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COMPOUNDS AND USES THEREOF

Background

An incomplete understanding of the molecular perturbations that cause disease, as well as a
limited arsenal of robust model systems, has contributed to a failure to generate successful disease-
modifying therapies against common and progressive neurological disorders, such as Parkinson's
Disease (PD) and Alzheimer's Disease (AD). Progress is being made on many fronts to find agents that
can arrest the progress of these disorders. However, the present therapies for most, if not all, of these
diseases provide very little relief. In particular, a need exists for better methods and compositions for the
treatment of neurodegenerative diseases in order to improve the quality of the lives of those afflicted by
such diseases.

Further, cancers of the brain and nervous system are among the most difficult to treat. Prognosis
for patients with these cancers depends on the type and location of the tumor as well as its stage of
development. For many types of brain cancer, average life expectancy after symptom onset may be
months or a year or two. Treatment consists primarily of surgical removal and radiation therapy.
Chemotherapy is also used, but the range of suitable chemotherapeutic agents is limited. Using known
chemotherapeutics along with surgery and radiation rarely extends survival much beyond that produced
by surgery and radiation alone.

Accordingly, a need exists to develop therapies that can alter the course of diseases of the brain

(including primary brain cancer) and neurodegenerative diseases.

Summary of the Invention
The invention features compounds that modulate the activity of SCDs (e.g., SCD1 and/or SCD5),
pharmaceutical compositions including such compounds, and methods of utilizing such compounds and
compositions for modulating the activity of SCDs for the treatment of primary brain cancer and diseases
and disorders related to toxicity caused by proteins such as toxicity related to misfolding and/or
aggregation of proteins (e.g., a neurological disorder such as PD or AD).

In one aspect, the invention features a compound of formula (1):
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= C1'€\)$X4/L\|/X\ R
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wherein: mis0Oor1;nis0,1,0r2;0is 0,1, 2, 3, 4, or 5; C' and C2 optionally combine to form a
bond; each of R', R?, R®, and R® is, independently, H or optionally substituted C1.s alkyl; R® is halo, cyano,
Ci6 perfluoroalkyl, optionally substituted C1.6 alkoxy, or optionally substituted C1.s alkyl; each of X' and X2
is, independently, CH or N, wherein X' and X2 are not both N; X2 is CR* or N; or X2 and C' or C2 combine
to form an optionally substituted alkene; X* is CH or N; wherein at least one of X3 and X*is N; R*is H,
ORS, optionally substituted C1 alkyl, or halo; L' is optionally substituted Cs.10 heteroaryl or —C(O)-X5—; X®

is NH, O, or optionally substituted C1.6 alkyl; and L2 is O, NR5, optionally substituted C1.s alkyl, optionally
1
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substituted C1.6 heteroalkyl, or absent; or X® and L2 combine to form an optionally substituted alkene, or a
pharmaceutically acceptable salt thereof; wherein the compound does not have the structure of

Compound 6, Compound 12, Compound 13, Compound 40, or Compound 106.
0 o]
(@] N '71L
»?L)J\/'zi E_)k N "v?_)l\o)e‘ ;\< N
In some embodiments, L' is , H | ) N-O )

OO O SO
O-N ’ N-N , N-N or N _
In some embodiments, L2 is absent, NRS, optionally substituted C1. alkyl, optionally substituted
I H
C1.e heteroalkyl, O, NH, Y , %/\0}5_7 %o\/‘g7 E’NVE,

In some embodiments, misOandnisO;misOandnis1;,misOandnis2;mis1andnis 0; m

or H

is1andnis1;ormis 1 andnis 2.

In further embodiments, R® is halo (e.g., F, Cl, Br, or I), cyano, optionally substituted C1.s alkyl,
(e.g., methyl, ethyl), optionally substituted C1.s alkoxy (e.g., methoxy), or C1.s perfluoroalkyl (e.g.,
perfluoromethyl).

In certain embodiments, the compound has the structure of formula (l1):

1
3 C&#N’L\(\IR
3
R L |

c? N0

R1

2

(mn

wherein: misOor1;0is 0, 1, 2, 3, 4, or 5; C' and C2 optionally combine to form a bond; each of R, R?,
and RS is, independently, H or optionally substituted C1. alkyl; R® is halo, cyano, C1.s perfluoroalkyl,
optionally substituted C1.s alkoxy, or optionally substituted C1. alkyl; L' is optionally substituted Cs.10
heteroaryl or —C(O)—-X5—; X5 is NH, O, or optionally substituted C1.s alkyl; and L2 is O, NRS®, optionally
substituted C1.6 alkyl, optionally substituted C1.s heteroalkyl, or absent; or a pharmaceutically acceptable
salt thereof; wherein the compound does not have the structure of Compound 6, Compound 12, or
Compound 13.

In some embodiments, R2 is H. In some embodiments, R' is H. In some embodiments, m is 1.

M

In some embodiments, L' is O-N . In some embodiments, L? is optionally substituted C1. alkyl.

In some embodiments, o is 2. In some embodiments, R? is halo. In particular embodiments, the

R F
z 0 z ©
F F
N 4 /4
—< I NI
®) or 0 ,ora

pharmaceutically acceptable salt thereof.

compound is
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In some embodiments, R' is methyl. In some embodiments, mis 0. In some embodiments, L' is
0
o
H

is 2. In some embodiments, R is halo. In particular embodiments, the compound is

. In further embodiments, L2 is optionally substituted C1.6 alkyl. In yet further embodiments, o

o AF°
N
N NN
H
F
F , or a pharmaceutically acceptable salt thereof.
)OJ\/
5 In other embodiments, mis 1. In further embodiments, L' is .l‘*- . In some embodiments,

L2 is optionally substituted C1.6 alkyl. In some embodiments, o is 1. In some embodiments, R®is halo. In

o A¥°

/©\/© \N\

specific embodiments, the compound is Cl , or a pharmaceutically
acceptable salt thereof. In further embodiments, L2 is O. In some embodiments, ois 1. In some
embodiments, R? is halo. In particular embodiments, the compound is

o A°

NGRS
Cl O

10 , or a pharmaceutically acceptable salt thereof.

0]
Aoyt
In yet other embodiments, L' is H . In some embodiments, L2 is optionally substituted
Cis alkyl. In some embodiments, 0 is 1 or 2. In some embodiments, R? is halo. In still other

o A~¢°

peUC nt
H
embodiments, the compound is F ,
(0]

0]
I PO ? X
N N\N\ N N\N\
H H
cl F

,or

15 , or a pharmaceutically acceptable salt thereof. In other
embodiments, L2 is NH. In some embodiments, o is 2. In some embodiments, R®is halo. In particular

3
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F o /Cfo
leVe i an
H
F N

embodiments, the compound is H , or a pharmaceutically acceptable
salt thereof. In still other embodiments, L2is O. In further embodiments, ois 1. In some embodiments,

R? is halo.

0
o

embodiments, o is 1 or 2. In some embodiments, R? is halo. In certain embodiments, the compound is

Q.o

In yet further embodiments, L' is optionally substituted Cs-10 heteroaryl. In some embodiments, L'

=N
s N-O

In further embodiments, L' is . In some embodiments, L2 is O. In some

, or a pharmaceutically acceptable salt thereof.

. In some embodiments, L2 is O. In some embodiments, o is 2. In some embodiments,
F

o}
4

N ~ N~

OCN D
<

R2is halo. In particular embodiments, the compound is or

\(C(O
< 2 ~ N
N—<\

, or a pharmaceutically acceptable salt thereof. In other
embodiments, L2 is optionally substituted C1s alkyl. In some embodiments, o is 2. In further

embodiments, R3 is halo. In certain embodiments, the compound is
, or a pharmaceutically acceptable salt thereof.

gt Jagas
=

In further embodiments, L' is N-N . In some embodiments, L2 is optionally substituted

Cis alkyl. In some embodiments, o is 1 or 2. In some embodiments, R? is halo. In particular
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embodiments, the compound is N~ or

F
y 0O
F
0 =~ N~
N— |
N/N

In still other embodiments, L' is

, or a pharmaceutically acceptable salt thereof.
NG
0—-N

substituted C1.6 alkyl. In some embodiments, ois 2. In some embodiments, R? is halo. In specific

F
0
F z
N N
N— Il
5 embodiments, the compound is (o or
F
y @)
F
N >N~
7 |
N—<O’N

In further embodiments, the compound has the structure of formula (l11):

1 2
SR
AN L2/X3.02(J)n N\l}l o)

R1

. In some embodiments, L2 is optionally

, or a pharmaceutically acceptable salt thereof.

(1

10 wherein: misOor1;nis 0,1,0or2;0is 0,1, 2, 3, 4, or 5; C' and C2 optionally combine to form a bond;
each of R', R?, R®, and R® is, independently, H or optionally substituted C1.s alkyl; R® is halo, cyano, C1s
perfluoroalkyl, optionally substituted C1.s alkoxy, or optionally substituted C1.s alkyl; X3 is CR* or N; or X3
and C' or C2 combine to form an optionally substituted alkene; R* is H, OR®, optionally substituted C1s
alkyl, or halo; L' is optionally substituted Cs.10 heteroaryl or —C(O)-X5-; X5 is NH, O, or optionally

15  substituted C1.6 alkyl; and L2 is O, NRS®, optionally substituted C1.s alkyl, optionally substituted C1s
heteroalkyl, or absent; or X2 and L2 combine to form an optionally substituted alkene, or a
pharmaceutically acceptable salt thereof; wherein the compound does not have the structure of
Compound 40 or Compound 106.

In some embodiments, the compound has the structure of formula (l11-A):



10

15

20

WO 2020/154571 PCT/US2020/014910

= ,L1 R2
R3 N X
( )o ©\L2L \'Ll/I
°N (0]
|
1

R

(1n-A)
wherein: 0is 0, 1, 2, 3, 4, or 5; each of R', R2, and R?® is, independently, H or optionally substituted C16
alkyl; R? is halo, cyano, C1s perfluoroalkyl, optionally substituted C1.s alkoxy, or optionally substituted C1¢
alkyl; L' is optionally substituted Cs.10 heteroaryl or —C(O)-X5—; X% is NH, O, or optionally substituted C1s
alkyl; and L2 is O, NRS, optionally substituted C1.6 alkyl, optionally substituted C1.s heteroalkyl, or absent;
or a pharmaceutically acceptable salt thereof.

In some embodiments, R? is H. In some embodiments, R' is methyl. In some embodiments, L' is

(0]
o
H . Infurther embodiments, L2 is optionally substituted C1. alkyl. In further embodiments, o is 1.

In yet further embodiments, R? is halo. In particular embodiments, the compound is

o) /(YO
H
Cl

embodiments, L2is O. In some embodiments, o is 2. In some embodiments, R3 is halo. In certain

, or a pharmaceutically acceptable salt thereof. In other
peWsan
embodiments, the compound is F (o)
/C/NJJ\H \N'N\

F (o]

or

, or a pharmaceutically acceptable salt thereof.
In further embodiments, the compound has the structure of formula (111-B):

RZ
U~

= ‘ ‘(\L
L

R?

(1-B)
wherein: 0is 0, 1, 2, 3, 4, or 5; each of R, R2, and R% is, independently, H or optionally substituted C1¢
alkyl; R? is halo, cyano, C1s perfluoroalkyl, optionally substituted C1.s alkoxy, or optionally substituted C16
alkyl; L' is optionally substituted Cs.10 heteroaryl or —C(O)-X5—; X5is NH, O, or optionally substituted C1s
alkyl; and L2 is O, NR?, optionally substituted C1.6 alkyl, optionally substituted C1.s heteroalkyl, or absent;
or a pharmaceutically acceptable salt thereof.
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In some embodiments, R? is H. In some embodiments, R' is methyl. In some embodiments, L' is
0
o
H

or 2. In some embodiments, R is halo. In particular embodiments, the compound is

F
Cl 0 = O F o) Z o
X, N X, .-N
oyt oSt
or , or a pharmaceutically

acceptable salt thereof. In further embodiments, L2 is O. In some embodiments, o is 2. In still other

. In further embodiments, L2 is optionally substituted C16 alkyl. In some embodiments, o is 1

F
F o) = O
_N
embodiments, R® is halo. In some embodiments, the compound is ,
F K
X, N
O‘@ N N~ O,“@J‘I\N \N,N\
H H
) ,or
F
X, N
O,,,@JJ\H N ~
, or a pharmaceutically acceptable salt thereof.
In yet other embodiments, the compound has the structure of formula (IlI-C):
(R%),
1 2
<\ /2 C L R
L2_x3 ) Nl
c? N0
R1
(I-C)

wherein: 0is 0, 1, 2, 3, 4, or 5; C'" and C? optionally combine to form a bond; each of R', R?, R®, and R8 is,
independently, H or optionally substituted C1.6 alkyl; R® is halo, cyano, C1.6 perfluoroalkyl, optionally
substituted C1.6 alkoxy, or optionally substituted C1.6 alkyl; X% is CR* or N; or X® and C' or C2 combine to
form an optionally substituted alkene; R* is H, ORS, optionally substituted C1.s alkyl, or halo; L' is
optionally substituted Cs.10 heteroaryl or —C(O)—X5—; X% is NH, O, or optionally substituted C1.6 alkyl; and
L2 is O, NR?, optionally substituted C1s alkyl, optionally substituted C1.¢ heteroalkyl, or absent; or X* and
L2 combine to form an optionally substituted alkene, or a pharmaceutically acceptable salt thereof.
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In some embodiments, R? is H. In some embodiments, R' is methyl. In further embodiments, L'
(0]
o
is H

embodiments, R?is halo. In specific embodiments, the compound is

. In some embodiments, L2 is absent. In some embodiments, o is 1 or 2. In further

N

o)

o O 2 LT

)J\/(\'// NN N
\N/N\ H

pharmaceutically acceptable salt thereof.

In further embodiments, the compound has the structure of formula (l11-D):

! R2
5 ] SN
R 1
(Rt Lz,xich Noy AN

(I1-D)
wherein: 0is 0, 1, 2, 3, 4, or 5; C' and C2 optionally combine to form a bond; each of R, R2, R%, and Ré¢ is,
independently, H or optionally substituted C1.¢ alkyl; R?® is halo, cyano, C1.6 perfluoroalkyl, optionally
substituted C1.6 alkoxy, or optionally substituted C1.6 alkyl; X2 is CR* or N; or X® and C' or C2 combine to
form an optionally substituted alkene; R* is H, ORE, optionally substituted C1.s alkyl, or halo; L' is
optionally substituted Cs.10 heteroaryl or —C(O)-X5—; X% is NH, O, or optionally substituted C1.s alkyl; and
L2 is O, NRS, optionally substituted C1.s alkyl, optionally substituted C1. heteroalkyl, or absent; or X® and

L2 combine to form an optionally substituted alkene, or a pharmaceutically acceptable salt thereof;
wherein the compound does not have the structure of Compound 40 or Compound 106.

In some embodiments, RZ is H. In certain embodiments, R is methyl. In some embodiments, L!

E)J\N;i‘
is H . In further embodiments, X® and L2 combine to form an optionally substituted alkene. In
some embodiments, o is 2. In some embodiments, R? is halo. In particular embodiments, the compound

, or a pharmaceutically acceptable salt thereof.
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In some embodiments, the compound has the structure of formula (l11-D-1):

1 2
") @\R«;«\T,L N R
X sz\cz NS0

R1

(In-D-1)
wherein: 0is 0, 1, 2, 3, 4, or 5; C' and C2 optionally combine to form a bond; each of R, R2, R5, and R8¢ is,
independently, H or optionally substituted C1-s alkyl; R® is halo, cyano, C1. perfluoroalkyl, optionally
substituted C1.6 alkoxy, or optionally substituted C1.6 alkyl; R* is H, OR®, optionally substituted C1.¢ alkyl, or
halo; L' is optionally substituted Cs.10 heteroaryl or —C(O)-X5—; X5 is NH, O, or optionally substituted C1.s
alkyl; and L? is O, NR?, optionally substituted C1.6 alkyl, optionally substituted C1.s heteroalkyl, or absent;
or a pharmaceutically acceptable salt thereof; wherein the compound does not have the structure of
Compound 40 or Compound 106.
In some embodiments, R2is H. In some embodiments, R' is H. In some embodiments, L' is
o]

%‘l . In further embodiments, L2 is optionally substituted C1.6 alkyl. In some embodiments, o is 1

or 2. In some embodiments, R? is halo. In some embodiments, R*is H. In certain embodiments, the
0] (0]
0 = F 0 =
X, .NH X, .NH

compound is Cl or F ,ora
pharmaceutically acceptable salt thereof. In further embodiments, L2is O. In some embodiments, o is 1.

In some embodiments, R? is halo. In some embodiments, R* is H. In some embodiments, the compound

\N,NH
, or a pharmaceutically acceptable salt thereof.

o}

In further embodiments, R! is methyl. In some embodiments, L' is LL‘L . In some
embodiments, L2 is optionally substituted C1s alkyl. In some embodiments, ois 1 or 2. In further

embodiments, R? is halo. In still further embodiments, R*is H. In particular embodiments, the compound

0} (0]
|sC|

or F ,ora
pharmaceutically acceptable salt thereof. In other embodiments, L2 is O. In some embodiments, o is 1.
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In some embodiments, R? is halo. In some embodiments, R* is H. In further embodiments, the

o A ¢°
compound is Cl o , or a pharmaceutically acceptable salt thereof.
(0]
,&)LN)’I
In yet other embodiments, L' is H . In some embodiments, L2 is optionally substituted

Ci alkyl. In some embodiments, o is 1. In some embodiments, R? is halo. In some embodiments, R* is

o ¢

/Q\/OJJ\H \N’N\

H. In further embodiments, the compound is F ,
O O

@@Q KJVQ

pharmaceutically acceptable salt thereof. In other embodiments, R* is fluoro. In certain embodiments,

OVQ C.QVO*

the compound is or F ,ora
pharmaceutically acceptable salt thereof. In still further embodiments, R* is OR®. In some embodiments,

a ot o

the compound is ,ora
pharmaceutically acceptable salt thereof.
In other embodiments, 0 is 2. In some embodiments, R? is, independently, halo or cyano. In

some embodiments, R* is H. In certain embodiments, the compound is
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i s 00 L Cr
N N \N/N\ cl N N \N/N\

N N

F F

0 /(Yo o f\(‘)
F NJLN SN F NJLN SN
N N
E ¢l

o 0
F o # 'Y
JU S N NN
NONTNTS
-
N Cl

f\f‘)
\N,N\

cl ,
I e e
X, N F. X N
N N NT N N N
H H
= =
N* cor N7 ,ora

5 pharmaceutically acceptable salt thereof. In still other embodiments, R* is fluoro. In some embodiments,

i S ee 2 LT
NN F NN NS
H H
F F
F or F

pharmaceutically acceptable salt thereof.

the compound is ,ora

In further embodiments, o is 3. In some embodiments, each R? is, independently, halo or cyano.
In some embodiments, R* is H. In particular embodiments, the compound is

10

N” NN N" NN
H H
cl F or
] e
NS
F NN SN
H
NZ

, Or a pharmaceutically acceptable salt thereof. In other
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embodiments, R* is fluoro. In some embodiments, the compound is

F o] f\fo
F JL IS N

N N N
H
Cl
F , or a pharmaceutically acceptable salt thereof.
In some embodiments, L2 is O. In further embodiments, o is 0. In some embodiments, R* is H.
o A¥°
X N
N)J\N N>
H
In some embodiments, the compound is o , or a pharmaceutically

acceptable salt thereof. In other embodiments, o is 1. In some embodiments, R? is halo, optionally

substituted C1.6 alkyl, optionally substituted C1.6 alkoxy, or C1.6 perfluoroalkyl. In further embodiments, R*

o A°
H
(o)

is H. In particular embodiments, the compound is Cl ,

v 2 LT QQ}L\N

i f\f Lr
| _N _N
peNeARMeSSARA
H H
(0} (0]
) o AY°
0 =
0| J\ /E\Nﬁ NJ\N \N,N\
N~ °N” N ™ F H
H E 0
0 t

F

o A°
oSN
NO
NTONTN . 0 O
(0] F )J\ X, N
PR or O

acceptable salt thereof.

, or a pharmaceutically

In still further embodiments, o is 2. In some embodiments, each R? is, independently, halo, C1

perfluoroalkyl, or cyano. In some embodiments, R* is H. In specific embodiments, the compound is

12
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I LY e
F N~ "N \N'N\ cl N~ "N \N’N\
H H
0 , o ,
F 0 /(\fo o A¥°
NJLN sy N F N)LN SyN
H H
F 0 F (o
o LT 2T
Cl N N \N,N\ Cl N N \N,N\
H H
0 F 0

@%Lm K%JQ Ak

\?/QJLJ\/Y?LQ)L\N

O

AT iy R

pharmaceutically acceptable salt thereof.

,ora

In some embodiments, o is 3. In certain embodiments, R?® is halo or cyano. In further

embodiments, R*is H. In particular embodiments, the compound is

0]
=
o 3 0 o0 A LT
TN
b
F o) or N7 °

pharmaceutically acceptable salt thereof.

,ora

In still further embodiments, L2 is NR®. In certain embodiments, L2 is NH. In some embodiments,

0is 0, 1, or 2. In some embodiments, R? is halo or C1.s perfluoroalkyl. In some embodiments, R*is H. In

13
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(0] = 0
N
©\ /OJJ\N \N )
H
N
H

certain embodiments, the compound is ,

L
?\O“ LS U ey
FFF Cl H

H
F N
H

I

N
U
embodiments, L2 is ‘1‘L “3 In some embodiments, o is 2. In some embodiments, R? is halo. In

,or

, or a pharmaceutically acceptable salt thereof. In other

5 further embodiments, R* is H. In some embodiments, the compound is

L A
H
T

In other embodiments, L? is optionally substituted C1.s heteroalkyl. In particular embodiments, L?

, or a pharmaceutically acceptable salt thereof.

: ‘HL/\O/'Z‘L . . . . :
is . In some embodiments, o is 1. In some embodiments, R? is halo. In some embodiments,

pZ o)

o]
/OJ\H \N,N\
F\©/\O
R*is H. In further embodiments, the compound is or

o A°

H
o
F

. . %{ov . . . . .
embodiments, L2 is . In some embodiments, o is 1. In certain embodiments, R? is halo or Ci-s

10 , or a pharmaceutically acceptable salt thereof. In further

perfluoroalkyl. In some embodiments, R*is H. In particular embodiments, the compound is

14
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N

F F

F o
F or ,ora

pharmaceutically acceptable salt thereof.
H
: e N : :

In yet further embodiments, L2 is . In some embodiments, o is 1 or 2. In some

5 embodiments, R3 is halo or C1.6 perfluoroalkyl. In further embodiments, R*is H. In particular
(0] fYO
. N
NJ\N N
H H
F N

embodiments, the compound is F or
o AF°
x> .N
N
N
F
F
F , or a pharmaceutically acceptable salt thereof. In other
PN
embodiments, L2 is H . In certain embodiments, o is 1 or 2. In further embodiments, R? is halo

or C1.6 perfluoroalkyl. In some embodiments, R*is H. In some embodiments, the compound is
0 % 0] o fYO
X, N
NJ\N SneNS NJ\N NS
F H H
N

N
H H
F

10 F or F ,ora

pharmaceutically acceptable salt thereof.

15
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o)

ot

embodiments, ois 1 or 2. In some embodiments, R? is halo. In further embodiments, R*is H. In

pyeleaas
O

particular embodiments, the compound is F

F 0 f\(o
jeNohan
F (0]

embodiments, L? is optionally substituted C1. alkyl. In some embodiments, o is 2. In certain

In still other embodiments, L' is . In some embodiments, L2is O. In some

,or

, or a pharmaceutically acceptable salt thereof. In further

embodiments, R? is halo. In some embodiments, R*is H. In some embodiments, the compound is
o)
F (0] =~
PN

N~ O N

F , or a pharmaceutically acceptable salt thereof.

In further embodiments, L' is optionally substituted Cs.10 heteroaryl. In particular embodiments,

Ny %
~Y
L'is N-O . In some embodiments, L2 is NH. In some embodiments, o is 2. In some

embodiments, R® is halo. In further embodiments, R* is H. In particular embodiments, the compound is

Q ﬂ
N—<\

embodiments, L2is O. In some embodiments, o is 2. In still further embodiments, R?® is halo. In some

, or a pharmaceutically acceptable salt thereof. In further

embodiments, R*is H. In particular embodiments, the compound is

FQ ﬂ\Q et
N N—<\ N

N-O , or a pharmaceutically

acceptable salt thereof.
In still other embodiments, L2 is optionally substituted C1.6 alkyl. In some embodiments, ois 0, 1,

or 2. In some embodiments, each R? is, independently, halo or cyano. In some embodiments, R* is H.

Uiy

In further embodiments, the compound is
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F
o] o]
74 z
F F
NS N~ N SN~
N—G N—Q
N’O , N’O ,
F cl
74 0 72 °
F N=
N SN~ NSy N~
N—Q i N—Q i
N , or N ,ora

pharmaceutically acceptable salt thereof.

5\<°WN/E

In further embodiments, L' is N-— . In some embodiments, L2 is optionally substituted

Ci alkyl. In certain embodiments, ois 1 or 2. In some embodiments, R?® is halo. In some embodiments,
F
o]
F \'/(\(
N
o] SN
N— |
N’N
or

O
, or a pharmaceutically acceptable salt thereof.

74
F < N
AQ_CN_{;‘\I’\((N\(
=St

In yet other embodiments, L' is N-N . In some embodiments, L2is NH. In further

R*is H. In specific embodiments, the compound is

embodiments, o is 2. In some embodiments, R? is halo. In some embodiments, R*is H. In certain

F
0
. Z
s \N,N\
HN N I
_C _<‘N/N

acceptable salt thereof. In further embodiments, L? is optionally substituted C1.s alkyl. In particular

embodiments, the compound is , or a pharmaceutically
embodiments, o is 2. In some embodiments, R? is halo. In some embodiments, R*is H. In certain
F

s \N,N\
N—Q I
embodiments, the compound is N~ , or a pharmaceutically

acceptable salt thereof.

17
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~r

In still further embodiments, L' is . In some embodiments, L2 is optionally

substituted C1.s alkyl. In some embodiments, o is 2. In further embodiments, R® is halo. In some

embodiments, R*is H. In further embodiments, the compound is

F F
Z 0 Z ©
F N F N
/N I \N’ ~ /N l \N’ ~
N—<O’N N—<O’N
or ,ora

pharmaceutically acceptable salt thereof.

%{S’J)"

Ci.6 alkyl. In some embodiments, o is 2. In some embodiments, R?®is halo. In some embodiments, R* is

F
y O
F N
fo) \N/ ~
N— |
N ,ora

0O
oyt

In still other embodiments, R is ethyl. In some embodiments, L' is H . Insome

In other embodiments, L' is . In some embodiments, L? is optionally substituted

H. In some embodiments, the compound is
pharmaceutically acceptable salt thereof.

embodiments, L? is optionally substituted C1 alkyl. In further embodiments, o is 2. In some

embodiments, R® is halo. In some embodiments, R*is H. In certain embodiments, the compound is

(0]
/©\/©l N \N’NT
H
E

embodiments, R2 is methyl. In certain embodiments, R' is methyl. In some embodiments, L' is
0
E)LN}’-

H . In some embodiments, L2is O. In further embodiments, o is 2. In some embodiments, R? is

, or a pharmaceutically acceptable salt thereof. In specific

halo. In some embodiments, R*is H. In particular embodiments, the compound is

0O

AL X
H H
F (o) O

or F , or a pharmaceutically
acceptable salt thereof. In other embodiments, L2 is optionally substituted C1.6 alkyl. In some

embodiments, o is 2. In some embodiments, R? is halo. In some embodiments, R*is H. In certain
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embodiments, the compound is F or

, or a pharmaceutically acceptable salt thereof.
In other embodiments, the compound has the structure of formula (l11-D-2):

1 2
\ = I 9-|/\jl/|- | X R
(R?),
o 2N NS

R1

(I-D-2)

wherein: 0is 0, 1, 2, 3, 4, or 5; C' and C? optionally combine to form a bond; each of R', R?, and R® is,
independently, H or optionally substituted C1.¢ alkyl; R® is halo, cyano, C1.6 perfluoroalkyl, optionally
substituted C1.6 alkoxy, or optionally substituted C1.s alkyl; L' is optionally substituted Cs.10 heteroaryl or —
C(0)-X5—; X5is NH, O, or optionally substituted C1. alkyl; and L2 is O, NR®, optionally substituted C1.s
alkyl, optionally substituted C1.s heteroalkyl, or absent; or a pharmaceutically acceptable salt thereof.

In some embodiments, R' is methyl. In certain embodiments, R2is H. In particular embodiments,

0]

P

L'is H . In further embodiments, L? is optionally substituted C16 alkyl. In some embodiments,
ois 1. In some embodiments, R? is halo. In certain embodiments, the compound is

, or a pharmaceutically acceptable salt thereof.
In yet other embodiments, the compound has the structure of formula (IV):

1 2
[ 3
X LZ’X \C2é )n N o)
R1

(v)
wherein:misOor1;nis 0,1,0r2;0is 0,1, 2, 3, 4, or 5; C' and C2 optionally combine to form a bond;
each of R', R?, R®, and R® is, independently, H or optionally substituted C1.s alkyl; R® is halo, cyano, C1s
perfluoroalkyl, optionally substituted C1. alkoxy, or optionally substituted C1.6 alkyl; X® is CR* or N; or X3
and C' or C2 combine to form an optionally substituted alkene; R* is H, ORS, optionally substituted C1.6
alkyl, or halo; L' is optionally substituted Cs.10 heteroaryl or —C(O)-X5-; X5 is NH, O, or optionally
substituted C1.6 alkyl; and L2 is O, NRS, optionally substituted C1.s alkyl, optionally substituted C1.s
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heteroalkyl, or absent; or X2 and L2 combine to form an optionally substituted alkene, or a
pharmaceutically acceptable salt thereof.

In further embodiments, the compound has the structure of formula (IV-A):

1
/ N/L Ny R?
@) O
L2 N” 0
R‘l

(IV-A)
wherein: 0is 0, 1, 2, 3, 4, or 5; each of R', R2, and R?® is, independently, H or optionally substituted C16

alkyl; R® is halo, cyano, C1.s perfluoroalkyl, optionally substituted C1.s alkoxy, or optionally substituted C1.6
alkyl; L' is optionally substituted Cs.10 heteroaryl or —C(0)—X5—; X% is NH, O, or optionally substituted C1.6
alkyl; and L2 is O, NR®, optionally substituted C1.s alkyl, optionally substituted C1.s heteroalkyl, or absent;
or a pharmaceutically acceptable salt thereof.

In some embodiments, R2 is H. In further embodiments, R' is methyl. In some embodiments, L'

0
P

is H . In certain embodiments, L2 is optionally substituted C1.s alkyl. In some embodiments, o is

2. In further embodiments, R? is halo. In some embodiments, the compound is
(o) (0]
F o Né\f o Né\f

L AN F A SN
N" N N~ N

or F , or a pharmaceutically
acceptable salt thereof.

In some embodiments, the compound has the structure of formula (V):
1 2 2
Z 1N LYX\ R
e~ ) "
L2777 >¢c2/n TN o
R

W)

wherein:misOor1;nis0,1,0r2;0is 0, 1, 2, 3,4, or 5; C' and C? optionally combine to form a bond;

each of R, R?, R5, and R® is, independently, H or optionally substituted C1.6 alkyl; R® is halo, cyano, Cis
perfluoroalkyl, optionally substituted C1.s alkoxy, or optionally substituted C1. alkyl; each of X' and X2 is,
independently, CH or N, wherein X' and X2 are not both N; L' is optionally substituted Cs.10 heteroaryl or —
C(O)-X5—; X5is NH, O, or optionally substituted C1. alkyl; and L? is O, NR?®, optionally substituted C1.s
alkyl, optionally substituted C1.s heteroalkyl, or absent; or a pharmaceutically acceptable salt thereof.
In certain embodiments, X' is N and X2 is CH. In further embodiments, R2is H. In some
embodiments, R is methyl. In some embodiments, mis 1. In some embodiments, nis 1. In still further
0
P

embodiments, L' is H . In particular embodiments, L2 is optionally substituted C1.6 alkyl. In
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some embodiments, o is 1. In some embodiments, R? is halo. In some embodiments, the compound is

L O
/@\/O)‘\N \N,N\
Cl N

In another aspect, the invention features a compound, or a pharmaceutically acceptable salt
thereof, having the structure of any one of compounds 1-5, 7-11, 14-39, 41-105, 107-136 in Table 1.

I

, or a pharmaceutically acceptable salt thereof.

Table 1. Compounds of the Invention

Compound Compound
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In another aspect, this disclosure provides a pharmaceutical composition comprising a compound
of any of the foregoing compounds, or pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable excipient.

In some embodiments, the pharmaceutical composition includes a compound of one of formulas
|-V and a pharmaceutically acceptable excipient.

In an aspect, this disclosure provides a method of treating a neurological disorder in a subject in
need thereof, the method comprising administering an effective amount of any of the foregoing
compounds or a pharmaceutical composition thereof.

In an aspect, this disclosure provides a method of inhibiting toxicity in a cell related to a protein,
the method comprising administering an effective amount of any of the foregoing compounds or a
pharmaceutical composition thereof.

In some embodiments, the toxicity is a-synuclein-related toxicity. In some embodiments, the
toxicity is ApoE4-related toxicity.

In some embodiments, the cell is a mammalian neural cell.

In an aspect, this disclosure provides a method of treating a stearoyl-CoA desaturase (SCD)-
associated disorder in a subject in need thereof, the method comprising administering an effective
amount of any of the foregoing compounds, or pharmaceutically acceptable salts thereof, or a
pharmaceutical composition thereof.

Non-limiting exemplary SCD-associated disorders include, but are not limited to metabolic
disorders (e.g., diabetes (e.g., Type | diabetes and Type |l diabetes), hyperglycemia, metabolic
syndrome, obesity, lipid disorders, fatty liver, nonalcoholic steatohepatitis (NASH), nonalcoholic fatty liver
disease (NAFLD), and hypertension), cancer, cardiovascular diseases, cerebrovascular diseases, kidney
diseases, liver diseases, skin disorders (e.g., acne (e.g., acne vulgaris)), central nervous system (CNS)
disorders, dementia, multiple sclerosis, schizophrenia, mild cognitive impairment, Alzheimer's Disease,
cerebral amyloid angiopathy, and dementia associated with Down Syndrome.

In some embodiments, the SCD-associated disorder is a SCD5-associated disorder.

29



10

15

20

25

30

35

40

WO 2020/154571 PCT/US2020/014910

In an aspect, this disclosure provides a method of inhibiting SCD5, the method comprising
contacting a cell with an effective amount of any of the foregoing compounds, or pharmaceutically
acceptable salts thereof, or a pharmaceutical composition thereof.

In an aspect, this disclosure provides a method of inhibiting SCD1, the method comprising
contacting a cell with an effective amount of any of the foregoing compounds, or pharmaceutically
acceptable salts thereof, or a pharmaceutical composition thereof.

In an aspect, this disclosure provides a method of treating a primary brain cancer in a subject in
need thereof, the method comprising administering an effective amount of any of the foregoing
compounds, or pharmaceutically acceptable salts thereof, or a pharmaceutical composition thereof.

In some embodiments, the primary brain cancer is a glioma. In some embodiments, the glioma is
an astrocytoma. In some embodiments, the astrocytoma is a glioblastoma.

In some embodiments, the cancer is determined or predicted to be resistant to one or more
chemotherapeutic agents. In some embodiments, the cancer has failed to respond to one or more
chemotherapeutic agents. In some embodiments, one or more therapeutic agents is selected from the
group of temozolomide, carmustine, bevacizumab, lomustine, everolimus, vincristine, or procarbazine. In
some embodiments, one or more therapeutic agents is temozolomide.

In some embodiments, the subject is further administered one or more additional therapeutic
interventions. In some embodiments, one or more additional therapeutic interventions comprises surgery,
radiation, and/or one or more additional chemotherapeutic agents. In some embodiments, one or more
additional therapeutic interventions is one or more chemotherapeutic agents. In some embodiments, one
or more chemotherapeutic agents is selected from the group of temozolomide, carmustine, bevacizumab,
lomustine, everolimus, vincristine, or procarbazine. In some embodiments, one or more

chemotherapeutic agents is temozolomide.

Chemical Terms

It is to be understood that the terminology employed herein is for the purpose of describing
particular embodiments and is not intended to be limiting.

The term “acyl,” as used herein, represents a hydrogen or an alkyl group, as defined herein that
is attached to a parent molecular group through a carbonyl group, as defined herein, and is exemplified
by formyl (i.e., a carboxyaldehyde group), acetyl, trifluoroacetyl, propionyl, and butanoyl. Exemplary
unsubstituted acyl groups include from 1 to 6, from 1 to 11, or from 1 to 21 carbons.

The term “alkyl,” as used herein, refers to a branched or straight-chain monovalent saturated
aliphatic hydrocarbon radical of 1 to 20 carbon atoms (e.g., 1 to 16 carbon atoms, 1 to 10 carbon atoms,
or 1to 6 carbon atoms). An alkylene is a divalent alkyl group.

The term “alkenyl,” as used herein, alone or in combination with other groups, refers to a straight-
chain or branched hydrocarbon residue having a carbon-carbon double bond and having 2 to 20 carbon
atoms (e.g., 2 to 16 carbon atoms, 2 to 10 carbon atoms, 2 to 6, or 2 carbon atoms).

The term “alkynyl,” as used herein, alone or in combination with other groups, refers to a straight-
chain or branched hydrocarbon residue having a carbon-carbon triple bond and having 2 to 20 carbon

atoms (e.g., 2 to 16 carbon atoms, 2 to 10 carbon atoms, 2 to 6, or 2 carbon atoms).
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The term “amino,” as used herein, represents —N(RN")2, wherein each RV' is, independently, H,
OH, NO2, N(RN?)2, SO20RN?2, SO2RN2, SORN2, an N-protecting group, alkyl, alkoxy, aryl, arylalkyl,
cycloalkyl, acyl (e.g., acetyl, trifluoroacetyl, or others described herein), wherein each of these recited RN!
groups can be optionally substituted; or two RN' combine to form an alkylene or heteroalkylene, and
wherein each RN2is, independently, H, alkyl, or aryl. The amino groups of the invention can be an
unsubstituted amino (i.e., -NH2) or a substituted amino (i.e., -N(RN")2).

The term “aryl,” as used herein, refers to an aromatic mono- or polycarbocyclic radical of 6 to 12
carbon atoms having at least one aromatic ring. Examples of such groups include, but are not limited to,
phenyl, naphthyl, 1,2,3,4-tetrahydronaphthyl, 1,2-dihydronaphthyl, indanyl, and 7H-indenyl.

The term “arylalkyl,” as used herein, represents an alkyl group substituted with an aryl group.
Exemplary unsubstituted arylalkyl groups are from 7 to 30 carbons (e.g., from 7 to 16 or from 7 to 20
carbons, such as C1-s alkyl Ce-10 aryl, C1-10 alkyl Ce-10 aryl, or C1-20 alkyl Ce-10 aryl), such as, benzyl and
phenethyl. In some embodiments, the akyl and the aryl each can be further substituted with 1, 2, 3, or 4
substituent groups as defined herein for the respective groups.

The term “azido,” as used herein, represents a —Ns group.

The term “cyano,” as used herein, represents a —CN group.

The terms “carbocyclyl,” as used herein, refer to a non-aromatic Cs.12 monocyclic, bicyclic, or
tricyclic structure in which the rings are formed by carbon atoms. Carbocyclyl structures include
cycloalkyl groups and unsaturated carbocyclyl radicals.

The term “cycloalkyl,” as used herein, refers to a saturated, non-aromatic, monovalent mono- or
polycarbocyclic radical of three to ten, preferably three to six carbon atoms. This term is further
exemplified by radicals such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, norbornyl,
and adamantyl.

The term “halogen,” as used herein, means a fluorine (fluoro), chlorine (chloro), bromine (bromo),
or iodine (iodo) radical.

The term “heteroalkyl,” as used herein, refers to an alkyl group, as defined herein, in which one or
more of the constituent carbon atoms have been replaced by nitrogen, oxygen, or sulfur. In some
embodiments, the heteroalkyl group can be further substituted with 1, 2, 3, or 4 substituent groups as
described herein for alkyl groups. Examples of heteroalkyl groups are an “alkoxy” which, as used herein,
refers alkyl-O- (e.g., methoxy and ethoxy). A heteroalkylene is a divalent heteroalkyl group.

The term “heteroalkenyl,” as used herein, refers to an alkenyl group, as defined herein, in which
one or more of the constituent carbon atoms have been replaced by nitrogen, oxygen, or sulfur. In some
embodiments, the heteroalkenyl group can be further substituted with 1, 2, 3, or 4 substituent groups as
described herein for alkenyl groups. Examples of heteroalkenyl groups are an “alkenoxy” which, as used
herein, refers alkenyl-O-. A heteroalkenylene is a divalent heteroalkenyl group.

The term “heteroalkynyl,” as used herein, refers to an alkynyl group, as defined herein, in which
one or more of the constituent carbon atoms have been replaced by nitrogen, oxygen, or sulfur. In some
embodiments, the heteroalkynyl group can be further substituted with 1, 2, 3, or 4 substituent groups as
described herein for alkynyl groups. Examples of heteroalkynyl groups are an “alkynoxy” which, as used

herein, refers alkynyl-O-. A heteroalkynylene is a divalent heteroalkynyl group.
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The term “heteroaryl,” as used herein, refers to an aromatic mono- or polycyclic radical of 5 to 12
atoms having at least one aromatic ring containing one, two, or three ring heteroatoms selected from N,
O, and S, with the remaining ring atoms being C. One or two ring carbon atoms of the heteroaryl group
may be replaced with a carbonyl group. Examples of heteroaryl groups are pyridyl, pyrazoyl,
benzooxazolyl, benzoimidazolyl, benzothiazolyl, imidazolyl, oxaxolyl, and thiazolyl.

The term “heteroarylalkyl,” as used herein, represents an alkyl group substituted with a heteroaryl
group. Exemplary unsubstituted heteroarylalkyl groups are from 7 to 30 carbons (e.g., from 7 to 16 or
from 7 to 20 carbons, such as Ci.6 alkyl C2¢ heteroaryl, C1.10 alkyl C2.0 heteroaryl, or C1-20 alkyl Cz9
heteroaryl). In some embodiments, the akyl and the heteroaryl each can be further substituted with 1, 2,
3, or 4 substituent groups as defined herein for the respective groups.

The term “heterocyclyl,” as used herein, denotes a mono- or polycyclic radical having 3 to 12
atoms having at least one ring containing one, two, three, or four ring heteroatoms selected from N, O or
S, wherein no ring is aromatic. Examples of heterocyclyl groups include, but are not limited to,
morpholinyl, thiomorpholinyl, furyl, piperazinyl, piperidinyl, pyranyl, pyrrolidinyl, tetrahydropyranyl,
tetrahydrofuranyl, and 1,3-dioxanyl.

The term “heterocyclylalkyl,” as used herein, represents an alkyl group substituted with a
heterocyclyl group. Exemplary unsubstituted heterocyclylalkyl groups are from 7 to 30 carbons (e.g., from
7 to 16 or from 7 to 20 carbons, such as C1 alkyl Cz.¢ heterocyclyl, C1-10 alkyl C2-¢ heterocyclyl, or C1-20
alkyl C2-¢ heterocyclyl). In some embodiments, the akyl and the heterocyclyl each can be further
substituted with 1, 2, 3, or 4 substituent groups as defined herein for the respective groups.

The term “hydroxyl,” as used herein, represents an —OH group.

The term “N-protecting group,” as used herein, represents those groups intended to protect an
amino group against undesirable reactions during synthetic procedures. Commonly used N-protecting
groups are disclosed in Greene, “Protective Groups in Organic Synthesis,” 3™ Edition (John Wiley &
Sons, New York, 1999). N-protecting groups include acyl, aryloyl, or carbamyl groups such as formyl,
acetyl, propionyl, pivaloyl, t-butylacetyl, 2-chloroacetyl, 2-bromoacetyl, trifluoroacetyl, trichloroacetyl,
phthalyl, o-nitrophenoxyacetyl, a-chlorobutyryl, benzoyl, 4-chlorobenzoyl, 4-bromobenzoyl, 4-
nitrobenzoyl, and chiral auxiliaries such as protected or unprotected D, L or D, L-amino acids such as
alanine, leucine, and phenylalanine; sulfonyl-containing groups such as benzenesulfonyl, and p-
toluenesulfonyl; carbamate forming groups such as benzyloxycarbonyl, p-chlorobenzyloxycarbonyl,
p-methoxybenzyloxycarbonyl, p-nitrobenzyloxycarbonyl, 2-nitrobenzyloxycarbonyl,
p-bromobenzyloxycarbonyl, 3,4-dimethoxybenzyloxycarbonyl, 3,5-dimethoxybenzyloxycarbonyl, 2,4-
dimethoxybenzyloxycarbonyl, 4-methoxybenzyloxycarbonyl, 2-nitro-4,5-dimethoxybenzyloxycarbonyl,
3,4,5-trimethoxybenzyloxycarbonyl, 1-(p-biphenylyl)-1-methylethoxycarbonyl, a,a-dimethyl-
3,5-dimethoxybenzyloxycarbonyl, benzhydryloxy carbonyl, t-butyloxycarbonyl,
diisopropylmethoxycarbonyl, isopropyloxycarbonyl, ethoxycarbonyl, methoxycarbonyl, allyloxycarbonyl,
2,2,2 -trichloroethoxycarbonyl, phenoxycarbonyl, 4-nitrophenoxy carbonyl, fluorenyl-9-methoxycarbonyl,
cyclopentyloxycarbonyl, adamantyloxycarbonyl, cyclohexyloxycarbonyl, and phenylthiocarbonyl, arylalkyl
groups such as benzyl, triphenylmethyl, and benzyloxymethyl, and silyl groups, such as trimethylsilyl.
Preferred N-protecting groups are alloc, formyl, acetyl, benzoyl, pivaloyl, t-butylacetyl, alanyl,
phenylsulfonyl, benzyl, t-butyloxycarbonyl (Boc), and benzyloxycarbonyl (Cbz).

32



10

15

20

25

30

35

40

WO 2020/154571 PCT/US2020/014910

The term “nitro,” as used herein, represents an —NO:2 group.

The term “thiol,” as used herein, represents an —SH group.

The alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl, carbocyclyl (e.g., cycloalkyl),
aryl, heteroaryl, and heterocyclyl groups may be substituted or unsubstituted. When substituted, there
will generally be 1 to 4 substituents present, unless otherwise specified. Substituents include, for
example: aryl (e.g., substituted and unsubstituted phenyl), carbocyclyl (e.g., substituted and unsubstituted
cycloalkyl), halogen (e.g., fluoro), hydroxyl, heteroalkyl (e.g., substituted and unsubstituted methoxy,
ethoxy, or thioalkoxy), heteroaryl, heterocyclyl, amino (e.g., NHz or mono- or dialkyl amino), azido, cyano,
nitro, or thiol. Aryl, carbocyclyl (e.g., cycloalkyl), heteroaryl, and heterocyclyl groups may also be
substituted with alkyl (unsubstituted and substituted such as arylalkyl (e.g., substituted and unsubstituted
benzyl)).

Compounds of the invention can have one or more asymmetric carbon atoms and can exist in the
form of optically pure enantiomers, mixtures of enantiomers such as, for example, racemates, optically
pure diastereoisomers, mixtures of diastereoisomers, diastereoisomeric racemates or mixtures of
diastereoisomeric racemates. The optically active forms can be obtained for example by resolution of the
racemates, by asymmetric synthesis or asymmetric chromatography (chromatography with a chiral
adsorbents or eluant). That is, certain of the disclosed compounds may exist in various stereoisomeric
forms. Stereoisomers are compounds that differ only in their spatial arrangement. Enantiomers are pairs
of stereoisomers whose mirror images are not superimposable, most commonly because they contain an
asymmetrically substituted carbon atom that acts as a chiral center. "Enantiomer" means one of a pair of
molecules that are mirror images of each other and are not superimposable. Diastereomers are
stereoisomers that are not related as mirror images, most commonly because they contain two or more
asymmetrically substituted carbon atoms and represent the configuration of substituents around one or
more chiral carbon atoms. Enantiomers of a compound can be prepared, for example, by separating an
enantiomer from a racemate using one or more well-known techniques and methods, such as, for
example, chiral chromatography and separation methods based thereon. The appropriate technique
and/or method for separating an enantiomer of a compound described herein from a racemic mixture can
be readily determined by those of skill in the art. "Racemate" or "racemic mixture" means a compound
containing two enantiomers, wherein such mixtures exhibit no optical activity; i.e., they do not rotate the
plane of polarized light. “Geometric isomer" means isomers that differ in the orientation of substituent
atoms in relationship to a carbon-carbon double bond, to a cycloalkyl ring, or to a bridged bicyclic system.
Atoms (other than H) on each side of a carbon- carbon double bond may be in an E (substituents are on
opposite sides of the carbon- carbon double bond) or Z (substituents are oriented on the same side)
configuration. "R,""S," "S*," "R*," "E," "Z," "cis," and "trans," indicate configurations relative to the core
molecule. Certain of the disclosed compounds may exist in atropisomeric forms. Atropisomers are
stereoisomers resulting from hindered rotation about single bonds where the steric strain barrier to
rotation is high enough to allow for the isolation of the conformers. The compounds of the invention may
be prepared as individual isomers by either isomer-specific synthesis or resolved from an isomeric
mixture. Conventional resolution techniques include forming the salt of a free base of each isomer of an
isomeric pair using an optically active acid (followed by fractional crystallization and regeneration of the

free base), forming the salt of the acid form of each isomer of an isomeric pair using an optically active
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amine (followed by fractional crystallization and regeneration of the free acid), forming an ester or amide
of each of the isomers of an isomeric pair using an optically pure acid, amine or alcohol (followed by
chromatographic separation and removal of the chiral auxiliary), or resolving an isomeric mixture of either
a starting material or a final product using various well known chromatographic methods. When the
stereochemistry of a disclosed compound is named or depicted by structure, the named or depicted
stereoisomer is at least 60%, 70%, 80%, 90%, 99% or 99.9%) by weight relative to the other
stereoisomers. When a single enantiomer is named or depicted by structure, the depicted or named
enantiomer is at least 60%, 70%, 80%, 90%, 99% or 99.9% by weight optically pure. When a single
diastereomer is named or depicted by structure, the depicted or named diastereomer is at least 60%,
70%, 80%, 90%, 99% or 99.9% by weight pure. Percent optical purity is the ratio of the weight of the
enantiomer or over the weight of the enantiomer plus the weight of its optical isomer. Diastereomeric
purity by weight is the ratio of the weight of one diastereomer or over the weight of all the diastereomers.
When the stereochemistry of a disclosed compound is named or depicted by structure, the named or
depicted stereoisomer is at least 60%, 70%), 80%, 90%, 99% or 99.9% by mole fraction pure relative to
the other stereocisomers. When a single enantiomer is named or depicted by structure, the depicted or
named enantiomer is at least 60%, 70%, 80%, 90%, 99% or 99.9% by mole fraction pure. When a single
diastereomer is named or depicted by structure, the depicted or named diastereomer is at least 60%,
70%, 80%, 90%, 99% or 99.9% by mole fraction pure. Percent purity by mole fraction is the ratio of the
moles of the enantiomer or over the moles of the enantiomer plus the moles of its optical isomer.
Similarly, percent purity by moles fraction is the ratio of the moles of the diastereomer or over the moles
of the diastereomer plus the moles of its isomer. When a disclosed compound is hamed or depicted by
structure without indicating the stereochemistry, and the compound has at least one chiral center, it is to
be understood that the name or structure encompasses either enantiomer of the compound free from the
corresponding optical isomer, a racemic mixture of the compound or mixtures enriched in one enantiomer
relative to its corresponding optical isomer. When a disclosed compound is named or depicted by
structure without indicating the stereochemistry and has two or more chiral centers, it is to be understood
that the name or structure encompasses a diastereomer free of other diastereomers, a number of
diastereomers free from other diastereomeric pairs, mixtures of diastereomers, mixtures of diastereomeric
pairs, mixtures of diastereomers in which one diastereomer is enriched relative to the other
diastereomer(s) or mixtures of diastereomers in which one or more diastereomer is enriched relative to

the other diastereomers. The invention embraces all of these forms.

Definitions

In this application, unless otherwise clear from context, (i) the term “a” may be understood to
mean “at least one”; (ii) the term “or” may be understood to mean “and/or”; (iii) the terms “comprising” and
“including” may be understood to encompass itemized components or steps whether presented by
themselves or together with one or more additional components or steps; and (iv) the terms “about” and
“approximately” may be understood to permit standard variation as would be understood by those of
ordinary skill in the art; and (v) where ranges are provided, endpoints are included.

As used herein, the term “administration” refers to the administration of a composition (e.g., a

compound, a complex or a preparation that includes a compound or complex as described herein) to a
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subject or system. Administration to an animal subject (e.g., to a human) may be by any appropriate
route. For example, in some embodiments, administration may be bronchial (including by bronchial
instillation), buccal, enteral, interdermal, intra-arterial, intradermal, intragastric, intramedullary,
intramuscular, intranasal, intraperitoneal, intrathecal, intravenous, intraventricular, mucosal, nasal, oral,
rectal, subcutaneous, sublingual, topical, tracheal (including by intratracheal instillation), transdermal,
vaginal and vitreal.

As used herein, the terms “approximately” and “about” are each intended to encompass normal
statistical variation as would be understood by those of ordinary skill in the art as appropriate to the
relevant context. In certain embodiments, the terms “approximately” or “about” each refer to a range of
values that fall within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%,
6%, 5%, 4%, 3%, 2%, 1%, or less in either direction (greater than or less than) of a stated value, unless
otherwise stated or otherwise evident from the context (e.g., where such number would exceed 100% of a
possible value).

As used herein, the term “combination therapy” refers to those situations in which a subject is
simultaneously exposed to two or more therapeutic agents. In some embodiments, two or more
compounds may be administered simultaneously; in some embodiments, such compounds may be
administered sequentially; in some embodiments, such compounds are administered in overlapping
dosing regimens.

The term “dissemination” used herein refers to spread of a tumor beyond the primary tumor site.
Dissemination may be near the primary tumor site (e.g., infiltration of surrounding tissues), within the
same organ as the primary tumor (e.g., intracranial dissemination of a primary glioma), or within a
different organ than the primary tumor (e.g., a metastasis).

In the practice of the methods of the present invention, an “effective amount” of any one of the
compounds of the invention or a combination of any of the compounds of the invention or a
pharmaceutically acceptable salt thereof, is administered via any of the usual and acceptable methods
known in the art, either singly or in combination.

The term “glioma” used herein refers to a primary tumor that starts in the brain or the spinal cord
and encompasses all the various types of glioma known in the art, including astrocytoma, ependymoma,
oligodendroglioma, brainstem glioma, optic nerve glioma, and mixed glioma.

” o«

The terms “non-resectable tumor,” “unresectable tumor,” and “inoperable tumor” used herein refer
to tumors that are unable to be surgically removed due to tumor site and/or extent of tumor dissemination.

The term “pharmaceutical composition,” as used herein, represents a composition containing a
compound described herein formulated with a pharmaceutically acceptable excipient, and manufactured
or sold with the approval of a governmental regulatory agency as part of a therapeutic regimen for the
treatment of disease in a mammal. Pharmaceutical compositions can be formulated, for example, for oral
administration in unit dosage form (e.g., a tablet, capsule, caplet, gelcap, or syrup); for topical
administration (e.g., as a cream, gel, lotion, or ointment); for intravenous administration (e.g., as a sterile
solution free of particulate emboli and in a solvent system suitable for intravenous use); or in any other
pharmaceutically acceptable formulation.

A “pharmaceutically acceptable excipient,” as used herein, refers any ingredient other than the

compounds described herein (for example, a vehicle capable of suspending or dissolving the active
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compound) and having the properties of being substantially nontoxic and non-inflammatory in a patient.
Excipients may include, for example: antiadherents, antioxidants, binders, coatings, compression aids,
disintegrants, dyes (colors), emollients, emulsifiers, fillers (diluents), film formers or coatings, flavors,
fragrances, glidants (flow enhancers), lubricants, preservatives, printing inks, sorbents, suspensing or
dispersing agents, sweeteners, and waters of hydration. Exemplary excipients include, but are not limited
to: butylated hydroxytoluene (BHT), calcium carbonate, calcium phosphate (dibasic), calcium stearate,
croscarmellose, crosslinked polyvinyl pyrrolidone, citric acid, crospovidone, cysteine, ethylcellulose,
gelatin, hydroxypropyl cellulose, hydroxypropyl methylcellulose, lactose, magnesium stearate, maltitol,
mannitol, methionine, methylcellulose, methyl paraben, microcrystalline cellulose, polyethylene glycol,
polyvinyl pyrrolidone, povidone, pregelatinized starch, propyl paraben, retinyl palmitate, shellac, silicon
dioxide, sodium carboxymethyl cellulose, sodium citrate, sodium starch glycolate, sorbitol, starch (corn),
stearic acid, sucrose, talc, titanium dioxide, vitamin A, vitamin E, vitamin C, and xylitol.

As used herein, the term “pharmaceutically acceptable salt” means any pharmaceutically
acceptable salt of the compound of formula (I). For example, pharmaceutically acceptable salts of any of
the compounds described herein include those that are within the scope of sound medical judgment,
suitable for use in contact with the tissues of humans and animals without undue toxicity, irritation, allergic
response and are commensurate with a reasonable benefit/risk ratio. Pharmaceutically acceptable salts
are well known in the art. For example, pharmaceutically acceptable salts are described in: Berge et al.,
J. Pharmaceutical Sciences 66:1-19, 1977 and in Pharmaceutical Salts: Properties, Selection, and Use,
(Eds. P.H. Stahl and C.G. Wermuth), Wiley-VCH, 2008. The salts can be prepared in situ during the final
isolation and purification of the compounds described herein or separately by reacting a free base group
with a suitable organic acid.

The compounds of the invention may have ionizable groups so as to be capable of preparation as
pharmaceutically acceptable salts. These salts may be acid addition salts involving inorganic or organic
acids or the salts may, in the case of acidic forms of the compounds of the invention be prepared from
inorganic or organic bases. Frequently, the compounds are prepared or used as pharmaceutically
acceptable salts prepared as addition products of pharmaceutically acceptable acids or bases. Suitable
pharmaceutically acceptable acids and bases and methods for preparation of the appropriate salts are
well-known in the art. Salts may be prepared from pharmaceutically acceptable non-toxic acids and
bases including inorganic and organic acids and bases.

Representative acid addition salts include acetate, adipate, alginate, ascorbate, aspartate,
benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate, citrate,
cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, fumarate, glucoheptonate,
glycerophosphate, hemisulfate, heptonate, hexanoate, hydrobromide, hydrochloride, hydroiodide, 2-
hydroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl sulfate, malate, maleate, malonate,
methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate, palmitate, pamoate,
pectinate, persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate, stearate, succinate,
sulfate, tartrate, thiocyanate, toluenesulfonate, undecanoate, and valerate salts. Representative alkali or
alkaline earth metal salts include sodium, lithium, potassium, calcium, and magnesium, as well as

nontoxic ammonium, quaternary ammonium, and amine cations, including, but not limited to ammonium,
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tetramethylammonium, tetraethylammonium, methylamine, dimethylamine, trimethylamine, triethylamine,
and ethylamine.

As used herein, the term “stearoyl-CoA desaturase (SCD)-associated disorder” refers to an
undesired physiological condition, disorder, or disease that is associated with and/or mediated at least in
part by an SCD protein. In some instances, SCD-associated disorders are associated with excess SCD
levels and/or activity. SCDs introduce a double bond in the C9-C10 position of saturated fatty acids such
as palmitoyl-CoA and stearoyl-CoA which are converted to palmitoleoyl-CoA and oleoyl-CoA,
respectively. One SCD gene, SCD1, has been characterized in humans for which there are two isoforms,
SCD1 and SCD5. An SCD-associated disorder may be associated with and/or mediated at least in part
by SCD1 and/or SCD5. Exemplary SCD-associated disorders include SCD-associated disorders include,
but are not limited to metabolic disorders (e.g., diabetes (e.g., Type | diabetes and Type |l diabetes),
hyperglycemia, metabolic syndrome, obesity, lipid disorders, fatty liver, nonalcoholic steatohepatitis
(NASH), nonalcoholic fatty liver disease (NAFLD), and hypertension), cancer, cardiovascular diseases,
cerebrovascular diseases, kidney diseases, liver diseases, skin disorders (e.g., acne (e.g., acne
vulgaris)), central nervous system (CNS) disorders, dementia, multiple sclerosis, schizophrenia, mild
cognitive impairment, Alzheimer's Disease, cerebral amyloid angiopathy, and dementia associated with
Down Syndrome. Additional SCD-associated disorders are described herein or known in the art.

As used herein, the term “subject” refers to any organism to which a composition in accordance
with the invention may be administered, e.g., for experimental, diagnostic, prophylactic, and/or
therapeutic purposes. Typical subjects include any animal (e.g., mammals such as mice, rats, rabbits,
non-human primates, and humans). A subject may seek or be in need of treatment, require treatment, be
receiving treatment, be receiving treatment in the future, or be a human or animal who is under care by a
trained professional for a particular disease or condition.

As used herein, the terms "treat," "treated," or "treating" mean both therapeutic treatment and
prophylactic or preventative measures wherein the object is to prevent or slow down (lessen) an
undesired physiological condition, disorder, or disease, or obtain beneficial or desired clinical results.
Beneficial or desired clinical results include, but are not limited to, alleviation of symptoms; diminishment
of the extent of a condition, disorder, or disease; stabilized (i.e., not worsening) state of condition,
disorder, or disease; delay in onset or slowing of condition, disorder, or disease progression; amelioration
of the condition, disorder, or disease state or remission (whether partial or total), whether detectable or
undetectable; an amelioration of at least one measurable physical parameter, not necessarily discernible
by the patient; or enhancement or improvement of condition, disorder, or disease. Treatment includes
eliciting a clinically significant response without excessive levels of side effects. Treatment also includes
prolonging survival as compared to expected survival if not receiving treatment

The term “therapeutically effective amount” means an amount that is sufficient, when
administered to a population suffering from or susceptible to a disease, disorder, and/or condition in
accordance with a therapeutic dosing regimen, to treat the disease, disorder, and/or condition. In some
embodiments, a therapeutically effective amount is one that reduces the incidence and/or severity of,
and/or delays onset of, one or more symptoms of the disease, disorder, and/or condition. Those of
ordinary skill in the art will appreciate that the term “therapeutically effective amount” does not in fact

require successful treatment be achieved in a particular individual. Rather, a therapeutically effective
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amount may be that amount that provides a particular desired pharmacological response in a significant
number of subjects when administered to patients in need of such treatment. It is specifically understood
that particular subjects may, in fact, be “refractory” to a “therapeutically effective amount.” To give but
one example, a refractory subject may have a low bioavailability such that clinical efficacy is not

5 obtainable. In some embodiments, reference to a therapeutically effective amount may be a reference to
an amount as measured in one or more specific tissues (e.g., a tissue affected by the disease, disorder or
condition) or fluids (e.g., blood, saliva, serum, sweart, tears, urine, etc). Those of ordinary skill in the art
will appreciate that, in some embodiments, a therapeutically effective amount may be formulated and/or
administered in a single dose. In some embodiments, a therapeutically effective amount may be

10  formulated and/or administered in a plurality of doses, for example, as part of a dosing regimen.

Detailed Description of the Invention
The invention features compounds useful for the treatment of neurological disorders and cancer,
e.g., by inhibiting a-synuclein toxicity in a cell such as a neural cell. Exemplary compounds described

15 herein include compounds having a structure according to one of formulas I-V:
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or pharmaceutically acceptable salts thereof. In some embodiments, the compound has the
structure of any one of compounds 1-5, 7-11, 14-39, 41-105, 107-136 in Table 1.
Other embodiments, as well as exemplary methods for the synthesis or production of these
25 compounds, are described herein.

Pharmaceutical Uses
The compounds described herein are useful in the methods of the invention and, while not bound
by theory, are believed to exert their desirable effects through their ability to inhibit toxicity caused by
30 protein aggregation, e.g., a-synuclein aggregation, in a cell.
The compounds described herein are useful as inhibitors of stearoyl-CoA desaturase (SCD),

including SCD1 and/or SCD5. SCD inhibitors are known in the art to be useful in methods of treating
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and/or preventing SCD-associated disorders. SCD-associated disorders are described, for example, in
U.S. Patent No. 8,148,378, and in International Patent Application Publication Nos. WO 2011/047481,
WO 2010/112520, WO 2010/045374, WO 2010/028761; WO 2009/150196, and WO

2009/106991. Accordingly, another aspect of the present invention relates to methods of treating and/or
preventing an SCD-associated disorder in a subject in need thereof.

Cancer

Another aspect of the present invention relates to methods of treating and/or preventing cancer,
including solid tumors or hematological malignancies (e.g., esophageal cancer, pancreatic cancer,
endometrial cancer, kidney cancer, hepatoma, thyroid cancer, gallbladder cancer, prostate cancer,
leukemia (e.g., lymphomas and myelomas), ENT-related cancer, primary brain cancer (e.g., a glioma,
such as an astrocytoma, e.g., a glioblastoma), colon cancer, rectal cancer, colorectal cancer, ovarian
cancer, uterine cancer, breast cancer, skin cancer, and prostate cancer), neoplasia, malignancy,

metastases, tumors (benign or malignant), carcinogenesis, and hepatomas.

Glioma

A glioma is a type of tumor that starts in the brain or the spinal cord and arises from glial cells.
Approximately half of all brain tumors are gliomas. There are four main types of glioma: astrocytoma,
ependymoma, oligodendroglioma, and mixed glioma. Gliomas can be classified according to their
location: infratentorial (i.e., located in the lower part of the brain) or supratentorial (i.e., located in the
upper part of the brain). Gliomas are further categorized according to their grade, which is determined by
pathologic evaluation of the tumor. The World Health Organization (WHO) has developed a grading
system, from Grade | gliomas, which tend to be the least aggressive, to Grade IV gliomas, which tend to
be the most aggressive and malignant. Examples of low grade (i.e., Grade | or Grade Il) gliomas include
pilocytic astrocytoma, fibrillary astrocytoma, pleomorphic xantroastrocytomoa, and desembryoplastic
neuroepithelial tumor. High-grade gliomas encompass Grade lll gliomas (e.g., anaplastic astrocytoma,
AA) and Grade |V gliomas (e.g., glioblastoma multiforme, GBM). Anaplastic astrocytoma accounts for 4%
of all brain tumors. Glioblastoma multiforme, the most invasive type of glial tumor, is most common in
men and women in their 50s-70s and accounts for 23% of all primary brain tumors. The prognosis is the
worst for Grade IV gliomas, with an average survival time of 12 months.

Gliomas are treated with surgery, radiation therapy and chemotherapy, often in combination;
however, gliomas are rarely curable. More than 95% of the patients with gliomas die within 2 years
following diagnosis despite aggressive therapy. Thus, there remains a need for new methods and

compositions for treating gliomas.

Treatment of primary brain cancer with SCD inhibitors

SCD inhibitors are expected to be useful for inhibiting proliferation, survival, and invasiveness of
cancer cells, thereby inhibiting tumor growth and dissemination in a subject suffering from a primary brain
cancer (e.g., a glioma, such as an astrocytoma, e.g., a glioblastoma). Pharmaceutical compositions (e.g.,
the SCD inhibitors disclosed herein) may be administered either prior to or following surgical removal of a

primary tumor and/or treatment such as administration of radiotherapy or conventional chemotherapeutic
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drugs (e.g., temozolomide). In certain embodiments, compounds of the present invention are used for
the treatment of gliomas. A patient afflicted with a glioma may be diagnosed using criteria generally
accepted in the art.

SCD1 was previously identified as a therapeutic target for the treat of gliomas (Dai et al.,
doi:10.3389/fphar.2017.00960; Tracz-Gaszewska and Dobrzyn, doi.org/10.3390/cancers11070948).
Accordingly, SCD inhibitors can be used alone or in combination with one or more therapeutic
interventions (e.g., surgery, radiotherapy, chemotherapy) for use in treating a subject suffering from a
primary brain cancer (e.g., a glioma, such as an astrocytoma, e.g., a glioblastoma). In some
embodiments, an SCD inhibitor can be used prior (e.g., about 1 minute, 5 minutes, 10 minutes, 20
minutes, 30 minutes, 40 minutes, 50 minutes, 1 hour, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 8
hours, 10 hours, 12 hours, 16 hours, 20 hours, 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 1 week, 2
weeks, 4 weeks, 8 weeks, 12 weeks, 4 months, 5 months, 6 months, 8 months, 10 months, or 12 months)
to one or more therapeutic interventions (e.g., surgery, radiotherapy, chemotherapy). In some
embodiments, an SCD inhibitor can be used concurrently with one or more therapeutic interventions (e.g.,
surgery, radiotherapy, chemotherapy). In some embodiments, an SCD inhibitor can be used after (e.g.,
about 1 minute, 5 minutes, 10 minutes, 20 minutes, 30 minutes, 40 minutes, 50 minutes, 1 hour, 2 hours,
3 hours, 4 hours, 5 hours, 6 hours, 8 hours, 10 hours, 12 hours, 16 hours, 20 hours, 1 day, 2 days, 3
days, 4 days, 5 days, 6 days, 1 week, 2 weeks, 4 weeks, 8 weeks, 12 weeks, 4 months, 5 months, 6
months, 8 months, 10 months, or 12 months) one or more therapeutic interventions (e.g., surgery,
radiotherapy, chemotherapy). For example, SCD inhibitors can be used concurrently with surgical
resection of the tumor and prior to radiotherapy and chemotherapy. SCD inhibitors can also be used prior
to surgical resection of the tumor, radiotherapy, and chemotherapy. SCD inhibitors can also be used
concurrently with surgical resection of the tumor, radiotherapy, and chemotherapy. SCD inhibitors can
also be used after surgical resection of the tumor, radiotherapy, and chemotherapy. SCD inhibitors can
also be used concurrently with radiotherapy and prior to surgical resection of the tumor and
chemotherapy. SCD inhibitors can also be used concurrently with post-resection radiotherapy and prior
to chemotherapy. SCD inhibitors can also be used concurrently with chemotherapy and after surgical
resection of the tumor and radiotherapy.

When SCD inhibitors, are used to treat a subject suffering from a glioma in combination with one
or more appropriate therapeutics, the compounds within the combination can be administered as a
combination product or can be administered substantially simultaneously or sequentially.

In one embodiment, an SCD inhibitor can be used in combination with one or more additional
agents to treat glioblastoma multiforme. Examples of such agents include those selected from the group
consisting of abarelix, actinomycin D, adriamycin, aldesleukin, alemtuzumab, alitretinoin, allopurinol,
altretamine, amifostine, anakinra, anastrozole, arsenic trioxide, asparaginase, azacitidine, BCG Live,
bevacuzimab, bexarotene, bleomycin, bortezomib, busulfan, calusterone, capecitabine, carboplatin,
carmustine, celecoxib, cetuximab, chlorambucil, cisplatin, cladribine, clofarabine, cyclophosphamide,
cytarabine, dacarbazine, dactinomycin, dalteparin (e.g., sodium), darbepoetin alfa, dasatinib,
daunorubicin, daunomycin, decitabine, denileukin, denileukin diftitox, dexrazoxane, docetaxel,
doxorubicin, dromostanolone propionate, eculizumab, epirubicin (e.g., HCI), epoetin alfa, erlotinib,

estramustine, etoposide (e.g., phosphate), everolimus, exemestane, fentanyl (e.g., citrate), filgrastim,
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floxuridine, fludarabine, fluorouracil, 5-FU, fulvestrant, gefitinib, gemcitabine (e.g., HCI), gemtuzumab
ozogamicin, goserelin (e.g., acetate), histrelin (e.g., acetate), hydroxyurea, ibritumomab tiuxetan,
idarubicin, ifosfamide, imatinib (e.g., mesylate), interferon alfa-2b, irinotecan, lapatinib ditosylate,
lenalidomide, letrozole, leucovorin, leuprolide (e.g., acetate), levamisole, lomustine, CCNU,
meclorethamine (nitrogen mustard), megestrol, melphalan (L-PAM), mercaptopurine (6-MP), mesna,
methotrexate, methoxsalen, mitomycin C, mitotane, mitoxantrone, nandrolone phenpropionate,
nelarabine, nofetumomab, oprelvekin, oxaliplatin, paclitaxel, palifermin, pamidronate, panitumumab,
pegademase, pegaspargase, pedfilgrastim, peginterferon alfa-2b, pemetrexed (e.g., disodium),
pentostatin, pipobroman, plicamycin (mithramycin), porfimer (e.g., sodium), procarbazine, quinacrine,
rasburicase, rituximab, sargramostim, sorafenib, streptozocin, sunitinib (e.g., maleate), talc, tamoxifen,
temozolomide, teniposide (VM-26), testolactone, thalidomide, thioguanine (6-TG), thiotepa, thiotepa,
thiotepa, topotecan (e.g., hcl), toremifene, Tositumomab/I-131 (tositumomab), trastuzumab, tretinoin
(ATRA), uracil mustard, valrubicin, vinblastine, vincristine, vinorelbine, vorinostat, zoledronate, and
zoledronic acid. In some embodiments, an SCD inhibitor is used in combination with one or more of
temozolomide, carmustine, bevacizumab, lomustine, everolimus, vincristine, and procarbazine, or
biologically active variants, salts, and derivatives of any of the above.

In some embodiments, an SCD inhibitor when co-administered with a chemotherapeutic agent to
a subject who has glioma, decreases the dosage of chemotherapeutic agent required for a therapeutic
effect by, e.g., decreasing cancer cell growth rate, decreasing tumor size, decreasing survival of cancer
cells, or increasing apoptosis by cancer cells. In one embodiment, the chemotherapeutic agent is
temozolomide.

Treating primary brain cancer can result in a reduction in size or volume of a tumor. For example,
after treatment, tumor size is reduced by about 5% or greater (e.g., about 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90% or greater) relative to its size prior to treatment. Size of a tumor may be measured
by any reproducible means of measurement. For example, the size of a tumor may be measured as a
diameter of the tumor.

Treating primary brain cancer may further result in a decrease in number of tumors. For
example, after treatment, tumor number is reduced by about 5% or greater (e.g., about 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90% or greater) relative to number prior to treatment. Number of tumors
may be measured by any reproducible means of measurement, e.g., the number of tumors may be
measured by counting tumors visible to the naked eye or at a specified magnification (e.g., 2x, 3x, 4x, 5x,
10x, or 50x).

Treating primary brain cancer can result in a decrease in number of metastatic nodules in other
tissues or organs distant from the primary tumor site. For example, after treatment, the number of
metastatic nodules is reduced by about 5% or greater (e.g., about 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90% or greater) relative to number prior to treatment. The number of metastatic nodules may
be measured by any reproducible means of measurement. For example, the number of metastatic
nodules may be measured by counting metastatic nodules visible to the naked eye or at a specified
magnification (e.g., 2x, 10x, or 50x).

Treating primary brain cancer can result in an increase in average survival time of a population of

subjects treated according to the present invention in comparison to a population of untreated subjects.

41



10

15

20

25

30

35

40

WO 2020/154571 PCT/US2020/014910

For example, the average survival time is increased by more than about 30 days (more than about 60
days, 90 days, or 120 days). An increase in average survival time of a population may be measured by
any reproducible means. An increase in average survival time of a population may be measured, for
example, by calculating for a population the average length of survival following initiation of treatment with
the compound of the invention. An increase in average survival time of a population may also be
measured, for example, by calculating for a population the average length of survival following completion
of a first round of treatment with a pharmaceutically acceptable salt of the invention.

Treating primary brain cancer can also result in a decrease in the mortality rate of a population of
treated subjects in comparison to an untreated population. For example, the mortality rate is decreased
by more than about 2% (e.g., more than about 5%, 10%, or 25%). A decrease in the mortality rate of a
population of treated subjects may be measured by any reproducible means, for example, by calculating
for a population the average number of disease-related deaths per unit time following initiation of
treatment with a pharmaceutically acceptable salt of the invention. A decrease in the mortality rate of a
population may also be measured, for example, by calculating for a population the average number of
disease-related deaths per unit time following completion of a first round of treatment with a
pharmaceutically acceptable salt of the invention.

Treating primary brain cancer can result in a decrease in recurrence of tumors in treated subjects
in comparison to an untreated population. For example, after treatment, the time to tumor recurrence
may be reduced by about 5% or greater (e.g., about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%
or greater) relative to the rate in the untreated population. The rate of recurrence may be measured, for
example, by calculating for a population the average length of time from when the tumor could not be
detected (e.g., after resection) to when a new tumor can be detected.

Treating primary brain cancer can result in a decrease in dissemination of cancer cells in treated
subjects in comparison to an untreated population. For example, after treatment, the number of recurrent
tumors at sites other than the original site of the tumor is reduced by about 5% or greater (e.g., about
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or greater) relative to number present in the untreated
population. A reduction in the number of recurrent tumors at sites other than the original site of the tumor
can be measured by comparing the number of recurrent tumors at sites other than the original site in a

treated population relative to the number in an untreated population.

Neurological disorders

Another aspect of the present invention relates to methods of treating and/or preventing
neurological disorders such as neurodegenerative diseases in a subject in need thereof. The pathologyof
neurodegenerative disease, may be characterized by the presence of inclusion bodies in brain tissue of
affected patients.

In certain embodiments, neurological disorders that may be treated and/or prevented by the
inventive methods include, but are not limited to, Alexander disease, Alper's disease, AD, amyotrophic
lateral sclerosis, ataxia telangiectasia, Canavan disease, Cockayne syndrome, corticobasal degeneration,
Creutzfeldt-Jakob disease, Huntington disease, Kennedy's disease, Krabbe disease, Lewy body

dementia, Machado-Joseph disease, multiple sclerosis, PD, Pelizaeus-Merzbacher disease, Pick's
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disease, primary lateral sclerosis, Ref sum's disease, Sandhoff disease, Schilder' s disease, Steele-

Richardson-Olszewski disease, tabes dorsalis, and Guillain-Barre Syndrome.

