 1H}, 4.52 - 4.68 (m, 4H), 3.70 -~ 3.80 (m, 2H), 3.53 (s,
3H), 2.78 - 2.90 (m, ZH), 1.68 - 1.77 (m, 2H}, 1.43 - 1.57 (m, 1H}, 1.20 -~ 1.34 {(m, 2H),
(.97 (d, } = 6.6 Hz, 3H). ESE-MS (w/z): Caled. for C24H27CINAQ3S: 487.2 (M+1};
found: 4&87.2.
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Cpd 38
Cpd 58: 'H NMR (CHLOROFORM-d} 8: 7.36 - 7.43 (m, 2H), 7.20 - 7.25 (m, 2H),
7.00-7.08 (m, 3H), 6.92 (dd, } =8.7, 1.1 Hz, 1H), 4.54 - 4.68 {m, 4H), 3.67 - 3.77 (1,
S5H), 3.53 (s, 3H), 2.92 - 3.03 (m, 2ZH), 2.41 - 2.51 (m, 1H), 1.97 - 2.06 (m, 2H), 1.75 - 1 .88
(m, 2ZH). ESI-MS (nv/z): Caled. for C25H2T7CINAQOSS: 5311 (M+1); found: 331.1.
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Cpd 59 'H NMR (CHLOROFORM-d} 8: 7.36 - 7.44 (m, 2H), 7.20 - 7.26 (m, 2H),
6.99 - 7.08 (m, 3H), 6.92 (d, I =78 Hz, 1H},4.57 - 472 (m, 4H), 3.73 - 3.80 (m, 4H), 3.53
{s, 3H}, 3.27 ~ 3.35 {m, 4H). ESE-MS {m/z): Caled. for C22H2Z3CINAO4S: 4751 (M+1};

found; 475.1.
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Cpd 66
Cpd 60: "H NMR (CHLOROFORM-d)} §: 7.36 - 7.43 (m, 2H), 7.20 - 7.25 {m, 2H),
7.00-7.08 (m, 3H), 692 (dd, J=8.7, 1.1 Hz, 1H), 452 -4.70 (m, 4H). 3.53 (5, 3H). 3.36 -
343 (m, 4H), 1.91 - 1.99 (m, 4H). ESI-MS (m/z): Caled. for C22H23CING(O3S: 4391
(M+1); found: 459.1.
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Cpd 61
Cpd 61 'H NMR (CHLOROFORM-d) 8: 7.36 - 7.44 (m, 2H), 7.20 - 7.26 {m, 2H),
6.99 - 7.08 {m, 3H), 6.92 (4, J = 7.8 Hz, 1H), 4.53 - 470 {m, 4H), 3.70 (ddd, J = 104, 6.3,
2.3 Hz, 2H), 3.50 - 3.58 (m, SH), 2.60(dd, J = 12.1, 10.6 Hz, 2H}, 1.21(d, J = 6.3 Hz, 6H)}.
ESEI-MS (w/zy: Caled. for C24H27CIN4AO4S: 503.2 (M+1); found: 503.2.
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Cpd 62
Cpd 62: 'H NMR (CHLOROFORM-d} 8: 7.36 - 7.43 (m, 2H), 7.20 - 7.25 (m, 2H),
7.00-7.08 (m, 3H), 6.92{dd, J =87, 1.1 Hz, 1H), 4.53 - 4.69 {m, 4H),3.53 (5, 3H), 3.24 -
3.33 {m, 4H), 1.52 - 1.71 {(m, 6H}. ESEMS (w/z): Caled. for C23H25CING(Q3S: 473 1
(M+1); found: 473.1.

o TN
Cpd 63
Cpd 63 'H NMR (CHLOROFORM-d) 8: 7.51 (dd, J=7.8, 1.8 Hz, 1H), 7.35 (1d, I
=80, 1.8 Hz, 1H), 7.19- 725 (m, 2H), 7.01 - 7.08 (m, 3H), 6.84 (d, § = 7.8 Hz, 1H), 4.59
(br.s., 4H), 428 (dt, J=12.1, 6.1 Hz, 1H), 2.91 (5, 6H), 0.67 - 1.17 {m, 6H). ESI-MS
{m/z): Caled. for C22HZ5CINAO3S: 461.1 (M+1}); found: 461.1.

Cpd 87
Cpd 87: 'H NMR (CHLOROFORM-d) 8: 7.34 - 7.43 (m, 2H), 7.20 - 7.26 {m, 2H),
6.97 - 7.07 (m, 3H}), 6.87 - 6.93 (m, 1H), 4.54 - 4.66 {1, 4H), 3.52 (s, 3H), 2.72 (s, 3H),
248 (s, 3H). ESE-MS (mv/z): Caled. for CZ3H2ICINAO4S: 485.1 (M+1); found: 485.1.
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Cpd 88: 'H NMR (CHLOROFORM-d) 8: 7.36 - 7.43 (m, 1K), 7.31 (td, = 7.8, 1.6
Hz, 1H), 7.16 - 7.22 (m, 2H), 7.02 (td, I = 7.6, 1.3 Hz, 1H}, 6.93 - 6.99 (m, 2H), 6.84 (dd, }
=82, 1.1 Hz, 1H), 4.72 - 4.92 (m. 2H), 4.62 (d, F = 11.9 Hz, 2H), 3.39 (quin, § = 6.8 Hz,
TH), 2.22 (s, 6Hy, 145 (d, J = 6.8 Hz, 6H). ESI-MS (m/z): Caled. for C22H2SCINAQO2ZS:
4451 (M+1}; found: 4451

¥
.
~ 0«’;‘\/

Cpd 89
Cpd 89: 'H NMR (CHLOROFORM-d) 8: 740 (dd, J=7.7, 1.6 Hz, 1H), 7.28 -
7.34 (m, 1H), 7.17 - 7.22 (m, 2H}, 6.99 - 7.06 (m, 1H}, 6.94 - 6.99 (m, 1H}, 6.84 {(dd, ] =
8.2,1.1 Hz, EH} 4.68 - 4.86 (m, 2H), 4.52 - 4.65 {m, 2H}, 3.15 (¢, = 7.4 Hz, 2H), 2.22 (s,
OHY, 145, J = Hz, 3H). ESI-MS {m/z): Caled. for C2IHZ3CINAO2S: 431.1 (M+1};
found: 431.1.

o

Cpd 98
Cpd 99: 'H NMR (CHLOROFORM-d} §: 7.52 (dd, J = 7.7, 1.6 Hz, 1H), 7.43 (td, §
= 8.0, L8 Hz, 1H), 7.17 - 7.25 (m, 3H), 6.98 - 7.04 (m, 2H), 6.93 (d, J = 7.8 Hz, 1H), 4.54
- 4.69 (m, 4H), 4.05 (g, I = 8.2 Hz, 2H), 2.91 (8, 6H). ESI-MS (w/z): Caled. for
C2ZIH2O0CIFINAO3S8: 5011 (M+1); found: 501.1.

Cpd 91
55
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Cpd 91 'H NMR (CHLOROFORM-d) 8: 7.58 (dd, J=7.8, 1.8 Hz, 1H), 7.33 (1d, J
=7.8, 1.8 Hz, 1H), 7.16 - 7.24 (m, 3H), 6.97 - 7.03 (m, 3H), 4.59 (br. s, 4H), 2.90 (s, 6H),
05.97 - 1.04 (m, 9H). ESI-MS (w/zy: Caled. for C23H27CINAO3S5: 475.2 (M+1); found:
47

(¥

2

Cpd 95
Cpd 95 'H NMR (CHLOROFORM-d} 8: 7.49 (dd, T=7.7, 1.6 Hz, 1H), 7.38 -
7.44 (m, 1H), 7.20 - 7.25 (m, 2H), 7.16 (¢d, I = 7.6, 1.1 Hz, IH), 7.00 - 7.05 (., 2H), 6.91
{(d, }=83 Hz 1H), 550-581 {m, 1H), 4.55 - 4.68 (m, 4H), 3.89 {br. 5., ZH), 2.91 (s, 6H).
ESI-MS {m/z): Caled. for C2ITH2ZICIFZNAO3S: 483.1 (M+1); found: 483.1.

Examople 3
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To a solution of compound i (18.5 mg, 0.06 mmol, 1.0 eq) in DCM {1.5 mL) was
added nicotinoy! chlonde-HCU(15.2 mg, 0.0%9 mmol, 1.5 eq) and tricthylamine (23.8 pk,
0.18 mmol, 3.0 eq). After | hr, DCM was added, the solution was washed with saturated
aqueous NaHCOs, dried over MgS8QO;, filtered, and concentrated. Purification by column
chromatography (8 g}, cluting with 1 to 3% McOH/DCM, gave compound 4 (12.2 mg,
50%). 'H NMR (CHLOROFORM-d) &: 8.89(d, J=2.3 Hz, 1H}, 8.74(dd, = 4.9, 1.6 Hz,
1H), 7.89 - 7.97 (m, 1H), 7.31 - 74& (m, 3H), 7.13 - 7.30 (m, 4H}, 6.97 - 7.06 {m, 1H),
6.85-694 (m, 1H), 499 {(d, 1 =24.0Hz 2H),4.73(d, J = 10.6 Hz, 2H), 2.29 - 241 {m,
2HG, 1.02 (td, J = 7.6, 3.0 Hz, 3H). ESI-MS (mvz): Caled. for C25H2TCINAG: 4291
(M+1); found: 429.1.

Examplc 4
36
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To a solution of 2-furoic acid {7 mg, .06 mmol, 1.5 ¢q} and HOBt (9 mg, (.07
mmol, |.7 eq} in DMF {(1.33 mL} was added polystyrenc supported (PS)-carbodiimide (64
mg, 1.25 mmol/g, 0.08 mmol, 2 eq}). After 10 minutes, compound 1i {13 mg, 0.04 muol,
1.0 ¢cq) in DCM (1 mL) was added. After 1.5 hr, macroporous (MP}-carbonate resin (65
mg} was added. After 1.5 hrs, the resins were collected by filtration, washed with DCM,
and the filtrate was concentrated. Purification by column chromatography (8 g), cluting
with 25 to 45% EA/hexanes, gave compound 8 (12.5 mg, 75%). 'H NMR
(CHLOROFORM-d} &: 7.57 - 7.64 (m, 1H), 7.38 -~ 7.46 (o, 1H), 731~ 7.38 (m, 1H), 7.19
- 731 (m, 5H), 6.98 - 7.06 (m, ZH), 6.53 - 6.59 (m, 1H}, 5.19{(d, ] = 20.5 Hz, 2H}, 4.89 -
5.02 (m, 2H), 2.38 (g, J = 7.6 Hz, 2H}, 0.98 - 1.08 {m, 3H). ESI-MS (mv/z): Caled. for
C24H20CIN3O2: 418.1 (M+1); found: 418.1.

Following the procedure described above for Example 4 and substituting the
appropriatc reagents, starting materials and purification methods known to thosce skilled in

the art, the following compounds were prepared:
N,
Yy
¢
@,

<
9]
]

Cpd 8§

Cpd 5: 'H NMR (CHLOROFORM-d) 8: 8.72 - 8.83 (m, 2H), 7.37 - 7.50 (m, 3H),
7.31-737 (my, 1HY, 7.14 - 730 (m, 4H), 6.97 - 7.04 (m, 1H), 6.86 - 6.92 (m, 1H), 5.00 (s,
1H), 494 (s, 1H)L 4065(d, J=4.0Hz, 2H), 2.29 - 2.41 {m, 2H), 1.02 (td, ] = 7.6, 2.8 Hz,
3H). ESEI-MS (w/z): Caled. for C25H2ICINAO: 429.1 (M+1); found: 429.1.

57
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Cpd 6
Cpd 6 'H NMR (CHLOROFORM-d) 8: 7.39 - 7.46 (m, 1H), 7.32 - 738 (m, tH),
718 -7.30 (m, 5H), 6.95-7.01 {m, 2H), 498 (d, J = 192 Hz, 2H), 487 (4. ] = 23.0 Hz,
2H), 2.35{g, = 7.6 Hz, 2H}, 1.03 {td, § = 7.6, 1.0 Hz, 3H). ESI-MS {m/z): Calcd. for

CZIHITCIEIN3O: 420.1 (MH1); found: 420.1.

o
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Cpd 10
Cpd 18 'H NMR (CHLOROFORM-d) &: 7.37 - 7.45 (m, 1H), 7.31 - 7.37 (ro,
1HY, 7.18 - 7.30 (m, 443, 6.95 - 7.02 (m, 2H)}, 4.83 (d, } =81 Hz, 2H), 475 (d, § = 14}
Hz, 2F0), 4.17 - 4.22 {m, 2F), 3.49 - 3.55 {m, 3H), 2.35 (q, J = 7.4 Hz, 2H), 1.02 (id, J =
7.6, 1.3 Hz, 3H). ESI-MS (m/z): Caled. for C22H22CIN3O2: 396.1 (M+1}; found:
396.1.

