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CYCLOPENTYLPYRAZOLES AS N-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. 61/683.775, filed August 16, 2012, The complete disclosures of the
aforementioned related U.S. patent application is/are hereby incorporated herein 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

Calctum ions play a fundamental role in the physiology and biochemistry of
organisms and of cells. The eniry of calcium nto cells through ton channels mediates a
varicty of cellular and physiclogical responses, including gene expression, signal
transduction, neurotransmitter release, muscle contraction and hormone secrction.  on
channels are classified by gating, or what opens and closes the channel to the flux of ions.
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 (i1i) low

voltage-activated T-type channels.
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The N-type calcium channel is distributed mainly in central and peripheral neurons,
being localized primarily to presynaptic nerve terminals.  This channel regulates the
calcium flux required for depolarization-cvoked release 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 channcl in the superficial dorsal horn lcads to a decrease
in membrane cxeitability and neurotransmitter release, resulting in pain relicf. In addition,
knock-out mice lacking the N-type calcium channel exhibit reduced nociceptive behaviors

in animal models of pain.

N-type calcium channels have been shown to mediate the development and
maintenance of the neuronal sensitization processes associated with neuropathic pain and
therefore provide attractive targets for the development of analgesic drugs. Three Netype
calcium channel modulators are carrently approved for the treatment of pain: @-conotoxin
MVITA (ziconotide}, marketed as Priali®, potently and sclectively blocks the N-type
calcium channel and is indicated for the management of severe chronic pain; gabapentin,
marketed as Neurontin®, and pregabalin, marketed as Lyrica®, bind with high affinity to
the a2d subunit of the N-type calciom channel and are 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-Type calcium channel blockers.
it is also an object of the invention to provide a method of treating, amchiorating or
preventing pain by the administration of a compound of Formula (I). And, it is an object
of the invention to provide a pharmaccutical composition comprising a compound of

Formula (I}, uscful for treating, ameliorating or preventing pain.

SUMMARY OF THE INVENTION

The present invention is directed to a corapound of Formula (I}
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Formuila (1)
wherein
2 is selected from the group consisting of Cysalkyl, Cyalkoxy, triffucromethoxy,

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 form 2,3-dihydrobenzofuran-7-vi;
R is hydrogen, chloro, or flusro;

Q is sclected from the group consisting of Qf, Q2, and Q3;
! . I
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wherein
R* is sclected from the group consisting of hydrogen, Crsalkyl, Ciialkoxy, cyano,
uoro, chioro, hydroxy, di{CysalkvDamine, (O alkvhamino, amino, Ciualkvicarbonyl,
fl hloro, hydroxy, di{Cy salkyl , {Cyqalkyl , , Craalkylcarbonyl

and Cyqalkyisuifonyl;

&’ and R® are cach independently sefected from the group consisting of hydrogen,
Craalkyi, T galkoxy, cvano, chioro, and di{CsalkyDamino;

G 1s selected from the group consisting of Cyealkyl, hydroxy(Cgalkyl, Cy.
salkoxy, hvdroxy, allvl, Z-methyiprop-1-enyl, cyano, oxime, phenoxy, C; salkoxycarbonyl,

Ciscveloalkyl, 4 4-dimethyl-cyclohexyl, Cogoycloalkyl(Chajalkyl, Crscyeloalkvioxy, Ci
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salkylcarbonyloxy, di{Cialkyvhaminocarbonyloxy, di{Cisalkyhaminocarbonyloxy-Cy
salkyl, Craalkoxycarbonylamino- Cyaalkyl, Cigeycloalky{Cy aialkoxy, Ca
scycloalkylearbonyloxy, di{(Cysalkyhammosulfonyl-amino, dCyyatkyDaminosulfonyl-(N-
methylyamine, Cy salkylsulfonyl-(N-mcthyljaming, Cialkylsulfonylamino, Ci
salkyvisulfonyiaming-Cyalkyl, Cysalkylearbonylamino-C) salkyl, di{Cy.
salkyDaminocarbonylaming-Ci4alkyl, triffluoromethyicarbonylamino,
trifluoromethylecarbonylamine-C salkyl, 2,5-dioxo-pyrrolidin- 1-yl, 2-oxo-pyrrolidin-1-vi,
3.3-difluoro-pyrrolidin-1-yl, 3,3-dicthyl-pyrrolidin-i-yi, 3,3-dimcthyl-pyrrolidin-1-yl,
pyrrolidin-1-vi, pyridinyloxy, trimethylsilyloxy, oxo, (tetrahydro-2H-pyran-2-yljoxy,
morpholin-d-yl, 2,6-dirnethyl-morpholin-4-vl, morpholin-4-ylcarbonyloxy, morpholin-4-
yicarbonyloxy-Cisalkyl, 6-{morpholin-d-vl-pyrimidin-3-y1, 4-methyl-piperidin-1-yl,
(1,24 -bicyclof2.2. 1 theptan-2-yloxy, tetrabydro-2H-pyran-4-vlcarbonyloxry, tetrahydro-
2H-pyran-4-vli{C; g)alkoxy, 1,23 4-tetrabydroquinolin-3-vl, aminocarbonyl,

pyridin-3-v1 optionally substituted with one fo two substituents cach independently
selected from the group consisting of Cyalkyl, Craalkoxy, chloro, cyelopropyl,
morpholin-d-yl, and C;_salkoxycarbonyl;

FH-1.2 3-triazol-1-v1 optionaily substituted with one to two substituents cach
independently selected from the group consisting of Cyaalkyl, 2-hydroxypropan-2-yl,
methoxymethvl, Ciscveloalkyl, Ciaalkoxyearbonyl, Craalkylearbonyvioxy-Cysalkyl, and
trimethylsilyl;

tH-imidazol-1-y! optionally independently substitated with one to three Cysabovt
substituents;

and

a spirofused heterocyelyl independently selected from the group consisting of
4.4.5 S-tetramethyi-1,3-dioxolan-2-vl, 4, 5-dimethyl-1,3-dioxolan-2-y1, 1,3-dioxan-2-y1,
4,6-dimethyl-1,3-dioxan-2-y1, (3a,6a)-tctrahydro-3af-cyclopentafd}f 1,3 }dioxol-2-yl, 5,5~
dimethyi-1,3-dioxan-2-vl, and {3a,7a}-hexahydrobenzo{d}| 1, 3}dioxol-2-vi;

provided that a compound of Formula (I} is other than
N-[3-{4-chlorophenyl}-2-(2-mcthoxyphenyl)-2,4,5,6-tetrahydrocyclopentalcjpyrazol-5-yii-

NN N -trimethylsulfamide; or
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3-{4-chlorophenyl)-2-{2-methoxyphenyl})-4'.4. 5 5'-tetramethy|-2,6-dihydro-4 H-
spiro{cyclopentafcipyrazole-5,2'-[1,3]dioxolanc];

and cnantiomers, diastercomers, solvates and pharmaccutically acceptable salts thereof

The present invention also provides, inter alia, a pharmaccutical composition
comprising, consisting of and/or consisting cssentially of a pharmaccutically acceptable
carricr, a pharmaccutically acceptable excipient, and/or a pharmaccutically acceptable
diluent, and a compound of Formula (1), or a pharmaccutically acceptable salt form
thereof.

Also provided are processes for making a pharmaceutical compaosition corprising,
congisting of, and/or consisting essentially of admixing a compound of Formula (I} and a
pharmaceutically acceptable carrier, a pharmaccutically acceptable excipient, and/or a
pharmaccutically acceptable diluent.

The present invention further provides, inter 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
moditlation of the N-Type calcium channel, such as pain and the discases that lead to such
pain, using a compound of Formuda (1),

The present mvention also provides, infer alia, methods for producing the instant

compounds and pharmaceutical compositions and medicaments thereof,

BRIEF DESCRIPTION OF THE DRAWINGS
Figurc 1 shows the antihvperalgesic effect of Compound 71 in a rat CFA radiant heat

model of inflammatory pain.

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
differcnt from cach other.

The term “alky!” whether used alone or as part of a substituent group, refers to
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straight and branched carbon chains having 1 to & carbon atoms. Thercfore, designated
numbers of carbon atoms {e.g. C5) refer independently to the number of carbon atoms in
an alkyl motety or to the alkyl portion of a larger alkyl-containing substituent. In
substituent groups with multiple alkyl groups such as (Csalkyi)aming-, the Cygalkyl
groups of the dialkylamino may be the same or different.

The term “alkoxy™ refers to an ~O-alkyl group, whercin the term “alkyl” is as
defined above.

The terms “alkenyl” and “alkyny!” refer to straight and branched carbon chains
having 2 or morc carbon atoms, whercin an alkenyl chain contains at least one double bond
and an alkynyl chain contains at least one triple bond.

The term “cycloalkyl” refers to saturated or partially saturated, monocyclic or
polyeyclic hydrocarbon rings of 3 to 14 carbon atoms. Examples of such rings include
cvelopropyl, evelobutyl, cyelopentyl, eyelohexyl, cycloheptyl and adamantyl.

The term “benzo-~-fused cycloalkyl” refers to a 5- to &~ membered monocyclic
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 1 to 4
heteroatoms independently selected from the group consisting of N, O, and 8. Included
within the term heterocyelyl is a nonaromatic oyclic ring of 5 to 7 members in which 1 to 2
members are nifrogen, or a nonaromatic cvclic ring of 5 to 7 members in which 0, 1 or 2
members arg nitrogen and up to 2 meombers are oxygen or sulfur and at least one member
must be either nitrogen, oxygen or sulfur; wherein, optionally, the ring contains zero to one
unsaturated bonds, and, optionally, when the ring is of 6 or 7 members, it contains up to 2
unsaturated bonds. The carbon atom ring members that form a heterocycle ring may be
fully saturated or partially saturated. The term “heterocyclyl” also includes two S
membered monocyelic heterocycloalkyl groups bridged to form a bicyclic ring. Such
groups are not considercd to be fully aromatic and are not referred to as heteroaryl groups.
When a heterocycle s bicyclic, both rings of the heterocycle arc non-aromatic and at lcast

ong of the rings contains a hetcroatom ring member, Examples of heterocycle groups
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include, and arc not limited to, pyrrolinyl (including 2H-pyrrole, 2-pyrrolinyl or 3-
pyrrolinyl), pyrrolidinyl, imidazolinyl, imidazolidinyl, pyrazolinyl, pyrazolidinyl,
piperidiny], morpholinyl, thiomorpholinyl, and piperazinyl. Unless otherwise noted, the
heterocyele 18 attached to its 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 | to 4 heteroatoms independently selecied from the group consisting of N, O, and S,
The carbon atom ring members that form the heterocycle ring may be fully saturated or
partially saturated. Unless otherwise noted, benzo-fused heterocvele ring s attached to its
pendant group at a carbon atoro of the benzene ring.

The term “aryl” refers fo an unsatorated, aromatic monocyclic or bicyelic ring of 6
to 10 carbon members. Exaroples of aryl rings inclade phenyl and naphthaleoyl,

The term “heteroaryl” refers to an aromatic monocyclic or bicyelic aromatic ring
system having 5 to 10 ring members and which contains carbon atoms and from 1 to 4
heteroatorms independently selected 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. Suttable heteroatoms include
nitrogen, oxygen, and sulfur. 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 adjiacent. Examples of heteroaryl groups imclude
furyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl,
oxadiazolyl, triazolyl, thiadiazolyl, pyridinyi, pyridazinyl, pyrimidinyl, pyrazinyl, indolyl,
isoindolyl, benzofuryl, benzothienyl, indazolyl, benzimidazolyl, benzothiazolyl,
benzoxazolyl, benzisoxazolyl, benzothiadiazolyl, benzotriazolyl, quinolinyl, isoquinolinyl
and quinazolinyl. Unless otherwise noted, the heteroaryl is attached to its pondant group at
any heteroatom or carbon atom that results in a stable structure.

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

-3
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4

The term “formy!” refers to the group ~C(=0H.
The term “oxo” refers to the group (=0}

[t

Whenever the term “alkyl” or “aryl” or cither of their prefix roots appear in a name
of a substituent {e.g., arylalkyl, alkylamino) the name is to be interpreted as including
those limitations given above for “alkyl” and “arvl.” Designated numbers of carbon atoms
{c.g., C1~-Cs} refer independently to the mumber of carbon atoms in an alkyl moicty, an aryl
moiety, or in the alkyl portion of a larger substituent in which alkyl appears as its prefix
root. For alkyl and alkoxy substituents, the designated number of carbon atoms includes
all of the independent members included within a given range specified. For example Cy 4
alky! would include methyl, ethyl, propyl, butyl, pentyl and hexyl individually as well as
sab-combinations thereof (e.g., Ci, Cis, Cra, Cis. Cos, Cag, Cas, Css, Cos clc),

o general, under standard nomenclature roles used throughout this disclosure, the
terminal portion of the designated side chain ts deseribed first followed by the adjacent
functionality toward the point of attachment, Thus, for example, a “Cy~-Cp alkylcarbony!”
substituent refers to a group of the formula:

O
i
"%"C“‘“‘“’"Cr(jé &ﬂ(‘/}

The term “R” at a stercocenter designates that the stereocenter is purely of the R-
configuration as defined in the art; ikewise, the term “S” means that the stercocenter is
purchy of the S-configuration. As uscd herein, the terms “*R” or *“¥5” at g stercocenter are
used to designate that the stercocenter is of pure but unknown configuration.  As used
herein, the term “RS8” refers to a stereocenter that exists as a mixture of the 8- 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
stereocenter within the molecule.

Compounds containing one stereocenter drawn without a sterco bond designation
are a mixtore of 2 enantiomers. Compounds containing 2 stereocenters both drawn
without stereo bond designations are a mixture of 4 diastercomers. Compounds with 2

stereocenters both labeled “RS” and drawn with stereo bond designations are a 2-

8
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component mixture with relative stercochemistry as drawn., Compounds with 2
stercocenters both labeled “¥*RS” and drawn with stereo bond designations arc a 2-
component mixture with relative stercochemistry unknown. Unlabeled stercocenters
drawn without stereo bond designations are a mixture of the R- and S-configurations. For
unlabeled stercocenters drawn with stereo bond designations, the absolute stercochemistry
is as depicted.

Unless otherwise noted, it is intended that the definition of any substituent or
variable at a particular location in a molecule be independent of its definitions clsewhere in
that molecule. It 1s understood that substituents and substitution patterns on the
compounds of Formuda (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 techniques
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
elicits the biological or medicinal response in a tissue system, animal or human that is
being sought by a rescarcher, veterinarian, medical doctor or other chinician, which
includes alleviation or partial alleviation of the svmptoms 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 vesults, 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 channel to substantially reduce or climinate its
functional activity, thercby decreasing the flow of calcium ions through the channel and
the rise of intraceliular calcium concentrations.

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, inchuding the condition

of being affected by the inhibition of the N-Type calcium channcl, such as, for example,
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pain, the discases that fead to such pain and treatments that lead to the reduction of such
pati.

As used hercin, 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 disease, syndrome, condition or disorder or the development of the discase,
condition, syndrome or disorder.

The compounds of Fornmulda (1) are usetul in methods for treating, ameliorating and/
or preventing a disease, a syndrome, a condition or a disorder that is affected by the
inhibition of N-Type calcium channel. Such methods comprise, consist of and/or consist
essentially of administering to a subject, including an animal, a manuual, and a buman
need of such treatment, amelioration and / or prevention, a therapeutically effective amount
of a compound of Forrula (), or an enantiomer, diastereomer, solvate or pharmaceuntically
acceptable salt form thereof.  In particular, the compounds of Formula (1) are useful for
treating, ameliorating and / or preventing pain as well ag diseases, syndromes, conditions
or disorders causing such pain. More particularly, the compounds of Formula (1) are
useful for treating, ameliorating and / or preventing acute pain, inflammatory pain and / or
nieuropathic pain, comprising administering to a subject in need thereof a therapeutically
effective amount of a cormpound of Formula (I}, as herein defined.

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

Inflammatory pain refers to pain arising from an inflammatory discase, condition,
syndrome or disorder, including but not limited to inflammatory bowel disease, irritable
bowel sysdrome, visceral pain, migraine, post-operative pain, ostecarthritis, rheumatoid

arthritis, back pain, low back pain, joint pain, abdominal pain, chest pain, labor pain,

10
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musculoskeletal discases, skin diseases, toothache, pyresis, burn, sunburn, snake bite,
venomous snake bite, spider bite, insect sting, neurogenic or overactive bladder, interstitial
cystitis, urinary tract infection, rhinitis, contact dermatitis/hypersensitivity, itch, eczema,
pharyngitis, mucositis, enteritis, irritable bowel syndrome, cholecystitis, pancreatitis, post-
mastectomy pain syndrome, menstrual pain, cndometriosis, pain duc to physical trauma,
headache, sinus headache, tension headache or arachnoiditis,

A further embodiment of the present invention is directed to a method for treating,
amcliorating and / or preventing neuropathic pain. Neuropathic pain refers to a discase,
syndrome, condition and/or disorder involving damage to the peripheral or central nervous
system, including cancer pain, neurological disorders, spine and peripheral nerve surgery,
brain tumor, traumatic brain injury (TBI), chemotherapy-induced pain, pain chronification,
radicular pain, HIV pain, spinal cord trauma, chronic pain syndrome, fibromyalgia, chronic
fatigue syndrome, hupus, sarcoidosis, peripheral neuropathy, bilateral peripheral
neuropathy, diabetic neuropathy, central pain, neuropathies associated with spinal cord
injury, stroke, aroyotrophic lateral sclerosis {(ALS), Parkinson’s discase, multiple sclerosts,
sciatic neuritis, mandibular joint neuralgia, peripheral neuritis, polyneuritis, stump pain,
phantom limb pain, bony fractures, oral neuropathic pain, Charcot's pain, complex regional
pain syndrome [ and 1 {CRPS 111, radicudopathy, Guillain-Barre syndrome, meralgia
paresthetica, burning-mouth syndrome, optic neuritis, postfebrile neuritis, migrating
neuritis, segmental neuritis, Gombault's neuritis, neuronitis, cervicobrachial neuralgia,
cranial neuralgia, geniculate neuralgia, glossopharyngial neuralgia, migrainous neuralgia,
idiopathic neuralgia, intercostals neuralgia, mammary neuralgia, Morton's neuralgia,
nasociliary neuralgia, occipital nouralgia, post-herpetic neuralgia, causalgia, red neuralgia,
Studer's ncuralgia, splenopalatine neuralgia, supraorbital neuralgia, trigeminal neuralgia,

vulvodynia, or vidian neuralgia.

Embodiments of the present invention include a compound of Formula (I}

i
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Formula (1)

wherein

a) R'is selected from the group consisting of Cyalkyl, Ciaalkoxy, and
trifluoromethoxy;

b} R'is selected from the group consisting of Cyqalkoxy, and triflusromethoxy;

¢) R?is hydrogen;

d) R’ is hydrogen or chloro;

¢) R is hydrogen;

f) R'is selected from the group consisting of Cyalkyl, Cialkoxy, cyano, chloro,
and di{Cysalkyhaming;

g} R®is chloro;

h} G s selected from the group consisting of Cygalkyl, hvdroxy(Crsalkyl, Co
salkoxy, 2~-methviprop-1-enyl, cyano, phenoxy, Crsalkoxyearbonyl, Cs.
seycloalkyl, 4 4-dimethyl-cyelohexyl, CigseveloalkyiCy sjalkyi, Cs
seycloalkvloxy, Cisalkylcarbonyloxy, di{CialkyDaminocarbonyloxy, diCy.
qalkyDaminocarbonyloxy-Caalkyl, Cysalkoxycarbonylamino- Cyyallovl, Ca
seycloalkvl{C; qdalkoxy, Cascyeloalkylcarbonyloxy, di(Cy.
salkyhaminosulfonyl-amine, diCy jalkyDaminosulfonyl-{N-methyl}amino, Cy.
salkvisulfonyl-(N-methylamino, Cisalkylsalfonylamine, Ci.
salkvisulfonylamino-C; salkyl, Cyyalkylcarbonviamine-Cy yalkyl, di{Cy.
salkviiaminocarbonyviamino-Cygalkyl, triftuoromethylcarbonylaming,
trifluoromethylcarbonylamine-Cy salkyl, 2,5-dioxo-pyrrohidin-1-vi, 2-0xo-
pyrrolidin-1-vl, 3,3~-difluoro-pyrrolidin-1-vi, 3,3-dicthyl-pyrrolidin-1-v1, 3,3~
dimethyl-pyrrolidin-1-vl, pyridinyloxy, trimethylsilyloxy, oxo, (tetrahydro-2H-

pyran-2-yHoxy, morpholin-4-yl, 2,6-dimethyl-morpholin-4-yl, morpholin-4-

2
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1}

vicarbonyloxy, morpholin-4-yvicarbonyvloxy-Cisalkyl, 4-methyl-piperidin-1-vyl,
{1,2,4)-bicyclof2.2.1 Theptan-2-yloxy, tetrahvdro-2H-pyran-4-yi{Cy 4}alkoxy,
1.2,3,4-teirahvdroquinolin-3-vi, aminocarbonyi,

pyridin-3-yl optionally substituted with one to two substituents cach
independently selected from the group consisting of Cjaalkyl, € salkoxy,
chlora, cyclopropyl, and C, 4alkoxycarbonyl;

1H-1,2,3-triazol- -yl optionally substituted with one to two substituents
cach independently sclected from the group consisting of Cyiaalkyl, Cis
cycloalkyl, Cysalkoxycarbonyl, Csalkylcarbonyloxy-Caalkyl, and
trimethylsilyl;

{ H-imidazol-1-y1 optionally independently substituted with one to three
Cysalkyl substituents;

and

a spirofused heterocyelyl independently selected from the group
consisting of 4,4.5,5-tetramethyl-1,3-dioxolan-2-yl, 4,5-dimethyl-1,3-dioxolan-
2-yl, 1,.3~dioxan-2-y1, 4,6-dimethyl-1,3-dioxan-2-vl, (3a.6aj)-tetrabydro-3af-
cyclopenta{d]{ 1, 3}dioxol-2-yi, §,5-dimethyi-1,3-dioxan-2-v}, and (3a,72}-
hexahydrobenzofd}i 1,3 ]dioxol-2-v;
G is selected from the group consisting of Chgalkyl, Cisalkoxy, Cy
salkoxvearbonyl, Cascycloatkylony, Cisalkvicarbonyloxy, di{Cy.
salkyhaminocarbonvioxy, di{Cyalkyhaminocarbonvioxy-Ciyaltkyl, Cy
salkoxyearbonylaming- Cpgalkyl, Csgeycloalkyl{Cy 4)atkoxy, Cs.
«cycloalkylearbonyloxy, di{Cialkyhaminosulfonyi-amine, di{Cy.
salkyhaminosulfonyi-(N-methyhamino, Oy salkylisulfonyl-(N-methyliamine, €.
salkyisulfonylamino, Cisalkylsulfonylamine-Cyalkyl, Cy.
salkyicarbonylamine-Cy_salkyl, trifluoromethylcarbonylaming, 2,5-dioxo-
pyrrofidin-1-vi, 2-oxo-pyrrolidin-1-yl, 3,3-difluoro-pyrrolidin-1-vl, 3,3-dicthyl-
pyvreolidin-1-yl, 3,3-dimethyl-pyrrolidin-1-vi, pyridinyloxy, trimethylsilyloxy,
oxo, {teirahydro-2H-pyran-2-vljoxy, morpholin-4-yl, 2.6-dimethyl-morpholin-

4-vi, morpholin-4-ylcarbonyloxy, morpholin-4-ylcarbonyloxy-Caalkyl, 4-

-~
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methyl-piperidin-i-vi, {1,2. 4 }-bicyclof{2.2.1 theptan-2-yloxy, tetrahydro-2H-
pyran-4-vi{Cy4)alkoxy,

pyridin-3-yl optionally substituted with a substituent independently
sclected from the group consisting of Cyaalkyl, cyclopropyl, and Cy.
salkoxycarbonyl;

1H-1,2,3-triazol-1-vl optionally substituted with onc to two substitucuts
cach independently selected from the group consisting of Cyalkyl, Cag
cycloalkyl, C;salkoxyearbonyl, and trimethyvisilyl;

1 H-imidazol-1-yl optionally independently substituted with once to three
Cysalkyt substituents;

and

a spirofused heterocyelyl independently selected from the group
consisting of 4,4,5,5-tetramethyl-1,3-dioxolan-2-y1, 4,5-dimnethyl-1,3-dioxolan-
2-yl, 1,.3~dioxan-2-y1, 4,6-dimethyl-1,3-dioxan-2-vl, (3a.6aj)-tetrabydro-3af-
cyclopentald}] 1, 3]dioxol-2-y1, 5,5-dimethyl-1,3-dioxan-2-vl, and (3a,7a}-

hexahydrobenzofd}i1,3]dioxol-2-vl;

and any combination of embodiments a) through 1) above, provided that it is
understood that combinations in which different embodiments of the same substituent
would be combined are excluded:

and cnantiomers, diastercomers, solvates and pharmaceutically acceptable salts

thereof.

An embodiment of the present mvention 18 directed to a compound of Formula (F)
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Formula (1)

wherein

R is selected from the group consisting of C.qalkyl, Ciuaikoxy, 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;

3.
R is hydrogen or chloro;

Qis scif:mc.d irom the gr Oup consisting of Q1, Q2, and 33;

Q1 Q2 Q3

R* is selected from the group consisting of Craalkyl, Cialkoxy, cyano, chloro, and

di{Cy satkylamino;

& and R® are cach independently selected from the group consisting of Cjsatkyl,

Crsalkoxy, cyano, chloro, and di{C, salkyljamino;

G 1s sclected from the group consisting of Cy galkyl, hydroxy{Cy 4alkyl, C,.
salkoxy, 2-methylprop-i-cnyl, cyano, phenoxy, Cyaatkoxycarbonyl, Csgoveloalkyl, 4.4-
dimethyi-cyclohexyl, Cygeycloalkyi(Cy q)alkyl, Ciscyeloalkyioxy, Cisalkylcarbonyioxy,
di{ Cy gallyDaminocarbonyloxy, di{Cy salkyDaminocarbonyloxy-Cyaalkyl, i
salkoxycarbonylamino~ Cyaalkyl, Coseyeloalkvl{Cy s)alkory, Caiscycloalkylearbonyioxy,
di{ Cy gallyDaminosulfonyl-amino, di{Cysalkyhaminosulfonyl-(N-methylamino, Cp.

salkylsulfonyl-(N-methyhamino, C) salkylsulfonviamino, Cysalkylsulfonyiamine-Cy.

| ]
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salkyl, Ciaalkylcarbonylamino-Ciaalkyl, di{Csalkyliaminocarbonyiamino-Cy yalkyl,
triffluoromgethylcarbonyiamino, triflusromethylecarbonylamino-C, salkyl, 2,5-dioxo-
pyrrolidin-1-vi, 2-oxo-pyrrolidin-i-yl, 3,3-difluoro-pyrrolidin-1-yl, 3,3-dicthyl-pyrrolidin-
1-vl, 3,3-dimethyl-pyrrolidin-1-yi, pyridinyloxy, trimethylsilvloxy, oxo, (tetrahydro-2H-
pyran-2-yiloxy, morpholin-4-yi, 2,6-dimcthyl-morpholin-4-yl, morpholin-4-
vicarbonyloxy, morpholin-4-yicarbonvioxy-Cjsalkyl, 4-methyl-piperidin-i-yi, (1,2,4})-
bicyclo[2.2. Lheptan-2-vioxy, tetrahydro-2H-pyran-4-yi{ Ci4)alkoxy, 1,2,3.4-
tetrahydrogquinolin-3-yl, aminocarbonyl,

pyridin-3-yl optionally substituted with morpholin-4-yl or one to two substituents
cach independently selected from the group consisting of Cyalkyl, Cysalkoxry, chloro,
cvelopropyl, and Ciagalkoxyearbonyl;

FH-1,2,3-triazol-1-y] optionally substituted with one to two substituents cach
independently selected frorm the group counsisting of C, 4alkyl, Ciscycloalkyi, Cp
salkoxycarbonyl, Ciaalkylcarbonyloxy-Craalkyl, and trimethylsilyl;

tH-imidazol-1-yl optionally independently substituted with one to three Cyaalkyl
substitoents;

and

a spirofused heterocyelyl independently selected from the group consisting of
4,45 5-tetramethyi-1,3-dioxolan-2-vl, 4,5-dimethyl-1,3-dioxolan-2-vi, 1,3-dioxan-2-v1,
4,6-dimethyl-1,3-dioxan-2-yl, (3a,6a)-tetrahydro-3af-cyclopentafd}] 1,3}dioxol-2-vl, 5,5-
dimethyi-1,3-dioxan-2-yl, and (3a,7a)-hexahydrobenzo{d]|1,3]dioxol-2-v];

provided that a compound of Formula (1) is other than
N-[3-{4-chlorophenyl}-2-(Z-methoxyphenyl)-2.4,5,6-tetrahydrocyclopentalcipyrazol-5-yi}-

NN N-trimethyisulfamide; or
3-(4-chlorophenyl}-2-(2-methoxyphenyl}-4',4'. 5", 5" -tetramethyl-2,6-dihydro-4 H-
spirofcyclopentajc]pyrazole-5,2-[1,31dioxolanc];

and cnantiomers, diastercomers, solvates and pharmaceutically acceptable salts thercof,

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

16
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Formula (1)

wherein

i: L e ~
R’ is selected from the group consisting of Cysalkyl, Ciualkoxy, and

triflyoromethoxy;

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-vi;

3 .
R’ is hydrogen;

Q is selected from the group consisting of Q1, Q2, and Q3;
¢ 9

b ey

‘ = | (x//i\g
h A N Ve
R4 RE RG
Q1 Q2 Q3

4 . .. o
R is sclected from the group consisting of Cysalkyl, Ciyalkoxy, cyano, chloro, and

di{Cy_aalkyljamine;

R’ is sclected from the group consisting of Cgalkyl, Cy4alkoxy, cyano, chloro, and

di{ Cyeabicvlamino;

R" is chloro;
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G is selected from the group consisting of Cygalkyl, hydroxy{Ci4)alkyl, Oy
salkoxy, Z-methyiprop-t-enyl, cyano, phenoxy, Crsalkoxyearbonyl, Cyeoycloalkyl, 4.4-
dimethyi-cyclohexyl, Caseyveloalkvi{Cy galkyl, Cogeyeloalkyloxy, Cygalkylcarbonyloxy,
di{Caalkylaminocarbonyloxy, di{Cysalkylaminocarbonyloxy-Ci4alkvi, C;.
salkoxycarbonylamino- Cyaalkyl, Ciscveloalkyl{C) sialkoxy, Ciscyeloalkylcarbonyioxy,
di{Ciaalkyhaminosulfonyl-amino, di{C) salkyDaminosulfonyl-(N-methylamino, Cy.
salkylsulfonyl-(N-methyhaminoe, Csalkylsulfonylamino, C salkylsulfonyiamine-Cy.
salkyl, Cyaalkylearbonylamine-Cyaalkyl, di{Cy salkyDaminocarbonylamine-Cysalkyl,
trifluoromethylearbonylaminoe, trifluoromethylcarbonylaming-Cysalkyl, 2,5-dioxo-
pyrrolidin-i-yi, 2-oxo-pyrrolidin-1-vl, 3,3-difluoro-pyrrolidin-1-vl, 3,3-diethyl-pyrrohidin-
1-y1, 3, 3~dimethyl-pyrrolidin-1-vL, pyridinyloxy, triracthylsilvlioxy, oxo, (tetrahydro-2H-
pyran-2-vljoxy, morpholin-4-vi, 2 6-dimethyl-morpholin-4-y1, morpholin-4-
yilcarbonyloxy, morpholin-4-ylcarbonyloxy-C, salkyl, 4-methyl-pipenidin-1-vl, (1,24}~
bicyclo[2.2. 1 heptan-2-yioxy, tetrahydro-2H-pyran-4-yiCy 4yalkoxy, 1,2,3,4-
tetrabydroquinolin-3-vl, aminocarbonyl,

pyridin-3-v1 optionally substituted with one fo two substituents each independently
selected from the group consisting of Cyyalkyl, Cygalkoxy, chloro, cvelopropyl, and Cy.
satkoxycarbonyl;

FH-1.2,3-triazol-1-v1 optionally substituted with one to two substitueunts cach
independently selected from the group consisting of Ciaalkyl, Cigeycloatkyl, Ch
satkoxyearbonyl, Cryalkylcarbonyloxy-Ciaalkyl, and trimethyisilyl;

1 H-imidazol-1-yl optionally independently substituted with one to three Cy salkyl
substituenis:

and

a spirofused heterocycelyl independently sclected from the group consisting of
4,45 S-tetramethyl-1,3-dioxolan-2-yl, 4,5-dimethyl-1,3-dioxolan-2-yi, 1,3-dioxan-2-yi,
4.6-dimethyi-1,3-dioxan-2-yl, (3a,6a)-tetrahydro-3afH-cyclopentafd}{ 1,3 ldioxol-2-y1, §,5-
dimethyl-1,3-dioxan-2-v1, and {3a,7a)-hexahydrobenzo{d}{1,3]dioxol-2-yl;

provided that a compound of Formula (1) is other than

I8
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N-f3-(4-chlorophenyl}-2-(2-methoxyphenyl}-2,4,5 6-tetrahvdrocyelopentaclpyrazol-5-vi}-
NN N -trimethylsulfamide; or

3-{4-chlorophenyl}-2-(2-methoxyphenyl}-4',4", 5" Stctramethyl-2,6-dihydro-4H-
spirofcyclopentafclpyrazole-5,2'-[1,3]dioxolanc];

and enantiomers, diastercomers, solvates and pharmaccutically acceptable salis thereof.

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

G
N
N
g
Q « !
R’ R
RZ

Formula (I}

wherein
1. . . - . o
R’ 1s selected froro the group cousisting of €y salkoxy and trifluoromethoxy;
R7is hydrogen;

3.
R is hydrogen;

Q is selected from the group consisting of Q1, Q2, and Q3;
! t s

i AR ey

R* is selected from the group consisting of C.qalkyl, Ciaaikoxy, cyano, chloro, and

di{Cy_salkylamino;

t9
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R’ is sclected from the group consisting of Cygalkyl, Cyaalkoxy, cyano, chloro, and

di{ Cialkyl}amino;

R" is chloro;

G is selected from the group consisting of O galkyl, C, galkoxy, C.
salkoxycarbonyl, Ciscyeloalkyloxy, Cyealkylearbonyloxy, di{Cisalkyhaminocarbonyloxy,
di{CygalkyDaminocarbonyloxy-Cy salkyl, € salkoxyearbonylamino-~ Cjaalkyl, Cs
scycloalkyl{Cia)alkoxry, Ciscycloalkylcarbonyloxy, di{Cisalkyhaminosulfonyl-amino,
d{Cgalkyhaminosulfonyi-(N-methyhamino, Cyalkylsulfonyl-(N-methylamino, C;.
satkyvisulfonviamine, Cgalkylsalfonyiamino-Cy salkyl, Cyalkylearbonylamine-Cy alkyl,
irifluoromethylcarbonylamine, 2,5-dioxo-pyrrolidin-1-yi, 2-oxo-pyrrohidin-1-vi, 3,3-
diflaoro~-pyrrolidin-1-yl, 3 3-dicthyl-pyrrolidin~-1~-vl, 3,3-dimethyl-pyrrolidin-1-yl,
pyridinyloxy, trimethylsilyloxy, oxo, (tetrahydro-2H-pyran-2-vljoxy, morpholin~-4-yi, 2,6~
dimethyl-morpholin-4-yl, morpholin-4-ylcarbonyloxy, morpholin-4-yvicarbonyloxy-C,.
salkyl, 4-methylpiperidin-1-vl, {(1,2,4)-bicyclo]2.2.1 Theptan-2-yloxy, tetrahydro-2H-
pyran-d-yi{Cy galkoxy,

pyridin-3-vl optionally substituted with a substituent independently selected from
the group consisting of ) 4alkvl, cyelopropyl, and Crialkoxyearbonyl;

FH-1,2,3-triazol-1-y] optionally substituted with one to two substituents each
independently selected from the group consisting of Cy4alkyl, Coscycloalkyl, C;.
salkoxycarbonyl, and trimethylsilyl;

I H-imidazol-1-yl optionally independently substituted with one to three Csaliovl
substituents;

and

a spirofused heterocyelyl independently selected from the group consisting of
4.4.5 5-tetramethyi-1,3-dioxolan-2-vl, 4,5-dimethyl-1,3-dioxolan-2-vi, 1,3-dioxan-2-y1,
4,6-dimethyl-1,3-dioxan-2-yl, (3a,6a)-tetrahydro-3af-cyclopentafd}f 1,3 }dioxol-2-vl, 5,5~
dimethyl-1,3-dioxan-2-vl, and (3a,7a}-hexshydrobenzo{d}{1,3]dioxol-2-v];

provided that a compound of Fornmula (1) is other than

20
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N-f3-(4-chlorophenyl}-2-(2-methoxyphenyl}-2,4,5 6-tetrahvdrocyelopentaclpyrazol-5-vi}-
NN N -trimethylsulfamide; or

3-{4-chlorophenyl}-2-(2-methoxyphenyl}-4',4", 5" Stctramethyl-2,6-dihydro-4H-
spirofcyclopentafclpyrazole-5,2'-[1,3]dioxolanc];

and enantiomers, diastercomers, solvates and pharmaccutically acceptable salis thereof.

