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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Chinese Patent Serial No. 201510083621.5, filed with the State Intellectual
Property Office of China on Feb 13, 2015.

FIELD OF THE INVENTION

[0002] The present invention relates to tricyclic compounds which can bind to the FXR and act as FXR modulators,
and pharmaceutical compositions thereof, as well as the uses of said compounds and pharmaceutical compositions in
the preparation of medicaments for the treatment of diseases and/or conditions mediated by FXR.

BACKGROUND OF THE INVENTION

[0003] FXR is a member of the nuclear hormone receptor superfamily, and is mainly expressed in the liver, kidneys
and intestines (Seol etal. Mol.Endocrinol (1995), 9:72-85; Forman Cell (1995), 81:687-693). It functions as a heterodimer
with the RXR, and regulates gene transcription by binding to the response elements of the target gene promoter. The
FXR-RXR heterodimer binds with highest affinity to an inverted repeat -1(IR-1) response element, in which consensus
receptor-binding hexamers are separated by a nucleotide. FXR is part of an interrelated process, and FXR is activated
by bile acids (cholesterol metabolism end products) (Makishima et al., Science (1999), 284:1362-1365; Parks et al.,
Science (1999), 284:1365-1368; Wang et al., MoI.Cell. (1999), 3:543-553), and the bile acid is used to inhibit cholesterol
catabolism. (Urizar et al., (2000) J.Biol.Chem. 275:39313-393170).
[0004] FXR is a critical regulator of cholesterol homeostasis, triglyceride synthesis and adipogenesis (Crawley, Expert
Opinion Ther. Patents (2010), 20:1047-1057). In addition to the treatment of dyslipidemia, obesity, vitamin D-related
diseases, intestinal diseases, drug-induced side effects as well as hepatitis (Crawley, Expert Opinion Ther. Patents
(2010), 20:1047-1057), FXR related indications also include gallbladder disease, chronic hepatitis, nonalcoholic fatty
liver disease (NAFLD), nonalcoholic steatohepatitis (NASH), cholestasis, liver fibrosis, cirrhosis of liver, hepatitis B,
metabolic diseases, lipid metabolism disorders, carbohydrate metabolic diseases, cardiovascular and metabolic diseas-
es, atherosclerosis, type II diabetes and diabetic complications (Frank G. Schaap et al., Journal of Medicinal Chemistry,
(2005), 48:5383-5402).
[0005] Small molecule compounds which act as FXR modulators have been disclosed in the following publications:
WO 2000/037077, WO 2003/015771, WO 2004/048349, WO 2007/076260, WO 2007/092751, WO 2007/140174, WO
2007/140183, WO 2008/051942, WO 2008/157270, WO 2009/005998, WO 2009/012125, WO 2009/149795, WO
2008/025539, WO 2008/025540, WO 2012/087520, WO 2012/087521, WO 2012/087519, WO2013/007387 and WO
2015/036442. R.C.Buijsman et al. reviewed smaller molecule modulators of FXR (R.C.Buijsman et al., Curr. Med. Chem.
2005, 12, 1017-1075). M.L.Crawley et al. reviewed smaller molecule modulators of FXR (M.L.Crawley et al., Expert
Opinion on Therapeutic Patents, 20(8), 1047-1057 (2010)).

SUMMARY OF THE INVENTION

[0006] According to the present invention a compound according to independent claim 1, a pharmaceutical composition
according to independent claim 11, and a use of the compound or pharmaceutical composition according to independent
claim 12 are provided. Dependent claims relate to preferred embodiments. The remainder of the section "SUMMARY
OF THE INVENTION" discloses further details of compounds, pharmaceutical composition or use which are not neces-
sarily part of the claimed invention.
[0007] Although the development of FXR modulators has a certain progress, the development space is still enormous.
The object of the present invention is to provide novel tricyclic compounds which act as FXR modulators. The biological
activity and pharmacokinetic properties of the compounds disclosed herein are superior to these of the known FXR
modulators.
[0008] The present invention provides a compound, or a pharmaceutical composition thereof, which binds to FXR (or
NR1H4 receptor) and act as modulator of FXR (or NR1H4 receptor). The present invention further relates to said
compound or the use of said compound in the preparation of a medicament for the treatment of diseases and/or conditions
through said compounds binding to the FXR nuclear receptor. The present invention further describes the synthetic
method of the compounds. The compounds of the invention exhibit improved biological activity and pharmacokinetic
advantages.
[0009] Specifically:
In one aspect, provided herein is a compound having formula (I), or a stereoisomer, a geometric isomer, a tautomer, an
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N-oxide, a hydrate, a solvate or a pharmaceutically acceptable salt thereof,

