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SUBSTITUTED IMIDAZOLES AS N-TYPE CALCIUM CHANNEL BLOCKERS

CROSS-REFERENCE TO REEATED APPLICATIONS

5 NWotapplicable.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

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

10 sponsored.

BACKGROUND OF THE INVENTION

Calciom ions play a fundamental role in the physiology and biochemistry of

organisms and of cells. The entry of calcium into cells through ion channels mediates a
varicty of cellular and physiological responses, including gene expression, signal

15 transduction, neurotransmitter release, muscle contraction and hormone seeretion, fon
channels are classified by gating, or what opens and closes the channel to the flux of ious.
Voltage-gated 10u chaunnels open or close depending on the voltage gradient across the
plasma membrane, whereas higand-gated ion channels open or close depending on the
binding of ligands to the channel. The classification of voltage-gated calcium channels

20 divides them into three groups: (1) high voltage-activated channels, which include L-, N-,
P- and Q-type channels; (1) intermediate voltage-activated R-type channels; and (i} low

voltage-activated T-type channels.

The N-type calctum channel is distributed mainly in central and peripheral neurons,
25 being localized primarily to presynaptic nerve terminals. This channel regulates the
calcium flux required for depolarization-evoked release of neurotransmitters from synaptic
endings. The transmission of pain signals from the periphery to the central nervous system
{CN5} 1s mediated, inter alia, by N-type calcium channels located in the spinal cord.
inhibttion of the N-type calcium channel in the superficial dorsal horn leads 1o a decrease
i
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in membrane excitability and neurotransmitter release, resulting in pain relief. In addition,
knock-out mice lacking the N-type calcium channcl 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 N-type
calcium channel modulators are currently approved for the treatmoent of pain: w-conotoxin
MVHA {ziconotide}, marketed as Prialt®, potently and selectively blocks the N-type
10 calemim 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 @26 subunit of the N-type calcium channel and are indicated for the treatment of

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

i5 It 1s an object of the present invention to provide N-Tyvpe calcium channel blockers.
it is also an object of the mmvention to provide a method of treating, ameliorating or
preventing pain by the administration of a compound of Formula (1}, And, it is an object
of the invention to provide a pharmaccutical composition comprising a compound of

Formula (1}, useful for treating, ameliorating or preventing pain.

20
SUMMARY OF THE INVENTION
The present invention is directed to a compound of Formula (1}
R3
oA
N
R2

25 Formuia ()

wherein

i-
R 1s
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i) phenyl optionally independently substituted with one to three substituents
that are selected from the group consisting of chloro, fluore, bromo, cyano,
trifluoromethyl, Cysalkyl, dittuoromethoxy, and Cy 4alkoxy; provided that when phenyl of
group (i) is substituted with a single substituent, that substituent is at the 4-position;

i1} a hetcroaryl sclected from the group consisting of pyridinyl, pyrimidinyl,
pyridazinyl, and pyrazinyl; whercin said heteroaryl is optionally independently substituted
with one or two substituenis that are chloro, fluoro, bromo, cvano, trifluoromethyl, C,.
salkyl, or Ciualkoxy;

11} pyrimidin-5-ylmethyl;

v} phenyimethyl, wherein the phenyl portion of phenylmethyl is optionally
independently substituted with one or two substituents that are selected from the group
consisting of chloro, fluoro, bromo, cvano, iniflacromethyl, Cy galkyl, and Cy4alkoxy;
provided that when phenylmethyl of group (iv) is substituted with a single substituent, that
substituent is at the 4-position;

V) phenylsulfonyl, wherein the phenyl portion of phenylsulfonyl is optionally
independently substituted with ove or two substituents that are selected frovo the group
consisting of chloro, fluore, brome, cvano, trifluoromethyl, Cygalkyvi, and Cy 4alkoxy;
provided that when phenyvisutfonyl of group (v} is substituted with a single substituent, that
substituent is at the 4-position;

Vi) Cy4alkyisulfonyl;

vit)  Czseycloalkylsulfonvl, or

viii)  trifluoromethylsulfonyl;

R7is

i) phenyl optionally substituted with a substituent that is sclected from the
group consisting of Cyualkoxy and trifluoromethoxy;

i) a heteroaryl selected from the group consisting of pyridinyl, pyrimidinyl,
thiazolyl, triazolyl, and pyrazinyl;, wherein said heteroaryl is optionally substituted with a

substituent that is Cysalkyl, C; salkoxy, trifluoromethoxy, or hydroxy;
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1ii} Csyeychoalkyl; or
V) Ciqcyeloalkyl-(Cy pjatkyl;

R’ is selected from the group consisting of hydrogen .chiore, and methyl;

(¥
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and enantiomers, diastereomers, solvates and pharmaceutically acceptable salts thergof,

i0 The present invention also provides, inter alia, a pharmaccutical composition
comprising, consisting of and/or consisting cssentially of a pharmaceutically acceptable
carrier, a pharmaccutically acceptable excipient, and/or a pharmaccutically acceptable
diluent, and a compound of Formula {1}, or a pharmaccutically acceptable salt form
thereof.

i5 Also provided are processes for making a pharmaccutical composition comprising,
consisting 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, infer alia, methods for treating or

20 ameliorating a N-Type calcium channel-modulated disorder in g subject, including a
human or other mamumal in which the disease, syndrome, or condition is affected by the
modulation of the N-Type calcium channel, such as pain and the discascs that lead to such
pain, using a compound of Formulda (I).

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

[N~
(3]

compounds and pharmaceutical compositions and medicaments thereof.
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DETAILED DESCRIPTION OF THE INVENTION

With reference to substituents, the term “independently” refers to the situation
where when more than one substituent is possible, the substituents may be the same or

different from each other.

(¥

The term “alky!” whether used alone or as part of a substituent group, refers to
straight and branched carbon chains having 1 to 8 carbon atoms. Therefore, designated
numbers of carbon atoms {c¢.g. Cyg) refer independently to the number of carbon atoms in
an alkyl moicty or to the alkyl portion of a larger alkvi-containing substituent. In
substitucnt groups with multiple alkyl groups such as {(C; salkyl},amino-, the Cygalkyl
10 groups of the dialkylamino may be the same or different.

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

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

i5  and an alkynyl chain containg at least one triple bond.

The term “cycloalkyl” refers to saturated or partially saturated, monocyclic or
polveyclic bydrocarbon rings of 3 to 14 carbon atoms. Examples of such rings mclade
cyclopropyl, cyclobutyl, cyclopentyl, cvclobexyl, cycloheptyl and adamantyl.

The term “benzo-fused cycloalkyl” refers to a 5- to 8- membered monoeyclic

20 cycloalkyl ring fused to a benzene ring. The carbon atom ring members that form the
cveloalloyl ring may be fully saturated or partially saturated.

The term “heterocyelyl” refers to a nonaromatic monocyclic or bicyelic 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 S. Included

25 within the term heterocyelyi is a nonaromatic cyclic ring of 5 to 7 members in which 110 2
members are nitrogen, of a nonaromatic ¢yclic ring of 5 1o 7 members in which 0, 1 or 2
members are nitrogen and up to 2 members are oxygen or sulfur and at fcast one member
must be either nitrogen, oxygen or sulfur; wherein, optionally, the ring contains zero o one

unsaturated bonds, and, optionally, when the ring is of 6 or 7 members, it contains up to 2
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unsaturated bonds. The carbon atom ring members that form a heterocycle ring may be
fully saturated or partially saturated. The term “heterocyelyl” also includes two 5
membered monocyclic heterocycloalkyl groups bridged to form a bicyclic ring. Such
groups are not considered to be fully aromatic and arc not referred to as heteroaryl groups.

When a heterocyele is bicyclic, both rings of the heterocycic are non-aromatic and
at least one of the rings comtains g heteroatom ring member. Examples of heterocyele
groups include, and arc not limited to, pyrrolinyl (including 2H-pyrrole, 2-pyrrolinyl or 3-
pyrrolinyl), pyrrolidinyl, imidazolinyl, imidazolidinyi, pyrazolinyl, pyrazolidinyl,
piperidiny], morpholinyl, thiomorpholinyl, and piperazinyl. Unless otherwise noted, the
heterocyele s attached to s pendant group at any heteroatom or carbon atom that resolts
in a stable structure.

The term “benzo-fused heterocyelyl” refers to a 5 to 7 membered monocyelic
heterocycle ring fused to a benzene ring. The heterocycle ring contains carbon atoms and
from 1 to 4 heteroatoms independently sclected 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 atom of the benzene ring.

The term “aryl” refers to an unsaturated, aromatic monocyelic or bicyclic ring of 6 to 10
carbon members. Examples of aryl rings include phenyt and naphthalenyl.

The term “heteroaryl” refers to an aromatic monocyclic or bicyclic aromatic ring
system having 5 to 10 ring members and which contains carbon atoms and from 1 to 4
heteroatoms independently selocted from the group consisting of N, O, and . Included
within the term heteroaryl are aromatic rings of 5 or 6 members wherein the ring consists
of carbon atoms and has at least one heteroatom member. Suitable heteroatoms include
nitrogen, oxygen, and suifur. In the case of 5 membered rings, the heteroaryl ring
preferably contains one member of nitrogen, oxygen or sulfur and, in addition, up to 3
additional nitrogens. In the case of 6 membered rings, the heteroaryl ring preferably
contains from 1 to 3 nitrogen atoms. For the case wherein the 6 membered ring has 3

nitrogens, at most 2 nitrogen atoms are adjacent. Examples of heteroaryi groups include
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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

5 and guinazolinyl, Unless otherwise noted, the heteroaryl is attached to its pendant 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.
The term “formyl” refers to the group —C(=0)H.
The term “oxo” refers to the group (=O).
i0 Whenever the term “alkyl” or “aryl” or either of their prefix roots appear in a name

of a substituent {(e.g., arvlalkyl, alkylaroino) the name 1s to be interpreted as including
those himitations given above for “alkyl” and “aryl.” Designated numbers of carbon atoros
{c.g., C-Cs) refer independently to the number of carbon atoms in an alkyl moicty, an aryl
moicty, or in the alkyl portion of a larger substitoent in which alkyl appears as its prefix
i5  root. Foralkyl and alkoxy substituents, the designated number of carbon atoms includes
all of the independent members included within a given range specified. For example Cis
atkvl would include methyl, ethyl, propyl, butyl, pentyl and hexyl individually as well as
sub-combinations thereof (eg (::1_2, Cl.g, (::1_4, Ci-ﬁ, ’:2..5, Cs.é, (::4...5, Cg.é, (::2..5, C’EC').
In general, under standard nomenclature rules used throughout this disclosure, the
20 terminal portion of the designated side chain is described first followed by the adjacent
functionality toward the point of attachment. Thus, for example, a “C;-Cq alkylcarbonyl”
substituent refers to a group of the formula:
O
i
“%‘-Cm 2-Ce alkyl

25 The term “R” at a stercocenter designates that the stercocenter is purely of the R-
configuration as defined in the art; ikewise, the term “S” means that the stercocenter is
purely of the S-configuration. As used hercin, the terms “*R” or “*5” at a stercocenter are

used to designate that the stereocenter is of pure but unknown configuration.  As used

~3
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herein, the term “RS” refers to a stereocenter that exists as a mixture of the 8- and §-
configurations. Similarly, the terms “*RS” or “*8R” 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 mixture of two enantiomers. Compounds containing two stercocenters both drawn
without sterco bond designations are a mixture of 4 diastercomers. Compounds with 2
stereocenters both labeled “RS” and drawn with stereo bond designations are a 2-
component mixture with relative stercochemistry as drawn, Compounds with 2
stereocenters both labeled “*RS8” and drawn with stereo boud designations are a 2-
component muxture 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 stereochemistry
is as depicted.

Unless otherwise noted, it 1s intended that the definition of any substituent or
variable at a particudar location in a molecule be independent of its definttions elsewhere in
that molecule. 1t is understood that substituents and substitution patterns on the
compounds of Formmida (1) 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 pharmaccutical agent, including a compound of the present invention, which
clictts the biological or medicinal response in a tissue system, animal or human that is
being sought by a rescarcher, veterinarian, medical doctor or other clinician, which
includes alleviation or partial alleviation of the symptoms of the discase, syndrome,
condition, or disorder being treated.

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

The term “N-Type calcium channel blocker” is intended to cnconpass a compound
that interacts with the N-Type calctum channel to substantially reducce or climinate its
functional activity, thercby decreasing the flow of calcium ions through the channcl and
the rise of intracellular calcium concentrations.

The toerm “N-Type calcium channel-modulated” is used to refer to the condition of
being affected by the modulation of the N-Type calcium channcl, inchuding the condition
of being affected by the inhibition of the N-Type calcium channcl, such as, for example,
pain, the diseases that fead to such pain and treatments that lead to the reduction of such
pain.

As used herein, unless otherwise noted, the term “affect” or “affected” (when
referring to a disease, syndrome, condition or disorder that is affected by the inhubition of
N-Type calcium channel) shall include a reduction in the frequency and / ot 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 disease,
condition, syndrome or disorder.

The compounds of Formula (1) are useful in methods for treating, ameliorating and/
or preventing a disease, a syndrome, a condition or a disorder that is affected by the
inhtbition of N-Type calcium channel. Such methods comprise, consist of and/or consist
cssentially of administering to a subject, including an animal, a mammal, and a human in
need of such treatment, amelioration and / or prevention, a therapeutically effective amount
of a compound of Formula (I}, or an enantiomer, diastereomer, solvate or pharmaceutically
acceptable salt form thereof.  In particular, the compounds of Formula (1) are useful for
treating, amcliorating and / or preventing pain as well as diseases, syndromes, conditions
or disorders causing such pain. More particularly, the compounds of Formula (I} are

uscful for treating, amcliorating and / or preventing acute pain, inflammatory pain and / or
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neuropathic pain, comprising administering to a subject in need thercof a therapeutically
effective amount of a compound of Formula (I}, as herein defined.

Acute pain, as used herein, refers to pain that comes on quickly, can be of varying
severity but 15 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 discase, irritable
bowel sysdrome, visceral pain, migraine, post-operative pain, osteoarthritis, rheumatoid
arthritis, back pain, low back pain, joint pain, abdonunal pain, chest pain, labor pain,
musculoskeletal diseases, 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, nucositis, enteritis, irritable bowel syndrome, cholecystitis, pancreatifis, posi-
mastectomy pain syndrome, menstrual pain, endometriosis, pain due to physical trauma,
headache, sinus headache, tension headache or arachnoiditis.

A further embodiment of the present invention s directed to a method for treating,
ameliorating 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, newrological 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 svadrome, fibromyalgia, chronic
fatigue syndrome, hupus, sarcoidosis, peripheral ncuropathy, bilateral peripheral
neuropathy, diabetic neuropathy, central pain, neuropathiecs associated with spinal cord
injury, stroke, amyotrophic lateral sclerosis {ALS), Parkinson’s discase, multiple sclerosis,
sciatic neuritis, mandibular joint neuralgia, peripheral neuritis, polyncuritis, stump pain,
phantom limb pain, bony fractures, oral neuropathic pain, Charcot's pain, complex regional

pain syndrome [ and I (CRPS V1, radiculopathy, Guillain-Barre syndrome, meralgia

10
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parcsthetica, burning-mouth syndrome, optic neuritis, postfebrile neuritis, migrating
neuritis, segmental neuritis, Gombault's neuritis, neuronitis, cervicobrachial neuralgia,
cranial ncuralgia, geniculate neuralgia, glossopharyngial neuralgia, migrainous neuralgia,

idiopathic neuralgia, intercostals neuralgia, mammary ncuralgia, Morton's neuralgia,

5 nasociliary ncuralgia, occipital neuralgia, post-herpetic neuralgia, causalgia, red neuralgia,
Studer's neuralgia, splenopalstine neuralgia, supraorbital ncuralgia, trigeminal neuralgia,
vulvodynia, or vidian ncuralgia.

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

RIS
\(AN”R"
-
10 R?
Formuila (1)
wherein
a} gl is

i) phenyl independently substituted with one to three substituents that are

i35 sclected from the group consisting of chioro, fluoro, bromo, cvano,
trifluoromethyl, Cysalkyl, diftuoromethoxy, and Cyjalkoxy; provided that
when phenyl of group (i) is substituted with a single substituent, that
substituent is at the 4-position;

i1} a hetcroaryl that is pyridinyl;, wherein said pyridinyl is optionally

20 independently substituted with one or two substituents that are chloro,
fluore, bromeo, cyano, trifluoromethyl, C)qalkyl, or C; salkoxy;

1) phenyimethyl, wherein the phenyl portion of phenylmethyl is optionally
independently substitoted with one or two substitucnts that are selected
from the group consisting of chloro, fluoro, bromo, cyano, trifluoromethyl,

25 Cy4alkvl, and Cy 4alkoxy; provided that when phenylimethyl of group (it} 1s

substituted with a single substituent, that substituent 1s at the 4-position;

t
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phenyisuifonvl, wherein the phenyl portion of phenylsulfonyl is optionally
independently substituted with one or two substituents that are selected
from the group consisting of chloro, fluoro, bromo, cvano, trithuoromethyl,
Cyaalkyl, and Cyaalkoxy; provided that when phenvisulfonyl of group (iv)
is substituted with a single substituent, that substituent is at the 4-position;
Cy yalkylsulfonyl;

or

triffluoromethyisulfonyl;

phenyl independently substitoied with ove to three substitucnts that are
selected from the group consisting of chloro, fluore, bromo, cyano,
irifluoromethyl, methyl, difluororethoxy, and Cyoalkoxy; provided that
when phenyl of group (i) 1s substituted with a single substituent, that
substituent is at the 4-position; or

a heteroary! that is pyridinyl, wherein said pyridinyl 1s optionally
independently substituted with one or two substituents that are chioro,

fluoro, bromo, cyanoe, triftuoromethyl, or Cisalkoxy;

R is phenyl independently substituted with one to three substituents that are

selected from the group consisting of chloro, fluore, cyano, trifluoromethyl,

difluoromethoxy, and methyl; provided that when phenyl is substituted with a

single substituent, that substituent is at the 4-position;

R%is
i)

phenyl substituted with a substitucnt that is selected from the group

consisting of Cysalkoxy and trifluoromethoxy;
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v}

R?is
i)
ii)

i)

R? s
1)
it}

R s
i)
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a heteroaryl selected from the group consisting of pyridinyl, pyrimidinyl,
and pyrazinyl; wherein said heteroaryl is optionally substituted with a
substituent that is Cysalkoxy or triflucromethoxy;

Cseycloalkyl; or

Carcycloalkyl-{(Cyoatkyl;

phenyl substituted with Cyalkoxy;
a heteroaryl selected from the group consisting of pyridinyl and pyrazinyl;
wherein said heteroaryl is optionally substituted with Cysalkoxy; or

Cs ..179}'01021{}(}'1—(0 1 z}dik‘d},

phenyl sabstituted with Cialkoxy; or
a heteroaryl selected from the group consisting of pyridiny! and pyrazinyl;

wherein said heteroaryl is optionally substituted with Csalkoxy;

phenyl substituted with methoxy; or
a heteroaryl selected from the group consisting of pyridinyt and pyrazinyi;

wherein said heteroarvl is optionally substituted with Cyalkoxy;

R’ is hydrogen;

Gis Gl or G2:

G2
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i} Gis Gl

O
S
K} G is G2;
0 OH
W
5 2

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

16 and enantiomers, diastercomers, solvates and pharmaccutically acceptable salts

thereof,

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

R3

i5 Formula (I)
wherein
R'is
i} phenyl independently substituted with one to three substituents that are
selected from the group counsisting of chioro, flucro, bromo, cyano,
20 trifluoromethyl, Cigalkyvl, diftuoromethoxy, and ) 4alkoxy; provided that
when phenyl of group (1) 1s substituted with a single substituent, that

substituent is at the 4-position;

t4
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a heteroaryl that is pyridinyl; wherein said pyridinyl is optionally
independently substituted with one or two substituents that are chloro,
fluore, bromeo, cyano, trifluoromethyl, Cyalkyl, or C;salkoxy;
phenylmethyl, wherein the phenyl portion of phenyimethyl is optionally
independently substituted with onc or two substitucnts that are sclected
from the group consisting of chloro, fluoro, bromo, cyano, trifluoromethyl,
substituted with a single substituent, that substitucnt is at the 4-position;
phenyisuifonyl, whercin the phenyl portion of phenylsulfonyl is optionally
independently substituted with one or two substituents that are selected
from the group consisting of chloro, fluoro, bromo, cyano, triflucromethyl,
C qalkyl, and Cy 4alkoxy; provided that when phenyisaifonyl of group (iv)
is substituted with a single substitoent, that substitoent is at the 4-position;
C salkyisulfonyl; or

trifluoromethylsulfonyl;

phenyl substituted with a substituent that is selected from the group
consisting of Ciaalkoxy and trifluoromethoxy;

a heteroary! selected from the group consisting of pyridinyl, pyrimidinyl,
and pyrazinyl; wherein said heteroarvl is optionally substituted with a
substituent that is C satkoxy or trifluoromethoxy;

Ciacyeloalkyl; or

Csyeychoalkyl-(Cyatkyl;

R’ is hydrogen, chloro, or methyl;

Gis Gl or G2;

|
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or ﬁczr}»x
# gt

G2

b

and cnantiomers, diastereomers, solvates, and pharmaccutically acceptable salt

forms thereof,

An cmbodiment of the present invention 18 dirccted to a compound of Formula (B)

wherein

R'is
i}

i)

R? s
1)
it}

i)

RS
G\v{j}’\‘”w
N
R:”:

Formula (1)

phenyl independently substituted with one to three substituents that are
selected from the group consisting of chloro, fluoro, bromo, cyano,
trifluoromethyl, methyl, difluoromethoxy, and C; salkoxy; provided that
when phenyl of group (i) is substituted with a single substituent, that
substituent is at the 4-position; or

a hetcroaryl that is pyridinyl;, wherein said pyridinyl is optionally
independently substituted with one or two substituents that are chloro,

fluoro, bromeo, cyano, trifluoromethyl, or Cysalkoxy;

phenyl sabstituted with Cialkoxy;
a heteroaryl selected from the group consisting of pyridiny! and pyrazinyl;
wherein said heteroaryl is optionally substituted with Cpgalkoxy; or

Cs ..179}'01021{}(}'1—(0 1 z}dik‘d},

f6
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R’ is hydrogen;

(G is Gl or G2;

Gi G2
and enantiomers, diastereomers, solvates, and pharmaceutically acceptable salt

forms thereof,

An embodiment of the present invention is directed to a compoond of Formula (1)

Formula (1)
wherein
R' is phenyl independently substituted with one to three substituents that are
selected from the group consisting of chloro, fluore, cyano, trifluoromethyl,
difluoromcthoxy, and methyl; provided that when phenyl is substituted with a single

substitucnt, that substitucnt is at the 4-position;

R is
1) phenyl sabstituted with Cialkoxy; or
i) a heteroaryl selected from the group consisting of pyridiny! and pyrazinyl;

wherein said heteroaryl is optionally substituted with Csalkoxy;

3.
R is hydrogen;
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Gis Gl or G2;

Gl

O

a2

3S(OH

Séor_}\/

~
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and cnantiomers, diastercomers, solvates, and pharmaceutically acceptable salt

forms thereof.

An embodiment of the present invention 1s directed to a coropound of Formula (I)

wherein

Formuila (1)

#' is pheny! independently substituted with one to three substituents that are

sclected from the group consisting of chloro, fluoro, cyano, trifluoromethyl,

difluoromethoxy, and methyl; provided that when phenyl is substituted with a single

substitient, that substituent is at the 4-position;

R”is
i) phenyl substituted with methoxy; or
1) a heteroaryl selected from the group consisting of pyridinyl and pyrazinyi;

wherein said heteroaryl is optionally substituted with Cy_salkoxy;

R is hydrogen;

Gis Gl or G2;
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and cnantiomers, diastereomers, solvates, and pharmaccutically acceptable salt

forms thereof,

An embodiment of the present invention 1s directed to a coropound of Formula (I)

wherein

Formuila (1)

#' is pheny! independently substituted with one to three substituents that are

sclected from the group consisting of chloro, fluoro, cyano, trifluoromethyl,

difluoromethoxy, and methyl; provided that when phenyl is substituted with a single

substitient, that substituent is at the 4-position;

R”is
i) phenyl substituted with methoxy; or
1) a heteroaryl selected from the group consisting of pyridinyl and pyrazinyi;

wherein said heteroaryl is optionally substituted with Cy_salkoxy;

R is hydrogen;

Gis Gl

19
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2,

3

and enantiomers, diastercomers, solvates, and pharmaceutically aceeptable salt

forms thereof.

5 An embodiment of the present invention is directed to a compound of Formula (1)
R?}
-
=,
Formula (I)
wherein

R'is pheonyl independently substituted with one to three substituents that are
0 selected from the group cousisting of chloro, fluoro, cyano, riflucromethyl,
diftuoromethoxy, and methyl; provided that when phenyl is substituted with a single

substituent, that substituent 1s at the 4-position;

R is
i5 i) phenyl substituted with methoxy; or
i) a heteroaryl selected from the group consisting of pyridinyl and pyrazinyl;

wherein said heteroaryl is optionally substituted with €y zalkoxy;

R’ is hydrogen;
20

Gis GZ;
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and enantiomers, diastercomers, solvates, and pharmaccutically acceptable salt

forms thereof.

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

Formula (1)

Formula ()

selected from the group consisting of

Cpd 1, 4-2-(2-Methoxyphenyl-4-(2,2.6 6-tetramethyltetrahydro-2H-pyran-4-yi)-1 H-
imidazol-1-yllbenzonitrile;

Cpd 2, 4-[1-(4-Fluorophenyl}-4-(2,2,6,6-tetramethyltetrabydro-2 H-pyran-4-y1)-1 H-
imidazol-2-y1}-3-methoxypyridine;

Cpd 3, 2-Ethoxy-5-[2-(3-methoxypyridin-d-y1}-4-(2,2,6 6-tetramethyitetrahydro-2 H-
pyran-4-yi}-1H-imidazol-1-yljpyriding;

Cpd 4, [-(4-Fluorophenyl)-2-(2-methoxyphenyl}-4-(2,2,6 6-tetramethyltctrahydro-2H-
pyran-4-yi}-1H-imidazole;

Cpd §, 5-[2-(2-Methoxyphenyh-4-(2. 2,6, 6-tetramethyltetrahydro-2H-pyran-4-vi)-1 H-
imidazol-1-y1}-2-methylpyridine,;

Cpd 6, 2-[2-(2-Methoxyphenyh-4-(2. 2,6, 6-tetramethyltetrahydro-2H-pyran-4-vi)-1 H-
imidazol-1-y1}-5-methylpyridine,;

Cpd 7, 2-(2-Methoxyphenyl)-1-{(4d-methoxyphenyl}-4-(2.2,6 6H-tetramethyltetrahydro-2 H-
pyran-4-yl3-1H-imidazole;

Cpd 8, 5-[2-(2-Methoxyphenyl)-4-(2,2,6, 6-tetramethyltetraby dro-2H-pyran-4-yi -1 H-
unidazol- -yi}-2-methyipyrimidine;

Cpd 9, 3-(1-(3-chlorobenzyl}-4-(2,2,6,6-tetramethyltetrahydro-2H-pyran-4-yi}- 1 H-

umidazol-2-y1}-2-methoxypyridine;
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Cpd 10, 3-[1-{4-Fluorophenyl}-4-(2,2,6 6-tetramethylictrahydro-2 H-pyran-4-y1)-1H-
imidazol-2-y1|-2-methoxypyriding;

Cpd 11, 3-[1-{4-Chlorophenyl}-4-(2.2,6,6-tctramcthyltetrahydro-2H-pyran-4-yi- 1 H-
imidazol-2-y1]-2-methoxypyridine;

Cpd 12, 4-[2-(3-Methoxypyridin-2-y1}-4-(2,2,6,6-tctramethyltetrahydro-2H-pyran-4-y1)-
{H-imidazol-1-yl]benzonitrile;

Cpd 13, 4-[1-{4-Chloro-3-fluorophenyl}-4-(2.2,6 6-tctramcthyltetrahydro-2 H-pyran-4-vi)-
H-imidazol-2-v1i-3-methoxypyriding;

Cpd 14, 2-Chloro-5-[2-(2-methoxyphenyl}-4-(2,2,6,6-tetramethyltctrahy dro-2H-pyran-4-
yh-1H-imidazol-1-ylbenzoniirnile;

Cpd 15, 4-[2-(2-Methoxypyridin-3~-y1}-4-(2,2 .6, 6-tetramethyltetrahvdro-2H-pyran-4-y1)-
{ H-imidazol-1-y1}-2-methyibenzonitrile;

Cpd, 16, 2-methoxy-3-(4-(2,2,6 6-tctramethyltetrahydro-2H-pyran-4-y1)-1-(2,3 4~
trifluorophenyl)-1H-imidazol-2-yhpyridine;

Cpd 17, 2-[1-(3-Chloro-4-fluorophenyl}-4-(2,2,6 6-tetramcthyltetrabydro-2 H-pyran-4-vi)-
I H-imidazol-2-y1]-3-methoxypyriding;

Cpd 18, 4-[1-(3-Chioro-d-fluorophenyt}-4-(2,2,6 6-tctramethyltetrabydro-2 H-pyran-4-vi)-
I H-imidazol-2-vii-3-methoxypyridine;

Cpd 19, 2-[1-(4-Chiore-3-fluorophenyi}-4-(2,2,6, 6-tetramethyltetrabydro-2 H-pyran-4-v1)-
I H-imidazol-2-vii-3-methoxypyridine;

Cpd 28, 3-[1-(3-Chioro-4-fluorophenyi}-4-(2,2,6,6-tetramethyltetrabydro-2H-pyran-4-v1)-
t H-imidazol-2-y1]-4-methoxypyridine;

Cpd 21, 4-[2-(2-Mcthoxypheny)-4-(2,2,6,6-tetramethyltetrahydro-2 H-pyran-4-yi}- 1 H-
imidazol-1-yl]-Z-methylbenzonitrile;

Cpd 22, 5-[2-(2-Mcthoxyphenyh)-4-(2,2,6,6-tetramethyltetrahydro-2 H-pyran-4-yi}- 1 H-
imidazol-1-yl]-Z-methylbenzonitrile;

Cpd 23, 3-[1-(3-Fluoro-4-methoxyphenyl}-4-(2,2,6,6-tetramethyltctrahydro-2 H-pyran-4-
yi-1H-imidazol-2-yl}-2-methoxypyriding;

M
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Cpd 24, 3-[1-{4-Fluoro-3-methoxyphenyi}-4-(2,2,6,6-tetramethyltetrahydro-2H-pyran-4-
yij-1 H-imidazol-2-vi}-2-methoxypyriding;

Cpd 28, 5-[2-(2-Methoxypyridin-3-y1}-4-(2,2,6,6-tctramethyltetrahydro-2H-pyran-4-y1)-
I H-imidazol-1-yi]-2-mcthyibenzonitrile;

Cpd 26, 3-[1-{4-Chlorophenyl-4-(2.2,6,6-tctramcthyltetrahydro-2H-pyran-4-yi- 1 H-
imidazol-2-y1]-4-methyl-4H-1,2 4-triazole;

Cpd 27, 3-[1-(2-Chlorobenzyl}-4-(2,2,6,6-tetramethyltetrahydro-2 H-pyran-4-y1}-  H-
imidazol-2-y1]-2-methoxypyridine;

Cpd 28, 3-[1-{(4-Chlorobenzyl}-4-(2,2,6,6-tetramethyltetrahydro-2 H-pyran-4-y1}-  H-
imidazol-2-yil-2-methoxypyridine;

Cpd 29, 4-(2-(2-methoxypyridin-3-yi}-4-(2,2,6, 6-tetramethyltetrahy dro-2H-pyran-4-y1}-
{ H-imidazol-1-y1}-2-(trifluoromethylibenzonitrile;

Cpd 30, 3-[1-(2,4-Difloorophenyi}-4-(2,2,6,6-tetramethylictrahydro-2H-pyran-4-yi)- 1 H-
imidazol-2-yil-2-methoxypyridine;

Cpd 31, 3-(1-(2,3-difluorophenyl}-4-(2,2,6,6-tetramethy Htetrahydro-2H-pyran-4-y1)- 1 H-
imidazol-2-yi}-2-methoxypyridine;

Cpd 32, 3-[2-(2-Methoxyphenyh-4-(2,2,6,0-tetramethyltetrabydro-2 H-pyran-4-vi3- 1 H-
imidazol-1-yllbenzonitrile;

Cpd 33, 4-[1-(3 4-Difloorophenvi}-4-(2,2,6,6-tetramethyltetrahydro-2H-pyran-4-yi)- 1 H-
imidazol-2-yi}-3-methoxypyridine;

Cpd 34, 2-Mcethoxy-4-[ 2-(2-methoxyphenyl)-4-(2,2,6 6-tetramethyltetrahydro-2H-pyran-
4-yh-1H-imidazol-1-yl}benzonitrile;

Cpd 35, 2-[1-(3.4-Difluorophenyl}-4-(2,2,6 6-tctramethyltetrahydro-2H-pyran-4-yi}-1 H-
imidazol-2-yi}-3-methoxypyridine;

Cpd 36, 3-Fluoro-4-[2-(2-methoxyphenyl-4-(2,2,6,6-tetramethyltctrahydro-2 H-pyran-4-
yi-1H-imidazol-1-yl}benzonitrile;

Cpd 37, 2-Methoxy-5-[ 2-(2-methoxyphenyl)-4-(2,2,6 6-tetramethyltetrahydro-2 H-pyran-

4-yh-1H-imidazol-1-yl}benzonitrile;

[
(8]
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Cpd 38, 1-(4-Chlorophenyl)-2-(2-methoxyphonyly-4-(2,2,6 6-tetramethyltetrahydro-2H-
pyran-4-yi}-1H-imidazole;

Cpd 39, 5-Chloro-2-[2-(2-methoxyphenyl}-4-(2,2,6,6-tetramethylictrahy dro-2H-pyran-4-
yl}-1H-imidazol-1-yl}pyriding;