Further embodiments of the present invention arc directed to a compound of

Formula (1)

G
N
N
g
Q N !
R’ R
RZ

Formula (I}
sclected from the group consisting of
2-13-{4-chlorophenyl}-2-(2-methoxyphenyl}-2,4,5,6-tetrahydrocyclopentafclpyrazol-5-
yljethanol;
2-[3-(4-chlorophenyl}-2-(2-methoxyphenyl}-2,4,5 6-tetrabydrocyclopentaf clpyrazol-5-
ylethyl morpholine-4-carboxylate;
2-[3-(4-chlorophenyl}-2-(2-methoxyphenyl}-2,4,5 6-tetrabydrocyclopentaf clpyrazol-5-
yviethyl dimethylcarbamate;
3-{(4-chlorophenyl}-2-(2-methoxyphenyi}-5-prop-2-en-1-vi-2,4,5,6-

tetrahvdrocvelopentafcipyrazole;

carboxylate;

3-(4-chlorophenyl}-2-{2-methoxyphenyi}-2,4,5, 6-tetrabydrocyclopental cIpyrazole-S-
carboxamide;

N-{[2-{2-methoxyphenyl}-3-phenyl-2,4,5,6-tetrahydrocvclopentalclpyrazol-S-
ylmethylmethanesulfonamide;

N-{[3-{4-chloropheny)-2-(2-methoxyphenyi)-2 4,5 6-tetrahydrocyclopental e fpyrazol-5-

ylmethylmethanesulfonamide;

21
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2-{2-methoxyphenyl)-3-phenyl-2, 4,5 6-tetrahydrocyelopentaclpyrazole-5S-carbonitrile;

3-(4-chlorophenyl}-2-(2-methoxyphenyl}-2,4,5 6-tetrahydrocyclopentafclpyrazole-5-
carbonitrile;

N-12-[3-{4-chlorophenyl}-2-(2-methoxyphenyl}-2,4,5,6-tetrahydrocyclopentalcfpyrazol-5-
ylethyl}methancsulfonamide;

N-12-[3-{4-chlorophenyl}-2-(2-methoxyphenyl}-2,4,5,6-tetrahydrocyclopentalcfpyrazol-5-
ylethyl}acetamide;

tert-butyl {2-13-(4-chlorophenyl}-2-(2-methoxyphenyl}-2,4,5,6-
tetrahydrocyclopentafcipyrazol-5-yljethyl} carbamate;

ethyl 3-(4-chlorophenyl}-2-(2-cthylphenyl}-2,4,5,6-tetrabydrocyclopentafclpyrazole-5-
carboxylate;

teri-butyl {[3-(4-chlorophenyl)-2-(2-cthylphenyi)-2,4,5,6-tetrahydrocyclopentajcjpyrazol-
S-ylimethylidene} carbarmate;

teri-butyl {[3-(4-chlorophenyl)-2-(2-cthylphenyi)-2,4,5,6-tetrahydrocyclopentajcjpyrazol-
S-ylmethyl}carbamate;

[3-(4-chlorophenyl}-2-(2-cthyipheny)-2.4,5 6-tetrahydrocyclopentalcfpyrazol-53-yijmethyl

digthylcarbamate;

ylmethyl} methanesulfonamide;

N-{{3-(4d-chlorophenyli-2-(2-cthylphenyl -2, 4,5 6-tetrahydrocvclopentalclpyrazol-5-
ylmethyl}-2,2,2-trifluoroacetamide;

teri-butyl (2-{3-(4-chlorophenyl}-2-[2-{triftuoromethytphenyi}-2,4,5 6~
tetrahydrocyclopentafcipyrazol-5-yit ethyljcarbamate;

N-(2-{3-(4-chlorophenyl}-2-[ 2-{trifluoromethyiphenyl}-2.4,5,6-
tetrahydrocyclopentafcipyrazol-3-yit ethylymethancsulfonamide;

3-{2- {3-{4-chlorophenyl}-2-[ 2-(trifluoromethyiiphenyl]-2,4,5,6-
tetrahydrocyclopentafcipyrazol-3-yitethyl)-1, 1 -dimethylurea;

3-{4-chlorophenyl}-2-[ 2-(trifluoromethoxy)phenyl}-2.4,5,6-

tetrahydrocyclopentafcipyrazol-3-yl dimethylcarbamate;

M
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3-{4-chlorophenyl)-2-[ 2-{trifluoromethoxy)phenyl}-2.4,5,6-
tetrahydrocyclopentafclpyrazol-5-yi morpholing-4-carboxylate;

3~{4-chlorophenyl}-2-[2-(irifluoromethoxy)phenyi}-2.4,5.6-
tetrahydrocyclopentafclpyrazol-5-ol;

3-{4-chlorophenyl}-2-(2-methoxyphenyl}-2,4,5,6-tetrahydrocyclopentafcipyrazol-5-0i;

3-{4-chloropheny}-2-[2-(trifluoromethoxyiphenyli-2,6-dihydrocyelopentafcjpyrazol-
5{4H}-one;

3-{4-chlorophenyl}-2-(2-methoxyphenyl}-2.4,5, 6-tetrahydrocyclopentafc jpyrazol-5-yi
dimethylcarbamate;

3-{4~-chloropheny}-2-(2-methoxypheny!)-2,4,5 6-tetrahyvdrocyclopentalc lpyrazol-5-yi
morpholine-4-carboxylate;

3-{4~-chloropheny}-2-(2-cthoxyphenyl)-2,4,5,6-tetrahydrocyelopental cJpyrazol-5-yi
dimethylcarbamate;

3-{4~-chloropheny}-2-(2-cthoxyphenyl)-2,4,5,6-tetrahydrocyelopental cJpyrazol-5-yi
morpholine-4-carboxylate;

N-[3-(4-chlorophenyl}-2-(2~-methoxyphenyi}-2,4,5,6-tetrahydrocyclopentafclpyrazol-5-
yHmethanesulfonamide;

N-[3-{4-chlorophenyl}-2-{2~-methoxyphenyi}-2,4,5, 6-tetrahydrocyclopentafclpyrazol-5-
ylpropane-2-sulfonamide;

N'-{3-(4-chiorophenyl}-2-(2-methoxyphenyvi}-2,4,5 6-tetrahydrocyelopentafcipyrazol-5-
y1-N,N-dimethylsalfamide;

3-{4~chloropheny}-2-(2-methoxypheny -2, 6-dihydrocyclopentalefpyrazol-5(4H-one;

3-(4-chlorophenyl}-2-(2-cthoxyphenvi)-2,6-dihydrocyclopentafcipyrazol-5{(4H)-one;

N-[3-(4-chlorophenyl}-2-{2-methoxyphenyl}-2,4,5 6-tetrahvdrocyelopental cjpyrazol-5-vii-
N-methyimethancsulfonamide;

1-{3-{4-chiorophenyl}-2-(2-cthoxyphenyi}-2.4,5 6-tetrahvdrocyclopentaclpyrazol-5-
yvipyrrolidine-2,5-diong;

3-{4-chlorophenyl)}-2-{2-cthoxyphenyl)-S-(1 H-imidazol-1-y1}-2,4,5,6-

tetrahydrocyclopentafcipyrazole;

3
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1-{3-{4-chiorophenyl}-2-(2-cthoxyphenyi)-2.4,5 6-tetrahvdrocyclopentaclpyrazol-5-
yvijpyrrolidin-2-on¢;

3-{4-chlorophenyl}-2-(2-cthoxyphenyly-5-[4-(trimmethylsilyl}-1H- 1,2 3-triazol-1-v1}-2.4,5 6-
tetrahydrocyclopentajcipyrazole;

3-{4-chlorophenyl}-2-(2-cthoxyphenyl}-5-(1 H-1,2 3-triazol-1-y1}-2.4,5 6~
tetrahydrocyclopentajcipyrazole;

{5R}-3-(4-chlorophenyl-2-(2-cthoxyphenyl}-5-(1H-imidazol-1-y1}-2,4,5,6-
tetrahydrocyclopentajcipyrazole;

WN-[(5R}-3-(4-chioropheny!}-2-(2-cthoxyphenyl)-2,4,5,6-tetrahydrocyclopentalcjpyrazol-5-
ylipropane-2-sulfonamide;

W-[(5R)-3~(4-chloropheny}-2-(2-cthoxyphenyl}-2,4,5,6-tetrahydrocyclopentalclpyrazol-5-
yl}-2,2,2~trifluorcacetamide;

W-[(5R)-3~(4-chloropheny}-2-(2-cthoxyphenyl}-2,4,5,6-tetrahydrocyclopentalclpyrazol-5-
y-NN N-trimethylsulfamide;

W 3-(4~chlorophenyD-2-(2-cthoxyphenyl)-2,4,5,6-tetrahydrocyclopental cjpyrazol-5-vi}-
N, N-dimethylsultamide;

N-[3-{4-chlorophenyi}-2-{ Z-¢thoxyphenyl)-2.4,5,6-tetrahydrocyclopental cjpyrazol-S-yi}-
NN N-trimethyisulfamide;

{SR}-3-(4-chlorophenyt)-5-methoxy-2-(2-methoxyphenyi)}-2.4,5,6-
tetrahydrocvclopentafcipyrazole;

N-[{(5S)-3-(4-chlorophenvl}-2-(2,3-dihvdro-1-benzofuran-7-v13-2,4,5,6~
tetrahydrocvclopentalcipyrazol-S-yi]-N N, N'-trimethyisulfamide;

N-[{55}-3-(4-chlorophenyl}-2-(2 3-dihvdro-1-benzofuran-7-v1}-2,4,5,6-
tetrahydrocyclopentafcipyrazol-S-yil-N-methylpropane-2-sulfonamide;

2-{(4-Chloro-2-methoxyphenyly-3-{4-chlorophenyl}-2 6-dihydro-4 H-
spirofcyclopentajc]pyrazole-5,2-[1,31dioxane}];

(52)-3-(4-chlorophenyl}-2-(2-methoxyphenyly-2,6-dihydrocyclopentafcipyrazol-5(4H)-one
oxime:;

3-(4-chlorophenyl}-2-(2-methoxyphenyl}-2 6-dihvdro-4H-spiro{cyclopentafclpyrazole-

5,2'-[1 3]dioxanc];



WO 2014/028801 PCT/US2013/055267

SR)-3-(4-chlorophenyl-2-(2-methoxyphenyly-2.4,5 6-tetrahydroeyclopentafc jpyrazol-5-yl
2-cthylbutanocate;

N-[(5R}-2-(2-Methoxyphenyl}-3-(6-methoxypyridin-3-vi)-2,4.5,6-
tetrahydrocyclopentafclpyrazol-5-y1-N,N' N'-trimethylsulfamide;

N-{{5R}-2-(2-Methoxyphenyl)-3-[6-(1-methylethoxy)pyridin-3-v1]-2,4,5,6-
tetrahydrocyclopentafcpyrazol-5-y1} -NN' N'-trimethylsulfamide;

{5583-3-(4-chlorophenyl}-2-(2-methoxyphenyl}-5-phenoxy-2.4,5,6-
tetrahydrocyclopentajcipyrazole;

{58)-3~(4-chlorophenyl}-2-(2-methoxyphenyl}-5-(pyridin-3-vioxy}-2,4,5,6-
tetrahydrocyclopentafcipyrazole;

3-{4-chlorophenyl}-2-(2-methoxyphenyl}-5-[6-( 1 -methylethoxy pyridin-3-y1}-2,4,5,6-
tetrahydrocyclopentafcipyrazole;

{SR}-3-(4-chlorophenyl)-2-(2-methoxyphenvh-5-{pyridin-2-vloxy)-2,4,5,6-
tetrahydrocyclopentafcipyrazole;

3-{4-chlorophenyl}-2-(2-methoxyphenyi)-5-{6~-morpholin-4-ylpyridin-3-v1)-2,4,5,6-
tetrahydrocyclopentafcipyrazole;

3-(4-chlorophenyl}-2-(2-methoxyphenyi}-5-pyridin-3-y1-2 4,56~
tetrahydrocvclopentafcipyrazole;

3-(4-chlorophenyl}-5-{4 4-dimethyicvclobexyl}-2-{2-methoxyphenyi}-2,4,5,6-
tetrahydrocvclopentafcipyrazole;

3-[3-(4-chiorophenyl}-2-{2-methoxyphenyl}-2,4,5 6-tetrahydrocyclopentaf cipyrazol-5-vi}-
1,23 4-tetrahydroguinoline;

Ethyl 5-{3-(4-chlorophenyl}-2-(2-methoxyphenyly-2 4,5 6-tetrahydrocyclopentaicipyrazol-
S-vijpyriding-3-carboxylate;

{55)-3-{4-chloropheny}-2-(2-methoxyphenyl}-5-(1 -methylethoxy)-2,4,5,6-
tetrahydrocyclopentalcipyrazole;

3-(4-chlorophenyl}-2-2-methoxyphenyl}-5-morpholin-4-vi-2,4,5,6-
tetrahydrocyclopentalcipyrazole;

{55)-3-{4-chloropheny}-2-(Z-methoxypheny}-3-[(trimethyisily Hoxy]-2,4,5,6-

tetrahydrocyclopentafcipyrazole;
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{53}-3-(4-chlorophenyl}-2-(2-methoxyphenyi}-2,4,5,6-tetrahydrocyelopentacipyrazol-5-vi
2-cthylbutanocate;

3-{4-chlorophenyl)-2-(2-methoxyphenyl)-5', 5 -dimethyl-2 6-dihydro-4H-
spirofcyclopentalcipyrazole-5,2'-[1 3}dioxane};

{58}-3-(4-chlorophenyl}-5-(2-cthylbutoxy)-2-(2-methoxyphenyl)-2,4.5,6-
tetrahydrocyclopentajcipyrazole;

3-{4-chlorophenyl}-2-(2-methoxyphenyl)-5-(6-methylpyridin-3-yi}-2,4,5,6-
tetrahydrocyclopentajcipyrazole;

3-{4-chlorophenyl}-5-(6-cthoxypyridin-3-y1)-2-(2-methoxyphenyl}-2,4,5,6-
tetrahydrocyclopentafcipyrazole;

5-[2-Chloro-6-{1 ~methylethypyridin-3-y1]-3-(4-chlorophenyl}-2-(2-methoxyphenyl)-
2.4,5 6-tetrahydrocyclopentalclpyrazole;

{55)-3~(4-chloropheny}-2-(Z-methoxypheny)-S-(tetrahydro-2H-pyran-2-vioxy-2,4,5,6-
tetrahydrocyclopentafcipyrazole

3-{4-chlorophenyl}-5-{6-cyclopropvlpyridin-3-y1}-2-(Z-roethoxypheny!}-2,4,5,6-
tetrahydrocyclopentafcipyrazole;

{55)-3-{4-chloropheny}-2-(2-methoxypheny!}-2.4,5 6-tetrahvdrocyclopentafcjpyrazol-S-yi
cyclobexanecarboxylate;

{S8)-3~(4-chloropheny}-2-(2-methoxyphenyi}-2.4,5,6-tetrahvdrocyclopentafcipyrazol-S-yi
cyclopentanecarboxylate;

{S8)-3~(4-chlorophenyl}-2-(2-methoxyphenyi}-2.4,5,6-tetrahvdrocyclopentafcipyrazol-S-yi
cyclobutanecarboxvlate,

(55)-3-(4-chloropheny}-2-(Z-methoxyphenyl}-2.4,5 6-tetrahydrocyclopentafcipyrazol-5-vi
Z-methyipropanocate;

(55)-3-{(4-chlorophenyl}-5-(cyclohexylimethoxy }-2-{ 2-methoxyphenyl}-2,4,5,6-
tetrahydrocyclopentalcipyrazole;

(55)-3-{(4-chloropheny}-5-(cyclopentylmethoxy)-2-{ 2-methoxyphenyt)-2,4,5,6-
tetrahydrocyclopentalcipyrazole;

(55)-3-{4-chlorophenyl}-5-(cyclobutyimethoxy}-2-(2-methoxyphenyi)-2,4,5,6-

tetrahydrocyclopentafcipyrazole;
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{58}-3-(4-chlorophenyl}-2-(2-methoxyphenyi}-5-(2-methylpropoxy}-2,4,5,6-
tetrahydrocyclopentafcipyrazole;

{583-3-(4-chloropheny}-2-(2-methoxyphenyi}-2,4,5 6-tetrahvdrocyelopenta[cipyrazol-3-yl
tetrahydro-2H-pyran-4-carboxylate;

{58}-3-(4-chloropheny}-2-(2-methoxyphenyl}-5-{tctrahydro-2H-pyran-4-yimcthoxy -
2.4.5 6-tetrahydrocyclopentaclpyrazole;

{58)-3-(4-chlorophenyl}-5-{cyclohexyloxy}-2-(2-methoxyphenyl}-2.4.5,6-
tetrahydrocyclopentajcipyrazole;

{583-5-[(18,25 4R }-bicyclo[2.2. 1 Thept-2-vioxy]-3-{4-chlorophenyl}-2-(2-methoxyphenyl)-
2.4,5 6-tetrahydrocyclopentalclpyrazole;

{55)-3~(4~-chlorophenyl}-S-(cyclopentyloxy}-2~{2-methoxyphenyl}-2,4,5,6-
tetrahydrocyclopentafcipyrazole;

4-12-(Z-methoxyphenyl}-5',5-dimethvl-2,6-dihydro-4 H-spirof cvclopentaf cJpyrazole-5,2'-
{1.3]dioxan]-3-yllbenzonitrile;

3-(4-chlorophenyl}-2-(2-methoxyphenyl)-5-(1-methylethyl)-2,4,5,6-
tetrahydrocyclopentafcipyrazole;

4-12-(2-methoxyphenvi}-§' S -dimethvi-2 6-dibydro-4dH-spirof cvclopentaf cJpyrazole-35,2'-

{1.3dioxan}-3-yi]-N,N-dimethylaniline;

spirof{cvclopentalclpyrazole-35,2'-[1,31dioxane];
2-(2-methoxyphenyly-S5-dimethyl-3-(6~-methvipyridin-3-y1}-2,6-dihydro-4 H-
spiref{cvclopentalclpyrazole-3,2'-[1,31dioxane];
2-(2-methoxyphenyl)-3-(6-methoxypyridin-3-y1}-5', 5'-dimethyl-2 6-dihydro-4H-
spirofcyclopentajc]pyrazole-5,2-[1,31dioxane];
5-{2-(2-methoxyphenyl}y-5'.5 -dimethyi-2,6-dihydro-4d H-spiro{cyclopentaf clpyrazole-5,2"-
{1,31dioxan}-3-yl}-N N-dimethylpyridin-2-aminge;
(4'R,5'R}-3-{(4-chlorophenyl}-2-(2-methoxyphenyl}-4',5'-dimethyl-2,6-dihydro-4H-
spirofcyclopentajc]pyrazole-5,2-[1,31dioxolanc];
(4'S,5'8)-3-{4-chlorophenyl}-2-{2-methoxyphenyl}-4', 5'-dimethyl-2 6-dihydro-4H-

spirofcyclopentajclpyrazole-5,2'-[ 1,3 dioxolanc];

b3
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{4'R,6'R}-3-{4-chlorophenyl}-2-(2-methoxyphenyl}-4',6'-dimethyl-2 6-dihydro-4H-
spirofcyclopentafcipyrazole-5,2'-[1,3]dioxanc}];
{4'S,6'S)-3-(4-chiorophenyl}-2-(2-mcethoxyphenyl)}-4',6'-dimethyl-2,6-dihydro-4H-
spirofcyclopentafcipyrazole-5,2'-[1,3]dioxanc];
{4'R,5'8)-3-(4-chlorophenyl}-2-(2-methoxyphenyli-4', 5-dimcethyl-2,6-dihydro-4H-
spirofcyclopentafclpyrazole-5,2'-[1,3]dioxolanc];
{4'R,5'8)-3-(4-chlorophenyl}-2-(2-methoxyphenyli-4', 5-dimcethyl-2,6-dihydro-4H-
spirofcyclopentafclpyrazole-5,2'-[1,3]dioxolanc];
3-{4-chlorophenyl)-5S-cyclohexyl-2-(2-methoxyphenyi)-2,4.5,6-
tetrahydrocyclopentafcipyrazole;
4-12-(Z~-methoxyphenyl)-5-(2-methyvipropyl)-2,4,5,6-tetrahydrocyclopental e Jpyrazol-3-
ylibenzouitrile;
4-{5-{cyclohexylmethy}-2-(Z-methoxyphenyi}-2.4,5,6-tetrahvdrocyclopentafclpyrazol-3-
ylibenzouitrile;
4-12-(Z-methoxyphenyl-4",4" 5" S'tetramethyl-2,6-dihydro-4H-

spirofcyclopentalclpyrazole-5,2'-[1 3 dioxolan]-3-yl}-N N-dimethylaniling;

spirefcvclopentalclpyrazole-3,2'-[1,31dioxolane];
2-(2-methoxyphenyly-4',4".5, S'-tetramethy - 3-(6-methylpyridin-3-y1}-2,6-dihydro-4H-
spirefcvclopentalclpyrazole-3,2'-[1,31dioxolane];
5-[2-(2-methoxyphenyly-4",4". 5", S'tetramethyl-2,6-dihydro-4H-
spirofevclopentalclpyrazole-5.2'-[ 1, 31dioxolan]-3-vl}-NN-dimethvipyridin-2-aming;
4-12-(2-methoxyphenyl}-4'.4' 5", S'-tetramethyl-2,6-dihydro-4H-
spirofcyclopentajclpyrazole-5,2'-[1,31dioxolan}-3-yl{benzonitrile,
(3aR,7a8)-3"-{4-chlorophenyl}-2'-(2-methoxyphenyl}-2',32,4,5,6,6',7, 7a-octabydro-4'H-
spiro{1,3-benzodioxole-2,5-cyclopentalclpyrazole]:
(3a8,6a5)-3'-(4-chlorophenyi}-2'-(2-methoxyphenyi}-2'.4,5,6,6' 6a-hexahydro-3aH 4'H-
spirofcyclopentaidift,3]dioxole-2,5-cyclopentaiclpyrazole};
(3aR.6a8)-3'-(4-chlorophenyl)-2'-(2-methoxyphenyl)-2'.4,5,6,6' 6a-hexahydro-3aH 4'H-

spirofcyclopentad}i i, 3]dioxole-2,5-cyclopentajclpyrazole];

28



WO 2014/028801 PCT/US2013/055267

{3aR, 6aS)-3'-(4-chlorophenyl}-2"-(2-methoxyphenyi}-2',4,5,6,6" 6a-hexahydro-3aH 4'H-
spirofcyclopentafdi{},3ldioxole-2,5 -cyclopentalclpyrazolel;

3-{4-chlorophenyl}-5-(2,6-dimethyimorpholin-4-y1}-2-(2-methoxyphenyi}-2,4,5,6-
tetrahydrocyclopentajcipyrazole;

3-{4-chlorophenyl}-2-(2-methoxyphenyl)-5-(4-methylpiperidin-1-y1)-2,4.5,6-
tetrahydrocyclopentajcipyrazole;

3-{4-chlorophenyl}-5-(3,3-dicthylpyrrolidin-1-yH-2-{Z-mcthoxyphenyi)-2,4.5,6-
tetrahydrocyclopentajcipyrazole;

3-{4-chlorophenyl}-5-(3,3-dimethylpyreolidin- 1-y1}-2-(2-methoxyphenyi}-2,4,5,6-
tetrahydrocyclopentafcipyrazole;

3-(S-chlorothiophen-2-y1}-2-( Z-methoxypheny}-5', 5 -dimethyl-2,6-dihydro-4H-
spirofcvclopentalclpyrazole-3,2'-[1,31dioxane];

3-(S-chlorothiophen-2-y1}-2-(Z-methoxyphenyh-4",4" 5", 5 -tetramethyl-2,6-dihydro-4H-
spirofcvclopentalclpyrazole-3,2'-[1,3]dioxolane];

3-{(4-chlorophenyl}-2-(2-methoxyphenyl)-5-pyrrolidin-1-yvi-2 4,5 ,6-
tetrahydrocyclopentafcipyrazole;

3-(d-chlorophenyl}-5-(3,3-difluoropyrrolidin-1-y - 2-(2-methoxyphenyi -2 4,5,6-

tetrahydrocyclopentalcipyrazole;

tetrahydrocvclopentafcipyrazol-3-yilbenzonitrile;

methyl 1-[{5S}-3-(4-cyanophenyl}-2-(2-methoxyphenyi}-2,4,5,6-
tetrahydrocvclopentaicipyrazol-S-yl|-1H-1,2, 3-triazole-4~carboxylate;

4-[(58)-5-14-( 1 -hydroxy--methyiethyl}- 1 H-1,2 3-triazol- 1-v1]-2-(2-methoxyphenyl}-
2.4.5 o-tetrahydrocyclopenta{clpyrazol-3-viibenzonitrile;

4-{{58)-2- Z-methoxyphenyl)-5-[4-( Z-methyipropvi)-1H-1,2 3-triazol-1-vi{-2,4,5,6-
tetrahydrocyclopentaicipyrazol-3-yl} benzonitrile;

{1-[(585)-3-{4-cyanopheny!}-2-(2-methoxyphenyl}-2,4,5,6-tetrahydrocyclopentalcjpyrazol-
S-vif-1H-1,2,3-triazol-4-vi} methyl acctate;

4-1(55)-5-[4-{methoxymethyl)-1H-1,2, 3-triazol-1-y1}-2- 2-methoxyphenyly-2.4,5,6-

tetrahydrocyclopentafcipyrazol-3-yljbenzonitrile;

29
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4-{{58}-5-(4-tert-butyl-1H-1,2,3-triazol- 1 -y1}-2-{2-methoxyphenyl}-2,4,5,6-
tetrahydrocyclopentafcipyrazol-3-ylibenzonitrile,

4-[{58)-5-(4,5-dimethyl- I H-imidazol-1 -y1}-2-(2-methoxyphenyl}-2.4,5 6-
tetrahydrocyclopentafcpyrazol-3-yljbenzonitrile;

4-1{58)-2-(2-methoxyphenyly-5-(2 4, 5-trimethyl- 1 H-imidazol-1-y1}-2 4,56~
tetrahydrocyclopentafcpyrazol-3-yljbenzonitrile;

4-1{58)-5-(2-cthyl-4,5-dimcthyi- 1 H-imidazol-1-y1}-2-(2-methoxyphenyl}-2.4,5,6-
tetrahydrocyclopentafcpyrazol-3-yljbenzonitrile;

4-1{58)-5-(2-cthyl- 1 H-imidazol-1-y1}-2-(2-methoxyphenyl}-2,4,5,6-
tetrahydrocyelopentafclpyrazol-3-yllbenzonitrile;

4-1{58)-2~(2-methoxyphenyh)-5- 2-methyl- 1 H-imidazol-1-v1}-2,4,5,6-
tetrahydrocyelopentafclpyrazol-3-yllbenzonitrile;

4-{{58)-5~(4.5-dicthyl-1H-1 2, 3-triazol-1-v1}-2-(2-methoxyphenyl})-2,4,5,6-
tetrahydrocyelopentafclpyrazol-3-yllbenzonitrile;

4-1{58)- 2~ 2-methoxyphenyl)-5-(2 4, 5-tricthvl- 1 H-inmudazol-1-v1)-2,4,5,6~
tetrahydrocyelopentafclpyrazol-3-yllbenzonitrile;

4-[(55)-3-{4 5-dicthyl-2-methyl- 1 H-imidazol-1-y 1} 2-(2-methoxyphenyi}-2 4,5,6-
tetrahydrocvclopentafcipyrazol-3-yiibenzonitrile;

4-{(55)-5-(4,5-dicthyl- 1 H-imidazol-1-yi}-2-(2-methoxyphenyi)}-2.,4,5,6-
tetrahydrocvclopentafcipyrazol-3-yiibenzonitrile;

and pharmaceutically acceptable salt forms thereof,

For use in medicine, salts of compounds of Formula {1} refer to non-toxic
“pharmaccutically acceptable salts.” Other salts may, however, be useful in the
preparation of compounds of Formula (1} or of their pharmaceutically acceptable salts
thereof. Suitable pharmaceutically acceptable salts of compounds of Formula (1) include
acid addition salts which can, for example, be formed by mixing a solution of the
compound with a solution of a pharmaccutically acceptable acid such as hydrochloric acid,
sulfuric acid, fumaric acid, maleic acid, succinic acid, acetic acid, benzoic acid, citric acid,

tartaric acid, carbonic acid or phosphoric acid. Furthermore, where the compounds of

30



WO 2014/028801 PCT/US2013/055267

Formula (I} carry an acidic moicty, suitable pharmaceutically acceptable salts thereof may
include alkali metal salts, such as sodinm or potassium salts; alkaline earth metal salts,
such as calcium or magnesium salts; and salts formed with suitable organic ligands, such
as quaternary ammonium salts. Thus, representative pharmaceutically acceptable salts
inchude acetate, benzencsulfonate, benzoate, bicarbonate, bisulfate, bitartrate, borate,
bromide, calcium edetate, camsylate, carbonate, chloride, clavulanate, citrate,
dihydrochloride, cdetate, edisylate, cstolate, esylate, fumarate, gluceptate, gluconate,
glutamate, glycollylarsanilate, hexylrcsorcinate, hydrabamine, hydrobromide,
hvdrochloride, hydroxynaphthoate, iodide, isothionate, lactate, lactobionate, laurate,
malate, maleate, mandelate, mesylate, methylbromude, methyinitrate, methylsulfate,
mucate, napsylate, nitrate, N-methylgluocamine aromoniom sali, oleate, pamoate
{embonate), palmitate, pantothenate, phosphate/diphosphate, polygalacturonate, salicylate,
stearate, sulfate, subacetate, succinate, tannate, tartrate, teoclate, tosylate, tricthiodide and
valerate.

Representative acids and bases that may be used in the preparation of
pharmaceutically 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, benzoi¢ acid, 4-acetamidobenzoic acid, (+}-camphoric acid,
camphorsulfonic acid, (+)-(15)-camphor-10-sulfonic acid, capric acid, caproic acid,
caprylic acid, cinnamic acid, citric acid, cyelamic acid, dodecylsulfuric acid, ethane-1,2-
disulfonic acid, ethanesulfonic acid, 2-hydroxy-ethanesulfonic acid, formic acid, fumaric
acid, galactaric acid, gentisic acid, glucoheptonic acid, D-ghicontc acid, D-ghicoronic acid,
L-ghatamic acid, a~oxo-ghataric acid, glycolic acid, hippuric acid, hvdrobromic acid,
hydrochloric acid, (+}-L-lactic acid, ()-DL-lactic acid, lactobionic acid, maleic acid, (-)-
L-malic acid, malonic acid, (£)-DL-mandelic acid, roethancsulfonic acid, naphthalene-2-
suifonic acid, naphthalene-1,5-disulfonic acid, 1-hydroxy-Z-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, scbaic acid, stearic acid,
suceinic acid, sulfuric acid, tannic acid, (+}-L-tartaric acid, thiocyanic acid, p-

toluenesulfonic acid and undecvlenic acid; and bases including ammonia, L-arginine,
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bencthamine, benzathine, calcium hydroxide, choline, deanol, dicthanolamine,
diethylamine, 2Z-(diethylaming j-cthanol, cthanolamine, ethylenediamine, N-methyl-
glucamine, hydrabamine, 1H-imidazole, L-lysine, magnesium hydroxide, 4-(2-
hydroxycthyl)-morpholing, piperazine, potassium hydroxide, 1-(2-hydroxyethyl)-
pyrrolidineg, sodium hydroxide, tricthanolamine, tromethamine and zinc hydroxide.

Embodiments of the present invention include prodrugs of compounds of Formula
{1). In gencral, such prodrugs will be functional derivatives of the compounds that arc
readily convertible in vivo into the required compound. Thus, in the methods of treating or
preventing embodiments of the present invention, the term “administering” cncompasses
the treatment or prevention of the various diseases, conditions, syndromes and disorders
described with the compound specitically disclosed or with a compound that may not be
specifically disclosed, but which converts to the specified compound in vivo after
admirustration to a patient. Conventional procedures for the selection and preparation of
suitable prodrug derivatives are described, for example, in “Design of Prodrugs”, ed. H.
Bundgaard, Elsevier, 1985,

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

Where the processes for the preparation of the compounds according to certain
embodiments of the invention give rise to mixture of stercoisomers, these isomers may be
separated by conventional techniques such as preparative chromatography. The
compounds may be prepared in racemic form, or individual cnantiomers may be prepared

cither by cnantiospecific synthesis or by resolution. The compounds may, for example, be

ol
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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-toluovi-d-tartaric acid and/or (+)-di-p-toluoyi-I-tartaric acid followed by fractional
crystallization and regencration of the frec 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 emmbodiment of the present invention is directed to a composition, including a
pharmaccutical composition, comprising, consisting of, and/or consisting cssentially of the
{+)-cnantiomer of a compound of Formuda (1) wherein said composition is substantially
free from the (-}-isomer of said compound. In the present countext, substantially free means
iess than about 25 %, preferably less than about 10 %, more preferably less than about 5
%, even more preferably less than about 2 % and even more preferably less than about 1 %

of the {-j-isomer calculated as.

{mass (+) - cunantiomer)

% (+) - enantiomer = x 100

{(mass {+} - cnantiomer) + {(mass{—) - cnantiomer)

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

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

(mass {(—} -~ enantiomer)
(ass () - ona ) 100

%{~} - cnantiomer =

{(mass {(+) - enantiomer)} + (nass(—) - cnantiomer)

jos
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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 Edition, JF W, McOmie, Plenum Press, 1973; T.W. Greene &
P.G.M. Wuts, Protective Groups in Organic Synthesis, John Wiley & Sons, 1991; and
T.W. Greene & P.G.M. Wuts, Proieciive Groups in Organic Synthesis, Third Edition, John
Wiley & Sons, 1999, The protecting groups may be removed at a convenient subsequent
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
adroinistered alouve, they will generally be administered tn admixiure with a
pharmaccutically acceptable carrier, a pharmaceutically acceptable excipicnt and/or a
pharmaceutically acceptable dituent selected with regard to the intended route of
admirustration and standard pharmaceutical or veterinary practice. Thus, particular
ermbodiments of the present invention are directed to pharmaccutical and veterinary
composttions comprising compounds of Formula (I} and at least one pharmaceutically
acceptable carrier, pharmaceutically acceptable excipient, and/or pharmaceutically
acceptable difuent.

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

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 is also possible to administer the compounds in sustained release
formulations.

Additional oral forms in which the present inventive compounds may be
administered inchade clixirs, solutions, syrups, and suspensions; cach optionally containing

flavoring agents and coloring agents.
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Alternatively, compounds of Formula (I} can be administered by inhalation
(intratracheal or intranasal} or in the form of a suppository or pessary, or they may be
apphicd topically in the form of a lotion, solution, cream, ointment or dusting powder. For
exarnple, they can be incorporated into a cream comprising, consisting of, and/or
consisting essentially of an aqueous emulsion of polyethylence glycols or liquid paraffin.
They can also be incorporated, at a concentration of between about 1 % and about 10 % by
weight of the cream, into an ointment comprising, consisting of, and/or consisting
essentially of a white wax or white soft paraffin base together with any stabilizers and
preservatives as may be required. An alternative means of administration includes
transderroal admimstration by using a skin or transdermal patch.

The pharmaceutical compositions of the present invention (as well as the
compounds of the present invention alone) can also be inyected parenterally, for example
intracavernosally, intravevously, intrarauscularly, subcotaneously, intradermally or
infrathecally. In this case, the compositions will also mclude at least one of a suitable
carrier, a suitable excipient, and a suitable diluent.

For parenteral administration, the pharmaceutical corapositions of the present
invention are best used in the form of a sterile aqueous solution that may contain other
substances, for example, enough salts and monosaccharides to make the solution isotonic
with blood.

For buccal or sublingual 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, pharmaceutical compositions containing at lcast onc of
the compounds of Formula (I} as the active ingredient can be prepared by mixing the
compound(s} with a pharmaccutically acceptable carricr, a pharmaceutically acceptable
diluent, and/or a pharmaceutically acceptable excipient according to conventional
pharmaceutical compounding techniques. The carrier, excipient, and diluent may take a
wide variety of forms depending upon the desired route of administration (e.g., oral,
parenteral, ctc.). Thus for Hiquid oral preparations, such as suspensions, syrups, ¢lixirs and

soiutions, suttable carriers, excipients and diluents inchade water, glycols, oils, alcohols,
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flavoring agents, preservatives, stabilizers, coloring agents and the like; for solid oral
preparations, such as powders, capsules and tablets, suitable carriers, excipients and
diluents include starches, sugars, diluents, granulating agents, lubricants, binders,
disimtegrating 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 carrier, excipient 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 aqucous carriers along with appropriate additives, such as
solubilizers and preservatives.

A therapeutically effective amount of a compound of Formula (B ora
pharmaceutical composition thereot includes a dose range from about 0.1 mg to about 3000
mg, or any particular amount or range therein, in particular from about T mg to about 1000
mg, or any particular amount or range therein; or, more particularly, from about 18 mg to
about 500 mg, or any particular amount or range therein, ol active ingredient ju a regiroen
of about 1 to about 4 times per day for an average (70 kg) human; although, it is apparent
to one skilled in the art that the therapeutically effective amount for a compound of
Formula (1} will vary as will the diseases, syndromes, conditions, and disorders being
treated.

For oral administration, a pharmaceutical composition is preferably provided in the
form of tablets containing about 8.01, about 10, about 50, about 100, about 158, about 200,
about 250, and about SO0 milligrams of a compound of Formula (I}

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

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. In 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
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the dose to achicve 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 arc within the scope
of this invention.

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

As N-Type calciom 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 in a
subject, including an animal, a maromal and a huroan 1o which the disease, the syndrome,
the condition or the disorder s affected by the roodulation of the N-Type calcium channel.
Such methods comprise, counsist of and/or counsist essentially of administering fo a subject,
including an animal, a mammal, and a buman in need of such treatment or prevention a
therapeutically effective amount of a compound, salt or solvate of Formauda (I}, In
particular, the compounds of Formula (1) are usetul for preventing or treating pain, such as
inflammatory pain or newropathic pain, or diseases, syndromes, conditions or disorders

causing such pain.

GENERAL SYNTHETIC METHODS
Representative compounds of the present invention can be synthesized in
accordance with the general synthetic methods described below and illustrated in the
schemes and cxamples 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 skili of persons

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

Abbreviations used in the instant specification, particularly the schemes and

cxamples, are as follows:

(oY)
~J
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ACN
AcOH
aq.

Bnor Bzl
Boc
cone.
DU
DCC
DCE
DCM
DIBALH
DIPEA or DIEA
DMF
DMSO
EA
EDCI
BEGTA
ESI
EtOAc or EA
EtOH

b or hr(s)
HEK
HEPES

HPLC
LAH
LDA
LHMDS
mCPBA

PCT/US2013/055267

acetonitrile

glacial acetic acid

aqueous

benzyl

tert-butyloxyecarbonyl

concenirated

I,8-diazabicyclof5.4 . Ofundec-7-cne

N N-dicyclohexyl-carbodiimide

I .2-dichloroethane

dichloromethane

dusobutylaluminum hydride
ditsopropyl-ethyl amine

N, N-dimethylormamide
dimethylsulfoxide

ethyl acetate
F-ethyl-3-(3-dimethylaminopropyl} carbodiimide
ethylene glyeol tetraacetic acid
electrospray ionization

ethyl acetate

cthanol

hour or hours

human embryonic kidney
(4-(2-hydroxyethyl}- i-piperazincethane
sulfonic acid

high performance hiquid chromatography
lithinm aluminum hydride

lithium diisopropylamide

lithinm bis{trimethylsilylamide

meta-chloroperoxybenzoic acid
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MeOH
MHz
min
MS
Ms
NMM
NMR
PCC

RT

R

Sec

TBDMS
TEA or Bi3N
TFA

THF

TIPS

TL.C

TMS

Scheme A tlhustrates a route for the synthesis of compounds of Formula (I}-A, ~Al,

methanol

megahertz

minute or minutes

mass spectrometiry
mcthanesulfonyl
N-methylmorpholine
nuclear magnetic resonance
pyridinium chiorochromate
reverse-phase

room temperature

retention time

second or seconds
t-butyldiroethylsilyl
triethylawmine
trifluoroacetic acid
tetrahydrofuran
triisopropylsilyl

thin layer chromatography

tetramethylsilane

PCT/US2013/055267

and —A2 wherein Q, R', R? and R arc as defined herein, and G is a fanctionalized cthyl

group.

