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TITLE OF INVENTION

NOVEL HETEROCYCLIC COMPOUND, ITS PREPARATION METHOD, AND
PHARMACEUTICAL COMPOSITION COMPRISING THE SAME
TECHNICAL FIELD

The present invention relates to a heterocyclic compound having a novel structure that
can be used for the prevention or treatment of discases caused by abnormality in a PRS (prolyl-
tRNA synthetase) activity, a method for i)reparing the same, and a pharmaceutical oompbsition
comprising the same.

BACKGROUND OF ART

PRS (prolyl-tRNA synthetase) is one of the aminoacyltRNA synthet:ase (ARS) family
and serves to activate an amino acid for protein synthesis. That is, ARS performs a translational
function to form aminoacyl adenylate (AA-AMP) and then transfer the activated amino acid to the
3-end of the corresponding tRNA. Since ARS plays an important role in the synthesis of protein,
ARS inhibitors suppress the growth of all cells. Thus, ARS has been recognized as a promising
targét for a therapeutic agent for treating diseases that should suppress anﬁbiotics or cell

overexpression (Nature, 2013, 494:121-125).

PRS is present in, or functions as, a multi-synthetase complex (MSC) in the form of
EPRS (Glutamyl-Prolyl-tRNA Synthetase). In particular, among various MSCs, EPRS functions
as a translational silencer that suppresses the production of VEGF A (vascular endothelial growth
factor A) which is a key factor in angiogenesis. In addition, it is reported that EPRS is closely
related with various solid tumors (Nat. Rev. Cancer, 2011, 11, 708-718).

The only substance, known as the PRS inhibitor, is halofuginone. Halofuginone is a
derivative of febrifugine derived from natural products and has anti-malarial effects and various
anti-inflammatory effects. It can also be used as an animal feed additive. In addition, it has been
reported that halofuginone increases the phosphorylation of GCN2 kinase through PRS inhibition,
which induces ATF4 and CHOP expression, and thus promotes cell death (Nat. Chem. Biol. 2012,
8, 311-317). Currently, halofuginone is being clinically studied as anti-cancer agent, an anti-

inflammatory agent (J Immunol, 2014, 192(5), 2167-76), therapeutic agents for the treatment of
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autoimmune diseases (Arthritis Rheumatol, 2014,66 (5), 1195-207), therapeutic agents for the
treatment of fibrosis diseases (World J Gastroenterol, 2014,20 (40), 14778-14786), and the like
(Bioorg. Med. Chem. 2014, 22, 1993-2004).

However, it has been reported that halofuginone acts on various targets and has a very
severe toxicity and further there is a risk of genotoxicity (The EFSA Journal, 2003,. 8: 1-45).
Therefore, discovering PRS inhibitors Having higher safety to the human body among substances
capable of inhibiting PRS like halofuginone has a significance in terms of developing an anti-
cancer agent of the next generation that can be used as an antifibrosis agent, an anti-inflammatory
agent, an autoimmune therapeutic agent alone or in combination with an existing targeted anti-

cancer agent.

In this regard, the present inventors have conducted numérous studies to develop a novel
compound with reduced toxicity while having a PRS enzyme inhibitory effect, and found that the
compound having a novel structure which will be described later selectively inhibits the PRS,
thereBy completing the present invention. The compounds belonging to the present invention
themselves have mainly a PRS enzyme inhibitory activity, but do not exclude a possibility of
exhibiting a pharmacological action as an efficacious agent by a special body environment or by
products of metabolic process, after absorption into the body.

DETAILED DESCRIPTION OF THE INVENTION
TECHNICAL PROBLEM

It is an dbject of the present invention to provide a heterocyclic compound having a
novel structure that can be used for the prevention or treatment of cancers, inflammatory diseases,
autoimmune diseases or fibrosis, a method for preparing the same, and a pharmaceutical
composition comprising the same.

TECHNICAL SOLUTION

In order to achieve the above object, the present invention provides a compound
represented by the following Chemical Formula 1, or a pharmaceutically acceptable salt thereof:

[Chemical Formula 1]
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in Chemical Formula 1,
nis 1,or2,
L is -CH,CH,-, -CH=C(R")-, or -C=C-,
wherein R” is hydrogen, C,4alkyl, or halogen,
X118 CR|Ry, NRy, or -CO-,
X, 1s CR3R4, or NR3,
wherein R; to R4 are each independently hydrogen, C,4alkyl, C, 4hydroxyalkyl,
hydroxy, amino, carboxy, -COO(C,4alkyl), -CONH,, -CONH(C, 4 alkyl), -CON (C,4alkyl),, or
pyrazolyl unsubstituted or substituted with C,4 haloalkyl; or R, and R3, together with each other,
link X; and X; via a double bond, and
A is benzene, pyridine, pyrimidine, or pyrimidinedione ring,
wherein A is unsubstituted or substituted with one to three substituents each
independently selected from the group consisting of a ring-type substituent selected from the
group consisting of furanyl, imidazolyl, isoxazolyl, phenyl, pyrazolyl, pyridinonyl, pyridinyl,
pyrrolyl, thiazolyl, and thiophenyl; C.4a1kyl; Ci4alkoxy; Ci4 haloalkyl; C14 haloalkoxy; halogen;
di(C4 alkyl)amino; nitro; -COO(C,4 alkyl); dihydropyranyl; morpholino; piperidinyl;, and
pyrrolidinyl; and
wherein the ring-type substituent is unsubstituted or substituted with one
or two substituents each independently selected from the group consisting of C,s alkyl, Ci4
haloalkyl, Cs¢ cycloalkyl, monovalent of C,s alkylene carbonate, -COO(C,4 alkyl), halogen,
cyano, thiazolyl, and (1,3-dioxolan-2-yl)methyl.

Preferably, when the ring-type substituent is furanyl, it is unsubsituted or substitﬁted with
-COO(C, 4 alkyl). When the ring-type substituent is imidazolyl, it is unsubsituted or substituted
with C.s alkyl. When the ring-type substituent is isoxazolyl, it is unsubsituted or substituted with
two Cs alkyls. When the ring-type substituent is phenyl, it is unsubsituted or substituted with

halogen, or Ci4 haloalkyl. When the ring-type substituent is pyrazolyl, it is unsubsituted or
3
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substituted with C,s alkyl, C,4 haloalkyl, monovalent of C, 5 alkylene carbonate, thiazolyl, and
(1,3-dioxolan-2-yl)methyl. When the ring-type substituent is pyridinonyl, it is unsubsituted or
substituted with C.s alkyl. When the ring-type substituent is pyridinyl, it is unsubsituted or
substituted with halogen. When the ring-type substituent is pyrrolyl, it is unsubsituted or
substituted with C,.s alkyl and -COO(C 4 alkyl). When the ring-type substituent is thiazolyl, it is
unsubsituted or substituted'with Cis alkyl, Cs¢ cycloalkyl, cyano, or monovalent of Cs,.5 alkylene
carbonate. When the ring-type substituent is thiophenyl, it is unsubsituted or substituted with one

or two substituents each independently selected from the group consisting of C,s alkyl, and -
COO(C) 4 alkyl).

Preferably, A is unsubstituted or substituted with one to three substituents each
independently selected from the group consisting of C\4 alkyl; Cy4 alkoxy; C,4 haloalkyl;
halogen; phenyl unsubstituted or substituted with halogen, or C,4 haloalkyl; pyrazolyl
unsubstitued or substituted with C,.s alkyl, thiazolyl, or C,4 haloalkyl; thiopheny unsubstituted or
substituted with C,s alkyl, or -COO(C,4 alkyl); pyrrolyl unsubstituted or substituted with C1‘_5
alkyl and/or -COO(C,4 alkyl); di(Ci4 alkyl)amino; morpholino; piperidinyl; furanyl; and
pyrrolidinyl.

Preferably, L is -CH,CH,-, —CH=CH—, -CH=CF-, -CH=C(CHj3)-, or -C=C-.

Preferably, according to X, and X5, the compound represented by Chemical Formula 1 is
represented by the following Chemical Formulas 1-1 to 1-5:

[Chemical Formula 1-1]
OH Ry

LT

[Chemical Formula 1-2]
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[Chemical Formula 1-3]
@f H
[Chemical Formula 1-4
OH
@ﬁ "
\/
[Chemical Formula 1-5]

iy

in Chemical Formulas 1-1 to 1-5,

Rz

—

V

Z\Z

n, L, R, to Ryand A are as previously defined.

Preferably, R, to Ry are each independently hydrogen, methyl, hydroxymethyl, hydroxy,
amino, carboxy, -COOCHj3, -CONH,, -CONHCHj, or -CON(CHa),; or R; and R, together with
each other, link X and X; via a double bond. ’

Preferably, A is benzene, pyridine, pyrimidine, or pyrimidinedione ring, wherein A is
unsubstituted or substituted with one to three substituents each independently selected from the
group consisting of methyl, isobutyl, methoxy, trifluoromethyl, fluoro, chloro, bromo, phenyl,
phenyl substituted with fluoro, phenyl substituted with chloro, phenyl substituted with
trifluoromethyl, thiophenyl, thiopheny substituted with methyl, thiopheny substituted with -
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COOCH;, pyrazolyl substituted with difluoromethyl, pyrazolyl substituted with methyl, pyrazolyl

 substituted with thiazolyl, pyrrolyl substituted with methyl and -COOCH,CHj, furanyl,
. dimethylamino, diethylamino, methylethylamino, morpholino, piperidinyl, and pyrrolidinyl.

Preferably, A is benzene, wherein A is unsubstituted or substituted with one to three
substituents each independently selected from the group consisting of C;4 alkyl; C,4 alkoxy;
halogen; and phenyl unsubstituted or substituted with halogen or C 4 haloalkyl.

Preferably, A is pyridine, wherein A is unsubstituted or substituted with one or two
substituents each independently selected from the group consisting of C,4 alkyl; C,4 haloalkyl,
halogen; and phenyl substituted with halogen.

Preferably, A is pyrimidine, wherein A is substituted with a substituent selected from the
group consisting of halogen; di(C,4 alkyl)amino; morpholino; piperidinyl; and pyrrolidinyl.

Preferably, A is pyrimidinedione, wherein A is unsubstituted or substituted with one or
two C4alkyl.

Typical examples of the compounds represented by Chemical Formula 1 are as follows:
1) (2R,38)-2-(3-(6-chloro-1H-benzo[d]imidazol-1 -yl)propyl)piperidin—3-01,
2) (2R,35)-2-(3-(4-bromo-1H-benzo[d}imidazol-1-yl)propyl)piperidin-3-ol,
3) (2R,3S)-2-(3-(5-bromo- 1 H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,
4) (2R,3S)-2-(3-(6-bromo-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,
5) (2R,3S)-2-(3-(7-bromo-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,
6) (2R,38)-2-(3-(4-fluoro-1H-benzo[ d]imidazol- 1-yl)propyl)piperidin-3-ol,
7 (2R,3S)-2-(3-(5-fluoro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,
8) (2R,3S)-2-(3-(6-fluoro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,
9 (2R,3S)-2-(3-(7-fluoro-1H-benzo[d]imidazol-1 -};l)propyl)piperidin-}ol,
10)  (2R,3S)-2-(3-(4-chloro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,
11y  (2R,3S)-2-(3-(5-chloro-1 H-benzo[d]imidazol-1 -yl)propyl)piperidin-3-ol,
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13)
14)
15)
ol,
16)
ol,
17)
3-0l,
18)
ol,
19)
ol,
| 20)
ol,
21)
ol, '
22)
ol,
23)
ol,
24)
ol,
25)
ol,
26)
ol,
27)
ol,
28)
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(2R,3S)-2-(3-(7-chloro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol, -
(2R,3S)-2-(3-(6-methy1— 1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3-(5-methyl- 1 H-benzo[d]imidazol- 1-yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3-(6-(trifluoromethyl)- 1 H-benzo[ d]imidazol-1-yl)propyl)piperidin-3-
(2R,38)-2-(3-(7-(trifluoromethyl)- 1 H-benzo[ d]imidazol-1-yl)propyl)piperidin-3-
(2R,3S)-2-(3-(7-(trifluoromethoxy)- 1 H-benzo[d]imidazol-1 -yl)propyl?pi peridin-
(2R,3 S)-2-(3—(4—(pyrrolidin— 1-yl)-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
(2R,3S)-2-(3-(4-(piperidin-1-yl)- 1H-benzo[d]imidazol- 1 -yl)propyl)piperidin-3-
(2R,3S)-2-(3-(4-(3-fluorophenyl)-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
(2R,3S)-2-(3-(4-(3-chlorophenyl)-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
(2R,38)-2-(3-(5-(3-fluorophenyl)-1 H-benzo[ d]imidazol-1-yl)propyl)piperidin-3-
(2R,38)-2-(3-(6-(2-fluorophenyl)- 1 H-benzo[ d]imidazol-1-yl)propyl)piperidin-3-
(2R,3S)-2-(3-(6-(3-fluorophenyl)- 1 H-benzo[d]imidazol- 1-yl)propyl)piperidin-3-
(2R ,3S)-2-(3-(6-(4-fluorophenyl)-1 H-benzo[d]imidazol- 1-yl)propyl)piperidin-3-
(2 R,3 S)-Z-(3-(7—(2—ﬂu0ropheny1)— 1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-

(2R,38)-2-(3-(7-(3-fluorophenyl)-1H-benzo[d]imidazol- 1 -yl)propyl)piperidin-3-

(2R,3S)-2-(3-(7-(4-fluorophenyl}-1H-benzo[d]imidazol- 1-yl)propyl)piperidin-3-
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45)
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(2R ,3S)-2-(3-(5-(1H-pyrazol-4-yl)-1H-benzo[ d]imidazol-1-yl)propyl )piperidin-
(2R ,38)-2-(3-(6-(1H-pyrazol-4-yl)-1H-benzo[dJimidazol-1-yl)propyl)piperidin-
(2R,3S)-2-(3-(7-(1H-pyrazol-4-yl)-1H-benzo[ d[imidazol-1-yl)propyl )piperidin-
(2R,3S)-2-(3~(6-chloro-5-fluoro-1H-benzo[d]imidazol- 1 -yl)propyl)piperidin-3-
(2R,38S)-2-(3-(6-bromo-5-fluoro-1 H—benzo[d] imidazol-1-yl)propyl)piperidin-3-
(2R,38)-2-(3~( 5-cMoro—6—ﬂuoro- 1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
(2R ,3S)-2-(3-(5-bromo-6-fluoro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
(2R ,35)-2-(3-(6-bromo-5-chloro-1 H-benzo[d]imidazol- 1 -yl)propyl)piperidin—B -
(2R,38)-2-(3-(6-chloro-5-methoxy-1H-benzo[d]imidazol-1 -yl)propyl)piperidin-
(2R,38)-2-(3-(6-fluoro-5-methoxy-1H-benzo[d]imidazol-1-yl)propyl)piperidin-
(2R ,3S)-2-(3-(5-fluoro-6-methyl-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
(2R,3S)-2-(3-(4,5-dichloro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,

(2S,3S)-2-(3-(4,5-dichloro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,.

(2S,3R)-2-(3-(4,5-dichloro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,

(2R,3R)-2-(3-(4,5-dichloro-1H-benzo[d]imidazol- 1 -yl)propyl)piperidin-3-ol,

(2R,3S)-2-(3-(4-chloro-5-methyl-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-

(2R,3S)-2-(3-(5-bromo-4-methyl-1H-benzo[d] imidazol-l-yl)propyl)pipeﬁdin—3-
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(2R,38)-2~(3~(5-chloro-4-methyl-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
(2R,3S)-2~(3-(5-bromo-4-fluoro-1H-benzo[ dJimidazol-1-yl)propyl )piperidin-3-
(2R,3S)-2~(3~(6-bromo-7-fluoro-1H-benzo[d]imidazol- 1-yl)propyl)piperidin-3-

(2R,3S)-2~(3-(4,5-difluoro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3-(6,7-difluoro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,
(2R,38)-2~(3-(4,5-dimethyl-1H-benzo[d]imidazol- 1 -yl)propyl)piperidin-3-ol,
(2R,38)-2-(3-(5,6-difluoro-1 H-benzo[ d]imidazol-1-yl)propyl)piperidin-3-ol,
(2R ,38)-2-(3-(5,6-dichloro-1H-benzo[ d]imidazol-1-yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3+(5,6-dibromo- 1 H-benzo[ d]imidazol-1-yl)propyl)piperidin-3-ol,
(2R,38)-2-(3+(5,6-dimethyl- 1 H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3 -(6,7—di¢h10r0- 1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,
(2R ,3S)-2-(3-(4,6-difluoro-1H-benzo[d] imidazol- 1-yl)propyl)piperidin-3-ol,
(2R,38)-2-(3-(5,7-difluoro- 1H-benzo[d]imidazol- 1-yl)propyl)piperidin-3-ol, -
(2R,3S)-2-(3-(4-chloro-5-methoxy-1H-benzo[d]imidazol-1-yl)propyl)piperidin-

(2R3 S)—2-(3—(7-chloro-6-@eth0xy— 1H-benzo[d]imidazol-1-yl)propyl)piperidin-
(2R,3S)-2-(3-(6-chloro-4-methyl-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
(2R,3S)-2-(3-(4-chloro-5-fluoro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-

(2R,35)-2-(3 —(6-brom0—4—me‘thyl- 1 H—bénzo[d] imidazol-1-yl)propyl)piperidin-3-
(2R,3S)-2-(3-(5-fluoro-4-methyl-1 H-benzo[d]imidazol-1-yl)propyl)piperidin-3-

(2R,38)-2-(3-(6-fluoro-7-methyl-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
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ol,

66)  (2R,3S)-2-(3-(4-chloro-5-(trifluoromethyl)-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol, '

67)  (2R,38)-2-(3~(7-chloro-6-(trifluoromethyl)-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol,

68)  methyl 7-bromo-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1H-
benzo[d]imidazole-5-carboxylate, '

69) = (2R,3S)-2~(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
ol,

700 (2R,3S)-2-(3-(5-bromo-7-chloro-1H-benzo[d]Jimidazol-1-yl)propyl)piperidin-3-
ol

71)  (2R,3S)-2-(3-(7-bromo-5-(trifluoromethyl)- 1 H-benzo[d]imidazol-1-

‘yl)propyl)piperidin-3-ol,

72)  (2R,3S)-2-(3-(6-bromo-4-fluoro- 1 H-benzo[d]imidazol-1-yl)propyl)piperidin-3-

ol,

73)  (2R,3S)-2-(3-(5-bromo-7-fluoro- 1 H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
ol _

74)  (2R,3S)-2~(3-(7-chloro-4-fluoro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
ol,

75)  (2R,3S)-2~(3-(5-bromo-4-nitro-1 H-benzo[d]imidazol- 1 -yl)propyl)piperidin-3-ol,

76)  (2R,3S)-2-(3-(6-bromo-7-nitro-1H-benzo[dJimidazol-1-yl)propyl)piperidin-3-ol,

77)  (2R,3S)-2-(3-(4-chloro-5-nitro- 1 H-benzo[ d]imidazol-1 -yl)pr(;pyl)piperidin-3 -ol,

78)  (2R,3S)-2-(3-(7-chloro-5-(trifluoromethyl)- 1 H-benzo[ dJimidazol-1-
yl)propyl)piperidin-3-ol,

79)  (2R,3S)-2-(3-(5-chloro-7-fluoro-1H-benzo[d]imidazol- 1-yl)propyl)piperidin-3-

ol,
80)  (2R,3S)-2-(3-(5,7-dichloro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol, -
81)  (2R,3S)-2-(3-(5-chloro-7-(1H-pyrazol-4-yl)-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol, ‘

82)  (2R,3S)-2-(3-(7-(1H-pyrazol-4-yl)-5-(trifluoromethyl)- 1 H-benzo[ d]imidazol-1-
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yl)ypropyl)piperidin-3-ol,

83)  (2R,3S)-2-(3-(5-chloro-7-(3-fluorophenyl)- 1 H-benzo[dJimidazol-1-
yl)propyl)piperidin-3-ol,

84)  (2R,3S)-2-(3-(7-(3-fluorophenyl)-5-(trifluoromethyl)-1 H-benzo[ d]imidazol-1-
yl)propyl)piperidin-3-ol,

85)  (2R,3S)-2-(3-(5-chloro-7-(2-methylthiazol-5-yl)-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol, .

86) _ (2R,3S)-2-(3-(5-chloro-7-(pyridin-3-yl)-1 H-benzo[d]imidazol-1-
ylypropyl)piperidin-3-ol,

87)  (2R,3S)-2-(3-(5-chloro-7-(5-fluoropyridin-3-yl)-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol, ‘

88)  5-(5-chloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1H-
benzo[d]imidazol-7-y1)-1-methylpyridin-2(1H)-one,

89)  (2R,3S)-2-(3-(5-chloro-7-(1-(difluoromethyl)- 1 H-pyrazol-4-y1)-1H-
benzo[dJimidazol-1-yl)propyl)piperidin-3-ol,

90) (2R3 S);Z-(S—(S—ch101'o—7-(isoxazol-3 -yl)-1H-benzo[d}imidazol-1-
yl)propyl)piperidin-3-ol,

91) (2R,3 S)-2-(3-(5-chloro-7-(thiophen-3-yl)-1H-benzo[ dJimidazol-1-
yl)propyl)piperidin-3-ol,

92) (2R ,3S)-2-(3-(5-chloro-7-(2-methylthiophen-3-yl)-1H-benzo[ d]imidazol-1 -
yl)propyl)piperidin-3-ol,

93)  (2R,3S)-2-(3~(5-chloro-7-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-1-
ypropyl)piperidin-3-ol,

94)  (2R,3S)-2-(3-(5-chloro-7-(3,6-dihydro-2H-pyran-4-yl)-1 H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol,

95) (2R,3S)-2-(3-(7-(1-((1,3-dioxolan-2-yl)methyl)-1H-pyrazol-4-yl)-5-chloro-1H-
benzo[d}imidazol-1-yl)propyl)piperidin-3-ol, -

96) (2R,38)-2-(3-(5-chloro-7-(1-methyl-1 H-imidazol-5-yl)- 1 H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol,

97)  (2R,3S)-2-(3-(5-chloro-7-(1-methy!-1 H-pyrazol-4-y1)- | H-benzo[d]imidazol-1-
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yl)propyl)piperidin-3-ol,

98) (2R,35)-2-(3 —(7-(;3yrrolidin—l -yl)-1H-benzo[d]imidazol- 1-yl)propyl)piperidin-3-
ol, v

99)  (2R,3S)-2-(3-(5-chloro-7-(pyrrolidin-1-yl)-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol,

100)  (2R,3S)-2-(3-(5-chloro-7-(2-cyclopropylthiazol-5-yl)-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol,

101)  (2R,3S)-2-(3-(5-chloro-7-(1-(thiazol-2-yl)- 1 H-pyrazol-4-yl)-1H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,

102)  (2R,3S)-2-(3-(5-chloro-7-(1-(oxetan-3-yl)- |H-pyrazol-4-yl)-1H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,

103) (2R,3S)-2~(3-(5-chloro-7-(2-(tetrahydro-2H-pyran-4-yl)thiazol-4-yl)-1H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol, _

104) (2R,3S)-2-(3-(5-chloro-7-(furan-3-yl)-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol,

105) 4-(5-chloro-1-(3 —((.2R,3 S)-3-hydroxypiperidin-2-yl)propyl)-1H-
benzo[d]imidazol-7-yl)thiazole-2-carbonitrile,

106) (2R,3S)-2-(3-(7-(1-(tert-butyl)-1H-pyrazol-4-yl)-5-chloro-1H-benzo[d]imidazol-
1-y])propyl)pipetidin-3-ol, '

107) (2R,3S)-2-(3-(5-chloro-7-(1-isopentyl- 1 H-pyrazol-4-yl)-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol,

108) (2R,3S)-2-(3-(5-chloro-7-(1-isopropyl-1H-pyrazol-4-yl)-1H-benzo[dJimidazol-1-
yl)propyl)piperidin-3-ol, |

109) (2R,3S)-2-(3-(5-chloro-7-(4-methylthiophen-3-yl)-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol,

110) ethyl 3-(5-chloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1H-
benzo[d]imidazol-7-yl)furan-2-carboxyl éte,

111) methyl 4-(5-chloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)- 1 H-
benzo[d]imidazol-7-yl)thiophene-2-carboxylate,

112)  (2R,3S)-2-(3-(5-chloro-7-(1-(2-fluoroethyl)-1H-pyrazol-4-yl)-1H-
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benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,

113)

(2R,3S)-2-(3-(7-(1-butyl- 1 H-pyrazol-4-y1)-5-chloro-1 H—benzo [d]imidazol-1-

yl)propyl)piperidin-3-ol,

114)

(2R,38)-2-(3-(5-chloro-7-(2,5-dimethylthiophen-3-yl)- 1 H-benzo[d]imidazol-1-

yl)propyl)piperidin-3-ol,

115)

(2R,3S)-2-(3-(5-chloro-7-(1-isobutyl- 1 H-pyrazol-4-yl)-1H-benzo[d]imidazol-1-

yl)propyl)piperidin-3-ol,

116)

ethyl 4-(5-chloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1H-

benzo[d]imidazol-7-y1)-1-methyl-1H-pyrrole-2-carboxylate,

117)
118)
119)
120)
121)
122)
123)
124)
125)
126)
127)
128)

129)

(2R,3S)-2-(3-(5-chloro-1H-imidazo[4,5-b]pyridin-1-yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3-(5-chloro-3H-imidazo[4,5-b]pyridin-3-yl)propyl)piperidin-3-ol,
(2R,35)-2-(3~(5-bromo-1H-imidazo[4,5-b]pyridin-1-yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3-(6-bromo-1 H—imidaéo[4,5-b]pyridin— 1-yl)propyl)piperidin-3-ol,
(2R,38)-2-(3-(5-methyl-1H-imidazo[4,5-b]pyridin-1 -yl)propyl)piperidin—3 -ol,
(2R3 S)-2-(3-(6-chloro-1H-imidazo[4,5-c]pyridin-1-yl)propyl)piperidin-3-ol.
(2R,3S)-2-(3-(6-chloro-3H-imidazo[4,5-c]pyridin-3-yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3-(6-bromo-1H-imidazo[4,5-c]pyridin- 1-yl)propyl)piperidin-3-ol,
(2R,38)-2-(3-(6-bromo-3H-imidazo[4,5-c]pyridin-3-yl)propyl)piperidin-3-ol,
(2R,38)-2-(3-(7-chloro-1H-imidazo[4,5-b]pyridin-1-yt)propyl)piperidin-3-ol,
(2R3 S)—2-(3—(5,6—dichlord— 1H-imidazo[4,5-b]pyridin-1-yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3-(7-bromo-1H-imidazo[4,5-c]pyridin-1-yl)propyl)piperidin-3-ol,
(2R3 S)-2-(3-(5-(t1iﬂuorométhyl)—3 H-imidazo[4,5-b]pyridin-3-

yhypropyl)piperidin-3-ol,

130)
131)

(2R,38)-2-(3-(6,7-dichloro-3H-imidazo[4,5-b]pyridin-3-yl)propyl)piperidin-3-ol,
(2R,38)-2-(3-(6-chloro-7-methyl-3H-imidazo[4,5-b]pyridin-3-

yhpropyl)piperidin-3-ol,

132)

(2R 3S)-2-(3-(6-bromo-7-methyl-3H-imidazo[4,5-b]pyridin-3-

yl)propyl)piperidin-3-ol,

133)

(2R,3S)-2-(3-(6-bromo-7-chloro-3H-imidazo[4,5-b]pyridin-3-

yl)propyl)piperidin-3-ol,
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134)

PCT/KR2018/001625

(2R,38)-2-(3~(7-chloro-6-(3-chlorophenyl)-3H-imidazo[4,5-b]|pyridin-3-

ylpropyl)piperidin-3-ol,

135)
136)
137)
138)
139)
140)
141)
142)
143)
144)

(2R,3S)-2-(3 —(2-chloro—7H—purin—7—yl)propyl)piperidin-3 -ol,
(2R,3S)-2-(3-(2 -chloro—9H—purin—9-yl)pr0py1)piperidin-3-ol,

(2R ,3S)-2-(3-(6-(dimethylamino)-9H-purin-9-yl)propyl)piperidin-3-ol,
(2R,35)-2-(3-(6-(diethylamino)-9H-purin-9-yl)propyl)piperidin-3-ol,
(2R,35)-2-(3-(6-(ethyl(methyl)amino)-9H-purin-9-yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3-(6-morpholino-9H-purin-9-yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3-(6-(piperidin-1-y1)-9H-purin-9-yl)propyl)piperidin-3-ol,
(2R,38)-2-(3-(6-(pyrrolidin-1-yl)-9H-purin-9-yl)propyl)piperidin-3-ol,
1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)- 1 H-benzo[d]imidazol-2-ol,
5,6-dichloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1H-

benzo[d]imidazol-2-ol,

145)
ol,

146)

(2R ,3S)-2-(3-(2-(hydroxymethyl)-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-

(2R ,3S)-2-(3-(2-(hydroxymethyl)-4,5-dimethyl- 1 H-benzo[d]imidazol-1-

yh)propyl)piperidin-3-ol,

147)

(2R,3S)-2-(3-(5,6-dichloro-2-(hydroxymethyl)- | H-benzo[d]imidazol-1-

yl)propyl)piperidin-3-ol,

148)
3-ol,

149)
carboxylate,

150)
carboxylate,

151)
carboxylate,

152)
carboxylate,

153)

(2R,3S)-2-(3-(2-amino-5,6-dichloro-1H-benzo[d] imidz;zol— 1-yhpropyl)piperidin-
methyl  7-bromo-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1H-indole-3-
methyl  5-bromo-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1 H-indole-3-
methyl 6-bromo— 1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)- 1 H-indole-3-
methyl  4-chloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)- | H-indole-3-

methyl  6-chloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)- 1 H-indole-3-
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carboxylate,

154) methyl  7-chloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1H-indole-3-
carboxylate,

155) (2R,3S)-2-(3-(5-chloro-3-cyclopropyl- 1 H-indazol-1-yl)propyl)piperidin-3-ol,

156) (2R,3S)-2-(3-(5-chloro-3-(trifluoromethyl)-1H-indazol- 1-yl)propyl)piperidin-3-
ol,

157)  (2R,3S)-2-(3-(5-chloro-3-(1-(difluoromethyl)-1H-pyrazol-4-yl)-1H-indazol-1-
yl)propyl)piperidin-3-ol,

158) (2R,35)-2-(3-(6-chloro-3-(1-(difluoromethyl)-1 H-pyrazdl-4—yl)—1 H-indazol-1-
yl)propyl)piperidin-3-ol,

159)  1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-3-methyl-1H-benzo[dJimidazol-
2(3H)-one, ' |

160)  5-bromo-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1H-benzo[d]imidazol-
2(3H)-one,

161)  6-bromo-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1 H-benzb[d] imidazol-
2(3H)-one,

162)  7-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1,3-dimethyl-1H-purine-
2,6(3H,7H)-dione,

163)  7-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-3-methyl-1 H-purine-2,6(3H,7H)-
dione,

164) 9-(3-((2R,3S)-3 -hydfoxypipén’din—2-yl)propyl)— 1-methyl-1H-purine-2,6(3H,9H)-
dione, |

165) 7-(3-((2R,3 S)—3 -hydroxypiperidin-2-yl)propyl)-3-isobutyl-1-methyl-1 H-purine-
2,6(3H,7H)-dione,

166) (2R,3S)-2-((E)-3-(5,6-dichloro-1H-benzo[d]imidazol-1-yl)prop- 1 -enyl)piperidin-
3-0l,

167)  (2R,3S)-2~((E)-3-(5-fluoro-4-methyl-1H-benzo[d]imidazol- 1-yl)prop-1-
enyl)piperidin-3-ol,

168)  (2R,3S)-2-((E)-3-(5-bromo-4-methyl-1H-benzo[d]imidazol-1-yl)prop-1-
enyl)piperidin-3-ol,
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169)  (2R,35)-2-((E)-3-(5,6-dimethyl-1H-benzo{d}imidazol-1-yl)prop-1-
enyl)piperidin-3-ol,

170) (2R3 S)-2-((E)—3-(5,6-dibrom0— 1H-benzo[d]imidazol-1-yl)prop-1-enyl)piperidin-
3-0l, |

171)  (2R,3S)-2-((E)-3-(5,6-difluoro-1H-benzo[d]imidazol-1-yl)prop-1-enyl)piperidin-
3-0l, .
172) (2R,35)-2«((E)-3 -(4,5-dimethyl-1 H-benzo[d]imidazol-1-yl)prop-1-
enyl)piperidin-3-ol,

173)  (2R,3S)-2-((E)-3-(5-chloro-4-methyl-1H-benzo[d]imidazol-1-yl)prop-1-
enyl)piperidin-3-ol,

 174)  (2R,35)-2-((E)-3-(4,5-dichloro-1H-benzo[d]imidazol-1-yl)prop-1-en-1-

yl)piperidin-3-ol,

175)  (2R,3S)-2-((E)-3-(4-chloro-5-methyl- 1 H-benzo[d]imidazol-1-yl)prop-1-en-1-
yhpiperidin-3-ol, -

176) (2R,35)-2-((E)-3-(5-bromo-4-nitro-1H-benzo[d]imidazol-1 -yl)pfop— 1-en-1-
yl)piperidin-3-ol,

177)  (2R,3S)-2-((E)-3-(6-bromo-7-nitro-1H-benzo[d]imidazol-1-yl)prop-1-en-1-
yl)piperidin-3-ol,

178)  (2R,3S)-2-((E)-3-(4-chloro-5-nitro-1H-benzo[d]imidazol-1-yl)prop-1-en-1-
yl)piperidin-3-ol,

179)  (2R,3S)-2-((E)-3-(4,6-difluoro-1H-benzo[d]imidazol-1-yl)prop-1-en-1-
yhpiperidin-3-ol, ’

180) (2R,3S)-2-((E)-3-(6-chloro-4-methyl-1H-benzo[d]imidazol-1-yl)prop-1-en-1-
yl)piperidin-3-ol,

181)  (2R,3S)-2-((E)-3-(7-chloro-5-(trifluoromethyl)-1H-benzo[d]imidazol-1-yl)prop-
1-en-1-yl)piperidin-3-ol,

182) (2R,3S)-2~((E)-3-(5,7-dichloro-1H-benzo[d]imidazol-1-yl)prop-1-en-1-
yD)piperidin-3-ol,

183) (2R,3S)-2-((E)-3-(5-chloro-7-fluoro-1H-benzo[d]imidazol-1-yl)prop-1-en-1-

yl)piperidin-3-ol,
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184) (2R,3S)-2-((E)-3-(5-bromo-1H-imidazo[4,5-b]pyridin-1-yl)prop-1-

enyl)piperidin-3-ol,

185) (2R,3S)-2-((E)-3-(7-chloro-6-(3-chlorophenyl)-3H-imidazo[4,5-b]pyridin-3-

yhprop-1-enyl)piperidin-3-ol,

186) (2R,3S)-2-((E)-3-(6-bromo-7-methyl-3 H-ilnidazo[4,54b]pyridin—3-yl)prop- 1-

enyl)piperidin-3-ol,

187) (2R,3S)-2-((E)-3-(6-bromo-7-chloro-3H-imidazo[4,5-b]pyridin-3-yl)prop-1-

enyl)piperidin-3-ol,

188) (2R,3S)-2-((E)-3-(6-chloro-7-methyl-3H-imidazo[4,5-b]pyridin-3-yl)prop-1-

enyl)piperidin-3-ol,

189) (2R,3S)-2-((E)-3-(6,7-dichloro-3H-imidazo[4,5-b]pyridin-3-yl)prop-1-

enyl)piperidin-3-ol,

190) (2R,3S)-2-((E)—i-(6—(3—chlorophenyl)- l H-benzo[d]imidazél- 1-yl)prop-1-

enyl)piperidin-3-ol,

191) (2R,3S)-2-((E)-3 —(6-(3-ﬂuor6phenyl)— 1H-benzo[d]imidazol-1-yl)prop-1-

enyl)piperidin-3-ol,

192) (2R 3S)-2-((E)-3-(6-(3-(trifluoromethyl)phenyl)- 1 H-benzo[dJimidazol-1-yl)prop-

1-enyl)piperidin-3-ol,

193) (2R,3S)-2-((E)-3~(5-bromo-6,7-difluoro-2-methyl-1H-benzo[d]imidazol-1-

yl)prop-1-enyl)piperidin-3-ol,

194) (2R,3S)-2-((E)-3-(indolin- l -yl)prop-1-enyl)piperidin-3-ol,

195) (2 R,3S)-Z-((E)—3—(5-chlor0indolin— 1-yl)prop-1-enyl)piperidin-3-ol,
196) (2R,3S)-2-((E)-3-(1H-pyrrolo[2,3-b]pyridin-1-yl)prop-1-enyl)piperidin-3-ol,
197)  (2R.3S)-2~((E)-3-(6-chloro-1H-indol-1-yl)prop-1-enyl)piperidin-3-ol,

198)  (2R,3S)-2-((E)-3-(6-chloro-1H-indazol-1-yl)prop-1-enyl)piperidin-3-ol,
199)  (2R,3S)-2-((E)-3-(4-chloro-7H-pyrrolo[2,3-d]pyrimidin-7-yl)prop-1-

enyl)piperidin-3-ol,

200) (2R,3S)-2-((E)-3-(5-chloro-1H-pyrazolo[3,4-b]pyridin-1-yl)prop-1-

enyl)piperidin-3-ol,

201) (2R,3S)-2-((E)-3-(3,5-dimethyl- 1 H-indazol- 1-yl)prop-1-enyl)piperidin-3-ol,
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202)
carboxylate,
- 203)

carboxylic acid,

204)

carboxylic acid,

205)

carboxylic acid,

206)

carboxylic acid,

207)

carboxylic acid,

208)

carboxylic acid,

209)
210)
carboxylate,
211)
carboxylate,
212)
carboxylate,
213)
carboxylate,
214)
carboxylate,
215)

3-carboxamide,

216)

PCT/KR2018/001625

methyl  7-bromo-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)- 1 H-indole-3-
7-bromo-1 ~((E)-3-((2R,35)-3-hydroxypiperidin-2-yl)allyl)-1H-indole-3-
S-bromo-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)-1H-indole-3-
4-chloro-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)- 1 H-indole-3-
6-ch10;'0- 1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)- 1 H-indole-3-
7-chloro-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)-1H-indole-3-
6-fluoro-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)-1 H-indole-3-

1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)-1H-indole-3-carboxylic acid,
methyl  4-chloro-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)-1 H-indole-3-

méthyl 6-chloro-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)-1H-indole-3-
methyl 7-chloro-1-((E)-3-((2R,3S)-3 —hydroxypipeﬁdiﬁ—Z—yl)allyl)-1 H-indole-3-
methyl  5-bromo-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)-1H-indole-3-
methyl 6-bromo-1-((E)-3-((2R,3 S)—B-hydroxypiperidin-2—yl)allyl)- 1H-indole-3-
5-bromo-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)-N-methyl-1H-indole-

S-bromo-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)-N,N-dimethyl-1H-

indole-3-carboxamide,

217)

(2R,35)-2-((Z)-3-(5-chloro-4-methyl- 1 H-benzo[d]imidazol- 1-y1)-2-fluoroprop-1-
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enyl)piperidin-3-ol,

218)  (2R,3S)-2-((Z)-3-(5-bromo-4-methyl-1H-benzo[d]imidazol- 1-yl)-2-fluoroprop-
1-enyl)piperidin-3-ol,

219)  (2R,3S)-2-((Z)-3-(5,6-dichloro-1H-benzo[d]imidazol-1-y1)-2-fluoroprop-1-
enyl)piperidin-3-ol,

220) (2R,3S)-2-((Z)-3-(5,6-dichloro-2-(hydroxymethyl)-1H-benzo[d]imidazol-1-yl)-
2-fluoroprop-1-enyl)piperidin-3-ol,

221)  (2R,3S)-2-((E)-3-(5-chloro-4-methyl-1H-benzo[d]imidazol-1-yl)-2-methylprop-
1-enyl)piperidin-3-ol,

| 222)  (2R,3S)-2-((E)-3-(5-bromo-4-methyl-1H-benzo[d]imidazol-1-yl)-2-methylprop-

1-enyl)piperidin-3-ol,

223)  (2R,3S)-2-((E)-3~(5,6-dichloro- 1 H-benzo[d]imidazol-1-y1)-2-methylprop-1-
enyl)piperidin-3-ol,

224) (2R3 S)-2—((E)—3-(5,6—dichloro-2-(hydroxymethyl)- 1H-benzo[d]imidazol-1-yl)-
2-methylprop-1-enylpiperidin-3-ol, '

225) (2R,3S)-2-(3-(5,6-dichloro-1H-benzo[d]imidazol- 1 -yl)prop-1-ynyl)piperidin-3-
ol,

226) (2R,3S)-2-(3-(5-bromo-4-methyl-1H-benzo[d]imidazol-1-yl)prop-1-
ynyDpiperidin-3-ol, | '

227)  (2R,3S)-2-(3-(5-chloro-4-methyl-1H-benzo[d]imidazol-1-yl)prop-1-
ynyl)piperidin-3-ol,

228) (2R,3S)-2-(3-(5,6-dibromo-1H-benzo[d]imidazol-1-yl)prop-1-ynyl)piperidin-3-
ol, »

229)  (2R,3S)-2-(3-(5-fluoro-4-methyl- 1 H-benzo[d]imidazol-1-yl)prop-1-
ynyl)piperidin-3-ol, and

230) (2R,3S)-2-((E)-3-(5,6-dichloro-1H-benzo[d]imidazol-1-yl)prop-1-

enyl)pyrrolidin-3-ol.

In addition, the compounds of the present invention may exist in the form of a

pharmaceutically acceptable salt. As salt, an acid addition salt formed by a pharmaceutically
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acceptable free acid is useful. As the free acid, an inorganic acid and an organic acid may be used.
Examples of the inorganic acid may include hydrochloric acid, bromic acid, sulfuric acid,
phosphoric acid, and the like. Examples of the organic acid may include citric acid, acetic acid,
lactic acid, maleic acid, gluconic acid, methanesulfonic acid, succinic acid, 4-toluene sulfonic acid,

glutamic acid, aspartic acid or the like.

Salts or solvates of the compounds represented by Chemical Formula 1 that are
pharmaceutically not acceptable can be used as intermediates in the preparation of the compound

represented by Chemical Formula 1, a pharmaceutically acceptable salt or solvate thereof.

