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SUBSTITUTED NITROGEN CONTAINING COMPOUNDS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of Indian Provisional Application No.
2018110044806, filed February 6, 2018 and Indian Provisional Application No.
201711019293, filed June 1, 2017, the contents of which are specifically incorporated by

reference herein,

The present invention generally relates to substituted nitrogen
containingheterocyclic compounds useful as inhibitors of ROMK channel activity.
Provided herein are substituted nitrogen containing compounds, compositions comprising
such compounds, and methods of their use. The invention further pertains to
pharmaceutical compositions containing at least one compound according to the invention
that are useful for the treatment of conditions related to ROMIK channel activity,

inchuding cardiovascular diseases.

BACKGROUND

The renal outer medullary potassium (ROMK, Kirl 1) channel is a weak inward
rectifying K channel with a key role in renal K™ recyeling and secretion (Ho et al.,
Nature, 1993, 362, 31-38; Shuck et al, The Journal of Biological Chemistry, 1994,
269(39), 24261-24270; Lee and Hebert, American Jowrnal of Physiology-Renal
Physiology, 1995, 268(0), F1124-F1131; Lu et al., The Journal of Biological Chemisiry,
2002, 277, 37881-37887, and Hebert et al., Phvsiological Reviews, 2005, 85:319-371). In
the thick ascending limb (TAL) of a nephron, ROMK channel activity provides the K~
gradient necessary for Na and Cl reabsorption by the Na™ K™~ 2CH (NKCC2)
co-transporter. In the distal convoluted tubule (BCT) and cortical collecting duct (CCD),
ROMK channels form the major secretory pathway for K and as a result, play an
important role in K™ homeostasis under physiological conditions (Welling and Ho,
American Journal of Physiology-Renal Physiology, 2009, 297(4): F849-F863).

Multiple lines of evidence indicate that inhibition of ROMK channel activity
results in natriuresis, diuresis and reduced blood pressure. Therefore, ROMK inhibition

may offer a novel mechanism of blood pressure regulation and diuresis in patients
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suffering from hypertension, congestive heart failure or any other edematous disease
conditions. The activity of NKCC2 transporter is tightly coupled with ROMK activity in
the TAL region and homozygous loss of function mutations in ROMK in humans result in
a disease phenotype (renal salt wasting, increased aldosterone levels, metabolic alkalosis,
reduction 1o blood pressure) very similar to that of NKCC2 homozygous mutations but
with a milder hypokalemia (Simon et al., Narure Genetics, 1996, 14: 152-156). In
addition, humans identified with heterozygous ROMK mutations from the Framingham
Heart Study presented with reduced blood pressure (5 et al., Narure Genefics, 2008,
40(5): 592-599). Similar to human genetics, mouse genetics also support the role of
ROMK in Na" reabsorption in the kidney and overall blood pressure regulation (Lu et al
The Journal of Biological Chemistry, 2002, 277, 37881-37887; and Lorenz et al., The
Jowrnal of Biological Chemistry, 2002, 277: 37871-37880). Furthermore,
pharmacological blockade of the ROMK channel has been shown to induce natriuresis
and diuresis in rats upon acute dosing and 10 dogs upon both acute and prolonged dosing
(Tang et al., Bioorganic and Medicinal Chemistry Lefter, 2013, 23: 5829-5832; Garcia et
al., The Journal of Pharmacology and Experimental Therapeutics, 2014, 348 153-164;
Walsh et al., ACS Medicinal Chemistry Letters, 2015, 6. 747-752; and Dajee et al
Circulation, 2014, 130: A12397). Since the ROMK channel is also implicated in
regulation of net K™ secretion in the distal part of the nephron, it is believed that ROMK
inhibition in this region will mitigate the K™ wasting and hypokalemia associated with
loop and thiazide diuretics. Acute or prolonged (up to 122 days) ROMK antagonism does
not lead to kaliuresis or hypokalemia in dogs (Garcia et al., The Journal of Pharmacology
and Experimental Therapeutics, 2014, 348 153-164; Walsh et al., ACS Medicinal
Chemistry Letiers, 2015, 6. 747-752; Dajee et al., Circudation, 2014, 130: A12397),
Together, these data suggest that inhibition of ROMK may produce diuretic etficacy that
is equivalent to or better than currently available loop diuretics and with potentially lower
incidence of hypokalemia.

WO 2015/095097 discloses compounds useful as inhibitors of ROME. Other
publications disclosing compounds useful as inhibitors of ROMK include WO
2010/129379, W 2010/136144, WO 2012/058116, WO 2012/058134, WO
20137028474, WO 2013/039802, WO 2013/062802, W0 2013/062900, WO
2013/066714, WO 2013/066717, WO 2013/066718, WO 2013/090271, WO
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2014/015495, W( 2014/018764, WO 2014/085210, WO 2014/099633, WO
2014/126944, WO 2014/150132, WO 2015/017305, WO 2015/065866, WO
2015/095097, WO 2015/100147, WO 2015/105736, W0 2016/008004, WO
2016/010801, WO 2016/010802, W(2016/060941, WO2016/065582, W(O2016/065602,
WO2016/065603, WO2016/069426, W(32016/069427, WO2016/069428,
WO2016/069430, WO2016/091042, W02016/122994, W(O2016/127358,
WO2016/130444, CN105693706, and W02016/091042.

In view of the numerous conditions that are contemplated to benefit by treatment
involving inhibition of ROMK it is immediately apparent that new compounds capable
of inhibiting ROMK and methods of using these compounds should provide substantial
therapeutic benefits to a wide variety of patients.

The present tnvention relates to a new class of compounds found to be effective

inhibitors of ROMK.

SUMMARY OF THE INVENTION

The present invention provides compounds of Formula (I} that are useful as
inhibitors of ROMEK, and are useful for the treatment of cardiovascular diseases and
promotion of diuresis or natriuresis.

The present invention also provides pharmaceutical compositions comprising a
pharmaceutically acceptable carrier and at least one of the compounds of Formula (1) or
stereoisomers, tautomers, salts, pharmaceutically acceptable salts, solvates, or prodrugs
thereof.

The present invention also provides pharmaceutical compositions comprising a
pharmaceutically acceptable carrier and at least one of the compounds of the present
invention or sterecisomers, tautomers, pharmaceutically acceptable salts, or solvates
thereof.

The present invention also provides a method for inhibiting ROMK comprising
administering to a host in need of such treatment a therapeutically effective amount of at
least one of the compounds of Formula (I) or sterecisomers, tautomers, salts,
pharmaceutically acceptable salts, solvates, or prodrugs thereof.

The present invention also provides a method for treating cardiovascular disease

comprising administering to a host in need of such treatment a therapeutically effective
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amount of at least one of the compounds of Formula (1) or sterecisomers, fautomers, salts,
pharmaceutically acceptable salts, solvates, or prodrugs thereof.

The present invention also provides a method for treating cardiovascular disease
comprising administering to a host in need of such treatment a therapeutically effective
amount of at least one of the compounds of Formula (1) or sterecisomers, tautomers, salts,
pharmaceutically acceptable salts, solvates, or prodrugs thereof, either alone orin
combination with other compounds of the present invention, or incombinaiotn withone or
more other agent(s}).One embodiment provides a method for treating cardiovascular
disease. Particular, cardiovascular diseases include, but are not linuted to, hypertension,
coronary heart disease, stroke, heart failure, systolic heart failure, diastolic heart fatlure,
diabetic heart tailure, acute-decompensated heart failure, post-operative volume overload,
idiopathic edema, pulmonary hypertension, pulmonary arterial hypertension, cardiac
insufficiency, nephrotic syndrome, and acute kidney insufficiency.

One embodiment provides a method for promotion of diuresis or natriuresis.

The present invention alsc provides the compounds of the present invention or
stereoisomers, tautomers, pharmaceutically acceptable salts, solvates, or prodrugs thereof]
for use in therapy.

The present invention also provides the use of the compounds of the present
tnvention or sterecisomers, tautomers, pharmaceutically acceptable salts, solvates, or
prodrugs thereof, for the manufacture of a medicament for the treatment of cardiovascular
disease or promotion of diuresis or natriuresis. The present invention also provides a
compound of Formula (I} or a pharmaceutical composition in a kit with instructions for
using the compound or composition.

The present invention also provides processes and intermediates for making the
compounds of the present invention or sterecisomers, tautomers, pharmaceutically
acceptable salts, solvates, or prodrugs thereof,

These and other features of the invention will be set forth further below.

DETAHLED BESCRIPTION
The first aspect of the present invention provides at least one compound of

Formula (I}
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=y Ria R3b
N—L
Vv RZ
(R,
()

or sterecisomer, tautomer, salt, pharmaceutically acceptable salt, solvate, or prodrug

thereot, wherein:

. W
Rlis:

each W is independently NR'® or O;

Z is a bond or CHR Y,

X is independently N or CR# wherein X is N at only 0, 1, or 2 positions,

each R is independently H, F, Cl, -OH, -CN, Ci; alkyl, Ci5 fluorcalkyl, Cis cycloalkyl,
C13 alkoxy, or C12 flucrcalkoxy;

each R'% is independently H, Ci5 alkyl, C25 fluoroalkyl, Cas cycloalkyl

R is independently H, deuterium, Ci4 alkyl, Crs fluoroalkyl, or Cas cycloalkyl,

R s H, Cis alkyl, Cia fluoroalkyl, or Ci cycloalkyl;

Y is -C(R®)2-, -C(ROp-C(R)2-, -C(=0)-, -CEORCR Y-, -CRE:-C(=0)-, or —-SO2-;

Vis ~0-, -NR* -CROR™, -8-, -§(0)-, -802-, or -C(=0)}-; wherein if V is ~0-, -8-, -S(0)-,
-SOs-, or -C(=0}-, then Y is not —SO:-, and wherein if Vis —0-, -8- or NR* then Y
is not C(R%), and wherein if V is ~S(0)-, -80z-, or C{(=0)-, then Y is not ~C(=0)-, -
C(=0)-CR Y-,

L'is ~CR)-, -C(=0)-, or -C(R)2-C{Rn-, , wherein R is independently H, F, OH, C13
alkyl, Cis hydroxyalkyl, Ci3 alkoxyalkyl, or Cis fluoroatkyl; wherein R is not -OH
or F if it is attached to a carbon atom that is adjacent to a nitrogen atom:

Ring B 1s phenyl, pyridinyl, pyrimidinyl, pyrrazolyl, thiazolyl, imidazolyl, triazolyl,
tetrazolyl, oxadiazolyl, thiadiazolyl, isoxazolyl, isothiazolyl, pyrrolyl, pyrazinyl,
oxazolyl, pyridazinyl, pyrrolidinyl, or imidazolidinyl,

RZis a Coo aryl, or a Sto 10 membered heterocycele ring containing 1 to 4 heteroatoms

selected from N, O, and S, the heterocycle optionally containing an oxo substitution, the

i
W
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aryl or heterocycle are substituted with 0-3 R,

R* is independently OH, =0, CN, halo, Cisalkyl, Ci4deuteroalkyl, Ci4 fluoroalkyl, Cia
alkoxy, Ci1.4 deutercalkoxy, Ci 4 fluorcalkoxy, Cas cycloalkyl, Ci6 cycloalkoxy,
C=ONRIR®Y, C(=01C 14 alkyl, SO:R®, NRPSO:R*® or a 4 to 6 membered
heterocycle having 1, 2, 3, or 4 heteroatoms selected from O, S, and N, the
heterocycle optionally containing an oxo substitution and is substituted with 0-3 R?";

R? i3 independently Cis alkyl Cia fluoratkyl, Ci-3 hydroxyalkyl, Ci.s cycloalkyl, Csee
flucrocycloalkyl ;

R¥is H, halo, OH, CN, Cisalkyl, Cishydroxyalkyl, Cis fluoroalkyl, Cis alkoxy, or Cis
cycloalkyl, wherein if V is ~O- -NR*- -S-, -8(0)-, -802-, or ~C{=0}-, then R is not
halo, wherein if V is —O-, -NR*-, -S-, then R is not OH, CN;

R*is H, =0, Cisalkyl, Cis hydroxyalkyl, Cis fluoroalkyl, Cisalkoxy, or Cis
cycloatkyl;

R*is H, Ci3 atkyl, C23 fluoroalkyl, Cos hydroxyalkyl, COR*, C(=0)R*™, SOR*,
C(=0)NRPR®), SON(RPR®), or OH;

R is Cis alkyl, Cis fluoroalkyl, Css cycloalkyl, Cse fluorocycloalkyl, Coao aryl ora 4
to10 membered heterocycle having 1, 2, 3 or 4 heteroatoms selected from O, §, and
N, the aryl or heterocycle being substituted with 0-3 R

R* is independently H, C13 alkyl, Cz3 fluoroalkyl, Css cycloalkyl, Cs.s fluorocycloatkyl,
Coaoaryl or a 4 tol0 membered heterocycle having 1, 2 3 or 4 heterocatoms selected
from Q, §, N;

alternatively, 2 R*™s, along with the atom to which they are attached, join to form a3 t0 6
membered saturated ring containing an additional 0-2 heteroators selected from O, §,
and N;

R* is independently H, F, C1, or Cis alkyl;

R7is independently H, ¥, OH, Ci5 alkoxy, C13 fluorcalkoxy, Cis alkyl, Cis fluoroalkyl,
C1.32 hydroxyalkyl, Css cycloalkyl, Css fluorocycloalkyl, NRPR™® or O-R*, or 2 R’s
are =0; wherein if one R’ is F, OH or NRPR™®, then the other R is not OH, or
NRPR®,

R is independently H, Ci3 alkyl, Css cycloalkyl, C{(OYR?, S0:R? or C(OYNRPRY;

alternatively, 2 R°s, along with the atom to which they are attached, join to form a3 1o 6

membered saturated ring containing 0-2 heteroatoms selected from O, S, or IN;
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R is independently H, Ci5 alkyl, Cae cycloalkyl, or C(OINRPRY;

R® is independently H, OH, F, Ciz alkyl, Ci3 deutercalkyl, Cis fluoroalkyl, Css
cycloatkyl, Cas fluorocycloalkyl, Cis alkoxy, Cis hydroxyalkyl, Cia
hydroxydeuteroalkyt, Ci5 alkoxyalkyl, or Ci3 fluoroalkoxyalkyl, or NR®R®
wherein if one R® on one carbon atom is F, OH or NR®R then the other R® on the
same carbon atom is not OH or NR®RS®.

R is independently H, Ci3 alkyl, Css cycloalkyl, C(OWR2, SO2R? or
C{OYNRPRP:alternatively, 2 R% along with the same atom to which they are attached
can form a 3 to 6 membered saturated ring containing 0-2 heteroatoms selected from
G, 5, and N

Reis independently H, C13 alkyl, Cz3 fluoroalkyl, Css cycloalkyl, Cs s fluorocycloalkyl,
Coao aryl or a 4-10 membered heterocycle having 1, 2, 3, or 4 heteroatoms selected
from O, §, and N;

R? is independently H, Cis alkyl, Cz5 fluoroalkyl, Cas cycloalkyl, Css fluorocycloalkyl,
Coaoaryl ora 4 to 10 membered heterocycle having 1, 2 3 or 4 heteroatoms selected
from O, 8, and N;

alternatively, 2 R”’s along with the atom to which they are attached, join to form a 3-6
membered saturated ring, containing 0-2 heteroatoms selected from O, S, and N;

each R4 is independently H, F, C13 alkyl, Ci fluoroalkyl, Ci3 alkoxy, Cia fluoroatkoxy,
Cus hydroxyalkyl, Cis cycloalkyl, halo, OH, =0, CN, OCF;, OCHF;, CHF; CF3, or
C(OINRRS,

each R® is independently H, C15 alkyl, Co5 fluorcalkyl, Css cycloalkyl, Cas
hydroxyalkyl, C23 alkoxyalkyl, Ce o aryl, or a 5 to 10 membered heteroaryl having 1,
2, 3, or 4 hetercatoms selected from O, S, and N;

alternatively, 2 R¥s along with the atom to which they are attached, jointoforma3 to 6
membered saturated ring, containing 0-2 heteroatoms selected from O, §, and N; and

nis O, 1, or 2.

The another aspect of the present invention provides at least one compound of

Formula (I}
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d
{(R%n
ey
or stereoisomer, tautomer, salt, pharmaceutically acceptable salt, solvate, or prodrug

thereof, wherein:

Rlis:

gach W is independently NR'® or O;

7 is a bond or CHR !4,

X is N or CR* wherein X is N at only 0, 1, or 2 positions;

each R is independently H, F, Cl, -OH, -CN, C13 alkyl, C15 flucroalkyl, Cse cycloalkyl,
Ci3 alkoxy, or Ci13 flucroalkoxy;

gach R'? is independently H, Ci3 alkyl, C15 fluoroalkyl, or Cis cycloalkyl;

R¥is H, Cia alkyl, Crs fluorcalkyl, or Css cycloalkyl;

R'¥is H, Ci3 alkyl, Ci4 fluorcalkyl, or Cs cycloalkyl ;

Vis ~0-, -NR* -CRR>-, -S- -§(0)-, -SO»-, or -C{=0)-; wherein if V is ~0O-, -S-, -S(0)-,
-SO2-, ot —C(=0)-, then Y is not —8QO2, and wherein if V is —0-, -S-, or NR*, then Y is
not C(R%:;

Y is -C(R%)-, -C(R"p-C(R®)-, -C(=0)-, -C=0)-C(R%-, -C(R1-C(=0)-, or SO~

L' is ~C(R -, -C(=0)-, -C(Rn-CHz-, -CH2-C(R)2-, or ~C{R)z-C(R)2; wherein R is
independently hydrogen, F, OH, Cisalkvl, Ci3 hyroxyalkyl, Cis alkoxyalkyl, or
Cistluoroalkyl; wherein R is not -OH or F if it is attached to a carbon atom which is
adjacent to a nitrogen atom:

Ring B is phenyl, pynidinyl, pyrimidinyl, pyrrazolyl, indolyl, indazolyl, thiazolyl,
imidazolyl, triazolyl, tetrazolyl, oxadiazolyl, thiadiazolyl, isothiazolyl, isoxazolyl,
pyrazinyl, oxazolyl, pyridazinyl, furanyl, thiophenyl, pyrrolyl, triazinyl, azaindolyl,
benzimidazolyl, bezoxazolyl, bezothiazolyl, benzoturanyl, or benzothiophenyl.

RZis a Coo aryl, or a Sto 10 membered heterocycele ring containing 1 to 4 heteroatoms
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selected from N, G, and S, the heterocycle optionally containing an oxo substitution,
the aryl or heterocycle aresubstituted with 0-3 R,

R is independently OH, =0, CN, halo, Cr4alkyl, Ci4 fluoroalkyl, Ci4 alkoxy, Cia
fluoroalkoxy, Cie cycloalkyl, Cie cycloalkoxy, C(=0N{RR®) C(=0)C1.4 alkyl,
SO2R®, or a 4 to 6 membered heterocyclyl having 1, 2, 3, or 4 heterocatoms selected
from O, 8, and N, wherein the heterocycle is substituted with 0-3 R?®;

R? i3 independently Cis alkyl Cia fluoratkyl, Ci-3 hydroxyalkyl, Ci.s cycloalkyl, Csee
flucrocycloalkyl;

R¥%is H, halo, OH, CN, Cisalkyl, Cishydroxyalkyl, Cixflucroalkyl, Ciaalkoxy,
Csscycloalkyl, wherein if V is —~O-, -NR*- -8~ -$(0)-, -SOz2-, or ~C(=0)-, then R* s
not halg;

R*is H, OH, CN, Cisalkyl, Cishydroxyalkyl, Ciaflucroalkyl, Cisalkoxy, Caecycloalkyl

R*is H, Ci3 alkyl, Co3 fluoroalkyl, Co3 hydroxyalkyl, CO:R*¥ C(=0)R* SOR*,
C(=ONRR®), or SO:N(RPPRW®);

R ig Cis alkyl, Cis fluorcalkyl, Csss evcloalkyl, Css fluorccycloalkyl, Coao aryl or a
4-10 membered heterocycle having 1, 2, 3 or 4 heteroatoms selected from O, §, N, the
aryl or heterocycle being substituted with 0-3 R

R* is independently H, C13 alkyl, Cis fluoroalkyl, Css cycloalkyl, Cis-fluorocycloalkyl,
Cs10 aryl or a 4-10 membered heterocycle having 1, 2 3 or 4 heteroatoms selected
from O, 8, N,

alternatively, 2 R*'s, along with the atom to which they are attached, join to form a 3-6
membered saturated ring containing and additional 0-2 heteroatoms selected from O,
S, or N,

R is independently H, F, C1, or Cizalkyl;

R’is independently H, F, OH, Cus alkoxy, C13 fluoroalkoxy, Cis alkyl, Cis fluoroalkyl,
C13 hydroxyalkyl, Cs.s cycloatkyl, Cas fluorocycioalkyl, or NRPR®:

R is independently H, C13 alkyl, Cs6 cycloalkyl, C(OIR? SO:R? or C{O)NRRY;

alternatively, 2 R%%s, along with the atom to which they are attached, join to form a 3-6
membered saturated ring containing 0-2 heteroatoms selected from G, §, or N;

R®is independently H, Ci3 alkyl, C13 deuteroalkyl, Ci3 fluoroalkyl, Cse cycloalkyl, Cas
fluorocycloalkyl, Cis hydroxylalkyl, Cia hydroxydeuteroalkyl, Cis alkoxyalkyl, or
C1 3 fluorcalkoxyalkyl;
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alternatively, 2 R®s attached to the same atom can form a 3-6 membered saturated ring
containing 0-2 heteroatoms selected from O, S, or N;

R 1s H, C13 atkyl, Ci: fluorcalkyl, Css cycloatkyl, Cas flucrocycloalkyl, Co o arylora
4-10 membered heterocycle having 1, 2 3 or 4 heteroatoms selected from O, §, N;

RPis H, Ci3 atkyl, Cus fluoroalkyl, Cas cycloalkyl, Css fluorocycloalkyl, Ce1o aryl or a

Y

4-10 membered heterocycle having 1, 2 3 or 4 hetercatoms selected from O, 8§, N;

each RY is independently H, Ci3 atkyl, Ci3 fluoroalkyl, Cis alkoxy, Cis fluoroalkoxy,
(23 hydroxyalkyl, halo, OH, =0, CN OCF3, OCHF:z, CHF; and CFs; each R® s
independently H, Ci; altkyl, Cis fluoroalkyl, Cs6 cycloalkyl, Ci 3 hydroxyalkyl, Cis
alkoxyalkyl, Ce 10 aryl, or a 5 to 10 membered heteroarvl having 1, 2, 3, or 4
heteroatoms selected from O, S, and N; and

nis @, 1, or 2.

In another aspect of the present invention provides at least one compound of

Formula (I}

=y Ria Rk
N—L?
Yy @Rz
(R,
(D

or stereoisomer, tautomer, salt, pharmaceutically acceptable salt, solvate, or prodrug

thereof, wherein:

Rlis:

each W is independently NR'® or O;

7 is a bond or CHR !

X is N or CR* wherein X is N at only 0, 1, or 2 positions;

each R1%is independently H, F, C1, -OH, -CN, Ci3 alkyl, Ci5 fluoroalkyl, Cis cycloalkyl,
Ci3 alkoxy, or Ci13 flucroalkoxy;

sach R'% is independently H, Ci3 alkyl, Cis fluoroalkyl, or Ca.s cycloatkyl;

Rl is H, Cia atkyl, Ci4 fluorcalkyl, or Cs cycloalkyl;

-~ 10~
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R'is H, Ci3 alkyl, Cia fluoroalkyl, or Cs.s cycloatkyl ;

Vis —0-, -NR* -CRR-, -8-, -8{0}-, -SO;-, or -C(=0)-; wherein if V is -0-, -8~ -§(0)-,
-80s-, or ~C(=0)-, then Y is not ~SO2, and wherein if V is ~0O-, -8-, or NR?, then Y is
not C{R®);

L' is ~-C(Ry-, -CE0)-, -C(R1-CHz-, -CH2>-C(R -, or ~C(Rp-C{R)2; wherein R is
independently hydrogen, F, OH, Cisalkyl, Ci3 hyroxyalkyl, Cis alkoxyalkyl, or
Cisfluorcalkyl; wherein R 1s not -OH or F if it is attached to a carbon atom which is
adjacent to a nitrogen atom:

Ring B is phenyl, pyridinyl, pyrimidinyl, pyrrazolyl, indolyl, indazolyl, thiazolyl,
imidazolyl, triazolyl, tetrazolyl, oxadiazolyl, thiadiazolyl, 1sothiazolyl, 1soxazolyl,
pyrazinyl, oxazolyl, pyridazinyl, furanyl, thiophenyl, pyrrolyl, triazinyl, azaindolyl,
benzimidazolyl, bezoxazolyl, bezothiazolyl, benzofuranyl, or benzothiophenyl.

R%isa Caioaryl, or a5 to 10 membered heterocycle ring containing 1 to 4 heteroatoms
selected from N, O, and S, the heterocycle optionally containing an oxo substitution,
the aryl or heterocycle aresubstituted with 0-3 R,

R ig independently OH, =0, CN, halo, Cialkyl, C14 flucroalkyl, C14 alkoxy, Cia
fluoroalkoxy, Ci.s cycloalkyl, Cis cycloalkoxy, C(=OW(RPR®), C(=0)C1.1 alkyl,
S{OuR®, or a 4 to 6 membered heterocyclyl having 1, 2, 3, or 4 hetercatoms selected
from Q, S, and N, wherein the heterocycle is substituted with 0-3 R?Y;

R?" is independently Cis alkyl Ci.: fluoralkyl, Ci3 hydroxyalkyl, Ca.s cycloalkyl, Cs6
fluorocycloalkyl ;

R is H, halo, OH, CN, Cisalkyl, Cishydroxyalkyl, Cisflucroalkyl, Cisalkoxy,
Csscycloalkyl, wherein if V is —~O-, -NR*- -8~ -$(0)-, -SOz2-, or ~C(=0)-, then R* s
not halg;

R is H, OH, CN, Craalkyi, Cishydroxyalkyl, Cisfluoroaltkyl, Cisalkoxy, Ciescycloalkyl

Rtis H, Ci atkyl, Caos fluoroalkyl, Cz3 hydroxyalkyl, CO:R* C(=0)R* SO:R*,
C(=ONRR®), or SO:N(RPPRW®);

R s Curs alkyl, Cis fluorcalkyl, Cs6 cycloalkyl, Css fluorccycloalkyl, Cewo aryl or a
4-10 membered heterocycle having 1, 2, 3 or 4 heteroatoms selected from O, S, N, the
ary! or heterocycle being substituted with 0-3 R4

R is independently H, Ci:3 alkyl, Ci3 fluoroalkyl, Cs cycloalkyl, Cas-fluorocycloalkyl,

-~ 11 ~
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Cs10 aryl or a 4-10 membered heterocycle having 1, 2 3 or 4 heteroatoms selected
from O, 8, N,

alternatively, 2 R*'s, along with the atom to which they are attached, join to form a 3-6
membered saturated ring containing and additional 0-2 heteroatoms selected from O,
S, or N,

R* is independently H, F, C1, or C1s alkyl;

R7is independently H, F, OH, C15 alkoxy, C13 fluoroalkoxy, Cis alkyl, Cis fluoroalkyl,
C13 hydroxyalkyl, Cs.s cycloatkyl, Cas fluorocycioalkyl, or NRPR®:

R is independently H, C13 alkyl, Cs.6 cycloalkyl, C{O)R®, SO2R? or C{O)NRRY;

alternatively, 2 R°s, along with the atom to which they are attached, join to form a 3-6
membered saturated ring containing 0-2 heteroatoms selected from O, S, or N;

R® is independently H, C13 atkyl, Ci3 fluoroalkyl, Cis cycloalkyl, Cas fluorocycloalkyl,
Ci3 hydroxylalkyl, Cis alkoxyalkyl, or Ci 5 fluorcalkoxyalkyl;

alternatively, 2 RO attached to the same atorn can forro a 3-6 membered saturated ring
containing 0-2 hetercatoms selected from O, §, or N;

R#is H, Cy3 alkyl, Cy 3 fluorcalkyl, Css cycloalkyl, Cs ¢ fluorocycloalkyl, Co o aryl or a
4-10 membered heterocycle having 1, 2 3 or 4 heteroatoms selected from G, §, N;

RYis H, C13 alkyl, Cis fluoroalkyl, Css cycloalkyl, Css fluorocycloalkyl, Cooaryiora
4-10 membered heterocycle having 1, 2 3 or 4 heteroatoms selected from O, S, N;

gach RY is independently H, Cj; alkyl, Ci fluorcalkyl, Cis alkoxy, Cia fluoroalkoxy,
Cz3 hydroxyalkyl, halo, OH, =0, CN OCF;, OCHF;, CHF2 and CFs: each R®1s
independently H, Ci3 atkyl, Cis fluorcalkyl, Cs6 cycloalkyl, Ci 3 hydroxyalkyl, Cia
alkoxyalkyl, Ceo aryl, or a S to 10 membered heteroaryl having 1, 2, 3, or 4
hetercatoms selected from O, S, and N, and

nis 0, 1, or 2.

In another aspect, there are disclosed compounds of Formula (13, or compounds of
Formula (1} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharrmaceutically-acceptable salts, hydrates, ot
solvates thereof, wherein:

Q (R,

O

R!lis R R'
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gach R!?is independently selected from F, C1, Ci1 alkyl, Cia fluoroalkyl, and Cas

cycloalkyl;

R'¢ig H, deuterium, C12 alkyl, or Cs.6 cycloalkyl,

nis zero, 1, or 2.

In another aspect, there are disclosed compounds of Formula (I), or compounds of
Formula (1) as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

R? is phenyl, pyridinyl, indolyl, indazolyl, benzo[djoxazol-onyl,
pyrazolo{4,3-blpyridinyl, pyridin-2-onyi, pyrazolyl, {1,2,4}triazolo[1,S-ajpyridinyl,
imidazo[ 1,2-blpyridazinyl, pyrazinvl, pyrazolo{1,5-alpyrimidinyl, thiazolyl,
thiophenyl, 1,2,3-trazoly], benzofd}f1,2,3 triazolyl, [ 1,2,4}irazolo[4,3-blpyridazinyi,

benzof{dhimidazolyl, imidazolyl, pyrazolof3,4-bipyridinyl, pyrazolof3,4-clpyridinyl,
pyrazolo{4,3-clpyridinyl, pyrrolyl, pyrrolo]2,3-blpyridinyl, pyrrolof2,3-clpyridinyl,
pyrrolo{3,2-blpyridinyl, pyrrolo[3,2-clpyridinyl, pyrazolo[1,5-alpyrimidinyi,
tetrazolyl, 1,2 4-triazolyl, isothiazolyl, 1soxazolyl, oxazolyl, pyridazinyl,
pyrimidinyl,or benzo[d]oxazol-2-onyl, triazolyl, oxadiazolyl, pyrrolopyridinyl, each
being substituted with 0-3 R

In another aspect, there are disclosed compounds of Formula (I), or compounds of
Formula (I) as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

Ring B 15 pynidinyl, pyrimuidinyl, pyrrazolyl, thiazolyl, imidazolyl, tnazolyl, tetrazolyi,
oxadiazolvl, thiadiazolyl, 1soxazolyl, pyrazinyl, oxazolyl, or pyridazinyl.

In another aspect, there are disclosed compounds of Formula (I), or compounds of
Formula (I} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

Vis ~0-, -NR*-, -CRR’-, or -C(=0)-;

wherein if V is —O-, or NR?, then Y is not C(R®);

Y is -C(R®)s-, -CREp-CR -, -C(=0)-, -C(=0-C(R -, or -C(ROR-C{=0)-;

L'is -C(R)-, -C(=0}-, or -CH>~C(R)-; wherein R is independently from hydrogen, F,

-~ 13~
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OH, Ciaalkyl, Cis hydroxyalkyl, Ci3 alkoxyalkyl, or Cisfluoroalicyl.
In another aspect, there are disclosed compounds of Formula (I), or compounds of
Formula (I} as described by any of the other embodiments or aspects, including salts,

enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or

W

solvates thereof, wherein:

R? is phenyl, pyridinyl, indolyl, indazolyl, benzo[dloxazol-2(3H)-onyl,
pyrazolof4,3-blpyridinyl, pynidin-2(1H}-onyl, pyrazolyi, pyrimidinyl, imidazolyl,
pyrazolyl, triazolyl, oxadiazolyl, thiadiazolyl, [1,2,4}triazolof1,5-alpyridinyi,
imidazo[1,2-blpyridazinyl, pyrazinyl, pyrazolo[1,5-alpyrimidinyl, thiophenyl,

10 [1,2,41triazolol4,3-bipyridazinyl, pyrazolo{l,5-alpyrimidinyl,or

benzo{d]oxazol-2(3H)}-only, each being substituted with with 0-3 R%?; and
R?is OH, =0, CN, halo, SO2C 1.4 alkyl, oxazolidin-2-one substituted with 0-1 R*";
R is Cisalkyl, Cis fluoroalkyl, Cis alkoxy, or Cis fluorcalkoxy.
In another aspect, there are disclosed compounds of Formula (I), or compounds of

15 Formula (I} as described by any of the other embodiments or aspects, including salts,

enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or

solvates thereof, wherein:

Q {R‘ia)n
g | /:
Rlis ;

R'%is H or -CHa.

20 In another aspect, there are disclosed compounds of Formula (13, or compounds of
Formula (1} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

Ring B s pyridinyl, triazolyl, thiazolyl, oxadiazolyl, imidazolyl,or pyrrazolyl; and

[\
¥4

R? is phenyl, pyridinyl, pyrimidinyl, benzo[djoxazol-2(3H}-onyl, imidazolyl, pyrrazolyl,
triazolyl, or oxadiazolyl., each being substituted with 0-3 R?2
In another aspect, there are disclosed compounds of Formula (I), or compounds of
Formula (I) as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or

30 solvates thereof, wherein:

-~ 14 ~
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Vis ~0-, -NR™ or -CRR3-;
Y is -C{R")2-C{(R%)- or -C(R)-;
L} is ~C{Ry-; wherein R is independently from hydrogen, ¥, OH, Ciaalkyl, C13
hyroxyalkyl, Cis alkoxyalkyl, or Cisfluorcalkyl; and
RO is independently H, Cis-alkyl, Ci3-fluoroalkyl, or Cas-cycloalkyl.
In another aspect, there are disclosed compounds of Formula (I}, or compounds of
Formula (I) as described by any of the other embodiments or aspects, including salts,

enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or

(RM) (R1a)ﬂ
W \/f O
0=
. N WS i ¥
solvates thereof, wherein: R is: or R ;

one W is NR'® and the other W is O;

each R'? is independently selected from F, Cl, Cy5 alkyl, Ci3 fluoroalkyl, and Cs6
cycloatkyl;

R is H, Cis alkyl, or Cus fluoroalkyl;

R is H, Ci2alkyl, or Ci6 cycloalkyl;

nis zero, 1, or 2.

In another aspect, there are disclosed compounds of Formula (1}, or compounds of
Formula (1} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

R? is phenyl, pyridinyl, indolyl, indazolyl, benzo[djoxazol-onyl,
pyrazolo{4,3-blpyridinyl, pyridin-2-onyl, 1H-pyrazolyl,
[1,2,4]triazolof1,5-alpyridinyl, imidazof1,2-blpyridazinyl, pyrazinyl,
pyrazolof ,5-alpyrimidinyl, thiazolvl, thiophenyl, 1,2,3-triazolyl,
benzo[di[1,2,3}triazolyl, [1,2 4}triazolof4,3-bjpyridazinyl, benzo[d]imidazolyl,
imidazolyl, pyrazolof3,4-blpyridinyl, pyrazolof3,4-clpyridinyl,
pyrazolo{4,3-clpyridinyl, pyrrolyl, pyrrolof2,3-blpyridinyl, pyrrolo{2,3-clpyridinyl,
pyirolo[3.2-blpyridinyl, pyrrolo[3,2-clpyridinyl, pyrazolof1,5-alpyrimidinyl,
tetrazolvi, 1,2,4-triazolvl, isothiazolyl, isoxazolyl, oxazolyl, pyridazinyi,
pyrimidinyl,or benzo[doxazol-2-onyl, each being substituted with 0-3 R*2,

In anocther aspect, there are disclosed compounds of Formula (1}, or compounds of

-~ 15~
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Formula (I} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

Ring B is phenyl, pyridinyl, pyrimidinyl, pyrrazolyl, indolyl, indazolyl, thiazolyl,
imidizolyl, pyridinonyl, 1,2-dihydro-3H pyrazol-3-onyl, 1H-1,2,3-triazolyl, pyrazinyl
or pyridazinyl, or oxazolyl.

In another aspect, there are disclosed compounds of Formula (I), or compounds of
Formula (I} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

Ring B is phenyl, pyridinyl, pyrimidinyl, pyrrazolyl, indolyl, indazolyl, thiazolyl,
imidizolyl, pyridinonyl, 1,2-dihydro-3H pyrazol-3-onyl, 1H-1,2 3-triazolvl,
2H-1,2 3-triazolvl, pyrazinyl or pyridazinyl, or oxazolyl.

In another aspect, there are disclosed compounds of Formula (1), or compounds of
Formula (1) as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

Ring B is phenyl, pyridinyl, pyrimidinyl, pyrrazolyl, thiazolyl, imidazolyl, triazolyl,
tetrazolyl, oxadiazolyl, thiadiazolyl, tsoxazolyl, isothiazolyl, pyrrolyl, pyrazinyi,
oxazolyl, pyridazinyl, pyrrolidinyl, oxazolonyl, oxazolidinonyl, pyrazolinonyl,
tmidazolidinyl, imidazolonyl, pyrrolidinonyl, pyrimidinenyl, pyridazinonyl, or
pyrnidinonyl.

In another aspect, there are disclosed compounds of Formula (1), or compounds of
Formula (I} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

Ring B is pyrazolyl, triazolyl, oxadiazolyl, 1soxazolyl, imidzolyl, or inudazolonyl.

In another aspect, there are disclosed compounds of Formula (I), or compounds of
Formula (1) as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

Vis —0-, -NR* -CRR* or -C(=0)-;

-~ 16~



W

10

b
W

sd
ey
fon]

WO 2018/222795 PCT/US2018/035270

wherein if V is ~0O-, or NR4, then Y is not C(R%);

Y is -C(R%)-, -C(RN-C(R%:-, -C(=0}-, -CE0)-C(R)-, or -C(R*1-C(=0)-,

LY is ~C{Ry-, -C(=0)-, or -CHx~C(R):-; wherein R is independently from hydrogen, F,
OH, Cisalkyl, Cis hydroxyalkyl, Ci 3 atkoxyalkyl, or Ciafluorcalkyl.

In another aspect, there are disclosed compounds of Formula (1), or compounds of
Formula (I} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

R? is phenyl, pyridinyl, indolyl, indazolyl, benzo[djoxazol-2(3H}-onyl,
1H-pyrazolo[4,3-blpyridinyl, pyridin-2(1H}-onvl, 1H-pyrazolyl,
[1,2 4}triazolo[1,S-alpyridinyl, imidazo[1,2-blpyridazinyl, pyrazinyl,
pyrazolof1,5-alpyrimidinyi, thiophenyl, [ 1,2, 4lirtazolo]4,3-blpyridazinyl,
pyrazolo[1,5-alpyrimidinyi or benzo[dloxazol-2(3H}-only, each being substituted
with with 0-3 R?; and

R s OH, =0, CN, halo, S02C 14 alkyl, oxazolidin-2-one substituted with 0-1 R?;

R is Cysalkyl, Cus fluoroalkyl, Cis alkoxy, or Ciz fluoroatkoxy.

In another aspect, there are disclosed compounds of Formula (13, or compounds of
Formula (1} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

R? is phenyl, pyridinyl, indolyl, indazolyl, benzo{dloxazol-2(3H)-onyl,
1H-pyrazolo[4,3-blpyridinyl, pyridin-2(1H)-onyl, 1H-pyrazolyl,
[1,2,4]triazolof1,5-alpyridinyl, imidazof1,2-blpyridazinyl, pyrazinyl,
pyrazolof 1, 5-alpyrimidinyl, thiophenyi, [1,2,4}triazolo[4,3-blpyridazinyl,
pyrazolof 1 5-alpyrimidinyl or benzo[djoxazol-2{3H)-only, each being substituted
with with 0-3 R and

R is OH, =0, CN, halo, Civalkyl, SO2Ci4 alkyl, oxazolidin-2-one substituted with 0-1

R2b:

R?%is Cisalkyl, Cus fluoroalkyl, Cis alkoxy, or Cis fluoroatkoxy.

In another aspect, there are disclosed compounds of Formula (I), or compounds of
Formula (I} as described by any of the other embodiments or aspects, including salts,

enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
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solvates thereof, wherein:

Q {(Ryakn o ,
o
O@ NN

Rlis ¥ or Rw : and

R'%is H or -CHa.

In another aspect, there are disclosed compounds of Formula (13, or compounds of
Formula (1} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

Ring B is phenyl, pyridinyl, pyrimidinyl, indolyl, or pyrrazolyl, indazeolyl; and

R? is phenyl, indolvi, pyridinyi, benzo[d]oxazol-2(3H)-onyl, pyridin-2(1H}-onyl, or
imdazolyl.

In another aspect, there are disclosed compounds of Formula (1), or compounds of
Formula (I) as described by any of the other embodiments or aspects, including salis,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

R? is phenyl, pyridinyl, indolyl, indazolyl, benzo[djoxazol-2(3H)-onyl,
pyrazolo{4,3-blpyridinyl, pyridin-2{1H)-onyl, pyrazolyl, pyrimidinyl, imidazolyl,
pyrazolyl, triazolyl, oxadiazolyl, thiadiazolyl, [1,2.4}triazolof1,5-ajpyridinyl,
imidazo[1,2-blpyridazinyl, pyrazinyl, pyrazolo[1,5-alpyrimidinyl, thiophenyl,
[1,2,4]triazolof4,3-blpyridazinyl, pyrazolo[1,5-ajpyrimudinyl,or
benzo{djoxazol-2(3H}-only, each being substituted with with 0-3 R%, and

R?is OH, =0, CN, halo, SO2(C 1.4 alkyl, oxazolidin-2-one substituted with 0-1 R,

R is Craalkyl, C1s fluorcalkyl, Cis alkoxy, or Ci3 fluorcalkoxy.

In another aspect, there are disclosed compounds of Formula (I}, or compounds of
Formula (1) as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

Vis -0-, -NR*-, or -CR°R°-;

Y is -CR*p-CR%-, -C(=0)-, -C(=0)-C{(R®)-, or -C{(R®p-C(=0)-;

Llis ~C(R)-, -C(=0)-, or -CH~CH(R)-, wherein R is independently from hydrogen, F,
OH, Cisalkyl, Cis hyroxyalkyl, Cus alkoxyaltkyl, or Cisfluoroalkyl;
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R® is independently H, Cis-alkyl, Cia-fluoroalkyl, or Cis-cycloalkyl,

In another aspect, there are disclosed compounds of Formula (I), or compounds of
Formula (I} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

V is ~0-, NR*-, or -CRSRS-;

Y is -C{R®)2-C(R%)-, or -C(R%:-;

Lt is ~C(R)2-, wherein R is independently from hydrogen, ¥, OH, Ciaatkyl, C13
hyroxyalkyl, Cis alkoxyalkyl, or Cysfluorcalkyl; and

R® is independently H, Cis-alkyl, Ci3-fluorcalkyl, or Css-cycloalkyl.

In another aspect, there are disclosed compounds of Formula (I}, or compounds
of Formula (I) as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein: R® is independently H or Ci3 alkyl; or R® is independently H or
methyl; or R® is methyl.

In another aspect, there are disclosed compounds of Formula (1), or compounds of
Formula (I} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

R?is OH, =0, CN, halo, Ciaalkyl, Ci4 fluoroalkyl, Ci4 alkoxy, or Ci4 fluoroalkoxy.
Alternatively, R*is OH, =0, CN, halo, S802C1.4 alkyl, oxazolidin-2-one substituted
with 0-1 R?Y;

R is Crsalkyl, Cis fluorcalkyl, Cis alkoxy, or Cis fluoroatkoxy.

In another aspect, there are disclosed compounds of Formula (1), or compounds of
Formula (I) as described by any of the other embodiments or aspects, including salis,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

R*is H, Cis-alkyl, CO:R*, C(=OR™, SO:R®, C(=OIN(RPR®), SO:N(RPR®);

R* is Cis-alkyl, Cis-fluorcatkyl, Css-cycloalkyl;

R* is independently H, Cis-alkyl, Cis-cycloalkyl,

R7is independently H, ¥, OH, Cis-alkoxy, Cis-alkyl, Cis-cycloalkyl, NRR,

R is independently H, Ci3-alkyl, Cse-cycloalkyl, C(OIR? SO:R? or C(OINRPRY.
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In another aspect, there are disclosed compounds of Formula (1), or compounds of
Formula (I) as described by any of the other embodiments or aspects, including salis,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

R*is H, Cis-alkyl, CO:R*, C(=OR™, SO:R®, C(=OIN(RPR®), SO:N(RPR®);
R s Crs-alkyl, Cra-fluorcaltkyl, Css-cycloalkyl;

R* is independently H, Cis-alkyl, Cas-cycloalkyl,

R7is independently H, ¥, OH, Ci3-alkyl.

In another aspect, there are disclosed compounds of Formula (I}, or compounds of
Formula (I} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or

solvates thereof, wherein the compound of Formula (I is

(R o
In another aspect, there are disclosed compounds of Formula (1), or compounds of
Formula (1) as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or

solvates thereof, wherein:

Q {(Raakn
o | /\
Rlis ¥ . and R%is H or -CHs: or
O
O

Rlis

In another aspect, there are disclosed compounds of Formula (1), or compounds of
Formula (I) as described by any of the other embodiments or aspects, including salis,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or

solvates thereof, wherein:
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Q (R'ia)n

O
R'is R'® R . and R*is H or -CH;z; and R* is independently H or deuterium;
or
Rlis R R !¢ is independently H or deuterium.

In another aspect, there are disclosed compounds of Formula (I), or compounds of

Wh

Formula (1) as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:
R* and R™®are H.

In another aspect, there are disclosed compounds of Formula (1), or compounds of
10 Formula (I} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or

solvates thereof, wherein:

(Rm)n
e
0]
N ¢
Riis 1o

In another aspect, there are disclosed compounds of Formula (1), or compounds of
15 Formula (I) as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or

solvates thereof, wherein:

Riis R'® ot Rip :
R¥is H or ~CHs; Rup is H or -CH3; L1 is a bond, -CHa-, -CH2CHa-, -CH(CH20H)-, or
20 -CH{OH)YCH:-.
In another aspect, there are disclosed compounds of Formula (1), or compounds of
Formula (I) as described by any of the other embodiments or aspects, including salis,
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enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein: R is H F, Ci3 alkyl, or CF3; or R is H.

In another aspect, there are disclosed compounds of Formula (13, or compounds of
Formula (I} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein: each R'" is independently H, or C1s alkyl; or each R is H.

In another aspect, there are disclosed compounds of Formula (I), or compounds of
Formula (I} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or

solvates thereof, wherein:

gt[’?\\5«5 M R NN . S ?%/N\
L'T'§~ Ny | | T 1\;\}&

= . NG M
R‘ingBiS 2 J‘A{J’ N > N > N E 3
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| P SN& O- N . Ny Ny Ney
N - o o o -

3 k) 2 2 2 k) k) 2

&,N\ - 0, - =N,
5.2 oM E y &L <
xS Sk Al Y fv ii and
In another aspect, there are disclosed compounds of Formula (I), or compounds of
Formula (I} as described by any of the other embodiments or aspects, including salts,

enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or

solvates thereof, wherein:

T 0, e T
R T i, ¢

2 2

Ring B 13

ﬁjﬂ?\j \

N~y

o , , and
In another aspect, there are disclosed compounds of Formula (I}, or compounds of
Formula (I} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or

solvates thereof, wherein:
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elentowies o M
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2 3 2 2
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\ , or , any of which are substituted with 0-1 R%.
In a ninth aspect of the invention, there are disclosed compounds of Formula (1),

or compounds of Formula (1) as described by any of the other ervbodiments or aspects,

U

salts, enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates,

or solvates thereof, wherein:

Ring B 1s phenyl, pyridinyl, pyrimidinyl, indolyl, pyrrazolyl, or indazolyl; and

R? is phenyl, indolyl, pyridinyl, benzo[dJoxazol-2(3H}-onyl, pyridin-2(1H}-onvl, or

indazolyl.

10 In a ninth aspect of the invention, there are disclosed compounds of Formula (13,
or compounds of Formula (1) as described by any of the other embodiments or aspects,
salts, enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates,
or solvates thereof, wherein:

Ring B is phenyl, pyridinyl, pyrimidinyl, indolyl, pyrrazolyl, triazolyl or indazolyl; and

15 R?is phenyl, indolyl, pyridinyl, benzo[dJoxazol-2(3H)-onyl, pyridin-2(1H}-onyl, or

indazolyl.

In another aspect of the invention, there are disclosed compounds of Formula (1),
or compounds of Formula (I) as described by any of the other embodiments or aspects,
salts, enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates,

20 or solvates thereof, wherein:

Ring B is phenyl, pyridinyl, pyrimidinyl, imidazolyl, oxadiazolyl, pyrrazolyl, or triazolyl.

In another aspect of the invention, there are disclosed compounds of Formula (1),
or compounds of Formula (I} as described by any of the other embodiments or aspects,
salts, enantiomers, diastercomers, tautomers, pharmaceutically-acceptable salts, hydrates,

25  or solvates thereof, wherein:

R? is phenyl, imidazolyl, pyridinyl, benzo[djoxazol-2(3H}-onyl, pyridin-2(1H}-onyl,

pyrazioyl, pyrrazolyl, pyrrazolopyrimidinyl, pyrinmudioyl, thiazolyl, thiophenyl, or

triazolyl.
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In another aspect, there are disclosed compounds of Formula (1), or compounds of
Formula (I) as described by any of the other embodiments or aspects, including salis,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein: R is CN, halo, or Ciaalkyl.

In another aspect, there are disclosed compounds of Formula (1), or compounds of
Formula (1) as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

R?2is OH, =0, CN, halo, Craalkyl, Ci4 fluorcalkyl, Ci4 alkoxy, Ci4
fluoroatkoxy, SO2RS, or oxazolidin-2-one substituted with 0-1 R%.

In another aspect, there are disclosed compounds of Formula (I}, or compounds
of Formula (I) as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

R% is independently OH, =0, CN, halo, Cisalkyl, Ciadeuteroalkyl, Cia fluorcalkyl, Cia
alkoxy, Ci4 deuteroalkoxy, Ci4 fluoroalkoxy, Cis cycloalkyl, Cs6 cycloalkoxy,
CEONRPR®Y, CEO LY alkyl, SO2RE, NRPSO:R™ or a 4 to 6 membered
heterocycle having 1, 2, 3, or 4 hetercatoms selected from O, S, and N, wherein the
heterocycle optionally containing an oxo substitution and is substituted with 0-3 R,

alternatively, two R?? on adjacent atoms join to form —0-CH»-O-, or —~0-CF2-0O-;

In another aspect, there are disclosed compounds of Formula (I), or compounds of
Formula (I} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein:

L' is -CHo-, -C(=0)-, or -CHx—CH(R)}-; wherein R is independently from hydrogen, F,
OH, Cisalkyl, Cis hyroxyalkyl, Cis alkoxyaliyl, or Ciafluoroalky] ; or

Ltis —-CHz-, -C(=0)-, or -CH>~CH(R)-; wherein R is independently from hydrogen, or
OH; or

Ltis ~CHa- or -CH»-CHo-.

In another aspect, there are disclosed compounds of Formula (I), or compounds of
Formula (I} as described by any of the other embodiments or aspects, including salts,

enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
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solvates thereof, wherein the compound of Formula (1) is:

R1 RSa R3b R1 R?‘aa R3b

;/‘/<Nmi_ %N

R or

In another aspect, there are disclosed compounds of Formula (1), or compounds of
Formula (1) as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or

solvates thereof, wherein the compound of Formula () 1s:

Ry (R,
R R
. ™,
G%NMLI ”RE Nmi’j “ Rg
© iy 5 R®
Ry, R% and
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In another aspect, there are disclosed compounds of Formula (1), or compounds of

(R,

Formula (1} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or

solvates thereof, wherein the compound of formula (1) 1s:

, O
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In another aspect, there are disclosed compounds of Formula (1), or compounds of
Formula (I} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or

solvates thereof, wherein the compound of formula (I} 1s:

W

In another aspect, there are disclosed compounds of Formula (1), or compounds of

Formula (I} as described by any of the other embodiments or aspects, including salts,

10 enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or

solvates thereof, wherein:

R? is phenyl, pyridinyl, indolyl, indazolyl, benzo[djoxazol-2(3H}-onyl,
1H-pyrazolo[4,3-blpyridinyl, pyridin-2(1H}-onyl, 1H-pyrazolyl,
[1,2,4Nriazolof1,5-alpyndinyl, imidazo[1,2-blpyridazinyl, pyrazinyi,

15 pyrazolof1,5-alpyrimidinyi, thiazolyl, thiophenyl, 1H-1,2 3-triazolyl,
1H-benzo[d][1,2,3}triazolyl, [1,2,41triazolof4,3-bipyridazinyl,
1H-benzo[dimidazolyl, 1H-inmidazolyl, 1H-pyrazolo{3 4-blpyridinyl,
1H-pyrazolo[3,4-clpyridinyl, 1H-pyrazolo[4,3-clpyridinyl, TH-pyrrolyl,
iH-pyrrolof[2,3-blpyridiny], 1H-pyrrolof2,3-c]pyridinyl, 1H-pyrrolo[3,2-blpyridinyi,

20 TH-pyrrolof3,2-clpynidinyl, pyrazolo[1,S-alpyrimidinyl, [H-tetrazolyl,
4H-1,2 4-riazolyl, 1sothiazolyl, isoxazolyl, oxazolyl, pyridazinyl, pyrimidinylor
benzo{djoxazol-2(3H}-only, each being substituted with 0-3 R*,

In another aspect, there are disclosed compounds of Formula (1), or compounds of
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Formula (I} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or

solvates thereof, wherein:
3 N » - . X Yﬁ\}/N Xf\K\
>__:0 ?ij m ;\o 3 3\j ™
R? is phenyl, , = 2 SN N NN
5 kY \ > S
LQ\N 2 N\ 2 NW 3 N:;N 2 H 2 \N > S\N 2 S\j 2 Or
?K(;N\

N S
O~7  each being substituted with 0-3 R% (as valance allows).

U

In another aspect, there are disclosed compounds of Formula (1), or compounds of
Formula (I} as described by any of the other embodiments or aspects, including salts
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or

10 solvates thereof, wherein:

/
N N ¢
’(@*”,,\:g ’*@ Sl D 5"“@ Ay, 10
R? is phenyl, Z0 #  NF SN NS N NEn ;

E\Q‘i , Of G\N . each being substituted with 0-3 R?* (as valance allows).

In another aspect, there are disclosed compounds of Formula (1), or compounds of
Formula (I} as described by any of the other embodiments or aspects, including salts
15 enantiomers, diastercomers, tautomers, pharmaceutically-acceptable salts, hydrates, or

solvates thereof, wherein:

(ehs
R? is phenyl, & , N\//,«,’/’ each being substituted with 0-3 R* {(as valence
phemn: g

allows).
In another aspect, there are disclosed compounds of Formula (I}, or compounds of
20 Formula (1) as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or

solvates thereof, wherein:
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R? is phenyl, CN | each being substituted with 0-2 R* (as
valance allows}.

In another aspect, there are disclosed compounds of Formula (I), or compounds of
Formula (I} as described by any of the other embodiments or aspects, including salts,
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, hydrates, or
solvates thereof, wherein: the compounds are selected from the Examples.

In another aspect, there is disclosed a pharmaceutical composition, comprising a
pharmaceutically acceptable carrier and any one or more compounds of Formula (1), or
compounds of Formula (I) as described by any of the other embodiments or aspects or
examples, or a pharmaceutically acceptable salt thereof.

In another aspect, there is disclosed a method for the treatment of one or more
diseases or disorders which can be rnodulated by inhibition of ROME, comprising
administering to a patient in need of such treatment or prophylaxis a therapeutically
effective amount of at least one of the compounds of Formula (1), or compounds of
Formula (I} as described by any of the other emodiments or aspects or examples, wherein
the disease or disorder 1s treated by promotion of diuresis or natriuresis.

In another aspect, there s disclosed a method for the treatment or prophylaxis of
one or more diseases or disorders which can be modulated by ROMK inhibition, wherein
the compound of any of the ervbodiments is administered in combination with at least one
other type of therapeutic agent.

In another aspect, there is disclosed a method for the treatment or prophylaxis of
multiple diseases or disorders, comprising administering 1o a patient in need of such
treatment or prophylaxis a therapeutically effective amount of at least one of the
compounds of Formula (1}, or compounds of Formula (1) as described by any of the other
emodiments or aspects, wherein the disease or disorder is treated by the promotion of
diuresis or natriuresis, or for ROMK associated disorders.

In another aspect, there is disclosed a method for the treatment or prophylaxis of
diseases or disorders, wherein the compound of any of the embodiments is administered
in combination with at least one other type of therapeutic agent. In another aspect, the
present invention provides a compound selected from the exemplified examples or a

stereoisomer, a tautomer, a pharmaceutically acceptable salt, or a solvate thereof
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In another aspect, the present invention provides a compound selected from any
subset list of compounds within the scope of the examples.

In another aspect, the present invention provides treatment of hypertension or
heart failure for patients in need of diuresis or natriuresis.

In another aspect, the present invention provides for the treatment of hypertension.

In another aspect, the present invention provides for the treatment of hypertension,
idiopathic hypertension, regractory hypertension, and/or pulmonary hypertension.

In another aspect, the present invention provides for the treatment of heart fatlure.

In another aspect, the present invention provides for the treatment of edema,
cardiac insufficiency, systolic heart failure, diastolic heart fatlure, diabetic heart filure,
and/or acute-decompensated heart failure.

The present invention may be embodied 1n other specific forms without parting
from the spirit or essential attributes thereof. This invention encompasses all
combinations of preferred aspects of the wnvention noted herein. It is understood that any
and all embodiments of the present invention may be taken in conjunction with any other
embodiment or embodiments to describe additional embodiments. It is also understood
that each individual element of the embodiments is its own independent embodiment.
Furthermore, any element of an embodiment 1s meant to be combined with any and all
other elements from any embodiment to describe an additional embodiment.
DEFINITIONS

The features and advantages of the invention may be more readily undersiood by
those of ordinary skill in the art upon reading the following detailed description. Itisto
be appreciated that certain features of the invention that are, for clarity reasons, described
above and below 1n the context of separate embodiments, may also be combined to form a
single embodiment. Conversely, various features of the invention that are, for brevity
reasons, described in the context of a single embodiment, may also be combined so as to
form sub-combinations thereof. Embodiments identified herein as exemplary or preferred
are intended to be tllustrative and not limiting.

Unless specifically stated otherwise herein, references made in the singular may
also include the plural. For example, “a” and “an” may refer to either one, or one or
more.

As used herein, the phrase “compounds” refers to at least one compound. For
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example, a compound of Formula (1} includes a compound of Formula (I}, and two or
more compounds of Formula (I).

Unless otherwise indicated, any hetercatom with unsatisfied valences is assumed
to have hydrogen atoms sufficient to satisfy the valences.

The detinttions set forth herein take precedence over definitions set forth in any
patent, patent application, and/or patent application publication incorporated herein by
reference.

Listed below are definitions of various terms used to describe the present
invention. These definitions apply to the terms as they are used throughout the
specification (uniess they are otherwise limited in specific instances) either individually
or as part of a larger group.

Throughout the specification, groups and substituents thereof may be chosen by
one skilled in the field to provide stable moieties and compounds. Where a substituent
definition represents more than one substituent, each substituent is independently selected
from the other substituent(s}.

In accordance with a convention used in the art,

-

is used in structural formulas herein to depict the bond that 1s the point of attachment of
the moiety or substituent to the core or backbone structure.

The terms “halo” and “halogen,” as used herein, referto ¥, Cl, Br, and 1.

The term “cyanc” refers to the group -CN.

The term “amino” refers to the group -NHa.

The term "oxo" refers to the group =0.

The term “alkyl” as used herein, refers to both branched and straight-chain
saturated aliphatic hydrocarbon groups containing, for example, from 1 to 12 carbon
atoms, from 1 to 6 carbon atoms, and from 1 to 4 carbon atoms, and is intended to include
Cy, Ca, Cy, and C4 alkyl groups. Examples of alkyl groups include, but are not limited to,
methyl (Me), ethvl (Et), propyl {e.g., v-propvl and i-propyl), butyl {e.g., n-butyl, i-butyl,
sec-butyl, and #butyl), and pentyl {e.g., n-pentyl, isopentyl, neopentyl}, n-hexyl,
2-methylpentyl, 2-ethylbutyl, 3-methylpentyl, and 4-methylpentyl. When numbers
appear in a subscript after the symbol “C”, the subscript defines with more specificity the

number of carbon atoms that a particular group may contain. For exarmple, “Cie alkyl”
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denotes straight and branched chain alkyl groups with one to six carbon atoms,

The term "haloalkyl" as used herein is intended to include both branched and
straight-chain saturated aliphatic hydrocarbon groups substituted with one or more
halogen atoms. For example, "C14 haloalkyl” is intended to include Ci, Ca, C3, and Cs
alkyl groups substituted with one or roore halogen atoms. Representative examples of
haloalkyl groups include, but are not limited to, -CFs3, -CCls, -CFCl, and -CH,CF3.

The term "fluoroalkyl” as used herein 1s intended to include both branched and
straight-chain saturated aliphatic hydrocarbon groups substituted with one or more
fluorine atoms. For example, "Cis fluorcalkyl” is intended to include Cy, Co, Cs, and Cs
alkyl groups substituted with one or more fluorine atoms. Representative examples of
fluoroalkyl groups include, but are not limited to, -CF3 and -CH2CF3.

The term "hydroxyalkyl” includes both branched and straight-chain saturated alky]
groups substituted with one or more hydroxyl groups. For example, "hydroxyalkyl"
inchudes -CH20H, ~-CH:CH20H, and Ci4 hydroxyalkyl.

>

The term “cycloalkyl” as used herein, refers to a group derived from a
non-aromatic monocyclic or polycyclic hydrocarbon molecule by removal of one
hydrogen atom from a saturated ring carbon atom. Representative examples of cycloaltkyl
groups include, but are not limited to, cyclopropyl, cyclopentyl, and cyclohexyl. When
numbers appear in a subscript after the symbol “C”, the subscript defines with more
specificity the number of carbon atoms that a particular cycloalkyl group may contain.
For example, “Cs.6 cycloalky]l” denotes cycloalkyl groups with three to six carbon atoms.

The term “alkoxy,” as used herein, refers to an alky! group attached to the parent
molecular moiety through an oxygen atom, for example, methoxy group (-OCHs). For
example, “Ci s alkoxy” denotes alkoxy groups with one to three carbon atoms,

The terms “haloalkoxy” and “-O(haloalkyl)” represent a haloalkyl group as
defined above attached through an oxygen linkage (-O-}. For example, “C14 haloalkoxy”
is mtended to include Ci, Co, Cs, and Cs haloalkoxy groups.

The terms “fluorcalkoxy” and “-O(fluoroalkyl)” represent a fluoroalkyl group as
defined above attached through an oxygen linkage (-0O-). For example, “Ci4
fluorcalkoxy” is intended to include Ci, Ca, C3, and Cs fluoroalkoxy groups.

The term “ary!” as used herein, refers to a group of atoms derived from a molecule

containing aromatic ring(s) by removing one hydrogen that is bonded to the aromatic
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ring(s), containing 4 t0 10, or 6 to 10 carbon atoms. Arvl groups that have two or more
rings must include only aromatic rings. Representative examples of aryl groups include,
but are not limited to, pheny! and naphthyl. The aryl ring may be unsubstituted or may
contain one or more substituents as valence allows.

The term “benzyl,” as used herein, refers to a methyl group in which one of the
hydrogen atoms is replaced by a phenyl group. The phenyl ring may be unsubstituted or
may contain one or more substituents as valence allows.

The term “hetercatom™ refers to oxygen (O), suifur (8), and nitrogen {N}.

The terms “heterocyclyl” or “heterocycle” as used herein, refers to substituted and
unsubstituted saturated, partially saturated, and aromatic 3-to 7-membered monocyclic
groups, 7-to 11-membered bicyclic groups, and 10-to 15-membered tricyclic groups, in
which at least one of the rings has at least one heteroatom (O, § or N), said heteroatom
containing ring having 1, 2, 3, or 4 hetercatoms selected from O, 8, and N. Each ring of
such a group containing a heteroatom can contain one or two oxygen or sulfur atoms
and/or from one to four nitrogen atoms provided that the total number of heteroatoms in
each ring is four or less, and further provided that the ring contains at least one carbon
atomi. The nitrogen and sulfur atoms may optionally be oxidized and the nitrogen atoms
may optionally be quaternized. The fused rings completing the bicyclic and tricyclic
groups may contain other heteroatoms or only carbon atoms, and may be saturated,
partially saturated, or aromatic. The heterocyclo group may be attached at any available
nitrogen ot carbon atom in the heterocyclo group. The term “heterocyciyl” includes
“hetercaryl” groups. As valence allows, if said further ring is cycloalkyl or heterocyclo it
is additionally optionally substituted with =0 {oxo).

The term “heteroaryl” refers to substituted and unsubstituted aromatic 5- or
6-membered monocyclic groups, 9- or 10-membered bicyclic groups, and 11-to
14-membered tricyclic groups that have at least one hetercatom (O, S or Nj in at least one
of the rings, said heteroatom-containing ring preferably having 1, 2, or 3 heteroatoms
independently selected from O, §, and/or N. Each ring of the heteroaryl group containing
a heteroatom can contain one or two oxygen or sulfur atoms and/or from one to four
nitrogen atoms provided that the total number of hetercatoms in each ring 15 four or less
and each ring has at least one carbon atom. The fused rings completing the bicyclic

group are aromatic and may contain other heteroatoms or only carbon atoms. The
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nitrogen and sulfur atoms may optionally be oxidized and the nitrogen atoms may
optionally be quaternized. Bicycelic and tricyclic heteroaryl groups must include only
aromatic rings. The hetercaryl group may be attached at any available nitrogen or carbon
atom of any ring. The hetercaryl ring system may be unsubstituted or may contain one or
more substituents.

Exemplary monocyclic hetercaryl groups include pyrrolvl, pyrazolyl, pyrazolinyl,
irotdazolyl, oxazolyl, isoxazolyl, thiazolyl, thiadiazolyl, isothiazolyl, furanyl, thiophenyl,
oxadiazolyl, pyridinyl, pyrazinyl, pyrimidinyl, pyridazinvl, and triazinyl.

Exemplary bicyclic heteroaryl groups include indolyl, benzothiazolyl,
benzodioxolyl, benzoxazolyl, benzothienvl, quinolinyl, tetrahydroisoquinolinyl,
isoquinolinyl, benzimidazolyl, benzopyranyl, indolizinyl, benzofuranyl, chromonyl,
coumarinyl, benzopyranyl, cinnolinyl, quinoxalinyl, indazolyl, and pyrrolopyridyl.

The phrase “pharmaceutically acceptable” is employed herein to refer to those
compounds, materials, compositions, and/or dosage forrus which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of human beings and
animals without excessive toxicity, irritation, allergic response, or other problem or
complication, commensurate with a reasonable benefit/risk ratic.

The compounds of Formula (I) can be provided as amorphous solids or crystaliine
solids. Lyophilization can be employed to provide the compounds of Formula (1) as
amorphous solids,

It should further be understood that solvates (e g., hydrates) of the compounds of
Formula (1) are also within the scope of the present invention. The term “solvate” means
a physical association of a compound of Formula (I} with one or more solvent molecules,
whether organic or inorganic. This physical association includes hydrogen bonding. In
certain instances the solvate will be capable of 1solation, for example when one or more
solvent molecules are incorporated in the crystal lattice of the crystalline solid. “Solvate”
encompasses both solution-phase and 1solable solvates. Exemplary solvates include
hydrates, ethanolates, methanolates, isopropanolates, acetonitrile solvates, and ethyi
acetate solvates. Methods of solvation are known in the art.

Various forms of prodrugs are well known 1n the art and are described 1

a) The Practice of Medicinal Chemistry, Camille G. Wermuth et al., Ch 31,
{Academic Press, 1996},
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b) Design of Prodrugs, edited by H. Bundgaard, (Elsevier, 1985);

) A Textbook of Drug Design and Development, P. Krogsgaard—Larson and
H. Bundgaard, eds. Ch 5, pgs 113 — 191 (Harwood Academic Publishers, 1991); and

d) Hydrolysis in Drug and Prodrug Metabolism, Bernard Testa and Joachim
M. Mayer, (Wiley-VCH, 2003).

In addition, compounds of Formula (I}, subsequent to their preparation, can be
isolated and puritied to obtain a composition containing an amount by weight equal to or
greater than 99% of a compound of Formula (I} (“substantially pure”), which 1s then used
or formulated as described herein. Such “substantially pure” compounds of Formula (I}
are also contemplated herein as part of the present invention.

Compounds of the formula I and/or the Examples herein may in some cases form
salts which are also within the scope of this invention. Reference to a compound of the
tformula I and/or Examples herein is understood to include reference to salts thereof,
uniess otherwise indicated. The term "salt(s)", as employed herein, denotes acidic and/or
basic salts formed with inorganic and/or organic acids and bases. Zwitterions {internal or
inner salts) are included within the term "salt(s)" as used herein (and may be tormed, for
example, where the R substituents comprise an actd moiety such as a carboxyl group).
Also included herein are quaternary ammonium salts such as alkylammonium salts.
Pharmaceutically acceptable (i.e., non-toxic, physiologically acceptable} salts are
preferred, although other salts are useful, for example, in isolation or purification steps
which may be employed during preparation. Salts of the compounds of the formula I roay
be formed, for example, by reacting a compound I with an amount of acid or base, such as
an equivalent amount, in a medium such as one 1n which the salt precipitates or in an
aquecus medium followed by lyophilization. As used herein, "pharmaceutically
acceptable salts” refer to dernivatives of the disclosed compounds wherein the parent
compound is modified by making acid or base salts thereof. Examples of
pharmaceutically acceptable salts include, but are not limited to, mineral or organic acid
salts of basic groups such as amines; and alkali or organic salts of acidic groups such as
carboxylic acids. The pharmaceutically acceptable salts include the conventional
non-toxic salts or the quaternary ammonium salts of the parent compound formed, for
example, from non-toxic inorganic or organic acids. For example, such conventional

non-toxic salts include those derived from inorganic acids such as hydrochloric,
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hydrobromic, sulfuric, sulfamic, phosphoric, and nitric; and the salts prepared from
organic acids such as acetic, propionic, succinic, glycolic, stearic, lactic, malic, tartaric,
citric, ascorbic, pamoic, maletc, hydroxymaleic, phenylacetic, glutamic, benzoic,
salicylic, sulfanilic, Z-acetoxybenzoic, fumaric, toluenesulfonic, methanesulfonic, ethane
disulfonic, oxalic, and isethionic, and the like.

“Base addition salt” refers to those salts which retain the biological effectiveness
and properties of the free acids, which are not biologically or otherwise undesirable.
These salts are prepared from addition of an inorganic base or an organic base to the free
acid. Salts derived from inorganic bases include, but are not limited to, the sodium,
potassium, lithium, ammonium, calcium, magnesium, 1100, zing, copper, manganese,
aluminum salts and the like. In one aspect, inorganic salts are the ammonium, sodium,
potassium, calcium, and magnesium salts. Salts derived from organic bases include, but
are not limited to, salts of primary, secondary, and tertiary amines, substituted amines
inchuding naturally occurring substituted amines, cyclic amines and basic ion exchange
resins, such as isopropylamine, trimethylamine, diethylamine, triethylamine,
tripropylamine, ethanolamine, 2-dimethylaminoethanol, 2-diethylaminoethanol,
dicyclohexylamine, lysine, arginine, histidine, caffeine, procaine, hydrabamine, choline,
betaine, ethylenediamine, glucosamine, methylglucamine, theobromine, purines,
piperazine, piperidine, N-ethylpiperidine, polyamine resins and the like. In another
aspect, organic bases are isopropylamine, diethylamine, ethanolamine, tnimethylamine,
dicyclohexylamine, choline and caffeine.

“Stable compound” and “stable structure” are meant to indicate a compound that
is sufficiently robust to survive isolation to a useful degree of purity from a reaction
mixture, and formulation into an efficacious therapeutic agent. The present invention is
intended to embody stable compounds. Combinations of substituents and/or variables are
permissible only if such combinations result in stable compounds.

“Therapeutically effective amount” is intended to include an amount of a
compound of the present invention alone or an amount of the combination of compounds
claimed or an amount of a compound of the present invention in combination with other
active ingredients effective to act as an wnhibitor to ROME, or effective to treat or prevent
cardiovascular disease.

In another aspect, there is disclosed a method for the treatment or prophylaxis of
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one or more disease or disorder which can be modulated by ROMK inhibition,
comprising administering to a patient in need of such treatrment or prophylaxis a
therapeutically effective amount of at least one of the compounds of Formula (I}, or
compounds of Formula (I) as described by any of the other emodiments or aspects,
wherein the disease or disorder is treated by the promotion of diuresis or natriuresis.

In another aspect, there is disclosed a method for the treatment of one or more
disease or disorder which can be treated by promotion of diuresis or natriuresis, wherein
the cardiovascular diseases include, but are not limited to, hypertension, coronary heart
disease, stroke, heart failure, systolic heart failure, diastolic heart failure, diabetic heart
failure, acute-decompensated heart failure, post-operative volume overload, idiopathic
edema, pulmonary hypertension, pulmonary arterial hypertension, refractory hypertension
cardiac insufficiency, nephrotic syndrome and acute kidney wsufficiency.

As used herein, “treating” or “treatment” cover the treatment of a disease-state in
a mammal, particularly in a human, and include: () preventing the disease-state from
occurring in a mammal, in particular, when such mammal 1s predisposed to the
disease-state but has not yet been diagnosed as having it; (b) inhibiting the disease-state,
i.e., arresting its development; and/or (¢} relieving the disease-state, 1.e., causing
regression of the disease state.

The compounds of the present invention are intended to include all 1sotopes of
atoms occurring in the present compounds, whether those isotopes occur in their natural
abundancy, or are enriched to a level greater than its natural abundancy. Isotopes include
those atoms having the same atomic number but different mass numbers. By way of
general example and without limitation, 1sotopes of hydrogen include deuterium (D) and
writium (T). Isotopes of carbon include PC and YC. For example, methyl (<CHs) also
includes deuterated methyl groups such as -CDs -CHD:, or -CH2D.

Compounds tn accordance with Formula (I) can be administered by any means
suitable for the condition to be treated, which can depend on the need for site-specific
treatment or quantity of Formula (I) corapound to be delivered.

Also embraced within this invention is a class of pharmaceutical compositions
comprising a compound of Formula (I) and one or more non-toxic,
pharmaceutically-acceptable carriers and/or diluents and/or adjuvants (collectively

referred to herein as “carrier” materials) and, if desired, other active ingredients. The
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compounds of Formula (1) may be administered by any suitable route, preferably in the
form of a pharmaceutical composition adapted to such a route, and in a dose effective for
the treatment intended. The compounds and compositions of the present invention may,
for example, be administered orally, mucosally, or parentally including intravascularly,
ntravenously, wntraperitoneally, subcutaneously, intramuscularly, and intrasternally in
dosage unit formulations containing conventional pharmaceutically acceptable carriers,
adjuvants, and vehicles. For example, the pharmaceutical carrier may contain a roixture
of mannitol or lactose and microcrystalline cellulose. The mixture may contain additional
components such as a lubricating agent, ¢ g magnesium stearate and a disintegrating
agent such as crospovidone. The carrier mixture may be filled into a gelatin capsule or
compressed as a tablet. The pharmaceutical composition may be administered as an oral
dosage form or an infusion, for example.

For oral administration, the pharmaceutical composition may be in the form of, for
example, a tablet, capsule, liquid capsule, suspension, or liquid. The pharmaceutical
composition is preferably made in the form of a dosage unit containing a particular
amount of the active ingredient. For example, the pharmaceutical composition may be
provided as a tablet or capsule comprising an amount of active ingredient in the range of
trom about 0.1 to 1000 mg, preferably from about 0.25 to 250 mg, and more preferably
from about 0.5 to 100 mg. A suitable daily dose for a human or other mammal may vary
widely depending on the condition of the patient and other factors, but, can be determined
using routine methods.

Any pharmaceutical composition contemplated herein can, for example, be
delivered orally via any acceptable and suitable oral preparations. Exemplary oral
preparations, include, but are not limited to, for example, tablets, troches, lozenges,
aqueous and otly suspensions, dispersible powders or granules, emulsions, hard and soft
capsules, liquid capsules, syrups, and elixirs. Pharmaceutical compositions intended for
oral administration can be prepared according to any methods known in the art for
manufacturing pharmaceutical compositions intended for oral adnunistration. In order to
provide pharmaceutically palatable preparations, a pharmaceutical composition in
accordance with the invention can contain at least one agent selected from sweetening
agents, flavoring agents, coloring agents, demulcents, antioxidants, and preserving agents.

A tablet can, for example, be prepared by admixing at least one compound of
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Formula (1) with at least one non-toxic pharmaceutically acceptable excipient suitable for
the manufacture of tablets. Exemplary excipients include, but are not limited to, for
example, inert diluents, such as, for example, calcium carbonate, sodium carbonate,
lactose, calcium phosphate, and sodium phosphate; granulating and disintegrating agents,
such as, for example, microcrystalline cellulose, sodium crosscarmellose, corn starch, and
alginic acid; binding agents, such as, for example, starch, gelatin, polyvinyil-pyrrolidone,
and acacia; and lubricating agents, such as, for example, magnesium stearate, stearic acid,
and talc. Additionally, a tablet can either be uncoated, or coated by known techniques to
either mask the bad taste of an unpleasant tasting drug, or delay disintegration and
absorption of the active ingredient in the gastrointestinal tract thereby sustaining the
effects of the active ingredient for a longer period. Exemplary water soluble taste
masking materials, inclade, but are not limited to, hydroxypropyl-methyliceliulose and
hydroxypropyl-cellulose. Exemplary time delay materials, include, but are not limited to,
ethyl cellulose and cellulose acetate butyrate.

Hard gelatin capsules can, for example, be prepared by mixing at least one
compound of Formula (I) with at least one inert solid diluent, such as, for example,
calctum carbonate; calcium phosphate; and kaolin.

Soft gelatin capsules can, for example, be prepared by mixing at least one
compound of Formula (I} with at least one water soluble carrier, such as, for example,
polyethylene glycol; and at least one o1l medium, such as, for example, peanut oil, liquid
paraffin, and olive ail.

An aqueous suspension can be prepared, for example, by admixing at least one
compound of Formula (I} with at least one excipient suitable for the manufacture of an
aqueocus suspension. Exemplary excipients suitable for the manufacture of an aqueocus
suspension, include, but are not limited to, for example, suspending agents, such as, for
example, sodium carboxymethylcellulose, methylcellulose,
hydroxypropylmethyi-cellulose, sodium alginate, alginic acid, polyvinyl-pyrrolidone,
guru fragacanth, and gum acacia; dispersing or wetting agents, such as, for example, a
naturally-occurring phosphatide, e.g., fecithin; condensation products of alkylene oxide
with tfatty acids, such as, for example, polyoxyethylene stearate; condensation products of
ethylene oxide with long chain aliphatic alcohols, such as, for example

heptadecaethylene-oxycetanol; condensation products of ethylene oxide with partial
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esters derived from fatty acids and hexitol, such as, for example, polvoxyethylene sorbitol
monooleate; and condensation products of ethylene oxide with partial esters derived from
fatty acids and hexitol anhydrides, such as, for example, polyethylene sorbitan
monooleate. An aqueous suspension can also contain at least one preservative, such as,
for example, ethyl and n-propyl p-hydroxybenzoate; at least one coloring agent; at least
one flavoring agent; and/or at least one sweetening agent, including but not limited to, for
example, sucrose, saccharin, and aspartame.

Gily suspensions can, for example, be prepared by suspending at least one
compound of Formula (I} in either a vegetable oil, such as, for example, arachis oil; olive
otl; sesame oil; and coconut oil; or in mineral otl, such as, for example, liquid paraftin.
An oily suspension can also contain at least one thickening agent, such as, for example,
beeswax; hard paraffin; and cetyl alcohol. In order to provide a palatable oily suspension,
at least one of the sweetening agents already described hereinabove, and/or at least one
flavoring agent can be added to the oily suspension. An oily suspension can further
contain at least one preservative, including, but not limited to, for example, an
anti-oxidant, such as, for example, butylated hydroxyanisol, and alpha-tocopherol.

Dispersible powders and granules can, for example, be prepared by admixing at
least one compound of Formula (1) with at least one dispersing and/or wetting agent; at
feast one suspending agent; and/or at least one preservative. Suitable dispersing agents,
wetting agents, and suspending agents are as already described above. Exemplary
preservatives include, but are not limited to, for example, anti-oxidants, e.g., ascorbic
acid. In addition, dispersible powders and granules can also contain at least one
excipient, including, but not limited to, for example, sweetening agents; flavoring agents;
and coloring agents.

An emulsion of at least one compound of Formula (1) thereof can, for example, be
prepared as an oil-in-water emulsion. The oily phase of the emulsions comprising
compounds of Formula (I) may be constituted from known ingredients in a known
manner. The oil phase can be provided by, but is not limited to, for example, a vegetable
oil, such as, for example, olive oil and arachis oil; a mineral o1l, such as, for example,
hquid paraffin; and mixtures thereof. While the phase may comprise merely an
emulsifier, it may comprise a mixture of at least one emulsifier with a fat or an oil or with

both a fat and an oil. Suitable emulsitying agents include, but are not limited to, for

- A0 -



i

b
W

e

W

0

U

WO 2018/222795 PCT/US2018/035270

example, naturally-occurring phosphatides, e.g., soy bean lecithin; esters or partial esters
derived from fatty acids and hexitol anhydrides, such as, for example, sorbitan
monooleate; and condensation products of partial esters with ethylene oxide, such as, for
example, polyoxyethylene sorbitan monoocleate. Preferably, a hvdrophilic emulsifier is
included together with a lipophilic emulsifier which acts as a stabilizer. It is also
preferred to include both an o1l and a fat. Together, the emulsifier(s} with or without
stabilizer(s) make-up the so-called emulsitying wax, and the wax together with the oil and
fat make up the so-called emulsifying ointment base which forms the oily dispersed phase
of the cream formulations. An emulsion can also contain a sweetening agent, a flavoring
agent, a preservative, and/or an antioxidant. Emulsifiers and emulsion stabilizers suitable
for use in the formulation of the present invention include Tween 60, Span 80, cetostearyl
alcohol, myristyl alcobol, glyceryl monostearate, sodium lauryl sulfate, glyceryl
distearate alone or with a wax, or other materials well known in the art.

The compounds of Formula (I} can, for example, also be delivered intravenously,
subcutaneously, and/or intramuscularly via any pharmaceutically acceptable and suitable
injectable form. Exemplary injectable forms include, but are not limited to, for example,
sterile aqueous solutions comprising acceptable vehicles and solvents, such as, for
example, water, Ringer’s solution, and isotonic sodium chioride solution; sterile
otl-in-water microemulsions; and aqueous or oleaginous suspensions.

Formulations for parenteral administration may be in the form of aqueous or
non-agqueous tsotonic sterile injection solutions or suspensions. These solutions and
suspensions may be prepared from sterile powders or granules using one or more of the
carriers or diluents mentioned for use in the formulations for oral adrinistration or by
using other suttable dispersing or wetting agents and suspending agents. The compounds
may be dissolved in water, polyethylene glycol, propylene glycol, ethanol, corn oil,
cottonseed oil, peanut oil, sesame oil, benzyl alcohol, sodium chlonde, tragacanth gum,
and/or various buffers. Other adjuvants and modes of administration are well and widely
known in the pharroaceutical art. The active ingredient may also be administered by
injection as a composition with suitable carriers including saline, dextrose, or water, or
with cyclodexirin (i.e. Captisol}, cosolvent solubilization (i.e. propylene glycol) or
micellar solubilization (i.e. Tween 80}

The sterile injectable preparation may also be a sterile injectable solution or
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suspension in a non-toxic parenterally acceptable diluent or solvent, for example, as a
solution in 1 3-butanediol. Among the acceptable vehicles and solvents that may be
employed are water, Ringer’s solution, and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally employed as a solvent or suspending
medium. For this purpose any bland fixed ol may be employed, including synthetic
mono- or diglycerides. In addition, fatty acids such as oleic acid find use in the
preparation of injectables.

A sterife injectable oil-in-water microemulsion can, for example, be prepared by
1} dissolving at least one compound of Formula (I} in an oily phase, such as, for example,
a mixture of soybean oil and lecithin; 2} combining the Formula (1) containing o1l phase
with a water and glycerol mixture; and 3) processing the combination to form a
microemulsion,

A sterile aqueous or oleaginous suspension can be prepared in accordance with
methods already known 1n the art. For example, a sterile agueous solution or suspension
can be prepared with a non-toxic parenterally-acceptable diluent or solvent, such as, for
example, 1,3-butane diol; and a sterile oleaginous suspension can he prepared with a
sterile non-toxic acceptable solvent or suspending medium, such as, for example, sterile
fixed oils, e.g., synthetic mono- or diglycerides; and fatty acids, such as, for example,
oleic acid.

Pharmaceutically acceptable carriers, adjuvants, and vehicles that may be used in
the pharmaceutical compositions of this invention include, but are not limited to, ion
exchangers, alumina, aluminum stearate, lecithin, self-emulsifying drug delivery systems
{(SEDDS) such as d-alpha-tocopherol polyethyleneglycol 1000 succinate, surfactants used
in pharmaceutical dosage forms such as Tweens, polyethoxylated castor oil such as
CREMOPHOR surfactant (BASF), or other similar polymeric delivery matrices, serum
proteins, such as human serum albumin, buffer substances such as phosphates, glycine,
sorbic acid, potassium sorbate, partial glyceride mixtures of saturated vegetable fatty
acids, water, salts or electrolytes, such as protamine sulfate, disodium hydrogen
phosphate, potassium hydrogen phosphate, sodium chloride, zinc salts, colioidal silica,
magnesium trisilicate, polyvinyl pyrrolidone, celiulose-based substances, polyethylene
glycol, sodium carboxymethylceliulose, polyacrylates, waxes,

polyethylene-polyoxypropylene-block polymers, polyethylene glycol and wool fat.
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Cyclodextrins such as alpha-, beta-, and gamma-cyclodextrin, or chemically modified
derivatives such as hydroxyalkylcyclodextrins, including 2- and
3-hydroxypropyl-cyclodextrins, or other solubilized derivatives may also be
advantageocusly used to enhance delivery of compounds of the formulae described herein.

The pharmaceutical compositions can be presented in a pack or dispenser device
which can contain one or more unit dosage forms including the compound of Formula (I).
The pack can, for example, comprise metal or plastic foil, such as a blister pack. The
pack or dispenser device can be accompanied by instructions for administration.

The pharmaceutically active compounds of this invention can be processed in
accordance with conventional methods of pharmacy to produce medicinal agents for
administration to patients, including humans and other mammals. The pharmaceutical
compositions may be subjected to conventional pharmaceutical operations such as
sterilization and/or may contain conventional adjuvants, such as preservatives, stabilizers,
wetting agents, emulsifiers, and buffers. Tablets and pills can additionally be prepared
with enteric coatings. Such compositions may also comprise adjuvants, such as wetting,
sweetening, flavoring, and perfuming agents.

The amounts of compounds that are administered and the dosage regimen for
treating a disease condition with the compounds and/or compositions of this invention
depends on a variety of factors, including the age, weight, sex, the medical condition of
the subject, the type of disease, the severity of the disease, the route and frequency of
administration, and the particular compound employed. Thus, the dosage regimen may
vary widely, but can be determined routinely using standard methods. A daily dose of
about 0.001 to 100 mg/kg body weight, preferably between about 0.002S5 and about 50
mg/kg body weight and most preferably between about 6.005 to 10 mg/kg body weight,
may be appropriate. The daily dose can be administered in one to four doses per day.
(Other dosing schedules include one dose per week and one dose per two day cycle.

For therapeutic purposes, the active compounds of this invention are ordinarily
combined with one or more adjuvants appropriate to the indicated route of administration.
If administered orally, the compounds may be admixed with lactose, sucrose, starch
powder, cellulose esters of alkanoic acids, cellulose alkyl esters, tale, stearic acid,
magnesium stearate, magnesitum oxide, sodium and calcium salts of phosphoric and

sulfuric acids, gelatin, acacia gum, sodium alginate, polyvinylpyrrolidone, and/or
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polyvinyl alcohol, and then tableted or encapsulated for convenient administration. Such
capsules or tablets may contain a controlled-release formulation as may be provided in a
dispersion of active compound in hydroxypropylmethyl cellulose.

Pharmaceutical compositions of this invention comprise at least one compound of
Formula (I} and optionally an additional agent selected from any pharmaceutically
acceptable carrier, adjuvant, and vehicle. Alternate compositions of this invention
comprise a compound of the Formula (1) described herein, or a prodrug thereof, and a
pharmaceutically acceptable carrier, adjuvant, or vehicle.

The pharmaceutical compositions may contain other therapeutic agents and may
be formulated, for example, by employing conventional solid or liquid vehicles or
diluents, as well as pharmaceutical additives of a type appropriate to the mode of desired
administration {e.g., excipients, binders, preservatives, stabilizers, and flavors) according
to techniques such as those well known in the art of pharmaceutical formulation.

The present invention also encompasses an article of manutacture. As used
herein, article of manufacture is intended to include, but not be limited to, kits and
packages. The article of manufacture of the present invention, comprises: {a) a first
container; (b} a pharmaceutical composition located within the first container, wherein the
composition, comprises: a first therapeutic agent, comprising: a compound of the present
invention or a pharmaceutically acceptable salt form thereof] and, {c) a package insert
stating that the pharmaceutical composition can be used for the treatment of a
cardiovascular disorder, diuresis, and/or natriuresis. In another embodiment, the package
insert states that the pharmaceutical composition can be used in combination {(as defined
previously ) with a second therapeutic agent to treat cardiovascular disorder, diuresis,
and/or natriuresis. The article of manufacture can further comprise: (d) a second
container, wherein components {(a) and (b} are located within the second container and
component (¢} is located within or outside of the second container. Located within the
first and second containers means that the respective container holds the item within its
boundaries.

The first container is a receptacle used to hold a pharmaceutical composition.
This container can be for manufacturing, storing, shipping, and/or individual/bulk selling.
First container is intended to cover a bottle, jar, vial, flask, syringe, tube {e.g., for a cream

preparation), or any other container used to manufacture, hold, store, or distribute a
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pharmaceutical product.

The second container is one used to hold the tirst container and, optionally, the
package insert. Examples of the second container include, but are not limited to, boxes
{e.g., cardboard or plastic), crates, cartons, bags (e.g., paper or plastic bags}, pouches, and
sacks. The package insert can be physically attached to the outside of the first container
via tape, glue, staple, or another method of attachment, or it can rest inside the second
container without any physical means of attachment to the first container. Alternatively,
the package insert is located on the outside of the second container. When located on the
outside of the second container, it is preferable that the package insert is physically
attached via tape, glue, staple, or another method of attachment. Alternatively, it can be
adjacent to or touching the outside of the second container without being physically
attached.

The package insert is a label, tag, marker, or other written sheet that recites
information relating to the pharmaceutical composition located within the first container.
The information recited will usually be determined by the regulatory agency governing
the area in which the article of manutacture is to be sold {e.g., the United States Food and
Drug Administration). Preferably, the package insert specifically recites the indications
tor which the pharmaceutical composition has been approved. The package insert may be
made of any material on which a person can read information contained therein or
thereon. Preferably, the package insert is a printable matenial {e.g., paper, plastic,
cardboard, foil, adhesive-backed paper or plastic) on which the desired information has

been formed (e.g., printed or applied).

UTILITY

The compounds of the invention inhibit the activity of ROMK. Accordingly,
compounds of Formuia (I} have utility in treating conditions associated with the inhibition
of ROMEK.