Cpd 48, 3-[1-(3,4-Diflaorophenyi}-4-(2,2 6,6-tctramethyhetrahydro-2H-pyran-4-y1)- 1 H-
imidazol-2-y1}-2-methoxypyridine;

Cpd 41, [ -{4-Chioro-3-fluorophenyl}-2-{2-methoxyphenyl}-4-(2,2,6,6-
tetramethyltctrahydro-2H-pyran-4-vly-1H-imidazole;

Cpd 42, 1-(3,4-Difluorophenyh)-2-{2-methoxyphenyl)-4-(2,2.6,6-tetramethylictrahydro-
2H-pyran-4-y1}-1 H-xmldazokf;

Cpd 43, 4-[2-(2-Methoxypyridin-3-y1}-4-(2,2 6, 6-tetramethyltetrahydro-2H-pyran-4-y1 -
{ H-imidazol-1-vi]benzonitrile;

Cpd 44, 3-[1-(4-Chloro-3-fluorophenyl}-4-(2,2,6 6-tetramethyltetrabydro-2 H-pyran-4-vii-
| Hoimidazol-2-vi}-2-methoxypyriding;

Cpd 45, | -(3-Chioro-4-fluorophenyl}-2-{2-methoxyphenyl}-4-(2,2,6,6-
tetramethylictrahydro-2H-pyran-4-yl}-1 H-imidazole;

Cpd 46, 3-[1-(3-Chioro-4-fluorophenyl}-4-2,2,6 6-tetramethyltetrabvdro-2 H-pyran-4-vij-
I H-imidazol-2-vi}-2-methoxypyriding;

Cpd 47, 2-[1-(4-Fluoropheny!}-4-(2,2,6,6-tetramethyltetrahydro-2H-pyran-4-y -1 H-
imidazol-2-yi}-3-methoxypyrazine;

Cpd 48, 3-[2-(2-Methoxypyridin-3-v1}-4-(2,2 6,6-tetramethyltetrahydro-2H-pyran-4-y1 -
1 H-imidazol-1-ylibenzonitrile;

Cpd 49, 5-[1-(4-Chlorophenyl}-4-(2,2.6,6-tetramethyltetrahydro-2H-pyran-4-v1)-1H-
imidazol-2-yl}-4-methoxypyrimiding;

Cpd 38, 2-[1-(4-Chlorophenyl}-4-(2,2 6 6-tetramethyltetrahydro-2H-pyran-4-v1y-1H-
imidazol-2-yl}-3-methoxypyrazine;

Cpd 31, 3-[1-(4-Chlorophenyl}-4-(2,2 6 6-tetramethyltetrahydro-2H-pyran-4-v1}- 1 H-

imidazol-2-yl}-2-cthoxypyridine;
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Cpd 52, 3-[1-(3,4-Difluorophenyi}-4-(2,2,6,6-tctramethyltetrahydro-2H-pyran-4-y 13- 1 H-
imidazol-2-vil-2-cthoxypyridine;

Cpd 83, 5-[2-(2-Methoxypheny-4-(2,2,6,6-tetramethyltetrahydro-2 H-pyran-4-y -1 H-
imidazol-1-yi}-2-(triflucromethylpyridine;

Cpd 54, 2-Methoxy-3-14-(2,2,6,6-tetramethyltctrahydro-2H-pyran-4-yi}-1-[6-
(trifluoromethyDpyridin-3-vl}-1H-imidazol-2-yl} pyriding;

Cpd 585, [ -{4-Chiorophenyli-2-{cyclopropyimethyl}-4-(2.2,6 6-tctramethyltetrahydro-2H-
pyran-4-yi}-1H-imidazole;

Cpd 56, | -{4-Chiorophenyli-2-cyclopropyl-4-(2.2,6 6-tetramethyltetrahydro-2H-pyran-4-
y-1H-imidazole;

Cpd 57, 4-[2-Cyclopropyl-4-(2,2,6,6-tetramethyltetrahydro-2H-pyran-4-yl)- L H-imidazol-
{-yi}ibenzontrile;

Cpd 88, 4-[2-(Cyclopropylmethyl}-4-(2,2,6,6-tetramethy itetrahydro-2H-pyran-4-y1)- 1 H-
midazol-1-yllbenzonitrile;

Cpd 59, 5-[2-(Cyclopropylmethyl}-4-(2,2,6,6-tetramethyitetrahydro-2H-pyran-4-y1)- 1 H-
midazol-1-y1]-2-(trifluoromethylpyriding;

Cpd 68, 2-[1-(4-Chlorophenvi}-4-(2,2,6 6-tetramethyltetrahydro-2H-pyran-4-y13- 1 H-
imidazol-2-yi]-3-ethoxypyrazine;

Cpd 61, 1-{(4-{difluoromethoxyphenyl)-2-(Z-methoxyphenyl)-4-(2,2,6,6~
tetramethyltetrahydro-2H-pyran-4-yi}-1H-imidazole;

Cpd 62, | -(4-Bromo-3-fluorophenyl}-2-{2-methoxyphenyl}-4-(2,2,6,6~
tetramethyltetrahydro-2H-pyran-4-yi}-1H-imidazole;

Cpd 63, 1-{(3-Bromo-4-fluorophenyl}-2-(2-methoxyphenyl}-4-(2,2,6,6~
tetramethyltetrahydro-2H-pyran-4-yi}-1H-imidazole;

Cpd 64, 3-[1-(3-Bromo-4-tfluorophenyl}-4-(2,2,6,6-tctramethy btetrahydro-2 H-pyran-4-yl)-
H-imidazol-2-y1}-2-methoxypyridine;

Cpd 65, 3-[1-(4-Bromo-3-fluorophenyl}-4-(2,2,6,6-tctramethy btetrahydro-2 H-pyran-4-yl)-

tH-imidazol-2-y1}-2-methoxypyridine;
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Cpd 66, 4-(1-{4-chlorophenyl)-4-(2,2,6,6-tctramethyltetrahydro-2H-pyran-4-yi}- 1H-
imidazol-2-y1}-3-methoxypyriding;

Cpd 67, 2-(1-{4-chlorophenyi)-4-(2,2,6,6-tctramethyltetrahydro-2H-pyran-4-y1}- 1 H-
imidazol-2-y1}-3-methoxypyridine;

Cpd 68, 3-(1-{4-chlorophenyi)-4-(2,2,6,6-tctramethyltetrahydro-2H-pyran-4-y1}- 1 H-
imidazol-2-yh-d-methoxypyridine;

Cpd 69, 3-(1-{4-fluorophenyl}-4-(2.2,6,6-tctramcthyltetrahydro-2H-pyran-4-yi}-1 H-
imidazol-2-yi}-d-methoxypyridine;

Cpd 78, 2-(1-{4-fluorophenyl-4-(2.2,6,6-tctrammcthyltetrahydro-2H-pyran-4-vi}-1 H-
midazol-2-y1)-3-methoxypyridine;

Cpd 71, 3-(1-2,5-difluoropheny}-4-(2,2,6,6-tetramethyltetrahy dro-2H-pyran-4-y1}- 1 H-
midazol-2-y1)-2-methoxypyridine;

Cpd 72, 3-(1-03,5~-difluoropheny}-4-(2,2,6,6-tetramethyltetrahy dro-2H-pyran-4-y1}- 1 H-
imidazol-2-y-2-methoxypyridine;

Cpd 73, 3-fluoro-5-2-(Z-methoxypyridin-3-yi}-4-(2,2,6,6-tetramethyitetrabydro-2H-
pyran~-4~yh~-1H-imidazol-1-yDbenzonitnile;

Cpd 74, 2-Fluore-3-{2-(Z-methoxy-phenyi}-4-(2 2,6, 0-tetramethyi-tetrahydro-pyran-4-y1)-
imidazol-1-yij-benzonitrile;

Cpd 753, 3-[1-{6-Ethoxypyridin-3-y1}-4-(2,2.6,6-tctramethyltetrabydro-2 H-pyran-4-y13-
I H-imidazol-2-vi]-2~-methoxypyridine;

Cpd 76, 3-Fhioro-4-[2-2-methoxypyridin-3-y1)-4-(2,2,6,6-tetramethyltctrahydro-2 H-
pyran-4-yi}-1H-imidazol-1-yl}benzonitrile;

Cpd 77, 2-Methoxy-4-[2-(2-methoxypyridin-3-yi}-4-(2 2 6 0-tctramethyitetrahydro-2H-
pyran-4-yi}-1H-imidazol-1-yl}benzonitrile;

Cpd 78, 2-Chloro-4-[2-(2-methoxypyridin-3-y1}-4-(2,2,6,6-tetramethyltetrahydro-2 H-
pyran-4-yi}-1H-imidazol-1-yl}benzonitrile;

Cpd 79, 2-Fluoro-5-[2-(2-methoxypyridin-3-y1}-4-(2.2,6, 6-tctramethyltetrahydro-2 H-

pyran-4-yi}-1H-imidazol-1-yl}benzonitrile;
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Cpd 80, 2-Fluoro-4-{2-{Z-methoxypyridin-3-vi}-4-(2,2 6,6-tctramethyltetrahydro-2H-
pyran-4-yi}-1H-imidazol-1-yiibenzonitrile;

Cpd 81, 2-Fluoro-4-[2-(2-mcthoxyphenyl)-4-(2,2.6,6-tetramethyltetrahydro-2H-pyran-4-
yl3-1H-imidazol-1-yl}benzonitrile;

Cpd 82, 2 6-difluoro-4-(2-(2-methoxypyridin-3-y1}-4-(2,2 6 6-tetramethyhctrahydro-2H-
pyran-4-y1}-1H-imidazol-1-yhbenzonitrile;

Cpd 83, 3,5-difluoro-4-(2-(2-mcthoxyphenyi}-4-(2,2,6,6-tetramethyltetrahydro-2H-pyran-
4-yly-1H-imidazol-1-vibenzonitrile;

Cpd 84, 2-Chloro-5-[2-(2-methoxypyridin-3-y13-4-(2.2,6,6-tetramethyltctrahydro-2 H-
pyran-4-y{i-1H-imudazol-1-yl}benzonitrile;

Cpd 853, 2-Methoxy-5-[2-(2-roethoxypyridin-3-y1}-4-(2 2,6 6-tetramethyletrabydro-2H-
pyran-4-y{i-1H-imudazol-1-yl}benzonitrile;

Cpd 86, 4-[2-(4-Methoxypyrimidin-S-y1)-4-(2,2,6,6-tetramethyltetrahydro-2H-pyran-4-
yh-1H-imidazol-1-ylbenzoniirnile;

Cpd 87, 4-[2-(3-Methoxypyrazin-2-v1)-4-(2,2,6,6-tetramethyletrahy dro-2H-pyran-4-yi)-
{ H-imidazol-1-yl}benzoniirile;

Cpd 88, 2-fluoro-4-(2-(3-methoxypyrazin-2-y1}-4~(2,2,0, 6-tetramethyltetrahydro-2H-
pyran-4-yi}-1H-imidazol-1-ylbenzonitrile;

Cpd 89, 4-(2-C-cthoxypyridin-3-y13-4-(2,2.6,6-tetramethylictrahvdro-2H-pyran-4-yh)- 1 H-
imidazol-1-yi}-2-fluorobenzonitrile;

Cpd 50, [ -(4-chlorophenyl)-2-(2-methoxyphenyl)-S-methyl-4-(2,2.6,6~
tetramethyltetrahydro-2H-pyran-4-yi}-1H-imidazole;

Cpd 91, 4-[5-Chioro-2-(2-methoxypyridin-3-y1}-4-(2 2, 6 6-tetramethyltetrahy dro-2H-
pyran-4-yi}-1H-imidazol-1-yl}benzonitrile;

Cpd 92, 3-[5-Chioro-1-(4-fluorophenyl}-4-(2,2,6 6-tetramethybetrahydro-2 H-pyran-4-yl)-
H-imidazol-2-y1}-2-methoxypyridine;

Cpd 93, 3-[5-Chioro-1-(4-chlorophenyi}-4-(2,2,6, 6-tetramcthyhictrahydro-2 H-pyran-4-yi}-

tH-imidazol-2-y1}-2-methoxypyridine;

1o
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Cpd 94, 2-(2-Methoxyphenyl-4-(2,2,6,6-tctramethyltetrahydro-2H-pyran-4-yi)-1-
{(trifluoromethylsulfonyl}- | H-imidazole;

Cpd 95, | {Cyclopropylsulfonyl}-2-(2-methoxyphenyl}-4-(2,2,6,6-tctramethyltetrahydro-
2H-pyran-4-yi}- 1 H-imidazole;

Cpd 96, 2-(2-Methoxyphenyli-1-{(2-methylpropylsulfonyl}-4-(2,2,6,6-
tetramethyltctrahvdro-2H-pyran-4-yl}-1H-imidazole;

Cpd 97, |-[{4-Chlorophenylisulfonyl]-2-(2-methoxyphenyl}-4-(2,2,6,6-
tetramethyltctrahvdro-2H-pyran-4-yl}-1H-imidazole;

Cpd 98, [-[{4-Fluorophenylsulfonyl}-2-(2-methoxyphenyl}-4-(2,2,6,6-
tetramethylictrahydro-2H-pyran~-4-yl}- 1 H-imidazole;

Cpd 99, 4-{[2-(2-Methoxyphenvl}-4-(2,2,6 6-tetrarnethyltetrabvdro-2 H-pyran-4-y - 1 H-
imidazol- 1-yijmethyl tbenzonitrile;

Cpd 108, 53-{[2-2-Methoxyphenyl}-4-(2,2,6 6-tctramcthyltetrabydro-2H-pyran-4-vi)- L H-
midazol- -y methyl} pyrimidine;

Cpd 101, 3-{[2-2-Methoxyphenyl}-4-(2,2,6 6-tctramcthyltetrabydro-2H-pyran-4-vi)- L H-
imidazol- 1-yijmethyl tbenzonitrile;

Cpd 182, 4-[1-(4-Chlorophenyl)-2-(Z-methoxyphenyt)-1H-imidazol-4-v1}-2,2.6,6~
tetramethyltetrahydro-2H-pyran-4-ol;

Cpd 103, 4-[1 -(4-Chlorophenyl}-2-(4-methoxypyridin-3-yl}- TH-imidazol-4-v1]-2,2,6,6~
tetramethyltetrahydro-2H-pyran-4-ol;

Cpd 104, 4-[1 -(4-Chlorophenyl}-2-(3-methoxypyridin-2-yl}- TH-imidazol-4-v1]-2,2,6,6~
tetramethyltetrahydro-2H-pyran-4-of;

Cpd 105, 4-[1-(4-Chlorophenyl}-2-(2-methoxypyridin-3-yi}- 1 H-imidazol-4-y1]-2,2,6,6-
tetramethyltetrahydro-2H-pyran-4-of;

Cpd 106, 4-[1-(3-Bromo-4-fluorophenvl)-2-(2-methoxyphenyl}-1H-imidazol-4-yi}-
2,2.6 6-tetramethyltetrahydro-2 H-pyran-4-ol;

Cpd 187, 4-[1-3.4-Difluorophenyly-2-(2-methoxyphenyl}- 1 H-imidazol-4-yi}-2.2.6,6-

tetramethyltetrahydro-2H-pyran-4-ol;
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Cpd 108, 4-]1-(3,4-Difluorophenyt}-2-( Z-methoxypyridin-3-yi}-1H-imidazol-4-y1}-2,2,6,6~
tetramethyltetrahydro-2H-pyran-d-ol;

Cpd 109, 4-{2-(2-Methoxypheayli-1-{6-(triflucromethypyridin-3-vi}-1 H-imidazol-4-y1} -
2.2,6 6-tetramcthyltetrahydro-2 H-pyran-4-ok;

Cpd 118, 4-]1-(3-Chloro-4-fluorophenyl}-2-(2-methoxypyridin-3-y1}-1 H-imidazol-4-v1}-
2.2,6 6-tetramcthyltetrahydro-2 H-pyran-4-ok;

Cpd 111, 4-]1-(3-Chloro-4-fluorophenyl}-2-(2-methoxyphenyly-1 H-imidazol-4-vi}-
2.2,6 6-tetramcthyltetrahydro-2 H-pyran-4-ok;

Cpd 112, 4-]1-(4-Chloro-3-fluorophenyl}-2-(2-methoxyphenyly-1 H-imidazol-4-vi}-
2,2,6 6-tetramethyltetrabhydro-2H-pyran-4-ol;

Cpd 113, 4-]1 -(4-Chloro-3-fluorophenvl}-2-{ 2~-methoxypyridin-3-yl}- 1 H-inudazol-4-v1]-
2,2,6 6-tetramethyltetrabhydro-2H-pyran-4-ol;

Cpd 114, 4-]1 -(4-Chlorophenyl}-2-(2-cthoxypyridin-3-yh- 1 H-imidazol-4-y1]-2,2 6,6~
tetramethylictrahydro-2H-pyran-4-ol;

Cpd 115, 4-[4-(4-Hydroxy-2 2,6 6-tctramethyltetraby dro-2H-pyran-4-y1}-2-(2-
methoxypyridin-3-yi-1H-imidazol-1-yl}benzonitrile;

Cpd 116, 2-Fhioro-5-[4-(4-hvdroxy-2 2,6, 6-tetramethyltetrabydro-2 H-pyran-4-v13-2-(2-
methoxypyridin-3-vi}-1H-imidazol-1-yi}benzonitrile;

Cpd 117, 2-Fluoro-5-[4-(4-hydroxy-2.2,6,6-tetramethyltetrabydro-2 H-pyran-4-y13-2-(2~
methoxyphenyl)-1H-imidazol-1-yl}benzonitrile;

Cpd 118, 2-Fluoro-4-[4-(4-hydroxy-2.2,6, 6-tetramethyltetrabydro-2 H-pyran-4-y13-2-(2-
methoxyphenyl)-1H-imidazol-1-ylibenzonitrile;

Cpd 119, 2-Fluoro-4-{4-(4-hydroxy-2,2.6,6-tetramethyltetrahydro-2 H-pyran-4-yi3-2-(2-
methoxypyridin-3-yi}-1H-imidazol-1-yl}benzonitrile;

Cpd 128, 4-[1-{(4-Chlorophenyly-2-(3-methoxypyridin-4-yi}-1 H-imidazol-4-vi}-2,2.6,6-
tetramethyltetrahydro-2H-pyran-4-of;

Cpd 121, 4-[2-(2-Mcthoxyphenyi)}-4-(2,2,6,6-tctramethyltetrahy dro-2H-pyran-4-y13- 1 H-

imidazol-1-yi}-2-(trifluoromethyl}benzonitrile;

29
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Cpd 122, 3-]1-(4-Chlorophenyl}-4-(2,2,6,6-tctramethyltctrahydro-2H-pyran-4-yi-1 H-
imidazol-2-ylipyridin-2-ol;

Cpd 123, 2-Chloro-4-[2-(2-methoxyphenyl}-4-(2,2,6 6-tctramethyltetrahydro-2 H-pyran-4-
yl3-1H-imidazol-1-yl}benzonitrile;

Cpd 124, 1-(4-Chlorophenyl}-2-{2-methoxyphenyl}-4-(2.2,6 6-tctramethyl-3,6-dihydro-
2H-pyran-4-y1}- 1 H-imidazole;

Cpd 125, 1-(4-Bromo-3-fluoropheny}-2-(2-methoxyphenyl}-4-(2,2 6, 6-tetramethyl-3,6-
dihydro-2H-pyran-4-yl}- 1 H-imidazole;

Cpd 126, 2-Fluoro-4-{2-(2-methoxyphenyl}-4-(2,2,6 6-tetramethyl-3 6-dihydro-2H-pyran-
4-yh~-1H-1imidazol-1-vl}benzonitrile;

and pharmaceutically acceptable salt forms thercof,

For use in medicine, salts of compouonds of Formula () refer to non-toxic
“pharmaccutically acceptable salts.” Other salis may, however, be useful 1o the
preparation of comapounds 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 sohition of a pharmaccutically acceptable acid such as hydrochloric acid,
sulfuric acid, fumaric acid, maleie acid, suecinic acid, acetic acid, benzoic acid, citric acid,
tartaric acid, carbonic acid or phosphoric acid. Furthermore, where the compounds of
Formula (I} carry an acidic moicty, suitable pharmaceutically accoptable salts thereot may
include alkali metal salts, such as sodinm or potassium salts; alkaline carth metal salts,
suich as calcium or magnesium salts; and salts formed with suitable organic ligands, such
as quaternary ammonium salts. Thus, representative pharmaceutically acceptable salts
include acetate, benzenesulfonate, benzoate, bicarbonate, bisulfate, bitartrate, borate,
bromide, calcium ¢detate, camsylate, carbonate, chloride, clavulanate, citrate,
dihydrochloride, edetate, edisylate, cstolate, esylate, fumarate, ghuceptate, gluconate,

glutamate, glycollylarsanilate, hexylresorcinate, hydrabamine, hydrobromide,
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hydrochloride, hydroxynaphthoate, iodide, isothionate, lactate, lactobionate, laurate,
malate, malcate, mandelate, mesylate, methylbromide, methylnitrate, methylsulfate,
mucate, napsylate, nitrate, N-methylglucamine ammonium salt, oleate, pamoate
{embonate), palmitate, pantothenate, phosphate/diphosphate, polygalacturonate, salicylate,
stearate, sulfate, subacctate, succinaie, tannate, tartrate, teoclate, tosylate, tricthiodide and
valcrate,

Representative acids and bascs that may be used in the preparation of
pharmaccutically acceptable salts include acids including acetic acid, 2,2-dichloroactic
acid, acylated amino acids, adipic acid, alginic acid, ascorbic acid, L-aspartic acid,
benzenesulfonic acid, benzoic acid, 4-acetamidobenzoie acid, (+)-camphoric acid,
camphorsulfonic acid, (+)-(15)-camphor-10-sulfonic acid, capric acid, caproic acid,
caprylic acid, cinnamic acid, citric acid, cyclamic acid, dodecylsulfurie acid, ethane-1,2-
disulfonic acid, ethanesulfonic acid, 2-hvdroxy-ethanesulfonic acid, formic acid, fumaric
acid, galactaric acid, gentisic acid, glucoheptonic acid, D-gluconic acid, D-glucoronic acid,
L-ghitamic acid, a-oxo-ghitaric acid, glycolic acid, hippuric acid, hydrobromic acid,
hydrochloric acid, (+)-L-lactic acid, {(£}-DL-lactic acid, lactobionic acid, malcic acid, (-)-
L-malic acid, malonic acid, (£)-DL-mandelic acid, methancsulfonic acid, naphthalene-2-
suifonic acid, naphthalenc-1,5-disulfonic acid, 1-hydroxy-2-naphthoic acid, nicotinic acid,
nitric acid, oleic acid, orotic acid, oxalic acid, palmutic acid, pamoic acid, phosphoric acid,
L-pyroglutarnic acid, salicylic acid, 4-amino-salicyhic acid, schaic acid, stearic acid,
suceinic acid, sulfuric acid, tannic acid, (+}-L-tartaric acid, thiocyanic acid, p-
toluenesulforue acid and undecylenic acid; and bases including ammonia, L-arginine,
benethamine, benzathine, calcium hydroxide, choline, deanol, dicthanolamine,
diethylamine, 2-(diethylamino)-cthanol, cthanolamine, cthylenediamine, N-methyl-
glucaming, hydrabamune, | H-imidazole, L-lysine, magoesium hydroxide, 4-(2-
hydroxyethyt}-morpholine, piperazing, potassium hydroxide, 1-(2-hydroxyethyl}-
pyrrolidine, sodium hydroxide, tricthanolamine, tromethamine and zine hydroxide.

Embodiments of the present invention include prodrags of compounds of Formula

{£). In gencral, such prodrugs will be functional derivatives of the compounds that are
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readily convertible i vive into the required compound. Thus, in the methods of treating or
preventing embodiments of the present invention, the torm “administering” cncompasses
the treatment or prevention of the various discases, conditions, syndromes and disorders
described with the compound specifically disclosed or with a compound that may not be
spectfically disclosed, but which converts to the specified compound in vive aficr
administration to a patient. Conventional procedures for the sclection and preparation of
suitable prodrug derivatives are described, for exampie, in “Design of Prodrugs”, od. H.
Bundgaard, Elscvier, 1985,

Where the compounds according to embodiments of this invention have at least one
chiral center, they may accordingly exist as enantiomers. Where the corapounds possess
two or more chiral centers, they may additionally exist as diastercomers. [t isto he
anderstood that all such isomers and nuxtures thereof are encompassed within the scope of
the present ivention. Furthermore, some of the crystalline forms for the compounds may
exist as polymorphs and as such are intended to be included in the present invention. In
addition, some of the compounds may form solvates with water (i.¢., hydrates) or common
organic solvents, and such solvates are also intended to he encormpassed within the scope
of this invention. The skilled artisan will understand that the term compound as used
herein, is meant {o inchade solvated compounds of Formula (I).

Where the processes for the preparation of the compounds according to certain
embodiments of the invention give rise to mixture of steregisomers, these isomers may be
separated by conventional techniques such as preparative chromatography. The
compounds may be prepared in racemic form, or individual enantiomers may be prepared
cither by enantiospecific synthesis or by resolution. The compounds may, for example, be
resolved into their component enantiomers by standard techniques, such as the formation
of diastercomeric pairs by salt formation with an optically active acid, such as
{-)-di-p-toluoyi-d-tartaric acid and/or (+)-di-p-toluoyi-l-tartaric acid followed by fractional
crystallization and regeneration of the frec base. The compounds may also be resolved by

formation of diastercomeric esters or amides, followed by chromatographic separation and
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removal of the chiral auxiliary. Alternatively, the compounds may be resolved using a
chiral HPLC column.

One embodiment of the present invention is directed to a composition, including a
pharmaceutical composition, comprising, consisting of, and/or consisting cssentially of the
{+}-enantiomer of a compound of Formula (1) wherein said compuosition is substantially
free from the (-}-isomer of said compound. In the present context, substantially free means
icss 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.

{mags {(+} - enantiomer)

% {+) - enantiomer = x 100

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

Anocther embodiment of the present invention is a composition, including a
pharmaccutical composition, comprising, consisting of, and consisting cssentially of the (-
y-enantiomer of a compound of Formula (1) wherein said composition is substantially free
from the {(+)-1somer 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

ahout | % of the (+)-isomer calculated as

{(mass{—) - cnantiomer)

% {—} - enantiomer = # 100

{mass (+) - enantiomer) + (mass{-—) ~ enantiomer)

During any of the processces for preparation of the compounds of the various
embodiments of the present invention, it may be necessary and/or desirable to protect
sensifive or reactive groups on any of the molecules concerned. This may be achieved by
means of conventional protecting groups, such as those described in Protective Groups in

Organic Chemistry, Second Edition, J F W . McOmie, Pleoum Press, 1973; T.W. Greene &

s
(8]
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P.G.M. Wuts, Protective Groups in Organic Synthesis, John Wiley & Sons, 1991; and
TW. Greene & P.G.M. Wuts, Protfective 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 pharmaccutically acceptable salis and pharmaccutically acceptable solvates) can be
administered alone, they will generally be administered in admixture with a
pharmaceutically acceptable carrier, a pharmaccutically acceptable excipient and/or a
pharmaccutically acceptable diluent selected with regard to the intended route of
administration and standard pharmaceutical or veterinary practice. Thus, particular
embodiments of the present invention are directed to pharmaceutical and veterinary
compositions comprising comnpounds of Formula (1) and at least one pharmaceutically
acceptable carrier, pharmaceutically acceptable excipient, and/or pharmaceutically
acceptable diluent.

By way of example, in the pharmacentical compositions of embodiments of the
present invention, the compounds of Formula (T) 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 Jeast 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 include elixirs, solutions, syrups, and suspensions; cach optionally containing
flavoring agents and coloring agents.

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
applicd topically in the form of a lotion, solution, cream, ointment or dusting powder. For
example, they can be incorporated into a cream comprising, consisting of, and/or

consisting cssentially of an agucous emulsion of polvethylene glycols or liguid paraffin.
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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
cssentially of a white wax or white soft paraffin basc together with any stabilizers and
preservatives as may be required. An alternative means of administration inchudes
transdermal administration by using a skin or transdermal patch.

The pharmaccutical compositions of the present invention {as well as the
compounds of the present invention alone) can also be injected parenterally, for example
intracavernosally, intravenously, intramuscularly, subcutancously, intradermally or
intrathecally. In this case, the compositions will also include at least one of a suitable
carrier, a suitable excipient, and a suitable diluent.

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

For buccal or sublingual administration, the pharmaceutical compositions of the
present invention may be administered 1o the form of tablets or lozenges, which can be
formulated in a conventional manner.

By way of further example, pharmaceutical compositions containing at least one of
the compounds of Formula (I} as the active ingredient can be prepared by mixing the
compound(s) with a pharmaceutically acceptable carrier, a pharmaceutically acceptable
diluent, and/or a pharmaceutically acceptable excipient according to conventional
pharmaceutical compounding technigues. The carrier, excipiont, and diluent may take a
wide variety of forms depending upon the desired route of administration {(e.g., oral,
parenteral, etc.). Thus for Hquid oral preparations, such as suspensions, syrups, clixirs and
solutions, suitabie carriers, excipicnts and diluents include water, ghycols, oils, alcohols,
flavoring agents, preservatives, stabilizers, coloring agents and the like; for solid oral
preparations, such as powders, capsules and tablets, suitable carriers, excipients and
diluents inclade starches, sugars, difuents, granulating agents, lubricants, binders,

disintegrating agents and the like. Solid oral preparations also may be optionally coated
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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 inclode sterile water, and other ingredients may be added to increase
solubility and preservation of the composition. Injectable suspensions or solutions may
also be prepared utilizing aqueous carriers along with appropriate additives, such as
solubilizers and preservatives.

A therapeutically cffective amount of a compound of Formula (fyora
pharmaceutical composition thercof includes a dosc range from about 0.1 mg to about
3000 mg, or any particular amount or range therein, in particular from about | mg to about
1000 mg, or any particular amount or range therein; or, more particularly, from about 10
mg to about 500 mg, or any particular amount or range therein, of active ingredient in a
regimoen of aboat | to about 4 times per day for an average {70 kg) buman; although, it is
apparent to one skilled in the art that the therapeutically effective amount for a compound
of Formula (I} will vary as will the discases, 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 138, about 200,
about 250, and about SO0 milligrams of a compound of Formula (I},

Advantageously, a compound of Formula (1) may be admimstered 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 (I} 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
subiject gender, age, weight, dict and time of administration, will result in the need to adjust
the dose to achicve an appropriate therapeutic fevel and desired therapeutic effect. The
above dosages arc thus exemplary of the average case. There can be, of course, individual

instances wherein higher or lower dosage ranges arc merited, and such arc within the scope
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of this invention.
Compounds of Formula (1) 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) 18 required for

(¥

a subject in need thereof

As N-Type calcium channel blockers, the compounds of Formula (I} arc useful in
mcethods for treating and/or preventing a discase, a syndrome, a condition or a disorder in a
subject, including an animal, a mammal and & human in which the disease, the syndrome,
the condition or the disorder is affected by the modulation of the N-Type calcium channcl.
10 Such methods comprise, consist of and/or consist essentially of administering to a subject,
including an animal, a mammal, and a human in need of such treatment or prevention a
therapentically effective amount of a compound, salt or solvate of Fornuwla (I). Tn
particular, the compounds of Formula (1) arc useful {or preventing or treating pain, such as
inflammatory pain or neuropathic pain, or diseases, syndromes, conditions or disorders

i5  cauosing such pain,

GENERAL SYNTHETIC METHODS

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

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

The following solvents, reagents or scientific terminology may be referred to by

their abbreviations:

TLC Thin Layer Chromatography

()
~J
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DCM
DCE
THE
McOH
EtOH
IPA
n-BuOH
EtOAC
Et,O
DMA
DMF
Et:N
DMSO
DIPEA
HEK
Mel
NBS
TFA
PTSA
Ac(OH
Boc
Cat
mi
mol
ol
b

min

jtje]

mg

Dichloromethane
1,2-Dichlorocthane
Tetrahydrofuran
Methanol

Ethanol

Isopropyl alcohol
n-Butanol

Ethyl acetate

Dicthyl ether

N N-Dimethylacetamide
N N-Dimethylformamide
Tricthylamine
Dimethylsulfoxide
Diisopropylethylamine (Hunig’s base)
Huwman embryonic Kidney
Methylodide
N-Bromosuccinimide
Trifluoroacetic acid
p-Tohuenesutfonic acid
Acetic acid
tert-butoxycarbonyl
Catalytic

mitliliters

nioies

millimoles

hour or hours

Mine of minutes

grams

milligrams
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ul Microliters
e Equivalents
rtor RT Room temperature, ambient, about 27 °C
MS Mass spectromeiry
5 NA ot available
NE No Effect
tothd Dipivaloylmethanato

Scheme A illustrates a route for the synthesis of certain compounds of the present

10 invention wherein R” is an optionally substituted phenyl or an optionally substituted

heteroaryl as defined herein,

Scheme A

’ Sten 1 HN%‘?,N\
RICN + R'NH, R

at a2 a3

Step 5
R1-NH,
\T/QH Step 3 O\ Qi az O\\QrfN\R..!
RZ Step 4 R
at a? a8

Step 2

A compound of formula al is either commercially avatlable or may be prepared by

[
4]

methods known in the scientific literature. A compound of formula al may be reacted

with g compound of formula a2 in the presence of an appropriate Lowis acid such as

trimethylaluminom or the like, in an aprotic organic solvent such as toluenc, at a

39
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temperature from about 0 °C to about 70 °C, to afford a compound of formula a3, A
compound of formula a3 may be treated with a compound of formula a4 in the presence of
an appropriate inorganic base such as sodium bicarbonate, at about 100 °C, to afford a

compound of formula (D-A. A compound of formula (I)~A may be treated with NCS to

(3]

afford compound of formula (I1-Al.