The compound represented by Chemical Formula 1 according to the present invention
includeé pharmaceutically acceptable salts thereof as well as both solvates and hydrates which can
be preiaared therefrom. The salts or solvates of the compound represented by Chemical Formula |
can be prepared from the compounds represented by Chemical Formula 1 using conventional

methods in the technical field to which the present invention pertains.

Further, the compound represented by Chemical Formula 1 according to the present
invention can be prepared in crystalline form or non-cryétalline form. When the compound
represented by Chemical Formula 1 is produced in crystalline form, it may be optionally hydrated
or solvated.. The present invention may include not only stoichiometric hydrates of the compound
represented by Chemical Formula 1 but also compounds containing a various amount of water.
The solvates of the compound represented by Chemical Formula 1 according to the present

invention include both stoichiometric solvates and non-stoichiometric solvates.

The present invention also provides a method for preparing a compound represented by

* Chemical Formula 1 as shown in the following Reaction Scheme 1:

[Reaction Scheme 1]
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(in Reaction Scheme 1, n, L, X, X, and A are as previously defined, X is halogen
(preferably bromo), and R” and R™ means each independently a protecting group. The protecting

group can be tert-butyldimethylsilyl, or tert-butyloxycarbonyl.)

The step 1 is a step of preparing a compound represented by Chemical Formula 1-C by
reacting a compound represented by Chemical Formula 1-A with a compound represented by
Chemical Formula 1-B in the presence of a base. Conventional inorganic bases and organic bases
can be used as the base. Non-limiting examples of the organic bases may include
diisopropylethylamine or triethylamine. Non-limiting examples of the inorganic bases may
include potassium carbonate, sodium carbonate, sodium hydrogen carbonate, cesium carbonate,
or éalcium carbonate. Further, the reaction may be carried out in a polar solvent such as methanol,
ethanol, butanol, tetrahydrofuran, acetone, toluene, dimethylformamide, dimethylformsulfoxide,
chloroform, dioxane, acetonitrile diethyl ether, or dichloromethane at 20°C to 150°C for 10

minutes to 24 hours.

The step 2 is a step of preparing a compound represented by Chemical Formula 1 by
reacting a compound represented by Chemical Formula 1-C in the presence of an acid. Non-
limiting examples of the acid may include hydrochloric acid, bromic acid, hydrofluoric acid,
trifluoroacetic acid or the like. Preferably, the reaction solvent may or may not use a polar organic
solvent. Preferably, when using a polar organic solvent, dichloromethane, chloroform, toluene,

dimethylfomiamide, dioxane, tetrahydrofuran or the like may be used, and the reaction can be
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carried out at 20°C to 100°C for 10 minutes to 6 hours.

As another example, the compound represented by Chemical Formula 1-1 can be

prepared as shown in the following Reaction Scheme 2:

5 [Reaction Scheme 2]
NO,
Fel
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(in Reaction Scheme 2, n, L, R,, and A are as previously defined, and R’ and R” means
cach independently a protecting group. The protecting group can be tert-butyldimethylsilyl, or tert-
butyloxycarbonyl.) »
10
The step 17 is a step of preparing a compound represented by Chemical Formula 2-C by
reacting a compound represented by Chemical Formula 2-A with a compound represented by -
Chemical Formula 2-B in the presence of a base. Conventional inorganic bases and organic bases
can be used as the base. Non-limiting examples of the organic bases may include
15 diisopropylethylamine or triethylamine. Non-limiting examples of the inorganic bases may
include potassium carbonate, sodium carbonate, sodium hydrogen carbonate, cesium carbonate,
or calcium carbonate. Further, the reaction may be carried out in a polar solvent such as methanol,
ethanol, butanol, tetrahydrofuran, acetone, toluene, dimethylformamide, dimethylformsulfoxide,

chloroform, dioxane, acetonitrile diethyl ether, or dichloromethane at 20°C to 150°C for 10

20 minutes to 24 hours.

The step 2° is a step of preparing a compound represented by Chemical Formula 2-D by
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reacting an amine group and a nitro group of the compound represented by Chemical Formula 2-
C to form a ring. The above step is carried out substantially in two stages. First, a compound
represented by Chemical Formula 2-C is reacted with hydrogen in the presence of Raney nickel
and then reacted with trimethyl orthoformate. The former reaction is carried out in a polar solvent
such as methanol, ethanol, butanol, tetrahydrofuran, acetone, toluene, dimethylformamide,
dimethylformsulfoxide, chloroform, dioxane, acetonitrile diethyl ether, or dichloromethane at
20°C to 150°C for 10 minutes to 24 hours. The latter reaction is preferably carried out in the
preseﬁce of para-toluene sulfonic acid, and the reaction may be carried out in a polar solvent such
as methanol, ethanol, butanol, tetrahydrofuran, acetone, toluene, dilﬁethylformamide,
dimethylformsulfoxide, chloroform, dioxane, acetonitrile diethyl ether, or dichloromethane at

20°C to 150°C for 10 minutes to 24 hours.

The step 3 is a step of preparing a compound represented by Chemical Formula 1-1 by
reacting a compound represented by Chemical Formula 2-D in the presence of an acid. The
specific reaction conditions of the step 3’ can be applied similarly to the reaction conditions of the

step 2 of Reaction Scheme 1 described above.

Further, as an example, among the compounds of Chemical Formula 2-A shown in
Reaction Scheme 2, a compound Where L is ethylene and R, is hydrogen (a compound
represented by the following Chemical Formula 3) can be prepared by a method as shown in the
following Reaction Scheme 3: | '

[Reaction Scheme 3]
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(in Reaction Scheme 3, n is as previously defined, and R* and R” means each
independently a protecting group. The protecting group can be tert-butyldimethylsilyl, or tert-
butyloxycarbonyl.)

The step 17 is a step of prépan'ng a compound represented by Chemical Formula 3-B by
reacting the compound represented by Chemical Formula 3-A with (carbethoxymethylene)
triphenylphosphorane. Preferably, the compound represented by Chemical Formula 3-A is first
reacted with oxalyl chloride and then reacted with triphenylphosphorane. The former reaction is

10 preferably carried out in the presence of methylene chloride, N,N-dimethylsulfoxide, and
triethylamine. The former reaction may also be carried out at -78°C to 20°C for 10 minutes to 12
hours. Further, in the reaction with triphenylphosphorane, dichloromethane may be used as the

solvent, and the reaction can be carried out at 20°C to 150°C for 10 minutes to 24 hours.

15 The step 2 is a step of preparing a compound represented by Chemical Formula 3-C by
hydrogenating the compound represented by Chemical Formula 3-B. Preferably, the reaction is
carried out in the presence of hydrogén and a hydrogenation catalyst (e.g., palladium hydroxide).
In addition, tetrahydrofuran can be used as a solvent for the reaction. Further, the reaction can be
carried out at 20°C to 150°C for 10 minutes to 24 hours.

20

The step 37 is a step of preparing a compound represented by Chemical Formula 3-D by
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hydrolyzing the compound represented by Chemical Formula 3-C. Preferably, the reaction can be
carried out under a basic condition, and sodium hydroxide may be used as the base. In addition,
water or methanol may be used as a solvent for the reaction. Further, the reaction can be carried

out at 20°C to 150°C for 10 minutes to 24 hours.

The step 4” is a step of preparing a compound represented by Chemical Formula 3-E by
subjecting the compound represented by Chemical Formula 3-D to a carbony! reduction reaction.
Preferably, the reaction may be carried out in the presence of lithium aluminum hydride. In
addition, teMy&oﬁm can be used as a solvent for the reaction. Further, the reaction can be

carried out at -78°C to 20°C for 10 minutes to 12 hours.

The step 5™ is a step of preparing a compound represented by Chemical Formula 3-F by
brominating the compound represented by Chemical Formula 3-F. Preferably, the reaction is
carried out in the presence of triphenylphosphine and tetrabromomethane. In addition, methylene
chloride can be used as a solvent for the reaction. Further, the reaction may be carried out at 20°C

to 150°C for 10 minutes to 24 hours.

The step 6™ is a step of preparing a compound represented by Chemical Formula 3-G by
subjecting the compound represented by Chemical Formula 3-F to an azide reaction. Preferably,
the reaction is carried out in the presence of sodium azide. In addition, N,N-dimethylformamide
can be used as a solvent for the reaction. Further, the reaction may be carried out at 20°C to 150°C

for 10 minutes to 24 hours.

The step 7 is a step of preparing a compound represented by Chemical Formula 3 by
aminating the compound represented by Chemical Formula 3-G. Preferably, the reaction is carried
out in the presence of triphenylphosphine. In addition, tetrahydrofuran can be used as a solvent for

the reaction. Further, the reaction can be carried out at 20°C to 150°C for 10 minutes to 24 hours.

Further, the present invention provides a pharmaceutical composition for the prevention

or treatment of diseases caused by abnormality in a PRS (prolyl-tRNA synthetase) activity,
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comprising a compound represented by Chemical Formula 1 or a pharmaceutically acceptable salt

thereof.

The compound represented by Chemical Formula 1 according to the present invention
can inhibit PRS enzymatic activity and thus can be used for the prevention or treatment of diseases
caused by abnormality in a PRS (prolyl-tRNA synthetase) activity. Examples of diseases caused
by abndrmality in the PRS (prolyl-tRNA synthetase) activity may include. a cancer, an

inflammatory disease, an autoimmune disease and a fibrosis.

As shown in Examples which will be described below, the compound represented by
Chemical Formula 1 according to the pfesent invention can significantly inhibit PRS enzymatic
activity and also inhibit the growth of cancer cells. Thus, this compound may be effectively used

for the prevention or treatment of the diseases.

| The pharmaceutical composition according to the present invention can be formulated.in
types for oral or parenteral administrations according to a standard pharmaceutical practice. These
fonnulationé may contain additives such as pharmaceutically acceptable carrier, adjuvant or
diluent in addition to the active ingredient. Suitable carriers may include, for example,
physiological saline, polyethylene glycol, ethanol, vegetable oil, and isopropyl myristate, and the
diluent may include, for example, lactose, dextrose, sucrose, mannitol, sorbitol, cellulose and/or
glycine, but are not limited thereto. Further, the compounds of the present invention can be
dissolved in oils, propylene glycol or other solvents which are usually used for the preparation of
injectable solutions. In addition, the compounds of the present invention may be formulated as

ointments or creams for topical application.

A preferred dose of the compound represented by Chemical Formula 1 according to the
present invention may be varied depending on the condition and weight of a patient, the severity
of a disease, the type of a drug, and the route and duration of administration, but it may be suitably
selected by those skilled in the art. In order to achieve the desirable -effects, however, the

compound represented by Chemical Formula 1 according to the present invention may be
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administrated daily at a dose of 0.0001 to 100 mg/kg (body weight), and preferably 0.001 to 100
mg/kg (body weight). The administration may be performed once a day or in divided doses each

day through an oral or parenteral route.

Depending on the method of administration, the pharmaceutical composition according
to the present invention may contain the compound represented by Chemical Formula 1 or a
pharmaceutically acceptable salt thereof in an amount of 0.001 to 99% by weight, preferably 0.01
to 60% by weight

The pharmaceutical composition according to the present invention may be administered
to mammals such as a rat, a mouse, a domestic animal, a human or the like, through various
routes. The administration may be carried out through all possible methods, for example, oral,
rectal, intravenous, intramuscular, subcutaneous, intra-endometrial, intracerebroventricular
injection.

ADVANTAGEOUS EFFECTS

The compound represented by Chemical Formula 1 according to the present invention
can inhibit PRS enzymatic activity and thus may be effectively used for the prevention or
treatment of diseases caused by abnormality in a‘PRS (prolyl-tRNA synthetase) activity, for
example, cancers, inflammatory diseases, autoimmune diseases and fibrosis.

DETA[/LED DESCRIPTION OF THE EMBODIMENTS

Below, the present invention will be described in mére detail by way of examples.

However, these examples are provided only for illustration of the present inVention, and should

not be construed as limiting the scope of the present invention to these examples.

Example 1: Preparation of (2R,3S)-2-(3-(6-chloro-1H-benzo|[d|imidazol-1-
yl)propyl)piperidin-3-ol dihydrochloride

OH

W /N
N
H.

2HCI
Ct

Step 1-1: Preparétion of tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-(E)-3-
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ethoxy-3-oxoprop-1-en-1-yl)piperidine-1-carboxylate

Methyléne chloride (47 mL, 0.12 M) and oxalyl chloride (1.0 mL, 11.6 mmol) were
added to a flask filled with nitrogen and the reaction solution was cooled to -78°C. N,N-
dimethylsulfoxide (1.7 mL, 23.2 mmol) was then added at the same temperature and stirred for 30
minutes. Then, tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-(hydroxymethyl)piperidine-
1-carboxylate (2.0 g, 5.8 mmol) was dissolved in a small amount of methylene chloride and
slowly added. After stirring at the same temperature for 1 hour, triethylamine (3.3 m[L, 23.2
mmol) was added and the temperature of the reaction solution was raised to room temperature
from -78°C. When the reaction was‘ completed, the solvent was removed, and the resulting
mixture was diluted with ethyl acetate and washed with saturated sodium chloride solution. The
organic layer was collected, dried with magnesium sulfate, filtered and concentrated under
reduced pressure, and then dissolved in methylene chloride (47 mL, 0.12 M)
(Carbethoxymethylene)triphenylphosphorane (4.0 g, 11.6 mmol) was added thereto at room
tempét“ature and stirred for 2 hours. When the reaction was completed, the solvent was removed,
and the resulting mixture was diluted with ethyl acetate and washed with saturated sodium
chloride solution. The organic layer was collected, dried over magnesium sulfate, filtered and
concentrated under reduced pressure, and then purified by column chromatography (hexane: ethyl

acetate = 4:1) to give the title compound (2.1 g, 89% yield over two steps).

Step 1-2: Preparation of teﬁ-butyl (2R,38)-3((tert-butyldimethylsilyl)oxy)-2-(3-ethoxy-
3-oxopropyl)piperidine- | -carboxylate

Tert-butyl  (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-(E)-3-ethoxy-3-oxoprop-1-en-1-
yl)piperidine-1-carboxylate (3.2 g, 7.7 mmol) obtained from Step 1-1 was dissolved in
tetrahydrofuran (50 mL, 0.15 M), and then palladium hydroxide (104 mg, 0.77 mmol) was added

thereto. After connection a hydrogen balloon, the mixture was stirred at room temperature for 5

hours. When the reaction was completed, the reaction solution was filtered through celite and
concentrated under reduced pressure. Subsequent reactions were carried out without purification

procedure.

Step 1-3: Preparation of 3-((2R,3S)-1-(tert-butoxycarbonyl)-3-(tert-
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butyldimethylsilylJoxy)piperidin-2-yl)propenoic acid ,

Tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-(3-ethoxy-3-oxopropyl)piperidine-
1-carboxylate (3.0 g, 7.2 mmol) obtained from Step 1-2 was dissolved in methanol (20 mL, 0.36
M), and then 2N aqueous sodium hydroxide solution (10 mL) was added thereto and stirred at
room temperature for 3 hours. When the reaction was completed, the reaction solution was
neutralized with 1N aqueous hydrochloric acid solution, acidified and then diluted with ethyl
acetate, and washed with saturated sodium chloride solution. The organic layer was collected,
dried over magnesium sulfate, filtered and concentrated under reduced pressure. Subsequent

reactions were carried out without purification procedure.

Step 1-4: Preparation of tert-butyl (2R,3S)-3- ((tert-butyl‘dimethylsilyl)oxy)-2-(3-
hydroxypropyl)piperidine-1-carboxylate

3-((2R,3S)-1-(tert-butoxycarbonyl)-3-(tert-butyldimethylsilyl)oxy)piperidin-2-
yl)propenoic acid (1.6 g, 4.0 mmol) obtained from Step 1-1 was dissolved in tetrahydrofuran (50
mL, 0.08 M), and the reaction solution was cooled to 0°C. Then, a lithium aluminum hydride
solution (1.6 mL, 4.0 mmol) was slowly added thereto, reacted at the same temperature for 30
minutes and then stirred at roorh temperature for 2 hours. A small amount of water was added to
complete the reaction, diluted with ethyl acetate and washed with saturated sodium chloride
solution. The organic layer was collected, dried over magnesium sulfate, filtered and goncentrated
under reduced pressure, and then purified by column chromatography (dichloromethane:
methanol = 10:1) to give the title compound (1.3 g, yield: 85%).

Step 1-5:  Preparation of tert-butyl  (2R,3S)-2-(3-bromopropyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine-1-carboxylate

Tert-butyl (2R,3S)-3- ((tert-butyldimethylsilyl)oxy)-2-(3-hydroxypropyl)piperidine-1-
carboxylate (5.1 g, 1 3.8 mmol) obtained from Step 1-4 was added to methylene chloride (IQO mlL,
0.14 M). The reaction solution was cooled to 0°C, and then triphenylphosphine (4.3 g, 16.5 mmol)
and tetrabromomethane (5.5 g, 16.5 mmol) were sequentially added at the same temperature,
followed by stirring at room temperature for 2 hours. When the reaction was completed, the

solvent was removed, and the resulting mixture was diluted with ethyl acetate and washed with
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saturated sodium chloride solution. The organic layer was collected, dried over magnesium
sulfate, filtered and then concentrated under reduced pressure, and purified by column

chromatography (hexane: ethyl acetate = 5:1) to give the title compound (4.6 g, yield: 76%).

Step 1-6:  Preparation of tert-butyl  (2R,3S)-2-(3-azidopropyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine-1-carboxylate

Tert-butyl (2R,3S)-2-(3-bromopropyl)-3 -((tert—butyldimethylsilyl)éxy)piperidine- 1-
carboxylate (7.4 g, 17.0 mmol) obtained from Step 1-5 was dissolved in N,N-dimethylformamide
(25 mL, 0.67 M). Then, sodium azide (3.3 g, 17.0 mmol) was added thereto and the mixture was
stirred at room temperature for 4 hours. When the reaction was completed, the solvent was
removed, and the resulting mixture was diluted with ethyl acetate and washed with saturated
sodium chloride solution. The organic layer was collected, dried over sodium sulfate, filtered and
then concentrated under reduced pressure, and purified by column chromatography (hexane: ethyl

acetate = 7:1) to give the title compound (5.8 g, yield 85%).

Step  1-7:° Preparation of  tert-butyl  (2R,3S)-2-(3-aminopropyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine-1 -carboxyléte '

Tert-butyl (2R,3S)-2-(3-azidopropyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-
carboxylate (5.5 g, 13.8 mmol) obtained from Step 1-6 was dissolved in tetrahydrofuran (24 mL,
0.57 M), and then triphenylphosphine (4.3 g, 16.5 mmol) was added thereto and stirred at room
temperature for 30 minutes. Then, water (24 mL, 0.57 M) was added thereto and stirred at room
temperature for 1 hour. When the reaction was completed, the resulting mixture was diluted with
ethyl acetate and washed with saturated sodium chloride solution. The organic layer was collected,
dried over sodium sulfate, filtered and then concentrated under reduced pressure, and purified by
column chromatography (dichloromethane: methanol= 10:1 + triethylamine 2%) to give the title

compound (4.0 g, vield: 78%).

Stép 1-8: Preparation of tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-(3-((4-
chloro-2-nitrophenyl)amino)propyl)piperidine--1-carboxylate

Tert-butyl (2R ,3S)-2-(3-aminopropyl)-3-((tert-butyldimethylsilyljoxy)piperidine- 1-
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carboxylate (1.0 g, 2.7 mmol) obtained from Step 1-7 was dissolved in N,N-dimethylformamide
(25 mL, 0.67 M). 4-Chloro-2-fluoro-1-nitrobenzene (518 mg, 3.0 mmol) and N,N-diisopropyl
ethylamine (0.93 mL, 5.4 mmol) were then added thereto, and the mixture was heated and stirred
at 60°C for 2 hours. When the reaction was completed, the resuiting mixture was diluted with
ethyl acetate and washed with saturated sodium chloride solution. The organic layer was collected,
dried over sodium sulfate, filtered and concentrated under reduced pressure, and and purified by
column chromatography (hexane: ethyl acetate = 5:1) to give the title compound (1.2 g, yield:
87%).

Step 1-9: Preparation of tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-(3-(5-
chloro-1H-benzo[d]imidazol-1- yl)propyl)piperidine-l-carboxylate

Tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-(3~((4-chloro-2-
nitrophenyl)amino)propyl)piperidine-1-carboxylate (2.6 mg, 4.9 mmol) obtained from Step 1-8
was dissolved in methanol (25 mL, 0.2 M), and then an appropriate émount of Rainy nickel was
added thereto. After connecting a hydrogen balloon, the mixture was stirred at room temperature
for 1 hour. When the reaction was completed, the reaction solution was filtered through celite and
concentrated under reduced pressure. Subsequent reactions were carried out without purification
procedure. The concentrated compound was dissolved in toluene (30 mL, 0.16 M), and then
trimethyl orthoformate (1.6 mL, 14.6 mmol) and paratoluene sulfonic acid (168 mg, 0.98 mmol)
was added thereto, followed by heating and stitring at 50°C for 6 hours. When the reaction was
completed, the solvent was removed, and the resulting mixture was diluted with ethyl acetate and
washed with saturated sodium chloride solution. The organic layer was collected, dried over
magnesium sulfate, filtered and concentrated under reduced pressure, and and purified by column

chromatography (hexane: ethyl acetate = 1:1) to give the title compound (1.8 g, yield: 74%).

Step  1-10:  Preparation of  (2R,3S)-2-(3-(6-chloro-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol dihydrochloride

Tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-(3-(5-chloro- 1 H-
benzo[d}imidazol- 1-yl)propyl)piperidine-l-carboxylate (1.8 g, 3.6 mmol) obtained from Step 1-9

was dissolved in a small amount of tetrahydrofuran. 4N hydrogen chloride dioxane solution (30
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mL, 0.12 M) was then added thereto, and the mixture was stirred at room temperature for 12
hours. When the reaction was completed, the reaction solution was concentrated under reduced
pressure to remove the solvent, dissolved by addition of a small amount of methanol, and then
crystallized with diethyl ether to give the title compound (1.1 g, yield: 81%).

'H-NMR (500 MHz, MeOD) : 6 9.56 (s, 1H), 8.18 (d, 1H), 7.86 (d, 1H), 7.70 (dd, 1H),
4.58 (t, 2H), 3.58 (m, 2H), 2.99 (m, 2H), 2.21 (m, 2H), 2.07 (m, 2H), 1.97 (m, 1H), 1.75 (m, 2H),
1.58 (m, 1H)

Example 2: Preparation of (2R,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol-1-
yDpropyl)piperidin-3-ol dihydrochloride

SV

H HCl \6
| ~ The title compound (15 mg, yield: 93%) was obtained in the same manner as in Example

1, with the exception that 1-bromo-3-fluoro-2-nitrobenzene was used instead of 4-chloro-2-fluoro--
1-nitobenzene in Step 1-8 of Example 1.

'H NMR (500MHz, MeOD): 9.63(s, 1H), 8.02(d, 1H), 7.86(d, 1H), 7.59(t, 1H), 4.61(t,
2H), 3.56(m, 2H), 3.46(m, 1H), 3.27(m, 1H), 2.95(m, 2H), 2.20(m, 2H), 2.03(m, 2H), 1.98(m,
1H), 1.78(m, 2H), 1.53(m, 1H) '

Example 3: Preparation of (2R,3S)-2-(3-(5-bromo-1H-benzo[d]imidazol-1-

yl)prbpyl)piperidin—3-ol dihydrochloride '
OH N
DUV
N Ho HCI\Q Br ,

The title compound (13 mg, yield: 91%) was obtained in the same manner as in Example
1, with the exception that 4-bromo- I -fluoro-2-nitrobenzene was used instead of 4-chloro-2-fluoro-
1-nitobenzene in Step 1-8 of Example 1.

'"H NMR (500MHz, MeOD): & 9.53(s, 1H), 8.08(d, 1H), 7.98(d, 1H), 7.83(dd, 1H),
4.63(t, 2H), 3.74(t, 1H), 3.67(m, 1H), 3.58(m, 2H), 2.97(m, 2H), 2.30(m, 2H), 2.14(m, 2H),
2.02(m, 1H), 1.78(m, 2H), 1.55(m, 1H)
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Example 4: Preparation of (2R,3S)-2-(3-(6-bromo-1H-benzo[d]imidazol-1-

yl)propyl)piperidin—S—ol dihydrochloride
HCI \Q
5 The title compound (10 mg, yield: 90%) was obtained in the same manner as in Example
1, with the exception that 4-bromo-2-fluoro-1-nitrobenzene was used instead of 4-chloro-2-fluoro-
1-nitobenzene in Step 1-8 of Example 1.
'"H NMR (500MHz, MeOD): 9.51(s, 1H), 8.32(s, 1H), 7.81(m, 2H), 4.59(t, 2H), 3.58(m,
1H), 2.97(m, 2H), 2.20(m, 2H), 2.12(m, 2H), 2.02(m, 1H), 1.79(m, 2H), 1.59(m, 1H) |
10 \ ‘
Example 5: Preparation of (2R,3S)-2-(3-(7-bromo-1H-benzo[d]imidazol-1-
yDpropyl)piperidin-3-ol dihydrochloride

H HCl  Hel
Br

The title compound (14 mg, yield: 93%) was obtained in the same manner as in Example
15 1, with the exception that [-bromo-2-fluoro-3-nitrobenzene was used instead of 4-chloro-2-fluoro-
1-nitobenzene in Step 1-8 of Example 1.
'H NMR (500MHz, MeOD): 9.59(s, 1H), 7.89(dd, 2H), 7.56(t, 1H), 3.59(m, 1H),
2.98(m, 2H), 2.30(m, 2H), 2.13(m, 2H), 2.04(m, 1H), 1.79(m, 2H), 1.56(m, 1H)

20 Example 6: Preparation of (2R,3S)-2-(3-(4-fluoro-1H-benzo[d|imidazol-1-
ylpropyl)piperidin-3-ol dihydrochloride

O .\OH [/N
! - F
N/\/\/N

H HCI HCl

The title compound (13 mg, yield: 92%) was obtained in the same manner as in Example

1, with the exception that 1,3-difluoro-2-nitrobenzene was used instead of 4-chloro-2-fluoro-1-
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nitobenzene in Step 1-8 of Example L.

'H NMR (500MHz, MeOD): & 9.52(s, 1H), 7.82(d, 1H), 7.65(m, 1H), 7.44(m, 1H),
4.61(t, 2H), 3.66(m, 1H), 3.58(m, 1H), 3.27(m, 1H), 2.97(m, 2H), 2.24(m, 2H), 2.08(m, 2H),
2.02(m, 1H), 1.75(m, 2H), 1;54(m, 1H) '

Example 7: Preparation of (2R,3S)-2-(3-(5-fluoro-1H-benzo[d]|imidazol-1-

yDpropyl)piperidin-3-ol dihydrochloride

N N

H el Ha F

The title compound (11 mg, vield: 90%) was obtained in the same manner as in Example

1, with the exception that 1,4-difluoro-2-nitrobenzene was used instead of 4-chloro-2-fluoro-1-

~ nitobenzene in Step 1-8 of Example 1.

'H NMR (500MHz, MeOD): & 9.56(s, 1H), 8.07(m, 1H), 7.65(d, 1H), 7.50(t, 1H),
4.63(m, 2H), 3.58(m, 1H), 3.00(m, 2H), 2.24(m, 2H), 2.12(m, 2H), 2.02(m, 1H), 1.74(m, 2H),
1.54(m, 1H)

Example 8: Preparation of (2R,3S)-2-(3-(6-fluoro-1H-benzo[d]imidazol-1-
yDpropyl)piperidin-3-ol dihydrochloride

N N@

H HCI HCI

\

F
The title compound (12 mg, yield: 91%) was obtained in the same manner as in Example
1, with the exception that 2 4-difluoro-1-nitrobenzene was used instead of 4-chioro-2-fluoro-1-
nitobenzene in Step 1-8 of Example 1.
'H NMR (500MHz, MeOD): § 9.56(s, 1H), 7.89(m, 2H), 7.48(t, 1H), 4.59(m, 2H),
3.57(m, 1H), 3.03(m, 2H), 2.29(m, 2H), 2.11(m, 2H), 2.03(m, 1H), 1.76(m, 2H), 1.54(m, 1H)

Example 9: Preparation of (2R,3S)-2-(3-(7-fluoro-1H-benzo|d]imidazol-1-

yDpropyl)piperidin-3-ol dihydrochloride
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N
HCI HCl

e

The title compound (10 mg, yield: 90%) was obtained in the same manner as in Example

1, with the exception that 1,2-difluoro-3-nitrobenzene was used instead of 4-chloro-2-fluoro-1-

nitobenzene in Step 1-8 of Example 1.

5 'H NMR (500MHz, MeOD): 8 9.57(s, 1H), 7.68(m, 1H), 7.63(m, 1H), 7.46(m, 1H),
4.69(t, 2H), 3.58(m, 1H), 3.25(m, 1H), 2.97(m, 2H), 2.30(m, 2H), 2.15(m, 2H), 2.03(m, 1H),

1.75(m, 2H), 1.54(m, 1H)

Example 10: Preparation of (2R,3S)-2-(3-(4-chloro-1H-benzo|d]imidazol-1-

10 yl)propyl)piperidin-3-ol dihydrochloride

WOH
DYt
DR

HCI HCI

The title compound (11 mg, yield: 91%) was obtained in the same manner as in Example

1, with the exception that 1-chloro-3-fluoro-2-nitrobenzene was used instead of 4-chloro-2-fluoro-

1-nitobenzene in Step 1-8 of Example 1.

15 '"H NMR (500MIz, MeOD): § 9.55(s, 1H), 7.96(d, 1H), 7.67(d, 1H), 7.63(m, 1H),

461(t, 2H), 3.60(m, 1H), 3.34(m, 1H), 3.00(m, 2H), 2.28(m, 2H), 2.14(m, 2H), 2.03(m, 1H),

1.75(m, 2H), 1.54(m, 1H)

Example 11: Preparation of (2R;3S)-2-(3-(S5-chloro-1H-benzo[d]imidazol-1-

20  ylpropyDpiperidin-3-ol dihydrochloride

I
Cl

HCI HCI

x

The title compound (8 mg, yield: 87%) was obtained in the same manner as in Example

1, with the exception that 4-chloro-1-fluoro-2-nitrobenzene was used instead of 4-chloro-2-fluoro-

1-nitobenzene in Step 1-8 of Example 1.

25 'H NMR (500MHz, MeOD): § 9.55(s, 1H), 8.03(d, 1H), 7.93(s, 1H), 7.69(d, IH),
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4.61(m, 2H), 3.58(m, 1H), 3.01(m, 2H), 2.29(m, 2H), 2.09(m, 2H), 2.00(m, 1H), 1.74(m, 2H),
1.52(m, 1H)

Example 12: Preparation of (2R3S)-2-(3-(7-chloro-1H-benzo|d]imidazol-1-

yhpropyl)piperidin-3-ol dihydrochloride

e

N
H HCl HCI
Cl

The title compound (10 mg, yield: 90%) was obtained in the same manner as in Example
1, with the exception that 1-chlord—2-ﬂu0ro—3-nitrobenzene was used instead of 4-chloro-2-fluoro-
1-nitobenzene in Step 1-8 of Example 1.

'H NMR (500MHz, MeOD): § 9.59(s, 1H), 7.83(d, 1H), 7.66(d, 1H), 7.61(d, 1H),
3.59(m, 1H), 3.00(m, 2H), 2.30(m, 2H), 2.16(m, 2H), 2.03(m, 1H), 1.83(m, 2H), 1.55(m, 1H)

Example 13: Preparation of (2R,3S)-2-(3-(6-methyl-1H-benzo|d]imidazol-1-

yhpropyl)piperidin-3-ol dihydrochloride

H HCI HCI

The title compound (14 mg, yield: 85%) was obtained in the same manner as in Example
1, with the exception that 2-fluoro-4-methyl-1-nitrobenzene was used instead of :4—chloro-2-
fluoro-1-nitobenzene in Step 1-8 of Example 1.

'H NMR (500MHz, MeOD): & 9.42(s, 1H), 7.83(s, 1H), 7.73(d, 1H), 7.52(d, 1H),
4.5%m, 2H), 3.57(m, 1H), 2.95(m, 2H), 2.59(s, 3H), 2.24(m, 2H), 2.11(m, 2H), 2.01(m, 1H),
1.74(m, 2H), 1.54(m, 1H)

Example 14: Preparation of (2R,3S)-2-(3-(5-methyl-1H-benzo|d]imidazol-1-
yD)propyl)piperidin-3-ol dihydrochloride
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H o o Hl
The title compound (12 mg, yield: 82%) was obtained in the same manner as in Example
1, with the exception that 1-fluoro-4-methyl-2-nitrobenzene was used instead of 4-chloro-2-
fluoro-1-nitobenzene in Step 1-8 of Example 1. |
'H NMR (500MHz, MeOD): & 9.41(s, 1H), 7.89(d, 1H), 7.65(d, 1H), 7.52(m, 1H),
4.56(m, 2H), 3.36(m, 2H), 2.95(m, 2H), 2.66(s, 3H), 2.24(m, 2H), 2.07(m 3H), 1.95(m, 2H),
1.72(m, 1H)

Example 15: Preparation of (2R,3S)-2-(3-(6-(trifluoromethyl)-1H-

benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride
OH :

HCI HCI
CF;

The title compound (17 mg, yield: 92%) was obtained in the same manner as in Example
1, with thé exception that 2-ﬂuoro-1-hitr0-4-(tn'ﬂﬁoromethyl)benéene was used instead of 4-
chloro-2-fluoro-1-nitobenzene in Step 1-8 of Example 1. |
'"H NMR (500MHz, MeOD): & 9.62(s, 1H), 8.45(s, 1H), 8.06(d, 1H), 7.95(d, 1H),
4.67(m, 2H), 3.62(m, 1H), 2.98(m, 2H), 2.22(m, 2H), 2.08(m, 2H), 2.01(m, 1H), 1.71(m, 2H),
1 54(m, 1H) | |

Example 16: Preparation of (2R,3S)-2-(3-(7-(trifluoromethyl)-1H-
benzo[d]imidazol- 1-yl)propyl)piperidin-3-ol dihydrochloride

)

H HCI HCl
F;C

The title compound (15 mg, yield: 89%) was obtained in the same manner as in Example
1, with the exception that 2-fluoro-1-nitro-3-(trifluoromethyl)benzene was used instead of 4-

chloro-2-fluoro-1-nitobenzene in Step 1-8 of Example 1.
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'H NMR (500MHz, MeOD): § 9.32(m, 1H), 8.35(m, 2H), 7.97(m, 1H), 5.02(m, 1H),
4.89(m, 1H), 3.77(m, 1H), 3.59(m, 2H), 3.01(m, 2H), 2.39(m, 4H), 1.78(m, 3H)

Example 17: Preparation of (2R,3S)-2-(3-(7-(trifluoromethoxy)-1H-
benzo|d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

)

H Hel HCl
Q
CF3
The title compound (14 mg, yield: 87%) was obtained in the same manner as in Example
1, with the exception that 2-fluoro-1-nitro-3-(trifluoromethoxy)benzene was used instead of 4-
chloro-2-fluoro-1-nitobenzene in Step 1-8 of Example 1.

'H NMR (500MHz, MeOD): & 9.68(s, 1H), 7.87-7.64(m, 3H), 4.81(m, 3H), 3.59(m,
1H), 2.99(m, 2H), 2.24(m, 2H), 2.08(m, 3H), 1.77(m, 2H), 1.56(m, 1H)

Example 18: Preparation of (2R,3S)-2-(3-(4-(pyrrolidin-1-yl)-1H-benzo|d]imidazol-

1-yl)propyl)piperidin-3-ol dihydrochloride

el HCI
Step 18-1: Preparation of tert-butyl (2R,3 S)-2-(3—(4—bromo-1H-benzo[d]imidazél—l-
yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate
The title compound (1.7 g, yield: 73%) was obtained in the same manner as in Steps 1-1

to 1-9 of Example 1.

Step 18-2: Preparation of tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-(3-(4-
(pyrrolidin-1-yl)-1H-benzo[d]imidazol- 1 -yl)propyl)piperidine-1-carboxylate

(2R,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine- | -carboxylate (100 mg, 0.2 mmol) obtained in Step 18-1 was
dissolved in N,N-dimethylformamide (2 mL, 0.09 M). Pyrrolidine (14 mg, 0.2 mmol), 2,2
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bis(diphenylphosphino)-1,1"-binaphthyl) (25 mg, 0.04 mmol), palladium acetate (II) (5 mg, 0.02
mmol) and cesium carbonate (130 mg, 0.4 mmol) were added thereto, and then stirred in a
microwave at 100°C for 30 minutes. When the reaction was completed, it was filtered with celite,
diluted with ethyl acetate, and washed with saturated sodium chloride solution. The organic layer
was collected and dried over magnesium sulfate, filtered and concentrated under reduced pressure.
The residue was purified by column chrorﬁatography (hexane: ethyl acetate = 1:5) to give the title

compound (60 mg, yield: 45%).

Step 18-3: Preparation of (2R,3S)-2-(3-(4-(pyrrolidin-1-yl)-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol dihydrochloride

The title compound (10 mg, yield: 90%) was obtéined in the same manner as in Step 1-9
of Example 1. '

'H NMR (500MHz, MeOD): 8 9.32(s, 1H), 7.45(t, 1H), 7.17(d, 1H), 6.76(d, 1H), 4.52(t,
2H), 3.64(m, 3H), 3.57(m, 1H), 3.48(m, 1H), 2.92(m, 2H), 2.27(m, 1H), 2.18(m, 4H), 2.11(m,
2H), 2.02(m, 1H), 1.72(m, 2H), 1.55(m, 1H)

Example 19: Preparation of (2R,3S)-2-(3-(4-(piperidin-1-yl)-1H-benzo[d]imidazol-

1-yl)propyl)piperidin-3-ol dihydrochloride

\OH _ O

Hc HC

The title compound (15 mg, yield: 96%) was obtained in the same manner as in Example
18, with the exception that piperidine was used instead of pyrrolidine in Step 18-2 of Example 18.

'"HNMR (500MHz, MeOD): § 9.05(s, 1H), 7.69(d, 1H), 7.53(t, 1H), 7:35(d, 1H), 4.52(t,
2H), 3.50(m, 5H), 3.34(m, 1H), 3.26(m, 1H), 2.95(m, 2H), 2.25(m, 2H), 2.09(m, 2H), 2.02(m,
4H), 1.75(m, 4H), 1.53(m, 1H) |

Example 20: Preparation of (2R,3S)-2-(3-(4-(3-fluorophenyl)-1H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride
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\OH
(j\A/ '5‘;
N

H Hel HCl
Step 20-1: tert-butyl (2R,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-

butyldimethylsilyl)oxy)piperidine-1-carboxylate
The title compound (1.7 g, yield: 73%) was obtained in the same manner as in Steps 1-1

to 1-9 of Example 1.

Step 20-2: tert-butyl (2R,3S)—3—((tert-butyldimethylsilyl)oxy)-2-(3-(4-(3-ﬂu0rophenyl)—
1H-benzo[d]imidazol-1-yl)propyl)piperidine- 1 -carboxylate

Tert-butyl (2R,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine-1-carboxylate (100 mg, 0.2 mmol) obtained in Step 20-1 was
dissolved in N,N-dimethylformamide (2 mL, 0.09 M). (3-fluorophenyl)boronic acid (22 mg, 0.2
mmol), tetrakis(triphenylphosphine)palladium(O) (23 mg, 0.04 mmol), and 2N sodium carbonate
(0.3 mL, 0.76 mmol) were added thereto, and stirred in a microwave at 130°C for 45 minutes.
When the reaction was completed, it was filtered with celite, diluted with ethyl acetate, and
washed with saturated sodium chloride solution. The organic layer was collected and dried over
magnesium sulfate, filtered and concentrated under reduced pressure. The residue was purified by
column chromatography (hexane: ethyl acetate = 1:5) to give the title compound (60 mg, yield:
45%). '

Step 20-3: Preparation of (2R,3S)-2-(3-(4-(3-fluorophenyl)-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol dihydrochloride

The title compound (19 mg, yield: 91%) was obtained in the same manner as in Step 1-9
of Example 1.

'H NMR (500MHz, MeOD): & 9.57(d, 1H), 8.03(d, 1H); 7.77(t, 1H), 7.72(d, 1H),
7.62(m, 1H), 7.49(d, 1H), 7.45(m, 1H), 7.29(t, 1H), 4.66(t, 2H), 3.57(m, 1H), 2.97(m, 2H),
2.25(m, 2H), 2.14(m, 2H), 2.02(m, 1H), 1.75(m, 2H), 1.55(m, 1H)

Example 21: Preparation of (2R ,3S)-2-(3-(4-(3-chlorophenyl)-1H-
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. benzo|d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

~OH
N

H Hel HCI

The title compound (18 mg, yield: 89%) was obtained in the same manner as in Example
20, with the exception that (3-chlorophenyl)boronic acid was used instead of (3-
5 fluorophenyl)boronic acid in Step 20-2 of Example 20.
'"H NMR (500MHz, MeOD): 8 9.63(s, 1H), 8.07(d, 1H), 7.79(t, 1H), 7.71(m, 2H),
7.58(m, 3H), 4.67(t, 2H), 3.60(m, 1H), 2.97(m, 2H), 2.28(m, 2H) 2.10(m, 2H), 2.02(m, 1H),
1.85(m, 2H), 1.55(m, 1H)

10 Example 22: Preparation of (2R,3S)-2-(3-(5-(3-fluorophenyl)-1H-

benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

S F

H Her ‘Hel

The title compound (7 mg, yield: 26%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2-(3-(5-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-
15  ((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of tert-butyl (2R,3S)-2-(3-
(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-
carboxylate in Step 20-2 of Example 20.
'H NMR (500MHz, MeOD): & 9.56(s, 1H), 8.11(m, 2H), 7.98(m, 1H), 7.54(m, 2H),
7.20(m, 1H), 7.16(m,1H), 4.67(m, 2H), 3.61(m, 2H), 3.03(m, 2H), 2.30(m, 2H), 2.12(m, 2H),
20  1.98(m, 1H), 1.78(m, 2H), 1.59(m, 1H)

Example 23 Preparation of (2R,3S)-2-(3-(6-(2-fluorophenyl)-1H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride
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HCI HCI

The title compound (13 mg, yield: 34%) was obtained in the same manner as in Exampie

20, with the exception that tert-butyl (2R,3S)-2-(3-(6-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-
((tert-butyldimethylsilyl Joxy)piperidine-1-carboxylate was used instead of tert-butyl (2R,3S)-2-(3-

5  (4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-

carboxylate, and that (2-fluorophenyl)boronic acid was used instead of (3-fluorophenyl)boronic

acid in Step 20-2 of Example 20. ' ‘

v 'H NMR (500MHz, MeOD): & 7.98(s, 1H), 7.88(m, 1H), 7.71(m, 1H), 7.59(m, 1H),

7.44(m, 1H), 7.32(m, 1H), 7.25(m, 1H), 4.58(m, 2H), 3.55(m, 1H), 2.94(m, 2H), 2.19(m, 2H),

10 2.06(m, 2H), 2.00(m, 1H), 1.70(m, 2H), 1.53(m, 1H) A

Example 24: Preparation of (2R,3S)-2-(3-(6-(3-fluorophenyl)-1H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

X

HCI HCI

O

15 The title compound (11 mg, yield: 30%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2-(3-(6-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-
((tert-butyldimethylsilyl)oxy)piperidine- | -carboxylate was used instead of tert-butyl (2R,3S)-2-(3-
(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-butyldimethylsilyloxy)piperidine-1-
carboxylate in Step 20-2 of Example 20.