The compounds described herein are intended for the treatment and/or prophylaxis
of any disorders that benefit from increased excretion of water and sodium from the body,
or for any patient in need of diuresis or natriuresis. Specific disorders would include any
form of hypertension or heart failure {(acute-decompensated and chronic, diastolic and

systolic). For heart failure treatment, the compounds would be used to treat
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acute-decompensated heart failure to reduce edema and other symptoms and/or to
overcome resistance to other classes of diuretics, or to shorten hospital stay. The
compounds could also be used in heart failure after discharge from hospital or during
chronic therapy to treat symptoms and reduce recurrences of acute-decompensations and
hospital admissions. Other disorders for which a diuretic or natriuretic or both would
have therapeutic or prophylactic benefit include post-operative volume overload, any
edematous states including 1diopathic edema, pulroonary hypertension including
pulmonary arterial hypertension, cardiac insufficiency, nephrotic syndrome and acute
kidney insutficiency.

The compounds in accordance with the present invention are beneficial in the
treatment and/or prevention of various human ailments. The compounds in accordance
with the present invention can be beneficial either as a stand alone therapy or in
combination with other therapies that therapeutically could provide greater benefit. The
ailments for which the compounds in the present tnvention could be of bevefit include
cardiovascular disease; and promotion of diuresis or natriuresis.

One embodiment provides a method for treating cardiovascular disease.
Particular, cardiovascular diseases include, but are not limited to, hypertension, coronary
heart disease, stroke, heart failure, systolic heart failure, diastolic heart failure, diabetic
heart failure, acute-decompensated heart failure, post-operative volume overload,
idiopathic edema, pulmonary hypertension, pulmonary arterial hypertension, cardiac
imsufficiency, nephrotic syndrome and acute kidney insufficiency. For example, a
therapeutically effective amount for treating a disorder may be administered in the
method of the present embodiment.

One embodiment provides a method for the promotion of diuresis or natriuresis.

One or more additional pharmacologically active agents may be administered in
combination with the compounds described herein including any other diuretic from any
other diuretic class (thiazides, loops, potassium-sparing, osmotic, carbonic anhydrase
inhibitors, mineralocorticoid receptor antagonists), acetylcholinesterase inhibitors,
angiotensin receptor blockers, neutral endopeptidase inhibitors, dual angiotensin receptor
antagonists and neutral endopeptidase inhibitors, aldosterone antagonists, natriuretic
peptides, calcium channel blockers, relaxin or relaxin mimetics, inotropic agents,

peripheral vasodilators, or mineralocorticoid receptor antagonists. One embodiment
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provides the compounds of Formula (1) for use in therapy. In the present embodiment,
the use in therapy may include the administration of a therapeutically-effective amount of
a compound of Formula (I}.

The present invention also provides the use of the compounds of Formula (1) for
the manufacture of a medicament for the treatruent of cardiovascular disease. To the
present embodiment, the use for the manufacture of a medicament may include the
admimstration of a therapeutically-effective amount of a compound of Formula (1) for the
treatment of cardiovascular disease.

The present invention also provides the use of the compounds of Formula () for
the manufacture of a medicament for promotion of diuresis or natriurests.

In one embodiment, the compounds of Formula (1) inhibit ROMK activity with
ICso values of less than 10 uM, for example, from 0.001 to less than 10 uM, as measured
by the Thallium Flux assay. Preferably, the compounds of Formula (I) inhibit ROMK
activity with 1Cse values of less than 1 pM, for example, from 0.001 to less than 1 pM.
Other compounds inhibit ROMK activity with ICso values of 100 nM and less, for
example, from 1 to 100 nM.

BExamples of compounds of Formula (I} as specified in the "Examples" section

below, have been tested in one or more of the assays described below.

METHODS OF PREPARATION

The following are the definitions of symbols used.

Ar Aryl
ACN Acetonitrile
BF; OEnR Boron trifluoride etherate
CHoCl Dichloromethane

CHCl3 Chloroform

Ch{Cls Deuterated chioroform
CD:0b Deuterated methanol
DCM Dichloromethane

DMAP 4-Dimethylaminopyridine

AT -
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DMF N, N-dimethyl formamide

DMSO Dimethyl sulfoxide

DMSO-ds Deuterated dimethy! sulfoxide

Et Ethyl

EtOAc Ethyl acetate

EtOH Ethanol

HATU (O-(T-azabenzotriazol-1-y)-N NN N -tetramethyi
uronium hexaftuorophosphate)

HCl Hydrochloric acid

HCOOH Formic acid

HCOONH: Ammontium formate

Ki Potassium iodide

K2COs Potassium carbonate

KOAc Potassium acetate

KsPOs Potassium phosphate

LiOH Lithium hydroxide

Me Methyl

MeOH Methanol

NaH Sodium hydride

NaHCOs Sodium bicarbonate

NaNO:2 Sodium nitrite

Na:SO4 Sodum sulfate

Na285203 Sodium thiosulfate

NHs Ammonia

NHsOAc Ammonium acetate

Pd/C Palladium on carbon

Pdx{dba)s Tris{dibenzylideneacetone)dipalladium (0)

Pd(dppHCh:CH2Ch {1, 'Bistdiphenylphosphinoferroceneldichioropalla

dium(ll), complex with dichioromethane

POCH Phosphorus oxychloride
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THF Tetrahydrofuran
TFA Trifluoroacetic acid
XANTPHOS 4,5-Bis{diphenyiphosphino)}-9,9-dimethylxanthene
IPA Isopropyl alcohol
DEA Diethylamine
STAB Sodium triacetoxyborohydride
SYNTHESIS:

A particularly useful compendium of synthetic methods which may be applicable
to the preparation of compounds of the present invention may be found in Larock, R.C.,
Comprehensive Organic Transformations, VCH, New York (1989). Preferred methods
include, but are not limited to, those described below. All references cited herein are hereby
incorporated 1 their entirety herein by reference.

The novel compounds of this invention may be prepared using the reactions and
techniques described in this section. Also, in the description of the synthetic methods
described below, it is to be undersiood that all proposed reaction conditions, including
choice of solvent, reaction atmosphere, reaction temperature, duration of the experiment
and workup procedures, are chosen 1o be the conditions standard for that reaction, which
should be readily recognized by one skilled in the art. Restrictions to the substituent’s that
are compatible with the reaction conditions will be readily apparent to one skilled in the art
and alternate methods must then be used.

It will also be recognized that another major consideration in the planning of any
synthetic route in this field is the judicious choice of the protecting group used for
protection of the reactive functional groups present in the compounds described in this
invention. An authoritative account describing the many alternatives to the trained
practitioner 18 Greene et al. (Profective Groups in Organic Synthesis, Wiley and Sons

(1991)).
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Scheme 1:
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Intermediates of general formula B may be synthesized according to Scheme 1.

Substituted epoxides (A) were converted to {B) by reaction with appropriate amine.
B was subjected to alkylation, acylation or mitsunobu inversion reactions with
appropriately substituted alkyl amines or alkyl/acythalides to generate (C). Compound C
was deprotected using choroethylchloroformate, TFA or hydrogenation in the presence of
Pd/C followed by cyclization to generate intermediate (B). Intermediate B (X = N} was
also synthesized by an alternative route using appropriately substituted aryl halides (E},
were E was converted to (F) using Suzuki coupling of appropriately substituted halo
pyrazines followed by reduction of F under hvdrogen pressure in the presence of
Palladium({Il} acetate to generate intermediate (D).

Scheme 2:

PG
N Ry Ry

1 )

n Ar PG A
o \R \\’\N» 1. NaBH,, F\T’\'\NH

Ar\B G ™ i }n THE MaOH, rt Ry / }
¥ f'e) n
& PdCL{dtbpf H or R,MgBr, THF, rt R;

$8,00;, Toluene, or DAST, DOM, rt i
116 °C 2. HCI in dioxane rt

Intermediates of general formula ¥ may be synthesized according to Scheme 2.

Appropriately substituted aryl halides () were subjected to the C-H activation
reaction  in presences of  N-protected and  appropriately  substituted
piperidinone/pyrrolidinone to generate H. Compound H was subjected to reduction and/or
fluorination followed by N-deprotection to generate intermediates of the general tormula

).
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Scheme 3¢
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Compounds of general formula K, L, N and €& may be synthesized according to
Scheme 3.

5 Aldehydes § and M were synthesized according to literature procedures and J§ and
M were subjected to reductive amination with borane reagents like sodium
triacetoxyborohydride and appropriately substituted intermediates (I or I) to generate
compounds of the general formula K, L, N and O.

Scheme 4:
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X=0OH NHor g

\r’\, '27 RER)

X
\f,/ X [\ v, Ry
[e] I/ ;“% d R l\Z/;
[y Rﬁ
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Compounds of general formula €} and R may be synthesized according to Scheme

Intermediates P and € was synthesized according to literature procedures.

Intermediates P and € were subjected to deprotection, and reductive amination of

15 deprotected amine with appropriately substituted aldehydes (I or M) in presence of borane

reagents like sodium cyanoborohydride followed by cyclization generate compounds of the
general formula € and R,

(General Methods:
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The tollowing methods were used in the working Examples, except where noted
otherwise.
Analytical HPLC and HPLC/MS methods employed in characterization of

examples:

W

Reverse phase analytical HPLC/MS was performed on Shirmnadza LCI0AS systems
coupled with Waters ZMD Mass Spectrometers or Waters Aquity system coupled with a
Waters Micromass ZQ Mass Spectrometer. Chiral analytical LC was performed on a Berger
Aunalvtical SFC instrument.

Method A: Ascentis Express C18 (2.1 x 50 mm) 2.7 micron; Solvent A: 95% water,
10 5% acetonitrile, 0.1% TFA; Solvent B. 95% acetonitrile, 5% water, 0.1% TFA;
Temperature: 50 °C; Gradient: 0-100% B over 3 minutes, then 1 minute hold at 100% B;
Flow: 1.1 mL/min, UV 220 nm.

Method B: Ascentis Express C18 (2.1 x 50 mm) 2.7 micron; Solvent A: 95% water,

5% acetonitrite with 10 mM ammonium acetate; Solvent B: 95% acetonitrile, 5% water

U

with 10 mM ammonium acetate; Temperature: 50 °C; Gradient: 0-100% B over 3 minutes,
then I minute hold at 100% B; Flow: 1.1 mL/min, UV 220 nm.

Method C: SunFire C18 (4.6 x 150 mm) 5.0 micron, Solvent A: 95% water, 5%
acetonitrile, 0.05% TFA; Solvent B: 5% water, 95% acetonitrile, 0.05% TFA; Gradient:
50-100% B over 15 minutes, then 5 minute hold at 100% B; Flow: 1.1 mL/min, UV 220
20 nm,

Method B: Kinetex, XB C13 (2.6 yum x 753 mm);, Solvent A: 10 mM NHaCOH
in 98% water, 2% acetonitrile; Solvent B: 10 mM NHaCO2H in 2% water, 98% acetonitrile,
Gradient: 20-100% B over 4 minutes, then 0.6 minute hold at 100% B, Flow: 1.1 mL/min,

UV 220 nm.

5 Method E: Sunfire C18 (4.6 x 150 mm} 3.5 micron; Solvent A: 95% water, 5%
acetonitrife, 0.05% TFA,; Solvent B: 5% water, 95% acetonitrile, 0.05% TFA; Gradient:
10-100% B over 25 minutes, then 5 minutes hold at 100% B; Flow: 1.1 mL/min, UV 254
0.

Method F: Sunfire CI8 (4.6 x 150 mm) 3.5 micron; Solvent A: 95% water, 5%

0 acetonitrile, 0.05% TFA, Solvent B: 5% water, 95% acetonitrile, 0.05% TFA; Gradient:

10-100% Solvent B over 18 minutes, then 5 minutes hold at 100% B; Flow: 1.1 mL/min,

UV 220 nm.



W

10

b
W

sd
ey
fon]

WO 2018/222795 PCT/US2018/035270

Method G: XBridge Phenvl (4.6 x 150 mm) 3.5 micron; Solvent A: 95% water,
5% acetonitrile, 0.05% TFA; Solvent B: 5% water, 95% acetonitrile, 0.05% TFA; Gradient:
10-100% Solvent B over 18 minutes, then 5 minutes hold at 100% B; Flow: 1.1 mL/min,
UV 220 nm.

Method H: ZORBAX SB C18 (4.6 x 50 mm) 5.0 micron; Solvent A: 10 oM
NHsCOH in 98% water, 2% acetonitrile; Solvent B: 10 mM NHsCO:H 1n 2% water, 98%
acetonitrile, Gradient: 30-100% B over 4 minutes, then 0.6 minute hold at 100% B, Flow:
1.0 mi/min, UV 220 nm.

Methed I: Acquity BEH C8 (2.1 x 50 mm) 1.7 micron; Solvent A: 10 mM
ammonium acetate in 95% water, 5% acetonitrile; Solvent B: 10 mM ammonium acetate
in 5% water, 95% acetonitrile, Gradient: 20-90% B over 1.1 minutes, then 0.7 minute hold
at 90% B; Flow: 0.5 mL/min, UV 220 nm.

Metheod J: Kinetex XB-C18 (3 x 75 mm) 2.6 micron; Solvent A: 0.1% HCOOH in
water; Solvent B: Acetonttrile, Gradient: 20-90% B over 1.1 minutes, then 0.7 minute hold
at 90% B; Flow: 0.5 mL/min, UV 220 nm.

Method K: Kinetex C18 (2.1 x 50 mm) 2.6 micron; Solvent A: 5 mM ammonium
acetate in 95% water, 5% acetonitrile; Solvent B: S mM ammonium acetate in 5% water,
095% acetonitrile, Gradient: 20-90% B over 1.1 minutes, then 0.6 minute hold at 90% B;
Flow: 0.7 mL/min, UV 220 nm.

Method L: Acquity BEH CI8 (3 x 50 mm) 1.7 micron; Solvent A: 0.1% TFA in
water, Solvent B: 0.1% TFA in ACN, Gradient: 20-90% B over 1.0 muinutes, then 0.6
minute hold at 90% B; Flow: 0.7 mL/min, UV 220 nm.

Method M: Xbrdge Phenyl (21.2 x 250 1) 5 micron; Solvent A: 0.1% TFA in
water, Solvent B: Acetonitrile, Gradient: 5-25% B over 1.0 minutes, then 0.6 minute hold
at 90% B Flow: 0.7 mL/min, UV 220 nm.

Method N: ZORBAX SB C18 (4.6 x 50 mm) 5.0 micron; Solvent A: 0.1 % TFA
in 95% water, 5% acetonitrile; Solvent B: 0.1 % TFA in 5% water, 953% acetonitrile,
Gradient: 0-100% B over 3 minutes; Flow: 1.1 mL/mun, UV 220 nm.

Method O: Acquity UPLC BEH C18 (3 x 50 mm} 1.7 micron; Sclvent A: 5 mM
ammonium acetate in 95% water, 5% acetonitrile; Solvent B: 5 mM ammonium acetate in
5% water, 95% acetonitrile, Gradient: 20-90% B over 1.1 minutes, then 0.6 minute hold at

90% B; Flow: 0.7 mL/min, UV 220 nm.

-53 -
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Method P: Kinetex EVO C18 (4.6 x 100 mm} 2.6 micron, Solvent A: 95% water,
5% acetonitrile, 0.05% TFA; Solvent B: 5% water, 95% acetonitrile, 0.05% TFA; Gradient:
20-100% B over 11 minutes, then 1.5 minuie hold at 100% B: Flow: 1.0 mL/min, UV 300
nm.

Method Q: Kinetex Biphenyl (4.6 x 11 mm) 2.6 micron; Solvent A: 0.05% TFA in
water; Solvent B: Acetonitrile, Gradient: 20-100% B over 11 minutes, then 1.5 minute hold
at 100% B; Flow: 1.0 mL/min, UV 300 nm.

Method R: XBidge BEH XP C18(2.1 x S0 mum) 2.5 micron; Solvent A: 0.1 % TFA
in 95% water, 5% acetonitrile; Solvent B: 0.1 % TFA in 5% water, 953% acetonitrile,
Gradient: 0-100% B over 3 minutes; Flow: 1.1 mbL/min, UV 220 om.

Method S: XBidge BEH XP CI8 (2.1 x 50 mm} 2.5 micron; Solvent A: 10 mM
ammonium acetate in 95% water, 5% acetonitrile; Solvent B: 10 mM ammonium acetate
in 5% water, 95% acetonitrile, Gradient: 0-100% B over 3 minutes; Flow: 1.1 mL/min, UV
220 om.

Method T: DAD-1 Kinetix biphenyl (4.6 x 100 mm} 2.6 micron; Solvent A: 95%
water, 5% acetonitrile, 0.05% TFA; Solvent B: 5% water, 95% acetonitrile, 0.05% TFA;
Gradient; 0-100% B over 12.5 minutes, then 1.5 minutes hold at 100% B; Flow: 1.0
mL/min, UV 300 nm.

Method U: BAD-1 Kinetex EVO C18 (4.6 x 100 mm) 2.6 micron; Solvent A: 95%
water, 5% acetonitrile, 0.05% TFA; Solvent B: 5% water, 95% acetonitrile, 0.05% TFA;
Gradient: 0-100% B over 12.5 minutes, then 1.5 minutes hold at 100% B; Flow: 1.0

mbL/min, UV 300 nm.

SF( and chiral purity methods:

Method I: Lux Amylose 2 (250 x 4.6 mm) S micron; 0.2% DEA in n-hexane:
FtOH: 5:95, Flow: 2.0 mb/min, Temperature: 25 °C, UV 270 nm.

Method II: Chiralpak AS-H (250 x 4.6 mm) 5 micron; 0.2% DEA in n-hexane:
EtOH: 5:95, Flow: 2.0 mL/min, Temperature: 25 °C, UV: 270 nm.

Method H1: Chiralpak IE (250 x 4.6 mm} 5.0 micron; 0.2% DEA in EtOH, Flow:
1.0 mL/min, Temperature: 25 °C, UV: 220 nm.

Method IV: Chiralcel IE (250 x 4.6 mm) 5 micron; 0.2% DEA in n-hexane: EtOH:

50:50, Flow: 1.0 mL/min, Temperature: 25 °C, UV: 260 nm.

~ 54 -
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Method V: Chiralpak IB (250 x 4.6 mmm) S micron; 0.1% DEA in EtOH, Flow: 1.0
mi/min, Temperature: 25 °C, UV: 270 nm.

Method VI: Chiralpak 1D (250 x 4.6 mm) 5 micron; 0.1% DEA in EtOH, Flow:
1.0 mL/min. Temperature: 25 °C, UV: 254 nm.

Method VII: Chiralpak IF (250 x 4.6 mim) 5 mucron; 0.2% DEA in EtOH, Flow: 1.0
mb/min, Temperature: 25 °C, UV: 254 nm.

Method VIIE: Cluralpak TA (250 x 4.6 mm) 5 micron; 0.2% DEA in MeOH, Flow:
4.0 ml/min, Temperature: 25 °C, UV: 280 nm.

Methed IX: Chiralpak ID (250 x 4.6 ram) 5 micron; 0.2% TEA in n-hexane: EtOH
{10:90) Flow: 1.0 mL/min, Temperature: 25 °C, UV: 254 nm.

Method X: Chiralcel OJ-H (250 x 4.6 mm) 5 micron; 0.2% DEA in MeOH, Flow:
4.0 mL/min, Temperature: 30 °C, UV: 296 nm.

Method Xi: Chiralpak IC (250 x 4.6 mum) 5 micron; 0.1% DEA in MeGH, Flow:
1.0 mL/min, Temperature: 25 °C, UV: 254 nm.

Method X11: Chiralpak ADH (250 x 4.6 mm) 5 micron; 0.2% DEA in MeOH +
IPA (1:1), Flow:1.2 mL/min, Temperature: 25 °C, UV: 233 nm.

Method X1iE: Chiralpak AS-H (250 x 4.6 mm) 5 micron;, 0.2% DEA in Me(OH,
Flow: 1.2 mL/min, Temperature: 23.3 °C, UV: 271 nm.

Method X1V: Chiralpak IB (250 x 4.6 mum) 5 micron; 0.2% DEA in MeOH, Flow:
1.0 mL/min, Temperature: 25 °C, UV: 254 nm.

Method XV: Chiralpak 1D (250 x 4.6 mm) 5 micron, 0.2% DEA in MeOH, Flow:
1.0 mL/min. Temperature: 25 °C, UV: 254 nm.

Method XVE Lux Amylose 2 (250 x 4.6 mm) 5 micron; 0.1% DEA in MeOH,
Flow: 1.0 mL/min, Temperature: 25 °C, UV: 254 nm.

Method XVII: Chiralpak IF (250 x 4.6 mm) S micron; 0.2% DEA in MeOH,
Flow:1.0 mL/min, Temperature: 25 °C, UV: 254 nm.

Method XVHI: Chiralpak IE (250 x 4.6 mm) 5.0 micron; 0.2% DEA in MOH,
Flow: 1.0 mL/min, Temperature: 25 °C, UV: 220 nm.

Method XTX: Lux Cellulose 4 {250 x 4.6 mm) 5.0 micron; 0.1% DEA in EtOH,
Flow: 1.0 mL/min, Temperature: 25 °C, UV: 220 nm.

Method XX: Chiralcel OD-H (250 x 4.6 mm} 5 micron; 0.2% DEA in MeOH,

Flow: 1.0 mL/min, Temperature: 25 °C, UV: 220 nm.

~ 55 .
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Method XXE: Chiralcel OD-H (250 x 4.6 mm) S micron; 0.2% NHsOH in MeOH
and ACN (1:1), Flow: 4.0 mL/min, Temperature: 30 °C, UV: 290 nm.

Method XXH: Lux Celluiose {2 (250 x 4.6 mm) S.0 micron; 0.2 % DEA in Me(OH,
Flow: 1.0 mL/min, Temperature: 25 °C, UV: 220 nm.

Method XXIIE: Phenomenex IC (250 x 4.6 mm) 5 micron; 0.2% DEA in EtOH,
Flow: 1.0 mL/min, Temperature: 25 °C, UV: 254 nm.

Method XXIV: Whelk-1{R R) (250 x 4.6 mm) S micron, 0.1% DEA in MeOH,
Flow: 1.0 ml./min, Temperature: 25 °C, UV: 220 nm.

Method XXV: Cellulose-4 (250 x 4.6 mm} 5.0 micron; 0.1% DEA in ACN, Flow:
1.0 mL/min, Temperature: 25 °C, UV: 254 nm.

Method XX VI: Chiralpak IC (250 x 4.6 mm) 5.0 micron; 0.2% ammonia in ACN:
MeOH (1:1) Flow: 1.0 mL/min, Temperature: 25 °C, UV: 220 nm

Method XX VIE: Chiralpak IC (250 x 4.6 mm)} 5 micron; 0.2% NHaOH in MeOH
+ ACN (1:1), Flow: 1.2 mL/min. Temperature: 30 °C, UV: 235 om

Method XXV Lux cellulose-2Z (250 x 4.6 mm} 5 micron; 0.2% NH4OH in
MeOH, Flow: 1.2 mL/min. Temperature: 30 °C, UV: 240 nm

NMR Employed in Characterization of Examples:

NMR spectra were obtained with Bruker or JEOL Fourier transform spectrometers
operating at frequencies as follows: 'H NMR: 400 MHz or 300 MHz (Bruker). PC NMR:
100 MHz or 75 MHz (Bruker). Spectral data are reported in the format: chemical shift
{multiplicity, coupling constants, and number of hyvdrogens). Chemical shifts are specified
in ppm downfield of a tetramethylsilane 1nternal standard (6 units, tetramethylsilane = 0
ppm) and/or referenced to solvent peaks, which in 'H NMR specira appear at 2.49 ppm for
CD:HSOCDs, 3.30 ppm for CDHOD, and 7.24 ppm for CHCl, and which in PC NMR
spectra appear at 39.7 ppm for CD:SOCD;3, 49.0 ppm for CD:OD, and 77.0 ppm for CDCls.

All PC NMR spectra were proton decoupled.

Intermediate 1-11: (8)-4-methyl-5-{oxiran-2-yi}jisobenzofuran-1{3H}-one

-~ 56 ~
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Enantiomer-l {1-1} Enantiomeril {1-H}

Both enantiomers were synthesized according to literature procedures (WO

2010/129379).

Intermediate 2-I: (R)-4-methyl-S-(piperazin-2-vljisobenzofuran-1(3H}-one

Enantiomer-l {2-1} Enantiomer-li {2-11})

Intermediate 2A: S-bromo-4-methylisohenzofuran-1{3H}-one

Synthesized according to literature procedures (PCT Int. Appl, 2015095097},
Intermediate 2B:

4-methyl-5-(4,4,5,5-tetramethyl-1,3.2-dioxaborolan-2-vijisobenzofuran-1(3H }-one

O
o
Nt AN L O Me
-he
fe Q e

Me

A solution of Intermediate 2A (1250 g, 5510 mmol), bispinacolatodiboron

{20.97 g, 83.00 mmol) and potassium acetate (16.21 g, 165.00 mmol) in dioxane (200 mL)
was degassed with nitrogen for 20 minutes. PACL{dppCH:Clz (4.50 g, 5.51 mmol) was
added and the resulting mixture was degassed again for 10 minutes then was heated at 100
°C for 12 h. The reaction was cooled to ambient temperature, filtered through Celite® and
the filtrate was concentrated under reduced pressure. The resultant residue was washed

with #-hexane to obtain Intermediate 2B (8 55 g, 56.70%) as a black solid. The compound

~57 -
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was taken directly to the subsequent step without further purification. 'H NMR (300 MHz,
DMSO-ds)Sppm 1.28 — 143 (m, 12H),246(s, 3 H), 541 (s, 2H), 765(d,/J=79Hz |
H), 7.72 - 7.87 {m, 1 H). LCMS {(Method-1}. retention time 1 43 min, [M+H] 275 1.
Intermediate 2C: 4-methyl-5(pyrazin-2-yhisobenzoturan-1{3H}-one
o

(o]
| N
Me N\)

A solution of 2-chloropyrazine (7.94 g, 69.30 mmol), Intermediate 2B (19.00 g,
6930 mmol), and potassium phosphate tribasic (36.80 g, 173.00 mmol) in a nuxture of
1,4-dioxane (100 mbL) and HoO (20 mlL) was degassed with nitrogen for 10 minutes.
PACL{dpptpCH2C1 (2.83 g, 3.47 mmol) was added and the resulting mixture was degassed
again for 10 minutes then was heated at 100 °C for 12 h. The reaction mixture was cooled
to ambient temperature, filtered through the Celite® and the filtrate was concentrated under
reduced pressure. The residue was punfied by silica gel column chromatography
{Redisep-330 g, 40% EtOAc/n-hexane) to obtain Intermediate 2C (13.00 g, 83.00%) as
an off-white solid. 'H NMR (400MHz, DMSO-ds) 8 ppm 2.32 (s, 3 H), 5350 (s, 2H), 7.72
(d,J=75Hz 1 H),7.82(d, J=80Hz, 1 H),8.73 (¢, J=2.5 Hz, 1 H), 8.77 — 8.87 (m, 1
H}, 8.91(d, /J=20Hz 1 H). LOMS (Merthod-H): retention time 1 .00 min, [M+H] 227.0.

Intermediate 2-1 and 2-11:

To a stirred solution of Intermediate 2C (13.00 g, 57.50 mmol) tn acetic acid (150
mi ) was added palladium(Il) acetate (1.94 g, 8.62 mmol}. The reaction mixture was stirred
under Hz gas pressure (50 psi) at ambient temperature for 14 h. The reaction mixture was
filtered through Celite® and washed with MeQOH. The filtrate was evaporated under
reduced pressure and the racemate was separated into two individual enantiomers by
supercritical thid chromatography (SFC) [Chiralpak ADH (250 x 4.6 mm) 5 micron; 0.2%
DEA in MeOH + IPA (1:1), Flow: 1.2 mL/min. Temperature: 23.8 °C, UV: 235 nm]. First
eluted compound (retention time 2.98 min}, designated as Intermediate 2-I, was obtained
{(4.00 g, 30.00%) as yellow semi solid. '"H NMR (400 MHz, DMSQO-ds) 8 ppm 2.32 (s, 3
H), 2.37-2.39 (m, 1 H), 2.57 - 2.68 (m, 2 H), 2.71 - 2.85 (m, 4 H), 2.91 (d, /= 11.55 Hz,
1H), 3.94(dd, J=9.79,2.76 Hz, 1 H), 5.38 (5, 2 H), 7.64 (d, J= 8.03 Hz, 1 }), 7.79(d, J
= 8.03 Hz, | H). LCMS (Method-H) retention time 0.74 nun, [M+H] 233.0. Chiral purnity

~ 58 ~
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(Method-X11}: retention time 3.00 min, 99.0% ee. SOR: [a]** p= - 52.00 (¢ 0.05, MeOH).
Second eluted compound (retention time 3.90 min), designated as Intermediate 2-Fi, was
obtained (4.00 g, 30.00%) as a yellow solid. TH NMR (400 MHz, DMSC-ds) & pprm 2.32
(s,3H),237-239(m, 1 H), 257-268{(m, 2H),2.71-285(m, 4H),291(d, /=11.55
Hz, 1 H),394(dd, /=979, 276Hz, 1 H), 538(s, 2H), 764{(d, /=803 Hz, 1 H), 7.79
(d, /=803 He, 1 H). LCMS (Method-H) retention time 3.73 min, [M+H] 233.0. Chiral
purity (Method-XII): retention time 3.73 min, 100 % ee. SOR: {a}*’ =+ 62.00 (¢ 0.05,
MeGH).
Intermediate 3-I. (R)-4-methyl-5-(morpholin-2-yljisobenzofuran-1(3H)-one

0\>:©\/\
NH

Me O

Intermediate 3A-1:

H}-one

To a stirred solution of Intermediate 1-1 (1.00 g, 526 mmol) in ethanol (5 mL)
was added 2-(benzylaminojethanol (0.75 ml, 526 mmol} and the resuliing reaction
mixture was stirred at 85 °C for 48 h. The reaction muxture was cooled to ambient
temperature and concentrated under reduced pressure, diluted with water (30 mL) and
extracted with ethyl acetate (2 x 50 mL). The combined organic layers were washed with
brine (50 mL), dried over anhydrous sodium sulfate and evaporated under reduced pressure.
The residue was washed with #-hexane (50 mL) to obtain Intermediate 3A-1 (1.20 g,
66.90%). 'H NMR (400 MHz, DMSO-ds) & ppm 2.11 (s, 3 H), 2.56 - 2.72 (m, 4 H), 3.40 -
3.53 (m, 3 H), 3.72 (s, 2 H), 445 - 451 {m, 1 H), 498 (dd, J=7.53,4.52 Hz, 1 H), 5.27 -
537(m,2H),575(s,3H),7.18-734(m,3 H), 7.62(s, 1 H). LCMS (Method-HH): retention
time 1.48 mun, [M+H] 3422,

Intermediate 3B-I:

{R}-5-(4-benzyimorpholin-2-yi}-4-methylisobenzofuran-1{3H}-one

~ 509 .
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To a solution of Entermediate 3A-1(1.20 g, 3.51 mmol) in THF (25 mL) was added
tri-IN-butylphosphine (1.42 g, 7.03 mmol) followed by DIAD (0.82 mL, 422 mumol) and
the resulting reaction mixture was stirred at ambient temperature for 2 h. The reaction
mixture was difuted with water (30 mL) and extracted with ethyl acetate (2 x 40 mL)}. The
combined organic layers were washed with brine (40 mL), dried over anhydrous sodium
sulfate and evaporated under reduced pressure. The residue was purified by silica gel
colurmn chromatography (Redisep-40 g, 55% EtOAc/n-Hexanes) to afford Intermediate
3B-1(0.75 g, 66.00%). H NMR (400 MHz, DMSO-s) & ppm 2.18 - 2.22 (m, 3 H), 2.23 -
228 (m, 1 H), 2.51 -2.56 (m, 1 H), 2.75 (4, J= 12.55 Hz, 1 H), 2.85(d, / = 11.55 Hz, 1
H),3.55(d, J=552Hz, 2 H), 3.73-3.80 (m, 1 H),3.99(dd, J=11.55,2.01 Hz, | H), 4.82
(dd, J=10.04,2.51 Hz, 1 H), 538 (d, J=2.01 Hz, 2 H), 724 - 7.29 (m, 1 H), 7.34 (d, ./ =
4.52 Hz, 4 H), 7.58 - 7.70 (m, 2 H). LCMS (Method-D): retention time 2.74 min, [M+H]
3242

Intermediate 3-I:

A solution of Intermediate 3B-F (0.75 g, 2.32 mmol) in ethanol (50 mL) was
purged with nitrogen for 2 min. 10% P4/C {0.25 g, 2.32 mmol} was added and the reaction
mixture was stirred at ambient temperature for 3 h under H» atmosphere. The resulting
reaction mixture was concentrated under reduced pressure, diluted with water, neutralized
by aq. NaHCOs and extracted with ethyl acetate (2 x 25 mL). The combined organic layers
were washed with brine (10 mL), dried over anhydrous sodium sulfate and evaporated
under reduced pressure. The residue was purified by column chromatography (Alumina-24
g, 5% MeOH/DCM) to obtain Intermediate 3-1 (0.25 g, 46.20%). 'H NMR (400 MHz,
DMSO-ds) 5 ppm 2.27 (s, 3 H), 2.45 (d, J=2.51 Hz, 1 H), 2.77 - 2.81 (m, 2 H), 2.93 (dd,

J=1255,2.51 Hz, 1 H), 3.63 - 3.70 (m, 1 H), 3.90 - 3.95 (m, 1 H), 4.71 (dd, J = 10.04,

251 Hz, 1 H), 539 (d, J = 3.01 Hz, 2 H), 7.60 - 7.63 (m, | H), 7.66 - 7.69 (m, 1 H),
{Exchangeable proton not observed}. LUCMS (Merhod-f): retention time 0.89 min, [M+H]
23472,

Intermediate 4;

5-{1-{{(1 H-pyrazol-4-yh)methyl}-4.4-difluoropiperidin-3-vl}-4-methylisobenzofuran-1(

- 60 -
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3H)-one

~1

A solution of S5-bromo-4-methylisobenzofuran-1(3H)-one (1.70 g, 7.53 mmol),
tert-butyl 4-oxopiperidine-1-carboxylate (2.50 g, 12.55 mmol) and Cs2C05 (491 g, 15.00
mmol) in toluene (50 mL) was degassed with nitrogen for 20 minutes. PACL{dtbpf) (0.81
g, 1.25 mmol) was added and the resulting mixture was degassed again for 10 minutes and
then heated at 110 °C for 12 h. The reaction mixture was cooled to ambient temperature,
filtered through Celite® and the filtrate was concentrated under reduced pressure. The
residue was purified by column chromatography (Redisep-24 g, 60% EtOAc/n-hexanes) to
obtain Intermediate 44 (0.90 g, 20.77%). 'H NMR (400 MHz, DMSO-ds} 8 ppro 1.41 -
147 (m, 9 H), 2.21 (s, 3 H), 2.39 - 2.48 (m, 1 H), 2.65 - 2.76 {m, 1 H), 3.47 (br. s, 2 H),
4.04-4.21 (m, 3 H), 5.41 (d, J=3.01 Hz, 2 H), 739 (d, /= 8.03 Hz, 1 H), 7.65 (d, /= 8.03
Hz, 1 H). LCMS (Method-H): retention time 1.92 min, [M+H,0] 3632

Intermediate 4B: tert-butyl
4,4-difluore-3-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)piperidine-1-

carboxylate

-

To a stirred solution of Intermediate 44 (0.05 g, 0.14 mmol) in DCM (5 ml.) at 0°
C was added DAST (0.19 mL, 1 .44 mmol) and the reaction mixture was stirred at ambient

temperature for 2 h. The resulting reaction mixture was concentrated under reduced

-~ 61 -
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pressure, diluted with water (10 mL), neutralized by ag. NaHCOs; (10 mL) and extracted
with DCM (3 x 20 mL). The combined organic layer was washed with brine (10 mL)}, dried
over anhydrous sodium sulfate and evaporated under reduced pressure. The residue was
purified by column chromatography (Redisep-12 g, 35% EtOAc/n-hexanes) to obtain
Intermediate 4B (0.02 g, 37.60%). 'H NMR (400 MHz, DMSO-ds) & ppm 142 (s, 9 H),
2.12-2.19 (m, 2 H), 2.22 (s, 3 H), 3.09 (br. s, 1 H), 3.37 - 3.44 (m, 1 H), 3.60 (d, J = 9.54
Hz, 1 H), 3.98(d,J=17.07 Hz, 1 H), 4.13 (br. s, 1 H), 543 (d, /= 5.52 Hz, 2 H), 7.58 (d,
J=703Hz 1 H), 7.70 (d, J = 8.03 Hz, 1 H). ¥F NMR (400 MHz, DMSO-ds) & ppm -
93.57, - 111.02. LCMS (Method-H): retention time 2.45 min, [M+H] 368.2.
Intermediate 4C:

5-{4.4-difluoropiperidin-3-yl}-4-methylisobenzofuran-1{3H}-one

To a solution of Intermediate 4B (0.24 g, 0.65 mumol) in DCM (25 mL) at 0 °C
was added 4N HCI in dioxane (5 mL, 1.14 mmol). The resulting mixture was stirred at
ambient temperature for 2 h. The reaction mixture was concentrated to dryness and diluted
with water (10 mL). The aqueous layer was washed with ethyl acetate (2 x 20 mL), basified
with 10% NaHCO; solution and extracted with DCM (3 x 50 mL). The combined organic
layers were washed with brine (10 ml), dried over anhydrous sodium sulfate and
evaporated under reduced pressure to obtain Intermediate 4C (0.12 g, 68.70%). 'H NMR
(400 MHz, DMSO-ds) 8 ppm 1.94 - 2.12 (m, 2 H), 2.29 (s, 3 H), 2.76 (td, J = 12.93, 3.26
Hz, 1 H),2.96-3.06 (m, 2H),3.14(d, /= 12.05 Hz, 1 H), 3.51 -3.63 (m, 1 H), 5.38 -5.43
(o, 2 H), 752 - 757 {m, 1 H), 767 (d, J = 8.03 Hz, 1 H) (Exchangeable proton not
observed). °F NMR. (400 MHz, DMSO-ds) 5 ppm - 88.62, - 110.24. LCMS (Method-H):
retention time 1.34 mun, [M+H] 268.0.

Intermediate 4:

To a solution of Intermediate 4C (0.10 g, 0.37 mmol) in MeOH (2 mL) was added
1H-pyrazole-4-carbaldehyde (0.030 g, 0.37 mmol} and the reaction mixture was stirred at
ambient temperature for 15 min. To this mixture was added NaCNBH:z (0.071 ¢, 1.12

mmol) and stirring was continued for 12 b. The reaction mixture was diluted with water
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(15 mL.) and extracted with DCM (3 x 20 ml.). The combined organic layer was washed
with brine (20 mL), dried over anhydrous sodium sulfate and evaporated under reduced
pressure. The resulting residue was washed with diethyl ether (20 mL) to obtain
Intermediate 4 (0.08 g 61.60%). 'H NMR (400 MHz, DMSO-de) 8 ppm 2.08 - 2.18 (m,
2H)223(s,3H)2.76(d,/=1104Hz 1 H)286(d, J=1155Hz, 1H)345(s,2H)3.65
-380(m 2H)4.78(d, /=803 Hz, TH)S33-543(m, 2H) 741 (br.s, 1 H)7.52-7.71
{m, 3 H) 12.64 (br. s, 1 H) LCMS (Method-H}: retention time 1.121 min, [M+H] 348.2.

Intermediate 5-1:
{R}-5-(4-({6-bromopyridin-3-yDimethyljmorpholin-2-vi}-4-methylisobenzofuran-
1(3H)-one

Mo 0. N” “Br

Intermediate 8- was prepared (0.25 g, 72.30 %), by using a similar synthetic
protocol as that of Intermediate 4 and starting from 6-bromonicotinaldehyde (0.15 g, 0.85
mmol) and Intermediate 3-I LCMS (Method-7): retention time 0.68 min, [M-+H] 403.0.
The compound was taken directly to the subseguent step without further purification or
characterization.

Intermediate 6: 6-{(4-formyl-1H-pyrazol-I-yljnicotinonitrile

TN

N}T\

\\\\;(\Mﬁ

o

(@]
~
‘2

To a stirred solution of 1H-pyrazole-4-carbaldehyde (1.00 g, 10.40 mmol) and
6-bromo-4-methylnicotinonitrife (2.05 g, 10.40 rmmol) in dioxane (15 ml) were added
K2CO3 (431 g, 31.20 mmol) The resulting reaction mixture was degassed with nitrogen
for 5 minutes then copper (I) 1odide (0.59 g, 3.12 mmol) was added, followed by
trams-N,N'-dimethvlcyclohexane-1,2-diamine (2.59 ml, 164 mmol). The resulting
mixture was degassed again for 10 minutes and heated at 110 °C for 1 h under microwave

irradiation. The reaction mixture was cooled to ambient temperature, filtered through
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Celite® and the organic layer was concentrated under reduced pressure. The residue was
purified by column chromatography (Redisep-24 g, 20-40% EtOAc/ n-hexane) to obtain
Intermediate 6 (1.15 g, 52.10%) as pale yellow solid. 'H NMR (300 MHz, DMSO-ds)
8 ppm 2.62 (s, 3 H), 8.10 (s, 1 H), 838 (s, 1 H), 895 (s, 1 H), 9.37 (s, 1 H), 9.98 (s, 1 H).
LCMS (method-13), retention time 1.68 min, [M+H] 213 2.
Intermediate 7: 5-bromo-3-methylbenzofdjoxazoel-2(3H)-one
Me

e n
R

S
Synthesized according to literature procedures (PCT Int. Appl., 2010130773},
Intermediate §:
3-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhbenzofdjoxazol-2(3H}-one
Ms Me

Me
B . N
L
O
Intermediate 8 was prepared (1.30 g, 59.80%) as a yellow solid, by using Intermediate 7
{1.50 g, 6.44 mmol) in a manner similar to that described for Intermediate 2A. 'H NMR
(300 MHz, DMSO-de) § ppm 1.31 (s, 12 H), 337 (s, 3 H), 7.34 (d, /=793 Hz, 1 H), 7.41
-7.54 (m H). LCMS (Method-D): retention time 2.79 min, [M-H] 292.2 {water adduct).

Intermediate 9: 6-(4-formyl-5-methoxy-1H-pyrazol-1-yl}-4-methyinicotinenitrile

N
Intermediate 9A: dimethyl Z-({(dimethylamino)methylene)malonate

ﬁiﬁe

Me"N |

e

O
Me

Me
o O
To a solution of dimethyl malonate (10.00 g, 76.00 mmol} in toluene (100 mL) was

added DMF-DMA (20.27 mL, 151.00 mmol) at ambient temperature under a nitrogen
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atmosphere. The resulting reaction mixture was heated at 100°C for 5 h. The reaction
nmixture was cooled to ambient temperature and concentrated under reduced pressure to
obtain Intermediate 94 (13.00 g, 84.00%) as a yellow solid. 'H NMR (400 MHz, CDCls)
8 ppm 2.92 - 3.07 (m, 6 H), 3.66 - 3.72 (br.s., 3 H), 3.74 - 3.79 (br.s.. 3 H), 7.53 (s, 1 H).
LCMS (Method-D). retention time 0.63 min, [M+H] 1882 The compound was taken

(¥, )

directly to the subsequent step without further punification or characterization.
Intermediate 9B: methyl S-methoxy-1H-pyrazole-4-carboxylate
Q

Oide
fi
] \ —Oie

"M
g

To a solution of Intermediate 9A (13.00 g, 69.40 mmol) in EtOH (50 mL) was
10 added NHoNHz ZHCH (729 g, 6940 mmol) at ambient temperature under a uitrogen
atmosphere. The resulting reaction muxture was heated at 70°C for 5 h. The reaction
mixture was cooled to ambient temperature and concentrated under reduced pressure. The
residue was dissolved in BCM (250 mL) and basified with saturated NaHCO3 solution (0.5
L) The organic layer was separated, washed with brine (20 mL), dried over anhydrous
15 sodium sulfate and evaporated under reduced pressure. The residue was purified by column
chromatography (Redisep-120 g, 45-50% EtOAc/n-hexanes) to obtain Intermediate 9B
(2.50 g, 13.14 %) as a pale yellow solid. 'H NMR (300 MHz, DMSO-ds) § ppm 3.67 (5, 3
H), 3.84 (s, 3 H), 8.11(d,./=2.27 Hz, 1 ), 12.56 (br. 5., 1 H). LCMS (Adethod-D): retention
time 0.48 mun, [M+H] 157.0.
20 Intermediate 9C: methyl

I-{53-cyano-4-methylpyridin-2-yvl}-S-methoxy-1H-pyrazole-4-carboxyiate

Me Q-

%/&Q
z/

Ml N"

Me/‘\\ﬁ)

CN

Z

Intermediate 9C was prepared (0.80 g, 15.42 %) as a beige solid, using a similar
synthetic protocol to that of Intermediate & and starting from Intermediate 9B (2.50 g,

25 16.01 mmol). BH NMR (400 MHz, CDCls) 8 ppm 2.64 (s, 3 H), 3.87 (s, 3 H), 4.11 (s, 3 H),
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781 {(d,/J=100Hz 1 H), 857 (s, 1 H}, 889 (5, 1 H). LCMS (Method-H): retention time
1.81 min, [M+H] 273.
Intermediate 9D

I-{5-cyane-4-methylpyridin-2-yi}-S-methoxy-1 H-pyrazele-4-carboxylic acid

o]
HO
/A
N
#Mal N”
~
Me =
5 CN

To a solution of Intermediate 9C (0.80 g, 2.94 mmol) in THF (25 mL) was added
{(CH3;SIOK (1.50 g, 11.75 mmol) and stirring was continued at ambient temperature for
16 h. The reaction mixture was diluted with water (80 rul.), neutralized with solid citric
acid and extracted with ethyl acetate (2 x 80 mL}. The combined organic layers were
10 washed with brine (30 mL), dried over anhydrous sodium suifate and evaporated under
reduced pressure to obtain Intermediate 9D (0.75 g, 61.30%) as beige solid. ‘H NMR (300
MHz, DMSO-ds) § ppm 2.59 (s, 3 H), 4.00 (s, 3 H), 7.86 (s, 1 H), 8.78 (s, 1 H), 8.85 (s, 1
H), 12.37 - 12.91 (br. s, 1 H}). LCMS (Method-H): retention time 0 40 min, [M+H] 2595,

Intermediate 9K

[
(W4

6-{4-(hydroxymethyl}-S-methoxy-1 H-pyrazol-1-yl}-4-methylnicotinonitrile

1944

To a solution of Intermediate 9D (0.75 g, 2.90 mmol} in THF (15 mL) was added

TEA (121 mL, 8 71 mmol) followed by isobutyl chlorotormate (0.76 mL, 581 mmol)at 0

°C under a nitrogen atmosphere. The reaction mixture was stirred at ambient temperature

20 for 16 h. The reaction mixture was filtered through a scintered glass funnel and the filtrate
was cooled to 0°C and treated with a solution of NaBHs (0.22 g, 5.1 mmol) in water (2

mL) for 10 minutes. The resultant mixture was allowed to reach ambient temperature and

stir for 16 h. The reaction mixture was diluted with saturated NHsCl (40 mL) and extracted
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with ethyl acetate (2 x 100 mL). The combined organic layers were washed with 10 %
NaHCO; solution (30 mL), dried over anhydrous sodium sulfate and evaporated under
reduced pressure to obtain Intermediate 9K (043 g, 53.30%) as beige solid. 'H NMR (400
MHz, DMSO-ds) & ppm 2.54 (s, 3 H), 3.96 (s, 3 H), 4.30(d, J=5.02 Hz, 2 H), 4.97 (t, J =
552Hz L H), 772(s, 1 H), 837 (s, 1 H), 8.75 (s, | H). LCMS (Method-1)): retention time
1.681 min, [M+H] 245.0.

Intermediate 9:

To a solution of Intermediate 9E (0.40 g, 1.64 mmol) in DCM (30 mal.) was added
Dess-Martin periodinane {1.39 g, 3.28 mmol) at ambient temperature under a nitrogen
atmosphere and stirring was continued for 20 h. The reaction mixture was diluted with
DCM (50 mb) and 10 % NaHCO; (50 mL) was added. The organic layer was separated
and washed with brine (30 mL}, dried over anhydrous sodium sulfate and evaporated under
reduced pressure to obtain Intermediate 9 (0.30 g, 68.10%) as beige solid. 'H NMR (400
MHz, DMSO-ds) 8 ppm 2.61 (s, 3 H), 4.05 (s, 3 H), 7.91 (5, 1 H), 890 (s, 1 H), 9.18 (5, 1
H}, 9.85 (s, 1| H). LOCMS (Method-H): retention time 2.13 min, [M+H] 243 0.

By
YR
i P

53]

Intermediate 10A: 6-bromo-4-iedonicotinenitrile
Br
g
SN
CH
To a solution of diisopropylamine (7.79 mL, 54.60 mmol) in THF (100 mL} was
added n-Bul.i (21.86 mL, 54,60 mmol) at -78°C under a nitrogen atmosphere. After 30
minutes, 6-bromonicotinonitrile (10.00 g, 54.6 mmol} in THF (20 mL) followed by lodine
(15.26 g, 60.10 mmol}) in THF (10 mL) was added and stirring was continued for 2 h. The
resulting reaction mixture was diluted with saturated NH4(1 (40 mL) and extracted with
ethyl acetate (2 x 200 mL). The combined organic layer was washed with brine solution
{30 mL), dried over anhydrous sodium sulfate, and evaporated under reduced pressure. The
residue  was purified by column  chromatography  (Redisep-80 ¢ 10-15%

EtOAc/n-Hexanes) to obtain Intermediate 104 (6.50 g, 38 50%) as brown solid. 'H NMR
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{400 MHz, DMB30-ds) 6 ppm 8.51 (s, 1 H), 876 (s, 1 H). LCMS: The compound did not
ionize well.

Intermediate 10:

To a solution of Intermediate 184 (0.60 g, 1.94 mmol) in a mixture of toluene (10
mi.} and water (2 mL} was added cyclopropylboronic acid (0.20 g, 2.33 mmol) followed
by KsPOs (0.82 g, 3.88 mmol) and the resulting mixture was degassed for 15 minutes.
Palladium(Il} acetate (0.05 g, 0.19 mmol} and tricyclohexylphosphine (0.11 g, 0.39 mmol}
ware added. The resulting mixture was degassed again for 10 minutes and heated at 140 °C
for 1 h in the microwave. The reaction mixture was cooled to ambient temperature and
filtered through Celite®. The filtrate was concentrated under reduced pressure. The residue
was purified by column chromatography (Redisep-12 g, 15-20% EtOAc/n-Hexanes) to
obtain Intermediate 18 (0.10 g 23.08 %) as a yellow solid. 'H NMR (400 MHz,
DMSO-ds) & ppm 0.93 - 1.02 {m, 1 H), 1.04 - 1.13 (m, 1 H), 1.19 - 1.35 (m, 2 H), 2.05 -
221 (m, 1 H), 851 (s, 1 H), 875 (s, 1 H}. LCMS (Method-D): retention time 2.25 min,
[M-+2H] 223.0.

CH

To a solution of I[H-imidazole-4-carbaldehyde (0.50 ¢ 520 mmol) and
6-chloro-4-methoxynicotinontirite (1.05 g, 6.24 mmol) in DMF (10 mL) was added K2COs
(1.08 g, 7.81 mmol) at ambient temperature under a nitrogen atmosphere. The resulting
reaction mixture was heated at 90°C for 1 h. The reaction ruixture was cooled to ambient
temperature and dituted with ice water (30 mL). The resulting precipitate was filtered and
was washed with ethanol (2 mL) to obtained Intermediate 11 (.30 g, 25.00%).'"H NMR
(400 MHz, DMSO-ds) & ppm 4.13 (s, 3 H), 7.81 (s, T H), 8.83 (s, 2 H), 8.95 (d, /= 1.19
Hz, 1 Hj, 9.87 (s, 1 H). LCMS (Method-L}: retention time 0.75 min, [M+H]} 229.1.

Intermediate 12-1:
{R}-6-(4-({(2-hydroxy-2-{4-methyl-1-0x0-1,3-dihvdroisebenzofuran-S-yljethyl)amino}

methyl}-1 H-pyrazel-1-yl)}-4-methyinicotinonitrile
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Intermediate 12A-1:

{R}-5-(2-amino-1-hydroxyethyl}-4-methylisobenzofuran-1{(3H)-one

3 ~.

[»)
Ny \E’/\NHQ
e OH

To a solution of Intermediate 1-1 (1.00 g, 5.26 mmol) in MeOH (40 mL) at -10 °C
was purged excess of ammonia gas and the resulting reaction mixture was stirred at 50 °C
for 16 h in a sealed tube. The reaction mixture was concentrated under reduced pressure
and the residue was washed with ether (30 mL) to obtain Intermediate 12A-1 (075 g,
68.80%). 'H NMR (400 MHz, DMSO-ds) & ppm 2.26 (s, 3 H), 2.52 - 2.56 (m, 1 H), 2.69
(dd,J = 13.05, 4.02 Hz, 1 H), 4.80 (dd, /=8.03,3.51 Hz, 1 H), 538 (d, /= 1.51 Hz, 3 H),
7.65 (s, 2 H}, (Z Exchangeable protons not observed). LCMS (Method-H): retention time
054 min, [M+H] 208 2.

Intermediate 12-1:

To a solution of Intermediate-6 {(0.20 g, 0.94 mmol} in MeOH (S mL} was added
acette actd (0.08 mL, 1.42 mmol) followed by Intermediate 12A-1 (0.23 g, 1.13 mmol)
and the reaction mixture was stirred at ambient temperature for 10 minutes. To the reaction
was added NaCNBH: (0.18 g, 2.83 mmol) and stirring was continued tor 12 h. The reaction
mixture was diluted with water (20 mL), basified with 10% NaHCOs solution and extracted
with ethyl acetate (2 x 30 mkL). The combined organic layers were washed with brine (20
ml.), dried over ashydrous sodium sulfate and evaporated under reduced pressure. The
residue was purified by HPLC [Luna C18 (250 x 30ID) 5 micron; Solvent A : 0.1% TFA
in HzO, Solvent B: Acetonitrile, Gradient: 20-100 over 14 min, Flow: 25 mL/min, retention
time 11.16 min, UV 220 nm] to obtain Intermediate 12-1 (0.09 g, 22.86%). 'H NMR (400
MHz, CDCl3) 8 ppm 2.28 (5, 3 H), 2.63 (s, 3 H), 2.77 - 2.67 {m, 1 H), 3.03 - 2.93 (m, 1 H),
3.62 (m, 2 H), 3.86 (d, J = 6.00 Hz, 2 H), 5.10 - 5.03 {m, 1 H), 525 (s, 2 H), 7.80 - 7.74
(m, 3 H), 7.95 (d,J= 0.80 Hz, 1 H), 8.49 (d, J= 0.80 Hz, 1 H), 8.59 (s, 1 H). LCMS/HPLC
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(Method-HY. retention time 1.80 min, [M+H] 404.2, purity: 99.7%. (Method-Cy: retention
time 10.54 min, purity: 99.70%. Chiral purity (Method-1T): retention timme 9.44 min, 100%
ee.

Intermediate 13-

{R}-MN-A(1-(S-cyano-4-methylpyridin-2-y)-1 H-pyrazol-4-ylimethyl}-2-hydroxy-N-(2-h

W

ydrexy-2-{4-methyi-1-ox0-1,3-dihydroisobenzofuran-5-yljethylacetamide

e
{01
Me HO /\L/%
N
© 0
e {‘Me

Ch
To a stirred solution of Intermediate 12-1(0.23 g 0.57 mmol} and 2-hydroxyacetic
acid {0.05 g, 0.57 mmol} in BCM (10 mL) was added HATU (0,43 g, 1.14 mmol} followed
10 by DIPEA (0.29 mL, 1.71 mmol}. The resultant mixture was stirred at ambient temperature
overnight. Water (30 mL) was added to the reaction mixture, which was then extracted with
DCM (3 x 20 mL). The combined organic layers were washed with brine (20 mL), dried
over sodium sulfate and evaporated under reduced pressure. The residue was purified by
column chromatography (Redisep-12 g, 10-12% MeOH in DCM), to obtain Intermediate
15 13-1(0.15 g, 57.00%) as an off-white solid. 'H NMR (400 MHz, DMSO-6) 8 ppm 2.21 -
235¢m, 3 H), 258(s, 3 H),L 3.14-329(m, 1 H), 337-368(m, 1 H),410-436(m, 2
H), 441 -478 (m, 3 H), S08-530{(m, 1 H),531-545(m, 2 H),566-592(m, 1 Hj,
761 =777 {(m, 2H), 784 (s, 1 H), 794 - 802 (m, 1 H), 857 (s, 1 H), 8.84 (5, 1 H).
LCMS/HPLC (Method-A). retention time 1.382 min, [M+H] 462.1, purity: 98.52%.
20 {(Method-B): retention time 1.372 min, [M+H] 462 1, purity: 99.62%.
Intermediate 14-L:

{R}-5-(4-((1 H-pyrazol4-yhmethyymorpholin-2-yl}-4-methylisocbenzefuran-1 (3H})-

one
Q
N
o |
Me 9\/J L"NH
25 Intermediate 14-1 was prepared (0.75 g, 27.90%), by using a similar synthetic

protocol as that of Intermediate 4 and starting from Intermediate 3-1 (2.00 g, 8 57 mmol).

i
~
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I NMR (400 MHz, DMSO-de) § ppm 1.78 - 1.87 (m, 1 H), 2.11 -2.20 (m, 1 H}, 2.23 (5,
3HY, 276(d, J=11.04 Hz, 1 H),286(d, /= 1155Hz, 1 H),3.45(s, 2 H}, 3.67-3.79 (m,
1H),397(d, J=954Hz 1 H),478(d,/=803Hz | H),538(d, /=201 Hz 2H), 741
(br.s, 1 H), 757 -7.62(m, 2 Hj, 7.64 - 7.69 (m, 1 H), 12,64 (br. s., 1 H). LCMS/HPLC
(Method-H): retention time 0.767 min, [M+H] 314.2.

(¥, )

Intermediate 13: 4-methoxy-6-(4-(Z-oxoethyl}-1H-pyrazol-1-ylnicotinonitrile

Intermediate 15A: 3-{diethoxymethyl}-2-ethoxytetrahydrofuran
e

I}

8]
o]
N Mo

o

o \ e
10 FeCl3 (0.02 g, 0.14 mmol) was added to a flask containing triethoxyrmethane (23.26
g, 157.00 mmol) and cooled to 10 °C. The resulting reaction mixture was stirred at the same
temperature for 30 munutes and 23-dihydrofuran (10.00 g, 143.00 mmol} was added
dropwise over 30 minutes. The reaction mixture was stirred at 10 °C for 1 h, diluted with
DCM (100 mL) and filtered through Celite®. The filtrate was concentrated under reduced
15 pressure to obtain Intermediate 154 (30.00 g, 96.00%) as brown oil. ' NMR (400 MHz,
CDCHs) 8 ppm 1.09 - 1.29 (m, 9 H), 1.76 (dd, J = 12.55, 5.52 Hz, 1 H), 1.84 - 2.13 (m, |
H), 2.29 -2.57 (m, 1 H), 3.38 -3.81 (m, 6 H), 3.82 -4.14 (m, 2 H), 4.33 (d, /=8.53 Hz, 1

H), 4.88 -5.00 (m, 1 H).

Intermediate 158: 2-(1H-pyrazol-4-yljethanol
20
HO

A,

N
\.N’
H
To a solution of NHoNH: - ZHCI (18.75 g, 179.00 mmol) in a nuxture of water (50
mL} and ethanol (25 mL} was added Intermediate 15A (30.00 g, 137.00 mmol) at 0 °C.

The reaction mixture was stirred at 0 °C for 1 h and at ambient temaperature for T h. Sodium

H

~1
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carbonate (30.00 g) was added to the reaction mixture and evaporated to dryness under
reduced pressure. The residue was washed with ethanol (100 mL) and evaporated to obtain
Intermediate 158 (15.00 g, 92.00%) as a brown oil. 'H NMR (400 MHz, CDCl:) § ppm
278, J=638Hz, 2H),3.72(d, J=725Hz 1 H),3.77 -3.88 (m, 2 H), 749 (s, 2 H},
9.52 - 10.74 {m, 1 H). LCMS {(Method-I}: retention time 0.40 min, [M-+H]} 113.0.

Intermediate 13C:
6-{4-(2-hydroxyethyl}-1H-pyrazol-1-vi}-4-methoxynicetinonitrile

HG

Z /g
4

\ﬁ/

N©

L Ohe
CN

To a solutton of Intermediate I1SB (030 g 446 mmol) and
o-bromo-4-methoxynicotinonitrile (0.95 g, 4.46 mmol) in dioxane (20 mL) was added
KoCOs (1.54 g, 1115 mmol) and XANTPHOS (0.52 g, 0.89 mmol} and the resulting
reaction mixture was degassed with nitrogen for S minutes. Pdo(dbai(0.41 g, 0.45 mmol)
was added and the resulting mixture was degassed again for 5 nunutes then heated at 100
°C for 16 h. The reaction mixture was cooled to ambient temperature, filtered through
Celite® and the filtrate was concentrated under reduced pressure. The residue was purified
by column chromatography (Redisep-24 g, 2 - 2.5 % MeOH in DCM), to obtain
Intermediate 15C (0.40 g, 36.70%) as a pale yellow solid. tH NMR {400 MHz, DMSO-ds)
§ ppm 2.65 (t,./ = 6.78 Hz, 2 H), 3.61 (td, J = 6.78, 5.02 Hz, 2 H), 4.10 (5, 3 H), 4.62 - 4.76
(m, 1 H), 7.58 (5, 1 H), 7.81 (s, 1 H), 847 (s, 1 H), 8.73 (s, 1 H). LCMS (Method-I):
retention time 0.83 min, [M+H] 2453,

Intermediate 13:

To a stirred solution of Intermediate 153C (0.20 g, 0.82 mmol} in BCM (10 mL)
was added Dess-Martin periodinane (0.52 g, 1.23 mmol} and the reaction mixture was
stitred at ambient ternperature for 10 minutes. The reaction mixture was diluted with 10%
NaHCOs3 (30 mL) and extracted with DCM (3 x 25 mL). The combined extracts were
washed with brine (20 mL), dried over sodium sulfate and evaporated under reduced
pressure to obtain Intermediate 15 (0.20 g, 45.32%). LCMS (Method-1). retention time

0.95 min, [M+H] 243.0. The compound was taken directly to the subsequent step without

~3
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further purification or characterization.
Intermediate 16: 6-(S-(chloremethyl}-1.3,4-0xadiazol-2-ylinicotinenitrile
cs/\{ﬁ‘
N
Q‘\?’!
N \”\é
CHN
Intermediate 16A: methyl S-cyanopicolinate
Q. C¥e

he

i/a

O

¥4

To a stirred solution of 6-bromonicotinonitrile (3.00 g, 16.39 mmol} in MeOH (80
mL ) and DMF (80 mL) was added PACL{dppt)-CH2Ch(2.68 g, 3.28 mmol) and TEA {(5.71
mL, 41.00 mmol}). The resultant mixture was heated at 60 °C under an atmosphere of CO
(50 psi pressure) for 14 h. The reaction mixture was cooled to ambient teroperature and
10 filtered through Celite®. The filtate was concentrated under reduced pressure. The residue
obtained was puritied by column chromatography (Redisep- 40.00 g 60%
FtOAc/n-Hexanes) to obtain Intermediate 16A (2.25 g, 85.00%) as an off white solid. 'H
NMR (400 MHz, DMSO-s) 8 ppm 3.93 (s, 3 H), 8.20 (dd, J = 8.03, 1.00 Hz, 1 H), 8.54
(dd, /=8.03,2.01 Hz, 1 H), 9.09 -9.25 (m, | H). LCMS (Method-L): retention time 0.70

15 ming, [M+H] 1631

Intermediate 168: 5-cyanopicolinohydrazide

CH
To a stirred solution of Intermediate 164 {2.25 g, 13 .88 mmol) in EtOH (30 mL})
was added hydrazine hydrate (3.39 mL, 6940 mumol). The reaction mixture was stirred at
20 80 °C for 14 h then cooled to ambient temperature. The resultant precipitate was filtered

and washed with EtOH (30 mL) to obtain Intermediate 168 (1.90 g, 84.00%) as a white

~d
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solid. TH NMR (400 MHz, DMSO-ds) 6 ppm 468 (d, /=402 Hz, 2 H), 791 -8.23 (m, |
H), 842 - 8.61 (m, 1 H), 8.92 - 924 (m, 1 H), 10.21 (br. 5., 1 H). LCMS (Method-L):
retention time 0.45 min, [M+H] 163 1.

Intermediate 16:

To a stirred solution of Intermediate 16B (1.00 g, 6.17 mmol) in POCh (15 mL)
was added 2-chloroacetic acid (0.58 g, 6.17 mmol). The resulting reaction nuxture was
refluxed at 100 °C for 14 h then was cooled to ambient temperature. POCI; was evaporated
under reduced pressure and the mixture was diluted with ice water (100 mL). The acidic
solution was basified by slow addition of solid NaHCOs and extracted with ethyl acetate (3
x 50 mL). The combined organic extracts were washed with brine (50 mL), dried over
sodium sulfate and evaporated under reduced pressure. The residue was purified by column
chromatography (Redisep-40 ¢, 20% EtOAc/n-Hexane) to obtain Intermediate 16 (025 g,
18.37%) as an yellow solid. "H NMR (400 MHz, DMSO-ds) 8 ppm 5.20 (s, 2 H), 8.38 (dd,
J=853,1.00Hz 1H), 855-864 (m, 1 H), 924 (dd, /= 2.01, 1.00 Hz, 1 H} (Method-1}:
retention time 0.84 min, [M+H] 2214

Intermediate 17:
6-(S-{chloromethyl}-1,3,4-oxadiazol-2-yl}-4-methyinicotinonitrile

c:;/”\r;N‘

Intermediate 17A: methyl S-cyano-4-methylpicolinate

O Ohe
E RN
|
- Me
N

Intermediate 17A was prepared (1.05 g, 39.10%) as an oft white solid, by using a
similar synthetic protocol as that of Intermediate 16A and starting from
6-bromo-4-methylnicotinonitrile (3.00 g, 15.23 mmol). 'H NMR (400 MHz, DMSO-ds) 8
ppm 2.060 (s, 3 H), 3.92 (s, 3 H), 7.85 - 833 (m, 1 H), 9.04 (5, 1 H). (Method-I. retention
time 0.76 mun, [M+H] 177 2.

H
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Intermediate 178: S-cyano-4-methylpicolinohydrazide

Ny
o NH

N7
E

= Me
CH
Entermediate 17B was prepared (0.45 g, 82.00%) as white solid, by using a similar
synthetic protocol as that of Intermediate 168 and starting from Intermediate 17A (0.55
g, 3.12 mmol). "H NMR (300 MHz, DMSQO-ds} 8 ppm 2.59 (5, 3 H), 4.67 (br. 5., 2 H), 8.07
(s, 1 H), 874 - 905 (m, 1 H), 10,15 (br. s, T H). Method-): retention time 0.51 min,

[M+H] 177.2.

W

Intermediate 17:
Intermediate 17 was prepared (0.20 g, 25.03%) as yellow solid, by using a similar
10 synthetic protocol as that of Intermediate 16 and starting from Intermediate 17B (060 g,
3.41 mmol}.
"H NMR (400 MHz, DMSO-ds) & ppm 2.64 (s, 3 H), 520 (s, 2ZH), 836 (s, 1 H),
9.13 (s, 1 H). (Method-I): retention time 0.93 min, [M-H] 232.9.
Intermediate 18-1: tert-butyl

15 (R}(Z-amino-2-{4-methyl-1-ox0-1,3-dibydroisobenzofuran-S-yijethyljcarbamate

ST 5 M
\/\(/%\/\

¥ ﬁ 07 TMs
Me NH,

Intermediate 18A-HL:

Me OH

20 Intermediate 18A-1 was prepared (40.00 g, 68 80%}) as a brown solid, by using a
similar synthetic protocol as that of Intermediate 12A-1 and starting from Intermediate
1-11 (40.00 g, 210.00 mmol). 'H NMR (400 MHz, DMSO-ds) 5 ppm 2.26 (s, 3 H), 2.52 -
256 (m, 1 H), 269 (dd, /= 13.05,402 Hz, 1 H), 480 (dd, /=8.03, 351 Hz, 1 H), 538

-~ T8 -
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(d, /= 151 Hz, 3 H), 7.65 (s, 2 H). (2 Exchangeable protons not cbserved) LLMS
(Method-H): retention time 0.54 nun, [M+H] 208.2.
Intermediate 18B-11: tert-butyl

{8)-(2-hydroxy-2-{4-methyl-1-0x0-1,3-dihydroisebenzofuran-S-ylethyljcarbamate

QM i jﬁfMe
W

ﬁ £ Me
Me OH
A stirred solution of Intermediate 18A-H (40.00 g, 14500 mmol) in DCM (400

mb.) was cooled to 0 °C. TEA (60.50 ml., 434.00 mmol) followed by BOC:0 (40.30 mL,

(¥, )

174 00 mmol) were added The resulting reaction mixture was stirred at ambient
temperature overnight, diluted with water (200 mL} and extracted with DCM (3 x 200 mL).
10 The combined organic layers were washed with brine (150 mL), dried over sodium sulfate
and evaporated under teduced pressure. The residue was purfied by column
chromatography (Redisep-750 g, 2% MeOH in chloroform)} to obtain Intermediate
18B-11: (48.00 g, 80.00%) as a colorless oil. '"H NMR (400MHz, DMSO-ds) 8 ppm 1.35
(5,9 H), 2.29 (s, 3 H), 2.96 (ddd, J = 13.70, 7.90, 6.00 Hz, 1 H), 3.20 - 3.06 (m, 1 H), 4.89
15 ~5.02(m, 1 H), 5.38 (s, 2H), 5.54 (d, /= 4.50 Hz, 1 H), 6.89 (t, /= 5.80 Hz, 1 H), 7.66
(s, 2 H). LCMS (Method-I). retention time 0.93 min, [M+H] 308 4.
Intermediate 18C-1: tert-butyl
{R}-(2-(1,3-diexeisoindelin-2-y1)-2-(4-methyl-1-0xe-1,3-dihydreisobenzofuran-§-
yhethyhcarbamate

To a stirred solution of Intermediate 18B-11 (47.00 g, 113.00 mmol) in THF (800
ml.) were added triphenylphosphine (65.30 g, 249.00 mmol) followed by DIAD (39.60
mi., 204 .00 mmol). The resulting reaction mixture was stirred at ambient temperature for
2 b, diluted with water (1.5 L} and extracted with ethyl acetate (3 x 500 mL)}. The combined

25  organic layers were washed with brine (300 mL), dried over anhydrous sodium sulfate and

- 76 -
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evaporated under reduced pressure. The residue was purified by silica gel column
chromatography (Redisep - 1.5 kg, 40% EtOAc/n-hexane) to obtain Intermediate 18C-1
(50.00 g, 91.00%) as a colorless oil. 'H NMR (300 MHz, DMSO-ds) 8 ppm 1.19-1.33 (m,
9 H), 2.28 (s, 3 H), 3.63 (dt, /= 13.79, 5.57 Hz, 1 H), 3.94-4.15 (m, 1 H), 5.26-5.46 (m, 2
H), 5.65(dd, J=944,4.15Hz, 1 H), 7.23 (s, 1 ), 7.71 (d, J = 8.31 Hz, 1 H), 7.78-7.94
{m, 5 H) LCMS (Method-I}: retention time 1.23 mun, [M+H] 437 2.

Intermediate 18-

To a stirred solution of Intermediate 18C-1 (40.00 g, 92.00 mumol} in MeOH (500
mbl) was added hvdrazine hydrate (44.80 mL, 916.00 mmol}. The resulting reaction
mixture was heated at 60 °C for 14 h, cooled to ambient temperature and diluted with ethyl
acetate (200 mL). The resultant solid was filiered and the filtrate was evaporated under
reduced pressure. The residue was purified by silica gel column chromatography (Redisep
- 330 g, 2% MeOH/chloroform) to obtain Intermediate §18-§ (2850 g, 91.00%) as a
greenish oil. '"H NMR (400 MHz, DMSO-de) 8 ppm 1.35 (s, 9 H), 1.87-2.01 (m, 2 H), 2.29
{s,3H), 285297 (m, 1 H),3.10(dd, /=1230,627 Hz, 1 H), 424-434 (m, 1 H), 537
(5,2 H), 6.87-6.98 (m, 1 H), 7.64 (d, .7 = 8.03 Hz, 1 H), 7.75 (d, J = 8.03 Hz, 1 H). LCMS
(Method-I}: retention time 0.84 min, [M+H] 307 1.

Intermediate 19-1:
{K}-N-{Z-amino-1-(4-methyl-1-oxo-1,3-dihydroisobenzoturan-S-yljethyl)-2-
chleroacetamide

O
2

Gm
N \ y NH,
| et
Me HN o |
W
o
Intermediate 19A-1: tert-butyl

{R}{2-(2-chloroacetamide}-2-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-

yhethyl)carbamate
LY
72 O L)
Gm e
WNAGXMQ
i = H
Me HN\;(\CE

i
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To a stirred solution of Intermediate 18- (0.50 g, 1.63 mmol) in DCM (20 mL.) at
0 °C was added TEA (0.68 mL, 4.90 mmol) followed by chloroacetyl chioride (0.13 mL,
1.63 mmol}. The resulting reaction mixture was stirred at ambient temperature for 14 h,
diluted with water (30 mL} and extracted with BDCM (3 x 30 mL}. The combined organic
extracts were washed with brine (30 L), dried over sodium sulfate and evaporated under
reduced pressure. The residue was purified by column chromatography (Redisep-12 g, 2%
MeOH tn chloroform) to obtain Intermediate 19A-1(0.40 g, 64.00%) as an off-white solid.
'H NMR (400 MHz, DMSO-) 8 ppm 1.34 (s, 9 H), 2.34 (s, 3 H), 3.15 - 3.26 (m, 2 H),
4.08 (s, 2 H), 5.25 (q, J = 7.36 Hz, 1 H), 5.34 - 5.45 (m, 2 H), 7.00 (t, J=5.77 Hz, 1 H),
7.54(d,J=8.03 Hz, 1 H), 7.68 (d, /=8.03 Hz, 1 H), 8.76(d, J=7.53 Hz, | H). (Method-H):
retention ttime 1.53 min, [M+H}] 383 .0,

Intermediate 19-1:

To a stirred solution of Intermediate 19A-1 (0.05 g, 0.13 mmol) in DCM (10 mL)
was added TFA (1.00 ml, 12.98 mmol} and reaction mixture was stirred at ambient
temperature for 30 minutes. The reaction mixture was concentrated to dryness under
reduced pressure. The residue was dissclved in MeCN (10 mL), water (0.3 mL} and
Na2C03 (0.07 g, 0.65 mmol) was added and the reaction mixture was heated at 80 °C for
1 h. The reaction mixture was cooled to ambient temperature and excess solid sodium
carbonate was filtered off. The filtrate was dried over sodium sulfate and concentrated
under reduced pressure to obtain Intermediate 19-1 (0.04 g, 95.00%) as colorless oil. 1H
NMR (400 MHz, DMSO-ds) 8 ppm 2.36 (s, 3 H), 3.04 - 3.27 (m, 2 H), 4.04 - 4.23 (m, 2
H), 5.37-5.53 (m, 3 H), 7.61 (d, /=803 Hz, 1 H), 7.76 (d, /= 8.03 Hz, 1 H), 8.01 (br. s.,
2H), 891 (d, /=853 He, | H). (Method-1). retention time 0.53 min, [M-1] 281 3.

Intermediate 20: 6-{4-methyl-1H-imidazel-1-ynicotinaldehyde

H
£
o S
L
N ?f/\§—~Me
=y
To a stirring solution of 6-bromonicotinaldehyde (1.25 g, 6.72 mmol) in DMF (10
mL} was added KaCOs (232 g, 16.80 mmol) and 4-methyl-1H-imidazole (0.55 g, 6.72
mmol). The resulting muixture was heated at 100 °C for 1 h then cooled to ambient
temperature. The reaction was poured into ice water (30 mlL) and extracted with ethyl

acetate (2 x 75 mL). The combined organic layers were washed with brine (50 mL), dried

i
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over sodium sulfate and evaporated under reduced pressure. The residue was purified by
flash chromatography (Redisep-40 g, 0-100% EtQAc/n-Hexane)) to obtain Intermediate
20 (0.50 g, 39.70%) as light brown solid. 'H NMR (300 MHz, DMSO-d) & ppm 2.50 (s,
3H)Y,7.76(s, 1 H), 7.95(dd, /=6.00,1.20Hz, T H), 8.39(dd, /= 6.60, 1.80 Hz, 1 H), 8.55
(d, 120 Hz, 1 H), 899 (s, 1 H), 10.08 (5, 1 H), LCMS:(Method-fH) retention time :1.03
min, [M+1}: 1838.0.
Intermediate 21: 1-(S-formylpyridin-2-yl}-1 H-imidazole-4-carbonitrile
H

&

Entermediate 21 was prepared (0.40 g, 37.50%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 20 and starting from
6-bromonicotinaldehyde (1.00 g, 5.38 mmol) and 1H-imidazole-4-carbonitrile. "H NMR
{400 MHz, DMSO-d) S ppm &.11 (d, /=853 Hz, 1 H), 853 (dd, /=828, 226 Hz, 1 H),
889(d,./=151He, 1 H),903(d, /=151 Hz, 1 H},905-910(m, 1 H), 10.14 (s, 1 H).
LCMS/HPLC: (Method-H) retention time 0.85 min, [M+1} 1992,

Intermediate 22: 6-(3-methyl-1H-1,2,4-triazol-1-yljnicotinaldehyde

H

GM

iw’%‘!iz}mm

Intermediate 22 was prepared (0.30 g, 59.30%) as an off-white solid, by using a
similar synthetic protocol as  that of Intermediate 28 and starting from
6-bromonicotinaldehyde (0.50 g, 2.69 mmol} and 3-methyl-1H-1,2 4-triazole (0.33 g,
4.03 mmol). 'H NMR (400 MHz, DMSO-s) 8 ppm 242 (s, 3 H), 799 (d, /=853 Hz, |
H), 847(dd, /=853, 201 Hz, 1 H), 902-904 (m, 1 H), 937 (s, 1 H), 10.12 (s, 1 H).
LCMS/HPLC: (Method-H) retention time (.88 min, [M+1}: 189.0.

Intermediate 23-1:
{K}-5"-{((2-hydroxy-2-{4-methyl-1-ox0-1,3-dihvdroisobenzofuran-5-

vilethyhamine)methyl}-4-methoxy-{2.2'-bipyridine}-5-carbenitrile
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Intermediate 23A: 4-methoxy-6-(trimethyistannyljnicetinonitrife

M
e ‘SE:
Me” | ~x
A
”:\N
Chie

A solution of 6-chloro-4-methoxynicotinonitrile (2.00 g, 11.86 mmol) in dioxane
{10 mbL) was degassed with nitrogen for 20 minutes. Hexamethylditin (2.71 mL, 13.05
mmol} and 1, 1'- bis(di-tert-butyiphosphinojferrocene palladium (1Y) chloride (0.77 g, 1.19
mmol) were added. The resulting reaction mixture was degassed again for 10 minutes,
heated at 100 °C for 12 h and was cooled to ambient temperature. The reaction mixture was
filtered through Celite® and the filtrate was concentrated under reduced pressure to obtain
Intermediate 23A: (5.00 g, 39.50%) as a dark oil. LCMS (Method-I}: retention time 1.26
min, [M+H]299 1. The corapound was taken directly to the subsequent step without further
purification or characterization,

Intermediate 23B: 5'-formyl-4-methoxy-[2,2'-bipyridine]-5-carbonitrile

Ay

.
W” \EN\\,
/I
/\\iﬁq
Qe

A solution of 6-bromenicotinaldehyde (1.10 g, 5.91 mmol) and Intermediate 23A
{4.83 g, 6.51 mmol} in dioxane (20 mL) was degassed with nitrogen for 20 minutes. To the
stitring solution was added tetrakistriphenylphospine palladium (068 g 0.59 mmol)
followed by copper (I) 1odide (0.11 g, 0.59 mmol) and the resulting mixture was degassed
again for 10 minutes. The resulting reaction nuxture was heated at 100 °C for 16 h then
cooled to ambient temperature and filtered through Celite®. The filtrate was concentrated
under reduced pressure. The residue was purified by column chromatography (Redisep-40
g, 0-40% EtOAc/n-Hexane) to obtain Intermediate 238 (1.60 g, 79.00%) as off-white
solid. 'H NMR (300 MHz, DMSO-ds) & ppm 4.16 (s, 3 H), 8.22 (d, /= 14.35 Hz, 1 H),
846(d, /=831 Hz, 1 H), 8.55-872(m, 1 H),899(d, /=151 Hz, 1 H), 9.24 (s, | H),

-~ 80 ~
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10.20 (s, 1 H), LCMS/HPLC: (Method H) retention time: 1.63 min, [M+1]: 240.0.
Intermediate 23-1:
To a solution of Intermediate 23B (0.60 g, 1.75 mmol) in a mixture of BCM (20

mL} and MeOH (6 mL) were added 12A-1 (0.36 g, 1.75 mmol) followed by AcOH (0.40

W

ml., 7.02 mmol}. The resulting reaction roixture was stirred at ambient teraperature for 2 h
followed by the addition of NaBH(CH;CO2); (0.37 g, 1.75 mmol). Stirring was continued
for 12 h. The reaction was then diluted with water (15 mlL) and extracted with DCM (2 x
100 mL). The combined organic laver was washed with brine (50 mb), dried over
anhydrous sodium sulfate and evaporated under reduced pressure. The residue was purified
10 by prep HPLC [Symmetry C8 (300 x 19 ID) 9 micron; Solvent A: 10 mM ammonium
acetate, Solvent B: Acetonitrile, Gradient: 0-100 % B over 21 min, Flow: 18 mL/min,
retention ttme 12.50 min, UV 220 nm] to obtain Intermediate 23-1 (0.10 g, 13.76%) as a
white solid. 'TH NMR (400 MHz, DMSO-s) 8 ppm 2.22 (s, 3H), 2.58 - 2.71 (m, 2 H), 3.89
(s, 2H), 412 (s,3H), 504(br.s, 1H),530-542(m,2H), 552¢br. s, 1 H),759-771
15 (m,2H), 79 (dd, /J=R819,232Hz 1 H), 815 (s, 1 H), 838(d, /=831 Hz, 1 H), 8.67
{s, 1 H}, 8.91 (s, 1 H), (Exchangeable proton not observed). LCMS/HPLC ( Method-D}
retention time: 1.70 min, [M+1]: 431.0.
Intermediate 24: 4-methyl-0-(4-(oxiran-2-y1}-1H-pyrazol-1-y nicotinonitrile)

L N’
>‘—=:N
$ )
Me)--ﬁ<\\
N

20 Intermediate 24A: 4-methyl-6-(1 H-pyrazel-1-yviinicotinonitrile

Intermediate 24A was prepared (0.85 g, 60.60%) as an off-white solid, by using a
sumilar synthetic protocol as that of Intermediate 6 and starting from 1H-pyrazole (0.52 ¢,
7.61 mmol). 'H NMR (400 MHz, DMSO-d6) § ppm 2.50 (s, 3 H), 6.65 (s, 1 H), 7.93 (s, 1
H), 8.02 (s, 1H), 8.66(s, 1 H), 8.85 (s, | H). LCMS/HPLC: {Method-H) retention time: 1.63
min, [M+1} 185.0.

b
W
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Intermediate 24B: 6-(4-bromo-1H-pyrazel-1-vi}-4-methylnicotinonitrile
Brw

N

N

2

Me W
W

N

To a solution of Intermediate 24A (085 g, 4,61 mmol) in AcOH {20 mL) was
added bromine (0.59 mkL, 11.54 mmol) in AcOH (3 mL) drop wise. The resulting mixture
was stirred at ambient temperature for 16 h. The reaction mixture was poured into ice water
followed by the addition of saturated ammonium thiosulfate (10 mL) The precipitate
obtained was filtered and dried under reduced pressure to afford Intermediate 248 (1.12
g, 92.00%) as an off-white solid. "H NMR (400 MHz, DMSO-d6) 8 ppm 2.60 (s, 3 H), 8.02
(s, 1 H}, 8.08(s, 1 H), 888(s, 2 H). LCMS/HPLC: (Method-D) retention time: 2.89 nun,
[M+2]: 265.0.

Intermediate 24C: 4-methyl-6-(4-vinyi-1H-pyrazol-1-yl}nicotinonitrile

= R

PN

L”N!
=]
v

SR

it W
1Y

To a stirring solution of Intermediate 24B (1.12 g, 4.37 mmol) in THF (25 mL)
was added tributylvinyitin (1.66 g, 5.25 mmol} and the resulting mixture was degassed with
nitrogen for 15 minutes. Tripehnyphosphine(0.34 g, 1.31 mmol) followed by palladium(I1}
acetate (0,15 g, 0.66 mmol) were added and the mixture was degassed again for 10 minutes.
The resulting reaction mixture was heated at 80 °C for 48 h then cooled to ambient
temperature. The reaction was filtered through Celite® and the filtrate was concentrated
under reduced pressure. The residue was purified by column chromatography {Redisep-40
g, 0-10% EtOAc/n-Hexane) to obtain Intermediate 24C (0.80 g, 87.00%) as an off-white
solid. 'H NMR (300 MHz, DMSO-d6) § ppm 2.58 (s, 3 H), 5.76 (d, ./ = 17.70 Hz, 1 H),
523(d,.J = 11.10Hz, 1 H), 6.61 -6.71 (m, 1 H), 8.02 (s, 1 HJ, 8.17 (s, | H), 8.73 (s, 1 H),
8.85 (s, I H). LCMS/HPLC: (Method-H) retention time: 2.06 min, [M+1]: 211.2.

Intermediate 24:

To a stirring solution of Intermediate 24C (0.40 g, 1 90 mmol) in fert-butanol (10
mL ) and water (20 mL) was added NBS (0,40 g, 2.28 mmol} and the reaction mixture was

heated at 40 °C for 1 h. The reaction mixture was cooled to 0 °C and NaOH (0.23 g, 5.71

-87.
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mmol) inn water (5 ml.) was added. The reaction mixture was stirred at ambient temperature
2 h, diluted with water {20 mL) and extracted with ethyl acetate (3 x S0 mL). The combined
organic layers were washed with brine (20 mL), dried over sodium sulfate and evaporated
under reduced pressure to obtain Intermediate 24 (0.30 g). LCMS: (Mefhod-I} retention
time: 1.06 min, [M+1]: 227.0. The compound was taken directly to the subsequent step
without further purification or characterization.

Intermediate 25-F:

{K}-5-(4-{(2-bromothiazel-5-ylymethyijmorpholin-2-vi}-4-methylisebenzofuran-13H

!

Mo

}-one

N
Sty

Intermediate 25A: (2-bromothiazol-S-yhethanol

3
HQ'/\\/’ .
1}1\;\’? Br

To a stirring solution of methy! 2-bromothiazole-5-carboxylate (2.00 g, 9.01 mmol)
in THF (40 mL) was added LiBHs (1.96 g, 90 mmol) and stirring was continued at ambient
temperature for 48 h. The reaction mixture was evaporated under reduced pressure and the
residue was diluted with water (50 mL) and extracted with DCM (3 x 75 mbL) The
combined organic layer was washed with brine (50 mL}, dried over anhydrous sodium
sulfate and evaporated under reduced pressure. The residue was purified by column
chromatography (Redisep-40 g, 0-35% EtOAc/n-Hexane) to obtain Intermediate 25A
(0.65 g, 37.20%) as yellow solid. TH NMR (400 MHz, DMSO-d6) § ppm 4.63 (d, J = 5.60
Hz, 2 H), 567(d,/=560Hz 1 H}, 7.53 (s, 1 H). LCMS: (Method-D) retention time: .08
min, {M+21 196.0.

Intermediate 258: 2-bromothiazole-5-carbaldehyde
H

ﬂ)\ﬁs};—‘Bf’
N

Intermediate 258 was prepared (0.38 g, 64.00%) from Intermediate 25A {(0.60 g,
3.09 mmol) as a white solid, by using a similar synthetic protocol as that of preparation of
Intermediate 9 from 9E. 'H NMR (400 MHz, DMSO-d6) 8 ppm 8.55 (s, 1 H), 10.00 (s, 1

H). LCMS: The compound did not ionize well.
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Intermediate 25-1:

Intermediate 25-1 was prepared (0.35 ¢, 45.60%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 23-1 and starting from Intermediate 25B
(0.18 g, 0.93 mmol) and intermediate 3-1 (0.22 g, 0.94 mmol). 'H NMR (400 MHz,
DMSO-de) & ppm 2.24 (s, 3 H), 2.27-236 (m, 1 H), 2.76-285(m, 1 H), 2.89-2.95 (m,
TH)Y,368-377(m, 1 H), 378 (br. s, 2H),395-405(m, 1 H),464(d, J=502Hz 1
H), 476-485{(m, 1 H),539(d,/=201Hz 2H),7506(s, 1 H}7.59-7.63 (m, 1 H), 7.64
=770 {m, 1 H). LCMS: (Method-{) retention time: 1.23 nmunutes, [M+2]: 411.0.

Intermediate 26-1:
{R}-5-(4-(2-bromothiazole-S-carbonyl)morphelin-2-yl}-4-methylisobenzefuran-1(3H)

~-ORE

Intermediate 26A: 2-bromothiazole-S-carboxylic acid
O

H@/lgg\ﬁb—mar
M

To a stirring solution of methy! 2-bromothiazole-5-carboxylate (1.50 g, 6.75 mmol)
in THF (10 mL), MeGH (4 mL) and water (2 mL) was added LiOH (0.81 g, 33.80 mmol}
and stirring was continued at ambient temperature for 2 h. The reaction mixture was
concentrated under reduced pressure, diluted with water (10 ml) and acidified with 2N
H{C1 The solid precipitate was filtered and dried under reduced pressure to obtain
Intermediate 26A (0.70 g, 49.80%) as an off-white solid. 'H NMR (400 MHz, DMS(0-d6)
Sppm 821 (s, 1 H), 13.83 (brs, 1 H). LCMS: (Method-D) retention time: 0.38 min, [M+2]:
208.0.

Intermediate 26-1:

To a stirring solution of Intermediate 264 (0.40 g, 1.92 mmol) and Intermediate
3-1{0.45 g, 1.92 mmol) in DCM (10 mL} was added TEA (0.80 mL, 5.77 mmol) followed
by Propylphosphonic anhydride (1.22 g, 3 85 mmol) and stirring was continued at ambient
temp for 3 h. The reaction mixture was diluted with water (20 mL} and extracted with DCM

(3 x 30 mL). The combined organic layers were washed with brine (20 mL), dried over
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anhydrous sodium sulfate and concentrated under reduced pressure. The residue was
triturated with DCM/n-Hexane to obtain Infermediate 26-1 (0.80 g, 67.80%) as an
off-white solid. LCMS: (Method-D) retention Time: 2.06 min, [M+2]: 4250, The
compound was taken directly to the subsequent step without further purification or
characterization.

Intermediate 27: 1-(S-formylthiazel-2-vi}-1H-imidazole-4-carbonitrile

Intermediate 27 was prepared (0.12 g, 37.80%) as a light brown solid, by using a
similar synthetic protocol as that of Intermediate 11 and starting from Intermediate 25B
(0.20 g, 1.04 mmol). "H NMR (400 MHz, DMSO-d6) 8 ppm 8.65 (s, 1 H), 8.80 (s, 1 H),
9.00 (s, 1 H), 10.06 (s, I Hy. LCMS: (Method-D) retention time: 0.96 min, [M-+1]: 205.0.