Metabolic disorders

Another aspect of the present invention relates to methods of treating and/or preventing
metabolic disorders in a subject in need thereof. Metabolic disorders include, e.g., insulin resistance,
diabetes mellitus (e.g., Type | diabetes, Type Il diabetes, non-insulin-dependent diabetes mellitus,
gestational diabetes, and diabetic complications (e.g., diabetic peripheral neuropathy, diabetic
nephropathy diseases, diabetic retinopathy, diabetic macroangiopathy, vascular complications of
diabetes, and diabetic arteriosclerosis)), hyperglycemia, metabolic syndrome, hyperinsulinanemia,
glucose intolerance, impaired glucose tolerance, body weight disorders (e.g., obesity (e.g., abdominal
obesity), overweight, cachexia, body mass index, and anorexia), lipid disorders (e.g., abnormal lipid levels
(e.g., elevated lipid levels, for example, in plasma), dyslipidemia (e.g., diabetic dyslipidemia), mixed
dyslipidemia, hyperlipidemia, hypertriglyceridemia, hypoalphalipoproteinemia, hyperbetalipoproteinemia,
atherosclerosis, hypercholesterolemia (e.g., familial hypercholesterolemia), low HDL, high LDL, diseases
related to accumulation of lipids in liver, familial histiocytic reticulosis, lipoprotein lipase deficiency,
polyunsaturated fatty acid (PUFA) disorder, fatty acid desaturation index (e.g. the ratio of 18:1/18:0 fatty
acids, or other fatty acids), and abnormal lipid metabolism disorders), disorders of abnormal plasma
lipoprotein, disorders of pancreatic beta cell regeneration, fatty liver, nonalcoholic steatohepatitis (NASH),
nonalcoholic fatty liver disease (NAFLD), hypertension, and microalbuminemia, leptin related diseases,
hyperleptinaemia, appetite disorder, essential fatty acid deficiency, and adverse weight gain associated

with a drug therapy.

Other SCD-associated disorders

Further SCD-associated disorders include cardiovascular disease (e.g., heart disease,
atherosclerosis, hypertension, lipidemia, dyslipidemia, elevated blood pressure, microalbuminemia,
hyperuricaemia, hypercholesterolemia, hyperlipidemias, hypertriglyceridemias, arteriosclerosis, coronary
artery disease, myocardial infarction, vascular complications of diabetes, and diabetic arteriosclerosis),
inflammation, sinusitis, asthma, pancreatitis, osteoarthritis, rheumatoid arthritis, hepatitis (e.g., sexual
hepatitis), meibomitis, cystic fibrosis, pre-menstrual syndrome, osteoporosis, thrombosis, cardiovascular
risks, weight loss, angina, high blood pressure, ischemia, cardiac ischemia, reperfusion injury,
angioplastic restenosis, infertility, liver disease (e.g., fatty liver, cirrhosis, nonalcoholic steatohepatitis, liver
fibrosis, and hepatitis C related steatosis), kidney disease (e.g., tubulointerstitial fibrosis, kidney lipid
accumulation, glomerular sclerosis, and proteinuria), osteoarthritis (e.g., osteoarthritis of the knee),
gastro-esophageal disease, sleep apnea, secondary hyperparathyroidism of renal osteodystrophy,
peripheral vascular disease, cerebrovascular disease (e.g., stroke, ischemic stroke and transient ischemic
attack (TIA), and ischemic retinopathy), hyperandrogenism, malignant syndrome, extrapyramidal
symptoms, hyperuricemia, hypercoagulability, syndrome X, cataract, polycystic ovary syndrome,
breathing abnormalities, sleep-disordered breathing, low back pain, gout, gallstone disease, myopathies,
lipid myopathies (e.g., caritine palmitoyltransferase deficiency (CPT | or CPT II)), autoimmune diseases

(e.g., lupus, host versus graft rejection, and rejection of organ transplants), asthma, inflammatory bowel
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diseases, nephropathy, retinopathy, erythrohepatic protoporphyria, iron overload disorders, and
hereditary hemochromatosis.

Still further SCD-associated disorders include central nervous system (CNS) disorders, dementia,
schizophrenia, mild cognitive impairment, Alzheimer's Disease, cerebral amyloid angiopathy, dementia
associated with Down Syndrome, other neurodegenerative diseases, psychiatric disorders, eye diseases,
immune disorders, multiple sclerosis, neuropathy, and depression.

Additional SCD-associated disorders include skin disorders (e.g., acne (e.g., acne vulgaris),
psoriasis, hirsutism, rosacea, seborrheic skin, oily skin (syn seborrhea), seborrheic dermatitis,
hyperseborrhea, eczema, keloid scar, skin ageing, diseases related to production or secretions from
mucous membranes, wrinkles, lack of adequate skin firmness, lack of adequate dermal hydration,
insufficient sebum secretion, oily hair, shiny skin, greasy-looking skin, greasy-looking hair, and other skin
conditions caused by lipid imbalance).

An SCD-associated disorder can also include a disease or condition which is, or is related to, viral
diseases or infections.

In some embodiments, the SCD-associated disorder is acne (e.g., acne vulgaris). In some
embodiments, the SCD-associated disorder is diabetes (e.g., type |l diabetes, including diabetes with
inadequate glycemic control). In some embodiments, the SCD-associated disorder is nonalcoholic fatty
liver disease (NAFLD). In some embodiments, the SCD-associated disorder is nonalcoholic
steatohepatitis (NASH). In some embodiments, the SCD- associated disorder is cancer. In some
embodiments, the SCD- associated disorder is obesity. In some embodiments, the SCD-associated
disorder is metabolic syndrome (e.g., dyslipidemia, obesity, insulin resistance, hypertension,
microalbuminemia, hyperuricaemia, and hypercoagulability), syndrome X, diabetes, insulin resistance,
decreased glucose tolerance, non-insulin-dependent diabetes mellitus, Type Il diabetes, Type | diabetes,
diabetic complications, body weight disorders (e.g., obesity, overweight, cachexia, and anorexia), weight
loss, body mass index, leptin related diseases, or a skin disorder (e.g., eczema, acne, psoriasis, and
keloid scar). In some embodiments, the SCD-associated disorder is diabetes, metabolic syndrome,
insulin resistance, obesity, a cardiovascular disorder, a CNS disorder, schizophrenia, or Alzheimer's
disease.

Combination Formulations and Uses Thereof
The compounds of the invention can be combined with one or more therapeutic agents. In
particular, the therapeutic agent can be one that treats or prophylactically treats any neurological disorder

described herein.

Combination Therapies

A compound of the invention can be used alone or in combination with other agents that treat
neurological disorders or symptoms associated therewith, or in combination with other types of treatment
to treat, prevent, and/or reduce the risk of any neurological disorders. In combination treatments, the
dosages of one or more of the therapeutic compounds may be reduced from standard dosages when

administered alone. For example, doses may be determined empirically from drug combinations and
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permutations or may be deduced by isobolographic analysis (e.g., Black et al., Neurology 65:S3-S6,

2005). In this case, dosages of the compounds when combined should provide a therapeutic effect.

Pharmaceutical Compositions

The compounds of the invention are preferably formulated into pharmaceutical compositions for
administration to human subjects in a biologically compatible form suitable for administration in vivo.
Accordingly, in another aspect, the present invention provides a pharmaceutical composition comprising a
compound of the invention in admixture with a suitable diluent, carrier, or excipient.

The compounds of the invention may be used in the form of the free base, in the form of salts,
solvates, and as prodrugs. All forms are within the scope of the invention. In accordance with the
methods of the invention, the described compounds or salts, solvates, or prodrugs thereof may be
administered to a patient in a variety of forms depending on the selected route of administration, as will
be understood by those skilled in the art. The compounds of the invention may be administered, for
example, by oral, parenteral, buccal, sublingual, nasal, rectal, patch, pump, or transdermal administration
and the pharmaceutical compositions formulated accordingly. Parenteral administration includes
intravenous, intraperitoneal, subcutaneous, intramuscular, transepithelial, nasal, intrapulmonary,
intrathecal, rectal, and topical modes of administration. Parenteral administration may be by continuous
infusion over a selected period of time.

A compound of the invention may be orally administered, for example, with an inert diluent or with
an assimilable edible carrier, or it may be enclosed in hard or soft shell gelatin capsules, or it may be
compressed into tablets, or it may be incorporated directly with the food of the diet. For oral therapeutic
administration, a compound of the invention may be incorporated with an excipient and used in the form
of ingestible tablets, buccal tablets, troches, capsules, elixirs, suspensions, syrups, and wafers.

A compound of the invention may also be administered parenterally. Solutions of a compound of
the invention can be prepared in water suitably mixed with a surfactant, such as hydroxypropylcellulose.
Dispersions can also be prepared in glycerol, liquid polyethylene glycols, DMSO and mixtures thereof
with or without alcohol, and in oils. Under ordinary conditions of storage and use, these preparations may
contain a preservative to prevent the growth of microorganisms. Conventional procedures and
ingredients for the selection and preparation of suitable formulations are described, for example, in
Remington’s Pharmaceutical Sciences (2003, 20t ed.) and in The United States Pharmacopeia: The
National Formulary (USP 24 NF19), published in 1999.

The pharmaceutical forms suitable for injectable use include sterile aqueous solutions or
dispersions and sterile powders for the extemporaneous preparation of sterile injectable solutions or
dispersions. In all cases the form must be sterile and must be fluid to the extent that may be easily
administered via syringe.

Compositions for nasal administration may conveniently be formulated as aerosols, drops, gels,
and powders. Aerosol formulations typically include a solution or fine suspension of the active substance
in a physiologically acceptable aqueous or non-aqueous solvent and are usually presented in single or
multidose quantities in sterile form in a sealed container, which can take the form of a cartridge or refill for
use with an atomizing device. Alternatively, the sealed container may be a unitary dispensing device,

such as a single dose nasal inhaler or an aerosol dispenser fitted with a metering valve which is intended
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for disposal after use. Where the dosage form comprises an aerosol dispenser, it will contain a
propellant, which can be a compressed gas, such as compressed air or an organic propellant, such as
fluorochlorohydrocarbon. The aerosol dosage forms can also take the form of a pump-atomizer.
Compositions suitable for buccal or sublingual administration include tablets, lozenges, and pastilles,
where the active ingredient is formulated with a carrier, such as sugar, acacia, tragacanth, gelatin, and
glycerine. Compositions for rectal administration are conveniently in the form of suppositories containing
a conventional suppository base, such as cocoa butter.

The compounds of the invention may be administered to an animal, e.g., a human, alone or in
combination with pharmaceutically acceptable carriers, as noted herein, the proportion of which is
determined by the solubility and chemical nature of the compound, chosen route of administration, and
standard pharmaceutical practice.

Dosages

The dosage of the compounds of the invention, and/or compositions comprising a compound of
the invention, can vary depending on many factors, such as the pharmacodynamic properties of the
compound; the mode of administration; the age, health, and weight of the recipient; the nature and extent
of the symptoms; the frequency of the treatment, and the type of concurrent treatment, if any; and the
clearance rate of the compound in the animal to be treated. One of skill in the art can determine the
appropriate dosage based on the above factors. The compounds of the invention may be administered
initially in a suitable dosage that may be adjusted as required, depending on the clinical response. In
general, satisfactory results may be obtained when the compounds of the invention are administered to a
human at a daily dosage of, for example, between 0.05 mg and 3000 mg (measured as the solid form).
Dose ranges include, for example, between 10-1000 mg (e.g., 50-800 mg). In some embodiments, 50,
100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, or 1000 mg of
the compound is administered. Preferred dose ranges include, for example, between 0.05-15 mg/kg or
between 0.5-15 mg/kg.

Alternatively, the dosage amount can be calculated using the body weight of the patient. For
example, the dose of a compound, or pharmaceutical composition thereof, administered to a patient may
range from 0.1-50 mg/kg (e.g., 0.25-25 mg/kg). In exemplary, non-limiting embodiments, the dose may
range from 0.5-5.0 mg/kg (e.g., 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, or 5.0 mg/kg) or from 5.0-20
mg/kg (e.g., 5.5,6.0,6.5,7.0,7.5,8.0,8.5,9.0,9.5,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 mg/kg).

Examples
The synthesis of compounds of this invention can be synthesized according to one or more of the
general schemes 1-16 shown below.

General Scheme 1

~Het

“Boc Z N-Boc s NH e N\ﬂ/N\Het
R
m v o

1 X=1,Br
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Hydroboration of piperidine | followed by Suzuki-Miyaura coupling with an appropriately
substituted aromatic halide Il affords Boc-protected intermediate lll. Deprotection of piperidine Il under
acidic conditions (e.g., hydrochloric or trifluoroacetic acid) affords amine IV that can be reacted with an
amino heterocycle V and an appropriate carbonyl synthon (e.g., triphosgene) to give appropriately
substituted urea VI.

General Scheme 2

1} v vi vi

Alternatively, appropriately substituted Boc piperidine Ill can be deprotected using acidic
conditions (e.g., hydrochloric or trifluoroacetic acid) to give free amine IV that can be coupled with
trimethylsilyl isocyanate VIl to give urethane VIIl. Copper(l) mediated coupling of urea VIl with an
aromatic halide IX (where X = halogen) affords appropriately substituted urea VI.

General Scheme 3

.Het
o (Y° o el Y’ H
HO Xl RA= O/ \G = v P N.__N.
R// N-Boc — |// NH R N Het
N xn R o

“Boc il XIV
X

Condensation of piperidine alcohol X with appropriately substituted phenol Xl under Mitsunobu
conditions (e.g., diisopropyl azodicarboxylate) affords ether XII. Deprotection of Xll under a variety of
acidic conditions (e.g., hydrochloric or trifluoroacetic acid) affords amine XIlll that can be reacted with an
amino heterocycle V and an appropriate carbonyl synthon (e.g., triphosgene) to give appropriately
substituted urea XIV.

General Scheme 4

@‘o” 7 HNTEF

OH pi= Z R | v AN l
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A reaction between piperidine alcohol XV and appropriately substituted phenol XI under
Mitsunobu conditions (e.g., diisopropyl azodicarboxylate) affords homo piperidine ether XVI.
Deprotection of XVI under a variety of acidic conditions (e.g., hydrochloric or trifluoroacetic acid) affords
the free amine XVII that can be coupled with a heterocyclic amine V and an appropriate carbonyl synthon
(e.g., triphosgene) to give appropriately substituted mixed urea XVIII.
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General Scheme 5
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An alkylation of Boc-protected hydroxy piperidine X with an appropriately substituted benzyl
halide XIX (where X = bromide or chloride) under strong basic conditions (e.g., sodium hydride) yields
5 piperidine ether intermediate XX. Deprotection of XX under a variety of acidic conditions (e.g.,
hydrochloric or trifluoroacetic acid) affords the free amine XXl that can be coupled with a heterocyclic
amine V and an appropriate carbonyl synthon (e.g., triphosgene) to give appropriately substituted urea
XX

10 General Scheme 6

0, — 0, R O
H
XX XXVi

Y-C,O

Deprotection of appropriately substituted Boc-protected amine XXIII under a variety of acidic

conditions (e.g., hydrochloric or trifluoroacetic acid) affords primary amine XXIV. The reaction of amine

XXIV and heterocyclic carboxylic acid XXV under a variety of peptide coupling conditions (e.g., HATU)
15  yields an appropriately substituted amide XXVI.

General Scheme 7

~Het
HO™ © Y
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An appropriately substituted piperidine XXVII can be coupled with a heterocyclic alcohol XXVIII

20 using carbonyldiimidazole to afford carbamate XXIX.

General Scheme 8
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Alternatively, intermediate XXVII can be reacted with carboxylic acid XXX under a variety of
coupling conditions (e.g., HATU) to give an appropriately substituted amide XXXI.

General Scheme 9

R@/\ONH o F@/Y\O"CN O/\() Q/\G ‘>""e‘

N~
XXVl XXXII XXXIH N-oH o
Y=C,0

A reaction between an appropriately substituted piperidine XXVII and cyanogen bromide yields
nitrile XXXII that can be condensed with hydroxylamine to give amidoxime XXXIII. Coupling of
intermediate XXXIII with a heterocyclic acyl chloride XXXIV gives appropriate 1,2,4-oxadiazole

regioisomer XXXV.

General Scheme 10

UWQCN O Qe

2N NHOH NH XXXII
Het Het” “N°
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XXXvi Y=C,0 XXXVII

A reaction between heterocyclic nitrile XXXVI and hydroxyl amine affords amidoxime XXXVII that
can be reacted with appropriately substituted piperidine nitrile XXXII in the presence of zinc dichloride to

yield appropriate 1,2,4-oxadiazole regioisomer XXXVIII.

General Scheme 11

X
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An appropriately substituted intermediate piperidine alcohol XL can be prepared from a Lewis
acid catalyzed (e.g., boron trifluoride) ring opening of an epoxide XXXIX with an aromatic halide Il.
Alcohol XL can be converted to fluoride XLI using DAST. Deprotection of Boc-piperidine XLI under a
variety of acidic conditions (e.g., hydrochloric or trifluoroacetic acid) affords the intermediate amine XLII
that can be coupled to a heterocyclic amine V and an appropriate carbonyl synthon (e.g., triphosgene) to

give appropriately substituted mixed urea XLIII.
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General Scheme 12
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Alternatively, substituted intermediate piperidine alcohol XL can be prepared from or a Grignard

reaction between a ketone XLIV and an appropriately substituted benzyl magnesium chloride salt XLV.

5 Alcohol XL can be converted to fluoride XLI using DAST. Deprotection of Boc-piperidine XLI under a

variety of acidic conditions (e.g., hydrochloric or trifluoroacetic acid) affords the intermediate amine XLII

that can be coupled to a heterocyclic amine V and an appropriate carbonyl synthon (e.g., triphosgene) to

give appropriately substituted mixed urea XLIII.

10 General Scheme 13
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A reaction between pyrrolidine XLVI (chiral or racemic) and an appropriately substituted phenol

X1 under Mitsunobu conditions (e.g., diisopropyl azodicarboxylate) affords ether XLVII. Deprotection of

XLVII under a variety of acidic conditions (e.g., hydrochloric or trifluoroacetic acid) affords a free amine

15 XLVIII that can be coupled with heterocyclic amine V using triphosgene to give appropriately substituted

urea XLIX.

General Scheme 14

H0—<>N—Boc xi RQOH RQ/O\C\N\BO O/ \\//\NH O/ Y\N

L Ll L

20 A reaction between azetidine L and appropriately substituted phenol XI under Mitsunobu

conditions (e.g., diisopropyl azodicarboxylate) affords ether LI. Deprotection of LI under a variety of acidic

conditions (e.g., hydrochloric or trifluoroacetic acid) affords a free amine LIl that can be coupled with

heterocyclic amine V using triphosgene to give appropriately substituted mixed urea LIII.
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General Scheme 15

(0]
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Urea LV can be obtained from a coupling between a heterocyclic amine V and piperidine ketone
LIV. Reductive amination of ketone LV and appropriately substituted aniline LVI in the presence of a

reducing agent (e.g., sodium cyanoborohydride) affords appropriately substituted N-linked compound
LVILI.

General Scheme 16
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Coupling of a heterocyclic amine ¥V with Boc-protected amino piperidine LVIl using friphosgene
affords mixed urea intermediate LVIX. Deprotection of protecting group of LVIX under acidic conditions
{e.g., hydrochloric acid) affords the free amine LX that can be alkylated with appropriately substituted
benzaldehyde LXI in the presence of a reducing agent (e.g., sodium triacetoxyborohydride) to give amino
piperidine LXi,

Example 1. Preparation of 4-(3-chlorobenzyl)-N-(1-methyl-6-0x0-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide (Compound 40)

(\Y Cl | 1)9-BBN,THF, 65°C,2h C|\©/\G HCI, 1,4-dioxane
+
poeN \©/ 2) Pd(dppf)Cl, *CH,Cl, NBoc 25°C, 1h

K,CO3, DMF, H,0

60°C,48h
cl Triphosgene ClI
\©/\© Ny~ Pyridine, CH,Cly \©/\© -
+ “
N \L/& -60 to 25 °C, 18 h TN
0o 2
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Step 1: Preparation of fert-butyl 4-(3-chlorobenzyl)piperidine-1-carboxylate

(o]]
\©/\©\IBOC

To a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran (40 mL, 20 mmol, 0.5 M) at 25 °C
was added fert-butyl 4-methylenepiperidine-1-carboxylate (3.95 g, 20 mmol) under argon. The reaction
mixture was stirred at 65 °C for 2 h, cooled to 25 °C and added to a solution of 1-chloro-3-iodobenzene
(4.77 g, 20 mmol), potassium carbonate (3.6 g, 26 mmol) and 1,1'-bis(diphenylphosphino)ferrocene-
palladium(Il)dichloride dichloromethane complex (816 mg, 1.0 mmol) in N, N-dimethylformamide/water (30
mL/3 mL) at 25 °C. The resulting mixture was heated at 60 °C for 48 h. The reaction mixture was
quenched with aqueous 1 N aqueous sodium hydroxide solution and stirred at 25 °C for 1 h. The reaction
solution was diluted with ethyl acetate (200 mL) and washed with brine (50 mL x 3). The combined
organic layers were dried over sodium sulfate, filtered and concentrated under reduced pressure. The
crude residue was purified by column chromatography (silica gel, petroleum ether / ethyl acetate = 15/1 to
10/1) to give tert-butyl 4-(3-chlorobenzyl)piperidine-1-carboxylate (3.46 g, 11.2 mmol, 56%) as a colorless
oil. LCMS (ESI) m/z: 254.1 [M-56+H]*.

Step 2: Preparation of 4-(3-chlorobenzyl)piperidine hydrochloride

Cl
T

HCI
A solution of fert-butyl 4-(3-chlorobenzyl)piperidine-1-carboxylate (1.46 g, 4.72 mmol) and

hydrochloric acid in 1,4-dioxane (50 mL, 4 M) was stirred at 25 °C for 1 h under nitrogen. The reaction
mixture was concentrated under reduced pressure to yield 4-(3-chlorobenzyl)piperidine hydrochloride
(1.05 g, 4.27 mmol, 90%) as a crude white solid. LCMS (ESI) m/z: 210.0 [M+H]*. The intermediate was
used in the next step without additional purification.

Step 3: Preparation of 4-(3-chlorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-

cl
e

0
N0

To a solution of triphosgene (119 mg, 0.4 mmol) in dichloromethane (10 mL) at -60 °C was added

carboxamide

a solution of 6-amino-2-methylpyridazin-3(2H)-one (100 mg, 0.8 mmol) and pyridine (253 mg, 3.2 mmol)
in dichloromethane (5 mL) under argon. The mixture was stirred at -60 °C for 30 min and a solution of 4-
(3-chlorobenzyl)piperidine hydrochloride (236 mg, 0.96 mmol) and pyridine (253 mg, 3.2 mmol) in
dichloromethane (5 mL) was added. The resulting mixture was warmed to 25 °C and stirred for 18 h. The
reaction mixture was quenched with water (30 mL) and the aqueous layer was extracted with
dichloromethane (50 mL x 2). The combined organic layers were dried over sodium sulfate, filtered and
concentrated under reduced pressure. The crude sample was dissolved in the minimum amount of N, N-

dimethylformamide and purified by prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column,
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acetonitrile/10 mM ammonium acetate aqueous solution) to give 4-(3-chlorobenzyl)-N-(1-methyl-6-oxo-
1,6-dihydropyridazin-3-yl)piperidine-1-carboxamide as a yellow solid (108 mg, 0.30 mmol, 37%). '"H NMR
(400 MHz, Dimethylsulfoxide-de) 8 9.22 (s, 1H), 7.61 (d, J =9.6 Hz,1H), 7.25-7.27 (m, 2H), 7.32 (t, J=7.6
Hz, 1H), 7.16 (d, J = 7.6 Hz, 1H), 6.87 (d, J = 9.6 Hz, 1H), 4.58 (d, J = 13.2 Hz, 2H), 3.55 (s,3H), 2.72 (t, J
=12.4 Hz, 2H), 2.46-2.55 (m, 2H), 1.70-1.76 (m, 1H), 1.52-1.55 (m, 2H), 1.03-1.14 (m, 2H); LCMS (ESI)
m/z: 361.1 [M+H]*.

Example 2. Preparation of 4-(3-chloro-4-fluorobenzyl)-N-(1-methyl-6-o0x0-1,6-dihydropyridazin-3-

yl)piperidine-1-carboxamide (Compound 41)

+ _ e e
BocN 2) Pd(dppf)Cl, *CH,Cly NBoc 25°C, 2 h

K,CO3, DMF, H,0

60 °C, 20 h
Triphosgene F
F\©/\G HaNNoy Pyridine, CH,Cl, \Q/\O H
R —_— N._N.__N.
NH L/KO 60 t0 25°C, 18 h Y 7P N

Step 1: Preparation of tert-butyl 4-(3-fluorobenzyl) piperidine-1-carboxylate

F.
\©/\©Boc

To a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran (40 mL, 20 mmol, 0.5 M) at 25 °C
was added fert-butyl 4-methylenepiperidine-1-carboxylate (3.94 g, 20 mmol) under argon. The mixture
was heated at 65 °C for 2 h, then the reaction mixture was cooled to 25 °C and added to a solution of 1-
fluoro-3-iodobenzene (4.44 g, 20 mmol), potassium carbonate (3.59 g, 26 mmol) and 1,1’-
bis(diphenylphosphino)ferrocene-palladium(ll)dichloride dichloromethane complex (816 mg, 1.0 mmol) in
N, N-dimethylformamide/water (32 mL/3.2 mL) at 25 °C. The resulting mixture was heated at 60 °C for 20
h. The reaction was quenched with 1 N sodium hydroxide solution and stirred at 25 °C for 1 h. The
reaction solution was diluted with ethyl acetate (200 mL) and washed with brine (200 mL x 3). The
combined organic layers were dried over sodium sulfate, filtered and concentrated under reduced
pressure. The crude residue was purified by column chromatography (silica gel, petroleum ether / ethyl
acetate = 25/1) to give fert-butyl 4-(3-fluorobenzyl) piperidine-1-carboxylate (4 g, 13.7 mmol, 68%) as a
colorless oil. LCMS (ESI) m/z: 238.2 [M-56+H]*.

Step 2: Preparation of 4-(3-fluorobenzyl)piperidine

F
oG

A solution of fert-butyl 4-(3-fluorobenzyl)piperidine-1-carboxylate (4.0 g, 13.7 mmol) and
hydrochloric acid in 1,4-dioxane solution (40 mL, 4 M) was stirred at 25 °C for 2 h. The reaction mixture

was concentrated under reduced pressure. The crude residue treated with aqueous sodium bicarbonate
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solution and extracted with dichloromethane (50 mL x 2). The combined organic layers were dried over
sodium sulfate, filtered and concentrated under reduced pressure. The crude 4-(3-fluorobenzyl)piperidine
was used in the next step without further purification (2.6 g, 13.5 mmol, 99%). LCMS (ESI) m/z: 194.3
[M+H]*.

Step 3: Preparation of 4-(3-fluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl) piperidine-1-
carboxamide

To a solution of triphosgene (148 mg, 0.5 mmol) in dichloromethane (13 mL) was added a
solution of 6-amino-2-methylpyridazin-3(2H)-one (125 mg, 1.0 mmol) and pyridine (316 mg, 4.0 mmol) in
dichloromethane (6 mL) at -60 °C under argon. The mixture was stirred at -60 °C for 0.5 h, then a solution
of 4-(3-fluorobenzyl)piperidine (232 mg, 1.2 mmol) and pyridine (380 mg, 4.8 mmol) in dichloromethane (6
mL) was added at -60 °C. The resulting mixture was stirred at 25 °C for 18 h. The reaction was quenched
with water (30 mL) and the aqueous layer was extracted with dichloromethane (50 mL x 2). The
combined organic layers were dried over sodium sulfate, filtered and concentrated under reduced
pressure. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide and
purified by prep-HPLC (BOSTON pHlex ODS, 21.2 x 250 mM, 10 um, acetonitrile/0.1% aqueous formic
acid)) to yield 4-(3-fluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl) piperidine-1-carboxamide
(49.1 mg, 0.14 mmol, 14%) as a white solid. "H NMR (400 MHz, Dimethylsulfoxide-de) 8 9.20 (s, 1H), 7.61
(d, J =9.6 Hz, 1H), 7.36-7.30 (m, 1H), 7.02 (t, J = 8.2 Hz, 3H), 6.87 (d, J =9.6 Hz, 1H), 4.06 (d, J =13.6
Hz, 2H), 3.56 (s, 3H), 2.72 (t, J = 12.2 Hz, 2H), 2.55 (d, J = 7.2 Hz, 2H), 1.75-1.72 (m, 1H), 1.54 (d, J =
12.0 Hz, 2H), 1.13-1.05 (m, 2H); LCMS (ESI) m/z: 345.1 [M+H]*.

Example 3. Preparation of 4-(3-chloro-5-fluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide (Compound 55)

cl
cl | 1) 9-BBN, THF, 65 °C, 2 h TFA, CH,Cl,
+ NBoc
\Q/ \I\:)\IBOC 2) Pd(dppf)Cl, *CH,Cl,, K,CO4 25°C,3h
F

F DMF, H,0, 60 °C,16 h
cl HoN(_N. .~ triphosgene, pyridine ° H
I A 0 CH,Cl,, -65°C, 16 h F o S 5

Step 1: Preparation of fert-butyl 4-(3-chloro-5-fluorobenzyl)piperidine-1-carboxylate
Cl

NBoc
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To a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran (50 mL, 25 mmol, 0.5 M) at 25 °C
was added fert-butyl 4-methylenepiperidine-1-carboxylate (4.93 g, 25 mmol) under argon. The mixture
was stirred at 65 °C for 2 h. The reaction mixture was cooled to 25 °C and added to a solution of 1-chloro-
3-fluoro-5-iodobenzene (5.24 g, 25 mmol), potassium carbonate (4.49 g, 32.5 mmol) and 1,1'-
bis(diphenylphosphino)ferrocene-palladium(ll)dichloride dichloromethane complex (1.02 g, 1.25 mmol) in
N, N-dimethylformamide/water (40 mL/4 mL) at 25 °C. The resulting mixture was heated at 60 °C for 16 h.
The reaction was cooled to room temperature and then quenched with aqueous 1 N aqueous sodium
hydroxide solution and stirred at 25 °C for 1 h. The mixture was diluted with ethyl acetate (200 mL) and
washed with brine (50 mL x 3). The combined organic layers were dried over sodium sulfate, filtered and
concentrated under reduced pressure. The crude residue was purified by column chromatography (silica
gel, petroleum ether / ethyl acetate = 15/1 to 10/1) to give fert-butyl 4-(3-chloro-5-fluorobenzyl)piperidine-
1-carboxylate (4.36 g, 13.3 mmol, 53%) as a white solid. LCMS (ESI) m/z: 272.0 [M-56+H]*.

Step 2: Preparation of 4-(3-chloro-5-fluorobenzyl)piperidine
Cl

F
To a solution of tert-butyl 4-(3-chloro-5-fluorobenzyl)piperidine-1-carboxylate (4.36 g, 13.3 mmol)
in dichloromethane (40 mL) was added trifluoroacetic acid (10 mL). The mixture was stirred at 25 °C for 3
h under nitrogen. The reaction mixture was basified to pH 9 with aqueous sodium bicarbonate solution
and extracted with dichloromethane (100 mL x 3). The combined organic layers were dried over sodium
sulfate, filtered and concentrated under reduced pressure. The crude yellow solid was used in the next
step without further purification (3.0 g, 13.2 mmol, 99%). LCMS (ESI) m/z: 228.0 [M+H]*.

Step 3: Preparation of 4-(3-chloro-5-fluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-
1-carboxamide

Cl
H

N\[]/N\ENJL/
F 0] N 0

To a solution of triphosgene (119 mg, 0.4 mmol) in dichloromethane (10 mL) at -60 °C was added
a solution of 6-amino-2-methylpyridazin-3(2H)-one (100 mg, 0.8 mmol) and pyridine (253 mg, 3.2 mmol)
in dichloromethane (5 mL) under argon. The mixture was stirred at -60 °C for 30 min before a solution of
4-(3-chloro-5-fluorobenzyl)piperidine (219 mg, 0.96 mmol) and pyridine (253 mg, 3.2 mmol) in
dichloromethane (5 mL) was added. The resulting mixture was warmed ot 25 °C. After 16 h, the reaction
was quenched with water (30 mL) and the mixture was extracted with dichloromethane (50 mL x 2). The
combined organic layers were dried over sodium sulfate, filtered and concentrated under reduced
pressure. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide and

purified by prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column, acetonitrile/10 mM ammonium

acetate aqueous solution) to give 4-(3-chloro-5-fluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-
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yl)piperidine-1-carboxamide (26.7 mg, 0.07 mmol, 9%) as a white solid. "H NMR (400 MHz,
Dimethylsulfoxide-ds) 8 9.22 (s, 1H), 7.61 (d, J = 10.0 Hz, 1H), 7.24-7.27 (m, 1H), 7.16 (s, 1H), 7.08 (d, J
=10.0 Hz, 1H), 6.87 (d, J =9.6 Hz, 1H), 4.05 (d, J = 13.2 Hz, 2H), 3.56 (s, 3H), 2.72 (t, J = 12.4 Hz, 2H),
2.55-2.57 (m, 2H), 1.74-1.79 (m, 1H), 1.52-1.55 (m, 2H), 1.04-1.14 (m, 2H); LCMS (ESI) m/z: 379.0
[M+H]*.

Example 4. Preparation of 4-(3,5-difluorobenzyl)-N-(1-methyl-6-ox0-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide (Compound 51)

F
F | _
O/ 1) 9-BBN,THF, 65°C, 2 h \Q/\O HCI, 1,4-dioxane
+ NBoc ——m™>
BocN 2) Pd(dppf)Cly *CH,Cly I 25°C,3h
F KoCO3, DMF, H,0
60 °C, 20 h
F
F H
Triphosgene N N N.
\Q/\Osm R HzN\(N:L/ Pyridine, CH,Cl, Y ¢ N
> F o .
F N0 .60 to 25 °C, 18 h o

Step 1: Preparation of tert-butyl 4-(3,5-difluorobenzyl)piperidine-1-carboxylate

F
\Q/\G\IBOC

F

To a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran (120 mL, 60 mmol, 0.5 M) at 25 °C
was added ferf-butyl 4-methylenepiperidine-1-carboxylate (11.8 g, 60 mmol) under argon. The mixture
was stirred at 65 °C for 2 h. The reaction mixture was cooled to 25 °C and added to a solution of 1,3-
difluoro-5-iodobenzene (14.4 g, 60 mmol), potassium carbonate (10.8 g, 78 mmol) and 1,1'-
bis(diphenylphosphino)ferrocene-palladium(ll)dichloride dichloromethane complex (2.45 g, 3.0 mmol) in
N, N-dimethylformamide/water (100 mL/10 mL) at 25 °C. The resulting reaction solution was heated at 60
°C for 20 h. The reaction was cooled then quenched with 1 N aqueous sodium hydroxide solution and
stirred at 25 °C for 1 h. The mixture was diluted with ethyl acetate (800 mL) and washed with brine (500
mL x 3). The combined organic layers were dried over sodium sulfate, filtered and concentrated under
reduced pressure. The crude residue was purified by column chromatography (silica gel, petroleum ether
/ ethyl acetate = 20/1 to 10/1) to give tert-butyl 4-(3,5-difluorobenzyl)piperidine-1-carboxylate (9.5 g, 30.5
mmol, 51%) as a yellow solid. LCMS (ESI) m/z: 256.1 [M-56+H]*.

Step 2: Preparation of 4-(3,5-difluorobenzyl)piperidine
F
T

F
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A solution of fert-butyl 4-(3,5-difluorobenzyl)piperidine-1-carboxylate (13.5 g, 43.3 mmol) and
hydrochloric acid in 1,4-dioxane solution (100 mL, 4 M) was stirred at 25 °C for 3 h under nitrogen. The
reaction solution was concentrated in vacuo and the crude residue was triturated with diethyl ether. The
white solid was filtered and washed with diethyl ether (100 mL x 2). The solid was suspended in aqueous
sodium bicarbonate solution and extracted with dichloromethane (1000 mL x 3). The combined organic
layers were dried over sodium sulfate, filtered and concentrated under reduced pressure. The crude
yellow solid was used in the next step without further purification (7.2 g, 34.1 mmol, 79%). LCMS (ESI)
m/z: 212.1 [M+H]*.

Step 3: Preparation of 4-(3,5-difluorobenzyl)-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl)piperidine-1-

carboxamide

N NN
1844
F 0
A

To a solution of triphosgene (3.71 g, 12.5 mmol) in dichloromethane (150 mL) was added a
solution of 6-amino-2-methylpyridazin-3(2H)-one (3.13 g, 25 mmol) and pyridine (7.91 g, 100 mmol) in
dichloromethane (50 mL) at -60 °C under argon. The mixture was stirred at -60 °C for 2 h and a solution
of 4-(3,5-difluorobenzyl)piperidine (5.02 g, 23.75 mmol) and pyridine (7.91 g, 100 mmol) in
dichloromethane (50 mL) was added at -60 °C. The resulting mixture was stirred at 25 °C for 18 h. The
reaction was quenched with water (200 mL) and the aqueous layer was extracted with dichloromethane
(300 mL x 2). The combined organic layers were dried over sodium sulfate, filtered and concentrated
under reduced pressure. The crude residue was purified by column chromatography (silica gel, petroleum
ether / ethyl acetate / ammonia in methanol (7 N) from 10/5/1 to 5/5/1) to give 4-(3,5-difluorobenzyl)-N-(1-
methyl-6-oxo-1,6-dihydropyridazin-3-yl) piperidine-1-carboxamide as a yellow solid (4.7, 13.0 mmol, 55%).
The yellow solid was further triturated in diethyl ether (200 mL), filtered and washed with diethyl ether to
give 4-(3,5-difluorobenzyl)-/N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-carboxamide (4.25 g,
11.7 mmol, 49%) as an off-white solid. '"H NMR (400 MHz, Dimethylsulfoxide-dg) 8 9.20 (s,1H), 7.62 (d, J
=9.6 Hz, 1H), 7.01-7.07 (m, 2H), 6.93-6.97 (m, 1H), 6.87 (d, J =10.0 Hz, 1H), 4.06 (d, J = 13.2 Hz, 2H),
3.56 (s, 3H), 2.73 (t, J =12.0 Hz, 2H), 2.51-2.57 (m, 2H), 1.74-1.81 (m, 1H), 1.53-1.55 (m, 2H), 1.04-1.14
(m, 2H); LCMS (ESI) m/z: 363.2 [M+H]*.

Example 5. Preparation of 4-(3,4-difluorobenzyl)-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-

yl)piperidine-1-carboxamide (Compound 49)

FD/ | O/ 1) 9-BBN,THF, 65 °C, 2 h Fj©/\(/\‘ TFA, CH,Cl,
+ - .
F BocN 2) Pd(dppf)Cl, *CH,Cl, F NBoc 25°C,2h

K,CO3, DMF, H,0

60°C, 18 h
Triphosgene F
+ ~
y o F Z °N
- NH N 60 to 25 °C, 16 h hig
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Step 1: Preparation of tert-butyl 4-(3,4-difluorobenzyl)piperidine-1-carboxylate

BORS
F NBoc

To a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran (36 mL, 18 mmol, 0.5 M) at 25 °C
was added tert-butyl 4-methylenepiperidine-1-carboxylate (3.55 g, 18 mmol) under argon. The mixture
was stirred at 65 °C for 2 h. The mixture was cooled to 25 °C and added to a solution of 1,2-difluoro-4-
iodobenzene (4.32 g, 18 mmol), potassium carbonate (3.23 g, 23.4 mmol) and 1,1'-
bis(diphenylphosphino)ferrocene-palladium(ll)dichloride dichloromethane complex (735 mg, 0.9 mmol) in
N, N-dimethylformamide/water (40 mL/4 mL) at 25 °C. The resulting mixture was heated at 60 °C for 18 h.
The reaction mixture was quenched with 1 N aqueous sodium hydroxide solution and the mixture was
stirred at 25 °C for 1 h. Then reaction solution was diluted with ethyl acetate (200 mL) and washed with
brine (50 mL x 3). The combined organic layers were dried over sodium sulfate, filtered and concentrated
under reduced pressure. The crude residue was purified by column chromatography (silica gel, petroleum
ether/ ethyl acetate from 10/1 to 5/1) to give tert-butyl 4-(3,4-difluorobenzyl)piperidine-1-carboxylate (1 g,
3.2 mmol, 18%) as a white solid. LCMS (ESI) m/z: 256.1 [M-56+H]*.

Step 2: Preparation of 4-(3,4-difluorobenzyl)piperidine

BORG
. NH

To a solution of fert-butyl 4-(3,4-difluorobenzyl)piperidine-1-carboxylate (1.16 g, 3.72 mmol) in
dichloromethane (20 mL) was added trifluoroacetic acid (5 mL). The reaction mixture was stirred at 25 °C
for 2 h under nitrogen and was concentrated under reduced pressure. The crude residue was treated with
aqueous sodium bicarbonate solution. The aqueous layer was extracted with dichloromethane (50 mL x
3). The combined organic layers were dried over sodium sulfate, filtered and concentrated under reduced
pressure. The crude yellow solid was used in the next step without further purification (920 mg, 117%).
LCMS (ESI) m/z: 212.1 [M+H]*.

Step 3: Preparation of 4-(3,4-difluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-

F
F Ty
o

™

carboxamide

o]
To a solution of triphosgene (119 mg, 0.4 mmol) in dichloromethane (10 mL) at -60 °C was added
a solution of 6-amino-2-methylpyridazin-3(2H)-one (100 mg, 0.8 mmol) and pyridine (253 mg, 3.2 mmol)
in dichloromethane (5 mL) under argon. The mixture was stirred at -60 °C for 30 min and then a solution
of 4-(3,4-difluorobenzyl)piperidine (203 mg, 0.96 mmol) and pyridine (253 mg, 3.2 mmol) in
dichloromethane (5 mL) was added at -60 °C. The resulting mixture was stirred at 25 °C for 16 h. The
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reaction was quenched with water (30 mL) and the aqueous layer was extracted with dichloromethane
(50 mL x 2). The combined organic layers were dried over sodium sulfate, filtered and concentrated under
reduced pressure. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide
and purified via prep-HPLC (Boston C18, 10 ym, 21 mm x 250 mm column; acetonitrile/0.01% aqueous
trifluoroacetic acid) to give 4-(3,4-difluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl) piperidine-
1-carboxamide (90.3 mg, 0.25 mmol, 31%) as a white solid. "H NMR (500 MHz, Dimethylsulfoxide-ds) &
9.20 (s, 1H), 7.61 (d, J =10.0 Hz, 1H), 7.26-7.36 (m, 2H), 7.02-7.04 (m, 1H), 6.87 (d, J = 10.0 Hz, 1H),
4.05(d, J =13.0 Hz, 2H), 3.56 (s, 3H), 2.72 (t, J = 12.0 Hz, 2H), 2.50-2.53 (m, 2H), 1.71-1.74 (m, 1H),
1.53-1.55 (m, 2H), 1.05-1.12 (m, 2H); LCMS (ESI) m/z: 363.2 [M+H]"*.

Example 6. Preparation of 4-(3-chloro-4-fluorobenzyl)-N-(1-methyl-6-o0x0-1,6-dihydropyridazin-3-

yl)piperidine-1-carboxamide (Compound 54)

cl
1) 9-BBN,THF, 65 °C, 2 h DAG HCI, 1,4-dioxane
NBoc
Bocl\(f

2) Pd(dppf)Cl, *CH,Cl, F 25°C,3h
K,COj3, DMF, H,0
60°C,20h

Clj@/l .
F
Toh cl
H.N_ _N. riphosgene
cl + 29NN Pyridine, CH,Cl, Ne N N~
—_— 5 F \n/ Z "N
. NH

"0 -65t0 25 °C, 20 h o A

Step 1: Preparation of fert-butyl 4-(3-chloro-4-fluorobenzyl)piperidine-1-carboxylate

BOAS
F NBoc

To a solution of fert-butyl 4-methylenepiperidine-1-carboxylate (3.95 g, 20 mmol) in
tetrahydrofuran (40 mL) at 25 °C was added a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran
(40 mL, 20 mmol, 0.5 M) under argon. The mixture was stirred at 65 °C for 2 h, then cooled to 25 °C and
added to a solution of 2-chloro-1-fluoro-4-iodobenzene (5.13 g, 20 mmol), potassium carbonate (3.6 g, 26
mmol) and 1,1’-bis(diphenylphosphino)ferrocene-palladium(ll)dichloride dichloromethane complex (816
mg, 1.0 mmol) in N,N-dimethylformamide/water (30 mL/3 mL). The resulting mixture was heated at 60 °C
for 20 h. The reaction was quenched with 1 N aqueous sodium hydroxide and stirred at 25 °C for 1 h. The
mixture was diluted with ethyl acetate (200 mL) and washed with brine (50 mL x 3). The combined
organic layers were dried over sodium sulfate, filtered and concentrated under reduced pressure. The
crude residue was purified by column chromatography (silica gel, petroleum ether / ethyl acetate = 15/1 to
10/1) to give tert-butyl 4-(3-chloro-4-fluorobenzyl)piperidine-1-carboxylate as a yellow solid (5.29 g, 16.1
mmol, 81%). LCMS (ESI) m/z: 272.1 [M-56+H]*.

Step 2: Preparation of 4-(3-chloro-4-fluorobenzyl)piperidine

BOAS
NH
F
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A solution of tert-butyl 4-(3-chloro-4-fluorobenzyl)piperidine-1-carboxylate (5.29 g, 16 mmol) and
hydrochloric acid in 1,4-dioxane solution (50 mL, 4 M) was stirred at 25 °C for 3 h under nitrogen. The
mixture was concentrated under reduced pressure. The crude residue was adjusted to pH = 9 with
sodium bicarbonate solution and extracted with dichloromethane (100 mL x 3). The combined organic
layers were dried over sodium sulfate, filtered and concentrated under reduced pressure. The crude
yellow oil (3.5 g, 15.4 mmol, 96%) was used in the next step without further purification. LCMS (ESI) m/z:
228.0 [M+H]*.

Step 3: Preparation of 4-(3-chloro-4-fluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-

Cl
e
0
X0

To a solution of triphosgene (297 mg, 1.0 mmol) in dichloromethane (30 mL) at -65 °C was added

1-carboxamide

a solution of 6-amino-2-methylpyridazin-3(2H)-one (250 mg, 2.0 mmol) and pyridine (633 mg, 8.0 mmol)
in dichloromethane (15 mL) under argon. The mixture was stirred at -65 °C for 0.5 h, then a solution of 4-
(3-chloro-4-fluorobenzyl)piperidine (454 mg, 2.0 mmol) and pyridine (633 mg, 8.0 mmol) in
dichloromethane (15 mL) was added at -65 °C. The resulting mixture was warmed to 25 °C and stirred for
18 h. The reaction was diluted with water (50 mL) and the mixture was extracted with dichloromethane
(100 mL x 2). The combined organic layers were dried over sodium sulfate, filtered and concentrated
under reduced pressure. The crude sample was dissolved in the minimum amount of N, V-
dimethylformamide and purified by prep-HPLC (Boston C18, 10 ym, 21 mm x 250 mm column,
acetonitrile/10 mM ammonium acetate aqueous solution) to give 4-(3-chloro-4-fluorobenzyl)-N-(1-methyl-
6-ox0-1,6-dihydropyridazin-3-yl)piperidine-1-carboxamide (190 mg, 0.50 mmol, 25%) as a yellow solid.
"H NMR (400 MHz, Dimethylsulfoxide-ds) & 9.19 (s, 1H), 7.62 (s, 1H), 7.42 (dd, J1= 2.0 Hz, J2= 7.2 Hz,
1H), 7.30-7.35 (m, 1H), 7.18-7.22 (m, 1H), 6.86 (d, J = 10.0 Hz, 1H), 4.05 (d, J = 13.6 Hz, 2H), 3.56 (s,
3H), 2.72 (t, J =12.0 Hz, 2H), 2.51-2.54 (m, 2H), 1.69-1.76 (m, 1H), 1.52-1.55 (m, 2H), 1.03-1.13 (m, 2H);
LCMS (ESI) m/z: 379.0 [M+H]*.

Example 7. Preparation of 4-(3-cyano-4-fluorobenzyl)-N-(1-methyl-6-ox0-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide (Compound 58)

cl X
j@/\@ H Zn(CN)Zy Pd(t—BU3P)2 H
N N N. N N N<
F \n/ > N/ F \n/ > N/

DMA, 150 °C, uW, 1 h

O X o o X o
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Step 1: Preparation of 4-(3-cyano-4-fluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-

1-carboxamide
A
N H N
T
(0]
N

To a solution of 4-(3-chloro-4-fluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide (114 mg, 0.3 mmol) and zinc cyanide (28 mg, 0.24 mmol) in N,N-
dimethylaniline (3 mL) at 25 °C was added bis(tri-fert-butylphosphine)palladium(0) (16 mg, 0.03 mmol)
under argon. The mixture was heated at 150 °C for 1 h under microwave irradiation. The reaction mixture

N

was diluted with water (30 mL) and extracted with ethyl acetate (50 mL x 3). The combined organic layers
were dried over sodium sulfate, filtered and concentrated under reduced pressure. The crude sample was
dissolved in the minimum amount of N, N-dimethylformamide and purified by prep-HPLC (Boston C18, 10
um, 21 mm x 250 mm column, acetonitrile/10 mM ammonium acetate aqueous solution) to give 4-(3-
cyano-4-fluorobenzyl)-/N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl) piperidine-1-carboxamide (56.4 mg,
0.15 mmol, 50%) as a white solid."H NMR (400 MHz, Dimethylsulfoxide-ds) 6 9.24 (s, 1H), 7.77 (dd, J1 =
2.0 Hz, J» =6.0 Hz, 1H), 7.60-7.64 (m, 2H), 7.44-7.49 (m, 1H), 6.87 (d, J =9.6 Hz,1H), 4.06 (d, J =13.6
Hz, 2H), 3.56 (s, 3H), 2.71 (t, J = 12.0 Hz, 2H), 2.57-2.59 (m, 2H),1.72-1.77 (m, 1H),1.51-1.54 (m, 2H),
1.03-1.13 (m, 2H); LCMS (ESI) m/z: 370.0 [M+H]*.

Example 8. Preparation of 4-(3-chloro-4,5-difluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-
3-yl)piperidine-1-carboxamide (Compound 63)

cl Br 1)9-BBN.THF, 65°C,2h  °' HCI, 1,4-dioxane
+ nB NBoc
F oc  2) Pd(dppfCl, *CH,Cl F 25°C, 1h
F

K,CO3, DMF, H,0 F
60°C,20 h
Cl Triphosgene cl
HaN Ny Pyridine, CH,Cl, H
Wy, 2R T Uy
F A ~ o
£ (o) 60t0 25°C, 18 h E o ~

Step 1: Preparation of fert-butyl 4-(3-chloro-4,5-difluorobenzyl)piperidine-1-carboxylate
Cl

NBoc

F
To a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran (22 mL,11 mmol, 0.5 M) at 25 °C
was added fert-butyl 4-methylenepiperidine-1-carboxylate (2.17 g, 11 mmol) under argon. The mixture
was stirred at 65 °C for 2 h. The mixture was cooled to 25 °C and added to a solution of 5-bromo-1-
chloro-2,3-difluorobenzene (2.5 g, 11 mmol), potassium carbonate (1.97 g, 14.3 mmol) and 1,1’-

bis(diphenylphosphino)ferrocene-palladium(ll)dichloride dichloromethane complex (449 mg, 0.55 mmol)
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in N,N-dimethylformamide/water (18 mL/1.8 mL) at 25 °C. The resulting mixture was heated at 60 °C for
20 h. The reaction was quenched with 1 N aqueous sodium hydroxide solution and the aqueous layer
was stirred at 25 °C for 1 h. The reaction mixture was diluted with ethyl acetate (300 mL) and washed with
brine (200 mL x 3). The combined organic layers were dried over sodium sulfate, filtered and
concentrated under reduced pressure. The crude residue was purified by column chromatography (silica
gel, petroleum ether / ethyl acetate = 25/1) to give fert-butyl 4-(3-chloro-4,5-difluorobenzyl)piperidine-1-
carboxylate as a brown oil (1.25 g, 3.62 mmol, 33%). LCMS (ESI) m/z: 290.1 [M-56+H]*.

Step 2: Preparation of 4-(3-chloro-4,5-difluorobenzyl)piperidine
Cl

NH

F

A solution of fert-butyl 4-(3-chloro-4,5-difluorobenzyl)piperidine-1-carboxylate (1.25 g, 3.62 mmol)
in hydrochloric acid in dioxane solution (20 mL, 4M) was stirred at 25 °C for 1 h. The reaction mixture was
concentrated under reduced pressure. The crude residue was adjusted to pH 9 with sodium bicarbonate
solution and extracted with dichloromethane (100 mL x 2). The combined organic layers were dried over
sodium sulfate, filtered and concentrated under reduced pressure to give 4-(3-chloro-4,5-
difluorobenzyl)piperidine as a brown oil, which was used in the next step without further purification (0.84
g, 3.43 mmol, 95%). LCMS (ESI) m/z: 246.1 [M+H]*.

Step 3: Preparation of 4-(3-chloro-4,5-difluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide
Cl
H
E N\H/N /N\N/
F o) X o
To a solution of triphosgene (412 mg, 1.39 mmol) in dichloromethane (20 mL) was added a
solution of 6-amino-2-methylpyridazin-3(2H)-one (347 mg, 2.78 mmol) and pyridine (880 mg, 11.1 mmol)
in dichloromethane (30 mL) at -60 °C under argon. The mixture was stirred at -60 °C for 0.5 h, then a
solution of 4-(3-chloro-4,5-difluorobenzyl)piperidine (680 mg, 2.78 mmol) and pyridine (1.06 g, 13.3 mmol)
in dichloromethane (10 mL) was added at -60 °C. The resulting mixture was warmed and then stirred at
25 °C for 18 h. The reaction mixture was quenched with water (60 mL) and the aqueous layer was
extracted with dichloromethane (50 mL x 2). The combined organic layers were dried over sodium sulfate,
filtered and concentrated under reduced pressure. The crude residue was purified by column
chromatography (silica gel, dichloromethane / ammonia in methanol (7 N) = 50/1) to give 4-(3-chloro-4,5-
difluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-carboxamide as a white solid
(570 mg, 1.44 mmol, 52%). '"H NMR (400 MHz, Dimethylsulfoxide-ds) d 9.21 (s, 1H), 7.61 (d, J = 9.6 Hz,
1H), 7.35-7.29 (m, 2H), 6.87 (d, J = 9.6 Hz, 1H), 4.06 (d, J =13.2 Hz, 2H), 3.56 (s, 3H), 2.72 (t, J =12.4
Hz, 2H), 2.53 (d, J = 7.6 Hz, 2H), 1.75 (s, 1H), 1.53 (d, J =12.4 Hz, 2H), 1.21-1.04 (m, 2H); LCMS (ESI)
m/z: 396.9 [M+H]*.
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Example 9. Preparation of 4-(3-cyano-4,5-difluorobenzyl)-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-
3-yl)piperidine-1-carboxamide (Compound 65)

Na
cl =
Zn(CN),, Pd(£BusP), y
N H N, -~ F N\n/N /N\N/
F T F N DMAc, 150 °C, uW, 1 h [ I
0

Step 1: Preparation of 4-(3-cyano-4,5-difluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-

yl)piperidine-1-carboxamide

Na
N H N, .~
F T
F (0] N o
A solution of 4-(3-chloro-4,5-difluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-

yl)piperidine-1-carboxamide (160 mg, 0.4 mmol), zinc(ll) cyanide (37 mg, 0.32 mmol) and bis(tri-tert-
butylphosphine)palladium(0) (20 mg, 0.04 mmol) in N, N-dimethylacetamide (3 mL) was stirred at 150 °C
for 1 h under microwave irradiation. The reaction mixture was extracted with ethyl acetate (50 mL x 2) and
washed with brine (50 mL). The combined organic layers were dried over sodium sulfate, filtered and
concentrated under reduced pressure. The crude sample was dissolved in the minimum amount of N, N-
dimethylformamide and purified by prep-HPLC (BOSTON pHlex ODS, 10 um, 21.2 mm x 250 mm,
acetonitrile/0.1% aqueous formic acid)) to yield 4-(3-cyano-4,5-difluorobenzyl)-N-(1-methyl-6-oxo-1,6-
dihydropyridazin-3-yl)piperidine-1-carboxamide (31.0 mg, 0.08 mmol, 20%) as a white solid. '"H NMR (400
MHz, Dimethylsulfoxide-ds) d 9.22 (s, 1H), 7.79-7.74 (m, 1H), 7.62 (t, J = 7.6 Hz, 2H), 6.87 (d, J =10.0
Hz, 1H), 4.06 (d, J = 13.6 Hz, 2H), 3.56 (s, 3H), 2.72 (t, J =12.0 Hz, 2H), 2.58 (d, J =6.8 Hz, 2H), 1.80 —
1.75 (m, 1H), 1.53 (d, J = 10.8 Hz, 2H), 1.13-1.03 (m, 2H); LCMS (ESI) m/z: 388.1 [M+H]*.

Example 10. 4-(2-chlorobenzyl)-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl)piperidine-1-
carboxamide (Compound 42)
cl Cl ]
| 1) 9-BBN,THF, 65°C, 2 h ©/\G HCI, 1,4-dioxane
+ NBoc 25°C,3h
;'C 2) Pd(dppf)Cl, *CH,Cly NBoc

KoCO3, DMF, H,0
60°C, 20 h

Cl

¢l Triphosgene
+ HN NG~ Pyridine, CH,C, LR
e > ~ \N/
NH hig
o K

X-Ng -65t025°C,20h
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Step 1: Preparation of fert-butyl 4-(2-chlorobenzyl)piperidine-1-carboxylate
Cl

NBoc

To a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran (45.6 mL, 22.8 mmol, 0.5 M) at 25
°C under argon was added fert-butyl 4-methylenepiperidine-1-carboxylate (4.5 g, 22.8 mmol). The mixture
was stirred at 65 °C for 2 h. The mixture was cooled to 25 °C and added to a solution of 1-chloro-2-
iodobenzene (5.44 g, 22.8 mmol), potassium carbonate (4.0 g, 29.0 mmol) and 1,1’-
bis(diphenylphosphino)ferrocene-palladium(ll)dichloride dichloromethane complex (930 mg, 1.14 mmol)
in N, N-dimethylformamide/water (36 mL/4.5 mL) at 25 °C. The resulting mixture was heated at 60 °C for
20 h. The reaction mixture was quenched with 1 N aqueous sodium hydroxide solution and the mixture
was stirred at 25 °C for 1 h. The mixture was diluted with ethyl acetate (200 mL) and washed with brine
(50 mL x 2). The combined organic layers were dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The crude residue was purified by column chromatography (silica
gel, petroleum ether / ethyl acetate = 20/1 to 10/1) to give fert-butyl 4-(2-chlorobenzyl)piperidine-1-
carboxylate (4.8 g, 15.5 mmol, 68%) as a red oil. LCMS (ESI) m/z: 332.1 [M+Na]*.

Step 2: Preparation of 4-(2-chlorobenzyl)piperidine
cl

NH

A mixture of tert-butyl 4-(2-chlorobenzyl)piperidine-1-carboxylate (4.7 g, 15.2 mmol) and
hydrochloric acid in 1,4-dioxane (4 M, 30 mL) was stirred at 25 °C for 3 h. The reaction mixture was
concentrated under reduced pressure. The residue was diluted with saturated sodium bicarbonate
aqueous solution (50 mL) at 25 °C and extracted with dichloromethane (60 mL x 5). The combined
organic layers were dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure. The crude residue was purified by column chromatography (silica gel,
dichloromethane/methanol from 100/0 to 100/20) to give 4-(2-chlorobenzyl)piperidine (2.0 g, 9.54 mmol,
63%) as a yellow oil. '"H NMR (400 MHz, Dimethylsulfoxide-ds) d 7.46 — 7.34 (m, 1H), 7.33 — 7.16 (m, 3H),
2.95-2.83 (m, 2H), 2.60 (d, J =7.1 Hz, 2H), 2.45-2.28 (m, 2H), 1.71 —1.56 (m, 1H), 1.52 — 1.40 (m,
2H), 1.18 = 1.02 (m, 2H); LCMS (ESI) m/z: 210.1 [M+H]*.

Step 3: Preparation of 4-(2-chlorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-
carboxamide
Cl

N H N
TrY
0o
NS0
To a solution of triphosgene (148 mg, 0.5 mmol) in dichloromethane (5 mL) was added a solution

of 6-amino-2-methylpyridazin-3(2H)-one (125 mg, 1.0 mmol) and pyridine (316 mg, 4.0 mmol) in
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dichloromethane (5 mL) at -65 °C under argon. The mixture was stirred at -65 °C for 0.5 h, then a solution
of 4-(2-chlorobenzyl)piperidine (210 mg, 1.0 mmol) and pyridine (316 mg, 4.0 mmol) in dichloromethane
(5 mL) was added at -65 °C. The resulting mixture was stirred at 25 °C for 20 h. The reaction was
quenched with water (100 mL) and extracted with dichloromethane (60 mL x 2). The organics layer was
dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The crude
sample was dissolved in the minimum amount of N, N-dimethylformamide and purified via prep-HPLC
(Boston C18, 10 ym, 21 mm x 250 mm column, acetonitrile/0.01% aqueous formic acid) to give 4-(2-
chlorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-carboxamide (110.2 mg, 0.31
mmol, 31%) as a yellow solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) 8 9.22 (s, 1H), 7.62 (d, J =9.9
Hz, 1H), 7.42 (dd, J = 7.5, 1.6 Hz, 1H), 7.34 - 7.18 (m, 3H), 6.87 (d, J = 9.9 Hz, 1H), 4.07 (d, J =13.1 Hz,
2H), 3.55 (s, 3H), 2.80 — 2.60 (m, 4H), 1.88 — 1.71 (m, 1H), 1.63 — 1.49 (m, 2H), 1.25 - 1.04 (m, 2H);
LCMS (ESI) m/z: 361.1 [M+H]*.

Example 11. Preparation of 4-(2-chloro-3,5-difluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-
3-yl)piperidine-1-carboxamide (Compound 64)

cl
cl .
F Br NB 1) 9-BBN,THF, 65°C, 2 h E HCI, 1,4-dioxane
+ e 25°C,2h
F

2) Pd(dppf)C'z 'CH2C|2 NBoc
K,COs, DMF, H,0
60°C,20 h

-n

cl
cl Trioh
riphosgene
F HzN\ENI Pyridine, CH,Cl, Ne No N
+ > Z N
NH N-Np -781025°C, 16h F \g/ S
o)
F

Step 1: Preparation of fert-butyl 4-(2-chloro-3,5-difluorobenzyl)piperidine-1-carboxylate
Cl

NBoc
F

To a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran (36.2 mL, 18.1 mmol, 0.5
M) at 25 °C under argon was added tert-butyl 4-methylenepiperidine-1-carboxylate (3.47 g, 17.6
mmol). The mixture was stirred at 65 °C for 2 h. The mixture was cooled to 25 °C and added to a
solution of 1-bromo-2-chloro-3,5-difluorobenzene (4 g, 17.6 mmol), potassium carbonate (3.16 g,
22.9 mmol), [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium(ll) complex with
dichloromethane (1.43 g, 1.76 mmol) in N,N-dimethylformamide/water (10 mL/10 mL) at 25 °C.
The resulting mixture was heated at 60 °C for 20 h. The reaction mixture was quenched with 1 N
aqueous sodium hydroxide solution and the mixture was stirred at 25 °C for 0.5 h. The solution
was diluted with sthyl acetate (200 mL) and washed with brine (50 mL x 2). The combined
organic layers were dried over sodium sulfate, filtered and concentrated under reduced pressure.

The crude residue was purified by column chromatography (silica gel, petroleum ether / ethyl
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acetate = 10/1) to give fert-butyl 4-(2-chloro-3,5-difluorobenzyl)piperidine-1-carboxylate (1.3 g,
93% purity, 16%) as a yellow solid. LCMS (ESI) m/z: 368.1 [M+Na]*.

Step 2: Preparation of 4-(2-chloro-3,5-difluorobenzyl)piperidine
Cl

F

A solution of fert-butyl 4-(2-chloro-3,5-difluorobenzyl)piperidine-1-carboxylate (1.3 g, 3.7
mmol) and hydrochloric acid in 1,4-dioxane (20 mL, 4 M) was stirred at 25 °C for 2 h. The mixture
was concentrated under reduced pressure. The residue was diluted with ethyl acetate (50 mL)
and the aqueous phase was adjusted to pH 9 with aqueous sodium bicarbonate. The mixture was
then extracted with ethyl acetate (30 mL x 3). The combined organic layers were dried over
sodium sulfate, filtered and concentrated under reduced pressure to give crude 4-(2-chloro-3,5-
difluorobenzyl)piperidine (750 mg, 82%) as a yellow oil. This material was used in the next step
without further purification. LCMS (ESI) m/z: 246.1 [M+H]*.

Step 3: Preparation of 4-(2-chloro-3,5-difluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide
Cl

Ne NN
Yy

F 0
N0

To a solution of triphosgene (30 mg, 0.1 mmol) in dichloromethane (3 mL) at -78 °C was added a
mixture of 6-amino-2-methylpyridazin-3(2H)-one (25 mg, 0.2 mmol) and gyridine (63 mg, 0.8 mmol) in
dichloromethane (2 mL). The reaction mixture was stirred for 0.5 h at -78 °C, then a solution of 4-(2-
chloro-3,5-difluorobenzyl)piperidine (38 mg, 0.2 mmol) and pyridine (63 mg, 0.8 mmol) in
dichloromethane (2 mL) was added. The mixture was stirred at 25 °C for 4 h. The reaction was quenched
with aqueous ammonium chicride and extracted with dichloromethane (20 mL). The combined organic
layers were concentrated in vacuo. The crude sample was dissolved in the minimum amount of N, N-
dimethylformamide and purified by prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column,
acetonitrile/0.01% aqueous trifluoroacetic acid) to give 4-(2-chloro-3,5-difluorobenzyl)-N-(1-methyl-6-oxo-
1,6-dihydropyridazin-3-yl)piperidine-1-carboxamide (36.4 mg, 0.092 mmol, 18%) as a yellow solid. 'H
NMR (500 MHz, Dimethylsulfoxide-ds) d 9.21 (s, 1H), 7.61 (d, J = 9.6 Hz, 1H), 7.40-7.35 (m, 1H), 7.17 (d,
J=8.8Hz, 1H), 6.86 (d, J =10 Hz, 1H), 4.07 (d, J =6.6 Hz, 1H), 3.55 (s, 3H), 2.75-2.70 (m, 4H), 1.84-
1.82 (m, 1H),1.56-1.53 (m, 2H), 1.23-1.14 (m, 2H); LCMS (ESI) m/z: 397.0 [M+H]*.
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Example 12. Preparation of 4-(2-chloro-4,5-difluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-
3-yl)piperidine-1-carboxamide (Compound 61)

cl cl
Br 1) 9-BBN,THF, 65°C, 2 h HCI, 1,4-dioxane
_—
+
F nBOC 2) Pd(dppf)C|2 'CHzclz E NBoc 25 OC, 2h
K,CO3, DMF, H,0 F
60 °C, 20 h
cl
7 H.N. _N Triphosgene
2N N7 Pyridine, CH,Cl, N H N
¥ - F NN
NH \&/K 601t025°C, 18 h il
F 0 , £ 4 «
F o)

5 Step 1: Preparation of tert-butyl 4-(2-chloro-4,5-difluorobenzyl)piperidine-1-carboxylate
Cl

NBoc

F
To a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran (22 mL, 11 mmol, 0.5 M) at 25 °C
under argon was added tert-butyl 4-methylenepiperidine-1-carboxylate (2.17 g, 11 mmol). The mixture
was stirred at 65 °C for 2 h. The mixture was cooled down to 25 °C and added to a solution of 1-bromo-2-
10 chloro-4,5-difluocrobenzene (2.5 g, 11 mmol), potassium carbonate (1.97 g, 14.3 mmol) and 1,1’-
bis(diphenylphosphino)ferrocene-palladium(ll)dichloride dichloromethane complex (449 mg, 0.55 mmol)
in N,N-dimethylformamide/water (17.6 mL/1.76 mL) at 25 °C. The resulting mixture was heated at 60 °C
for 20 h. The reaction was quenched with 1 N aqueous sodium hydroxide solution and the aqueous layer
was stirred at 25 °C for 1 h. The solution was diluted with ethyl acetate (200 mL) and washed with brine
15 (150 mL x 3). The combined organic layers were dried over sodium sulfate, fittered and concentrated
under reduced pressure. The crude residue was purified by column chromatography (silica gel, petroleum
ether / ethyl acetate = 33/1) to give tert-butyl 4-(2-chloro-4,5-difluorobenzyl)piperidine-1-carboxylate (430
mg, 1.25 mmol, 11%) as a colorless oil. LCMS (ESI) m/z: 290.0 [M-56+H]*.

20 Step 2: Preparation of 4-(2-chloro-4,5-difluorobenzyl)piperidine
Cl

F
A solution of fert-butyl 4-(2-chloro-4,5-difluorobenzyl)piperidine-1-carboxylate (430 mg, 1.25
mmol) and 4 N hydrochloric acid in 1,4-dioxane solution (10 mL) was stirred at 25 °C for 2 h. The reaction
mixture was concentrated under reduced pressure. The crude residue was adjusted to pH 9 with sodium
25 bicarbonate solution and extracted with dichloromethane (50 mL x 2). The combined organic layers were

dried over sodium sulfate, filtered and concentrated under reduced pressure. The crude 4-(2-chloro-4,5-
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difluorobenzyl)piperidine (0.3 g, 1.22 mmol, 98%) was used in the next step without further purification.
LCMS (ESI) m/z: 246.1 [M+H]*.

Step 3: Preparation of 4-(2-chloro-4,5-difluorobenzyl)-N-(1-methyl-6-o0xo-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide
Cl

H
F N\[]/N\ENI
F o} X 0
To a solution of triphosgene (61 mg, 0.205 mmol) in dichloromethane (5 mL) at -60 °C was added
a solution of 6-amino-2-methylpyridazin-3(2H)-one (51 mg, 0.41 mmol) and pyridine (130 mg, 1.64 mmol)
in dichloromethane (6 mL) under argon. The mixture was stirred at -60 °C for 30 min, then a solution of 4-
(2-chloro-4,5-difluorobenzyl)piperidine (100 mg, 0.41 mmol) and pyridine (156 mg, 1.97 mmol) in
dichloromethane (4 mL) was added at -60 °C. The resulting mixture was stirred at 25 °C for 18 h. The
reaction was quenched with water (20 mL) and the aqueous layer was extracted with dichloromethane
(30 mL x 2). The combined organic layers were dried over sodium sulfate, filtered and concentrated under
reduced pressure. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide
and purified by prep-HPLC (BOSTON pHlex ODS, 10 um, 21.2 mm x 250 mm, acetonitrile/0.1% aqueous
formic acid) to yield 4-(2-chloro-4,5-difluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide as a white solid (12 mg, 0.03 mmol, 7%). '"H NMR (400 MHz,
Dimethylsulfoxide-des) 8 9.23 (s, 1H), 7.72-7.67 (m, 1H), 7.62 (d, J = 9.6 Hz, 1H), 7.54-7.49 (m, 1H), 6.87
(d,J=10.0 Hz, 1H), 4.07 (d, J =13.2 Hz, 2H), 3.56 (s, 3H), 2.72 (t, J = 11.8 Hz, 2H), 2.63 (d, J =7.2 Hz,
2H), 1.85-1.73 (m, 1H), 1.54 (d, J =11.2 Hz, 2H), 1.18-1.14 (m, 2H); LCMS (ESI) m/z: 397.0 [M+H]*.

Example 13. Preparation of N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl)-4-(3,4,5-
trifluorobenzyl)piperidine-1-carboxamide (Compound 62)

F .
F ! T) 1) 9-BBN,THF, 65°C, 2 h HCI, 1,4-dioxane
+ NBoc
F NBoc 2 Pd(dppf)Cly CH,Cly F 25°C,2h
F K,CO3, DMF, H,0 F
60 °C, 20 h

-60t0 25 °C, 18 h F (o] _x

F
Triphosgene H
F HzN\Ef\II Pyridine, CH,Cl, FD/UTN N~
—_—
NH X
F [0}
F
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Step 1: Preparation of fert-butyl 4-(3,4,5-trifluorobenzyl)piperidine-1-carboxylate
F

NBoc

F

To a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran (18.7 mL, 9.34 mmol, 0.5 M) at 25
°C was added fert-butyl 4-methylenepiperidine-1-carboxylate (1.84 g, 9.34 mmol) under argon. The
mixture was stirred at 65 °C for 2 h. The mixture was cooled to 25 °C and added to a solution of 1,2,3-
trifluoro-5-iodobenzene (2.4 g, 9.34 mmol), potassium carbonate (1.66 g, 12 mmol) and 1,1’-
bis(diphenylphosphino)ferrocene-palladium(ll)dichloride dichloromethane complex (381 mg, 0.467 mmol)
in N,N-dimethylformamide/water (15 mL/1.5 mL) at 25 °C. The resulting mixture was heated at 60 °C for
20 h. The The reaction was quenched with 1 N aqueous sodium hydroxide solution and the mixture was
stirred at 25 °C for 1 h. The solution was diluted with ethyl acetate (300 mL) and washed with brine (200
mL x 3). The combined organic layers were dried over sodium sulfate, filtered and concentrated under
reduced pressure. The crude residue was purified by column chromatography (silica gel, petroleum ether
/ ethyl acetate = 20/1) to give tert-butyl 4-(3,4,5-trifluorobenzyl)piperidine-1-carboxylate (1.05 g, 3.2 mmol,
34%) as a brown oil. LCMS (ESI) m/z: 274.2 [M-56+H]*.

Step 2: Preparation of 4-(3,4,5-trifluorobenzyl)piperidine
F

NH

F

A solution of fert-butyl 4-(3,4,5-trifluorobenzyl) piperidine-1-carboxylate (1.05 g, 3.2 mmol) and 4 N
hydrochloric acid in 1,4-dioxane (20 mL) was stirred at 25 °C for 1 h. The mixture was concentrated under
reduced pressure. The crude residue was adjusted to pH 9 with sodium bicarbonate solution and
extracted with dichloromethane (100 mL x 2). The combined organic layers were dried over sodium
sulfate, filtered and concentrated under reduced pressure. The crude product 4-(3,4,5-
trifluorobenzyl)piperidine was used in the next step without further purification (0.67 g, 2.93 mmol, 91%).
LCMS (ESI) m/z:230.1 [M+H]*.

Step 3: Preparation of N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-4-(3,4,5-trifluorobenzyl) piperidine-1-
carboxamide

H
N N N.
F T L
F (0]
N0
To a solution of triphosgene (148 mg, 0.5 mmol) in dichloromethane (8 mL) at -60 °C was added
a solution of 68-amino-2-methylpyridazin-3(2H)-one (125 mg, 1 mmol) and pyridine (316 mg, 4 mmol) in
dichloromethane (10 mL) at -60 °C under argon. The mixture was stirred at -60 °C for 0.5 h, then a

solution of 4-(3,4,5-trifluorobenzyl)piperidine (229 mg, 1 mmol) and pyridine (379 mg, 4.8 mmol) in

dichloromethane (7 mL) was added at -60 °C. The resulting mixture was stirred at 25 °C for 18 h. The
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reaction was quenched with water (50 mL) and the aqueous layer was extracted with dichloromethane
(50 mL x 2). The combined organic layers were dried over sodium sulfate, filtered and concentrated under
reduced pressure. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide
and purified by prep-HPLC (BOSTON pHlex ODS, 10 ym, 21.2 mm x 250 mm, acetonitrile/0.1% aqueous
formic acid) to yield N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-4-(3,4,5-trifluorobenzyl)piperidine-1-
carboxamide as a yellow solid (138 mg, 0.36 mmol, 36%). '"H NMR (400 MHz, Dimethylsulfoxide-de) &
9.21 (s, 1H), 7.61 (d, J =9.6 Hz, 1H), 7.18 (t, = 7.8 Hz, 2H), 6.87 (d, J = 9.6 Hz, 1H), 4.06 (d, J =13.2
Hz, 2H), 3.56 (s, 3H), 2.72 (t,  =12.2 Hz, 2H), 2.53 (d, J = 7.6 Hz, 2H), 1.75 (s, 1H), 1.53 (d, J = 12.4 Hz,
2H), 1.12-1.04 (m, 2H); LCMS (ESI) m/z: 381.1 [M+H]*.

Example 14. Preparation of 4-(4-chloro-3-fluorobenzyl)-N-(1-methyl-6-0x0-1,6-dihydropyridazin-3-

yl)piperidine-1-carboxamide (Compound 52)

| 1) 9-BBN,THF, 65°C,2 h HCI, 1,4-dioxane
_—
+ |2 P(PPAC, <CHCly i NBoc 25°C, 2 h
cl °  K,CO3, DMF, H,0 F
F 60°C, 16 h
Triphosgene H
. HZN\EN;IL/ Pyridine, CH,Cl, N N\H/N /N‘N/
NH N o
cl NN 601025°C, 16h E NG

F
Step 1: Preparation of tert-butyl 4-(4-chloro-3-fluorobenzyl)piperidine-1-carboxylate

NBoc
Cl

F
To a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran (40 mL, 20 mmol, 0.5 M) at 25 °C
was added fert-butyl 4-methylenepiperidine-1-carboxylate (3.94 g, 20 mmol) under argon. The mixture
was stirred at 65 °C for 2 h. The reaction was cooled to 25 °C and added to a solution of 1-chloro-2-
fluoro-4-iodobenzene (5.12 g, 20 mmol), potassium carbonate (3.59 g, 26 mmol) and 1,1’-
bis(diphenylphosphino)ferrocene-palladium(ll)dichloride dichloromethane complex (816 mg, 1 mmol) in
N, N-dimethylformamide /water (32 mL/3.2 mL) at 25 °C. The resulting mixture was heated at 60 °C for 20
h. The reaction was quenched with 1 N aqueous sodium hydroxide solution and the mixture was stirred at
25 °C for 1 h. The solution was diluted with ethyl acetate (300 mL) and washed with brine (200 mL x 3).
The combined organic layers were dried over sodium sulfate, fittered and concentrated under reduced
pressure. The crude residue was purified by column chromatography (silica gel, petroleum ether / ethyl
acetate = 30/1) to give tert-butyl 4-(4-chloro-3-fluorobenzyl)piperidine-1-carboxylate (2.5 g, 7.6 mmol,
38%) as a brown oil. LCMS (ESI) m/z: 272.1 [M-56+H]"*.
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Step 2: Preparation of 4-(4-chloro-3-fluorobenzyl)piperidine

Cl
F

A solution of tert-butyl 4-(4-chloro-3-fluorobenzyl)piperidine-1-carboxylate (2.5 g, 7.6 mmol) and 4
N hydrochloric acid in 1,4-dioxane (40 mL) was stirred at 25 °C for 1 h. The mixture was concentrated
under reduced pressure. The crude residue was adjusted to pH 9 with sodium bicarbonate solution and
extracted with dichloromethane (100 mL x 2). The combined organic layers were dried over sodium
sulfate, filtered and concentrated under reduced pressure. The crude product 4-(4-chloro-3-
fluorobenzyl)piperidine was used in the next step without further purification (1.48 g, 6.52 mmol, 85.8%).
LCMS (ESI) m/z: 228.1 [M+H]*.