20 ' 'H NMR (500MHz, MeOD): §.9.27(s, 1H), 8.18(m, 1H), 7.91(m, 2H), 7.58(m, 1H),
7.52(m, 2H), 7.17(t, 1H), 4.65(m, 2H), 3.57(m, 1H), 2.96(m, 2H), 2.23(m, 2H), 2.08(m, 2H),
2.00(m, 1H), 1.73(m, 2H), 1.57(m, 1H) |
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Example 25: Preparation of (2R,3S)-2-(3-(6-(4-fluorophenyl)-1H-
benzo[d]imidazol-1-yD)propylpiperidin-3-ol dihydrochloride

HCI HCI

E
The title compound (8 mg, yield: 28%) was obtained in the same manner as in Example
5 20, with the exception that tert-butyl (2R,3S)-2~(3-(6-bromo- 1 H-benzo[d]Jimidazol-1-yl)propyl)-3-
((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of tert-butyl (2R,3S)-2-(3-
(4-bromo-1H-benzo[d]imidazol- I-yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine- 1 -
carboxylate, and that (4-fluorophenyl)boronic acid was used instead of (3-fluorophenyl)boronic
acid in Step 20-2 of E>I<ample 20.
10 '"H NMR (500MHz, MeOD): & 7.97(s, 1H), 7.83-7.74(m, 4H), 7.23(m, 2H), 4.55(m,
2H), 3.54(m, 1H), 2.94(m, 2H), 2.20(m, 2H), 2.05(m, 2H), 2.00(m, 1H), 1.69(m, 2H), 1.53(m,
1H) |

Example 26: Preparation of (2R,3S)-2-(3-(7-2-fluorophenyl)-1H-
15 benzo|d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

The title compound (11 mg, yield: 30%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo- 1 H-benzo[d]imidazol-1-yl)propyl)-3-
((tert-butyldimethylsilyl)oxy)piperidine- 1 -carboxylate was used instead of tert-butyl (2R,3S)-2-(3-
20  (4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-
carboxylate, and that (2-fluorophenyl)boronic acid was used instead of (3-fluorophenyl)boronic
acid in Step 20-2 of Example 20.
'H NMR (500MHz, MeOD): & 9.50(s, 1H), 7.94(d, 1H), 7.75(t. 1H), 7.62(m, 1H),
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7.57(m, 1H), 7.53(d, 1H), 7.43(m, 1H), 7.38(t, 1H), 427(m, 1H), 4.09(m, 1H), 3.42(m, 1H),
3.16(m, 1H), 2.90(m, 1H), 2.73(m, 1H), 1.97(m, 2H), 1.77-1.62(m, 3H), 1.47(m, 2H), 1.27(m,

1H)
5 Example 27: Preparation of (2R,3S)-2-(3-(7-(3-fluorophenyl)-1H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride
OH N
(j\/\/ F
N ()
HCI HCI

F
The title compound (7 mg, yield: 28%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-
10  ((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of tert-butyl (2R,3S)-2-(3-
{4-bromo- l‘H-benzo [d]imidazol-1-yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-
carboxylate in Step 20-2 of Example 20.
'"H NMR (500MHz, MeOD): & 9.49(s, 1H), 7.91(d, 1H), 7.72(t, 1H), 7.59(m, 1H),
7.50(d, 1H), 7.36(m, 3H), 4.17(m, 2H), 3.37(m, 1H), 3.16(m, 1H), 2.90(m, 1H), 2.73(m, 1H),
15  1.96(m,2H), 1.67(m, 3H), 1.50(m, 2H), 1.32(m, 1H)

Example 28: Preparation of (2R,3S)-2-(3-(7-(4-fluorophenyl)-1H-

benzo[d|imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride
OH

HCI HCI

F

20 ' The title compound (13 mg, yield: 32%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-
((tert-butyldimethylsilyl)oxy)piperidine- 1 -carboxylate was used instead of tert-butyl (2R,3S)-2-(3-
(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-butyldimethylsilylJoxy)piperidine-1-
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carboxylate, and that (4-fluorophenyl)boronic acid was used instead of (3-fluorophenyl)boronic
acid in Step 20-2 of Example 20.

'H NMR (500MHz, MeOD): 8 9.48(s, 1H), 7.89(d, 1H), 7.68(t, 1H), 7.54(m, 2H),
7.50(d, 1H), 7.33(t, 2H), 4.14(m, 2H), 3.42(m, 1H), 3.16(m, 1H), 2.90(m, 1H), 2.72(m, 1H),
1.97(m, 2H), 1.72(m, 3H), 1.50(m, 2H), 1.31(m, 1H)

Example 29:; Preparation of (2R,3S)-2-(3-(5-(1H-pyrazol-4-yl)-1H-

benzo[d|imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride
OH

. _N
O\/\/'\ﬂr’
N \<i:jk\<ifw
H Q
HCI HCI NH

The title compound (7 mg, yield: 19%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3 S)-2-(3;(6-bromo— 1H-benzo[d]imidazol-1-yl)propyl)-3-
((tert-butyldimethylsilylJoxy)piperidine-1-carboxylate was used instead of tert-butyl (2R,3S)-2-(3-
(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-
carboxylate, and that (1H-pyrazol-4-yl)boronic acid was used instead of (3-fluorophenyl)boronic
acid in Step 20-2 of Example 20.

'"H NMR (500MHz, MeOD): & 9.53(s, 1H), 8.32(s, 1H), 8.07(m, 1H), 7.70(m, 2H),
7.58(m, 1H), 4.63(m, 2H), 3.60(m, 1H), 3.00(m, 2H), 2.30(m, ZH), 2.14(m, 2H), 2.05(m, 1H),
1.78(m, 2H), 1.55(m, 1H) |

Example 30: Preparation of (2R,3S)-2-(3-(6-(1H-pyrazol-4-yl)-1H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

OH
N)\/\/N
H HCI HCI
&
N’N
H

The title compound (6 mg, yield: 15%) was obtained in the same manner as in Example

20, with the exception that tert-butyl (2R,3S)-2-(3-(6-bromo- 1 H-benzo[d]imidazol-1-yl)propyl)-3-
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((tert-butyldimethylsilyl)oxy)piperidine- 1-carboxylate was used instead of tert-butyl (2R,3S)-2-(3-
(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-
carboxylate, and that (1H-pyrazol-4-yl)boronic acid was used instead of (3-fluorophenyl)boronic
acid in Step 20-2 of Example 20.

5 'H NMR (500MHz, MeOD): & 9.52(s, 1H), 8.48(s, 1H), 8.03(d, 1H), 7.87(d, 1H),
7.68(m, 1H), 7.58(m, 1H), 4.66(m, 2H), 3.60(m, 1H), 2.97(m, 2H), 2.31(m, 2H), 2.14(m, 2H),
2.00(m, 1H), 1.77(m, 2H), 1.54(m, 1H)

Example . 31: Preparation of (2R,3S)-2-(3-(7-(1H-pyrazol-4-yl)-1H-

10 benzo[d]imidazol—l-yl)propyl)pipeﬁdin-S-ol dihydrochloride
OH

N N
H

HCI HCI

The title compound (5 mg, yield: 12%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2~(3-(7-bromo-1H-benzo[d]imidazol-1 ;yl)propyl)—3—
((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of tert-butyl (2R,3S)-2-(3-
15 (4-bromo-1H-benzo{d]imidazol-1-yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-
carboxylate, and that (1H-pyrazol-4-yl)boronic acid was used instead of (3—ﬂuor0pheﬁyl)b0r0nic
acid in Step 20-2 of Example 20.
'H NMR (500MHz, MeOD): 8 9.55(s, 1H), 7.99(s, 1H), 7.87(d, 1H), 7.69(t, 1H), 7.51(d,
1H), 4.35(m, 2H), 3.50(m, 2H), 3.21(m, 1H), 2.97(m, 1H), 2.77(m, 1H), 2.01(m, 2H), 1.76(m,
20 2H), 1.70(m, 2H), 1.55(m, 1H), 1.45(m, 1H)

Example 32: Preparation of (2R,3S)-2-(3-(6-chloro-5-fluoro-1H-benzo[d]imidazol-

1-yl)propyl)piperidin-3-ol dihydrochloride

OH
N —N
(j\/\/h/l/‘
N
H

2HCI
Cl

25 The title compound (25 mg, yield: 83%) was obtained in the same manner as in Example
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1, with the exception that 1-chloro-2,5-difluoro-4-nitrobenzene was used instead of 4-chloro-2-
fluoro-1-nitrobenzene in step 1-8 of Example 1.

"H-NMR (500 MHz, MeOD) : 8 9.55 (s, 1H), 8.33 (d, 1H), 7.82 (d, 1H), 4.58 (td, 2H),
3.59 (m, 2H), 2.98 (m, 2H), 2.23 (m, 2H), 2.08 (m, 2H), 1.98 (m, 1H), 1.77 (m, 2H), 1.76 (m, 1H)

Example 33: Preparation of (2R,3$)-2-(3-(6—br0m0-5-ﬂﬁ0r0-1H-benzo[d] imidazol-

1-yDpropyl)piperidin-3-ol dihydrochloride

WOH
(jw {
N N\Q
H

N
F
2HCI
Br

The title compound (15 mg, yield: 81%) was obtained in the same manner as in Example
1, with the exception that 1-bromo-2,5-difluoro-4-nitrobenzene was used instead of 4-chloro-2-
fluoro-1-nitrobenzene in step 1-8 of Example 1.

"H-NMR (500 MHz, MeOD) : & 9.55 (s, 1H), 8.46 (d, 1H), 7.79 (d, 1H), 4.59 (t, 2H),
3.59 (m, 1H), 2.97 (m, 2H), 2.22 (m, 2H), 2.08 (m, 2H), 1.97 (m, 1H), 1.76 (m, 2H), 1.56 (m, 1H)

Example 34: Preparation of (2R,3S)-2-(3-(5-chloro-6-fluoro-1H-benzo[d]imidazol-
1-yhpropyl)piperidin-3-ol dihydrochloride
\OH N

(L\/F

N N i )

H Cl

2HCI \
F .

The title compound (20 mg, yield: 80%) was obtained in the same manner as in Example
1, with the exception that 1-chloro-2,4-difluoro-5-nitrobenzene was used instead of 4-chloro-2-
fluoro-1-nitrobenzene in step 1-8 of Example I..

'H-NMR (500 MHz, MeOD) : & 9.55 (s, 1H), 8.09 (d, 1H), 8.06 (d, 1H), 4.58 (t, 2H),
3.60 (m, 2H), 2.98 (m, 2H}), 2.21 (m, 2H), 2.09 (m, 2H), 1.97 (m, 1H), 1.76 (m, 2H), 1.56 (m, 1H)

Example 35: Preparation of (2R,3S)-2-(3-(5-bromo-6-fluoro-1H-benzo[d]imidazol-
1-yl)propyl)piperidin-3-ol dihydrochloride
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Br
2HCI .
F
The title compound (22 mg, yield: 83%) was obtained in the same manner as in Example
1, with the exception that 1-bromo-2,4-difluoro-5-nitrobenzene was used instead of 4-chloro-2-
fluoro-1-nitrobenzene in step 1-8 of Example 1.
5 'H-NMR (500 MHz, MeOD) : & 9.58 (s, 1H), 8.19 (d, 1H), 8.07 (d, 1H), 4.58 (t, 2H),

3.59 (m, 2H), 2.98 (m, 2H), 2.22 (m, 2H), 2.08 (m, 2H), 1.96 (m, 1H), 1.76 (m, 2H), 1.56 (m, 1H)

Example 36: Preparation of (2R,3S)-2-(3-(6-bromo-5-chloro-1H-benzo[d]imidazol-
1-ylpropyl)piperidin-3-ol dihydrochloride '

~OH
N N i :
H

A 2HCI
10 Br )
The title compound (22 mg, yield: 83%) was obtained in the same manner as in Example

Cl

1, with the exception that 1-bromo-2-chloro-5-fluoro-4-nitrobenzene was used instead of 4-
chloro-2-fluoro-1-nitrobenzene in step 1-8 of Example 1.

"H-NMR (500 MHz, MeOD) : 8 9.54 (s, 1H), 8.51 (s, 1H), 8.10 (s, 1H), 4.58 (t, 2H),

15  3.66 (m,2H), 2.98 (m, 2H), 2.23 (m, 2H), 2.08 (m, 2H), 1.97 (m, 1H), 1.76 (m, 2H), 1.56 (m, 1H)

Example 37:  Preparation of  (2R,3S)-2-(3-(6-chloro-5-methoxy-1H-
benzo[d|imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

OH
_N
(I &
N
H O/
Cl

2HCI

20 The title compound (18 mg, yield: 81%) was obtained in the same manner as in Example
1, with the exception that 1-chloro-5-fluoro-2-methoxy-4-nitrobenzene was used instead of 4-
chloro-2-fluoro-1-nitrobenzene in step 1-8 of Example 1.

'"H-NMR (500 MHz, MeOD) : 8 9.44 (s, 1H), 8.17 (s, 1H), 7.45 (s, 1H). 4.56 (t, 2H),

4.02 (s, 3H), 3.58 (t, 1H), 2.98 (m, 2H), 2.21 (m, 2H), 2.05 (m, 2H), 1.97 (m, 1H), 1.76 (m, 2H),
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1.54 (m, 1H)

Example 38: Preparation of (2R,3S)-2-(3-(6-fluoro-5-methoxy-1H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

2HCI

The title compound (18 mg, yield: 81%) was obtained in the same manner as in Example
1, with the exception that 1,5-difluoro-2-methoxy-4-nitrobenzene was used instead of 4-chloro-2-
fluoro-1-nitrobenzene in step 1-8 of Example 1.

'H-NMR (500 MHz, MeOD) : 8 9.45 (s, 1H), 7.92 (d, 1H), 7.48 (d, 1H), 4.55 (t, 2H),
4.00 (s, 3H), 3.58 (m, 2H), 2.99 (m, 2H), 2.22 (m, 2H), 2.06 (m, 2H), 1.97 (m, 1H), 1.77 (m, 2H)

Example 39: Preparation of (2R,3S)-2-(3-(5-fluoro-6-methyl-1H-benzo[d]imidazol-
1-y)propyl)piperidin-3-ol dihydrochloride

WOH N
2HCI
The title compound (15 mg, yield: 79%) was obtained in the same manner as in Example

1, with the exception that 1,4-difluoro-2-methyl-S-nitrobenzene was used instead of 4-chloro-2-
fluoro-1-nitrobenzene in step 1-8 of Example 1.

'"H-NMR (500 MHz, MeOD) : § 9.49 (s, 1H), 7.96 (d, 2H), 7.58 (d, 1H), 4.59 (t, 2H),
3.59 (m, 1H), 3.00 (m, 2H), 2.50 (s, 3H), 2.22 (m, 2H), 2.08 (m, 2H), 1.97 (m, 1H), 1.77 (m, 2H),
1.56 (m, [H)

Example 40: Preparation of (2R,3S)-2-(3-(4,5-dichloro-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol dihydrochloride

(-

Iz

Ci
2HCI
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The title compound (26 mg, yield: 81%) was obtained in the same manner as in Example
1, with the exception that 1,2-dichloro-4-fluoro-3-nitrobenzene was used instead of 4-chloro-2-
fluoro-1-nitrobenzene in step 1-8 of Example 1.

'H-NMR (500 MHz, MeOD): & 9.67 (s, 1H). 8.02 (d, 1H), 7.82 (d, 1H), 4.62 (m, 2H),
3.60 (m, 1H), 3.28 (m, 1H), 2.99 (m, 2H), 2.25 (m, 2H), 2.08 (m, 2H), 1.99 (m, 1H), 1.78 (m, 2H),
1.54 (m, 1H)

Example 41: Preparation of (25,35)—2—(3—(4,5—dichlor0—1H-benzo[d|imidazdl—1—

yDpropyl)piperidin-3-ol dihydrochloride

LOH HCI_
O =N ¢
N7 N N\
H He ¢l
The title compound (19 mg, yiéld: 85%) was obtained in the same manner as in Example
1, with the exception that tert-butyl (2S,3S)-3-((tert-butyldimethylsilyl)oxy)-2-(3-
hydroxypropyl)piperidine-1-carboxylate was used instead of tert-butyl (2R,3S)-3-((tert-
butyldimethylsilyl)oxy)-2-(3-hydroxypropyl)piperidine- 1 -carboxylate in Step 1-5 of Example 1.
"H NMR (500MHz, MeOD): & 9.58(d, 1H), 7.97(d, 1H), 7.81(d, 1H), 4.59(m, 2H),
4.02(s, 1H), 3.27(s, 1H), 3.20(m, 1H), 3.00(t, 1H), 2.18-2.05(m, 3H), 1.94(m, 1H), 1.87(m, 1H),
1.72-1.67(m, 3H) ‘

Example 42: Preparation of (2S5,3R)-2-(3-(4,5-dichloro-1H-benzo|d]imidazol-1-

yhpropyl)piperidin-3-ol dihydrochloride

OH HCI N
S
N 4"//\/N
Ci

H Hel

The title compound (33 mg, yield: 84%) was obtained in the same manner as in Example
1, with the exception that tert-butyl (2S,3R)—3—((tert-butyldimethylsilyl)oxy)-2-(3-
hydroxypropyl)piperidine-1-carboxylate was used instead of tert-butyl (2R,3S)-3-((tert-
butyldimethylsily)oxy)-2-(3-hydroxypropyl)piperidine- 1-carboxylate in Step 1-5 of Example 1.

'H NMR (SOOMHZ, MeOD): & 9.64(d, 1H), 8.00(dd, 1H), 7.82(d, 1H), 4.61(m, 2H),
3.59(m, 1H), 3.27(s, [H), 3.02-2.93(m, 2H), 2.29-2.18(m, 2H), 2.07(m, 2H), 1.99(m, 1H), 1.58(m,
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2H), 1.51(m, 1H)

Example 43: Preparation of (2R,3R)-2-(3-(4,5-dichloro-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol dihydrochloride '

OH HCI N
N N\@

H He ci

The title compound (23 mg, yield: 85%) was obtained in the same manner as in Example
1, with the exception that tert-butyl (2R,3R)-3-((tert-butyldimethylsilyl)oxy)-2-(3-
hydroxypropyl)piperidine-1-carboxylate was used instead of tert-butyl (2R,3S)-3-((tert-
butyldimethylsilyl)oxy)-2-(3-hydroxypropyl)piperidine- 1 -carboxylate in Step 1-5 of Example 1.

'H NMR (500MHz, MeOD): § 9.66(d, 1H), 7.97(d, [H), 7.83(d, 1H), 4.60(t, 2H),
4.01(s, 1H), 3.27(s, LH), 3.20(t, 1H), 3.00(t, 1H), 2.20-2.05(m, 3H), 1.94(m, 1H), 1.88(m, 1H),
1.73-1.66(m, 3H)

Example 44: Preparation of (2R,3S)-2-(3-(4-chloro-5-methyl-1H-benzo[d]imidazol-

1-yl)propyl)piperidin-3-ol dihydrochloride

S

H
2HCI

The title compound (25 mg, yield: 80%) was obtained in the same manner as in Example
1, with the exception that 2-chloro-4-fluoro—1-methyl-3-nitrobenzene was used instead of 4-
chloro-2-fluoro-1-nitrobenzene in step 1-8 of Example 1.

'H-NMR (500 MHz, MeOD): 8 9.61 (s, 1H), 7.88 (d, 1H), 7.62 (d, 1H), 4.60 (t, 2H),
3.58 (m, 2H), 2.97 (m, 2H), 2.58 (s, 3H), 2.23 (m, 2H), 2.06 (m, 2H), 1.96 (m, 1H), 1.76 (m, 2H),
1.54 (m, 1H)

Example 45; Preparation of  (2R35)-2-(3-(5-bromo-4-methyl-1H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride
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H 2HCI Br

Step  45-1:  Preparation  of tert-butyl(2R,3S)-2-(3-(5-bromo-4-methyl-1H-
benzo[d]imidazol- 1-yl)propyl)-3-(tert-butyldimethylsilyl)oxy)piperidin-1 —carboxylat¢

‘Tert-butyl (2R,3S)-2-(3-bromopropyl)-3-((tert-butyldimethylsilyl Joxy)piperidine-1-
carboxylate (40 mg, 0.09 mmol) obtained from Step 1-S of Example 1 was dissolved in N,N-
dimethylformamide (2 mL, 0.05 M). Then, potassium carbonate (25 mg, 0.18 mmol) and 5-
bromo-4-methyl-1H-benzo[d]imidazole (18 mg, 0.09 mmol) were added thereto, and the mixture
was stirred at room temperature for 4 hours. When the reaction was completed, the solvent was
removed, and the resulting mixture was diluted with ethyl acetate and washed with saturated
sodium chloride solution. The organic layer was collected, dried over sodium sulfate, filtered and
concentrated under reduced pressure, and then purified by column chromatography (hexane: ethyl

acetate = 1:1) to give the title compound (43 mg, yield: 85%).

Step 45-2: Preparation of (2R,3S)-2-(3-(5-bromo-4-methyl- 1H-benzo[d]imidazol—l-
yl)propyl)piperidin-3-ol dihydrochloride

Tert-butyl(2R,35)-2-(3-(5-bromo-4-methyl-1H-benzo[d]imidazol-1-yl)propyl)-3-(tert-
butyldimethylsilyl)oxy)piperidin-1 -carboxylate (43 mg, 0.08 mmol) obtained from Step 45-1 was
dissolved in a small amount of tetrahydrofuran. Then, 4N hydrogen chloride dioxane solution (2.0
mL, 0.04 M) was added, and the mixture was stirred at room temperature for 12 hours. When the
reaction was completed, the reaction solution was concentrated under reduced pressure to remove
the solvent, dissolved by additio of a small amount of methanol, and then crystallized with diethyl
ether to obtain the title compound (27 mg, yield: 85%).

"H-NMR (500 MHz, DMSO-dy) : & 9.19 (s, 1H), 7.82 (d, 1H), 7.76 (s, 1H), 4.47 (m,
2H), 3.38 (m, 1H), 3.09 (d, 1H), 2.81 (m, 2H), 2.65 (s, 3H), 2.19 (m, 1H), 2.10 (m, 1H), 1.88 (m,
2H), 1.75 (m, 1H), 1.72 (m, 1H), 1.58 (m, 1H), 1.37 (m, 1H)

Example 46: Preparation of (2R,3S)-2-(3-(5-chloro-4-methyl-1H-benzo[d]imidazol-

1-yl)propyl)piperidin-3-ol dihydrochloride
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OH .
) —N
(1 _F
H Cl

2HCI

The title compound (30 mg, yield: 80%) was obtained in the same manner as in Example
45, with the exception that 5-chloro-4-methyl-1H-benzo[d]imidazole was used instead of 5-
bromo-4-methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.
5 'H-NMR (500 MHz, MeOD): & 9.53 (s, 1H), 7.83 (d, 1H), 7.69 (d, 1H), 4.58 (t, 2H),
3.58 (m, 1H), 3.28 (m, 1H), 2.96 (m, 2H), 2.70 (s, 3H), 2.22 (m, 2H), 2.05 (m, 2H), 2.00 (m, 1H),
175 (m, 2H), 1.55 (m, 1H) |

Example 47: Preparation of (2R,3S)-2-(3-(5-bromo-4-fluoro-1H-benzo[d]imidazol-
10  1-yl)propyDpiperidin-3-ol dihydrochloride '

N 2HC @Br
The title compound (10 mg, yield: 40%) was obtained in the same manner as in Example
45, with the exception that 5-bromo—4—ﬂu0ro—lH-benzo[d]imidazole was used instead of 5-
bromo-4-methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.
15 'H-NMR (500 MHz, MeOD):  9.47 (s, 1H), 7.84 (dd, 1H), 7.79 (d, 1H), 4.60 (m, 2H),
3.59 (m, 1H), 3.27 (m, 1H), 2.99 (m, 2H), 2.20 (m, 2H), 2.07 (m, 2H), 1.98 (m, 1H), 1.75 (m, 2H),
1.56 (m, 1H) '

Example 48: Preparation of (2R,3S)-2-(3-(6-bromo-7-fluoro-1H-benzo[d]imidazol-
20 1-yDpropyl)piperidin-3-ol dihydrochloride

OH N
(j\/\/'\[;;
N 7\
H

~—

2HCI
F
Br

The title compound (11 mg, yield: 43%) was obtained in the same manner as in Example

45, with the exception that 6-bromo-7-fluoro-1H-benzo[d]imidazole was used instead of 5-
bromo-4-methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.

25 'H-NMR (500 MHz, MeOD): § 9.53 (S, 1H), 7.85 (dd, 1H), 7.64 (d, 1H), 4.67 (m, 2H),
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3.59 (m, 1H), 3.27 (m, 1H), 2.98 (m, 2H), 2.23 (m, 2H), 2.09 (m, 2H), 1.98 (m, 1H), 1.77 (m, 2H),
1.54 (m, 1H)

Example 49: Preparation of (2R,3S)-2-(3-(4,5-difluoro-1H-benzo[d]imidazol-1-
5  yDpropyl)piperidin-3-ol dihydrochloride

2HCI
The title compound (9 mg, yield: 39%) was obtained in the same manner as in Example
45, with the exception that 4,5-difluoro-1H-benzo[d]imidazole was used instead of S-bromo-4-
methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.
10 '"H-NMR (500 MHz, DMSO-dg): 8 8.58 (s, 1H), 7.58 (dd, 1H), 7.40 (dd, 1H), 4.33 (m,
2H), 3.38 (m, 1H), 3.09 (d, 1H), 2.98 (m, 2H), 2.10 (m, 1H), 1.96 (m, 1H), 1.87 (m, 2H), 1.77 (m,
1H), 1.65 (m, 1H), 1.54 (m, 1H), 1.36 (m, 1H)

Example 50: Preparation of (2R,3S)-2-(3-(6,7-difluoro-1H-benzo[d]imidazol-1-
15 yDpropyl)piperidin-3-ol dihydrochloride

2HCI

The title cbmpound (10 mg, yield: 41%) was obtained in the same manner as in Example
45, with the exception that 6,7-difluoro-1H-benzo[d]imidazole was used instead of 5-bromo-4-
methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.
20 'H-NMR (500 MHz, DMSO-de): 8 8.94 (s, 1H), 7.59 (dd, 1H), 7.44 (dd, 1H), 4.44 (m,
2H), 3.41 (m, 1H), 3.09 (d, 1H), 2.78 (m, VZH), 2.13 (m, 1H), 2.03 (m, 1H), 1.89 (m, 2H), 1.76 (d,
1H), 1.66 (m, 1H), 1.57 (m, 1H), 1.35 (m, 1H) ‘

Example 51: Preparation of (2R,35)-2-(3—(4,5-dimethyl—1H—benzo[d]imidazol—1,-

25  yDpropyl)piperidin-3-ol dihydrochloride
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Iz

O&ff‘@

2HCI
The title compound (30 mg, yield: 86%) was obtained in the same manner as in Example
45, with the exception that 4,5-dimethyl-1H-benzo[d]imidazole was used instead of 5-bromo-4-
methyl—lH—benzo[d]‘i'Ihidazole in step 45-1 of Example 45.
'"H-NMR (500 MHz, MeOD): & 9.48 (s, 1H), 7.71 (d, 1H), 7.51 (d, 1H), 4.57 (t, 2H),
3.58 (m, 1H), 3.27 (m, 1H), 2.98 (m, 2H), 2.56 (s, 3H), 2.48 (s, 3H), 2.23 (m, 2H), 2.06 (m, 2H),
1.98 (m, 1H), 1.76 (m, 2H), 1.55 (m, 1H)

Example 52: Preparation of (2R,3S)-2-(3-(5,6-difluoro-1H-benzo[d]imidazol-1-
yDpropyl)piperidin-3-ol dihydrochloride

OH
N N
(j\/\/ NF
N
H

2HCI
F

The title compound (32 mg, yield: 84%) was obtained in the same manner as in Example
45, with the exception that 5,6-difluoro-1H-benzo[d]imidazole was used instead of 5-bromo-4-
methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.

"H-NMR (500 MHz, MeOD): & 9.58 (s, 1H), 8.17 (dd, 1H), 7.88 (dd, 1H), 4.59 (t, 2H),
3.59 (m, 1H), 3.28 (m, 1H), 2.99 (m, 2H), 2.23 (m, 2H), 2.08 (m, 2H), 1.97 (m, 1H), 1.77 (m, 2H),
1.56 (m, 1H)

Example 53: Preparation of (2R,3S)-2-(3-(5,6-dichloro-1H-benzo[d]imidazol-1-

yl)propyl)piperidin-3-ol dihydrochloride

OH
- =N
(j\/y(
N

H Cl
2HCI -
Cl
The title compound (37 mg, yield: 85%) was obtained in the same manner as in Example
45, with the exception that 5,6-dichloro-1H-benzo[d]imidazole was used instead of 5-bromo-4-
methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.
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'H-NMR (500 MHz, DMSO-dg): 8 9.10 (s, [H), 8.08 (s, 1H), 4.39 (m, 2H), 3.41 (m,
1H), 3.10 (m, 1H), 2.80 (m, 2H), 2.11 (m, 1H), 2.01 (m, 1H), 1.90 (m, 2H), 1.77 (m, 1H), 1.67 (m,
1H), 1.57 (m, 1H), 1.35 (m, 1H)

Example 54: Preparation of (2R,3S)-2-(3-(5,6-dibromo-1H-benzo{d]imidazol-1-
y)propyl)piperidin-3-ol dihydrochloride

OH
R _N
(j\/\/’\,‘/
N QBr

H

2HCI
Br

The_ title compound (31 mg, yield: 80%) was obtained in the same manner as in Example
45, with the exception that 5,6-dibromo-1H-benzo[d]imidazole was used instead of 5-bromo-4-
methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.

‘IH-NMR (500 MHz, DMSO-dq): 6 8.93 (s, 1H), 8.38 (s, 1H), 8.17 (2, 1H), 4.37 (m, 2H),
3.40 (m, 1H), 3.10(d, 1H), 2.79 (m, 2H), 2.07 (m, 1H), 1.99 (m, 1H), 1.89 (m, 2H), 1.77 (d, 1H),
1.65 (m, 1H), 1.53 (m, 1H), 1.35 (m, 1H)

Example 55: Preparation of (2R,35)-2-(3-(5,6-dimethyl-1H-benzo[d|imidazol-1-

yl)propyl)piperidin-3-ol dihydrochloride

OH
N N
(j\/\/NF—
N
H (i ;/\ ~
2HCI

The title compound (36 mg, yield: 85%) was obtained in the same manner as in Example
45, with the exception that 5,6-dimethyl-1H-benzo[d}imidazole was used instead of 5-bromo-4-
methyl-lH—bemo[d]imidazole in step 45-1 of Example 45.

'H-NMR (500 MHz, MeOD): § 9.38 (s, 1H), 7.80 (s, 1H), 7.62 (s, 1H), 4.59 (m, 2H),
3.59 (m, 1H), 3.27 (m, 1H), 2.99 (m, 2H), 2.51 (s, 3H), 2.49 (s, 3H), 2.24 (m, 2H), 2.08 (m, 2H),
1.97 (m, 1H), 1.77 (m, 2H), 1.56 (m, 1H)

Example 56: Preparation of (2R,3S)-2-(3-(6,7-dichloro-1H-benzo|d]imidazol-1-
yl)propyl)piperidin-3-ol dihydrochloride
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OH
K _N
(jvy(
H
U

2HCI

The title compound (15 mg, yield: 30%) was obtained in the same manner as in Example
45, with the exception that 6,7-dichloro-1H-benzo[d]imidazole was used instead of 5-bromo-4-
methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.

'H-NMR (500 MHz, MeOD): § 9.43 (s, 1H), 7.80 (s, 2H), 4.83 (m, 2H), 3.58 (t, 1H),
3.28 (m, 1H), 2.99 (m, 2H), 2.21 (m, 2H), 2.10 (m, 2H), 2.09 (m, 1H), 1.77 (m, 2H), 1.76 (m, 1H)

Example 57: Preparation of (2R,3S)-2-(3-(4,6-difluoro-1H-benzo[d]imidazol-1-
yhpropyl)piperidin-3-ol dihydrochloride
WOH N
(j\/\/ - -
N N
H HCI HCI
F
The title compound (26 mg, yield: 92%) was obtained in the same manner as in Example
45, with the exception that 4,6-difluoro-1H-benzo[d]imidazole was used instead of 5-bromo-4-
methyl-1H-benzo[d]imidazole in Step 45-1 of Example 45.
'H NMR (500MHz, MeOD): & 9.56(s, 1H), 7.76(d, 1H), 7.39(t, 1H), 4.57(m, 2H),

3.62(m, 1H), 2.99(m, 2H), 2.68(m, 1H), 2.28(m, 2H), 2.12(m, 2H), 2.05(m, 1H), 1.80(m, 2H),
1.55(m, 1H) .

Example 58: Preparation of (2R,3S)-2-(3-(5,7-difluoro-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol dihydrochloride
“OH N
(j\/\/ I;
Iy )
H
HCl  HCI g
The title compound (25 mg, yield: 90%) was obtained in the same manner as in Example
45, with the exception that 4,6-difluoro-1H-benzo[d]imidazole was used instead of 5-bromo-4-
methyl-1H-benzo[d]imidazole in Step 45-1 of Example 45.

'H NMR (500MHz, MeOD): & 9.60(d, 1H), 7.51(d, 1H), 7.42(t, 1H), 4.66(m, 2H),
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3.58(m, 1H), 2.98(m, 2H), 2.30(m, 2H), 2.12(m, 2H), 2.02(m, 1H), 1.74(m, 2H), 1.54(m, 1H) .

Example 59: Preparation of (2R,3S)-2-(3-(4-chloro-5-methoxy-1H-

benzo|d}imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

~OH
(1/\/ [;N “
L

o)

Iz

/
5 HCl  HCI

The title compound (23 mg, yield: 91%) was obtained in the same manner as in Example
45, with the exception that 4-chloro-5-methoxy-1H-benzo[d]imidazole was used instead of 5-
bromo-4-methyl-1H-benzo[d]imidazole in Step 45-1 of Example 45.
"HNMR (500MHz, MeOD): 8 9.55(s, 1H), 7.97(d, 1H). 7.52(d, 1H), 4.59(t, 2H), 4.04(s,
10  3H), 3.57(m, 1H), 2.99(n, 2H), 2.31(m, 2H), 2.10(m, 2H), 2.02(m, 1H), 1.79(m, 2H), 1.55(m,
1H)

Example 60: Preparation of (2R,3S)-2-(3-(7-chloro-6-methoxy-1H-

benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochlorid

N N\Q
H

HCl HCl o7 X
o

15 <
The title compound (22 mg, yield: 90%) was obtained in the same manner as in Example

45, with the exception that 4-chloro-5-methoxy-1H-benzo[d]imidazole was used instead of 5-
bromo-4-methyl-1H-benzo[d]imidazole in Step 45-1 of Example 45.
.‘H NMR (500MHz, MeOD): & 9.48(s, 1H), 7.79(d, 1H), 7.52(d, 1H), 4.82(m, 2H),
20 4.03(s, 3H), 3.62(m, 1H), 2.99(m, 2H), 2.30(m, 2H), 2.14(m, 2H), 2.02(m, [H), 1.80(m, 2H),
1.55(m, 1H)

Example 61: Preparation of (2R,3S)-2-(3-(6-chloro4-methyl-1H-benzo[d]imidazol-

1-yl)propyl)piperidin-3-ol dihydrochloride
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I\/\’“\OH [;N
N/\/\/N

H
HCl  HCI
: ol

' The title compound (24 mg, yield: 91%) was obtained in the same manner as in Example
45, with the exception that 6—ch10r0—4—methyl-1H—bénzo[d]imidazole was used instead of 5-
bromo-4-methyl-1H-benzo{d]imidazole in Step 45-1 of Example 45.
5 'H NMR (500MHz, MeOD): § 9.59(s, 1H), 7.97(s, 1H), 7.52(s, 1H), 4.58(m, 2H),
3.59(m, 1H), 2.97(m, 2H), 2.67(s, 3H), 2.20(m, 2H), 2.10(m, 2H), 2.01(m, 1H), 1.76(m, 2H),
1.55(m, 1H)

Example 62: Preparation of (2R,3S)-2-(3-(4-chloro-5-fluoro-1H-benzo[d]imidazol-

10 1-yDpropyl)piperidin-3-ol dihydrochloride

OH
O-\/\/ F_N “
D O

T

F
HCI  HCI

The title compound (19 mg, yield: 89%) was obtained in the same manner as in Example
45, with the exception that 4-chloro-5-fluoro-1H-benzo[d]imidazole was used instead of 5-bromo-

4-methyl-1H-benzo[d]imidazole in Step 45-1 of Example 45.

15 'H NMR (500MHz, MeOD): & 9.54(s, 1H), 7.95(d, 1H), 7.50(d, 1H), 4.58(t, 2H),
3.56(m, 1H), 3.42(m, 1H), 2.98(m, 2H), 2.30(m, 2H), 2.08(m, 2H), 2.00(m, 1H), 1.72(m, 2H),
1.52(m, 1H) ' '

Example 63: Preparation of (2R,3S)-2-(3-(6-bromo-4-methyl-1H-

20  benzo|d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

WOH
SOy
N N

H
HClI  HCi
. Br

The title compound (26 mg, yield: 93%) was obtained in the same manner as in Example
45, with the exception that 6-bromo-4-methyl-1H-benzo[d]imidazole was used instead of 5-

bromo-4-methyl-1H-benzo[d]imidazole in Step 45-1 of Example 45. -
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'H NMR (500MHz, MeOD): & 9.58(s, 1H), 8.12(s, 1H), 7.66(s, 1H), 4.57(m, 2H),
3.60(m, 1H), 2.99(m, 2H), 2.65(s, 3H), 2.24(m, 2H), 2.10(m, 2H), 2.02(m, 1H), 1.79(m, 2H),
1.59(m, 1H)

5 Example 64: Preparation of (2R,35)-2-(3-(5-fluoro-4-methyl-1H-benzo[d]imidazol-
1-yl)propyl)piperidin-3-ol dihydrochloride

..\OH
SUV's
N ‘ N

H F
HCI HCl

The title compound (22 mg, yield: 90%) was obtaihed in the same manner as in Example
45, with the exception that 5-fluoro-4-methyl-1H-benzo[d]imidazole was used instead of 5-
10 bromo-4-methyl-1H-benzo[d]imidazole in Step 45-1 of Example 45.
'H NMR (500MHz, MeOD): 8 9.62(s, 1H), 7.88(dd, 1H), 7.46(t, 1H), 4.61(m, 2H),
3.58(m, 1H), 2.99(m, 2H), 2.59(s, 3H), 2.25(m, 2H), 2.12(m 2H), 2.01(m, 1H), 1.79(m, 2H),
1.59(m, 1H)

15 Example 65: Preparation of (2R,35)-2-(3-(6-fluoro-7-methyl-1H-benzo[d]imidazol-
1-yl)propyl)piperidin-3-ol dihydrochloride

. ‘\OH .
N N

H

HCl HCI
F

The title compound (20 mg, yield: 88%) was obtained in the same manner as in Example
45, with thé exception that 5-fluoro-4-methyl-1H-benzo[d]imidazole was used instead of 5-
20  bromo-4-methyl-1H-benzo[d]imidazole in Step 45-1 of Example 45.
'H NMR (500MHz, MeOD): 5 9.50(s, 1H), 7.69(dd, 1H), 7.46(t, 1H), 4.76(m, 2H),
3.61(m, 1H), 3.00(m, 2H), 2.77(s, 3H), 2.25(m, 2H), 2.13(m, 2H), 2.02(m, 1H), 1.79(m, 2H),
1.57(m, 1H)

25 Example 66: Preparation of (2R,3S)-2-(3-(4-chloro-S-(trifluoromethyl)-1H-
benzo[d|imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride
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The title compound (27 mg, yield: 95%) was obtained in the same manner as in Example
45, with the exception that 4-chloro-5-(trifluoromethyl)-1H-benzo[d]imidazole was used instead
of 5-bromo-4-methyl- 1 H-benzo[d]imidazole in Step 45-1 of Exémple 45.

'H NMR (500MHz, MeOD): § 9.65(s, 1H), 8.13(d, 1H), 8.01(d, 1H), 4.64(m, 2H),
3.61(m, 2H), 2.98(m, 2H), 2.26(m, 2H), 2.10(m, 2H), 1.98(m, 1H), 1.76(m, 2H), 1.56(m, 1H)

Example 67: Preparation of (2R,3S)-2-(3-(7-chloro-6-(trifluoromethyl)-1H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

HCI HCI
Cl CFs

The title compound (23 mg, yield: 91%) was obtained in the same manner as in Example
45, with the exception that 4-chloro-5-(trifluoromethyl)-1H-benzofd]imidazole was used instead
of 5-bromo-4-methyl-1H-benzo[d]imidazole in Step 45-1 of Example 45.

'H NMR (500MHz, MeOD): & 9.59(s, 1H), 8.01(d, 1H), 7.96(d, 1H), 4.91(m, 2H),
3.61(m, 1H), 2.98(m, 2H), 2.27(m, 2H), 2.10(m, 2H), 2.01(m, 1H), 1.80(m, 2H), 1.56(m, 1H)

Example 68: methyl 7-bromo-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1H-
benzo[d]imidazole-5-carboxylate dihydrochloride

) —N
(j\/\/ l,
N N o
| HCI
HCIH Br O

The title compound (22 mg, yield: 89%) was obtained in the same manner as in Example
1, with the exception that methyl 3-bromo-4-fluoro-5-nitrobenzoate was used instead of 4-chloro-
2-fluoro-1-nitobenzene in Step 1-8 of Example 1.