Scheme A
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~F 1) DIBALH

(o3
[
0
l@

/f"\\/Br

2YHCH
A2 C} A3

o ©
Q)L\\

Oixictation LIAKGEBU)gH
AT
DY
0\ HO
_Oxidation Reduction
-
A

R3
o R®
fY Formula (1)-A Formula (I}~Al
E6SiH | Y /N,

Formula (I}-A2

A compound of formula AT is etther commercially available or may he prepared by
methods known in the scientific literatire. A compound of formula A% may be alkylated
with an unsaturated alkyl bromide of formula A2, in the presence of a base such as
LHMDS, to afford a compound of formula A3, A compound of formula A3 may be
undergo a reduction in the presence of a hydride source such as DIBALH or LAH, or the
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fike, to afford a compound of formmula A4. Nucleophilic addition to a Q-substituted
aldehyde of formula AS affords the alcohol of formula Aé. The alcohol of a compound of
formula A6 may be oxidized to the corresponding ketone of formula A7 by the action of an
oxidizing agent such as Dess-Martin periodinance, PCC, Swern reagent, or the like,
Reduction of the o/B—unsaturation may be achieved in the presence of a hydride source
such as Hthium tri-s-butoxide aluminum hydride or the like, to afford a compound of
formula AB. Cyclization with a hydrazine of formula AY affords a pyrrolocyclopentyl ring
of formula A18. Oxidation of the terminal alkenyl group of formula A18 in the presence
of osmium tetraoxide affords the corresponding aldehvde of formula A11. Reduction of
the aldehyde by the action of a reducing agent such as sodium borohydride or lithium
alaminum hydride, or the like, affords a compound of formula (I}-A. The alcohol of
formula (I3-A may be acylated by various conventional methods known to one of skill in
the art to afford a compound of formula (£)-Al. For example, a compound of formula (1)~
A may be acylated with an acid chioride of formula A12 (wherein R is morpholin-4-y1 or
dimethylaming} to afford a compound of formula (1}-A1. A compound of formula A1l
may also be treated with t-butylcarbamate in the presence of a hydride source such as
tricthylsilane or an acid such as TFA, to afford a carbamate of formula (1)-A2 of the
present invention.

Scheme B illustrates a route for the synthesis of compounds of Formula (I3-B, -B1,
and -B2, wherein , R, R?, and R arc as defined herein, and G is a functionalized
methylene group.

Scheme B
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o O
base
e
estelle)lel )J\< Q!
gy Ot B2 - =(
VAREY
R?)
NH, NHSOMe
HaN(O)C /
LiNH-
e B
Formula (0)-B Formula (I)-81
NC
O
N R

W
RB
Formula (J3-82

A compound of formula Bl is either commercially available or may be prepared by
methods known in the scientific literatire. A compound of formula BY may be treated
under basic conditions with an acid chioride of formula B2 to afford a compound of
formula B3, Cyclization with a hydrazine of formula A% affords pyrazolocyclopentyl ring
of formula B4, Treatment with Hthium amide affords the primary amide of formula (1)-B.
Reduction of the amide in the presence of a hydride source such as Hthinom alumninum
hydride or the like, affords a compound of formula BS, which subsequently may be treated

with an alkylsulfonyl chioride, such as methanesulfonyl chloride, to afford a compound of



WO 2014/028801 PCT/US2013/055267

formula (§)-B1. Alternatively, a compound of formula (8)-B may be treated with cyanuric
chioride to afford the corresponding cyanide of formula (F)-B2.

Scheme C illustrates a route for the synthesis of compounds of Formula (1)-C and
~C1, wherein Q, R', R?, and R arc as defined herein, and G is an alcohol or carbamate.

Scheme C

1. base, EiAICH A A Tg  Alcohol ) ™S
_ ™S oF | o QH/{///’/ Protection ] jiv OP {2’//,/ _§§£_.ig_1_;ig_(_:_,_aﬁgi
2. 9 o EWO EtC THS-Removal
C1 =10 <3 o4
2

=% e} OF By
,. H e
RS N N /Ei\/j\/"{///

B OP 2 mromination & oR {:/Br A
ZO bt S ! Hh
Ho AN Ho e AL "
s 6 %
HEO HG
o) i fgl =} s
o8 g PO %B by Q—B(OH)
R A~ \N//'L\//L\/ . { %y, €
o | e 4 N! - Cross-Coupling
R Br }_:__/ o5
02
&L./ R
RA . : )
2 . )3 Formula (H-C R3
0] O
El i
R l\\,
All i N

Acylation o NOK
FRormula (1}-C1 3

A compound of formula C1 15 either commercially available or may be prepared by
methods known in the scientific hiterature. A compound of formula €1 may be treated
with a base such as an organolithium base, in the presence of a Lewis acid such as
diethylaluminum chloride or boron triflucride, followed by the addition of a2 compound of
formula €2 to afford a compound of formmula €3, The alcohol functional group may be
protected, wherein “P” is a conventional alcoho! protecting group such as TIPS, TBDMS,
or benzyl, to afford a compound of formula 4. Treatment with hydroxide anion effected
the saponification and removal of the TMS group to afford a compound of formula 8. A
compound of formula €8 may be brominated in the presence of N-bromosuccinimide and
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stlver nitrate to afford a compound of formula €6. Compound €6 may be treated with
NMM in the presence of isobutylchloroformate or other amide-type coupling reagent, such
as EDCI, and a compound of formula A9 to afford a compound of fornwla C7. The
addition of carbon tetrachloride and polymer-bound triphenyliphosphine to a compound of
formula €7 afforded the compound of formula C8, which may be heated in the presence of
a tertiary amine base, such as tricthylamine or DIEA, to afford the cychized product of
formula C9. A compound of formula €9 may be cross-coupled with a boronic acid of
formula €18 in the presence of the a transition metal catalyst, appropriate ligands, and in
the presence of an inorganic base such as sodium carbonate to afford a compound of
formula (N~C. Acylation with a compound of formula A1l affords compounds of formula
{)~C1 of the present invention.

Scheme D illostrates a voute for the synthesis of compounds of Formula (I3-D,
wherein G, RY RZ and R are as defined herein, and G is a sulfonamide as defined herein

Scheme D

HO MsO Na
MsCi l\ Nals Azide Reduction
Ry T gor Npy o T B S T — oo
/LN,  base XN, 1 . 1
g R N
H3Si - Q . o _/R
W a \ %‘Rz
Formula {I)-C e B R B2 R®
HoN R
SO,RP
HiN
\
LN
)‘-_N R'!
Q .
W

RS
Formufa ()-D

A compound of formula (I)-C may be treated with methanesulfonyl chloride to afford a
compound of formula B, Treatment with sodinm azide cffects the nucleophilic

displacement to the mesylate to afford the corresponding azide of formula D2, Azide
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reduction may be accomplished by conventional catalytic hydrogenation or by treatment
with triphenylphosphine to afford the amine of formula B3. A compound of formula D3
may be acylated with an appropriately substituted sulfonyl chloride (wherein R” is methyl,
isopropyl, or dimethylamino, for example) to afford compounds of formula (1)-D of the
present invention.

Scheme E illustrates a route for the synthesis of compounds of Formula (1)-E and
—E1, wherein (, R' R’ and R arc as defined herein, and G is ,2,3 4-tetrahydroquinolin-
3-yl, an optionally substituted pyridinyl (wherein R” is hydrogen, Csalkyl, Cialkoxy,
chloro, cyclopropyl, morpholin-4-yi, or Cryalkoxvearbonyl}, or Cascycloalkyl as defined
herein. For illustrative purposes only, Scheme E shows a cross-coupling with an
optionally substituted pyridinylboronic ester.
Scheme ¥

HG O TG

) Oxidation ( \ KHMDS P
A\ N - ~ N
Y \ N PRN(QT), B
. o1

Formula (IH-C R3 Formula (I-K

RE - !O .
e L 'S

* K2 N\
Cross—()oup!ing )
2. Hydrogenation
A
N

P R’
Q [ttty
Formuda ()-F1 \\ }H?
‘-.«<\ ,
R

A compound of formula (1}-C may be oxidized by the action of an oxidizing agent such as
Dess-Martin periodinanc, PCC, Swern reagent, or the like, to afford the corresponding
ketone of formula (-E. Treatment with a base such as KHMDS, DBU, LDA, or the like,

and N-phenyl-bis{trifluoromethancsulfonimide) or other triflating reagent affords a
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compound of formula E1. A compound of formula EI may be cross-coupled with a
boronic ester of formula E2 in the presence of a palladium catalyst, appropriate ligands,
and an inorganic base, followed by conventional hydrogenation, to afford a compound of
formula (-E1.

Scheme F illustrates a route for the synthesis of compounds of Formula (I)-F,
wherein Q, R', R?, and R’ arc as defined herein, and G is a spirofused heterocyclyl as
defined herein.

Scheme ¥

-RZ
Formula (I)-F RY \ Vs Formula (1-F
R3

A compound of formula (I}-E may be treated with a compound of formula FI {wherein the
carbon atoms of K1 are optionally substituted with one to four methyl substituents) in the
presence of a Lewis acid such as boron trifluoride-ctherate to afford a ketal of formula (1)~
F.

Scheme G illustrates a route for the synthesis of compounds of Formula (I}-F,
wherein Q, Rl, Rz, and R arc as defined herein, and G s ring G1, a cyclic amine such as

morpholinyl or an optionally substituted piperidinyl or pyrrolidinyl ring.

Scheme G
P
&)

e,

(a1 -
N A\
) YA G1 1 \/N
== Raductive o N R’
N\ -R?  Amination >«-m
Wasii

Formula ({}-E R3 Formula (1}-G
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A compound of formula (I}-E may be treated with a compound of formula G {in the
presence of a hydride source such as sodium cyanoborohydride, sodium
triacctoxyborohydride, or the like, to afford an amine of formula ({}-G.

Scheme H illustrates a route for the synthesis of compounds of Fornwla (I}-H,
wherein , R’ R? and R’ are as defined herein, and G is an alkyl substituent, RY wherein
R%igan optionally substituted Cysalkyl, Cyscycloalkyl{Cialalkyl, or Cygcycloalkyl.
Scheme H

N wi H H
% o R R R
. B Alkene
R RH-MaBr | Dehydration Reduction /Kj
S oo emeeeeee A e /‘\x ------------------------------- . /\\
N Hi TN {°N TN
)L N ; )L Nl q He N L ,)L N
~ ' - R . 1
Q F “ \ { @ }"»-«"/R Q 2\<R
oS v S I o &
Formuia (1}-E o8 H2 R3 H3 RO Formais (1)-H R°

A compound of formula (I-E may be treated with an alkylmagnesium broroide of formula
H1 to form a compound of formula H2, A compound of formula H2 may undergo
debydration in the presence of the Burgess reagent {methyl N-tniethylamyoomumsulionyl)
carbamate) to afford a compound of formula H3. Reduction of the alkenyl functionality
may be achieved by conventional palladivm-catalyzed hydrogenation to afford a

compound of formula (I)-H.
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Specific Examples

Example |

o tCHO
NN - /( J i
O HADS, 78°C =0 1) DIBALH L} o N, T

/\::: ™~ [ v---------i--a- cie” e L
/‘ \) Ay \\
2) Hal P Na 004 \
ia fe k\ LE if %
OMe
9 /O ﬁ o ~ H
o'l S
\ } i H L -
DessMartin Gl *\( LAKOLB L) NP i < 1
. | O —— At — . \S r———
iz / ih ; freehase, HOAS, )
% §  EoH 00 T
A1

{}‘OM% (ﬁlﬂme

2 M- M.
cild N Y 7N N
OsQy, NalOy4 L"_(ﬁ\ N\ W > C!—\m/ W
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\\,‘«N\r\({)

A. To asolution of LHMDS (36.8 mL of a 1 M solution in THF, 36.8 mmol, 1.1
eq) in THF (70 mL) at -78°C under Ar was added a solution of 3-cthoxy-2-cyclopentenonc
{1a) (4.0 mL, 33.45 mmol, | ¢q) in THF (40 mL) dropwisc over 1 hr. After 20 min, a
sofution of allyl bromide (§b} (3.19 mL, 36.8 mmol, 1.1 ¢q) in THF {40 mL) was added
over 10 min. After 3 hes at -78°C, water and NH4Cl were added, the agueous extracted
with cther, the organics combined, dried over MgSOy and concentrated. Purification by
chromatography {80 ¢}, cluting with 15 to 40% EA/hexancs, gave compound ¢ (3.05 ¢,
55%). "H NMR (CHLOROFORM-d} 8: 5.68 - 5.82 (m, =169, 102, 6.8, 6.8 Hz, 1H),
S25¢s, 1H}, S.01 - 512 (m, ZH), 4.04 (q, I=7.1 Hz, 2H), 2.65 - 2.75 (m, 1H}, 2.57 {qd, §
=0.6,4.0Hz, 2H), 2.28 - 239 (m, 1H), 2.11 - 2.23 (m, 1H}, 1.41 (¢, J = 7.1 Hz, 3H). ESI-
MS {mw/z): Caled. for CISHISCIOZ: 167.1 (M+1}; found: 167.1.

B. To a solution of compound 1¢ (3.05 g, 18.4 mmol, 1 eg) in THF (30 mL) at §°C
was added ditsobutylaluminum hydride 36,7 mL of a 1 M solution in hexanes, 36.7 mmol,

2 egyover i hr. After | hr, 1 N HCH was added dropwise while at §°C, then the reaction
45
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was warmed to rt over 2 hrs. The aqueous layer was extracted with ether, dried over
MgSOy4 and concentrated to give compound 1d (2.2 g crude}. Purification of compound 1d
{1.0 g) by chromatography (40 g}, eluting with 10 to 40% EA/hexanes, gave purified
compound 1d (587 mg, 90%). 'H NMR (CHLOROFORM-d) &: 7.64 (dd, § =5.7. 2.4 Hz,
1H), 618 (dd, J =57, 1.9Hz, 1H}, 5.69-586{(m, }=17.2,99,7.0, 7.0 Hz, 1H}, 5.05 -
520 {m, 2HY, 297 - 312 (m, 1H), 2.52 (dd, J = 18.8, 6.4 Hz, 1H), 2.16 - 238 {m, J = 37.7,
14.1,6.9,6.9 Hz, 2H), 2.00 - 2,12 (m, 1H}.

. To a solation of compound 1d {587 mg, 4.81 mmol, 1 ¢g) and 4-
chiorobenzaldchyde {1e} (541 mg, 3.85 mmol, (.8 eq) in methanol (25 mL} at 1t was added
a solution of sodium carbonate (255 mg, 2.41 mmol, 8.5 ¢q) in water {10 mL). After 1 hr,
1 W HCl was added, and the methano! was evaporated. The agucous solution was
extracted with DCM, and the organic phase was dried over MgS8Qy, filtered, and
concentrated. Purification by chromatography (60 g), cluting with 10 to 25% EA/hexancs,
gave compound 1£(721 mg, 71%). 'H NMR (CHLOROFORM-d) &: 7.28 - 7.36 (m, 4H),
703 -7.21 {m, TH), 5.65-5.79 {m, 1H), 5.53 (s, 1H), 5.03 - 512 (m, 2H), 3.45 (br. 5.,
1H), 2.89-2.99 (m, 1H), 2.56 - 2.67 {m, 1H), 228 (dt, F = 13.6, 7.0 Hz, 1H}, 2.10- 2.23
{m, 2H}. ESI-MS (m/z): Caled. for C15HISCIO2: 245.1 (M-17}; found: 245.0.

D. To asolution of compound 1§(1.18 g, 448 mmol, 1 eq} in DCM (40 mi) at
0°C was added Dess-Martin periodinanc (2.09 g, 4.93 mmol, 1.1 cq). After 1 hy, saturated
NaHC (O and saturated sodium thiosulfate were added and the mixture was stirred for 30
min. The reaction mixture was extracted with DCM, dried over MgS8Q,, filtered, and
concentrated. Purification by chromatography (60 g), eluting with 15 to 25% EA/hexanes,
gave compound 1g {660 mg, 57%). 'H NMR (CHLOROFORM-d) 8: 7.95 (d, I =2.5 Hz,
TH), 7.72 - 7.79 (m, 2H}, 741 - 7.47 (o, 2H}, 5.74 - 5.89 (m, 1H), 5.12 - 5.22 {m, 2H),
334 -323 (m, TH), 278 (dd, 1 =192, 6.6 Hz, TH), 2.28 - 2.50 {(m, 3H). ESI-MS (m/z):
Caled. for C13HI13CIO2: 261.1 (M+1}; found: 261.0.

E. To asolution of compound Ig {660 mg, 2.53 mmol, | ¢q) in THF 20 mb) at
(°C was added lithium tri--butoxide aluminum hydride (3.8 mL of a 1 M solution in THF,

3.8 mmol, 1.5 ¢q}. After 30 min, | N HCl was added, the solution was extracted with cthyl
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acetate, the organic phase was dried over MgS(y, filtered, and concentrated to give
compound 1k, ~80% pure (653 mg, 98%).

F. To asolution of compound 1k (415 mg, 1.58 mmol, 1 cq} in acctic acid (20 mL)
at 80°C was added 2~-methoxyphenylthydrazine (11} (252 mg, 1.82 mmwol, 1.15 eq). After |
hr, the sohution was cooled to 1t and concentrated. Purification by chromatography (40 g),
cluting with 5 to 30% EA/hexancs, gave compound 1j (2™ major peak, 1™ peak was
undesired regioisomer, 227 mg, 39%). "H NMR {(CHLOROFORM-d) 6: 7.39(dd, J =177,
1.6 Hz, 1H), 7.29-7.36 (m, 1H)}, 7.16 - 7.22 (m, 2H), 7.04 - 7.10 (m, 2H), 7.01 (td, } = 7.6,
1.0Hz, 1H), 6.88(d, J =83 Hz, 1H), 581 -594 {(m, J=17.1,10.2, 6.8, 6.8 Hz, 1H}, 5.01
- 5.15 (m, 2H)}, 3.49 (s, 3H}, 2.90 - 3.07 {m, 3H), 2.47 - 2.64 {m, 2H), 2.31 - 2.45 (m, 2H}.
ESE-MS {m/z): Caled. for C22HZICINZO: 365.1 (M+1}; found: 365.3.

(. To asolution of compound 1j {116 mg, 0.32 mmol, 1 eq) in THF {7 mL) at §°C
was added osmium tetraoxide (0.4 mL of a 2.5% solution in t-butanol, 0.032 mmol, 0.1 eqg)
followed by a sohution of sodium periodate (411 myg, 1.92 mmol, 6 ¢g} in water (§ mL}.
After 1 hr, a saturated solution of sodium thiosulfate was added and the mixture was stirred
for 30 min. The solution was then extracted with ether, the organic phase was dried over
MgSO,, filtered, and concentrated to give compound 1k, "H NMR (CHLOROFORM-d) &:
986 (t,J=15Hz, 1H), 731 - 7.40 {m, 2H}, 7.17 - 7.22 {m, 2H), 7.04 - 7.09 {m, 2H), 7.01
{td, F=7.6, 1.3 Hz, 1H), 6.88 (dd, F =83, 1.3 Hz, 1H}, 3.50 (5, 3H}, 3.35 - 345 (m, 1H},
3.06 - 318 (m, 2H}, 2.81 {ddd, 1= 7.1, 5.3, 1.5 Hz, 2H), 2.46 - 2.62 (m, 2H}. ESI-MS
{m/z): Caled. for C2THISCINZ2O2: 3671 (M+1); found: 367.1.

H. To a solution of compound 1k in methanol (2 mL}) was added sodium
borohydride (20 mg, 0.52 mmol, 1.7 ¢q). After | hr, water and NHiCl were added, the
aqueous laver was extracted with cthyl acctate. The organic phase was dried over MgSOy,
filtered, and concentrated. Purification by chromatography (24 g), eluting with 40 to 100%
EA/hexanes, gave compound 1 (61 mg, 52%). 'H NMR (CHLOROFORM-d /MeOH) &
7.33-741 (m, 2H}, 7.19-724 (m, 2H), 7.06 - 7.1 (m, 2H), 7.04 (id, } = 7.7, 1.3 Hz, 1H),
0.90-6.96(m, TH),3.71 (1, } = 0.8 Hz, ZH}, 3.51 (5, 3H}, 2.96 - 3.13 (m, 3H), 2.55(dd, I =
15.2, 7.8 Hz, 2H), 1.91 {q, J = 6.8 Hz, ZH}. ESI-MS (mv/z}: Caled. for C2TH2ICIN2O2:
369.1 (M+1); found: 369.1.
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L. To asolution of compound 1 {17 mg, ¢.045 mmol, | eq} in THF (2 mL} at rt was
added NaHMDS (0.23 mbL of 1 M solution in THF, 0.23 mmol, 5 eg). After 30 min, 4-
morpholinecarbonyl chloride (0.026 mL, 0.23 mmol, 5 ¢q} was added and the solution was
stirred overnight. The solution was added to a 5 mL diatomaccous carth extraction tube
loaded with aqueous ammonium chioride, and DCM was added, collected and
concentrated. Purification by chromatography (8 g), cluting with 40 to 100% EA/hexancs,
gave compound 2 (9.1 mg, 42%). "H NMR {(CHLOROFORM-d} 6: 7.31 - 7.40 {m, 2H),
747722 {m, 2H), 7.04 - 7.09 {m, 2H), 7.01 (td, F = 7.6, 1. 3 Hz, 1H), 6.88 (dd, J = 8.3,
1.0Hz 1H), 420-427 {m, 2H), 3.66 (br. 5., SH), 3.44 - 3.51 {m, 7TH}, 2.94 - 3.09 {m, 3H),
2.56 (dd, J =164, 7.1 Hz, 2H), 1.96 - 2.04 (m, ZH}. ESI-MS {(m/z}: Caled. for
C26HZEBCINIO4: 482.2 (M+1); found: 482.2.

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 compound was prepared:

:
!

LM
TO
N
‘\%\
[ \\'I\i
c
'S
A g
g i
Cpd 3

Cpd 3: "H NMR {CHLOROFORM-d} 8: 7.38{dd, J =77, 1.6 Hz, 1H), 7.34 (td, J
=79 1.6 Hz, 1H}, 717~ 7.22 (m, 2H}, 7.05 - 7.09 {m, 2H), 7.01 (¢d, 1= 7.6, 1.3 Hz, 1H),
688 (dd, J=8.2, 1.1 Hz, 1H), 4.20 (1, I =6.6 Hz, 2H), 3.49 (s, 3H)}, 2.96 - 3.09 {m, 3H),
2.92 (s, 64}, 2.49 - 2.64 (m, 2H), 1.93 - 2.04 (m, 2H). ESI-MS (m/z}: Caled. for
C24H26CIN3O3: 440.2 (M+1); found: 440.2.
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Example 2

QOM@ j\

HoNT O-But

Ne
/ \ N Bo-
AN Et,SiH, TFA
1k Cpd 13
\ HN-Boc
O

To a solution of compound 1k (23 mg, .06 mmol, I eq) in acctonitrile (2 mL} was
added t-butylcarbamate (37 mg, 8.31 mmol, 4.95 eq), tricthylsilane (.05 mL, 0.32 mmol,
5.1 eq) and trifluoroacetic acid (0.016 ml, 8.21 mmol, 3.3 ¢q). The solation was heated to
56°C overnight in a vial. The solution was cooled, ethyl acetate added, and the solution
was washed sequentially with NaHCO;: and brine. The organic phase was dried over
MgSQy, filtered, and concentrated. Purification by chromatography (8 g), eluting with 30
to 50% EA/hexanes, gave compound 13 (19 mg, 65%). 'H NMR (CHLOROFORM-d) &
7.36 - 7410 (m, TH), 7.34 (t, J=8.0Hz, 1H), 7.19{(d, T =86 Hz, 2H), 7.06 (d, I = 83 Hz,
2H), 700 T=T7.6 Hz, 1H), 6.88{d, F =283 Hz, 1H), 4.58 (br. s, 1H}, 349 (s, 3H),3.24
{d, I =06.1 Hz, 2H}, 2.89 - 3.08 (s, 3H}, 2.48 - 2.61 (m, 2H}, 1.77 - 1.91 {m, 2H), 1.46 (s,
9H). ESEMS (w/z): Caled. for C26H30CIN303: 468.2 (M+1}; found: 468.2.

Following the procedure deseribed above for Example 2, substituting acetamide for

t-butylearbamate, the following compound was prepared:

Cpd 12
Cpd 12: 'H NMR (CHLOROFORM-d) 8: 7.32 - 7.40 {m, 2H), 7.17 - 7.24 (m, 2H),
7.04-701{m, 2H), 697 -7.04 (m, 1H), 6.90(d, I =7.6 Hz, IH), 5.56 (br. 5., I1H}, 3.52 (s,
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3H) 3.34-343(m, 2H), 292 - 313 (m, 3H}, 2,47 - 2.65 (m, 2H), 2.02 (s, 3H), 1.6 - 1.8
{m, ZH}. ESI-MS (m/z): Caled. for C23H24CIN3O2Z: 410.2 (M+1); found: 410.2,

Example 3

Cpd 13
HN—Boc

A. A solution of compound 13 (13 mg, 8.03 mmol, 1 ¢q) in DCM (5 mL} and
triffuoroacetic acid (1 mL} was stirred for 2 hrs and concentrated. BCM was added, the
organics washed with NaHCOs, dried over MgSQ,, filtered, and concentrated to give
compound 3a {11 mg, 100%). 'H NMR (CHLOROFORM-d) 8: 8.11 (br. s, 2H), 7.38 (1. J
=78 He, 1H}, 7.28 {(d, J =76 Hz, 1H), 7.16 - 724 (m, F = 83 Hz, 2H), 701 - 709 (m, I =
83 Hz, 2HYL 698 (1, J = 7.5 Hz, 1H}, 6.90(d, I =83 Hz, 1H), 3.52 (5, 3H}, 2.83 - 3.21 (m,
5H), 2.49 (br. s, 2H), 1.83 - 2.08 {m, 2H). Caled. for C2TH2Z2CIN3O: 3682 (M+1);
found: 36&.2.

B. To a solution of compound 3a {10 mg, $.027 mmol, | eq) in BCM (2 mL) was
added tricthyiamine (0.019 mL, (.14 mmol, 5 eq} and methancsulfonyi chioride (0.01 mL,
0.14 mmol, 5 eq}. After 1 hr, the solution was concentrated. Purification by
chromatography (¥ g), eluting with 50 to 100% EA/hexanes, gave compound 11 {3 mg,
25%). 'H NMR (CHLOROFORM-d) & 7.30 - 7.41 (m, 2H), 7.17 - 7.23 {m, 2H), 7.04 -
730 (m, 2H), 6.97 - 7.04 (m, 1H), 6.88 (d, I =83 Hz, 1H), 423 - 433 (m, 1H), 3.49 (s,
3H), 326 (g, F = 6.7 Hz, 2H), 2.94 - 3.09 (m, 6H}, 2.46 - 2.62 {m, 2H), 1.93{q, J = 6.7 Hz,
2H). ESE-MS (m/z): Caled. for C22H2Z4CIN3O3S: 446.1 (M+13; found: 446.1.
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Foliowing the procedure described above for Example 3 and substituting the
appropriate reagents, starting materials and purification methods known to those skilled in

the art, the following compounds were prepared:

w‘/i::‘\n
b M
SO
o ;Eﬁ/\:y\ 1'? 7
/ \ s - /’A’k pe
& 4 N X
N
/
st
Cpd 28

Cpd 20:'H NMR (CHLOROFORM-d) & 7.75 - 7.81 (m, 1H), 7.49 - 7.57 (m, 2H),
7.6 -7.25 (m, 3H)Y, 6.97 - 7.03 (m, 2H), 4.58 {(br. s, 1H}, 3.24 (br.s., 2H), 2.90 - 3.08 {m,
3H), 2.55(dd, J=14.7, 7.1 Hz, 2H), 1.84 {g, I = 6.8 Hz, 2H), 1.46 (s, OH). ESI-MS (nvz}:
Caled. for C2Z6H2TCIFIN3O2: 506.2 (M+1); found: 506.2.

Cpd 22
Cpd 22: 'HNMR (CHLOROFORM-d) §: 7.75 - 7.82 (m, 1H), 7.49 - 7.57 (m, 2H),
715 -7.25 {(m, 3H), 6.96 - 7.03 (m, 2H), 442 (br. s, 1H), 3.31 - 3.41 {(m, 2H), 2.93 - 3.09
{ro, 3H), 2.92 (s, 6H), 2.49 - 2.62 (m, 2H}, 1.82 - 193 {m, 2H). ESI-MS {(w/z): Caled. for
C24H24CIFINAG: 477.2 (M+1); found: 477.2.
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Examplc 4
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A. To asolution of LHMDS (15.8 mL of a I M soiution in THF, 15.8 mmol, 1.6
eq} in THF (15 mL} at -78°C under Ar was added cthyl 3-oxocyclopentanccarboxylate (4a)
(1.55 g, 2.9 mmol, | eg} in THF {15 mL}) dropwise over 30 min. After 30 additional
minutes, a solution of 4-chiorobenzoyl chloride {(4b) {(1.25 mL, 9.9 mmol, 1 eq) in THF {10
mb) was added. After | hr, water and NH4Cl were added and the reaction mixture was
stirred overnight. The aqueous layer was extracted with ether, the organics corbined,
dried over MgSQy, filtered, and concentrated. Purification by chromatography (80 g},
cluting with 10 1o 40% EA/hexanes, gave compound 4¢ (83 mg, 3%). 'H NMR
{(tautomeric mix, MeOH-d4) 8: 7.67 - 7.74 (m, 2H), 7.43 - 7.52 {m, 2H), 4.15 - 428 (im,
2H)Y, 3.06 - 3.24 {m, 3H), 248 - 2.94 {m, 2H}, 1 .25 - 1.35 {m, 3H). Caled. for
C13H15CI04: 295.1 (M+1); found: 2949,

B. To asolution of compound 4¢ (&3 mg, 0.28 munol, | ¢q) in acetic acid {3 mbL) at
80°C was added 2-methoxyphenylhydrazine free base (1) (43 mg, 0.31 munol, 1.1 eq).

After 30 muin, the solution was concentrated. Purification by chromatography (8 g), eluting
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with 10 to 25% EA/hexanes, gave compound § (62 mg, 56%). 'H NMR
{CHLOROFORM-d} 8: 7.31 - 7.40 {m, 2H), 7.17 - 7.23 {m, 2H), 7.05 - 7.10 (m, 2H), 7.01

(m,J::?;?,i 3 Hz, 1H), 6.88 (dd, F=8.3, 1.0 Hz, 1H), 422 (q, J = 7.1 Hz, 2H), 3.72 -
3.82 (m, 1H), 3.50 (s, 3H), 3.07 - 3.22 (m, 4H), 1.31 (t, J = 7.2 Hz, 3H). ESI-MS (m/z);

Caled. for C2ZH21CINZO3: 3971 (M+1); found: 397.1.

. To lithium amide (45 mg, 1.95 mmol, 13 ¢q} in a vial was added a solution of
compound 8 {60 mg, 8.15 mmol, 1 eg) in THF (2 mL) and the suspension was heated to
65°C overnight. Methanol, water and 1 N HCl were added and the reaction mixture was
extracted with ethyl acctate. The organics were combined, dried over MgSQ,, filtered,
and concentrated. Purification by chromatography (8 g}, cluting with 2 to 5%
methanoV/DCM, gave compound 6 (23 mg, 42%). 'H NMR (CHLOROFORM-d) 8: 7.31
740 (m, 2H), 717 - 7.23 (m, 2H), 7.04 - 7.09 (m, 2H), 7.01 (td, J = 7.7, 1.3 Hz, 'EH), 6.88
(dd, J = &3, 1.0 Hz, 1H), 5.66(br.s,, 2H), 3.61 - 3.74 {m, TH), 3.50 (s, 3H}, 3 3.23 {m,
4H). ESEMS (w/z): Caled. for C20HIRCIN3OZ: 368.1 (M+13; found: 368.1.

. To asolution of compound 6 (22 mg, 8.06 mmol, 1 ¢q) in THF at 1t was added
LAH (.18 mL of a | M solution in THF, 0.18 mmol, 3 eg). After 1 hr, additional LAH
{(.18 mL} was added. After 3 hrs, added saturated sodium potassium tartrate, stirred 30
min, and added water. The reaction mixture was extracted with cther, dried over MgSQy,
filtered, and concentrated. Purification by chromatography (8 g}, eluting with 2 to 16%
methancl/DCM and NH; (1 %) gave compound 4¢ as a mixture of the desired product and
ioss of CL{5 mg, 24%).

E. To asolution of compound 4d (5 mg, 0.014 mmol, 1 eg) in DCM (2 mL} was
added tricthylamine (0.01 mL, 0.07 mmol, 5 ¢q) and methanesulfonyl chloride (0.006 mL,
0.07 mmol, 5 eq). After stirring overnight, the solution was concentrated. Purification by
HPLC, cluting with 20 to 80 to 100% acctonitrile/water, gave cornpound 8 {1 mg, 17%:).
"H NMR {(CHLOROFORM-d) 6: 7.40 (dd, J= 159, 1.8 Hz, 1H), 7.32(dd, F = 7.8, 1.5 Hz,
1H), 7.21 - 7.25 {m, 2H), 7.05 - 710 {m, 2H}, 7.01 (td, F = 7.6, 1.1 Hz, 1H}, 6.89 - 6.94 (m,
1H), 4.46 (br. s, [H), 3.55 (s, 3H), 3.32 - 3.40 (m, 2H}), 3.02 - 3.26 (m, 2H), 3.01 (5, 3H},
271 (ddd, J = 154, 9.6, 5.6 Hz, ZH}. ESI-MS (mv/z): Caled. for C2TH22CIN3O3S8: 4321
{M+1}); found: 432
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F. To a solution of compound 6 {7 mg, 8.02 mmol, 1 ¢q) in DMF (2 mL} was
added cyanuric chloride (11 mg, 0.06 mmol, 3 eq). After 1 hr, added water was added and
the reaction mixture was extracted with DCM. The organic phase was dried over MgSO,,
filtered, and concentrated. Purification by HPLC, cluting with 20 to 80 to 100%
acetonitrile/water, gave compound 16 (2 meg, 29%). 'H NMR (CHLOROFORM-d} 5:
7.36-742{m, 1H), 734 (dd, I =77, 1.6 Hz, 1H}, 7.21 - 7.26 (m, 2H]}, 6.99 - 7.08 {m,
3H), 6.91 (dd, J =83, 1.0 Hz, 1H), 3.75 {(quin, J = 7.9 Hz, 1H),3.54 (s, 3H), 334 - 3.43
{m, tH}, 3.15 - 3.34 {m, 3H). ESI-MS {m/z): Calcd. for C2O0HI6CINIQ: 350.1 (M+1};
found: 350.1.

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

the art, the folowing compounds were prepared:

Cpd 14
Cpd 14 "H NMR (CHLOROFORM-d) &: 7.32 - 7.39 (m, 1H), 7.30(d, ] = 6.8 Hz,
5-725(m,4H}, 6.99-7.04 (m, ZH}, 423 {q, 1= 7.2 Hz, 2H), 3.79 {(quin, = 8 4
Hz, 1H), 311 -3.25(m, 4H), 236 (g, J =77 Hz, 2H), 1.32(t, } =71 Hz, 3H), 1.00({, I =
7.6 Hz, 3H}. ESI-MS (m/z): Caled. for C23H23CIN20Z: 395.2 (M+1): found: 395.2.

1H;,
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‘ C;d 16

Cpd 16: 'H NMR (CHLOROFORM-d) §: 7.50 - 7.88 (m, 1H), 7.39 - 7.48 (m, 1H)
7.27 - 7.36 (m, 3H), 7.18 - 7.25 {m, 2H), 7.00 - 7.07 (m, 2H), 2.96 - 3.46 (m, 5H), 2.56 -
278 (m, 2H), 2.27 (or. s, 2H), 138 - 1.55 (m, 9H), 0.98 (1, ¥ = 7.6 Hz, 3H). ESI-MS (w/z):
Caled. for C26H30CIN302: 452.2 (M+1); found: 452.2.

i\N”\

i

o‘f//L\

a il
prdanr 3

G
Cpd 17
Cpd 17 'H NMR (CHLOROFORM-d) &: 7.32 - 7.39 (m, 1H), 7.30 (d, ] = 6.6 Hz,
TH), 7.15 - 7.25 (m, 4H), 6.95 - 7.04 (1, 2H}, 4.17 - 4.29 (m, 2H), 3.15- 3.39 {(m, SH),
3.02(ddd, J=157,8.5,2.1 Hz, 2H}, 2.69{(ddd, ] = 15,6, 13.6, 6.2 Hz, 2H)}, 2.36¢q, J = 7.6
Hz, 2H3, 1.12 {br. s, 6H), 1.00 (¢, J = 7.6 Hz, 3H}. ESI-MS (w/z): Caled. for
C26H3GCIN3O2: 452.2 (M+1); found: 452.2.
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Cpd 18
Cpd 18: 'H NMR (CHLOROFORM-d) 8: 7.36 (td, 7=7.3, 1.8 Hz, 1H), 7.30(d, J
=6.6 Hz, [H), 7.16 - 7.25 {m, 4H), 6.97 - 7.04 {m, 2H}, 449, I =63 Hz, 1H), 3.36 (¢, ]
=6.7 Hz, 2H). 3.12 - 3.24 (m, 1H), 3.02 - 3.11 (m, 2H), 3.00 (s, 3H), 2.65 (ddd, I =22 4,
15.8, 6.1 Hez, 2H), 2.35{q, } =7.6 Hz, 2H), 1.00 (t, J = 7.6 Hz, 3H). ESI-MS (m/z): Caled.
for C22H24CIN3028: 430.1 (M+1); found: 430.1.

