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Abstract:

The present invention refers to compounds of formula (1). The present invention also relates to
compounds of formula (1) for use as G Protein coupled Receptor 139 (GPR139) antagonists in
methods of medical treatment of e.g. depression, Alzheimer's disease, schizophrenia, drug addiction,
sleep disorders, pain, and attention deficit hyperactivity disorder. Exemplary compounds are e.g.
3-((1H-pyrazol-4-yl)methyl)-6'-( phenyl) -2H-(1,2"-bipyridin)-2-one derivatives and related
compounds. The present description discloses the synthesis and characterisation of exemplary
compounds, pharmacological data thereof, as well as exemplary tablet formulations comprising the
compounds of the invention (e.g. page 83 to page 110; examples 1 to 33; reference example 1; test
examples 1 and 2; tables 1 to 4).
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3-((1H-PYRAZOL-4-YLYMETHYL)-6'-(PHENYL)-2H-(1,2'-BIPYRIDIN)-2-ONE
DERIVATIVES AND RELATED COMPOUNDS AS GPR139 ANTAGONISTS

FOR USE IN A METHOD OF TREATMENT OF E.G. DEPRESSION
{0601} This application claims the benefit of priority of Japanese Patent Application
No. 2020-0901 11, filed May 22, 2020, the contents of which are incorporated by reference
herein in their entirety.
{0002} The present disclosure relates to heterocyclic compounds which exhibit G
protein-coupled receptor (GPR) 139 receptor antagonist action and are expected to be useful in
the treatment or preventing of GPR13%9-mediated diseases such as depression, Alzheimer’s
disease, schizophrenia, drug addiction, sleep disorders, pain, and attention deficit hyperactivity
disorder.
(G003} PR139 is an orphan G-protein coupled receptor that is coupled with Gs and Gq
proteins (Journal of Biomolecular Screen 2009 14:789-797; Biochemical and Biophysical
Research Communications 331 (2005} 363-369). The protein sequence of GPR139 is highly
conserved among different species. For example, human, mouse, and rat GFR139 protein
secquences share more than 94% identity at the amino acid level. Additionally, expression of
GPR139 15 high in the central nervous system, in particular in the striatum, septal area,
hypothalamus, and habenular mucleus, and 1s low in peripheral tissue. The high degree of
sequence homology and predominant expression in the brain across different species suggests
that GPR139 plays an important role in physiclogy.
16004} Yariations of the GPR139 gene have been reported in psychiatric disorders such as
schizophrenia, autism spectrum disorder, or attention deficit hyperactivity disorder {Twin
Research and Human Geneties 2014 Apr; 17(2):108-120; Nature Genetics 2011 Jun;43(6):585-
589; Twin Research and Human Genetics 2013 Apr; 1602 560-574). In addition, the habenular
nucleus, which is one of the regions of the brain where GPR 139 is highly expressed, is known to
regulate stress response and learning; the habenular nuclei of patients with depression are
thought to be hyperactive. In cases of patients who also exhibit refraciory psychiatric sympioms,
the HAMD?1 score for evaluating depression symptoms has been reported to improve upon
strong stimulation of the habenular nucleus using deep brain stimulation (DBS) (Biol Psychiatry
2010 67:e9-el11). Furthermore, when the regions of the brain where neural activity changes after
ketamine administration were investigated by positron emission tomography (PET) in 20
patients with refractory depression, glucose metabolism, which reflects neural activity in regions
of the brain such as the habenular nucleus, was suppressed, and depression symptoms improved
{Biol Psychiatry 2013 73(12:1213-1221}). In animal tests, the neural activity of the habenular

nucleus was suppressed by directly administering ketamine into the habenular nucleus, and an
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improvement 1n anhedonia-like behavior was observed (Nature 2018 554(7692:317-322).
Together, these results suggest that GPR139 activity atfects the neural activity of the habenular
nucleus and may dramatically alter central nervous function or nenropsvehiatric state,

[6005) Antagonists {including inverse agonisis}) of the GPR139 receptor may be useful for
treating CNS disorders such as depression, Alzheimer’s disease, schizophrenia, drug addiction,
sleep disorders, pain, and attention deficit hyperactivity disorder. Accordingly, there is a need
for novel compounds exhibiting GPR 130 receptor antagonist (including inverse agonist} action.
{6006} Certain heterocyclic compounds may be useful as antagonists of the GPR139
receptor. A method of synthesizing one class of heterocyclic compounds, derivatives of 6-(4H-
1,2, 4-triazol-4-yD-2{ 1 H}-pyridinones, has been previously described {(Synthetic Comununication

43:9, 1230-1262, 2013},

3
SRRy SRy
$ w\ Norcors ; e %
’ \\\“i\“\;f:‘* ' "?i*\““tl«‘
{88071 Disclosed herein are compounds exhibiting GPR 139 receptor antagonist action,

which may be useful 1n the treatment or prevention of depression, Alzheimer’s disease,
schizophrenia, drug addiction, sleep disorders, pain, attention deficit hyperactivity disorder, and
the hike.

[0008] Disclosed herein is a compound (also called Compound (I) hereinafter) of Formula

(H

[\
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RQ Q?

or a pharmaceutically accepiable salt thereof,
wherein:

R'is

Al

or Rlli}

ring A'is chosen from optionally further substituted 6-membered aromatic rings;

ring A? is chosen from optionally further substituted S-membered monocyclic aromatic
heterocyclic rings;

ring B is chosen from pyridone rings optionally further substituted with | to 3
substituents chosen from halogen atoms and optionally substituted Cis groups;

R? and 1’ are each independently chosen from hydrogen atom and substituents;

R* and R™ are each independently chosen from substituents; and

ring O is chosen from optionally further substituted S-membered monocyclic aromatic

heterocyclic rings.

{80091 In some embodiments, R! is

{60018]  In some embodiments, R is
Xis CH or N;
¥ is CH or N;

Z is chosen from a bond, -O-, -OR"-* NH-, and -N{R")R%-* wherein * denotes

, wherein:

the connection point to ring D;
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ring I is chosen from 6- to 8-membered aromatic rings, 5- to §-membered
monocyclic aromatic heterocyelic rings, Css cyclealkyl groups, and 5~ to &-membered
heterocvclic groups;

each R7is independently chosen from cyano, halogen, (3 cycloalkyl, Cis allyl,
and Cro alkoxy groups, wherein the Cs.s cycloalkyl, Cuo alkyl, and Cis alkoxy groups are
optionally substituted with 1 to 4 halogen atoms,

each R™ is independently chosen from halogen, Cis alkyl, and Cs alkoxy groups,
wherein the Cie alkyl and Cis alkoxy groups are optionally substituted with 1 to 4 halogen
atoms;

R7 ig chosen from Cia alkyl groups;

R™ is chosen from hydrogen atom and Cis alkyl aroups;

mis §, 1, 2, or 3; and

1is 0, 1,2, or 3.
[68011] In some embodiments, Z is chosen from a bond, -O-, -NH-, -NHCH:-*, and -
N{CHz)CH:z-*, and all other variables are as defined above.
j88012] In some embodiments, # is a bond, and all other variables are as defined above. In
some emnbodiments, Z 18 G-, and all other variables are as defined above. In some embodiments,
Z 1s -IN1i-, and all other variables are as defined above. In some embodiments, 7 1s -NHCI-%,
and all other variables are as defined above. In some embodiments, £ is ~N{CH)CH2-*, and all
other variables are as defined abave
[B601I3] In some embodiments, X is N, Y is CH, and all other variables are as defined above.
{00614}  In some embodiments, X is N, Y is N, and all other variables are as defined above.
[66615]  In some embodiments, X is CH, Y is CH, and all other vanables are as defined above.
{80016] In some embodiments, ring I is chosen from benreng, morpholing, oxang, piperidineg,
and cyclobutane, and all other variables are as defined above.
[68837] Io some embodiments, ring I is benzene and all other variables are as defined above.
In some embodiments, ring D is morpholine and all other variables are as defined above. In
some embodiments, ring DD is oxane and all other variables are as defined above. In some
embodiments, ring I is piperidine and all other variables are as defined above. In some

embodiments, ring D s cyclobutane and all other variables are as defined above.
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{60018]  In some embodiments, R is R*m , wherein X, ¥V, ring I3, R7 R® m,
and n are as defined above.

{B001%]  In some embodiments, X is N, Y is CH, and all other vanables are as defined above.
[B6028] In some embodiments, X is N, Y is N, and all other variables are ag defined above.
{66621} In some embodiments, X 15 CH, Y is CH, and all other variables are as defined above.
{86622} In some embodiments, ring D is chosen from benzeng, morpholine, oxane, piperiding,
and cyclobutane, and all other variables are as defined above.

[66023]  In some embodiments, ring D is benzene and all other variables are as defined above.
In some embodiments, ring D is morpholine and all other variables are as defined above. In

some embodiments, ring D is oxane and all other variables are as defined above. In some
embodiments, ring D is piperidine and all other variables are as defined above. In some

embodiments, ring D is cyclobutane and all other variables are as defined above.

{06024]  In some embodiments, R' is

defined above.

{800625] In some embodiments, R' is , wherein R™ and n are as defined

ahove.

(RSa)m

180026] In some embodiments, R is , wherein X, R7% R™ m, and n are as

defined above. In some embaodiments, X is UH. In some embodiments, X is N.
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s . . - .
{00627]  In some embodiments, R' is (R )m . wherein X, R R™ m, and n are as

defined above. In some embodiments, X is CH

Sa
e
S G

n are as defined above. In some embodiments, X is Nand Y is CH.

{00628} In some embodiments, R' is ,wherein X, Y, R R* m, and

<H %m

Ta,

{66029]  In some embodiments, Rl is ,wherein Z, R R¥ m andn
are as defined above. In some embodiments, £ 1s ~NHCHz-* In some embodiments, & 15 -

N{CH)CH»-*,

{60030]  In some embodiments, R' is TR, , wherein:

each R is independently chosen from cyano, halogen. Ca.s eycloalkyl, Cre alkyl,
and Ci¢ alkoxy groups, wherein the Cs6 cycloalkyl, Cis alkyl, and Cre alkoxy groups are
optionally substituted with 1 to 4 halogen atoms;

each R® is independently chosen from halogen atoms, Cis alkyl, and Ci6 alkoxy
groups, wherein the Ci.e atkyl and Ci altkoxy groups are optionally substituted with 1 10 4
halogen atoms;

mis Q, 1, 2, or 3; and

nis, 1,2, or 3.
{66031}  In some embodiments, each R* is independently chosen from cyano, halogen, Ci
alkyl, and Cis alkoxy groups, wherein the Cis alkyl and Cis alkoxy groups are optionally
substituted with 1 to 4 halogen atoms; each R™ is independently chosen from halogen atoms and
Ci-6 alkyl groups, wherein the Cre alkyl groups are optionally substituted with T to 4 halogen

atoms, mis 0 1 2 or3;andnisG 1,2 or 3

&
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Ta

{80032] In some embodiments, R' is , wherein

KisCHor N,

Yis CH or N,

each R’ is independently chosen from halogen, Ca cycloalkyl, Cis alkyl, and Cis
alkoxy groups, wherein the Us cyelealkyl, Cio alkyl, and Ci6 alkoxy groups are optionally
substituted with | to 4 halogen atoms;

each R® is independently chosen from halogen atoms, Cis alkyl, and Cie alkoxy
groups, wherein the Cic altkyl and Cre altkoxy groups are optionally substituted with 110 4
halogen atoms;

mis©, 1,2, or3; and

nis 0, 1,2, 0or 3.

[00033]  In some embodiments, R'is R

0

N

3 5 3 1¢a 3
{06034] In some embodiments, ring B 1§ B’ , wherein:

each R'% is independently chosen from halogen atoms and Ciz alkyl groups; and
0is0, 1, or 2.
[B6635F  In some embodimentis, 6is O
{66036] In some embodiments, 0 is 1, and R'%% 5 a fluorine atom or methyl.
{80037] In some embodiments, ois 2, and each R'% is independently chosen from a fluorine
atom and methyl.
{60038]  In some embodiments, R? and RY are each independently chosen from hydrogen and

C1-3 alkyl groups. In some embodiments, R? and R? are both hydrogen atoms.

]
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o
[0063%F  In some embodiments, ring C is N , wherein each RM?%is independently

chosen from Ciaalkyl groupsand pis 0, 1, or 2.

= N-—fRla
\N’

alkyl groups. In some embodiments, R* ™ is ethyl.

[66640] In some embodiments, ring C is . wherein R'" is chosen from Ci.3
[60641] In some embodiments, the compounds of Formula (I) and pharmaceutically
acceptable salts thereof are provided for use in the treatment or preventing of a disease chosen
from depression, Alzheimer's disease, schizophrenia, diug addiction, sleep disorders, pain, and
attention deficit hyperactivity disorder. In some embodiments, a compound chosen from
Examples 1-33, or a pharmaceutically acceptable salt thereof, is provided for use in the
ireatment or preventing of a disease chosen from depression, Alzheimer’s disease, schizophrenia,
drug addiction, sleep disorders, pain, and attention deficit hyperactivity disorder.

[66042}]  Also disclosed herein 1s a pharmaceutical composition comprising at least one
compound of Formula (1) or a pharmaceutically acceptable salt thercof. In some embodiments,
the pharmaceutical composition comprises: at least one compound of Formula (D ora
pharmaceutically acceptable salt thereof, and at least one pharmaceutically acceptable carrier.
{60043]  Also disclosed herein 15 a compound of Formula €1} or a pharmaceutically acceptable
salt thereot for use in therapy. In some embodiments, there is provided a compound chosen from
Examples 1-33, or a pharmaceutically acceptable salt thereof, for use in therapy.

[60044] In some embodiments, a compound of Formula (1) or a pharmaceutically acceptable
salt thereof 1s combined with at least one combination drug for simultaneous, separate, or
sequential use in the treatment or preventing of a disease chosen from depression, Alzheimer’s
disease, schizophrenia, drug addiction, sleep disorders, pain, and attention deficit hyperactivity
disorder. In some embodiments, when the use is simultansous, the compound and the at least
one combination drug are in separate pharmaceutical compeositions. In some embodiments, when
the use is simultaneous, the compound and the at least one combination drug are together in the
same pharmaceutical composition. In some embodiments, the compound is chosen from
Examples 1-33 and pharmaceutically acceptable salts thereof

[B0045]  In some ecmbodimoents, a corabination of a compound of Formula (I} or a
pharmaceutically acceptable salt thereof and a combination drug is provided for use in a method

of treating or preventing a disease chosen from depression, Alrheimer’s disease, schizophrenia,
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drug addiction, sleep disorders, pain, and attention deficit hyperactivity disorder. In some
embodiments, the compound and the combination drug are prepared tor administration in the
same pharmaceutical composition. o some embodiments, the compound and the combination
drug are prepared for administration in separate pharmaceutical compositions. In some
embodiments, the compound and the combination drug are prepared for simultaneous
administration. In some embodiments, the compound and the combination drug are prepared {or
sequential administration. In some embodiments, the compound is chosen from Examples 1-33
and pharmaceutically acceptable salts thereof.

{06046} Also disclosed herein is a pharmaceutical composition comprising a compound of
Formula (1) or a4 pharmaceutically acceptable salt thereot for use in therapy. In some
embodiments, there is provided a pharmaceutical composition comprising a compound chosen
from Examples 1-33, or a pharmaceutically acceptable salt thereof, for use in therapy.
[60047]  Also disclosed herein is 2 method of treating or preventing a disease chosen from
depression, Alzheimer’s disease, schizophrenia, drug addiction, sleep disorders, pain, and
attention deficit hyperactivity disorder, the method comprising administering at least one
compound of Formula (1) or a pharmaceutically acceptable salt thereof .
[606048] 1t should be understood that references herein to methods of treatment or preventing
{e.g., methods of treating or preventing a disease chosen from depression, Alzheimer’s disease,
schizophrenia, drug addiction, sleep disorders, pain, and attention deficit hyperactivity disorder)
using one or more compounds (e g, compounds of Formula (I) and pharmaceutically acceptable
salts thereof) should be interpreted as references to

one or more compounds for use in methods of treating and/or preventing, for example,
depression, Alzheimer’s disease, schizophrenia, drg addiction, sleep disorders, pain, or
attention deficit hyperactivity disorder; and/or

the use of one or more compounds in the manufacture of a medicament for treating
and/or preventing, for example, depression, Alzheimer’s disease, schizophrenia, drug addiction,

sleep disorders, pain, or attention deficit hyperactivity disorder.
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Non-Limiting Example Embodiments 1:
[60049] Without limitation, some embodiments of the disclosure include:

i A compound represented by Formuda (I}

R?
\\N L N
21 o {4

or a salt thereof, wherein:

R'1is a group represented by

ring A'is an optionally further substituted 6-membered aromatic ring;
ting A’ is an optionally further substituted S-membered monocyclic aromatic
heterocyclic ring;
ring B is a pyrdone ring oplionally turther substituted with 1 to 3 substifuents chosen
from:
(1) halogen atorns; and
{2} optinnally substituted Ci.s groups;
R” and R? are each independently a hydrogen atom or a substituent;
R* and R are each independently a substituent; and

ring C is an optionally further substituted 5-membered monocyclic aromatic heterocyclic

ring}.

2. A pharmaceutical comprising the compound or salt according to Embodiment 1.

3. The pharmaceutical according to Embodiment 2, which is a GPR139 receptor antagonist,
4. The pharmaceutical according to Embodiment 2, which is a GPR139 receptor inverse
agonist,
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S, The pharmaceutical according to Embodiment 2, which i1s a drug for preventing or
treating depression, Alzheimer’s disease, schizophrenia, drug addiction, sleep disorders, pain, or

attention deticit hyperactivity disorder

Non-Limiting Example Embodiments 2:
[8005¢] Without limitation, some embodiments/clauses of the disclosure include:

1. A compound of Formula (I}

¢ R R°
RE\N/U ~
B @} ()
e

or a pharmaceutically acceptable salt thereof, wherein:

R'is

e sz
or E:%A« 3

ring A'is chosen from optionally further substituted 6-membered aromatic rings;

ring A% is chosen from optionally further substituted S-membered monocyclic aromatic
heterocyclic rings;

ring B is chosen from pyridone rings opfionally further substituted with 1 to 3
substituents chosen from halogen atoms and optionally substituted Cie groups;

R” and R’ are each independently chosen from hydrogen atom and substituents,

R* and R* are each independently chosen from substituents; and

ring € is chosen from optionally further substituted S-membered moneocyclic aromatic
heterocyclic rings.
2. The compound or pharmaceutically acceptable salt according to Clause 1, wherein the

compound is chosen from compounds of Formula (17)
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(RT Ei) a

and pharmaceutically acceptable salts thereof, wherein:

XisCHor N,

Yis OH or N

7 is chosen from a bond, -0~ -OR”* .NH-, and -N{R R%.* wherein ¥ denotes
the connection point to ring I

ring C s chosen from S-membered monocyclic aromatic heterocyelic rings;

ring B is chosen from 6- to 8-membered aromatic rings, S- to 3-membered
monocychic aromatic heterocyclic rings, Cs.e cycloalkyl groups, and 5- to 8-membered
heterocyclic groups;

each R"? is independently chosen from cvano, halogen, Ci-s cycloatkyl, Cie atkyl,
and Cic alkoxy groups, wherein the Cis cycloalkyl, Cie alkyl, and Cis alkoxy groups are
optionally substituted with 1 t© 4 halogen atoms;

each R™ is independently chosen from halogen, Ci.s alkyl, and Ci.s alkoxy groups,
wherein the Ciw alkyl and Cis alkoxy groups are optionally substituted with 1 1o 4 halogen
atoms;

R¥is chosen from Cia atkyi groups;

R 15 chosen from hydrogen atom and Cis alkyl groups;

each R i independently chosen from halogen atoms and Ci.3 alkyl groups;

each R'*? is independently chosen from Ci.s alkyl groups;

mis(, 1,2, or3;

nis 0, 1, 2, or 3;

0i1s0, i, 0r2; and

pis(, 1, or2.
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3. The compound or pharmaceutically acceptable salt according to Clause 2, wherein:

(RTa)‘i“

Ry o

/EA"’ ®*m _
¥ Xé’ﬂt\é K{l f”\ N ) 7 3):’1

3 1 . Z P \’N Iﬁs

(R*%m - 7a pBa S
A , wherein 7, R’®, R®® m, and n are as defined in

Clause 2.

4. The compound or pharmaceutically acceptable salt according to Clause 2 or 3, wherein

7 is chosen from a bond, -G-, -NH-, -NHCH»-*, and -N{CH:CHz-*.

S, The compound or pharmaceutically acceptable salt according to any one of Clauses 2-4,

wherein 7. is a bond.

6. The compound or pharmaceutically acceptable salt according to any one of Clauses 2-4,

wherein Z is -0~

7. The compound or pharmaceutically acceptable salt according to any one of Clauses 2-4,

wherein 7 is ~-NHCHz-*.

2. The compound or pharmaceutically acceptable salt according to any one of Clauses 2-4,

wherein Z is ~-N{CH)}CHz-*.

9 The compound or pharmaceutically acceptable salt according to Clause 2, wherein:
rd
(R"%)n
P/
(R
™ N2y
P

L7 E7 X ¢
Raes)m . Réia m 3 . ) . L 3
R 18 (R} , wherein X, Y, ring I, R R"® m, and n are as

defived in Clause 2.

10. The compound or pharmaceutically acceptable salt according to any one of Clauses 2-9,

wherein ring B3 is chosen from benzene, morpholine, oxane, piperidine, and cvclobutane.
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1t The compound or pharmaceutically acceptable salt according to Clause 2, wherein

(R %)n

o
Al (R&a}m
aaleVe™
(R "n
83 x> 7 .
{(R7)m is E\V/ 07 TXT AL ;wherein X, Y, R7® R* m, and v are as

defined in Clause 2.
12, The compound or pharmaceutically acceptable salt according to any one of Clauses 2-
11, wherein X is CH.
13. The compound or pharmaceutically accoptable salt according to any one of Clauses 2-
11, wherein X is N.
14 The compound or pharmaceutically acceptable salt according to any one of Clauses 2-
13, wherein Y 1s CH.
15, The compound or pharmaceutically acceptable salt according to any one of Clauses 2-
13, wherein Y is N,
16. The compound or pharmaceutically acceptable salt according to Clause 2, wherein

R R %o
At}

N 4 4
iA;‘)L\SS g/\ N X

LA

T
is (R™m , wherein X, R7® R* m, and n are as defined in

Clause 2.

£7. The compound or pharmaceutically acceptable salt according to Clause 2, wherein
. R?a a
&0 5 (R
™ NRe vy
J /EA; B N
~Z X
. Ga
is

Ba . N ~ .
(R™m Rm , wherein X, R7 R®¥ m, and n are as defined in

Clawse 2.
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18, The compound or pharmaceutically acceptable salt according to Clause 16 or 17,
wherein X 1s CH.

ny

19 The compound or pharmaceutically acceptable salt according to Clause 16 or 17

>

wherein X 1s N.

20. The compound or pharmaceutically acceptable salt according to any one of Clauses 2-
12, wherein R* and R° are both hydrogen atoms.
21 The compound or pharmaceutically acceptable salt according to any one of Clauses 2-

(R’Ha

o
N
ey

20, wherein ring C is

8

The compound or pharmaceutically acceptable salt according to any one of Clauses 2-

el

N-R11a
g

21, wherein ring C is

23, The compound or pharmaceutically acceptable salt according 1o any one of Clauses 2-
22, wherein each R’ is independently chosen from halogen, Cs.s cycloalkyl, Cius alkyl, and Cie
alkoxy groups, wherein the Cs.s cycloalkyl, Cis alkyl, and Cis alkoxy groups are optionally

substituted with 1 to 4 halogen atoms.

24 The compound or pharmaceutically acceptable salt according to any one of Clauses 2-

23, wherein o is 1 and R'"? is methyl.

|\
L

The compound or pharmaceutically acceptable salt according to any one of Clauses 2-

23, wherein o is 1 and R' ig a fluorine atom.

26. The compound or pharmaceutically acceptable salt according to any one of Clauses 2-

[v8)

, wherein 0 i3 0.

XS]

27. A compound chosen from:
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3-[{1-ethyl-1H-pyrazol-4-yimethyl}-6'-(4-tluoropheny-4'-(irifluoromethy-2H-[ 1,2'-
bipyridin}-2-one;

3-[(t-ethyl-1H-pyrazoi-4-yhimethyl-6'-(4-fluorophenyi}-Z-oxo-4'-(trifluoromethy -2 H-
[1,2-bipyridine}-3'-carbonitrile;

3-[{1-ethyl-1H-pyrazol-4-ylmethyl]-6'-(4-tflucrophenyl 3-2-oxo-4'-(2,2 2~
trifluoroethoxy )-2H-[1,2'-bipyridine}-3'-carboniirile;

4'-(2, 2-difluoroethoxy }-3-[( 1-ethyi-1H-pyrazol-d-yDmethyl }-6'-(4-fluorophenyi}-2-oxo-
2H-[1,2-bipyridine]-3'-carbonitrile;

3-[{1-ethyl- 1H-pyrazol-4-yImethyi}-¢'-(4-{lucrophenyl}-6-methyl-2-oxc-4'-
(trifluoromethyl}-2H-{1,2-bipyridine]-3'-carbonitrile;

A'(difluoromethy!}-3-[(1-ethyl-1H-pyrazol-4-yDimethyl}-6'-(4-flucropheny! - 2-ox¢-2H-
[1,2-bipyridine]-3'-carbonitrile;

3-{(1-ethyl-1H-pyrazot-4-yhimethvl|-3'-fluoro-6'-[{ZR}-2-methyimorpholin-4-v1 }-4'-
{rifluoromethyl}-2H-[1,2-bipyridin]-2-one;

3-[(t-cthyl- 1 H-pyrazol-4-ylimethyi}-5-methyl-6-[ (2R} 2-methylmorpholin-4-y1]-4'-
(trifluoromethyi}-2H-{1,2'-bipyridin}-2-one;

3-{(-ethyl-1H-pyrazol-4-ylmethyl}-1-{ 2-fluoro-5-[(2R }-2-methylmorpholin-4-yi}-3-
{trifluoromethyl ipheny! jpyridin-2(1{}-one;

o'~ 2-(difluoromethyymorpholin-4-y1}-3-[{ 1-cthyl-1H-pyrazol-4-yDimethyli-3'-fluoro-4'-
(trifluoromethy})-2H-{1 2'-bipyridin}-2-one;

3-[(1-ethyl-1H-pyrazol-d-yDmethyl]-3'-fluoro-4~methy-6'-[(2R)}-2-methylmorpholin-4~
yij-4'<(rifluoromethyl3-2H-{ 1,2 -bipyridin}-2-one;

3-[(1-ethyl-1H-pyrazol-4-yDmethyl]-3'-fluoro-5-methyl-6'-[( 2R }-2-methylmorpholin-4-
vij-4'-(rifluoromethy}-2H-[ 1,2 -bipyridin}-2-one;

3-[(i-ethyl-1H-pyrazol-4-ylimethyl}-3"-fluore-6'-[{oxan-4-yoxy |-4"-(trifluoromethyl)-
ZH-{1,2-bipyridini-2-one;

3-{(1-ethyl-1H-pyrazol-4-yUmethyl |- 1 -{4- {{(1-fluorceyclobutylimethyl Jamino }-6-
(rifluoromethyDpyrimidin-2-yl jpyridin-2{1 H}-one;

1-[4-{[(3,3-difluorocyclobutyl imethyl jamino } -0-(trifluoromethyDpyrimidin-2-v1}-3-{{1-
ethyl-1H-pyrazol-4-yDmethylpyridin-2{11}-one;

P-[4-4 (3, 3-difluorocyclobutyDmethyl [ methyDamino § -6-{trifluoromethyDpyrimidin-2-
yli-3-{{(1-ethyi-1H-pyrazol-4-vhmethyl jpyrdin-2{1 H}-one;

3-{(1-ethyl-1H-pyrazol-4-yDmethyl |- 1-{4-{{{1-fluorocyclobutyDmethyl i(methyDamino -

6-(trifluoromethyDpyrimidin-2-ylipyridin-2{1H)-ong;

io

CA 03178798 2022-11-14



WO 2021/234451 PCT/1B2021/000337

1-{3-cyclopropyl-2-fluoro-5-{{ZR}-2-methylmorpholin-4-yl jphenyl }-3-[(} -ethyi-1H-
pyrazol-d4-yimethvljpyridin-2¢ 1 H}-one;

1-[3-cyclopropyl-5-(2  2-dimethylimorpholin-4-vi}-2-fucrophenyl}-3-{(1 -ethv]- 1 H-
pyrazol-4-yDmethyl]pyridin-2{1H}-one;

i-{3-cyclopropyl-2-fluoro-53-[{oxan-4-yhoxy Jphenyl }-3-[{1-ethyl-1H-pyrazol-4-
yhmethylpyndin-2¢(1H}~oneg;

1-{3-bromo-2-flucro-5-[{oxan-4-yhoxyiphenyl } -3-[{ 1 -ethyl-1H-pyrazol-4-
yhmethyljpyridin-2(1H)-one;

3-[{1-ethyl-1H-pyrazol-4-yImethyl}-1-{ 2-fluoro-3-[{ZR}-2-methyimorpholin-4-yl}-3-
(trifluoromethoxyphenyi tpyridin-2{ 1 H}-one;

1-{3-cyclopropyl-2-thuoro-3-{{2R)-2-methylmorpholin-4-yliphenyl }-3-{{ I -{propan-2-
yiy1H-pyrazol-4-vljmethyl jpyridin-2( 1 H}-one;

1-{3-cyclopropyl-2-flucro-5-{{ZR}-Z-methylmorpholin-4-ylipbenyl }-3-[ (1 -ethyl- 1H-
pyrazol-d-yhmethyl}-4-fluoropyridin-2{1H)-one;

3-[(t-ethyl- 1 H-pyrazol-4-ymethyi -1~ { 2-fluore-5-[ (2R »-2-methyimorpholin-4-vi}-3-
{propan-2-yhphenvl }pyridin-2(1 H}-one;

3-{(1-ethyl-1H-pyrazol-4-ylmethyl}-1-{ 2-fluoro-5-[(2R }-2-methylmorpholin-4-yi}-3-
(2,2, 2-trifluorcethyDphenyl } pyridin-2{11{}-one;

1-{3-cyclopropyl-S-[(ZR)-Z-methylmorpholin-4-ylipheoyl } -3-{(1-ethyl- 1 H-pyrazol-4-
vhmethyi}-6-methylpyridin-2(1H}-one;

1-[3~(2.2-difluorocyclopropyD-5-(4,4-diflucropipendin- I -y-2-fluorophenyl -3~ [(1-
ethyl-1H-pyrazol-4-yDmethylpyridin-2{1}-one;

1-{3-cyclopropyl-S-[(2R)-2-methylmorpholin-4-yliphenyl } -3-[( 1 -ethyl-1H-pyrazol-4-
vimethyl}-6-flucropyridin-2(1H-one;

1-43-¢cyclopropyl-2-flucro-5-[(2R}-2-methylmorpholin-4-yliphenyl }-3-[(1-ethyi-1H-
pyrazol-4-yviymethyil-S-methylpyridin-2{1H)-one; and

1-{3-cyclopropyl-2-fluoro-3-[(ZR}-2-methylmorpholin-4-ylipheny! }-3-[(1-ethyl-1H-
pyrazol-d4-yhmethyl}-4-methylpyridin-2(1H)}-one, or

a pharmaceutically acceptable salt of any of the foregoing.

28. A pharmaceutical composition comprising.
at least one compound or pharmaceutically acceptable salt according to any one of
Clauses 1-27; and

at least one pharmaceutically acceptable carrier.

17
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29, A method of treating or preventing a disease in a mammal i1 need thereot, the method
comprising administering to the mammal at ieast one compound or pharmaceutically acceptable

salt according to any one of Clauses 1-27.

30. The method according to Clause 29, wherein the disease is chosen from depression,
Alzheimer’s disease, schizophrenia, drug addiction, sleep disorders, pain, and attention deficit

hyperactivity disorder.

31, The method according to Clause 28 or 29, wherein the mammal ts a buman,
32 The method according to any one of Clauses 29-3 1, further comprising administering to

the mammal at least one combination drug.

{8605t} The definitions of each of the substitugnts used in the present specification will be
described in detail heremnafter. Unless specified otherwise, each substituent 15 defined as follows.
[66652] Non-himiting examples of “halogen atoms” tn the present specification include
flucrine, chlorine, bromine, and iodine.

[B06053]  Noon-himiting examples of “Cis alkyl groups”™ in the present specification include
methyl ethyl propvl isapropyl butyl iscbutyl sec-butyl tert-bstyl pentyl) isapentyl,
neopentyl, 1-ethylpropyl, hexyl, ischexyl, 1, 1-dimethyibutyl, 2. 2-dimethylbutyl, 3,3~
dimethyibuiyl, and 2-ethylbutvi,

[66654] Non-limiting examples of “optionally halogenated Cis alkyl groups” in the present
specification include Cis alkyl groups which may have from 1 10 7, for example, from 1 to 5,
halogen atoms. Further non-limiting examples thereof tnclude methyl, chloromethyl,
diftuoromethyl, trichloromethvi, trifluoromethyl, ethyl, 2-bromoeethyl, 2,2, 2-trifluoroethyl,
tetrafluoroethyl, pentafluoroethyl, propyl, 2,2-difluoropropyl, 3.3, 3-triflucropropyi, isopropyl,
butyl, 4,4 4-irifluorcbutyl, isobutyl, sec-butyl, iert-butyl, pentyl, isopentyl, neopentyl, 3,5,5-
triflucropentyl, hexyl, and 6,6,0-triflucorchexyl.