Cpd i1
Cpd 11 'H NMR (CHLOROFORM-d) 8: 7.38 - 7.46 (m, 1H), 7.32 - 7.37 (m, 1H),
7.24 - 730 (m, 2H), 719 - 7.24 {m, 2H), 6.93 - 7.01 (m, 2H), 5.53 (br. 5., 1H}, 4.66 - 4.84

(rn, 4H), 4.05 (d, 1 = 4.5 Hz, 2H), 2.35 (q, I = 7.7 Hz, 2H), 1.47 (s, 9H), 1.01 (1, I = 7.6 Hz,

3H) ESEMS (wm/z): Caled. for CZ6H29CINAQO3: 481.2 (M+1}; found: 481.2.
58
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Cpd 12
Cpd 12: 'H NMR (CHLOROFORM-d) 8: 7.39 - 7.46 (my, 1H), 7.32 - 7.38 {m, 1H),
TAR - 731 {m, 4H), 6.94 - 7.02 {m, 2H), 5.50 (g, I = 4.5 Hz, 1H), 4.66 - 4.86 {m, 4H), 4.07
(4, J=54Hz 2H}, 3.05¢(d, J=25Hz, 3H}, 235 (q, J =76 Hz, 2H), 1L.02 (1, ] = 7.6 Hz,
3H). ESEMS (w/z): Caled. for C2ZH23CINAQ3S: 459.1 (M+1); found: 459.1.
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Cpd 18
Cpd 18: 'H NMR (CHLOROFORM-d} 8: 7.79 - 7.87 (m, 1H), 7.61 (td, §=4.7, 13
Hz, 2H), 7.28 - 7.34 (m, I1H), 7.21 - 7.25 {m, 2H}, 6.93 - 7.02 {m, 2H), 5.53 (br. 5., 1H),
4.66 - 4.83 (m, 4H), 3.99 - 4.10 (m, 2H), 1 .47 (s, 9H). ESI-MS (nw/z): Caled. for
C2AHZ4ACIFINGO3: 521.2 (M+1); found: 521.2.

N o
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Cpd 21
Cpd 21: 'H NMR (CHLOROFORM-d) 8: 7.52 - 7.59 (m, 1H), 7.46 - 7.52 {m, 1H),
7.39-7.45(m, 1H), 7.23 - 7.34 (xo, 3H)}, 6.98 - 7.05 (o, 2H}, 4.97(d, J = 3.8 Hz, 2H), 4.85
{d, J= 5.6 He, 2H). ESI-MS (mv/z); Caled. for C20HI2CIFON302: 476.1 (M+1); found:

476.1.
59
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Cpd 22
Cpd 22: 'H NMR (CHLOROFORM-d} §: 7.52 - 7.59 (m, 1H), 7.45 - 7.51 (m, 1H)
7.38-745 (m, 1HY, 7.23-733 (m, 3H), 6.97 - 7.04 {m, 2H), 5.52 {br. 5., 1H), 4.66 - 479
{ma, 4H), 4.04 (1, I = 4.8 Hz, 2H), 1.47 (s, 9H). ESI-MS (m/z). Caled. for

C25H24CIF3NACA: 537.2 (M+1); found: 537.2.
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Cpd 29

Cpd 29: "H NMR (CHLOROFORM-d) 8: 7.36 - 7.44 (m, 2H), 7.20 - 7.28 (m, 2H),
7.00-7.09 (m, 3H}, 6.92 (dd, 1 = 8.1, 5.3 Hz, TH), 5.53 (br. 5., 1H)}, 4.65 - 4.81 (m, 4H),
400 -4.07 (m, 2H), 3.53 (4, J = 3.0 Hz, 3H), 1.47 {s, OH). ESI-MS {m/z): Caled. for

C25H27CINAD4: 483.2 (M+1); found: 483.2.

Cpd 34

Cpd 34: 'H NMR (CHLOROFORM-d} 8: 7.35 - 7.42 (o, 2H), 7.19 - 7.25 (m, 2H),
7.00 - 7.09 (m, 3H), 6.91 (d,J = 7.6 Hz, 1H), 4.74 (s, ZH), 4.67 (5, 2H), 3.53 (s, 3H), 2.93

{s, 6H). ESI-MS {im/z): Caled. for C2THZICINAO2: 397.1 (M+1); found: 397.1.

Example 5

60
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5a Cpd 27

A. Compound 8a was prepared according to the procedures described for the
synthesis of compound 11 in Example |, substituting 2-trifluoromethoxyphenylhydrazine
for 2-cthylphenylhydrazine (1) in Step C.

B. To a solution of compound 8a (18 mg, 0.06 mmol, 1.0 ¢q) in toluenc (1 mL)
was added 2-chloro-6-iodoguinchine (29 mg, 0.12 mmol, 2 eq), Pdydbas (5.5 mg, 0.006
mmol, 0.1 cq}, BINAP (11 mg, 0.018 mmol, 0.3 cq) and cestum carbonate {78 mg, 0.24
mmol, 4 ¢q), and the mixture was heated to 100°C for 3 days. Water was added, and the
reaction mixture was extracted with DCM. The combined organic phases were dried over
MgSOy, filtered, and concentrated. Purification by column chromatography (8 g), eluting
with 15 to 30% EA/hexancs, gave compound 27 (9.0 mg, 28%). "H NMR
{(CHLOROFORM-d) 8: 7.95(d, J = 8.8 Hz, 2H)}, 7.60(dd, J= 7.8, 1. § Hz, 1H), 745 {(dq, ]
=15.1,7.7 Hz, 1H). 7.46 (dq, I = 15.3, 7.7 Hz, 1H), 7.27 - 7.35 (m, SH), 7.06 - 7.14 {m,
2HY, 6,78 (d, J = 2.8 Hz, 1H}, 4.70 {(d, } = 4.3 Hz, 4H}. ESI-MS (m/z); Caled. for
C27H17CI2F3N40: 5411 (M+1); found: 541.1.

Example 6
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A. To asolution of KOH (3.27 g, 58.3 mmol, 7 ¢g) in H,O (50 mL} at 6 °C was
added bromine {1.33 g, 8.32 mmol, 1 eq}). After 15 min, compound éa (1.77 g, 8.32 mmol,
1 eq} o methanol (15 mL} was added dropwise over 2 min, and the reaction mixture was
stirred for 1 hr at § °C. The solution was made acidic with concentraied HCE, then
extracted with EA. The combined organic phases were dried over MgS8Q;, filtered, and
concentrated. Purification by column chromatography {168 g), eluting with 25 to 50%
EA/hexancs + 0.1% HOAc, gave compound 6b (1207 mg, 47%). 'H NMR
(CHLOROFORM-d} 6: 4.00 - 432 (m, 4H), 1.35 - 1.52 (m, 9H}.

B. To asolution of compound 6b (1189 mg, 4.07 mmol, | eq) in THF (20 mL}) at 1t
under an Argon atmosphere was added N-methylimorpholine (0.47 mi, 4.27 mmol, 1.05
eq} followed by isobutylchloroformate (3.536 mL, 427 mmol, 105 eg). After 30 mun, a
solution of Z-methoxyphenythydrazine-HCH (746 mg, 4.27 mmol, 1.05 eg) and V-
methylmorpholine (0.47 ml, 4.27 mmol, 1.05 eq) in THF (20 mL) (pre-stirred for 20 min)
was added and the solution was stirred for 60 min. Saturated agqueous NaHCO; and bring
were sequentially added, and the aqueoous mixtare was cxtracted with EA. The combined
organic phases were dried over MgSQy, filtered, and concentrated. Purification by column
chromatography (40 g), cluting with 25 to 50% EA/hexancs, gave compound 6¢ {129 g,
77%. ESLI-MS (mvz): Caled. for C17H22BiN304: 412.1 (M+1); found: 412.1.
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. To a solation of compound 6¢ (1.29 g, 3.14 mmol, 1 ¢q) in acctonitrile {20 mL)
at ¥t was added carbon tetrachloride {0.91 mL, 9.41 mmol, 3 ¢q} followed by
triphenylphosphine (2.47 g, 9.41 mmol, 3 eq). After 2 hrs, brine was added and the
aqueous solution was extracted with EA. The combined organic phases were dried over
MgSOy, filtered, and concentrated. Purification by column chromatography (40 g}, eluting
with 3 to 8% EA/hexancs, gave compound 6d (604 mg, 45%). 'H NMR
(CHLOROFORM-d} 8: 8.17 (br. s, 1H), 7.34 (d, J = 7.8 Hz, 1H), 6.81 - 6.98 {mm, 3H), 433
- 451 {(m, 2H), 4.02 - 4.28 {m, 2H}, 3.90 (s, 3H), 1.39 - 1.60 {m, OH).

D. A solution of compound 64 (604 mg, 1.4 mmol, I cg) and tricthylamine (8.78
mb, 5.6 mmol, 4 ¢q) in toluene (12 mL} was heated to 110 °C for 3 hrs. Water was added
to the reaction mixture, and the aqueous phase was cxtracted with DCM. The combined
organics were dried over MgSQ;, filicred, and concentrated. Purification by column
chromatography, eluting with 15 to 30% EA/hexancs, gave compound 6e (411 mg, 74%).
"H NMR (CHLOROFORM-d) 8: 7.43 - 7.50 (m, 1H), 7.33 (d, J= 7.8 Hz, 1H), 7.02- 7.10
{m, 2H}, 4.59 (s, 1H), 4.53 (s, 1H), 4.47 (s, 1H), 4.44 (s, 1H}, 3.83 (5, 3H}, 1.52{d, F= 1.8
Hz, OH). ESI-MS (mv/z): Caled. for C17THZ0BrN303: 394.1 (M+1}; found: 394.0.

E. A solution of compound ée (411 mg, 1.04 mmol, 1 ¢q} in wifluoroacetic acid (1
mb) and DCM (5 mL) was stirred 3 hrs and concentrated. The residuc was dissolved in
DCM and washed with saturated aqueous NaHC ;. The organic phase wasdried over
MgSQy, filtered, and concentrated to give compound 6f (290 mg, 95%). 'H NMR
(CHLOROFORM-d} 8: 745 (td, J =79, 1.6 Hz, 1H), 7.34(dd, I = 8.1, 1.8 Hz, IH), 7.01 -
7.09 {(m, 2H), 4.11 (s, 2H), 4.04 (s, 2H), 3.83 (5, 3H}, 2.97 {br. ., 1H). ESL-MS (m/z):
Caled. for CIZHI2BeN3G: 294.0 (M+1); found: 294.0.

F. To compound 6£(290 mg, 0.99 mmol, 1 eq) in BDCM (S mL} at rt was added
ditsopropylethylamine (0.52 mL, 2.96 mmol, 3 eq) followed by isopropylsulfony! chloride
{0.22 mL, 1.97 mmol, 2 ¢q) for approximately 18 hr. Saturated agueous NaHCO; was
added, and the mixture was extracted with DCM. The combined organic phases were dried
over MgSQy, filtered, and concentrated. Purification by column chromatography (24 g3,
cluting with 20 to 40% EA/hexancs, gave compound &g (281 mg, 71%). 'H NMR
(CHLOROFORM-d} 6: 748 (1d, J = 8.0, 1.8 Hz, 1H}, 7.30- 736 (m, 1H}, 7.02 - 7.10 {m,
2H), 4.67 (3, 2H), 458 (d, T = 1.5 Hz, 2H), 3.84 (s, 3H), 3.37 (quin, J = 6.8 Hz, 1H), 1.44
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{d, }=7.1Hz, 6H}. ESLI-MS (mvz}: Caled. for CISHIEBrN3(O3S: 400.0 (M+1); found:
400.0.

G. To a solution of compound 6g (16 mg, 0.04 mmol, { eg) in dimethoxycthane (1
mb) and 2 M sodium carbonate {0.25 mL) in a vial was added 2-chloro-5-pyridineboronic
acid (19 mg, .12 mmol, 3 ¢q}, palladium acctate {1 mg, 0.004 mmol, 0.1 cq} and tri-o-
tolylphosphine (1.2 mg, 0.004 mumol, 0.1 eg). The mixture was heated to 80 °C for 15
minutes. The mixture was cooled to rt, water was added, and the agueous phase was
extracted with DCM. The combined organic phases were dricd over MgSQy, filtered, and
concentrated. Purification by column chromatography (8 g), cluting with 20 to 40 1o 50%
EA/hexanes, gave corapound 92 (5.5 mg, 36%). 'H NMR (CHLOROFORM-d} 8: 8.11 {4,
J=23Hz, IH),731-7.39 (m, 2H), 727 (dd, J = 8.3, 2.5 Hz, 1H}, 7.16 {d, } = 8.3 Hz,
1H}, 6.96 - 7.04 (m, 1H), 6.86 (d, ] = 7.8 Hz, 1H), 4.65(d, J =14.9 Hz, 4H), 3.50 (5, 3H),
332 (quin, J=6.8 Hz, 1H), 1.35 (d, J = 6.5 Hz, 6H). ESI-MS (m/z). Caled. for
C20H2 1CIN4AO3S: 433.1 (M+1); found: 433.1

Cpd 93
Cpd 93 'H NMR (CHLOROFORM-d} 8: 8.67 (d, F=2.3 Hz, 1H), 8.04(d, T=83
Hz, 1F), 7.86 (4, J = 2.0 Hz, 1H), 7.65 - 7.77 {m, 2H), 7.51 - 7.59 (m, 1H), 7.46 (dd, I =
78, 1.5Hz 1H), 7.37-744 (m, 1HL 706 (td, J =76, 1.1 Hz, 1H}, 691 {(d, J =83 Hz,
1H), 4.84 (s, 2H), 4.75 (s, 2H), 3.50 (8, 3H), 341 (quin, J =68 Hz, 1H}, 1 47(d, =71
Hz, 6H). ESI-MS (nvz): Caled. for C24H24N4035: 4492 (M+1); found: 449.2.

f/‘pi%\
O
Cpd 96
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Cpd 96: 'H NMR (CHLOROFORM-d) 8: 7.96 (d, J = 2.5 Hz, 1H), 7.34 - 7.44 (m,
2HY, 7.22(dd, J=8.6,2.5Hz, 1H), 7.04({, I =77 Hz, 1H), 694 (d, ] =83 Hz, 1H), 6.54
(d, J=8.6 Hz, 1H), 5.24 (quin, ] = 6.2 Hz, 1H},4.71 {d, J = 14.1 Hz, 4H), 3.60 (5, 3H},
338 {quin, J = 6.9 Hz, 1H), 1.45(d, F=6.8 Hz, 6H), 1.31 {d, ] = 6.3 Hz, 6H). ESI-MS
(m/z} Caled. for CZ3H28N404S: 4572 (M+1); found: 457.2.