Cpd 19
Cpd 19: 'H NMR (CHLOROFORM-d) 8: 7.33 - 7.40 (m, 1H}, 7.28 - 7.33 (m, 1H),
714 -7.25 (m, 4H), 6.96 - 7.04 {m, 2H), 6.69 (br. s, 1H}, 3.57 {tq, J=13.1, 6.7 Hz, ZH),
334 -326(m, 1H), 3.05(ddd, J=155,8.1,2.9He, 2H), 261 (ddd, J =153, 9.2, 5.8 Hz,
2H), 235 (g, I=7.6 Hz, 2H), 1.00 (t. J = 7.6 Hz, 3H). ESI-MS (w/z): Caled. for
C23HZICIFAIN3O: 448.1 (M+1); found: 448.1.
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Examplc 5
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A. To asolution of rimethylsilyl acetylene (8a) (1.41 mL, 18.14 mmol, 1.1 eq}in
toluene {24 mb) at -45°C under Ar was added n-Buli (4.06 mL of a 2.5 M solution in
hexanes, 10.14 mmol, 1.1 eq}. A suspension formed, and after 10 min, the mixture was
warmed to 0°C. After 10 min, dicthylaluminum chloride (10.14 mL of a 1 M solution in
hexanes, 10,14 mmol, 1.1 eq) was added. After § hr, (R}-ethyloxiranyl acctate (8b) (1.0
mb, 9.22 mmol, 1 ¢q} in toluene (10 mL) was added and the mixture stirred at 0°C for | hr.
To the suspension at 0°C was added dropwise 3 mL saturated NHCL followed by the
dropwise addition of 4 mbL | N HCl to precipitate the aluminum salts,  After stirring
overnight, the suspension was filtered through diatomaceous carth, with ethyl acetate
washings.. The filtratc was washed with brine, dried over MgSQ,, filtered, and
concentrated. Purification by column chromatography (40 ¢}, eluting with 10 to 20%
EaA/hexanes, gave compound ¢ (1.28 g, 61%). "H NMR (CHLOROFORM-d) 8: 4.1 1 -
424 (m,3H),3.03(d, F=45Hz 1H}, 263 -2.72 (m, 1H},2.41 - 2.59 (m, 3H), 1.29(, I =
7.2 Hz, 3H}, 0.16 (s, 9H}.

B. To asolution of compound 8¢ {1.28 g, 5.58 mmol, | ¢q) in DCM (Z0 mL) at O
°C was added ditsopropylethylamine {1.36 mL, 7.82 mmol, 1.4 ¢q) followed by
tritsopropylsilyl trifluoromethancsulfonate (1.81 mL, 6.7 mmol, 1.2 eg). Upon addition of
water, the reaction mixture was cxtracted with DCM, dricd over MgSQ,, filtered, and

60



WO 2014/028801 PCT/US2013/055267

concentrated to compound 8d. To a solution of compound 54 in ¢thanol {20 mL) was
added 1 N NaOH (10 mL} and the reaction heated to 50 °C overnight, followed by
addtional heating at 80°C for 4 hr. The reaction mixture was made acidic by the addition
of 1IN HCI. The cthanol was removed, the aqucous mixture was extracted with DCM, the
organics combined, dried over MgSQy, filtered, and concentrated. Purification by column
chromatography (80 g}, cluting with 0 to 40% EA/hexanes, gave compound 5e (1.51 g,
95%). ' H NMR (CHLOROFORM-d) &: 4.37 - 4.45 (m, 1H), 2.83 (dd, I =154, 5.3 Hz,
TH), 268 (dd, J=155,59 Hz, 1H)}, 2.51 - 2.56 {m, 2H)}, 2.03 - 2.05 {m, 1H), 1.03 - 1.10
{m, Z1H}.

. To a solation of compound Se (1100 mg, 3.87 mmol, 1 eq} in acctone (20 mL}
at rt was added silver nitrate (66 mg, .39 mmol, 8.1 eg) followed by N-bromosuccinimide
{757 mg, 4.25 mmol, 1.1 cq}. After 3 hrs, water and IN HCI were sequentially added to
the solution. The resultant precipitate was dissolved in DCM, washed with water, and the
organic phasc was dried, filtered, and concentrated to cormpound S£(1.53 g, ~90% pure,
98% yield), 'H NMR (CHLOROFORM-d) 8: 439 (t, § = 5.9 Hz, 1H), 2.59 - 2.84 (m, 3H),
254(d, J=61Hz 1H,L096-1.15(m, 21H).

D, To asolution of compound 8§(1.53 g, 3.79 mmol, | eq) in DCM (20 mL} at ¢t
under Ar was added N-methylmorpholine (.44 mL, 3.98 mmol, 1.05 ¢q) followed by
isobutylchioroformate (0.52 mL, 3.98 mmol, 1.05 eg). After 20 min, a solution of
compound 1#-HCI (794 mg, 4.55 mmol, 1.2 ¢q} and N-methylmorpholine (.50 mL, 4.55
mmol, 1.2 ¢q) in DCM (10 mL) was added and the solution stirred for 60 min. Water and
1 W HCl were sequentially added, the reaction mixture was extracted with DCM, the
organics combined, washed with NaHCO; and brine, dried over MgSQy, filiered, and
concentrated. Purification by column chromatography (80 g}, eluting with 10 to 20 to 25%
EA/hexanes, gave compound Sg (1.42 g, 78%). ESI-MS (m/z): Caled. for
C22H3S5BrN20381: 483.2 (M+1); found: 483.0.

E. Ina i-L 3-ncck round bottom flask equipped with an overhead stirrer, heating
mantel, septa, and temperature probe was added (5)-6-bromo-N'-(2-methoxyphenyl}-3-
{(triisopropylsilyloxyyhexanes-3-vochydrazide (8g) (26.27 g, 54.3 mmol, | eq), acetonitrile

{550 ml) and carbon tetrachlonide (21.0 mL, 217 mamol, 4 eq). One portion of polymer-
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bound triphenylphosphine (3 mmol/g P, 73.6 g, 221 mmol, 4 ¢q) was added at room
temperature and the suspension was stirred for 1 h, The color of the polymer remained
brown {unchanged) and no rcaction was detected by TLC (309 EtOAc in heptanc). The
reaction was heated to 56°C for 30 mun, then the reaction was allowed to cool to room
temperature for 1 h, filtered through silica gel (150 g and washed with acctonitrile (600
mb.}, whereby a whitish substance came through the filter pad. After filtration and
evaporation there was collected an orange oil that was still cloudy; EtOAc (100 mL) was
added, dricd with Na,SOy, filtered and evaporated to provide compound 5k (21 g) as an
orange oil in 75% yield. The crude product was carried on to the next reaction without
further purification. 'H NMR (CHLORGFORM-d) 8: 8.07 (s, 1H), 7.32(d, I = 7.6 Hz,
1H), 6.92 (dt, 1 =82, 42 Hz, 1H), 6.84 (d, J=3.7 Hz, 2H)}, 4.39 {quin, ] = 5.8 Hz, 1H},
3.89 (s, 3H), 2.85 - 3.00 {(m, 2H), 2.46 - 2.60 {m, 2H), 1.01 - 1.12 (m, 21H}. ESI-MS
{(nv/z). Caled. for C2ZH34BrCIN2O2S1: 464.1 (M-36); found: 464.3.

F. Compound 8k (385 mg, 0.77 mmol, 1 ¢q) and tricthylamine (8.43 mL, 3.07
mmol, 4 £qg) in dioxane (10 mL} were heated at 90°C for 20 hrs. Water was added to the
reaction mixture, and the mixture was extracted with DCM, dried over MgSQ,, filtered,
and concentratcd. Purification by column chromatography (40 g), cluting with 5 to 10%
EA/hexanes, gave compound 5§ {300 mg, 65%). 'H NMR (CHLOROFORM-d) &: 7.42
{td, F=R8.0, 1.8 Hz, 1H), 728 - 734 {m, 1H), 6.99 - 7.06 {m, 2H}, 5.05 (1, ] = 6.2 Hz, 1H]},
3.82 (s, 3H), 3.18(dd, J=15.7,73 Hz, 1H),3.04 (dd. J = 15.0, 7.2 Hz, 1H}, 2.83 (dd, J =
158,62 Hz, 1H), 2.66 (dd, J = 15.0, 5.9 Hz, 1H), 1.05 - 1.18 {m, 21H). ESL-MS (m/z}:
Caled. for C22H33BrN20281: 465.2 (M+1); found: 465.2.

F. To a solution of compound 8t (197 mg, .42 mmol, | ¢q) in dioxane (5 mL} was
added | N HCIL (I mL}, and the reaction was heated to 80°C for 3 hrs. The solution was
cxtracted with DCM, dried over MgSQ,, filtered, and concentrated to give compound 8§
(124 mg, 95%). 'H NMR (CHLOROFORM-d) 8: 7.43(t, J=7.9 Hz, 1H), 7.32(d, =73
Hz, 1H), 7.00 - 7.08 {m, 2H), 4.94 - 5.04 (m, 1H}), 3.83 (5, 3H}, 3.21 (dd, F = 16.3, 6.5 Hz,
THY, 3.08(dd, J=156,64 Hz, 1H),282(dd, J=164,39 Hz, 1H), 2.66 (dd, J=15.7,3.7
Hz, 1H), 1.97(d, = 6.1 Hz, 1H). ESI-MS (mw/z): Caled. for CI3HI3BrN20OZ: 309.2
{M+1}; found: 309.0.
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. To asolution of 4-chlorophenylboronic acid (8k} (76 mg, .49 mmol, 1.5 eq) in
dimethoxyethane {1 mi) was added 2 M Na,CO; {01 mL}, compound 8§ (100 mg, 0.32
mmol, 1 eg), and (PhaP}Pd (19 mg, 0.016 mmol, 0.05 ¢g). The solution was degassed by
bubbling Argon through the solution, then heated to 85°C for 3 days. Water and brine
were added to the reaction mixture which was then extracted with cthyl acetate. The
combincd organic phascs were dried over MgSOy, filtered, and concentrated. Purification
by column chromatography (12 g}, eluting with 50 to 100% EA/hexancs, gave compound
51 (80 g, 71%). 'H NMR (CHLOROFORM-d) §: 7.39 (dd, T=7.7, 1.6 Hz, 1H), 7.31
7.37 (m, 1H), 717 - 725 (m, J =83 Hz, 2H), 7.05- 711 {m, =83 Hz, 2H), 7.02 ¢d, | =
7.6, 1.1 Hz, 1H), 6.88 (d, J = 8.1 Hz, 1H), 4.97 - 5.11 {(m, 1H), 3.49 (5, 3H), 3.14 - 329 (m,
2H), 2.70 - 2.90 (m, 2H), 2.08 (&4, J = 5.3 Hz, 1H). ESI-MS (w/z): Caled. for
CIGHITCIN2OZ: 341.1 (M+1); found: 3412

Example 6

}
cl
T = \;:5"\
iy 2 W7 ook,
Ci "
2 e N . 2 N
\L | { O0F, NTOC A
e N ; i

N B e e i
Rx’{’ NaHMES S
3 Cpdls O .o Cpd 23
HO -
o /I\g\

A. Compound 28 was prepared according to the procedures deseribed in Example
S, substituting (2-(rifluoromethoxyphenylhydrazine for compound 1 in Step D.

B. To asolution of compound 28 (22 mg, 0.056 mmol, 1 eq) in THF (1.5 mL) was
added NaHMDS (0.28 mL of a T M solution in THF, (.28 mmol, 5 eq} followed by
dimethylcarbamoyl chloride (8.026 mL, 0.28 mmol, 5 eq). After 2 hrs, saturated NHyCl
was added and the solution was poured onto a 5 mb extraction tube filled with
diatomaceous carth, washed through with DCM, dried, filtered, and concentrated.
Purification by chromatography (8 g), eloting with 20 to 40% EA/hexanes, gave compound
23 (14.9 mg, 57%). 'H NMR (CHLOROFORM-d} 3: 7.52 - 7.58 (m, 1H), 7.33 - 7.46 (m,
2H), 719 - 728 (m, 3H), 7.00 - 7.08 (o, 2H), 5.77 (1, J = 7.2, 3.6 Hz, 1H), 3.25-3.37 (in,

63



WO 2014/028801 PCT/US2013/055267

2HY, 2.83 - 3.01 (m, 8H). ESI-MS (mvz): Caled. for C22HISCIF3N303: 466.1 (M+1};

found:; 466.1.

Following the procedure described above for Example 6 and substituting the
appropriatc reagents, starting materials and purification methods known to those skilled in

the art, the folowing compounds were prepared:

/‘-—-z
3\
o...

Cpd 24
Cpd 24 "H NMR (CHLOROFORM-d) & 7.55 (dd, F=7.5, 1.9 Hz, [H), 7.34 -
7.46 (m, 2H}, 7.20 - 7.29 (m, 3H), 7.00 - 7.07 (m, 2H), 5.80 (tt, } = 7.0, 3.7 Hz, 1H), 3.40 -
3.76 (m, 8H), 3.33 (dd, J = 16.7, 7.1 Hz, 2H), 2.84 - 3.00 (m, Z2H}. ESE-MS {m/z): Caled.
for C24H2ZICIFIN304: 508.1 (M+1); found: 508.1.

Jj‘r;

Cpd 28
Cpd 28: 'H NMR (CHLOROFORM-d) & 7.39{(dd, ¥ =7.7, 1.6 Hz, 1H), 7.35 (td,
J=80, L8 Hz, tH), 7.17-7.22 (m, 2H), 7.05 - 710 (m, 2H), 7.02 (td, J = 7.6, 1.3 Hz,
1H), 6.89 (dd, J = 8.3, 1.0 Hz, 1H), 5.73 - 5.80 (m, 1), 3.50 (s, 3H), 3.29 - 3.39 (m, 2H),
2.84 - 3.00 {m, SH). ESI-MS (mv/z): Caled. for C22H22CIN3O3: 4121 (M+1}); found:
412.1.
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Cpd 29
Cpd 29: 'H NMR (CHLOROFORM-d) 8: 7.32 - 7.42 (m, 2H), 7.17 - 7.23 {m,
2HY, 7.05 - 700 (m, 2H), 7.02 (td, J = 7.7, 1.3 Hz, 1H), 6.90(dd, J = &3, 1.0 Hz, 1H), 5.80
(dt, J=723,3.6 Hz, 1H}), 3.66 (br. 5., 4H), 3.50 (3, TH). 3.29 - 3.40 (m, 2H), 2.85 - 3.01 (m,
2H) ESEMS (mvz): Caled. for C24H24CIN304: 454.2 (M+1); found: 454.2.

Cpd 30
Cpd 30: "H NMR (CHLOROFORM-d) 8: 7.49 (dd, = 7.8, 1.8 Hz, 1H), 7.32 (1d,
J=8.0, 1.8 Hz, 1H), 7.16 - 7.23 (m, 2H), 7.06 - 7.13 (m, 2H), 7.04 (td, I = 7.6, 1.1 Hz,

1H), 6.80 - 6.86 (m, 1H), 5.72 - 5.81 (m, 1H), 3.71 (br. 5., 2H), 3.33 (dd, J = 16.5, 7.2 Hz,
IH), 2.80 - 3.02 {m, 8H), 0.98 (t, ] = 6.9 Hz, 3H). ESEMS (m/z): Caled. for
C23H24CTNIO3: 426.2 (M+1); found: 426.2.

Q\f?
%\\:E
S
aYa%
S
Cpd 31
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Cpd 31 'H NMR (CHLOROFORM-d) & 7.49 {dd, ¥ =7.8, 1.5 Hz, 1H), 7.33 (td,
F=79 16Hz, tH,7.16-7.23¢(m, 2H), 7.066 - 7.11 (m, 2H), 7.04 (1d, I = 7.6, 1.1 Hz,
1H), 6.80 - 6.87 {m, TH), 5.80 (¢, F= 7.1, 3.8 Hz, 1H}, 3.57 - 3.91 {m, 6H}, 3.49 (br. 5.,
4, 3.27 - 3.42 (m, 2H), 2.81 - 3.02 (m, 2H), 0.98 (1, § = 7.1 Hz, 3H). ESI-MS (m/z):
Caled. for C2SH26CIN304: 468.2 (M+1); found: 468.2.

Example 7

RN -
Sy N,
Oy ) AN \/4 NP G
ON“ MsCl, OMe 1y s 3
, m — . . MalN,, DMF, 100G i {0
X \./)\r‘/ N ------------------------------- Do i\\/’\\/i\'\. Me
)L! A
J /
C'r Lpd 26 \,’ 7a - Th
O‘é’i:() Ny
H

Hy, 10% PA/C sCi TEA Ef i OMe
2 o < MsCi TEA NG Y»N‘
t N
Pt
%/J Cpd 32
HyN HN_
SQMe

A. Compound 26 was prepared according to the procedures described in Example
5, substituting the appropriate racemie starting materials,

B. To compound 26 {200 mg, 8.53 mmol, 1 eq) in DCM (5 mL) at rt was added
triethylamine (8.15 mL, 1.06 mmol, 2 eq} followed by methanesulfonyl chloride (0.062
mkb, 0.79 mmol, 1.5 cq}. After stirring for 2 hes, DCM was added. The organic phasc was
washed with water, dried over MgSQy, filtered, and concentrated. Purification by colummn
chromatography (24 ¢), chuting with 30 to 60% EA/hexanes, gave compound 7a (230 mg,
99%). "H NMR (CHLOROFORM-d) §: 7.32- 7.41 (m, 2H), 7.19 - 7.24 (m, 2H), 6.99 -
7.09 (m, 3H), 6.89¢d, F =83 Hz, 1H), 5.73 - S.83 (m, 1H), 3.50 (s, 3H), 338 (ddd, J =
16.5, 6.8, 3.8 Hz, 2H), 315 (dt, 7= 16.5,4.4 Hz, 2H), 3.08 (5, 3H). ESI-MS (nv/z): Caled.
for C20HTOCIN2048: 419.1 (M+1); found: 419.1.

. Tocompound 7a (220 mg, §.53 mmol, | eq) in DMF (S mL) at 1t was added

sodinm azide (52 mg, 0.79 mmol, 1.5 eq) and the solution was warmed to 100°C. After |
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hr the reaction was cooled, water was added, and the aqueous phase was extracted with
DCM. The combined organic phases were dried over MgSQy, filtered, and concentrated to
compound 7b (184 mg, 95%). 'H NMR (CHLOROFORM-d} & 7.31 - 7.42 (m, 2H), 7.22
{d, =86 Hz, 2H}, 6.99-7.10 (, 3H}, 6.88{d, } = 7.8 Hz, 1H}, 4.61 -4.73 (un, 1H}, 3.50
(s, 3H), 3.16 - 330 (m, 2H), 2.83 - 2.98 (m, 2H}. ESI-MS (m/z}: Caled. for
CI9HI6CINSO: 366.1 (M+1}; found: 366.1.

D. To asolution of compound 7h {184 mg, .50 mmol} in cthyl acetate (10 mL)
and ¢thanoi (5 mL} was added 10% P&/ C (50 mg), under a hydrogen gas atmosphere.
After 16 hrs, the suspension was filtered through diatomaceous carth, washed with EA,
dried and concentrated to compound 7e(164 mg, 96%). 'H NMR (CHLOROFORM-d) &:
7384dd, J=7.8, 1.8 Hz, 1H), 7.31 - 7.37 (o, 1H), 717 - 7.23 (m, 2H}, 7.05 - 7.10 (m,
2H), 6.97 - 7.04 {(m, 1H), 6 .88 (d, J = 8.3 Hz, 1H), 4.23 {quin, J = 6.4 Hz, 1H}, 3.49 (s,
3H)Y, 319 (td, I =159, 7.1 Hz, 2H}, 2.51 - 2.67 (m, 2H). ESE-MS (iw/z): Caled. for
CIOHISCIN3O: 340.1 (M+1); found: 340.1.

E. To asolution of compound Te (29 mg, 8.084 mamol, 1 ¢q) in BDCM (1 mL} was
added tricthylamine (0.035 mL, (.25 mmol, 3 eq) and methancsulfony! chloride (0.013
mb, 80.17 mmol, 2 eq). After 2 hrs, saturated NaHCO: was added, the reaction mixture
was poured onto a 5 mL cxtraction tube filled with diatomaceous carth, washed through
with DCM, and concentrated. Purification by chromatography (8 g), cluting with 40 to
100% EA/hexanes, gave componund 32 (33 mg, 94%). 'H NMR (CHLOROFORM-d) &:
7.32-7.40 (m, 2H), 7.18 - 7.24 (m, 2H), 6.98 - 7.08 (m, 3H), 6.88 (d, I = &3 Hz, 1H}, 5.04
{d, I =91 Hz, 1H}, 4.59-4.72 (o, 1H}, 3.50 (s, 3H}, 3.27 - 3.39 (m, 2H), 3.04 (s, 3H),
2.74 - 2.87 (m, ZH}. ESI-MS (m/z): Caled. for C20H20CIN3O3S: 418.1 (M+1}; found:
418.1.

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 folowing compounds were prepared:
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BmGomg

Cpd 33
Cpd 33 'H NMR (CHLOROFORM-d) & 7.32 - 7.40 (m, 2H), 7.18 - 7.24 {(m,
2H), 6.99 - 7.08 (m, 3H)}, 6.89 (d, I =83 Hz, 1H),4.38 - 4.70 (m, 1H), 452 (d, I =99 Hz,
1H), 3.50 (s, 3H), 3.28 - 3.38 {m, 2H), 3.22 {quin, J = 6.9 Hz, 1H}, 2.76 - 2.86 (m, 2H},
142 (dd, J = 6.8, 1.3 Hz, 6H). ESI-MS (m/z): Caled. for C22HZ4CIN3O3S: 446.1 (M+1y;
found: 446.1.

e
Y

-
i

. 1

]

Cpd 34

Cpd 34: 'HNMR (CHLOROFORM-d} 8; 7.31 - 7.39 (m, 2H), 7.18 - 7.24 {(m,
2H), 6.99 - 7.08 (m, 3H), 6.88 (d, F =83 Hz, 1H), 481 {d, } =93 Hz, 1H), 448 - 461 (m,
1H}, 3.49 (s, 3H), 3.30(dd, J = 15.9, 7.8 Hz, 2H), 2.75 - 2.87 {m, 8H). ESI-MS (m/z):
Caled. for C2ZTH23CIN4O3S: 4471 (M+1); found: 447.1.
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Cpd 44

Cpd 44: 'H NMR (CHLOROFORM-d) 8: 7.39(dd, § =77, 1.6 Hz, 1H), 7.23 -
729 (m, 1H}, 711 - 7.16 {m, 2H), 6.93 - 7.03 {m, 3H), 6.77(d, I =73 Hz, 1H), 4.50 - 4.64
{m, TH}, 4.39(d,J =93 Hz, 1H), 3.64 (br. s, 2H}, 3.27 {dd, ] = 15.9, 7.8 Hz, 2H), 3.15
{quin, ] = 6.8 Hz, 1H)}, 2.66-2.82 {(m, 2H), 1.36(dd, J =68, 1.3 Hz, 61}, 092 (1, ] = 6.9
Hz, 3H) . ESEMS (mvz): Caled. for C23H26CIN3O35: 460.1 (M+1); found: 460.1.

Cpd 48
Cpd 45: 'H NMR (CHLOROFORM-d)} &: 741 (dd, J=77, 1.6 Hz, 1H}, 7.24 -
730 (o, 1H), 712 - 717 (m, 2H), 6.94 - 7.03 (1o, 3H), 6.78 {(d, I = 7.6 Hz, 1H), 6.61 {br.
s, UH}, 5.07(d, J=7.6 Hz, 1H), 3.66 (br. 5., 2H), 3.23 - 343 (m, 2H), 2.65 - 2.80 (m, 2H},
0,92 (t, I ="7.1 Hz, 3H) . ESI-MS (w/z): Caled. for C2ZHISCIFIN3O2: 450.1 (M+1);
found: 450.1.
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Cpd 47
Cpd 47: "HNMR {CHLOROFORM-d) &: 746 (dd, F=7.7, 1.6 Hz, 1H), 7.33 {td,
=78, 1.8 Hz, IH), 7.18 - 7.23 (o, 2H}, 7.00 - 7.10 (m, 3H}, 6.84 (dd, } = 8.3, 1 O Hz,
1H), 4.53 (br. 5., 2H), 3.55 - 3.88 (m, 2H), 3.26 - 3.38 (m, 2H), 2.76 - 2.88 {m, 8H), 0.99 {1,
J=6.9Hz, 3H). ESI-MS (nmvz): Caled. for C22H25CINAO3S: 4611 (M+1); found: 4611,

. //
s et (" \/l\
| OMe \C\ Ole
Xy N, NaHMDS, Mel
54—
|
Cpd 32 <>) Cpd 37

b N
02 Me SOQMG

\

S

To a solution of compound 32 (21 mg, 0.05 mmol, | eq} in THF (2 mL} was added

WNaHMDS (0.3 mL of a 1 M solution in THF, 0.3 mmol, 6 ¢q) followed by iodomcthanc
{0.019 mL, 0.3 munol, 6 cq). After stirring overnight, WH4Cl was added, the solution was
poured onto a 5 mbL extraction tube filled with diatomaceous carth, washed through with
DCM, and concentrated. Purification by chromatography (8 g}, eluting with 35 10 70%
EA/hexanes, gave compound 37 (8.2 mg, 38%). 'H NMR (CHLOROFORM-d} &: 7.31 -
7.42 {m, 2H), 719 - 7.24 (m, 2H), 6.99 - 7.10 (m, 3H}, 6.89 (d, 1 = K.3 Hz, 1H), 5.21 - 5.31
(m, FH}, 3.50 (s, 3H), 3.15(dd, J = 16.0, 8.7 Hz, 2H), 2.84 - 3.02 (m, 8H). ESI-MS {m/z}):
Caled. for C21H2ZCIN3035: 4321 (M+1}; found: 432.1.
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Following the procedure described above for Example 8 and substituting the
appropriate reagents, starting materials and purification methods known to those skilled in

the art, the following compounds were prepared:

Cpd 46
Cpd 46: 'H NMR (CHLOROFORM-d) & 748 (dd, =78, 1.5 Hz, 1K), 7.30 -
737 (o, 1H), 717 - 724 (m, 2H, 7.07 - 712 (m, J = &6 Hz, 2H}, 7.04 (td, F = 7.6, 1.0 Hz,
1H), 6.84(d, F=7.6 Hz, 1H), 513 {br. s, 1H}, 3.71 (br. s, 2H}, 3.07 - 3.22 {m, 2H), 2.90 -
3.04 (m, 2H), 2.84 (5, 9H), .99 (t, I = 6.9 Hz, 3H) . ESI-MS {m/z): Caled. for
C23H27CIN4O3S: 4752 (M+1); found: 475.2.

Cpd 48
Cpd 48: 'H NMR (CHLOROFORM-d} 8: 7.47(dd, J=7.7, 1.6 Hz, 1H), 7.29 -
736 (m, 1H}, 718~ 7.24 (m, 2H), 706 - 7.11 {m, 2H), 7.04 (td, J = 7.7, 1.3 Hz, 1H), 6.83
{dd, J = &3, L.OHz, TH), 5.06 - 5.18 (m, 1H), 3.70 (br. 5., 2H), 3.08 - 3.21 {m, 2H), 2.90 -
3.03 (m, 2H), 2.84 {s, OH), (.99 (t, I = 6.9 Hz, 3H) . ESI-MS (nv/z): Caled. for
C23H27CINGO38: 475.2 (M+1); found: 475.2.
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Cpd 58
Cpd $6: 'H NMR (CHLOROFORM-d) 8: 7.21 - 7.26 (m, 2H), 7.18 (dd, 1 = 7.3,

LOHz, TH)Y 7.0 -7.15 (m, 2H), 6.99 - 7.05 (m, 1H), 6.81 - 6.87 (m, IH}, 5.05 - 5.16 (i,
TH,L 443 (0 F=87Hz 2H}, 321, J =87 He, 2H), 3,13 {ddd, F = 159, }11.2, 85 Hz,
2H), 2.89 - 3.01 {m, 2H), 2.80 - 2.85 {m, OH) . ESI-MS (m/z). Caled. for
C23H2SCINGO3S: 473.1 (M+1}); found: 473.1.

Cpd 51
Cpd 51: 'H NMR (CHLOROFORM-d) 8: 7.22 - 7.26 (m, 2H), 7.16 - 7.21 {m,
TH), 7.09 - 7015 (m, 2H), 7.02 (d,J =78 Hz, TH), 6.84 (£, I = 7.7 Hz, 1H), 511 - 523 {m,
1H), 443 (1, J=8.7Hz, 2H), 3.07 - 3.28 (m, 5H), 2.90 - 3.05 (m, 5H), 1.39(d, ] = 6.8 Hz,
6H) . ESI-MS (w/z): Caled. for C24H26CIN3O3S8: 472.1 (M+1); found: 472.1.

Cpd 87
Cpd 87: "H NMR {CHLOROFORM-d) &: 8.03(d, J =23 Hz, 1H), 7.32 - 741 {m,
2H), 7.24-732 (m, 1H),7.02 (td, F = 7.6, 1.1 Hz, TH)L 691 (4, I =8.6 Hz, [H), 661 (d, ]
= &8 Hz, 1H), 5.13 (1, 3= 7.7 Hz, [H), 3.90 (s, 3H), 3.56 (s, 3H), 3.14 (dt, I = 16.0, 7.9

L)
! i
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Hz, 2H}, 2.89 - 3.04 (m, 2H), 2.85 (s, 3H}, 2.83 {s, 6H) . ESI-MS {m/z): Caled. for
C22H2ZTNSC4S: 458.2 (M+1}; found: 458.2.

Oxu8amg

A

Cpd 38
Cpd 58: 'H NMR (CHLOROFORM-d) & 8.01(d, J=2.5 Hz, 1H), 7.31 - 7.39 (m,
2H), 722 -726{(m, 1H), 7.0 id, J=7.6, 1.1 Hz, [H), 691 (dd, J=82E&, 1.0 Hz, 1H), 6.53
{(d, 1=8.6Hz, 1H), 524 (quin, J =62 Hz, [H), 512 (&, I =78 Hz, 1H}, 3.56 (5, 3H), 3.07
~3.19 (m, 2H), 2.87 ~ 3.03 (m, 2H), 2.85 (s, 3H}, 2.83 (s, 6H}, 1 .31 {(d, I = 6.1 Hz, 6H).
ESI-MS (mvz): Caled. for C24H3INSO4S: 486.2 (M+1}); found: 486.2.

0
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A. Compound 9a was prepared according to the procedures described in Examples
5 and 7, substituting the appropriate reagents, starting materials and purification methods
known to those skilled in the art.

B. To a solution of compound 9a (21 mg, .06 mmol, | ¢q) in toluenc {1 mL) was
added tricthyiamine (0.05 mL, .36 mmol, 6 eq} and succinic anhydride {7 mg, 0.066
mmol, 1.1 eq) and the reaction mixture was stirred for 3 days at 110°C. The solution was
concentrated. Purification by chromatography (8 g), cluting with 40 to 100% EA/hexancs,

gave compound 38 (19.3 mg, 74%). 'H NMR {CHLOROFORM-d) §: 7.49(dd, T = 7.8,

~d
(oY)
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1.8 Hz, 1H), 7.32 (¢d, J = 8.0, 1 8 Hz, 1H), 7.15 - 7.23 (m, 2H), 7.07 (d, } = 8.6 Hz, 2H},
7.034d,J=76,13Hz 1H), 6.83{(dd, 1 =83, 1.0 Hz, 1H), 527 - 544 {m, 1H}, 3.71 (br.
s, 2HY, 343 (dd, J=14.8,9.5 Hz, 2H), 3.06 (dd, } = 15.2, 9.1 Hz, 2H}, 2.75 (5, 4H), 1.01
(t, } = 6.9 Hz, 3H) . ESI-MS (w/z): Caled. for C24H22CIN30O3: 436.1 (M+1); found:
436.1.

Example 10

et S,\{m ENEN \ 7\ ~~~~~
C/"\/”'\ O =t

/’\\/?\
N
S H,C0, 1.
2) NaHMDS Y
I
HoN Ba O F\,I Cpd 48

To a solution of compound 9a (21 mg, (.06 mmol, 1 eq} n chloroform (1 mL} was
added 4-chlorobutyr] chioride (¢.014 mL, 0.12 mmol, 2 eq) and 20% aqueous potassium
carbonate (I mL}. After 3 hrs, the recaction mixture was poured onto a 5 mb extraction
tube filled with diatomaceous carth, washed through with BCM, and concentrated. To a
solution of this intermediate in THF (2 mL} in a vial was added NaHMDS (8.3 mb of a 1
M solution in THF, 0.3 mmol, 5 ¢q), and the solution was warmed to 65°C. After 4 hus,
NH4Cl was added, the solution was poured onto a 5 mb extraction tube filled with
diatomacecous carth, washed through with DUM, and concentrated. Purification by
chromatography (8 g), cluting with EA gave compound 46 (3.2 mg, 13%). 'HNMR
(CHLOROFORM-d) &: 749 (dd, F=78, L8 Hz, 1H}), 7.30- 736 (m, 1H}, 7.18-7.23 (m,
2H, 7.06 - 701 (m, 2HL, 7.04 (14, 1 = 7.7, 1.3 Hz, 1H), 6.80 - 6.86 (m, 1H}, 5.40 - 5.52 {m,
1H), 3.7 (br. s, 2H), 3.26 - 3.47 (m, 2H}, 3.05 - 3.22 (m, 2H}, 2.85(dd, F = 16.0, 6.2 Hz,
2H), 2.38 - 2.47 (m, 2H}, 1.98 - 2.10 (m, 2H}, 0.99 {t, } = 6.9 Hz, 3H} . ESI-MS (nv/z}):
Caled. for C24H24CIN302: 422.2 (M+1); found: 422.2.
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Exampie {1

N
N Cpd 128

A. Compound 11a was prepared according to the procedures described in Example
5, substituting {S}-cthyloxiranyl acetate for (R}-cthyloxiranyl acetate (8b) in Step A, and
substituting 4-cvanophenylboronic acid for cpd 5k in Step G.

B. Compound 11b was prepared according to the procedures described in Example
7, Steps B and C, substituting compound 11a for Cpd 26.

C. To a solution of compound 11h (25 mg, 0.07 mmol, 1 eg) in THF (1 mL) was
added 4-methyl-1-pentyne (11¢) (0.011 mL, 0.11 mumol, 1.5 eq), Cul (7 mg, 8.035 mmol,
0.5 eq) and duisopropylethylamine (0.06 L, 0.35 mmol, S eq) and the suspension was
stirred overnight at 1. DCM was added, the solution decanted and concentrated.
Purification by colunm chromatography (8 g} 10 40 to 80% EA/hexanes gave compound
128. 'H NMR (CHLOROFORM-d} 8: 7.54 (d, J = 8.3 Hz, 2H), 7.45(dd, J = 7.7, 1.6 Hz,
1H), 738 - 743 (m, 1H),7.36 (s, 1H),7.25(d, I =83 Hz, 2H), 708 (4, I=7.7 Hz, 1H),
691 {(d, F =83 Hz, 1H), 577 - 588 (m, 1H), 3.59 (dt, ] = 16.3, 8.3 Hz, 2H), 3.49 (s, 3H),
332(dd. J=163,62Hz 2H), 2.60(d, F =71 Hz, 2H), 1.91 - 2.03 (m, 1H), 095 (d, I =
6.6 Hz, 6H) . ESI-MS (wv/z): Caled. for C26H26N60: 439.2 (M+1); found: 439.2.

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

the art, the following compounds were prepared:
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Cpd 41
Cpd 41 'H NMR (CHLOROFORM-d) §: 7.60 (s, 1H), 7.51 (dd, J=7.7, 1.6 Hz,

1H), 7.36 (td, ] = 7.9, 1.6 Hz, 1H), 7.1& - 7.24 (m, 2H), 7.02 - 7.12 {m, 3H), 6.86 (d, J =
7.6 Hz, 1TH), 5.91 (¢, § = 6.7 Hz, 1H), 3.44 - 3.90 (i, 4H), 3.30 (dd, J = 16.2, 6.1 Hz, 2H),
102 (6, J = 6.9 Hz, 3H), 0.32 (s, 9H) . BSI-MS (m/z): Caled. for C2SHZBCINSOSE: 478.2

{(M+1); found: 478.2.

RN

$
=
& &
I
Cpd 42
Cpd 42: 'H NMR (CHLOROFORM-d} 8: 7.73 (s, 1H), 7.64 (s, 1H), 7.51(dd, J =
7.7, 1.6 He, 1H), 7.32 - 740 (m, 1H), 708 - 7.25 {m, 2H), 7.02 - 712 {m, 3H), 6.86 (d, } =
83 Hz 1H), 5.84-598 (m, 1H), 3.43-3.92 (m, 4H), 3.29 (dd, J = 16.0, 5.4 Hz, 2H), 1.02
(t, J = 6.9 Hz, 3H} . ESI-MS (w/z): Caled. for C22H20CINSD: 406.1 (M+1}); found: 406.1.

N
Cpd 124
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Cpd 124: 'H NMR (CHLOROFORM-d) & 7.54 (d, F =83 Hz, 2H), 745(d, I =
7.6 Hz, 1H}, 7.38 ~ 7.44 (m, 1H), 73S (s, 1H), 7.25¢d, F= &3 Hz, 2H}, 7.08 {t, I = 7.6 Hz,
1H), 6.91¢(d, T = 8.1 Hz, 1H}, 5.82 {quin, J=7.1 Hz, 1H), 3.58 (dt, J = 16.2, 8.2 Hz, 2},
349 (s, 3H),3.32¢dd, F =162, 6.3 Hz, 2H), 3.19 (qum J=8.0Hz, 1H),2.05-2.18 (m,
2H), 1.60 -~ 1.84 {m, 6H) . ESI-MS (m/z): Caled. for C27THZ6N60: 451.2 (M+1}; found:
451.2.

Cpd 1258
Cpd 125 H NMR (CHLOROFORM-d) O 8.18 (s, 1H}, 7.55 (d, J=§.3 Hz, 2H},
747{(d,J=7.6Hz 1H), 738-745(m, 1H), 724 (d, } =83 Hz, 2H), 7.09 (t, ] = 7.6 Hz,
TH), 6.92 (d, =83 Hz, 1H), 5.86 - 597 (m, 1H), 3.96 (s, 3H}), 3.57 - 3.72 (m, 2H}, 3.50

(s, 3H), 3.21 - 3.37 (m, 2H) . ESE-MS (m/z): Caled. for C24H20N603: 441.2 (M+1);
found: 441.2.

Cpd 128
Cpd 128 'H NMR (CHLOROFORM-d) & 7.71 (s, 1H), 7.51 - 7.57 (m, 2H), 7.46

(dd, F=7.8, 1.7Hz, 1H), 738 - 744 {(m, 1H), 7.22 - 7.27 (m, 2H}, 7.04 - 711 (m, 1H},
6.88 - 6.94 (m, 1H), 5.77 - 589 (m, 1H}, 5.22 (s, 2H}, 3.54 - 3.67 (m, 2H)}, 3.49 (s, 3H),
3.27 - 3.39 {m, 2H), 2.08 (s, 3H} . ESI-MS {(mv/z): Caled. for C25H22ZN6(03: 455.2 (M+1};

found: 455.2.