Step 3: Preparation of 4-(4-chloro-3-fluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl) piperidine-
1-carboxamide

H
cl NTN\ENJ\:
F (0] N o
To a solution of triphosgene (148 mg, 0.5 mmol) in dichloromethane (6 mL) at -60 °C was added
a solution of 6-amino-2-methylpyridazin-3(2H)-one (125 mg, 1 mmol) and pyridine (316 mg, 4 mmol) in
dichloromethane (12 mL) under argon. The mixture was stirred at -60 °C for 0.5 h then a solution of 4-(4-
chloro-3-fluorobenzyl)piperidine (227 mg, 1 mmol) and pyridine (380 mg, 4.8 mmol) in dichloromethane (7
mL) was added at -60 °C. The resulting mixture was stirred at 25 °C for 18 h. The reaction was quenched
with water (30 mL) and the aqueous layer was extracted with dichloromethane (50 mL x 2). The
combined organic layers were dried over sodium sulfate, fittered and concentrated under reduced
pressure. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide and
purified by prep-HPLC (BOSTON pHIlex ODS, 10 um, 21.2 mm x 250 mm, acetonitrile/0.1% aqueous
formic acid) to yield 4-(4-chloro-3-fluorobenzyl)-/N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl) piperidine-1-
carboxamide (132.5 mg, 0.35 mmol, 35%) as a yellow solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) 0
9.21 (s, 1H), 7.61 (d, J =9.6 Hz, 1H), 7.49 (t, J = 8.0 Hz, 1H), 7.28 (dd, J =1.2, 10.4 Hz, 1H), 7.06 (dd, J
=1.2,8.0 Hz, 1H), 6.87 (d, J =10.0, 1H), 4.06 (d, J = 13.2 Hz, 2H), 3.53 (s, 3H), 2.72 (t, J = 12.0 Hz, 2H),
2.55(d, J=7.6 Hz, 2H), 1.77-1.71 (m, 1H), 1.54 (d, J = 11.2 Hz, 2H), 1.13-1.03 (m, 2H); LCMS (ESI) m/z:
379.0 [M+H]*.
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Example 15. Preparation of 4-(4-fluorobenzyl)-N-(1-methyl-6-0x0-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide (Compound 44)

| 1) 8-BBN,THF, 65°C, 2 h HCI, 1,4-dioxane
—_—
/©/ * \()“Boc 2) Pd(dppf)Cl; CH,Cl, F/©/\©\m°° 25°C,2h
F K>CO3, DMF, H,0
60 °C, 20 h

Triphosgene H
Pyridine, CH20I2
E N\n,N /N‘N/

-60t0 25°C, 18 h 0o ™
o]

Step 1: Preparation of tert-butyl 4-(4-fluorobenzyl)piperidine-1-carboxylate

L
F oc

To a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran (40 mL, 20 mmol, 0.5 M) at 25 °C

was added tert-butyl 4-methylenepiperidine-1-carboxylate (3.94 g, 20 mmol) under argon. The mixture
was stirred at 65 °C for 2 h. The solution was cooled down to 25 °C and added to a mixture of 1-fluoro-4-
iodobenzene (4.44 g, 20 mmol), potassium carbonate (3.59 g, 26 mmol) and 1,1’-
bis(diphenylphosphino)ferrocene-palladium(ll)dichloride dichloromethane complex (816 mg, 1 mmol) in
N, N-dimethylformamide /water (32 mL/3.2 mL) at 25 °C. The resulting mixture was heated at 60 °C for 20
h. The reaction was quenched with 1 N aqueous sodium hydroxide solution and the aqueous layer was
stirred at 25 °C for 1 h. The mixture was diluted with ethyl acetate (300 mL) and washed with brine (200
mL x 3). The combined organic layers were dried over sodium sulfate, filtered and concentrated under
reduced pressure. The crude residue was purified by column chromatography (silica gel, petroleum ether
/ ethyl acetate = 30/1) to give fert-butyl 4-(4-fluorobenzyl)piperidine-1-carboxylate as a colorless oil (2.2 g,
7.5 mmol, 38%). LCMS (ESI) m/z: 238.1 [M-56+H]*.

Step 2: Preparation of 4-(4-fluorobenzyl)piperidine

A solution of fert-butyl 4-(4-fluorobenzyl)piperidine-1-carboxylate (2.2 g, 7.5 mmol) and 4 N
hydrochloric acid in 1,4-dioxane (40 mL) was stirred at 25 °C for 1 h. The mixture was concentrated under
reduced pressure. The crude residue was adjusted to pH 9 with sodium bicarbonate solution and
extracted with dichloromethane (100 mL x 2). The combined organic layers were dried over sodium
sulfate, filtered and concentrated under reduced pressure. The crude 4-(4-fluorobenzyl)piperidine was
used in the next step without further purification (1.2 g, 6.2 mmol, 83%). LCMS (ESI) m/z: 194.1 [M+H]+ .
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Step 3: Preparation of 4-(4-fluorobenzyl)-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl) piperidine-1-
carboxamide

To a solution of triphosgene (148 mg, 0.5 mmol) in dichloromethane (6 mL) at -60 °C was added
a solution of 6-amino-2-methylpyridazin-3(2H)-one (125 mg, 1 mmol) and pyridine (316 mg, 4 mmol) in
dichloromethane (12 mL) under argon. The mixture was stirred at -60 °C for 0.5 h, then a solution of 4-(4-
fluorobenzyl)piperidine (193 mg, 1 mmol) and pyridine (380 mg, 4.8 mmol) in dichloromethane (7 mL) was
added at -60 °C. The resulting mixture was stirred at 25 °C for 18 h. The reaction was quenched with
water (30 mL) and the aqueous layer was extracted with dichloromethane (50 mL x 2). The combined
organic layers were dried over sodium sulfate, filtered and concentrated under reduced pressure. The
crude sample was dissolved in the minimum amount of N, N-dimethylformamide and purified by prep-
HPLC (BOSTON pHIlex ODS, 10 ym, 21.2 mm x 250 mm, acetonitrile/0.1% aqueous formic acid) to yield
4-(4-fluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-carboxamide (95 mg, 0.28
mmol, 28%) as a yellow solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) 8 9.21 (s, 1H), 7.61 (d, J = 9.6
Hz, 1H), 7.23-7.19 (m, 2H), 7.14-6.88 (m, 2H), 6.87 (d, J = 10.0 Hz, 1H), 4.06 (d, J = 13.2 Hz, 2H), 3.55
(s, 3H),2.71 (t, J = 12.0 Hz, 2H), 2.52 (d, J = 4.8 Hz, 2H), 1.71-1.69 (m, 1H), 1.54 (d, J = 12.0 Hz, 2H),
1.13-1.06 (m, 2H); LCMS (ESI) m/z: 345.1 [M+H]*.

Example 16. Preparation of 4-(2-chloro-3-cyanobenzyl)-N-(1-methyl-6-ox0-1,6-dihydropyridazin-3-

yl)piperidine-1-carboxamide (Compound 56)

Cl

cl
Nx Br 1) 9-BBN, THF, 65 °C, 2 h N\\\©/\O HCl, 1,4-dioxane
—_—
: + . 25°C,2h
U Boc  2) Pd(dppfICl; *CH,Cl NBoc

KoCO3, DMF, H,0

60°C, 20 h
Cl
NS
N Cl Triphosgene H
X Pyridine, CH,CI
AN yridine, 2Llo
. HoN /N\N/ 2 N\n/N /N‘N/
NH ~ o -601025°C,18 h o) . o

Step 1: Preparation of tert-butyl 4-(2-chloro-3-cyanobenzyl)piperidine-1-carboxylate
Cl
NS
NBoc

A solution of fert-butyl 4-methylenepiperidine-1-carboxylate (1.0 g, 5.1 mmol) and 9-
borabicyclo[3.3.1]nonane in tetrahydrofuran (12 mL, 6.0 mmol, 0.5 M) was stirred at 65 °C for 2 h. The
mixture was cooled to 25 °C and added to a solution of 3-bromo-2-chlorobenzonitrile (1.0 g, 4.6 mmol),
potassium carbonate (0.83 g, 6.0 mmol) and 1,1’-bis(diphenylphosphino)ferrocene-palladium(ll)dichloride
dichloromethane complex (188 mg, 0.23 mmol) in N,N-dimethylformamide /water (10 mL/1.5 mL) at 25

°C. The resulting mixture was heated at 60 °C for 20 h. The reaction mixture was quenched with 1 N
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sodium hydroxide solution and stirred at 25 °C for 1 h. The mixture was diluted with ethyl acetate (200
mL) and washed with brine (50 mL x 3). The combined organic layers were dried over sodium sulfate,
fitered and concentrated under reduced pressure. The crude residue was purified by column
chromatography (silica gel, petroleum ether / ethyl acetate = 15/1 to 10/1) to give fert-butyl 4-(2-chloro-3-
cyanobenzyl)piperidine-1-carboxylate as a colorless oil (0.55 g, 1.65 mmol, 36%). LCMS (ESI) m/z: 279.1
[M-56+H]*.

Step 2: Preparation of 2-chloro-3-(piperidin-4-ylmethyl)benzonitrile
Cl
NS
NH

To a solution of tert-butyl 4-(2-chloro-3-cyanobenzyl)piperidine-1-carboxylate (0.55 g, 1.65 mmol)
in dichloromethane (10 mL) was added trifluoroacetic acid (3.0 mL). The mixture was stirred at 25 °C for 4
h under nitrogen. The reaction mixture was adjusted to pH 9 with aqueous sodium bicarbonate solution
and extracted with dichloromethane (100 mL x 3). The combined organic layers were dried over sodium
sulfate, filtered and concentrated under reduced pressure. The crude yellow solid was used in the next
step without further purification (360 mg, 1.54 mmol, 93%). LCMS (ESI) m/z: 235.2 [M+H]*.

Step 3: Preparation of 4-(2-chloro-3-cyanobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-
1-carboxamide formate salt

Cl

N

H
N N N. .~
T \E/'L HCOOH
o)
N0

To a solution of triphosgene (119 mg, 0.4 mmol) in dichloromethane (10 mL) was added a
solution of 6-amino-2-methylpyridazin-3(2H)-one (100 mg, 0.8 mmol) and pyridine (253 mg, 3.2 mmol) in
dichloromethane (5 mL) at -60 °C under argon. The mixture was stirred at -60 °C for 0.5 h, then a solution
of 2-chloro-3-(piperidin-4-ylmethyl)benzonitrile (225 mg, 0.96 mmol) and pyridine (253 mg, 3.2 mmol) in
dichloromethane (5 mL) was added at -60 °C. The resulting mixture was stirred at 25 °C for 18 h. The
reaction was quenched with water (30 mL) and the aqueous layer was extracted with dichloromethane
(50 mL x 2). The combined organic layers were dried over sodium sulfate, filtered and concentrated under
reduced pressure. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide
and purified via prep-HPLC (Boston C18, 10 ym, 21 mm x 250 mm column, acetonitrile/0.01% aqueous
formic acid) to give 4-(3-chloro-5-cyanobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-
carboxamide formate salt (3.5 mg, 0.01 mmol, 1%) as a white solid. "H NMR (400 MHz,
Dimethylsulfoxide-ds) 'TH NMR (400 MHz, Dimethylsulfoxide-de) & 9.21 (s, 1H), 8.46 (s, 1H, HCOOH),
7.85(,J=7.7Hz, 1H), 7.69 (d, J =7.8 Hz, 1H), 7.61 (d, J =9.9 Hz, 1H), 7.50 — 7.46 (m, 1H), 6.87 (d, J
=9.9Hz, 1H), 4.06 (d, J = 13.5 Hz, 2H), 3.55 (s, 3H), 2.72 — 2.68 (m, 4H), 1.82 — 1.80 (m, 1H), 1.53 —
1.50 (m, 2H), 1.29 — 1.10 (m, 2H); LCMS (ESI) m/z: 386.1 [M+H]*.
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Example 17. Preparation of 4-(3-chloro-5-cyanobenzyl)-N-(1-methyl-6-o0x0-1,6-dihydropyridazin-3-

yl)piperidine-1-carboxamide (Compound 57)

NS Br 1)9-BBN,THF, 65°C, 2h "'\ HCI, 1,4-dioxane
naoc 2) Pd(dppf)Cl, *CH,Cl, NBoc 25°C,2h
K,COs3, DMF, H,0 L
cl 60°C, 20 h
Na
N Triphosgene H
N Pyridine, CH,CI
A yri f PAS]
. HN NG~ ; N\n/N Ny~
NH A, -60 t0 25 °C, 18 h & o I
cl

Step 1: Preparation of fert-butyl 4-(3-chloro-5-cyanobenzyl)piperidine-1-carboxylate

NS
NBoc

5 Cl
A solution of fert-butyl 4-methylenepiperidine-1-carboxylate (1.0 g, 5.1 mmol) and 9-

borabicyclo[3.3.1]nonane in tetrahydrofuran (12 mL, 6.0 mmol, 0.5 M) was stirred at 65 °C for 2 h. The
mixture was cooled to 25 °C and added to a solution of 3-bromo-5-chlorobenzonitrile (1.0 g, 4.6 mmol),
potassium carbonate (0.83 g, 6.0 mmol) and 1,1’-bis(diphenylphosphino)ferrocene-palladium(ll)dichloride

10  dichloromethane complex (188 mg, 0.23 mmol) in N,N-dimethylformamide/water (10 mL/1.5 mL) at 25 °C.
The resulting mixture was heated at 60 °C for 20 h. The reaction mixture was quenched with 1 N aqueous
sodium hydroxide solution and stirred at 25 °C for 1 h. The mixture was diluted with ethyl acetate (200
mL) and washed with brine (50 mL x 3). The combined organic layers were dried over sodium sulfate,
filtered and concentrated under reduced pressure. The crude residue was purified by column

15 chromatography (silica gel, petroleum ether / ethyl acetate = 15/1 to 10/1) to give tert-butyl 4-(3-chloro-5-
cyanobenzyl)piperidine-1-carboxylate as a colorless oil (0.85 g, 2.5 mmol, 54%). LCMS (ESI) m/z: 279.1
[M-56+H]"*.

Step 2: Preparation of 3-chloro-5-(piperidin-4-ylmethyl)benzonitrile

N

20 Cl
To a solution of fert-butyl 4-(3-chloro-5-cyanobenzyl)piperidine-1-carboxylate (0.85 g, 2.5 mmol)
in dichloromethane (10 mL) was added trifluoroacetic acid (3.0 mL). The mixture was stirred at 25 °C for 4
h under nitrogen. The reaction solution was basified to pH 9 with sodium bicarbonate solution and the
aqueous layer was extracted with dichloromethane (100 mL x 3). The combined organic layers were dried
25 over sodium sulfate, filtered and concentrated under reduced pressure. The crude yellow solid was used
in the next step without further purification (0.51 g, 3.8 mmol, 76%). LCMS (ESI) m/z: 235.2 [M+H]*.
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Step 3: Preparation of 4-(3-chloro-5-cyanobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-
1-carboxamide formate salt

NS
N H N
N
\[g \@ HCOOH
Cl
NS0
5 To a solution of triphosgene (119 mg, 0.4 mmol) in dichloromethane (10 mL) at -60 °C was added

a solution of 6-amino-2-methylpyridazin-3(2H)-one (100 mg, 0.8 mmol) and pyridine (253 mg, 3.2 mmol)
in dichloromethane (5 mL) under argon. The mixture was stirred at -60 °C for 0.5 h, then a solution of 3-
chloro-5-(piperidin-4-ylmethyl)benzonitrile (225 mg, 0.96 mmol) and pyridine (253 mg, 3.2 mmol) in
dichloromethane (5 mL) was added. The resulting mixture was stirred at 25 °C for 18 h. The reaction was

10 quenched with water (30 mL) and the aqueous layer was extracted with dichloromethane (50 mL x 2).
The combined organic layers were dried over sodium sulfate, filtered and concentrated under reduced
pressure. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide and
purified via prep-HPLC (Boston C18, 10 ym, 21 mm x 250 mm column, acetonitrile/0.01% aqueous formic
acid) to give 4-(3-chloro-5-cyanobenzyl)-N-(1-methyl-6-0xo-1,6-dihydropyridazin-3-yl)piperidine-1-

15 carboxamide formate salt (13.9 mg, 0.04 mmol, 4%) as a white solid. '"H NMR (400 MHz,
Dimethylsulfoxide-ds) d 9.20 (s, 1H), 8.46 (s, 1H, HCOOH), 7.87 (s, 1H), 7.68 (d, J = 5.7 Hz, 2H), 7.61 (d,
J=9.9 Hz, 1H), 6.86 (d, J =9.9 Hz, 1H), 4.05 (d, J = 13.3 Hz, 2H), 3.51 (d, J = 36.3 Hz, 3H), 2.71 - 2.68
(m, 2H), 2.60 —2.58 (m, 2H), 1.79 = 1.77 (m, 1H), 1.52 — 1.50 (m, 2H), 1.09 — 1.05 (m, 2H); LCMS (ESI)
m/z: 386.1 [M+H]*.

20
Example 18. Preparation of 4-(3,5-difluorobenzyl)-N-(1-ethyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide (Compound 125)

H2N /N\NH NaH, E“ HzN /N\N/\ F
N \&/g * NH
O DMF, 20°C,3h 0 [

F
Triphosgene H
Pyridine, CH,Cl, N _N._ _N.
po—— T
-60t025°C, 17 h F fo) A

25 Step 1: Preparation of 6-amino-2-ethylpyridazin-3(2H)-one

"0

To a solution of 6-aminopyridazin-3(2H)-one (3 g, 27.0 mmol) in dry N, N-dimethylformamide (50
mL) was added sodium hydride (60% in mineral oil, 1.08 g, 27.0 mmol). The mixture was stirred at 20 °C

for 1 h under nitrogen, then iodoethane (4.2 g, 27.0 mmol) was added to the mixture and stirred for 3 hr.
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The reaction mixture was concentrated under reduced pressure. The crude residue was purified by
column chromatography (silica gel, dichloromethane/methanol = 20/1) to give 6-amino-2-ethylpyridazin-
3(2H)-one as a yellow solid (2.8 g, 20.1 mmol, 76%). LCMS (ESI) m/z: 139.8 [M+H]*.

Step 2: Preparation of 4-(3,5-difluorobenzyl)-N-(1-ethyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-
carboxamide

H
TRee
0
N0

To a solution of triphosgene (169 mg, 0.57 mmol) in dichloromethane (5 mL) was added a
solution of 6-amino-2-ethylpyridazin-3(2H)-one (264 mg, 1.9 mmol) and pyridine (300 mg, 3.8 mmol) in
dichloromethane (10 mL) at -60 °C under argon. The mixture was stirred at -60 °C for 0.5 h, then a
solution of 4-(3,5-difluorobenzyl)piperidine (200 mg, 0.95 mmol) and pyridine (300 mg, 3.8 mmol) in
dichloromethane (15 mL) was added at -60 °C. The resulting mixture was stirred at 25 °C for 17 h. The
reaction was quenched with water (20 mL) and the mixture was extracted with dichloromethane (10 mL x
3). The combined organic layers were dried over sodium sulfate, filtered and concentrated under reduced
pressure. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide and
purified via prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column, acetonitrile/0.01% aqueous formic
acid) to give 4-(3,5-difluorobenzyl)-N-(1-ethyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-carboxamide
(46.8 mg, 0.12 mmol, 13%) as a white solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) d 9.21 (s, 1H), 7.58
(d, J =9.8 Hz, 1H), 7.04 (dt, J = 9.5, 2.3 Hz, 1H), 7.00 — 6.91 (m, 2H), 6.85 (d, J = 9.8 Hz, 1H), 4.00 (dt, J
=14.3,10.2 Hz, 4H), 2.72 (t, J = 11.8 Hz, 2H), 2.56 (d, J =7.2 Hz, 2H), 1.77 (ddd, J =11.2, 7.4, 3.7 Hz,
1H), 1.54 (d, J =10.9 Hz, 2H), 1.23 (t, J = 7.1 Hz, 3H), 1.16 — 1.03 (m, 2H); LCMS (ESI) m/z: 377 .4
[M+H]*.

Example 19. Preparation of 4-(3-chlorobenzyl)-N-(1-methyl-6-ox0-1,6-dihydropyridin-3-
yl)piperidine-1-carboxamide (Compound 6)

HN A~~~ NaHCO, HN A~ C'\©/\G
N0 ,0,25°€, 2h NS0 NH
Cl
Triphosgene, pyridine \©/\©\| H AN

b

CH,Cl,, -60 to 25 °C, 16 h 0 Ao

o}

Step 1: Preparation of 5-amino-1-methylpyridin-2(7H)-one
H2N = N/

"o

A solution of 5-amino-1-methylpyridin-2(7H)-one (1 g, 6.2 mmol) in aqueous sodium bicarbonate

(30 mL) was stirred at 25 °C for 2 h under nitrogen. The reaction mixture was concentrated under reduced
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pressure. Ethanol (50 mL) and the aqueous layer was stirred for 2 h before it was filtered and washed
with ethanol. The filtrate was concentrated and dried in vacuo to give 5-amino-1-methylpyridin-2(7H)-one
(0.7 g, 5.65 mmol, 91%) as a black solid. LCMS (ESI) m/z: 125.2 [M+H]*.

Step 2: Preparation of 4-(3-chlorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridin-3-yl)piperidine-1-
carboxamide

To a solution of triphosgene (119 mg, 0.4 mmol) in dichloromethane (10 mL) -60 °C was added a
solution of 6-amino-2-methylpyridazin-3(2H)-one (100 mg, 0.8 mmol) and pyridine (253 mg, 3.2 mmol) in
dichloromethane (5 mL) at under argon. The mixture was stirred at -60 °C for 30 min and a solution of 4-
(3-chlorobenzyl)piperidine (200 mg, 0.96 mmol) and pyridine (253 mg, 3.2 mmol) in dichloromethane (5
mL) was added at -60 °C. The resulting mixture was stirred at 25 °C for 16 h. The reaction was quenched
with water (30 mL) and the aqueous layer was extracted with dichloromethane (50 mL x 2). The
combined organic layers were dried over sodium sulfate, fittered and concentrated under reduced
pressure. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide and
purified by prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column, acetonitrile/10 mM ammonium
acetate aqueous solution) to give 4-(3-chlorobenzyl)-N-(1-methyl-6-oxo0-1,6-dihydropyridin-3-yl)piperidine-
1-carboxamide (93.7 mg, 0.26 mmol, 33%) as a brown solid. '"H NMR (500 MHz, Dimethylsulfoxide-ds)
8.14 (s, 1H), 7.75-7.75 (m, 1H), 7.40 (dd, J1= 2.5 Hz,J2= 9.0 Hz, 1H), 7.32 (t, J = 8.0 Hz, 1H), 7.25-7.27
(m, 2H), 7.16 (d, J =8.0 Hz,1H), 6.33 (d, J = 9.5 Hz, 1H), 4.27 (d, J =13.5 Hz, 2H), 3.40 (s, 3H), 3.70 (t, J
=12.0 Hz, 2H), 2.50-2.55 (m, 1H), 1.70-1.75 (m,1H), 1.54-1.56 (m, 2H), 1.04-1.12 (m, 2H); LCMS (ESI)
m/z: 360.1 [M+H]*.

Example 20. Preparation of 4-(3-chloro-5-fluorobenzyl)-N-(1-methyl-6-ox0-1,6-dihydropyridin-3-
yl)piperidine-1-carboxamide (Compound 8)

F ' ()% 1) 9-BBN,THF, 65 °C, 2 h F TFA, CH,Cla
+ w2
BocN 2) Pd(dppf)Cl, *CH,Cl, NBoc 25°C,3h

cl K,COj3, DMF, H,0O Cl
60°C, 16 h
Triphosgene F
F . HoN AN Pyridine, CH,Cl, | H _
NH N -60 to 25 °C, 16 h TP N
Cl (0] A
Cl o}
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Step 1: Preparation of fert-butyl 4-(3-chloro-5-fluorobenzyl)piperidine-1-carboxylate
Cl

NBoc

F

To a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran (50 mL, 25 mmol, 0.5 M) at 25 °C
was added fert-butyl 4-methylenepiperidine-1-carboxylate (4.93 g, 25 mmol) under argon. The mixture
was stirred at 65 °C for 2 h. The reaction mixture was cooled to 25 °C and added to a solution of 1-chloro-
3-fluoro-5-iodobenzene (5.24 g, 25 mmol), potassium carbonate (4.49 g, 32.5 mmol) and 1,1'-
bis(diphenylphosphino)ferrocene-palladium(ll)dichloride dichloromethane complex (1.02 g, 1.25 mmol) in
N, N-dimethylformamide/water (40 mL / 4 mL) at 25 °C. The resulting mixture was heated at 60 °C for 16
h. The reaction was quenched with 1 N aqueous sodium hydroxide solution and stirred at 25 °C for 1 h.
The reaction solution was diluted with ethyl acetate (200 mL) and washed with brine (50 mL x 3). The
combined organic layers were dried over sodium sulfate, filtered and concentrated under reduced
pressure. The crude residue was purified by column chromatography (silica gel, petroleum ether / ethyl
acetate = 15/1 to 10/1) to give tert-butyl 4-(3-chloro-5-fluorobenzyl)piperidine-1-carboxylate (4.36 g, 13.3
mmol, 53%) as a white solid. LCMS (ESI) m/z: 272.0 [M-56+H]*.

Step 2: Preparation of 4-(3-chloro-5-fluorobenzyl)piperidine
Cl

F

To a solution of fert-butyl 4-(3-chloro-5-fluorobenzyl)piperidine-1-carboxylate (4.36 g, 13.3 mmol)
in dichloromethane (40 mL) was added trifluoroacetic acid (10 mL). The mixture was stirred at 25 °C for 3
h under nitrogen and then concentrated under reduced pressure. The crude residue was diluted with
aqueous sodium bicarbonate solution and extracted with dichloromethane (100 mL x 3). The combined
organic layers were dried over sodium sulfate, filtered and concentrated under reduced pressure. The
crude yellow solid was used in the next step without further purification (3.0 g, 13.2 mmol, 99%). LCMS
(ESI) m/z: 228.0 [M+H]*.

Step 3: Preparation of 4-(3-chloro-5-fluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridin-3-yl)piperidine-1-
carboxamide
Cl

F 0] A

To a solution of triphosgene (119 mg, 0.4 mmol) in dichloromethane (10 mL) at -60 °C was added
a solution of 5-amino-1-methylpyridin-2(7H)-one (100 mg, 0.8 mmol) and pyridine (253 mg, 3.2 mmol) in
dichloromethane (5 mL) under argon. The mixture was stirred at -60 °C for 30 min and then a solution of
4-(3-chloro-5-fluorobenzyl)piperidine (219 mg, 0.96 mmol) and pyridine (253 mg, 3.2 mmol) in

dichloromethane (5 mL) was added at -60 °C. The resulting mixture was stirred at 25 °C for 16 h. The
79



10

15

20

25

30

WO 2020/154571 PCT/US2020/014910

reaction was quenched with water (30 mL) and the aqueous layer was extracted with dichloromethane
(50 mL x 2). The combined organic layers were dried over sodium sulfate, filtered and concentrated under
reduced pressure. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide
and purified by prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column, acetonitrile/10 mM ammonium
acetate aqueous solution) to give 4-(3-chloro-5-fluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridin-3-
yl)piperidine-1-carboxamide (35.7 mg, 0.09 mmol, 12%) as a yellow solid. '"H NMR (400 MHz,
Dimethylsulfoxide-de) 8 8.15 (s, 1H), 7.74 (d, J = 2.8 Hz, 1H), 7.39 (dd, J1= 3.2 Hz, J2= 9.6 Hz, 1H), 7.24-
7.27 (m, 1H), 7.16 (s, 1H), 7.01-7.10 (m, 1H), 6.32 (d, J =10.0 Hz, 1H), 4.03 (d, J =10.0 Hz, 2H), 3.39 (s,
3H), 2.70 (t, J = 11.6 Hz, 2H), 2.55-2.56 (m, 2H), 1.73-1.78 (m, 1H),1.52-1.55 (m, 2H), 1.02-1.12 (m, 2H);
LCMS (ESI) m/z: 378.0 [M+H]*.

Example 21. Preparation of 4-(3,5-difluorobenzyl)-N-(4-methyl-5-0x0-4,5-dihydropyrazin-2-
yl)piperidine-1-carboxamide (Compound 131)

F I 1) 9-BBN,THF, 65°C, 2 h E HCI, 1,4-dioxane F
+ —_——
NH
\©/ BOCO/ 2) Pd(dppf)Cl, *CH2Cl, \Q/\QIBOC 25°C,3h
F

K,COj3, DMF, H,0
60°C,20 h F

H
ow
\ .
—Si-N N~ F
% F BN PO Cul N HY\/
(o) N 3 4, LU N
mwr““z : Pouou Y
F )

N F O N
CH,Cly, 25°C, 20 h §/&o toluene */J\o

110°C, 24 h

Step 1: Preparation of fert-butyl 4-(3,5-difluorobenzyl)piperidine-1-carboxylate

F
\Q/\QBoc

F

To a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran (100 mL, 50 mmol, 0.5 M) at 25 °C
was added fert-butyl 4-methylenepiperidine-1-carboxylate (9.9 g, 50 mmol) under argon. The mixture was
stirred at 65 °C for 2 h. The mixture was cooled to 25 °C and added to a solution of 1,3-difluoro-5-
iodobenzene (12 g, 50 mmol), potassium carbonate (8.98 g, 65 mmol) and 1,1'-
bis(diphenylphosphino)ferrocene-palladium(ll)dichloride dichloromethane complex (2.04 g, 2.5 mmol) in
N, N-dimethylformamide/water (80 mL/8 mL) at 25 °C. The resulting mixture was heated at 60 °C for 20 h.
The reaction mixture was quenchedThe reaction mixture was quenched with 1 N aqueous sodium
hydroxide solution and the mixture was stirred at 25 °C for 1 h. The reaction solution was diluted with
ethyl acetate (800 mL) and washed with brine (500 mL x 3). The combined organic layers were dried over
sodium sulfate, filtered and concentrated under reduced pressure. The crude residue was purified by
column chromatography (silica gel, petroleum ether / ethyl acetate = 20/1 to 10/1) to give tert-butyl 4-(3,5-
difluorobenzyl)piperidine-1-carboxylate (7.9 g, 25.4 mmol, 51%) as a yellow solid. LCMS (ESI) m/z: 256.1
[M-56+H]*.
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Step 2: Preparation of 4-(3,5-difluorobenzyl)piperidine

F
T
F

A solution of tert-butyl 4-(3,5-difluorobenzyl)piperidine-1-carboxylate (12.1 g, 38.8 mmol) and 4N
hydrochloric acid in 1,4-dioxane solution (50 mL) was stirred at 25 °C under nitrogen. The mixture was
concentrated under reduced pressure. The crude residue was basified to pH 9 with aqueous sodium
bicarbonate solution and extracted with dichloromethane (1000 mL x 3). The combined organic layers
were dried over sodium sulfate, filtered and concentrated under reduced pressure. The crude product
was purified by column chromatography (silica gel, dichloromethane/ammonia in methanol (7 N) from
20/1 to 10/1) to give 4-(3,5-difluorobenzyl)piperidine (6.5 g, 30.8 mmol, 79%) as a yellow solid. LCMS
(ESI) m/z: 212.2 [M+H]*.

Step 3: Preparation of 4-(3,5-difluorobenzyl)piperidine-1-carboxamide

F
! T
To a solution of 4-(3,5-difluorobenzyl)piperidine (2.11 g, 10 mmol) in dichloromethane (60 mL)
was added trimethylsilyl isocyanate (2.31 g, 20 mmol) at 25 °C under nitrogen. The mixture was stirred at
25 °C for 20 h, then concentrated under reduced pressure. The crude residue was purified by column
chromatography (silica gel, dichloromethane/ammonia in methanol (7 N) = 20/1) to give 4-(3,5-

difluorobenzyl)piperidine-1-carboxamide as a white solid (2 g, 7.87 mmol, 79%). LCMS (ESI) m/z: 255.1
[M+H]*.

Step 4: Preparation of 4-(3,5-difluorobenzyl)-N-(4-methyl-5-ox0-4,5-dihydropyrazin-2-yl)piperidine-1-

carboxamide

To a solution of 4-(3,5-difluorobenzyl)piperidine-1-carboxamide (127 mg, 0.5 mmol), 5-bromo-1-
methylpyrazin-2(7H)-one (95 mg, 0.5 mmol), (1R,2R)-N1,N2-dimethylcyclohexane-1,2-diamine (15 mg,
0.1 mmol) and potassium phosphate (212 mg, 1.0 mmol) in toluene (15 mL) at 25 °C was added copper(l)
iodide (5 mg, 0.025 mmol) under argon. The mixture was stirred at 110 °C for 24 h in a sealed tube. The
reaction mixture was cooled to 25 °C, water (20 mL) was added and the aqueous layer was extracted with
dichloromethane (50 mL x 2). The combined organic layers were dried over sodium sulfate, filtered and
concentrated under reduced pressure.) The crude sample was dissolved in the minimum amount of N, N-
dimethylformamide and purified by prep-HPLC (Boston C18, 10 ym, 21 mm x 250 mm column,
acetonitrile/10 mM ammonium acetate aqueous solution) to give 4-(3,5-difluorobenzyl)-N-(4-methyl-5-oxo-
4,5-dihydropyrazin-2-yl)piperidine-1-carboxamideas (8.8 mg, 0.02mmol, 5%) as a yellow solid. '"H NMR

(400 MHz, Dimethylsulfoxide-ds) 5 8.66 (s, 1H), 7.85-7.91 (m, 2H), 7.01-7.07 (m, 1H), 6.94-6.96 (m, 2H),
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4.86 (d, J = 13.2 Hz, 2H), 3.45 (s, 3H), 2.71 (t, J = 12.0 Hz, 2H), 2.56 (d, J = 7.2 Hz, 2H), 1.73-1.80 (m,
1H), 1.54 (d, J = 11.6 Hz, 2H), 1.02-1.12 (m, 2H); LCMS (ESI) m/z: 363.1 [M+H]"*.

Example 22. Preparation of 4-(3,4-difluorobenzyl)-N-(4-methyl-5-0x0-4,5-dihydropyrazin-2-
yl)piperidine-1-carboxamide (Compound 132)

1) 9-BBN,THF, 65 °C, 2 h

Fj©/l F HCI, 1,4-dioxane FD/\G
+ —_—
NH
F BocN(\:/r 2) Pd(dppf)Cl, -CH,Cl, Fmaoc 25°C,3h F

KoCOj3, DMF, H,0
60°C, 20 h H
N

~
\ [ ]
—Si-N N~ F
- F Br - H NN
D Z Z -
. \ﬁN K3P04, cul F \[O]/ \I/\N

—_— N_NH, N

CH,Clp, 25°C, 20h F hid 0 toluene
o 110 °C, 24 h

Step 1: Preparation of tert-butyl 4-(3,4-difluorobenzyl)piperidine-1-carboxylate

BORAS
F NBoc

To a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran (78 mL, 39 mmol, 0.5 M) at 25 °C
was added tert-butyl 4-methylenepiperidine-1-carboxylate (7.68 g, 39 mmol) under argon. The mixture
was stirred at 65 °C for 2 h. The mixture was cooled to 25 °C and added to a solution of 1,2-difluoro-4-
iodobenzene (7.2 g, 30 mmol), potassium carbonate (5.4 g, 39 mmol) and 1,1’-
bis(diphenylphosphino)ferrocene-palladium(ll)dichloride dichloromethane complex (2.45 g, 1.5 mmol) in
N, N-dimethylformamide/water (40 mL/4 mL) at 25 °C. The resulting mixture was heated at 60 °C for 4 h.
The reaction mixture was quenched with 1 N aqueous sodium hydroxide solution and the mixture was
stirred at 25 °C for 0.5 h. The mixture was diluted with ethyl acetate (800 mL) and washed with brine (500
mL x 3). The combined organic layers were dried over sodium sulfate, filtered and concentrated under
reduced pressure. The crude residue was purified by column chromatography (silica gel, petroleum ether
/ ethyl acetate = 20/1 to 10/1) to give tert-butyl 4-(3,4-difluorobenzyl)piperidine-1-carboxylate (5.68 g, 18.2
mmol, 61%) as a yellow oil. LCMS (ESI) m/z: 256.1 [M-56+H]*.

Step 2: Preparation of 4-(3,4-difluorobenzyl)piperidine

BOAG
E NH

A solution of fert-butyl 4-(3,4-difluorobenzyl)piperidine-1-carboxylate (5.68 g, 18.2 mmol) and 4 N
hydrochloric acid in 1,4-dioxane (50 mL) was stirred for 3 h at 25 °C under nitrogen. The reaction mixture
was concentrated in vacuo, then the crude residue was triturated with diethyl ether. The resulting white
solid was filtered and washed with diethyl ether (30 mL x 2). The white solid was basified to pH 9 with
sodium bicarbonate solution and extracted with dichloromethane (150 mL x 3). The combined organic

layers were dried over sodium sulfate, filtered and concentrated under reduced pressure. The crude
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yellow oil was used in the next step without further purification (3.18 g, 15.1 mmol, 83%). LCMS (ESI)
m/z: 212.3 [M+H]*.

Step 3: Preparation of 4-(3,4-difluorobenzyl)piperidine-1-carboxamide

F
e
o
To a solution of 4-(3,4-difluorobenzyl)piperidine (1.06 g, 5.0 mmol) in dichloromethane (30 mL) at
25 °C was added trimethylsilyl isocyanate (1.15 g, 10.0 mmol) under nitrogen. The mixture was stirred at
25 °C for 16 h, then the mixture was concentrated under reduced pressure. The crude residue was
purified by column chromatography (silica gel, dichloromethane/ammonia in methanol (7 N) = 20/1) to

give 4-(3,4-difluorobenzyl)piperidine-1-carboxamide (1.03 g, 4.05mmol, 81%) as a white solid. LCMS
(ESI) m/z: 255.1 [M+H]*.

Step 4: Preparation of 4-(3,4-difluorobenzyl)-N-(4-methyl-5-oxo0-4,5-dihydropyrazin-2-yl)piperidine-1-
carboxamide

To a solution of 4-(3,4-difluorobenzyl)piperidine-1-carboxamide (254 mg, 1.0 mmol), 5-bromo-1-
methylpyrazin-2(7H)-one (284 mg, 1.5 mmol), (1R,2R)-N1,N2-dimethylcyclohexane-1,2-diamine (57 mg,
0.4 mmol) and potassium phosphate (425 mg, 2.0 mmol) in toluene (5mL) was added copper(l) iodide (19
mg, 0.1 mmol) at 25 °C under argon. The mixture was stirred at 110 °C for 24 h in a sealed tube. The
reaction mixture was cooled to 25 °C, diluted with water (20 mL) and the aqueous layer was extracted
with dichloromethane (50 mL x 2). The combined organic layers were dried over sodium sulfate, filtered
and concentrated under reduced pressure. The crude sample was dissolved in the minimum amount of
N, N-dimethylformamide and purified by prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column,
acetonitrile/10 mM ammonium acetate aqueous solution) to give 4-(3,4-difluorobenzyl)-N-(4-methyl-5-0xo-
4,5-dihydropyrazin-2-yl)piperidine-1-carboxamide as a yellow solid (59.2 mg, 0.16 mmol, 16%). '"H NMR
(400 MHz, Dimethylsulfoxide-ds) & 8.66 (s, 1H), 7.85-7.91 (m, 2H), 7.25-7.37 (m, 2H), 7.01-7.04 (m, 1H),
4.08 (d, J =13.6 Hz, 2H), 3.45 (s, 3H), 2.70 (t, J = 11.6 Hz, 2H), 2.50-2.53 (m, 2H), 1.69-1.75 (m, 1H),
1.52-1.55 (m, 2H), 1.01-1.11 (m, 2H); LCMS (ESI) m/z: 363.1 [M+H]"*.
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Example 23. Preparation of 4-(2-chloro-3-cyanophenoxy)-N-(1-methyl-6-0x0-1,6-dihydropyridazin-
3-yl)piperidine-1-carboxamide (Compound 87)
Cl

Cl ,
N HCI, 1,4-dioxane
NS OH OH _DIAD,PPh; " o loxan
BOCN THF NBQC 25 OC, 3 h

0to65°C, 18 h

N Cl
X
N.ao ¢l Triphosgene = 0
\\©/O\G \E/’L Pyrldlne CH,Cl, N H N.
Z "N
NH 60 t0 25°C, 16 h \g/ l/g

Step 1: Preparation of fert-butyl 4-(2-chloro-3-cyanophenoxy)piperidine-1-carboxylate

N Cl

A O
\O\JBOC

To a solution of 2-chloro-3-hydroxybenzonitrile (2.53 g, 16.5 mmol), fert-butyl 4-
hydroxypiperidine-1-carboxylate (3.02 g, 15 mmol) and triphenylphosphine (4.72 g, 18 mmol) in
tetrahydrofuran (50 mL) at 0 °C was added diisopropyl azodicarboxylate (3.02 g, 18 mmol) under argon.
The mixture was stirred at 65 °C for 18 h. The reaction mixture was cooled to 25 °C and concentrated
under reduced pressure. The crude residue was triturated with petroleum ether (100 mL) and the mixture
was stirred at 25 °C for 1 h, then filtered and washed with petroleum ether. The filtrate was concentrated
under reduced pressure. The crude residue was purified by column chromatography (silica gel, petroleum
ether / ethyl acetate = 6/1 to 3/1) to give tert-butyl 4-(2-chloro-3-cyanophenoxy)piperidine-1-carboxylate
(2.34 g, 6.92 mmol, 46%) as a colorless oil. LCMS (ESI) m/z: 281.1 [M-56+H]*.

Step 2: Preparation of 2-chloro-3-(piperidin-4-yloxy)benzonitrile

cl
o)
T

A solution of fert-butyl 4-(2-chloro-3-cyanophenoxy)piperidine-1-carboxylate (2.33 g, 6.92 mmol)

Na

and 4N hydrochloric acid in 1,4-dioxane solution (50 mL) was stirred for 3 h at 25 °C under nitrogen. The
reaction mixture was concentrated under reduced pressure. The crude residue was triturated with diethyl
ether, then the solid was collected by filtration and washed with diethyl ether. The white solid (1.66 g) was
basified to pH 9 with sodium bicarbonate solution and extracted with dichloromethane (50 mL x 3). The
combined organic layers were dried over sodium sulfate, filtered and concentrated under reduced
pressure. The crude white solid was used in the next step without further purification (1.3 g, 5.5 mmol,
80%). LCMS (ESI) m/z: 237.1 [M+H]*.
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Step 3: Preparation of 4-(2-chloro-3-cyanophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-

yl)piperidine-1-carboxamide

To a solution of triphosgene (119 mg, 0.4 mmol) in dichloromethane (10 mL) was added a solution of 6-
amino-2-methylpyridazin-3(2H)-one (100 mg, 0.8 mmol) and pyridine (253 mg, 3.2 mmol) in
dichloromethane (5 mL) at -60 °C under argon. The mixture was stirred at -60 °C for 0.5 h, then a solution
of 2-chloro-3-(piperidin-4-yloxy)benzonitrile (218 mg, 0.8 mmol) and pyridine (253 mg, 3.2 mmol) in
dichloromethane (5 mL) was added at -60 °C. The resulting mixture was stirred at 25 °C for 18 h. The
reaction was quenched with water (30 mL) and the aqueous layer was extracted with dichloromethane
(50 mL x 2). The combined organic layers were dried over sodium sulfate, filtered and concentrated under
reduced pressure. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide
and purified by prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column, acetonitrile/10 mM ammonium
acetate aqueous solution) to give 4-(2-chloro-3-cyanophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide (34.1 mg, 0.09 mmol, 11%) as a yellow solid. '"H NMR (400 MHz,
Dimethylsulfoxide-ds) & 9.37 (s, 1H), 7.64-7.67 (m, 2H), 7.49-7.57 (m, 2H), 6.89 (d, J = 9.6 Hz, 1H), 4.83-
4.85 (m, 1H), 3.66-3.71 (m, 2H), 3.57 (s, 3H), 3.36-3.44 (m, 2H), 1.93-1.95 (m, 2H), 1.63-1.70 (m, 2H);
LCMS (ESI) m/z: 388.0 [M+H]*.

Example 24. Preparation of 4-(3-chloro-4,5-difluorophenoxy)-N-(1-methyl-6-oxo-1,6-
dihydropyridazin-3-yl)piperidine-1-carboxamide (Compound 89)

cl o
< Br koH, KOH, Pdy(dba)s Ly cl _Ho DIAD, PPhg
E NBoc L1
F 1 ,4-dioxane, H,0O NBoc THF, 65°C, 16 h I O

E 100°C, 16 h
Triphosgene cl e} A(
HCI, 1,4-dioxane  C! O\O HN N~ Pyridine, CH,Cl, R P Q
—_— —_— ~n1
25°C,3h F NH  * AN -60 to 25 °C, 20 h F TN 7<
F 0 NN

F

Step 1: Preparation of 3-chloro-4,5-difluorophenol
Cl OH
X
F
To a solution of 5-bromo-1-chloro-2,3-difluorobenzene (2.96 g, 13.0 mmol) and potassium
hydroxide (2.60 g, 46.4 mmol) in 1,4-dioxane (20 mL) and water (20 mL) was added
tris(dibenzylideneacetone)dipalladium(0) (120 mg, 0.13 mmol) and di-tert-butyl(2',4',6'-triisopropyl-3,4,5,6-
tetramethyl-[1,1'-biphenyl]-2-yl)phosphane (125 mg, 0.26 mmol) under argon. The mixture was stirred at

100 °C under argon for 16 h. The reaction mixture was cooled to 25 °C and acidified to pH 5 with 1 N
hydrochloric acid solution. The aqueous layer was extracted with dichloromethane (100 mL x 3). The
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combined organic layers were dried over sodium sulfate, filtered and concentrated under reduced
pressure. The crude residue was purified by column chromatography (silica gel,
dichloromethane/methanol = 80/1) to give 3-chloro-4,5-difluorophenol as a yellow oil (1.8 g, 10.9 mmol,
84%). '"H NMR (400 MHz, Dimethylsulfoxide-ds) 8 10.29 (s, 1H), 6.77-6.81 (m, 1H), 6.73-6.76 (m, 1H).

Step 2: Preparation of tert-butyl 4-(3-chloro-4,5-difluorophenoxy)piperidine-1-carboxylate

Cl O\O
F NBoc

F

To a solution of 3-chloro-4,5-difluorophenol (1.5 g, 9.1 mmol), fert-butyl 4-hydroxypiperidine-1-
carboxylate (1.67 g, 8.3 mmol) and triphenylphosphine (2.6 g, 9.96 mmol) in tetrahydrofuran (80 mL) was
added diisopropyl azodicarboxylate (2.01 g, 9.96 mmol) at 0 °C under argon. The mixture was stirred at
65 °C for 18 h. The reaction mixture was cooled to 25 °C and concentrated in vacuo. The crude material
was dissolved in petroleum ether (150 mL) and the mixture was stirred at 25 °C for 1 h. The mixture was
filtered, washed with petroleum ether and the filtrate was concentrated under reduced pressure. The
crude residue was purified by column chromatography (silica gel, petroleum ether / ethyl acetate = 20/1 to
10/1) to give tert-butyl 4-(3-chloro-4,5-difluorophenoxy)piperidine-1-carboxylate (1.95 g, 5.61 mmol, 67%)
as a yellow oil. LCMS (ESI) m/z: 292.0 [M-56+H]*.

Step 3: Preparation of 4-(3-chloro-4,5-difluorophenoxy)piperidine
Cl O
T
F

A solution of fert-butyl 4-(3-chloro-4,5-difluorophenoxy)piperidine-1-carboxylate (2.37 g, 6.8
mmol) and hydrochloric acid in 1,4-dioxane (50 mL, 4 M) was stirred for 3 h at 25 °C under nitrogen. The
mixture was concentrated under reduced pressure. The crude residue was triturated with diethyl ether,
the solid was collected by filtration and washed with diethyl ether. The yellow solid was basified to pH 9
with sodium bicarbonate solution and extracted with dichloromethane (50 mL x 3). The combined organic
layers were dried over sodium sulfate, filtered and concentrated under reduced pressure. The crude

yellow oil was used in the next step without further purification (1.5 g, 6.07 mmol, 89%). LCMS (ESI) m/z:
248.1 [M+H]*.

Step 4: Preparation of 4-(3-chloro-4,5-difluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-

Cl O
F Vv
(o]

F

yl)piperidine-1-carboxamide

NS0

To a solution of triphosgene (469 mg, 1.58 mmol) in dichloromethane (50 mL) was added a
solution of 6-amino-2-methylpyridazin-3(2H)-one (395 mg, 3.16 mmol) and pyridine (999 mg, 12.6 mmol)
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in dichloromethane (25 mL) at -60 °C under argon. The mixture was stirred at -60 °C for 1 h, then a
solution of 4-(3-chloro-4,5-difluorophenoxy)piperidine (743 mg, 3.0 mmol) and pyridine (999 mg, 12.6
mmol) in dichloromethane (25 mL) was added at -60 °C over 30 min. The resulting mixture was warmed
then stirred at 25 °C for 6 h. The reaction was quenched with water (50 mL) and the aqueous layer was
extracted with dichloromethane (100 mL x 3). The combined organic layers were dried over sodium
sulfate, filtered and concentrated under reduced pressure. The crude sample was dissolved in the
minimum amount of N, N-dimethylformamide and purified by prep-HPLC (Boston C18, 10 ym, 21 mm x
250 mm column, acetonitrile/10 mM ammonium acetate aqueous solution) to give 4-(3-chloro-4,5-
difluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-carboxamide (280 mg, 0.70
mmol, 23%) as a white solid. 'TH NMR (400 MHz, Dimethylsulfoxide-ds) & 9.34 (s, 1H), 7.64 (d, J = 9.6 Hz,
1H), 7.19-7.25 (m, 1H), 7.12-7.15 (m, 1H), 6.89 (d, J = 9.6 Hz, 1H), 4.62-4.66 (m, 1H), 3.76-3.81 (m, 2H),
3.56 (s, 3H), 3.23-3.30 (m, 2H), 1.92-1.95 (m, 2H), 1.51-1.59 (m, 2H); LCMS (ESI) m/z: 399.1 [M+H]*.

Example 25. Preparation of 4-(3-cyano-4,5-difluorophenoxy)-N-(1-methyl-6-oxo-1,6-
dihydropyridazin-3-yl)piperidine-1-carboxamide (Compound 90)

Cl/jo\/@ o

Zn(CN),, Pd(tBusP), j@/ \G H
F NN _N. -~
\"/ \l/g DMA, 140°C,uW, 15h " T \Ig ~ N

Step 1: Preparation of 4-(3-cyano-4,5-difluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-

yl)piperidine-1-carboxamide
N\\ 0
1@
E N\n/N
F 0 NN o
To a solution of 4-(3-chloro-4,5-difluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide (150 mg, 0.38 mmol) and zinc cyanide (89 mg, 0.76 mmol) in N, /-
dimethylaniline (5 mL) was added bis(tri-fert-butylphosphine)palladium(0) (21 mg, 0.04 mmol) under
argon. The mixture was stirred at 140 °C for 100 min under microwave irradiation. The mixture was
diluted with water (20 mL) and extracted with ethyl acetate (50 mL x 2). The combined organic layers
were dried over sodium sulfate, filtered and concentrated under reduced pressure. The crude sample was
dissolved in the minimum amount of N, N-dimethylformamide and purified by prep-HPLC (Boston C18, 10
pm, 21 mm x 250 mm column, acetonitrile/10 mM ammonium acetate aqueous solution) to give 4-(3-
cyano-4,5-difluorophenoxy)-N-(1-methyl-6-o0xo0-1,6-dihydropyridazin-3-yl)piperidine-1-carboxamide (18.1
mg, 0.05 mmol, 12%) as a white solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) & 9.35 (s, 1H), 7.60-7.65
(m, 2H), 7.49-7.51 (m, 1H), 6.89 (d, J = 9.6 Hz, 1H), 4.66-4.70 (m, 1H), 3.79-3.84 (m, 2H), 3.56 (s, 3H),
3.22-3.31 (m, 2H), 1.95-1.97 (m, 2H), 1.51-1.59 (m, 2H); LCMS (ESI) m/z: 390.1 [M+H]*.
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Example 26. Preparation of N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl)-4-(4-

(trifluoromethyl)phenoxy)piperidine-1-carboxamide (Compound 76)
OH HO PPh;, DIAD, THF \G HCI 1,4-dioxane
i .\ \OL 25°C. 161 “Boc 25 °C,2h
F Boc
F
Triphosgene
0 Ny~ _ DIPEA THF _
F NHHCI™ M 0t025°C, 16h |= \ff g
Fe

Step 1: Preparation of tert-butyl 4-(4-(trifluoromethyl)phenoxy)piperidine-1-carboxylate

(0]
FY©/ Boc

F

To a solution of 4-(trifluoromethyl)phenol (1.0 g, 6.17 mmol), fert-butyl 4-hydroxypiperidine-1-
carboxylate (1.24 g, 6.17 mmol) and triphenylphosphine (1.94 g, 7.41 mmol) in tetrahydrofuran (15 mL)
was added diisopropyl azodicarboxylate (1.49 g, 7.41 mmol) at 20 °C. The mixture was stirred at 20 °C for
16 h. The volatiles were removed under reduced pressure and the residue was further purified by column
chromatography (silica gel, petroleum ether / ethyl acetate = 10/1) to give fert-butyl 4-(4-
(trifluoromethyl)phenoxy)piperidine-1-carboxylate (1.6 g, 5.54 mmol, 90%) as a colorless oil. LCMS (ESI)
m/z: 290.1 [M-56+H]*.

Step 2: Preparation of 4-(4-(trifluoromethyl)phenoxy)piperidine hydrochloride

o)
F \OIHHCI

F
F

A solution of fert-butyl 4-(4-(trifluoromethyl)phenoxy)piperidine-1-carboxylate (1.6 g, 4.64 mmol)
and 4M hydrochloric acid in 1,4-dioxane (6.0 mL, 24 mmol) was stirred at 20 °C for 2 h. The solution was
concentrated to provide 4-(4-(trifluoromethyl)phenoxy)piperidine hydrochloride (800 mg, crude) as a white
solid. This material was used in the next step without further purification. LCMS (ESI) m/z: 246.1 [M+H]*.

Step 3: Preparation of N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-4-(4-

(trifluoromethyl)phenoxy)piperidine-1-carboxamide
0]
H
F N\ﬂ/N
0]
0]

To a solution of triphosgene (176 mg, 0.600 mmol) in dichloromethane (10 mL) at 0 °C was

X

added 6-amino-2-methylpyridazin-3(2H)-one (150 mg, 1.20 mmol) and diisopropylethylamine (310 mg,
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2.40 mmol) in tetrahydrofuran (10 mL). The mixture was stirred at 0 °C for 1 h, then a solution of 4-(2-
chloro-5-fluorophenoxy)piperidine hydrochloride (337 mg, 1.20 mmol) and diisopropylethylamine (310
mg, 2.40 mmol) in tetrahydrofuran (10 mL) was added. The reaction mixture was stirred at 25 °C for 16 h.
The volatiles were removed under reduced pressure. The crude sample was dissolved in the minimum

5 amount of N, N-dimethylformamide and purified by prep-HPLC (Boston C18, 10 yum, 21 mm x 250 mm
column, acetonitrile/10 mM ammonium acetate aqueous solution) to give 4-(5-fluoro-2-
(trifluoromethyl)phenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl) piperidine-1-carboxamide (134.9
mg, 0.341 mmol, 28%) as a white solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) 6 9.35 (s, 1H), 7.66-
7.63 (m, 3H), 7.18 (d, J = 8.8 Hz, 2H), 6.89 (d, J = 9.6 Hz, 1H), 4.76-4.72 (m, 1H), 3.83-3.77 (m, 2H), 3.56

10 (s, 3H), 3.33-3.27 (m, 2H), 2.00-1.96 (m, 2H), 1.64-1.57 (m, 2H); LCMS (ESI) m/z: 397.0 [M+H]*.

Example 27. Preparation of 4-(2-chloro-5-fluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-
3-yl)piperidine-1-carboxamide (Compound 86)

F
F F
HCI 1,4-di
OH o PPhs, DIAD, THF loxane
25 °C 2h
+ N 20°C, 16 h
“Boc
F
F
F F Triphosgene o)
o HaN N~ DIPEA, THF \G
_
+ u 0to25°C, 16 h N\WNH N
NHHCI X0
F 0] X o
F
15
Step 1: Preparation of tert-butyl 4-(5-fluoro-2-(trifluoromethyl) phenoxy)piperidine-1-carboxylate
F
F F
O
N.
Boc
F

To a solution of 5-fluoro-2-(trifluoromethyl)phenol (1.0 g, 5.55 mmol), tert-butyl 4-

hydroxypiperidine-1-carboxylate (1.12 g, 5.55 mmol) and triphenylphosphine (1.75 g, 6.66 mmol) in

20  tetrahydrofuran (15 mL) at 20 °C was added diisopropyl azodicarboxylate (1.34 g, 6.66 mmol). The
mixture was stirred at 20 °C for 16 h. The volatiles were removed under reduced pressure. The crude
residue was purified by column chromatography (silica gel, petroleum ether / ethyl acetate = 10/1) to yield
tert-butyl 4-(5-fluoro-2-(trifluoromethyl)phenoxy)piperidine-1-carboxylate (1.45 g, 3.99 mmol, 72%) as a
colorless oil. LCMS (ESI) m/z: 274.1 [M-56+H]*.

25
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Step 2: Preparation of 4-(5-fluoro-2-(trifluoromethyl)phenoxy)piperidine hydrochloride

F
0
\Q\IHHCI
F

F F
A solution of fert-butyl 4-(5-fluoro-2-(trifluoromethyl) phenoxy)piperidine-1-carboxylate (1.45 g,
3.99 mmol) and hydrochloric acid in 1,4-dioxane (6.0 mL, 24 mmol) was stirred at 20 °C for 2 h. The
solution was concentrated in vacuo to give 4-(5-fluoro-2-(trifluoromethyl)phenoxy)piperidine hydrochloride
(780 mg, crude) as a white solid. This material was used in the next step without further purification.
LCMS (ESI) m/z: 264.1 [M+H]*.

Step 3: Preparation of 4-(5-fluoro-2-(trifluoromethyl)phenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-

yl)piperidine-1-carboxamide

e
N\[rNH\EN/\'L/
F
o) A 0

To a solution of triphosgene (176 mg, 0.600 mmol) in dichloromethane (10 mL) at 0 °C was
added 6-amino-2-methylpyridazin-3(2H)-one (150 mg, 1.20 mmol) and diisopropylethylamine (310 mg,
2.40 mmol) in tetrahydrofuran (10 mL). The mixture was stirred at 0 °C for 1 h, then a solution of 4-(2-
chloro-5-fluorophenoxy)piperidine hydrochloride (359 mg, 1.20 mmol) and diisopropylethylamine (310
mg, 2.40 mmol) in tetrahydrofuran (10 mL) was added. The reaction mixture was stirred at 20 °C for 16 h.
The volatiles were removed under reduced pressure. The crude sample was dissolved in the minimum
amount of N, N-dimethylformamide and purified by prep-HPLC (Boston C18, 10 ym, 21 mm x 250 mm
column, acetonitrile/10 mM ammonium acetate aqueous solution) to give 4-(5-fluoro-2-
(trifluoromethyl)phenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl) piperidine-1-carboxamide (151.8
mg, 0.367 mmol, 37%) as a white solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) 8 9.35 (s, 1H), 7.71-
7.64 (m, 2H), 7.35 (d, J =11.2 Hz, 1H), 6.95-6.87 (m, 2H), 4.89 (m, 1H), 3.61-3.53 (m, 5H), 3.49-3.43 (m,
2H), 1.96-1.91 (m, 2H), 1.68-1.63 (m, 2H); LCMS (ESI) m/z: 415.0 [M+H]*.
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Example 28. Preparation of 4-(3-fluoro-4-(trifluoromethyl)phenoxy)-N-(1-methyl-6-o0xo0-1,6-
dihydropyridazin-3-yl)piperidine-1-carboxamide (Compound 88)

F 1o _ NaH, DMF_ \G HCI, 1,4-dioxane
F. + \O\l 100°C 4h “Boc 25 °C,2h
F Boc
0 Triphosgene
+ HaN N~ _ DIPEA, THF
F NHHCI N~
FL ¢ X0 0t25°,16h F \ﬂ/

Step 1: Preparation of tert-butyl 4-(3-fluoro-4-(trifluoromethyl) phenoxy)piperidine-1-carboxylate

o}
F}Q Boc
F F

To a solution of fert-butyl 4-hydroxypiperidine-1-carboxylate (2.1 g, 9.94 mmol) in N, N-
dimethylformamide (50 mL) at 20 °C was added sodium hydride (440 mg, 10.9 mmol, 60% in mineral oil).
The mixture was stirred at 20 °C for 1 h and then a solution of 2,4-difluoro-1-(trifluoromethyl)benzene
(1.99 g, 10.9 mmol) in N,N-dimethylformamide (10 mL) was added. The reaction mixture was heated to
100 °C and stirred for 4 h. The volatiles were removed under reduced pressure. The crude residue was
purified by column chromatography (silica gel, petroleum ether / ethyl acetate = 10/1) to give fert-butyl 4-
(3-fluoro-4-(trifluoromethyl)phenoxy)piperidine-1-carboxylate (2.4 g, 7.79 mmol, 79%) as a cloudy oil.
LCMS (ESI) m/z: 308.1 [M-56+H]*.

Step 2: Preparation of 4-(3-fluoro-4-(trifluoromethyl)phenoxy)piperidine hydrochloride

o
F>(©/ UHHCI
F

F F

A solution of fert-butyl 4-(3-fluoro-4-(trifluoromethyl) phenoxy)piperidine-1-carboxylate (2.4 g, 6.61
mmol) and hydrochloric acid in 1,4-dioxane (10.0 mL, 40 mmol, 4 M) was stirred at 20 °C for 2 h, then the
solution was concentrated under reduced pressure to give 4-(3-fluoro-4-
(trifluoromethyl)phenoxy)piperidine hydrochloride (1.4 g, crude) as a white solid. This material was used
in the next step without further purification. LCMS (ESI) m/z: 264.1 [M+H]*.

Step 3: Preparation of 4-(3-fluoro-4-(trifluoromethyl) phenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-

G
F N\[TNH /N ‘N

F F 0 X

yl)piperidine-1-carboxamide

o)
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To a solution of triphosgene (147 mg, 0.502 mmol) in dichloromethane (10 mL) at 0 °C was
added a solution of 6-amino-2-methylpyridazin-3(2H)-one (125 mg, 1.00 mmol) and diisopropylethylamine
(260 mg, 2.01 mmol) in tetrahydrofuran (10 mL). The mixture was stirred at 0 °C for 1 h, then a solution of
4-(3-fluoro-4-(trifluoromethyl) phenoxy)piperidine hydrochloride (300 mg, 1.00 mmol) and
diisopropylethylamine (260 mg, 1.00 mmol) in tetrahydrofuran (10 mL) was added. The reaction mixture
was stirred at 20 °C for 16 h. The reaction solution was concentrated under reduced pressure. The crude
residue was dissolved in the minimum amount of methanol and purified by chiral-HPLC (SFC-80, Ad 20 x
250 mm, 10 uM column: CO2/0.2% ammonia in methanol, 75/25) to give 4-(3-fluoro-4-
(trifluoromethyl)phenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl) piperidine-1-carboxamide (153.5
mg, 0.371 mmol, 37%) as a white solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) & 9.34 (s, 1H), 7.65 (d,
J =10.0 Hz, 1H), 7.53-7.48 (m, 2H), 7.42-7.39 (m, 1H), 6.89 (d, J =10.0 Hz, 1H), 4.83-4.81 (m, 1H), 3.63-
3.56 (m, 5H), 3.47-3.41 (m, 2H), 1.95-1.90 (m, 2H), 1.67-1.62 (m, 2H); LCMS (ESI) m/z: 415.0 [M+H]*.

Example 29. Preparation of 4-((3-fluorophenoxy)methyl)-N-(1-methyl-6-ox0-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide (Compound 101)

/@\ . __PPhg, DIAD _ @\ HClI, 1,4-dioxane
—_—
F OH NBoc THF, 25°C,16h ' © 25°C, 2 h
NBoc ’

Triphosgene @\

HaN N\~ Pyridine, CH,Cl,  F 0 H

F © AN 78 t0 25°C, 18 h N NNy
NH 0 ’ g

Step 1: Preparation of fert-butyl 4-((3-fluorophenoxy)methyl)piperidine-1-carboxylate

F/©\O
NBoc

A mixture of triphenylphosphine (5.61 g, 21.4 mmol) and diisopropyl azodicarboxylate (4.33 g,
21.4 mmol) in tetrahydrofuran (80 mL) was stirred at 25 °C for 10 min, then fert-butyl 4-
(hydroxymethyl)piperidine-1-carboxylate (3.84 g, 17.9 mmol) was added. The mixture was stirred at 25 °C

0
X0

for 20 min and 3-fluorophenol (2.0 g, 17.9 mmol) was added. The reaction was stirred at 25 °C for 15h.
The mixture was concentrated in vacuo then triturated in petroleum ether (200 mL) and stirred for 1 h.
The solid was filtered and the filtrate was concentrated under reduced pressure. The crude material was
purified by column chromatography (silica gel, petroleum ether / ethyl acetate = 15/1) to give tert-butyl 4-
((3-fluorophenoxy)methyl)piperidine-1-carboxylate (2.54 g, 8.22 mmol, 46%) as a white solid. LCMS (ESI)
m/z: 332.1 [M+Na]*.
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Step 2: Preparation of 4-((3-fluorophenoxy)methyl) piperidine

Dy

A solution of tert-butyl 4-((3-fluorophenoxy)methyl)piperidine-1-carboxylate (2.54 g, 8.22 mmol)
and 4N hydrochloric acid in 1,4-dioxane solution (50 mL) was stirred at 25 °C for 2 h under nitrogen. The
reaction mixture was filtered and the white solid obtained was washed with petroleum ether (30 mL x 2).
The solid was dissolved in aqueous sodium bicarbonate solution and extracted with dichloromethane
(250 mL x 3). The combined organic layers were dried over sodium sulfate, filtered and concentrated to
afford 4-((3-fluorophenoxy)methyl)piperidine (1.3 g, 6.22 mmol, 74%) as a yellow oil. LCMS (ESI) m/z:
210.1 [M+H]*. The crude material was used without further purification in the next step.

Step 3: Preparation of 4-((3-fluorophenoxy)methyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-

T L
O\o

To a solution of triphosgene (0.238 g, 0.8 mmol) in dichloromethane (10 mL) at -78 °C was added

yl)piperidine-1-carboxamide

a solution of 6-hydroxy-2-methylpyridazin-3(2H)-one (0.2 g, 1.6 mmol) and pyridine (0.506 g, 6.4 mmol) in
dichloromethane (5 mL) under argon. The mixture was stirred at -78 °C for 0.5 h, then a solution of 4-((2-
fluorophenoxy)methyl)piperidine (0.34 g, 1.6 mmol) and pyridine (0.506 g, 6.4 mmol) in dichloromethane
(5 mL) was added at -78 °C. The resulting mixture was stirred at 25 °C for 18 h. The reaction was
quenched with water (30 mL) and extracted with dichloromethane (50 mL x 2). The combined organic
layers were dried over sodium sulfate, filtered and concentrated under reduced pressure. The crude
sample was dissolved in the minimum amount of N, N-dimethylformamide and purified via prep-HPLC
(Boston C18, 10 ym, 21 mm x 250 mm column; acetonitrile/0.01% aqueous trifluoroacetic acid) to afford
4-((3-fluorophenoxy)methyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl) piperidine-1-carboxamide (0.023
g, 0.06 mmol, 4%) as a yellow solid. "H NMR (400 MHz, Dimethylsulfoxide-ds) 6 9.26 (s, 1H), 7.62 (d, J =
9.9 Hz, 1H), 7.30 (q, J = 7.9 Hz, 1H), 6.87 (d, J = 9.9 Hz, 1H), 6.85 - 6.70 (m, 3H), 4.13 (d, J =13.2 Hz,
2H), 3.87 (d, J =6.3 Hz, 2H), 3.56 (s, 3H), 2.82 (t, J =12.1 Hz, 2H), 1.97 (s, 1H), 1.76 (d, J = 11.3 Hz,
2H), 1.22 (dt, J =20.7, 10.5 Hz, 2H); LCMS (ESI) m/z: 361.1 [M+H]*.
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Example 30. Preparation of 4-(3-chloro-2-fluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-

3-yl)piperidine-1-carboxamide (Compound 77)

F

cl OH HO PPh3, DIAD, THF HCl, 1,4-dioxane
+ \G 25°C, 16 h ascc.2h
Boc
F
F
; Cl o}
Triphosgene

cl o] HN N~ Pyridine, CH,Cl, \©/ \O\I 0N

+ —_— NN
NH A

HCI o X o

X"Xg -60t025°C,16h

Step 1: Preparation of fert-butyl 4-(3-chloro-2-fluorophenoxy)piperidine-1-carboxylate
F

N‘Boc

To a solution of 3-chloro-2-fluorophenol (1.0 g, 6.85 mmol), fert-butyl 4-hydroxypiperidine-1-
carboxylate (1.38 g, 6.85 mmol) and triphenylphosphine (2.15 g, 8.22 mmol) in tetrahydrofuran (15 mL) at
25 °C was added diisopropyl azodicarboxylate (1.65 g, 8.22 mmol). The mixture was stirred at 25 °C for
16 h, then the solvent was removed under reduced pressure. The crude residue was purified by column
chromatography (silica gel, petroleum ether / ethyl acetate = 10/1) to give tert-butyl 4-(3-chloro-2-
fluorophenoxy)piperidine-1-carboxylate (1.28 g, crude) as a colorless oil. LCMS (ESI) m/z: 274.0 [M-
56+H]*.

Step 2: Preparation of 4-(3-chloro-2-fluorophenoxy)piperidine hydrochloride
F

cl o
\Q\IHHCI

A solution of fert-butyl 4-(3-chloro-2-fluorophenoxy)piperidine-1-carboxylate (1.28 g, 3.89 mmol)
and hydrochloric acid in 1,4-dioxane (6.0 mL, 24.0 mmol, 4 M) was stirred at 25 °C for 2 h. The reaction
mixture was concentrated in vacuo to give 4-(3-chloro-2-fluorophenoxy)piperidine hydrochloride (870 mg,
crude) as a white solid. This material was used in the next step without further purification. LCMS (ESI)
m/z: 230.2 [M+H]*.

Step 3: Preparation of 4-(3-chloro-2-fluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-

\GN N N\
T Z yd
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To a solution of triphosgene (166 mg, 0.566 mmol) in dichloromethane (10 mL) at 0 °C was
added a solution of 6-amino-2-methylpyridazin-3(2H)-one (142 mg, 1.13 mmol) and diisopropylethylamine
(293 mg, 2.26 mmol) in tetrahydrofuran (10 mL). The mixture was stirred at 0 °C for 1 h, then a solution of
4-(2-chloro-4-fluorophenoxy)piperidine hydrochloride (300 mg, 1.13 mmol) and diisopropylethylamine
(293 mg, 2.26 mmol) in tetrahydrofuran (10 mL) was added. The reaction mixture was stirred at 25 °C for
16 h before it was concentrated under reduced pressure. The crude sample was dissolved in the
minimum amount of N, N-dimethylformamide and purified by prep-HPLC (Boston C18, 10 ym, 21 mm x
250 mm column, acetonitrile/10 mM ammonium acetate aqueous solution) to give 4-(3-chloro-2-
fluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-carboxamide (208 mg, 0.547
mmol, 48%) as a white solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) 8 9.35 (s, 1H), 7.64 (d, J =10.0
Hz, 1H), 7.31-7.27 (m, 1H), 7.18-7.13 (m, 2H), 6.89 (d, J = 10.0 Hz, 1H), 4.69-4.65 (m, 1H), 3.79-3.76 (m,
2H), 3.56 (s, 3H), 3.32-3.26 (m, 2H), 1.97-1.94 (m, 2H), 1.65-1.57 (m, 2H); LCMS (ESI) m/z: 380.9
[M+H]*.

Example 31. Preparation of N-(1-methyl-6-ox0-1,6-dihydropyridazin-3-yl)-4-(3-

(trifluoromethyl)phenoxy)piperidine-1-carboxamide (Compound 74)

F
i HCI 1,4-dioxane
i OH HO PPhs, DIAD, THE >|\©/ \O
+ \G\J 25°C,2h 25°c2h
“Boc
F F Triph
riphosgene
NHHCI \ 0 -60to 25 °C 16 h

Step 1: Preparation of tert-butyl 4-(3-(trifluoromethyl)phenoxy)piperidine-1-carboxylate

F
F

0}
F
N.

To a solution of 3-(trifluoromethyl)phenol (1.0 g, 6.17 mmol), fert-butyl 4-hydroxypiperidine-1-

Boc

carboxylate (1.24 g, 6.17 mmol) and triphenylphosphine (1.94 g, 7.41 mmol) in tetrahydrofuran (15 mL)
was added diisopropyl azodicarboxylate (1.49 g, 7.41 mmol) at 25 °C. The mixture was stirred at 25 °C for
16 h. The volatiles were removed under reduced pressure and the crude residue was purified by column
chromatography (silica gel, petroleum ether / ethyl acetate = 10/1) to give fert-butyl 4-(3-
(trifluoromethyl)phenoxy)piperidine-1-carboxylate as a colorless oil (1.73 g, crude); LCMS (ESI) m/z:
263.0 [M-56+H]*.
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Step 2: Preparation of 4-(3-(trifluoromethyl)phenoxy)piperidine hydrochloride
F

F
- o)
NHHCI

A solution of tert-butyl 4-(3-(trifluoromethyl)phenoxy)piperidine-1-carboxylate (1.73 g, 5.01 mmol)
and hydrochloric acid in 1,4-dioxane (6.0 mL, 24.0 mmol, 4 M) was stirred at 25 °C for 2 h. The reaction
mixture was concentrated in vacuo to give 4-(3-(trifluoromethyl)phenoxy)piperidine hydrochloride (900
mg, crude) as a white solid. This material was used in the next step without further purification. LCMS
(ESI) m/z: 246.1 [M+H]*.

Step 3: Preparation of N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-4-(3-
(trifluoromethyl)phenoxy)piperidine-1-carboxamide

F
F

O
A
0

NS0

To a solution of triphosgene (166 mg, 0.566 mmol) in dichloromethane (10 mL) was added a
solution of 6-amino-2-methylpyridazin-3(2H)-one (142 mg, 1.13 mmol) and diisopropylethylamine (293
mg, 2.26 mmol) in tetrahydrofuran (10 mL) at 0 °C. The mixture was stirred at 0 °C for 1 h, then a solution
of 4-(3-(trifluoromethyl)phenoxy)piperidine hydrochloride (318 mg, 1.13 mmol) and diisopropylethylamine
(293 mg, 2.26 mmol) in tetrahydrofuran (10 mL) was added. The reaction mixture was stirred at 25 °C for
16 h before solvent was removed in vacuo. The crude sample was dissolved in the minimum amount of
N, N-dimethylformamide and purified by prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column,
acetonitrile/10 mM ammonium acetate aqueous solution) to give N-(1-methyl-6-oxo-1,6-dihydropyridazin-
3-yD)-4-(3-(trifluoromethyl)phenoxy)piperidine-1-carboxamide (135.0 mg, 0.341 mmol, 30%) as a white
solid. '"H NMR (400 MHz, Dimethylsulfoxide-dg) 8 9.35 (s, 1H), 7.64 (d, J =9.6 Hz, 1H), 7.53 (t, J =8.2
Hz, 1H), 7.30 (t, J = 10.0 Hz, 3H), 6.89 (d, J =9.6 Hz, 1H), 4.76- 4.74 (m, 1H), 3.82-3.76 (m, 2H), 3.56 (s,
3H), 3.32-3.27 (m, 2H), 1.98-1.94 (m, 2H), 1.62-1.56 (m, 2H); LCMS (ESI) m/z: 397.0 [M+H]*.
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Example 32. Preparation of 4-(2-chloro-5-fluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-

3-yl)piperidine-1-carboxamide (Compound 82)

cl
HO\G PPhs, DIAD, THF \G HCI, 1,4-dioxane
“Boc  25°C,16h “Boc  25°C,2h

Cl Triphosgene
(0] + DIPEA, CH,CI
HN N, ~  DIPEA CHClp \G N
NHHCI 1/& 0t025°C, 16 h \ﬂ/
o]
F

0

5 Step 1: Preparation of tert-butyl 4-(2-chloro-5-fluorophenoxy)piperidine-1-carboxylate

Cl
0}
T
F

To a solution of 2-chloro-5-fluorophenol (2.0 g, 13.70 mmol), fert-butyl 4-hydroxypiperidine-1-

Boc

carboxylate (2.76 g, 13.70 mmol), triphenylphosphine (4.31 g, 16.44 mmol) in tetrahydrofuran (15 mL)
was added diisopropyl azodicarboxylate (3.32 g, 16.44 mmol) at 20 °C. The mixture was stirred at 25 °C

10 for 16 h. The volatiles were removed under reduced pressure and the residue was further purified by
column chromatography (silica gel, petroleum ether / ethyl acetate = 10/1) to give fert-butyl 4-(2-chloro-5-
fluorophenoxy)piperidine-1-carboxylate as an opaque oil (4.0 g, crude); LCMS (ESI) m/z: 274.1 [M-
56+H]*.