Alternatively, an appropriately substituted carboxylic acid compound of formula aé
{commercially available or prepared by methods known in the scientific hiterature) may be
converied to s corresponding acid chloride by the action of an appropriate chlorinating
agent such as oxalyi chloride, thionyl chloride, or the like, in an organic solvent such as
10 dichloromethane, at a temperature of about ¢ °C to room temperature, to afford a

compound of formula a7. A compound of formula a7 may be converted to an amide of
formula a8 via treatment with an appropriately substituted amine of formula a2, in the
presence of a non-nucleophilic tertiary amine base such as tricthylamune, in an organic
solvent such as dichloromethane, at a temperature of about 0 °C to room teraperature.
15 Conversion of a compound of formula a8 to a compound of formula a3 may be
accomplished by treatment with g chlorinating reagent such as phosphorus pentachloride,
in an organic solvent such as chloroform, at about room temperature, followed by reaction

with amumonia gas at a tempoerature of about § °C.

20 Schome B illustrates a route for the synthesis of certain compounds of the present
invention wherein R’ is an optionally substituted phenyl as defined herein.

Scheme B

rreeeey Br N-\':WN "'/-.
No N/ = b
R o1 )-8

40
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A componnd of formula bl may be converted to s corresponding phenyl cyanide in the
presence of zine cyanide, a transition metal catalyst, dimethylformamide, and suitable
ligands, to afford compounds of Formula (1)-B wherein R is a cyano-substituted phenyl

ring.

Schome C illystrates a route for the synthesis of certain compounds of the present

invention wherein R’ is an optionally substituted phenylsulfonyt or alkylsulfonyl as

defined herein.
Scheme C
o ok
A

tep 1 NN Cpd ad Step 3 &
R2 23N Ple Yy R . 7= . 5o
Re Step 2 o NH so NG

atl \T \r/ /?“Rm
¢t RZ 2 Rl:‘

A compound of formula al may be reacted with ammonium chloride, in the presence of an
appropriate Lewis acid such as trimethylaluminum or the like, in an aprotic organic solvent
such as toluene, at a termperature from about § °C to about 70 °C, to afford a compound of
formula ci. A compound of formula ¢l may be reacted with a compound of formula ad in
the presence of an appropriate inorganic base such as sodium bicarbonate, at about 100 °C,
to atford a compound of formula 2. A compound of formula ¢2 may be treated with an
appropriately substitoted sulfonyl chloride 1n the presence of a non-nucleophilic tertiary
aming base such as tricthylamine, in an organic solvent such as dichloromethane, ata

temperature of about O °C to room temperature, to afford a compound of formula (1)-C.

Scherne D illustrates a route for the synthesis of certain corapounds of the present

invention wherein R’ is an optionally substituted phenylmethyl or heteroaryl-methyl

group as defined by the scope of the invention.
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Scheme D

mid—Br <\r%
3

~—l K 4
N NH Step 1 SN 1d
e e
R2 €2 D
A compound of formula €2 may be reacted with an inorganic base such as NaH, K,CGs or

Cs,C0On, in the presence of an appropriate phenylimethyl-halide or heteroarylmethyl-halide

5 to afford a compound of formula (£)-B.
Scheme E illustrates a route for the synthesis of certain compounds of the present
invention wherein G is G2,
Scheme E
10
N ,O: / O
Y . R
3 Step-1 O/}‘\ Step-2
e a2

OH
/=
N“‘\?,/N“R"
RZ
{-E

a3 -

Commercially available cthoxy ethyvlene may be treated with a strong organic base such as
an alkytithium base, organomagnesiuim bromide, or the like, at § °C, followed by addition
i5  of compound el, to afford compound e2. Compound €2 may be treated with a bromunating

reagent such as hydrogen bromude in acetic acid, NBS, or the bike, at 0 °C to room
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temperature, to afford compound e3. A compound of formula a3 may be treated with a
compound of formula e3 in the presence of an appropriate inorganic basc such as sodium

bicarbonate, at about 100 °C, to afford a compound of formmula (I)-E.

Schome F illustrates a route for the conversion of certain compounds of Formula
{D)-F1, wherein G is G2, to compounds of Formulae (I)-F2 and (1}-F3.

Scheme ¥

=2 \k\/
{i}-F2 {13-F3

A compound of formula (13-F1, prepared according to the methods described in Schome E,
may be converted to a compound of formula (1)-F2 {wherein G is G3) in the presence of
zing cyanide, a transition metal catalyst, dimethylformamide, and suitable ligands.
Reaction of a compound of formula (I)-F2 may occur by the action of a hydride source
such as triphenyisilane, or the like, in the presence of Mn{tmhd)s, at a temperature of about
0 °C to room temperature in an oxygen atmosphere, to afford a compound of fornwla (I)-

F3.

Specific Examples

Yields reported herein refer to purificd products (unless specified) and are not
optimized. Analytical TLC was performed on Merck silica gel 60 F254 alumininm-
backed plates. Compounds were visualized by UV light and/or stained cither with iodine,
potassium permanganate or ninhydrin solution. Flash column chromatography was
performed on silica gel {(100-200 M) or flash chromatography. 'H-NMR spectra were
recorded on a Bruker Avance-400 MHz spectrometer with a BBO (Broad Band Observe)
and BBFQO (Broad Band Fluorine Observe) probe. Chemical shifts (8} are expressed in
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parts per million (ppm) downfield by reference to tetramethyisilane (TMS) as the internal
standard. Splitting patterns are designated as s (singlet), d (doublet), t (triplet}, g {quartet},
m {multiplet) and br s (broad singict). Coupling constants (J) are given in hertz (Hz), LC-

MS analyses were performed using the Electrospray fonization (ESI) technique.

5
A, Preparation of Chemical Intermediates
Example |
Preparation of intermediate Al; N-(d-cyanophenyl}-2-methoxybenzimidamide
g
:
B
®
o
NC Va N N B
~ oy b Xe) V% :
P - 7NN SN
\% a § ¥
o Al E
i :
Reaction conditions: a) MesAl, toluens, 0 - 70 °C; %
1
10 ‘ g

To a stirred solution of 2-methoxybenzonitrile (10 g, 0.075 mol) in toluene (200
ml} at § °C was added inmethylalumoinum (90 mL, 8.09 mwol) drop-wise over a period of 10
min. The reaction mixture was then stirred at room temperature for 3 b followed by
addition of 4-aminohenzontirile (8.6g, 0.074mol} in toluene 100 mL. The reaction mixture
15 was heated to 70 °C for 16 h. After confirming the coropletion by LOMS the reaction
mixture was guenched with ice~cold water; the aqueous layer was filtered through a pad of
diatomaceous earth, and the resultant filtrate was washed with ethyi acetate. The aqueous
layer was extracted with ethyl acetate (2 x 180 mL). The combined organic extracts were
washed with brine, dried over anhydrous Na;SOy, filtered, and concentrated under reduced
2 pressure to provide a residue. Purification by column chromatography on sifica gel (100-
2030 mesh) using ethyl acetate in hexane afforded the title compound as a white solid. (12.8

g, 68%).
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By using analogous protocols as described in the foregoing example the

intermediates described in Table 1 have been prepared using appropriate starting materials

Table 1
Intermediate Structure intermediate Structure
No. Na.
oo
| . et
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N N F
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NWN A F
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Example 2
Preparation of intermediate A-863 ; Z-methoxy-R-(6-(triflusremethyhpyridin-3-

yinicotinimidamide

Uy .OH o Ne
a N b
/O\f/// . /C 7 e /;"\C:'._.S
| step | step 2
N oY N o

j CFy

Reaction conditions: a) Oxaivi chioride, DCM, 0 °C- RT; b) DCM, Et3N, 0 °C- RT, ¢} PCl;, CHCI,, RT, §
di NH3, 0°C

Step 1. 2-Methoxy-nicotinoyl chloride: To a stirred solution of 2-methoxynicotinic acid
{Z g, 0.013 mol) in DCM (28 mL} under a N; atmosphere was added oxalyl chloride (2
mb, 0.026 mol} drop-wise at § °C followed by the addition of a catalytic amount of DMF
{2 drops). The reaction mixture was stivred at room temperature for 2 h. Upon completion
of the reaction, the solvent was removed under reduced pressure in an inert atmosphere to
provide title compound as a thick lignid (2.1 g, 98%).

Step 2. 2-Methoxy-N-(6-triflnoromethyl-pyridin-3-vi}-nicotinamide To a stirred
solution of 6~{trifluoromethyDpyridin-3~amine (1.8 g, 8.001 | mol} in DCM (20 mL) under
a N, atmosphere was added triethylamine (4.9 mL, 0.035 mol) at 0 °C followed by the
drop~wise addition of 2-methoxy-nicotinoyl chloride (2 g, 0.001 1 mol) 1n DCM (5 mL).

The reaction mixture was stirred at room terperature for 2 h. Upon completion of the
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reaction, the solvent was evaporated and resultant residue was partitioned between BCM
and water. The organic layer was separated and washed with brine, dried over anhydrous
Na,8Qy, , filtered, and concentrated to afford the title compound as an off-white solid (2.02
g, 61.3%). LCMS: 298.1 [M+H] .

Step 3. 2-methoxy-N-{6-(riflusromethyDpyridin-3-yhnicotinimidamide: To a stirred
solution of PCls {0.17 g, 0.0084 mol} in chloroform { 5 mL) at room temperature under a
W; atmosphere was added 2-methoxy-N-{6-trifluoromethyl-pyridin-3-yl}-nicotinamide (0.5
2, 0.00168 mol}. The reaction mixture was stirred at 61 °C for 30 min. The reaction
mixture was cooled to 0 °C followed by bubbling of ammonia gas for 1 h. The rcaction
was quenched with NaHCO;, partitioned between DCM and water. The organic layer was
separated and washed with brine, dried over anhydrous NaySOy, filtered, and concentrated
to afford title compound as an off-white solid (0.25 g, 50.7%). LCMS- 2971 [M+H]".

By using analogous protocols as described in the foregoing example the compounds

described in figure 1 have been prepared using appropriate starting materials

TS SR 0
0 E F N
& \/k\( ci
N, E £ 4
AG5 ABS

N

N o N
i o ~ ssmm i
e Ty = VJQ\\
ABY

NV ARAN NoOE

AT

Figure 1
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Example 3
Preparation of inlermediate A71; 2-bromeo-1-2,2,6,6-tetramethylietrabvdro-2H-

pyran-yljethanone

O7 O
1Y

Reaction conditions: a) 8 N HCI, 45 °C, 7days; byToesmic Cyanide, t-Butancl, DME D °C- RT, ¢j 2 M KOH
Reflux d} Oxalyl chloride, DCM, 0 °C- RT; &) TMS-CHN,, DCM,0 °C- RT; §) Aq.HBr, EL0, 0°C )
MelMgBr, § °C -RT; hiBry, EtOH 0 °C-RT

Step 1. 2.2,6,6-tetramethvldihydro-2H-pyran-4(3H}-one: To a stirred solution of 2,6-
dimethythepta-2,5-dien-d-one (100 g, 8.724 mol) was added 6N BHCL(600 mL), then the
reaction mixture was heated to 45 °C for 7 days. Upon completion, the reaction was
quenched with ice cold water and extracted with cthyl acetate (4 x 150 mb). The corobined
organic extracts were washed with brine, dried over anhyvdrous NapSQy, filtered, and
concentrated under reduced pressure to provide a residue. Purification by colomn
chromatography on silica gel (100-200 mesh) using ethyl acetate in hexane afforded the

title compounnd as a yellow higuid. {vield 28 g, 25%)
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Step 2. 2,2,6.6-tetramethyltetrabydro-2 H-pyran-4-carbonitrile: To a stirred solution of
2,2,6 6-tetramethyldihydro-2H-pyran-4(3H}-onc {30 g, 0.192 mol} in dimethoxyethane
{400 mL) was added tosylmethyl isocyvanide (48.7 g, 8.249 cq) followed by the addition of
tert-butyl alcohol (241 g, 0.326) at room temperature. The reaction mixture was cooled to
0 °C followed by portion-wise addition of potassium tert-butoxide (53.8 g, 0.48 mol). It
was stirred at room temperature for 12 h. The reaction mixture was filtered after dilution
with dicthyl cther at 0 °C and the residue was further washed with dicthy! ether. The
resultant filtrate was concentrated to provide the title compound as a yellow semi-solid (22
g, 68%;)

Step 3. 2,2,6,6~tetramethyltetrahydro-2H-pyran-4-carboxylic acid: To a stirred solution
of 2,2,6 6-tetramethyltetrahydro-2H-pyran-4-carbonitrile (22 g, 0. 131 mol} in water (400
mb) was added KOH (45 g, 0.815 mol) and the reaction mixtare was allowed to reflux for
8 h. The completion of the reaction was confirmed by TLC. The reaction mikfure was
diluted with water and extracted with dichloromethane (3x 100 mL). The aquecous layer
was acidified with IN HCl, extracted with dichloromethane. The combined organic
extracts were washed with brine, dried over anhydrous NapSQy, filiered, and concentrated
under reduced pressure to provide a residue. Purification by column chromatography on
stlica gel (100-200 mesh) using ethyl acetate in hexane afforded the title compound as a
pale vellow sohid (13 g, 52%:).

Step 4. 2,2,6,6-tetramethyltetrahydro-2H-pyran-4-carbonyi chioride: To a stirred
solution of 2,2,6,6-tetramethyltetrabydro-2 H-pyran-4-carboxylic acid (2.7 g, .0144 mol}
in DCM (30 mL) was added oxalyl chloride (3.6 g, (.0289 mol} at ¢ °C. The reaction
mixture was allowed stirred for 3 h at room teroperature and then concentrated to provide
the title compound as a black thick hiquud (2.6 g, crude). It was used in the next step
without further purification,

Step 8, 2-diazs-1-(2,2.6,6-tetramethyvltetrahydro-2H-pyran-4-yijethanone: To a stirred
solution of 2,2,6,6-tetramethyhictrahydro-2H-pyran-4-carbonyl chioride (2.6 g, 0.012 mol)
in dichloromethane (20 mL) was added trimethylsilyldiazomethane (2.9 g, 8.025 molj at ¢

“(C after which it was stirred for 12 h at rt. The completion of the reaction was confirmed
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by TLC. The reaction mixture was concentrated under reduced pressure to provide a crude
residue of the title compound as a black thick Hquid which was used in the next step
without further purification. (2.5 g, crude)
Step 6. 2-bromeo-1-{2,2,6,6-tetramethylietrabydro-2H-pyran-yijethanone:

O

Br
AT

To a stirred solution of 2-diazo-~1-(2,2,6,6-tetrarnethylteirahy dro-2H-pyran-4-yhethanone.
{2.5 g, 0.011 mot) in dicthyl ether (20 mi} was added agueous hydrobromic acid {8 mlL)
drop wise at § °C. The stirring was continued for 3 h at 0 °C. The completion of the
reaction was confirmed by TLC. The reaction mixture was quenched with 10% NaHCO»
aqueous solution (50 mL). The combined organic layers were dried over NaySO,, filtered,
and concentrated under reduced pressure to provide a crude residue of the title compound
as a yellow hiquid which was ased in the next step withoot further purification. 2.4 ¢,
crude).

Step 7. 1-(2,2.6,6-tetramethylietrabydro-2H-pyran-4-yhethanone: To a stirred solution
of 2,2,6 6-tctramethyltetrahydro-2H-pyran-4-carbonitrile (2 g, 0.012 mol) in THF ( 25 mlL)
was added MeMgBr (3M in E60) (4.7 mwl, 0.0036 mol) at -78 °C and the reaction was
slowly allowed to reach room teroperature and stirred for overnight. Afier comapletion of
the reaction, the reaction was quenched with saturated NH,(Cl solution at § °C and
extracted with EtOAc (2 x 75 mL)}. The combined organic extracts were washed with
brine, dried over anhydrous Na;SOy, filtered, and concentrated under reduced pressure to
provide a residue. Purification by column chromatography on silica gel (100-200 mesh)
using cthyl acetate in hexane atforded the title compound as thick liquid. (1.54 g, 70 %).

Step 8. 2-bromeo-1-{2,2,6,6-tetramethylietrabydro-2H-pyran-d-yliethanone:
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Br
AT

To a stirred solution of 1-(2,2,6,6-tetramcthyltetrahydro-2H-pyran-4d-ylethanone (0,15 g,
0.0008 mol) in EtOH (3 mL) was added Br; solution (0.06 mL, 0.0012 mol} at 0 °C and
the reaction was stitred for overnight. After completion of the reaction, the reaction was
diluted with ice water and extracted with DCM (2 x 50 mL). The combined organic
extracts were washed with NaHCQs, brine, dried over anhvdrous NaySQOy, filtered, and
concentrated under reduced pressure to provide the crude title compound which was used

in the subsequent stage without purification. Yield: 0.35 g (Crude).

Example 4
Preparation of intermediate A72; 2-bromo-1-(2,2,6,6-tetramethvltetrahydro-2H-

pyras-4-yhpropan-1-one

K72
Reaction conditions: aj EtMgBr, 0 °C -RT, b)Br,, EICH,0 °C -RT

Step 1. 1-(2.2,6,6-tetramethylictrahydro-2H-pyran-4-yhpropan-1-one: To a stirred solution
of 2,2,6 6-tetramcthyhctrahydro-2 H-pyran-4-carbonitriic {(.5 g, ¢.003 mol} in THF (5 mL}
was added EtMgBr (3M in Et;0) (1.19 mL, 0.0036 mol) at -78 °C and the reaction was
slowly allowed to reach room temaperature and stirred for overnight. Afier complcetion of

the reaction, the reaction was quenched with saturated NH4Cl solution at 0 °C and
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extracted with EtOAc (2 x 10 mL}. The combined organic extracts were washed with
bring, dried over anhydrous NapS8Q,, filtered, and concentrated under reduced pressure to
provide a residue. Purification by column chromatography on silica gel (100-200 mesh)
using cthyl acetate in hexane afforded the title compound as coloriess solid. {(0.25 g,

42.3%)

(¥

Step 2. 2-brome-1-{2,2,6,6-tetramethylietrabydro-2H-pyran-4-ylipropan-1-one. Toa

stirred solution of 1-(2,2,6,6-tetramcthylctrahydro-ZH-pyran-4-ylpropan-1-one (0.2 g,

0.001 mol) in EtOH (5 mL) was added Br; solution (0.078 mL, 0.0015 moly at 0 °C and

the reaction was stirred for overnight. After completion of the reaction, the reaction was
10 diluted with ice water and extracted with DCM (2 x 50 mL). The combined organic

extracts were washed with brine, dried over anhvdrous NaySQOy, filtered, and concentrated

Preparation of intermediate A74: 2-(2-methoxyphenyl)-4-(2,2,6,6~

fetramethylietrahydro-2H-pyran-d-y)-1 H-imidazole

M,f o
7N
N N ATE gy .
N
b

N\~

AT3

Reaction conditions: a) MeaAl, toluene, NHCL 0 - 70 °C; b) NaHCO,, dixoane, 100 °C;

20 Step 1. Z-methoxybenzimidamide: To a stirred sohution of ammontum chloride (6 g,

0.113 mol) in toluene (80 mL) at 0 °C was added trimethylaluminium (2.97 g, 0.041 mol}
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drop wise for a period of 10 min. The rcaction mixture was stirred for 3 h at room
temperature followed by addition of 2-methoxybenzonitrile (5 g, 0.037 mol) in tolgenc (10
mb}. The reaction was then heated to 70 °C for 16 h. Afier completion, the reaction was
quenched with ice cold water, filtered through diatomaceous carth, and washed with cthyl
acctate. The aqueous layer was extracted with ethyl acetate (2 x). The combined organie
extracts were washed with brine, dried over anhydrous NapSQy, filtered, and concentrated
under reduced pressure to provide a residue. Purification by column chromatography on
stlica gel {100-200 mesh) using cthyl acctate in hexane afforded the title compound as
solid (4.5 g, 80%).

Step 2. 2-(2-methoxyphenyl)-4-(2,2,6,6-tetramethyltetrahyvdro-2H-pyran-4-yi)-1H-
imidazole: To a stirred solution of Z-methoxybenzimidamide A73 (0.6 g, 0.004 mol) in
1,4~ dioxane (20 kL) was added 2-bromo-1-(2,2,6,6-tetramethylictrahydro-2H-pyran-4-
yhethanone A71 (1.04 g, 0.004 mol}, followed by the addition of NaHCO; (1 g, 0.012
mol). The reaction mixture was refluxed for 5 h. The reaction was quenched with ice cold
water after completion. The aqueous layer was extracted with ethyl acetate (3 x 25 mL).
The combined organic exiracts were washed with brine, dried over anhydrous Na,SOy,
filtered, and concentrated under reduced pressure to provide a residue. Punification by
colurmn chromatography on silica gel {100-200 mesh) using ethyl acetate in hexane

afforded the title compound as a white solid {0.5 g crude).
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Examplc 6
Preparation of intermediate A7S: 2-brome-i-{4-hydroxy-2,2,6,6-

tetramethyltetrahydro-2H-pyran-d-vhethanone

______________________ o

- o Step-2

Step-1 o

i
Step-4
SmmmsmmmsmsmsaameaPo
d

SiMe, iv

a} Ethoxy sthylene, Buli, 0 °C -RT; k) HBiH/ACOH, CHCL, 0°C -RT; ¢} E=VES ThiS-acetylene, -78 °C -RT,; d)
KoCO,, MeOH, RT,; o) HgQ, H.80,, Acetons/H.0, 80 °C

Step 1. 1-(4-hydroxy-2,2,6,6-tetramethylictrabydro-2H-pyran-4-yhethanone: Toa
stirred solution of ethoxyethene {(1.84 g, 25.5 numnol} in THF (40 mL) was added ‘BuLi (16
mk., 25.6 mmol} at -78 °C. The reaction mixture was slowly allowed to warm to 13 °C
followed by addition of 2,2,6,6-tetramethyidihydro-2H-pyran-4(3H}-one (2 g, 12.8 mmol}.
The mixture was stirred for 16 b at room temperature. The reaction was guenched by the
addition of HCH (3 mL} in aquecus methanol (20 mi., MeOH : HLO = 1:1}. The combined
organic extracts were washed with brine, dried over anhydrous Na;SOy, filtered, and
concentrated under reduced pressure to provide the crude title compound as ap off-white
solid (1.2 g) which was used in the next step without further purification.

Step 2. (See below)

Step 3. 2,2,6,6-Tetramethyi-d-trimethyisiianviethynyi-tetrahydro-pyran-4-o0l. Toa

soiution of cthynyi-trimethyl-silane {5.5 mL, 38.4 mmol} in dry THF (25 mbL) was added
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n-Bukbi (32 mL, 38.4 mmol} at -7& °C and the mixture was stirred at that temperature for
45 min followed by addition of 2,2,6,6-tctramethyl-tetrahydro-pyran-4-one {5.0 g, 32
mmol}) in dry THF (25 mL) at -78 °C. The mixture was stirred for 1 h and then quenched
with saturated NHCl solution and cxiracted with cthyl acetate (3 x 100 mL). The
combined organic extract was washed with water and brine solution, dried over Na;SO,,
filtered, and concentrated under reduced pressure to afford the product as sticky white
solid. Crude product was forwarded for next stage without purification. Yicld: 8.0 g, crude.
Step 4. 4-Ethynyi-2,2,6,6-tetramethyl-tetrahydro-pyran-d-¢l. To a stirred solution of
2,2.6,6-tetramethyl-4-trimethylsilanylethynyi-tetrahydro-pyran-4-ol (8.0 g, 0.031 mol} in
MeOH (120 mL) was added potassium carbonate (10.86 ¢, 0.078 mol} and the mixture was
stirred at vt for 12 h. MeOH was evaporated to obtain a residue, to which water was added.
The muxture was extracted with ethyl acetate (3 x 100 mL). The organic portion was
washed with brine solution, dried over Nap,SQ,y, filtered, and concentrated ander reduced
pressure to afford the crude product, which was triturated with nepentane to afford the
purified product as an off-white solid. (Vield: 3.5g, 61%).

Step 8. 1-(4-hydroxy-2,2,6,6~tetramethyletrahydro-2H-pyran-4-vhethanone, Toa
stirred solution of HgO (8,185 ¢, 0.085 mmol} in acetone/H,O (30 mL/ 4 ml} was added
H504 (0.03 mL) and the mixture was heated to 60 °C, followed by addition of 4-cthynyl-
2,2,6 6-tetramethyl-tetrahyvdro~-pyran-4-01 (3} (2.6 g, 1.42 mmol) in acetone (18 mL} drop
wise at that temperature, After consamption of starting material (TLC}, the reaction
mixiure was concentrated |, diluted with cold water (50 mL) and extracted with EtOA¢ 3 x
50 mL). The combined organic extracts were washed with water and brine, dried over
MNa,S{, filtered, and concentrated under reduced pressure to afford the crude product.
Yield: 2.5 g (87%}.

Step 2. 2-bromo-1-(4d-hydroxy-2.2,6.6-tetramethyltetrabyvdro-2H-pyran-4-

vijethanone.
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OH
O/
A7s B

To a stirred solution of 1-(4-hydroxy-2,2,6,6-tetramethyltetrahydro-2H-pyran-4-
vijethanone (1.1 g, 0.0054 mol} in CHCl; {30 mL) was added two drops of HBr/AcOH at §
°C, tollowed by addition of Br; (4.3 mL, (.006 mol} in CHCl; (2 mL). The temperature

5 was gradually increased to room temperature and the reaction mixture was stirred for 4 h.
After completion of the reaction, the reaction mixture was diluted with DCM (100 mL).
The DCM solution was washed with NaHCO;, brine, dried over anhydrous Nay SO0,
filiered, and concentrated under reduced pressure to provide the crude title compound as a
thick liquid which is used directly for the next stage without further purification. Yield:

0 1.2 g (Crude).
B. Preparation of Final Compounds
Example 7

15 Compound 1: 4-2-2-methoxyphenyl}-4-(2.2,6,6-tetramethyitetrahydro-2H-pyran-4-

yh-1 H-imidazol-1-yhbenzoniirile

o \
O Jon

I
N Ny O Br oy
— N AT1 N N/
o) ™ ¥
A I a 270N
s A A O

Reaction conditions: (a) NaHCO3, dixoane, 100 °C
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To a stirred solution of N-{(4-cyanophenyl}-2-methoxybenzimidamide Af (2.5 g, 0.0099
mol) and 2-bromo-1-{2,2,6 6-tetramethyitctrahydro-ZH-pyran-4-yljcthanone A71 (3.24 ¢,
0.0123 mol) in dioxane {50 mL) was added NaHCO; (1.67 g, 0.019% mol} and the reaction
mixture was refluxed at 100 °C for 5 h. After completion of the reaction the mixture was
concentrated under reduced pressure and quenched with ice cold water. The aqueous layer
was extracted with cthyl acetate (2 x 150 mL). The combined organic extracts were
washed with brine, dried over anhvdrous Na,SQ0,, filtered, and concentrated under reduced
pressure to provide a residue. The residue was purified by column chromatography on
silica gel (100-200 mesh) using ethyl acctate in hexane to afford the title compound T as a
white solid. "H NMR (400 MHz, CDCL) 8 7.61 —7.57 (m, 3H), 7.38 — 7.34 (m,1H), 7.21
(d, J=R84Hz, 2H), 7.05 (t, J=06.8Hz, 1H), 696 (s, 1H}, 6.71(d, J=8.4Hz, 1H), 3.27 {5,
3H), 3.24 - 322 (m, 1H), 2.06 — 2.02 (m, 2H), 1.50 — 1.44 (m, 2H), 1.36 (s, 6H), 1.25 (5,
6H); LCMS: 4163 (M+H) .

Using analogous protocols to those described in Example 7, the compounds described in

Table 2 have been prepared using an appropriately substituted amidine intermediate,

Table 2

Cpd

No Structure Compound Name Analytical data

61



WO 2015/023289

PCT/US2013/055282

%;d Structure Compound Name Analytical data
"H NMR (400 MHz,
DMSO-ds} 8.29-8.26 (m,
ot OH), 7.50 (d, T = 4.4 Hz,
/<\._ 4-(1-{4-fluorophenyi)-4- 1H), 7.33 (s, 1H), 7.28 -
, N;N < {2,236,6‘ | 7.16 (m, 4H), 3.32 (s,
. L /)\F tetramethyltetrabydro-2H- 3H), 3.15-3.08 (m, [H),
g \L/\j pyran-4-yi)- 1 H-imidazol- 1.90 (d. /= 2.8 Hz, 2H),
N 2-vii-3-methoxypyridine 1.40-1.39 (m, , 2H), 1.28
{s, 6H}, 1.15 (s, 6 H).
LCMS: 410.4 [M+H]
TH NMR (400 MHz,
DMSO-dsy 6= 8.28 -
8.29 (m, 2H)}, 7.94-7.93
{ {m, tH}, 7.53-7.45 {m,
7@? 4-(1-{4-cthoxyphonyl)y-d- | 2H), 7.33 (s, 1H), 6.80
N (2,2.6.6- (d, 7= 8.8 Hz, 1H), 4.29-
3 NVN\(\%\ tetramethylietrahydro-2H- | 4.24 (q, 2H), 3.41 (5,
- D\(‘\ \\y\?\ pyran-4-yHh-1H-imidazol- | 3H}, 3.14 -3.08 (m, 1H),
; Ncy= 2-yi-3-methoxypyriding | 1.93-1.89 (m, 2ZH), 1.36 -
1.24 {m, 3H), 1.21-1.12
(m, 6H), 1.11-1.09 (m,
2H).
LOMS: 436.2 [MHH]
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i-(4-fluorophenyi}-2-(2-
methoxyphenvii-4-
{2,2,6,6~
tetramethyltetrabydro-2H-

pyran-4-yi)-1H-imidazole

"H NMR (400 MHz,
DMSO-dg) §=745¢d, ¥
= 6.8 Hz, 1H), 7.36 (1, J
6.8 Hz, 1H), 7.13 -
712 (m, 5H), 7.01 (J =
7.6 Hz, 1H), 6.87 (d, J =
8 Hz, 1H), 3.23 (s, 3H),
310 (dJ=11.6 Hz, 1H),
1.91(d, J= 11.6 Hz, 2H),
1.36 (1, /= 12.8 Hz, 2H),
1.28(s, 6H), 1.15 (s, 6H).
LCMS: 409.2 [M+H]

5-(2-(2-mcthoxyphenyl)-
4-(2,2,6,6-
tetramethylietrahydro-2H-
pyran-4-yHh-1H-imidazol-

i-y1)-2-methylpyridine

TH NMR (400 MHz,
DMSO-dg) 5=8.18(s, |
H), 7.35-7.5 (m. 3 H).
728 (s, 1 H), 7.22(d, J=
S4Hz 1 H)YL7.02(tJ=
7.6 Hz, 1 H), 6.88(d, J=
SOHz1H),323(s,3
H}, 3.03-3.14 (m, L H),
243¢s, 3H), 1.93 (1, J =
24 Hz 2H), 1.36{t, 0=
12.8 Hz, 2 H), 128 (5, 6
H), 1.15 (s, 6 H).

LCMS: 406.5 [M+H]"
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2-{2-(2-mcthoxyphenyl)-
4-(2,2,6,6-
tetramethylietrahydro-2H-
pyran-4-vh- 1 H-imidazol-

i-yh-5-methylpyridine

"H NMR (400 MHz,
DMSO-ds} 8 = 8.20 (s,
1H), 7.60(d, /= & Hz,
1H), 7.50(d, /= 1.2 Hz,
1H), 7.35 - 7.39 (m, 2H),
7.03 (t,J= 7.6 Hz, 1H),
6.87 - 693 (m, 2H), 3.16
(s, 3H), 3.07-3.13 {m,
1H), 2.26 (5, 3H), 1.93
(d, I=72.8 Hz, 2H), 1.39-
1.33 (m, 2H), 1.29 (s,
6H), 1.15 (s, 6H).
LCMS: 406.3 [M+H]

.

2-(2-methoxyphenyl)-1-
{4-methoxyphenyl}-4-
{2,2,6,6~
tetramethyltetrabydro-2H-

pyran-4-yi)-1H-imidazole

"H NMR (400 MHz,
DMSO-dg) & 7.40(d, J
=7.6Hz, 1H), 731 (t,J
=8 Hz, 1H), 7.12 (s, 1H},
6.99(q J=88Hz J=
8.8 Hz, [H), 687(d, J=
R Hz, 1H), 3.71 (s, 3H),
3.26 (s, 3H), 3.08 (1, J =
12.4 Hz, 1H), 1.90 (dd, J
=2.8Hz J=12.8 Hz,
7H), 1.36 (1, J= 12.8 Hz,
2H), 1.28 (s, 6H), 1.15
{s, 6H).