"HNMR (500MHz, MeOD): & 8.85(s, 1H),8.38(s, 1H), 8.27(s, 1H), 4.75(m, 2H), 3.96(s, |
3H), 3.57(m, 1H), 2.98(m, 2H), 2.25-1.98(m, SH), 1.72(m, 2H), 1.54(m, 1H)
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Example 69: Preparation of (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-

1-yl)propyl)piperidin-3-ol dihydrochloride
OH

H cl

I HCI
HCI HC Br

The title compound (24 mg, yield: 90%) was obtained in the same manner as in Example
1, with the exception that 1-bromo-5-chloro-2-fluoro-3-nitrobenzene was used instead of 4-
chloro-2-fluoro-1-nitobenzene in Step 1-8 of Example 1.

'"H NMR (500MHz, MeOD): & 9.28(s, 1H), 7.87(m, 2H), 4.77(m, 2H), 3.59(m, 1H),
2.93(m, 2H), 2.18(m, 2H), 2.08(m, 2H), 2.02(m, 1H), 1.75(m, 2H), 1.55(m, 1H) .

Example 70: Preparation of (2R,3S)-2-(3-(5-bromo-7-chloro-1H-benzo[d|imidazol-

1-yl)propyl)piperidin-3-ol dihydrochloride
OH

H

HCI HCI

Br
Cl

The title compound (23 mg, yield: 89%) was obtained in the same manner as in Example
1, with the exception that 5-bromo-1-chloro-2-fluoro-3-nitrobenzene was used instead of 4-

chloro-2-fluoro-1-nitobenzene in Step 1-8 of Example 1.
'"H NMR (500MHz, MeOD): & 9.35(s, 1H), 8.00(s, 1H), 7.84(s, 1H), 4.78(m, 2H),
3.58(m, LH), 2.97(m, 2H), 2.21(m, 2H), 2.08(m, 2H), 1.99(m, 1H), 1.74(m, 2H), 1.53(m, 1H)

Example 71: Preparation of (2R,3S)-2-(3-(7-bromoe-5-(trifluoromethyl)-1H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

OH
R ’“N
O\N(
N
H CF4
HCI HCI
Br

The title compound (19 mg; yield: 89%) was obtained in the same manner as in Example

1, with the exception that 1-bromo-2-fluoro-3-nitro-5-(trifluoromethyl)benzene was used instead
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of 4-chloro-2-fluoro-1-nitobenzene in Step 1-8 of Example 1.
'H NMR (500MHz, MeOD): § 9.26(s, 1H), 8.11(s, 1H), 8.02(s, 1H), 3.55(m, 1H), 2
2.90(m, 2H), 2.18(m, 2H), 2.05(m, 2H), 1.94(m, 1H), 1.71(m, 2H), 1.52(m, 1H)

Example 72: Preparation of (2R,3S)-2-(3-(6-bromo-4-fluoro-1H-benzo[d]imidazol-

1-yl)propyl)piperidin-3-ol dihydrochloride

OH
(IA/ ,'/’N ]
N N- i j
Br

H HCI HCI

The title compound (23 mg, yield: 90%) was obtained in the same manner as in Example
45, with the exception that 6-bromo-4-fluoro-1H-benzo[d]imidazole was used instead of 5-
bromo-4-methyl-1H-benzo[d]imidazole in Step 45-1 of Example 45.

'H NMR (500MHz, MeOD): & 9.44(s, 1H), 8.12(s, 1H), 7.65(d, 1H), 4.55(m, 2H),
3.65(m, 1H), 3.57(m, 1H), 2.98(m, 2H), 2.26(m, 2H), 2.10(m, 2H), 1.98(m, 1H), 1.74(m, 2H),
1.54(m, 1H)

Example 73: Preparation of 2R,3S)-2-(3-(5-bromo-7-fluoro-1H-benzo|d]imidazol-

1-yl)propyl)piperidin-3-ol dihydrochloride

OH
R N
() _f
H @‘Br
HCI HCI £

The title compound (24 mg, yield: 92%) was obtained in the same manner as in Example
45, with the exception that 6-br0mo-4-ﬂu0ro-lH—benzd[d]imidazole was used instead of 5-
bromo-4-methyl- 1 H-benzo[d]imidazole in Step 45-1 of Example 45.

'"H NMR (500MHz, MeOD): & 9.55(s, 1H), 7.92(s, 1H), 7.69(d, 1H), 4.65(m, 2H),
3.61(m, 1H), 2.96(m, 2H), 2.15(m, 2H), 2.07(m, 2H), 1.98(m, 1H), 1.75(m, 2H), 1.53(m, 1H)

Example 74: Preparation of (2R,3S)-2-(3-(7-chloro4-fluoro-1H-benzo|d]imidazol-
1-yl)propyl)piperidin-3-ol dihydrochloride
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HCI HCI
Ci

The title compound (9 mg, yield: 45%) was obtained in the same manner as in Example
45, with the exception that 7-chloro-4-fluoro-1H-benzo[d]imidazole was used instead of 5-bromo-
4-methyl-1H-benzo[d]imidazole in Step 45-1 of Example 45.

'H NMR (500MHz, MeOD): & 9.43(s, 1H), 7.60(dd, 1H), 7.38(t, 1H), 4.82(m, 2H),
3.54(m, 1H), 2.98(m, 2H), 2.24(m, 2H), 2.16(m, 2H), 1.99(m, 1H), 1.72(m, 2H), 1.55(m, 1H)

Example 75: Preparation of (2R,3S)-2-(3-(5-bromo-4-nitro-1H-benzo[d]imidazol-
1-yl)propyl)piperidin-3-ol dihydrochloride '

OH N
(L7 Y e
N/\/\/N \\G\

Br

The title compound (23 mg, yield: 90%) was obtained in the same manner as in Example
45, with the exc_epﬁon that 5-bromo-4-nitro-1 H-benzo[d]imidazole was used instead of 5-bromo-
4-methyl-1H-benzo[d]imidazole in Step 45-1 of Example 45.

'H NMR (500MHz, MeOD): & 8.81(s, 1H), 7.95(d, 1H), 7.82(d, 1H), 4.51(m, 2H),
3.53(m, 1H), 2.92(m, 2H), 2.10(m, 2H), 2.04(m, 3H), 1.68(m, 2H), 1.57(m, 1H)

Example 76: Preparation of (2R,3S)-2-(3-(6-bromo-7-nitro-1H-benzo[d]imidazol-
1-yl)propyl)piperidin—3—ol dihydrochloride

HCI HCI

The title compound (18 mg, yield: 87%) was obtained in the same manner as in Example
45, with the exception that 5-bromo-4-nitro-1H-benzo[d]imidazole was used instead of 5-bromo-
4-methyl-1H- benzo[d]lrmdazole in Step 45-1 of Example 45.

'H NMR (500MHz, MeOD): & 8.51(s, 1H), 7.84(d, 1H), 7. 68(d 1H), 4.24(t, 1H),
3.52(m, 1H), 2.97(m, 2H), 2.00(m, 5H), 1.73(m, 1H), 1.63(m, 1H), 1.53(m, 1H)
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- Example 77: Preparation of (2R,3S)-2-(3-(4-chloro-5-nitro-1H-benzo[d]imidazol-1-

yhpropyl)piperidin-3-ol dihydrochloride

~OH
N N\G\
H

NO,

5 The title compound (23 mg, yield: 92%) was obtained in the same manner as in Example
45, with the exception that 4-chloro-5-nitro-1H-benzo[d]imidazole was used instead of 5-bromo-
4-methyl-1H-benzo[d]imidazole in Step 45-1 of Example 45.

'H NMR (500MHz, MeOD): 5 8.76(s, .1H), 8.06(d, 1H), 7.86(d, 1H), 4.51(m, 2H),
3.66(m, 1H), 2.98(m, 2H), 2.08(m, 2H), 1.99(m 3H), 1.74(m, 3H), 1.56(m, 1H)
10 ‘
Example 78: Preparation of (2R,3S)-2-(3-(7-chloro-5-(trifluoromethyl)-1H-
benzo[d}imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

\OH
B /N
N
CF3

H Hcl He
cl

The title compound (19 mg, yield: 87%) was obfained in the same manner as in Example
15 1, with the exception that [-chloro-2-fluoro-3-nitro-5-(trifluoromethyl)benzene was used instead
of 4—chloro-2—ﬂﬁoro—l-nitobenzene in Step 1-8 of Example 1.
'H NMR (500MHz, MeOD): § 9.32(m; 1H), 8.07(d, 1H), 7.83(d, 1H), 4.78(s, 1H),
3.58(m, IH), 3.44(m, 1H), 3.00(m, 1H), 2.93(m, 2H), 2.20-2.05(m, 4H), 2.02(m, 1H), 1.97(m,
2H), 1.52(m, 1H)
20
Example 79: Preparation of (2R,3S)-2-(3-(5-chloro-7-fluoro-1H-benzo[d|imidazol-

1-yl)propyl)piperidin-3-ol dihydrochloride

OH
Lt /N
Iy
N Cl

H Hel
HCl g

The title compound (22 mg, yield: 88%) was obtained in the same manner as in Example

25 1, with the exception that 5-chloro-1,2-difluoro-3-nitrobenzene was used instead of 4-chloro-2-
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fluoro-1-nitobenzene in Step 1-8 of Example 1.

'H NMR (500MHz, MeOD): & 9.39%(m, 1H), 7.71(m, 1H), 7.49(m, 1H), 4.5%(m, 2H),
3.57(m, lH), 3.44(m, 1H), 3.29(m, 1H), 2.97(m, 2H), 2.18(m, 2H), 2.07(m, 1H), 1.72(m, 2H),
1.51(m, 1H) ’

Example 80: Preparation of (2R,3S)-2-(3-(5,7-dichloro-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol dihydrochloride

OH
N
(j\/\('\ll/
N
Cl

H Hel He
¢l

The title compound (7 mg, yield: 31%) was obtained in the same manner as in Example
1, with the exception that 1,5-dichloro-2-fluoro-3-nitrobenzene was used instead of 4-chloro-2-
fluoro- 1 -nitobenzene in Step 1-8 of Example 1.

'H NMR (500MHz, MeOD): & 9.30(s, 1H), 7.84(s, 1H), 7.69(s, 1H), 4.78(m, 2H),
3.69(m, 1H), 3.30(m, 1H), 2.99(m, 2H), 2.25(m, 2H), 2.16(m, 2H), 2.06(m, 1H), 1.78(m, 2H),
1.51(m, 1H)

Example 81: Preparation of (2R,3S)-2-(3-(S-chloro-7-(1H-pyrazol-4-yl)-1H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

The title compound (8 mg, yield: 14%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d}imidazol-1-
yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of tert-butyl
(2R,3S)-2-(3-(4-bromo- 1 H-benzo[d]imidazol-1-yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine- 1-carboxylate, and that (1H-pyrazol-4-yl)boronic acid was used
instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20. |

'H NMR (500MHz, MeOD): & 9.37(s, 1H), 7.97(s, 2H), 7.88(s, 1H), 7.49(s, 1H),
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4.28(m, 2H), 3.44(m, 1H), 2.91(m, 1H), 2.75(m, 1H), 1.96(m, 2H), 1.74-1.62(m, 3H), 1.50(m,
1H), 1.36(m, 1H)

Example 82: Preparation of (2R,3S)-2-(3-(7-(1H-pyrazol-4-yl)-5-(trifluoromethyl)-
5 1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

The title compound (9 mg, yield: 15%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-(trifluoromethyl)-1H-
benzo[d]imidazol-1-yl)propyl)-3-((tert-butyldimethylsilyl Joxy)piperidine- 1-carboxylate was used
10 .instead of tert-butyl  (2R,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine- 1-carboxylate in Step 20-2 of Example 20.
'H NMR (500MHz, MeOD): & 9.06(m, 1H), 8.10(s, 1H), 7.97(s, 2H), 7.61(s, 1H),
4.26(m, 2H), 3.44(m, 1H), 3.17(m, 1H), 2.93(m, 1H), 2.76(m, 1H), 1.99(m, 2H), 1.67(m, 3H),
1.53(m, 1H), 1.49(m, 1H)
15
Example 83: Preparation of (2R,3S)-2-(3-(5-éhloro-7—(3—ﬂuorophenyl)—lH—
benzo|d|imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

OH
~ _N
(I
N

H Hci Hel

The title compound (13 mg, yield: 22%) was obtained in the same manner as in Example
20 20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine- 1 -carboxylate was used instead of tert-butyl
(2R,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine- 1 -carboxylate in Step 20-2 of Example 20.
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'H NMR (500MHz, MeOD): § 9.39(s, 1H), 7.95(d, 1H), 7.64(m, 1H), 7.62(m, 1H),
7.39(m, 2H), 7.34(m, 1H), 4.15(m, 1H), 4.05(m, 2H), 3.44(m, 1H), 3.18(m, 1H), 2.91(t, 1H),
2.87(s, 1H), 2.01(m, 2H), 1.96(m, 2H), 1.50(m, 2H), 1.33(m, 1H)

5 Example 84: Preparation of (2R,3S)-2-(3-(7-(3-fluorophenyl)-5-(trifluoromethyl)-
1H-benzo|[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

OH
_N
(j\/\/ '6/
N

H Her Hel

The title compound (11 mg, yield: 20%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-(trifluoromethyl)-1H-
10  benzo[d]imidazol-1-yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used
instead of tert-butyl (2R,3S)-2-(3-(4—bromo-1H-benzo[d]imidazol—1-y1)propyl)-3-((tert—
butyldimethylsilyl)oxy)piperidine-1-carboxylate in Step 20-2 of Example 20. ‘
'H NMR (500MHz, MeOD): § 9.62(s, 1H), 8.24(m, 2H), 7.74(m, 1H), 7.64(m, 1H),
7.42(m, 3H), 4.15(m, 2H), 3.43(m, 1H), 3.21(m, 1H), 2.91(m, 1H), 2.74(m, 1H), 1.97(m, 2H),
15  1.73(m, 3H), 1.52(m, 2H), 1.33(m, 1H)

Example 85: Preparation of (2R,3S)-2-(3-(5-chloro-7-(2-methylthiazol-5-yl)-1H-

benzo[d]imidazol-l-yl)propyl)piperidin-3-ol
OH

N
(j\/\/ ’\/;;
N
H Hcl Hel cl
N \\r S
20 The title compound (6 mg, yield: 12%) was obtained in the same manner as in Example

20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of tert-butyl
(2R,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol- 1-yl)propyl)-3-((tert-
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butyldimethylsilyl)oxy)piperidine- | -carboxylate, and that (2-methylthiazol-5-yl)boronic acid was
used instead 0f(3—ﬂuoropheﬁy1)boronic acid in Step 20-2 of Example 20.
'H NMR (500MHz, MeOD): & 9.68(s, 1H), 8.06(m, 2H), 7.71(s, 1H), 4.30(t, 2H),
3.52(m, 1H), 3.27(m, 1H), 2.95(m, 1H), 2.84(s, 3H), 2.83(s, LH), 2.05-1.89(m, 4H), 1.88(m, 2H),
5 1.74(m, 2H)

Example 86: Preparation of (2R,3S)-2-(3-(5-chloro-7-(pyridin-3-yl)-1H-
benzo[d]imidazol-1-yl)propyD)piperidin-3-ol trihydrochloride

OH
N
O\/\/'\r
N

H  3Hcl cl
N I
\__/
10 The title compound (8 mg, yield: 15%) was obtained in the same manner as in Example

20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine- | -carboxylate was used instead of tert-butyl
(2R,3S)-2-(3-(4-bromo- 1 H-benzo[d]imidazol-1-yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine-1-carboxylate, and that pyridin-3-ylboronic acid was used
15 instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.
"HNMR (500MHz, MeOD):  9.55(s, 1H), 9.16(s, 1H), 9.03(s, 1H), 8.74(s, 1H), 8.18(s,
1H), 8.09(s, 1H), 7.68(s, 1H), 4.10(m, 2H), 3.46(m, 1H), 3.24(m, 1H), 2.92(m, 1H), 2.78(m, 1H),
2.03(m, 1H), 1.98(m, 1H), 1.95-1.93(m, 3H), 1.52(m, 1H), 1.44(m 2H)

20 Example 87: Preparation of (2R,3S)-2-(3-(5-chloroe-7-(5-fluoropyridin-3-yl)-1H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol trihydrochloride

OH ‘
N
(j\/\/ //
N N

H 3HCI Cl

The title compound (9 mg, yield: 16%) was obtained in the same manner as in Example

20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
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yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine- | -carboxylate was used instead of tert-butyl
(2R3 S)-Q-(3 -(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine-1-carboxylate, and that (5-fluoropyridin-3-yl)boronic acid was
used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.

'"HNMR (500MHz, MeOD): § 9.70(s, 1H), 8.86-8.75(m, 2H), 8.19(m, 1H), 8.07(s, 1H),
7.67(s, 1H), 4.11(m, 2H), 3.47(m, 1H), 3.24(m, 1H), 2.93(td, 1H), 2.77(s, 1H), 2.01-2.00 (m, 2H),
1.93-1.82(m, 3H), 1.73(s, 1H), 1.65(m, 1H)

Example 88:  5-(5-chloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1H-
benzo[d]imidazol-7-yl)-1-methylpyridin-2(1H)-one dihydrochloride

OH
(L\/FN
N N

H Hey HCl . Cl

P

YV

N
o

The title compound A(lO mg, yield: 16%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2~(3-(7-bromo-5-chloro-1H-benzo[d}imidazol-1-
yD)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of tert-butyl
(2R,3S)-2-(3-(4-bromo- 1 H-benzo[d]imidazol-1-yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piberidine-1-carboxylate, and that (1-methyl-6-oxo-1,6-dihydropyridin-3-
yl)boronic acid was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.

'"H NMR (500MHz, MeOD): & 9.55(m, 1H), 7.98(d, 2H), 7.74(d, 1H), 7.57(s, 1H),
6.71(d, 1H), 4.32(m, 2H), 3.67(s, 3H), 3.44(s, 1H), 3.24(m, 1H), 2.88(t, 1H), 2.80(s, 1H), 2.03-
1.89(m, 4H), 1.71(m, 2H), 1.49(m, 2H)

Example 89: Preparation of (2R,3S)-2-(3-(5-chloro-7-(1-(difluoromethyl)-1H-
pyrazol-4-yl)-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride
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CH
=N
[j\/\/ I,
N

N Cl
H e HCI
F ==
\f/ N \N/
F
The title compound (9 mg, yield: 14%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of teﬁ-Butyl
5  (2R,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine-1-carboxylate, and that (1-(difluoromethyl)-1H-pyrazol-4-
yl)boronic acid was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.
'H NMR (500MHz, MeOD): 5 9.46(s, 1H), 8.50(s, 1H), 8.05(s, 1H), 7.94(s, H), 7.56(s,
1H), 4.28(m, 2H), 3.49(m, 1H), 3.24(m, 1H), 2.94(t, 1H), 2.89(m, 1H), 2.01(m, 2H), 1.80(m, 2H),
10 1.72(m,2H), 1.64(m, 1H), 1.55(m, 1H)

Example 90: Preparation of (2R3S)-2-(3-(5-chloro-7-(isoxazol-3-yl)-1H-

benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

“OH N
O _f
N

H o HC cl
1N~
O~
15 The title compound (7 mg, yield: 12%) was obtained in the same manner as in Example

20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
yhpropyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of tert-butyl
(2R,3S)-2-(3-(4-bromo- 1 H-benzo[d]imidazol- 1 -yl)propyl)-3-({tert-
butyldimethylsilyl)oxy)piperidine-1-carboxylate, and that isoxazol-3-ylboronic acid was used
20 instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.
'H NMR (500MHz, MeOD): & 9.53(s, 1H), 8.04(m, 2H), 7.92(s, 1H), 7.69(m, 1H),
4.61(m, 2H), 3.61(m, 1H), 3.02(m, 2H), 2.28(m, 2H), 2.04(m, 2H), 1.99(m, H), 1.78(m, 2H),
1.52(m, 1H) ‘
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Example 91: Preparation of (2R3S)-2-(3-(S5-chloro-7-(thiophen-3-yl)-1H-

benzo[d]|imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

CH
N
(j\/\/'\/j/
N

H Hel Hal Ci

7\
S

The title compound (24 mg, yield: 31%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
yl)propyl)—3—((tert-butyldimethylsil))/l)oxy)piperidine-l—carboxylate was used instead of tert-butyl
(2R,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine-1-carboxylate, and that thiophen-3-ylboronic acid was used
instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.

'"H NMR (500MHz, MeOD): & 9.52 (s 1H), 7.93(s, 1H), 7.73(d, 2H), 7.52(s, 1H),
7.36(d, 1H), 4.22(m, 2H), 3.48(m, 1H), 3.23(m, 1H), 2.93(t, 1H), 2.76(m, 1H), 2.02(m, 2H), 1.78-
1.63(m, 3H), 1.62(m, 1H), 1.57(m, 1H), 1.55(m, 1H)

Example 92: Preparation of (2R,3S)-2-(3-(5-chloro-7-(2-methylthiophen-3-yl)-1H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride ‘

H Cl

HCl  HCl
7\

S

The title compound (20 mg, yield: 25%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine- | -carboxylate was used instead of tert-butyl
(2R,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine-1-carboxylate, and that (2-methylthiophen-3-yl)boronic acid
was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.

'H NMR (500MHz, MeOD): & 9.56(s, 1H), 7.95(s, 1H), 7.47(d, 2H), 7.15(d, 1H),
4.22(m, 1H), 4.15(m, 1H), 3.50(m, 1H), 3.25(m, 1H), 2.91(t, 1H), 2.81(m, 1H), 2.34(d, 3H),
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2.01(m, 2H), 1.99-1.96(m, 3H), 1.79(m, 1H), 1.65(m, 1H), 1.56(m, 1H)

Example 93: Preparation of (2R,3S)-2-(3-(S5-chloro-7-(3,5-dimethylisoxazol4-yl)-
1H-benzo|d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

“OH
N N

H Cl
HCI

N
5 o
The title compound (19 mg, yield: 24%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of tert-butyl
(2R ,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-
10 butyldimethylsilyl)oxy)piperidine-1-carboxylate, and that (3,5-dimethylisoxazol-4-yl)boronic acid
was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20. .
'H NMR (500MHz, MeOD): & 9.58(s, 1H), 8.04(s, 1H), 7.71(s, 1H), 4.23(m, 2H),
3.61(m, 1H), 3.01(m, 1H), 2.97(m, 1H), 2.39(s, 3H), 2.18(s, 3H), 2.17-2.11(m, 3H), 2.04(in, 2H),
1.86(m, 2H), 1.71(m, 2H)
15
Example 94: Preparation of (2R,3S)-2-(3-(5-chloro-7-(3,6-dihydro-2H-pyran-4-yl)-
1H-benzo{d]imidazol- 1-yl)propyl)piperidin-3-ol dihydrochloride

WOH ey =N
" N

H Cl
HCI

O
The title compound (22 mg, yield: 27%) was obtained in the same manner as in Example
2‘0 20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
yl)prdpyl)—3-((tert—butyldimethylsilyl)oxy)pipeﬁdine—1—carboxylate was used instead of tert-butyl
(2R,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine-1-carboxylate, and that (3,6-dihydro-2H-pyran-4-yl)boronic
acid was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.
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'H NMR (500MHz, MeOD):  9.60(s, 1H), 7.85(s, 1H), 7.51(s, 1H), 6.08(s, 1H), 4.60(,
2H), 4.39(s, 2H), 4.03(t, 2H), 3.61(m, 1H), 2.99(m,2H), 2.58(s, 2H), 2.12-1.96(m, SH), 1.72(m,
2H), 1.51(m, 1H)

5 Example 95: Preparation of (2R,3S)-2-(3-(7-(1-((1,3-dioxolan-2-yl)methyl)-1H-

pyrazol-4-yl)-5-chloro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride
~OH Hol N
o
“N J\/\/ N
H Ci
HCI

N
N
o
4
The title compound (17 mg, yield: 22%) was obtained in the same manner as in EXample
20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
10  yhpropyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of tert-butyl
(2R,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol-1 -yl)pr'opyl)-3-((tert-.
butyldim.ethylsilyl)oxy)piperidine—l—carboxylate, and that (1-((1,3-dioxolan-2-yl)methyl)-1H-
pyrazol-4-yl)boronic acid was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of
Example 20.
15 '"HNMR (500MHz, MeOD): & 9.62(s, 1H), 8.07(s, 1H), 7.93(s, 1H), 7.82(s, 1H), 7.53(s,
1H), 4.43(m, 2H), 4.41(m, 2H), 3.97(m, 2H), 3.56(m, 1H), 3.25(m, 1H), 2.96(t, 1H), 2.96(s, 1H),
2.01(m, 1H), 1.82-1.65(m, 5H), 1.56(m, 1H), 1.51(m, 1H)

Example 96: Preparation of (2R,3S)-2-(3-(5-chloro-7-(1-methyl-1H-imidazol-5-yl)-
20  1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol triihydrochloride

\OH
A _N
Cj\/\/(
N

H  3Hcl cl

P

N%/N\

The title compound (20 mg, yield: 29%) was obtained in the same manner as in Example

20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
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yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine- 1-carboxylate was used instead of tert-butyl
(2R,3S)—2—(3-(4-bromo-lH-benzo[d]imidazol—1—yl)propyl)—3-((tért—
butyldimethylsilyl)oxy)piperidine-1-carboxylate, and that (1-methyl-1H-imidazol-5-yl)boronic
acid was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.

5 '"H NMR (500MHz, MeOD): 8 9.20(s, 1H), 9.12(d, 1H), 8.01(s, 1H), 8.00(5, 1H), 7.68(s,
1H), 4.20(s, 1H), 3.94(s, 1H), 3.78(s, 3H), 3.47(m, 1H), 2.94(t, 1H), 2.89(m, 1H), 2.06(m, 1H),
1.97(m, 1H), 1.85(m, 2H), 1.83-1.74(m, 3H), 1.53(m, 2H)

Example 97: Preparation of (2R,3$)-2-(3—(5-chlor0—7—(1-methyl-1H-pyrazol-4-yl}
10 1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

~OH Her N
(j\/\/’\/f
N

H Hgl Cl

~N. _

The title compound (15 mg, yield: 25%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
yl)propyl)-3-((tert—butyldimethylsilyl)oxy)i)iperidine—1-carboxylate was used instead of tert-butyl
15 (2R,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-
butyldimethylsilylJoxy)piperidine- 1 -carboxylate, and that (1-methyl-1H-pyrazol-4-yl)boronic acid
was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.
"H NMR (500MHz, MeOD): 8 9.30(s, 1H), 7.97(s, 1H), 7.87(s, 1H), 7.76(s, 1H), 7.45(s,
1H), 4.32(m, 2H), 4.02(s, 3H), 3.24(m, 1H), 2.92(m, 1H), 2.77(m, 1H), 2.00(m, 2H), 1.71(m, 4H),
© 20 1.5l{m, 1H), 1.40(m, 1H)

Example 98: Preparation of (2R,3$)-2-(3—(7—(pyrrolidin-1-yl)-1H—benzo[d]imidazoi—
1-yl)propyl)piperidin-3-ol dihydrochloride

H He =
)
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The title compound (12 mg, yield: 20%) was obtained in the same manner as in Example
18, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-1 H-benzo[d]imidazol—l-yl)propyl)—3—
((tert-butyldimethylsilyl)oxy)piperidine- 1 -carboxylate was used instead of tert-butyl (2R,3S)-2-(3-
(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-
carboxylate in Step 18-2 of Example 18.

'H NMR (500MHz, MeOD): § 9.44(s, 1H), 7.55(m, 3H), 4.76(t, 2H), 3.56(m, 1H),
3.20(m, 4H), 2.94(m, 2H), 2.20(m, 2H), 2.07(m, 5H), 2.00(m, 3H), 1.74(m, 2H), 1.53(m, [H)

Example 99: Preparation of (2R3S)-2-(3-(5-chloro-7-(pyrrolidin-1-yl)-1H-
benzo|d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

WOHHCI _N
S
N
H HCl cl
$

The title compound (13 mg, yield: 21%) was obtained in the same manner as in Example
18, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine- 1-carboxylate was used instead of tert-butyl
(2R,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine-1-carboxylate in Step 18-2 of Example 18.

'H NMR (500MHz, MeOD): & 9.46(s, 1H), 7.58(d, 1H), 7.47(d, 1H), 4.72(m, 2H),
3.53(m, 1H), 3.21(m, 4H), 2.94(m, 2H), 2.20(m, 2H), 2.11(m, 5H), 1.96(m, 2H), 1.77(m, 1H),
1.63(m, 1H), 1.52(m, 1H)

Example 100: Preparation of (2R,35)-2-(3-(5-chloro-7-(2-cyclopropylthiazol-5-yl)-
1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

(j\/\/f
N

H HCI Cl
Z
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The title compound (12 mg, yield: 25%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1- -
yDpropyl)-3-((tert-butyldimethylsilyl)oxy)piperidine- 1 -carboxylate was used instead of tert-butyl

" (2R,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-

butyldimethylsilyl)oxy)piperidine- 1 -carboxylate, and that (2-cyclopropylthiazol-5-yl)boronic acid
was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20. ‘

'H NMR (500MHz, MeOD): & 9.51(s, 1H), 7.97(s, 1H), 7.73(s, 1H), 7.70(s, 1H),
4.63(m, 2H), 3.42(m, 1H), 3.22(m, 1H), 2.93(m, 1H), 2.77(m, 1H), 2.50(m, 1H), 1.95(m, 2H),
1.68(m, 4H), 1.50(m, 2H), 1.23(m, 2H), 1.11(m, 2H) | |

Example 101: Preparation of (2R,3S)-2-(3-(5-chloro-7-(1-(thiazol-2-yl)-1H-pyrazol-
4-yl)-1H-benzo|d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

OH
N
N

H Hei Hel
N
X
N” g
\oe/

The title compound (17 mg, yield: 30%) was obtained in the same manner as in Example

Cl

20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d}imidazol-1-
yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of tert-butyl
(2R,3S)-2-(3-(4-bromo-1H-benzo[dJimidazol-1-yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine-1-carboxylate, and that (l-(thiazol-2-yl)-1H-pyrazol-4-
yl)boronic acid was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.

"H NMR (500MHz, MeOD): & 9.41(s, 1H), 8.83(s, 1H), 8.10(s, 1H), 7.95(s, 1H), 7.65(s,
1H), 7.61(s, 1H), 747(s, 1H), 4.37(m, 2H), 3.44(m, 1H), 3.18(m, LH), 2.87(m, IH), 2.78(m, 1H),
1.92(m, 2H), 1.82(m, 2H), 1.65(m, 2H), 1.43(m, 2H)

Example 102: Preparation of (2R,3S)-2-(3-(5-chloro-7-(1-(oxetan-3-yl)-1H-pyrazol-
4-yl)-1H-benzo[d|imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride
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The title compound (12 mg, yield: 23%) was obfained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of tert-butyl
(2R,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine- 1-carboxylate, and that ( 1-(0xetan-3-yl)-iH-pyrazol-4'—
yl)boronic acid was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.

'"H NMR (500MHz, MeOD): 8 9.58(s, 1H), 8.15(s, 1H), 7.92(s, 1H), 7.87(s. 1H), 7.54(s,
1H), 4.68(m, 1H), 4.34(m, 2H), 4.03(m, 2H), 3.50(m, 1H), 3.22(m, 1H), 2.92(m, 1H), 2.85(m,
1H), 1.95(m, 2H), 1.78(m, 4H), 1.64(m, 1H), 1.42(m, 1H)

Example 103: Preparation of (2R,3S)-2-(3-(5-chloro-7-(2-(tetrahydro-2H-pyran-4-
yDthiazol-4-yl)-1H-benzo[d]imidazol-1-yh)propyl)piperidin-3-ol dihydrochloride

ot N
N

H Hct HCl cl

==

S.__N

(o}

The title compound (10 mg, yield: 18%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
yl)propyl)-3-((tert-butyidimethylsilyl)oxy)piperidine—l-carboxylate was used instead of tert-butyl
(2R,3S)-2-(3-(4-bromo-1 H-benzo[d]imidazol- | -yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine-1-carboxylate, and that (2-(tetrahydro-2H-pyran-4-yl)thiazol-5-
yl)boronic acid was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.

'H NMR (500MHz, MeOD): & 9.63(s, 1H), 7.98(s, 1H), 7.73(S, 1H), 7.21(s, 1H),
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4.65(m, 2H), 3.84(m, 4H), 3.62(m, 4H), 3.48(m, 1H), 3.25(m, 1H), 2.94(m, 1H), 2.81(m, 1H),
1.99(m, 3H), 1.82(m, 4H), 1.54(m, 2H)

Example 104: Preparation of (2R,3S)-2-(3-(5-chloro-7-(furan-3-yl)-1H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

WOH HCI
(j\/\/f
N

H Cr
HCI

7\
o)

The title compound (9 mg, vield: 15%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)—2—(3—(7-bromo—5—chloro-IH—benzo[d]imidazol-l-
yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of tert-butyl ‘
(2 RJ3 S)-2;(3-(4-br01n0- 1H-benzo[d]imidazol-1 -yl)propyl)-3 ~((tert-
butyldimethylsilyl)oxy)piperidine—1—carbéxylate’, énd that furan-3-ylboronic acid was used instead
of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.

'"H NMR (500MHz, MeOD): §.9.55(s, 1H), 8.05(d, 1H), 7.93(s, 1H), 7.69(d, 1H),
7.50(m, 1H), 7.32(m, IH), 4.63(m, 2H), 3.61(m, 1H), 3.02(m, 1H), 2.94(m, 1H), 2.26(m, 2H),
2.09(m, 2H), 2.01(m, 1H), 1.78(m, 2H), 1.53(m, 1 H)

Example 105: 4-(5-chloro-1-(3-(2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1 H-
benzo[d]imidazol-7-yl)thiazole-2-carbonitrile dihydrochloride

WOH HCI
O\A/r\/j(’
N

H Ci
HCI

YN

NC

S

The title compound (14 mg, yield: 20%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo{d]imidazol-1-
yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of tert-butyl
(2R,35)-2-(3-(4-bromo- 1 H-benzo[d]imidazol-1-ylypropyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine-1-carboxylate, and that (2-cyanothiazol-4-yl)boronic acid was
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used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.

'H NMR (500MHz, MeOD): & 9.54(s, 1H), 8.29(s, 1H), 8.02(s, 1H), 7.79(s, 1H),
4.57(mi, 2H), 3.42(m, 1H), 3.20(m, 1H), 2.91(m, 1H), 2.76(m, 1H), 1.95(m, 2H), 1.60(m, 4H),
1.52(m, 1H), 1.41(m, 1H)

Example 106: Preparation of (2R,3S)-2-(3-(7-(1-(tert-butyl)}-1H-pyrazol-4-yl)-5-
chloro-1H-benzo|d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

OH
oY N
(e [
N

N
Cl
H HCI

%Nf/
N
The title compound (10 mg, yield: 18%) was obtained in the same manner as in Example -

10 20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of tert-butyl
(2R,3S)-2-(3-(4-bromo- 1H-benzo[d]imidazol-1 ;yl)propyl)—S—((tert—
butyldimethylsilyl)oxy)piperidine-1-carboxylate, and that (1-(tert-butyl)- 1 H-pyrazol-4-yl)boronic
aacid was used instead of (3-ﬂu0ropheny1)boronic acid in Step 20-2 of Example 20.

15 "HNMR (500MHz, MeOD): 8 9.52(s, 1H), 8.14(s, 1H), 7.89(s, 1H), 7.80(s, 1H), 7.51(s,
1H), 4.36(m, 2H), 3.48(m, 1H), 3.23(m, 1H), 2.95(m, 1H), 2.82(m, 1H), 2.01(m, 2H), 1.81(m,
2H), 1.73(m, 11H), 1.53(m, 1H), 1.43(m, 1H)

Example 107: Preparation of (2R,3S)-2-(3-(5-chloro-7-(1-isopentyl-1H-pyrazol-4-
20 yl)-1H-benzo[d]|imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

N N

H HCI Cli

==

N, _
i

The title compound (17 mg, yield: 25%) was obtained in the same manner as in Example

20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
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* ylpropyl)-3-((tert-butyldimethylsilyl)oxy)piperidine- 1 -carboxylate was used instead of tert-butyl
(2R,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol- 1 -yl)propyl)-3-((tert- |
butyldimethylsilyl)oXy)piperidine—1-carb0xy1ate, and that (1-isopentyl-1H-pyrazol-4-yl)boronic
acid was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.

5 "HNMR (500MHz, MeOD): § 9.47(s, 1H), 8.04(s, 1H), 7.89(s, 1H), 7.78(s, 1H), 7.50(s,
1H), 4.32(m, 4H), 3.45(m, 1H), 3.23(m, 1H), 2.95(m, 1H), 2.78(m, 1H), 2.00(m, 2H), 1.87(m,
2H), 1.76(m, 2H), 1.64(m, 4H), 1.54(m, 1H), 1.42(m, 1H), 1.02(s, 6H)

Example 108: Preparation of (2R,38)—2-(3-(5—chloro—7—(1-isopropyl-1H-pyrazol—4-

10  yl)-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride
HCI

OoH -
- N
O\/\/ /—’
N

H Cl
HCI

}N\‘,
N
The title compound (15 mg, vield: 21%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
| yh)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of tert-butyl
15 (2R,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine- 1 -carboxylate, and that (1-isopropyl-1H-pyrazol-4-yl)boronic
acid was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.
"H NMR (500MHz, MeOD): 8 9.48(s, 1H), 8.07(s, LH), 7.90(s, 1H), 7:79(s, 1H), 7.52(s,
1H), 4.70(m, 1H), 4.30(m, 2H), 3.45(m, 1H), 3.24(m, 1H), 2.93(m, 1H), 2.80(m, 1H), 1.99(m,
20 2H), 1.71(m, 2H), 1.67(m, 2H), 1.59(s, 6H), 1.53(m, 1H), 1.40(m, 1H)

Example 109: Preparation of (2R,3S)-2-(3-(5-chloro-7-(4-methylthiophen-3-yl)-1H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

~OH
L
N N

Ho Lo ci
7\

S
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The title compound (20 mg, yield: 31%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
yhpropyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of tert-butyl
(2R,3S)-2-(3-(4-bromo-1H-benzo[dJimidazol-1-yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine-1-carboxylate, and that (4-methylthiophen-3-yl)boronic acid
was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.

'HNMR (500MHz, MeOD): & 9.53(s, 1H), 7.95(s, 1H), 7.63(s, 1H), 7.48(s, 1H), 7.34(s,
1H), 4.23(m, 1H), 3.96(m, 1H), 3.51(m, 1H), 3.23(m, 1H), 2.96(m, 1H), 2.81(m, 1H), 2.06(d,
3H), 1.99(m, 2H), 1.76(m, 3H), 1.57(m, 2H), 1.42(m, 1H)

Example 110: ethyl 3-(S-chloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1H-

benzo[d]imidazol-7-yl)furan-2-carboxylate dihydrochloride

\OH N
HCI =
N

N cl
H ha

The title compound (10 mg, yield; 21%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of tett—bufyl
(2R,3S)-2-(3~(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine-1-carboxylate, and that (2-(ethoxycarbony!)furan-3-yl)boronic
acid was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.

'"HNMR (500MHz, MeOD): § 9.53(s, 1H), 8.00(s, 1H), 7.97(s, 1H), 7.55(s, 1H), 6.96(s,
1H), 4.29(m, 1H), 4.15(m, 3H), 3.47(m, 1H), 3.24(m, 2H), 2.94(m, 1H), 2.79(m, 1H), 1.97(m,
3H), 1.84(m, 2H), 1.72(m, 2H), 1.53(m, 2H), 1.08(t, 3H)

Example 111: methyl 4-(5-chloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-
1H-benzo|d]imidazol-7-yl)thiophene-2-carboxylate dihydrochloride
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HCI cl
o] 7 \
J s
AN

The title compound (9 mg, yield: 19%) was obtained in the same manner as in Example
20, with the exception that tert-but&l (2R,3S)-Z—(3-(7—bromo—5-ch10ro—1H—benzo[d]irﬁidazol-l-
yl)propyl)—3-((tért—butyldimethylsilyl)oxy)pipeﬁdine—1—carboxylate was used instead of tert-butyl

5  (2R,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol-1 -yl)propyl)S—((tert-
buty]dimethylsilyl;oxy)pipeﬁdin&1-carboxylate, and that (5-(methoxycarbonyl)thiophen-3-

yl)boronic acid was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.

'H NMR (500MHz, MeOD): & 9.54(s, 1H), 8.05(d, 2H), 7.97(s, 1H), 7.57(s, 1H),
4.80(m, 1H), 4.22(m, 2H), 3.93(s, 3H), 3.43(m, 1H), 3.22(m, 2H), 2.93(m, 1H), 2.78(m, 1H),

10 2.01(m,2H), 1.78(m, 3H), 1.63(m, 1H), 1.53(m, 1H), 1.41(m, 1H)

Example 112: Preparation of (2R,3S)-2-(3-(5-chloro-7-(1-(2-fluoroethyl)}-1H-
pyrazol-4-yl)-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

HCI :

OH N

(j\/\/f\ll/;
H Cl

HCL

N, _
A
F
15 The title compound (15 mg, yield: 29%) was obtained in the same manner as in Example

20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
yhpropyl)-3-((tert-butyldimethylsilyl)oxy)piperidine- 1 -carboxylate was used instead of tert-butyl
(2R,3S)-2-(3-(4-bromo- | H-benzo[d]imidazol- 1 -yl)propyl)-3-((tert-
butyldimethylsilylJoxy)piperidine-1-carboxylate, and that (1-(2-fluoroethyl)-1H-pyrazol-4-
20  yl)boronic acid was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.

'"HNMR (500MHz, MeOD): 8 9.53(s, 1H), 8.09(s, 1H), 7.91(s, 1H), 7.85(s, 1H), 7.53(s,
1H), 4.92(m, 1H), 4.64(m, 1H), 4.56(m, 1H), 4.32(m, 2H), 3.49(m, 1H), 3.23(m, 1H), 2.94(m,
1H), 2.80(m, 1H), 1.96(m, 3H), 1.74(m, 4H), 1.54(m, 1H), 1.47(m, 1H)
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Example 113: Preparation of (2R,3S)-2-(3-(7-(1-butyl-1H-pyrazol-4-yl)-5-chloro-

1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride
HCI

The title compound (18 mg, yield: 34%) was obtained in the same manner as in Example'
20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of tert-butyl
(2R,3S)-2-(3-(4-bromo- 1 H-benzo[d]imidazol- 1—yl)pr0pyl)-3-((tert¥
butyldimethylsilyl)oxy)piperidine-1-carboxylate, and that (1-butyl-1H-pyrazol-4-yl)boronic acid
was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.