[80G85] Non-hmiting examples of “Cas alkeny! groups” in the present specification include
cthenyl, 1-propenyl, Z-propenyi, 2-methyl-1-propenyl, I-butenyl, 2-butenyl, 3-butenvl, 3-
methyi-2-butenvl, -pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 4-methyl-3-pentenvi, 1-

hexenyl, 3-hexenyl, and 5-hexenyl.
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[66686] Nouw-limiting examples of “Cos alkynyi groups” 1n the present specification include
ethyoyl, 1-propynyl, 2-propynyl, I-butyonyi, 2-butynvl, 3-butynyf, 1-pentynyl, Z-pentynyl, 3-
pentynyl, 4-pentynyl. I-hexynyl, 2-hexvnyl, 3-hexynyl, 4-hexynyl, 5-hexyovl and 4-methyi-2-
pentynyl.

{660657] Non-limiting examples of “Cs.e cycloalkyl groups” in the present specification
include cyclopropyl, cyclobuiyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, bicyclof2. 2.
1theptyl, bicyclof2. 2. 2ioctyl, bicyclo[3. 2. 1loctyl, and adamantyl.

{006058] Non-limiting examples of “optionally halogenated Cs.10 cycloalkyl groups” in the
present specification include Cs.ie cycloalkyl groups which may have from 1 to 7, for example |
to 5, halogen atoms. Specific examples thereof include cyclopropyl, 2,2-difluorocyciopropyl,

2, 3-diflucrocyclopropyi, cyclobutyl, diflucrocyclobutyl, cvclopentyl, cyclohexyl, cycloheptyl,
and cycloociyl.

[G0658F Non-limiting examples of “{3.10 cycloalkeny! groups” in the present apecification
include cyclopropenyl, cyclobutenyl, eyvclopentenyl, cvelohexenyl, cycloheptenyt, and
cyclooctenyl.

j8B060]  MNon-limiting examples of “Cs1a aryl groups” in the present specification include
phenyl, T-naphthyl, T-anthryl, 2-anthryl, and 9-anthryl. Non-limiting examples of “Cr.16 aralkyl
groups” in the present specification include benzyl, phenethyl, naphthylmethyl, and
phenylipropyl.

j00061] Non-limiting examples of “Cis altkoxy groups” in the present specification include
methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy, tert-butoxy, pentyloxy,
and hexyloxy.

[60662] Non-limiting examples of “optionally halogenated Ci.6 alkoxy groups” in the present
specification include Cis alkoxy groups which may have from 1 to 7, for example, from 1 to 5,
halogen atoms. Further non-limiting examples thereof include methoxy, diflucromethoxy,
trifluoromethoxy, ethoxy, 2,2, 2-ttifluorcethoxy, propoxy, isopropoxy, butoxy, 4,4,4-
trifluorobutoxy, isobutoxy, sec-butoxy, pentyloxy, and hexyloxy.

(60663} Noo-limiting examples of “Cs.i0 cycloalkyloxy groups” in the present specification
include cyclopropvloxy, cyclobutyloxy, cyclopentyloxy, cyclohexyloxy, cycloheptyloxy, and
eyclooctyloxy.

{00064} Non-limiting examples of “Ci.e alkylthio groups” in the present specification include
methylthio, ethylthio, propyithio, isopropyithic, butvithio, sec-butylthio, tert-butyithio,

pentylthio, and hexylthico.
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[66665] Nouw-limiting examples of “optionally halogenated Cis alkylthio groups” in the
present specification include Cis alkylthio groups which may have trom 1 to 7, for example,
from 1 to 5, halogen atoms. Specitic examples thereof include methylthio, diffuoromethyithio,
triffuoromethylthio, ethylthic, propylthic, tsopropylihio, butylthio, 4,4 4-trifluorobutylthio,
pentylthio, and hexylthio.

(666667 Noo-limiting examples of “Crs altkvl-carbonyl groups” in the present specification
include acetyl, propanovl, butanoyl, 2-methylpropanovl, pentanoyl, 3-methyibutanovl, 2-
methylbutanoyl, 2,2-dimethylpropanoyl, hexanoyl, and heptanoyl.

{60667} Non-limiting examples of “opticnally halogenated Cis alkyl-carbonvl groups™ in the
present specification include Cie alkyi-carbonyl groups which may have from 1 to 7, for
example, from 1 to S, halogen atoms. Further non-limiting examples thereof include acetyl,
chloroacetyl, triflucroacetyl, trichloroacetyl, propanovl, butanovl, pentanoyl, and hexanoyl.
[¢0068] Non-limiting examples of "1 alkoxy-carbony! groups” in the present specification
tnclude methoxycarbonyl, ethoxycarbonyl, propoxyearbonyl, isopropoxycarbonyl,
butoxycarbonyl, iscbutoxycasbonyl, sec-butoxycarbonyl, tert-butoxycarbonyl,
pentyloxycarbonyl, and hexvloxycarbonyl.

[66869] Non-himiting examples of “Ceaa aryl-carbonyl groups” in the present specification
include benzovl, 1-naphthoyl, and 2-naphthoyl

[B60676]  Noon-limiting examples of “Cr.e aralkyl-carbonyl groups” in the present specification
include phenylacetyl and phenylpropionyl.

{060071]  Non-limiting examples of “5~ 1o Td-membered aromatic heterocyclic carbonyl
groups” in the present specification include nicotinoyl, isonicotinoyl, thenovi, and furoyl,
[66672]  Non-limiting examples of “3- 10 14-membered non-aromatic heterocyclic carbonyl
groups” in the present specification inciude morpholinyicarbounyl, pipendinvicarbonyl, and
pyrrolidinylcarbonyl.

[66673] Non-limiting examples of “mono- or di-Ci« alkyl-carbamoyl groups” in the present
specification include methylcarbamoyl, ethylcarbamoyl, dimethylcarbamoyl, diethyvlcarbamoyl,
and N-ethyl-N-methylcarbamoyl.

[66074] DNon-limiting examples of “mono- or di-Cr.i6 aralkyl-carbamovl groups” in the
present specification include benzylcarbamoy! and phevethylecarbamoyl

{00675} Non-limiting examples of “Ci.e alkylsulfonyl groups” in the present specification
include methylsultonyl, sthylsulfonyl, propylsulfonyl, 1sopropyisulfonvl, butylsulfonyl, sec-

butylsulfonyl, and tert-butylsulfonyl.
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[66676] Now-limiting examples of “optionally halogenated Cis alkylsulfonyi groups” in the
present specification include Cis alkyisulfonyl groups which may have from 1 to 7, tor example,
from 1 to 5, halogen atoms. Further non-limiting examples thereof tnclude methyisulfonyl,
difluoremethylsulfonyl, trifluoromethyisulfonyl, ethylsulfonyl, propylsulfonyl,
isopropylsulfonyl, butylsuifonyl, 4,4 4-tnfluorcbutylsulfonyl, pentylsuifonyl, and hexylsulfonyl.
666777 Noo-limiting examples of “Ces.14 arylsulfonyl groups” in the present specification
include phenylsulfonyl, 1-naphthylsuifonvl, and 2-naphthyisulfonyl.

{066078] Non-limiting examples of “substituents” in the present specification nclude balogen
atoms, CYano groups, nitro groups, optionally substituted hydrocarbon groups, optionally
substituted heterocyclic groups, acyl groups, optionally substituted amino groups, optionally
substituted carbamoyl! groups, optionally substituted thiocarbamoy! groups, optionally
substituted suifamoyl groups, optionally substituted hydroxy groups, optionally substituied
sutfanyl (SH} groups, and optionally substituted silyl groups.

[660679]  Non-limiting examples of “hydrocarbon groups,” tncluding “hydrocarbon groups” in
“optionally substituted hydrocarbon groups,” in the present specification include Ci alkyl
groups, Cre alkenyl groups, Cr.s alkynyl groups, Csao cycloalkyl groups, Ciao cycloalkenyl
groups, Cea arvl groups, and Craie aralkyl groups.

[O06088) MNon-limiting examples of “optionally substituted hydrocarbon groups” in the present
specification include hydrocarbon groups which may have substituents chosen from substituent
group A

Substituent group A

{1} halogen atoms;

(2} nitro groups;

{3} cyano groups,

{4) oxo groups;

{5) hydroxy groups,

{6} opticnally halogenated Cig alkoxy groups;

{7y Co-13 aryloxy groups (for example, phenoxy or naphthoxy),

{8} Crie aralkyloxy groups {(for example, benzyloxy);

(3} 5-1to l4-membered aromatic heterocyclic oxy groups {for example, pynidyloxy),

{10} 3~ to 14-meombered non-aromatic heterocyclic oxy groups (for example, morpholinyloxy or
piperidinyloxy);

{11) Crs alkyl-carbonyloxy groups (for example, acetoxy or propanoyloxy),

3
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(12 Co-13 aryl-carbonyloxy groups (for example, benzoyloxy, t-naphthoyloxy, or 2-
naphthoyloxy);

{13) Ci.e atkoxy-carbonvloxy groups (for example, methoxvearbonvloxy, ethoxycarbonyloxy,
propoxycarbonyloxy, or buioxycarbonyloxy};

{14) mono- or di-Cre alkyl-carbamoyloxy groups (for example, methylcarbamovloxy,
ethylcarbamoyloxy, dimethylearbamoyloxy, or diethylcarbarmoyloxy);

{15} Cos aryl-carbamoyloxy groups (for example, phenylcarbamovioxy or
naphthylcarbamoyloxy);

{16} 5- to 14-membered aromatic heterocyclic carbonyloxy groups (for example, nicotinoyloxy);
{17} 3- to 14-membered non-aromatic heterocyclic carbonyloxy groups (for example,
morpholinyicarbonyloxy or piperidinyicarbonyloxy);

{18) optionally halogenated Cr.¢ alkyisulfonyloxy groups (for example, methyisulfonyioxy or
trittuoromethylsultonyloxy);

{19} Co11 aryisulfonyloxy groups optionally substituted with Ci6 alkyl groups {for example,
phenyisulfonyloxy or toluenesulfonyloxy);

{20} optionally halogenated Ci.e alkyithio groups;

{(21) 5~ to 1d-membered aromatic heterocvelic groups;

'S ls

{22} 3- to 14-membered non-aromatic heterocyclic groups;

{23} tormvl groups;

(24) carboxy gronpy,

(25) optionally halogenated Ci.e alkyl-carbonyl groups;

{26} Cs-14 aryl-carbonyl groups;

{27y 5- to 1d-membered aromatic heterocyclic carbonyl groups;

{28} 3- 10 14-membered non-aromatic heterocyclic carbonyl groups;

{29} Ci-¢ alkoxy-carbonyl groups;

(30) Cs-14 aryloxy-carbonyl! groups (for example, phenyloxyearbonyl, 1-naphthyloxycarbonyl,
or 2-naphihyioxyecarbonyl};

(31} Cra16 aratiyloxy-carbony] groups (for example, benzyloxycarbonyl or
phenethyioxvearbonyiy;

{32) carbamoyl groups;

{33} thiocarbamoy! groups;

{34) mono- or di-Cis alkyl—carbamovi groups;

{35} Cs-14 arvl-carbamoyl groups {for example, phenylcarbamoyl};

b
]
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{36} 5- to 14-membered aromatic heterocyclic carbamoyl groups (for example,

pyridylcarbamoyi or thienylcarbamoyl);

morpholinvlcarbamoyl or pipendinylcarbamoyly,

{38} opticnally halogenated Cro alkyisulfonyl groups;

(39) Co-14 arylsulfonyl groups;

{40} 5- to 1d-membered aromatic heterocyclic sultony! groups (for example, pyridvisultfonyl or
thienyisulfonyl);

{41} optionally halogenated Ci.s alkylsulfinyl groups;

(42} Cs-14 arylsulfiny] groups (for example, phenylsulfinyl, T-naphthylsulfioyl, or 2-
naphthyisulfinyi);

{43} 5- to 1d-membered aromatic heterocyclic sulfinyl groups (for example, pyridylsulfinyi or
thienylsulfinyly;

{44} amino groups;

{45) mono- or di-Cie alkylamino groups (for example, methylamino, ethylamino, propylamino,
tsopropvlamino, butylamine, dimethylamine, diethviamino, dipropylaming, dibutylamino, or N-
ethyl-N-methylamino);

{463 mono- or di-Ce14 arylamino groups {for example, phenylamino};

{47} 5- to T4~-membered aromatic heterocyclic amino groups (for example, pyridylamino);

{(48) Cr.16 aralkyvlamine groups (for example, benzylamino);

(49} formylamino groups;

{503 Cis alkyl-carbonylaminoe groups {(Tor example, aceiylaming, propanoylaming, or
butanoylamino);

{(51) (Cis alkyl ) Crs alkyl-carbonyllamino groups (for example, N-acetyl-N-methylamino),
(52} Co-14 aryl-carbonylamino groups {for example, phenyicarbonylamine or
naphthvlcarbonylaming),

{533 Cic alkoxy-—carbonvlamino groups (for example, methoxycarbonylaming,
ethoxycarbonylamino, propoxycarbonylamino, butoxycarbonylaming, or tert-
butoxycarbonylamino);

{54y Cr.16 aralkyloxy—carbonylamino groups (for example, benzyloxycarbonylamino},

{553 Cic alkylsulfonvlamino groups {for example, methylsulfonylamino or ethylsulfonylamino};
{56} Co.a arvisulfonylaminoe groups optionally substituted with Cis alkyl groups (for example,
phenylsulfonylamino or toluenesultfonylamino};

{57y optionally halogenated Cis alky] groups;

b
(V5]
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{58) Ca6 alkenyl groups;
{59y Czw alkynyl] groups;
{60) Csao cyeloalkyl groups;
{61} Us.ro cycloalkenyl groups; and
{62 Coura aryl groups.
{86081} The number of the aforementioned substituents in the “opuonally substituted
hydrocarbon group” is, for example, from 1 to 5, such as, for example, from 1 to 3. When the
number of substituents is 2 or greater, the respective substituents may be the same or different
from one another.
[60082F Now-limiting examples of “heterocyclic groups,” wcluding “heterocyclic groups” in
“optionally substituted heterccyclic groups,” in the present specification include (i) aromatic
heterocyclic groups, (ii) non-aromatic heterocyclic groups, and (iii) 7- to 10-membered
heterocyclic bridged ring groups, each containing from 1 to 4 hetero atoms chosen from nitrogen
atoms, suifur atoms, and oxygen atoms in addition to carbon atoms as annular atoms,
{80083} Non-limiting examples of “aromatic heterocyclic groups,” including 5~ to 14~
membered aromatic heterocyelic groups,” in the present specification include 5- to 14-
membered {such as, for example, 5- to 10-membered) aromatic heterocyclic groups containing
from 1 to 4 hetero atoms chosen from nitrogen atoms, sulfur atoms, and oxygen atoms in
addition to carbon atoms as annular atoms.
{B0084] Non-limiting examples of these “aromatic heterocyclic groups” include 5- or 6-
merbered monocyclic aromatic heterocyclic groups such as thienyl, furyl, pyrrolyl, imidazolyl,
pyrazolyl, thiazolyl, isothiazolyl, oxazolyl, iscoxazolyl, pyridyl, pyradinyl, pyrimidinyl,
pyridadinyt, 1,2 d-oxadiazolyl, 1.3 d-oxadiazolyl, 1 2 d-thiadiazolyl, 1.3 d-thiadiazolyl, tnazolyl
tetrazolyl, and triadinyl; and &- 10 14-membered condensed polyceyelic (such as, for example, 2-
or 3-¢yclic) aromatic heterocyclic groups such as benzothiophenyl, benzofuranyl,
benzeoimidazolyl, benzooxazolyl, benzoisooxazolyl, benzothiazolyl, benzoisothiazolyl,
benzotriazolyl, imidazopyridinyl, thienopyridinyl, fluorepyridinyl, pyrrolopyridinyl,
pyrazolopyridinyl, oxazolopyridinyl, thiazolopyridioyl, imidazopyradinyl, imidazopyrimidinyl,
thienopyrimidinyl, fluoropyrimidinyl, pyrroiopyrimidinyl, pyrazolopvrimidinyd,
oxazolopyrimidinyl, thiazolopyrimidinyl, pyrazolotriadinyl, vaphthol2,3-blthienyl,
phenoxathiinyl, indolyl, isoindolyl, 1H-indazolyl, purinyl, isoquinolyl, quinclyl, phthaladinyl,
naphthylidinyl, quinoxalinyl, quinazolinyl, cinnolinvl, carbazolyl, B-carbolinyl, phenanthridinyl,

acridinyl, phenadinyl, phenothiadinyi, and phenoxadinyl.
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{66685} Now-limiting examples of “non-aromatic heterocyclic groups,” including “3- to 14-
membered non-aromatic heterocyclic groups,” in the present specification inchude 3~ to 14-
membered {such as, for example, 4- to 10-membered) non-aromatic heterocyclic groups
containing from 1 to 4 hetero atoms chosen from nitrogen atoms, suifur atoms, and oxygen
atoms in addition to carbon atoms as annular atoms.

[806086] Noun-limiting examples of these “non-aromatic heterocyclic groups” include 3- to 8-
membered monocyclic non-aromatic heterocyclic groups such as aziridinyl, oxylanyl, thiiranyl,
azetidinyl, oxetanyl, thietanyl, tetrabydrothicuyl, tetrahvdrofuranyl, pyrroliuyl, pyrrolidinyi,
imidazolinyl, imidazolidinyl, oxazolinyl, oxazolidinyl, pyrazolinyl, pyrazolidinyl, thiazolinvl,
thiazolidinyl, tetrabydroisothiazolyl, tetrabydrooxazolyl, tetrahvdroisooxazolyl, piperidinyl,
piperadinyl, tetrahydropyridinyl, dihydropyridinyl, dihydrothiopyranyl, tetrahydropyrimidinyi,
tetrahydropyridazonyl, dihydropyranyl, tetrahydropyranyl, tetrabydrothiopyranyl, morpholinyl,
thiomorpholinyl, azepanvyl, diazepanyl, azepinyl, oxepanyl, azocanyl, and azocanyl; and 9- to
l4-membered condensed polyeyelic (such as, for example, 2- or 3-cyclic) non-aromatic
heterocyclic groups such as dihydrobenzofuranyl, dihydrobenzoimidazolyl,
dihydrobenzothiazolyl, dihydrobenzoisothiazolyl, dihydronaphtho|2,3-bithienyl,
tetrahydroisoquinolyl, tetrahydroguinolyl, 4H-quinolidinyl, indolinyl, 1soindolinyl,
tetrahydrothieno{2 3-clpyridinyl, tetrahydrobenzoazepinyl, tetrahydroquinoxalinyt,
tetrahydrophenanthridinyl, hexahydrophenothiadinyl, hexahydrophenoxadinyl,
tetrahydrophthaladinyl, tetrahydronaphthylidinyl, tetrahydrogquinazolinyl,) tetrahydrocinnolinyl,
tetrahydrocarbazolyl, tetrahydro-B-carbolinyl, tetrahydroacrydinyl, tetrahydrophenadinyl,
tetrahydrothioxanthenyl, and octahydroisogquinolyl.

[60087]  Non-limiting examples of “7- 10 10-membered heterocyclic hridged ring groups” in
the present specification include quinuclidinyl and 7-azabicycloiZ. 2. 1lheptanyi.

[66088] Non-limiting examples of “nitrogen-containing heterocyclic groups” in the present
specification inciude “heterocyclic groups” containing at {east one pitrogen atom as an annular
aton.

[66089] Noo-limiting examples of “optionally substituted heterocyclic groups™ in the present
specification inciude heterocyclic groups which may have substituents chosen from substituent
group A. The number of substituents iny the “optionally substituted heterocyelic groups” is, for
example, from 1 to 3. When the number of substituents is 2 or greater, the respective
substituents may be the same or different from one another.

[86098] Non-limiting examples of “acyi groups” in the present specification include formyl

groups, carboxy groups, thiocarbamoy! groups, sulfino groups, sulfo groups, sulfamoyl groups,
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and phosphono groups which may each have | or 2 substituents chosen tfrom Ci.s alkyl groups,
Crs alkenyl groups, Us.is cvcloalkyl groups, Csae cvcloalkeny! groups, Cs.1a aryl groups, Craa
aralkvl groups, 5- to H4-membered aromatic heterocyclic groups, and 3- to 14-membered non-
aromatic heterocyclic groups which may each have from 1 to 3 substituents chosen from
halogen atoms, optionally halogenated Cr.e altkoxy groups, hydroxy groups, nitro groups, cyano
groups, amine groups, and carbamoyl groups. Additional non-limiting examples of acyl groups
include hydrocarbon-sulfonyl groups, heterocycle-sulfonyl groups, hydrocarbon sulfinyl groups,
and heteroeycle-sulfinyl groups.
{60098} Asused herein, g hydrocarbon-sulfonyl group refers to a suifonyl group to which a
hydrocarbon group is bonded: a heterocycle-sulfonyl group refers to a sulfony! group to which a
heterccyclic group is bonded; a hydrocarbon-sulfinyl group refers to a sulfiny! group to which a
hydrocarbon group is bonded; and a heterocycle-sulfinyl group refers to a sulfinyl group to
which a heterocyclic group is bonded.
{66092} Additionally, non-limiting examples of “acyl groups” further include formyvl groups,
carboxy groups, Cie alkyl-carbonyl groups, Cz alkenyl-carbonyl groups (for example,
crotonovl}, Ciao cycloalkyl-carbonyl groups (for example, cvclobutanecarbonyi,
cyclopentanecarbonyl, cyclohexanecarbonyl, or cycloheptanecarbonyl}, Cs-10 eycloalkenyl-
carbonyl groups {(for example, Z-cyclohexenecarbonyl), Ce4 aryl-carbonyl groups, Cras aralkyl-
carbonyl groups, 5~ to 14-membered aromatic heterocyclic carbonyl groups, 3- to 14-membered

non-aromatic heteracyclic carbanyt groups, Cus alkoxy-carbonyl grovips, Ceua aryloxy-carbonyl

g
groups (for example, phenyloxycarbonyl or naphthyloxycarbonyly, Crae aralkyloxy-carbonyl
groups {for example, benzyioxycarbonyl or phenethyloxycarbonyl), carbamoyi groups, mong- or
di-Cre alkvi-carbamoyl groups, mono- or di-Cas atkenyl-carbamoyl groups (for example,
diallylcarbamoyl), mong- or di-Caae eycloalkyi-carbamoyi groups (for example,
cyclopropylecarbamoyl), mono- or di-Ceas aryl-carbamoyl] groups (for example,
phenylcarbamoyl), mono- or di-Crae aralkvi-carbamoy! groups, 5- to 14-membered aromatic
heterocyclic carbamoyl groups (for example, pyridvicarbameovl), thiccarbamoy! groups, mono-
or di-Ci alkyl-thiocarbamoyl groups (for example, methylthiocarbamoyl or N-ethyl-N-
methylthiocarbamovl), mono- or di-Ca.s alkenyl-thiccarbamoyl groups (for example,
diallylthiocarbamovl}, mono- or di-Csao cyelostiyt-thiocarbamoy! groups (for example,
cyclopropyithiocarbamovl or cyclohexylthiocarbamoyl), mono- or di-Ceaa aryl-thiocarbamoyl
groups (for example, phenvithiocarbamovl), mono- or di-Crae aralkyl-thiocarbamoy! groups (for
example, benzyithiccarbamoyl or phenethylthiccarbamoyl}, 5- to 14-membered aromatic

heterocyclic thiocarbamoyl groups (for example, pyridylthiocarbamoyly, sulfino groups, Cis

26

CA 03178798 2022-11-14



WO 2021/234451 PCT/1B2021/000337
alkylisultinyl groups (for example, methylsulfiny! or ethylsulfinyl), sulfo groups, Cis
alkylsulfony! groups, Ce-1a arylsulfonyl groups, phosphono groups, and mono- or di-Cie
alkylphosphono groups (for example, dimethyiphosphono, diethyiphosphono,
diisopropylphosphono, or dibutylphosphono).

{66093] Non-limiting examples of “optionally substituted amino groups” in the present
specification include amino groups which may have 1 or 2 substituents chosen frorn Cis alkyl
groups, Cr.s alkenvl groups, Cs.e cycloalkyl groups, Ce.ia arvl groups, Cr.s aralkyl groups, Cis
alkyl-carbony! groups, Ce-1a arvi-carbonyl groups, Cr.i6 aralkyl-carbony! groups, 5~ to 14-
membered aromatic heterocyclic carbonyl groups, 3- to 14-membered non-aromatic heterocyclic
carbonyl! groups, Cis alkoxy-carbonyl groups, 5-to 14-membered aromatic heterocyclic groups,
carbamovi groups, mono- or 3i-Cie alkyi-carbamoy! groups, mono-or di-Cr-16 aralkyl-
carbamoy! groups, Ci alkyisulfonyl groups, and Ce.14 arvisulfonyl groups which may each have
from 1 to 3 substituents chosen from substituent group A.

[66694] Nou-limiting examples of optionally substituted amino groups include amino groups,
mono- or di-{optionally halogenated Ci alkyljamino groups (for example, methylamino,
trifluoromethylaming, dimethylamino, ethviamino, diethvlamino, propylamino, or dibutylamino),
mono- or di-Cz6 alkenylamino groups (for example, diallylamino}, mono- or di-Cs.i0
cycloalkylamino groups (for example, cyclopropylamino, cyclohexylaming), mono- or di-Cs.1a
arylamino groups (for example, phenylamino), mono- or di-Cr.e aralkylamino groups (for
example, benzylamino, or dibenzylamino)}, mono- or di-(optionally halogenated Cis alkyl}-
carbonyiamino groups (for example, acetylamine or propionylamino}, mono-~ or di-Ce.1a aryl-
carbonyl groups {for example, benzoylamins), mono- or di~Cr.ae aralkyl~carbonylamino groups
(for example, benzylcarbonylamino), mono- or di- 5- to 14-membered aromatic heterocyclic
carbonylamino groups (for example, nicotinoylaming or isonicotinoyiamino), mono- or di-3- o
I4-membered non-aromatic heterocyclic carbonylamino groups (for example,
piperidinyicarbonylamine), mono- or di-Cis alkoxy-carbonvlaming groups (for example, tert-
butoxycarbonylamine), 5- to 14-membered aromatic heterocyclic amino groups (for example,
pyridylamino)}, carhamovlamino groups, (mono- or di-Ci« alkyl-cartbamoyDarmino groups (for
example, methvicarbamoyviaming), (monoe- or di-Cr.ie aralkyi-carbamoyljamine groups (for
example, benzylearbamoylamine), Crs alkyisulfonylamino groups (for example,
methylsulfonylaming or ethylsulfonviaming), Ceaa arylsulfonylamino groups (for example,
phenyisulfonylamine), (Cis alkyl}{Crs alkyl-carbonylamino groups {for example, N-acetyl-N-
methylamino), and (Ciros alky{¥Cs.1a aryi-carbonyllamino groups (for exampie, N-benzoyl-N-

methylamino} groups.

CA 03178798 2022-11-14



WO 2021/234451 PCT/1B2021/000337
(66695}  Nouw-limiting examples of “optionally substituted carbamoyl] groups” in the present
specification include carbamoyl groups which may have 1 or 2 substituents chosen from Cia
alkyl groups, Cre alkenyl groups, Cs.e cvcloalkyl groups, Ceara arvl groups, Cras aralkyl groups,
Cr.s altkyl-carbonyl groups, Cs-11 aryl-carbonyl groups, Cr.is aralkvi-carbonyl groups, 5- to 14-
membered aromatic heterocyclic carbonyl groups, 3- to 14-membered non-aromatic heterocyclic
carbonyl groups, Ci-6 alkoxy-carbonyl groups, 5- to 14-membered aromatic heterocyclic groups,
carbamovyi groups, mono- or di-Cie alkyl-carbamoyi groups, and mono-or di-Cr.ae aralkyl-
carbamoyi groups which may each have from 1 to 3 substituents chosen from substituent group
A.

[60696] Hlustratively, non-limiting examples of optionally substituted carbamoyl groups
include carbamoyl groups, mono- or di-Cie alkvi-carbamoy! groups, mono- or di-Cz alkenyl-
carbamovi groups (for example, diallylcarbamoyl}, mono- or di-Csae cyclealkyl-carbamovl
groups {for example, cyclopropylcarbamaoyl! or cyclohexyicarbamoyl), mono- or di-Cs-14 aryi-
carbamovl groups (for example, phenylcarbamoyl}, mono- or di-Cr.s aralkyl-carbamoy! groups,
mono- or di-{C 16 alkyl-carbonyl-carbamoyl groups (for example, acetylcarbamoyd or
propionyvicarbamoyl), mono- or di-CUs.a arvi-carbonvi-carbamoy! groups (for example,
benzoyicarbamoyl}, and 5- to 14-membered aromatic heterocyclic carbamoyl groups (for
example, pyridyicarbamoyl).

[66697] Noon-limiting examples of “optionally substituted thiocarbamoyl groups™ in the
present specification include thiocarbamoyl groups which may have 1 or 2 substituents chosen
from Cuiwe alkyl groups, Cre alkenyl groups, Ciao eycloalkyl groups, Ce-14 aryl groups, Crae
aralkyi groups, Ci alkyi-carbonyl groups, Ce14 aryl-carbonyl groups, Cr-1s aralkyi-carbonyl
groups, S- to 14-membered aromatic heterocyclic carbonyl groups, 3- to 14-membered non-
aromaiic heterocyclic carbonyl groups, Cis altkoxy-carbonyl groups, 5- to 14-membered
aromatic heterocyclic groups, carbamoy! groups, mono- or di-Cis alkyl-carbamoy! groups, and
mongo-or di-{7.16 aralkyl-carbamoy! groups which may each have from 1 to 3 substituents
chosen from substituent group A.

[66698] [Hlustatively, non-limiting examples of optionally substituted thiocarbamoyl groups
include thiccarbamoyl groups, mono- or di-Cies alkyl-thiocarbamoyl groups {(for example,
methylthiocarbamoyl, ethylthiocarbamoyl, dimethylthiocarbamoyl, disthyhthiocarbamoyl, or N-
cthyl-N-methylthiccarbamovl}, mono- or di-Cos alkenyl-thiocarbamoyl groups (for example,
diallyithiocarbamovl), mono- or di-Csae eveloalkyl-thiocarbamoyl groups (for example,
cyclopropyithiocarbamoyl or cyclohexylthiocarbamoyl), mono- or di-Us-14 aryl-thiocarbamoyl

groups {for example, phenvithiocarbamoyi}), mono- or di-Craas aralkyi-thiocarbamoy! groups {for
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example, benzylthiocarbamoyl or phenethylthiocarbamovyl), mono- or di-Ci.s alkyl-carbonyl-
thiocarbamoyl groups (for example, acetvithiocarbamovl or propionyithiocarbamoyl}, mono- or
di~-Ceara aryl-carbonyl-thiocarbamoyl groups (for example, benzovithiocarbamovl), and 3- to 14-
membered aromatic heterocyclic thiocarbamoyl groups (for example, pyridylthiocarbamoyl).
{66099] Non-limiting examples of “optionally substituted sulfamoyl groups” in the present
specification include sulfamoyl groups which may have 1 or 2 substituents chosen from Crs
alleyl groups, Cas alkenyl groups, Cs.pe cycloalkyl groups, Ceia aryl groups, Ur.e aralkyl groups,
Ci-s alkyl-carbonyl groups, Cs-14 aryl-carbonyl groups, Cr.s aralkyl-carbonyl groups, 5- to 14-
membered aromatic heterocyclic carbonyl groups, 3- to 14-membered non-aromatic heterocyclic
carbonyl! groups, Cis alkoxy-carbonyl groups, 5-to 14-membered aromatic heterocyclic groups,
carbamovi groups, mono- or di-Cie alkyl-carbamoy! groups, and mono-or di-Craae aralkyl-
carbamoyi groups which may each have from 1 to 3 substituents chosen from substituent group
A.

[6601088] Hlustratively, non-limiting examples of optionally substituted sulfamoyl groups
include sulfamoy! groups, mono- or di-Cie alkyl-sulfamoy! groups (for example,
methvisulfamovl, ethyvisulfamoyvl, dimethvisulfamoyl, diethylsulfamoyl, or N-ethyl-N-
methyisulfamovl), mono- or di-Czs alkenyl-sulfamoyl groups (for example, diallylisulfamoyl),
mono- or di-Cs.ae cycloalkyl-sulfamoyl groups (for example, cyclopropylsulfamoyl,
cyclohexylsulfamoyl), mono- or di-Ce.14 arvi-sulfamoyl groups (for example, phenylsulfamoyl),
mono- or di-{7.i6 aratkyl-sulfamovl groups (for example, benzyisulfamovi, or
phenethylsulfamoyl), mono-~ or di-Cre alkyl-carbonyl-sultamoyl groups {for example,
acetylsulfamoy! or propionylsulfamoyl!}, mono- or di-Ceas aryl-casbonyl-sulfamoyl groups (for

example, benzovlsuifamoyl}, and 53- to H4-membered aromatic heterocyclic sulfamoyt groups

>
{for example, pyridyisulfamoyl).

