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PYRAZINES MODULATORS OF GPR6

FIELD OF THE INVENTION

0001] The present invention relates to medicinal chemistry, pharmacology, and medicine.
p Y. p 2)

BACKGROUND OF THE INVENTION
[0002] The present invention provides compounds that are G-Protein-Coupled Receptor 6
(hereinafter referred to as GPR6) modulators. GPR6 is GPCR that signals via the Gs
pathway. GPRO receptors are highly expression in the central nervous system (CNS),
particularly medium spiny neurons (MSN&) of the striatum, with minimal expression in
peripheral tissues. The major striatal targets of dopaminergic innervation reside in the
medium spiny neurons (MSNs) of the striatopallidal (indirect) and striatonigral (direct)
output pathways. The MSNs of the direct output pathway express D1 dopamine receptors
whereas those in the indirect pathway express D2 receptors. GPR6 is enriched in D2 receptor
expressing MSNs in the striatum where GPR6 activity is functionally opposed to D2 receptor
signaling. Antagonism or inverse agonism of Gs coupled GPR6 decreases cAMP in MSNs
and provides a functional alternative to dopaminc mediated activation of D2 receptors.
Therefore, the compounds of the present invention are useful to treat a variety of neurological

and psychiatric disorders, including Parkinson’s disease.

SUMMARY OF THE INVENTION

[0003] The present invention provides a compound of formula 1:

R X7
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1

wherein

R, is selected from the group consisting of optionally substituted Cs.g cycloalkyl, optionally
substituted Cs.¢ heterocyclyl, optionally substituted Cq. o aryl, and optionally substituted C;.10
heteroaryl,

X 18 Nand X, is CH; or

X1 is CH and X, is N; or

X;is Nand X; is N;
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when X 1s N, Z 1s selected from the group consisting of Cy ¢ alkylene, C,_¢ haloalkylene,
-C(O)-, and -S(O),-;

when X, is CH, Z 1s selected from the group consisting of C . alkylene, C,_¢ haloalkylene,
-0-, -C(0)-, -NH-, -S-, -S(0)-, and -S(O)»-;

qis 0, 1, or 2;

§1s0, 1, or 2;

R, 18 -OR5 or -NRgR7;

Ri, cach time taken, is indcpendently sclected from the group consisting of Cy6 alkyl, Cag
cycloalkyl, and trifluoromethyl,

pis0, 1, or 2;

Ry, each time taken, is independently selected from the group consisting of optionally
substituted C,.¢ alkyl, cyano, hydroxy, halo, optionally substituted Cs.¢ heterocyclyl,
-C(0)-Rs, -C(O)-N(Ro)(R o), and -C(O)-ORyy;

ris lor2;

Rs is selected from the group consisting of C.¢ alkyl and Cs.¢ cycloalkyl;

R is selected from the group consisting of hydrogen and C,¢ alkyl;

R; is selected from the group consisting of optionally substituted C, ¢ alkyl, C; g cycloalkyl,
optionally substituted Cg | aryl, optionally substituted C,_)o heteroaryl, and optionally
substituted Cj.¢ heterocyclyl;

Rsis selected from the group consisting of hydrogen, optionally substituted Cy.¢ alkyl, Cs.s
cycloalkyl, optionally substituted Ce.10 aryl, optionally substituted Cy. o heteroaryl, and
optionally substituted Cs.¢ heterocyclyl;

Ro is selected from the group consisting of hydrogen and optionally substituted C; ¢ alkyl;
Ry 1s selected from the group consisting of hydrogen, C,.¢ alkyl and Cs.g cycloalkyl; or

Ry and Ry are taken together with the nitrogen to which they are attached form a4 to 7
membered, saturated, ring optionally having 1 additional ring heteroatom selected from the
group N, O, and S and optionally substituted on any of the ring carbon atoms with [ to 5
substitucnts independently sclected from the group consisting of cyano, halo, hydroxy,
amino, optionally substituted Cs.¢ heterocyclyl, Ci.9 amide, optionally substituted C, ¢ alkyl,
and C;4 alkoxy and substituted on any additional ring nitrogen by a substituent selected from
the group consisting of hydrogen, Ci_¢ cycloalkyl, and optionally substituted C,.¢ alkyl;

R}; is selected from the group consisting of hydrogen, C, alkyl, and Cs_g cycloalkyl;

or a pharmaceutically acceptable salt thereof.
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{0004] The present invention also provides pharmaceutical compositions, comprising: a
compound of formula I or a pharmaceutically acceptable salt thereof and a pharmaceutically
acceptable excipient.

[0005] The compounds of the present invention arc modulators of GPR6 and are useful to
treat a variety of neurological and psychiatric disorders, for example movement disorders
including Parkinson’s discasc, levodopa induced dyskincsias, and Huntington’s discasc, drug
addiction, eating disorders, cognitive disorders, schizophrenia, bipolar disorders, and
depression. Thus, the present invention also provides methods of treating the conditions
associated with GPR6 described herein comprising, administering to a patient in need thereof
an effective amount of the compounds of the invention. The present invention provides for
the use of the compounds of the invention as a medicament, including for treatment of the
conditions associated with GPR6 described herein, and including for the manufacture of a
medicament for treating the conditions associated with GPR6 described herein.

[0006] The present invention also provides processes from making GPR6 modulators and

intermediates thereof.

DETAILED DESCRIPTION OF THE INVENTION
[0007] The term “C)4 alkyl” refers to a straight or branched alkyl chain of one to four
carbon atoms.
[0008] The term “optionally substituted C,_4 alkyl” refers to a C,.4 alkyl optionally
substituted with 1 to 6 substituents independently selected from the group consisting of
optionally substituted C)., alkoxy, C,.s thioalkoxy, Ci. amide, C,.; amido, amino, Cg
alkylamino, C|_s oxycarbonyl, C, s carbonyloxy, C,.s sulfonyl, cyano, optionally substituted
C;.5 cycloalkyl, Cs s cycloalkoxy, halo, hydroxy, nitro, oxo, optionally substituted Cs.¢
heterocyclyl, optionally substituted C;_i¢ heteroaryl, and optionally substituted Cg.1o aryl.
[0009] More particularly “optionally substituted C,.4 alkyl” refers to a C,4 alkyl optionally
substituted with 1 to 6 substituents independently selected from the group consisting of C4
alkoxy, C,. amide, amino, Cs alkylamino, C,.s oxycarbonyl, cyano, Cs.¢ cycloalkyl, halo,
hydroxy, Ca heterocyclyl optionally substituted on any ring nitrogen by C,.4 alkyl, Ci.0
heteroaryl, and optionally substituted phenyl.
[0010] Even more particularly “optionally substituted C, 4 alkyl” refers to a C,.4 alkyl
optionally substituted with | to 6 substituents independently selected from the group
consisting of Cy4 alkoxy, cyano, Cig cycloalkyl, halo, hydroxy, Cs.¢ heterocyclyl optionally

substituted on any ring nitrogen by C,.4 alkyl, and optionally substituted phenyl.

-
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[0011] The term “C, ¢ alkyl” refers to a straight or branched alkyl chain of one to six
carbon atoms.

[0012] The term “optionally substituted C,_¢ alkyl” refers to a C¢ alkyl optionally
substituted with 1 to 7 substituents independently selected from the group consisting of
amino, C,_s alkylamino, optionally substituted C.4 alkoxy, C,.4 thioalkoxy, C,y amide, C,
amido, C,.s oxycarbonyl, C_s carbonyloxy, C,_gsulfonyl, cyano, optionally substituted Ci_y
cycloalkyl, halo, hydroxy, oxo, optionally substituted C,_j¢ heteroaryl, optionally substituted
Cs. heterocyclyl, and optionally substituted Ce. o aryl.

[0013] More particularly “optionally substituted C,.s alkyl” refers to a C, ¢ alkyl optionally
substituted with 1 to 7 substituents independently selected from the group consisting of Cy.y
alkoxy, C.o amide, amino, C,.g alkylamino, C,_s oxycarbonyl, cyano, Ci_g cycloalkyl, halo,
hydroxy, Cz.¢ heterocyclyl optionally substituted on any ring nitrogen by C,.4 alkyl, Ci.10
heteroaryl, and optionally substituted phenyl.

[0014] Even more particularly “optionally substituted C, ¢ alkyl” refers to a C,_¢ alkyl
optionally substituted with 1 to 7 substituents independently selected from the group
consisting of C,.4 alkoxy, cyano, Cs.g cycloalkyl, halo, hydroxy, Cs.¢ heterocyclyl optionally
substituted on any ring nitrogen by C,4 alkyl, and optionally substituted phenyl.

[0015] The term “C, haloalkyl” refers to a straight or branched alkyl chain of one to six
carbon atoms substituted with 1 to 3 halogen atoms. More particularly, the term “C ¢
haloalkyl” refers fluoromethyl and difluoromethyl.

[0016] The term “Cygsulfonyl” refers to a sulfonyl linked to a Cy.¢ alkyl group, Cs-s
cycloalkyl, or an optionally substituted phenyl.

[0017] The term “C, alkylene” refers to a straight or branched, divalent, alkylene chain of
one to six carbon atoms.

[0018] The term “C)¢ haloalkylene” refers to a straight or branched, divalent, alkylene
chain of one to six carbon atoms substituted with 1 to 3 halogen atoms. More particularly, the
term “Cy_¢ haloalkylene” refers fluoromethylene and difluoromethylene.

[0019] The term “C 4 alkoxy™ refers to a Cy_4 alkyl attached through an oxygen atom.
[0020] The term “optionally substituted C,.4 alkoxy” refers to a C,.4 alkoxy optionally
substituted with 1 to 6 substituents independently selected from the group consisting of C, 4
alkoxy, Ci.o amide, C;_s oxycarbonyl, cyano, optionally substituted Ca_g cycloalkyl, halo,
hydroxy, optionally substituted C;_;0 heteroaryl, and optionally substituted Cg.19 aryl. While it
is understood that where the optional substituent 1s C,.4 alkoxy or hydroxy then the

substituent is generally not alpha to the alkoxy attachment point, the term “optionally
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substituted C, .4 alkoxy” includes stable moicties and specifically includes trifluoromethoxy,
difluoromethoxy, and fluoromethoxy.

[0021] More particularly “optionally substituted C,., alkoxy” refers to a C, 4 alkoxy
optionally substituted with 1 to 6 substituents independently selected from the group
consisting of C,_4 alkoxy, cyano, Cag cycloalkyl, halo, hydroxy, and optionally substituted
phenyl. Even more particularly “optionally substituted C,.4 alkoxy” refers to
trifluoromethoxy, difluoromethoxy, and fluoromethoxy.

[0022] The term “C;9 amide” refers to a -C(O)NR,R}, group in which R, is selected from
the group consisting of hydrogen and Cy 4 alkyl, and Ry, is selected from the group consisting
of hydrogen, Cy_3 alkyl, and optionally substituted phenyl.

[0023] The term “C;_; amido™ refers to a -NHC(O)R, group in which R is selected from
the group consisting of hydrogen, Ci.6 alkyl, and optionally substituted phenyl.

[0024] The term “Cy_s carbamoyl” refers to an O- or N-linked carbamate substituted with a
terminal C;_4 alkyl.

[0025] The term “C,_s ureido” refers to a urea optionally substituted with a C,4 alkyl.
{0026] The term “C,_g alkylamino” refers to a -NRy4R. group in which Ry is a C,_4 alkyl and
R. 18 sclected from the group consisting of hydrogen and C, 4 alkyl.

[0027] The term “Cq.j0 aryl” refers to a monocyclic and polycyclic unsaturated, conjugated
hydrocarbon having five to ten carbon atoms, and includes phenyl, and naphthyl.

[0028] More particularly “Cg 1o aryl” refers to phenyl.

[0029] The term “optionally substituted Ce.10 aryl” refers to a Cq.10 aryl optionally
substituted with 1 to 5 substituents independently selected from the group consisting of
optionally substituted C,.4 alkyl, optionally substituted C,4 alkoxy, C,.4 thioalkoxy, amino,
C,.g alkylamino, C;9 amide, C; 7 amido, C;_s oxycarbonyl, C,_s carbonyloxy, C,g sulfonyl,
Cy.s carbamoyl, Cy.¢ sulfonylamido, aminosulfonyl, C,_;o aminosulfonyl, C,_s ureido, cyano,
halo, and hydroxyl.

[0030] More particularly “optionally substituted Cg.o aryl” refers to a Cg 10 aryl optionally
substitutcd with 1 to 5 substitucnts independently sclected from the group consisting of Cyy
alkyl, C, alkoxy, cyano, halo, hydroxy, amino, trifluoromethyl, and trifluoromethoxy.
[0031] Even more particularly “optionally substituted Cs. ¢ aryl” refers to phenyl optionally
substituted with 1 to 5 substituents independently selected from the group consisting of C4
alkyl, Cy.4 alkoxy, cyano, halo, trifluoromethyl, and trifluoromethoxy.

{0032] The term “C,.s oxycarbonyl” refers to an oxycarbonyl group (-CO,H) and C,_4alkyl

ester thereof.
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[0033] The term “C s carbonyloxy” refers to a carbonyloxy group (-O,CRy), in which Ry is
selected from the group consisting of hydrogen and C 4 alkyl, for example, acetoxy.

[0034] The term “Cs.g cycloalkyl” refers to monocyclic or bicyclic, saturated or partially
(but not fully) unsaturated alkyl ring of three to eight carbon atoms, and includes cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, and the like. It is understood that the term includes
benzofused cyclopentyl and cyclohexyl.

[0035] The term “optionally substituted Cz.g cycloalkyl” refers to a Cs5 cycloalkyl
optionally substituted with 1 to 6 substituents independently selected from the group
consisting of optionally substituted C,_4 alkyl, optionally substituted C,_4 alkoxy, C .o amide,
C\.7 amido, amino, C,.g alkylamino, C,_s oxycarbonyl, cyano, C;.g cycloalkyl, Cs.g
cycloalkoxy, halo, hydroxy, nitro, oxo, optionally substituted Cy_jq heteroaryl, and optionally
substituted phenyl.

[0036] More particularly “optionally substituted Cs_s cycloalkyl” refers to a Ci.g cycloalkyl
optionally substituted with 1 to 3 substituents independently selected from the group
consisting of C;4 alkoxy, halo, hydroxy, and C, alkyl optionally substituted with C,_4
alkoxy, halo, and hydroxy.

[0037] The term “Cs.g cycloalkoxy” refers to a Cs.g cycloalkyl attached through and
oxygen.

[0038] The terms “halogen” and “halo” refers to a chloro, fluoro, bromo or iodo atom.
[0039] The term “Cs¢ heterocyclyl” refers to a 4 to 8 membered monocyclic or bicyclic,
saturated or partially (but not fully) unsaturated ring having one or two heteroatoms selected
from the group consisting of nitrogen, oxygen, and sulfur and the ring optionally includes a
carbonyl to form a lactam or lactone. It is understood that where sulfur is included that the
sulfur may be either -S-, -SO-, and -SO,-. Tt is also under that the term includes spirofused
bicyclic systems. For example, but not limiting, the term includes azetidinyl, pyrrolidinyl,
piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, oxetanyl, dioxolanyl,
tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrofuryl, hexahydropyrimidinyl,
tetrahydropyrimidinyl, dihydroimidazolyl, and the like. It is understood that a Cs4
heterocyclyl can be attached as a substituent through a ring carbon or a ring nitrogen atom.
[0040] More particularly “Cs.¢ heterocyclyl” is selected from the group consisting of
azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, oxetanyl, tetrahydropyranyl,
tetrahydrothiopyranyl, and tetrahydrofuryl.

[0041] The term “optionally substituted Cs_¢ heterocyclyl” refers to a Cag heterocyclyl

optionally substituted on the ring carbons with 1 to 4 substituents independently selected
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from the group consisting of optionally substituted C.4 alkyl, optionally substituted C.,
alkoxy, C,.9 amide, C, 7 amido, amino, C,_¢ alkylamino, C,_s oxycarbonyl, cyano, optionally
substituted Cs.g cycloalkyl, Cag cycloalkoxy, halo, hydroxy, nitro, oxo, and optionally
substituted phenyl; and optionally substituted on any ring nitrogen with a substitucnt
independently selected from the group consisting of optionally substituted C,.; alkyl, Cag
cycloalkyl, optionally substituted Cz.¢ heterocyclyl, optionally substituted C;.;¢ heteroaryl,
and optionally substituted phenyl.

[0042] More particularly “optionally substituted Ci.¢ heterocyclyl” refers to a Cs6
heterocyclyl optionally substituted on the ring carbons with 1 to 4 substituents independently
selected from the group consisting of C,4 alkyl, Cy.4 alkoxy, halo, and hydroxy and
optionally substituted on any ring nitrogen with a C,_4 alkyl.

[0043] The term “Ci.1p heteroaryl” refers to a five to thirteen membered, monocyclic or
polycyclic fully unsaturated, ring or ring system with one to ten carbon atoms and one or
more, typically one to four, heteroatoms selected from the group consisting of nitrogen,
oxygen, and sulfur. For example, but not limiting, the term includes furyl, thienyl, pyrrolyl,
imidazolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, thiazolyl, thiadiazolyl, triazolyl,
tetrazolyl, pyrazinyl, pyrazolyl, pyridazinyl, pyridyl, pyrimidyl, azcpinyl, diazcpinyl,
benzazepinyl, benzodiazepinyl, benzofuryl, benzothienyl, indolyl, isoindolyl, benzimidazolyl,
benzisothiazolyl, benzisoxazolyl, benzoxadiazolyl, benzoxazolyl, benzopyrazinyl,
benzopyrazolyl, imidazopyridyl, pyrazolopyndyl, pyrrolopyridyl, quinazolyl, thienopyridyl,
imidazopyridyl, quinolyl, isoquinolyl benzothiazolyl, and the like. It is understood that a Cy_o
heteroaryl can be attached as a substituent through a ring carbon or a ring nitrogen atom
where such an attachment mode is available, for example for a pyrrolyl, indolyl, imidazolyl,
pyrazolyl, azepinyl, triazolyl, pyrazinyl, etc.