15 Step 2: Preparation of 4-(2-chloro-5-fluorophenoxy)piperidine hydrochloride

cl
o)
\Q\IHHCI
F

A solution of tert-butyl 4-(2-chloro-5-fluorophenoxy)piperidine-1-carboxylate (4.0 g, 12.15 mmol)
and hydrochloric acid in 1,4-dioxane (9.1 mL, 36.5 mmol, 4N) was stirred at 25 °C for 2 h. The solution
was concentrated to give 4-(2-chloro-5-fluorophenoxy)piperidine hydrochloride (3.0 g, crude ) as a white

20  solid. This material was used in the next step without further purification. LCMS (ESI) m/z: 230.1 [M+H]*.
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Step 3: Preparation of 4-(2-chloro-5-fluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide
Cl

H
1964
F o XN o
To a solution of triphosgene (111 mg, 0.378 mmol) in dichloromethane (10 mL) at 0 °C was

added a solution of 6-amino-2-methylpyridazin-3(2H)-one (94 mg, 0.755 mmol) and diisopropylethylamine
(195 mg, 1.51 mmol) in tetrahydrofuran (10 mL). The mixture was stirred at 0 °C for 1 h and a solution of
4-(2-chloro-5-fluorophenoxy)piperidine hydrochloride (200 mg, 0.755 mmol) and diisopropylethylamine
(195 mg, 1.510 mmol) in tetrahydrofuran (10 mL) was added. The reaction mixture was stirred at 25 °C
for 16 h. The volatiles were removed under reduced pressure. The crude sample was dissolved in the
minimum amount of N, N-dimethylformamide and purified by prep-HPLC (Boston C18, 10 yum, 21 mm x
250 mm column, acetonitrile/10 mM ammonium acetate aqueous solution) to give 4-(2-chloro-5-
fluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-carboxamide (69.9 mg, 24%) as
a white solid. '"H NMR (400 MHz, Dimethylsulfoxide-de) & 9.35 (s, 1H), 7.65 (d, J =10.0 Hz, 1H), 7.47 (q,
J=5.0Hz, 1H), 7.26 (q, J =4.6 Hz, 1H), 6.89-6.81 (m, 2H), 4.79-4.75 (m, 1H), 3.71-3.67 (m, 2H), 3.56 (s,
3H), 3.43-3.37 (m, 2H), 1.96-1.91 (m, 2H), 1.67-1.60 (m, 2H); LCMS (ESI) m/z: 380.9 [M+H]*.

Example 33. Preparation of 4-(2-chloro-4-fluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-
3-yl)piperidine-1-carboxamide (Compound 83)

Cl Cl
©/0H HO PPhs, DIAD, THE /©/O\G HCl, 1,4-dioxane
+ B —————

N. 25°C, 2 h

F Boc 25°C,2h F N‘Boc
cl
Triphosgene 0
+ HN N~ DIPEA, CHCly_ Ne N NL
NHHCI F Y ¢ N
0t025°C, 16 h

(0] AN o

Step 1: Preparation of fert-butyl 4-(2-chloro-4-fluorophenoxy)piperidine-1-carboxylate
Cl

O\O
N.
F Boc

To a solution of 2-chloro-4-fluorophenol (2.0 g, 13.7 mmol), tert-butyl 4-hydroxypiperidine-1-
carboxylate (2.76 g, 13.7 mmol) and triphenylphosphine (4.31 g, 16.4 mmol) in tetrahydrofuran (15 mL) at
25 °C was added diisopropyl azodicarboxylate (3.32 g, 16.4 mmol). The mixture was stirred at 25 °C for
16 h. The volatiles were removed under reduced pressure and the residue was further purified by column
chromatography (silica gel, petroleum ether / ethyl acetate = 10/1) to give tert-butyl 4-(2-chloro-4-
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fluorophenoxy)piperidine-1-carboxylate as an opaque oil (4.3 g, crude). LCMS (ESI) m/z: 274.1 [M-
56+H]"*.

Step 2: Preparation of 4-(2-chloro-4-fluorophenoxy)piperidine hydrochloride
Cl

Jijot'
E NHHCI

A solution of tert-butyl 4-(2-chloro-4-fluorophenoxy)piperidine-1-carboxylate (4.3 g, 13.1 mmol)
and hydrochloric acid in 1,4-dioxane (9.8 mL, 39.2 mmol, 4 N) was stirred at 25 °C for 2 h. The solution
was concentrated to give the crude 4-(2-chloro-4-fluorophenoxy)piperidine hydrochloride (3.1 g) as a
white solid which was used in the next step without further purification. LCMS (ESI) m/z: 230.1 [M+H]*.

Step 3: Preparation of 4-(2-chloro-4-fluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide
Cl

(o}
T
(o]
X0

To a solution of triphosgene (183 mg, 0.622 mmol) in dichloromethane (10 mL) at 0 °C was
added a solution of 6-amino-2-methylpyridazin-3(2H)-one (156 mg, 1.245 mmol) and
diisopropylethylamine (322 mg, 2.49 mmol) in tetrahydrofuran (10 mL). The mixture was stirred at 0 °C for
1 h and a solution of 4-(2-chloro-4-fluorophenoxy)piperidine hydrochloride (330 mg, 1.25 mmol) and
diisopropylethylamine (322 mg, 2.49 mmol) in tetrahydrofuran (10 mL) was added. The reaction was
stirred at 25 °C for 16 h, then solvent was removed under reduced pressure. The crude sample was
dissolved in the minimum amount of N, N-dimethylformamide and purified by prep-HPLC (Boston C18, 10
um, 21 mm x 250 mm column, acetonitrile/10 mM ammonium acetate aqueous solution) to give 4-(2-
chloro-4-fluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-carboxamide (190.8
mg, 0.501 mmol, 40%) as a white solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) d 9.34 (s, 1H), 7.64 (d,
J=10.0 Hz, 1H), 7.45 (q, J = 3.8 Hz, 1H), 7.30 (q, J = 4.8 Hz, 1H), 7.23 (m, 1H), 6.88 (d, J = 10.0 Hz,
1H), 4.67-4.64 (m, 1H), 3.72-3.66 (m, 2H), 3.56 (s, 3H), 3.41-3.35 (m, 2H), 1.94-1.89 (m, 2H), 1.67-1.60
(m, 2H); LCMS (ESI) m/z: 380.9 [M+H]*.
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Example 34. 4-(3-fluorobenzyloxy)-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl)piperidine-1-

carboxamide (Compound 96)

HO NaH, DMF Q\/O HCI, 1,4-dioxane
Br ¥ NBoc ———— © —
F oc NBoc  25°C,3h

0t025°C,3h

H,N N - Triphosgene F/(j\ O
o Z N Pyridine, CHoCl, H
+ At Al el Y N N N., .~
O _78t025°C,16h

o]
Step 1: Preparation of fert-butyl 4-(3-fluorobenzyloxy)piperidine-1-carboxylate

FJ@\/O
5 NBoc

To a slurry of sodium hydride (800 mg, 20 mmol, 60% in mineral oil) in dry N,/N-

dimethylformamide (20 mL) was added a solution of fert-butyl 4-hydroxypiperidine-1-carboxylate
(2.01 g, 10 mmol) in dry N, N-dimethylformamide (10 mL) at 0 °C under argon. The mixture was
stirred at 0 °C for 20 min, then a solution of 1-(bromomethyl)-3-fluorobenzene (2.0 g, 10 mmol) in

10 dry N, N-dimethylformamide (10 mL) was added at 0 °C. The resulting mixture was stirred at 25 °C
for 3 h. The mixture was poured into water (120 mL) and extracted with eihyi acetate (100 mL x
2). The combined organic layers were concentrated under reduced pressure. The residue was
purified by column chromatography silica gel, petroleum ether / ethyl acetate = 15/1) to give tert-
butyl 4-(32-fluorobenzyloxy)piperidine-1-carboxylate (2.3 g, 6.9 mmol, 74%) as a colorless oil.

15  LCMS (ESI) m/z: 332.1 [M+Nal*.

Step 2: Preparation of 4-(3-fluorobenzyloxy)piperidine
.
NH

A solution of fert-butyl 4-(3-fluorobenzyloxy)piperidine-1-carboxylate (2.3 g, 1.61 mmol)
20 and 4 M hydrochloric acid in 1,4-dioxane (30 mL) was stirred at 25 °C for 2 h. The mixture was
concentrated under reduced pressure. The residue was diluted with ethyl acetate (50 mL) and
water (50 mL) then was adjusted to pH 9 with aqueous sodium bicarbonate. The aqueous layer
was extracted with ethyl acetate (30 mL x 3). The combined organic layers were dried over
sodium sulfate, filtered and concentrated to give 4-(2-fluorobenzyloxy)piperidine (1.3 g, crude) as
25  ayellow oil. LCMS (ESI) m/z: 210.1 [M+H]*.
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Step 3: Preparation of 4-(3-fluorobenzyloxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-
carboxamide

To a solution of triphosgene (150 mg, 0.5 mmol) in dichioromethanea (3 mL) at -78 °C was added a
mixture of 6-amino-2-methylpyridazin-3(2H)-one (125 mg, 1 mmol) and pyridine (316 mg, 4 mmol) in
dichioromethane (2 mL). The reaction mixture was stirred for 0.5 h, then a solution of 4-(3-
fluorobenzyloxy)piperidine (209 mg, 1 mmol) in pyridine (316 mg, 4 mmol) was added. The mixture was
stirred at 25 °C for 18 h. The mixture was quenched with aqueous ammonium chioride and extracted with
dichioromethane (20 mL x 2). The combined organic layers were concentrated in vacuo. The crude
sample was dissolved in the minimum amount of N, N-dimethylformamide and purified by prep-HPLC
(Boston C18, 10 ym, 21 mm x 250 mm column, acetonitrile/10 mM ammonium acetate aqueous solution)
to give 4-(3-fluorobenzyloxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl) piperidine-1-carboxamide (83.8
mg, 0.232 mmol, 23%) as a yellow solid. '"H NMR (500 MHz, Dimethylsulfoxide-ds) & 9.28 (s, 1H), 7.62
(d, J =10Hz, 1H), 7.42-7.36 (m, 1H), 7.12-7.07 (m, 3H), 6.87 (d, J = 9.6 Hz, 1H), 4.55 (s, 2H), 3.78-3.72
(m, 2H), 3.62-3.57 (m, 1H), 3.55 (s, 3H), 3.18-3.12 (m, 2H), 1.88-1.84 (m, 2H), 1.51-1.42 (m, 2H); LCMS
(ESI) m/z: 361.2 [M+H]*.

Example 35. Preparation of 4-((2-fluorophenoxy)methyl)-N-(1-methyl-6-ox0-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide (Compound 99)

PPh3, DIAD HCI, 1,4-dioxane
+ —_—
OH /\Q\JBoc THF, 25°C,16 h © 25°C,2h
F F NBoc

Triphosgene o
HoN( _N< .~  Pyridine, CH,Cl, H
+ ~ N
° TL, Sowmwoion Y
N o 0,
F NH 0 6010 25°C, 16 h
Step 1: Preparation of tert-butyl 4-((2-fluorophenoxy)methyl)piperidine-1-carboxylate

(0]
F NBoc

A mixture of triphenylphosphine (5.61 g, 21.4 mmol), diisopropyl azodicarboxylate (4.33 g, 21.4
mmol) in tetrahydrofuran (80 mL) was stirred at 25 °C for 10 min, then tert-butyl 4-
(hydroxymethyl)piperidine-1-carboxylate (3.84 g, 17.9 mmol) was added. The mixture was stirred at 25 °C
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for 20 min, then 2-fluorophenol (2 g, 17.9 mmol) was added. The mixture was stirred at 25 °C for 15 h.
The reaction was concentrated then triturated in petroleum ether (200 mL) and stirred for 1 h. The mixture
was filtered to remove the solid precipitate and the filtrate was concentrated in vacuo. The crude residue
obtained was purified by column chromatography (silica gel, petroleum ether / ethyl acetate = 15/1) to
give tert-butyl 4-((2-fluorophenoxy)methyl)piperidine-1-carboxylate (1.95 g, 6.31 mmol, 35%) as a white
solid. LCMS (ESI) m/z: 332.1 [M+Nal*.

Step 2: Preparation of 4-((2-fluorophenoxy)methyl) piperidine

)
F NH

A solution of tert-butyl 4-((2-fluorophenoxy)methyl)piperidine-1-carboxylate (1.95 g, 6.31 mmol)
and hydrochloric acid in 1,4-dioxane (50 mL, 4 N) was stirred at 25 °C for 2 h under nitrogen. The reaction
mixture was filtered and washed with petroleum ether (30 mL x 2). The white solid was dissolved in pH 8
aqueous sodium bicarbonate solution and extracted with dichloromethane (250 mL x 3). The combined
organic layers were dried over sodium sulfate, filtered and concentrated in vacuo to afford 4-((2-
fluorophenoxy)methyl)piperidine (1.18 g, 5.62 mmol, 89%) as a yellow oil. LCMS (ESI) m/z: 210.1 [M+H]*.

Step 3: Preparation of 4-((2-fluorophenoxy)methyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-

e
(0]
X0

To a solution of triphosgene (0.238 g, 0.8 mmol) in dichloromethane (10 mL) at -60 °C was added

yl)piperidine-1-carboxamide

a solution of 6-hydroxy-2-methylpyridazin-3(2H)-one (0.2 g, 1.6 mmol) and pyridine (0.506 g, 6.4 mmol) in
dichloromethane (5 mL) under argon. The mixture was stirred at -60 °C for 0.5 h, then a solution of 4-((2-
fluorophenoxy)methyl)piperidine (0.34 g, 1.6 mmol) and pyridine (0.506 g, 6.4 mmol) in dichloromethane
(5 mL) was added at -60 °C. The resulting mixture was stirred at 25 °C for 18 h. The reaction was
quenched with water (30 mL) and extracted with dichloromethane (50 mL x 2). The combined organic
layers were dried over sodium sulfate, filtered and concentrated under reduced pressure. The crude
sample was dissolved in the minimum amount of N, N-dimethylformamide and purified via prep-HPLC
(Boston C18, 10 ym, 21 mm x 250 mm column; acetonitrile/0.01% aqueous trifluoroacetic acid) to give 4-
((2-fluorophenoxy)methyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl) piperidine-1-carboxamide (0.012
g, 0.03 mmol, 2%) as a yellow solid. "H NMR (400 MHz, Dimethylsulfoxide-ds) 6 9.26 (s, 1H), 7.62 (d, J =
9.8 Hz, 1H), 7.30 (dd, J =15.5, 8.1 Hz, 1H), 6.87 (d, J = 9.8 Hz, 1H), 6.84 —6.71 (m, 3H),4.12 d, J =
12.9 Hz, 2H), 3.87 (d, J =6.4 Hz, 2H), 3.56 (s, 3H), 2.81 (t, J =12.0 Hz, 2H), 1.97 (s, 1H), 1.76 (d, J =
11.0 Hz, 2H), 1.21 (dd, J =20.7, 12.0 Hz, 2H); LCMS (ESI) m/z: 361.0 [M+H]*.
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Example 36. 4-(2-fluorobenzyloxy)-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl)piperidine-1-
carboxamide (Compound 97)

HO\O NaH, DMF 0 HCI, 1,4-dioxane
Br + —
NBoc £ \Boe 25°C.3h

F

0t025°C,3h

H,N N. - Triphosgene Q\/O
o Z N Pyridine, CH,Cl, H
. s, M F N.__N__N_ -
N Yy
F NH 0
0 N

-78t0 25 °C, 18 h
o)

Step 1: Preparation of tert-butyl 4-(2-fluorobenzyloxy)piperidine-1-carboxylate

P

F

To a slurry of sodium hydride (800 mg, 20 mmol, 60% in mineral oil) in dry N, N-
dimethylformamide (20 mL) was added a solution of fert-butyl 4-hydroxypiperidine-1-carboxylate (2.01 g,
10 mmol) in dry N,N-dimethylformamide (10 mL) at 0 °C under argon. The mixture was stirred at 0 °C for
20 min, then a solution of 1-(bromomethyl)-2-fluorobenzene (2.0 g, 10 mmol) in dry N,N-
dimethylformamide (10 mL) was added at 0 °C. The resulting mixture was stirred at 25 °C for 3 h. The
reaction solution was poured into water (120 mL) and extracted with ethyl acetate (100 mL x 2). The
combined organic layers were concentrated under reduced pressure. The crude residue was purified by
column chromatography (silica gel, petroleum ether / ethyl acetate = 15/1) to give fert-butyl 4-(2-
fluorobenzyloxy)piperidine-1-carboxylate (2.6 g, 8.41 mmol, 84%) as a colorless oil. LCMS (ESI) m/z
332.1 [M+Na]*.

Step 2: Preparation of 4-(2-fluorobenzyloxy)piperidine

S

F

A solution of fert-butyl 4-(2-fluorobenzyloxy)piperidine-1-carboxylate (2.3 g, 1.61 mmol) and
hydrochloric acid in 1,4-dioxane (30 mL, 4M) was stirred at 25 °C for 2 h. The reaction mixture was
concentrated under reduced pressure. The residue was diluted with ethyl acetate (50 mL) and water (50
mL) and then the mixture was adjusted to pH 9 with aqueous sodium bicarbonate solution. The aqueous
layer was extracted with ethyl acetate (30 mL x 3). The combined organic layers were dried over sodium
sulfate, filtered and concentrated to give 4-(2-fluorobenzyloxy)piperidine (1.3 g, crude) as a yellow oil.
LCMS (ESI) m/z: 210.1 [M+H]*.
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Step 3: Preparation of 4-(2-fluorobenzyloxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-

carboxamide
0]
RS
(0]
"0

To a solution of triphosgene (30 mg, 0.1 mmol) in dichloromethane (3 mL) at -78 °C was added a
mixture of 6-amino-2-methylpyridazin-3(2H)-one (25 mg, 0.2 mmol) and pyridine (63 mg, 0.8 mmol) in
dichloromethane (2 mL). The reaction mixture was stirred for 0.5 h, then a mixture of 4-(2-
fluorobenzyloxy)piperidine (38 mg, 0.2 mmol) in pyridine (63 mg, 0.8 mmol) was added. The mixture was
warmed to 25 °C. After 18 h, the mixture was quenched with aqueous ammonium chloride and then
extracted with dichloromethane (20 mL). The organic layer was concentrated to give a crude residue that
was dissolved in the minimum amount of N, N-dimethylformamide and purified via prep-HPLC (Boston
C18, 10 um, 21 mm x 250 mm column; acetonitrile/0.01% aqueous trifluoroacetic acid) to give 4-(2-
fluorobenzyloxy)-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl) piperidine-1-carboxamide (62.7 mg, 0.174
mmol, 87%) as a yellow solid. '"H NMR (500 MHz, Dimethylsulfoxide-ds) d 9.22 (s, 1H), 7.61 (d, J = 10 Hz,
1H), 7.49-7.45 (m, 1H), 7.36-7.33 (m, 1H), 7.22-7.16 (m, 2H), 6.86 (d, J = 9.6 Hz, 1H), 4.57 (s, 2H), 3.76-
3.72 (m, 2H), 3.71-3.61 (m, 1H), 3.55 (s, 3H), 3.19-3.12 (m, 2H), 1.88-1.84 (m, 2H), 1.50-1.42 (m, 2H);
LCMS (ESI) m/z: 361.2 [M+H]*.

Example 37. Preparation of 4-((2-chlorophenoxy)methyl)-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide (Compound 98)

Q\ + HO/\O __PPhs, DIAD _ ©\ HCI, 1.4-dioxane
) OH NBoc  THF, 25°C,16 h /\QIBOC 25°C. 2 h
Triphosgene
Q\ + HaN NS~ Pyrldlne CH,Cl, /\G
(0]
N -781t025°C, 16 h
cl /\Q\IH \ﬂ/ NN~

Step 1: Preparation of tert-butyl 4-((2-chlorophenoxy)methyl)piperidine-1-carboxylate

(0]
NBoc

A mixture of triphenylphosphine (4.87 g, 18.6 mmol) and diisopropyl azodicarboxylate (3.76 g,
18.6 mmol) in tetrahydrofuran (80 mL) was stirred at 25 °C for 10 min, then tert-butyl 4-
(hydroxymethyl)piperidine-1-carboxylate (3.33 g, 15.5 mmol) was added. The mixture was stirred at 25 °C
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for 20 min, then 2-chlorophenol (2 g, 15.5 mmol) was added. The mixture was stirred at 25 °C for 15 h.
The reaction mixture was filtered and the filtrate was concentrated under reduced pressure. The crude oil
was purified by column chromatography (silica gel, petroleum ether / ethyl acetate = 15/1) and then
triturated with petroleum ether (200 mL) to give fert-butyl 4-((2-chlorophenoxy)methyl)piperidine-1-
carboxylate (1.92 g, 5.89 mmol, 38%) as a white solid. LCMS (ESI) m/z: 348.1 [M+Na]*.

Step 2: Preparation of 4-((2-chlorophenoxy)methyl)piperidine

e

A solution of fert-butyl 4-((2-chlorophenoxy)methyl)piperidine-1-carboxylate (1.92 g, 5.89 mmol)
and 4N hydrochloric acid in 1,4-dioxane solution (50 mL) was stirred at 25 °C for 2 h under nitrogen. The
reaction mixture was filtered, and the white solid then washed with petroleum ether (30 mL x 2). The solid
was suspended in aqueous sodium bicarbonate solution (pH 8) and the resulting mixture was extracted
with dichloromethane (250 mL x 3). The combined organic layers were dried over sodium sulfate, filtered
and concentrated in vacuo to afford 4-((2-chlorophenoxy)methyl)piperidine (1.25 g, 5.54 mmol, 94%) as a
yellow oil. LCMS (ESI) m/z: 226.2 [M+H]*.

Step 3: Preparation of 4-((2-chlorophenoxy)methyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-

e
(@]
XNp

To a solution of triphosgene (0.238 g, 0.8 mmol) in dichloromethane (10 mL) at -78 °C was added

yl)piperidine-1-carboxamide

a solution of 6-hydroxy-2-methylpyridazin-3(2H)-one (0.2 g, 1.6 mmol) and pyridine (0.506 g, 6.4 mmol) in
dichloromethane (5 mL) under argon. The mixture was stirred at -78 °C for 0.5 h, then a solution of 4-((2-
chlorophenoxy)methyl)piperidine (0.36 g, 1.6 mmol) and pyridine (0.506 g, 6.4 mmol) in dichloromethane
(5 mL) was added at -78 °C. The resulting mixture was warmed to 25 °C. After 18 h, the reaction was
quenched with water (30 mL) and the aqueous layer was extracted with dichloromethane (50 mL x 2).
The combined organic layers were dried over sodium sulfate, filtered and concentrated under reduced
pressure. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide and
purified via prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column; acetonitrile/0.01% aqueous
trifluoroacetic acid) to give 4-((2-chlorophenoxy)methyl)-/N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide (0.078 g, 0.20 mmol, 13%) as a yellow solid. '"H NMR (400 MHz,
Dimethylsulfoxide-ds) & 9.27 (s, 1H), 7.62 (d, J=9.9 Hz, 1H), 7.42 (dd, J=7.9, 1.5 Hz, 1H), 7.34 - 7.25
(m, 1H), 7.18 = 7.10 (m, 1H), 6.95 (td, J =7.8, 1.2 Hz, 1H), 6.88 (d, J =9.9 Hz, 1H), 4.14 (d, J = 13.3 Hz,
2H), 3.94 (d, J =6.3 Hz, 2H), 3.56 (s, 3H), 2.83 (t, J = 11.9 Hz, 2H), 2.02 (s, 1H), 1.80 (d, J = 11.0 Hz,
2H), 1.27 (qd, J = 12.6, 4.0 Hz, 2H); LCMS (ESI) m/z: 377.0 [M+H]*.
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Example 38. Preparation of N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl)-4-((2-
(trifluoromethyl)phenoxy)methyl)piperidine-1-carboxamide (Compound 100)

PPh3, DIAD HCI, 1,4-dioxane
NBoc THF, 25°C,16 h 0 25°C, 2 h

NBoc
F F F

Triphosgene
o/\G + \E/l Pyrldlne CH,Cl, /\G
NH F E \”/ / N7

-781025°C, 18 h

Step 1: Preparation of fert-butyl 4-((2-(trifluoromethyl) phenoxy)methyl) piperidine-1-carboxylate

NBOC
F F

A mixture of triphenylphosphine (3.88 g, 14.8 mmol) and diisopropyl azodicarboxylate (2.99 g,
14.8 mmol) in tetrahydrofuran (80 mL) was stirred at 25 °C for 10 min then tert-butyl 4-
(hydroxymethyl)piperidine-1-carboxylate (2.64 g, 12.3 mmol) was added. The mixture was stirred at 25 °C
for 20 min then 2-(trifluoromethyl)phenol (2 g, 12.3 mmol) was added. The mixture was stirred at 25 °C for
15 h, then concentrated under reduced pressure, triturated with petroleum ether (200 mL), and stirred for
about 1 h. The mixture was filtered, and the filtrate was concentrated under reduced pressure. The crude
oil was purified by column chromatography (silica gel, petroleum ether / ethyl acetate = 15/1) to give fert-
butyl 4-((2-(trifluoromethyl) phenoxy)methyl)piperidine-1-carboxylate (1.77 g, 4.93 mmol, 40%) as a white
solid. LCMS (ESI) m/z: 382.2 [M+Nal*.

Step 2: Preparation of 4-((2-(trifluoromethyl)phenoxy)methyl)piperidine

O/\G
NH
FIF

F

A solution of fert-butyl 4-((2-(trifluoromethyl)phenoxy)methyl)piperidine-1-carboxylate (1.77 g,
4.93 mmol) and hydrochloric acid in 1,4-dioxane (50 mL, 4 M) was stirred at 25 °C for 2 h under nitrogen.
The reaction mixture was filtered and washed with petroleum ether (30 mL x 2). The solid was
suspended in aqueous sodium bicarbonate solution (pH 8) and extracted with dichloromethane (250 mL x
3). The combined organic layers were dried over sodium sulfate, filtered and concentrated to afford 4-((2-
(trifluoromethyl)phenoxy)methyl)piperidine (1.25 g, 5.54 mmol, 82%) as a yellow oil. LCMS (ESI) m/z:
260.3 [M+H]*.
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Step 3: Preparation of N-(1-methyl-6-0xo0-1,6-dihydropyridazin-3-yl)-4-((2-

(trifluoromethyl)phenoxy)methyl)piperidine-1-carboxamide

FTF O/\Q“ N N~
F IS
e}
To a solution of triphosgene (0.238 g, 0.8 mmol) in dichloromethane (10 mL) at -78 °C was added
a solution of 6-hydroxy-2-methylpyridazin-3(2H)-one (0.2 g, 1.6 mmol) and pyridine (0.506 g, 6.4 mmol) in
dichloromethane (5 mL) under argon. The mixture was stirred at -78 °C for 0.5 h, then a solution of 4-((2-
(trifluoromethyl)phenoxy)methyl)piperidine (0.41 g, 1.6 mmol) and pyridine (0.506 g, 6.4 mmol) in
dichloromethane (5 mL) was added at -78 °C. The resulting mixture was stirred at 25 °C for 18 h. The
reaction mixture was quenched with water (30 mL) and the aqueous layer was extracted with
dichloromethane (50 mL x 2). The combined organic layers were dried over sodium sulfate, filtered and
concentrated under reduced pressure. The crude sample was dissolved in the minimum amount of N, V-
dimethylformamide and purified via prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column;
acetonitrile/0.01% aqueous trifluoroacetic acid) to give N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-4-((2-
(trifluoromethyl)phenoxy)methyl)piperidine-1-carboxamide (0.008 g, 0.02 mmol, 1%) as a yellow solid. 'H
NMR (400 MHz, Dimethylsulfoxide-ds) d 9.26 (s, 1H), 7.61 (m, 3H), 7.25 (d, J =8.5 Hz, 1H), 7.08 (t, J =
7.6 Hz, 1H), 6.88 (d, J =9.8 Hz, 1H), 4.14 (d, J =13.1 Hz, 2H), 3.99 (d, J = 5.9 Hz, 2H), 3.56 (s, 3H), 2.82
(t, J=12.2 Hz, 2H), 2.01 (s, 1H), 1.76 (d, J = 13.4 Hz, 2H), 1.26 (m, 2H); LCMS (ESI) m/z: 411.1 [M+H]*.

Example 39. Preparation of 4-(3-chlorophenoxy)-N-(1-methyl-6-ox0-1,6-dihydropyridazin-3-

yl)piperidine-1-carboxamide (Compound 68)

Triphosgene Cl O
Cl 0] HoN _N. .~ CH,Cly, pyridine H
+ Z N N N |\
NH 3 Y7 N

NXg -65t025°C,18h
0 N

(¢}

Step 1: Preparation of 4-(3-chlorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-

Cl 0O
T
0 A 0

To a solution of triphosgene (5.93 g, 20 mmol) in dichloromethane (200 mL) at -65 °C was added

carboxamide

a solution of 6-amino-2-methyl pyridazin-3(2H)-one (5.01 g, 40 mmol) and pyridine (12.7 g, 160 mmol) in
dichloromethane (100 mL) under argon. The mixture was stirred at -65 °C for 4 h and a solution of 4-(3-
chlorophenoxy)piperidine (8.04 g, 38 mmol) and pyridine (12.7 g, 160 mmol) in dichloromethane (100 mL)
was added at -50 °C. The resulting mixture was warmed and then stirred at 25 °C for 18 h. The reaction

was quenched with water (400 mL) and the aqueous layer was extracted with dichloromethane (1000 mL
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x 2). The combined organic layers were dried over sodium sulfate, filtered and concentrated under
reduced pressure. The crude residue was purified by column chromatography (silica gel, petroleum ether
/ ethyl acetate / ammonia in methanol (7 N) from 10/5/1 to 5/5/1) to give crude product as a yellow solid
(6.5 g, 18 mmol, 47%). The yellow solid was triturated in diethyl ether (200 mL), filtered and washed with
diethyl ether to give a yellow solid, which was dissolved in N, N-dimethylformamide (20 mL) and the
solution was added to water (500 mL) dropwise. The precipitate was collected by filtration and washed
with water (100 mL) to give 4-(3-chlorophenoxy)-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl) piperidine-1-
carboxamide as a yellow solid (5.0 g, 13.8 mmol, 36%). "H NMR (400 MHz, Dimethylsulfoxide-dg) & 9.32
(s,1H), 7.64 (d, J =9.6 Hz, 1H), 7.31 (t, J =8.0 Hz, 1H), 7.09 (d, J =2.0 Hz, 1H), 6.96-7.01 (m, 2H), 6.88
(d, J =10.0 Hz, 1H), 4.64-4.68 (m,1H), 3.76-3.82 (m, 2H), 3.57 (s,3H), 3.26-3.32 (m, 2H), 1.93-1.97 (m,
2H), 1.53-1.61 (m, 2H); LCMS (ESI) m/z: 363.0 [M+H]*.

Example 40. Preparation of 4-(3,5-difluorophenoxy)-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide (Compound 79)

F o F o
\G HoN /N‘N/ Triphosgene, pyridine \©/ \Q H N
NH + ~n
xNg CH,Cl, Ty N

F 650 25°C, 18 h o

Step 1: Preparation of 4-(3,5-difluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-

F O
TCr
F O\o

To a solution of triphosgene (119 mg, 0.4 mmol) in dichloromethane (10 mL) at -65 °C was added

carboxamide

a solution of 6-amino-2-methylpyridazin-3(2H)-one (100 mg, 0.8 mmol) and pyridine (253 mg, 3.2 mmol)
in dichloromethane (5 mL) under argon. The mixture was stirred at -65 °C for 30 min and a solution of 4-
(3,5-difluorophenoxy)piperidine (170 mg, 0.8 mmol) and pyridine (253 mg, 3.2 mmol) in dichloromethane
(5 mL) was added. The resulting mixture was stirred at 25 °C for 18 h. The reaction mixture was
quenched with water (30 mL) and the aqueous layer was extracted with dichloromethane (50 mL x 2).
The combined organic layers were dried over sodium sulfate, filtered and concentrated under reduced
pressure. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide and
purified by prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column, acetonitrile/10 mM ammonium
acetate aqueous solution) to give 1-methyl-6-oxo-1,6-dihydropyridazin-3-yl 4-(3,5-
difluorophenoxy)piperidine-1-carboxylate (118.3 mg, 0.32 mmol, 41%) as a white solid. '"H NMR (400
MHz, Dimethylsulfoxide-ds) d 9.34 (s, 1H),7.64 (d, J = 9.6Hz, 1H), 6.88 (d, J = 9.6 Hz, 1H), 6.74-6.80 (m,
3 H), 4.64-4.69 (m, 1H), 3.77-3.83 (m, 2H), 3.56 (s,3H), 3.24-3.30 (m, 2H),1.94-1.98 (m, 2H), 1.52-1.60
(m, 2H); LCMS (ESI) m/z: 365.0 [M+H]*.
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Example 41. Preparation of 3-(3-chlorophenoxy)-N-(1-methyl-6-0x0-1,6-dihydropyridazin-3-

yl)piperidine-1-carboxamide (Compound 70)
CI\©/OH HO\O\IBoc PPhs, DIAD, THF O\O\JBOC HCI, MeOH
+ -
0t025°C, 16 h C 25°C,05h
Triphosgene /@\ J:/\‘ H
C'\i:/o\OH \L/g Pyridine, CHZCIZ cl o N\H/N /N‘N/
HCI o) 0 X9

-60t0 25 °C, 16 h

Step 1: Preparation of tert-butyl 3-(3-chlorophenoxy)piperidine-1-carboxylate

To a solution of 3-chlorophenol (5.2 g, 40.4 mmol), fert-butyl 3-hydroxypiperidine-1-carboxylate
(8.12 g, 40.4 mmol) and triphenylphosphine (12.7 g, 48.5 mmol) in tetrahydrofuran (200 mL) at 0 °C was
added diisopropyl azodicarboxylate (10.61 g, 52.5 mmol) dropwise. The reaction solution was stirred at
25 °C for 16 h. The volatiles were removed under reduced pressure and the residue was purified by
column chromatography (silica gel, petroleum ether / ethyl acetate = 4/1) to afford fert-butyl 3-(3-
chlorophenoxy)piperidine-1-carboxylate as a yellow oil (4.2 g, 47% purity). LCMS (ESI) m/z: 334.0
[M+Na]*. This material was used in the next step without further purification.

Step 2: Preparation of 3-(3-chlorophenoxy)piperidine hydrochloride

Cl o}

o
HCI
A mixture of tert-butyl 3-(3-chlorophenoxy)piperidine-1-carboxylate (3.8 g, crude) and

hydrochloric acid (3 M in MeOH, 60 mL) was stirred at 25 °C for 1 h. The volatiles were removed under
reduced pressure. The residue was treated with diethyl ether (80 mL). The resulting precipitate was
collected by filtration and dried under vacuum to afford 3-(3-chlorophenoxy)piperidine hydrochloride (1.8

g, 80% purity, 18% over 2 steps) as a grey solid. LCMS (ESI) m/z: 212.1 [M+H]*. This material was used
in the next step without further purification.

Step 3: Preparation of 3-(3-chlorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-

H
T 0
0 N o

To a solution of triphosgene (296 mg, 1.0 mmol) in dichloromethane (20 mL) at -60 °C was added

carboxamide

a solution of 6-amino-2-methylpyridazin-3(2H)-one (250 mg, 2.0 mmol) and pyridine (606 mg, 9.6 mmol)
in dichloromethane (10 mL) under nitrogen. The mixture was stirred at -60 °C for 30 minutes, then a
solution of 3-(3-chlorophenoxy)piperidine hydrochloride (250 mg, 2.0 mmol) and pyridine (506 mg, 8.0
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mmol) in dichloromethane (10 mL) was added at -60 °C. The resulting mixture was stirred at 25 °C for 18
h. The mixture was poured into water (100 mL) and the aqueous layer was extracted with
dichloromethane (200 mL x 2). The organic layers were dried over sodium sulfate, filtered and
concentrated under reduced pressure. The crude sample was dissolved in the minimum amount of N, N-
dimethylformamide and purified by prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column,
acetonitrile/10 mM ammonium acetate aqueous solution) to give 3-(3-chlorophenoxy)-N-(1-methyl-6-oxo-
1,6-dihydropyridazin-3-yl)piperidine-1-carboxamide (73.0 mg, 0.2 mmol, 10%) as a yellow solid. '"H NMR
(400 MHz, Dimethylsulfoxide-de) 8 9.31 (s, 1H), 7.63 (d, J =9.6 Hz, 1H), 7.29 (t, J = 8.0 Hz, 1H), 7.05 (t, J
=2.0 Hz, 1H), 6.99-6.93 (m, 2H), 6.88 (d, J =10.0 Hz, 1H), 4.49-4.85 (m, 1H), 3.84-3.80 (m, 1H), 3.56-
3.54 (m, 4H), 3.40-3.29 (m, 2H), 2.02-1.97 (m, 1H), 1.78-1.65 (m, 2H), 1.55-1.49 (m, 1H); LCMS (ESI)
m/z: 363.1 [M+H]*.

Example 42. Preparation of 4-(2,3-dichlorophenoxy)-N-(1-methyl-6-0x0-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide (Compound 81)

Cl oH PPhs, DIAD HCI 1,4-dioxane
cl oH'
\©/ THF, 20°C, 16 h 20 °C 2h
l}l Boc
Boc
Cl
Cl NH, Cl 0]
cl o i H
\©/ \G + | N triphosgene, DIPEA \QI\H/N
|
NHHCI N THF o)
(0]

0t020°C,16h

Step 1: Preparation of fert-butyl 4-(2,3-dichlorophenoxy)piperidine-1-carboxylate
Cl

Cl o)
@

To a solution of 2,3-dichlorophenol (2.0 g, 12.35 mmol), tert-butyl 4-hydroxypiperidine-1-

Boc

carboxylate (2.48 g, 12.4 mmol) and triphenylphosphine (3.88 g, 14.8 mmol) in tetrahydrofuran (15 mL) at
20 °C was added diisopropyl azodicarboxylate (2.99 g, 14.82 mmol). The mixture was stirred at 20 °C for
16 h. The volatiles were removed under reduced pressure and the residue was further purified by column
chromatography (silica gel, petroleum ether / ethyl acetate = 10/1) to give tert-butyl 4-(2,3-
dichlorophenoxy)piperidine-1-carboxylate (3.3 g, crude) as an opaque oil. LCMS (ESI) m/z: 289.9 [M-

56+H]*. The material was used in the next step without further purification.

Step 2: Preparation of 4-(2,3-dichlorophenoxy)piperidine hydrochloride
Cl

cl o
\G\IHHCI
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A solution of fert-butyl 4-(2,3-dichlorophenoxy)piperidine-1-carboxylate (3.3 g, 9.56 mmol) and
hydrochloric acid in 1,4-dioxane (7.2 mL, 28.8 mmol, 4 M) was stirred at 20 °C for 2 h. The solution was
concentrated to give 4-(2,3-dichlorophenoxy)piperidine hydrochloride (2.0 g, crude) as a white solid,
which was used in the next step without further purification. LCMS (ESI) m/z: 246.0 [M+H]*.

Step 3: Preparation of 4-(2,3-dichlorophenoxy)-/N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-
carboxamide
Cl

Cl O
e
()]
X0

To a solution of triphosgene (104 mg, 0.356 mmol) in dichloromethane (10 mL) at 0 °C was
added a solution of 6-amino-2-methylpyridazin-3(2H)-one (89 mg, 0.712 mmol) and diisopropylethylamine
(184 mg, 1.42 mmol) in tetrahydrofuran (10 mL). The mixture was stirred at 0 °C for 1 h before a solution
of 4-(2,3-dichlorophenoxy)piperidine hydrochloride (200 mg, 0.712 mmol) and diisopropylethylamine (184
mg, 1.42 mmol) in tetrahydrofuran (10 mL) was added. The reaction was stirred at 20 °C for 16 h. The
volatiles were removed under reduced pressure. The crude sample was dissolved in the minimum
amount of N, N-dimethylformamide and purified by prep-HPLC (Boston C18, 10 ym, 21 mm x 250 mm
column, acetonitrile/10 mM ammonium acetate aqueous solution) to give 4-(2,3-dichlorophenoxy)-N-(1-
methyl-6-oxo-1,6-dihydropyridazin-3-yl) piperidine-1-carboxamide (64.8 mg, 0.163 mmol, 23%) as a
white solid. '"H NMR (400 MHz, Dimethylsulfoxide-de) 6 9.35 (s, 1H), 7.65 (d, J = 10 Hz, 1H), 7.34-7.21
(m, 3H), 6.88 (d, J =9.6 Hz, 1H), 4.78 (s, 1H), 3.70- 3.65 (m, 2H), 3.56 (s, 3H), 3.44-3.40 (m, 2H), 1.96-
1.92 (m, 2H), 1.67-1.65 (m, 2H); LCMS (ESI) m/z: 397.0 [M+H]*.

Example 43. Preparation of 4-(2-Chloro-3-fluorophenoxy)-N-(1-methyl-6-ox0-1,6-dihydropyridazin-
3-yl)piperidine-1-carboxamide (Compound 78)
OH

" Ae
HCI, 1,4-dioxane
o + \G"\H/OK PPhz, DEAD, THF o N\H/O\’<
F 0

F ) 25°C, 16 h 25°C,3h

Cl
o triphosgene, pyridine F 0O
HN N\~ H
NH \ CHCI N NN
X 22 bl
© 0

Cl
.HCI -781t025°C, 16 h A
F o]

Step 1: Preparation of fert-butyl 4-(2-chloro-3-fluorophenoxy)piperidine-1-carboxylate

gzmzﬁﬁ
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To a solution of 2-chloro-3-fluorophenol (1.46 g, 9.94 mmol) in tetrahydrofuran (40 mL) at 25 °C
was added fert-butyl 4-hydroxypiperidine-1-carboxylate (2.0 g, 9.94 mmol), diethyl azodicarboxylate (2.60
g, 14.9 mmol) and triphenylphosphine (3.91 g, 14.9 mmol). The reaction mixture was stirred at room
temperature for 16 h. The The reaction was quenched with water (200 mL) and extracted with
dichloromethane (80 mL x 3). The combined organic layers were washed with brine (100 mL), dried over
anhydrous sodium sulfate, filtered and concentrated. The crude material was purified by column
chromatography (silica gel, petroleum ether / ethyl acetate = 1/1) to afford fert-butyl 4-(2-chloro-3-
fluorophenoxy)piperidine-1-carboxylate (2.0 g, 6.06 mmol, 61%) as a brown solid. LCMS (ESI) m/z:
330.1 [M+H]*.

Step 2: Preparation of 4-(2-chloro-3-fluorophenoxy)piperidine hydrochloride

O\G

NH .HCI
Cl c
F

A solution of fert-butyl 4-(2-chloro-3-fluorophenoxy)piperidine-1-carboxylate (2.0 g, 6.06 mmol)
and 4 N hydrochloric acid in 1,4-dioxane (30 mL) was stirred at room temperature for 3 h. The reaction
mixture was concentrated in vacuo to afford 4-(2-chloro-3-fluorophenoxy)piperidine hydrochloride (1.3 g,
4.88 mmol, 80%) as a brown solid. LCMS (ESI) m/z: 230.1 [M+H]*.

Step 3: Preparation of 4-(2-Chloro-3-fluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide
Cl

To a solution of triphosgene (119.0 mg, 0.40 mmol) in anhydrous dichloromethane (8 mL) at -78
°C was added a solution of 6-amino-2-methylpyridazin-3(2H)-one (100 mg, 0.8 mmol) and pyridine (253.5
mg, 3.2 mmol) in dichloromethane (4 mL) under argon. The mixture was stirred at -78°C for 0.5 h and
then a solution of 4-(2-chloro-3-fluorophenoxy)piperidine hydrochloride (213 mg, 0.8 mmol) and pyridine
(254 mg, 3.2 mmol) in dichloromethane (4 mL) was added. The resulting mixture was stirred at 25 °C for
16 h. The The reaction was quenched with water (100 mL) and extracted with dichloromethane (80 mL x
3). The combined organic layers were washed with brine (100 mL), dried over anhydrous sodium sulfate,
filtered and concentrated. The crude sample was dissolved in the minimum amount of N, V-
dimethylformamide and purified by prep-HPLC (Boston C18, 10 ym, 21 mm x 250 mm column,
acetonitrile/10 mM ammonium acetate aqueous solution) to afford 4-(2-chloro-3-fluorophenoxy)-N-(1-
methyl-6-oxo-1,6-dihydropyridazin-3-yl) piperidine-1-carboxamide (105 mg, 0.276 mmol, 34%) as a white
solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) 6 9.36 (s, 1H), 7.64 (d, J = 9.6 Hz, 1H), 7.34 (id, J = 8.4,
6.7 Hz, 1H), 7.14 (d, J = 8.4 Hz, 1H), 7.05 - 6.95 (m, 1H), 6.88 (d, J =10.0 Hz, 1H), 4.80 — 4.75 (m, 1H),
3.73-3.65 (m, 2H), 3.56 (s, 3H), 3.44 — 3.38 (m, 2H), 1.99 — 1.91 (m, 2H), 1.69-1.61 (m, 2H); LCMS (ESI)

miz: 381.1 [M+H]*
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Example 44. Preparation of N-(1-methyl-6-ox0-1,6-dihydropyridazin-3-yl)-4-phenoxypiperidine-1-

carboxamide (Compound 67)

HO 0
OH PPhs, DEAD HCI, 1,4-dioxane
* N\n/07< N\n/°\|< e
fo) (o]

THF, 25 °C, 16 h 25°C,3h

° HoN.__N<, .~ Triphosgene, pyridine o y
Z "N ! H /N\ B
NH + ™ CH,Cl, \ﬂ/ N
.HCI (0] I _ ]

-781t025°C, 16 h

Step 1: Preparation of fert-butyl 4-phenoxypiperidine-1-carboxylate
0]
saew
IEAN
To a solution of phenol (935 mg, 9.94 mmol) in tetrahydrofuran (40 mL) 25 °C was added fert-

butyl 4-hydroxypiperidine-1-carboxylate (2.0 g, 9.94 mmol), diethyl azodicarboxylate (2.60 g, 14.9 mmol)
and triphenylphosphine (3.91 g, 14.9 mmol). The reaction mixture was stirred at room temperature for 16
h. The reaction was quenched with water (200 mL) and extracted with dichloromethane (80 mL x 3). The
combined organic layers were washed with brine (100 mL), dried over anhydrous sodium sulfate, filtered
and concentrated. The product was purified by column chromatography (silica gel, petroleum ether / ethyl

acetate = 1/1) to afford fert-butyl 4-phenoxypiperidine-1-carboxylate (1.0 g, 3.61 mmol, 36%) as a brown
solid. LCMS (ESI) m/z: 278.2 [M+H]*.

Step 2: Preparation of 4-phenoxypiperidine hydrochloride

A solution of tert-butyl 4-phenoxypiperidine-1-carboxylate (1.0 g, 3.61 mmol) and 4 N hydrochloric
acid in 1,4-dioxane (10 mL) was stirred at 0 °C to room temperature for 3 h. The reaction mixture was
then concentrated in vacuo to afford 4-phenoxypiperidine hydrochloride (600 mg, 2.81 mmol, 78%) as a
brown solid. LCMS (ESI) m/z: 178.2 [M+H]*. This material was used in the next step without further

purification.

Step 3: Preparation of N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-4-phenoxypiperidine-1-carboxamide

0]
Ty
0o
NS0
To a solution of triphosgene (119.0 mg, 0.40 mmol) in anhydrous dichloromethane (8 mL) at -78

°C was added a solution of 6-amino-2-methylpyridazin-3(2H)-one (100 mg, 0.8 mmol) and pyridine (253.5
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mg, 3.2 mmol) in dichloromethane (4 mL) under argon. The mixture was stirred at -78 °C for 0.5 h and
then a solution of 4-phenoxypiperidine hydrochloride (171 mg, 0.8 mmol) and pyridine (254 mg, 3.2
mmol) in dichloromethane (4 mL) was added at -78 °C. The resulting mixture was stirred at 25 °C for 16 h.
The reaction mixture was quenched with water (100 mL) and extracted with dichloromethane (80 mL x 3).
The combined organic layers were washed with brine (100 mL), dried over anhydrous sodium sulfate,
fitered and concentrated. The crude sample was dissolved in the minimum amount of N, V-
dimethylformamide and purified by prep-HPLC (Boston C18, 10 ym, 21 mm x 250 mm column,
acetonitrile/10 mM ammonium acetate aqueous solution) to afford N-(1-methyl-6-oxo-1,6-
dihydropyridazin-3-yl)-4-phenoxypiperidine-1-carboxamide (53 mg, 0.161 mmol, 20%) as a white solid.'H
NMR (400 MHz, Dimethylsulfoxide-ds) 8 9.33 (s, 1H), 7.64 (d, J =10.0 Hz, 1H), 7.33 — 7.26 (m, 2H), 6.99
(d,J=7.8Hz, 2H), 6.93 (t, J=7.2 Hz, 1H), 6.88 (d, J = 10.0 Hz, 1H), 4.61 — 4.57 (m, 1H), 3.81 —=3.75 (m,
2H), 3.56 (s, 3H), 3.31-3.25 (m, 2H), 1.96 — 1.92 (m, 2H), 1.61 — 1.52 (m, 2H); LCMS (ESI) m/z: 329.1
[M+H]+.

Example 45. Preparation of N-(1-methyl-6-ox0-1,6-dihydropyridazin-3-yl)-4-(o-tolyloxy)piperidine-1-
carboxamide (Compound 72)
OH
OH fj PPhs, DIAD O\O HCI, 1,4-dioxane
+ - —_—
N~  THF, 20°C, 16 h Nigoc  20°C,2h

Boc

NH,

(0]
triphosgene, DIPEA H
O * \N p g : (5/ \G
e & Y
NHHCI
(0] X 0

N\THF, 0t020°C, 16 h
o)

Step 1: Preparation of fert-butyl 4-(o-tolyloxy)piperidine-1-carboxylate

R
N.
Boc

To a solution of o-cresol (2.0 g, 18.5 mmol), fert-butyl 4-hydroxypiperidine-1-carboxylate (3.72 g,
18.5 mmol) and triphenylphosphine (5.82 g, 22.2 mmol) in tetrahydrofuran (15 mL) at 20 °C was added
diisopropyl azodicarboxylate (4.49 g, 22.20 mmol). The mixture was stirred at 20 °C for 16 h. The volatiles
were removed under reduced pressure and the residue was further purified by column chromatography
(silica gel, petroleum ether / ethyl acetate = 10/1) to give tert-butyl 4-(o-tolyloxy)piperidine-1-carboxylate
(4.2 g, crude) as an opaque oil; LCMS (ESI) m/z: 236.0 [M-56+H]*.

Step 2: Preparation of 4-(o-tolyloxy)piperidine hydrochloride

¢
\O\JHHG
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A solution of fert-butyl 4-(o-tolyloxy)piperidine-1-carboxylate (4.2 g, 14.4 mmol) and hydrochloric
acid in 1,4-dioxane (10.8 mL, 43.2 mmol, 4M) was stirred at 20 °C for 2 h. The solution was concentrated
in vacuo to give the crude 4-(o-tolyloxy)piperidine hydrochloride (2.5 g) as a white solid which was used in
the next step without further purification. LCMS (ESI) m/z: 192.2 [M+H]*.

Step 3: Preparation of N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-4-(o-tolyloxy)piperidine-1-
carboxamide

To a solution of triphosgene (129 mg, 0.440 mmol) in dichloromethane (10 mL) was added a
solution of 6-amino-2-methylpyridazin-3(2H)-one (110 mg, 0.881 mmol) and diisopropylethylamine (228
mg, 1.76 mmol) in tetrahydrofuran (10 mL) at 0 °C. The mixture was stirred at 0 °C for 1 h and a solution
of 4-(o-tolyloxy)piperidine hydrochloride (200 mg, 0.881 mmol) and diisopropylethylamine (228 mg, 1.76
mmol) in tetrahydrofuran (10 mL) was added. The reaction mixture was stirred at 20 °C for 16 h. The
crude sample was dissolved in the minimum amount of N, N-dimethylformamide and purified by prep-
HPLC (Boston C18, 10 ym, 21 mm x 250 mm column, acetonitrile/10 mM ammonium acetate aqueous
solution) to give N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-4-(o-tolyloxy)piperidine-1-carboxamide (47
mg, 0.137 mmol, 16%) as a white solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) 8 9.33 (s, 1H), 7.65 (d,
J=10Hz, 1H), 7.14 (t, J = 7.6 Hz, 1H), 7.00 (d, J = 8.0 Hz, 1H), 6.90-6.81 (m, 2H), 4.63-4.59 (m, 1H),
3.71-3.66 (m, 2H), 3.56 (s, 3H), 3.43-3.37 (m, 2H), 2.17 (s, 3H), 1.94-1.89 (m, 2H), 1.67-1.60 (m, 2H);
LCMS (ESI) m/z: 343.3 [M+H]*.

Example 46. Preparation of N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl)-4-(2-

(trifluoromethyl)phenoxy)piperidine-1-carboxamide (Compound 75)
@ RGO O ,
4N HCI/ 1,4-dioxane
\ﬂ/ \K _PPhg, DEAD, THF D:EAD THF F N\n/o\’< P
25°C, 16 h P F o ’
FOF
o Triphosgene, Pyridine (o)

\G RN NG CH,Cl \G H
F~_-NH .HCI NP N\n/N Ny
(o] B o

7810 25°C, 16 h
P F

Step 1: Preparation of tert-butyl 4-(2-(trifluoromethyl)phenoxy)piperidine-1-carboxylate
e
R g
F F (0]
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To a solution of 2-(trifluoromethyl)phenol (1.61 g, 9.94 mmol) in tetrahydrofuran (40 mL) at 25 °C
was added fert-butyl 4-hydroxypiperidine-1-carboxylate (2.0 g, 9.94 mmol), diethyl azodicarboxylate (2.60
g, 14.9 mmol) and triphenylphosphine (3.91 g, 14.9 mmol). The reaction mixture was stirred at room
temperature for 16 h, then diluted with water (200 mL). The aqueous layer was extracted with
dichloromethane (80 mL x 3). The combined organic layers were washed with brine (100 mL), dried over
anhydrous sodium sulfate, filtered and concentrated in vacuo. The crude material was purified by column
chromatography (silica gel, petroleum ether / ethyl acetate = 1/1) to afford fert-butyl 4-(2-
(trifluoromethyl)phenoxy)piperidine-1-carboxylate (2.2 g, 6.37 mmol, 64%) as brown solid. LCMS (ESI)
m/z: 346.2 [M+H]*.

Step 2: Preparation of 4-(2-(trifluoromethyl)phenoxy)piperidine hydrochloride

e
F NH .HCI

FF
A solution of fert-butyl 4-(2-(trifluoromethyl)phenoxy)piperidine-1-carboxylate (2.0 g, 5.791 mmol)
and hydrochloric acid in 1,4-dioxane (30 mL, 4M) was stirred at room temperature for 3 h. The reaction
mixture was concentrated to afford 4-(2-(trifluoromethyl)phenoxy)piperidine hydrochloride (1.4 g, 4.97
mmol, 86%) as brown solid. LCMS (ESI) m/z; 246.1 [M+H]*.

Step 3: Preparation of N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-4-(2-

(trifluoromethyl)phenoxy)piperidine-1-carboxamide

To a solution of triphosgene (119 mg, 0.40 mmol) in anhydrous dichloromethane (8 mL) at-78°C
was added a solution of 6-amino-2-methylpyridazin-3(2H)-one (100 mg, 0.8 mmol) and pyridine (254 mg,
3.2 mmol) in dichloromethane (4 mL) under argon. The mixture was stirred at -78 °C for 30 min before a
solution of 4-(2-(trifluoromethyl)phenoxy)piperidine hydrochloride (226 mg, 0.8 mmol) and pyridine (254
mg, 3.2 mmol) in dichloromethane (4 mL) was added at -78 °C. The resulting mixture was stirred at 25 °C
for 16 h and then diluted with water (100 mL). The aqueous layer was extracted with dichloromethane (80
mL x 3). The combined organic layers were washed with brine (100 mL), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure. The crude sample was dissolved in the
minimum amount of N,N-dimethylformamide and purified by prep-HPLC (Boston C18, 10 ym, 21 mm x
250 mm column, acetonitrile/10 mM ammonium acetate aqueous solution) to afford N-(1-methyl-6-oxo-
1,6-dihydropyridazin-3-yl)-4-(2-(trifluoromethyl)phenoxy)piperidine-1-carboxamide (120 mg, 0.303 mmol,
38%) as a white solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) 8 9.34 (s, 1H), 7.65 — 7.36 (m, 3H), 7.35
(d, J=8.8Hz, 1H), 7.09 (t, /= 7.6 Hz, 1H), 6.88 (d, J = 10.0 Hz, 1H), 4.88-4.85 (m, 1H), 3.61 — 3.56 (m,

5H), 3.50 — 3.44 (m, 2H), 1.95 — 1.90 (m, 2H), 1.70-1.63 (m, 2H); LCMS (ESI) m/z: 397.2 [M+H]*
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Example 47. Preparation of 4-(2-methoxyphenoxy)-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-

yl)piperidine-1-carboxamide (Compound 73)

~ OH o
0] PPh3, DIAD HCI, 1,4-dioxane
(0]
OH +
THF, 20°C, 16 h N 20°C,2h
N “Boc
|
Boc
~o
~
0 o NH, triphosgene o H
. | \l}l DIPEA, THF N N /N\N/
NHHCI N \n/
(0] X
(o)

~ 0t020°C,16h
o)

Step 1: Preparation of fert-butyl 4-(2-methoxyphenoxy)piperidine-1-carboxylate

Q

To a solution of 2-methoxyphenol (2.0 g, 16.1 mmol), fert-butyl 4-hydroxypiperidine-1-carboxylate

“Boc

(3.24 g, 16.1 mmol) and triphenylphosphine (5.07 g, 19.4 mmol) in tetrahydrofuran (15 mL) was added
diisopropyl azodicarboxylate (3.89 g, 19.4 mmol) at 20 °C. The mixture was stirred at 20 °C for 3 h. The
volatiles were removed under reduced pressure and the residue was further purified by column
chromatography (silica gel, petroleum ether / ethyl acetate = 10/1) to give tert-butyl 4-(2-
methoxyphenoxy)piperidine-1-carboxylate as an opaque oil (3.6 g, crude); LCMS (ESI) m/z: 252.0 [M-
56+H]*.

Step 2: Preparation of 4-(2-methoxyphenoxy)piperidine hydrochloride

~
0
UHHCI

(0]

A solution of fert-butyl 4-(2-methoxyphenoxy)piperidine-1-carboxylate (3.6 g, 14.8 mmol) and
hydrochloric acid in 1,4-dioxane (11.1 mL, 44.4 mmol, 4 M) was stirred at 20 °C for 2 h. The solution was
concentrated in vacuo to give 4-(2-methoxyphenoxy)piperidine hydrochloride (2.1 g, crude) as a white
solid which was used in the next step without further purification. LCMS (ESI) m/z: 208.2 [M+H]*.
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Step 3: Preparation of 4-(2-methoxyphenoxy) N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-

(o)
T L
O\O

To a solution of triphosgene (181 mg, 0.617 mmol) in dichloromethane (10 mL) at 0 °C was

carboxamide

5 added a solution of 6-amino-2-methylpyridazin-3(2H)-one (154 mg, 1.23 mmol) and diisopropylethylamine
(319 mg, 2.47 mmol) in tetrahydrofuran (10 mL). The mixture was stirred at 0 °C for 1 h and a solution of
4-(2-methoxyphenoxy)piperidine hydrochloride (300 mg, 1.23 mmol) and diisopropylethylamine (319 mg,
2.47 mmol) in tetrahydrofuran (10 mL) was added. The reaction mixture was stirred at 20 °C for 16 h. The
volatiles were removed under reduced pressure. The crude sample was dissolved in the minimum

10 amount of N, N-dimethylformamide and purified by prep-HPLC (Boston C18, 10 yum, 21 mm x 250 mm
column, acetonitrile/10 mM ammonium acetate aqueous solution) to afford 4-(2-methoxyphenoxy)-N-(1-
methyl-6-oxo-1,6-dihydropyridazin-3-yl) piperidine-1-carboxamide (196 mg, 0.547 mmol, 44%) as a white
solid. "H NMR (400 MHz, Dimethylsulfoxide-ds) 8 9.21 (s, 1H), 7.64 (d, J = 10 Hz, 1H), 7.05-6.91 (m, 3H),
6.89-6.85 (M, 2H), 4.49-4.45 (m, 1H), 3.80-3.76 (m, 5H), 3.56 (s, 3H), 3.31-3.24 (m, 2H), 1.92-1.87 (m,

15  2H), 1.62-1.54 (m, 2H); LCMS (ESI) m/z: 359.2 [M+H]*.

Example 48. Preparation of 5-(2-(4-(3-chlorophenoxy)piperidin-1-yl)-2-oxoethyl)-1-methylpyridin-
2(1H)-one (Compound 5)

0]
| X OH HOAC/H,0 HO ZSNH  MeOH/SOCl, ~ 7(\@*
P (0] (0] A © X (0]

cl N microwave 0 80°C, 4 h
160 °C, 6 h
LiOH+H,0
0 - 2
- Z N THF/H,0 HO N
Mel/Cs,CO5 0 - . N
THF, 4 h O 259, 1h 0 NNy
cl o)
cl o)
HATU/DIPEA N P
NH 25°C,1h ~ "N
HCl 0

20
Step 1: Preparation of 2-(6-oxo-1,6-dihydropyridin-3-yl)acetic acid

HOWK\CI\Q'
(o]
xS0

A mixture of 2-(6-chloropyridin-3-yl)acetic acid (1.0 g, 5.84 mmol), acetic acid (8 mL) and water (2
mL) was stirred at 160 °C under microwave irradiation for 6 h in duplicate. The two reaction mixtures were

25 combined, poured into water, and extracted with ethyl acetate (100 mL x 3). The aqueous phase was
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concentrated and dried under vacuum to afford 2-(6-oxo-1,6-dihydropyridin-3-yl)acetic acid (2.0 g, 13.07
mmol, 82.8%) as an off-white solid. LCMS (ESI) m/z: 154.1 [M+H]*.

Step 2: Preparation of methyl 2-(6-oxo0-1,6-dihydropyridin-3-yl)acetate

/Ow
(o] N o

To a solution of 2-(6-oxo-1,6-dihydropyridin-3-yl)acetic acid (1.9 g, 12.4 mmol) in methanol (50
mL) at 0 °C was added thionyl chloride (2 mL) dropwise. The resulting solution was stirred at 80 °C for 4
h. The volatiles were removed under reduced pressure. The crude residue was poured into water and
extracted with ethyl acetate/tetrahydrofuran mixture (150 mL/20 mL x 3). The combined organic layers
were dried over sodium sulfate, filtered and concentrated under reduced pressure to afford methyl 2-(6-
oxo-1,6-dihydropyridin-3-yl)acetate (1.1 g, 6.58 mmol, 50%) as a grey solid. LCMS (ESI) m/z: 168.1
[M+H]*.

Step 3: Preparation of methyl 2-(1-methyl-6-oxo-1,6-dihydropyridin-3-yl)acetate

o
"0

To a solution of methyl 2-(6-oxo-1,6-dihydropyridin-3-yl)acetate (1.0 g, 6.0 mmol) and cesium
carbonate (2.34 g, 7.2 mmol) in tetrahydrofuran (20 mL) at 25 °C was added iodomethane (937 mg, 6.6
mmol). The reaction mixture was stirred for 4 h and was poured into water. The aqueous layer was
extracted with ethyl acetate (100 mL x 3) and the combined organic layers were concentrated under
reduced pressure. The crude residue was purified by column chromatography (silica gel, 10% methanol
in ethyl acetate) to afford methyl 2-(1-methyl-6-oxo-1,6-dihydropyridin-3-yl)acetate (900 mg, 4.97 mmol,
83%) as a yellow oil. '"H NMR (500 MHz, Chloroform-d) & 7.28 (dd, J =9.0, 2.5 Hz, 1H),7.22 (d, J=1.5
Hz, 1H), 6.56 (d, J =9.0 Hz, 1H), 3.72 (s, 3H), 3.53 (s, 3H), 3.36 (s, 2H); LCMS (ESI) m/z: 182.1 [M+H]*.

Step 4: Preparation of 2-(1-methyl-6-ox0-1,6-dihydropyridin-3-yl)acetic acid

o A o

A mixture of methyl 2-(1-methyl-6-o0xo-1,6-dihydropyridin-3-yl)acetate (800 mg, 4.42 mmol) and
lithium hydroxide hydrate (5657 mg, 13.3 mmol) in tetrahydrofuran (12 mL) and water (3 mL) was stirred at
25 °C for 1 h. The volatiles were removed under reduced pressure and the aqueous phase was acidified
to pH 1-2 with hydrochloric acid (12 M) followed by concentration to dryness to afford 2-(1-methyl-6-oxo-
1,6-dihydropyridin-3-yl)acetic acid (1.4 g, containing lithium chloride, crude) as a yellow green viscous oil.
LCMS (ESI) m/z: 168.1 [M+H]*.
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Step 5: 5-(2-(4-(3-chlorophenoxy)piperidin-1-yl)-2-oxoethyl)-1-methylpyridin-2(7H)-one

CI\O/O\G
N AN

0
N"No

A mixture of 2-(1-methyl-6-o0xo0-1,6-dihydropyridin-3-yl)acetic acid (400 mg, crude), 4-(3-
chlorophenoxy)piperidine hydrochloride (247 mg, 1.0 mmol), 2-(7-azabenzotriazol-1-yl)-/N,N,N',N'-
tetramethyluronium hexafluorophosphate (670 mg, 1.5 mmol), N-ethyl-N-isopropylpropan-2-amine (390
mg, 3.0 mmol) in N,N-dimethylformamide (5 mL) was stirred at 25 °C for 1 h. The crude sample was
dissolved in the minimum amount of N, N-dimethylformamide and purified via prep-HPLC (Boston C18, 10
pm, 21 mm x 250 mm column; acetonitrile/0.01% aqueous trifluoroacetic acid) to afford 5-(2-(4-(3-
chlorophenoxy)piperidin-1-yl)-2-oxoethyl)-1-methylpyridin-2(7H)-one (276 mg, 0.76 mmol, 77%) as an off-
white solid. '"H NMR (500 MHz, Dimethylsulfoxide-de) 8 7.52 (d, J = 2.0 Hz, 1H), 7.32-7.28 (m, 2H), 7.09
(t, J=2.0Hz, 1H), 6.99 (dd, J =7.5, 1.0 Hz, 1H), 6.96 (dd, J = 8.0, 2.0 Hz, 1H), 6.35 (d, J =9.0 Hz, 1H),
4.70-4.65 (m, 1H), 3.88-3.85 (m, 1H), 3.78-3.75 (m, 1H), 3.41-3.37 (m, 4H), 3.28-3.22 (m, 1H), 1.93-1.89
(m, 2H), 1.93-1.89 (m, 2H), 1.59-1.47(m, 2H); LCMS (ESI) m/z: 361.1 [M+H]*.

Example 49. Preparation of 4-(3-chlorophenoxy)-N-(1-methyl-6-ox0-1,6-dihydropyridin-3-
yl)piperidine-1-carboxamide (Compound 12)

Tnphosgene
oy peaeN
\©/ \O\IH A Pyndlne CH,ClI, Q
HCl o -60 to 25 °C, 17 h

Step 1: Preparation of 4-(3-chlorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridin-3-yl)piperidine-1-

U@Q

To a solution of triphosgene (178 mg, 0.6 mmol) in dichloromethane (5 mL) at -60 °C was added

carboxamide

a solution of 5-amino-1-methylpyridin-2(7H)-one (238 mg, 1.92 mmol) and pyridine (379 mg, 4.8 mmol) in
dichloromethane (10 mL) under argon. The mixture was stirred at -60 °C for 30 min and a solution of 4-(3-
chlorophenoxy)piperidine hydrochloride (300 mg, 1.2 mmol) and pyridine (379 mg, 4.8 mmol) in
dichloromethane (15 mL) was added at -60 °C. The resulting mixture was stirred at 25 °C for 17 h. The
reaction was quenched with water (20 mL) and the aqueous layer was extracted with dichloromethane
(10 mL x 3). The combined organic layers were dried over sodium sulfate, filtered and concentrated under
reduced pressure. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide
and purified via prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column; acetonitrile/0.01% aqueous
trifluoroacetic acid) to give 4-(3-chlorophenoxy)-N-(1-methyl-6-oxo0-1,6-dihydropyridin-3-yl) piperidine-1-
carboxamide (67.0 mg, 0.18 mmol, 15%) as a red solid. "H NMR (400 MHz, Dimethylsulfoxide-ds) d 8.29
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(s, 1H), 7.78 (d, J = 2.7 Hz, 1H), 7.42 (dd, J = 9.6, 2.8 Hz, 1H), 7.31 (t, J = 8.1 Hz, 1H), 7.01 (ddd, J =
22.5,10.2, 2.0 Hz, 3H), 6.36 (d, J = 9.6 Hz, 1H), 4.72 — 4.58 (m, 1H), 3.78 (dd, J = 8.7, 5.2 Hz, 2H), 3.41
(s, 3H), 3.30 — 3.10 (m, 2H), 1.95 (d, J = 12.0 Hz, 2H), 1.62 — 1.45 (m, 2H); LCMS (ESI) m/z: 362.0
[M+H]*.

Example 50. Preparation of 1-methyl-6-oxo0-1,6-dihydropyridin-3-yl 4-(3,5-
difluorophenoxy)piperidine-1-carboxylate (Compound 14)

F o
HO_~\~  CD CH30N \G
g 25°C,20h \ﬂ/
F

Step 1: Preparation of 1-methyl-6-oxo-1,6-dihydropyridin-3-yl 4-(3,5-difluorophenoxy)piperidine-1-

F o)
T Choa
roYer

To a solution of 5-hydroxy-1-methylpyridin-2(7H)-one (100 mg, 0.8 mmol) in acetonitrile (20 mL) at 25 °C

carboxylate

was added 1,1'-carbonyldiimidazole (143 mg, 0.88 mmol) under argon. The mixture was stirred at 25 °C
for 2 h before 4-(3,5-difluorophenoxy)piperidine (170 mg, 0.8 mmol) was added. The resulting mixture
was stirred at 25 °C for 20 h. The reaction mixture was quenched with water (30 mL) and extracted with
dichloromethane (50 mL x 2). The combined organic layers were dried over sodium sulfate, filtered and
concentrated under reduced pressure. The crude sample was dissolved in the minimum amount of N, N-
dimethylformamide and purified by prep-HPLC (Boston C18, 10 ym, 21 mm x 250 mm column,
acetonitrile/10 mM ammonium acetate aqueous solution) to give to give 1-methyl-6-0xo-1,6-
dihydropyridin-3-yl-4-(3,5-difluorophenoxy)piperidine-1-carboxylate (39 mg, 0.11 mmol, 13%) as a yellow
solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) 6 7.74 (d, J =2.8 Hz, 1H), 7.37 (dd, J1= 3.2 Hz, J=9.6
Hz, 1H), 6.76-6.82 (m, 3H), 6.36 (d, J = 10.0 Hz, 1H), 4.69-4.73 (m, 1H), 3.74-3.83 (m, 2H), 3.40 (s, 3H),
3.32-3.40 (m, 2H), 1.99 (s, 2H), 1.64 (s, 2H); LCMS (ESI) m/z: 365.0 [M+H]*.

Example 51. Preparation of 5-(2-(4-(3-chlorobenzyl)piperidin-1-yl)-2-oxoethyl)-1-methylpyridin-
2(1H)-one (Compound 4)

HO % N/
Cl
; C e UTQ
N e
T )
HATU, DIPEA 0
DMF, 25°C, 1 h o
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Step 1: Preparation of 5-(2-(4-(3-chlorobenzyl)piperidin-1-yl)-2-oxoethyl)-1-methylpyridin-2(7H)-one

ROAS
N % N/

0] 2 o

A mixture of 2-(1-methyl-6-o0xo-1,6-dihydropyridin-3-yl)acetic acid (400 mg, crude), 4-(3-
chlorobenzyl)piperidine (105 mg, 0.5 mmol), 2-(7-Azabenzotriazol-1-yl)-N,N, N', N-tetramethyluronium
hexafluorophosphate (285 mg, 0.75 mmol) and N-ethyl-N-isopropylpropan-2-amine (194 mg, 1.5 mmol)
in N,N-dimethylformamide (4 mL) was stirred at 25 °C for 1 h. The mixture was purified by prep-HPLC
Boston C18, 10 ym, 21 mm x 250 mm column, acetonitrile/10 mM ammonium acetate aqueous solution)
to give 5-(2-(4-(3-chlorobenzyl)piperidin-1-yl)-2-oxoethyl)-1-methylpyridin-2(7H)-one (76.3 mg, 0.21
mmol, 43%) as a white solid. 'TH NMR (500 MHz, Dimethylsulfoxide-ds) & 7.48 (d, J = 2.0 Hz, 1H), 7.33-
7.30 (m, 1H), 7.26-7.24 (m, 3H), 7.15 (d, J = 7.5 Hz, 1H), 6.32 (d, J = 9.5 Hz, 1H), 4.33 (d, J =13.0 Hz,
1H), 3.92 (d, J = 13.5 Hz, 1H), 3.42 (s, 2H), 3.38 (s, 3H), 2.97-2.92 (m, 1H), 2.53-2.47 (m, 3H), 1.80-1.74
(m, 1H), 1.58-1.54 (m, 2H), 1.10-0.93 (m, 2H); LCMS (ESI) m/z: 359.1 [M+H]*.

Example 52. Preparation of 6-(2-(4-(3-chlorophenoxy)piperidin-1-yl)-2-oxoethyl)pyridazin-3(2H)-one
(Compound 36)

LiOH+H,0, MeOH
HATU, DIPEA, DMF

THF, Hy0 i ’ ’
~_O /N\IN 2 Lio Ny, © o :
0 NN 2°%.5h o &k o NH 25°C, 16 h

Cl\©/0\O __ACOH,H0 \[ j \G
WOy e DAY
|
o N o

Step 1: Preparation of lithium 2-(6-chloropyridazin-3-yl)acetate

Lio /N\N
I
0] A Cl

To a solution of ethyl 2-(6-chloropyridazin-3-yl)acetate (70 mg, 0.349 mmol) in methanol (1 mL)

and tetrahydrofuran (1 mL) at 25 °C, was added lithium hydroxide hydrate (18 mg, 0.419 mmol) and water
(0.2 mL). The reaction mixture was stirred at 25 °C for 5 h. The residue was concentrated to afford lithium
2-(6-chloropyridazin-3-yl)acetate (90 mg, 0.349 mmol, crude) as a brown solid. LCMS (ESI) m/z: 173.1
[M-Li+H]*.

122



10

15

20

25

WO 2020/154571 PCT/US2020/014910

Step 2: Preparation of 1-(4-(3-chlorophenoxy)piperidin-1-yl)-2-(6-chloropyridazin-3-yl)ethanone

Cl
To a solution of lithium 2-(6-chloropyridazin-3-yl)acetate (90 mg, 0.349 mmol) in N, N-
dimethylformamide (6 mL) at 0 °C was added 4-(3-chlorophenoxy)piperidine (74 mg, 0.349 mmol), 1-
[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxid hexafluorophosphate (199 mg,
0.524 mmol) and diisopropylethylamine (180 mg, 1.40 mmol). The mixture was stirred at 25 °C for 16 h.
The reaction mixture was diluted with water and extracted with ethyl acetate (50 mL x 3). The combined

organic layers were washed with brine, dried over sodium sulfate, filtered and concentrated. The crude

product was purified by column chromatography (silica gel, dichloromethane/methanol = 20/1) to afford 1-

(4-(3-chlorophenoxy)piperidin-1-yl)-2-(6-chloropyridazin-3-yl)ethanone (180 mg, 0.349 mmol, 99%) as a
brown solid. LCMS (ESI) m/z: 366.1 [M+H]*.

Step 3: Preparation of 6-(2-(4-(3-chlorophenoxy)piperidin-1-yl)-2-oxoethyl)pyridazin-3(2H)-one

U0
N N.
Y\E/NQ
0
X o}

To a solution of 1-(4-(3-chlorophenoxy)piperidin-1-yl)-2-(6-chloropyridazin-3-yl)ethanone (180 mg,

0.349 mmol) in water (0.5 mL) at 25 °C was added acetic acid (5 mL) under nitrogen. The mixture was
irradiated at 160 °C for 2 h in a microwave reactor. The crude sample was concentrated in vacuo, then
dissolved in the minimum amount of N, N-dimethylformamide and purified by prep-HPLC (Boston C18, 10
pm, 21 mm x 250 mm column, acetonitrile/10 mM ammonium acetate aqueous solution) to afford 6-(2-(4-
(3-chlorophenoxy)piperidin-1-yl)-2-oxoethyl)pyridazin-3(2H)-one (18.2 mg, 0.276 mmol, 15%) as a white
solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) 5 12.84 (s, 1H), 7.31 (t, J =8.2 Hz, 2H), 7.10 (t, J = 2.2
Hz, 1H), 7.00-6.96 (m, 2H), 6.80 — 6.83 (m, 1H), 4.65-4.70 (m, 1H), 3.36-3.42 (m, 1H), 3.22-3.28 (m, 1H),
1.88-1.99 (m, 2H), 1.47-1.64 (m, 2H); LCMS (ESI) m/z: 348.0 [M+H]"*.

Example 53. Preparation of 6-(2-(4-(3-chlorobenzyl)piperidin-1-yl)-2-oxoethyl)-2-methylpyridazin-
3(2H)-one (Compound 37)

LiO N

DMF, 25°C, 16 h

cl
Ny ¢l EDCI, HOBT, DIPEA
N . N N.
c x NH

Cl

uw, 160 °C, 2 h DMF, 25°C, 16 h
o} Xp o

cl Cl
X
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Step 1: Preparation of 1-(4-(3-chlorobenzyl)piperidin-1-yl)-2-(6-chloropyridazin-3-yl)ethanone

ROAS
N /N\N
I

o
X Cl

To a solution of lithium 2-(6-chloropyridazin-3-yl)acetate (1.2 g, 6.74 mmol), see preparation in
Example 52 (Compound 36), 4-(3-chlorobenzyl)piperidine (1.13 g, 5.39 mmol), 3-(3-
dimethylaminopropyl)-1-ethylcarbodiimide hydrochloride (1.55 g, 8.09 mmol) and 1-hydroxybenzotriazole
(1.09 g, 8.09 mmol) in N,N-dimethylformamide (20 mL) at 25 °C was added N, N-diisopropylethylamine
(2.61 g, 20.2 mmol). The reaction mixture was stirred for 16 h. The reaction solution was poured into ice-
water (100 mL) and filtered. The filter cake was purified by column chromatography (silica gel, petroleum
ether / ethyl acetate = 10/1 to 3/1) to give 1-(4-(3-chlorobenzyl)piperidin-1-yl)-2-(6-chloropyridazin-3-
ylethanone (990 mg, 2.72 mmol, 40%) as a brown solid. "H NMR (400 MHz, Methanol-ds) 8 7.79 (d, J =
8.8 Hz, 1H), 7.69 (d, J = 8.8 Hz, 1H), 7.20-7.30 (m, 3H), 7.13 (d, J = 7.2 Hz, 1H), 4.61 (s, 2H), 4.08-4.21
(m, 2H), 3.14 (t, J = 12.0 Hz, 1H), 2.58-2.70 (m, 3H), 1.85-1.90 (m, 1H), 1.72 (t, J =13.6 Hz, 2H), 1.11-
1.29 (m, 2H); LCMS (ESI) m/z: 364.0 [M+H]*.