[660161] Non-limiting examples of “optionally substituted hydroxy groups” in the present
specification inciude hydroxy groups which may have substituents chosen from Cie alkyi
groups, Coz.o alkenyl groups, Cie cycloalkyl groups, Ceaq arvl groups, Cras aralkyl groups, Cie
alkyl-carbonyl groups, Co-14 aryl-catbonyl groups, Cr.is aralkyl-carbonyl groups, S-to 14-
membered aromatic heterocyclic carbonyl groups, 3- to 14-membered non-aromatic heterocyclic
carbonyl groups, Crs alkoxy-carbonyl groups, 5-to 14-membered aromatic heterocyclic groups,
carbamoy! groups, mong- or di-Cis alkyl-carbamoyl groups, mono-or di-Cr.e aratkyl-
carbamovi groups, Cus altkylsulfonyl groups, and Cea arylsulfonyl groups which may each have

from 1 to 3 substituents chosen from substituent group A,
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(666102 Hlustratively, non-limiting examples of optionally substituted hydroxy groups
include hydroxy groups, Cis alkoxy groups, (-6 alkenyloxy groups (for exampie, allyioxy, 2-
hutenyloxy, 2-pentenyloxy, or 3-hexenvioxy), Ciae cyveloalkyloxy groups (for example,
cyclohexyloxy), Ce-te arvioxy groups (for example, phenoxy or naphthyloxy), Cr.i6 araltkyloxy
groups (for example, benzyloxy or phenethyloxy), Ci alkyvl-carbonyloxy groups (for example,
acetyloxy, propionyloxy, butyryloxy, iscbutyryloxy, or pivalovloxy}, Cs-14 aryl-carbonyloxy
groups (for example, benzoyloxy), Crae aralkyi-carbonyloxy groups (for example,
benzylearbonyloxy), 5~ to 14-membered aromatic beterocyclic carbonyloxy groups (for example,
nicotinoyloxy), 3- 10 14-membered non-aromatic heterocyclic carbonyloxy groups (for example,
piperidinyicarbonyloxy), Cis atkoxy-carbonyioxy groups (for exampie, tert-butoxycarbonyloxy),
5- 1o t4-membered aromatic heterocyclic oxy groups (for example, pyridyloxy}), carbamovioxy
groups, Ci¢ alkyl-carbamoyloxy groups (for example, methylcarbamovloxy), Cr.i6 aralkyl-
carbamovioxy groups {for example, benzylcarbamoyloxy), Cis alkylaulfonvioxy groups (for
example, methylsulfonyloxy or ethylsulfonvioxny), and Ce.4 aryvisulfonyloxy groups (for
example, phenvisulfonyioxy}.
jGB0103] MNon-limiting examples of “optionally substituted sulfany! groups” in the present
specification include sulfanyl groups and halogenated sulfanyl groups which may have
substituents chosen from Cis alkyl groups, Cos alkenyl groups, Csae cycloalkyl groups, Co-1a

arvi groups, Cr.ae aralkyl groups, Cis alkyl-carbony! groups, Ce.14 aryl-carbonyl groups, and 3-
to 14-membered aromatic heterocyclic groups which may each have from 1 to 3 substituents
chosen from substituent group A7

[006104] Hluswatively, non-limiting examples of optionally substituted sulfany] groups include
sulfanyl (-=SH) groups, Cis alkylthio groups, Ca. alkenylthio groups (for example, allylthio, 2-
butenylithio, 2-pentenylthio, or 3-hexenyithio), Cs.10 cycloalkylthio groups (for example,
cyclohexyithio), Cs.i4 arvithio groups (for example, phenylthio or naphthyithio), Crac
aralkyithio groups (for example, benzylthio or phenethylthio), Cis alkyi-carbonylthio groups
{for example, acetylthio, propionylthio, butyithio, iscbutylthio, or pivaloylthio), Csa4 aryl-
carbonylthio groups (for example, benzoylthio), 3- to 14-membered aromaitic heterocyclic thio
groups {for example, pyridylthic}, and halogenated thic groups (for example, pentafluorothic).
[B00108] Won-limiting examples of “optionally subsiituted silyl groups”™ in the present
specification include silyl groups which may have from 1 to 3 substituents chosen from Cie
alkyl groups, Cre alkenyl groups, Ciae cycloalkyi groups, Ceaq aryl groups, and Crae aralkyl

groups which may each have trom 1 to 3 substituents chosen from substituent group A

(98]
<
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[666106] Hlustratively, non-limiting examples of optionally substituted silyl groups include -
Crs alkylsilyl groups (for example, trimethylsilyl or tert-butyl{dimethyi)silyl).

[G00107] Non-himiting examples of “hydrocarhon rings” in the present specification include
Cs-1a aromatic hydrocarbon rings, Cs.o cycloalkanes, and Us.o cycloalkenes.

{6606108] Non-limiting examples of “Ce.s aromatic hydrocarbon groups” in the present
specification include benzene and naphthalene.

[006109] Non-limiting examples of “Ciae cycloalkanes” in the present specification include
cyclopropane, cyclobutane, cyclopentane, cyclohexane, cycloheptane, and cyclooctane.
[666118] Non-limiting examples of “Cs.i0 cycloalkenes™ in the present specification include
cyclopropensg, cvclobutene, cyclopentene, cvclohexene, cycloheptene, and cycloociene,
{00011} Non-limiting examples of “heterocyclic rings” in the present specification include
aromatic heterocyelic rings and non-aromatic heterccyclic rings which respectively contain from
1 10 4 hetero atoms chosen from nitrogen atoms, sulfur atoms, and oxygen atoms in addition to
carbon atorns as annular atoms.

i6066112] Noo-luniting examples of “aromatic heterocyclic rings” in the present specification
include 5- to 14-membered {such as, for example, 5- to 10-membered} aromatic heterocyclic
rings containing from 1 to 4 hetero atoms chosen from nitrogen atoms, sulfur atoms, and oxygen
atoms in addition to carbon atoms as annular atoms. Hlustratively, non-limiting examples of
these “aromatic heterocyclic rings” include 5- or 6-membered monocyclic aromatic heterocyclic
rings such as thiophene, furan, pyrrole, imidazole, pyrazole, thiazole, isothiazole, oxazole,
iscoxazole, pyridine, pyrazine, pyrimidine, pyridazine, 1,2 4-oxadiazole, 1,3,4~oxadiazolyl,

1,2, 4-thiadiazcle, 1,3 4-thiadiazole, triazole, tetrazole, and triazine, and &~ to 14-membered
condensed polyeycelic (such as, for example, 2- or 3-cyclic) aromatic heterocyelic rings such ag
benzothiophene, benzofuran, benzoimidazole, benzooxazole, benzoisooxarole, benzothiazole,
benzoisothiazole, benzotriazole, imidazopyriding, thienopyridine, fluoropyridine,
pyrrolopyridineg, pyrazolopyridine, oxazolopyridine, thiazolopyridine, imidazopyradine,
imidazopyrimidine, thienopyrimidine, fluoropyrimidine, pyrrolopyrimidine, pyrazolopyrimidine,
oxazolopyrimidine, thiazolopyrimidine, pyrazolotiazine, naphtho{2,3-blthiophene,
phenoxathiine, indole, isoindole, 1H-indazole, purine, isoquinoline, quinoline, phthalazine,
naphthylidine, quinoxaline, quinazolive, cinnoline, carbazole, B-carboline, phenanthridine,
acriding, phenazine, phenothiazine, and phenoxazine.

{660113) Non-limiting examples of “non-aromatic heterocyelic rings” in the present
specification include 3- to T4-membered (such as, for example, 4~ to 10-membered} non-

aromatic heterocyclic rings containing from 1 to 4 hetero atoms chosen from nitrogen atoms,
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sulfur atoms, and oxygen atoms in addition to carbon atoms as annular atoms. Hlustratively,
non-limiting examples of these “non-aromatic heterocychic rings” include 3~ to 8-membered
monocychic non-aromatic heterocyclic rings such as aziridine, oxirane, thiirane, azetidine,
oxetane, thietane, tetrahydrothiophene, tetrahydrofuran, pyrroline, pyrrolidine, imidazoline,
imidazolidine, oxazoline, oxazolidine, pyrazoline, pyrazolidine, thiazoline, thiazolidine,
tetrahydroisothiazole, tetrahydrooxazole, tetrahydroisooxazole, piperidine, piperazine,
tetrahydropyridine, dihydropyridine, dihvdrothiopyran, tetrahydropyrimidine,
tetrahydropyridazine, dihydropyran, tetrahydropyran, tetrahydrothiopyran, meorpholine,
thiomorpholine, azepane, diazepane, azepine, azocane, diazocane, and oxepane; and 9- 1o 14-
membered condensed polveyclic (such as, for example, 2- or 3~cvclic) non-aromatic
heterceyclic groups such as dihydrobenzofuran, dihydrobenzoimidazole, dihydrobenzothiazole,
dihvdrobenzoisothiazole, dihyvdronaphtho[2,3-bthiophene, tetrahydroisogquinoline,
tetrahydroquineline, 4H-quinclizing, indoline, iscindoline, tetrahydrothieno|2,3-clpyridine,
tetrahydrobenzoazepine, tetrahyvdroguinoxaline, tetrahydrophenanthridine,
hexahydrophenothiazine, hexahydrophenoxazine, tetrabydrophthalazine,
tetrahydronaphthylidine, tetrahydroquinazoline, tetrahydrocinnoline, tetrahydrocarbazole,
tetrahydro-P-carboling, tetrahydroacridineg, tetrahydrophenadine, tetrahydrothioxanthene, and
octahydroisoquinole.

{80061 14] Noon-limiting examples of “nitrogen-containing heterocyclic rings” in the present
specification include “heterocyclic rings” containing at least one nitrogen atom as an annular
atomm.

[B60115] WNon-limiting examples of “0-membered aromatic rings” in the present specification
inclhude benzene, pyridine, pyridazine, pyrimidine, pyrazine, and triazine.

{006116] Noo-limiting examples of “S-membered monocyclic aromatic heterceyclic rings” in
the present specification include thiophene, furan, pyrrole, imidazole, pyrazole, thiazole,
isgthiazole, oxazole, isooxazole, 1,2 4-oxadiazole, 1,3,4-oxadiazolyl, 1,2,4-thiadiazole, 1,3,4-
thiadiazole, triazole, and tetrazole.

860117} The definitions of each of the symbols in Formula (1) will be described in further

detail hereinafier.

Lo
b
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{660118) In some embodiments, R!is

A , wherein

ring A'is chosen from optionally further substituted 6-membered aromatic rings;

ring A® is chosen from optionally further substituted S-membered monocyclic aromatic
heterocyclic rings; and

R% and R are each independently chosen from substituents.

A’i

000119] In some embodiments, R is R 5555 :
i86012¢] In some embodiments, the “6-membered aromatic ring” of the “opticnally further
substituted 6-membered aromatic ring” represented by ring Al is benzene, pyridine, or
pyrimidine. In some embodiments, the “6-membered aromatic ring” of the “optionally further
substituted 6-membered aromatic ring” represented by ring A' is benzene.
[866121] Noon-limiting examples of optional substituents in the “optionally further substituted
6-membered aromatic ring” represented by ring A' are substituents chosen fTom substituent
group A. In some embodiments, the number of these optional substituentsis 1, 2, or 3. When
the number of optional substituents 1s 2 or greater, the respective optional substituents may be
the same or different from one another.
{800122] In some embodiments, ring A' is chosen from 6-membered aromatic rings (for
example, benzene, pyridine, or pyrimidine) optionally further substituted with 1 to 3 substituents
chosen from:

(a} halogen atoms (for example, fluorine atoms or bromine atoms);

{by cyano groups;

{c) optionally halogenated Ci-s alkyl groups (for example, methvl, isopropyl,
difluoromethyl, riflluoromethyl, or 2,2, 2-trifluocroethyl};

{d) opticnally halogenated Ci.e alkoxy groups {for example, trifluoromethoxy, 2,2~
diftuoroethoxy, or 2,2, 2-trifluoroethoxy); and

{e} Caao cycloalkyl groups (for example, cyclopropyly optionally substituted with 1 10 3

halogen atoms {for example, fluorine atoms).

,\
-
957
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{660123}) In some embodiments, ring A' is chosen from:
{1) benzene rings optionally further substituted with 1 to 3 substituents chosen from:

{a) halogen atoms (for example, fluorine atoms or hbromine atoms);

(b) opticnally halogenated Cie alkyl groups {for example, 1sopropyl, trifluoromethyt,
or 2.2 2-trifluoroethyl);

{c) optionally halogenated Ci alkoxy groups (for example, trifluoromethoxy}; and

{d) Cs.10 cycloalkyl groups (for example, cyclopropyl) optionally substituted with 1 t0 3
halogen atoms (for example, fluorine atoms),
{2} pvridine rings optionally further substituted with 1 to 3 substituents chosen from:

{a} halogen atoms (for example, fluorine atoms);

{b} cyano groups,

{¢) optionally halogenated Ci- alkyl groups (for example, methyl, difluoromethyl, or
trittuoromethyt); and

{d) optionally halogenated Ci¢ alkoxy groups (for example, 2 2-difluorcethoxy or 2,2.2-
trifluorcethoxy ), and
(3} pynimidine rings optionally further substituted with 1 or 2 optionally halogenated (s alkyl
groups {for example, trifluoromethyl})
{660124] In some embodiments, ring A' is chosen from:
{1} benzene rings optionally further substituted with 1 1o 3 substituents chosen from:

{a} halngen atoms {for example, fluorine atoms or hroming atoms);

(b) opticnally halogenated Cre alkyl groups (for example, isopropyl, trifluoromethyl,
or 2,2, 2-gifluoroethyl};

{c} optionally halogenated Ci.s alkoxy groups (for example, trifluoromethoxy); and

{d} a Cas cycloalkyl groups (for example, cyclopropyl) opticnally substituted with 1 (o 3
halogen atoms (for example, fluorineg atoms);
{2) pyridine rings optionally further substituted with 1 10 3 substituents chosen from:

{a}) halogen atoms {(for example, flucrine atoms};

{b} cyano groups,

{¢) optionally halogenated Ci.s alkyl groups (for example, methyi, difluoromethyi, or
triftuoromethyl); and

{d) optionally halogenated Ci alkoxy groups (for example, 2 2-difluorocthoxy or 2,2,2-
trifluoroethoxy); and
(3} pyrimidine rings optionally further substituted with 1 or 2 optionally halogenated Cis alkyl

groups {for example, triftuoromethyl}

(98]
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{0666125] In some embodiments, ring A' is chosen from pyridine rings further substituted with
1 or 2 substituents chosen from:

{a) halogen atoms (for example, tluorine atoms);
(b} Cis alky! groups (for example, isopropyl}), and
{¢) Cs.6 cycloalkyl groups (for example, cyclopropyl).
{800126] In some embodiments, ring A’ is chosen from benzene rings further substituied with
1 or 2 substituents chosen from:
(a) halogen atoms (for exaruple, fluorine atoms); and
(b} C1z.¢ cycloalkyl groups (for example, cyvclopropyl}).
1000127] In some embodiments, ring Al is chosen from optionally further substituted benzene
rings, optionally further substituted pyridine rings, and optionally further substituted pyrimidine
rings. In some embodiments, ring A' is chosen from optionally further substituted benzene rings.
In some embodiments, ring A' is chosen from further substituted benzene rings.
{600128] In some embodiments, R* is chosen from:
(1) optionally substituted Ce-14 aryi groups (for example, phenyl};
{2} optionally substituted 3~ to 14-membered non-aromatic heterocyclic groups (for example,
3- to 8~-membered monocyclic non-aromatic heterocyclic groups (for example, morpholinyl
or piperidyl});
(3} -NR’RY, wherein:
R? is chosen from optionally substituted Cis alkyl groups (for example, methyl}; and
R is chosen from a hydrogen atom and optionally substituted Cis alkyl groups (for
example, methyl}}), and
(4} -OR' wherein R is chosen from optionally substituted 3- to 14-membered non-
aromatic heterocyclic groups (for example, 3- to 8-membered monocyclic non-aromatic
heterocyclic groups (for example, tetrabydropyranyli}).
[688129] o some embodiments, the substituents in the “optionally substituted Ces-14 aryl
groups,” the “optionally substituted Ci5 alkyl groups,” and the “optionally substituted 3- to 14~
membered von-aromatic beierocyclic groups” are substituents chosen from substituent group AL
in some embodiments, the number of these optional substituents is 1, 2, or 3. When the number
of optional substituents is 2 or greater, the respective optional substituents may be the same or
different from one another.
{60136}  In some embodiments, the “3- to l4-membered non-aromatic heterocyelic groups” of
the “optionally substituted 3~ to 14-membered non-aromatic heterocyclic groups” described

above include 6- to S-membered non-aromatic spiro heterocyclic groups.

5
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1660131}  In some embodiments, R* is chosen from:

(1) optionally substituted Ce.14 aryi groups (for example, phenyl},

{2) optionally substituted 3~ to 14-membered non-aromatic heterocyclic groups {for example,
3- to B-membered monocyclic non-aromatic heterocyclhic groups (for example, morpholinyl
or piperidyl});

(3) optionally substituted mono- or di-Ci« alkylamino groups (for example, methylamino or
dimethylamino); and

{4) optionally substituted 3~ to 14-membered non-aromatic heterocyclic oxy groups (for
example, 3- to 8-membered monoccyclic non-aromatic heterccyclic oxy groups {for example,

tetrahydropyranyloxy))

{300132] In some embodiments, R* is chosen frony:

(1} Co.14 aryl groups (for example, phenvl) optionally substituted with 1 to 3 halogen
atoms {for example, fluoring atomas};
2y 3- to l4-membered non-aromatic heterocyclic groups {for example, 3- to B8-
membered monocyclic non-aromatic heterocychic groups (for example, morpholinyl or
piperidyl})) optionally substituted with 1 to 3 substituents chosen from:

{a) halogen atoms (for example, fluorine atoms); and

{b} optionally halogenated Cis alkyl groups (for example, methyl or diflucromethyl);
(3 mono-~ or di-Cis alkylamino groups {for example, methylamino or dimethylamino}
opticnally substituted with 1 to 3 Cio cycloalkyl groups (for example, cyclobutyl)
optionally substituted with 1 to 3 halogen atoms (for example, fluorine atoms); and
{4} 3~ to T4-membered non-aromatic heterocyclic oxy groups (for example, 3- o 8-
membered monocyclic non-aromatic  heterocyclic  oxy  groups  {(for  example,

tetrabydropyranyloxy))

{600133] In some embodiments, R* is chosen from:

CA 03178798 2022-11-14

{1} pheny! groups optionally substituted with 1 to 3 halogen atoms (for example, fluoring
atoms});

(2) morpholiny!l groups optionally substituied with 1 to 3 opiionally halogenaied Cis alkyl
groups {for example, methy! or diflucromethyi};

(3} piperidyl groups optionally substituted with 1 to 3 halogen atoms (for example, fluorine
atoms});

{4} mono- or di-Cis alkylamino groups (for example, methylamino or dimethylamino)
optionally substituted with 1 10 3 Us.s eycloalkyl groups (for example, cyclobutyl) optionally

substituted with 1 to 3 halogen atoms (for example, fluorine atoms); and

6
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{5} a tetrahydropyranyloxy group.
{680134] In some embodiments, R™ is chosen from morpholinyl groups optionally substituted
with 1 to 3 Chs atkvl groups (for example, methyl)
{660135] 1o some embodiments, R% is chosen from morpholiny! groups substituted with one
Creo alkyl group (for example, methyl).

[808136] In some embodiments, the group represented by

A‘i
Ré‘ia S,S{S

is chosen from:

Rﬁa Rﬁa

Rd;a ’\,/‘f 555‘5‘ R4a ﬁﬁf

Rba Rﬁa
Bz 23 g3
i RO R RS N
O e
5;343 5\“’” SEJSA Rfi‘a § 5\5‘-5‘ Qr@a \M"ﬂﬁ ygSS‘

wherein R and R% are independently chosen from a hydrogen atom and substituents, and other
symbois are as defined above.
[000137] In some embodiments, R is chosen from:
{a) halogen atoms (for example, a bromine atom);
(b} optionally substituted Cre alkyl groups (for example, methyl, ethyl, or isopropyl);
{c) opticnally substituted Ci.s alkoxy groups (for example, methoxy or ethoxy}; and
{d) optionally substituted Cs-0 cycloalkyl groups (for example, cyclopropyl).
[000138] In some embodiments, R is chosen from:
{a} halogen atoms (for example, a bromine atom);
{b) optionally halogenated Cio alkyl groups (for example, tsopropyl, difluoromethyl,

triflucromethyl, or 2.2 2-tnfluorcethyl);

(98]
]
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(¢} optionally halogenated Cis alkoxy groups (for example, tritflucromethoxy 2,2-
difluorcethoxy, or 2,2 2-trifluorcethoxy); and
{dy Czao cvcloalkyl groups (for example, cyclopropyl} optionally substituted with Y to 3
halogen atoms (for example, fluorine atoms).

{600139] In some embodiments, R™ is chosen from:
(a} halogen atoms (for example, a bromine atom};
{b) optionally halogenated Ci. alkyl groups (for example, isopropyl, diflucromethyl,
trifluoromethyl, or 2,2 2-trifluoroethyl);
{cy optionally halogenated Cis altkoxy groups (for example, tritlucromethoxy 2,2-
difluoroethoxy, or 2,2, 2-trifluorcethoxy); and
{d} Cswe cycloallyl groups (for example, cyclopropyl) optionally substituted with 1 to 3
halogen atoms (for example, fluorine atoms}).
{000140]  In some embodiments, R™ is chosen from:
{a} Cis alkyl groups (for example, isopropyl); and
(b} Gz cycloalkyl groups (for example, cyclopropyl).
{300141} In some embodiments, R is chosen from Us. cycloalkyl groups (for example,
cyclopropyl).
{600142] In some embodiments, R™ is a cyclopropyl group.
{000143] In some embodiments, R% is chosen from:
{a) a hydrogen atom;
{by a cyano group;
{c) halogen atoms (for example, a flucrine atom); and
{d) optionally substituted Ci.s alkyl groups (for example, methyl).
{3080144] In some embodiments, R is chosen from:
(a) a hydrogen atom;
{b} a cyano group;
{a} halogen atoms (for example, a fluoring atom); and
{d) Ciw alky! groups (for example, methyl).
1806145] In some embodiments, R% is chosen from halogen atoms (for example, a fluorine
atorn). In some embodiments, R% is a fluorine atom.

{000146] In some embodiments, the group represented by:

(98]
o
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A?
Rf:}a sgsf

is chosen from:

{_‘Eﬁa*f

RGE&Z RB&:

O QL = 1O

R N \”;;ff R N \;35; R4 N N

wherein R°% R R R and R are each independently chosen from a hydrogen atom and
substitnents, and other symbols are as defined above,
[008147] In some embodiments, R™' is chosen from:
{a) halogen atoms (for example, a bromine atomy);
(b} optionally halogenated Cis alkyl groups (for example, isopropyl, triflucromethyl, or
2.2, 2-trifluoroethyl);
{c) opticnally halogenated Ci.¢ alkoxy groups (for example, triflucromethoxy); and
(d3 Csz.10 cycloalkyl groups {(for example, cyclopropyl) optionally substituted with 1 to 3
halogen atoms {(for example, fluorive atoms).
{000148] In some embodiments, R*! is chosen from:
{(a) balogen atoms (for example, a bromine atom};
(b} optionally halogenated Ci.s alkyl groups {for example, isopropyl, trifluoromethyl,
or 2.2, 2-influcrocthyl};
{c) optionally halogenated Cis alkoxy groups {(for example, rifluoromethoxy}; and
() Csan cycloalkyl groups {(for example, cyclopropyl) optionally substituted with 1 to 3
halogen atoms (for example, fluorine atoms).

[000149] In some embodiments, R is chosen from:

£

2
h]

\

CA 03178798 2022-11-14



WO 2021/234451 PCT/1B2021/000337
{a} Cic alkyl groups (for example, isopropyl); and
(b} Cswe cycloalleyl groups (for example, cyclopropyl).
[B00150]  In some embodiments, R% is chosen from Ci.s cveloalkyl groups (for example,
cyclopropyi). In some embodiments, R%! is a cyclopropyl group.
{600151] In some embodiments, R is chosen from:
{a) optionally halogenated Ci.s alkyl groups {for example, diffuoromethyl or
trifluoromethyl); and
{b) optionally halogenated Cis alkoxy groups (for example, 2,2-diflucroethoxy or 2,2,2-
trifluoroethoxy).
{000152] In some embodiments, R™ 15 chosen from optionally halogenated Ci alkyi groups
{for example, triflucromsthyi).
[006153] In some embodiments, R®! is chosen from a hydrogen atom and halogen atoms (for
example, a tfhuorine atom}.
{0066154] In some embodiments, R%! is chosen from halogen atoms (for example, a fluorine
atom). In some embodiments, R® is a fluorine atom.
{800155] In some embodiments, R° is chosen from:
{a} a hydrogen atom;
(b} a cyano group;
{c} halogen atoms (for example, a fluorine atom); and
{d) Cis alkyl groups (for example, methyl)

[B08156]  In some embodiments, the group represenied by

R&a
is chosen from:
ﬁ?)a?
{ RS:

1Or

Rie” T TN .J

5
wherein the symbols in the formula are cach as defined above.

{600157]  In some embodiments, R% is chosen from:
40
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{a} Cic alkyl groups (for example, isopropyl); and

(b} Cswe cycloalleyl groups (for example, cyclopropyl).
[B00158] In some embodiments, R% is chosen from Cis cveloalkyl groups (for example,
cyclopropyi). In some embodiments, R%! is a cyclopropyl group.
{600159] In some embodiments, R%! is chosen from halogen atoms (for example, a fluorine
atom). In some embodiments, R**! is a {lucrine atom.
{000160] Non-limiting examples of substituents in the “optionally further substituted 5-
mernbered monocyclic arorvatic heterocyclic ring” represented by ring A? are substituents
chosen from substituent group A. In some embodiments, the number of these optional
substituents is from 1 to 3. When the number of opticnal substituents s 2 or greater, the
respective optional substituents may be the same or different from one anocther.
[006161] In some embodiments, ring B is chosen from pyridone rings optionally further
substituted with 1 to 3 substituents chosen from:

{1} halogen atoms (for example, fluorine atoms); and

(2) optionally substituted Cre alkyl groups (for example, methyl).
j080162] MNon-himiting examples of substituents in the “optionally substituted Ciw alkyl group”
described above are substituents chosen from substituent group A In some embodiments, the
number of these optional substituents is from 1 to 3. When the number of optional substituents is
2 or greater, the respective optional substituents may he the same or different from one another.
{000163] In some embodiments, ring B is chosen from pyridone rings optionally further
substituted with 1 to 3 substituents chosen frony:

{1} halogen atoms {{for example, fluorine atoms); and

{2} Ci alkyl groups (for example, methyl)
{006164] In some embodiments, ring B is chosen from pyridone rings optionally further
substituted with one substituent chosen from:

{1} halogen atoms {for example, fluorine atoms}; and

(2} C1 alkyl groups (for example, methyl).
[606165] In some embodiments, ring B is a pyridone ring having no additional substituents.
1000166] In some embodiments, R® and R¥ are each independently chosen from a hydrogen
atorn and substituents.
{600167] In some embodiments, R? and R’ are both hydrogen atoms.
[660168] In some embodiments, ring C is chosen from optionally further substituted S-

membered monocyclic aromatic heterocyclic rings.
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j66016%)  In some embodiments, the “5-membered monocyclic aromatic heterocyclic group” of
the “optionally further substituted S-membered monocyclic aromatic heterocyclic group”
represented by ring C 18 pyrazole (for example, TH-pyvrazole-4-yl})

{B06178] Non-limiting examples of optional substituents in the “optionally further substituted
S-membered monocychic aromatic heterocyclic ring” represented by ning C are substituents
chosen from substituent group A. In some embodiments, the number of these optional
substituents is from 1 10 3. When the number of optional substituents is 2 or greater, the
respective optional substituents may be the same or different from one another,

{666171] In some embodiments, ring € is chosen from S-membered monocyclic aromatic
heterocyclic rings (for example, pyrazole} optionally further substituted with 1 to 3 Cis alkyl
groups {for exampie, ethyl or isopropyl). In some embodiments, ring C is chosen from pyrazole
rings (for example, 1H-pyrazole-4-vl) optionally further substituted with 1 to 3 (for example, 1)
Crs alkyl groups (for example, ethyl or isopropyl}. In some embodiments, ring C is chosen from
pyrazole rings {for example, 1H-pvrazole-4-y1) further substituted with one Ci.s alkyl group (for
example, ethyl).

j880172] In some embodiments, ring C is chosen from optionally further substituted pyrazole
Sroups.

(060173 In some embodiments, ring C is chosen from further substituted pyrazole rings.
[088174] In some embodiments, ring C is chosen from cyclic groups represented by the

formula:

wherein R' is chosen from a hydrogen atom and Ci.s alkyl groups (for example, ethyl or
isopropyl, for example, ethyl)).
{606175]  In some embodiments, R is chosen from Ci.s alkyl groups {for example, ethyl or

isopropyl, for example, ethyl}.

{060176] Also disclosed herein is a compound (also referred to herein as Compound A) chosen

from compounds of Formula (1A):
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(E[X)’

and pharmaceutically acceptable salts thereof, wherein:

ring A' is chosen from optionally further substituted 6-membered aromatic rings (for
example, benzene, pyridine, or pyrimidine};

R*is chosen from optionally substituted Cs.14 aryl groups (for exaraple, phenyl),
optionally substituted 3- to 14-membered non-aromatic heterocyclic groups (for example, a 3- to
8-membered monocyclic non-aromatic heterocyclic group {(for example, morpholinyl or
piperidyl}}, optionally substituted mono- or di-Crs alkylamingo groups (for example,
methylamino or dimethylamino}, and optionally substituted 3- to [4-membered non-aromatic
heterocyclic oxy groups (for example, a 3- to 8~-membered monocyclic non-aromatic
heterocvelic oxy group (for example, tetrahvdropyranyloxyv)y;

ring B 1s chosen from pyridone groups optionally further substituted with 1 to 3
substituents chosen from halogen atoms (for example, fluorine atoms) and optionally substituted
Crs allkeyl groups (for example, methyl);

R* and R’ are each independently chosen from a hydrogen atom and optionally
substituted Cie alky groups (for example, methyl); and

ring € is chosen {rom optionally further substituted S-membered monocyclic aromatic
heterocyclic rings (for example, pyrazole).

{800177] In some embodiments, ring A' is chosen from optionally further substituted benzene,
optionally further substituted pyridine, and optionally further substituted pyrimidine. In some
embodiments, ring Al is chosen from benzene, pyridine, and pyrimidine.

[660178] In some embodiments, R* is optionally substituted phenyl. In some embodiments,
R* is phenyl.

1806179] In some embodiments, R* is chosen from morpholinyl and piperidyl.

[000180]  In some embodiments, R* is chosen from methylamino and dimethylamino,
{600181] In some embodiments, R* is chosen from 3- to 8-membered monocyclic non-
aromatic heterocyclic oxy groups. In some embodiments, B is tetrahydropyranyloxy.

{660182] In some embodiments, ring B is chosen from pyridone groups optionally tusther

substituted with 1 to 3 substituents independently chosen from fluorine and methyl

43
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{660183] In some embodiments, R? and R® are each independently chosen from a hydrogen
atom and methyi.

I600184] In some embodiments, ring C is chosen from optionally further substituted pyrazole

groups. in some embodiments, ring C is pyrazole.

[B00185] Also disclosed herein is a compound (also referred 1o herein as Compound B) chosen

from compounds of Formula (IB):

(iB),
and pharmaceutically acceptable salts thereof, wherein:

ring A' is chosen from benzene rings further substituted with 1 or 2 substituents
mndependently chosen from halogen atoms (for example, fluorine atoms or bromine atoms),
cyano groups, optionally halogenated Cis alkyl groups (for example, methyl, isopropyl,
difluoromethyl, triflucromethyl, or 2,2, 2-tritluoroethyl}, optionally halogenated Cis alkoxy
gronps {{for example, trifluoromethoxy, 2,2-difluorcethoxy, or 2.2, 2-triffuorocthoxy), and Ci.io
cycloalkyl group (for example, cvclopropyl) optionally substituted with 1 to 3 halogen atoms
{for example, fluorine atoms},

R* ig chosen from Ce-14 aryl groups (for example, phenyl) optionaily substituted with 1
to 3 substituents independently chosen from halogen atoms (for example, fluorine atomg), 3-to
14-membered non-aromatic heterccyelic groups (for example, a 3- to &-membered monocyclic
non-aromatic heterocyclic group (for example, morpholinyl or piperidyl)) optionally substituted
with 1 to 3 substituents independently chosen from halogen atoms {for examiple, fluorine atoms},
optionally halogenated Ci-s alkyl groups {(for example, methyl or difluoromethvh), monoe- or di-
Ci-s alloylamine groups (for exarmple, methylamino or dimethylamino) optionally subsiituted
with 1 to 3 substituents independently chosen from Ci.i cycloalky! groups {for example,
ceyclobutyly optionally substituted with 1 to 3 substituents independently chosen from halogen
atoms {for example, fluorine atoms), and 3- to 14-membered non-aromatic heterocyclic oxy
groups {for example, a 3- to 8-membered monocyclic non~aromatic heterocyclic oxy group (for
example, tetrahydropyranyloxy)y, and

all other symbols are as defined in an embodiment above.

44
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{660186] In some embodiments, ring Al is chosen from benzene rings further substituted with
1 or 2 substituents independently chosen from flucrine, bromine, methyl, isopropyl,
difluoromethyl, trifluoromethyl, 2.2, 2-trifluorocthyl, trifluoromethoxy, 2, 2-diftuorcethoxy,

2,2, 2-riflucrcethoxy, and cvclopropyl opticnally substituted with 1 to 3 fluorine atoms.
{606187] In some embodiments, R* is chosen from pheny! optionally substituted with 1 to 3
fluorine atoms.

{300188] In some embodiments, R* is chosen from phenvl optionally substituted with 110 3
fluorine atoms.

{600189] In some embodiments, R* is chosen from morpholinyl and piperidyl.