-~
g



WO 2014/028801 PCT/US2013/055267

Cpd 13¢
Cpd 138: 'H NMR (CHLOROFORM-d) & 7.51 - 7.56 (m, 2H), 7.45 (dd, J = 7.7,
ToHe TH), 741 d, J =79, 1.7 Hz, 1H), 7.35¢s, 1H), 7.25¢d, J=8.6 He, 2H), 7.08 (¢d, J
=76, 1.1 Hz, 1H}, 6.89 - 6.94 (m, 1H), 5.76 - 5.87 {m, 1H), 3.58 (dt, ] = 16.5, 8.4 Hz, 2H),
3.49 (s, 3H), 3.28 - 3.39 {m, 2H), 1.36 (s, 9H) . ESI-MS {(m/z): Caled. for C26H26N60:
439.2 (M+1}; found: 439.2.

Cpd 136
Cpd 136: 'H NMR (CHLOROFORM-d) & 7.53(d, J = 8.6 Hz, 2H), 744 (dd, J =
7.7,1.6 Hz, 1), 7.40 (td, J = 7.8, 1.7 Hz, 1H), 7.22 - 7.26 (m, 2H), 7.07 (td, I = 7.6, 1.1
Hz, 1H), 6.90 (d, J = 8.3 Hz, 1H), 5.50 (¢ J = 8.2 Hz, 1H), 3.54 - 3.72 (m, 2H), 3.50 (s,
3H), 3.34 - 349 (m, 2H), 2.70(dq, I =105, 7.7 Hz, 4H3, 1.31 (t, J= 7.6 Hz, 3H), 1.23 (1, ]
= 7.7 Hz, 3H}) . ESI-MS (w/z): Caled. for C2Z6H26N60: 439.2 (M+1); found: 439.2.

Example 12

NC. Q,i NG { :,\

2 ~ OM
l\\/; N OMa  ECHO, HCOCOH k N VIS
N N
H NH,0AC et
}/
HoN 1
LEVAERN
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A. Compound 12a was prepared according to Example 7, Step D, substituting
compound 11b for compound 7b.

B. A solution of compound 12a (25 mg, 0.07 munol, | eq), ammonium acctate (22
mg, 0.29 mmol, 4 ¢q), propionaldehyde (0.021 mL, .29 mmol, 1 ¢q) and glvoxal (0.033
mk of a 40% solution in water, 0.29 mL, 1 ¢q} in mcthanol {1 mL) were heated to 80°C
overnight inn a vial. The solution was concentrated. Purification by HPLC cluting with 5
to 60% ACN/HO gave compound 134 (16.3 mg, 51%). 'H NMR (CHLOROFORM-d} 8:
7.54(d, F=83 Hz, 2H)}, 745{(dd, 1 =75, 1.7 Hz, 1H), 741 ad, J =79, 1. 6 Hz, 1H),7.24
(d,3=83Hz 2H), 708 (t, } = 7.6 Hz, 1H}, 7.01 (5, 1H}, 6.98 (5, 1 H}, 6.91 {d, I =&.1 Hz,
TH), §$.32 - 543 (m, 1H), 3.38 - 3.52 (m, 5H)}, 3.01 - 3.18 (m, 2H), 2.83 {q, } = 7.6 Hz, ZH)},
193 - 239 (m, 2H}, 1.39(t, J=7.6 Hz, 2H) . ESI-MS (m/z): Caled. for C25HZ3N50:
410.2 (M+1); found: 410.2.

Following the procedure described above for Example 12 and substituting the
appropriate reagents, starting materials and purification methods known to those skilled in
the art, the folowing compounds were prepared:

SR
c )
I

Cpd 39
Cpd 39 "H NMR (CHLOROFORM-d) 8: 7.63 (s, 1H), 7.50 (dd, F= 7.7, 1.6 Hz,

1HY, 7.32 - 739 (m, 1H), 7.18 - 725 (m, ZH), 7.00 - 7.12 (m, 5H), 6.82 - 6.88 (m, 1H),
5.35(quin, J =66 Hz, 1H),3.76 (br. 5., 2H), 3.50 (dd, 1 = 16.2, 8.1 Hz, 2H), 315 (dd, § =
15.9, 5.8 Hz, 2H), 1.02 ¢, } = 7.1 Hz, 3H) . ESI-MS (w/z): Caled. for C23H2ZICINAGO:
4051 (Mi+1); found: 405.1.

Fnn .

79
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Cpd 43
Cpd 43 'H NMR (CHLOROFORM-d) 8: 7.66 (s, 1H), 7.50 (dd, F = 7.8, 1.5 Hz,
TH), 731 - 740 (m, TH), 718 - 7.25 {m, 2H)}, 7.00 - 7.14 {m, 5H}, 6 .86 (d, } = 8.3 Hz, 1H),
528 - 543 {m, tH), 3.74 (br.s., 2H}, 3.37 - 3.57 (m, 2H), 3.00 - 3.23 {m, 2H), 1.03 (¢, I =
6.9 Hz, 3H) . ESI-MS (w/z): Caled. for C23HZICINAQO: 405.1 (M+1); found: 405.1.

RN
N
) e
= N
Wi
.4”'

Cpd 131
Cpd 131 "H NMR (CHLOROFORM-d) & 7.53 (d, F=83 Hz, 3H), 745(d, I =
7.6 Hz, 1H}, 740 (s, J= 8.0 Hz, 1H), 7.23(d, I = 8.3 Hz, 2H), 7.07 (t, I = 7.6 Hz, 1H), 6.90
(d, =83 Hz, 1H), 5.20 (guin, J = 6.8 Hz, 1H}, 3.36 - 3.54 (m, SH}, 3.01 - 3.22 {m, 2H),
2.21 (s, 3H), 2.17 (s, 3H) . ESE-MS {m/z}: Caled. for C25HZ3NS0: 410.2 (M+1); found:
410.2.

Cpd 138
Cpd 138: "H NMR (CHLOROFORM-d} 3: 7.54(d, J=8.1 Hz, 2H), 746 (d, } =

z, 1H), 741 (£, J = 8.0 Hz, 1H), 7.20 - 7.26 (m, 2H), 7.08 (t, F = 7.6 Hz, 1H). 6.92 (4,
3 Hz, 1H), 5.39 (m, J = 8.3 Hz, 1H), 3.34 - 3.52 (m, SH), 3.15 - 3.32 {m, 2H), 2.60 (g,
80

7T8H
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§=74Hz 2H), 2.51 (g, § = 7.4 Hz, 2H), 2.45 (5, 3H), 1.22 (t. T = 7.6 Hz, 3H), 1.16 (¢, J =
7.5 Hz, 3H} . ESI-MS (m/z): Caled. for C2EH2ONS50: 452.2 (M+1; found: 452.2.

Cpd 139
Cpd 139 'H NMR (CHLOROFORM-) §: 7.58 (s, 1H), 7.50 - 7.56 (m, F = 8.3
Hz, 2H), 7.45(dd, 1=7.7, 1.6 Hz, IH), 7.37 - 7.43 (rn, 1H}, 7.20 - 7.26 {m, } = 8.3 Hz,
2H), 708 (td, J=7.6, 1.1 Hz, 1H), 691 (4, J =7.6 Hz, 1H), 5,16 - 5.27 (m, 1H), 3.40 -
3.55(m, SH), 3.03-3.22 (m, 2H), 2.64 (q. =75 Hz, 2H), 2.55{q. I = 7.6 Hz, 2H), 1.24
(t, ¥=7.6 Hz, 3H), 119 (¢, J = 7.6 He, 3H) . ESI-MS (w/z): Caled. for C27TH27NSO:
438.2 (M+1y; found: 438.2.

&
~ j\/ﬂ"“(}f/ <l £ 1\\\:(/\1\0
w‘\ff‘ﬂ ‘ NaHMDS, Mel ‘ﬂ |
p N\ ........................... [N, AT
k‘;\\/\\ﬁ /N > \/\&‘-JE\,

d 13a \j Cpd 49

OH OiMe

A. Compound 13a was prepared according to the procedures desceribed in Example
5, substituting (8}-ethyloxiranyl acetate for {R)-cthyloxiranyl acetate (8B} in Step A.

B. To a solution of compound 132 {10 mg, .026 mmol, T eq) in THF (1 mL} and
DMF (.5 mL} at 1t was added NaHMDS (0.13 mL of a | M solution in THF, .13 mmol,
5 e} followed by iodomethane (8.016 mL, $.26 mmol, 10 eq). After 1 hr, water was
added, the sohation was poured onto a 5 mbL extraction tube filled with diatomaceous carth,
then DCM was added, and the organic phases concentrated. Purification by column

chromatography (¥ g), eluting with 25 to 509% EA/hexanes, gave compound 49 (7.2 mg,

81
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73%). 'H NMR (CHLOROFORM-d) 8: 7.30 - 7.41 (m, 2H), 7.18 - 7.23 (m, 2H), 7.04 -
70 (m, 2H), 7.01 (¢td, J = 7.6, L.O Hz, 1H), 6.87 {(d, F =83 Hz, 1H),4.54 - 4.64 (m, 1H},
3.48 (s, 3H), 3.43 (s, 3H), 3.11 - 3.23 (m, 2H), 2.78 - 2.94 (m, 2H} . ESI-MS {mv/z): Caled.
for C20HI19CINZO2: 3551 (M+1); found: 355.1.

Following the procedure described above for Example 13 and substituting the
appropriate reagents, starting materials and purification methods known to those skilled in

the art, the following compound was prepared:

Cpd 69
Cpd 69: 'H NMR (CHLOROFORM-d) §: 7.30 - 7.42 (m, 2H), 7.18 - 7.24 {m,
2H), 7.05 - 7.11 {m, 2H), 6.98 - 7.04 (m, 1H), 6.88 (4, J=83 Hz, 1H),4.98 (1,1 =6.4 Hz,
1H}, 349 (s, 3H), 3.14 (18, I =151, 6.9 Hz, 2H), 2.72 - 2.87 (m, 2H), 0.19 (s, 9H) . ESI-
MS (m/z): Caled. for C22H25CINZO281: 413.1 (M+1); found: 413.1.

Example 14

al ~
/\I A
[ ~
@i NaH, HMPA 7N !\)
f 'ﬂ i aH, PA f p N F
o fl\/zN O, L ,"‘{_;F\g c‘
; -~ (-’9‘“\\,) ~
51 Cpd 67

To a solution of compound 81 {50 mg, (.15 mmol, T eq) in HMPA {2 ml} was
added sodinm hydride (18 mg of a 60% dispersion in otl, 0.44 mmol, 3 eq). The solution
bubbled and turned purplish and after 30 min, 2-iodopropane {8.029 mL, 8.29 mmol, 2 ¢q)
was added and the solation stirred overnight at rt. Additional sodium hydride (20 mg) and
2-iodopropane {0.029 mL} were added, and the reaction was heated again to SO°C
overnight. 15-crown-S (10 mg} was added, and the reaction was heated to S0°C for 2 days.

82
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A sohation of NHLCl was added, the reaction mixture was extracted with DUM, the organic
phases combined, dried over MgSQy, fiitered, and concentrated. Purification by column
chromatography (8 g}, cluting with 25 to 50% EA/hexanes, gave compound 67 (3.4 mg, 6
%). 'HNMR (CHLOROFORM-d) & 7.38 (dd, ¥=7.7, 1.6 Hz, 1H), 7.30 - 7.36 {m, 1H),
TA6-723 (m, 2HY, 7.04 - 710 (m, 2H}, 6.97 - 7.04 (m, 1H), 6.84 - 6.90 (m, 1H),4.72 -
4.82 (m, 1H), 3.77 (dt, J = 12.3, 6.1 Hz, 1H}, 3.49 (5, 3H), 3.10- 323 (m, 2H), 2.74 - 2.90
(m, 2H}, 1.22 {dd, } = 6.1, 1.3 Hz, 6H) . ESI-MS (mv/z): Caled. for C22H23CIN20Z: 383.2

{M+1}; found: 383.2.
Example 15

P H
ot Qo
f/v

N

N-. N
. N e
u—% DIAD, Phae H
13a A \g Cpd 58
O {/l\»(
V7

To a solution of compound 13a (25 mg, 0.07 mmol, 1 eg) in THF {2 mL) was
added phenol (9 mg, 0.09 mmol, 1.25 ¢q), DIAD {(0.018 mL, 0.09 mmol, 1.25 eq) and
triphenyviphosphine (24 mg, 6.0%9 mmol, 1.25 ¢q) and the solution was heated to 50°C
overnight, The solution was concentrated. Purification by column chromatography (&8 g),
cluting with 20 to 40% EA/hexancs, gave Cpd 58, Further purification by HPLC cluting
with 10 to 100% ACN/H,0 gave Cpd 58 (12.8 mg, 41%). 'H NMR (CHLOROFORM-d)
d: 740(dd, J=7.8, LEHz, 1H), 728 - 738 (m, 3H), 7.17 - 7.23 (m, 2H), 7.05 - 7.11 (in,
2H), 7.00-7.05 (m, 1H}, 692 - 7.00 (m, 3H}, 6.89{(d, J =73 Hz, 1H), S51 {1, 1 = 6.9, 3.6
Hz, 1H), 3.50 (s, 3H), 331 - 3.44 {m, 2H), 2.98 - 3.14 (m, 2H}) . ESI-MS (nvz): Caled. for
C2Z5H21CIN20O2Z: 417.1 (M+1); found: 417.1.

Following the procedure described above for Example 15 and substituting the
appropriate reagents, starting materials and purification methods known to those skilled in

feg

the art, the following compound was prepared:
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Cpd §9: 'H NMR (CHLOROFORM-d)
, 1.6 Hz, 1H), 7.32 - 7.3 (m, 1H), 7.23 - 7.26 (m, 2H), 7.17 -

Hz, 1H), 741 (dd, =77

PCT/US2013/055267

O 836 (1, J=18Hz 1H), 825, 1=30
3

723 ¢m, 2H), 7.05 - 711 (m, 2H), 7.03 (1d, I = 7.6, 1.3 Hz, 1H}, 6.89 (dd, } = &3, 1.0 Hz,
1H), 5.54 (1, J=6.9,3.5 Hz, 1H}, 3.51 (s, 3H}, 3.34 - 3.46 {(m, 2H}, 2.99 - 3.16 {m, 2H) .
ESEI-MS (wm/zy: Caled. for C24H20CIN3O2Z: 4181 (M+1}; found: 418.1.

13a

Example 16

P R
Y 5 P
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To a solution of compound 13a (15 mg, 0.044 mmol, | eg) in toluene (2 mL} was

added 2-bromopyridine {(16a) (14 mg, 0.09 nunol, 2 eq), 3,4.7,8-tetramethyl-1,10-

phenanthrohine {1 mg, 0.004 mmol, 0.1 cq) cesium carbonate (22 mg, 0.066 mmol, 1.5 cq)

and Cuf (1 mg, 0.004 ramol, 0.1 eq) and the suspension heated to 110°C for 3 hrs, then to

140°C overnight. The reaction was filtered through a short silica column with EA and

concentrated. Purification by column chromatography (12 g}, eluting with 30 to 100%

EA/hexanes, gave compound 61 (3 mg, 15%). 'H NMR (CHLOROFORM-d} 8: 8.19 (dd,

J=51, 1.3 Hz, 1H), 7.58

(ddd, J=8.5,6.9, 2.0 Hz, 1H), 7.41 (dd, I = 7.7, 1.6 Hz, 1H),

730 - 738 (my, THY, 7.16 - 7.23 (m, 2H), 7.06 - 712 (m, 2H), 6.98 - 7.06 (m, 1H), 6.84 -
6.93 {(m, 2H}, 6.75(d, J=83 Hz, [H)}, 6.13(dt, }=6.9, 3.3 Hz, 1H), 3.50 (s, 3H),3.37 -
3.48 (m, 2H), 2.91 - 3.11 {m, 2H) . ESI-MS {mw/z): Caled. for C24HZ0CIN302: 418.1

(M+1); found: 418.1.
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Example 17

Dess-Martin
e ad O

pericdinane
51 OH
O FT “L/}"owie
- ,B—<’_\>—o 1
o =N ) AN
e R s D S N
1) Pd(PhsP), )
e |
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\
\\/O
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A. To asolution of compound 81 (670 mg, 1.97 mmol, T eq) in DCM (60 mL) at
0°C was added Dess-Martin periodinane (917 mg, 2.16 mmol, 1.1 ¢g) and the reaction was
stirred for 1.5 hrs. Saturated NaHCO; and sodum thiosulfate were added and the reaction
mixture was stirred 3¢ min. At that time, the aqueous phase was extracted with DCM, the
organic phases combined, dried over MgSQ,, filtered, and concentrated. Purification by
column chromatography (40 g}, cluting with 25 to 50% EA/hexancs, gave compound 33
(379 mg, 87%). 'H NMR (CHLOROFORM-d} 8; 7.35 - 7.44 (m, 2H), 7.21 - 7.26 (m,
3HY, 707 - 702 (m, ZH), 705 (td, I = 7.6, 1.1 Hz, 1H)}, 6.88 - 6.94 (m, 1H}, 3.47 - 3.58 {m,
TH). ESLI-MS (m/z): Caled. for CIOHISCINZO2: 3391 (M+1); found: 339.0.

B. To a solution of compound 35 271 mg, 8.8 mmol, T eq) in THF (17 mL} at-
78°C under Argy was added KHMDS (1.92 mL of 2 0.5 M solution in toluene, 8.96 mmol,
1.2 eq). After 30 min, N-phenyl-bis(trifluoromethancsulfonimide} {343 mg, .96 mmol,
1.2 eq) was added in THF (3 mL}, and the reaction mixture was warmed fo rt over 2 hrs.
Methanol was added and the solution concentrated. Purification by column

chromatography (24 g), eluting with 15 to 30% EA/hexanes, gave compound 17a {131 mg,
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35%, 6(:40 mix of isomers). ESE-MS (m/z): Caled. for C2O0HI4CIFIN2048: 4711
(M+1}; found: 471.1.

C. To a solution of compound 17a (15 mg, 0.032 mmol, | ¢q) in DME (1.6 mL)})
was added PA{Ph:Pl (4 mg, 0.0032 mmol, 0.1 eq), 2 M sodium carbonate (0.25 mL) and
2-isopropoxy-5-(4.4,5,5-tctramethyl-1,3,2-dioxaborolan-2-vhpyridine (17b) (17 mL, 0.064
mumol, 2 eq). The solution was degassed by bubbling Az, then heated to 80°C for 30 min.
The solution was poured onto a 5 mb extraction tube filled with diatomaccous carth, DCM
was added and the organic phase concentrated. The residue was dissolved in ethyl acetate
{5 mL) and mcthanol (3 mL), PtO; {5 mg) was added, and the reaction mixture was placed
under a hydrogen gas atmosphere overnight. The catalyst was filtered through
diatormaceous carth, aud the filtrate concentrated. Purification by coluron chromatography
(8§ g3, eluting with 20 to 40% EA/hexanes, gave impure compound 68 (-Cl present).
Farther purification by HPLC, eluting with 10 to 70% ACN/H,O gave compound 68 (2.6
mg, 17%}) in the desired purity. "H NMR (CHLORCFORM-d) 8: 8.11(d, 1=2.5 Hz, 1F),
7.57{(dd. J=8.527Hz, 1H),742{dd, F=77, 1.6 Hz, 1H), 732 - 739 (m, 1H), 7.17 -
723 (m, 2H), 7.06 - 712 (my, 2H), 7.00 - 7.06 (m, 1H), 6.86 - 6.93 (m, 1H), 6.67{(d, J=8.6
Hz 1H), 528 (quin, J =62 Hz, 1H}. 3.99-4.12 (m, 1H)}, 3.51 (s, 3H), 326 td, J = 16.2,
85 Hz, ZH), 2.83 - 3.01 (m, ZH), 1.35(d, I = 6.3 Hz, 6H} . ESI-MS (m/z}). Caled. for
C27H26CIN3O2: 460.2 (M+1); found: 460.2.

Following the procedure described above for Example 17 and substitoting the
appropriate reagents, starting materials and puorification methods known to those skilled in

the art, the following compounds were prepared:
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Cpd 63

Cpd 63 'H NMR (CHLOROFORM-d) 8: 8.63 (d, J=2.0 Hz, 1H), 8.5 (dd, J =
4.8, 1.5Hz, 1H), 7.69(d, J =81 He, 1H), 742 (dd, J=7.7, L6 Hz, 1H) 7.32 - 740 (m,
1H), 727 -731 (m, 1H), 717 - 7.24 (m, J = 8.6 Hz, 2H), 7.07 - 7.12 (m, ] = 8.6 Hz, 2H),
T7.00-7.07 (m, 1H), 6.90(d, =83 Hz, 1H),4.06- 419 (m, 1H), 3.52 (5,3H),3.33(4d, I=
153, 8.5 Hz, 2H), 2.89 - 3.08 {m, 2H) . ESI-MS (m/z): Caled. for C24H20CIN3O: 402,11
{(M-+1}; found: 402.1.

RS
]
XA
0
= O
AT
o]
Cpd 64

Cpd 64: 'H NMR (CHLOROFORM-d) 3: 7.38 {dd, = 7.8, 1.8 Hz, 1H), 7.30 -
7.36 (m, 1H), 717 ~7.22 (m, 2H), 7.05 - 7.1 {m, 2H), 7.01 (td, J = 7.6, 1.3 Hz, 1H), 6.88
(d, J=83 Hz, [H),3.49 (s, 3H}, 2.84 - 2.98 {5, 2H}, 2.63 - 2.75 (m, 1H), 2.49 - 2.62 (m,
2H), 162~ 173 (m, 2H), 142 (d, J = 6.6 Hz, ZH), 1.17 - 1.30 (m, SH), 091 (4, J = 4.8 Hz,
6H) . ESE-MS (w/z): Caled. for CZTH3ICINZO: 435.2 (M+13; found: 435.2,
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Cpd 68
Cpd 65 'H NMR {CHLOROFORM-d) 8: 7.30 - 7.41 (m, 2H), 7.18 - 7.23 (1,

2HY 706 - 7.0 (m, 2H), 6.94 - 7.04 (m, 3H)}, 6.88(dd, ] =83, 1.0Hz, IH), 664 (1d, I =
74,11 Hz, 1H), 6.50(d, J = &1 Hz, 1H)}, 3.40 - 3.51 {m, 4H), 2.61 - 3.10 (m, 8H), 2.17 (s,
1H) . ESEMS (nvz) Caled. for CZ8H26CIN3O: 456.2 (M+1}; found: 456.2.

Cpd 66
Cpd 66: 'H NMR (CHLOROFORM-d) &: 9.12(d, J=2.0Hz, 1H),8.78(d,}=2.3
Hz, TH)L 830 {6 J=2.0Hz, 1H), 743 (dd, J=77, 1.6 Hz, 1H}, 732 -740(m, I1H)}, 7.17 -
7.24 (m, 2H), 7.07 - 714 (m, 2H), 7.04 (1d, ) = 7.6, 1.3 Hz, 1H), 6.90(dd, J =83, L.O Hz,
1H}, 443 (q. J="72Hz, 2H), 420, } =83 Hz, 1H), 3.53 (s, 3H), 3.28 - 3.43 (m, 2H),
3.04(dd, J=15.5 85 Hz, 2H), 1.37- 147 {(m, 3H) . ESI-MS {(m/z): Calcd. for
C27H24CIN30O3: 474.2 (M+1); found: 474.2.

88



WO 2014/028801 PCT/US2013/055267

C;d 73
Cpd 73 "H NMR (CHLOROFORM-d) & 8.46 - 8.55 (m, 1H), 7.38 {dd, 1 = 8.0,
21 Hz IH), 742{dd, } =77, 1.6 Hz, 1H), 7.32 - 740 {(m, 1H), 718 - 7.25 (m, 2H}, 7.06 -
717 {m, 3H)}, 6.99 - 7.06 {m, 1H), 6.90(d, J =8&.1 Hz, 1H), 4.10 {quin, ] = 8.3 Hz, 1H},
3.52 (s, 3H), 330 (td, I = 15.5, 8.5 Hz, 2H), 2.85 - 3.05 {(m, 2H), 2.55 (s, 3H) . ESI-MS
{(mv/z); Caled. for C25H22CIN3O: 416.2 (M+1); found: 416.2.

NT g

L

Cpd 74
Cpd 74: 'H NMR (CHLOROFORM-d) &: 8.12¢d, J=2.5Hz, 1H), 7.59(dd, } =
8.6,25Hz, 1H), 742(dd, 1=771.6Hz, 1H), 736 (td, =80, | R Hz, 1H), 7.17-7.24
(ro, 2H}, 7.06 - 712 (0, 2H), 7.03 (4d, F = 7.6, 1.1 Hz, 1H), 6.85-6.93 {(m, 1H), 6.72(d,]
= .6 Hz, 1H}, 435 (¢, J=7.1 Hz, 2H), 4.06 (quin, ] = 8.3 Hz, 1H), 3.51 (s, 3H), 3.27 (1d,
J=163, &3 Hz, 2H}, 2.83 - 3.01 (m, 2H)}, 1.40 (¢, = 7.1 Hz, 3H} . ESEMS (w/z): Caled.
for C26HZ4CIN3O2: 446.2 (M+1); found: 446.2.
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Cpd 78
Cpd 75: "H NMR {(CHLOROFORM-d} 3: 7.67(d, J=7.8Hz, IH),742(dd, J=

7.8, 1.5Hz, 1H}, 7.33 - 7.39 (m, 1H), 7.20(d, J = 8.6 Hz, 2H), 7.06 - 7.13 {m, 3H}, 7.00 -
7.06 {m, 1H), 6.90 (d, F = 8.1 Hz, 1H)}, 4.50 (quin, J =78 Hz, 1H), 3.52 (s, 3H), 3.34 ¢dd, ¥
=159, 8.6 Hz, 2H), 2.80 - 312 (m, 3H), 1.29(d, I = 7.1 Hz, 6H) . ESI-MS {mm/z): Caled.
for C2THZSCIZN3O: 478.1 (M+1); found: 478.1.

N
t

Y
g‘.?/\yﬂ

Cpd 77
Cpd 77: 'H NMR (CHLOROFORM-d) & 844 (d, J=2.0Hz, 1H),7.54 (dd, } =
80,21 Hz, TH)Y, 741 (dd, 1 =77, 1.6 Hz, 1H), 7.35(d, J = 8.0, 1.8 Hz, 1H), 7.17-7.23
(my, 2H}, 7.06 - 713 (m, 3H}, 7.03 {td, F=7.6, 1.1 Hz, 1H), 6.86 - 6.92 {m, TH), 4.07 {(qun,
F=83 Hz, 1H), 3.51 (s, 3H), 3.19-3.35 (m, 2H}, 2.82 - 3.03 (m, 2H}), 1.98 - 2.08 (m, 1H),
0.94 - 1.04 (m, 4H) . ESI-MS (w/zy: Caled. for C2TH24CIN3G: 442 .2 (M+1); found:
442.2.

Example 18

SN
oA L =0
H*w'j; ,>::F\' (‘\ OM h
OF
ki Cpd 76
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To a suspension of compound 81 (25 mg, 0.07 mmol, 1 eq) in dichlorocthane (2
mb} was added 3,4-dihydro-2H-pyran (18a) (33 mg, 0.37 mmol, 5 ¢g) and p-
tolucncsulfonic acid {13 mg, 8.07 mmol, 1 ¢q) and the reaction mixture stirred at rt for 2
hrs. MP-carbonate was added, stirred 20 min, filtered and concentrated. Purification by
column chromatography (8 g}, eluting with 20 to 40% EA/hexanes, gave compound 76
(16.4 mg, 50%). 'H NMR (CHLOROFORM-d) & 7.30 - 7.42 (m, 2H), 7.16 - 7.23 (m,
2H), 7.04 - 701 (m, 2H}, 7.01 {t, §=7.7 Hz, 1H)}, 6.84 - 6.91 {m, [H), 4.96 - 5.07 {m, 1H),
4.74 - 482 (m, 1H}, 3.94 (ddd, 1 = 11.1,7.6,33 Hz, 1H), 3.52 - 3.61 {m, 1H),349(d, I=
2.8 Hz, 3H}, 3.11 - 3.31 (m, 2H), 2.74 - 3.04 (m, 2H), 1.69 - 1.95 {m, 2H), 1.46 - 1.65 (m,
4H) . ESE-MS {m/z): Caled. for C24H2ZSCINZO3: 425.2 (M+1); found: 425.2.

Example 19

i 7
> B
L l . inBiry, BSiH Lf’ J/ ﬁ
1\,/ /f'j i\ /i 7
O @ T
- m - i,/\r/\oyi\_) ' ~
e S Cpa 82

A. To asolution of compound 51 (40 myg, 0.12 mmol, | eg) in THF (2 mL) was
added sodium hydride (23 mg of 60% dispersion in oil, 0.59 mmol, 5 cq}).  After 30 min,
cyelohexanccarbonyl chloride {0.05 mL, 0.59 mmeol, 5 og) was added and the solution was
stirred overnight at rt. Saturated NHyCl was added and the solution was poured onto a 5
mb exiraction tube filled with diatomaceous earth. The extraction tube filled with
diatomaceous carth was washed with DCM and the fltrate was concentrated. Purification
by column chromatography (8 g), eluting with 20 to 40% EA/hexanes, gave compound 78
{30 mg, 56%) "H NMR (CHLOROFORM-d) 8: 7.39(dd, ] =7.8, 1.5 Hz, 1H), 7.32 - 7.38
{ro, 1H}, 717 - 7.24 (m, 2H), 7.04 - 709 (m, 2H), 7.02 (td, J=7.6, 1.1 Hz, 1H}, 6.89(dd, ]
=83, L.OHz 1H), 582 {tt, J=73,39Hz 1H),350(,3H),327-339(m,2H). 2.75-
294 (m, 2H), 232, = 11.2,3.7 Hz, 1H), 1.92(d,J =129 Hz 2H), L.71 - 1.80 {m, 2H),

91



WO 2014/028801 PCT/US2013/055267

1.61 - 1.68 {(m, tH), 140 - 1.52 {m, 2H), 1.22 - 1.35 (m, 3H) . ESI-MS (nvz): Caled. for
C26H2ZTCINZO3: 451.2 (M+1); found: 451.2.

B. To a solution of compound 78 (21 mg, 0.047 nunol, | eq) in chloroform (I mL)
at rt was added tricthylsilane (0.3 mL, 1.86 mmol, 40 cq) followed by indium bromide
{330 mg, 0.93 mmol, 20 ¢q). The suspension was placed under an Argon atmosphercin a
vial and stirred overnight at 65°C. Water was added and the mixture was stirred until the
orange color rdisappeared. The reaction mixture was poured onto a 5 mbL extraction tube
filled with diatomaceous carth, the tube was flushed with DCM, and the filtrate was
concentrated. Purification by column chromatography (8 g}, eluting with 10 to 20%
EaA/hexanes, gave compound 82 (4.8 mg, 23%). 'H NMR (CHLOROFORM-d} 8: 7.29 -
743 (m, 2H), 716 - 723 {m, J=8.6Hz, 2H), 704 - 710 (m, J =R8.6 Hz, 2H), 7.01 (1, J =
7.6 Hz, 1H}, 6.87 {d, I = &.1 Hz, 1H), 4.59 - 4.70 (m, 1H}, 3.49 (s, 3H}, 3.27 - 3.37 (m,
2H), 3.10-322 (m, 2H), 2.84 (ddd, I =21.6, 159, 5.2 Hz, 2H), 1.59 ~ 1.84 (m, 6H), 1.17 -
1.33 (m, 3H), 0.89 - 1.0} (m, 2H) . ESI-MS (mv/z): Caled. for CZ6H29CIN202: 437.2
{(M-+1}; found: 437.2.

Following the procedure described above for Example 19 and substituting the
appropriatc reagents, starting materials and purification methods known to those skilled in

the art, the folowing compounds were prepared:

Cpd 88
Cpd 55: 'H NMR (CHLOROFORM-d) &: 7.39(dd, J=7.7, 1.6 Hz, 1H), 7.32 -
7.38 (m, 1H), 7.17 - 7.24 (m, 2H), 7.05 - 7.10 (1o, 2H}, 6.98 - 7.05 (m, 1H), 6.89(dd, I =
83, 1.0Hz, 1H), 587 (1, J=7.5,3.9 He, 1H), 3.50 (s, 3H), 3.29 - 3.41 (m, 2H}, 2.78 -
2.96(m, 2H), 2.23 (1t, ] =R8.6,5.5Hz, TH), 1 46 - 1.73(m, 4H), 091 (td. ] =7.5, 1.0 Hz,
6H) . ESI-MS {(m/z): Caled. for C25H27CIN2(O3: 439.2 (M+1); found: 439.2.
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Cpd 78

Cpd 76: "H NMR (CHLOROFORM-d} 8: 7.39(dd, J=7.7, 1.6 Hz, 1H), 7.32 -
7.38 (m, 1H)}, 7.16 - 7.24 {m, 2H), 7.05 - 7.10 {m, 2H), 7.02 (td, } = 7.6, 1.1 Hz, 1H), 6.86 -
0.92 (m, 1H), S.82 - 591 (m, 1H)}, 3.47 - 3.53 (my, 3H), 3.30 - 3.40 (m, 2H}, 2.78 - 2.96 (m,
2H), 2.23 (1, J = 8.6,5.6 Hz, 1H}, 1.47 - 1.72 (m, 4H), (.86 - 0.96 {m, 6H) . ESI-MS
{m/z): Caled. for C25H27CIN2O3: 4392 (M+1); found: 439.2.

Cpd 72
Cpd 72: 'H NMR (CHLOROFORM-d) 8: 7.30 - 7.41 (m, 2H), 7.16 - 7.22 (o,

2HY, 704 - 700 (m, 2H), 701 (td, S =77, 1.3 Hz, 1H), 6.88 (dd, 1 =8.3, 1.0 Hz, 1H), 4.61
- 4.70 (m, 1H}, 3.49 (s, 3H), 3.36 - 3.45 (m, 2H), 3,11 - 323 (m, 2H), 2.77 - 2.91 {m, 2H),
1.29-1.54(m, 5H), 0.90 (1, J = 7.5 Hz, 6H) . ESI-MS (m/z); Caled. for C25H29CINZO2:
4252 (Mi+1); found: 425.2.

Cpd 79
Cpd 79: 'H NMR (CHLOROFORM-d) §: 7.32 - 7.42 (m, 2H), 7.17 - 7.23 (m,
i,

2HY, 7.05-7.09 (m, 2H) 6.99-7.05 (m, 1H), 6.89(dd, }=8.3,1.0Hz, [H), 583 (1t J=
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7.4,3.9 Hz, 1H), 3.50 (s, 3H), 3.34 (dd, § = 16.7, 7.3 Hz, 2H), 2.80 - 2.95 (m, 2F), 2.75

{quin, J = 8.0 Hz, 1H)}, 1.56 - 1.96 {m, SH) . ESI-MS (m/z}: Caled. for C25HZ5CINZO3:
4372 {(M+1); found: 437.2.

Cpd 88
Cpd 88: 'H NMR (CHLOROFORM-d) & 7.39¢dd, F =77, 1.6 Hz, 1H), 7.35 (td,
F=79 16Hz 1HL, 717 -723(m, 2H), 7.04 - 7.09 (m, 2H), 7.02 (¢d, J = 7.6, 1.1 Hz,

Hz, 2H}, 3.16 {quin, F= 8.3 Hz, TH)Y, 2.78 - 2.96 {m, 2H), 2.13 - 2.37 (m, 4H), 1.84 - 2.04
{m, 2H} . ESI-MS (mv/z): Caled. for C24H23CINZO3: 423.1 (M+1); found: 423.1.

Cpd 81
Cpd 81 'H NMR (CHLOROFORM-d) 8: 7.31 - 7.43 (m, 2H), 7.16 - 7.24 {m, J =
86 Hz 2H), 7.05~-710 G0, J=83Hz 2H), 702 (1, J =76 Hz, 1H), 6.89(d, I =83 Hz,
TH), 583 (1, J=7.3, 3.8 Hz, 1H)}, 3.50 (s, 3H)}, 3.34(dd, I = 16,7, 73 Hz, 2H), 2.77 - 2.96
{m, 2H), 2.57 (dt, J = 14.0, 6. 9 Hz, 1H), 1.19(dd, J =71, 1.0 Hz, 6H) . ESI-MS {m/z):
Caled. for C23H23CINZO3: 411.1 (M+1}; found: 411.1.

94



WO 2014/028801 PCT/US2013/055267

Cpd 83
Cpd 83: 'H NMR (CHLOROFORM-d) & 7.38(dd, ¥=7.7, 1.6 Hz, 1H), 7.30 -
7.36 (m, 1H), 716 - 7.23 (m, 2H), 7.04 - 710 (m, J = &6 Hz, 2H}, 7.01 (td, F = 7.6, 1.0 Hz,
1H), 6. 88 (d, F =83 Hz, 1H},4.63-~4.72 (m, 1H}, 3.46 -~ 3.51 {m, 3H}, 335~ 3.45 {m, 2H},
341 -323{(m, 2H), 2.77 - 2.93 {m, 2H), 218 (dt, J = 15.0, 7.4 Hz, 1H), 1.70 - 1.83 (m,
2H), 1.47 - 1.65 (m, 4H), 1.19- 1.33 {m, 2H)}. ESI-MS (m/z}: Caled. for C2ZSH27CINZO2:
4232 (M+1); found: 423.2.

Cpd 84
Cpd 84 'H NMR (CHLOROFORM-d) & 7.38 (dd, J=7.7, 1.6 Hz, 1K), 7.30 -
7.36 (m, 1H}, 7.16 - 7.23 {m, 2H), 7.04 - 7.09 (m, 2H}, 7.01 {td, I = 7.6, 1.1 Hz, 1H}, 6.88
(d,J=83Hz, 1H),4.62-472 {(m, 1H)}, 343 - 3.57 (m, 5H), 3.11 - 3.23 (m, ZH), 2.76 -
2.92 (m, 2H), 2.60(dt, =148, 74 Hz, 1H}, 2.03 - 2.15 (m, 2H}, 1.83 - 2.00 (m, 2H), 1.65
- 1.8 (m, 2H) . ESI-MS (mv/z): Caled. for C2Z4H25CIN2O2: 409.2 (M+1}; found: 409.2.
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Cpd 88
Cpd 85 'H NMR (CHLOROFORM-d} 8: 7.30 - 7.45 (m, 2H), 7.20 (4, J = 8.6 Hz,
2H), 7.05 - 713 (m, 2H)}, 6.97 - 7.05 {m, IH), 6. 88 (4, I = 8.3 Hz, 1H), 4.62 - 4.74 {m, [H),
349 (s, 3H),3.25- 337 {m, 2H), 3.11 - 3.25¢(m, 2H), 2.76 - 2.96 {m, 2H), 1.&1 - 198 (m,
1H), .94 (d, J = 6.6 Hz, 6H) . ESEMS {m/z): Caled. for C23H2Z5CINZO2: 397.2 (M+1);

found: 397 2.