}
/i\ 4«9 ~ °
S
& | i
) Qv‘f
S il

Cpd 97
Cpd 97: 'H NMR (CHLOROFORM-d) 8: 7.98 (d, § = 2.5 Hz, 1H), 7.33 - 7.45 (m,
2HY, 721 -727 (o, 1H), 7.04 (1, 1=77 Hz, 1H), 694 (4, J=8 1 Hz, iH), 6.62(d, J=856
Hz, THYL, 471 (d, J= 12,4 Hz, 4H), 3.90 (s, 3H), 3.60 (s, 3H), 3.38 {(quin, J = 6.9 Hz, 1H),
1.45(d, J= 6.6 Hz, 6H}. ESL-MS (m/z}: Caled. for C21H24N4048: 4292 (M+1}; found:

4292,

Example 7

C“OME Hy, 5% PUC CF\QOME 1) KaNOy, HCL HOAC, HyO C?\@OME HC
[ -HG
NO;  MeOH #Nn # oy N

NH:  2)8nCl N
Ta Th Te

AL A suspension of S-chloro-2-nifroanisole {7a) (2.67 g, 14.2 mmol) and 5% PY/C
{200 mg) in methanol (60 mL) was placed under a hydrogen gas atmosphere and stirred 3
days. The suspension was filtered through diatomaceous carth and concentrated.
Purification by column chromatography (40 g, cluting with 15 to 30% EA/hexancs, gave
compound 7b (1.69 g, 76%). 'H NMR (CHLOROFORM-d} 8: 6.70 - 6.83 (m, 2H), 6.38 -
6.64 {m, 1H), 3.84 (s, 3H), 3.76 (br. s., 2H). ESI-MS {m/z): Caled. for CTHSCINO: 158.0
(M+1}); found: 158.0,

B. To a suspension of compound 7b (1.69 g, 10.7 mmol, I eq) in concentrated HCI

{25 kL) and acetic acid (10 mL} at 0 °C was added a sohution of sodium nitrite (740 mg,
65



WO 2014/028805 PCT/US2013/055275

10,7 mmol, 1 eq} in water (10 mL) dropwise. The suspension was warmed to 60 °C for 1.5
hrs. The solation was cooled to § °C and a solution of SnCl {(5.32 ¢, 23.6 mmol, 2.2 ¢q} in
concentrated HCL (25 mL) was added. After 30 minutes, a precipatate was collected by
filtration to give compound Te (2.06 2, 93%). 'H NMR (DMSO-ds) 8: 9.94 (br. s., 2H),
7.72 (br.s., TH), 7.07 (s, TH), 7.00 (5, 2H), 3.85 (5, 3H).

Following the procedure described above for Example 7 and substituting the
appropriate reagents, starting materials and purification methods known to those skilled in

the art, the following intermediates to compounds of the present invention were prepared:

7d
Cpd 7d: "HNMR (fice base, CHLOROFORM-d) 8: 6.89 {dd, = 8.7, 5.7 Hz, 1H),
6.60 - 6.69 (m, 1H}, 6.52 - 6.60 (m, 1H}, 3.0 - 5.0 (brd. 5, 3 H), 3.82 (s, 3H).

OMe
Fo HC
I ,NHz
N
H
Te

Cpd 7e: 'H NMR (DMSO-de) 3: 9.38 (br. s., 2H), 7.36 (br. 5., 1H), 6.88(d, J = 7.§
Hz, 1H), 6.80 - 6.84 (m, 1H), 6.69 - 6.75 (m, 1H), 3.81 (s, 3H), 2.26 (s, 3H).

MaO._ F
N,NH?_
H

7t

Cpd 7§ 'H NMR (DMSO-ds) 8: 9.96 (br. 5., 2H), 7.82 (br. 5., 1H), 7.16 (t, ] = 9.3
Hz, 1F), 6.92 (dd, J= 13.1, 2.8 Hz, 1H), 6.79 (dt, T = 8.8, 1.4 Hz, 1H), 3.73 (s, 3H).
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Oy
N O
i -HCI
£ N,NH;
Tg H
Cpd 7Tg: 'H NMR (free base, CHLOROFORM-d) 8: 6.78 {t, J = 8.0 Hz, 1H), 6.56

{d, 1=8.1 Hz, 1H}, 640 (d, }=7.8 Hz, 1H), 5.89 (s, 2H).

N

o
O HCH
_NH;
. N 2

o

Cpd 7h: "HNMR {(DMSO-ds3 8: 997 (br.s., 2H), 7.75 (br. s, 1H)L 690 (d, § = 7.3
He, 1H), 6.85 (d, T= 8.1 Hz, 1H), 6.77 - 6.82 (m, 1H), 4.58 (t, = 8.7 Hz, 2H), 3.19 (1, =
8.8 Hz, 2ZH).

Using the intermediates prepared by Example 7 and the procedures described in

Examples 1 and 2, the following compounds of the present invention were prepared:

/}\.49

P
&
Y
N

i
S
4
Cpd 64

Cpd 64: 'H NMR (CHLOROFORM-d) 8: 7.34 (d, F = 8.3 Hz, 1H), 7.22
2H), 6.99 - 7.07 (m, 3H), 6.90 (4, T = 2.0 Hz, 1H), 4.70 (d, F = 12.9 Hz, 4H), 3.53 (s, 3H)
3.38 (quin, J = 6.8 He, 1H), 1.45 (d, = 7.1 Hz, 6H). ESI-MS (m/z): Caled. for
C2IH2ICING0O3S: 466.1 (M+1); found: 466.1.

¥
~
ha
@&
o
=

-
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IO\
= I
Wi

&
Cpd 65
Cpd 65: 'H NMR (CHLOROFORM-d) 8: 7.34 (d, F = 8.3 Hz, 1H), 7.24 - 7.26 {m,
2H), 7.00 - 7.07 (m, 3H), 6.50 (d, ] = 2.0 Hz, 1H), 4.58 (s, 4H), 3.53 {5, 3H), 2.90 (s, 6H).
ESI-MS (nvz): Caled. for CZOH20CIZN4O3S: 467.1 (M+1); found: 467.1.

/‘!\. /fo

S
N
o
RN
N {
N,
o

Cpd 67
Cpd 67: 'H NMR (CHLOROFORM-d) 8: 7.20 - 7.26 (m, 2H), 7.14 - 7.19 {m, 1H),
6.94 - 7.02 (m, 2H), 6.74 - 6.81 {m, 2H), 475 (s, 2H), 4.68 (5, 2H}, 3.83 {5, 3H}, 3.40
(quin, J = 6.8 Hz, 1H)}, 1.96 (s, 3H), 1.46 (d, } = 6.8 Hz, 6H)}. ESI-MS (mv/z): Caled. for
C22H24CIN3038: 446.1 (M+1); found: 446.1.

S

=3

N

Cpd 68
Cpd 68: 'H NMR (CHLOROFORM-d) 8: 7.20 - 7.25 (m, 2H), 7.14 - 7.20 (m, 1H),
6.94 - 7.00 (m, 2H), 6.75 - 6.80 (m, 2H), 4.74 (s, 2H), 4.67 (s, 2H), 3.83 (s, 3H}), 3.05 -
307 (m, 1HY, 217 - 2.28 {m, 2H), 1.96 (s, 3H), 1.91 (d, J=13.1 Hz, 2H}, 1.60 - 1.77 (m,
3H), 1.19 - 1.38 (m, 4H). ESI-MS {mw/z): Caled. for C25H28CIN3O35: 486.2 (M+1};
found: 486.2.
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Cpd 69
Cpd 69 'H NMR (CHLOROFORM-d) 8: 7.20 - 7.26 (m, 2H), 7.14 - 7.19 {m, 1H),
6.94 - 7.01 {m, 2H), 6.74 - 6.80 {m, 2H), 4.66 (s, 2H), 4.58 (5, 2H), 3.83 (5, 3H), 2.91 (5,
6H), 1.96 (s, 3H). ESI-MS {(nv/z): Caled. for C2THZ3CINGG3S: 447.1 (M+1}; found:
447.1.

Cpd 78
Cpd 70: 'H NMR (CHLOROFORM-d} 8: 7.36 (dd, T = 8.6, 6.1 Hz, 1H), 7.23 -
7.29 (m, 2H), 7.00 - 7.06 {(m, 2H}, 6.76 (td, 1 = 8.2, 2.5 Hz, 1H), 6.65 (dd, J = 102, 2.7 Hz,
TH), 4.56 -4.72 (m, 4H), 3.55 (8, 3H), 2.96 (s, 3H). ESI-MS (m/z). Calced. for
CIOHUTCIFN30O38: 422.1 (M+1}; found: 422.1.

Cpd 71
Cpd 71 'H NMR (CHLOROFORM-d) 8: 7.36 (dd, J = 8.8, 6.1 Hz, 1H), 7.22 -
7.28 {m, 2H), 6.98 - 7.06 (m, 2H), 6.75 (1d, I = 8.2, 2.8 Hz, 1H), 6.65 (dd, J = 10.2, 2.7 Hz,
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1H) 4.61 - 480 (m, 4H}, 3.55 (s, 3H), 3.38 {quin, J = 6.9 Hz, 1H), 145 (d, J=6.& Hz,
6H). ESI-MS {m/z): Caled. for C2THZICIFN3O3S: 450.1 {(M-+1}); found: 450.1.

Cpd 72
Cpd 72: 'H NMR (CHLOROFORM-d) 8: 7.36 (dd, J = 8.6, 6.1 Hz, 1H), 7.21 -
729 ¢, 2H), 7.02 (4, F=83 Hz, ZH)L 6.75(td, J =82, 25 Hz, 1H), 6.65(dd, F = 104,25
Hz, 1H), 4.59 - 4.80 (m, 4H), 3.55(s, 3H), 3.04 - 316 (m, 1H), 2.22 (d, I = 11.6 Hz, 2H),
190 (4, J=12.9Hz, 2H), 1.60 -~ L.77 (m, 3H), 1.15 - 1.37 {m, 3H). ESI-MS (m/z). Caled.

for C24H2ZSCIFN3O3S: 490.1 (M+1), found: 49G.1.

% 4
[#]
Cpd 73

Cpd 73: 'H NMR (CHLOROFORM-d) 5: 7.36 (dd. J = 8.6, 6.1 Hz, 1H), 7.22 -
728 (m, 2H), 7.03 (d, J=8.6 Hz, 2H), 6.71 - 6.78 {1, 1H), 6.64 (dd, J = 10.1, 2.5 Hz, 1H),
4.50 -4.69 (m, 4H), 3.75(d, J = 12.1 Hz, 2H}, 3.55 (s, 3H}, 2.78 - 290 (m, 2H), 1.67 -
J7{m, 2H), 142 - 155 (m, 1H), 127 (qd. J=12.3, 4.0 Hz, 2H), 0.97 (d, } = 6.3 Hz, 3H).
ESI-MS (m/z): Caled. for C24H26CHN4O3S8: 505.1 (M+1); found: 3051,
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Cpd 74: "H NMR (CHLOROFORM-d) 8: 7.21 - 7.26 {m, 3H), 7.01 - 7.07 (m, 2H),
6.84 (d, J= 8.1 Hz, 1H}, 6.72 {s, 1H}, 4.55 - 4.71 {m, 4H}, 3.52 (s, 3H), 2.95 (s, 3H), 2.40
(s, 3H). ESE-MS (mw/z): Caled. for C20H20CIN3038: 4181 (M+1); found: 418.1.

Cpd 78
Cpd 7% 'H NMR (CHLOROFORM-d) 8: 7.24 (dd, J = 8.2, 5.0 Hz, 3H), 7.03 (d,
=83 He, 2H), 6,684 (d, I =8.1 Hz, 1H), 6.72 (5, 1H), 4.61 - 4.80 (m, 4H), 3.52 (s, 3H}, 3.38

(dt, J=13.7, 6.9 Hz, 1T}, 2.40 (s, 3H), 1.44 (d, T = 6.8 Hz, 6H). ESI-MS (m/z): Caled. for
C22H24CIN3O3S: 4461 (M+1); found: 446.1.

Cpd 76
Cpd 76: 'H NMR (CHLOROFORM-d) 8: 7.20 - 7.26 {m, 3H), 7.01 - 7.07 {m, 2H),
6.84 (d, ¥ =21 Hz, 1H), 6.72 (s, 1H), 4.63 - 4.77 (m, 4H), 3.52 (s, 3H), 3.16 - 3.26 {m,
1H), 2.40 (5, 3H), 1.96 - 2.07 {m, IH), 1.49 - 1.68 {m, 2H), 1.42 (d, J = 6.8 Hz, 3H), 1.31 -
140 (m, 1H), 0.93 - 1.00 (m, 3H). ESI-MS (m/z): Caled. for C24H28CIN30O3S: 474.2
(M=+1); found: 474.2.
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Cpd 77: 'H NMR (CHLOROFORM-d) 8: 7.20 - 7.26 (m, 3H), 7.00 - 7.07 (m, 2H),
6.83¢d, J=78Hz, 1H}, 671 (s, IH},4.51 - 4.68 (m, 4H}, 3.75(d, ] = 12.4 Hz, 2H}, 3.52
(s, 3H), 2.78 - 2.90 (m, 2H), 2.40 (3, 3H), 1.68 - 1.76 (m, 2H), 1.49 (ddd, 1 = 14.3,7.2,3.5
Hz, 1H), 1.20 - 1.34 (m, 2H)}, 0.97 {d, ] = 6.3 Hz, 3H). ESI-MS (w/z): Caled. for
C25H29CINAO3S: 501.2 (M+1); found: 501.2.

o
Sog?
& N

Cpd 78
Cpd 78: 'H NMR (CHLOROFORM-d} §: 7.34 (1, J = 8.7 Hz, 1H), 7.26 - 7.31 {m,
2H), 7.02-7.09(m, 2H), 6.77 (ddd, I=835,2.7, 1.1 Hz, I1H), 6.66 (dd, J=11.6, 2.8 Hz,
1H), 4.63(d, J =48 Hz, 4H), 3.84 (s, 3H), 2.96 (s, 3H). ESEMS {(m/z): Caled. for
CIGHUTCIFN3O38: 422.1 (M+1); found: 422.1.