Step 2: Preparation of 6-(2-(4-(3-chlorobenzyl)piperidin-1-yl)-2-oxoethyl)pyridazin-3(2H)-one

ROAC
”Y\(”lH
(o] N o

A solution of 1-(4-(3-chlorobenzyl)piperidin-1-yl)-2-(6-chloropyridazin-3-yl)ethanone (900 mg, 2.46
mmol) in acetic acid (9 mL) and water (1 mL) was irradiated in the microwave at 160 °C for 2 h. The
reaction mixture was concentrated under reduced pressure. The crude residue was purified by prep-
HPLC (SunFire C18, 4.6 x 50 mm, 3.5 ym column: Xbridge C18, 3.5 ym, 4.6 x 50 mm column, gradient of
5-95% over 1.5 min at 2 mL/min; acetonitrile in water/0.01% aqueous trifluoroacetic acid) to give 6-(2-(4-
(3-chlorobenzyl)piperidin-1-yl)-2-oxoethyl)pyridazin-3(2H)-one (190 mg, 0.55 mmol, 22%) as a white solid.
"H NMR (400 MHz, Dimethylsulfoxide-ds) d 12.81 (s, 1H), 7.25-7.34 (m, 4H), 7.15 (d, J = 7.6 Hz, 1H),
6.80 (d, J =10.0 Hz, 1H), 4.32 (d, J =12.4 Hz, 1H), 3.88 (d, J = 14.0 Hz, 1H), 3.67 (s, 2H),2.97 (t, J =
12.0 Hz, 1H), 2.51-2.54 (m, 3H), 1.74-1.80 (m, 1H), 1.56 (d, J = 12.8 Hz, 2H), 0.98-1.15 (m, 2H); LCMS
(ESI) m/z: 346.1 [M+H]*.

Step 3: Preparation of 6-(2-(4-(3-chlorobenzyl)piperidin-1-yl)-2-oxoethyl)-2-methylpyridazin-3(2H)-one
ROAC
NWK\QN/Q
o]
NS0

A solution of 6-(2-(4-(3-chlorobenzyl)piperidin-1-yl)-2-oxoethyl)pyridazin-3(2H)-one (160 mg, 0.46
mmol), iodomethane (131 mg, 0.92 mmol) and cesium carbonate (225 mg, 0.69 mmol) in N, N-
dimethylformamide (5 mL) was stirred at 25 °C for 17 h. The reaction mixture was diluted with cold water
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(30 mL) and filtered. The filter cake was dried in vacuo to give 6-(2-(4-(3-chlorobenzyl)piperidin-1-yl)-2-
oxoethyl)-2-methylpyridazin-3(2H)-one (107 mg, 0.30 mmol, 64%) as a brown solid. '"H NMR (400 MHz,
Dimethylsulfoxide-ds) & 7.25-7.34 (m, 4H), 7.15 (d, J =7.2 Hz, 1H),6.87 (d, J=8.8 Hz, 1H),4.32 d, J =
12.8 Hz, 1H), 3.88 (d, J =13.6 Hz, 1H), 3.70 (s, 2H), 3.59 (s, 3H), 2.98 (dt, J =14.4 Hz, J = 2.4 Hz, 1H),
2.51-2.54 (m, 3H), 1.75-1.81 (m, 1H), 1.57 (t, J = 8.4 Hz, 2H), 0.96-1.16 (m, 2H); LCMS (ESI) m/z: 360.1
[M+H]*.

Example 54. Preparation of 6-(2-(4-(3-chlorobenzyl)piperidin-1-yl)-2-oxoethyl)-2-methylpyridazin-
3(2H)-one (Compound 38)

. F.
Lio. AN F EDCI, HOBT,DIPEA AcOH, H,0
+ N N. —
mm NH DMF, 25°C,16h z |N 160 °C, uW, 2 h
F (o] X al
F
F.
Mel, CsCOa DMF
N N. N N~
Z 'NH 25 °c 16 h
F (o} X

Step 1: Preparation of 2-(6-chloropyridazin-3-yl)-1-(4-(3,5-difluorobenzyl)piperidin-1-yl)ethanone

F
|
F o
XNc

To a solution of lithium 2-(6-chloropyridazin-3-yl)acetate (1.24 g, 6.95 mmol), 4-(3,5-

difluorobenzyl)piperidine (1.18 g, 5.57 mmol), 3-(3-dimethylaminopropyl)-1-ethylcarbodiimide
hydrochloride (1.60 g, 8.34 mmol) and 1-hydroxybenzotriazole (1.13 g, 8.34 mmol) in N, N-
dimethylformamide (20 mL) was added N, N-diisopropylethylamine (2.69 g, 20.9 mmol). The solution was
stirred at 25 °C for 16 h and poured into ice-water (100 mL) and filtered. The filter cake was purified by
column chromatography (silica gel, petroleum ether / ethyl acetate = 10/1 to 3/1) to give 2-(6-
chloropyridazin-3-yl)-1-(4-(3,5-difluorobenzyl)piperidin-1-yl)ethanone (980 mg, 2.68 mmol, 39%) as a
brown solid. '"H NMR (400 MHz, Methanol-ds) & 7.79 (d, J = 8.8 Hz, 1H), 7.70 (d, J = 8.8 Hz, 1H), 6.75-
6.86 (m, 3H), 4.61 (s, 1H), 4.52 (d, J =11.2 Hz, 1H), 4.09-4.21 (m, 3H), 3.15 (dt, J =15.2 Hz, J =2.8 Hz,
1H), 2.61-2.72 (m, 3H), 1.86-1.93 (m, 1H), 1.72 (t, J = 14.4 Hz, 2H), 1.14-1.30 (m, 2H); LCMS (ESI) m/z:
366.1 [M+H]*.

Step 2: Preparation of 6-(2-(4-(3,5-difluorobenzyl) piperidin-1-yl)-2-oxoethyl)pyridazin-3(2H)-one

F
”Y\E”‘/Ng
F (0]
X0
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A solution of 2-(6-chloropyridazin-3-yl)-1-(4-(3,5-difluorobenzyl)piperidin-1-yl)ethanone (900 mg,
2.46 mmol) in acetic acid (9 mL) and water (1 mL) was irradiated in the microwave at 160 °C for 2 h. The
crude sample was dissolved in the minimum amount of N,N-dimethylformamide and purified by prep-HPLC
(column SunFire C18, 3.5 ym, 4.6 mm x 50 mm; XBridge C18, 3.5 um, 4.6 mm x 50 mm, gradient of 5-
95% over 1.5 min at 2 mL/min, acetonitrile/0.01% aqueous trifluoroacetic acid in water) to give 6-(2-(4-
(3,5-difluorobenzyl)piperidin-1-yl)-2-oxoethyl) pyridazin-3(2H)-one (130 mg, 0.37 mmol, 15%) as a white
solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) & 12.81 (s, 1H), 7.27 (d, J = 10.0 Hz, 1H), 7.01-7.07 (m,
1H), 6.93-6.95 (m, 2H), 6.80 (d, J = 9.6 Hz, 1H), 4.32 (d, J = 13.2 Hz, 1H), 3.88 (d, J =13.2 Hz, 1H), 3.67
(s, 2H), 2.97 (t, J =12.0 Hz, 1H), 2.51-2.56 (m, 3H), 1.78-1.84 (m, 1H), 1.54-1.56 (m, 2H), 0.98-1.15 (m,
2H); LCMS (ESI) m/z: 348.1 [M+H]*.

Step 3: Preparation of 6-(2-(4-(3,5-difluorobenzyl)piperidin-1-yl)-2-oxoethyl)-2-methylpyridazin-3(2H)-one

F
F o X 0

A mixture of 6-(2-(4-(3,5-difluorobenzyl)piperidin-1-yl)-2-oxoethyl)pyridazin-3(2H)-one (100 mg,
0.29 mmol), iodomethane (82 mg, 0.58 mmol) and cesium carbonate (141 mg, 0.43 mmol) in N,N-
dimethylformamide (4 mL) was stirred at 25 °C for 17 h. The solution was diluted with cold water (30 mL)
and filtered. The filter cake was dried in vacuo to give 6-(2-(4-(3,5-difluorobenzyl)piperidin-1-yl)-2-
oxoethyl)-2-methylpyridazin-3(2H)-one (77mg, 0.21 mmol, 74%) as a brown solid. '"H NMR (400 MHz,
Dimethylsulfoxide-de) 8 7.29 (d, J = 9.6 Hz, 1H), 7.01-7.04 (m, 1H), 6.94 (d, J =6.8 Hz, 2H), 6.87 (d, J =
7.2Hz, 1H), 4.32 (d, J =13.2 Hz, 1H), 3.88 (d, J = 13.6 Hz, 1H), 3.70 (s, 2H), 3.59 (s, 3H),2.99 (t, J =
11.6 Hz, 1H), 2.51-2.57 (m, 3H), 1.79-1.84 (m, 1H), 1.57 (t, J = 10.4 Hz, 2H), 0.98-1.16 (m, 2H); LCMS
(ESI) m/z: 362.1 [M+H]*.

Example 55. Preparation of 1-(3-chlorobenzyl)-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-

yl)piperidine-4-carboxamide (Compound 136)
NaOH, H,O,THF

CI\©/\B Hm/ DIPEA, THF cl
r N
~~ 30°,16h OYOV 20t050°C, 16 h
°© (o)
ol HATU,Pyridine, DMF  C! N
N o+ HN NS~ H
ONa u 20-50°C, 16 h N\EN:L/
X
o]
) ° NN
Step 1: Preparation of ethyl 1-(3-chlorobenzyl)piperidine-4-carboxylate

CI\©/\,\O\’(OV

0
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To a solution of 1-(bromomethyl)-3-chlorobenzene (1.57 g, 7.63 mmol) and diisopropylethylamine
(3.95 g, 30.5 mmol) in tetrahydrofuran (25 mL) at 20 °C was added ethyl piperidine-4-carboxylate (1.2 g,
7.63 mmol). The mixture was stirred at 30 °C for 16 h. The residue was diluted with water and extracted
with dichloromethane (50 mL x 3). The combined organic layers were washed with brine, dried over
sodium sulfate, filtered and concentrated under reduced pressure. The crude residue was purified by
column chromatography (silica gel, petroleum ether / ethyl acetate = 3/1) to afford ethyl 1-(3-
chlorobenzyl)piperidine-4-carboxylate (1.54 g, 5.52 mmol, 72%) as a white solid. LCMS (ESI) m/z: 282.1
[M+H]*.

Step 2: Preparation of sodium 1-(3-chlorobenzyl)piperidine-4-carboxylate

Cl N
ONa

(0]
To a solution of ethyl 1-(3-chlorobenzyl)piperidine-4-carboxylate (281 mg, 1.0 mmol) in water (1.0
mL) and tetrahydrofuran (5.0 mL) at 20 °C, was added sodium hydroxide (42 mg, 1.05 mmol). The
mixture was stirred at 50 °C for 16 h. The reaction solution was cooled to 25 °C and concentrated in

vacuo to afford sodium 1-(3-chlorobenzyl)piperidine-4-carboxylate (250 mg, crude) as a white solid.

Step 3: Preparation of 1-(3-chlorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-4-

Cl
\@/\N
(o]
"0

To a solution of 6-amino-2-methylpyridazin-3(2H)-one (114 mg, 0.907 mmol) in

carboxamide

I

dimethylformamide (2 mL) at 20 °C, was added sodium 1-(3-chlorobenzyl)piperidine-4-carboxylate (250
mg, 0.907 mmol), 2-(7-azabenzotriazol-1-yl)-N, N,N',N'-tetramethyluronium hexafluorophosphate (516 mg,
1.36 mmol) and pyridine (359 mg, 4.54 mmol). The mixture was stirred at 50 °C for 16 h. The mixture was
diluted with water and the aqueous layer was extracted with dichloromethane (50 mL x 3). The combined
organic layers were washed with brine, dried over sodium sulfate, filtered and concentrated in vacuo.

The crude sample was dissolved in the minimum amount of N, N-dimethylformamide and purified by prep-
HPLC (Boston C18, 10 ym, 21 mm x 250 mm column, acetonitrile/10 mM ammonium acetate aqueous
solution) to give 1-(3-chlorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-4-carboxamide
(70 mg, 0.194 mmol, 21%) as a white solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) 8 10.48 (s, 1H),
7.96 (d, J =10.0 Hz, 1H), 7.26-7.38 (m, 4H), 6.95 (d, J =10.0 Hz, 1H), 3.56 (s, 3H), 3.47 (s, 2H), 2.82 (d,
J =11.2 Hz, 2H), 2.34-2.41 (m, 1H), 1.92-1.97 (m, 2H), 1.72-1.75 (m, 2H), 1.56-1.66 (m, 2H); LCMS (ESI)
m/z: 361.2 [M+H]*.
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Example 56. Preparation of 6-(2-(4-(3,5-difluorobenzyl)piperidin-1-yl)oxazol-5-yl)-2-
methylpyridazin-3(2H)-one (Compound 124)

o N—N 7 MnO,, toluene O N—N > N 0 N—-N
d = MeOH, THF , — KoCO3, MeOH N =

80°C,5h 80 °C 2h

i /
1) LIHMDS, THF C_o N-N F. DIPEA, NMP N-N
—=2°G.05h . \f\)—<_)=o * NH N\ro 4 o]
2) C,Clg, -78 to 25°C N/ \— uW, 165°C, 1 h I W,

To a solution of methyl 1-methyl-6-oxo-1,6-dihydropyridazine-3-carboxylate (2 g, 11.9 mmol) in
dry tetrahydrofuran (50 mL) was added methanol (10 mL) followed by sodium borohydride (0.45 g, 11.9
mmol) in portions. The reaction was heated to reflux and stirred under nitrogen for 5 h. The reaction was
cooled to room temperature and then extracted with ethyl acetate (30 mL x 2). The combined organic
layers were washed with brine (40 mL), dried over sodium sulfate, filtered and concentrated to give 6-
(hydroxymethyl)-2-methylpyridazin-3(2H)-one (1.24 g, 8.8 mmol, 74%) as a yellow solid. LCMS (ESI) m/z:
141.1 [M+H]*.

Step 2: Preparation of 1-methyl-6-oxo-1,6-dihydropyridazine-3-carbaldehyde

N—N
0 i

N\ o

—

To a solution of 6-(hydroxymethyl)-2-methylpyridazin-3(2H)-one (1.2 g, 8.57 mmol) in dry toluene
(100 mL) was added manganese dioxide (11.2 g, 129 mmol) slowly and the mixture was heated at reflux
for 16 h. The reaction was cooled, filtered through a pad of Celite® and concentrated in vacuo to give 1-
methyl-6-oxo-1,6-dihydropyridazine-3-carbaldehyde (0.6 g, 4.34 mmol, 51%) as a white solid. LCMS
(ESI) m/z: 139.1 [M+H]*.

Step 3: Preparation of 2-methyl-6-(oxazol-5-yl)pyridazin-3(2H)-one

rO
e
To a solution of 1-methyl-6-ox0-1,6-dihydropyridazine-3-carbaldehyde (0.56 g, 4 mmol) and 1-
(isocyanomethylsulfonyl)-4-methylbenzene (0.79 g, 4 mmol) in methanol (20 mL) was added potassium
carbonate (1.12 g, 8 mmol). The reaction mixture was heated at reflux for 2 h. The reaction was
concentrated under reduced pressure. The crude material was diluted with water (40 mL) and extracted
with ethyl acetate (40 mL x 2). The combined organic layers were washed with brine (40 mL), dried over

sodium sulfate, filtered and concentrated under reduced pressure. The residue was slurried with ethyl
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acetate/petroleum ether (56 mL/50 mL), filtered and dried to give 2-methyl-6-(oxazol-5-yl)pyridazin-3(2H)-
one (0.64 g, 3.61 mmol, 90%) as a yellow solid. LCMS (ESI) m/z: 178.2 [M+H]*.

Step 4: Preparation of 6-(2-chlorooxazol-5-yl)-2-methylpyridazin-3(2H)-one

CIYO N—N
vy 0

To a solution of 2-methyl-6-(oxazol-5-yl)pyridazin-3(2H)-one (0.26 g,1.47 mmol) in dry
tetrahydrofuran (25 mL) at -78 °C was added lithium bis(trimethylsilyl)amide (1 M tetrahydrofuran solution,
3 mL, 3 mmol) dropwise under nitrogen. The reaction was stirred at -78 °C for 30 min then a solution of
perchloroethane (0.42 g, 1.76 mmol) in dry tetrahydrofuran (5 mL) was added dropwise. The reaction
solution was warmed to 25 °C and then stirred for 16 h. The reaction was quenched with aqueous
saturated ammonium chloride and extracted with ethyl acetate (40 mL x 2). The combined organic layers
were washed with brine (50 mL), dried over sodium sulfate, filtered and concentrated under reduced
pressure. The residue was purified by Combi-Flash (Biotage, 40 g silica gel, eluted with ethyl acetate in
petroleum ether from 10% to 20%) to give 6-(2-chlorooxazol-5-yl)-2-methylpyridazin-3(2H)-one (0.19 g,
0.9 mmol, 61%) as a yellow solid. LCMS (ESI) m/z: 212.1 [M+H]*.

Step 5: Preparation of 6-(2-(4-(3,5-difluorobenzyl) piperidin-1-yl)oxazol-5-yl)-2-methylpyridazin-3(2H)-one
F

F ?J/o/ { =0

A mixture of 6-(2-chlorooxazol-5-yl)-2-methylpyridazin-3(2H)-one (70 mg, 0.33 mmol), 4-(3,5-
difluorobenzyl)piperidine (77 mg, 0.36 mmol), N, N-diisopropylethylamine (64 mg, 0.50 mmol) in 1-methyl-
2-pyrrolidinone (2 mL) was heated to 165 °C under microwave irradiation for 1 h. The reaction was cooled
to 25 °C, diluted with water (20 mL) and extracted with ethyl acetate (30 mL x 2). The combined organic
layers were washed with brine (50 mL), dried over sodium sulfate, filtered and concentrated under
reduced pressure. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide
and purified by prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column, acetonitrile/10 mM ammonium
acetate aqueous solution) to give 6-(2-(4-(3,5-difluorobenzyl)piperidin-1-yl)oxazol-5-yl)-2-methylpyridazin-
3(2H)-one (90 mg, 0.23 mmol, 70%) as a white solid. "H NMR (400 MHz, Dimethylsulfoxide-ds) & 7.75 (d,
J =9.6 Hz, 1H), 7.52 (s, 1H), 6.92-7.09 (m, 4H), 4.00 (d, J = 12.8 Hz, 2H), 3.64 (s, 3H), 2.91-3.06 (m, 2H),
2.58 (d, J =7.2 Hz, 2H), 1.73-1.88 (m, 1H), 1.64 (d, J = 11.2 Hz, 2H), 1.13-1.29 (m, 2H); LCMS (ESI) m/z:
387.2 [M+H]*.

129



10

15

20

25

WO 2020/154571 PCT/US2020/014910

Example 57. Preparation of 6-(3-(4-(3-fluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-5-yl)-2-
methylpyridazin-3(2H)-one (Compound 114)

F\©/\G DIPEA, CNBr F\O/\G K,COs3, NH,0H
NH N\CN

CH,Cly, THF ethanol, H,0,
25°C, 17 h 90°C, 17 h
0

F ~ Et,N, THE © /
NNH  + b ] — N N NN
N o
Jf N 01080°C, 17 h \h}r\)'(j
. -0
OH HO™ Yo

Step 1: Preparation of 4-(3-fluorobenzyl)piperidine-1-carbonitrile

AGR®
N\CN

To a solution of 4-(3-fluorobenzyl)piperidine (450 mg, 2.33 mmol) in tetrahydrofuran (10 mL) and
dichloromethane (10 mL) under argon was added N, N-diisopropylethylamine (902 mg, 6.99 mmol) and
cyanogen bromide (247 mg, 2.33 mmol). The mixture was stirred at 25 °C for 17 h. The reaction mixture
was diluted with ethyl acetate (20 mL) and washed with water (10 mL x 2) followed by brine (10 mL). The
combined organic layers were dried over sodium sulfate, filtered and concentrated under reduced
pressure to yield crude 4-(3-fluorobenzyl)piperidine-1-carbonitrile (420 mg, 1.93 mmol, 83%) as a yellow
oil. LCMS (ESI) m/z: 219.3 [M+H]*.

Step 2: Preparation of 4-(3-fluorobenzyl)-N-hydroxypiperidine-1-carboximidamide

F
T
HN‘OH
To a solution of 4-(3-fluorobenzyl)piperidine-1-carbonitrile (340 mg, 1.56 mmol) in ethanol (14
mL) and water (20 mL) under argon was added hydroxylamine hydrochloride (215 mg, 3.12 mmol) and
potassium carbonate (646 mg, 4.68 mmol). The reaction mixture was stirred at 90 °C for 5 h and at 25 °C
for 17 h. The volatiles were concentrated in vacuo and the residue was diluted with water (20 mL) and
extracted with ethyl acetate (10 mL x 3). The combined organic layers were washed with brine (10 mL),
dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified by
column chromatography (silica gel, dichloromethane/methanol = 10/1) to give 4-(3-fluorobenzyl)-N-
hydroxypiperidine-1-carboximidamide (200 mg, 0.79 mmol, 51%) as a yellow solid. LCMS (ESI) m/z:
252.2 [M+H]*.
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Step 3: Preparation of 6-(3-(4-(3-fluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-5-yl)-2-methylpyridazin-

3(2H)-one
F
\©/\G N N/
N N -
A
\oﬁj

A solution of 1-methyl-6-0x0-1,6-dihydropyridazine-3-carboxylic acid (86 mg, 0.56 mmol) in
5  thionyl chloride (6 mL) under argon was stirred at 80 °C for 2 h, then concentrated in vacuo. The crude
material was dissolved in tetrahydrofuran (5 mL) and added dropwise to a solution of 4-(3-fluorobenzyl)-
N-hydroxypiperidine-1-carboximidamide (140 mg, 0.56 mmol) and triethylamine (170 mg, 1.68 mmol) in
tetrahydrofuran (10 mL) at 0 °C. The mixture was stirred at 80 °C for 17 h and then concentrated in
vacuo. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide and purified
10 via prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column, acetonitrile/0.01% aqueous formic acid) to
yield 6-(3-(4-(3-fluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-5-yl)-2-methylpyridazin-3(2H)-one (22 mg,
0.06 mmol, 11%) as a white solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) 8 7.95 (d, J = 9.7 Hz, 1H),
7.33(dd, J=14.3,7.9 Hz, 1H), 7.17 — 6.88 (m, 4H), 3.89 (d, J =12.9 Hz, 2H), 3.77 (s, 3H), 2.92 (t, J =
11.4 Hz, 2H), 2.57 (d, J =7.2 Hz, 2H), 1.79 (s, 1H), 1.63 (d, J = 11.2 Hz, 2H), 1.24 (t, J = 12.0 Hz, 2H);
15  LCMS (ESI) m/z: 370.3 [M+H]*.

Example 58. Preparation of 3-chloro-5-((1-(5-(1-methyl-6-0x0-1,6-dihydropyridazin-3-yl)-1,2,4-

oxadiazol-3-yl)piperidin-4-yl)methyl)benzonitrile (Compound 117)

DIPEA, CNBr

1) 9-BBN,THF, 65°C, 2h HCI 1,4-dioxane Cl
\Q/ maoc 2) Pd(dppf)Cl, *CH,Cl, \Q/\O 20 oc 3h CH,Cl, THF

K2CO3, DMF, H,0 20°C, 17 h
60°C, 16 h
cl
EtsN, THF
| cho3 NH,OH - .
“CN ‘N— 0t080°C,17h ©
ethanol, H,0
20°C,17h o}
NS
NN
i
Zn(CN),, Pd(t-BuzP), i N
=N
DMA, 160 °C, uW, 1 h o
o}

20
Step 1: Preparation of fert-butyl 4-(3,5-dichlorobenzyl)piperidine-1-carboxylate
Cl

NBoc

Cl
A solution of fert-butyl 4-methylenepiperidine-1-carboxylate (3.5 g, 17.8 mmol) and 9-borabicyclo
[3.3.1]nonane in tetrahydrofuran (35.6 mL, 17.8 mmol, 0.5 M) was stirred at 65 °C for 2 h. The mixture
25  was cooled to 25 °C and added to a solution of 1-bromo-3,5-dichlorobenzene (4 g, 17.8 mmol), potassium
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carbonate (3.2 g, 23.1 mmol) and 1,1-bis(diphenylphosphino)ferrocene-palladium(ll)dichloride
dichloromethane complex (726 mg, 0.89 mmol) in NV,N-dimethylformamide/water (30 mL/30 mL) at 25 °C.
The resulting mixture was heated at 60 °C for 20 h. The reaction was quenched with 1 NV sodium
hydroxide solution and stirred at 25°C for 1 h. The reaction mixture was diluted with ethyl acetate (40 mL)
and washed with brine (20 mL x 3). The organic layer was dried over sodium sulfate, filtered and
concentrated under reduced pressure. The crude residue was purified by column chromatography (silica
gel, petroleum ether / ethyl acetate = 50/1 to 30/1) to give fert-butyl 4-(3,5-dichlorobenzyl)piperidine-1-
carboxylate (3.5 g, 10.2 mmol, 57%) as a yellow oil. LCMS (ESI) m/z: 288.1 [M-56+H]*.

Step 2: Preparation of 4-(3,5-dichlorobenzyl)piperidine hydrochloride salt
Cl

Cl
A solution of tert-butyl 4-(3,5-dichlorobenzyl)piperidine-1-carboxylate (3.4 g, 9.9 mmol) and 4N
hydrochloric acid in 1,4-dioxane solution (40 mL) was stirred at 20 °C for 3 h under argon. The mixture
was concentrated under reduced pressure. The crude residue was purified by column chromatography
(silica gel, dichloromethane/methanol = 15/1) to give 4-(3,5-dichlorobenzyl)piperidine hydrochloride salt
(2.1 g, 8.61 mmol, 88%) as a white solid. LCMS (ESI) m/z: 244.1 [M+H]*.

Step 3: Preparation of 4-(3,5-dichlorobenzyl)piperidine-1-carbonitrile
Cl

N-cN
Cl

To a solution of 4-(3,5-dichlorobenzyl)piperidine (2 g, 8.2 mmol) in tetrahydrofuran (20 mL) and
dichloromethane (20 mL) under argon was added N, N-diisopropylethylamine (3.17 g, 24.6 mmol) and
cyanogen bromide (868 mg, 8.2 mmol). The mixture was stirred at 20 °C for 17 h. The reaction mixture
was washed with water (20 mL x 2) followed by brine (20 mL). The combined organic layers were dried
over sodium sulfate, filtered and concentrated under reduced pressure to yield 4-(3,5-
dichlorobenzyl)piperidine-1-carbonitrile (1.8 g, 6.69 mmol, 82%) as a yellow oil. LCMS (ESI) m/z: 269.1
[M+H]*.

Step 4: Preparation of 4-(3,5-dichlorobenzyl)-N-hydroxypiperidine-1-carboximidamide

OO

Cl HN\OH

To a solution of 4-(3,5-dichlorobenzyl)piperidine-1-carbonitrile (1.7 g, 6.3 mmol) in ethanol (14
mL) and water (20 mL) under argon was added hydroxylamine hydrochloride (869 mg, 12.6 mmol) and
potassium carbonate (2.6 g, 18.9 mmol). The mixture was stirred at 90 °C for 5 h and then at 20 °C for 17
h. The volatiles were concentrated in vacuo. The crude residue was diluted with water (40 mL) then
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extracted with ethyl acetate (10 mL x 3). The combined organic layers were washed with brine (10 mL),
dried over sodium sulfate, filtered and concentrated under reduced pressure. The crude material was
purified by column chromatography (silica gel, dichloromethane/methanol = 15/1) to give 4-(3,5-
dichlorobenzyl)-N-hydroxypiperidine-1-carboximidamide (1.0 g, 3.31 mmol, 53%) as a yellow solid. LCMS
(ESI) m/z: 301.9 [M+H]*.

Step 5: Preparation of 6-(3-(4-(3,5-dichlorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-5-yl)-2-methylpyridazin-
3(2H)-one
Cl

Cl N=

A solution of 1-methyl-6-0xo0-1,6-dihydropyridazine-3-carboxylic acid (458.9 mg, 2.98 mmol) in thionyl
chloride (10 mL) under argon was stirred at 80 °C for 2 h. The volatiles were concentrated in vacuo. The
crude material was dissolved in tetrahydrofuran (10 mL) and added dropwise to a solution of 4-(3,5-
dichlorobenzyl)-N-hydroxypiperidine-1-carboximidamide (900 mg, 2.98 mmol) and triethylamine (903 mg,
8.94 mmol) in tetrahydrofuran (10 mL) under argon at 0 °C. The mixture was stirred at 80 °C for 17 h and
concentrated in vacuo. The crude sample was dissolved in the minimum amount of V, V-
dimethylformamide and purified via prep-HPLC (Boston C18, 10 ym, 21 mm x 250 mm column,
acetonitrile/0.01% aqueous formic acid) to give 6-(3-(4-(3,5-dichlorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-
5-yl)-2-methylpyridazin-3(2H)-one as a yellow solid (70 mg, 0.17 mmol, 6%). LCMS (ESI) m/z: 420.0
[M+H]*.

Step 6: Preparation of 3-chloro-5-((1-(5-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-1,2,4-oxadiazol-3-
yl)piperidin-4-ylymethyl)benzonitrile

NS

Cl N=

To a solution of 6-(3-(4-(3,5-dichlorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-5-yl)-2-methylpyridazin-
3(2H)-one (50 mg, 0.12 mmol) and zinc cyanide (28.2 mg, 0.24 mmol) in N,N-dimethylacetamide (5 mL)
at 25 °C was added bis(tri-tert-butylphosphine)palladium(0) (61 mg, 0.12 mmol) under argon. The mixture
was stirred at 160 °C for 1 h under microwave irradiation. The reaction solution was diluted with water (10
mL) and extracted with ethyl acetate (8 mL x 3). The combined organic layers were dried over sodium

sulfate, filtered and concentrated in vacuo. The crude sample was dissolved in the minimum amount of
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N, N-dimethylformamide and purified via prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column,
acetonitrile/0.01% aqueous formic acid) to give 3-chloro-5-((1-(5-(1-methyl-6-oxo-1,6-dihydropyridazin-3-
yl)-1,2,4-oxadiazol-3-yl) piperidin-4-yl)methyl)benzonitrile (5 mg, 0.01 mmol, 10%) as a white solid. 'H
NMR (400 MHz, Dimethylsulfoxide-ds) 8 8.01 — 7.84 (m, 2H), 7.71 (d, J = 5.5 Hz, 2H), 7.11 (d, J = 9.7 Hz,
1H), 3.90 (d, J =12.9 Hz, 2H), 3.77 (s, 3H), 2.92 (t, J = 11.6 Hz, 2H), 2.62 (d, J = 7.1 Hz, 2H), 1.84 (s,
1H), 1.60 (d, J =12.3 Hz, 2H), 1.19 (s, 2H); LCMS (ESI) m/z: 411.1 [M+H]*.

Example 59. Preparation of 5-(3-(4-(3,5-difluorophenoxy)piperidin-1-yl)-1,2,4-oxadiazol-5-yl)-1-
methylpyridin-2(7H)-one (Compound 15)

o
DIPEA, CNBr
F o PPhs, DIAD HCI, 1,4-dloxane
NBoc
NBoc THF, 25°C, 16 h ¢ 25 °C 3h CH,Cly, THF
F

25°C,17h
SOCly, Et;N, THF \O
F o K2003 NH,OH \O 2= ;
NH
Neen —__ N~ 0t080°C,17h
EtOH, H,0
F 90°C, 17 h \ N—

Step 1: Preparation of fert-butyl 4-(3,5-difluorophenoxy)piperidine-1-carboxylate

F 0]
\©/ \OIBOC
F

A solution of 3,5-difluorophenol (1.7 g, 13.1 mmol), tert-butyl 4-hydroxypiperidine-1-carboxylate
(3.9 g, 19.6 mmol), triphenylphosphine (5.1 g, 19.6 mmol) and diisopropyl azodicarboxylate (3.9 g, 19.6
mmol) in tetrahydrofuran (30 mL) was stirred at 25 °C for 16 h under argon. The reaction mixture was
fitered and concentrated under reduced pressure. The filtrate residue was purified by column
chromatography (silica gel, petroleum ether/ethyl acetate = 50/1) to give tert-butyl 4-(3,5-
difluorophenoxy)piperidine-1-carboxylate (3.5 g, 11.2 mmol, 85%) as a yellow oil. LCMS (ESI) m/z: 258.2
[M-56+H]*.

Step 2: Preparation of 4-(3,5-difluorophenoxy)piperidine
F. 0]
e Re!
F
A solution of fert-butyl 4-(3,5-difluorophenoxy)piperidine-1-carboxylate (3.4 g, 10.9 mmol) and 4N
hydrochloric acid in 1,4-dioxane solution (40 mL) was stirred at 25 °C for 3 h under argon. The mixture
was concentrated under reduced pressure. The crude residue was purified by column chromatography

(silica gel, dichloromethane/methanol = 15/1) to give 4-(3,5-difluorophenoxy)piperidine (2.1 g, 9.86 mmol,
91%) as a white solid. LCMS (ESI) m/z: 214.2 [M+H]*.

134



10

15

20

25

30

WO 2020/154571 PCT/US2020/014910

Step 3: Preparation of 4-(3,5-difluorophenoxy)piperidine-1-carbonitrile

F 0]

F

To a solution of 4-(3,5-difluocrophenoxy)piperidine (2 g, 9.3 mmol) in tetrahydrofuran (20 mL) and
dichloromethane (20 mL) under argon was added N, N-diisopropylethylamine (3.6 g, 27.9 mmol) and
cyanogen bromide (985 mg, 9.3 mmol). The mixture was stirred at 25 °C for 17 h. The reaction mixture
was washed with water (10 mL x 2) followed by brine (10 mL). The combined organic layers were dried
over sodium sulfate, filtered and concentrated under reduced pressure to yield 4-(3,5-
difluorophenoxy)piperidine-1-carbonitrile (1.8 g, 7.56 mmol, 82%) as a yellow oil. LCMS (ESI) m/z: 239.1
[M+H]*.

Step 4: Preparation of 4-(3,5-difluorophenoxy)-/N-hydroxypiperidine-1-carboximidamide

HN.
OH

To a solution of 4-(3,5-difluorophenoxy)piperidine-1-carbonitrile (1.7 g, 7.1 mmol) in ethanol (21
mL) and water (30 mL) under argon was added hydroxylamine hydrochloride (980 mg, 14.2 mmol) and
potassium carbonate (2.9 g, 21.3 mmol). The mixture was stirred at 90 °C for 5 h and at 25 °C for 17 h.
The volatiles were concentrated in vacuo. The crude residue was diluted with water (40 mL) and
extracted with ethyl acetate (10 mL x 3). The combined organic layers were washed with brine (10 mL),
dried over sodium sulfate, filtered and concentrated under reduced pressure. The crude material was
purified by column chromatography (silica gel, dichloromethane/methanol =15/1) to give 4-(3,5-
difluorophenoxy)-N-hydroxypiperidine-1-carboximidamide (1.3 g, 4.79 mmol, 68%) as a white solid. LCMS
(ESI) m/z: 272.2 [M+H]*.

Step 5: Preparation of 5-(3-(4-(3,5-difluorophenoxy)piperidin-1-yl)-1,2,4-oxadiazol-5-yl)-1-methylpyridin-
2(1H)-one

A solution of 1-methyl-6-0xo0-1,6-dihydropyridine-3-carboxylic acid (91 mg, 0.59 mmol) in thionyl
chloride (6 mL) was stirred at 80 °C for 2 h under argon. The volatiles were removed in vacuo. The crude
product was dissolved in tetrahydrofuran (5 mL) and added dropwise to a solution of 4-(3,5-
difluorophenoxy)-N-hydroxypiperidine-1-carboximidamide (160 mg, 0.59 mmol) and triethylamine (179
mg, 1.77 mmol) in tetrahydrofuran (15 mL) under argon at 0 °C. The mixture was stirred at 80 °C for 17 h
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then concentrated in vacuo. The crude sample was dissolved in the minimum amount of N, N-
dimethylformamide and purified via prep-HPLC (Boston C18, 10 ym, 21 mm x 250 mm column,
acetonitrile/0.01% aqueous formic acid) to give 5-(3-(4-(3,5-difluorophenoxy)piperidin-1-yl)-1,2 4-
oxadiazol-5-yl)-1-methylpyridin-2(7H)-one (30 mg, 0.077 mmol, 13%) as a white solid. '"H NMR (400 MHz,
Dimethylsulfoxide-ds) & 8.67 (d, J =2.3 Hz, 1H), 7.89 (dd, J =9.5, 2.4 Hz, 1H), 6.86 —6.71 (m, 3H), 6.53
(d, J =9.5Hz, 1H), 4.82 — 4.62 (m, 1H), 3.80 — 3.63 (m, 2H), 3.54 (s, 3H), 3.30 (s, 2H), 2.10 — 1.98 (m,
2H), 1.75 = 1.60 (m, 2H); LCMS (ESI) m/z: 389.1 [M+H]*.

Example 60. Preparation of 5-(3-(4-(2-chloro-3-fluorophenoxy)piperidin-1-yl)-1,2,4-oxadiazol-5-yl)-
1-methylpyridin-2(7H)-one (Compound 16)

cl
cl
F O 2 o F. o
+ _ 1)SOCl,, 85°C,1h
N HO” YN Ne N
NH, 2) EtsN, THF, N
g ~Ng h

\ o]
80°C, 17 h N- N
N-~oH o \

Step 1: Preparation of 5-(3-(4-(2-chloro-3-fluorophenoxy)piperidin-1-yl)-1,2,4-oxadiazol-5-yl)-1-

Cl
F 0
U0

N~o

methylpyridin-2(7H)-one

o}

\ N
\

A suspension of 1-methyl-6-oxo-1,6-dihydropyridine-3-carboxylic acid (199 mg, 1.3 mmol) in
thionyl chloride (10 mL) was stirred at 85 °C for 1 h. The reaction mixture was concentrated under
reduced pressure. The crude material was dissolved in tetrahydrofuran (5 mL) and added to a solution of
(E)-4-(2-chloro-3-fluorophenoxy)-N*-hydroxypiperidine-1-carboximidamide (287 mg, 1 mmol) and
triethylamine (303 mg, 3 mmol) in tetrahydrofuran (10 mL) at 0 °C under argon. The mixture was stirred at
80 °C for 17 h and concentrated in vacuo. The crude sample was dissolved in the minimum amount of
N,N-dimethylformamide and purified by prep-HPLC (BOSTON pHlex ODS, 10 ym, 21.2 mm x 250 mm,
acetonitrile/0.1% aqueous formic acid) to yield 5-(3-(4-(2-chloro-3-fluorophenoxy)piperidin-1-yl)-1,2,4-
oxadiazol-5-yl)-1-methylpyridin-2(7H)-one (38.2 mg,0.095 mmol, 10%) as a pink solid. '"H NMR (400 MHz,
Dimethylsulfoxide-ds) d 8.68 (d, J =2.4 Hz, 1H), 7.89 (dd, J =4.8, 2.4 Hz, 1H), 7.38-7.32 (m, 1H), 7.15 (d,
J=8.4Hz, 1H), 7.01 (t,  =8.2 Hz, 1H), 6.53 (d, J = 9.6 Hz, 1H), 4.84 — 4.80 (m, 1H), 3.70 — 3.62(m, 2H),
3.55 (s, 3H), 3.45 - 3.39 (m, 2H), 2.06-2.01 (m, 2H), 1.80-1.74 (m, 2H); LCMS (ESI) m/z: 405.0 [M+H]*.
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Example 61. Preparation of 6-(3-(4-(2-chloro-3-fluorophenoxy)piperidin-1-yl)-1,2,4-oxadiazol-5-yl)-
2-methylpyridazin-3(2H)-one (Compound 112)

cl
PPhy, DIAD, THF F 0 _HCI, 1.4-dioxane DIPEA, CH,Cl, BrCN,
N NHHCI
Boc CHaCl, 25 °c 2h

X THF, 25°C, 17 h
ol ol
F o 2 F. o
NHz0H, EIOH, N SOCL85°C.1h
NN, THOO PN —( e Ne N =
“on  esec,3n Y N oMy THE g Wo
N~OH (% 80°C,17h N~d N—N\

Step 1: Preparation of tert-butyl 4-(2-chloro-3-fluorophenoxy)piperidine-1-carboxylate

Cl
F@”@
N.
Boc

To a solution of 2-chloro-3-fluorophenol (5.1g, 35 mmol), tert-butyl 4-hydroxypiperidine-1-
carboxylate (7.04 g, 35 mmol) and triphenylphosphine (11 g, 42 mmol) in tetrahydrofuran (150 mL) was
added diisopropyl azodicarboxylate (8.48 g, 42 mmol) at 0 °C. The mixture was stirred at 25 °C for 18 h.
The volatiles were removed under reduced pressure and petroleum ether (250 mL) was added. The
resulting precipitate was filtered and the filtrate was concentrated and purified by column chromatography
(silica gel, petroleum ether / ethyl acetate = 17/1) to yield tert-butyl 4-(2-chloro-3-
fluorophenoxy)piperidine-1-carboxylate as a brown oil (9.4 g, 28.6 mmol, 82%). LCMS (ESI) m/z: 274.0
[M-56+H]*.

Step 2: Preparation of 4-(2-chloro-3-fluorophenoxy)piperidine hydrochloride
Cl

F o
\O\IHHCI

A solution of fert-butyl 4-(2-chloro-3-fluorophenoxy)piperidine-1-carboxylate (9.9 g, 30.1 mmol)
and hydrochloric acid in 1,4-dioxane (30 mL, 4 N) in dichloromethane (30 mL) was stirred at 25 °C for 2 h.
The reaction mixture was concentrated and methyl fert-butyl ether (100 mL) was added. The resulting
precipitate was filtered to afford 4-(2-chloro-3-fluorophenoxy)piperidine hydrochloride (5.8 g, 21.8 mmol,
73%) as a white solid. LCMS (ESI) m/z: 230.1 [M+H]*.

Step 3: Preparation of 4-(2-chloro-3-fluorophenoxy)piperidine-1-carbonitrile
Cl

F. O\G
N\
CN

To a solution of 4-(2-chloro-3-fluorophenoxy)piperidine hydrochloride (5.78 g, 21.8 mmol) in
tetrahydrofuran (80 mL) and dichloromethane (80 mL) under argon was added N, N-diisopropylethylamine
(8.44 g, 65.4 mmol) and cyanogen bromide (2.31 g, 21.8 mmol) in dichloromethane (5 mL). The mixture
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was stirred at 25 °C for 17 h. The reaction mixture was washed with water (80 mL x 2) followed by brine
(40 mL). The combined organic layers were dried over sodium sulfate, filtered and concentrated under
reduced pressure to yield crude 4-(2-chloro-3-fluorophenoxy)piperidine-1-carbonitrile (5.5 g, 21.7 mmol,
99%). LCMS (ESI) m/z: 255.1 [M+H]*. This material was used in the next step without further purification.

Step 4: Preparation of (E)-4-(2-chloro-3-fluorophenoxy)-N’-hydroxypiperidine-1-carboximidamide

ARG
cl N\(/N‘OH

NH,

To a solution of 4-(2-chloro-3-fluorophenoxy)piperidine-1-carbonitrile (2.9 g, 11.4 mmol) in
ethanol (50 mL) was added hydraxytaming (1.13 g, 34.3 mmol, 50% in water). The mixture was stirred at
85 °C for 3 h under argon. The reaction mixture was concentrated under reduced pressure. The crude
residue was purified by column chromatography (silica gel, dichloromethane/ammonia in methanol (7 N)
= 55/45) to give (E)-4-(2-chloro-3-fluorophenoxy)-N’-hydroxypiperidine-1-carboximidamide (2.1 g, 7.3
mmol, 64%) as white solid. LCMS (ESI) m/z: 288 .1 [M+H]*.

Step 5: Preparation of 6-(3-(4-(2-chloro-3-fluorophenoxy)piperidin-1-yl)-1,2,4-oxadiazol-5-yl)-2-

Cl
U0
N N —
(e e
-0 N \

A solution of 1-methyl-6-0xo0-1,6-dihydropyridazine-3-carboxylic acid (200 mg, 1.3 mmol) in

methylpyridazin-3(2H)-one

thionyl chloride (10 mL) was stirred at 85 °C for 1 h. The reaction mixture was concentrated under
reduced pressure. The crude material was dissolved in tetrahydrofuran (5 mL) and added to a solution of
(E)-4-(2-chloro-3-fluorophenoxy)-N"-hydroxypiperidine-1-carboximidamide (287 mg, 1 mmol) and
triethylamine (303 mg, 3 mmol) in tetrahydrofuran (10 mL) under argon at 0 °C. The mixture was stirred at
80 °C for 17 h and concentrated in vacuo. The crude sample was dissolved in the minimum amount of

N, N-dimethylformamide and purified by prep-HPLC (BOSTON pHlex ODS, 10 ym, 21.2 mm % 250 mm,
acetonitrile/0.1% aqueous formic acid) to yield 6-(3-(4-(2-chloro-3-fluorophenoxy)piperidin-1-yl)-1,2,4-
oxadiazol-5-yl)-2-methylpyridazin-3(2H)-one (64.3 mg, 0.16 mmol, 16%) as a white solid. '"H NMR (400
MHz, Dimethylsulfoxide-ds) & 7.97 (d, J = 9.6 Hz, 1H), 7.38-7.32 (m, 1H), 7.16 (d, J =8.4 Hz, 1H), 7.12 (d,
J=10.0 Hz, 1H), 7.02 (t, J = 8.6 Hz, 1H), 4.86 — 4.82 (m, 1H), 3.78 (s, 3H), 3.72-3.66 (m, 2H), 3.49 — 3.43
(m, 2H), 2.07-2.02 (m, 2H), 1.82-1.74 (m, 2H); LCMS (ESI) m/z: 406.0 [M+H]*.
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Example 62. Preparation of 6-(5-(4-(3,5-difluorobenzyl)piperidin-1-yl)-1,3,4-thiadiazol-2-yl)-2-
methylpyridazin-3(2H)-one (Compound 121)
S

F. 0
(\NJ(N,\ NHzNHyH,0, THE N SOCl,, 85°C, 1h
NHOT = N T NHz + -
I 80°C, 3h THF, NEt;
0t025°C, 1h
F
F. Lo
H,S0. N =
N\[]/N‘N /N‘N/ 1290, \Ws>__<—">—;0
H F N-rY  N-N
F s N0 0125°,05h N NN

Step 1: Preparation of 4-(3,5-difluorobenzyl)piperidine-1-carbothiohydrazide

F.
H
N\n/N\NH2
F S

To a solution of di(1H-imidazol-1-yl)methanethione (1.25 g, 7 mmol) in tetrahydrofuran (20 mL)
was added 4-(3,5-difluorobenzyl)piperidine (1.48 g, 7 mmol) in tetrahydrofuran (5 mL) at 0 °C. The
reaction mixture was stirred at 25 °C for 2 h, then hydrazine hydrate (1.5 mL) was added and the reaction
stirred at 80 °C for 3 h. The reaction solution was concentrated under reduced pressure, diluted with
aqueous sodium bicarbonate solution (50 mL) and extracted with ethyl acetate (50 mL x 2). The
combined organic layers were washed with brine (50 mL), dried over sodium sulfate, filtered and
concentrated in vacuo to give 4-(3,5-difluorobenzyl)piperidine-1-carbothiohydrazide (1.9 g, 6.7 mmol,
95%) as a brown oil. LCMS (ESI) m/z: 286.2 [M+H]*.

Step 2: Preparation of N-(4-(3,5-difluorobenzyl)piperidine-1-carbonothioyl)-1-methyl-6-oxo-1,6-
dihydropyridazine-3-carbohydrazide
F

H
N\n/N\{)I| /N\N/
F S NN o
A suspension of 1-methyl-6-oxo-1,6-dihydropyridazine-3-carboxylic acid (200 mg, 1.3 mmol) in
thionyl chloride (15 mL) was stirred at 85 °C for 1 h. The reaction mixture was concentrated, dissolved in
tetrahydrofuran (5 mL) and added to a solution of 4-(3,5-difluorobenzyl)piperidine-1-carbothiohydrazide
(285 mg, 1 mmol) and triethylamine (303 mg, 3 mmol) in tetrahydrofuran (15 mL) at 0 °C. The reaction
mixture was stirred at 85 °C for 20 h. The reaction mixture was cooled, poured into ice water and
extracted with ethyl acetate (30 mL x 2). The combined organic layers were washed with brine (30 mL),
dried over sodium sulfate, filtered and concentrated under reduced pressure. The crude product was
purified by column chromatography (silica gel, dichloromethane/ammonia in methanol (7 ) = 50/1) to
afford N'-(4-(3,5-difluorobenzyl)piperidine-1-carbonothioyl)-1-methyl-6-oxo-1,6-dihydropyridazine-3-
carbohydrazide (190 mg, 0.45 mmol, 45%) as a yellow solid. LCMS (ESI) m/z: 422.1 [M+H]*.
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Step 3: Preparation of 6-(5-(4-(3,5-difluorobenzyl)piperidin-1-yl)-1,3,4-thiadiazol-2-yl)-2-methylpyridazin-
3(2H)-one

N S —
I Yo o

A solution of N-~(4-(3,5-difluorobenzyl)piperidine-1-carbonothioyl)-1-methyl-6-o0xo-1,6-
dihydropyridazine-3-carbohydrazide (140 mg, 0.33 mmol) and concentrated sulfuric acid (2.5 mL) was
stirred at 0 °C and warmed to 25 °C for 0.5 h. The reaction mixture was poured into ice water and
extracted with ethyl acetate (20 mL x 3). The combined organic layers were washed with brine (20 mL),
dried over sodium sulfate, filtered and concentrated. The crude sample was dissolved in the minimum
amount of N, N-dimethylformamide and purified via prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm
column; acetonitrile/0.01% aqueous trifluoroacetic acid) to give 6-(5-(4-(3,5-difluorobenzyl)piperidin-1-yl)-
1,3,4-thiadiazol-2-yl)-2-methylpyridazin-3(2H)-one (48 mg, 0.12 mmol, 36%) as a white solid. "H NMR
(400 MHz, Dimethylsulfoxide-ds) & 8.00 (d, J = 9.6 Hz, 1H), 7.07 (d, J = 9.6 Hz, 2H), 6.97 (d, J =6.8 Hz,
2H), 3.93 (d, J =9.2 Hz, 2H), 3.67 (s, 3H), 3.21 - 3.15 (m, 2H), 2.60 (d, J =7.2 Hz, 2H), 1.90 — 1.85 (m,
1H), 1.67 (d, J = 12.8 Hz, 2H), 1.34-1.24 (m, 2H); LCMS (ESI) m/z: 404.1 [M+H]"*.

Example 63. Preparation of 5-(5-(4-(3,5-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-3-yl)-1-
methylpyridin-2(7H)-one (Compound 21)

_N NH

_N z OH F
~ 2" BnOH, NaH, THF 3 NH,OH, EtOH “T N .
- - ~ - . X N,
oSN 01025°C, 17h ©/\o N 85°C. 17 h O N CN

0-
~N
N__<o\|N N—G |
1) ZnCly, EOH, 25°C, 2 h NG \yy KeCOs Mel. DMF N
2) HCI, EtOH, 85 °C, 2 h F N 25°C, 17 h
F

Step 1: Preparation of 6-(benzyloxy)nicotinonitrile

To a solution of benzyl alcohol (8.61 g, 79.8 mmol) in tetrahydrofuran (150 mL) at 0 °C was
added sodium hydride (3.19 g, 79.8 mmol, 60% in mineral oil). After 30 min, 6-chloronicotinonitrile (10.0
g, 72.5 mmol) was added and the solution was stirred at 25 °C for 17 h. The reaction mixture was poured
into ice-water (200 mL) and neutralized to pH 7 with concentrated hydrochloric acid (2 mL). The aqueous
layer was extracted with ethyl acetate (200 mL x 2). The combined organic layers were concentrated and
purified by column chromatography (silica gel, petroleum ether / ethyl acetate = 20/1 to 5/1) to give 6-
(benzyloxy)nicotinonitrile (14.0 g, 66.7 mmol, 92%) as a white solid. LCMS (ESI) m/z: 211.1 [M+H]*.
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Step 2: Preparation of 6-(benzyloxy)-/N-hydroxynicotinamidine
NH

A solution of 6-(benzyloxy)nicotinonitrile (1.00 g, 4.76 mmol)) and hydroxylamine (2 mL, 50% in
water) in ethanol (20 mL) was heated to 85 °C for 17 h. The mixture was concentrated to give 6-(benzyloxy)-
N-hydroxynicotinamidine (1.16 g, 4.76 mmol, 100%) as a white solid. LCMS (ESI) m/z: 244.2 [M+H]*. This

material was used in the next step without further purification.

Step 3: Preparation of 5-(5-(4-(3,5-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-3-yl)pyridin-2(1H)-one
N—<\O )
N N NH
F N
(o}
F
To a solution of 6-(benzyloxy)-N-hydroxynicotinamidine (309 mg, 1.27 mmol) and 4-(3,5-

difluorobenzyl)piperidine-1-carbonitrile (300 mg, 1.27 mmol) in ethanol (10 mL) at 25 °C was added zinc
chloride (346 mg, 2.54 mmol). The reaction mixture was stirred for 2 h, then concentrated hydrochloric
acid (0.5 mL) was added and the solution was heated to 85 °C for 2 h. The reaction solution was diluted
with water (50 mL) and extracted with ethyl acetate (50 mLx2). The combined organic layers were
washed with brine (50 mL), dried over sodium sulfate, filtered and concentrated in vacuo. The crude
sample was dissolved in the minimum amount of N, N-dimethylformamide and purified by prep-HPLC
(column SunFire prep C18, 10 ym, 19 mm x 250 mm, 40-50% over 7 min at 2 mL/min, acetonitrile/0.05%
aqueous trifluoroacetic acid) to give 5-(5-(4-(3,5-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-3-yl)pyridin-
2(1H)-one (20 mg, 0.053 mmol, 4%) as a white solid. "H NMR (400 MHz, Dimethylsulfoxide-ds) & 12.04
(s, 1H), 7.86 (s, 1H), 7.78 (d, J = 9.6 Hz, 1H), 7.05 (t, J =8.4 Hz, 1H), 6.96 (d, J =7.2 Hz, 2H), 6.43 (d, J
=7.6 Hz, 1H), 4.01 (d, J =12.8 Hz, 2H), 3.10 (t, J =12.4 Hz, 2H), 2.58 (d, J = 7.2 Hz, 1H), 1.83-1.84 (m,
1H), 1.64 (d, J = 13.2 Hz, 2H), 1.19-1.27 (m, 2H); LCMS (ESI) m/z: 373.2 [M+H]*.

Step 4: Preparation of 5-(5-(4-(3,5-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-3-yl)-1-methylpyridin-
2(1H)-one

O-N
N— |
N NN
F AN
o
F
A mixture of 5-(5-(4-(3,5-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-3-yl)pyridin-2(1H)-one (350

mg, 0.94 mmol), potassium carbonate (260 mg, 1.88 mmol) and iodomethane (267 mg, 1.88 mmol) in
N, N-dimethylformamide (5 mL) was stirred at 25 °C for 17 h. The mixture was filtered and the filtrate was
concentrated in vacuo. The crude sample was dissolved in the minimum amount of N, N-

dimethylformamide and purified via prep-HPLC (Sunfire prep C18, 10 ym, 19 mm x 250 mm; mobile
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phase:[water (0.05% trifluoroacetic acid)-acetonitrile]; B%: 40%-50%, 7 min) to give 5-(5-(4-(3,5-
difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-3-yl)-1-methylpyridin-2(7H)-one (81 mg, 0.21 mmol, 22%) as
a white solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) 8 8.30 (d, J =2.4 Hz, 1H), 7.78 (dd, J =9.6 Hz, J
=2.4 Hz, 1H), 7.02-7.07 (m, 1H), 7.05 (t, J = 8.4 Hz, 1H), 6.97 (d, J =6.8 Hz, 2H), 6.48 (d, J = 9.2 Hz,
1H), 4.02 (d, J =12.8 Hz, 2H), 3.51 (s, 1H), 3.12 (t, /= 10.8 Hz, 2H), 2.59 (d, J = 7.2 Hz, 1H), 1.82-1.88
(m, 1H), 1.66 (d, J = 12.0 Hz, 2H), 1.18-1.29 (m, 2H); LCMS (ESI) m/z: 387.1 [M+H]*.

Example 64. Preparation of 6-(5-(4-(3,5-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-3-yl)-2-
methylpyridazin-3(2H)-one (Compound 122)

o _N NH
= | NH, TFAA, Et;N Z I = NH,OH, EtOH Y | N,OH
H +
(0] T’N THF, 20°C,17h O III’N 85°C,17h fo) N/N
|
O~
N
N—4 |
F 1) ZnCl,, EtOH, 25 °C, 2 h N /N‘N/
N\on  2)HCI EtOH, 85°C, 17h | N0
F
Step 1: Preparation of 1-methyl-6-oxo0-1,6-dihydropyridazine-3-carbonitrile
o N
.N
0" 'N

|
To a solution of 1-methyl-6-oxo0-1,6-dihydropyridazine-3-carboxamide (600 mg, 0.31 mmol) and
trifluoroacetic anhydride (1.65 g, 7.84 mmol) in tetrahydrofuran (20 mL) at 0 °C was added triethylamine
(1.98 g, 19.6 mmol). The solution was stirred at 20 °C for 17 h, then it was concentrated in vacuo and
purified by column chromatography (silica gel, petroleum ether / ethyl acetate = 5/1 to 1/1) to give 1-
methyl-6-oxo0-1,6-dihydropyridazine-3-carbonitrile (520 mg, 3.85 mmol, 98%) as a white solid. LCMS
(ESI) m/z: 136.2 [M+H]*.

Step 2: Preparation of N-hydroxy-1-methyl-6-o0xo0-1,6-dihydropyridazine-3-carboximidamide
NH

A solution of 1-methyl-6-0xo0-1,6-dihydropyridazine-3-carbonitrile (480 mg, 3.56 mmol) and
hydroxylamine (50% in water, 2 mL) in ethanol (15 mL) was heated to 85°C for 17 h. The reaction mixture
was concentrated in vacuo to give N-hydroxy-1-methyl-6-oxo-1,6-dihydropyridazine-3-carboximidamide
as a white solid (597 mg, 3.56 mmol, 100%). LCMS (ESI) m/z: 169.2 [M+H]"*.
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Step 3: Preparation of 6-(5-(4-(3,5-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-3-yl)-2-methylpyridazin-
3(2H)-one
O~

N—<\=\l
N

F

To a solution of N-hydroxy-1-methyl-6-oxo-1,6-dihydropyridazine-3-carboximidamide (170 mg,
1.02 mmol) and 4-(3,5-difluorobenzyl)piperidine-1-carbonitrile (200 mg, 0.84 mmol) in ethanol (10 mL) at
25 °C was added zinc chloride (229 mg, 1.68 mmol). The solution was stirred at 25 °C for 2 h, then
concentrated hydrochloric acid (0.6 mL) was added and the solution was heated to 85 °C for 17 h. The
solution was diluted with water (50 mL) and extracted with ethyl acetate (50 mL x 2). The combined
organic layers were washed with brine (50 mL), dried over sodium sulfate, filtered and concentrated in
vacuo. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide and purified
by prep-HPLC (Sunfire prep C18, 10 um, 19 mm x 250 mm; mobile phase:[water (0.05% trifluoroacetic
acid)-acetonitrile]; B%: 40%-50%, 8 min) to give 6-(5-(4-(3,5-difluorobenzyl)piperidin-1-yl)-1,2,4-
oxadiazol-3-yl)-2-methylpyridazin-3(2H)-one a white solid (157 mg, 0.41 mmol, 48%). '"H NMR (400 MHz,
Dimethylsulfoxide-ds) & 7.82 (d, J = 9.6 Hz, 1H), 7.02-7.08 (m, 2H), 6.94-6.99 (m, 2H), 4.03 d, J =13.2
Hz, 2H), 3.73 (s, 3H), 3.14 (td, J =13.2 Hz, J = 2.8 Hz, 2H), 2.59 (d, J = 7.2 Hz, 2H), 1.84-1.89 (m, 1H),
1.67 (d, J =11.2 Hz, 2H), 1.19-1.30 (m, 2H); LCMS (ESI) m/z: 388.2 [M+H]*.

Example 65. Preparation of 5-(5-(4-(3,5-difluorobenzyl)piperidin-1-yl)-1,3,4-oxadiazol-2-yl)-1-
methylpyridin-2(7H)-one (Compound 19)
/ / Triphosgene

—O>/_</:N): H;NNH,+H,0, MeOH HzNHN/>_</:N): DIPEA, CH,Cl,
0 o —
o — 90°C,16h o) = -60t025°C, 16 h
F
H N /N\
\ N
BOP, DIPEA F 0-4
tho DMF —
20°C,2h \ N—
o]

Step 1: Preparation of 1-methyl-6-oxo-1,6-dihydropyridine-3-carbohydrazide
Os_NHNH,

AN
N

0

~N
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To a solution of methyl 1-methyl-6-oxo-1,6-dihydropyridine-3-carboxylate (3.0 g, 17.9 mmol) in
methanol (20 mL) at 20 °C was added hydrazine monohydrate (5 mL). The mixture was heated at 90 °C
for 16 h. The reaction solution was cooled to room temperature and filtered. The filtered solid was washed
with methanol and dried to afford 1-methyl-6-0xo0-1,6-dihydropyridine-3-carbohydrazide (2.1 g, 70%) as a

white solid. This material was used in the next step without further purification.

Step 2: Preparation of 5-(1-methyl-6-ox0-1,6-dihydropyridin-3-yl)-1,3,4-oxadiazol-2(3H)-one

To a solution of 1-methyl-6-oxo0-1,6-dihydropyridine-3-carbohydrazide (1.0 g, 5.99 mmol) and
diisopropylethylamine (1.55 g, 11.97 mmol) in dichloromethane (50 mL) was added a solution of
triphosgene (1.93 g, 6.58 mmol) in dichloromethane (10 mL). The mixture was stirred at 20 °C for 2 h.
The solid was filtered and washed with dichloromethane to give 5-(1-methyl-6-oxo-1,6-dihydropyridin-3-
yh-1,3,4-oxadiazol-2(3H)-one (0.48 g, crude) as a white solid. This material was used in the next step

without further purification.

Step 3: Preparation of 5-(5-(4-(3,5-difluorobenzyl)piperidin-1-yl)-1,3,4-oxadiazol-2-yl)-1-methylpyridin-
2(1H)-one

To a solution of 5-(1-methyl-6-0xo0-1,6-dihydropyridin-3-yl)-1,3,4-oxadiazol-2(3H)-one (240 mg,
1.24 mmol), 4-(3,5-difluorobenzyl)piperidine (525 mg, 2.49 mmol),
(benzotriazol1 yloxy)tris(dimethylamino)phosphonium hexafluorophosphate (605 mg, 1.37) and diphenyl
ether (423 mg, 2.49 mmol) in N, N-dimethylformamide (6 mL) at 20 °C was added diisopropylethylamine
(321 mg, 2.49 mmol). The mixture was stirred at 20 °C for 2 h. The reaction was diluted with ethyl acetate
(100 mL) and washed with water (50 mL) followed by brine (50 mL). The organic layer was concentrated
in vacuo. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide and
purified by prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column, acetonitrile/10 mM ammonium
acetate aqueous solution) to give 5-(5-(4-(3,5-difluorobenzyl)piperidin-1-yl)-1,3,4-oxadiazol-2-yl)-1-
methylpyridin-2(7H)-one (134 mg, 0.347 mmol, 26%) as a white solid. "H NMR (400 MHz,
Dimethylsulfoxide-de) & 8.40 (d, J = 2.4 Hz, 1H), 7.84-7.81 (m, 1H), 7.08-6.96 (m, 3H), 6.52 (d, J = 9.6 Hz,
1H), 3.92 (d, J = 13.2 Hz, 2H), 3.51(s, 3H), 3.05-2.99 (m, 2H), 2.59 (d, J = 6.8 Hz, 2H), 1.84-1.80 (m, 1H),
1.64 (d, J =11.6 Hz, 2H), 1.31-1.22 (m, 2H); LCMS (ESI) m/z: 387.1 [M+H]*.
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Example 66. Preparation of 5-(5-(4-(3-fluorobenzyl)piperidin-1-yl)-1,3,4-oxadiazol-2-yl)-1-
methylpyridin-2(7H)-one (Compound 18)

H F
OYN‘N F BOP, DIPEA N._N

04 + — TN
_ NH  PhyO, DMF 04

20°C,2h

—_—

\ N—

(o}

Step 1: Preparation of 5-(5-(4-(3-fluorobenzyl)piperidin-1-yl)-1,3,4-oxadiazol-2-yl)-1-methylpyridin-2(71H)-
one

To a solution of 5-(1-methyl-6-ox0-1,6-dihydropyridin-3-yl)-1,3,4-oxadiazol-2(3H)-one (240 mg,

10 1.24 mmol), 4-(3-fluorobenzyl)piperidine (480 mg, 2.49 mmol), (benzotriazole-1-
yloxy)tris(dimethylamino)phosphonium hexafluorophosphate (605 mg, 1.37) and diphenyl ether (423 mg,
2.49 mmol) in N, N-dimethylformamide (6 mL) was added diisopropylethylamine (321 mg, 2.49 mmol) at
20 °C. The mixture was stirred at 20 °C for 2 h. The reaction was diluted with ethyl acetate (100 mL) and
washed with water (50 mL) followed by brine (50 mL). The organic layer was concentrated in vacuo. . The

15 crude residue was dissolved in the minimum amount of methanol and purified by chiral-HPLC (SFC-80,
Ad 20 x 250 mm, 10 pyM column: CO2/0.2% ammonia in methanol, 75/25) to give 5-(5-(4-(3-
fluorobenzyl)piperidin-1-yl)-1,3,4-oxadiazol-2-yl)-1-methylpyridin-2(7H)-one (43.6 mg, 0.118 mmol, 9%) as
a white solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) 8 8.39 (d, J =2.4 Hz, 1H), 7.84-7.81 (m, 1H), 7.34
(9,J =7.2Hz, 1H), 7.06-7.01 (m, 3H), 6.52 (d, J =9.6 Hz, 1H), 3.92 (d, J = 12.8 Hz, 2H), 3.51 (s, 3H),

20 3.01( J=11.8Hz, 2H),2.58 (d, J =7.6 Hz, 2H), 1.81-1.77 (m, 1H), 1.65 (d, J = 13.2 Hz, 2H), 1.31-1.21
(m, 2H); LCMS (ESI) m/z: 369.1 [M+H]*.
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Example 67. Preparation of 5-(5-(4-(3,4-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-3-yl)-1-
methylpyridin-2(7H)-one (Compound 20)

NH
7 N-CH F 1) ZnCl,, EtOH, 25 °C, 2 h
X | H + N,
©/\o N F CN  2)HCI, EtOH, 85°C, 2 h
0-
N
NG | N—<\
N = NH KzCO3, Mel, DMF
Yo T asecam

Step 1: Preparation of 5-(5-(4-(3,4-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-3-yl)pyridin-2(7H)-one

O~N
N— |
N NZSNH
F N
o)
F

To a solution of 6-(benzyloxy)-/N-hydroxynicotinamidine (1.44 g, 5.93 mmol) and 4-(3,4-
difluorobenzyl)piperidine-1-carbonitrile (1.40 g, 5.93 mmol) in ethanol (40 mL) was added zinc chloride

(1.62 g, 11.9 mmol). The reaction mixture was stirred at 25 °C for 2 h, then concentrated hydrochloric acid
(0.5 mL) was added and the reaction was heated to 85 °C for 2 h. The reaction was diluted with water
(150 mL) and extracted with ethyl acetate (150 mL x 2). The combined organic layers were washed with
brine (150 mL), dried over sodium sulfate and concentrated in vacuo. The crude sample was dissolved in
the minimum amount of N, N-dimethylformamide and purified via prep-HPLC (Sunfire prep C18, 10 um, 19
x 250 mm; mobile phase: [water (0.05% trifluoroacetic acid)-acetonitrile]; B%: 40-50%, 7 min) to give 5-(5-
(4-(3,4-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-3-yl)pyridin-2(7H)-one (270 mg, 0.73 mmol, 12%) as
a white solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) 6 12.04 (s, 1H), 7.86 (s, 1H), 7.77-7.85 (m, 1H),
7.26-7.38 (m, 2H), 7.04 (s, 1H), 6.43 (d, J =9.6 Hz, 1H), 4.00 (d, J = 13.2 Hz, 2H), 3.09 (t, J = 10.4 Hz,
2H), 2.55 d, J =7.2 Hz, 1H), 1.88-1.82 (m, 1H), 1.64 (d, J = 11.6 Hz, 2H), 1.17-1.27 (m, 2H); LCMS (ESI)
m/z: 373.2 [M+H]*.

Step 2: Preparation of 5-(5-(4-(3,4-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-3-yl)-1-methylpyridin-
2(1H)-one

O~
N— )
N

F N
o)

F
A mixture of 5-(5-(4-(3,4-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-3-yl)pyridin-2(7H)-one (200
mg, 0.54 mmol), potassium carbonate (149 mg, 1.08 mmol) and iodomethane (153 mg, 1.08 mmol) in

N, N-dimethylformamide (4 mL) was stirred at 25 °C for 17 h. The mixture was filtered and the filtrate was
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concentrated in vacuo. The crude sample was dissolved in the minimum amount of N, N-
dimethylformamide and purified via prep-HPLC (Sunfire prep C18, 10 um, 19 x 250 mm; mobile phase:
[water (0.05% trifluoroacetic acid)-acetonitrile]; B%: 40-50%, 7 min) to give 5-(5-(4-(3,4-
difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-3-yl)-1-methylpyridin-2(7H)-one as a white solid (120 mg,
0.31 mmol, 58%). '"H NMR (400 MHz, Dimethylsulfoxide-de) d 8.29 (d, J = 2.4 Hz, 1H), 7.78 (dd, J = 9.6
Hz, J =2.4 Hz, 1H), 7.26-7.38 (m, 2H), 7.02-7.05 (m, 1H), 6.48 (d, J =9.2 Hz, 1H), 4.02 (d, J = 12.8 Hz,
2H), 3.51 (s, 1H), 3.12 (dt, J =12.4 Hz, J = 2.0 Hz, 2H), 2.55 (d, J = 7.2 Hz, 1H), 1.77-1.83 (m, 1H), 1.66
d, J =11.2 Hz, 2H), 1.18-1.28 (m, 2H); LCMS (ESI) m/z: 387.1 [M+H]*.

Example 68. Preparation of 6-(5-(4-(3,4-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-3-yl)-2-
methylpyridazin-3(2H)-one (Compound 123)

NH
F BrCN, DIPEA, CH,Cl,  F ~ el
NH D/\G + - H
F 0t025°C, 17 h . Ny oM
I
O-
N
N—4 |
N /N\N/

2) HCI, EtOH, 85 °C, 17 h F A

1) ZnCly, EtOH, 25°C, 2 h

0]

Step 1: Preparation of 4-(3,4-difluorobenzyl)piperidine-1-carbonitrile

BOA e
F N “CN

To a solution of 4-(3,4-difluorobenzyl)piperidine (2.11 g, 10.0 mmol) in dichloromethane (40 mL) at
0 °C was added cyanogen bromide (1.59 g, 15.0 mmol) and N, N-diisopropylethylamine (2.58 g, 20.0 mmol).
The reaction mixture was stirred at 25 °C for 17 h. The solution was concentrated under reduced pressure.
The crude material was purified by column chromatography (silica gel, petroleum ether / ethyl acetate =
10/1 to 3/1) to give 4-(3,4-difluorobenzyl)piperidine-1-carbonitrile (1.8 g, 7.63 mmol, 76%) as a brown solid.
LCMS (ESI) m/z: 237.1 [M+H]*.

Step 2: Preparation of 6-(5-(4-(3,4-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-3-yl)-2-methylpyridazin-
3(2H)-one
o]

N—Q N
N =

F N

N, -

N
(¢]
F
To a solution of N-hydroxy-1-methyl-6-oxo-1,6-dihydropyridazine-3-carboximidamide (257 mg,
1.53 mmol) and 4-(3,5-difluorobenzyl)piperidine-1-carbonitrile (300 mg, 1.27 mmol) in ethanol (10 mL) was

added zinc chloride (346 mg, 2.54 mmol). The solution was stirred at 25 °C for 2 h, then concentrated
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hydrochloric acid (0.7 mL) was added. The solution was heated to 85 °C for 17 h. The solution was diluted
with water (50 mL) and extracted with ethyl acetate (50 mL x 2). The combined organic layers were washed
with brine (50 mL), dried over sodium sulfate, filtered and concentrated in vacuo. The crude sample was
dissolved in the minimum amount of N, N-dimethylformamide and purified via prep-HPLC (Sunfire prep C18,
10 um, 19 x 250 mm; mobile phase: [water (0.05% trifluoroacetic acid)-acetonitrile]; B%: 40-50%, 8 min) to
give 6-(5-(4-(3,4-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-3-yl)-2-methylpyridazin-3(2H)-one a white
solid (251 mg, 0.65 mmol, 51%). '"H NMR (400 MHz, Dimethylsulfoxide-ds) & 7.82 (d, J = 10.0 Hz, 1H),
7.27-7.38 (m, 2H), 7.05 (d, J =10.0 Hz, 1H), 4.03 (d, J = 13.2 Hz, 2H), 3.73 (s, 3H), 3.13 (t, J = 11.2 Hz,
2H), 2.55 (d, J = 7.2 Hz, 2H), 1.79-1.84 (m, 1H), 1.67 (d, J = 12.4 Hz, 2H), 1.18-1.29 (m, 2H); LCMS (ESI)
m/z: 388.2 [M+H]*.

Example 69. Preparation of 6-(5-(4-(3,5-difluorobenzyl)piperidin-1-yl)-1,3,4-oxadiazol-2-yl)-2-
methylpyridazin-3(2H)-one (Compound 118)

0._0O 0w O Os_NHNH,
K,COj3, DMF H,NNH5H,0, MeOH Triphosgene, DIPEA
[N Mei2sec,1en [N %07C18M N THF, 25°C, 16 h
NH N N\
(0] (o) o
F
BOP, DIPEA
] e
Ph,O, DMF E o /N
NH 2p0c, 2h
\N\
F e
0

Step 1: Preparation of methyl 1-methyl-6-oxo-1,6-dihydropyridazine-3-carboxylate

To a solution of methyl 6-0xo-1,6-dihydropyridazine-3-carboxylate (10 g, 64.9 mmol) and
potassium carbonate (17.9 g, 130 mmol) in N,N-dimethylformamide (100 mL) at 25 °C was added
iodomethane (9.2 g, 64.9 mmol). The mixture was stirred at 25 °C for 16 h. The reaction was diluted with
ethyl acetate (500 mL) and washed with water (200 mL) and aqueous sodium chloride (200 mL). The
combined organic layers were dried over sodium sulfate, filtered and concentrated. The crude material
was purified by column chromatography (silica gel, petroleum ether / ethyl acetate = 1/2) to give methyl 1-
methyl-6-oxo-1,6-dihydropyridazine-3-carboxylate (4.2 g, 25.0 mmol, 39%) as a white solid. LCMS (ESI)

miz: 169.0 [M+H].
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Step 2: Preparation of 1-methyl-6-oxo0-1,6-dihydropyridazine-3-carbohydrazide
Os_NHNH,

To a solution of methyl 6-0xo-1,6-dihydropyridazine-3-carboxylate (3.6 g, 21.4 mmol) in methanol
(20 mL) at 20 °C was added hydrazine monohydrate (5 mL). The mixture was heated to 90 °C and stirred
for 4 h. The reaction mixture was cooled to 20 °C and filtered. The solid was washed with methanol and
dried to give 1-methyl-6-oxo0-1,6-dihydropyridazine-3-carbohydrazide (1.9 g, 11.3 mmol, 53%) as a white
solid.

Step 3: Preparation of 5-(1-methyl-6-o0xo-1,6-dihydropyridazin-3-yl)-1,3,4-oxadiazol-2(3H)-one

To a solution of 1-methyl-6-oxo0-1,6-dihydropyridazine-3-carbohydrazide (1.7 g, 10.1 mmol) and
diisopropylethylamine (2.61 g, 20.2 mmol) in dichloromethane (100 mL) was added a solution of
triphosgene (3.27 g, 11.13 mmol) in dichloromethane (10 mL). The mixture was stirred at 25 °C for2 h
and filtered. The solid was washed with dichloromethane to give 5-(1-methyl-6-oxo-1,6-dihydropyridazin-
3-yD)-1,3,4-oxadiazol-2(3H)-one (1.5 g) as a white solid. This material was used in the next step without
further purification. LCMS (ESI) m/z: 195.0 [M+H]*.