[600196] In some embodiments,

A
R:’.’E ) sgssf

1s chosen from:

F{if‘ja

-

Rﬁa

R&a \N/ \5\;;{

wherein:

\ggf |

R* is as defined in an embodiment above;

3% is chosen from halogen atoms (for example, a bromine atom), optionally halogenated
Ci.s alkyl groups (for example, isopropyl, diftuoromethyl, riffuoromethyl, or 2.2 2-
trifluorcethyl); optionally halogenated Cie alkoxy groups (for example, triffuoromethoxy 2,2-

difluoroethoxy, or 2,2 2-trifluoroethoxy), and Cs.io cycloalkyl groups (for example, cyclopropyl)
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optionally substituted with 1 to 3 substituents independently chosen trom halogen atoms (for
example, luorine atoms); and

R is chosen from a hydrogen atom, a cyano group, halogen atoms (for example, a
fluorine atom); and Cis alkyl groups (for example, methyt);

ring B is chosen from pyridone groups optionally further substituted with 1 to 3
substituents independently chosen from halogen atoms {for example, fluorine atoms) and Cis
alleyl groups (for example, methyl);

R” and R? are both hydrogen atorns; and

ring € is chosen from S-membered monocyclic aromatic heterocyclic rings (for example,
pyrazole) optionally further substituted with 1 {0 3 substituents independently chosen from Cis
alkyl groups (for example, ethyl or isopropyl).
[060191}) Also disclosed herein is a compound (also referred to herein as Compound C) chosen

from compounds of Formula (JC):

(ac),
and pharmaceutically acceptable salts thereof, wherein:
ring Al is chosen from benzene rings further substituted with 1 or 2 substituents
independently chosen from:
(1) benzene rings optionally further substituted with 1 to 3 substituents independently from:
{a} halogen atoms (for example, fluorine atoms or bromine atoms); and
(b} opticnally halogenated Cus alkyl groups (for example, isopropyl, triflucromethyl, or
2.2, 2-triflucroethyl});
{c) optionally halogenated Cis altkoxy groups (for example, triflucromethoxy); and
{d) Cs-10 cycloalky! groups (for exampie, cyclopropyl) optionally substituted with 110 3
substituents independently chosen from halogen atoms (for example, fluorine atoms};
{2} pyridine rings optionally further substituted with 1 to 3 substituents independently
chosen from:
{a} halogen atoms (for example, fluorine atoms);

{b} a cyano group;

46

CA 03178798 2022-11-14



WO 2021/234451 PCT/1B2021/000337

(¢} optionally halogenated Cis alkyl groups (for example, methyl, difluoromethyl, or

tritfluoromethyly; and

{d} optionally halogenated Cie alkoxy groups (for example, 2.2-difluoroethoxy or 2.2.2-

triflucrosthoxy}; and
(3} pyrimidine rings optionally further substituted with 1 or 2 substituents independently
chosen from optionally halogenated Ci.s alkyl groups (for example, triflucromethyly;

R* is chosen from:
(1) Cea aryl groups (for example, phenyl) optionally substituted with 1 to 3 substituents
independently chosen from halogen atoms {for example, fluorine atoms),
(2) 3- to 14-membered non-aromatic heterocyclic groups (for example, 3~ to &-membered
monocyclic non-aromatic heterocyclic groups (for example, morpholinyl or piperidyl}}
optionally substituted with 1 to 3 substituents independently chosen from:

(a) halogen atoms {for example, fluorine atoms); and

{b) optionally halogenated Ci.s alkyl groups (for example, methyl or difluoromethyl};
(3) mono- or di-Cre alkylamino groups (for example, methylamino or dimethylamino}
opttonally substituted with 1 to 3 substituents independently chosen from Caae cyvcloalkyl
groups {for example, cyclobutyl) optionally substituted with 1 to 3 substituents
independently chosen from halogen atoms {for example, fluorine atoms)}, and
{4} 3~ to 14-membered non-aromatic heterocyclic oxy groups {(for example, 3-to &
membered monocyclic non-aromatic heterocyclic oxy groups (for example,

tetrahydropyranyloxy}).

[0606192]  In some embodiments,

CA 03178798 2022-11-14
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S
R“ki
and O
Qéa R-’Sa . N ji\;y
2
wherein:

R*is as defined above;

R ig chosen from:
{a) halogen atoms (for example, a bromine atom};
(b) optionaliy halogenated Cis alkyl groups {for example, isopropy], trifluoromethyl, or
2.2, 2-trifluoroethvl};
(¢} optionally halogenated Ci.¢ alkoxy groups (for example, influoromethoxy); and
{d} Cs-10 cycloalleyl groups (for example, cyclopropyl) optionally substituted with ¥ to 3
halogen atoms {for cxample, flucrine atoms);

R is chosen from:
{a} optionally halogenated Cies alkyl groups (for example, difluoromethy! or
triftuoromethyl); and
{b) optionally halogenated Ci.s alkoxy groups (for example, 2,2-difluoroethoxy or 2,2,2-
trifluorcethoxy ),

R is chosen from optionally halogenated Ci.s alkyl groups (for example,

trifluoromethyly
RO g chosen from a hydrogen atom and halogen atoms {for example, a {luorine atom),

and

ya

R% is chosen from:
{a} a hydrogen atom;
bY a cyano group;
3 8

{¢) halogen atoms (for example, a flucrine atom}; and
48
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{d} Ci6 alkyl groups {for example, methyl);
ring B is chosen from pyridone rings optionally further substituted with 1 to 3
substituents independently chosen from:
{1} halogen atoms (for example, fluorine atoms}; and
(2} Ciw6 alkyl groups {for example, methyl);
R? and R? are both hydrogen atoms; and
ring ' is chosen from pyrazole rings (for example, 1H-pyrazole-d-yl1} optionally further
substituted with 1 to 3 (for example, 1) substituents independently chosen from Ciw alkyl groups
{for exampie, ethyl or isopropyl}).

[800193] In some embodiments, ring C is:

wherein R'C is chosen from a hydrogen atom and Cis alkyl groups (for example, ethyl or
tsopropyl}.
[6606194] Also disclosed herein is a compound (also referred to herein as Compound D) chosen

from compounds of Formulda (JD):

(12,
and pharmaceutically acceptable salts thereof, wherein:
ring Al is a benzene ring further substituted with 1 or 2 substituents independently
chosen from:
{1} benzene rings optionally further substituted with 1 to 3 substituents independently from:
{a} halogen atoms (for example, fluorine atoms or bromine atoms};
(b} optionally halogenated Cio alkyl groups (for example, isopropyl, triflucromethyl, or
2,2, 2-mfluoroethyly;

{c} optionally halogenated Ci.¢ alkoxy groups (for example, tnflucromethoxy); and

4G
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{d) Cs-s cycloalkyl groups (for example, cyclopropyl) optionally substituted with 1 1o 3
substituents independently chosen from halogen atoms (for example, fluorine atoms);

{2 pyridine rings optionally further substituted with 1 1o 3 substituents independently
chosen frony:
{a} halogen atoms (for example, fluorine atoms);
{b} cyano groups,
(c) optionally halogenated Ci alkyl groups (for example, methyl, diflnoromethyl,
or trifluoromethyl); and
{d) optionally halogenated Cy alkoxy groups (for example, 2 2-difluoroethoxy or
2.2 2-nflucroethoxy); and
(3) pysimidineg rings optionally further substituted with 1 or 2 substituents independently
chosen from optionally halogenated Cig alkyl groups (for example, triflucromethyly;
R* ig chosen from:
(1} phenyl groups optionally substituted with 1 to 3 substituents independently chosen from
halogen atoms (for example, fluorine atoms);
{2} morpholinyl groups optionally substituted with 1 to 3 substituents independently chosen
from optionally halogenated Ci alkyl groups (for example, methyl or diffuoromethyl);
(3% piperidyl groups optionally substituted with 1 to 3 substituents independently chosen
from halogen atoms (for example, fluorine atoms);
{4) mono- or di-C.s alkylamine groups (for example, methylamino or dimethylamino}
optionally substituted with 1 to 3 substituents independently chosen from Cs.e cycloallyl
groups (for example, cyclobutyl) optionally substituted with 1 10 3 substituents
independently chosen from halogen atoms {for example, fluorine atoms); and
(3) a tetrahydropyranyloxy group.

[6606198] In some embodiments,

is chosen from:
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and

Qéa N jj“\g\ R-’Sa ““N ji\;y
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wherein
R* ig as defined above,
R is chosen from:
(a) halogen atoms (for example, a bromine atom});
{b) optionally halogenated Ci.s alkyl groups (for example, isopropyl, trifluoromethyl,
or 2,2, 2-rifluoroethyl);
{c}y optionally halogenated Cis alkoxy groups (for example, trittucromethoxy); and
() Cs.o cycloalkyl groups (for example, cyclopropyl) optionally substituted with 1o 3
substituents independently chosen from halogen atoms (for example, fluorine atoms);
R i3 chosen from:
{a) optionally halogenated Cis alky! groups (for example, diftuoromethy! or
trifluoremethyl}; and
(b) optionally halogenated Cis alkoxy groups {for example, 2,2-difluorcethoxy or 2,2.2-
trifluoroethoxy);
R is chosen from optionally halogenated Cie alky! groups (for example,
trifluoromethyly;
R% s chosen [rom a hydrogen atom and halogen atoms (for example, a (luorine atom),
and
R ig chosen from:
{a} a hydrogen atom;

{b} a cyano group;

CA 03178798 2022-11-14



WO 2021/234451 PCT/1B2021/000337
{¢} halogen atoms {for example, a fluorine atom}; and
{d) Cie alkyl groups (for example, methyl);
ring B is chosen from pyridone groups optionally further substituted with 110 3
substituents independently chosen from:
(1} halogen atoms {(for example, fluorine atoras); and
(2} Ci alky! groups (for example, methyl);
R* and R’ are both hydrogen atoms; and
ring € is chosen from pyrazole rings (for example, 1H-pyrazole-4-yl} optionally further
substituted with 1 to 3 (for exampie, 1) substituents chosen from Cis alkyl groups (for example,
ethy! or isopropyl),

{860196] In some embodiments, ring C is

A

~,
e \\ 4o
\;\iaf’ QW’

wherein R'® is chosen from a hydrogen atom and Cis alky!l groups (for example, ethyl or

isopropyl).

[a8197]  Also disclosed herein is a compound {also referred to herein as Compound E) chosen

from compounds of Formula (IE}:

(1),
and pharmaceutically acceptable salts thereof, wherein:
ring Al is chosen from benzene rings further substituted with | or 2 substituents
independently chosen from:
{a} halogen atoms (for example, fluorine atoms},
{b} C1.s alkyl groups (for example, isopropyl); and

{c) Css cycloalkyl groups (for example, cyclopropyl);

¥,
bJ
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R* s chosen from morpholinyl groups optionally substituted with 1 to 3 substituents
independently chosen from Cis alkyl groups (for example, methyl};
ring B is a pyridone ring having no additional substituents;
R and R? are both hydrogen atoms; and
ring € 1s chosen from pyrazole rings (for example, 1H-pyrazole-4-yl) further substituted
with one Cis alkyl group (for example, ethyl).

[006198] In some embodiments,

A‘%

02 43/ o ng

s a group represented by the formula:

Rfﬁa‘i
Rba‘i
/(f'w -~
S N
; 4aaf/ \f’f/L;J")
R o

wheregin:
R*is as defined above;
R ig chosen from:
{a) Ci-s alkyl groups (for example, isopropyl); and
{b} Cs.6 cycloalkyl groups (for example, cyclopropyly, and
R% {5 a halogen atom {for example, a fluorine atom}.

[866199] In some embodiments, ring C is:

wherein R is chosen from Cis alkyl groups (for example, ethyl}).

[806026¢] Also disclosed herein is a compound {also referred 1o herein as Compound F) chosen

from compounds of Formula (IF):

|9
957
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(IF},
and pharmaceutically acceptable salts thereof, wherein:
ring A' is chosen from benzene rings further substituted with 1 or 2 substituents
independently chosen from:
{a} halogen atoms (for example, fluorine atoms); and
{b} Caw cycloalkyl groups {for example, cyclopropyl};
R* is chosen from morpholinyl groups substituted with one Cic alkyl group (for
example, methyl});
ring B is a pyridone ring having no additional substituents;
R” and R’ are both hydrogen atoms; and
ring © 1s chosen from pyrazole rings (for example, 1H-pyrazole-4-vl} further substituted
with one Cis alkyl group (for example, ethyl}.

[000281] In some embodiments, ring C is:

S
%\i/ R

wherein R'® is chosen from Cus alkyl groups (for example, ethyi}.

i6006202] In some embodiments,

A

is a group represented by the formula;
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;{533

()

X,
e Nt

/
e’ T \’:5«55
3
wherein:
R*is as defined above;
R34 s chosen from Cas cycloalkyl groups (for example, cyclopropyl); and
RO g chosen from halogen atoms (for example, a fluorine atom).
[8066263] Compounds of Formula (I} include, but are not limited to, the compounds of
Examples 110 33.
660204 When Compound (I} is a salt, such as a pharmaceutically acceptable salt, non-
fimiting examples of such a salt include metal salts, ammonium salts, salis with organic bases,
salts with iorgamc acids, salts with organic acids, and salts with basic or acidic amino acids.
THustratively, non-limiting examples of metal salts include alkali metal salts such as sodium salts
and potassium salts; alkali earth metal salts such as calcium salts, magnesium salis, and barium
salts; and aluminum salts. Non-limiting examples of salts with organic bases include salts with
trimethylamine, triethylamine, pyridine, picoline, 2 6-lutidine, ethanolamine, diethanolamine,
triethanolamine, cyclohexylamine, dicycichexyiamine, NN -dibenzylethylenediamine, and the
like Non-limiting examples of salts with inorganic acids tnclude salts with hydrochloric acid,
hydrobromic acid, nitric acid, phosphoric acid, and the like. Non-limiting examples of salts with
organic acids include salts with formic acid, acetic acid, triftuoroacetic acid, phthalic acid,
fumaric acid, oxalic acid, tartaric acid, maleic acid, citric acid, succinic acid, malic acid,
methanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, and the like. Non-limiting
examples of salts with basic aming acids include salis with arginine, lysine, ornithine, and the
Hke. Non-limiting examples of salts with acidic amino acids mnclude salts with aspartic acid,
ghlutamic acid, and the like. For example, when a compound of the present disclosure contains
actdic functional groups, inorganic salts such as alkali metal salts (for example, sodium salts,
potassium salts, or the like} or alkali earth metal salts (for example, calcium salts, magnesium
salts, barium salts, or the like), ammornium salts, or the like may be used. Additionally, when the
compound contains basic functional groups, salts with inorganic acids such as hydrochloric acid,

hydrobromic acid, nitric acid, sulfuric acid, or phosphoric acid or salts with organic acids such
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as acetic acid, phthalic acid, tumaric acid, oxalic acid, tartaric acid, maleic acid, citric acid
succinic acid, methanssulfonic acid or p-toluenssultonic acid may be used.
[G00205] When Compound (1} containg an isomer, such as a tautomer, an enantiomer, a
sterecisomer, a regioisomer, or a rotamer, any one of the isomers and mixtures thereof are also
included in Compound (I). Further, when there is an enantiomer in Compound (I}, an enantiomer
sphit from a racemic body is also included in Compound (1)
[000206] In some embodiments, Compound (I3 may be a crystal; accordingly, a single crystal
form and a mixed crystal form are included in Cornpound (I).
{660287)  In some embodiments, Compound (I may be a pharmaceutically acceptable
cocrystal or cocrystal salt. As used heretn, a cocrystal or cocrystal salt refers to a crystalline
substance comprising two of more unique solids at room temperature, each of which has
different physical characteristics (for example, structure, melting point, heat of fusion,
hygroscopicity, solubility, stability, and the like). A cocrvstal or cocrystal salt may be produced
in accordance with a known co-crystallization method.
{000208] In some embodiments, Compound (I} may be a solvate (for example, a hydrate or the
like) or a solvent-free substance, and both of these are included in Compound (1).
[866288] In some embodiments, compounds iabeled or substituted with isotopes (for example,
HECLL VG, R, BT 88 1] or the like) are also included in Compound (I). For example, in
some embodiments, a compound 1abeled or substituted with an isotope can be used as a tracer
(PET tracer} for Positron Emission Tomography (PET). In some embodiments, a compound
fabeled or substituted with an isotope may be useful in fields such as medical diagnosis.
[0062108] A method for producing a compound of the present disclosure will be described
hereinafter.
{000211] The starting materials or reagents used in each step of the following production
methods and the resulting compounds may respectively form salts. Examples of such salis
inchude the same salts as those of a compound of the present disclosure described above.
[000212) When the compound obtained in each step is a free form, it may be converted tc a
target salt using a method koown per se. Conversely, when the compound obtained o each step
is a salt, it can be converted to a free form or another type of target salt with a method known
per se.
{000213] The compound obtained in cach step can be used in the next reaction directly as a
reaction solution or after it 1s isolated as a crude product. Alternatively, the compound obtained

in each step can be isolated and/or purified from the reaction mixture with a separation means
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such as concentration, crystallization, recrystallization, distiliation, solvent extraction, fractional
distillation, or chromatography in accordance with conventional techniques.
[G00214] When the starting matenials or reagents in each step are commercially available,
commercially available products can be used directly.
[600215] In the reaction of cach step, the reaction time may vary based on the reagents or
solvents that are used. However, unless specified otherwise, the reaction time is ordinanly from
1 minute to 48 hours, for example, from 10 mimutes to 8 hours,
{0860216] In the reaction of each siep, the reaction temperature may vary based on the reagents
or solvents that are used, but unless specified otherwise, the reaction temperature is ordinarily
from -78 °C to 300 °C, for example, from -78 °C 10 150 °C.
{860217} In the reaction of each step, the pressure may vary based on the reagents or solvents
that are used, but unless specified otherwise, the pressure is ordinarily from 1 atm to 20 atm, for
example, from 1 atm 10 3 atm.
[660218] In the reaction of each step, for example, a microwave synthesizer such as an
Initiator available from Biotage can be used. The reaction temperature may vary based on the
reagents or solvents that are used, but uniess specified otherwise, the reaction temperature is
ordinanly from room temperature to 300 °C, for example, from 50 °C to 250 °C. The reaction
time may vary based on the reagents or scivents that are used, but uniess specified otherwise, the
reaction time is ordinarily from 1 minute o 48 hours, for example, from 1 minute to § hours,
{000219] In the reaction of each step, unless specified otherwise, reagents are used in an
amount of from 0.5 to 20 equivalents, for example, from 0.8 to S equivalents with respect to the
substrate. When a reagent is used as a catalyst, the reagent is used in an amount of from 0,001 to
I equivalent, for example, from §.01 to 0.2 equivalents with respect to the substrate. When a
reagent also serves as a reaction solvent, the reagent is used in a solvent amount.
[606226] In the reaction of each step, unless specified otherwise, the reactions are performed
without a solvent or after dissolution or suspension in an appropriate solvent. Non-limiting
examples of solvents are the solvents described in the Examples or those described below.

Alcohols: methanol, ethanol, tert-butyt alcobol, Z-methoxyethanol, and the like;

KHthers: diethyl] ether, diphenyi ether, tetrahydroturan, 1,2-dimethoxyethane, and the like;

Aromaiic hydrocarbons: chlorobenzene, toluene, xylene, and the like;

Saturated hvdrocarbons: cvclohexane, hexane, and the like;

Amides: N N-dimethylformamide, N-methvipyrrolidone, and the like;

Halogenated hydrocarbons: dichloromethane, carbon tetrachlonde, and the like;

Mitrites: acetonitrile and the like;
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sulfoxides: dimethylsulfoxide and the like;

Aromatic organic bases: pyridine and the like;

Acid anhydrides: acetic anhydride and the like;

Organic acids: formic acid, acetic acid, trifluoroacetic acid, and the like;

Inorganic acids: hydrochlornic acid, sulfuric acid, and the like;

Fsters: ethyl aceiate and the like;

Ketones: acetone, methyl ethyl ketone, and the like;

Water.

[000221)  In some embodiments, two or more types of the above solvents may be mixed in
appropriate ratios and used in the described methods.

1860222} In some embodiments, when a base is used in the reaction of each step, the bases
listed below or the bases described in the Examples may be used.

Inorganic bases: sodium hydroxide, magnesium hydroxide, sodium carbonate, calcium
carbonate, sodium bicarbonate, and the like;

Organic bases: triethyvlamine, diethylamine, pyridine, 4-dimethylaminopyridine, N,N-
dimethylaniline, 1,4-diazabicyclo{2. 2. 2joctane, 1,8-diazabicyclo[5. 4. 0]-7-undecene,
imidazole, piperidine, and the hike;

Metal oxides: sodium ethoxide, potassium tert-butoxide, and the like;

Alkali metal hydrides: sodiam hydride and the Iike;

Metal amides: sodium amide, lithium diisopropylamide, lithivm hexamethvidisilazide,
and the like;

Organic lithiums: o-butyHithium and the like.

(6662231 In some embodiments, when an acid or an acidic catalyst 1s used in the reaction of
each step, the acids or acidic catalysts listed below or the acids or acidic catalysts described in
the Examples may be used.

Inorganic acids: hydrochloric acid, sulfuric acid, nitric acid, hydrobromic acid,
phosphoric acid, and the like;

Organic actds: acetic acid, tifluoroacetic acid, citric acid, p-toluenesul{onic acid, 10~
camphorsulfonic acids, and the like;

Lewis acids: boron triflucride diethyl ether complex; zine todide, anhydrous aluminum
chloride, anhydrous zinc chloride, anhydrous iron chlonde, and the like.

{060224] Unless specified otherwise, the reactions of each step mayv be performed in
accordance with methods known per se - for example, the methods described in Experimental

Chenustry, 5th Edition, Vol 13-19 (edited by the Chemical Society of Japan); New
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Experimental Chemistry, Vol. 14-15 {edited by the Chemical Society of Japan); Fine Organic
Chemistry, Revised 2nd Edition (L. F. Tietze, Th. Hicher, Nankodo Co., Ltd.}; Revised Organic
Named Reactions: Reaction Mechanism and Essence (by Hideo Togo, Kodansha), ORGANIC
SYNTHESES Collective Volume I-VII (John Willey & Sons Inc.); Modern Grganic Synthesis
tn the Laboratory, A Collection of Standard Experimental Procedures (by Jie Jack Li, published
by OXFORD UNIVERSITY);, Comprehensive Heterocyelic Chemistry T, Vol 1 to Vol. 14
{Elsevier Japan KI(}; Strategic Applications of Named Reactions in Organic Synthesis
(translation supervised by Kiyoshi Tomioka, published by Kagaku-Dojin Publishing);
Comprehensive Organic Transformations (VUH Publishers Inc ), 1989 Edition, or the like -~ orin
accordance with a method described in the Examples.
i800225] In each step, proteciion or deprotection reactions of functional groups are performed
in accordance with methods known per se - for example, the methods described in
Wiley-Interscience 2007 Edition “Protective Groups in Organic Syathesis, 4th Ed.” (by
Theodora W. Greene, Peter G. M. Wuts); Thieme 2004 Edition “Protecting Groups 3rd E4.” (by
P. J. Kocienski) or the like - or in accordance with a method described in the Examples.
080226 MNon-limiting examples of protecting groups of hyvdroxyl groups such as alcohols or
phenolic hydroxyl groups include ether-type protecting groups such as methoxymethyl ethers,
benzyl ethers, tert-butyldimethyisilyl ethers, and tetrahydropyranyi ethers; carboxylic acid ester-
type protecting groups such as acetic acid esters; sulfonic acid ester-type protecting groups such
as methanesulfonic acid esters; and carbonic acid ester-type protecting groups such as tert-
butylcarbonate.

[660227] Non-limiting examples of protecting groups of carbonyl groups of aldehydes include
acetal-type protecting groups such as dimethylacetal; and cyclic acetal-type protecting groups
such as 1,3-dioxane.

[606228] Non-limiting examples of protecting groups of carbonyl groups of ketones include
ketal-tvpe protecting groups such as dimethyl ketal; cyclic ketal-type protecting groups such as
1,3-dioxane; oxime-type protecting groups such as O-methyloxime; and hydrazone-type
protecting groups such as N, M-dimethylhydrazone.

18606229F Non-limiting examples of protecting groups of carboxy! groups include ester-type
protecting groups such as methyl ester; and amide-type protecting groups such as

N N-dimethyviamide.

{600230) Non-limiting examples of protecting groups of thiols include ether-type protecting
groups such as benzylthicethers; and ester-type protecting groups such as thioacetic acid esters,

thiocarbonates, and thiocarbamates.
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[666231] Nou-limiting examples of protecting groups of amino groups or aromatic
heterocycles such as imidazole, pyrrole, and indole include cathamate-type protecting groups
such as benzylcarbamate; amide-type protecting groups such as acetamide; alkyviamine-type
protecting groups such as N-triphenyimethylamine; and sulfonamide-type protecting groups
such as methanesulfonamide.

[066232] Protecting groups can be removed using a method known per se such as, for example,
a method using an acid, a base, UV light, hvdrazine, phenylhydrazine, sodium N-
methyldithiocarbamate, tetrabutylaromonium fluoride, palladium acetate, a trialkylsilyl hydride
{for example, trimethylsilvl iodide or trimethylsilyl bromide}, a reduction method, or the like.
[806233] When a reduction reaction is performed in a step, non-Hmiting examples of reducing
agents that may be used include metal hydrides such as lithium aluminum hydride, sodium
triacetoxyborchydride, sodium cyanoborohydride, diiscbutylaluminum hydride (DIBAL-H),
sodium borohydride, and tetramethylammonium triacetoxyborchydride; boranes such as borase
tetrahydrofuran complexes; Raney nickel; Raney cobalt; hydrogen; formic acid; and
triethylsilane. When reducing a carbon-carbon double bond or triple bond, there is a method of
using a catalyst such as palladium-carbon or a Lindlar catalyst. Whern an oxidation reaction is
performed in each step, examples of the oxidizing agent that is used include peracids such as m-
chloroperbenzoic acid (mCPB A}, hvdrogen peroxide, and tert-butyl hydroperoxide; perchlorates
such as tetrabutyiammonium perchlorate; chlorites such as sodium chlorite; periodates such as
sodium periodate, hypervalent iodine reagents such as iodosylbenzene; reagents containing
manganese such as manganese dioxide and potassium permanganate; leads such as lead
ietraacetate; reagents containing chromium such as pyridinium chlorochromate (PCCO),
pyridinium dichromate (PDC), and Jones reagent; halogen compounds such as N-
bromosuccinimide (NBS); axygen; ozone; sulfur trioxide-pyridine complex; osminm tetraoxide;
selenium dioxide; and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ).

[666234] When a radical cyclization reaction is performed in a step, non-limiting examples of
the radical inittator that may be used include azo compounds such as azobisisobutyronitrile
(AIBN); water-soluble radical inttiators such as 4-4"-azobis-4-cvanopentanoic acid (ACPAY,
triethyl boron in the presence of air or oxygen; and benzoyl peroxide. in addition, non-limiting
examples of the radical reaction reagent that may be used include tributylstanvane, tris-
tnmethyisilyl-silane, 1,1,2,2-tetraphenyidisilane, diphenylsilane, and samarium ditodide.
{8060235) When a Wittig reaction 1s performed in a step, non-limiting examples of the Witiig

reagent that may be used include alkylidene phosphoranes. Alkylidene phosphoranes can be
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prepared by a method known per se, for example, by reacting a phosphonium salt and a strong
base.

[000236] When a Hormer-Emmons reaction 18 performed in a step, non-limiting examples of
the reagent that may be used include phosphonoacetic acid esters such as methyl
dimethylphosphonoacetate and ethyl diethylphosphonoacetate: and bases such as alkali metal
hydrides and organic lithiums.

{000237] When a Friedel-Crafts reaction is performed in a step, non-limiting examples of the
reagent that may be used include combinations of Lewis acids and acid c¢hlondes or
combinations of Lewis acids and alkylating agents (for example, alkyl halides, alcchols, olefing,
and the like). Alternatively, an organic acid or an inorganic acid may also be used instead of a
{ewis acid, and an acid anhydride such as acetic anhydride, may also be used instead of an acid
chloride.

[0G0238] When an aromatic nucleophilic substitution reaction is performed in a step, a
nucleophilic agent (for example, amines, 2-pyridone, imidazole, or the like} and a base (for
example, organic or inorganic bases or the like) may be used as reagents

j080239] When a carbanion-mediated nucleophilic addition reaction, a carbanion-mediated
nucleophilic 1,4-addition reaction (Michael addition reaction), or a carbanion-mediated
nucleophilic substitution reaction is performed in a step, non-limiting examples of a base used to
generate a carbanion include organic lithiums, metal alkoxides, inorganic bases, and organic
hases

[0083240] When a Grignard reaction is performed in a step, non-limiting examples of the
Grignard reagent include arvlmagnesium halides such as phenylmagnesium bromide; and
alkylmagnesium halides such as methylmagnesiurm bromide. A Grignard reagent can be
prepared with a method known per se such as, for example, by reacting an alky! halide or an aryl
halide with metallic magnesium using an ¢ther or tetrahydrofuran as a solvent.

j030241] When a Konoevenagel reaction is performed in a step, an active methylene compound
{for example, malonic acid, diethyl malonate, malononitrile, or the like} sandwiched between
two electron-withdrawing groups and a base (for example, organic bases, metal oxides, or
inorganic bases} may be used as reagents.

[006242] When a Vilsmeier-Haack reaction is performed in a step, phosphoryl chloride and an
amide denivative {for example, N, N -dimethylformamide or the hike) may be used as reagents.
{660243] When an azidation reaction of alcohols, alkyl halides, and sulfonic acid esters i
performed in a step, non-limiting examples of the azidation agent include diphenyiphosphoryl

azide (DPPA), tnimethyisilyl azide, and sodium azide. For example, when azidating an alcohol, a
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method using diphenylphosphoryl azide and 1,3-diazabicyclol5. 4. Ojundeca-7-ene (BDBUjora
method using trimethylsilyl azide and a Lewis acid may be emploved.

[000244] When a reductive amination reaction is performed in a step, non-limiting examples of
the reducing agent that is used include sodium triacetoxyborohydride, sadium cyanoborchydride,
sodium borchydride, hydrogen, and formic acid. When the substrate is an amine compound,
non-limiting examples of the carbonyl compound that is used include paralormaldehyde, as well
as aldehydes such as acetaldehyde and ketones such as cyclohexanone. When the substrate is a
carbonyi compound, non-limiting examples of the arives to be used include primary amines
such as ammonia and methylamine; and secondary amines such as dimethylamine.

[006245] When a Mitsunobu reaction is performed in a step, azodicarboxylic acid esters (for
example, diethyl azodicarboxylate (DEAD), ditsopropyl azodicarboxylate (1AM, and the tike)
and triphenylphosphine are used as reagents. In addition, (cvanomethylenejtributylphosphorane
{CMBP), (cyasomethyleneytrimethylphosphorane ({CMMP), or the like may also beused as a
reagent.

{860246] When an esterification reaction, an amidation reaction, or a urea formation reaciion is
performed in a step, non-himiting examples of the reagent that i1s used include acyi hahlides such
as acid chiondes and acid bromides; and activated carboxylic acids such as acid anhydndes,
active esters, and sulfuric acid esters. Non-limiting examples of activators of carboxylic acids
include carbodiimide-based condensing agents such as [-ethyi-3-(3-
dimethylaminopropylcarbodiimide hydrochloride (WSCD), triazine-based condensing agents
such as 4-(4,6-dimethoxy-1,3 5-triazine-2-yi-4-methylmorpholinium chioride-n-hydrate (BMT-
MM}, carbonic acid ester-based condensing agents such as 1, -carbonyldiimidazole (CDIY;
benzotriazole- 1 -yloxy-trisdimethylaminophosphonium salt (BOP reagent); 2-chloro-1-methyl-
pyridinium iodide (Mukaivama reagent); thionyl chloride; lower alkyl haloformates such as
ethyl chloroformate; O-(7-azabenzotriazole-1-y1)-N N N° N -tetramethyluronium
hexafluorophosphate (HATU); sulfuric acid; or combinations thereot. When a carbodiimide-
based condensing agent is used, additives such as 1-hydroxybenzotriazele (HOBt), N-
hydroxysuccinimide (HOSu}, and dimethvlaminopyridine (DMAP) may be further added to the
reaction.

[060247] When a coupling reaction is performed in a step, non-limiting examples of the metal
catalyst that is used include palladium compounds such as palladium(il} acetate,
tetrakis(iriphenyiphosphine) palladium{(0), dichlorobis(triphenylphosphine) palladium{li},
dichlorobis(triethvlphosphine) paliadium{if}, tris{(dibenzylideneacetone) dipalladium({0}, and

1,V -bis{diphenyliphosphino)} ferrocene palladium{l) chloride; nickel compounds such as
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tetrakis(triphenyliphosphine) nickel{0); rhodium compounds such as tris{iriphenylphosphing)
rhodium(lll} chioride; cobalt compounds; copper compounds such as copper oxide and copper(l}
todide; and platinum compounds. A base may be further added to the reaction, and non-limiting
examples of such bases inchude inorganic bases.

[600248] When a thiocarbonylation reaction is performed in a step, diphosphorus pentasulfide
is typically used as a thiocarbonylating agent; in addition to diphosphorus pentasulfide, reagents
having a 1,3,2 4-dithiadiphosphetane-2 4-disulfide structure such as 2, 4-bis{methoxyphenyl)-
1,3,2,4~-dithiadiphosphetane-2,4-disulfide {(Lawesson reagent) may also be used.

{60024%] When a Wohi-Ziegler reaction is used in a step, nop-limiting examples of the
halogenating reagent that is used include N-icdosuccinimide, N-bromosuccinimide (NBS), N-
chlorosuccinimide (NCS}, bromine, and sulfuryl chloride. Further, the reaction can be
accelerated by adding heat, light, or a radical initiator such as benzoylperoxide or azobis
ischutyronitrile to the reaction.