Intermediate 28: 6-(4-Tormyl-2H-1,2.3-triazol-2-v1)-4-methyinicotinonitrile

O
2]
7o\
M. N
3
B
e =
N

and MeOH (0.50 mL) in a sealed tube was added TMS-N3 (7.10 mL, 53.50 mmol) and
copper (I} 1odide (034 g, 1.78 mmol) at ambient teroperature. The resulting reaction
mixture was heated at 95 °C for 12 h, coocled to ambient temperature, diluted with DCM
{100 mL} and filtered through Celite® The filtrate was evaporated under reduced pressure
to obtain Intermediate 28A (3.30 g 93.00 %) as a brown liquid. 'H NMR (400 MHz,
DMSO-ds) § ppm 4.55(d, /=3.51 Hz, 2 H), 5.12 - 5.27 {m, | H), 7.70 (br. 5., 1 H), 14.58
- 15.07 (br. 5., 1 H). GCMS: retention time 9.36 nun, [M] 99.0. The compound was taken

-~ 85~
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directly to the subsequent step without further purification,

Intermediate 28B:

HO—\
/N

NN
| ~H
#ie -
CN
5 Intermediate 28B was prepared (0.50 g, 20.95%) as a light brown solid, by using
a similar synthetic protocol as that of Intermediate 6 and starting from Intermediate 28A
(1.00 g, 10.09 mmol). 'H NMR (400 MHz, DMSO-ds) & ppm 2.62 (3, 3 H), 4.67 (d, J =
552Hz 2H), 549-554(m, 1 H), 8.12{(d, /J=100Hz 1 H), 818 (s, 1 H), 894 (s, 1 H}.
LCMS (Method-D): retention time 0.951 min, [M+H] 2162,
10 Intermediate 28:
Intermediate 28 was prepared (0.90 g, 64.20%) as a yellow solid, by using a similar
synthetic protocol as that of Intermediate 9 and starting from Intermediate 288 (1.40 g,
6.51 mmol). H NMR (400 MHz, DMSO-ds) & ppm 2.67 (s, 3 H), 8.29 (s, 1 H), 8.79 (s, 1
H), 9.03 (s, 1 H), 10.21 (5, 1 H). LCMS (Method-D): retention time 1.32 mun, [M+H] 214.2.
15 Intermediate 29:

2-(3-methyl-2-ox0-2,3-dihydrobenzofd]oxazol-S-yi}-2H-1,2,3-triazole-4-carbaldehyde

o]
i
[
N\N

7 3
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HQMN

Intermediate 29A was prepared (0.05 g, 13.78%) as a brown solid, by using a
similar synthetic protocol as that of Intermediate 6 and starting from Intermediate 28A
(1.50 g, 15.14 mmol). 'H NMR (400 MHz, DMSO-ds)  ppm 3.42 (s, 3 H), 4.65 (d, J =
552Hz, 2 H), 5.43 (t,./=5.77 Hz, 1 H), 7.49 (d, /= 8.53 Hz, 1 H), 7.75 (dd, J = 8.78, 2.26
Hz, 1 H), 785{(d,/=226Hz 1 H), 802 (s, } H). LCMS (Method-D): retention time 1.04
min, [M+H] 247.2.

Intermediate 29:

Intermediate 29 was prepared (0.12 g, 79.00%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 9 and starting from Intermediate 29A
(0.15 g, 0.60 mmol), 'H NMR. (400 MHz, DMSO-d6) 8 ppm 3.44 (s, 3 H), 7.57(d, J=8.78
Hz, 1 H), 7.88 (dd, J=8.78, 2.26 Hz, | H), 7.99 (d, J=2.26 Hz, 1 H), 8.70 (s, | H), 10.18
{s, 1 H). LCMS (Method-D): retention time 1.687 min, [M+H] 2452,

Intermediate 36: 6-{(4-formyl-1H-1,2,3-triazol-1-yi}-4-methylnicotinonitrile.

Intermediate 30A: 6-azido-4-methyinicotinonitrile.
Nj

R
=

e
CH

To a sturing solution of 6-bromo-4-methyluicotinonitrile (2.00 g, 10.15 mmol} in
DMEF (10 mL) was added sodium azide (1.32 g, 20.30 mmol} and stirring was continued
for 12 h at ambient temperature. The reaction mixture was dituted with water (300 mL) and

extracted with ethyl acetate (3 x 200 mL). The combined organic layer was dried over
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anhydrous NaxSG4 and evaporated under reduced pressure. The residue was purified by
column chromatography (Redisep-40 g, 20-35% EtOAc/n-Hexane) to obtain Intermediate
30A (0.87 g, 54.00%). 'H NMR (400 MHz, DMSO-ds) & ppm 2.62 (d, /= 1.00 Hz, 3 H),
828 (t, /= 1.00 Hz, 1 Hj, 10.21 (5, 1 H). LCMS (Method-D). retention time 0.88 min,
[M+H] 160.2.

Intermediate 308
6-{4-(hydroxymethyl}-1H-1,2 3-triazol-1-yl}-4-methylnicotinonitrile.

HG/\EN‘:N
]
==
2
Me Fod 3]
Intermediate 30B was prepared (0.21 g, 31.00 %), by using a similar synthetic
protocol as that of Intermediate 28A and starting from Intermediate 30A (050 g, 3.14
mmol). 'H NMR (400 MHz, DMSO-de) & ppm 2.65 (s, 3 H), 4.63 (d, J=6.53 Hz, 2 H),
533 -539(m, 1 H), 830 (d, J=100Hz 1 H), 871 (s, | H), 9.00 (s, | H). LCMS
{Method-D)}: retention time 0.87 min, [M-+H] 216.2.
Intermediate 36:
Intermediate 30 was prepared (0.13 g, 65.60 %) from Intermediate 30B, by using
a stmilar synthetic protocol as that of preparation of Intermediate 9 from Intermediate
K. H NMR (300 MHz, DMSO-ds) & ppm 2.64 - 2.70 (m, 3 H), 8.39 (s, L H), 9.06 (s, 1
H), 958 (s, I H), 10.13 (5, I H). LCMS (Method- D): retention time 1.42 mun, [M-+H]
214.2.

Intermediate 31: 6-(4-formyl-1H-1,2,3-triazol-1-yi}-4-methoxynicotinonitrile

Intermediate 31A: é-azido-4-methoxynicotinonitrile

-~ 88 ~
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Intermediate 31A was prepared (1.40 g, 67.00%), by using a similar synthetic
protocol as that of Intermediate 30A and starting from 6-chloro-4-methoxynicotinonitrile
(2.00 g, 11.86 mmol). 'H NMR (400 MHz, DMSO-ds) 8 ppm 4.10 (s, 3 H), 7.81 (s, 1 H),
7.89 (s, 1 H). LCMS (Method-D): retention time 0.79 min, [M+H] 176.0.

Intermediate 31B:

HQ/\KX&N

I

SN
=N
\_7
Me-C  CN

Intermediate 31B was prepared (0.23 g, 13.40%), by using a similar synthetic
protocol as that of Intermediate 28A and starting from Intermediate 31A (130 g, 742
mmol). 'H NMR (400 MHz, DMSO-ds) § ppm 4.15 - 4.19 (o, 3 H), 464 (5, 2 H), 7.89 (s,
TH), 871 (s, 1 H), 889 (s, 1 H), (Exchangeable proton not observed). LUMS (Method-Dy):
retention time 1.01 nun, [M+H] 232.2.

Intermediate 31

Intermediate 31 was prepared (0.12 g, 60.50%) from Intermediate 31B {(0.20 g,
0.86 mmol) by using a similar synthetic protocol as that of preparation of Intermediate 9
from Intermediate 9E. H NMR (300 MHz, DMSO-ds) 6 ppm 4.19 (s, 3 H), 7.99 (s, 1 H},
896 (s, 1 H}, 9.59 (s, 1 H}, 10.14 (s, 1 H). LCMS (Method-DY: retention time 1.1.42 min,
[M+H]} 2302

Intermediate 32:

I-(3-methyl-2-0x0-2,3-dihydrobenzofdjoxazol-5-yi}-1H-1,2,3-triazole-4-carbaldehyde

~ 89 .
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Intermediate 32A: S-nitrobenzo|djoxazel-2(3H }-one

NO,

HE@

—
o

To a stirred solution of 2-amino-4-nitrophenol (5.00 g, 32.40 mmol) in THF (50
mL) was added CDI({6.84 g, 42.20 mmol) at 70 °C and stirring was continued at ambient
temperature for 3 h. The reaction mixture was concentrated under reduced pressure, diluted
with water (200 mL) and extracted with ethyl acetate (2 x 100 rul). The corobined organic
layers were washed with brine (80 ml), dried over anhydrous sodium sulfate and
evaporated under reduced pressure to obtain Intermediate 32A (5.50 g, 9400 %) as a
vellow solid. 'H NMR (300 MHz, DMSO-s) 8 ppm 7.49 (d, J = 8.69 Hz, T H), 7.82 (d, J
=227 Hz, 1 H), 802 {dd, /= 869, 2.27 Hz, 1 H). (Exchangeable proton not observed).
LCMS (Method-Hy: retention time 0.69 nin, [M-H] 179.0.

Intermediate 32B: 3-methyl-S-nitrobenzojdjoxazol-2(3H}-one

No;

To a stirring solution of Intermediate 324 (5.00 g, 27 80 mumol) in BDMSO (55 mL)
was added KaCOs3 (4.22 g, 30.50 mmol), followed by methyl 1odide (5.21 mL, 83.00 mmol)
and stirring was contirued at ambient temperature for 12 h. The reaction mixture was
cooled to 0°C and diluted with ice water (150 mL). The resulting suspension was stirred at
ambient teraperature for 1 h. The solid that formed was filtered, dried under reduced

pressure, to obtain Intermediate 32B (4.50 g, 83.00%) as a yellow solid. tH NMR (300
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MHz, DMSO-ds} 6 ppm 7.57 (4, /=869 Hz, 1 H), 809 (dd, /= 869,227 Hz, 1 H), § .21
{d, /=264 Hz, 1 H), 343 (s, 3 H). LCMS (Method- H}: retention time 1.23 min, [M+H]
195.2.

Intermediate 32C: S-amino-3-methylbenzo|djoxazol-2{3H}-one.

NH,

®

Me. ;,:J
9,

To a solution of Intermediate 32B (1.80 ¢, 9.27 mmol} in acetic acid (50 mL) was
added 10% Pd/C (0.10 g, 0.93 mmol) and the reaction mixture was stirred at ambient
temperature under an hvdrogen atmosphere for 14 h. The reaction mixture was filtered
through Celite® then washed with 10% MeOH in DCM (20 mL}. Filtrate was evaporated
under reduced pressure to obtain Intermediate 32C (1.20 g, 80.00%). 'H NMR (400 MHz,
DMSO-ds} 6 ppm 3.23 (s, 3 H), 5.06 (br. s, 2 H), 6.28 (dd, /=853, 2.51 Hz, 1 H), 6.37
(d, /=201Hz | H), 695(d, /=853 Hz, 1 H). LCMS (Method-D): retention time 0.59
min, [M+H] 165.2.

Intermediate 32D: 5-azido-3-methylbenzoid]oxazol-2(3H}-one

To a solution of Intermediate 32C (1.50 g, 9.14 mmol) in ACN (20 mL) at 0°C was added
fert-butyl] nitrite (3.26 mL, 27.40 mmol} followed by azidotrimethylsilane (3.61 mL, 27 40
mmol). The resultant reaction mixture was stirred at ambient temperature for 2 h. It was
dituted with water (100 mL) and extracted with ethyl acetate (3 x 100 mL}. The combined
organic layer was dried over anhydrous Na:SQOus and evaporated under reduced pressure to
obtain Intermediate 32D (1.00 g, 57.20%). 'H NMR (400 MHz, DMSO-ds) 6 ppm 3.34
(s,3 H), 6.85 (dd, J=8.53,2.01 Hz, 1 H), 7.14 (d, /= 2.51 Hz, 1 H), 7.35 (d, J = 8.53 Hz,
1 H). LCMS (Method-H): retention time 2.30 min, [M+H] 191.2.
Intermediate 32K:

S-{4-(hydroxymethyi}-1H-1,2,3-triazol-1-yI}-3-methylbenzojdioxazel-2(3H }-one

~91 ~
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To a stirring solution of Intermediate 32D (1.30 g, 6.84 mmol) and prop-2-yn-1-ol
{0.83 g, 6.84 mmol} in a mixture of ~-butanol (8 mL} and water (8 mL) was added a freshly
prepared | M solution of sodium ascorbate (0.55 mL, 0.55 mmol), followed by copper(1f)
5 sulfate pentahydrate (0.014 g, 0.055 mmol}. The resulting reaction mixture was stirred at
ambient temperature for 8 h, diluted with DCM (200 mL), and washed with water (100
ml.). The organic layer was dried over anhydrous sodium sulfate and concentrated under
reduced pressure. The residue was puritied by column chromatography (Redisep-24 g,
20-35 % EtQAc/n-Hexane) to obtain Intermediate 32E (1.40 g 83.00%). '"H NMR (300
10 MHz, DMSO-de) 8 ppm 3.32 (s, 3 H), 4.62 (d,.J=5.67 Hz, 2 H), 5.35 (t, /= 5.67 Hz, 1 H),
752 (d, J = 8.60 Hz, 1 H), 7.65 (dd, /= 8.50, 2.08 Hz, 1 H), 7.89 (d, /= 2.27 Hz, 1 H),
8.67 (s, 1 H} LCMS (Method-H): retention time 0.62 nun, [M+H] 247.0.
Intermediate 32:
Intermediate 32 was prepared (1.00 g, 78.00%), by using a similar synthetic protocol as
15 that of Intermediate 9 and starting from Intermediate 32E (1.30 g, 5.28 mmol). ‘H NMR
(300 MHz, DMSO-ds) & ppm 3.41 (s, 3H), 7.58 (d,J=8.31 Hz, | H), 7.69 - 7.80 (m, 1 H),
798(d, J=227Hz 1H), 955, 1 H), 10.13 {5, I H). LCMS (Method-D): retention time
2.55 min, [M+H] 245.0.
Intermediate 33:
20 1+7-fluoro-3-methyl-2-0x0-2.3-dihydrobenzo[djoxazol-5-vi}-1 H-pyrazele-4-carbalde
hyde
O
X
H)&\@N
I\
£ oo

Intermediate 33A: S-bromo-7-fluorobenzo[djoxazol-2(3H)-one
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Br ﬁ
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A solution of 2-amino-4-bromo-6-flucrophenol (2.00 g, 9.71 mmol} and CDI(1.73
g, 10.68 mmol} in THF (20 mL) was heated at 70 °C for 2 h. The reaction mixture was

concentrated to dryness and dituted with water (30 mL). The precipitated solid was filtered

¥4

and dried under reduced pressure to obtain Intermediate 33A (2.00 g, €9.00%) as an
off-white solid. "H NMR. (400MHz, DMSO-ds} 8 713 (d, /= 1.50 Hz, 1 H), 7.34 (dd, J =
10.00, 2.0 Hz, 1 H), 7.832 {(br.s, I H). LCMS: (Method-{} retention time: 1.17 min, [M+2}:
232.0.

Intermediate 33B: 5-bromo-7-fluoro-3-methylbenzojdloxazol-2(3H}-one

gwa
Br. N
g>=a
F
Intermediate 33B was prepared (1.90 g, 90.00%) as a black solid, by using a
similar synthetic protocol as that of Intermediate 328 and starting from Intermediate 33A
{2.00 g, 8.62 mmol).
H NMR (400MHz, CDCI5)83.40(s, 3H), 6.94(dd, J=1.60,090 Hz, 1 H), 7.10
15 (dd, /=93, 1.8 Hz, 1 H). LCMS: (Method-T) retention time: 1.17 min, {M+2}: 248.0.
Intermediate 33:
Intermediate 33 was prepared (0.06 g, 11.30 %) as a brown solid, by using a
similar synthetic protocol as that of Intermediate 6 and starting from Intermediate 33B
(0.50 g, 2.03 mmol} and pyrazole-4-carbaldehyde (0.49 g, 5.08 mmol). 'H NMR (400
20 MHz DMSO-ds)Sppm 3.41 (s, 3 H), 7.73(dd, /=11.55, 201 Hz, 1 H), 779 (d, /=
201 Hz 1H), 832(s, 1 H)9.26 (s, 1 H}, 9.93 (s, 1 H). LCMS: (Method-L) retention
time: 0.95 mun, [M+1}: 262 0.
Intermediate 34:

1-(3.7-dimethyl-2-0x0-2,3-dihydrobenzold]exazol-S-yl}-1H-pyrazole-d-carbaldehyde
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M
73
N - N,Me
g 0,&

Intermediate 34A: 4-bromo-2-methyl-6-nitrophenol

To a suspension of 4-bromo-2-methylphenol (3.00 g, 16.04 mmol) in water (25 mL)

5 was added AcOH (1.84 mL, 32.10 mmol) followed by nitric acid (3.58 mL, 80.00 mmol}

at 0°C and the resultant reaction mixture was stirred at ambient temperature for 30 minutes.

The reaction mixture was diluted with water (50 mL) and extracted with ethyl acetate (2 x

100 mL). The combined organic layers were washed with brine (50 mL), dried over

anhydrous sodium sulfate and evaporated under reduced pressure. The residue was purified

10 by column chromatography (Redisep-40 g 0-15 % EiOAc/n-Hexane) to obtain

Intermediate 34A (1.20 g, 30.00%) as a yellow solid. 'H NMR (300 MHz, DMSQO-ds) &

ppm 234 (s, 3 H), 8.38 (dd, J = 3.02, 0.76 Hz, 1 H), 8.59 (d, ./ = 3.02 Hz, 1 H),

{Exchangeable proton not observed). LCMS (Method-D} retention time: 2.93 min, [M+2}:
2340

15 Intermediate 34B: 2-amino-4-bromo-6-methylphenol

Br NH,
L
Me

To a solution of tin (I} chloride {531 g, 28.00 mmol) and cone. HCI (6.00 mL,

197.00 mmoly 1n MeOH (25 mL) at 0° C was added Intermediate 34A (1.30 g, 5.60
mmal). The reaction mixture was stirred at ambient temperature for 14 h, concentrated

20 under reduced pressure and diluted with water (100 mL}. The mixture was basified using
saturated NaHC O, filtered through Celite® and the filtrate was extracted with DCM (2 x

75 ml). The combined organic extracts were dried over anhydrous sodium sulfate and

concentrated under reduced pressure 1o obtain Intermediate 348 (0.90 g, 80.00%) as a
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brown solid. 'H NMR (300 MHz, DMSO-ds) 8 ppm 2.15 (s, 3 H), 483 (br. 5., 2 H), 6.44
{d, /=264 Hz T H), 661 (d, J=227Hz 1H) 806 br s, H) LUMS: (Method-D)
retention time: 2.93 min, [M+2]: 204.0

Eatermediate 34C: S-bromo-7-methylbenzo[djoxazol-2{3H}-one

Intermediate 34C was prepared (0.85 g, 84.00%) as a light brown solid, by using
a similar synthetic protocol as that of Intermediate 33A and starting from Intermediate
34B (0.90 g, 4.45 mmol). 'H NMR (400 MHz, DMSO-ds} 8 ppm 2.28 (s, 3H} 7.08 (d, J =
151 Hz, 1H)7.14 (s, 1 H), 11.80 (br.s,, | H). LCMS: (Method-D) retention time: 2.93 nun,
(M2 230.0.

Intermediate 34D: S-bromo-3,7-dimethylbenzo[d]joxazel-2(3H)-one

Intermediate 34D was prepared (0.90 g, 89.00%) as a light brown solid, by using
a similar synthetic protocol as that of Intermediate 32B and starting from Intermediate
34C (0.95 g, 4.17 mmol). TH NMR (400 MHz, CDCly) 6 ppm 2.35 (s, 3 H), 3.37 (s, 3 H),
694(d, J=151Hz 1 H), 708 -7.10 {m, 1 H). LCMS: (Method-H) retention time: 2.09
min, [M+H:01: 260.0.

Intermediate 34:

Intermediate 34 was prepared (0.08 g, 15.06%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 6 and starting tfrom Intermediate 34D
(0.50 g, 2.07 mmol). 'H NMR (400 MHz, DMSO-ds) & ppm 2.39 (s, 3 H), 3.38 (s, 3 H),
7.58 (s, 1 H), 7.70 (d, J=2.01 Hz, 1 H), 828 (s, 1 H), 9.19 (5, 1 H), 9.92 (s, 1 H). LCMS:
(Method-L) retention time: 0.94 min, [M+1]: 258 4.

Intermediate 33:
I-{7-methoxy-3-methyl-2-ox0-2,3-dihydrobenzo|dloxazol-5-yl)-1 H-pyrazole-d-carbal

dehyde

-~ 05 .
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Ole

To a stirred solution of 4-bromo-2Z-methoxyphenol (4.50 g, 22.16 mmol} in a

(¥, )

mixture of diethyl ether (30 mL) and water (10 mL), was added nitric acid (1. 19 mL, 26.6
mmol) over 5 minutes. The resulting reaction mixture was stirred at ambient temperature
for 30 minutes, diluted with water (S0 mL) and extracted with ethy! acetate (2 x 100 mL).
The combined organic layer was washed with brine (50 mL}, dried over anhydrous sodium
sulfate and evaporated under reduced pressure. The residue was purified by column
10 chromatography (Redisep-40 g, 0-20% EtOAc/n-Hexane) to obtain Intermediate 35A
(2.50 g, 45.50%) as a yellow solid. 'H NMR (400 MHz, DMSO-ds) 8 ppm 3.90 (s, 3 H),
743 (d, J=251Hz, 1 H), 7.60 - 7.64 (m, 1 H), 10.70 (br. s., | H). LCMS: (Method ])
retention time: 0.94 man, [M+2]: 25¢.2.

Intermediate 358: 2-amino-4-bromo-6-methoxyphenol

Chde

[
(W4

Intermediate 35B was prepared (1.50 g, 68.30%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 348 and starting from Intermediate 35A
(2.50 g, 10.08 mmol). 'H NMR (400 MHz, DMSO-ds) 8 ppm 3.73 (s, 3 H), 4.79 (br. 5., 2
H), 6.36 (4, /=2.01 Hz, 1 H), 6.43 - 6.47 (m, 1 H), 8.34 (br. 5., 1 H). LCMS: (AMethod-D)
20 retention time: 1.51 mun, [M+2]: 220.0.

Intermediate 35C: 5-bromo-7-methoxvbenzo{dioxazol-2(3H}-one

- 06 -
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Br ﬁ
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Intermediate 35C was prepared (1.50 g, 82.00%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 33A and starting from Intermediate 358
(1.63 g, 7.48 mmol). 'H NMR (300 MHz, DMSO-de} § ppm 3.90 (s, 3 H), 6.89 (d, /= 1.13

Hz, T H), 701 (d, J=1.51Hz, 1 H), 11.80 (br s, 1 H} LCMS: (Method-D) retention time:

W

1.79 min, [M+2]: 246.0.

Intermediate 33D: S-brome-7-methoxy-3-methylbenzojdjoxazol-2(3H}-one

{Oile

Intermediate 35D was prepared {1.40 g, 88.00%) as an off-white solid, by using a
10 similar synthetic protocol as that of Intermediate 32B and starting from Intermediate 35C
{1.50 g, 6.15 mmol). 'H NMR (300 MHz, DMSO-ds) 8 ppm 3.31 (5, 3 H), 3.91 (5, 3 H},
706(d, /=151 Hz, 1 H), 719 (d, J= 113 He, 1 H). LCMS: (Method-H) retention time
1.84 min, [M+H07: 275.0.
Intermediate 35:
15 Intermediate 35 was prepared (0.24 g, 45.30%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 6 and starting trom Intermediate 35D
(0.50 g, 1.94 mmol). 'H NMR (300 MHz, DMSO-d) & ppm 3.34 (s, 3 H), 4.00 (s, 3 H),
742{d, /=189 Hz, 1 H),751(d, /=189 Hz, 1 H),830(s, 1 H),9.28 (s, 1 H), 9.93 (s,
1 H}y LCMS: (Method-L) retention time: 0.90 min, [M+1]: 274.1.
20 Intermediate 36:
6-{4-formyl-3-methyl-1 H-pyrazol-1-vi}-4-methylnicotinonitrile
Hjj?%m
E;N
)
‘g M
CH

Intermediate 36 was prepared (0.21g, 25.60%) as a beige solid, by using a similar
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synthetic  protocol  as  that of Intermediate & and starting  from
3-methyl-1H-pyrazole-4-carbaldehyde (0.40 g, 3.63 mmol) and
6-bromo-4-methylnicotinonitrife. TH NMR (400 MHz, DMSO-ds) 8 ppm 2.52 (5, 3 H), 2.6
(s, 3 H), 801 (5, 1 H), 890 (5, 1 H), 928 (s, 1 H), 10.00 (s, 1 H) LCMS: {(method-H)
retention time 1.85 nun, [M+H] 227.0.

Intermediate 37: 6-(3-formyl-1 H-pyrazel-1-yI}-4-methyinicotinonitrile

Intermediate 37 was prepared (0.27 g, 30.50%), by using a similar synthetic
protocol as that of Intermediate 6 and starting from 1H-pyrazole-3-carbaldehyde (0.40 g,
4.16 mmol) and 6-bromo-4-methylnicotinonitrile. "H NMR (400 MHz, DMSO-ds) 8 ppm
250-268(s,3H), 720-722(s, T H), 803(s, 1 H),809-817(s, 1 H),895-899(s, 1
Hj, 10.48 (s, 1 H). LCMS: (method-1) retention time 1.00 min, [M-+H] 213 .0,

Intermediate 38-1: 5-{(2R,6R}-6-(hydroxymethyl)piperazin-2-vi}-4-

methylisobenzofuran-1{3H})-one

L €]
1
//"//\NH
?jﬁe HN\//
KGH

Intermediate 38A: methyl 6-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-

vlipyrazine-2-carboxylate

o
o
B
MaO o]

Intermediate 38A was prepared (0.20 g, 75.00%) as an off-white solid, by using a

similar synthetic protocol as that of Intermediate 2C and starting from Intermediate 2B
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(8.74 g, 31.90 mmol) and 6-chloropyrazine-2-carboxylate (5.00 g, 29.00 mmol}. 'H NMR
{400 MHz, DMSO-ds) 0 ppm 2.34 (5, 3 H), 3.96 (5,3 H), 552 (s, 2 H), 776 (d, /= 8.03
Hz 1 H), 785(d,/J=7.53Hz, 1 H}, 9.16 (s, | H}, 9.26 (s, 1 H}. LCMS (Method-J): retention
time 1.15 min, [M+H] 2852,

Intermediate 38B: methyl 6-(4-methyl-1-0x0-1,3-dihydreisobenzofuran-5-

yhipiperazine-2-carboxylate

Intermediate 388 was prepared (4.00 g, 97.00%), by using a similar synthetic
protocol as that of Intermediate 2-F and starting from Intermediate 38A (4.00 g, 14.07
mmol). 'H NMR (400 Mz, DMSO-ds) 6 ppm 2.25 - 2.32 (m, 4 H), 2.54 - 2.62 {(m, 1 H},
282(d, J=1255Hz, 1H), 310 (d, /= 12.05He, 1 H), 354 -3.60(m, 1 H), 3.70 (s, 3 H),
406(d, /=803 Hz 1 H),532-543(m, 2H),762-771(m, 1 H), 776 - 7.83 (m, 1 H},
{2 Exchangeable protons not observed). LCMS (Method-7): retention time 0.49 min,
IM+H] 2915,

Intermediate 38C: 1-(tert-butyl} 3-methyl 5-(4-methyi-1-ox0-1,3-

dihydroisobenzofuran-S-yljpiperazine-1,3-dicarboxylate

Intermediate 38C was prepared (4.50 g, 95.00%), by using a similar synthetic
protocol as that of Intermediate 18B-H and starting from Intermediate 388 (3.50 g, 12.06
mmol). H NMR (400 MHz, DMSO-de} § ppm 1.31-1.51 (m, 9 H), 2.26 - 2.39 (m, 3 H),
2.74-295(m, 1 H),3.06(br.s, 1 H),358(d, /=803Hz 1H),372(,3H), 382-394
(m, 1 H),403(d, /J=853Hz 1 H),413-428(m, 1 H),538-546(m, 2H),764-776
(m, 1 H), 7.82 (d, J =753 Hz, 1 H), (I Exchangeable proton vot observed). LCMS
(Method-I}: retention time 1.17 min, [M+H] 391.6.
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Intermediate 38D-1, I, If and IV: tert-butyl 3-(hyvdroxymethyl}-5-(4-methyl-
i-0x0-1,3-

dihyvdroisobenzofuran-S-yl)piperazine-I-carboxylate

To a solution of Intermediate 38C (6.20 g, 11.12 mmol) in a mxture of THF (50
mL} and EtOH (50 mL) was added L1l (0.94 ¢, 22.23 mmol)} and NaBH4 (0.84 g, 22.23
mmol) under a nitrogen atmosphere and the reaction mixture was stirred at ambient
temperature for 14 h. The reaction mixture was guenched with 10 % aqueocus solution of
sodium bicarbonate (150 mL) and extracted with ethyl acetate (3 x 150 mL). The combined
organic layers were washed with brine (100 mL), dried over anhydrous sodium sulfate and
evaporated under reduced pressure. The residue was purified by preparative HPLC [Sunfire
OBD (250 x 30 ID) 5 rotcron; Solvent A 10 mM Ammonium acetate in water, Solvent B
Acetonitrile, Gradient: 30-100 % B over 16 min, Flow: 25 mL/min} to obtain diastereomer-
Tand . The diastereomer-f was separated into two individual enantiomers by supercritical
fluid chromatography (SFC) [Chiralpak ADH (250 x 4.6 mm) 5 micron; 0.2% NHiOH in
MeQOH, Flow: 3.0 mL/min. Temperature: 30 °C, UV: 210 nm]. First eluted compound
{(retention time 2.67 min), designated as Intermediate 38D-1, was obtained (1.10 g,
27.30%) as white solid. 'H NMR (400 MHz, DMSO-ds) § ppm 1.42 (s, 9 H), 2.32 (s, 3 H),
2.78 (dd, J = 10.79,3.26 Hz, 1 H), 3.37 - 3.43 (m, 3 H), 3.79 - 4.11 (m, 4 H), 4.73 (br. 5., |
H), 5.41 (s, 2 H), 7.69 (d, J = 8.03 Hz, 1 H), 7.81 (d, J= 8.03 Hz, 1 H), (I Exchangeable
proton not cbserved). LCMS (Method-1}: retention time 0.97 min, [M+H] 363.2. Chiral
purity (Method-XIIy: retention time 2.69 min, 100% ¢e. SOR: [0} D = -26.00 (¢ 0.1,
MeGH).

Second eluted compound (retention time 3.72 min), designated as Intermediate
38D-11, was obtained (1.10 g, 27.30%) as white solid. 'H NMR (400 MHz, DMSO-ds) 8
ppra 1.42 (s, 9 H), 2.32 (s, 3 H), 2.78 (dq, J = 13.62, 2.99 Hz, 1 H), 3.38 - 3.44 (m, 3 H),
3.82-4.12(m, 4 H), 474 (br. s, 1 H), 541 (s, 2H), 7.69(d, J=8.03 Hz, 1 H), 7.81 (d, J
=8.03 Hz, 1 H), (1 Exchangeable proton not observed). LCMS (Method-I): retention time
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0.97 min, [M+H] 363.2. Chiral purity (Mefhod-X1T). retention time 3.81 min, 100% ee.
The diastereomer-11 was separated into two individual enantiomers by SFC
[Luxcellulose-2 (250 x 21.5 mm} 5§ micron, 0.2% NH:OH in MeOH + ACN (1:1) Flow:
3.0 g/min. Temperature: 30 °C, UV: 235 nm]. First eluted compound (retention time 6.64
min}, designated as Intermediate 38D-1H, was obtained (0.25 g, 6.21%) as an off-white
solid. 'TH NMR (400 MHz, DMSO-ds) 8 ppm 1.41 (s, 9 H), 2.26 - 2.37 {m, 3 H), 2.96 (br.
s, 1 H), 339%(br. s, 2H),357(d,/J=1054Hz 2H),370-392(m,3H), 467 (br s, 1
H), 540 (s, 2H), 7.68(d, /=803 Hz, 1 H), 784 (d, /=803 Hz, 1 H), (I Exchangeable
proton not cbserved). LCMS (Method-1}: retention time 0.92 min, [M+H] 363.2. Chiral
purity (Method-XIX): retention time 6.69 min, 100% ee. SOR: [a}°D =+ 26.00 (¢ 0.1,

o

MeOH) Second eluted compound (retention time 8.49 min), designated as Intermediate
38D-1V, was obtained as a white solid (0.25 g, 6.21%). 'H NMR (400 MHz, DMSO-ds) &
ppm 141 (s, 9H) 228-236(m,3H), 29 (br. s, 1 H),335-346{(m, 2 H), 3.58 (br s,
3H),3.75(d, J=14.05 Hz, 1 H), 4.67 (t, /= 5.27 Hz, 2 H), 5.40 (s, 2 H), 7.68 (d, J = 8.03
Hz, 1 H), 784 (d, / = 8.03 Hz, 1 H), (1 Exchangeable proton not observed). LCMS
{(Method-Iy: retention time 0.92 mun, [M-+H] 363 2. Chiral punty (Method-XIX}: retention
time 8.62 min, 100% ee.

Intermediate 38-1:

To a solution of Intermediate 38D-1 (1.50 g, 414 mmol) in MeOH (50 mL.) was
added 4 N HCl in dioxane (20 mL, 80 mmol). The reaction mixture was stirred at ambient
temperature for 1 b and was concentrated to dryness. The residue was diluted with Me(OH
{100 mL), cooled to 0 °C and ammonia was purged through it for 5 min. The resulting clear
solution was concentrated under reduced pressure to obtain Intermediate 38-1 (1.00 g,
02.00%). The compound was taken directly to the subsequent step without further
purification. 'H NMR. (400 MHz, DMSO-ds) 8 ppm 2.31 {s, 3 H), 2.59 - 2.77 (m, 2 H),
2.82-2.95 (m, 2 H), 3.38 - 3.44 (m, 2 H), 3.73 (br. 5., 1 H), 3.87 (d, J = 11.04 Hz, | H),
4.04 -4.23 (m, 1 H), 5.41 (s, 2ZH), 7.70(d, J=7.53 Hz, 1 H), 7.85 (d, J=8.03 Hz, 1 H), (2
Exchangeable protons not observed). LCMS (Method-1): retention time 0.40 min, [M-+H]
2632, To determine stereochemistry of Intermediate 38-1, S-{(2R6K)-4-(4-
bromobenzoyl}-6-(hydroxymethylpiperazin-2-yl)-4-methylisobenzofuran-1(3H)-one was
prepared according to literature procedure (US2002/156081A1, 2002), and absolute

configuration was determined by single-crvstal Xeray diffraction method.
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Intermediate 39-1: 5-(6-(hydroxymethyl-d2}piperazin-2-vi}-4-
methylisobenzofuran-1{3H}-one

o
Xy
o |
= NH
Me HN
b T oH

Intermediate 39A-1, B, HI and IV: tert-batyl 3-(hydroxymethyl-d2}-5-(4-

methyl-1-0x0-1,3-dihydroisobenzofuran-5-yljpiperazine-1-carboxylate
o
o L Meme
N N/H\G/k Me
Me HN
o 0 OH

Intermediate 39A-1, 1L, Il and 1V was prepared, by using a similar synthetic
protocol as that of Intermediate 38A-L, 11, 111 and IV and starting from Intermediate
38C (1.40 gm, 2.51 mmol and NaBD4 (0.21 g, 5.02 mmol). The crude residue was purified
by preparative HPLC [Sunfire OBD (250 x 30 ID) 5 micron; Solvent A: 10 mM
Ammonium acetate in water, Solvent B: Acetonitrile, Gradient: 30-100% B over 16 min,
Flow: 25 ml/min] to obtain diastereomer-I and II. The diastereomer-1 was separated into
two individual enantiomers by SFC [Chiralpak ADH (250 x 4.6 mum) 5 micron; 0.2%
NHs«OH in MeOH, Flow: 3.0 g¢/min. Temperature: 30 °C, UV: 210 nm] First eluted
compound (retention time 2.67 min), designated as Intermediate 39A-1, was obtained
(0.20 g, 21.80%) as white solid. "H NMR (400 MHz, DMSO-ds) 8 ppm 1.43 (s, 9 H), 2.33
(3,3H),239-247(m,2H), 2.65-281 (m, 2H),386-414(m, 3 H),4.72(s, 1 H), 542
(s,2H),7.70(d,/=8.03 Hz, 1 H), 782 (d, /=8.03 Hz, 1 H). LCMS (Method-I}: retention
time 0.97 min, [M-+H] 365.3. Clural purity (Method-XI1}: retention timme 2.27 min, 100%
ee. Second eluted compound (retention time 3.72 min}, designated as Intermediate 39A-
11, was obtained (0.20 g, 21.80%) as white solid. '"H NMR (400 MHz, DMSO-ds) & ppm
143(s,9H),233(s5,3H),238-247(m, 2H),2.67-2.83(m,2H), 3.84-4.08(m,3 H),
469-475(m, 1H),542 (s, 2H),770{d, /=803 Hz, | H), 7.82(d, /= 8.03 Hz, 1 H).
LCMS (Method-I. retention time 0.97 min, [M+H] 365.3. Chiral purity (Method-XIT):
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retention time 2.97 min, 95.40% ee.

The diastereomer-11 was separated into two individual enantiomers by SFC
Luxcellulose~-2 (250 x 21.5 mm} S micron; 0.2% NHsOH in MeOH + ACN (1:1) Flow:
70.0 g/min. Temperature: 30 °C, UV 235 nm]. First eluted compound (retention time 6.59
min), designated as Intermediate 39A-TT1, was obtained (0.05 g, 5.47%) as white solid. 'H
NMR (400 MHz, DMSO-do) 6 ppm 142 (s, 9 H), 228 -236(m, 3 H),2.64-274 (m, 2
H),287-3.02(m, 1 H),3.18(s,2H),3.70-394(m, 2 H),4206(d, /=954Hz 1 H),542
(3,2H),769(d, /=803 He, 1 H), 785 (d, /= 8.03 Hz, 1 H). LCMS (Method-I): retention
time 0.93 min, [M+H] 365.3. Chiral purity (Method-XIX}: retention time 6.56 min, 100%
ee. Second eluted compound (retention time 832 min), designated as Intermediate 39A-
IV, was obtained (0.05 g, 5.47%) as white solid. 'H NMR (400 MHz, DMSO-ds) 8 ppm
142 (s, 9H},228-237(m, 3 H),2.66-272(m, 2 H), 2.87-3.02{(m, 1 H),3.18 (5, 2 H},
370-394(m,2H),426(d, J=1054Hz, 1 H), 542 (s, 2H), 7.69(d, /=803 Hz, 1 H),
7.85(d, /=753 Hz, 1 H). LCMS (Method-{}: retention time 0.93 min, [M+H] 3653, Chiral
purity (Method-XI X}y retention time 8.32 min, 98% ee.

Intermediate 39-I:

Intermediate 39-1 was prepared (0.13 ¢, 93.00%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 38-1 and starting from Intermediate
39A-1 (0.20 g, 0.55 mmol). 'H NMR (400 MHz, DMSO-ds) & ppm 2.34 (s, 3 H), 2.57 -
2069(m, 2H),317(d, J=1054Hz, 1 H),321-331{(m, 2H), 459(d, /=954 Hz, 1 H},
496 (br. s, 1 H) 533-548(m, 2H), 770 (d, /=803 Hz, 1 H), 780 (d, /=803 Hz, 1
Hj, (2 Exchangeable proton not observed). LCMS (Mefhod-1}: retention time 0.39 min,
[M+H]} 265 2.

Intermediate 40-1: 5-(6.6-dimethylpiperazin-2-yl}-d-methylisobenzofuran-

1(3H}-one

E:!ie HNK/

Me Me

Intermediate 40A: 5-{2-bromeacetyl}-4-methylissbenzofuran-1{3H}-one
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Synthesized according to similar literature procedure (W02010/129379, Al,
20190)
Intermediate 408: 2-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-v1j-2-

5  oxoacetaldehyde

To a solution of Intermediate 404 (2.65 ¢, 7.88 mmol) in a mixture of DMSO (15
mi.) and water (0.142 ml) was added 48% HBr in water (0.018 mL, 0.158 mmol) and the
reaction mixture was heated at 80 °C for 5 h. The reaction mixture was cooled to room
10 temperature, dituted with water (50 mL), basified by 10 %% aqueous solution of sodium
bicarbonate (50 mL} and extracted with ethyl acetate (3 x 50 mL}. The combined organic
layers were washed with brine (30 ml), dried over anhydrous sodium sulfate and
evaporated under reduced pressure to obtain Intermediate 408 (1.00 g, 43.50%) as an off-
white solid. The compound was taken directly to the subsequent step without further
15 purification. 'H NMR (400 MHz, DMSO-ds) 8 ppm 2.29 (s, 3 H), 5.54 {(br. s, 2 H), 7.20
(dd, /=807, 098 Hz, 1 H), 774 - 788 {m, 1 H}, 795 (d, /=831 Hz, 1 H). LCMS
(Method-1}. retention time 0.82 min, [M-H] 203.0.
Intermediate 40C: tert-butyl 3,3-dimethyl-5-(4-methyl-1-0x0-1,3-

dihiydroisebenzofuran-5-yl)piperazine-1-carboxylate

Me HN

20 Me Me
To a solution of Intermediate 408 (0.95 ¢, 3.72 mmol) in a mixture of THF (24
mL} and MeOH (6 mL) was added Z-methylpropane-1,2-diamine (033 g, 3.72 mymol) and

the reaction mixture was stirred at ambient temperature for 1 h. NaBHa (0.28 g, 7.44 mmol}
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was added and the resulting mixture was stirred for 30 min. TEA (1.556 mL, 11.17 mmol)
followed by BOC:0 (0.804 mL, 3.72 mmol) were added and the reaction mixture was
stirred at ambient temperature for 14 h, diluted with water {100 mbL) and extracted with
DCM (3 x 50 mL). The combined organic layers were washed with brine (50 mL), dried
over anhydrous sodium sulfate and evaporated under reduced pressure. The residue was
purified by column chromatography (Redisep- 40 g, 50% EtOAc/n-hexane) to obtain
racemate {1.10 g). The racemate was separated into two ndividual enantiomers by SFC
[Chiralpak ADH (250 x 21.5 mm} S micron; 0.2% NHsOH in MeOH + ACN (1:1), Flow,
3.0 g /min. Temperature: 30 °C, UV: 235 nm]. First eluted compound (retention time 3.02
min), designated as Intermediate 40C-1, was obtained (0.40 g, 29.80%) as white solid. 'H
NMR. (400 MHz, DMSO-ds) § ppm 1.13 (d, /= 16.56 Hz, 6 H), 1.37 - 1.48 (m, 9 H), 2.34
(s,3H),2.64-2.77 (m, 2H), 3.71 (br. s, 1 H), 3.97 (br.s., | H), 4.26 (d, J = 8.03 Hz, 1
H), 5.33 - 548 (m, 2 H), 7.70 (d, J = 8.03 Hz, 1 H), 7.83 (d, J = 8.03 Hz, | H), (1
Exchangeable proton not observed). LCMS (Me#hod-I}: retention time 1.61 min, [M+H]
361.4. Chiral purity (Method-XIly: retention time 3.04 nun, 100% ee.  Second eluted
compound {retention time 4.42 min), designated as Intermediate 40C-H, was obtained
(0.40 g, 29.80%) as white solid. 'H NMR (400 MHz, DMSO-ds) & ppr 1.13 (d, J = 16.56
Hz, 6 H), 1.44 (s, 9 H), 2.30 - 2.40 (m, 3 H), 2.68 (d, J = 2.01 Hz, 2 H), 3.73 (br. 5., | H),
3.94 (s, 1 H), 4.26 (d, J=9.54 Hz, 1 H), 5.42 (s, 2H), 7.70 (d, /= 8.03 Hz, 1 H), 7.83 (d,
J=18.03 Hz, | H) (1 Exchangeable proton not observed). LCMS (Method-1): retention time
1.61 min, [M+H] 361 4. Chiral purity (Method-X77}: retention time 4.44 min, 100% ee.

Intermediate 40-1:

Intermediate 40-1 was prepared (0.26 g, 90.00%) as a pale yellow solid, by using
a similar synthetic protocol as that of Intermediate 38- and starting from Intermediate
40C-1 (040 g, 1.11 mmol). 'H NMR (400 MHz, CDCl3) & ppm 1.06 (s, 3 H), 1.28 (5, 3
H), 2.42 (s, 3 H), 2.46 (dd, J= 12.01, 10.51 Hz, 1 H), 2.54 - 2.60 (m, 1 H), 2.64 - 2.71 (m,
1 H), 2.95 (dt, J= 12.01, 1.50 Hz, 1 H), 4.31 (dd, /= 10.51, 2.75 Hz, 1 H), 5.12 - 5.20 (m,
2HY, 763 -770(m, 1 Hy, 7.71 - 778 (m, 1 H), (2 Exchangeable protons not observed).
LCMS (Method-1). retention time 0.47 min, [M-H]261.3.

Intermediate 41: 6-(4-formyl-1H-pyrazeol-1-yl}-2-methoxynicotinonitrile
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Intermediate 41 A: 6-chiore-2-methoxynicotinonitrile and Intermediate 418:

2-chioro-6-methoxynicotinonitrile

N
jod odl
¢l N OMe >

MaQ™ N CI

41A 418

(¥, )

To a solution of 2,6-dichloronicotinonitrile (0.50 g, 2.89 mmol) in MeOH (10 mL)
was added sodium methoxide (0.62 g, 2.89 mmol) at ambient temperature and the resulting
mixture was stirred at 60 °C for 12 h. The reaction mixture was cooled to ambient
temperature, concentrated to dryness under reduced pressure. The residue was diduted with
water {50 mL) and extracted with ethyl acetate (3 x 50 mL}. The combined organic layes
10 were washed with brine (30 mL), dried over anhydrous sodium sulfate and evaporated

under reduced pressure. The residue was purified by preparative HPLC [Xbridge Phenyl
(250 x 21.2 ID) S micron; Solvent A: 0.1%TFA in water, Solvent B: Acetonitrile, Gradient:
0-100 % B over 20 min, Flow: 20 mL/min, UV 220 nm]. First eluted compound (retention
time 15.34 mun), designated as Intermediate 414, was obtained (0.10 g, 19.70%) as white
15 solid, "H NMR (400 MHz, CDCl3) 8 ppm 4.08 (s, 3 H), 7.02 (d, /= 7.83 Hz, 1 H), 7.82 (d,
J=T783 Hz, 1 H) LCMS { Method-D}. retention time 1.94 min, [M+1H] 1692, Second
eluted compound (retention time 1674 min), designated as Intermediate 418, was
obtained (0.04 g, 1.64%) as an off-white solid. '"H NMR (400 MHz, DMSO0-d6) 8 ppm 3.95
(s, 3H), 7.07 (s, 1 H), 8.29 (d, /= 8.53 Hz, 1 H). LCMS (Method-D): retention time 1.89
20 min, [M+1H] 169.2. Structure of Intermediate 41A and 41B was determined by single-
crystal X-ray diffraction method.

Intermediate 41:

Intermediate 41 was prepared (0.15 g, 62.20%) as pale yellow solid, by using a
similar synthetic protocol as that of Intermediate 11 and starting from Intermediate 41A

25 (0.16 g, 0.98 mmol). 'H NMR (400 MHz, DMSO-d6) § ppm4.15 (s, 3 H), 7.65 - 7.67(d, J
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=0 Hz, 1 H), 838 (s, T H), 845 -847(d, J=6Hz 1 H), 944 (s, 1 H), 999 (5, 1 H).
LCMS: The compound did not ionize well.
Intermediate 42: 2-(4-formyl-1H-imidazel-1-y1)-4,6-dimethylpyrimidine-5-
carbonitrile
o

HJ-\:,

]
L
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>
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CR
Intermediate 42A: S-bromo-4,6-dimethylpyrimidin-2-amine
NH,

y A

Me & Mea

Br

i

Svnthesized according to literature procedures (WO2011/103536 Al 2611,

Intermediate 42B: Z-amino-4,6-dimethylpyrimidine-S-carbonitrile

R,
o
|
Me & fe
N

N

To a solution of Intermediate 42A (6.00 g, 29.70 mmol) in DMF (50 mL) was
added copper (I) cyanide {3.99 g, 44.55 mmol) and the resulting mixture was heated at 180
°C for 16 h. The reaction mixture was cooled to ambient temperature, diluted with water
(50 mL} and ethyl aceate (100 mL). The resulting mixture was filtered through Celite® and
the filtrate was concentrated under reduced pressure to obtain Intermediate 428 (3.00 g,
54.00%). The compound was taken directly to the subsequent step without further
purification. 'H NMR (400 MHz, DMSO-ds) § ppm 2.32-2.41 (m, 6 H), 7.533 (s, 2 H).
LCMS (Method-D): retention time 0.72 min, [M+H] 149.1.
Intermediate 42C: 2-brome-4,6-dimethylpyrimidine-S-carbonitrile
Br
1
L

fe e
g
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To a solution of 1scamyl nitrite (4.91 ml., 36.4 mmol} in acetonitrile (50 mL} at O
°C was added copper(Il}bromide (8.14 g, 36.40 mmol). The resulting reaction mixture was
stirred at ambient temperature for 10 minutes and Intermediate 428 (2.70 g, 18.22 mmol}
in acetonitrile {10 mL) was added and the stirring was continued for 3 h. The reaction
mixture was diluted with water (30 mL) and extracted with ethy] acetate (3 x 50 mL) The
combined organic layes were washed with brine (30 mL)}, dried over anhydrous sodium
sulfate and evaporated under reduced pressure. The residue was purified by column
chromatography (Redisep- 40 g, 10-20% EtOAc/n-hexane) to obtain Intermediate 42C
(0.90 ¢, 23.90%). 'H NMR (400 MHz, DMSO-ds) & ppm 2.50-2.63 (m, 6 H). LCMS
(Method-Dy: retention time 1.692 min, [M+H] 211.9.

Intermediate 42 :

To a solution of I[H-tmidazole-4-carbaldehyde (0.50 ¢ 520 mmol) and
intermediate 42C (1.10 g, 5.20 mmol} in BMF (15 mL) was added triethylamine (2.18
mi, 15.61 mmol}. The resulting reaction mixture was stirred at ambient temperature for
1.5 h. The reaction mixture was concentrated to dryness under reduced pressure. The
residue was purified by column chromatography (Redisep-24 g, 40% EtOAc/ n-hexane) to
obtain Intermediate 42 (025 g, 21.14 % ) as white solid. 'H NMR (400 MHz, DMSO-
ds) & ppm 2.89-2.73 (s, 6 H}, 8.80 (s, 2 H), 9.88 (s, 1 H). LOMS (mefhod-D): retention time
1.41 min, [M+H] 228 2.

Intermediate 43: 2-(4-formyl-1 H-pyrazol-1-yl)-4-methyipyrimidine-5-

carbonitrile

CH

Intermediate 43A: (£)-2-((dimethylamino)methylene)}-3-oxobutanenitrile
O
Me)kf‘% N
N«Me
Me
To a solution of 3-oxcbutanenitrile (16.00 g, 120.00 mmol)} in BMF (30 mL) was
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added DMF-DMA (1934 mL, 144.00 mmol} and the resulting mixture was stirred at 80 °C
for 16 h. The reaction was cooled to ambient temperature, concentrated to dryness under
reduced pressure, diluted with s-hexane (200 mL}. The solid precipitate was filtered and
dried under vacuum to obtain Intermediate 43A (13.00 g, 78.00%). 'H NMR (400 MHz,
DMSO-ds) 8 ppm 2.17 (s, 3 H), 3.25 (s, 3 H), 3.29 (s, 3 H), 7.83 (s, 1 H). LCMS (Method-
L) retention time 0.54 min, [M+H] 1392,
Intermediate 43B: Z-amino-4-methyipyrimidine-S-carbonitrile
R,

A

Ni N
l\f%\Me
N
To a stirred solution of Intermediate 43A (12.00 g, 87.00 mmol) in EtOH (25 mL)
was added guanidine carbonate (31.30 g, 174.00 mmol) and sodium acetate (21.37 g,
261.00 mmol) and the reaction was stirred at 80 °C for S h. The reaction mixture was cooled
to ambient temperature, concentrated to dryness and diluted with #-hexane (200 mL) The
solid precipttate was filtered, washed with EtOH (30 mL) and dried under vacuum to obtain
Intermediate 43B (9.50 g, 82.00%). 'H NMR {400 MHz, DMSO-ds)} & ppm 2.38 (s, 3 H),
7.62 (s, 2 H), 8.53 (s, I H). LCMS (Method-L): retention time 0.54 min, [M+H] 1351
Intermediate 43C: 2-bromo-4-methylpyrimidine-S-carbonitrile
Br
»
- Me
CH
To a solution of Intermediate 438 (5.00 g, 37.30 mumol} in a mixture of THF (75
mL} and DMF (15 mL) was added copper(Ilbromide (16.65 g, 74.50 mmol}, isocamyl
nitrite {7.53 mi, 55.9 mmol) at ambient temperature and the reaction mixture was refluxed
for 1 h. The reaction mixture was cooled to ambient temperature, concentrated to dryness
under reduced pressure, diluted with DCM (200 ml.), solid precipitate was filtered and
washed with THF (200 mL}). The combined organic filtrate were washed with 10 % aqueous
solution of sodium bicarbonate (150 mL) and brine (50 mL), dried over anhydrous sodiam
sulfate and evaporated under reduced pressure. The residue was purified by column
chromatography (Redisep-120 g, 0-15 % EtOAc¢/ n-Hexane) to obtain Intermediate 43C
(0.75 g, 10.00%). 'H NMR (400 MHz, DMSO-cs) 8 ppm 2.65 (s, 3 H), 9.08 (s, 1 H). LOMS
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(Method-LY. retention time 0.92 min, [M+2H] 199.1.

Intermediate 43:

Intermediate 43 was prepared (0.04 g, 14.00%), by using a similar synthetic
protocol as that of Intermediate 13C and starting from Intermediate 43C (030 ¢, 1.56
mmol) and 1H-pyrazole-4-carbaldehyde (0.18 g, 1.89 mmol). 'H NMR (400 Mz, DMSO-
ds) O ppm 2.66 (s, 3 H), 837 (5, 1 H), 931 (s, 1 H), 9.44 (5, 1 H), 10.00 (5, 1 H). LCMS
{Method-L): retention time 0.74 min, [M+H] 214.1.

Intermediate 44: 2-(4-formyl-2H-1,2,3-triazol-2-yi}-d-methylpyrimidine-5-

carbonitrile

CN
Intermediate 44A: 2-{4-(hydroxymethyi}-2H-1,2,3-triazol-2-yl}-4-

methyipyrimidine-S-carbonitrile

HO™ Yy
Mp
N%::\;“Me
ON

To a solution of (2H-1,2,3-triazol-4-ylymethanol (0.75 g, 0.76 mumol) in BDMF (10
mi) was added K2COs (1.08 g, 7.81 mmol), Intermediate 43C (0.10 g, 0.50 mmol) and
the reaction mixture was stirred at ambient temperature for 1 h. The reaction roixture was
concentrated to dryness under reduced pressure, diluted with water (50 mL} and extracted
with ethyl acetate (3 x 50 mL). The combined organic layes were washed with brine (30
ml.), dried over anhydrous sodium sulfate and evaporated under reduced pressure to obtain
Intermediate 44A (0.02 g, 18.00%). '"H NMR (400 MHz, DMSO-ds) 8 ppm 2.75 (5, 3 H),
4.68 (s, 2 H), 822 (s, 1 H), 937 (s, 1 H), {1 Exchangeable proton not observed). LCMS
{(Method-(0). retention time 0.74 min, [M-H] 215.1.

Intermediate 44:

Intermediate 44 was prepared (0.19 g, 77.00%), by using a similar synthetic
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protocol as that of Intermediate 9 and starting from Intermediate 44A (0.25 g, 1.16 mmol)
and dess-martinperiodinane (0.61 g, 1.44 mmol). 'H NMR (400 MHz, DMSO-ds) 8 ppm
2.80(s, 3 H), 8.80 (s, L H), 942 (s, 1 H), 10.23 (s, 1 H). LCMS (Method-OY: retention time
0.59 min, [M+H]} 2151

3 Intermediate 435: 2-(4-formyl-1H-pyrazel-1-yl}-4-methoxypyrimidine-5-
carbonitrile
O
H%N
N}M
M
/4
N Y—oMe
CHN
Intermediate 45A: 2-chioro-4-methoxypyrimidine-S-carbonitrile
i
o
M@g)\\\r/
CN
10 Synthesized according to literature procedures (US2015/291629 A1, 2015).

Intermediate 45:

Intermediate 45 was prepared (0.15 g, 55.00%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 11 and starting from Intermediate 45A
{0.20 g, 1.18 mmol) and H-pyrazole-4-carbaldebyde (0.17 g, 1.77 nunol}). 'H NMR (400

15  MHz, DMSG-ds) 6 ppm 4.20 (s, 3 H}, 838 (s, 1 H), 9.18 (s, 1 H), 948 (s, 1 H), 10.00 (5, 1

H). LOMS (Method-Oy. retention time 0.75 min, [M+H] 230.1

Intermediate 46: 2-(4-formyl-1 H-imidazol-1-yi}-4-methoxypyrimidine-5-
carbonitrile

L

HJ\E%

)
~M
¥
N\&)"GMQ
CH
20 Intermediate 46 was prepared (0.75 g, 55.50%) as an off-white solid, by using a

similar synthetic protocol as that of Intermediate 11 and starting from Intermediate 45A
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(1.00 g, 5.90 mmol)) and 1H-imidazole-4-carbaldehyde (1.13 g, 11.79 mmol). 'H NMR
{400 MHz, DMSO-ds} 0 ppm 4.23 (5,3 H), 884 (s, 1 H), 887 (s, 1 H),9.19 (s, | H), 9.88
(s, 1 H). LCMS (Method-I}: retention time 0.80min, [M+H] 230.2.

Intermediate 47: 6-(4-formyl-{ H-imidazol-1-vi}-4-methylnicotinonitrile

g

Ni/ 3 ~Ha
5 CR
Intermediate 47 was prepared (0.10 g, 9.28%) as an off-white solid, by using a similar
synthetic protocol as that of Intermediate 13C and starting from 6-bromo-4-methyinicotinonitrile
(1.0 g. 5.08 mmol) and 1H-imidazole-4-carbaldehyde (0.61 g, 6.34 mmol). 'H NMR (400 MHz,
DMSO-do) 0 ppm 2.59(s, 3 H), 817 (s, 1 H),8.79 (s, 1 H}, B.84 (s, 1 H),895(s,1 H), 9.86
10 (5, 1 H) LCMS (Mefhod-1): retention time 0.73 mun, [M+H] 213 1.

Intermediate 48: 4-(4-formyl-1 H-imidazel-1-yi)-2-methoxybenzonitrile

To a stirred solution of 1H-imidazole-4-carbaldehvde (1.00 g, 1041 mmol) in

dioxane (5 mL} was added 4-bromo-2-methoxybenzonitrile (2.20 g, 10.41 mmol}, N N-

15 Dimethylglycine (1.073 g, 10.41 romol) and Cs:C03 (3.39 g, 1041 mmol) followed by

copper{)iodide (1.98 g, 10.41 mmol). The resuiting reaction mixture was heated at 110 °C

for 16 h in a sealed tube. The reaction nuxture was cooled to ambient temperature,

concentrated to dryness under vacuum, diluted with water (40 mL) and extracted with DCM

(2 x 100 mL). The combined organic layers were washed with brine (50 mL), dried over

20 anhydrous sodium sulfate and evaporated under reduced pressure to obtain Intermediate

48 (0.80 g, 33.80%) as brown solid. '"H NMR (400 MHz, DMSO-ds) & ppm 4.04 (s, 3 H),

7.56 (dd, J= 835,195 Hz, | H), 7.66 (d, /= 1.44 Hz, | H), 7.97 (4, /= 8.41 Hz, 1 H),

R.67 - 8.72 (m, 1 H), 8.85 - .89 (m, 1 H), 9.84 - 9.87 (m, | H). LCMS (Method-O):
retention time 0.76 min, [M+H] 228 1.
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Intermediate 49: 1-(C-methyipyridin-4-vi}-1H-pyrazole-4-carbaldehvde
O

M
{_&Me
]
Entermediate 49 was prepared (0.50 g, 49.50%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 48 and starting from 4-bromo-2-
5  methylpyridine (1.00 g, 5.81 mmol) and 1H-pyrazole-d-carbaldehyde (0.84 g, 8.72 mmol).
The compound was taken directly to the subsequent step without further purification or
characterization. LCMS (Method-O): retention time 0.69 nun, [M+H] 188.2.
Intermediate 50: 2-(4,5-dimethyl-1H-imidazel-1-yl}pyrimidine-5-
carbaldehyde
O

i
H

B
N’/’i\?%/g\\N
/}.:N
M \<Me

Intermediate 50A: 4,5-dimethyl-1H-imidazole
HN

<"
Be

Me

Synthesized according to literature procedures (dngewandie Chemie, 49, (2010),

15 Intermediate 50:
To a solution of 4,5-dimethvi-1H-imidazole (0.15 g, 1.60 mmol} in acetonitrile (10
mL} was added K:CG; (0.44 ¢, 3.21 mmol), 2-bromopyrimidine-5-carbaldehyde {(0.20 g,
1.07 mmol) and the resulting mixiure was stirred at ambient teraperature for 1.5 h. The
reaction mixture was diluted with ethyl acetate (50 mL) and filtered through Celite®. The
20 filtrate was evaporated under reduced pressure. The residue was purified by column
chromatography (Redisep-24 g, 40 % EtQOAc/ n-hexane} to obtain Intermediate 56 (0.13
2. 86.00%) as a white solid. 'H NMR (400 MHz, DMSO-ds) 8 ppm 2.13 (d, /=049 Hz 3
H), 2.16(s,3H), 847 (s, 1 H),9.27 (s, 2H), 10.11 (5, 1 H). LCMS: The compound did not

ionize well,
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Intermediate 51-I: 4-methyl-53-((CR,65)-6-methylpiperazin-2-
vhiisobenzefuran-1{3H}-oned-methyl-5-(6-methylpyrazin-2-vijisobenzefuran-1(3H)-
one and Intermediate 81-11: 4-methyi-5-((28,6 K)-6-methylpiperazin-2-
vi}isobenzofuran-1{3H}-one

9]

O
Q , g 7
"'E"/\E?EH N NH
Mo HN. M HI
e Me
Enantiomer- {511} Enantiomerdl {511}

Intermediate 51A: 4-methyl-5-(6-methylpyrazin-2-yijisobenzoturan-1(3H}-

one
o
o
AN
Me Nﬁ)‘
Me

Intermediate 51A was prepared {14.00 ¢, 80.00%) as an off-white solid, by using
a stmilar synthetic protocol as that of Intermediate 2C and starting from Intermediate 28
{(20.00 g, 7.3.00 mmol) and 2-chloro-6-methylpyrazine (938 g, 73.0 mmol). 'H NMR (400
MHz, DMSO-d6) & ppm 223 (s, 3 H), 259 (s, 3 H} 550 (s, 2 H), 769 (d, /=783 Hz, 1
H), 781 (d, /=783 Hz, 1 H}, 862 (s, 1 H}, 8.69 (s, 1 H). LCMS (Method-D). retention
time 1.41 mun, [M+H] 2412,

Intermediate 51-1 and 51-1L:

Intermediate 51-f and 51-H was prepared by using a similar synthetic protocol as
that of Imtermediate 2-1 and 2-1I and starting from Intermediate 51A (10.00 g 41.6
mmol). The racemate was separated into two individual enantiomers by SFC [Chiralpak IC
(250 x 4.6 mm) 5 micron; 0.2% NHsOH in MeOH + ACN (1:1), Flow: 1.2 mL/min.
Temperature: 30 °C, UV: 235 nm]. First eluted compound (retention time 4.83 min),
designated as Intermediate 51-I, was obtained (3.50 g, 41.00%) as brown solid. 'H NMR
{400 MHz, DMSO-ds) 0 ppm 096 (d, /=002 Hz, 3 H)214-222 (m, 2H) 229 (5, 3 H)
274-284(m,3H)402(dd, J=10.04, 251 Hz, T H) 538 (5, 2H) 7.65(d, /=803 Hz, 1
H} 7.81(d, /= 8.03 Hz, 1 H), (2 Exchangeable proton not observed). LCMS (Mefhod-03):
retention time 0.636 nun, [M+H] 247.2. Chiral purity (Method-XX V). retention time 4.86
min, 99.30% ee. SOR: [a]”"p=-38.00 (¢ 0.10, MeOH). To determine stereochemistry of
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Intermediate  51-1,  5-((2R65)-4-(3,5-dibromobenzoyl}-6-methylpiperazin-2-vl)-4-
methylisobenzoturan-1(3H)-one  was prepared according to literature procedure
{(WO2011/012896, 2011), and absolute configuration was determined by single-crystal X-
ray diffraction method. Second eluted compound (retention time 0.12 min), designated as
Intermediate 51-II, was obtained (3.10 g, 36.00%) as brown solid. 'H NMR (400 MHz,
DMSO-d6)S ppm 0.97(d, /=602 Hz, 3 H),2.12-226{(m, 2H),2.29(s,3H),2.74-2.84
{m,3H),402(dd, /J=10.04, 251 Hz 1 H), 538 (s, 2H), 7.65(d, /=803 Hz 1 H), 781
(d,./=8.03 Hz, 1 H), (Z Exchangeable proton not observed). LCMS (Me#hod-13): retention
time 0.548 min, [M+H] 247.2. Chiral purity (Method-XXVII): retention time 596 min,
96.00% ee. SOR: [a}? p=+32.00 (¢ 0.10, MeGH).
Intermediate 52-1: S-{({(3R4R)-4-hydroxypiperidin-3-yi}-4-

methylisobenzofuran-1{3H}-one hydrochloride

Intermediate 52A-1, IL, I1f and BV tert-butyl 4-hydroxy-3-(4-methyl-1-oxe-

1,3-dihydroisobenzofuran-S-yl)piperidine-1-carboxylate

To a solution of Intermediate 4A (4.00 ¢, 11.58 mmol} in MeOH (100 mL) was
added NaBHa (146 g 23.16 mmol} and the reaction mixture was stured at ambient
temperature for 2 h. The reaction mixture was concentrated to dryness under reduced
pressure and diluted with water {100 mL). The solid precipitate was filtered and dried under
vacuum to obtain diastereomer-1 (2.7 gm). Filtrate was extracted with 10% MeOH in DCM
(3 x 50 mL). The combined organic layers were washed with brine (30 mL), dried over
anhydrous sodium sultate and evaporated under reduced pressure to obtain diastereomer-ii
{0.8 g). The diastereomer-I was separated intc two individual enantiomers by SFC [Lux
cellulose-2 (250 x 4.6 mm) S micron, 0.2% NH:OH in MeOH, Flow: 1.2 mL/min.
Temperature: 30 °C, UV: 240 nm]. First eluted compound (retention time 3.98 min),
designated as Intermediate 32A-1, was obtained (1.20 g, 30.00%) as an off -white solid.

'H NMR (400 MHz, DMSO-ds) § ppm 1.42 (s, 9 H), 1.89 - 1.98 (m, 1 H), 2.29 (s, 3 H),
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2.82(d, J=9.54 Hz, 3 H), 3.17(d, J=4.02 Hz, 1 H), 3.78 (br. 5., 1 H), 3.95 (br. 5., 2 H),
4.70 (br. 5., L H), 5.40 (s, 2 H), 7.55 (d, J=8.03 Hz, 1 H), 7.66 (d, /= 8.03 Hz, 1 H). Chiral
purity (Method-XXVITy: retention time 3.98 min, 100% ee. SOR: [a]®p=-38.00 (¢ 0.1,
MeOH). LCMS: The compound did not ionize well. Second eluted compound (retention
time 5.85 min), designated as Intermediate 32A-11, was obtained (1.30 g, 32.30%) as an
off-white solid. 'H NMR (400 MHz, DMSO-ds) § ppm 1.42 (s, 9 H), 1.89 - 1.98 (m, | H),
229 (s, 3H), 2.82(d, J=9.54 Hz, 3 H), 3.17 (d, J=4.02 Hz, | H), 3.78 (br. s, 1 H), 3.95
(br. s., 2 H), 4.70 (br. 5., 1 H), 5.40 (s, 2 H), 7.55 (d, /= 8.03 Hz, 1 H), 7.66 (d, J = 8.03
Hz, 1 H}. Chiral purity (Mefthod-XXVIIT): retention time 5.85 min, 99.3% ee. LCMS: The
compound did not ionize well. The diastereomer-1I was separated into two individual
enantiomers by using similar SFC method as that of diastereomer-1. First eluted compound
(retention time 8.61 min), designated as Intermediate S2A-1EL, was obtained (0.20 g,
5.00%) as an off-white soflid. 'H NMR (400 MHz, DMSO-d6) & pprm 1.40 (s, 9 H), 1.64 -
1.82 (m, 2 H), 2.26 (s, 3 H), 3.06 (d, J = 11.04 Hz, 1 H), 3.17 (d, J = 5.52 Hz, 1 H), 3.52
{br.s, 1H), 381 (br.s, 2H), 397 (br.s, 1 H), 482 (br. s, 1H)}, 539(s, 2 H}, 7.56 (br.
3., T H), 7.59-7.65 (1, 1 H). Chiral pusity (Method-XXVIITy: retention time 8.61 min, 100%
ee. LCMS: The compound did not ionize well. Second eluted compound (retention time
9.82 mun), designated as Intermediate 52A-1V, was obtained (0.21 g, 5.20%;) as an off-
white solid. 'H NMR (400 MHz, DMSO-d6) § ppm 1.40 (s, 9 H), 1.64 - 1.82 (m, 2 H), 2.26
(s,3H),3.06(d,J=11.04 Hz, 1 H), 3.17(d, /=552 Hz, 1 H), 3.52 (br. 5., 1 H), 3.81 {br.
s, 2 H),3.97 (br.s., | H), 4.82 (br. 5, 1 H), 5.39 (s, 2 H), 7.56 (br. s., L H), 7.59 - 7.65 (m,
1 H). Chiral purity (Method-XXVII). retention time 9.82 min, 97.80% ee. LCMS: The
compound did not ionize well.

Intermediate 52-1:

To a solution of Intermediate 52A-F(1.20 g, 3.45 mmol) in DCM (50 mL) at 6 °C
was added 4N HCl in dioxane (12.95 ml, 51 8 mmol). The resulting roixture was stirred at
ambient temperature for 2 h. The reaction mixture was concentrated to dryness, washed
with diethylether (2 x 50 mL) and dried under reduced pressure to obtain Intermediate 52~
1(0.90 g, 92.00%) as an off-white solid. 'H NMR (400 MHz, DMSO-d6) & ppm 1.72 - 1.85
(m, 1 H), 2.08 (d, ./ =13.05 Hz, 1 H), 2.30 (s, 3 H}, 3.08 (d, /= 9.04 Hz, 2 H), 3.12 - 3.20
(m, 2 H),3.97 (br. 5, 1 H), 4.99 (br. 5, 1 H), 540 (4, /= 5.52 Hz, 2 H), 7.61 (d, /= 8.03
Hz, 1H), 7.70(d, /=8.03 Hz, 1 H), 896 (br. 5., 1 H), 9.05 (br. 5., | H), (1 Exchangeable

~-116 -



W

10

15

A
W

WO 2018/222795 PCT/US2018/035270

proton not observed). LUMS (Method-D) retention time 0.395 min, [M+H] 248.0. To
determine stereochemistry of Imtermediate 352-1, S5-((3R4R)-1-{(4-bromobenzoyl)-4-
hydroxypiperidin-3-ylj-4-methylisobenzofuran-1(3H)-one was prepared according to
literature procedure (WO2011/01289¢6, 20811), and absolute configuration was determined
by single~-crystal X-ray diffraction method.

Example 1-I: (K}-4-methyl-6-(4-((2-(4-methyl-I-ox0-1,3-dihydreisobenzofuran-5-

yhmorpholino}methyl)-1 H-pyrazol-1-yiinicotinenitrile

[e]
/\}\./\
o il
N NP N
H R \h\ \‘N
Me O LNI

\
)
N\:_ }Me

N

To a solution of Intermediate 6 (0.05 g, 0.23 mmol) in MeOH (1 mL) was added
Intermediate 3-F (0.05 g, 0.23 mmol) and the reaction mixture was stirred at ambient
temperature for 15 min. NaCNBH:z (0.04 g, 0.71 mmol} was added and stirring was
continued for 12 h at ambient temperature. The reaction ruixture was diluted with water (15
mb) and extracted with ethyl acetate (2 x 20 mL). The combined organic layer was washed
with brine (20 mL), dried over anhydrous sodium sulfate and evaporated under reduced
pressure. The residue was purified by HPLC [XBridge C18 (19 x 150 mum) § micron;
Solvent A: 0.1% TFA; Solvent B: Acetomtrile, Gradient: 10-100% B over 25 minutes,
Flow: 15 mL/min, retention time 1.60 min, UV 220 nm] to obtain Example 1-1 (0.02 g,
17.10%}). "H NMR {400 MHz, DMSO-ds) 8 ppm 1 86 - 1.96 {m, 1 H), 2.20(s, 3 H), 2.23 -
229{(m, 1 H), 258 (3,3H), 281(d, /J=1174Hz 1 H),292(d, /=1149Hz 1 H), 356
(3, 2H), 371 -381(m, 1 H),39(d, J=954Hz 1 H), 481 (d, /=807 Hze, 1 H), 538
(d, /=489 Hz 2H),757-763(m, 1 H),764-771 (m, 1 H), 787 (s, 1 H}, 7.99 (s, 1 H},
855 (s, 1 H), 8.83 (s, 1 H). LCMS/HPLC (Method-4): retention time 1.25 min, [M+H]
430.0, purity: 100%. (Method-B): retention time 1.90 min, [M~+H] 430.0, purity: 98.3%.
Chural purity (Method- I): retention time 10.04 min, 100% ee,
Example 2-1:
{R}-4-methyl-6-(4-{(3(4-methyl-1-ox0-1,3-dihydroiscbenzofuran-5-yl)piperazin-1-yi)

methyl-1H-pyrazel-1-yhnicotinonitrile
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Example 2-1 was prepared (0.11 g, 21.36%) as a white solid, by using a sinular
synthetic protocol as that of Example 1-1 and starting from Intermediate 6 (025 g, 1.17
mmol) and Intermediate 2-1 'H NMR (400 MHz, DMSO-is) 6 ppm 1.79 (1, /= 10.29 Hz,
TH)Y,L 203 -218(m, 1 H), 225¢s, 3 H), 266 -267(m, 4H),279{, /=904 Hz, ZH),
284-292{(m, 1 H), 294-3.05(m, 1 H},345-3.59(m, 2 H), 4.06(d, /=954 Hz, 1 H),
536(d, /J=151Hz 2H),763(d,/=803Hz 1 H),776(d, /=803 Hz | H), 785 (s, 1
Hj, 7.98 (s, 1 H), 8.52 (s, 1 H), 8.82 (s, 1 H). HPLC (Method-F). retention time 5.62 min,
purity: 98.55%. (Method-G): retention time 5.62 min, purity: 98.55%. LCMS (Method-):
retention time 1.82 min, [M+H] 4259 .0, Chiral purity (Method-VTl): retention time 4.29 min,
100% ee.

Example 3-1:
{K}-3-methy}-53(5{C2-{(4-methyi-1-ox0-1,3-dihydroisobenzofuran-5-

yiimerphelino)methyl)pyridin-2-yhbenzo[djoxazel-2(3H }-one

Example 3-1 was prepared (0.006 g, 5.13%) as white solid, by using a sinular
synthetic protocol as that of Intermediate 2B and starting trom Intermediate 8 (0.06 g,
0.24 mmol) and Intermediate 5-L 'H NMR (400 MHz, DMSO-ds) & ppm 199 (t, / =
1076 Hz, 1 H), 223 (s, 3H), 226-235(m, 1 H), 2.79(d, /=11.25Hz, 1 H),2950(d, J=
1052 Hz, T H), 342 (s, 3H),3.64(s,2H),374-383(m 1 H,401(d,/J=1149Hz 1
H), 485(d, /=880Hz 1 H),538(d,/=3.67Hz, 2H), 743 (d, /=856 Hz | H), 7.60
~766{m, T H), 766 -771 (m, 1 H}, 783 -792(m, 2H), 796 (d, /=147 Hz, 1 H}, 8.01
{d, /=856 Hz, 1 H), 861 (s, 1 H}. LCMS/HPLC (Method-4). retention time 1.21 min,
[MA+H] 472.2, purity: 100%. (Method-B)- retention time 1.83 min, [M+H] 472.2, purity:

- 118 -
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99.40%. Chiral purity (Method-XVII{}: retention time 24.29 min, 100% ee
Exampie 4:
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Example 4 was prepared (0.01 g, 13.77%), by using Intermediate 4 (0.05 g 0.15

mmol) in a manner similar to synthetic protocol described for Intermediate 6. 'H NMR

(400 MHz, DMSO-ds) 8 ppm 2.16 (br. s., 2 H), 2.29 (s, 3 H), 2.33 (s, 1 H), 2.65 - 2.73 (m,

1H), 2.90 (br. s, 1 H), 3.01 (br. s, 1 H), 3.39 (5,3 H), 3.63 (s, 2 H), 3.68 - 3.80 (m, 1 H),

10 540(q,J= 1541 Hz, 2 H), 741 (d, J= 8.56 Hz, 1 H), 7.56 (dd, J = 8.56, 2.20 Hz, | H),

762 - 768 (m, 2 H), 769 - 7.71 (m, 1 H), 7.74 (d, J = 2.20 Hz, 1 H), 8.44 (s, 1 H.

LCMS/HPLC (Mefhod-A). retention time 1.29 min, [M+H] 495.0, purity: 94.70%
(Method-B): retention time 1.87 min, [M+H] 4951, 95.90%.

Example §:

oy
¥4

6-{4-{{4.4-difluore-3-(4-methyl-1-0x0-1,3-dihydroisebenzofuran-S-yl)piperidin-1-yi}

methyl}-1 H-pyrazel-1-yl}-4-methyinicotinenitrile
o

o

Example S was prepared (0.01 g, 12.92%), by using Intermediate 6 (0.04 g, 0.19
mmol) and Intermediate 4C in a manner similar to synthetic protocol described for

20 Example 1-L
H NMR (300 MHz, CDCI3) 6 ppm 234 (s, 3 H), 2.44 (br. s, 2 H), 2.66 (s, 3 H),
304¢d,/=1058Hz, 1 H),3.22(t, /=246 Hz, 1 H),3.64(, J=15806Hz, 2 H), 409 -
418 (m, 1 H),420-440(m, 2H), 526-533(m,2H), 748(d, /=869 Hz 1 H), 780

~-119 -
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(d,/=831Hz, 1 H), 787 (s, 1 H), 7.99(s, 1 H), 862 (s, 1 H), 874 (5, 1 H). F NMR (400
MHz, DMSO-ds) & ppm - 96.34, - 110.26. LCMS/HPLC {(Method-A): retention time 1.375
min, [M+H] 464.0, purity: 95.80%. (Method-B): retention time 2.11 min, [M+H] 464.0,

85.20%.

W

Example 6-1:
{R}-6-(5-methoxy-4-((3-(4-methyl-1-ox0-1,3-dihvdroisobenzofuran-S-yl}piperazin-i-

yhmethyl}-1 H-pyrazel-1-yl)-4-methyinicotinonitrile

Ly
2
o I
iti’ﬁe Hﬁ\/) /“‘ A
R
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Example 6-1 was prepared (0.02 g, 22.08%), as an off-white solid, by using a
10 similar synthetic protocol as that of Example 1-T and starting from Intermediate 9 (0.05
g, 0.20 mmol) and Intermediate 2-1. 'H NMR {400 MHz, DMSO-ds) 8 ppm 1.87 (1, J =
1076 Hz, 1 H), 2.14 (s, 1 H), 226 (s, 3 H), 2.55 (5, 3 H), 2.80 (d, /= 1076 Hz, 2 H}, 2.85
293 (m, 1 H), 299(d, /= 10,03 Hz, 1 H), 340 (s, 2H), 395(s, 3 H), 409(d, /= 10.27
Hz, 1 H), 537 (s, 2H), 764 (d, /J=807THz 1 H},7.73-778 (m, 2 H), 838 (s, 1 H),8.74
(s, I H), (Exchangeable proton not observed). LCMS/HPLC (Method-4): retention time
1.31 min, [M+H] 459, purity: 100%. (Method-B). retention time 1.78 min, [M+H] 459,

J—
L

purity: 99.40%. Chural purity (Method-X1): retention time 9.83 min, 82.80% ee.
Example 7-1:
{R}-4-methyl-5-{4-((1-(2-methyithiazol-5-yI}- 1 H-pyrazel-4-yDmethylmorpholin-2-yi}
20 isobenzofuran-1{3H)-one
L8]

g
t@\;/\NMN
= “\-N'

Me O

Example 7-1 was prepared {(0.02 g, 17.25%) as a pale yellow solid, by using a
sirnilar synthetic protocol as that of Intermediate 6 and starting from Intermediate 14-1

(0.10 g, 0.319 mmol). 'H NMR (400 MHz, DMSO-ds) § ppm 1.87 - 1.95 (m, 1H), 2.16 -
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222{m, 1 H}, 224 (5,3 H),2.62(s, 3 H), 280(d, J=11.00Hz 1 H}, 291 (d, J=11.74
Hz, 1 H), 349(s, 2H),371-380(m, 1 H),399(dd, /=1149,220Hz 1 H), 481(dd,J
=10.03,220Hz, 1 H}, 533-544(m, 2H), 759-770(m, 3 H), 786 (s, 1 H), 833 (s, 1
H) LCMS/HPLC (Method-A): retention time 1.06 min, [M+H] 411.1, purity: 100%.
{(Method-B)y. retention timme 152 man, [M-+H] 4111, punty: 99.60%. Chiral punty
(Method-XVT): retention time 11.36 min, 100% ee.
Example 8-1:

{K}-d-cyclopropyl-6-{4-{(2-(4-methyl-1-0x0-1.3-dihydroisobenzofuran-5-

viimerphelino)methyl)-1H-pyrazel-1-yhnicotinonitrile

Ty

kfw

o Yo 1\ VA

Example 8- was prepared (0.003g, 4.27%) as an off-white solid, by using a similar
synthetic protocol as that of Intermediate 6 and starting from Intermediate 14-1 (0.05 g,
0.16 mmol} and intermediate 10 ( 0.05 g, 0.23 mmol).

H NMR (400 MHz, DMSO-ds) 8 ppm 1.02 - 111 (m, 2 H), 1.26 - 140 (m, 2 H),
219-230(m, 4H),3.61{s,2H), 390(d,/=1149Hz 2H),418(d,/=1125Hz 4 H),
505(br. s, 1 H), 533-552{(m, 2 H), 745(s, 1 H}, 7.63 (d, J=T783Hz 1 H), 774 (d,J

=807 Hz, 1 H), 798 (s, 1 H), 8.72 - 890 (m, 2 H) . LCMS/HPLC (Method-4): retention
time 1.40 nun, [M+H} 456 1, purity: 100%. (Method-B): retention time 2.09 min, [M-+H]
4561, purity: 94.50%. Chiral purity (Method-Ty: retention tirne 10.54 min, 100% ee.

Example 9-1:

{R}-4-methyl-6-(4-{(§(4-methyl-1-ox0-1,3-dihydroiscbenzofuran-5-yi)-2-

oxooxazolidin-3-yhmethyl}-1H-pyrazol-1-yvlnicetinonitrile

Q
i s //\ N/\\(
Me B—f L;\;
A\Y AY
e} &);--ﬁ\
M\:_N\ Re
(53,

To a solution of Intermediate 12-1(0.06 g, 0.149 mmol) in DCM (5 mL) was added
dipyridyl-2-carbonate {0.03 mg, 0.15 mmol}, TEA (0.04 mL, 0.29 mmol) and the resulting

reaction mixture was stirred at ambient temperature for 16 h. The reaction mixture was

- 121 -
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concentrated under reduced pressure. The residue was purified by preparative HPLC |
XBridge C18 {19 x 150 mm) 5-um; Solvent A: 10 mM Ammonium Acetate, Solvent B:
methanol, Gradient: 15-57 % B over 20 min, then a 5-minute hold at 100% B, Flow: 15
mb/min, retention time 2.70 min, UV 220 nm] to obtain Example 9-1(0.13 g, 19.34%) as
an off-white solid. 'H NMR (400 MHz, DMSO-ds) d ppm 2.23 (s, 3 H), 2.64 (3, 3 H), 4.10
(t, /=904 Hz, 1 H),428-453(m,3H),535-548(m,2H),597(dd, J=9.04, 7.03 Hz,
TH), 755(d, J=803He, 1 H),774(d, /=753 He, 1 H), 7.89 (s, 1 H), 8.00(d, J=1.00
Hz, 1 H), 864 (s, I H), 8.85 (5, 1 H). LCMS/HPLC (Method-A): retention time 1.69 min,
[M+H] 4301, purity: 95.30%. (Method-5Y: retention time 1.70 min, [M+H] 4301, purity:
94.30%. Chiral purity (Method-X}: retention time 5.58 min, 100% ee.

Example 10-1:

exemorpholino)methyl)-1H-pyrazol-1-ylinicotinonitrile
o

it
Q)
’A\ﬂ\/b\-’/\ﬁ’ .
Me & \[E i
NN

[o IR

To a stirred solution of Intermediate 13-1(0.05 g, 0.11 mmol) in THF (10 mL) was
added tri-n-butylphosphine (008 ml, 032 mmol) followed by ditsopropyl
azodicarboxvlate (0.04 mL, 022 mmol). The resulting reaction mixture was stirred at
ambient temperature for 1 h and diluted with water (30 mL}. The reaction mixture was
extracted with ethyl acetate (3 x 25 mL). The combined organic layers were washed with
brine (25 mL}, dried over anhydrous sodium suifate and evaporated under reduced pressure.
The residue was purified by preparative HPLC [XBridge phenyl (19 x 250 mm) 5 micron,
Solvent A 10 mM CHzCOONH-PH-4 5, Solvent B  Acetonitrile; Gradient: 40-65% over
24 min; Flow : 17 mL/min, retention time 11.24 min, UV 254 nm] to obtain Example 10-§
(0.001 g, 2.50%). H NMR (400 MHz, DMSO-ds) & ppm 2.29 (s, 3 H), 2.59 (s, 3 H), 3.36
~3.46(m, 1 H),3.57(dd, J=12.23,3.18 Hz, 1 H), 428 -4.51 (m, 3 H), 4.60(d, J = 14.92
Hz, 1 H), 5.29(dd, J= 10.52, 3.42 Hz, 1 H), 5.34-5.50 (m, 2 H), 7.58 - 7.66 (m, 1 H), 7.67
~7.76 (m, 1 H), 7.91 (s, 1 H), 8.01 (s, | H), 8.65 (s, | H), 8.85 (s, | H). LCMS/HPLC
{Method-A): retention time 1.67 min, [M+H] 444.1, purity: 100%. (Method-B). retention
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time 1.65 min, [M+H] 4441, purity: 100%. Chural punity (Mefhod-1): retention time 22.89
min, 100% ee.

Example 11-1:
{R}-4-methoxy-6-{4-(2-(2-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-

yhm Oi‘ph olinojethyl}-1H-pyrazol-1-yhnicotinonitrile
LN P e o

Example 11-1 was prepared (0.05 g, 32.65%;), by using a similar synthetic protocol
as that of Example 1] and starting from Intermediate 15 (0.07 g, 0.31 mmol} and
Intermediate 3-L 'H NMR (400 MHz, DMSO-ds) & ppm 1.85-2.00 (m, 1 H), 2.22-2.33
(m,3H},2.60(br s, 3H),271(d, J=587THz, 2H),289(d, /=1198Hz | H), 2.99 (d,
J=1149Hz, TH), 3754, J=1113 Hz, 1 H), 400(d, /= 1003 Hz, 1 H), 410 (s, 3 H),
480(d, J=1003 Hz, 1 H), 530 -551 (m, 2 H), 758 (s, 1 H), 760 -7.76 (m, 2 H), 7.84
(s, 1 H), 850 (s, 1 H), 8.73 (s, I H). LOCMS/HPLC (Method-AY. retention time 1.29 mun,
[M+H] 4001, purity: 98.12%. (Method-B): retention time 1.95 min, [M+H] 4601, purity:
97 20%. Chiral purity (Method-I}: retention time 10.17 min, 100% ee.

Example 12-I:
{R}-6-(5-((2-(4-methyl-1-ox0-1,3-dihydroisebenzofuran-S-ylymorphelinejmethyl}-

1,3.4-oxadiazol-2-ynicotinonitrile
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To a stirred solution of Intermediate 16 (0.04 g, 0.18 mmol) and Intermediate 3-1
{0.04 g, 0.18 mmol} in ACN (5 mL) was added K2C(33 (0.07 g, 0.54 mmol) followed by Ki
(0.003 g, 0.02 mmol). The reaction mixture was stirred at ambient temperature for 14 h,
diluted with water (25 mL) and extracted with ethyl acetate (3 x 15 mL). The combined
organic layer was washed with brine (15 mL)}, dried over anhydrous sedium sulfate and
concentrated. The residue was purified by HPLC [XBridge C18 (19 x 150 mm) 5 micron;

Solvent A: 0.1% trifluoroacetic acid; Solvent B: Acetonitrile; Gradient: 5-32% over 20 min,
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Flow: 15 mL/min, retention time 10.63 min, UV 220 nm] to obtain Example 12-1 (0.058
g, 76.31%%). '"H NMR (400 MHz, DMSO-do) 8 ppm 2.18 (t, /= 10.64 Hz, 1 H), 2.28 (s, 3
H), 239-248(m, 1 H), 289 (d, /=1100Hz 1 H),305(d, /J=1149 Hz, 1 H), 3.69 -
384(0m, 1H),396-412(m,3H),485(dd, /=990, 208 Hz, 1 H}, 531 -547 (m, 2 H},
757-763(m, 1 H),765-773{(m, 1 H),835(dd, /=831, 098 Hz, 1 H}, 857 (dd, J=
819,208 Hz, 1 H), 9.23 (dd, /=208, 0.86 Hz, 1 H). LCMS/HPLC (Method-AY. retention
time 1.26 mun, [M+H]} 4181, purity: 100%. (Method-5): retention time 1.41 min, [M~+H]
418.0, purity: 100%. Chural purity (Method-VIT): retention time 17.41 min, 100% ee.
Example 13-I:
(F)-4-methyl-6-(5((3-(4-methyl-1-ox0-1,3-dihydroisobenzoturan-S-yljpiperazin-1-yl)me

thyl}-1,3,4-oxadiazol-2-yhnicotinonitrile

[+]
i
=
N
7T o
Mo BN /J /N

Example 13-T was prepared (0.02 g, 21.80%) by using a similar synthetic protocol
as that of Example 12-1 and starting from Intermediate 17 {004 g, 0.17 mmol) and
Intermediate 2-1. 'H NMR (400 MHz, DMSO-ds) 8 ppm 2.00 - 2.10 (m, 1 H), 2.29 (s, 3
H), 263(s,4H), 280, /=1076Hz 4H),297-306(m, 1 H),400(s,2H), 411 (d, ./
=850 Hz 1 H), 539(s, 2H), 765(d, /=807 Hz, 1 H), 777 (d, /= 783 Hz, 1 H), 8.32
(s, 1 H), 9.11 (s, 1 H). LCMS/HPLC (Method-A). retention time 1.12 min, [M+H} 4311,
purity: 100%. (Method-B): retention time 1.66 nun, [M+H] 431.1, punity: 99.56%. Chural
purity (Method-V): retention time 8.77 min, 100% ee.

Example 14-1:
{K}-d4-methoxy-6-{4-{{3-{4-methyl-1-ox0-1,3-dihydroisobenzofuran-S-yljpiperazin-i-
yiimethyl}-1 H-imidazol-1-yinicotinenitrile
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Example 14-1 was prepared (0.10 g, 20.13%) by using a similar synthetic protocol
as that of Example 1-1 and starting from Intermediate 11 (025 g, 110 mmol) and
Intermediate 2-L

H NMR (400 MHz, DMSG-ds) & ppm 189 (br. s, 1 H), 2.19 (br. s, 1 H}, 2.27 (5,
3H), 281 -305(m, SH),350(s,2H),403-414(m, 4H),537(s, 2H), 7.59(s, l H),
765(d, /=807THz 1 H), 778 (d,/=807THz, 1 H),795 (5, 1 H), 858 (d, /=122 Hz, 1
Hj, 8.74 (s, 1 H) LCMS/HPLC (Method-A): retention time 0.99 min, [M+H]} 4451, purity:
100%. (Method-B): retention time 1.28 min, [M+H] 445.0, purity: 99.56%. Chiral purity
(Method-1y: retention time 7.10 min, 84.55% ee.