[0044] More particularly “Cy. 10 heteroaryl” is selected from the group consisting of furyl,
thienyl, pyrrolyl, imidazolyl, oxazolyl, thiazolyl, pyrazolyl, triazolyl, pyridyl, and pyrimidyl.
[0045] The term “optionally substituted C,.o heteroaryl” refers to a Cy_jo heteroaryl
optionally substituted with 1 to 5 substitucnts on carbon independently sclected from the
group consisting of amino, C,_g alkylamino, C;9 amide, C,.; amido, C;.s carbamoyl, C,¢
sulfonylamido, aminosulfonyl, C;_jo aminosulfonyl,C;_s ureido, optionally substituted Cy.4
alkyl, optionally substituted C;4 alkoxy, cyano, halo, hydroxyl, oxo, nitro, C, s carbonyloxy,
C\.s oxycarbonyl, and C,_gsulfony! and optionally substituted with a substituent on each
nitrogen independently selected from the group consisting of optionally substituted Cy.4 alkyl,

C,-s sulfonyl, optionally substituted Cs.¢ heterocyclyl, and optionally substituted phenyl.
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[0046] More particularly “optionally substituted Cy_j heteroaryl” referstoa Cy_jo
heteroaryl optionally substituted with 1 to 3 substituents on carbon independently selected
from the group consisting of amino, C,.g alkylamino, C,.9 amide, C,.4 alkyl, C,_4 alkoxy,
cyano, halo, hydroxyl, oxo, trifluoromethyl, and trifluoromethoxy and optionally substituted
on a ring nitrogen with a Cyy alkyl.

[0047] Even more particularly “optionally substituted C,.o heteroaryl™ refers toa Cyg
heteroaryl selected from the group consisting of furyl, thienyl, pyrrolyl, imidazolyl, oxazolyl,
thiazolyl, pyrazolyl, diazolyl, pyridyl, pyrimidyl, and triazolyl each optionally substituted
with 1 to 3 substituents independently selected from the group consisting of C,.4 alkyl, C4
alkoxy, cyano, halo, trifluoromethyl, and trifluoromethoxy and optionally substituted on a
ring nitrogen with a methyl.

[0048] The term “oxo” refers to an oxygen atom doubly bonded to the carbon to which it is
attached to form the carbonyl of a ketone or aldehyde. For example, a pryidone radical is
contemplated as an oxo substituted C.1o heteroaryl.

[0049] The term “optionally substituted phenyl” refers to a phenyl group optionally
substituted with 1 to 5 substituent‘s independently selected from the group consisting of Cy4
alkyl, C,4 alkoxy, C ¢ amidc, amino, C,.g alkylamino, C,.s oxycarbonyl, cyano, halo,
hydroxyl, nitro, Cis sulfonyl, and trifluoromethyl.

[0050] More particularly “optionally substituted phenyl” refers to a phenyl group
optionally substituted with 1 to 5 substituents independently selected from the group
consisting of Cj.4 alkyl, C,.4 alkoxy, Ci.9 amino, C).g alkylamino, C,_s oxycarbonyl, cyano,
halo, hydroxyl, nitro, and trifluoromethyl.

[0051] The term “C ¢ sulfonylamido” refers to a -NHS(O),-R, group wherein R, is
selected from the group consisting of Cy¢ alkyl and optionally substituted phenyl.

[0052] The term “aminosulfonyl” refers to a -S(O),NH,.

[0053] The term “Cy_jo aminosulfonyl” refers to a -S(O),NRy,R; group wherein Ry, is
selected from the group consisting of hydrogen and C;.4 alkyl and R; is selected from the
group consisting of C,_4 alkyl, and optionally substitutcd phenyl.

[0054] The term “C,.4 thioalkoxy” refers to a C,4 alkyl attached through a sulfur atom.
[0055] The term “pharmaceutically acceptable salt” refers to salts of pharmaceutically
acceptable organic acids and bases or inorganic acids and bases. Such salts are well known in
the art and include those described in Journal of Pharmaceutical Science, 66, 2-19 (1977). An

example is the hydrochloride salt.
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[0056] The term “substituted,” including when used in “optionally substituted” refers to
one or more hydrogen radicals of a group are replaced with non-hydrogen radicals
(substituent(s)). It is understood that the substituents may be either the same or different at
every substituted position. Combinations of groups and substituents envisioned by this
invention are those that are stable or chemically feasible.

[0057] The term “stable” refers to compounds that arc not substantially altered when
subjected to conditions to allow for their production. In a non-limiting example, a stable
compound or chemically feasible compound is one that is not substantially altered when kept
at a temperature of 40 °C or less, in the absence of moisture or other chemically reactive
conditions, for about a week.

[0058] 1t is understood that, where the terms defined herein mention a number of carbon
atoms, the mentioned number refers to the mentioned group and does not include any carbons
that may be present in any optional substituent(s) thereon.

[0059] The skilled artisan will appreciate that certain of the compounds of the present
invention exist as isomers. All stereoisomers of the compounds of the invention, including
geometric isomers, enantiomers, and diastereomers, in any ratio, are contemplated to be
within the scope of the present invention.

[0060] The skilled artisan will appreciate that certain of the compounds of the present
invention exist as tautomers. All tautomeric forms the compounds of the invention are
contemplated to be within the scope of the present invention.

[0061] Compounds of the invention also include all pharmaceutically acceptable isotopic
variations, in which at least one atom is replaced by an atom having the same atomic number,
but an atomic mass different from the predominant atomic mass. Isotopes suitable for
inclusion in compounds of formula I include radioactive isotopes.

[0062] The terms “compounds of the invention” and “a compound of the invention” and *
compounds of the present invention, and the like include the embodiment of formula T and
the other more particular embodiments encompassed by formula I described herein and
exemplified compounds described herein and a pharmaceutically acceptable salt of each of
these embodiments.

[0063] (a) One embodiment relates to compounds of formula I wherein X, is CH and Xj is
N.

[0064] (b) One embodiment relates to compounds of formula I wherein X, is N and X5 is

N.
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10065] (c) One embodiment relates to compounds of formula I and embodiment (a) and (b)
wherein an R, is cyano.

[0066] (d) One embodiment relates to compounds of formula 1 and embodiment (a) and (b)
Ry 1s selected from the group cyano, -C(O)-N(Ro)(R,p), and -C(O)-OR ;.

[0067] (e) One embodiment relates to compounds of formula T and embodiments (a), (b),
(¢), and (d) wherein R, 1s optionally substituted Cq.1¢ aryl.

[0068] (f) One embodiment relates to compounds of formula [ and embodiments (a), (b),
(c), and (d) wherein Z is C,.¢ alkylene.

[0069] (g) One embodiment relates to compounds formula T and embodiments (), (b), (¢),
and (d) wherein Z 1s C,.¢ haloalkylene.

[0070] (h) One embodiment relates to compounds formula 1 and embodiments (a), (¢), and
(d) wherein Z 1s -O-.

[0071] (i) One embodiment relates to compounds of formula I and embodiments (a), (b),
(¢), and (d) wherein Z is -C(O)-.

[0072] (j) One embodiment relates to compounds of formula I and embodiments (a), (b),
(c), (d), (&), (D), (g), (h), and (i) wherein Rj is -NRgR7. In another embodiment within
cmbodiment (j), Re is hydrogen and Ry is C, alkyl. In yct another cmbodiment within
embodiment (j), Re¢ is hydrogen and Ry is Ci_g cycloalkyl. In yet another embodiment within
embodiment (j), R is hydrogen and Ry is Cs.¢ heterocyclyl.

[0073] (k) One embodiment relates to compounds of formula T and embodiments (a), (b),
(<), (d), (e), (D), (2), (h), (i), and (j) wherein s 18 1.

[0074] (1) One embodiment relates to compounds of formula I and embodiments (a), (b),
(), (d), (e), (), (g), (h), (i), (j), and (k) wherein q is 1.

[0075] (m) One embodiment relates to compounds of formula I and embodiments (a), (b),
(), (d), (e), (D), (g), (h), (i), (3), (k), and (1) wherein Ry is cyano and ris 2.

[0076] (m) One embodiment relates to compounds of formula T and embodiments (a), (b),
(c), (d), (e), (D), (g), (h), (1), (), (k), and (1) wherein ris [.

10077]  (ay) Another embodiment relates to a pharmaceutically acceptable salt of each of
the above embodiments.

10078] (az) Another embodiment relates to a pharmaceutically acceptable salt of each of
the exemplified compounds.

[0079] The compounds of the invention can be prepared by a variety of procedures, some
of which are described below. All substituents, unless otherwise indicated, are as previously

defined. The products of cach step can be recovered by conventional methods including
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extraction, cvaporation, precipitation, chromatography, filtration, trituration, crystallization,
and the like. The procedures may require protection of certain groups, for example hydroxy,
amino, or carboxy groups to minimize unwanted reactions. The selection, use, and removal of
protecting groups are well known and appreciated as standard practice, for example T.W.
Greene and P. G. M. Wuts in Protective Groups in Organic Chemistry (John Wiley and Sons,
1991). In the schemes below starting matcerials arc cither commercially available or can be
ready prepared by methods well known in the art.

[0080] Scheme A

R:,}
R
Hal N\\ step 1 k({ \
e Y S
Hal N Hal
g 2. Ra
R7XT 1)
H-R, I step 3 \ﬁl”: slep 2 l H-R,
q
4 2 }RS)p 4
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| iR “ iR
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[0081] Scheme A depicts the formation of compounds in which X; is N.

[0082] In Scheme A, step 1, an appropriate compound of formula 1 is contacted with an
appropriate compound of formula 2 to give a compound of formula 3. An appropriate
compound of formula 1 is one in which Hal is a halogen and R, and r are as desired in the
final compound of formula I. An appropriate compound of formula 2 is one in which R, Z,
Rs, p, s, and q are as desired in the final compound of formula I or give rise to Ry, Z, and R;
as desired in the final compound of formula I. Compounds of formula 2 are either
commercially available or they can be readily prepared by methods well known in the art. For
example, compounds of formula 2 where Z is oxygen can be prepared by Mitsunobu reaction
between a piperidinol and an aryl alcohol.

[0083] The reaction is carried out in a suitable organic solvent like dioxane, n-butanol,
dimethyl sulfoxide and the like with or without base such as diisopropylethylamine and
triethylamine. The reaction is generally carried out at a temperature of from 0 to 80 °C.
[0084] It is understood that a compound of formula I can also be treated with piperazine to

give rise to compounds in which X, is N. The piperazine derivative can be further modified
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by reductive amination, alkylation, arylation, amidation, sulfonylation and the like to providc
a compound of formula 3. Also the piperazine can be protected and elaborated as mentioned
above after deprotection in a later step if desired.

[0085] 1In Scheme A, step 2, a compound of formula 3 is contacted with an appropriate
compound of formula 4 to give a compound of formula I. An appropriate compound of
formula 4 is HOR5 or HNR¢R7 in which Rs or R and R are as desired in the final compound
of formula 1.

[0086] Where the compound of formula 4 is an amine, HNRgR7, the reaction is carried out
in a suitable organic solvent like dioxane, ethanol, tetrahydrofuran, dimethyl sulfoxide, N,N-
dimethylformamide and the like, with or without a base such as sodium hydroxide,
diisopropylethylamine or triethylamine. The reaction is generally carried out at temperature
between 20 to 150 °C.

[0087] Where the compound of formula 4 is an alcohol, HORs, the reaction is carried out in
a suitable organic solvent like dioxane, tetrahydrofuran, dimethy! sulfoxide, N,N-
dimethylformamide and the like, with a base such as sodium hydride, lithium hydride,
potassium t-butoxide, and the like. The reaction is generally carried out at temperature
between 0 to 150 °C.

[0088] Alternatively, as depicted in Scheme A, step 3, using the methodology described
above, an appropriate compound of formula 1 can be contacted with an appropriate
compound of formula 2 to give a compound of formula 5.

[0089] As depicted in Scheme A, step 4, a compound of formula 5 can be contacted with a
compound of formula 2 to give a compound of formula [.

[0090] It will be recognized by one of ordinary skill in the art that the steps in Scheme A
may be varied to provide compounds of formula I. In particular, the order of the steps
required to produce the compounds of formula I is dependent upon the particular compound
being synthesized, the starting compound, and the relative lability of the substituted moieties.

Other variations are possible and are readily understood by the skilled person.
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[0091] Scheme B
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[0092] Scheme B depicts the formation of compounds in which X, 1s CH.

[0093] In Scheme B, step 1, an appropriate compound of formula 1, as described above, is
contacted with an appropriate compound of formula 6 to give a compound of formula 7. An
appropriate compound of formula 6 is one in which Ry, Z, R3, p, s, and q are as desired in the
final compound of formula I or give rise to Ry, Z, and Rz as desired in the final compound of
formula T and Y a boronic acid or boronic ester. It is also understood that the group depicted
as R-Z- can be replaced by an appropriate protecting group, such a methyl, benzyl, t-BOC,
or Cbz, subsequent removal of the protecting group and installation of R-Z- as desired in the
final product of formula I.

[0094] Such reactions are generally known as a Suzuki reaction and are well known in the
art. While a Suzuki reaction is depicted in Scheme B it is understood that other carbon-carbon
bond forming coupling reactions can be used with compounds of formula 6 having Y other
than boronic acid or esters to produce compounds of formula 1.

[0095] In Scheme B, step 2, a compound of formula 7 is contacted with an appropriate
compound of formula 4 to give a compound of formula 8. An appropriate compound of

formula 4 and general reaction conditions are described above in Scheme A, step 2.
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[0096] Alternately, Scheme B, step 3, depicts Suzuki reaction with an appropriate
compound of formula 6 and an appropriate compound of formula 5 as described above to
give a compound of formula &.

[0097] In Scheme B, step 4, a compound of formula g is reduced to a compound of formula
1. Such reductions are well known in the art. The reaction is carried out in a suitable organic
solvent like dioxane, cthanol, mcthanol, isopropanol, tctrahydrofuran, and the like. The
reaction is generally carried out using hydrogen and a catalyst, such as platinum or palladium
catalyst.

[0098] It will be recognized by one of ordinary skill in the art that the steps in Scheme B
may be varied to provide compounds of formula I. In particular, the order of the steps
required to produce the compounds of formula | is dependent upon the particular compound
being synthesized, the starting compound, and the relative lability of the substituted moieties.
{0099] It is also understood that some compounds of formula I may be elaborated to other
compounds of formula I, in an additional steps not shown. Compounds of formula I may be
elaborated in a variety of ways. Such reactions include hydrolysis, oxidation, reduction,
alkylation, amidations, and the like. Also, in an optional step, not shown in the schemes
above, the compounds of formula I can be converted to pharmaccutically acceptable salts by
methods well known and appreciated in the art.

[0100] The following examples are intended to be illustrative and non-limiting, and
represent specific embodiments of the present invention.

[0101] Proton nuclear magnetic resonance (NMR) spectra were obtained for many of the
compounds in the following examples. Characteristic chemical shifts (8) are given in parts-
per-million downfield from tetramethylsilane using conventional abbreviations for
designation of major peaks, including s (singlet), d (doublet), t (triplet), q (quartet), m
(multiplet), and br (broad). Other abbreviations have their usual mcaning unlcss otherwisc
indicated. The mass spectra, unless otherwise indicated, were recorded using either
electrospray ionization (ESI) or atmospheric pressure chemical ionization.

[0102] The examples below were carried out in appropriate vessels and were typically
stirred. Where indicated, products of certain preparations and examples are purified by
HPLC. Where indicated products of the preparations and examples were purified by HPLC.
[0103] HPLC Mcthod A: Pump: Shimadzu LC-8A; UV/Vis: SPD-20A; Softwarc:

LCSolution. A Phenomenex Gemini® C18, 5 uym, ID 30 x 100 mm column was used and
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cluted with gradients of ACN (containing 0.035% TFA) and water (containing 0.005% TFA).
A 10% to 100% ACN gradient was used unless otherwise indicated.

[0104] HPLC Method B: Pump: Waters 2525 or 2545; MS: ZQ; Software: MassLynx. A
Xbridge™ CI18, 5 pm, ID 30 x 75 mm column was used and cluted with gradients of ACN
(containing 0.035% TFA) and water (containing 0.005% TFA).

[0105] After isolation by chromatography, thc solvent is recmoved and the product is
obtained by evaporating product containing fractions (e.g., GeneVacTM), rotary evaporator,
evacuated flask, lyophilization, etc.

[0106] The abbreviations used throughout have their conventional meanings unless
indicated otherwise. For example, the following abbreviations arc used: ACN (acetonitrile);
aq (aqueous); Boc or t-BOC (tert-butoxycarbonyl); Cbz (carbobenzyloxy); DCM
(dichloromethane); DMSO (dimethyl sulfoxide); TFA (trifluoroacetic acid); HOAc (acetic
acid), MeOH (methanol), PE (petroleum ether), EA or EtOAc (ethyl acetate) and the like.
[0107] Preparation 1 (5-chloro-2-fluorophenyl)(piperidin-4-yl)methanone

[0108] A solution of 2-bromo-4-chloro-1-fluorobenzene (175 pL, 1.377 mmol) in THF
(4.59 mL) at —78 °C was treated with n-BulLi (2.6 M, 741 pL, 1.928 mmol) and the reaction
mixturc  was stirred for 30 min. To this was added tert-butyl 4-
(methoxy(methyl)carbamoyl)piperidine- 1-carboxylate (250 mg, 0.918 mmol) in one portion.
The cooling bath was removed and the resulting reaction mixture was allowed to warm to 1t
and stirred for 1.5 h. Purification by automated flash silica gel chromatography using 10%
EtOAc in hexanes afforded tert-butyl 4-(5-chloro-2-fluorobenzoyl)piperidine-1-carboxylate
(287.9 mg, 92%) as a yellow oil. ESI-MS m/z [M+Na]+ 364.20.