Cpd 79
Cpd 79: 'HNMR (CHLOROFORM-d} 8: 7.34 (1, T = 8.6 Hz, 1H), 7.24 - 7.30 (m,
2H), 7.02-7.09(m, 2H), 6.76 (ddd, I=835,2.7, 1.1 Hz, I1H), 6.65(dd, J=11.6, 2.5 Hz,
1H), 4.70(dd. ] =104, 1.5 Hz, 4H), 3.84 (5, 3H), 3.38 (quin, I} = 6.8 Hz, TH), 1 45(d, J =
7.1 He, 6H). ESI-MS (mv/z): Caled. for C2ZIH2ICIFN3O3S: 450.1 (M+1); found: 450.1.
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Cpd 80
Cpd 86: 'H NMR (CHLOROFORM-d) 8: 7.34 (1, F= 8.7 Hz, 1H), 7.24 - 730 {m,
2H), 7.02 - 7.09 (m, 2H), 6.76 (ddd. T = 8.8, 2.7, 1.1 Hz, 1H), 6.65 (dd, J = 11.6, 2.8 Hz,
1H), 4.59 (dd, 1= 9.9, 1.5 Hz, 41), 3.83 (s, 3H), 275 (d, T = 12.1 Hz, 2H), 2.78 - 2.91 (m,

2HY, 1.67 - 1.78 {m, 2H), 1.42 - 1.55{m, 1H), 1.20- 1.34 {m, 2H), .97 (d, I = 6.6 Hz, 3H).
ESEI-MS (nvzy Caled. for C24H26CIHFN4O3S: 5051 (M+1); found: 505.1.

S
~< Yo
Cpd 81
Cpd 81 'H NMR (CHLOROFORM-d} 8: 7.27 - 7.33 (m, 2H), 7.07 - 7.15 (m, 2H),
6.82 - 6.90 (m, 2H}, 6.78 - 6.82 (m, 1H)}, 5.83 (s, 2H}, 470 (d, I = 3.5 Hz, 4H}, 3.37 {quin,
P=06.8 Hz, 1H), 1.44 (d, J = 6.8 Hz, 6H). ESI-MS (w/z): Caled. for C2ZTH20CIN3O48:

446.1 (M+1}; found: 446.1.

Cpd 82
Cpd 82: 'H NMR (CHLOROFORM-d)} §: 7.20 - 7.25 (m, 2H), 7.01 - 7.07 {m, 2H),
6.75 - 6.82 (m, 2H), 6.73 {dd, 1= 63,33 Hz, 1H), 575 (s, 2H), 4.57 (4, J = 1.8 Hz, 4H),
2R7(d, F=06.6Hz 2H), 2.28 {dt, I = 13.3, 6.8 Hz, 1H), 1.07 (d, J = 6.8 Hz, 6H}. ESI-MS
(m/zy: Caled. for C2ZH22CIN304S: 460.1 (M+1); found: 460.1.
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Cpd 83
Cpd 83: 'H NMR (CHLOROFORM-d) 8: 7.27 - 7.32 (m, 2H), 7.08 - 7.15 (o, 2H),
6.83 - 6.89 (m, 2H}, 6.77 - 6.83 (m, 1H), 5.82 (s, 2H},4.59(d, 1 = 2.8 Hz, 4H},3.74 (d, I =
121 Hz, 2H), 284 (¢d, J = 12.2, 24 Hz, 2H), 1.65 - 1.77 (m, 2H), 1.42 - 1.57 {m, 1H), 1.19
33 (m, 2H}, 0.96 (d, J = 6.6 Hz, 3H). ESI-MS (m/z): Caled. for C24H25CINAO4S:

501.1 (M+1); found: 30i.1.

Cpd 84
Cpd 84: 'H NMR (CHLOROFORM-d) 8: 7.19 - 7.33 (m, 3H), 7.02 - 7.16 {m, 3H),
0.84 - 694 (m, 1H), 470 (d, ] =9.1 Hz, 4H), 444 (t, ] = 8.7 Hz, 2H), 3.31 - 3.46 (m, 1H]},
323, J=8.06Hz 2H), 1.44(d, J = 6.8 Hz, 6H}. ESI-MS (m/z}). Calcd. for

C22ZH22CIN30O38S: 444.1 (M+1); found: 444.1.

H
N,

>\/5~1«»o
Cpd 88
Cpd 85 'H NMR (CHLOROFORM-d) 8: 7.20 - 7.29 (m, 3H), 7.03 - 7.12 (m, 3H),
6.84-690(m, 1H),4.04(d, J=48Hz 4H}, 444 (t, J =87 Hz, 2H), 3.23 (+, ] = 8.7 Hz,
2H),2.94¢d, =63 Hz, 2H), 2.35(dt, I = 13.3, 6.6 Hz, 1H), 1.14 (d, ] = 6.8 Hz, 6H}.
ESEI-MS (w/zy: Caled. for C23H24CIN3038: 4581 (M+1); found: 45K.1.
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o
Cpd 86
Cpd 86: 'H NMR (CHLOROFORM-d) 8: 7.19 - 7.29 (m, 3H), 7.02 - 7.13 (m, 3H),
6.83-691 (m, 1H),4.59(d,J=61Hz 4H), 444 (1, J =87 Hz 2H), 3.74(d,} = 12.4 Hz,
2H)Y,323(,J=87Hz 2H), 2.83(td, 1=122,24 Hz, 2H), 1.67 - 1.75 {m, 2H), 1 41 -
1.57 (m, 1H), 1.19 - 1.33 (m, 2H), 0.96 (d, J = 6.3 Hz, 3H). ESI-MS (m/z): Caled. for
C25H27CINAO3S: 499.2 (M+1); found: 499.2.

The compounds of Table |, exemplified hereinbelow, were prepared according to

the schemes and specific examples described herein,

Table 1. Compounds of Formula (O

Formula {I}

Cpd No. R’ R R’ 0 G
-butyloxy
i ethyl H H 4-chlorophenyl carbonvi
2 cthyl H H 4-chlorophenyl methanesulionyl

triflucromethyl
3 ethyi H H 4-chlorophenyi sultonyl
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G\
N
/=N
NN
/ \?o‘—”'\?
G
R1 &\T/L RS
RZ
Formula (b
Cpd No. R R R®’ Q G
pyridin-3-vi
4 thyl H H 4-chlorophenyl carbonyl
pyridin-4-yl
8 cthyl H H 4-chiorophenyl carbonyl
trifluoromethyl
6 thyl H H 4-chlorophenyl carbonyl
pyridim-2-yi
7 cthyl H H 4-chlorophenyl carbonyl
furan-2-yl
8 sthyl H H 4-chlorophenyl carbonyl
S-methyl
isoxazol-3-vl
9 gthyl H H 4-chlorophenyl carbonyl
methoxymethyl
16 gthyl H H 4-chlorophenyl carbonyl
-butyloxy
carboayiamino
i1 ethyl H H 4-chlorophenyl methyicarbonyl
roethasesulfonylaoune
methyl
i2 thyl H H 4-chlorophenyl carbonyl
trifluoromethyi
sulfonylamine
13 ethyl H H 4-chlorophenyl methylearbonyl
-batyloxy
14 triffuoromethyl H H 4-chlorophenyl carbonyl

76




WO 2014/028805 PCT/US2013/055275
G\
N
/=N
NN
/ \?o‘—”'\?
G
R1 &\T/L RS
RZ
Formula (b
Cpd No. R R R®’ Q G
is trifluoromethyl H H 4-chlorophenyi methanesulfonyl
isopropyl
16 triflooromethyl H H 4-chlorophenyl sulfonyl
4-methyiphenyl
17 trifluoromethy! H H 4-chlorophenyl sulfonyl
-batyloxy
carbonylamino
18 nfluoromethyl H H 4-chlorophenyi methylearbonyl
triflacro
19 methoxy H H 4-chlorophenyl +butoxycarbonyl
trifhioro
20 methoxy H H 4-chlorophenyl methanesulfonyl
trifleoro nfluoromethyl
23 methoxy H H 4-chlorophenyl carbonyl
-butyloxy
trifluora carboaylamino
22 methoxy H H 4-chlorophenyl methyicarbonyl
triflucro
23 methoxy H H 4-chlorophenyl 3-cvanophenyl
trifluoro 4-methoxy
24 methoxy H H 4-chlorophenyl carbonviphenyl
triflucro
25 methoxy H H 4-chlorophenyl 4-cyanophenyl

77




WO 2014/028805 PCT/US2013/055275
G\
N
/=N
NN
i \r:f;\?
G
R1 &\T/L RS
RZ
Formula (b
Cpd No. R R R®’ Q G
4-(2-(morpholin-4-
vhethyl
trifhioro aramnosuifonyl)
26 methexy H H 4-chlorophenyl pheny!
trifleoro 2-chloro
27 methoxy H H 4-chlorophenyl guinolig-6-vi
28 methexy H H 4-chlorophenyl ¢-butoxycarbonyl
-butoxycarbonyl
aminomeathyt
29 methoxy H H 4-chlorophenyl carbonyl
30 methoxy H H 4-chlorophenyl methanesulfonyl
isoprapyl
33 methoxy H H 4-chlorophenyl sulfonyl
cyelopropyl
32 methoxy H H 4-chlorophenyl suifonvi
dimethylamine
33 methoxy H H 4-chloropheny! sulfonyl
dimethylanino
34 methoxy H H 4-chlorophenyl carbonyl
triflacro isopropyl
35 methoxy H H 4-chlorophenyl sulfonyl
2,2 2-wifluorocthyl
36 methoxy H H 4-chlorophenyl sulfonyl
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G\
N
LSy
NN
/ \?o‘—”'\?
G
R1 &\T/L RS
RZ
Formula (b
Cpd No. R R R®’ Q G
cyclohexyl
37 methoxy H H 4-chlorophenyl sulfonyl
2-{1H-1,3-dioxo-
isomndel-2-yi)
38 methoxy H H 4-chlorophenyvl sthvisuifonyl
phenyimethyl
39 methoxy H H 4-chlorophenyl sulfonyi
cyclopentyl
40 methoxy H H 4-chlorophenyl sulfonyt
HR,Sy-methylbutyh)
41 methoxy H H 4-chlorophenyl sulfonvi
2-(2,5-dioxo-pyrrolidin-
f-yh
42 methoxy H H 4-chlorophenyl cthyilsulfonyl
2-{phenvioxy)ethyl
43 methoxy H H 4-chlorophenyi sultonyl
Z2-{methane
sulfonylamino)
44 methoxy H H 4-chloropheny! cthylsulfonyl
2-(isopropyl
sulfonylamine)
45 methoxy H H 4-chlorophenyl ethylsulfonyl
2-{dimethylamino
sulfonylamine)
46 methoxy H H 4-chlorophenyl cthvlsulforyl
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=N
NN
i \r:f;\?
G
R1 &\T/L RS
RZ
Formula (b
Cpd No. R R R®’ Q G
2-{methoxy
triflacro carbonyljethyl
47 methoxy H H 4-chlorophenyl sulfonyi
1.i-dhoxido
tetrahydro
trifluoro thiophen-3(R,S)-
48 methoxy H H 4-chlorophenyi vhsulfonyl
49 ethoxy H H 4-chlorophenyl methanesulfonyl
isoprapyl
56 ethoxy H H 4-chlorophenyl sulfonyl
cyclopentyl
51 ethoxy H H 4-chlorophenyl sulfonvi
cyciohexyl
52 ethoxy H H 4-chlorophenyl sulfonyl
pheoylmethyl
53 cthoxy H H 4-chlorophenyl sulfonvi
dimethylamine
54 ethoxy H H 4-chloropheny! sulfonyl
azepan-1-yl
55 methoxy H H 4-chlorophenyl sulfonvi
dicthylamino
56 methoxy H H 4-chlorophenyl sulfonyl
4-methyl
piperidin-1-yi
57 methoxy H H 4-chlorophenyl sulfonyi
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N
/=N
NN
i \r:f;\?
G
R1 &\T/L RS
RZ
Formula (b
Cpd No. R R R®’ Q G
4-(methoxy
carbonyl)
piparidin-1-yi
58 methoxy H H 4-chlorophenyl sulfonyl
marpbolin-4-yi
59 methoxy H H 4-chlorophenyl sulfonvi
pyrofidin-1-yi
&0 methexy H H 4-chlorophenyl sulfonyt
(23,6512, 6-dimethyl
morpholin-4-yi
61 methoxy H H 4-chlorophenyl sulfonyl
piperidin-1-yi
62 methoxy H H 4-chlorophenyl sulfonvi
dusethylamioo
63 wopropyloxy H H 4-chloropheny! sulfonyl
sopropyl
64 methoxy H chiloro 4-chlorophenyl sulfonvi
dimethylamine
65 methoxy H chloro 4-chloropheny! sulfonyl
66 methyl H methoxy | 4-chlorophenyl methanesulfonyl
isopropyl
&7 methyl H methoxy | 4-chlorophenyl sulfonyl
cyclohexyl
68 methyl H methoxy | 4-chlorophenyl sulfonyl
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3
N
N
NN
i \r:f;\?
G
R1 &\T/L RS
RZ
Formula (b
Cpd No. R R R®’ Q G
dimethylanino
69 methyl H methoxy | 4-chlorophenyl sulfonyl
74 methoxy H fhioro 4-chlorophenyl methanesutfonyl
sopropyi
71 methoxy H flaoro 4-chlorophenyl sulfonyl
cvelohexyl
72 methoxy H fluoro 4-chlorophenyl sulforryl
4-methyl
piperidin-1-yi
73 methoxy H fluoro 4-chlorophenyl sulfonvi
74 methoxy H methyl 4-chlorophenyl methanesulfonyl
isopropyl
78 methoxy H roethyl 4-chlorophenyl sulfonvi
R, 5-methvibutyl)
76 methexy H methyl 4-chlorophenyl sulfonyt
4-methyl
piperidin-1-yi
77 methoxy H methyl 4-chlorophenyl sulfonyl
78 tfluoro H methoxy | 4-chlorophenyl methanesulfonyl
isoprapyl
79 fluero H methoxy | 4-chloropheny! sutfonyl
4-methyipipendin-i-
8¢ tfluoro H methoxy | 4-chlorophenyl visulfonyl
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G\
N
/=N
NN
¢ )
R1&\7/LR3
RZ
Formula (b
Cpd No. R R R®’ Q G