Example 15-I:
{K}-d4-methyl-6-(4-((3-{4-methyi-1-ox0-1,3-dihydroisobenzofuran-5-yi}-5-

oxopiperazin-1-yhmethyl}-1 H-pyrazel-1-ylinicetinonitrile
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Example 15-1 was prepared (0.008 g, 12.95%) as a white solid, by using a similar
synthetic protocol as that of Example 1-1 and starting from Intermediate 6 (0.03 g, 0.14
mmol) and Intermediate 19-L '"H NMR (400 MHz, DMSO-ds) 8 ppm 2.22 (s, 3 H), 2.41
(dd, J=1162,624Hz, 1 H), 256 (s, 3 H), 290 (dd, J=1198, 4 16 Hz, 1 H),3.05-3.22
{m,2H),347-3.065(m,2H), 4% (br.s, 1 H),521-534{(m, 1 H),536-546(m, 1 H},
756{(d, J=807Hz, 1H),768-780{(m,2H), 796 (s, 1 H), 818 (s, 1 H), 8.28 (5, 1 H),
8.76 (s, 1 H). LCMS/HPLC (Method-A). retention time 1.23 min, [M+H] 443.1, purity:
96.48%. (Method-B): retention time 1.51 min, [M+H] 443 1, purity: 100%. Chiral purity
{Method-Ty: retention time 12.48 min, 92% ee.

Example 16-1:

{R)-4-methyl-5{4-({6-(4-methyl- 1H-imidazol-1-yDpyridin-3-yDmethylymorpholin-2-

ylisobenzofuran-1(3H}-one

[+

L0,
e G\//J /\/1
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Example 16-1 was prepared (0.01 g, 9.26%), by using a similar synthetic protocol
as that of Intermediate 23-1 and starting from Intermediate 20 (0.05 g, 0.26 mmol) and
Intermediate 3-1. 'H NMR (400 MHz, DMSO-ds) Sppm 2.17(s,3H),2.22(s,3H), 2.2
-236(m, 2H},277(d,J=1125Hz, 1 H},287(d, /=1198Hz 1 H),3.61(5,2H),3.69
-3.85(m, 1 H},399(d, /=954 Hz 1 H), 482 (d, /=758 Hz, 1 H), 526 - 5.45 (m, 2 H},
754 - 775 (m, 4 H), 792 (dd, J = 831, 220 Hz, 1 H), 839 (s, 2 H). LCMS/HPLC
{Method-A): retention time 0.83 min, [M+H] 4051, purity: 99.20%. (Method-B): retention
time 1.56 min, [M-+H] 405.0, punity: 95.99%. Chiral purity (Method-X). retention time
12.55 min, 96.10% ee

Example 17-I:
{F’)-4-methoxy-5'-((5-(4-methyi-1-oxo-1,3-dihvdroisobenzofuran-5-yl}-2-oxooxazolidin-3

-yhmethyi}-[2,2"-bipyridine]-S-carbonitrile
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A solution of Intermediate 23-1 (0.15 g, 0.35 mumol) in THF (20 mL) at 70 °C was
added 1,1’ -carbonyldiimidazole (0.06 g, 0.38 mmol) and the resulting reaction mixture was
stirred for 1 h. The reaction mixture was cooled to ambient temperature and was evaporated
under reduced pressure. The residue was diluted with water (15 mL) and extracted with
DCM (3 x 15 mL). The combined organic layers were washed with brine (10 mL), dried
over ashydrous sodium sulfate and evaporated under reduced pressure. The residue was
purified by HPLC [Intertsil ODS (250 x 10 mm) S micron; Solvent A 10 mM NH4OAc in
H:0, Solvent B: Acetonitrile, Gradient: 20-65% over 14 min, Flow: 17 mL/min retention
time 15.06 min, UV 254 nm] to obtain Example 17-1 (0.02 ¢, 8.68 %), 'TH NMR (400 MHz,
DMSO-de}y 6 ppm 222 (s, 3 H), 403 -4.07 (m, 2 H), 4 11(5,3 H), 451 (d, /= 16.00 Hz,
TH), 462(d, J=1600Hz 1H),522-548(m, 2 H), 6.02(, J=819Hz 1 H), 7.59 (d,
J=856Hz 1H),776(d, /J=807Hz 1 H),795(d, /=8.07Hz 1 H), 8.14 (s, 1 H}, 843
(d, /=807 Hz, I H), 870 (s, 1 H), 892 (s, | H). LCMS/HPLC: (Mefhod-A) retention
time:1.59 min, [M+1]: 4571, purity: 100%. (Method-B) retention time: 1.65 min, [M+1]:
457.0, purity: 100%. Chiral purity (Method-XVII): retention time 6.39 min, 100% ee
Example 18-1:

6-{4-(1-hydroxy-2-({#)-2-(4-methyl-1-oxo-1,3-dithydroischenzofuran-5-ylymorpholino et
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byl)-1H-pyrazol-1-y)-4-methyinicotinonitrile (Diastereomer-I & II)

O
W
A\

E\
£F OH

< M
Me ﬁ\) %

\
N-N
—H
2/ )
e -(CN

To a solution of Intermediate 24 (0.12 g, 0.53 mmol) in BEtOH (10 ml) was added
Intermediate 3-1(0.12 g, 0.53 mmol) and the resulting reaction mixture was stirred at 85°C
for 48 h. Ethanol was evaporated under reduced pressure and residue was purified by HPLC
| XBridge phenyl (250 x 19 1D} 5 micron; Solvent A © 10 mM NH4HCO3-PH-9.5, Solvent
B : Acetonitrile; Gradient: 0-62% over 15 min; Flow : 16 mL/min, UV 254 nm]. First eluted
compound (retention time 15.33 min), designated as Example 18-1 Dia-f (Diastercomer-1)
was obtained (0.009 g 19.00%). 'H NMR (400 MHz, DMSO-ds) & ppm 2.01 - 2.08 (m, 1
H), 225(s,3H),231-234(m, 1 H),236(d,./J=301Hz, 1H),258(s,3H},265-26
(m, LH)285(d, /= 1080 Hz 1 H),307(d,/=1080Hz 1 H),3.72-380(m 1 H),39
-4.03(m, 1 H},479(d, /=954 Hz, 1 H),485(d, /=653 Hz, 1 H), 5.22(d, /=502 Hz,
1H),539(d, /=452H2 2H),762(d, /=800Hz 1 H),7.67(d, /=800 Hz, 1 H), 7.90
{s, 1 H), 799 (s, 1 H), 8.54 (5, 1 H}, 8.84 (s, 1 H). LCMS (Method-): retention time 1.93
min, [M+H] 4601, purity: 98.60%. HPLC (Method-F): retention time 512 nun, purity:

2

oo

5

99.14%. {(Method-(5}: retention time 6.03 min, purity: 99.42%. Chiral purity (Method-X).
retention time 10.19 min, 97.70% ee.

Second eluted compound (retention time 17.02 min), designated as Example 18-1
Dia-II (Diastereomer-IT) was obtained (0.008 g 16.00%). 'TH NMR {400 MHz, DMSO-ds)
Sppm 2.0 -208(m, 1H), 225, 3 H),2.31-234(m, 1 H), 236 (d, /=301 Hz, 1 H),
258 (5, 3H),265-268(m, 1Hy296{,J=,1180 Hz, 2H),3.72-3.80 (m, L H),395 -
403 (m, 1 H), 479(d, /=954 Hz, 1 H),485(d, /=053 Hz, 1 H}, 522 (d, /= 502 Hz,
1H), 539(d, /=452Hz, 2H), 762 (d,/J=8.00Hz, 1 H), 7.67(d, /=8.00 Hz, 1 H}, 7.90
(5, 1 H), 799(s, 1 H), 854 (s, 1 H}, 884 (5, I H} LCMS (Method-H): retention time 1.92
min, [M+H] 4601, purity: 95.43%. HPLC (Method-F): retention time 5.11 min, purity:
90.01%. (Method-(ry. retention time 6.00 min, purtty: 88.76%. Chiral purity (Method-X):
retention time 12.55 min, 96.10% ee.

Example 19-I:

~3
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{R}-3-methyl-5{(5-{(2-{4-methyi-1-0x0-1,3-dihydroisobenzofuran-5-
yhmorpholino}methyljthiazol-2-yl}benzo{djoxazol-2(3H)-one

O

Ob\/\ /}H <J;

mo\)

Example 19-1 was prepared (0.01 g, 16.97%;, by using a similar synthetic protocol
5 as that of Example 3-1 and starting from Intermediate 23-1 (0.10 g, 0.12 mmol) and
Intermediate 8, 'H NMR (400 MHz, DMSO-ds) 8 ppm 1.94 - 2.07 (m, 1 H), 2.24 (s, 3 H),
228-237{(m, 1 H),283-291(m, 1 H),29(d, J=1174Hz 1 H), 342 (s,3H), 372 -
383(m, 1H),387(s,2H)4.03(d, /J=929Hz 1 H), 483 (5,1 H), 538(d, /=245 Hz,
2H), 744 (d, J=831Hz, 1 H), 767 (5, 1 H} 7.69 (5, 1 H)} 7.70 (dd, /= 8.00 Hz, 1.60 Hz,
10 1H), 775(s, 1 H)Y 7.79(d, J=171Hz 1| H). LCMS/HPLC (Method-A): retention time
1.23 min, [M+H] 478.1, purity: 99.56%. (Method-BY. retention time 1.89 min, [M+H]
478.0, purity: 99.59%. Chiral purity (Method-X): retention time 9.67 min, 100% ee.
Example 20-1:
{R}-3-methyl-5(5-(2-(4-methyl-I-oxe-1,3-dihydroisobenzofuran-5-yl)morpholine-4-

J—
L

carbenyljthiazol-2-ylibenzo|djoxazel-2(3H)-one
o
Q}\/ Ny 0
\Vf”‘\\f/ \ AN /""\\/
Me 0 /

/7’*&_ //
Ma
Example 20-T was prepared (0.01 g, 5.29%), by using a similar synthetic protocol
as that of Example 3-1 and starting from Intermediate 26-1 (0.15 g, 0.35 mmol} and
Intermediate 8.

20 H NMR (400 MHz, DMSO-ds) 6 ppm 2.08 (5,3 H), 2.20 - 2.37 (m, 3 H), 3.43 (s,
3H), 383(dd, J=1149,880Hz, 1 H),412(d, /=978 Hz, 1 H),415-431(br s, 1 H),
494(d, /J=1003Hz 1H), 542 (br. s,2H),749(d,/=807Hz 1 H), 766 -783 (m, 3
H), 7.87(d, /=171 Hz, 1 H), 826 (s, 1 H) LCMS/HPLC (Method-A): retention time 1.71
min, [M+H] 492.1, purity: 90.82%. (Mefhod-B): retention time 1.73 min, [M+H] 492.0,

25 purity: 97.44%. Chiral punity (Method-XV1y: retention time 3 .40 nun, 100% ee.

Example 21-I:
{R}-1-(5(3-(4-methyl-1-ox0-1,3-dihydreisobenzofuran-5-yl)piperazin-1-
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yvhmethyljthiazol-2-yi}-1H-imidazole-4-carbonitrile
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Example 21-T was prepared (0.006 g, 9.11%) as a white solid, by using a similar

synthetic protocol as that of Example 1-1 and starting from Intermediate 27 (0.03 g, 0.17

5 mmol)and Intermediate 2-1. 'H NMR (400 MHz, DM SO-ds) 6 ppm 1.84 - 2.00 (m, 1 H),

226(3,3H),278-294(m, 4 H),3.02(d, /J=1223 Hz, 1 H), 3.69-385(m, 2 H), 407

{d, /=850Hz, 1 H),527-541 (m, 2H), 760 (s, 1 H), 766 (d, /=783 Hz, 1 H}), 7.77

(d, /=758 Hz, 1 H), 8.64 (s, 1 H), 885 (s, I H), (Exchangeable proton not observed).

LCMS/HPLLC (Method-Ay. retention time 1.07 min, [M+H] 4211, punty: 100%.

10 (Method-BY. retention time 132 mun, [M+H] 4210, punty: 100%. Chiral purity
(Method-XVIITy retention time 11.69 min, 100% ee.

Example 22-1:

methyl}-2H-1,2,3-triazol-2-vhinicotinonitrile

o
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me vRL_J Wy
Q
i5 Me  on

Example 22-1 was prepared (0.01 g, 10.83%), by using a similar synthetic protocol
as that of Example 1-I and starting from Intermediate 28 (0.04 g, 0.19 mmol) and
Intermediate 2-1 (0.05 g, 0.206 mmol). 'H NMR (400 MHz, DMSO-ds) 6 ppm 1.87-1.95
m, T H), 217 -223(m, 1 H),2.26 (s, 3 H), 261 (s, 3 H),280-3.03 (m, 4 H),3.77(s, 2

20 Hp_4.10(d,/=807Hz 1 H),537(d,/=245Hz, 2H),765(d, /=807 Hz 1 H), 7.77
(d, /=807 Hz 1 H) 811 (s, 1 H}, 821 (5, 1 H), 892 (5, 1 H), (Exchangeable proton
present). LCMS/HPLC (Merhod-A): retention time 1.15 min, [M+H] 430, purity: 96.70%.
(Method-BY. retention time 136 min, [M+H] 430, purity: 100 %. Chiral purity
{Method-XVIIT). retention time 26.46 min, 100% ee.

[\
¥4

Example 23-1:

methyl}-1H-1,2,3-triazel-1-yiinicotinonitrile
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CN

Example 23-1 was prepared (0.008 g, 8.83%), by using a similar synthetic protocol
as that of Example 1-1 and starting from Intermediate 30 (0.04 g, 6.1% mmol) and
Intermediate 2-1, 'H NMR (400 MHz, DMSO-de) 8 ppm 1.86-1.95(m, 1 H), 2.15-2.29
(m,4H),2064(s,3H), 281 -303(m, 4H),375(5,2H),409(d,/=954Hz, 1 H), 532
-543{m, 2 H), 764(d, J=T783Hz, 1 H),7.76(d, /=783 Hz, 1 H), 828 (s, 1 H), 877
(s, T H), 898 (s, 1 H), (Exchangeable proton not observed). LCMS/HPLC (Method-A):
retention time .43 min, [M+H] 430.0, purity: 98.88%, (Mefhod-B): retention time 1.23
min, [M+H] 4301, purity: 98.70%. Chiral purity (Method- 1X): retention time 12.83 min.
98.50% ee.

Example 24-I: Methyl
{R}-4-({1-(S-cyano-4-methylpyridin-2-yi}-1H-pyrazel-4-ylmethyl)-2-(4-methyi-1-ox0

-1,3-dihydroisobenzofuran-S-yl}piperazine-1-carboxylate

i
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2

To a stirred solution of Example 2-F (0.03 g, 0.06 mmol) in DCM (3.00 mL) at 0
°C was added TEA (0.03 mL, 0.18 mmol) followed by methyl chloroformate (4.52 ul.,
0.06 mmol}. The resulting reaction mixture was stirred at ambient temperature for 18 h,
diluted with water (15 mL) and extracted with DCM (3 x 15 ml). The combined organic
extracts were washed with brine (15 ml), dried over sodium sulfate and evaporated under
reduced pressure. The residue was purified by HPLC [XBridge C18 (19 x 150 mm) S
micron; Solvent A: 10-mM ammonium acetate; Solvent B: Acetoniiriie, Gradient: 20-100%
B over 15 minutes, Flow: 15 mL/min, retention time 2.80 min, UV 220 nm] to obtain

Example 24-1 (0.003 g, 9.15%). H NMR (400 MHz, DMSO-) 5 ppm 2.19 (br. 5., 1 H),
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220-226(m,3H),246(d, J=48%Hz 1 H), 256(s, 3 H),289-3.05(m, 2 H),3.43 -
354(m, 2H),357(s,4H),387(d, /J=1198Hz 1 H),525-533(m, 1 H), 534-543
{m,2H),7069(d, /J=807Hz 1H),776(, 1 H}, 795(s, 1 H),802(d, /=807 Hz, 1 H),
837 (s, 1 H), 8.78 (s, 1 H). LCMS/HPLC (Method-A): retention time 1.26 min, [M+H]
4371, purity: 98.94%. (Method-B): retention time 2.02 min, {M+H] 4871, purity: 100%.
Chiral purity (Method- X}: retention time 25.56 min, 86.55% ee.

The examples in Table 1 were synthesized using procedures in Example 1 {0 24-1
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Example 81-1: 6-(4-(({(3R,5R)-3-(hydroxymethyl}-5-(4-methyl-1-0x0-1,3-
dihvdroisebenzofuran-S-yi}piperazin-1-yiimethyl}-1 H-pyrazei-1-yi}-4-

methylnicotinonitrile

CH

Wh

Example 81-1 was prepared (0.130 g, 30.10%) as an off-white solid, by using a
similar synthetic protocol as that of Example 1-1 and starting from Intermediate 38-1(0.35
g, 1.32 mmol) and Intermediate 6 (0.20 g, 0.94 mmol}. 'H NMR (400 MHz, DMSO-ds) 3
ppm 1.73 (dt, /= 15.90, 10.15 Hz, 2 F), 2.26 (s, 3 H), 2.57 (5, 3 H), 2.82 (d, J= 10.03 Hz,
1 1), 2.88 - 3.02 (m, 2 H), 3.37 - 3.43 (m, 2 H), 3.53 (s, 2 H),

417(d,J=807Hz, 1 H), 4061 (br. s, 1 H),537 (s, 2H}, 764 (d, /=807 Hz, 1
H), 7.78(d, /=807Hz, 1 H), 784 (s, 1 H), 798 (s, 1 H), 851 (5, 1 H), 882 (s, 1 H), (1
15 Exchangeable proton not observed). HPLC (Method-Uy. retention time 4.78 min, purity:
99.33%, (Method-Ty. retention time 490 min, purnity: 98.18%, LCMS (Method D).
retention time 1.66 min, [M+H] 459.2. Chiral punity (Method-X1X): retention time 11.50
min, 100% ee.
Example 82-1: 6-(4-((3,3-dimethyi-5-(4-methyl-1-0x0-1.3-
20 dihydroisebenzofuran-S-ylipiperazin-1-vijmethyl}-2H-1,2,3-triazol-2-yi)-4-

o |
RN
Ny
Me HN% N~
Me Ms
N\f A\—_
methyinicotinonitrile CN
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Example 82-1 was prepared (0.25 g, 46.60%) as an off-white solid, by using a
similar synthetic protocol as that of Example 1-1 and starting from Intermediate 40-1(0.30
g, 0.117 mmol) and Intermediate 28 (0.25 g, 0.117 mmol). "H NMR (400 MHz, DMSQ-
dsyd 1.07(s,3H), 1.32(,3H), 183, J=101Hz 1 H), 192(d, /J=103Hz 1 H),2.06
(br.s, 1 H}, 2.29(s, 3 H),257(d,/=100Hz, 1 H), 262 (5,3 H), 2.88¢(d, /J=806Hz 1
H),379-370(m, 2H),441(d, /J=88Hz 1 H), 539(s,2H), 7.66(d, J=81Hz 1 H),
780(d,./=78Hz 1 H), 812 (s, I H), 8.21 (s, | H}, 894 (s, 1 H). HPLC (Mefhod-U/):
retention time 4.84 nun, purity: 96.03%, (Method-T). retention time 6.27 min, purity:
97.15%, LCMS (Method-D): retention time 2.15 min, [M+H] 458 4. Chiral purity (Method-
XVY: retention time 4.60 min, 100% ee. SOR: [a]?" D =-30.00 (¢ 0.1, DMSQO).

Example 83-1: 4-methyl-6-(4-(((3%5,5R)-3-methyl-5-(4-methyl-1-0x0-1,3-
dihydroiscbenzofuran-S-yljpiperazin-1-vihmethyl}-2H-1,2,3-triazol-2-

yhnicotinonitrile

Lo
S
‘e, NM
e HN(:J &\N;N
e =N
N\ 4
Me bN

Example 83-1 was prepared (0.045 g, 20.41%), by using a sinular synthetic
protocol as that of Example 1-I and starting from Intermediate 51-F (0.12 g, 0.49 mmol)
and Intermediate 28 (0.102 g, 0.49 mmol). 'H NMR (400 MHz, DMSO0O-d6) & ppm 1.02
(d, /=59Hz, 3H), 1.80(br. s, 2H), 227 (s, 3 H), 264 (s, 3 H), 2.84 (br. s, 2 H), 2.96
(br.s, 1H),375(s, 2H), 4.15{br. s, 1 H}, 545-530(m, 2 H), 7.64(d, J= 8.0 Hz, 1 H},
7.79(d, /J=80Hz 1 H}, 810(s, 1 H), 820 (s, 1 H), 892 (5, I H), (I Exchangeable proton
not observed). HPLC (Method-U}: retention time 6.50 min, purity: 97.70%. {(Method-T}:
retention time 7.53 min, purity: 98.10%. LCMS (Method-/). retention time 1.86 min,
[MA+HT 444.2, purity: 99.60%. Chiral purity (Method-XTV): retention time 7.27 mun, 100%
ee.

Example 84-1: 6-(4-(((3R.4K)-4-hydrexy-3-(4-methyi-1-ox0-1,3-
dihydroisebenzofuran-S-yljpiperidin-1-yljmethyl)-1H-1,2,3-triazol-{-vl}-4-

methylnicotinonitrile
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=N
v
Me fod 1
Example 84-T was prepared (0.02 g, 20.68%), by using a simular synthetic protocol
as that of Example 1-1 and starting from Intermediate 52-1 (0.05 g, 0.49 mmol) and
Intermediate 30 (0.04 g, 0,49 mmol). 'H NMR (400 MHz, DMS0O-ds) 6 ppm 1.62(d, J =
5 68Hz 1H), 1.92(d,J=105Hz, 1 H), 2.18 -2.06 (m, 1 H), 2.25 (s, 4 FI), 2.67 - 2.60 (m,
3H), 2.80 (4, J = 10.0 Hz, 1 H), 2.94 (br. s., 1 H), 3.07(br. 5., 1 H), 3.75 (br. 5., 3 HJ, 4.56
(d, J=51Hz, 1 H), 546 -526 (m, 2 H), 7.53 (d, /=78 Hz, 1 H), 7.63(d, /= 7.8 Hz,1
H), 8.28 (s, 1 H}, 8.77 (s, 1 H}, 8.98 (5, 1 H). LCMS/HPLC (Method-R): retention time (.89
nmin, [M+H] 4452, purity: 95.00%, (Method-S): retention time 1.20 min, [M+H] 4452,
10 purity: 100%. Chiral purity (Method-XVI): retention time 14,30 min, 98.40% ee.
The examples in Table 2 were synthesized using procedures in Example 1-] to 24-

I and 81-1 to 84-1.

15
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Intermediate 53: 4-methyl-6-(trimethylstannyl}nicotinenitrile
Me

NC X
| Me

AL
M- Sn-Me
Me

Intermediate 53 was prepared (1.80 g, crude) as a black syrup, by using a similar
synthetic protocol as that of Infermediate 23A and starting from 6-bromo-4-
methylnicotinonitrile (1.00 g, 5.08 mmol). LCMS (Method-{): retention time 1.40 min,
IM-+H] 283.1. The compound was taken directly to the subsequent step without further

purification or characterization.

Intermediate 54-1: 5-{{3R,4R}-1-{(2-bromothiazel-5-y)methyl}-4-
hydroxypiperidin-3-yi)-4-methylisobenzofuran-1(3f}-one
2
o
Q\/ Xy J
e, NA\T://:\N
We 8-
HO

Br

Intermediate 54-F was prepared {(0.30 g, 21.77%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 23-F and starting from Intermediate 52-
(036 g, 1.30 mmol) and Intermediate 25B (0.25 g, 1.30 mmol). 'H NMR (400 MHz,
DMSO-cs) & ppm 1.56 - 1.58 (m, 1 H), 1.89 - 1.90 (m, 1 H), 2.10 (br. S., 1 H), 2.20 - 2.22
(m, 4 H), 2.80 (br. S., 1 H), 2.90 (br. S., 1 H), 3.10 (br. S., 1 H), 3.80 - 3.85 (m, 3 H), 4.62
(br. ., 1 H), 5.25 - 5.27 (m, 2 H), 7.50 - 7.52 {m, 2 H), 7.70 (d, J = 8.00 Hz, 1 H). LCMS
(Method-I}: retention time 1.01 min, [M+H] 423 2.

Intermediate 55-F: 5-((2R.65}-4-{(2-bromothiazol-5-yhimethyl}-6-

methylpiperazin-2-yl}-4-methylisebenzofuran-1(3H})-one
e

"
e i

7, \N/‘\ 22N
Me HN._J \g:/ N
F';!e Br
Intermediate 55-1 was prepared (0.40 g, 60.60%) as an off-white solid, by using a

similar synthetic protocol as that of Intermediate 23-1 and stating from Intermediate 51-
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[ (038 g, 1.56 mmol) and Intermediate 258 (0.30 g, 1.56 mmol). 'H NMR (400 MHz,
DMSO-ds) & ppm 1.10 (s, 3 H), 1.80 (br. s, 2 H), 2.30 ( s, 3 H), 2.80 (br. s, 2 H), 2.84 (br.
s, 1 H), 385(s, 2 H), 4.16 (br.s., L H), 537 (br. s, 2 H), 7.79 (d, /= 8.00 Hz, 1 H), 7.91
-7.92 (m, 2 H), (1 BExchangeable proton not observed). LCMS (Method-I): retention time
1.10 min, [M+H] 422.2.

(¥, )

Intermediate 56: 1-(2-methoxypyridin-4-yi)-1H-imidazole-d-carbaldehyde
0

Y

% ----\\\\)"—Qﬁﬁe
&

\o
Intermediate 56 was prepared (0.20 g, 19.00%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 11 and starting from [H-imidazole-4-
10 carbaldehyde (0.51 g, 5.32 mmol} and 4-bromo-2-methoxypyridine (1.00 g, 5.32 romol). 'H
NMR (400 MHz, DMSO-do) 6 ppm 3.92 (s, 3 H), 736 (d, J=1060Hz 1 H), 748 - 7. 50
(m, 1 HY, 831(d,/=600Hz 1 H),832 {(d,/=120Hz 1 H),871 (d, /J=600Hz, 1 H},
982 (5, 1 H). LCMS (Method-13): retention time 1.08 min, [M+H] 2042,
Intermediate 57: 1-(2-{difluoromethyl)pyridin-4-yi}-1 H-pyrazole-4-
carbaldehyde

J—
L

o

H J\E:N
I

ey T
Intermediate 57 was prepared (0.12 g, 55.90%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 11 and starting from 1H-pyrazole-4-
carbaldehyde (0.11 g, 1.15 mmol) and (4-bromo-2-(difluoromethyl)pyridine (0.20 g, 0.96
20 mmol). LCMS (Method-5). retention time (.49 min, [M+H] 224.3. The compound was
taken directly to the subsequent step without turther purification or characterization.
Intermediate 38: 1-(1-{difluoromethyl)-2-0x0-1,2-dikydropyridin-4-yl)-1H-
pyrazole-4-carbaldehyde
H
G)\E:;M

AY

oo
>—F

F
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Intermediate 53A: 4-bromo-1-{diflusromethyl)pyridin-2(1{}-one
Br

O,

M
F F

To a solution of 4-bromo-2-chloropyridine (1.25 g, 6.72 mmol) in ACN (100 mL)
was added NaHCO3 (8.73 g, 10 mmol) and the resulting reaction muxture was heated at 80
°C for 30 minutes. A solution of 2,2-diftuoro-2-(fluorosulfonyiacetic acid (5.38 mL, 52.00
mmol} in MeCN (15 mL) was added over 10 minutes and the reaction mixture was heated
at 80 °C for 2 h. The reaction mixture was cooled to ambient temperature, diluted with
water {50 mL), basified with 10% ag. NaHCO: and extracted with ethyl acetate (2 x 100
mL ). The combined organic layers were washed with brine (50 mL), dried over anhydrous
sodium suifate and evaporated under reduced pressure to obtain Intermediate 58A (3.00
g, 25.80%) as a pale yellow Hguid. 'H NMR (400 MHz DMSO-ds) & ppm 6.6 (dd, J = 1.20,
320 Hz, 1 H), 756 (d, J=320Hz 1 H), 7.75 (t, J=560Hz 1 H), 7.8 (d, /= 3.20 Hz,
1 H). LCMS (Method-D): retention time 1.64 min [M+H] 224 2.

Intermediate 58:

Intermediate 58 was prepared (0.10 g, 50.00%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 6 and starting from 1H-pyrazole-4-
carbaldehyde (0.09 g, 0.89 mmol} and Intermediate 58A {020 g, 0.90 mmol}). LCMS
(Method-Dy: retention time 0.73 min. [M+H] 240.2. The compound was taken directly to
the subsequent step without further purification or characterization.

Intermediate 59: (2-(S-cyano-4-methyipyridin-2-yijoxazol-4-yiimethyl

methanesulfonate

Ma. ’?

F0 0
N

o
3.
Y

M

me  ON
Intermediate 59A: ethyl 2-(5-cyano~-4-methylpyridin-2-vijoxazole-4-

carboxylate
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To a solution of 6-bromo-4-methylnicotinonitrile (1.34 g, 7.09 mmol) in toluene
{10 ml.) was added ethyl oxazole-4-carboxylate (1.00 g, 7.09 mmol), Cs2aCO3 (4.62 g, 14.17
mmol) and tri-o-tolylphosphine {(0.21 g, 0.80 mmol). The resulting reaction mixture was
degassed with nitrogen for 20 minutes. Pd(OAch (0.16 g, 0.80 mmol) was added and the
reaction mixture was degassed again for 10 minutes and then heated at 110 °C for 12 h
The reaction mixture was cooled to ambient temperature, filtered through Celite® and the
filtrate was evaporated under reduced pressure. The residue was purified by column
chromatography (Redisep-40 g, 30% EtQAc/ n-hexane) to obtain Intermediate 59A (025
g, 13.71%) as a white solid. 11 NMR (400 MHz, DMSO-ds) 5 ppm 1.34 {t, J = 7.0 Hz, 3
H), 2.60 (s, 3 H), 434 (q, /= 7.00 Hz, 2 H), 831 (s, 1 H), 9.07 (s, 1 H), 9.10 (s, 1 H).
LCMS (Method-D): retention time 1.99 nun, [M-+H] 258.2,

Intermediate 539B: 6-(4-(hydroxymethyljoxazol-2-yi}-4-methyinicotinonitrile

MG =
/\;;;}Q

\ :ZN\

M@)‘L{N

To a solution of Intermediate 594 {0.13 g, 0.51 mamol) in THF (10 mL} was added
DIBAL-H (2.10 mL, 2.53 mmol} and the resulting reaction mixture was stirred at ambient
temperature for 1 h. The reaction mixture was diluted with a saturated solution of NH4Cl
{2 mL), water (10 mL} and extracted with 10% MeOH in DCM (2 x 20 mL). The combined
organic layers were washed with brine (10 mL), dred over anhydrous sodium sulfate and
evaporated under reduced pressure to obtain Intermediate 598 (0.06 g, 55.20%). 'H NMR
(400 MHz, DMSO-ds) 5 ppm 2.65 (s, 3 H), 4.49 (br. s., 2 H), 532 (br. 5., 1 H), 8.20 (s, 1
H), 821 (s, 1 H), 9.03 (s, 1 H). LCMS (Method ) retention time 0.93 min [M+H] 216 2.

Intermediate 5%:

To a solution of Intermediate 39B (0.04 ¢, 0.19 mmol) in DCM (10 mL) was added
TEA (0.08 ml., 0.56 mmol} and mesyl chloride {0.02 mL, 0.24 mmol) at 0 °C and the

resulting reaction mixture was stirred at ambient temperature for 30 minutes. The reaction

mixture was diluted with water (5 L) and extracted with DCM (2 x 20 mL ). The combined
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organic layers were washed with brine (10 ml.), dried over anhydrous sodium suifate and
evaporated under reduced pressure. The residue was puritied by column chromatography
{Redisep-24 g, 60-70% Et{Ac/n-hexane) to obtain Intermediate 59 (0.04 g, 73.40%)}asa
white solid. 'H NMR (400 MHz, DMSO-ds) & ppm 2.60 (s, 3 H), 3.23 (s, 3 H), 5.75 (s,
H), 825(s, 1 H), 856 (s, 1 H), 9.06 (s, 1 H). LCMS (Method-): retention time 1.65 min
[M+H] 294.0.

Intermediate 60: 6-(S5-formylexazel-2-yij-4-methylnicotinonitrile

O

H/kﬂ
\?

\\/\\Ma

Intermediate 60A: Ethyl 2-(5-cyanc-4-methyipyridin-2-yijexazole-S5-carboxylate

Me~ G*},;c\
"f
L \/‘*Me

Entermediate 60A was prepared (0.50 g, 34.30%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 5%A and starting from ethy! oxazole-5-
carboxylate (0.80 g, 5.67 mmol) and 6-bromo-4-methyinicotinonitrile (1.11 g, 5.67 mmol).

TH NMR (400 MHz, DMSO-ds) 8 ppm 134 (t, J=7.00 Hz, 3 H), 2.60 (s, 3 H), 4.34 (g, J
=700 Hz, 2 H), 826 (s, 1 H}, 830 (s, 1 H), 910 (5, 1 H). LCMS (Method-D): retention
time 2.26 mun, [M+H] 258 2.

Intermediate 608: 6-(3-(hvdroxymethylloxazol-2-vl)-4-methyinicotinonitrile.

5y
j\‘a
"\ /e

CH

HO

To a solution of Intermediate 684 (0.10 g, 0.34 mmol} in a mixture of THF (10
mL} and MeOH (2 mL) was added NaBH4 (0.05 g, 1.17 mmuol} at 0 °C and the resulting
reaction mixture was stirred at ambient temperature for 30 minutes. The reaction mixture
was diluted with water (20 mL) and extracted with 10% MeOH in DCM (2 x 30 mL). The

combined organic layers were washed with brine (20 mL), dried over anhydrous sodium
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sulfate and evaporated under reduced pressure. The residue was purified by column
chromatography (Redisep-4 g, 60-70% EtOAc/n-Hexane) to obtain Intermediate 60B
(0.04 g, 47 80%) as a white solid. 'H NMR (400 MHz, DMSO-ds) & ppm 2.60 (s, 3 H), 5.65
{(t, /=560Hz 1H), 585-599(m, 1 H), 736 (s, 1 H}, 818 (s, 1 H},9.03 (s, 1 H), (1
Exchangeable proton not observed). LCMS (Me#hod-T): retention time 0.70 min, [M+H]
216.2.

Intermediate 66:

Intermediate 60 was prepared (0.06 g, 87.00%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 9 and starting from Intermediate 60B
{0.07 g, 0.32 mmol) and Dess-Martin periodinane (0.18 g, 0.43 mmol). LCMS (Method-
7y retention time (.60 min, [M+H] 2142, The compound was taken directly to the
subsequent step without further purification or characterization.

Intermediate 61: 1-{(6-(diflvoromethyl}pyridin-3-yl)- L -imidazeole-4-

carbaldehyde:

H’ﬁ%
M

%y

=N
Intermediate 61 was prepared (0.03 g, 13.98%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate ¢ and starting from 4-bromo-2-
{difluoromethylipyridine (0.20 g, 0.96 mmol} and 1H-imidazole-4-carbaldehyde (0.09 ¢,
0.96 mmol). 'H NMR (400 MHz, DMSO-ds) & ppm 7.00 (t, /= 7.20 Hz, 1 H), 7.94 - 7.91
(m, 1 1), $.44 -8.41 (m, 1 H), 8.64 (s, 1 H), 9.85 (s, 1 F)), 8.80(d, /= 1.60 Hz, 1 H), 9.16

(d, /=320 Hz, 1 H). LCMS (Method-{}: retention time 0.66 min [M+H] 224 0.
Intermediate 62: 4-methyl-6-(4-methyl-1 H-imidazol-1-yl}nicotinaldehyde

Intermediate 62 was prepared (021 g, 54.10%), by using a similar synthetic
protocol as that of Intermediate 15C and starting from 4-methyl-1H-imidazole (0.24 g,

2.89 mmol) and 6-chloro-4-methylnicotinaldehyde (030 g, 1.93 mmol). 'H NMR (400
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MHz, DMSO-da} S ppm 2.19(d, /=098 Hz, 3 H), 2.69 (s, 3 H), 775 (d, /= 122 Hz, |
Hy, 7.80¢s, 1 H), 853(d, /= 122Hz 1 H), 885 (s, 1 H), 10.21 (5, 1 H}). LCMS (Merhod-
DY: retention time 1.20 nun, [M+H] 2022,

Intermediate 63: 2-methyl-6-(4-methyl-1 H-imidazol-1-ylinicotinaldehyde

o
HJI\
B
e ]

Y

K
Intermediate 63 was prepared (0.25 g, 64.40%), by using a similar synthetic
protocol as that of Intermediate 15C and starting from 4-methyl-1H-imidazole (0.24 g,
2.89 mmol) and 6-chloro-2-methylnicotinaldehyde (0.30 g, 1.93 mmol). 'H NMR (400
MHz, DMSO-d) 8 ppm 2.19(d, J=0.98 Hz, 3 H), 2.69 (s, 3 H), 7.75 (d, /= 1.22 Hz, |
H), 7.80 (s, 1 H), 8.53 (d, /=122 Hz, 1 1), $.85 (s, | H), 10.21 (5, 1 H). LCMS {(Aethrod-
) retention time 1.20 min, [M+H] 202.2.

Intermediate 64: 5'-formyl-4,6'-dimethoxy-[2,2'-bipyridine]-S-carbonitrile

o

MeO” "N S Ol
N

Zen

Intermediate 64A: 6-chioro-2-methoxynicotinaldehyde

O
Hjlrj
W
MeO™ "N Ci

Synthesized according to literature procedures (EP1405859 A1, 24804).

Intermediate 64:

Intermediate 64 was prepared (0.15 g, 39.10%) as a pale vellow solid, by using a
sumifar synthetic protocol as that of Intermediate 23B and starting from Intermediate
23A {(0.62 g, 2.09 mmol) and Intermediate 64A (0.30 g, 1.75 mmol). 'H NMR {400 MHz,
DMSO-ds) & ppm 4.14 - 4.24 (m, 6 H), 8.15 - 822 (m, 2 H), 828 - 8.36 (m, 1 H), 8.95 -
9.0 {m, 1 H}, 10.27 - 1035 (m, 1 H) LOMS (Method-D): retention time 2.603 min, [M+H]
270.1.

Intermediate 65: 5-fluoro-6-{4-methyl-1 H-imidazol-1-yhnicotinaldehyde
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Intermediate 65 was prepared (0.18 g, 59.70%) as a pale vellow solid, by using a
sumilar synthetic protocol as that of Intermediate 11 and starting from 4-methyl-1H-
imidazole {0.18 g, 2.20 mmol) and 6-bromo-5-fluoronicotinaldehyde (0.30 g, 1.47 mmol).
‘H NMR (400 MHz, DMSO-de) 8 ppm 2.18 - 2.24 (m, 3 H), 7.63 - 7.72 (m, 1 H), 8.31 -
844 (o, 2H), 8.87-892 (m, I H), 10.04 - 10.13 {m, 1 H) LCMS (Methad-1): retention
time 1.16 min, [M+H] 206.0.

Intermediate 66: 6-{4-formyl-5-methyl-1H-pyrazol-1-yi}-4-
methylnicotinonitrile

o

CH

Intermediate 66 was prepared (0.09 g, 14.60%) as an off-white solid, by using a
sinilar syothetic protocol as that of Imtermediate 6 and starting from 3-methyi-1H-
pyrazole-4-carbaldehyde (0.40 g, 3.63 mmol) and 6-bromo-4-methylnicotinonitrile {0.54
g, 2.72 mmol). "H NMR (400 MHz, DMSO-ds) 8 ppm 2.15 (s, 3 H), 2.32 (5. 3 H), 7.89 -
794 (m, 1 H), 7.97 - 8.07 (m, 1 H), .38 - 8.46 (m, | H), 8.75 - 8.83 (m, | H). LCMS
(Method-(O). retention time 1.14 min, [M+H] 227.0.

Intermediate 67: 6-{4-methyl-1H-imidazol-1-yl)-4-

{triffuoromethylnicotinaldehyde

4] CF,
O l =
e
N\
] N\-\\(N

Me

Intermediate 67A: (6-chloro-4-(trifluoromethyl}pyridin-3-yimethanol
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K™ Ci

To a stirred solution of 6~-chloro-4-(trifluoromethylnicotinate (2.00 g, 8.35 mmol)
in toluene (25 mL) at -78°C was added 1M DIBAL-H in toulene (12.52 mL, 12.52 mmol}
and the reaction mixture was stirred at -78°C for 2 h. The resulting reaction mixture was
diluted with saturated NHaCl (40 mL) and extracted with ethyl acetate (2 x 75 mL). The
combined organic layers were washed with brine (50 mL), dried over anhydrous sodium
sulfate and evaporated under reduced pressure to obtain Intermediate 67A (2.20 g
87.00°%). 'H NMR (400 MHz, DMS8O-ds) & ppm 4.70 (s, 2 H), 5.65 - 5.77 (m, 1 H), 7.88
(s, 1 H), 8.76 (s, 1 H). LCMS: The compound did not ionize well.

Intermediate 678: 6-chloro-4-(irifluoromethyljnicotinaldehyde

H CF,

R TE

Intermediate 678 was prepared (0.97 g, 75.00%;), by using a similar synthetic
protocol as that of Intermediate 9 and starting from Intermediate 67A (130 g, 6. 14 mmol)
and Dess-Martin periodinane (2.61 g, 6.14 mmol). 'H NMR (400 MHz, DMSO-ds) & ppm
816 (s, 1 H), 9.11 (5, 1 H), 1024 {q, /=171 Hz, 1 H). LCMS: The compound did not
tonize well.

Intermediate 67:

Intermediate 67 was prepared (0.23 g, 47.20%), by using a similar synthetic
protocol as that of Tntermediate 15C and starting from Intermediate 67B (030 ¢, 1.43
mmol) and 4-methyl-1H-imidazole (0.17 g, 2.15 mmol). 'H NMR (400 MHz, DMSO-ds)
Sppm3.72-376(m,3 H),688-695(m, 2H), 7.10-7.17(m, 2 H), 777 - 781 (m, 1 H).
LCMS (Method-(3): retention time 1.05 nun, [M+H] 256.4,

Intermediate 68 : 2-(4,5-dimethyl-1 H-imidazol-1-yljpyrimidine-S-carbaldehyde
B
G{%\T/\\N

Lt

Me}::{m

Intermediate 68A: 4,5-dimethyl-1H-imidazole

2
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Svnthesized according to literature procedures (Angewandie Chemie, 5322 -5326,
49, 2018).

Intermediate 68 :

To a solution of 2-bromopyrimidine-5-carbaldehyde (0.20 g, 1.07 mmol} in ACN
{20 mL) was added KoCOs3 (443 mg, 3.21 mmol) followed by Intermediate 68A (0.16 ¢,
1.60 mmol} and the resulting reaction mixture was stirred at S0°C for 1.5 h. The reaction
mixture cooled to ambient temperature, diluted with ethyl acetate (30 ml) and filtered
through Celite®. The filtrate was evaporated under reduced pressure to obtain
Intermediate 68 (0.19 g, 86.00%) as a white solid. 'H NMR (400 MHz, DMSO-ds) & ppm
213(d, /=049 Hz 3H), 2.16(s, 3 H), 847 (s, 1 H}, 927 (s, 2H), 10.11 (5, 1 H) LCMS:
The compound did not ionize well.

Intermediate 69: 4-methoxy-6-(4-methyl-1H-imidazol-1-ylinicotinaldehyde

2 OMe

H =

|

5

B N\\M&
e

Intermediate 69A: methyl 6-chioro-4-methoxynicotinate

O Ohfle
MeO ™~

L
N© CH
Synthesized according to literature procedures (US2015/166505 A1, 20615).
Intermediate 69B: (6-chloro-4-methoxypyridin-3-yl)methanel

Oie
MO =

o

N Ci
To a stirring solution of Intermediate 694 (2.20 g, 10.91 mmol} in PCM (30 ml.)
was added 1M DIBAL-H in heptane (16.37 mL, 1637 mmol} at 0 °C and the resulting
reaction mixture was stirred at ambient temperature for 1 h. The resulting reaction mixture
was diluted with saturated NH4Cl (40 mL) and extracted with DCM (3 x 50 mL). The

combined organic layes were washed with brine (30 mL), dried over anhydrous sodium
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sulfate and evaporated under reduced pressure. The residue was purified by column
chromatography (Redisep-24 g, 20% EtOAc/n-hexane) to obtain Intermediate 69B (1.20
g, 63.30%). 'H NMR (400 MHz, DMSO-ds) & ppm 3.88 (s, 3 H) 4.46 (dd, /= 5.52, 1.00
Hz, 2H), 519, J=577Hz, 1 H), 7.11 (5, 1 H), 8.16 (s, 1 H). LCMS (Method-I): retention
time 0.69 mun, [M+H] 174 4.
Intermediate 69C: 6-chioro-4-methoxynicotinaldehyde
0 OMe
VS

Intermediate 69C was prepared (0.75 g, 63.20%), by using a stmilar synthetic
protocol as that of Intermediate 9 and starting from Intermediate 698 (1.20 g, 6.91 mmol)
and Dess-Martin periodonane {2.93 ¢, 6.91 mmol). 'H NMR (400 MHz, DMSO-ds) 8 ppm
4.02 (s, 3 H), 745 (s, L H), 8.55 (s, | H), 10.24 (s, 1 H). LCMS (Method-D}: retention time
1.06 min, [M+H} 172.2.

Intermediate 69:

Intermediate 69 was prepared (0.12 g, 37.80%), by using a similar synthetic
protocol as that of Intermediate 68 and starting from Intermediate 69C (025 g, 146
mmol) and 4-methyl-1H-imidazole (0.24 g, 2.91 mmol). 'H NMR (400 MHz, DMSO-ds)
Sppm 2.19(s, 3 H), 409(s,3H), 749(s, 1 H), 781 (s, 1 H), 8506 (d, J=100Hz | H),
8.63 (s, 1 H}, 10.23 (s, 1 H). LUMS (Method-7): retention time 0.89 pun, [M+H] 218.3.

Intermediate 70: 2-(5-(difluoromethyl}-4-methyl-1H-imidazol-1-

yhipyrimidine-S-carbaldehyde

i
H/HE\/’\‘N
N‘f’l\?‘?/\N
)~
FHE™ Y
Intermediate 70A: tert-butyl S-formyl-4-methyl-1H-imidazole-1-carboxylate
ol e
H}%N
o N-7
ﬁ; Me
Ma
Me
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Intermediate 70A was prepared (2.80 g, 73.30%) as a white solid, by using a
similar synthetic protocol as that of Intermediate 18B-1 and starting from 4-methyi-1H-
imtdazole-S-carbaldehyde {(2.00 g, 18.16 mmol} and BOC20 (5.06 mL, 21.80 mmol).
LCMS (Method-1). retention time 1.07 nun, [M-56] 1559 The compound was taken

W

directly to the subsequent step without further purification or characterization.

Intermediate 70B : tert-butyl 3-(difluoromethyi}-4-methyl-1H-imidazole-1-

carboxylate
Me N
F\TJI\/&? M&Me
L )\Q Ke

o
Intermediate 70B was prepared (0.85 g, 51.30%), by using a similar synthetic
10 protocol as that of Intermediate 4B and starting from Intermediate 704 (1.50 g, 7.14
mmoly and DAST (1.89 mL, 14.27 mmol). 'H NMR (400 MHz, DMSO-d) 8 ppm 1.58 (s,
OH), 244, /J=220Hz 3H), 682-718(m, 1 H), 819 (s, 1 H}. The compound did not
tonize well.
Intermediate 70C: S~(difluoromethyl}-4-methyl-1 H-imidazole

Me N
A\

F | N>
H

15 F
Intermediate 70C was prepared (0.48 g, 99.00%), by using a similar synthetic
protocol as that of Intermediate 4C and starting from Intermediate 70B (085 g 3.66
mmol). 'H NMR (400 MHz, DMSO-ds) 8 ppm 2.38 (t, ./ = 2.08 Hz, 3 H), 7.06 - 7.52 (m, 1
H), 9.02 (s, 1 H), (1 Exchangeable proton not observed). LCMS (Method-1}: retention time
20 058 pun, [M+H]} 133 4.

Intermediate 70:

Intermediate 70 was prepared (0.10 g, 20.90%), by using a similar synthetic
protocol as that of Intermediate 68 and starting from Intermediate 70C (028 g 1.68
mmol} and 2-chloropyrimidine-S-carbaldehyde (0.20 g, 1.40 mmol). tH NMR (400 MHz,
DMSO-ds) 8 ppm 2.69 (t, /=232 Hz, 3 H), 6.92 - 7.26 (m, 1 H), 8.62 (s, | H), 9.34 (s, 2
H), 10.15 (s, 1 H). LCMS (Method-Dy: retention time 1.50 min, [M+H] 239.0.

b
W

Intermediate 71-1 and 71-H: 4-methy}-5-(3-methylpiperazin-2-
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yhisobenzofuran-1{3H}-one

o]
§
o Me
]
Me HN._
Enantiomer-l {71-i) Enantiomer-f (71-1i}

Intermediate 71A: 4-methyb-3-G-methylpyrazin-2-vijisobenzofuran-1(3H}-

(1) 41w
o
| NG
OPP
Me Na

Intermediate 71A was prepared (3.00 g, 65.50%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 2C and starting from Intermediate 2B
(5.00 g, 18.24 mmol) and 2-Chloro-3-methylpyrazine (2.81 g, 21 89 mmol). 'H NMR (400
MHz, DMSO-ds) 6 ppm 2.03 (s, 3H), 232 (s, 3 H), 549 (3,2 H), 751 (d, /=803 Hz, 1
H), 7.79(d, J=7.53 Hz, 1 H), 8.56 - 8.64 (m, 2 H). LCMS (Method-O): retention time 0.77
nin, [M+H] 241 .4,

Intermediate 71-f and 71-IL:

Intermediate 71-F and 71-11 was prepared by using a similar synthetic protocol as
that of Imtermediate 2-f and 2-1 and starting from Intermediate 71A (10.00 g, 41.6
mmol). The racemate was separated into two individual enantiomers by SFC [Chiralpak
AD-H (250 x 4.6 mm}, 5 micron; 0.2% NH4OH in MeOH + ACN (1:1), Flow: 1.2 mL/min.
Temperature: 27 °C, UV: 235 nm]. First eluted compound (retention time 3.37 min),
designated as Intermediate 71-I, was obtained {0.65 g, 21.13%) as a brown solid. 'H NMR
{400 MHz, DMSO-de} 6 ppm 0.7 (d, /= 6.02 Hz, 3 H), 2.14 - 2.22 (m, 2 H), 2.29 (s, 3 H),
274-284{m,3H), 402(dd, /=1004 251 Hz, 1 H), 538 (5, 2 H), 7.65(d, /= 8.03 Hz,
1 H), 7.81 (d, /= 8.03 Hz, 1 H), (2 Exchangeable protons not observed). LCMS (Method-
OY: retention time 0.77 min, [M+H] 241.4. Second eluted compound (retention time 4.79
min), designated as Intermediate 71-1L, was obtained (1.20 g, 39.00%) as a brown solid.
LCMS (Method-O): retention time 0.77 min, [M+H] 241 4. '"H NMR (400 MHz, DMSO-
dsy G ppm 070 (d, J=602Hz, 3 H),2.14-222(m, 2 H},2.29(5,3H),2.74 - 284 (m, 3
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H), 402 (dd, J=1004, 251 Hz, 1 H),538 (5,2 H), 765(d, /=803 Hz, 1 H), 781 (d,J
=8.03 Hz, 1 H), (2 Exchangeable protons not observed).
Intermediate 72: S-(4-hydroxy-4-methylpiperidin-3-yi)-4-

methylisobenzefuran-1{3H)-one

a |

7 NH
Me
"¢ on
Intermediate 72A: tert-butyl 4-hydroxy-4-methyl-3-(4-methyl-1-0xe6-1,3-

dihydroisebenzofuran-5-yl)piperidine-1-carboxylate

Me

O

To a stirring solution of Intermediate 4A (1.80 g, 5.21 mmol) in THF (20 mL) was
added 3M methylmagnesium chloride 1n THF (5.21 mL, 15.63 mmol) at 0 °C and the
resulting reaction mixture was stirred at ambient temperature for 1 h. Reaction mixture was
diluted with saturated NH4Cl (40 mL ) and extracted with EtOAc (3 x 50 mL) The
combined organic layers were washed with brine (30 mL), dried over anhydrous sodium
sulfate and evaporated under reduced pressure. The residue was purified by column
chromatography (Redisep-40 g, 20-40% EtOAc/n-hexane} to obtain Intermediate 72A
(1.00 g, 53.10%). 'H NMR (400 MHz, DMSO-ds) § ppm 0.94 (s, 3 H), 1.39 (s, 9 H), 1.59
(br. s, 2 H), 1.89 (s, 1 H), 2.27 (s, 3 H), 2.88 - 2.96 (m, 1 H), 3.52 - 3.65 (m, 1 H), 3.79 -
3.94 (m, 1 H), 461 -4.72 (m, 1 H), 5.40 (5, 2 H), 7.61 (d,./ = 8.03 Hz, 1 H), 7.82 - 7.93
{m, 1 H}, (1 Exchangeable proton not cbserved). LCMS (Method-Dy: retention time 2.22
min, [M+H] 362.2.

Intermediate 72:

Entermediate 72 was prepared {(0.90 g, 87.00%) as an off-white solid, by using a
sumifar synthetic protocol as that of Intermediate 19-1 and starting from Intermediate
72A (1.00 g, 2.77 mmol) and TFA (4 mL, 51.9 mmol). 'H NMR (400 MHz, DMSO-ds} 8
ppm 0.95 (s, 3 H), 1.71 - 1.84 (m, 1 H), 1.87 - 1.96 {m, 1 H), 2.28 (s, 3 H), 2.96 - 3.02 (m,
1H),3.26(br. s, 2H), 337 (br. s, 2H), 5.41 (d, J=5.02 Hz, 2 H}, 7.66 (d, J = 8.03 Hz, 1
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H), 7.76 (d, /= 8.53 Hz, 1 H}, (Z Exchangeable protons not observed). LCMS (Aethod-(J)
retention time (.52 mun, [M+H] 262.2.
Intermediate 73-1: 5-(4-hydroxy-3.5-dimethylpiperidin-3-yi)-4-

methylisobenzofuran-1(3H}-one hydrochloride (Diastereomer-I: Enantiomer-I}

fie i

L

Intermediate 73A : tert-butyl 3.3-dimethyl-85-{4-methyl-1-0x0-1,3-

dihydroisebenzofuran-5-vi}-4-oxopiperidine-1-carboxylate

Intermediate 73A was prepared (2.30 g, 28.00%) as an off-white solid, by using a
10 similar synthetic protocol as that of Intermediate 4A and starting from Intermediate 2A
{5.00 g, 22.02 mmol) and tert-butyl 3,3-dimethyl-4-oxopiperidine-1-carboxylate (10.01 g,
44 0 mmol). '"H NMR (400 MHz, DMSO-de) 6 ppm 1.01 - 1.07 (m, 3 H), 1.21-126(m, 3
H), 146(s,9H), 228 (5,3 H), 211 -218{m, 4H),434-444(m, 1 H), 535-544(m, 2
Hjy, 7.35-7.42 (m, 1 H), 760 - 7.70 (m, 1 H} LCMS (Method-O): retention time 1.29 min,
[M+H]} 374.6.

Intermediate 73B-1 and 73B-11: tert-buiyl 4-hydroxy-3,3-dimethyl-5-(4-

J—
L

methyl-1-ox0-1,3-dihydroisobenzofuran-5-vijpiperidine-1-carboxylate

Me Me

Enantiomer- {738} Enantiomer-i (738

To a stirring solution of Intermediate 73A (3.50 g, 9.37 mmol) in MeOH (20 mL}

20 was added 2M LiBHain THF (4.69 mL, 9.37 mmol} and the resulting reaction mixture was
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stirred at ambient temperature for 2 h. The reaction mixture was concentrated to dryness
under reduced pressure, diluted with water (50 mL), and extracted with 10% MeOH in
DCM (3 x 50 ml.). The combined organic layers were washed with brine (30 mL), dried
over anhydrous sodium sulfate and evaporated under reduced pressure. The residue was
purified by preparative HPLC [Sunfire CI8 (250 x 4 6 mm) S micron; 10 mM Ammonium
acetate in water, Solvent B: Acetonitrile, Gradient: 30-100 % B over 16 min, Flow: 25
mL/min UV: 250 nm] to obtain diastereomer-I and 1. The diastereomer-I was separated
into two individual enantiomers by supercritical fhuid chromatography (SFC) [Chiralpak
AD-H (250 x 4.6 mm), 5 micron; 0.2% NH4OH in MeOH, Flow: 1.2 mL/min. Temperature:
30 °C, UV: 240 nm]. First eluted compound (retention time 4.17 min), designated as
Intermediate 73B-1, was obtained (0.75 g, 21.31%) as an off-white solid. '"H NMR (400
MHz, DMSO-ds} S ppm 0.82-098{(m, 6 H), 141 (s, 9H), 228 (5,3 H), 261-285{(m, 2
H), 301 -314(m, 1 H),354-369{(m, 1 H),379-399(m, 1 H),453-467(m, 1 Hj,
540 (s, 2H), 7.59 (s, 1 H), 7.66 (s, 1 H), (1 Exchangeable proton not observed). LCMS
(Method-D). retention time 2.69 min, [M-55] 3202 Chiral purnity (Method-XXXIly:
retention time 4.3 min, 100% ee. Second eluted compound (retention time 7.81 min),
designated as Intermediate 73B-11, was obtained (0.80 g, 22.73%) as an off-white solid.
H NMR (400 MHz, DMSO-ds) & ppm 082 - 098 (m, 6 H), 1.41 (s, 9 H), 2.28 (5, 3 H),
261-285(m, 2HYL301-314(m, 1H),354-369(m, 1 H),379-399(m, 1 H}, 453
-4.67 {(m, 1 H), S40 (s, 2H), 759 (s, I H), 7.66 (5, 1 H), (1 Exchangeable proton not
observed). LCMS (Mefhod-D): retention time 2.47 min, [M-55] 320.2. Chiral purity
(Method-XXXITy: retention time 8.43 min, 99.50 % ee.

Intermediate 73-1:

Intermediate 73- was prepared (0.60 g, 96.00%) as an off-white solid, by using a
simnilar synthetic protocol as that of Intermediate 52-1 and starting from Intermediate
73B-1 (0.75 g, 1.20 mmol) and 4N HCl in dioxane (6 mL, 24.00 mmol). 'H NMR (400
MHz, DMSO-ds) Sppm 1.00(s, 3 H), 112 (s, 3 H), 231 (5,4 H), 292 -302 (m, 1 H),
307-317(m, 3H),342-349%(m, 1 H),3.70-380(m, 1 H), 481 -491 (mm, 1 H), 5.36
-545{m, 2 H), 7.61 -7.67(m, 1 H), 772 - 7.77 {m, 1 H). LCMS (Method-D}: retention
time 0.53 nun, [M+H] 276.2.

Intermediate 74: 2-(4-formyl-2H-1,2.3-triazol-2-v1)-4,6-dimethylpyrimidine-

S-carbonitrile
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Intermediate 74A: 2-{4-(hydroxymethyi}-2H-1,2,3-triazol-2-yi)-4.6-
dimethylpyrimidine-3-carboniirile
HQ/\;T/‘\\\

N M

~

~

M
o Me
Me }C N
5 Intermediate 74A was prepared (0.80 g, 9.84%), by using a similar synthetic
protocol as that of Intermediate 42 and starting from Intermediate 284 (3.50 g, 3530
mmol) and Intermediate 42C (7.49 g, 3530 mmol). H NMR (400 MHz, DMSO-ds) &
ppm 2.68 -2.76 {im, 6 H}, 4.69 (s, 2 H), 8.21 (s, 1 H), (1 Exchangeable proton not observed).
Intermediate 74:

10 Intermediate 74 was prepared (0.81 g, 86.00%), by using a similar synthetic
protocol as that of Intermediate 9 and starting from Intermediate 74A (095 g, 4.13
mmol). 'H NMR (400 MHz, DMSO-ds) 8 ppm 2.79 (s, 6 ), 8.79 (s, | H), 10.24 (s, 1 H).
LCMS (Method-DY: retention time 0.706 min, [M-+H] 229.0.

Intermediate 75: 5-({((38,5K)-3-methyl-5-(4-methyl-1-0x0-1,3-

15 dihydroiscbenzofuran-S-ylipiperazin-i-vijmethyljoxazel-2{3H}-one

L&)

B

L¢]
Y, N/\\T/O _
Me HN(\) ﬁ"N?; °

Me

Intermediate 75A: ethyl 2-oxo-3-trityl-2,3-dihydrooxazole-3-carboxyiate
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To a stirred solution of ethyl 2-ox0-2,3-dihydrooxazole-5-carboxyiate (1.50 ¢, 9.55
mmol, commercialy in DCM (20 mi) was added TEA (3.99 ml, 28.6 mmol) followed

by trityl chloride (2.66 g, 9.55 mmol)} and the resulting mixture was stirred at ambient

W

temperature for 14 h. The reaction muxture was diluted with water (30 mL) and extracted
with DCM (3 x 50 mL). The combined organic ayvers were washed with brine (30 mL},
dried over anhydrous sodium sulfate and evaporated under reduced pressure. The residue
was purified by column chromatography (Redisep-40 g, 10-20% EtOAc/n-hexane) to
obtain Intermediate 75A (3.20 g, 84.00%) as a white solid. 'H NMR (300 MHz, DMSO-
10 ds) B ppm 1.22(t, J=7.10 Hz, 3 1), 4.22 (q, J = 7.10 Hz, 2 H), 7.22 - 7.42 (m, 15 H), 7.50
{s, 1 H}. LCMS: The compound did not ionize well.

Intermediate 758 : S-(hydroxymethyi}-3-trityloxazol-2(3H}-one

Intermediate 758 was prepared (1.70 g, 59.40%) as a white solid, by using a
15 similar synthetic protocol as that of Intermediate 60B and starting from Intermediate 75A
(3.20 g. 8.01 mmol). 'H NMR (300 MHz, DMSO-ds) & ppm 4.15 (d, J = 4.79 Hz, 2 H),
524 (1, J=504Hz | H), 6.63 (s, 1 H), 7.18 - 7.44 (m, 15 H). LCMS: The compound did
not tonize well,

Intermediate 75(: 2-0x0-3-trityl-2,3-dihydroexazole-S-carbaldehyde

20
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Intermediate 75C was prepared (1.00 g, 59.20%), by using a similar synthetic
protocol as that of Intermediate 9 and starting from Intermediate 73B (1.7 g, 4. 76 mmol}.
TH NMR (300 MHz, DMSO-ds} 8 ppm 7.18 - 7.44 (m, 15 H}, 8.167 (s, 1 H), 9.25 (s, 1 H}.
LCMS: The compound did not 1onize well.

Intermediate 75D: 5-(({38,5K}-3-methyl-5-(4-methyl-1-0x0-1,3-

dibydroischenzofuran-5-ylipiperazin-1-vijmethyl)-3-trityloxazol-2(3H)-one

Intermediate 75D was prepared (0.52 g, 63.10%), by using a similar synthetic
protocol as that of Intermediate 4 and starting from Intermediate 75C (0.50 g, 1. 41 munol)
and Intermediate 51-Y (0.45 ¢, 1.83 mmol). 'H NMR (300 MHz, DMSO-ds) & ppm 0.95 -
1.04 (m, 3 H), 1.64 - 1.79 (m, 2 H), 2.24 (s, 4 H), 2.61 - 2.74 (m, 3 H), 2.83 - 2.95 (m, 2
H), 5.41 (s, 2 H), 6.63 - 6.71 (m, 1 H), 7.13 - 7.38 (m, 15 H), 7.64 - 7.71 (m, 1 H), 7.74 -
7.82 (m, 1 H), {1 Exchangeable proton not observed). LCMS (Mefhod-D): retention time
3.12, [M+H] 586.6.

Intermediate 75:

To a solution of Intermediate 75D (0.52 g 0.89 mmol) in DCM (10 mL) was added
TFA (3 wl, 38.9 mmol) at 0 °C and the resulting reaction mixture was stitred at ambient
temperature for 2 h. The reaction mixture was concentrated to dryness, diluted with diethyl
ether (100 mL), The solid precipitate was filtered and dried under vacuum to obtain (.32
g, 64.25%). H NMR (400 MHz, DMSO-de) 8 ppm 129 (d, J=6.53 Hz, 3 H), 2.37 (s, §
H), 3.02-3.14 (m, 2 H), 3.53 (d, /= 4.52 Hz, 2 H), 3.61 - 3.74 (m, 1 H), 4.74 - 483 (m, 1
H), 5.47(d, J= 1054 Hz, 2 H), 6.88 (d, /=201 Hz, 1 H), 7.82 (s, 1 H), 7.87 (s, 1 H),
10.49 - 10.56 (m, 1 H), (1 Exchangeable proton not observed). LCMS (Method-O):
retention time 0.57 min, [M+H] 344 4.

Intermediate 76: 1-(3-methyi-5-(2-oxooxazolidin-3-yi)phenyi}-1H-pyrazole-4-

carbaldehyde
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Intermediate 76A: 2-chloreethyl {3-brome-5-methylphenyljcarbamate
Br

i
e ﬁ’ﬂ\(}’”‘vcg

To a stirring solution of 3-bromo-S-methylaniline (5.00 g, 26.9 mmol) in THF (100
mL) was added K:CQOs (11.14 g, 81 mmol) followed by 2-chloroethyl chloroformate (4.16
mL, 40.3 mmol} and the resulting reaction nuxture was refluxed for 4 h. The reaction
mixture was cooled to ambient temperature, diluted with 5% NaHCOs solution (100 mL)
and extracted with ethyl acetate (2 x 100 mL}. The combined organic layers were washed
with brine (50 mL), dried over anhydrous sodium sulfate and evaporated under reduced
pressure to obtain Intermediate 76A (7.00 g, 89.00%) as a white solid. 'H NMR {300
MHz, DMSO-ds) & ppm 2.25 (s, 3 H), 3.81 - 3.95 (m, 2 H), 432 - 4.42 (m, 2 H), 7.04 (s, |
H), 7.26 (s, L H), 7.55 (5, 1 H), 9.96 (s, 1 H). LCMS (Method-D) }: retention time 2.99 min,
[M+H] 291.0.

Intermediate 768: 3-(3-bromo-S-methylphenyloxazolidin-2-one

Br
i
Me” p}g/{@

e/

To a solution of Intermediate 764 (7.00 g, 23.93 mmol) in THF (80 mL) was
added NaH (2.39 g, 59.80 mmol} and the resulting reaction mixture was stirred at ambient
temperature for 4 h. The reaction mixture was diluted with water (30 mL) and extracted
with ethyl acetate (3 x 50 mL). The combined organic layers were washed with brine (30
ml.), dried over anhydrous sodium sulfate and evaporated under reduced pressure. The
residue was purified by column chromatography (Redisep-40 g, 50% EtOAc/n-hexane) to
obtain Intermediate 76B (420 ¢, 68.50%) as a white solid. 'H NMR (400 MHz, DMSO-
ds) § ppm 2.32 (s, 3 H), 3.98 - 4.08 (m, 2 H), 4.41 -4.49 (m, 2 H), 7.16 (s, 1 H), 7.29 - 7.36
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(o, T H), 7.69 (1, /= 1.76 Hz, 1 H). LCMS {(Method-{) }: retention time 2.37 min, [M+H]
2574

Intermediate 76:

Intermediate 76 was prepared {(0.06 g, 7.00%), by using a similar synthetic
protocol as that of Intermediate 6 and starting fror Intermediate 76B (0.96 g, 3.75 mamol)
and 1H-pyrazole-4-carbaldehyde (0.30 g, 3.12 mmol). 'H NMR (300 MHz, DMSO-ds) 8
ppm 2.25-243(m, 3 H),399-419(m, 2 H), 431 -453 (m, 2 H), 647 -06.62(m, I H),
F06-714(m, 1H),719-724(m, 1 H), 741 -758 (m, 1 H), 828 (5, 1 H), 9.24 (s, 1 H).
LCMS (Method-O): retention time 1.05 min, [M+H]272.3.

Intermediate 77: 6-(1H-1,2,4-triazol-1-ylnicotinaidehyde

i
H =%

N

i

D

Intermediate 77 was prepared (03 g 49.30%), by using a sinoilar synthetic
protocol as that of Intermediate 20 and starting from 6-bromonicotinaldehyde (0.50 g,
2.69 mmol} and 4H-1,2 4-triazole (0.204 g, 2.96 mmol). 'H NMR (400 MHz, DMSO-d6)
Sppm 8.07(d,J=831Hz 1 H),841(br.s, 1 H),851(d,/J=783Hz 1 H), 907 (br s,
1H), 952 (br. s, 1 H), 10.15 (br. 5., 1 H). LCMS (Method-O): retention time 0.62 min,
[IM+H] 1752,

Intermediate 78: 6-(4-formyl-1 H-pyrazol-1-yi}-4-isopropoxy nicotinonitrile

e Me
N s 0/\““M@:

Intermediate 78 was prepared (0.45g, 54.00%) as a pale yvellow solid, by using a
similar synthetic protocol as that of Intermediate 20 and starting from 6-chloro-4-
isopropoxyricotinonitrile (0.61g, 3.12 mmol} and 1H-pyrazole-4-carbaldehyde (030 g,
3.12 mmol). TH NMR (400 MHz, DMSO-de) 8 ppm 1.36 (d, J=6.05 Hz, 6 H), 5.09 - 5.16
{m, TH),769(s, 1H),839(5, 1 H),884 (s, 1 H},937(d, /=055Hz 1H),999 (s, 1 H).
LCMS (Method-Jy: retention time 2.36 min, [M+H] 257.2.

Intermediate 79: 1-(§-formylpyridin-2-yI}-1 H-pyrazole-4-carboxamide
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Intermediate 79A: 2-chloro-5-(1,3-dioxslan-2-ylpyridine (Intermediate-I)

<\G
O f =

N e

To a stirred solution of 6-chloronicotinaldehyde (5.00 g, 3530 mmol} in toluene

(¥, )

(100 mL) was added ethane-1,2-diol (2.63 g, 42.4 mmol}, p-TsOH (0.67 g, 3.53 mmol) and
the reaction mixture was refluxed under Dean-Stark conditions for 6 h. The reaction
mixture was cooled to ambient temperature and washed with saturated NaHCO3 (50 mL)
and brine (50 mL). The separated organic layer was dried over anhydrous sodium sulfate
and evaporated under reduced pressure to obtain Intermediate 79A (550 g 77.00%) as a
10 yellow liquid. 'H NMR (400 MHz, DMSO-de) 8 ppm 3.95 - 4.00 (m, 4 H), 5.85(s, 1H),
7.56 (m,.J = 825,043 Hz, 1 H), 7.91 (dd, J = 8.25, 2.45 Hz, 1 H), 8.48 (dd, ./ = 1.83, 0.49
Hz, 1 H). LCMS (Method-O): retention time 0.85 min, [M+H] 188.3.
Intermediate 798: ethyl 1-(5-(1,3-dioxolan-2-yhipyridin-2-yI-1H-pyrazele-4-

/9

(\0/‘" R
D
NN
N/ o
{

carboxylate He
i5 Entermediate 79B was prepared (0.80 g, 27 40%) as an off-white solid, by using a

similar synthetic protocol as that of Intermediate 20 and starting from Intermediate 79A
{(1.50 g, 8.08 mmol) and 1H-pyrazole-4-carboxylate (1.25 g, 889 mmol). 'H NMR (400
MHz, DMSO-de) 6 ppm 1.31(t, /=709 Hz 3H),398-402{(m, 2 H),408-413(m, 2
H), 428(q, J=709Hz 2H), 590 (s, 1 H),801(dd, /=844, 060Hz 1 H} 8.08-811
20 {m, 1H), 823(d,J=0069Hz 1 H),858(d, /=213 Hz, 1 H), 9.00(d, /=069 Hz 1 H).
LCMS (Method-Jy: retention time 2.39 min, [M+H] 290.1.
Intermediate 79C: 1-(5-(1,3-dioxolan-2-yl)pyridin-2-yi}-1 H-pyrazole-4-

{e]
ey
N ??’\}ff
CEA TN

To a stirred solution of Intermediate 79B (0.35 g, 1.21 mmol) in EtOH (10 mL)

carboxamide
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was added ammonium hydroxide (10 mLE, 257 mmol) and the reaction mixture was heated
at 60 °C for 40 h. The reaction mixture was cooled to ambient temperature, concentrated to
dryness, diluted with water {20 mL} and extracted with 10 % MeOH in DCM (3 x 30 mlL.).
The combined organic layers were washed with brine (20 ml), dried over anhydrous
sodium suifate and evaporated under reduced pressure to obtain Intermediate 79C (0.20
g, 55.30%) as a vellow solid. 'H NMR {400 MHz, DMSO-ds) & ppm 3.98 - 4.03 (m, 2 H),
4.09 - 4.13 (m, 2 H), 5.90 (s, 1 H), 7.24 (br. s, 1 H), 7.84 (br. s, 1 H), 7.98 - 8.01 (m, 1 H),
809(d, /=214 He 1 H),B15(d,/=0S55Hz 1H),857(d, J=202Hz 1 H), 9.15(d. J
=0.61 Hz, 1 H). LCMS (Method-/}: retention time (.00 min, [M+H] 261 1.

Intermediate 79:

To a stirred solution of Intermediate 79C (0.20 g, 0.77 mmol) in a mixture of
toluene (3 mL) and water (0.5 mL) was added p-TsOH{0.22 g, 1 15 mmol) and the reaction
mixture was heated at 70 °C for 1 h. The reaction mixture was concentrated to dryness,
diluted with water (30 mL) and the solid precipitate obtained was isolated by suction
filtration and dried under vacuurn to obtain Intermediate 79 (0.120 g, 62.80%) as an off-
white solid. TH NMR (400 MHz, DMSO-ds) 8 ppm 730 (br. s, 1 H), 7.88 (br.s., 1 H),8.13
(d, /=853 Hz, 1 H), 8.22 (d, J = 0.69 Hz, 1 H), 8.46 (dd, J = 8.53, 2.20 Hz, 1 H), 9.05
(dd, J=2.13,0.69 Hz, 1 H), 9.24 (d, /= 0.69 Hz, 1 H}, 10.12 (s, 1 H). LCMS (Method-J):
retention time 0.60 min, [M+H] 216.1.

Intermediate 80: 1-(S-formylpyridin-2-yi)-1H-pyrazole-3-carbonitrile

?
A\
]

Intermediate 80 was prepared (0.45 g, 84.00%}) as a yellow solid, by using a

O
ki E R
o

M

24

simitar synthetic protocol as that of Intermediate 26 and starting from 1H-pyrazole-3-
carbonitrile {0.02 g, 2.96 mmol) and 6-bromonicotinaldehyde (0.05 g, 2.69 mmol). 'H
NMR (400 MHz, DMSO-ds) 6 ppro 753 (d, /=240 Hz, 1 H), 819(d, /=800 Hz, 1 H),
849-852 (M, 1H),899(d,/=240Hz 1 H),907(d,/=120Hz, 1 H), 10.15 (s, 1 H}.
LCMS (Method-D): retention time 1.95 min, [M+H] 199.0.

Intermediate 81: 4-ethoxy-6-(d-formyl-1H-pyrazel-1-ylnicotinonitrile
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Intermediate 81 A: 6-chioro-4-ethoxynicetinonitrile
Ci

o SN

O Me

CH
Synthesized according to literature procedures (PCT 2016091042, 2016).
5 Intermediate 81:

Intermediate 81 was prepared (0.30 g, 41.70%), by using a similar synthetic
protocol as that of Intermediate 20 and starting from Intermediate 814 (030 g, 166
mmol) and 1H-pyrazole-4-carboxylate (0.20 g, 1.66 mmol). 'H NMR (400 MHz, DMSO-
deydppm 1.40(d, /=720Hz 3H),440 (¢, /J=720Hz 2H), 838 (s, 1 H), 8.69(s, 1 H},
10 884 (s, 1 H), 936 (3, 1 H), 9.98 (5, I H). LCMS (Merthod-DY: retention time 2.12 min,

[M+H} 2432,

Intermidiate 82: 1-(3.4-dimethyi-2-0x0-2,3-dihydrebenzold]oxazol-5-y1}-1H-

pyrazole-4-carbaldehyde

15 Intermediate 82A: 5-bromoe-3,4-dimethylbenzoldjoxazol-2(3H}-one
fMe e

Synthesized according to literature procedures (PCT2017/001991, 2017).

Tntermidiate 82.
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To a stirred solution of 1H-pyrazole-4-carbaldehyde (0.25 g, 2.60 mmol) and
Intermidiate 82A (0.69 ¢, 2 86 mmol) in DMSO (5 mL) was added K2CO3 (090 g, 6.50
mmol) and was degassed with nitrogen for 5 minutes. To the resulting reaction mixture was
added copper (1} iodide (0.25 g, 1.30 mmol} followed by N, N-dimethylglycine (0.13 g, 1.30
mmol) and was heated at 110 °C for 16 h. The reaction mixture was cooled to ambient
temperature, diluted with water (40 mL) and extracted with ethyl acetate (2 x 50 mL}. The
combined organic layers were dried over ashydrous sodium sulfate and concentrated under
reduced pressure. The residue was purified by column chromatography (Redisep-24 g, 20-
40% EtOAc/n-hexane) to obtain (0.35 g, 40.80%) as a brown solid, 'H NMR (300 MHz,
DMSO-ds) 5 ppm 2.39 (s, 3 H), 3.34 (s, 3 H), 7.42 (d, J= 1.89 Hz, 1 H), 7.51 (d, J=1.89
Hz, 1 H), B30 (s, 1 H), 928 (s, 1 H), 9.93 (5, 1 H). LCMS: (Method-]) retention time: 0.84
min, [M+1]: 258 4.

Intermediate 83: 6-(4-methyl-1H-imidazol-1-yDpyridazine-3-carbaldehyde

Q
HJS
//i
N,
N

i} Me

Intermediate 83A: ethyl 6-(4-methyl-1H-imidazol-1-yl}pyridazine-3-

carboxylate
O
_/Qm
Me
NN
-

¢
N Me

Intermediate 83A was prepared (0.18 g, 72.00%), by using a similar synthetic
protocol as that of Intermediate 28 and starting from 4-methyl-1H-imidazole (0.11 g, 1.34
mmol) and ethyl 6-chloropyridazine-3-carboxylate (0.20 g, 1.07 mmol). 'H NMR (400
MHz, DMSO-de) & ppm 1.38(t, /=712 Hz, 3 H), 222 (d, /=094 Hz, 3 H), 441- 447
(m, 2H), 786{, J=119Hz 1 H),828(d, /=920Hz 1H),830(d, /=880 Hz 1 H),
8.64 (d, /=132 Hz, 1 H). LCMS: The compound did not ionize well,

Intermediate 83B: (6-(4-methyl-1H-imidazol-1-yDpyridazin-3-ylimethanol
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To a solution of Intermediate 83A (0.10 g, 0.43 mmol} in THF (5 mL)} was added
sodium borohydride (0.17 g, 0.43 mmol} at ambient temperature. MeQOH (0.2 mL) was
added dropwise and resulting reaction mixture was stirred at ambient temperature for 2 h.

The reaction was quenched with saturated ammonium chioride solution, concentrated to

Wh

dryness, diluted with water (10 L) and extracted with DCM (2 x 25 mL). The combined
organic layer was washed with brine (10 mbL), dried over anhydrous sodium sulfate and
evaporated under reduced pressure to obtain Intermediate 83B (0.05 ¢, 61.00%). '"HNMR
(300 MHz, DMSO-ds) 8 ppm 2.20 (s, 3 H), 477 (d, ./ = 5.52 Hz, 2 H), 5.69 (1, J = 5.95 Hz,
10 1H), 776 (s, 1 H), 7.89(d, J = 9.07 Hz, 1 H), 8.13 (d, /=9.11 Hz, | H), 8.51 (s, 1 H).
LCMS: The compound did not ionize well.
Intermediate 83:
Intermediate 83 was prepared (0.04 g, 85.00%), by using a similar synthetic
protocol as that of Endtermediate 9 and starting from Intermediate 838 (0.04 g, 0.21
15 mmol). LCMS: The compound did not jonize well. The compound was taken directly to
the subsequent step without further purification or characterization.

Intermediate 84: 6-(3-formylpyrrolidin-1-ylj-4-methoxynicotinonitrile

7
N\:}"Qme

CN
Intermediate 84A: 6-(3-(hydroxymethyl) pyrrolidin-1-yl}-4-

20 methoxynicetinonitrile

Hﬁ/\E??

Va\
\Jﬁﬁﬂe
\cw

Intermediate 84A was prepared (0.30 g, 68.00%), by using a similar synthetic
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protocol as that of Intermediate 20 and starting from 6-bromo-4-methoxynicotinonitrile
(0.40 g, 1.88 mmol) and pyrrolidin-3-ylmethanol (0.19 g, 1.88 mmol). LCMS (Method-L):
retention time 1.26 min, [M+H] 2342 'H NMR (400 MHz, DMSO-ds) 8 ppm 1.90-1.92
(m, 1 H), 2.01-2.10 {(m, 1 H}, 2.32 - 2.35 (m, 1 H}, 2.39 - 2.47 (m, 2 H}, 2.52 - 2.54 (m, 3
H), 3.37 - 3.49 (m, 1H),3.92 (s, 3 H) 4.73 - 4.78 (m, 1 H), 6.00 (s, 1 H), 8.26 (s, 1 H},

Intermediate 84:

Intermediate 84 was prepared (0.05 g, crude), by using a similar synthetic protocol
as that of Intermediate 9 and starting from Intermediate 84A (0.05 g, 0.214 mmol) and
Dess-Martin periodinane (0.09 g, 0.214 mmol). LCMS (Method-L): retention time 0.47
nmin, [M+H}232.1. The compound was taken directly to the subsequent step without further
purification or characterization.

Intermediate 83: 6-(3-formylpyrrelidin-1-yi)-4-methyinicotinonitrile

o]
H
L N}_
/ 3
M\?ﬁ 3 e
O

Intermediate 85A: 6-(3-(hydroxymethyl) pyrrolidin-1-yi}-4-
methylnicotinonitrile

‘-\.N}
7R
N 3
\::}Mé
AY
CH

Intermediate 85A was prepared (0.30 g, 25.00%), by using a similar synthetic
protocol as that of Intermediate 20 and starting from 6-bromo-4-methylnicotinonitrile
{0.40 g, 2.03 mmol) and pyrrolidin-3-ylmethanol {0.20 g, 2.03 mmol}. ‘"H NMR (400 MHz,
DMS0O-de) 6 ppm 1.70 - 180 {m, 1 H), 1.97 - 2.07 {(m, 1H), 2.37 - 245 (m, 1 H), 2.55 -
258 {(m, 1H),266-269{(m 1 H), 290 (m, 1 H),3.17-3.26{(m, 2H}, 338 (s, 1 H),3.50
-3.60(m, 2H), 474, J=498Hz, 1 H), 046, 1 H), 795-797 (m, 1 H), 837 (5, 1 H}.
LCMS (Method-LY. retention time 1.30 min, [M+H] 218.2.

Intermediate 85:

Intermediate 85 was prepared {0.50 g, 68.10%), by using a simiar synthetic
protocol as that of Intermediate 9 and starting from Intermediate 85A (0.05 ¢, 0.230

mmol) and Dess-Martin periodinane (0.10 g, 0.230 mmol). LCMS: The compound did not
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tonize well. The compound was taken directly to the subsequent step without further
purification or characterization.

Intermediate 86: 6-{4-formyl-2-oxopyrrolidin-i-yi)-4-methylnicotinonitrile

e
H o
LN
)
—
N ___“\ ~#e
ON

Intermediate 86A: methyl 1-{(5-cyane-4-methylpyridin-2-yi}-5-
oxopyrrolidine-3-carboxylate

O
L‘N
/4
N M\\ ~Hie
CH

Intermediate B6A was prepared (0.50 g, 76.00%) as a pale yellow solid, by using
a similar synthetic protocol as that of Imtermediate 15C and starting from 6-bromo-4-
methyloicotinonitrile (0.50 g, 2.54 mumol) and methyl S-oxopyrrolidine-3-carboxylate (0.36
g, 2.54 mmot). 'H NMR (400 MHz, DMSO-ds) & ppm 2.45-2.55 (m, 4 H), 2.82 - 3.00 (m,
2H),343-352(m, 1 H), 365372 (m, 2H), 422 (m, 2H), 834 (s, 1 H),8.78 (s, 1 H).
LCMS (Method-L). retention time 1 03 min, [M+1]260.1.

Intermediate 868: 6-(4-(hydroxymethyl}-2-oxopyrrolidin-1-yi}-4-
methyinicotinonitrile

N
ﬁ%\ -Me
CN

Intermediate 868 was prepared (0.10 g, 22.00%), by using a similar synthetic
protocol as that of Intermediate 60B and starting from Intermediate 86A {050 g, 1.93
mmol) and NaBHa (0.18 g, 4.82 mmol). 'H NMR (400 MHz, DMSO-ds) 6 ppm 2.30 - 235
(m,3H),2.70-280(m, 2H),337-345(m,3H),3.75-385(m, L H),400-4.10(m, 1
Hj, 480 -4.90 (m, 1 H), 837 (5, 1 H), 8.76 (5, | H). LCMS (Method-O): retention time
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0.75 min, [M+H]} 232.1.
Intermediate 86:
Intermediate 86 was prepared (0.08 g, 68.10%), by using a similar synthetic

protocol as that of Intermediate 9 and starting from Intermediate 86B (0.08 g, 0.346

5 wmmol) and Dess-Martin periodinane (0.15 g, 0.346 mmol). LCMS (Method-L}: retention
time 0.72min, [M+H] 230.2. The compound was taken directly to the subsequent step
without further purification or charactenization.

Entermediate 87: 6-(4-formyl-2-oxopyrrolidin-1-yi}-4-methoxynicotinonitrile
0
HM‘:Q
L\N}
4
N-\_:\‘ Ohe
CH
10 Intermediate 87A: methyl 1-(S-cyano-4-methoxypyridin-2-yi)-8-
oxopyrrolidine-3-carboxylate
o
MGQM.:Q
2R\
N —ome
CN
Intermediate 87A was prepared (0.50 g, 59.00%) as a pale vellow solid, by using
a similar syunthetic protocol as that of Intermediate 15C and starting fromn 6-bromo-4-
15 methoxynicotinonitrile (0.50 g, 2.35 mmol} and methyl 5-oxopyrrolidine-3-carboxylate

{0.34 g, 2.35 mmol). 'H NMR (400 MHz, DMSQ-ds) & ppm 2.82 - 3.00 (m, 2 H), 343 -
352(m, THD, 370 (m, 2H)L390(,1 H), 400 (5,3 H), 422-4350m, 2H), 812 (s, 1 H),
8.65 (s, 1 H). LCMS (Mefhod-L): retention time 1.01 min, [M+H] 276 .9.

Intermediate 87B: 6-{4-(hydroxymethyl}-2-oxopyrrolidin-1-yi}-4-
20  methoxynicoetinonitrile

HG/\E};G
N

CH
Intermediate 87B was prepared (0.20 g, 44.50%), by using a similar synthetic

protocol as that of Intermediate 608 and starting from Intermediate 87A (0.50 g, 1 82
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mmol) and NaBHs (0.17 g, 4.54 mmol). LCMS {(Method-1); retention time (.73 min,
[M~+H] 248.0. The compound was taken directly to the subsequent step without further
purification or characterization.

Intermediate 87

5 Intermediate 87 was prepared (0.15 g, 68.10%), by using a similar synthetic
protocol as that of Intermediate 9 and starting from Intermediate 878 (0.18 g, 0.73 mmol)
and Dess-Martin periodinane (0.31 g, 0.73 mmol). LCMS (Method-1.): retention time 0.71
min, [M+H] 2461 The compound was taken directly to the subsequent step without
turther purification or characterization.
10 Intermediate 88: 6-(5-formyl-2-oxooxazelidin-3-yi}-4-methylnicotinonitrile
o
H/K\E\Z}T:Q
Ni:}?we
O
Intermediate 88A: S-(hydroxymethyl) oxazolidin-2-one
Ho
G
Synthesized according to literature procedures (US2014/206677 Al, 2014).
15 Intermediate 88B: 6-(5-(hydroxymethyi}-2-oxooxazelidin-3-yi)-4-

methylnicotinonitrile
e
\N}
>
NN
\a
T

Intermediate 88B was prepared (0.35 g, 35.00%) as a pale yellow solid, by using

a similar synthetic protocol as that of Intermediate 15C and starting from Intermediate

20 88A (0.50 g, 427 mmol) and 6-bromo-4-methylnicotinonitrile {(0.72 g, 4.27 mmol). 'H

NMR (400 MHz, DMSO-de) 6 ppm 245 (s, 3 H), 353 -3.61 (m, 1 H), 3.66-3.73 (m, 1

H),399(dd, /=1038,593 Hz, 1 H), 415-423(m, 1 H},472-479(m, 1 H), 522(t, J

=521Hz 1 H), 815 (s, 1 H), 875 (5, 1 H). LCMS (Method-L): retention time 0.82 min,
IM+1]234.2.

25 Intermediate 88:
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Intermediate 88 was prepared {0.16 g, 64.00%), by using a similar synthetic
protocol as that of Intermediate ¥ and starting from Intermediate 88B (0.25 g, 1.07 mmol)
and Dess-martin periodinane {0.57 g, 1.34 mmol). LCMS: The compound did not ionize
well. The compound was taken directly to the subsequent step without further purification

or characterization.

W

Intermediate 89: 1-{5-(methyisulfonyijpyridin-2-vi}-1H-pyrazole-4-
carbaldehyde

Sﬂzmﬁ
Intermediate 89 was prepared (040 g, 75.00%), by using a similar synthetic

10 protocol as that of Intermediate 20 and starting from 2-bromo-3-(methylsuifonyl}pynidine
{(0.50 ¢, 2.12 mmol) and 1H-pyrazole-4-carbaldehyde (0.20 g, 2.12 mmol). 'H NMR (400
MHz, DMSO-ds) 0 ppm 3.43 -390 (s, 3 H), B20-822(m, 2 H), 840(s, 1 H), 854 -857
(o, 1 H}, 9.00-9.04 (m, 1 H}, 10.00 (5, 1 H). LCMS (Method-1): retention time 0.76 min,
[M+H] 2521

13 Intermediate 90: 2-(4-formyl-1 H-imidazol-1-yi}-4-methylpyrimidine-5-
carbonitrile

o

Ao

b
N
) Me

I

CH
Entermediate 90 was prepared (0.05 g, 9.00%) as a pale vellow solid, by using a
similar synthetic protocol as that of Intermediate 15C and starting from Intermediate
20 43C€(0.62 g, 3.12 mmol) and 1H-imidazole-4-carbaldehyde (0.25 g, 2.60 mmol). 'H NMR
(300 MHz, DMSO-ds} S ppm 2.70 (5,3 H), 8.80 (s, 2H), 930 (s, 1 H), 9.80 (5, 1 H). LCMS
(Method-O): retention time 0.76 nun, [M+H] 214 4.
Intermediate 91: &' -(methyisulfonyi)-{2, 3’-bipyridine]-5-carbaldehyde
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N 3@2?}59

Intermediate 91 A: 2-(methyisulfonyl}-5-(4,4,5. 5-tetramethyl-1,3,2-

dioxaborolan-2-yljpyridine

L

Me Me

Me
fe— ‘ /s:a

S-B

7N
-
50, Me
Intermediate 91A was prepared (0.05 g, crude), by using a similar synthetic

protocol as that of Intermediate 2B and starting from S-bromo-2-(methylsulfonypyridine
(0.05 g, 0.21 mmol) and bis{pinacolato)diboron (0.07 g, 0.26). LCMS (Method-O):
10 retention time 0.94 min, [M+H] 284.2. The compound was taken directly to the subsequent
step without further purification or characterization.
Intermediate 91:
Intermediate 91 was prepared (0.30 g, 64%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 2C and starting from Intermediate 91A
15 {0.50g, 1.77 mmol) and 6-bromonicotinaldehyde (0.33 g, 1.77 mmol}. LCMS (Mefhod-O):
retention time 0.94 min, [M+H] 263 2. The compound was taken directly to the subsequent
step without further purification or characterization.
Intermediate 92: 2-(4-formyl-2H-1,2,3-triazol-2-yi}-4-methoxypyrimidine-5-
carbonitrile

HJ\@N

1]

NNN
S
72
AR
\=;/\ OMe
AY
e

Intermediate 92A: 2-(4-(hydroxymethyl}-2H-1,2,3-triazol-2-yi)-4-

20

methexypyrimidine-S-carbonitrile
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oN
Intermediate 92A was prepared (0.90 g, 65.70%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 42 and starting from Intermediate 45A
{1.00 g, 5.90 mmol) and Intermediate 28A (088 g, 8.85 mmol). 'H NMR (400 MHz,
DMSO-de) & ppm 4.18 (5,3 H), 4.69(d, /=584 Hz 2 H), 559(t,/=587Hz 1 H), 825
(s, 1 H}, 9.18 (s, 1 H). LCMS (Method-O): retention time 0.60 min, [M+H] 233.2.