[0109] A solution of tert-butyl 4-(5-chloro-2-fluorobenzoyl)piperidine-1-carboxylate
(287.9 mg, 0.843 mmol) in dioxane (2.41 mL) was treated with HCI (2.11 mL, 8.43 mmol) at
rt and the resulting reaction mixture was stirred overnight. The reaction mixture was diluted
with hexanes and filtered by suction to afford (5-chloro-2-fluorophenyl)(piperidin-4-
yD)methanone as its HCI salt (146 mg, 62.3%) as a yellow solid. ESI-MS m/z [M+H]+
242.20.

[0110] Preparation 2 4-(2,4-difluorophenoxy)piperidine

[0111] To a solution of 2,4-difluorophenol (10 g, 77 mmol), PPh3 (30.2 g, 115 mmol) and
tert-butyl 4-hydroxypiperidine-1-carboxylate (30.9 g, 154 mmol) in THF (400 mL) was
added DEAD (18.3 mL, 115 mmol) at 0 °C dropwise. After the addition was completed, the
resulting mixture was allowed to stir at 40 °C for 16 h. The mixture was poured into water

and cxtracted with EtOAc (3 x 400 mL). Thc combined organic laycrs were dricd over
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Na2S04, filtered and concentrated to give the crude product. Purification by flash silica gel
chromatography,  eluting  with  80:1 PE:EtOAc, gave  tert-butyl  4-(24-
difluorophenoxy)piperidine-1-carboxylate as an oil (20 g, 83%).

[0112] A solution of tert-butyl 4-(2,4-difluorophenoxy)piperidine-1-carboxylate (20 g, 63.8
mmol) in 4:1 HCVEtOAc (250 mL) was stirred at 25 °C for 1 h. The mixture was
concentrated to give the title compound , as its HCI salt, as a whitc solid (15.4 g, 97 %). 1H
NMR (400 MHz, DMSO-d6) & ppm 1.84 (m, 2H), 2.08 (m, 2H), 3.05 (m, 2H), 3.20 (m, 2H),
4.57 (m, 1H), 7.04 (m, 1H), 7.31 (m, 2H), 8.95 (br d, 2H).

[0113] Preparation 3 3-fluoro-4-(piperidin-4-yloxy)benzonitrile

[0114] A solution of 34-difluorobenzonitrile (28 g, 201 mmol) and tert-butyl 4-
hydroxypiperidine-1-carboxylate (40.5 g, 201 mmol) in THF (500 mL) was treated with
sodium hydride (4 g, 100 mmoL) and stirred at 25 °C for 16 h. The reaction mixture was
washed with water, extracted with EtOAc, and the crude product purified by flash silica gel
chromatography gave tert-butyl 4-(4-cyano-2-fluorophenoxy)piperidine-1-carboxylate (25 g,
39%).

[0115] A solution of tert-butyl 4-(4-cyano-2-fluorophenoxy)piperidine-1-carboxylate (42 g,
131 mmol) dissolved in 4:1 HCI/EtOAc (100 mL) was stirred for 5 h. The mixturc was
concentrated to give the title compound as its HCI salt (12 g, 36%). 1H NMR (400 MHz,
DMSO-d6) & ppm 1.89 (m, 2H), 2.14 (m, 2H); 3.08 (m, 2H), 3.21 (m, 2H), 4.86 (m, 1H),
7.48 (t,] = 8.4 Hz, 1H), 7.70 (d, ] = 8.4 Hz, 1H), 7.89 (m, 1H); ESI-MS m/z [M+H]+ 220.7.
[0116] Preparation 4 4-((2,4-difluorophenyl)fluoromethyl)piperidine

[0117] To a 0 °C solution of tert-butyl 4-(2,4-difluorobenzoyl)piperidine-1-carboxylate
(1.28 g, 3.93 mmol) in MeOH (15.7 mL) was added NaBH4 (0.372 g, 9.84 mmol). The ice
bath was removed and the reaction mixture stirred for 2 h at room temperature then was
quenched with saturated aqueous NH4Cl. The organic layer was extracted with EtOAc,
washed with H20 and dried over MgSO4. The solvent was removed under reduced pressure
gave tert-butyl 4-((2,4-difluorophenyl)(hydroxy)methyl)piperidine-1-carboxylate as a white
hygroscopic solid.

[0118] To a -78 °C solution of tert-butyl 4-((2,4-
difluorophenyl)(hydroxy)methyl)piperidine-1-carboxylate (200 mg, 0.611 mmol) in DCM
(3.055 mL) was added DAST (242 ul,, 1.833 mmol). The mixture was stirred at 78 °C for
30 min, then quenched with MeOH. Flash silica gel chromatography using a gradient of 0%
to 100% EtOAc in hexanes gave tert-butyl 4-((2,4-difluoropheny)fluoromethyDpiperidine-1-

carboxylate as a colorless oil.
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[0119] To a solution of racemic tert-butyl 4-((2,4-difluorophenyhfluoromethyl)piperidine-
1-carboxylate (148 mg, 0.449 mmol) in dioxane (1.50 mL) was added HCI (4 M in dioxane,
337 ulL, 1.348 mmol). The mixture was heated at 45 °C for 16 h then concentrated in vacuo
to give the title compound as its HCI salt (109 mg, 91%) as a white solid.

[0120] Preparation 5 (R)-4-((2,4-difluorophenyl)fluoromethyl)piperidine

[0121] tert-Butyl 4-((2,4-difluorophenyDfluoromcthyl)piperidine- 1-carboxylate was
subjected  to  clhiral  SFC separation  to  give  (R)-tert-butyl  4-((2,4-
difluorophenyl)fluoromethyl)piperidine-1-carboxylate.

[0122] (R)-tert-butyl 4-((2,4-difluorophenyl)fluoromethyl)piperidine-1-carboxylate (2.8 g,
8.50 mmol) was dissolved in EtOAc (20 mL) and HCI (4 M in EtOAc, 21 mL) was added.
The reaction mixture was stirred at 23 °C for 2 h. Evaporation of the solvent gave the title
compound as its HCl salt (2.1 g, 93%). ESI-MS m/z [M+H]+ 229.9.

[0123] Preparation 6 (S)- 4-((2,4-difluorophenyl)fluoromethyl)piperidine

[0124] tert-Butyl 4-((2,4-difluorophenyl)fluoromethyl)piperidine-1-carboxylate as

[0125] was subjected to chiral SFC separation to give (R)-tert-butyl 4-((2,4-
difluorophenyl)fluoromethy!)piperidine-1-carboxylate. The HCI salt of the title compound
was prcparcd in similar fashion to Preparation 5, wusing (S)-tert-butyl 4-((2,4-
difluorophenyl)fluoromethyl)piperidine-1-carboxylate. ESI-MS m/z [M+H]+ 229.9.

[0126] Preparation 7 4-((2-fluorophenyl)sulfonyl)piperidine

[0127] A mixture of 2-fluorobenzenethiol (0.764 mL, 7.15 mmol), tert-butyl 4-
((methylsulfonyl)oxy)piperidine-1-carboxylate (1.816 g, 6.5 mmol), and K2CO3 (1.343 g,
9.75 mmol) in ACN (16.25 mL) was heated at 80 °C overnight. The reaction mixture was
poured into water and extracted twice with EtOAc. The combined organics were dried over
Na2SO4, filtered, and concentrated under reduced pressure gave tert-butyl 4-((2-
fluorophenyl)thio)piperidine-1-carboxylate as a yellow oil (1.98 g, 98%), which was carried
forward without purification.

10128] A solution of tert-butyl 4-((2-fluorophenyl)thio)piperidine-1-carboxylate (1.98 g,
6.36 mmol) in THF (54.5 mL) and MeOH (18.2 mL) at 0 °C was treated with a cold solution
of Oxone® (9.77 g, 15.9 mmol) in water (54.5 mL). The reaction mixture was stirred for 5 h,
gradually warming to room temperature. The reaction mixture was poured into water and
extracted twice with EtOAc. The combined organics were washed with water and then
saturated aqueous NaCl, dried over Na2SO4, filtered, and concentrated under reduced

pressure. The residue was purified by flash silica gel chromatography using a gradient of
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10% to 50% EtOAc with 0.1% triethylamine in heptanes gave tert-butyl 4-((2-
fluorophenyl)sulfonyl)piperidine-1-carboxylate as a pale yellow oil (1.31 g, 60%).

[0129] A solution of tert-butyl 4-((2-fluorophenyl)sulfonyl)piperidine-1-carboxylate (1.31
2, 3.82 mmol) in dioxane (12.7 mL) at room temperature was treated with 4M HCI in dioxane
(9.55 ml, 38.2 mmol). The reaction mixture was allowed to stir at room temperature
overnight. The rcaction mixture was concentrated under reduced pressurc. The resulting
white solid was triturated with hexanes, filtered, collected, and lyophilized overnight to give
the title compound , as its HCI salt, as a white solid (815.1 mg, 76%). ESI-MS m/z {[M+H]+
243.95.

[0130] Preparation 8 4-((2-fluoro-4-methoxyphenyl)sulfonyl)piperidine

|0131] A mixture of 2,4-difluorobenzenethiol (0.810 mL, 7.15 mmol), tert-butyl 4-
((methylsulfonyl)oxy)piperidine-1-carboxylate (1.816 g, 6.5 mmol), and K2CO3 (1.348 g,
9.75 mmol) in ACN (16.25 mL) was heated at 80 °C overnight. The reaction mixture was
poured into water and extracted twice with EtOAc. The organic layer was dried over
Na2S504, filtered, and concentrated under reduced pressure to afford tert-butyl 4-((2,4-
difluorophenyl)thio)piperidine-1-carboxylate (2.141 g) as a yellow oil, which was carried
forward without purification.

[0132] A solution of tert-butyl 4-((2,4-difluorophenyl)thio)piperidine-1-carboxylate (2.141
g, 6.50 mmol) in THF/MeOH (3:1, 74 mL) at 0 °C was treated with a cold solution of
Oxone® (9.99 g, 16.25 mmol) in water (56 mL). The reaction mixture was allowed to stir
overnight, gradually warming to room temperature. The reaction mixture was poured into
water and extracted twice with EtOAc. The combined organics were washed with water and
then saturated aqueous NaCl, dried over Na2S04, filtered, and concentrated under reduced
pressure. The residue was purified by flash silica gel chromatography using a gradient of
10% to 40% EtOAc with 0.1% triethylamine in heptanes gave tert-butyl 4-((2,4-
difluorophenyl)sulfonybpiperidine-1-carboxylate (1.32 g, 56%) as a white solid. ESI-MS m/z
[M+Nal]+ 383.80.

[0133] To a suspension of tert-butyl 4-((2,4-difluorophenyl)sulfonyl)piperidine-1-
carboxylate (50 mg, 0.138 mmol) in MeOH (461 pL) was added sodium methoxide (25.6 uL,
0.138 mmol, 5.4 M in MeOH) dropwise. The reaction mixture was allowed to stir at 45 °C
for 20 min then concentrated in vacuo. Boc deprotection was carried out by addition of HCI
(138 uL, 0.553 mmol, 4 M in dioxane) to the crude reaction mixture in 300 pL dioxane.

Stirring at 50 °C for 24 h followed by concentration in vacuo yielded the title compound as

-18 -



WO 2015/123533 PCT/US2015/015841

its HCI salt (57 mg) as a white sohd (10:1 regioisomeric mixture). ESI-MS m/z [M+H ]+
274.00.

[0134] Preparation 9 4-((3-fluorophenyl)sulfonyl)piperidine

[0135] A mixture of tert-butyl 4-((methylsulfonyl)oxy)piperidine-1-carboxylate (1.0 g, 3.58
mmol), K2CO3 (0.742 g, 5.37 mmol), and 3-fluorobenzenethiol (0.363 mL, 4.30 mmol) in
ACN (7.5 mL) was stirred at 23 °C for 5 min. The rcaction mixturc was stirred at 80 °C for
17 h, cooled to 23 °C and partitioned between EtOAc and water. The layers were separated,
the organic phase was washed with brine, dried over Na2S04, filtered, rinsed with EtOAc,
and dried in vacuo gave tert-butyl 4-((3-fluorophenyl)thio)piperidine-1-carboxylate (1.115 g,
100 %) as a yellow oil. ESI-MS m/z [M+H]+ 255.9.

(0136} A mixture of basic alumina (3.0 g, 29.4 mmol) in water (0.6 mL) was stirred at 23
°C for 5 min. Next, ACN (12 mL) was added followed by a solution of tert-butyl 4-((3-
fluorophenyl)thio)piperidine-1-carboxylate (1.115 g, 3.58 mmol) in CHCI3 (8 mL). Next,
Oxone® (6.60 g, 10.74 mmol) was added and the reaction mixture was stirred at 60 °C for 19
h. The reaction mixture was cooled to 23 °C, filtered, rinsed with CHCI3, and the filtrate was
washed with water (10 mL). The organic layer was dried over Na2S04, filtered, rinsed with
CHCI3, and dricd in vacuo. The crude residue was dissolved in tolucne (5 mL) and purificd
via medium pressure chromatography using a gradient of 10% to 100% EtOAc with 0.1%
triethylamine in heptane on a 80 g silica gel column (Single Step™) gave tert-butyl 4-((3-
fluorophenyl)sulfonyl)piperidine-1-carboxylate (0.769 g, 62.5%) as a white solid. ESI-MS
m/z [M+Nal+ 365.9.

[0137] To a solution of tert-butyl 4-((3-fluorophenyl)sulfonyl)piperidine-1-carboxylate
(756 mg, 2.201 mmol) in dioxane (5.0 mL) was added HCI (4 M in dioxane, 5.50 mL, 22.01
mmol) at 23 °C. The reaction was stirred at 23 °C for 21 h to furnish a white suspension. The
resulting solid was filtered, rinsed with dioxane and dried in vacuo to give the title compound
as its HCI salt (582.6 mg, 95%) as a white solid. ESI-MS m/z {[M+H ]+ 243.9.

[0138] Preparation 10 4-((3-methoxyphenylsulfonyl)piperidine

[0139] The title compound as its HCI salt was prepared in a similar manner to Preparation
9, with the exception that additional chloroform was used in place of ACN in the second step.
ESI-MS m/z [M+H]+ 255.9.

[0140] Preparation 10 4-((4-fluorophenylsulfonyl)piperidine

[0141] A mixture of tert-butyl 4-((methylsulfonyl)oxy)piperidine-1-carboxylate (1.42 g,
5.08 mmol), 4-fluorobenzenethiol (0.663 ml, 6.10 mmol) and K2CO3 (1.054 g, 7.62 mmol)

in ACN (12.71 mL) was stirred at 85 °C ovcernight. The rcaction mixture was filtered by
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suction and the solvent removed gave tert-butyl 4-((4-fluorophenyl)thio)piperidine-1-
carboxylate (1.5 g, 95%) as a white solid.

[0142]) A solution of tert-butyl 4-((4-fluorophenyl)thio)piperidine-1-carboxylate (1.5 g) in
water (16.06 mL) and MeOH (16.06 mL) was treated with Oxone® (5.92 g, 9.63 mmol) at
room temperature and the resulting reaction mixture was stirred for 6 h. The solution was
filtered by  suction and thc  solvent removed  gave  tert-butyl  4-((4-
fluorophenyl)sulfonyl)piperidine-1-carboxylate (1.6 g, 4.66 mmol, 97 % yicld) as a white
sohd.

[0143] A solution of tert-butyl 4-((4-fluorophenyl)sulfonyl)piperidine- 1 -carboxylate (32.7
mg, 0.095 mmol) in dioxane (238 pL) at room temperature was treated with HCI (4 M in
dioxane, 190 uL, 0.762 mmol) and the resulting reaction mixture was stirred for 4 h. The
solvent was removed to give the title compound as its HCl salt (25 mg, 94%) as a white solid.
ESI-MS m/z [M+H]+ 243.95.

[0144] Preparation 11 1-(2,4-difluorobenzyl)piperazine

[0145] A mixture of piperazine (26.5 g, 308 mmol) in THF (350 mL) was heated to 70 °C
and 1-(chloromethyl)-2,4-difluorobenzene (5 g, 30.8 mmol) was added. The suspension was
heated at 70 °C overnight. The solid (piperazine) was filtered off, and the solvent was
removed under reduced pressure. The residue was partitioned between EtOAc and water. The
organic layer was dried and concentrated to give the title compound (6 g, 92%). ESI-MS m/z
[M+H]+ 213.04.

[0146] Preparation 12 4-(2-fluoro-4-methoxyphenoxy)piperidine

[0147] A solution of tert-butyl 4-hydroxypiperidine-1-carboxylate (2.496 g, 12.03 mmol) in
THF (33.4 mL) at room temperature was treated with 2-fluoro-4-methoxyphenol (1.181 mL,
10.03 mmol) and triphenylphosphine (3.16 g, 12.03 mmol). The reaction mixture was cooled
to 0 °C and DEAD (40 wt % in toluene, 5.95 mL, 15.04 mmol) was added dropwise via
syringe. The resulting reaction mixture was stirred at 65 °C for 5 h, then at room temperature
overnight. Flash silica gel chromatography using a gradient of 10% to 100% EtOAc in
hexanes gave tert-butyl 4-(2-fluoro-4-methoxyphenoxy)piperidine-1-carboxylate (2.78 g,
85%) as a light yellow oil. ESI-MS m/z [M+Na]+ 348.2,

[0148] A solution of tert-butyl 4-(2-fluoro-4-methoxyphenoxy)piperidine-1-carboxylate
(2.78 g, 8.54 mmol) in dioxane (21.36 mL) was treated with HCI (4 M in dioxane, 21.36 mL,
85 mmol) at room temperature and the resulting reaction mixture stirred overnight. Flash
silica gel chromatography using a gradient of 5% to 30% MeOH in DCM gave the title
compound as its HCl salt (1.7 g, 76%) as a whitc solid. ESI-MS m/z [M+H]+ 226.20.
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[0149] Preparation 13 4-(4-chloro-2-fluorophenoxy)piperidine

[0150] To a solution of tert-butyl 4-hydroxypiperidine-1-carboxylate (250 mg, 1.242
mmol) in THF (4.14 mL) was added 4-chloro-2-fluorophenol (0.15 mL, 1.366 mmol) and
triphenylphosphine (391 mg, 1.491 mmol). The mixture was cooled to 0 °C and DEAD (0.81
mL, 2.050 mmol) (40% wt in toluene) was added dropwise. The mixture was heated at 65 oC
for 15 h. The material was concentrated and purificd via flash column chromatography (0-
100% EtOAc in hexanes) to afford tert-butyl 4-(4-chloro-2-fluorophenoxy)piperidine-1-
carboxylate (270 mg, 65%). ESI-MS m/z [M+H]+ 330.1.