Cpd 86
Cpd 86: 'H NMR (CHLOROFORM-d) 8; 7.32 - 7.42 (m, 2H), 7.17 - 7.23 {(m,
2H), 7.05 - 7.09 (m, 2H), 6.99 - 7.05 (m, [H), 6.89(dd, J =83, 1.0 Hz, 1H). 585 (¢, J =
7.3,3.7Hz, 1H,397(d, J=11.9Hz 2H}, 3.50 (s, 3H), 3.29- 348 (m, 4H), 2.78 - 2.95
(m, 2H}, 2.51 - 2.62 (m, 1H), 1.73 - 1.90 {m, 4H). ESI-MS {(m/z). Caled. for
C25H25CIN204: 453.2 (M+1); found: 453.2.
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Cpd 87: "H NMR (CHLOROFORM-d) §: 7.30 - 7.42 (m, 2H), 7.16 - 7.23 (m, J =
86Hz, ZHYL7.04-710(m, J=83Hz, 2H), 7.01 (t, } =76 Hz, 1H},6.88(d, =83 Hz,
1H),4.61 - 471 (m, 1H), 398 (dd, J=11.2, 3.9 Hz, 2H}, 3.49 (s, 3H), 3.33 - 3.45 (m, 4H),
341 -323(m, 2H), 2.76 - 2.91 {m, 2H), 1.87 (br. s, 1H), 1.67 {(br. 5., 2H}, 1.29 - 1.43 {m,
2H) . ESEMS (m/z): Caled. for C25H2T7CIN203: 439.2 (M+1); found: 4392,

Pty

Cpd 71 ‘3‘%

To a solution of compound 35 (24 myg, 0.07 mmol, 1 eg} and 2,2-dimethyl-1,3-
propancdiot (148 mg, 1.42 mmol, 20 eq) in DCM (1 mbL) was added BF;-ctherate (0.009
mkb, 0.07 mmol, 1 ¢q) and the solution was stirred overnight at rt. Water was added, and
the aqueous phase was extracted with EA. The organic phases were cornbined, washed
with brine, dried and over MgSOq, filtered, and concentrated. Purification by column
chromatography (8 g), eluting with 15 1o 30% EA/hexanes, gave compound 71 (27.8 mg,
88%). 'H NMR (CHLOROFORM-d} 8: 7.38(dd, J=77, 1.6 Hz, 1H), 7.30 - 7.36 (m,
1H), 716 - 7.23 {m, 2H), 7.03 - 7.09 {m, 2H}, 701 td, F = 7.6, 1.1 Hz, 1H}, 6.84 - 6.89 {(m,
1H), 361 (q.J=11.1 Hz, 4H), 347 (s, 3H), 3.26 (s, 2H}, 3.20 (s, ZH), 1.08 (s, 3H), 1.00
(s, 3H} . ESI-MS (nvz): Caled. for C24H25CIN2O3: 4252 (M+1); found: 4252
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Following the procedure described above for Example 20 and substituting the
appropriatc reagents, starting materials and purification methods known to those skilled in

the art, the folowing compounds were prepared:

(¥4

N
NN
bel
Cpd 52

Cpd 52 '"H NMR (CHLOROFORM-d) & 7.33(d, J=83 Hz, 1H), 7.19 - 7.26 (m,
2H), 7.03-7.08 (m, 2H), 700 (dd, F=83,2.0Hz, 1H),685(d, J=2.0Hz, 1H), 3.95-
4.09 (m, 4H), 3.47 {5, 3H), 3.27 (s, 2H), 3.18 (5, 2H), 1.8§3 - 1.97 {mn, 1H}, 1.6% - 181 {m,
{H) . ESE-MS (mv/z): Caled. for CZ2ZH20CI2ZN203: 4311 (M+1); found: 4311,

Cpd 54
Cpd 54 'H NMR (CHLOROFORM-d) & 7.38 {dd, F=7.8, 1.8 Hz, 1H), 7.34 (1d,
F=80,1.8Hz, IH),7.17-723(m, 2H}, 7.03 - 7.08 (m, 2H), 7.01 (td, J = 7.6, 1.1 Hz,
1H), 6.87 (dd, J =83, 1.0 Hz, 1H), 3.97 - 4.09 (m, 4H}, 3.47 (5, 3H), 3.28 (5, ZH), 3.19 (s,
2HY, 184 - 1.97 (m, TH), 1.69 - 1.80 (m, 1H) . ESEMS (wvz): Caled. for C22ZH2ICINZO3:
397.1 (M~+1); found: 3971,
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Cpd 91
Cpd 91: 'H NMR (CHLOROFORM-d) 8: 7.49 - 7.55 (m, ] = &3 Hz, 2H), 7.42
(dd, 1=7.8,1.5Hz 1H),732- 740 (u, 1H),720-725(m, J=83Hz, 2H), 704 (t, J =
7.7 Hz, 1H}, 6.87 {d, I =83 Hz, 1H),3.62 {q, J =114 Hz, 4H), 3.45 (5, 3H), 3.25 {(d, I =
15.7 Hz, 4H), 1.09 (s, 3H), 1.00 (s, 3H) . ESI-MS (w/z): Caled. for C2Z5H2ZSN3(03: 416.2
{(M+1}); found: 416.2.

’t\* RN
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o
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N
Cpd 93

Cpd 93: 'H NMR (CHLOROFORM-d) & 7.29 - 7.39 (m, 2H), 6.94 - 7.05 (m,
3H), 690 (d, F=8.1 Hz, 1H), 6.56 (d, I = 8.8 Hz, 2H), 3.57 - 3.69 (m, 4H), 3.55 (s, 3H),
3.23(d, I=11.4 Hz, 4H), 2.91 (s, 6H), 1.07 (5, 3H), 1.00 (s, 3H) . ESI-MS (w/z): Caled.
for C26H3IN303: 4342 (M+1); found: 4342,

i
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S
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Cpd 94

Cpd 84: 'H NMR (CHLOROFORM-d) 8: 8.02 (d, = 2.3 Hz, 1H), 7.30 - 741 {m,
IH), 722 - 727 (m, TH), 7.00 (t, J= 7.3 Hz, 1H), 6.89(d, J = 8.3 Hz, 1H), 6.56 (d, } = 8.6
Hz, 1H), 4.31 (q, } = 7.0 Hz, 2H), 3.56 - 3.68 (m, 4H), 3.54 (5, 3H), 3.26 (s, 2H), 3.21 (5.
99
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2HY, 136 (6, =71 Hz, 3H), 1.07 (s, 3H), 1.01 (s, 3H) . ESE-MS {m/z}: Caled. for
C25H29N304: 436.2 (M+1): found: 436.2.

{

Th
o

Cpd 95
Cpd 95: 'H NMR (CHLOROFORM-d} &: §.31 - 841 {m, 1H), 7.31 - 7.44 (m,
2H), 7.25(d, ¥ =23 Hz, 1H), 6.96 - 7.06 (m, 2H), 6.88{d, } =83 Hz, 1H),3.62(q, 1 =
11.3 Hz, 4H), 3.51 (s, 3H), 3.27 (s, 2H), 3.23 (s, 2H), 2.50 (s, 3H), 108 (5, 3H), L.OO (s,
3H) . ESEMS (m/z): Caled. for C24HZTN303: 406.2 (M+1}; found: 406.2

5
S L

Cpd %6
Cpd 96: 'H NMR (CHLOROFORM-d} 8: §.04 (d, J =23 Hz, 1H), 7.30 - 7.41 (m,
2H), 722 -7.29{m,3H), 700 (t, =76 Hz, 1H}, 6.89(d, I =83 Hz, 1H), 659(d, J =8.6
Hz, 1H}, 3.90 (s, 3H), 3.56 - 3.68 (m, 4H}, 3.54 {s, 3H), 3.26 (s, 2H), 3.21 {s, 2H), 1.07 (s,
3H), 1.01 ¢s, 3H) . ESI-MS {m/z): Caled. for C24HZTN304: 4222 (M+1); found: 4222
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Cpd 97: 'H NMR (CHLOROFORM-d) & 8.08{(d, =23 Hz, 1H), 7.29 - 7.39 (m,
2HY, 710 (dd, J=9.0,2.4 Hz, 1H), 6.98¢t, J=7.6 Hz, 1H), 691 (d, ] = 8.1 Hz, 1H)}, 6.33
(d,J=0.1 Hz, 1H),3.53-3.67 (m, TH), 3.25 (5, 2H), 3.21 (5, 2H), 3.05 (5, 6H), 1L.05 (5,
3H), 1.01 (s, 3H) . ESEMS (/z): Caled. for CZ5H30N4O3: 435.2 (M+1); found: 435.2.

Cpd 98
Cpd 98: 'H NMR (CHLOROFORM-d} 8; 7.38 (dd, =77, 1.6 Hz, 1H), 7.30 -

736 {(m, 1H), 7.16 - 7.22 {m, ] = 8.6 Hz, 2H), 7.03 - 7.09 {m, 2H}, 7.00 (t, J = 7.6 Hz, 1H)},
6.87(d, J= 8.1 Hz, 1H)}, 3.6% - 3.82 (m, 2H}, 3.47 {s, 3H), 3.06 - 3.24 {m, 4H), 1.29- 1.36
(m, 6H} . ESI-MS (m/z): Caled. for C23H23CINZO3: 4111 (M+1); found: 4111,

‘—‘-0
Wi
o]

Cpd 99
Cpd 99 'H NMR (CHLOROFORM-d} 8: 7.38 (dd, J=7.7, 1.6 Hz, 1H), 7.33 (14,
J=7916Hz 1H),7.16-723 (m, 2H), 7.03 - 7.09 (m, 2H), 7.01 (td, 1 = 7.7, 1.3 Hz,
TH), 6.83 - 6.91 (m, 1H}, 3.68 - 3.83 (m, ZH), 3.47 (s, 3H), 3.05-3.23 (m, 4H), 1.32(dd, J
= 5.6, 1.5 Hz, 6H) . ESI-MS (m/z): Caled. for C23H23CINZO3: 4111 (M+1); found:
411.1.
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Cpd 160
Cpd 108: "H NMR (CHLOROFORM-d) &: 7.31 (dd, J=7.7, 1.6 Hz, 1H), 7.22 -
7.29 (m, 1H}, 7.06 - 715 (m, I = 8.6 Hz, ZH}, 6.96 - 7.02 (m, J = 8.3 Hz, 2H), 6.90 - 6.96
(m, 1H}, 6.80{d, ] = &.3 Hz, 1H}, 3.93 - 410 (m, ZH}, 3.40 (s, 3H}, 3.03 - 3.23 (m, 4H),
1.65(t, 1=73Hz, 2H), 1.13 - 1.27 {m, 8H} . ESI-MS (mv/z): Caled. for C2Z4H25CIN2O3:
4252 (M+1}; found: 425.2.
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Cpd 101
Cpd 101 'H NMR (CHLOROFORM-d) 8: 7.39(dd, J =77, 1.6 Hz, 1H), 7.30 -
7.36{m, 1H), 715 - 721 (m, 2H), 7.03 - 7.08 (m, 2H), 7.00 (id, T = 7.6, 1.1 Hz, 1H), 6.87
(d,7=83Hz, 1HL404-417 (m, 2H), 347 (5, 3H), 3.09 - 330 (m, 4H), 1L.72 (1, =72
Hz, 2H), 1.22 - 1.29 (m, 8H) . ESI-MS (m/z): Caled. for C24H23CINZ20O3: 425.2 (M+1);

found: 425.2.
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Cpd 182: 'H NMR (CHLOROFORM-d) & 7.30- 7.41 (m, 2H), 7.15 - 723 (m, §
= 8.6 Hz, ZH), 7.04 - 710 (m, J = 8.6 Hz, 2H), 7.00 ¢, J=7.6 Hz, 1H), 6.87(d, I = 8.3 Hz,
1H), 4.27 - 4.37 (m, 2H), 3.48 (s, 3H), 3.20 (br. s.. 2H), 3.10 (s, 2H), 1.21 (d, J = 6.1 Hz,
6H) . ESE-MS (w/z): Caled. for C23H23CIN2O3: 4111 (M+1); found: 411.1.

Cpd 103: "H NMR (CHLOROFORM-d) §: 7.39 (dd, J = 7.7, 1.6 Hz, 1H), 7.30 -
7.37 (m, 1H), 7.16 ~ 7.23 {(m, 2H), 7.04 - 7.09 (m, 2H), 6.98 - 7.04 (m, 1H), 6.87(d, 1 =283
Hz, 1H), 431 (dt,1=5.9,45Hz, 2H), 3.48 (s, 3H), 3.24 (s, 2H), 3.06 (5, 2H), 1.22¢d, 1 =
6.1 Hz, 6H) . ESI-MS (w/z): Caled. for C23H23CIN2O3: 4111 (M+1); found: 411.1.

X)Ao
oY

N

N

pr a4

Cpd 187
Cpd 167: 'H NMR (CHLOROFORM-d} 8: 7.28 - 7.37 (m, 2H), 6.93 - 7.03 (m,
3H), 6.89 (4, J = 8.1 Hz, 1H}, 6.56(d, ] = &8 Hz, 2H), 3.53 (s, 3H), 3.11 - 3.22 (m, 4H},
2.91 (s, 6H), 1.26 - 1.32 {m, 12H) . ESI-MS (mv/z): Caled. for C27H33N303: 4483
{(M+13; found: 448.3.
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Cpd 108
Cpd 108: 'H NMR (CHLOROFORM-d) 8: 8.02(d. J = 2.5 Hz, 1H), 7.29 - 7.39
{m, 2H), 7.23(dd, 1=8.6,2.5 Hz, I H), 6.95-7.04 (m, 1H), 6.88 (d,J=7.6 He, 1H), 6,55
(d,J=28.6Hz, 1H),430(q,J=7.1Hz 2H),3.53 (s, 3H), 3.09- 326 (m, 4H), 1 36 (t, I =
7.1 He, 3H), 1.28 (d, J=6.3 Hz, 12H) . ESI-MS (m/z): Caled. for C26H3IN304: 450.2
{(M-+1}; found: 450.2.

oy

= o
g,{.-:

i

Cpd 109
Cpd 189 'H NMR (CHLOROFORM-d} 8: 8.36(d, F=1.8Hz, 1H), 7.29- 7.4}
(m, 2H}, 7.23 (dd, } = &.1, 2.3 Hz, 1H), 6.95 - 7.04 {(m, 2H), 6.87 (d, I = 8.1 Hz, I1H), 3.50
{s,3H), 3.12-3.27 {m, 4H), 2.50 (s, 3H)}, 1.29(d, J = 6.6 Hz, 12H) . ESI-MS {m/z}:
Caled. for C2Z5H29N303: 420.2 (M+1); found: 420.2.

Cpd 110
Cpd 1146 'H NMR {(CHLOROFORM-d} 3: 8.09(d, J=2.0Hz, IH), 7.28-7.36
(m, 2H), 7.07 (dd, ] = 9.0, 2.4 Hz, 1H), 6.94 - 7.01 (m, 1H), 6.91 (d, J = 8.6 Hz, 1H), 6.32

134



WO 2014/028801 PCT/US2013/055267

{d, I = &8 Hz, 1H}, 3.58 (s, 3H)}, 3.18{d, = 6.8 Hz, 4H), 3.05 (s, 6H}, 1.28(d, J = 6.6 Hz,
12H) . ESE-MS {myz): Caled. for C26H3ZN4O3: 4493 (M+1); found: 449.3.

Cpd 111
Cpd 115 'H NMR (CHLOROFORM-d) & 7.51 (d, J = 8.1 Hz, 2H), 7.32 - 7.49
{m, 2H), 721 (4, J =83 Hz, 2H), 705 (L, J =76 Hz, 1H}, 6.87{d, } = &3 Hz, 1H)}, 3.44
(s, 3H), 3.12 - 333 (m, 4H), 1.21 - 1.43 (m, 12H) . ESI-MS (wv/z): Caled. for

C26H2TN30O3: 430.2 (M+1}); found: 430.2.

goes
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Cpd 112
Cpd 112: 'H NMR (CHLOROFORM-d) 8: 7.30 - 7.41 (m, 2H), 7.16 - 7.23 (m,
2H), 7.04 - 7.10 (m, T = 8.6 Hz, 2H), 6.97 - 7.04 (m, 1H), 6.87(d, } = 83 Hz, 1H), 4.14 -
4.22 (m, 2H), 3.48 (s, 3H), 3.25 (br.s., 2H)}, 3.11 (s, 2H), 1.75 - 185 (m, 4H), 1.50 - 1.60

{m, 2H), 1.27 - 140 {m, 2H) . ESI-MS (/z): Caled. for C25H2SCIN2(O3: 4372 (M+1);

found: 437.2.

Cpd 114
135
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Cpd 114 'H NMR (CHLOROFORM-d) & 7.38 (dd, J=7.7, 1.6 Hz, 1H), 7.30 -
7.36 (m, 1H), 7.16 - 7.22 (m, 2ZH}), 7.03 - 7.08 (m, 2H}, 6.97 - 7.03 (m, 1H}, 6.84 -~ 6.89 (m,
1H), 4.70(d, J = 3.9 Hz, 2H), 3.47 {s, 3H), 3.27 (s, 2H}, 3.02 (s, 2H), 1.96 (dd, J = 13.6,
0.2 Hz, 2H}, 1.8 (i, J=12.3,6.0 Hz, 2H), 161 (dt, J= 123,63 Hz, 1H}, 1.38 -~ 1.54 (m,
1H) . ESEMS {m/z): Caled. for C24H2Z3CIN2(03: 423.1 (M+1); found: 423.1.

N N\/;\‘
- a‘l\vﬁ
N A1
]
Cpd 115
Cpd 115 "H NMR (CHLOROFORM-d} 8: 7.30 - 741 (m, ZH), 7.16 - 7.22 {(m,
2H), 7.04 - 7.09 {m, 2H), 6 98 - 7.04 {m, TH), 6.84 - 6.90 (m, 1H), 4.72 (d, ] =4 .4 Hz, 2H),
348 (s, 3H), 3.16 - 3.28 {m, 2H), 3.06 (s, 2H), 1.95(dd, I = 13.7, 5.9 Hz, 2H}, 1.78({d, I =
6.1 Hz, TH), 1.61 (dt, F = 12.2, 6.3 Hz, 1H), 1.41 - 1.54 (m, 2H) . ESI-MS (w/z): Caled.
for C24H23CINZ2O3: 4231 (M+1); found: 423.1.

Cpd 128
Cpd 120: 'H NMR (CHLOROFORM-d) 3: 7.45 (1, J= 8.0 Hz, 1H), 736 (d. J =
74 Hz, 1H),L 7.05(, =76 He, 1H), 700 (d, =86 Hz, 1H), 6.71 {d, = 3.9 Hz, 1H),
6.53(d, J=3.9Hz, 1H),3.69(s, 3H), 3.56 - 3.67 (m, 4H), 3.23(d, J = 7.4 Hz, 4H), 1.09 (s,
3H), 1.00 (s, 3H) . ESI-MS (mv/z): Caled. for C22H23CINZG3S: 4311 (M+1}; foond:
431.1.

136



WO 2014/028801 PCT/US2013/055267

Cpd 121
Cpd 121: 'H NMR (CHLOROFORM-d) 8: 7.41 - 7.51 {m, 1H), 7.35(dd, J =7 &,

1.7 Hz, 1H), 7.02 - 7.10 (o, 1H), 6.99 (4, T = 8.3 Hz, 1H), 6.70 (d, = 3.9 Hz, 1H), 6.50 (4,
J=3.9Hz, 1H), 3.68 (s, 3H), 3.18 (s, 4H), 1.30 (s, 12H) . ESI-M3 (m/z): Caled. for
C23H2SCIN203S: 445.1 (M+1); found: 445.1.

Example 21

{f‘OMe Ofﬁ \ 2~ OMe
: N L NH
Gl / \\S ----- j:j E\'I ------------------------ o &
N N NaBH,CN
Cpd 35
G

To a solution of compound 35 (30 mg, 0.09 mmol, 1 eq) in DCM (2 mL) and acetic
acid (0.01 mL) was added morpholine (16 mg, §.18 mmol, 2 eq). Afier 30 min, sodium
cyanoborohydride (22 mg, .35 mmel, 4 eq) was added and the solution was stitred
overnight. DCM was added, and the reaction mixtare was washed sequentially with
NaHCO; and water, dried over MgSOy, filtered, and concentrated. Purification by coluron
chromatography (8 g), cluting with 50 to 100% EA/hexanes to 2 to 5% MeOH/DCM + 1%
NH; gave compound 68 (24.8 mg, 67%). 'H NMR (CHLOROFORM-d) &: 7.30-7.42
(m, 2H), 7.17 - 7.24 (m, 2H), 7.04 - 710 (m, I = 8.6 Hz, 2H), 7.01 (¢d, 1 =7.6, 1.1 Hz, IH),
6.88(d, F=81Hz 1H), 379 J=45Hz, 4H), 3.59-3.71 (m, 1H}, 349 (s, 3H},2.94 -
3.0 (m, 2H), 2.77 - 2.92 {m, 2H), 2.62 {br. 5., 4H) . ESI-MS (m/z): Caled. for
C23H24CIN302: 410.2 (M+1); found: 410.2.
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Following the procedure described above for Example 21 and substituting the
appropriate reagents, starting materials and purification methods known to those skilled in

the art, the following compounds were prepared:

N
N A
=2
SO
§
d
Cpd 117

Cpd 117: 'H NMR (CHLOROFORM-d) &: 7.29 - 7.42 (m, 2H), 7.21 {d, I =83
Hz, 2H}, 7.07 (d, J = 8.1 Hz, 2H), 7.01 (1, ] = 7.6 Hz, 1H), 688 {(d, J = &.1 Hz, 1H}, 3.54 -
3.92 (m, 2H)}, 3.49 (s, 3H), 2.80 - 3.17 {m, 3H}, 2.14 - 2.31 {m, 2H}, 1.73(d, J = 12.2 Hz,
2HY, 131 - 154 (m, 3H), 097 (d, J = 5.6 Hz, 3H) . ESI-MS (m/z): Caled. for
C25H2ZRCIN3Q: 422.2 (M+1); found: 422.2.

Cpd 118
Cpd 118 'H NMR (CHLOROFORM-d} 3: 7.30 - 7.40 (m, 2H), 7.17 - 7.23 (m,
2HY, 704 - 7.09 (m, 2H), 7.0t (td, I = 7.6, 1.1 Hz, 1H), 6.88(d, J =76 Hz, 1H), 381 (1, ]
=78 Hz, 1H), 349 (s, 3H}, 292 - 312 (m, 6H}, 2.74 (g, I = 103 Hz, 2H}, 1.72 {1, I} = 7.0
Hz, 2H), 1.41 - 1.57 {m, 4H), .80 - 8.89 {(m, 6H) . ESI-MS (m/z): Caled. for
C2TH3ZCIN3O: 450.2 (M+1); found: 450.2.
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)
Cpd 119
Cpd 119: 'H NMR (CHLOROFORM-d) 8; 7.38 (dd, J=7.7, 1.6 Hz, 1H), 7.30 -
7.36 (m, 1H), 7.16 - 7.23 {m, 2H), 7.04 - 710 {m, 2H), 6.97 - 7.04 (m, 1H)L 6.87(d, 1 =73
Hz, 1H}, 3.56 (t, J =79 Hz, 1H), 3.49 (s, 3H), 2.90 - 3.05 {m, 2H), 2.79 - 2.90 (m, 2H),
2.69-2.79(m, ZH}, 2.47 (s, 2H), 1.65{t, ] = 6.8 Hz, 2H), 1.13 (5, 6H) . ESI-MS (m/z):
Caled. for C25H28CIN3G: 422 .2 (M+1); found: 422.2.
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Cpd 123
Cpd 123: 'H NMR (CHLOROFORM-d) & 7.30- 7.42 (m, 2H), 7.17 - 725 (m, §
= 8.6 Hz, 2H), 7.04 - 710 (m, J = 8.6 Hz, 2H), 7.00 (¢d, J = 7.6, 1.1 Hz, 1H), 6.88¢(d, J =
8.3 Hz, TH), 3.65 (quin, J = 7.7 Hz, 1H), 3.49 (s, 3H), 2.92 - 3.13 {m, 4H), 2.74 - 2.92 {m,
44}, 2.25 < 2,42 (my, ZH} . ESEMS (m/z): Caled. for C23H22CIFZN3O: 430.1 (M1 ),
found: 430.1.

Example 22
Ci I,O o Ci
s ¢ l‘:/’\\ﬁ”‘ N = 3
e Loy B i /
o (i/\\\l ~ § P ~F Ny AN, BusSnH 7™y
, C B - P
N o nhd ¢ NJ\//
a4 -G M\ & [ 3=h &
HO B ™~ o ~ 07 ™
51 i 222 Cpﬁ 88
,/S/SePh - \
K I
s N
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A. To asuspension of compound 81 (50 mg, .15 mumol, 1 eq) in DCM {2 mL) was
added cvelohexene (8.045 mL, (.44 mmol, 3 eq), N-{phenylscleno)phthalimide (47 mg,
0.15 mmol, 1 eq) and BF;-ctherate (0.002 mL, 0.015 mmol, 0.1 ¢q). After 3hrs, [ N
NaOH was added and the reaction mixture was extracted with DCM. The combined
organic phase was dried over MgSQ,, filtered, and concentrated. Purification by column
chromatography (12 g), cluting with 20 to 40% EA/hexanes, gave compound 22a (40 mg,
47%, mix of diastercomers). ESI-MS (mv/z}: Caled. for C3TH3ICIN20O28¢: 579.1 (M+1);
found: 579.1.

B. To a solution of compound 22a (40 mg, 0.07 munol, | eq) in benzenc (2 mL)
was added BusSnH (0.072 ml, 0.28 mmol, 4 eg) and AIBN (12 mg, 8.07 ramol, 1 eq) and
the reaction roixture was heated to 80°C ju a vial overnight. The solution was
concentrated, and purification by column chromatography (8 ¢, eluting with 710 15 10
20% EA/hexanes, gave impure compound 88, Further purification by HPLC eluting with
30 to 100% ACN/HLO gave compound 88 in the desired purity (16 mg, 54%). 'H NMR
{CHLOROFORM-d)o: 7.37(dd, F=77, 1.6 Hz, 1H), 733 (td, I =79, 1.6 Hz, IH), 7.16 -
722 (m, 2H), 704 - 700 (m, ZH), 701 (1d, J =76, L1 Hz, 1H) 6.84 - 690 (m, 1H), 4.78 -
4.87 (m, 1H), 3.49 (s, 3H), 3.35-3.45 (m, 1H), 3.10 - 3.23 {m, 2H), 2.75 - 2.90 {m, 2H)},
197(d, F=99Hz, 2H), 1.74 - 1 81 (m, 2H), 1.55 - 1.61 {m, 1H}, 1.14 - 141 (o, 5H) .
ESI-MS {m/z): Caled. for C25H27CIN202: 423.2 (M+1); found: 423.2.

Following the procedure described above for Example 22 and substitoting the
appropriate reagents, starting materials and puorification methods known to those skilled in

the art, the following compounds were prepared:

Cpd 89
Cpd 89: 'H NMR (CHLOROFORM-d) 5: 7.38 (dd, 7= 7.8, 1.5 Hz, 1), 7.30 -
7.37 {m, 1H), 7.20 (d, § = 8.1 Hz, 2H), 7.07 (dd, J = 8.6, 1.8 Hz, 2H), 6.98 - 7.04 (m, 1H),
110
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088 (d, J =83 Hz, 1H},4.68-4.78 (m, 1H), 3.54(d, } = 6.6 Hz, 1H}, 349 (s, 3H)}, 3.10 -
323 (m, 2H), 2.74 - 291 {m, 2H), 2.36 (d,  =4.3 Hz, 1H), 2.26 {br. s, 1H}, 1.39- 1.68
{m, 5H), 0.98 - 1.16 {m, 3H)} . ESI-MS (nvz): Caled. for C20H27CIN202: 4352 (M+1);
found: 435.2.
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Cpd 98
Cpd 90: 'H NMR (CHLOROFORM-d) 8: 7.30 - 7.41 (m, 2H), 7.17 - 7.23 {m,
2H), 7.05 - 710 (m, 2H), 6.99 - 7.04 (o, [H), 6.88 (d, I =83 Hz, 1H), 4.68 - 4.77 (m, 1H),
4.04 - 413 (m, TH), 3.50 (s, 3H), 3,11 - 3.24 (m, 2H), 2.84 (ddd, J = 21.9,15.7, 5.7 Hz,
2H), 1.48 - 1.87 (m, 6H}, 8.81 - 1.03 (m, 2H} . ESI-MS (w/z): Caled. for C24H25CIN2ZO2:
409.2 (M+1}; found: 409.2.

Example 23

{ \\ AN \E//\\\g / \‘\:\ Y \/“7\}‘ P
. /;:\O/ \,/ L i MgRr . \/;:\Q/L\j¢ \\\( 0 V*-O
™ N - PPN HC~ ( N N e (
L/\\/\ \ ?:gh Cells {‘\j\‘(\NI';\' Burgess NG ‘\ M. 10% PAC NG~ \\/ N /N\'\j
N - N =\ // —t N TN
23 !}—\ 23¢ ! 23d r & T )
£rN SEN - ~ Cpd 106
'c( Ho Y /\ pe ~
o o
N . ./
A, To a suspension of anhydrous CeCls (36 mg, 0.15 mmol, 8.5 eg) in THF (3 mL)

at rt under Argon was added compound 23a (100 mg, 0.3 mumol, | eq) followed by
cyclohexylmethylmagnesium bromide (23b) (1.82 wb of 2 0.5 M solution in THF, .91
nunol, 3 eqy. After stivting overnight, water and 1 N HCl were added, the reaction mixture
was extracted with ether, and the organic phases were corobined, dried over MgSQOy,

fltered, and concentrated. Purification by chromatography (12 g), eluting with 30 to 60 fo

P11
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100% EA/hexancs gave compound 23¢ {12 mg, 9%}, ESI-MS (m/z}): Caled. for
C27THZON302: 428.2 (M+1); found: 428.2.

B. To a solution of compound 23¢ {12 mg, 0.028 mmol, | cq} in THF (2 mb) at 1t
under Argon was added Burgess reagent (33 mg, .14 mmol, 5 cq}. Afier | hr, water was
added, extracted with DCM, the organics combined, dried over MgS(Oy and concentrated.
Purification by chromatography (4 g). eluting with 15 to 30% EA/hexancs, gave compound
23d (3 mg, 26%, mix of isomers). ESE-MS (m/z): Caled. for C27THZTN3O: 410.2 (M+1);
found: 410.2.

C. A solution of compound 23d (3 mg) and 10% Pd/C (5§ mg) in methano! (5 mL}
were placed under a hydrogen gas atmosphere overnight. The reaction was filtered
through diatomaceous earth and concentrated. Purification by HPLC gave compound 186
(1.2 g, 38%). 'H NMR (CHLOROFORM-d} 8: 7.51(d, J =83 Hz, 2H), 742(d,1=756
Hz, 1H),733-73%(m, IH)}, 724 (4, J=86Hz, 2H), 704 (1, I=72 Hz, 1H), 6.88(d. J =
7.6 Hz, 1H), 3.46 (s, 3H), 2.91 - 3.13 (m, 3H), 2.43 - 2.55 (m, 2H), 1.64 — 1.83 {(m, 4H},
1.48 - 1.56 (m, 3H), .13 - 1.32 {m, 4H), 0.80 - 1.00 (m, 2H) . ESI-MS (m/z): Caled. for
C27H29N30: 412.2 (M+1); found: 412.2.

Following the procedure described above for Example 23 and substituting the
appropriate reagents, starting materials and purification methods known to those skilled in

the art, the following compounds were prepared:

Cpd 104
Cpd 184 'H NMR (CHLOROFORM-d) & 7.38 (dd, J=7.7, 1.1 Hz, 1H), 7.33 (¢,
J=80Hz, 1H), 7.16-722 (m, F= 8.6 Hz, 2H}, 705 - 7.11 {(m, J = 8.3 Hz, 2H), 6.97 -
7.04 (m, 1H}, 6.88 (d, J = &3 Hz, 1H}, 3.49 (s, 3H), 2.83 - 2.97 (m, 2H}, 2.48 - 2.73 {m,
3HY, 1.74 (br. s, 5H), 144 (br. s, 1H), 1.15- 1.35 (m, 3H), .78 - 1.12 {m, 2H) . ESI-MS
(mv/z}: Caled. for C25H2TCIN2G: 407.2 (M+1}; found: 407.2.
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Cpd 165
Cpd 105 'H NMR (CHLOROFORM-d) 3: 7.51 (d, J=8.6 Hz, 2H), 7.42 (dd, I =
7.7, e Hz, 1HY, 733 - 739 (m, 1H), 7.24 (d. J =8.6 Hz, 2H), 7.00 - 7.08 (m, 1H}, 6.85 -
6.91 {m, 1H), 3.46 (5, 3H), 2.91 - 3.10 (m, 3H), 2.42 - 2.58 {m, 2H), 1.66 - 1.78 {m, 1H)},
147 - 1.56 (m, 2H), 0.96 (d, ] = 6.6 Hz, 6H) . ESI-MS {(m/z): Caled. for C24H25N30:!
372.2 (M+1); found: 372.2.

The compounds of Table 1, exemplified hercinbelow, were prepared according to

the schemes and specific examples described herein.