U

Intermediate 92:
Intermediate 92 was prepared (0.02 g, crude}, by using a similar synthetic protocol
as that of Intermediate 9 and starting from Intermediate 92A (0.03 g, 590 mmol) and
10 Dess-martinperiodinane {0.06 g, 0.129 mmol). LCMS: The compound did not ionize well.
The compound was taken directly to the subsequent step without further purification or
characterization.
Intermediate 93: 6-{4-formyl-3-methyl-2-0x0-2,3-dihydre-1 H-imidazol-1-yi}-

4-methoxynicotinonitrile

Intermediate 93A: methyl 1-(S-cyano-4-methoxypyridin-2-yi}-2-ox0-2,3-

dihydre-1H-imidazole-4-carboxylate

(o]
H
Me@"jk\l,ﬁ
i >=o
<]
e

\
\::-.. OMe
Ch

Intermediate 93A was prepared (4.20 g, 70.70%) as a brown solid, by using a

20 similar synthetic protocol as that of Imtermediate 18C and starting from 6-chloro-4-
methoxynicotinonitrile (4.27 g, 25.3 mmol) and methyl 2-oxo0-2 3-dihydro-1H-imidazole-
4-carboxylate (3.00 g, 21.11 mrol). 'H NMR (400 MHz, DMSO-ds) & ppm 3.79 (s, 3 H),

403 (s, 3H}, 79 (s, 1 H), 832 (s, 1 H), 8.71 (5, 1 H), {1 Exchangeable proton was not
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observed). LOMS (Method-D). retention time 1.81 min, [M+1} 275,
Intermediate 93B: methyl 1-(5-cyano-4-methoxypyridin-2-yi}-3-methyl-2-oxo-

2,3-dihydro-1H-imidazole-4-carboxylate
(] i}ﬁe
A
N
i

TN

-Oifle

To a stirred solution of Intermediate 93A (2.00 g, 7.29 mumol) in DMF (5 mL) was
added Cs:C03 (4.75 g, 14.59 mmol) followed by todomethane (0.91 mL, 14.6 mmol} and
the reaction mixture was stirred at ambient temperature for 12 h. BMF was evaporated
under reduced pressure and the mixture was diluted with water (50 mL) The solid
precipitate was filtered and washed with water (50 mlL), diethyl ether (50 mlL) and dried
under vacuum to obtain Intermediate 938 (1.70 g, 81.00%) as a brown solid. "H NMR
(400 MHz, DMSO-ds)  ppm 3.44 (s, 3 H), 3.82 (5, 3 H), 4.04 (s, 3 H), 8.02 (s, | H), 824
(s, 1 H}, 8.76 (s, I H). LCMS (Method-Dy. retention time 2 .34 min, [M+1] 289.2.

Intermediate 93(C: 6-(d-(hydroxymethyl)-3-methyl-2-0x0-2,3-dihydre-1H-

imidazol-1-yi}-4~-methoxynicotinonitrile
Me
HO ™\ _-N
| =0
N
i

-
N7
\ens” ™ OMe

&N

Intermediate 93C was prepared (0.85 g, 92.00%) as a pale yellow solid, by using
a similar synthetic protocol as that of Intermediate 60B and starting from Intermediate
93B (1.00 g, 347 mmol} and NaBH4 (0.26 g, 6.94 mmol). 'H NMR (400 MHz, DMSO-idb)
Sppm 324(s,3H), 401 (s,3H),436(brs, 2H), 525(brs, 1 H),729(s, 1 H},828(s, 1
Hj, 8.69 (s, 1 H). LOCMS (Method-D). retention time 1.24 min, [M+1} 261,

Intermediate 93:

Eatermediate 93 was prepared {0.100 g, 50.00%;), by using a similar synthetic
protocol as that of Intermediate 9 and starting from Intermediate 93C (0.20 g, 0.76 mmol)
and Dess-Martin periodinane (0.39 g, 0.92 mmol). 'H NMR (400 MHz, DMSO-ds) & ppm
346(s,3H), 401 (5,3 H), 825(s, T H), B54(s, 1 H), 881 (s, 1 H), 952 (s, T H). LCMS
(Method-D): retention time 1.91 nun, [M+1]259.
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Intermediate 94: 6-(d-formyl-3-isopropyl-2-ox6-2,3-dihvdro-1 H-imidazol-1-
yh}-4-methoxynicotinonitrile

YMe

Me

Intermediate 94A: methyl 1-(5-cyano-4-methoxypyridin-2-yi)-3-isopropyl-2-
0%0-2,3-dihydro-1H-imidazele-4-carboxylate
o Me Me
N
MeO :
={
s

N}\

Wh

OMe
GN
Intermediate 94A was prepared (0.48 g, 41.00%) as a yellow solid, by using a
similar synthetic protocol as that of Intermediate 93B and starting from Intermediate 93A
(1.00 g, 3.65 mmol) and 2-iodopropane (1.24 g, 7.29 mmol). 'H NMR {400 MHz, DMSO-
10 deydppm 1.45(d, /J=800Hz,6H),38(s,3H),404(,3H),50(,J=800Hz 1 H),
8.04 (5,1 H), 823 (5, 1 H), 876 (s, 1 H). LCMS (Method-DY: retention time 2.70 min,
[M+11317.2.
Intermediate 94B: 6-(4-(hydroxymethyl)-3-isopropyl-2-0x0-2,3-dihydro-1H-

imidazol-1-yi}-4~-methoxynicotinonitrile

15 o
Intermediate 948 was prepared (0.35 g, 96.00%) as a yellow solid, by using a

similar synthetic protocol as that of Intermediate 608 and starting from Intermediate 94A

(0.40 g, 1.26 mmoly and NaBHs (0.10 g, 2.53 mmol). 'H NMR (400 MHz, DMSO-ds) &

ppm 1.45 (d, J=8.00 Hz , 6 H), 4.01 (s, 3 H), 4.26 - 435 (m, 3 H), 5.25 (br.s, 1 H), 7.28

20 (s, 1 H), 8.28 (s, 1 H), 8.68 (5, 1 H), LCMS (Method-OY: retention time 0.9 min, [M+1]
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2892,

Intermediate 94:

Intermediate 94 was prepared (0.25 g, 49.00%), by using a similar synthetic
protocol as that of Intermediate 9 and starting from Intermediate 94B (0.38 ¢, 1.32 mmol}

53 and Dess-Martin periodinane (0.67 g, 1.58 mmol). 'H NMR (400 MHz, DMSO-ds) 8 ppm

145(d,/=800Hz 6H),401(5,3H).504,/= 800H=z 1 H),825(s, 1 H), 861 (s, 1
H}, 8.87 (s, 1 H), 945 (s, 1 H}. LCMS (Method-17): retention time 2.3 min, [M+1] 287 2.

Intermediate 95: 3-methyl-1-(Z-methylpyrimidin-4-yl}-2-0x0-2,3-dihydro-1 H-

imidazole-d-carbaldehyde
] e
I
H)L\‘\\TL-N\?:ZQ

}:N
/ \>—~Me
10 —HN

Intermediate 95A: methyl 1-(S-cyano-4-methoxypyridin-2-yi}-2-0x0-2,3-

dibydro-1H-imidazole-4-carboxylate

(o]
(M
MQG% >:$Q
M
/‘“‘N
{_* ‘>“*M9;
=N

To a solution of methyl 2-ox0-2,3-dihydro-TH-imidazole-4-carboxylate (1.50 g,

J—
L

10.55 mmol) in DMF (30 mL) was added 4-chloro-2-methylpyrimidine (1.63 g, 12.67
mmol) followed by Cs2C033(6.88 g, 21.11 mmol) and the resulting reaction mixfure was
heated at 100 °C for 4 h. The reaction mixture was cooled to ambient temperature,
concentrated to dryness under reduced pressure and diluted with water (50 mL). The sohid
precipitate obtained was filtered and dried under vacuum to afford Intermediate 954 (1.20
20 g, 36.40%). 'H NMR (400 MHz, DMSO-ds) 6 ppm 2.67 (s, 3 H), 3.82 (s, 3 H), 7.85 (s, 1
H), 83 (d, 6.0 Hz, 1 H), 86 (d, 6.0 Hz, 1 H), (1 Exchangeable proton was not observed).
LCMS (Method-D): retention time 1.06 min, [M+1]2352.

Intermediate 95B: methyl 3-methyl-1-(2-methylpyrimidin-4-yi)-2-0x0-2,3-

dihydro-1H-imidazole-4-carboxylate
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Intermediate 95B was prepared (0.50 g, 47.00%), by using a similar synthetic
protocol as that of Intermediate 938 and starting from Intermediate 95A (1.00 g, 427
mmol) and 2-iodomethane (0.5 mL, 8.54 mmol). 'H NMR (400 MHz, DMSO-ds) 8 ppm
5 263(s,3H),342(s,3H),382(s5,3H),804(s, 1 H),815(d,/=0600Hz 1 H), 875(d,
J=6.00Hz, | H). LCMS (Method-Dy: retention time 1.54 min, [M+1]249.2.
Intermediate 93C: 4-(hydrexymethyl}-3-methyl-1-(Z-methylpyrimidin-4-yi)-
‘E,&dihydmwzﬂ&midami%uane

Hﬁ/\t FG
-

10 Intermediate 95C was prepared (0.20 g, 45.00%) as a pale yellow solid, by using
a similar synthetic protocol as that of Intermediate 608 and starting from Intermediate
958 (0.50 g, 2.014 mmol) and NaBHas (0.15 g, 4.03 mmol). *H NMR (400 MHz, DMSO-
deydppm 2.58 (s, 3 H), 3.22(s, 3 H),436(d, S2Hz 2H), 524 (s, 1 H), 73 (s, 1 H), 8.15
(d, /=600 Hz 1 H), 865(d, /=600 Hz, 1 H). LCMS (Method-D): retention time 0.55
15 min, [M+172215

Intermediate 93:

Intermediate 95 was prepared (0.13 g, 64.00%), by using a similar synthetic
protocol as that of Intermediate 9 and starting from Intermediate 95C (0.20 g, 0.91 mmol}
and Dess-Martin periodinane (0.46 g, 1.09 mmol). '"H NMR (400 MHz, DMSO-ds) & ppm

20 266(s, 3H), 345(s,3H),82(d,6.0Hz 1 H), 854(s, T H), 881(d,00Hz 1H), 954
(s, 1 H). LCMS (Method-D): retention time 1.08 mun, [M+1]219.2.

Intermediate 96-F 5-((2R,65)-4-((6-bromopyridin-3-ylmethyl)-6-

methylpiperazin-2-yi}-4-methylisobenzofuran-1(3H}-one

y
h\
o~

o

V%O“(\
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To a stirred solution of 6-bromonicotinaldehyde (0.300 g, 1.61 mmol} in THF (20
mi) was added Imtermediate 31-1 (0.44 g 1.77 mmol) and the reaction mixture was
continued fo stir at ambient temperature for 10 minutes. Sodium triacetoxyborohydride

{0.68 g, 3.23 mmol) was added and stirring was continued for 48 h. The reaction mixture

W

was diluted with aqg NaHCO3 (30 mL) and extracted with ethyl acetate (2 x 40 mL}). The
combined organic layers were washed with brine (30 mL), dried over anhydrous sodium
sulfate and evaporated under reduced pressure. The residue was purified by column
chromatography (Redisep-40 g, 65-70% HtOAc/n-Hexane) to afford Intermediate 96-1
(0.32 g, 47.00%). "H NMR (400 MHz, DMSO-d)} & ppm 1.01 (d, J=6.02 Hz, 3 H), 1.70 -
10 1.79(m, 2H), 2.24 (s, 3 H), 2.72(t, J = 8.78 Hz, 2 H), 2.96 (td, J = 6.53, 3.01 Hz, 1 H),
3.52 (s, 2 H), 4.15 (dd, /= 10.04, 2.51 Hz, 1 H), 5.38 (5, 2 H), 7.59 - 7.67 (m, 2 H), 7.68 -
772{m, 1 H), 780{(d, /=803 Hz, 1 H), 831 (d, /=201 Hz, | H), {1 exchangeable proton
not observed). LCMS (Method-D): retention time 1.95 min, [M+H] 417.
Intermediate 97: 5-{(2R,65}-4-((1H-1,2,4-triazol-3-yl)methyl)-6-

15 methylpiperazin-2-yl}-4-methylisobenzofuran-13H}-one
2
1)
N Um, N/\:./'N
ok L2

fMe

Intermediate 97A: Methyl 1-trityl-1H-1,2,4-triazole-3-carboxylate

o
MaOJKH/ N\>
N-N ph
-
PH

Intermediate 97A was prepared (8.00 g, 45.10%), by using a similar synthetic
20 protocol as that of Intermediate 75A and starting from 1H-1,2 4-triazole-3-carboxylate

(5.00 g, 39.30 mmol) and trityl chloride (13.16 g, 4720 mmol}). 'H NMR (400 MHz,
DMSO-do) S ppm 383 (5, 3 H), 705 -7.09 (m, 5 H), 740 -7.42 (m, 10 H), 838 (5, 1 H,
LCMS: The compound did not ionize well.

Intermediate 978: (I -trityl-1H-1,2.4-triazol-3-yijmethanol

HO/\ﬁNq},

N-N ph

~—Ph
Ph

Intermediate 978 was prepared (1.00 g, 50.00%) as an off-white solid, by using a

[\~
W
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similar synthetic protocol as that of Intermediate 60B and starting from Intermediate 97A
(2.00 g, 5.41 mmol) and NaBHs (0.60 g, 16.24 mmol}. 'H NMR (400 MHz, DMSO-ds) &
ppm 4.45 (d, J=6.02 Hz, 2 H), 5.30 (1, /= 6.02 Hz, 1 H), 7.05 - 7.09 (m, 5 H), 7.37 - 7.42
{m, 10 H}, 8.04 (5, 1 H). LCMS: The compound did not ionize well.

Intermediate 97C: 1-trityl-1H-1,2.4-triazole-3-carbaldehyde

H

0)\4( N\>

N-N ph
o Ph
Intermediate 97C was prepared (0.75 g, 90.00%), by using a similar synthetic
protocol as that of Intermediate 9 and starting from Intermediate 978 (0.80 g, 2.34 mmol}
and Dess-Martin periodinane (2.00 g, 4 70 mmol). 'H NMR (400 MHz, DMSO-des) 3 ppm
7.05 - 7.09 (m, § H), 7.40 - 742 (m, 10 H), 838 (s, 1 H), 945 (s, 1 H). LCMS: The
compound did not ionize well,
Intermediate 970: 4-methyl-5-((2R,65)-6-methyl-4-((1-trityl-1 H-1,2 4-triazel-

3-yhmethyl)piperazin-2-yijisobenzofuran-13H}-one

9
A\
2
K‘N "
e HM._. N~N Ph
-Ph
Me 2

Intermediate 970 was prepared (0.90 g, 71.00%) as a pale yellow solid, by using
a similar synthetic protocol as that of Intermediate 96-1 and starting from Intermediate
97C (075 g, 2.21 mmol) and Intermediate 51-1(0.60 g, 2.43 mmol}. '"H NMR (300 MHz,
DMSO-ds) & ppm 0.98 (d, J = 6.28 Hz, 3 H), 1.69 - 1.86 (m, 2 H), 2.23 (s, 3 H), 2.68 - 2.78
(m, 2 F), 2.90 (br. s, 1 H), 3.60 (s, 2 H), 4.10 (d, /= 7.10 Hz, 1 H), 5.39 (s, 2 H), 7.01 -
7.07 (m, 6 H), 7.31 - 7.38 {m, 9 H), 7.64 - 7.69 (m, | H), 7.75 - 7.79 (m, 1 H), 8.04 (s, 1
H), {1 exchangeable proton not observed). LCMS (Method-D): retention time 4.045 min,
M+H] 570 4.

Intermediate 97:

Intermediate 97 was prepared (0.18 g, 28.20%), by using a similar synthetic
protocol as that of Intermediate 4C and starting from Intermediate 97D (1.00 g, 1.75
mmol) and 4M HCl in dioxane (0.88 mi, 3.51 mmol). 'H NMR (300 MHz, DMSO-ds) 8
ppm 1.00 (d,./=6.28 Hz, 3H), 1.72 - 1.85 (m, 2 H), 2.25 (5, 3 H), 2.76 (d, /= 10.24 Hz, 2

~ 224 -
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H), 294 (bt s, 1 H), 362(s,2H),414(d, /J=0925Hz, 1 H), 538 (s, 2H),765(d, J=
R09Hz, 1 H), 7.78 (¢, /=826 Hz, 1 H),8.12 (br. s, 1 H), 13.9 (br. 5, | H}. (1 exchangeable
proton not observed). LOCMS (Method-D): retention time 0.63 min, [M-+H] 328 2.

Intermediate 98: 6-(4-formyl-1H-imidazol-1-yl})-4-methoxynicotinonitrife

2
M
1\

4
N/ N — e

CH

Intermediate 98 was prepared (0.30 g, 25.00%), by using a similar synthetic
protocol as that of Intermediate 20 and starting from TH-imidazole-4-carbaldehyde (0.50
2. 5.20 mmol) and 6-chloro-4-methoxynicotinonitrile (1.05 g, 6.24 mmol). "H NMR (400
MHz, DMSO-de) 6 ppm 4.13 (s, 3 H), 781 (s, 1 H), 883 (s, 2 H}, 895(d, /=119 Hz 1
H), 987 (s, 1 H). LCMS (Method-1): tetention time 0.75 min, [M+H] 2291
Intermediate 99: 6-(4-formyl-S-methyl-2H-1,2,3-triazol-2-yi}-4-methyinicotinonitrile

Me
H T——\{N

N\Nf
[y

N/‘“\
L we
O
Intermediate 99A: Ethyl 5-methyl-2H-1,2,3-triazole-4-carboxylate
o]

~ 8
o, o

Intermediate 99A was prepared (5.20 g, 35.70%) as a brown solid, by using a simular
synthetic protocol as that of Intermediate 28A and starting from ethy! but-2-ynoate (10.00
g, 89.00 mmol) and azidotrimethylsilane (17.76 mL, 134.00 mmol). 'H NMR (400 MHz,
DMSO-de) 6 ppm 131 (, /=709 Hz, 3 H), 251 (br. 5,3 H), 430(q, /=093 Hz, ZH),
1536 (br. 5., 1 H). LCMS (Method-Dy: retention time 0.68 min, [M+H] 156.2.
Intermediate 99B: ethyl 1-{5-cyanc-4-methyipyridin-2-yi}-S-methyl-1H-1,2,3-
triazole-4-carboxylate and Intermediate 99C: ethyl 2-(S-cyano-4-methylpyridin-2-

yi}-5-methyl-2H-1.2, 3-triazole-4- carboxylate
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Intermediate 998 and 99C was prepared by using a similar synthetic protocol as
that of Intermediate 20 and starting from Intermediate 99A (5.00 g, 32.20 mmol) and 6-
bromo-4-methyluicotinonitrile (7.62 g, 38.70 mmol). The regioisoruers were separated into
individual isomers by HPLC [YMC trait (250 x 20 mm} 5 micron; Solvent A: 10 mM

NaHCOs3; Solvent B: Acetonitrile:MeOH (1:1), Gradient: 50-100% B over 1S minutes,

U

Flow: 20 mL/min, UV: 254]. First eluted compound (retention time 10.42 min), designated
as Intermediate 99B, was obtained (0.50 g, 5.50%) as an off-white solid. 'H NMR {400
MHz, DMSO-ds} 5 ppm 1.33 - 138 (m, 3 H), 2.67 (s, 3 H), 283 (3,3 H),439(q, /=703
10 Hz, 2H), 820 (s, 1 H), .07 (s, 1 H). LOMS (Method-D ): retention time 2.37 min, [M+H]
272.0. Second eluted compound (retention time 11.65 min), designated as Intermediate
$9C, was obtained (3.10 g, 28.40%) as an off-white solid. TH NMR (400 MHz, DMSO-ds)
Sppm 1.33-138(m, 3 H),256(s,3H),264(s,3H),439(q, /=703 Hz 2H), 8185,
LH), 897 (s, 1 H). LCMS (Method-D ). retention time 2 45 min, [M+H] 2720,
15 Intermediate 99D: 6~(4-(hydroxymethyl}-S-methyl-2H-1,2,3-triazol-2-y1)-4-
methylnicotinonitrile
?}éﬁe

HO’N\\(&*"N
ﬁ«N'

Ny e
CN
Intermediate 99D was prepared (0.25 g, 48.80%) as a brown solid, by using a
similar synthetic protocol as that of Intermediate 60B and starting from Intermediate 99C
20 (0.60 g, 2.21 mmol) and NaBHq (0.17 g, 4.43 mmol). 'H NMR (400 MHz, DMSO-ds) &
ppm 2.39 (s, 3 H), 2.60 (s, 3 H), 4.62 (d, J= 5.52 Hz, 2 H}, 5.39 (1, /= 5.77 Hz, 1 H), 8.04
{s, 1 H), 8.89 (s, 1 H). LCMS (Method-1¥): retention time 1.16 min, [M+H] 230.0.

~ 226 -
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Intermediate 99:

Intermediate 99 was prepared (0.25 g, 48.80%), by using a similar synthetic
protocol as that of Intermediate 9 and starting from Intermediate 99D (0.20 g, 0.87 mmol}
and Dess-Martin periodinane (0.74 g, 1 75 mmol). 'H NMR (400 MHz, DMSO-dk) & ppm
2.58 (3,3 H), 2.66 (s, 3 H), 8.24 (s, 1 H), 9.01 (s, 1 H), 10.23 (s, | H). LCMS (Method-D):

(¥, )

retention time 1.95 mun, [M-H} 226.1.
Intermediate 100: 6-{4-formyl-5-methyl-1H-1,2,3-triazol-1-y1}-4-
9]

I
N
H)\T\\" "N
Mef N

N\\\\_ﬁ e
methylnicotinenitrile CH
Intermediate 1004 6-(4-(bydroxymethyi}-S-methyi-1H-1,2,3-triazol-1-yi)-4-

10 methylnicotinonitrile

N
HO oy

¥

Hie
A Wa
CH

Intermediate 160A was prepared (0.28 g, 71.00%) as an off-white solid, by using
a similar synthetic protocol as that of Intermediate 60B and starting from Intermediate
99B (0.40 g, 1.47 mmol) and NaBH4 (0.11 g, 2.95 mmob). 'H NMR (400 MHz, DMSO-
dey O ppm 2.59 (5,3 H), 2.64 (s, 3 H),4.55(d, /=552Hz 2H), 519, J=577Hz, 1 H),
8.16 (s, 1 H), 9.0 (s, 1 H). LCMS (Method-D): retention time 1.22 nun, [M+H] 230.2.

J—
L

Intermediate 106:
Intermediate 108 was prepared (0.20 g, 56.00%), by using a similar synthetic
protocol as that of Intermediate 9 and starting from Intermediate 100A (0.25 g, 1.09
20 mmol) and Dess-Martin periodinane {0.70 g, 1.64 mmol). 'H NMR (400 MHz, DMSO-ds)
D ppm 266 (s, 3 H), 272 (s, 3 H), 824 (5, 1 H), 9.01 (s, 1 H), 1028 (5, 1 H). LCMS
(Method-D): retention time 1.97 nun, [M+H] 228.2.
Intermediate 101: 1-(2-(S-cyano-4-methylpyridin-2-y})-2H-1.2,3-triazol-4-

yhiethy! methanesuifonate
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Intermediate 101A: 6-(4-(1-hydroxyethyl}-2H-1,2,3-triazol-2-y1)-4-

methyinicotinonitrile

5 Intermediate 101 A was prepared (0.74 g, 80.00%) as an yellow solid, by using a
similar synthetic protocol as that of Intermediate 72A and starting from Intermediate 28
{0.80 g, 3.75 mmol). 'H NMR (400 MHz, DMSO-ds) 6 ppm 1.48 (d, J = 6.53 Hz, 3 H),
2.62(s,3H),493-500(m, 1 H),558(d,/=502Hz 1H),810-811{(m, 1H),817,
1 H), 8.93 (s, | H). LCMS (Method-D): retention time 1.05 mun, [M+H] 230.0.
10 Intermediate 101:
Intermediate 101A was prepared {(0.20 g, 56.70%) as a pale yellow solid, by using
a similar synthetic protocol as that of Intermediate 59 and starting from Intermediate
101A (025 g, 1.09 mmol) and mesyl chioride (0.102 mL, 131 mmol). 'H NMR (400 MHz,
DMSO-dey & ppm 1.78 (d, /=680Hz, 3 H), 264 (5,3 H),3.28(s, 3 H), 6.03 (g, /=680
i5  Hz 1 H), 816(s, 1 H), 840 (s, 1 H), 897 (s, I H). LCMS (Method-D): retention time 1.56
min, {M+H] 3082,
Intermediate 102: 2-methyl-6-(trimethylstannyl)pyridazin-3(ZH}-one

#e
Me. ! Me
Sn

N
i
N
e

o]

Intermediate 1024 : 6-chloro-2-methyipyridazin-3(2H)-one

~ 228 -
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To a stirring solution of 6-chloropyridazin-3(2H}-one (0.35 g, 2.68 mmol) in DMF
(10 mL) was added K2COs3 (0.93 g, 6.70 mmol) followed by methyliodide (0.20 mL, 3.22

mmol) and stirred at ambient teroperature for 1 h. The resulting reaction mixture was

¥4

diluted with water (30 mL} and extracted with ethyi acetate (2 x 50 mL}. The combined
organic layers were washed with brine (30 mL), dried over anhydrous sodium sulfate and
evaporated under reduced pressure to obtain Intermediate 1024 (0.25 ¢, 56.10%) as an
off-white solid. tH NMR. (400 MHz, CDCl3) § ppm 3.75 (s, 3 H), 6.92 (d, J = 9.76 Hz, |
H), 7.19(d, /=976 Hz, | H). LCMS (Method-DY: retention time 0.66 min, [M+1] 145.2.
10 Intermediate 102:
Intermediate 102 was prepared (0.15 ¢, crude), by using a similar synthetic
protocol as that of Intermediate 23A and starting from Intermediate 162A (0.10 g, 0.69
mmol} and 1,1,1,2,2,2-hexamethyldistannane (0.16 mL, 0.76 mmol). LCMS {(Method-():
retention time 1.30 min, [M+1] 2752, The compound was taken directly to the subsequent
15 step without further purification or characterization.
Inermediate 103: 5-{8-(hydroxymethyl)piperazin-2-vi}-4-

methylisobenzofuran-1{3H}-one (Diasterecomer-I}

[s)
2N
aégﬂ .
X MY
#o N, A

1

OH

Inermediate 103A: 2-{{{tert-butyldimethylsilyljoxy)methyl}-S-chloropyrazine
ch

N JJ\/G m’km

720 e Me
To a stirred solution of (S-chloropyrazin-2-ylmethanol (0.50 g, 3.46 mmol} in
DCM (10 mL) was added imidazole {0.94 g, 13.84 mmol)} followed by TBDMS-CI (1.04
g, .92 mmol) and stiring continued at ambient temperature for 12 h. The resulting reaction

mixture was diluted with water (40 ml) and extracted with DCM (2 x 40 mbL} The

[\~
W

combined organic layers were dried over anhydrous sodium sulfate and evaporated under

reduced pressure. The residue was purified by column chromatography {Redisep-24 g, 5-
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10 % EtQOAc/n-hexane) to obtain Intermediate 103A (0.85 g 89.00%) 'H NMR (400
MHz, DMSO-ds) S ppm 0.11 (5, 6 H), 091 (5, 9 H), 484 (s, 2 H), 850 (s, L H), 8.75(d, J
= 1.00 Hz, 1 H). LCMS (Method-D). retention time 3 .69 min, [M+H] 259

Intermediate 103B: S5-(&-{{(tert-butyldimethyisilyDoxyimethylipyrazin-2-yi)-

4-methylisobenzofuran-1{3H}-one

Intermediate 1038 (1.80 g, 44.0 %) was prepared as a brown solid, by using a
similar synthetic protocol as that of Intermediate 2C and starting from Intermediate 103A
(2.83 g, 10.94 mmol) and Intermediate 2B (3.00 g, 10.94 mmol). 'H NMR (400 MHz,
DMSO-ds) 0 ppm 0.15(5, 6 H), 094 (5,9 H), 233 (s, 3H), 493 (s, 2H), 5.50(s, 2 H), 771
(d, /=800Hz, 1 H),78(d, J=800Hz 1 H), 881 (s, 1 H),884(d, /=151 Hz, | H).
LCMS (Method-12): retention time 3.78 mun, [M+H]371.2.

Intermediate 163C and 103D: 5-(5-{{{tert-

butyldimethyisilyDoxyymethyl)piperazin-2-vij-4-methylisobenzoturan-1{3H)-one

F NH u 7 M Me

&
Me HN\)\/Gxé' EYS Ma HM\/K/G\SFE e

§ -] -~

e
Ma~ \§<Me \§<Me
. Me
Diastereomer<d {103C) Me

Diastersomesr-if (103D}

Intermediate 103C and 103D was prepared by using a similar synthetic protocol
as that of Intermediate 2-1 and 2-H and starting from Intermediate 103B (230 g, 6.21
mrmol). The two diastereomers were separated by column chromatography (Redisep-40 g,
5-10% EtOAc/n-hexane). First eluted compound designated as Intermediate 103C, was
obtained (0.35 g, 30.40%) as a vellow solid. 'H NMR (400 MHz, DMSO-ds) & ppm 0.06
(s, 6 H), 0.89 (s, 9 H), 2.29 (s, 3 H), 2.43 (br. 5., 2 H), 2.73 - 2.75 (m, 1 H), 2.90 - 2.92 (m,
1H),3.02-3.07 (m, 1 H), 3.43 -3.54 (m, 2 H), 3.88 - 3.93 (m, 1 H), 538 (s, 2 H), 7.65 (d,
J=803 Hz 1 H), 776 (d, /= 8.03 Hz, 1 H}, (2 Exchangeable protons not observed).
LCMS (Method-D) retention time 2.34 wmin, {M+H]} 377.3. Second eluted compound
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designated as Intermediate 103D, was obtained (0.08 g, 7.00%) as a colorless syrup. 'H
NMR. (400 MHz, DMSO-ds) 8 ppm 0.08 (s, 6 H), 0.89 (s, 9 H), 2.26 (s, 1 H), 2.29 (s, 3
H), 2.55-2.68 (m, 1 H), 2.85 - 2.98 (m, 2 H), 3.78 (dd, /= 9.54, 7.03 Hz, 1 H), 3.90 - 3.99
(m, 3 H), 537 (s, 2 H), 7.65 (d, J = 8.03 Hz, 1 H), 784 (d, J = 803 Hz, 1 H), (2
Exchangeable protons not observed). LCMS (Method-17) retention time 2.61 min, [M+H]
377 3.

Intermediate 103;

To a stirred solution of Intermediate 103C (0.15 g, 0.40 mmol) in DCM (5 mL)
was added, 1.4 M HCl in dioxane {(0.011 mL, 0362 mmol) and the reaction mixture was
stirred at ambient temperature for 16 h. The reaction mixture was concentrated to dryness
under reduced pressure and the residue was washed with diethylether (2 x 10 mL). The
solid obtained was redissolved into ACN (3 mL) and KoCOs (0.30 g) was added and the
resulting mixture was stirred at ambient temperature for 3 h. The solid precipitate was
filtered and dried under vacuum to obtain Intermediate 103 (0.08 g, 79.00%) as a yellow
solid. "H NMR (400 MHz, DMSO-ds} S ppm 2.18-2.23 (m, 2H), 230 (s, 3H), 2.86-2.92
(m, 1F), 2.99-3.04 (m, 1 H), 3.27 - 3.31 (m, 3H), 3.89-3.93 (m, 1 F), 4.55 (s, 1 H), 5.39
(s,2H), 7.65(d,./=8.07Hz, 1 H), 7.79 (d, /=856 Hz, 1 H). (2 Exchangeable protons not
observed). LCMS (Merthod-DY: retention time 0.55 min, [M+H] 263.2.

Intermediate 104: 6-(4-(chloromethyl}-1H-pyrazol-1-yi)-4-

methylnicotinonitrile

CE/\\\{’\\N
L
\
Y
H o V-Me
------ A\
CN

Intermediate 104A: 6-(4d-(hydroxymethyl}-1 H-pyrazel-1-yi}-4-

methylnicotinonitrile

N 3 e
\em
o
Intermediate 104A was prepared (0.30 g, 41%) as a pale yellow solid, by using a
similar synthetic protocol as that of Intermediate 60B and starting from Intermediate 6

{(0.50 g, 2.36 mmol) and NaBHs (0.09 g, 2.36 mmol). 'H NMR (400 MHz, DMSO-ds)
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dppm 2.6(s,3H), 445{(d, /=506Hz 2H), 51 J=560Hz 1 H), 786(s, 1 H), 7.99
{s, 1 Hj, 85 (s, 1 H), 8385 (s, 1 H). LOMS (Method-D): retention time 1.33 min, [M+H]
215.2.

Intermediate 1064:

5 Intermediate 104 was prepared (0.02 g, 69.00%), by using a similar synthetic
protocol as that of Intermediate 59 and starting from Intermediate 1644 (020 g, 0.93
mmol) and mesyl chloride (0.087 mL, 1.120 mmol}. 'H NMR (400 MHz, DMSO-ds) & ppm
26(s,3H), 48 (s, 2H), 786 (s, 1 H), 799 (s, 1 H}, 85 (s, 1 H), 885 (5, 1 H). LCMS
(Method-L): retention time 1.24 min, [M+ 2] 234.9.

10 Intermediate 105-F and 105-11: 5-(6-(2-hydroxypropan-2-yl}piperazin-2-yi}-4-
methylisobenzofuran-1{3H}-one
o o
@“ i A
e |
NH NN N
BEe HN Me HN
Mo Me
Me o) 2] Me Ok
Enantiomer-1:{105-1) Enantiomerdi:{1051}
Intermediate 103A: 2-(6-chleropyrazin-2-yliprepan-2-ol
N
Mo
e
Me OH
15 To a stirring solution of methyl 6-chloropyrazine-2-carboxylate (2.50 g, 14.49

mmol) in THEF (50 mL) was added methylmagnesium bromide 3M in diethyl ether (12.07
mL, 36.2 mmol}) at 0 °C. The resulting mixture was stirred at ambient temperature for 30
minutes. The reaction mixture was diluted with saturated NHaCl (100 L) and extracted
with ethyl acetate (3 x 100 mL}. The combined organic layers were washed with brine (50

20 ml), dried over anhydrous sodium sulfate and concentrated under reduced pressure. The
residue was purified by column chromatography (Redisep-24 g, 0.40 % EtOAc/n-hexane}
to obtain Intermediate 105A (0.70 g, 28.00%). 'H NMR (400 MHz, DMSQO-ds} & ppm
1.44 (s, 6 H), 5.58 (br,s 1 H), 8.66 (s, 1 H), 8.86 (s, 1 H). LCMS: The compound did not
tonize well.

23 Intermediate 103B: 3-(6-(2-hydroxypropan-2-vijpyrazin-2-yi)-4-
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methylisobenzofuran-1{3H}-one

iMe

A

Me OH

Intermediate 1088 was prepared (0.65 g, 78 00%) as an off-white solid, by using

U

a similar synthetic protocol as that of Intermediate 2C and starting from Intermediate
1654 (0.50 g, 2.92 mmol) and Intermediate 2B (0.80 g, 2.92 mmol). '"H NMR (400 MHz,
DMSO-de) 0 ppm 1.51 (s, 6 H), 227 - 237 (m, 3 H}, 550 (s, 2 H}, 554 (s, 1 H}, 7.71 -
777 (m, 1HY, 7.79-785(m, 1 H), 877 (s, 1 H}, 8.95 (s, 1 H). LOMS (Method-1}: retention
time 0.82 mun, [M+H] 285 1.
10 Intermediate 165-1 and 105-{1:

Intermediate 105-1 and 105-11 was prepared by using a similar synthetic protocol
as that of Intermediate 2-1 and 2~ and starting from Intermediate 105B (065 ¢, 2.28
mmal). The crude residue was purified by preparative HPLC [Lux-cellulose C5 (250 x 30
mm) S micron, Solvent: 0.1% DEA + ACN : IPA(90:10), Gradient: 100 % over 17 min,

oy
¥4

Flow: 30 mL/min, UV: 254] to obtain pure recemates. The racemic mixture was separated
into two individual enantiomers by supercritical fluid chromatography (SFC) [Chiralpak
ADH (250 x 21 mm) 5 micron; 0.2% NH4OH in MeOH, Flow: 60.0 g/min. Temperature:
30 °C, UV: 235 nm]. First eluted compound (retention time 5.16 mun), designated as
Intermediate 105-1, was obtained (0.04 g, 5.27%) as an off-white solid. 'H NMR (400
20 MHz, DMSO-de) 8 ppm 1.13 (d,/=3.01 Hz, 6 H), 2.23 - 2.34 (m, 6 H), 2.55 - 2.72 (m, 2
H), 2.84 (t,J =9.79 Hz, 2 H), 4.03 (d,.J =9.54 Hz, 1 H), 4.34 (s, 1 H), 5.39 (5, 2 H), 7.68
(d, /=8.03 Hz, 1 H), 7.85(d, /= 8.03 Hz, 1 H). LCMS (Method-D}: retention time 0.62
min, [M-+H] 291 2. Chiral purity (Method-XI1}: retention time 3.89 min, 100% ee. Second
eluted compound (retention time 6.50 min), designated as Intermediate 105-11, was
obtained (0.04 g, 5.27%) as an off-white solid. '"H NMR (400 MHz, DMSO-ds) 8 ppm 1.13
(d,J=3.01Hz, 6 H), 2.20 - 2.36 (m, 6 H), 2.57 - 2.70 (m, 2 H), 2.84 (1, /= 8.53 Hz, 2 H),
4.03(d, J=7.03Hz, 1 H), 434 (s, 1 H), 539 (s, 2 H), 7.68 (d, /= 7.53 Hz, | H), 7.85 (d,
J =803 Hz, 1 H). LCMS (Method-D): retention time 0.613 min, [M+H] 291.2. Chiral

[\
¥4

purity {(Method-XI1): retention time 4.94 mun, 100% ee.
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Intermediate 106: 5-(4-hydroxypyrrolidin-3-vi}-4-methylisobenzofuran-
1(3H}-one hydrochloride {Diastereomer-I}

o]
/ ]
Y i
NS
NEH.HCH
e
HO

Intermediate 106A: tert-butyl 3-(4-methyi-1-oxo-1,3-dihydreiscbenzofuran-5-
5  ylj-4-oxopyrrolidine-1-carboxylate

o]
\!

o T ] .
N ™y Me
Me 5 St Q,{;}fe
Intermediate 106A was prepared (0.80 g, 10.96%) as an off-white solid, by using

a similar synthetic protocol as that of Intermediate 4A and starting from Intermediate 2A
(5.00 g, 22.02 mmol} and tert-butyl 3-oxopyrrolidine-1-carboxylate (6.93 g, 37.4 mmol).

10 'H NMR (400 MHz, DMSO-de) 8 ppm 1.27 - 1.59(m, 9 H), 2.15-2.30 (m, 3 H}, 3.62 (d4,
J=1079,878Hz, 1 H),380-391(m, 1 H},394-409(m, 1 H),4.22-433 (m, 1 H),
437-448(m, 1 H), 532-541(m, 2H), 7.38(d, /=803 Hz, 1 H}), 7538 {d, /= 8.03 Hz,
1 Hy. LCMS (Method-I}: retention time 1 11 min, [M-H] 3303,

Intermediate 1068 and 106C : tert-butyl 3-hydroxy-4-{4-methyi-1-0x0-1,3-

15 dihydreisebenzofuran-5-yljpyrrolidine-1-carboxylate
O O
o d T 1
0 M o
Y A e Y A e
Me 0y —i-Hle Me 0 —4—Me
Diastereomer- {1068} Diastereomer-il {106C}

Entermediate 1068 and 106 was prepared by using a similar synthetic protocol
as that of Intermediate 60B and starting from Intermediate 106A (0.80 g, 241 mmol)
and NaBH4 (0.18 g, 483 mmol}. The two diastereomers were separated by supercritical

20 fluid chromatography (SFC) [Chiralpak AD-H (250 x 21 mm) S micron; 0.2 % NHsOH in
MeOH, Flow: 70.0 g/rin. Temperature: 30 °C, UV: 240 nm] First eluted compound
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{retention time 4.08 min}, designated as Intermediate 1068, was obtained (0.29 g, 36.00
%) as an off-white solid. 'H NMR: Showed diastereomeric mixture. LCMS (Method-DY:
retention time 1.96 min and 2.02 min, [(M-100)+H]} 334.1. Chiral punty (Method-XI1):
retention time 2.44 min, 100% ee. Second eluted compound (retention time 7.31 min),
designated as Intermediate 106C, was obtained (0.30 g, 37 .30 %) as an off-white solid.
'H NMR: Showed diastereomeric mixture. LCMS (AMethod-D): retention time 1.95 min and
2.02 woin, [(M-100)y+H] 334.1. Chiral punity (Method-X11}: retention time 4.55 min, 100%
ee.

Intermediate 106:

Intermediate 106 was prepared (0.20 g, 99.00%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 52-1 and starting from Intermediate
1068 (0.25 ¢, 0.75 mmol). LCMS (Method-I}: retention time 0.46 min, [M+H] 234.1. The
compound was taken directly to the subsequent step without further purification or
characterization.

Intermediate 107: S5-{4-fluorepyrrolidin-3-yi)-4-methylisobenzofuran-1{3H)-

one hydrochloride

O
=
O I
NN
i RNE.HCE
fe

Intermediate 107A: tert-butyl 3-fluors-4-{4-methyl-1-exe-1,3-

dihydreisebenzofluran-5-yljpyrrolidine-f-carboxylate

O

=

g =\l e

N Me

Me )\/ G“’{’Me

F Me

Intermediate 107 was prepared (0.22 g, crude), by using a similar synthetic

protocol as that of Intermediate 4B and starting from Intermediate 106A (0.35g, 1.05
mmol) and DAST (0.69 mL, 5.25 mmol). LCMS: The compound did not ionize well. The
compound was taken directly to the subsequent step without further purification or
characterization.

Intermediate 107
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Intermediate 107 was prepared (0.18 g, 99.00%) as an off-white solid, by using a
sumilar synthetic protocol as that of Intermediate 32-I and starting from Intermediate
108A (0.25 g, 0.75 mmuol}.

LCMS (Method-I). retention time 0.47 min and 0.57 mun, [M+H] 2165, The

5 compound was taken directly to the subsequent step without further purification or
characterization.
Intermediate 108: 6~(d-formyl-1H-pyrazol-1-yl)-4-
{trifiuoromethyl)nicotinonitrile
G
| w
Ly
ju
N/ i
\‘-"L" \CFS
eN
10 Intermediate 108A: 6-chlore-4-(trifiuoromethyl)nicotinonitrile

Synthesized according to literature procedures {W{2006/68618 Al, 2006).

Intermediate 108:

Intermediate 108 was prepared (0.40 g, 48.10%) as an off-white solid, by using a

15 similar synthetic protocol as that of Intermediate 6 and starting from Intermediate 107A

(0.77 g, 3.75 mmol) and 1H-pyrazole-4-carbaldehyde (0.30 g, 3.12 mmol). 'H NMR (400
MHz, DMSO-ds) S ppm 835 (s, 1 H), 847 (5, 1 H), 937(s5, 1 H), 949 (s, 1 H), 10.02 (5, 1
H). LCMS: The compound did not ionize well.

Intermediate 109-1: (8K, ,8aR}-5-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-

20 yhhexahydro-3H-oxazolo]3,4-alpyrazin-3-one

0
Ty

o I
/*\j‘m
Me N
Q’/‘%j

Intermediate 109A-1: tert-butyl (3R, 8aR)-5-{4-methyi-1-0x0-1,3-
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dihydroisobenzofuran-5-ylj-3-oxotetrabhydro-3H-oxazolo|3,4-alpyrazine-7{(1H)-

carboxylate
o
A\
LI 8
] [
V ; v N/J\Q/!<M@
Me N
o=z %
Q.xr-—

To a stirring solution of Intermediate 38D-1 (0.75 g, 2.07 mmol) in THF (20 mL)
5 was added KaC(s (0.86 g, 6.21 mmol) followed by triphosgene (0.61 g, 2.07 mmol} and
the resulting reaction mixture was heated at 70 °C for 16 h. The reaction mixture was cooled
to ambient temperature, diluted with water (30 mL) and extracted with ethyl acetate (3 x
30 mL}). The combined organic layers were washed with brine (20 mL), dried over
anhydrous sodium sulfate and evaporated under reduced pressure. The residue was purified
10 by column chromatography (Redisep-12 g, 50 % EtOAc / n-hexane) to obtain
Intermediate 109A-I (0.700 g, 87.00%) as a pale yellow solid. 'H NMR (400 MHz,
DMSO-cs) & ppm 1.15 - 1.23 (m, 9 H), 2.32 (s, 3 H), 2.96 (br. 5., | H), 3.49 (dd, ./ = 12.00,
400Hz 1H),401-411{(m, 3H),444-450{(m, 1 H),478-480(m, 1 H),515(d,J=
5.00 Hz, 1 H), 5.35 - 5.41 (m, 2 H), 7.58 (d, J=6.50 Hz, | H), 7.68 (d, /= 6.50 Hz, 1 H).
15 LCMS (Method-1y. retention time 1.34 min, [M+H] 3892,
Intermediate 109-1:
Intermediate 109-1 was prepared (0.40 g, 77.00%) as an off-white solid, by using
a similar synthetic protocol as that of Intermediate 4C and starting from Intermediate
109A-1 (0.70 g, 1.80 mmol). 'H NMR (400 MHz, DMSO-ds) 8 ppm 2.29 - 2.38 (m, 3 H),
20 3.00-3.23 (m, 2 H), 3.34 - 3.44 (m, 1 H), 3.60 (br. 5., 2 H), 3.90 - 4.07 (m, 1 H), 4.25 -
437 (m, 1 H), 443 - 4.54 (m, 1 H), 5.10 (dd, /= 11.55, 3.51 Hz, 1 H), 5.35 - 5.52 (m, 2
H), 7.61 - 7.67 (m, 1 H), 7.67 - 7.76 {(m, 1 H). LCMS (Method-1): retention time 0.5 min,
[M+H] 289.2.

Intermediate 110: 6-(S-formylisoxazel-3-yl}-4-methyinicotinenitrile
o
H )\,/0\
I w

N
74
]
\3:>~ Me

25 CHN
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Intermediate 110A: 6-formyl-4-methylnicotinonitrile
O

H = Ma

B,
4

TN
To a stirred solution of 6-bromo-4-methyinicotinonitrile (2.00 g, 10.15 mmol) in

DMEF (15 mL) was added solid NaxCO3 (1.08 g, 10.15 ramol) at ambient temperature, under

¥4

nitrogen atmosphere. The resulting reaction muxture was degassed with nitrogen gas for
10 minutes and added tert-butyl isocyamide (1.01 g 1218 wmmol), 14-
bis(diphenylphosphino}butane {0.13 g, 0.30 mmol), palladium(ll) acetate (0.07 g, 0.30
mimaol) and triethylsilane (1.18 g, 10.15 mmol}. The reaction mixture was heated to 65 °C
for 5 h and cooled to ambient temperature. The reaction mixture was filtered through
10 Celite® and the filtrate was diluted with water (100 mL) and extracted with ethylacetate (2
% 100 rol). The combined organic layers were washed with brine (30 mL), dried over
anhydrous sodium sulfate and evaporated under reduced pressure. To obtain Intermediate
110A (0.30 g, 20.00%). 'H NMR (400 MHz, DMSO-ds) 8 ppm 2.61 (s, 3 H), 8.01 (s, 1 H),
9.15 (s, 1 H), 10.01 (s, 1 H). LCMS (Merhod-DY: retention time 2.45 roin, [M+H] 147.0.
15 The compound was taken directly to the subsequent step without further purification or
characterization.
Intermediate 110B: (£}-6-((hydroxyiminojmethyl}-4-methylnicotinonitrile
OH

CN

To a stirred solution of Intermediate 118A (0.50 g, 3 .00 romol) in EtOH (10 mL)

20 was added hydroxylamine hydrochloride (0.26 ¢, 3.70 mmol} and sodium acetate (0.30 g,
3.70 ramol) at ambient temperature, under a mitrogen atmosphere. The resulting suspension

was heated to 75°C for 25 minutes. The reaction mixture was cooled to ambient
temperature, diluted with water (60 mL) and extracted with ethyl acetate (2 x 100 mL}). The
combined organic layers were washed with brine (30 mL), dried over anhydrous sodium

25 sulfate and evaporated under reduced pressure. The residue was shurried with DCM {5 mL)

and the solid was collected by suction filtration and dried under vacuum to obtain
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Intermediate 1108 (030 g, 60.00%) as a white solid. '"H NMR (400 MHz, DMSO-ds)
S ppm 2.52 (s, 3 H), 7.86 (s, L H), 8.12 (s, 1 H), 8.92¢s, 1 H), 12.13 (s, 1 H). LCMS (Afethod
Hy: retention time 0.77 nun, [M-+H] 162.2.

Intermediate 110C: 6-(5-(hydroxymethyllisoxazol-3-yij}-4-
methyinicotinonitrile

HO O
R
7
N — \ Me
CH

To a solution of Intermediate 1188 (0.20 ¢, 1.24 mmol} in DMF (10 mL) was
added N-chlorosuccinimide (0.17 mg, .24 mmol) and the resulting reaction mixture was
heated at S0 °C for 1 h. The reaction mixture was coocled to ambient temperature and prop-
2-yn-1-ol (0.07 g, 1.24 mmol) followed by TEA (0.17 mL, 1 24 mmol) were added and
stitred for 3 h. The reaction mixture was diluted with water (30 mL) and extracted with
ethyl acetate (3 x 30 mL). The combined organic lavers were washed with brine (20 mL),
dried over anhydrous sodium sulfate and evaporated under reduced pressure. The residue
was purified by column chromatography {(Redisep-12 g, 30 % EtOAc/n-hexane) to obtain
Intermediate 110C (0.08 g, 30.00%) as an off -white solid. "H NMR (400 MHz, DMSO-
ds) & ppm 2.55 - 2.63 (m, 3 H), 4.67 (dd, /= 6.02, 1.00 Hz, 2 H), 5.76 (1, /= 6.02 Hz, 1 H),
©.95 (s, 1 H), 8.16 (s, 1 H}, 8.06 (s, 1 H). LCMS (Method-I): retention time 0.9 min, [M-+H]
216.0.

Intermediate 110:

Intermediate 110 was prepared (0.75 g, 95 00%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 9 and starting from Intermediate 1106C
{0.08 g, 0.37 mmol) and

Dess-Martin periodinane (0.24 g, 0.56 mmol). H NMR (400 MHz, DMSO-ds)

8 ppm 2.50 - 2.5 (m, 3 H), 7.92 (s, 1 H), 8.27 (s, 1 H), 9.12 (s, 1 H), 9.99 (s, 1 H).
LCMS: The compound did not ionize well.

Intermediate 111: 6-(4-formyl-1H-imidazol-1-yi}-2,4-dimethylnicotinonitrile
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Intermediate 111 was prepared (0.08 g, 29.50%) as an off-white solid, by using a
similar synthetic protocol as that of Imtermediate 28 and starting from 6-chloro-2.4-

dimethylnicotinonitrile (0.20 g, 1.18 mmol} and 1H-imidazole-4-carbaldehyde (0.12 g,

5 112 mmol). 'H NMR (400 MHz, DMSO-ds) 8 ppm 2.55 - 2.61 (m, 3 H), 2.73 (s, 3 H),
798 (s, 1 H), 876(d, J=098Hz, 1 H),881(d, /=122Hz 1 H) 988 (s, 1 H). LCMS
(Method-I}. retention time 0.92 min, [M+1]227.5.

Intermediate 112: 6-(4-formyi-1H-1,2,3-triazel-1-v1}-2.4-
dimethyinicotinonitrile
O
HJ\[N\
| N
N
N7 )
)\\_“ (‘Me
10 Me CN
Intermediate 112A: 6-(4-{hydroxymethyl}-1H-1,2,3-triazol-1-y})}-2.4-
dimethylnicotinonitrile and Intermediate 112B: 6-(4-(hydroxymethyl}-2H-1,2,3-
triazol-2-y1}-2.4-dimethyinicotinonitrile
He:s/\i ?{:N HG/\;QN
N};\\;\ N}\ N
MM& — Me
e - Me en
1124 1128
is Intermediate 112A and Intermediate 112B was as prepared, by using a similar

synthetic protocol as that of Intermediate 20 and starting from Intermediate 28A (1.00 g,
10.09 mmol) and 6-chloro-2,4-dimethylnicotinonitrite (1.85 g, 11.10 mumol). First eluted
compound, designated as Intermediate 112A was obtained (0.30 g, 12.97%), as an off-

white solid. 'H NMR (400 MHz, DMSO-ds) § ppm 2.63 (s, 3 H), 2.74 (s, 3 H), 4.64 (d, J
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=600Hz, 2H}, 537(t,/=600Hz 1 H), 812 (s, 1 H}, 8.69 (s, 1 H). LCMS (Method-I).
retention time 077 min, [M+1] 2304 Second eluted compound, designated as
Intermediate 112B was obtained (0.32 g, 13.83%), as an off-white solid. "H NMR (400
MHz, DMSO-ds) é ppm 2.59 (s, 3 H), 271 (s, 3 H), 467 (d, J=600Hz 2 H), 553 (t, /=
6.00 Hz, 1 H), 795 (5, 1 H), 8.16 (5, 1 H). LCMS (Method-1): retention time 0.74 min,
[M+1]2304.

Intermediate 112:

Intermediate 112 was prepared (0.30 g, 66.20%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 9 and starting from Intermediate 112A
(0.32 g, 1.40 mmol)., 'H NMR (400 MHz, DMSO-ds) 8 ppm 2.65 (s, 3 H), 2.76 (s, 3 H),
8.21 (s, 1 H), 9.56 (s, 1 H), 10.13 (5, 1 H). LCMS (Method-{): retention time 0.98 min, [M-
112284,

Intermediate 113: 6-(4-formyi-2H-1,2,3-triazel-2-vi}-2.4-

dimethyinicotinonitrile

A
/ﬁ\

ie

Me
CH

Intermediate 113 was prepared (040 g, 86 .00%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 9 and starting from Intermediate 112B
{0.32 g, 1.40 mmol}. 'H NMR (400 MHz, DMSO-ds) & ppm 2.64 (s, 3 H), 2.76 (5, 3 H),
811 (s, 1 Hy, 877 (5, 1 H), 10.21 (s, 1 H). LCMS (Method-i): retention time 0.93 min,
M+H] 228 4.

Intermediate 114: 6-(4-formyl-1H-1.2,3-triazol-1-yi}-2-methoxy-4-
methylnicotinonitrile

O

M N
J\[NN
a
e
G

N

Me
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Intermediate {14A: 6-chlore-2-methoxy-4-methylnicotinonitrile and

Intermediate 114B: 2-chioro-6-methexy-4-methyinicotinonitrile

€ Oe
N;/L\i N)\\\.
| L
Maﬂ/!\\fy\ Me i /KKMQ
CH CN
intermediate~114A infermediate-114B

To a stirred solution of 2,6-dichloro-4-methylnicotinonitrile (15.00 g, 80.00 mmol}
5 in MeOH (100 mL) was added sodium methoxide (14.89 ml., 80.00 mmol) and the reaction
mixture was stirred at ambient temperature for 16 h. The reaction mixture was difuted with
water (300 mL) and extracted with DCM (3 x 250 mL). The combined organic layers were
washed with brine (200 mL), dried over anhydrous sodium sulfate and evaporated under
reduced pressure. The residue was purified by SFC [Column: Lux cellulose-2 (50 x 250
10 mm) S micron;, 10% of 0.2% DEA in IPA; total flow: 150 g/min; UV: 220nm] to obtain
Intermediate 114A (550 g, 32.30%) as an off-white solid, (retention time: 6.3 min). 'H
NMR (400 MHz, DMSO-ds) 6 ppm 246 (s, 3 H), 3.99 (5, 3 H), 7.27 (s, 1 H). LCMS:
(Method-I} retention time: 1.22 min, [M+1] 1833 Intermediate 114B (6.50 g, 40.40%) as
an off-white solid, (retention time: 5.8 min). 'H NMR (400 MHz, DMSO-ds) & ppm 2.43
15 (5,3 H), 391 (s, 3 H), 694 (s, 1 H). LCMS (Method-Iy: retention time 1.29 min, [M+1]
183 .4,
Intermediate 1140 6-(4-(hydroxymethyl}-2H-1,2,3-triazol-2-y1)-2-methoxy-4-
methylnicotinonitrile and Intermediate 114D: 6-{4-(hydroxymethyl}-1H-1.2,3-
triazol-1-yl}-2-methoxy-4-methylnicotinonitrile

N
HG/\/”\ HQ KN
; \/N | M
B ~n

7

)
S~
T\ ﬁ\}-\
— ™ he —— Me
ey - MeQ CH
20 1440 114D

Intermediate 114C and Intermediate 114D was as prepared, by using a similar
synthetic protocol as that of Intermediate 20 and starting from Intermediate 114A (2.21
g, 1211 mmol) and Intermediate 28A (1.00 g, 10.09 mmol). First eluted compound,

designated as Intermediate 114C, was obtained (0.15 g, 5.45%) as an off-white solid. 'H
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NMR (400 MHz, DMSO-ds) 8 ppm 2.56 (s, 3 H), 4.07 (s, 3 H), 4.67 (d, /= 5.52 Hz, 2 H)

e

550 (1, J= 577 He, 1 H), 7.68 (s, 1 H), 8.16 (5, 1 H). LCMS (Method-1}: retention time

2

0.82 min, [M~+1] 246 4. Second eluted compound, designated as Intermediate 114D, was
obtained (0.25 g, 9.60%), as an off white solid. 'H NMR (400 MHz, DMSO-ds) & ppm 2.55
~262{m, 3H},405-415(m, 3 H),4061-472(m, 2H), 538, /=577 Hz 1 H), 783
(s, 1 H}, 8.76 (s, 1 H). LCMS (Method-f: retention time 0.81 min, [M+1] 246 4.

Intermediate 114

Intermediate 114 was prepared (0.08 ¢, 36.90%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 9 and starting from Intermediate 114D
(0.23 g, 0.89 mmol). 'H NMR (400 MHz, DMSO-ds) & ppm 2.67 (s, 3 H), 4.18 (s, 3 H),
786 (s, 1 Hy, 879 (s, 1 H), 10.21 (s, 1 H). LCMS (Mefhod-I): retention time 1.03 min,
M+1]244 4.

Intermediate 115: 6-(4-formyl-2H-1.2,3-triazel-2-yI}-2-methoxy-4-

methylnicotinonitrile

Intermediate 115 was prepared (038 g, 82.00%) as an off-white solid, by using a
simifar synthetic protocol as that of Intermediate 9 and starting from Intermediate 114C
(0.40 g, 1.63 mmol). 'H NMR (400 MHz, DMSO-ds) & ppm 2.62 (s, 3 H), 4.11 (s, 3 H),
785 (s, 1 Hy, 878 {s, 1 H), 10.21 (s, I H). LCMS (Method-f): retention time 1.06 min,
IM+H] 244.0,

Intermediate 116-1 and 116-Hf: 4-methyl-5-(piperidin-3-yljisobenzofuran-
1(3H}-one

Intermediate 116A: 4-methyl-3-(pyridin-3-yljisobenzofuran-1(3H}-one
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Intermediate 116A was prepared (0.42 g, 85.00%), by using a similar synthetic
protocol as that of Intermediate 2C and starting from Intermediate 2A (050 ¢, 2.20
mmol) and pyridin-3-ylboronic acid (0.27 g, 2.20 mmol). 'H NMR (400 MHz, CD:0D) 8
ppm 2.29 (s, 3 H), 5.45 (s, 2 H), 7.52(d, J=7.53 Hz, | H), 7.56 - 7.70 (m, | H), 7.83 (d, J
=7.53 Hz, 1 H), 7.93 (dt, J=7.91, 1.82 Hz, 1 H), 8.46 - 8.76 {m, 2 H). LOCMS (AMerhod-
1) retention time 1.71 min, [M+H] 226.2.

Intermediate 116-1 and 116-11:

To a solution of Intermediate 116A (042 g, 1.87 mmol} in EtOH (50 mL) was
added HCI (0.57 mL, 1865 mmol) and degassed with nitrogen for 5 minutes.
Platinum{IV)oxide (0.09 g, 0.37 mmol) was added and reaction mixture was stired under
H: gas atmosphere at ambient temperature for 12 h. The reaction mixture was filtered
through Celite® and washed with EtOH (40 mL). The filtrate was evaporated under
reduced pressure and the racemate was separated into two individual enantiomers by
supercritical fluid chromatography (SFC) [Chiralpak IC (250 x 4.6 mm) 5.0 micron; 0.2%
DEA in MeOH, Fiow: 1.6 mL/min, Temperature: 25 °C, UV: 220 am]. First eluted
compound {retention time 8,18 min), designated as Intermediate 116-E was obtained (0,12
g, 27.80%) as a brown solid. '"H NMR (400 MHz, CD:0D) & ppm 1.61 - 2.02 (m, 4 H),
2.26 - 2.47 (m, 3 H), 2.69 - 2.85 (m, 2 H), 3.02 - 3.26 (m, 3 H), 5.37 (s, 2 H), 7.29 - 7.60
(m, 1 H), 7.70 (d, J = 803 Hz, 1 H), (1 Exchangeable proton not observed). LCMS
(Method-Dy. retention time 0.47 min, [M+H] 232.2. Second eluted compound (retention
time 10.32 min), designated as Intermediate 116-11, was obtained (0.08 g, 1855%) as a
brown solid. 'H NMR (400 MHz, CD:0D) 8 ppm 1.62 - 1.79 (m, 2 H), 1.81 - 2.01 (m, 2
H), 223 -2.43 (m, 3 H), 2.59 - 2.84 (m, 2 H), 2.95 - 3.24 (m, 3 H), 5.36 (s, 2 H), 7.49(d, J
=8.03 Hz, 1 H), 7.68(d, /=853 Hz, 1 H}, (1 Exchangeable protons not observed). LCMS
(Method-D): retention time 0.52 nun, [M+H] 232.2.

Intermediate 117: 2-(4-formyl-1H-pyrazol-1-yl)isonicotinonitrile
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Intermediate 117 was prepared (0.03 g, 22.99%,), by using a similar synthetic
protocol as that of Intermediate 20 and starting trom 1H-pyrazole-4-carbaldehyde (0.05
g, 0.55 mmol) and 2-bromoisonicotinonitrile (0.10 g, 0.55 mmol). 'H NMR (400 MHz,
CDClz) S ppm 7.51 (dd, /=488, 1.38 Hz, 1 H), 809 - 838 (m, 2 H), 8.64 (dd, /= 5.00,
0.75SHz, 1 H),9.08(d,./=075Hz, 1 H), 10.02 (s, | H). LCMS (Method-D): retention time
1.42 min, {M+H] 199.0.

Wh

Intermediate 118A and 118B: 5-(5-hydroxypiperidin-3-vi}-4-

methylisobenzofuran-1{3H})-one

10 Diastereomer- (1184)  Diastereomer-ii (1188)

Intermediate 118C: 5-(S-methoxypyridin-3-yi}-4-methylisobenzofuran-

1{(3H)-one

Obde

Intermediate 118C was prepared (1.30 g, 24.15%) as a pale yellow solid. by using

oy
¥4

a similar synthetic protocol as that of Intermediate 2C and starting from Intermediate ZA
(3.12 g, 13.73 mmol) and (5-methoxypyridin-3-yDboronic acid (3.00 g, 19.62 mmol). 'H
NMR (400 MHz, DMSO-d6) S ppm 2.23 (s, 3 H), 3.89(s, 3 H), 547 (s, 2 H), 738 -747
(m, 1 H),7.53(d, J=753Hz, L H),777(d, /=803 Hz, 1 H),820(d, /=151 Hz, 1 H),
837 (d,./=3.01 Hz, 1 H). LCMS (Method-1): retention time 1.58 mun, [M+H] 2562

20 Intermediate 118D: 5-(8-hydroxypyridin-3-vi}-4-methylisobenzofuran-1{3H)-

N
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A solution of Intermediate 118C (1 70 g, 6.66 mmol) in 33% HBr in AcOH (28.2
mL, 166 mmol) was heated at 120° C for 20 h. The reaction mixture was cooled to ambient
temperature, concentrated to dryness under reduced pressure to obtain Intermediate 118D
(1.20 g, 31.40%) as a brown solid. LCMS (Aethod-}: retention time 0.71 min, [M+H]
242 4. The compound was taken directly to the subsequent step without further purification
or characterization.

Intermediate 118A and 118B:

A solution of Intermediate 118A (120 g, 497 mmol) in AcOH (100 ml) was
degassed with nitrogen for 5 minutes. Platinum(IV)oxide (0.01 mL, 0.50 mamol} was added
and the reaction nuxture was stirred under Ho gas pressure (50 psi) at ambient temperature
for 28 h. The reaction mixture was filtered through Celite® and washed with MeQOH (40
ml). The filirate was evaporated under reduced pressure. Two diastercomers were
separated by HPLC [Xterra RP 18 (250 x 4.6 mm) 5 micron; Solvent A: 10 mM Ammonium
bicarbonate, Solvent B: ACN + MeOH (1:1), Gradient: 0-100 % B over 18 min, Flow: 1
mbl/min, UV 254 nm]. First eluted compound (retention time 10.33 min), designated as
Intermediate 118A: Dia-I, was obtained (0.20 g, 16.26%) as a pale yellow solid. 'H NMR
(400 MHz, DMSO-ds) 5 ppm 1.87 - 2.02 (m, 2 H), 2.18 - 2.36 (m, 3 H), 2.81 (d, J= 12.05
Hz, 1 H), 2.94 - 3.08 {m, 2 H), 3.17 {5, 2 H), 3.45 - 3.58 (m, 1 H), 4.69 (br. 5., 1 H}, 5.37
(s, 2 H), 6.66 (br. s, 1 H), 7.45 (d, J= 8.03 Hz, 1 H), 7.63 (d, J = 8.03 Hz, 1 H). LCMS
{(Method-D). retention time 0.49 min, [M+H] 248 1. Second eluted compound (retention
time 12.13 min), designated as Intermediate 1188: Dia-H, was obtained {0.07 g, 5.69%)
as a brown solid. 'H NMR (400 MHz, DMSO-ds) & ppm 1.75 (s, 2 H), 1.92 (s, 2H), 2.28 -
238 (m., 4 H), 281(d,./= 12.05 Hz, L H), 3.17 (s, 1 H), 3.61 - 4.21 (m, 2 H}, $.37 (br. 5,
2 H), 6.65 (br. s, 1 H), 7.06 - 7.32 (m, 1 H), 7.38 - 7.95 (m, 1 H). LCMS (Method-D):
retention time 0,50 min, [M+H] 248.2.

Intermediate 119A and 1198: 5-(S-methoxypiperidin-3-yi)-4-

methylisobenzefuran-1{3H)-one
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(i}Me
Diastersomer-il {1188}

Diastersomerd (1184}
Intermediate 119A and 119B was prepared by using a similar synthetic protocol
as that of Intermediate 118A and 118B and starting from Intermediate 118C (127 ¢,
4.97 mmol). Two diastereomers were separated by HPLC [Xterra RP 18 (250 x 4.6 mm) 5
micron; Solvent A: 10 mM Ammonium bicarbonate, Solvent B: ACN + MeOH (1:1),
Gradient: 0-100 % B over 18 min, Flow: 1 mL/min, UV: 254 am]. First eluted compound
(retention time 14 48 min), designated as Intermediate 119A: Dia-I, was obtained (0.20
g, 15.39%) as a pale yellow solid. 'H NMR (400 MHz, DMS8O-ds) § ppm 1.35-1.85(m, 5
H), 216-238(m, 4 H), 3.17(s,3 H),409(d, /=934 Hz, 2 H), 446 (br. s, 1 H}, 539
(d,/=293Hz, 2H),749(d, /=783 Hz 1 H), 7.65(d, /=831 Hz, 1 H). LCMS (Method-
Dy retention time 0.78 mun, [M+H] 262.2. Second eluted compound (retention time 17.38
min}, designated as Intermediate 119B: Dia-1E, was obtained (0.20 ¢, 15.39%) as a brown
solid. '"H NMR (400 MHz, DMSO-ds) 8 ppm 1.35 - 1.85 (m, 5 H), 2.16 - 2.38 (m, 4 H),
317(3,3H), 409(d, /=954 Hz 2H), 446 (br s, 1 H),539(d, /=293 Hz, 2 H), 749
{d, /=783 Hz 1 H) 765(d, J=831Hz | H). LOCMS (Method-D}. retention time 0.77
min, [M+H] 262.2.
Intermediate 120: 2-(3,5-dimethyl-4H-1,2,4-triazol-4-ylpyrimidine-5-

carbaldehyde
o
H /L\/\l‘ Me
%N/\N/{\N
:N'

Me
Intermediate 120 was prepared (0.10 g crude), by using a similar synthetic protocol
as that of Intermediate 28 and starting from 2-bromopyrimidine-5-carbaldehyde (0.10 g,
0.54 mmol} and 3 5-dimethyi-4H-1,2 4-triazole {0.05 g, 0.54 mmol}. LCMS (Method-I):
retention time 0.49 min, [M+H] 204 4. The compound was taken directly to the subsequent

step without further purification or characterization.
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Intermediate 121: 2-(4-formyl-1 H-pyrazol-1-yi)-3-methylisonicotinenitrile

5 To a solution of 3-methylisonicotinonitrile (5.00 g, 42.30 mmol) in DCM (100 mi.)
was added 3-chloroperoxybenzoic acid (14.61 g, 85.00 mmol) at 0 °C and the resulting
reaction mixture was stirred at ambient temperature for 16 h. The reaction mixture was
diluted with water (50 mL}, basified with 10 % NaHCO:s solution and extracted with ethyl
acetate (2 x 75 mL). The combined organic layers were washed with brine (50 mL), dred

10 over anhydrous sodium sulfate and evaporated under reduced pressure to obtain

Intermediate 121A (3.50 g, 61.30%) as a pale yellow solid. tH NMR (400 MHz, DMSQO-

dsy S ppm 238 (s, 3 H), 784 -785(d, /=680 Hz, 1 H), 821 -823(dd, /=120 Hz 6.80

Hz, 1 H), 8.41 (s, 1H) LCMS (Method-1)): retention time 0.44 nun, [M+H] 135.2.

Intermediate 121B: 2-(4-formyi-1H-pyrazol-1-yi}-3-methylisonicotinonitrile
CHN

\Me

0
15 N e

A stirring solution of Intermediate 1214 (3.5 ¢, 26.1 mmoal) in POCh (48.6 mL,

52 mmol) was heated at 100 °C for 3 h. The reaction mixture was cooled to ambient

temperature and poured into cold water (50 mL), basified with 10% NaHCO3 solution and

extracted with ethyl acetate (3 x 100 mL}. The combined organic layers were washed with

20 brine {50 mL)}, dried over anhydrous sodium sulfate and evaporated under reduced pressure.

The restdue was purified by column chromatography (Redisep-80 g, 0-20% EtOAc/n-

Hexane) to obtain Intermediate 121B (0.62 g, 15.57%) as a pale yellow solid. '"H NMR

(400 MHz, CDCls) 6 ppm 2.41 - 2.83 (m, 3 H), 7.44 (d, /= 5.00 Hz, 1 H), 8.39 (dd, J =
5.00,0.75 Hz, 1 H) LCMS (Method-D): retention time 1.66 mun, [M+H] 153 2.
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Intermediate §21:

Intermediate 121 was prepared (0.03 g 30.25%;), by using a similar synthetic
protocol as that of Intermediate 20 and starting from 1H-pyrazole-4-carbaldehyde (0.03
g, 0.33 mmotl) and Intermediate 1218 (0.05 g, 033 mmol). 'H NMR (400 MHz, DMSO-
dey o ppm 256 -2.69 (m, 3H), 782 -807(m, 1 H), 8§12 -840 (m, 1 H), 8 48 - B.82 (m,
1H), 890-929 (m, 1 H), 999 (s, 1 H). LCMS (Method-3). retention time 1.43 min,
IM+H}213.2.

Intermediate 122-1: 5-(&-fluorepiperidin-3-yi)-4-methylisobenzofuran-1{3H)-

O

Intermediate 122A: ethyl (4-methoxybenzylglycinate

T

I/Me

0.0

HN

ey

To a stirred solution of {(4-methoxyphenyimethanamine (19.05 mL, 146 mumol) in
DCM (250 mL) was added TEA (20.32 mL, 146 mmol) followed by ethyl bromoacetate
{16.13 mk., 146 mmol) at O °C and the resulting reaction mixture was stirred at ambient
temperature for 16 h. The reaction mixture was diluted with water (250 mL) and extracted
with DCM (3 x 250 mL). The combined organic layers were washed with brine (100 mL),
dried over anhydrous sodium sulfate and evaporated under reduced pressure. The residue
was purified by column chromatography (Redisep-220 g, 35-40 % EtOAc/n-hexane)) to
obtain Intermediate 122A (21.00 g, 63.90%) as a pale yellow liquid. 'H NMR (400 MHz,
CDCl:) 8 ppm 1.22 - 1.30 (m, 3 H), 3.39 (s, 2 H), 3.74 (s, 2 H), 3.80 (s, 3 H), 4.19 (¢, J =
7.03 Hz, 2 H), 6.68 ~ 690 {(m, 2 H), 7.13 - 730 {m, 3 H). LCMS (Method-1}. retention
time 1.80 min, [M+H] 224 0.

Intermediate 122B: ethyl N-{4-methoxybenzyl}-N-(2-oxopropyliglycinate
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Me

To a stirred solution of Intermediate 122A (21.00 g, 71.90 mmol) in EtOH (250
mL} was added NaHCOs (11.29 g, 134 mmol) followed by T-chloropropan-2-one (11.04
ml., 134 mmol) at 0 °C and the reaction mixture was stirred at ambient temperature for 16
h. The reaction mixture was filtered through Celite® and washed with EtOH (50 mL} and
the filtrate was evaporated under reduced pressure. The residue was purified by column
chromatography (Redisep-220 g, 20% EtDAc/n-hexane) to obtain Intermediate 122B
(21.00 g, 80.00%) as a pale yellow liquid. 'H NMR (400 MHz, CDClE3) § ppm 1.26 (1, J=
725 Hz, 3 H), 2.12 (s, 3 H), 3.44 (s, 2 H), 3.49 (s, 2 H), 3.77 (s, 2 H}, 3.80 (s, 3 H), 4.16
{9,/=709Hz, 2H),6.70-698 (m, 2 H), 7.26 (s, 2 H). LCMS (Method-D): retention time
2.19 min, [M+H] 280.2.

Intermediate 122C: 1-{4-methoxybenzyi}-S-ox0-1,2,5,6-tetrahydropyridin-3-
vl triflucromethanesulfonate

OQ,PMB

oT¥

To a stirring solution of Intermediate 122B (1630 g, 58 40 mmol} in THF (50 mL}
was added 1M potassium fers-butoxide in THF (58 4 wl., 58.4 mmol) followed by 2-[n,n-
bis(triflucromethanesulfonylamino]-5-chloropyridine (22.91 g, 58.4 mmol} at 0 °C and
the resulting reaction mixture was stirred at ambient temperature for 16 h. The reaction
mixture was diluted with NHaCl solution ( 50 ml) and extracted with diethy! ether (2 x 75
mL). The combined organic layers were washed with brine (100 mL)}, dried over anhydrous
sodium sulfate and evaporated under reduced pressure. The residue was purified by column
chromatography (Redisep-80 g, 12-15% EtOAc/n-hexane) to obtain Intermediate 122C
{4.40 g, 20.64%) as a pale vellow liguid. "H NMR (400 MHz, CDC) 8 ppm 3.25 (s, 2 H),
3.47 (s, 2H), 3.67 (s, 2 H), 3.71 - 4.02 (m, 3 H), 6.15 (1, /= 1.25 Hz, 1 H), 6.74 - 6.96 (m,
2HY, 712 -7.24 (m, 2 H). LCMS (Method-13): retention time 2.81 min, [M+H] 366.2.

Intermediate 122D: 1-{(4-methoxybenzyl}-5-(4-methyl-1-0x0-1,3-

dihvdroischenzofuran-5-yi}-1.6-dihydropyridin-3(ZH)-one
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To a solution of Intermediate 122C (4.20 g, 11 50 mmol) in dioxane (100 mL) was
added Intermediate 2B (3.15 g, 11.50 mmol) followed by potassium phosphate tribasic

{488 g, 22.99 mmol) and the resulting mixture was degassed with argon for 15 minutes.

4%

PACz{(dpptnCH2Ch (0.47 g, 0.58 mmol) was added and the resulting reaction mixture was
stirred at 40 °C for 12 h. The reaction mixture was cooled to ambient temperature, filtered
through Celite® and washed with ethyi acetate (50 mL). The filtrate was evaporated under
reduced pressure and the residue was purified by column chromatography (Redisep-40 g,
70% EtQOAc/n-hexane) to obtain Intermediate 1228 (3.20 g, 72.80%) 'H NMR (400
10 MHz, CDCL) 8 ppm 2.22 (s, 3H), 3.31 (s, 2 H), 3.37 (s, 2 H), 3.68 (s, 2 H), 3.78 - 3.83 (m,
3 H), 5.08 - 5.34 (m, 2 H), 6.07 (t, /= 1.76 Hz, 1 H), 6.84 - 6.89 (m, 2 H), 7.22 - 7.24 (m,
TH), 725-729 (m, 2H), 7.76 (d, /= 8.03 Hz, 1 H). LCMS (Merthod-D): retention time
2.39 min, [M+H] 364.2.
Intermediate 122F and 122F: 5-(5-hydroxy-1-{4-methoxybenzyl)piperidin-3-
15 yh-d-methylisobenzofuran-1{3H)-one
G O

i Z VR Me \» T 0Me
OH OH
Diastereomer-i {122E) Diastereomer-li {122F)

To a solution of Intermediate 1221 (2.00 g, 5.50 mmol) in MeOH (50 mL) was

added nickel{I1} chioride hexahydrate (2.62 g, 11.01 mmol)} followed by NaBHa4 (0.416 g,

11.01 mmol) and the resulting reaction mixture was stirred at 50° C for Z h. The reaction

20 mixture was cooled to ambient temperature, concentrated to dryness under reduced
pressure, diluted with 10% NH4Cl solution {50 mL) and extracted with 10 % MeOH in
CHCL (2 x 50 mL). The combined organic layers were washed with brine (50 mL), dried

over anhydrous sodium sulfate and evaporated under reduced pressure. The diastercomeric

mixture was separated by column chromatography (Redisep - 40 g, 10% MeOH/CHCl3).

[\~
W

First eluted compound, designated as Intermediate 122E: Dia-I, was obtained (0.70 g,
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34.60%) as a pale yellow solid. 'H NMR (400 MHz, DMSO-ds) 8 ppm 1.59 - 1.80 (m, 4
H), 206-227(m, 4H),339-360(m, 4H) 363-378(s,3H),382(br.s,1H) 460
{d, /=502Hz 1 H),S513-543{(m, 2H),688(d,/=904Hz 2H),7.13-736(m, 2 H),
7.62 (s, 2 H). LCMS (Mefhod-Jy: retention time 1.14 min, [M+H] 368.1. Second eluted
compound, designated as Intermediate 1221 Dia-H, was obtained (0.90 g, 44 50%) as an
off-white solid. 'H NMR (400 MHz, DMSO-ds) S ppm 139 (q, J= 1205 Hz, 1 H), 1.70 -
197 (m, 3H), 221 (s, 3H),2.63-282(m, 1 H),298(d, /=552 Hz 1 H), 304-321
{m, 1 H), 338-350(m, 3 H},360-381{(m 3H),482(d,/=502Hz 1H),536(,2
H),673-695{(m,2H),721(d, /J=904Hz 2H), 745(d, /=803 Hz, 1 H),7.63(d, J=
8.03 Hz, 1 H). LCMS (Aethod-D): retention time 0.93 min, [M+H] 368.1.

Intermediate 122G-1 and 122G-H; 5-(5-fluoro-1-{4-methoxybenzyl}piperidin-

3-yh)-4-methylisobenzofuran-13H}-one

Enantiomer- {122G-1) Enantiomer-i (122G-)

Intermediate 122G-1 and 122G-1} was prepared by using a similar synthetic
protocol as that of Intermediate 4B and starting from Intermediate 122K (0.03 g, 033
mmol) and DAST (0.43 mL, 3.27 mmol). The racemate was separated into two individual
enantiomers by SFC [Chiralpak AD-H (250 x 4.6 mm) 5.0 micron; 0.2% NH4OH in ACN
+MaOH (1:1), Flow: 70.0 g/min, Temperature: 30 °C, UV 230 nm]. First eluted compound
(retention time 5.0 min), designated as Entermediate 122G-F, was obtained (0.120 g,
20.00%) as a pale yellow solid. TH NMR (300 MHz, CDCl5) 8 ppm 1.57 (s, 1 H), 1.72 (t, J
=12.22 Hz, 1 H), 2.00 (1, /= 11.06 Hz, 1 H), 2.12 (td, /=991, 5.28 Hz, 1 H), 2.24 (s, 2
H), 2.26 -2.32 (m, 1 H), 236 (s, 1 H), 282 (d, /= 11.23 Hz, 1 H), 3.12 - 3.36 (m, 1 H),
3.50-3.63 (m, 2 H), 3.80 (s, 3 H), 4.65 - 4.89 (m, 1 H), 5.23 (s, 2 H), 6.81 - 6.89 (m, 2 H),
715-724 (m, 2 H), 7.41 (4, J=7.93 Hz, 1 H), 7.73 (d,J = 7.93 Hz, 1 H). IF NMR (300
MHz, CDCI3) & ppm -180 45 LCMS (Method-13): retention time 3.09 min, [M+H] 370.2.
Second eluted compound (retention time 7.0 min), designated as Intermediate 122G-11,

was obtained (0.110 g, 18.23%) as a pale yellow solid. 'H NMR (400 MHz, CDCl3) 8 ppm
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1.55 (br. s, 1 H), 1.61 - 1.81 (m, 1 H), 2.00 (¢, J = 11.29 Hz, 1 H), 2.06 - 2.17 (m, 1 H),
224 (s, 2 H), 227 (br.s, L H), 2.35 (s, 1 H), 2.82(d, /= 11.04 Hz, 1 H), 3.18 (br. 5, 1 H),
332(br.s, 1 H,346-365(m, 2H), 380(s,2H),458-492{(m, 1 H),515-528(m, 2
H), 6.73 - 6.94 (m, 2 H), 7.11 - 7.24 (m, 2 H), 7.41 (d, J=8.03 Hz, 1 H), 7.73 (d, J = 8.03
Hz, 1 H). LCMS (Method-DY: retention time 2.91 min, {M+H] 370.5. F NMR (400 MHz,
CDCl3) 6 ppm -180.46.

Intermediate 122-1:

A solution of Intermediate 122G~ (0.12 g, 0.33 mmol) in AcOH (10 mL} was
purged with nitrogen for 5 minutes. To the resulting reaction mixture, 20% Pd(OH)/
(0.01 g, 0.06 mmol) was added and stirred at ambient temperature for 12 h under Ho
atmosphere. The reaction mixture was filtered through Celite®, washed with EtOH (10
ml) and the filtrate was concentrated under reduced pressure, diluted with ag. NaHCO3
{20 mL) and extracted with ethyl acetate (2 x 30 mL). The combined organic layes were
washed with brine (10 mL), dried over anhydrous sodium sulfate and evaporated under
reduced pressure to obtain Intermediate 122-1 (0.08 g, 95.00%) as a brown solid. 'H NMR
(400 MHz, DMSO-ds) & ppm 2.22 (br. s, L H), 2.29 (s, 3 H), 2.31 (s, 1 H), 2.34 (br. 5., 1
H), 2.37 (s, 1 H), 243 (s, 1 H), 2.82(d, J= 12.55 Hz, 1 H), 3.10 (/= 10.79 Hz, T H), 3.24
(d,/=12.55Hz, 2 H), 448 - 4.77 (m, 1 H), 5.39 (s, 2 H), 7.54 (d, /= 8.53 Hz, 1 H), 7.66
(d, /=803 Hz, 1 H) PF NMR (300 MHz, DMS8O-ds) 6 ppm -175.06. LCMS (Method-
10y retention time .32 min, [M+H] 2502

Intermediate 123-1, 1E, 1 and IV: 5-(6-(1-hydroxyethylipiperazin-2-vij}-4-

methylisobenzefuran-1{3H)-one

Intermediate 123A: 5-(6-(hydroxymethyljpyrazin-2-yi)-4-

methylisobenzofuran-1{3H)-one
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Intermediate 123A was prepared (6.00 g, 87.00%), by using a similar synthetic
protocol as that of Intermediate 2C and starting from Intermediate 2B (7.02 g, 25.60
mmol) and (6-chloropyrazin-2-yl)methanol (3.70 g, 25.60 mmol). 'H NMR (400 MHz,
5 DMSO-de}oppm 098 -123(m, 2 H),224-236(m,3H), 549 (s,2H), 742 - 7.60 {(m,
1H), 770(d, /=753 Hz, 1 H), 781 (d, /=803 Hz, | H), 877 (d, /=653 Hz, 2 H).
LCMS (Method-Dy: retention time 0.92 min, [M+H] 257.0.
Intermediate 123B: 6-(4-methyl-1-ox0-1.3-dihydroisobenzofuran-3-

yhipyrazine-2-carbaldehyde

10
Intermediate 1238 was prepared (4.40 g, 55.40%), by using a similar synthetic
protocol as that of Intermediate 9 and starting from Intermediate 123A (800 g, 31.20
mmol) and Dess-Martin periodinane {26.50 g, 62.40 mmol}. tH (400 MHz, CDCl3) & ppm
242 (s, 3H),537(s,2H),7.69(d,J=775Hz, 1 H}, 794 (d, /=775 Hz, 1 H), 8.99 (s,
15 1H), 921, 1 H), 1012 - 1029 (m, | H). LCMS (Method-D): retention timne 1.18 min,
IM+H] 255.0.
Intermediate 123C: 5-{6-(1-hydroxyethyl)pyrazin-2-yi)-4-

methylisobenzofuran-1{3H})-one

20 Intermediate 123C was prepared (0.95 g, 89.00%) as a pale yellow solid, by using

a similar synthetic protocol as that of Intermediate 72A and starting from Intermediate
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1238 (1.00 g, 3.93 mmol). 'H NMR (400 MHz, DMSO-ds) 8 ppm 1.47 {d, .J = 6.53 Hz, 3
H), 2.22-239(m,3H),490(dd, /=653,452Hz, 1 H}, 551 (5,2 H}, 569 (d, /= 4.80
Hz, 1 H), 7.73 (d, J=8.03 Hz, 1 H), 7.83 (d, J = 8.03 Hz, | H), 8.82 (s, 2 H). LCMS
(Method-I}. retention time 0.78 min, [M+H] 271.2.

Intermediate 123-F, ILIE and FV:

Intermediate 123-1 was prepared by using a similar synthetic protocol as that of
Intermediate 2-1 and 2-1 and starting from Intermediate 123C (0.90 g, 3.33 mmol). The
racemate was separated into four individual enantiomers by SFC [Chiralpak IC (250 x 4.6
mm) 5.0 micron; 0.2% NH4OH in ACN + MeOH (1:1}, Flow: 4.0 mL/min, Temperature:
30 °C, UV: 235 nm]. First eluted compound (retention time 1240 min), designated as
Intermediate 123-1, was obtained {(0.08 g, 8.69%) as a pale vellow solid. 'H NMR (400
MHz, DMSO-ds) § ppm 1.01 - 1.11 (m, 3 H), 1.56-1.76 (m, 2 H), 2.15 - 2.27 (m, 3 H), 2.29

2.36(m, 3 H),2.82(d,J=11.74 Hz, 2 H), 3.17 (s, 1 H), 4.00 (dd, J=9.78, 2.45 Hz, 1 H),
466 (br. s, 1 H), 528 - 5.44 (m, 2 H), 7.67 (d, J = 8.07 Hz, 1 H}, 7.75 - 7.89 (m, 1 H).
LCMS (Method-Dy: retention time 0.51 min, [M+H] 277.2. Second eluted compound
(retention time 12.80 mun), designated as Intermediate 123-11, was obtained (0.03 g,
3.26%) as a pale yellow solid. TH NMR (400 MHz, DMSO-ds) 5 098 -1.17 (m, 3 H), 1.33
(dt, J=13.76,7.18 Hz, 1 H), 2.05 (s, 1 H), 2.12 - 2.25 (m, 2 H), 2.25 - 2.37 (m, 4 F), 2.75
-2.92 (m, 2 H),3.82-4.13 (m, 2H), 451 -4.72 (m, 1 H), 5.39 (5, 2 H), 7.56 - 7.72 (m, 1
H), 7.82(dd, /=795,4.03 Hz, 1 H). LCMS (Method-D}: retention time 0.51 min, [M~+H]

77.2. Third eluted compound (retention time 15.0 min}, designated as Intermediate 123-
¥, was obtained (0.18 g, 19.56%) as a pale yellow solid. 'H NMR (400 MHz, DMSO-ds)
8 ppm 0.96 - 1.15 (m, 3 H), 2.10 - 2.37 (m, 4 H), 2.59 - 2.72 (m, 1 H), 2.84 (d, J = 13.05
Hz 1 H), 296(d, /=1104Hz 1H), 3 18(5,3H),345-361(m, 1 H),404{(dd, /=979,
276 Hz, 1 H), 4.46 (br. s, 1 H), 5.19-549(m, 2 H), 7.67 (d, /= 8.03 Hz, 1 H), 7.74 - 7.89
{m, 1 H). LCMS (Method-Dy. retention time 0.59 min, [M+H] 277.2. Fourth eluted
compound (retention time 17.47 roin), designated as Intermediate 123-1V, was obtained
(0.15 g, 16.30%) as a pale vellow solid. 'H NMR (400 MHz, DMSO-ds) & ppm 1.09 (d, J
=6.02 Hz, 3 H), 2.21 (d, J = 11.55 Hz, 1 H), 2.26 - 2.34 (m, 3 H), 2.57 - 2.70 (m, 1 H),
283 (d, J=12.05 Hz, 1 H), 2.95 (d, /= 10.04 Hz, 1 ), 3.17 (5, 3H), 3.51 (d, /= 4.52 Hz,
1H,391-418(m, 1 H),446(d, J=402Hz, 1 H)},527-548 (m, 2 H}, 7.66(d, /= 8.03
Hz 1 H), 781 {d, /=28.03 Hz, 1 H). LCMS (Method-D): retention time 0.59 nun, [M+H]

1
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2717.2.
Intermediate 124: 5-(6-{difluoromethyl)piperazin-2-yi}-4-

methylisobenzofuran-1{3H}-one

5 Intermediate 124A: 5-(6-{(difluoromethyl)pyrazin-2-yij-4-

methylisobenzofuran-1{(3H)-one

Intermediate 124A was prepared (0.07 g, 64.40%) as a pale yellow solid, by using
a similar synthetic protocol as that of Intermediate 4B and starting from Intermediate
10 123B(0.10 g 0.39 mmol) and DAST (0.10 mL, 0.78 mmol). 'H (400 MHz, CDCl3) 8 ppm
239(s,3H), S35(,2H),646-0698(m, 1 H), 765(d, /=753 Hz, T H), 791 (d, J =
8.03 Hz, 1 H), 879 - 9.07 (m, 2 H). LCMS (Method-D}: retention time 2.16 min, [M-+H]
2772
Intermediate 124:
i5 Intermediate 124 was prepared (0.30 g, crude) as a pale vellow solid, by using a
sumifar synthetic protocol as that of Intermediate 2-I and 2-HI and starting from
Intermediate 124A (0.28 ¢ 1.01 mmol). '"H NMR (400 MHz, DMSO-ds) 8 ppm 0.94 -
105(m, 1 H), 184-195(m, 3H),215-240(m, 2H),2.74-300(m, 2H), 3.06-3.22
{m,2H),400-422{(m, 1 H),527-543(m, 2H), 567-602{(m, 1 H}, 7.57-7.73 (m, 1
20 Hj}, 7.80(dd, J=8.03,4.02 Hz, 1 H). LCMS (Merthod-I): retention time 0.87 min, [M+H]
2832
Intermediate 125: {-(S-methylpyrazin-2-yl)-1H-pyrazole-4-carbaldehvyde
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To a solution of 2-chloro-5-methylpyrazine (2.00 g, 15.56 mmol) in DMF (50 mL}
was added 1H-pyrazole-4-carbaldehyde (2.24 g, 23 34 mmol) followed by C:CO3 (10.14
g, 31.10 mmol} and the resulting reaction mixture was heated at 100°C for 6 h. The reaction
mixture was cooled to ambient temperature, concentrated to dryness under reduced
pressure, diluted with water (50 mbL) and extracted with ethyl acetate (2 x 75 mlL). The
combined organic layers was washed with brine (30 mL), dried over anhydrous sodium
sulfate and evaporated under reduced pressure. The residue was purified by column
chromatography (Redisep - 80 g, 0-100% EtOAc/n-hexane) to obtain Intermediate 125
(1.10 g, 37.10%) as a pale yellow solid. "H NMR (300 MHz, DMSO-) 8 ppm 2.58 (s, 3
H), 836(s, 1 H), 854 (s, 1 H), 914 (s, 1 H), 931 (s, 1 H), 998 (5, 1 H). LCMS (Method-
1) retention time 1.25 min, [M+H] 189.2.