[0151] To a solution of tert-butyl 4-(4-chloro-2-fluorophenoxy)piperidine-1-carboxylate
(270 mg, 0.819 mmol) in dioxane (2.73 mL) was added HCI (4N in dioxane, 1.0 mL, 4.09
mmol). The mixture was stirred at 40 oC for 1.5 h and then concentrated to afford the HCI
salt of the title compound (200 mg, 92%) as a white solid. ESI-MS m/z [M+H]+ 230.1.
[0152] Preparation 14 5-chloro-6-(cyclopropylamino)pyrazine-2,3-dicarbonitrile

{0153] To a solution of 5,6-dichloropyrazine-2,3-dicarbonitrile (10.48 g, 52.7 mmol) in
THF (263 ml) at 0 °C was added cyclopropanamine (4.06 mL, 57.9 mmol). The resulting
bright yellow reaction mixture was allowed to warm up slowly to 23 oC and stirred
overnight. The reaction mixture was pourcd over water and extracted with EtOAc (3 x 250
mL). The organic layers were combined, dried over anhydrous MgSO4, filtered and the
solvent was removed in vacuo. The crude product was purified by flash column
chromatography (10-100% EtOAc in heptane) to afford the title compound (5.9 g, 51.0%) as
a yellow solid. ESI-MS m/z [M+H]+ 220.0.

[0154] Preparation 15 5-chloro-6-(isopropylamino)pyrazine-2,3-dicarbonitrile

[0155] The title compound was prepared and purified in a manner similar to the preparation
14 using isopropylamine in place of cyclopropanamine. The crude material was purified by
flash column chromatography (10-100% EtOAc in heptane) to give the title compound (72%
yield). ESI-MS m/z [M+HT+ 222.0.

[0156] Preparation 16 methyl 5,6-dichloropyrazine-2-carboxylate

[0157] A solution of methyl 6-bromo-5-hydroxypyrazine-2-carboxylate (3 g, 12.87 mmol)
and POCI3 (40 mL) was heated under reflux for 3 h and subsequently quenched with ice. The
mixture was extracted with DCM and the organic layers were combined, concentrated and
purified via flash chromatography (0-100% EtOAc in heptane) to afford the title compound
(2.0 g, 75%). ESI-MS m/z [M+H]+ 208.0.

[0158] Preparation 17 methyl 6-chloro-5-(isopropylamino)pyrazine-2-carboxylate
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[0159] A solution of methyl 5,6-dichloropyrazine-2-carboxylate (5.75 g, 27.8 mmol) and
propan-2-amine (11.83 mL, 139 mmol) in dioxane (185 mL) was stirred at 23 oC for 2 h. The
mixture was poured into water and brine, then extracted with EtOAc (1 x 100 mL) and DCM
(2 x 100 mL). The organic layers were combined, dried with anhydrous MgSO4, filtered and
the solvent was removed to afford the crude title compound (5.79 g, 91%) as a brown solid.
ESI-MS m/z [M+H ]+ 230.9.

[0160] Preparation 18 methyl 6-chloro-5-(cyclopropylamino)pyrazine-2-carboxylate

[0161] The title compound was prepared and purified in a manner similar to the preparation
of 17 using cyclopropanamine in place of isopropanamine. Removal of the solvent gave the
crude title compound (88% yield) as a white solid. ESI-MS m/z [M+H]+ 228.1.

[0162] Preparation 19 6-chloro-5-(isopropylamino)pyrazine-2-carboxylic acid

[0163] To a 50 mL RB flask with a stir bar was added methyl 6-chloro-5-
(isopropylamino)pyrazine-2-carboxylate (2.0 g, 8.71 mmol) in dioxane (50 mL) and IN
sodium hydroxide (43.5 mL, 43.5 mmol). The reaction mixture was stirred at 23 oC for 2 h
and concentrated to furnish a yellow solid. The crude material was triturated with acetonitrile
(100 mL) and concentrated HCI was added to adjust pH = 3. The resulting white precipitate
was collected by filtration as the title compound (2.2 g, 100%). 1H NMR (500 MHz, DMSO-
d6)  ppm 1.23 (d, J=6.35 Hz, 6 H), 2.51 (dt, J=3.54, 1.89 Hz, 3 H), 4.30 (dt, J=8.05, 6.47 Hz,
1 H), 7.46 (d, ]=8.30 Hz,1 H), 8.60 (s, 1 H); ESI-MS m/z [M+H]+ 216.5.

[0164] Preparation of 20 6-chloro-5-(isopropylamino)-N,N-dimethylpyrazine-2-
carboxamide

[0165] Combined 6-chloro-5-(isopropylamino)pyrazine-2-carboxylic acid (1.3 g, 6.03
mmol), dimethylamine hydrochloride (0.541 g, 6.63 mmol), HATU (2.292 g, 6.03 mmol) and
DIPEA (4.21 mL, 24.11 mmol) in DMF (50 mL) under nitrogen. The solution was stirred at
23 oC for 2 h, quenched with brine (100 mL) and extracted with ethyl acetate (100 mL x 2).
The organic layers were separated, dried with anhydrous sodium sulfate, filtered and
concentrated. Purification by flash column chromatography (30% EtOAc in heptane)
afforded the title compound (0.9 g, 61.5%); ESI-MS m/z [M+H |+ 243 4.

[0166) Preparation 21 6-chloro-5-(isopropylamino)-N-methylpyrazine-2-carboxamide
[0167] The title compound was prepared and purified in a manner similar to the preparation
of 20 using methylamine hydrochloride in place of dimethylamine hydrochloride.
Purification by flash column chromatography (30% EtOAc in heptane) afforded the title
compound (64% yield) as a light yellow solid. ESI-MS m/z [M+H]+ 229.5

[0168] Prcparation 22 6-chloro-5-(isopropylamino)pyrazinc-2-carbonitrile
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[0169] To a solution of methyl 6-chloro-5-(isopropylamino)pyrazine-2-carboxylate (530
mg, 2.308 mmol) in MeOH (11.5 mL) was added NH40H (21.0 mL, 178 mmol) at 23 oC.
The resulting reaction mixture was heated at 80 °C for 1 h, After the solvent was removed,
the residue was purified by flash column chromatography (50% EtOAc in heptane) to afford
6-chloro-5-(isopropylamino)pyrazine-2-carboxamide (326.5 mg, 66%) as a yellow solid.
ESI-MS m/z [M+H]+ 215.0.

[0170] A solution of 6-chloro-5-(isopropylamino)pyrazine-2-carboxamide (326 mg, 1.519
mmol) and TEA (1.69 mL, 12.15 mmol) in DCM (7.59 mL) was treated with trifluoroacetic
anhydride (0.858 mL, 6.07 mmol) dropwise via a syringe at 23 oC and the resulting orange
reaction mixture was stirred for 3 h. After the solvent was removed, the residue was purified
by flash column chromatography (5-25% EtOAc in heptane) to afford the title compound
(300 mg, 100%) as a yellow solid. ESI-MS m/z [M+H]+ 197.0.

[0171] Preparation 23 6-chloro-5-(cyclopropylamino)pyrazine-2-carbonitrile

{0172]  The title compound was prepared and purified in a manner similar to the preparation
of 22 using methyl 6-chloro-5-(cyclopropylamino)pyrazine-2-carboxylate in place of methyl
6-chloro-5-(isopropylamino)pyrazine-2-carboxylate.  Purification by  flash  column
chromatography (5-50% EtOAc in heptane) afforded the titlc compound (85% yicld) as a
white solid. ESI-MS m/z [M+H]+ 195.1.

{0173] Preparation 24 6-chloro-5-(4-(2,4-difluorophenoxy)piperidin-1-y1)-N,N-
dimethylpyrazine-2-carboxamide

{0174] A mixture of methyl 5,6-dichloropyrazine-2-carboxylate (400 mg, 1.932 mmol),
cesium carbonate (1259 mg, 3.86 mmol) and 4-(2,4-difluorophenoxy)piperidine
hydrochloride (386 mg, 1.546 mmol) in dioxane (20 mL) was heated at 120 °C for 1 h. After
removal of solvent, the residue was purified by flash column chromatography (10-50%
EtOAc in hexane) to methyl 6-chloro-5-(4-(2,4-difluorophenoxy)piperidin-1-yl)pyrazine-2-
carboxylate (451.4mg, 60.9 %). ESI-MS m/z [M+H]+ 384.0.

[0175]) To a solution of methyl 6-chloro-5-(4-(2,4-difluorophenoxy) piperidin-1-
yl)pyrazine-2-carboxylate (451.4 mg, 1.176 mmol) in MeOH (10 mL) was added a solution
of IN NaOH (3.53 mL, 3.53 mmol) at 23 oC. The reaction mixture was stirred at this
temperature for 2 h. MeOH was removed in vacuo, then the solution was acidified with IN
HCI to pH=3. The mixture was extracted with EtOAc (10 mL x 3), and the organic layers
were dried over anhydrous Na2S04, filtered and concentrated to give crude 6-chloro-5-(4-
(2,4-difluorophenoxy)piperidin-1-yl)pyrazine-2-carboxylic acid (600 mg), which was used
without further purification. ESI-MS m/z [M+H]+ 370.0.
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[0176] A solution of  6-chloro-5-(4-(2,4-difluorophenoxy)piperidin-1-yl)pyrazine-2-
carboxylic acid (600 mg, 1.62 mmol), dimethylamine hydrochloride (265 mg, 3.25 mmol),
HATU (926 mg, 2.43 mmol) and DIPEA (1.134 ml, 6.49 mmol) in DMF (10.0 mL) under
nitrogen was stirred at 23 oC for 2 h. The solvent was removed in vacuo, then the residue was
dissolved in DCM, washed with H20, dried over anhydrous Na2S04 and filtered. Removal
of the solvent in vacuo afforded the crude title compound (700 mg), which was used without
further purification. ESI-MS nv/z [M+H]+ 397.0.

[0177] Preparation 25  6-chloro-5-(4-(2,4-difluorophenoxy)piperidin-1-yl)pyrazine-2-
carbonitrile

[0178] A mixture of methyl 5,6-dichloropyrazine-2-carboxylate (500 mg, 2.415 mmol), 4-
(2,4-difltuorophenoxy)piperidine hydrochloride (680 mg, 2.72 mmol) and TEA (1.010 mL,
7.25 mmol) in DCM (20 mL) was heated at 120 oC for 3 h. The mixture was poured into
water and extracted with EtOAc. The organic layer was concentrated to afford the crude
methyl 6-chloro-5-(4-(2,4-difluorophenoxy)piperidin-1-yl)pyrazine-2-carboxylate (950 mg,
102%), which was used directly in next step without further purification. ESI-MS m/z
[M+H1+ 383.8.

[0179] A mixturc of methyl 6-chloro-5-(4-(2,4-difluorophenoxy)piperidin-1-yl)pyrazine-2-
carboxylate (800 mg, 2.085 mmol) and NH40H (20 mL, 154 mmol) in MeOH (20 mL) was
heated at 90 oC for 16 h. The mixture was poured into water and extracted with EtOAc. The
organic  layer was concentrated to give the crude  6-chloro-5-(4-(2,4-
difluorophenoxy)piperidin-1-yl)pyrazine-2-carboxamide (650 mg, 85%).

[0180] To a solution of 6-chloro-5-(4-(2,4-difluorophenoxy)piperidin-1-yl)pyrazine-2-
carboxamide (250 mg, 0.678 mmol) and TEA (0.425 mL, 3.05 mmol) in DCM (15 mL) was
added TFAA (0.192 mL, 1.356 mmol) dropwise at 0 °C. Then the reaction solution was
allowed to warm to 23 oC for 2h. The mixture was poured into water and extracted with
DCM. The organic layer was concentrated in vacuo to the crude title compound (220 mg,
93%,). ESI-MS m/z [M+H]+ 350.8.

[0181] Preparation 26 6-chloro-5-(4-(4-chloro-2-fluorophenoxy)piperidin-1-yl)pyrazine-2-
carbonitrile

[0182] The title compound was prepared and purified in a manner similar to the preparation
of 25 using 5,6-dichloropyrazine-2-carboxylate and 4-(4-chloro-2-fluorophenoxy)piperidine
hydrochloride as the reaction substrates. The crude product was purified by flash column
chromatography (20% EtOAc in heptane) to afford the titled compound (66.7% yield) as a
yellow oil. ESI-MS m/z [M+H]+ 368.8.
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[0183] Preparation 27 6-chloro-5-(4-((2,4-difluorophenyl)fluoromethyl)piperidin- 1 -
yl)pyrazine-2-carbonitrile

[0184] The title compound was prepared and purified in a manner similar to the preparation
of 25 using 5,6-dichloropyrazine-2-carboxylate and 4-((2,4-
difluorophenyDfluoromethylpiperidine hydrochloride as the reaction substrates to give 6-
chloro-5-(4-((2,4-ditluorophenyl)fluoromethyl)piperidin-1-yl)pyrazine-2-carbonitrilc  as  its
free base (30% yield over 3 steps).

{0185] Preparation 28 and 29 (S)-6-chloro-5-(4-((2,4-
difluorophenyl)fluoromethyl)piperidin-1-yl)pyrazine-2-carbonitrile and (R)-6-chloro-5-(4-
((2,4-difluoropheny)fluoromethyl)piperidin-1-yl)pyrazine-2-carbonitrile

[0186] Racemic 6-chloro-5-(4-((2,4-difluorophenyl)fluoromethyl)piperidin-1-yl)pyrazine-
2-carbonitrile (240 mg, 0.654 mmol) from the above step was separated by chiral SFC
separation  to  give  (S)-6-chloro-5-(4-((2,4-difluorophenyl)fluoromethyl)piperidin-1-
yDpyrazine-2-carbonitrile (120 mg, 50.0%) and (R)-6-chloro-5-(4-((2,4-
difluorophenyl)fluoromethyl)piperidin- 1-yl)pyrazine-2-carbonitrile (100 mg, 41.7%).

[0187] Preparation of 30 3,6-dichloro-5-(isopropylamino)pyrazine-2-carbonitrile

[0188] To a solution of 3,5,6-trichloropyrazine-2-carbonitrile (5 g, 23.99 mmol) in dioxanc
(20 mL) at 0 °C under nitrogen was added propan-2-amine (4.09 mL, 48.0 mmol). The
reaction solution was stirred at 23 oC for 4 h, then quenched with brine (300 mL) and
extracted with ethyl acetate (2 x 200 mL). The organic layers were combined, dried over
anhydrous MgSO4, filtered and concentrated. The residue was purified via flash column
chromatography (5-30% EtOAc in heptane) to afford the title compound (5 g, 90%). 1H
NMR (500 MHz, DMSO-d6) & ppm 1.23 (d, J=6.83 Hz, 6 H) 4.22 (dt, J=8.05, 6.47 Hz, 1 H)
8.27 (d, J=7.81 Hz, 1 H); ESI-MS m/z [M+H]+ 231.0.

[0189] Example 1 5-(cyclopropylamino)-6-(4-(2,4-difluorobenzyl)piperazin-1-yl)pyrazine-

2,3-dicarbonitrile

Q”QINICN

Sy
HN™ "N” CN

[0190]
[0191] A solution of 1-(2,4-difluorobenzyl)piperazine hydrochloride (400 mg, 1.608

mmol), 5-chloro-6-(cyclopropylamino)pyrazine-2,3-dicarbonitrile (353 mg, 1.608 mmol) and
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DIPEA (702 uL, 4.02 mmol) in DCM (16.1 mL) was stirred at 23 oC for 4h. After the
solvent was removed in vacuo, the crude product was purified by flash column
chromatography (0-10% MeOH in DCM) to afford the title compound (456 mg, 71.7%) as a
yellow solid. ESI-MS m/z [M-+H]+ 396.0.