LOMS: 421.2 [M+H]
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5-(2-(2-mcthoxyphenyl)-
4~(2,2,6,6~

tetramethyltetrahydro-2H-

"H NMR (400 MHz,
DMSO-dg) 5847 (s, 2
H),7.51(d, J=1.6Hz |
H), 743(d, J=12Hz 1
H), 7.39 (s, 1 H), 7.08-
7.04 {(m, 1 H), 6.90(d, J

8 N\\T/?‘* pyran-4-yh-1H-imidazol- [ =84 Hz 1 H), 327, 3
~O R {-yD-2-methylpyrinudine | H), 3.14-3.03 (m, 1 H),
¢
(A 2.60 (s, 3H), 1.94(d, J =
2.8Hz, 2H), 1.42-1.36
{m, 2 H), 1.28 {5, 6 H),
LI5(s, 6 H)
LCMS: 4075 [M+H]
"H NMR (400 MHz,
DMSO-de) ¢ =8.25(d, J
=4 Hz 1H),7.67{d,J=
o S Hz, 1H), 7.30(t, /=52
3-(1-(3-chlorobenzyl}-4- 7
- { ‘ Hz, 2H), 7.05(t, =112
= () (22.6.6- Hz, 3H), 6.90 (s, 1H
SO o 7, 3H), 690 (s, 1H},
9 My N 2 tetramethyltetrabydro-2H- - ‘ ) -
0 o 4.99 {s, 2H), 3.78 {s, 3H),
TN pyran-4-yi-1H-imidazol- )
N N 3.08-3.01 (m, 1H), 1.86
N 2-vi}-2-methoxypyriding

{g,./=2.8 & 2.9 Hz, 2H),
1.32-1.40 (m, 2H), 1.26
{s, 6H), 1.12 (s, 6H).
LCMS: 440.2 [M+HT]
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"H NMR (400 MHz,
DMSO-dg) &= 817 (d, J
=48 Hz, 1H), 790 J
/04; 3-(1-(4-tluorophenyi)-4- =7.6 Hz, 1H), 7.27 (s,
AN (2.2.6,6- UH), 7.1-7.26 (m, 4H),
16 \;:,N \{f\\\\ tetramethyltetrahydro-2H- | 7.07 {d, /=52 Hz, 1H),
oA ‘\‘\f}\F pyran-d-yi-1H-imidazol- § 3.1 (s, 1H), 1.89(t, /=
N‘ / 2-y-2-methoxypyriding | 156 Hz, 2H), 1.36 (1, J=
12.8 Hez, 2H}, 1.28 (s,
6H), 1.14 (s, 6H).
LCMS: 410.5 [M+H]
"H NMR:(400 MHz,
CDCLy o816 (d, /=
3.2Hz, 1H), 788 (d, /=
i Ao benvl 6.4Hz, 1H}), 7.30-7.27
—/a—ﬁ‘ ;(;:;\4; dorophenyl)-4- (m_i ?V‘H),r 7.04¢d, J=
- 8.4Hz, 2H}, 6.97 —-6.93
i1 NVN ‘\ \‘ tetramethyltetra}.iiyf?ro»2H~ (. 2H). 3.48 (5. 38D,
/O\/\ F G pyran—4—yi)~l}i»muc,ia:zoi» 325 3.09 (m, 1H),
N \;/ 2-yi-2-methoxypyriding 2,03 (4, J = 10.8Hz, 26,
1.51 - 1.44 (m, 2H),
1.36 (s, 6H), 1.25 {5, 2H).
LCMS 426.2 (M+H)
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12

4-(2-(3~-methoxypyridin-2-
yi}-4-{2,2,6,6-

tetramethyltetrabydro-2H-

"H NMR (400 MHz,
DMSO-dgy § = 8.19 (s,
1H), 7.75 - 7.85 (m, 2H),
7.40 -7.50 (m, 3H), 7.26
(d, /=8 Hz, 2H), 3.45 (s,

N ™y IH), 3.05 - 3.20 (m, 1H),
PN LN | pyran-4-yi)-1H-imidazol- LT - L6k
i \== L u,u'.( N = b £,
N? i-ylybenzonitrile
2H), 1.30 - 1,40 (m, 2H),
1.29 (s, 6H), 1.16 (s, 6H).
LOMS: 417.5 [MHH]
TH NMR (CDCL, 400
MHz) 8 8.35 (d, /=4.8
Hz, 1H), 818 (s, IH)},
OA% 1 (1-(4-chloro-3 7.53{d, /=4 & Hz, 1H),
4-(1-{4-chloro-3-
- 7.36-7.32 (m, 1H), 6.99-
X&\\ fluoropheny}-4-(2,2,6,6~ 06 ¢ 7; 20 (d
- 6.96 (m, 2H), 6.82 (4,
i3 Ne. N F | tetramethyltetrahydro-2H- ‘ /
Ny TR o J=8.4 Hz, 1H}, 347 (s,
e L pyran-4-yi}- 1 H-imidazol-
TN ol 3H), 3.25-3.19 {m, 1H),
J\ i 2-yi}3-methoxypyridine )
N” 2.02-1.99 (m, 2H), 1.50-

1.43¢m, 2H), 1.35 (s,
6H), 1.28 (s, 6H).
LOMS: 444.4 [M+HT
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"H NMR (CDCLs, 400
MHz} 8 7.57-7.55 {m,
1H), 7.47-7.46 (m, 1H),
2-chloro-3-(2-(2- 7.42-7.35 (m, 1H), 7.26
&% methoxyphenyi)-4- {(s,1H), 7.06-7.03 (m,
» N:ﬁ:}\i N {2%,6,(\“ | o %H},—é;% (é, 18‘; 674”
\;/ \(1 = tetramethylietrahvdro-2H- | (d, /=8.4 Hz, 1H), 3.37
/O\f,i/ RS &l pyran-4-yh-1H-imidazol- | (s, 3H), 3.26-3.1% {m,
N i-yhbenzonitrile {H), 2.04-2.01 (m, 2H),
1.50-1.43 (m, 2H), 1.35
{s, 6H}, 1.29 (s, 6H}).
LCMS: 450.5 [M+HT
TH NMR (CDCL, 400
MHz) 8 8.20-8.18 (m,
1H), 7.94-7 .91 {m, 1H),
O 4-(2-(2-methoxypyridin-3- | 7.55-7.53 (m, 1H), 7.11
>/\ ,,,,, yi-4-(2.2.6,6- (s, 1H}, 7.01-6.97 {(m,
is N';‘N W tctramethyEtetrrra,hydro-;ZH~ 3H), 344 (,S’ 3H), 3.26-
SO A i \%‘\%N pyran-4d-yi-1H-imidazol- § 3.19 {m, 1H), 2.50 (s,
\.i\f,J t-y)-Z-methylbenzonttrile | 3H), 2.04-2.00 (m, 2H),
1.50-1.42 (m, 2H), 1.35
{s, 6H), 1.26 (s, 6H).
LCMS: 431.5 [M+H]
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"H NMR (400 MHz,
DMSO} - 8.20-8.18 {m,
‘ 1H), 7.94-7.91 {(m, 1H),
o 2-methoxy-3-(4-(2.2,6,6~ -
7.29-7.35 {m, 2H), 7.10-
tetramethylictrahydro-2H- 7 7
F 7.07 {m, 2H), 3.45 (s,
16 N = i\ | pyran-d-y1-1-(2,3.4-

trifluoropheny )~ 1 H-

imidazol-2-yhpyridine

3H), 3.16-3.10 (m, 1H),
1.93-1.89 {m, 2H), 1.39-

17

N 1.33 (m, 2H), 1.29 (s,
6H), 1.15 (5, 6H).
LOCMS: 446.4 [M+HY
TH NMR (400 MHz,
DMSO-dg) 8.18-8.17 (m,
L (1-(chloront- 1H), 7.47-7.35 (m, SH),

fluorophenyi}-4-(2,2,6,6-
tetramethyltetrahydro-2H-
pyran-4-yi-1H-imidazol-

2-vi}-3-methoxypyriding

7.02-7.00 (m, 1H), 3.51
(s, 3H), 3.13-3.87 {(m,
1H), 1.92(d, J=11.6 Hz,
2H), 1.37(d, =132 Hz,
2H), 1.29 (s, 6H), 1.15 (5,
6H).

LOMS: 444.4 [MH+HT
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"H NMR (400 MHz,
DMSO-ds) 8.31-8.28 (m,
! 2H), 7.55-7.51 {m, 2H),
oK 4-{1~{3-chloro-4- -
_& 7.44-7.39 (m, 2H), 7.12-
/ =4 fluorophenyi}-4-(2,2,6,6- 7 7
= o 7.08 {m, 1H), 3.37 (s,
18 N N/ tetramethyltetrabydro-2H- 7 o
YU o 3H3, 3.14-3.07 (m, 1H),
o =" F | pyran-4-yi}- 1 H-imidazol-
AN
<

2-vi}-3-methoxypyriding

1.93-1.89 {m, 2H), 1.39-
1.32 {m, 2H), 1.28 (s,
6H), 115 (5, 6H).
LCMS: 444 .4 [MHHY

19

2-{1-{4-chloro-3-
fluorophenyl}-4-(2.2,6,6-
tetramethyltetrahydro-2 H-
pyran-4-yi}- 1 H-imidazol-

2-yh-3-methoxypyridine

TH NMR (400 MHz,
DMSO-dg) 8.19-8.17 (s,
1H), 7.55-7.51 {m, 1H),
7.48-7.42 (m, 2H), 7.37
(s, 1H}), 7.29-7.26 {(m,
{H), 6.87-6.85 (m, 1H),
3.51 (s, 3H), 3.14-3.07
{m, H)}, 1.93-1.89 {m,
2H), 1.39-1.33 (m, 2H),
1.29 (s, 6H), 1.15 (s, 6H).
LOMS: 4444 [M+H]
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"H NMR (400 MHz,
DMSO-ds} 8.51 (s, 1H),
= 8.48-8.47 (m, 1H}, 7.54-
o§ 3-(1-(3-chloro-4- 7.52 (m, 1H), 7.43-7.38
>(_\ fluorophenyl}-4-(2,2,6,6- | (m, 2H), 7.15-7.11 {m,
20 = ¢ | tetramcthyltetrahydro-2H- | 1H), 6.98-6.97 (m, 1H)
NQ\YINW/ d
| pyran-4d-yi-1H-imidazol- § 3.40 (s, 3H}, 3.05-3.15
L\\/?ﬁ 2-y-4-methoxypyridine | (m, 1H), 1.94-1.90 (o,

2H), 1.39-1.32 (m, 2H),
1.29 (s, 6H), 1.15 (s, 6H).
LCMS: 444.4 [M+HT

'H NMR (400 MHz,
DMSG-dey 7.70 (d, J=8
Hz, 1H), 749 (d, /=76
Hz, 1H), 7.41 {1, 1H),
Ok/ 4-(2-(2-methoxyphenyl}- | 7.34-7.33 (m, 2H), 7.05
>&<ﬁ 4-(2,2,6,6~ {t, 1H}, 6.98-6.96 (m,
21 !{-;«\ tetramethyltetrahydro-2H- | 1H), 6.89 {(d, /=8 Hz,

o . “l\’?’”L\CN pyran-d-yi-1H-imidazol- | 1H), 3.18 (s, 3H), 3.13-
K\ /if t-y)-Z-mcthylbenzonitrile | 3.06 (m, 1H}, 2.42 (s,
3H), 1.94-1.90 (m, 2H),
1.39-1.32 (m, 2H), 1.29

{s, 6H}, 1.15 {s, 6H).
LOMS: 430.5 [MHHT
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5-(2-(2-mcthoxyphenyl)-
4-(2,2,6,6-
tetramethylietrahydro-2H-
pyran-4-vh- 1 H-imidazol-

i-yh-2-methytbenzonitrile

"H NMR (400 MHz,
DMSO-dg) 7.58 (s, 1H)
7.47(d, J=6.8 Hz, 1H),
7.38 (d, J=7.6 Hz, 2H),
7.31 (s, 1H), 7.25 (4,
J=7.2 Hz, 1H), 7.04 (t,
1H), 6.89 (d, J=8.4 Hz,
1H), 3.22 (s, 3H), 3.12-
2.98 {(m, 1H), 2.44 (5,
3H), 1.92 (d, J=12.8Hz,
2H), 1.44-1 35 (m, 2H),
1.29 (s, 6H), 1.15 (s, 6H).
LCMS: 430.3 [M+H]

3-(1-(3-fhuoro-4-
methoxyphenvii-4-
{2,2,6,6~
tetramethyltetrabydro-2H-
pyran-4-yi-1H-imidazol-

2-vi}-2-methoxypyriding

"H NMR (400 MHz,
DMSO-de) 8.20-8.18 (m,
{H), 7.89-7.87 {m, 1H),
7.25 (s, 1H), 7.16-7.06
(m,3H), 6.85 (d, J=7.6
Hz, 1H), 3.81 (s, 3H),
3.41 (s, 3H), 3.12-3.05
(m, 1H}, 1.93-1.89 {(m,
7H), 1.39-1.32 {m, 2H),
1.28 (s, 6H), 115 (s, 6H).
LCMS: 440.5 [M+H]
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3-(1-(4-fhuoro-3-
methoxyphenvii-4-
{2,2,6,6~
tetramethyltetrabydro-2H-
pyran-4-yi)-1H-imidazol-

2-yi-2-methoxypyriding

"H NMR (400 MHz,
DMSO-dg) 8.20-8.18 (m,
1H), 7.91-7.88 (m, 1H),
7.32 (s, 1H), 7.20-7.15
(m,1H), 7.10-7.07 (m,
{H), 7.00-6.98 (m, 1H),
6.63-6.60 (m, 1H), 3.70
{s, 3H), 3.39 (s, 3H),
3.13-3.07 {m, 1H) 1.94-
1.90 (o, 2H), 1.40-1.34
{m, 2H), 1.29 (s, 6H),
115 (s, 6H).

LCMS: 440.5 [M+H]

28

5-(2-(Z-methoxypyridin-3-
viy4-(2,2,6,6-
tetramethylictrahydro-2H-
pyran-4-yi}- 1 H-imidazol-

1-yi}-Z-methylbenzonitrile

"H NMR (400 MHz,
DMSO-de) 8.20 (d.
J=2.4 Hz, 1H), 7.92 (d,
J=3.6 Hz, 1H), 7.66 (s,
1H), 7.42 (d, J= 8.4 Hz,
1H), 7.37 (s, 1H), 7.29
(d, =2 Hz, 1H), 7.11 {d,
J=4.8 Hz, 1H), 3.32 (s,
3H), 3.13-3.07 {m, 1H),
2.46 (s, 3H), 1.92(d, J=
13.2 Hz, 2H), 1.37 (4,
J=12.8 Hz, 2H), 1.29 (s,
6H), 1.15 (s, 6H).
LCMS: 431.5 [M+H]

~J
()
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3-{1-{4-chlorophenyl)-4-
(2,2,6,6-

tetraraethyltetrahydro-2H-

"H NMR: "HNMR (400
MHz, DMSO-dg) 8 8.41
{bs, 1H}, 746 (d, /= 6.%
Hz, 2H), 7.29 (1, J = 14

Hz, 3H), 3.83 (s, 3H),

26 pyran-4-yh- 1 H-imidazol- | 1.88(d, /= 11.6 Hz, 2H),
2-yh-4-methyvl-4H-1,2.4- | 1.38¢d, J= 124 Hz, 2H),
triazole 1.28 (s, 6H), 1.15 (s, 6H).

LCMS 400.46 [M+H]
"H NMR (CDCls, 400
MHz) 8 8.27 (s, 1 H),
7.7-7.84 {m, L H}, 7.35(d
J=72Hz 1 H), 7.18-
7.28 {m, 2 H), 7.08 ¢, 1
/Q""%/ 3-(1-(2~chlorobenzyi}-4- H}), 6.9-7.0 (m, L H), 6.68
>\——g\ o~ (22,66~ (s, 1 ), 5.13 (s, 1 H),
27 N :i?\d . U | tetramethyltetrabydro-2H- [ 5.05(s, 1 H), 3.79 (s, 3
o ot | pyran-d-yh-1H-imidazol- | H), 2.68-2.80 (m, 1 H},
Nz . e . ! -
?{j \\\,/i’ 2-vi-2-methoxypyriding  § 2.08-2.10 (m, 1 H), 1.75-

1.86 {m, 1 H), 1.4-1.5
(m, 3 H), 1.16 (s, 6 H),
1.03 (s, 3 H), 0.89 (s, 3
H).

LOMS: 440.4 [M+H]
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"H NMR (400 MHz,
DMSO-dg) 6 8.25(d,J=
3.2 Hz, P H), 7.6-7.7 {m,
, THD, 7.33(d, 7= &4 Hz,
0 3-{1-{4-chlorobenzyl}-4- 7
> (2.2.6.6 2 H), 7.06-7.03 {(m, 1 H),
d Ci Wiy ﬁ(’}"
- fx//\‘f“’ | 1698(d, S = 6.8 Hz, 3 H),
28 N N‘N \/L\ tetramethylietrahydro-2H-
¥ e o 4.97(s, 2H), 3.78(s,3
e pyran-4-yHh-1H-imidazol- ‘
‘ = ‘ H), 3.05-299 (m, 1 H),
Ne I 2-yi}-2-methoxypyridine

1.86-1.82 (m, 2 H), 1.35-
1.30 (m, 1 H), 1.25 (s, 7
H), 1.12 (s, 6 H).
LCMS: 440.2 [M+HY

29

N ;q ._CF3
YISy
~O A FON
Ny

4-{2-(2-methoxypyridin-3-
yviy-4-{2,2.6.,6-
tetramethylietrahydro-2H-
pyran-4-yHh-1H-imidazol-
i-y)-2-(trifluororacthyl)

henronitrile

"H NMR (CDCls, 400
MHz) 6 8.2-8.3 (m, I H),
7.99-7.97 {m, It H}, 7.78
(d,.7 =8 Hz, | H), 7.62
(s, L H), 7.3-7.4 (m, 1 H),
7.05-7.01 (m, 2 H), 3.4
(s, 3 H), 3.26-3.20 (m, 1
H), 2.04-2.00 {(m, 2 H).
1.51-1.45 (m, 2 H), 1.35
(s, 6 H), 1.26 (s, 6 H).
LCMS: 485.5 [M+H]
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3-(1-(2 4-diftuorophenyl}-
4-(2,2,6,6~

tetramethylietrahydro-2H-
pyran-4-yHh-1H-imidazol-

2-yi}-2-methoxypyridine

"H NMR (400 MHz,
DMSO-dg) §8.21 (5, 1
H), 7.92(d, J=7.2Hz, 1
H), 7.46-7.1 (m, 1 H),
7.3-7.44 {m, 2 H), 7.09
(m, 2 H}, 3.6 (5, 3 H},
3.1-3.2 (m. 1 H), 1.92 (4,
J=12.8 Hz, 2 H), 1.38
(d,J= 132 Hz 2 H).
1.29(s, 6 H), 1.15(s, 6
H).

LCMS: 428.5 [M+HT

31

3-(1-(2,3-difluorophenyl)-
4-2,2,6,6~

tetramethyltctrahydro-2H-
pyran-4-yi}- 1 H-imidazol-

2-yi2-methoxypyridine

"H NMR (400 MHz,
DMSO-dg) 8 828 (1, J =
3.6Hz, 1 H), 8.0l (1,J=
5.6 He, F H), 7.68 (s, 1
H), 7.55-7.63 (m, 1 H),
7.22-7.27 (m, 1 H), 7.1 1-
7.19 (m, 2 H), 3.48 (5,3
H), 3.29-3.23 (m, 1 H),
1.98-1.93 (m, 2 H), 1 .44-
1.38 {m, 2 H), 1.30 (s, 6
H), 1.17 (s, 6 H).

LOMS: 428.5 [M+H]
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%;d Structure Compound Name Analytical data
"H NMR (400 MHz,
DMSG-dgy & 7.75(d,
=72 Hz, 1H), 7.67 (s,
, , 1H), 7.53-7.50 {m, 2H),
Pk 3-(2-{2-methoxyphenyl)-
, o 7.42-7.37 {m, 3H), 7.05¢(
>&< 4(2.2.6.6- , o
. N , it JJ=7.6 Hz, TH), 6.68 (d,
32 N H}\i % tetramethylietrahydro-2H-
7/ \uf“*( T J=8 Hz,1H), 3.18 (s,
O L pyran-4-vi-1H-imidazol- »
T \ o 3H),3.10 (m,1H), 1.93(d,
\,;J i-yhbenzonitrile »
J=14.4 Hz, 2 H), 1.38(d,
J=12.8 Hz, 2H), 1.32(s,
6H}, 1.15 5,6H).
LCMS: 416.5 [M+H]
'H NMR (CDCls, 400
MHz) 6 8.35 (d, /=4.8
Hz, 1H), 8.1 (s, 1H), 7.52
o ) Ci{d, =48 Hz, 1H), 7.15-
O—t 4-(1-(3.4-difluorophenyl}- , 7
>< ) 7AG {m, 1H}, 7.03-6.99 (
_____ 4-(2,2,6,6~ ,
33 S::\ F tetramethyltetrahydro-2H , 1H), 6.95 (s, 1H),
33 N CramcinyiIirgiranyvaro-Lmi-
Ry T 6.84 (d, J=9.6 1H),3.49
O \,/,“)\F pyran-4-yi}- 1 H-imidazol- | ,
N | - (s, 3H), 3.25-3.19(m,
KN’/’j 2-y1}-3~-methoxypyridine »
1H), 2.03(d, /=10 Hz,
2H), 1.50-1.43(m, 2H),
1.36 (s, 6H), 1.26 (s, 6H).
LOMS: 4282 [M+HT

~4
~3
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2-methoxy-4-{2-(2-

methoxyphenyi)-4-

"H NMR (CDCLs, 400
MHz) § 7.60-7.59(d,
J=1.2 Hz,1H), 7.52-7.50
(d, J=8.4Hz, 1H), 7.39 -
7.35(m, 1H), 7.07 {t,
J=7.6Hz, 1H), 6.98 (s,
1H), 6.85(d, J=2.0Hz,

2-vi}-3-methoxypyriding

4
""" . (2,2,6,6- |
34 N = O 1 UH), 6.75 (d, J=10.4Hz,
; %(N\(‘\\‘( tetramethyitetrahydro-2 H- H), 6.60(s, 15D, 3.60
O ! 2 e L. o M {8‘9 h ')9 3 Sn
Y’J\! ‘\/\\N pyran-4-yi)-1H-imidazol- , ,
St 3H), 3.26 (s, 3H), 3.26-
i-yhbenzonitrile
3.20 (m, 1H), 2.06-2.02
{m, 2H}, 1.51-1.45 (o,
2H), 1.36 (5, 6H),1.26 (5,
6H}.
LCMS: 446.5 [M+H]
'H NMR {400 MHz,
DMSO-ds} 3=28.18-8.16
{m, 1H}, 7.49-7.3& (i,
P
> O«K 2-(1~(3 4-difluorophenyly- | 3H), 7.37-7.28 (m, ZH),
i 4-(2,2,6,6~ 6.87-6.85 (m, 1H}), 3.51
35 ; Neo \ﬁ/’i‘\:{ F tetrarnethyltetrabydro-2H- | (s, 3H), 3.14-3.17 {(m,
oo .
O\,;;-\ ~#F | pyran-4-yl)-1 H-imidazol- 1H), 1.92(dd, J = 2.8 Hz,

F=12.8 Hz, 2H), 1.39-
1.33 {m, 2H), 1.29 (s,
6H}, 1.15 (s, 6H).
LCMS: 42823 [M+HT
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"H NMR (400 MHz,
DMSO-dgy 6=8.07(d, J
=104 Hz, TH), 7.66 (4,7
ot , ) =02 Hz, TH), 7.51 (4.7
X 3-fluoro-4-(2-(2- 7
=72 Hz, 1H}, 7.39-7.35
b F methoxyphenyl}-4- , )
N\\r’r‘\j\}\? (2366 (m, 1H}, 7.34-7.27 (m,
i { Ly e U . . ) !
36 e N 2H), 7.06-7.00 (m, 1H),
Y’)\; \/1\\\\“ tetramethyltetrahydro-2 H- ’ (
N - 6.86 (d, J = 8.4 Hz, 1H),
pyran-4-yi}- 1 H-imidazol-
‘ o 3.22 (s, 3H), 3.16-3.12
i-yhbenzonitrile
(m, 1H}, 1.94-1 88 (m,
2H), 1.41-1.33 (m, 2H;,
1.29 (s, 6H), 1.15 (s, 6H).
LOMS: 434.48 [M+H]"
"H NMR (400 MHz,
DMSO-dg) 6=7.57(d,J
=24 He, [H), 746 {dd, J
=2 Hz, J=76Hz IH),
O , 7.41-7.36 {m, 1H), 7.34-
P 2-methoxy-5-2-{2~
7.31 (m, 1H), 7.26 (s,
== _n | methoxyphenyl)-4-
N z {H), 7.18-7.16 (m, 1H),
3 YIS L e2ss
o P 7.034-6.98 (m, 1H), 6.90-
- \T"”’*\,! ~7o tetramethyltetrabydro-2H- ’
& o 6.88 (m, 1H), 3.88 (5,
pyran-4-yi-1H-imidazol-
o 3H}, 3.28 (s, 3H), 3.11-
i-vibenzonitrile
3.05(m, 1H), 1.91 (dd, J
=2 & Hz, J=12.8 Hz,
2H), 1.38-1.32 (m, 2H),
1.28 (s, 6Hy, 1.15 (5, 6H).
LOMS: 446 30 [M+HT

70
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i-(4-chlorophenyly-2-(2-

methoxyphenvii-4-

"H NMR (CDCLs, 400
MHz) § 7.55 (d,}=6.4Hz,
1H), 7.32 {t, /= 7.2Hz,
{H), 7.55-7.23 (m, 2H),
7.05 - 698 (m, 3H), 6.91
{s, 1H), 6.71 {d, /=8 4Hz,

pyran-4-yi-1H-imidazol-

i-vhipyridine

3% h (2,266 1H), 3.23 (s, 3H), 3.26
2 s D345, 2 >~ -
/ﬁ“j N tetramethyltetrabydro-2H-
p— o 3.20 (m, 1H), 2.06 - 2.03
pyran-4-yh-1H-imidazole |
{m, 2H), 1.51 - 1.44
{m,2H), 1.35 (s, 6H),
1.25 (s, 6H).
LCMS: 4253 [M+H]
TH NMR (CDCL, 400
MHz) 3 841 (d, /=
2.4Hz, 1H}, 7.63 -
7.60(m, 1H), 7.50 -
| S-¢hloro-2-(2-(2- )
o 7.47m, 1H}), 7.39 -
methoxyphenvii-4- /
S | 7.33¢m. 2H), 7.05(,
- (2,2,6,6~ o
3% N N 7.6Hz, 1H}, 6.81 - 675
' 1 tetramethyltetrabydro-2H- B o
Ne ™Cl {m, 2H}, 3.35 (s, 3H),

3.25- 309 (m, 1H), 2.06
—2.07 (m, 2H), 149 -
1.46 (m, 2H), 1.35 (s,
6H), 1.25 (s, 6H).
LCMS: 426.2 [M+HT

8O
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4¢

3-(1-(3,4-difluorophenyl)-
4-(2,2,6,6-

tetramethylietrahydro-2H-
pyran-4-vh- 1 H-imidazol-

2-yI)-2~-methoxypyridine

"H NMR (400 MHz,
DMSO-dg) 8 8.19(dd J=
6.4Hz, 1 .6Hz, 1H),
7.90(dd.J = 8 .8Hz, 1 .6Hz
1H), 7.45-7.36 (m, 2H),
7.31¢s, 1H), 7.10-
7.07m, 1H}, 6.93(d,
8Hz, 1H), 3.388(s, 3H),
3.086 (m, 1H),1.92-
1.881(m, 2H), 1.38-1.318
(m, 2H},1.139¢(s, 6H},
1.127¢s, 6H);

LOMS: 428 3 [M+H]

81




WO 2015/023289 PCT/US2013/055282
Cpd _ . e
No Structure Compound Name Analytical data

Xié;

i-{4-chloro-3-
fluorophenyl}-2-(2-
methoxyphenylj-4-

"H NMR (CDCLs, 400
MHz) § 7.56 - 7.53 (dd, J
=7.2Hz 1 2Hz, iH).
7.37-7.31 (m, 1H), 7.27
(t, /= 8Hz, 1H), 7.02 (1,

J=7.6HzI1H), 697 -

6.94 (dd, J = 9.6Hz,
2.4Hz, 1H), 6.91 (s, 1H),

41 NN o s .
o | (2,2,6,6~ 6.85¢d, /=84 Hz, IH),
- \7@ tetraraethyltetrabydro-2H- | 6.73 (d, J= 8 4Hz, 1H),
\ pyvran-4-yi)- 1 H-imidazole | 3.37 (s, 3H}, 3.23-3.22
{m, [H}, 2.06 - 2.02 (dd,
J=12.8Hz, 2.8 Hz, 2H},
1.47 (1, J= 12.8Hz, 2H},
1.35¢s, 6H), 1.25 (s, 6H).
LOMS: 4432 [MAHHT
"H NMR (400 MHz,
DMSO-ds} & 7.45(dd, J
= 1.6Hz, 6.0Hz,
o4 1-(3 4-difluorophenyl}-2- | 1H}L,7.3%m, 2H), 7.30
(2-methoxyphenyl}-4- (m, 2H), 7.01(t, /=
42 ij‘& {2,2,6,6- 2.8Hz, 1H), 3.07(m,
0 Y tetramethvltetrahvdro-2H- | 1H), 1.90(dd, = 3.2Hz,

pyran-4-vh- 1 H-imidazole

10.0Hz, 2H), 1.34¢t, J =
12.8Hz, TH), 1.27 (s,
6H),1.13 (s, 6H);
LCMS: 427.3 [M+H]
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%;d Structure Compound Name Analytical data
"H NMR (400 MHz,
DMSO-dsy & 8.21 ~
819 (m, 1H), 7.96 - 7.94
- o {m, [H), 7.85(d, Jf=
o 4-(2-(2-methoxypyridin-3-
- » 8.8Hz, ZH}, 7.39 (s, 1 H),
viy4-(2,2,6,6- o
7= 7.32{d, /= 84Hz IH),
43 AN R tetramethylictrahydro-2H- , 7
o | e S 7.12 = 7.09 (m, 1H), 3.12
- \i‘& S Sy | pyran-4-yh-1H-imidazol- '
& f! o - 3.08{m, 1H), 1.92 -
N i-yhbenzonitrile
{.88{m, 2H), 1.39 - 1.33
{m, 2H}, 1.27 {s, 6H},
{.14 (s, 6H).
LCMS: 417.3 [M+HT
TH NMR (400 MHz,
DMSO-ds) & 8.20 (m,
1H), 7.91 (dd, J = &Hz,
o 8Hz, 1H), 7.56 (t, /=
3-(1-{4-chloro-3- 7 B o
‘ SHz, 1H), 7.35 (m, 1H)},
fluorophenyi}-4-(2,2,6,6~ 7 -
f7== . , T.4(m, 1H), 694(dd . /=
44 NN ™ tetramethylictrahydro-2H- o B /
| o 12Hz, 8Hz, 1H}, 3.30 (s,
O, A Ao | pyran-d-yh- TH-imidazol- 7 7 7
i o 3H), 3.0(m, 1H), 1.91
Nay 2-yi2-methoxypyridine / 7 - B
(dd,.JJ=4Hz, 12Hz, 2H),
1.36 (1, /= 16Hz, 2H),
1.2(s, 6H), L.I(s, 6H),
LCMS: 444.2 [MHHT
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"H NMR (400 MHz,
DMSO-ds} 6 7.53 (dd, , J
= 8Hz, §Hz, I1H}, 7.33
{m,1H}, 7.23(t, J=
. 1-(3-chloro-4- ‘
o ‘ 7.6Hz, 1 H), 7.01{m, 2H),
fluoropheny}-2-(2- » - 7
, 6.94 {m,1H), 6.8 (s, 1H),
. methoxyphenyi)-4- 7 -
45 A o 6.72(d, J=12Hz, 1H),
N%?/N o | (2,2,6,6-
5 .  13.30 (s, 3H), 3.22 (m,
N # TF | tetramethyltetrahydro-2 H- ‘
i - 1H), 2.064 (d,J="T7.6Hz,
Ty pyran-4-yi)-1H-imidazole
2H), 146 ¢t J= 12Hz,
2H), L35(s, 6H), 1.25 (s,
6H}.
LCMS: 443.2 [M+H]
'H NMR (CDCls, 400
MHz) 6 8.17(m, 1H),
7.88(m, 1H}, 7.27{(m,
o 3-(1-(3-chloro-4- 7 7 )
‘ 1H), 7.06(m, [H),
fluorophenyi}-4-(2,2,6,6~ o o
, - 6.95(m, 2H), 6.92(s,
46 N ci | tetramethylietrahydro-2H- | o o
Y N o 2H), 3.54(s, = 12.8Hz,
& | pyran-4-yi)- 1 H-imidazol- ) 7 )
YI 7 F o 3H), 3.219 (m, 1H},
b 2-yi2-methoxypyridine
h 2.02(m, 2H}, 1.46(m, 2H)
L.35(s, 6H) 1.25¢s, 6H);
LCMS: 444.2 [M+H]

84
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47

2-(1-{4-fluorophenyi)-4-
(2,2,6,6-
tetramethyltetrahydro-2 H-
pyran-4-yi}- 1 H-imidazol-

2-y1)-3~-methoxypyrazine

"H NMR (CDCLs, 400
MHz) 5 8.20(d, § =
2.4Hz, 1H), 8.07 (d, J =
4Hz, 1H), 7.11 (t, J =
SHz, 2H), 7.0 (1, J =
&Hz, 2H), 6.96 (s, 1H),
3.6 (s, 3H), 2.05(d, J =
4Hz, 2H), 1.52(d, J =
16Hz, 2H), 1.35(s, 6H),
1.25(s, 6H).

LCMS: 411.2 [M+H]

43

3-(2-(Z-methoxypyridin-3-
viy4-(2,2,6,6-
tetramethylictrahydro-2H-
pyran-4-yi}- 1 H-imidazol-

i-yhbenzonitrile

"H NMR (CDCls, 400
MHZz) 6 818 {t, /=2 Hz,
1H), 7.94 (d, J = 7.6 Hz,
1H), 7.58{d, J= 8 Hz,
1H), 744 (1, } = 10.4 Hz,
2H), 7.33( d, J = &Hz,
{H), 7.01 - 6.96 (m, ZH),
3.44 (s, 3H), 323 {1, J=
12.4 Hz, 1H), 2.04 - 2.01
(dd,J =12.8Hz, 2.4
Hz, 2H), 1.48¢t, J=12.8
Hz, 2H), 1.36 (s, 6H),
1.26 (s, 6H).