Intermediate 126: 1-(6-methoxypyrimidin-4d-yi)-1 H-pyrazole-4-carbaldehyde

O

HM

N
7
N\:;ywcm
Intermediate 126 was prepared (1.50 g, 53.10%) as an off-white solid, by using a
simifar synthetic protocol as that of Intermediate 20 and starting from 4-chloro-6-
methoxypyrimidine (2.00 g, 13.84 mmol) and 1H-pyrazole-4-carbaldehyde (1.99 g, 20.75
mmol). TH NMR (400 MHz, DMSC-ds) 6 ppm 4.03 (s, 3 H), 7.30 (d, /= 1.00 Hz, 1 H),
838 (s, 1 H), 884 (s, 1 H}, 937 (s, 1 H), 999 (5, 1 H). LOCMS (Method-Dy: retention time
1.60 min, [M+H]} 2052,

Intermediate {27: {-(2-methoxypyrimidin-S-vi}-1 H-pyrazole-4-carbaldehyde
b
H N
ATjN
B
a

Rz
Oie
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Entermediate 127 was prepared (0.20 g, 18.51%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 6 and starting from 1H-pyrazole-4-
carbaldehyde (0.76 g, 7.94 mmol} and 5-bromo-2-methoxypyrimidine (1.00 g, 529 mmol).
'H NMR (300 MHz, DMSO-do) 8 ppm 3.99 (s, 3 H), 8.36 (s, 1 H), 9.14 (s, 2 F), 9.22 (s, 1
H), 9.94 (s, 1 H). LCMS (Method-D): retention time 1.0 min, [M+H] 2052

Intermediate 128: 1-(2-methylpyrimidin-S-yi)-1 H-pyrazele-4-carbaldehyde

Intermediate 128 was prepared (0.02 ¢, 18.39%) as an off-white solid, by using a
sumifar synthetic protocol as that of Intermediate 6 and starting from 1H-pyrazole-4-
carbaldehyde (0.08 g, 0.87 mmol) and S-bromo-2-methylpyrimidine (0.10 g, 0.58 mmol).
IH NMR (300 MHz, DMSO-ds) & ppm 2.62 - 2.89 (m, 3 H), 839 (s, 1 H), 9.25 (s, 2 H),
934 (s, 1 H), 995 (s, | H). LOMS (Method-Dy: retention time (.71 min, [M+H] 189.2.

Intermediate 129: 6-(3-formylisoxazel-S-yl}-4-methyinicotinonitrile

CH
Intermediate 12%9A: ethyl S-(iributylstannyl}isoxazole-3-carboxylate
G

i
Em)\\i e

Sn{n-Buj,y
To a solution of ethyl 2-chloro-2-(hydroxyiminojacetate (0.72 g, 4.76 mmol) in
diethyl ether (15 mL) was added tnbutylstanuylacetylene (0.92 wl, 3.17 mmol) followed
by TEA (0.88 mL, 635 mmol) and the resulting reaction mixture was stirred at ambient
temperature for 16 h. The reaction mixture was filtered through Celite® and washed with
diethyl ether (50 mL) The filtrate was evaporated under reduced pressure to obtain

Tntermediate 129A (0.60 g, 43.90%) as a pale yellow liguid. 'H NMR (300 MHz, CDCls)
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dppm 0.76-095(m, 1ZH), 102-111 (m, 2H), 113 -124(m, 3 H), 124 -135(m, S
Hy, 137-147(m, 4 H), 148-1.72(m, 4 H), 427 - 458 (m, 2 H), 6.80 (s, 1 H) LCMS
{(Method-Dy: retention time 2.76 min, [M+H] 432 2.

Intermediate 1298: ethyl 53-(5-cyvano-4-methylpyridin-2-yl}isoxazole-3-

carboxylate

g

AN
EtO “’“ k's)
\gﬁ'\\

M

e
CH

A stirring solution of Intermediate 129A (0.06 ¢, 1.27 mmol} and 6-bromo-4-
methylnicotinonitrile (0.25 g, 1.27 mmol) in dioxane (10 mL) was degassed with nitrogen
for 20 wmunutes. To the sturing solution was added  bis{di-tert-butyl(4-
dimethylaminophenylphosphine}dichloropalladium(Il} (0.09 g, 0.13 mmol) and was
degassed again for 10 minutes. The resulting reaction mixture was heated at 110 °C for 16
h then cooled to ambient temperature and filtered through Celite®. The filtrate obtained,
was concentrated under reduced pressure. The residue was purified by column
chromatography (Redisep-24 g, 12-14% EtOAc/n-Hexane) to obtain Intermediate 1298
(0.07 g, 21.45%) as a pale yellow solid. "H NMR (400 MHz, CDCl3) § ppm 1.39 - 1.52 (m,
3H), 2.55-2.81 (m, 3 H), 4.35-4.67 (m, 2 H), 7.42 (s, | H), 7.95 (s, 1 H), 8.72 - 8.96 (m,
1 H). LCMS (Method-H): retention time 2.71 min, [M+1]258 2.

Intermediate 129C: 6-(3-(hydroxymethyljisoxazol-5-yi}-4-

methyinicotinonitrile

e
HO Ko

\::&
4

N\;«:\ “Me

CH
Intermediate 129C was prepared (0.01 g, 71.70%), by using a similar synthetic
protocol as that of Intermediate 60B and starting from Intermediate 129B (0.02 g, 0.58
mmol) and NaBHa (0.09 mg, 2.33 mmol). ‘H NMR (400 MHz, DMSO-ds) & ppm 2.55 -
2.64 (m, 3 H), 4.60(br. s, 2 H), 5.61 (d, J=4.02 Hz, 1 H), 7.40 - 7.66 (m, 1 H), 8.14 (s, 1
Hj, 8.96 - .10 (m, 1 H}j. LCMS (Method-D): retention time 2.79 min, [M+H]} 216.2.
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Intermediate 129:

Intermediate 129 was prepared (0.08 g, 55.00%), by using a similar synthetic
protocol as that of Intermediate 9 and starting from Intermediate 129C (001 g, 046
mmol) and Dess-Martin periodinane (26.5 g, 62.40 mmol). 'H NMR (400 MHz, CDCl5) 8
ppm 2.01 -2.20 (m, 3 H), 739 (s, L H), 796 (s, | H), 889 (s, 1 H), 10.25 (s, 1 H) LCMS
(Method-D): retention time 0.75 mwin, [M+H] 214.0.

Intermediate 130-F: 5-((2R,65)-4-((1 H-imidazol-4-yl)methyl}-6-
methylpiperazin-2-yi}-4-methylisobenzo- furan-1(3H}-one

G

C
ih‘(/\N/\\ifN'?
fe HN ‘ RS VT

Me

Intermediate 130A: fert-butyl 4d-formyl-1H-imidazole-1-carboxylate

CHC Y
oy
N
Boc
To a stirring solution of 1H-imidazole-4-carbaldehyde (2.00 g, 20.81 mmol) in THF
{20 L) was added DMAP (0.64 g, 5.20 mmol) and TEA (5.80 mi, 41.60 mmol) followed
by Boc-anhydride {(5.80 mL, 24 98 mmol) and the resulting reaction mixture was stirred as
ambient temperature for 18 h. The reaction mixture was concentrated to dryness under
reduced pressure and diluted with water (50 mL). The solid precipitate was filtered and
dried under vacuum to obtain Intermediate 130A (2.50 g, 49.00%) as a pale yellow solid.
'H NMR (400 MHz, DMSO-ds) 8 ppm 1.59 (s, 9 H), 8.37-8.39 ( d, J = 5.40 Hz, 2 H), 9.80
(5., 1 H). LCMS (Method-OYy: retention time 1.00 min, [M-56] 141.2.
Intermediate 130B-I: ferf-butyl 4-({((38,5R)-3-methyl-5-(4-methyi-1-0x0-1,3-

dihydroisebenzofuran-5-yljpiperazin-1-vijmethyi)-1 H-imidazole-1-carboxylate

Intermediate 130B-1 was prepared (0.8 g, 22.39%), by using a similar synthetic

protocol as that of Intermediate 4 and starting from Intermediate 31-1 (130 g, 5.28
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mmol) and Intermediate 130A (1.24 g, 6.33 mmol). 'H NMR (400 MHz, CD;0D) 8 ppm

0.60-062(d, /=0600Hz 3H}, 1.59(s, 9 H), 1.37-1.43 (m, 2H}, 2.29-2.31(m, 2 H}, 2.66
(s, 3H), 294 (5,2 H), 3069371 (m, 1 H), 471 (s, 2 H), 6.8 (5, 1 H), 7.05-7.07 (m,1 H),
712-7.34 (m, 1 Hy, 725 (5, 1 H), 7.51(s, 1 H), {1 Exchangeable proton not observed).
LCMS (Method-O): retention time 1 17 min, [M+1] 4273,

Intermediate 130-1:

Intermediate 130-1 was prepared (0.65 g, 99.90%), by using a similar synthetic
protocol as that of Intermediate 38-1 and starting from Intermediate 130B-1(0.70g, 164
mmol). 'H NMR (400 MHz, DMSO-ds) & ppm 140 (d, /=660 Hz, 3 H), 239 (s, 3 H),
282{(m,2H), 29 (m, 1 H}, 348 (s, 2H}, 397 (s, 2H),49(br. s, 1 H), 540-553 (m, 2
H), 775(s, 1H),781(d,/=780Hz 1 H),823(d,/=810Hz, | H), 9.1 (s, 1 H), 10.20
{(b.s, 2 H). LOMS (Method-Oy. retention time 0.51min, [M+H] 327 4

Intermediate 131-I: (R)-6-{4-({(2-aminc-2-(4-methyl-1-0x6-1,3-
dibyvdroisebenzofuran-5-yhethylamino)methyl)-1 H-pyrazol-1-yi)-4-

methyinicotinonitrile

cz\
\I
o I i
MR
Be iy Sy
-
N\:%Mee
cH

Intermediate 131A-1: (R}-2-(2-amino-1-{4-methyl-1-0x0-1,3-

dihvdroischenzofuran-5-yijethyljiscindoline-1,3-dione

Intermediate 131A-1 was prepared (0.15 g, 97.00%), by using a similar synthetic
protocol as that of Intermediate 19-1 and starting from Intermediate 18C-1(0.20 g, 0.458
mmol) and TFA (2 mL, 26.0 mmol). 'H NMR (400 MHz, DMSO-ds) 8 ppm 2.33 - 2.37
{m,3H),3.16(dd, J=13.05 502 Hz, 1 H),3.66(dd, /=13.05,954Hz 1 H},535-541
(m, 2H), 550(dd, /=979, 527THz, 1 HY, 770 (s, 1 H), 7.76 - 7.81 {(m, 1 H), 782 -7.89
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{m, 4 H}. (2 Exchangeable protons not observed). LCMS (Method-[). retention time (.81
min, [M+H] 3373,

Intermediate 131B-F:  (R)-6-{4-(((2-(1,3-dioxoisoindolin-2-y1}-2-(4-methyl-1-
oxg-1,3-dibyvdroischenzofuran-S-yljethyllamino)methyl}-1 H-pyrazol-1-yij}-4-
methylnicotinonitrile

N
o |

//\\/\N/’\r/\
o 7_?

Intermediate 131B-1 was prepared (1.1 g, 45 .60%) as an off-white solid, by using

Me

QT/
g”\%

a sumilar synthetic protocol as that of Intermediate 4 and starting from Intermediate
131A-F(1.7 g, 3.03 mmol) and 6-( 4—f0rmy1~lanyrazai—lnyi)n-'flnmfsthyinicoﬁn@nimle {0.98
g, 3.03 mmol). 'H NMR (400 MHz, DMSO-de) 8 ppm 2.27 - 2.36 (m, 3 H), 2.57 (s, 3 H},
3.83(dd, J=1230,527 Hz, 1 H),3.63 -3.75(m, 3 H}), 537(d, /=301 Hz, 2 H), 5.67
(dd, /=1004,502Hz 1 H),768(d,/=803Hz | H), 7.75(s, 1 H), 7.81 (d, /= 8.03 Hz,
TH), 784 (s,4H), 794 (s, 1 H), 843 (5,1 H}, 880 (s, 1 H). (1 Exchangeable proton not
observed). LOMS (Method-I): retention time 1.46 min, {M+H] 5335

Intermediate 131-1:

Intermediate 131-1 was prepared (0.03 g, 51.00%), by using a similar synthetic
protocol as that of Intermediate 18-1 and starting from Intermediate 131B-1(0.13g,0.12
mmol} and hydrazine hydrate (0.06 mL, 1.22 mmol}. 'H NMR (400 MHz, DMSO-d:) &
2.15-229(m, SH), 232 -238{(m, 1 H), 257 (5,3 H},260-270(m, 1 H), 3.17 (s, 1 H),
3.59-376(m,2H),431(dd, /=8356,4. 16 Hz, 1 H), 535 (s, 2 H), 7.63 (d, /=8.07 Hz,
TH), 776 (d, /=807 Hz 1 H}, 784 (s, 1 H), 797 (s, | H), 8.50 (5, 1 H), 883 (s, 1 H}.
LCMS/HPLC (Method-R). retention time 0.98 min, [M+H] 4031, purity: 98.53%.
(Method-5y. retention tirne 1.28 min, [M+H] 403 1, purity: 98.81%. Chiral purity (Method-
XVIIT): retention time 5.86 min, 100% ee

Intermediate 132-F: (R)-5-(4-{{53-bromopyrimidin-2-ylmethyl)piperazin-2-yi)-

4-methylisobenzofuran-1{3H}-one

- 262 -



Wh

10

15

[\~
W

WO 2018/222795 PCT/US2018/035270

N
//i,(/\N/U
Me HN. ' N
\// = By

Intermediate 132A: S5-bromo-2-(bromomethyDpyrimidine

M
"L
Y
= Br

To a stirred solution of 5-bromo-2-methylpyrimidine (5.00 g, 28 90 mmol) in CCls
{40 mL) was added AIBN {048 g, 2.89 mmol) and N-bromosuccinimide (5.14 g, 28.9
mmol) and the reaction mixture was heated at 80 °C for 48 h. The reaction mixture was
cooled to ambient temperature. The solid precipitate was filtered oft and the filtrate was
concentrated under reduced pressure. The residue was purified by column chromatography
{Redisep-80 g, 0-15% EtOAc/n-hexane) to obtain Intermediate 1324 (1.05 g, 12.98%) as
a pale yellow solid. 'H NMR (400 MHz, DMSO-ds) 8 ppm 4.68 (s, 2 H), 9.03 (s, 2 H).
LCMS (Method-I). retention time 1.03 min, [M+1]252.9.

Intermediate 132-1:

To a stirring solution of Intermediate 123A (0.38 g, 1.63 mmol) and Intermediate
2-1(0.41 ¢, 1.63 mmol) in THF (20 mL) was added DIPEA (0.69 mL, 397 mmol} and the
reaction mixture was stirred at room temperature for 16 h. The reaction mixture was diluted
with water (40 mL} and extracted with ethyi acetate (3 x 40 mL). The combined organic
layers were washed with brine (30 ml), dried over anhydrous sodium sulfate and
evaporated under reduced pressure. The residue was purified by column chromatography
(Redisep-24 g, 2-4% MeOH/CHCI3) to obtain Intermediate 132-1 (032 g, 28.40%) as a
brown solid. 'H NMR (400 MHz, DMSO-ds) 8 ppm 1.89 - 2.06 (m, 1 H), 2.20 - 2.36 {m, 4
H), 2.74 - 3.01 (m, 4 H), 3.74 (s, 2 H), 4.01 - 4.13 (m, 1 H), 5.38 (s, 2 H), 7.64 (d, .J = 8.07
Hz 1 H), 778 (d, /=807 Hz, 1 H), 8.96 (s, 2 H}, (1 Exchangeable proton not observed).
LCMS (Method-D): retention time 1.17 min, [M+H] 405.0.

Intermediate 133: 6-(4-formyl-2H-1,2,3-triazol-2-yl}-4-methoxy-2-

methylnicotinonitrile
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A mixture of malonic acid (20.00 g, 192.00 mmol), 2,4,6-trichlorophenol (76.00 g,
384.00 mmol) and POCH (50 mL) was refluxed for 12 h. The reaction mixture was cooled
to 70 °C and poured into ice water. The solid precipitate was collected by filtration, washed
with water and dried under vacuum to obtain Intermediate 133A (7030 g, 67.20%) as a
pale yellow solid. 'TH NMR (400 MHz, CDCl3) 8 ppm 3.91 -4.17 {m, 2H), 733 - 7.59 (m,
10 4 H). LCMS: The compound did not ionize well.
Intermediate 133B: 4-hydroxy-2~-methyl-6-0xo-1,6-dihydropyridine-3-

carbonitrile
OH N
o
v
a
(o] N
H

A mixture of 3-anunoacrylonitrile (10.25 g, 151.00 mmol) and Intermediate 133A
15 (7030 g, 152.00 mmol) in diglyme (75 mL} was heated at 120 °C for 2.5 . The mixture
was cooled to ambient temperature and poured into E20 (40 mLl) and filtered. The
precipitate was washed with E2O (15 mL) to obtain Intermediate 133B (13.50 g, 59.70%)
as a dark brown solid. TH NMR (400 MHz, DMSO-de) 6 ppm 2.25 - 2.41 {(m, 3 H), 5.49 (s,

1 H), 11.85 (br. 5., 2 H). LCMS {(Method-I): retention time 0.32 min, [M+1] 151.3.

20 Intermediate 133C: 4,6-dichloro-2-methyinicotinenitrile
i N
. =
\
i M
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A stirring solution of Intermediate 1338 (10.70 g, 71 .30 mmol) in POCH (6.64 ml,
71.3 mmol} was heated at 100 °C for 16 h. The reaction mixture was concentrated under
reduced pressure, diluted water (200 mlL), basified with solid Na:CO: and extracted with
ethyl acetate (3 x 200 mL). The combined organic layers were washed with brine (100 mL),
dried over anhydrous sodium sulfate and evaporated under reduced pressure. The residue
was purified by column chromatography (Redisep-120 g, 0-5 % EtOAc/n-Hexane) to
obtain Intermediate 133C (8.50 g, 57.40 %) as an off-white solid. 'H NMR (400 MHz,
DMSO-de) & ppm 2.69 (s, 3 H}, 8.02 (s, 1 H). LCMS: (Method-1): retention time 1.16 min,
[M+1]188.3.

Intermediate 133D: 6-chlore-4-methoxy-2-methylnicotinonitrile and

Intermediate 133E: 4-chioro-6-methoxy-2-methylnicotinonitrile

133D 1338

Intermediate 133D and Intermediate 133K was as prepared, by using a similar
synthetic protocol as that of Intermediate 114A and starting from Intermediate 133C
(8.50 g, 45.40 mmol}. First eluted compound, designated as Intermediate 133D, was
obtained (5.50 g, 66.30%) as an off-white solid. 'H NMR (400 MHz, DMSO-ds) & ppm
2.57(s,3H),4.02(s,3 H), 7.35(s, | H). LCMS {Method-I}: retention time 0 99 min, [M+1]
183.3. Second eluted compound, designated as Intermediate 133K, was obtained (1.50 g,
18.07%}) as an off-white solid. 'H NMR (400 MHz, DMSO-ds) 8 ppm 2.62 (5, 3 H) 3.94 (s,
3H) 717 (s, 1 H). LCMS (Method-I): retention time 1.24 min, [M+1] 1833,

Intermediate 133F: 6-(4d-(hydroxymethyl}-2H-1,2.3-triazol-2-vi)-4-methoxy-2-
methylnicotinonitrile and Intermediate and 133G: 6-(4-(hydroxymethyl}-1H-1,2,3-

triazol-1-yl)-4-methoxy-2-methylnicotinonitrile

HG/\/\ HO N,
i \N /\[ \N

N N
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e,

N
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Eatermediate 133F and Intermediate 133G was as prepared, by using a similar
synthetic protocol as that of Intermediate 20 and starting from Intermediate 133D (1.84
g, 10.09 mmol) and Intermediate 28A (1.00 g, 10.09 mmol). First eluted compound,
designated as Intermediate 133F, was obtained (0.37 g, 10.00%) as an off-white solid. 'H
5  NMR (400 MHz, DMSO-ds) 6 ppm 2.65 (3, 3 H), 4.11 (s, 3 H), 468 (d, /=502 Hz 2 H),
5554, J=577THz, 1 H), 7.56 (s, 1 H), 8.17 (5, 1 H). LCMS (Method-I}: retention time
0.75 min, [M+1] 246.1. Second eluted compound, designated as Intermediate 133G, was
obtained (0.27 g, 9.33%) as an off-white solid. "H NMR (400 MHz, DMSO-ds)} 6 ppm 2.67
{s,3H), 414 (s,3H), 4064 (d, J=402Hz 2H),527-542(m, 1 H), 7.74 (5, 1 H), 8.68
10 (s, 1 H). LCMS (Method-1): retention time 0.80 min, [M+1]246.1.
Intermediate 133:
Eatermediate 133 was prepared (0.35 g, 94.00%} as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 9 and starting from Intermediate 133F
(0.38 g, 1.53 mmol). IH NMR (400 MHz, DMSO-ds) & ppm 2.70 (s, 3 H), 4.15 (s, 3 H),
15 773 (s, 1 H), 879 (s, 1 H), 10.22 (s, 1 H). LCMS (Method-7}. retention time 0.92 min,
[M+H] 2441
Intermediate 134: 6-(d-formy-1H-1,2,3-triazol-1-vi}-4-methoxy-2-~

methyinicotinonitrile

N/\
e,

Me

OMe
O
20 Intermediate 134 was prepared (0.26 g, 95.00%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate ¥ and starting from Intermediate 133G
(0.28 g, 1.12 mmol). 'H NMR (400 MHz, DMSO-ds) & ppm 2.70 (s, 3 H), 4.17 (s, 3 H),
784 (s, 1 H), 956 (s, 1 H), 10.14 (5, 1 H) LCMS (Me#hod-1y. retention time 1.00 min, [M-
H]242.1.

[\~
W

Intermediate 135: {-(4-methoxy-1,3,5-triazin-2-yi)-1 H-pyrazole-4-

carbaldehyde
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Intermediate 135 was prepared (0.70 g, 32.80%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 20 and starting from 1H-pyrazole-4-
carbaldehyde (1.00 g, 10.41 mmol) and 2-chloro-4-methoxy-1,3,5-triazine (1 .52 g, 10.41
mmol). 'H NMR (400 MHz, DMSO-de) 6 ppm 4.11 (s, 3 H), 839 (5, 1 H), 8.60 (s, 1 H},
947 (s, 1 H), 10.01 (s, } H). LCMS (Method-I}: retention time 0.62 min, [M-+H] 206.2.

Intermediate 136-1 5-{(2R,6R)-6-(hydroxymethyl}-1-methylpiperazin-2-yi)-4-

methylisobenzofuran-1{(3H}-one

. //,T/\NH
#e N\//i
/ «

e
o
Intermediate 136A-1  tert-butyl (3#,5K)-3-(hydroxymethyl}-4-methyl-5-(4-

methyl-1-0x0-1,3-dihydroisobenzofuran-S-yl}piperazine-1-carbeoxylate

To a stirred solution of Intermediate 38D-1 (015 g, 041 mmol} and
paraformaldehyde (005 g 1.63 mmol) in MeOH (1S mb) was added sodium
cyanoborohydride (0.51 g, 8.16 mmol) and the resultant mixture was stirred at ambient
temperature for 16 h. The reaction mixture was diluted with water (30 mL) and extracted
with DCM (3 x 30 mlL). The combined organic layers were washed with brine (20 mL),
dried over anhvdrous sodium sulfate and evaporated under reduced pressure. The residue
was purified by column chromatography (Redisep-24 g, 0-2% MeOH/CHCI3) to obtain
Intermediate 136A-1 (0.15 g, 96.00%) as an off-white solid. 'H NMR (400 MHz, DMSO-
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dsySppm 1.42(d,./=220Hz, 9H), 1.98(d,/=220Hz 3 H), 220 (br. s, 1 H}, 2.33 (br.
,3H), 261 -280(m, 3H), 3.17{dd, J=526,306Hz 1 H),346(d,./J=1052 Hz 2 H),
373(br.s,2H), 411 (d, /J=538Hz, L H), 471 (br. s, 1 H), 543 (br. s, 1 H), 7.72 (br.
s., 1 H}. LCMS (Method-1}: retention time 1.06 min, [M+H] 3773,

Intermediate 136-1

S.

Intermediate 136-1 was prepared (0.10 g, 91.00% as an off-white solid, by using
a simtlar synthetic protocol as that of Intermediate 38-1 and starting from Intermediate
136A-F (1.00 g, 10.41 mmol) and 4M HCl in dioxane (S mL, 20.00 mmol). 'H NMR (400
MHz, DMSO-ds) 8 ppm 1.98 (s, 3 H), 2.33 (s, 3 H), 2.55 (br. s, 1 H), 2.77 (t, /= 11.86 Hz,
1H),2.90 (t, /= 11.98 Hz, 1 H), 3.07 - 3.21 (m, 2 H), 3.36 - 3.53 {m, 2 H), 3.63 - 3.75 {m,
1H),391(d,J=1027Hz, 1 H), 485, /=514 Hz, 1 H), 531 - 548 (m, 2 H), 7.73 (s,
2 H). LCMS (Method-T}: retention time 0.46 min, [M+H] 277 2.

Intermediate 137: 1-(S-formylpyrimidin-2-yl}-1 H-imidazole-4-carbonitrile

0
D 1
e

Intermediate 137 was prepared (0.40 g, 37.50%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 20 and starting from 2-chloropyrimidine-
S-carbaldehyde {1.00 g, 5.38 mmol) and 1H-imidazole-4-carbonitrile. "H NMR (400 MHz,
DMSO-ds) & ppm, 890 (s, 2 H), 926 (s, T H), 10.11 (s, 1 H), 10.14 (5, 1 H). LCMS
(Method-HY. retention time 0.91 min, {M+1] 200.05.

Intermediate 138: 2-(4-methyl-1H-imidazol-1-yi)pyrimidine-S-carbaldehyde

o
H : R

A
N/ E?S'Me
g

To a strring solution of 2Z-chloropyrimidine-S-carbaldehyde (3.00 g, 21.05 mmol) in
DMSO (20 mL) was added KoCOs (727 g, 52.60 mmol) followed by 4-methyl-1H-
imidazole (2.59 ¢, 31.6 mmol) and the resulting mixture was stirred at ambient temperature
for 30 minutes. The reaction mixture was poured into ice cold water (50 mbL) and extracted
with ethyl acetate (3 x 100 mL). The combined organic layers were washed with brine (50

mL}, dried over anhvdrous sodium sulfate and concentrated under reduced pressure. The
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residue was purtfied by column chromatography {Redisep-24 g, 80 % EtOAc/n-hexane) to
obtain Intermediate 138 (1.40 g, 34.30%) as a white solid. '"H NMR (400 MHz, DMSO-
ds) & ppm 220 (s, 3H), 772 (1, J = 1.2 Hz 1 H), 8.56 (d, ./ = 1.2 Hz, 1 H), 9.26 (s, 2 H)
10.09 (s, T H). LCMS (Method-D). retention time 1.07 min, [M+H] 1891,

3 Intermediate 13%9: {-(S-formylpyrimidin-2-yi}-3-methyl-1H-pyrazole-4-
carbonitrile
o]

Me
Intermediate 139 was prepared (0.30 g, 40.10%), by using a similar synthetic
protocol as that of Intermediate 20 and starting from 2-chloropyrimidine-5-carbaldehyde
10 (0.50 g, 3.51 mmol) and 4-methyl-1H-pyrazole-3-carbonitrile (0.41 g, 3.86 mmeol). 'H
NMR (400 MHz, DMSO-ds) 0 ppm 2.30(d, /=1 00Hz, 3 H}, 8.65(s, 1 H), 890 (s, 1 H},
936 (s, 1 H), 10.15 (s, 1 H). LCMS (Method-13), retention time 1 .54 min, [M+H] 214 0.
Intermediate 140: 6-(4-methyl-1H-1,2,3-triazol-1-ylinicotinaldehyde
O
M E:;?»'Me

15 Intermediate 140 was prepared (0.25 g, 46.70%), by using a similar synthetic
protocol as that of Intermediate 20 and starting from 6-bromonicotinaldehyde (0.50 g,
2.69 mmol) and 4-methyl-1H-1,2 3-triazole (0.38 g, 4.03 mmol}. 'H NMR (400 MHz,
DMSO-ds} 6 ppm 231 -240 (m, 3 H), 830(d, /=853 Hz, 1 H), 844 -854 (m, 1 H),
8.70 (s, 1 H), 9.10(d, /=151 Hz, 1 H}, 10.15 (s, 1 H). LCMS: (Method-D) retention time:
20 L1119 min, [M+1] 1892,
Intermediate 141: I-(S-formylpyrimidin-2-yi}-1H-1, 2, 4-triazole-3-

carbonitrile
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Intermediate 141 was prepared (0.25 g, 46.70%) as a brown solid, by using a similar
synthetic protocol as that of Intermediate 20 and starting from 2Z-chloropyrimidine-5-
carbaldehyde (0.50 g, 2.6%9 mmol) and 1H-1,2 4-triazole-3-carbonitrile (0.38 g, 4.03 mmol).
'H NMR (400 MHz, DMSO-ds) & ppm 8.14 - 81.6 (d, /= 8.80 Hz, 1 H), 9.13 (s, 2 H),
10.18 (s, 1 H). LCMS (Method-H): retention time .27 min, [M+H] 201 .2,

(¥, )

Intermediate 142: 1-(S-formylpyrimidin-2-yi)-3-methoxy-1H-pyrazole-4-
carbonitrile

o

el
\N i‘ff?-—(}?ﬂe
W
N

Intermediate 142 was prepared (1.15 g, 93 00%) as an off-white solid, by using a
10 similar synthetic protocol as that of Intermediate 20 and and starting from 6-
bromonicotinaldehyde (1.00 g, 542 mmol) and 3-methoxy-1H-pyrazole-4-carbonitrile
{0.80 g, 6.50 mmol). 'H NMR (400 MHz, DMSO-ds) 8 ppm 4.07 (s, 3 H), 7.95 - 8.00 (m,
1H), 845-848 (m, 2 H), 937 (s, 1 H), 10.11 (s, 1 H). LCMS (Method-D): retention time
221 min, [M+H] 229.0.
15 Intermediate 143: 3-ethyl-1-(5-formylipyridin-2-yi}-1H-pyrazole-4-carbonitrile
18]

E
[ N

o
N ONT Sy on
N-N.
—§e

Intermediate 143A: ((F)-2-(ethoxymethylene}-3-oxopentanenitrile

O
"
e
N

Synthesized according to literature procedures (Australian Journal of Chemisiry,
20 44,1263 -1273,1991).
Intermediate 143B: 3-ethyl-1H-pyrazole-4-carbonitrile
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To a solution of Intermediate 1434 (5.00 g, 32.60 mumol) in EtOH (50 mL) was
added hydrazine hydrate (5.12 mL, 163 mmol) and the reaction mixture was stirred at

ambient temperature for 1 h. The reaction mixture was diluted with water (40 mL) and

U

extracted with 10% MeOH in DCM (2 x 50 mL}. The combined organic layers were washed
with brine (20 mL) and dried over anhydrous sodium sulfate and evaporated under reduced
pressure. The crude product was purified by combiflash (Redisep-40 g, 50% EtOAc/n-
Hexane) to obtain Intermediate 143B (3.10 g 78.00%) as yellow solid. 'H NMR {400
MHz, DMSO-ds}d ppm 123 (t, /=76 Hz, 3H}, 2.73(q, /=T 6 Hz, 2 H), 8.16 (s, T H),
10 134 (br. s, 1 H). LCMS (method-1.), retention time 0.75 min, [M+H] 1221
Intermediate 143:
Intermediate 143 was prepared (0.22 g, ©68.70%), by using a sirutlar synthetic
protocol as that of Intermediate 20 and starting from Intermediate 1438 (0.19 g, 1.61
mmol) and 6-bromonicotinaldehyde (0.25 g, 1.34 mmol). 'H NMR (400 MHz, DMSO-ds) 8
15 ppm 131( /=76Hz 3H),282(q, /J=706Hz 2H) 810(d, /=88 Hz, 1 H), 847(dd,
J=16Hz, J=84Hz 1 H),903(s, 1 H), 943 (s, 1 H}, 10.12 (s, 1 H). LCMS (mrethod-L),
retention time 1.18 mun, [M+H] 227.1.
Intermediate 144: 1-(3-formylpyrimidin-2-yi}-3-methoxy- 1 H-pyrazeole-4-
carbenitrile
a

E
H

B
P
RE
20 Cife

CH

To a stirring solution of 2-chloropyrimidine-S-carbaldehyde (0.25 g, 1.75 romol) in
THF (10 mlL) was added 3-methoxy-1H-pyrazole-4-carbonitrile {0.32 g, 2.63 mmol}
tollowed by KoCOs (036 g, 2.63 mmol) and the resulting reaction mixture was heated at

70 °C for T h. The reaction mixture was cooled to ambient temperature, concentrated to

b
W

dryness under reduced pressure, diluted with water (50 mL) and extracted with ethyl acetate
(3 x 50 mL). The combined organic layers were washed with brine (30 mL), dried over

anhydrous sedium sulfate and evaporated under reduced pressure. The residue was purified
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by column chromatography (Redisep-24 g, 0-50 % EtOAc¢/ n-hexane) to obtain
Intermediate 144 (0.24 g 60.00%). 'H NMR (400 MHz, DMSO-ds) 8 ppm 4.06 (s, 3 H),
029 (s, 1 Hy, 931 (s, 1 H}, 9.45 (s, 1 H), 10.13 (5, 1 H). LCMS: The compound did not

tonize well,

U

Intermediate 145: 3-ethyl-1-(5-formylpyrimidin-2-yl}-1 H-pyrazele-4-

carbonitrile

Intermediate 145 was prepared {(0.23 g, 37.70%) by using similar synthetic
protocol as that of Intermediate 20 and starting from Intermediate 1438 (032 g 2.63
10 mmol) and 2-chloropyrimidine-S-carbaldehyde (0.25 g, 1.75 mmol). '"H NMR (400 MHz,
DMSO-deyd ppm 1.31(t, /=76Hz 3H), 282 (q, /=3.6Hz,2H), 934 (s, 2 H), 9.49

(s, 1 H), 10.14 (s, 1 H). LCMS (Method-D): retention time 1.55 min, [M+18+H] 246.1.
Intermediate 146: 3-cyclopropyi-1-(3-formylpyrimidin-2-yI}-1 H-pyrazole-4-

carbonitrile

Intermediate 146A: 3-cyclopropyl-1H-pyrazole-4-carboniirile

?&:‘.—-
HN. /=N

Synthesized according to literature procedures (PCT Int. Appl, 2015052264},

J—
L

Intermediate 146 was prepared (022 g, 51.90%) as an oft-white solid, by using
similar  synthetic protocol as that of Intermediate 144 and starting from 2-
chloropyrimidine-5-carbaldehyde (0.25 ¢, 1.75 mmol) and Intermediate 146A (0.35 g,

2.63 mmot). 'H NMR (400 MHz, DMSO-ds) § ppm 0.99 - 1.06 (m, 2 H), 1.12 (dt, J = 8.53,
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301 Hz, 2H), 200-220(m, 1 H), 923 -936{(m, 2 H), 946 (s, 1 H), 10.14 (s, 1 H}.
LCMS (Method-D): retention time 170 min, [M-+H] 240 2.
Intermediate 147: 3-(difluoromethoxy)-1-{S-formylpyridin-2-yI}-1 H-

pyrazele-4-carbonitrile

o
s
SN g
k«{ y—F
W
N

Intermediate 147A: 1-(S-formylpyridin-2-vi)-3-ox0-2,3-dihydro-1 H-pyrazole-
4-carbonitrile

O

To a solution of Intermediate 142 (0.60 g, 2.63 mmol) in DCM (25 mL) was added
BBr3 {0.75 mL, 7.89 mmol} at 0 °C and the resulting reaction mixture was stirred at 50 °C
tor 16 h. The reaction mixture was cooled to ambient temperature, concentrated to dryness
under reduced pressure and diluted with water (50 mL). The solid precipitate was filtered
and dried under vacuum to obtain Intermediate 147A (0.80 g, crude). LOCMS (Method-1):
retention time 1.57 min, [M+H] 294.1 The compound was taken directly to the subsequent
step without further purification or characterization.

Intermediate 147:

To a stirring solution of Intermediate 147A (080 g, 2.71 mmol) in DMF (10 ml)
was added sodium chlorodifluoroacetate (0.62 g, 4.07 mmol) followed by Cs2C03 (2.65 g,
8.13 rumol) and the resulting reaction mixture was heated at 100 °C for 3 h. The reaction
mixture was cooled to ambient temperature and diluted with water (30 mL). The solid
precipitate was filtered and dried under vacuum to obtain Intermediate 12(0.25 g, 16 41%)
as an off-white solid. 'H NMR (400 MHz, DMSO-ds) § ppm 7.33 - 7.86 (m, 1 H}, 7.93 -
813 (m, 1 H) 833 -863(m, 1 H),003(dd, /=1732, 176 Hz, 1 H},929-959{(m, 1
H), 10.12(d, /=954 Hz, 1 H). LCMS (Method-L): retention timme 2.20 man, [M+H] 2652

- 273 -



(¥, )

10

WO 2018/222795 PCT/US2018/035270

Intermediate 148: 3-(difluoromethyl}-1H-pyrazole-4-carbonitrile
F

M
v/
F“’%ﬂ{
{
N N

M
H

Intermediate 148A: (F)-3-(dimethylaminojacryionitrife

NN &
e

To a solution of 2-cyanoacetic acid (5.00 g, 58.8 mmol)in 1,4-dioxane 30 mlb.) was
added DMF-DMA (8.66 mL, 64.7 mmol) and the resulting reaction mixture was stirred at
ambient temperature for 4 h. The reaction mixture was cooled to ambient temperature,
concentrated to dryness under reduced pressure to obtain Intermediate 148A (590 g
crude). 'H NMR (400 MHz, CDCI3) § ppm 2.73 (s, 6 H) 6.89 (s, 1 H) 6.93 (s, 1 H).

Intermediate 148B: (Z)-2-({(dimethylamino)methylene}-4,4-diflluore-3-
exebutanenitrife

9]
F Me

= Biig’

F il Me
To a solution of Intermediate 148A (2.00 g, 20.81 mmol) in toluene (20 mL) was
added TEA (580 mL, 41.6 mmol) followed by 2,2-diflucroacetic acid (1.99 g, 20.81 mmol)
at 0 °C. Then 20% phosgene in toluene (10 mL, 22 89 mmol) was added and resulting
reaction mixture was stitred at ambient temperature for 1.5 h. The reaction mixture was
concentrated to dryness under reduced pressure, diluted with saturated NaHCO; (120 mL)
and extracted with ethyl acetate (3 x 50 mL}). The combined organic layers were washed
with brine (30 mL}, dried over anhydrous sodium sulfate and evaporated under reduced
pressure to obtain Intermediate 1488 (1.70 g, 46.90 %) as a brown solid. 'H NMR (400
MHz, DMSO-ds) § ppm 3.35 (s, 6 H), 6.31 - 6.75 (m, | H), 8.02 (s, 1 H). LCMS (Method-

Oy retention time 0.62 min, [M-H] 1753

Intermediate 148:
Intermediate 148 was prepared (0.65 g, 32.60%) as a brown solid, by using a similar
synthetic protocol as that of Intermediate 143B and starting from Intermediate 148B (1.70

g, 9.76 mmol) and hydrazine hydrate (1.53 mL, 48 80 mmol). 'H NMR (400 MHz, DMSO-
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ds) 0 ppm 6.72 - 744 (m, 1 H), 8.63 (5, 1 H), 911 - 987 {m, T H). LCMS {Method-i):
retention time 1.28 min, [M-H} 141.9.
Intermediate 149-1: (R}-5-(4-{(2-chioropyrimidin-S-yl)methyl)piperazin-2-vi}-

4-methylisobenzofuran-1{3H}-one

B
Nl)\ﬂi

Intermediate 149-1 was prepared (0.38 g, 80.00%), by using a similar synthetic

U

protocol as that of Intermediate 1438 and starting from Intermediate 2-1 (027 g 1.17

mmol} and 2-chloropyrimidine-S-carbaldehyde (0.20 g, 1.40 mmol). tH NMR (400 MHz,

DMSO-de) d ppm 2.25-239 (m, 4 H), 295 (d, /=11 98 Hz, 3 H), 3.52 -3.67 (m, 1 H},

417-439¢(m, 1 H), 446-4.75(m,2H),485(d, /=1003 Hz, L H), 531 -550 (m, 2 H),
100 767-781{(m, 1H),792(d, /=0660Hz [ H},859-877(m, 1 H), 885 (br. 5,2 H), 9.66

- 9.89 (m, | H), (1 Exchangeable proton not observed). LCMS (Method-D): retention time

0.91 min, [M+H] 359.0.

Intermediate 130: 6-(4-formyl-1H-pyrazol-1-yi)-4-morpholinenicotinonitrile
¢

et

K
=
Nl) \\N
A

6

Intermediate 1530A: 4-chloro-6-(4-formyl-1 H-pyrazol-1-yvhinicotinonitrile and

15 Intermediate 150B: 6-chioro-4-{4-formyl-1 H-pyrazel-1-yhnicotinonitrile

O
] {
H/K“(:?\\N H \ \N
’“‘"N/; N
72 —
N\- \ of Nm—-—»—-:/ \ -3k
i ”“:.'N
1504 \ 1508
¥

Intermediate 130A and 150B was prepared, by using a similar synthetic protocol

as that of Intermediate 15C and starting from 4,6-dichloronicotinonitrile (2.50 g, 14.45
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mmol) and 1H-pyrazole-4-carbaldehvde (1.26 g, 13.14 mmol). First eluted compound,
designated as Intermediate 150A, was obtained (0.60 g, 19.63%) as a pale yellow solid.
I'H NMR (400 MHz, DMSO-ds} § ppm 8.27 (s, 1 H), 8.41 (5, 1 H), 9.12 (s, 1 H), 9.39 (s, 1
H), 999 (s, 1 H). Second eluted compound, designated as Intermediate 150B, was
obtained {0.40 g, 13.09%) as a pale yellow solid. 'H NMR (400 MHz, DMSO-ds) & ppm
(400 MHz, DMSO-ds) & ppm 8.33 (s, 1 H), 8.50 (s, 1 H), 9.05 (s, 1 H), 9.43 (s, [ H), 9.99
(s, 1 H).

Intermediate 130:

To a solution of Intermediate 130A (0.15 g, 0.65 mmol) in THF (10 ml) was
added KoC(Os (0.22 mg, 1.61 mmol) followed by morpholine (0.14 g, 1.61 mmol} and the
resulting reaction mixture was stirred for 16 h. The reaction mixture was concentrated to
dryness under reduced pressure, diluted with water (50 mL) and extracted with ethy! acetate
(3 x 50 mL}. The combined organic laves were washed with brine (30 mL), dried over
anhydrous sodium sulfate and evaporated under reduced pressure {0 obtain Intermediate
156 (0.05 g, 37.00%) as an off-white solid, 'H NMR (400 MHz, DMS0-d6) 6 ppm 2.19 -
235 (m, 2 H), 2.41 (br. 5., 2 H), 3.49 (s, 2 H), 3.77(d, J=4.52 He, 2 H), 7.40 (s, 1 H), 7.74
(s, 1 H), 7.97 (br. 5., 1 H), 8.47 (5, 1 H}, 8.61 (5, 1 H}. LCMS (Method-Dy}: retention time
1.89 min, [M+H] 284.0.

Intermediate 151: 6-(4-formyl-1H-pyrazol-1-yl}-4-(pyrrolidin-1-
vinicotinonitrile

¢
H N

4

K

N

M ‘ A\ S
=
Y

Intermediate 151 was prepared (0.08 ¢, 46.40%) as an off-white solid, by using a
simitar synthetic protocol as that of Intermediate 130 and starting from Intermediate
13GA (0.15 g, 0.65 mmol) and pyrrolidine {(0.12 g, 1.61 mmol). 'H NMR (400 MHz,
DMSO-de} 6 ppm 1.99(dt, /=627, 339 Hz, 4 H), 3.69¢br. 5,4 H), 7.11 (s, 1 H), 830 (5,
1H), 849 (s, 1 H), 926 (s, 1 H), 9.95 (s, | H). LCMS (Method-0): retention time 1.09 min,
[M+1] 268 4.

Intermediate 152: 1-(8-formylpyridin-2-yl}-1H-1.2,3-triazole-4-carbonitrile
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Intermediate 152A: methyl 6-azidonicotinate
?
#MeO | = I
NN,
To a stirring solution of methyl 6-fluoronicotinate {(9.00 g, 58.00 mmol) in DMF
5 {30 mL) was added sodium azide (3.77 g, 58 0 mmol) and the resulting reaction mixture
was heated at 70 °C for 2 h. The reaction mixture was diluted with water (300 L} and the
solid precipitated, was filtered and dried under vacuum to obtain Intermediate 152A (6.80
g, 65.80%). 'H NMR (400 MHz, DMSO-ds) 8 ppm 3.96 (s, 3 H), 8.20 (dd, J =935, 1.53
Hz, 1H) 830 (m, /=098Hz, 1 H), 989 (1,/=125Hz, 1 H). LCMS (Method-{.): retention
10 tme0.73 mun, [M+H] 1791
Intermediate 132B: methyl 6-(4-(hydroxymethyl-1H-1,2.3-triazol-1-
vijnicotinate
&)

Ma( z
e | O

N :i:;?,/

To a stirring solution of Intermediate 1524 (3.50 ¢, 19.65 mmol) and prop-2-vn-
15 1-0l (330 g, 58.90 mmol} in a mixture of DMF (50 mL) and MeOH (12 mL} was added
copper{l} 1odide {(0.37 g, 1.96 mmol) and stirring was continued at 90 °C for 4 h. The
reaction mixture was cooled to ambient temperature, filtered through Celite® and the
filtrate was concentrated under reduced pressure to obtain Intermediate 1528 (4.50 ¢,
98.00%) as a brown solid. 'H NMR (400 MHz, DMSO-ds) 6 ppro 3.93 (s, 3 H), 464 (d, J
20 =3532Hez 2H), 538, J=5069 Hz, 1H),827(d, J=856Hz 1 H), 857 (dd, J= 856,
220 Hz, 1 H), 874 (s, 1 H), 9.08 (s, 1 H). LCMS (Method-(): retention time 0.71 min,

[M~+H] 2351

Intermediate 1520 methyl 6-(4-formyl-1H-1,2,3-triazol-1-yl}nicotinate
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To a solution of Intermediate 1528 (4.50 g, 11.91 mmol) 1n acetone (100 mL) was
added manganese dioxide (1036 g, 119 mmol} and the resulting reaction mixture was
stirred at 60 °C for 16 h. The reaction mixture was cooled to ambient temperature,
concentrated to dryness under reduced pressure, diluted with DCM (250 mL) and filtered
through Celite® The filtrate was evaporated under reduced pressure to obtain
Intermediate 152C (1.90 g, 68.70%) as a brown solid. 'H NMR (400 MHz, DMSO-ds)
Sppm 3.98 (5,3 H), 836(dd, /=853,076Hz 1 H), 908-910(m, 1 H), 913 {dd, J=
220,073 Hz, 1 H), 961 (s, I H), 10.15 (5, 1 H). LCMS: The compound did not ionize
well.

Intermediate 152D: methyl 6-(4-cyano-1H-1,2,3-triazol-1-yl}nicetinate

O

He( =
Y

NN Yen
HESY

To a stirring solution of Intermediate 152C (1.90 g, 5.73 mmol) in a mixture of
pyridine (10 mL) and acetic anhydride (10 mL} was added hydroxylamine hydrochloride
{0.59 g, 8.59 mmol) and the resulting reaction mixture was heated at 110 °C for 2 h. The
reaction mixture was cooled to ambient temperature, concentrated to dryness under reduced
pressure, diluted with NaBCO; solution (50 mL) and extracted with ethyl acetate (3 x 50
mL ). The combined organic layer was washed with brine (30 ml), dried over anhydrous
sodium sulfate and evaporated under reduced pressure to obtain Intermediate 152D (1.00
g, 76.00%) as a brown solid. H NMR (400 MHz, DMSO-ds) § ppm 3.94 (s, 3 H), 8.34 (d,
J=850Hz, 1 H), 8.65 (dd, /=8.56, 220 Hz, 1 H), 9.12(d. /= 1.77 Hz, 1 H), 9.90 (s, 1
Hj}. LCMS (Method-L): retention time 1.10 min, [M+H] 230.1.

Intermediate 152E: 1-(5-(hydroxymethyl)pyridin-2-yl}-1 H-1.2,3-triazole-4-

carbonitrile

HO™ N
o |

M E;;\?»CN
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Entermediate 152F was prepared (0.45 g, 46.50%) as an off-white solid, by using
a similar synthetic protocol as that of Intermediate 60B and starting from Intermediate
1528 (1.00 g, 2.79 mmol) and NaBH4 (0.53 g, 13.96 mmol}. 'H NMR (400 MHz, DMSO-
doy&ppm 4.61-467(m, 2H), 553 J/=55%Hz 1 H),806-817(m,2H), 858 (m, |
H), 9.79 (s, 1 H). LCMS (Method-1): retention time 0.81 min, [M+H] 202.1.

Intermediate 152:

Intermediate 152 was prepared (0.18 g, 74.60%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 8 and starting from Intermediate 152F
(0.42 g, 1.21 mmol) and Dess-Martin periodinane (0.51 g, 1.21 mmol). tH NMR (400 MHz,
DMSO-do) S ppm B39 (d, /=841 Hz, 1 H), 8.60(dd, /=844, 216 Hz, 1 H), 9.16 (dd, J
=213,069Hz | H), 992 (s, 1 H), 10.19 (s, 1 H}. LCMS: The compound did not ionize
well.

Intermediate 133-f and 133-11: 4-methyi-5-(S-methylpiperazin-2-

yhisobenzofuran-1{3H}-one.

€3 o
¢ O o I I
| Me HN
Me HN“\/A\Me Me
Enantiomer- {1538} Enantiomer-il {(153-1f})

Intermediate {53A: 5-(S-methylpyrazin-2-vijisobenzofuran-1(3H}-one

&

o

i N
Me N\‘//l\Me

Intermediate 153A was prepared (3.20 g, 49.00%) as an off-white solid, by using
a similar synthetic protocol as that of Intermediate 2C and starting from Intermediate 2B
(7.46 g, 27.2 mmol) and 2-chloro-5-methylpyrazine (3.50 g, 27.20 mmol). 'H NMR (400
MHz, DMSO-de) 6 pprm 232 (3, 3 H), 260 (s, 3 H), 550 (s, 2H),7.70(d, /=753 Hz, 1
H),781(d,J=753Hz 1 H.L871(d,/=100Hz t H),877(d, J= 151 Hz, 1 H) LCMS
(Method-D). retention time 1.22 min, [M+H] 241.1.

Intermediate 133-f and 1533-11:

Intermediate 153-1 and 153-11 was prepared by using a similar synthetic protocol
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as that of Intermediate 2-1 and 2-H and starting from Intermediate 1534 (320 ¢, 13.32
mmol). The racemate was separated into two individual enantiomers by SFC [Chiralpak
AD-H (250 x 4.6 mm) S micron; 0.2 % NHsOH in MeOH + ACN (1:1), Flow: 1.2 mL/min.
Temperature: 30 °C, UV: 235 nm]. First eluted compound (retention time 3.1 min),
designated as Intermediate 153-1, was obtained (0.60 g, 25.00%) as an off-white solid. 'H
NMR (400 MHz, DMSO-de) 8 ppm 0.96 (d, /=036 Hz, 3 H), 230 (s, 3 H), 231 -2.46
{(m,2H),2606-274(m, 1 H),286(dd, /=11.74, 2.69 Hz, 1 H}, 2.95 (dd, /= 10.88, 2.81
Hz, 1H), 391(dd, /=990, 281 Hz, 1 H), 538¢s, 2 H), 765¢(d, /=807 Hz, 1 H),7.77
(d,./=8.07 Hz, 1 H}, (2 Exchangeable protons not observed). LCMS (Method-13): retention
time 0.56 min, {M+H] 247 2. Chiral purity (Method-XXXI1): retention time 3.11 min, 97.10
% ee. Second eluted compound {retention time 4.5 min), designated as Intermediate 153-
IE, was obtained (0.55 g, 23.00%}) as an off-white solid. "H NMR (400 MHz, DMSO-d6) 8
ppm 096 (d, /=636 Hz 3 H), 230(s,3H),231-246(m, 2 H), 266 - 274 (m, 1 H),
286 (dd, J=11.74, 269 Hz, 1 H), 2.95 (dd, /= 10.88, 2.81 Hz, 1 H}, 3.91 (dd, J = 9.90,
281 Hz 1 H), 538(s, 2H), 765(d, J=807Hz, 1 H), 777 (d, /J=807Hz, 1 H), 2
Exchangeable protons not observed). LCMS (Merhod-13): retention time 0.38 min, [M+H]
247 2. Chiral purity (Method-XXXITy. retention time 4.82 min, 90.00 % ee.
Intermediate 134-F: 5-((2R,65)-1-hyvdroxy-6-methylpiperazin-2-yi)-4-

methylisobenzofuran-1{(3H)-one

Intermediate 154A-1: tert-butyl (38,5K)-3-methyl-5-(4-methyl-1-oxe-1,3-
dibyvdroischenzofuran-5-yl}piperazine-1-carboxylate
3
O Me
L8] "'-K\N/k /\<Me
Me HN__J
e

To a sturing solution of Intermediate 51-f (0.20 g, 0.81 mmol) in DCM (20 mi.)

was added TEA (0.17 mL, 1.22 mmol) followed by Boc-anhydride (0.23 mL, .97 mmol)
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and stirring was continued at ambient temaperature for 2 h. The reaction mixture was diluted
with 10 % NaOH solution (40 mL) and extracted with 10% MeOH 1n DCM (2 x 250 mL).
The combined organic layer was washed with brine (30 mL)}, dried over ashydrous sodium
sulfate and evaporated under reduced pressure. The residue was purified by column
chromatography (Redisep -24 g, 35% EtOAc/n-hexanes) to obtain Intermediate 154A-1
(0.20 g, 71.10%). H NMR (400 MHz, DMSO-ds) & ppm 1.05 (s, 3 H), 1.48 (s, 9 H), 2.33
(s.4 H), 2.75 - 2.83 (m, 2 H), 3.82-3.92 (br. 5., 1 H), 3.94 - 4.01 (m, 2 H), 5.42 (s, 2 H),
7.68 - 773 {(m, 1 H), 780 - 786 (m, I H), LCMS (Method-D): retention time 2.42 nun,
[M+H] 347.2.

Intermediate 154B-1: tert-butyl (38.8R)-4-hydroxy-3-methyl-5-(4-methyl-1-

oxo-1,3-dihydroisobenzofuran-5-yljpiperazine-i-carboxylate,

To a stirred solution of Intermediate 154A-1(0.20 g, 0.57 mmol} in DCM (15 mL)
and was added m-CPBA (0.10 g, 0.57 mmol) and the resulting reaction mixture was stirred
at ambient temperature for 12 h. The reaction mixture was concentrated to dryness under
reduced pressure and the residue was purified by preparative HPLC [YMC Triart (150 x
4.6 mam) 5 micron; 0.1% NHsOH in Water + ACN (1.1}, Flow: 1.2 mL/min. Temperature:
30 °C, UV: 235 nm] to obtain Intermediate 154B-1 (0.06 mg, 26.30%). 'H NMR (400
MHz, DMSO-d6) o ppm 1.14(d, /=602 Hz, 3H), 143 (5, 9H), 2.206-2.36(m, 3 H), 2.68
(d, /=201 Hz, 2H), 272 {br. s, 1 H),380(d,./=1054Hz, 2H}, 393 (br. s, 1 H), 542
(s,2H), 7.68 (d,.J=8.03 Hz, | H), 7.79(d,.J=7.53 Hz, | H}, 8.01 (s, 1 H}. LCMS (Method-
D) retention time 2.44 min, [M+H] 363 4.

Intermediate 134-1:

To a sturing solution of Intermediate 154B-1(0.03 g, 0.08 mmol) in DCM (5 mL)
was added 4M HCI in dioxane {0.04 mL, 0.16 munol) and the resulting reaction mixture
was stirred at ambient temperature for 2 h. The reaction mixture was concentrated under
reduced pressure. The residue was desolved in diethyl ether (100 ml) and the solid
precipitate was filtered and dried under vacuum to obtain Intermediate 154-f (0.02 g,

89.00%). LCMS (Method-P) retention time 0.45 min, [M+H] 263 4. The compound was
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taken directly to the subsequent step without further purification or characterization

Intermediate 155; 4-formyl-4'-methyl-2-ox0-2H-{1,2'-bipyridine}-5'-carbeuitrile.

Me
<

4
E‘E\/)\\
N

Intermediate 155 was prepared (0.25 g, 25.10%), by using a similar synthetic

N

5 protocol as that of Intermediate 6 and starting from 2-hydroxyisonicotinaldehyde (0.50
g, 4.06 mmol) and 6-bromo-4-methylnicotinonitrile (0.80 g, 4.06 mmol). 'H NMR (400
MHz, DMSO-~d6) 6 ppm 257 (3,3 H)6.63-6.66(m, 1 H), 721 (4, /=1 060Hz 1 H), 805
(t,/=582Hz 2H), 9.03 (s, I H}, 9.95 (5,1 H), LCMS (Method-D): retention time 2. 44 min,
[M-H] 238.0.

10 Intermediate 156: 6-(4-formyl-3-methyl-2-0x0-2,3-dihyvdro-1H-imidazol-1-yi)-
4-methylnicotinonitrile

o} %ﬂe

Intermediate 156A: methyl 1-{5-cyano-4-methylpyridin-2-yi}-2-ex0-2,3-

dibydro-1H-imidazele-4-carboxylate
o
NI
o
i

7\
N \
-\:}Me

13 CH
Intermediate 156A was prepared (4.30 g, 79.00%) as a white solid, by using a
similar synthetic protocol as that of Intermediate 15C and starting from 6-bromo-4-
methyloicotinonitrile (4.16 g, 21.11 mmol) and methyl 2-ox0-2,3-dihydro-1H-imidazole-
4-carboxylate (3.00 g, 21.11 mmol). 'H NMR (400 MHz, DMSO-ds) 8 ppm 2.54 (s, 3 H),
20 379(s,3H),789(s, 1 H),839(s, 1 H), 882 (s, 1 H), 11.52 (s, 1 H). LCMS (Merhod-O):
retention time 0.88 mun, [M+1}259.1.
Intermediate 1568: methyl 1-(S-cyano-4-methyipyridin-2-vi}-3-methyl-2-0x0-

2,3-dihydro-1H-imidazole-4-carboxylate
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Intermediate 1368 was prepared (1.15 g, 99.00%) as a burgundy solid, by using a
simifar synthetic protocol as that of Imtermediate 93B and starting from Intermediate
156A (1.10 g, 4.26 mmol) and iodomethane (2.65 miL, 42.6 mmol). '"H NMR (400 MHz,
DMSO-dsy 6 ppm 2.58 (s, 3 H), 343 (5,3 H), 381 (5,3 H), 801 (s, 1 H), 8425, 1 H),8.86
(s, 1 H). LCMS (Method-O): retention time 1.07 min, [M+1]273.5.

Intermediate 156C: 6-{4-(hydroxymethyl)-3-methyl-2-0x0-2,3-dihydro-1H-

¥4

imidazol-1-yi}-4-methyinicotinonitrile

Ma
HO™ N
\“\, o
N
5“53\\
je RMe
CH
10 Intermediate 156C was prepared (0.80 g, 69.00%) as a burgundy solid, by using a
similar synthetic protocol as that of Intermediate 60B and starting from Intermediate
1568 (1.30 g, 477 mmol) and NaBH: (0.90 g, 23 .87 mmol}."H NMR (400 MHz, DMSO-
dsy & ppm 2.25 (s, 3 H), 3.24 (s, 3 H), 4.36 (br.s, 2 H), 5.25 (brs, | H), 7.28 (s, 1 H), 8.45
(s, 1 H), 879 (s, | H). LCMS (Method-O): retention time 0.69 min, [M+1] 2454,
15 Intermediate 156:
Entermediate 156 was prepared (0.070 g, crude) as a white solid, by using a simular
synthetic protocol as that of Intermediate 9 and starting from Intermediate 156C (1 50 g,
6.20 mmol). LCMS (Method-(?): retention time 0.92 min, {M+1} 243.5. The compound
was taken directly to the subsequent step without further purification or characterization.
20 Intermediate 157: 6-(3-(difluoromethyl}-4-formyl-1H-pyrazol-1-yl)}-4-

methylnicotinonitrile
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~NH

Intermediate 157A was prepared (1.40 g, 71.90%), by using a similar synthetic

5 protocol as that of Intermediate 67A and starting from ethyl 3-(diflucromethyl)-1H-

pyrazole-4-carboxylate (2.50 g, 13.15 mmol) and DIBAL-H (39.40 mL, 3940 mmol). 'H

NMR (400 MHz, DMSO-d0) 5 ppm 448(d, /=502 Hz, 2H),496(t,./ =527 Hz, 1 H),

0.77-7.15(m, 1 H), 7.72 (s, 1 H), 13.06 (br. s., 1 H). LCMS (Me#hod-0): retention time
0.394 min, [M+H] 1492,

10 Intermediate 157B: 3-(difluoromethyl}-1 H-pyrazole-4-carbaldehyde

NH
Intermediate 1578 was prepared (1.00 g, 50.70%;}, by using a similar synthetic
protocol as that of Intermediate 152C and starting from Intermediate 157A (1.00 g, 6.75
mmol) and manganese dioxide (1.17 g, 13.50 mmol). 'H NMR (400 MHz, DMSO-ds) &
15 ppm7.01-738(m, 1 H),862(s, 1 H}, 994 (s, 1 H), 13.94 (br. s, 1 H). LCMS (Method-
HYy: retention time 0.54 min, [M-H] 145.0. PF NMR (400 MHz, DMSO-ds) 8 ppm -112.87.
Intermediate 157:
Intermediate 157 was prepared {(0.50 g, 43.50%), by using a similar synthetic
protocol as that of Intermediate 6 and starting from Intermediate 157B (0.25 ¢, 1.71
20 mmoly and 6-bromo-4-methylnicotinonitrile (0.34 g, 1.711 mmol}. 'H NMR (400 MHz,
DMSO-de} & ppm 2.66{s, 3 H), 730 -741 (m, 1 H), 8.12 (s, 1 H), 899 (5, 1 H), 9.50 (s,
1 H}, 10.04 (s, | H). LCMS (Method-D): retention time 1.48 min, [M-H] 261 .0.
Intermediate 158: 6-(3-cyclopropyl-d-formyl-1H-pyrazol-1-yl)-4-
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methylnicotinonitrile

Intermediate 138A: (3-cyclopropyl-1H-pyrazol-4-yhmethanol

N
~NH
5 Intermediate 158A was prepared (2.60 g, 67.10%), by using a similar synthetic

protocol as that of Intermediate 187 A and starting from ethyl 3-cyclopropyl-1H-pyrazole-
4-carboxylate (5.00 g, 27.7 mmol). "H NMR (400 MHz, DMS0-d6) & ppm 0.78 - 0.90 (m,
4H), 1.78-194 (m, 1 H),437(d,J=514Hz, 2H)L 465, /=526Hz, 1 H),724-743
{m, 1 H), 12.16 (br. 5., 1 H}. LCMS (Method-H): retention time 0.54 mun, [M+H] 208.2.

10 Intermediate 158B: 3-cyclopropyl-1H-pyrazole-d-carbaldehyde
if
H R
| N
L.NH

Intermediate 1588 was prepared (1.20 g, 39.30%;), by using a similar synthetic
protocol as that of Intermediate 1578 and starting from Intermediate 158A (200 g, 14.48
mmol). 'H NMR (400 MHz, DMSO-de) § ppm 0.78 - 0.90 (m, 4 H), 2.08 - 2.14 (m, 1 H),
15 798-819(m, 1 H), 9.90(s, 1 H), (1 Exchangeable proton not observed). LCMS (Method-
Dy retention time 0.57 min, [M+H] 137.1.
Intermediate 153:
Intermediate 158 was prepared {(0.03 g, 52.90%), by using a similar synthetic
protocol as that of Intermediate 6 and starting from Intermediate 158B (0.03 g, 1.83
20 mmoly and 6-bromo-4-methylnicotinonitrile (0.04 g, 1.836 mmol}. 'H NMR (400 MHz,
DMSO-de}d ppm 093 - 112 {(m, 4 H), 2.50-252(m, 1 H), 260 (s, 3 H), 794 (s, | H),
891 (s, 1 H), 927 (s, 1 H), 106.05 (s, | H). LCMS (Method-H): retention time 2.72 min,
IM+HT 2531,
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Intermediate 159: 1-(S-formylpyrimidin-2-yi)-4-methyl-1 H-pyrazole-3-
carbonitrile
L

BN

P E

N™ RTN F

L‘ﬁ

Intermediate 159 was prepared (0.10 g, 58.90%), by using a similar synthetic

¥4

protocol as that of Intermediate 20 and starting from 2-chloropyrimidine-3-carbaldehyde
(0.10 g, 0.70 mmol) and 4-(triflucromethyl}-1H-imidazole (0.10 g, 0.77 mmol). 'H NMR
{400 MHz, DMSO-de) & ppm B62 (1, J = 1.60Hz, 1 H), 887 (d, /= 1.00 Hz, 1 H), 936

{s, 2 H}, 10.16 (5, 1 H). LCMS (Merhod-J): retention time 1 .80 min, [M+H] 243 .0.
Intermediate 160: 2-(4-formyl-2-methyl-1 H-imidazol-1-yl)-4-

10 methoxypyrimidine-S-carbonitrile
G
H/L\,fﬁ

(I —

Ly

e

\ /0

\
CN

To a sturing solution of Z-methvl-1H-imidazole-4-carbaldehyde (024 g, 221
mmaol) in ACN (25 mL) was added2-chloro-4-methoxypyrimidine-S-carbonitrile (0.25 g,

1.47 mmol) followed by K2C03(0.20 g, 1.47 mmol) and stitring was continued at ambient

oy
¥4

temperature for 1 h. The reaction mixture was diluted with water (30 mL}. The solid
precipitate was filtered, washed with EtOH (2 mL) and dried under vacuum to obtain
Intermediate 160 {0.15 g, crude). LCMS {(Method-(}}: retention time 0.81 min, [M+H]
244.1. The compound was taken directly to the subsequent step without further purification
or characterization.

20 Intermediate 161: 6-(d-formyl-1H-imidazol-1-yl)-4-methoxynicotinonitrile

8

H -
J\E

N-E 2

Ohde

/

CM
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Intermediate 161 was prepared (030 g, 25.00%), by using a similar synthetic
protocol as that of Intermediate 20 and starting from TH-imidazole-4-carbaldehyde (0.50

g, 5.20 mmol} and 6-chloro-4-methoxynicotinonitrife (1.05 g, 6.24 mmol), 'H NMR (400

MHz, DMSO-do) S ppm 413 (s, 3 H), 781 (s, 1 H}, 883 (s, 2H), 895(d, /=119 Hz 1
H), 9.87 (s, 1 H). LCMS (Method-1): retention time 0.75 min, [M+H] 2291

Intermediate 162: 3-(d-(trimethylstannyl)pyridin-2-ylloxazolidin-2Z-one

Intermediate 162A: 3-(4-bromopyridin-2-vjoxazolidin-2-one

Br

S o
| Jl\
N N

L
To a stirred solution of 4-bromopyridine-2-amine {(5.00 g, 28.90 mmol} in THF (50
mL ) was added 2-chloroethyl chloroformate (4.47 ml, 43 30 mmol) and K2COs (1198 g,
87.00 mmol) and the resulting mixture was heated to 70 °C for 10 h. The reaction mixture
was cooled to ambient temperature, concentrated to dryness under reduced pressure, difuted
with water (50 mL) and extracted with ethvl acetate (2 x 100 mL). The combined organic
layer was washed with brine (30 mL), dried over anhydrous sodium sulfate and evaporated
under reduced pressure. The residue was purified by column chromatography (Redisep-40
g, 10-20% EtOAc/n-hexane) to obtain Intermediate 162A (1.40 ¢, 20.00%;) as a pale
yellow solid. 'H NMR (400 Mz, DMSO-ds) § ppm 4.13 - 4.20 (m, 2 H), 4.44 - 4.50 (m,
2H), 7.41 (dd, /=527, 1.76 Hz, 1 H), 829 (d, J= 552 Hz, 1 H), 8.30(d, /= 1.51 Hz, |
H}). LCMS {(Method-1)), retention time 1.86 min, [M+H] 243,
Intermediate 163
Intermediate 162 was prepared (0.15 g

crude), by using a similar synthetic

2

protocol as that of Intermediate 23A and starting from Intermediate 162A (0.15 g 0.62
mmol). LCMS (Method-O): retention time 1.30 min, [M+1] 328.2. The compound was
taken directly to the subsequent step without further purification or characterization

Intermediate 163-F and 163-11: S-(piperazin-2-yl)isobenzofuran-1{3H)-one.

- 287 -



10

J—
L

20

WO 2018/222795 PCT/US2018/035270

N LN
Enantiomer-l (163-1) Enantiomer-H {163-H)

Intermediate 163A: 5-(4,4,5,5-tetramethyl-1,3,2-dioxaberolan-2-

yhisobenzofuran-1{3H)-one

: %Z(“Me
o
Mg Me

Svnthesized according to literature procedures (PCT Int. Appl., 2012037132},

Intermediate 163B: 5-(pyrazin-2-yljisobenzofuran-1{3H}-one

o
O
MR
N

Intermediate 163B was prepared (3.20 g, 49.00%), by using a similar synthetic
protocol as that of Intermediate 2C and starting from Intermediate 163A (2044 g, 79.00
mmol) and 2-chloropyrazine (9.00 g, 79.00 mmol). 'H NMR (400 MHz, DMS0-ds} 8 ppm
551 (s,2H),800(d, /=803 Hz, 1 H), 835(dd, /J=8.03, 1.51 Hz, 1 H), 844 (d, /= 1.00
Hz, 1 H),872(d, /=251Hz 1 H), 881 (dd,/J=251,1.51Hz, 1 H),938(d, /=151 Hz,
1 H). LCMS (Method-Dy: retention time 111 min, [M+H] 213.0.

Intermediate 163-1 and 163-{1:

Intermediate 163-1 and 163-1 was prepared by using a similar synthetic protocol
as that of Intermediate 2-1 and 2-11 and starting from Intermediate 1638 (550 g, 25.90
mmol). The racemate was separated into two individual enantiomers by SFC [Lux
Amylose-2 (250 x 4.6 mm) S micron; 0.4% DEA in EtOH, Flow: 3.0 g/min. Temperature:
30 °C, UV: 230 nm}. First eluted compound (retention time 1.8 min)}, designated as
Intermediate 163-1, was obtained (0.50 g, 16.70%) as an off-white solid. 'H NMR (400
MHz, DMSO-da) 0 ppm 2.43 (d, /= 1155 Hz, 1 H), 2.61 -2.69(m, 1 H), 2.72 - 2.86 (m,
2H),292(d, /=1155H2, 2H),381(d, /=803 Hz, | H},538(s, 2 H), 7.58(d, /=8.03
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Hz, 1 H), 7.68 (s, 1 H), 7.78 {d, J= 8.03 Hz, 1 H), (2 Exchangeable protons not observed).
LCMS (Method-D): retention timne 0.39 min, [M+H] 219.1. Chiral purity (Method-XVIy:
retention time 3.11 min, 95.80% ee. Second eluted compound {(retention time 2.40 min),
designated as Intermediate 163-11, was obtained (0.70 g, 23.30 %} as an off-white solid.
'H WMR (400 MHz, DMSO-ds) 8 ppm 2.43 (d, /= 1155 Hz, 1 H), 2.61 - 2.69 (m, 1 H),
272-280(m,2H), 292 (d, J=1155Hz 2H), 381 (d, /=803 Hz, 1 H), S38 (s, 2 H),
758(d, /=803 Hz 1 H), 768 (s, 1 H), 7.78(d,/=8.03 Hz, 1 H), {2 Exchangeable protons
not observed). LCMS (Method-13) retention time 0.53 win, [M+H] 219.1. Chiral purity
(Method-XVT): retention time 4.82 min, 90.00% ee.

Intermediate 164-1 and 164-II: 4-methyl-5-((2R)-6-methylmorpholin-2-

vijisobenzofuran-1{3H}-one

Diastersomer- (1641} Diastereomer-li {184}
Intermediate 164A-1: 5-((1 B)-1-hydroxy-2-{(2-hydroxypropyllaminejethyl)-4-
methylisobenzefuran-1{3H)-one

[¢]

OH

L&

Me éH Me

To a stirring solution of Intermediate 1-1(10.00 g, 52.60 mmol) in EtOH (150 mL}
was added 1-aminopropan-2-of {(11.85 g, 158.0 mmol) and stirring was continued at 50 °C
for 16 h. The reaction mixture was concentrated under reduced pressure and diluted with
diethyl ether (50 mL). The sohid precipitate was filtered and dried under vacuum to obtain
Intermediate 164A-1(8.00 g, 57.40%). "H NMR (400 MHz, DMSO-ds) & ppm 0.96 - 1.05
(m, 3 H), 1.98 (br. s, 1 H}, 2.26 (s, 3 H), 2.31 - 2.43 (m, 1 H), 2.55 - 2.69 (m, 1 H), 3.47
(br s, 1 H), 446 (br.s, 1 H). 497 (br. s, 1 H), 5.38(d, J=2.01 Hz, 2 H), 5.42 (br. 5., |
Hj, 7.65 - 7.70 (m, 2 H), (2 Exchangeable proton not observed). LCMS (Mefhod-O):
retention time 0.43 min, [M+H] 266.5.

Intermediate 164-1 and 164-11:
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A stirred solution of Intermediate 164A-1 (5.00 g, 18.85 mmol} tn 63% HBr (50
mb, 921 mmol} in water was heated at 90 °C for 16 h. The reaction mixture was cooled to
ambient temperature, diluted with 10% NaOH solution (100 mL ) and extracted with 10%
MeOH in DCM (2 x 250 mL). The combined organic layers were washed with brine (30
ml.), dried over anhydrous sodium sulfate and evaporated under reduced pressure. The
diastereomer was separated into individual isomer by SFC [Chiralpak AD-H (250 x 4.6
mm) S micron; 0.2% NH4OH in MeOH, Flow: 4.0 g/min. Temperature: 30 °C, UV: 235
nim]. First eluted compound (retention time 6.20 min}, designated as Intermediate 164-,
was obtained (0.80 g, 32.00%). 'H NMR (400 MHz, DMSO-ds) & ppm 1.15 (d, J = 6.02
Hz, 3 H), 2.28 (s, 3 H), 2.97 - 3.09 (m, 2 H), 3.32 (br. s, 2 H), 3.83 (ddd, J = 10.42, 6.15,
2.51 Hz, 1 H), 4.89 (dd, J = 10.29, 2.26 Hz, 1 H), 5.40 (d, /= 3.51 Hz, 2 H), 7.61 (d, J =
8.0Hz 1 H), 768 (d, /= 8.0 Hz 1 H), (I Exchangeable protons not observed). LCMS
(Method-D) retention time 0.83 min, {M-+H] 248.2. Chiral purity (XXX71): retention time
6.00 min, 99.00% ee. Second eluted compound (retention time 7 .80 min), designated as
Intermediate 164-11, was obtained (1.00 g, 40.00%) as off-white solid. 'H NMR (400
MHz, DMSO-d6) & ppm 1.15 (d, /= 6.02 Hz, 3 H), 2.28 (s, 3 H), 2.97 - 3.09 {m, 2 H), 332
(br. s, 2 H), 3.83 (ddd, /= 10.42, 6.15, 2.51 Hz, 1 H), 4.89 (dd, /= 10.29, 2.26 Hz, 1 H),
540 (d, J=3.51 Hz, 2 H), 7.61 (d, /= 8.00 Hz, 1 H), 7.68 (d, J = 8.00 Hz, 1 H), (I
Exchangeable protons not observed). LCMS (Method-D) retention time .80 min, [M+H]
248.2. Chural purity (Method-XXXIT}: retention time 7.62 min, 95.00% ee.

Intermediate  165: 3-(4-((5-bromopyridin-2-yijmethylpiperazin-2-yi}-4-

methylisebenzofuran-1{3H}-ene.

&)
N/\ﬁﬁ
Mo HN N
& \\//I / r

Intermediate 165 was prepared (0.18 g, 15.54%), by using a similar synthetic

o

protocol as that of Intermediate 4 and starting from Intermediate 2-E{0.19 g, 0.81 mmol}
and S-bromopicolinaldehyde (0.15 g, 0.81 mmol). LCMS (Method-DY: retention time 1 416
min, [M+2H] 404.0. The compound was taken directly to the subsequent step without
further purification or characterization.

Intermediate 166: 2-(1H-1,2,4-triazol-1-yDpyrimidine-5-carbaldehyde.
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Intermediate 166 was prepared (0.30 g 33.20%), by using a similar synthetic
protocol as that of Intermediate 144 and starting from 2-chloropyrimidine-S-carbaldehyde
{0.50 g, 3.51 mmol) and 4H-1,2 4-triazole (0.266 g, 3.86 mmol). 'H NMR (400 MHz,
DMSO-de) 5 ppm 842 (s, 1 H), 938 (5,2 H), 9.58 (5, 1 H}, 10.16 (s, 1 H}. LCMS (Method-
1) retention time 0.43 min, [M+H] 174 2.

U

Intermediate  167:  1-(Sformylpyridin-2-yi)-4-methyl-1 H-pyrazole-3-carbonitrile
G

s
TREENEE
i/
NTONTN e
N\
W
]

Intermediate 167 was prepared (1.15 g, 52.10%), by using a sirotlar synthetic
10 protocol as that of Intermediate 28 and starting from 6-bromonicotinaldehyde (0.30 g,
1.61 mmol) and 4-methyl-1H-pyrazole-3-carbonitrile (0.19 g, 1 77 mmol). 'H NMR (400
MHz, DMSO-de) & ppm 2.25(d, J = 100 Hz, 3 H), 8.15(d, /= 853 Hz, 1 H), 845 -8.50
(m, TH), 883(s, 1 H), 9.03-907 (m, 1 H}, 10.14 (5, 1 H). LOMS (Method-D): retention

time 2.164 min, [M+H] 213.2.

13 Intermediate 163: 1-(S-formylpyrimidin-2-yi}-4-methyl-1H-pyrazole-3-
carbonitrile
O

Intermediate 168 was prepared (0.30 g, 40.10%), by using a similar synthetic
protocol as that of Intermediate 144 and starting from 2-chloropyrimidine-5-
20 carbaldehyde (0.50 g, 3.51 mmol} and 4-methyl-1H-pyrazole-3-carbonitrile (0.41 g, 3.86
mmol). 'H NMR (400 MHz, DMSO-ds) 8 ppm 2.23 (d,/J=100Hz, 3 H),885(d, J =
1.00Hz 1 H), 890(s, 1 H), 936 (s, 1 H), 10.15 (s, 1 H). LCMS (Method-1): retention
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time 1.54 min, [M+H] 2140,
Intermediate 169: 1-(5-formylpyrimidin-2-yi)-4-methyl-1H-pyrazole-3-
carbonitrile
Q
H ~H

Py F
N NL;:}%;F

Intermediate 169 was prepared (0.10 g, 58.90%;), by using a similar synthetic
protocol as that of Intermediate 144 and starting from 2-chloropyrimidine-S-carbaldehyde
(0.10 g, 0.70 mmol) and 4-(triflucromethyl)-1H-imidazole (0.11 g, 0.77 mmol). 'H NMR
{400 MHz, DMSO-d6) o ppm 862 (t, J=1060Hz 1 H), 887(d, J=100Hz 1 H), 936
(s, 2 H), 10,16 (s, 1 H). LCMS (Merhod-J): retention time 1.80 nun, [M+H] 243 0.

Intermediate 170 1-(S-formylpyridin-2-yi}-4-methyi-1H-pyrazole-3-carbonitrile

O
H X

|
N L
™ MRy Me
RS
W
N

Entermediate 170 was prepared (0.20 g, 58 40%), by using a similar synthetic
protocol as that of Intermediate 20 and starting from 6-bromonicotinaldehyde (0.3 g, 1.61
mmol) and 4-methyl-1H-pyrazole-3-carbonitrile (0.19 g, 1.77 mmol). 'H NMR (400 MHz,
DMSO-ds} S ppm 2.25(d, J=100Hz, 3 H), 8.15(d, /=853 Hz, I H),845-850 (m, 1
Hj, 8.83 (s, 1 H}, 9.03 -9.07 (m, 1 H), 10.14 (s, } H). LCMS (Method-D): retention time
2.16 min, [M+H} 2132,

Intermediate 171: 1-(S-formylpyrimidin-2-yi}-4-methyl-1 H-pyrazole-3-

carbonitrile

W
R

Intermediate 171 was prepared (0.30, 40.10%), by using a similar synthetic

protocol as that of Intermediate 144 and starting from 2-chloropyrimidine-5-carbaldehyde
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(0.50 g, 3.51 mmol} in 4-methyl-1H-pyrazole-3-carbonitrile (0.413 g, 3.86 mmol). 'H
NMR (400 MHz, DMSO-d6)d ppm 2.23 (d, J=100Hz, 3 H}),885(d, /=100 Hz | H),
890 (s, 1 H), 936 (s, 1 H), 10.15 (s, 1 H). LCMS (Method-D): retention time 1.54 nun,
[M+H]214.0.

Intermediate 172: 1-(S-formylpyrimidin-2-yi}-4-methyl-1 H-pyrazole-3-
carbonitrile

Q
H R

Ao F
N NL;:}__,%;F

Intermediate 172 was prepared (0.10 g, 58.90%;), by using a stmilar synthetic
protocol as that of Intermediate 144 and starting from 2-chloropyrimidine-5-
carbaldehyde (0.10 g, 0.70 mmol) and 4-(triflucromethyi)-1H-imidazole (0.10 g, 0.77
mmol). 'H NMR (400 MHz, DMSO-ds) 8 ppm 8.62(t, J=16Hz 1 H), 887(d,/=1.00
Hz, 1 H), 936 (s, 2 H), 10.16 (s, 1| H). LCMS (Method-J}, retention time 1.80 min,
[M+H] 243.0.

Intermediate 173: 6-(1H-1,2,4-triazol-1-yi}nicotinaldehyde.

o
[T | =
L
A
K hf N
N/

Intermediate 173 was prepared (0.30 g, 49.30%), by using a similar synthetic
protocol as that of Intermediate 138 and starting from 6-bromonicotinaldehyde {(0.50 g,
2.69 mmol) and 4H-1,2 4-triazole (0.204 g, 2.96 mmol). 'H NMR (400 MHz, DMSO-ds)
dppm 807 (d, /=831 Hz, 1 H), 841 (br.s, 1 H), 851 {d, /=783 Hz, 1 H), 9.07 (br. s,
1 H), 952 (br. s, 1 H), 1015 (br. 5., 1 H), LCMS (Method-O): retention time 0.62 min,
IM+H] 1752

Intermediate 174-1: (K)-3-(4-({(6-bromopyridin-3-yiimethylipiperazin-2-yl}-4-
methylisobenzofuran-1{3H}-one

Q

Q

e
d T,
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Intermediate 174-1 was prepared (0.22 g, 24.50%), by using a similar synthetic
protocol as that of Intermediate 4 and starting from Intermediate 2-F(0.18 g, 0.77 mumol)
and 5-bromopicolinaldehyde (0.12 g, 0.64 mmol}. LCMS (Method-D): retention time 1.02
min, [M+2H] 4044 The compound was taken directly to the subsequent step without
turther purification or characterization.

Intermediate 175: N-{3-(4-methyi-1-0x0-1,3-dihydroisobenzofuran-5-

yhpiperidin-4-yvijacetamide

Intermediate 175A: tert-butyl 4-amino-3-(4-methyl-1-0x0-1,3-

dihydroisobenzofuran-S-yljpiperidine-1-carboxylate

MM

To a stirred solution of Intermediate 4A (0.20 g, 0.58 mmol} in MeOH (20 mL}
was added ammonium acetate (0.13 g, 1.74 mmol} and stirring was continued at ambient
temperature for 12 h. To the resulting solution, NaCNBH4 {(0.07 g, 1.16 mmol) was added
and stirring was continued at ambient temperature for 8 h. The reaction mixture was
concentrated to dryness under reduced pressure, diluted with saturated solution of NaHCO3
{50 mL) and extracted with ethyl acetate (2 x 40 mL ). The combined organic layer was
washed with brine (30 ml), dried over anhydrous sodium sulfate and evaporated under
reduced pressure. The residue was taken into diethyl ether (30 mL), and solid precipitate
was filtered and dried under vacuum to obtain Intermediate 175A (0201 ¢, 99.10%).
LCMS (Method-1y. retention time 0.91 nun, [M-H] 291.5. The compound was taken
directly to the subsequent step without further purification or characterization.

Intermediate 175B: tert-butyl 4-acetamido-3-(4-methyl-1-ox0-1.3-

dihydroisobenzofuran-S-yljpiperidine-1-carboxylate
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To a stirred solution of Intermediate 1754 (0.18 g, 0.52 mmol) in DCM (10 mL)
was added TEA (0.22 rol., 1.56 mmol) followed by acety! chloride (0.06 mk., 0.78 rmamol)
at 0 °C and the resulting reaction mixture was stirred at ambient temperature for 2 h. The
reaction nuxture was diluted with water (530 mL) and extracted with DCM (3 x 50 mL).
The combined organic layers were washed with brine (30 mL}, dried over anhydrous
sodium sulfate and evaporated under reduced pressure. The residue was taken into diethyl
ether (20 mL), and solid precipitate was filtered and dried under vacuum to obtain
Entermediate 175B (0.20 g, 99.00%) as a yellow solid. LCMS (Method-/): retention time
1.19 min, [M+1] 387 4. The compound was taken directly to the subsequent step without
further purification or characterization.

Intermediate 175;

Intermediate 175 was prepared {0.160 g, crude) as a vellow solid, by using a
similar synthetic protocol as that of Intermediate 19- and starting from Intermediate
175B(0.15 g, 0.38 mamol)

and TFA(0.300 mL, 3.86 mmol). LCMS (Me#hod-I): retention time 0.38 min,
{M-+117 289.6. The compound was taken directly to the subseguent step without further
purification or characterization.

Intermediate 176: 1-{6-methyl-4-(2-oxooxazelidin-3-vljpyridin-2-yl}-1 H-
pyrazole-4-carbaldehyde

i

HJ\QN

-

o

e
e é\?’
Intermediate 176A: 1-{4-amino-6-methyipyridin-2-yi}-1H-pyrazsole-4-

carbaldehyde
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Intermediate 176 was prepared {(2.10 g, 64.70%), by using a simular synthetic
protocol as that of Intermediate 6 and starting from 1H-pyrazole-4-carbaldehyde (1.54 g,
16.04 mmol) and 2-bromo-6-methylpyridin-4-amine (3.00 g, 16.04 mmol). 'H NMR (400
MHz, DMSO-ds) 6 ppm 2.31 (5, 3 H), 6.21 - 626 (m, 2 H), 697 (d, /=201 Hz, 1 H),
7.62 (s, 1 H), 819 (s, 1 H), 9.15 (s, 1 H), 9.94 (5, 1 H}. LCMS (Method-I): retention time
0.74 min, [M+1] 203 4.
Intermediate 1768 : 2-chioroethyl 2-(d-formyl-1H-pyrazol-1-yl)-6-

methylpyridin-4-yijcarbamate

i

Intermediate 1768 was prepared (1.10 g, 72.10%), by using a simtilar synthetic
protocol as that of Intermediate 76A and starting from Intermediate 176A (1.00 g, 4.95
mmol} and 2-chloroethyl carbonochloridate (0.70 mL, 6.43 mmol). 'H NMR (400 MHz,
DMSO-ds) & ppm 2.52 (5,3 H), 3.90-3.93 (m, 2 H), 441 -443 (m, 2 H), 733 (5, | H),
803 (s, 1 H),826(s, 1 H),9.24 (s, 1 H), 996 (s, 1 H), 10.59 (s, 1 H). LCMS (Method-I):
retention time 1.14 min, [M+1]309.2.

Intermediate 176:

Intermediate 176 was prepared (0.60 g, 68.00%), by using a similar synthetic
protocol as that of Intermediate 768 and starting from Intermediate 176B (1.00 g, 3.24
mmol) and NaH (0.26 g, 6 48 mmol). 'H NMR (400 MHz, DMSO-ds) 8 ppm 2.54 (s, 3
H),414(dd, /=904, 703 Hz, 2H), 452 (dd, /=904, 703 He, 2 H), 735(d, /=201
Hz, 1 H), 820(d, J=151Hz, 1 H), 829 (s, 1 H), 928 (s, 1 H), 997 (5, | H) LCMS
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(Method-T): retention time 0.90 min, [M+1]273.1.
Intermediate 177 : 1-(6-(2-oxooxazolidin-3-yipyridin-2-vi}-1 H-pyrazele-4-

carbaldehyde

N
(oo

Intermediate 177A: 1-(6-aminopyridin-2-yi}-1H-pyrazole-d-carbaldehyde

Intermediate 177 A was prepared (2.00 g, 51.10% ), by using a similar synthetic
protocol as that of Intermediate 6 and starting from 1H-pyrazole-4-carbaldehyde (2.00 g,
20.81 mmol) and 6-bromopyridin-Z-amine (3.60 g, 2081 mmol). LCMS (Method-I)
retention time 0.72 min, [M+H] 189.4. The compound was taken directly to the subsequent
step without further purification or characterization.