[0192] Example 2 5-(4-(2,4-difluorophenoxy)piperidin-1-yl)-6-(isopropylamino)pyrazine-

2.3-dicarbonitrile
F
sne
£ N /N CN
LI
HN N CN

[0193] HaC™ “CHa
[0194] The titlc compound was prepared and purificd in a manner similar to Examplc |
using 4-(2,4-difluorophenoxy)piperidine hydrochloride and 5-chloro-6-
(isopropylamino)pyrazine-2,3-dicarbonitrile as the reaction substrates. The solvent was
removed in vacuo to afford the crude product (99% yield), which was used without further
purification.
[0195] Example R 5-(4-(5-chloro-2-fluorobenzoyl)piperidin-1-yl)-6-
(isopropylamino)pyrazine-2,3-dicarbonitrile

F O

N N\w CN

¢l HN:[N;[CN
10196] ch/J\CH3
[0197] The titlc compound was prepared and purificd in a manncr similar to the preparation
1 using (5-chloro-2-fluorophenyl)(piperidin-4-yl)methanone hydrochloride and 5-chloro-6-
(isopropylamino)pyrazine-2,3-dicarbonitrile as the reaction substrates. The solvent was
removed in vacuo to give the crude title compound, which was used without further
purification. ESI-MS m/z [M+H]+ 427.0.
[0198] Example 4 (R)-5-(4-((2,4-difluorophenyD)fluoromethyl)piperidin-1-yl)-6-

(isopropylamino)pyrazine-2,3-dicarbonitrile
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me

HN

N
N

(0199] HsC” “CHg
[0200] The title compound was prepared and purified in a manner similar to the preparation
1 using (R)-4-((2,4-difluorophenyl)fluoromethylpiperidine hydrochloride and 5-chloro-6-
(isopropylamino)pyrazine-2,3-dicarbonitrile as the reaction substrates. Removal of the
solvent gave the crude title compound (96% yield) as a yellow solid, which was directly used
in the next step without further purification. ESI-MS m/z [M+H]+ 415.0
[0201] Example 5 5-(4-(4-chloro-2-fluorophenoxy)piperidin-1-yl1)-6-
(isopropylamino)pyrazine-2,3-dicarbonitrile

F

O
Nege P
HN N/ CN

[0202] HyC”™ ~CHy

[0203] To a solution of 5,6-dichloropyrazinc-2,3-dicarbonitrile (150 mg, 0.754 mmol) in
DCM (7.5 mL) at 0 oC was slowly added propan-2-amine (64.8 uL, 0.754 mmol), followed
by DIPEA (395 uL, 2.261 mmol). The reaction solution was stirred at this temperature for 1
h, then 4-(4-chloro-2-fluorophenoxy)piperidine hydrochloride (281 mg, 1.055 mmol) was
added. The reaction mixture was stirred 0 oC for 2h and then warmed up to 23 oC for 2h.
After the solvent was removed in vacuo, the crude product was purified by flash column
chromatography (0-60% EtOAc in heptancs) to afford its free basc of the title compound
(212 mg, 67.8%) as a yellow solid. 1H NMR (500 MHz, DMSO-d6) ¢ ppm 1.20 (d, J=6.35
Hz, 6 H), 1.83 (dtd, J=12.63, 8.45, 8.45, 3.66 Hz, 2 H), 2.05 (ddd, J=9.64, 6.71, 3.66 Hz, 2
H), 3.23 (ddd, J=12.94, 9.03, 3.42 Hz, 2 H), 3.54 - 3.63 (m, 2 H), 4.15 - 4.25 (m, 1 H), 4.70
(dt, J=7.81, 3.91 Hz, 1 H), 7.22 (dq, J=8.85, 1.44 Hz, 1 H), 7.29 - 7.36 (m, 1 H), 7.39 - 7.49
(m, 2 H), 8.10 - 8.10 (m, 1 H) ESI-MS m/z [M+H]+ 414.85.

[0204] Example 6 5-(4-(4-chloro-2-fluorophenoxy)piperidin-1-yl)-3-cyano-6-
(isopropylamino)pyrazine-2-carboxylic acid and 6-(4-(4-chloro-2-fluorophenoxy)piperidin-1-

yI)-3-cyano-5-(isopropylamino)pyrazine-2-carboxylic acid
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A0 b Neog @I o

10205] HaC and HaC CH3
[0206] To a solution of 5-(4-(4-chloro-2-fluorophenoxy)piperidin-1-yl)-6-
(isopropylamino)pyrazine-2,3-dicarbonitrile (150 mg, 0.362 mmol) in MeOH (1.0 mL) and
dioxane (2.0 mL) was added a 2N solution of KOH (0.362 mL, 0.723 mmol). The reaction
solution was stirred at 23 oC for 4 h. Then 3.0 mL IN HCI solution was added to adjust the
pH=1-2. The stirring was continued for 2 h. After the solvent mixture was removed in vacuo,
the crude product was purificd by flash column chromatography (10-60% EtOAc in heptanc)
to give a mixture of methyl 5-(4-(4-chloro-2-fluorophenoxy)piperidin-1-yl)-3-cyano-6-
(isopropylamino)pyrazine-2-carboxylate and methyl 6-(4-(4-chloro-2-
fluorophenoxy)piperidin-1-yl)-3-cyano-5-(isopropylamino)pyrazine-2-carboxylate (148 mg,
91%) as a yellow oil. [M+H]+ 447.9.

[0207] To a solution of the mixture of methyl 5-(4-(4-chloro-2-fluorophenoxy)piperidin-1-
y1)-3-cyano-6-(isopropylamino)pyrazine-2-carboxylate  and  methyl  6-(4-(4-chloro-2-
fluorophenoxy)piperidin-1-yl)-3-cyano-5-(isopropylamino)pyrazine-2-carboxylate (132 mg,
0.295 mmol) in dioxane (2.0 mL) was added a 2N solution of KOH (184 pL, 0.368 mmol).
The reaction mixture was stirred at 23 oC for 2h. Then IN HCI solution was used to adjust
the pH = 3-4. After the solvent mixture was removed in vacuo, the give a mixture of the title
compounds (154 mg, 83wt% of the desired product) which was dried under high vacuum for
5 h and uscd dircctly in the next step without further purification. ESI-MS m/z [M+H]+
433.9.

[0208] Example 7 3-cyano-6-(cyclopropylamino)-5-(4-(2,4-difluorobenzyl)piperazin-1-
yl)pyrazine-2-carboxylic acid and 3-cyano-5-(cyclopropylamino)-6-(4-(2,4-
difluorobenzyl)piperazin-1-yl)pyrazine-2-carboxylic acid

[0209] A © and A
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[0210] The title compound was prepared and purified in a manner similar to Example 6
using 5-(cyclopropylaminoe)-6-(4-(2,4-difluorobenzyl)piperazin-1-yl)pyrazine-2,3-
dicarbonitrile in place of 5-(4-(4-chloro-2-fluorophenoxy)piperidin-1-y1)-6-
(isopropylamino)pyrazine-2,3-dicarbonitrile. The title compound was obtained as a crude
mixture of two regioisomers, which were used directly in the next step without further
purification. ESI-MS m/z [M+H][+ 415.0.

[0211] Example 8 3-cyano-5-(4-(2,4-difluorophenoxy)piperidin-1-y1)-6-
(isopropylamino)pyrazine-2-carboxylic acid and 3-cyano-6-(4-(2,4-

difluorophenoxy)piperidin- 1-y1)-5-(isopropylamino)pyrazine-2-carboxylic acid

[0212] HaC™ "CHy and H4C™ TCH;

[0213] The title compound was prepared and purified in a manner similar to Example 6
using 5-(4-(2,4-difluorophenoxy)piperidin-1-y1)-6-(isopropylamino)pyrazine-2,3-
dicarbonitrile in place of 5-(4-(4-chloro-2-fluorophenoxy)piperidin-1-y1)-6-
(isopropylamino)pyrazine-2,3-dicarbonitrile. The title compound was obtained as a crude
mixture of two regioisomers, which were used directly in the next step without further
purification.

[0214] Example 9 5-(4-(5-chloro-2-fluorobenzoyl)piperidin-1-yl)-3-cyano-6-
(isopropylamino)pyrazine-2-carboxylic acid and 6-(4-(5-chloro-2-fluorobenzoyl)piperidin-1-

y1)-3-cyano-5-(isopropylamino)pyrazine-2-carboxylic acid

F O F O
0
NINK CN NIN‘I)\OH
cl HN N%’OH c! HN™ N e
[0215] HsC/I\CHs v and H3C)\CH3

[0216]) The title compound was prepared and purified in a manner similar to Example 6
using 5-(4-(5-chloro-2-fluorobenzoyl)piperidin- 1 -y1)-6-(isopropylamino)pyrazine-2,3-
dicarbonitrile in place of 5-(4-(4-chloro-2-fluorophenoxy)piperidin-1-yl1)-6-

(isopropylamino)pyrazine-2,3-dicarbonitrile. The title compound was obtained as a crude
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mixture of two regioisomers, which were used directly in the next step without further
purification. ESI-MS m/z [M+H ]+ 446.0.

[0217} Example 10: (R)-3-cyano-5-(4-((2,4-difluorophenyl)fluoromethyl)piperidin-1-y1)-6-
(isopropylamino)pyrazine-2-carboxylic acid and (R)-3-cyano-6-(4-((2,4-
difluorophenyl)fluoromethyl)piperidin-1-y1)-5-(isopropylamino)pyrazine-2-carboxylic acid

Fm ])\k Q/\OIJ\/H,

I

[0218] 3 and HaC

[0219] The title compound was prepared and purified in a manner similar to Example 6
using (R)-5-(4-((2,4-difluorophenyl)fluoromethyl)piperidin-1-yl)-6-
(isopropylamino)pyrazine-2,3-dicarbonitrile in place of 5-(4-(4-chloro-2-

fluorophenoxy)piperidin-1-y1)-6-(isopropylamino)pyrazine-2,3-dicarbonitrile.  The  title
compound was obtained as a crude (1:1) mixture of two regioisomers (83% yicld), which
were used directly in the next step without further purification.

[0220] Example 11 6-(4-(2,4-difluorophenoxy)piperidin-1-yl)-5-(isopropylamino)-

pyrazine-2-carboxylic acid
F
o
Toa g
] N:[N\j)\OH
o
HN™ N

(0221] HaC” “CHs
[0222] To a stirred solution of methyl 6-chloro-5-(isopropylamino)pyrazine-2-carboxylate
(300 mg, 1.306 mmol) and 4-(2,4-difluorophenoxy)piperidine (418 mg, 1.959 mmol) in
DMSO (10 mL) was added TEA (0.55 mL, 3.92 mmol) dropwisc. The rcsulting mixturc was
stirred at 120 °C for 5 h. The mixture was poured into water and extracted with EtOAc. The
organic layer was concentrated to give methyl 6-(4-(2,4-difluorophenoxy)piperidin-1-yl)-5-
(isopropylamino)pyrazine-2-carboxylate, which was used without further purification. ESI-
MS m/z [M+H]+ 407.0.

[0223] To a solutton of methyl  6-(4-(2,4-difluorophenoxy)piperidin-1-yl)-5-
(isopropylamino)pyrazine-2-carboxylate (350 mg, 0.861 mmol) in MeOH (10 ml) was added
2N NaOH solution (20 mL). The resulting solution was stirred at 23 °C for 12 h. The reaction
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solution was concentrated in vacuo and then poured into water (10 mL), acidified with 2N
HCI to adjust pH=3, and then extracted with EtOAc (2 x 20 mL). The combined organic
layers were dried over anhydrous Na2S04, filtered and concentrated to give the crude
product. Purification by flash column chromatography (10-70% EtOAc in hexanes) gave the
title compound (280 mg, 83 %) as a yellow oil. ESI-MS m/z [M+H]+ 393.0.

[0224] Examplc 12 3-chloro-6-(4-(2,4-difluorophcenoxy)piperidin-1-yl)-5-

(isopropylamino)pyrazine-2-carbonitrile

0]
FoneN
HNI\N]:CI

[0225] HaC™ CHs

[0226] A mixture of 2,2'-bis(diphenylphosphino)-1,1'-binaphthalene (4.31 g, 6.92 mmol),
diacetoxypalladium (0.777 g, 3.46 mmol), Cs2CO3 (16.92 g, 51.9 mmol), 4-(24-
difluorophenoxy)piperidine hydrochloride (6.48 g, 26.0 mmol) and 3,6-dichloro-5-
(isopropylamino)pyrazine-2-carbonitrile (4 g, 17.31 mmol) in toluene (10 mL) was heated in
a microwave at 100 °C for 30 min. The reaction was duplicated with identical amounts and
under the same conditions for 8 batches. The batches were combined, concentrated and
purified via flash column chromatography (10-30% EtOA in heptane), followed by SFC
Purification, to afford the title compound (900 mg, 13%) as a solid. 1H NMR (500 MHz,
DMSO0-d6) 6 ppm 1.21 (d, J=6.35 Hz, 6 H), 1.62 - 1.83 (m, 2 H), 1.96 - 2.13 (m, 2 H), 3.45 -
3.62, (m, 2 H), 3.98 (ddd, J=13.30, 6.47, 3.66 Hz, 2 H), 4.17 (dd, J=14.16, 6.35 Hz, | H),
4.60 (dt, J=7.81,3.91 Hz, 1 H), 6.94 - 7.10 (m, 1 H), 7.24 - 7.39 (m, 2 H), 7.47 (d, J=7.81 Hz,
1 H). ESI-MS m/z [M+H ]+ 408.4.

[0227] Example 13 5-(4-(4-chloro-2-fluorophenoxy)piperidin-1-y1)-3-cyano-6-

(isopropylamino)-N,N-dimethylpyrazine-2-carboxamide

[0228) HsC™ "CHjy
[0229] To a solution of a mixture of 5-(4-(4-chloro-2-fluorophenoxy)piperidin-1-y1)-3-

cyano-6-(isopropylamino)pyrazine-2-carboxylic acid and 6-(4-(4-chloro-2-
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fluorophenoxy)piperidin-1-y1)-3-cyano-5-(isopropylamino)pyrazine-2-carboxylic  acid (50
mg, 0.096 mmol in DMF (0.96 mL) was added HATU (36.4 mg, 0.096 mmol) and DIPEA
(50.1 pl, 0.287 mmol) at 23 oC. After the reaction solution was stirred for 10min,
dimethylamine (96 uL, 0.191 mmol) was added. Then the resulting solution was stirred at 23
oC for 2 h. The crude product was purified by HPLC using Method A, followed by a SFC
purification, to afford its free base of the title compound (5.4 mg, 12%) as a ycllow solid
film. 1H NMR (500 MHz, methanol-d4) & ppm 1.28 (d, J=6.35 Hz, 6 H), 1.94 - 2.02 (m, 2
H), 2.12 - 2.20 (m, 2 H), 3.05 (s, 3 H), 3.12 - 3.19 (m, 2 H), 3.14 (5, 3H), 3.47 - 3.54 (m, 2 H),
4.30 (spt, J=6.59 Hz, 1 H), 4.59 (tt, J=7.38, 3.60 Hz, 1 H), 7.10 - 7.15 (m, 1 H), 7.16 - 7.23
(m, 2 H) ESI-MS m/z [M+H]+ 460.9.

[0230] Example 14: 3-cyano-6-(cyclopropylamino)-5-(4-(2,4-difluorobenzyl)piperazin-1-
yD)-N,N-dimethylpyrazine-2-carboxamide

[0231]

[0232] The title compound was prepared and purified in a manner similar to Example 13
using a mixture of 3-cyano-6-(cyclopropylamino)-5-(4-(2,4-difluorobenzyl)piperazin-1-
yl)pyrazine-2-carboxylic acid and 3-cyano-5-(cyclopropylamino)-6-(4-(2,4-
difluorobenzyl)piperazin-1-yl)pyrazine-2-carboxylic acid as the substrates. The title
compound was obtained as its free base as a white solid (11% yield). 1H NMR (500 MHz,
methanol-d4) & ppm 0.61 - 0.69 (m, 2 H), 0.79 - 0.91 (m, 2 H), 2.81 (tt, J=7.20, 3.78 Hz, |
H), 3.09 (s, 3 H), 3.12 - 3.29 (m, 2 H), 3.15 (s, 3H), 3.36 - 4.00 (m, 6 H), 4.49 (s, 2 H), 7.09 -
7.28 (m, 2 H), 7.67 (1d, J=8.54, 6.35 Hz, 1 H) ESI-MS m/z [M+H]+ 442.0.

[0233] Example 15 and 16 3-cyano-5-(4-(2,4-difluorophenoxy)piperidin-1-yl)-6-
(isopropylamino)-N,N-dimethylpyrazine-2-carboxamide

[0234] and  3-cyano-6-(4-(2,4-diflucrophenoxy)piperidin-1-y1)-5-(isopropylamino)-N,N-

dimethylpyrazine-2-carboxamide
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[0236] The title compound was prepared and purified in a manner similar to Example 13
using a mixture of 3-cyano-5-(4-(2,4-difluorophenoxy)piperidin-1-y1)-6-
(isopropylamino)pyrazine-2-carboxylic acid and 3-cyano-6-(4-(2,4-
difluorophenoxy)piperidin-1-y1)-5-(isopropylamino)pyrazine-2-carboxylic  acid as  the
substrates. The crude material was purified by HPLC using Method A, followed by SFC
scparation, to atford 3-cyano-5-(4-(2,4-difluorophenoxy)piperidin-1-yl)-6-(isopropylamino)-
N,N-dimethylpyrazine-2-carboxamide (14.5% yield) as an off-white solid. 1H NMR (500
MHz, methanol-d4) ppm 1.23 - 1.30 (m, 6 H) 1.86 - 2.00 (m, 3 H) 2.06 - 2.17 (m, 2 H) 2.98 -
3.17 (m, 7 H) 3.46 - 3.54 (m, 1 H) 3.58 - 3.66 (m, 1 H) 4.21 - 4.34 (m, 1 H) 4.50 (td, J=7.44,
3.66 Hz, 1 H) 6.83 - 6.90 (m, 1 H) 6.95 - 7.03 (m, 1 H) 7.14 - 7.22 (m, 1 H); ESI-MS m/z
[M+H]+ 445.0; and 3-cyano-6-(4-(2,4-difluorophenoxy)piperidin-1-yl)-5-(isopropylamino)-
N,N-dimethylpyrazine-2-carboxamide (2.0% yield) as a white solid. I1H NMR (500 MHz,
methanol-d4) 6 ppm 1.27 (d, J=6.83 Hz, 6 H), 1.83 - 2.00 (m, 2 H), 2.03 - 2.19 (m, 2 1), 3.02
-3.18 (m, 6 H), 3.27-3.35 (m, 2H), 3.49 - 3.70 (m, 2 H), 4.25 (t, J=6.35 Hz, 1 H), 4.46 - 4.56
(m, 1 H), 6.77 - 6.93 (m, 1 H), 6.98 (ddd, J=11.35, 8.42,3.17 Hz, 1 H,) 7.17 (td, ]=9.28, 5.37
Hz, | H); ESI-MS m/z [M+H]+ 445 4.