"HNMR (500MHz, MeOD): § 9.43(s, 1H), 8.02(S, 1H), 7.89(s, 1H), 7.79(s, 1H), 7.50(s,
1H), 4.30(m, 3H), 3.45(m, 1H), 3.36{m, 1H), 3.22(m, 1H), 2.95(m, tH), 2.78(m, 1H), 2.01(m,
4H), 1.75(m, 4H), 1.54(m, 1H), 1.42(m, 3H), 1.01(m, 3H)

Example 114: Preparation of (2R,3S)-2-(3-(5-chloro-7-(2,5-dimethylthiophen-3-yl)-

1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride
HCI .

OH
=N
O\/\/rg‘
N

H Cl
HCi

The title compound (12 mg, yield: 20%) was obtained in the same manner as in Example
20, with the exception that tert-butyl (2R,3S)-2—(3—(7-bromo—5—chloro-IH—benzo[d]imidazol-l-
yl)propyl)-3-((tert-butyldimethylsilylJoxy)piperidine-1-carboxylate was used instead of tert-butyl
(2R,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine- 1 -carboxylate, and that (2,5-dimethylthiophen-3-yl)boronic
84



WO 2018/147626 PCT/KR2018/001625

acid was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.

'H NMR (500MHz, MeOD): & 9.54(m, 1H), 7.92(s, 1H), 7.44(s, 1H), 6.80(s, 1H), .
4.25(m, 1H), 4.09(m; 1H), 3.48(m, 1H), 3.25(rﬁ, 2H), 2.95(m, 1H), 2.80(m, 1H), 2.51(s, 3H),
2.24(d, 3H), 1.99(m, 3H), 1.80(m, 2H), 1.66(im, 3H), 1.56(m, 1H), 1.47(m, 1H)

Example 115: Preparation of (2R,3S)-2-(3-(5-chloro-7-(1-isobutyl-1H-pyrazol-4-

yI)-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride
HCI

The title compound (18 mg, yield: 27%) was obtained in the same manner as in Example

10 20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of tert-butyl
(2R,3S)-2-(3-(4-bromo- 1 H-benzo[d]imidazol-1-yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine-1-carboxylate, and that (l-isobutyl-1H-pyrazol-4-yl)boronic
acid was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of Example 20.

15 "HNMR (500MHz, MeOD): 8 9.53(s, 1H), 8.03(s, 1H), 7.90(s, 1H), 7.80(s, 1H), 7.50(s,
1H), 4.33(m, 2H), 4.10(m, 2H), 3.48(m, 1H), 3.23(m, [H), 2.92(m, 1H), 2.81(m, 1H), 2.30(m,
1H), 1.99(m, 2H), 1.81(m, 2H), 1.74(m, 2H), 1.54(m, 1H), 1.44(m, 1H), 0.99(d, 6H)

Example 116: ethyl 4-(5-chlor0—1—(3—((2R,35)—3—l;ydroxypiperidin-Z-yl)propyl)-1H-
20 benzo[d]imidazol-7-yl)-1-methyl-1H-pyrrole-2-carboxylate dihydrochloride

~OH Her N
o
N

H Hal Cl

~N__

/\O o

The title compound (18 mg, yield: 31%) was obtained in the same manner as in Example

&5
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20, with the exception that tert-butyl (2R,3S)-2-(3-(7-bromo-5-chloro-1H-benzo[d]imidazol-1-
yl)propyl)-3-((tert-butyldimethylsilyl)oxy)piperidine-1-carboxylate was used instead of tert-butyl
(2R 38)-2-(3~(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)-3-((tert-
butyldimethylsilyl)oxy)piperidine-1-carboxylate, and that (5-(ethoxycarbonyl)-1-methyl-1H-
pyrrol-3-ylboronic acid was used instead of (3-fluorophenyl)boronic acid in Step 20-2 of
Example 20.

"HNMR (500MHz, MeOD): 8 9.50(s, 1H), 7.87(s, 1H), 7.49(s, 1H), 7.31(s, 1H), 7.15(s,
1H), 4.41(m, 2H), 4.32(m, 2H), 4.04(s, 3H), 3.42(m, 1H), 3.21(m, 1H), 2.92(m, 1H), 2.76(m, 1H),
1.96(m, 2H), 1.88-1.62(m, SH), 1.52(mm, 2H), 1.40(m, 3H)

Example 117: Preparation of (2R,3S)-2-(3-(5-chloro-1H-imidazo[4,5-b]pyridin-1-

yDpropyl)piperidin-3-ol dihydrochloride

\OH _N
4
© N ~7 \

" ane =/
The title compound (17 mg, yield: 35%) was obtained in the same manner as in Example
45, with the exception that 5-chloro-1H-imidazo[4,5-b]pyridine was used instead of 5-bromo-4-
methyl- 1 H-benzo[d]imidazole in step 45-1 of Example 45.
'H-NMR (500 MHz, MeOD): & 9.48 (s, 1H), 8.29 (d, 1H), 7.68 (d, 1H), 4.58 (t, 2H),
3.66 (m, 2H), 3.00 (m, 2H), 2.20 (m, 2H), 2.07 (m, 2H), 1.98 (m, 1H), 1.74 (m, 2H), 1.56 (mn, 1H)

Example 118: Preparation of (2R,3S)-2- (3-(5-ch]oro-3H-1m1dazo[4 S-b|pyridin-3-
yl)propyl)plpendm-3-ol dihydrochloride '

OH
SU¥
N N

H N=
2HCl -

The title compound (15 mg, yield: 40%) was obtained in the same manner as in Example
45, with the exception that 5-chloro-3H-imidazo[4,5-b]pyridine was used instead of 5-bromo-4-
methyl-1H-benzo[d]imidazole in step 45-1 of Example 45. ‘

'"H-NMR (500 MHz, MeOD): & 9.50 (s, 1H), 8.46 (d, 1H), 7.69 (d, 1H), 4.59 (t, 2H),
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3.65 (m, 1H), 3.58 (m, 1H), 2.99 (m, 2H), 2.20 (m, 2H), 2.05 (m, 2H), 1.97 (m, 1H), 1.73 (m, H),

1.54 (m, 1H)

Example 119: Preparation of (2R,3S)-2-(3-(5-bromo-1H-imidazo[4,5-b]pyridin-1- '

5  ylpropyl)piperidin-3-ol dihydrochloride

OH
Y /N
(j\/\/Nr’ N
N 7N

H

— Br
2HCI

The title compound (30 mg, yield: 80%) was obtained in the same manner as in Example

45, with the exception that 5-bromo-1H-imidazo[4,5-b]pyridine was used instead of 5-bromo-4-

methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.

10 'H-NMR (500 MHz, MeOD): 8 9.54 (s, 1H), 8.20 (d, 1H), 7.84 (d, 1H), 4.59 (t, 2H),
3.58 (m, 2H), 2.99 (m, 2H), 2.24 (m, 2H), 2.07 (m, 2H), 1.98 (m, 1H), 1.74 (m, 2H), 1.56 (m, |H)

Example 120: Preparation of (2R,3S)-2-(3-(6-bromo-1H-imidazo[4,5-b]pyridin-1-

yl)propyl)piperidin-3-ol dihydrochloride
.OH N
UV
N N \
H b—

15 2HCI Br

The title compound (33 mg, yield: 82%) was obtained in the same manner as in Example

45, with the exception that 6-bromo-1H-imidazo[4,5-b]pyridine was used instead of 5-bromo-4-

methyl—lH—behzo[d]imidazo]e in step 45-1 of Example 45.
'H-NMR (500 MHz, MeOD): & 9.50 (s, 1H), 8.78 (d, 1H), 8.53 (d, 1H), 4.60 (t, 2H),
20 3.56(t, 1H), 2.98 (m, 2H), 2.26 (m, 2H), 2.21 (m, 2H), 1.97 (m, 1H), 1.74 (m, 2H), 1.55 ‘(m, 1H)

Example 121: Preparation of (2R,3S)-2-(3-(5-methyl-1H-imidazo[4,5-b]pyridin-1-

yhpropyl)piperidin-3-ol dihydrochloride

OH
{
N 7

H —
2HCI

25 The title compound (19 mg, yield: 49%) was obtained in the same manner as in Example
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45, with the exception that 5-methyl-1H-imidazo[4,5-b]pyridine was used instead of 5-bromo-4-
methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.

'H-NMR (500 MHz, MeOD): § 9.55 (s, 1H), 8.18 (d, 1Hj, 7.58 (d, 1H), 4.63 (t, 2H),
3.58 (m, 2H), 3.00 (m, 2H), 2.74 (s, 3H), 2.24 (m, 2H), 2.06 (m, 2H), 1.98 (m, 1H), 1.74 (m, 2H),
1.56 (m, 2H), 1.56 (m, 1H)

Example 122: Preparation of (2R,3S)-2-(3-(6-chloro-1H-imidazo[4,5-c|pyridin-1- |
yDpropyl)piperidin-3-ol dihydrochloride

OH
_N
(i
7\
N
H N
2HCI

c

The title compound (15 mg, yield: 40%) was obtained in the same manner as in Example
45, with the exception that 6-chloro-1H-imidazo[4,5-c]pyridine was used instead of 5-bromo-4-
methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.

'"H-NMR (500 MHz, MeOD): 8 9.30 (s, 1H), 9.09 (s, 1H), 7.91 (s, 1H), 4.62 (t, 2H), 3.60
(m, 2H), 2.99 (m, 2H), 2.22 (m, 2H), 2.06 (m, 2H), 1.98 (m, 1H), 1.73 (m, 2H), 1.56 (m, 1H)

Example 123: Preparation of (2R,3S)-2-(3-(6-chloro-3H-imidazo[4,5-c]pyridin-3-

yh)propyl)piperidin-3-ol dihydrochloride

: OH
N
2HCI . =N
The title compound (18 mg, yield: 37%) was obtained in the same manner as in Example
45, with the exception that 6-chloro-3H-imidazo[4,5-c]pyridine was used instead of 5-bromo-4-
methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.
'H-.NMR (500 MHz, MeOD): 8 9.21 (s, 1H), 8.97 (s, 1H), 8.18 (s, 1H), 4.52 (t, 2H), 3.58
(m, 1H), 2.98 (m, 2H), 2.19 (m, 2H), 2.05 (m, 2H), 1.97 (m, 1H), 1.73 (m, 2H), 1.56 (m, 1H)

Example 124: Preparation of (2R,35)-2-(3-(6-bromo-1H-imidazo[4,5-¢|pyridin-1-

yh)propyl)piperidin-3-ol dihydrochloride
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\OH
. _N
(&
7\
N
H N

~—~

2HCI
Br

The title compound (18 mg, yield: 35%) was obtained in the same manner as in Example

45, with the exception that 6-bromo-3H-imidazo[4,5-c]pyridine was used instead of 5-bromo-4-

methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.

5 'H-NMR (500 MHz, MeODY: § 9.43 (s, 1H), 9.16 (s, 1H), 8.12 (s, 1H), 4.64 (t, 2H), 3.65

(m, 2H), 3.01 (m, 2H), 2.26 (m, 2H), 2.07 (m, 2H), 1.97 (m, 1H), 1.75 (m, 2H), 1.56 (m, 1H)

Example 125: Preparation of (2R,3S)-2-(3-(6-bromo-3H-imidazo[4,5-c|pyridin-3-

yl)propyl)piperidin-3-ol dihydrochloride

WOH
(j\/\/NFN
74
N

H
10 2HC

The title compound (20 mg, yield: 40%) was obtained in the same manner as in Example

45, with the exception that 6-bromo-3H-imidazo[4,5-c]pyridine was used instead of 5-bromo-4-

methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.

'H-NMR (500 MHz, MeOD): § 9.18 (s, 1H), 9.01 (s, 1H), 8.38 (s, 1H), 4.53 (t, 2H), 3.58

15 (m, 2H),2.97 (m, 2H), 2.19 (m, 2H), 2.05 (m, 2H), 1.97 (m, 1H), 1.74 (m, 2H), 1.56 (m, 1H)

Example 126: Preparation of (2R,3S)-2-(3-(7-chloro-1H-imidazo[4,5-b]pyridin-1-

yDpropyl)piperidin-3-ol dihydrochloride

OH _N

4

N ’ 7 \
H

~—

2HCI cl

20 The title compound (25 mg, yield: 32%) was obtained in the same manner as in Example

45, with the exception that 7-chloro-1H-imidazo[4,5-b]pyridine was used instéad of 5-bromo-4-

methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.

Example 127: Preparation of (2R,3S)-2-(3-(5,6-dichloro-1H-imidazo[4,5-b|pyridin-
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1-yl)propyl)piperidin-3-ol dihydrochloride

“OH _N

o

N 7
H =

2HCI

Cl
Cl
The title compound (35 mg, yield: 48%) was obtained in the same manner as in Example

45, with the exception that 5,6-dichloro-1H-imidazo[4,5-b]pyridine was used instead of 5-bromo-

" 4-methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.

'H-NMR (500 MHz, MeOD): & 9.10 (s, 1H), 8.45 (s, 1H), 4.50 (t, 2H), 3.56 (m, 1H),
2.98 (m, 2H), 221 (m, 2H), 2.03 (m, 3H), 1.69 (m, 2H), 1.53 (m, 1H)

" Example 128: Preparation of (2R,3S)-2-(3-(7-bromo-1H-imidazo[4,5-c]pyridin-1-

yDpropyl)piperidin-3-ol dihydrochloride

OH
B N
@

: 2HCI
Br
The title compound (18 mg, yield: 35%) was obtained in the same manner as in Example
45, with the exception that 7-bromo-1H-imidazo[4,5-c]pyridine was used instead. of 5-bromo-4-
methyl-1H-benzo[d]imidazole in step 45-1 of Example 45. ;
'"H-NMR (500 MHz, MeOD): § 9.66 (s, 1H), 9.07 (s, 1H), 8.89 (s, 1H), 4.62 (t, 2H), 3.58

(m, 2H), 2.99 (m, 2H), 2.21 (m, 2H), 2.00 (m, 3H), 1.74 (m, 2H), .55 (m, 1H)

Example 129: Preparation of (2R,3S)-2-(3-(5-(trifluoromethyl)-3H-imidazo[4,5-
b)pyridin-3-yl)propylpiperidin-3-ol dihydrochloride v

~OH
SNy
N N

H N=
2HCI CF,
The title compound (20 mg, yield: 45%) was obtained in the same manner as in Example
45, with the exception that 5-(trifluoromethyl)-3H-imidazo[4,5-b]pyridine was used instead of 5-
bromo-4-methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.
'"H-NMR (500 MHz, MeOD): 8 9.71 (s, 1H), 8.53 (d, 1H), 8.08 (d, 1H), 4.67 (t, 2H),
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3.59 (m, 1H), 2.95 (m, 2H), 2.28 (m, 2H), 2.07 (m, 2H), 1.98 (m, 1H), 1.75 (m, 2H), 1.55 (m, 1H)

Example 130: Preparation of (2R,3S)-2-(3-(6,7-dichloro-3H-imidazo[4,5-b|pyridin-
3-yl)propyl)piperidin-3-ol dihydrochloride

OH

2HCI
The title compound (25 mg, yield: 80%) wés obtained in the same manner as in Example
45, with the exception that 6,7-dichloro-3H-imidazo[4,5-b]pyridine was used insteéd of 5-bromo-
4-methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.
"H-NMR (500 MHz, MeOD): § 8.62 (s, 1H), 8.51 (s, 1H), 4.43 (m, 2H), 3.51 (m, 1H),
3.22 (m, 1H), 2.91 (m, 2H), 2.08 (m, 2H), 1.96 (m, 3H), 1.55 (m, 3H)

Example 131: Preparation of (2R,3S)-2-(3-(6-chloro-7-methyl-3H-imidazo[4,5-

b]pyridin-3-yl)propyl)piperidin-3-ol dihydrochloride

WOH

2HCI

The title compound (31 mg, yield: 84%) was obtained in the same manner as in Example
45, with the exception that 6-chloro-7-methyl-3H-imidazo[4,5-b]pyridine was used instead of 5-
bromo-4-methyl-1H-benzo[d]imidazole in step 45-1 of EXample 45.

"H-NMR (500 MHz, MeOD): § 9.68 (s, 1H), 8.67 (s, 1H), 4.62 (t, 2H), 3.57 (m, 2H),
297 (m,-ZH), 2.74 (s, 3H), 2.25 (m, 2H), 2.06 (m, 2H), 1.97 (m, 1H), 1.75 (m, 2H), 1.53 (m, 1H)

Example 132: Preparation of (2R,3S)-2-(3-(6-bromo-7-methyl-3H-imidazo[4,5-
b|pyridin-3-yl)propybpiperidin-3-ol dihydrochloride

OH
N
ﬁ N= ) Br
2HCI
The title compound (35 mg, yield: 85%) was obtained in the same manner as in Example

435, with the exception that 6-bromo-7-methyl-3H-imidazo[4,5-b]pyridine was used instead of 5-
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bromo-4-methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.
"H-NMR (500 MHz, MeOD): 8 9.74 (s, 1H), 8.80 (d, 1H), 4.63 (t, 2H), 3.57 (m, 1H),

2,96 (m, 2H), 2.76 (s, 3H), 2.28 (m, 2H), 2.06 (m, 2H), 1.97 (m, 1H), 1.74 (m, 2H), 1.55 (m, 1H)

Example 133: Preparation of (2R,3S)-2-(3-(6-bromo-7-chloro-3H-imidazo[4,5-
b]pyridin-3-yl)propyl)piperidin-3-ol dihydrochloride

” N \f/j\ Br
2HCI
The title compound (30 mg, yield: 78%) was obtained in the same manner as in Example
45, with the exception that 6-bromo-7-chloro-3H-imidazo[4,5-b]pyridine was used instead of 5-
bromo-4-methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.
'"H-NMR (500 MHz, MeOD): 6 9.24 (s, 1H), 8.77 (s, 1H), 4.55 (t, 2H), 3.55 (m, 1H),
3.26 (m, 1H), 2.97 (m, 2H), 2.23 (m, 2H), 2.03 (m, 3H), 1.70 (m, 2H), 1.54 (m, 1H)

Example 134: Preparation of (2R3S)-2-(3-(7-chloro-6-(3-chlorophenyl)-3H-
imidazo[4,5-b]pyridin-3-yl)propyl)piperidin-3-ol dihydrochloride

~OH ¢l
N \
H N=
2HCI

The title compound (28 mg, yield: 70%) was obtained in the same manner as in Example
45, with the exception that 7-chloro-6-(3-chlorophenyl)-3H-imidazo[4,5-b]pyridine was used
instead of 5-bromo-4-methy!-1H-benzo[d]imidazole in step 45-1 of Example 45. A

'H-NMR (500 MHz, MeOD): § 9.69 (s, 1H), 8.67 (s, 1H), 7.55 (m, 4H), 4.66 (t, 2H),
3.59 (m, 1H), 3.02 (m, 2H), 2.33 (m, 2H), 2.07 (m, 2H), 1.97 (m, 1H), 1.56 (m, 2H), 1.55 (m, 1H)

Example 135: Preparation of (2R,3S)-2-(3-(2-chloro-7H-purin-7-

yh)propyl)piperidin-3-ol trihydrochloride
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The title compound (1 5 mg, yield: 35%) was obtained in the same manner as in Example
45, with the exception that 2-chloro-7H-purine was used instead of 5-bromo-4-methyl-1H-
benzo[d}imidazole in step 45-1 of Example 45.
5 "H-NMR (500 MHz, MeOD): 6 9.05 (s, 1H), 8.81 (s, 1H), 4.44 (t, 2H), 3.55 (m, 1H),
3.28 (m, 1H), 2.98 (m, 2H), 2.19 (m, 2H), 2.03 (m, 3H), 1.70 (m, 2H), 1.55 (m, 1H)

Example 136: Preparation of (2R,3S)-2-(3-(2-chloro-9H-purin-9-
yhpropyl)piperidin-3-ol trihydrochloride

10 | 3HCI \<CI
The title compound (12 mg, yield: 30%) was obtained in the same manner as in Example
45, with the exception that 2-chloro-9H-purine was used instead of 5-bromo-4-methyl-1H-
benzo[d]imidazole in step 45-1 of Example 45.
"H-NMR (500 MHz, MeOD): 6 9.19 (s, 1H), 8.87 (s, 1H), 4.52 (m, 2H), 3.55 (m, 1H),
15 3.25(m, lH), 2.97 (n, 2H), 2.16 (m, 2H), 2.00 (m, 3H), 1.65 (m, 2H), 1.55 (m, 1H)

Example 137: Preparation of (2R,3S)-2-(3-(6-(dimethylamino)-9H-purin-9-
yDpropyl)piperidin-3-ol trihydrochloride '

_‘\OH \
LA
N N#(

H N

N
\
N

&

3HCI

20 The title compound (25 mg, yield: 75%) was obtained in the same manner as in Example
45, with the exception that N,N-dirﬁeﬂ1y1—9H-purin—6—amine was used instead of 5-bromo-4-
methyl- 1H-benzo[d]imidazole in step 45-1 of Example 45.

'"H-NMR (500 MHz, MeOD): & 8.38 (s, 1H), 8.37 (s, 1H), 441 (t, 2H), 3.98 (br, 2H),
3.56 (t, LH), 3.42 (br, 3H), 3.26 (m, 1H), 2.97 (m, 2H), 2.19 (m, 5H), 1.78 (m, 1H), 1.67 (m, 1H),
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1.53 (m, 1H)

Example 138: Preparation of (2R,3S)-2-(3-(6-(diethylamino)-9H-purin-9-

yDpropyl)piperidin-3-ol trihydrochloride

The title compound (27 mg, yield: 77%) was obtained in the same manner as in Example
45, with the exception that N,N-diethylamino-9H-purin-6-amine was used instead of 5-bromo-4-
methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.

'H-NMR (500 MHz, MeOD): & 8.34 (s, 1H), 8.32 (d, 1H), 4.38 (m, 2H), 3.66 (br, 4H),
3.55 (m, 1H), 3.27 (m, 1H), 2.96 (m, 2H5, 2.14-2.00 (m, 6H), 1.68 (m, 1H), 1.53 (m, 1H), 1.38 (br,
6H) |

Example 139: Preparation of (2R,3S)-2-(3-(6-(ethyl(methyl)amino)-9H-purin-9-
yhpropyl)piperidin-3-ol trihydrochloride

OH \
(j;/\/ FN N\/
N N\)\\(

N
H N~
3HCI

The title compound (28 mg, yield: 78%) was obtained in the same manner as in Example
45, with the exception that N-ethyl-N-methyl-9H-purin-6-amine was used instead of 5-bromo-4-
methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.

"H-NMR (500 MHz, MeOD): & 8.39 (s, 1H), 8.38 (s, 1H), 4.51 (br, 2H), 4.41 (t, 2H),
3.56 (m, 1H), 3.41 (m, 1H), 3.27 (m, 3H), 2.96 (m, 2H), 2.19-1.99 (m, SH), 1.75 (m, 1H), 1.68 (m,
1H), 1.53 (t, 3H)

Example 140: Preparation of (2R,3S)-2-(3-(6-morpholino-9H-purin-9-
yl)propyl)piperidin-3-ol trihydrochloride
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\ L

~OH
N N\)\\(
H

N

—

3HCI
The title compound (27 mg, yield: 80%)‘was obtained in the same manner as in Example
45, with the exception that 4-(9H-purin-6-yl)morpholine was used instead of 5-bromo-4-methyl-
1H-benzo[d]imidazole in step 45-1 of Example 45.
'"H-NMR (500 MHz, MeOD): § 8.35 (s, 1H), 8.33 (d, 1H), 4.39 (m, 2H), 3.66 (s, 6H),
3.54 (m, 1H), 3.25 (m, 1H), 2.96 (m, 2H), 2.14-1.98 (m, 5H), 1.84 (s, 6H), 1.72 (m, 2H), 1.53 (m,
1H)

Example 141: Preparation of (2R3S)-2-(3-(6-(piperidin-1-yl)-9H-purin-9-

yhpropyl)piperidin-3-ol trihydrochloride

~OH @
N N\(}\\g

H N=/
3HCI

The title compound (30 mg, yield: 81%) was obtained in the same manner as in Example
45, with the exception that 6-(piperidin-1-yl)-O9H-purine was used instead of 5-bromo-4-methyl-
1H-benzo[d]imidazole in step 45-1 of Example 45.

'H-NMR (500 MHz, MeOD): 8 843 (s, 1H), 8.36 (s, 1H), 4.40 (m, 4H), 3.91 (m, 4H),
3.66 (s, 6H), 3.27 (m, 1H), 2.96 (m, 2H), 2.03 (m, SH); 1.69 (m, 2H), 1.53 (m, 1H)

Example 142: Preparation of (2R,3S)-2-(3-(6-(pyrrolidin-1-ylI)9H-purin-9-
yDpropyl)piperidin-3-ol triihydrochloride

OH O
N \
H Nt/N

3HCI
The title compound (29 mg, yield: 80%) was obtained in the same mannér as in Example
45, with the exception that 6-(pyrrolidin-1-yl)-9H-purine was used instead of 5-bromo-4-methyl-
[H-benzo[d]imidazole in step 45-1 of Example 45.
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'H-NMR (500 MHz, MeOD): & 8.33 (br, 2H), 4.37 (m, 4H), 3.75 (br, 2H), 3.66 (m, 1H),
2.96 (m, 2H), 2.17 (br, 6H), 2.00 (m, 4H), 1.73 (m, 2H), 1.53 (m, 1H)

Example 143: Preparation of 1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1H-
benzo{[d]imidazol-2-ol dihydrochloride '

OH HOV;N
u N
2HCI
The title compound (25 mg, yield: 79%) was obtained in the same manner as in Example
45, with the exception that 1H-benzo[d]imidazol-2-0l was used instead of 5-bromo-4-methyl-1H-
benzo[d}imidazole in step 45_1' of Example 45.
'"H-NMR (500 MHz, MeOD): 8 7.16 (d, 1H), 7.10 (m, 3H), 3.96 (m, 2H), 3.53 (m, 1H),
3.20 (m, 1H), 2.91 (m, 2H), 2.00 (m, SH), 1.62 (m, 2H), 1.51 (m, 1H)

Examplé 144: Preparation of 5,6—dichlor0-1-(3-((2R,3S)-3-hydr6xypiperidin;2-
yhpropyl)-1H-benzo|d|imidazol-2-ol dihydrochloride

OH HO% N
2HCI
Cl

The title compound (27 mg, yield: 84%) was obtained in the same manner as in Example
45, with the exception that 5,6-dichloro-1H-benzo[d]imidazol-2-ol was used instead of 5-bromo-
4-methyl- 1H-benzo[d]imidazole in step 45-1 of Example 45.

'H-NMR (500 MHz, MeOD): § 7.38 (s, 1H), 7.21 (s, 1H), 3.92 (m, 2H), 3.48 (m;, 2H),
3.20 (m, 3H), 2.89 (m, 3H), 2.04-1.92 (m, 7H), 1.67 (m, 5H)

Example 145: Preparation of  (2R,3S)-2-(3-(2-(hydroxymethyl)-1H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

OH

Oﬁf“’
>0
H oper
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The title compound (25 mg, yield: 80%) was obtained in the same manner as in Example
45, with the exception that (1H-benzo[d]imidazol-2-yl)methanol was used instead of 5-bromo-4-
methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.
"H-NMR (500 MHz, MeOD): & 7.99 (d, 1H), 7.81 (d, 1H), 7.64 (m, 2H), 5.20 (s, 2H),
5  4.51 (m,2H), 3.59 (m, [H), 3.27 (m, 1H), 2.97 (m, 2H), 2.20 (m, 1H), 2.08 (m, 3H), 1.96 (m, 1H),
1.87 (m, 2H), 1.55 (m, 1H)

Example 146: Preparation of (2R,3S)-2-(3-(2-(hydroxymethyl)4,5-dimethyl-1H-

benzo[d]imidazol-1 -yl)propyl)pnpendm—3—ol dihydrochloride

oubs
10 2HCI \@
The title compound (31 mg, yield: 83%) was obtained in the same manner as in Example
45, with the exception that (4,5-dimethyl-1H-benzo[d]imidazol-2-yl)methanol was used instead of
5—brdmo-4—methyl—lH-benzo[d]iIhidazole in step 45-1 of Example 45.
'H-NMR (500 MHz, MeOD): § 7.67 (d, 1H), 7.47 (d, 1H), 5.14 (s, 2H), 4.53 (m, 2H),
15 3.59 (m, 1H), 3.28 (m, 1H), 2.97 (m, 2H), 2.57 (s, 3H), 2.47 (s, 3H), 2.20 (m, 1H), 2.10 (m, 3H),
1.97 (m, 1H), 1.76 (m, 2H), 1.54 (m, 1H)

Example 147: Preparation of (2R,3S)-2-(3-(5,6-dichloro-2-(hydroxymethyl)-1H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride

OH
2HCI
20 Cl

The title compound (28 mg, yield: 79%) was obtained in the same manner as in Example

45, with the exception that (5,6-dichloro-1H-benzo[d]imidazol-2-yl)methanol was used instead of
5-bromo-4-methyl- 1 H-benzo[d]imidazole in step 45-1 of Example 45.

'"H-NMR (500 MHz, DMSO-dq): 8 8.37 (s, 1H), 7.99 (s, 1H), 4.99 (s, 2H), 4.40 (m, 2H),

25 341 @, 1H), 3.09 (d, 1H), 2.78 (m, 2H), 2.08 (m, 1H), 1.98 (m, 2H), [.89 (m, 1H), 1.77 (m, 1H),
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1.64 (m, 2H), 135 (m, 1H)

Example 148: Preparation of (2R,3S)-2-(3-(2-amino-5,6-dichloro-1H-

benzo|d]imidazol-1-yl)propyl)piperidin-3-ol dihydrochloride
WOH H2N

=N,
N N
H Cl
2HCI - )

Cl

The title compound (25 mg, yield: 81%) was obtained in the same manner as in Example
45, with the exception that 5,6-dichloro-1H-benzo[d]imidazol-2-amine was used instead of 5-
bromo-4-methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.

'"H-NMR (500 MHz, MeOD): § 7.84 (s, 1H), 7.57 (s, 1H), 4.20 (t, 2H), 3.58 (m, 1H),
2.97 (m, 1H), 2.98 (in, 2H), 2.07-1.95 (m, 5H), 1.77 (m, 2H), 1.54 (m, 1H)

Example 149: Preparation of methyl 7-bromo-1-(3-((2R,3S)-3-hydroxypiperidin-2-

yDpropyl)-1H-indole-3-carboxylate dihydrochloride
' o}

2HCI

The title compound (30 mg, yield: 75%) was obtained in the same manner as in Example
45, with the exception that methyl 7-bromo-1H-indole-3-carboxylate was used instead of 5-
bromo-4-methyl-1 H—benzo[d]imidazoie in step 45-1 of Example 45. . ,

'H-NMR (500 MHz, MeOD): 8 8.13 (d, 1H), 8.05 (s, 1H), 7.45 (d, 1H), 7.09 (t, 1H),
4.69 (rﬁ, 2H), 3.88 (s, 3H), 3.48 (m, 1H), 3.16 (m, 1H), 2.88 (m, 2H), 2.00 (m, 5H), 1.64 (m, 2H),
1.52 (m, 1H) ' | ' |

Example 150: Preparation of methyl 5-bromo-1-(3-((2R,3S)-3-hydroxypiperidin-2-
yDpropyl)-1H-indole-3-carboxylate dihydrochloride '
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H
2HCI

The title compound (29 mg, yield: 73%) was obtained in the same manner as in Example
45, with the exception that methyl 5-bromo-1H-indole-3-carboxylate was used instead of 5-
bromo-4-methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.
5 "H-NMR (500 MHz, MeOD): & 8.20 (s, 1H), 8.05 (s, 1H), 7.49 (d, 1H), 7.38 (d, 1H),
4.33 (m, 2H), 3.88 (s, 3H), 3.50 (m, 1H), 3.20 (d, 1H), 2.90 (m, 2H), 1.99 (m, SH), 1.65 (m, 1H),
1.52 (m, 2H)

Example 151: Preparation of methyl 6—br0mo—1-(3-((2R,38)—3—hydroxypiperidin—2—
10 ybhpropyl)-1H-indole-3-carboxylate dihydrochloride

2HCI

The title compound (25 mg, yield: 77%) was obtained in the same manner as in Example
k45, with the exception that methyl 6-bromo-1H-indole-3-carboxylate was used instead of 5-
bromo-4-methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.
15 'H-NMR (500 MHz, MeOD): § 8.03 (s, 1H), 7.97 (d, 1H), 7.78 (s, 1H), 7.34 (d, 1H),
4.30 (m, 2H), 3.87 (s, 3H), 3.50 (m, 1H), 3.20 (d, 1H), 2.91 (m, 2H), 1.97 (m, 5H), 1.67 (m, 1H),
1.53 (m, 2H)

Example 152: Preparation of methyl 4-chloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-

20  yDpropyl)-1H-indole-3-carboxylate dihydrochloride
/
o]

WOH o
N

N
2HCI

The title compound (27 mg, yield: 70%) was obtained in the same manner as in Example
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45, with the exception that methyl 4-chloro-1H-indole-3-carboxylate was used instead of 5-bromo-
4-methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.

'H-NMR (500 MHz, MeOD): & 8.07 (s, 1H), 7.51 (d, 1H), 7.24 (s, 1H), 7.23 (s, 1H),
4.33 (m, 2H), 3.84 (s, 3H), 3.20 (m, 1H), 2.91 (m, 2H), 2.00 (m, SH), 1.67 (m, 1H), 1.52 (m, 2H)

Example 153: Preparation of methyl 6-chloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-
yDpropyl)-1H-indole-3-carboxylate dihydrochloride

(e) /
(o)
N N
H
2HCI
Cl

The title compound (21 mg, yield: 73%) was obtained in the same manner as in Example
10 45, with the exception that methyl 6-chioro-IH-indole-3-carboxylate was used instead of S-bromo-
4-methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.
'H-NMR (500 MHz, MeOD): & 8.04 (s, 1H), 8.02 (d, 1H), 7.62 (s, 1H), 7.21 (d, 1H),
4.31 (m, 2H), 3.87 (s, 3H), 3.50 (m, 1H), 3.19 (d, 1H), 2.91 (m, 2H), 1.97 (m, 5H), 1.65 (m, [H),
1.53 (m, 2H)
15
Example 154: Preparation of methyl 7-chloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-
yDpropyl)-1H-indole-3-carboxylate dihydrochloride

2HCI cl
The title compound (19 mg, yield: 77%) was obtained in the same manner as in‘Example
20 45, with the exception that methyl 7-chloro-1H-indole-3-carboxylate was used instead of 5-
bromo-4-methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.
'H-NMR (500 MHz, MeOD): 8 8.07 (d, 1H), 8.04 (s, 1H), 7.25 (d, 1H), 7.17 (t, 1H),
4.66 (m, 2H), 3.88 (s, 3H), 3.51 (m, 1H), 3.20 (d, 1H), 2.91 (m, 2H), 3.11 (m, 1H), 2.08 (m, 4H),
1.69 (m, 2H), 1.55 (m, 1H)
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Example 155: Preparation of (2R,3S)-2-(3-(S-chloro-3-cyclopropyl-1H-indazol-1-
yDpropyl)piperidin-3-ol dihydrochloride ‘ ‘

~OH HCl N=
!
N N
H HCI — Cl

5 The title compound (20 mg, yield: 65%) was obtained in the same manner as in Example
45, with the exception that 5-chloro-3-cyclopfopyl—lH-indazole was used instead of 5-bromo-4-
methyl-1H-benzo[d]imidazole in Step 45-1 of Example 45. |

'"H NMR (500MHz, MeOD): & 7.93(s, 1H), 7.47(s, 2H), 4.35(m, 2H), 3.51(m, 1H),
3.20(m, 1H), 2.92(m, 2H), 2.22(m, 1H), 2.10-1.91(m, 4H), 1.68(mn, 1H), 1.51(m, 2H), 1.04)m,
10 2H),0.97(m,2H)

Example 156: Preparation of (2R,3S)-2-(3-(5-chloro-3-(trifluoromethyl)-1H-
indazol-1-yl)propyl)piperidin-3-ol dihydrochloride

o CF,
N N
P ane

H HCI
15 The title compound (17 mg, yield: 31%) was obtained in the same manner as in Example
45, with the exception that S-chloro-3-(trifluoromethyl)-1H-indazole was used instead of 5-
bromo-4-methyl-1H-benzo[d]imidazole in Step 45-1 of Example 45.
'H NMR (500MHz, MeOD): § 7.96(s, 1H), 7.72(d, 1H), 7.65(d, 1H), 4.57(m, 2H),
3.52(m, 1H), 3.22(m, 1H), 2.92(m, 2H), 2.20(m, 1H), 2.12(m, 1H), 2.00(m, 3H), 1.68(m, 1H),
20  1.62(m, 1H), 1.50(m, 1H)

Example 157: Preparation of (2R,3S)-2-(3-(S-chloro-3-(1-(difluoromethyl)-1H-
pyrazol-4-yl)-1H-indazol-1-yl)propyl)piperidin-3-ol dihydrochloride
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N
WOH HCI '
H HCI cl

The title compound (16 mg, yield: 29%) was obtained in the same manner as in Example
45, with the exception that 5-chloro-3-(1-(difluoromethyl)-1H-pyrazol-4-yl)-1H-indazole was
used instead of 5-br0mo—4-methyl—1H—benzp[d]imidazole in Step 45-1 of Example 45.

'H NMR (500MHz, MeOD): & 8.69(s, 1H), 8.27(s, 1H), 8.03(s, 1H), 7.65(d, 1H),
7.44(d, 1H), 4.52(m, 2H), 3.50(m, 1H), 3.16(m, 1H), 2.90(m, 2H), 2.21(m, 1H), 2.12(m, 1H),
2.07(m, 3H), 1.66(m, 2H), 1.50(m, 1H)

Example 158: Preparatibn of (2R,3S)-2-(3-(6-chloro-3-(1-(difluoromethyl)-1H-

' pyrazol4-yl)-1H-indazol-1 -yl)propyl)plpendm-3-ol dihydrochloride

F\(

WOH

H HCI

The title compound (17 mg, yield: 30%) was obtained in the same manner as in Example
45, with the exception that 6-chloro-3-(1-(difluoromethyl)-1H-pyrazol-4-yl)-1H-indazole was
used instead of 5-bromo-4-methyl-1H-benzo[d]imidazole in Step 45-1 of Example 45.

'H NMR (500MHz, MeOD): & 8.66(s, 1H), 8.27(s, 1H), 7.99(d, 1H), 7.70(s, 1H),
7.23(d, 1H), 4.51(m, 2H), 3.50(m, 1H), 3.21(m; 1H), 2.92(m, 2H), 2.18(m, 1H), 2.10(m, 1H),
2.07(m, 3H), 1.66(m, 2H), 1.55(m, 1H)

Example 159: Preparation of 1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-3-
methyl-1H-benzo[d}imidazol-2(3H)-one dihydrochloride
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OH OYN/
[;;l\v/\\/N\<i:>

A 2HCI
The title compound (18 mg, yield: 69%) was obtained in the same manner as in Example
45, with the exception that 1-methyl-1,3-dihydro-2H-benzo[d]imidazol-2-one was used instead of
5-bromo-4-methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.
5 '"H-NMR (500 MHz, MeOD): & 7.16 (m, 4H), 3.99 (m, 2H), 3.66 (s, 2H), 3.53 (m, 2H),
3.43 (s, 3H), 2.94 (m, 2H), 2.00 (m, 4H), 1.88 (m, 1H), 1.62 (m, 2H), 1.52 (m, 1H)

Example 160: Preparation of S5-bromo-1-(3-((2R,3S)-3-hydroxypiperidin-2-
yl)propyl)-1H-benzo[d]imidazol-2(3H}-one dihydrochloride

N N\{:L
H Br

10 2HCI

The title compound (15 mg, yield: 42%) was obtained in the same manner as in Example
45, with the exception that 5-bromo-1,3-dihydro-2H-benzo[d]imidazol-2-one was used instead of
5-bromo-4-methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.
'H-NMR (500 MHz, MeOD): & 7.37 (s, 1H), 7.21 (d, 1H), 6.99 (d, 1H), 3.94 (m, 2H),
15 3.54 (m, 1H), 3.23 (m, H), 2.94 (m, 2H), 2.05-1.87 (m, 5H), 1.65 (m, 2H), 1.53 (m, 1H)

Example 161: Preparation of 6-bromo-1-(3-((2R,3S)-3-hydroxypiperidin-2-
yDpropyl)-1H-benzo [d]inﬁdazol—2(3H)-one dihydrochloride

N N\Ki:;>
H

2HCI
Br

20 The title compound (14 mg, yield: 40%) was obtained in the same manner as in Example
45, with the exception that 5-bromo-1,3-dihydro-2H-benzo[d]imidazol-2-one was used instead of
5-bromo-4-methyl-1H-benzo[d}imidazole in step 45-1 of Example 45.

'"H-NMR (500 MHz, MeOD): & 7.23 (d, 1H), 7.22 (s, 1H), 7.09 (d, 1H), 3.95 (m, 2H),
3.53 (m, 1H), 3.23 (m, 1H), 2.94 (m, 2H), 2.02-1.87 (m, 5H), 1.66 (m, 2H), 1.53 (m, ‘lH)
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Example 162: Preparation of 7-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1,3-
dimethyl—lH—purine—Z 6(3H,7H)-dione dihydrochloride

fN
2HCI

The title compound (21 mg, yield: 75%) was obtained in the same manner as in Example
45, with the exception that 1,3-dimethyl-3,7-dihydro-1H-purine-2,6-dione was used instead of 5-
bromo-4-methyl-1H-benzo[d}imidazole in step 45-1 of Example 45.
H-NMR (500 MHz, MeQD): 0 8.15 (s, 1H), 4.40 (br, 2H), 3.57 (m, 1H), 3.34 (s, 6H),
3.26 (m, 1H), 2.98 (m, 2H), 2.00 (m, SH), 1.72 (m, 2H), 1.55 (m, 1H)

Example 163: Preparation of 7-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-3-
methyl—lH—purine—Z 6(3H,7H)-dione dihydrochloride

fN
2HCI

The title compound (21 mg, yield: 72%) was obtained in the same manner as in Example
45, with the exception that 3—methyl 3,7- dlhydro 1H- purme—2 6-dione was used instead of 5-
bromo-4-methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.