Intermediate 1778B: 2-chioroethyl (6-{4-formyl-1H-pyrazel-1-yhpyridin-2-

yijcarbamate

K
Intermediate 1778 was prepared (0.09 g, 60.00%) as a yellow solid, by using a
similar synthetic protocol as that of Intermediate 76A and starting from Intermediate
1774 (0.05 g, 0.27 mmol) and 2-chloroethyl carbonochloridate (0.04 mL, 0.35 mmol).
LOMS (Method-Iy: retention time 1.06 min, [M+1] 2954 The compound was taken

directly to the subsequent step without further purification or characterization
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Intermediate 177:

Intermediate 177B was prepared (0.01 g, 99.90%) as a yellow solid, by using a
similar synthetic protocol as that of Intermediate 76B and starting from Intermediate
1778 (0.08 g, 0.27 mmol) and NaH (0.02 g, 0.41 mmol). 'H NMR (400 MHz, DMSO-ds)
Sppm420-441(m, 2H),443-4068(m, 2H), 7.69(dd, /=653,2.01 Hz, 1 H), 7.87 -
8.16{(m, ZH), 833 (s, 1 H}, 932 (s, 1 H), 9.98 (5, 1 H). LCMS (Method-I}. retention time
(.92 min, [M+1}259.2.

Intermediate 178: N-{6-(4-formyl-1H-pyrazol-1-yl)pyridin-2-yi}-N-

methylmethanesulfonamide

M&uN

)

LN
fe” 11 "0
®o

Intermediate 178A: N-(6-(d-formyl-1H-pyrazol-1-yDpyridin-2-

yvhmethanesulfonamide

Me” 1 0
o

Intermediate 178A was prepared (0.52 ¢ 92.00%) as a yellow solid, by using a
similar synthetic protocol as that of Intermediate 539 and starting from Intermediate
177A (0.40 g, 2.13 mmol) and mesyl-Cl (0.23 mL, 2.76 mmol). 'H NMR (400 MHz,
DMSO-do) 6 ppm 3.76 (s, 3 H), 7.82(d, /=753 Hz, | H), 8.14{d, /=9.04 Hz, 1 H), 8.25
-832(m, 1 Hy, 837 (s, 1 H), 940 (s, T H), 10.00 (s, T H), {1 Exchangeable proton not
observed). LCMS (Method-1): retention time 0.94 min, [M-1] 2652

Intermediate 178:

Intermediate 178 was prepared (0.150 g, 71.20%) as a pale yellow solid, by using
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a similar synthetic protocol as that of Intermediate 93B and starting from Intermediate
178A (0.20 g, 0.75 mmol} and iodomethane (1.07 ¢, 7.51 mmol). 'H NMR (400 MHz,
DMSO-ds) 6 ppm 310 (5,3 H), 3.29(s, 3 H}, 748(d, /=803 Hz, 1 H), 777 (d, /= 8.03
Hz, 1 H), 8.08(t, /=803 Hz, 1 H), 834 (s, 1 H), 9.28 (s, 1 H), 10.00 (5, 1 H). LCMS
(Method-1): retention time 0.93 nun, [M+17281 1.

Intermediate 179: 1-{4-(1,1-dioxidoisethiazelidin-2-yi)-6-methyipyridin-2-yi}-
1H-pyrazole-4-carbaldehyde

o
O
]
N V™
7= oo5
Me 0%

Intermediate 17%A: 3-chlore-N-((3-chloropropylisulfonyl}-N-C-{4-formyl-
1H-pyrazel-1-yi)-6-methylpyridin-4-yl)prepane-1-sulfenamide
o
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Intermediate 179A was prepared (0.85 g, 53.00%) as a pale vellow solid, by using
a similar synthetic protocol as that of Intermediate 39 and starting from Intermediate
176A (0.40 ¢, 1.97 mmol) and 3-chloropropane-1-sulfony! chloride (0.70 g, 3.96 mmol).
H NMR (400 MHz, DMSO-de) S ppm 117 (1, /=728 Hz, 4 H), 2.64 (5,3 H),3.71 -3.82
(m,4H) 386-396(m,4H),762(d,/J=151Hz 1H),788(s, 1 H),836(s, 1 H), 9.35
(s, 1 H), 10.00 (5, 1 H). LCMS (Method-{y: retention tirme 1.69 min, [M-+2H] 485.2.

Intermediate 1798: 3-chlore-N-(Z-{4-formyl-1 H-pyrazol-1-yi)-6-

methylpyridin-4-yijpropane-1-sulfonamide
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To a solution of Intermediate 1784 (0.85 g, 1.76 mmol) 1o THF (15 mL) was
added WNaH (0.141 ¢, 3.52 mmol) and the resulting reaction mixture was stirred for 4 h.
The reaction mixture was diluted with saturated NHaCl solution (50 mL) and extracted
with ethyl acetate (2 x 50 mL). The combined organic layers were washed with brine (30
ml}, dried over anhvdrous sodium sulfate and evaporated under reduced pressure. The
residue was triturated by diethyl ether (30 mbL) and dried under vacuum to obtain
Intermediate 1798 (0.50 g, 83.00%) as a vellow solid. LCMS (Method-1}: retention time
1 oun, [M+H] 343.2. The compound was taken directly 1o the subsequent step without
turther purification or characterization.

Intermediate 179:

Intermediate 179 was prepared (0.35 g, 79.54%) as a pale vellow solid, by using
a similar synthetic protocol as that of Intermediate 76B and starting from Intermediate
1798 (0.50 g, 1.46 mmol) and NaH (0.12 g, 2.92 mmol). 'H NMR_ (400 MHz, DMSO-ds)
& ppm 2.40 - 2.49 (m, 3 H), 3.60 - 3.69 (m, 3 H), 3.83 - 3.92 (m, 3 H), 7.00 (d, J = 1.51
Hz, 1 H), 7.62 (d, J = 2.01 Hz, 1 H), 8.28 (s, 1 H), 927 (s, 1 H), 9.97 (s, 1 H). LCMS
{(Method-Iy: retention time 1.13 min, [M+H] 307 2.

Intermediate 186: (1-(Z-methoxypyridin-4-yi)-S-oxopyrrolidin-3-ylmethyl
methanesulfonate

Meg

%
TN 0
N

{_}“GM&

Intermediate 180A : methyl 1-(Z-methoxypyridin-4-yi)-S-oxopyrrolidine-3-

carboxylate
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Intermediate 180A was prepared (1.50 g, 86.00%) as a pale yellow solid, by using
a similar synthetic protocol as that of Intermediate 15C and starting from 4-bromo-2-
roethoxypyridine (1.31 g, 6.99 mimol) and methyl 5-oxopyrrolidine-3-carboxylate (1.00 g,
6.99 mmol). ‘H NMR (400 MHz, DMSO-ds) § ppm 2.71 - 2.90 {m, 2 H), 3.69 (s, 3 H),
3.84 (s, 3 H), 3.97(dd, /= 10.04, 5.52 Hz, 2 H), 4.03 - 4.13 (m, 1 H), 7.05 (d, /= 2.01 Hz,
FH), 736¢dd, J=602, 201 Hz, 1 H), 809 (d, /=552 Hz, 1 H). LCMS (Method-T)
retention time .90 min, {M+H] 251 4.

Intermediate 180B: 4-(hydroxymethyl}-1-(2-methoxypyridin-4-ylipyrrolidin-

He/\f\/,;g
N
i}@hﬁe

Intermediate 1808 was prepared (0.85 g, 96.00%) as a pale vellow solid, by using

2-one

a similar synthetic protocol as that of Intermediate 60B and starting from Intermediate
180A (1.00 g, 4.00 mmol) and NaBH1(0.45 g, 11.99 mmol). 'H NMR (400 MHz, CD;0D)
Sppm 248{dd, J=1656,602Hz, 1 H),2.61-280(m, 2H),355-3.69{(m, 2 H), 3.73
(dd, /=1004, 552 Hz, 1 H),391(s,3H),400(dd, /=954, 803 Hz, 1 H), 7.14(d, J=
PAVHz T H), 725-747(m, 1 H}, 806 (d, /= 6.02 Hz, 1 H}, (1 Exchangeable proton
not observed). LCMS (Method-1 }: retention time 0.58 min, [M+H] 223 3.

Intermediate 180:

Intermediate 1808 was prepared (0.45 g, 83.00%) as an off-white solid, by using
a stmilar synthetic protocol as that of Intermediate 39 and starting from Intermediate
1808 (0.40 g, 1.80 mmol) and mesyl chloride (0.17 mL, 2.16 mmol). 'H NMR (400 MHz,
DMSO-ds) 6 ppm 244 (dd, /= 1732, 6. 78 Hz, 1 H), 2.69-2.80 (m, 1 H), 2.83 -2.95 (m,
FH)Y,302-3140m, 1 H), 3.16-326(m, 3 H),3.64(dd, /J=1004, 602 He, 1 H), 3.84
(s,3H),398(dd, /= 10.04, 803 Hz, 1 H), 412-444(m, 1 H},705(d, /=151 Hz 1
H), 724 -754 (m, 1 H), 810 (d, J=5.52 Hz, 1 H). LCMS (Method-I} retention time
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0.84 min, [M+H] 301.3.
Intermediate [81: (R}-5-(6,6-dimethylmorpholin-2-yi}-4-

methylisobenzofuran-1{3H}-one

e
Intermediate I81A-1: (R)-5-(1-bydroxy-2-((2-hyvdroxy-2-

methylpropyliamino)ethyl)-4-methylisobenzofuran-1(3H)-one

#Me
| Be

Me éH H HO

Intermediate 181 A-1 was prepared (1.00, 34.70%) as a pale vellow solid, by using
a similar synthetic protocol as that of Intermediate 164A-1 and starting from
Fntermediate 1-1 (1.00 g, 5.26 mmol) and l-amino-Z-methylpropan-2-ol (1.00 g, 11.22
mmol). TH NMR (300 MHz, DMSO-ds) & ppm 0.98 - 1.19 (m, 6 H), 2.21 - 232 (5, 3 H),
260-267(m, 2H),270-275(m, 2H), 414-431(m, 1H),497-512(m, L H), 534
- 540 (m, 2 H), 542 - 548 (m,1 H), 7.53-7.80 (m, 2 H}, {1 Exchangeable proton not
ohserved). LCMS (Method-Oy: retention time 0.57 nun, [M+H] 280.0.

Intermediate I81B-I: (8)-5-(C-(benzyi(2-hydroxy-2-methylpropyliamine)-1-
bydroxyethyl}-4-methylisobenzofuran-1{3H)-cne

Me (’iH Bn HO

Intermediate 181B-1 was prepared (1.30 g, 38.30 %) as a pale yellow solid, by
using a similar synthetic protocol as that of Intermediate 4 and starting from
Intermediate 181A-1(2.00 g, 7.16 mmol) and benzaldehyde (0.91 g, 8.59 ramol) LCMS
(Method-L): retention time 0.78 min, [M+1] 370

Intermediate I81C-1: (R}-5-(4-benzyl-6,6-dimethylmorpheolin-2-yi}-4-

methylisobenzoturan-1(3H}-one
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Intermediate 181C-1 was prepared (0.45 g, 26 90%) as a brown solid, by using a
similar synthetic protocol as that of Intermediate 164-1 and starting from Intermediate
181B-1 (130 g, 3.52 mmol). " NMR (400 MHz, DMSO-ds) & ppm 1.20 (s, 3 H), 1.43 (s,
3H),1.75- 1.86 (m, 1 H), 1.88 - 2.01 {m, 1 H), 2.23 (s, 3 H), 2.56 - 2.70 (m, 1 H), 2.75 -
2.97 {(m, 1 H), 3.43 - 3.66 (m, 2 H), 497 - 5.15 (m, 1 H), 5.38 (s, 2 H), 7.33 - 7.35 (m, §
H), 7.61 - 7.65 (m, 2 H). LOMS (Method-O): retention time 1.67 min, [M+1]352 4.

Intermediate 181-1:

A solution of Intermediate 181B- (0.40 g, 1.14 mmol) in a mixtue of MeOH (40
mL} and THF(10 mL} was purged with nitrogen for 2 minutes. 10% Pd/C (0.100 g, 0.09
mmol} was added and reaction mixture was stirred at arobient temperature for 16 h under
Hy atmosphere. The reaction mixture was filtered through Celite® and filtrate was
concentrated under vacuum. The residue was triturated with diethyl ether (50 mL) and
dried under vacuum to obtain Intermediate 181- (0.350 g, 99.00%) as a pale brown solid.
'H NMR (400 MHz, DMSO-ds} & ppm 1.17 (s, 3 H), 1.36 (s, 3 H), 2.35 (s, 3 H), 2.50 -
2.57(m, 2H), 268-271(m, 1 H}, 295(dd, /= 12.80, 226 Hz, 1 H), 4.97 (dd, /= 10.34,
251 Hz, 1 H), 538 (s, 2 H), 7.50 - 7.80 (m, 2 H}, (1 Exchangeable proton not observed).
LCMS (Method-(): retention time 0 .81 min, [M+1]262 .4,

Intermediate 182: 1-(S-cyano-4-methoxypyridin-2-yi}-4-formyl-N-methyl-
1H-pyrazole-3-carboxamide

o CORHMe

E A\

N
Ve
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Intermediate 1824A: Ethyl 1-(S-cyano-4d-methoxypyridin-2-yiy-4-formyl-1H-

=

pyrazole-3-carboxylate
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Intermediate 182A was prepared (0.50 g, 21.05%) as a brown solid, by using a
similar synthetic protocol as that of Intermediate 6 and starting from ©6-chloro-4-
methoxynicotinonitrile (1.00 g, 593 mmol) and ethyl 4-formyl-1H-pyrazole-3-
carboxylate (1.49 g, 8.90 mmol). 'H NMR (400 MHz, DMSG-ds) & ppm 1.35(d, J = 7.60
Hz, 3H),418(s, 3H),443{q, /J=720Hz 2H), 779(s, 1 H), 888 (s, 1 H), 9.19(s, 1
H), 10.26 (s, 1 H). LCMS (Method-1): retention time 1.11 min, [M+1] 301 4.

Intermediate 1828: 1-(S-cyano-4-methoxypyridin-2-vi}-4-formyl-1H-
pyrazole-3-carboxylic acid

C  cooH
HMN
&
N/’» A\
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-Oie
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To a solution of Intermediate 182A (030 g, 0.99 mmol} in a mixture of water (5
ml) and THF (15 mL) was added LiOH (0.48 g, 1.99 mmol) and the resulting mixture
was stirred at ambient temperature for 4 h. The reaction mixture was concentrated under
vacuum and dituted with water (30 mL), acidified with 1N HCI solution and extracted with
ethyl acetate (2 x SO mlL). The combined organic layers were washed with brine (50 mlL),
dried over anhydrous sodium sulfate and evaporated under reduced pressure to obtain
Intermediate 182B (0.30 g, 56.30%) as an off-white solid. ' NMR (400 MHz, DMSO-
do)dppm4.11 (s, 3 H}, 7.65(s, 1 H), 873 (5, 1 H), 9.09 (5, 1 H), (1 H exchangeable proton
not observed). LCMS (Method-L): retention time 1.03 min, [M+1]273.1.

Intermediate 182:

To a stirring solution of Intemediate 1828 (0.10 ¢, 0.37 mmol) in DMF (10 mL)
was added HATU (280 mg, 0.74 mamol), methanamine HCI (0.12 g, 1.84 mmol} followed
by TEA (0.26 ml, 1.84 mmol) and the resulting reaction mixture was stirred at ambient

ternperature for 16 h. The reaction muxture was diluted with water (30 mL) and extracted
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with ethyl acetate (2 x 25 mL}. The combined organic layers were washed with brine (50
mbL), dried over anhydrous sodium sulfate and evaporated under reduced pressure obtain
Intermediate 182 (0.20 g, 51.50%;) as a brown solid. LCMS (Method-O}): retention time
0.87 min, [M+1] 286 4. The compound was taken directly to the subsequent step without
further punfication or characterization.

Intermediate 183: 1-(S-cyano-4-methoxypyridin-2-vl}-4-formyl-1H-pyrazole-
3-carbexamide

O CONH,

CN
Intermediate 183 was prepared (030 g, 15.05%) as a brown solid, by using a
similar synthetic protocol as that of Intermediate 182 and starting from Intermediate
1828 (0.20 g, 0.74 mmol) and ammonium chlonide (0.39 g, 7.35 myol). LCMS (Method-

(). retention time 0.78 min, [M+1] 272, The compound was taken directly to the

Intermediate 134: 6-{4-Tormyl-1H-1,2,3-triazel-1-vI}-4-(methoxy-

d3)nicotinonitrile

\/OeD,
CH
Intermediate 184A; 6-chloro-4-(methoxy-d3} nicotinonitrile
¢

RN
7 0CD,
CHR
To a stirring solution of C:0D (0.20 mL, 5.78 mmol) and NaH {(0.116 g, 2.89
mmol)in THF (10 mL) was added 4,6-dichloronicotinonitrile (1.00 g, 5.78 mmol) in DMA

20 mL} at 0 °C. The resulting reaction mixture was stirred at ambient temperature for 2
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h. The reaction mixture was diluted with water (30 mL) and extracted with ethyl acetate
(2 x 75 mL). The combined organic layers were washed with brine (50 mL), dried over
anhydrous sodium sulfate and evaporated under reduced pressure. The residue was
purified by column chromatography (Redisep-24 g, 0-100% EtQOAc/n-hexane}) to obtain
Intermediate 184A (0.25 g, 25.20%) as an off-white solid. 'H NMR (300 MHz, CDCls)
& ppm 7.26 (s, 1 Hy, 848 (5, 1 H). LCMS (Method-L): retention time 1.09 min, [M+1]
173.1.

Intermediate 184B: 6-(4-(hydroxymethyl}-2H-1,2,3-triazol-2-v1}-4-(methoxy~
d3micotinonitrile and Intermediate 184C: 6-{4-(hydroxymethyl}-1H-1,2,3-triazel-1-
yi}-4-(methoxy-d3nicotinonitrile

HQ/\“‘\ HO—
) \7‘“
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CH CN

1848 184C

Intermediate 1848 and 184C was prepared, by using a simtlar synthetic protocol
as that of Intermediate 20 and starting from Intermediate 184A (0.22 g, 1.28 mmol) and
Intermediate 28A (025 g, 256 mmol). First eluted compound designated as
Intermediate 184B, was obtained (0.12 g, 40.00%) as off-white solid. 'H NMR (400
MHz, DMSO-ds} 8 ppm 4.68 (s, 2 H), 5.50 (s, 1 H), 7.71 (s, 1 H), 8.20 (s, 1 H), 8.85 (s, 1
H). LOMS (Method-O): retention time 0.70 min, [M+1] 2355, Second eluted compound
designated as Intermediate 184C, was obtained (0.06 g, 19.98%;) as a pale vellow solid.
H NMR (400 MHz, DMSO-ds) 6 ppm 4.63 (s, 2H), 540 (s, 1 H), 789 (s, 1 H), 8.72 (5,
1 Hj, 8.90 (s, 1 H). LCMS (Method-O): retention time 0.70 min, [M-+1] 235.5.

Intermediate 184:

Intermediate 184 was prepared (0.05 g, 99.90%) as a brown solid, by using a
similar synthetic protocol as that of Intermediate 9 and starting from Intermediate 1848
(0.05 g, 0.21 mm) and Dess-martin periodinane {(0.18 g, 0.43 mmol). 'H NMR (400 MHz,
DMSO-ds) & ppm 8.0 (s, 1 H), 8.98 (s, 1 H), 9.61 (s, 1 H), 10.15 (s, 1 H). LCMS: The
compound did not ionize well.

Intermediate 185: 6-(5-methyl-1,2,4-oxadiazol-3-ylinicotinaldehyde
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Intermediate 1854 methyl 6-{(({{1-aminocthyljaminojoxyjcarbonylinicotinate

MeO0C

To a solution of 5-(methoxycarbonvl)picolinic acid {0.60 g, 3.31 mmol} in DCM
(30 mL) was added oxalyl chloride {0.580 mL, 6.62 mmol) and the resulting reaction
mixture was stirred at ambient temperature 1 h. The reaction was evaporated under
reduced pressure. The residue was redissolved in THF (20 mL) and added TEA (2.31 mi,
16.56 mmol) followed by (£)-N'-hydroxyacetimidamide (037 g, 4.97 mmol). The
resulting reaction mixture was stirred at ambient temperature 2 h. The reaction mixture
was diluted with water (30 mL) and extracted with ethyl acetate (2 x 50 mL). The
combined organic layers were washed with brine (50 mL), dried over anhydrous sodium
sulfate and evaporated under reduced pressure. The residue was purified by column
chromatography (Redisep-40 g, 0-100% EtOAc/n-Hexane)) to obtain Intermediate 185A
(0.18 g, 22.72 %} as an off-white solid. 'H NMR (400 MHz, DMSO-ds) 8 ppm 1.83 (s, 3
H), 3.93 (s, 3 H), 6.47 (br.s, 2 H), 8.29 (dd, J = 0.80, 8.40 Hz, 1 H), 8.42 (dd, J = 2.00,
800 Hz, 1 H), 917 (5, 1 H). LCMS (Method-1): retention time 0.61 mun, [M-+1]238.1.

Intermediate 185B: methyl 6-(3-methyl-1,2.4-0xadiazel-5-yijnicotinate

MeDOC

To a stirring solution of Intermediate 185 (0.15 g, 0.63 mmol) in THF (15 mL)
was added 1M solution of TBAF in THF (1.26 mL, 1.26 mmol) and resulting reaction
mixture was stirred at ambient temperature for 18 h. The reaction mixture was diluted with
water (30 mL) and extracted with ethyl acetate (2 x 25 mL). The combined organic layers
were washed with brine (50 mL)}, dried over anhydrous sodium sulfate and evaporated

under reduced pressure. The residue was purified by column chromatography (Redisep-
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12 g, 0-40 % EtOAc/n-hexane) to obtain Intermediate 185B (0.14 g, 100%) as a pale
yellow solid. 'H NMR (400 MHz, DMSO-ds} 8 ppm 2.59 (s, 3 H}, 4.01 (s, 3 H), 8.26 (dd,
J =080, 840 Hz 1 H), 849 (dd, .7 =200, 800 Hz, 1 H), 9.38 (s, | H}. LCMS (Method-
L): retention time 0.93 min, [M+1]220.1,

Intermediate 185C: (6-(3-methyl-1,2.4-oxadiazol-5-yhpyridin-3-ylmethanol

HO = |
" Q\
Nd{
e

Intermediate 185C was prepared (0.10 g, 96.00%) as an off-white solid, by using
a similar synthetic protocol as that of Intermediate 60B and starting from Intermediate
1858 (0.12 g, 0.55 mmol) and NaBHs (0.04 g, 1.00 mmol). 'H NMR (400 MHz, DMSO-
ds) & ppm 2.44 (s, 3 H), 4.65(d, J = 5.60, 2 H), 5.54 (d, J = 5.60 Hz, 1 H), 7.98 (d, J =
6.80Hz, 1 H), 819(d,./ =800 Hz, 1 H), 874 (5, 1 H). LCMS (Method-T) retention time
0.74 min, [M-H] 192.2.

Intermediate 185:

Intermediate 185 was prepared (0.10 g, 39.00%) as a brown solid, by using a
simitar synthetic protocol as that of Intermediate 9 and starting from Intermediate 185C
(0.07 g, 0.37 mm) and Dess-Martin periodinane (0.31 g, 0.73 mmol). LCMS (Method-1):
retention time 0.78 min, [M+1] 190.0. The compound was taken directly to the subsequent
step without further purification or characterization.

Intermediate 186A and 1868: tert-butyl (§-(4-methyl-1-0x0-1,3-

dihydroisobenzofuran-8-ylpiperidin-3-yljcarbamate

NHBoc HHBoc
Diastereomer-l (1864} Diastereomer-l (186B)

Intermediate 186C:; tert-butyl (3-bromopyridin-3-vljcarbamate

BocHiN Z By

S

M
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To a stirring solution of S-bromonicotinic acid HCI salt (4.00 g, 19.80 mmol) n
toluene (25 mL) was added TEA (13.80 mL, 99 mmol) followed by diphenylphosphoryl
azide (6.54 g, 23.76 mmol} and the resulting mixture was heated at 60 °C for 2 h. The
reaction mixture was heated at 100 °C after addition of #-butanol (25 mL), for 18 h. The
resulting reaction mixture was evaporated under vacuum, diluted with 10% NaHCOs
solution and extracted with ethyl acetate (2 x 100 mL}. The combined organic layer was
washed with brine {50 mL), dried over anhydrous sodium sulfate and evaporated under
reduced pressure. The restdue was purified by column chromatography (Redisep-40 g, 40-
80 % EtOAc/n-hexane)) to obtain Intermediate 186C (4.00 g, 74.00%) as a brown solid.
IH NMR (300 MHz, DMSO-ds) § ppm 1.49 (s, 9 H), 8.17 (s, 1 H), 8.29 (d, J = 1.60 Hz, 1
H}, 856(d,/=160Hz 1 H), 982 (s, | H) LCMS (Method-1). retention time 1 .32 min,
M+2]274.7.

Intermediate 186D: tert-butyl {(5-(4-methyl-1-0x0-1,3-dihydroisebenzofuran-

S-yhpyridin-3-ylearbamate

MHBoc
To a stirring solution of Intermediate 186C (4.00 g, 14.65 mmol) in a mixture of
dioxane (100 mL) and water (10 mL) was added Intermediate 2B (4.82 g, 17 57 mmol)

and Cs2003 (9.54 g, 29.3 mmol). The resulting reaction mixiure was purged with nitrogen
tor 10 minutes and Pd(PhsP) (0.86 g, 0.73 mmol} was added. The resulting reaction
mixture was heated at 100 °C for 18 h and was cooled to ambient terperature. The reaction
mixture was filtered through celite® and the filtrate was concentrated under vacuum. The
resulting residue was purified by column chromatography (Redisep-40 g, 0-40% EtOAc/n-
Hexane)) to obtain Intermediate 1861 (5.00 g, 94.00%) as a light brown solid. tH NMR

300 MHz, DMSO-ds) 8 ppm 1.49 (s, 9 H), 222 (s, 3 H), 5.47 (s, 2 H), 7.47 (d, J = 7.60
Hz, TH), 7.76(d, /=760 Hz 1 H), 793(d, /=200 Hz 1 H}, 817 (3, 1 H), 865 (5, 1
H), (1 H Exchangeable proton not observed). LCMS (Method-O): retention time 1.12 mun,
IM+1]341 5.

Intermediate 186A and 1868:

Intermediate 186 was prepared as a brown solid, by using a sirotlar synthetic
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protocol as that of Intermediate 118A and starting from Intermediate 186D (500 g,
14.69 mmol). Two diastereomers were separated by SFC [Chiralpak ADH (250 x 4.6 mm)
5 micron; 0.2% NH4OH in MeOH, Flow:1.2 mE/min, Terperature: 27 °C, UV: 210 nm].
First eluted compound (retention time 4.08 min), designated as Intermediate 186A: Dia-
I, was obtained (0.15 g, 2.96%) as pale yellow solid. "H NMR (400 MHz, DMSO-d) &
ppm 1.38 (s, 9 H), 1.45 -1.50 (m, 1 H), 1.81 - 1.96 (m, 1 H), 2.33 (s, 3 H), 2.40 - 2.45 (m,
2 H), 2.78 - 2.89 (m, 1 H), 2.94 - 3.11 (m, 2 H), 3.36 - 3.50 (m, 1 H), 5.37 (s, 2 H), 6.73 -
6.75 (m, 1 H), 738 (d, J = 8.30 Hz, 1 H), 7.64 (d, ./ = 8.30 Hz, 1 H). (1 Exchangeable
proton not observed). LCMS (Method-O): retention time 0.84 min, [M+1] 347.6. Second
eluted compound (retention time 7.99 min), designated as Intermediate 1868: Dia-1i,
was obtained {(0.12 g, 2.37%) as pale yellow solid. 'H NMR (400 MHz, DMSO-ds) 8 ppm
1.38¢s, 9 H), 1.45-1.50 (m, 1 H), 1.81 - 1.96 (m, 1 H), 2.33 (s, 3 H), 2.40 - 2.45 (m, 2 H),
278 - 2.89 (m, 1 H), 2.94 - 3.11 (m, 2 H), 3.36 - 3.50 (m, 1 H), 5.37 (s, 2 H), 6.73-6.75
(m, 1 H), 738(d,J=830Hz 1 H), 7.64 (d, /=830 Hz, 1 H), (1 Exchangeable proton
not observed). LCMS (Method-O): retention tirne 0.86 min, [M+1]347.6.
Intermediate 187: (5-(S-cyano-4-methyipyridin-2-vi)-1.2,4-oxadiazol-3-

vhmethyl methanesulfonate

Me o
QC«S\Q/\T;N»,Q
it
N\; N e
o

Intermediate 187A: S-cyane-4-methylpicolinic acid

0. GH

[ SRS
| = Me
CH
Intermediate 187A was prepared (0.70 g, 76.00%) as an off-white solid, by using
a similar synthetic protocol as that of Intermediate 182B and starting from methyl S-
cyano-4-methylpicolinate (1.00 g, 5.68 mmol) and LiOH (0.27 g, 11.35 mmol). '"H NMR
(300 MHz, DMSO-ds) & ppm 2.56 (s, 3 H), 8.07 (s, 1 H), B.98 (s, 1 H), (1 H Exchangeable

proton not observed). LCMS: (Method-1) retention time: 0.41 min, [M+1}. 1633,
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Intermediate 1878: ethyl 5-(5-cyano-4-methylpyridin-2-yi}-1,2.4-0xadiazole-

3-carboxylate

O

To a stirred solution of Intermediate 187A (0.70 g, 4.32 mmol) in EtOAc (25 mL)
was added TEA (2.41 mL, 17.27 mmol), ethyl (Z}-2-amino-2-thydroxyiminojacetate (0.07
g, 5.18 mmol} followed by 1-propanephosphonic anhydride (549 g, 8.63 mmol} at 0 °C
and the resulting reaction nmuxture was heated at 70° C for 18 h. The reaction mixture was
diluted with water {50 mL ) and extracted with EtOAc (3 x 50 mL). The combined organic
iayers were washed with brine (50 mL}, dried over anhydrous sodium sulfate and
evaporated under reduced pressure. The residue was purified by column chromatography
(Redisep-24 g, 35% EtOAc/n-Hexane) to obtain Intermediate 1878 (0.50 g, 44 90%). 'H
NMR (400 MHz, CDCl)y 8 ppm 151 (4, /=T 03 He, 3H), 266 -277 (5,3 H), 45%(q, J
=736 Hz, 2 H), 839 (s, 1 H), 9.00 (s, 1 H). LCMS (Method-1) retention time 1.39 min,
[M+H] 259.3.

Intermediate 187C: 6-{3-(hydroxymethyl}-1,2,4-oxadiazol-5-y1}-4-
methylnicotinonitrile

8

HO el \Q
NQS
/4
N“h\ -Me
N

Intermediate 187C was prepared (0.25 ¢, 42.70%) as an off-white solid, by using
a similar syothetic protocol as that of Intermediate 60B and starting from Intermediate
187B(0.70 g, 2.71 mmol) and NaBH. (0.20 g, 5.42 mmol). 'H NMR (300 MHz, DMSO-
doydppm 2.62 (s, 3 H),467(d, J=460Hz 2H), 583 (s, 1 H),851 (s, 1 H),9.09(s, 1
H} LCMS (Method-1) retention time 0.74 min, [M-H] 217.0.

Intermediate 187:

Intermediate 187 was prepared (0.15 g, 6.61%) as an off-white solid, by using a
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similar synthetic protocol as that of Intermediate 39 and starting from Intermediate
187C (025 ¢, 1.16 mmol) and mesyl chloride (0.09 mL, 1.16 mmol). 'TH NMR (300 MHz,
DMSO-ds} Sppm 237 (3,3 H), 2.73(5,3H), 501 (5,2 H),795(s, 1 H), 8.76(d, /=480
Hz, T H). LCMS (Method-1): retention time 1.08 min, [M+1]295.2.
Intermediate 188: 1"-methyl-6'-0x0-1",6"-dihydro-~}2,3" -bipyridine}-5-
carbaldehyde
O

H/l\/\l

%
\\\\N/\Ci )
g

Intermediate 188A: 1-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dicxaborolan-2-

yhpyridin-2(1H)-one

iMe Mo
Me o
Me :
O”E Z N,Me
S

[0,

Intermediate 188A was prepared (0.75 g, 60.00%) as a brown solid, by using a
similar synthetic protocol as that of Imtermediate 2B and starting from S-bromo-1-
methylpyridin-2(1H)-one (0.10 g, 0.53 mmol}. LCMS (Method-Hy. retention time 1.08
min, {M+1] 252 2. The compound was taken directly to the subsequent step without further
purification or characterization

Intermediate 188:

Intermediate 188 was prepared (0.25 g, 24.27%) as a brown solid, by using a
similar synthetic protocol as that of Intermediate 2C and starting from Intermediate
188A(0.61 g 327 mmol) and 6-bromonicotinaldehyde. LCMS (Method-(): retention
time 0.55 min, [M+1] 215, The compound was taken directly to the subsequent step
without further purification or characterization.

Intermediate 189-1 I, I1} and IV: tert-butyl 3-(hydroxymethyl)-5-(4-

methyi-1-0x0-1,3-dihydreisobenzofuran-5-vi)piperidine-i-carboxylate
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Intermediate 189A: methyl 5-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-

yhnicotinate

COOMe

Intermediate 189A was prepared {(1.30 g, 63.00%) as a brown solid, by using a
similar synthetic protocol as that of Intermediate 2C and starting from Intermediate 2B
2.00 g, 7.30 mmol} and methyl S-bromonicotinate (1.50 g, 6.90 mmol}. 'H NMR (300
MHz, DMSO-ds) S ppm 2.25 (s, 3 H},399(s, 3 H), 533(s,2H), 743(d,/J=7060Hz 1
H), 786(d, /=760Hz 1 H), 829, 1 H), 877 (s, 1 H), 9.29 (s, 1 H). LCMS (Method-
(O} retention time 0.68 min, [M+1]284.1.

Intermediate 189B: methyl 5-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-3-

yipiperidine-3-carboxylate

COOMe

Intermediate 1898 was prepared (1.30 g, 98.00 %) as a brown solid, by using a
similar synthetic protocol as that of Intermediate 118A and starting Intermediate 18%9A
(130 g, 459 mmot). 'H NMR (400 MHz, DMSO-ds) 8 ppm 1.97 - 2.06 (m, 1 H), 2.08 -
216 (m, 1 H), 230(s, 3H), 268-273{(m, 1 H),275-281{(m, 1 H), 283-292(m, |
H),297-308(m, 1H),311-323(m, 1 H),328-335(m, 1 H),3.60(s,3 H), 5.36 (s,
2H),752(d,/=800Hz 1H}762(d,/=800Hz 1 H), (1 Exchangeable proton not
observed). LCMS (Method-O): retention time 0.65 min, [M+1]290.1.

Intermediate  189C:  i-(tert-butyly 3-methyl 5-(4-methyi-1-0x0-1,3-
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dihydroisebenzofuran-5-yljpiperidine-1,3-dicarboxylate

Intermediate 18%9C was prepared {(1.00 g, 70.00%), by using a similar synthetic
protocol as that of Intermediate 1534A-1 and starting from Intermediate 189B (130 ¢,
4.50 mmol). H NMR (400 MHz, DMSO-ds) § ppm 1.42 (s, 9 H), 1.97 - 2.06 (m, 1 H),
2.08 -2.16 (m, 1 H), 2.30 (s, 3 H), 2.68 - 2.73 (m, 1 H), 2.75 - 2.81 (m, | H), 2.83 - 2.92
(m, T H), 297-308(m, T H), 311 -323(m, 1 H), 328-335(m, 1 H), 3.60 (s, 3 H),
5.36(s, 2H), 7.52 (d, /=800 Hz, 1 H) 7.62 (d,.J= 8.00 Hz, 1 H), LCMS (Method-I):
retention time 1.28 min, [M+H] 3903,

intermediate 189%9-4 IL, HI and IV

To a stirring solution of Intermediate 189C (2.00 g 514 ramol) in THF (20 mL)
was added 2M solution of LiBHs in THF (12.84 ml, 25.70 mmol) and the resulting
reaction mixture was heated at 70 °C for 18 h. The reaction mixture was cooled to ambient
ternperature, diluted with 10% solution of NH4Cl (100 ml) and extracted with ethyl
acetate (2 x 100 mL). The combined organic layers were washed with brine (50 mL), dried
over anhydrous sodium sulfate and evaporated under reduced pressure. The racemate was
separated into individual enantiomers by SFC [Chiralpak ADH (250 x 4.6 mm} 5 micron,
0.2% NH4OH in MeOH, Flow: 1.2 mL/min, Temperature: 27 °C, UV: 210 nm]. First eluted
compound (retention time 6.12 min), designated as Intermediate 189-I, was obtained
(0.12 g, 6.50%) as a pale yellow solid. 'H NMR (400 MHz, DMSO-ds) 8 ppm 1.42 (s, 9
H), 1.70 - 1.79 (m, 1 H), 1.77 (br. s, 1 H), 1.80 (br. s, 1 H), 2.29 (s, 3 H) 2.64 - 2.78 (m,
1H),2.98 (br. s, 1 H),3.39 - 3.47 (m, 3 H), 4.00 (br. s., 1 H), 4.20 (br. s, 1 H), 4.70 (br.
s, 1 H), 529-551(m, 2 H), 748 (d, J=830Hz, 1 H), 7.65( d, /= 8.30 Hz, 1 H).
LCMS (Method-O). retention time 1.04 min, [M+1] 362.4. Second eluted compound
(retention time .37 min), designated as Intermediate 189-11, was obtained (0.04 ¢, 2.16
%) as a pale yellow solid. 'H NMR (400 MHz, DMSO-ds) § ppm 1.42 (s, 9 H), 1.70 - 1.79
(m, 1 H), 1.80-1.86 (m., 2 H), 2.32 (s, 3 H) 2.64 - 2.78 (m, 1 H), 2.96 - 2.99 (m., 1 H), 3.39
- 347 (m, 3 H), 3.82-3.90 (m, 1 H),3.94-4.16 (m,, 1 H), 4.63 (br. 5., 1 H), 5.40 - 5.44

~-314 -



WO 2018/222795 PCT/US2018/035270

(m, 2H), 748 (d, /J=830Hz, 1 H ) 765 (d, /=830 Hz 1 H) LCMS (Method-O):
retention time 1.07 min, [M+1] 362 4. Third eluted compound (retention time 7.77 min},
designated as Intermediate 182-111, was obtained (0.08 g, 4.33%) as a pale yellow solid.
'H NMR (400 MHz, DMSO-ds) 6 ppm 1.42 (s, 9 H), 1. 77-192 {(m., 3 H), 2.29 (s, 3 H)
264-278(m, 1 H),3.05-320(m, 2 H),3.42-3.52 (m, 2 H), 3.80-4.00 (m, 2 H), 455
(br.s, 1 H), S4(s, 2H), 750(d, J=830Hz, 1 H), 7.65(d, /=830 Hz, 1 H). LCMS
{(Method-O). retention time 1.04 min, [M+1] 362.4. Fourth eluted compound (retention
time 8.38 min), designated as Intermediate 189-IV, was obtained (0.03 g, 1. 62%) as a
pale yellow solid. 'H NMR (400 MHz, DMSO-ds) 8 ppm 1.42 (s, 9 H), 1.77 - 192 (m, 3
H), 229(s,3H)2064-278{(m, 1 H),305-320(m, 2 H}, 342-3.52(m, 2 H), 3.80 -
400(m,2H),455(br.s, 1 H),54(s,2H),750(d,/=830Hz 1 H) 7.65(d, J=830
Hz, 1 H). LCMS (Method-(): retention time 1.07 min, [M+1]362.4.
Intermediate 190: 3-(4-methyl-1-0x0-1,3-dihvdroischenzofuran-5-

yhpiperidin-4-yl methylcarbamate

Intermediate 190A: tert-butyl 3-(4-methyl-1-ox0-1.3-dihydroisobenzofuran-

S-yi}-4-((methylcarbamoyhoxy}piperidine-I-carboxylate

Q%[\N,Me

H

To a stirring sofution of Intermediate 52A (0.30 g, 0.86 mmol) in THF (25 mi)
was added NaH (41.6 mg, 1.73 mmol) followed by CDE (021 g, 1.30 mmol} at 0 °C and
the reaction mixture was stirred at ambient temperature for 10 minutes. To the resulting
reaction mixture was added methylamine hydrochloride {(0.23 g, 3.46 mmol} and stirring

at ambient temperature was continued for 18 h. The reaction mixture was diluted with
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water (30 mL} and extracted with ethyl acetate (2 x 50 mL}. The combined organic layers
were washed with brine (50 mL}), dried over anhydrous sodium sulfate and evaporated
under reduced pressure. The residue was purified by column chromatography (Redisep-
40 g, 0-80% EtOAc/n-Hexane)) to obtain Intermediate 198A (0.15 g, 43.00%) as a brown
solid. 'H NMR (400 MHz, DMSO-ds) 6 ppm 1.42 (s, 9H), 2.04 - 2.13 (m, 1 H}, 2.30 (s, 3
H), 242 (s, 3H)L 277-317(m, 3 H),369-395{(m, 1 H),3.98-419(m, 2 H), 507 -
530(m, 1 H), 540(d,./J=502Hz 2H), 6.57-690(m, 1 H}, 754 (d, /=853 Hz, 1 H},
7.68(d, J =853 Hz, 1 H) LCMS (Method-O): retention time 1.16 min, [M-56] 349 5,

Intermediate 196:

Intermediate 190 was prepared (0.80 g, 0.55 mmol), by using a similar synthetic
protocol as that of Intermediate 38-1 and starting from Intermediate 190A (0,15 ¢, 0.37
mmol}. 'H NMR (400 MHz, DMSO-ds) S ppm 2.04 - 2.13 (m, 1 H), 2.30 (s, 3 H), 2.42 (s,
3H),277-317(m,3H),369-395(m, 1 H),398-419(m, 2 H),5.07-530(m, | H),
540(d, J=502Hz 2H),657-0690(m, 1 H), 754 (d, /=853 Hz, 1 H), 768¢(d, J=
8.53 Hz, 1 H}, (1 Exchangeable proton not observed). LCMS (Method-O): retention time
0.44 min, [M+1] 3055

Intermediate 191: 4-(5-formyl-2H-tetrazel-2-vi}-2-methylbenzonitrile

Intermediate 191A: ethyl 2-(4-cyano-3-methylphenyl)-2H-tetrazole-5-

carboxylate
o
Me/’\ﬂ/lkr,i‘{
NFNNIN
o
\ & He
CHN

To a stirred solution of 4-amino-2-methyibenzonitrile (1.00 ¢ 7.57 mmol) in a
3’ fal)

mixture of EtOH (10 mL) and water (10 mL) at 0 °C, was added conc HCl (4.60 mL, 151
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mmol) and sodium nitrite (1.04 g, 15.13 mmol}. The resulting reaction mixture was stirred
for 20 minutes at 0 °C. In another 50 mL round bottomed flask was added EtOH (20 mL),
benzenesulfonohydrazide (1.30 g, 7.57 mmol} followed by ethyl 2-oxoacetate {1.545 g,
15.13 mmol) and the mixture was stirred at ambient temperature for 1 h. The reaction
mixture was evaporated under reduced vpressure to  obtain  {ethyl (E)-2-(2-
(phenylsulfonyithydrazono)acetate, which was dissolved in pyridine (12.24 mL, 15 mmol}
and added into the reaction mixture containing first set of the reaction {diazotization). The
resulting reaction mixture was stirred at ambient temperature for 18 h. The reaction
mixture was concentrated to dryness under reduced pressure, diluted with water (50 mL)
and extracted with ethy! acetate (3 x 50 mL). The combined organic layers were washed
with brine (50 mL)}, dried over anhydrous sodium sulfate and evaporated under reduced
pressure. The residue was purified by column chromatography {(Redisep-24 g, 35 -55 %
EtOAc/n-hexane) to obtain Intermediate 191A (0.15 g, 7.71%). 'H NMR (300 MHz,
CDs0OD) & ppm 1.48 (1, J= 7.20 Hz, 3 H), 2.71 (s, 3 H), 4.55 (¢, J= 6.90 Hz, 2 H), 8.0 (d,
J=840Hz, 1 H), 822 (m, 1 H) 833 (5, 1 H) LCMS (Method-T} retention time 1.60 min,
IMHH] 2581
Intermediate 191B: 4-(5-(hydroxymethyl)-2H-tetrazol-2-vi)-2-methyibenzonitrile

Intermediate 191B was prepared (0.12 g, 83.00%), by using a similar synthetic
protocol as that of Intermediate 60B and starting Intermediate 191A (015 g, 0.58
mmol). 'H NMR (300 MHz, DMSO-ds) § ppm 2.50 (5, 3 H), 4.81 (d, /= 6.00 Hz, 2 H),
S81{(t,J=600Hz 1 H), 809 (5,2 H)82S (s, I H). LCMS (Method-1) retention time
0.97 min, [M+H] 216 4.

Intermediate 191:

Intermediate 191 was prepared (0.08 g, 67.30%), by using a similar synthetic
protocol as that of Intermediate 9 and starting Intermediate 1918 (0.12 g, 0.56 mmol)
and Dess-Martin periodinane {0.35 g, 0.84 mmol). 'H NMR (400 MHz, DMSQO-ds) 8 ppm
266(s,3H), 8.11-816(m, 1 H),818(d, /=251 Hz 1 H),835¢, 1 H), 1027 (5, 1 H).
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LCMS (Aethod-{): retention time 0.87 min, [M-H] 212.0.
Intermediate 192: 1-{4-(2-excoxazolidin-3-ypyridin-2-yi)-1H-pyrazole-4-

carbaldehyde

\
N\b}\:;z

Intermediate 192A: 1-{4-aminopyridin-2-yi}-1H-pyrazole-4-carbaldehyde

— NH,

Intermediate 192A was prepared (0.40 g, 26.00%) as a pale yellow solid, by using
a stinilar synthetic protocol as that of Intermediate 6 and starting from 1H-pyrazole-4-
carbaldehyde (0.80 g, 8.33 mmol} and 2-bromopyridin-4-amine (1.44 g, 8 33 mmol). 'H
NMR (400 MHz, DMSO-ds) § ppm 6.49 - 6.53 (m, 3 H), 7.12 (d, J=2.01 Hz, 1 H), 7.93
(. J=552Hz, 1 H), 821 (d J=100Hz { H), 9.16 (5, 1 H), 993 (s, 1 H). LCMS
(Method-)y: retention time 0.73 nun, [M+H] 189.1.

Intermediate 1928: 2-chloroethyl (2-(4-formyl-1H-pyrazel-1-yl)pyridin-4-

yhicarbamate

Intermediate 1928 was prepared (0.20 g, 43.00%) as a pale yellow solid, by using
a similar synthetic protocol as that of Intermediate 76A and starting from Intermediate
192A (030 g, 1.60 mmol) and 2-chloroethy! chloroformate (0.27 g, 1.91 mmol). 'H NMR
(400 MHz, DMSO-ds) § ppm 3.89 - 3.93 (m, 2 H), 4.41 - 4.45 (m, 2 H), 7.47 (dd, J=5.52,
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2.01 Hz, 1 H), 8.22(d, J=12.01 Hz, 1 H), 8.28 (s, 1 H), 8.36 (d, /= 6.02 Hz, | H), 9.27 (s,
I H}), 996 (s, 1 H), 10.66 (s, 1 H). LCMS (Method-D}: retention time 1 .92 min, [M+H]
295,

Intermediate 192:

Intermediate 192 was prepared (0.10 g, 56.00%) as a pale yellow solid, by using
a similar synthetic protocol as that of Intermediate 768 and starting from Intermediate
192B (0.15 g, 0.51 mmol) and NaH (0.02 g, 1.018 mmol). 'H NMR (400 MHz, DMSO-
do) & ppm 4.16 (dd, J=8.93, 6.97 Hz, 2 H), 4.50 - 4.55 (m, 2 H), 7.52 (dd, J = 5.75, 2.08
Hz, 1 H), 831 (s, 2 H), 847 (d, /= 587 Hz, 1 H), 931 (s, | H), 9.97 (s, 1 H). LCMS
(Method-D): retention time 1.20 min, [M+H] 259.1.

Example 113-I  4,4-methyl-6-(5-(((35,58)-3-methyi-5-(4-methyi-1-0x0-1,3-
dihydroisobenzofuran-5-yljpiperazin-1-ylmethyhthiazel-2-ylinicotinonitriie.

[e]
=~
1)
AN \E/ /;,,r/\N/\\(,/«\

i i N
e HN\/J 8-

e N:\%‘“\“\
o (*\Ma
oN
Example 113-1 was prepared (0.02 g, 32.30%) as a white solid, by using a similar

¥4

synthetic protocol as that of Intermediate 23B and starting from Intermediate 55-1 (0.20
g, 0.47 mmol) and Intermediate 53 (0.26 g, 0.98 mmol). "H NMR (400 MHz, DMSO-ds)
dppm 1.20(s,3 H), 2.25(s, 3 H}, 2.50(s,3 H), 260 (br. 5, 2H}, 2.84 (br. s, 2 H), 2.98
{(br.s, 1T H), 3.7t -396 (m, 2H), 416 (br.s, 1 H), 537 (br. 5,2 H), 7.65 (m, /= 8.00
Hz, 1 H), 779 (d, /=800 Hz, 1 H), 791 (s, 1 H), 819 (s, 1 H), 898 {5, 1 H}, (1
10 Exchangeable proton not observed) LCMS/HPLC (Method-S): retention time 1.69 min,
[M+H] 460.2, purity: 100%. (Method-RY: retention time 1.25 min, [M+H] 4602, purity:
96.09%.
Example 114-1: 6-(4-((4-hydroxy-4-methyl-3-{(4-methyl-1-o0x0-1,3~

dihydreiscbenzofuran-5-yi)piperidin-1-ymethyl}-1H-pyrazol-1-yi)-4-

15 methylnicotinonitrile
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Me o
Example 114-1 was prepared by using a similar synthetic protocol as that of
Example 1-1 and starting from Intermediate 72 (0.02 g, 0.919 mmwol) and Intermediate
6 (0.02 g, 0.707 mmol). The racemate was separated into individual enantiomers by SFC
5 [Luxcellulose-2 (250 x 21.5 mm) 5 micron; 0.1% DEA in IPA + ACN (10:90), Flow: 1.0
g/min. Temperature: 30 °C, UV: 235 nm]. First eluted compound (retention time 7.34 min},
designated as Example 114-F, was obtained (0.01 g, 3.86%) as an off-white solid. 'H NMR
{(400MHz, DMSO-d) S ppm 0.93 (s, 3 H), 1.62(d, /=132 Hz, 1 H), 1.79 (1d, ./ = 12.80,
43 Hz, 1 H), 224 (s, 3 H), 246 239 (m, 1H), 2.59-2.54 (m, 4 H}, 2.64 - 2.60 (m, 1 H},
10 2714d, J=1080Hz 1 H), 3.12(dd, J=1120,34 Hz 1 H), 358 -3.50 (m, 2 H), 434
{(br.os, T H),545-523(m, 2H), 758 (d, /=780 Hz, 1 H), 7.88 - 7.75 (m, 2 H), 7.97 (s,
1 H), 8.52 (s, 1 H), 883 (s, 1 H). HPLL/ LCMS (Method-R): retention time 1.14 min,
[MA+HT 458.2, purity: 100%. (Method-S): retention time 146 min, [M+H] 4582, purity:
100%. Chiral purity (Method-XXVIIT): retention time 7.34 min, 100% ee.
i3 Example 115-1: 4-methyi-6-{4-((2-methyl-3-(4-methyl-1-0x0-1,3-

dihydreisobenzofuran-S-yljpiperazin-1-yljmethyi}-1 H-pyrazol-1-ylnicotinonitrile

Example 113- was prepared (0.01g, 5.86%), by using a similar synthetic protocol

as that of Example 1-1 and starting from Intermediate 71-1 (0.15 g, 0.61 mmol) and

20 Intermediate 6 (0.10 g, 0.47 mmol). 'H NMR (400 MHz, DMSO-ds) 8 ppro 0.67 (d, J =
6.10 Hz, 3 H), 2.18 (s, 3 H), 2.58 (s, 3 H), 2.66 (d, J = 10.80 Hz, 1 H), 3.08 - 2.86 (m, 3 H),
3.17(d,J=5.10 Hz, 1 H), 3.61 (br. s, 2 H), 431 (br. s, 1 H), 5.35 (s, 2 H), 7.66 (s, 2 H),

790 {s, 1 H), 799 (s, 1 H), 856 (5, 1 H), 884 (s, 1 H), (I Exchangeable proton not
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observed). LOUMS/HPLC (Method-R): retention 1.04 min, [M+H] 443 2, purity: 98.77%.
(Method-5): retention time 1.46 min, [M+H] 443 2, purity: 98.63%. Chiral purity (Method-
I}: retention time 7.99 min, 97.93% ee.

Example 116-F: 6-(4-({4-hydroxy-3,3-dimethyi-5-(4-methyi-1-0x0-1,3-
dihydroisobenzofuran-5-ylpiperidin-1-yipmethyl)-1H-pyrazol-1-yi)-4-
methyinicotinonitrile

O

O

N

L
Mo meo ==
¢

Me  ©N

Example 116-I was prepared (0.01 g, 15.60%), by using a similar synthetic

Me
HO

protocol as that of Example 1-1 and starting from Intermediate 73- (0.02 g, 0.92 mmol)
and Intermediate 6 (0.03 g, 0.14 mmol). 'H NMR (400 MHz, DMSO-ds)  ppm 0.90 (s, 3

H), 1.08 (s, 3H), 124 (s, 1 H), 203(t, J=11.10Hz, 1 H), 226 (5,3 H), 2.64 - 256 (m, 4
H),278(d, J=1030Hz 1 H),329(d,/J=420Hz 1 H),354-338(m,3H),442({d,J
=610Hz, 1 H), S44-529(m, 2 H), 753 (d, /=830Hz, 1 H), 763 (d, /=780 Hz, 1
Hj, 784 (s, 1 H), 799 (s, 1 H), 851 (5, 1 H), 8.84 (s, 1 H). HPLC/LCMS (Method-R):
retention time 112 min, [M+H] 4723, purity: 96.20%. (Method-5): retention time 1.82
min, [M+H] 472.3, purity: 94.72%. Chiral purnity (Mefhod-1"). retention time 4.17 min,
100% ee.

Example 117-F 4-methyl-6-(5-(((38,5R)-3-methyl-3-(4-methyl-1-0x0-1,3-
dihydreisebenzofuran-5-yijpiperazin-1-yljmethyi}-2-oxeoxazel-3(ZH}-
yhnicotinonitrile

o

h\

o
I"'/\N/\V’O )
I o

menn._J Ly

fhe Y
N\_N\ e
CN
Example 117-1 was prepared (0.02 g, 21.10%), by using a similar synthetic

protocol as that of Intermediate 15C and starting from Intermediate 758 (0.07 g, 0.204
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mmol) and 6-bromo-4-methylnicotinonitrile (0.05 g, 0.245 mmol). 'H NMR (400 MHz,
DMSO-ds)Sppm 1.04(d, /=6 10Hz 3 H), 1.24 (5, 1 H), 195-1.74{(m, 2 H), 230 (5,3
H), 261 -253(m,3H),283(d, /=103 Hz, 2H), 296 (br. s, 1 H), 3.48 (5, 2H), 416
(d, /=900 Hz 1 H), 546 -530(m, 2H},766(d, /=780 Hz, 1 H), 774 (s, 1 H), 7.8]
(d, /=780 Hz 1 H), 824 - 815 (m, 1 H), 8.84 (s, | H). LCMS/HPLC (Method-R):
retention time 0.93 mun, [M+H] 460.2, purity: 97.01%. (Merthod-S): retention time 1.42
min, [M+H] 4602, purity: 95.11%.
Example 118-F: {(K)-4-methyl-6-{(4-((4~-{4-methyl-1-0%0-1,3-

dihydroisobenzofuran-5-yij-2-oxoimidazolidin-1-vljmethyl}- 1 H-pyrazol-1-

yhnicotinonitrile

o]
(2
%NX:N
v} /}.7__\\\
CH

To a stirring sclution of Intermediate 131-1 (0.05 g, 0.12 mmol) in THF (10 mL}
was added TEA (0.03 mL, 0.25 mmol) followed by CDI (003 g, 0.18 mmol) and the
resulting reaction mixture was heated at 70 °C for 1 h. The reaction mixture was cooled at
ambient temperature, diluted with water (20 mL) and extracted with ethyl acetate (2 x 40
mL}. The combined organic layers were washed with brine (20 mL}, dried over anhydrous
sodium sulfate and evaporated under reduced pressure. The residue was purified by HPLC
[XBridge C18 (19 x 150 mm} 5 micron; Solvent A: 0.1% TFA; Solvent B: Acetonitril;
Gradient: 10-40% B over 25 minutes, Flow: 15 mL/min, retention time 13.72 min, UV: 240
nm] to obtain Example 118-1 (0.012 g, 20.41%). 'H NMR (400 MHz, DMSO-ds) & ppm
223¢3,3H), 257 (s, 3H), 293 (dd, /=893, 648 Hz, 1 H), 387 (1, /=893 Hz, 1 H),
413-434(m, 2H),506(,/=709Hz 1 H),531-545{(m, 2H),722(s, 1 H), 7.56 (d,
J=807THz 1 H),771{d, /=807 He, 1 H), 780 (s, 1 H}, 797 (s, 1 H), 853 (s, 1 H},8.83
{s, 1 H). LCMS/HPLC (Method-Sy: retention time 1.60 min, [M+H] 4291, purity: 96.70%.
(Method-R)y: retention time 1.61 nun, [M+H] 429 1, purity: 97.92%. Chiral purity (Method-
XVHIY: retention time 13.72 min, 95.00% ee.

Example 119-1: (K}-4-methyi-6-{4-{{4-(4-methyi-1-0x0-1,3-

dibvdroisobenzofuran-3-yi)-1,1-dioxido-1,2,5-thiadiazolidin-2-yhymethyl)- 1/~
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pyrazol-1-ylinicotinonitrile,

on
To a stirring solution of Intermediate 131-F (0.06 g, 0.15 mmol) iv pyridine (0.50

mL} was added sulfamide (0.30 g, 0.30 mmol} and the resulting reaction mixture was

W

heated at 125 °C for 16 h. The reaction mixture was cooled to ambient temperature, diluted
with water (20 mL} and extracted with ethyl acetate (2 x 50 mL). The combined organic
layers were washed with brine (20 mL), dried over anhydrous sodium sulfate and
evaporated under reduced pressure. The residue was purified by HPLC [Sunfire OBD-C13
(30 x 250 mm)} 5 micron; Solvent A: 10 mM Ammonium acetate; Solvent B: Acetonitrile;
10 Gradient: 20-50% B over12 minutes, Flow: 25 mL/min, retention time 17.55 min, UV: 240
nm] to obtain Example 119-1 (0.02 g, 24 55%) as a white solid. 'H NMR (400 MHz,
DMSO-do) S ppm 2.25(s, 3 H), 2.58 (s, 3 H),2.94(dd, J=990,770Hz, 1 H),3.92-4.08
(m, 2H),420(d, /=1443Hz, 1 H),511(q, /=742 Hz, 1 H), 530 -5.43 {(m, 2 H), 7.65
- 778 (m, 2H), 791 (s, 1 H), 798 (s, 1 H),8.14(d, /=709Hz, 1 H), 865(s, 1 H), 884
15 (s, 1 H), LCMS/HPLC (Method-5Y: retention time 1 42 min, [M+H] 4651, punity: 100%.
{Method-R): retention time 1.41 min, [M+H] 4651, purity: 100 %. [M+H} 465.1, Chiral
purity {(Method-XVIIT): retention time 17.55 min., 97.25% ee.
Example 126-1: 2-methyl-6-(5-({((35,53R}-3-methyl-5-(4-methyl-1-030-1,3-

dihvdroischenzofuran-S-yljpiperazin-1-yimethylpyridin-2-yljpyridazin-3(ZH}-one

2
,\’\‘\/\

A

SRS

20 He '%/gﬁ

Example 120-I was prepared (0.02 g, 11.00%), by using a similar synthetic

protocol as that of Intermediate 23B and starting from of Intermediate 96-1(0.15 ¢, 036
mmol) and Intermediate 102 (0.01 g, 0.36 mmol). 'H NMR (400 MHz, DMSO-ds) 8 ppm
1.02(d, /=590 Hz 3H), 168 -182{(m, 2 H), 223 (s, 3 H), 2.76 (t,./ = 10.00 Hz, 2 H),

25 299(br.s, 1 H),352-365(m,2H),377(s,3H),417(d,J=900Hz, 1 H),527-54¢6
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(o, 2H),7.07(d,/J=980Hz, 1 H),765(d,/J=810Hz 1H), 780 (d,./ = 810 Hz, 1 H},
7.89(dd,/=820Hz 16Hz 1 H),807(d,/=830Hz, 1 H), 829(d,/=9280Hz, 1 H),
857 (br. s, 1 H), (1 Exchangeable proton not observed). LCMS/HPLC (Method-S):
retention time 1.17 min, [M+H] 446.2, purity: 100%. (Method-R): retention time 0.60 nin,
[M+H] 4462, purity: 99.60%. Chural purity (Method- XT): retention time 12.50 min, 100%
ee.

Example 121-I: 4-methyl-6-{4-(1-({R)-3-{(4-methyl-1-ex0-1,3-
dihydreisebenzofuran-S-ylipiperazin-1-vljethyl}-2H-1.2,3-triazol-2-yinicotinonitrile
{Dia-L:Ena-i) and Example 121-I: 4-methyl-6-(4-(1-({R)-3-{4-methyl-1-0x0-1,3-
dihydroiscbenzofuran-S-yljpiperazin-1-yvljethyl)-2H-1,2,3-triazol-2-yljnicotinonitrile

{Dia-il:Ena-I},

o

S QP
N .’A\NM

Mo HA_J ?‘LN:“
Py
N\:::?‘Me
N

To a stirring solution of Intermediate 101 (0.100 g, 0.325 mmol} in ACN (6 mL}
was added Intermediate 2-f (0.08 g, 0.36 mmol) followed by K2C0s3 {0.09 g, 0.65 mmol)
and the resulting reaction mixture was stirred at ambient temperature for 4 h. The reaction
mixture was diluted by ACN (20 mL) and filtered thorugh celite. The filtrate was
evapoerated under reduced pressure and the residue was purified by HPLC [Suntire OBD
{250 % 30 mm) 5 micron; Solvent A 10-mM Ammonium acetate; Solvent B: Acetonitrile,
Gradient: 30-100% B over 15.5 minutes, retension time-12.07, UVY: 254 nm] to obtain
racemate, which was separated into two individual enantiomers by supercritical fluid
chromatography (SFC) [Chiralpak OJ-H (250 x 21 mm) 5 micron; 0.2% NHsOH in MeGCH
+ ACN (1:1), Flow: 70.0 mL/min. Temperature: 30 °C, UV: 290 nm]. First eluted
compound (retention time 5.9 min), designated as Example 121-1, was obtained (0.02 g,
12.20%) as a white solid. H NMR (400 MHz, DMSO-ds} 8 ppm 143 (d, J = 7.00 Hz, 3
H), 1.87 (¢, J = 10.30 Hz, 1 H), 2.12 - 2.20 (m, 1 H), 2.26 (s, 3 H), 2.61 (s, 3 H), 2.75 (d, J
= 11.00 Hz, 1 H), 283 - 2.92 (m, 2 H), 2.99 (br. s, 1 H), 407 (d, J = 7.00 Hz, 2 H), 5.37
(s, 2H), 7.61 (d,J = 8.00 Hz, 1 H), 7.72(d, J = 8.00 Hz, 1 H), 8.09 (s, 1 H), 8.21 (s, 1 H),
892 (s, 1 H), (1 Exchangeable proton not observed). HPLC (Method-F): retention time

7.92 min, purity: 97.9 %. (Aethod-(J). retention time 6.98 min, purity: 98.0 %. LCMS
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(Method-DY. retention time 1.73 min, [M+H] 4442, Chiral purity (Method-XX}: retention
time 4.79 min, 99.5 % ee. Second eluted compound (retention time 7.70 min), designated
as Example 1211, was obtained (0.02 g, 12.90%) as a white solid. 'H NMR (400 MHz,
DMSO-ds) o ppm 143(d,/=700Hz 3H), 187{(,/=1030Hz, 1 H),212-220(m, 1
H), 226(s,3H), 261 (s, 3H),275(d, /=11.00Hz 1 H),283-292 {m, 2 H), 299 (br.
s, 1H), 407(d,J=T700Hz 2H),537(s,2H),761(d,/J=800Hz 1 H), 7.72(d,J =
8.00 Hz, 1 Hj, 8.09 (s, 1 H), 821 (5, 1 H), 892 (5, 1 H), (1 Exchangeable proton not
observed). HPLC (Method-P). retention time 7.83 wmin, purity: 98.20 %. (Method-(J):
retention time 7.02 min, purity: 98.8%. LCMS (Method-D). retention time 1.84 min,
[M~+H] 444 .2 Chiral purity (Method-XX}: retention time 6.34 min, 98 .60 % ee.

Example 122-F: 4-methyl-6-(3-(((38,5K)-3-methyl-5-(4-methyl-1-0x0-1,3-
dihydroisobenzofuran-5-yljpiperazin-1-ylimethyl)-1H-1,2,4-triazol-1-

yinicotinonitrile

e}

\,x‘\/ r N/\( N>

Mo HN ,J
h?ie
L. e

Example 122-1 was prepared (0.02 g, 28.40%), by using a similar synthetic
protocol as that of Intermediate 20 and starting from Intermediate 97 {0.03 g, 0.09 mmol)
and 6-bromo-4-methyinicotinonitrile (0.02 g, 0.110 mmol). 1H NMR (400 MHz, DMSO-
dsydppm 1.21-135{(m, 3 H), 237(s,3H),2.59-2.70(m, 4 H),3.14-3.26(m, 3 H),3.93
(s,3H), 478 ¢br.s, T H), 538-556(m, 2H),780(d,J=780Hz, 1H),787({d,J =
780 Hz, 1 H), 793 - B.00 (m, 1 H), 892 -899 (m, 1 H), 9.59 (s, 1 H}, {1 Exchangeable
proton not observed). LCMS/HPLC (Method-8Y: retention time 1.86 min, [M+H] 444.2,
purity: 96.60%. (Method-R): retention time 1.19 min, [M+H] 444.2, purity: 93.30%. Chiral
purity {(Method-VII]}. retention time 4.64 min, 100% ee.

Example 123-I: 6-(4-{(2-(hydroxymethyl}-5-{(4-methyi-1-0x0-1,3-
dihvdroisebenzofuran-5-yi}piperazin-1-yimethyl}-1 H-pyrazei-1-yi}-4-
methylnicotinonitrile (Bia-I:Ena-T) and Example 123-1: 6-{4-{(2-(hydroxymethyl)-
5-{4-methyl-1-ox0-1,3-dihydroiscbenzofuran-S-yl}piperazin-1-yiimethyl}-1H-

pyrazol-1-yii-4-methyinicotinonitrile (Dia~-I:Ena-ii)
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To solution of 103 (Diastereomer-1) (0.06 g, 0.23 mmol) in ACN (5 mL) was
added Intermediate 104 (0.08 g, 0.34 mmol) followed by KaCG3(0.13 g, 0.91 mmol) and

the resulting reaction mixture was heated at 60 °C for 12 h. The reaction mixture was

L

diluted ACN (20 mL) and filtered thorugh celite. The filtrate was evaporated under reduced
pressure and the residue was purified by HPLC {Interstl ODS (250 x 20 mm) 5 micron,
Solvent A: 10 mM Ammonium acetate; Solvent B: Acetonitrile, Gradient: 20-100% B over
16 minutes, retention time: 11.8, UV: 220] to obtain racemic mixture, which was separated
into two individual enantiomer by supercritical fluid chromatography (SFC) [Lux amylose-
10 2 (250 x 21 mm) 5 micron; 0.2% NH4OH in MeOH + Acetonitrile (1:1), Flow: 70.0
mi/min. Temperature: 30 °C, UV: 240 nm]. First eluted compound (retention time 6.38),
designated as Example 123-I, was obtained (0.005 g, 4.60%) as an off-white solid. 'H
NMR (400 MHz, DMSO-ds) & ppm 1.84 - 190 (m, 1 H), 2.23 (s, 3 H), 258 (5, 4 H}, 2.60
2262 (m, 1 H), 2.75 (dd, J = 10.79,2.26 Hz, 1 H), 3.13 (dd, J = 11.55,3.01 Hz, 1 H), 3.44
15 -3.49(m, 1 H),3.68-3.73 (m, 1 H), 3.78 - 3.83 (m, 1 H), 3.87(d, /= 15.06 Hz, | H), 4.01
(d,J = 803 Hz, 1 H), 470 (1,7 = 527 Hz, 1 H), 5.36 (s, 2 H), 7.59 - 7.63 (m, 1 H), 7.70
(d, / = 803 Hz, 1 H), 783 (s, 1 H), 798 (5, 1 H), 853 (s, 1 H), 8.82 (s, 1 H), (I
Exchangeable proton not observed). HPLC (Method-#): retention time 977 min, purity:
98.80%. (Method-(}: retention time 7.95 min, purity: 97.0%. LCMS (Method-D): retention
20 time 1.55 mun, [M+H] 459.2. Charal purity (Method-X11]) retention time 7.20 mun, 100%
ee. Second eluted compound (retention time 9.20 min), designated as Example 123-11, was
obtained (0.005 g, 4.60%) as an off-white solid. 'H NMR (400 MHz, DMSO-ds) 8 ppm
1.84-1.90 (m, 1 H), 2.23 (5,3 H), 2.58 (s, 4 H), 2.60 - 2.62 (m, 1 H), 2.75 (dd, J = 10.79,
2.26 Hz, 1 H), 3.13 (dd, J = 11.55, 3.01 Hz, 1 H), 3.44 - 349 (m, 1 H), 3.68 - 3.73 (m, 1
25 H),3.78-3.83 (m, 1 H), 3.87(d, /= 1506 Hz, 1 H), 4.01 (d, /= 8.03 Hz, 1 H), 4.70(t, J
=527 He, 1 H), 536 (s, 2 H), 7.59 - 7.63 (m, 1 H), 7.70 (d, J = 8.03 Hz, 1 H), 7.83 (s, 1
H), 798 (s, 1 H), 8.53 (s, 1 H}, 8.82 (s, 1 H), (1 Exchangeable proton not observed) HPLC
(Method-FY: retention time 9.96 min, purity: 99.30%. (Method-(J): retention time 8.13 min,
purity: 98.70%. LOMS (Method-D): retention time 1.55 min, [M+H]} 459.2. Chiral purity
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(Method-XII1 } retention time 10.25 min, 100% ee.

The examples in Table 3 were synthesized using procedures of Example 1-1 to 24-

I, 81-F to 84-1 and 113-1 t5 123-L
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Intermediate 193: 6-(5-formylisoxazel-3-yl}-4-methoxynicotinonitrile

O

H/U\H/QN
3

N\
./ ~COMe
CHN

Intermediate 193A: methyl S-cyano-4-methoxypicolinate

L9 OMs
N7
E
= GhMe
5 O

Intermediate 193A was prepared (6.00 g, 52.60%) as an off-white solid, by using
a similar synthetic protocol as that of Imtermediate 16A and starting from 6-chloro-4-
methoxynicotinonitrile (10.00 g, 59.30 mmol). 'H NMR (400 MHz, DMSO-ds) 8 ppm 3.93
(5,3 H), 411 (5, 3 H), 782 (s, 1 H), 8.94 (s, 1 H). LCMS (Method-f): retention time .79
10 pun, [M+H] 1929,
Intermediate 193B: 6-(hydroxymethyl}-4-methoxynicetinonitrile

HO

AN
E

= OMe
CH

To a stirred solution of methyl 5-cyano-4-methoxypicolinate (3.00 g, 15.61 munol)
in a mixture of THF (50 mL) and EtOH (50 mL} was added calcium chloride (4.33 g, 39.00
15 mmol) followed by NaBHs (2.36 g, 62.40 mmol) and the resulting reaction muxture was
stirred at ambient temperature for 16 h. The reaction mixture was concentrated to dryness
under reduced pressure, diluted with saturated solution of NaHCO3 (100 mL) and extracted
with ethyl acetate (3 x 100 mL). The combined organic layer was washed with brine (50
mL), dried over anhydrous sodium sultate and evaporated under reduced pressure to obtain

20 Intermediate 193B (1.80 g, 70.20%) as an off-white solid. 'H NMR (400 MHz, DMSO-
ds) 0 ppm 4.02 (5,3 H),4.60(d, /J=300Hz, 2H),572(,./=350Hz 1 H), 730 (s, 1 H),

~ 400 -
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8.71 {s, 1 H}. LCMS (Method-I): retention time 0.56 min, [M+H] 164.9.
Intermediate 193C: 6-formyl-4-methexynicotinonitrile

o] H

CHN

5 Intermediate 193C was prepared (1.70 g, 96.00%) as an off-white solid, by using
a similar synthetic protocol as that of Intermediate 9 and starting from Intermediate 1938
(1.80 g, 10.96 mmol) and Dess-Martin periodinane (6.98 g, 16.45 mmol). 'H NMR (400
MHz, DMSO-de) 6 ppm 4.12 (3,3 H), 7.70 (s, 1 H}, 9.06 (s, 1 H}, 999 (5, T H) LCMS:
The compound did not ionize well.
10 Intermediate 193D: (£}-6-{{(hydroxyimino}methyl}-4-methoexynicotinenitrile
(?H
= N
L
i 7 ome
CH
Intermediate 193D was prepared (0.90 g, 78.00%) as an off-white solid, by using
a similar synthetic protocol as that of Intermediate 110B and starting from Intermediate
193C (1.05 g, 6.48 mmol) and hydroxylamine hydrochloride (0.54 g, 7.77 mmol). 'H NMR
15 (400 MHz, DMSO-ds) 6 ppm 4.04 (s, 3 H), 7.50 (s, L H), 811 (s, 1 H), 881 (s, 1 H), 12.14
{s, 1 H). LCMS (Method-I}: retention time 0.73 min, [M+H] 1779
Intermediate 193E: 6-{5-(hydroxymethyllisoxazol-3-yl}-4-
methoxynicotinonitrile
HG/\TQ
:{/N
CN
20 Intermediate 193E was prepared (0.15 g, 25.50%) as an off-white solid, by using

a similar synthetic protocol as that of Intermediate 110C and starting from Intermediate

193D (0.77 g, 3.75 mmol) and prop-Z-yn-1-ol (0.14 g, 2.54 mmol). 'H NMR (400 MHz,
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DMSO-ds) 0 ppm 4.12 (s, 3 H), 466 (d, /J=500Hz 2H), 577 (1, /J=5.00Hz, 1 H), 6.97
{s, TH), 779 (s, 1 H}, 8.95 (5, 1 H). LCMS (Method-I}: retention time 0.84 min, [M-+H]
232.0.

Intermediate 193;

5 Intermediate 193 was prepared (0.17 g, 90.00%) as an off-white solid, by using a
similar synthetic protocol as that of Intermediate 9 and starting from Intermediate 193K
{0.19 g, 0.82 mmol) and Dess-Martin periodinane (0.52 g, 1.23 mmol). 'H NMR (400 MHz,
DMSO-de} & ppm 4.12 (s, 3 H), 794 (s, 1 H), 8.16 (s, 1 H), 9.00 (5, 1 H), 9.99 (5, 1 H).
LCMS: The compound did not tonize well.

10 Intermediate 194: 2-(1-(difluoremethyl}-2-oxo-1,2-dibhydropyridin-4-yi)-2H-
1,2.3-triazole-d-carbaldehyde
o
Hlﬂ\ﬁ/b“ﬂ
-
o
|
e
Intermediate  194A: i-{difluoromethyl)-4-(4-(hydroxymethyl}-2/-1,2,3-
triazol-2-ylpyridin-2(1 H}-one
HO™ Sy
Mgy
oo
\“*N
—F
15 F

Intermediate 194A was prepared (0.20 g, 61.70% as an of-white solid, by using a
similar synthetic protocol as that of Intermediate 42 and starting from Intermediate 28A
(0.13 g, 1.33 mmol) and Intermediate 384 (0.30 g, 1.33 mmol). 'H NMR (400 MHz,
DMSO-ds) § ppm 4.62 (d, J=5.52 Hz, 2 H), 5.42 (s, 1 H), 7.14 (d, J=2.01 Hz, 1 H), 7.16
20 -721(m, 1 H), 7.85 -804 (m, | H), 8.07 (d, J=7.53 Hz, 1 H), 8.91 (5, | H). 1%F NMR
{400 MHz, DMSO-ds) 6 ppra - 101.0. LCMS (Method-13): retention time 0.54 min, [M+H]
243.0.
Intermediate 194:
Intermediate 194 was prepared (0.08 g, 40.40%), by using a similar synthetic

25  protocol as that of Intermediate 9 and starting from Intermediate 194A (020 g, 082
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mmol) and Dess-Martin periodinane {(0.70 g, 1.65 mmol). TH NMR (400 MHz, DMSO-ds)
Sppm 7.16-723 (m, 1 H), 724-727(m, 1 H),7.70-807 (m, 1 H), 8.12-8.18 (1, 1 H),
976 (s, 1 H), 10.13 (s, 1 H). LCMS (Method-J). retention time 098 min, [M+H] 2410,

Intermediate 195: {-C-{difluoromethylpyrimidin-4-yi}-1 H-imidazole-4-
carbaldehyde

O

N

Y
-N
7
{ S—cHF,
=7

Intermediate 193A: 4-chloropyrimidine-2-carbaldehyde

To a stirred solution of 4-chloropyrimidine-2-carbonitrile (0.25 g, 1.79 mmol} in
THF (5 rol.) was added 1M DIBAL-H in heptane (1.79 ml, 1.79 mmol) at -78° C and the
resulting reaction mixture was stirred at ambient temperature for 3 h. The reaction mixture
was diluted with a saturated solution of NHsC1 (20 mL) and extracted with 10% MeOH in
DCM (2 x 30 mi.). The combined organic layers were washed with brine (20 mL}, dried
over anhydrous sodium sulfate and evaporated under reduced pressure to obtain
Intermediate 195A (0.100 g, crude). LCMS (Method-D): retention time (.42 min [M+H]
143 2. The compound was taken directly to the subsequent step without further purification
or characterization.

Intermediate 195B: 4-chlore-2-(difluoremethyljpyrimidine

F,HG

Intermediate 1958 was prepared (0.80 g, 36.70%), by using a similar synthetic
protocol as that of Intermediate 4B and starting from Intermediate 195A (170 g, 11.93
mmol) and DAST (3.15 mL, 23.85 mmol). 'H NMR (300 MHz, CDC) 8 ppm 6.44 - 6.80
(m, 1 H), 7.49 (d, J = 540 Hz, 1 H), 8.76 (d, J = 540 Hz, 1 H). IF NMR (400 MHz,
DMSO-de) & ppm -118.95. The compound did not ionize well.
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Intermediate 195;
To a stirring solution of Intermediate 1958 (0.01 g, 0.06 mmol} in 1,4-Dioxane (5
mL) was added KaCOs3 (0.02 g, 0.122 mmol) followed by 1H-imidazole-4-carbaldehyde

0.01 g, 0.09 mmol} and the resulting reaction mixture was stirred at 80° C for 12 h. The
b2 2

W

reaction mixture was cooled to ambient temperature, filtered through Celite® and washed
with ethyl acetate (10 mL). The filtrate was evaporated under reduced pressure to obtain
Intermediate 195 ( 0.005 g, 36.70%). LCMS (Method-0): retention time 0.92 min, [M-+H]
225.2. 'H NMR {400 MHz, CDCl3) 8 ppm 6.54 - 6.81 (m, 1 H), 7.51 (m, 1 H), 8.40(d, /=
1.6Hz 1H), 858(d,/J=12Hz 1 H), 902(d, J=506Hz 1 H), 1001 (s, 1 H). F NMR
10 {400 MHz, DMSO-de) 5 ppm -119.25.

Intermediate 196: 4-(5-formyl-2H-tetrazol-2-vi}-2-methoxybenzonitrile

o
M
H)J\“/ N
Mp
/:' \ —{ilde
O

Intermediate 196A: ethyl 2-{4-cyane-3-methoxyphenyl}-2H-tetrazeole-5-

carboxylate
€]
M&/\QJKI;/E%\
NZMN
A
\__A~0me
O

~r
I
i

Intermediate 196A was prepared (0.15 g, 7.71%) as a brown solid, by using a
similar synthetic protocol as that of Imtermediate 191A and starting from 4-amino-2-
methoxybenzonitrile (1.00 g, 6.75 mmol). 'H NMR (400 MHz, CDC13) 8 ppm 148 - 1.52
{t, /=680 Hz 3H),409(s,3H),456-462(m, 2H),779(d, /=840Hz 1 H), 785
(d, J =160 Hz, 1 H), 791 - 7.94 (o, 1 H). LCMS (Merhod-7) retention time 1.60 min,
[(M+H}274.2.

Intermediate 1968 : 4-{5-(hydroxymethyl)-2H-tetrazol-2-yi)-2-

methoxybenzonitrile
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HQ/\T,.. Y
i \\N
R N

Oie

CN

Intermediate 1968 was prepared (0.00 g, 54.50%), by using a similar synthetic
protocol as that of Intermediate 60B and starting Intermediate 196A (0.13 g, 0.48 mmol)
and NaBHq (0.07 g, 1.90 mmol). *H NMR (300 MHz, DMSO-ds) 8 ppm 4.07 (s, 3 H), 482
{d, /=720Hz, 2H), 584 (,./=800Hz 1 H), 7.80- 786 (m, 2H), 806 (m, 1 H}. LCMS
{(Method-I) retention time 1.52 min, [M+H] 232.2.

Intermediate 196:

Intermediate 196 was prepared (0.95 ¢, crude), by using a similar synthetic
protocol as that of Intermediate 9 and starting from Intermediate 1968 (0.10 g, 0.43
mmol) and Dess-Martin periodinane (0.37 g, 0.86 mmol). LCMS (Method-{): retention time
1.29 min, [M-H]J 228.2. The compound was taken directly to the subsequent step without
further purification or characterization.

Intermediate 197: (1-(5-cyano~-d-methoxypyridin-2-yh-3-methyl-2~

oxoimidazolidin-4-y1} methyl methanesulfonate

0.2 He
fﬁ\gx M
Ag \[ >:::Q
\N}_ﬁ
£
N\QQ*@M@
CN

Intermediate 197A: 6-(4d-(hydroxymethyi}-3-methyl-2-oxeimidazelidin-1-yi}-

4-methoxynicotinonitrile
e
HQ/\TN;\}: o
e
N&_Q}*-QMe
CN
A solution of Intermediate 93C (0.50 g, 1.92 mmol) in ethyl acetate (20 mL} was
purged with nitrogen for 2 minutes. 10% Pd/C (0.10 g, 0.96 mmol) was added and reaction

mixture was stitred at ambient temperature for 20 b under Ha atrosphere. The reaction

mixture was filtered through Celite® and filtrate was concentrated under vacuum to obtain



WO 2018/222795 PCT/US2018/035270

Intermediate 197A (0.25 g, 47.10 %) as an off-white solid. 'H NMR (400 MHz, DMSO-
deyOppm2.83(s,3H),346-353(m, 1 H),3.62-3.73(m,2H),3.79(dd, J=10.79,527
Hz, 1H),393(s,3H),397-404(m, 1 H), 498 (t, /J=552Hz 1 H), 8.06(s, 1 H}, 854
(s, 1 H} LCMS (Method-1): retention time 1.22 min, [M+H] 263.2.

Intermediate 197:

Intermediate 197 was prepared (0.24 g, 81.00%;) as a pale yellow solid, by using a
similar synthetic protocol as that of Intermediate 89 and starting from Intermediate 197A
(0.20 g, 0.76 mmol) and mesyl chloride (0.07 mL, 0.91 mmol). "H NMR (400 MHz,
DMSO-ds) 6 ppm 2.87 (5, 3 H), 3.24 (s, 3 H), 3.80(dd, /=10.79, 477 Hz, 1 H}, 3.94 (5, 3
H}, 402-409(m, 1 H), 410-416(m, 1 H, 436(dd,/J=11.04,3.51 Hz, 1 H), 450 (dd,
J=11.04,301 Hz, 1 H), 804 (5, 1 H), 856 (s, | H). LCMS (Method-D): retention time
1.69 min, [M+H] 340.9.

Intermediate 198: 1-methyl-5-({({35,5R)-3-methyl-5-(4-methyl-1-030-1,3-
dibyvdroischenzofuran-3-yl}piperazin-1-yhmethyl}-1,.3-dihydro-2H-imidazol-2-one
TFA salt

9]

3

Q

ijﬁe
7a N
" N 1 =3
Me H?‘(\) /\ENZ
e TFA

Intermediate 198A: 1-(fert-butyl) 4-methyl 3-methyl-2-0x0-2,3-dihydre-1H-
imidazole-1,4-dicarboxylate
o) %ﬁe
M
| =0
N
Q)\Q fe

M@/(Me

el

To a stired solution of methyl 2-oxe-2,3-dihydro-1H-imidazole-4-carboxylate
{500 g, 35.20 mmmol) in MeCN (25 ml) was added KoCOs (4.86 g, 35.20 mmol) followed
by BOC20 (8.17 mL, 352 mmol} at 0 °C and the resulting reaction mixture was stirred at
ambient temperature for 14 h. The reaction mixture was diluted with MeCN (50 mL) and
K2C03 (14.55 g, 105.00 mmol), iodomethane (6.58 mL, 105.00 mmol) was added and the

resulting reaction mixture was stirred at ambient temperature for additional 14 h. The
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reaction mixture was filtered through Celite® and the filtrate was concentrated under
reduced pressure. The residue was purified by column chromatography (Redisep-40 g, 10-
20% EtOAc/n-hexane) to obtain Intermediate 198A (3.70 g, 41.10%) as a white solid. 'H
NMR {400 MHz, DMSO-ds) & ppm 1.53 (s, 9 H), 3.30 (s, 3 H), 3.79 (s, 3 H), 7.40 (s, 1
H). LCMS (Method-OY: retention time 1.17 nin, [M-55] 201 2.
Intermediate 198B: methyl 3J-methyl-2-ox0-2,3-dihydro-1H-imidazole-4-
carbexylate TFA salt
o {We
MeO irN

Y

H.TFA

=0

To a stirred solution of Intermediate 198A (370 g, 14 44 mmol) in DCM (20 mL)
at 0 °C was added TFA (10 mL, 130 mmol) and the resulting mixture was stirred at ambient
temperature for 2 h. The reaction mixture was concentrated under reduced pressure. The
residue was desolved in diethyl ether (S0 mL) and the solid precipitate was filtered and
dried under vacuum to obtain Intermediate 198B (0.22 g, 98.00%). 'H NMR (400 MHz,
DMSO-ds) 3 ppm 330 (s, 3 H), 3.37 (s, 3 H), 5.33 (br. s, 1 H), 7.38 (s, 1 H), 10.96 (br s.,
1 H). LCMS (Method-Q): retention time 0.16 min, [M+H] 1569

Intermediate 198C: methyl 3-methyi-2-oxo-1-trityl-2,3-dihydro-1H-imidazole-

4-carboxylate

Intermediate 198C was prepared (2.90 g, 56.80%) as a white solid, by using a
simifar synthetic protocol as that of Intermediate 75A and starting from Intermediate
1988 (2.00 g, 12.81 mmol) and trityl chloride (4.29 g, 15.37 mmol). '"H NMR (400 MHz,
DMSO-ds) & ppm 3.27 (s, 3 H), 3.69 (s, 3 H), 7.11-7.40 {m, 16 H). LCMS (Method-D):
retention time 3 28 min, [M+H] 399.2.

Intermediate 198D: 4-(hydrexymethyl}-3-methyl-i-trityl-1,3-dihydro-2H-

- 407 -



WO 2018/222795 PCT/US2018/035270

imidazol-2-one

To a stirred solution of Intermediate 198C (5.00 g, 12.55 mmol) in THF (40 mL)
was added 2M solution of LiBH4 in THF (18.82 mL, 37.6 rumol) at 0°C and the resulting
reaction mixture was stirred at ambient temperature for 14 h. The reaction mixture was
diluted with water (50 mL) and extracted with ethyl acetate (3 x 50 mL}. The combined
organic layers were washed with brine (50 mL), dried over anhydrous sodium sulfate and
evaporated under reduced pressure. The residue was purified by column chromatography
{Redisep-40 g, 50-80% EtOAc/n-hexane) to obtain Intermediate 198D (3.30 g, 71.00%)
as & white solid. "H NMR. (400 MHz, DMSO-ds) 8 ppm 3.06 (s, 3 H), 4.21 (d, J = 6.80, 2
H), 5.03 (t,J = 14.00, 1 H), 6.07 (s, 1 H), 7.09-7.17 (m, 6 H), 7.22 - 7.37 (m, 9 H). LCMS
(Method-D): retention time 2.42 nun, [M-+H]371.2.

Intermediate 198E: (3-methyl-2-oxo-1-trityl-2,3-dihydro-1 H-imidazol-4-

yiimethy! methanesulfonate

Intermediate 198E was prepared (1.40 g 99.17%), by using a similar synthetic
protocol as that of Intermediate 59 and starting from Intermediate 198D (200 g, 540
mmol) and mesyl-Cl (0.50 mL, 6 .48 mmel). 'H NMR (400 MHz, DMSO-ds) 8 ppm 3.04-
3.13(s,3H), 3.16-3.28 (5,3 H}, 438 (s, 2 H}), 6.67 (s, 1 H}, 7.20-7.38 (m, 15 H). LCMS:
The compound did not ionize well.

Intermediate 198F-1: 3-methyl-4-(((38,5K}-3-methyl-5-(4-methyl-1-ox0-1,3~
dihydreiscbenzofuran-5-yi)piperazin-1-ylimethyl)-1-trityl-1,3-dihydro-2H-imidazol-

2-one
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To a stirred solution of Intermediate 51-1 (0.50 g, 2.02Z mmol} in MeCN (40 mL}
was added Intermediate 198E (0.70 g, 1.56 mmol), sodium 1odide (0.234 g, 1.561 mmol),
K2C03 (0.0647 g, 4.68 mmol) foliowed by 4-methyl-1H-imidazole (0.18 g, 2.21 mmol} and
the resulting mixture was heated at 65 °C for 4 h. The reaction mixture was cooled to
ambient temperature, filtered through Celite® and the filtrate was evaporated under
reduced pressure. The residue was puritied by column chromatography (Redisep-40 g, 5-
10% MeOH/CHCI3) to obtain Intermediate 198F-F (0.30 g, 32.10%). 'H NMR (400 MHz,
DMSO-ds} 6 ppm 0.98-1.11 (m, 3 H), 2.16-228 (m, 3 H), 234 -2.47 (m, 1 H), 2.54-2.62
(m, 2H), 263-279(m,3H), 287 (br. s, 1 H), 3.09(s,3 H),3.17-330(m, 1 H), 4.04
(d,./ = 1400, 1 H}, 542 (s, 2 H}, 606 (s, 1 H), 7.10-732 (m, 15 H), 767 (d, /= 10.80, 1
H), 7.80(d, J = 10.40, 1 H). LCMS (Method-(): retention time 1.87 min, {M+H] 5993,

Intermediate 198-1:

Intermediate 198-1 was prepared (0.55 g 93 .20 %), by using a similar synthetic
protocol as that of Intermediate 1988 and starting from Intermediate 198F-1 (100 g,
1.67 mmol) and TFA (5 mL, 64.90 mmol). 'H NMR (400 MHz, DMSO-de) & ppm 1.28
{d,J=3003H),217-245(m,3H),296-326(m, SH),327-344(m, SH),470
{brs, 1 H),539-553(m, 2H),632(s, 1 H), 7.29-733 (m, 1 H), 7.79- 791 (m, 2 H),
8.49 - 8.84 (m, 1H), {1 Exchangeable proton not observed). LCMS (Method-(7): retention
time 0.57 mun, [M+H] 357 1.