R taken with R’ and

the phenyl ring to

which R' and R are

both attached to form isopropyl
81 1,3-beozodioxcl-4-vl H 4-chlorophenyl sulfonyt

R taken with R' and

the phenyl ring to

which R' and R are

both attached to form {2-methyhpropyt
&2 1,3-benzodioxol-4-yi H 4-chlorophenyl suifonyi

R taken with R and

the phenyl ring to

which R’ and R” arc 4-methyl

both attached to form piperidin-1-yi
83 1,3-benzodioxol-4-vl H 4-chlorophenyl sulfonyi

R” taken with R and

the phenyl ring to

which R' and R” are

both attached to form

2,3-dibydrobenzofuran- sopropyi
84 Tyl H 4-chlorophenyl sulfonyl

R’ taken with R and

the phenyl ring to

which R’ and R” arc

both attached to form {2-methyl)

2,3-dihydrobenzofuran- propyl
85 7y H 4-chlorophenyl sulfonyt

R’ taken with R’ and

the phenyl ring te

which R’ and R” are

both attached to form 4-methyl

2,3-dihydrobenzofuran- piperidin-1-yi
86 7-91 H 4-chlorophenyl sulforryl
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G\
N
/=N
NN
/ \?o‘—”'\?
G
R1 &\T/L RS
RZ
Formula (b
Cpd No. R R R®’ Q G
(3,5-dimethyl
isoxazol-4-yi}
87 methoxy H H 4-chlorophenyl sulfonyi
sopropyl
88 dimethylamino H H 4-chlorophenyl sulfonyl
89 dimethylamino H H 4-chlorophenyl ethylsulfonyt
2.2,2-
bl tnfluoroethoxy H H 4-chlorophenvl | dimethylaminosulfonyl
dimethylamino
91 t-butoxy H H 4-chlorophenyl sulfonvl
6-chloro isopropyl
92 methoxy H H pyridin-3-vi suifonyl
isopropyl
83 methoxy H H quinclin-3-vi sulfonvi
G-methyl isopropyl
54 methexy H H pyeidin-3-vi sulfonyt
2.2- dimethylamino
95 difluoroetboxy H H 4-chlorophenyl sulfonvi
6-(isopropyl
OXY} isopropyl
86 methexy H H pyeidin-3-vi sulfonyt
G-methoxy isapropyvi
97 methoxy H H pyridin-3-vi sulfonvi
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Biological Examples

In Viiro Assavs
Example |

Functional Assay: Antagonism of N-Type Calcium Channel

A stable cell line {(HEK parent) co-cxpressing the oy (Cav2.2), Bs and o0 subunits
of the N-type calcium channel subunits was used. These cells were routinely grown as
monolayers in low glucose-containing Dulbecco’s Modified Eagle Medium supplemented
with 10% FBS, 2 mM L-ghatamine, 100 LU /mL penicillin, 100 pg/mi. streptomycin, 400
ng/mb G418 and 200 pg/mL Zeocin (split ratio = 1:5). Cells were maintained in 5% CO;
at 37 °C. Compounds of Formula (I} were prepared as 10 mM stocks in DMSO from neat
compound, if avatlable. Otherwise, the 5 or 10 mM DMSO stock solutions provided in-
house were used.

Calcium mobilization responscs to KCl depolarization were evaluated by
measuring the intensity of calcium-mediated fluorescent signal in the presence of BD
Calcium Assay Dye (BD Biosciences, Franklin Lakes, NJ, U.5.A), utilizing a Functional
Drug Screening System (FDSS) by Hamamatsu Corporation (Bridgewater, NJ U.S. AL}

Twenty-four hr prior to assay, cells were seeded in clear-base poly-D-lvsine-coated
384-well plates (BD Biosciences) at a density of 5,000 cells per well in culture medium
and grown overnight in 3% COy at 37 “C. On the day of assay, growth media were
removed, and cells were loaded with BD caleiuro assay dye (BD Biosciences) for 35 min
at 37°C under 5% CO, and then for 25 min at room temp. Utilizing the FDSS, cells were
exposed to representative coropounds of Formula (1) at varying concentrations, and
intraceltular calcium was measured for 5 moin prior to the addition of 50 roM K1 for an

additional 3 min of measurement.

Calculations and formulas
1Cs0 values for representative compounds of Formutla (1) were determined from six-
point concentration-response experiments and represent the concentration of said

compound required to inhibit S0% of the maximal response. Maximal fluorescence
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intensity (FI) achieved upon addition of 50 mM KC1 was exported from the FDSS software
and further analyzed using GraphPad Prism 3.02 (Graph Pad Software Inc., San Dicgo,
CA, U.S.A)). Data were normalized to the maximum average counts from quadruplicate
wells for cach condition in the presence of 50 mM Kl and to the minimum average
counts in the presence of buffer. Theoretical curves were gencrated using nonlinear
regression curve-fitting analysis of cither sigmoidal concentration-response or sigmoidal
concentration-response {variable slope), and the 1Csp values with the best-fit curve

determined by GraphPad Prism were reported. Resultant data are shown in Table 2.

Table 2.
s inhibition | ®sinhibition
Compound | FDSS [ (%) (Yo}
No (i) at 8.33 pM at § uM
i 0180
2 0.085
3 0.150
4 0.200
5 {.200
6 0.180
7 38
8 0.600
9 63
1] 0.280
it 0.100
12 {.520
i3 59
4 60
i5 0.280
i6 0.160
17 0.300
i8 0.480
19 0.300
20 0.040
21 (.300
22 0.240
23 52
24 64
28 57
26 57
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Yeluhibition | Y%elnhibition
Compound FOSS s (%o} {%)

Mo {udh) at .33 uM at I uM
27 0.093

28 0.073

25 0.180

36 0.021

33 0.010 94
32 0.021

33 {3.009

34 0.170

35 $5.027

36 0.015

37 0.016

38 0.053

39 $4.027

49 0.012

43 {5.019 a0
42 0.048

43 {5,100

44 0.009

45 £0.013

46 0.008

47 0.031

48 0.077

49 0.002

50 {3.003

53 0.005

52 5.002

53 0.007

54 $.002

55 0.007

86 £.003

57 0.008 95
58 0.005

59 $.002

60 (.002

61 (3.005

62 0.004

63 (3.003

64 0.033 86
65 $.150 74
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Yeluhibition | Y%elnhibition
Compound FOSS s (%o} {%)
MNo {udvi) at §.33 uM at 1 uM
66 35
67 0.180 ol
68 0.130 71
69 0.130 69
70 0.075 74
71 0.021 91
72 {(.095 82
73 0.024 93
74 $5.047 82
75 0.032 93
76 0.021 G0
77 0.056 82
78 0.200 a2
75 0.180 61
80 0.140 02
g1 0.020 89
82 0.028 7
83 (0.020 a2
84 0.010 94
g5 $5.014 84
36 0.007 36
87 $5.017 K9
38 0.005 36
89 0.028 G
94 {.085 30
91 0.063 7
92 0.016 86
3 0.100
94 46
95 0.050 79
96 {5,130 79
97 0.043 67
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Example 2

Automated Electrophysiology Assay

‘clls were grown in T175 flasks to 50%—20% conflucnce. At the time of use, cells
were enzymatically treated with Detachin (Genlantis, San Dicgo, CA USA), centrifuged,
rinsed, and resuspended in 293 SFM I media (Life Technologies, Grand Island, NY
U.5.AL) supplemented with 25 mM HEPES {Sigma-Aldrich, St. Louis, MO US Ajtoa
concentration of 2-3 x 10° cells/mL. Cells were added to the antomated cell preparation
station on the QPatch-HT (Sophion Biosciences, North Bronswick, NI U.S.AL), and
following a 10- to 30-min recovery period with gentle stirring, the assay protocol was
initiated. During the automated cell preparation, cells were collected, centrifuged and
resuspended 1o an extracelinlar (EC) solution containing 132 mM NaCl, 1.8 mM Ca(Cl,
5.4 M ECI, 8.8 mM MgCl, 10 mM glucose, and 10 ;M HEPES {(pH = 7.4), adjusted
with sucrose to approximately 315 mlsm. The QPlate was primed with an intracellular
solution containing 135 mM CsClL 10 mM EGTA, 4 MgATP, 0.3 NaGTP, and 20 mM
HEPES (pH = 7.2}, adjusted to approximately 290 mOsm with detonized water and the EC
solution. Cells were added to the prepared (JPlate wells by robotic pipeties of the QPatch-
HT.

For cells determined to be in stable whole-cell pateh clamp, the EC solution was
replaced with a barium (Ba)/tricthylammonium (TEA) solution containing 140 mM TEA-
CL 10 mM BaCl, 6.8 mM MgCh,, 10 mM glucose and 10 mM HEPES {pH = 7.4}. High
{40 mM} Bal; concentrations were made with adjustments to TEA-CH(90 mM)} to
maintain the osmolarity. From a resting potential of -80 mV, a train of depolarizing pulses
{15 pulscs at 5 Hz, +20 mV} was delivered to the cell once every 30 sec for eight trains (4
min total}, and the resulting currents were measured during a control period {(no
compound}. This protocol was repeated for cach subsequent addition of control buffer
with or without compound {(threc periods total, cach with four trains). The current
generated in the 1% and 15" pulses of the last train of each period in the presence of cach
drug concentration was normalized to the current generated during the control periad at the

respective pulses (representing low- and high-frequency stimulation, respectively). Data
89
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from both the sccond and third drug application periods were analyzed for cach cell. A
final addition of Ba/TEA solution containing 60—-100 1M CdCl, was made to block all
N-type current and to “‘zero” the currents for cach cell. All buffer/ compound additions
were made using a spitting”” feature of the QPatch-HT, which added three repetitions of
5 ul solution at the beginning of cach recording period.

To examine closed-state mactivation, cells were subjected to a channel-activating
S0~msec depolarizing step pulse from -0 to +10 mV, followed by a 5-sec nonactivating
step to voltages ranging from -130 to -60 mV in [0 mV increments and then a 50-ms step
from -80 to +10 mV to assess the remaining current. Currents from the activating voltage
pulse were normalized to the peak value of the test pulse following the -130 mV step and
fit to a Boltzman equation to obtain the Vi, Roscovitine (Sigma-Aldrich} was prepared as
a 100 mM stock in dimethyl sulfoxide and diluted to the indicated working concentrations.
Tetrandrine {Sigma-Aldrich) was prepared as a 4 mM stock in acidic water {(pH = 2.0} and
then diluted to working concentrations in the external solution.  o-Conotoxin MVHA
{Sigma-~Aldrich) was prepared as a 0.3 mg/mL stock solution i water, with 0.1% bovine
serum albumin V (Life Technologies). Compounds of Forrula (T) were diluted first into
dimethyl sulfoxide and then into 10% pluronie F-127 in water (Life Technologies),
sonicated for | roin and diluted mto EC buffer. Vehicle controls were ran in parallel in all
experiments.