[660258] When a halogenation reaction of a hydroxy group is performed in a step, non-
fimiting exaniples of the halogenating agent that iz used include acid halides of hydrohalic acids
and inorganic acids; specifically, in the case of chlorination, hydrochloric acid, thionyl! chlioride,
phosphorus oxychloride, or the like may be used, and in the case of bromination, 48%
hydrobromic acid or the like may be used. In addition, a method of obtaining an alkyi halide
from an alcohol by the action of triphenyliphosphine and carbon tetrachioride or carbon
tetrabromide may be used Alternatively, a methad of svnthesizing an alkyl halide via a two-step
reaction in which an alcohol is converted to a sultonic acid ester and theo reacted with lithium
bromide, lithium chioride, or lithium iodide may be used.

[600251] When an Arbuzov reaction is performed in a step, non-limiting examples of the
reagent that is used include alkyl halides such as ethyl bromoacetate; and phosphites such as
triethylphosphite or triisopropyiyphosphite.

[6060252] When a sulfonic acid esterification reaction is performed in a step, non-limiting
examples of the sulfonylating agent that is used include methanesulfonyl chloride, p-
toluenesutfonyi chloride, methanesulfonic anhydride, and p-toluenesulfonic acid anbydride.
[660253] When a hydrolysis reaction is performed in a step,. an acid or a base may be used as a
reagent. In addition, when an acid hydrolysis reaction of a tert-butyl ester is performed, formic
acid, tricthylsilang, or the like may be added to reductively trap the toert-butyl cations produced

as a by-product.
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j600254] When a dehydration reaction is pertormed in a step, non-limiting examples of the
dehydrating agent that is used include sulfuric acid, diphosphorus pentasultide, phosphorus
oxychloride, N, N -dicyclohexylearbodiimaide, alumina, and polyphosphoric acid.

{060255) Compound (I} can be produced in accordance with the reaction formulas iliustrated
below or methods conforming to these formulas. The starting materials may be commercially
available products or may be produced using methods known per se. Unless specified otherwise,
the abbreviations in each general formula in the reaction formula are as defined above.

{600256] For example, a compound of Formula (Ia) in which R'is

/
;{3“1

RA8 \S'éf can be produced from compound (1} using the following method. In the
formula, L! and L? are each independently a leaving group; R, RY, and RY are each
independently a hydrogen atom or a substituent; and other symbols are each as defined above.
{080257] Non-limiting examples of the “leaving group” indicated by L' or L? include halogen
atoms, nitro groups, optionally halogenated Cis alkylsultfonvioxy groups (for example,
methanesulfonyloxy, ethanesulfonvioxy, or tritluoromethanesulfonyloxy), and Ce.s
aryisulfonvloxy groups (for example, benzenesulfonyloxy or toluenesulfonvloxy) optionally
substituted with Cie alkyl groups.

[000258] Non-limiting examples of the “substituents” indicated by R'"! include halogen atoms
and optionally substituted alkyl groups. Examples of the “substituents” indicated by R or RY
include Ci.s alkyl groups, and RY and RY may form an optionally further substituted ring

together with the adjacent boron atoms (for example, BOR™OR® is dimethoxyborany! or

4.4 3 S-tetramethyl-1,3 2-dioxaborolane-2-v1}.

[86625%] Compound (3} can be produced by a Suzuki-Miyaura coupling reaction between

compound {1} and compound (2).
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[666268] Compound (4} can be produced by a demethylation reaction of compound 3).
Non-limiting examples of demethvlation reagents include pyridine hydrochloride and the
combination of trimethylsilyl chioride and sodium iedide. Non-Eimiting examples thereof
include those listed in the “Removal of protecting groups” described above.

[666261] Compound (6} can be produced by various coupling reactions of compound (4} and
compound {5} such as an aromatic nucleophilic substitution reaction, an Ullmann coupling
reaction, or a Buchwald-Hartwig coupling reaction.

[00G262] Compound (Ta) can be produced by various coupling reactions of compound (6) such
as an aromatic nucleophilic substitution reaction, a Suzuki-Miyaura coupling reaction, or a
Buchwald-Hartwig coupling reaction.

{006263] Compound (Ia) can be further transformed in accordance with a method known per
se.

[000264] Compound (Ia) can also be produced trom compound (5} using the following method.

The symbols are each as defined above.

o Rt ad
ii R\,"\
HN«'* e N

(660265 Compound (7} can be produced from compound (5) using various coupling reactions,
such as, for example, an aromatic nucleophilic substitution reaction, a Suzuki-Miyaura coupling
reaction, or a Buchwald-Hartwig coupling reaction.

[680266] Compound (Ia) can be produced by various coupling reactions between compound
{7} and compound {4}, such as, for example, an aromatic nucleophilic substitution reaction, an
Ullmann coupling reaction, or a Buchwald-Hartwig coupling reaction.

1600267) Compound (1b), in which ring A tn compound {1a} 15 a benzene ring having
substituents R' and B can be produced by a Chan-Lam-Evans coupling reaction between
compound {8) and compound (4). In the formula, R¥ RY R, and RY are each independently a
hydrogen atom or a substituent, and other symbaols are as defined above.

{000268] Non-limiting examples of the substituents indicated by R" or R'? include those listed
as examples of the “substituents” of ring A'. Examples of the “substituents” indicated by R*® or

RY include Cis alkyl groups, and R'° and R may form an optionally further substituted ring
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together with the adjacent boron atoms (for example, BORORY is dimethoxyborany! or

4.4 5 S~tetramethyl~1,3,2-dioxaborolane-2-y1}).

[86626%] In some embodiments, compound (R), compound (8a) and compound (8b) can be
produced from compound {9) using the following method. The symbols are each as defined

above.

{060278] Compound (8a) can be produced by a Hastwig-Miyaura C-H borylation reaction of
compound (9. A non-limiting example of the metal catalyst that 1s used is di-p-methoxobis(1,5-
cyclooctadiene)diiridium(l}.

[06066271] Compound (10} can be produced by a nucleophilic fluorination reaction of compound
{8a). A non-limiting example of the reagent used for the nucleophilic fluorination reaction is
potassium hydrogen flucride.

[666272] Compound {(8b) can be produced by a hydrolysis reaction of compound (10). Non-
limiting examples of the reagent used for the hydrolysis reaction include trimethylsilyl chloride
and lithium hydroxide.

[666273] Compound (9} can be produced from compound (11}, compound (14}, compound
{15}, or compound (16) using the following method. In the formula, L° is a leaving group, and
other symbols are as defined above.

{000274] Non-limiting examples of the “leaving group” indicated by L7 include those listed as

examples of the “leaving groups” of L or L. above.
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1006275 Compound (12) can be produced from compound (1 1) using various coupling
reactions, such as, for example, an aromatic nucleophilic substitution reaction, a Suzuki-Mivaura
coupling reaction, or a Buchwald-Hartwig coupling reaction,

[6060276] Compound (13} can be produced by a triflate reaction of compound (12}, wherein L°
is a trifluoromethanesulfonyioxy group.

{00277 Compound (13) can also be produced from compound (14} using various coupling
reactions, such as, for example, an aromatic rucleophilic substitution reaction, a Suzuki-Miyaura
coupling reaction, or a Buchwald-Hastwig coupling reaction.

[006278] Compound (9} can be produced by a Suzuki-Mivaura coupling reaction using
compound (13). Compound (9) can also be produced by an etherification reaction of compound
{15} Compound (9} can alsc be produced by various coupling reactions using compound €16)
such as an aromatic nucleophilic substitution reaction, a Suzuki-Miyaura coupling reaction, or a
Buchwald-Hartwig coupling reaction.

j680279] Compound (9) can be turther transtormed in accordance with a method known per se.
[600280] Compound (Sa), in which ring A’ in compound {5) is a pyridine ring having a
substituent OR', can be produced by an aromatic nucleophilic substitution reaction using
compound (17} and alcohol: R*®OH. In the formula, R1® is a substituent, and other symbols are
each as defined above. A non-limiting example of the “substituent” indicated by R'° is a benzyl

group.
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[660281] Compounds (1}, (4), (53, (1 1), and (14) to (17) can be obtatned as commercially
available products or produced in accordance with methods known per se or methods
conforming to these methods or with the methods described in the Examples.

{00282 In Compound (1) obtained in this way, a functional group in the molecule can be
converted to a target functional group by combining chemical reactions known per se. Here,
examples of chemical reactions include oxidation reactions, reduction reactions, alkylation
reactions, acylation reactions, urea formation reactions, hydrolysis reactions, amination reactions,
esterification reactions, aryl coupling reactions, and deprotection reactions.

{60283} In the production method described above, when the starting material compound
inclndes an amino group, a carboxy] group, a hydroxy group, a carbonyl group, or a mercapto
group as a substituent, a protecting group that would be typically used in peptide chenustry or
the like for these groups may be introduced, and the target compound can be obtained by
removing the protecting group after the reaction as needed.

[0662384] Configurational isomers (E- and Z-isomers) of Compound (1) can be isolated and
purified by a separation means such as extraction, recrystallization, distillation, or
chromatography at the point when isomerization occurs, and a pure compound can thus be
produced. In addition, corresponding pure isomers can also be obtained by allowing the
isomerization of double bonds to progress by heating, an acid catalyst, a transition metal
complex, a metal catalyst, a radical species catalyst, photoirradiation, a strongly basic catalyst,
or the like in accordance with the methods described on pages 251 to 253 of New Experimental
Chemistry Vol 14 {edited by the Chemical Society of Japan) and pages 273 to 274 of the 4th
Edition of Experimental Chemistry Vol. 19 {edited by the Chemical Society ot Japan} or
methods conforming to these methods.

{866285] While a sterenisomer may be generated depending on which type of substituent is
used in Compound (I}, compounds in which this isomer 18 unaccompanied and mixtures thereof
are also included within the scope of the present disclosure.

[666286] When the target product 1s to be obtained in a free state by the reaction described

above, it may be converted to a salt in accordance with a conventional method, and when it is to
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be obtained as a salt, it may be converted to a free form or another salt in accordance with a
conventional method. Hlustratively, Compound (I} obtained in this way can be isolated and
purified from the reaction solution by a known means such as, for example, dissolution,
concentration, solvent extraction, fractional distilation, crystallization, recrystallization, or
chromatography.
[860287] When Compound (1) exists as a configurational isomer, a diastereomer, a conformer,
or the like, it can be respectively isolated by the aforementioned separation and purification
means as desired. In addition, when Compound (1) is a racemate, it can be separated 1nto a d-
form and an I-form or an S-form and an R-form by an ordinary optical resolution means.
[0060288] Compound (1) obtatned in this way, as well as other reaction intermediaies and the
starting material compounds, can be isolated and purified from the reaction mixture by methods
known per se - for example, by using a means such as extraction, concentration, neutralization,
filtration, distillation, recrystallization, column chromatography, thin tfilm chromatography,
preparative high performance liquid chromatography (preparative HPLC), or medium-pressure
preparative liquid chromatography (medium-pressure preparative LT3,
080289 Compound (1}, which 1s a salt, can be produced in accordance with a known means -
for example, by adding an inorganic acid or an organic acid when Compound {I) is a basic
compound or by adding an organic base or an inorganic base when Compound (1) is an acidic
compound.
{000290] When enantiomers are present in Compound (I), these individual enantiomers and
mixtures thereof are also included 1o the scope of the present disclosure. These tsomers can also
be optically resolved or produced individually as desired in accordance with a known means.
[600291] In the present specification, a GPR139 receptor antagonist action includes a GPR139
receptor inverse agonist action. In some embodiments, a compound having a GPR139 recepior
antagonist action is a compound having a GPR13% receptor inverse agonist action.
j6002921  As described in detail in the test examples below, the GPRI139 receptor inverse
agonist action can be confirmed, for example, by the reduced production or inhibited production
of inositol monophosphate (also abbreviated as IP1 in the present specification), a metabolite of
inositol triphosphate, which 1s the second messenger in the downstream of signal transmission in
GPRI39 (also abbreviated as 1Pz o the present specification).
{0060293] Compound (1) can be used as a drug for preventing, treating, or diagnosing various
diseases described below in mammals (for example, mice, rats, hamsters, rabbits, cats, dogs,
cows, sheep, monkeys, humans, and the Iike} For example, Compound (I} 1s expected to be

useful as a drug for preventing or treating diseases such as:

69

CA 03178798 2022-11-14



WO 2021/234451 PCT/1B2021/000337
{1) Psychiatric disorders {for example, depression, major depression, depressive episodes,

minor depressive disorder, bipolar depression, dysthymic disorder, persistent depressive disorder,
emotional disturbance (for example, seasonal affective disorder or the like), recurrent depression,
postpartum depression, stress disorder, major depression disorder accompanying mental illness
(including delusional disorder and schizophrenia), manic dlness or mixed mood eptsodes,
hypomanic mood episodes, depressive episodes with atypical features, depressive episodes with
depressive features, depressive episodes with catatonic features, post-stroke depressive episodes,
depression with anhedonia, ruajor depression with anhedonia, minor depressive disorder with
anhedonia, bipolar depression with anhedonia, dysthymic disorder with anhedonia, persistent
depressive disorder with anhedonia, emotional disturbance with anhedonia, recurrent depression
with anhedonia, postpartum depression with anhedonia, stress disorder with anbedonia, bipolar
disorder with anhedonia, schizophrenia with anhedonia, anxiety disorder with anhedonia, mood
disorder with anhedonia, Alzheimer's disease with anhedonia, dementia with Lewy badies,
Parkinson’s disease with anhedonia, Huntington’s disease with anhedonia, refractory major
depreasion with anhedonia, refractory bipolar disorder with anhedonia, depressive symptoms,
manic iliness, manic episodes, hvpomanic episodes, maniform episodes, hypomaniform episodes,
delirium, symptoms peripheral to dementia (psychiatric symptoms or behavioral disorders),
anxiety, generalized anxiety disorder, anxiety syndrome, mood disorder, cyclothyimic disorder,
premenstrual dysphoric disorder, generalized anxiety disorder, anxiety syndrome, panic disorder,
phobia, sacial phohia sacial anxiety disorder, obsessive-compulsive disarder, posi-tranmatic
stress syndrome, posi-travmatic stress disorder, schizoatfective psychosis, paranoid-type or
depression-type schizoaffective psvchosis, paranoid-type personality disorder, Toureite
syndrome, autism spectrum disorder, fragile X syndrome, Rett syndrome, maladjnstment,
bipolar disorder (including type 1 bipolar disorder and type i bipolar disorder}, neurosis, drug
addiction, schizophrenia (for example, positive symptom, negative symptom, cognitive
impatrment, paranqid schizophrenia, disorganized schizophrenia, catatonic schizophrenia,
unspecialized schizophrenia, and residual schizophrenia), schizophrenia spectrum disorder,
dyskinesia, mental retardation, paranoid tendency, schizophreniform disorder, catalonia,
neurosis, fatigue, chronic fatigue syndrome, lack of energy, anxiety neurosis, obsessional
neurosis, panic disorder, epilepsy, anxiety symptoms, unpleasant meuntal state, emotional
abnormality, emotional circulation temperament, nervousness, fainting, addiction, sexual
debility, attention deficit hyperactivity disorder {ADHDY), psychotic major depression,
intractable major depression, refractory depression, refractory major depression, cognitive

tmpairment accompanying major depression, refractory bipolar disorder, temper tantrum, weight
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gain, weight loss, psychomotor agitation, psychomotor retardation, worthlessness, guilt teeling,
impaired ability to think or concentrate, suicidal thoughts, suicide attempt, melancholia,
psvchotic disorder {(for example, short-term psychotic disorder and shared psychotic disorder),
obesity~induced mental iliness, paranoia, Noonan’s syndrome, Angelman syndrome, Prader-
Willi syndrome, Beckwith-Wiedemann syndrome, Silver-Russell syndrome, tuberous sclerosis,
Williams’ syndrome, Kallmann syndrome, Rubinstein-Taybi syndrome, eating behavior disorder
and food intake disorder groups, disorders, pica, merycism, avoidant/restrictive food intake
disorder, anorexia, anorexia menialis (anorexia nervosa and anorexia), psychogenic loss of
appetite, atypical psychogenic loss of appetite, bulimia, neurogenic bulimia (bulimia nervosa),
nervous increase in appetite, atypical neurogenic bulimia, binge eating disorder, psychogenic
hyperphagia, psychogenic pregnancy vomiting, and psychogenic vomiting);

(2 Neurodegenerative disease (for example, Alzheimer’s discase, senile dementia of the
Alzheimer type, Parkinson's disease, Huntington’s disease, dementia accompanying
Huntington’s disease, multi-infarct dementia, frontotemmporal dementia, Parkinson type dementia,
Parkinson type frontotemporal dementia, alcohol-related dementia or other drug-refated
dementia, dementia accompanying intracranial tumor or cerebral trauma, neurodegeneration
accompanying cerebral tfrauma, neurodegeneration accompanying stroke, neurodegeneration
accompanyving cerebral infarction, neurodegeneration accompanying hypoglvecemia,
neurodegeneration accompanying epileptic seizure, neurodegeneration accompanying
neurctoxin poisoning, multiple system atrophy, spinal cord injury, AlDS-related dementia,
progressive supranuclear palsy, Pic’s syndrome, Miemann-Pick syndrome, corticobasal
degeneration, Bown's syndrome, vascular dementia (VaD) (for example, multi-infarct dementia,
strategic single infarct VaD}, small vessel lesion dementia, hypoperfusion Val, cerebral
hemorrhage Vald, chronic subdural hematoma, and the like)}, postencephalitic Parkinsonism,
Lewy body dementia, HIV dementia, amyotrophic lateral sclerosis (ALS), motor neuron disease
{MNDY), Creutzfeldt-Jakob disease, prion disease, cerebral palsy, multiple sclerosis, and
neuromyopathy i

(3) Aronestic disorders, roild cognitive impairment, learning disabilities (for exarople,
dyslexia, dyscalculia, and dysgraphial, or cognitive/memaory impairment with aging (for
example, age-related memory impattment and senile dementia);

{4) Sleep disorders (for example, intrinsic sleep disorders (for example,
psychophysiological insomnia and the like), extrinsic sleep disorders, Circadian rhythm
disorders {for example, time zone change syndrome (et lag), shift work sleep disorder, irregular

sleep-wake pattern, delayed steep phase syndrome, advanced sleep phase syndrome, non-24-
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hour sleep-wake syndrome, and the like), parasomnia (for example, arousal disorder from non-
REM sleep {(for example, sleepwalking type, sleep terror type, and the like}, nightmare disorder,
REM sleep disorder, and restless fegs syndrome), sleep disorders accompanying internal
medicine or paychiatric disorders (for example, chronic obstructive pulmonary disease,
Alzheimer's discase, Parkinson's disease, cerebrovascular dementia, schizophrenia, depression,
and anxiety}, siress insomunia, insomnia, insomnia neuropathy, sleep apnea syndrome (for
example, obstructive sleep apnea, central sleep apnea, and the like), sleep-related
hypoventilation (for example, primary alveolar hypoveuntilation syndrome, congeunital central
hypoventilation syndrome, and the like), narcolepsy, cataplexy, and hypersomnuia};

{5} Drug addiction (substance-related disorders and substance addiction) (for example,
substance use disorders {(for example, alcohol dependence, marijuana {including synthetic
cannabincids) dependence, hallucinogen (for example, ketamine, phencyclidine, and the like)
dependence, inhalant dependence, opioid dependence, painkiiler addiction, hypnotic addiction,
amxiolytic dependence, psychostimulant (for example, amphetamine-type substances, cocaine,
cathinone, synthetic catione, NMIDA, NMDA-related drug (for example, MDA and the like}, and
the iitke) dependence, caffeine addiction, tobacco dependence, nicotine dependence, alcohol use
disorder, cannabis {including synthetic cannabinoids) use disorder, hallucinogen use disorder,
inhalant use disorder, opioid use disorder, painkiller use disorder, hypnotic use disorder,
anxiolytic use disorder, psychostimulant use disorder, caffeine use disorder, tobacco use
disorder, nicotine use disarder, substance-induced disorders {for example, alcohalism, aleonhol
withdrawal, caffeinism, caffeine withdrawal, marijuana (ncluding synthetic cannabinoids)
addiction, marijuana {including synthetic cannabinoids} withdrawal, hallucinggen addiction,
hallucinogen persistent perceptual disorder, inhalant addiction, opioid addiction, opioid
withdrawal, painkilier addiction, hypnotic addiction, anxiolytic addiction, painkiller withdrawal,
hypnotic withdrawal, anxiolytic withdrawal, psychostimulant addiction, psychostimulant
withdrawal, caffeine withdrawal, tobacco withdrawal, nicotine withdrawal, substance {including
alcohol, caffeine, marijuana, {including synthetic cannabinoids), hallucinogens, inhalants,
opioids, painkillers, sleeping drugs, anti-anxiety drugs, psychostimulants, caffeine, tobacco,
nicotine, and the like)-induced mental iliness (for example, psychotic disorder, bipolar disorder
and related disorders, depressive disorder, anxiety, obsessive-compulsive disorder and related
disorders, sleeping disorders, sexual dysfunction, delirtum, neurocognitive disorders, and the
like}, acute intoxication, harmful use (for example, antidepressant abuse, drug abuse, and the
like), dependence syndrome (for example, drug dependence, non-narcotic painkiller addiction,

and the like), withdrawal state (for example, drug withdrawal syndrome and the like),
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withdrawal state with delirtum, psychotic disorders {for example, addictive psychosis, steroid
psvchosis, and the like), amnesia syndrome, residual and delayed psychotic disorders {for
example, drug addiction depression and the like), psychiatric side effects, addictive mental
disorders, drug-induced psychiatric disorders, drug preference, pharmacophobia,
pharmacomania, and drug withdrawal};

{63 Respiratory depression induced by anesthetics, traumatic disease, neurodegenerative
disease or the like;

(7 Pain {for example, psychogenic pain (somatoform disorder, pain disorder,
somatization disorder, hvpochondria, conversion disorder, chronic pain with depression,
psychogenic glossodynia, psychogenic headache, psychogenic backache, psychogenic
stomachache, neurclogic ear pain, physical pain disorder, mental pain, and psvchogenic
dyspareunia), inflammatory pain, acute pain, cancer-related persistent pain, cancer-related
breakthrough pain, cancer-related pain, persistent pain, somatic pain, breakthrough pain, chronic
pain {for example, intractable pain, post thoracotomy pain syndrome, peripheral neuropathic
pain, peripheral neuropathic pain, neuropathic pain, central nervous system disorder pain, central
neuropathic pain, central post-stroke pain, and the hike), tenderness, pantaigia, dull pain, skin
pain, radiating pain, headache (for example, iwoflanunatory headache, facial pain, occipital pain,
dental facial pain, chronic daily headache, neuralgic headache, frontal headache, temporal
headache, neck pain, heaviness of the head, pain in top of head, paroxysmal headache, cheek
pain, traction headache, burning mouth syndrome, primary headache, headache due to mental
iliness, migraine, chronic cluster headache, cluster headache, trigeminal nerve/autonomic
cephalalgia, recurrent cluster headache, paroxysmal hemicrania, recurrent paroxysmal
hemicrania, chronic paroxysmal hemicrania, short-lasting unilateral neuralgiform headache with
conjunctival injection and tearing, vascular headache, muscle contraction headache, tension-type
headache, recurrent tension-type headache, chronic tension-type headache, cephalalgia
traumatica, post-chronic trauma headache, medication overuse headache, Sluder neuraigia,
Tolosa-Hunt syndrome, ocular headache, combined headache, hemicrania continua, primary
cough headache, headache during primary exercise, primary headache associated with sexual
activity, cold-stimulus headache, primary thunderclap headache, primary puncture-like headache,
nummuldar headache, hypnic headache, new daily persistent headache, headache due to epileptic
seizure, hypertensive headache, headache due to nasal/sinus discase, tension headache, and the
like}, trigeminal nerve disorders (for example, trigeminal neuralgia, atvpical facial pain,
trigeminal nerve hypersensitivity, trigeminal neuropathy, and the like), glossopharyngeal nerve

disorders {for example, glossopharyngeal neuralgia and the Bike}, vagus nerve disorders (for
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example, superior laryngeal neuralga, vagal neuralgia, and the like), hypoglossal nerve disorder,
multiple cranial neuropathy, postherpetic neuraligia, post-herpes zoster frigeminal neuralgia,
multiple neuropathy after herpes zoster, neuralgic amvotrophy, phantom pain, stump neuralgia,
deafferentation pain, lumbar sciatic neuralgia, upper limb mononeuropathy (for example,
median nerve neuralgia, ulnar neuralgia, and the like), lower limb mononeuropathy (for example,
meralgia paraesthetica and the like), rib neuropathy (for example, intercostal neuralgia and the
like), neuropathic pain, diabetic neuropathic pain, diabetic neuralgia (for example, type 1
diabetic neuralgia, type 2 diabetic neuralgia, and the like), cardiac neuralgia, persistent somatic
symptom disorder, epidemic pleural pain, autonomic reflex pain, myelalgia, lumbar puncture
headache, ophthalmalgia, otalgia, thalamic pain, pharyngodynia, thinalgia, toothache, iaw pain,
zlossodynia, rectalgia, arthralgia, back pain, spondylalgia, mvalgia, and neuralgia); and

(8) Traumatic brain injury and associated disorders or complications, post-concussion
syndrome, shaken baby syndrome, stroke, age-related macular degeneration (ARMD), ocular
palatal fremor, convulsion, cerebral infarction, cerebral hemorrhage, hearing loss, radiation
fethargy syndrome, anorexia nervosa, eating disorder, psychogenic loss of appetite, hyperphagia,
other eating disorders, gambiing addiction, video game addiction, obesity, diabetes, muscle
spasm, Méniére disease, autonomic ataxia, alopecia, glascoma, hypertension, heart disease,
tachycardia, cardiac insufficiency, hyperpnea, bronchial asthma, apnea, sudden infant death
syndrome, inflammatory disease, allergic disease, impotence, menopause disorder, infertility,
cancer, immunocdeficiency syndrome due to HIV infection, autcammune encephalitis (for
example, avtoimmune limbic encephalitis), stress-induced immune deficiency syndrome,
menin, acromegaly, incontinence, metabolic syndrome, osteoporosis, peptic ulcer, irritable
bowel syndrome, inflammmatory bowel disease, ulcerative colitis, Crohn's disease, stress
gastrointestinal disorders, vomiting, peptic ulcer, diarthea, constipation, and postoperative ileus,
[06060294] Compound (I) may also be used in the form of a prodrug. A prodrug of Compound
{1} refers to a compound that is converted to Compound (1) by a reaction induced by enzymes,
gastric acids, or the like under physiological conditions in the body; that ts, a compound that is
transformed into Compound (1) by enzymatically inducing oxidation, reduction, hydrolysis, or
the like, or a compound that is transformed into Compound (1) by inducing hvdrolysis or the like
with gastric acid or the like.

{000295] Examples of prodrugs of Compound (I} include compounds in which an amino group
of Compound (1} is acvlated, alkvlated, or phosphorylated {for example, compounds in which an
amino group of Compound (1} 1s eicosanoylated, alanylated, pentylaminocarbonylated, (5~

methyi-2-oxo-1 3-dioxol-4-yUmethoxycarbonylated, tetrahydrofuranylated,
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pyrrohidylmethylated, pivaloyloxymethylated or tert-butylated, and the like); compounds in
which a hydroxy group of Compound (1} is acylated, alkylated, phosphorvlated, or borated (for
example, compounds in which a hvdroxyl group of Compound (I} 15 acetylated, palmitoviated,
propanoylated, pivaloylated, succinylated, fumarylated, alanylated, or
dimethylaminomethylearbonylated, and the like); and compounds in which a carboxy group of
Compound (1) is esterified or amidated (for example, compounds in which a carboxy! group of
Compound () is ethyl estenified, phenyl esterified, carboxymethyl esterified,
dimethylaminomethyl esterified, pivaloyloxymethyt esterified, ethoxycarbonyloxyethyl
esterified, phthalidyl esterified, (5-methyi-2-0x0-1,3-dioxol-4-ylymethyi esterified,
cyclohexvioxycarbonylethyl esterified, or methylamidated, and the like). These compounds can
be produced from Compound (3} in accordance with a method known per se. A prodrug of
Compound (I) may be a compound that transtforms into Compound (1) under physiological
conditions such as those as described in “Development of Pharmaceutical Products” vol. 7,
Molecule Design, p. 163-198, Hirokawa Shoten (1990).

{606296] A compound of Formula (I} may exhibit favorable pharmacokinetics properties (for
example, drug half-life in blood, intracerebral transferability, and metabolic stability) and low
toxicity {(for example, superior as a pharmaceutical from the perspectives of acute toxicity,
chronic toxicity, genetic toxicity, reproduction toxicity, cardio-toxicity, drug interactions,
carcinogenicity, and the like), allowing safe administration orally or non-orally to mammals (for
example, humans monkeys cows, harses, pigs, mice, rats, hamsters rabhits cats dogs, sheep,
goats, and the like) either directly as a pharmacentical or as a pharmaceutical composition mixed
with at least one pharmaceutically acceplable carrier or the like.

(6060623971 As used herein, “non-oral administration” includes intravenous, intramuscular,
subcutaneous, iniraorgan, iniranasal, intradermal, instillation, intracerebral, intrarectal,
intravaginal, intraperitoneal, intratumoral, and proximal tumor administration, as well as direct
administration into a lesion.

[0600298) In some embodiments, the dose of Compound (I} differs depending on the
administration route, syraptoms, and the like. In some embodimenis, when administered orally
to a patient with depression (for example, an adult with a weight in the range of 40 kg 1o 80 kg,
for example, 60 kg), the dose is, for example, 0.001 to 1000 mg/kg of body weight per day, for
cxample, from 0.01 to 100 mg/kg of body weight per day, and, for example, from 0.1 to 10
mg/kg of body weight per day. This amount can be spread out over, for example, 1 to0 3 doses

per day.
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j66629%) A pharmaceutical comprnising Compound (1) can be used as Compound (1) alone or as
a pharmaceutical composition prepared by mixing Compound (1) and at least one
pharmaceutically acceptable carrier in accordance with a method known per se as a production
method for pharmaceutical preparations (for example, a method described in the Japanese
Pharmacopoeta. A pharmaceutical comprising Compound (1} may be administered orally or non-
orally (intravenous, intramuscular, subcutaneous, intraorgan, intranasal, intradermal, instillation,
intracerebral, intrarectal, intravaginal, intraperitoneal, or lesion administration or the like}, for
exaraple, as a tablet (including sugar-coated tablets, film-coated tablets, sublingual tablets, orally

disintegrating tablets, buccal tablets, and the like), a pill, a powdered drug, granules, a capsule

;
(including soft capsules and microcapsules), a lozenge, 4 syrup, a liguid preparation, an
emulsion, a suspension, a controlled-release formulation (for example, a rapid-release
preparation, a sustained-release preparation, or a sustained-release microcapsule), an aerosol
agent, a film agent {for example, an orally disintegrating film or an oral mucosal film), an
tnjection {for example, a subcutaneocus injection, an intravenous injection, an intramuscular
injection, or an intraperitoneal injection), intravenous drip, a percutaneous absorption type
preparation, an ointment, a lotion, a patch, a suppository {for example, a rectal suppository or a
vaginal suppository), a pellet, a transnasal agent, a transpulmonary agent (inhalant), an
ophthalmic solution, or the like.

[000300] Various organic or inorganic carriers commonly used as starting materials for
preparations may be used as the “pharmaceutically acceptable carrier” described above For
example, 1n solid preparations, excipients, lubricants, binders, disintegrators, and the like may be
used, and in liquid preparations, solvents, dissolution aids, suspending agents, isotonizing agents,
buffers, analgesics, and the like may be used In addition, additives for preparations such as
preservatives, antioxidants, colorants, and sweeteners can also be used as necessary.

[660361] Non-limiting examples of excipients include lactose, sucrose, D-mannitol, starch,
corn starch, crystalline cellulose, and light silicic anhydiide.

[000302) Non-limiting examples of lubricants include magnesium stearate, calcium stearate,
tale, and colloidal silica.

[660303] Non-limiting examples of binders include crystalline cellulose, sucrose, D-mannitol,
dextrin, hvdroxypropyleellulose, hydroxypropylmethyleellulose, polyvinylpyrrolidone, starch,
saccharose, gelatin, methylceliulose, and sodium carboxymethylcellulose.

[600304] Non-limiting examples of disintegrants include starch, carboxymethylcellulose,

carboxymethylcellulose calcium, sodium carboxymethyl starch, and L-hydroxypropyicellulose.
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[B003858) Non-limiting examples of solvents include water tor injection, alcohol, propylene
glvcol, macrogol, sesame oil, corn oil, and olive oil.

[G00306] Non-limiting examples of dissolution aids include polvethvlene glveol, propvlene
glycol, D-mannitol, benzyl benzoate, ethanol, trisaminomethane, cholesterod, triethanclamine,
sodium carbonate, and sodium citrate.

{060307] Noon-limiting examples of suspending agents include surfactants such as
stearyltriethanolamine, sodium laury! suifate, lauryl aminopropionate, lecithin, benrzalkonium
chloride, benzethonium chloride, and glycerol monostearate; and hydrophilic polymers such as
polyvinyl alcohol, polyvinylpyirolidone, sedium carboxymethylcellulose, methyicellulose,
hydroxymethylcellulose, hydroxyethyicellulose, and hydroxypropylcellulose.

{00603¢8] Non-limiting examples of isotonizing agents include glucose, D-sarbitol, sodium
chloride, glycerin, and D-mannitol.

[GB0309] Non-limiting examples of buffers include butfer solutions such as phosphate, acetate,
carbonate, and citrate.