LOMS: 417.3 [M+HT

85
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"H NMR (CDCLs, 400
MHz) 8 8.75 (s, 1H},
871¢s, 1H), 7.32(d. J=
o S5-(1-(4-chlorophenyl}-4- | 8Hz, 2ZH).L 7.06(d, J=
(2,2,6,6- 8.80Hz, 2H}. 6.97 (s,
49 . == tetramethyltetrabydro-2H- | 1H), 3.6 (s, 3H), 3.20 -
NN
0\7,/\7; pyran-4d-yi}-1H-imidazol- § 3.26 (m, 1H), 2.0-2.04
- N
% T 2yly-4- (dd, T= 12.8Hz, 3.2Hz,
NN -
methoxypyrimidine 2H), 148 {t, J = [2.8Hz,
2H), 1.36 (s, 6H), 1.26 (s,
6H).
LCMS: 4274 [M+HT
TH NMR (CDCL, 400
MHz) 3 8.21¢d, J=
2.8Hz, 1H}, 8.0%(d, J=
‘ 2Hz, 1H), 7.28(1, J=
o 2-{1-(4-chlorophenyi-4- o N
' ) 8.4Hz, 2H), 7.06(d, J=
{2,2,6,6- e
i 8.4Hz, 2H), 6.96 (s, [ H},
56 Nay N\@\ _ | tetramethylietrahydro-2H- o
| Ci o 3.62 (s, 3H), 3.28 (m,
O pyran-4-yi}- 1 H-imidazol- ) ] o
N\J ) tH}, 2.05(dd, 7= 12.8Hz,
= 2-yi-3-methoxypyrazine
12.8Hz, 2H), 1. 49 (¢, J=
13.2He, 2H}, 1.35(s, 6H),
1.25(s, 6H).
LCMS: 427.2 [M+HT

86
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pyran-4-vh- 1 H-imidazol-

2-yI)-2~ethoxypyridine

%;d Structure Compound Name Analytical data
"H NMR (CDCLs, 400
MHz) 8 8.15 ~ 8.14 (m,
1H), 7.92 - 7.91 {m, 1H),
; 7.29-7.27 (m, 2H), 7.05
3-{1-{4-chlorophenyl}-4- | (d, /= §.4Hz, 2H), 6.96 -
(2,2,6,6- 6.93 (m, 2H}, 3.97 (dd. J
51 tetramethylictrahydro-2H- | = 14, 6.8Hz, ZH), 3.29 -

3.21 (m, 1H), 2.04 - 2.0
{m, 2H), 1.51 - 1.44 {m,
2H), 1.36 (s, 6H), 1.26 (s,
6H), 0.94 (¢, ] = 6.8Hz,
3H).

LOCMS: 440.3 [MA+H]

.
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"H NMR (400 MHz,
DMSO-ds} § 817 {t, =
32Hz, IH), 7.94-7.92
{dd, }=6.8Hz, 1.2 Hz,
1H), 7.46 - 7.35 (m, 2H),
| ‘ ) 7.32 (s, 1H), 7.09 - 7.06
o 3-(1-3 4-difluorophenyl)- |
(m, 1H)}, 694 (d, J=
4-2,2,6,6~ , ‘
- - 84Hz THY, 390 (g, J=
52 tetramethyitetrahydro-2 H-

\WN\N\

/

Ny

pyran-4-yi}- 1 H-imidazol-

2-yi}-Z-cthoxypyridine

7.2 Hz, 2H), 3.08 (1, J=
12.4Hz, 1H), 1.92-1.89
{(dd, J=12.8 bz, 2 Hz,
2H), 1.35¢,J=12.8 Hz,
2H), 1.27 (s, 6H), 1.14 (5,
6H), 0.84 (1, J=7.2 Hz,
3H).

LCMS: 442.3 [M+H]

RS
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"H NMR (CDCLs, 400
MHz} 8 8.592(s,
1H),7.61{m, 2H),
oJ(/ 3-{2-(2-methoxyphenyl)- {55(? 1 1,,Hj ,'/-3‘93_/334
M 2.26.6- (m, fH), ‘,/._,,60(5& iH),
, 7.07-7.04{(m,
53 Ny :T\N\I/%N tetramethy.iietra%yéxt»ﬂi» LHD),6.989(s.
5 T A T EE TS
Sy ’ {H), 3.28 (5, 3H),
{trifluoromethyhpyridine
3.23(m, 1H) 2.05 {(m,
2H),1 .50, 2H) L.36 (s,
6H},1.26(s, 6H);
LCMS: 4603 [M+HT
'H NMR (CDCls, 400
MHz) ¢ 8.595(d, 2.4Hz,
1H},8.20(dd J=6.8Hz,
y 2-methoxy-3-(4-(2,2,6,6- { 1.6Hz, 1H), 7.99(dd, /=
tetramethyltetrahydro-2H- | 9.2Hz, 2Hz 1H), 7.66(m,
B pyran-d-yi-1-(6- 1H), 7.55(m, {H),
> | :\j - (triftuoromethyhpyridin- | 7.01(m, 2H), 3.435(s,
; | 3-yD)- 1 H-imidazol-2- 3H), 3.24 (i,
vhpyridine 1H),2.03(m, 2H), 1.5(m,
2H), L.369¢(s, 6H),
1.270(s, 6H);
LCMS: 461.2 [M+H]

89
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55

i-{4-chlorophenyiy-2-
{cyclopropyimethyl}-4-
{2,2,6,6~
tetramethyltetrabydro-2H-

pyran-4-yi)-1H-imidazole

"H NMR (400 MHz,
DMSO-dg} 7.75 (d, J =
8.4Hz 2H), 742 (d, J =
8.4Hz, 2H), 6.93 (s, 1H),
2.99 (s, 1H), 2.51 (s, 2H),
1.86 -1.82 {dd, J =
12.8Hz, 2.8Hz, 2H), 1.31
-1.25(m, 8H), L.11 (5,
6H), 0.85 (mn, 1H), 0.32
(d, J=6.4Hz, 7H), -
0.047 (d, J = 4.4Hz, 2H).
LCMS: 373.3 [M+H]

56

i-{4-chlorophenyl)-2-
cyclopropyl-4-(2,2,6,6-
tetramethylietrahydro-2H-

pyran-4-yiH-1H-imidazole

TH NMR (CDCL, 400
MHz} 8 7.44(d, J =
8.8Hz, ZH}, 7.34(d4, J=
8.8Hz, 2H), 6.67(s, 1H),
529 (s, 1H), 3.0 (m, 1H),
1.93(dd, /= 12.8Hz,
13.2Hz, 2H), 1.34(m,
1H), 1.70(m, iH),
1.25¢m, 1H), 1.33(s, 6H),
1.22¢s, 6H), 1.05(m, 2H)},
0.87(ra, 2H).

LCMS: 3593 {(MHH]

a0
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2]
]
4 \F/ﬁ

4-{2-cyclopropyi-4-
{2,2,6,6~
tetramethyltetrabydro-2H-
pyran-4-yi-1H-imidazol-

i-vibenzonitrile

"H NMR (400 MHz,
DMSO-dg) 8 7.95 (d, J=
S Hz, 2H), 7.71 (4, J=
7.6 Hz, 2H), 7.08 (s,
1H), 2.94 ( t,J=12.8 Hz,
1H), 1.80 (t. J=7.2 Hz,
3H), 1.27-1.21 (5, 8H),
110 (s, 6H), 0.88 -
0.85(m, 4H).

LCMS: 3503 [M+HT

1243
o]
2

4-(2-{cyclopropylmethyl)-
4-(2,2,6,6~

tetramethyltetrahydro-2H-
pyran-4-yi)-1H-imidazol-

{-yl}benzonitrile

"H NMR (400 MHz,
DMSO-dg) § =7.99-
7.99(2H,d,J=0.06Hz)
7.64-7.62
{2H,d,i=1.44Hz),
7.08{1H,s), 3.0{3H,5},
2.58-2.57
(2H,d,J=0.96Hz},
1.87-1.83
{ZH,dd,4=2.4H2),1.31-
1.25{2H,d,/=3.48Hz),1.25(6
H,s),1.12{6H,s}. LCMS:
364 (M+H]
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Compound Name

Analytical data

WO 2015/023289
i%pd Siructure
Nao.
4
o
§9 Mo

5-{2-(cyclopropylmethyl}-
4-(2,2,6,6-

tetraraethyltetrahydro-2H-

. pyran-4-yi)- 1 H-imidazol-

1yiy-2-

{trifluoromethyhpyridine

"H NMR (400 MHz,
DMSO-ds) § 8.87 (s,

1H), 8.19(d, J= 8 4Hz,
1H), 8.06 (d, /= §.4Hz,
1H), 7.15 (s, 1H), 2.61 (4,
J=6.4Hz, 1H), 2.06 (4. J
= 6.4Hz, 2H), 1.88 — 1.84
{dd. 7= 12.8Hz, 2.8Hz,
2H), 1.31 (4, J= 12.8Hz,
TH), 1.26 (s, 6H), 1.26 (s,
6H), 0.89 (m, 1H), 0.35 -
0.32 (dd. J=7.6Hz,
4.4Hz, 2H), -0.04 - -0.04
{dd. 7= 10Hz, 5.2Hz,
2H).

LCMS: 408.5 [M+H]"
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Cpd
Nao.

Siructure

Compound Name

Analytical data

60

2-{1-{4~-chlorophenyi)-4-
{2,2,6,6~
tetramethyltetrabydro-2H-
pyran-4-yi)-1H-imidazol-

2-vi}-3-cthoxypyrazing

"H NMR (CDCLs, 400
MHz) 5 8.23 (d, J=
2.4Hz, 1H), 8.08 (d, J =
2.8Hz, 1H), 729 (d, J =
8.8Hz, 2H), 7.06 (d, J =
8.8Hz, 2H), 6.96 (s, 1H),
4.08 - 4.02(q, /= 7.2Hz,
7H), 3.31 - 3.24 (m, 1H),
2.07-2.03 (dd, J =
13.2Hz, 3.2Hz, 2H), 1.50
{t, J=13.6Hz, 2H), 1 35
{s, 6H), 1.25 (s, 6H), 1.02
(t, 7= 6.8Hz,3H).
LOMS: 4413 [M+H]

61

i-{4-
(difluoromethoxyiphenyl)
-2-{2-methoxyphenyl)-4-
(2,2,6,6-
tetramethyltetrahydro-2H-

pyran-4-vh- 1 H-imidazole

"H NMR (400 MHz,
DMSO-dg) 6 7.45 - 7.43
(dd, J= 7.6 Hz, 1.6 Hz,
{H), 7.38- 733 (m, 1H),
720 (s, 1H), 7.13 (s,
1H), 7.00 (t, J= 5.2 Hz,
1H), 6.86 (d, J= 8.4 Hz,
1H), 3.21 (s, 3H) 3.08 (1,
J=12.8 Hz, 1H), 1.92 -
1.88{dd, J=13.2 Hz,
3.2 Hz, 2H), 1.35(t,J=
12.8Hz, 2H), 1.27 (s,
6h), 1.14 (s, 6H).
LOMS: 457.6 [M+H]
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Cpd
Nao.

Siructure

Compound Name

Analytical data

62

i-{4-bromo-3-
fluoropheny}-2-(2-
methoxyphenyly-4-
(2,2,6,6-
tetramethyltetrahydro-2H-

pyran-4-vh- 1 H-imidazole

"H NMR (CDCLs, 400
MHz} 8 7.56 —7.53 {dd,
J="7.6Hz, 2Hz, 1H),
7.44 {1, /= &0Hz, IH),
7.37-733(m, 1H), 7.02
(t.J=7.6Hz, 1H), 6.94 —
6.91 (m, 2H), 6.08 — 6.78
{m, 1H), 6.74 (d, /=

8 4Hz, TH), 3.36 (s, 3H),
3.22 (1, J= 12.8Hz, 1H),
2.02¢d,J=2.8Hz, 2H),
1.47 (1, J = 12.8Hz, 2H),
1.35 ¢s, 6H), 1.25 (s, 6H).
LOMS: 487.2 [M+H]

94




WO 2015/023289

PCT/US2013/055282

Cpd
Nao.

Siructure

Compound Name

Analytical data

1-{3-bromo-4-

fluorophenyl}-2-(2-

1 methoxyphenylj-4-

(2.2.6,6-

3 tetraraethyltetrahydro-2H-

pyran-4-yi}- 1 H-imidazole

"H NMR (400 MHz,
DMSO-ds)d 7.49 - 7.51
(dd, /= 5.6Hz, 2 4Hz,
1H), 7.45(d, J = 7.6Hz,
1H), 7.37 (t, /= 6.8Hz,
1H), 7.32 (t, J = §.8Hz,
1H), 7.27 (s, 1H), 7.06-
710 (o, 1H), 7.00 (4, J =
7.2Hz, 1H), 6.88 (4, J =
8.4 Hz, 1H), 3.26 (s, 3H),
3.04-3.10 {m, LF), 1 88-
1.92 (dd, J=13.2Hz,
3.2Hz, 2H), 134 (1, J =
12.8Hz, 2H), 1.27 (s,
6H), 1.14 (s, 6H).
LOMS: 487.2 [M+H]"
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Nao.

Siructure

Compound Name

Analytical data

64

3-(1-(3-bromo-4-
fluorophenyi}-4-(2,2,6,6-
tetramethyltetrabydro-2H-
pyran-4-yi)-1H-imidazol-

2-yi-2-methoxypyriding

"H NMR (CDCLs, 400
MHz) § 8.18 - .16 (dd, J
=4 8Hz, 2Hz, 1H), 7.89 -
7.87(dd, J="7.2Hz,
1.6Hz, 1H), 7.44 - 7.42
{dd, /= 6.4Hz, 2 .8Hz,
1H), 7.06 (m, 3H), 6.92
(s, 1H), 3.53 (s, 3H), 3.25
- 3.18 (m, 1H), 2.04 -2.00
{dd, 7= 12.8Hz, 3.2Hz,
2H), 147 (4, J = 12.8Hz,
2H), 1.35 (s, 6H), 1.25 (s,
6H).

LCMS: 4882 [M+HT

3-{1-{4-bromo-3-
fluorophenyi}-4-(2,2,6,6-
tetramethylietrahydro-2H-
pyran-4-vh- 1 H-imidazol-

2-yI)-2~-methoxypyridine

"H NMR (CDCL, 400
MHz) § 8.19 - .17 (dd. J
=7.2Hz, 2Hz, 1H), 7.90 -
7.88(dd, J="7.6Hz,
1.6Hz, 1H), 7.51 - 7.46
(r, 1H}, 6.99 - 6.93 (m,
3H), 6.79(d, J=84 Hz,
1H), 3.52 (s, 3H), 3.28 -
3.22 (m, 1H), 2.04 - 2.00
{dd, 7= 12.8Hz, 2.8Hz,
2H), 1.54 - 1.44 (m, 2H),
1.35 (s, 6H), 1.26 (s, 6H).
LOMS: 488 2 [M+H]
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%;d Structure Compound Name Analytical data
"H NMR (400 MHz,
DMSO-ds36 830(d, =
4.8 Hz, IH), 828 (s, H),
0 , 7.51(d, /=48 Hz, 1H),
4-(1-(4-chlorophenyi}-4- 7
7.44(d, J=18.44 Hz, ZH),
{2,2,6,6- ~ ‘
B a , 7.36 (s, t1H), 7.16 {d, J=
66 Nay N tetramethylietrahydro-2H- - B o
A 8.8 Hz, 2H), 3.33 (s, 3H),
O : ¢t | pyran-4-vl)- 1 H-imidazol-
] o 300, =132 Hz, 1H),
Ny 2-yi}-3-methoxypyridine
1.93-1.89 {m, 2H), 1.36
{t, /=124 Hz, 2H), 1 28
{s, 6H}, 1.15 {s, 6H).
LCMS 426.36 [M+H]
TH NMR (400 MHz,
DMSO-ds3o 816 (d, J=
3.2 Hz, 1H), 7.45-7.37
ok 2-(1«{4-chlorophenyi)}-4- B , ‘
> ‘ {m, 4H}, 7.30 (s, iH),
{2.2,6,6~ , L
— 7.09¢d, /=84 Hz IH),
67 /= tetramethyltetrabydro-2H-
N/N\ff\.ﬂ oyl Himidazol 3.47 (s, 3H), 1.93-1.89
.. pyran-4-yh-1H-imidazol- | 7
A S T, 2H), 1.40-1.33 (m,
L\ /ﬂ 2-vi}-3-methoxypyriding ” o 7
2H), 1.29 (s, 6H), 115 (5,
6H).
LCMS 426.36 [M+H]
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Cpd _ . e
No Structure Compound Name Analytical data

68

3-(1-(4-chlorophenyi)-4-
(2,2,6,6-
tetramethyltetrahydro-2 H-
pyran-4-yi}- 1 H-imidazol-

2-yi}-4~-methoxypyridine

"H NMR (400 MHz,
DMSO-ds} § 8.50 (s,
1H), 8.66 (d, J=5.6 Hz,
1H), 7.43(d. /= 8.8 Hz,
2H), 7.33 (s, 1H), 7.17
(d, J= 6.0 Hz, 1H), 3.36
(s, 3H}, 3.14-3.08 {m,
{H), 1.94-1.89 (m, 2H),
1.4-1.33 (my, 2H), 1.29 (s,
6H), 1.15 (s, 6H).
LOMS 42636 [M+H]

3-{1-{4-fluorophenyl)-4-
(2,2,6,6-
tetramethylietrahydro-2H-
pyran-4-yHh-1H-imidazol-

2-yi-d-methoxypyridine

"H NMR (400 MHz,
DMSO-dg) & 8.49 (s,
1H), 8.53(d, /= 5.6 Hz,
1H), 7.3 €s, 1H), 7.20{d,
J=6.0Hz, 4H), 6.95 (d,
J=152Hz, iH) 3.37 (s,
3H), 3.11-3.08 (m, 1H),
1.93-1.85(m, 2H), 1.40-
.37 {m, 2H), 1.29 (s,
6H), 1.15 (s, 6H).
LCMS 41023 [M+H]

aR
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2-{1-{4-fluorophenyli)-4-
(2.2,6,6-

"H NMR (400 MHz,
DMSO-dg) & 8.12-8.16
(m, 1H)}, 7.44-7 38 (m,
1H}, 7.26 (s, 1H), 7.19-
7.09 {m, 4H), 347 (s,

76 tetramethyltetrabydro-2H-
AN Nﬂ 3H), 3.14-3.07 (m, 1H),
\[ w” TF | pyran-4-yh-1H-imidazol- )
N N 1.94-1.91 (m, 2H), 1.40-
M 2-vi}-3-methoxypyriding
137 (m, 2H), 1.34 (s,
6H), 1.15 (s, 6H).
LCMS 410,47 [M+H]
TH NMR (400 MHz,
DMSO-ds3o 818 (d, J=
32Hz, 1H), 791 (d, J=
5.6 Hz, 1H}, 7.43-7.40
Ok 3-(1-(2,5-diftuorophenyl}- | (m, 1H)}, 7.29 {(brs, 2H},
M . 4-(2,2.6.,6- 7.26-7.22 (m, 1H), 7.10-
71 NI o N tetramethylictrahydro-2H- 1§ 7.07 (m, 1H), 3.40 (s,
NS
Cl} pyran-d-vh-1H-imidazol- | 3H}), 3.12 {m, 1H), 1.91
NE F oo 2-yi-2-methoxypyriding  { {d, /=128, 1H), 1.36
L

(dd,J=12.8 & 12.8 Hz,
1H), 1.29 (s, 6H), 115 (s,
6H).

LCMS 428,62 [M+H]

a9
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No Structure Compound Name Analytical data

72

3-(1-(3,5-difluorophenyl}-
4-(2,2,6,6~

tetramethyltetrabydro-2H-
pyran-4-yi)-1H-imidazol-

2-yi-2-methoxypyriding

"H NMR (400 MHz,
DMSO-dg) & 8.20 (dd, J
=1.6 & 5.2 Hz, 1H),7.91
(dd, 7= 1.6 & 5.6 Hz,
1H), 6.99(dd, /=52 &
7.2 Hz, 1H), 6.95 (s, 1H),
6.75(dd, /=284 & 8.4
Hz, 1H), 6.68(d, J=5.6
Hz, 2H), 3.50 (s, 3H),
3.21 (r, 1H), 2.02-2.00
{m, 2H), 1.50-1.43 (m,
7H), 1.35 (s, 6H), 1.20 (s,
6H).

LOMS 428.51 [M+H]
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i-yhbenzonitrile

%;d Structure Compound Name Analytical data
"H NMR (400 MHz,
DMSO-ds} 6 822 (dd, J
=1.6 & 5.2 Hz, 1H)}, 796
{dd, /=16 & 5.6 Hz,
1H), 7.31{d, /=72 Hz,
3-flaoro-5-(2-(2- ” 7 7
. N iH}, 7.23(d. /=44 Hz,
P methoxypyridin-3-vi}-4- 7 7
AN 1H), 7.12(d, /=92 Hz,
- {2,2,6,6- ,
73 Mo N i P IHEL 7.02¢dd. =52 &
T tetramethyitetrahydro-2 H- )
3 o 7.2 He, 1H}, 6.96 {s, 1 H},
’L\T/ I . pyran-4-yi)-1H-imidazol-
Ney .~ - 3.50 (s, 3H), 3.22 (m,

1H),2.02(dd, =28 &
13.2 Hz, 2H), 1.50-1.43
{m, 2H), 1.36 (s, 6H),
1.20 (s, 6H).

LCMS 43536 [M+H]

101




WO 2015/023289 PCT/US2013/055282
Cpd _ . e
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Moy N~ \
Mo ™
= O
,D\{/ E N
N

3-{1-{6~ethoxypyridin-3-
yi}-4-{2,2,6,6-
tetramethyltetrabydro-2H-
pyran-4-yi)-1H-imidazol-

2-yi-2-methoxypyriding

"H NMR (400 MHz,
DMSO-ds} § 8.18 -
8.19(m, 1H), 7.94(d, J =
2.8 Hz, 1H), 7.88 - 7.91
(m, 1H), 7.51 - 7.54 (m.
1H), 7.27 (s, 1H), 7.07 -
7.10 (m, 1H), 6.79(d, J =
9.2 Hz, TH), 4.23 - 4.28
{q, 2H), 3.42 (s, 3H),
3.10 (1, 7= 13.2 Hz, 1H),
1.89 - 1.93 (m, 2H), 1.36
- 1.39 (m, 2H), 1.28 -
1.33¢m, 9H), 1.15 (o,
6H)

LOMS 437 S[M+HT

i21

4-(2-(2-methoxyphenyl)-
4-2,2,6,6~
tetramethylictrahydro-2H-
pyran-4-yi}- 1 H-imidazol-
i-yh-2-
{trifluoromethyhbenzonitr

ile

'H NMR {400 MHz,
DMSO-dg) 68.13(d, J =
& 4Hz, 1H), 7.69 (s, 1H),
7.53-7.58 {m, 3H), 7.42
(t, /=76 Hz, 1H), 7.07
{t,J="7.6Hz, 1H), 6.88
(d,.J=8.4Hz, 1H},3.16
{s, 3H}, 3.09 - 3.13 (m,
1H), 1.90 - 1.94 (m, 2H),
1.32 - 1.39 {m, 2H), 1.28
{s, 6H), 1.14 (s, 6H).
LCMS 453.2 [M+H]
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%;d Structure Compound Name Analytical data
"H NMR (DMSO-ds, 400
MHz} 8 7.59(d, /=7.6
Hz, 1H), 7.55(d. /=76
Hz, 1H), 739, /=64
\ 2-chloro-4-(2-(2- Hz, 1H), 734(d, /=20
‘75:3 mcthoxyphenyl}-4- Hz, 1H), 7.08-7.05 (m,
23 N;i\N /&\“/Ci {2,2,6,6- 2H}, 6.96 (s, 1H}, 6.75
) / N }\%i\. tetramaethyltetrabydro-2H~ | (d, J=8.4 Hz, 1H), 3.34
% ; pyran-4-yi)- 1 H-imidazol- | {s, 3H}, 3.22 {(m, 1H),
t-ylybenzounitrile 203(dd, J=24& 128
Hz, 2H), L.50-1.40 (i,
2H), 1.35 €5, 6H), 1.26 (s,
6H).
LCMS 450.50 [M+H]
THONMR (400 MHz,
CDCLy S 7.62-7.60
(dd, /=76, 1.6Hz, 1H},
,\ - i-{4-chlorophenyl}-2-(2- | 7.36 — 7.32 {m, 1H), 7.26
\!75:} methoxyphenyi)-4- — 724 {m, 2H), 7.10 (5,
124* }::\N \@ (2,2,6,6-tctramethyl-3,6- {H), 7.06 = 7.00 (m, 3H),
e % e/ O | dihydro-2H-pyran-4-y1)- 6.71(d, J=8.4Hz, 1H),
k i 1H-imidazole 6.53 (s, 1H), 3.33 (s, 3H),
2.30¢s, 2H), 1.33¢d, J=
6.0Hz, 12H).
LCMS 423.2 [M+HT
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dihydro-2H-pyran~-4-yl}-

1H-imidazole

%;d Structure Compound Name Analytical data
"H NMR:(400 MHz,
DMSO-ds) § 7.66 (8, J =
8.4Hz, 1H), 7.58 (s, 1H),
i-(4- -3~ 7.51-7.4 . 1H), 7.43 -
O'%' {4-bromao 9 {m, 1H), 7.43
\/ Y/ fluorophenyl}-2-(2- 7.39 (m, 1H), 7.26 - 7.23
= F methoxyphenyi}-4- {dd, /= 10Hz, 2Hz, 1H),
1257 Ny N yphenyh | eRE
T\\\\\/\\B {(2,2,6,6-tetramethyl-3,6- 7.04 (t, J="T7.6Hz, 1H),

6.93 - 6.87 (m, 2H), 6.33
(s, 1H), 3.28 (4, J = 10
Hz, 3H), 2.24 (s, 2H),
1.22¢d, J=6.8Hz, 12H)
LOCMS 4852 [M+HY

*Compounds 124 and 125 were side products obtained while synthesizing compound 38

and 62 respectively

Example §

Compound 74: 2-Fluoro-5-{2-{Z-mcthoxy-phenyh-4-(2,2 .6, 6-tetramethyl-tetrahydro-

pyran-4-yl-imidazol- 1 -yl}-benzonitrile

5

N

To a solution of (3-bromo-4-fluoro-phenyl}-2-(2-methoxy-phenyl-4-(2,2,6,6~tetramethyl-

10 tetrshydro-pyran-4-vij-1H-imidazole 83 (0.17 g, 0.00034 mol} in DMF (10 mL) was added
Zo{CN} (0.08 g, 0.00068 mol} under Ny, The reaction mixture was further purged with Ny
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for 30 min and then stirred for 1 h at 160 °C. The reaction was then quenched with ice
cold water and extracted with cthyl acctate (58 mL x 3). The combined organic cxtracts
were washed with brine, dried over anhydrous Na, SOy, filtered, and concentrated under
reduced pressure to provide a residue. Purification by column chromatography on silica
gel (100-200 mesh) using cthyl acctate in hexane afforded the title compound 74 as a pale
yellow solid. Yield: 0.11 g(72.8%). 'H NMR (CDCl;, 400 MHz) & 7.54-7.57(dd, J =
52Hz, 2.8Hz, 1H), 7.41-7.43 (dd, /= 5.2Hz, 2.8Hz, 1H), 7.31 - 738 (m, 2H), 713 (1, /=
8.4Hz, 1H), 7.04 (t. /= 7.6Hz, 1H), 6.90 (s, 1H), 6.73 {d, /=84 Hz, [H), 3.38 (s, 3H),
323 (m, 1H), 2.01-2.05(dd, J= 12.8Hz, 3.2Hz, 2H), 1.43 - 1.50 (m, 2H), 1.36 (s, 6H),
1.26 (s, 6H), LCMS: 487.2 IM-+HT .

Using analogous protocols to those described in Example §, the compounds described in

Table 3 have been prepared using and appropriately substituted bromide intermediate.
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Table 3
i‘,l;d Siructure Compound name Analytical data
"H NMR (CDCh, 400
MHzy 6 8.16(dd, J =
4.8Hz, 4.8Hz, 2H),
3-fluoro-4-(2-(2- 7.96{(dd, /= 1.6Hz,
O
methoxypyridin-3- | 7.6Hz, iH), 749(d, /=
F yviy-4-(2,2,6,6- 4Hz, 1H), 7.38(d, /= §Hz,
76 j Mg JNe % tetramethyltetrahyd | 1H), 7.17 {1, /= 8Hz, 1H),
O ‘ s, | FO-2H-pyrav-d-yi- 6.9 (m, 2H), 3.4 (s, 3H),
2 N
N J {H-imvidazol-1- 3.2 (m, 1H), 2.02(dd, J =
yiyhenzounitrile 12Hz, 9.6Hz, 2H), 1 .48 (1,
J=12Hz, 2H), 1.36(s, 6H),
1.26(s, 6H).
LOMS: 4353 [M+H]
"H NMR (CDCl, 400
MHz) § 8.2(d, J= 1.6Hz,
1H), 7.92(d, J= 6.8Hz,
Z-methoxy-4-{2-{2- B , -
o N tH), 7.52(d, J= 84Hz,
- methoxypyridin-3- o o ,
- ‘ ) 1H}, 6.99 (s, 2H), 6.81(d, J
O | Y-4-(2.2,6,6- B - ,
i A = 1.6Hz, 1H), 6.65 (s, 1H),
77 Ny, N O tetramethyitetrahyd
i Sy 7 3.70 {m, 2H), 3.4 (s, 3H),
O ro-2H-pyran-4-yi}- '
| o 3.23(m, 1H),2.02(d. J=
Ny, {H-imidazol-1-
» 10.4Hz, 2H), 148 ¢, J=
yiYbenzonitrile
12.8Hz, 2H), 1.36(s, 6H),
1.26(s, 6H).
LOMS: 4473 [M+H]
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%;d Structure Compound name Analytical data
"H NMR {400 MHz,
DMSO-de}8.23 —~8.22 (dd,
J=4.8Hz, 1.6Hz IH), 7.98
2-chloro-4-{2-(2- —7.94 (m, J=2.6Hz, 1H),
. methoxypyridin-3- | 7.48 (s, 1H), 7.24 - 7.12
vi}-4-(2,2,6,6- {dd, J=84Hz, Z.4Hz, iH),
78 N : N ¢ tetramethyltetrahyd | 7.14 - 7.11 {dd, /= 6.8Hz,
e t \@\\: ro-2H-pyrav-d-yl}- | 4.8Hz, 1H)}, 3.34 (s, 3H)
o

{H-immdarol-1-

yviibenzoniirile

3,08 (m, 1H), 1.93 -
1.89(dd, J= 12.8Hz,
2.8Hz, 2H), 1.35(t, J =
12.8Hz, 2H), 1.27 (s, 6H).
LOMS: 4512 [M+H]

79

2-fluoro-5-(2-(2-
methoxypyridin-3-
viy-4-(2,2.6,6-
tetramethyltetrabyd
ro-2H-pyran-4-vi}-
{H-imidazol-1-

vhbenzonitrile

"H NMR (400 MHz,
DMSO-de)d 8.19 (d, ] =
4.8Hz, 1H), 7.91 (1, J=
6Hz, 1H), 7.45- 743 (m,
1H), 7.36 - 7.32 (m, 1H),
718 (t, J=§.4Hz, 1H),
7.01 - 6.98 (m, 1H), 6.92
(s, TH), 3.52 (s, 3H), 3.22
(bs, 1H), 2.03 - 1.99 (m,
2H), 147 (1, 7= 12.8Hz,
3H), 1.36 (s, 6H), 1.26 (s,
6H).

LOMS: 4353 [M+H]

107




WO 2015/023289

PCT/US2013/055282

Cpd
Nao.

Sirsciure

Compound name

Analytical data

86

2-fluoro-4-(2-(2~
methoxypyridin-3-
Vi)“4“(2 92 :596"

tetramethyltetrahyd

%, fo-2H-pyran-4-yi)-

{H-imidazol-1-

vi}benzonitrile

"H NMR {400 MHz,
DMSO-dg) & 8.22-8.21
(dd, J = 4.8Hz, 1 6Hz, 1H),
7.96 - 7.94 (dd, J = 7.6Hz,
2Hz, 1H), 7.58 (t, J= 8Hz,
1H), 7.04 - 6.97 (m, 4H),
3.49 (s, 3H), 3.25 - 3.18
(m, 1H), 2.03 - 1.99 (dd, J
= |3 .2Hz, 3.2Hz, 2H), 1.47
(t, 7= 12.8Hz 2H), 1.36 (s,
6H), 1.26 (s, TH).

LCMS: 435 [M+H]

81

2-tluore-4-(2-(2-
methoxyphenyl}-4-
{2,2,6,6~
tetramethvitetrahyd
ro-2H-pyran-4-vi}-
{H-tmidazol-1-y1}

benzonitrile

"H NMR (400 MHz,
DMSO-de)7.06 — 7.58 (dd,
J=72Hz 1.6Hz 1H),7.53
(t,J=8Hz 1H), 7.41 -
7.37 (m, 1H), 7.067 {1, J=
7.6Hz, 1H), 7.00(d, /=
$.4Hz, 2H), 6.95 (s, 1H),
6.75 (d, S = S.4Hz, 1H),
3.34 (s, 3H), 3.26 - 3.19
(m, 1H), 2.05 - 2.01 (dd, J
= |3 6Hz, 3.2Hz, 2H), 1.47
(t, 7= 12.8Hz 2H), 1.35 (s,
6H), 1.25 (s, 6H).