Unless otherwise indicated, statistics for comparing among electrophysiological
results utilized a one-way analysis of variance with Fisher’s least squares determination

test for patr-wise comparison. Resultant data are shown in Tables 3 and 4, below.,

Table 3.
{JPatch at Low Frequency
Cpd
No. %o Inhibition at Various Concentrations (uM)
8.03 8.05 8.3 8.28 i
2 -4
3 { il
& 16
ii id 37
24 §

8¢
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(3Patch at Low Frequency
Cpd
No. % Inhibition at Various Concentrations (UM}
8.03 $.08 g.1 .25 1
23 13
27 -1
28 25
3¢ 2%
31 11
32 -6 10 57 74
33 74
35 22
36 42
37 61
40 57
41 7 80
44 -2
45 26
46 -8
47 ¥
49 1%
50 47
51 7
52 40
54 36
585 25
56 28
57 HY
58 53
59 28
6l 29
61 53
62 20
64 12
68 -8
71 -30
73 -34
76 -3
81 -19
A2 4
83 12
84 -3

o1
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(3Patch at Low Frequency
Cpd
No. % Inhibition at Various Concentrations (UM}

8.03 $.08 g.1 .25 1
a5 {3
86 20
&7 31
88 26
B 10
92 14
g5 -4
&7 40

Table 4,
QPatch at High Freguency
Cpd No, % Inhibition at Various Concentrations (UM}

8.63 8.65 8.1 §.25 i
2 22
) i2 37
& 23
i1 31 68
38 30
22 28
28 52
38 49
31 47
32 -5 23 64 83
33 78
35 42
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QPatch at High Frequency
Cpd Neo. % Iunhibition gt Various Concentrations {uM)
$.03 $.85 8.1 8.25 1
36 58
37 73
40 69
41 40 91
44 -5
45 26
46 -6
47 36
49 22
S0 50
51 47
82 50
54 46
38 54
56 36
57 82
S8 52
59 51
60 44
61 50
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QPatch at High Frequency
Cpd Neo. % Iunhibition gt Various Concentrations {uM)

$.03 $.85 8.1 8.25 1

62 45

64 24

65 i

71 i

73 ~28

76 30

82 15

83 27

34 7

85 37

86 33

87 49

88 47

89 34

92 10

95 23

97 60

While the foregoing specification teaches the principles of the present invention,

with examples provided for the purpose of illustration, it will be understood that the
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practice of the invention encompasses all of the usnal variations, adaptations and/or

maodifications as come within the scope of the following claims and their equivalents.
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We claim:

i. A compound of Formula (1}

Formula (I}

wherein
R is sclected from the group consisting of Cialkyl, Cyalkoxy, 2,2-

diftuorocthoxy, di{Cysalkyljamino, trifluoromethoxy, fluoro, and trifluoromethyl;

R’ is hydrogen; or, R” may be taken with R’ and the phenyl ring to which
R’ and R? are both attached to forra 2,3-dibydrobenzofuran-7-y1 or 1,3-
benzodioxol-4-vi;

3 . .
R 15 hydrogen, roethyl, methoxy, chloro, or fluoro;

1s selected from the group consisting of Q. 32, and Q3;
g p & - ~ g\

wherein

R is selected from the group consisting of hydrogen, Cysalkyl, Cy.
salkoxy, cvano, fluoroe, and chloro;

R’ is independently selected from the group consisting of hydrogen,

Cyaalkyl, Cysalkoxy, cvano, chloro, and di(Cy salkyvhiamino;

26
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b

€.
[

192

G is selected from the group consisting of 4-methylphenyl, 3-cyanophenyl,
4-cyanophenyl, 4-methoxyearbonylphenyl, 2-chloro-quinolin-6-yl, morpholin-4-
visulfonyl, morpholin-4-yi{C; salkylaminosulfonyl, 2,6-dimcthylmorpholin-4-
yisulfonyl,Ce10aryl{Cya)alkyisulfonyl, Co jparyloxy(Cis)alkyisuifonyl, 3.5-
dimethylisoxazol-4-yl-sulfonyl, , Cysalkoxycarbonyl{Cy_syalkyl-sulfonyl,
trifluoromethylsulfonyl, Cs seycloalkylsulfonyl, 2,2, 2-trifluorocthyisuifonyi, di{Cy.
salkyliaminosulfonyl, di{Cygalkyhaminosulfonyiamine{C 4 )altkyl-sulfonyl, Cy.
saltkylsulfonylamino{C syalkyl-sulfonyl, 2,5-dione-pyrrolidin-1-yI-{C; _salkyl-
sulfonyl, {ZH)- 1,3-dione-1H-isoindol-1-yi-(Cy g)alkyl-sulfonyl, 1,1-
dioxidotetrahydrothiophen-3-yhsulfonyl, Csalkylsuifonyl, dC,.
saflyDaroinosulfouyl, pyrrolidin- 1-yisulfouyl, piperidin-{-ylsulfonyl, 4-(R%-
piperidin-L-yisulfonyl wherein R® is Cysalkoxycarbonyl or Cyqalkyl; azepan-1-
yvisalfonyl, methoxymethyicarbonyl, irflaoromethylearbonyl, Cy.
salkoxycarbonylamino{Cy 4jalkyvl-carbonyl, Cyalkoxyvearbonviaminomethyl-
carbonyl, trifluoromethylsulfonylaminomethyicarbonyl, triflucromethoxyearbonyl,
Cygatkylsulfonylaminomethyl-carbonyl, Cysalkoxycarbonyl, di(C.
salkyDaminocarbonyl, Cyaalkoxycarbonyl, pyridinyicarbonyl, furanyicarbonyl, and
S-methylisoxazol-3-ylearbonyl;

and enantiomers, diastereomers, and pharmaccutically acceptable salts

thereof.

The compound of claim 1 wherein R’ is selected from the group consisting of Cy_

salkyl, Cyaalkoxy, 2,2-difluoroethoxy, di{Cysalkyllamino, and trifluoromethoxy.

The compound of ¢laim 2 wherein R’ is selected from the group consisting of ethyl,
methoxy, cthoxy, isopropyloxy, difluorocthoxy, dimethyvlamine, and

trifluoromethoxy.

The compound of claim 1 wherein R 18 hydrogen, methyl, chioro, or fluoro.

The compound of claim 1 wherein Q 18 sclected from the group consisting of QF,

Q2, and Q3;
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wherein
R is chloro;
R” is independently selected from the group consisting of Cyaalkyl, Oy

saikoxy, and chioro.

6. The compound of claim § wherein (¢ is selected from the group consisting of Q1

(32, and Q3;

} :
- 2N
) Q)
S N
R4 R”‘
o Q2

wherein
4 .
R" is chloro;
R s independently selected from the group consisting of C; 4alkoxy and

chioro.

7. The compound of claim | wherein G 15 selected from the group counsisting of 4-
methyiphenyl, 2-chloro-quinolin-6-v1, Cs 10arviCy 4}alkvisulfonyl, Cs paryvioxy{Cy.
galkylsulfonyl, 3,5-dimethylisoxazol-4-yl-sulfonyl, trifluoromethylsulfonyl, Cy.
salkoxyearbonyl{ i g yalkvi-sulfonvl, Csseveloalkylsulfonyl, 2,2,2-
triftucrocthylsulfonyl, di{C4alkybaminosulfonyl, di{Cy.
salkyhaminosulfonyiamino{Cy.4Jalkyl-selfonyl, Ciaalkyvisutfonylamino{C; 4jalkyl-
sulfonyl, 2,5-dione-pyrrolidin-1-yvi-{(Ci syalkvi-sulfonyl, (2H)- 1,3-dione-1H-
tsoindol-1-vl-{C.4)alkyl-sulfonyl, 1,1-dioxidotetrabydrothiophen-3-visulfonyl, Cy.
salkylsuifonyl, di{Cy_salkyliaminosulfonyl, pyrrolidin-I-yisulfonyl, piperidin-1-

visulfonyl, 4-( R%-piperidin-1-ylsulfonyl wherein R” is O qalkoxyearbonyl or Cy
28
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salkyl; azepan-1-ylsulfonyl, morpholin-4-ylsulfonyl, 2,6-dimethylmorpholin-4-
yisulfonyl, methoxymethylcarbonyl, triflaoromethylcarbonyl, Ci.
salkoxycarbonylamino(C, 4alkyl-carbonyl, Cysalkoxycarbonylaminomethyl-
carbonyl, Cjsalkylsulfonylaminomethyi-carbonyl, Cygalkoxycarbonyl, di{Cy.

salkyliaminocarbonyl, Cyyalkoxycarbonyl, pyridinylcarbonyl, and furanylcarbonyl.

g. The compound of claim 7 wherein G is selected from the group consisting of
methylphenyl, 2-chloro-quinolin-6-vl, Ce arvi{(Cyajalkylsultonyl, Cs paryloxy{Cy.
yalkylsulfonyl, 3,5-dimethylisoxazol-4-yvl-sulfonyi, 4-Cyalkoxycarbonyl{(Cy.
gyalkyl-sutfonyl, rifluoromethylsuifonyl, Cicycloalkylsulfonyl, 2,2,2-
riftuoroethylsulfonyl, d{Csalkyhaminosulfonyl, di{Cy.
salkyhaminosalfonylamino{Cy 4 )alkyl-solfonyl, Cyalkyvisutfonylammmo(C, 4 jalkyl-
sulfonyl, 2,5-dione-pyrrolidin- I -yi-{Cy syalkvl-sulfonyl, (2ZH)- 1,3-dione-1H-
isoindol-1-vi-{C;.s)alkyl-sulfonyl, 1, 1-dioxidotetrahydrothiophen-3-visulfonyl, Cy.
salkylsulfonyl, di{C; salkyDaminosalfonyl, pyrrolidin-1-visalfonyl, piperidin-1-
yisulfonyl, 4-{ R®}-piperidin-1-ylsulfony] wherein R is Cysalkoxyearbonyl or C).
salkyl; azepan-1-yilsulfonyl, morpholin-4-yisulfonyl, 2,6-dimethylmorpholin-4-
visulfonyl, methoxymethylearbonyl, trifluoromethylcarbonyl, €y
salkoxycarbonyvlamino{Cs 4 )alkyl-carbonyl, Cyalkoxycarbonylaminomethyl-
carbonvl, Cyatkoxycarbonyl, di(CiaalkyDaminocarbonyl, Ciaalkoxycarbonyl, and

pyridinyicarbonyl.

9. The compound of claim 8 wherein G 1s selected from the group consisting of 2-
chloro-quinolin-6-vi, Cgioarvl{Cyjalkyisulfonyl, Coparyloxy(Cis)atkylsulfonyl,
3,5-dimethvlisoxazol-4-vi-sulfonyl, Cisalkoxycarbonyl{Ci4alkyl-sulfonyl, Cs.
seycloalkyisulfonyl, 2,2, 2-trifluorocthyisuifonyl, di{C salkylaminosulfonyl, d{(Cy.
salkyhaminosulfonyviamino{Ci4lalkyl-sulfonyl, Catkylsulfonylamino(C, s )alkyl-
sulfonyl, 2,5-dionc-pyrrolidin-1-yvI-(Cis)alkyl-sulfonyl, (ZH}- 1,3-dione-1H-
isoindol-1-vi-{Cy syalkyl-sulfonyl, 1, 1-dioxidotetrahydrothiophen-3-vhsulfonyl, Cy.
salkylsulfonyl, di{C_salkyDaminosulfonyl, pyrrolidin-1-yisulfonyl, piperidin-1-

visulfonyl, 4-{ R)-piperidin-1-yisutfonyl wherein R® is Cyalkoxycarbonyl or C).
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salkyl; azepan-1-ylsulfonyl, morpholin-4-ylsulfonyl, 2,6-dimethylmorpholin-4-

yisulfonyl, Cialkoxyearbonylamino{(C; 4)alkyl-carbonyl, and O salkoxycarbonyl.

10. The compound of Formula (1) as in claim |

Formula (1)

wherein
1. ; . .. .
R s selected from the group consisting of Cyaalkyl, Cysalkoxy, 2,2-

diftuorocthoxy, di{Cisalkylamino, trifluoromethoxy, tluore, and trifluoromcthyl;

R? is hydrogen; or, R® may be taken with R’ and the phenyl ring to which
R’ and R? are both attached to form 2,3-dihydrobenzofuran-7-yl or 13-
henzodioxol-4-vl;

R is hvdrogen, methyl, methoxy, chloro, or fluoro;

Q 18 selected from the group consisting of @1, Q2, and Q3;

wherein
R* is sclected from the group consisting of chloro;
-~ . N - .
R’ is independently selected from the group consisting of C, salkoxy

and chioro;
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G is selected from the group consisting of 4-methyiphenyl, 2Z-chloro-
quinolin-6-yi, Ceoaryl{Cy4alkylsulfonyl, Cyoarviexy(Cisjalkylsuifonyi, 3,5-
dimethylisoxazol-4-vi-sulfonyl, trifluoromethyisulfonyl, Cyialkoxycarbonyl{Cy.
syalkyl-sutfonyl, Cyscyeloalkylsulfonyl, 2.2, 2-trifluorocthylsulfonyl, di{Cy.
salkyliaminosulfonyl, di{Cygalkyhaminosulfonyiamine{C 4 )altkyl-sulfonyl, Cy.
saltkylsulfonylamino{C syalkyl-sulfonyl, 2,5-dione-pyrrolidin-1-yI-{C; _salkyl-
sulfonyl, {ZH)- 1,3-dione-1H-isoindol-1-yi-(Cy g)alkyl-sulfonyl, 1,1-
dioxidotetrahydrothiophen-3-ylisulfonyl, Cisalkylsulfonyl, di(C,.
salkyhaminosulfonyl, pyrrolidin- I-ylsulfonyl, piperidin-1-ylsulfonyl, 4-( R6)n
piperidin- L -yisulfonyl wherein R® is Csalkoxycarbonyl or Cialkyl; azepan-1-
yisalfonyl, morpholin-4-~vlsulfonyl, 2,6-dimethyimorpholin-4~-ylsulfonyl,
methoxymethylcarbonyl, trifluoromethylcarbouyl, C) salkoxycarbonylamino(Cs.
yalkyl-carbonyl, Cyalkoxyearbonylaminomethyi-carbonyl, Cy.
salkylsalfonylaminomethyl-carbonyl, C; salkoxycarbonyl, di{Cy.

salkyvhaminocarbonyl, Cyaalkoxycarbonyl, pyridinylcarbonyl, and furanylcarbonyl;

and enantioruers, diastercomers, and pharmaccutically acceptable salis
thereof.
it. The compound of Formula (I} as in claim |
G\

Formula (1)
wherein
R s selected from the group consisting of C 4alkyl, Cyialkoxy, 2,2-

difluorocthoxy, di{C salkyDamino, triffuoromethoxy, fluore, and triflaoromethyl;

R® is hydrogen; or, R? may be taken with R' and the phenyl ring to which
R' and R” are both attached to form 2,3-dihydrobenzofuran-7-v1 or 1,3-

benzodioxol-4-yi;
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R’ is hydrogen, methyl, methoxy, chloro, or fluoro;
(J s sclected from the group consisting of QF, B2, and Q3;
b !
/’w
SN
4 R5 Ei

R S
Q1 Q2 Q3

wherein
4
R 1s chioro:
R’ is independently selected from the group consisting of Cy alkoxy

and chioro;