[0237] Example 17 5-(4-(5-chloro-2-fluorobenzoyl)piperidin-1-yl)-3-cyano-06-
(isopropylamino)-N,N-dimcthylpyrazine-2-carboxamide

F O

N _-N._-CN
e
Ct = N
HN N .‘CH;;
S 0
[0238) HyC™ CHy
[0239] The titlc compound was preparcd and purificd in a manner similar to Example 13
using a mixture of 5-(4-(5-chloro-2-fluorobenzoyl)piperidin-1-yl)-3-cyano-6-
(isopropylamino)pyrazine-2-carboxylic acid and 6-(4-(5-chloro-2-fluorobenzoyl)piperidin-1-

y1)-3-cyano-5-(isopropylamino)pyrazine-2-carboxylic acid as the substrates. The title
compound was purified by HPLC using Method B to afford its TFA salt (44% yield) as an
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off-white solid. 1H NMR (500 MHz, methanol-d4) ppm 1.22 - 1.29 (m, 6 H) 1.85 - 1.96 (m,
2 H) 1.96-2.06(m, 2 H)2.89 -2.97 (m, 2 H) 3.03 (s, 3 H) 3.09 - 3.15 (m, 3 H) 3.33 - 3.41
(m, 1 H) 3.58 - 3.65 (m, 2 H) 4.28 (1, }=6.35 Hz, 1 H) 7.28 (dd, J=10.25, 8.79 Hz, 1 H) 7.57 -
7.63 (m, 1 H)7.73 - 7.78 (m, 1 H) ESI-MS m/z [M+H]+ 473.0.

[0240] Example 18: (R)-3-cyano-5-(4-((2,4-difluorophenyl)fluoromethyl)piperidin-1-yl)-
N-(2-(dimcthylamino)cthyl)-6-(1sopropylamino)-N-mcthylpyrazine-2-carboxamide

F F
| il N
N_ _N_ _#Z
F7 2 I 7 cH,
HNT N7 N\/\,\l,fCHa
/k CHj
[0241] HsC™ CHs

[0242] The title compound was prepared and purified in a manner similar to Example 13
using a mixture of (R)-3-cyano-5-(4-((2,4-difluorophenyl)fluoromethyl)piperidin-1-yl)-6-
(isopropylamino)pyrazine-2-carboxylic acid compound and (R)-3-cyano-6-(4-((2,4-
difluorophenyDfluoromethylpiperidin-1-y1)-5-(isopropylamino)pyrazine-2-carboxylic  acid
(1:1), and N1,N1,N2-trimcthylcthanc-1,2-diaminc as the recaction substrates. Purification by
flash column chromatography, eluting with 50:1 to 15:1 DCM:MeOH, followed by SFC
purification, to give the title compound (17% yield) as an off-white solid. 1H NMR (500
MHz, CDCI3) & ppm 1.27 (d, J=5.2 Hz, 6 H), 1.57-1.60 (m, 2 H), 3.57 (br. s., 8 H), 4.48 (s, 2
H), 4.66 (quin, J=6.59 Hz, | H), 7.11 - 7.24 (m, 2 H), 7.61 (s, 1 H), 7.68 (td, J=8.54, 6.35 Hz,
1 H), 8.83 (s, 1 H); ESI-MS m/z [M-+H]+ 518.1.

{0243] Example 19: 6-(4-(2,4-difluorophenoxy)piperidin-1-yl)-5-(isopropylamino)-N,N-

dimethylpyrazine-2-carboxamide
F
o
[,
i NI/N])LI\I:,CH;;
e

[0244] HC' CHs

[0245] A mixture of 6-chloro-5-(isopropylamino)-N,N-dimethylpyrazine-2-carboxamide
(50 mg, 0.206 mmol), DIPEA (0.144 ml, 0.824 mmol) and 4-(2,4-difluorophenoxy)piperidine
hydrochloride (103 mg, 0.412 mmol) in dioxane (2.0 mL) was heated at 180 °C in the
microwave for 4 h. The mixture was purified by HPLC using Method A to afford the title
compound as its TFA salt (10 mg, 12%) as a yellow film. 1H NMR (500 MHz, DMSO-d6) &
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ppm 1.21 (d, J=6.35 Hz, 6 H), 1.77 - 1.97 (m, 2 H,) 2.07 (br. 5., 2 H), 2.81 - 3.00 (m, 2 B),
3.15(d, J=19.53 Hz, 2 H), 3.38 (m, 6 H), 4.22 (dd, J=14.40, 6.59 Hz, 1 H), 4.54 (dt, ]=7.93,
4.09 Hz, 1H), 6.11 (d, J=8.30 Hz, 1 H), 6.93 - 7.08 (m, 1 H), 7.21 - 7.43 (m, 2 H), 8.01 (s,
1H); ESI-MS m/z [M+H]}+ 420 4.

[0246] Example 20 6-(4-(5-chloro-2-fluorobenzoyl)piperidin-1-yl)-5-(isopropylamino)-
N,N-dimcthylpyrazinc-2-carboxamide

F O

0]
C o
HN N
(0247 H3C)\CH3
[0248]  6-(4-((5-Chloro-2-fluorophenyl)(hydroxy)methyl)piperidin-1-yl)-5-
(isopropylamino)-N,N-dimcthylpyrazinc-2-carboxamide was prepared and purificd in a
manner similar to Example 19 using (5-chloro-2-fluorophenyl)(piperidin-4-yl)methanol in
place of 4-(2,4-difluorophenoxy)piperidine hydrochloride. Purification by HPLC using
Method A to give 06-(4-((5-chloro-2-fluorophenyl)(hydroxy)methyl)piperidin-1-yl)-5-
(isopropylamino)-N,N-dimethylpyrazine-2-carboxamide as its TFA salt (47 mg, 85%) as a
white solid. 1H NMR (500 MHz, DMSO-d6) ppm 1.09 - 1.29 (m, 6 H) 1.36 (d, J=12.69 Hz, |
H) 1.48 - 1.72 (m, 2 H) 1.81 (d, J=12.20 Hz, 1 H), 2.53 - 2.55 (m, 2 H,) 2.94 (s, 3 H) 3.10 (s,
3 H)3.31-3.48 (m, 2 H) 4.19 (dd, J=14.40, 6.59 Hz, 1 H) 4.65 (d, ]=6.35 Hz, 1 H) 5.98 (d,
J=8.30 Hz, 1 H) 7.15-7.32 (m, 1 H) 7.32 - 7.42 (m, 1 H) 7.48 (dd, J=6.10, 2.69 Hz, 1 H) 7.98
(s, 1 H).; EST-MS m/z [M+H}+ 450.3.
[0249] To a solution of 6-(4-({5-chloro-2-fluorophenyl)(hydroxy)methyl)piperidin-1-yI)-5-
(isopropylamino)-N,N-dimethylpyrazine-2-carboxamide (42 mg, 0.093 mmol) in DCM (5
mL) was addcd Dcss-Martin Periodinanc (99 mg, 0.233 mmol). The rcaction solution was
stirred at 23 oC for 2 h. The mixture was filtered and purified by HPLC using Method A
twice to afford the title compound as its TFA salt (0.5 mg, 1.0%) as a clear film. |H NMR
(500 MHz, methanol-d4) § ppm 1.29 (m, 6 H), 1.93 (m, 2 H,) 2.02 (m, 2 H), 2.65 (m, 2 H),
3.16 (m, 2 H), 3.33-3.34 (m, 6 H), 4.33 (m, 1 H), 4.61 (m, 1H), 7.26 (m, 1 H), 7.29 (m, 1 H),
7.74 (m, 2 H), 8.07 (s, 1H); ESI-MS m/z [M+H]+ 450.3.
[0250] Example 21 (R)-6-(4-((2.,4-difluorophenyl)fluoromethyl)piperidin-1-yl)-5-

(isopropylamino)-N-methylpyrazine-2-carboxamide
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[0252] The title compound was prepared and purified in a manner similar to Example 19
using  (R)-4-((2,4-difluorophenyl)fluoromethyl)piperidine hydrochloride and 6-chloro-5-
(isopropylamino)-N-methylpyrazine-2-carboxamide as the reaction substrates. The title
compound was obtained as its TFA salt (11% yield) as a white solid. 1H NMR (500 MHz,
DMSO0-d6) 6 ppm 1.20 (d, J=6.35 Hz, 6 H), 1.34 (d, J=12.69 Hz, 1 H), 1.49 - 1.78 (m, 2 H),
1.93 (d, J=12.20 Hz, 1 H), 2.09 (br. s., 1 H), 2.60 - 2.76 (m, 2 H), 2.77 (d, J=4.88 Hz, 3 H),
322-3.55(m,2H,)4.20-4.24 (m, 1 H,) 5.45-5.68 (m, 1 H), 6.13 (d, J=8.30 Hz, 1 H), 7.20
(t,J=8.30 Hz, 1 H), 7.34 (1, J=10.01 Hz, 1 H), 7.51 - 7.65 (m, 1 H), 7.94 (d, J=4.88 Hz, 1 H),
8.21 (s, 1 H); ESI-MS m/z [M+H]+ 422.2.
[0253] Example 22 (S)-6-(4-((2,4-difluorophenyl)ftuoromethyl)piperidin-1-y1)-5-
(isopropylamino)-N-methylpyrazine-2-carboxamide

F F
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= N._N N-CHs
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[0255] The title compound was prepared and purified in a2 manner similar to Example 19
using  (S)-4-((2,4-difluorophenyl)fluoromethyl)piperidine hydrochloride and 6-chloro-5-
(isopropylamino)-N-methylpyrazinc-2-carboxamide as the rcaction substratcs. The title
compound was obtained as its TFA salt (14% yield) as a white solid. 1H NMR (500 MHz,
DMSO-d6) ppm 1.20 (d, J=6.35 Hz, 6 H), 1.34 (d, J=11.72 Hz, 1 H), 1.49 - 1.78 (m, 2 H),
1.93 (d, J=13.18 Hz, 1 H), 2.09 (d, J=3.91 Hz, 1 H), 2.57 - 2.66 (m, 2 H), 2.76-2.77 (d, J=4.9
Hz, 3H), 3.42-3.45 (m, 2 H), 4.19 - 4.26 (m, 1 H), 5.42 - 5.69 (m, | H), 6.12 (d, J=7.81 Hz, |
H), 7.11 - 7.27 (m, 1 H), 7.29 -7.40 (m, 1 H), 7.51 - 7.65 (m, 1 H), 7.94 (d, J=4.88 Hz, 1 H),
8.21 (s, 1 H); ESI-MS m/z [M+H]+ 422.2.

[0256] Example 23  6-(4-(2,4-difluorophenoxy)piperidin-1-yl)-N-(2-(dimethylamino)-

ethyl)-5-(isopropylamino)-N-methylpyrazine-2-carboxamide
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[0258] To a solution of 6-(4-(2,4-difluorophenoxy)piperidin-1-yl)-5-
(isopropylamino)pyrazine-2-cartboxylic acid (65 mg, 0.166 mmol), NI1,NI N2-
trimethylethane-1,2-diamine (16.93 mg, 0.166 mmol) and HATU (126 mg, 0.331 mmol) in
THF (5 mL) was added DIPEA (0.02 mL, 0.13 mmol). The resulting solution was stirred at
23 °C for 1 h. The mixture was extracted with EtOAc (10 mL) and washed with water (10
mL) and brine (2 x 10 mL). The combined organic layers were dried over anhydrous
Na2S0d4, filtered and concentrated to give the crude product. Purification by flash column
chromatography, eluting with 50:1 to 2:1 DCM/MeOH, gave the title compound (70 mg,
89%) as a white solid. I1H NMR (500 MHz, CDCI3) & ppm 1.27 (d, J=5.2 Hz, 6 H), 1.57-1.60
(m, 2 H), 3.57 (br. s., 8 H), 4.48 (s, 2 H), 4.66 (quin, J=6.59 Hz, 1 H), 7.11 - 7.24 (m, 2 H),
7.61 (s, 1 H), 7.68 (td, J=8.54, 6.35 Hz, 1 H), 8.83 (s, 1 H); ESI-MS m/z [M+H}+ 477.1.

[0259] Example 24: (6-(4-(2,4-difluorophenoxy)piperidin-1-yl)-5-(isopropylamino)

pyrazin-2-y1)(3-fluoroazetidin-1-yl)methanone

[0260) HaC™ "CHj

[0261] The titlec compound was preparcd in a manner similar to Example 23 using 3-
fluoroazetidine  hydrochloride in place of NI,N1,N2-trimethylethane-1,2-diamine.
Purification by HPLC using Method B afforded its TFA salt of the title compound (67.5%
yield) as a pale yellow semisolid. 1H NMR (500 MHz, DMSO-d6) ppm 1.16 - 1.30 (m, 6 H)
1.84 - 1.95 (m, 2 H) 2.09 (br. s., 2 H) 2.91 (d, }=9.28 Hz, 2 H) 3.12 - 3.20 (m, 1 H) 3.34 (br.
s, 1 H)3.96-4.09 (m, 1 H)4.21 - 442 (m, 2 H) 4.51 - 4.64 (m, 2 H) 4.83 - 495 (m, 1 H)
5.32-5.52(m, 1 H) 6.33 (d, J=8.30 Hz, 1 H) 6.99 - 7.06 (m, 1 H) 7.24 - 7.39 (m, 2 H) 8.24 -
8.30 (m, 1 H); ESI-MS m/z [M+H]+ 450.0.

[0262] Example 25 5-(4-(2,4-difluorophenoxy)piperidin-1-yl)-6-(isopropylamino)-N,N-

dimethylpyrazine-2-carboxamide
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[0264] A solution of 6-chloro-5-(4-(2,4-difluorophenoxy)piperidin-1-y1)-N,N-
dimethylpyrazine-2-carboxamide (300mg, 0.756 mmol), propan-2-amine (89 mg, 1.512
mmol) and DIPEA (391 mg, 3.02 mmol) in dioxane (2.0 mL) was heated at 140 °C under
microwave irradiation for 1 h. The reaction mixture was filtered and purified by HPLC using
Method B to afford its TFA salt of the title compound (29mg, 9.1%) as an off-white solid. 1H
NMR (500 MHz, DMSO-d6) ppm 1.16 - 1.22 (m, 6 H) 1.83 - 1.93 (m, 2 H) 2.02 - 2.11 (m, 2
H)2.91-3.00 (m, $ H) 3.04 (s, 3 H) 3.39 (d, J=3.91 Hz, 2 H) 4.07 - 4.16 (m, 1 H) 4.55 (tt,
J=8.05, 3.91 Hz, 1 H) 5.81 (d, J=7.81 Hz, 1 H) 6.99 - 7.06 (m, 1 H) 7.25 - 7.37 (m, 2 H) 7.59
- 7.63 (m, 1 H); ESI-MS m/z [M+H]+ 420.0.

[0265] Example 26: (R)-5-(cyclopropylamino)-6-(4-((2,4-
difluorophenyl)fluoromethyl)piperidin-1-yl)pyrazine-2-carbonitrile

FF

. m NTCN
HNIN/
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[0267] A solution of 6-chloro-5-(cyclopropylamino)pyrazine-2-carbonitrile (2 mg, 10.28
umol), (R)-4-((2,4-difluorophenyl)fluoromethyl)piperidine hydrochloride (41.1 mg, 0.155
mmol) and DIPEA (26.6 mg, 0.206 mmol) in dioxane (0.34 mL) was heated at 120 oC for 10
h. The mixture was purificd by HPLC using Mcthod A to afford its TFA salt of the title
compound (40.6% yield) as a brown solid. 1H NMR (500 MHz, methanol-d4) 6 ppm 0.67-
0.70 (m, 2 H), 0.88-0.92 (m, 2 H), 1.43-1.45 (m, 1 H), 1.42-1.74 (m, 2 H), 1.99-2.06 (m, 1
H), 2.08-2.13 (m, 1 H), 2.70-2.80 (m, 3 H), 3.32-3.60 (m, 2 H), 5.48 (dd, J=42.2, 7.6 Hz, |
H), 6.99-7.08 (m, 2H), 7.49-7.54 (m, 1H), 8.08 (s, 1H); ESI-MS m/z [M+H]+ 388.3.

[0268] Example 27: 6-(4-(2,4-difluorophenoxy)piperidin-1-yl)-5-

(isopropylamino)pyrazine-2-carbonitrile
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[0270] The title compound was prepared and purified in @ manner similar to Example 26
using 6-chloro-5-(isopropylamino)pyrazine-2-carbonitrile and 4-(2,4-
difluorophenoxy)piperidine hydrochloride as the reaction substrates. The title compound was
purified by HPLC using Method A to afford its TFA salt (50.0% yicld) as a white solid. 1H
NMR (500 MHz, methanol-d4) & ppm 1.27-1.33 (m, 6 H), 1.97-2.05 (m, 2 H), 2.13-2.22 (m,
2 H), 3.17-3.24 (m, 2 H), 3.45-3.51 (m, 2H), 4.42-4.45 (m, 1 H), 4.50-4.53 (m, 1 H), 6.91-
7.01 (m, 1 H), 7.10-7.15 (m, 1 H), 7.21-7.30 (m, 1 H), 8.15 (s, 1 H); ESI-MS m/z [M+H]+
374.3.
[0271] Example 28 5-(4-(2,4-difluorophenoxy)piperidin-1-yl)-6-(isopropylamino)pyrazine-

2-carbonitrile

O
Feg e
NIN/]\CN
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[0273] A mixture of 6-chloro-5-(4-(2,4-difluorophenoxy)piperidin-1-yl)pyrazine-2-

carbonitrile (150 mg, 0.428 mmol), propan-2-amine (0.728 mL, 8.55 mmol) and TEA (0.596
mL, 4.28 mmol) in DMSO (5.0 mL) was heated at 80 oC for 16h. The mixture was poured

H

into water and extracted with EtOAc. The organic layer was concentrated and the crude
product was purified by flash column chromatography (10-100% EtOAc in heptane) to afford
the title compound (53.7 mg, 33.6%). 1H NMR (500 MHz, CDC13) 8 ppm 1.23 (d, J=6.4 Hz,
6H), 1.89-1.86 (m, 2H), 2.16-2.07 (m, 2H), 3.10-3.06 (m, 2H), 3.51-3.48 (m, 2H), 4.13-4.10
(m, 1H), 4.49-4.47 (m, 1H), 5.23 (d, J=7.2 Hz, 1H), 6.99-6.89 (m, 1H), 7.01-7.00 (m, 1H),
7.18-7.13 (m, 1H). ESI-MS m/z [M+H]+ 373.8.