Step 4: Preparation of 4-(3,5-difluorobenzyl)piperidine

F
ene!
F
A solution of fert-butyl 4-(3,5-difluorobenzyl)piperidine-1-carboxylate (2.5 g, 8.03 mmol) and
hydrochloric acid in 1,4-dioxane (12.0 mL, 48.0 mmol, 4 M) was stirred at 20 °C for 2 h. The reaction
solution was concentrated in vacuo. The crude material was dissolved in dichloromethane (50 mL) and
washed with aqueous sodium bicarbonate (50 mL). The combined organic layers were dried over sodium

sulfate, filtered and concentrated to give crude 4-(3,5-difluorobenzyl)piperidine (1.5 g, crude) as a
colorless oil. LCMS (ESI) m/z: 212.3 [M+H]*.
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Step 5: Preparation of 6-(5-(4-(3,5-difluorobenzyl)piperidin-1-yl)-1,3,4-oxadiazol-2-yl)-2-methylpyridazin-
3(2H)-one

To a solution of 5-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl)-1,3,4-oxadiazol-2(3H)-one (100 mg,
0.515 mmol), 4-(3,5-difluorobenzyl)piperidine (218 mg, 1.03 mmol),
(benzotriazol1 yloxy)tris(dimethylamino)phosphonium hexafluorophosphate (251 mg, 0.567) and diphenyl
ether (175 mg, 1.03 mmol) in N,N-dimethylformamide (6 mL) at 20 °C was added diisopropylethylamine
(133 mg, 1.03 mmol). The mixture was stirred at 20 °C for 2 h. The reaction was diluted with ethyl acetate
(100 mL) and washed with water (50 mL) followed by brine (50 mL). The combined organic layers were
concentrated under reduced pressure. The crude sample was dissolved in the minimum amount of N, V-
dimethylformamide and purified by prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column,
acetonitrile/10 mM ammonium acetate aqueous solution) to give 6-(5-(4-(3,5-difluorobenzyl)piperidin-1-
y)-1,3,4-oxadiazol-2-yl)-2-methylpyridazin-3(2H)-one (42.8 mg, 0.111 mmol, 11%) as a white solid. 'H
NMR (400 MHz, Dimethylsulfoxide-ds) 8 7.93 (d, J = 10.0 Hz, 1H), 7.09-6.96 (m, 4H),3.92 (d, J=124
Hz, 2H), 3.71 (s, 3H), 3.10-3.04 (m, 2H), 2.59 (d, J = 7.2 Hz, 2H), 1.86-1.81 (m, 1H), 1.66 (d, J =12.4 Hz,
2H), 1.31-1.21 (m, 2H); LCMS (ESI) m/z: 388.2 [M+H]*.

Example 70. Preparation of 6-(5-(4-(3-fluorobenzyl)piperidin-1-yl)-1,3,4-oxadiazol-2-yl)-2-

F
BOP, DIPEA
NN
=N\

Ph,O, DMF N
20°C, 2 h o

methylpyridazin-3(2H)-one (Compound 119)
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Step 1: Preparation of 6-(5-(4-(3-fluorobenzyl)piperidin-1-yl)-1,3,4-oxadiazol-2-yl)-2-methylpyridazin-3(2H)-
one

To a solution of 5-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-1,3,4-oxadiazol-2(3H)-one (200 mg,
5 1.03 mmol), 4-(3-fluorobenzyl)piperidine (398 mg, 2.06 mmol),

(benzotriazol1yloxy)tris(dimethylamino)phosphonium hexafluorophosphate (502 mg, 1.13) and diphenyl
ether (350 mg, 2.06 mmol) in N, N-dimethylformamide (6 mL) at 20 °C was added diisopropylethylamine
(266 mg, 2.06 mmol). The mixture was stirred at 20 °C for 2 h before it was diluted with ethyl acetate (100
mL). The organic layer was washed with water (50 mL) followed by brine (50 mL) and concentrated under

10 reduced pressure. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide
and purified by prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column, acetonitrile/10 mM ammonium
acetate aqueous solution) to give 6-(5-(4-(3-fluorobenzyl)piperidin-1-yl)-1,3,4-oxadiazol-2-yl)-2-
methylpyridazin-3(2H)-one (87.5 mg, 0.237 mmol, 23%) as a white solid. "H NMR (400 MHz,
Dimethylsulfoxide-de) & 7.93 (d, J = 10.0 Hz, 1H), 7.34 (q, J = 7.2 Hz, 1H), 7.09-7.01 (m, 4H), 3.92 (d, J =

15  13.2 Hz, 2H), 3.71 (s, 3H), 3.07 (t, J =11.4 Hz, 2H), 2.57 (d, J = 7.2 Hz, 2H), 1.82-1.80 (m, 1H), 1.67 (d, J
=12.4 Hz, 2H), 1.31-1.21 (m, 2H); LCMS (ESI) m/z: 370.1 [M+H]*.

Example 71. Preparation of 6-(3-(4-(3,5-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-5-yl)-2-
methylpyridazin-3(2H)-one (Compound 115)

1)8-BBN, THF, 65°C,2h F HCI, 1,4-dioxane
[o}
NB°° 2) Pd(dppf)Clx*CH.Cl; \Q/\Q‘IBOC 25°C, 3h
K,COj3, DMF, H,0

F
60°C,20 h

DIPEA, CH,Cl, F\©/\© K,CO3, ethanol, H,0
N<
THF, 25°C, 17 h F CN 90°C,17h

F
(0] \@/\G
N._N
N
=N NEts, THF T o

00 80°C, 17 h =N
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Step 1: Preparation of fert-butyl 4-(3,5-difluorobenzyl)piperidine-1-carboxylate
F

NBoc

F

To a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran (100 mL, 50 mmol, 0.5 M) at 25 °C
was added fert-butyl 4-methylenepiperidine-1-carboxylate (9.9 g, 50 mmol) under argon. The mixture was
heated at 65 °C for 2 h. The mixture was cooled to 25 °C and added to a solution of 1,3-difluoro-5-
iodobenzene (12.0 g, 50 mmol), potassium carbonate (8.98 g, 65 mmol) and 1,1’-
bis(diphenylphosphino)ferrocene-palladium(ll)dichloride dichloromethane complex (2.0 g, 2.5 mmol) in
N, N-dimethylformamide/water (80 mL/8 mL). The resulting mixture was heated at 60 °C for 20 h. The
reaction mixture was quenched with 1 N aqueous sodium hydroxide solution and stirred at 25 °C for 1 h.
The mixture was diluted with ethyl acetate (800 mL) and washed with brine (500 mL x 3). The combined
organic layers were dried over sodium sulfate, filtered and concentrated under reduced pressure. The
crude residue was purified by column chromatography (silica gel, petroleum ether / ethyl acetate = 60/1 to
50/1) to give tert-butyl 4-(3,5-difluorobenzyl)piperidine-1-carboxylate as a yellow solid (8.0 g, 25.7 mmol,
52%). LCMS (ESI) m/z: 256.3 [M-56+H]*.

Step 2: Preparation of 4-(3,5-difluorobenzyl)piperidine
F

F
A solution of fert-butyl 4-(3,5-difluorobenzyl)piperidine-1-carboxylate(8 g, 25.7 mmol) in
hydrochloric acid in 1,4-dioxane (20 mL, 4 M) was stirred at 25 °C for 3 h under nitrogen. The mixture was
concentrated under reduced pressure. The crude residue was purified by column chromatography (silica
gel, dichloromethane/methanol = 20/1) to give 4-(3,5-difluorobenzyl)piperidine (5.2 g, 24.6 mmol, 96%) as
a yellow oil. LCMS (ESI) m/z: 212.1 [M+H]*.

Step 3: Preparation of 4-(3,5-difluorobenzyl)piperidine-1-carbonitrile
F

N\
CN

F

To a solution of 4-(3,5-difluorobenzyl)piperidine (5.0 g, 23.7 mmol) in tetrahydrofuran (40 mL) and
dichloromethane (40 mL) under argon was added N, N-diisopropylethylamine (9.2 g, 71.1 mmol) and
cyanogen bromide (2.5 g, 23.7 mmol). The mixture was stirred at 25 °C for 17 h. The reaction mixture
was washed with water (40 mL x 2) followed by brine (40 mL). The combined organic layers were dried
over sodium sulfate, filtered and concentrated under reduced pressure. The crude 4-(3,5-
difluorobenzyl)piperidine-1-carbonitrile (4.8 g, crude) was used in the next step without further purification.
LCMS (ESI) m/z: 237.1 [M+H]*.
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Step 4: Preparation of 4-(3,5-difluorobenzyl)-N-hydroxypiperidine-1-carboximidamide
F

N.__NH

HN.
OH

To a solution of 4-(3,5-difluorobenzyl)piperidine-1-carbonitrile (4.7 g, 19.9 mmol) in ethanol (35
mL) and water (50 mL) under argon was added hydroxyiaming hydrochloride (2.7 g, 39.8 mmol) and
potassium carbonate (8.2 g, 59.7 mmol). The mixture was stirred at 90 °C for 5 h then cooled to 25 °C.
After 17 h, the reaction mixture was concentrated in vacuo. The crude material was treated with water (40
mL) and extracted with ethyl acetate (10 mL x 3). The combined organic layers were washed with brine
(10 mL), dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by column chromatography (silica gel, dichloromethane/methanol = 30/1) to give 4-(3,5-
difluorobenzyl)-N-hydroxypiperidine-1-carboximidamide (1.1 g, 4.1 mmol, 21%) as a white solid. LCMS
(ESI) m/z: 270.1 [M+H]*.

Step 5: Preparation of 6-(3-(4-(3,5-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-5-yl)-2-methylpyridazin-
3(2H)-one

A solution of 1-methyl-6-0xo0-1,6-dihydropyridazine-3-carboxylic acid (114 mg, 0.74 mmol) in
thionyl chloride (8 mL) under argon was stirred at 80 °C for 2 h. The reaction mixture was concentrated in
vacuo. The crude residue was dissolved in tetrahydrofuran (5 mL) and added dropwise to a solution of 4-
(3,5-difluorobenzyl)-N-hydroxypiperidine-1-carboximidamide (200 mg, 0.74 mmol) and triethylamine (224
mg, 2.22 mmol) in tetrahydrofuran (15 mL) at 0 °C under argon. The mixture was stirred at 80 °C for 17 h
and then concentrated in vacuo. The crude sample was dissolved in the minimum amount of N,N-
dimethylformamide and purified via prep-HPLC (Boston C18, 10 ym, 21 mm x 250 mm column;
acetonitrile/0.01% aqueous trifluoroacetic acid) to give 6-(3-(4-(3,5-difluorobenzyl)piperidin-1-yl)-1,2,4-
oxadiazol-5-yl)-2-methylpyridazin-3(2H)-one as a white solid (16.9 mg, 0.04 mmol, 6%). 'H NMR (400
MHz, Dimethylsulfoxide-ds) & 7.95 (d, J = 9.7 Hz, 1H), 7.18 —6.91 (m, 4H), 3.90 (d, J = 12.8 Hz, 2H), 3.77
(s, 3H),2.92 (t, J =12.0 Hz, 2H), 2.58 (d, J = 7.2 Hz, 2H), 1.82 (s, 1H), 1.62 (d, J =13.0 Hz, 2H), 1.23 (d,
J =8.2 Hz, 2H); LCMS (ESI) m/z: 388.3 [M+H]*.
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Example 72. Preparation of 6-(3-(4-(3,5-difluorophenoxy)piperidin-1-yl)-1,2,4-oxadiazol-5-yl)-2-
methylpyridazin-3(2H)-one (Compound 111)

F OH
HO PPh3, DIAD HCI, 1,4-dioxane
+ \G NBoc ——
I NBoc THF 25 oC 16 h 25 OC, 3h

. o F 0 K,COs, NH,0H
DIPEA, CNBr \G
- = N~
NH CN EtOH, H,0
CH,Cl,, THF

90°C, 17 h
25°C,17 h

F F
ADAG
Et;N, THF \Q/ N\(/N‘o
NH \ F N=

0t080°C,17h

5 Step 1: Preparation of fert-butyl 4-(3,5-difluorophenoxy)piperidine-1-carboxylate

F o
\G\IBOC

F

A solution of 3,5-difluorophenol (1.7 g, 13.1 mmol), tert-butyl 4-hydroxypiperidine-1-carboxylate

(3.9 g, 19.6 mmol), triphenylphosphine (5.1 g, 19.6 mmol) and diisopropyl azodicarboxylate (3.9 g, 19.6
mmol) in tetrahydrofuran (30 mL) was stirred at 25 °C for 16 h under argon. The reaction mixture was

10 fitered and concentrated under reduced pressure. The residue was purified by column chromatography

(silica gel, petroleum ether / ethyl acetate = 50/1) to give fert-butyl 4-(3,5-difluorophenoxy)piperidine-1-
carboxylate (3.5 g, 11.2 mmol, 85%) as a yellow oil. LCMS (ESI) m/z: 258.2 [M-56+H]*.

Step 2: Preparation of 4-(3,5-difluorophenoxy)piperidine
F O
T
15 F
A solution of tert-butyl 4-(3,5-difluorophenoxy)piperidine-1-carboxylate (3.4 g, 10.9 mmol) and 4N
hydrochloric acid in 1,4-dioxane solution (40 mL) was stirred at 25 °C for 3 h under argon. The reaction
mixture was concentrated under reduced pressure. The crude residue was purified by column
chromatography (silica gel, dichloromethane/methanol = 15/1) to give 4-(3,5-difluocrophenoxy)piperidine

20 (2.1 g, 9.86 mmol, 91%) as a white solid . LCMS (ESI) m/z: 214.2 [M+H]*.Step 3: Preparation of 4-(3,5-

difluorophenoxy)piperidine-1-carbonitrile
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F 0
\G\I\CN

F

To a solution of 4-(3,5-difluorophenoxy)piperidine (2 g, 9.3 mmol) in tetrahydrofuran (20 mL) and
dichloromethane (20 mL) under argon was added N, N-diisopropylethylamine (3.6 g, 27.9 mmol) and
cyanogen bromide (985 mg, 9.3 mmol). The reaction mixture was stirred at 25 °C for 17 h. The reaction
solution was washed with water (10 mL x 2) followed by brine (10 mL). The combined organic layers were
dried over sodium sulfate, filtered and concentrated under reduced pressure to give 4-(3,5-
difluorophenoxy)piperidine-1-carbonitrile (1.8 g, 7.56 mmol, 82%) as a yellow oil. LCMS (ESI) m/z: 239.1
[M+H]*.

Step 4: Preparation of 4-(3,5-difluorophenoxy)-N-hydroxypiperidine-1-carboximidamide

HN(
OH

To a solution of 4-(3,5-difluorophenoxy)piperidine-1-carbonitrile (1.7 g, 7.1 mmol) in ethanol (21
mL) and water (30 mL) under argon was added hydroxylamine hydrochloride (980 mg, 14.2 mmol) and
potassium carbonate (2.9 g, 21.3 mmol). The mixture was stirred at 90 °C for 5 h and at 25 °C for 17 h.
The reaction solution was concentrated in vacuo. The residue was diluted with water (40 mL) and
extracted with ethyl acetate (10 mL x 3). The combined organic layers were washed with brine (10 mL),
dried over sodium sulfate, filtered and concentrated under reduced pressure. The crude material was
purified by column chromatography (silica gel, dichloromethane / methanol = 15/1) to give 4-(3,5-
difluorophenoxy)-N-hydroxypiperidine-1-carboximidamide (1.3 g, 4.79 mmol, 68%) as a white solid. LCMS
(ESI) m/z: 272.2 [M+H]*.

Step 5: Preparation of 6-(3-(4-(3,5-difluorophenoxy)piperidin-1-yl)-1,2,4-oxadiazol-5-yl)-2-methylpyridazin-

3(2H)-one
F. (0]
1@

N
T o
N\

A solution of 1-methyl-6-0xo0-1,6-dihydropyridazine-3-carboxylic acid (91 mg, 0.59 mmol) and
thionyl chloride (6 mL) was stirred at 80 °C for 2 h under argon. The reaction mixture was concentrated in
vacuo. The crude solid was dissolved in tetrahydrofuran (5 mL) and added dropwise to a solution of 4-
(3,5-difluorophenoxy)-N-hydroxypiperidine-1-carboximidamide (160 mg, 0.59 mmol) and triethylamine
(179 mg, 1.77 mmol) in tetrahydrofuran (15 mL) under argon at 0 °C. The reaction mixture was stirred at

80 °C for 17 h and concentrated in vacuo. The crude sample was dissolved in the minimum amount of
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N, N-dimethylformamide and purified via prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column,
acetonitrile/0.01% aqueous formic acid) to give 6-(3-(4-(3,5-difluorophenoxy)piperidin-1-yl)-1,2,4-
oxadiazol-5-yl)-2-methylpyridazin-3(2H)-one (47 mg, 0.12 mmol, 21%) as a white solid. "H NMR (400
MHz, Dimethylsulfoxide-ds) 8 7.97 (d, J =9.7 Hz, 1H), 7.11 (d, J = 9.7 Hz, 1H), 6.88 — 6.69 (m, 3H), 4.81
—4.60 (m, 1H), 3.84 — 3.61 (m, 5H), 3.46 — 3.37 (m, 2H), 2.05 (dd, J =12.3, 5.6 Hz, 2H), 1.77 — 1.60 (m,
2H); LCMS (ESI) m/z: 389.9 [M+H]*.

Example 73. Preparation of 6-(3-(4-benzylpiperidin-1-yl)-1,2,4-oxadiazol-5-yl)-2-methylpyridazin-
3(2H)-one (Compound 113)

©/\G DIPEA, BrCN ©/\G K>CO3, NH,0H
NH N.
CN ethanol, H,0

CH,Cl,, THF 2
25°C, 17 h 90°C,

N. NEt3;, THF \(/ O
N. _NH HO ~ N N=
X

.
o 0t080°C,17h =N
HN\OH \ N—

Step 1: Preparation of 4-benzylpiperidine-1-carbonitrile

©/\O\I\CN

To a solution of 4-benzylpiperidine (3.0 g, 17.1 mmol) in tetrahydrofuran (30 mL) and
dichloromethane (30 mL) under argon was added N, N-diisopropylethylamine (5.2 g, 51.3 mmol) and
cyanogen bromide (1.8 g, 17.1 mmol). The mixture was stirred at 25 °C for 17 h. The reaction mixture
was diluted with dichloromethane (20 mL) and washed with water (40 mL) and brine. The combined
organic layers were dried over sodium sulfate, filtered and concentrated under reduced pressure. The
crude 4-benzylpiperidine-1-carbonitrile (2.8 g, crude) was used in the next step without further
purification. LCMS (ESI) m/z: 201.2 [M+H]*.

Step 2: Preparation of 4-benzyl-N-hydroxypiperidine-1-carboximidamide

O
HN\OH
To a solution of 4-benzylpiperidine-1-carbonitrile (2.7 g, 13.5 mmol) in ethanol (35 mL) and water
(50 mL) under argon was added hydroxylamine hydroohiornide (1.9 g, 27.0 mmol) and potassium
carbonate (5.6 g, 40.5 mmol). The mixture was stirred at 90 °C for 5 h and then cooled to 25 °C and
stirred for 17 h. The reaction mixture was concentrated in vacuo and diluted with water (40 mL). The

aqueous layer was extracted with ethyl acetate (10 mL x 3). The combined organic layers were washed
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with brine (10 mL), dried over sodium sulfate, filtered and concentrated under reduced pressure. The
residue was purified by column chromatography (silica gel, dichloromethane/methanol = 20/1) to give 4-
benzyl-N-hydroxypiperidine-1-carboximidamide (0.9 g, 3.9 mmol, 29%) as a white solid. LCMS (ESI) m/z:
234.2 [M+H]*.

Step 3: Preparation of 6-(3-(4-benzylpiperidin-1-yl)-1,2,4-oxadiazol-5-yl)-2-methylpyridazin-3(2H)-one

N
- N
T
=N
\ N—
(o]

To a solution of 1-methyl-6-oxo-1,6-dihydropyridazine-3-carboxylic acid (132 mg, 0.86 mmol) in
thionyl chloride (8 mL) under argon. The mixture was stirred at 80 °C for 2 h and concentrated in vacuo.
The crude product (132 mg) was used in the next step without further purification. The crude residue in
tetrahydrofuran (5 mL) was added dropwise to a solution of 4-benzyl-N-hydroxypiperidine-1-
carboximidamide (200 mg, 0.86 mmol) in tetrahydrofuran (20 mL) under argon at 0 °C was added
triethylamine (261 mg, 2.58 mmol). The mixture was stirred at 80 °C for 17 h and concentrated in vacuo.
The crude sample was dissolved in the minimum amount of N, N-dimethylformamide and purified via prep-
HPLC (Boston C18, 10 ym, 21 mm x 250 mm column; acetonitrile/0.01% aqueous formic acid) to give 6-
(3-(4-benzylpiperidin-1-yl)-1,2,4-oxadiazol-5-yl)-2-methylpyridazin-3(2H)-one (30 mg, 0.08 mmol, 10%) as
a white solid. '"H NMR (400 MHz, Dimethylsulfoxide-de) 8 7.95 (d, J =9.7 Hz, 1H), 7.36 — 7.24 (m, 2H),
7.19(,J=7.9Hz 3H),7.10(d, J =9.7 Hz, 1H), 3.89 (d, J =13.1 Hz, 2H), 3.76 (s, 3H), 291 (t, J=11.4
Hz, 2H), 2.54 (d, J = 7.2 Hz, 2H), 1.76 (s, 1H), 1.65 (d, J =13.0 Hz, 2H), 1.24 (t, J = 10.0 Hz, 2H) ; LCMS
(ESI) m/z: 352.3 [M+H]*.

Example 74. Preparation of 6-(3-(4-(3,4-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-5-yl)-2-
methylpyridazin-3(2H)-one (Compound 116)

. . F. DIPEA, BrCN
FD/I T) 1) 9-BBN,THF, 65°C, 2 h HCl in 1,4-dioxane
+ o NH
F NBoc 2) Pd(dppf)Cly *CHoCly NBoc 25°C,3h F CHZDCIZ, THF
K2CO3, DMF, H,O 25°C,17h

F
60°C, 20 h :@AO
NN
NEt3 THF F F o
F K,CO3, NH,OH D/\O N
m\ NH o 01080°C,17h
F N

ethanol, H;O
90°C,17h O

Step 1: Preparation of tert-butyl 4-(3,4-difluorobenzyl)piperidine-1-carboxylate

FD/\(/\‘
NB
F oC

To a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran (100 mL, 50 mmol, 0.5 M) at 25 °C

was added fert-butyl 4-methylenepiperidine-1-carboxylate (9.9 g, 50 mmol) under argon. The mixture was
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stirred at 65 °C for 2 h. The mixture was cooled to 25 °C and added to a solution of 1,2-difluoro-4-
iodobenzene (12.0 g, 50 mmol), potassium carbonate (8.98 g, 65 mmol) and 1,1’-
bis(diphenylphosphino)ferrocene-palladium(ll)dichloride dichloromethane complex (2.0 g, 2.5 mmol) in

N, N-dimethylformamide/water (80 mL/8 mL) at 25 °C. The reaction mixture was heated at 60 °C for 20 h
before 1 V sodium hydroxide solution was added and stirred at 25 °C for 1 h. The reaction was diluted
with ethyl acetate (800 mL) and washed with brine (500 mL x 3). The combined organic layers were dried
over sodium sulfate, filtered and concentrated under reduced pressure. The crude residue was purified by
column chromatography (silica gel, petroleum ether / ethyl acetate = 20/1 to 10/1) to give tert-butyl 4-(3,4-
difluorobenzyl)piperidine-1-carboxylate (7.5 g, 24.1 mmol, 48%) as a yellow solid. LCMS (ESI) m/z: 256.0
[M-56+H]"*.

Step 2: Preparation of 4-(3,4-difluorobenzyl)piperidine

FD/\O
NH
F

A solution of tert-butyl 4-(3,4-difluorobenzyl)piperidine-1-carboxylate (7.3 g, 23.5 mmol) in
hydrochloric acid in 1,4-dioxane (20 mL, 4 M) was stirred at 25 °C for 3 h under nitrogen. The reaction
solution was concentrated under reduced pressure. The crude residue was purified by column
chromatography (silica gel, dichloromethane/methanol = 20/1) to give 4-(3,4-difluorobenzyl)piperidine (4.2
g, 19.9 mmol, 86%). as a yellow oil. LCMS (ESI) m/z: 212.3 [M+H]*.

Step 3: Preparation of 4-(3,4-difluorobenzyl)piperidine-1-carbonitrile

JOAe
F N\CN

To a solution of 4-(3,4-difluorobenzyl)piperidine (2 g, 9.48 mmol) in tetrahydrofuran (20 mL) and
dichloromethane (20 mL) under argon was added N, N-diisopropylethylamine (3.7g, 28.4 mmol) and
cyanogen bromide (1.0 g, 9.48 mmol). The mixture was stirred at 25 °C for 17 h. The reaction mixture
was washed with water (30 mL x 2) and brine (20 mL). The combined organic layers were dried over
sodium sulfate, filtered and concentrated under reduced pressure. The crude 4-(3,4-
difluorobenzyl)piperidine-1-carbonitrile (1.9 g, crude) was used in the next step without further purification.
LCMS (ESI) m/z: 237.3 [M+H]*.

Step 4: Preparation of 4-(3,4-difluorobenzyl)-N-hydroxypiperidine-1-carboximidamide

F
O
HN\OH
To a solution of 4-(3,4-difluorobenzyl)piperidine-1-carbonitrile (1.9 g, 8.05 mmol) in ethanol
(14mL) and water (20 mL) under argon was added hydroxylaming hydrochioride (1.1 g, 16.1 mmol) and
potassium carbonate (3.3 g, 24.1 mmol). The mixture was stirred at 90 °C for 5 h and at 25 °C for 17 h.
The reaction solution was concentrated in vacuo and then diluted with water (40 mL). The aqueous layer
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was extracted with ethyl acetate (10 mL x 3). The combined organic layers were washed with brine (10
mL), dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by column chromatography (silica gel, dichloromethane/methanol =20/1) to give 4-(3,4-

difluorobenzyl)-N-hydroxypiperidine-1-carboximidamide (0.7 g, 2.6 mmol, 33%) as a yellow solid. LCMS
(ESI) m/z: 270.2 [M+H]*.

Step 5: Preparation of 6-(3-(4-(3,4-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-5-yl)-2-methylpyridazin-
3(2H)-one

A solution of 1-methyl-6-0xo-1,6-dihydropyridazine-3-carboxylic acid (114 mg, 0.74 mmol) in
thionyl chloride (8 mL) was stirred at 80 °C for 2 h. The reaction was cooled and then concentrated in
vacuo. The crude material was dissolved in tetrahydrofuran (5 mL) and added dropwise to a solution of 4-
(3,4-difluorobenzyl)-N-hydroxypiperidine-1-carboximidamide (200 mg, 0.74 mmol) and triethylamine (224
mg, 2.22 mmol) in tetrahydrofuran (15 mL) at 0 °C under argon. The mixture was stirred at 80 °C for 17 h
and then concentrated in vacuo. The crude sample was dissolved in the minimum amount of N,/N-
dimethylformamide and purified via prep-HPLC (Boston C18, 10 ym, 21 mm x 250 mm column;
acetonitrile/0.01% aqueous formic acid) to give 6-(3-(4-(3,4-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-
5-yl)-2-methylpyridazin-3(2H)-one as a white solid (5.6 mg, 0.01 mmol, 2%). "H NMR (400 MHz,
Dimethylsulfoxide-de) 8 7.96 (d, J = 9.7 Hz, 1H), 7.43 - 7.24 (m, 2H), 7.17 — 6.96 (m, 2H), 3.90 (d, J =
12.8 Hz, 2H), 3.77 (s, 3H), 2.92 (t, J =11.7 Hz, 2H), 2.55 (d, J = 7.1 Hz, 2H), 1.78 (s, 1H), 1.63 (d, J =
12.5 Hz, 2H), 1.25 (d, J =10.4 Hz, 2H); LCMS (ESI) m/z: 388.0 [M+H]*.

Example 75. Preparation of 5-(3-(4-(3,5-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-5-yl)-1-
methylpyridin-2(7H)-one (Compound 17)

F I . \O 1) 9-BBN.THF, 65°C, 2h HCI, 1,4-dioxane F: DIPEA, BrcN

NBOC 2) pa(dppf)Cly *CH,Cly \Q/\Gmoc 25°C, 3h NH CHIGL. THF

F K,CO3, DMF, H,0 F 2500"1”
60°C,20h :

E
N N
K,CO3, NH,OH \Q/\O )
F 2CO3, NHy NEts, THF F \I\\I/\
N / - -
~ thanol, H,0 -
CN  ethanal Mo o 0080°C. 17h

£ 90°C,17h
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Step 1: Preparation of fert-butyl 4-(3,5-difluorobenzyl)piperidine-1-carboxylate

F
\Q/\O\IBOC

F
To a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran (100 mL, 50 mmol, 0.5 M) at 25 °C
was added fert-butyl 4-methylenepiperidine-1-carboxylate (9.9 g, 50 mmol) under argon. The mixture was
stirred at 65 °C for 2 h. The mixture was cooled to 25 °C and added to a solution of 1,3-difluoro-5-
iodobenzene (12.0 g, 50 mmol), potassium carbonate (8.98 g, 65 mmol) and 1,1'-
bis(diphenylphosphino)ferrocene-palladium(ll)dichloride dichloromethane complex (2.0 g, 2.5 mmol) in
N, N-dimethylformamide/water (80 mL/8 mL) at 25 °C. The resulting mixture was heated at 60 °C for 20 h.
The reaction mixture was quenched with 1 N sodium hydroxide solution and stirred at 25 °C for 1 h. The
mixture was diluted with ethyl acetate (800 mL) and washed with brine (500 mL x 3). The combined
organic layers were dried over sodium sulfate, filtered and concentrated under reduced pressure. The
crude residue was purified by column chromatography (silica gel, petroleum ether / ethyl acetate = 60/1 to
50/1) to give fert-butyl 4-(3,5-difluorobenzyl)piperidine-1-carboxylate (8.0 g, 25.7 mmol, 52%) as a yellow
solid. LCMS (ESI) m/z: 256.3 [M-56+H]*.

Step 2: Preparation of 4-(3,5-difluorobenzyl)piperidine

F
jene!
F
A solution of fert-butyl 4-(3,5-difluorobenzyl)piperidine-1-carboxylate (8 g, 25.7 mmol) in
hydrochloric acid in 1,4-dioxane (20 mL, 4 M) was stirred at 25 °C for 3 h under nitrogen. The reaction
mixture was concentrated under reduced pressure. The crude residue was purified by column

chromatography (silica gel, dichloromethane/methanol = 20/1) to give 4-(3,5-difluorobenzyl)piperidine as
a yellow oil (5.2 g, 24.6 mmol, 96%). LCMS (ESI) m/z: 212.1 [M+H]*.

Step 3: Preparation of 4-(3,5-difluorobenzyl)piperidine-1-carbonitrile
F

N.
CN

F

To a solution of 4-(3,5-difluorobenzyl)piperidine (5 g, 23.7 mmol) in tetrahydrofuran (40 mL) and
dichloromethane (40 mL) under argon was added N, N-diisopropylethylamine (9.2 g, 71.1 mmol) and
cyanogen bromide (2.5 g, 23.7 mmol). The mixture was stirred at 25 °C for 17 h. The reaction mixture
was washed with water (40 mL x 2) and brine (40 mL). The combined organic layers were dried over
sodium sulfate, filtered and concentrated under reduced pressure. The crude 4-(3,5-
difluorobenzyl)piperidine-1-carbonitrile (4.8 g, crude) was used in the next step without further purification.
LCMS (ESI) m/z: 237.1 [M+H]*.
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Step 4: Preparation of 4-(3,5-difluorobenzyl)-N-hydroxypiperidine-1-carboximidamide

gegew

HN\OH

To a solution of 4-(3,5-difluorobenzyl)piperidine-1-carbonitrile (4.7 g, 19.9 mmol) in ethanol (35 mL) and
water (50 mL) under argon was added hydroxyiaming hydrochloride (2.7 g, 39.8 mmol) and potassium
carbonate (8.2 g, 59.7 mmol). The mixture was stirred at 90 °C for 5 h and at 25 °C for 17 h. The reaction
solution was concentrated in vacuo. The residue was diluted with water (40 mL) and extracted with ethyl
acetate (10 mL x 3). The combined organic layers were washed with brine (10 mL), dried over sodium
sulfate, filtered and concentrated under reduced pressure. The crude product was purified by column
chromatography (silica gel, dichloromethane/methanol = 30/1) to give 4-(3,5-difluorobenzyl)-/N-
hydroxypiperidine-1-carboximidamide (1.1 g, 4.1 mmol, 21%) as a white solid. LCMS (ESI) m/z: 270.1
[M+H]*.

Step 5: Preparation of 5-(3-(4-(3,5-difluorobenzyl)piperidin-1-yl)-1,2,4-oxadiazol-5-yl)-1-methylpyridin-
2(1H)-one

A solution of 1-methyl-6-0x0-1,6-dihydropyridine-3-carbonyl chloride (127 mg, 0.74 mmol) in
tetrahydrofuran (5 mL) at 0 °C was added dropwise to a solution of 4-(3,5-difluorobenzyl)-/V-
hydroxypiperidine-1-carboximidamide (200 mg, 0.74 mmol) and triethylamine (224 mg, 2.22 mmol) in
tetrahydrofuran (15 mL) under argon. The mixture was stirred at 80 °C for 17 h and concentrated in
vacuo. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide and purified
via prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column; acetonitrile/0.01% aqueous formic acid) to
give 5-(3-(4-(3,5-difluorobenzyl)piperidin-1-yl)-1,2 4-oxadiazol-5-yl)-1-methylpyridin-2(7H)-one (31 mg,
0.08 mmol, 11%) as a white solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) & 8.65 (d, J = 2.3 Hz, 1H),
7.87 (dd, J =9.5, 2.5 Hz, 1H), 7.11 - 6.83 (m, 3H), 6.52 (d, J = 9.5 Hz, 1H), 3.88 (d, J = 12.8 Hz, 2H),
3.54 (s, 3H), 2.88 (t, J =11.5 Hz, 2H), 2.57 (d, J = 7.2 Hz, 2H), 1.80 (s, 1H), 1.61 (d, J =12.0 Hz, 2H),
1.23 (t, J =10.4 Hz, 2H); LCMS (ESI) m/z: 387.2 [M+H]".
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Example 76. Preparation of 4-fluoro-4-(3-fluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide (Compound 45)

o
MgCl F \p DAST, CH,Cl, F "
h F THF \©/\|© _DAST, CH,Cly
+ °
N. O -78t025°C,2h
N 01025°C, 16 h Y
]
Boc \{/0 \{/O
E F
Triphosgene \O/\@ H
Pyridine, CH,CI

HCI, 1,4-dioxane \L/g Zynidine, LH N\n/N /N‘N/
259C 4 h NH HCI 6010 25°C, 16 h o L/J%o

Step 1: Preparation of tert-butyl 4-(3-fluorobenzyl)-4-hydroxypiperidine-1-carboxylate

OH

OA(;Y

To a solution of (3-fluorobenzyl)magnesium chloride (0.5 M in tetrahydrofuran, 12 mL, 6 mmol) in

dry tetrahydrofuran (20 mL) at 0 °C, was added a solution of tert-butyl 4-oxopiperidine-1-carboxylate (1 g,
5 mmol) in dry tetrahydrofuran (10 mL) dropwise under argon. The reaction mixture was stirred at 25 °C
for 16 h. The reaction was quenched with aqueous ammonium chloride solution, diluted with ethyl
acetate/water (20 mL/20 mL) and extracted with ethyl acetate (30 mL x 2). The combined organic layers
were washed with brine (50 mL), dried over sodium sulfate, filtered and concentrated under reduced
pressure. The crude residue was purified by Combi-Flash (Biotage, 40 g silica gel, eluted with ethyl
acetate in petroleum ether from 30% to 40%) to give tert-butyl 4-(3-fluorobenzyl)-4-hydroxypiperidine-1-
carboxylate (0.65 g, 2.1 mmol, 42%) as a colorless oil. '"H NMR (400 MHz, Chloroform-d) 6 7.28-7.35 (m,
1H), 6.90-7.03 (m, 3H), 3.78-4.04 (m, 2H), 3.02-3.21 (m, 2H), 2.77 (s, 2H), 1.41-1.54 (m, 13H); LCMS
(ESI) m/z: 236.1 [M-56+H]*.

Step 2: Preparation of fert-butyl 4-fluoro-4-(3-fluorobenzyl)piperidine-1-carboxylate
F

F
T 0L
\~/o
To a solution of diethylamino sulfur trifluoride (0.57 mL, 4.33 mmol) in dry dichloromethane (20
mL), cooled to -78 °C, was added a solution of tert-butyl 4-(3-fluorobenzyl)-4-hydroxypiperidine-1-
carboxylate (0.67 g, 2.17 mmol) in dry dichloromethane (10 mL) dropwise under nitrogen. After the
addition, the reaction was warmed to ambient temperature and stirred for 2 h. The reaction was quenched
with saturated sodium bicarbonate aqueous solution and extracted with dichloromethane (30 mL x 2). The
combined organic layers were washed with brine (40 mL), dried over sodium sulfate, filtered and

concentrated under reduced pressure. The residue was purified by Combi-Flash (Biotage, 40 g silica gel,

eluted with ethyl acetate in petroleum ether from 5% to 10%) to give fert-butyl 4-fluoro-4-(3-
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fluorobenzyl)piperidine-1-carboxylate (0.32 g, 1.03 mmol, 48%) as colorless oil. "H NMR (400 MHz,
Dimethylsulfoxide-de) 8 7.29-7.42 (m, 1H), 6.98-7.15 (m, 3H), 3.70-3.85 (m, 2H), 2.81-3.04 (m, 4H), 1.48-
1.68 (m, 4H), 1.39 (s, 9H); LCMS (ESI) m/z: 256.1 [M-56+H]*.

Step 3: Preparation of 4-fluoro-4-(3-fluorobenzyl)piperidine hydrochloride
F

F
\©/\OH HCI

A solution of tert-butyl 4-fluoro-4-(3-fluorobenzyl)piperidine-1-carboxylate (0.3 g, 0.96 mmol) and
4 M hydrochloric acid in 1,4-dioxane (10 mL) was stirred at 25 °C for 4 h. The reaction was concentrated
and dried in vacuo to give 4-fluoro-4-(3-fluorobenzyl)piperidine hydrochloride (0.2 g, 0.81 mmol, 84%) as
a white solid. LCMS (ESI) m/z: 212.1 [M+H]*.

Step 4: Preparation of 4-fluoro-4-(3-fluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-

1-carboxamide
F
e
0
NS0

To a solution of triphosgene (90 mg, 0.3 mmol) in dichloromethane (10 mL) at -60 °C was added
6-amino-2-methylpyridazin-3(2H)-one (76 mg, 0.6 mmol) and pyridine (192 mg, 2.4 mmol) in
dichloromethane (5 mL) under argon. The mixture was stirred at -60 °C for 0.5 h, then a solution of 4-
fluoro-4-(3-fluorobenzyl)piperidine hydrochloride (180 mg, 0.73 mmol) and pyridine (230 mg, 2.92 mmol)
in dichloromethane (5 mL) was added at -60 °C. The resulting mixture was stirred at 25 °C for 18 h. The
reaction was quenched with water (30 mL) and was then extracted with dichloromethane (50 mL x 2). The
combined organic layers were dried over sodium sulfate, fittered and concentrated under reduced
pressure. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide and
purified by prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column, acetonitrile/10 mM ammonium
acetate aqueous solution) to give 4-fluoro-4-(3-fluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide (55 mg, 0.15 mmol, 25%) as a white solid. '"H NMR (400 MHz,
Dimethylsulfoxide-ds) d 9.31 (br. s,1H), 7.62 (d, J = 10.0 Hz, 1H), 7.30-7.42 (m, 1H), 7.00-7.16 (m, 3H),
6.88 (d, J =10 Hz, 1H), 3.94 (d, J = 13.6 Hz, 2H), 3.56 (s, 3H), 2.91-3.09 (m, 4H), 1.55-1.77 (m, 4H);
LCMS (ESI) m/z: 363.2 [M+H]*.
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Example 77. Preparation of 4-(3,4-difluorobenzyl)-4-fluoro-N-(1-methyl-6-oxo-1,6-dihydropyridazin-
3-yl)piperidine-1-carboxamide (Compound 60)
F

0 F OH F
F. Br 1) nBuLi, THF, -78°C DAST, CH,Cl,
j@/ + N_O -78t025°C,2h F N\(o
2) BF3, THF - '
F f‘ll ) BFs F Y 0
Boc \’/o
Triphosgene F F

HCI 1,4-dioxane j@/\@ HaN /N‘N/ Pyridine, CH,Cl, D/\b H
N_ _N__N.
25°c 4h \&/&o 601025°C,18h F Y Y N

Step 1: Preparation of tert-butyl 4-(3,4-difluorobenzyl)-4-hydroxypiperidine-1-carboxylate
OH

BOAG
E NYO
\~/o

To a solution of 4-bromo-1,2-difluorobenzene (3.78 g, 19.6 mmol) in dry tetrahydrofuran (60 mL)
at -78 °C, was added n-butyllithium (8.6 mL, 21.5 mmol, 2.5 M in hexanes) dropwise under argon. The
reaction was stirred at -78 °C for 1.5 h, then boron trifluoride diethyl etherate (5.5 mL, 20.2 mmol, 47% by
weight) was added slowly and the reaction was stirred for additional 15 min before a solution of fert-butyl
1-oxa-6-azaspiro[2.5]octane-6-carboxylate (4.18 g, 19.6 mmol) in dry tetrahydrofuran (20 mL) was added
dropwise. After the addition, the reaction was stirred at -78 °C for 2 h and stirred at 25 °C for 18 h. The
reaction was quenched with saturated aqueous ammonium chloride solution, then basified with aqueous
2 N sodium hydroxide solution and extracted with ethyl acetate (60 mL x 2). The combined organic layers
were washed with brine (50 mL), dried over sodium sulfate, filtered and concentrated under reduced
pressure. The crude residue was purified by Combi-Flash (Biotage, 80 g silica gel, eluted with ethyl

acetate in petroleum ether from 20% to 30%) to give tert-butyl 4-(3,4-difluorobenzyl)-4-hydroxypiperidine-
1-carboxylate (3.1 g, 9.48 mmol, 48%) as a colorless oil. LCMS (ESI) m/z: 272.1 [M-56+H]*.

Step 2: Preparation of tert-butyl 4-(3,4-difluorobenzyl)-4-fluoropiperidine-1-carboxylate
F

0
E NYO
\i/o
To a solution of diethylaminosulfur trifluoride (2.5 mL, 19.0 mmol) in dry dichloromethane (50 mL),
at -78 °C, was added a solution of tert-butyl 4-(3,4-difluorobenzyl)-4-hydroxypiperidine-1-carboxylate (3 g,
9.17 mmol) in dry dichloromethane (20 mL) dropwise under nitrogen. After the addition, the reaction was

warmed to ambient temperature and stirred for 2 h. The reaction was quenched with saturated sodium

bicarbonate aqueous solution and extracted with dichloromethane (50 mL x 2). The combined organic
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layers were washed with brine (40 mL), dried over sodium sulfate, filtered and concentrated under
reduced pressure. The residue was purified by Combi-Flash (Biotage, 80 g silica gel, eluted with ethyl
acetate in petroleum ether from 10% to 20%) to give tert-butyl 4-(3,4-difluorobenzyl)-4-fluoropiperidine-1-
carboxylate (1.6 g, 4.86 mmol, 51%) as a yellow oil. LCMS (ESI) m/z: 274.2 [M-56+H]".

Step 3: Preparation of 4-(3,4-difluorobenzyl)-4-fluoropiperidine
F

FD/\D
E NH

A solution of fert-butyl 4-(3,4-difluorobenzyl)-4-fluoropiperidine-1-carboxylate (1.55 g, 4.71 mmol)
and hydrochloric acid in 1,4-dioxane solution (50 mL, 4 M) was stirred at 25 °C for 4 h. The reaction was
concentrated under reduced pressure. The residue was diluted with dichloromethane (50 mL), neutralized
with aqueous sodium bicarbonate solution and extracted with dichloromethane (30 mL x 2). The
combined organic layers were washed with brine (40 mL), dried over sodium sulfate, filtered and
concentrated to give 4-(3,4-difluorobenzyl)-4-fluoropiperidine (1 g, 4.37 mmol, 93%) as a yellow oil. LCMS
(ESI) m/z: 230.3 [M+H]*.

Step 4: Preparation of 4-(3,4-difluorobenzyl)-4-fluoro-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-
F
DERE RS
o) \
O

To a solution of triphosgene (0.18 g, 0.6 mmol) in dichloromethane (20 mL) at -60 °C was added

yl)piperidine-1-carboxamide

6-amino-2-methylpyridazin-3(2H)-one (0.15 g, 1.2 mmol) and pyridine (0.25 g, 3.2 mmol) in
dichloromethane (10 mL) under argon. The mixture was stirred at -60 °C for 0.5 h, then a solution of 4-
(3,4-difluorobenzyl)-4-fluoropiperidine (0.33 g, 1.44 mmol) and pyridine (0.45 g, 5.76 mmol) in
dichloromethane (10 mL) was added at -60 °C. The resulting mixture was stirred at 25 °C for 18 h. The
reaction was quenched with water (40 mL) and the mixture was extracted with dichloromethane (40 mL x
2). The combined organic layers were dried over sodium sulfate, filtered and concentrated under reduced
pressure. The residue was purified by Combi-Flash (Biotage, 40 g silica gel, eluted with 7 N ammonia
methanol/dichloromethane = 1/8 in dichloromethane from 20% to 30%) to afford 110 mg of impure
product. The sample was dissolved in the minimum amount of N,N-dimethylformamide and purified by
prep-HPLC (Boston C18, 10 ym, 21 mm x 250 mm column, acetonitrile/10 mM ammonium acetate
aqueous solution) to give 4-(3,4-difluorobenzyl)-4-fluoro-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide (45 mg, 0.12 mmol, 10%) as a white solid. '"H NMR (400 MHz,
Dimethylsulfoxide-ds) & 9.30 (br. s, 1H), 7.63 (d, J =10.0 Hz, 1H), 7.29-7.41 (m, 1H), 7.09-7.23 (m, 2H),
6.88 (d, J =10 Hz, 1H), 3.96 (d, J = 13.2 Hz, 2H), 3.56 (s, 3H), 2.91-3.11 (m, 4H), 1.60-1.82 (m, 4H);
LCMS (ESI) m/z: 381.1 [M+H]*.
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Example 78. Preparation of 4-(3,5-difluorobenzyl)-4-fluoro-N-(1-methyl-6-oxo-1,6-dihydropyridazin-

3-yl)piperidine-1-carboxamide (Compound 59)

(o] B E F
r -
fjj _ MegSOl, NaH g\j 1) _r|3|_|BI_9LI78 °C \Q/\b _DAST, CHyCl, _ \Q/\O o
DMSO 25°C,1.5h Y -78t025°C,2h Y

N

\ 2) BF3 THF F \~/°
Boc Boc
_ Triphosgene F
HCI 1,4-dioxane ‘N Pyridine, CH,Cl, N n N
T mom A N HCl \ —_— N ‘N
25°C,4h 6010 25°C, 18 h

Step 1: Preparation of fert-butyl 1-oxa-6-azaspiro[2.5]octane-6-carboxylate

Boc—N/\:><(‘)

A suspension of sodium hydride (1.2 g, 30.2 mmol, 60% by weight) in dry dimethyl sulfoxide (30
mL) at 5 °C was treated with trimethylsulfonium iodide (6.63 g, 30.2 mmol). The reaction mixture was
stirred for 30 min then fert-butyl 4-oxopiperidine-1-carboxylate (5 g, 25.1 mmol) was added in portions.
After the addition, the reaction was stirred at 25 °C for 1.5 h. The mixture was partitioned between
water/diethyl ether (20 mL/20 mL), extracted with diethyl ether (30 mL) twice. The combined organic
layers were washed with sodium sulfate, filtered and dried to afford fert-butyl 4-oxopiperidine-1-

carboxylate (4.18 g, 19.6 mmol, 78%) as a colorless oil, which solidified on standing over ~15 h.

Step 2: Preparation of tert-butyl 4-(3,5-difluorobenzyl)-4-hydroxypiperidine-1-carboxylate

. OH

NYO
F \Po

To a solution of 1-bromo-3,5-difluorobenzene (3.78 g, 19.6 mmol) in dry tetrahydrofuran (60 mL),
at -78 °C, was added n-butyllithium (8.6 mL, 21.5 mmol, 2.5 M in hexanes) dropwise under argon. After
the addition, the reaction was stirred at -78 °C for 1.5 h. Boron trifluoride diethyl etherate (5.5 mL, 20.2
mmol, 47% by weight) was added slowly. The reaction was stirred -78 °C for 15 min, then a solution of 1-
oxaspiro[2.5]octan-6-one (4.18 g, 19.6 mmol) in dry tetrahydrofuran (20 mL) was added dropwise. After
the addition, the reaction was stirred at -78 °C for 2 h, warmed to 25 °C and stirred for 18 h. The reaction
was quenched with saturated aqueous ammonium chloride solution, basified with aqueous 2 NV sodium
hydroxide solution and extracted with ethyl acetate (60 mL x 2). The combined organic layers were
washed with brine (50 mL), dried over sodium sulfate, filtered and concentrated under reduced pressure.
The crude residue was purified by Combi-Flash (Biotage, 80 g silica gel, eluted with ethyl acetate in
petroleum ether from 20% to 30%) to give tert-butyl 4-(3,5-difluorobenzyl)-4-hydroxypiperidine-1-
carboxylate (2.19 g, 6.70 mmol, 34%) as a colorless oil. LCMS (ESI) m/z: 254.2 [M-56-OH+H]*.
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Step 3: Preparation of fert-butyl 4-(3,5-difluorobenzyl)-4-fluoropiperidine-1-carboxylate
F

F
T
F \’/o

To a solution of diethylaminosulfur trifluoride (1.77 mL, 13.4 mmol) in dry dichloromethane (40
mL) at -78 °C was added a solution of tert-butyl 4-(3,5-difluorobenzyl)-4-hydroxypiperidine-1-carboxylate
(2.19 g, 6.7 mmol) in dry dichloromethane (20 mL) dropwise under nitrogen. After the addition, the
reaction was warmed to ambient temperature and stirred for 2 h. The reaction was quenched with
aqueous saturated sodium bicarbonate solution and extracted with dichloromethane (50 mL x 2). The
combined organic layers were washed with brine (40 mL), dried over sodium sulfate, filtered and
concentrated under reduced pressure. The residue was purified by Combi-Flash (Biotage, 40 g silica gel,
eluted with ethyl acetate in petroleum ether from 5% to 10%) to give ftert-butyl 4-(3,5-difluorobenzyl)-4-
fluoropiperidine-1-carboxylate (0.67 g, 2.04 mmol, 30%) as a colorless oil. LCMS (ESI) m/z: 274.2 [M-
56+H]*.

Step 4: Preparation of 4-(3,5-difluorobenzyl)-4-fluoropiperidine hydrochloride

F
F.

NH.HCI

F
A solution of fert-butyl 4-(3,5-difluorobenzyl)-4-fluoropiperidine-1-carboxylate (0.67 g, 2.04 mmol)
and hydrochloric acid in 1,4-dioxane solution (20 mL, 4 M) was stirred at 25 °C for 4 h. The reaction
solution was concentrated in vacuo to give 4-(3,5-difluorobenzyl)-4-fluoropiperidine hydrochloride (0.53 g,
2 mmol, 98%) as a white solid. LCMS (ESI) m/z: 230.3 [M+H]*. The material was used in the next step

without further purification.

Step 5: Preparation of 4-(3,5-difluorobenzyl)-4-fluoro-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide

N H N, .-
X
F o] A o
To a solution of triphosgene (0.14 g, 0.48 mmol) in dichloromethane (15 mL) at -60 °C was added
a solution of 6-amino-2-methylpyridazin-3(2H)-one (0.12 g, 0.96 mmol) and pyridine (0.3 g, 3.84 mmol) in
dichloromethane (5 mL) under argon. The mixture was stirred at -60 °C for 0.5 h, then a solution of 4-(3,5-
difluorobenzyl)-4-fluoropiperidine hydrochloride (0.3 g, 1.15 mmol) and pyridine (0.36 g, 4.6 mmol) in
dichloromethane (5 mL) was added at -60 °C. The resulting mixture was stirred at 25 °C for 18 h. The
reaction mixture was quenched with water (20 mL) and extracted with dichloromethane (30 mL x 2). The
combined organic layers were dried over sodium sulfate, filtered and concentrated under reduced

pressure. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide and
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purified by prep-HPLC (Boston C18, 10 ym, 21 mm x 250 mm column, acetonitrile/10 mM ammonium
acetate aqueous solution) to give 4-(3,5-difluorobenzyl)-4-fluoro-N-(1-methyl-6-oxo-1,6-dihydropyridazin-
3-yl)piperidine-1-carboxamide (25 mg, 0.013 mmol, 7%) as a white solid. "H NMR (400 MHz, Methanol-
ds) 867.78 (d, J =10.0 Hz, 1H), 7.29-7.42 (m, 1H), 6.91-7.07 (m, 3H), 4.02 (d, J = 13.6 Hz, 2H), 3.70 (s,
3H), 3.12-3.24 (m, 2H), 3.08 (d, J = 19.6 Hz, 2H), 1.67-1.90 (m, 4H); LCMS (ESI) m/z: 381.1 [M+H]*.

Example 79. 4-(4-chlorophenyl)-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl)-2,3,6,7-tetrahydro-7H-
azepine-1-carboxamide (Compound 133) and 5-(4-chlorophenyl)-N-(1-methyl-6-0x0-1,6-
dihydropyridazin-3-yl)-2,3,4,7-tetrahydro-1H-azepine-1-carboxamide (Compound 134)

o + S e = CFSCOOH CF;COOH
N\n,o\‘/ . ¢l
) By 0°C,3h \n’ #/ 70°C, 3h

! Triphosgene

NaOH i . J R C'@O Ny Pyridine, CH,Cly
Lt
25°C,3h ! NH \L/K 601025°C, 16 h

To a solution of fert-butyl 4-oxoazepane-1-carboxylate (2.0 g, 9.38 mmol) in dry tetrahydrofuran
(20 mL) at 0 °C was added (4-chlorophenyl)magnesium bromide (12.2 mL, 1.0 M in tetrahydrofuran). The
mixture was stirred at 0 °C for 3 h, then quenched with ammonium chloride (100 mL) and the aqueous
layer was extracted with ethyl acetate (100 mL x 2). The combined organic layers were dried over sodium
sulfate, filtered and concentrated under reduced pressure. The residue was purified by column
chromatography (silica gel, petroleum ether / ethyl acetate = 5/1) to give tert-butyl 4-(3,5-difluorophenyl)-
4-hydroxyazepane-1-carboxylate (1.0 g, 3.07 mmol, 33%) as a yellow oil. LCMS (ESI) m/z: 348.1
[M+Nal*.

Step 2: Preparation of 4-(4-chlorophenyl)-2,3,6,7-tetrahydro-7H-azepine 2,2,2-trifluoroacetate and 5-(4-
chlorophenyl)-2,3,4,7-tetrahydro-71H-azepine 2,2,2-trifluoroacetate
CF3;COOH CF3;COOH

A suspension of tert-butyl 4-(3,5-difluorophenyl)-4-hydroxyazepane-1-carboxylate (1.5 g, 4.6
mmol) in 2,2,2-trifluoroacetic acid (20 mL) was stirred at 70 °C for 3 h. The reaction mixture was

concentrated to afford the mixture of 4-(4-chloro phenyl)-2,3,6,7-tetrahydro-7H-azepine 2,2,2-
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trifluoroacetate and 5-(4-chlorophenyl)-2,3,4,7-tetrahydro-71H-azepine 2,2,2-trifluoroacetate (1.3 g, 4.04
mmol, 88%) as a white solid. LCMS (ESI) m/z: 208.2 [M+H]*.

Step 3: Preparation of 4-(4-chlorophenyl)-2,3,6,7-tetrahydro-7H-azepine and 5-(4-chlorophenyl)-2,3,4,7-

A solution of (E)-4-(4-chlorophenyl)-2,3,6,7-tetrahydro-71H-azepine 2,2,2-trifluoroacetate and (E)-
5-(4-chlorophenyl)-2,3,4,7-tetrahydro-1H-azepine 2,2,2-trifluoroacetate (500 mg, 1.55 mmol) and sodium

tetrahydro-1H-azepine

hydroxide (248 mg, 6.2 mmol) in water (20 mL) was stirred at 25 °C for 3 h. The reaction mixture was
extracted with dichloromethane (100 mL x 5). The combined organic layers were dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure. The crude residue was purified by
column chromatography (silica gel, dichloromethane/methanol from 100/0 to 100/25) to give a mixture of
4-(4-chlorophenyl)-2,3,6,7-tetrahydro-7H-azepine and 5-(4-chloro phenyl)-2,3,4,7-tetrahydro-1H-azepine
(300 mg, 1.44 mmol, 93%) as a white solid. LCMS (ESI) m/z: 208.2 [M+H]*.

Step 4: Preparation of 4-(4-chlorophenyl)-/N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-2,3,6,7-tetrahydro-
1H-azepine-1-carboxamide and 5-(4-chlorophenyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-2,3,4,7-
tetrahydro-7H-azepine-1-carboxamide

N\n/N N~ \ N\n/N N~

o o
X0 X0

To a solution of triphosgene (395 mg,1.33 mmol) in dichloromethane (20 mL) was added 6-
amino-2-methyl pyridazin-3(2H)-one (332 mg, 2.65 mmol) and pyridine (838 mg, 10.6 mmol) in
dichloromethane (20 mL) at -60 °C under argon. The mixture was stirred at -60 °C for 0.5 h, then a
solution of (E)-4-(4-chlorophenyl)-2,3,6,7-tetrahydro-1H-azepine and (E)-5-(4-chlorophenyl)-2,3,4,7-
tetrahydro-1H-azepine (550 mg, 2.65 mmol) and pyridine (838 mg, 10.6 mmol) in dichloromethane (20
mL) was added at -60 °C. The resulting mixture was stirred at 25 °C for 20 h. The reaction was quenched
with water (100 mL) and the aqueous layer was extracted with dichloromethane (100 mL x 2). The
combined organic layers were dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure. The crude residue was purified by column chromatography (silica gel,
dichloromethane/methanol from 100/0 to 100/25) to give a mixture of 4-(4-chlorophenyl)-N-(1-methyl-6-
oxo-1,6-dihydropyridazin-3-yl)-2,3,6,7-tetrahydro-1H-azepine-1-carboxamide and 5-(4-chlorophenyl)-N-(1-
methyl-6-oxo-1,6-dihydropyridazin-3-yl)-2,3,4,7-tetrahydro-1H-azepine-1-carboxamide (600 mg, 1.67
mmol, 63%) as a yellow solid.

The yellow solid was dissolved in the minimum amount of methanol and purified by chiral-HPLC
(SFC-80, Ad 20 x 250 mm, 10 pM column: CO2/0.2% ammonia in methanol, 75/25) to give 4-(4-
chlorophenyl)-N-(1-methyl-6-o0xo0-1,6-dihydropyridazin-3-yl)-2,3,6,7-tetrahydro-1H-azepine-1-carboxamide
as a yellow solid (192.8 mg, 0.54 mmol, 32%). '"H NMR (400 MHz, Dimethylsulfoxide-ds) 8 9.16 (s, 1H),
7.66 (d, J =10.0 Hz, 1H), 7.37 (s, 4H), 6.88 (d, J =9.6 Hz, 1H), 6.06 (t, J = 5.6 Hz, 1H), 3.69 (t, J =5.2
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Hz, 2H), 3.57-3.62 (m, 5H), 2.73 (s, 2H), 2.47-2.51 (m, 2H); LCMS (ESI) m/z: 359.1[M+H]*; and 5-(4-
chlorophenyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-2,3,4,7-tetrahydro- 1H-azepine-1-carboxamide
as a yellow solid (115.4 mg, 0.32 mmol, 19%). '"H NMR (400 MHz, Dimethylsulfoxide-ds) 8 9.13 (s, 1H),
7.64 (d, J=9.6 Hz, 1H), 7.38 (s, 4H), 6.87 (d, J =9.6 Hz, 1H), 6.14 (t, / = 4.8 Hz, 1H), 4.13 (d, J = 4.8 Hz,
2H), 3.68 (t, J = 5.6 Hz, 2H), 3.56 (s, 3H), 2.64 (t, J = 4.8 Hz, 2H), 1.88 (s, 2H); LCMS (ESI) m/z: 359.1
[M+H]*.

Example 80. Preparation of 4-(3-chlorobenzyl)-N-(1-methyl-6-ox0-1,6-dihydropyridazin-3-
yl)piperazine-1-carboxamide (Compound 130)

Triphosgene, Pyridine Cl
HoN.__N.
° N LY \©/\N()\' NN
o]
K/NH . o CH,Cl,, -60 to 25 °C, 17 h \n/ NN

Step 1: Preparation of 4-(3-chlorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperazine-1-

CI\©/\Nﬁ )
LN NN -
1SS

To a solution of triphosgene (139 mg, 0.47 mmol) in dichloromethane (5 mL) at -60 °C was added

carboxamide

a solution of 6-amino-2-methylpyridazin-3(2H)-one (176 mg, 1.41 mmol) and pyridine (297 mg, 3.76
mmol) in dichloromethane (5 mL) under argon. The mixture was stirred at -60 °C for 30 min and a solution
of 1-(3-chlorobenzyl)piperazine (200 mg, 0.94 mmol) and pyridine (297 mg, 3.76 mmol) in
dichloromethane (10 mL) was added. The resulting mixture was stirred at 25 °C for 17 h. The reaction
mixture was quenched with water (20 mL) and extracted with dichloromethane (10 mL x 3). The
combined organic layers were dried over sodium sulfate, filtered and concentrated under reduced
pressure. The crude sample was dissolved in the minimum amount of N, N-dimethylformamide and
purified via prep-HPLC (Boston C18, 10 uym, 21 mm x 250 mm column; acetonitrile/0.01% aqueous
trifluoroacetic acid) to give 4-(3-chlorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperazine-1-
carboxamide as a white solid (36.8 mg, 0.10 mmol, 11%). "H NMR (400 MHz, Dimethylsulfoxide-ds) &
9.27 (s, 1H), 7.62 (d, J =9.9 Hz, 1H), 7.34 (ddt, J =16.1, 14.5, 6.4 Hz, 4H), 6.87 (d, J = 9.9 Hz, 1H), 3.55
(s, 3H), 3.51 (s, 2H), 3.47 — 3.38 (m, 4H), 2.40 — 2.26 (m, 4H); LCMS (ESI) m/z: 362.0 [M+H]*.
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Example 81. Preparation of 4-(3,5-difluorobenzylidene)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide (Compound 33)

N o
o. ,,o é NaH, THF F SN

J :
F. B Q" 100°C,5h :
' ~o- P~ * N NBoc
+ . E—
° OK K 02\0 0t080°C,1.5h
/~\ ]

F

Triphosgene F X H
HCI, 1,4-dioxane u Pyridine, CH,Cl, N\n,N Noy”
_— d
T 2%, 1n -601025°C, 18 h F o L/K
o)

5 Step 1: Preparation of diethyl 3,5-difluorobenzylphosphonate

g
P\o/\

F
A solution of 1-(bromomethyl)-3,5-difluorobenzene (4.14 g, 20 mmol) and triethyl phosphite (3.32
g, 20 mmol) was stirred at 100 °C for 5 h. The reaction mixture was concentrated to give diethyl 3,5-
difluorobenzylphosphonate (5.17 g, 19.6 mmol, 97.9%) as a colorless oil. LCMS (ESI) m/z: 265.0 [M+H]*.
10
Step 2: Preparation of tert-butyl 4-(3,5-difluorobenzylidene)piperidine-1-carboxylate

F S
NBoc

F
To a solution of fert-butyl 4-(4-fluorobenzyl)piperidine-1-carboxylate (4.8 g, 18.2 mmol) and fert-

butyl 4-oxopiperidine-1-carboxylate (4.34 g, 21.8 mmol) in tetrahydrofuran (90 mL) at 0 °C was added

15  sodium hydride (2.55 g, 63.7 mmol, 60% in mineral oil). The reaction mixture was stirred at 80 °C for 2 h,
then poured into ice water and extracted with ethyl acetate (50 mL x 2). The combined organic layers
were washed with brine (50 mL), dried over sodium sulfate, filtered and concentrated under reduced
pressure. The crude residue was purified by column chromatography (silica gel, petroleum ether / ethyl
acetate =20/1) to give tert-butyl 4-(3,5-difluorobenzylidene)piperidine-1-carboxylate (2.1 g, 6.83 mmol,

20 38%) as a colorless oil. LCMS (ESI) m/z: 254.1 [M-56+H]*.

Step 3: Preparation of 4-(3,5-difluorobenzylidene)piperidine
F X
T O
F
A solution of fert-butyl 4-(3,5-difluorobenzylidene)piperidine-1-carboxylate (2.1 g, 6.8 mmol) and
25 hydrochloric acid in dioxane solution (14 mL, 4 M) in dichloromethane (14 mL) was stirred at 25 °C for 1

h. The volatiles were concentrated under reduced pressure. The crude residue was treated with ether
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(100 mL) to give a precipitate that was filtered. The solid was dissolved in aqueous sodium bicarbonate
solution (50 mL) and extracted with dichloromethane (100 mL x 2). The combined organic layers were
dried over sodium sulfate, filtered and concentrated under reduced pressure to yield crude 4-(3,5-
difluorobenzylidene)piperidine (1.3 g, 6.2 mmol, 92%). LCMS (ESI) m/z: 210.1 [M+H]*. This material was
used in the next step without additional purification.

Step 4: Preparation of 4-(3,5-difluorobenzylidene)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-
1-carboxamide

F 0o A o

To a solution of triphosgene (148 mg, 0.5 mmol) in dichloromethane (6 mL) at -60 °C was added
6-amino-2-methylpyridazin-3(2H)-one (125 mg, 1 mmol) and pyridine (316 mg, 4 mmol) in
dichloromethane (12 mL) under argon. The mixture was stirred at -60 °C for 0.5 h, then a solution of 4-
(3,5-difluorobenzylidene)piperidine (209 mg, 1 mmol) and pyridine (380 mg, 4.8 mmol) in
dichloromethane (7 mL) was added at -60 °C. The resulting mixture was stirred at 25 °C for 3 h. The
reaction was quenched with water (30 mL) and the aqueous layer was extracted with dichloromethane
(30 mL x 2). The combined organic layers were dried over sodium sulfate, filtered and concentrated under
reduced pressure. The crude sample was dissolved in the minimum amount of NV, N-dimethylformamide
and purified by prep-HPLC (BOSTON pHIlex ODS, 10 um, 21.2 mm % 250 mm, acetonitrile/0.1% aqueous
formic acid) to yield 4-(3,5-difluorobenzylidene)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidine-1-
carboxamide (70.7 mg, 0.20 mmol, 20%) as a yellow solid. "H NMR (400 MHz, Dimethylsulfoxide-ds) &
9.35 (s, 1H), 7.65 (d, J =10 Hz, 1H), 7.12 - 7.06 (m, 1H), 6.97 — 6.95 (m, 2H), 6.89 (d, J = 10.4 Hz, 1H),
6.38 (s, 1H), 3.57 (s, 3H), 3.54 (t, J = 5.8 Hz, 2H), 3.48 (t, J =5.4 Hz, 2H), 2.45 (t, J =5.4 Hz, 2H) , 2.36
(t, J=5.6 Hz, 2H); LCMS (ESI) m/z: 361.1 [M+H]*.

Example 82. 3-(3-chlorobenzyl)-N-(1-methyl-6-ox0-1,6-dihydropyridazin-3-yl)pyrrolidine-1-

carboxamide (Compound 25)

_ 0,
;‘C\ +CI\©/| 1) 9-BBN,THF, 65°C,2 h c|m HCI, 1,4-dioxane
NBoc o
2) Pd(dppf)Cl, *CH,Clp NBoc 25°C,2h

K,CO3, DMF, H,0

60 °C, 20 h cl
Triphosgene
CI\©/\O N \E/L Pyridine, CH2C|2 H
NH -65 to 25 °C, 20 h N\H/N N\~
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Step 1: Preparation of fert-butyl 3-(3-chlorobenzyl)pyrrolidine-1-carboxylate

(¢]]

To a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran (11.5 mL, 5.73 mmol, 0.5 M) at 25
°C was added fert-butyl 3-methylenepyrrolidine-1-carboxylate (1.0 g, 5.46 mmol) under argon. The
mixture was stirred at 65 °C for 2 h. The mixture was cooled to 25 °C and added to a solution of 1-chloro-
3-iodobenzene (1.3 g, 5.46 mmol), potassium carbonate (981 mg, 7.1 mmol) and 1,1’-
bis(diphenylphosphino)ferrocene-palladium(ll)dichloride dichloromethane complex (446 mg, 0.546 mmol)
in N,N-dimethylformamide/water (8 mL/1 mL) at 25 °C. The resulting mixture was heated at 60 °C for 20
h. The reaction was quenched wit 1 N aqueous sodium hydroxide solution and stirred at 25°C for 1 h.
The reaction solution was diluted with ethyl acetate (100 mL) and washed with brine (50 mL x 2). The
combined organic layers were dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure. The crude residue was purified by column chromatography (silica gel, petroleum ether
/ ethyl acetate = 20/1 to 10/1) to give tert-butyl 3-(3-chlorobenzyl)pyrrolidine-1-carboxylate (1.3 g, 4.39
mmol, 81%) as a red oil. LCMS (ESI) m/z: 318.1 [M+Na]*.

Step 2: Preparation of 3-(3-chlorobenzyl)pyrrolidine

Cl
AW

A solution of fert-butyl 3-(3-chlorobenzyl)pyrrolidine-1-carboxylate (1.3 g, 4.39 mmol) and
hydrochloric acid in 1,4-dioxane (20 mL, 4 M) was stirred at 25 °C for 3 h. The reaction mixture was
concentrated in vacuo. The residue was diluted with saturated sodium bicarbonate aqueous solution (50
mL) and extracted with ethyl acetate (60 mL x 5). The combined organic layers were dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The crude residue was
purified by column chromatography (silica gel, dichloromethane/methanol from 100/0 to 100/20) to give 3-
(3-chlorobenzyl)pyrrolidine (505 mg, 2.58 mmol, 59%) as a yellow oil. '"H NMR (400 MHz, Methanol-ds) &
7.34 —7.08 (m, 4H), 3.02 - 2.79 (m, 3H), 2.69 (d, J =7.6 Hz, 2H), 2.58 — 2.46 (m, 1H), 2.45 - 2.27 (m,
1H), 1.96 — 1.82 (m, 1H), 1.54 — 1.36 (m, 1H); LCMS (ESI) m/z: 196.2 [M+H]*.

Step 3: Preparation of 3-(3-chlorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)pyrrolidine-1-
carboxamide
Cl

N _N_ N
e
0

X0

To a solution of triphosgene (190 mg, 0.64 mmol) in dichloromethane (5 mL) at -60 °C was added
a solution of 6-amino-2-methylpyridazin-3(2H)-one (160 mg, 1.28 mmol) and pyridine (405 mg, 5.12
mmol) in dichloromethane (5 mL) under argon. The mixture was stirred at -60 °C for 30 min and a solution
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of 3-(3-chlorobenzyl)pyrrolidine (250 mg, 1.28 mmol) and pyridine (405 mg, 5.12 mmol) in
dichloromethane (5 mL) was added. The resulting mixture was stirred at 25 °C for 20 h. The reaction was
quenched with water (50 mL) and extracted with dichloromethane (50 mL x 2). The combined organic
layers were dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The
crude sample was dissolved in the minimum amount of N, N-dimethylformamide and purified by prep-
HPLC (Boston C18, 10 um, 21 mm x 250 mm column, acetonitrile/10 mM ammonium acetate aqueous
solution) to give 3-(3-chlorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)pyrrolidine-1-
carboxamide (81mg, 0.23 mmol, 18%) as a yellow solid. "H NMR (400 MHz, Dimethylsulfoxide-ds) & 8.93
(s, 1H), 7.73 (d, J = 9.9 Hz, 1H), 7.39 — 7.16 (m, 4H), 6.88 (d, J =9.9 Hz, 1H), 3.55 (s, 3H), 3.55 - 3.40
(m, 2H), 3.39 - 3.23 (m, 1H), 3.08 —2.96 (m, 1H), 2.75 — 2.62 (m, 2H), 2.48 — 2.37 (m, 1H), 1.98 — 1.84
(m, 1H), 1.64 — 1.47 (m, 1H); LCMS (ESI) m/z: 347.1 [M+H]*.

Example 83. 3-(3,5-difluorobenzyl)-N-(1-methyl-6-ox0-1,6-dihydropyridazin-3-yl)pyrrolidine-1-
carboxamide (Compound 26)

F -
F | 1) 9-BBN,THF, 65°C, 2 h HCl, 1,4-dioxane
NBoc 25°C,2h
5C\NBoc+ \©/ 2) Pd(dppf)Cl, *CH,Cl,
F

K,COs3, DMF, H,0 F
60 °C, 20 h F
. F

E Triphosgene

HoN /N‘N/ Pyridine, CH,Cl, N kl' No
+ \n/ Z N
NH x -65t025°C, 20 h
0 0 NN o
F

Step 1: Preparation of tert-butyl 3-(3,5-difluorobenzyl)pyrrolidine-1-carboxylate
F

NBoc
F

To a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran (4.16 mL, 2.08 mmol, 0.5 M) at 25
°C was added fert-butyl 3-methylenepyrrolidine-1-carboxylate (381 mg, 2.08 mmol) under argon. The
mixture was stirred at 65 °C for 2 h. The reaction mixture was cooled to 25 °C and added to a solution of
1,3-difluoro-5-iodobenzene (500 mg, 2.08 mmol), potassium carbonate (373 mg, 2.7 mmol) and 1,1'-
bis(diphenylphosphino)ferrocene-palladium(ll)dichloride dichloromethane complex (171 mg, 0.21 mmol)
in N, N-dimethylformamide/water ( (8 mL/1 mL). The resulting mixture was heated at 60 °C for 20 h. The
reaction was quenched with 1 N aqueous sodium hydroxide solution and stirred at 25°C for 1 h. The
reaction solution was diluted with ethyl acetate (100 mL) and washed with brine (50 mL x 2). The
combined organic layers were dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure. The crude residue was purified by column chromatography (silica gel, petroleum ether
/ ethyl acetate = 20/1 to 10/1) to give tert-butyl 3-(3,5-difluorobenzyl)pyrrolidine-1-carboxylate as a red oil
(510 mg, 1.72 mmol, 82%).
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Step 2: Preparation of 3-(3,5-difluorobenzyl)pyrrolidine
F

NH

F

A solution of fert-butyl 3-(3,5-difluorobenzyl)pyrrolidine-1-carboxylate (1.0 g, 3.36 mmol) and
hydrochloric acid in 1,4-dioxane (20 mL, 4 M) was stirred at 25 °C for 3 h. The reaction mixture was
concentrated in vacuo. The residue was diluted with saturated sodium bicarbonate aqueous solution (50
mL) at 25 °C and extracted with ethyl acetate (60 mL x 5). The combined organic layers were dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The crude residue was
purified by column chromatography (silica gel, dichloromethane/methanol from 100/0 to 100/20) to give 3-
(3,5-diflucrobenzyl)pyrrolidine (305 mg, 1.55 mmol, 45%) as a yellow oil. '"H NMR (400 MHz, Methanol-d4)
0 6.92-6.81 (m, 2H), 6.81 —6.73 (m, 1H), 3.04 —2.95 (m, 2H), 2.95 —2.84 (m, 1H), 2.71 (d, J = 7.6 Hz,
2H), 2.56 — 2.49 (m, 1H), 2.46 — 2.34 (m, 1H), 1.98 — 1.86 (m, 1H), 1.55 — 1.41 (m, 1H); LCMS (ESI) m/z:
198.1 [M+H]*.

Step 3: Preparation of 3-(3,5-difluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)pyrrolidine-1-
carboxamide

H
N\n/N\EN/\,L/
0] N 0
To a solution of triphosgene (77 mg, 0.26 mmol) in dichloromethane (5 mL) at -60 °C was added
a solution of 6-amino-2-methylpyridazin-3(2H)-one (64 mg, 0.51 mmol) and pyridine (161 mg, 2.04 mmol)
in dichloromethane (3 mL) under argon. The mixture was stirred at -60 °C for 30 min and a solution of 3-
(3,5-difluorobenzyl)pyrrolidine (100 mg, 0.51 mmol) and pyridine (161 mg, 2.04 mmol) in dichloromethane
(3 mL) was added. The resulting mixture was stirred at 25 °C for 20 h. The reaction mixture was
quenched with water (40 mL) and extracted with dichloromethane (30 mL x 2). The combined organic
layers were dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The
crude sample was dissolved in the minimum amount of NV, N-dimethylformamide and purified by prep-
HPLC (Boston C18, 10 ym, 21 mm x 250 mm column, acetonitrile/10 mM ammonium acetate aqueous
solution) to give 3-(3,5-difluorobenzyl)-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl)pyrrolidine-1-
carboxamide (47.6 mg, 0.14 mmol, 18%) as a white solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) &
8.90 (s, 1H), 7.73 (d, J = 9.9 Hz, 1H), 7.13 - 6.95 (m, 3H), 6.87 (d, J =9.9 Hz, 1H), 3.55 (s, 3H), 3.54 —
3.42 (m, 2H), 3.35-3.33 (m, 1H), 3.03 (t, J = 9.3 Hz, 1H), 2.78 — 2.62 (m, 2H), 2.49 — 2.41 (m, 1H), 1.99
—1.82 (m, 1H), 1.64 — 1.48 (m, 1H); LCMS (ESI) m/z: 349.2 [M+H]*.
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Example 84. 3-(3,5-difluorobenzyl)-N-(1-methyl-6-o0x0-1,6-dihydropyridin-3-yl)pyrrolidine-1-

carboxamide (Compound 3)

HCI

Triphosgene  F
HzN\C'L/ NaHCOa H0 \Q Pyrldlne CH,Cl, H
N N P
N0 25°C,3h -60t025°c 20 h \n/ Z "N

Step 1: Preparation of 5-amino-1-methylpyridin-2(7H)-one

H2N Vi N/

N0

A solution of 5-amino-1-methylpyridin-2(7H)-one hydrochloride (2.0 g, 12.5 mmol) and sodium
bicarbonate (2.09 g, 24.9 mmol) in water (50 mL) was stirred at 25 °C for 3 h. The reaction mixture was
concentrated under reduced pressure. The crude residue was treated with ethanol (200 mL) and the
reaction mixture was stirred at 25 °C for 2 h. The reaction mixture was filtered and washed with ethanol
(200 mL). The filtrate was concentrated and dried in vacuo to give 5-amino-1-methylpyridin-2(7H)-one
(1.55 g, 12.5 mmol, 100%) as a black solid. This material was used in the next step without further

purification.