Table |, Compounds of Formula (I

Formula (1)

Cpd , Configuration
Ng. r! R’ Rr Q G at C-8
4-chloro
1 methoxy H H phenyl hvdroxyethyl RS
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|
P
Formula (1)
Cpd , Configuration
No, R | r Q G at C-§
2-{morpholin-4-yl
4-chloro carbonyloxy)
2 methoxy H H phenyl cthyl RS
4-chloro 2-{dimethylamino
3 methoxy H H phenyl carbonyloxyjethyl RS
4-chloro
4 methoxy H H phenyl prop-2-en-~1-yl RS
4-chloro
5 methoxy H H pheoyl cthoxyearbonyl RS
4-chloro
6 methoxy H H phenyl aminocarbonyl RS
methanesulfonyl
7 methoxy H H phenyl amino-methyl RS
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i
Formula (1)
Cpd , Configuration
No. R | r Q G at C-§
4-chloro mcthancsulfonyl
8 methoxy H H phenyl amino-methyl RS
9 methoxy H H phenyl CYano RS
4-chloro
16 methoxy H H phenyl cyano RS
4-chloro 2-(rocthanesulfonyl
i1 methoxy H H pheoyl aminojethyl RS
4-~chloro 2-(methylcarbonyl
12 methoxy H H phenyl aminojethyl RS
d-chloro | 2-{t-butoxycarbonyl
13 methoxy H H phenyi aminojethyl RS
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'@
/\\;,,AR,{
R Formuda (1)
Cpd , Configuration
No. R | r Q G at C-§
4-
chloropheny
14 cthyl H H i ethoxycarbonyl RS
No_ Ou -
4-chloro "4 \E]/ \}<
i3 cthyl H H phenyl pdne O RS
4-~chloro t-butoxycarbonyl
16 ethyl H H phenyl amino-~-methyl RS
diethylamino
4-chloro carbonyloxy-
17 ethyl H H pheoyl methyl RS
4-~chloro roethanesulfonyl
18 ethyl H H phenyl amino-methyl RS
trifluoromethyl
4-chloro carbonylamino-
19 ethyl H H phenyi methyl RS
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{
i
Formula (1)
Cpd , Configuration
No. R | r Q G at C-§
2-
trifluoro 4-chloro {(t-butoxycarbonyl
26 methyl H H phenyl amino jothyl RS
trifluoro 4-chloro 2-{methanesulfonyl
21 methyl H H phenyl aming jothyl RS
2-{dimethylamino
trifluoro 4-chloro carbonylarnino)
22 methyl H H phenyl ethyl RS
trifluoro 4-chloro dimethylamino
23 methoxy H H pheoyl carbonyloxy RS
trifluoro 4-chloro morpholin-4-yi
24 methoxy H H phenyl carbonvioxy RS
trifluoro 4-chloro
25 methoxy H H phenyi hyvdroxy RS
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{
i
Formula (1)
Cpd , Configuration
No. R | r Q G at C-§
4-chloro
26 methoxy H H phenyl hvdroxy RS
trifluoro 4-chloro
27 methoxy H H phenyl OX0 N/A
4-~chloro dimethylamino
28 methoxy H H phenyl carbonyloxy RS
4-chloro morphohn~-4~-yl
29 methoxy H H pheoyl carbonyloxy RS
4-~chloro dimethylamino
36 cthoxy H H phenyl carbonvioxy RS
4-chloro morpholin-4-yi
31 ethoxy H H phenyi carbonyloxy RS
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Formula (1)
Cpd , Configuration
No. R | r Q G at C-§
4-chloro mcthancsulfonyl
32 methoxy H H phenyl amine RS
4-chloro isopropylsulfonyl
33 methoxy H H phenyl AMinG RS
4-~chloro dimethylamino
34 methoxy H H phenyl carbonylaroino RS
4-chloro
35 methoxy H H phenvl GXO N/A
4-chloro
36 ethoxy H H phenyl 0X0 N/A
4-chloro methanesulfonyl-N-
37 methoxy H H phenyi methyl-amino RS
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i
Formula (1)
Cpd , Configuration
No, ® i r 0 G at C-§
4-chloro 2.5-dioxo-
38 cthoxy H H phenyl pyrrohidin-1-yl RS
4-chloro
39 cthoxy H H phenyl | H-imidazol-1-yi RS
4-chloro 2-0X0-
46 cthoxy H H phenyl pyrrolidin-1-yl RS
4-(trimethylsiyl)-
4-chloro 1H-1,2,3-triazol-1-
41 ethoxy H H pheoyl yl RS
4-chloro 1H-1.2,3-trazol-1-
42 cthoxy H H phenyl yi RS
4-chloro
43 cthoxy H H phenyl 1 H-inmidazol-1-v1 R
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{
i
Formula (1)
Cpd , Configuration
No, R | r Q G at C-§
4-chloro isopropylsulfornyl
44 cthoxy H H phenyl a4mino R
4-chloro trifluoromethyl
45 ethoxy H H phenyl carbonviamino R
dimethylamino
4-chloro sulfonyl-N-methyl-
46 ethoxy H H phenyl aminoe R
4-chloro dimethylamino
47 ethoxy H H pheoyl sulfonylamine RS
dimethylamino
4-chloro sulfonyl-N-methyl-
48 ethoxy H H phenyl aminoe RS
4-chloro
49 methoxy H H phenyl methoxy R
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{
L.
Formula (1)
Cpd Configuration
No, R R’ R’ 0O G at C-§
R taken with R and
the phenyl ring to
which R! and R” are
both attached to form dimethyiamino
2,3-dihydro-1- 4-chloro sulfonyl-N-methyl-
58 benzofuran-7-yi H phenyl amino S
R taken with R' and
the phenyl ring to
which R and R” are
both attached to form
2,3-dihydro-1- 4-chloro isopropylsulfonyl-
351 benzofuran-7-yi H phenyl N-methyl-amino S
4-chloro OYO Spiro
52 methoxy H | chiloro phenyl A tused
4-chloro
53 methoxy H H phenyl =N{OH) N/A
4~chloro O\xfo spiro
54 methoxy H H phenyl e fused
4-chloro
35 methoxy H H phenyl R
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{
i
P
Formula (1)
Cpd , Configuration
No, R g Q G at C-§
dimethylamino
6-methoxy | sulfonyl-N-methyl-
56 methoxy H H pyridin-3-vl a4mino R
6—isopropyl dimethylamino
oxy sulfonyl-N-methyl-
57 methoxy H H pyridin-3-vi BINinG R
4-chloro
58 methoxy H H phenyl phenvioxy S
4-chloro
59 methoxy H H pheoyl pyridin-3-yloxy S
4-chloro 6-isopropyloxy
&0 methoxy H H phenyl pyridin-3-vi RS
4-chloro
61 methoxy H H phenyi pyridin-2-yloxy 14
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{
i
Formula (1)
Cpd , Configuration
No. R | r Q G at C-§
4~chloro 6-(morpholin-4-vl}
§2 methoxy H H phenyl pyridin-3-yl RS
4-chloro
63 methoxy H H phenyl pyridin-3-vl RS
4-chloro 4,4-diroethyl
&4 methoxy H H phenyl cyclohexyl RS
{3-R5)-1,2,34-
4-chloro tetrahydroquinolin-
63 methoxy H H pheoyl 3-y1 RS
4-~chloro S-{ethoxycarbonyl)
H6 methoxy H H phenyl pyridin-3-vi RS
4-chloro
67 methoxy H H phenyi isopropyloxy S
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Formula (1)
Cpd , Configuration
No. g s G at C-5
4~chloro
68 methoxy H H phenyl morpholin-4-vi RS
4-chloro
69 methoxy H H phenyl trimethyisilyloxy S
4-chloro &0
78 methoxy H H phenyl o~ S
4-chloro é\X/O spiro
71 methoxy H H phenyl TR fused
4-~chloro
73 methoxy H H phenyl 2-ethvibutoxy S
4-chloro 6-methyl
73 methoxy H H phenyi pyridin-3-yi RS
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{
i
Formula (1)
Cpd , Configuration
No, R g Q G at C-§
4-chloro 6-cthoxy
74 methoxy H H phenyl pyridin-3-yl RS
2-chloro-6-
4-chloro isopropyl-
78 methoxy H H phenyl pyridin-3-yi RS
4-~chloro tetrabydro-2H-
76 methoxy H H phenyl pyran~-2-yloxy S
4-chloro 6-{cyclopropyl)
77 methoxy H H pheoyl pyridin-3-vi RS
4-chloro cyclohexyl
78 methoxy H H phenyl carbonyioxy S
4-chloro cyclopentyl
79 methoxy H H phenyi carbonyloxy S
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{
i
Formula (1)
Cpd , Configuration
No, R | r Q G at C-§
4-chloro cyclobutyl
84 methoxy H H phenyl carbonyloxy S
4-chloro isopropyl
81 methoxy H H phenyl carbonyloxy S
4-chloro cyclohexyl
82 methoxy H H phenyl methvloxy S
4-chloro cyclopentyl
83 methoxy H H pheoyl methyloxy S
4-chloro cyclobutyl
84 methoxy H H phenyl methyloxy S
4-chloro
83 methoxy H H phenyl 2-methvipropyloxy S
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f’
_,.A\
Formula (1)
Cpd , Configuration
No, R g 9] G at C-§
tetrahydro-2H-
4-chloro pyran-4-
86 methoxy H H phenyl vicarbonyloxy S
tetrahydro-2H-
4-chloro pyran-4-yi
87 methoxy H H phenyl methyvioxy N
4-~chloro
88 methoxy H H phenyl cyelohexvioxy S
(15,25 ,4R}-
4-chloro bicyclof2.2.1Thept-
89 methoxy H H phenvl 2-vloxy 5
4-~chloro
96 methoxy H H phenyl cyclopentyloxy S
4-cyano O P spiro
91 methoxy H H phenyi TN fused
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Formula (1)
Cpd , Configuration
No, R g 9] G at C-§
4~chloro
92 methoxy H H phenyl isopropyl RS
4-dimethyl
. O G .
amino . SpIre
83 methoxy H H phenyl e fused
6-cthoxy © \7(0 SpU0
94 methoxy H H pyridin-3-vl SN tused
6-methyl o\'{o SPHTO
895 methoxy H H pyridin-3-yl o fused
6~-methoxy O\X’O SpU0
96 methoxy H H pyridin-3-yl M tused
6-dimethyl |>§
amino- O\X/O spiro
97 methoxy H H pyridin-3-vl Mt fused
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}
iy
Formula (1)
Cpd , Configuration
Ne. R R | ® Q G at C-§
R:r—(;-?
G 0
4-chloro % spiro
98 methoxy H H phenyl C fused
s“ """""" s
4-chloro O\;(O Spiro
89 methoxy H H phenyl 7N fused
“ R R
4-~chloro 0\7(0 5pire
180 methoxy H H phenyl R tused
4-chloro UYO spiro
161 methoxy H H pheoyl N fused
RT—s
4-chloro 0\5(0 Spire
142 methoxy H H phenyl _h tused
RT3
0. 8.0
4-chloro Mim spiro
1683 methoxy H H phenyl o fused
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i
P
Formula (1)
Cpd , Configuration
No, R | r Q G at C-§
4-chloro
184 methoxy H H phenyl cyclohexyl RS
4-cyano
1G5 methoxy H H phenyl 2-methylpropyl RS
4-cyano
186 methoxy H H phenyl cyclobexylmethyl RS
H
4-dimethyl ]
amino O\;(Q SPHTO
167 methoxy H H phenvl FRR fused
6-cthoxy é\x/g SpU0
108 methoxy H H pyridin-3-yl 7N tused
{
6-methyl 0“‘)(’0 spiro
169 methoxy H H pyridin-3-vl oo fused
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'@
S .
ROY we
R Formuda (1)
Cpd , Configuration
No, R | r Q G at C-§
Ao
6-dimethyl )
amino- Oy ? spiro
118 methoxy H H pyridin-3-vi 7N tused
O, .0
4-cyano 5 spiro
i1t methoxy H H phenyl ©0 fused
H
fod O rd
4-chlore k5 ()><§\ Spire
112 methoxy H H phenyl H tused
H
{0
4-chloro fﬁ* ><%\ spiro
113 methoxy H H phenyl H fused
H
S i 05%"
4-chloro K spire
114 methoxy H H phenyl H tused
H
Q. 53,
4-chloro @o% S Spiro
118 methoxy H H phenyi H fused
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P
Formula (1)
Cpd , Configuration
No, R | r Q G at C-§
4-chloro 2.6-dimethyl
116 methoxy H H phenyl morpholin-4-vi RS
4-chloro 4-rethyl
117 methoxy H H phenyl piperidin-1-yi RS
4-chloro 3,3-diethyl-
118 methoxy H H phenyl pyrrolidin-1 -yl RS
4-chloro 3.3-dimethyl-
119 methoxy H H pheoyl pyrrolidin- -yl RS
5~chloro Onye© spiro
128 methoxy H H thien-2-y1 Ak tused
\ /
) -
) o .G .
S-chloro ¢ Spiro
121 methoxy H H thien-2~yl N fused

Ju—
o2
2
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Formula (1)
Cpd , Configuration
No. R | r Q G at C-§
4-chloro
122 methoxy H H phenyl pyrrolidin-1-yi RS
4-chloro 3,3-difluoro-
123 methoxy H H phenyl pyrrolidin-1-yl RS
4-cyano d-cyclopentyl-1H-
124 methoxy H H phenyl 1,2,3~triazol-1-v1 S
4
methoxycarbonyi-
4-cyano P12 3-triazol-1-
125 methoxy H H phenvl vl S
4-(}-bydroxy-1-
4-cyano roethylethyl)-1H-
126 methoxy H H phenyl 1,2, 3-triazol-1-v1 S
4-(2~methyl-
4-cyano propyl-154-1,2,3~
127 methoxy H H phenyi triazoi-1-vi S
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{
P
Formula (1)
Cpd , Configuration
No. R | r Q G at C-§
d-
{mcthylcarbonylox
4-cyano ymethyly-14-1,2,3-
128 methoxy H H phenyl triazol-1-vi S
4
{methoxymethyl)-
4-cyano 1H-1.2,3-triazol-1-
129 methoxy H H phenyl vi S
4-cyano 4-t-butyl-1H-1,2,3-
138 methoxy H H phenyl riazol-1-yl S
4-cyano 4,S-dimethyl-Li-
131 methoxy H H pheoyl imnidazol-1-yl S
4-cyano 2,4, 5-trioethyl-1H-
132 methoxy H H phenyl tmidazol-1-y1 S
2-ethyi-4,5-
4-cyano dimethyl-1H-
133 methoxy H H phenyi imidazol-1-vi S

o2
[
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Formula (1)
Cpd , Configuration
No. R | r Q G at C-§
4-cyano 2-ethyl-1H4-
134 methoxy H H phenyl tmidazol-1-yl S
4-cyano 2-methyl-1H-
135 methoxy H H phenyl imidazol-1-yl S
4-cyano 4,5-diethyl-1H-
136 methoxy H H phenyl 1,2,3~triazol-1-v1 S
4-cyano 2.4, 5-trethyl- LH-
137 methoxy H H pheoyl imnidazol-1-yl S
2-methyl-4,5-
4-cyano dicthyl-1H-
138 methoxy H H phenyl tmidazol-1-y1 S
4-cyano 4,5-diethyl-1 /-
139 methoxy H H phenyi imidazol-1-vi S

Biological Examples
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in Vitro Assays

Example |

Functional Assay: Astagonism of N-Type Calcium Channel

A stabie 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 Dulbeces’s Modified Eagle Medium supplemented
with 10% FBS, 2 mM L-ghitamine, 100 LU /mL penieillin, 160 ug/mi. streptomycin, 400
ng/mb G418 and 200 pg/mb 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.

Calciom 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.S.A)), utilizing a Functional
Drug Screcning System (FDSS) by Hamamatsu Corporation (Bridgewater, NJ U.S.A L)

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

additional 3 mun of measurement.

Calculations and formulas
1Cso values for representative compounnds of Formula (1) were determined from six-

point concentration-response experiments and represent the concentration of said

,...
12
g
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compound required to inhibit 50% of the maximal response. Maximal fluorescence

intensity {F1} achicved upon addition of 50 mM KCl was exported from the FDSS software

and further analyzed using GraphPad Prism 3.02 (Graph Pad Software Inc., San Diego,

CA, U.5. A}, Data were normalized to the maximum average counts from quadruplicate

wells for cach condition in the presence of 50 mM KCl and to the mininuim average

counts in the presence of buffer. Theoretical curves were generated using nonlinear

regression curve-fitting analysis of either sigmoidal concentration-response or sigmoidal

concentration-response {variable slope), and the 1Cs; valuces with the best-fit curve

determined by GraphPad Prism were reported. Resultamt data arc shown in Table 2.

Table 2.
s inhibition | % Inhibition
Compound | FIDISS ICs (%) {%

Ng (i) at $.33uM at I uM
1 0.20

2 0.033

3 .026

4 &1
5 0,043

& (.49 75

7 a8

8 0.055 96

9 59

10 $.30 83

11 0.073 99

12 4.070

13 0.038

14 {.090

15 (.30

16 .13

17 3,18

I8 0.20

19 0.13

20 .26

21 65
22 (.22
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Yeluhibition | % Inhibition
Compound | FDSS ICs (%e (%)

No {ubh) at §.33uM at | uM
23 0.14
24 0.15
25 61
26 62
27 0.011
28 0.015
29 (1.043
30 0.028
31 (3.018
32 0.026
33 0.018
34 0.014
35 (.059
36 0.029
37 0.0064
38 0.0075
39 0.038 81
40 (1.019
41 0.024 92
42 (3.019 a1
43 0.042 87
44 (.032 89
45 0.0040 94
46 0.0026 99
47 0.0040 92
48 0.0012 7
49 0.052 76
50 0.014 95
51 (1.034 94
52 (.13 64
53 31
54 0.050 86
55 0.011 a5
36 0.013 93

7 0.018 99
58 0.13 65
59 0.094 76
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Yeluhibition | % Inhibition
Compound | FDSS ICs (%e (%)

No {ubh) at §.33uM at | uM
60 0.28 62
61 0.098 77
62 42
63 0.0086 98
64 0.28 66
65 (1.28 59
66 (1.066 79

7 8.0057 100
68 (3.016 a5
69 (.0096 93
74 0.015 36
71 0.013 89
72 0.061 78
73 0.086 s
74 0.15 o1
75 0.23 53
7 0.028 92
77 (1.062 81
7 0.093 7
79 (3.075 82
& 0.031 &9
81 (3.048 86
52 0.13 76
83 0.049 92
54 0.06 50
85 0.023 94
56 0.082 52

7 0.092 82
8K (1.043 83
89 0.049 85
30 (3.022 89
91 0.019 89
a2 43
93 0.012 a1
34 0.060 81
95 0.11 67
96 0.034 81
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Yeluhibition | % Inhibition
Compound | FDSS ICs (%e (%)

No {ubh) at §.33uM at | uM
97 0.029 88
98 0.0059 102
99 0.013 93
100 0.0044 101
101 0.027 a8
102 $.0076 97
103 0.0048 1031
104 (.14 61
105 (.046 81
106 (.27 64
107 0.0030 92
108 0.010 56
109 0.019 84
110 0.0028 20
Pl 0.0037 S0
112 0.018 20
i3 0.042 82
114 0.0050 90
i15 0.011 85
116 (3.048 77
17 0.044 75
118 (.046 76
119 0.084 76
120 0.091 78
121 0.030 56
122 33
123 0.019 o1
124 0.043 88
125 {(1.O81 70
126 33
127 0.017 a7
128 .17 39
129 7
130 0.050 92
131 0.1045 &7
132 29
133 35
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Yelnhibition | % Inhibition
Compound | FDSS ICs (%e (%)
No {ubh) at §.33uM at | uM
134 0.20 50
135 44
136 0.016 39
137 49
138 0.32 63
139 0.037 87

Automated Electrophysiology Assay

Cells were grown 1un T17S flasks to 53%-90% confluence. At the time of use, cells
were enzymatically treated with Detachin (Genlantis, San Diego, CA USA), centrifuged,
rinsed, and resuspended in 293 SFM 11 media (Life Technologies, Grand Island, NY
U.5.A.) supplemented with 25 mM HEPES (Sigma-Aldrich, St. Louis, MO IS A}toa
concentration of 2-3 x 10° cells/mL. Cells were added to the automated cell preparation
station on the QPatch-HT {Sophion Biosciences, North Brunswick, NJ U.S. AL}, and
following a 10- to30-min recovery period with gentle stirring, the assay protocol was
initiated. During the antomated cell preparation, cells were collected, centrifuged and
resuspended in an extraceliular (EC) solution containing 132 mM NaCl, 1.8 mM CaCl,,
5.4 mM KCL 8.8 mM MgCl, 10 mM glucose, and 10 mM HEPES {pH = 7.4), adjusted
with sucrose to approximately 315 mOsm. The QPlate was primed with an intracellular
solution comtaining 135 mM CsCl, 10 mM EGTA, 4 MgATP, 0.3 NaGTP, and 20 mM
HEPES (pH = 7.2}, adjusted to approximately 290 mOsm with deionized water and the EC
solution. Cclls were added to the preparcd (QPlate wells by robotic pipettes of the (QPatch-
HT.

For cells determined to be in stable whole-cell patch clamp, the EC solution was

replaced with a barium (Baj/tricthylammonium (TEA) solution containing 140 mM TEA-
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Cl, 10 mM BaCl,, 0.8 mM MgCh, 180 mM glucose and 10 mM HEPES (pH = 7.4). High
{40 mM} BaCl, concentrations were made with adjustments to TEA-CL (90 mM) to
maintain the osmolarity. From a resting potential of -80 mV, a train of depolarizing pulses

{15 pulses 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 each subsequent addition of control bufter
with or without compound (three periods total, cach with four trains). The current
generated in the 1% and 15" pulses of the last train of cach period in the presence of cach
drug concentration was normalized to the current generated during the control period at the
10 respective pulses (representing low- and high~frequency stimulation, respectively). Data
froma both the second and third drog application periods were analyzed for cach cell. A
final addition of Ba/TEA solution containing 60-100  uM CdCl, was made to block all N-
type current and to “‘zero”’ the currents for cach ccll. All buffer/ compound additions were
madc using a ‘spitting”’ feature of the (QPatch-HT, which added three repetitions of 5 sl
15 solution at the beginning of each recording period.

To examine closed-state inactivation, cells were subjected to a channel-activating
30-msec depolarizing step pulse from -&0 to +10 mV, followed by a 5-see 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

20 pulse were normalized to the peak value of the test puise 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

25 (Sigma-Aldrich} was prepared as a 0.3 mg/mL stock solution in water, with 0.1% bovine

serum albumin V (Life Technologies). Compounds of Formula (1) were diluted first into

dimethyt sulfoxide and then into 10% pluronic F-127 in water (Life Technologies),

sonicated for T min and diluted into EC buffer. Vehicle controls were run in parallel in all

exXperiments,
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Unless otherwise indicated, statistics for comparing among electrophysiological
results utilized a onc-way analysis of variance with Fisher's least squares determination
test for pair-wise comparison. Resultant data are shown in Tables 3 and 4, below.

Table 3.

QPatch at Low Frequency
Cpd Ne. % Inhibition at Various Concentrations (uM)
0.83 8.843 8.3 .25 1 5

2 54 76 G0
3 35 69 3
5 2
3 -3 62

i 29

12 15

13 42

i6 19

27 -16

28 25

29 -8

38 9

31 14

32 18

33 35

34 34

36 18

37 44

38 47

39 13 34 51

41 38

42 &6

43 =22

44 42

45 60

46 21

47 15

48 52

58 33

51 49

54 55
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QPatch at Low Frequency
Cpd Ne. % Inhibitien at Varieus Concentrations (uM)
$.061 .03 $.1 .28 1 5
85 15 12 57
56 -1 32
57 75
63 40
67 48
68 33
69 15
71 21
76 27
7 15
74 =7
3¢ 7 6
g1 -4
35 -3
88 22
39 6
90 10
91 19 28 40
93 12
96 -1
97 27
98 -6
99 -4
100 16 44 72
161 3
142 42
183 -21 12 36
195 -1 10
167 34
108 3
109 8
116 -G
il -5
112 7
113 -4
114 44
118 8
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(O Paich at Low Freguency

Cpd Ne. % Inhibitien at Varieus Concentrations (uM)
$.01 08.03 6.1 8.25 1 5
123 2
124 68
127 13
138 39
139 72
Tablc 4.
(QPatch at Bigh Frequency
Cpd
No. % Inhibition at Various Concentrations {(ui)
$.061 8.03 8.1 .28 i 5
p/ 38 69 g7
3 57 76 58
5 85
8 -12 57
it 28
12 26
13 67
16 43
27 -14
28 45
9 21
38 25
31 22
32 20
33 47
34 37
36 26
37 46
38 53
39 29 47 72
41 60
42 87
43 5
44 48
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QPateh atl High Frequency

Cpd

No. % Inhibition at Varieus Concentrations (uM)

$.01 8.63 8.1 8.25 i 5

45 68

46 50

47 19

48 63

50 41

51 66
54 67
55 19 29 7¢
56 2 47
57 83
63 62
&7 o1

68 31

68 2

78 19

71 37

76 12

78 27

79 It

84 22 43
81 12

8% 2

88 33

89 26

a8 21

91 20 39 61
a3 30

96 20

97 33

98 28

g9 34

160 21 69 83
161 40

162 58
183 46 69
185 20 44
187 33
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QPateh atl High Frequency
Cpd
No. % Inhibition at Varieus Concentrations (uM)
$.01 8.63 8.1 8.25 i 5
148 13
189 9
110 1
11t 21
112 26
113 3
114 63
118 37
123 26
124 73
127 26
138 57
139 66

In Vivo dssa

Example 3

Complete Freund’s adjuvant {CFAinduced hyperalgesia

The mntraplantar injection of complete Freund’s adjovant {CFA) in rodents resulis

in a long-lasting inflammatory reaction, characterized by a pronounced hypersensitivity to

both thermal and mechanical stimuli, which peaks between 24-72 hr following injection

and can last for several weeks. This test predicts the analgesic, anti-alodynic and/or anti-

hyperalgesic effect of numerous efficacious clinieal agents, inchuding acetaminophen,

NSAIDS, such as aspirin and ibuprofen, opioids, such as morphine, and especially the N-

type calctum channel blocker ziconotide, which is marketed as Prialt® for the management

of severe chronic pain, including several types of neuropathic pain,

To assess whether test compounds of Formula (I} reverse established

hypersensitivity, a 100 ub of CFA (suspended in a 111 emulsion of saline and heat-killed
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Mycobacterium tuberculosis in mineral oil} was injected into a single hind paw of

Sprague-Dawley rats {typically males ranging from 150-350 g).

Each rat was placed in a test chamber on a warm glass surface and allowed to
acclimate for approximately 10 min. A radiant thermal stimulus (beam of light) was then
focused through the glass onto the plantar surface of cach hind paw in turn. The thermal
stimulus was automatically shut off by a photoelectric relay when the paw was moved or
when the cut-off time was reached (20 sec for radiant heat at ~5 Amps). An inttial
{basclinc) response latency to the thormal stimulus was recorded for cach animal prior to
the injection of CFA. Twenty-four hr following intraplantar CFA injection, the response
iatency of the animal to the thermal stimulus was then re-evaluated and cormpared to the
animal's baseline response tirne. Only rats that exhibited at least a 25% reduction in
respouse latency (i.e., hyperalgesia) were included o further avalysis. Inunediately
following the post-CFA latency assessment, test compound or vehicle {(usually Solutol,
hydroxypropy! methylceliulose, bydroxypropyl beta-cyclodexirin or PEG-400) was
admirustered 1.p. or p.o. to rats. Post-compound treatment withdrawal latencies were
assessed at fixed time ntervals, typically 30, 60 and 120 mun. Resultant data for

Corapound 71 of Formula (1) is shown in Figure 1.

While the foregoing specification teaches the principles of the present invention,
with examples provided for the purpose of iltustration, it will be understood that the
practice of the invention encompasses all of the usual variations, adaptations and/or

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

i. A compound of Formula (1)
G "
=N
NN
o
Q PN / ‘
ol R‘E
RZ
Formula (I}
whercin

R is sclected from the group consisting of Cralkyl, Cy_salkoxy,

trifluoromethoxy, and trifluoromethyl;

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

®' and R” are both attached to form 2,3-dibydrobenzofuran-7-yi;
R’ is hydrogen, chloro, or fluoro;

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

i
E%’\ﬂ // l / S
'\\T/ X N o
R4 R> R®
Q1 Q2 a3

wherein
®? is sclected from the group consisting of hvdrogen, Ciaalkyl, 1.
salkoxy, cyano, fluoro, chloro, hydroxy, di{C;_salkyhamino, (C;.

salkylamino, amino, Cyaalkylcarbonyl, and Cyyalkylsulfonyl;
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5 6 . L
R™ and R" are each independently selected from the group consisting

of hydrogen, Ciaalkyl, Cisalkoxy, cvano, chlore, and di{Cyalkyhaming;

(3 1s selected from the group consisting of Cisalkyl, hydroxy{Ci gjatkyl, Cy.
salkoxy, hydroxy, allyl, 2-methylprop-1-enyl, cyano, oxime, phenoxy, Ci.
salkoxycarbonyl, Cyscycloalkyl, 4,4-dimethyl-cyclohexyl, Ciscycloalkyi{Cy.
yatlkyl, Cygeycloalkyloxy, Crsalkylcarbonyloxy, di{C;salkylaminocarbonyloxy,
di{Csalkylaminocarbonyloxy-C, saltkyl, Cryalkoxycarbonylamino- Cyaalkyl, Cs
seycloalkyl(Chajalkoxy, Cqeeycloalkylearbonyloxy, di{Cy salkyhaminosulfonyl-
amino, di{C salkyDaronosulfony-{N-methyDarino, C,salkylsulfonyl-(N-
methylhamine, Csalkylsulfonylamino, Cygalkylsulfonylamino-Cyaalkyl, Co
salkylcarbonylamine-Cy salkyl, di{CysalkyDarninocarbonylamino-Cysalkyl,
trifluoromethylearbonylamino, trifluoromethylcarbonylamino-Cy4alkyl, 2,5~-dioxo-~
pyrroidin-1-yl, 2-oxo-pyrrolidin-1-yl, 3,3-difluoro-pyrrolidin-1-yi, 3 3-dicthyl-
pyrrolidin-1-yl, 3,3-dimethyl-pyrrolidin-1-yl, pyrrolidin-1-y1, pyridinyloxy,
trirnethylsilyloxy, oxo, (tetrabydro-2H-pyran-2-yloxy, morpholin-4-v1, 2,6~
dimethyl-morpholin-4-y1, morpholin-4-yicarbonyloxy, morpholin-4-ylearbonvloxy-
Crgabloyl, 6-{morpholin-d-y}-pyrimidin-3-yl, 4-methyl-pipenidin-1-vl, (1,2,4)-
bicyelo[2.2.1 theptan-2-yloxy, tetrahydro-2H-pyran-d-ylcarbonyloxy, tetrabydro-
2H-pyran-4-yKCi galkoxy, 1,2,3 4-tetrahydroquinolin-3-y1, aminocarbonyl,

pyridin-3-y] optionally substituted with one to two substituents each
independently selected from the group consisting of Cy 4alkyl, €y salkoxy, chloro,
cyclopropyl, morpholin-4-vi, and Cysalkoxycarbonyl;

1H-1,2,3-triazol-1-yl optionally substituted with one to two substituents
cach independently selected from the group consisting of Cisalkyl, 2-
hydroxypropan-2-yl, methoxymethyl, Cigcycloatkyl, Cisalkoxyearbonyl, Ci.
salkylearbonyloxy-Cialkyl, and trimethylsilyl;

1 H-imidazol-1-yi optionally independently substituted with one to three ;.
salkyl substituents;

and
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a spirofused heterocyclyl independently selected from the group consisting
of 4,4,5,5-tetramethyl-1,3-dioxolan-2-vi, 4,5-dimethyl-1,3-dioxolan-2-vi, 1,3~
dioxan-2-yl, 4.6-dimethyl-1,3-dioxan-2-vl, (3a,6a)-tetrahydro-3af-
cyclopentald}{1,3]dioxol-2-yi, §5,5-dimethyl-1,3-dioxan-2-yl, and (3a,7a})-
hexahydrobenzo[d}{1.3}dioxol-2-v1;

provided that a compound of Formula (1) is other than
N-{3-(4-chlorophenyl)-2-(2-methoxyphenyl)-2,4.5,6-

tetrahydrocyclopentalcipyrazol-5-yH-N,N' N'-irimethyisulfanude; or
3-(4-chlorophenyl}-2-(2-methoxyphenyl}-4'.4,5, 5 -tetramethyl-2,6-dihydro-4H-
spirofcvclopentafclpyrazole-5,2'-[1,3]dioxolanc];

and enantiomers, diastereomers, and pharmaceutically acceptable salis thereof,

2. The compound of claim 1 wherein R” is selected from the group consisting of Cy.
salkyl, Cysalkoxy, and iritflaoromethoxy.

3. The compound of claim 2 wherein R’ is selected from the group consisting of Cy.
salkoxy, and triflnoromethoxy;

4, The compound of claim | wherein R is hydrogen.

S, The compound of ¢laim | wherein R is hydrogen or chloro.

6. The compound of claim 5§ wherein R 18 hydrogen.

7. The compound of claim 1 wherein R* is selected from the group consisting of €
salkyl, Ciialkoxy, cvano, chloro, and di{C,salkyljamino.
- ~ . . 6 .

&. The compound of claim 1 wherein R is chloro.
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9. The compound of claim 1 wherein G is selected from the group consisting of Oy
salkyl, hydroxy(Ci4)alkyl, Cjsalkoxy, 2-methylprop-1-enyl, cyano, phenoxy, ;.
salkoxycarbonyl, Ciscycloalkyl, 4,4-dimethyl-cyclohexyl, Csgoycloalkyi{Cy.
syatkyl, Csgeyeloalkyloxy, Cygalkylearbonyloxy, di(C salkyljaminocarbonyloxy,
di{C_salkylaminocarbonyloxy-Cisatkyl, Cyaalkoxycarbonylamino- Cyaallyl, Cy
scycloalkyl{Cy salkoxy, Cageyeloalkylcarbonyloxy, di{CsalkyDaminosulfonyl-
amino, di{Ciatkyaminosutfony-{(N-mcthyhamino, Csalkylsulforyl-(N-
methyhamino, Cyalkylsulfonylamine, € salkylsulfonylamine-Cygalkyl, Cy
salkylearbonylamino-Cyaalkyl, di{Cisalkyhaminocarbonylamine-Cy salkyl,
trifluoromethylcarbonylamine, trifluoromethylearbonylamino-Cyualkyl, 2,5-dioxo-
pyrrolidin-1-yl, 2-oxo~pyrrolidin-1-y1, 3, 3-difluoro-pyrrolidin-1-yi, 3,3-diethyl-
pyrroidin-1-y], 3,3-dimethyl-pyrrolidin-1-yl, pyridinyloxy, trimethylsilyloxy, oxo,
{(tetrahydro-2 F-pyran-2-yhoxy, morpholiv-4-yl, 2,6-diroethyl-morpholin-4-vi,
morpholin-4-ylcarbonyloxy, morpholin-4-ylcarbonyloxy-Cy salkyl, 4-methyl-
piperidin-t-vl, (1,2,4)-bicyclof2.2. 1theptan-2-yloxry, tetrahydro~-2 H-pyran-4-y{Cy.
palkoxy, 1,2,3 4-tetrahydroquinolin-3-yi, aminocarbonyl,

pyridin-3-y] optionally substituted with one to two substituents each
independently selected from the group consisting of Craalkyl, Chaalkoxy, chloro,
cyclopropyl, and Cy alkoxyearbonyl;

1H-1,23~triazol-1-y] optionally substituted with one to two substituents
cach independently selected from the group consisting of Crgalkyl, Cascveloalkyl,
Cyqalkoxycarbonyl, Cysaltkylearbonyloxy-C altkyl, and trimethylsilyl;

1 H-imidazol-I-y1 optionally independently substituted with one to three Cy.
salkyl substituents;

and

a spirofused heterocyclyl independently selected from the group consisting
of 4,45, 5-tetramethyl-1,3-dioxolan-2-vi, 4,5-dimethyl-1,3-dioxolan-2-vi, 1,3~
dioxan-2-yl, 4,6-dimethyl-1,3-dioxan-2-yl, (3a,6a)-tctrahydro-3afH-
cyclopentald}{1,3]dioxol-2-yi, §5,5-dimethyl-1,3-dioxan-2-yl, and (3a,7a})-

hexahydrobenzofd}{1,3}dioxol-2-yL

[
(9]
IS
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18, The compound of claim 9 wherein G i3 sclected from the group consisting of Ci.
salkyl, Cygalkoxy, Cyalkoxycarbonyl, Csgoycloalkyloxy, Cysalkylcarbonyloxy,
di{Csalkylaminocarbonyloxy, di{C4alkylaminocarbonyloxy-Csalkyl, Ci
salkoxycarbonylaming- Cyaalkyl, Cyscycloalkyl(C; ajalkoxy, Ca
scycloalkyicarbonyloxy, di{Csalkyaminosuifonyl-amino, di{Cy.
salkylaminosulfonyl-(N-methylamino, Criatkylsulfonyl«(N-methyljamino, C,.
salkylsulfonylamino, Csalkylsulfonylamino-Cyaalkyl, Cyalkylcarbonylamine-Cy.
salkyl, riftuoromethylearbonylamino, 2,5-dioxo-pyrrolidin-{-yl, 2-oxo-pyrrolidin-
F-yl, 3.3-difluoro-pyrrolidin-1-yl, 3,3-diethyl-pyrrolidin-1-yi, 3. 3-dimethyl-
pyrrolidin- -yl pynidinyloxy, trunethylsilyloxy, oxo, (tetrabydro-2H-pyran-2-
yvhoxy, morpholin-4-yl, 2,6-dirnethyl-morphoiin-4-yi, morpholin-4-ylearbouyloxy,
morphohn~4~ylearbonyloxy-Cy qalkyl, 4-methyl-pipenidin-1-vL, {1,2,4)-
bicyelo[2.2.1 theptan-2-yloxy, tetrabydro-2 H-pyran-4-vl{C.4Jalkoxy,

pyridin-3-y] optionally substituted with a substituent independently selected
trom the group consisting of Crgalkyl, eyclopropyl, and Cy 4alkoxyearbonyl;

1H-1,2,3-triazol-1-yl optionally substituted with one to two substituents
each independently selected from the group consisting of Cysatkyl, Cagcycloalkyl,
Cyaalkoxycarbonyl, and trimethylsilyl;

{H-imidazol-1-yi optionally independently substituted with one to three Cy.
salkyt substituents;

and

a spirofused heterocyelyl independently selected from the group consisting
of 4,45 5-tetramethyl-1,3-dioxolan-2-vl, 4,5-dimethyl-1,3-dioxolan-2-yi, 1,3~
dioxan-2-vi, 4,6-dimethyl-1,3-dioxan-2-yl, (3a,6a)-tetrahydro-3afH-
cyclopentald}{,3]dioxol-2-yL, 5,5-dimcthyl-1,3-dioxan-2-yl, and (3a,7a})-

hexahydrobenzofdif 1,3 idioxol-2-vi.

11.  The compound of Formula (I} as in claim 1
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Formula (1)

wherein

R' is sclected from the group consisting of C_alkyl, Ciualkoxy, and

tritftuoromethoxy;

52 - . 2 , . ) . .
R’ is hydrogen; or, R” may be taken with R' and the phenyl ring to which

R' and R” arc both attached 1o form 2,3-dihydrobenzofuran-7-y;
R’ is hydrogen or chloro;

(J 1s selected from the group consisting of Q1, 32, and Q3;

wherein

R is selected from the group consisting of Cpaalkyl, Calkoxy, cyano,
chloro, and di{C; 4alkyljamino;

R’ and R® are each independently selected from the group consisting of €.

salkyl, Ciialkoxy, cvano, chloro, and di{C,salkyljamino;

G is selected from the group consisting of Cy qalkyl, hydroxy(C, gatkyl, Cy.
salkoxy, 2-methylprop-1-enyl, cyano, phenoxy, Chsalkoxycarbonyl, Csecycloalkyl,

4 4-dimethyl-cyclohexyl, Cagoyeloalkyl{Cy salkyl, Cogeycloatiyloxy, Cy.

1

(9]
"



WO 2014/028801 PCT/US2013/055267

salkylcarbonyloxy, di{Cisalkyllaminocarbonyloxy, di(Cy.
salkyhaminocarbonyloxy-Cisalkyl, Cisalkoxyearbonylamino- Cigabioyl, Cy
seycloalkyl(Cysjalkoxy, Cseeycloalkylearbonyloxy, di{Cy salkyhaminosulfonyl-
amino, di{ C; saltkyl}aminosulfonyl-{(N-methylamino, Cysalkylsulfonyl-(NV-
methyhamine, Cyalkylsulfonylamino, Ciaalkylsulfonylamino-Cyaalicyl, Cy
salkylcarbonylamino-Cysalkyl, di{Cysalkyljaminocarbonylamino-Cy salkoyl,
trifluoromethylcarbonylamino, triflucromethylcarbonylaminoe-Cysalkyl, 2,5-dioxo-
pyrrolidin-1-yl, 2-oxo-pyrrolidin-1-yi, 3,3-difluoro-pyrrolidin-i-yi, 3.3-dicthyl-
pyrrolidin- -yl 3,3-dimethyl-pyrrolidin-1-vi, pyridinvioxy, trimethylsilyloxy, oxo,
(tetrahydro-2H-pyran-2-yhoxy, roorpholin-4-yl, 2,6-dimethyl-morpholin-4-yi,
morphohn~-4~ylcarbonyloxy, morpholin-4-ylcarbonyloxy-~Cigalkyl, 4~roethyl-
piperidin-i~-vi, (1,2, 4)-bicyclo]2.2. H theptan-2-yloxy, tetrabydro-2 H-pyran-4-yi{C;.
patkoxy, 1,2,3 4-tetrahydroquinolin-3-yi, aminocarbonyl,

pyridin-3-yl optionally substituted with morpholin-4-yl or one to two
substituents each independently selected from the group consisting of Cy4allyl, Cp.
salkoxy, chlovo, cyclopropyl, and Cyaalkoxycarbouyl;

1H-1,2,3-triazol-1-yl optionally substituted with one to two substituents
each independently selected from the group consisting of Cysatkyl, Cagcycloalkyl,
Craalkoxyearbonyl, Crsalkylcarbonyloxy-Crsalkyl, and trimethylsilyl;

{H-imidazol-1-yi optionally independently substituted with one to three Cy.
salkyt substituents;

and

a spirofused heterocyelyl independently selected from the group consisting
of 4,45 5-tetramethyl-1,3-dioxolan-2-vl, 4,5-dimethyl-1,3-dioxolan-2-yi, 1,3~
dioxan-2-vi, 4,6-dimethyl-1,3-dioxan-2-yl, (3a,6a)-tetrahydro-3afH-
cyclopentald}{,3]dioxol-2-yL, 5,5-dimcthyl-1,3-dioxan-2-yl, and (3a,7a})-
hexahydrobenzo[dif1,31dioxoi-2-vi;

provided that a compound of Formmula (1} is other than
N-{3-{4-chlorophenyl}-2-(2-methoxyphenyl}-2,4,5,6-

tetrahydrocyclopentalcipyrazol-5-yH-N,N' N'-trimethylsulfamide; or

156



WO 2014/028801 PCT/US2013/055267

3-(4-chlorophenyl}-2-(2-methoxyphenyly-4'.4',5", 5 - tetramethyl-2,6-dihydro-4H-
spirofcyciopentafcipyrazole-5,2'-1 3 ]dioxolanc];

and cnantiomers, diastereomers, and pharmaccutically acceptable salts thereof.