[0274] Example 29 5-(4-(4-chloro-2-fluorophenoxy)piperidin-1-yl)-6-

(cyclopropylamino)pyrazine-2-carbonitrile
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[0276] The title compound was prepared and purified in a manner similar to Example 28
using  6-chloro-5-(4-(4-chloro-2-fluorophenoxy)piperidin-1-yl)pyrazine-2-carbonitrile  and
cyclopropanaminc as the rcaction substrates. The title compound was obtained as its fice basc
(52% yield) as a white solid. 1H NMR (500 MHz, CDCI3) 6 ppm 0.53 - 0.56 (m, 2 H) 0.86 -
0.91 (m, 2 H) 1.94 (ddt, J=17.33, 7.44, 3.72, 3.72 Hz, 2 H) 2.05 - 2.13 (m, 2 H) 2.74 - 2.79
(m, 1 H)3.08 - 3.14 (m, 2 H) 3.46 - 3.52 (m, 3 H) 4.46 (tt, J=7.26, 3.48 Hz, 1 H) 5.12 (br. s.,
1 H)6.93 - 6.97 (m, 1 H) 7.03 - 7.06 (m, 1 H) 7.12 (dd, ]=10.74, 2.44 Hz, 1 H) 7.92 (s, 1 H).
ESI-MS m/z [M+H ]+ 387.9.

[0277] Example 30 (S)-5-(4-((2,4-difluorophenyl)fluoromethyl)piperidin-1-y1)-6-
(isopropylamino)pyrazine-2-carbonitrile

F F
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[0279] The title compound was prepared and purified in 2 manner similar to Example 28
using (S)-6-chloro-5-(4-((2,4-difluorophenyl)fluoromethyl)piperidin-1-yl)pyrazine-2-
carbonitrile as the substrate in place of 6-chloro-5-(4-(2,4-difluorophenoxy)piperidin-1-
yDpyrazine-2-carbonitrile. The title compound was purified by HPLC to give its HC] salt
(14.2% yield) as a white solid. 1H NMR (500 MHz, methanol-d4) & ppm 1.25 (d, J=6.8 Hz,
6H), 1.46-1.44 (m, 1H), 1.67-1.61 (m, 2H), 1.98-1.96 (m, 1H), 2.03-2.01 (m, 1H), 2.82-2.74
(m, 2H), 3.76-3.70 (m, 1H), 4.18-4.15 (m, 1H), 5.50 (dd, J=48, 7.2 Hz, 1H), 7.06-6.98 (m,
2H), 7.51-7.47 (m, 1H), 7.79 (s, IH). ESI-MS m/z [M+H]+ 389.9.

[0280] Example 31: (R)-5-(4-((2,4-difluorophenyl)fluoromethyl)piperidin-1-yl)-6-

(isopropylamino)pyrazine-2-carbonitrile
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[0281] HyC” CHj

[0282] The title compound was prepared and purified in a manner similar to Example 28
using (R)-6-chloro-5-(4-((2,4-difluoropheny)fluoromethyl)piperidin-1-yl)pyrazine-2-
carbonitrile as thc substratc in placc of 6-chloro-5-(4-(2,4-difluorophenoxy)piperidin-1-
yDpyrazine-2-carbonitrile. The title compound was purified by HPLC to give its HCI salt
(29.7% yield) as a white solid. IH NMR (500 MHz, methanol-d4) & ppm 1.25 (d, J=6.8 Hz,
6H), 1.46-1.44 (m, 1H), 1.67-1.61 (m, 2H), 1.98-1.96 (m, 1H), 2.03-2.01 (m, 1H), 2.82-2.74
(m, 2H), 3.76-3.70 (m, 1H), 4.18-4.15 (m, 1H), 5.50 (dd, J=48, 7.2 Hz, 1H), 7.06-6.98 (m,
2H), 7.51-7.47 (m, 1H), 7.79 (s, IH). ESI-MS m/z [M+H]+ 389.9.

[0283] Example 32 6-(4-(2,4-difluorophcnoxy)piperidin-1-y1)-5-(isopropylamino)-3-

morpholinopyrazine-2-carbonitrile

F
0
. U _N.__CN
J
HNT N7 N
0
[0284] HsC™ CHj I\/

[0285] Combined 2,2'-bis(diphenylphosphino)-1,1'-binaphthalene (12.21 mg, 0.020 mmol),
diacetoxypalladium (2.202 mg, 9.81 umol), Cs2CO3 (47.9 mg, 0.147 mmol), 3-chloro-6-(4-
(2,4-difluorophenoxy)piperidin-1-y1)-5-(isopropylamino)pyrazine-2-carbonitrile (20  mg,
0.049 mmol) and morpholine (8.54 mg, 0.098 mmol) in toluene (10 mL). The reaction
mixture was heated in a microwave at 120 °C for 1 h. The reaction mixture was filtered and
purified by HPLC using Method A to afford the title compound as its TFA salt (4 mg, 18%)
as a tan film. 1H NMR (500 MHz, methanol-d4) & ppm 1.12 - 1.37 (m, 6 H), 1.94 (td, ]=8.54,
439 Hz, 2 H),2.04 - 2.21 (m, 2 H), 2.88 (ddd, J=12.33,8.91, 3.17 Hz, 2 H), 3.17 - 3.29 (in, 2
H), 3.53 -3.67 (m, 4 H), 3.73 - 3.86 (m, 4 H), 4.15 - 4.31 (m, 1 H), 4.37-4.50 (m, 1 H), 6.80
-6.92 (m, 1 H), 6.98 (ddd, J=11.35, 8.67, 2.93 Hz, 1 H), 7.17 (td, J=9.28, 5.37 Hz, 1 H); ESI-
MS m/z [M+H]+ 459 4.

[0286] Example 33  6-(4-(2,4-difluorophenoxy)piperidin-1-yl)-5-(isopropylamino)-3-

(methoxymethyl)pyrazine-2-carbonitrile
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[0288] Combined 3-chloro-6-(4-(2 4-difluorophenoxy)piperidin-1-yl)-5-
(isopropylamino)pyrazine-2-carbonitrile (50 mg, 0.123 mmol), PdCI2(dppf) (8.97 mg, 0.012
mmol), potassium mcthoxymethyltrifluoroborate (74.5 mg, 0.490 mmol) and 2N Na2CO3
(0.5 ml) in dioxane (1.0 mL). The reaction mixture was heated in a microwave at 130 °C for
30 min. The reaction mixture was filtered and purified by HPLC using Method A twice to
afford the title compound as its TFA salt (6 mg, 10%) as a yellow film. |H NMR (500 MHz,
methanol-d4) ppm 1.27 (d, J=6.35 Hz, 6 H) 1.87 - 2.04 (m, 2 H) 2.08 - 2.20 (m, 2 H) 3.05
(ddd, J=12.45, 8.54,3.42 Hz, 2 H) 3.37-3.50 (m, 2 H) 4.28 - 4.41 (m, 1 H) 4.43 - 4.53 (m, 3
H) 6.80 - 6.93 (m, 1 H) 6.98 (ddd, J=11.35, 8.66, 2.93 Hz, 1 H) 7.17 (td, ]=9.28, 5.37 Hz, |
H) ; EST-MS nv/z [M+H]+ 418.4.

[0289} Example 34 6-(4-(2,4-difluorobenzyl)piperazin-1-yl)-3-((2-
(dimethylamino)ethoxy)methyl)-5-(isopropylamino)pyrazine-2-carbonitrile
F
/©/\ N /\
Y
/k CH3
[0290] H4C™ "CH3

{0291] The title compound was prepared and purified in a manner similar to Example 33
using potassium 2-(dimethylamino)ethoxymethyltrifluoroborate in place of potassium
methoxymethyltrifluoroborate. The title compound was obtained as its TFA salt (2% yield) as
a clear film. 1H NMR (500 MHz, methanol-d4) 6 ppm 1.26 - 1.29 (m, 6 H), 2.94 (s, 6 H),
3.24-3.46 (m, 6 H), 3.67 (s, 2H), 3.95-3.97 (m, 2H), 4.38-4.39 (m, 1H), 4.47 (s, 2H), 4.65-
4.68 (m, 4H), 7.12 - 7.30 (m, 2 H), 7.67 (d, J=6.35 Hz, 1 H); ESI-MS m/z [M+H]+ 474.4.

[0292] The compounds of the invention can be administered alone or in the form of a
pharmaceutical composition. Tn practice, the compounds of the invention are usually
administered in the form of pharmaceutical compositions, that is, in admixture with at least
one pharmaceutically acceptable excipient. The proportion and nature of any

pharmaccutically acceptable cxcipicnt(s) arc determined by the propertics of the sclected
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compound of the invention, the chosen route of administration, and standard pharmaceutical
practice.

[0293] In another embodiment, the present invention provides pharmaceutical compositions
comprising: a compound of invention and at least one pharmaceutically acceptable excipient.

[0294] In cffecting treatment of a patient in need of such treatment, a compound of the
invention can be administered in any form and routc which makes the compound
bioavailable. The compounds of the invention can be administered by a variety of routes,
including orally, in particularly by tablets and capsules. The compounds of the invention can
be administered parenteral routes, more particularly by inhalation, subcutancously,
intramuscularly, intravenously, intraarterially, transdermally, intranasally, rectally, vaginally,
occularly, topically, sublingually, and buccally, intraperitoneally, intraadiposally,
intrathecally and via local delivery for example by catheter or stent.

[0295] One skilled in the art can readily select the proper form and route of administration
depending upon the particular characteristics of the compound selected, the disorder or
condition to be treated, the stage of the disorder or condition, and other relevant
circumstances. The pharmaceutical compositions of the invention may be administered to the
patient, for cxample, in the form of tablets, capsules, cachcts, papers, lozenges, wafers,
elixirs, ointments, transdermal patches, aerosols, inhalants, suppositories, solutions, and
suspensions.

[0296] The pharmaceutical compositions of the present invention are prepared in a manner
well known in the pharmaceutical art and include at least one of the compounds of the
invention as the active ingredient. The amount of a compound of the present invention may
be varied depending upon its particular form and may conveniently be between 1% to about
50% of the weight of the unit dose form. The term “pharmaccutically acceptable excipient”
refers to those typically used in preparing pharmaceutical compositions and should be
pharmaceutically pure and non-toxic in the amounts used. They generally are a solid, semi-
solid, or liquid material which in the aggregate can serve as a vehicle or medium for the
active ingredient. Some examples of pharmaceutically acceptable excipients are found in
Remington’s Pharmaceutical Sciences and the Handbook of Pharmaceutical Excipients and
include diluents, vehicles, carriers, ointment bases, binders, disintegrates, lubricants, glidants,
sweetening agents, flavoring agents, gel bases, sustained release matrices, stabilizing agents,
preservatives, solvents, suspending agents, buffers, emulsifiers, dyes, propellants, coating

agents, and others.
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[0297] The present pharmaceutical compositions are prefcrably formulated in a unit dose
form, each dose typically containing from about 0.5 mg to about 100 mg of a compounds of
the invention. The term “unit dose form™ vefers to a physically discrete unit containing a
predetermined quantity of active ingredient, in association with a suitable pharmaceutical
excipient, by which one or more is used throughout the dosing regimen to produce the desired
therapeutic cffect. One or more “unit dose form™ may be taken to affect the treatment dosage
on a daily schedule.

[0298] In one particular variation, the composition is a pharmaceutical composition adapted
for oral administration, such as a tablet or a capsule or a liquid formulation, for example, a
solution or suspension, adapted for oral admimstration. In still another particular variation,
the pharmaceutical composition is a liquid formulation adapted for parenteral administration.
[0299] Compounds of the present invention are modulators of GPR6, and as such are useful
in the treatment and prevention of conditions associated with GPR6. As mentioned above, the
major striatal targets of dopaminergic innervation reside in the medium spiny neurons
(MSNs) of the striatopallidal (indirect) and striatonigral (direct) output pathways. The MSNs
of the direct output pathway express D1 dopamine receptors whereas those in the indirect
pathway cxpress D2 receptors. GPR6 is enriched in D2 receptor cxpressing MSNs in the
striatum where GPR6 activity is functionally opposed to D2 receptor signaling. Antagonism
or inverse agonism of Gs coupled GPR6 decreases cAMP in MSNs and provides a functional
alternative to dopamine mediated activation of D2 receptors.

[0300] Antagonism or inverse agonism of Gs coupled GPR6 provides a functional
alternative to dopamine mediated activation of D2 receptors. As such, compounds that
modulate the activity of GPR6 are useful for treating in a variety of neurological and
psychiatric disorders. For example movement disorders including Parkinson’s disease and
Huntington’s disease either alone or in combination with other agents are approved for the
treatment of Parkinson’s disease including L-DOPA, dopaminergic agonists, MAO B
inhibitors, DOPA decarboxylase inhibitors and C(O)MT inhibitors. Other disease indications
that could be treated by modulation of GPR6 include drug addiction and eating disorders,
cognitive disorders, schizophrenia, bipolar disorders, and depression.

[0301] In another embodiment, the invention provides methods of treating conditions
associated with GPR6, comprising: administering to a patient in need thereof an effective
amount of a compound of the invention. In another embodiment, a compound of the
invention is provided for use as a medicament. The invention also provides the use of a

compound of the invention, including the use for the manufacturc of a medicament, to treat
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the conditions associated with GPR6 described herein. The compounds of the present
mvention are useful as GPR6 modulators for a varicty of subjects (e.g., humans, non-human
mammals and non-mammals).

27

[0302] As used herein terms “condition,” “disorder,” and “discase” relate to any unhealthy
or abnormal state. The term ‘“‘conditions associated with GPR6” includes conditions,
disorders, and discascs in which the modulators of GPR6 provides a therapeutic bencefit, such
as Parkinson’s disease, levodopa induced dyskinesias, and Huntington’s disease, drug
addiction, eating disorders, cognitive disorders, schizophrenia, bipolar disorders, and
depression.

[0303] The terms “treat,” “treatment,” and “treating” include improvement of the

RERRNYS

conditions described herein. The terms “treat,” “treatment,” and “‘treating” include all
processes providing slowing, interrupting, arresting, controlling, or stopping of the state or
progression of the conditions described herein, but does not necessarily indicate a total

EE TS

elimination of all symptoms or a cure of the condition. The terms “treat,” “treatment,” and
“treating” are intended to include therapeutic treatment of such disorders. The terms “treat,”
“treatment,” and “treating” are intended to include prophylactic treatment of such disorders.
[0304] As uscd herein the terms “patient” and “subjcct” includes humans and non-human
animals, for example, mammals, such as mice, rats, guinea pigs, dogs, cats, rabbits, cows,
horses, sheep, goats, and pigs. The term also includes birds, fish, reptiles, amphibians, and the
like. Tt is understood that a more particular patient is a human. Also, more particular patients
and subjects are non-human mammals, such as mice, rats, and dogs.

[0305] As used herein, the term “effective amount” refers to the amount of compound of
the invention which treats, upon single or multiple dose administration, a patient suffering
from the mentioned condition. An effective amount can be readily determined by the
attending diagnostician, as one skilled in the art, by the use of known techniques and by
observing results obtained under analogous circumstances. Tn determining the effective
amount, the dose, a number of factors are considered by the attending diagnostician,
including, but not limited to, the species of patient, its size, age, and general health; the
specific condition, disorder, or disease involved; the degree of or involvement or the severity
of the condition, disorder, or disease, the response of the individual patient; the particular
compound administered; the mode of admimstration; the bioavailability characteristics of the
preparation administered; the dose regimen selected; the use of concomitant medication; and
other relevant circumstances. An effective amount of the present invention, the treatment

dosage, 1s cxpected to range from 1 mg to 200 mg. Specific amounts can be determined by
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the skilled person. Although these dosages are based on an average human subject having a
mass of about 60 kg to about 70 kg, the physician will be able to determine the appropriate
dose for other patients,

[0306] The pathological hallmark of Parkinson disease (PD) is neuronal cell loss within the
substantia nigra. Degeneration of the nigrostriatal pathway causes reduction in the striatal
concentration of dopamine which results in motor and nonmotor clinical manifcstations.
Many Parkinson’s disease patients are treated with levodopa, a prodrug for dopamine.
Levodopa has common serious side effects including induced dyskinesia (LID), impulsive
control disorders (ICD), psychotic symptoms and sleep disturbances. LID is progressive
(90% of PD patients develop LID within [0yrs). Iireversible adaptations occur in D1 receptor
signaling in MSNs in rodent models of LID including reduced desensitization leading to
hypersensitivity in the direct pathway. Genetic inactivation of D1 but not D2 receptors
abolishes LID in mice. However blockade of D1 receptor signaling does not affect the
antiparkinsonian efficacy of L-DOPA.

[0307] In a particular embodiment, the present invention provides a method of treating
Parkinson’s disease comprising: administering to a patient in need thercof an effective
amount of a compound of the invention. That is, the invention also provides the usc of a
compound of the invention, including the use for the manufacture of a medicament, to treat
Parkinson’s discase.