{00631¢] Noo-lumiting examples of analgesics include benzy! alcohol and the like. Non-
limiting examples of preservatives include paracxybenzoate esters, chlorobutano!, benzyl
alcohol, phenethyl aleohol, dehydroacetic acid, and sorbic acid,

[030311] Non-limiting examples of antioxidants include sulfite, ascorbic acid, and o~
tocopherol.

{000312] Although differing depending on the dosage form, the administration method, the
carrier, and the like, in some embodiments, the pharmaceutical composition may be produced in
accordance with a conventional method by adding Compound (1) at a ratio of, for example,
0.01% to 100% (w/w), for example, 0 1% to 95% (w/w), with respect to the total amount of the
pharmaceutical composition.

[660313] Compound (1) may also be used in combination with other active ingredients,
referred to as combination drugs herein.

[0600314] Non-limiting examples of combination drugs include: acetylcholinesterase inhibitors
(for example, donepezil, rivastigmine, galantharoioe, and zavapezil ), B-aroyloid protein
production, secretion, accumulation, ageregation and/or deposition inhibitors, -secretase
inhibitors (for example, 6-{4-biphenylyDimethoxy-2-[2-{N N-dimethylamino)ethyl fteiralin, 6-(4-
biphenyiyvDmethoxy-2-(N, N-dimethylaminoymethyltetralin, 6-(4-biphenylylmethoxy-2-(D,N-
dipropylaminoymethyltetralin, 2-{MN, N-dimethylaminoymethyl-0-{4’ -methoxybiphenyl-4-
yimmethoxytetralin, 6-{(4-biphenviylimethoxy-2-[2-(N N-diethylaminojethyl Jtetralin, 2~{2-(N,N-
dimethylaminolethyl}-6-(4"-methylbiphenyi-4-yDhmethoxytetraling 2-[2-{N,N-
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dimethylamino)ethyl-6-(4 -methoxybiphenyl-4-ylmethoxytetralin, 6-(27,47-
dimethoxybiphenyl-4-yhmethoxy-2-[ 2-{N,N-dimethylamino)ethyi ftetralin, 6-[4~(1.3-
henzodioxole-S-viphenyviimethoxy-2-[2-(N N-dimethylaminoethvl ftetralin, and 6-(37 4"~
dimethoxy phenyl-4-ylmethoxy-2-[2-(N,N-dimethylamino)ethyi ftetralin, optically active
substances thercot, salts thereof, hydrates thercot, and OM99-2 (WO G1/00663)), y-selectase
inhibitors, B-amyloid protein aggregation inhibitors (for example, PTI-00703, Tramiprosate,
PPI-368 (Japanese Transiation of PCT Application No. H11-514333), PPI-558 (Japanese
Translation of PCT Application No. 2001-300852), SK¥-74652 (2-{4-Methoxyphenyl}-3-{4-{3-
{diethylamino)propoxy jbenzovi]-S-chiorcbenzofuran, Biochem. 1. (1999), 340(1), 283-289}), B-
amyloid vaccines, p-amyloid degrading enzymes and the like, brain function enhancers (for
example, aniracetam and nicergoline), other Parkinson’s dissase medicines {(for example,
dopamine receptor agonists (for example, L-dopers, bromocriptine, pergolide, talipexole,
pramipexolg, cabergoline, and amantadine), monocamine oxidase (MAQ)} inhibitors (for example,
deprenyl, selegiline {selegiline), remacemide, and riluzole), anticholinergic agents {for example,
trihexyphenidyl and biperiden), and COMT inhibitors (for example, entacapone)}}, amyotrophic
lateral sclerosis therapeutics (for example, riluzole and neurctrophic factor), medicines for
abnormal behavior, wanderning, or the like accompanying the progression of dementia {for
example, sedatives and anxiolytics), apoptosis inhibitors (for example, CPI-1189, [imricasan,
CEP-1347), neuronal differentiation/regeneration promoters (for example, leteprinim,
Xaliproden (SR-57746-A), SB-216763) Y-128, VX853 prosaptide, 5 6-methoxy-2-[2 2 4 6 7-
pentamethyl-3-(4-methylphenyl}-2,3-dihydro-1-benzofuran-5-yljisoindoline, 5,6-dimethoxy-2-
[3-{4-isopropylphenyl}-2,2,4,6,7-pentamethyl-2, 3-dihydro-1-benzofuran-3-yl jiscindoline, 6-{3-
(4-isopropyiphenyi)-2,2 4.6,7-pentamethyi-2 3-dihydro-1-benzofuran-5-y1}-6,7-dihydro-5SH-
[1,31dioxolol4, 5-Tlisoindole, and optically active substances, salts, and hydrates thereof),
nonsteroidal anti-inflammatory drugs {(meloxicam, tenoxicam, indomethacin, ibuprofen,
celecoxib, rofecoxib, aspirin, indomethacin, and the like), steroids (dexamethasone, hexestrol,
cortisone acetate, and the like)}, disease-modifying antirheumatic drugs (DMARDs), anti-
cytokine drugs (for exarnple, TNF ivhibitors and MAP kinase inhibitors), pollakiuria and urinary
incontinence medicines {(for example, flavoxate hydrochloride, oxybutyan hydrochloride, and
propiverine hydrochloride), phosphodiesterase inhibitors (for example, sildenafil (ciirate)}),
dopaminergic drugs {(for example, apomorphine}, antiarrhythmic drugs (for example, mexiletine},
sex hormones or dentvatives thereof (for example, progesterone, estradiol, and estradiol
benzoate}, osteoporosis medicines (for example, alfacalcidol, calcitriol, elcatonin, salmon

calcitonin, estriol, iprivlavone, pamidronate disodium, alendronate sodium hydrate, and
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incadronate disodium}, parathyroid hormone (PTH), calcium recepior antagonists, insomnia
medicines {for example, benzodiazepine-based drugs, non-benzodiazepine-based drags,
melatonin agonists, and orexin receptor antagonists), schizophrenia medicines (for example,
typical antipsychotics such as haloperidol; atypical antipsychotics such as clozapine, olanzapine,
nsperidone, and aripiprazole; drugs which affect metabotropic glutamate receptors or ion
channel conjugate-type glutamate receptors; and phosphodiesterase inhibitors), benzodiazepin-
based drugs (chlordiazepoxide, diazepam, potassium clorazepate, lorazepam, clonazepam,
alprazolam, and the like), L-type calcium chaunel inhibitors {pregabalin and the like), tnicyche
or tetracyclic antidepressants (imipramine hydrochlioride, amitriptyline hydrochleride,
desipramine hydrochloride, clomipramine hydrochlioride, and the like}, selective serotonin
reuptake inhibitors (fluvoxamine maleate, fluoxetine hydrochloride, citalopram hydrobromide,
sertraline hydrochloride, paraxetine hydrochloride, escitalopram oxalate, and the like), serotonin
and norepinephrine reupiake inhibitors (venlafaxine hydrochloride, duloxetine hydrochloride,
desvenlafacine hydrochloride, and the like), noradrenaline reuptake inhibitors {reboxetine
mesylate and the like), mirtazapine, trazodone hydrochloride, nefazodone hydrochloride,
bupropion hydrochlonde, setiptiline maleate, 5-H'TZA antagonists {(for example, pimavanserin
tartrate), S-HT2A inverse agounists, S-HT3 antagonists (cyamemazine and the like), non-heart-
selective P inhibitors (propranclal hydrochloride, oxiprenolol hydrochloride, and the like},
histamine H1 antagnoists (hydroxyzine hydrochloride and the like}, schizophrenia medicines
{chiorpromazine, haloperidol, sulpiride, clozapine, trifluoperazine hydrochlonide, fluphenarine
hydrochloride, olanzapine, quetiapine fumarate, rispenidone, arpiprazole, and the like), CRF
antagonists, other antianxiety drugs {meprobamate and the like), tachykinin antagonists
{aprepitant, saredutant, and the like), drugs which affect metabotropic glutamate recepiors, drgs
which affect GABA receptors, drugs which affect acetylcholine receptors, CCK antagonists, B3~
adrenaline antagonists (amibegron and the like), GAT-1 inhibitors (tiagabine hydrochloride and
the like}, N-type calcium channel inhibitors, type-2 carbonate dehydrase inhibitors, NMDA
glycine site agonists, NMBA antagonists (ketamine, S-ketamine, R-ketamine, ketamine
metabolites (for example, (28,65,2R, 6R)-hvdroxynorketamine, (2R, 6R)-hydroxynorketamine,
and the like), memantine, and the like)}, peripheral benzodiazepine receptor agonists, vasopressin
antagonists, vasopressin V1b antagonisis, vasopressin V1a antagonisis, phosphodiesterase
inhibitors, opioid inhibitors, opioid agonists, uridine, nicotinic acid agonists, thyroid hormones
{13 and T4}, TSH, TRH. MAGQO inhibitors (phenylzine sulfate, tranyvicypromine suifate,
moclobemide, and the like), bipolar disorder medicines {ithium carbonate, sodium valproate,

lamotnigine, rilurole, felbamate, and the Iike}, cannabinoid CB1 antagonists {rimonabant and the
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like), FAAH inhibitors, sodium channel inhibitors, anti-ADHD drugs (methylphenidate
hydrochloride, methamphetamine hydrochloride, and the like}, aicohol dependence medicines,
autism medicines, chronic fatigue syndrome medicines, seirure medicines, fibromyalgia
medicines, headache medicines, medicines for quitting smoking, myasthenia gravis medicines,
cerebral infarction medicines, mania medicines, hypersomma medicines, pain medicines,
dysthymia medicines, autonomic ataxia medicines, male and female sextual dysfunction
medicines, migraine medicines, pathological gambling medicines, restless legs syndrome
medicines, substance dependence medicines, alcohol-related disease medicines, irritable bowel
syndrome medicines, dyslipidemia medicines such as hypocholesterclemic drugs (statin series
{pravastatin sodium, gtorvastatin, simvastatin, rosuvastatin, and the like), fibrates {clofibrate and
the like), and squalene synthesis inhibitors), abnormal behavior medicines or drugs for
suppressing dementia-induced wandering (sedatives, antianxiety drugs, and the like), anti-
cbesity drugs, antidiabetic drugs, diabetic complication medicines, antihypertensive drugs,
antihypotensive drugs, diuretics, chemotherapeutic agents, immune modifiers, antithrombotic
agents, anticancer agents, and the Hike.
j880315] 'I'wo or more types of the combination drugs described above may also be used in
combinations at appropriate ratios.

[0060316] [urther, when using a compound of the present disclosure to treat or prevent one or
more of the diseases described above, the compound can also be used in combination with

biologics (for example, antibody drugs, nucleic acids (for example, antisense oligonucleotide,

siRNA, decoys, and the Like) or nucleic acid derivatives, aptamer drugs, poptide drugs, and
vaccine preparations). Additionally, the compound may be used in combination with gene
therapy or the like or used in combination with treatments employed in psychiatric cases in
which drugs are not used.

[600317] Non-limiting examples of antibody drugs and vaccing preparations include vaccine
preparations for angiotensin I, vaccine preparations for CETP, CETP antibodies, TNFa
antibodies and antibodies against other cytokines, amyleoid § vaccine preparations, type |
diabetes vaccines (for example, DIAPEP-277 available from Peptor), anti-HIV antibodies or
HiV vaccing preparations, antibodies or vaccine preparations for cytokines, renin/angictensin
enzymes or products thereof, antibodies or vaceine preparations for enzymes or proteins
involved in lipid metabolism in blood, antibodies or vaccines related to enzymes or proteins
involved in the blood congealing tibrinogenolysis system, and antibodies or vaccing

preparations for proteins involved in carbohydrate metabolism or insulin resistance. In addition,
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Compound (1) may also be used in combination with biologics related to growth factors such as
GH or IGF.

[000318] Non-limiting examples of gene therapies include therapies using genes related to
cytokines, renin/angiotensin enzymes and products thereot, G-proteins, and G-protein coupled
receptors and phosphoric acid enzymes thereof, therapies using DINA decoys such as NFxB
decoys, therapies using antisense, therapies using genes related to enzymes or proteins involved
in lipid metabolism in blood (for example, genes related to the metabolism, excretion, and
absorption of cholesterol, triglycenide, HDBL cholesterol, or phospholipids iu blood), therapies
using genes related 1o enzymes or proteins invelved in angiogenic therapy for peripheral
vascular disease or the like (for example, growth factors such as HGF and VEGEF), therapies
using genes related to proteins involved in carbohydrate metabolism or tnsulin resistance, and
gene therapies using antisense for cytokines such as TNF, virus vectors (for example, adenovirus,
lentivirus, adeno-associated virus, retrovirus, vaccinia virus, herpes virus, human papiilomavirus,
Sendai virug, and the like), or non-virus vectors (for example, plasmids, Hpid particles, and the
fike).
880319 MNon-limiting examples of treatments emploved in psychiatric cases that do not use
drugs include psychotherapies including modified electroconvulsive therapy, deep brain
stimulation, repetitive transcranial magnetic stimulation, and cognitive behavior therapy.
{80606326] In addition, a compound of the present disclosure can be used in combination with
vartous organ regeneration methods such as heart regeneration, kidney regeneration, pancreas
regeneration, and blood vessel regeneration, cell transplantation therapy utihizing bone marrow
cells (marrow mongocytes and marrow stem celis), or artificial organs utilizing tissue engineering
(for example, artificial blood vessels and myocardial cell sheets), each of which uses internal or
external cells {(including genetic modification).
[0066321] In some embodiments, combining Compound (1) with a combination drug vields may
enable one or more of the foliowing cutcomes:

(1) the dose can be reduced in comparison to cases in which Compound (I} or the
combination drug is administered alone;

{2} a drug to be used in combination with Compound (1) can be selected in accordance
with the symptoms {mild symptoms, severe symptoms, or the like) of the patient;

(3) a long treatment period can be established by sclecting a combination drug with a
ditferent mechanism of action than that of Compound (1);

{4} therapeutic effects can be maintained by selecting a combination drug with a different

mechanism of action than that of Compound (1), and
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(5) a synergistic effect can be achieved by using Compound (1) in combination with the

combination drug.

j800322) The use of Compound (1) and a combination drag in combination will be referred to
as the “combination ageunt of the present disclosure” hereinatter.

[6060323] When using the combination agent of the present disclosure, the admimstration
periods of Compound (I} and the combination drug are not mited, and Compound (JYor a
pharmaceutical composition thereof and the combination drug or a pharmaceutical composition
thereof may be administered to the subject simultaneously or at different times. The dose of the
combination drug need only conform to a dose that is used clinically and may be selected
appropriately based on the subject, the administration route, the disease, the combination, or the
fike.

[008324] The administration form of the combination agent of the present disclosure is not
Hmited as long as Compound (I) and the combination drug are combined at the time of
administration. Non-limiting examples of such adminisiration forms include: (1) administration
of a single preparation obtained by formulating Compound (1) and the combination drug
simuitaneousty; (2) simuitaneous administration of two types of preparations obtained by
separately formulating Compound (I} and the combination drug for the same administration
route; (3) administration of two types of preparations obtained by separaiely formulating
Compound (1) and the combination drug for the same administration route at different timesg; (4}
simultaneous administration of two types of preparaticns obtained by separately formulating
Compound (1) and the combination drug for different administration routes; and {5}
administration of two types of preparations obtained by separately formulating Compound (I)
and the combination drug for different administration routes at different times {for example,
administration in the order of Compound (I} followed by the combination drug, or
administration in the reverse order).

[660325] In some embodiments, the combination agent of the present disclosure has low
toxicity, and Compound (1) and/or the combination dmg described above can be mixed with at
teast one pharmaceutically acceptable carrier in accordance with a known method and safely
administered orally or non-orally (for example, via topical, rectal, or intfravenous administration)
as a pharmaceutical composition, for example, a tablet (for example, sugar-coated tablets and
film-coated tablets), a powdered drug, granules, a capsule (for example, soft capsules), & hiquid

preparation, an injection, a suppository, a sustained-release preparation, or the like. Ao injection
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can be administered by intravenous, intramuscular, subcutaneous or intraorgan administration or
administered directly into the lesion.

[000326] Non-limiting examples of pharmaceutically acceptable carriers that may be used in
the production of the combination agent of the present disclosure include those desceribed above.
{6606327] The blending ratio of Compound (I} and the combination drug in the combination
agent of the present disclosure can be selected appropriately based on the subject, the
administration route, the disease, and the like.

{800328] For example, although the content of Compound (I} in the combination agent of the
present disclosure differs depending on the form of the preparation, in some embodiments, the
content is around 0,01 to 100 wt. %, for example, around €.1 to 50 wit.%, for example, around 0.5
1o 20 wt.%% with respect 10 the entire preparation.

[0060329) Although the content of the combination drug in the combination agent of the present
disclosure varies based on the form of the preparation, in some embodiments, the content is
arocund 0.01 to 100 wit.%, for example, around 0.1 10 50 wt.%, for example, around 0.5 to 20

wit.% with respect to the entire preparation.

EXAMPLES
[600330] The present disclosure will be described in further detail hereinafier using examples,
test examples, and formulation examples. However, these examples, test examples, and
formulation examples do not limiat the present disclosure and may be modified without departing
from the scope of the present disclosure.
[600331] “Room temperature” in the examples below ordinanily refers to a temperature
between about 10 °C and about 35 °C. Unless specified otherwise, the ratio indicated in a mixed
solvent refers to the volume ratio. Additionally | unless specified otherwise, %% refers to wt. %,
{0606332] Unless specified otherwise, elution in column chromatography in the examples was
performed under observation by Thin Layer Chromatography (TLC). In TLC observations, 60
Fzs4 available from Merck was used as a TLC plate, and the solvent used as an eluting solvent in
column chromatography was used as a developing solvent. In addition, 3 UV detector was used
for detection. In silica gel column chromatography, an aminopropylsilane-bonded silica gel was
used when indicated as NH, and a 3-(2,3-dihvdroxypropoxy jpropylsiiane-bonded silica gel was
used when indicated as Diol. In preparative high-performance liguid chromatography (HPLC),
an octadecyl-bonded silica gel was used when indicated as C18. Unless specified otherwise, the

ratio indicated in an eluting solvent refers to the volume ratio.
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{660333] ADC/SpecManager software or the like was used for TH NMR analysis. Subtle
proton peaks of hyvdroxy! groups, amino groups, or the like may not be noted.

[000334] MBS was measured by LO/MS. An EST method or an APCI method was used as an
tonization method. Data indicates acinal measurements {found) Molecular ion peaks are
ordinarily observed, but data may also be observed as fragment 1ons. In the case of a salt, a
wolecular ion peak or fragment ion peak of the free form is observed.
[006335] The unit of sample concentration (¢} in the optical rotation ([afp) 15 g/100 mL.
[G04336] Elemental analysis values (Anal.) are indicaied as caleulated values (Caled) and
actual measurements {Found).
[806337] Peaks according to powder X-ray diffraction in the examples refer to peaks measured
at room temperature with ULtima IV (Rigaku Corporation, Japan) using CuKaraysas a
radiation source. The measurement conditions were as follows.

Electric pressurg/Electric current; 40 kV/30 mA

Scan speed: 6 degree/min

Scan range of 2 Theta: 2-35 degrees
j080338] 'the degree of crystallization according to powder X-ray diffraction in the examples
was calculated by Hermans method.
[660339] The following abbreviations are used in the examples below.

mp: melting point

MS: mass spectrum

M: molar concentration

N pormality

CDCls: heavy chlorotorm

DMSO-ds: heavy dimethylsuifoxide

DMSQO: dimethylsulfoxide

H NMR: proton nuclear magnetic resonance

LC/MS: liquid chromatography-mass spectrometry

ESI electrospray iomization

APCL atmospheric pressure chemical ionization

Pdx(dba)s: tris(dibenzylideneacetone)dipalladium(0)

TFA: mifluorcacetic acid

DIPEA: N-gthyl-N-isopropyipropane-2-anting

PdClz: palladiom{J1) chlionde

PdCl(dppt): dichloro(l, U -bis{diphenylphosphinoiferrocenepalladium
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PACh{dppf) - CHC L dichloro(l, 17 -bis{diphenyiphosphino)errocenepalladium
dichloromethane adduct
n-Buli: n-butyHithium
DMEF: N N-dimethylformamide
THF: tetrahydrofuran
DME: 1 2-dimethoxyvethane
EtOH: ethanol
AcOH: acetic acid
HMPA: hexamethyiphosphortriamide
NBS: I-bromopyrrolidine-2, 5-dione
XPhos: Z-dicyclohexylphosphino-2’,4° &’ ~triisopropyi-1,1 " -biphenyl
Xantphos: 4,5-bis{(diphenyiphosphine)-9,9-dimethylxanthene
RuPhos: dicyclohexyl(2’,6"-diisopropoxy-{ 1,1 -biphenyl}-2-yl)phosphine
SPhos: 2-dicyclohexyiphosphine-2",6"~-dimethoxy-1, U-biphenyl
dbbpy: 4 4" -di-tert-butyil-2,2’-bipyniding
IPE: ditsopropy! ether
BINAP: 2,27-bis{diphenylphosphino)-1,1 -binaphthyl

Example §

3-f(l-Eihyl-I H-pyrazofe-4-yDmethvi{-6 ~-(4-fluorophervi)-4 - (iriflucromeihy3-2H-{1,2 -
bipyridine [-2-one

A) Ethyl 1-ethyvi-1H-pyrazole-4-carboxylate

[00634¢] A mixture of potassium carbonate (197 g}, ethyl 1H-pyrazole-4-carboxylate (100 g},
ethyl iodide (122 g), and DMF (208 mL} was stirred overnight at room temperature. Water was
added to the mixture at room temperature, which was then extracted with ethyl acetate. After the
organic layer was separated and washed with water and a saturated saline solution, it was dried
with anhydrous magnesium sultate and concenirated under reduced pressure to obtain the title
compound (121 g}.

0003411 'H NMR (300 MHz, DMSO-de) § 1.26 (3H, t, I=7.2 Hz), 137 3H, t, I = 7.2 Hz),
412-427 (4H, dg, =115, 7.2 Hz), 7.84 (1H, s), 8.33 (1H, s}.

B) (1-Ethyl-1H-pyrazole-4-yljmethanol

{000342] A mixture of ethyl T-ethyl-1H-pyrazole-4-carboxylate (48.0 g} and THF (100 mL)

was dropped into a mixture of Hithium aluminum hydride (16.3 g) and THF (400 mL) at 0-10 °C|
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and the mixture was stirred for one hour at room temperature. After the mixture was diluted with
THF (150 mL} and cooled to O °C, sodium sulfate decahydrate (110 g} was added at 0-10 °C and
stirred for one hour at room temperature. The insoluble matter was filtered out, and the filtrate
was distiled out under reduced pressure to abtain the title compound (299 g},

[600343] 'H NMR (300 MHz, DMSO-do) § 1.33 (3H, ¢, J = 7.3 Hz), 4.07 (2H, g, ] = 7.2 Hz)
4372 (28, d,J =53 Hz), 477 (1H, £, J = 5.5 Hz), 7.32 (1H, 8), 7.59 (1H, ).

2

) 4-(Chloromethyl -1 -ethyl-1H-pyrazole hydrochloride

{800344] Thionyl chlornide (4.39 g) was added to a mixture of (I-¢thyi-1H-pyrazoie-4-
yvhmethano! {(2.33 g} and acetonitrile (20 mL) at room temperature, and the mixture was stirred
overnight at the same temperature. The mixture was concentrated to obtain the title compound
(3.23 g}).

[000345] 'H NMR (300 MHz, DMSO-de) 5 1.34 (3H, 1, T = 7.2 Hz), 4.10 (2H, g, J = 7.4 Hz),

4.69 (2H, s}, 7.50 (1H, ), 7.85 (1H, 5}, 1232 (1H, m).

3

D) 3-[{(1-Ethyl-1H-pyrazole-4-yhmethvl}-2-methoxypyridine

{006346] A mixture of 4-(chioromethyl}~1-ethyl-1H-pyrazole hydrochloride (2.87 g}, cesium
carbonate (20.7 g), PdCh{dppt) {2.32 g}, (Z-methoxvpyridine-3-yhboronic acid (3.15 g}, DME
{25 mL}, and water (2.5 mlL) was stirred for one hour at 110 °C 1n an argon atmosphere. The
mixture was diluted with water and extracted with ethyl acetate. After the organic layer was
separated and washed with water and a saturated saline solution, it was dried with anhydrous
sodium sulfate and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (NH, ethyl acetate/hoxane) to obtain the title compound (2.88 g).
[660347] MS: [M+H] 218.0.

E) 3-[(1-Ethyl-1H-pyrazole-4-ylymethyl }-pyridine-2{ 1 H})-one

{006348] Pyridine hydrochioride {1.61 g} was added to a DMF (3 mi) solution of 3-{{1-ethyl-
1H-pyrazole-4-yhmethyi]-2-methoxypyridine (302 myg). The mixture was stirred for 16 hours at
90 °C. After the mixture was concentrated under reduced pressure, the residue was purified by
HPLC (C1¥, mobile phase: water/acetonitrile (10 mM ammonium bicarbonate system}). The
resulting fraction was concenirated under reduced pressure (o obtlain the title compound (194
mg}.

10003491 MS: [M+H]' 204.0,

¥ 2-Chioro-6-{4-flucrophenyl}-4-(trifiuoromethylpyridine

{6603580] First, 4-(fluorophenyhiboronic acid (6.8 g}, potassium carbonate (19.2 g), water {50
mkb.}, bis(triphenyiphoshine)palladiem{d1) chloride {3.25 g}, and tri-o-triphosphine {1 41 g} were

Lt

added to a DMF (150 mL) solution of 2,6-dichioro-4-(trifluoromethyDpyridine (10 g}, and the

86

CA 03178798 2022-11-14



WO 2021/234451 PCT/1B2021/000337
mixture was stirred overnight at room temperature in an argon atmosphere. Water was added to
the mixture at room temperature, which was then extracted with ethy! acetate. After the organic
layer was separated and washed with water and a saturated saline solution, 1t was dried with
anhydrous sodium sulfate and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (hexane) to obtain the title compound (10.6 g).
[000351] MS: [M+H] 276.3.

Gy 3-[(1-Ethyl-1H-pyrazole-4-vhymethyl}-6" -(4-flucrophenyl}-4" -(trifluoromethyi}
~2H-{1,27-bipyridine}-2-one

{660352) A mixture of 2-chloro-6-(4-flucrophenyl}-4-(trifluoromethylipyridine {27.1 myg), 3-
[(-ethyi-1H-pyrazole-4-yDimethyllpvridine-2( 1 H}}-one (20 mg), cesium carbonate (96 mg),
Xantphos {11 .4 mg), Pdz(dba)s (9.01 mg), and toluene (0.5 mL} was stirred for three hours at
100 °C in an argon atmosphere. After the mixture was concentrated, the residue was purified by
stlica gel column chromatography (NH, ethyl acetate/hexane) to obtain the title compound (113
mg}.

[000353] 'H NMR (300 MHz, DMSO-de) 6 133 (3H, t, J = 7.3 Hz), 3.57-3.66 (2H, m), 4.02-
412 (2H, m), 6.40 (1H, t, J = 7.0 Hz), 7.30-7.43 (4H, m}), 7.57 {1H. s), 8.02Z (1H. dd, } = 7.0, 2.1
He), 818 (1FL s), 8.27-8.34 (2FL, m), B 42 (1H, s).

Example 3

3-fii-Labyi-I1 H-pyrazcle-d-yi)meithyij-6 ~{4-fhucrophenyi}-2-oxo-4 (2,2, 2-triffuoroethoxy}-2H-
1.2 -bipyridine -3 ~carbonitrile

A} 4-(Benzyloxy)-2,6-dichioropyridine-3-carbonitrile

[6060354] Benzyl alcohol (79 mg) was added to a BMF (1 mL) solution of sodium hydride
{60% content, 31.7 mg)} at O °C. The mixture was stirred for 10 minutes at 0 °C. A DMF (1 mL)
solution of 2.4 6-trichloropyridine-3-carbonitrite (137 mg) was added to the mixture at 0 °C.
The mixture was stirred for four hours at 0 °C. Water was added to the mixture at O °C, which
was then extracted with ethyl acetate. Afler the organic layer was separated and washed with
water and a saturated saline solution, it was dried with anhydrous sodium sulfate and
concentrated under reduced pressure. The residue was puritied by silica gel column
chromatography {ethyl acetate/hexane) to obtain the title compound (62.4 mg).

[000355] H NMR (300 MHz, CDCl:) 8 5.29 (ZHL §), 6.95 (1H. s}, 7.37-7.46 (5H. m).

B) 4-(Benzyvloxy)-2-chloro-6-(4-HuorophenyDpyridine-3-carbonitrile

[000356] After a mixture of 4-(benzyioxy}-2,0-dichloropyridine-3-carbonitrile (1.56 g), (4-
fluorophenyltboronic acid (0.938 g), PACh{dppt) (0.204 g), cesium carbonate (3 .28 g}, THF (20
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mb}, and water {20 mL) was stirred tor three hours at 80 °C in a nitrogen atmosphere, the
reaction solution was concentrated. Water was added to the resulting residue at room
temperature, which was then extracted with ethyl acetate. After the organic laver was separated
and washed with water and a saturated saline solution, it was dried with anhydrous sodium
sulfate and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography {ethyl acetate/hexane) to obtain the title compound (1.70g).

[000357] MS: [M+H] 339.0.

C} 4" ~(Benzyioxy}-3-[{(1-ethyl-1H-pyrazole-4-vlmethyl}-6~(fluorophenyl}-2-ox0-2H-{1,2°-
bipyridine]-3 -carbonitrile

{000358] A muxture of 4-(benzyloxy)-2-chloro-6-(4-fluorophenypyridine-3-carbonitrile (60.8
mg}, 3-[{1-ethyl-1H-pyrazole-4-ylmethylipyridine-2(1H)-one (36.5 mg}, Pda(dba)s (16.4 mg),
Xantphos (20.8 mg), cesium carbonate (175 my), and toluene (1.5 mL) was stirred for one hour
at 100 °C in a sealed tube in an argon atmosphere. The mixture was further irradiated with
microwaves for one hour at 100 °C. Water was added to the mixture at room temperature, which
was then extracted with ethyl acetate. After the organic layer was separated and washed with
water and a saturated saline solution, it was dried with anhydrous sodium sulfate and
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography {ethyl acetate/hexane} to obtain the title compound (34.3 mg}.

[000339] MS: [M+H] 5062

D) 3-[(1-Ethyl-1H-pyrazole-4-vhmethyl}-6"-{4-fluorophenyl}-4"-hydroxy-2-oxo-2H-[1,2’-
bipyridine]-3’~carbonitrile

[006368] A mixture of 4" -{(benzyloxy}-3-{(1-ethyl-1H-pyrazole-4-yymethyi}-6°-
(fluorophenyi)-2-oxo-2H-[ 1,27 -bipyridine}-3 -carbonitrile (34 3 mg), 10% palladium-carbon
{2.89 mg), THF (1 mL.), and methancl (0.5 mL) was stirred for two hours at room temperature in
a hydrogen atmosphere at normal pressure. The catalyst was filtered out, and the filtrate was
concentrated under reduced pressure to obtain the title compound (26.4 g}.

[060361] MS: [M+H] 416.1.

£y 3-[{ 1-Ethyl- 1 H-pyrazole-4-yl monethyl}-6’ -(4-fluorophenyl)-2-ox0-4" (2,2, 2-trifluorcethoxy 3-
ZH-{1,2 -bipyridine}-3 -carbonitrile

[66362] First, 2,2 2-trifluorcethy! trifluoromethanesulfonate (27.4 mg) was added to a
mixture of 3-[{I-cthyl-1H-pyrazole-4-yvlmethyl]-0" -{(4-fluorophenyl}-4" -{trifluoromethyl -4~
hydroxy-2-oxo-2H-{ 1.2 -pyridine}-3 ~carbonitrile {26 .4 mg), potassium carbonate (17.6 mg),
and DMF (1 mL} at room temperature. The mixture was stirred for one hour at 80 “C. Water was

added to the mixture at room temperature, which was then extracted with ethyl acefate. After the
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organic layer was separated and washed with water and a saturated saline solution, it was dried
with anhydrous sodium sulfate and concentrated under reduced pressure. The residue was
purified by HPLC {C18, mobile phase: water/acetonitrile (14 mM ammonium hicarbonate
system ). The resulting fraction was concentrated under reduced pressure to obtain the title
compound (9.3 mg).

[000363] 'H NMR (300 Mz, DMSO-ds) 8 133 (3F, {, J = 7.3 Hz), 3.60 (2, 8), 4.05 (2H, g,
J=73Hz), 537 (2H, q, 1 =87 Hz), 639 (1H, t, I = 6.8 Hz), 7.20.7.32 (1H, m), 7.36-7.47 3H,
m), 7.55-7.58 (1H, m), 7.75 (1M, dd, J = 6.9, 2.0 Hz), 8.09-8 13 (1H, m), 8.24-8.32 (2H, m).