Example 266-1: 3-methyl-4-(((358,58)-3-methyl-5-(4-methyl-1-0x0-1,3-

dihydreisobenzofuran-S-yljpiperazin-1-yhmethyl)-1-(2~-methyipyridin-4-yi)-1,3-

dihydro-2H-imidazol-2-one
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Example 266-1 was prepared (0.02 g, 18.73%), by using a similar synthetic
protocol as that of Intermediate 15C and starting from Intermediate 198-1 (0.08 g, 0.23
mmol) and 4-bromo-2-methylpyridine (0.05 g, 0.27 mmol). '"H NMR (400 MHz, DMSO-
dsy o ppm 1.06(d, /=490 Hz 3H), 1.75(br. s, 2H),227(s,3 H), 2406 (5,3 H}, 2.87 (br.
s, 2H), 298 (br. s,1 H),328(s,2H),333(s,3H),418(br s, 1H} 552-52%{(m, 2
H), 718 (s, 1 H), 7.78 - 754 (m, 3 H), 782 (d, /=810 Hz 1 H),840(d, /=540 Hz, 1
H), {1 Exchangeable proton not observed). LCMS/HPLC (Mefhod-K): retention time 0.83
min, [M+H] 4483, purity: 97.78%. (Method-S): retention time 1.34 min, [M+H] 4483,

¥4

10 purity: 97.09%. Chiral purity (Method-XVI]I'}. retention time 13.72 min, 95.00% ee.
The examples in Table 4 were synthesized using procedures of Example 1-1 to 24-

I, 81-1t0 84-1, 113-1t0 123-1 and 266-1
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Entermediate 199-1: 4-methyl-S-((2R.65)-6-methylpiperazin-2-
vhisobenzofuran-1{3H}-one-3,3-d2 TFA Salt

o
ay\q”\‘w

L,
BXE;\E/H N(\NH, TFA

fe
Intermediate 199A-I: tert-butyl (38,5R}-3-methyl-5-(4-methyl-1-ox0-1,3-

dihydreiscbenzofuran-5-yi-3-d)piperazine-1-carboxylate
L8

O C  Me
. P /"'(\NAG)(MG
BH peun._J
ie

To a stirred solution of Intermediate 81-1 (1.50 g, 4.33 mmol} in THF (150 mL}
was added 1M LiHMDS in THF (21.65 mL, 21.65 mmol} and the reaction mixture was
stitred at ambient temperatute for 30 minutes. To the resulting reaction mixture was added
D20 (5.09 mL, 281 mmol) and stirring at ambient temperature was continued for 15
minutes. The reaction mixture was diluted with water (100 mwL) and extracted with ethyl
acetate (2 x 100 mL). The combined organic layers were washed with brine (50 mL}, dried
over anhydrous sodium sulfate and evaporated under reduced pressure. The residue was
purified by column chromatography (Redisep-40 g, 60-80% EtOAc/n-hexane) to obtain
Intermediate [99A-F (1.00 g, 33.20%) as a white solid. "H NMR (300 MHz, DMSG-ds) &
ppm 1.05 (s, 3 H), 1.42 (s, 9 H), 2.32 (5, 3 H), 2.42 (brs, 1 H), 2.70 - 2.88 (m, 2 H), 3.91 -
4.04 (m, 3 H), 5.37 - 5.44 (m, 1 H), 7.69 (d, J=7.90 Hz, 1 H), 7.82 (d, /= 7.90 Hz, 1 H),
{1 Exchangeable proton not observed). LCMS (Merhod-3): retention time 2,46 min, [M+H]
348.2.

Intermediate 199B-1 and 199C-1 : tert-butyl (35,5R)-3-methyl-5-(4-methyi-1-

oxo-1,3-dihydroisobenzofuran-5-y1-3,3-d2)piperazine-1-carboxylate
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1888-i: mono-I} and 4i-I isotopic ratic 28:72

188C-I: moneo-D and di-D isotopic ratic 17:83

Intermediate 199B-1 was prepared (0,40 g, 39.80%) as a white solid, by using a
sumifar synthetic protocol as that of Intermediate 19%A-1 and starting from Intermediate
199A-1 (1.00 ¢, 2.8%9 mmol) and 1M LiHMDS (14.39 mL, 14.39 mmol}. 'H NMR (300
MHz, DMSO-de) 6 ppm 1.05 (s, 3 H), 1.42 (s, 9 H), 232(s, 3 H), 2.42 (brs, 1 H), 2.70 -
2.88 (m, 2 H), 3.91 - 4.04 (m, 3 H), 7.69(d, /= 7.90 Hz, 1 H), 7.82 (d, /= 7.90 Hz, 1 H),
{1 exchangeable proton not observed). LCMS (Method-3}: retention time 2 47 mun, [M+H]
349 2. The isotopic ratio of mono-D and di-D (28:72) was determined by 'H NMR._

Intermediate 199C-F was prepared (0.20 g, 19.88%) as a white solid, by using a
similar synthetic protocol as that of Intermediate 199A and starting from Intermediate
199B-1(0.40 g, 1.15 mmol) and 1M LiHMDS (5.76 mL, 5.76 mmol). 'H NMR (300 MHz,
DMSO-ds) § ppm 1.05 (s, 3 H), 1.42 (s, 9 H), 2.32 (s, 3 H), 2.42 (br., 5., 1 H), 2.70 - 2.88
(m, 2 H), 3.91 - 4.04 (m, 3H), 7.69 (d, J=7.90 Hz, 1 H), 7.82 (d, /= 7.90 Hz, 1 H), (1
exchangeable proton not observed). LCMS (Method-D): retention time 2.47 min, [M+H]
349 2. The isotopic ratic of mono-D and di-D (17:83) was determined by 'H NMR.

Intermediate 199-1:

Intermediate 199-1 was prepared (0.18 g, 87.00%) as a pale yellow solid, by using
a similar synthetic protocol as that of Intermediate 1988 and starting from Intermediate

199C-E(0.20 g, 0.57 mmol) and TFA (0.883 mL, 11.48 mmol). 'H NMR (400 MHz, DMSO-

ds) & ppm 'H NMR (400 MHz, DMSO-ds} & ppm 1.29 (d, J=6.00 Hz, 3 H), 2.38 (s, 3 H),
30-320(m, 2 H), 355-368(m, 3 H), 48 (br, s, 1 H), 788 - 782 (m, 2 H), (2
Exchangeable proton not observed). LOMS (Methiod-J): retention time 0.40 min, [M+H]
249 2.

Intermediate 200-1: 4-methyl-6-(4-(((33,3R)-3-methyl-3-(4-methyl-1-0x0-1,3-
dihydreisebenzofuran-5-yi-3-d)piperazin-1-yijmethyl}-2H-1,2,3-triazol-2-

yhnicotinonitrile
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To a stirred solution of Example 83-1 (0.10 g, 0.22 mmol) in THF (10 mL) at -50
°C was added 1M LiHMDS in THF (1.13 mL, 1.13 mmol) and the reaction mixture was
stirred at same temperature for 10 minutes. To the resulting reaction mixture was added

5 D20 (20 mL, 113 mmol) and stirting at -50 °C was continued for 10 minutes. The reaction
nixture was difuted with water (15 mL) and extracted with ethyl acetate (3 x 20 mL}. The
combined organic layers were washed with brine (10 mlL), dried over anhydrous sodium
sulfate and evaporated under reduced pressure. The residue was purified by column
chromatography (Redisep-24 g, 3-4% MeOH/DCM) to obtain

10 Intermediate 200-1 (0.045 g, 40.00%) as an off-white solid. "H NMR (400 MHz,

DMSO-ds) § ppm 1.02 (d, J=5.60Hz, 3 H), 1.75(m, 2 H), 2.27 (s, 3 H), 2.38 - 2.41 (m,
2H), 2.71(s, 3 H), 2.75 - 2.86 (m, 2 H), 3.76 (s, 2 H), 4.05 - 4.29 (m, | H), 5.34 - 537 (m,
1H), 7.50 (d, J = 8.00 Hz, 1 H), 7.80 (d, J = 8.00 Hz, 1 H), 8.07 - 8 26 (m, 2 H), 8.87 - 9.03
(my, 1 H}. LCMS (Method-Dy: retention time 1.15 min, [M+H] 445.0. The isotopic ratio of

15 mono-D and di-D (27:73) was determined by 'H NMR.

Example 277-1: 4-methyi-6-(4-({{38,5K)-3-methyl-53-(4-methyl-1-0x0-1,3-
dihydreisobenzofuran-3-y1-3,.3-d2)piperazin--yhmethyl}-2H-1,2,3-triazol-2-

yviicotinonitrile

20 Example 277-F was prepared (0.01 g, 14.80%) as a white solid by using a simular
synthetic protocol as that of Intermediate 96-1 and starting from Intermediate 199-1(0.05

g, 0.188 mmol) and Intermediate 28 (0.04 g, 0.188 mmol}). 'H NMR (400 MHz, DMSO-

- 418 -



(¥, )

10

oy
¥4

20

WO 2018/222795 PCT/US2018/035270

dyoppm 1.02(d, . /=560Hz 3H), 1.75-1.88(m, 2H), 226 (5,3 H), 2.61 (5,3 H),2.74
~286(m, 2H),292-304(m, 1H},3.76(s, 2H}, 414-418(m, 1 H}, 765 (d, J=7.60
Hz, 1 H), 779 (d, /=810 Hz, 1 H), 811 (s, 1 H), 820 (s, 1 H), 892 (5, 1 H), (1
Exchangeable proton not observed). HPLC (Method-P): retention time 7.71 min, purity:
98 20%, (Method-Q). retention time 565 min, purity: 98.17%. LCMS (Method D)
retention time 1.93 min, [M+H] 446 2. The isotopic ratio of mono-D and di-D (17:83) was
determined by 'H NMR.

Alternative procedure for Example 2771 :

Example 277-1 was prepared (0.001 g, 2.82%) as a white solid by using a similar
synthetic protocol as that of Intermediate 199A-1 and starting from Intermediate 200-1
{0.04 g, 0.101 mmol) and 1M LIHMDS (0.50 mL, 0.50 mmol). 'H NMR (400 Mz,
DMSO-de) & ppm 1.02 (d, /=560Hz 3H), 1.75- 188 (m, 2 H), 2.26(s,3H), 261 (5,3
H),274-286(m 2H),292-304{(m, 1 H),376(s,2H),414-418(m, 1 H),765(d,J
=760Hz 1 H), 779(d, /=8 10Hz [ H), 8311 (s, 1 H}, 820 (s, 1 H), 892 (5, 1 H), (1
Exchangeable proton not observed). HPLC (Method-): retention time 7.49 min, purity:
92.50%, (Method-(). retention time 6.54 min, purity: 93.04%. LCMS (Method-D):
retention time 1.84 min, [M+H] 446.2. Chiral purity (Mefhod-VIIT)y. retention time 4.99

min, 100 % ee. The isotopic ratio of mono-D and di-D (5:95) was determined by "H NMR.

The examples in Table 5 were synthesized using procedures of Example 1-1 to 24-

L, 81-1 10 84-1, 113-1¢0 123-], 266-f and 277-1

- 419 -



PCT/US2018/035270

WO 2018/222795

{poAlesqo jou uojoad

siqeadueyoxd [J(H 1) g88(H 1 S 9oL8

{¢g:L1 :Q-1p pue

(J-ouowy Jo oner 51dojosy)

HISWCS HIZH008 =PI LL M| %096 S[HHUOUROOIU(§A- | -[OzRLY &%MJZ o
TZHO08 = P)yoL (H1 ZHOSL=/"P) ‘056 0O —. -¢" 7 -HI-(Apew(A i i o . 617
PIy (HTSIELEHT S IQs67 (HT TH % 00'L6 ' ~1-urzesedid(gp-¢ e-1A-§ L(z/\/mp an
088 =/ DT MHE® T WML T s d ~URINJOZUSQOSIOIPAYIP-¢ ~ o
HT W 8T-991T (HEZHO09 =1 D) ~OX0- [ -[AYISUI-{ }- G- [AYID
101 wdd ¢ (P-OSINA ZHIN 00v) YWIAN H; -€-Q1$ SENt)-9-[Amd -y

(peasssqo (€8:L1 '(1p pur
you voyoad ojgesSueyoxg 1) (H 1 °S) 188 {J-ouou Jo onel 01dojosy)
IS 0s8 (HITIS 06, (HT W) eyL - ajpuounoou(jA
OL LT ZHOS L="PIT9L (H T ZH 0S8 % 08'L6 -{-[ozerAd-H1-(Agem((4 1-8L7
= POaYHIDCHI DT H ‘6790 csm -1-urzesadid{zp-¢¢-1A-¢
TEHOS 6= "PILLT HES) ST (HES) % 0096 -UBINJOZUSQOSIOIPAYIP-¢]
TVTHHTZ S 19691 (HEZH009 =7 P) 8y id -OX0- [~ [ATAW-{ )~ G- [ATIOW
00" wdd ¢ (9p-OSING ZTHIN 00%) YN H; g TN Y)-o- 1Ay

Aung
(unw) £y
{ PO {(H+W) SUIBN 3OS opdwexyg
ST

ST/ 1dH




PCT/US2018/035270

WO 2018/222795

(84177 :(d-1p pue

(J-ouow Jo oner 51doIosy)

{paalesqo jou uojoxd S{HCURONU(A "
31qeaBueydXF D (H 1) +6'¢ (HZ W e8'L- %400 06 -¢-jozexosi Ayl |4 %o;@ HWz o
CLL{HIZHO08=r P19 L (HISII0L “CO'C T 7701 -1-uizesadid(zp-cie-1A f m\wzx g
13 [N L, N Y P - Zzﬁ.\.\//«\z,/\ ey //.J\\VA M!m%ﬁ
(Hyw ey - 107 (TS 8 (H 1w % b0 06 ~G-TRINJOTUIOSIOIPAYIP T o
0€-S6T HTMOT- 18T (HESTT ‘cc'pd -€41-0%0 ©
HTWeRT-5L T (HEZHOS9 =1 P) -[-J AR L= -GS AYDLI-¢
€0'1 wdd @ (W-OSWA ZHIW 00%) WAN H (S SENI-C)-9-AXOIat-t7

421 -

{8£:77 :q-1p pue

(1-ouow 3o onel 51dolosy)

{(poaIssqo jou OILIIUOUNOI I [A
. e % 0156
uojoad opqeaBSueyoxg PD(HISITI 6 (HI ) ~7-[OZRIPEXO
e . h CITES o )
CCSH T ZH 008 =/ "P)S8L (H T ZHO00'8 7Ly " T-(JApaw(iA
£ ~. 13 e .o < g . < MW\Q \-‘NW@ < v MHOMWN
= PYOSLH € TH 008 =/ P) 81y (H ﬁ ~{-uzessdid(zp-¢ie-1h-g
o . 976 1
£8)66¢ (HEWPee- 087 (HES) 8T T - -URINJOZUGQOSICIPAYIP-£°]
Gz W80T -¥81 (H € ZHO0S9 =/ P) ~OX0- [ - [AYIOU-§ )~ - [AYIR W

£0'1 widd ¢ (9p-OSINA ZHIN 00%) AN H; -0 TEM-S )-o-1Ame -




WO 2018/222795 PCT/US2018/035270

BICLOGICAL ASSAYS
The pharmacological properties of the compounds of this invention may be
confirmed by a number of biological assays. The exemplified biological assays, which
follow, have been carried out with compounds of the invention.
When roore than one data point has been generated tor any particular test for a

particular compound, it is represented as an average in the table.

Thallium Flux Assay

Solutions and reagents: Thallium flux assay was performed using FluxOR kit
(F10017, Life Technologies). Loading butfer, assay buffer and stimulus buffer were
prepared using kit components. HBSS (Hank’s balanced salt solution, Cat#14025-092)
was purchased separately from Life Technologies.

To prepare 10 mi of loading butfer: 10 pl of FluxOR dye (reconstituted in DMSO)
was first added to 100 ul of powerload concentrate and this mix along with 100 pl of
Probenicid (100X) was then added t0 9.79 ml of HBSS. Assay buffer (10 ml) was
prepared by addition of 2 ml of FluxOR chioride free buffer (53X}, 100 ul of Probernicid
(100X}, and 0.2 m] of Ouabain (13.77 ;M) to 7.7 mi of deionized water. Stimulus buffer
was composed of 15 mM T804, 0.75 mM K»$0:s in FluxOR chloride free butfer
(diluted to 1X using detonized water). The final concentration of ThSG4 and K2804 1o
the assay plate was 3 mM and 0.15 mM, respectively.

Plating and induction of cells: The CHO T-Rex hROMK (human Ki1.1) stable
cell line was maintained in Ham’s F12 media supplemented with 10% FBS, 1%
Penicillin-Streptomycin, S00 pg/ml Zeocin and 10 pg/ml Blasticidin at 37 °Cin a 5%
CO: incubator. One day before the experiment, the cells were dissociated by incubation
with Versene solution (15040-066, Lite Technologies) for 10 minutes at 37 °C followed
by addition of growth media. The cell suspension was centrifuged at 1200 rpm for 5 min.
After discarding the supernatant, the cells were resuspended in fresh growth media and
cell concentration was determined using a hemocytometer. Next, 0.5 ug/ml of
Doxyeycline was added to the cell suspension to induce hROMK channel expression and
50 ul (10,000 cellis/well) of cell suspension was added to each well of a poly-D lysine
coated 384 well black, optically clear bottom plate (6007718, Perkin Elmer}. The assay

plate was kept at 37 °C in a 5% CO» incubator.
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Assay protocol: Un the day of experiment, media was removed and loading buffer
was added (30 ul/ well) to the assay plate. The cells were incubated in the loading bufter
for 30 minutes at 37 °C. The loading buffer was then replaced by assay butfer (30 ul/
weill) followed by addition of test compounds or controls. The cells were tncubated with
compounds for 30 minutes and the plate was then mounted on FlexStation (Molecular
Devices) for fluorescence read out with excitation and emission wavelengths at 488 and
525 nm, respectively. Each well was read for 90 sec at 2 sec interval and the stimulus
buffer was added after 20 seconds of baseline recording. The final DMSO councentration
was either 0.5 or 1% in the assay plate. Positive and negative controls were defined by
addition of DMSO or 3 pM of a standard ROMK inhibitor, respectively, to the wells
instead of a test compound.

Data analysis: The slope (over a period of 15 seconds) of tluorescence increase
after stimulus buffer addition was exported from SoftMax Pro into a custom made
software where it was converted to % inhibition. A 10-point concentration response
curve was used to estimate the ICso value of test comapounds.

The data in Table ¢ is reported with two significant figures.

Table 6
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;; Z?iga Human },‘{Ol\/'ﬁ( Th
Number Flux IC50 (oM}
j | 14
2-1 15
3-1 210
4 640
5 270
6-1 40
71 1000
8-l 280
91 44
10-1 620
111 30
12-1 530
13-1 110
14-1 36
15-1 R4
16-1 33
17-1 900
18-1 ’70
19-1 180
20-1 490
211 93
22-1 26
23-1 30
24-1 500
1-11 800
25-1 51
26-§ 60
27-1 37
23-1 25
29-1 126
30-1 260
31-1 190
32-1 4
33-1 650
34-1 160
35-1 120
36-1 680
37-1 16

-4

L

4.

PCT/US2018/035270
‘Eiziﬁe Human ROMK Th
’ Flux 1050 (nM)
Number S

381 3400
391 770
401 77
411 580
451 490
430 110
441 700
451 370
461 26
471 49
481 62
491 7
501 670
51-1 7
521 78
53-1 370
71 1200
541 110
551 86
56-1 150
571 59
581 60
5901 0
611 57
631 170
631 60
64-1 g8
651 14
66-1 33
671 110
68-1 1700
69-1 900
70-1 59
711 800
721 550
731 150
741 370
751 680
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;; Z?iga Human },‘{Ol\/'ﬁ( Th
Number Flux IC50 (aM)
76-1 300
77-1 820
78-1 810
79-1 320
80-1 490
81-1 22
82-1 13
83-1 23
84-| 52
8o-1 45
86-| 84
87-1H 62
88-iH 36
89-1H 30
90-| 49
91 56
g2-| a5
93 44
94-| 29
95- 26
96-| 27
o971 28
98- 45
991 33
100 40
101 26
102-1 48
103 25
104- 36
106 26
106-1 57
107 26
108-1 30
109 56
110 25
1114 23
1121 18
113 25

PCT/US2018/035270
Eiiiie Human ROMK Th
e | Flux 1650 (nM)
1141 32
11511 53
11611 39
11741 34
11811 550
11611 140
12011 160
12141 31
12511 50
123 74
12511 30
126-1 34
12741 21
1281 66
1261 26
130-1 52
13141 75
13211 170
13311 84
134-] a3
13511 170
13611 28
13711 6
13611 670
13611 36
14011 26
14171 65
1421 76
14311 63
1441 24
1451 15
1461 25
T47-1 87
1481 27
1491 52
150-1 100
1511 a3
152-1 490
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;; Z?iga Human },‘{Ol\/'ﬁ( Th
Number Flux IC50 (aM)
1531 84
154 12
155 11
156 14
157 12
158 B
1589 16
1601 130
161 170
162-1 260
163 29
164-1 31
1656 &7
166-1 30
167 26
168-1 20
169 23
170 39
1714 27
1721 160
173 55
1741 220
175 31
176 120
177 500
178 220
178 360
1801 77
181 150
182-1 260
183-1 180
184 30
185-1 100
186- 18
187 43
188- a7
189-1 25
190 17

~ 426 -

PCT/US2018/035270
Eiiiie Human ROMK Th
e | Flux 1650 (nM)
1911 29
19211 16
16371 44
194-] 60
18511 56
19611 35
15741 15
19811 83
150-1v 16
200-4 64
20741 150
2021 140
2031 43
2041 220
20541 71
2061 82
2071 53
2081 190
2094 100
2104 a1
2114 30
51241 g7
2131 1260
514 66
215 11
21641 25
2174 24
2184 33
2154 21
22041 29
22714 22
2224 50
223 18
224 27
2250 19
22641 14
2274 28
2281 14




WO 2018/222795

;; Z?iga Human },‘{Ol\/'ﬁ( Th
Number Flux IC50 (nM)
2294 21
230-1 32
231 240
232-1 480
233 22
234-1 78
235- 83
236-1 75
237 £9
238-1 470
239- A3
240-1 42
241 41
2421 10
243- 13
2444 17
245- 18
246 870
2471 330
248- 1500
249 120
2501 27
251-1 61
252 72
253-1 400
254-1 1600
255-1 33
2561 57
2571 1400
258- 250
259-1 53
260-1 430
261+ 27
2621 120
2631 23
264- 580
265+ 22
266~ 26

PCT/US2018/035270

Eiiiie Human ROMK Th
e | Flux 1650 (nM)

2671 16

2681 56

5691 24

2704 580

5714 100

5724 65

273 720

574 58

5754 42

276-1 35

2774 38
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ROMK Manual Patch Clamp Assay

Cell culture conditions: Cells were maintained in conditions similar to those for
Thallium flux assay. hROMK channel expression was induced by adding 0.6 pg/ml of
Doxycycling 16-24 hrs prior to the experiments. Oun the day of experiment, the cells were
dissociated using Versene, resuspended in growth media and plated onto coverslips 15
minutes prior to use.

Electrophysiology: The coverslip plated with cells was placed in the experiment
chamber perfused with bath solution composed of (in mM): 135 NaCl, 5 KCl, 2 CaCly, 1
MgClz, 10 HEPES, 5 Glucose (pH 7.4). Paich pipettes with resistance between 2-5
Megaohms, when filled with a solution containing (in mM}: 135 KCL | EGTA, 1 MgCly,
10 HEPES, 2 NaxATP (pH 7.3}, were used to form gigaseals. The cells were voltage
clamped at -75 mV in whole-cell configuration using an Axopatch 200b or Multiclamp
700b (Molecular Devices) amplifier controlied by pClamp Sottware (Molecular Devices).
The current was recorded by applying a voltage step t0 -120 mV every 10 seconds. For
each compound, 4-6 concentrations were applied for 3-8 minutes in a successive manner
starting with the lowest concentration. At the end of the experiment, the cells were
perfused with bath solution containing 2mM Ba’" to isolate the contribution of hROMK
current.

Data analysis: Raw current values (5 traces each for control, different compound
concentration and Ba®™ treatment groups) were exported from Clampfit into Microsoft
Excel where the current remaining after application of Ba’" was subtracted from raw
current to obtain hROMK specific current. These hROMK current values (average of S
traces for each group) were then imported into a custom made template to generate a
concentration response curve, which was subsequently fitted with a four parameter
equation to calculate the ICso value of the test compound.

The data in Table 7 is reported with two significant figures.

Table 7
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Patent

WO 2018/222795
Patent
ROMK
Example | gp 1050
Number (nM)
11 1
21 57
3-1 44
14-1 51
16-1 1
22-1 25
231 4.9
3741 22
59.1 48
611 40
65-1 9.8
66-1 47
671 29
82-1 7.9
83-1 6.8
84-1 57
87-1i1 57
90-1 74
92-1 23
94-] 14

Patent

Example S?O ;;fii)

Nuniber (nM)
96- 12
897-1 43
98- 23
98- 29
100-1 25
101 34
102-1 17
103-1 29
105-1 11
106-1 10
107-1 18
108-1 21
1091 54
110-1 18
111 62
121-1 740
126-1 17
127 14
130-1 20
139-1 30

~ 429 -

Example é;iiif?;
Number (M)
148- 19
151 64
164-1 30
1681 39
166- 13
167 - 18
168-1 29
171 26
173 21
175- 17
184-1 10
187 25
188- 18
1891 17
1901 13
191 21
193 20
195 79
207 18
210 20
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Patent
Example ;91%?0
Number (nM)
216 14
221 13
228 20
230 19
240 34
244-1 22
255-1 9.1
263 23
267 17
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hERG Manual Patch Clamp Assay

hERG electrophysiology assay: The experimental compounds were assessed for
hERG activity on HEK 293 cells stably expressing hERG channels using patch clamp
technique. Coverslips plated with hERG expressing cells were placed in the experimental
chamber and were perfused with a solution composed of (in mM): 140 NaCl, 4 KC, 1.8
CaCly, 1 MgCla, 10 Glucose, 10 HEPES (pH 7.4, NaOH) at room temperature.
Borosilicate patch pipettes had tip resistances of 2-4 Mohms when filled with an tnternal
solution containing: 130 KC1, 1 MgCly, 1 CaClh, 10 EGTA, 10 HEPES, 5 ATP-K» (pH
7.2, KOH). The cells were clamped at -80 mV in whole cell configuration using an
Axopatch 200B (Axon instruments, Union City, CA) patch clamp amplifier controlied by
pClamyp (Axon instruments) software. Upon formation of a gigaseal, the following
voltage protocol was repeatedly (0.05 Hz) applied to record tail currents: depolarization
step from -80 oV to +20 mV for 2 seconds followed by a hyperpolarization step to -65
mV (3 seconds) to elicit tail currents. Compounds were applied after stabilization of tail
current. First, tail currents were recorded in presence of extracellular solution alone
{control} and subsequently, in extracellular sclution containing increasing compound
concentrations. Each compound concentration was applied for 2-5 minutes. The
percentage inhibition at each concentration was calculated as reduction in peak tail
current with respect to the peak tail current recorded in the presence of control solution.
Data analysis was performed in a custom made template. The percent inhibitions at
different concentrations were plotted to obtain a concentration response curve, which was
subsequently fitted with a four parameter equation to calculate hERG ICsq value.

Some compounds of the present invention were tested in the hERG assay.
Preferred compounds have low hERG inhibition or a high 1C50.

Table &
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Patent hERG Patent hERG Patent hERG
Example EP %lnh Example EP %linh Example EP %lnh
Number @ 1uM Number @ 1uM Number @ 1uM
1-1 26 47-1 49 89-ii 14
2-1 19 48-1 78 901 26
3-1 26 49-1 27 91-1 0
6-1 38 51-1 43 92-1 52
9-1 47 52-1 72 93- 23
111 40 57-1 26 94 43
14-1 1.7 59-1 15 95-1 13
15-1 5.8 63-1 23 96-1 9.6
16-1 73 64-1 45 98- 9.3
21-1 8.5 65-1 21 98- 9.6
22-1 6.0 66-1 0 100-1 3.6
234 12 67-1 7.1 101-1 3.0
25-1 8.7 70-1 8.4 102-1 5.6
26-1 20 81-1 7.7 103 14
271 1 82-1 7 104-1 3.4
28-1 15 83-1 11 105-1 8.7
32-1 6.2 84-1 6.7 106-1 0.98
351 20 85-1 11 107- 13
371 6.2 86-1 8.8 108-1 8.7
40-1 54 87-il 4.9 109-1 3.6
46-1 43 88-iii 8.3 110 92
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Patent hERG Patent hERG Patent hERG
Example EP %lnh Example EP %linh Example EP %lnh
Number @ 1uM Number @ 1uM Number @ 1uM
111 5.1 143-1 49 169-1 12
112+ 22 144-1 7.8 170 26
114 4.2 1451 25 1711 16
1154 45 146- 16 173-1 4.0
t1e- 6.4 148-| 8.8 175-1 15
121 10 149-| 7.6 184 6.1
122- 8.6 150-1 14 185-1 9.6
123 7.2 151 5.1 187-1 11
125-1 8.3 1531 10 188-1 18
126 7.8 154-1 43 189 8.9
127-1 16 1554 26 120-1 8.1
128-1 19 156 51 191-1 4.3
129 32 157-1 40 192-1 46
130 8.4 158-1 20 193 14
134-1 22 158 21 194-1 11
136-1 29 163 45 195-1 5.9
137 23 164-1 6.0 196-1 18
138 6.6 165-1 54 197- 75
140-1 49 166- 6.0 198-1 0
141 7.4 167- 11 199-IV 22
142- 8.5 168-1 22 200-Hi 27
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Patent hERG Patent hERG Patent hERG
Example EP %lnh Example EP %linh Example EP %lnh
Number @ 1uM Number @ 1uM Number @ 1uM

203 16 233- 31 268- 9.0
2056- 10 236-1 20 269- 9.5
207- 10 237 37 272 5.2
210- 52 239- 18 274-1 43
211 58 240-1 8.3 275 8.4
214 22 241- 18 276 5.4
215 29 242 36 277 7.0
216-1 56 243 9.8
217 16 245- 17
218 38 249-1 9.1
219- 75 250- 20
220 30 251 7.6
221 5.4 252-1 8.8
2224 12 255 9.8
2231 56 256-H 13
225 39 259- 8.6
226- 33 261-i 44
2274 18 263-1 10
228-1 16 265- 20
229-1 25 266-1 3.1
230 2.2 267- 9.9
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CLAIMS

What is claimed is:

1. A compound having the structure of Formula (I)

R1 R3a (R3b)1_2

N—L!
(R
)
or a salt thereof, wherein:
0
(R1a)n 0 X\\X
W £ J |
o= || X
WIS 1
R!is: or R R

each W is independently NR'® or O;

Z is abond or CHR'¢;

X is independently N or CR'?, wherein X is N at only 0, 1, or 2 positions;

each R'? is independently H, F, Cl, -OH, -CN, C,_3 alkyl, C,_3 fluoroalkyl, C3 cycloalkyl, C;_3
alkoxy, or Ci_3 fluoroalkoxy;

each R'® is independently H, C13 alkyl, C2.3 fluoroalkyl, C3.6 cycloalkyl

R!¢is independently H, deuterium, Ci4 alkyl, Ci_4 fluoroalkyl, or Cs.¢ cycloalkyl;

R!4is H, Ci3 alkyl, Ci4 fluoroalkyl, or Cs.6 cycloalkyl;

Y is -C(R®),-, -C(R%)-C(R®),-, -C(0)-, -C(0)-C(R®)2-, -C(R®),-C(O)-, or —SO»-;

V is —O-, -NR*-, -CR°R>-, -S-, -S(O)-, -SO>-, or -C(O)-; wherein if V is —O-, -S-, -S(O)-, -SO2-, or —
C(O)-, then Y is not —SO»-, and wherein if V is —~O-, -S-, or NR*, then Y is not C(R®)2, and
wherein if V is —=S(O)-, -SO:-, or C(=0)-, then Y is not —C(=0)-, —C(=0)-C(R%)>-;

L! is =C(R)2-, -C(O)-, or -C(R)>—C(R)>-; wherein R is independently H, F, OH, C;3 alkyl, Ci_3
hydroxyalkyl, Ci3 alkoxyalkyl, or Ci.3 fluoroalkyl; wherein R is not —OH or F if it is attached to
a carbon atom that is adjacent to a nitrogen atom:

Ring B is phenyl, pyridinyl, pyrimidinyl, pyrazolyl, thiazolyl, imidazolyl, triazolyl,

- 435 -



tetrazolyl, oxadiazolyl, thiadiazolyl, isoxazolyl, isothiazolyl, pyrrolyl, pyrazinyl, oxazolyl,
pyridazinyl, pyrrolidinyl, or imidazolidinyl;

R?is a Ce.10 aryl, or a 5 to 10 membered heterocycle ring containing 1 to 4 heteroatoms selected
from N, O, and S, the heterocycle ring optionally containing an oxo substitution, the aryl or
heterocycle ring are substituted with 0-3 R?%;

R?? is independently OH, =0, CN, halo, Ci4 alkyl, Ci4 deuteroalkyl, Ci4 fluoroalkyl, C;.4 alkoxy,
C1.4 deuteroalkoxy, Ci4 fluoroalkoxy, Cs.6 cycloalkyl, Cs. cycloalkoxy, C(=O)NR*°R*,
C(=0)C).4 alkyl, SO2R®, NR**SO,R*", or a 4 to 6 membered heterocycle having 1, 2, 3, or 4
heteroatoms selected from O, S, and N, the heterocycle optionally containing an oxo substitution
and is substituted with 0-3 R2b;

R?" is independently Ci3 alkyl, Ci.3 fluoralkyl, Ci-3 hydroxyalkyl, Cs.s cycloalkyl, or Cs.
fluorocycloalkyl ;

R is H, halo, OH, CN, C3 alkyl, Ci3 hydroxyalkyl, Ci_ fluoroalkyl, C;.3 alkoxy, or Cs.¢ cycloalkyl,
wherein if V is —O-, -NR*-, -S-, -S(0O)-, -SO»-, or —C(=0)-, then R3? is not halo, and wherein if V
is —O-, -NR*-, -S-, then R3? is not OH, CN;

R is H, =0, Ci.3 alkyl, C13 hydroxyalkyl, C1.3 fluoroalkyl, Ci-3 alkoxy, or Cs.s cycloalkyl;

R*is H, C1.3 alkyl, C23 fluoroalkyl, C2-3 hydroxyalkyl, CO,R*, C(O)R*, SO,R*2, C(O)N(R*R*),
SO>N(R*PR*), or OH;

R4 is Cy3 alkyl, C_3 fluoroalkyl, Cs. cycloalkyl, Cs.¢ fluorocycloalkyl, Ces.19 aryl or a 4 to10
membered heterocycle having 1, 2, 3 or 4 heteroatoms selected from O, S, and N, the aryl or
heterocycle being substituted with 0-3 R*;

R* is independently H, C13 alkyl, C»-3 fluoroalkyl, Cs.6 cycloalkyl, Cs. fluorocycloalkyl, Ce.10 aryl
or a 4 tol0 membered heterocycle having 1, 2, 3 or 4 heteroatoms selected from O, S, and N;
alternatively, 2 R*"s, along with the atom to which they are attached, join to form a 3 to 6 membered

saturated ring containing an additional 0-2 heteroatoms selected from O, S, and N;

R* is independently H, F, Cl, or Ci3 alkyl;

R’ is independently H, F, OH, C,.3 alkoxy, C-3 fluoroalkoxy, C-3 alkyl, Ci3 fluoroalkyl, C;-3
hydroxyalkyl, Cs.6 cycloalkyl, Cs. fluorocycloalkyl, NR3®R>*, O-R>¢, or 2 R’s are =O; wherein if
one R3 is F, OH or NR*"R5", then the other R’ is not OH, or NR>"R5P.
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R3® is independently H, Ci.3 alkyl, C3.6 cycloalkyl, C(O)R?, SO2R? or C(O)NRPR®;

alternatively, 2 Rs, along with the atom to which they are attached, join to form a 3 to 6 membered
saturated ring containing 0-2 heteroatoms selected from O, S, or N;

R>¢ is independently H, C\3 alkyl, C3.6 cycloalkyl, or C(O)NRPR®;

R® is independently H, OH, F, C1 alkyl, Ci-3 deuteroalkyl, Ci3 fluoroalkyl, Cs.6 cycloalkyl, Cs.
fluorocycloalkyl, Ci3 alkoxy, Ci-3 hydroxyalkyl, Ci.3 hydroxydeuteroalkyl, Ci3 alkoxyalkyl, or
C1.3 fluoroalkoxyalkyl, or NR®’R; wherein if one R® on one carbon atom is F, OH or NR®*R%®,
then the other R® on the same carbon atom is not OH or NR®*R®,

R is independently H, C1.3 alkyl, C3. cycloalkyl, C(O)R?, SO2R? or C(O)NRPRP; alternatively, 2
R® along with the same atom to which they are attached can form a 3 to 6 membered saturated
ring containing 0-2 heteroatoms selected from O, S, and N;

R? is independently H, Ci3 alkyl, Ca-3 fluoroalkyl, Cs.¢ cycloalkyl, Cs.¢ fluorocycloalkyl, Ces-10 aryl or
a 4 to 10 membered heterocycle having 1, 2, 3, or 4 heteroatoms selected from O, S, and N;

R is independently H, C;3 alkyl, C2.3 fluoroalkyl, Cs.6 cycloalkyl, Cs. fluorocycloalkyl, Ce.10 aryl or
a 4 to10 membered heterocycle having 1, 2, 3 or 4 heteroatoms selected from O, S, and N;

alternatively, 2 R’s along with the atom to which they are attached, join to form a 3 to 6 membered
saturated ring, containing 0-2 heteroatoms selected from O, S, and N;

each R¢is independently H, F, Ci3 alkyl, Ci3 fluoroalkyl, Ci_3 alkoxy, Ci-3 fluoroalkoxy, Ci:3
hydroxyalkyl, Cs.s cycloalkyl, halo, OH, =0, CN, OCF3;, OCHF,, CHF;, CF3, or C(O)NR°R¢;

each R¢ is independently H, Ci.3 alkyl, C23 fluoroalkyl, Cs.6 cycloalkyl, C>3 hydroxyalkyl, Cz3
alkoxyalkyl, Ce-10 aryl, or a 5 to 10 membered heteroaryl having 1, 2, 3, or 4 heteroatoms
selected from O, S, and N;

alternatively, 2 R®s along with the atom to which they are attached, join to form a 3 to 6 membered
saturated ring, containing 0-2 heteroatoms selected from O, S, or N; and

nis0, 1, or 2.

2. A compound according to claim 1, or salt thereof, wherein:
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Q (R")n

0

Rlis: R'® R'® ;
each R!? is independently selected from F, Cl, C;3 alkyl, C,3 fluoroalkyl, and Cs. cycloalkyl;
R!¢ is independently H, deuterium, Ci- alkyl, or Cs.¢ cycloalkyl;

nis zero, 1, or 2.

3. A compound according to any one of claims 1 to 2, or salt thereof, wherein:

R? is phenyl, pyridinyl, indolyl, indazolyl, benzo[d]oxazol-onyl, pyrazolo[4,3-b]pyridinyl,
pyridin-2-onyl, pyrazolyl, [1,2,4]triazolo[1,5-a]pyridinyl, imidazo[1,2-b]pyridazinyl, pyrazinyl,
pyrazolo[1,5-a]pyrimidinyl, thiazolyl, thiophenyl, 1,2,3-triazolyl, benzo[d][1,2,3]triazolyl,
[1,2,4]triazolo[4,3-b]pyridazinyl, benzo[d]imidazolyl, imidazolyl, pyrazolo[3,4-b]pyridinyl,
pyrazolo[3,4-c]pyridinyl, pyrazolo[4,3-c]pyridinyl, pyrrolyl, pyrrolo[2,3-b]pyridinyl,
pyrrolo[2,3-c]pyridinyl, pyrrolo[3,2-b]pyridinyl, pyrrolo[3,2-c]pyridinyl,
pyrazolo[1,5-a]pyrimidinyl, tetrazolyl, 1,2,4-triazolyl, isothiazolyl, isoxazolyl, oxazolyl,
pyridazinyl, pyrimidinyl,or benzo[d]oxazol-2-onyl, triazolyl, oxadiazolyl, or pyrrolopyridinyl,
each being substituted with 0-3 R?2.

4. A compound according to any one of claims 1 to 3, or salt thereof, wherein:
Ring B is pyridinyl, pyrimidinyl, pyrazolyl, thiazolyl, imidazolyl, triazolyl, tetrazolyl, oxadiazolyl,

thiadiazolyl, isoxazolyl, pyrazinyl, oxazolyl, or pyridazinyl.

5. A compound according to any one of claims 1 to 4, or salt thereof, wherein:

V is —O-, -NR*-, -CR°R>-, or -C(=0)-;

wherein if V is —O-, or NR*, then Y is not C(R®)y;

Y is -C(R®)2-, -C(R®)2-C(RS)2-, -C(=0)-, -C(=0)-C(R®):2-, or -C(R®)2-C(O)-;

L! is =C(R)2-, -C(O)-, or -CH>—C(R)>-; wherein R is independently from hydrogen, F, OH, Ci3
alkyl, Ci_3 hydroxyalkyl, Ci3 alkoxyalkyl, or Ci_3fluoroalkyl.

6. A compound according to any one of claims 1 to 5, or salt thereof, wherein:
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R? is phenyl, pyridinyl, indolyl, indazolyl, benzo[d]oxazol-2(3H)-onyl, pyrazolo[4,3-b]pyridinyl,
pyridin-2(1H)-onyl, pyrazolyl, pyrimidinyl, imidazolyl, pyrazolyl, triazolyl, oxadiazolyl,
thiadiazolyl, [1,2,4]triazolo[1,5-a]pyridinyl, imidazo[1,2-b]pyridazinyl, pyrazinyl,
pyrazolo[1,5-a]pyrimidinyl, thiophenyl, [1,2,4]triazolo[4,3-b]pyridazinyl,
pyrazolo[1,5-a]pyrimidinyl, or benzo[d]oxazol-2(3H)-only, each being substituted with with 0-3
R?; and

R??is OH, =0, CN, halo, SO2C;.3 alkyl, oxazolidin-2-one substituted with 0-1 R?®;

R?*is Csalkyl, Ci.3 fluoroalkyl, Ci.3 alkoxy, or Ci.3 fluoroalkoxy.

7. A compound according to any one of claims 1 to 6, or salt thereof, wherein:

0 (R‘la)n
A
o | P
R!is ¥
R'?is independently H or -CHs.

8. The compound according to any one of claims 1 to 7, or salt thereof, wherein:

Ring B is pyridinyl, triazolyl, thiazolyl, oxadiazolyl, imidazolyl,or pyrazolyl; and

R? is phenyl, pyridinyl, pyrimidinyl, benzo[d]oxazol-2(3H)-onyl, imidazolyl, pyrazolyl, triazolyl, or
oxadiazolyl, each being substituted with 0-3 R?2.

9. The compound according to any one of claims 1 to 8, or salt thereof, wherein:

V is —O-, -NR*-, or -CR’R°-;

Y is -C(R®)2-C(R®),- or -C(R%)>-;

L' is —C(R)>-; wherein R is independently hydrogen, F, OH, Ci_3 alkyl, Ci3 hydroxyalkyl, Ci-3
alkoxyalkyl, or Ci_3 fluoroalkyl; and

R® is independently H, C;3-alkyl, Ci3-fluoroalkyl, or Cs¢-cycloalkyl.
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10. A compound according to claim 1, or salt thereof, wherein the compound is selected from
(R)-4-methyl-6-(4-((2-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-
yl)morpholino)methyl)-1H-pyrazol-1-yl)nicotinonitrile;
(R)-4-methyl-6-(4-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl )methyl)-1H-
pyrazol-1-yl)nicotinonitrile;
(R)-3-methyl-5-(5-((2-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-
yl)morpholino)methyl)pyridin-2-yl)benzo[d]oxazol-2(3H)-one;
5-(4-((4,4-difluoro-3-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)piperidin-1-yl)methyl)-1H-
pyrazol-1-yl)-3-methylbenzo[d]oxazol-2(3H)-one ;
6-(4-((4,4-difluoro-3-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)piperidin-1-yl)methyl)-1H-
pyrazol-1-yl)-4-methylnicotinonitrile;
(R)-6-(5-methoxy-4-((3-(4-methyl-1-o0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-1H-
pyrazol-1-yl)-4-methylnicotinonitrile;
(R)-4-methyl-5-(4-((1-(2-methylthiazol-5-yl)-1H-pyrazol-4-yl)methyl )morpholin-2-
yl)isobenzofuran-1(3H)-one;
(R)-4-cyclopropyl-6-(4-((2-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-
yl)morpholino)methyl)-1H-pyrazol-1-yl)nicotinonitrile;
(R)-4-methyl-6-(4-((5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)-2-
oxooxazolidin-3-yl)methyl)-1H-pyrazol-1-yl)nicotinonitrile;
(R)-4-methyl-6-(4-((2-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)-5-
oxomorpholino)methyl)-1H-pyrazol-1-yl)nicotinonitrile;
(R)-4-methoxy-6-(4-(2-(2-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-
yl)morpholino)ethyl)-1H-pyrazol-1-yl)nicotinonitrile;
(R)-6-(5-((2-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)morpholino)methyl)-
1,3,4-oxadiazol-2-yl)nicotinonitrile;
(R)-4-methyl-6-(5-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-1,3,4-
oxadiazol-2-yl)nicotinonitrile;
(R)-4-methoxy-6-(4-((3-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-1H-
imidazol-1-yl)nicotinonitrile;
(R)-4-methyl-6-(4-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)-5-
oxopiperazin-1-yl)methyl)-1H-pyrazol-1-yl)nicotinonitrile;
(R)-4-methyl-5-(4-((6-(4-methyl-1H-imidazol-1-yl)pyridin-3-yl)methyl)morpholin-2-
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yl)isobenzofuran-1(3H)-one;
(R)-4-methoxy-5'-((5-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)-2-oxooxazolidin-3-yl)methyl
)-[2,2'-bipyridine]-5-carbonitrile;
6-(4-(1-hydroxy-2-((R)-2-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)morpholino)ethyl)-1H-
pyrazol-1-yl)-4-methylnicotinonitrile (Diastereomer-I & II);
(R)-3-methyl-5-(5-((2-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-
yl)morpholino)methyl)thiazol-2-yl)benzo[d]oxazol-2(3H)-one;
(R)-3-methyl-5-(5-(2-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)morpholine-4-
carbonyl)thiazol-2-yl)benzo[d]oxazol-2(3H)-one;
(R)-1-(5-((3~(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)thiazol-2-yl)-1H-imidazole-4-carbonitrile;
(R)-4-methyl-6-(4-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-2H-1,
2,3-triazol-2-yl)nicotinonitrile;
(R)-4-methyl-6-(4-((3-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-1H-1,
2,3-triazol-1-yl)nicotinonitrile;
Methyl-(R)-4-((1-(5-cyano-4-methylpyridin-2-yl)-1H-pyrazol-4-yl)methyl)-2-(4-methyl-1-oxo-1,3-
dihydroisobenzofuran-5-yl)piperazine-1-carboxylate;
(8)-4-methyl-6-(4-((2-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)morpholino)methyl)-1H-
pyrazol-1-yl)nicotinonitrile;
(R)-3-methyl-5-(4-((2-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)morpholino)methyl)-1H-
pyrazol-1-yl)benzo[d]oxazol-2(3H)-one;
(R)-6-(5-methoxy-4-((2-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)morpholino)methyl)-1H-
pyrazol-1-yl)-4-methylnicotinonitrile;
(R)-4-methoxy-6-(4-((2-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)morpholino)methyl)-1H-
imidazol-1-yl)nicotinonitrile;
(R)-6-(4-((2-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)morpholino)methyl)-1H-imidazol-1-yl)
nicotinonitrile;
(R)-3-methyl-5-(4-((2-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)morpholino)methyl)-1H-
imidazol-1-yl)benzo[d]oxazol-2(3H)-one;
(R)-4-methyl-6-(5-((2-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)morpholino)methyl)-1,3,4-
oxadiazol-2-yl)nicotinonitrile;

(R)-4-methyl-6-(4-(2-(2-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)morpholino)ethyl)-1H-
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pyrazol-1-yl)nicotinonitrile;
(R)-4-methoxy-6-(5-((2-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-
yl)morpholino)methyl)thiazol-2-yl)nicotinonitrile;
(R)-4-methyl-6-(5-(2-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)morpholine-4-
carbonyl)thiazol-2-yl)nicotinonitrile;
(R)-4-methoxy-6-(5-(2-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl )morpholine-4-
carbonyl)thiazol-2-yl)nicotinonitrile;
(R)-4-methoxy-5'-((2-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)morpholino)methyl)-
[2,2'-bipyridine]-5-carbonitrile;
(R)-4-methyl-5-(4-((2-(4-methyl-1H-imidazol-1-yl)thiazol-5-yl)methyl)morpholin-2-
yl)isobenzofuran-1(3H)-one;
(R)-1-(5-((2-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)morpholino)methyl)pyridin-2-yl)-1H-
imidazole-4-carbonitrile;
(R)-4-methyl-5-(4-((1-(thiophen-3-yl)-1H-pyrazol-4-yl)methyl)morpholin-2-yl)isobenzofuran-1(3H)
-one;
(R)-4-methyl-5-(4-((1-(pyrazin-2-yl)-1H-pyrazol-4-yl)methyl)morpholin-2-yl)isobenzofuran-1(3H)-
one;
(R)-4-(4-((2-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)morpholino)methyl)-1H-pyrazol-1-
yl)benzonitrile;
(R)-4-methyl-5-(4-((1-(6-methylpyrazin-2-yl)-1H-pyrazol-4-yl)methyl)morpholin-2-
yl)isobenzofuran-1(3H)-one;
(R)-5-(4-((2-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)morpholino)methyl)-1H-pyrazol-1-
yDnicotinonitrile;
(R)-3-(4-((2-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)morpholino)methyl)-1H-pyrazol-1-

yl)benzonitrile;
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(R)-4-methyl-5-(4-((1-(pyridin-4-yl)-1H-pyrazol-4-yl)methyl)morpholin-2-yl)isobenzofuran-1(3H)-
one;
(R)-4-methyl-5-(4-((1-(4-(methylsulfonyl)phenyl)-1H-pyrazol-4-yl)methyl)morpholin-2-
yl)isobenzofuran-1(3H)-one;
(R)-2-methyl-4-(4-((2-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)morpholino)methyl)-1H-
pyrazol-1-yl)benzonitrile;
(R)-3-methyl-4-(4-((2-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)morpholino)methyl)-1H-
pyrazol-1-yl)benzonitrile;
(R)-5-(4-((2-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)morpholino)methyl)-1H-pyrazol-1-
yl)picolinonitrile;
(R)-2-methoxy-4-(4-((2-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)morpholino)methyl)-1H-
pyrazol-1-yl)benzonitrile;
(R)-4-methyl-5-(4-((1-(pyrazolo[ 1,5-a]pyrimidin-5-yl)-1H-pyrazol-4-yl)methyl)morpholin-2-
yl)isobenzofuran-1(3H)-one;
(R)-3-methoxy-4-(4-((2-(4-methyl-1-o0x0-1,3-dihydroisobenzofuran-5-yl )morpholino)methyl)-1H-
pyrazol-1-yl)benzonitrile;
(R)-4-methyl-6-(3-methyl-4-((2-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-
yl)morpholino)methyl)-1H-pyrazol-1-yl)nicotinonitrile;
(R)-4-methyl-6-(3-((2-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)morpholino)methyl)-1H-
pyrazol-1-yl)nicotinonitrile;
(S)-4-methyl-6-(4-((3-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-1H-
pyrazol-1-yl)nicotinonitrile;
(R)-5-(5-methoxy-4-((3-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-1H-
pyrazol-1-yl)-3-methylbenzo[d]oxazol-2(3H)-one;
(R)-7-fluoro-3-methyl-5-(4-((3-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-pyrazol-1-yl)benzo[d]oxazol-2(3H)-one;
(R)-7-methoxy-3-methyl-5-(4-((3-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-pyrazol-1-yl)benzo[d]oxazol-2(3H)-one;
(R)-3,7-dimethyl-5-(4-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-
1H-pyrazol-1-yl)benzo[d]oxazol-2(3H)-one;
(R)-3-methyl-5-(4-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-1H-
pyrazol-1-yl)benzo[d]oxazol-2(3H)-one;
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(R)-4-methoxy-6-(4-((3-(4-methyl-1-o0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-1H-
pyrazol-1-yl)nicotinonitrile;
(R)-3-methyl-5-(4-((3-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-1H-
1,2,3-triazol-1-yl)benzo[d]oxazol-2(3H)-one;
(R)-6-(5-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-1,3,4-
oxadiazol-2-yl)nicotinonitrile;
(R)-4-methoxy-5'-((3-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-
[2,2'-bipyridine]-5-carbonitrile;
(R)-1-(5-((3~(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)pyridin-2-yl)-
1 H-pyrazole-4-carbonitrile;
(R)-1-(5-((3~(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)pyridin-2-yl)-
1H-imidazole-4-carbonitrile;
(R)-4-methyl-5-(4-((6-(4-methyl-1H-imidazol-1-yl)pyridin-3-yl)methyl)piperazin-2-
yl)isobenzofuran-1(3H)-one;
(R)-4-methyl-5-(4-((6-(3-methyl-1H-1,2 ,4-triazol-1-yl)pyridin-3-yl)methyl)piperazin-2-
yl)isobenzofuran-1(3H)-one;
(R)-6-(4-((4-acetyl-3-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-1H-
pyrazol-1-yl)-4-methylnicotinonitrile;
(R)-4-methyl-6-(4-((3-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)-4-
(methylsulfonyl)piperazin-1-yl)methyl)-1H-pyrazol-1-yl)nicotinonitrile;
(R)-4-methyl-6-(4-((4-methyl-3-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-pyrazol-1-yl)nicotinonitrile;
(R)-3-methyl-5-(4-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)-5-oxopiperazin-1-
yl)methyl)-1H-pyrazol-1-yl)benzo[d]oxazol-2(3H)-one;
(R)-3-methyl-5-(4-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)-5-oxopiperazin-1-
yl)methyl)-1H-1,2,3-triazol-1-yl)benzo[d]oxazol-2(3H)-one;
(R)-1-(5-((3~(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)-5-oxopiperazin-1-yl)methyl)pyridine-
2-yl)-1H-1,2,4-triazole-3-carbonitrile;
(R)-4-methoxy-5'-((3-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)-5-oxopiperazin-1-yl )methyl)-
[2,2'-bipyridine]-5-carbonitrile;
(R)-6-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)-4-((6-(3-methyl-1H-1,2 4-triazol-1-
yl)pyridin-3-yl)methyl)piperazin-2-one;
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(R)-6-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)-4-((6-(4-methyl-1H-imidazol-1-yl)pyridin-3-
yl)methyl)piperazin-2-one;
(R)-4-methyl-6-(4-((4-methyl-3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)-5-oxopiperazin-1-
yl)methyl)-1H-pyrazol-1-yl)nicotinonitrile;
(R)-4-methoxy-6-(4-((5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)-2-oxooxazolidin-3-
yl)methyl)-1H-imidazol-1-yl)nicotinonitrile;
(R)-6-(5-methoxy-4-((5-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)-2-oxooxazolidin-3-
yl)methyl)-1H-pyrazol-1-yl)-4-methylnicotinonitrile;
(R)-3-methyl-5-(4-((5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)-2-oxooxazolidin-3-
yl)methyl)-1H-pyrazol-1-yl)benzo[d]oxazol-2(3H)-one;
6-(4-(((3R,5R)-3-(hydroxymethyl)-5-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-pyrazol-1-yl)-4-methylnicotinonitrile;
6-(4-((3,3-dimethyl-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin- 1 -yl )methyl)-2H-
1,2,3-triazol-2-yl)-4-methylnicotinonitrile;
4-methyl-6-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin- 1-
yl)methyl)-2H-1,2,3-triazol-2-yl)nicotinonitrile;
6-(4-(((3R,4R)-4-hydroxy-3-(4-methyl-1-o0x0-1,3-dihydroisobenzofuran-5-yl)piperidin-1-yl)methyl)-
1H-1,2,3-triazol-1-yl)-4-methylnicotinonitrile;
2,4-dimethyl-6-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-0xo0-1,3-dihydroisobenzofuran-5-yl)piperazin-
1-yl)methyl)-2H-1,2,3-triazol-2-yl)nicotinonitrile;
4-methoxy-2-methyl-6-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-
yl)piperazin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)nicotinonitrile;
6-(4-((3-(hydroxymethyl)-5-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-
1H-pyrazol-1-yl)-4-methylnicotinonitrile, (Enantiomer-I1I);
6-(4-((3-(hydroxymethyl)-5-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-
1H-1,2,3-triazol-1-yl)-4-methylnicotinonitrile, (Enantiomer-III);
6-(4-((3-(hydroxymethyl)-5-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-
1H-pyrazol-1-yl)-4-methoxynicotinonitrile, (Enantiomer-III);
6-(4-((3-(hydroxymethyl-d2)-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-pyrazol-1-yl)-4-methylnicotinonitrile, (Enantiomer-I);
1-(5-(((3R,5R)-3-(hydroxymethyl)-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)pyridin-2-yl)-3-methyl-1H-pyrazole-4-carbonitrile;
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6-(4-(((3R,4R)-4-hydroxy-3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperidin-1-yl)methyl)-
1H-pyrazol-1-yl)-2,4-dimethylnicotinonitrile;
2-methoxy-6-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-pyrazol-1-yl)nicotinonitrile;
5-((2R,65)-4-((2-(4,5-dimethyl-1H-imidazol-1-yl)pyrimidin-5-yl)methyl)-6-methylpiperazin-2-yl)-4-
methylisobenzofuran-1(3H)-one;
4,6-dimethyl-2-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-o0xo0-1,3-dihydroisobenzofuran-5-yl)piperazin-
I-yl)methyl)-1H-imidazol-1-yl)pyrimidine-5-carbonitrile;
4-methyl-2-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-pyrazol-1-yl)pyrimidine-5-carbonitrile;
4-methoxy-6-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin- 1-
yl)methyl)-1H-imidazol- 1-yl)nicotinonitrile;
4-methyl-6-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-imidazol- 1-yl)nicotinonitrile;
4-methoxy-2-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-pyrazol-1-yl)pyrimidine-5-carbonitrile;
4-methyl-2-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin- 1-
yl)methyl)-2H-1,2,3-triazol-2-yl)pyrimidine-5-carbonitrile;
2-methoxy-4-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-imidazol-1-yl)benzonitrile;
4-methyl-5-((2R,6S)-6-methyl-4-((1-(2-methylpyridin-4-yl)-1H-pyrazol-4-yl)methyl)piperazin-2-
yl)isobenzofuran-1(3H)-one;
4-methoxy-2-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-imidazol-1-yl)pyrimidine-5-carbonitrile;
2-(4-(((3R,5R)-3-(hydroxymethyl)-5-(4-methyl-1-o0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-2H-1,2,3-triazol-2-yl)-4-methylpyrimidine-5-carbonitrile;
4-methyl-6-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin- 1-
yl)methyl)-1H-pyrazol-1-yl)nicotinonitrile;
4-methyl-6-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-1,2,3-triazol- 1-yl)nicotinonitrile;
4-methoxy-6-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-2H-1,2,3-triazol-2-yl)nicotinonitrile;
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3-methyl-1-(5-(((3S,5R)-3-methyl-5-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)pyrimidin-2-yl)-1H-pyrazole-4-carbonitrile;
5-(4-(((3R,5R)-3-(hydroxymethyl)-5-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-2H-1,2,3-triazol-2-yl)-3-methylbenzo[d]oxazol-2(3H)-one;
6-(4-(((3R,4R)-4-hydroxy-3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperidin-1-yl)methyl)-
1H-pyrazol-1-yl)-4-methylnicotinonitrile;
6-(4-(((3R,4R)-4-hydroxy-3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperidin-1-yl)methyl)-
2H-1,2,3-triazol-2-yl)-4-methoxynicotinonitrile;
6-(4-(((3R,4R)-4-hydroxy-3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperidin-1-yl)methyl)-
1H-pyrazol-1-yl)-4-methoxynicotinonitrile;
4,4-methyl-6-(5-(((3S,5R)-3-methyl-5-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)thiazol-2-yl)nicotinonitrile;
6-(4-((4-hydroxy-4-methyl-3-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperidin-1-
yl)methyl)-1H-pyrazol-1-yl)-4-methylnicotinonitrile;
4-methyl-6-(4-((2-methyl-3-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-
1H-pyrazol-1-yl)nicotinonitrile;
6-(4-((4-hydroxy-3,3-dimethyl-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperidin-1-
yl)methyl)-1H-pyrazol-1-yl)-4-methylnicotinonitrile;
4-methyl-6-(5-(((3S,5R)-3-methyl-5-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-2-oxooxazol-3(2H)-yl)nicotinonitrile;
(R)-4-methyl-6-(4-((4-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)-2-oxoimidazolidin-1-
yl)methyl)-1H-pyrazol-1-yl)nicotinonitrile;
(R)-4-methyl-6-(4-((4-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)-1,1-dioxido-1,2,5-
thiadiazolidin-2-yl)methyl)-1 H-pyrazol-1-yl)nicotinonitrile;
2-methyl-6-(5-(((3S,5R)-3-methyl-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)pyridin-2-yl)pyridazin-3(2H)-one;
4-methyl-6-(4-(1-((R)-3-(4-methyl-1-o0xo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)ethyl)-2H-
1,2,3-triazol-2-yl)nicotinonitrile (Dia-1:Ena-I);
4-methyl-6-(4-(1-((R)-3-(4-methyl-1-o0xo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)ethyl)-2H-
1,2,3-triazol-2-yl)nicotinonitrile (Dia-II:Ena-I);
4-methyl-6-(3-(((3S,5R)-3-methyl-5-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-1,2,4-triazol-1-yl)nicotinonitrile;
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6-(4-((2-(hydroxymethyl)-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-
1H-pyrazol-1-yl)-4-methylnicotinonitrile (Dia-I:Ena-I);
6-(4-((2-(hydroxymethyl)-5-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-
1H-pyrazol-1-yl)-4-methylnicotinonitrile (Dia-1:Ena-II);
6-(5-(((3R,4R)-4-hydroxy-3-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperidin-1-
yl)methyl)thiazol-2-yl)-4-methylnicotinonitrile;
5-((2R,65)-4-((1-(2-methoxypyridin-4-yl)-1 H-imidazol-4-yl)methyl)-6-methylpiperazin-2-yl)-4-
methylisobenzofuran-1(3 H)-one;
5-((2R,65)-4-((1-(2-(difluoromethyl)pyridin-4-yl)-1 H-pyrazol-4-yl)methyl)-6-methylpiperazin-2-yl)-
4-methylisobenzofuran-1(3H)-one;
4-methyl-5-((2R,65)-6-methyl-4-((1-(2-(trifluoromethyl)pyridin-4-yl)-1 H-pyrazol-4-
yl)methyl)piperazin-2-yl)isobenzofuran-1(3 H)-one;
1-(difluoromethyl)-4-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-
yl)piperazin-1-yl)methyl)-1H-pyrazol-1-yl)pyridin-2(1H)-one;
1-(5-(((3R,5R)-3-(hydroxymethyl)-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)pyridin-2-yl)-3-methyl-1H-pyrazole-4-carbonitrile;
1-(difluoromethyl)-4-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-
yl)piperazin-1-yl)methyl)-1H-imidazol-1-yl)pyridin-2(1H)-one;
6-(4-(((3R,4R)-4-hydroxy-3-(4-methyl-1-o0x0-1,3-dihydroisobenzofuran-5-yl)piperidin-1-
yl)methyl)oxazol-2-yl)-4-methylnicotinonitrile;
4-methyl-6-(5-(((3S,5R)-3-methyl-5-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)oxazol-2-yl)nicotinonitrile;
5-((2R,65)-4-((1-(6-(difluoromethyl)pyridin-3-yl)-1 H-imidazol-4-yl)methyl)-6-methylpiperazin-2-
yl)-4-methylisobenzofuran-1(3 H)-one;
(R)-3,4-dimethyl-5-(4-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin- 1 -yl )methyl)-
1 H-pyrazol-1-yl)benzo[d]oxazol-2(3H)-one;
(R)-1-(5-((3-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)pyridin-2-yl)-
1 H-pyrazole-3-carbonitrile;
(R)-4-ethoxy-6-(4-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-1H-
pyrazol-1-yl)nicotinonitrile;
(R)-1-(5-((3-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)pyridin-2-yl)-
1 H-pyrazole-4-carboxamide;
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(R)-5-(4-((2-(2,4-dimethyl-1H-imidazol- 1-yl)pyrimidin-5-yl)methyl)piperazin-2-yl)-4-
methylisobenzofuran-1(3 H)-one;
(R)-4-isopropoxy-6-(4-((3-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-
1 H-pyrazol-1-yl)nicotinonitrile;
(R)-4-methyl-5-(4-((4-methyl-6-(4-methyl-1H-imidazol-1-yl)pyridin-3-yl)methyl)piperazin-2-
yl)isobenzofuran-1(3H)-one;
(R)-4-methyl-5-(4-((2-methyl-6-(4-methyl-1H-imidazol-1-yl)pyridin-3-yl)methyl)piperazin-2-
yl)isobenzofuran-1(3H)-one;
(R)-4,6'-dimethoxy-5'-((3-(4-methyl-1-o0x0-1,3-dihydroisobenzofuran-5-yl)piperazin- 1-yl)methyl)-
[2,2'-bipyridine]-5-carbonitrile;
(R)-5-(4-((5-fluoro-6-(4-methyl-1H-imidazol-1-yl)pyridin-3-yl)methyl)piperazin-2-yl)-4-
methylisobenzofuran-1(3H)-one;
(R)-4-methyl-6-(3-methyl-4-((3-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin- 1-
yl)methyl)-1H-pyrazol-1-yl)nicotinonitrile;
(R)-4-methyl-6-(5-methyl-4-((3-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin- 1 -
yl)methyl)-1H-pyrazol-1-yl)nicotinonitrile;
(R)-4-methyl-5-(4-((6-(4-methyl-1H-imidazol- 1-yl)-4-(trifluoromethyl )pyridin-3-
yl)methyl)piperazin-2-yl)isobenzofuran-1(3H)-one;
(R)-5-(4-((2-(4,5-dimethyl-1H-imidazol-1-yl)pyrimidin-5-yl)methyl)piperazin-2-yl)-4-
methylisobenzofuran-1(3H)-one;
(R)-5-(4-((4-methoxy-6-(4-methyl-1H-imidazol- 1-yl)pyridin-3-yl)methyl)piperazin-2-yl)-4-
methylisobenzofuran-1(3H)-one;
(R)-5-(4-((2-(5-(difluoromethyl)-4-methyl-1H-imidazol-1-yl)pyrimidin-5-yl)methyl)piperazin-2-yl)-
4-methylisobenzofuran-1(3H)-one;
4,6-dimethyl-2-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-o0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-
1-yl)methyl)-2H-1,2,3-triazol-2-yl)pyrimidine-5-carbonitrile;
3-(3-methyl-5-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-pyrazol-1-yl)phenyl)oxazolidin-2-one;
(R)-4-methyl-5-(4-((6-(4-methyl-1H-imidazol- 1-yl)pyridazin-3-yl)methyl)piperazin-2-
yl)isobenzofuran-1(3H)-one;
4-methoxy-6-(3-(((R)-3-(4-methyl-1-o0xo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)pyrrolidin-1-yl)nicotinonitrile (Diastereomer-I);
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4-methoxy-6-(3-(((R)-3-(4-methyl-1-o0xo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)pyrrolidin-1-yl)nicotinonitrile (Diastereomer-I1);
4-methyl-6-(3-(((R)-3-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)pyrrolidin-1-yl)nicotinonitrile (Diastereomer-I);
4-methyl-6-(3-(((R)-3-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)pyrrolidin-1-yl)nicotinonitrile (Diastereomer-I1);
4-methyl-6-(4-(((R)-3-(4-methyl-1-o0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-2-
oxopyrrolidin-1-yl)nicotinonitrile (Diastereomer-I1);
4-methoxy-6-(4-(((R)-3-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin- 1 -yl )methyl)-2-
oxopyrrolidin-1-yl)nicotinonitrile (Diastereomer-I);
4-methyl-6-(5-(((R)-3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin- 1 -yl)methyl)-2-
oxooxazolidin-3-yl)nicotinonitrile (Diastereomer-II);
4-methyl-5-((2R,6S)-6-methyl-4-((1-(5-(methylsulfonyl)pyridin-2-yl)-1H-pyrazol-4-
yl)methyl)piperazin-2-yl)isobenzofuran-1(3H)-one;
4-(4-(((3R,4R)-4-hydroxy-3-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperidin- 1 -yl)methyl)-
1H-imidazol-1-yl)-2-methoxybenzonitrile;
6-(4-(((3R,4R)-4-hydroxy-3-(4-methyl-1-o0x0-1,3-dihydroisobenzofuran-5-yl)piperidin-1-yl)methyl)-
1H-imidazol-1-yl)-4-methylnicotinonitrile;
4-methyl-2-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin- 1-
yl)methyl)-1H-imidazol-1-yl)pyrimidine-5-carbonitrile;
4-methyl-5-((2R,6S)-6-methyl-4-((6'-(methylsulfonyl)-[2,3'-bipyridin]-5-yl)methyl)piperazin-2-
yl)isobenzofuran-1(3H)-one;
4-methoxy-2-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin- 1-
yl)methyl)-2H-1,2,3-triazol-2-yl)pyrimidine-5-carbonitrile;
4-methoxy-2-(2-methyl-4-(((3S,5R)-3-methyl-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-
yl)piperazin-1-yl)methyl)-1H-imidazol-1-yl)pyrimidine-5-carbonitrile;
(R)-4-methoxy-6-(4-((3-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-2H-
1,2,3-triazol-2-yl)nicotinonitrile;
(R)-4-methyl-6-(4-methyl-5-((3-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-2H-1,2,3-triazol-2-yl)nicotinonitrile;
4-methoxy-6-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-

yl)methyl)-2-oxopyrrolidin-1-yl)nicotinonitrile (Diastereomer-I);
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6-(4-(((3R,4R)-4-hydroxy-3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperidin-1-yl)methyl)-
3-methyl-2-0x0-2,3-dihydro- 1 H-imidazol-1-yl)-4-methoxynicotinonitrile;

6-(3-isopropyl-4-(((3S,5R)-3-methyl-5-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1 -
yl)methyl)-2-0x0-2,3-dihydro- 1 H-imidazol-1-yl)-4-methoxynicotinonitrile;

3-methyl-4-(((3S,5R)-3-methyl-5-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1-(2-methylpyrimidin-4-yl)-1,3-dihydro-2H-imidazol-2-one;

3-(5-(((3S,5R)-3-methyl-5-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-
[2,4'-bipyridin]-2'-yl)oxazolidin-2-one;

6-(4-((3,3-dimethyl-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin- 1 -yl )methyl)-5-
methyl-2H-1,2,3-triazol-2-yl)-4-methylnicotinonitrile (Enantiomer-I);

4-methyl-6-(5-methyl-4-(((3S,5R)-3-methyl-5-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-
yl)piperazin-1-yl)methyl)-1H-1,2,3-triazol-1-yl)nicotinonitrile;

(R)-4-methyl-5-(4-((1-(1-methyl-1H-pyrrolo[2,3-b]pyridin-4-yl)- 1 H-pyrazol-4-
yl)methyl)morpholin-2-yl)isobenzofuran-1(3H)-one;

4-methyl-5-((2R,6S)-6-methyl-4-((1-(p-tolyl)-1 H-imidazol-4-yl)methyl)piperazin-2-
yl)isobenzofuran-1(3H)-one;

4-methyl-5-((2R,6S)-6-methyl-4-((1-(3-methylpyridin-4-yl)- 1 H-imidazol-4-yl)methyl)piperazin-2-
yl)isobenzofuran-1(3H)-one;

4-methyl-5-((2R,6S)-6-methyl-4-((1-(6-methylpyridin-3-yl)- 1 H-imidazol-4-yl)methyl)piperazin-2-
yl)isobenzofuran-1(3H)-one;

5-((2R,65)-4-((1-(2,6-dimethylpyridin-4-yl)- 1 H-imidazol-4-yl)methyl)-6-methylpiperazin-2-yl)-4-
methylisobenzofuran-1(3 H)-one;

5-((2R,65)-4-((1-(2,2-difluorobenzo[d][1,3]dioxol-5-yl)- 1 H-imidazol-4-yl)methyl)-6-
methylpiperazin-2-yl)-4-methylisobenzofuran-1(3 H)-one;

(R)-4-methyl-6-(2-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)pyrimidin-5-yl)nicotinonitrile;

(R)-2,4-dimethyl-6-(4-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin- 1 -yl )methyl)-
2H-1,2,3-triazol-2-yl)nicotinonitrile;

(R)-3-(2-(4-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-1H-pyrazol-
1-yl)pyridin-4-yl)oxazolidin-2-one;

(R)-2,4-dimethyl-6-(4-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin- 1 -yl )methyl)-

1H-1,2,3-triazol-1-yl)nicotinonitrile;
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(R)-4-methoxy-2-methyl-6-(4-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-1,2,3-triazol- 1-yl)nicotinonitrile;
(R)-4-methoxy-2-methyl-6-(4-((3-(4-methyl-1-o0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-2H-1,2,3-triazol-2-yl)nicotinonitrile;
(R)-2-methoxy-4-methyl-6-(4-((3-(4-methyl-1-o0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-1,2,3-triazol- 1-yl)nicotinonitrile;
6-(4-((3,3-dimethyl-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-2H-
1,2,3-triazol-2-yl)-4-methoxynicotinonitrile (Enantiomer-I);
4-methyl-6-(5-(((3S,5R)-3-methyl-5-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1,3,4-oxadiazol-2-yl)nicotinonitrile;
4-methoxy-6-(4-(2-((3S,5R)-3-methyl-5-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)piperazin-
1-yl)ethyl)-1H-pyrazol-1-yl)nicotinonitrile;
6-(5-(((3R,4R)-4-hydroxy-3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperidin-1-
yl)methyl)isoxazol-3-yl)-4-methylnicotinonitrile;
5-((2R,65)-4-((1-(4-methoxy-1,3,5-triazin-2-yl)-1 H-pyrazol-4-yl)methyl)-6-methylpiperazin-2-yl)-4-
methylisobenzofuran-1(3H)-one;
6-(4-(((3R,5R)-3-(hydroxymethyl)-4-methyl-5-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-
yl)piperazin-1-yl)methyl)-1H-pyrazol-1-yl)-4-methylnicotinonitrile;
6-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-
1H-pyrazol-1-yl)-4-(trifluoromethyl)nicotinonitrile;
4-methyl-6-(4-((3-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperidin-1-yl)methyl)-1H-
pyrazol-1-yl)nicotinonitrile (Enantiomer-I);
(R)-2-(4-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-1H-pyrazol-1-
yl)isonicotinonitrile;
6-(4-((3-hydroxy-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperidin-1-yl)methyl)-1H-
pyrazol-1-yl)-4-methylnicotinonitrile (Enantiomer-1V);
6-(4-((3-methoxy-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperidin-1-yl)methyl)-1H-
pyrazol-1-yl)-4-methylnicotinonitrile (Enantiomer-I1);
(R)-5-(4-((2-(3,5-dimethyl-4H-1,2,4-triazol-4-yl)pyrimidin-5-yl)methyl)piperazin-2-yl)-4-
methylisobenzofuran-1(3H)-one;
3-methyl-2-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin- 1 -
yl)methyl)-1H-pyrazol-1-yl)isonicotinonitrile;
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6-(4-((3-fluoro-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperidin-1-yl)methyl)-1H-1,2,3-
triazol-1-yl)-4-methylnicotinonitrile (Enantiomer-I);
6-(4-((3-(1-hydroxyethyl)-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-pyrazol-1-yl)-4-methoxynicotinonitrile (Enantiomer-I);
6-(4-((3-(difluoromethyl)-5-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)piperazin- 1-yl)methyl)-
1H-pyrazol-1-yl)-4-methylnicotinonitrile (Enantiomer-I);
4-methyl-5-((2R,65)-6-methyl-4-((1-(5-methylpyrazin-2-yl)-1H-pyrazol-4-yl)methyl)piperazin-2-
yl)isobenzofuran-1(3H)-one;
5-((2R,65)-4-((1-(6-methoxypyrimidin-4-yl)-1H-pyrazol-4-yl)methyl)-6-methylpiperazin-2-yl)-4-
methylisobenzofuran-1(3H)-one;
5-((2R,65)-4-((1-(2-methoxypyrimidin-5-yl)-1H-pyrazol-4-yl)methyl)-6-methylpiperazin-2-yl)-4-
methylisobenzofuran-1(3H)-one;
4-methyl-5-((2R,6S)-6-methyl-4-((1-(2-methylpyrimidin-5-yl)-1H-pyrazol-4-yl)methyl)piperazin-2-
yl)isobenzofuran-1(3H)-one;
4-methyl-6-(3-(((3S,5R)-3-methyl-5-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin- 1-
yl)methyl)isoxazol-5-yl)nicotinonitrile;
6-(4-((3-hydroxy-4-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)pyrrolidin-1-yl)methyl)- 1H-
pyrazol-1-yl)-4-methylnicotinonitrile (Diastereomer-I: Enantiomer-I);
6-(4-((3-fluoro-4-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)pyrrolidin-1-yl)methyl)- 1H-
pyrazol-1-yl)-4-methylnicotinonitrile (Diastereomer-1: Enantiomer-II);
6-(4-((3-(2-hydroxypropan-2-yl)-5-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-pyrazol-1-yl)-4-methylnicotinonitrile (Enantiomer-I);
4-methyl-6-(5-(((3S,5R)-3-methyl-5-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)isoxazol-3-yl)nicotinonitrile;
(R)-4-methyl-5-(4-((2-(4-methyl-1H-imidazol- 1-yl)pyrimidin-5-yl)methyl)piperazin-2-
yl)isobenzofuran-1(3H)-one;
(R)-1-(5-((3-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl )methyl)pyrimidin-2-yl)-
1H-imidazole-4-carbonitrile;
(R)-1-(5-((3-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl ) methyl)pyrimidin-2-yl)-
1H-1,2,4-triazole-3-carbonitrile;
(R)-3-cyclopropyl-1-(5-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)pyrimidin-2-yl)-1H-pyrazole-4-carbonitrile;
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(R)-3-(difluoromethoxy)-1-(5-((3-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)pyridin-2-yl)-1H-pyrazole-4-carbonitrile;
(R)-6-(4-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-1H-pyrazol-1-
yl)-4-morpholinonicotinonitrile;
(R)-3-methyl-1-(5-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)pyrimidin-2-yl)-1H-pyrazole-4-carbonitrile;
(R)-4-methyl-5-(4-((6-(4-methyl-1H-1,2,3-triazol-1-yl)pyridin-3-yl)methyl)piperazin-2-
yl)isobenzofuran-1(3H)-one;
(R)-3-methoxy-1-(5-((3-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)pyridin-2-yl)-1H-pyrazole-4-carbonitrile;
(R)-4-methyl-5-(4-((2-(4-methyl-1H-imidazol- 1 -yl)pyrimidin-5-yl)methyl)morpholin-2-
yl)isobenzofuran-1(3H)-one;
(R)-1-(5-((3-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)pyridin-2-yl)-
1H-1,2,3-triazole-4-carbonitrile;
(R)-3-ethyl-1-(5-((3-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)pyridin-
2-yl)-1H-pyrazole-4-carbonitrile;
(R)-3-methoxy-1-(5-((3-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)pyrimidin-2-yl)-1H-pyrazole-4-carbonitrile;
(R)-3-ethyl-1-(5-((3-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)pyrimidin-2-yl)-1H-pyrazole-4-carbonitrile;
(R)-3-(difluoromethyl)-1-(5-((3-(4-methyl-1-o0xo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)pyrimidin-2-yl)-1H-pyrazole-4-carbonitrile;
(R)-4-methyl-2-(4-((3-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-1H-
pyrazol-1-yl)pyrimidine-5-carbonitrile;
(R)-2-(4-((3-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)- 1H-pyrazol-1-
yl)-5-(pyrrolidin-1-yl)isonicotinonitrile;
4-methyl-6-(4-((3-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)-4-oxopiperidin-1-yl)methyl)-
1H-pyrazol-1-yl)nicotinonitrile;
(R)-6-(3-(difluoromethyl)-4-((3-(4-methyl-1-o0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-pyrazol-1-yl)-4-methylnicotinonitrile;
(R)-5-(4-((2-(1H-1,2 4-triazol-1-yl)pyrimidin-5-yl)methyl)piperazin-2-yl)-4-methylisobenzofuran-
1(3H)-one;
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(R)-5-(4-((6-(4 (difluoromethyl)-1H-imidazol-1-yl)pyridin-3-yl)methyl)piperazin-2-yl)-4-
methylisobenzofuran-1(3H)-one;
(R)-4-methyl-5-(4-((2-(4-(trifluoromethyl)-1H-imidazol-1-yl)pyrimidin-5-yl)methyl)piperazin-2-
yl)isobenzofuran-1(3H)-one;
(R)-6-(3-cyclopropyl-4-((3-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-
1H-pyrazol-1-yl)-4-methylnicotinonitrile;
I'-methyl-5-(((3S, 5R)-3-methyl-5-(4-methyl-1-o0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-[2,3"-bipyridin]-6'(1'H)-one;
(R)-4-methyl-6-(4-((3-(1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-1H-pyrazol-1-
yl)nicotinonitrile;
4-methyl-6-(4-(((6R)-2-methyl-6-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-
yl)morpholino)methyl)-1H-pyrazol-1-yl)nicotinonitrile (Diastereomer-1);
(R)-3-methyl-1-(6-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)pyridin-3-yl)-1H-pyrazole-4-carbonitrile;
(R)-4-methyl-1-(5-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)pyridin-2-yl)-1H-pyrazole-3-carbonitrile;
(R)-4-methyl-1-(5-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)pyrimidin-2-yl)-1H-pyrazole-3-carbonitrile;
4-methyl-6-(4-((2-methyl-5-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-
1H-pyrazol-1-yl)nicotinonitrile (Enantiomer-II);
6-(3-(difluoromethyl)-4-(((3R,4R)-4-hydroxy-3-(4-methyl-1-o0x0-1,3-dihydroisobenzofuran-5-
yl)piperidin-1-yl)methyl)-1H-pyrazol-1-yl)-4-methylnicotinonitrile;
6-(4-(((3S,5R)-4-hydroxy-3-methyl-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-2H-1,2,3-triazol-2-yl)-4-methylnicotinonitrile;
4'-methyl-4-(((3S,5R)-3-methyl-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-2-ox0-2H-[1,2'-bipyridine]-5'-carbonitrile;
N-(1-((1-(5-cyano-4-methylpyridin-2-yl)- 1H-pyrazol-4-yl)methyl)-3-(4-methyl-1-oxo0-1,3-
dihydroisobenzofuran-5-yl)piperidin-4-yl)acetamide (Diastereomer-II Enantiomer-I);
3-(6-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-pyrazol-1-yl)pyridin-2-yl)oxazolidin-2-one;
6-(4-(((3R,4R)-4-hydroxy-3-(4-methyl-1-o0x0-1,3-dihydroisobenzofuran-5-yl)piperidin-1-yl)methyl)-
3-methyl-2-0x0-2,3-dihydro- 1 H-imidazol-1-yl)-4-methylnicotinonitrile;
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3-(2-methyl-6-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-pyrazol-1-yl)pyridin-4-yl)oxazolidin-2-one;
N-methyl-N-(6-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-
1-yl)methyl)-1H-pyrazol-1-yl)pyridin-2-yl)methanesulfonamide;
5-((2R,65)-4-((1-(4-(1,1-dioxidoisothiazolidin-2-yl)-6-methylpyridin-2-yl)-1H-pyrazol-4-yl)methyl)-
6-methylpiperazin-2-yl)-4-methylisobenzofuran-1(3H)-one;
1-(2-methoxypyridin-4-yl)-4-(((3S,5R)-3-methyl-5-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-
yl)piperazin-1-yl)methyl)pyrrolidin-2-one (Diastereomer-I);
(R)-4-methoxy-6-(4-((3-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)piperazin- 1 -yl )methyl)- 1 H-
1,2,3-triazol-1-yl)nicotinonitrile;
6-(4-((2,2-dimethyl-6-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)morpholino)methyl)-1H-
pyrazol-1-yl)-4-methylnicotinonitrile (Enantiomer-II);
N-(1-((1-(5-cyano-4-methylpyridin-2-yl)- 1H-pyrazol-4-yl)methyl)-5-(4-methyl-1-oxo-1,3-
dihydroisobenzofuran-5-yl)piperidin-3-yl)acetamide (Enantiomer-I);
1-((1-(5-cyano-4-methylpyridin-2-yl)-1H-pyrazol-4-yl)methyl)-3-(4-methyl-1-oxo-1,3-
dihydroisobenzofuran-5-yl)piperidin-4-yl methylcarbamate (Enantiomer-I);
4-methyl-6-(3-(((3S,5R)-3-methyl-5-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1,2,4-oxadiazol-5-yl)nicotinonitrile;
(R)-1-(5-cyano-4-methoxypyridin-2-yl)-N-methyl-4-((3-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-
5-yl)piperazin-1-yl)methyl)-1H-pyrazole-3-carboxamide;
6-(4-((3-(hydroxymethyl)-5-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)piperidin-1-yl)methyl)-
1H-pyrazol-1-yl)-4-methylnicotinonitrile (Diastereomer-II: Enantiomer-II);
(R)-1-(5-cyano-4-methoxypyridin-2-yl)-4-((3-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-
yl)piperazin-1-yl)methyl)-1H-pyrazole-3-carboxamide;
(R)-4-(methoxy-d3)-6-(4-((3-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1H-1,2,3-triazol-1-yl)nicotinonitrile;
(R)-4-methyl-5-(4-((6-(3-methyl-1,2,4-oxadiazol-5-yl)pyridin-3-yl)methyl)piperazin-2-
yl)isobenzofuran-1(3H)-one;
2-methyl-4-(5-(((3S,5R)-3-methyl-5-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-yl)piperazin- 1-
yl)methyl)-2H-tetrazol-2-yl)benzonitrile;
3-methyl-4-(((3S,5R)-3-methyl-5-(4-methyl-1-ox0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)-1-(2-methylpyridin-4-yl)-1,3-dihydro-2H-imidazol-2-one;
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6-(5-((3,3-dimethyl-5-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-1,3,4-
oxadiazol-2-yl)-4-methylnicotinonitrile (Enantiomer-I);
6-(5-((3,3-dimethyl-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)isoxazol-3-yl)-4-methylnicotinonitrile (Enantiomer-I);
4-methoxy-6-(5-(((3S,5R)-3-methyl-5-(4-methyl-1-o0x0-1,3-dihydroisobenzofuran-5-yl)piperazin-1-
yl)methyl)isoxazol-3-yl)nicotinonitrile;
1-(difluoromethyl)-4-(4-(((3S,5R)-3-methyl-5-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-
yl)piperazin-1-yl)methyl)-2H-1,2,3-triazol-2-yl)pyridin-2(1H)-one;
5-((2R,695)-4-((1-(2-(difluoromethyl)pyrimidin-4-yl)-1H-imidazol-4-yl)methyl)-6-methylpiperazin-
2-yl)-4-methylisobenzofuran-1(3H)-one;
4-(5-(((3R,AR)-4-hydroxy-3-(4-methyl-1-oxo0-1,3-dihydroisobenzofuran-5-yl)piperidin-1-yl)methyl)-
2H-tetrazol-2-yl)-2-methoxybenzonitrile;
6-(5-((3-(difluoromethyl)-5-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl)piperazin- 1 -yl )methyl)-
1,3,4-oxadiazol-2-yl)-4-methylnicotinonitrile (Enantiomer-I);
4-methoxy-6-(3-methyl-4-(((3S,5R)-3-methyl-5-(4-methyl-1-0x0-1,3-dihydroisobenzofuran-5-
yl)piperazin-1-yl)methyl)-2-oxoimidazolidin-1-yl)nicotinonitrile (Diastereomer-I);
1-(2-methoxypyridin-4-yl)-3-methyl-4-(((35,5R)-3-methyl-5-(4-methyl-1-0x0-1,3-
dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-1,3-dihydro-2H-imidazol-2-one;
1-(2-(difluoromethyl)pyridin-4-yl)-3-methyl-4-(((3S,5R)-3-methyl-5-(4-methyl-1-oxo-1,3-
dihydroisobenzofuran-5-yl)piperazin-1-yl)methyl)-1,3-dihydro-2H-imidazol-2-one; and
4-methoxy-6-(5-(((3S,5R)-3-methyl-5-(4-methyl-1-oxo-1,3-dihydroisobenzofuran-5-yl-3,3-

d2)piperazin-1-yl)methyl)isoxazol-3-yl)nicotinonitrile.

11. A compound, wherein the compound is

me 0. /\ENJ\N\;},M‘;,

or salt thereof.
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12. A compound, wherein the compound is
o

Bor,.

13. A compound, wherein the compound is

ST

Me HN
Me Me 7
N\ Mo

f—

CN

or salt thereof.

14. A compound, wherein the compound is

ES U

Me HN

Me Me 7
N N e

—

CN

15. A compound, wherein the compound is
o)

!
Me HN__J
Me =N
/
Me CN

N
\

or salt thereof.
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16. A compound, wherein the compound is

(0]
0 7,
E‘I j'/, N N
Me H@ /mN
e =N
\ /
Me CN

17. A compound, wherein the compound is

or salt thereof.

18. A compound, wherein the compound is

or salt thereof.
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20. A compound, wherein the compound is

(o]
O
| ;JQ L
HO N
74
N\ Me

21. A compound, wherein the compound is
o

0\>\:©//,,(\ N /\g/N/N

Me HN

or salt thereof.

22. A compound, wherein the compound is
0

Oéi;h“(\"/\("‘n

-
Me HN 0

23. A pharmaceutical composition comprising one or more compounds according to any one of

claims 1 to 22, or a salt thereof; and a pharmaceutically acceptable carrier or diluent.

24. A pharmaceutical composition, which comprises a pharmaceutically acceptable carrier and a
compound as defined in any one of claims 1 to 22, or pharmaceutically acceptable salt, alone or
in combination with another therapeutic agent.

25. A compound according to any one of claims 1 to 22 for use as a medicament.

26. A compound according to any one of claims 1 to 22 for use in therapy.
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27. A compound according to any one of claims 1 to 22, or pharmaceutically acceptable salt thereof,

28.

29.

30.

31.

32.

for use in the treatment of a cardiovascular disease, wherein a therapeutically affective amount of
the compound or the pharmaceutically acceptable salt is to be administered to a patient in need

thereof.

A compound according to any one of claims 1 to 22, or pharmaceutically acceptable salt thereof,
for use in the treatment of a disease, wherein the disease is selected from hypertension, coronary
heart disease, stroke, heart failure, systolic heart failure, diastolic heart failure, diabetic heart
failure, acute-decompensated heart failure, post-operative volume overload, idiopathic edema,
pulmonary hypertension, pulmonary arterial hypertension, cardiac insufficiency, nephrotic

syndrome, and acute kidney insufficiency.

A compound of any one of claims 1 to 22, or pharmaceutically acceptable salt thereof, for use in
promoting diuresis or natriuresis, wherein a therapeutically affective amount of the compound or

the pharmaceutically acceptable salt is to be administered to a patient in need thereof.

Use of a compound according to any one of claims 1 to 22, or pharmaceutically acceptable salt
thereof, in the manufacture of a medicament in the treatment of a cardiovascular disease,
wherein a therapeutically affective amount of the compound or the pharmaceutically acceptable

salt is to be administered to a patient in need thereof.

Use of a compound according to any one of claims 1 to 22, or pharmaceutically acceptable salt
thereof, in the manufacture of a medicament in the treatment of a disease selected from
hypertension, coronary heart disease, stroke, heart failure, systolic heart failure, diastolic heart
failure, diabetic heart failure, acute-decompensated heart failure, post-operative volume
overload, idiopathic edema, pulmonary hypertension, pulmonary arterial hypertension, cardiac

insufficiency, nephrotic syndrome, and acute kidney insufficiency.

Use of a compound according to any one of claims 1 to 22, or pharmaceutically acceptable salt
thereof, in the manufacture of a medicament in promoting diuresis or natriuresis, wherein a
therapeutically affective amount of the compound or the pharmaceutically acceptable salt is to

be administered to a patient in need thereof.
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