G s selected from the group consisting of methyiphenyl, 2-chloro-quinolin-
6-v1, Coroaryl{Cigjalkylsulfonyi, Coparvioxy(Cialkylsulfonyl, 3,5-
dimethylisoxazol-4-yi-sulfonyl, 4- Ciualkoxyearbonyl(Cy y)alkyl-sulfonyl,
trifluoromethylsulfonyl, Csoeycloalkylsulfonyl, 2,2 2-trifluorocthyisulfonyl, di{Cy.
salkyhiaminosulfonyl, di{Cygalkyhaminosulfonyiamino{Cy 4 aliovl-sulfonyl, €.
salkylsuifonylamino{Cy salkyi-sulfonyl, 2,5-dione-pyrrolidin-1-vi-{C; s)alkyl-
sulfonyl, {ZH)- 1,3-dione-1H-isoindol-1-yi-(Cy g)alkyl-sulfonyl, 1,1-
dioxidotetrahydrothiophen-3-ylsulfonyl, Cisalkylsuifonyl, di(C,.
salkylaminosulfonyl, pyrrolidin- 1-yisulfonyl, piperidin-{-visulfonyl, 4-( R")-
piperidin-{-ylsulfonyl wherein R® is C;qalkoxycarbonyl or Cyalkyl; azepan-1-
visulfonyl, morpholin-4-yisulfonyl, 2,6-dimethyimorpholin-4-ylsultfonyl,
methoxymethylcarbonyl, trifluoromethylearbouyl, Cy salkoxycarbonylamino(C,.
yalkyl-carbonyl, Cyaalkoxyearbonylaminomethyl-carbonyl, Cysalkoxvearbonyl,
di{Cysalkylaminocarbonyl, Cy 4alkoxycarbonyl, and pyridinyicarbonyl;

and enantiomers, diastercomers, and pharmaceutically acceptable salts

thereof,
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12. The compound of Formula {1} as in claim |

Formuila (1)

wherein
R is selected from the group consisting of ethyl, methoxy, cthoxy,

isopropyloxy, difluoroethoxy, dimethylamino, and triftuoromethoxy;

R’ is hydrogen; or, R” may be taken with R’ and the phenyl ring to which
R’ and R? are both attached to form 2,3-dihydrobenzofuran-7-yi or 1,3-
benzodioxol-4-vl;

3. .
R 15 hydrogen, roethyl, chloro, or fluoro;

(J 1s selected from the group consisting of QF, 32, and 3,

; ]
# %
5 &
SN
R4 RS
Q1 Q2

wherein
4.
R 1s chloro:
R is independently sclected from the group consisting of C; salkoxy

and chloro;

G 1is selected from the group consisting of 2-chloro-guinolin-6-vl, Ce.
waryl{Crgjalkylsulfonyl, Co joaryloxy{Cyjalkyisulfonyl, 3,5-dimethylisoxazol-4-

vi-salfonyl, Cyaalkoxycarbonvl{ Ty galkyl-sulfonyl, Cs:heycloalkyisultonyt, 2,2,2-
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triftucrocthyisulfonyl, di{Cisalkyhaminosulfonyl, di{Cy.
salkyhaminosulfonyviamino{Ci4lalkyl-sulfonyl, Catkylsulfonylamino(C, s )alkyl-
sulfonyl, 2,5-dione-pyrrolidin-1-yI-(Cy s)alkyil-sulfonyi, (ZH}- 1,3-dione-1H-
isoindol-1-vi-{C; syalkyl-sulfonyl, 1, 1-dioxidotetrahydrothiophen-3-vhsulfonyl, C).
salkylsulfonyl, di{C_salkyDaminosulfonyl, pyrrolidin-1-yisulfonyl, piperidin-1-
visulfonyl, 4-{ R)-piperidin-1-yisutfonyl wherein R® is Cyalkoxycarbonyl or C).
salkyl; azepan-1-ylsulfonyl, morpholin-4-ylsulfonyl, 2,6-dimethylmorpholin-4-
yisulfonyl, Cisalkoxyearbonylamino{(C, 4jalkyi-carbonyl, and C; salkoxycarbonyl;
and cnantiomers, diastercomers, and pharmaceutically acceptable salts

thereof,

The compound of Formula (1) as in claim |

Formoula (F)

wherein

R s selected from the group consisting of cthyl, methoxy, ethoxy,
isopropyloxy, difluorocthoxy, dimethylaminoe, and trifluoromethoxy;

R? is hydrogen;

R is hydrogen, methyl, chloro, or fluoro;

(¥ is sclected from the group consisting of Qf, Q2, and Q3;
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wherein
R*is chloro;
R is independently selected from the group consisting of C; salkoxy

and chloro;

G 1is selected from the group consisting of 2-chloro-guinolin-6-vl, Ce.
waryl{Crgjalkylsulfonyl, Co joaryloxy{Cyjalkyisulfonyl, 3,5-dimethylisoxazol-4-
vi-sulfonyl, Cyaalkoxycarbonyl{Cy4)alkyl-sulfonyl, Cyscycloalkylsulfonyl, 2.2,2-
trifluorocthylsulfonyl, di{Cy salkyDaminosulfonyl, dCy.
salkyDaminosulfonylamino{Cy 4 jalkvl-sulfonyl, C4alkylsulfonylamino(C; s)alkyl-
sulfonyl, 2.5-dione-pyrrolidin-1-vI-{C_salkyl-sulfonyl, (2H)- 1 3-dione- 1H-
isoindol-1-yi-(Cy gyalkyl-sulfonyl, 1,-dioxidotetrahydrothiophen-3-vhisulfonyl, Cy.
salkylsalfonyl, di{Cy salkylaminosulfonyl, pyrrolidin- [-yvisulfonyl, piperidin-1-
yisulfonyl, 4-( R%)-piperidin- 1 -ylsulfonyl wherein R® is Cysalkoxycarbonyl or Cy.
salkyl; azepan-L-ylsulfonyl, morpholin-d-ylsulfonyl, 2,6~dimethylmorpholin-4-
yisulfonyl, C, salkoxycarbonylamine{(; 4)alkyvl-carbonyl, and € salkoxyecarbonyl;

and enantiomers, diastereomers, and pharmaceutically acceptable salts

thereof

14. The compound of Formula (I} as in claim |

Formula (1)

sclected from the group consisting of
tert-Butyl 3-{4-chlorophenyi)-2-(Z-cthylphenyi)-2,6-dihydropyrrolo{3.4-cipyrazole-
5{4H}-carboxylate;
3-{4-Chlorophenyl}-2-(2-cthylpheny}-5-(methylsulfonyl}-2.4,5,6-
tetrahvdropyrrolo{3,4-cipyrazole;
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3-(4-Chlorophenyl}-2-(2-cthyipheny}-5-[(trifluoromethyl)sulfonvi}-2,4,5,6-
tetrahydropyrrolo{3,4-cipyrazole;
3-(4-Chlorophenyl)-2-(2-cthyiphenyl}-5-(pyridin-3-yicarbony}-2.4,5.6-
tetrahydropyrrolo{3,4-cipyrazole;
3-(4-Chlorophenyl)-2-(2-cthyiphenyl}-5-(pyridin-4-yicarbony}-2.4,5.6-
tetrahydropyrrolo{3,4-cipyrazole;
3-(4-Chlorophenyl)-2-(2-cthylphenyl}-5-{trifluoroacetyi}-2.4,5,6-
tetrahydropyrrolo{3,4-cipyrazole;
3-(4-Chlorophenyl)-2-(2-cthyiphenyl}-5-(pyridin-2-yicarbony}-2.4,5.6-
tetrahydropyrrolo]3 4-clpyrazole;
3-(4-ChlorophenyD-2-(2-cthylphenyl}-3-(furan-2-vicarbonyi}-2 ,4,5,6-
tetrahydropyrrolo]3 4-clpyrazole;
3-(4-ChlorophenyD-2-(2-cthyiphenyh)-5-[(S-methylisoxazol-3-yhcarbonyli-2,4.5,6-
tetrahydropyrrolo]3 4-clpyrazole;
3-{4-ChlorophenyD-2-(2-cthylphenyl}-5-(methoxyacetyl}-2.4,5,6-
tetrahydropyrrolo]3 4-clpyrazole;
tert-Butyl {2-[3-{4-chlorophenyi}-2-( 2-cthylphenyi)-2,6-dihydropyrrolo{3,4-
¢lpyrazol-5(4H}-vi}-2-oxocthyl} carbamate;
N-{2-[3-(4-Chlorophenyl}-2-(2~cthylphenvli}-2, 6-dihvdropyrrolo{ 3 4-clpyrazol-
S{(4H}-vl}-2-oxocthyl i methanesulfonamide;
N-{2-[3-(4-Chlorophenyl}-2-(2~cthylphenvli}-2, 6-dihvdropyrrolo{ 3 4-clpyrazol-
5{(4H)-yl}-2-oxocthyi}-1,1, t-trifluoromethancsulfonamide;
tert-Butyl 3-{4-chlorophenyl)-2-{ 2-(trifluoromethylphenyti-2,6-
dihydropyrrolo]3,4-clpyrazole-5(4H})-carboxylate;
3-{4-Chlorophenyl)-5-(methylsulfonyl}-2-[ 2-(trifluoromethyljphenyii-2,4,5,6-
tetrahvdropyrrolo{3,4-cipyrazole;
3-{4-Chlorophenyl)-5-{(1-methylethyhisulfonyl}-2-{ 2-(trifluoromethyi}phenyl}-
2,45 6-tetrahydropyrrolof3,4-c]pyrazole;
3-{4-Chlorophenyl}-5-{{(4-methylphenyhsulfonyl]-2-[ 2 -{trifluoromethyhphenyl]-
2.4.,5 6-tetrahydropyrrolof3,4-clpyrazole;
tert-Butyl {2-[3-(4-chlorophenyl)-2-[2-(triffucromethyliphenyi}-2,6-

dihydropyrrolo]3,4-clpyrazol-5{(4H}-vi}-2-oxoethyl} carbamate;
106



WO 2014/028805 PCT/US2013/055275

tert-Butyl 3-(4-chlorophenyi}-2-2-(trifluoromcethoxyiphenyl]-2,6-
dihydropyrrolof 3,4-clpyrazole-5{4H}-carboxylate;

3-(4-Chlorophenyl)-5-{methylsulfonyl}-2-[2-{trifluoromethoxyphenyii-2,4.5,6-
tetrahydropyrrolo{3,4-cipyrazole;

3-(4-Chlorophenyl)-5-{trifluorcacety}-2-[ 2-(trifluoromethoxyphenyi}-2,4.5,6-
tetrahydropyrrolo{3,4-cipyrazole;

tert-Butyl {2-[3-(4-chlorophenyl}-2-2-(trifluoromethoxyjphenyl]-2,6-
dihydropyrrolof3.4-clpyrazol-5(4H}-yl}-2-oxocthyl} carbamatc;

3-[3-(4-Chlorophenyl)-2-[2-(triflucromethoxyiphenyi]-2,6-dihydropyrrolof 3 4-
clpyrazol-5(4H}-vi]benzoniirile;

Methy! 4-[3~(4~chloropheny])-2-[2-(triflucromethoxy jphenyl}-2,6-
dihydropyrrolo]3.4-clpyrazol-5{(4H)-vlibenzoate;

4-[3~(4-Chlorophenyl)-2-2-(influoromethoxy)phenyi}-2,6-dihydropyrrolof 3 4-
clpyrazol-5(4H}-vi]benzoniirile;

4-[3~(4-Chlorophenyl)-2-2-(influoromethoxy)phenyi}-2,6-dihydropyrrolof 3 4-
cipyrazol-5(4H}-v1}-N~(2-morpholin-4-ylethylbenzenesulfonamide;

2-Chioro-6-] 3-{4-chlorophenyl}-2-[2-(trifluoromethoxy yphenyl]-2,6-
dihydropyrrolo]3.4-clpyrazol-S{4H)-yliquinoline;

tert-Butyl 3-(4-chloropheny)-2-(Z-methoxyphenyi)-2,6-dihydropyrrolo]3,4-
¢lpyrazole-3{4H)-carboxylate;

tert-Butyl {2-[3-{4-chlorophenyi}-2-(2-methoxyphenyl)-2,6-dihydropyrrolo] 3,4~
¢pyrazol-5{(4H}-vl}-2-oxocthyl} carbamate;

3-{4-Chlorophenyl)-2-(2-methoxyphenyl)-S-(methylsulfonyi)-2,4,5,6-
tetrahvdropyrrolo{3,4-cipyrazole;

3-{4-Chlorophenyl}-2-(2-methoxyphenyl}-5-{{ I-methylethyljsuifonyl}-2.4,5,6-
tetrahvdropyrrolo{3,4-cipyrazole;

3-{4-Chlorophenyl)-5-(cyclopropylsulfonyl}-2-(2-methoxyphenyl)-2.4,5,6-
tetrahvdropyrrolo{3,4-cipyrazole;

3-{4-Chlorophenyl}-2-(2-methoxyphenyl}-N N-dimethyi-2,6-dihydropyrrolof 3 4-
¢ipyrazole-5(4H}-sulfonamide;

3-{4-Chlorophenyl}-2-(2-methoxyphenyl}-N N-dimethyi-2,6-dihydropyrrolof 3 4-

¢pyrazole-5(4H}-carboxamide;
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3-(4-Chlorophenyl)-5-{{1-methylethyhsulfonyi]-2-{2-(trifluoromethoxy phenyl]-
2,45, 6-tetrahydropyrrolof3 4-clpyrazole;

3-(4-Chlorophenyl)-2-(2-methoxyphenyl}-5-[(2,2, 2-trifluorccthylisuitonyl}-2.4,5,6-
tetrahydropyrrolo{3,4-cipyrazole;