LOMS: 434.3 [M+H]
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i‘,{f Structure Compound name Analytical data
"H NMR (CDCl, 400
MHz} 6 8.25(d, /=
2,6-difluoro-4-(2- 3.6Hz, 1H), 796{(d,J=
(2-methoxypyridin- | 5.6Hz, 1H), 7.05 - 7.03(m,
3-y1)-4-(2,2,6,6- 1H), 6.96 (s, IH), 6.84 (4,
82 N o E tetramethyltctrabyd | J= 8.0Hz, 2H), 3.56 (s,
AN P
\f/ ro-2H-pyran-4-vl}- | 3H), 3.24 — 3.18 {m, 1 H},
= 5 Y
{ L {H-inmudazol-1-yly | 2.02 — 1.981 (m, 2H), 1.46
AN
benzonitrile (t, /= 12.8Hz, 2H), 1.35 (s,
6HY, 1.26 (s, 6H).
LCMS: 4533 [M+H]
"H NMR (400 MHz,
DMSO-de)o ppm 7.93¢(d, J
’ =7.6 Hz, ZH)}, 745{d, J=
3,5-difluoro-4-(2- 7 ,
72Hz, 1H), 735 =72
{2~-methoxyphenyl)-
, Hz, 1H), 7.26 (s, 1H), 7.00
4-(2,2,6,6~ 7 o N N
, (t, J=7.6 Hz, 1H), 6.86 (d,
83 tetramethvitetrahyd
J=84Hz 1H), 331,
ro-2H-pyran-4-vi}- B ) 7
o 3H), 1.91 (d, /= 12.8 Hz,
1H-imidazol-1- )
o 2H), 1.36 (d, /= 12.8 Hz,
yiYbenzonitrile B B B ,
2H), 1.28 (s, 6H), 1.14 (5,
6H);
LCMS: 452.3 [M+H]
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%;d Structure Compound name Analytical data
"H NMR {400 MHz,
DMSO-de)o 8.21{dd, J =
2-chloro-5-(2-(2- 1.2Hz, 5.2Hz, 1H),
0 methoxypyridin-3- | 7.94(dd, /= 8.8Hz, 2.6Hz,
viy-4-(2,2.6,6- 2H), 7.71(d, J= 8.8Hz,
84 N o N tetramcthyltetrahyd | 1H), 7.4 {m, 2H), 7.12(m,
QN e
| ro-2H-pyran-4-vi}- | 1H), 3.35(s, 3H}, 3.12(m,
O~ 2 e
; | {H-imidazol-1- tH), 1.88(d, J=2.8Hz,
A !
vhbenzonitrile 2H), 1.34(m, 2H), L.27¢s,
6H), 1.14(s, 6H).
LOMS: 451.2 [M+H]
"H NMR (400 MHz,
DMSO-dg}d 8.19 - 8.17 (
dd, /=48 Hz, J2= 1.6 Hz,
1H), 7.93-7.88{ m, 1H},
7.63 (d, J=2.4 Hz, 1H),
2-methoxy-5-(2-(2~ /
o 7.37-734(dd, /=88 Hz,
o methoxypyridin-3- N 7 )
‘ 2.8 Hz, 1H), 7.29 { s, 1Hj},
yiy4-(2,2,6,6- -~ N
7.8 (d, S=9.2 Hz, IH),
85 tetramethyltetrahyd B N /
7.09 -7.06 { m, 1H}, 3.88¢(
ro-2H-pyran-4-vi}- _
s, 3H), 3.39 (5, 3H), 3.08 (
{H-imidazol-1-
, o t, /=128 Hz, 1H), 1.92-
yiYbenzonitrile
P88 {dd, /=128 Hz, 2.8
Hz, 2H), 1.34 (1, J=12.8
Hz, 2H), 1.27 (s, 6H}, 1.14
(s, 6H).
LOCMS: 447.3 [M+H]
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%;d Structure Compound name Analytical data
"H NMR {400 MHz,
DMSO-de) 68.81 (s, 1H),
4-(2-(4- 8.74 (s, 1H), 7.87 (d, J =
o~ methoxypyrimidin- | 8.4 Hz, 2ZH), 7.48 (s, 1H),
>(\,¢ 5-y13-4-(2,2,6,6- 7.41(d, /= 84Hz 2H),
86 N:-"N tetramethyltetrabyd | 3.40 (s, 3H), 3.09 - 3.15
O # sy | ro-2H-pyran-d-vi}- | {m, 1H), 1.89-193(dd, /=
NW@q | H-imidazol-1- 12.8Hz, 2.4 Hz, 2H), 1.36
yhbenzonitrile (t, /= 12.8Hz, 2H), 1.27 (s,
6H), 1.14 (s, 6H).
LCMS: 4183 [M+H]
"H NMR (400 MHz,
DMSO-de)é 8.27 - 8.22
dd, J = 18 Hz, 2.8 Hz, 2H),
4{2-(3~ 7.84 (d, J= 84 Hz, 2H),
o methoxypyrazin-2- | 7.48 (s, 1H), 7.30(d, /=
‘—ﬂ'_ . vi}-4-(2,2,6,6- 8.8 Hz, 2H}, 3.59 (s, 3H),
87 N \“\N O =N tetramethyltetrahyd | 313 (1, /=124 Hz, 1H),
NP ro-2H-pyran-4-vi}- | 1.93-189(dd, /=136
E\yN 1H-imidazol-1- Hz, 3.2 Hz, 2H), 1.40 -
yi}benzonitrile £.31 {m, 2H), 1.28 (s, 6H),
123(t,J=4Hz 1H), 1.14
{s, 6H).
LOMS: 4183 [M+H]"
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%;d Structure Compound name Analytical data
"H NMR (CDCl, 400
MHzy} o 8.20(d, /=24
2-fluoro-4-{2-{3- Hz, H), 813 (d, J=
o methoxypyrazin-2- | 2.0Hz, I1H), 7.59 (1, /=
. i y1)-4-(2,2.6,6 7.2Hz, 1H), 7.03 (q, /= 10
88 NagM ' =N tetramethyltetrahyd | Hz, 3H), 3.72 (s, 3H), 3.28
NLO\ ro-2H-pyran-4-vl}- | {t, /= 12.8 Hz, 1H}, 2.05 -
k\/!‘i {H-imidazol-1- 2.02 (m, 2H), 1.54- 1 .45
yhbenzonitrile {m, 2H), 1.35 (s, 6H), 1.25
(s, 6H).
LOMS: 436.2 [M+H]
'H NMR (CDCls, 400
MHz} § .18 (d, J = 4.8 Hz,
tH}, 7.94 (d, /= 6.8 Hz,
IH), 745 (4, /=32 Hz,
4-(2-(2- tHY, 7.36 - 7.33 (m, 1H),
. cthoxypyridin-3- 717 (1, J=84Hz, 1H),
yviy-4-(2,2,6,6- 6.99 (1, /= 52Hz, 1H),
84 N: NWF tetramethylictrahyvd | 6.93 (s, 1H), 4.01 (¢, /=
AN A ‘L\/)\%,N ro-2H-pyran-4-yl}- | 6.8 Hz, 2H), 322 (t, /=
N o | {H-imidazol-1-yD)- | 12.4 Hz, 1H), 2.02(d, J=
2-tfluorchenzonitrile | 13.2 Hz, 2H), 1.51 - 1.42¢
m, 2H), 1.36 (s, 6H), 1.26
(s, 6H), 0.98 (1,7 = 6.8 Hz,
3H).
LOMS: 4493 [M+H]
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Examplc 9
Ceompound 96: 1-(4-chiorophenyl}-2-{2-methoxyphenyl}-5-methyl-4-{2,2,6,6- tctra

methyl tetrahydro-2H-pyran-4-y1)- iH-imidazole
j \\7’
\

To a stirred solution of N-{4-chlorophenyl}-2-methoxybenzimidamide A 38, (0.2 g, 0.07
mmol} and 2-bromo-1-(2,2,6,6-tetramethylictrahvdro-2H-pyran-4-yhpropan-{ -one A72
{(.3 g, 0.108 mmol} in dioxane (10 mL) was added NaHCO; (0,13 g, 8.15 mmol}. The
reaction mixture was refluxed at 100 °C for 12 h. After completion of the reaction it was
filtered through a pad of diatomaceous carth. The resultant filtrate was concentrated under
reduced pressure to provide a crude mixtare. Purification by column chromatography on
stlica gel (100-200 mesh) using ethyl acetate in hexane afforded the title compound as an
off-white solid. Yield: 0.055 ¢, 17%. 'H NMR (400 MHz, DMSO-de) 7.45 (d, J= 7.2Hz
TH), 7.268 - 7.23 (m, 3Hy, 7.00 (d, /= §4Hz, 2H), 6.93 (t, /= 8.0Hz, 1H), 6.64 (d, /=
7.6Hz, 1H), 3.37 (s, 3H}, 3.16 - 3.18 {(m, 1H), 2.11 {s, 3H), 1.87 {1, /= 12.8Hz, 2H), 1.75
~1.72 (m, 2H), 1.36 (s, 6H), 1.26 (s, 6H); LCMS: 439.3 [M+H]".

2

Example 10
Compeound 91: 4-(S-chloro-2-{2Z-methoxypyridin-3-yi}-4-(2,2,6,6-tctramethyltctrahydro-

2H-pyran-4-yl}-1H-imidazol-1-yl)benzonitrile
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To a solution of 4-(2-(2-methoxypyridin-3-yi}-4-(2,2.6.6-tctramethyetrahydro-2H-pyran-
4-yl}-1H-imidazol-1-yl}benzonitrile, Cpd 43, (0.055 ¢, 0.012 mmol} in acctonitrile {3 mL)
was added NCS (0.017 g, 0.013 mmaol) at 0 °C. The reaction mixturc was then heated at 80

(941

°( for 5 h. After completion of the reaction, it was quenched with water and extracted with
DCM (2 x 50 mL}). The combined organic exiracts were washed with brine, dried over
anhydrous NaySOy, filtered, and concentrated under reduced pressure to provide a residue.
Parification by colomn chromatography on silica gel (100-200 mesh) using cthyl acetate in
hexane afforded the title compound as a white solid. Yield: 0.02 g, 34%. 'H NMR

10 (CDCls, 400 MHz) 6 8.16 — 8.14 (m, 1H), 7.89 - 7.86 (m, 1H), 7.67(d, J= 8.4Hz, 2H),
7.27 =725 (m, 1H), 6.97 - 6.94 {(m, 1H), 3.45(5,3H), 3.34 -3.26 (m, 1H), 182 - 1.76
(o, 4HD, 1.37 (s, 6Hy, 1.27 {s, 6H); LCMS: 451 .2 [M+H] .

Example 11
Compounnd 92: 3-(8-chloro-1-(4-HuorophenyD-4-(2,2,6,6~-tetramethylictrahydro-2H-

—
(3]

pyran-4d-yh-1H-imidazol-2-yI)-2-methoxypyridine

O
Ci
N:N
oA / F

N

Compound 92 was prepared using the procedure described Example 10 for the synthesis of

Compound 91, 'H NMR (DMSO, 400 MHz) 8.17 {dd, J= 1.6 & 4.8 Hz, 1H), 7.88 (dd, . =
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1.6 & 3.6 Hz, 1H), 7.28-7.24 (m, 4H), 7.07-7.04 (m, 1H), 3.46 (s, 3H), 3.18 (m, 1H), 1.75-
1.70 (m, 2H), 1.64-1.57 (m, 2H), 1.30 (s, 6H), 1.16 (s, 6H); LOCMS 44446 [M+H]".

Example 12
5 Componnd 93: 3-{5-chloro-1-(4-chlorophenyi}-4-(2,2,6,6-tetramethyetrahyvdro-2H-

pyran-4-yi-1H-imidazol-2-yi}-2-methoxypyridine

Compound 93 was prepared using the procedure described Example 10 for the synthesis

10 of Compound 91. "HNMR (DMSO, 400 MHz): 8.12(d, /=48 Hz IH), 781 {(dd, /=16
& S52Hz 1H),733(d, /=84 Hz, 2H), 707 (d, /=84 Hz, 2H), 693 (dd, /=52 & 7.2
Hz, 1H), 3.51 (s, 3H), 3.32-3.20 (1o, 1H), 1.90-1.80 (o, 4H), 1.37 {5, 6H}, 1.26 (s, 6H};
LOMS 460.44 [M+HT

Compound 94: 2-(2-methoxyphenyi)-4-(2,2,6.6-tetramethyltetrahydro-2H-pyran-4-

yvhi{(iriflworomethysulfonyh-1H-imidazole

@]
/
=
N.. N\Q/"/
»’:’"\CF';
/O\% O )
O
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To a stirred solution of 2-(2-methoxyphenyl}-4-(2,2,6,6-tctramethyltetrahydro-2H-pyran-4-
yh-1H-imidazole (0.2 g, 8.0006 mob) in DCM (10 mb) at 0 °C was added tricthylamine
{0.129 g, 0.0012 mol) dropwise over a period of 1 min. The reaction mixture was stirred at
0 °C followed by the addition of trifluoromethancsulfonic anhydride (8.36 g, 0.0012 mol}
and stirred to room temperature for 12 h. After completion, the reaction was quenched with
ice cold water, then extracted with cthyl acctate (3 x 25 mL). The combined organic
extracts were washed with brine, dried over anhvdrous NaySO,y, filtered, and concentrated
under reduced pressure to provide a residuc. Purification by column chromatography on
silica gel (100-200 mesh) using ethyl acetate in hexane afforded the title compound as a
white solid. Yield: 37 mg, 24 %. 'H NMR (400 MHz, DMS80-ds)7.67 (s, 1H), 7.50 - 7.55
(o, 1H), 731 (d, /=76 Hz, 1H), 712, /=84 Hz, 1H), 703, J=72Hz 1H},3.74
{s,3H), 3.16 (s, 1H), 1L.B7(dd, J=2.8 Hz, J=12.8 Hz, 2H), 1.34 (1, /=124 Hz, 2H), 1.26
(s, 6H), 1.14 (5, 6H); LOMS: 447 .4 [M+H]".

Compouwnd 95; I-{cyclopropylsulfony)-2-C-methoxypheny-4-(2,2,5,6~
fetramethylietrahydro-2H-pyran-d-y)-1 H-imidazole

To a stirred solution of 2-(2-methoxyphenyl}-4-(2,2,6,6-tetramethyltetrahydro-2H-pyran-4-
yi}-1H-imidazole (0.1 g 0.00031 mol}, in THF {3 mlL) was added NaH (0.031 g, 0.00079
mol) portion-wise at § °C under a N; atmosphere. The reaction mixture was stirred for 15
min followed by the addition of cyclopropyisulfonyl chloride (8,053 g 8.00038 mol) and
then the reaction was stirred at vt for 16 h. The reaction mixture was cooled and quenched

with water, extracted with ethyl acetate (2 x 20mL}. The combined organic extracts were
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washed with brine, dried over anhydrous Na SOy, filtered, and concentrated under reduced

pressure to provide a residue. Purification by column chromatography on silica gel (100-

200 mesh) using cthyl acctate in hexane afforded the title compound as a white solid.

Yield: 0.012 g, 10%. 'H NMR (400 MHz,DMSO-ds) 742 (t, J = 7.6Hz, 1H), 7.20 (d, J
=72Hz, tH), 7.03 (d, 2H), 6.95{(t,J=7.6Hz, tH), 3.70 (5, 3H), 3.27(s, 1H), 1.89 (s, ZH)},
1.25 - 115 (m, 19H); LCMS 419.2 [M-+HT.

By using analogous protocols to those described in the foregoing example, the compounds

described in Table 4 have been prepared, using appropriately substituted aryl or alkyl

suifonyl chlorides or of sulfonic anhydrides.

Table 4

Cpd
Mo.

Structure

Compound name

Analytical data

96

i-{isobutylsuifonyl)-2-
(2-methoxyphenylj-4-
{2,2,6,6-
tetramethyltetrahydro-
2H-pyran-4-yH-1H-

imtdazole

"H NMR (CDCly, 400
MHz) 8 7.46 -7 42 (m,
tH), 7.35 - 7.33 {tm, 1H),
T4 (s, TH), 7.02(, J =
7.6Hz, 1H), 6.94(d, J=
8.4Hz, 1H), 3.80 (s, 3H),
3.19 - 3.12 (m, 3H), 2.20
~2.14 {m, tH), 2.01 ~
197 (m, 2H), 1.45 - 1.39
(m, 2H), 1.33 (s, 6H),
1.25(s, 6H), 1.02(d, ] =
6.4Hz, 6H).

LCMS: 435.3 [M+H]'
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Cpd : _ - 4
No Structure Compound name Analytical data

1-({4-
chiorophenyhisulfonyl)-

2-(2-methoxyphenyl)-

"H NMR (400 MHz,
DMSO-de)d 7.6 (d, J =
8.8Hz, 2H), 7.50 (s, 1H),
6.59 (s, 1H), 7.40(t, J =
7.2Hz, 1H), 7.05-6.94
(m, 3H), 3.45(s, 3H),

tetramethyltetrahydro-
2H-pyran-4-yH-1H-

imtdazole

97 4-42,2,6,6-
1.03{(t, /= 12.0Hz, 1H),
tetramethylictrahydro-
[.84(dd, /= 2.8Hz,
2H-pyran-4-yH-1H-
2.4Hz, 2H), 1.29 (7=
imidazole
[2Hz, 2H) 1.23(s, 6H),
112 (s, 6H}:
LOMS: 4892 [M+H]"
'H NMR (CDCls, 400
MHz} § 7.69 -7.66 {m,
1-((4~ ZH}, 7.50 (s, 1H}, 7.49 -
fluorophenyljsulfonyly- | 7.42 (m, 3H), 7.04 (m,
2~(2-methoxyphenyly- | 3H}, 7.05 - 6.94 (m, 3H),
48 4-(2,2.6,6- 3.47 (s, 3H), 3.02 (s, 1H),

1.84 (dd, J=2.8Hz,
2.4Hz, 2H), 1.30 -
1.23(m, , 9H), 110 (s
6H )

LCMS: 473.3 [M+H]

Example 15

Compound 99: 4-((Z-(Z-methoxyphenyl}-4-(2,2,6,6-tetramethyltetrahydro-2H-pyran-

4-yh-1H-imidazol-1-yDmethyDbenzonitrile
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To a stirred solution of 2-(2-methoxyphenyl}-4-(2,2.6,6-tetramethyltctrahydro-2H-pyran-4-
vi}-1H-imidazole (0.1 g, 0.00031 mol}, in THF was added NaH {0¢.031 g, (.0060791 mol)
portion- wise at § °C under a N; atmosphere. The reaction mixture was stirred for 15 min
followed by the addition of 4-cyanobenzyl bromide (0.074 ¢, (.00034mol). The reaction
was then stirred at rt for 16 h. The reaction mixture was cooled and guenched with water,
and extracted with ethyl acetate (2 x 20 mL). The combined organic extracts were washed
with brine, dried over anhydrous Na,SO,, filtered, and concentrated under reduced
pressure to provide a residue. Purification by column chromatography on silica gel (100-
200 mesh) using cthyl acetate in hexane afforded the title compound as white solid. (0.081
g, 59.5%). 'H NMR (CDCL;, 400 MHz) § 7.59 (d, J = 8. 4Hz, 2H), 7.41 - 7.36 (m, 2H),
7.14(d, J=8.0Hz, 2H), 7.01(t, S = 7.6Hz, 1H), 6.85(d, /= 84Hz, 1H), 6.60 (s, 1H),
4.90(s, 2H), 3.60(s, 3H), 3.10(t, J = [2.8Hz, 1H), 2.0 (dd, /= 2.4Hz, 2.0Hz, 2H), 1.23(s,
6H), L13(s, 6H); LOMS: 430.5 [M+H] .

By using analogous protocols to those described 1o the foregoing example the compounds
described in Table 8 have been prepared using appropriately substituted bromude

compounds.
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Table §
Cpd N, Structure Compound name Analyvtical data

522

mcthoxyphenyl}-

'H NMR (CDCls, 400
MHz) 8 9.13 (s, 1H),
8.4(s 2H), 7.51 - 7.39 (m,

4-(2,2,6,6- 2H3, 7.03 (t, /= 15.2Hz,
N\\ﬂ tetramethyltetrah | 1HY, 6.93 (d, /= 84Hz,
166 \ N ydro-2H-pyran- | 1H), 6.65 (s, H), 3.6 (5,
4-yh)-1H- 3H), 3.10(t, S=12.8Hz,
mmidazol-1- 1Hy 1.98(dd, J=12.8Hz,
yhmethyh 2HY L4041, 2H), L30Ks,
pyrimidine 6H), 1.23(s, 6H):
LOMS: 407.2 [M+H]"
TH NMR (CDCl, 400
MHzy}o 756 (d, J=
3-{{2-(2~ 8.0Hz, 1H),743 - 7.25 (m,
methoxyphenyly- | SH), 7.01 {t, ./ = 7.6Hz,
/O*k 4-(2,2,6,6~ 1H), 6.92(d, /= 8.8Hz,
tetramcthyltetrah | TH), 6.60 (s, 1H}, 6.60 (s
161 >\</~== m fdro—EH: ran- 11»; 4.990 (q 21»; 3.60 q
\J\/:\JMN ¥ Py ), ‘ {s. 2H), (s,
l 4yl)-1H- 3H), 3.1t J = 12.8Hz,
< / mmidazol-1- {H), 2.0(dd, J=2.4Hz,
yhmethyh 2.0H=z, 2H), 1.53 - 1.37
benzonitrile (m, 2H), 1.3(s, 6H), 1.23

(s, 6H):
LCMS: 430.5 [M+H]

Example 16
Compound 102: 4-(1-(d-chlorophenyi)-2-(Z-methoxyphenvii-1 H-imidazol-4-vi)-

2,2 .6,6-tetramethyitetrahydro-2H-pyran-4-of
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~F Cl

To a stirred solution of N-{4-chlorophenyl}-2-methoxybenzimidamide A 39 (0.37 g,

0.0014 mol} in dioxanc {15 mL) was added 2-bromo-1-{4-hydroxy-2,2,6,6-tctramethyl-
tetrahydro-pyran-4-vlj-cthanone A 75 (0.4 g, 0.0014 mol} and NaHCO; (0.24 g, 0.00286
mol) and the mixture was stirred for 5 h at 85 °C. The solvent was evaporated and the
resultant crude residuc was partitioned between ethyl acetate and water. The combined
organic exiracts were washed with brine, dried over anhydrous NaSOq, filtered, and
concentrated under reduced pressure to provide a residue. Purification by column
chromatography on stlica gel (100-200 mesh) using cthyl acetate in hexanc afforded the
title compound as a pale yellow solid. Yield: 0.12 g, 20%. 'H NMR (400 MHz, DMSO-
de} 7.47 -7.45(m, TH), 7.40 - 7.35 (m, 3H), 7.26(s, 1H}, 7.09 (d, /=8.8Hz, 2H), 7.01 (1,
J=T7.6Hz, 1H), 6.87 (d, /=8.4Hz, 1H), 482 (s, 1H), 3.21 (5, 3H), 1.87 - 1.76 {m, 4H), [ 44
(s, H), 1.10 (s, 6H); LCMS: 441.2 [M+H]",

By using analogous protocols to those described in the foregoing example the compounds

described in Table & have been prepared using an appropriately substituted amidine

intermediate.
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Table o
iid Structure Compeund name Analytical data
"H NMR (400 MHz,
DMSO-de) & = 8.51 (s,
1H}, 847(d, /=56
Hz, 1H), 744 (d, J=
/ 4-{1-{4-chlorophenyl}-2- | 8.4 Hz, 2H}, 7.36 (s,
75_#0;4 {4-methoxypyridin-3- 1H), 717, /=284
‘03 . vy [ H-imidazol-4-yi}- Hz, IH), 696 (d, J=
Ny N~~@ | 2266 5.6 Hz, 1H), 4.92 (s.
/G\E\% - tetramethylietrahydro- 1H}, 3.35¢s, 3H), 1.86
N 2H-pyran-4-ol {d, J=13.2 He, 2H),
1.80(d, /=132 He 2
Hy, 1.46 (s, 6H), 112 (s,
6H).
LOMS: 442.44 [M+H]
'H NMR {400 MHz,
DMSO-dgy 6=28.19 (5,
/ 4-{1-{4-chlorophenyl}-2- | 1H}, 7.38 - 7.44 (m,
/{\),’%:(DH {3-methoxypyridin-2- 4H), 7.32 (s, 1H), 7.08
‘04 4?__ e yi}-1H-imidarol-4-yi}- | {d, ] : 7.6 Hz, EH)W, 4.94
N \( U, |26 (s, 1H), 3.44 (s, 3H),
/‘:}\E: N tetramethylietrahydro- 177 - 187 (m, 4H),
A 2H-pyran-4-ol 1.46 (s, 6H), 1.11 (s,
6H).
LCMS: 442 .48 [M+H]
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%;d Structure Compound name Analytical data
"H NMR (400 MHz,
DMSO-ds} 6= 8.20 (d,
J=8 Hz, 1H), 7.93 {d,
4-{1-{4-chlorophenyi}-2- | =72 Hz, 1H), 745 {d,
______ Oﬂ{‘ {2-methoxypyridin-3- J=8.4Hz, 2H), 7.34 (s,
. /&,@\ yi}-1H-imidazol-4-vl})- iH), 7.15¢d, J=84
103 Ny MNong™ 2.2,6.6- He, 2H), 7.10(, J = 6.8
A 7 ~7 tetramethylietrahydro- Hz, 1H), 4.93 (s, 1H),
N 2H-pyran-4-ol 3.34¢s, 3H), 1.77 - 1.87
{m, 4H}, 1.46 (s, 6H},
111 (s, 6H).
LCMS: 442,44 [M+H]
TH NMR (400 MHz,
DMSO-ds) § 7.46 (d, J =
8.0Hz, 2H]}, 7.34 - 7.40
4-{1-(3-bromo-4- {m, 2H), 7.31 (s, 1H),
-_7((\3'_ iy fluorophenyl)-2-(2- 7.08 - 712 (m, 1H},
106 — - methoxyphenyl}-1H- 7.02 (t,J="72Hz, IH),
Na, “_ imidazol-d-y1}-2 2,66 | 6.80(d, J=8.4Hz, 1H),
, ' tetramethyltetrahydro- 4.80 (s, 1H), 3.25 (s,
2H-pyran-4-ol 3H), 1.80 - [.82 (m,
4H}, 1.44 (s, 6H), 1.22
{s, 6H}.
LOMS: 453.2 [MHHT
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i‘,{f Structure Compound name Analytical data
"H NMR (400 MHz,
DMSO-ds} 8 7.47 (m,
4-{1-(3,4- »
) 1H), 7.48 (m, 2H},7.26
diffuorophenyly-2-(2- B 7
7 {m, 2H}, 7.02(t, /=8Hz,
methoxyphenyl}-1H- 7 7 7
107 o 1H), 6.89{m, 2H), 4.8
imidazol-4-y13-2,2,6,6~ 7 7
o, {s, 1H), 3.2 (s, 3H), 1.81
ol tetramethyvltetrahydro- o -
< (m, 4H), 1 44(s, 6H),
2H-pyran-4-o}
L10(s, 6H).
LCMS: 443 3[M+H]
'H NMR (400 MHz,
DMSG-de) 6 7.48(d, J =
7.6Hz, IH), 739, J=
4-{1-(3,4- ‘
) 8Hz, 1H), 7.34 (s, 1H),
diflaorophenyl}-2-(2- 7
o 7.2{(dd, /= 8Hz,
methoxypyridin-3-yij-
o 104Hz, 1H), 7.04 (¢, /=
108 i H-imidazoi-4-yi)- ‘ ,
7.6Hz, IH), 692 (4,/=
2,2,6,6-
12Hz, 1H), 4.8 (s, IH),
tetramethylictrahydro-
3.2 (s, 3H), L.81 {(m,
2H-pyran-4-ol )
4H), 1.1(s, 6H), 1.44s,
6H}.
LCMS: 444.2 [M+H]
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Cpd .
No Structure Compound name Analytical data

4-{2-42~
methoxyphenyl}-1-(6-

{triftuoromethypyridin

"H NMR (400 MHz,
DMSO-ds} § 8.574(s,
1H),7.93(d, J = 8.4Hz,
1H), 7.804 (d, J =
10.4Hz, TH), 7.57(d, J
= 6Hz, 1H), 7.516 (s,
1H), 7.430 {m,

2H-pyran-4~-ol

109 N . -3-yi-1 H-imidazol-4- ,
“\r‘“\\/\N , 1H),7.101{m, 1H),
o, L L_ALF [ yh22.66
- ‘Yﬂ TF 6.898(d, 7= 8.4Hz,
b £ tetramethyltetrahydro-
1H},4.937(s, 1H),
2H-pyran-4-ol
3.16(s, 3H), 1.85(m,
4H}, 1.47(s, 6H), 1.13
{s, 6H});
LCMS: 476.3 [MAHT
"H NMR (400 MHz,
DMSO-dg} 6 8.19(, /=
4-(1-(3-chloro-4- 7.2Hz, 2HY7.9Hm, 1H),
,oJ;’ fluorophenyl}-2-(2- 746 (m, 1H), 742 (d, J
Xtop{ methoxypyridin-3-yi)- = R8.0Hz, 1H}, 7.36 (s,
1160 S o) | 1H-imidazol-4-y1})- 1H), 7.11 (m, 2H),
Ny , g ,
o L - 2,2,6.6- 4.85(s, 1H), 3.37(s,
\rxll; j; tetramethylietrahydro- 3HL LD, /=

13.6Hz, 5.2Hz, 4H},
1.44¢s, 6H), 1.10(s, 6H):
LCMS: 460.2 [M+H]'
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i‘,{f Structure Compound name Analytical data
"H NMR (400 MHz,
DMSO-dgy §7.5(d, J =
6Hz, 1H}, 7.40 - 7.39
4-(1-(3-chloro-4- ‘ ) ‘
O {m, 3H), 6.20 (s, 1H},
fluoropheny!)-2-(2- -
OH 7.09 - 7.00{m, 2H),
- methoxyphenyl}-1H- » ] - N
111 N e o , 6.80(d, F = 84Hz, I H},
Ry Mo imidazol-4-y1)-2,2,6,6- o
o 4.80 (s, 1H), 3.25 (5,
TN ‘ T | tetramethyltetrahydro-~ , ‘
| 3H), 1.86 - 1.77(m, 4H),
N 2H-pyran-4-ol
1.44 (s, 6Hy, 110 (s,
6HY:
LCMS: 459.2 [M+H]
'H NMR (400 MHz,
DMSG-de) 6 7.53(t, J =
12Hz, 1H), 748 (d.J=
7.6Hz, 1H}, 740 {(, /=
4-(1-(4-chloro-3-
&Hz, 1H), 7.34 (s, 1H),
fluoropheny!)-2-(2- 7 7
7.2¢dd,J=10Hz,
methoxyphenyl}-1H- - B )
112 , 10.4Hz, 1H), 7.01 (¢, /=
imidazol-4-y1)-2,2,6,6- o 7
S8Hz 1H) 690 (t, /=
tetramethylictrahydro-
&Hz, 2H), 4.8 (s, 1H},
2H-pyran-4-ol
3.2¢s, 3H), 1.8L {m,
4H}, 1.44¢s, 6H), L.10s,
6H).
LCMS: 4592 [MHHT
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i‘,{f Structure Compound name Analytical data
"H NMR (400 MHz,
DMSO-ds} § 820 (t, =
4Hz, 1H), 793 (dd, ., J=
4-(1-(4-chloro-3-
8Hz, 8Hz, 1H), 7.58 (t. J
0 fluoropheny}-2-(2- o B
o = 8Hz 1H)}, 7.38 (5,1H),
OH methoxypyridin-3-yi)- 7 B
- 7.31(d,J=1.6Hz, 1H),
113 N F {H-imidazol-4-yl)- 7 o
N N\@ oy 710 (m, 1H),696{d.J
/9\72 o | T — 8Hz, 1 H), 4.8 (5, 1FD),
N \/fj tetramethyltetrahydro-
T 3.3 (s, 3H), 1.81 {m,
2H-pyran-4-o}
4H}), 1.44(s, 6H), 1.1,
6H).
LCMS: 460.2 [M+H]
TH NMR (400 MHz,
DMSO-dgy: 8.17(d, J =
3.2Hz, 1H}, 7.93(d, J=
S5.6Hz, 1H), 743 (d, J=
4-{1-{4~chlorophenyi)-2- ) ‘
o ‘ 8.4Hz, ZH}, 7.33(s, IH),
{2-gthoxypyridin-3-y1}-
‘ o 7.15{d, J=8.8Hz, 2H),
— PH-imidazol-4-y1)- )
114 /T 7.07 (m, 1H),4.86 (s,
NyN\\ﬁ/\\\\ 2,2,6,6~ {ED). 3.8 ) g
a . , Hj}, 3.86{(q, /= 2.8Hz,
N \if;éf ) " tetramethvltetrabydro- DH)L82 (q. ) = 12.8H
] 1.82(q. J=12.8Hz,
Mo 2H-pyran-4-o}
4H}), 1.44 (s, 6H), 1.26
{s, 2H), 1.15 (s, 6H),
0.80 {q, /= 5.6Hz, 3H).
LCMS: 456.3 [M+H]
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i‘,{f Structure Compound name Analytical data
"H NMR: (400 MHz,
DMSO-ds): 8.21 - 8.19
{m, 1H}, 7.98 — 7.95 {(m,
4d-(4-(4-hydroxy-2,2,6,6- 7» o 7
. 1H), 7.86 (d, J = 8.4Hz,
o tetramethvltetrabydro- 7
~A__Low | 2H), 7.42 (s, 1H), 7.32
- 2H-pyran-4-y13-2-(2- ) ,
115 LN . (d, /=8.8Hz, 2H), 7.13 -
i YOy —_ methoxypyridin-3-yii- 7 7
P o 7.10 (m, 1H), 4.90 (s,
P IH-imdazol-1- '
Naw o 1H}, 1.89 - 177 (m,
yiibenzonitrile
4H), 145 (5, 6H), L.10
{s, 6H).
LCMS: 4333 [M+H]

Example 17
Compound 116: 2-Finwero-3-{4-{(4-hydroxy-2,2,6.6-tetramethyl-tetrahydro-pyran-4-

yi-2-(Z-methoxy-phenyij-imidazol-1-vil-benzonitrile

ol
e}
Br Sta Iy 4
;( bt“'pi '\E\i/-‘j\\ﬁ/\ﬁ(
(NP /O\T%k\ A

126

Step 1. Compound 126, 2-Fluoroe-5-Z-(Z-methoxyphenyi-4-(2,2,6.6-tetramethyl-3,6-
dihvdro-2H-pyran-d-yi-1 H-imidazol-1-yl)benzonitrile. To a stirred solution of 4-{1-(3-
bromo-4-fluoro-phenyl)-2-(2-methoxy-phenyly-1H-imidazol-4-y1}-2,2.6 6-tetramethyl-

10 tetrahydro-pyran-4-ol, {0.16 g, 0.000635 mol} in DMF (5 mL) under an N, atmosphere was
added Zn{CN}, (0.075 g, 6.00212 mol) and tetrakis-triphenylphosphine paliadiom (0.184

g, 0.00015 mol}, purging with nitrogen for 15 min before cach addition. The reaction
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mixture was further purged for 5 min and stirred for 1.5 b at 160 °C. The reaction mixture
was quenched with ice cold water and extracted with ethyl acctate (50 mL x 3}. The
combined organic extracts were washed with brine, dried over anhydrous Na,SQy, filtered,
and concentrated under reduced pressure to provide a residue. Purification by column
chromatography on stlica gel (100-200 mesh) using cthyl acetate in hexanc afforded the
title compound as a white solid. {0.0% g, 63.3%), LCMS: 432.3 [M+H]".