Example”7

3-fri-Lihyi-i H-pyrazole-d-vlimethyl |-3 - fluoro-6 [ (2R-2-methyimorphofine-S-yij-4 -
{iriffucromethyl)-2H-{ {2 -bipyridine {-2-cne

A} 3-[(1-Ethyl-iH-pyrazole-4-vhymethyl}-3",6’ -diflucro-4 -(trifluoromethyi }-2H-{ 1,27~
bipyridine]-2-one

[060364] First, 3-((1-ethyl-1H-pyrazole-4-vymethylpyridine-2(1H)-one (657 mg) was added
to an N, N-dimethylacetamide (5 mL) solution of 2,3, 6-trifluoro-4-(trifluoromethyDpyridine (500
mg}) Sodium hydride (60% content, 20 mg) was added to the mixture portionwise while
maintaining a temperature of -20 °C or lower; the resulting mixture was heated to 0 °C and
stirred for one hour at 0 °C. After a saturated ammonium chloride aguecus solution was added to
the mixture, it was diluted with water and extracted with cthyl acetate. After the organic layer
was separated and washed with water and a saturated saline solution, it was dried with
anhydrous soditim suifate and concentrated under reduced pressure. The residue was purified by
silica gel colurmn chromatography {ethyl acetate/hexane) to obtain the title compound (373 mg).
[600365] MS: [M+H] 3851

B) 3-[(1-Ethyi-1H-pyrazole-4-ylimethyi}-3 ~fluoro-6"-[{(2R }-2~-methylmorpholine-4-y1 |47
(triflucromethyl)-2H-{1 2’ -bipyridine}-2-one

0003661 A nuxture of 3-{(1-ethyl-1H-pyrazole-4-yhinethyl}-37 6" ~difluore-4’ -
{iriflucromethy-2H-[ 1,2 -bipyridine}-2-one (100 mg), (ZR)-Z-methimorophohine hydrochloride
(39.4 my), cesium carbonate {93 myg), and DMSO {1 mL) was stirred for one hour at 104 °C.
The mixture was added to water and extracted with ethy! acetate. After the organic laver was
separated and washed with water and a saturated saline solution, it was dried with anhvdrous
sodium sulfate and concentrated under reduced pressure. After the residue was purified by silica
gel column chromatography {ethyl acetate/hexane), it was further purified by silica gel column
chromatography (NH, ethyl acetate/hexane) to obtain the title compound (119 mg).
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[600367] 'H NMR (300 MHz, CDCI3) & 1.24-1.28 (3H, m), 1.47 (3H, t, J = 7.3 Hz), 2.64 (1H,
dd, §=12.4,10.5 Hz), 3.00 (11, td, J = 12.3, 3.6 Hz), 3.56-3.79 (4H, m), 3.88-4.07 (3H, m),
4.09-4 17 (27, m), 6.22 (1H, 1, = 7.0 Hz), 6.82 (IH, 4, J =3.0 Hz), 7.17-7.24 (1H. m), 7.27-
741 3H, m).

Example 9

3-fii-dsbiyi-i H-pyrazole-d-ylmeithyif-1-{2-thioro-5-f (2R}~ 2-methvimorphaoline-4-y{ {-3-
(irifluoromethyl)phenyvpyvridine-2(1 H}-one

A} 5-Bromo-2-fluoro- I-nitro-3-(tritluoromethybenzene

{000368] A mixture of 2-fluore-L-nitro-3-(triftucromethyl}benzene (4. 90 g), NBS (5.01 g},
TFA (20 mL), and concentrated sulfuric acid (30 mL ) was stirred overnight at 60 °C. After the
mix{ure was added {o ice water, the mixture was added to water and extracied with ethy! acetate.
After the organic layer was separated and washed with a saturated sodium bicarbonate aqueous
solution and a saturated saline solution, it was dried with anhydrous sodium suifate and
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (ethyl acetate/hexane) to obtain the title compound (6.50 g).

1060369] 'H NMR (300 Mz, DMSO-do) 8 846 (1H, dd, =53, 2.3 Hz), 8.70 (1H, dd, J =
6.4, 2.3 Hz).

BY 2R)-4-[4-Fluoro-3-nitro-S-(triftuocromethylphenyl-2-meathvimorpholine

[666376] A mixture of S-bromo-2-fluore-1-nitro-3-(triflucromethylibenzene (1.00 g}, (2R)-2-
methylmorpholine hydrochioride (0.717 g}, Pd:(dba}s (0.318 g), sodium tert-butoxide {1.67 g),
XPhos (0.331 g}, and toluene (13 mL} was stirred for two hours at 110 °C under microwave
irradiation. After the mixture was diluted with ethyl acetate and washed with water and a
saturated saline solution, it was dried with anhydrous magnesium sulfate and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (NH, ethyi
acetate/hexane} to obtain the title compound (530 mg).

800371 MS: [M+H] 3091

) 2-Fluore-5-[{ZR}-2-methyimorpholine~-4-y{}-3-(rifluoromethylaniline

[666372] A mixture of (2R)-4-{4-fluoro-3-nitro-5-{trifluoromethyDphenyi}-2-
methvimorpholine (1.85 g), 10% palladium-carbon (0.319 g}, and EtOH (60 mL) was stirred for
two hours at room temperature in a hyvdrogen atmosphere at normal pressure. The catalyst was
filtered out, and the filtrate was concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (NH, ethy! acetate/hexane) to obtain the title compound

(1.67 g).
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1000373] MS: [M+H] 2792,
D) CR)-4-[4-Fluoro-3-nitro-5-(ritfluoromethvl)phenyl |- Z-methylmorpholine
[000374] Concentrated sulfuric acid {15 mL) and water (15 mL) were added to a mixture of 2-
fluore-5-[(2R)-2-methylmorpholine-4-y1-3-{irifluoromethyhianiline (3 1 g} and water {50 mL).
A water (10 mL) solution of sodium nitrite (1.32 g} was dropped into the mixture at 0 °C. After
the mixture was stirred for one hour at 0 °C, a water (10 mL) solution of potassium iodide (6.36
g} was dropped into the mixture at 0 °C.
{000375] The mixture was heated to room temperature and stirred overnight at room
temperature. The mixture was extracted with ethyl acetate. After the organic layer was separated
and washed with a saturated sodium sulfite agueous sclution, it was dried with anhydrous
sodium sulfate and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (NH, ethyl acetate/hexane) to obtain the title compound (2.37 g).
{060376] MS: [MAH] 390.0.
E) 3-[{1-Ethyl- 1H-pyrazole-4-yDimethyl}- 1 -{ 2-fluoro-5-[(2R)-2-methylmorpholine-4-y1]-3-
(triflucromethyDphenyl j pyridine-2{ 1 H}-one
j8086377] A mexture of 3i(1-ethyl-1H-pyrazcole-4-vhmethyl jpyndine-2{1H}-one {102 mg)},
(2R y-4-{4-fluore-3-iodo-4-(trifluoromethylphenyi]-2Z-methyimorpholine (292 mg), copper{(l}
todide {28.6 mg), quinoline-8-ol {21.8 mg)}, cesium carbonate {326 mg), and DMS50 (4 mL) was
heated for three hours at 120 °C under microwave irradiation. Ethy! acetate and water were
added to the mixture, and after the organic layer was separated, it was dried with anhydrous
sodivm sulfate and concentrated under reduced pressure. The residue was purified by silica gel
column chromaiography (NH, ethyl acetaie/bexane) to obtaiu the title compound (4.5 mg).
[600378]
1660379] 'H NMR (300 MHz, CDC1) 8 125 (3H, d, =60 Hz), 147 (3H. . =73 Hz}, 2.53
(1H, dd, §= 115, 10.4 Hz), 2.88 (11, td, J = 11.7, 3.8 Hz), 3.31-3.44 (2H. m). 3.67-3.82 (41, m),
3.97-4.06 (1H, m), 4.13 {2H, q, I = 7.2 Hz), 6.20 (1F, (, I = 7.0 Hz), 7.01 (1H. dd, 7= 5.7, 3.0
Hz), 7.09-7.17 (2H, m), 7.21 (1H, dt, } = 6.8, 0.9 Hz), 7.34 (1H, 5), 7.39 (1H, s),

Example 240

1-{3-Cyclopropyi-2-fluoro-3-{(2R)-2-methyimorpholine-4-yljphenyi}-3-f (1 -ethvi- 1 H-pyrazole -
dvlmethyl[pyridine-2(1H)-one

A) Ethyl L-ethyl-1H-pyrazole-4-carboxylate

{80G386] A mixture of potassium carbonate (197 g), ethyl 1H-pyrazole-4-carboxyiate (100 g),

ethyi todide (122 g}, and DMF (200 mL) was stirred overnight at room temperature. The mixture

O
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was added to water at room temperature and exiracted with ethyl acetate. After the organic layer
was separated and washed with water and a saturated saline solution, 1t was dried with
anhydrous magnesium sulfate and concentrated under reduced pressure to obtain the title
compound {121 g).
[600381] 'H NMR (300 MHz, DMSO-do) § 1.26 (3HL t, I = 7.2 Hz), 1.37 (3H. t, I = 7.2 Hz),
4.12-4.27 (4H, m), 7.84 {1H, ), 8.33 (1H, s).
B} (1-Ethyl-1H-pyrarole-4-ylymethanol
{000382] A mixture of ethyl 1-ethyl-1H-pyrazole-4~carboxylate (48.0 g) and THEF (100 mL)
was dropped into a mixture of lithium aluminum hydride (16.3 g} and THF (400 mL) at 0-190 °C,
and the mixture was stirred for one hour at room temperature. After the mixture was dituted with
THF (130 mL) and cooled to O °C, sodium sulfate decahydrate (110 g} was added at 0-10 °C and
stirred for one hour at room temperature. The insoluble matter was filtered out, and the filtrate
was distilied out under reduced pressure to obtain the title compound (29.9 g}
[060383] H NMR (300 MHz, DMSO-ds) 8 1.33 (3H, t. J = 7.3 Hz). 4.07 (2H, g, I = 7.2 Hz),
4372 (2H, d,J =53 Hz), 477 (IH, £, J = 5.5 Hz), 7.32 (1H, 8), 7.59 (1H, 3).
) 4-(Chloromethyl-1-ethyi-1H-pyrazole hydrochloride
[6066384] Thionyl chlonide (4.39 g) was added to a mixture of {1-ethyl-1H-pyrazole-4-
yvhmethanol (2.33 g} and acetonitrile (20 mL) at room temperature, and the mixture was stirred
overnight at the same temperature. The mixture was concentrated to obtain the title compound
(3.23 g).
[000385]  'H NMR (300 MHz, DMSO-de) 8 134 3H, , I =72 Hz), 410 2H, q, J = 7.4 Hz),
4.69 (2H, s), 7.50 (1H, ), 7.85 (1H, 5), 12.32 (1H, m).
D) 3-[(1-Ethyl-1H-pyrazole-4-yhmethyl}-2-methoxypyridine
[006386] A mixture of 4-(chioromethyl}-1-ethyl-1H-pyrazole hydrochloride (2.87 g), cesium
carbonate (20.7 g3, PACh{(dpph) (2.32 ), (Z-methoxypyridine-3-yhboronic acid (3.15 g), DME
(25 ml}, and water (2.5 mL) was stirred for ong hour at 110°C in an argon atmosphere. The
mixture was diluted with water and extracted with ethyl acetate. After the organic laver was
separated and washed with water and a saturated saline solution, it was dried with anhydrous
sedium sulfate and concentrated under reduced pressure. 'Fhe residue was purified by silica gel
column chromatography (NH, ethy! acetate/hexane) to obiain the title compound (2.88 g).
{000387] MS: [M+H] 218.0.
B 3-[{(1-Ethyl- 1 H-pyrazole-4-yDmethyl]-pyridine-2{ 1 H}-one
{060388] Pyridine hydrochloride {(1.61 g} was added to a DMF (3 mL)} solution of 3-{(1-ethyl-

tH-pyrazole-4-yDmethyi}-2-methoxypyridine. The mixture was stitred for 16 hours at 90 °C.
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After the mixture was concentrated under reduced pressure, the residue was purnified by HPLC
{C18, mobile phase: water/acetoniirile (10 mM ammonium bicarbonate system}). The resulting
fraction was concentrated under reduced pressure to obtfain the fitle compound (194 mg).
[GGO388] MS: [M+H]+ 204.0.

) 2-Bromo- i -fluore-4-iodobenzene

[806039¢] A water (20 mL)} solution of sodium nitrite (2.00 g) was slowly added to a mixture of
3-bromo-4-flyoroantline (5 ¢) and concentrated hydrochloric acid (165 mbL}y at 0 °C. After the
mixture was stirred for 30 minutes at 0°C, a water (20 mL) solution of potassium iodide (13.1 ¢)
was added at O °C and stirred for three hours at room temperature. Water was added to the
mixture and extracted with ethyl acetate. After the organic layver was separated, it was washed
with a saturated saline solution, dried with anhydrous sodium sulfate, and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (ethyi
acetate/hexane) to obtain the title compound (6.90 g}

{600391] 'H NMR (300 MHz, DMSO-ds) 6 721 (1H, t, J =88 Hz), 7.77 (15, ddd, ] = 8.7, 4.7,
2.1 Hz), 8.02-8.13 (1, m).

) (2R)-4-(3-Bromo-4-fluorophenyl }-2-methvimorpholine

[B66392] A mixture of 2-bromo-1-fluoro~4-iodobenzene (1 g), (2R)-2-methylmorpholine
hydrochloride (0.457 g), palladium(ll) acetate {(0.0750 g}, BINAP (0.207 g), cesium carbonate
{3.25 g}, and toluene (30 mL} was stirred for one hour at 120 °C. The mixture was filiered using
Celite®, and the filtrate was concentrated under reduced pressure The residue was purified by
stlica gel column chromatography (ethyl acetate/hexane) to obtain the title compound (0.56 g).
[066393] MS: [M+H] 274.1.

H) (2R)-4-(3-Cyclopropyl-4-tluorophenyl}-2Z-methylmorpholine

1800394] Pda(dba): (84 mg) was added to a mixture of CR-4-G-bromo-4-flugrophenyl}-2-
methylmorpholine (2530 mg), cvclopropylboronic acid (157 my), SPhos (74.9 myg), sodium
carbonate {193 mg), and BME (1 mL} at room temperature in an argon atmosphere. The mixture
was stirred for one hour at 120 °C in a sealed tube under an argon atmosphere. The mixture was
purified by silica gel columuo chromatography (NH, ethyl acetate/hexane) to obtain the tide
compound {177 mg}.

1000395] MS: [M+H] 236.2.

1y CR)-4-[3-Cyclopropyl-4-fluoro-5-(4,4,5, 5-tetramethyl- 1,3 2-dioxaborolane
-2-yhphenyl-2-methyimorpholine

[860396] A mxture of (2R}-4-(G-cyclopropyi-d-tluorophenyl)-2-methylmorpholine (343 mg),

444 4 555 5 -octamethyl-2 2’ -dioxaborolane (407 mg), di-p-methoxohis{1,5-
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cyclooctadiene)durndium(l) (19.3 mg), dbbpy (15.7 mg), and 2-methoxy-2-methylpropane (3
mi} was heated for one hour at 80 °C under microwave irradiation. The mixture was filtered
using Celite®, and the filtrate was distitled out under reduced pressure to obtain the fitle
compound (527 mg).

[600397] MS: [M+H]" 362.3.

I 1-43-Cyclopropyl-2-fluoro-5-[{ZR - 2-methylmorpholine-4-yl jphenyl }-3-[ (1 -ethyl- 1H-
pyrazole-4-yhymethylipyridine-2(1H}-one

{600398] A mixture of (ZR)-4-{3~cyclopropyl-4-fluore-5-(4,4,5, S-tetramethyi-1,3,2~
dioxaborolane-2-yphenyl}-Z-methylmorpholine (711 mg), 3-[{i-ethyl-1H-pyrazole-4-
yhmethylpyridine-2(1H}-one (200 mg), copper(Il} acetate (357 mg), pyridine (311 mg), and
acetonitrile (10 mL} was stirred for 12 hours at 40 °C and then for 10 hours at 60 °C. Next, (2R}~
4-[3-cyclopropyl-4-fluoro-5-(4.4,5,5-tetramethyl-1,3,2-dioxaborolane-2-y phenyli-2-
methvimorpholing (527 mg) was added o the mixture, and the mixture was stirred tor 13 bours
at 60 °C. The mixture was filtered using Celite®, and the filtrate was concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (NH, ethyl
acetate/hexane). The resulting fraction was concentrated under reduced pressure, and the
resulting residue was crystallized from ethyl acetate/hexane to obtain the title compound (131
mg).

{608399] H NMR (300 MHz, DMSO-ds) 6 0.75-0.88 (2, m), 0.92-1.03 (2¥, m), 1.12(3¥, d,
IJ=60Hz) 1330GH tI1=73Hz 198207 H m) 226(1H ¢ I=113Hz), 2 53-264 (IH,
m), 3.47 (1FL brd, J= 11.3 Hz), 3.52-3.63 (5H, m), 3.87 (11, dd, T = 11.3, 2.3 Hz), 4.06 (3H, q,
J=74H), 024 (1H, 1, J =68 Hz), 634 (IH, dd, =38, 28 Hz), 6.74 (1H, dd, ] = 6.0, 3.0 Hay,
7.22-7.29 (2H, m), 747 (1H, dd, 1 = 6.8, 1.9 Hz), 7.54 (1H, ).

Example 23
1-{3-Bromo-2-fluoro-5-floxane-d-viloxy [phenyi}-3-f (1 -ethyi- | H-pyvrazole-d-yDmetiyi foyridine-
20 H j-ome

A} 4-{3-Bromo-~4-fluorophenoxy Hetrahydro-2H-pyran

[660400] After ethyl azodicarboxylate (5.74 ml)y was dropped into a mixture of tetrahydro-2H-
pyran-4-ol (1.07 g}, 4-fluoro-3-(iriflucromethyliphenol {2 g), triphenyiphosphine {3.30 g}, and
THF (20 mL) at room temperature, the mixture was stirred overnight. After the mixture was
concentrated under reduced pressure, the residue was purified by silica gel column
chromatography (ethyl acetate/hexane) to obtain the title compound (2.3 g}

A
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1660401) 'H NMR (300 MHz, DMSO-de) & 1.55 (2H, dtd, } = 13.3,9.0, 4.1 Hz}, 1.89-1.97 (2H,
m) 346 2ZH, ddd, J= 119,94, 28 Hz), 383 QH, dt, I =117, 45 He), 457 (1H, 11, I = 8.6, 4.2
Hz), 6.99-706 {1H, m), 7.23-7 38 {ZH, m}.

B) 1-{3-Bromo-2-fluore-53-{{oxane-4-yaxyphenyl } -3-[{ T -ethyl-1H-pyrazole-4-
yvhmethyljpyridine-2(1Hj-one

[860482] Di-p-methoxobis(l,5-cyclooctadiene)diiridium(T} {185 mg) was added to a degassed
THF (2 mL) solution ot 4,4 4" 4° 5 5 57 5 .octamethyl-2, 2°-bi(1,3 2-dioxaborolane) (9 64 mg) at
room temperature in an argon atmosphere. Next, dbbpy (7.8 rmug) was added to the mixture at
room temperature in an argon atmosphere. A mixiure of 4-(3-bromo-4-

fluorophenoxy Metrahydro-2H-pyran (200 mg) and THF (1 mL) was added to the mixture at
room temperature in an argon atmosphers, and the mixture was stirred for three hours at 40 °C in
an argon atmosphere. The mixture was concentrated under reduced pressure. A mixture of the
resulting residue (292 mg), 3-[(1-ethyi-1H-pyrazole-4-yhmethyl jpyridine-2{1H)-ong (59.2 mg),
copper(Il} acetate (79 mg), pyridine {8.047 ml), and acetonitrile {3 mL) was stirred for 12 hours
at 80 °C. After the mixture was concentrated under reduced pressure, the residue was purified by
silica gel column chromatography (ethvl acetate/hexane) to obtain the title compound (5.60 mg).
[000403] 1 NMR {300 MIiz, DMSO-ds) & 1.33 B3I 1, 1 = 7.3 Hz), 1.50-1.62 (211, m), 1 89-
1.98 (211, m), 3.38-3.56 (411, m), 3.84 (214, dt, I = 11.6, 4.2 {Iz), 4.02-4.10 (21, m}, 4 .64 (111, dt,
J=88 46H2), 628 (0H, 1, =68 He), 7T15-T32 3H, m), 746 (1H, dd, I =53, 3.0 Hz), 7.52-
7.56 (2H, m).

Example 27

3-fi-Fihyvl-1 H-pyrazole-4-vlmethyli-i-{2-fluoro-5-f (2R)-2-methyimorpholine-4-v{{-3-
(propane-2-yDphenvi)pyridine-2¢ H)-one

A) 2-Flooro-5-{{2ZR)-Z-methylmorpholine-4-yl jphenol

{000404] A mixture of S-brome-2-flucrophencl {5.00 g), (2R }-2-methylmorpholine
hydrochloride (5.40 g), palladivin(Ily acetate (0.588 g), BINAP (1.63 g), sodium tert-butoxide
{10.1 g}, and toluene {250 mL.} was stirred for four hours at 120 °C in a nitrogen atmosphere.
The mixture was filtered using Celite®, and the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (ethyl acetate/hexane) to obtain
the title compound (1.1¢ o).

1000405] MS: [M+H] 212.1
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B 2-Fluoro-3-H{ZR}-2-methyimorpholine-4-yliphenyl trifluoromethanesulfonate
[860486] A toluene (4 mbL) solution of trifluoromethanesulfonic acid anhydride (1.12 mL} was
dropped into a mixture of 2-fluoro-5-[{2R }-2-methyimorpholine-4-yvliphenol {1 08 g) and
pyridine (8 mL) at 0 °C over the course of § minutes. After the mixture was heated to room
temperature and stirred overnight at the same temperatore, it was concentrated under reduced
pressure. The residue was purified by silica gel column chromatography {ethyl acetate/hexane)
1o obtain the title compound (1 30 g}
[000407] MS: [M+H]" 344.0.
Cy CRy-4-{4-Fluoro-3-(prop-1-ene-2-viphenyl}-2-methyimorpholine
[B0604088] A mbxture of 2-fluore-5-{{ZR}-2-methylmorpholine-d-yiiphenyl
triflucromethanesulfonate {1.00 g}, 4,4,3,5-tetramethyl-2-(prop-1-ene-2-yi)-1,3 2-dioxabrolane
{0.979 g), PACL{dpptyrCH2CL (0.238 g}, sodium carbonate {0,617 ), DME (10 mL)}, and water
(3 mL) was stirred for 12 hours at 120 °C in a nitrogen atmosphere. Water was added to the
mixture and extracted with ethyl acetate. The organic layer was separated, dried with anhydrous
magnesium sulfate, and concentrated under reduced pressure. The residue was purified by silica
gel column chromatography {ethyl acetate/hexane) to obtain the title compound (0.145 ¢},
[060409] MS: [MHT] 236.1.
Dy (2R)y-4-[4-Fluoro-3-{(propane-2-ylphenyl -2-methylmorpholine
{B004316] A mixture of ZR}-4-{4-fluore-3-(prop-1-ene-2-yDiphenyl}-Z-methyvimorpholine (145
mg}, 10% palladium-carbon (30 mg), and EtOH (8 mL} was stirred for four hours at room
temperature in a hydrogen atmosphere. The catalyst was filtered out, and the filtrate was
concentrated under reduced pressure to obtain the title compound (144 mg}.
{000411] MS: [MHH] 2382
E) 3-{(1-Ethyl-1H-pyrazole-4-yDmethyl -1 -{ 2-fluore-5-{(ZR}-2-methylmorpholine-4-y1}-3-
{propane-2-yliphenyl tpyridine-2{1H}-one
{000412] A mixture of (2R)-4-{4-fluoro-3-(propane-2-yiphenyi}-2-methylmorpholine (144

2

migy 4,4.47,4°.5.5,57 5 -octamethyl-2.27-bi- 1,3, 2-dioxaborolane (169 myg), di-p-methoxobis(1,5-
cyclooctadieneydiiridium(d) (8.04 mg), dbbpy (6.51 mg}, and 2-methoxy-2-methylpropane {2
ml} was trradiated with microwaves for one hour at 80 °C. The mixture was filtered using
Celite®, and the filtrate was concentrated under reduced pressure. Acetonitrile (2 ml) was
added to the resulting residue {(solution A). A mixture of solution A {1 mL)}, 3-[{i-ethvl-1H-
pyrazole-d-yDmethyllpyridine-2{1H)-one (62 .0 mg), copper(1) acetate {111 mg), and pyridine
{97.0 mg) was stirred for 12 hours at 60 °C. Sclution A (1 mL) was further added to the mixture

and stured for 12 more hours at 60 °C. The mixture was filiered, and the filtrate was
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concentrated under reduced pressure. After the residue was purified by silica gel column
chromatography (NH, ethyl acetate/hexane), it was further purified by silica gel column
chromatography (ethyl acetate/hexane) to obtain the title compound {19.0 rag).

{G00413]  H NMR (400 Mz, CDCI: § 1.22-1.25 (3H, m). 128 (6H, 4, § = 7.0 Hz), 1.47 (3H,
t J=73Hz), 248 (1H, t, ] = 10.9 Hz), 2.78-2.86 (1H, m), 3.21-3.39, (3H, m}, 3.69-3.81 (45,
m}, 3.95-4.03 (1F, m), 4. 13 (2H, . = 7.3 He), 6.16 (13, = 6.8 Hz), 6.66 (1F, dd, J = 5.6
2.9 Hz), 6.85 (1H, dd, 1 =53, 20 Hz), 717 (2H, bre, 1 =81 Hz), 7.35 (1H, 5), 7.40 (1H, )

Example 31

[-{3-Cyclopropyl-5-f(2K-2-methyimorpholine-4-yi [phenyvi}-3-{( I -eihyl- [ H-pyrozole-4-
yhmethyl [-6-fluoropyridine-2¢{ Fj-one

A)Y 3-[(1-Ethyl-1H-pyrazole-4-yhmethyl -o-{luoro-Z-methoxypyridine

[000414] A sodium methoxide/methanol solution (28% content, 3.2 g) was added to a mixture
of 2,6-diflucro-3-iodopyridine (4.0 g) and methanol (40 mL) at 0 °C. The mixture was stisred for
12 hours at room temperature and concentrated under reduced pressure. The residue was
purified by silica gel columuo chromatography (ethyl acetate/hexane) to obtain a mixture of 6-
fluoro-3-iodo-2-methoxypyridine and 2-fluoro-3-iodo-6-methoxypyridine (4.0 g). A mbxture of
the resulting mixture (4.0 g}, 4,4,47.4°,3,5,5, 8 -octamethyl-2,2°-bi-1,3,2-dioxaborolane (6.0 g,
PACL{dppfrCH2Clz (0.65 g), potassium acetate (4.65 g}, and DME (80 mbL} was stirred for 36
hours at 100 °C. The mixture was filtered using Celite®, and the filtrate was concentrated under
reduced pressure to obtain a mixture of 6-fluore-2-methoxy-3-(4 4,5 S-teiramethyi-1,3,2-
dioxaborolane-2-ypyridine and 2-flucro-6-methoxy-3-(4,4,5,5-tetramethyl-1,3.2-
dioxaborolane-2-ylipyridine. A mixture of the resulting mixture, 4-{chloromethyl)-1-ethyl-1H-
pyrazole hydrochloride (4.3 g), PdCh{dppHrCHCl (1.3 g), cesium carbonate {257 g), DME
{70 mL), and water (15 mL) was stirred for four hours at 90 °C in a nitrogen atmosphere. Water
was added to the mixture, and the resulting mixiure was extracted with ethyl acetate. The
organic layer was separated, dried with anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (NH, ethyl
acetate/hexaneg) 1o obtain a mixture of the title compound and 3-{{1-ethyl-1H-pyrazole-4-
yhmethyl}-2-fluoro-6-methoxypyridine (2.3 g).

600415] MS: [M+H] 236.1.

By 3-[(1-Ethyvl-1H-pyrazole-4-yi methyl}-0-fluoropyridine-2{ 1 H}-one
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j060416] A mpdure of the mixture of 3-[{1-ethyl-1H-pyrazole-4-yhmethyl}-6-fluoro-2-
methoxypyridine and 3-[ (1 ~ethyi-1H-pyrazole-4-vDmethyl |-2-fluoro-6-methoxypyridine
obtained in step A (1.0 g}, trimethyisilylichlioride (2 31 g), sodium iodide {0.64 g), and
acetoniirile (15 mlL) was irradiated with microwaves for four hours at 180 °C. Water was added
to the mixture, which was then extracted with ethyl acetate. The organic layer was separated,
dried with anhydrous magnesium sulfate, and concentrated under reduced pressure. The residue
wag purified by silica gel column chromatography {ethyl acetate/hexane} to obtain a mixture of
the title compound and 3-[{ l-ethyl- 1 H-pyrazole-d-yimethyl -6-flucropyridine-2(1H)-one {0.25
8004171 MS: [M+H] 2221
C) (2R)-4-(3-Chiorophenyl}-2-methyimorpholine
[000418] A nuxture of 1-chloro-3-iodobenzene (5 g), (ZR)-2-methvimoerpholine hydrochloride
(3.2 g}, palladium(Il) acetate (0.47 g}, BINAP (1.3 g), sodium teri-butoxide (8.1 g), and toluene
{250 mL) was stirred for four hours at 120 °C in a nitrogen atmosphere. The mixture as filtered
using celite, and the filtrate was concentrated under reduced pressure. The residue was purified
by silica gel column chromatography {ethyl acetate/hexane) to obtain the title compound (1.8 g).
{800419] MS: [MAH] 2121
Dy (ZR}3-4-(3-Cyclopropyipheny! 3-2-methylmorpholine
{6060426] A mpaure of (ZR)-4-(3-chlorophenyi)-2Z-methylmorpholine (1.80 g),
cyclopropylboronic actd (2 19 g}, palladium(d1) acetate (0.19 g), a
tricyclohexylphosphine/toluene solution (20% content, 2.98 g), tripotassium phosphate (8. 1 g),
toluene {75 mL}, and water (15 ml) was stirred for 12 bours at 120 °C in a nitrogen atmosphere.
The mixture was filtered, and the filtrate was concentrated under reduced pressure. After the
residue was purified by silica gel column chromatography (ethyl acetate/hexaneg), it was further
purified by HPLC (C18, mobile phase: water/acetonitrile (16 mM ammonium bicarbonate
system ). The resulting fraction was concentrated under reduced pressure to obtain the title
compound {0.83 g).

[000421] MS: [M+H] 2182,

£} 1-13-Cyclopropyl-5-[{ZR-2-methyimorpholine-4-yijphenyl } -3-[( 1 -ethyvi-1H-pyrazole-4-
yhmethyl}-6-fluoropyridine-2{1H}-one

{000422) A mixture of (ZR}4-(3-cyclopropyiphenyl)-2-methyimorpholine (0.83 g},
4.4.4°.47,5,5,5 5 ~octamethyl-2,2 -dioxaborolane {1.07 g), di-u-methoxobis{(1,5-
cyclooctadiene)diiridium(1} (50.6 mg}, dbbpy {(41.0 mg}, and 2-methoxy-2-methylpropane (12

ml} was heated for one hour at 80 °C under microwave jrradiation. Next, 4,4,4°,4°,5.55°,5"-
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octamethyl-2,27-bi1-1,3 2-dioxaborolane (0.5 g), di-p-methoxobis(1,5-
cyclooctadiene)diiridium{1} (50.6 mg)}, and dbbpyv (41.0 mg) were added to the mixture and
stirred for 12 hours at 40 °C 10 a nitrogen atmosphere. The mixture was filtered using Celite®,
and the filtrate was concenirated under reduced pressure. Copper (I1) acetate (0.52 g) was added
to a mixture of the resulting residue, the nmuxture of 3-[(1-cthyl-1H-pyrazole-4-yhmethyl]-6-
fluoropyridine-2{1Hrone and 5-[(} -ethyl-1H-pyrazole-d-yimethyl-6-fluoropyridine-2{ 1 H}-one
(0.21 g}, pyridine (0.31 mL), and acetonitrile (2 mi) at room temperature. After the mivture was
stirred for 48 hours at 40 °C, it was stirred for 72 hours at room temperature. The mixture was
filtered, and the filtrate was concentrated under reduced pressure. After the residue was purified
by sitica gel column chromatography (ethyl acetate/hexane), it was purified by HPLC (C18,
mobile phase: water/acetonitrile (0.1% TFA-containing svstem)). The resulting fraction was
concentrated under reduced pressure to obtain the title compound (4.8 mg).

10600423]  "H NMR (300 MHz, CDC13) § 0.70-0.73 (2H, m), 0.92-098 (2H, m), 1 .23 (3H, d, J =
6.24 He), 1.47 (3H, t, 7= 7.2 Hz), 1.84-1.93 (1F, m), 2.52 (1FL t, J = 10.9 Hz), 2.86 (1H, 4, T =
(1.9, 3.4 Hez), 3.42 (2H, brt, J = 12.8 Hz), 3.66 (ZH, s), 3.08-3 80 (2H, m}, 3.93-4.03 (1H, m),
4.08-4 18 (2H, m), 582 {I1H, dd, J =77, 43 Hz), 642-645{1H m}, 6.53 (I1H, 1, 1=21Hz},
6.70-6.73 (1H, m), 718 (1YL, dd, F = 8.5, 7.7 Hz), 735 (1H, s}, 739 (1H, s).

[060424] The compounds of the examples are shown in Table 1. In Table 1, MK represents
actual measurements. The compounds of Table 1 were produced in accordance with the methods

described in the examples above or similar methods
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Table

Example
No. FUPAC Name Structure Salt RS

3-[(1-cthyl-1H-pyrazol-4-
yhimethyl]-6'-(4-fluorophenyl}-
4 -{rrifluoromethyl}-2H-{1,2'-
bipyridin}-2-one

3-[(1-ethyl-1H-pyrazol-4-

yhmethyl -6 -(4-Huorophenyl -
2-oxo-4'-(trifluoromethyi)-2H-
[1,2-bipyridine}-3'-carbonitrile

1)

468.2

3-[(1-cthyl-1H-pyrazol-4-
yhmethyl}-6'-{4-flucrophenyl}-
3 2-ox0-4'-(2.2,2-
trifluoroethoxy3-2H-[1,2'-
bipyridine}-3'-carbonitrile

495.1

4'-{2 2-difluoroethoxy }-3-{(1-
ethyl- 1H-pyrazol-4-ymethvi]-
6'-{4-fluorophenyl}-2-oxo-2H-
[1,2'-bipyridine]-3’-carbonitrile

3-[(1-ethyl-1H-pyrazol-4-
yDimethyl -6 -{4-flucrophenyl}-
5 6-methyl-2-0x0-4'-
(triﬂuommuhvl) 2H-[1,2'-
bipyridine}-3'~carbonitrile

4'-{difluoromethyl}-3-[(1-ethyi-
iH-pvrazol-4-yiymethyl-6'-(4-

tfluorophenyl }-2-oxo-2H-{1,2'-

bipyridine}-3'-carbonitrile

G

3-[(1-ethyl-1H-pyrazol-4- P
yhimethyl-3'-fluore-6-[(2R}-2- WL
methylmorpholin-4-yi}- /i’
{trifluoromethy3-2H-{1,2
bipyridin}-2-one

~d

466.2
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Exampie
Neo.