3-(4-Chlorophenyl)-3-{cyclohexylsulfonyl-2-(2-methoxyphenyi)-2.4,5.6-
tetrahydropyrrolo{3,4-cipyrazole;

2-{2-{[3~(4-Chlorophenyl)-2-( 2-mcthoxyphenyl)-2,6-dihydropyrrole3.4-clpyrazol-
5{4H}-yijsulfonyl}cthyl)-1 H-isoindole- 1,3(2H)-dione;

5-(Benzyisulfonyl-3-(4-chlorophenyl}-2-(2-methoxyphenyi}-2,4,5,6-
tetrahydropyrrolo]3 4-clpyrazole;

3-{(4-Chlorophenyl)-3-(cyclopentylsulfonyi}-2-(2-methoxyphenyl}-2,4,5,6-
tetrahydropyrrolo]3 4-clpyrazole;

3-{4-Chlorophenyl)-2-(2-roethoxypheny)-3-[{ L-methylbutyDsulfonyl]-2,4,5,6-
tetrahydropyrrolo]3 4-clpyrazole;

E-(2-{[3-(4-Chlorophenyl)-2-(Z-maethoxyphenyl)-2,6-dihvdropyrrolo[3,4-clpyrazol-
S{4H}-vilsulfonvl}ethvlipyrrolidine-2,5-dione;

3-{4-Chlorophenyl}-2-(Z-methoxyphenyl)-5-{(2-phenoxyethyvlisulfonyi}-2,4,5,6-
tetrahydropyrroio]3,4-clpyrazole;

N~ 2~ {{3-{(4-Chlorophenyl}-2-{2~-methoxyphenyi}-2, 6-dihydropyrrolo{3,4-
¢pyrazol-5(4H}-vijsulfonyl} cthvlimethanesulfonamide;

N~ 2~ {{3-{(4-Chlorophenyl}-2-{2~-methoxyphenyi}-2, 6-dihydropyrrolo{3,4-
¢ipyrazol-53{(4H)-vijsulfonyl} cthylipropanc-2-sulfonamide;

N'-{2- {{3-(4-Chlorophenyl}-2-2-methoxyphenyi}-2 6-dihyvdropyrrolo{3.4-
¢ipyrazol-53{(4H)-vijsulfonyl} cthyl}-N N-dimethyisulfamide;

Methyl 3-{|3-(4-chlorophenyi)-2-{2-{triflucromethoxy)phenyl]-2,6-
dihydropyrrolo]3.4-clpyrazol-5{(4H}-viisuifonyvl}propanoate;

3-{4-Chlorophenyl}-5-[(1,1-dioxidotetrahydrothiophen-3-ylisulfonyil-2-[2-
(triflnoromethoxyiphenyl}-2.4,5, 6-tetrahydropyrrolof3,4-clpyrazole;

3-{4-Chlorophenyl}-2-(2-cthoxyphenyi}-5-(methylsuifonyl}-2.4,5.6-
tetrahvdropyrrolo[3.4-clpyrazole;

3-{4-Chlorophenyl}-2-(2-cthoxyphenyi}-5-{(1 -methylethylsulfony1}-2,4,5,6-

tetrahvdropyrrolo[3.4-clpyrazole;
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3-{(4-Chlorophenyi}-3-{cyclopentylsulfonyl}-2-(2-cthoxyphenyl)-2.4,5,6-
tetrahydropyrrolo{3,4-cipyrazole;
3-(4-Chlorophenyl)-5-(cyclohexylsulfonyl-2-(2-cthoxyphenyl}-2,4,5,6-
tetrahydropyrrolo{3,4-cipyrazole;
5-(Benzylsulfonyly-3-(4-chlorophenyl}-2-(2-cthoxyphenyi)-2,4.5,6-
tetrahydropyrrolo{3,4-cipyrazole;
3-(4-Chlorophenyl)-2-(2-cthoxyphenyi)-N N-dimethyi-2,6-dihydropyrrolof 3,4-
cipyrazole-5{(4H }-sulfonamide;
5-{ Azepan- L-yisulfonyi}-3-(4-chlorophenyh-2-(2-methoxyphenyl}-2,4,5,6-
tetrahydropyrrolo]3 4-clpyrazole;
3-{(4-Chlorophenyl}-N,N-diethvl-2-(2-methoxyphenyl)-2,6-dihydropyrrolef3,4-
clpyrazole-5(4H -sulfonamide;
3-{4-Chloropheny!)}-2-(2-methoxyphenyl}-5-[{(4-methylpiperidin- I -ylsulfonyl]-
2,45, 6~tetrahydropyrrolof 3.4-clpyrazole;
Methy! 1-{[3-(4-chlorophenyl)-2-(2-methoxyphenyl)-2,6-dihydropyrrolof 3,4~
cipyrazol-5(4H})-vijsulfonyl} piperidine-4-carboxylate;
3-{4-Chlorophenyl}-2-(Z-methoxyphenyl)-S-(morpholin-4-visulfonyl-2,4,5,6-
tetrahydropyrroio]3,4-clpyrazole;
3-{4-Chlorophenyl)-2-(Z-methoxyphenyl}-5-(pyrrolidin-t-yisulfonyl-2,4,5,6~
tetrahydropyrroio]3,4-clpyrazole;
3-{4-Chlorophenyl}-5-{{(25,68}-2,6-dimethyimorpholin-4-yijsulfonyl} -2~ 2~
methoxyphenyl}-2.4,5,6-tetrahydropyrrolof3,4-¢c]pyvrazole;
3-{4-Chlorophenyl)-2-(2-methoxyphenyl)-5-(piperidin-1 -yisulfonyi}-2,4,5,6-
tetrahvdropyrrolo{3.4-clpyrazole;
3-{4-Chlorophenyl)-N, N-dimethyl-2-[2-(1-methylcthoxy)phenyl}-2,6-
dihydropyrrolo]3,4-clpyrazole-S(4H)-sulfonamide;
2-{4-Chloro-2-methoxyphenyl}-3-{4-chlorophenyi}-5-[{ 1-methyvicthy Dsulfonyl]-
2,45 6-tetrahydropyrrolof3,4-c]pyrazole;
2-{4-Chloro-2-methoxyphenyy-3-(4-chlorophenyl)-N N-dimethyl-2,6-
dihydropyrrolo]3,4-clpyrazole-5{(4H)-sulfonamide;
3-{4-Chlorophenyl}-2-(4-methoxy-2-methylphenyl)-S-(methylsulfonyl)-2,4,5,6-

tetrahvdropyrrolo[3.4-clpyrazole;
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3-(4-Chlorophenyl}-2-{4-methoxy-2Z-methyiphenyl}-5-[{1 -methylethylsulfonyl]-
2,45, 6-tetrahydropyrrolof3 4-clpyrazole;
3-(4-Chlorophenyl)-5-{cyclohexyisulfonyh)-2-(4-methoxy-2-methylphenyly-2,4,5,6-
tetrahydropyrrolo{3,4-cipyrazole;
3-(4-Chlorophenyl)-2-{4-methoxy-2-methylphenyl}-N N-dimethyl-2,6-
dihydropyrrolof3.4-clpyrazole-5{4H}-sulfonamide;
3-(4-Chlorophenyl)-2-(4-fluoro-2-methoxyphenyi)-5-{methylsulfonyi}-2.4,5.6-
tetrahydropyrrolo{3,4-cipyrazole;
3-(4-Chlorophenyl)-2-{4-fluoro-2-methoxypheny -5-[( 1 -methylethyDsulfonyl]-
2,45, 6~tetrahydropyrrolof 3.4-clpyrazole;
3-{(4-Chlorophenyl)-3-(cyclohexyisulfonyi)-2-(4-fluoro-2-methoxyphenyl)-2,4,5,6-
tetrahydropyrrolo]3 4-clpyrazole;
3~{(4-Chlorophenyl)-2-(4-fluoro-2-methoxypheny D-5-[(4-methylipiperidin- i -
vhsultonyl}-2,4,5 6-tetrahydropyrrolo]3,4-clpyrazole;
3~{(4-Chlorophenyl)-2-(2-roethoxy-4-methyipheny - 5-(methylsulfonyi}-2 4,5,6-
tetrahydropyrrolo]3 4-clpyrazole;
3-{4-Chlorophenyl}-2-(2-methoxy-4-methyiphenyl}-5-[( L -methylethylselfonyl]-
2,4,5,6~-tetrahvdropyrrolof3,4-clpyrazole;
3-{4-Chlorophenyl}-2-(2-methoxy-4-methyiphenyD-5-[( L-methytbutylsutfonyi]-
2,4,5,6~-tetrahvdropyrrolof3,4-clpyrazole;
3-{4-Chlorophenyl}-2-(Z-methoxy-4-methyiphenyl}-5-[{4-methylpiperidin-1-
vhsulfonyi}-2,4,5 6-tctrahydropyrrolo] 3,4-clpyrazole;
3-{4-Chlorophenyl)-2-(2-fluoro-4-methoxyphenyi)-S-{methylsulfonyi}-2.4,5,6-
tetrahvdropyrrolo{3.4-clpyrazole;
3-{4-Chlorophenyl)-2-(2-tluoro-4-methoxypheny - 5-[ (1 -methylethylsulfonyl]-
2.,4.5 6-tetrahydropyrrolof3,4-clpyrazole;
3-{4-Chlorophenyl)-2-(2-fluoro-d-methoxypheny)-5-{ (4-methylpiperidin-1 -
vhsulfonyi}-2,4,5 6-tctrahydropyrrolo] 3,4-clpyrazole;
2-(1,3-Benzodioxol-d-yi}-3-(4-chlorophenyl}-5-{(1 -methylethyDsulfonyl]-2,4,5,6-
tetrahvdropyrrolo[3.4-clpyrazole;
2-(1,3-Benzodioxol-4-yl}-3-(4-chlorophenyl}-5-{{2-methyipropylisuitonyl}-2.4,5 .6~

tetrahvdropyrrolo[3.4-clpyrazole;
110
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2-{1,3-Benzodioxol-4-y1}-3-{4-chlorophenyl}-5-{{(4-methyipiperidin-1-vhsulfonyl]-
2,45, 6-tetrahydropyrrolof3 4-clpyrazole;
3-(4-Chlorophenyl)-2-(2,3-dihydro-1-benzofuran-7-y1-5-[{1-
methylethyhsulfonyl}-2. 4,5, 6-tetrahydropyrrolo[3,4-cpyrazole;
3-(4-Chlorophenyl)-2-(2,3-dihydro-1-benzofuran-7-y1)-5-[(2-
methylpropylisulfonyl}-2.4,5 6-tetrahydropyrrolof3,4-clpyrazole;
3-(4-Chlorophenyl)-2-(2,3-dithydro-1-benzofuran-7-y1)-5-[{4-methylpiperidin- 1 -
yvhsulfonyl}-2.4,5 6-tetrahydropyrrolof3,4-clpyrazole
3-{(4-Chloropheny!)-5-{(3,5-dimethylisoxazol-4-ylisulfonyi]-2-(2-methoxyphenyl}-
2,45, 6~tetrahydropyrrolof 3.4-clpyrazole;
2-[3-(4-Chlorophenyl)-S-[(1-methylethyisulfonyl]-5,6-dihydropyrrolo]3,4-
clpyrazol-2(4H})-v1}-N N-dimethylaniline;
2-[3-(4-Chlorophenyl)-S-{cthylsulfonyl}-5,6-dihydropyrrolof3.4-cipyrazol-2(4H)-
yvi]-N,N-dimethylaniline;
3-{(4-Chlorophenyl}-N, N-dimethyi-2-[2-(2,2, 2-trifluorocthoxyphenyl}-2,6-
dihydropyrrolo]3 4-clpyrazole-S{(4H)-sulfonamuide;
2-(2-tert-Butoxyphenyl)-3-(4-chlorophenyl}-N N-dimethyl-2, 6-dihydropyrrolo]3,4-
¢ipyrazole-3(4H p-sulfonamide;
3-{6-Chloropyridin-3-y1}-2-( 2-methoxypheny)-5-[{ L-methylethyhsulfonyl]-
2,4,5,6~-tetrahvdropyrrolof3,4-clpyrazole;
3-4{2-(2-MethoxyphenyD-S-[(1-methylethylsulfonyl}-2,4,5,6~
tetrahvdropyrrolo{3,4-clpyrazol-3-vi} quincling;
2-{2-Methoxyphenyly-S-f (T-methylethylisulfonyli-3-(6-methylpyridin-3-vi}-
2,45 6-tetrahydropyrrolof3,4-c]pyrazole;
3-{4-Chlorophenyl}-2-{2-(2,2-difluorocthoxyphenyt}-N N-dimethyl-2 6~
dihydropyrrolo]3,4-clpyrazole-S(4H)-sulfonamide;
2-{2-Methoxyphenyly-3-[6-(1-methylethoxy)pyridin-3-y1}-5-{(1-
methylethyhsulfonyl}-2 4,5 6-tetrahydropyrrolof 3,4-clpyrazole;
2-(2-Methoxyphenyli-3-(6-methoxypyridin-3-yv1}-5-[ (1 -methylethyljsulfonyl]-
2.4.,5 6-tetrahydropyrrolof3,4-clpyrazole;

and pharmaccutically acceptable salt forms thereof

il
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6.

[y
~3

A pharmaccutical composition comprising a compound of claim T or 14 and at [cast
onc of a pharmaccutically acceptable carrier, a pharmaceutically aceeptable

excipient, and a pharmaccutically acceptable diluent.

A pharmaccutical composition of claim 15, wherein the composition is a solid oral

dosage form.

A pharmaccutical composition of claim 15, wherein the composition is a syrup, an

clixir or a suspension.