Step 2. Compound 116: 2-Fluore-5-{4-(4-hydrexy-2,2,6,6-tetramethyi-tetrahydro-
pyran-4-yh-2-{ 2-methoxy-phenyl-imidazol-1-ylj-benzonitrile. To a stirred solution of
2-fluoro-5-{2-(2-mcthoxy-phenyl)-4-(2,2.6,6-tetramethyl-3,6-dihydro-2H-pyran-4-yi}j-
imidazol--yil-benzonitrile {(0.09 g, 0.000208 mol}, and Mn(tmhd); (0.025 g, 0.0004172
mol} 1o i-PrOH (7 ml) and DCM (1 mL) at 0 °C, phenylsilane (0.045 g, 8.0004 17 mol)
was added and the reaction mixture was stirred for 3 h from 0 °C to 1t under an oxygen
atmosphere. Saturated Nap$.0; solution {2 mL) was added and the mixture was stirred for
2 h. The reaction mixture was further dituted with brine (10 mL) and extracted with cthyl
acetate {10 mL x 3). The combined organic extracts were dried over anhydrous NaxSOy,
filtered, and concentrated under reduced pressure to provide a residue. Purification by
column chromatography on silica gel (100-200 mesh) using ethyl acetate in hexane
afforded the title compound as an off white solid (0.05 g, 56 %). 'H NMR (CDCL, 400
MHz) 6 7.54-7.56 (dd, J = 7.6 Hz, 1.2 Hz, 1H), 7.38 - 7.43 {m, 2H), 7.31 - 7.36 {m, 2H),
7144, = 8.8Hz, 1H), 7.05 (1, /= 8.0Hz, 1H), 7.02 (5, 1H), 6.74 (d, /= 84Hz, 1H), 3.38
(s, 3H), 2.06 (d, /= 13.2Hz, 2H), 1.90(d, J = 13.6Hz, 2H}, 1.56 (s, 6H}, 1.26 {s, 6H).
LCMS: 450.3.2 [M+HT

By using analogous protocols to those described in the foregoing example the compounds

described in Table 7 have been prepared using appropriately substituted bromide

intermediate.
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methoxyphenyl)-1H-
imidazol-1-

yhbenzonitrile

Table7
iid Structure Compound name Analytical data
— 'H NMR (CDCls, 400
MHz) & 7.54-7.56 (dd,
J=7.6Hz 1.2 Hz,
1H}, 7.38 - 743 {m,
2-tluoro-5-(4-(4- 2H), 7.31 - 7.36 (m,
hydroxy-2,2,6,6- 2H), 7.14 ¢, J =
tetramethyltetrahydro- a.8Hz 1Hy, 7054, .7
117 2H-pyran-4-y1}-2-(2- = &.0Hz, [H), 7.02 (s,

1H), 6.74(d,J =
8.4Hz, 1H), 3.38 (5,
3H), 2.06 (d, J =
13.2Hz, 2H), 1.90 (4,
J=13.6Hz, 2H), 1.56
(s, 65}, 1.26 (s, 6H).
LOMS: 450.3 [M+H]
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%;d Structure Compound name Analytical data
"H NMR:{400 MHz,
DMSO-dsy:é 789 (1, J
= K.0Hz, 1H), 7.52 (d,
2-tluoro-4-(4-(4- J=72Hz, IH), 743 -
N P hydroxy-2,2,6,6- 7.40(m, 2H), 7.35(d
aH tetramethyltctrahydro- J=10Hz, 1H}, 7.07 (t_,
118 N/:ﬁ?\a o’ 2H-pyran-d-y1}-2-(2- J=7.6Hz, 2H), 6.90
! j i‘ Y methoxyphenyl)-1H- {d,.J=R8.4Hz, 1H),
o imidazol-1- 4.88 (s, 1), 3.22 (s,
yhbenzonitrile 3H), LRS- 1.77 (m,
4H), 1.44 (5, 6H), 110
{s, 6H).
LCMS: 4503 [M+H]
"H NMR:(400 MHz,
DMSO-de):d 8.24 -
8.22(dd, J=4.8Hz,
1.6Hz, 1H), 7.99 -
2-tluoro-4-(4-(4- 7.97(dd, J="7.2Hz,
o hydroxy-2,2,6,6- 1.6Hz, 1H), 793 (. J
o tetramethyltetrahydro- =&Hz, 1H}, 748 (s,
119 N%;N ~F 2H-pyran-4-y1}-2-(2- 1H),744(d,J=
/O\;’/ ! WN met,‘r’m)‘(ypyridm-S-yl}n {.6Hz, 1H}, 7.34 (bs,
N tH-umidazol-1- 1H), 715 - 7.12 (m,
yhbenzonitrile 2H), 4.92 (s, 1H}, 3.33
{s, 3H), 1.85 -~ 1.77 (m,
4H}, 1.45 (s, 6H), 1.10
{s, 6H}.
LOMS: 4513 [M+HT
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2,2.6,6-
tetramethylictrahydro-

2H-pyran-4-ol

i‘,{f Structure Compound name Analytical data
"H NMR (DMSO-ds,
400 MHz): 8.31-827
(m, ZH), 7.52(d, J=
’Ojg 4-(1-(4-chlorophenyl)-2- | 4.4 Hz, 1H), 7.44 (d, J
\;’(\_ OH (3-mcthoxypyridin-4-yl)- | = 18.4 Hz, 2H), 7.38
“" I H-imidazol-4-y1}- (s, 1H), 7.16 {d, J =

120

8.8 Hz, 2H), 3.32 (5,
3H) 4.95 (s, 1H), 1.87-
1.84 {m, 4H), 1.46 (s,

6H), 1.11 ¢s, 6H).
M3:  ESI-MS,
442.19 (M+1).

nm'z

Example 18

Compeound 122: 3-(3-(4d-chiorophenyl}-4-(2,2,6,6-tetramethyltetrahydro-2H-pyran-4-

122

yvi-1H-imidazol-2-yhpyridin-2(1H)-one

To a stirred solution of 3-(1-(4-chlorophenyl}-4-(2,2,6 6-tetramethyltetrahydro-2 H-pyran-

4-yi}-1H-imidazol-2-vi)-2-methoxypyridine (320 mg) was added aqueouns HBr (47%) 2

mb at 0-5 °C, and the mixture was stirred at it for 16 h. The reaction was quenched with

10% NaHCO5 solntion(30mi}, extracted with 10% MeOH in BCM (2 x S0 mL}. The
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combined organic extracts were dried over anhydrous Na;SQs, filtered, and concentrated

under reduced pressure to provide a residue. Purification by column chromatography on

silica gel (100-200 mesh) using a mixture of McOH and DCM afforded the title compound

as an off white solid. Yield: 0.015 g (48.5%); LCMS 412.2 [M+H]

The compounds of Table 8, exemplified hercinbelow, were prepared according to

the schemes and specific cxamples described herein.

Table 8. Compounds of Formula (b
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Biological Examples

in Vitro Assays

Example 1

Functional Assay: Calcium Influx Assay

i0 A Ca flux assay using Functional Drug Screening System (FDSS, Hamamatsu) was
utilized to identify novel N-type Ca channel antagonists {(Dai ct al 2008, Beladredetti ot al

20093, All cell culture reagents were procured from HyClone and other reagents were
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from Fisher. Recombinant HEK 293 cells expressing human N-type Ca channel
(Millipore} were maintained in DMEM Fi2 containing 0% FBS and selection antibiotics
at 37 °Cin 5% CO:.

When CaV2.2 cells were 75% - 85% confluent in their culture flask, they were
removed from the flask, counted, and plated at 13,000-15,000 cells (80 uL) per well in
black~wall clear-botiom 384-well assay plates. Cells were incubated at 30 °C in 5% C(
overnight. The medium was removed and cells were loaded with Fluo8 dye (AAT
Bioguest) at 37 °C and 30 °C, 30 min cach in darkness. Cells were washed four times with
wash buffer (16 mM Herep pH 7.2, 2 mM CaCly, 1 mM MgCl,, 5 mM glucose, 140 mM
choline chloride and 2 mM K} feaving 15 pl buffer after the last wash. Compounds of
Formula (I}, serially diluted, were added to the cell plate. The plates were incubated in
darkncess for 15 min. Cells were depolarized with 100 mM K and Ca influx was
measured. Data was plotted as percent inhibition vs concentration of the compound and
150 values were generated using Graphpad Prism non-linear regression analysis.

Resultant data are shown in Table 9.

Example 2

Measurement of Electrophysiclogical Response

The recombinant cell line described above was used in the measurement of
clectrophysiological properties with QPatch (Sophion). Cells were maintained in culfire
as mentioned above, Prior to the experiment, the flasks were moved to 30 °C and
incubated for 48-72 hrs. On the day of assaying, cells were detached and harvested. The
cell pellet was re-suspended in SMF4HEK (HyClone)/25mM HEPS at 2-5 million/ mL
and placed on the QStirrer of the QPatch for 30-60 min prior o the start of the assay.
The Intracellular Buffer contained 97.9 mM CsCl, 27 mM CsF, 8.2 mM EGTA, 10 mM
HEPES, 2 mM NaCli, 0.3 mM GTP, 3mM Mg-ATP pH ~7.3 adjusted with CsOH and
~280m0sm. Extracelular buffer contained 132 mM NaCl, 5.4 mM KCl, 1.6 mM Ca(Cly,
0.8 oM MgCly, 10 mM HEPES, 10 mM glucose pH ~7.4 adjusted with NaOH/ HCl and
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~300mOsm. Microtiter-Plate/Reference Buffer contained 140 mM TEA-CL, 10mM BaCl,,
0.8 mM MgCl,, 10 mM HEPES pH ~7.4 adjusted with TEA-OH/HCY, and ~300mOsm.

Cells were transferred to a QPatch 48 plate and gigascal was formed. The platc was

perfused with intracellular and extraceitular buffer. Compounds diluted in reference buffer

were applied to the extracclular site and tested following the voltage protocol as described

by Finley et al (2010). In brief, cells were depolarized from resting potential of -80 mV to

+20 mV and current was recorded. Data was plotted as percent inhibition vs concentration

of the compound and 1Cs values were generated using Graphpad Prism non-lincar

regression analysis. Resultant data is reported in Table 9. Concentration ranges for cach

compound are included with its Q patch value.

Table S

FIDES and © patch Assay Data

N Type ICs Pata (ubi)

i;:fi FDBSS (Ipatch Pulse=1 {Ipatch Pulse=158
1 ’ 0.041 0.365 (.01~ 1 uM) >3 (0.01- 1 pM)
2 (.12 NE (10 uM) 6.2 {0.3-10 uM)
3 0.376 0.830 ¢0.01- | uM) NE(0.01- 1 uM)
4 0.017 10 (0.3-10 uM) 1.06 (0.3-10 pM)
5 (3.191 5.9 (0.3-10 uM) 10 (0.3-10 uM)
6 0.73% 10 (0.3-10 uM) 16 {0.3-10 uM)
7 0.113 117 ¢0.3-10 uM) (.68 (0.3-10 uM)
8 >10 0.508 (0.01- 1 uM) >1(0.01- 1 udt)
g (.793 46 % {0.01- 1 pMy 37 % (0.01- 1 pM)
18 (.401 5.92 (0.3-10 uM) 1.47 {(0.3-10 uh)
it 0.082 63 % (10 uM} 21 % (10 uMy
12 (.63 28% (10 uM) NE (10 uM)
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N Type ICs Bata (uM)
Cpd ‘ _ - . g
No FDSS Qpatch Pulse=1 (patch Pulse=18
i3 0.2 >1(0.01- T uM) NE (0.01- 1 uM)
14 2.7 0.266 (0.01- 1 uM) > {0.01- 1 uM)
poor fit{0.01-0.3
i5 $.256 poor fit0.01-0.3 pM)
pM}

7 poor fi{0.01-0.3 o ,
i6 $.359 poor fit(0.01-0.3 ph)
pM}

17 0.591 4.4 (0.3-10 uM) 52(0.3-10 uM)
I8 $.108 0,694 (.01~ 1 uM) | 0376 (0.01- 1 uM)
1% 0.263 0.966 (0.01- 1 uM) 28 % (1 pM)
20 1.06 >1(0.01- 1 uM) NE (0.01- 1 uM)
21 0.119 0.639 (0.01- 1 uM) 39 % (0.01- 1 uM)
22 $8.075 0590 (0.01- 1 uMy | 0.847(0.01- 1 uM)
23 .31 21 % {(0.01- 1 uM) NE(0.01- | uM)
24 7.15 29 % (0.01- 1 pMy NE {0.01- 1 uM}
25 0.818 > {0.01- 1 pMy NE(0.01- 1 uM)
26 5.76 >1 {0.01- 1 pMy >1{0.01- 1 pM)
poor fit{(.01-0.3
27 6.4 1.9(0.01-0.3 ub)
uh)
poor fit{0.01-0.3
28 1.64 poor fit0.01-0.3 pM)
pM}
poor fit{0.31-0.3 ,
29 0.492 poor fit(0.01-0.3 ph)
pM}
3¢ 0.321 67 % (10 ubM) 35 % (10 uMy
31 $.769 1.58(0.01-0.3 uM}y | poor fit{4.01-0.3 uM)
32 0278 >1{0.01- 1 uM) NE (0.01- 1 pM)
33 0.459 >1(0.01- 1 uM) NE (0.01- 1 uM)
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N Type ICs Bata (uM)

?Niﬁ FDSS Qpatch Pulse=1 (patch Pulse=18
34* 1.62 38 % (0.01- 1 pM) NE {0.01- 1 uM}
38 0.838 NA NA
36 ¢.04 0.376 (0.01- 1 uM) NE (0.01- 1 uM)
37 0.424 NE{0.01- 1 uM) NE(0.01- 1 uM)
38 0.372 2.4 (0.3-10 uM) 0.769 (0.3-10 pMy
38 (.163 7 ¢0.3-10 uM) 1.9¢0.3-10 uM)
48 0.822 52 % (10 uM) 1.94 (0.3-10 uM)
41 0.131 71 % (10 ubM) $.602 (8.3-10 pMy
42 0.194 2.6 (0.3-10 uM) £.08 (0.3-10 uM)
43 (3.291 34 % (10 uM) 7.5{0.3-10 uM)
44 0.142 29 (03-10 uM) 308 (0.3-10 uh
45 0.149 2.2 (0.3-10 uM) $.671 (80.3-10 pMy
46 0.255 10 (0.3-10 uM) 2.5 (0.3-10 uMh
47 P54 >1 {0.01- 1 pMy NE (0.01- T uM)
48 5.41 0.222(0.01~ 1 uMy 0.843 (0.01- 1 uM)
49 0.123 >1{0.01- 1 uM) NE {0.01- 1 uM}
S0 0.215 >1(0.01- 1 pM) 0.971 (0.01- 1 uM)
51 (3.029 0,179 (0.01- 1 uM) 0.701 (0.01- 1 uM)
52 0115 0.721¢0.01- | uM) NE(0.01- 1 uM)
53 0.096 6.5 (0.3-10 uM) 2.01 {0.3-10 uM)
54 o6 $.302 (0.01- 1 uM) $.237 (0.01- 1 uM)

Poor fit(0.01- T uM) | Poor fit(0.01- 1 uM)
55 (.384 48 % (0.01- | uM) 0.780 (0.01- | udMy
56 1.67 NE (0.01- 1 uMy NE (0.01- T uM)
57 10 NE{0.01- 1 uM) NE (0.01- 1 uM)
58 4.81 NE (0.01- 1 uM) NE{0.01-1 uM)
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M Type [ Data (uM)
?Niii FDSS Qpatch Pulse=1 (patch Pulse=18
59 4.4 POOTRHOOLOI o 1(0.01-03 M)
i}

6 0321 0.247(0.01-0.3 uM) | poor fi(0.01-0.3 uM)
61 0.037 0.755H0.01-03 uMy 1 1.05(0.01-0.3 uM)
62 8.177 81 % (10 uM) 0.413{0.3-10 uM)
63 0.213 53 % (10 uMy 3.5(0.3-10 uM)
64 (.36 4.06 (0.3-10 uM) 1.72 {0.3-18 uM)
65 0.225 58 % (10 uM) 8.6 (0.3-10 uM)
66 $.049 Y (0.3-10 uM) 1.3 (0.3-10 uM)
67 0.166 NE (10 uM) NE (10 uM)

68 0.109 10 (0.3-10 uM) 4.6 (0.3-10 pM)
69 1.43 53 % (10 uM) 29 % (10 pMy

76 (.871 41 % (10 uM) NE (10 uM)

71 3.422 S5.83(0.01- 1 uM) | poor fit{0.01- | ubM)
72 2.4 poor fit(0.01- 1 uM} | poor .01~ 1 ubM)
73 8.16 poor fit{0.01- 1 uM} | poor BHO.01- 1 uM)
74 (3.48% 36 % (10 uM) 44 % (10 pM)

75 2.060 9.8 (0.3-10 uM) 4.2 (0.3-10 uM)
76 0.151 >1(0.01- 1 uM) NE {0.01- 1 M)
77 10 1001 1 uM) NE (0.01- | pM)
78 (4.234 38 % {(0.01- 1 uM) NE (0.01- 1 pM)
79 1.33 29 % (10 pMy 3.6 (0.3-10 M)
86 0.333 NE (10 uM) 28 % (10 uMy

g1 (3.201 6.7 (0.3-10 uM) 2.8 {0.3-10 uM)
82 3.6 POOTHHODIDS ot 61(0.01-03 )

pM}
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N Type ICs Bata (uM)
?Niii FDSS Qpatch Pulse=1 (patch Pulse=18
83 0.049 oot ﬁtmi 0 poor fit(0.01-0.3 pM)
YN
84 0.362 39 % (0.01- 1 uM) | NE (0.01- | M)
85 548 450, (0.01-1 uM) | NE(0.01-1 uh)
86 i3 IR (001- L oM} | NE (0.01- 1 uM)
87 6.2 poor 13(0.01-0.3 poor fit(0.01-0.3 M)
pM}
88 317 0.349 (0.01-0.3 uM) | poor [i0.01-0.3 &M}
80 0205 10517 (0.01-0.3 My | poor FH(0.01-0.3 M)
99 0.12 poor f11(0.01-0.3 poor fit(0.01-0.3 M)
)
51 {43 58 % (16 uM) 62 % (10 uM)
92 0.041 0.253 (0.01- 1 uM) | 0.269 (0.01- T M)
93 0.15 6.5 {0.3-10 M) 8 (03776 uhD)
94 0551 NE (0.01- 1 uM) NE (0.01- 1 uM)
55 16 NE (0.01- 1 gM) NE (0.01- 1 uM)
96 0.768 10 (0.3-10 M) 5.4 (0.3-10 uM)
97 0.515 NE (10 i) 3.08 (0.3-10 uM)
98 0.692 G902 {0.3-10 1M} 3.6 (0.3-10 ud)
59 105 NE (0.01- 1 uM) NE(0.01- 1 uM)
100 10 10 (0.3-10 1My 16 (0.3-10 ubd)
101 358 ST{0.01-1 M) NE (0.01- 1 M)
162 0.037 489 (10 1My 174 (0.3-10 M)
163 0.367 43 (0.3-10 5} 3T % (16 uM)
104 0464 NE (10 gM) NE (10 1M}
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N Type ICs0 Data (uM)
%iﬁ FDSS Qpateh Pulse=1 Qpateh Pulse=15
‘msi o5 8.3 (0.3-10 uM) 3.82 (0.3-10 M)
0.964(0.01-1 uM) | NE(0.01- 1 uM)
106 0.148 71 % (10 uM) 5.03 (0.3-10 uM)
107 0.43 3.53(0.3-10 pM) 347 (0.3-10 uM)
108 0394 58 (0.3-10 gvhy TA{0.3-10 M)
169 0322 4.5 (0.3-10 gl 750310 M)
110 0.385 44 % (10 uM) 36 % (10 M)
111 5257 32 % (10 M) 25 {03-10 uvh)
112 0.041 2.5 (0.3-10 pM} 3 (0.3-10 pM)
113 0.083 4.4 (0.3-10 gDy 7.8 (0.3-10 uM)
114 0.607 0668 (001-1 gM} | =1 (0.01- L pM)
115 0.731 NE (10 M) NE (10 uM)
116 137 S1(0.01- 1 uM) >1(0.01- 1 uM)
117 |44 409 (10 uM) 3579, (10 pM)
118 0.15 8.1 (0.3-10 pM) 10 (0.3-10 1M}
119 135 78% (10 uM) NE (10 uM)
129 0.108 1.6 (D.3-10 M) 0.1 (0.3-10 M)
121 0.233 6.6 (0.3-10 o) 33 (0.3-10 pM)
122 3.010 NE (0.01- 1 pM) NE (0.01- 1 uh)
123 §.129 D468 (0.01- 1 M)y | =1 (0.01- 1 M)
124 0.103 7.5 (0.3-10 udh) 16 (0.3-10 uM)
125 0313 21 (0.3-10 M) 73 (5.3-10 uM)
126 0234 39 % (10 uhM) 15(03-10 uM)

in Vivo Assavs

i

~3

i




(¥

10

WO 2015/023289 PCT/US2013/055282

Example 3

Complete Freud’s Adjuvant {CFA) Induced Mechanical Allodynia

Animals arrived and were acchimatized for 1-2 weeks in a temperature-controbied
room with a 12 h light/dark cycle and allowed frec access to standard laboratory chow and
water.

CFA (Sigma) was injected intra-plantar {75 pg/150 uL) from a concentration of 1:1
(diluted 1 mg/ mb of CFA in | mL of PBS). CFA-induced mechanical allodynia was
quantified by a Von frey test on day 2 (48 h post injection of CFA) and animals were
randomized based on IPWT response (Dixon 1980). Animals exhibiting a PWT of <5.0 ¢
were selected for testing. Animals were administered a coropound of Formula (I) through
appropriate route based on their pharmacokinetic properties. Responses were measured
with a Von-Frey flament. The maximum possible effect (% MPE) was determined as
100% 1t sensitivity i ipsilateral paw neared that of the contralateral paw. Values from the
vehicle-treated animals were considered 0%. The compound effect was determined based

on these values, Resoltant data are reported in Table 10, hereinbelow,

Example 4

Sciatic Nerve Ligation Model of Neuropathic Pain

Left LS and L6 spinal nerves are isolated adjacent to the vertebral column and were
ligated with 5-0 silk suture distal to the dorsal root ganglion, as described by Kim and
Chung (1992). The incision was closed with the help of GLUture topical tissue adhesive.
At 14 days post-surgery {one day prior to test compound administration}, mechanical
alfodynia was quantificd using cight von Froy filaments, calibrated in the range 0.4-15.1 ¢
{Nielsen et al 2005}, Rats were placed into individual plastic containers on top of a
suspended wire mesh grid and acclimated to the test chambers for at feast 15 mun.

Filaments were applied perpendicular to the mid-plantar paw surface, with enough force to
¥ g
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cause slight buckling, and held in place for 6-8 sec until a response was noted as a sharp
paw withdrawal, flinching, licking and/or biting immediately upon removal of the filament
{Niclsen ct al 2005). Rats exhibiting increased mechanical sensitivity {ipsilateral paw
withdrawal test cut-off of < 4.0 g) were selected and randomized. Test compounds of
Formula (I} were administered and a responsc was measured at Tmax. The maximum
possible cffect (% MPE) was determined to be 100% it the sensitivity in the ipsilateral paw
ncared that of the contralateral paw. Values from vehicle-treated animals were considered
0 %. The compound cffect was determined based on these values, Resultant data are

reported in Table 10, hereinbelow.
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Table 18
{CFEA gnd NI In Vive Data
CFA (% Reversal} SHI(%MPE}
Dose
(mg/kg) | cpat Cpd 11 Cpd 1 Cpd 11 Cpd 10 | Cpd 38
3 NA 20,9747 .88 NA 2829+ | 12.17£1124 1 NA
16.84
18 NA 41.12+5.14 NA 48.01+0.93 | 40.53+13.64 | NA
125 1 19732825 NA 22214761 NA NA NA
28 37.6247.17 NA 40.9+£20.29 NA NA NA
36 NA 55 8+11.32 NA 70.69+10.3 | 5459413371 NA
" 4 074123 R
0 Isgge022|  Na | ORUEET Na ST R
60 NA 76.443 .78 NA 96.1843.22 NA NA
188 | 75264896 NA 75+£13.01 NA 8545:844 | NA

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

with examples provided for the purpose of tlustration, 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:

L. A compound of Formula (1)
RS
G 4
\Yff R
N
RQ
Formula (1)
wherein
R'is
i} phenyi optionally independently substituted with one to three

substituents that are selected from the group consisting of chloro, fluoro, bromo,
cyano, trifluoromethyl, Cigalkyl, difluoromethoxy, and Cy4alkoxy; provided that
when phenyl of group (i) is substituted with a single substituent, that substituent is
at the 4-position;

it} a heteroaryl selected from the group consisting of pyridinyl,
pyrimidinyl, pyridazinyl, and pyrazinyl; wherein said heteroaryl is optionally
independently substituted with one or two substitucnts that are chloro, fluoro,
bromo, cvano, tritluoromethyl, Cyalkyi, or Csalkoxy;

it} pyrimidin-5-ylmethyl;

iv) phenylmethyl, wherein the phenyl portion of phenyvhmethyl is
optionally independently substituted with one or two substituents that are selected
from the group consisting of chloro, fluore, brome, cyano, trifluoromethyl, Cy.
salkyl, and C, 4alkoxy; provided that when phenyhmethyl of group (iv) is
substituted with a single substituent, that substituent is at the 4-position;

v) phenyisulfonyl, wherein the phenyl portion of pheoyisulfonyl is
optionally independently substituted with one or two substituents that are selected

from the group consisting of chloro, fluoro, brome, cyano, triflucrorethyl, Cy.

s
~3
"
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salkyl, and Cysalkoxy; provided that when phenyisulfonyl of group (v} is
substituted with a singlc substituent, that substituent is at the 4-position;
Vi) Cyalkylsulfonyl;

vii)  Csseycloalkylsulfonyl; or

viit}  trifluoromethylsulfonyl;

RYis

i} phenyl optionally substituted with a substituent that is sclected from
the group consisting of C, salkoxy and trifluoromethoxy;

it} a heteroaryl selected from the group consisting of pyridinyl,
pyrimidinyl, thiazolyl, triazolyl, and pyrazinyl; whercin said heteroaryl is
optionally substituted with a substituent that is Cy4alkyl, C; salkoxy,
triftaoromethoxy, or hyvdroxy;

i) Caeyveloalkyl; or

v} Caaoveloalkyl-(Cyojalkyl;
R is selected from the group consisting of hydrogen, chloro, or methyl;

Gis G, G2, or B3,

S
o et

Gl 32 G3

b

and cnantiomers, diastercomers, and pharmaccutically acceptable salts thereof,

2. The compound of claim 1 wherein R is
i) phenyl independently substitoied with ove to three substitucnts that are

selected from the group consisting of chloro, fluore, bromo, cyano,

trifluoromethyl, C; 4alkvl, difluoromethoxy, and C; salkoxy; provided that
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iii)

V)

v)
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when phenyl of group (i) is substituted with a single substituent, that
substituent is at the 4-position;

a hetcroaryl that is pyridinyl;, wherein said pyridinyl is optionally
independently substituted with one or two substituents that are chloro,
fluore, bromo, cyano, trifluoromethyl, C)qalkyl, or C; salkoxy;
phenylmethyl, wherein the phenyl portion of phenyimethyl is optionally
independently substituted with onc or two substitucnts that are sclected
from the group consisting of chloro, fluoro, bromo, cyano, trifluoromethyl,
substituted with a single substituent, that substituent 1s at the 4-position;
phenvisuifonyl, wherein the phenyl portion of phenylsulfonyl is optionally
independently substituted with one or two substituents that are selected
from the group consisting of chloro, fluoro, bromo, cyano, triflucromethyl,
C qalkyl, and Cy 4alkoxy; provided that when phenyisaifonyl of group (iv)
is substituted with a single substitoent, that substitoent is at the 4-position;
C salkyisulfonyl; or

triftuoromethyisulfonyl.

The compound of claim 2 wherein R” i

i)

phenyl independently substituted with one to three substituents that are
selected from the group consisting of chloro, fluore, bromo, cyvanoe,
trifluoromethyi, methyl, diffaoromethoxy, and C;.;alkoxy; provided that
when phenyi of group (i} is substituted with a single substituent, that
substituent is at the 4-position; or

a heteroaryl that is pyridinyl, wherein said pyridinyl is optionally
independently substituted with one or two substitucnts that are chloro,

fluoro, bromo, cyano, triflucromethyl, or Oy salkoxy.

,...
-3
-3
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The compound of claim 3 wherein R’ is phenyl independently substituted with one
to three substitients that are sclected from the group consisting of chloro, fluoro,
cyano, trifluoromethyl, diftuoromethoxy, and methyl; provided that when phenyl is

substituted with a single substitucnt, that substituent is at the 4-position.

The compound of claim 1 wherein R? is

i) phenyl substituted with a substituent that is selected from the group
consisting of C; salkoxy and trifluoromethoxy;

i1} a hetcroaryl sclected from the group consisting of pyridinyl, pyrimidinyl,
and pyrazinyl; wherein said heteroaryl is optionally substituted with a
substitaent that is Cy salkoxy or trifluoromethoxy;

1) Csseycloalkyl; or

V) Careycloalkyl-(Cy alkyl.

The compound of claim 5 wherein R” is

1) phenyl sabstituted with Cialkoxy;

i1) a heteroaryl selected from the group consisting of pyridinyl and pyrazinyl;
wherein said heteroaryl is optionally substituted with Cygalkoxy; or

i} Caqeveloalkyl-{Cyo)atkyl.

The compound of claim 6 wherein RY is
i) phenyl substituted with €y jalkoxy; or
i) a heteroaryl selected from the group consisting of pyridinyl and pyrazinyl;

wherein said heteroaryl is optionally substituted with € alkoxy.

The compound of claim 7 wherein R is
i) phenyl substituted with methoxy; or
i1} a heteroaryl selected from the group consisting of pyridinyl and pyrazinyl;

wherein said heteroaryl is optionally substituted with Cqalkoxy.
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9. The compound of claim 1 wherein R’ is hydrogen.
10, The compound of claim 1 wherein is G is G1 or G2;
______ or
Al
G G2
i1 The compound of claim 108 wherein G 1s G
/
O/
8
G
12 The compound of claim 11 wherein G 15 G2
_Oé(,(m
/Tl
G2

{3. A compound of Formula (I)

N/
\.(\7
R_

Formula (I}

whercin
R'is
i} phenyl independently substituted with one to three substitucnts that are

sclected from the group consisting of chloro, fluoro, bromo, cyano,

179
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1)

1}
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trifluoromethyl, C,alkyl, difluoromethoxy, and Ciualkoxy; provided that
when phenyi of group (i} is substituted with a single substituent, that
substituent is at the 4-position;

a heteroaryl that is pyridinyl; wherein said pyridinyl is optionally
independently substituted with onc or two substitucnts that are chloro,
fluoro, bromo, cyano, trifluoromethyl, Cysalkyl, or C,; salkoxy;
phenyvimethyl, wherein the phenyl portion of phenyimethyl is optionally
independently substituted with one or two substituents that are selected
from the group consisting of chloro, fluoro, bromo, cvano, trithuoromethyl,
Cyalkyl, and Cy_yalkoxy; provided that when phenvimethyl of group (311} is
substituted with a single substituent, that substituent is at the 4-position;
phenylsulfonyl, wherein the phenyl portion of phenylsulfonyl is optionally
independently substitoted with one or two substitucnts that are selected
from the group consisting of chloro, fluoro, bromo, cyano, trifluoromethyl,
Crgalkyl, and Cygalkoxy; provided that when phenyisuifonyvl of group (iv)
is substituted with a single substituent, that substituent is at the 4-position;
Cygalkyisulfonyl; or

triffuoromethyisulfonyl;

R”is

phenyl substituted with a sebstifuent that is selected from the group
consisting of C; salkoxy and trittuoromethoxy;

a heteroaryl selected from the group consisting of pyridinyl, pyrimidinyl,
and pyrazinyl; wherein said heteroaryl is optionally substituted with a
substituent that is O salkoxy or trifluoromethoxy;

Csoeycloalkyl; or

Ciqcyeloalkyl-(Cy pjatkyl;

3 . P P . P
R 15 selected from the group consisting of hydrogen, chloro, or methyl;
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Gis Gl oor G2

Gi G2

b

and cnantiomers, diastereomers, and pharmaccutically acceptable salt forms

thereof.
4. A compound of Formula (1)
!33
o
u\f’?‘!\N,—R
NES
Formula (1)
whergin
R'is
i} phenyl independently substituted with one to three substitucnts that are

sclected from the group consisting of chloro, fluoro, bromo, cyano,
trifluoromethyl, methyl, difluoromethoxy, and C; salkoxy; provided that
when phenyl of group (i) is substituted with a single substituent, that
substituent is at the 4-position; or

i1} a hetcroaryl that is pyridinyl;, wherein said pyridinyl is optionally
independently substituted with one or two substituents that are chloro,

fluore, bromao, cyavo, trifluororethyl, or Cy salkoxy;

R is
1) phenyl sabstituted with Cialkoxy;
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i1} a heteroaryl selected from the group consisting of pyridinyl and pyrazinyl;
wherein said heteroaryt is optionally substituted with Cisalkoxy; or

111} Csyeychoalkyl-(Cq)alkyl;
R’ is hydrogen;
Gis Gi or G2;
_____ Sé OF g‘;)H
Gi G2

and enantiomers, diastercomers, and pharmaceutically acceptable salt forms

thereof

5. A compound of Formula (I)

RS
- {
TR
~

RZ
Formula (I}
whercin
R' is phenyl independently substituted with onc to three substituents that are
sclected from the group consisting of chloro, fluoro, cyano, trifluoromethyl,
difluoromethoxy, and methyl; provided that when phenyl is substituted with a

single substituent, that substituent is at the 4-position;

a3

R s
i) phenyl substituted with Cy 4alkoxy; or
i) a hetercary! selected from the group consisting of pyridinyt and pyrazinyl;

wherein said heteroarvl is optionally substituted with Cyalkoxy;
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R’ is hydrogen;

Gis Gi or G2;

and cnantiomers, diastercomers, and pharmaccutically acceptable salt forms

thereof.
16. A compound of Formula (I)
RB
ENG
\f’ N~F
N e
\<R2
Formuila (1)
wherein

R’ is phenyl independently substituted with onc to three substituents that are
sclected from the group consisting of chloro, fluoro, cyano, trifluoromethyl,
difluoromethoxy, and methyl; provided that when phenyl is substituted with a

single substitucnt, that substitucnt is at the 4-position;

a3

R s
i) phenyl substituted with methoxy; or
i) a hetercary! selected from the group consisting of pyridinyl and pyrazinyi;

wherein said heteroarvl is optionally substituted with Cyalkoxy;
R’ is hydrogen;

s G or G2
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0 o Hﬁ—écm
$ A

Gl G2 .

and enantiomers, diastereomers, and pharmaccutically acceptable salt forms

thereof.

s
-3

A compound of Formula (1)

RS
G\v{j}’\"w
N
R:”:

Formula (1)
whergin
R is phenyl independently substituted with one to three substituents that are
selected from the group consisting of chloro, flusro, cvano, trittuoromethyi,
dittuoromethoxy, and methyl; provided that when phenyl is substituted with a

single substituent, that substituent is at the 4-position;

RYis
i} phenyl substituted with methoxy; or
i1} a hetecroaryl sclected from the group consisting of pyridiny! and pyrazinyl;

wherein said heteroaryl is optionally substituted with Cisalkoxy;
3.
R 15 hydrogen;

Gis Gl

2,

k]
(i
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15,

and enantiomers, diastercomers, and pharmaceutically acceptable salt forms

thereof.