'"H-NMR (500 MHz, MeOD): & 7.95 (s, 1H), 4.34 (m, 2H), 3.48 (m, 3H), 3.22 (m 1H),
2.89 (m, 2H), 1.95 (m, SH), 1.68 (m, 1H), 1.52 (m, 2H)

Example 164: Preparation of 9-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1-
methyl-1H-purine-2,6(3H,9H)-dione dihydrochloride

WOH
N NW

el HNj(N\

The title compound (25 mg, yield: 70%) was obtained in the same manner as in Example:

45, with the exception that 1-methyl-3,9-dihydro-1H-purine-2,6-dione was used instead of 5-
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bromo-4-methyl-1H-benzo[d]imidazole in step 45-1 of Example 45.
'H-NMR (500 MHz, MeOD):  7.89 (s, 1H), 4.36 (m, 2H), 3.66 (m, 1H), 3.23 (m, 1H),
2.98 (m, 2H), 1.99 (m, 5H), 1.69 (m, 1H), 1.56 (m, 2H)

Example 165: Preparation of 7-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-3-
isobutyl-1-methyl- 1H-purine-2,6(3H,7H)-dione dihydrochloride

WOH _N
(Nj\/\/Nr‘/ N/\(
H s

2HCI o \

The title compound (25 mg, yield: 70%) was obtained in the same manner as in Example
45, with the exception that 3-isobutyl-1-methyl-3,7-dihydro-1H-purine-2,6-dione was used
instead of 5-bromo-4-methyl- 1 H-benzo[d]imidazole in step 45-1 of Example 45.

'H-NMR (500 MHz, MeOD): & 7.95 (s, 1H), 4.38 (m, 2H), 3.90 (m, 3H), 3.54 (m, IH),
3.36 (m, 4H), 3.28 (m, 1H), 2.99 (m, 2H), 2.26 (m, 1H), 2.04 (m, SH), 1.69 (m, 1H), 1.63 (m, 1H),
1.54 (m, 1H), 0.94 (m, 8H)

Example 166: Preparation of (2R,3S)-2-((E)-3-(5,6-dichloro-1H-benzo[d]imidazol-

1-yl)prop-1-enyl)piperidin-3-ol dihydrochloride

" amol Q\CI
- cl

Step 166-1: Preparation of tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-((E)-3-
ethoxy-3-oxoprop-1-en-1-yl)piperidine-l-carboxylate

Methylene chloride (47 mL, 0.12 M) and oxalyl chloride (1.0 mL, 11.6 mmol) were
added to a flask filled with nitrogen and the reaction solution was cooled to -78°C.
Dimethylsulfoxide (1.7 mL, 23.2 mmol) was then added at the same temperature .and stirred for
30 minutes. Then, tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-
(hydroxymethyl)piperidine-1-carboxylate (2.0 g, 5.8 mmol) was dissolved in a small amount of
methylene chloride and slowly added. Aﬁer stiming at the same temperature for 1 hour,

triethylamine (3.3 mL, 23.2 mmol) was added and the temperature of the reaction solution was
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raised to room temperature from -78°C. When the reaction was completed, the solvent was
removed, and the resuolting mixture was diluted with ethyl acetate and washed with saturated
sodium chloride solution. The organic layer was collected, dried with magnesium sulfate, filtered
and concentrated under reduced pressure, and then dissolved in methylene chloride (47 mL, 0.12
M). Then, (carbethoxymethylene)triphenylphosphorane (4.0 g, 11.6 mmol) was added thereto and
stirred for 2 hours. When the reaction was completed, the solvent was removed, and the resulting
mixture was diluted with ethyl acetate and washed with saturated sodium chloride solution. The
organic layer was collected, dried over magnesium sulfate, filtered and then concentrated under
reduced pressure, and purified by column chromatography (hexane: ethyl acetate = 4: 1) to give
the title compound (2.1 g, yield: 89%).

Step 166—2: Preparation  of  (E)-3-((2R,3S)-1-(tert-butoxycarbony!)-3-({tert-
butyldimethylsilyl)oxy)piperidin-2-yl)acrylic acid

Tert-butyl (2R,3S)-3-.((tert—butyldimethylsilyl)oxy)—2-((E)—3 -ethoxy-3-oxoprop-1-en-1-
yl)piperidine-l-carboxylate (3.0 g, 7.2 mmol) obtained from Step 166-1 was dissolved in methanol

‘ (20 mL, 0.36 mmol). Then, 2N sodium hydroxide aqueous solution (10 mL) was added thereto

and stirred at room temperature for 3 hours. When the reaction was completed, the reaction
solution was neutralized with 1N aqueous hydrochloric acid solution, acidified, diluted with ethyl
acetate and then washed with saturated sodium chloride solution. The organic layer was collected,

dried over magnesium sulfate, filtered and concentrated under reduced pressure. Subsequent

" reactions were carried out without purification procedure.

Step 166-3: Preparation of tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-((E)-3-
hydroxyprop-en-1-yl) piperidine-1-carboxylate

(E)-3-((2R,3S)-1-(tert-butoxycarbonyl)-3-((tert-butyldimethylsilyl)oxy)piperidin-2-
yDacrylic acid (1.6 g, 4.0 mmol) obtained from Step 166-2 was dissolved in tetrahydrofuran (50
mL, 0.08 M), and the reaction solution was cooled to 0°C. Then, a lithium aluminum hydride
solution (1.6 mL, 4.0 mmol) was slowly added thereto, reacted at the same temperature for 30
minutes and then stirred at room temperature for 2 hours. A small amount of water was added to

complete the reaction, diluted with ethyl acetate and washed with saturated sodium chloride
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solution. The organic layer was collected, dried over magnesium sulfate, filtered and concentrated
under reduced pressure, and then purified by column chromatography (dichloromethane:
methanol = 10:1) to give the title compound (1.3 g, yield: 85%).

Step 166—4: Preparation of tert-butyl (2R,3S)-2-((E)-3-bromoprop-1-en-1-yl)-3-((tert-
butyldimethylsilyloxy)piperidine-1-carboxylate

Tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-((E)-3-hydroxyprop-en-1-
yl)piperidine-1-carboxylate (100 mg, 0.27 mmol) obtained from .Step 166-3 was added to
methylene chloride (10 mL, 0.03 M). The reaction solution was cooled to 0°C, and then
triphenylphosphine (106 g, 0.40 mmol) and tetrabromomethane (134 mg, 0.40 mmol) were
sequentially added at the same temperature, followed by stirring at room temperature for 2 hours.
When the reaction was completed, the solvent was removed, and the resulting mixture was diluted
with ethyl acetate and washed with saturated sodium chloride solution. The organic layer was
collected, dried over magnesium sulfate, filtered and concentrated under reduced pressure, and
then purified by column chromatography (hexane: ethyl acetate = 5:1) to give the title compound
(89 mg, yield: 76%).

Step 166-5: Preparation of tert-butyl (éR,3S)-3—((tert—butyldimethylsilyl)oxy)-Z-((E)-3-
(5,6-dichloro-1H-benzo[ d]imidazol-1-yl)prop-1-en- 1-yl)piperidine- 1 -carboxylate

Tert-bﬁtyl _ (2R,35)-2-((E)-3 -bromoprop—l-en-1-y1)-3-((tert-
butyldimethylsilyl)oxy)piperidine-1-carboxylate (83 mg, 0.19 mmol) obtained from Step 166-4
was dissolved in N,N-dimethylformamide (3 mL, 0.06 M). Potassium carbonate (53 mg, 0.38
mmol) and 5,6-dichloro-1H-benzo[d]imidazole (35 mg, 0.19 mmol) were added thereto and the
mixture was stitrred at room temperature for 4 hours. When the reaction was completed, the
solvent was removed, and the resulting mixture was diluted with ethyl acetate and washed with
saturated sodium chloride solution. The organic layer was collected, dried over sodium sulfate,
filtered and concentrated under reduced pressure, and then purified by column chromatography
(hexane: ethyl acetate = 1:2) to give the title compound (88 g, yield: 85%)).

Step 166-6: Preparation of (2R,3S)-2-((E)-3-(5,6-dichloro-1H-benzo[d]imidazol-
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yl)prop-1-en-1-yl)piperidin-3-ol dihydrochloride

Tert-butyl (2R,38)-3-((tert-butyldimethylsilyl)oxy)-2-((E)-3-(5,6-dichloro-1H-
benzo[d]imidazol-1-yl)prop-1-en-1-yl)piperidine-1-carboxylate (85 mg, 0.16 mmol) obtained
from Step 166-5 was dissolved in a small amount of tetrahydrofuran. Then, 4N hydrogen chloride
dioxane solution (5 mL, 0.03 M) was added thereto and stirred at room temperature for 12 hours.
When the reaction was completed, the reaction solution was concentrated under reduced pressure
to remove the solvent, dissolved by addition of a small amount of methanol and then crystallized
with diethyl ether to obtain the title compound (51 mg, yield: 81%).

'H-NMR (500 MHz, DMSO-dg) : 5 8.86 (s, 1H), 8.12 (s, 1H), 8.04 (s, 1H), 6.11 (dt,1H),
5.85(d, 1H), 5.03 (d, 2H), 3.54 (m, 1H), 3.40 (m, 1H), 3.13 (d, 1H), 2.79 (m, 1H), 1.94 (m, 1H),
1.79 (d, 1H), 1.68 (m, 1H), 1.41 (m, 1H)

Example 167: Preparation of (2R.3S)-2-((E)-3-(5-fluoro4-methyl-1H-

benzo[d]imidazol-1-yl)prop-1-enyl)piperidin-3-ol dihydrochioride

OH ,
Uy
N = N
H F

2HCI

The title compound (24 mg, yield: 80%) was obtained in the same manner as in Example
166, with the exception that S-fluoro-4-methyl-1H-benzo[d]imidazole was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.

'"H-NMR (500 MHz, McOD): & 9.45 (d, 1H), 7.73 (m, 1H), 7.42 (m, 1H), 6.25 (m, 1H),
5.98 (m, 1H), 5.23 (s, 2H), 3.55 (m, 2H), 2.96 (m, 1H), 2.56 (s, 3H), 2.00 (m, 3H), 1.74 (m, 1H),
1.56 (m, 1H)

Example 168: Preparation of (2R,3S)-2-((E)-3-(S-bromo4-methyl-1H-

benzo[d]imidazol-1-yl)prop-1-enyl)piperidin-3-ol dihydrochloride

\OH
Aaal v
H

2HCI Br

The title compound (30 mg, yield: 85%) was obtained in the same manner as in Example

166, with the exception that 5-bromo-4-methyl- | H-benzo[d]imidazole was used instead of 5,6-
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dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.

'H-NMR (500 MHz, MeOD): & 9.38 (d, 1H), 7.68 (m, 1H), 7.37 (m, 1H), 6.15 (m, 1H),
5.88 (m, 1H), 5.00 (s, 2H), 3.34 (m, 2H), 2.78 (m, 1H), 2.54 (s, 3H), 1.97 (m, 3H), 1.68 (m, 1H),
1.48 (m, 1H) |

Example 169: Preparation of (2R,3S)-2-((E)-3-(5,6-dimethyl-1H-benzo[d]imidazol-
1-yl)prop-1-en-1-yl)piperidin-3-ol dihydrochloride

| N - N\(i;>\\
2HCI

The title compound (30 mg, yield: 85%) was obtained in the same manner as in Example
166, with the exception that 5,6-dimethyl-1H-benzo[d]imidazole was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.

"H-NMR (500 MHz, MeOD): 6 7.64 (m, 1H), 7.61 (s, 1H), 6.25 (m, 1H), 5.91 (m, IH),
5.20 (s, 2H), 3.56 (m, 2H), 2.95 (m, 1H), 2.46 (m, 1H), 2.45 (s, 6H), 2.09 (m, 1H), 2.00 (m, 2H),
1.72 (m, 1H), 1.56 (m, 1H)

Example 170: Preparation of (2R,3S)-2-((E)-3-(5,6-dibromo-1H-benzo[d]imidazol-
1-yl)prop-1-en-1-yl)piperidin-3-ol dihydrochloride
~OH
(l/\/ FN
m = N
2HCI Br
Br
The title compound (24 mg, yield: 80%) was obtained in the same manner as in Example
166, with the exception that 5,6-dibromo-1H-benzo[d]imidazole was used instead of 5,6—dichlofo—
1H-benzo[d]imidazole in Step 166-5 of Example 166.
"H-NMR (500 MHz, MeOD): § 9.21 (m, 1H), 8.30 (m, 1H), 8.21 (m, 1H), 6.22 (m, 1H),
5.92 (m, 1H), 5.16 (m, 2H), 3.56 (m, 2H), 2.95 (mm, 1H),‘ 1.99 (m, 3H), 1.72 (m, 1H), 1.56 (m, 1H)

Example 171: Preparation of (2R,3S)-2-((E)-3-(5,6-difluoro-1H-benzo|d]imidazol-
1-yl)prop-1-en-1-yl)piperidin-3-ol dihydrochloride
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The title compound (20 mg, yield: 86%) was obtained in the same manner as in Example
166, with the exception that 5,6-difluoro-1H-benzo[d]imidazole was used instead of 5,6-dichloro-
1H-benzo[d]imidazole in Step 166-5 of Example 166.

'H-NMR (500 MHz, MeOD): § 7.76 (m, 1H), 6.22 (m, 1H), 5.88 (m, 1H), 5.12 (m, 2H),
3.57 (m, 3H), 2.92 (m, 1H), 2.20 (m, 4H), 1.72 (m, 1H), 1.56 (m, 1H)

Example 172: Preparation of (2R,3S)-2-((E)-3-(4,5-dimethyl-1H-benzo[d]imidazol-
1-yl)prop-1-en-1-yl)piperidin-3-ol dihydrochloride

WOH /,/,N
ol

2HCI

Iz

The title compound (19 mg, yield: 81%) was obtained in the same manner as in Example
166, with the exception that 4,5-dimethyl-1H-benzo[d]imidazole was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.

'"H-NMR (500 MHz, MeOD): § 9.42 (m, 1H), 7.62 (m, 1H), 7.47 (m, 1H), 6.25 (m, 1H),
5.94 (m, 1H), 5.21 (m, 2H), 3.55 (m, 2H), 3.34 (m, 1H), 2.95 (m, 1H), 1.99 (m, 2H), 1.74 (m, 1H),
1.53 (m, 1H)

Example 173: Preparation of (2R,3S)-2-((E)-3-(5-chloro-4-methyl-1H-

benzo[d]imidazol-1-yl)prop-1-en- l-yl)piperidin?3-ol hydrochloride

WOH F‘N
L

2HCI Cl

Iz

The title compound (25 mg, yield: 82%) was obtained in the same manner as in Example
166, with the exception that 5-chloro-4-methyl-1H-benzo[d]imidazole was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.

'H-NMR (500 MHz, MeOD): § 9.50 (s, 1H), 7.76 (d, 1H), 7.67 (d, 1H), 5.98 (m, 1H),
5.23 (m, 2H), 3.63 (m, 1H), 3.55 (m, 1H), 2.96 (m, 1H), 2.66 (s, 3H), 2.09 (m, 1H), 2.00 (m, 1H),
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1.74 (m, 1H), 1.53 (m, 1H)

Example 174: Preparation of (2R,3S)-2-((E)-3-(4,5-dichloro-1H-benzo[d]imidazol-
1-yl)prop-1-en-1-yl)piperidin-3-ol dihydrochloride
“OH N
N
5 HCl HCI cl
The title compound (20 mg, yield: 89%) was obtained in the same manner as in Example
166, with the exception that 4,5-dichloro-1H-benzo[d]imidazole was used instead of 5,6-dichloro-
1H-benzo[d]imidazole in Step 166-5 of Example 166.
'"H NMR (500MHz, MeOD): 8 9.58(s, 1 H), 7.91(d, 1H), 7.79(d, 1H), 6.30(m, 1H),
10 6.03(m, 1H), 5.25(d, 2H), 3.69(m, LH), 3.58(in, 1H), 3.01(m, 1H), 2.11(m, [H), 2.03(m, 1H),
1.80(m, 1H), 1.55(m, 1H) '

Example 175:  Preparation of (2R3S)-2-((E)-3-(4-chloro-5-methyl-1H-
benzo[d]imidazol-1-yl)prop-1-en-1-yl)piperidin-3-ol dihydrochloride

WOH
QU pe
oS

. H
15 HCl HCl

The title compound (23 mg, yield: 91%) was obtained in the same manner as in Example
166, with the exception that 4-chloro-5-methyl-1H-benzo[d]imidazole was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.
'H NMR (SOOMHZ, MeOD): & 9.52(s, 1H), 7.88(d, 1H), 7.70(d, 1H), 6.25(m, 1H),
20 6.01(m, 1H), 5.20(d, 2H), 3.62(mn, 1H), 3.49(m, 1H), 3.00(m, 1H), 2.65(s, 3H), 2.05(m, 1H),
2.00(m, 1H), 1.74(m, 1H), 1.51(m, [H) '

Example 176: ~Preparation of (2R,3S)-2-((E)-3-(5-bromo-4-nitro-1H-
benzo[d]imidazol-1-yl)prop-1-en-1-yl)piperidin-3-ol dihydrochloride

.OH \
N N@\

H
25 HCl HCI Br
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The title compound (9 mg, yield: 45%) was obtained in the same manner as in Example
166, with the excepﬁon that 5-bromo-4-nitro-1H-benzo[d]imidazole was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.

'"H NMR (500MHz, MeOD): & 8.94(s, 1H), 7.93(d, 1H), 7.83(d, 1H), 6.27(m, 1H),
5.84(m, 1H), 5.20(m, 2H), 3.62(m, 2H), 3.58(m 1H), 2.99(m, 1H), 2.11(m, 1H), 2.08(m, IH),
1.98(m, 1H), 1.59(m, 1H)

Example 177: Preparation of (2R,3S)-2-((E)-3-(6-bromo-7-nitro-1H-
benzo[d]imidazol-1-yl)prop-1-en-1-yl)piperidin-3-ol dihydrochloride
\OH N
(jv\/ F
NN N\i )
H Hci HC
O,N

Br

The title compound (10 mg, yield: 51%) was obtained in the same manner as in Example
166, with the exception that 5-bromo-4-nitro-1H-benzo[d]imidazole was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.

'H NMR (500MHz, MeOD): & 8.45(s, 1H), 7.85(d, 1H), 7.69(d, 1H). 6.11(m, 1H),
5.59(m, 1H), 4.28(m, 2H), 3.62(m, 2H), 2.96(m 1H), 2.24(in, 1H), 1.72(m, 2H), 1.58(m, 1H),

1.53(m, 1H)

Example 178:  Preparation  of (2R,3S)—2—((E)—3—(4—chloro—5—hitro-1H—
benzo[d]imidazol-1-yl)prop-1-en-1-yl)piperidin-3-ol dihydrochloride

~OH
N7 NF N\©\

H ner Ha NO,

The title compound (11 mg, yield: 52%) was obtained in the same manner as in Example
166, with the exception that 4-chloro-5-nitro-1H-benzo[d]imidazole was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.

'H NMR (500MHz, MeOD): 8 9.06(s, 1H),v8.04(m, 1H), 7.92(m, 1H), 7.87(m, 1H),
6.26(m, 1H), 5.86(m, H), 5.26(m, 2H), 3.60(m, 2H), 2.96(m, 2H), 2.07(m, 1H), 1.99(m 2H),

1.77(m, 1H), 1.51(m, 1H)
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Example 179: Preparation of (2R,3S)-2-((E)-3-(4,6-difluoro-1H-benzo[d|imidazol-
1-yDprop-1-en-1-yDpiperidin-3-ol dihydrochloride
\OH N
NN
' H HC)  HCI
F

The title compound (15 mg, yield: 62%) was obtained in the same manner as in Example
5 166, with the exception that 4,6-diﬂuoro—iH—bcnzo[d]in1idazole was used instead of 5,6-dichloro-
1H-benzo[d]imidazole in Step 166-5 of Example 166.
'H NMR (500MHz, MeOD): & 9.22(m, 1H), 7.58(m, 1H), 7.32(m, 1H), 6.38(m, 1H),
5.99(m, 1H), 5.27(d, 1H), 3.65(m, 2H), 2.99(t, 1H), 2.19(m, 1H), 2‘08(m', 2H), 1.87(m, 2H),
1.65(m, 1H)
10
, Example 180: Preparation of (2R,3S)-2-((E)-3-(6-chloro-4-methyl-1H-
benzo|d]imidazol-1-yl)prop-1-en- l-yl)piperidin—3-ol dihydrochloride |

OH :
Y N
_Z N

N
" o Hol
c
The title compound (14 mg, yield: 58%) was obtained in the same manner as in Example
15 166, with the exception that 6-chloro-4-methyl-1H-benzo[d]imidazole was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.
'H NMR (500MHz, MeOD): 8 9.53(m, 1H), 7.85(m, 1H, 7.50(m, 1H), 6.31(m, 1H),
6.01(m, 1H), 5.41(m, 1H), 3.66(m, 1H), 3.00(m, 2H), 2.64(s, 3H), 2.08(m, 3H), 1.73(m, 1H)

20 ‘Example 181: Preparation of (2R,3S)-2-((E)-3-(7-chloro-5-(trifluoromethyl)-1H-
benzo[d]imidazol-1-yl)prop-1-en-1-yl)piperidin-3-ol dihydrochloride

S Y,
: Her HCL, :

The title compound ( 1§ mg, yield: 75%) was obtained in the same manner as in Example

166, with the exception that 7-chloro-5-(trifluoromethyl)-1 H-benzo[d]imidazole was used instead
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of 5,6-dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.

'H NMR (500MHz, MeOD): § 9.51(m, 1H), 8.20(m, 1H, 7.99(m, 1H), 6.37(m, 1H),
5.89(m, 1H), 5.47(m, 2H), 3.59(m, 2H), 2.93(m, 1H), 2.08(m, 2H), 2.06(m, 1H), 1.75(m, 1H),
1.58(m, 1H), 1.51(m, 1H)

Example 182: Preparation of (2R,3S)-2-((E)-3-(5,7-dichloro-1H-benzo[d]imidazol-
1-yl)prop-1-en-1-yl)piperidin-3-ol dihydrochloride

OH
o ,N
(j\/\/l\’l/
N
o

H her Hol

The title compound (22 mg, yield: 85%) was obtained in the same manner as in Example
166, with the exception that 5,7-dichloro-1H-benzo[d]imidazole was used instead of 5,6-dichloro-
{H-benzo[d]imidazole in Step 166-5 of Example 166. , ’

'"H NMR (500MHz, MeOD): & 9.04(s, 1H), 7.81(s, 1H), 7.61(s, 1H), 6.36(&1, 1H),
5.74(m, 1H), 5.42(m, 1H). 3.63-3.53(m, 2H), 2.99(m, 1H), 2.09(m, 1H), 2.01(m, 1H), 1.76(m,
1H), 1.59(m, 1H), 1.51(m, lH)‘ v

Example 183:  Preparation of (2R3S)-2-((E)-3-(5-chloro-7-fluoro-1H-
benzo[dlimid:izol— 1-yl)prop-1-en-1-yl)piperidin-3-ol dihydrochloride '

OH
R N
N 728
Cl

H HCl Hcy

The title compound (18 mg, yield: 72%) was obtained in the same manner as in Example
166, with the exception that 5-chloro-7-fluoro-1H-benzo[d]imidazole was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166. ’

'"H NMR (500MHz, MeOD): & 9.56(s, 1H), 7.75(m, 1H), 7.47(rh, 1H), 6.33(m, 1H),
6.02(m, 1H), 5.28(m, 2H), 3.66(m, 2H), 2.99(m, 1H), 2.1 L(m, 2H). 1.78(m, 2H), 1.55(m, 1H)

Example 184: Preparation of (2R,3S)-2-((E)-3-(5-bromo-1H-imidazo[4,5- -
b]pyridin-1-yl)prop-1-en-1-yl)piperidin-3-ol dihydrochloride
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=N

-
ot
2HCI -t

Iz
\ 2
Z

The title compound (18 mg, yield: 40%) was obtained in the same manner as in Example

166, with the exception that 5-bromo-1H-imidazo[4,5-b]pyridine was used instead of 5,6-

dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.

5 " 'H-NMR (500 MHz, MeOD): § 8.37 (s, 1H), 7.94 (m, 1H), 7.46 (m, 1H), 6.24 (m, 1H),
5.70 (m, 1H), 5.08 (m, 2H), 3.49 (m, 2H), 3.24 (m, 1H), 2.91 (m, 1H), 1.97 (m, 2H), 1.68 (m, 1H),

1.51 (m, 1H)

. Example 185: Preparation of (ZR,3S)-2-((E)-3-(7-chloro-6-(3-chlorophenyl)-3H-

10 imidazo[4, 5-b|pyridin-3-yl)prop— -en-1-yl)piperidin-3-ol dihydrochloride

2HCI \@\@

The title compound (20 mg, yield: 41%) was obtained in the same manner as in Exafnple

166, with the exception that 7-chloro-6-(3-chlorophenyl)-3H-imidazo[4,5-b]pyridine was used

instead of 5,6-dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.

15 'H-NMR (500 MHz, MeOD): § 8.52 (s, 1H), 8.38 (s, 1H), 7.42 (m, 4H), 6.26 (m, 1H),
5.68 (m, 1H), 5.12 (m, 2H), 3.51 (m, 2H), 3.34 (m 1H), 2.92 (m, 1H), 1.99 (m, 2H), 1.53 (m, 2H)

Example 186: Preparatidn of 2R,3S)-2-((E)-3-(6-bromo-7-methyl-3H-imidazo[4,5-

b]pyridin-3-yl)prop-1-en- -yl)piperidin-3-ol dihydrochloride

OH

20 2HC|

The title compound (18 mg, yield: 40%) was obtéined in the same manner as in Example

166, with the exception that 6-bromo-7-methyl-3H-imidazo[4,5-b]pyridine was used instead of

5,6-dichloro-1 H-beﬁzo[d]imidazole in Step 166-5 of Example 166.

'H-NMR (500 MHz, MeOD): & 8.39 (s, 1H), 8.34 (s, 1H), 6.24 (m, 1H), 5.70 (m, 1H),
25 5.08 (m, 2H), 3.49 (m, 2H), 3.24 (m, 1H), 2.91 (m, 1H), 2.23 (s, 3H), 1.97 (m, 2H), 1.68 (m, 1H),
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1.51 (m, 1H)

Example 187: Preparation of (2R,3S)-2-((E)-3-(6-bromo-7-chloro-3H-imidazo[4,5-
b|pyridin-3-yl)prop-1-en-1-yl)piperidin-3-ol dihydrochloride

N o N\@Br
2HCI
The title compound (25 mg, yield: 45%) was obtained in the same manner as in Example
166, with the exception that 6-bromo-7-chloro-3H-imidazo[4,5-b]pyridine was used instead of
3,6-dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.
"H-NMR (500 MHz, MeOD): § 8.58 (m, 2H), 6.24 (m, 1H), 5.70 (m, 1H), 5.08 (m, 2H),
3.49 (m, 2H), 3.24 (m, 1H), 2.91 (m, 1H), 1.97 (m, 2H), 1.68 (m, 1H), 1.51 (m, 1H)

Example 188: Preparation of (2R,3S)-2-((E)-3-(6-chloro-7-methyl-3H-imidazo[4,5-
b]pyridin-3-yl)prop-1-en-1-yl)piperidin-3-ol dihydrochloride

OH
(LVNFN/
N \gm '
2HCI
The title compound (32 mg, yield: 84%) was obtained in the same manner as in Example
166, with the exception that 6-chloro-7-methyl-3H-imidazo[4,5-b]pyridine was used instead of
5,6-dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166. ‘
'"H-NMR (500 MHz, MeOD): 8 8.37 (s, 1H), 8.31 (s, 1H), 6.22 (m, 1H), 5.68 (m, 1H),
5.06 (m, 2H), 3.38 (m, 2H), 3.20 (m, 1H), 2.84 (m, 1H), 2.20 (s, 3H), 1.87 (m, 2H), 1.54 (m, 1H),
148 (m, 1H)

‘Example 189: Preparation of (2R,3S)-2-((E)-3-(6,7-dichloro-3H-imidazo[4,5-
b|pyridin-3-yl)prop-1-en-1-yl)piperidin-3-ol dihydrochloride

“OH
(L\/ FN :
H N= Cl .
2HCI ‘

The title compound (25 mg, yield: 60%) was obtained in the same manner as in Example
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166, with the excepﬁoﬂ that 6,7-dichloro-3H-imidazo[4,5-b]pyridine was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.

'"H-NMR (500 MHz, DMSO-ds): 8 8.68 (s, 1H), 8.57 (s, 1H), 6.15 (dd, 1H), 5.76 (dd,
1H), 4.98 (d, 2H), 3.52 (m, 1H), 3.40 (m, 1H), 3.09 (d, [ H), 2.78 (dd, 1H), 1.92 (m, 1H), 1.77 (m,

5 1H), 1.68 (m, 1H), 1.37 (m, 1H) .

Example 190: Preparation of (2R,3S)-2-((E)-3-(6-(3-chlorophenyl)-1H-
benzo|d|imidazol-1-yl)prop-1-en-1-yl)piperidin-3-ol dihydrochloride

.OH N
(j\/\/ ’\G//
N~ 7

H
2HCI

D
10 The title compound (18 mg, yield: 40%) was obtained in the same manner as in Example
166, with the exception that 6-(3-chlorophenyl)-1H-benzo[d]imidazole was used instead of 5,6-

. dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.
'H-NMR (500 MHz, MeOD): § 9.53 (s, 1H), 8.18 (s, 1H), 7.96 (s, 2H), 7.80 (s, 1H),
6.69 (d, 1H), 7.50 (t, 1H), 7.45 (d, 1H) 6.34 (dd, 1H), 6.00 (dd, 1H), 5.32 (d, 2H), 3.64 (m, 2H),

15 297 (m, 1H), 2.10 (m, 1H), 1.98 (m, 1H), 1.75 (m, 1H), 1.56 (m, 1H), 1.30 (m, 1H)

Example 191: Preparation of (2R3S)-2-((E)-3-(6-(3-fluorophenyl)-1H-

benzo[d]imidazol-1-yl)prop-1-en-1-yl)piperidin-3-ol dihydrochloride

.OH N
DYV
)
H

2HCI

e

20 The title compound (15 mg, yield: 42%) was obtained in the same manner as in Example
1606, with the exception that 6—(3—ﬂuor_ophenyl)—1H-benzo[d]imidazole was used instead of 5,6-
dichloro-lH-benzo[d]imidazole in Step 166-5 of Example 166.

'"H-NMR (500 MHz, MeOD): & 9.35 (s, 1H), 8.23 (d, 1H), 7.93 (s, 2H), 7.57 (d, 1H),

7.52 (d, 2H), 7.17 (t, 1H), 6.32 (d, 1H), 5.94 (m, 1H), 5.31 (m, 2H), 3.56 (m, 3H), 2.97 (m, 1H),
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2.10 (m, 1H), 2.01 (m, 1H), 1.72 (m, 1H), 1.5 (m, 1H)

Example 192: Preparation of (2R,3S)-2-((E)-3-(6-(3-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazol-1-yl)prop-1-enyl)piperidin-3-ol dihydrochloride

WOH N
(j\/\/(
A
H
2HCI

Q CF3;

The title compound (15 mg, yield: 40%) was obtained in the same manner as in Example
166, with the exoeptioﬁ that 6-(3- (trifluoromethyl)phenyl)-1H-benzo[d]imidazole was used
instead of 5,6-dichloro-1 H-benzo[d]imidazole in Step 166-5 of Example 166.
"H-NMR (500 MHz, MeOD): 5 9.48 (s, 1H), 8.21 (s, 1H), 8.03 (m, 2H), 8.01 (s, 2H),
10  7.73 (m, 2H), 6.34 (td, 1H), 5.99 (dd, lH) 5.34 (m, 2H), 3.60 (td, 2H), 2.95 (m, lH) 2.10(d, 1H),
2.01 (d, 1H), 1.74 (m, 1H), 1.55 (m, 1H), 1.31 (m, lH)

Example 193: Preparation of (2R,3S)-2-((E)-3-(5-bromo-6,7-difluoro-2-methyl-1H-
benzo[d|imidazol-1-yl)prop-1-en-1-yl)piperidin-3-ol dihydrocﬁloride
OH
(j\/\/ 9
2HCI F\Q
15 F
The title compound (12 mg, yield: 40%) was obtained in the same manner as'in Example
166, with the exception that 5-bromo-6,7-difluoro-2-methyl-1H-benzo[d]imidazole was used
instead of 5,6-dichloro-1H-benzo[djimidazole in Step 166-5 of Example 166.
'"H-NMR (500 MHz, MeOD): § 8.37 (s, 1H), 8.31 (s, LH), 6.22 (m, 1H), 5.68 (m, 1H),
20  5.06 (m, 2H), 3.38 (m, 2H), 3.20 (m, 1H), 2.84 (m, 1H), 2.20 (s, 3H), 1.87 (m, 2H), 1.54 (m, 1H),

1.48 (m, 1H)

Example 194: Preparation of (2R,3S)-2-((E)-3-(indolin-1-yl)prop-1-en-1-

yDpiperidin-3-ol dihydrochloride
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WOH
({\P\/\/ N,b
2HCI
The title compound (25 mg, yield: 80%) was obtained in the same manner as in Example
166, with the exception that indoline was used instead of 5,6-dichloro-1H-benzo[d]imidazole in
Step 166-5 of Example 166.
5 '"H-NMR (500 MHz, MeOD): & 7.29 (m, 4H), 6.89 (s, 2H), 4.14 (m, 2H), 3.82 (m, 2H),
3.56 (m, 2H), 3.25 (m, 5H), 2.95 (m, 1H), 1.99 (mm, 2H), 1.74 (m 1H), 1.56 (m, 1H)

Example 195: Preparation of (2R,3$)—2-((E)—3—(5—chloroindolin—l—yl)prop-l-en—l-
yDpiperidin-3-ol dihydrochloride

N _ N
Cl

H
10 2HCI

- The title compound (27 mg, yield: 82%) was obtained in the same manner as in Example

166, with the exception that 5-chloroindoline was used instead of 5,6-dichloro-1H-
benzo[d]imidazole in Step 166-5 of Example 166.

'H-NMR (500 MHz, MeOD): § 7.10 (s, 1H), 6.89 (m, 2H), 6.04 (s,‘ 2H), 4.12 (m, 2H),

15 3.74 (m, 2H), 3.42 (m, 2H), 3.20 (m, 5H), 2.84 (m, 1H), 1.97 (m, 2H), 1.68 (m, 1H), 1.52 (m, 1H)

Example 196: Preparation of (2R,3S)-2-(E)-3-(1H-pyrrolo[2,3-b]pyridin-1-
yhprop-1-en-1-yl)piperidin-3-ol dihydrochloride
WOH _
(Hj\NN O
2HCI N~ |
20 The title compound (30 mg, yield: 80%) was obtained in the same manner as in Example
166, with the exception that 1H-pyrrolo[2,3-b]pyridine was used instead of 5,6-dichloro-1H-
benzo[d]imidazole in Step 166-5 of Example 166.
'H-NMR (500 MHz, MeOD): & 8.21 (d, 1H), 7.98 (m, 1H), 7.37 (m, 1H), 7.09 (m, 1H),
6.51 (m, 1H), 6.20 (m, 1H), 5.90 (m, 1H), 4.87 (m, 2H), 3.61 (m, 1H), 3.52 (m, 1H), 3.27 (m, 1H),
25 295 (m, H), 2.00 (m, 2H), 1.71 (m, [H), 1.56 (m, 1H)
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Example 197: Preparation of (2R,3S)-2-((E)-3-(6-chloro-1H-indol-1-yl)prop-1-en-1-
yl)piperidin-3-ol dihydrochloride
(j;\oi\/
N = Nb
H
2HCI
Cl
5 The title compound (37 mg, yield: 83%) was obtained in the same manner as in Example
166, with the exception that 6-chloro-1H-indole was used instead of 5,6-dichloro-1H-
benzo[d]imidazole in Step 166-5 of Example 166.
"H-NMR (500 MHz, MeOD): & 7.36 (m, 3H), 7.08 (d, 1H), 6.90 (m, 1H), 6.13 (m, 1H),
5.38 (m, 1H), 4.87 (m, 2H), 3.44 (m, 2H), 3.15 (m, 1H), 2.88 (m, 1H), 1.94 (m, 2H), 1.65 (m, 1H),
10 1.48(m, lH)

Example 198: Preparation of (2R,3S)-2-((E)-3-(6-chloro-1H-indazol-1-yl)prop-1-
en-1-yDpiperidin-3-ol dihydrochloride

~OH
LI
N = N
H
2HCI
Ci
15 The title compound (25 mg, yield: 79%) was obtained in the same manner as in Example
166, with the exception that 6-chloro-1H-indazole was used instead of 5,6-dichloro-1H-
benzo[d]imidazole in Step 166-5 of Example 166. ‘
'"H-NMR (500 MHz, MeOD): § 8.02 (s, 1H), 7.71 (m, 1H), 7.63 (s, 1H), 7.12 (m, 1H),
6.20 (m, 1H), 5.62 (m, 1H), 5.21 (m 2H), 3.54 (m, 1H), 3.46 (m, 1H), 3.22 (m, 1H), 2.90 (m, 1H),

20 2.05(m, 1H), 1.96 (m, 1H), 1.65 (m, 1H), 1.50 (m, 1H)

Example 199: Preparation of (2R,3S)-2~((E)-3-(4-chloro-7H-pyrrolo|2,3-

d|pyrimidin-7-yl)prop-1-en-1-yl)piperidin-3-ol dihydrochloride,

\OH
(j\/\/ _ c
N = N ( =

H N
2HCI Nz
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The title compoimd (27 mg, yield: 85%) was obtained in the same manner as in Example
166, with the exception that 4-chloro-7H-pyrrolo[2,3-d]pyrimidine was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166. ,

'"H-NMR (500 MHz, MeOD): 6 8.53 (s, 1H), 7.60 (s, 1H), 6.69 (m, 1H), 6.18 (m, 1H),
5.53 (m, 1H), 5.04 (m, 2H), 3.46 (m, 2H), 3.21 (m, 1H), 2.90 (m, 1H), 1.96 (m, 2H), 1.56 (m, 1H),
1.50 (m, 1H)

Example 200: Preparation of (2R,3S)-2-((E)-3-(5-chloro-1H-pyrazolo[3,4-
b]pyridin-1-yl)prop-1-en-1-yl)piperidin-3-ol dihydrechloride

Lo Qj

2HCI N~ ~Cl

The title compound (25 mg, yield: 81%) was obtained in the same manner as in Example
166, with the exception that chloro-1H-pyrazolo[3,4-blpyridine was used instead of 5,6-dichloro-
1H-benzo[d]imidazole in Step 166-5 of Example 166. '

'H-NMR (500 MHz, MeOD): 8 8.52 (m, 1H), 8.26 (m, 1H), 8.13 (s, 1), 6.20 (m, 1H),
5.62 (m, 1H), 5.21 (m 2H), 3.54 (ni, 1H), 3.46 (m, 1H), 3.22 (m, 1H), 2.90 (m, 1H), 2.05 (m, 1H),
1.96 (m, 1H), 1.65 (m, 1H), 1.50 (m, 1H)

Example 201: Preparation of (2R,3S)-2-((E)-3-(3,5-dimethyl-1H-indazol-1-yl)prop-
1-en-1-yDpiperidin-3-ol dihydrochloride

~OH
SOy
NN N
H
2HCI
The title compound (28 mg, yield: 79%) was obtained in the same manner as in Example
166, with the exception that 3,5-dimethyl-1H-indazole was used instead of 5,6-dichloro-1H-
benzo[d]imidazole in Step 166-5 of Example 166.
'H-NMR (500 MHz, MeOD): & 7.74 (s, 1H), 7.50 (m, 1H), 7.37 (m, 1H), 6.13 (m, 1H),
5.49 (m, 1H), 5.02 (m, 2H), 3.50 (m, 1H), 3.44 (m, 1H), 3.32 (s, 3H), 3.21 (m, 1H), 2.90 (m, 1H),
2.51 (s, 3H), 2.04 (m, 1H), 1.95 (m, 1H), 1.56 (m, 1H), 1.49 (m, 1H)
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Example 202: Preparation of methyl 7-bromo-1-((E)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)allyl)-1 H-indole-3-carboxylate dihydrochloride

. o] /
N
2HCI
Br

The title compound (30 mg, yield: 82%) was obtained in the same manner as in Example
5 166, with the exception that methyl 7-bromo-1H-indole-3-carboxylate was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.
'H-NMR (500 MHz, MeOD): & 8.14 (m, 1H), 8.04 (s, 1H), 7.4 (m, 1H), 7.09 (m, 1H),
6.26 (m, 1H), 5.43 (m, 1H), 5.31 (m, 1H), 3.50 (m, 2H), 3.15 (m, 1H), 2.88 (m, 1H), 1.94 (m, 2H),
1.62 (m, 1H), 1.50 (m, 1H) ”

10
Example 203: Preparation of 7-bromo-1~((E)-3-((2R.3S)-3-hydroxypiperidin-2-

yDallyl)-1H-indole-3-carboxylic acid dihydrochloride

o]
N = N
H |
» 2HC Br
The title compound (28 mg, yield: 80%) was obtained in the same manner as in Example
15 166, with the exception that 7-bromo-1H-indole-3-carboxylic acid was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.
"H-NMR (500 MHz, MeOD): § 8.02 (m, 2H), 7.39 (d, 1H), 7.09 (m, 1H), 6.21 (m, 1H),
5.91 (m, 1H), 4.83 (m, 2H), 3.62 (m, 1H), 3.51 (m, 1H), 3.26 (m, 1H), 2.94 (m, 1H), 1.98 (m, 2H),
1.71 (m, 1H), 1.52 (m, 1H)

20
Example 204: Preparation of 5-bromo-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-

yDallyl)-1H-indole-3-carboxylic acid dihydrochloride
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o]
oH OH
%Nﬂ
2HCI Br
The title compound (35 mg, yield: 82%) was obtained in the same manner as in Exvampvle
166, with the exception that 5-bromo-1H-indole-3-carboxylic acid was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.
5 'H-NMR (500 MHz, MeOD): 6 8.18 (s, 1H), 8.01 (m, 1H), 7.31 (m, 2H), 6.21 (m, 1H),
5.90 (m, 1H), 4.89 (m, 2H), 3.61 (m, 1H), 3.53 (m, 1H), 3.23 (m, 1H), 2.95 (m, 1H), 1.99 (m, 2H),
1.68 (m, 1H), 1.53 (m, 1H)

Example 205: Preparation of 4-chloro-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-
10  yhallyl)-1H-indole-3-carboxylic acid dihydrochloride

0]
WOH OH
NTNSN
H
2HCI
The title compound (31 mg, yield: 83%) was obtained in the same manner as in Example
166, with the exception that 4-chloro-lH-indole-3-carboxylic acid was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.
15 'H-NMR (500 MHz, MeOD): & 8.06 (s, 1H), 7.41 (d, 1H), 7.15 (m, 2H), 6.20 (m, 1H),
‘ 5.90 (m, 1H), 4.87 (m, 2H), 3.61 (m, 1H), 3.52 (m, 1H), 3.27 (m, 1H), 2.95 (m, 1H), 2.00 (m, 2H),
1.71 (m, 1H), 1.56 (m, 1H)

Example 206: Preparation of 6-chloro-1-((E)-3-((ZR,3S)-3-hydroxypiperidin-2-
20  yballyl)-1H-indole-3-carboxylic acid dihydrochloride

O,
N Pz N
H
2HCI
Cl

The title compound (27 mg, yield: 79%) was obtained in the same manner as in Example
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166, with the exception that 6-chloro-1H-indole-3-carboxylic acid was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.