Step 2: Preparation of 3-(3,5-difluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridin-3-yl) pyrrolidine-1-
carboxamide

ZT

YN
O ™ o

To a solution of triphosgene (119 mg, 0.40 mmol) in dichloromethane (5 mL) at -60 °C was added
a solution of 5-amino-1-methylpyridin-2(7H)-one (98 mg, 0.79 mmol) and pyridine (250 mg, 3.16 mmol) in
dichloromethane (5 mL) under argon. The mixture was stirred at -60 °C for 30 min and a solution of 3-
(3,5-difluorobenzyl)pyrrolidine (155 mg, 0.79 mmol) and pyridine (250 mg, 3.16 mmol) in dichloromethane
(5 mL) was added. The resulting mixture was stirred at 25 °C for 20 h. The reaction was quenched with
water (50 mL) and extracted with dichloromethane (50 mL x 2), The combined organic layers were dried
over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The crude sample was
dissolved in the minimum amount of N, N-dimethylformamide and purified by prep-HPLC (Boston C18, 10
pm, 21 mm x 250 mm column, acetonitrile/10 mM ammonium acetate aqueous solution) to give 3-(3,5-
difluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridin-3-yl)pyrrolidine-1-carboxamide as a white solid (48.2
mg, 0.14 mmol, 18%). 'H NMR (400 MHz, Dimethylsulfoxide-ds) & 7.84 (s, 1H), 7.75 (d, J = 2.8 Hz, 1H),
7.42 (dd, J =9.7, 2.9 Hz, 1H), 7.10 - 6.97 (m, 3H), 6.31 (d, J = 9.5 Hz, 1H), 3.50 — 3.39 (m, 2H), 3.38 (s,
3H), 3.30 — 3.20 (m, 1H), 3.00 — 2.92 (m, 1H), 2.75 — 2.68 (m, 2H), 2.49 — 2.44 (m, 1H), 1.98 — 1.86 (m,
1H), 1.64 — 1.50 (m, 1H); LCMS (ESI) m/z: 348.1 [M+H]*.
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Example 85. (3R)-3-(3,4-difluorophenoxy)-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl)pyrrolidine-
1-carboxamide (Compound 27)
o]

PPhg, DIAD 0O )J\

F. O F Cl
Do 7,04
F HO 046 THF, 60 °C F o' 0_6 MeOH, 0 to 25 °C

/ Triphosgene
NH N—N _ NEty, CH,Cly
* H2N o} HN

-781025°C, 16 h

Step 1: Preparation of fert-butyl (3R)-3-(3,4-difluorophenoxy)pyrrolidine-1-carboxylate

L,

To an ice-cooled solution of 3,4-difluorophenol (347 mg, 2.67 mmol), tert-butyl (3S)-3-
hydroxypyrrolidine-1-carboxylate (500 mg, 2.67 mmol) and triphenylphosphine (768 mg, 2.93 mmol) in
tetrahydrofuran (6.7 mL) was added diisopropyl azodicarboxylate (576 uL, 2.93 mmol). The reaction
mixture was stirred at 60 °C for 48 h, then concentrated under reduced pressure. The crude oil was
diluted with diethyl ether (10 mL) and 1 M aqueous sodium hydroxide (10 mL) was added. The aqueous
layer was extracted with diethyl ether (10 mL x 2). The combined organic layers were dried over
magnesium sulfate, filtered and concentrated in vacuo. The crude material was purified via column
chromatography (ISCO, 24 g silica gel, 0-20% ethyl acetate in hexanes over 20 min gradient) to give tert-
butyl (3R)-3-(3,4-difluorophenoxy)pyrrolidine-1-carboxylate (0.638 g, 2.13 mmol, 80%) as a yellow solid.
LCMS (ESI) m/z: 300.3 [M+H]*.

Step 2: Preparation of (3R)-3-(3,4-difluorophenoxy)pyrrolidine hydrochloride

0.0
" THel

To a solution of fert-butyl (3R)-3-(3,4-difluorophenoxy)pyrrolidine-1-carboxylate (0.638 g, 2.13
mmol) in methanol (7.10 mL) at 0 °C was added acetyl chloride (756 uL, 10.6 mmol) dropwise. The
reaction mixture was warmed to room temperature and stirred for 2 h. The volatiles were concentrated in
vacuo to afford (3R)-3-(3,4-difluorophenoxy)pyrrolidine hydrochloride (370 mg, 1.57 mmol, 74%) as a light
brown solid. The material was used in the next step without additional purification. '"H NMR (300 MHz,
Methanol-ds) & 10.14 (s, 2H), 7.09 (q, J = 9.2 Hz, 1H), 6.77 (ddd, J = 11.5, 6.5, 2.9 Hz, 1H), 6.63 (did, J =
8.4,3.2,1.7 Hz, 1H), 4.96 (s, 1H), 3.52 (d, J = 23.4 Hz, 4H), 2.46 — 2.09 (m, 2H); LCMS (ESI) m/z: 200.1
[M+H]*.
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Step 3: Preparation of (3R)-3-(3,4-difluorophenoxy)-N-(1-methyl-6-o0xo0-1,6-dihydropyridazin-3-

0
F
OGN
F 0" HN‘<_>:°
N-N

\
To a solution of triphosgene (31.3 mg, 0.106 mmol) in methylene chloride (1.06 mL) at -78 °C

yh)pyrrolidine-1-carboxamide

was added a solution of 6-amino-2-methyl-2,3-dihydropyridazin-3-one (27.8 mg, 0.223 mmol) and
triethylamine (118 pL, 0.848 mmol) in methylene chloride (530 uL). The mixture was stirred for 2 h at -78
°C, then a solution of (3R)-3-(3,4-difluorophenoxy)pyrrolidine hydrochloride (0.050 g, 0.212 mmol) and
triethylamine (118 pL, 0.848 mmol) in methylene chloride (530 pL) was added. The reaction mixture was
warmed to room temperature and stirred for 18 h. The reaction was quenched with water (10 mL) and
extracted with ethyl acetate (5 mL x 2). The combined organic layers were washed with brine, dried over
magnesium sulfate, filtered and concentrated under reduced pressure. The crude material was purified by
column chromatography (ISCO, silica gel, 12 g, 0-4% methanol/dichloromethane, gradient over 20
minutes) to afford (3R)-3-(3,4-difluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)pyrrolidine-1-
carboxamide (61.6 mg, 0.176 mmol, 83%) as a yellow solid. "H NMR (300 MHz, Dimethylsulfoxide-ds) &
9.07 (s, 1H), 7.73 (d, J =9.9 Hz, 1H), 7.37 (dt, J = 10.6, 9.3 Hz, 1H), 7.14 (ddd, J =12.8, 6.7, 3.0 Hz, 1H),
6.89 (d, J =9.9 Hz, 1H), 6.80 (dtd, J =9.0, 3.3, 1.7 Hz, 1H), 5.05 (s, 1H), 3.63 (m, 6H), 3.51 — 3.36 (m,
1H), 2.23 — 2.00 (m, 2H); LCMS (ESI) m/z: 351.2 [M+H]".

Example 86. Preparation of (3R)-3-(3,5-difluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-

yl)pyrrolidine-1-carboxamide (Compound 28)
O

F. o} PPh;, DIAD
- oL Q@W%
HO 0 THF, 60 °C MeOH, 0 to 25 °C
F
F
N N/ Triphosgene C
- NEt,, CH,CI
\‘CNH ¥ H2N4<_)=o — 2, o
F O Hal =

-78t025°C, 16 h

Step 1: Preparation of fert-butyl (3R)-3-(3,5-difluorophenoxy)pyrrolidine-1-carboxylate

FQ@Q"@V

To an ice-cooled solution of 3,5-difluorophenol (347 mg, 2.67 mmol), tert-butyl (3S)-3-
hydroxypyrrolidine-1-carboxylate (500 mg, 2.67 mmol) and triphenylphosphine (768 mg, 2.93 mmol) in
tetrahydrofuran (6.67 mL) at 60 °C was added diisopropyl azodicarboxylate (576 pL, 2.93 mmol)
dropwise. The reaction mixture was stirred at 60 °C for 48 h, then concentrated under reduced pressure.
The crude oil was diluted with diethyl ether (10 mL) and then 1 M aqueous sodium hydroxide (10 mL) was
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added. The aqueous layer was extracted with diethyl ether (10 mL x 2). The combined organic layers
were dried over magnesium sulfate, filtered and concentrated in vacuo (ISCO, 24 g silica gel, 0-20% ethyl
acetate in hexanes over 20 min gradient) to give tert-butyl (3R)-3-(3,5-difluorophenoxy)pyrrolidine-1-
carboxylate (650 mg, 2.17 mmol, 81%) as a colorless oil. "H NMR (300 MHz, Chloroform-d) & 6.51 — 6.30
(m, 3H), 3.70 — 3.40 (m, 1H), 2.29 — 2.03 (m, 1H), 1.44 (m, 3H); LCMS (ESI) m/z: 244 .1 [M+H]*.

Step 2: Preparation of (3R)-3-(3,5-difluorophenoxy)pyrrolidine hydrochloride

F
2,0
F 0" Hci

To a solution of fert-butyl (3R)-3-(3,5-difluorophenoxy)pyrrolidine-1-carboxylate (0.650 g, 2.17
mmol) in methanol (7.2 mL) at 0 °C was added acetyl chloride (770 L, 10.8 mmol) dropwise. The
reaction mixture was warmed to room temperature and stirred for 2 h. The volatiles were concentrated in
vacuo to afford (3R)-3-(3,5-difluorophenoxy)pyrrolidine hydrochloride (509 mg, 2.15 mmol, 99%) as a light
brown solid. The material was used in the next step without additional purification. 'H NMR (300 MHz,
Methanol-ds) 8 10.17 (s, 2H), 6.60 — 6.33 (m, 3H), 5.00 (s, 1H), 3.75 — 3.34 (m, 4H), 2.49 — 2.08 (m, 2H);
LCMS (ESI) m/z: 200.1 [M+H]*.

Step 3: Preparation of (3R)-3-(3,5-difluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-

F
0]
L0 -
N—N

\
To a solution of triphosgene (62.9 mg, 0.212 mmol) in methylene chloride (2.12 mL) at -78 °C

yl)pyrrolidine-1-carboxamide

was added a solution of 6-amino-2-methyl-2,3-dihydropyridazin-3-one (55.7 mg, 0.446 mmol) and
triethylamine (235 pL, 1.69 mmol) in methylene chloride (1.1 mL). The mixture was stirred for 2 h at -78
°C, then a solution of (3R)-3-(3,5-difluorophenoxy)pyrrolidine hydrochloride (0.100 g, 0.424 mmol) and
triethylamine (235 pL, 1.69 mmol) in methylene chloride (1.06 mL) was added. The reaction mixture was
warmed to room temperature and stirred for 18 h. The reaction was quenched with water (10 mL) and
extracted with ethyl acetate (5 mL x 2). The combined organic layers were washed with brine, dried over
magnesium sulfate, filtered and concentrated under reduced pressure. The crude material was purified by
column chromatography (ISCO, silica gel, 12 g, 0-4% methanol/dichloromethane, gradient over 20
minutes) to afford (3R)-3-(3,5-difluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)pyrrolidine-1-
carboxamide (54.5 mg, 0.156 mmol, 37%) as a yellow solid. '"H NMR (300 MHz, Dimethylsulfoxide-ds) d
9.08 (s, 1H), 7.73 (d, J = 9.9 Hz, 1H), 6.94 — 6.83 (m, 1H), 6.83 — 6.72 (m, 3H), 5.12 (s, 1H), 3.55 (m, 6H),
3.50 = 3.37 (m, 1H), 2.09 (s, 2H); LCMS (ESI) m/z: 351.2 [M+H]*.
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Example 87. Preparation of (3S)-3-(3,4-difluorophenoxy)-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-
yl)pyrrolidine-1-carboxamide (Compound 29)
(o]

N

F, PPh3, DIAD
o O 1104

E N N/ Triphosgene /[)
- NEt: ,CH Cl
F (o) HCl — -78 to 25 OC 16 h

Step 1: Preparation of tert-butyl (3S)-3-(3,4-difluorophenoxy)pyrrolidine-1-carboxylate

pS PR

To an ice-cooled solution of 3,4-difluorophenol (0.250 g, 1.92 mmol), tert-butyl (3R)-3-
hydroxypyrrolidine-1-carboxylate (359 mg, 1.92 mmol) and triphenylphosphine (553 mg, 2.11 mmol) in
tetrahydrofuran (4.80 mL) at 25 °C was added diisopropyl azodicarboxylate (414 pL, 2.11 mmol)
dropwise. The reaction mixture was stirred at 60 °C for 48 h, then concentrated under reduced pressure.
The crude oil was diluted with diethyl ether (10 mL) and then 1 M aqueous sodium hydroxide (10 mL) was
added. The aqueous layer was extracted with diethyl ether (10 mL x 2). The combined organic layers
were dried over magnesium sulfate, filtered and concentrated in vacuo. The crude material was purified
via column chromatography (ISCO, 24 g silica gel, 0-20% ethyl acetate in hexanes over 20 min gradient)
to give tert-butyl (35)-3-(3,4-difluorophenoxy)pyrrolidine-1-carboxylate (400 mg, 1.33 mmol, 70%) as a
yellow solid. 'TH NMR (300 MHz, Chloroform-d) & 7.08 (dt, J =10.2, 9.1 Hz, 1H), 6.71 (ddd, J =11.9, 6.6,
3.0 Hz, 1H), 6.58 (dtd, J =9.2, 3.2, 1.8 Hz, 1H), 4.80 (dqg, J =6.1, 2.5 Hz, 1H), 3.68 — 3.41 (m, 4H), 2.12
(dtd, J =18.1, 13.4, 9.8 Hz, 2H), 1.48 (s, 9H).

Step 2: Preparation of (35)-3-(3,4-difluorophenoxy)pyrrolidine hydrochloride

BOULLE

To a solution of tert-butyl (3S)-3-(3,4-difluorophenoxy)pyrrolidine-1-carboxylate (0.4 g, 1.33 mmol)
in methanol (6.64 mL) at 0 °C was added acetyl chloride (936 L, 13.2 mmol) dropwise. The reaction
mixture was warmed to room temperature and stirred for 2 h. The volatiles were concentrated in vacuo to
afford (3S)-3-(3,4-difluorophenoxy)pyrrolidine hydrochloride (370 mg, 1.57 mmol, >100%) as a light brown
solid. The material was used in the next step without additional purification. '"H NMR (300 MHz,
Chloroform-d) & 10.14 (s, 2H), 7.10 (dt, J =9.8, 9.0 Hz, 1H), 6.79 (ddd, J = 11.5, 6.5, 3.0 Hz, 1H), 6.64
(dtd, y=9.1,3.2, 1.7 Hz, 1H), 4.98 (d, J =3.9 Hz, 1H), 3.66 — 3.41 (m, 4H), 2.45 — 2.18 (m, 2H); LCMS
(ESI) m/z: 200.1 [M+H]*.
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Step 3: Preparation of (3S)-3-(3,4-difluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-

R L v

\
To a solution of triphosgene (62.9 mg, 0.212 mmol) in methylene chloride (2.12 mL) at -78 °C

yh)pyrrolidine-1-carboxamide

was added a solution of 6-amino-2-methyl-2,3-dihydropyridazin-3-one (55.7 mg, 0.446 mmol) and
triethylamine (235 pL, 1.69 mmol) in methylene chloride (1.06 mL). The mixture was stirred for 2 h at -78
°C, then a solution of (3S)-3-(3,4-difluorophenoxy)pyrrolidine hydrochloride (0.100 g, 0.424 mmol) and
triethylamine (235 pL, 1.69 mmol) in methylene chloride (1.06 mL) was added. The reaction mixture was
warmed to room temperature and stirred for 18 h. The reaction was quenched with water (10 mL) and
extracted with ethyl acetate (5 mL x 2). The combined organic layers were washed with brine, dried over
magnesium sulfate, filtered and concentrated under reduced pressure. The crude material was purified by
column chromatography (ISCO, silica gel, 12 g, 0-4% methanol/dichloromethane, gradient over 20
minutes) to afford (3S)-3-(3,4-difluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)pyrrolidine-1-
carboxamide (66.2 mg, 0.189 mmol, 45%) as a yellow solid. "H NMR (300 MHz, Dimethylsulfoxide-ds) &
9.07 (s, 1H), 7.73 (d, J =9.9 Hz, 1H), 7.37 (dt, J = 10.6, 9.4 Hz, 1H), 7.14 (ddd, J =12.8, 6.8, 3.1 Hz, 1H),
6.89 (d, J =9.9 Hz, 1H), 6.85 - 6.73 (m, 1H), 5.06 (s, 1H), 3.64 (m, 6H), 3.52 — 3.38 (m, 1H), 2.13 (q, J =
9.4 Hz, 2H); LCMS (ESI) m/z: 351.2 [M+H]*.

Example 88. Preparation of (3S)-3-(3,5-difluorophenoxy)-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-

yl)pyrrolidine-1-carboxamide (Compound 30)

O

F. PPhg, DIAD

. DO PO
4% THF, 60 °C _é MeOH, 0 to 25 °C
F
£ o]
/ Triphosgene
NH N-N NEts, CH,Cl, N‘( —
* HZN 4 o — o HN—Q o}
E HCl — -78t025°C,16h  F N—N

Step 1: Preparation of fert-butyl (3S)-3-(3,5-difluorophenoxy)pyrrolidine-1-carboxylate

JePar ]

To an ice-cooled solution of 3,5-difluorophenol (0.250 g, 1.92 mmol), tert-butyl (3R)-3-
hydroxypyrrolidine-1-carboxylate (359 mg, 1.92 mmol) and triphenylphosphine (553 mg, 2.11 mmol) in
tetrahydrofuran (4.80 mL) at 60 °C was added diisopropyl azodicarboxylate (414 pL, 2.11 mmol)
dropwise. The reaction mixture was stirred at 60 °C for 48 h. The reaction mixture was then concentrated
under reduced pressure. The crude oil was diluted with diethyl ether (10 mL) and 1 M aqueous sodium
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hydroxide (10 mL) was added. The aqueous layer was extracted with diethyl ether (10 mL x 2). The
combined organic layers were dried over magnesium sulfate, filtered and concentrated in vacuo. The
crude material was purified via column chromatography (ISCO, 24 g, 0-20% ethyl acetate in hexanes) to
give tert-butyl (3S)-3-(3,5-difluorophenoxy)pyrrolidine-1-carboxylate (409 mg, 1.36 mmol, 71%) as a clear
oil. '"H NMR (300 MHz, Chloroform-d) 6 6.51 —6.31 (m, 3H), 4.83 (p, J =2.6 Hz, 1H), 3.73 — 3.38 (m, 4H),
2.26 —2.01 (m, 2H), 1.48 (s, 9H).

Step 2: Preparation of (35)-3-(3,5-difluorophenoxy)pyrrolidine hydrochloride

F
e We
HCI
F (o)

To a solution of tert-butyl (3S)-3-(3,5-difluorophenoxy)pyrrolidine-1-carboxylate (0.4 g, 1.33 mmol)
in methanol (6.64 mL) at 0 °C was added acetyl chloride (936 pL, 13.2 mmol) dropwise. The reaction
mixture was warmed to room temperature and stirred for 2 h. The volatiles were concentrated in vacuo to
give (35)-3-(3,5-difluorophenoxy)pyrrolidine hydrochloride (310 mg, 1.31 mmol, 99%) as a light brown
solid. The material was used in the next step without additional purification. "H NMR (300 MHz,
Chloroform-d) & 10.02 (s, 2H), 6.47 (ddt, J =10.7, 7.0, 2.1 Hz, 3H), 5.02 (s, 1H), 3.58 (m, 4H).2.34 (m,
2H); LCMS (ESI) m/z: 200.1 [M+H]*.

Step 3: Preparation of (35)-3-(3,5-difluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-

\
To a solution of triphosgene (62.9 mg, 0.212 mmol) in methylene chloride (2.12 mL) at -78 °C

yhpyrrolidine-1-carboxamide

was added a solution of 6-amino-2-methyl-2,3-dihydropyridazin-3-one (56 mg, 0.446 mmol) and
triethylamine (235 pL, 1.69 mmol) in methylene chloride (1.1 mL). The mixture was stirred for 2 h at -78
°C, then a solution of (35)-3-(3,5-difluorophenoxy)pyrrolidine hydrochloride (0.100 g, 0.424 mmol) and
triethylamine (235 pL, 1.69 mmol) in methylene chloride (1.06 mL) was added. The reaction mixture was
warmed to room temperature and stirred for 18 h. The reaction was quenched with water (10 mL) and
extracted with ethyl acetate (5 mL x 2). The combined organic layers were washed with brine, dried over
magnesium sulfate, filtered and concentrated under reduced pressure. The crude material was purified by
column chromatography (ISCO, silica gel, 12 g, 0-4% methanol/dichloromethane, gradient over 20
minutes) to afford (3S)-3-(3,5-difluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)pyrrolidine-1-
carboxamide (48.4 mg, 0.138 mmol, 33%) as a yellow solid. "H NMR (300 MHz, Dimethylsulfoxide-ds) &
9.08 (s, 1H), 7.73 (d, J =9.9 Hz, 1H), 6.89 (d, J = 9.9 Hz, 1H), 6.84 —6.71 (m, 3H), 5.12 (s, 1H), 3.55 (s,
6H), 3.50 — 3.37 (m, 1H), 2.25 - 2.01 (m, 2H); LCMS (ESI) m/z: 351.2 [M+H]*.
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Example 89. Preparation of 6-(3-fluorobenzyl)-N-(1-methyl-6-0x0-1,6-dihydropyridazin-3-yl)-3-

azabicyclo[3.1.0]hexane-3-carboxamide (Compound 135)

@ + N é\n/o\/ [Rh(OAC),]s, DCE DIBAL-H, CH,Cl,  HO IBX, DMSO
_— —_—
N 2 o o NCbz 25°C,18h
Sz o] 80°C, 5h 7010 25°C, 18 h '
Z F. MgBr TH
O/Y\ R \©/
NCbz
-78to0 25 °c 2h NEt3, CHzCIz
0°C,3h NCbz
Triphosgene
Pd/C, H, F HNNMe byridine, CHZCI H
. + Pyridine, CH,Cly N\n/N Ny Me
MeOH NH N0  781025°C, 18h 3ol
25°C,3h o

Step 1: Preparation of 3-benzyl 6-ethyl 3-azabicyclo[3.1.0]hexane-3,6-dicarboxylate
(0]
-0
NCbz

To a solution of benzyl 2,5-dihydro-1H-pyrrole-1-carboxylate (5.3 mL, 26 mmol) and rhodium(ll)
acetate dimer (70 mg, 0.16 mmol) in dry 1,2-dichloroethane (60 mL) at 80 °C was added ethyl 2-
diazoacetate (15.5 mL, 130 mmol) in dry dichloroethane (124 mL) slowly over 5 h. The reaction mixture
was stirred at 80 °C for 1 h. The reaction solution was concentrated in vacuo. The crude residue was
purified by column chromatography (silica gel, petroleum ether / ethyl acetate = 6/4) to give 3-benzyl 6-
ethyl 3-azabicyclo[3.1.0]hexane-3,6-dicarboxylate (6 g, 20.7 mmol, 80%) as a yellow oil. LCMS (ESI) m/z:
290.1 [M+H]*.

Step 2: Preparation of benzyl 6-(hydroxymethyl)-3-azabicyclo[3.1.0]hexane-3-carboxylate

HO
NCbz

To a mixture of 3-benzyl 6-ethyl 3-azabicyclo[3.1.0]hexane-3,6-dicarboxylate (2.0 g, 6.9 mmol) in
dry dichloromethane (30 mL) at -70 °C was added a solution of diisobutylaluminum hydride (27.6 mL,
27.6 mmol, 1 M). The mixture was stirred at -70 °C for 1 h and 25 °C for 1 h. The mixture was diluted with
ethyl acetate (30 mL) and quenched with aqueous potassium sodium tartrate. The mixture was stirred at
25 °C for 1 h and extracted with ethyl acetate (2 x 30 mL). The combined organic layers were
concentrated under pressure and purified via column chromatography to give benzyl 6-(hydroxymethyl)-3-
azabicyclo[3.1.0]hexane-3-carboxylate (300 mg, 1.21 mmol, 18%) as a yellow oil. LCMS (ESI) m/z: 248.1
[M+H]*.

Step 3: Preparation of benzyl 6-formyl-3-azabicyclo[3.1.0]Jhexane-3-carboxylate

O/
NCbz
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To a solution of benzyl 6-(hydroxymethyl)-3-azabicyclo[3.1.0]hexane-3-carboxylate (700 mg, 2.83
mmol) in dimethylsulfoxide (20 mL) at 25 °C was added iodoxybenzoic acid (1.58 g, 5.66 mmol). The
mixture was stirred at 25 °C for 18 h. The mixture was quenched with water (50 mL) and ethyl acetate (50
mL), then stirred at 25 °C for 0.5 h. The solid was filtered and the organic layer was concentrated under
reduced pressure. The crude residue was purified by column chromatography (silica gel, petroleum ether
/ ethyl acetate = 1/1) to give benzyl 6-formyl-3-azabicyclo[3.1.0]hexane-3-carboxylate (500 mg, 2.04,
68%) as a yellow oil. LCMS (ESI) m/z: 268.1 [M+Na]*.

Step 4: Preparation of benzyl 6-((3-fluorophenyl)(hydroxy)methyl)-3-azabicyclo[3.1.0]hexane-3-

carboxylate
OH

NCbz

To a solution of (3-fluorophenyl)magnesium bromide (850 mg, 3.46 mmol) in dry tetrahydrofuran
(20 mL) at -78 °C was added benzyl 6-formyl-3-azabicyclo[3.1.0]hexane-3-carboxylate (7 mL, 1M, 7.0
mmol). The mixture was stirred at -78 °C for 3 h. The reaction mixture was quenched with aqueous
ammonium chloride solution. The mixture was extracted with ethyl acetate (30 mL x 2) and the organic
layer was concentrated under reduced pressure. The crude residue was purified by column
chromatography (silica gel, 100% ethyl acetate) to give benzyl 6-((3-fluorophenyl)(hydroxy)methyl)-3-
azabicyclo[3.1.0]hexane-3-carboxylate (1.0 g, 2.74 mmol, 80%) as a yellow oil. LCMS (ESI) m/z: 364.1
[M+Nal*.

Step 5: Preparation of benzyl 6-(acetoxy(3-fluorophenyl)methyl)-3-azabicyclo[3.1.0]hexane-3-carboxylate
OAc

NCbz

To a mixture of benzyl 6-((3-fluorophenyl)(hydroxy)methyl)-3-azabicyclo[3.1.0]hexane-3-
carboxylate (800 mg, 5.6 mmol) and triethylamine (2.5 mL, 16.8 mmol) in dichloromethane (20 mL) at 0
°C was added acetyl chloride (1 mL, 14 mmol) in dichloromethane (10 mL). The reaction mixture was
stirred at 25 °C for 3 h. Water was added and the aqueous layer was extracted with dichloromethane (50
mL). The combined organic layers were concentrated in vacuo and the residue was purified by column
chromatography (silica gel, petroleum ether / ethyl acetate = 5/1) to give benzyl 6-(acetoxy(3-
fluorophenyl)methyl)-3-azabicyclo[3.1.0]hexane-3-carboxylate (400 mg, 0.985 mmol, 18%) as yellow oil.
LCMS (ESI) m/z: 406.1 [M+Na]*.

Step 6: Preparation of 6-(3-fluorobenzyl)-3-azabicyclo[3.1.0]hexane

F
T

To a solution of benzyl 6-(acetoxy(3-fluorophenyl)methyl)-3-azabicyclo[3.1.0]hexane-3-
carboxylate (400 mg, 1.04 mmol) in methanol (40 mL) was added palladium on carbon (300 mg, 10% wt).
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The reaction mixture was stirred at 25 °C for 3 h under hydrogen atmosphere. The mixture was filtered
and the filtrate was concentrated under reduced pressure. The residue was diluted with dichloromethane
(50 mL) and water (30 mL), and the aqueous layer was adjusted to pH 3 with 1 N hydrochloric acid. The
aqueous layer was adjusted to pH~8 with sodium bicarbonate and extracted with ethyl acetate (30 mL x
3). The combined organic layers were dried over sodium sulfate, filtered and concentrated to give crude
6-(3-fluorobenzyl)-3-azabicyclo[3.1.0]hexane (170 mg, 0.884 mmol, 85%) as a yellow oil. LCMS (ESI)
m/z: 192.2 [M+H]*.

Step 7: Preparation of 6-(3-fluorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-3-
azabicyclo[3.1.0]hexane-3-carboxamide

To a solution of 6-amino-2-methylpyridazin-3(2H)-one (85 mg, 0.68 mmol) in pyridine (215 mg,
2.72 mmol) and dichloromethane (5 mL) at -78 °C was added a solution of triphosgene (100 mg, 0.68
mmol) in dichloromethane (5 mL). The reaction was stirred for 0.5 h before 6-(3-fluorobenzyl)-3-
azabicyclo[3.1.0]hexane (130 mg, 0.68 mmol) in pyridine (215 mg, 2.72 mmol) and dichloromethane (5
mL) was added. The mixture was stirred at 25 °C for 18 h. Water (30 mL) was added and the aqueous
layer was extracted with dichloromethane (30 mL x 2). The combined organic layers were concentrated
under reduced pressure. The crude sample was dissolved in the minimum amount of N,/N-
dimethylformamide and purified by prep-HPLC (Boston C18, 10 um, 21 mm x 250 mm column,
acetonitrile/10 mM ammonium acetate aqueous solution) to give 6-(3-fluorobenzyl)-N-(1-methyl-6-oxo-
1,6-dihydropyridazin-3-yl)-3-azabicyclo[3.1.0]hexane-3-carboxamide (42.9 mg, 0.125 mmol, 18%) as a
yellow solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) & 8.88 (s, 1H), 7.67 (d, J =10 Hz, 1H), 7.34-7.30
(m, 1H), 7.12-7.10 (m, 2H), 7.02 (t, J = 8.0 Hz, 1H), 6.87 (d, J = 10 Hz, 1H), 3.63-3.60 (m, 4H), 3.54 (s,
3H), 2.59 (d, J =7.2 Hz, 2H), 1.55 (m, 2H), 0.79 (m, 1H); LCMS (ESI) m/z: 343.2 [M+H]"*.

Example 90. Preparation of 3-(3-chlorobenzyl)-N-(1-methyl-6-0x0-1,6-dihydropyridazin-3-
yl)azetidine-1-carboxamide (Compound 22)

OH |
Ogb /@\ ¢l PPhg, I, imidazole ¢ NaBH,, DMSO
_— —_—
+ o,
NBoc BrMg 78°C,1h BocN 259C, 20 h NBoc  25°C,3h

/ Triphosgene

cl
H
CI\©/\E\ TFA, CH,Cl C'm Pyridine, CH,Cl \©/\E\NTN N
NBoc
25°C,1h 0 -60 t0 25 °C, 18 h 0 1/&0

Step 1: Preparation of tert-butyl 3-((3-chlorophenyl)(hydroxy)methyl)azetidine-1-carboxylate

OH
Cl

BocN
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To a solution of fert-butyl 3-formylazetidine-1-carboxylate (800 mg, 4.3 mmol) in dry
tetrahydrofuran (10 mL) at -78 °C was added (3-chlorophenyl)magnesium bromide (10.8 mL, 0.4 M in
tetrahydrofuran). The reaction mixture was stirred at -78 °C for 1 h. The reaction mixture was quenched
with aqueous saturated ammonium chloride (50 mL) and the aqueous layer was extracted with ethyl
acetate (50 mL x 2). The combined organic layers were concentrated under reduced pressure. The crude
residue was purified by column chromatography (silica gel, petroleum ether / ethyl acetate = 1/1) to give
tert-butyl 3-((3-chlorophenyl)(hydroxy)methyl)azetidine-1-carboxylate (700 mg, 2.19 mmol, 51%) as a
colorless oil. LCMS (ESI) m/z: 320.1 [M+Na]*.

Step 2: Preparation of fert-butyl 3-((3-chlorophenyl)iodomethyl)azetidine-1-carboxylate

|
Cl

NBoc

A suspension of triphenylphosphine (1.3 g, 5.0 mmol) and iodine (1.26 g, 5.0 mmol) in acetone (5
mL) and tetrahydrofuran (30 mL) was stirred at 25 °C for 15 min., then imidazole (340 mg, 5.0 mmol) was
added followed by tert-butyl 3-((3-chlorophenyl)(hydroxy)methyl)azetidine-1-carboxylate (600 mg, 2.0
mmol) in tetrahydrofuran (15 mL). The reaction mixture was stirred at 25 °C for 20 h. The solvent was
concentrated in vacuo. The crude residue was diluted with ethyl acetate (50 mL) and the organic layer
was washed with aqueous sodium sulfite (30 mL) and brine (30 mL). The combined organic layers were
dried over sodium sulfate, filtered and concentrated to give crude fert-butyl 3-((3-
chlorophenyl)yiodomethyl)azetidine-1-carboxylate (2.0 g, 2.0 mmol, crude) as a brown solid. LCMS (ESI)
m/z: 429.9 [M+Na]*.

Step 3: Preparation of fert-butyl 3-(3-chlorobenzyl)azetidine-1-carboxylate

Cl
\©/\E\N Boc

To a mixture of tert-butyl 3-((3-chlorophenyl)iodomethyl)azetidine-1-carboxylate (2.0 g, 2.0 mmol)
in dimethyl sulfoxide (15 mL) was added sodium borohydride (151 mg, 4.0 mmol) at 0 °C and stirred at 25
°C for 3 h. Ethyl acetate (50 mL) and water (50 mL) was added and the aqueous layer was extracted with
ethyl acetate. The combined organic layers were washed with brine, dried over sodium sulfate and
concentrated under reduced pressure. The crude material was purified by column chromatography (silica
gel, petroleum ether / ethyl acetate = 5/1) to give fert-butyl 3-(3-chlorobenzyl)azetidine-1-carboxylate (100
mg, 15% over two steps) as a white solid. LCMS (ESI) m/z: 282.3 [M+H]*.

Step 4: Preparation of 3-(3-chlorobenzyl)azetidine

Cl
Ao pe"

A mixture of tert-butyl 3-(3-chlorobenzyl)azetidine-1-carboxylate (100 mg, 0.35 mmol) and
trifluoroacetic acid (1.0 mL) in dichloromethane (5 mL) at 25 °C was stirred for 1 h. The reaction mixture

was concentrated in vacuo and the residue was diluted with dichloromethane (20 mL) and water (20 mL).
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The aqueous phase was adjusted to ~pH 9 with aqueous saturated sodium bicarbonate and extracted
with dichloromethane. The combined organic layers were washed with brine, dried over sodium sulfate,
filtered and concentrated to give crude 3-(3-chlorobenzyl)azetidine (65 mg) as a yellow oil. LCMS (ESI)
m/z: 182.1 [M+H]*.

Step 5: Preparation of 3-(3-chlorobenzyl)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)azetidine-1-
Cl
Ly
(0]
NS0

To a solution of triphosgene (53 mg, 0.18 mmol) in dry dichloromethane (3 mL) -78 °C was added

carboxamide

6-amino-2-methylpyridazin-3(2H)-one (45 mg, 0.36 mmol) and pyridine (114 mg, 1.44 mmol) in dry
dichloromethane (4 mL). The mixture was stirred at -78 °C for 0.5 h before 3-(3-chlorobenzyl)azetidine
(65 mg, 0.36 mmol) and pyridine (114 mg, 1.44 mmol) in dry dichloromethane (3 mL) was added. The
reaction mixture was stirred at 25 °C for 18 h. The reaction solution was washed with water (10 mL) and
the organic layer was concentrated under reduced pressure. The crude sample was dissolved in the
minimum amount of N,N-dimethylformamide and then purified by prep-HPLC (Boston C18, 10 ym, 21 mm
x 250 mm column, acetonitrile/10 mM ammonium acetate aqueous solution) to give 3-(3-chlorobenzyl)-/N-
(1-methyl-6-o0x0-1,6-dihydropyridazin-3-yl)azetidine-1-carboxamide (23.1 mg, 0.069 mmol, 19%) as a
white solid. '"H NMR (400 MHz, Dimethylsulfoxide-de) 8 10.13 (s, 1H), 8.35 (d, J =2.0 Hz, 1H), 8.08 (d, J
=8.8 Hz, 1H), 7.94 (d, J =10.0 Hz, 1H), 7.77 (dd, J1 = 2.0 Hz, J2 = 8.4 Hz, 1H), 7.24-7.28 (m, 2H), 7.15-
7.18 (m, 1H), 7.06 (d, J =10.0 Hz, 1H), 3.98 (s, 2H), 3.78 (s, 3H); LCMS (ESI) m/z: 333.2 [M+H]*.

Example 91. Preparation of 3-(3,4-difluorophenoxy)-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-

yl)azetidine-1-carboxamide (Compound 23)
0]
o{)—-’{ 0
F 0 PPh;, DIAD °¥ c|)J\
D/OH + HO<>N—< F - .
F 0¥ THF, 60 °C MeOH, 0 to 25 °C

F

0 /

0_<>NH / Triphosgene 0<>N—< N—-N
HCI N-N NEts, CH,Cl, HN—<_)=0

F * H2N—<_)'=O — F —

— 780 25°C, 16 h

F F

Step 1: Preparation of fert-butyl 3-(3,4-difluorophenoxy)azetidine-1-carboxylate

O—<>N—/<o ¥
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To an ice-cooled solution of 3,4-difluorophenol (411 mg, 3.16 mmol), tert-butyl 3-
hydroxyazetidine-1-carboxylate (500 mg, 2.88 mmol) and triphenylphosphine (904 mg, 3.45 mmol) in
tetrahydrofuran (7.19 mL) at 0 °C was added diisopropyl azodicarboxylate (621 pL, 3.16 mmol) dropwise.
The reaction was stirred at 60 °C for 48 h. The reaction mixture was then concentrated under reduced
pressure and partitioned between water and diethyl ether (50 mL). The combined organic layers were
extracted with diethyl ether (20 mL x 2), dried over magnesium sulfate, filtered and concentrated under
reduced pressure. The crude material was purified by column chromatography (ISCO, 24 g, 0-30% ethyl
acetate/hexanes, gradient over 20 minutes) to afford fert-butyl 3-(3,4-difluorophenoxy)azetidine-1-
carboxylate (694 mg, 2.43 mmol, 70%) as a white solid. '"H NMR (300 MHz, Chloroform-d) & 7.08 (dt, J =
10.0, 9.0 Hz, 1H), 6.59 (ddd, J = 11.6, 6.5, 3.0 Hz, 1H), 6.44 (dtd, J =9.1, 3.2, 1.8 Hz, 1H), 4.82 (it, J =
6.4, 4.1 Hz, 1H), 4.30 (ddd, J =9.7, 6.4, 1.1 Hz, 2H), 3.99 (ddd, J =9.7,4.1, 1.1 Hz, 2H), 145 (d, J=1.3
Hz, 9H); LCMS (ESI) m/z: 186.1 [M-Boc+H]*.

Step 2: Preparation of 3-(3,4-difluorophenoxy)azetidine hydrochloride
o~<>NH
HCI

F

To a solution of tert-butyl 3-(3,4-difluorophenoxy)azetidine-1-carboxylate (0.695 g, 2.43 mmol)
in methanol (8.10 mL) at 0 °C was added acetyl chloride (862 pL, 12.1 mmol) dropwise. The reaction
mixture was warmed to room temperature and stirred for 2 h. The volatiles were concentrated in vacuo to
afford 3-(3,4-difluorophenoxy)azetidine hydrochloride (563 mg, 2.54 mmol) as a yellow solid. The material
was used in the next step without additional purification. '"H NMR (300 MHz, Methanol-ds) & 10.04 (s, 2H),
7.20 -6.98 (m, 1H), 6.63 (ddd, J =11.2, 6.4, 3.0 Hz, 1H), 6.55 — 6.34 (m, 1H), 5.07 (s, 1H), 4.46 (s, 2H),
4.23 (s, 2H); LCMS (ESI) m/z: 186.1 [M+H]*.

Step 3: Preparation of 3-(3,4-difluorophenoxy)-/V-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)azetidine-1-
0O /
O{:N—{ N—N
HN4<_):0
F —

F
To a solution of triphosgene (63.5 mg, 0.2139 mmol) in methylene chloride (2.14 mL) at -78 °C

carboxamide

was added a solution of 6-amino-2-methyl-2,3-dihydropyridazin-3-one (56.3 mg, 0.4500 mmol) and
triethylamine (238 pL, 1.71 mmol) in methylene chloride (1.07 mL). The mixture was stirred for 2 h at -78
°C, then a solution of 3-(3,4-difluorophenoxy)azetidine hydrochloride (0.095 g, 0.429 mmol) and
triethylamine (238 uL, 1.71 mmol) in methylene chloride (1.07 mL) was added. The reaction mixture was
warmed to room temperature and stirred for 18 h. The reaction was quenched with water (10 mL) and
extracted with ethyl acetate (5 mL x 2). The combined organic layers were washed with brine, dried over
magnesium sulfate, filtered and concentrated under reduced pressure. The crude material was purified by

column chromatography (ISCO, silica gel, 12 g, 0-4% methanol/dichloromethane, gradient over 20
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minutes) to afford 3-(3,4-difluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)azetidine-1-
carboxamide (56.6 mg, 0.169 mmol, 39%) as a yellow solid. "H NMR (300 MHz, Dimethylsulfoxide-ds) &
9.44 (s, 1H), 7.84 (d, J =9.9 Hz, 1H), 7.39 (dt, J = 10.7, 9.3 Hz, 1H), 7.03 (ddd, J =12.4, 6.7, 3.0 Hz, 1H),
6.91 (d, J =9.9 Hz, 1H), 6.70 (dtd, J = 9.1, 3.3, 1.7 Hz, 1H), 5.09 — 4.95 (m, 1H), 4.49 — 4.34 (m, 2H),
3.89 (dd, J =10.0, 3.7 Hz, 2H), 3.55 (s, 3H); LCMS (ESI) m/z: 337.2 [M+H]*.

Example 92. Preparation of 3-(3,5-difluorophenoxy)-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-

yl)azetidine-1-carboxamide (Compound 24)
0]
o— A4 9
; {: O;< o )j\

0
PPhs, DIAD
oH + Ho— N : FQ
°¥ THF, 60 °C MeOH, 0 to 25 °C
F

F

o NH N N/ Triphosgene 0<>N—/<
- NEts, CH,Cl v
E HCI *HN _<_): o 3 2Ll E
— -781t025°C, 16 h

F F

Step 1: Preparation of tert-butyl 3-(3,5-difluorophenoxy)azetidine-1-carboxylate
(0]

o—<>N—/<
o

=

To an ice-cooled solution of 3,5-difluorophenol (411 mg, 3.16 mmol), fert-butyl 3-
hydroxyazetidine-1-carboxylate (500 mg, 2.88 mmol) and triphenylphosphine (904 mg, 3.45 mmol) in
tetrahydrofuran (7.19 mL) at 0 °C was added diisopropyl azodicarboxylate (621 pL, 3.16 mmol) dropwise.
The reaction mixture was stirred at 60 °C for 48 h. The reaction mixture was then concentrated under
reduced pressure and partitioned between water and diethyl ether (50 mL). The combined organic layers
were extracted with diethyl ether (20 mL x 2), dried over magnesium sulfate, filtered and concentrated
under reduced pressure. The crude material was purified via column chromatography (ISCO, 24 g, 0-30%
ethyl acetate/hexanes, gradient over 20 minutes) to afford fert-butyl 3-(3,5-difluorophenoxy)azetidine-1-
carboxylate (770 mg, 2.69 mmol, 94%) as a clear oil. "H NMR (300 MHz, Chloroform-d) & 6.47 (tt, J = 9.0,
2.2 Hz, 1H), 6.35-6.16 (m, 2H), 4.83 (tt, J = 6.4, 4.1 Hz, 1H), 4.31 (ddd, J =9.7, 6.4, 1.1 Hz, 2H), 4.00
(ddd, J =9.7,4.1, 1.1 Hz, 2H), 1.46 (s, 9H); LCMS (ESI) m/z: 286.4 [M+H]*.

Step 2: Preparation of 3-(3,5-difluorophenoxy)azetidine hydrochloride

O—<>NH
HCI
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To a solution of fert-butyl 3-(3,5-difluorophenoxy)azetidine-1-carboxylate (0.695 g, 2.43 mmol) in
methanol (8.1 mL) at 0 °C was added acetyl chloride (860 uL, 12.1 mmol) dropwise. The reaction mixture
was warmed to room temperature and stirred for 2 h. The volatiles were concentrated in vacuo to afford
3-(3,4-difluorophenoxy)azetidine hydrochloride (563 mg, 2.54 mmol) as a yellow solid. The material was
used in the next step without additional purification. "H NMR (300 MHz, Methanol-ds) 6 10.04 (s, 2H),
7.20 - 6.98 (m, 1H), 6.63 (ddd, J =11.2, 6.4, 3.0 Hz, 1H), 6.55 — 6.34 (m, 1H), 5.07 (s, 1H), 4.46 (s, 2H),
4.23 (s, 2H); LCMS (ESI) m/z: 186.1 [M+H]*.

Step 3: Preparation of 3-(3,5-difluorophenoxy)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)azetidine-1-

o /
o~<>N—< N—N
HN— o]
- -~
F

To a solution of triphosgene (66.9 mg, 0.226 mmol) in methylene chloride (2.25 mL) at -78 °C
was added a solution of 6-amino-2-methyl-2,3-dihydropyridazin-3-one (59.2 mg, 0.474 mmol) and

carboxamide

triethylamine (250 pL, 1.80 mmol) in methylene chloride (1.12 mL). The mixture was stirred for 2 h at -78
°C, then a solution of 3-(3,5-difluorophenoxy)azetidine hydrochloride (0.100 g, 0.451 mmol) and
triethylamine (250 pL, 1.80 mmol) in methylene chloride (1.12 mL) was added. The reaction mixture was
warmed to room temperature and stirred for 18 h. The reaction was quenched with water (10 mL) and
extracted with ethyl acetate (5 mL x 2). The combined organic layers were washed with brine, dried over
magnesium sulfate, filtered and concentrated under reduced pressure. The crude material was purified by
column chromatography (ISCO, silica gel, 12 g, 0-4% methanol/dichloromethane, gradient over 20
minutes) to afford 3-(3,5-difluorophenoxy)-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl)azetidine-1-
carboxamide (30.4 mg, 0.091 mmol, 23%) as a yellow solid. "H NMR (300 MHz, Dimethylsulfoxide-ds) &
9.45 (s, 1H), 7.84 (d, J =9.9 Hz, 1H), 6.91 (d, J =9.9 Hz, 1H), 6.84 (dt, J = 9.5, 2.3 Hz, 1H), 6.68 (dd, J =
9.2,2.2 Hz, 2H), 5.05 (td, J = 6.4, 3.4 Hz, 1H), 4.43 (dd, J = 9.9, 6.4 Hz, 2H), 3.90 (dd, J = 9.9, 3.8 Hz,
2H), 3.55 (s, 3H); LCMS (ESI) m/z: 337.2 [M+H]*.
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Example 93. Preparation of 4-(3,5-difluorophenylamino)-N-(1-methyl-6-0x0-1,6-dihydropyridin-3-

yl)piperidine-1-carboxamide (Compound 11)

o O
h . HzN\C"L/ Triphosgene, Pyridine Uj\n/n N
A
N 0]
H

(0]
-60t010°C,17 h
F NH,
H
F F N
NaCNBH3, CH;CO,H \O H
N\n/N SN
MeOH, 10 °C, 17 h F 0 K

Step 1: Preparation of N-(1-methyl-6-oxo-1,6-dihydropyridin-3-yl)-4-oxopiperidine-1-carboxamide

To a solution of triphosgene (549 mg, 1.85 mmol) in dichloromethane (10 mL) was added a
solution of 5-amino-1-methylpyridin-2(1H)-one (0.595 mg, 3.7 mmol) and pyridine (1.17 g, 14.8 mmol) in
dichloromethane (10 mL) at -60 °C under argon. The mixture was stirred at -60 °C for 30 min. Then a
solution of piperidin-4-one hydrochloride (500 mg, 3.7 mmol) and pyridine (1.17 g, 14.8 mmol) in
dichloromethane (20 mL) was added at -60 °C. The resulting mixture was stirred at 10 °C for 17 h. After
completion, water (20 mL) was added. The mixture was extracted with dichloromethane (10 mL x 3). The
organic layer was dried over sodium sulfate, filtered and concentrated. The crude residue was purified by
TLC (dichloromethane/methanol = 10/1) to give N-(1-methyl-6-ox0-1,6-dihydropyridin-3-yl)-4-
oxopiperidine-1-carboxamide (280 mg, 1.12 mmol, 30%) as a yellow solid. LCMS (ESI) m/z: 250.1
[M+H]*.

Step 2: Preparation of 4-(3,5-difluorophenylamino)-N-(1-methyl-6-oxo-1,6-dihydropyridin-3-yl)piperidine-1-
carboxamide

To a solution of N-(1-methyl-6-oxo-1,6-dihydropyridin-3-yl)-4-oxopiperidine-1-carboxamide (120
mg, 0.48 mmol) in methyl alcohol (15 mL) were added 3,5-difluoroaniline (124 mg, 0.96 mmol) and acetic
acid (14.4 mg, 0.24 mmol). The mixture was stirred at 10 °C for 1 h. Then sodium cyanoborohydride (90.4
mg, 1.44 mmol) was added. The resulting mixture was stirred at 10 °C for 17 h. The reaction mixture was

concentrated under reduced pressure. The crude residue was dissolved in the minimal amount of N, V-
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dimethylformamide and purified by prep-HPLC (Boston C18, 21 x 250 mm 10 ym column:
acetonitrile/0.01% aqueous FA) to give 4-(3,5-difluorophenylamino)-N-(1-methyl-6-oxo-1,6-dihydropyridin-
3-yl)piperidine-1-carboxamide (10.4 mg, 0.02 mmol, 6.0%) as a white solid. '"H NMR (400 MHz,
Dimethylsulfoxide-de) 8 8.23 (s, 1H), 7.75 (d, J = 2.8 Hz, 1H), 7.40 (dd, J = 9.6, 2.9 Hz, 1H), 6.37 — 6.07
(m, 5H), 3.98 (d, J = 13.5 Hz, 2H), 3.45 (d, J = 8.1 Hz, 1H), 3.39 (s, 3H), 2.96 (t, J = 11.3 Hz, 2H), 1.89 (d,
J=10.0 Hz, 2H), 1.25 (dd, J = 20.6, 10.1 Hz, 2H); LCMS (ESI) m/z: 363.2 [M+H]*.

Example 94. Preparation of 4-((3-chloro-5-fluorophenyl)amino)-N-(1-methyl-6-0x0-1,6-

N T
0

o

dihydropyridazin-3-yl)piperidine-1-carboxamide (Compound 93)

o
H F. NH, F
e NaCNBH;, CH;CO,H
‘e
0 L/& MeOH, 20°C, 20 h
© Cl

Cl

H
N

Step 1: Preparation of 4-((3-chloro-5-fluorophenyl)amino)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-

H
F. N
Y
Cl (o]
X0

To a solution of N-(1-methyl-6-0xo-1,6-dihydropyridazin-3-yl)-4-oxopiperidine-1-carboxamide

yl)piperidine-1-carboxamide

(0.15 g, 0.6 mmol) and 3-chloro-5-fluoroaniline (0.174 g, 1.2 mmol) in methanol (15 mL) at 20 °C was
added acetic acid (1 drop) under argon. The mixture was stirred at 20 °C for 1 h, then sodium
cyanoborohydride (0.113 g, 1.8 mmol) was added, the mixture was stirred at 20 °C for 20 h. The reaction
mixture was concentrated in vacuo. The crude residue was dissolved in the minimal amount of N, -
dimethylformamide and purified by prep-HPLC (Boston C18, 21 x 250 mm, 10um column: acetonitrile/10
mM ammonium acetate aqueous solution) to give 4-((3-chloro-5-fluorophenyl)amino)-/N-(1-methyl-6-oxo-
1,6-dihydropyridazin-3-yl)piperidine-1-carboxamide (0.026 g, 0.068 mmol, 11%) as a white solid. 'H NMR
(400 MHz, Dimethylsulfoxide-ds) 8 9.31 (s, 1H), 7.63 (d, J = 9.9 Hz, 1H), 6.87 (d, J = 9.9 Hz, 1H), 6.47 (d,
J=1.7 Hz, 1H), 6.43 — 6.34 (m, 2H), 6.24 (d, J= 8.1 Hz, 1H), 4.01 (d, J = 13.5 Hz, 2H), 3.56 (s, 3H), 3.51
—3.44 (m, 1H), 2.99 (t, J=11.4 Hz, 2H), 1.88 (d, J=10.1 Hz, 2H), 1.26 (dd, J = 20.7, 9.9 Hz, 2H); LCMS
(ESI) m/z: 380.1 [M+H]*.
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Example 95. Preparation of N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-4-

(phenylamino)piperidine-1-carboxamide (Compound 91)

o) (0]
HsN N.
(Uj 20NN Triphosgene, Pyridine Uj H N.
* TTrN
N

0 CHJCl, (0] _n
H -60t010°C, 4 h

NaCNBH3, CH3CO,H ©/

MeOH, 20 °C, 20 h o) -

o)

H
N

Step 1: Preparation of N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-4-oxopiperidine-1-carboxamide

0]
U H N. .~
X
(o] N 0
To a suspension of 6-amino-2-methylpyridazin-3(2H)-one (2.50 g, 20.0 mmol) and pyridine (6.4
mL, 80.0 mmol) in dry dichloromethane (100 mL) at -60 °C was added triphosgene (2.96 g, 10.0 mmol)
under argon. The mixture was stirred at -60 °C for 1 h and slowly warmed to -10 °C over 1 h to obtain a
clear yellow solution. The mixture was cooled to -60 °C and a solution of piperidin-4-one hydrochloride
(2.70 g, 20.0 mmol) and pyridine (6.4 mL, 80.0 mmol) in dichloromethane (10 mL) was added. The
resulting mixture was stirred at 25 °C for 2 h. The reaction mixture was quenched with methanol (50 mL)
and concentrated in vacuo. The crude residue was purified by column chromatography (silica gel,
dichloromethane/methanol = 10/1) to obtain N-(1-methyl-6-ox0-1,6-dihydropyridazin-3-yl)-4-oxopiperidine-
1-carboxamide (3.15 g, 12.6 mmol, 63%) as a yellow solid. LCMS (ESI) m/z: 251.1 [M+H]*.

Step 2: Preparation of N-(1-methyl-6-0xo-1,6-dihydropyridazin-3-yl)-4-(phenylamino)piperidine-1-

O/ \O"\g/“\i‘;[o

To a solution of N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl)-4-oxopiperidine-1-carboxamide (200

carboxamide

H
N

mg, 0.8 mmol) and aniline (206 mg, 1.6 mmol) in methanol (10 mL) at 20 °C was added acetic acid (1
drop) under argon. The mixture was stirred at 20 °C for 1 h, then sodium cyanoborohydride (150 mg, 2.4
mmol) was added. The reaction mixture was stirred at 20 °C for 20 h and concentrated in vacuo. The
crude residue was dissolved in the minimum amount of N,N-dimethylformamide and purified by prep-
HPLC (Boston C18, 21 x 250 mm, 10 um column: acetonitrile/10 mM ammonium acetate aqueous

solution) to give N-(1-methyl-6-o0xo-1,6-dihydropyridazin-3-yl)-4-(phenylamino)piperidine-1-carboxamide
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(75.2 mg, 0.23 mmol, 29%) as a white solid. 'H NMR (400 MHz, Dimethylsulfoxide-ds) 8 9.29 (s, 1H), 7.63
(d, J=9.9 Hz, 1H), 7.06 (t, J = 7.8 Hz, 2H), 6.88 (d, J = 9.9 Hz, 1H), 6.59 (d, J = 7.9 Hz, 2H), 6.50 (t, J =
7.2 Hz, 1H), 5.47 (d, J= 7.9 Hz, 1H), 4.01 (d, J = 13.4 Hz, 2H), 3.56 (s, 3H), 3.43 (s, 1H), 2.99 (t, J = 11.5
Hz, 2H), 1.90 (d, J = 10.6 Hz, 2H), 1.28 (dd, J = 20.8, 9.9 Hz, 2H); LCMS (ESI) m/z: 328.2 [M+H]".

Example 96. Preparation of N-(1-methyl-6-ox0-1,6-dihydropyridazin-3-yl)-4-(2-
(trifluoromethyl)phenylamino)piperidine-1-carboxamide (Compound 92)

o o
ﬁlj ) HzN\ENI Ttriphosgene, Pyridine U‘ H N.
2NN
N N-"N0  CH,Cl,-60°C,4h T

H HCI 0 N9
CF, rhF
NH H
2 N
NaCNBH3, CH3CO,H e \E/N!
MeOH, 20 °C, 20 h 0 X9

Step 1: Preparation of N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-4-oxopiperidine-1-carboxamide

0]
\I\:)\l H N. .-
A
(0] NN 0
To a suspension of 6-amino-2-methylpyridazin-3(2H)-one (2.50 g, 20.0 mmol) and pyridine (6.4
mL, 80.0 mmol) in dry dichloromethane (100 mL) at -60 °C was added triphosgene (2.96 g, 10.0 mmol)
under argon. The mixture was stirred at -60 °C for 1 h then slowly warmed to -10 °C over 1 h to obtain a
clear yellow solution. The mixture was cooled to -60 °C and a solution of piperidin-4-one hydrochloride
(2.70 g, 20.0 mmol) and pyridine (6.4 mL, 80.0 mmol) in dichloromethane (10 mL) was added. The
resulting mixture was stirred at 25 °C for 2 h. After completion, the mixture was quenched with methanol
(50 mL) and concentrated in vacuo. The crude residue was purified by column chromatography (silica gel,
dichloromethane/methanol = 10/1) to obtain N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl)-4-oxopiperidine-
1-carboxamide (3.15 g, 12.6 mmol, 63%) as a pale yellow solid. LCMS (ESI) m/z: 251.1 [M+H]*.

Step 2: Preparation of N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-4-(2-
(trifluoromethyl)phenylamino)piperidine-1-carboxamide

F
\G N
N\ﬂ/N Ny~

FLF

H

N
0 N

0]
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To a solution of N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl)-4-oxopiperidine-1-carboxamide (0.2
g, 0.8 mmol) and 2-(trifluoromethyl)aniline (0.258 g, 1.6 mmol) in methanol (10 mL) at 20 °C was added
acetic acid (1 drop) under argon. The mixture was stirred at 20 °C for 1 h, then sodium cyanoborohydride
(0.15 g, 2.4 mmol) was added. The reaction mixture was stirred at 20 °C for 20 h and concentrated in
vacuo. The crude residue was dissolved in the minimum amount of N, N-dimethylformamide and purified
by prep-HPLC (Boston C18, 21 x 250 mm, 10 ym column: acetonitrile/10 mM ammonium acetate
aqueous solution) to give N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-4-(2-
(trifluoromethyl)phenylamino)piperidine-1-carboxamide (0.007 g, 0.019 mmol, 2%) as a white solid. 'H
NMR (400 MHz, Dimethylsulfoxide-ds) d 9.31 (s, 1H), 7.64 (d, J= 9.8 Hz, 1H), 7.42 (dd, J = 7.5, 5.3 Hz,
2H),6.99 (d, J=8.8 Hz, 1H),6.89 (d, J=9.8 Hz, 1H),6.71 (t, J= 7.5 Hz, 1H), 4.70 (d, J= 7.8 Hz, 1H),
4.06 (d, J=13.6 Hz, 2H), 3.68 (s, 1H), 3.56 (s, 3H), 2.97 (t, J = 11.8 Hz, 2H), 1.90 (d, J = 10.2 Hz, 2H),
1.46 (dd, J=20.7, 11.0 Hz, 2H); LCMS (ESI) m/z: 396.1 [M+H]*.

Example 97. Preparation of 4-(3,5-difluorobenzylamino)-N-(1-methyl-6-0x0-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide (Compound 104)
F

i H,N
\G H NaBH(OAc)3, CH3CO,H /@\/H
H + N\n/N /N\N/
(o] x

N
{CH,Cl),, 20°C, 20 h F \G H
o) o N\n/N /N\N/

Step 1: Preparation of 4-(3,5-difluorobenzylamino)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide
F

J@J
F
(0]

A solution of 4-amino-/N-(1-methyl-6-0xo0-1,6-dihydropyridazin-3-yl) piperidine-1-carboxamide (251

U\n/n /N\N/
(0]

X

mg, 1.0 mmol) and 3,5-difluorobenzaldehyde (142 mg, 1.0 mmol) in dichloroethane (9 mL) and acetic
acid (0.1 mL) was stirred at 25 °C for 1 h before sodium borohydride acetate (318 mg, 1.5 mmol) was
added. The reaction mixture was stirred at 25 °C for 16 h and filtered. The filtrate was concentrated in
vacuo. The crude material was dissolved in the minimum amount of N, N-dimethylformamide and purified
by prep-HPLC (SunFire C18, 4.6 x 50 mm, 3.5 ym column: Xbridge C18, 3.5 ym 4.6 x 50 mm column:
used a gradient of 5-95% over 1.5 min at 2 mL/min [acetonitrile/0.01% aqueous formic acid]) to afford 4-
(3,5-difluorobenzylamino)-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl) piperidine-1-carboxamide (29.4
mg, 0.08 mmol, 8%) as a white solid. '"H NMR (400 MHz, Dimethylsulfoxide-ds) d 9.22 (s, 1H), 8.24 (s,
1H), 7.61 - 7.59 (d, J = 9.9 Hz, 1H), 7.26 — 7.00 (m, 3H), 6.87 (d, J = 9.9 Hz, 1H), 3.94 — 3.90 (m, 2H),
3.77 (s, 2H), 3.55 (s, 3H), 2.87 (t, J = 11.2 Hz, 2H), 2.57 — 2.53 (m, 1H), 1.80 (d, J = 10.2 Hz, 2H), 1.20 -
1.17 (m, 2H); LCMS (ESI) m/z: 378.1 [M+H]*.
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Example 98. Preparation of 4-((3,5-difluorophenyl)amino)-N-(1-methyl-6-ox0-1,6-dihydropyridazin-
3-yl)piperidine-1-carboxamide (Compound 94)

o)
Triph idi m H N
riphosgene, pyridine N
O ey I8¢

CH,Cly, -60 °C, 4 h o} x

(0]
H HCI

f? fepeviy

NaCNBH3, CH43CO,H o

MeOH, 20 °C, 20 h

Step 1: Preparation of N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-4-oxopiperidine-1-carboxamide

O
\I\:)\l H N. .~
A
(o] NN 0
To a suspension of 6-amino-2-methylpyridazin-3(2H)-one (2.50 g, 20.0 mmol) and pyridine (6.4
mL, 80.0 mmol) in dry dichloromethane (100 mL) at -60 °C was added triphosgene (2.96 g, 10.0 mmol)
under argon. The mixture was stirred at -60 °C for 1 h, and slowly warmed to -10 °C over 1 h. The
reaction mixture was cooled to -60 °C and a solution of piperidin-4-one hydrochloride (2.70 g, 20.0 mmol)
and pyridine (6.4 mL, 80.0 mmol) in dichloromethane (10 mL) was added. The resulting mixture was
stirred at 25 °C for 2 h. The reaction mixture was quenched with methanol (50 mL) and concentrated in
vacuo. The crude residue was purified by column chromatography (silica gel, dichloromethane/ methanol
= 10/1) to give N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl)-4-oxopiperidine-1-carboxamide (3.15 g, 12.6
mmol, 63%) as a yellow solid. LCMS (ESI) m/z: 251.1 [M+H]*.

Step 2: Preparation of 4-((3,5-difluorophenyl)amino)-/N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-

H

F. N
e
F O\O

To a solution of N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-4-oxopiperidine-1-carboxamide (100

yl)piperidine-1-carboxamide

mg, 0.4 mmol) and 3,5-difluoroaniline (103 mg, 0.8 mmol) in methanol (10 mL) at 20 °C was added acetic
acid (1 drop) under argon. The mixture was stirred at 20 °C for 1 h, then sodium cyanoborohydride (75
mg, 1.2 mmol) was added, the mixture was stirred at 20 °C for 20 h. The reaction mixture was

concentrated in vacuo. The crude residue was dissolved in the minimum amount of N, V-
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dimethylformamide and purified by prep-HPLC (Boston C18, 21 x 250 mm, 10 ym column; 10 mM
ammonium acetate aqueous solution) to give 4-((3,5-difluorophenyl)amino)-/N-(1-methyl-6-oxo-1,6-
dihydropyridazin-3-yl)piperidine-1-carboxamide (20 mg, 0.06 mmol, 14%) as a white solid. "H NMR (400
MHz, Dimethylsulfoxide-ds) d 7.63 (d, J = 9.9 Hz, 1H), 6.88 (d, J= 9.9 Hz, 1H), 6.30 — 6.15 (m, 4H), 4.01
(d, J=13.4 Hz, 2H), 3.56 (s, 3H), 3.46 (d, J = 8.1 Hz, 1H), 2.99 (t, J = 11.5 Hz, 2H), 1.88 (d, J = 10.1 Hz,
2H), 1.26 (dd, J = 20.5, 10.2 Hz, 2H); LCMS (ESI) m/z: 364.1 [M+H]+.

Example 99. Preparation of N-(1-methyl-6-ox0-1,6-dihydropyridazin-3-yl)-4-(2

(trifluoromethyl)benzylamino)piperidine-1-carboxamide (Compound 105)

H
Boc< N
Iy ' idi d \G H TFA
H,N N. Triphosgene, pyridine N N N. .
+ Z N \n/ Z N
CH,Cl,, -60t0 25°C, 18 h o} CHyCl, 4 h
N NS NS o
H O
F
HaoN FEF o q
N\n/ll:l| /N\N/ . H NaBH(OAc)z;, CH3;CO,H \G H
N N N. .~
0 X9 (CHyCl), 25°C, 16 F"L°F Y ¢ N
NG &O

Step 1: Preparation of tert-butyl 1-(1-methyl-6-oxo-1,6-dihydropyridazin-3-ylcarbamoyl)piperidin-4-
ylcarbamate

To a solution of triphosgene (3.0 g, 10.0 mmol) in dichloromethane (150 mL) was added a
solution of 6-amino-2-methylpyridazin-3(2H)-one (2.5 g, 20.0 mmol) and pyridine (7.6 g, 96 mmol) in
dichloromethane (25 mL) at -60 °C under argon. The mixture was stirred at -60 °C for 30 min and then at
0 °C for 30 min, before a solution of terf-butyl piperidin-4-ylcarbamate (4.0 g, 20.0 mmol) and pyridine (7.6
g, 96 mmol) in dichloromethane (25 mL) was added at -60 °C. The resulting mixture was stirred at 25 °C
for 18 h. The reaction mixture was quenched with water (30 mL) and extracted with dichloromethane (500
mL x 2). The organic layer was dried over sodium sulfate, filtered and concentrated. The crude residue
was purified by column chromatography (silica gel, dichloromethane/methanol from 50/1 to 20/1) to give
tert-butyl 1-(1-methyl-6-oxo-1,6-dihydropyridazin-3-ylcarbamoyl)piperidin-4-ylcarbamate (4.6 g, 13.1
mmol, 66%) as a brown solid. LCMS (ESI) m/z: 352.2 [M+H]*.
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Step 2: Preparation of 4-amino-/N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl) piperidine-1-carboxamide

= 0]

)Ol\
H
H,N

To a solution of tert-butyl 1-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-ylcarbamoyl)piperidin-4-
ylcarbamate (1.2 g, 3.4 mmol) in dichloromethane (10 mL) was added trifluoroacetic acid (3.0 mL). The
mixture was stirred at 25 °C for 4 h under nitrogen. After completion, the crude residue was adjusted pH =
9 with sodium bicarbonate solution and extracted with dichloromethane (100 mL x 3). The organic layer
was dried over sodium sulfate, filtered and concentrated in vacuo. The crude solid was purified by column
chromatography (silica gel, dichloromethane/methanol from 20/1 to 10/1) to give 4-amino-N-(1-methyl-6-
oxo-1,6-dihydropyridazin-3-yl)piperidine-1-carboxamide (0.67 g, 2.7 mmol, 78%) as a brown solid. 'H
NMR (400 MHz, Dimethylsulfoxide-ds) d 9.21 (s, 1H), 7.61 - 7.58 (d, J = 9.9 Hz, 1H), 6.86 — 6.84 (d, J =
9.9 Hz, 1H), 4.06 — 3.89 (m, 2H), 3.55 (s, 3H), 3.32 (s, 2H), 2.95 - 2.80 (m, 2H), 2.76 — 7.74 (m, 1H), 1.69
—1.65 (m, 2H), 1.14 — 1.11 (m, 2H); LCMS (ESI) m/z: 252.1 [M+H]*.

Step 3: Preparation of N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-4-(2-
(trifluoromethyl)benzylamino)piperidine-1-carboxamide

S N

T /ONNN\
N
H

A solution of 4-amino-/-(1-methyl-6-0xo0-1,6-dihydropyridazin-3-yl) piperidine-1-carboxamide (251
mg, 1.0 mmol) and 2-(trifluoromethyl)benzaldehyde (174 mg, 1.0 mmol) in dichloroethane (9 mL) and
acetic acid (0.1 mL) was stirred at 25 °C for 1 h. Then sodium borohydride acetate (318 mg, 1.5 mmol)
was added to the reaction mixture and stirred at 25 °C for 16 h. The reaction mixture was filtered, and the
filtrate was concentrated in vacuo. The crude material was dissolved in the minimum amount of N,N-
dimethylformamide and purified by prep-HPLC (SunFire C18, 4.6 x 50 mm, 3.5 pm column: Xbridge C18
3.5 um, 4.6 x 50 mm column; gradient of 5-95% over 1.5 min at 2 mL/min, acetonitrile/0.01% aqueous
formic acid) to afford N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)-4-(2-
(trifluoromethyl)benzylamino)piperidine-1-carboxamide (57.8 mg, 0.14 mmol, 14%) as a white solid. 'H
NMR (400 MHz, Dimethylsulfoxide-ds) & 9.22 (s, 1H), 7.83 (d, J = 7.7 Hz, 1H), 7.73 = 7.57 (m, 3H), 7.44
(t, J=7.6Hz, 1H), 6.87 (d, J=9.9 Hz, 1H), 3.94 (d, J = 13.5 Hz, 2H), 3.90 (s, 2H), 3.55 (s, 3H), 2.88 (t, J
=11.2 Hz, 2H), 2.61 (d, J= 9.3 Hz, 1H), 2.21 = 2.19 (m, 1H), 1.81 (d, J =10.1 Hz, 2H), 1.22 — 1.20 (m,
2H); LCMS (ESI) m/z: 410.1 [M+H]*.
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Example 100. Preparation of 4-(3-chloro-4,5-difluorobenzyl)-4-fluoro-N-(1-methyl-6-0xo0-1,6-
dihydropyridazin-3-yl)piperidine-1-carboxamide (Compound 66)

1) nBuLi, THF

F. Br -78°C _DAST, CH,Clp
D/ 2) BF3THF 7810 25°C, 2h
e

N

Boc F
F 1) Triphosgene, pyridine F H
HCI, 1,4-dioxane | CH,Cly, -60 °C, 30 min N N N. -
- NH F \ﬂ/ N
° R Cl (o]
25°C,4h F L 2) H2N /N N~ A o
NS0

Pyridine, CH,Cl,
-60to 25 °C, 18 h

Step 1: Preparation of tert-butyl 4-(3-chloro-4,5-difluorobenzyl)-4-hydroxypiperidine-1-carboxylate

cl OH

E NYO
F o}
5 Y
To a solution of 5-bromo-1-chloro-2,3-difluorobenzene (4.5 g, 19.9 mmol) in dry tetrahydrofuran

(60 mL) at -78 °C was added n-butyllithium (2.5 M, 8.7 mL, 21.9 mmol) drop-wise under argon. The
reaction mixture was stirred at - 78 °C for 1.5 h, then boron trifluoride etherate (47% wt, 5.6 mL, 20.6
mmol) was added slowly. The reaction solution was stirred for 15 min before a solution of ferf-butyl 1-oxa-

10 6-azaspiro[2.5]octane-6-carboxylate (4.2 g, 19.9 mmol) in dry tetrahydrofuran (20 mL) was added drop-
wise. The reaction mixture was stirred at -78 °C for 2 h and then at 25 °C for 18 h. The reaction solution
was quenched with saturated ammonium chloride aqueous solution and basified to pH = 9 with 2 N/
sodium hydroxide aqueous solution. The aqueous layer was extracted with ethyl acetate (60 mL x 2). The
combined organic phase was washed with brine (50 mL), dried over sodium sulfate, filtered and

15 concentrated in vacuo. The crude residue was purified by Combi-Flash (Biotage, 80 g silica gel, eluted
with ethyl acetate in petroleum ether from 20 to 30%) to give fert-butyl 4-(3-chloro-4,5-difluorobenzyl)-4-

hydroxypiperidine-1-carboxylate (4 g, 11.08 mmol, 55%) as a colorless oil. LCMS (ESI) m/z: 306.2 [M-
56+H]*.

20 Step 2: Preparation of tert-butyl 4-(3-chloro-4,5-difluorobenzyl)-4-fluoropiperidine-1-carboxylate

F
Cl

§ he
F \{/o
To a solution of diethylamino sulfur trifluoride (2.85 mL, 21.6 mmol) in dry dichloromethane (80
mL) at -78°C was added a solution of fert-butyl 4-(3-chloro-4,5-difluorobenzyl)-4-hydroxypiperidine-1-
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carboxylate (3.9 g, 10.8 mmol) in dry dichloromethane (20 mL) drop-wise under nitrogen. After the
addition, the reaction was warmed up to ambient temperature and stirred for 2 h. The reaction was
quenched with saturated sodium bicarbonate aqueous solution and extracted with dichloromethane (50
mL x 2). The combined organic phases were washed with brine (40 mL), dried over sodium sulfate,
fitered and concentrated. The residue was purified by Combi-Flash (Biotage, 80 g silica gel, eluted with
ethyl acetate in petroleum ether from 10 to 20%) to give fert-butyl 4-(3-chloro-4,5-difluorobenzyl)-4-
fluoropiperidine-1-carboxylate (1.8 g, 4.96 mmol, 46%) as colorless oil. LCMS (ESI) m/z: 308.1 [M-
56+H]*.

Step 3: Preparation of 4-(3-chloro-4,5-difluorobenzyl)-4-fluoropiperidine

E
Cl

F

A solution of fert-butyl 4-(3-chloro-4,5-difluorobenzyl)-4-fluoropiperidine-1-carboxylate (1.7 g, 4.68
mmol) and hydrochloric acid in 1,4-dioxane solution (4 M, 40 mL) was stirred at 25 °C for4 h. The
reaction mixture was concentrated in vacuo. The residue was diluted with dichloromethane (50 mL),
neutralized with sodium bicarbonate aqueous solution and extracted with dichloromethane (30 mL x 2).
The combined organic phases were washed with brine (40 mL), dried over sodium sulfate, filtered and
concentrated to give 4-(3-chloro-4,5-difluorobenzyl)-4-fluoropiperidine (0.8 g, 3.04 mmol, 65%) as a
yellow oil. LCMS (ESI) m/z: 264.1 [M+H]*.

Step 4: Preparation of 4-(3-chloro-4,5-difluorobenzyl)-4-fluoro-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-

yl)piperidine-1-carboxamide

Cl
H
NN

Y ey
F 0
A2

To a solution of triphosgene (0.18 g, 0.6 mmol) in dichloromethane (20 mL) at -60 °C was added
a solution of 6-amino-2-methylpyridazin-3(2H)-one (0.15 g, 1.2 mmol) and pyridine (0.38 g, 4.8 mmol) in
dichloromethane (10 mL) under argon. The mixture was stirred at -60 °C for 30 min. Then a solution of 4-
(3-chloro-4,5-difluorobenzyl)-4-fluoropiperidine (0.38 g, 1.44 mmol) and pyridine (0.45 g, 5.78 mmol) in
dichloromethane (10 mL) was added at -60 °C. The resulting mixture was stirred at 25 °C for 18 h. The
reaction mixture was quenched with water (40 mL) and the aqueous layer was extracted with
dichloromethane (40 mL x 2). The combined organic layers were dried over sodium sulfate, filtered and
concentrated. The crude residue was dissolved in the minimum amount of N, N-dimethylformamide and
purified by prep-HPLC (Boston C18, 21 x 250 mm, 10 ym column; acetonitrile/10 mM ammonium acetate
aqueous solution) to give 4-(3-chloro-4,5-difluorobenzyl)-4-fluoro-N-(1-methyl-6-oxo-1,6-dihydropyridazin-
3-yl)piperidine-1-carboxamide (140 mg, 0.34 mmol, 28%) as a white solid. '"H NMR (400 MHz,
Dimethylsulfoxide-ds) & 7.63 (d, J = 9.6, 1H), 7.38-7.45 (m, 1H), 7.14-7.23 (m, 1H), 6.88 (d, J = 9.6 Hz,
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1H), 3.96 (d, J = 13.6 Hz, 2H), 3.56 (s, 3H), 2.91-3.12 (m, 4H), 1.60-1.84 (m, 4H); LCMS (ESI) m/z: 415.0
[M+H]*.

Example 101. Preparation of 4-(3-fluorobenzyl)-4-hydroxy-N-(1-methyl-6-ox0-1,6-dihydropyridazin-
3-yl)piperidine-1-carboxamide (Compound 47)

. . g oH
F & on DT Teeein
\©/\|:> HCI, 1,4-dioxane , - , LR e
_HCl, 1.4-dioxane N
N Boc 20°C, 3 h NH 2). THF, -70~20°C, 17 h \g’ <
HaN /N‘N/ (o}
NS0

Step 1: Preparation of 4-(3-fluorobenzyl)piperidin-4-ol

F
U

A solution of tert-butyl 4-(3-fluorobenzyl)-4-hydroxypiperidine-1-carboxylate (2.0 g, 6.47 mmol)
and hydrochloric acid in 1,4-dioxane (20 mL, 4 M) was stirred at 20 °C for 3 h. The reaction mixture was
concentrated to remove the volatiles. The crude residue was diluted with methanol (30 mL) and
potassium carbonate (2.0 g) was added. The mixture was stirred at 20 °C for 1 h and filtered, the filtrate
was concentrated to give 4-(3-fluorobenzyl)piperidin-4-ol (1.20 g, 5.74 mmol, 88%) as a brown oil. LCMS
(ESI) m/z: 210.2 [M+H]*.