12. The compound of Formula (1) as in claim 1
G
LN
NN
)@
{4 i
X
R{\f'/\Rs
RE
Formula (I}
wherein

R is selected from the group consisting of Cy_alkyl, Cyalkoxy, and

tritftuoromethoxy;

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;
R is hydrogen;

(J 1s selected from the group consisting of Q1, 32, and Q3;

3
NN

{ )
;\] /iﬁ A
I\\ﬁ/ N o
&
Rt RO R
Q1 Q2 Q3

wherein

R" is selected from the group consisting of Cpaalkyl, Ciialkoxy, cyano,
chloro, and di{Cy 4alkyamino;

R’ is selected from the group consisting of Cpalkyl, Calkoxy, cyano,

chloro, and di{Cy 4alkylamino;

[
"
~3
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4 p
R” is chioro;

G 1is selected from the group consisting of Cygalkyl, hydroxy(Cy_yalkyl, Ci.
salkoxy, 2-methylprop-1-enyl, cyano, phenoxy, Chsalkoxycarbonyl, Csecycloalkyl,
4 4-dimethyl-cyclohexyl, Cagoyeloalkyl{Cy salkyl, Cogeycloatiyloxy, Cy.
salkylcarbonyloxy, di{CaalkyDaminocarbonyloxy, di{Cy.
salkyliaminocarbonyloxy-Cjsalkyl, C; salkoxycarbonylamino- Cygalkyl, Ca
scycloalkyl{Cy salkoxy, Cageyeloalkylcarbonyloxy, di{CsalkyDaminosulfonyl-
amino, di{Ciatkyaminosutfony-{(N-mcthyhamino, Csalkylsulforyl-(N-
methyDamino, Cyaalkylsulfonylamino, Cysalkyisulfonylamine-Calkyl, C).
salkylearbonylamino-Cy salkyl, dyCisalkylaminocarbonylamine-Cyalkyl,
trifluoromethylcarbonylamine, trifluoromethylearbonylamino-Cyaalkyl, 2,5-dioxo-
pyrrolidin-1-yl, 2-oxo~pyrrolidin-1-y1, 3, 3-difluoro-pyrrolidin-1-yi, 3,3-diethyl-
pyrroidin-1-y], 3,3-dimethyl-pyrrolidin-1-yl, pyridinyloxy, trimethylsilyloxy, oxo,
{(tetrahydro-2 F-pyran-2-yhoxy, morpholiv-4-yl, 2,6-diroethyl-morpholin-4-vi,
morpholin-4-ylcarbonyloxy, morpholin-4-ylcarbonyloxy-Cy salkyl, 4-methyl-
piperidin-t-yl, (1,2,4)-bicyclo]2.2. T theptan-2-yloxy, tetrahydro-2 H-pyran-4-y{Cy.
watkoxy, 1,2,3 d-tetrahydroquinolin-3-yl, aminocarbonyi,

pyridin-3-y] optionally substituted with one to two substituents each
independently selected from the group consisting of Craalkyl, Chaalkoxy, chloro,
cyclopropyl, and Cy alkoxyearbonyl;

1H-1,2,3-triazol-1-yl optionally substituted with one to two substituents
cach independently selected from the group consisting of Cisalkyl, Ciecyveloalkyl,
Cy4alkoxycarbonyl, Cysalkylearbonyloxy-Cisalkyl, and trimethylsilyl;

1 H-imidazol-I-y1 optionally independently substituted with one to three Cy.
salkyl substituents;

and

a spirofused heterocyclyl independently selected from the group consisting
of 44,5, 5-tetramethyl-1,3-dioxolan-2-vi, 4,5-dimethyl-1,3-dioxolan-2-yi, 1,3~

dioxan-2-yl, 4.6-dimethyl-1,3-dioxan-2-vl, (3a,6a)-tetrahydro-3af-
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cyclopentald}f,3]dioxol-2-yL, 5,5-dimethyl-1,3-dioxan-2-yl, and (3a,7a})-

hexahydrobenzo{dif1,31dioxoi-2-vi;
provided that a compound of Formula (1) is other than
N-{3-{4-chlorophenyl}-2-(2-methoxyphenyl}-2,4,5,6-
tetrahydrocyclopentalcipyrazol-5-yH-N,N' N'-trimethyisulfamide; or
2-methoxyphenyl}-4',4" 5", 5 -tetramethyl-2,6-dihydro-4H-

.

3-{4-chlorophenyl)
spirofcyclopentafcipyrazole-5,2'-[1,3]dioxolanc];

7 J
and enantiomers, diastercomers, and pharmaccutically acceptable salts thercof.

The compound of Formuda (1) as in claim |

13.
G
P
N\./
el
o

?
R3
RZ

Formula (I}

wherein
R' is selected from the group consisting of Cpqalkoxy and
trifluorormethoxy;
R” is hydrogen;

3.
R 15 hydrogern;

(Q 1s selected from the group consisting of Q1, 32, and Q3

} ]
o
5/ | N s
ﬁ/ 2 N e
Ré‘» R5 RG
Q2 Q3

Qt

wherein
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R® is selected from the group consisting of Craalkyt, Cjatkoxy, eyano,
chioro, and di{Cy4alkyhamino;

R’ is selected from the group consisting of Cpalkyl, Cyalkoxy, eyano,
chloro, and dCysalkyhamino;

06 0
R’ is chloro;

G 1is selected from the group consisting of Cygalkyl, Cirsalkoxy, Ci.
salkoxyearbonyl, Cyscycloalkyloxy, Cisalkylcarbonyloxy, di(Ci.
salkylaminocarbonyloxy, di{CsatkyDaminocarbonyloxy-Caalkyl, Ch.
salkoxycarbonylamino- Cyyalkyl, Csseyeloalkyl(Cy gjalkoxy, Cs
seycloalkyicarbonyloxy, dif CyatkyDaromosulfonyl-amino, dCy.
salkyhaminosalfonyl-(N-methybamino, Cyalkylsalfonyl-(M-methyDamino, C;.
salkylsulfonylamino, Crsalkylsulfonylaming-Cy4alkyl, Cyaalkylearbonylamine-Cy.
salkyl, mfluoromethylearbonylaroinoe, 2,5-dioxo-pyrrohidin-1-vl, 2-oxe-pyrrolidin-
t-vl, 3.3-difluoro-pyrrolidin-1-yl, 3,3-diethyl-pyrrolidin-1-yl, 3,3-dimethyl-
pyrroidin-1-y], pyridinvloxy, trimethylsilvloxy, oxo, (tetrahydro-2H-pyran-2-
yhoxy, morpholin-4-yl, 2,6-dimethylb-morpholin-4-yi, morpholin-4d-yilcarbonyloxy,
morpholin-d-ylcarbonyloxy-Cyalkyl, 4-methyl-piperidin- -yl (1,2,4)-
bicyelo[2.2.1 theptan-2~-yloxy, tetrahydro-2H-pyran-4-yi{Cy gjalkoxy,

pyridin-3-yl optionally substituted with a substituent independently selected
from the group consisting of Cyaalkyl, evclopropyl, and Cyalkoxycarbonyl;

1H-1,2,3-triazol-1-yl optionally substituted with one to two substituents
cach independently selected from the group consisting of Cisalkyl, Ciecyveloalkyl,
Cyaabkoxycarbonyl, and trimethylisilyl;

1 H-imidazol-I-y] optionally independently substituted with one to three Cy.
salkyl substituents;

and

a spirofused heterocyclyl independently selected from the group consisting
of 44,5, 5-tetramethyl-1,3-dioxolan-2-vi, 4,5-dimethyl-1,3-dioxolan-2-yi, 1,3~

dioxan-2-yl, 4.6-dimethyl-1,3-dioxan-2-vl, (3a,6a)-tetrahydro-3af-
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cyclopentald}f,3]dioxol-2-yL, 5,5-dimethyl-1,3-dioxan-2-yl, and (3a,7a})-
hexahydrobenzo{dif1,31dioxoi-2-vi;
provided that a compound of Formula (1) is other than
N-{3-{4-chlorophenyl}-2-(2-methoxyphenyl}-2,4,5,6-
tetrahydrocyclopentalcipyrazol-5-yH-N,N' N'-trimethyisulfamide; or
{2-methoxyphenyl)-4',4",5", 5 tetramethyl-2 6-dihydro-4H-

.

3-{4-chlorophenyl)
spirofcyclopentafcipyrazole-5,2'-[1,3]dioxolanc];

OV
and enantiomers, diastercomers, and pharmaccutically acceptable salts thercof.

The compound of Formuda (1) as in claim |

14.
G
N
N
N\%ﬁ
ey
=g R3
RZ

Formula (I}

selected from the group consisting of
2-[3~(4-chlorophenyl}-2-(2-methoxyphenyi)-2.4,5,6-

tetrahydrocyclopentafclpyrazol-S-yljethanol;
2-[3-(4-chlorophenyl)-2-(2-methoxyphenyl)-2,4,5.6-
tetrahydrocyclopentalclpyrazol-S-yljethyl morpholine-4~carboxylate;

2-[3-(4-chlorophenyl)-2-(2-methoxyphenyl)-2,4,5.6-
tetrabydrocyclopentalclpyrazol-S-yijethyl dimethylcarbamate;

3-{4-chlorophenyty-2-(2-methoxyphenyh)-5-prop-2-en-1-yi-2,4,5 .6~

tetrahydrocyclopentajclpyrazole;
ethyl 3-(4-chlorophenyl}-2-(2-methoxyphenyli}-2,4,5,6~

tetrahydrocyclopentalcipyrazole-S-carboxylate;
3-{4-chlorophenyty-2-(2-methoxyphenyi)-2,4,5 6-tetrahydrocyclopentalclpyrazole-

S-carboxamide;
N-{{2-(2-methoxyphenyt)-3-phenyl-2,4,5, 6-tetrabydrocyclopentafclpyrazol-5-

yiimethyli methanesulfonamide;
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N-{3-(4-chlorophenyl)-2-(2-methoxyphenyi)-2,4,5,6-
tetrahydrocyclopenta{cipyrazol-5-yHmethyl} methanesulfonamide;

2~(2-methoxyphenyi)-3-phenyl-2,4,5,6-tetrahydrocyclopentalcpyrazole-5-
carbonitrile;

3-(4-chlorophenyly-2-(2-methoxyphenyi)-2.4,5 6-tetrahydrocyclopentalcipyrazole-
3-carbonitrile;

N-{2-[3-(4-chlorophenyl)-2-(2-methoxyphenyl)-2,4.5,6-
tetrahydrocyclopentalcipyrazol-5-yHethyl} methancsulfonamide;

N-{2-[3-(4-chlorophenyl)-2-(2-methoxyphenyl)-2,4.5,6-
tetrahydrocyclopentalclpyrazol-5-yljethyl} acetamide;

tert-butyl {2-[3-(4-chloropheny)-2-(2-methoxyphenyl)-2,4,5,6-
tetrahydrocyclopentafclpyrazol-5-yijethyl} carbamate;

ethyl 3-(4-chlorophenyi)-2-(2-cthylphenyl)-2,4,5,6-

tetrabydrocyclopentalclpyrazole-S-carboxylate;

tetrahydrocyclopentafcipyrazol-5-yijmethyhdene  carbarate;

teri-butyl {{3-{4-chlorophenyl)-2-(2-cthylpheny]}-2.4,5,6~
tetrahydrocyclopentalclpyrazol-5-vijmethyl} carbamate;

[3-{4-chlorophenyl}-2-(2-ethyiphenyl}-2,4,5,6-tetrahy drocyclopentalcpyrazol-5-
yiimethyl diethylcarbamate;

N- {{3~(4-chlorophenyl}-2-(2-ethylpheny}-2,4.5,6-tetrahydrocyclopentalcpyrazol-
S-ylmethyl}methanesuifonamide;

N-{{3-{4-chlorophenyl}-2-(2-cthylphenyi}-2.4,5 6-tetrahydrocyciopentalcpyrazol-
S-ylimethyi}-2,2 Z-trifluorcacctamide;

tert-butyl (2- {3-(4-chlorophenyl)-2-{ 2-(trifluoromethyl}phenyl}-2,4,5 .6~
tetrahvdrocyclopentalclpyrazol-5-yl} ethylicarbamate;

N-(2-{3-{4-chlorophenyl}-2-[ 2-(trifluoromethyl}phenyi]-2,4,5,6-
tetrahvdrocyclopentalc]pyrazol-5-vl} ethylimethanesuifonamide;

3-(2-{3-{4-chlorophenyl)-2-{2-(trifluoromethyljphenvii-2 4,5,6-

tetrahydrocyclopentalclpyrazol-5-yliethyl)-1, L -dimethylures;
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3-(4-chlorophenyly-2-[ 2-(trifluoromethoxy)phenyl]-2,4,5,6-
tetrahydrocyclopentalcipyrazol-5-vi dimethylcarbamate;

3-(4-chlorophenyly-2-[2-(trifluoromethoxyjphenyl]-2,4,5,6-
tetrahydrocyclopentalclpyrazol-5-yl morpholine-4-carboxylate;

3-(4-chlorophenyly-2-[2-(trifluoromethoxyjphenyl]-2,4,5,6-
tetrahydrocyclopentalclpyrazol-5-0l;

3-(4-chlorophenyly-2-(2-methoxyphenyi)-2.4,5 6-tetrahydrocyclopentalclpyrazol-
5-ok;

3-(4-chlorophenyly-2-[2-(trifluoromethoxyiphenyi]-2,6-
dihydrocyclopentalclpyrazol-S{(4H)-one;

3~{4-chlorophenyl)-2-(2-methoxyphenyi)-2,4,5 6-tetrahydrocyclopentalclpyrazol-
5yl dimethylcarbamate;

3~{4-chlorophenyl)-2-(2-methoxyphenyi)-2,4,5 6-tetrahydrocyclopentalclpyrazol-
3-y1 morpholine-4-carboxylate;

3-{4-chlorophenyl)-2-(2-cthoxyphenyl}-2,4,5, 6~tetrahydrocyclopentalcpyrazol-5-
yl dimethylcarbamate;

3-{4-chlorophenyt)-2-(2-ethoxyphenyi}-2,4,5 6-tetrahydrocyclopentafcjpyrazol-5-
yi morpholine-d-carboxylate;

N-{3-{4-chlorophenyl}-2-(2-methoxyphenyly-2,4,5,6-
tetrahydrocyclopentalclpyrazol-S-yilmethanesulfonamide;

N-{3-{4-chlorophenyl}-2-(2-methoxyphenyl-2,4,5,6-
tetrahydrocyclopentalclpyrazol-S-yljpropane-2-sulfonamide;

N'-{3-{4-chlorophenyl}-2-(2-methoxyphenyl}-2.4,5,6-
tetrahvdrocyclopentalcipyrazol-5-yH-N, N-dimethylsulfamide;

3-{4-chlorophenyh)-2-{Z-methoxyphenyl)-2,6-dihydrocyelopentalcipyrazol-5{4H)-
One;

3-{4-chlorophenyl)-2-{2-ethoxyphenyl}-2,6-dihydrocyclopenta{clpyrazol-5(4H}-
One;

N-{3-{4-chlorophenyl}-2-(2-methoxyphenyl)-2.4,5,6-

tetrahydrocyclopentalcipyrazol-5-yl}-N-methylmethanesulfonanide;
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P-{3-(4-chlorophenyl}-2-(2-cthoxyphenyi)-2,4,5,6-tetrahydrocyclopentalclpyrazol-
5-ylipyrrolidine-2,5-dione;

3-(4-chlorophenyly-2-(2-cthoxyphenyl}-5-(1 H-imidazol-1-y1}-2,4,5.6-
tetrahydrocyclopentalclpyrazole;

E-[3-(4-chlorophenyl}-2-(2-cthoxyphenyl)-2,4.5,6-tetrahydrocyclopentafc pyrazol-
3-yHpyrrolidin-2-one;

3-(4-chlorophenyly-2-(2-cthoxyphenyl)-5-{4-(trimethylsibyl}- 1 H-1,2 3-triazol-1-y1}-
2,4,5 6-tetrahydrocyclopenta] clpyrazole;

3-(4-chlorophenyly-2-(2-cthoxyphenyl)-5-(1H-1,2 3-triazol-1-y1)-2,4,5,6-
tetrahydrocyclopentafclpyrazole;

(5R}-3-{4~-chloropheny!)-2-{2-cthoxypheny!}-S-(1 H~-imudazol-1-y1)-2 4,56~

tetrahydrocyclopentafclpyrazole;

tetrahyvdrocyelopentalclpyrazol-S-yl-N, N N'-trimethyisulfamide;
N'-[3-{(4-chlorophenyl}-2-(2-cthoxyphenyl}-2,4,5,6-tetrabydrocyelopentaclpyrazol-
S-yi-N,N-dimethylsulfamide;
N-{3-{4-chlorophenyl}-2-(2-cthoxyphenyl}-2,4,5 6-tetrahydrocyelopentalclpyrazol-
Seyl-N NN “trimethyisutfamide,
{5R}-3-{4-chlorophenyi)-5-methoxy-2-(2-methoxyphenyly-2.4,5,6-
tetrahvdrocyclopental clpyrazole;
N-{{58}-3-(4-chlorophenyl}-2-(2,3-dihydro-1-benzofuran-7-y1}-2,4,5,6-
tetrahvdrocyclopentalc]pyrazol-S-y1-N,N N -trimethylsulfamide;
N-{{58}-3-(4-chlorophenyl}-2-(2,3-dihydro-1-benzofuran-7-y1}-2,4,5,6-
tetrahvdrocyclopentalcipyrazol-5-yl}-N-methylpropane-2-sulfonamide;
2-{4-Chloro-2-methoxyphenyly-3-(4-chlorophenyl)-2,6-dihydro-4 H-

spirofcyclopentafcipyrazole-5,2'-[1,3]dioxanc];
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(5Z2)-3-{4-chlorophenyl}-2-(2-methoxyphenyl)-2,6-dihydrocyclopentalcfpyrazoi-
5{4H}-one oxime;

3-(4~-chlorophenyl}-2-(2-methoxyphenyl}-2.6-dihydro-4 H-
spirofcyclopentafcipyrazole-5,2'-[1,3]dioxanc];

(5R}-3-(4-chlorophenyi}-2-(2-methoxyphenyl}-2.4,5,6-
tetrahydrocyclopentalc]pyrazoi-5-yl 2-cthylbutanoate;

N-{(5R)-2-(2-Methoxyphenyl}-3-(6-methoxypyridin-3-y1}-2,4,5,6-
tetrahydrocyclopentalc]pyrazol-5-yI1-N N N'-trimethyisulfanude;

N-{{5R)-2-(2-Methoxyphenyl}-3-[6-( I -methylcthoxy ypyridin-3-v1}-2,4,5.6-

tetrahydrocyclopentalclpyrazol-S-y1} -WN, N N'-trimethylsulfamide;

tetrahydrocyclopentafclpyrazole;
3-{4-chlorophenyl)-2~(2-methoxyphenyh)-5-[6-( I -methylethoxy ypyridin-3-yi}-
2,45, 6~tetrahydrocyclopentalclpyrazole;
{5R}-3~{4~-chlorophenyi}-2-(2-methoxyphenyi}-5-(pyrdin-2-yioxy}-2,4,5,6-
tetrahydrocyclopentajclpyrazole;
3-{4-chlorophenyty-2-2-methoxyphenyh-5-¢6-morpholin-d-yipyridin-3-vi}-2,4,5,6-
tetrahydrocyclopentajclpyrazole;
3-{4-chlorophenyl)-2-2-methoxyphenyh-5-pyridin-3-y1-2,4,5,6-
tetrahydrocyclopentajclpyrazole;
3-{4-chlorophenyl)-5-(4.4-dimethylcyclohexyl}-2-( Z-methoxyphenyi}-2,4,5,6-
tetrahvdrocyclopental clpyrazole;
3-[3-{4-chlorophenyi}-2-(Z-mecthoxyphenyi)-2,4,5,6-
tetrahvdrocyclopentalc]pyrazol-5-yii-1,2,3, 4-tetrahydroguinoling;
Ethyl 5-{3-(4-chlorophenyl}-2-(2-methoxyphenyl}-2,4,5,6-
tetrahvdrocyclopentalc]pyrazol-S-ylipyridine-3-carboxylate;
(55)-3-(4-chlorophenyl)-2-(2-methoxyphenyl)-5-(1 -methylethoxy)-2 4,5,6-

tetrahydrocyclopentalcipyrazole;

165



WO 2014/028801 PCT/US2013/055267

3-(4-chlorophenyly-2-(2-methoxyphenyli-S-morpholin-4-vi-2,4,5,6-
tetrahydrocyclopentalcipyrazole,
(5S)-3-(4-chloropheny)-2-(2-methoxyphenyh-3-{{(trimethylsiiyhoxy}-2,4.5,6-
tetrahydrocyclopentalclpyrazole;
(5S)-3-(4-chlorophenyh)-2-(Z-methoxyphenyl)-2,4.5,6-
tetrahydrocyclopentalc]pyrazoi-5-yl 2-cthylbutanoate;
3-(4-chlorophenyl}-2-(2-methoxyphenyl}-5'.5"-dimethyl-2,6-dihydro-4H-
spirofcyclopentafcipyrazole-5,2'-[1,3]dioxanc];
(55)-3-(4-chlorophenyl)-5-(2-cthylbutoxy)-2-(2-methoxyphenyl}-2,4,5,6-
tetrahydrocyclopentafclpyrazole;
3~{4-chlorophenyl)-2~(2-methoxyphenyl-5-(6-methylpyridin-3-y1)-2,4,5,6-
tetrahydrocyclopentafclpyrazole;
3-{4-chloropheayl)-5-(6-cthoxypyridin-3-y1)-2-(2~-methoxyphenyl}-2 4,5,6-
tetrahydrocyclopentafclpyrazole;
5-[2-Chloro-6~(1-methylethyDhpyridin-3-y1}-3-(4-chlorophenyl-2-(2-
methoxyphenyi}-2.4,5 6-tetrahydrocyclopentalclpyrazole;
{5S)-3-(4-chlorophenyl)-2-(2-methoxyphenyl)-S-(tetrabydro-2H-pyran-2-yloxy}-

2,4,5 6~-tetrahydrocyclopentalcipyrazole

tetrahydrocyclopentajclpyrazole;
{5S)-3-(4-chlorophenyl)-2-(Z-methoxyphenyl)-2,4,5,6~

tetrahydrocyelopentalclpyrazol-S-yl cyclohexanecarboxylate;
(55)-3-(4-chlorophenyl)-2-(2-methoxyphenyl)-2.,4,5,6-

tetrahvdrocyclopentalcipyrazol-5-yl cyclopentanccarboxylate;
(55)-3-(4-chlorophenyl)-2-(2-methoxyphenyl)-2.,4,5,6-

tetrahvdrocyclopenta clpyrazol-5-yl cyclobutancearboxylate;
(55)-3-(4-chlorophenyl)-2-(2-methoxyphenyl)-2.,4,5,6-

tetrahvdrocyclopentaf c]pyrazol-S-yl 2-methylpropanoate;
(55)-3-(4-chlorophenyl)-S-(cyelohexylmethoxy}-2-(2-methoxyphenyl}y-2 4,5 ,6-

tetrahydrocyclopentalclpyrazole;

166



WO 2014/028801 PCT/US2013/055267

(55}-3-{4-chlorophenyi)-5-{cyclopentylmethoxy}-2-(2-methoxyphenyl}-2,4,5,6-
tetrahydrocyclopentalcipyrazole,
(5S)-3-(4-chlorophenyh)-5-{cyclobutylmethoxy }-2-(2-mcthoxyphenyl)-2,4.5,6-
tetrahydrocyclopentalclpyrazole;
(5S)-3-(4-chlorophenyh)-2-(2-methoxyphenyh)-5-(2-methyvipropoxy}-2,4,5,6-
tetrahydrocyclopentalclpyrazole;
(5S)-3-(4-chlorophenyh)-2-(Z-methoxyphenyl)-2,4.5,6-
tetrahydrocyclopentalc]pyrazol-5-yl tetrahydro-2H-pyran-4-carboxylate;
(5S)-3-(4-chlorophenyh)-2-(2-methoxyphenyh)-5-{tetrahydro-2 H-pyran-4-
yvimethoxy)-2,4,5,6-tetrahydrocyelopentafcpyrazole;
{5S)-3-{(4-chlorophenyl)-S-{cyclohexyloxy)-2-(Z-rethoxyphenyl)-2,4,5,6~
tetrahydrocyclopentafclpyrazole;
(5§S)-5-[(15,25,4R)}-bicyclo]2.2. 1 Thept-2-vloxy]-3-(4-chloropheny - 2-(2-
methoxyphenyi}-2.4,5 6-tetrahydrocyclopentalclpyrazole;
(5S)-3-(4-chlorophenyl)-S-{cyclopentyloxy)-2-(2-methoxyphenyl}-2.4,5,6-
tetrahydrocyclopentafclpyrazole;
4-12-2~-methoxyphenyl}-5, 5 -dimethyi-2 6-dihydro-4H-
spirofcyvclopentalcipyrazole-S,2'-{1,3]dioxan}-3-yl]benzonitrile;
3-{4-chlorophenyly-2-(2-methoxyphenyh)-5-( T-methylethyl}-2.4,5,6-
tetrahydrocyclopentajclpyrazole;
4-12-2~-methoxyphenyl}-5, 5 -dimethyi-2 6-dihydro-4H-
spirofcyclopentafclpyrazole-5,2'-[ 1,3 dioxan}-3-y1}-N, N-dimethylaniline;
3-{6-cthoxypyridin-3-y1}-2-(2-methoxyphenyl}-5', 5 -dimethyl-2,6-dihy dro-4H-
spirofcvclopentafcipyrazole-5,2'-{1,3|dioxanc];
2-2-methoxyphenyi}-5', 5 -dimethyl-3-(6-methylpyridin-3-y1}3-2 6-dihydro-4H-
spirofcvclopentafcipyrazole-5,2'-{1,3|dioxanc];
2-(2-methoxyphenyi}-3-{6-methoxypyridin-3-y1}-5", 5 -dimethyl-2,6-dihydro-4H-

spirofcvclopentafcipyrazole-5,2'-{1,3|dioxanc];
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5-{2-{2-methoxyphenyl}-5'. 5 -dimethyl-2 6-dihydro-4H
spirofcyciopentafcipyrazole-5,2'-[1,31dioxan]-3-yl]-N,N-dimethylpyridin-2-
aming;
(4'R,5'R)-3-(4-chlorophenyl)-2-(2-methoxyphenyl)-4',5-dimethyl-2,6-dihydro-4H-

spirofcyclopentafcipyrazole-5,2'-[1,3]dioxolanc];

(4'5,5'S)-3-(4-chlorophenyl}-2-(2-methoxyphenyi}-4', 5 -dimethyl-2,6-dihydro-4H-

>

spirofcyclopentafcipyrazole-5,2'-[1,3]dioxolanc];
(4'R,6'R)-3-(4-chlorophenyl)-2-(2-methoxyphenyl)-4',6'-dimethyl-2,6-dihydro-4H-
spirofcyclopentafcipyrazole-5,2'-[1,3]dioxanc];
(4'S,6'5})-3-(4-chlorophenyl)-2-(2-methoxypheny)-4', 6 ~dimethyl-2,6~-dthydro-4H-
spirofcyclopentalcipyrazole-5,2-[1,3]dioxane];
(4'R,5'S)-3-(4-chlorophenyl}-2-(2-methoxyphenyi}-4', S'-dimethyl-2 6-dihydro-4H-
spirofeyclopentafcipyrazole-5,2-[1,3]dioxolanc];
(4'R,5'S)-3-(4-chlorophenyl}-2-(2-methoxyphenyi}-4', S'-dimethyl-2 6-dihydro-4H-
spirofeyclopentafcipyrazole-5,2-[1,3]dioxolanc];
3-(4-chlorophenyl)-S-cyclohexyl-2-(2-methoxypheny!)-2,4,5,6-
tetrahydrocyclopentalcipyrazole;
4-[2-(Z-methoxyphenyl -5+ 2-methylpropyi)-2.4,5,6-
tetrahydrocyclopentalcipyrazol-3-yvlibenzonitrile;
4-[5-(cyelohexyimethyl}-2-(2Z-methoxyphenyi)-2,4,5,6-
tetrahydrocyclopentalcipyrazol-3-yvlibenzonitrile;
4-[2-(2-methoxyphenyl}-4',4. 5", S tetramethyl-2 6-dihy dro-4H-
spirofcyciopentafcipyrazole-5,2'- 1, 31dioxolan]-3-yH-N,N-dimethylaniling;
3-{6-cthoxypyridin-3-y1}-2-(2-methoxyphenyl)-4', 4.5, 5'-tetramethyl-2,6-dihydro-
4H-spirofcvelopentalclpyrazole-5,2'-{1,3 [dioxolanel;
2-{2-methoxyphenyi}-4'.4', 5" S'tetramethyl-3-(6-methyipyridin-3-y1)-2 6-dihydro-
4H-spirofcvelopentalclpyrazole-5,2'-{1,3 [dioxolanel;
5-{2-{2-methoxyphenyl}-4'.4',5", 5 tetramethyi-2,6-dihydro-4H-
spirofcyciopentalcipyrazole-5,2'-[1,31dioxotan]-3-y1}-N, N-dimethylpyridin-2-

aming;
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4-[2-(2-methoxyphenyl}-4',4',5" 5 tetramethyl-2,6-dihydro-4H-
spirofcyciopentalcipyrazole-5,2'-[1,3]dioxolan}-3-yl}benzonitrile;
(3aR,7a8)-3'-(4-chlorophenyh)-2'-{2-methoxyphenyl)-2',3a.4,5.6,6",7, 7a~-octahydro-
4'H-spiro{ 1,3-benzodioxole-2,5-cyclopentalclpyrazole];
(385,6a8)-3"-(4-chlorophenyl}-2'-(2-methoxyphenyl}-2'.4,5,6,6 ,6a-hexahydro-
3aH 4'H-spiro{cyclopentald}i | 3]dioxole-2,5-cyclopentalcipyrazole];
(3aR,6a8)-3'-(4-chlorophenyh)-2'-{2-mecthoxyphenyi)-2',4,5,6,6' 6a-hexahydro-
3aH 4'H-spiro{cyclopentald}i | 3]dioxole-2,5-cyclopentalcipyrazole];
(3aR,6a8)-3'-(4-chlorophenyl)-2'-{2-mecthoxyphenyi)-2',4,5,6,6' 6a-hexahydro-
3aH 4H-spirofcyclopentaldi |, 3]dioxole-2,5-cyclopentalcipyrazole];
3~{4-chlorophenyl)-5-(2 6-dimethylmorpholin-4-y1)-2-(2-methoxypheny-2,4,5,6-
tetrahydrocyclopentafclpyrazole;
3~{4-chlorophenyl)-2~(2-methoxyphenyh-5-(4-methyipiperidin-1-y1}-2,4,5,6-
tetrahydrocyclopentafclpyrazole;
3-{4-chloropheayl)-5-3 3-dicthyipyrrolidin-1-y1}-2-(2-methoxyphenyl}-2,4,5,6-
tetrahydrocyclopentafclpyrazole;
3-{4-chlorophenyly-5-(3 3-dimethylpyrrolidin-1-y13-2-(2-methoxyphenyl3-2,4,5,6-
tetrahydrocyclopentajclpyrazole;
3-{5~chlorothiophen-2-y13-2-(2-methoxyphenyl-5', 5'-dimethyl-2,6-dilydro-4 H-
spirofcyclopentalcipyrazole-5,2'-{ 1.3 ]dioxanc];
3-{5-chlorothiophen-2-y13-2-(2-methoxyphenyiy-4',4', 5, S'-tetramethyl-2 6-dihydro-
4H-spirofcyclopentalcipyrazole-5,2'- H,;}}dmxolam};
3-{4-chlorophenyh)y-2-{Z-methoxyphenyi)-3-pyrrolidin- 1-y1-2,4,5,6-
tetrahvdrocyclopental clpyrazole;
3-{4-chlorophenyh-5-(3,3-diffuoropyrrolidin- | -y1)-2-(2-methoxyphenyl)-2.4,5,6-
tetrahydrocyclopentalclpyrazole;
4-[(55)-5-(4-cyclopentyl-1H-1,2 3-triazol-1-y1}-2-{2-methoxyphenyl}-2,4,5,6-
tetrahvdrocyclopentalc]pyrazol-3-ylibenzonitrile;
methyl 1-{{538}-3-(4-cyanophenyl}-2-(2-mcthoxyphenyl)-2,4,5,6-

tetrahydrocyclopentalclpyrazol-5-yl}-1H-1,2,3-triazole-4-carboxylate;
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4-{(55)-5-[4-{1-hydroxy-1-methylethyl}-1H-1,2,3-triazol- 1 -y1}-2-(2-
methoxyphenyli}-2.4,5 6-tetrahydrocyclopental clpyrazol-3-ylibenzonitrile;
4~ {{55)-2-(2-methoxyphenyl}-5-[4-(2-methylpropyh-1H-1,2 3-triazol- 1-y1}-
2,4,5 6-tetrahydrocyclopentaclpyrazol-3-v1i benzonitrile;
{1-[{55)-3-(4-cyanophenyl)-2-(2-mcthoxyphenyl)-2,4.5,6-
tetrahydrocyclopentalcipyrazol-5-yH-1H-1,2,3-triazol-4-vl} methyl acctate;
4-[(55)-5-[4-(mcthoxymethyl)-1 H-1 .2, 3-triazol-1-y1}-2-{2-mcthoxyphenyi)-2,4,5,6-
tetrahydrocyclopentalc]pyrazol-3-ylibenzonitrile;
4-[(55)-5-(4-tert-butyl-1H-1,2, 3-triazol- -y1}-2-(2-methoxyphenyl}-2.4,5,6-
tetrahydrocyclopentafclpyrazol-3-vlibenzonitrile;
4-[(55)-5-(4,5-dimethyl-1 H-imudazol- 1y} 2-(Z-methoxyphenyl}-2.4,5,6-
tetrahydrocyclopentafclpyrazol-3-vlibenzonitrile;
4-[(55)-2-(2-methoxypheny!}-5-(2,4, 5-tnimethyl-1 H-imidazol-1-y1)-2,4,5,6-

tetrahydrocyclopentafclpyrazol-3-vlibenzonitrile;

tetrahydrocyclopentafclpyrazol-3-vlibenzonitrile;

4-1{85)-5-( 2-¢thyl- 1 H-imidazol-1-y}-2-(2-methoxyphenyi}-2.4,5,6-
tetrahydrocyclopentalclpyrazol-3-ylibenzonitrile;

4-1{8S)-2-( Z-methoxyphenyl}-5-( Z-methyl-1H-imidazol-1-y1}-2,4,5,6-
tetrahydrocyclopentalclpyrazol-3-ylibenzonitrile;

4-1{85)-5-(4,5-dicthyl-1H-1,2, 3-triazol-1-y1}-2-{Z-methoxyphenyi}-2,4,5,6-
tetrahydrocyclopentalclpyrazol-3-ylibenzonitrile;

4-1(55)-2-(2-methoxyphenyl}-5-(2 4, 5-tricthyl-1 H-imidazol-1-y1}-2 4,56~
tetrahvdrocyclopentalc]pyrazol-3-ylibenzonitrile;

4-[{(58)-5-(4.5-dicthyl-2-methyl- 1H-imidazol- 1 -y1}-2-(2-methoxyphenyl}-2.4,5,6-
tetrahvdrocyclopentalc]pyrazol-3-ylibenzonitrile;

4-[(55)-5-(4,5-dicthyl-1H-imidazol-1 -y1}-2-(2-methoxyphenyly-2 4,5 ,6-
tetrahvdrocyclopentalc]pyrazol-3-ylibenzonitrile;

and pharmaccutically acceptable salt forms thereof.
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15, A pharmaccutical composition comprising a compound of claim 1 or 14 and at lcast
onc of a pharmaccutically acceptable carrier, a pharmaceutically acceptable

excipient, and a pharmaccutically acceptable diluent.

{6, The pharmaccutical composition of claim 15, wherein the composition is g solid

oral dosage form.

s
~3

The pharmaccutical composition of claim 15, wherein the composition is a syrup,

an elixir or a suspension.

18, A method for treating inflammatory pain ju a subject in need thereof coroprising
adnunistering to the subject a therapeutically effective amount of a compound of

claim 1 or 14,

19, The method of claim 18 wherein the mnflammatory pain is doe to inflaramatory
bowel discase, wrritable bowel syndrome, visceral pain, migraine, post-operative
pain, osteoarthritis, theumatoid arthritis, back pain, lower back pain, joint pain,
abdominal pain, chest pain, labor pain, musculoskeletal diseases, skin diseases,
toothache, pyresis, burn, sunburn, snake bite, venomous snake bite, spider bite,
inseet sting, neurogenic/overactive bladder, interstitial cystitis, urinary tract
infection, rhinitis, contact dermatitis/hypersensitivity, itch, eczema, pharyngitis,
mucositis, enteritis, irritable bowel syndrome, cholecystitis, pancreatitis,
postmastectomy pain syndrome, menstrual pain, endometriosis, pain, pain due to

physical trauma, headache, sinus headache, tonsion headache or arachnoiditis,
23, A method for treating neuropathic pain in a subject in need thereof comprising

administering to the subject a therapeutically effective amount of a compound of

claim 1 or 14,
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21, The method of claim 28 wherein the neuropathic pain is cancer pain, ncurological
disorders, spine and peripheral nerve surgery, brain tumor, traumatic brain injury
(TBI), chemotherapy-induced pain, pain chronification, radicular pain, HIV pain,
spinal cord trauma, chronic pain syndrome, fibromyalgia, chronic fatigue
syndrome, lupus, sarcoidosis, peripheral ncuropathy, hilateral peripheral

curopathy, diabetic ncuropathy, central pain, ncuropathics associated with spinal
cord injury, stroke, amyotrophic lateral sclerosis {ALS), Parkinson’s disease,
multiple sclerosis, sciatic neuritis, mandibular joint neuralgia, peripheral neuritis,
polyneuritis, stump pain, phantom Hmb pain, bony fractures, oral neuropathic pain,
Charcot's pain, complex regional pain syndrome T and H (CRPS Vi,
radiculopathy, Guillain-Barre syndrome, meralgia paresthetica, buroing-mouth
syndrome, optic neuritis, postfebrie neuritis, migrating neuritis, segroental neuriiis,
Gombault's neuritis, neurounitis, cervicobrachial neuralgia, cranial neuralgia,
geniculate neuralgia, glossopharyngial neuralgia, migramous neuralgia, idiopathic
neuralgia, intercostals neuralgia, mammary neuralgia, Morton's neuralgia,
nasociliary neuralgia, occiptial neuralgia, postherpetic neuralgia, causalgia, red
neuralgia, Shider's neuralgia, splenopalatine neuralgia, supraorbital neuralgia,

trigeminal neuralgia, vulvodynia, or vidian neuralgia.