[0308] The compounds of the invention may be combined with one or more other
pharmacologically active compounds or therapies for the treatment of one or more disorders,
diseases or conditions for which GPR6 1s indicated may be administered simultaneously,
sequentially or separately in combination with one or more compounds or therapies for
treating Parkinson’s disease, levodopa induced dyskinesias, and Huntington’s disease, drug
addiction, eating disorders, cognitive disorders, schizophrenia, bipolar disorders, and
depression. Such combinations may offer significant therapeutic advantages, including fewer
side effects, improved ability to treat underserved patient populations, or synergistic activity.
In particular, the compounds of the invention may be administered with levodopa for treating
Parkinson’s disease. The present invention provides a method treating Parkinson’s discase
comprising: administering to a patient in need thereof an effective amount of a compound of
the invention in combination with levadopa. The invention also provides the use of a
compound of the invention in combination with levadopa, including the use for the

manufacture of a medicament, to treat Parkinson’s disease.

_46 -



WO 2015/123533 PCT/US2015/015841

[0309] The activity of compounds as GPR6 modulators may be determined by a variety of
methods, including in vitro and in vivo methods.

[0310] Example A.1

[0311] Inhibition of cAMP activity of GPRG in vitro assay

[0312] This cell based assay measures the ability of compounds to inhibit the constitutive
cAMP activity of GPR6 receptor expressed in CHO-K1 ccells. CHO cells were stably
expressed with GPR6 receptor, whose expression is controlled by a tetracycline inducable
element. The cells were cultured in medium containing FI12K, 10% FBS, 1% Penn/Strep,
200ug/mL Hygromycin. GPR6 receptor expression was induced for 20 hrs with 1 g/ml
doxycycline (sigma D9891) in growth media. After addition of doxycycline cells were plated
at a density of 250-500 cells per well in half-volume black clear bottom plates (Costar) and
place in an incubator (37°, 5% C(0O)2) for 20 hours prior to cAMD assays.

[0313] Culture media was removed from cells and they were washed with 50 L of
Ringer’s Buffer (MgC12 0.047 mg/mL, NaH2P0O4 0.18 mg/mL, Na2HPO4 0.1 mg/mL, KClI
0.34 mg/mL, NaHC(O)3 1.26 mg/mlL, D-glucose 1.8 mg/mL, NaCl 7 mg/mL; pH=7.4).
Compounds suspended in DMSO were diluted in Ringer’s Buffer containing 0.5% fatty acid
frec BSA and incubated on cclls for 45 min at 37° and 5% C(0)2. Aftcr incubation cclls were
incubated for 10 min at room temp with Eu-cAMP tracer solution from a Perkin Elmer Lance
HTRF UltracAMP assay kit (TRF0264). Then ULightTM-anti-cAMP solution from the
Lance HTRF kit was added and incubated on a shaker at room temp for 1 hour prior to HTRF
detection in a BMG PolarStar Omega.

[0314] ICS50 curves were generated with a four-parameter logistic equation using GraphPad
Prism 5.03. Measured IC50 value (uM) of example compounds in this assay is provided in
the table below.

[0315] Example A.2

[0316] Tnhibition of cAMP activity of GPRG in vitro assay

[0317] This cell based assay measures the ability of compounds to inhibit the constitutive
cAMP activity of GPRG6 receptor expressed in CHO-K1 cells. CHO cells were stably
expressed with GPR6 receptor, whose expression is controlled by a tetracycline inducable
element. The cells were cultured in medium containing F12K, 10% FBS, 1% Penn/Strep,
200ug/mL Hygromycin. GPR6 receptor expression was induced for 20 hrs with 2 g/ml
doxycycline (sigma D9891) in growth media. After addition of doxycycline cells were plated
at a density of 450-750 cells per well in 96-well half-volume black tissue culture plates

(Costar) and placed in an incubator (37°, 5% CO2) for 20 hours prior to cAMP assays.
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[0318] Culture media was removed from cells and they were washed with 50 I./well of
Ringer’s Buffer (MgCI2 0.047 mg/mL, NaH2PO4 0.18 mg/mL, Na2HPO4 0.1 mg/mL, KCl
0.34 mg/mL, NaHCO3 1.26 mg/mL, D-glucose 1.8 mg/mL, NaCl 7 mg/mL; pH=7.4).
Compounds suspended in DMSO were diluted in Ringer’s Buffer containing 0.5% fatty acid
free BSA plus 300 pM IBMX and incubated on cells for 45 min at 37° and 5% CO2. After
incubation cells were incubated for 10 min at room temp with Eu-cAMP tracer solution from
a Perkin Elmer Lance HTRF Ultra cAMP assay kit (TRF0263). Then ULightTM-anti-cAMP
solution from the Lance HTRF kit was added and incubated on a shaker at room temp for 1
hour prior to HTRF detection in a Perkin Elmer Envision plate reader.

[0319] EC50 curves were generaled with a four-parameter logistic equation using
GraphPad Prism 5.03. Measured EC50 value (pM) of example compounds in this assay is
provided nM in the Table 1 below.

[0320] Table 1

"Ex. A.1EC50 | A2EC50 |Ex. A.1 EC50 | A2 EC50
| 1 _ 1 18 6.8
2 o 1_9 ) 50.5
3 20
! _ B N I
5 32.7 ! .22 | _30.2
_6 23 172
7 | | _ 24 . 48.2
_8 25 | 242
9 26 72.3
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10 _ 27 161
i 28 77
i 29 184

13 49.3 30 30.2

14 38.7 31 18.0

15 36.9 32 23.5

16 123 33 139

g 23 B 34 62.5

[0321] Example B

[0322] Haloperidol-induced Catalepsy — in vivo rodent Parkinson’s disease model

[0323] The motor symptoms of Parkinson’s disease include akinesia, bradykinesia, rigidity,
tremor and postural abnormalities and are associated with the loss of nigral dopaminergic
cells and a decline in striatal dopamine levels. Administration of haloperidol to rodents leads
to a transient parkinsonian-like state that is reversed by the administration of L-Dopa (Duty,
S.; Jenner, P. Br. J. Pharmacol. (2011), 164, 1357-1391) and other drugs that have been
clinically validated for the treatment of Parkinson’s disease. Haloperidol antagonizes
dopamine D2 and, to a lesser extent, D1 receptors in medium spiny neurons that comprise the
indirect and direct pathways of the motor circuit respectively. The resultant block of striatal
dopamine transmission results in abnormal downstream firing within the basal ganglia
circuits that is manifest as symptoms of muscle rigidity and catalepsy. Catalepsy has been
postulated to reflect the clinical features of Parkinson’s disease, whereby patients experience
an inability of to initiate movements.

[0324] Male Sprague-Dawley rats (Charles River, Calco, Italy) weighing 175-200 g are

used. Alternatively, male C57B16 mice weighing 25-35 g were used. The cataleptic state was
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induced by the subcutancous administration of the dopamine reeeptor antagonist haloperidol
(0.3 mg/kg, sc), 90 min before testing the animals on the vertical grid test. For this test, the
rats or mice were placed on the wire mesh cover of a 25 cm x43 cm plexiglass cage placed at
an angle of about 70 degrees with the bench table. The subject was placed on the grid with all
four legs abducted and extended (“frog posture™). The use of such an unnatural posture is
essential for the specificity of this test for catalepsy. The time span from placement of the
paws until the first complete removal of one paw (descent latency) was measured maximally
for 120 sec for rats. For mice, the front paws of a mouse was placed on a horizontal metal bar
raised 2” above a Plexiglas platform and time was recorded for up to 30 seconds per trial. The
test ended when the animal’s front paws returned to the platform or after 30 seconds. The test
was repeated three times and the average of the three trials was reported as the intensity index
of catalepsy.

[0325] Catalepsy was measured 30 min, 120 min, and/or 240 min after dosing the subjects
a 0.3 mg/kg i.p. dose of haloperidol along with the GPR6 modulator test compound. Test
compound plasma and brain levels were determined by collected tissue samples at the end of
the experiment, which was either at the 120 or 240 min time point. A representative number
of compounds of the invention were administered in a dose range from 0.1 to 100 mg/kg i.p,
sc or po in conjunction with haloperidol. The A2a antagonist KW6002 (istradefylline) was
dosed at 0.6 mg/kg i.p. as a positive control.

- 50 -



WHAT IS CLAIMED IS:

I A compound of formula I

KXo N
o™ T e
R;” N

[
or a pharmaceutically acceptable salt thereof, wherein
R, is phenyl optionally substituted with 1 to 5 substituents independently selected from the group
consisting of Ci4 alkyl, Ci.4 alkoxy, cyano, halo, trifluoromethyl, and trifluoromethoxy;
X)isNand X, is CH; or
X, is CH and X, is N; or
X;is N and Xz is N;
when X is N, Z is selected from the group consisting of Cy.¢ alkylene, Ci.¢ haloalkylene,
-C(0)~, and -S(O),-;
when X| is CH, Z is selected from the group consisting of Ci. alkylene, Ci haloalkylene,
-0-, -C(0)~, -NH-, -S-, -S(0)-, and -5(0),-;
qis 1;
sis l;
Rzis -NRgR7;
Rs, each time taken, is independently selected from the group consisting of Cj¢ alkyl, Css
cycloalkyl, and trifluoromethyl;
pis0, 1, or2;
R4, each time taken, is independently selected from the group consisting of Ci.6 alkyl, cyano,
hydroxy, halo, Cji.¢ heterocyclyl, -C(O)-Rs, -C(O)-N(Ro)(Rio), and -C(O)-ORyy;
ris 1 or2;
Rg is hydrogen;
Ry is selected from the group consisting of Ci.6 alkyl, Cs.s cycloalkyl, and Cs. heterocyclyl;
Rs is selected from the group consisting of hydrogen, Ci.s alkyl, Cis cycloalkyl, Cs.10 aryl, Ci-10
heteroaryl, and Cs.¢ heterocyclyl,
Ro is selected from the group consisting of hydrogen and Ci alkyl;
Ry is selected from the group consisting of hydrogen, Ci. alkyl and Cs4 cycloalkyl; or
Ry and Rjo are taken together with the nitrogen to which they are attached form a 4 to 7

membered, saturated, ring optionally having 1 additional ring heteroatom selected from the group
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N, O, and S and optionally substituted on any of the ring carbon atoms with 1 to 5 subslituents
independently selected from the group consisting of cyano, halo, hydroxy, amino, Cs.
heterocyclyl, Ci.9 amide, Ci¢ alkyl, and Ci4 alkoxy and substiluled on any additional ring
nitrogen by a substituent selected from the group consisting of hydrogen, Cs.s cycloalkyl, and C).o
alkyl; and

Ry 1s selected from the group consisting of hydrogen, C.6 alkyl, and Cs.s cycloalkyl.

2. The compound or pharmaceutically acceptable salt thereof according to claim 1,

wherein X, is CH and X3 is N.

3= The compound or pharmaceutically acceptable salt thereof according to claim 1,

wherein X; 1s N and X5 is N.

4, The compound according to claim 3, wherein an R4 is cyano.

5. The compound or pharmaceutically acceptable salt thereof according to any one of

claims 1 to 4, wherein Z is Ci.¢ alkylene.

6. The compound or pharmaceutically acceptable salt thereof according to any one of

claims 1 to 2, wherein Z is -O-.

7. The compound or pharmaceutically acceptable salt thereof according to any one of

claims 1 to 4, wherein Z is -C(O)- .

8. The compound according to claim 1, which is selected from the group consisting of:
5-(cyclopropylamino)-6-(4-(2,4-difluorobenzyl)piperazin-1-yl)pyrazine-2,3-dicarbonitrile;
5-(4-(2,4-difluorophenoxy)piperidin-1-yl)-6-(isopropylamino)pyrazine-2,3-dicarbonitrile;
5-(4-(5-chloro-2-fluorobenzoyl)piperidin-1-yl)-6-(isopropylamino)pyrazine-2,3-dicarbonitrile;
(R)-5-(4-((2,4-difluvorophenyl)fluoromethyl)piperidin-1-yl)-6-(isopropylamino)pyrazine-2,3-
dicarbonitrile; 5-(4-(4-chloro-2-fluorophenoxy)piperidin-1-yl)-6-(isopropylamino)pyrazine-2,3-
dicarbonitrile; 5-(4-(4-chloro-2-fluorophenoxy)piperidin-1-yl)-3-cyano-6- (isopropylamino) pyrazine-2-
carboxylic acid; 6-(4-(4-chloro-2-fluorophenoxy)piperidin-1-yl)-3-cyano-5-(isopropylamino)pyrazine-2-
carboxylic acid; 3-cyano-6-(cyclopropylamino)-5-(4-(2,4-difluorobenzyl)piperazin-1-yl)pyrazine-2-
carboxylic acid; 3-cyano-5-(cyclopropylamino)-6-(4-(2,4-difluorobenzyl)piperazin-1-yl)pyrazine-2-
carboxylic acid; 3-cyano-5-(4-(2,4-difluorophenoxy) piperidin-1-yl)-6-(isopropylamino)pyrazine-2-
carboxylic acid; 3-cyano-6-(4-(2,4-difluorophenoxy) piperidin-1-yl)-5-(isopropylamino)pyrazine-2-
carboxylic acid; 5-(4-(5-chloro-2-fluorobenzoyl) piperidin-1-yl)-3-cyano-6-(isopropylamino)pyrazine-2-
carboxylic acid; 6-(4-(5-chloro-2-fluorobenzoyl)piperidin-1-yl)-3-cyano-5-(isopropylamino)pyrazine-2-
carboxylic acid; (R)-3-cyano-5-(4-((2,4-difluorophenyl)fluoromethyl)piperidin-1-y1)-6-
(isopropylamino)pyrazine-2-carboxylic acid; (R)-3-cyano-6-(4-((2,4-difluorophenyl)
fluoromethyl)piperidin-1-yl)-5-(isopropylamino) pyrazine-2-carboxylic acid; 6-(4-(2,4-
difluorophenoxy)piperidin-1-yl)-5-(isopropylamino)-pyrazine-2-carboxylic acid; 3-chloro-6-(4-(2,4-
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difluorophenoxy)piperidin-1-yl)-5-(isopropylamino)pyrazine-2-carbonitrile; 5-(4-(4-chioro-2-
fluorophenoxy)piperidin-1-yl)-3-cyano-6-(isopropylamino)-N,N-dimethylpyrazine-2-carboxamide; 3-
cyano-6-(cyclopropylamino)-5-(4-(2,4-difluorobenzyl) piperazin-1-yl)-N,N-dimethylpyrazine-2-
carboxamide; 3-cyano-5-(4-(2,4-ditfluorophenoxy) piperidin-1-yl)-6-(isopropylamino)-N,N-
dimethylpyrazine-2-carboxamide; 3-cyano-6-(4-(2,4-difluorophenoxy) piperidin-1-yl)-5-
(isopropylamino)-N,N-dimethylpyrazine-2-carboxamide; 5-(4-(5-chloro-2-fluorobenzoyl)piperidin-1-
y1)-3-cyano-6-(isopropylamino)-N,N-dimethylpyrazine-2-carboxamide; 6-(4-(2,4-difluorophenoxy)
piperidin-1-yl)-5-(isopropylamino)-N,N-dimethylpyrazine-2-carboxamide; 6-(4-(5-chloro-2-
{luorobenzoyl)piperidin-1-yl)-5-(isopropylamino)-N,N-dimethylpyrazine-2-carboxamide; (R)-6-(4-((2,4-
difluorophenyl) fluoromethyl)piperidin-1-yl)-5-(isopropylamino)-N-methylpyrazine-2-carboxamide; (S)-
6-(4-((2,4-difluorophenyl){luoromethyl) pipcridin-1-yl)-5-(isopropylamino)-N-methylpyrazine-2-
carboxamide; (6-(4-(2,4-difluorophenoxy) piperidin-1-yl)-5-(isopropylamino) pyrazin-2-yl)(3-
fluoroazetidin-1-yl)methanone; 5-(4-(2,4-ditluorophenoxy)piperidin- 1-y1)-6-(isopropylamino)-N,N-
dimethylpyrazine-2-carboxamide; (R)-5-(cyclopropylamino)-6-(4-((2,4-difluorophenyl)
fluoromethyl)piperidin-1-yl)pyrazine-2-carbonitrile; 6-(4-(2,4-difluorophenoxy) piperidin-1-yl)-5-
(isopropylamino)pyrazine-2-carbonitrile; 5-(4-(2,4-difluorophenoxy) piperidin-1-y1)-6-
(isopropylamino)pyrazine-2-carbonitrile; 5-(4-(4-chloro-2-fluorophenoxy)piperidin-1-yl)-6-
(cyclopropylamino)pyrazine-2-carbonitrile; (S)-5-(4-((2,4-difluorophenyl)fluoromethyl)piperidin-1-
yl)-6-(isopropylamino)pyrazine-2-carbonitrile; (R)-5-(4-((2,4-difluorophenyl)fluoromethyl)piperidin-
1-yl)-6-(isopropylamino)pyrazine-2-carbonitrile; 6-(4-(2,4-difluorophenoxy)piperidin-1-yl)-5-
(isopropylamino)-3-morpholinopyrazine-2-carbonitrile; or a pharmaceutically acceptable salt of any
one of the above-mentioned compounds.

9. A pharmaceutical composition comprising a compound or pharmaceutically acceptable
salt thereof as defined in any one of claims 1 to §, and a pharmaceutically acceptable excipient.

10. A compound or pharmaceutically acceptable salt thereof as defined in any one of claims

1 to 8 for use as a medicament.

11. A compound or pharmaceutically acceptable salt thereof as defined in any one of claims 1

to 8, for use in the treatment of a disorder selected from Parkinson’s disease, levodopa induced
dyskinesias, Huntington’s disease, drug addiction, eating disorders, cognitive disorders,
schizophrenia, bipolar disorders, and depression.

12. Use of a compound or pharmaceutically acceptable salt thereof as defined in any one of
claims 1 to 8 in the manufacture of a medicament for the treatment of a disorder selected from
Parkinson’s disease, levodopa induced dyskinesias, Huntington’s disease, drug addiction, eating

disorders, cognitive disorders, schizophrenia, bipolar disorders, and depression.
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