A compound of Formula (1)

Formula (I}
wherein
R'is phenyl independently substituted with oue to three substituents that are
selected from the group consisting of ehloro, fluore, cyano, trifluoromethyl,
diftuoromethoxy, and methyl; provided that when phenyl is substituted with a

singlc substituent, that substituent is at the 4-position;

R”is
i} phenyl substituted with methoxy: or
1} a heteroaryl selected from the group consisting of pyridiny! and pyrazinyi;

wherein said heteroaryt is optionally substituted with Cisalkoxy;
R is hydrogen;
Gis G2

OH

G2

and enantiomers, diastereomers, and pharmaceutically acceptable salt forms

thereof,
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19. A compound of Formula (I}

Formula (I)

selected from the group consisting of

Cpd 1, 4-[2-(2-Methoxyphenvl}-4-(2,2,6,6-tetramethy ltetrahydro-2H-pyran-4-yl)-
iH-imidazol-1-yllbenzonitrile;

Cpd 2, 4-[1-(4-Fluorophenyl}-4-(2 2,6, 6-tetramethyltetrabydro-2 H-pyran-4-vi- 1 H-
imidazoi-2-yii-3-methoxypyridine;

Cpd 3, 2-Ethoxy-5-[2-(3~-methoxypyridin-4-v13-4-(2,2,6,6-tetramethyltetrahydro-
2H-pyran-4-yvi-1H-imidazol-1-vljpyridine;

Cpd 4, 1-{4-Fluorophenyl}-2-(2-methoxyphenyl}-4-(2,2,6,6-tetramethylietrahy dro-
2H-pyran-4-vi)-1H-imidazole;

Cpd 8§, 5-[2-(2-Methoxyphenyl}-4-(2,2,6,6-tetramethylictrabydro-2H-pyran-4-yl)-
{H-imidazol-1-yl}-2-methylpyridine;

Cpd 6, 2-[2-(2-Methoxyphenyl}-4-(2,2,6,6-tetramethylictrabydro-2H-pyran-4-yl)-
{H-imidazol-1-yl]-S-methylpyriding;

Cpd 7, 2-(2-Methoxyphenyi}- 1 -(4-methoxyphenyl}-4-(2,2.6,6-
tetramethyltetrahydro-2H-pyran-4-y1}- 1 H-imidazole;

Cpd 8, 5-{2-(2-Methoxyphenyl}-4-(2,2,6,6-tetramcthyltctrahydro-2H-pyran-4-yl}-
iH-imidazol-1-yl}-2-methylpyrimiding;

Cpd 9, 3-(1-(3-chlorobenzyl)-4-(2,2.6,6-tetramethylictrahydro-2H-pyran-4-y-1 H-
imidazoi-2-y1-2-methoxypyridine;

Cpd 10, 3-[1-{4-Fluorophenyi)-4-(2,2 6 6-tctramethylctrahvdro-2H-pyran-4-yi}-
iH-imidarol-2-yl}-2-methoxypyriding;

Cpd 11, 3-[1-(4-Chloropheny!)}-4-(2,2,6,6-tetramethyltetrahy dro-2H-pyran-4-yi}-

iH-~imidazol-2-vl}-2-methoxypyriding;
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Cpd 12, 4-[2-(3-Mecthoxypyridin-2-y1}3-4-(2,2,6,6-tetramethyltctrahydro-2 H-pyran-
4-yi}-1H-imidazol-1-yl]benzonitrile;

Cpd 13, 4-[1-{4-Chloro-3-fluorophenyi}-4-(2,2,6,6-tctramethy itctrahydro-2H-
pyran-4-yi-1H-imidazol-2-vl}-3-mecthoxypyridine;

Cpd 14, 2-Chloro-5-{2-(2-mcthoxyphenyi}-4-(2,2.6,6-tetramethylietrahydro-2H-
pyran-4-yi}-1H-imidazol-1-vihenzonitrile;

Cpd 15, 4-[2-(2-Mcthoxypyridin-3-y13-4-(2 2,6, 6-tetramcthyltetrahydro-2 H-pyran-
4-yi}-1H-imidarol-1-v1}-2-methylbenzonitrile;

Cpd, 16, 2-methoxy-3-(4-(2,2,6,0-tctramethyltetrahydro-2H-pyran-4-yi}-1-(2,3 4-
trifluoropheny)}- [ H-imidazol-2-yipyridine;

Cpd 17, 2-[1-(3-Chloro-4-fluoropheny)-4-(2 2,6, 6-tetramethyitetrabydro-2H-
pyvran~-4-yi)- 1 H-imidazol-2-v1}-3~methoxypyridine;

Cpd 18, 4-[1-(3-Chloro-4-fluoropheny)-4-(2 2,6, 6-tetramethyitetrabydro-2H-
pyvran~-4-yi)- 1 H-imidazol-2-v1}-3~methoxypyridine;

Cpd 19, 2-[1-(4-Chloro-3-fluoropheny)-4-(2 2,6, 6-tetramethyitetrabydro-2H-
pyvran~-4-yi)- 1 H-imidazol-2-v1}-3~methoxypyridine;

Cpd 28, 3-[1-(3-Chloro-d-flucropheny}-4-(2,2,6,0-tetramethyltetrahydro-2 H-
pyran-4-yi-1H-imidazol-2-vl}-d-methoxypyriding;

Cpd 21, 4-[2-(2-Methoxypheny1}-4-(2,2,6,6-tetramethyitetrahydro-2H-pyran-4-vi}-
i H-imidazol-1-yi}-2-methyibenzonitrile;

Cpd 22, 5-[2-(2-Methoxypheny1}-4-(2,2,6,6-tetramethyltetrahydro-2H-pyran-4-vi}-
1 H-imidazol-1-yi}-2-methylbenzonitrile;

Cpd 23, 3-[1-(3-Fluoro-4-methoxyphenyl}-4-(2,2.6,6-tetramethyltetrahydro-2H-
pyran-4-yi-1H-imidazol-2-y1}-2-methoxypyriding;

Cpd 24, 3-[1-(4-Fluoro-3-methoxyphenyl}-4-(2,2.6,6-tctramethyltetrahydro-2 H-
pyran-4-yi-1H-imidazol-2-y1}-2-methoxypyriding;

Cpd 258, 5-[2-(2-Mecthoxypyridin-3-vi}-4-(2,2 6 6-tetramethyltetrahydro-2H-pyran-

d-yiy-1H-imidazol-1-y1]-2-methylbenzonitrile;
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Cpd 26, 3-[1-{4-Chlorophenyi}-4-(2,2,6,6-tctramcthyltctrahydro-ZH-pyran-4-yl}-
{H-imidazol-2-yl]-4-methyl-4H-1,2 4-triazole;

Cpd 27, 3-[1-{2-Chlorobenzyl}-4-(2,2,6,6-tctramcthyltetrahydro-2H-pyran-4-y1)-
iH-imidarol-2-yl}-2-methoxypyriding;

Cpd 28, 3-[1-{4-Chlorobenzyl}-4-(2,2,6,6-tctramcthyltetrahydro-2H-pyran-4-y1)-
iH-imidarol-2-yl}-2-methoxypyriding;

Cpd 29, 4-(2-(2-mcthoxypyridin-3-y1)}-4-(2,2 6, 6-tetramethylietrahydro-2 H-pyran-
4-yi}-1H-imidazol-1-y1}-2-(triflucromethylibenzonitrile;

Cpd 30, 3-[1-(2,4-Difluorophenyl}-4-(2,2,6 6-tctramethyltetrahydro-2H-pyran-4-
yh- 1 H-imidazol-2-yi}-2-methoxypyriding;

Cpd 31, 3-(1-(2,3-difluorophenyl}~-4-(2,2,6, 6-tetraruethyltetrabydro-2H-pyran-4-
yh- 1 H-imidazol-2-y1}-2-methoxypyriding;

Cpd 32, 3-[2-(2-Methoxypheny}-4-(2,2,6,6-tetramethyltetrahy dro-2H-pyran-4-vi-
iH-~imidazol-1-ylibenzonitrile;

Cpd 33, 4-[1-(3,4-Difluorophenyl}-4-(2,2,6,6-tetramethyltetrahydro-2H-pyran-4-
yh- 1 H-imidazol-2-yi}-3-methoxypyriding;

Cpd 34, 2-Methoxy-4-[2-(2-methoxyphenyi}-4-(2,2,6,6-tetramethyitetrahydro-2 H-
pyran-4-yi-1H-imidazol- 1-vlibenzonitrile;

Cpd 38, 2-[1-3,4-Difluorophenyl}-4-(2,2,6,6-tetramethyltetrabhydro-2H-pyran-4-
yi-1H-imidazol-2-vi]-3-methoxypyridine;

Cpd 36, 3-Fluoro-4-[2-2-methoxyphenyi}-4-(2,2,6,6-tctramethyltetrahydro-2H-
pyran-4-yi-1H-imidazol- 1-ylibenzonitrile;

Cpd 37, 2-Mcthoxy-5-{2-(2-methoxyphenyl}-4-(2,2,6,6-tetramethyltetrahydro-2 H-
pyran-4-yi-1H-imidazol- 1-ylibenzonitrile;

Cpd 38, 1-(4-Chlorophenyt)-2-(Z-methoxyphenyi}-4-(2,2,6,6-
tetramethyltetrahydro-2H-pyran-4-yi)-1 H-imidazolc;

Cpd 39, 5-Chloro-2-{2-(2-methoxyphenyl}-4-(2,2,6,6-tetramethyltetrahydro-2 H-

pyran-4-yi-1H-imidazol- 1-yljpyridine;
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Cpd 40, 3-[1-(3,4-Difluorophenyl)-4-(2,2,6,6-tctramethyltetrahydro-2H-pyran-4-
yi}-1H-imidazol-2-yi]-Z-methoxypyridine;

Cpd 41, 1-{(4-Chloro-3-fluorophenyh}-2-(2-methoxyphenyl)-4-(2,2,6,6-
tetramethyltetrahydro-2H-pyran-4-y1}- 1 H-imidazole;

Cpd 42, 1-(3,4-Difluorophenyi}-2-(2-methoxyphenyi}-4-(2,2,6,6-
tetramethyltetrahydro-2H-pyran-4-y1}- 1 H-imidazole;

Cpd 43, 4-[2-(2-Mcthoxypyridin-3-y13-4-(2 2,6, 6-tetramcthyltetrahydro-2 H-pyran-
4-yi}-1H-imidazol-1-yllbenzonitrile;

Cpd 44, 3-[1-{4-Chloro-3-fluorophenyi}-4-(2,2,6 6-tctramethyitctrahydro-2 H-
pyvran~-4-yi)- 1 H-imidazol-2-v1}-2~methoxypyridine;

Cpd 45, 1-(3-Chloro-4-fluoropheny!)-2-(2-methoxypheny)-4-(2.2,6,6-
tetramethylietrahydro-2H-pyran-4-y1)- I H-imidazole;

Cpd 46, 3-[1-(3-Chloro-4-fluoropheny)-4-(2 2,6, 6-tetramethyitetrabydro-2H-
pyvran~-4-yi)- 1 H-imidazol-2-v1}-2~methoxypyridine;

Cpd 47, 2-[1-(4-Floorophenyl}-4-(2,2 6, 6-tetramethyletrahvdro-2H-pyran-d-yi}-
iH-~imidazol-2-yl}-3~-methoxypyrazing;

Cpd 48, 3-[2-(2-Methoxypyridin-3-v-4-(2.2,6,6-tetramethyltetrahy dro-2H-pyran-
d-yiy-1H-imidazol-1-yl]benzonttrile;

Cpd 49, S-[1-(4-Chlorophenyl}4-(2,2,6,6-tetramethvitetrahydro-2H-pyran-4-yi}-
i H-imidazol-2-vii-4-methoxypyrimidine;

Cpd 58, 2-[1-(4-Chlorophenyl}4-(2,2,6,6~tetramethvitetrahydro-2H-pyran-4-yi}-
i H-imidazol-2-yi}-3-methoxyvpyrazing;

Cpd 51, 3-[1-(4-Chlorophenyi}-4-(2,2,6,6-tctramethyltetrahydro-2H-pyran-4-vi}-
I H-imidazol-2-yi}-2-cthoxypyridine;

Cpd 52, 3-[1-(3,4-Diflgorophenyl}-4-(2,2,6,6-tetramethyltctrahydro-2H-pyran-4-
vi-1H-imidazol-2-yi}-2-cthoxypyridine;

Cpd 53, 5-[2-(2-Mecthoxyphenyl}-4-(2,2,6,6-tetramethyltetrahydro-2H-pyran-4-vi-

I H-imidazol-1-yi}-2-{trifluoromethyl)pyridine;
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Cpd 84, 2-Mcthoxy-3- {4-(2,2.6,6-tetramethyltetrahydro-2 H-pyran-4-yi-1-{6-
{trifluoromethybpyridin-3-yl}j-1 H-imidazol-2-vi} pyriding;

Cpd 85, 1-(4-Chlorophenyl)-2-(cvclopropylmethyi}-4-(2,2.6,6-
tetramethyltetrahydro-2H-pyran-4-y1}- 1 H-imidazole;

Cpd 86, 1-{(4-Chlorophenyly-2-cyclopropyl-4-(2.2.6,6-tetramethyltctrahydro-2H-
pyran-4-yi-1H-imidazole;

Cpd 87, 4-[2-Cyclopropyi-4-(2,2,6 6-tetramethylteirahydro-2H-pyran-4-yi)- 1 H-
imidazol-1-yljbenzonitrile;

Cpd 88, 4-[2-(Cyclopropylmethyl-4-(2.2,6 6-tctramcthyltetrahydro-2 H-pyran-4-
yh- 1 H-imidazol-1-ylibenzonitrile;

Cpd 59, 5-[2-(Cyclopropyimethyl}-4-(2,2,6,6-tetrarnethyltetrabydro-2 H-pyran-4-
yh-H-imidazol-1-yvi-2-(rifluoromethyDpyriding;

Cpd 68, 2-[1-{(4-Chloropheny!}-4-(2,2,6,6-tetramethyltetrahy dro-2H-pyran-4-yl}-
iH-imidazol-2-yl}-3-cthoxypyrazine;

Cpd 61, | -(4-(difluoromethoxy)phenvl)-2-(2-methoxyphenyl}-4-(2,2,6,6-
tetramethylietrahydro-2H-pyran-4-yh)- I H-imidazole;

Cpd 62, 1-(4-Bromo-3-flucrophenyh)-2-(2-methoxyphenyi)-4-(2,2,6,6-
tetramethylictrahydro-2H-pyran-4-yi)-1 H-imidazole;

Cpd 63, 1-(3-Bromo-4-fluorophenyt)-2-(2-methoxyphenyi)-4-(2,2,6,6-
tetramethylictrahydro-2H-pyran-4-yi)-1 H-imidazole;

Cpd 64, 3-[1-(3-Bromo-4-fluorophenyi)-4-(2,2,6,6-tetramethyitetrahydro-2H-
pyran-4-yi-1H-imidazol-2-y1}-2-methoxypyriding;

Cpd 65, 3-[1-(4-Bromo-3-fluorophenyi}-4-(2,2,6,6-tctramethyitetrahydro-2H-
pyran-4-yi-1H-imidazol-2-y1}-2-methoxypyriding;

Cpd 66, 4-(1-(4-chlorophenyl}-4-(2,2,6,6-tctramethyltetrahydro-2H-pyran-4-yl)-
1 H-imidazol-2-yi}-3-methoxypyridine;

Cpd 67, 2-(1-(4-chlorophenyl}-4-(2,2,6,6-tctramethylietrahydro-2 H-pyran-4-yl)-

i H-imidazol-2-vi}-3-methoxypyriding;
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Cpd 68, 3-(1-{4-chlorophenyl)-4-(2,2,6 6-tctramethyltetrahydro-2H-pyran-4-vi)-
iH-imidazol-2-yl)-4d-methoxypyriding;

Cpd 6%, 3-(1-{4-fluorophenyl}-4-(2,2,6,6-tetramcthyltctrahydro-2H-pyran-4-yl}-
iH-imidazol-2-yl}-4-methoxypyriding;

Cpd 70, 2-(1-{4-fluorophenyl}-4-(2,2,6,6-tetramcthyltctrahydro-2H-pyran-4-yl}-
iH-imidazol-2-yl}-3-methoxypyriding;

Cpd 71, 3-(1-(2,5-difluorophenyl)-4-(2,2.6,6-tetramethylictrahydro-2H-pyran-4-
yi}-1H-imidazol-2-vl}-2-methoxypyriding;

Cpd 72, 3-(1-(3,5-difluorophenyl)-4-(2,2.6,6-tetramethylictrahydro-2H-pyran-4-
yh- 1 H-imidazol-2-y1}-2-methoxypyriding;

Cpd 73, 3-fluoro-5-02-(2-methoxypyridin-3-y1}-4-(2,2 6, 6-tetramethylictrahydro-
2H-pyran-4-yh-1H-imdazol- [ -yhbenzonitrile;

Cpd 74, 2-Fluoro-3-[2-(2-mcthoxy-pheny-4-(2,2,6,6~tetramethvi-ietrahydro-
pyvran-4-yi-imidazol-1-ylj-benzonitrile;

Cpd 75, 3-[1-(6-Ethoxypyridin-3-y1-4-(2,2,6,6-tetramethylietrabydro-2H-pyran-
d-yi)- 1 H-imidazol-2-y1}-2-methoxypyridine;

Cpd 76, 3-Fluoro-4-[ 2 2-methoxypyridin-3-vi3-4-(2,2,6,6-tetramethy ltetrahydro-
2H-~pyran-4-yi}- 1 H-imidazol-1-vithenzonitrile;

Cpd 77, 2-Methoxy-4-{2-(2-methoxypyridin-3-y1)-4-(2,2,6,6~
tetramethylictrahydro-2H-pyran-4-yi)- 1 H-imidazol-1-yl]benzonitrile;

Cpd 78, 2-Chloro-4-{2-(2-methoxypyridin-3-y1)-4-(2,2,6,6-tetramethyltetrahydro-
2H-pyran-4-yij-1 H-imidazol-1-vitbenzonitrile;

Cpd 79, 2-Fluoro-5-[2-{2-methoxypyridin-3-yi}-4-(2,2,6,6-tetramethyltetrahydro-
2H-pyran-4-yij-1 H-imidazol-1-vitbenzonitrile;

Cpd 80, 2-Fluoro-4-[2-{2-mcthoxypyridin-3-yi}-4-(2,2,6,6-tetramethyltetrahydro-
2H-pyran-4-yij-1 H-imidazol-1-vitbenzonitrile;

Cpd 81, 2-Fluoro-4-[2-{2-methoxyphenyl}-4-(2,2.6,6-tectramethyltetrahydro-2H-

pyran-4-yi-1H-imidazol- {-ylibenzonitrile;
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Cpd 82, 2 6-diftuoro-4-(2-(2-methoxypyridin-3-yi}-4-(2,2,6,6-
tetramethyltetrahydro-2H-pyran-4-yi3- 1 H-imidazol- 1 -yl}benzonitrile;

Cpd 83, 3,5-difluoro-4-(2-(2-methoxyphenyl}-4-(2,2,6 6-tctramethyltetrahydro-2H-
pyran-4-yi}-1H-imidazol-1-vl}benzonitrile;

Cpd 84, 2-Chloro-5-{2-(2-mcthoxypyridin-3-y1}-4-(2,2.6,6-tctramethylictrahy dro-
2H-pyran-4-vi- 1 H-imidazol- 1 -yl}benzonitrile;

Cpd 85, 2-Methoxy-5-{2-(2-mcthoxypyridin-3-y1)-4-(2,2.6,6-
tetramethyltetrahydro-2H-pyran-4-yi}- 1 H-imidazol-1-vllbenzonitrile;

Cpd 86, 4-[2-(4-Methoxypyrimidin-5-y1)-4-(2,2 6, 6-tetramethylictrahydro-2H-
pyvran-4-yi)- 1 H-imidazol-1-vi}benzoniirile;

Cpd 87, 4-[2-(3-Mecthoxypyrazin-2-y13-4~(2,2,6,6-tetramethy ltetrahydro-2H-pyran-
d-yi)- I H-1imidazol-1-yl]benzoniirile;

Cp4d 88, 2-fluoro-4-(2-(3~-methoxypyrazin-2-y1-4-( 2,26 6-tctramethyltetrabydro-
2H-pyran-4-yh-1H-imdazol- [ -yhbenzonitrile;

Cpd 89, 4-(2-(2-cthoxypyridin-3-v13-4-(2,2,6,6-tetramethyltetrahydro-2H-pyran-4-

vy~ H-imidazol-1-y1)-2-fluorobenzoniirile;

2H-~pyran-4-yi}-1 H-imidazol-1-vithenzonitrile;

Cpd 92, 3-[S-Chloro-1-(4-fluoropheny}-4-(2,2 6, 6-tetramethyitetrahy dro-2H-
pyran-4-yi-1H-imidazol-2-y1}-2-methoxypyriding;

Cpd 93, 3-[5-Chloro-1-(4-chiorophenyi}-4-(2,2,6 6-tetramethylictrahydro-2 H-
pyran-4-yi}-1H-imidazol-2-y1}-2-methoxypyriding;

Cpd 94, 2-(2-Methoxyphenyl)-4-(2,2,6,6-tctramethyitetrahydro-2H-pyran-4-yi}-1-
[(rifluoromethylisulfonyl}-1 H-imidazole;

Cpd 95, 1-(Cyclopropyisulfonyl)-2-(2-methoxyphenyli}-4-{2,2,6,6-

tetramethyltetrahydro-2H-pyran-4-yi)-1 H-imidazolc;
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Cpd 96, 2-(2-Methoxyphenyl}-1-[{2-methylpropylisulfonyl}-4-(2,2,6,6-
tetramethyltetrahydro-2H-pyran-4-yi}- 1 H-imidazole;

Cpd 97, 1-[{4-Chlorophenyiisulfonyl]-2-(2-methoxyphenyl}-4-(2.2,6,6-
tetramethyltetrahydro-2H-pyran-4-y1}- 1 H-imidazole;

Cpd 98, [-[{4-Fluorophenyhsulfonyvl]-2-(2-methoxyphenyl)-4-(2,2,6,6-
tetramethyltetrahydro-2H-pyran-4-y1}- 1 H-imidazole;

Cpd 99, 4-1[2-(2-Methoxyphenyl}-4-(2,2,6,6-tetramethyltctrahydro-2H-pyran-4-
yi-1H-imidazol-1-ylmethyl} benzonitrile;

Cpd 108, 5-{[2-(2-Mcthoxyphenyl}-4-(2,2,6,6-tctramethyltetrahydro-ZH-pyran-4-
vy~ H-imidazol-1~-ymethyl} pyrimiding;

Cpd 101, 3-42-(2-Methoxypheny}-4-(2,2,6,6-tetramethyltetrabydro-2H-pyran-4-
yh- 1 H-imidazol-1-yHmethyl} benzonitrile;

Cpd 102, 4-[1-(4-ChlorophenyD)-2-(2-methoxyphenyl)- 1 H-imidazol-4-v1]-2,2,6,6-
tetramethvltetrahvdro-2H-pyran-4-ol;

Cpd 103, 4-[1-(4-ChlorophenyD-2-(d-methoxypyridin-3-yh- 1 H-imidazol-4-v1}-
2,2,6,6~tetramethylictrahydro-2H-pyran-4-~ol;

Cpd 104, 4-1-(4-Chloropheny{}2-(3-methoxypyridin-2-yi)}- 1 H-imidazol-4-vl}-
2,2,6,6~-tetramethyltetrahydro-2H-pyran-4-ol;

Cpd 108, 4-{1-(4-Chlorophenyl-2-(2-methoxypyridin-3-yh- 1 H-imidazol-4-vi}-
2,2,6,6~-tetramethyltetrahydro-2H-pyran-4-ol;

Cpd 186, 4-1-(3-Bromo-4-flusrophenyi}-2-{ 2-methoxyphenyi)-1 H-imidazol-4-v1]-
2,2,6,6-tetramethyltetrahydro-2H-pyran-4-ol;

Cpd 107, 4-{1-3.4-Difluorophenyl}-2-(2-methoxyphenyl)-1 H-imidazol-4-yl}-
2,2,6,6-tetramethyltetrahydro-2H-pyran-4-ol;

Cpd 108, 4-{1-(3.4-Difluorophenyl}-2-2-methoxypyridin-3-yi}- 1 H-imidazol-4-yi}-
2,2,6,6-tetramethyltetrahydro-2H-pyran-4-ol;

Cpd 109, 4-{2-(2-Mcthoxyphenyl)-1-{6-(trifluoromethylpyridin-3-yi}- 1H-

imidazol-4-y1}-2.2,6 6-tctramethyltetrahydro-2H-pyran-4-ol;
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Cpd 116, 4-[1-(3-Chloro-4-fluorophenyl}-2-(2-methoxypyridin-3-ylj-1 H-imidazoi-
4-yi}-2,2,6,6-tetramethylictrahydro-2 H-pyran-4-ol;

Cpd 111, 4-{1-(3-Chloro-4-fluorophenyl}-2-(2-methoxyphenyhy- 1 H-imidazol-4-vij-
2,2.6,6-tetramethyltetrahydro-2H-pyran-4-ol;

Cpd 112, 4-{1-(4-Chloro-3-fluorophenyl}-2-(2-methoxyphenyhy- 1 H-imidazol-4-vij-
2,2.6,6-tetramethyltetrahydro-2H-pyran-4-ol;

Cpd 113, 4-[1-(4-Chloro-3-fluorophenyl}-2-(2-methoxypyridin-3-yli-1 H-imidazol-
4-yi}-2.2.6 6-tctramcthyltctrahydro-2H-pyran-4-ol;

Cpd 114, 4-{1-(4-Chlorophenyl}-2-(2-cthoxypyridin-3-y)- 1 H-imidazol-4-yl}-
2,2,6,6~tetramethylictrahydro-2H-pyran-4-~ol;

Cpd 115, 4-{4-(4-Hydroxy-2,2,6,6~tetramethylictrahy dro-2H-pyran-4~-vi}-2-( 2~
methoxypyridin-3-yi-1H-imidazol-1-vl}benzonitrile;

Cpd 116, 2-Fluoro-5-[4-(4-hydroxy-2,2,6,6-tetramethylictrahydro-2H-pyran-4-y1}-
2-(2-methoxypyridin-3-y1)- FH-imidazol-1-yilbenzonitrile;

Cpd 117, 2-Fluoro-5-[4-(4-hydroxy-2,2,6,6-tetramethylictrahydro-2H-pyran-4-y1}-
2-(2-methoxyphenyl)-1 H-imidazol-{ -yl}benzonitrile;

Cpd 118, 2-Fluoro-4-{4-(4-hydroxy-2,2,6,0-tetramethyltetrahydro-2H-pyran-4-vi}-
2-(2-methoxyphenyl)-1 H-imidazol-1-ylibenzonitrile;

Cpd 119, 2-Flnoro-4-[4-{4-hydroxy-2,2,6,6-tctramethyltetrahydro-2H-pyran-4-yi}-
2-(2-methoxypyridin-3-yi)-1 H-imidazol-1-ylibenzonitrile;

Cpd 126, 4-[1-(4-Chlorophenyl}-2-(3-methoxypyridin-4-yl)- T H-imidazol-d-yi]-
2,2,6,6-tetramethyltetrahydro-2H-pyran-4-ol;

Cpd 121, 4-{2-(2-Methoxyphenyl}-4-(2,2,6 6-tctramethyltetrahydro-2H-pyran-4-
yvi-1H-imidazol-1-y1}-2-(trifleoromethyhbenzonitrile;

Cpd 122, 3-{1-(4-Chlorophenyl}-4-(2,2,6,6-tetramethyltetrahydro-2H-pyran-4-yi}-
i H-imidazol-2-yHpyridin-2-ol;

Cpd 123, 2-Chloro-4-{2-(Z-mecthoxypheny!}-4-(2,2,6,6-tctramethyitetrahydro-2H-

pyran-4-yi-1H-imidazol- {-ylibenzonitrile;
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Cpd 124, 1-(4-Chlorophenyl}-2-(2-methoxyphenyli}-4-(2,2,6,6-tetramethyi-3,6-
dihydro-2H-pyran-4-vi}-1H-imidazole;

Cpd 125, 1-(4-Bromo-3-tluorophenyl)-2-(2-methoxyphenyi}-4-(2,2,6.6-
tetramethyl-3.6-dihydro-2H-pyran-4-y1}-1 H-imidazole;

Cpd 126, 2-Fluoro-4-[2-(2-methoxyphenyl}-4-(2,2,6 6-tetramethyl-3,6-dihydro-
2H-pyran-4-vi- 1 H-imidazol- 1 -yl}benzonitrile;

and pharmaccutically acceptable salt forms thercof,

28. A pharmaccutical composition comprising a compound of claim 1 or 19 and at lcast
one of a pharmaceutically acceptable carrier, a pharmaceutically acceptable

excipicnt, and a pharmaccutically acceptable diluent,

21, The pharmaceutical composition of claim 20, wherein the composition is a solid

oral dosage form.

22. The pharmaceutical composition of claim 20, wherein the composition is a syrup,

an chixir or a suspension.

23 A method for treating inflammatory pain in a subject in need thereof comprising
administering to the subject a therapeutically effective amount of a compound of
claim | or 19,

24. The method of claim 23 wherein the inflammatory pain is due to inflammatory

bowel discase, irritable bowel syndrome, visceral pain, migraine, post-operative
pain, osteoarthritis, rtheumatoid arthritis, back pain, lower back pain, joint pain,
abdominal pain, chest pain, labor pain, musculoskeletal discases, skin diseases,
toothache, pyresis, burn, sunburn, snake bite, venomeous snake bite, spider bite,
insect sting, neurogenic/overactive bladder, interstitial cystitis, urinary tract

infection, rhinitis, contact dermatitis/hypersensitivity, itch, cczema, pharyngitis,
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26.

mucositis, enteritis, irritable bowel syndrome, cholecystitis, pancreatitis,
postmastectonmy pain syndrome, menstrual pain, cndometriosis, pain, pain duc to

physical trauma, headache, sinus headache, tension headache or arachnoiditis,

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

¢laim 1 or 19,

The method of claim 25 wherein the neuropathic pain is cancer pain, ncurological
disorders, spine and peripheral nerve surgery, brain fumor, traurnatic 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, amyvotrophic lateral sclerosis {ALS), Parkinson’s disease,
muitiple sclerosis, seiatic neuritis, mandibular joint neuralgia, peripheral neuritis,
polyneuritis, stump pain, phantom limb pain, bony fractures, oral neuropathic pain,
Charcot's pain, complex regional pain syndrome 1 and 1T (CRPS VI,
radiculopathy, Guillain-Barre syndrome, meralgia paresthetica, burning-mouth
syndrome, optic neuritis, postfebrile neuritis, migrating neuritis, segmental neuritis,
Gombault's newritis, neuronttis, cervicobrachial nevralgia, cranial neuralgia,
geniculate neuralgia, glossopharyngial neuralgia, migrainous neuralgia, idiopathic
neuralgia, intercostals neuralgia, mammary neuralgia, Morton's neuralgia,
nasociliary neuralgia, occipital neuralgia, postherpetic neuralgia, causalgia, red
neuralgia, Shader's neuralgia, spienopalatine neuralgia, supracrbital neuralgia,

trigeminal neuralgia, vaivodynia, or vidian neuralgia.
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