FUPAC Name

Salt

M5

3-[(1-ethyl-iH-pyrazol-4-
vimethyl]-5"-methyl-6'-[{2ZR)-
2~-methylmorpholin-4-y1}-4'-
{tnfluoromethyl}-2H-[1 2'-
bipyridin}-2-one

Structare

4622

3-[(1-ethyl-1H-pyrazol-4-
yvhmethyl]-1-{2-fluore-3-[(2ZR -
2-methylmorpholin-4-y1}-3-
(trifluoromethyDphenyl pyridi
n-Z2{1H}-one

465.2

6'-f2-
{difluoromethyDmorpholin-4-
yi}-3-[{1-ethyl-1H-pyrazol-4-
yhmethyli-3'-fluoro-4'-
(trifluoromethy}-2H-[1,2'-
bipyridin}-2-one

502.2

11

3-[(1-cthyl-1H-pyrazol-4-
yhmethyl}-3'-fluorg-4-methyl-
6'-{(2R})-Z-methylmorpholin-4-
ylii-d'-{influoromethyi-2H-
[1,2'-bipyridin}-2-one

4799

3-[(1-ethyl-1H-pyrazol-4-
viymethyl]-3'-fluoro-5-methyl-
6'-[{2ZR}-2-methylmorpholin-4-
vii-4'-(trifluoromethyi}-2H-
[1,2bipyridin]-2-one

480.2

6'-{2-
{difluoromethymorpholin-4-
vi]-3-{(1-ethyl-1H-pyrazol-4-
yDmethyli-3'-fluoro-4'-
{trifluoromethyl}-2H-[1,2'-
bipyridin}-2-one

{optical isoruers)

301.9

14

&'-[2-
(diflucromethylhymorpholin-4-
vi}-3-[{1-ethyi-1H-pyrazol-4-
vhmethyl}-3'-fluoro-4'-
(trifluoromethyl)-2H-{1,2'-
bipyridin}-2-one

{optical isomers)

S01.9
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Exampie

Nao. FUPALC Name Structare Saltg MS

3-[(1-ethyl-1H-pyrazol-4-
. yDmethyl}-3'-fluorg-6'-[{oxan-~
4-yvDoxy -4 -(trifluoromethyl)-
2H-[1,2-bipyridin}-2-one

4671

3-[(1-ethyl-1H-pyrazol-4-
yDmethyl}- 1-[4-{{(1-

16 fluorocyclobutyDimethyl jamino
p-O-(trifluoromethylypyrimidin-
2-yHpyridin-2(1 H}-one

1-[4-{](3,3-
difluorocyclobutyDmethyljami
no-G-
{trifluoromethylipyriroidin-2-
vii-3-[{1-¢cthyl-1H-pyrazol-4-
yDmethyllpyndin-2{1H)-cne

4690

P-[4-{{(3.3- FLF
difluorocyclobutyl imethylj(met f
hylyamino}-6-
(triftuoromethypyrimidin-2-
yii-3-[(l-ethyl-1H-pyrazol-4-
yhmethylipyridin-2{1H}-one

18

3-{(V-ethyvi-1H-pyrazol-4-
vhmethyl}-1-[4-{[{1-
fluorocyclobutyh methyi{meth
ylamino$-G-
(triflucromethylpyrimidin-2-
vijpyridin-2{1H}-one

465 1

1-{3-cyclopropyl-2-flucro-S-
H{ZR}-2-methyimorpholin-4-
20 yliphenyt}-3-[(1-ethyl-1H-
pyrazol-4-yDmethylipyridin-
2(1H}-one

437.3

I-{3-cyclopropyl-5-{2,2-
dimethvimorpholin-4-yi}-2-
21 fluorophenvi}-3-[(1-ethyl-1H-
pyrazol-4-yhmethyljpyridin-
2{1H)-one

4512
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Exampie
Neo.

FUPAC Name

Structare

Salt

M5

1-{3-cyelopropyl-2-flucre-5-
[{oxan-4-yoxy |phenyt}-3-f(1-
ethyl-1H-pyrazol-4-
vhmethyllpyndin-2{1H)-one

4383

i-{3-bromo-2-fluoro-S-[{oxan-
d-yHoxy lpheay! }-3-[(1-ethyi-
IH-pyrazol-4-

vhmethyl jpyridin-2{1H}-one

3-{{t-ethyi-1H-pyrazol-4-
vihmethyl]-1-{2-fluoro-5-[{2R)-
2-methylmorpholin-4-yi}-3-
{trifluoromethoxy )phenyl }pyrid
in-2{1H)-one

4813

25

1-43-cyclopropyl-2-tluoro-5-
[{2R)-2-methyimorpholin-4-
yHphenyl;-3-{[1-{propan-2-
yviy-1H-pyrazol-4-
viimethyl}pyridin-2(1H)-one

20

F-{3-cyclopropyl-2-fluoro-5-
(2R }-2-methyvimorpholin-4-
viiphenyl}-3-[{1-ethyl-1H-
pyrazol-4-yhimethylj-4-
fluoropyridin-2(1H}-one

4552

27

3-{{1-ethyl-1H-pyrazol-4-
yvimethyl}-1-{2-fluoro-5-{(2ZR }-
2-methylmorphaolin-4-y1}-3-
{propan-2-yhphenyl pyridin-
2(1H}-one

4393

3-f(1-ethyl-1H-pyrazol-4-
vhmethyl]-1-{2-fluoro-5-[(2R)-
Z-methylmorpholin-4-yi}-3-
(2,2,2-

irifluorcethyDphenvl bpvridin-
2(1¥-one
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Exampie
Neo.

FUPAC Name

Structare

Salt

M5

1-{3-cyclopropyl-3-[(2R}-2-
methylmorpholin-4-vijphenvi}-
3-[(1~ethyi-1H-pyrazol-4-
vlimethyl}-6-methylpyridin-
2{1H)-one

F

433,

3

2
e
L)

1-[3-2 2-diflucrocyclopropyl)-
5-(4 4-diflucropiperidin-1-ylj-
2-fluorophenyl |-3-[ {1 ~cthyl-
IH-pyrazol-4-
yhmethyljpynidin-2{1H)-one

492,

h

I-{3-cyclopropyl-5-[{2R)-2-
methylmorpholin-4-yijphenyl -
3-{{1-ethyl-1H-pyrazol-4-
yhmethyl -0-fluoropyridin-
2(1H)-one

t-{3-cyclopropyl-2-flucro-5-
[2R}-Z-methylmorpholin-4-
vilphenyl}-3-[(1-ethyl-1H-
pyrazol-4-yhmethylj-5-
methylpyridin-2(1H)-one

......

4513

42
73]

1-43-cyclopropyl-2-tluoro-5-
[{2R)}-2-methylmorphelin-4-
ylpbenyl}-3-[{1-ethyl-1H-
pyrazol-4-yhmethyi}-4-
methylpyridin-2{1H}-one
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Heference Example 1
{-f(i-Ethyi-i H-pyrazole-4-yfimethyi{-~3-{2—flucro-5-1 (2R}~ 2-methvimorphofine -4-yi |- 3~

{trifluovamethviinheryi}- i, 3-difiydro-2 H-imidazole-2-one

A (ZR}-4-[4-Fluoro-3-nitro-S-{triflucromethyliphenyl |- 2-methyimopholine

[860425] A mixture of S-bromo-2-fluoro-1-nitro-3-(triflucromethylibenzene (5.00 gy, (ZR})-2-
methvimorpholine hvdrochionde (2.39 g3, BINAP {1 08 g), palladium{il} acetate (0.390 g),
cesium carbonate (17.0 g}, and toluene (40 wl.} was stured for 16 bours at 100 °C in a nitrogen
atmosphere. The insoluble matter was filtered out with Celite®, and the filtrate was distilled out
under reduced pressure. The residue was purified by silica gel column chromatography (INH,
cthyl acctate/hexanc) to obtain the title compound {1.85 g).

[060426] MS: [M+H]" 309.2.

B 2-Fluoro-5-[{ZR}-2-methyimorpholine-4-yl}-3-(triflucromethyDaniline

[660427) A mpaure of (2R}-4-[4-fluore-3-nitro-5-{trifluoromethylphenyl}-2-
methyimaorpholine (1.85 g), 10% palladium-carbon (0.319 g}, and EtQH (60 mL) was stirred for
two hours at room temperature in a hydrogen atmosphere at normal pressure. The catalyst was
filtered out, and the filirate was concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (NH, ethyl acetate/hexane) to obtain the title compound
{1.67 g).
1000428]
CYN-(2,2 Dlmcthoxy ct}r‘yi)nl\ -4 2-fluoro-5-[(2R)-2-methylmorpholine-4-v11]-3-

T279.2.

(tritluoromethvhipheny! jurea

[860429] Bis(trichloromethyl) carbonate {0.571 g) was added to a mixture of 2-fluore-5-[{ZR)-
2-methylmorpholine-4-yi]-3-(trifluoromethylanitine (1.07 g) and THF (30 mL) at ¢ °C, and the

mixture was stirred for four hours at room temperature. Next, 2,2-dimethoxvethaneamine (.404

2} and TEA (0389 g} were added to the mixture and stirred overnight at room temperature.

Water was added to the mixture, which was then extracted with ethyl acetate. After the organic

1G5
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tayer was separated and washed with water and a saturated saline solution, it was dried with
anhydrous sodium suifate and concentrated under reduced pressure. The residue was purified by
stlica gel column chromatography (NH, ethyl acetate/hexane)} to obtain the title compound (1.25
g)

[600430] MS: [M+H]" 410.1.

D) 1-{2-Fluoro-5-[(2R-2-methylmorpholine-4-y1]-3-(trifluoromethylyphenyl §~1,3-dihydro-2H-
tmidazoie-2-one

{000431] TFA (154 g) was added to a mixture of N-(2,2-dimethoxyethyi}-N"-{2-fluoro-3-
[(ZR}-2-methylmorpholine-4-yl]-3-(riflucromethylyphenyl turea (1.25 g}, CH3CN (20 mL)}, and
water (ml). After the mixture was stitved for three hours at 60 °C, the reaction mixiure was
concentrated. The residue was purified by silica gel column chromatography (ethyl
acetate/hexane) to obtain the title compound (722 myg).

{060432] MS: [MAH] 346.2.

E) Ethyl [-ethyl-1H-pyrazole-4-carboxylate

1000433] A muxture of potassium carbonate (197 g), ethyl tH-pyrazole-4-carboxylate (100 g},
ethyl 1odide (122 g), and DMF (250 mbL} was stirred overnight at room temperature. 'The mixture
was added to water at room temperature and extracted with ethyl acetate. After the organic layer
was separated and washed with water and a saturated saline sclution, it was dried with
anhydrous magnesiom sulfate and concentrated under reduced pressure to obtain the title
compound (121 g}

[000434] 'H NMR (300 MHz, DMSO-de) 8 126 3H, , I =72 Hz), 137 3H, ¢, I =72 Hz),
4.19 (4H, m), 7.84 (JH, 3), 8.33 (1H, ).

F) (1-Ethyl-1H-pyrazole-4-ylhiymethanol

{0064358] A mixture of ethyl 1-ethyl-1H-pyrazole-4-carboxylate (48.0 g} and THF (100 mL}
was added to a mixture of lithium aluminum hydride (16.3 g) and THF (400 mL) at 0-10 °C, and
the mixture was stirred for four hours at room temperature. After the mixture was diluted with
THF (150 mL) and cooled to 0 °C, sodium sulfate decahydrate (110 ¢) was added at 0-10 °C and
stitred for one hour at room temperature. The impurities were filtered out, and the filtrate was
distilled out under reduced pressure to obtain the title compound (29.9 g).

1000436] ' NMR (300 MHz, DMSO-de) 8 133 3H, , 1= 7.3 Hz), 4.07 (21, q. J = 7.2 Hz),
43202H, d,J=53Hzy, 477 (A, 1, I =55 Hz)y, 732 (1H, s3, 7.59 (1, s).

) 4-(Chloromethyl}-1-ethyl-1 H-pyrarole hyvdrochloride

[8606437] Thionyl chloride (439 g} was added to a mixture of (1-ethyi-1H-pyrazole-4-

yhmethanol (2.33 g) and CH:CN (20 mL} at room temperature, and the mixture was stirred
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overnight at the same temperature. The mixture was concentrated to obtain the title compound
(323 g).

[000438] 'H NMR (300 MHz, DMSO-de) § 1.34 (3H, t, I=7.2 Hz), 4.10 (2H, q. I = 7.4 Hz),
4.69 (2H, 5), 7.50 (1H, s), 7.85 (1H, 5}, 12.32 (1H, bs).

3

H) 1-[(1-Ethyl-1H-pyrazole~-4-yhmethyl}-3-{2-fluore-5-{(2R)-2-methylmorpholine-4-y1}-3-
(triflucromethylyphenyl -1, 3-dihydro-2H~imidazole-2-one

{000439] First, 1-{2-fluoro-3-{{(ZR)-2-methvimorpholine-4-yi}-3-(triflucromethyl)phenyl }-1,3-
dihydro-2H-imidazole-2-one (100 mg) was added to a mixture of sodium hydride (60% countent,
29.0 mg} and DMF (3 mL ) at room temperature. After the mixture was stirred for 30 minutes at
room temperature, a mixture of 4-(chloromethyl}-1-ethyl-1H-pyrazole hydrochloride (79 ma)
and DMF (2 mL) and sodium iodide (43 4 mg) were added and stirred overnight at room
temperature. Water was added to the mixture and extracted with ethyl acetate. Afier the organic
laver was separated and washed with water and a saturated saling sclution, it was dried with
anhydrous sodium sulfate and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (NH, ethyl acetate/hexane) to obtain the title compound (700
mg}.

{000440] T NMR (300 MIlz, DMSO-ds) 8 1.14 31L&, I = 6 0Hz), 134 GHL ¢, J = 7.2 Hz),
2.27-2.47 (1L, m), 2.63-2.74 (UL, m), 3.52-3.73 (411, m), 3. 86-3.95 (I, m}, 409211 ¢, J=73
Hz), 461 (2F, 8), 6. 74-6. 79 (2FL, m). 719 (1H, dd, 7= 4.9, 34 Hz), 734 (111, dd. T = 6.0, 3.0
Hz), 743 (1H, s), 7.73 (1H, s).

Test Example §

Measurement of the inhibition rate of the amount of 1P1 in 30 ubM of the compound of Heference
Fixample | in GPR{39-expressed CHO cells

[806441] Changesin the amount of IP1 in GPR13%-expressed CHO cells were measured in
order to evaluate the activity of the compound via GPR139. GPR139 is a Gg-coupled receptor
which varies intracellular calcium (Liu C ¢t al, Mol Pharmacol. 2015 Nov;88{5):911-25), so the
amount of {P1, which 13 a stable metabolite of the second messenger IP;, changes due to activity
regulation of GPR139. GPR139 is considered to be structurally active when expressed
recombinantly in mammal cells, so a compound having a GPRI139 receptor inverse agonist
action is expected to reduce the amount of IP: production.

[6006442] The measurement of 1Pt was made using an IP-ONE HTFR assay kit (cis-bio) and
CHO-TREx (Life Technologies) cells stably transfected with GPR139. The CHO-TREx celis
expressed human GPR139 with a tetracycline-inducing element. The cells were cultured in a
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medium containing F12K and 10% tetracycline-free FBS, and the expression of human GPR139
was induced over the course of 17 hours under conditions of 37 °C and 5% 0Oz in the presence
of 2 yg/mi of doxveychne (Clontech, 63131 1) in the growth medium on the day before assay.
On the day of the test, after the cells were washed with 10 ;L of PBS, the cells were detached
with TrypLE Express (Life Technologies) and centrifuged at 1,600 rpm to form pellets, and a
cell suspension was then prepared using a stimulation buffer {cis-bio, included in the IP-ONE
HTRF assay kit).

[0603443] The compound was diluted with the stimulation butfer, and 4 pl. was added to a 384-
well white assay plate (Greiner). The cell suspension was added so that there were 2000 cells per
well, and the assay plate was left to stand for 40 minutes at 37 °C. Egual amounts of IP1-42 and
Ab-Crp solutions {(both available from cis-bio, included in the IP-ONE HTRF assay kit)
prepared with a lysis buffer (cis-bio, included in the IP-ONE HTRF assay kit) were mixed, and 4
pl was added to the assay plate and left to stand for one hour at room temperature. After the
fluorescence strengths of two wavelengths were measured by the HTRF settings of Envigion
{(PerkinElmer), the value of Ratio= {{Signal 665 nmy/(Signal 615 nm ) ix 10000 was calculated.
When the vehicle was set to 0% and the value at which the Py concentration is O was set to
100%, the inhibition rate of the amount of IP: in 30 uM of the compound of Reference Example
1 was 84%.

{600444] The compound of Reference Example 1 inhibited the amount of TP1, which is a stable
metabolite of the second messenger IP: in the downstream of signal transmission in GPR139, in
GPR13%-expressed CHO cells. That is, the compound of Reference Example 1 exhibits GPR139

receptor inverse agonist action.

Test Example 2

Measurement of the inhibition rofe of the amount of 1P in GPRI39-expressed CHO cells
{(inverse agonist assay)

[600445] The activities of the compounds of Examples 20 o 33 were expressed as relalive
values in Table 2 by measuring the inhibition rate of the amount of IP: with the same method as
in Test Example 1 and defining the inhibition rate of the amount of IP; of the compound of

Reference Example 1 in Test Example 1 as 1005,

Table 2

Example No. | IP; inhibition Rate at 30 pM
20 96%
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2t 96%
22 9RYs
23 100%
24 9B%
25 95%
26 Q7%
27 96%
28 100%
29 102%
30 Q7%
31 100%
32 Q9%
33 96%

[600446] As shown in Table 2, the compound of the present disclosure inhibited the amount of
{P1, which is a stable metabolite of the second messenger IPs in the downstream of signal
transmission in GPR139, in GPR13%-expressed CHO cells. That is, the compound of the present

disclosure has a GPR139 receptor antagonist action (inverse agonist action),

Formuliation Examples
[6060447) In some embodiments, pharmaceuticals comprising a compound of the present

disclosure as an active ingredient can be produced using the following non-limting example

formulations.

Table 3

{1} Compound obtained in Example 1 10 mg
{2) Lactose 90 mg
{3} Microerystalline celiulose 70 mg
{4y Magnesium stearate 10 mg
One capsule 180 mg

[006448] After the total amounts of (1), {2), and (3) and S mg of {4} are mixed and granulated,

the remaining 3 mg of (4) is added, and the entire substance mixture 18 sealed in a gelatin

capsule.

Table 4

{1y Compound obtained in Example 1 10 mg
{2y Lactose 35 mg
(3) Corn starch 150 mg
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{4} Microcrystailine cellulose 30 mg
{5} Magnesium stearate 5 mg
One tablet 230 mg

{000449]  After the total amounts of (13, (2), and (3), 20 myg of {4}, and 2.5 mg of (5) are mixed
and granulated, the remaining 10 mg of (4) and 2.5 mg of (5} are added to the granules and

pressure~-molded to form a tablet.
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What i1s claimed 1s:

i A compound of Formula (1}

k]
R

or a2 pharmaceutically acceptable salt thereof, wherein:

Rlis

Rtia

or R ;

ring Al 1s chosen from optionally further substituted 6-membered aromatic rings:

ring A” is chosen from optionally further substituted 5-membered monocyclic aromatic
heterocyclic rings;

ring B is chosen from pyridone rings opticnally further substituted with | to 3
substituents chosen from halogen atoms and optionally substituted Cis groups;

R and R? are each independently chosen from hydrogen atom and substituents;

R and R*™ are each independently chosen from substituents; and

ring € is chosen from optionally further substituted S-membered monoccyclic aromatic

heterocyclic rings.

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

compound ts chosen from compounds of Formula (I')

7a
R0

and pharmoaceustically acceptable salts thereof, wherein

XisCHor N,
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Y is CHor N;

Z is chosen trom a bond, -O-, -ORY-* _NH- and -N{R)R* wherein * denotes
the connection point to ring 1,

ring € is chosen from 5-membered monocyclic aromatic heterocyclic rings;

ring D is chosen from 6- to 8~-membered aromatic rings, 5~ to S~-membered
monocyclic aromatic heterocyclic rings, Cs-s cvcloalkyl groups, and 5- to §-membered
heterocyclic groups;

each R is independently chosen from cyano, halogen, Cs.s cycloaikyl, Cie alkyl,
and Ci.s atkoxy groups, wherein the Css cycloalkyl, Cire alkyl, and Cis alkoxy groups are
optionally substituted with 1 to 4 halogen atomas;

each R is independently chosen from halogen, Cis alkyl, and Cre alkoxy groups,

wherein the Ci alkyl and Ci alkoxy groups are optionally substituted with 1 to 4 halogen

atoms;
R is chosen from Ci. alkyl groups;
R is chosen from hydrogen atom and Cis alkyl groups;
each R'%% is independently chosen from halogen atoms and Cu.s alkyl groups:
each R s independently chosen from Cia alkyl groups;
misO 1,2 or3;
nis(, 1,2 or3;
0is 0, 1, or 2; and
pis0, 1, or 2.
3. The compound or pharmaceutically acceptable salt according to claim 2, wherein:

(Rm
s ﬂ ~ @
a e
8a . 2N . 2 a8 . .
{R)m is . wherein Z, R’ R% m, and n are as defined in
claim 2.
4, The compound or pharmaceutically accepiable salt according to claim 2 or 3, whersin &£

is chosen from a bond, ~O- -NH-, -NHCH»-*, and -N{CH)CHz-*.

S, The compound or pharmaceutically acceptable salt according to any one of claims 2-4,

wherein 7. is a bond.
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6. The compound or pharmacentically acceptable salt according to any one of claims 2-4,

wherein 7 15 -0~

7. The compound or pharmaceutically acceptable salt according to any one of claims 2-4,

wherein 7 1s ~-NHCH-*

8. The compound or pharmaceutically acceptable salt according to any one of claims 2~4,

wherein Z is ~-N{CH;3)CHz-*.

9. The compound or pharmaceutically acceptable salt according to claim 2, wherein:

. wherein X, Y, ring D, R™ R m, and n are as

defined i claim 2.

10, The compound or pharmaceutically acceptable salt according to any one of claims 2-9,

wherein ring D 15 chosen from benzene, morpholine, oxane, piperidine, and cyclobutane.

i1 The compound or pharmaceuiically acceptable salt according to claim 2, wherein

<‘R'”*> n

QP
=7 e O\ e D

defined in claim 2.

wherein X Y, R’ R® m_and n are as

12 The compound or pharmaceutically acceptable salt according to any one of ¢claims 2-11,

wherein X 1s CH.

13, The compound or pharmaceutically acceptable salt according to any one of claims 2-11,

wherein X 1s N
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-

14. The compound or pharmaceutically accepiable salt according to any one of claims 2-13,

wherein Y is CH.

5. The compound or pharmaceutically acceptable salt according to any one of claims 2-13,

wherein Y is N,

16. The compound or pharmaceutically acceptable salt according to claim 2, wherein
7a
G
\ At
i - N
av: x’l“si Q
g, 8a
(R is (RTm . wherein X, R R® m, and n are as defined in
claim 2.
17. The compound or pharmaceutically acceptable salt according to claim 2, wherein
e 3
o 78 (R )
{R "In

3, G
i Al N
~Z x""“J\§
53 . T e & - . .
is (Rm , wherein X, R’ R™ m, and n are as defined in claim

2.
18. The compound or pharmaceutically acceptable salt according to claim 16 or 17,
wherein X is {CH.
19 The compound or pharmaceutically acceptable salt according to claim 16 or 17,
wherein X is N
20. The compound or pharmaceutically acceptable salt according to any one of claims 2-12,

wherein R? and R? are both hydrogen atoms.

21 The compound or pharmaceutically acceptable salt according to any one of claims 2-20,
R
N
\NJ

wherein ring C is

114

CA 03178798 2022-11-14



WO 2021/234451 PCT/1B2021/000337

22. The compound or pharmaceutically accepiable salt according to any one of claims 2-21,

= N-11a
. . . Srpg
whereisn i ng Cis

23, The compound or pharmaceutically accepiable salt according to any one of claims 2-22,
wherein each R’® is independently chosen from halogen, Us. cycloalkyl, Cis alkyl, and Cis
alkoxy groups, wherein the Ca.e cycloalkyl, Cre alkyl, and Ci.s slkoxy groups are optionally
substituted with 1 to 4 halogen atoms.

24. The compound or pharmaceutically acceptable salt according to any one of claims 2-23
wherein o is 1 and R is methyl

25, The compound or pharmaceutically acceptable salt according to any one of claims 2-23,
wherein o is 1 and R'"? i3 a fluorine atom.

26, The compound or pharmaceutically acceptable salt according to any one of claimg 2-23,

wherein o is 0.

27. A compound chosen from:

3-[{1-ethyl-1H-pyrazol-d-yDmethvl-6'-(4-fluoropheny -4 -(rifluoromethy-2H-[ 1,2'-
bipyridinj-2-one;

3-[(1-ethyl- 1H-pyrazol-4-ylmethyl}-&'-(4-flucrophenyl)-Z-oxo-4'-(trifluoromethyl -2H-
[1,2-bipyridine]-3'~-carbonitrile;

3-[(i-ethyl-1H-pyrazol-4-yDmethyl]-6'-(4-fluorophenyl)-2-oxo-4'-(2,2,2-
iriftuorcethoxy »-2H-{1,2-bipyridine ]-3'-carbonitrile;

4'-(2 2-diftuorcethoxy }-3-[ (I -ethyi-1H-pyrazol-4-yhmethyl }-6"-(4-fluorophenyi}-2-oxo-
2H-{1 ,2'~bipyri dinei-3'-carbonitrile;

3-[(1-ethyl-1H-pyrazol-4-yDmethyl}-6'-(4-fluorophenyly-6-methyl-2-0x0-4'-
(trifluoromethyD-2H-{1,2-bipyridine}-3'-carbonitriie;

4'{diftuoromethy}-3-[(1-ethvi-1H-pyrazol-d-yDimethyl}-6'-(4-flucrophenyl)-2-oxo-2H-

[1,2-bipyridine}-3'-carbonitrile;
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3-[{1-ethyl-1H-pyrazol-4-yimethyil-3'-fluoro-6'-{ (2R }-2-methylmorpholin-4-yij-4'-
{trifluoromethyl}-2H-{ 1,2 -bipyridin|-2-one;

3-[(F-ethyl-1H-pyrazol-4-yimethyl -5 -methyl-6'-[(2R }-2-methyimorpholin-4-y1]-4'-
{trifluoromethy{}-2H-[1 2-bipyridin}-Z-one;

3-[{1-ethyl-1H-pyrazol-4-ylimethyl}-1-{ 2-fluore-5-[ (2R }-2-methyimorpholin-4-y1}-3-~
(triflucromethylyphenyi tpyridin-2(1H)-one;

&'-[2-(diflnoromethyl ymorpholin-4-yt}-3-[{ 1-ethyl-1 H-pyrazol-d-ylimethyl}-3'-fluoro-4'-
(trifluoromethyi)-2H-{1,2-bipynidin}-2-one;

3-[{1-ethyl- 1H-pyrazol-4-ymethyl}-3'-fluoro-4-methyl-6'-[( 2R }-2-methyimorpholin-4-
yik-4'-(trifluoromethyD-2H-[1,2-bipyvridin-2-one;

3-[(1-ethyl-1H-pyrazol-4-ymethyl}-3'-fluore-5-methyl-0'-[{ ZR)-2-methyimorpholin-4-
yi}-4'-(trifluoromethyly-2H-[1,2-bipyridin}-2-one;

3 -[( i-ethyl-1 H—pv razol-4-yhmethvl |-3'-fluoro-6'-[(oxan-4-yDoxy |-4'-(trifluoromethyl)-

3-{( -ethyi-1H- pvrazoi ~4-yDmethyil-1-{4-{[{1-fluorccyclobutyDmethyl Jamino } -6~
(trifluoromethylpyvrimidin-2-vljpyridin-2{ 1H}-one;

1-14-41{3,3-difluorocyclobutyDmethyl jamino }-6~(trifluoromethy Dpyrimidin-2-y1}-3-{{1-
ethyl-11i-pyrazol-4-yDmethylipyridin-2{1{1}-one;

1-{4-11(3,3-difluorocyclobutyl ymethyl{{methyDamino }-6-(trifluoromethyDpyrimidin-2-

vil-3-[(1-ethyl-1H-pyrazol-4-vhmethylipyridin-2{1H}-one,

3-f{1-ethyl-1H-pyrazol-d-yDmethyl]-1-[4-{{ (1 -fluorocyclobuty ymethyl methyDamino} -
o-(riftuoromethy Dpyrimidin-2-ylipyridin-2{1 Hy-one,

1-{3-cyclopropyl-2-fluoro-5-[{ZR}-2-methylmorpholin-4-ylphenyl } -3-[(T-ethvi- 1 H-
pyrazol-4-yiymethyljpyridin-2(1 H)-one;

1-[3-cyclopropyl-5-(2, 2-dimethylmorpholin-4-v1-2-fluorophenyl |-3-[(1 -ethyl- 1 H-
pyrazol-4-yvymethylpyridin-2(1H}-one;

1-{3-¢yclopropyl-2-fluoro-5-[{oxan-4-vioxy Jphenyi +-3-{{1 -ethyi- 1H-pyrazol-4-
yhmethylipyndin-2(1 H}-one;

1-{3-bromo-2-fluoro-5-[{oxan-4-viloxy jphenyl }-3-[{ 1 -ethyl-1H-pyrazol-4-
yhmethyllpyridin-2(1H}-one,

3-[{1-ethyl- 1H-pyrazol-4-ymethyl}-1-{ 2-fluoro-5-[ (2R }-2-methyimorpholin-4-y1}-3-
{tritluoromethoxy yphenyi jpyridin-2{1 H}-one;

1-{3-cyclopropyl-2-thioro-5-{{ 2R }-2-methyimorpholin-4-yl jphenyl } -3-{| I -(propan-2-
yi-1H-pyrazol-4-vlimethyl jpynidin-2(1 H}-one;
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1-{3-cyclopropyl-2-fluoro-5-{{ZR}-2-methylmorpholin-4-yl jphenyl } -3~} -ethyi-1H-
pyrazol-4-ylimethyvl ~4-fluoropyridin-2(1 H-one;

3-[(t-ethyl-1H-pyrazoi-4-yhmethyi}-1-{ 2-fluoro-5-[(2R }-2-methyimorpholin-d-yi}-3-
{propan-2-yhphenyl {pyridin-2(1H}-one;

3-[{1-ethyl-1H-pyrazol-4-ylimethyl}-1-{ 2-fluore-5-[ (2R }-2-methyimorpholin-4-y1}-3~
(2,2 2-trifluoroethyliphenyl pyridin-2(1H}-one;

1-{3-cyclopropyl-5-[ (2R }-2-methylmorpholin-4-yliphenyl}-3-[( 1 -ethyl-1H-pyrazol-4-
yhmethyl}-6-muethylpyridin-2{ 1H)-oune;

1-[3-(2,2-diflucroccyclopropyl}-5-(4,4-difluoropiperidin- 1 -yl }-2-fluorophenyl }-3-[{1-
ethyl-1H-pyrazol-4-yDmethylipyridin-2(1 H)-one;

1-{3-cyclopropyl-S-[{(ZR}-Z-methylmorpholin-4-yliphenyl } -3-[(1-ethyi-1H-pyrazol-4-
yhmethyl}-6-flucropyridin-2( 1H})-one:

1-{3-cyclopropyl-2-flucro-5-{{ZR}-Z-methylmosrpholin-4-vliphenyl } -3-[ (1 -ethyl- 1H-
pyrazol-d-vhmethyl}]-5-methylpyridin-2{(1H)-one; and

1-{3-cyclopropyl-2-thuoro-5-{(2R}-2-methylmorpholin-4-yliphenyl ;- 3-[{ §~ethyi- 1 H-
pyrazol-4-ylimethylj-4-methylpyridin-2{1H}-one, or

a pharmaceutically acceptable salt of any of the foregoing.

28 A pharmaceutical composition comprising:
at least nne compound or pharmaceutically acceptable salt according to any one of
claims 1-27; and

at least one pharmaceutically acceptable camrier.

29, A method of treating or preventing a disease in a mammal in need thereof, the method
comprising administering to the mammal at least one compound or pharmaceutically acceptable

salt according to any one of claims 1-27.

30. The method according to claimo 29, wherein the disease 18 chosen from depression,
Alzheimer’s disgase, schizophrenia, drug addiction, sleep disorders, pain, and attention deficit

hyperactivity disorder.

31 The method according to claim 28 or 29, wherein the mammal is 3 human.
117

CA 03178798 2022-11-14



WO 2021/234451 PCT/1B2021/000337
32 The method according to any one of claims 29-31, further comprising administering to

the mammal at least one combination drug.
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