Step 2: Preparation of 4-(3-fluorobenzyl)-4-hydroxy-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidine-1-carboxamide
OH

F
ISASE:
N\n/N /N\N/

0] X o

To a solution of triphosgene (136 mg, 0.46 mmol) in tetrahydrofuran (10 mL) at -70 °C was added
a solution of 6-amino-2-methylpyridazin-3(2H)-one (144 mg, 1.15 mmol) and pyridine (363 mg, 4.6 mmol)
in tetrahydrofuran (5 mL) under argon. The mixture was warmed from -70 °C to 20 °C for 1 h. The
reaction mixture was cooled to -70 °C, then a solution of 4-(3-fluorobenzyl)piperidin-4-ol (240 mg, 1.15
mmol) in tetrahydrofuran (56 mL) was added at -70 °C. The resulting mixture was stirred at 25 °C for 18 h.
The reaction solution was quenched with water (30 mL) and extracted with ethyl acetate (50 mL x 2). The
combined organic layers were dried over sodium sulfate, filtered and concentrated. The crude residue
was dissolved in the minimum amount of N, N-dimethylformamide and purified by prep-HPLC (Boston
C18, 21 x 250 mm, 10 pm column; acetonitrile/10 mM ammonium acetate aqueous solution) to give 4-(3-
fluorobenzyl)-4-hydroxy-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl) piperidine-1-carboxamide (76 mg,
0.21 mmol, 18%) as a white solid. "H NMR (400 MHz, Dimethylsulfoxide-ds) 6 9.18 (s,1H), 7.60 (d, J =
10.0 Hz, 1H), 7.30 (q, J = 10.0 Hz, 1H), 7.00-7.07 (m, 3H), 6.86 (d, J = 10.0 Hz, 1H), 4.49 (s, 1H), 3.79 (d,
J=13.2 Hz, 2H), 3.55 (s, 3H), 3.09 (t, J = 11.2 Hz, 2H), 2.71 (s, 2H), 1.33-1.47 (m, 4H); LCMS (ESI) m/z:
361.2 [M+H]*.
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Example 102. Preparation of 4-(3-fluorobenzyl)-4-methoxy-N-(1-methyl-6-oxo0-1,6-dihydropyridazin-
3-yl)piperidine-1-carboxamide (Compound 48)

~
OH 0 .
F a) NaH, DMF, 60°C, 1 h F. HCI, 1,4-dioxane
\©/\|:)\'~500 b) Mel, DMF, 20 °C, 17 h N-goc 20°C,3h
_ 1). Triphosgene, pyridine ~o0
E 0 THF, -78t020°C, 1 h F\©/\|:>
H
U\O‘H 2). THF, -78 10 20°C, 17 h N\H/N Ny
HaN N~y ~ 0 N9

@<
NS0
Step 1: Preparation of tert-butyl 4-(3-fluorobenzyl)-4-methoxypiperidine-1-carboxylate

F
N\(O
O
; IS
To a solution of fert-butyl 4-(3-fluorobenzyl)-4-hydroxypiperidine-1-carboxylate (700 mg, 2.26

mmol) in N, N-dimethylformamide (20 mL) at 20 °C was added sodium hydride (271 mg, 6.79 mmol). The
reaction mixture was heated to 60 °C for 1 h, then cooled to 20 °C and iodomethane (964 mg, 6.79 mmol)
was added. The reaction mixture was stirred at 20 °C for 17 h. The reaction solution was poured into cool

10  water (100 mL) and extracted with ethyl acetate (100 mL). The combined organic layers were washed
with water (100 mL x 2), brine (100 mL) and concentrated in vacuo. The crude fert-butyl 4-(3-

fluorobenzyl)-4-methoxypiperidine-1-carboxylate (702 mg, 2.17 mmol, 96%) was obtained as a brown oil.
LCMS (ESI) m/z: 224.3 [M-100+H]*. The material was used in the next step without additional purification.

15 Step 2: Preparation of 4-(3-fluorobenzyl)-4-methoxypiperidine

F
\©/\OH

A solution of fert-butyl 4-(3-fluorobenzyl)-4-methoxypiperidine-1-carboxylate (702 mg, 2.17 mmol)
and hydrochloric acid in 1,4-dioxane (10 mL, 4 M) was stirred at 20 °C for 3 h. The reaction mixture was
concentrated in vacuo. The crude residue was diluted with brine (20 mL) followed by saturated sodium

20 bicarbonate aqueous solution (10 mL). The aqueous layer was extracted with dichloromethane (50 mL x
2). The combined organic layers were dried over sodium sulfate, filtered and concentrated to give 4-(3-
fluorobenzyl)-4-methoxypiperidine (480 mg, 2.15 mmol, 99%) as a brown oil. LCMS (ESI) m/z: 224.3

[M+H]*. The material was used in the next step without additional purification.
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Step 3: Preparation of 4-(3-fluorobenzyl)-4-methoxy-N-(1-methyl-6-oxo-1,6-dihydropyridazin-3-

yl)piperidine-1-carboxamide

O/

F
186
O\o

To a solution of triphosgene (212 mg, 0.72 mmol) in tetrahydrofuran (20 mL) at -70 °C was added
a solution of 6-amino-2-methylpyridazin-3(2H)-one (224 mg, 1.79 mmol) and pyridine (566 mg, 7.16
mmol) in tetrahydrofuran (10 mL) under argon. The reaction mixture was warmed from -70 °C to 20 °C for
1 h. The reaction solution was cooled to -70 °C, then a solution of 4-(3-fluorobenzyl)piperidin-4-ol (480
mg, 2.15 mmol) in tetrahydrofuran (10 mL) was added at -70 °C. The resulting mixture was stirred at 25
°C for 18 h. The reaction mixture was concentrated in vacuo. The crude product was diluted with
acetonitrile (15 mL), poured into cool water (40 mL) and acidified to pH 3 ~ 4 with 6 M aqueous
hydrochloric acid solution. The reaction solution was filtered and the filter cake was dried in vacuo to give
4-(3-fluorobenzyl)-4-methoxy-N-(1-methyl-6-0xo0-1,6-dihydropyridazin-3-yl)piperidine-1-carboxamide as a
white solid (354 mg, 0.95 mmol, 53%). '"H NMR (400 MHz, Dimethylsulfoxide-ds) 8 9.21 (s,1H), 7.59 (d, J
=10.0 Hz, 1H), 7.32 (dd, J = 14.8 Hz, J = 9.6 Hz, 1H), 6.99-7.05 (m, 3H), 6.86 (d, J = 10.0 Hz, 1H), 3.81
(d, J =12.8 Hz, 2H), 3.55 (s, 3H), 3.27 (s, 3H), 2.97 (t, J=12.0 Hz, 2H), 2.81 (s, 2H), 160 (d, J=13.6
Hz, 2H) 1.36-1.43 (m, 2H); LCMS (ESI) m/z: 375.1 [M+H]*.

Example 103. Characterization Data of Compounds of the Invention

The following compounds were synthesized by methods similar to those described above.

F
o)
. 7
N A NH
a8
N_<0'N

Compound 1
"H NMR (400 MHz, Dimethylsulfoxide-des) d 12.04 (s, 1H), 7.86 (s, 1H), 7.78 (d, J=9.6 Hz, 1H), 7.05 ({,
J=8.4Hz, 1H), 6.96 (d, J=7.2Hz, 2H), 6.43 (d, J=7.6 Hz, 1H), 4.01 (d, J=12.8 Hz, 2H), 3.10 (t, J =
12.4 Hz, 2H), 2.58 (d, J=7.2 Hz, 1H), 1.83-1.84 (m, 1H), 1.64 (d, J = 13.2 Hz, 2H), 1.19-1.27 (m, 2H);

LCMS (ESI) m/z; 373.2 [M+H]*.
F
o}
E z
N_</0’|N

Compound 2
"H NMR (400 MHz, Dimethylsulfoxide-de) & 12.04 (s, 1H), 7.86 (s, 1H), 7.77-7.85 (m, 1H), 7.26-7.38 (m,
2H), 7.04 (s, 1H), 6.43 (d, J=9.6 Hz, 1H), 4.00 (d, J = 13.2 Hz, 2H), 3.09 ({, J=10.4 Hz, 2H), 2.55d, J
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= 7.2 Hz, 1H), 1.878-1.82 (m, 1H), 1.64 (d, J = 11.6 Hz, 2H), 1.17-1.27 (m, 2H); LCMS (ESI) m/z: 373.2
[M+H]*.

Compound 4

H NMR (500 MHz, Dimethylsulfoxide-de) 6 7.48 (d, J = 2.0 Hz, 1H), 7.33-7.30 (m, 1H), 7.26-7.24 (m, 3H),
7.15 (d, J= 7.5 Hz, 1H), .32 (d, J = 9.5 Hz, 1H), 4.33 (d, J = 13.0 Hz, 1H), 3.92 (d, J = 13.5 Hz, 1H), 3.42
(s, 2H), 3.38 (s, 3H), 2.97-2.92 (m, 1H), 2.53-2.47 (m, 3H), 1.80-1.74 (m, 1H), 1.58-1.54 (m, 2H), 1.10-
0.93 (m, 2H); LCMS (ESI) m/z; 359.1 [M+H]*.

o A~¢°
bV h
H
F
Compound 7

H NMR (500 MHz, Dimethylsulfoxide-de) 6 8.15 (s,1H), 7.75 (d, J = 3.0 Hz, 1H), 7.38-7.41(m, 1H), 7.31-
7.36 (m, 1H), 7.26-7.30 (m, 1H), 7.02-7.04 (m, 1H), 6.33 (d, J = 9.5 Hz, 1H), 4.03 (d, J = 13.5 Hz, 2H),
3.39 (s, 3H), 2.67-2.72(m, 2H), 2.51-2.53 (m, 2H), 1.70-1.74 (m, 1H), 1.53-1.55 (m, 2H), 1.03-1.11 (m,
2H); LCMS (ESI) m/z: 362.1 [M+H]".

F o A ¥°
jeUonnt
H
F
Compound 9

H NMR (500 MHz, Dimethylsulfoxide-de) 6 8.14 (s,1H), 7.74 (d,J = 3.0 Hz, 1H), 7.39 (dd, J1 = 3.0 Hz, Jo=
10.0 Hz, 1H), 7.02-7.07(m, 1H), 6.94-6.97 (m, 2H), 6.32 (d, J = 10.0 Hz, 1H), 4.03 (d, J = 13.0 Hz, 2H),
3.39 (s, 3H), 2.67-2.73 (m, 2H), 2.55-2.57 (m, 2H), 1.74-1.79 (m, 1H), 1.53-1.55 (m, 2H), 1.03-1.17 (m,
2H); LCMS (ESI) m/z: 362.1 [M+H]".

Compound 10
"H NMR (400 MHz, Dimethylsulfoxide-de) d 8.15 (s, 1H), 7.72 (d, J = 2.2 Hz, 1H), 7.38 (d, J = 7.0 Hz, 1H),
7.19-7.15(m, 2H), 7.09 (d, J = 8.5 Hz, 1H), 6.31 (d, J = 9.6 Hz, 1H), 4.03 - 4.00 (m, 2H), 3.38 (s, 3H),
2.70-2.68 (m, 2H), 2.55 (d, J=7.2 Hz, 2H), 1.75-1.72 (m, 1H), 1.54 (d, J = 12.5 Hz, 2H), 1.10 - 1.08 (m,
2H); LCMS (ESI) m/z: 362.1 [M+H]*.
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AL SN

Compound 13
"H NMR (500 MHz, Dimethylsulfoxide-ds) & 7.46 (d, J = 9.8 Hz, 1H), 7.31 (t, J=8.2 Hz, 1H), 7.11 (d, J =
2.0 Hz, 1H), 7.07 — 6.87 (m, 3H), 4.75 — 4.68 (m, 1H), 3.76 - 3.73 (m, 2H), 3.57 (s, 3H), 3.52 — 3.32 (m,
2H), 1.99 - 1.96 (m, 2H), 1.67 - 1.65 (m, 2H); LCMS (ESI) m/z: 363.1 [M+H]"*.

Compound 31
TH NMR (400 MHz, Dimethylsulfoxide-ds) & .03 (s, 1H), 7.69 (d, J = 8.9 Hz, 1H), 7.36 ~ 7.29 (m, 2H},
7.27 -718 (m, 2H), .88 (d, J = 9.9 Mz, 1H), 3.79 —~ 3.6% (m, 1H), 3.65 - 3.52 {m, 4H), 3.50 ~ 3.41 (im,
1H), 3.37 - 3.22 (m, 1H), 2.74 - 2.82 {m, 1H), 1.96 ~ 1.55 {(m, 8H); LCMS (ESI) m/z: 361.2 [M+H]"*.

Compound 32
TH NMR (400 MHz, Dimethylsulfoxide-ds) & .02 (s, 1H), 7.70 (d, J = 2.9 Hz, 1H), 7.08 - 8.95 {m, 3H)},
6.80 (d, J = 9.9 Hz, 1H), 3.78 — 3.68 (m, 1H), 3.64 ~ 3.52 (m, 4H), 3.48 — 3.38 (m, 2H), 2.78 - 2.68 (m,
1H), 1.96 — 1.60 (m, 8H); LCMS (ESI) m/z: 363.1 [M+H]*.

mo
/@\/O\l \N’ "
Cl

Compound 34
"H NMR (400 MHz, Dimethylsulfoxide-de) d 9.20 (s, 1H), 7.61 (d, J = 9.6 Hz, 1H), 7.36-7.30 (m, 1H), 7.02
(t, J=8.2Hz, 3H), 6.87 (d, J=9.6 Hz, 1H), 4.06 (d, J = 13.6 Hz, 2H), 3.56 (s, 3H), 2.72 (t, J = 12.2 Hz,
2H), 2.55 (d, J = 7.2 Hz, 2H), 1.75-1.72 (m, 1H), 1.54 (d, J = 12.0 Hz, 2H), 1.13-1.05 (m, 2H); LCMS (ESI)

m/z: 346.1[M+HJ*.
.NH
/©\/© \N
F

Compound 35
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H NMR (400 MHz, Dimethylsulfoxide-de) 6 12.81 (s, 1H), 7.27 (d, J = 10.0 Hz, 1H), 7.01-7.07 (m, 1H),
6.93-6.95 (m, 2H), 6.80 (d, J = 9.6 Hz, 1H), 4.32 (d, J = 13.2 Hz, 1H), 3.88 (d, J = 13.2 Hz, 1H), 3.67 (s,
2H), 2.97 ¢, J = 12.0 Hz, 1H), 2.51-2.56 (m, 3H), 1.78-1.84 (m, 1H),1.54-1.56 (m, 2H), 0.98-1.15 (m, 2H);
LCMS (ESI) m/z: 348.1[M+HJ*.

Compound 39
"H NMR (400 MHz, Dimethylsulfoxide-de) & 7.31 (dd, J = 13.1, 5.6 Hz, 2H), 7.09 (d, J = 2.0 Hz, 1H), 6.98
(dd, J=13.3,4.9 Hz, 2H), 6.88 (d, J= 9.5 Hz, 1H), 4.79 — 4.52 (m, 1H), 3.90 - 3.81 (m, 1H), 3.75 (d, J =
11.3 Hz, 3H), 3.60 (s, 3H), 3.41 (dd, J = 8.8, 5.0 Hz, 1H), 3.30 — 3.16 (m, 1H), 2.05 — 1.81 (m, 2H), 1.57
(dd, J =42.3, 8.7 Hz, 2H); LCMS (ESI) m/z: 362.1 [M+H]*.

0 f\(O
Compound 43

"H NMR (400 MHz, Dimethylsulfoxide-de) 8 9.19 (s, 1H), 7.60 - 7.58 (d, J= 9.8 Hz, 1H), 7.34-7.31 (d, J =

8.3 Hz, 2H), 7.21 - 7.20 (d, J = 8.3 Hz, 2H), 6.86 - 6.84 (d, J = 9.8 Hz, 1H), 4.05 - 4.02 (m, 2H), 3.55 (s,

3H), 2.71-2.70 (t, = 12.0 Hz, 2H), 2.53 - 2.50 (m, 2H), 1.70 - 1.68 (m, 1H), 1.54 - 1.52 (d, J = 12.2 Hz,

2H), 1.19 — 0.99 (m, 2H); LCMS (ESI) m/z; 361.2 [M+H]*.

Compound 46
"H NMR (400 MHz, Dimethylsulfoxide-ds) d 9.32(br. s,1H), 7.62 (d, J = 10.0 Hz, 1H), 7.28-7.40 (m, 3H),
7.17-7.23 (m, 1H), 6.88 (d, J =10 Hz, 1H), 3.94 (d, J = 13.6 Hz, 2H), 3.56 (s, 3H), 2.91-3.06 (m, 4H),
1.55-1.77 (m, 4H); LCMS (ESI) m/z: 379.1 [M+H]*.

Compound 50
"H NMR (400 MHz, Dimethylsulfoxide-de) 6 9.21-9.22 (m,1H), 7.67-7.70 (m,1H), 7.61 (d, J = 10.0 Hz, 1H),
7.58 (s,1H), 7.50 (dd, J,= 1.2 Hz, J> = 10.0 Hz, 1H), 6.87 (d, J =10.0 Hz, 1H), 4.06 (d, J = 13.2 Hz, 2H),
3.56 (s, 3H), 2.72 (t, J=12.0 Hz, 2H),2.61-2.63 (m, 2H), 1.77-1.83 (m,1H), 1.51-1.54 (m, 2H), 1.04-1.15
(m, 2H); LCMS (ESI) m/z: 370.0 [M+H]*.
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Compound 51
"H NMR (500 MHz, Dimethylsulfoxide-de) 8 9.22 (s,1H), 7.61 (d, J = 10.0 Hz, 1H), 7.02-7.07 (m, 1H),
6.93-6.97 (m, 2H), 6.87 (d, J= 9.5 Hz, 1H), 4.06 (d, J = 13.5 Hz, 2H), 3.56 (s, 3H), 2.72 (t, J = 12.0 Hz,
2H), 2.51-2.57 (m, 2H), 1.75-1.79 (m, 1H), 1.53-1.55 (m, 2H), 1.05-1.13 (m, 2H); LCMS (ESI) m/z: 363.1
[M+H]*.

Compound 53
"H NMR (400 MHz, Dimethylsulfoxide-de) 8 9.20 (s, 1H), 7.61 - 7.60 (d, J = 9.8 Hz, 1H), 7.19- 7.15 (m,
2H), 7.14 - 7.03 (m, 1H), 6.86 - 6.85 (d, J = 9.9 Hz, 1H), 4.06 - 4.02 (m, 2H), 3.55 (s, 3H), 2.72 - 2.70 (t, J
=12.1 Hz, 2H), 2.56 - 2.53 (m, 2H), 1.76 - 1.74 (m, 1H), 1.55 - 1.52 (d, J = 12.2 Hz, 2H), 1.30 - 0.99 (m,
2H); LCMS (ESI) m/z: 363.1 [M+H]*.

o A°
QN
H
(0]
Compound 69

H NMR (400 MHz, Dimethylsulfoxide-de) 6 9.35 (s, 1H), 7.65 (d, J = 10.0 Hz, 1H), 7.44 (dd, J1= 1.2 Hz,
Ja=7.6 Hz, 1H), 7.25-7.33 (m, 2H), 6.95-6.99 (m, 1H), 6.89 (d, J = 9.6 Hz, 1H), 4.72-4.75 (m, 1H), 3.66-
3.72 (m, 2H), 3.57 (s, 3H), 3.38-3.44 (m, 2H), 1.90-1.96 (m, 2H), 1.61-1.69 (m, 2H); LCMS (ESI) m/z:
363.1 [M+H]*.

Compound 70
"H NMR (400 MHz, Dimethylsulfoxide-de) d 9.31 (s, 1H), 7.63 (d, J = 9.6 Hz, 1H), 7.29 (t, J = 8.0 Hz, 1H),
7.05 (t, J = 2.0 Hz, 1H), 6.99-6.93 (m, 2H), 6.88 (d, J = 10.0 Hz, 1H), 4.49-4.85 (m, 1H), 3.84-3.80 (m,
1H), 3.56-3.54 (m, 4H), 3.40-3.29 (m, 2H), 2.02-1.97 (m, 1H), 1.78-1.65 (m, 2H), 1.55-1.49 (m, 1H);
LCMS (ESI) m/z: 363.1 [M+H]"*.
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o A ¢°
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Compound 71
TH NMR (400 MHz, Dimethylsulfoxide-ds) 8 9.32 (s, 1H), 7.62 (d, J = 9.8 Hz, 1H), 7.31 (d, J = 8.9 Hz, 2H),
7.01 (d, J=8.9 Hz, 2H), 6.87 (d, J = 9.8 Hz, 1H), 4.58 - 4.55 (m, 1H), 3.76 (d, J = 13.7 Hz, 2H), 3.56 (s,
3H), 3.25 d, J = 9.9 Hz, 2H), 1.92 - 1.90 (m, 2H), 1.69 — 1.42 (m, 2H); LCMS (ESI) m/z: 363.1 [M+H]"*.

o AY°
peBoasn
H
F 0

Compound 80
"H NMR (400 MHz, Dimethylsulfoxide-ds) & 7.63 (d, J = 10.0 Hz, 1H), 7.34 (dd, J;=9.6 Hz, J> = 20.0 Hz,
1H), 7.13-7.19 (m, 1H), 6.88 (d, J = 10.0 Hz, 1H), 6.81-6.85 (m, 1H), 4.56 - 4.60 (m, 1H), 3.76 -3.81 (m,
2H), 3.56 (s, 3H), 3.24-3.33 (m, 2H), 1.91-1.96 (m, 2H), 1.51-1.60 (m, 2H); LCMS (ESI) m/z: 365.0
[M+H]*.

Compound 84
"H NMR (400 MHz, Dimethylsulfoxide-ds) & 9.33 (s, 1H), 7.78 — 7.51 (m, 2H), 7.21 (d, J = 8.6 Hz, 1H),
6.98 - 6.95 (m, 1H), 6.87 (d, J = 9.9 Hz, 1H), 4.88 - 4.85 (m, 1H), 3.60 - 3.58 (m, 2H), 3.56 (s, 3H), 3.51 —
3.41 (m, 2H), 2.05 — 1.84 (m, 2H), 1.79 — 1.54 (m, 2H); LCMS (ESI) m/z: 415.1 [M+H]*.

Compound 85
"H NMR (400 MHz, Dimethylsulfoxide-de) d 9.32 (s, 1H), 7.63 (d, J = 9.9 Hz, 1H), 7.50 (t, J = 8.7 Hz, 2H),
7.39 (dd, J=8.8,4.2 Hz, 1H), 6.86 (d, J = 9.9 Hz, 1H), 4.82 - 4.80 (m, 1H), 3.60- 3.58 (dd, /=10.9, 71
Hz, 2H), 3.57('s, 3H), 3.48 — 3.39 (m, 2H), 2.00 — 1.78 (m, 2H), 1.77 — 1.45 (m, 2H): LCMS (ESI) m/z:
415.0 [M+H]*.
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o A~¢°
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Compound 106
"H NMR (500 MHz, Dimethylsulfoxide-ds) & 7.46 (d, J = 9.8 Hz, 1H), 7.31 (t, J=8.2 Hz, 1H), 7.10 (d, J =
2.0 Hz, 1H), 7.03 (d, J = 9.8 Hz, 1H), 7.02 - 6.93 (m, 2H), 4.75 — 467 (m, 1H), 3.76 - 3.74 (m, 2H), 3.57
(s, 3H), 3.53 — 3.30 (m, 2H), 1.99 - 1.97 (m, 2H), 1.67 - 1.65 (m, 2H); LCMS (ESI) m/z: 364.0 [M+H]*.

Compound 107
"H NMR (400 MHz, Dimethylsulfoxide-ds) & 7.47 (d, J = 10.0 Hz, 1H), 7.36 (dd, J1=9.2 Hz, J>= 20.0 Hz,
1H), 7.16-7.21 (m, 1H), 7.05 (d, J = 9.6 Hz, 1H), 6.83-6.87 (m, 1H), 4.61-4.67 (m, 1H), 3.80-3.84 (m, 1H),
3.70-3.75 (m, 1H), 3.57 (s, 3H), 3.44-3.49 (m, 1H), 3.33-3.40 (m, 1H),1.99-2.05 (m, 2H), 1.64-1.69 (m,
2H); LCMS (ESI) m/z: 366.0 [M+H]*.

Compound 108
"H NMR (400 MHz, Dimethylsulfoxide-de) & 7.47 (d, J = 9.6 Hz, 1H), 7.04 (d, J = 9.6 Hz, 1H), 6.76-6.82
(m, 3H), 4.70-4.74 (m, 1H), 3.82 -3.85 (m, 1H), 3.73-3.75 (m, 1H), 3.58 (s, 3H), 3.45-3.49 (m, 1H), 3.33-
3.37 (m, 1H), 1.95-2.02 (m, 2H), 1.67-1.70 (m, 2H); LCMS (ESI) m/z: 366.0[M+H]*.

Compound 109
"H NMR (400 MHz, Dimethylsulfoxide-de) 6 7.43 (d, J = 9.6 Hz, 1H), 7.02-7.09 (m, 2H), 6.95-6.99 (m, 2H),
3.94-4.06 (m, 2H), 3.57 (s, 3H), 2.95-3.01 (m, 1H), 2.81-2.87 (m, 1H), 2.58-2.60 (m, 2H), 1.78-1.86(m,
1H), 1.60-1.64 (m, 2H), 1.12-1.24 (m, 2H); LCMS (ESI) m/z: 364.2 [M+H]*.

Compound 126

209



10

15

20

25

30

WO 2020/154571 PCT/US2020/014910

H NMR (400 MHz, Dimethylsulfoxide-de) 8 9.21 (s, 1H), 7.53 (s, 1H), 6.76 (t, J = 11.1 Hz, 3H), 4.66 -
4.63 (m, 1H), 3.78 (d, J = 13.5 Hz, 2H), 3.57 (s, 3H), 3.29 — 3.20 (m, 2H), 2.07 (s, 3H), 1.94 (d, J = 9.3 Hz,
2H), 1.67 — 1.39 (m, 2H); LCMS (ESI) m/z: 379.1 [M+H]".

Compound 127
"H NMR (400 MHz, Dimethylsulfoxide-de) 8 9.19 (s, 1H), 7.53 (s, 1H), 7.33 (dd, J = 19.6, 9.7 Hz, 1H),
7.25-7.06 (m, 1H), 6.82-6.81 (d, J = 9.6 Hz, 1H), 4.57 - 4.55 (m, 1H), 3.78 - 3.76 (d, J = 14.3 Hz, 2H),
3.57 (s, 3H), 3.24 - 3.21 (m, 2H), 2.07 (s, 3H), 1.91 - 1.90 (m, 2H), 1.54 - 1.52 (m, 2H); LCMS (ESI) m/z:
379.0 [M+H]*.

Compound 128
"H NMR (400 MHz, Dimethylsulfoxide-de) 5 9.07 (s, 1H), 7.51 (s, 1H), 7.03 (t, J = 8.9 Hz, 1H), 6.94 (d, J =
7.1 Hz, 2H), 4.04 (d, J=13.1 Hz, 2H), 3.56 (s, 3H), 2.71 (t, J = 12.6 Hz, 2H), 2.55 (d, J = 6.8 Hz, 2H),
2.06 (s, 3H), 1.77 - 1.75 (m, 1H), 1.53 - 1.50 (m, 2H), 1.21 — 0.99 (m, 2H); LCMS (ESI) m/z: 377.1 [M+H]*.

Compound 129
"H NMR (400 MHz, Dimethylsulfoxide-de) 8 9.06 (s, 1H), 7.51 (s, 1H), 7.30 - 7.28 (m, 2H), 7.03 (s, 1H),
4.04 (d, J=13.3 Hz, 2H), 3.56 (s, 3H), 2.71 (t, J = 12.2 Hz, 2H), 2.53 - 2.51 (m, 2H), 2.03 (s, 3H), 1.72 -
1.70 (m, 1H), 1.53 - 1.50 (m, 2H), 1.23 — 0.94 (m, 2H); LCMS (ESI) m/z: 377.1 [M+H]*.

Example 104: Stearoyl-CoA desaturase (SCD) is the target of the compounds of the invention
Materials and Methods

Strain Construction and OLE1 Replacement with SCD1 or SCD5

Strain GMYF was constructed from the ABC16/Green monster strain described in Suzuki et al.
Nat. Methods 8(2):159-164, 2011. In this strain, YAP7 was deleted using a HIS3-MX6 cassette, and
FLR1 was deleted using a NAT-MX6 cassette using standard methods. The knockout cassettes were
PCR-amplified from plasmid templates (see, e.g., Bahler et al. Yeast 14(10):943-951, 1998; Longtine et
al. Yeast 14(10):953-961, 1998) and transformed into yeast using lithium acetate-based transformation
(Gietz et al. Methods Mol. Biol. 1205:1-12, 2014). The yap1.::his3 deletion strain was selected on media
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lacking histidine and flr1::NAT on plates containing 100 pg/mL nourseothricin. All strains were confirmed
by diagnostic PCR. Strain W303 pdr1A pdr3A was constructed from W303-1A (American Type Culture
Collection (ATCC) 208352) by deleting PDR 1 and PDR3 with kan-MX6 cassettes separately in MATa and
MATa W303a isolates, mating, sporulating, and identifying double deletion haploids by tetrad dissection
and identification of non-parental ditype tetrads. Strain W-erg3 was derived from W303 pdr14 pdr34 by
deleting SNQ2 with NAT-MX6, YAP7 with HIS3-MX6, and ERG3 with BleMX.

Strain ApoE-mga2A was generated by amplifying 1000 base pairs (bp) upstream and
downstream of the MGA2 OREF in a strain in which MGA2 was deleted using a G418 (GENETICIN®)
resistance cassette (kanMX) (Piotrowski et al. Proc. Natl. Acad. Sci. USA 112(12):E1490-1497, 2015) and
transforming the resulting deletion cassette into the ApoE4 strain in the BY4741 (ATCC 201388) genetic
background. The ApoE strain is described, for example, in International Patent Application Publication
No. WO 2016/040794, which is incorporated herein by reference in its entirety.

The alpha-synuclein expression strain was made in the same manner as described in Su et al.
Dis. Model Mech. 3(3-4):194-208, 2010, except that the alpha-synuclein construct lacked the green
fluorescent protein (GFP) tag.

Strain ole 1A (yeast ole1 deletion mutant) was constructed by deleting OLE7 with NAT-MX6 in
BY4741, amplifying the deletion cassette from the genomic DNA of the resulting strain with primers
flanking the ORF by 1000 bp upstream and downstream, transforming the resulting deletion cassette into
W303 pdr1A pdr34, and plating transformants on YPD media containing G418 (200 ug/mL) and
nourseothricin (100 pg/mL) with 0.01% TWEEN®-20 and 0.5 mM oleic and palmitoleic acids.

To generate yeast strains expressing SCD1 or SCD5 as the sole desaturase, the human SCD1
and SCD5 genes were cloned from cDNAs (Harvard PlasmID database Clone ID HsCD00340237 for
SCD1 and HsCD00342695 for SCD5) into yeast plasmid pRS316 (ATCC 77145) between the yeast
TDH3 promoter and the CYC1 terminator. The coding sequence of yeast OLE 7 was also cloned into this
plasmid). These clones were then transformed into the ole14 strain and plated on CSM-Ura media (CSM

lacking uracil) with 2% glucose (w/v) and independent colonies were isolated and amplified.

Compound Profiling Methods

All compound profiling experiments were performed using the same basic protocol. Different
genetic backgrounds (e.g., gene deletions) or conditions (e.g., addition of oleic and palmitoleic acid) were
replaced as indicated below.

Yeast were cultured using standard techniques in complete synthetic media (CSM) and yeast
nitrogen base supplemented with 2% (w/v) carbon source (glucose, raffinose, or galactose) to regulate
the expression of the toxic disease protein. An initial starter culture was inoculated in 3 mL CSM-Glucose
media and incubated overnight in a 30 °C shaker incubator (225 rpm). Saturated morning cultures were
then diluted 1:20 in fresh CSM-Raffinose media and grown for 6 h to an ODsoo (optical density) of ~0.4-
0.8 at 30 °C with shaking.

Compound stocks (10 mM in 100% DMSO) were arrayed into 384 round well, v-bottom
polypropylene plates and diluted according to indicated dilution factors. Compound administration was
performed in two separate steps. First, 15 pL of CSM-Galactose (induces expression of toxic protein)

was dispensed into clear 384 well assay plates using a MULTIDROP™ Combi reagent dispenser. The
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diluted compound stock plates were then applied to the assay plates using an automated workstation
(Perkin ElImer JANUS ™) outfitted with a 384 pin tool containing slotted pins that deliver 100 nL of
compound. The cultures described above were then diluted to a 2x concentration (0.03 and 0.08 for
alpha-synuclein and ApoE, final ODsoo of 0.015 and 0.04) in CSM-Galactose. For wild-type and
Ole1/SCD1/SCDS5 plasmid-containing strains, the 2x cell density was 0.02. In all experiments, 15 pL
culture was then dispensed into the pinned assay plate to achieve 30 L of the 1x ODeoo culture and a top
drug concentration of 33.3 pM.

After yeast delivery, assay plates were incubated under humidified conditions at 30 °C for 24 to
40 h. ApoE4 rescue experiments were stopped at 24 h, aSyn experiments at 40 h, Ole1 at 24 h, and
SCD1/SCD5 at 40 h. The growth of yeast was monitored by reading the ODeoo of each well using a
microplate reader (Perkin Elmer EnVision™). Data were analyzed as follows. For model rescue
experiments, raw data were processed by background subtracting and calculating a fold-change relative
to DMSO control [(EXP-0.035)/(DMS0-0.035) — where 0.035 is the ODeoo contributed by an empty well
containing 30 uL of media alone]. For growth inhibition of wild-type cells, raw data were processed by
background subtracting and converting values to a percent of the nontreated condition for that strain
[(EXP-0.035)/(DMSO-0.035) x 100%].

Compound Sources

Compounds were sourced as follows: cycloheximide (Sigma Aldrich), A939572 (Abcam),
CAY 10566 (Abcam), MF-438 (Calbiochem), MK-8245 (Selleckchem), oleic acid (Sigma Aldrich),
palmitoleic acid (Acros organics), mycophenolic acid (Sigma Aldrich), and tunicamycin (Cayman

Chemical).

Drug Resistant Mutant Selection

Strains GMYF and W-erg3 were grown to saturation in CSM-glucose, centrifuged, resuspended
in phosphate-buffered Saline (PBS), and plated at a density of 107 cells/plate on solid 15 cm petri dishes
containing CSM with 2% galactose (w/v), 2% (w/v) agar, and 10 yM Compound 155, and incubated at 30
°C. Resistant colonies were isolated after 5-7 days, re-streaked on the same media, and resistance
reconfirmed. Cultures of validated strains were then inoculated for genomic DNA isolation using a
YeaStar™ yeast genomic DNA kit (Zymo Research).

Libraries were prepared for sequencing using the Hiumina NEXTERA™ library prep kit and
sequenced via Humina HiSeq™ 2500 1X50 bp (single end reads). Sequences were aligned to the S.
cerevisiae reference genome (S288CCRE4-1-1, Saccharomyces Genome Database (SGD)) using
Burrows-Wheeler Aligner (BWA, see, e.q., Li et al. Bioinformatics 25:1754-1760, 2009; Li et al.
Bioinformatics 2010, Epub (PMID 20080505)}. Tha BYWA output SA] files were converted to SAM files
using BWA. The SAM files were sorted using SAMiools 1.3.1 (Li et al. Bioinformatics 25:2078-207%,
2008). Variants (single-nuclectide polymorphisms (SNPFs), indels) were identified using Freebayes (see,
e.q., ariv:1207.3807). Variant locations were sumimarized using snpEFF (Cingolani et al. Fly (Austin}
5(2):80-92, 2012).
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Quantitative Lipid Profiling
Overnight cultures of yeast strain W303 pdr71A pdr3A were diluted into CSM media with 2% (w/v)

PCT/US2020/014910

raffinose, ODsoo 0.25, and grown for 4 h before resuspending at an ODeoo of 0.2 in CSM media with 2%

(w/v) galactose and adding Compound 95 or DMSO at the indicated concentrations. Cells were grown for

the indicated timepoints before centrifugation, washing once in PBS, and freezing pellets. Lipids were

extracted from pellets by resuspending the pellets in 600 yL methanol, 300 uL water, and 400 L

chloroform, followed by cell lysis by vortexing with glass beads for 1 min. Samples were then centrifuged

at 10,000 x g for 10 min, and the bottom layer that formed (organic/lipids) was moved into a new tube and

evaporated. Samples were then analyzed by LC/MS/MS using a Thermo Scientific Q Exactive™

Orbitrap™ coupled to a Dionex UltiMate® 3000 ultra-high performance liquid chromatography system,
following the method described in Tafesse et al. PLoS Pathog. 11(10): e1005188, 2015.

Example 105. Inhibition of SDC1, and SCD5 by Compounds of the Invention

Table 2. Inhibition of SCD1 and SCD5 by Compounds of the Invention

Using the methods described above, the inhibition of SCD1 and SCD5 was tested for the

compounds of the invention. The results are shown in Table 2.

# SCD1 IC50 (uM) SCD5 IC50 (uM) # SCD11C50 (uM) | SCD5 IC50 (uM)
27 17.00 >45 53 118 0.13
28 8.10 >45 89 0.26 0.06
29 0.42 2.80 90 10.34 7.18
30 0.33 2.90 71 13.31 4.96
23 1.30 1.80 70 >45 >45
24 110 2.90 62 0.39 0.02
5 >45 >45 52 2.40 0.33
39 1.35 1.38 44 2.21 117
12 27.05 6.94 125 4.96 115
68 0.26 0.06 45 168 022
13 3.86 2.11 59 >45 11.00
106 117 0.57 133 >45 >45
4 >45 24.66 134 >45 >45
37 12.67 436 36 25.50 535
6 22.84 312 82 0.05 0.02
40 0.54 0.05 83 4.36 6.21
55 0.16 0.02 101 >45 >45
51 0.68 0.06 9 >45 26.38
49 8.10 0.43 99 32.48 6.87
8 232 0.83 97 >45 26.09
14.39 422 84 0.43 017
7 >45 501 85 0.08 0.05
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# SCD1 IC50 (uM) SCD5 IC50 (uM) # SCD11C50 (uM) | SCD5 IC50 (uM)
69 0.42 0.15 86 0.01 0.01
136 >45 >45 98 5.18 1.35
130 >45 15.84 100 4.49 0.22
79 0.48 0.20 131 6.80 2.00
80 1.98 119 132 11.00 4.00
58 >45 10.37 57 9.20 2.60
50 17.11 2.46 77 0.91 0.74
109 >45 4.85 74 0.02 0.04
14 470 2.76 76 9.77 4.80
108 9.00 501 87 >45 >45
107 >45 7.93 56 >45 >45
33 0.44 014 15 12.36 0.86
41 2.71 014 111 >45 0.61
25 2.75 529 17 2.00 0.03
26 415 568 16 0.35 0.59
3 127 20.75 112 0.50 0.60
135 1.70 5.08 123 4.90 1.40
31 39.00 >45 20 2.70 1.40
32 7.20 21.00 21 10.00 3.00
22 2.59 0.95 124 26.00 0.14
115 0.45 0.01 114 1.70 0.01
122 13.56 173 19 9.72 1.00
113 >45 0.38 118 26.32 0.07
116 0.86 0.01 121 0.18 0.01
17 0.72 0.01 119 >45 0.16
38 1718 6.37 18 >45 1.93
128 0.05 0.02 34 >45 8.20
129 0.31 0.08 35 >45 20.35
126 0.04 0.04 88 0.07 0.03
127 0.20 0.20 60 3.90 1.10
81 0.06 0.15 46 0.64 0.03
78 0.17 0.01 66 6.50 0.92
67 3.98 2.10 47 >45 >45
72 0.43 0.28 48 >45 >45
75 0.22 0.07 1 14.00 3.80
73 31.90 12.54 2 >45 >45
54 0.44 0.04 94 >45 >45
63 0.13 0.01 95 >45 12.00
65 8.15 1.49 93 >45 15.00
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# SCD1 IC50 (uM) SCD5 IC50 (uM) # SCD1 IC50 (uM) | SCD5 IC50 (uM)
42 0.44 0.03 92 2.40 0.39
43 8.58 2.24 91 >45 >45
64 0.05 0.01 104 >45 >45
61 0.08 0.04 11 >45 >45
10 >45 >45 105 >45 >45
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Claims
1. A compound of formula (l):

1 2 2
/ C1 ﬁx4’ L Y X\ R
® I e ) A
A 277 N2 /n \,?' 0O

127
R
0

wherein:

misOor1;

nis 0,1, or2;

0is0,1,2,3,4,0r5;

C" and C? optionally combine to form a bond;

each of R, R?, R, and R® is, independently, H or optionally substituted C1.6 alkyl;

R3 is halo, cyano, C1.s perfluoroalkyl, optionally substituted C1.s alkoxy, or optionally substituted
C16 alkyl;

each of X' and X2 is, independently, CH or N, wherein X' and X2 are not both N;

X2 is CR* or N; or X2 and C' or C2 combine to form an optionally substituted alkene;

X*isCHorN;

wherein at least one of X2 and X*is N;

R*is H, ORS®, optionally substituted C1. alkyl, or halo;

L' is optionally substituted Cs.10 heteroaryl or —C(O)-X5-;

X5 is NH, O, or optionally substituted C1.s alkyl; and

L2 is O, NR?, optionally substituted C1. alkyl, optionally substituted C1.¢ heteroalkyl, or absent; or
X2 and L2 combine to form an optionally substituted alkene,

or a pharmaceutically acceptable salt thereof;

wherein the compound does not have the structure of Compound 6, Compound 12, Compound
13, Compound 40, or Compound 106.

2. The compound of claim 1, wherein the compound has the structure of formula (l1):

1
7 C1(A2EN’L\(IR
3

c? N” 0

R1

2

an

wherein:

misOor1;

0is0,1,2,3,4,o0r5;

C" and C2 optionally combine to form a bond;

each of R', R?, and R?® is, independently, H or optionally substituted C1. alkyl;

R3 is halo, cyano, C1.s perfluoroalkyl, optionally substituted C1.6 alkoxy, or optionally substituted
C16 alkyl;
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or
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L' is optionally substituted Cs-10 heteroaryl or —C(O)-X*-;
X% is NH, O, or optionally substituted C1.s alkyl; and
L2 is O, NRS, optionally substituted C1.s alkyl, optionally substituted C1.6 heteroalkyl, or absent;
or a pharmaceutically acceptable salt thereof;
wherein the compound does not have the structure of Compound 6, Compound 12, or Compound
3. The compound of claim 2, wherein RZ is H.
4. The compound of claim 2 or 3, wherein R is H.
5. The compound of any one of claims 2-4, wherein mis 1.
NG
~er
6. The compound of any one of claims 2-5, wherein L' is O-N .
7. The compound of any one of claims 2-6, wherein L? is optionally substituted C1.s alkyl.

8. The compound of any one of claims 2-7, wherein o is 2.

9. The compound of any one of claims 2-8, wherein R? is halo.

F
y 0]
F
N ~._NH
N— |
. . . —~ -N
10. The compound of claim 1, wherein the compound is o
F
o
7z
~.NH

N
N—((TIN

, or a pharmaceutically acceptable salt thereof.
11. The compound of claim 2 or 3, wherein R' is methyl.
12. The compound of claim 11, wherein m is 0.

0

PN
13. The compound of claim 11 or 12, wherein L' is H
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14. The compound of any one of claims 11-13, wherein L? is optionally substituted C1.s alkyl.

15. The compound of any one of claims 11-14, wherein o is 2.

16. The compound of any one of claims 11-15, wherein R? is halo.

o °
N
NN
H
F
17. The compound of claim 1, wherein the compound is F ,or
a pharmaceutically acceptable salt thereof.
18. The compound of claim 11, wherein m is 1.
0}
19. The compound of claim 18, wherein L' is .
20. The compound of claim 18 or 19, wherein L2 is optionally substituted C1.6 alkyl.
21. The compound of any one of claims 18-20, wherein o is 1.
22. The compound of any one of claims 18-21, wherein R? is halo.
o A¢°
23. The compound of claim 1, wherein the compound is Cl , or

a pharmaceutically acceptable salt thereof.

24. The compound of claim 18 or 19, wherein L2 is O.

25. The compound of claim 24, wherein o is 1.

26. The compound of claim 24 or 25, wherein R? is halo.
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Q.

27. The compound of claim 1, wherein the compound is Cl , or
a pharmaceutically acceptable salt thereof.
o)
o
28. The compound of claim 18, wherein L' is H
29. The compound of claim 18 or 28, wherein L? is optionally substituted C1.s alkyl.
30. The compound of claim 28 or 29, wherein o is 1 or 2.
31. The compound of any one of claims 28-30, wherein R® is halo.
o A¢°
Oy
H
32. The compound of claim 1, wherein the compound is F ,
0] 0]
I XK I P
N N
N N x-S N N NN
H H
Cl  F , or
8 T
F N
NN
H
F , or a pharmaceutically acceptable salt thereof.
33. The compound of claim 18 or 28, wherein L2 is NH or O.
34. The compound of claim 33, wherein o is 1 or 2.
35. The compound of claim 33 or 34, wherein R? is halo.
F o A ¢°
jaVe st
H
F N
36. The compound of claim 1, wherein the compound is H , or

a pharmaceutically acceptable salt thereof.
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(0]
ot

37. The compound of claim 18, wherein L' is
38. The compound of claim 18 or 37, wherein L2 is O.
39. The compound of claim 37 or 38, wherein o is 1 or 2.

40. The compound of any one of claims 37-39, wherein R? is halo.

41. The compound of claim 1, wherein the compound is F

pharmaceutically acceptable salt thereof.
42. The compound of claim 18, wherein L' is optionally substituted Cs.10 heteroaryl.
NG
Y
43. The compound of claim 42, wherein L' is N-O .
44. The compound of claim 42 or 43, wherein L2 is O.
45. The compound of any one of claims 42-44, wherein o is 2.
46. The compound of any one of claims 42-45, wherein R? is halo.
F
(0]
E 7
N N~
<

0
‘<\N,O

47. The compound of claim 1, wherein the compound is

o}
7z

Cl
~ N~

N\
LS

48. The compound of claim 42 or 43, wherein L? is optionally substituted C1.s alkyl.

, or a pharmaceutically acceptable salt thereof.

49. The compound of claim 48, wherein o is 2.

50. The compound of claim 48 or 49, wherein R? is halo.
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F
y O
F
N ~ N~
N—Q )8
51. The compound of claim 1, wherein the compound is N~ ,
or a pharmaceutically acceptable salt thereof.
NG
~Or
52. The compound of claim 42, wherein L' is N-N .
53. The compound of claim 42 or 52, wherein L2 is optionally substituted C1.s alkyl.
54. The compound of claim 52 or 53, wherein o is 1 or 2.
55. The compound of any one of claims 52-54, wherein R? is halo.
0]
E 4
o AN~
N— |
56. The compound of claim 1, wherein the compound is N~
F
o
2
0 =~ N~
N— Il
or N~ , or a pharmaceutically acceptable salt thereof.
NG
57. The compound of claim 42, wherein L' is Oo-N .
58. The compound of claim 42 or 57, wherein L2 is optionally substituted C1.s alkyl.
59. The compound of claim 57 or 58, wherein o is 2.
60. The compound of any one of claims 57-59, wherein R? is halo.
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F
0]
F 74
N N~
7 |
. . . N— -N
61. The compound of claim 1, wherein the compound is o
F
y o
F
N =~ N~
a
NN :
or o , or a pharmaceutically acceptable salt thereof.
62. The compound of claim 1, wherein the compound has the structure of formula (ll1):
1 2
= 01('\),;N/L xR
S G
1272t TN o
R1
{ny
wherein:
misQOor1;
nis 0,1, or2;
0is0,1,2,3,4,0r5;
C" and C2 optionally combine to form a bond;
each of R', R?, R%, and Ré is, independently, H or optionally substituted C1.6 alkyl;
R® is halo, cyano, C1.6 perfluoroalkyl, optionally substituted C1.s alkoxy, or optionally substituted
C16 alkyl;

X2 is CR* or N; or X2 and C' or C2 combine to form an optionally substituted alkene;

R*is H, ORS®, optionally substituted C1.s alkyl, or halo;

L' is optionally substituted Cs.10 heteroaryl or —C(O)-X5-;

X5 is NH, O, or optionally substituted C1. alkyl; and

L2 is O, NR?, optionally substituted C1. alkyl, optionally substituted C1.¢ heteroalkyl, or absent; or
X2 and L2 combine to form an optionally substituted alkene,

or a pharmaceutically acceptable salt thereof;

wherein the compound does not have the structure of Compound 40 or Compound 106.

63. The compound of claim 62, wherein the compound has the structure of formula (IllI-A):

=z L R2
3 N AN
RY: QL LN
L2 N.
N (o]

R1

(lI-A)
wherein:
0is0,1,2,3,4,0r5;
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each of R, R?, and R® is, independently, H or optionally substituted C1.s alkyl;

R® is halo, cyano, C1.6 perfluoroalkyl, optionally substituted C1.s alkoxy, or optionally substituted
C16 alkyl;

L' is optionally substituted Cs-10 heteroaryl or —C(O)-X5-;

X% is NH, O, or optionally substituted C1. alkyl; and

L2 is O, NR?, optionally substituted C1. alkyl, optionally substituted C1.s heteroalkyl, or absent;

or a pharmaceutically acceptable salt thereof.

64. The compound of claim 63, wherein R? is H.
65. The compound of claim 63 or 64, wherein R' is methyl.
0]
oy
66. The compound of any one of claims 63-65, wherein L' is H .
67. The compound of any one of claims 63-66, wherein L2 is optionally substituted C1. alkyl.

68. The compound of any one of claims 63-67, wherein o is 1.

69. The compound of any one of claims 63-68, wherein R? is halo.

70. The compound of claim 63, wherein the compound is Cl

, or a pharmaceutically acceptable salt thereof.
71. The compound of claim 63-66, wherein L2 is O.
72. The compound of claim 71, wherein o is 2.

73. The compound of claim 71 or 72, wherein R? is halo.

74. The compound of claim 63, wherein the compound is F

X, N
/C/NJ\N NT
H
or F o , or a pharmaceutically acceptable salt thereof.
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75. The compound of claim 62, wherein the compound has the structure of formula (Il1-B):

R2

1 -

= N’L ﬂo
(R3)° e | Z/Q N‘N
L \

R1

(1n-B)

wherein:

0is0,1,2,3,4,o0r5;

each of R, R2, and R® is, independently, H or optionally substituted C1.s alkyl;

R3 is halo, cyano, C1.6 perfluoroalkyl, optionally substituted C1.6 alkoxy, or optionally substituted
C16 alkyl;

L' is optionally substituted Cs.10 heteroaryl or —C(O)-X5—;

X% is NH, O, or optionally substituted C1. alkyl; and

L2 is O, NR?, optionally substituted C1.s alkyl, optionally substituted C1.s heteroalkyl, or absent;

or a pharmaceutically acceptable salt thereof.
76. The compound of claim 75, wherein R2 is H.
77. The compound of claim 75 or 76, wherein R" is methyl.
0]
o
78. The compound of any one of claims 75-77, wherein L' is H |
79. The compound of any one of claims 75-78, wherein L? is optionally substituted C1.6 alkyl.

80. The compound of any one of claims 75-79, wherein o is 1 or 2.

81. The compound of any one of claims 75-80, wherein R? is halo.

X, .-N
oy et
82. The compound of claim 75, wherein the compound is
F
X, -N
Ao et
or , or a pharmaceutically acceptable salt thereof.

83. The compound of claim 75-78, wherein L2 is O.
224



WO 2020/154571 PCT/US2020/014910

84. The compound of claim 83, wherein o is 2.

85. The compound of claim 83 or 84, wherein R? is halo.

F

Sea R
86. The compound of claim 75, wherein the compound is
F R
F o) ~ o F o = o)
X N
H H
, ,or
F

, or a pharmaceutically acceptable salt thereof.

87. The compound of claim 62, wherein the compound has the structure of formula (l11-C):

(T3)0
\ / C1’\N,L A R2
1 2-x3 ) NI
c2 “‘N"o
R

(I1-C)

wherein:

0is0,1,2,3,4,0r5;

C' and C2 optionally combine to form a bond;

each of R, R?, R%, and R¢ is, independently, H or optionally substituted C1. alkyl;

R? is halo, cyano, C1 perfluoroalkyl, optionally substituted C1. alkoxy, or optionally substituted
C1.6 alkyl;

X2 is CR* or N; or X2 and C' or C2 combine to form an optionally substituted alkene;

R*is H, OR®, optionally substituted C1.s alkyl, or halo;

L' is optionally substituted Cs-10 heteroaryl or —C(O)-X°*-;

X% is NH, O, or optionally substituted C1. alkyl; and

L2 is O, NRS, optionally substituted C1.s alkyl, optionally substituted C1 heteroalkyl, or absent; or
X? and L2 combine to form an optionally substituted alkene,
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or a pharmaceutically acceptable salt thereof.
88. The compound of claim 87, wherein R2 is H.

89. The compound of claim 87 or 88, wherein R' is methyl.

0]
Aoy
90. The compound of any one of claims 87-89, wherein L' is H
91. The compound of any one of claims 87-90, wherein L2 is absent.
92. The compound of any one of claims 87-91, wherein o is 1 or 2.

93. The compound of any one of claims 87-92, wherein R? is halo.

94. The compound of claim 87, wherein the compound is

R o Y
o
Z N
L LA y oyt
NTONTONTS
ci H
1F l
0 0

pharmaceutically acceptable salt thereof.

95. The compound of claim 62, wherein the compound has the structure of formula (1l1-D):

1 2
oz | RN A~ R
R 1
BN Lz,xich N-N"S0

(IlI-D)

wherein:

0is0,1,2,3,4,0or5;

C' and C2 optionally combine to form a bond;

each of R, R2, R%, and R¢ is, independently, H or optionally substituted C1.6 alkyl;

R? is halo, cyano, C1.6 perfluoroalkyl, optionally substituted C1.6 alkoxy, or optionally substituted
C16 alkyl;

X% is CR* or N; or X3 and C' or C2 combine to form an optionally substituted alkene;

R*is H, ORS®, optionally substituted C1.s alkyl, or halo;
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L' is optionally substituted Cs-10 heteroaryl or —C(O)-X*-;

X% is NH, O, or optionally substituted C1.s alkyl; and

L2 is O, NRS, optionally substituted C1.s alkyl, optionally substituted C1.s heteroalkyl, or absent; or
X3 and L2 combine to form an optionally substituted alkene,

or a pharmaceutically acceptable salt thereof;

wherein the compound does not have the structure of Compound 40 or Compound 106.
96. The compound of claim 95, wherein R? is H.

97. The compound of claim 95 or 96, wherein R" is methyl.

)

98. The compound of any one of claims 95-97, wherein L' is H

99. The compound of any one of claims 95-98, wherein X2 and L? combine to form an optionally
substituted alkene.

100. The compound of any one of claims 95-99, wherein o is 2.

101. The compound of any one of claims 95-100, wherein R? is halo.

102. The compound of claim 95, wherein the compound is F
or a pharmaceutically acceptable salt thereof.

103. The compound of claim 95, wherein the compound has the structure of formula (l11-D-1):

LL! R?
AN RSN 7

37
®r A e My So
R1
(I1-D-1)
wherein:
0is0,1,2,3,4,0r5;
C" and C? optionally combine to form a bond;
each of R, R?, R5, and R® is, independently, H or optionally substituted C1.6 alkyl;
R? is halo, cyano, C1.6 perfluoroalkyl, optionally substituted C1.s alkoxy, or optionally substituted
C16 alkyl;
R*is H, ORE®, optionally substituted C1.s alkyl, or halo;

L' is optionally substituted Cs.10 heteroaryl or —C(O)-X5-;
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X% is NH, O, or optionally substituted C1. alkyl; and

L2 is O, NRS5, optionally substituted C1.s alkyl, optionally substituted C1.6 heteroalkyl, or absent;

or a pharmaceutically acceptable salt thereof;

wherein the compound does not have the structure of Compound 40 or Compound 106.

104.

105.

106.

107.

108.

109.

110.

111.

The compound of claim 103, wherein R2 is H.
The compound of claim 103 or 104, wherein R' is H.
O
The compound of any one of claims 103-105, wherein L' is ‘1’?-)]\/‘%
The compound of any one of claims 103-106, wherein L2 is optionally substituted C1.s alkyl.
The compound of any one of claims 103-107, wherein o is 1 or 2.
The compound of any one of claims 103-108, wherein R? is halo.
The compound of any one of claims 103-109, wherein R*is H.

The compound of claim 103, wherein the compound is

X L N
N

NH _NH
/Q\/O " "
Cl

or F ora

pharmaceutically acceptable salt thereof.

112.
113.
114.
115.

116.

The compound of claim 103-106, wherein L2 is O.
The compound of claim 112, wherein o is 1.
The compound of claim 112 or 113, wherein R? is halo.
The compound of any one of claims 112-114, wherein R* is H.
The compound of claim 103, wherein the compound is
e

\N,NH

, or a pharmaceutically acceptable salt thereof.
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117. The compound of claim 103 or 104, wherein R" is methyl.
(0]

118. The compound of claim 117, wherein L' is .

119. The compound of claim 117 or 118, wherein L2 is optionally substituted C1.s alkyl.

120. The compound of any one of claims 117-119, wherein o is 1 or 2.

121. The compound of any one of claims 117-120, wherein R? is halo.

122. The compound of any one of claims 117-121, wherein R* is H.

123. The compound of claim 103, wherein the compound is
(0]

0 = F 0 =z
pharmaceutically acceptable salt thereof.
124. The compound of claim 117 or 118, wherein L2 is O.
125. The compound of claim 124, wherein o is 1.
126. The compound of claim 124 or 125, wherein R? is halo.
127. The compound of any one of claims 124-126, wherein R* is H.

128. The compound of claim 103, wherein the compound is

, or a pharmaceutically acceptable salt thereof.
M
129. The compound of claim 117, wherein L' is H
130. The compound of claim 117 or 129, wherein L2 is optionally substituted C1.s alkyl.

131. The compound of claim 129 or 130, wherein o is 1.
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132. The compound of any one of claims 129-131, wherein R? is halo.
133. The compound of any one of claims 129-132, wherein R* is H.

134. The compound of claim 103, wherein the compound is

S oo
ﬂmﬂ
00

\OVL/ , or a pharmaceutically acceptable salt thereof.
135. The compound of any one of claims 129-132, wherein R* is fluoro.

136. The compound of claim 103, wherein the compound is
O O

/QVQ /Q\/Q \
, or a pharmaceutically
acceptable salt thereof.

137. The compound of any one of claims 129-132, wherein R* is ORS.

138. The compound of claim 103, wherein the compound is
O O

/Q\/Q Q\/Q \
, or a pharmaceutically
acceptable salt thereof.

139. The compound of claim 129 or 130, wherein o is 2.

140. The compound of claim 139, wherein each R? is, independently, halo or cyano.
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141. The compound of claim 139 or 140, wherein R* is H.

142. The compound of claim 103, wherein the compound is
(0]

o F o f\(
; " N7
O /(Yo

@@omm@ﬂ

o 9 KY
F =z N
S AR
N ” NT ™ P
N/
Cl

(0 O

¢ O
X, .-N
H
s
N/ orN/

pharmaceutically acceptable salt thereof.

’

Cl

143. The compound of claim 139 or 140, wherein R# is fluoro.

144. The compound of claim 103, wherein the compound is
(0]

(0]
I LY 1L
/@\/O i \N/N\ Fj@\/’i]\l N \N/N\
H H
F F
F or F

acceptable salt thereof.

, or a pharmaceutically

145. The compound of claim 129 or 130, wherein o is 3.

146. The compound of claim 145, wherein each R? is, independently, halo or cyano.
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147. The compound of claim 145 or 146, wherein R* is H.

148. The compound of claim 103, wherein the compound is

N N N N N N
H H
cl , F ,or
(0]
i XL
F X, N
N N N
H

Z
N , or a pharmaceutically acceptable salt thereof.

149. The compound of claim 145 or 146, wherein R* is fluoro.
150. The compound of claim 103, wherein the compound is
0]
I L LY
F X, N
N N NS
H
Cl
F , or a pharmaceutically acceptable salt thereof.

151. The compound of claim 117 or 129, wherein L? is O.

152. The compound of claim 151, wherein o is 0.

153. The compound of claim 151 or 152, wherein R* is H.

154. The compound of claim 103, wherein the compound is

or a pharmaceutically acceptable salt thereof.

155. The compound of claim 151, wherein o is 1.
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156. The compound of claim 155, wherein R? is halo, optionally substituted C1.s alkyl, optionally
substituted C1.s alkoxy, or C1s perfluoroalkyl.

157. The compound of claim 155 or 156, wherein R* is H.

158. The compound of claim 103, wherein the compound is

o A F° o A°
NJ\N N cl N)LN SyN
H H
cl 0 , 0

O O

QQ OJQ A

O o Z 0

2 LY L 8 CY
H H
0 , 0
(0] Q z °
o) =z X, N
il /E\f NJLH N
N N N~ o
F o H
F F7INF

F , F or

(0]
] 2.
X N
H
(@)

159. The compound of claim 151, wherein o is 2.

, or a pharmaceutically acceptable salt thereof.

160. The compound of claim 159, wherein each R? is, independently, halo, C1.s perfluoroalkyl, or

cyano.

161. The compound of claim 159 or 160, wherein R* is H.
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cl o A °
X e
H
162. The compound of claim 103, wherein the compound is o
i RO 0 S
Cl X, N X, N
H H
(o) 7F (o)
O
F. Cl J\ \ N
I@O Q
F (0}
0
KIC'/O KIC'JQ IY
o A ¥° o A¥°
PR AN F NP NN
H H
F (0] O
F F F F
F , F
, Cl ,or

H
o
FTF
o)

o 2.z
X N
H
F (0]

163. The compound of claim 151, wherein o is 3.

QL“ L
H
¥z 0]

N/

, or a pharmaceutically acceptable salt thereof.

164. The compound of claim 163, wherein R? is halo or cyano.

165. The compound of claim 163 or 164, wherein R* is H.
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166. The compound of claim 103, wherein the compound is

NGO

i O e X LA
F X, N N” "N” "N >
0 Z ©

F or N ,ora

pharmaceutically acceptable salt thereof.
167. The compound of claim 117 or 129, wherein L2 is NRS.
168. The compound of claim 167, wherein L? is NH.
169. The compound of claim 167 or 168, wherein o is 0, 1, or 2.
170. The compound of any one of claims 167-169, wherein R? is halo or C1.s perfluoroalkyl.

171. The compound of any one of claims 167-170, wherein R* is H.

0 fYO
e
H

N

H

172. The compound of claim 103, wherein the compound is

NGO

(0]
oS oY
N
F F ’CI H

F
| Y
H
F N
H

|
N
173. The compound of claim 167, wherein L2 is kY \fé’.

,or

, or a pharmaceutically acceptable salt thereof.

174. The compound of claim 173, wherein o is 2.

175. The compound of claim 173 or 174, wherein R3 is halo.

235



WO 2020/154571 PCT/US2020/014910

176. The compound of any one of claims 173-175, wherein R* is H.

177. The compound of claim 103, wherein the compound is

(0]

F =

)OI\
/O\l N \N’N\
H
F N

| , or a pharmaceutically acceptable salt thereof.

178. The compound of claim 117 or 129, wherein L2 is optionally substituted C1.s heteroalkyl.

AN
179. The compound of claim 178, wherein L2 is w0 .
180. The compound of claim 178 or 179, wherein o is 1.
181. The compound of any one of claims 178-180, wherein R?® is halo.

182. The compound of any one of claims 178-181, wherein R* is H.

183. The compound of claim 103, wherein the compound is

pharmaceutically acceptable salt thereof.

NP
\/
184. The compound of claim 178, wherein L? is g .

185. The compound of claim 184, wherein o is 1.
186. The compound of claim 184 or 185, wherein R? is halo or C1s perfluoroalkyl.

187. The compound of any one of claims 184-186, wherein R* is H.
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188. The compound of claim 103, wherein the compound is

0] 0]

= =

j\ )OL
N N
NN SN NN SN
@[o ©:O
al F

pharmaceutically acceptable salt thereof.

H
. . . L:.,l/NV‘iCL
189. The compound of claim 178, wherein L? is .
190. The compound of claim 189, wherein o is 1 or 2.
191. The compound of claim 189 or 190, wherein R? is halo or C1s perfluoroalkyl.

192. The compound of any one of claims 189-191, wherein R* is H.

193. The compound of claim 103, wherein the compound is

pharmaceutically acceptable salt thereof.

N
194. The compound of claim 178, wherein L2 is H

195. The compound of claim 194, wherein o is 1 or 2.
196. The compound of claim 194 or 195, wherein R? is halo or C1.s perfluoroalkyl.

197. The compound of any one of claims 194-196, wherein R*is H.
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198. The compound of claim 103, wherein the compound is

oY 20
N)J\N \N/N\ \N’N\
F H

N
N H
F
F or FF .ora

pharmaceutically acceptable salt thereof.

o
oot

199. The compound of claim 117, wherein L' is
200. The compound of claim 117 or 199, wherein L2 is O.

201. The compound of claim 200, wherein o is 1 or 2.

202. The compound of any one of claims 199-201, wherein R? is halo.
203. The compound of any one of claims 199-202, wherein R* is H.

204. The compound of claim 103, wherein the compound is

o) f\fo F o A ¢°
seNcaaniieVeass
F 0 or F 0

acceptable salt thereof.

, or a pharmaceutically

205. The compound of claim 117 or 199, wherein L2 is optionally substituted C1.6 alkyl.
206. The compound of claim 205, wherein o is 2.
207. The compound of claim 205 or 206, wherein R? is halo.

208. The compound of any one of claims 205-207, wherein R* is H.

209. The compound of claim 103, wherein the compound is
o ¥°

AoPSets

F , or a pharmaceutically acceptable salt thereof.
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210. The compound of claim 117, wherein L' is optionally substituted Cs.10 heteroaryl.
=y

211. The compound of claim 210, wherein L' is N-O .

212. The compound of claim 210 or 211, wherein L2 is NH.

213. The compound of any one of claims 210-212, wherein o is 2.

214. The compound of any one of claims 210-213, wherein R? is halo.

215. The compound of any one of claims 210-214, wherein R* is H.

216. The compound of claim 103, wherein the compound is

<. N

N N
(O
N/O

217. The compound of claim 210 or 211, wherein L2 is O.

, or a pharmaceutically acceptable salt thereof.

218. The compound of claim 217, wherein o is 2.

219. The compound of claim 217 or 218, wherein R? is halo.

220. The compound of any one of claims 217-219, wherein R*is H.
221. The compound of clam 103, wherein the compound is

F F
(o] (0]
F d Cl Z
N\ \N,N ~ N\ \N’N ~
- OHT O
N~ or

N-O , or a pharmaceutically

acceptable salt thereof.
222. The compound of claim 210 or 211, wherein L2 is optionally substituted C1.s alkyl.

223. The compound of claim 222, wherein 0is 0, 1, or 2.
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224. The compound of claim 222 or 223, wherein each R? is, independently, halo or cyano.

225. The compound of any one of claims 222-224, wherein R* is H.

F
(0] 0]
F 7z N= 7z
N \N,N\ =~ N
N— N
N’O N~
, or ,ora

pharmaceutically acceptable salt thereof.
=
227. The compound of claim 210, wherein L' is N-N
228. The compound of claim 210 or 227, wherein L2 is optionally substituted C1.s alkyl.
229. The compound of claim 227 or 228, wherein o is 1 or 2.
230. The compound of any one of claims 227-229, wherein R? is halo.
231. The compound of any one of claims 227-230, wherein R*is H.

232. The compound of claim 103, wherein the compound is

F
o) 0
F ¢ F ”
o \N,N\ O \N/N\
N— | N— |N
N~ or N~ ,ora

pharmaceutically acceptable salt thereof.

233. The compound of claim 210, wherein L' is N-N
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234,
235.
236.
237.

238.

S N
HN~<:/\N—<\ I
N’N

239.
240.
241.
242.

243.

244,
245.
246.
247.

248.

The compound of claim 210 or 233, wherein L2 is NH.

The compound of claim 233 or 234, wherein o is 2.

The compound of any one of claims 233-235, wherein R? is halo.

The compound of any one of claims 233-236, wherein R*is H.

The compound of claim 103, wherein the compound is

=~ N

, or a pharmaceutically acceptable salt thereof.

The compound of claim 210 or 233, wherein L2 is optionally substituted C1.s alkyl.

The compound of claim 239, wherein o is 2.

The compound of claim 239 or 240, wherein R? is halo.

The compound of any one of claims 239-241, wherein R* is H.

The compound of claim 103, wherein the compound is

0]
7
s AN
N— I
N~ , or a pharmaceutically acceptable salt thereof.
N Py
The compound of claim 210, wherein L' is O-N

The compound of claim 210 or 244, wherein L2 is optionally substituted C1. alkyl.

The compound of claim 244 or 245, wherein o is 2.

The compound of any one of claims 244-246, wherein R? is halo.

The compound of any one of claims 244-247, wherein R* is H.

241



WO 2020/154571 PCT/US2020/014910

249. The compound of claim 103, wherein the compound is

F R
0] (0]
F 4 F Z
/N I \N,N\ /N I \N,N\
] T
or ,ora

pharmaceutically acceptable salt thereof.

5\(;’]/‘1“

251. The compound of claim 210 or 250, wherein L? is optionally substituted C1.s alkyl.

250. The compound of claim 210, wherein L' is

252. The compound of claim 250 or 251, wherein o is 2.
253. The compound of any one of claims 250-252, wherein R? is halo.
254. The compound of any one of claims 250-253, wherein R* is H.

255. The compound of claim 103, wherein the compound is

. N

0] N
N— |
N

, or a pharmaceutically acceptable salt thereof.
256. The compound of claim 103 or 104, wherein R' is ethyl.
A
257. The compound of claim 256, wherein L' is H .
258. The compound of claim 256 or 257, wherein L? is optionally substituted C1. alkyl.
259. The compound of any one of claims 256-258, wherein o is 2.
260. The compound of any one of claims 256-259, wherein R? is halo.

261. The compound of any one of claims 256-260, wherein R* is H.
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262. The compound of claim 103, wherein the compound is F

or a pharmaceutically acceptable salt thereof.
263. The compound of claim 103, wherein R2 is methyl.
264. The compound of claim 103 or 263, wherein R' is methyl.

PN

265. The compound of claim 263 or 264, wherein L' is H
266. The compound of any one of claims 263-265, wherein L2 is O.
267. The compound of any one of claims 263-266, wherein o is 2.
268. The compound of any one of claims 263-267, wherein R? is halo.
269. The compound of any one of claims 263-268, wherein R* is H.
270. The compound of claim 103, wherein the compound is

F 0 f\fo o A ¢°

F (0] or F , or a pharmaceutically

acceptable salt thereof.
271. The compound of claim 263-265, wherein L2 is optionally substituted C1.s alkyl.
272. The compound of claim 271, wherein o is 2.
273. The compound of claim 271 or 272, wherein R? is halo.

274. The compound of any one of claims 271-273, wherein R* is H.
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275. The compound of claim 103, wherein the compound is

i X J%YO X J%YO
NN F NN SN
H H
F or F

acceptable salt thereof.

, or a pharmaceutically

276. The compound of claim 95, wherein the compound has the structure of formula (IlI-D-2):

1 2
R3 1
(RO LZ'N‘CZJ N N
R

(1I-D-2)

wherein:

0is0,1,2,3,4,o0r5;

C" and C? optionally combine to form a bond;

each of R', R?, and R?® is, independently, H or optionally substituted C1. alkyl;

R3 is halo, cyano, C1.s perfluoroalkyl, optionally substituted C1.6 alkoxy, or optionally substituted
C16 alkyl;

L' is optionally substituted Cs.10 heteroaryl or —C(O)-X5-;

X% is NH, O, or optionally substituted C1.s alkyl; and

L2 is O, NRS, optionally substituted C1.s alkyl, optionally substituted C1.6 heteroalkyl, or absent;

or a pharmaceutically acceptable salt thereof.

277. The compound of claim 276, wherein R is methyl.
278. The compound of claim 276 or 277, wherein R2 is H.
O
P
279. The compound of any one of claims 276-278, wherein L' is H .
280. The compound of any one of claims 276-279, wherein L2 is optionally substituted C1.s alkyl.

281. The compound of any one of claims 276-280, wherein o is 1.

282. The compound of any one of claims 276-281, wherein R? is halo.
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283. The compound of claim 276, wherein the compound is

, or a pharmaceutically acceptable salt thereof.

284. The compound of claim 1, wherein the compound has the structure of formula (1V):
= C1H\
N | 2/X3 \[ I

(V)

(R®);

wherein:

misOor1;

nis0,1,or2;

0is0,1,2, 3,4, or5;

C" and C2 optionally combine to form a bond;

each of R', R?, R®, and R® is, independently, H or optionally substituted C1.s alkyl;

R® is halo, cyano, C1.6 perfluoroalkyl, optionally substituted C1.6 alkoxy, or optionally substituted
C16 alkyl;

X% is CR* or N; or X2 and C' or C2 combine to form an optionally substituted alkene;

R*is H, ORE®, optionally substituted C1.s alkyl, or halo;

L' is optionally substituted Cs.10 heteroaryl or —C(O)-X5-;

X5 is NH, O, or optionally substituted C1. alkyl; and

L2 is O, NRS5, optionally substituted C1.s alkyl, optionally substituted C1.s heteroalkyl, or absent; or
X2 and L2 combine to form an optionally substituted alkene,

or a pharmaceutically acceptable salt thereof.

285. The compound of claim 284, wherein the compound has the structure of formula (IV-A):
1 2
20T
N2 N~ 0
R’

(IV-A)

(R%);

wherein:

0is0,1,2, 3,4, or5;

each of R, R?, and R?% is, independently, H or optionally substituted C1.6 alkyl;

R? is halo, cyano, C1 perfluoroalkyl, optionally substituted C1.6 alkoxy, or optionally substituted
C16 alkyl;

L' is optionally substituted Cs.10 heteroaryl or —C(O)-X5-;

X5 is NH, O, or optionally substituted C1.s alkyl; and

L2 is O, NRS5, optionally substituted C1.s alkyl, optionally substituted C1.s heteroalkyl, or absent;
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or a pharmaceutically acceptable salt thereof.
286. The compound of claim 284 or 285, wherein R2 is H.

287. The compound of any one of claims 284-286, wherein R' is methyl.

0
P
288. The compound of any one of claims 284-287, wherein L' is H .
289. The compound of any one of claims 284-288, wherein L2 is optionally substituted C1.6 alkyl.
290. The compound of any one of claims 284-289, wherein o is 2.

291. The compound of any one of claims 284-290, wherein R? is halo.

292. The compound of claim 284, wherein the compound is
0] (0]
F 0 Né\f o) N’Y
JJ\ )\/N\ F )J\ )\/N\
N N N N
H H
F or F

acceptable salt thereof.

, or a pharmaceutically

293. The compound of claim 1, wherein the compound has the structure of formula (V):
1 2 2
= it LYX\ R
R | N0) X'1
L27¢?t ' N7 o
R

W)

wherein:

misO0or1;

nis0,1,or2;

0is0,1,2,3,4,0r5;

C" and C2 optionally combine to form a bond;

each of R, R2, R%, and R¢ is, independently, H or optionally substituted C1.6 alkyl;

R3 is halo, cyano, C1.s perfluoroalkyl, optionally substituted C1.6 alkoxy, or optionally substituted
C1 alkyl;

each of X' and X2 is, independently, CH or N, wherein X' and X2 are not both N;

L' is optionally substituted Cs.10 heteroaryl or —C(O)-X5—;

X% is NH, O, or optionally substituted C1.s alkyl; and

L2 is O, NRS, optionally substituted C1.s alkyl, optionally substituted C1.6 heteroalkyl, or absent;
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or a pharmaceutically acceptable salt thereof.

294,
295.
206.
297.

298.

299.
300.
301.
302.

303.

304.

The compound of claim 293, wherein X' is N and X2 is CH.
The compound of claim 293 or 294, wherein RZ is H.
The compound of any one of claims 293-295, wherein R' is methyl.
The compound of any one of claims 293-296, wherein mis 1.
The compound of any one of claims 293-297, wherein niis 1.
0]

o
The compound of any one of claims 293-298, wherein L' is H .
The compound of any one of claims 293-299, wherein L2 is optionally substituted C16 alkyl.
The compound of any one of claims 293-300, wherein o is 1.

The compound of any one of claims 293-301, wherein R? is halo.

The compound of claim 293, wherein the compound is

2 0
\N,N\

I

, or a pharmaceutically acceptable salt thereof.

A pharmaceutical composition comprising a compound, or pharmaceutically acceptable salt

thereof, of any one of claims 1 to 303, and a pharmaceutically acceptable excipient.

305.

A method of treating a neurological disorder in a subject in need thereof, the method

comprising administering an effective amount of a compound, or pharmaceutically acceptable salt

thereof, of any one of claims 1 to 303 or a pharmaceutical composition of claim 304.

306.

A method of inhibiting toxicity in a cell related to a protein, the method comprising

administering an effective amount of a compound, or pharmaceutically acceptable salt thereof, of any one

of claims 1 to 303.

307.

The method of claim 306, wherein the toxicity is a-synuclein-related toxicity.
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308. The method of claim 307, wherein the toxicity is apolipoprotein E4 (ApoE4)-related toxicity.

309. The method of any one of claims 306-308, wherein the cell is a mammalian neural cell.

310. A method of treating a stearoyl-CoA desaturase (SCD)-associated disorder in a subject in
need thereof, the method comprising administering an effective amount of a compound, or
pharmaceutically acceptable salt thereof, of any one of claims 1 to 303 or a pharmaceutical composition
of claim 304.

311. A method of treating a primary brain cancer in a subject in need thereof, the method
comprising administering an effective amount of a compound, or pharmaceutically acceptable salt
thereof, of any one of claims 1-303 or a pharmaceutical composition of claim 304.

312. The method of claim 311, wherein the primary brain cancer is a glioma.

313. The method of claim 312, wherein the glioma is an astrocytoma.

314. The method of claim 313, wherein the astrocytoma is a glioblastoma.

315. The method of any one of claims 311-314, wherein the cancer is determined or predicted to

be resistant to one or more chemotherapeutic agents.

316. The method of any one of claims 311-315, wherein the cancer has failed to respond to one

or more chemotherapeutic agents.

317. The method of claims 315 or 316, wherein one or more therapeutic agents is selected from

the group of temozolomide, carmustine, bevacizumab, lomustine, everolimus, vincristine, or procarbazine.

318. The method of claim 317, wherein one or more therapeutic agents is temozolomide.

319. The method of any one of claims 311-318, wherein the subject is further administered one

or more additional therapeutic interventions.

320. The method of claim 319, wherein one or more additional therapeutic interventions

comprises surgery, radiation, and/or one or more additional chemotherapeutic agents.

321. The method of claim 320, wherein one or more additional therapeutic interventions is one or

more chemotherapeutic agents.

322. The method of claim 321, wherein one or more chemotherapeutic agents is selected from

the group of temozolomide, carmustine, bevacizumab, lomustine, everolimus, vincristine, or procarbazine.
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323. The method of claim 322, wherein one or more chemotherapeutic agents is temozolomide.
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