'"H-NMR (500 MHz, MeOD): & 8.01 (d, 1H), 7.46 (m, 1H), 7.17 (d, 1H), 6.22 (m, 1H),
5.91 (m, 1H), 4.88 (m, 2H), 4.36 (m, 1H), 3.61 (m, 1H), 3.27 (m, 1H), 2.94 (m, 1H), 2.05 (m, 2H),
1.72 (m, 1H), 1.56 (m, 1H)

Example 207: Preparation of 7-chloro-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-
yDallyl)-1H-indole-3-carboxylic acid dihydrochloride

o
NTNSN
H

2HCI al

The title compound (25 mg, yield: 77%) was obtained in the same manner as in Example
166, with the exception that 7-chloro-lH-indole-3-carboxylic acid was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.

"H-NMR (500 MHz, MeOD): § 8.00 (m, 2H), 7.16 (m, 2H), 6.22 (m, 1H), 5.91 (m, 1H),
4.90 (m, 2H), 3.53 (m, 2H), 2.96 (m, 1H), 1.99 (m, 2H), 1.71 (m 1H), 1.55 (m, 1H)

Example 208: Preparation of 6-fluoro-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)allyl)-1H-indole-3-carboxylic acid dihydrochloride

(o)
N7 NSN
H

2HCI
F

The title compound (24 mg, yield: 81%) was obtained in the same manner as in Example
166, with the exception that 6-fluoro-1H-indole-3-carboxylic acid was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.

"H-NMR (500 MHz, MeOD): 8 7.99 (m, 2H), 7.15 (m, 1H), 6.95 (m, 1H), 6.21 (m, 1H),
5.90 (m, 1H), 4.87 (m, 2H), 3.60 (m, 1H), 3.51 (m, 1H), 3.26 (m, 1H), 2.94 (m, 1H), 2.01 (m, 2H),
1.71 (m, 1H), 1.56 (m, 1H)
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Example 209: Preparation.of 1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)-1H-
indole-3-carboxylic acid dihydrochloride '

O
(jfj\/ )
NTNASN v
H
2HCI
5 The title compound (20 mg, yield: 78%) was obtained in the same manner as in Example
166, with the exception that 1H-indole-3-carboxylic acid was used instead of 5,6-dichloro-1H-
benzo[d]imidazole in Step 166-5 of Example 166.
'H-NMR (500 MHz, MeOD): § 8.05 (d, 1H), 7.99 (d, 1H), 7.45 (d, 1H), 7.16 (m, 2H),
6.22 (m, 1H), 5.91 (m, 1H), 4.83 (m, 2H), 4.37 (m, 1H), 3.61 (m, 1H), 3.52 (m, 1H), 2.94 (m, 1H),
10 2.00 (m,2H), 1.69 (i, 1H), 1.53 (m, 1H)

Example 210: Preparation of methyl 4-chloro-1-((E)-3-((2R,3S)-3-

"hydroxypiperidin-2-yl)allyl)-1H-indole-3-carboxylate dihydrochloride
/

(o]
(@]
“OH
N _Z N
H 2HCI
15 The title compound (18 mg, yield: 82%) was obtained in the same manner as in Example
166, with the exception that methyl 4-chloro-IH-indole-3-carboxylate was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.
'H-NMR (500 MHz, MeOD): & 8.05 (s, 1H), 7.44 (d, 1H), 7.20 (m, 2H), 6.17 (m, 1H),
5.42 (m, 1H), 4.98 (m, 2H), 3.84 (s, 3H), 3.45 (m, 2H), 3.18 (m, 1H), 2.89 (m, 1H), 1.94 (m, 2H),
20  1.64 (m, 1H), 1.50 (m, |H)

Example 211: Preparation of methyl 6-chloro-1-((E)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)allyl)-1H-indole-3-carboxylate dihydrochloride
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o, /
(o]
N = N
H
2HCI
Cl

The title compound (28 mg, yield: 80%) was obtained in the same manner as in Example
166, with the exception that methyl 6-chloro-1H-indole-3-carboxylate was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Examble 166.
5 'H-NMR (500 MHz, MeOD): & 8.02 (m, 2H), 7.56 (s, 1H), 7.22 (t, 1H), 6.17 (m, 1H),
5.45 (m, 1H), 4.96 (m, 2H), 3.87 (s, 3H), 3.46 (m, 2H), 3.20 (m, 1H), 2.89 (m, 1H), 1.95 (m, 2H),
1.65 (m, 1H), 1.51 (m, 1H)

Example 212:  Preparation of methyl 7-chloro-1-((E)-3-((2R,3S)-3-

10 hydroxypiperidin-2-yl)allyl)-1H-indole-3-carboxylate dihydrochloride
o . /

o]
N / N
H
HCl g
The title compound (28 mg, yield: 84%) was obtained in the same manner as in Example
166, with the exception that methyl 7-chloro-1H-indole-3-carboxylate was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.
15 'H-NMR (500 MHz, MeOD): & 8.08 (d, 1H), 8.03 (s, 1H), 7.25 (d, 1H), 7.16 (m, 1H),
6.26 (m, 1H), 5.28 (m, 2H), 3.89 (s, 3H), 3.65 (s, 1H), 3.46 (m, 2H), 3.16 (m, 1H), 2.90 (m, 1H),
1.95 (m, 2H), 1.60 (m, 1H), 1.50 (m, 1H)

Example 213: Preparation of methyl 5-bromo-1-(E)-3-((2R,3S)-3-

20  hydroxypiperidin-2-yl)allyl)-1H-indole-3-carboxylate dihydrochloride
o, 7/
0

N P N
H
2HCI

The title compound (30 mg, yield: 85%) was obtained in the same manner as in Example

Br
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166, with the exception that methyl 5-bromo-1H-indole-3-carboxylate was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.

'"H-NMR (500 MHz, MeOD): & 8.19 (d, 1H), 8.04 (d, 1H), 7.36 (m, 2H), 6.17 (m, 1H),
5.46 (m, 1H), 4.97 (m, 2H), 3.90 (s; 3H), 3.43 (m, 2H), 3.20 (m, 1H), 2.88 (m, 1H), 1.97 (m, 2H),
1.66 (m, 1H), .51 (m, 1H)

Example 214: Preparation of methyl 6-bromo-1-(E)-3-(2R,3S)-3-

: hydfoxypipeﬁdin-Z-yl)allyl)—1H-indole—3—carboxylate dihydrochiorid

(@] / ) )
@)
N P N
H
2HCI
Br

The title compound (31 mg, yield: 83%) was obtained in the same manner as in Example
166, with the exception that methyl 6-bromo-1H-indole-3-carboxylate was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.

"H-NMR (500 MHz, MeOD): & 7.96 (m, 2H), 7.71 (s, 1H), 7.33 (m, 1H), 6.17 (m, 1H),
5.44 (m, 1H), 4.96 (m, 2H), 3.87 (s, 3H), 3.47 (m, 2H), 3.19 (m, 1H), 2.89 (m, 1H), 1.97 (i, 2H),
1.65 (m, 1H), 1.51 (m, LH)

Example 215: Preparation of S5-bromo-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-
ylallyl)-N-methyl-1H-indole-3-carboxamide dihydrochloride

/
NH
= N
N
H
2HCI

The title compound (21 mg, yield: 86%) was obtained in the same manner as in Example

Br

166, with the exception that 5-bromo-N-methyl-1H-indole-3-carboxamide was used instead of
5,6-dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166. '

'H-NMR (500 MHz, MeOD): 8 8.25 (m, 1H), 7.84 (s, 1H), 7.34 (m, 2H), 6.16 (m, 1H),
5.38 (m, 1H), 4.89 (m, 2H), 3.44 (m, 2H), 3.16 (m, 1H), 2.86 (m, 4H), 1.94 (m, 2H), 1.63 (m, 1H),

1.48 (m, 1H)
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Example 216: Preparation of 5-bromo-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-
yDhallyl)-N,N-dimethyl-1H-indole-3-carboxamide dihydrochloride

. 0./
N
N
N/

H onel Br

5 The title compound (21 mg, yield: 86%) was obtained in the same manner as in Example
166, with the exception that 5—br0m0-N,N-dimethy1—1H—indole—3—carboxylamide was used instead
of 5,6-dichloro-1H-benzo[d]imidazole in Step 166-5 of Example 166.
'"H-NMR (500 MHz, MeOD): § 7.95 (s, 1H), 7.71 (s, 1H), 7.41 (d, 1H), 7.34 (m, 1H),
6.14 (m, 1H), 5.39 (m, 1H), 4.96 (m, 2H), 3.45 (m, 2H), 3.16 (m, 7H), 2.89 (m, 1H), 1.97 (m, 2H),
10 1.65(m, 1H), 1.50 (m, LH)

Example 217: Preparation of (2R,3S)-2-((Z)-3-(5-chloro-4-methyl-1H-
_ benzo[d]imidazol-1-yl)-2-fluoroprop-1-enyl)piperidin-3-ol dihydrochloride
, 0
AL
H Cl
2HCI

15 The title compound (25 mg, yield: 80%) was obtained in the same manner as in Example
166, with the exception that triethyl 2-fluoro-2-phosphonoacetate was used instead of
(carbethoxymethylene)triphenylphosphorane in Step 166-1 of Example 166, and 5-chloro-4-
methyl-1H-benzo[d]imidazole was used instead of 5,6-dichloro-1H-benzo[d]imidazole in Step
166-5 of Example 166.

20 '"H-NMR (500 MHz, MeOD): 3 8.30 (s, 1H), 7.52 (d, 1H), 7.32 (d, 1H), 5.36 (m, [H),
5.25 (m, 1H), 5.19 (m, 1H), 3.36 (t, 1H), 3.31 (m, 1H), 3.10 (d, 1H), 2.79 (m, 1H), 2.61 (s, 3H),
2.15 (m, 1H), 1.87 (m, 1H), 1.68 (m, 1H), 1.56 (m, 1H)

Example 218: Preparation of (2R,3S)-2-((Z)-3-(5-bromo-4-methyl-1H-
25  benzo[d]imidazol-1-yl)-2-fluoroprop-1-en-1-yl)piperidin-3-ol dihydrochloride
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_ N
@Br

2HCI

I=z

The title compound (27 mg, yield: 81%) was obtained in the same manner as in Example

166, with the exception that triethyl 2-fluoro-2-phosphonoacetate was used instead of

(carbethoxymethylene)triphenylphosphorane in Step 166-1 of Example 166, and S-bromo-4-

5  methyl-1H-benzo[d]imidazole was used instead of 5,6-dichloro-1H-benzo[d]imidazole in Step

166-5 of Example 166.

'"H-NMR (500 MHz, MeOD): § 8.29 (s, 1H), 7.46 (s, 2H), 5.35 (m, 1H), 5.25 (m, 1H),
521 (m, 1H), 3.54 (t, 1H), 3.41 (m, 1H), 3.12 (d, 1H), 2.77 (m, 1H), 2.63 (s, 3H), 2.15 (m, 1H),

1.87 (m, 1H), 1.68 (m, 1H), 1.56 (m, 1H)

10

Example 219: Preparation of (2R,3S)-2-((Z)-3-(5,6-dichloro-1H-benzo|d}imidazol-

1-yl)-2-ﬂuoroprop— -en-l-yl)piperidin-3-ol dihydlfochloride

, N 2HCI

The title compound (35 mg, yield: 84%) was obtained in the same manner as in Example

15 166, with the exception that triethyl 2-fluoro-2-phosphonoacetate was used instead of

(carbethoxymethylene)triphenylphosphorane in Step 166-1 of Example 166.

'H-NMR (500 MHz, MeOD): 5 8.38 (s, 1H), 8.00 (s, 1), 7.80 (s, 1H), 5.26 (m, 3H),
3.59 (t, 1H), 3.42 (m, 1H), 3.14 (d, 1H), 2.83 (t, 1H), 2.14 (m, 1H), 1.89 (d, 1H), 1.69 (m, 1H),

1.58 (m, 1H)

20

Example 220: Preparation of (2R,3S)-2-((Z)-3-(5,6-dichloro-2-(hydroxymethyl)-

1H-benzo[d]imidazol-1-yl)-2-fluoroprop-1-en-1-yl)piperidin-3-ol dihydrochloride
OH

N _ N
H .

2HCI

Cl
Cl

The title compound (30 mg, yield: 79%) was obtained in the same manner as in Example
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166, with the exception that triethyl 2-ﬂuofo—2—phosphonoacetate was used instead of
(carbethoxymethylene)triphenylphosphorane in Step 166-1 of Example 166, and (5,6-dichloro- -
1H-benzo[d]imidazol-2-yl)methanol was used instead of 5,6-dichloro-1H-benzo{d]imidazole in
Step 166-5 of Example 166.

'"H-NMR (500 MHz, MeOD): & 8.01 (s, 1H), 7.71 (s, 1H), 5.41 (m, 3H), 4.85 (m, 2H),
3.80 (m, 1H), 3.57 (m, 2H), 3.26 (s, 1H), 2.96 (t, 1H), 2.18 (m, 1H), 1.98 (m, ‘lH), 1.73 (m, 1H),
1.63 (m, 1H)

Example 221: Preparation of (2R3S)-2-((E)-3-(5-chloro4-methyl-1H-
benzo[d]imidazol-1-yl)-2-methylprop-1-en-1-yl)piperidin-3-ol dihydrochloride

SO I

H 2HCI Cl

The title compound (27 mg, yield: 81%) was obtained in the same manner as in Example
166, with the exception that (1-ethoxycarbonylethylidene diene)triphenylphosphorane was used
instead of- (carbethoxymethylene)tﬁphenylphosphorane in Step 166-1 of Example 166, and 5-
chloro-4-methyl-1H-benzo[d]imidazole was used instead of 5,6-dichloro-1H-benzo[d]imidazole
in Step 166-5 of Example 166.

'H-NMR (500 MHz, MeOD): & 8.21 (s, 1H), 7.39 (d, 1H), 7.31 (d, 1H), 5.13 (d, 1H),
4.93 (m, 2H), 3.62 (t, [H), 3.39 (m, 1H), 3.15 (m, 1H), 2.87 (m, 1H), 2.62 (s, 3H), 2.06 (m, 1H)
1.93 (m, 1H), 1.78 (s, 3H), 1.62 (m, 1H), 1.57 (m, 1H)

Example 222: Preparation of (2R,3S)-2-((E)-3-(5-bromo-4-methyl-1H-
benzo[d]imidazol-1-yl)-2-methylprop-1-en-1-yl)piperidin-3-ol dihydrochloride
OH N
(MF
- - i ‘/ﬂ
‘N
i B
H 2HCI '
The title compound (34 mg, yield: 80%) was obtained in the same manner as in Example
166, with the exception that (1-ethoxycarbonylethylidene diene)triphenylphosphorane was used

instead of (carbethoxymethylene)triphenylphosphorane in Step 166-1 of Example 166, and 5-

bromo-4-methyl-1H-benzo[d]imidazole was used instead of 5,6-dichloro-1H-benzo[d]imidazole
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in Step 166-5 of Example 166.

'"H-NMR (500 MHz, MeOD): & 8.20 (s, 1H), 7.47 (d, 1H), 7.35 (d, 1H), 5.12 (d, 1H),
4.93 (m, 2H), 3.62 (t, 1H), 3.40 (m, 1H), 3.15 (m, 1H), 2.86 (m, 1H), 2.64 (s, 3H), 2.06 (m, 1H),
1.92 (m, 1H), 1.78 (s, 3H), 1.66 (m, 1H), 1.56 (m, 1H)

Example 223: Preparation of (2R,3S)-2-((E)-3-(5,6-dichloro-1H-benzo[d]imidazol-
1-yl)-2-methylprop-1-en-1-yl)piperidin-3-ol dihydrochloride

OH
N _N
SUYs
_
ﬁ Cl
2HCI

Cl ‘

The title compound (28 mg, yield: 78%) was obtained in the same manner as in Example
166, with the exception that (1-ethoxycarbonylethylidene)triphenylphosphorane was used instead
of (éarbethoxymethy]ene)triphenylphosphorane in Step 166-1 of Example 166.

'"H-NMR (500 MHz, MeOD):  8.28 (s, 1H), 7.83 (s, 2H), 5.18 (d, 1H), 491 (m, 2H),
348 (t, 1H), 3.07 (d, 1H), 2.76 (t, 1H), 2.07 (m, lH), 1.86 (m, 1H), 1.76 (s, 3H), 1.62 (m, 1H),
1.46 (m, 1H)

Example 224: Preparation of (2R.3S)-2-((E)-3-(5,6-dichloro-2-(hydroxymethyl)-
1H-benzo[d]imidazol-1-yl)}-2-methylprop-1-en-1-yl)piperidin-3-ol dihydrochloride

OH
- N
N
H Cl
2HCI

C

The title compound (31 mg, yield: 78%) was obtained in the same manner as in Example
166, with the exception that (1-ethoxycarbonylethylidenetriphenylphosphorane was used instead
of (carbethoxymethylene)triphenylphosphorane in Step 166-1 of Example 166, and 5,6-dichloro-
1H-benzo[d]imidazol-2-yl)methanol was used instead of 5,6-dichloro-1H-benzo[d]imidazole in
Step 166-5 of Example 166.

'H-NMR (500 MHz, MeOD): 8 7.79 (s, 2H), 5.03 (m, 2H), 4.89 (m, 3H), 3.70 (t, 1H),
3.40 (m, 1H), 3.14 (m, 1H), 2.92 (m, 1H), 2.03 (m, 1H), 1.94 (m, 1H), 1.84 (s, 3H), 1.65 (in, 1H),
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1.55 (m, 1H)

Example 225: Preparation of (2R,3S)-2-(3-(5,6-dichloro-1H-benzo[d]imidazol-1-
yDprop-1-yn-1-yl)piperidin-3-ol dihydrochloride

\OH
N
N -
BN N
2HC cl

Cl

Step 225-1: Preparation of tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2~(E)-3-
ethoxy-3-oxoprop-1-en-1-yl)piperidine-1-carboxylate

Methylene chloride (47 mL, 0.12 M) and oxalyl chloride (1.0 mL, 11.6 mmol) were
added to a flask filled with nitrogen and the reaction solution was cooled to -78°C.
Dimethylsulfoxide (1.7 mL, 23.2 mmol) was then added at the same temperature and stirred for
30 minutes. Then, - tert-butyl . (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-
(hydroxymethyl)piperidine-1-carboxylate (2.0 g, 5.8 mmol) was dissolved in a small amount of
methylene chloride and slowly added. After stirring at the same temperature for 1 hour,
triethylamine (3.3 mL, 23.2 mmol) was added and the temperature of the reaction solution was
raised to room temperature from -78°C. When the reaction was completed, the solvent was
removed, and the resulting mixture was diluted with ethyl acetate and washed with saturated
sodium chloride solution. The organic layer was collected and dried with magnesium sulfate,
filtered and concentrated under reduced pressure, and then dissolved in methylene chloride (47
mL, 0.i2 M), and (carbethoxymethylene)triphenylphosphorane (4.0 g, 11.6 mmol) was added
thereto at room temperature and stirred for 2 hours. When the reaction was completed, the solvent
was removed, and the resulting mixture was diluted with ethyl acetate and washed with saturated
sodium chloride solution. The organic layer was collected, dried over magnesium sulfate, filtered
and concentrated under reduced pressure, and and purified by column chromatography (hexane:

ethyl acetate = 4:1) to give the title compound (2.1 g, §89% yield over two steps).

Step 225-2: Preparation of tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-(3-
ethoxy-3-oxoprop-1-yn-1-yl)piperidine-1-carboxylate
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Tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-(E)-3 —efhoxy—3-ox0pr0p— I-en-1-
yl)piperidine-1-carboxylate (3.2 g, 7.7 mmol) obtained from Step 225-1 was dissolved in
methanol (50 mL, 0.15 M), and a lindlar catalyst (82 mg, 0.77 mmol) was added thereto. After
connecting a hydrogen balloon, the mixture was stirred at room temperature for 5 hours. When the
reaction was completed, the reaction solution was filtered through celite and concentrated undér

reduced pressure. Subsequent reactions were carried out without purification procedure.

Step 225-3: Preparation of 3-((2R,3S)-1-(tert-butoxycarbonyl)-3-(tert-
butyldimethylsilyl)oxy)piperidin—2—yl)propenoic acid '

Tert-butyl (2R,38)-3-((tert-butyldimethylsilyl}oxy)-2-(3-ethoxy-3-oxoprop-1-yn-1-
yDpiperidine-1 —carbdxylate (3.0 g, 7.2 mmol) obtained from Step 225-2 was dissolved in
methanol (20 mL, 0.36 M), and then 2N aqueous sodium hydroxide solution (10 mL) was added
thereto and stirred at room temperature for 3 hours. When the reaction was completed, the reaction
solution was neutralized with 1N aqueous hydrochloric acid solution, acidified, diluted with ethyl‘
acetate and then washed with saturated sodium chloride solution. The organic layer was collected,
dried over magnesium sulfate, filtered and concentrated under reduced pressure. Subsequent

reactions were carried out without purification procedure.

Step 225-4: Preparation of tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-(3-
hydroxyprop-1-yn-1-yl)piperidine-1-carboxylate | 7

3-((2R,3S)-1-(tert-butoxycarbonyl)-3-(tert-butyldimethylsilyt)oxy)piperidin-2-
yl)propenoic acid (1.6 g, 4.0 mmol) obtained from Step 225-3 was dissolved in tetrahydrofuran
(50 mL, 0.08 M), and the reaction solution was cooled to 0°C. Then, a lithium aluminum hydride
solution (1.6 mL, 4.0 mmol) was slowly added thereto, reacted at the same temperature for 30
minutes and then stirred at room temperature for 2 hours. A small amount of water was avdded‘ to
complete the reaction, diluted with ethyl acetate and washed with saturated sodium chloride
solution. The organic layer was collected, dried over magnesium sulfate, filtered and concentrated
under reduced pressure, and then purified by column chromatography (dichloromethane:

methanol = 10:1) to give the title compound (1.3 g, yield: 85%).

133



10

15

20

25

30

WO 2018/147626 PCT/KR2018/001625

Step 225-5: Preparation of tert-butyl (2R,3S)-2-(3-bromoprop-1-yn-1-yl)-3-((tert-
butyldimethylsilyl)oxy)piperidine-1-carboxylate _

Tert-butyl (2R,3S)-3-((tert-butyldimethylsityl)oxy)-2-(3-hydroxyprop-1-yn-1-
yl)piperidine-1-carboxylate (100 mg, 0.27 mmol) obtained from Step 225-4 was added to
methylene chloride (100 mL, 0.0.3 M). The reaction solution was cooled to 0°C, and then

. triphenylphosphine (107 g, 0.41 mmol). and tetrabromomethane (135 g, 0.41 mmol) were |
sequentially added at the same temperature, followed by stirring at room temperature for 2 hours.
When the reaction was completed, the solvent was removed, and the resulting mixture was diluted
with ethyl acetate and washed with saturated sodium chloride solution. The organic layer was
collected and dried over magnesium sulfate, filtered and concentrated under reduced pressure, and
then purified by column chromatography (hexane: ethyl acetate = 5:1) to give the title compdund
(89 g, yield: 76%).

Step 225-6: Preparation of tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-(3-(5,6- -
dichloro-1H-benzo[d]imidazol-1-yl)prop-1 ;yn- 1-yl)piperidine-1-carboxylate
 Tetbugl (2R 3S)-2-(3-bromoprop-1-yn-1-yl)-3-((tert-
butyldimethylsilylyoxy)piperidine-1-carboxylate (200 mg, 0.46 mmol) obtained fiom Step 225-5
was dissolved in N,N-dimethylformamide (5 mL, 0.69 M). Then, potassium carbonate (127 mg,
0.92 mmol) and 5,6-dichloro-1H-benzo[d]imidazole (86 mg, 0.46 mmol) were added thereto, and
the mixture was stirred at room temperature for 4 hours. When the reaction was completed, the
solvent was removed, and the resulting mixture was diluted with ethyl acetate and washed with
saturated sodium chloride solution. The organic layer was collected, dried over sodium sulfate,
filtered and concentrated under reduced pressure, and then purified by column chromatography
(hexane: ethyl acetate = 1:2) to give the title compound (293 mg, yield 85%)).

Step 225-7: Preparation of (2R,3S)-2-(3-(5,6-dichloro-1H-benzo[d]imidazol-1-yl)prop-
1-yn-1-yl)piperidin-3-ol dihydrochloride

Tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-(3-(5,6-dichloro-1H-
benzo[d]imidazol-1-yl)prop- 1-yn-1-yl)piperidine- 1 -carboxylate (293 mg, 0.54 mmol) obtained
from Step 225-6 was dissolved in a small amount of tetfahydrofuran and 4N hydrogen chloride
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dioxane solution (5 mL, 0.10 M) was added thereto, and the mixture was heated and stirred at
room temperature for 12 hours. When the reaction was completed, the reaction solution was
concentrated under reduced pressure to remove the solvent, dissolved by addition of a small
amount of methanol and then crystallized with diethyl ether to give the title compound (176 mg,
yield: 82%).

'"H-NMR (500 MHz, MeOD): § 8.44 (br, 1H), 7.99 (s, 1H), 7.88 (s, 1H), 5.34 (s, 2H),
4.11 (m, 1H), 3.90 (m, 1H), 3.22 (m, 1H), 3.04 (m, 1H), 1.99 (m, 2H), 1.65 (m, 2H)

Example 226: Preparaﬁon of (2R,3S)-2-(3-(5-bromo-4-methyl-1H-
benzo[d]imidazol-1-yl)prop-1-yn-1-yl)piperidin-3-ol dihydrochloride

\OH

N

N [~
(}P\N\@

2HCI Br

The title compound (42 mg, yield: 85%) was obtained in the same manner as in Example
225, with the exception that 5-bromo-4-methyl-1H-benzo[d]imidazole was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Step 225-6 of Example 225.

'"H-NMR (500 MHz, MeOD): § 9.61 (m, 1H), 7.86 (m, 1H), 7.78 (m, 1H), 5.57 (d, 2H),
4.86 (m, 1H), 4.16 (m, 1H), 3.97 (m, 1H), 3.06 (m, 1H), 2.72 (s, 3H), 2.02 (m, 2H), 1.65 (m, 2H)

Example 227: Preparation of (2R,35)-2-(3-(5-chloro-4-methyl-1H-
benzo[d]imidazol-1-yl)prop-1-yn-1-yl)piperidin-3-ol dihydrochloride

.\\OH
N
N =
(P\/N
cl

2HCI

The title compound (35 mg, yield: 81%) was obtained in the same ménner as in Example
225, with the exception that 5-chloro-4-methyl-1H-benzo[d]imidazole was used instead of 5,6-
dichloro-1H-benzo[d]imidazole in Sfep 225-6 of Example 225.

'H-NMR (500 MHz, MeOD): § 9.65 (s, 1H), 7.86 (d, 1H), 7.71 (d, 1H), 5.57 (s, 2H),
4.82 (m, 1H), 4.16 (m, 1H), 3.95 (m, 1H), 3.05 (m, 1H), 2.17 (s, 3H), 2.00 (m, 2H); 1.63 (m, 2H)
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Example 228: Preparation of (2R,3S)-2-(3-(5,6-dibromo-1H-benzo[d]imidazol-1-

- yl)prop-1-yn-1-yl)piperidin-3-ol dihydrochloride
' WOH

2HCI Br
Br
The title compound (30 mg, yield: 80%) was obtained in the same manner as in Example
5 225, with the exception that 5,6-dibromo-1H-benzo[d]imidazole was used iﬁstead of 5,6-dichloro-
1H-benzo[d]imidazole in Step 225-6 of Example 225.
_ '"H-NMR (500 MHz, MeOD): § 9.18 (br, 1H), 8.39 (s, 1H), 8.20 (m, 1H), 5.47 (s, 2H),
4.88 (m, 1H), 4.16 (m, 1H), 3.94 (m, 1H), 3.06 (m, 1H), 1.99 (m, 2H), 1.68 (m, 2H)

10 Example 229: Preparation of (2R,3S)-2-(3-(5-fluoro4-methyl-1H-

benzo[d]imidazol-1-yl)prop-1-yn-1-yl)piperidin-3-ol dihydrochloride
wOH

N i@
2HCI F
The title compound (28 mg, yield: 75%) was obtained in the same manner as in Example
225, with the exception that 5-fluoro-4-methyl-1H-benzo[d]imidazole was used instead of 5,6-
15  dichloro-1H-benzo[d]imidazole in Step 225-6 of Example 225.
'"H-NMR (500 MHz, MeOD): § 8.44 (br, 1H), 7.99 (s, 1H), 7.88 (s, 1H), 5.34 (s, 2H),
4.11 (m, 1H), 3.90 (m, 1H), 3.22 (m, 1H), 3.04 (m, 1H), 1.99 (m, 2H), 1.65 (m, 2H)

Example 230: Preparation of (2R,3S)-2-((E)-3-(5,6-dichloro-1H-benzo[d]imidazol-

20  1-ylprop-1-en-1-yl)pyrrolidin-3-ol dihydrochloride
OH
N N

(j\/\/ f\r
N = .
H Cl
2HCI

Cl
Step 230-1: Preparation of (2R ,3S)- 1 -(tert-butoxycarbonyl)-3-((tert-
butyldimethylsilyl)oxy)pyrrolidine-2-carboxylic acid
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(2R ,3S)-1-(tert-butoxycarbonyl)-3-hydroxypyrrolidine-2-carboxylic acid (10.7 g, 46.2
mmol) was dissolved in N,N-dimethylformamide (100 mL, 0.46 M). Then, the reaction solution
was cooled to 0°C, and tert-butyldimethylsilyl chloride (20.9 g, 138.6 mmol) and triethylamine
(32.2 mL, 231.0 mmol) were added thereto. The reaction solution was stirred at room temperature
for 12 hours. When the reaction was completed, the solvent was removed, and the resulting
mixture was diluted with ethyl acetate and washed with saturated sodium chloride solution. The
organic layer was collected, dried over magnesium sulfate, filtered and concentrated under
reduced pressure, and then purified by column chromatography (dichloromethane: methanol = 7:
1) to give the title compound (14.4 g, yield: 90%).

Step 230-2: Preparation of tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-
(hydroxymethyl)pyrrolidine- [ -carboxylate ’

(2R,3S)-1-(tert-butoxycarbonyl)-3-((tert-butyldimethylsilylJoxy)pyrrolidine-2-carboxylic
acid (2.0 g, 4.3 mmol) obtained from Step 230-1 was dissolved in tetrahydrofuran (50 mL, 0.09
M). Then, the reaction solution was cooled to 0°C and a borane solution (5.2 mL, 4.7 mmol) was
added thereto. The reaction solution was stirred at tﬁe same temperature for 1 hour and then stirred
at room temperature for 2 hours. A small amount of methanol was added to complete the reaction.
After removing the solvent, the reaction solution was diluted with ethyl acetate and washed with
saturated sodium chloride solution. The organic layer was collected and the resulting mixture was
dried over magnesium sulfate, filtered and concentrated under reduced pressure, gnd then purified
by column chromatography (hexane: ethyl acetate = 3:1) to give the title compound (1.1 g, yield
80%). '

Step 230-3: Preparation of tert-butyl (2R,3S)—3—((tert—butyldilnethylsilyl)oxy)—Z-((E)—3—v
ethoxy-3-oxoprop-1-en-1-yl)pyrrolidine- 1 -carboxylate |

Methylene chloride (61 mL, 0.12 M) and oxalyl chloride (0.76 mL, 8.7 mmol) were
added to a flask filled with nitrogen and the reaction solution was cooled to -78°C. N,N-
dimethylsulfoxide (1.2 mL, 17.4 mmol) was then added at the same temperature and stirred for 30
minutes. Then, tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-(hydroxymethyl)pyrrolidine-
l-carboxylate (1.4 g, 4.3 mmol) obtained from Step 230-2 was dissolved in a small amount of
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methylene chloride and slowly added. After stiring at the same temperature for 1 hour,
triethylamine (2.4 mL, 17.4 mmol) was added and the temperature of the reaction solution was
raised to room temperature from -78°C. When the reaction was completed, the solvent was
removed, and the resulting mixture was diluted with ethyl acetate and washed with saturated
sodium chloride solution. The organic layer was collected, dried with magnesium sulfate, filtéred
and concentrated under reduced pressure, and then dissolved in methylene chloride (20 mL, 0.22
M), and (carbethoxymethylene)triphenylphosphorane (3.0 g, 8.7 mmol) was added thereto at
room temperature and stirred for 2 hours. When the reaction was completed, the solvent was
removed, and the resulting mixture was diluted with ethyl acetate and washed with saturated
sodium chloride solution. The organic layer was collected, dried over magnesium sulfate, filtered
and concentrated under reduced pressure, and then purified by column chromatography (hexane:

ethyl acetate = 4:1) to give the title compound (1.5 g, yield: 87%).

Step  230-4: Préparation of  (E)-3-((2R,3S)-1-(tert-butoxycarbonyl)-3-({tert-
butyldimethylsilylJoxy)pyrrolidin-2-yl)acrylic acid

Tert-butyl  (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2~((E)-3-ethoxy-3-oxoprop-1-en-1-
yl)pyrrolidine- 1-carboxylate (1.5 g, 3.8 mmol) obtained from Step 230-3 was dissolved in ethanol
(27 mL, 0.14 M), and then 2N aqueous sodium hydroxide solution (8 mL) was added thereto and
stirred at room temperature for 3 hours. When the reaction was completed, the reaction solution
was neutralized with 1N aqueous hydrochloric acid solution, acidified and then diluted with ethyl
acetate, and washed with saturated sodium chloride -solution. The .organic layer was collected,

dried over magnesium sulfate, filtered and concentrated under reduced pressure. Subsequent

_ reactions were cartied out without purification procedure.

Step 230-5: Preparation of tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-((E)-3-
hydroxyprop-1-en-1-yl)pyrrolidin-1-carboxylate

(E)-3-((2R,3S)-1-(tert-butoxycarbonyl)-3-((tert-butyldimethylsilyl)oxy)pyrrolidin-2-
yDacrylic acid (400 mg, 1.1 mmol) obtained from Step 230-4 was dissolved in tetrahydrofuran

(10 mL, 0.1 M), and the reaction solution was cooled to 0°C. Then, a lithium aluminum hydride

-+ solution (0.43 mL, 1.1 mmol) was slowly added thereto, reacted at the same temperature for 30
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minutes and then stirred at room temperature for 2 hours. A small amount of water was added to
complete the reaction, diluted with ethyl acetate and washed with saturated sodium chloride
solution. The organic layer was collected, dried over magnesium sulfate, filtered and concentrated
under reduced pressure, and then purified by column chromatography (dichloromethane:
methanol = 10:1) to give the title compound (328 g, yield: 85%). ’

Step 230-6: Preparation of tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2-((E)-3-
(5,6-dichloro-1H-benzo[d]imidazol-1-yl)prop-1-en-1-yl)pyrrolidine-1-carboxylate

Tert-butyl (2R,3S)-3((tert-butyldimethylsilyl)oxy)-2-((E)-3-hydroxyprop-1-en-1-
yl)pyrrolidin-1-carboxylate (177 mg, 0.49 mmol) obtained from Step 230-5 was added to
methylene chloride (5 mL, 0.1 M). The reaction solution was cooled to 0°C, and then a 50%

aqueous solution of potassium hydroxide (0.05 mL, 0.49 mmol) and para—toluenesulfonyl chloride

(104 mg, 0.55 mmol) were sequentially added at the same temperature, followed by stirring at

room temperature for 2 hours. When the reaction was completed, the solvent was removed, and
the resulting mixture was diluted with ethyl acetate and washed with saturated sodium chloride-
solution. The organic layer was collected and dried over magnesium sulfate, filtered and then
concentrated under reduced pressure, and dissolved in N,N-dimethylformamide (3 mL, 0.16 M).
Then, potassium carbonate (53 mg, 0.38 mmol) and 5,6-dichloro-1H-benzo[d]imidazole (92 mg,
0.49 mmol) were added thereto and stirred at room temperature for 4 hours. When the reaction
was completed, the solvent was removed, and the resulting mixture was diluted with ethyl acetate
and washed with saturated sodium chloride solution. The organic layer was collected, dried over
sodium sulfate, filtered and concentrated under reduced pressure, and then purified by column

chromatography (hexane: ethyl acetate = 1:1) to give the title compound (155 mg, yield: 60%).

Step 230-7: Preparation of (2R,3S)—2—((E)—3-(5,6~dichloro— 1H-benzo[d]imidazol-1-
yD)prop-1-en-1-yl)pyrrolidin-3-ol dihydrochloride

Tert-butyl (2R,3S)-3-((tert-butyldimethylsilyl)oxy)-2~((E)-3-(5,6-dichloro-1 Hj
benzo[d]imidazol-1-yl)prop-1-en-1-yl)pyrrolidine-1-carboxylate (43 mg, 0.08 mmol) obtained
from Step 230-6 was dissolved in a small amount of tetrahydrofuran and then a 4N hydrogen

chloride dioxane solution (2 mL, 0.04M) was added thereto and the mixture was stirred at room
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temperature for 12 hours. When the reaction was completed, the reaction vsolution was
concentrated under reduced pressure to remove the solvent, dissolved by addition of a small
amount of methanol, and then crystallized with diethy! ether to give the titte compound (25 mg,
yield 79%).

'H-NMR (500 MHz, DMSO-de): 6 8.80 (s, 1H), 8.11 (s, 1H), 8.04 (s, IH), 6.12 (m, 1H),
5.78 (m, 1H), 5.02 (d, 2H), 4.05 (m, 1H), 3.81 (m, 1H), 3.22 (m, 2H), 2.10 (m, 1H), 1.79 (m, 1H)

Experimental Example: PRS enzyme activity inhibition experiment
In order to confirm the biological activities of the compounds prepared in
Examples, %inhibition or ICs, values of PRS enzyme (phosphoribosylpyrophosphate synthetase

enzyme) activities were calculated.

| Specifically, the portion corresponding to PRS in ¢cDNA of EPRS was subcloned, and
the obtained high-purity PRS protein was purified and used in the experiment. The compounds (1.
uM) prepared in Examples were added into the reaction buffer (20 mM KP04 (pH 7.4), 6 mM
MgAc, 5 mM ATP, 400 mg/mL tRNA, 0.5 mM DTT, 20 mCi[*H]proline (I mCi/mL)) and
allowed to react at 37°C for 5 to 10 minutes. The reaction was terminated with 3M paper that was
in advance dried by addition of 5% TCA. The radioactivity was measured using a liquid

scintillation counter.

% Inhibition and ICs, values of the respective compounds were calculated and analyzed
using Microsoft Excel or Sigma Plot 8.0. The results are shown in Tables 1 to 3 below. In Tables
1 to 3, the results are divided into A, B and C according to the range of ICsy. The case where the
derived ICsg is 100 nM or less is represented by "A", the casé where the ICsqis 100 to 500nM is

represented by "B", and the case where the ICsg is 500 nM or higher is represented by "C".

[Table 1]
Exlirg?le PRS IC5) Ex;r(r)l.ple PRS ICy, Ex;rgPle PRS ICs, Exg:)l.ple PRS ICy)
1 B 21 C 4] C 61 A
2 B 22 - C 42 C 62 B
3 C 23 B 43 A 63 A
4 B 24 A 44 B 64 A
5 B 25 C 45 B 65 B
6 C 26 C 46 A 66 C
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7 B 27 B 47 B 7 A
g C 3 B 23 B 3 C
9 C 29 C 9 B 123 A
10 B 30 B 50 B 70 A
1 B 3 B 51 C 70 B
12 B 2 B 5 B 7 B
3 C 3 B 53 B 7 B
14 C 34 B 54 C 74 B
15 B 35 B 55 C 75 C
16 B 36 B 56 B 76 C
7 C 37 B 57 C 77 B
18 C 38 C 58 A 78 B
19 C 39 B 59 B 79 A
20 C 40 A 0 B %0 A
[Table 2]

E";’g’? le | prsiC E";‘:}‘f’” PRS ICs EX;‘;‘?'e PRS ICy, E";r(‘)‘?'e PRS IC
81 C 101 A 121 B 141 C
%2 C 102 B 122 B 142 C
%3 A 103 C 3 C 143 C
84 C 104 A 124 C 144 C
85 B 105 C 125 C 145 C
%6 B 106 B 126 B 146 C
%7 B 107 B 127 B 147 C
88 C 108 B 128 C 148 B
%0 A 100 A 129 C 19 B
) B 110 C 130 B 150 C
ol A 11 A 131 B 151 B
5 B 2 B 132 B 152 C
%3 C 3 B 133 C 53 B
4 B 14 B 134 C 154 B
95 B 115 B 35 C 155 C
% C 116 A 136 C 156 C
97 A 7 B 137 C 157 C
08 B 118 C 138 C 158 C
99 A 119 C 139 C 159 C
100 B 120 C 140 C 160 C

[Table 3]

E“m"e PRS ICs, Exlf“I;f"e PRS ICy EX;“;?le PRS ICsy E"i’;"’le PRS ICy)
61 C 131 B 201 C 221 C
162 C 182 A 202 B pY%) C
163 C 183 B 203 C 3 C
164 C 134 C 204 C 224 C
165 C 185 C 205 C 25 C
166 B 136 B 206 C 226 C
167 B 187 A 207 C 227 C
168 B 138 C 208 C 738 C
169 C 189 B 200 C 220 C
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170 B 190 B 210 C 230 C
171 C 191 B 211 C
172 C 192 B 212 C
173 B 193 C 213 C
174 A 194 C 214 B
175 B 195 C 215 C
176 C 196 C 216 C
177 C 197 C 217 C
178 B 198 C 218 C
179 B 199 C 219 C
180 B 200 C 220 C
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WHAT IS CLAIMED IS:

[Claim 1]

A compound represented by the following Chemical Formula 1, or a pharmaceutically
acceptableisalt thereof:

[Chemical Formula 1]

OH V
N L \/N\@
in Chemical Formula 1,
nis 1,or2,
L is -CH,CH,-, -CH=C(R')-, or -C=C-,
wherein R’ is hydrogen, C,4 alkyl, or halogen,
X, is CR R, NR|, or -CO-,
X518 CR3R4, or NR3,
wherein R to R4 are each independently hydrogen, Ci4 aikyl, C\4hydroxyalkyl,
hydroxy, amino, carboxy, -COO(C, 4 alkyl), -CONH,, -CONH(C,4alkyl), -CON (C,4alkyl),, or
pyrazolyl unsubstituted or substituted with C, 4 haloalkyl; or R and Rs, together with each other,
links X, and X, via a double bond, and
Als benzené, pyridine, pyrimidine, or pyrimidinedione ring,
wherein A is unsubstituted or substituted with one to three substituents each
independently selected from the group consisting of a ring-type substituent selected from the
group consisting of furanyl, imidazolyl, isoxazolyl, phenyl, pyrazolyl, pyridinonyl, pyridinyl,
pyrrolyl, thiazolyl, and thiophenyl; C,4alkyl; C;alkoxy; C;4haloalkyl; C,4 haloalkoxy; halogen;
di(C4 alkyl)amino; nitro; -COO(C,4 alkyl); dihydropyranyl; morpholino; piperidinyl; and
pyrrolidinyl; and
wherein the ring-type substituent is unsubstituted or substituted with one
or two substituents each independently selected from the group consisting of C,s alkyl, Ci4
haloalkyl, Cs4 cycloalkyl, monovalent of C,.s alkylene carbonate, -COO(C,4 alkyl), halogen,

cyano, thiazolyl, and (1,3-dioxolan-2-yl)methyl.
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[Claim 2]

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

wherein, A is unsubstituted or substituted with one to three substituents each
independently selected from the group consisting of Cy4 alkyl; Ci4 alkoxy; Ci4 haloalkyl;
halogen; phenyl unsubstituted or substituted with halogen, or C,4 haloalkyl; pyrazolyl
unsubstitued or substituted with C,_s alkyl, thiazolyl, or C,4 haloalkyl; thiopheny unsubstituted or
subétituted with Cy.5 alkyl, or -COO(C,4 alkyl); pyrrolyl unsubstituted or substituted with C,.s
alkyl and/or -COO(C,4 alkyl); di(C,4 alkyl)amino; morpholino; piperidinyl; furanyl; and

pyrrolidinyl.
[Claim 3]
The compound or a pharmaceutically acceptable salt thereof accordihg to claim 1,
wherein L is -CH,CH»-, -CH=CH-, -CH=CF-, -CH=C(CH3)-, or -C=C-.
[Claim 4]
The compound or a pharmaceutically acceptable salt thereof according to claim 1,
‘ wherein the compound represented by Chemical Formula 1 is represented by the
following Chemical Formulas 1-1 to 1-5:
[Chemical Formula 1-1]

OH Rz

RuS

[Chemical Formula 1-2]
OH R
T
u L ~ N/

[Chemical Formula 1-3]
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Ry
OH O /
8-
n
H
[Chemical Formula 1-4]
OH Ra
o
n
N L\/N
H
[Chemical Formula 1-5]
Ry
N=—
/
N Y

in Chemical Formulas 1-1 to -5,

n, L, R, to Ry and A are as defined in claim 1.

[Claim 5]
The compound or a pharmaceutically acceptable salt thereof according to claim 1,
wherein R to R4 are each independently hydrogen, methyl, hydroxymethyl, hydroxy,
amino, carboxy, -COOCHj3;, -CONH,, -CONHCHj;, or -CON(CHzs),; or R and R3, together with
each other, link X and X via a double bond.

[Claim 6].
- The compound or a pharmaceutically acceptable salt thereof according to claim 1,
wherein A is benzene, pyridine, pyrimidine, or pyrimidinedione ring, and
A is unsubstituted or substituted with one to three substituents each independently
selected from the group consisting of methyl, isobutyl, methoxy, trifluoromethyl, fluoro, chloro,
bromo, phenyl, phenyl substituted with fluoro, phenyl substituted with chloro, p‘henyf substituted
with trifluoromethyl, thiophenyl, thiopheny substituted with methyl, thiopheny substituted with -

COOCHs3, pyrazolyl substituted with difluoromethyl, pyrazolyl substituted with methyl, pyrazolyl
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substituted with thiazolyl, pyrrolyl substituted with methyl and -COOCH,CHs, furanyl,
dimethylamino, diethylamino, methylethylamino, morpholino, piperidinyl, and pyrrolidinyl.

[Claim 7]
The compound or a pharmaceutically acceptable salt thereof according to claim 1,
wherein A is benzene, and
A is unsubstituted or substituted with one to three substituents each independently
selected from the group consisting of C 4 alkyl; Ci4alkoxy; halogen; and phenyl unsubstituted or
substituted with halogen or C, 4 haloalkyl. '

[Claim 8]
The compound or a pharmaceutically acéeptable salt thereof according to claim 1,
wherein A is pyridine, and A »
A is unsubstituted or substituted with one or two substituents each independently
selected from the group consisting of C4alkyl; Ci4alkoxy; halogen; and phenyl substituted with
halogen. ' |

[Claim 9]
The compound or a pharmaceutically acceptable salt thereof according to claim 1,
wherein A is pyrimidine, and
A is substituted with a substituent selected from the groﬁp consisting of halogen;

di(C| 4 alkyl)amino; morpholino; piperidinyl; and pyrrolidinyl.

[Claim 10]
The compound or a pharmaceutically acceptable salt thereof according to claim 1,
- wherein A is pyrimidinedione, and

A is unsubstituted or substituted with one or two C4alkyl.

[Claim 11]

The compound or a pharmaceutically acceptable salt thereof according to claim 1,
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wherein the compound represented by Chemical Formula 1 is selected from the group
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consisting of’

1) (2R,3S)—2-(3 -(6-chloro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,

2) (2R,3S)-2-(3-(4-bromo-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,

3) (2R,3S)-2-(3-(5-bromo-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,

4) (2R,38)-2-(3-(6-bromo-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,

5) (2R,3S)-2-(3-(7-bromo-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,

6) (2R,38)-2-(3-(4-fluoro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,

7 (2R,3S)-2-(3-(5-fluoro-1 H-benzo[d]imidazol- 1-yl)propyl)piperidin-3-ol,

8) (2R,3S)-2-(3-(6-fluoro-1H-benzo[ d]imidazol-1-yl)propyl)piperidin-3-ol,

9) (2R,3S)-2-(3-(7-fluoro-1H-benzo[d}imidazol- 1 -yl)propyl )piperidin-3-ol,

10)  (2R,3S)-2-(3-(4-chloro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,

11)  (2R,3S5)-2-(3-(5-chloro-1H-benzo[d]imidazol- | -yl)propyl)piperidin-3-ol,

12)  (2R,3S)-2-(3-(7-chloro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,

13)  (2R,38)-2-(3-(6-methyl-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,

14)  (2R,3S5)-2-(3-(5-methyl-1H-benzo[d}imidazol-1-yl)propyl)piperidin-3-ol,

15)  (2R,3S)-2-(3-(6-(trifluoromethyl)-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
ol,

16) (2R,3S)—2-(3-(7—(ﬁiﬂuoromethy1)— 1 H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
ol,

17)  (2R,35)-2-(3~(7-(triflucromethoxy)-1H-benzo[d]imidazol-1-yl)propyl)piperidin-
3-0l,

18)  (2R,3S)-2-(3-(4-(pyrrolidin-1-y1)- 1 H-benzo[d]imidazol-1-yl)propyl)pipendin-3-
ol,

19)  (2R.,3S)-2-(3-(4-(piperidin-1-yl)-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
ol, ‘ |

20)  (2R,3S)-2-(3-(4-(3-fluorophenyl)- 1 H-benzo[d]imidazol- 1-yl)propyl)piperidin-3- -
ol, _

21)  (2R,3S)-2-(3-(4-(3-chlorophenyl)- 1 H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
ol,
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22)
ol,

23)
ol, |

24)
ol,

25)
ol,

26)
ol,

27)
ol,

28)
ol,

29)
3-0l,

30)
3-ol,

3
3-ol,

32)
ol, _

33)
ol,

34)
ol,

35)
ol,

'36)

ol,

PCT/KR2018/001625

(2R ,38)-2-(3-(5-(3-tluorophenyl)-1 H-benzo[d]imidazol- 1 -yl)propyl)piperidih-3 -
(2R ,3S)-2-(3-(6-(2-fluorophenyl)- 1 H-benzo[d]imidazol- 1 -yl)propyljpiperidin—3 -
(2R,3S)-2-(3-(6-(3-tluorophenyl)- 1 H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
(2R,38)-2-(3-(6-(4-fluorophenyl)-1 H—benzo[d] imidazol— 1-yD)propyl)piperidin-3-
(2R,3S)-2-(3-(7-(2-fluorophenyl)-1H-benzo[d]imidazol-1 —yl)prbpyl)pipeﬂdin—?a -
(2R,35)-2-(3-( 7-(3-ﬂuorophen)./1)-l H-benzo[d]imidazol- 1 -yl)propyl)piperidin-}
(2R,3S)-2-(3-(7-(4-fluorophenyl)-1H-benzo[d]imidazol-1 -yl)propyl)piperidin-3-
(2R,38)-2-(3-(5-(1H-pyrazol-4-yl)-1H-benzo[ d]imidazol- | -yl)propyl)piperidin-
(2R,3S)-2-(3-(6-(1H-pyrazol-4-yl)-1H-benzo[dJimidazol-1-yl)propyl)piperidin-
(2R,38)-2-(3~(7-(1H-pyrazol-4-yl)-1H-benzo[d]imidazol- 1 -yl)propyl )piperidin-
(2R,3S)-2-(3-(6-chloro-5-fluoro-1H-benzo[d]imidazol- 1 -yl)propyl)piperidin-3-
(2R,3S)-2-(3-(6-bromo-5-fluoro- 1 H-benzo[ d]imidazol-1 -yl)propyl)pipeﬁdh1—3 -
(2R,3S)-2-(3-(5-chloro-6-fluoro-1 H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
(2R3 S)—2—(3 -(5-bromo-6-fluoro-1H-benzo[d]imidazol- 1 -yl)propyl)piperidin-3-

(2R ,3S)-2-(3-(6-bromo-5-chloro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
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3-0l,

3-0l,

ol,

ol,

ol,

ol,

ol,

ol,

37)

38)

39)

40)
41)
42)
43)
44)

45)

46)

47)

43)

49)
50)
51)
52)
53)
54)
55)
56)
57)
58)
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(2R,385)-2-(3-(6-chloro-5-methoxy-1H-benzo[d]imidazol-1-yl)propyl )piperidin-
(2R,3S)-2-(3-(6-tluoro-5-methoxy- | H-benzo[ d]imidazol-1-yl)propyl)piperidin-
(2R,3S)-2-(3-(5-fluoro-6-methyl-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-

(2R,3S)-2-(3-(4,5-dichloro-1H-benzo[ d]imidazol-1-yl)propyl)piperidin-3-ol,
(2S,3S)-2-(3-(4,5-dichloro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,

- (2S,3R)-2-(3-(4,5-dichloro-1H-benzo[d]imidazol- 1-yl)propyl)piperidin-3-ol,

(2R,3R)-2-(3-(4,5-dichloro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,
(2R,38S)-2-(3-(4-chloro-5-methyl- 1 H-benzo[ d]imidazol-1-yl)propyl)piperidin-3-

(2R,3S)-2-(3-(5-bromo-4-methyl-1H —Benzo[d]imidazol- 1-yl)propyl)piperidin-3-
(2R,38)-2-(3-(5-chloro-4-methyl- 1 H-benzo[d]imidazol-1-yl)propyl)piperidin-3- - A
(2R,3S)-2-(3-(5-bromo-4-fluoro-1H-benzo[ d]Jimidazol-1-yl)propyl)piperidin-3-
(2R ,38)-2-(3-(6-bromo-7-fluoro- 1 H-benzo[d]imidazol- 1 -yl)propyl)piperidin-3-

(2R ,3S)-2-(3-(4,5-difluoro-1 H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3-(6,7-difluoro-1H-benzo[d]imidazol- 1 -yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3-(4,5-dimethyl-1H-benzo[ d]imidazol-1-yl)propyl)piperidin-3-ol,
(2R3 S)-é-( 3-(5,6-difluoro-1 H-benzo[d]imidazol- 1-yl)propyl)piperidin-3-ol,
(2R,38)-2-(3-(5,6-dichloro-1H-benzo[d]imidazol- 1-yl)propyl)piperidin-3-ol,
(2R ,35)-2-(3~(5,6-dibromo-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,
(2R,38)-2-(3-(5,6-dimethyl- 1 H-benzo[d]imidazol- 1-yl)propyl)piperidin-3-ol,
(2R,359)-2-(3 —(6,7-dichlor0— 1H-benzo[d]imidazol-1-yl)propy})piperidin-3-ol,
(2R,3S)-2-(3-(4.6-difluoro-1H-benzo[d]imidazol- 1 -yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3~(5,7-difluoro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,
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59)  (2R,3S)-2-(3-(4-chloro-5-methoxy-1H-benzo[d]imidazol- 1-yl)propyl)piperidin-

3-ol,

60)  (2R,3S)-2-(3-(7-chloro-6-methoxy-1H-benzo[d]imidazol-1-yl)propyl)piperidin-
3-0l,

61)  (2R,3S)-2-(3-(6-chloro-4-methyl- 1 H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
ol,

62)  (2R,38)-2-(3-(4-chloro-5-fluoro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
ol,

63)  (2R,3S)-2-(3-(6-bromo-4-methyl-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
ol,

64)  (2R,3S)-2-(3-(5-fluoro-4-methyl-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
ol, |

65)  (2R,3S)-2-(3-(6-fluoro-7-methyl-1H-benzo[d}imidazol-1-yl)propyl)piperidin-3-
ol,

66)  (2R,3S)-2-(3-(4-chloro-5-(trifluoromethyl)- 1 H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol,

67)  (2R,3S)-2-(3-(7-chloro-6-(trifluoromethyl)-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol,

68)  methyl 7-bromo-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)- 1 H-
benzo[d]imidazole-5-carboxylate, o

69) (2R3 S)-2-(3-(7-bromo-5-chloro—l H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
ol, ,

70)  (2R,3S)-2-(3-(5-bromo-7-chloro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
ol,

71)  (2R,38)-2-(3-(7-bromo-5-(trifluoromethyl)- 1 H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol, | '

72)  (2R,3S)-2-(3-(6-bromo-4-fluoro-1H-benzo[d]Jimidazol-1-yl)propyl)piperidin-3-
ol,

73) (2R,3S)—2-(3—(5-bromo—7—ﬂu6ro— 1 H-benzo[d]imidazol-1-y!)propyl)piperidin-3-

ol,
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74)  (2R,3S)-2-(3-(7-chloro-4-fluoro-1H-benzo[dJimidazol-1-yl)propyl)piperidin-3-
ol,

75)  (2R,3S)-2-(3-(5-bromo-4-nitro- 1 H-benzo[d)imidazol-1-yl)propyl)piperidin-3-ol,

76)  (2R,3S)-2-(3-(6-bromo-7-nitro-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,

77)  (2R,3S5)-2-(3-(4-chloro-5-nitro- 1 H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,

78)  (2R,3S)-2-(3-(7-chloro-5-(trifluoromethyl)- | H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol,

79)  (2R,3S)-2-(3-(5-chloro-7-fluoro-1H-benzo[ d]imidazol-1-yl)propyl)piperidin-3-
ol,

80)  (2R,35)-2-(3-(5,7-dichloro-1 H-benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,

81)  (2R,3S)-2-(3-(5-chloro-7-(1H-pyrazol-4-yl)-1 H-benzo[d]imidazol-i -
yl)propyl)piperidin-3-ol,

82)  (2R,3S)-2-(3-(7-(1H-pyrazol-4-yl)-5-(tritluoromethyl)- 1 H-benzo[d]imidazol- 1 -
yl)propyl)piperidin-3-of,

83)  (2R,3S)-2-(3-(5-chloro-7-(3-fluorophenyl)- 1 H-benzo[dJimidazol-1-
yl)propyl)piperidin-3-ol,

84)  (2R,3S)-2-(3-(7-(3-fluorophenyl)-5-(trifluoromethyl)-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol,

85)  (2R,3S)-2-(3-(5-chloro-7-(2-methylthiazol-5-yl)-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol, '

86)  (2R,3S)-2-(3-(5-chloro-7-(pyridin-3-yl)-1H-benzo[ d]imidazol-1-
yl)propyl)piperidin-3-ol,

87)  (2R,3S)-2-(3-(5-chloro-7-(5-fluoropyridin-3-y1)-1H-benzo[dJimidazol-1-
yl)propyl)piperidin-3-ol, »

88)  5-(5-chloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1H-
benzo[d]imidazol-7-yl)-1-methylpyridin-2(1H)-one, |

89)  (2R,3S)-2-(3~(5-chloro-7-(1-(difluoromethyl)-1 H-pymzolA-ylj— 1H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol, »

90)  (2R,3S)-2-(3-(5-chloro-7-(isoxazol-3-yl)-1H-benzo[d]imidazol-1-

yhpropyl)piperidin-3-ol,

151



10

15

20

25

30

WO 2018/147626 PCT/KR2018/001625

91)  (2R,3S)-2-(3-(5-chloro-7-(thiophen-3-yl)-1 H-bénzo[d]imidazol- 1-
yl)propyl)piperidin-3-ol,

92)  (2R,3S)-2-(3-(5-chloro-7-(2-methylthiophen-3-yl)-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol,

93)  (2R,3S)-2-(3-(5-chloro-7-(3,5-dimethylisoxazol-4-yl)-1 H-benzo[ d]imidazol-1-
yl)propyl)piperidin-3-ol,

94) (2R,3S)-2-(3 -(5-chloro-?-(3,6—dihydr6—2H—py1*an—4—yl)- 1H-benzo[d]imidazol-1-
yhpropyl)piperidin-3-ol, ’

95)  (2R,3S)-2-(3-(7-(1-((1,3-dioxolan-2-ylymethyl)-1H-pyrazol-4-yl)-5-chloro-1H-
benzo[d]imidazol-1 -yl)prbpyl)pipeﬁdin—B-ol,

96)  (2R,3S5)-2-(3-(5-chloro-7-(1-methyl-1H-imidazol-5-yl)-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol,

97)  (2R,3S)-2-(3~(5-chloro-7-(1-methyl- [ H-pyrazol-4-yl)-1 H-benzo[d]imidazol- -
yDpropyl)piperidin-3-ol,

98)  (2R,3S)-2-(3-(7-(pyrrolidin-1-yl)-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-
ol,

99)  (2R,3S)-2-(3-(5-chloro-7-(pyrrolidin-1-yl)-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol,

100)  (2R,3S)-2-(3-(5-chloro-7-(2-cyclopropylthiazol-5-yl)-1H-benzo[d]imidazol-1-
yl)propyl)piperidin-3-ol,

101)  (2R,3S)-2-(3-(5-chloro-7-(1-(thiazol-2-yl)-1H-pyrazol-4-y1)-1H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,

102) (2R,3S)-2-(3-(5-chloro-7-(1 —(0xetan—3 -y)-1H-pyrazol-4-yl)- 1 H-
benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,

" 103) (2R,3S)-2-(3-(5-chloro-7-(2-(tetrahydro-2H-pyran-4-yl)thiazol-4-yl)- 1 H-

benzo[d] imidazol— 1-yl)propyl)piperidin-3-ol, 4

104)  (2R,3S)-2-(3-(5-chloro-7-(furan-3-y1)- 1 H-benzo[d]imidazol-1-

. yDpropyl)piperidin-3-ol,

105)  4-(5-chloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1 H-

benzo[d]imidazol-7-yl)thiazole-2-carbonitrile,
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106)  (2R,3S)-2-(3-(7-(1-(tert-butyl)-1H-pyrazol-4-y1)-5-chloro-1 H-benzo[d}imidazol-

1-yl)propyl)piperidin-3-ol,

107)

(2R,3S)-2-(3-(5-chloro-7-(1-isopentyl- 1 H-pyrazol-4-yl)- | H-benzo[d]imidazol-1-

yDpropyl)piperidin-3-ol,

108)

(2R,38)-2-(3-(5-chloro-7-(1-isopropyl- | H-pyrazol-4-yl)-1H-benzo[d]imidazol-1-

yl)propyl)piperidin-3-ol,

109)

(2R,3S)-2-(3-(5-chloro-7-(4-methylthiophen-3-yl)-1H-benzo[d]imidazol-1-

yl)propyl)piperidin-3-ol, |

110)

ethyl 3-(5-chloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1H-

benzo[d]imidazol-7-yl}furan-2-carboxylate,

111)

methyl 4-(5-chloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)- 1H-

benzo[d]imidazol-7-yl)thiophene-2-carboxylate,

112)

(2R,3S)-2-(3-(5-chloro-7-(1-(2-fluoroethyl)-1 H-pyrazol-4-yl)- 1 H-

benzo[d]imidazol-1-yl)propyl)piperidin-3-ol,

113)

(2R,35)-2-(3-(7-(1-butyl-1H-pyrazol-4-yl)-5-chloro- 1H-benzo[d]imidazol-1-

yl)propyl)piperidin-3-ol,

114)

(2R,3S)-2-(3-(5-chloro-7-(2,5-dimethylthiophen-3-yl)-1 H-benzo[d]imidazoL 1-

yl)propyl)piperidin-3-ol,

115)

(2R,3S)-2-(3-(5-chloro-7-(1-isobutyl-1H-pyrazol-4-yl)- t H-benzo[d]imidazol-1 -

yl)propyl)piperidin-3-ol,

116)

ethyl 4-(5-chloro-1-(3+((2R,3S)-3-hydroxypiperidin-2-yl)propyl)- 1 H-

benzo[d]imidazol-7-yl)-1 -methyl- 1H-pyrrole-2-carboxylate,

117)
118)
119)
120)
121)
122)
123)
124)

" (2R,3S)-2-(3-(5-chloro-1H-imidazo[4,5-b]pyridin-1-yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3-(5-chloro-3H-imidazo[4,5-b]pyridin-3-yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3-(5-bromo-1H-imidazo[4,5-b]pyridin-1 -yljpropyl)pipen'din—B -ol,
(2R,38)-2-(3-(6-bromo-1H-imidazo[4,5-b]pyridin-1-yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3-(5-methyl- 1 H-imidazo[4,5-b]pyridin- 1 -yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3-(6-chloro-1H-imidazo[4,5-c]pyridin-1-yl)propyl)piperidin-3-ol.
(2R,3S)-2-(3-(6-chloro-3H-imidazo[4,5-c]pyridin-3-yl)propyl)piperidin-3-ol,
(2R,3S)—Z-(3-(6-bromo-vl H-imidazo[4,5-c]pyridin-1-yl)propyl)piperidin-3-ol,
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(2R,3S)-2-(3-(6-bromo-3H-imidazo[4,5-c]pyridin-3-yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3~(7-chloro-1H-imidazo[4,5-b]pyridin-1-yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3-(5,6-dichloro-1H-imidazo[4,5-b]pyridin- 1 -yl)propyl)piperidin-3-ol,
(2R,3S)-2~(3-(7-bromo-1H-imidazo[4,5-c]pyridin-1-yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3-(5-(trifluoromethyl)-3H-imidazo[4,5-b]pyridin-3-

yl)propyl)piperidin-3-ol,

130)
131)

(2R,35)-2-(3 -(6,7-dichlbr0—3H—imidazo [4,5-b]pyridin-3-yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3-(6-chloro-7-methyl-3H-imidazo[4,5-b]pyridin-3-

yl)propyl)piperidin-3-ol,

132)

(2R,3S)—2—(3—(6—brom0-7-methyl—3H—imidazo[4,5-b]pyridin—3—

yl)propyl)piperidin-3-ol,

133)

(2R,3S)-2-(3-(6-bromo-7-chloro-3H-imidazo[4,5-b]pyridin-3-

yl)propyl)piperidin-3-ol,

134)

(2R,3S)-2-(3-(7-chloro-6-(3-chlorophenyl)-3H-imidazo[4,5-b]pyridin-3-

yl)propyl)piperidin-3-ol,

135)
136)

137)

138)
139)
140)
141)
142)
143)
144)

(2R ,3S)-2-(3-(2-chloro-7H-purin-7-yl)propyl)piperidin-3-ol,
(2R,3S)—2-(3-(2—chloro—9H—purin—9-y1)propy1)piperidin-3-01,
(2R,3S)-2-(3-(6-(dimethylamino)-9H-purin-9-yl)propyl )piperidin-3-ol,
(2R,38)-2-(3-(6-(diethylamino)-9H-purin-9-yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3-(6-(ethyl(methyl)amino)-9H-purin-9-yl)propyl)piperidin-3-ol,
(2R,38)-2~(3-(6-morpholino-9H-purin-9-yl)propyl)piperidin-3-ol,
(2R,3S)-2-(3-(6-(piperidin-1-yl)-9H-purin-9-yl)propyl)piperidin-3-ol,
(2R,35)-2-(3-(6-(pyrrolidin-1-y1)-9H-purin-9-yl)propyl) piperidin-3-ol,
1-(3-((2R,38)-3-hydroxypiperidin-2-yl)propyl)-1 H-benzo[ d]imidazol-2-ol,
5,6-dichloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)- 1 H-

benzo[d]imidazol-2-ol,

145)
ol,

146)

(2R,3S)-2-(3-(2-(hydroxymethyl)-1H-benzo[d]imidazol-1-yl)propyl)piperidin-3-

(2R,3S)-2-(3 —(2—(hydroxymethyl)—4,5—dimethy1— 1H-benzo[d]imidazol-1-

yl)propyl)piperidin-3-ol,
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147)  (2R,38)-2-(3-(5,6-dichloro-2-(hydroxymethyl)- 1 H-benzo[d]imidazol-1-

yl)propyl)piperidin-3-ol,

148)
3-0l,
149)
carboxylate,
150)
carboxylate,
151)
carboxylate,
152)
carboxylate,
153)
carboxylate,
154)
carboxylate,
155)
156)
ol,
157)

yl)propyl)piperidin-3-ol,

(2R,3S)-2-(3-(2-amino-5,6-dichloro-1H-benzo[d]imidazol-1-yl)propyl )piperidin-

methyl

methyl -

methyl

methyl

methyl

methyl

7-bromo-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1 H-indole-3-
5-bromo-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)- 1 H-indole-3-
6-bromo-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1 H-indole-3-
4-chloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1H-indole-3-

6-chloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)- | H-indole-3-

7-chloro-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)- | H-indole-3-

(2R,3S)-2-(3-(5-chloro-3-cyclopropyl-1H-indazol- 1 -yl)propyl)piperidin-3-ol,

(2R,3S)—2-(3 -(5-chloro-3-(trifluoromethyl)- 1 H-indazol-1 -yl)propyl)piperidin-B -

(2R,3S)-2-(3-(5-chloro-3-(1-(difluoromethyl)-1 H-pyrazol-4-yl)-1H-indazol- 1 -

158) (2R,38)-2-(3-(6-chloro-3-(1-(difluoromethyl)-1H-pyrazol-4-yl)-1H-indazol-1-

yl)propyl)piperidin-3-ol,

159)
2(3H)-one,

1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-3-methyl- 1 H-benzo[d]imidazol-

160)  5-bromo-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)- 1 H-benzo[d]imidazol-

2(3H)-one,

161)  6-bromo-1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)- 1 H-benzo[d]imidazol-

2(3H)-one,

162)  7-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-1,3-dimethyl-1H-purine-
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2,6(3H,7H)-dione, v
163)  7-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-3-methyl-1 H-purine-2,6(3H,7H)-
dione,
164)  9-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)- | -methyl-1H-purine-2,6(3H,9H)- -
dione,
165)  7-(3-((2R,3S)-3-hydroxypiperidin-2-yl)propyl)-3-isobutyl-1-methyl-1 H-purine-
2,6(3H,7H)-dione,
166) (2R,3S)-2-((E)-3-(5;6-dichloro-1H-benzo[d]imidazol-1-yl)prop-1 -enyl)_piperidin—
3-0l,
167)  (2R,3S)-2-((E)-3-(5-fluoro4-methyl-1H-benzo[d]imidazol-1-yl)prop-1-
enyl)piperidin-3-ol,
168) (2R ,3S)-2-((E)-3-(5-bromo-4-methyl-1H-benzo[d]imidazol-1-yl)prop-1-
~ enyl)piperidin-3-ol,
169)  (2R,3S)-2~((E)-3-(5,6-dimethyl- 1 H-benzo[d]imidazol-1-yl)prop-1-
enyl)piperidin-3-ol, , ‘
170y  (2R,35)-2-((E)-3-(5,6-dibromo-1H-benzo[d]imidazol-1-yl)prop-1-eny!)piperidin-
3-ol,
171)  (2R,3S)-2-((E)-3-(5,6-difluoro-1 H-benzo[d]imidazol-' 1 -yl)prop- 1-enyl)piperidin-
3-0l,
172) (2R,3S)-2-((E)-3-(4,5-dimethyl-1 H-benzo[d]imidazol-1-yl)prop-1-
enyl)piperidin-3-ol,
173)  (2R,3S)-2-((E)-3-(5-chloro-4-methyl-1 H—benzo[d]imidaio]- 1-yl)prop-1-
enyl)piperidin-3-ol,
174)  (2R,3S)-2-((E)-3-(4,5-dichloro-1H-benzo[d]imidazol-1-yl)prop-1-en-1-
yhpiperidin-3-ol,
175) (2R,3S)-2-((E)-3-(4-chloro-5-methyl-1H-benzo[d]imidazol- 1-yl)prop-1-en-1-
yl)piperidin-3-ol, ’
176)  (2R,3S)-2-((E)-3-(5-bromo-4-nitro-1 H-benzo[d]imidazol-1-yl)prop-1-en-1-
yl)piperidin-3-ol, _
177)  (2R,3S)-2-((E)-3-(6-bromo-7-nitro- 1 H-benzo[d]imidazol-1-yl)prop-1-en-1-
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yl)piperidin-3-ol,

178)  (2R,3S)-2-((E)-3-(4-chloro-5-nitro-1H-benzo[d]imidazol- 1-yl)prop-1-en-1-
yl)piperidin-3-ol, '

179)  (2R,3S)-2-((E)-3-(4,6-difluoro-1H-benzo[d]imidazol-1-yl)prop-1-en-1-
yl)piperidin-3-ol, ' ‘

180) (2R,3S)-2-((E)-3-(6-chloro-4-methyl-1H-benzo[d]imidazol-1-yl)prop-1-en-1-
yl)piperidin-3-ol,

. 181) (2R,3S)-2-((E)-3-(7-chloro-5-(trifluoromethyl)- 1H-benzo[d]imidazol-1-yl)prop-

1-en-1-yl)piperidin-3-ql, '

182) (2R,3S)-2~((E)-3-(5,7-dichloro- 1 H-benzo[d]imidazol-1-yl)prop-1-en-1-
yl)piperidin-3-ol, '

1 83) (2R,3S)-2-((E)-3-(5-chloro-7-fluoro-1H-benzo[d]imidazol-1-yl)prop-1-en-1-
yl)piperidin-3-ol,

184) (2R,3S)-2-((E)-3-(5-bromo-1H-imidazo[4,5-b]pyridin-1-yl)prop-1-
enyl)piperidin-3-ol,-

185) (2R,3S)-2-((E)—3-(7-chloro-6-(3-chlorophenyl)-3H—imidazo[4,5-b]pyridin-3-
yl)prop-1 -enyl)piperidin-3v-ol,

186) (2R,3S)-2~((E)-3-(6-bromo-7-methyl-3 H-hnidazo[4,5—b]pylidin~3 -yl)prop-1-
enyl)piperidin-3-ol,

187) (2R,3S)-2-((E)-3-(6-bromo-7-chloro-3H-imidazo[4,5-b]pyridin-3-yl)prop-1-
enyl)piperidin—B-oL

188)  (2R,3S)-2-((E)-3-(6-chloro-7-methyl-3H-imidazo[4,5-b]pyridin-3-yl)prop-1-
enyl)piperidin-3-ol, _

189) (2R,35)-2-((E)-3 -(6,7—dichloro—3H-imidazo[4,5—b]pyn'din—3 -yl)prop-1-
enyl)piperidin-3-ol,

190) (2R,3S)-2-((E)-3-(6-(3-chlorophenyl)-1H-benzo[d]imidazol- 1 -yl)prop-1-
enyl)piperidin-3-ol,

191) (2R,3S)-2~((E)-3-(6-(3-tluorophenyl)-1 H-benzo[d]imidazol-1-yl)prop-1-
enyl)piperidin-3-ol,

192) (2R,3S)-2-((E)-3-(6-(3-(trifluoromethyl)phenyl)-1H-benzo[d] imidazol-1 -yl)prop-
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1-enyl)piperidin-3-ol,

193)

(2R,3S)-2-((E)-3~(5-bromo-6,7-difluoro-2-methyl- 1 H-benzo[d]imidazol-1-

yl)prop-1-enyl)piperidin-3-ol,

194)
195)
196)
197)
198)
199)

(2R,3S)-2-((E)-3-(indolin-1-yl)prop- 1-enyl)piperidin-3-ol,
(2R,3S)-2~((E)-3-(5-chloroindolin-1-yl)prop- 1-enyl)piperidin-3-ol,
(2R,3S)-2-((E)-3-(1H-pyrrolo[2,3-b]pyridin-1-yl)prop- 1-enyl)piperidin-3-ol,
(2R,35)-2-((E)-3-(6-chloro-1H-indol- 1 -yl)prop- 1 -enyl)piperidin-3-ol,

(2R3 S)-Z;((E)—3—(6-chlor0—l H-indazol-1-yl)prop-1-enyl)piperidin-3-ol,
(2R,3S)-2~((E)-3-(4-chloro-7H-pyrrolo[2,3-d]pyrimidin-7-yl)prop-1-

enyl)piperidin-3-ol,

200)

(2R,3S)-2-((E)-3-(5-chloro-1H-pyrazolo[3,4-b]pyridin-1-yl)prop-1-

enyl)piperidin-3-ol,

201)
202)
carboxylate,
203)
carboxylic acid,
204)
carboxylic acid,
205)
carboxylic acid,
. 206)
carboxylic acid,
207)
carboxylic acid,
208)
carboxylic acid,
209)
210)

carboxylate,

(2R,3S)-2~((E)-3-(3,5-dimethyl-1H-indazol-1-yl)prop-1 -enyl)pipéridin—3-ol,

methyl  7-bromo-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)- 1 H-indole-3-

7-bromo-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)-1 H-indol‘e-3-
5-bromo-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)aliyl)- 1 H-indole-3-
4-chloro-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)-1 H—indole—j—
6—ch10r0- 1-((E)-3-((2R,3S)-3 —hydroxypiperidin-Zyl_)allyl)- 1H-indole-3-
7-chloro-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)-1 H—indole—S-

6-fluoro-1-((E)-3((2R,3S)-3-hydroxypiperidin-2-yl)allyl)-1H-indole-3-

1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)- 1 H-indole-3-carboxylic acid,

methyl  4-chloro-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)- 1 H-indole-3-
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211) methyl 6-chloro-1 —((E)—3—((2 R,3S)-3-hydroxypiperidin-2-yl)allyt)-1H-indole-3-
carboxylate, A

212) meth;/l 7-chloro-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)-1 H-indole-3-
carboxylate,

213) methyl 5-bromo-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)-1 H-indole-3-
carboxylate,

214) methyl 6-bromo-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)-1H-indole-3-
carboxylate, |

215)  5-bromo-1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)-N-methyl-1H-indole-
3-carboxamide,

216) 5—bromb_- 1-((E)-3-((2R,3S)-3-hydroxypiperidin-2-yl)allyl)-N,N-dimethyl- 1 H-
indole-3-carboxamide, ;

217) (2R3 S)-2-((Z)-3-(5-0hloro-4-methyl— 1 H-benzo[d]imidazol-1-y1)-2-fluoroprop-1-
enyl)piperidin-3-ol, ' ,

218)  (2R,35)-2-((Z)-3-(5-bromo-4-methyl-1H-benzo[d]imidazol-1 ;yl)-2-ﬂuoroprop—
1-enyl)piperidin-3-ol,

219)  (2R.3S)-2-((Z)-3-(5,6-dichloro-1H-benzo[d]imidazol-1-yl)-2-fluoroprop-1-
enyl)piperidin-3-ol,

220) (2R,3S)-2-((Z)-3-(5,6-dichloro-2-(hydroxymethyl)- 1 H-benzo[ d]Jimidazol-1-yl)-
2-fluoroprop- 1 -enyl)piperidin-3-ol,

221) (2R,3S)-2-((E)-3-(5-chloro-4-methyl-1 H-benzo[d]imidazol- 1 -yl)-2-methylprop-
1-enyl)piperidin-3-ol,

222)  (2R,3S)-2-((E)-3-(5-bromo-4-methyl-1H-benzo[d]imidazol- 1-yl)-2-methylprop-
1-enyl)piperidin-3-ol, ,

223)  (2R,3S)-2~((E)-3-(5,6-dichloro-1H-benzo[d]imidazol-1-y1)-2-m ethylf)rop— 1-
enyl)piperidin-3-ol,

224)  (2R,3S)-2~((E)-3~(5,6-dichloro-2-(hydroxymethyl)-1 H-benzo[d]imidazol- 1-yD)-
2-methylprop-1-enyl)piperidin-3-ol, |

225)  (2R,3S)-2-(3-(5,6-dichloro-1H-benzo[d]imidazol-1-yl)prop- 1 -ynyl)piperidin-3-

ol,
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226) (2R,3S)-2-(3-(5-bromo-4-methyl-1H-benzo[d]imidazol-1-yl)prop-1-
ynyl)piperidin-3-ol,

227)  (2R,3S)-2-(3-(5-chloro-4-methyl-1H-benzo[d]imidazol-1-yl)prop-1-
ynyl)piperidin-3-ol,

228) (2R,3S)-2-(3-(5,6-dibromo-1H-benzo[d]imidazol- 1 -yl)prop- 1-ynyl)piperidin-3-
ol, ' '

229) (2R,3S)-2-(3-(5-fluoro-4-methyl-1H-benzo[d]imidazol-1 -yl)prop- 1-
ynyl)piperidin-3-ol, and

230) (2R,3S)-2-((E)-3-(5,6-dichloro-1H-benzo[d]imidazol-1-yl)prop-1-
enyl)pyrrolidin-3-ol.

[Claim 12]
A pharmaceutical composition for the prevention or treatment of cancers, inflammatory
diseases, autoimmune diseases or fibrosis, comprising the compound according to any one of

claims 1 to 11 or a pharmaceutically acceptable salt thereof.

[Claim 13]

A method for preparing a compound represented by the following Chemical Formula 1
comprising the steps of: V

reacting a compound represented by the following Chemical Formula 1-A with a
compound represented by the following Chemical Formula 1-B in the presence of a base to
prepare a compound represented by the following Chemical Formula [-C; and

reacting a compound represented by the Chémical Formula 1-C in the presence of an
acid to prepare a compound represented by the following Chemical Formula 1:

[Chemical Formula 1]
OH

gy
" /
N LN/

[Chemical Formula [-A]
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[Chemical Formula 1-B]
X~ X2
1

/
HN_

[Chemical Formula 1-C]
o.

~ n
G
" [

\ Lo N~

/
Rl
in Chemical Formulas 1, 1-A, 1-B, and 1-C,
n, L, X, X; and A are as defined in claim 1,

X 1s halogen, and
R'and R" are each independently a protecting group.

[Claim 14]

A method for preparing a compound represented by the following Chemical Formula 1-
1 comprising the steps of:

reacting a compound represented by the following Chemical Formula 2-A with a
compound represented by the following Chemical Formula 2-B in the presence of a base to
prepare a compound represented by the following Chemical Formula 2-C;

reacting an amine group and a nitro group of the compound represented by the Chemical
Formula 2-C to form a ring, thereby preparing a compound represented by the following

Chemical Formula 2-D; and

reacting a compound represented by the Chemical Formula 2-D in the presence of an
acid to prepare a compound represented by the following Chemical Formula 1-1:

[Chemical Formula 1-1]
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[Chemical Formula 2-A]

R2

-
<22
T
/

/ Re
[Chemical Formula 2-B]
NO,

Fel //

[Chemical Formula 2-C]

Oo..
T %

~
/

[Chemical Formula 2-D]

10 in Chemical Formulas 1-1, 2-A, 2-B, 2-C, and 2-D,
n, L, Ry and A are as defined in claim 1, and

R'and R" are each independently a protecting group.

[Claim 15]
15 A method for preparing a compound represented by the following Chemical Formula 3
comprising the steps of: .
reacting the compound represented by the following Chemical Formula 3-A with
(carbethoxymethylene)triphenylphosphérane to prepare a compound represented by the following

Chemical Formula 3-B;
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hydrogenating the compound represented by the following Chemical Formula 3-B to
prepare a compound represented by the following Chemical Formula 3-C;

hydrolyzing the compound represented by the Chemical Formula 3-C to prepare a
compound represented by the following Chemical Formula 3-D;

subjecting the compound represented by the Chemical Formula 3-D to a carbonyl
reduction reaction to prepare a compound represented by the following Chemical Formula 3-E;

brominaﬁng the compound represented by the Chemical Formula 3-E to prepare a
compound represented by the following Chemical Formula 3-F;

subjecting the compound represented by the Chemical Formula 3-F to an azide reaction
to prepare a compound represented by the following Chemical Formula 3-G; and

aminating the compound represented by the Chemical Formula 3-G to prepare a
compound represented by the following Chemical Formula 3.

[Chemical Formula 3]

R'l
n
N NH,
/
Rl
[Chemical Formula 3-A]
(o1 g R"
n .
N OH
/
R
[Chemical Formula 3-B]

o<

R"

/
R'

[Chemical Formula 3-C]

O\R"

/
R‘

[Chemical Formula 3-D]
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[Chemical Formula 3-E]
o<

R'l
n
N OH
/
R'
[Chemical Formula 3-F]
O \ RH
n
N Br ‘
/
Rl
[Chemical Formula 3-G]
o ~ Rll
n
N Na
/
R

PCT/KR2018/001625

in Chemical Formulas 3, 3-A, 3-B, 3-C, 3-D, 3-E, 3-F, and 3-G,

n is as defined in claim 1, and

R'and R" are each independently a protecting group.
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