Wherein:

X is N, CH or ⊕N-O) ;
ring D is a five-membered heteroaromatic ring or five-membered heterocycle;
L is a bond, -(CR3R4)f-, -(CR3R4)f-O-, -(CR3R4)f-NH- or -(CR3R4)f-S(=O)t-;
R is fused tricyclyl or fused heterotricyclyl, wherein R is optionally substituted with one, two, three, four or five R8;
each R1 is independently H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, alkyl, haloalkyl, haloalkoxy, cy-
cloalkyl, heterocyclyl, alkenyl, alkynyl, alkylamino, alkoxy, aryl or heteroaryl;
R2 is H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, alkyl, haloalkyl, haloalkoxy, alkoxyalkyl, cycloalkyl,
hydroxyalkyl, heterocyclyl, alkylamino or alkoxy;
each of R3 and R4 is independently H, deuterium, C1-4 alkyl, F, Cl, Br, I or C1-4 haloalkyl;
each R8 is independently H, deuterium, F, Cl, Br, I, hydroxy, nitro, amino, aminoalkyl, alkylamino, alkyl, hydroxyalkyl,
alkoxy, haloalkyl, haloalkoxy, cycloalkyl, cycloalkoxy, alkenyl, alkynyl, aryl, halo-substituted aryl, arylalkyl, oxo (=O),
-L1-C(=O)OR15, -L1-S(=O)tR16, -O-L2-C(=O)OR15, -O-L2-S(=O)tR16, -C(=O)NR17R18, -C(=O)N(R17)S(=O)2R16,
-C(=NR17)NR17R18, -C(=O)N(R17)-L3-S(=O)2OR15, -C(=O)N(R17)C(=O)OR15, -C(=O)N(R17)-L3-C(=O)OR15, cy-
ano, heterocyclyl or heteroaryl; or two R8, together with the same C atom to which they are attached, independently
and optionally form cycloalkyl or heterocyclyl; or two R8, together with the adjacent C atoms to which they are
attached, independently and optionally form cycloalkyl, heterocyclyl, aryl or heteroaryl; wherein R8 is independently
and optionally substituted with one or more R19;
each R15 is independently H, deuterium, alkyl, aminoalkyl, alkenyl, alkynyl, haloalkyl, cycloalkyl, heterocyclyl or aryl;
each R16 is independently H, deuterium, hydroxy, amino, alkyl, aminoalkyl, alkenyl, alkynyl, haloalkyl, cycloalkyl,
heterocyclyl, aryl or -NR17R18;
each of R17 and R18 is independently H, deuterium, alkyl, aminoalkyl, alkenyl, alkynyl, haloalkyl, cycloalkyl, hetero-
cyclyl or aryl; or R17 and R18, together with the N atom to which they are attached, independently and optionally
form heterocyclyl or heteroaryl;
each L1 is independently a bond, -C(=O)-, C1-6 alkylene, C2-6 alkenylene or C2-6 alkynylene;
each L2 is independently C1-6 alkylene, C2-6 alkenylene or C2-6 alkynylene;
each L3 is independently a bond or C1-4 alkylene;
n is 0, 1, 2, 3 or 4;
each f is independently0,1 or 2;
each t is independently 0, 1, or 2;
wherein each of said hydroxy, amino, alkyl, hydroxyalkyl, aminoalkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl, alkylami-
no, alkoxy, alkoxyalkyl, cycloalkyloxy, haloalkoxy, heterocyclyl, aryl, heteroaryl, halo-substituted aryl, arylalkyl , C1-4
haloalkyl, C1-6 alkylene, C2-6 alkenylene, C2-6 alkynylene and C1-4 alkylene of R1, R2, R3, R4, R8, R15, R16, R17,
R18, L1, L2 and L3 is independently and optionally substituted with one or more R9; and
each of R9 and R19 is independently H, deuterium, F, Cl, Br, I, cyano, oxo (=O), hydroxy, alkyl, alkylamino, amino,
aryl, heterocyclyl, heteroaryl, alkenyl, alkynyl, cycloalkyl, alkoxy or haloalkyl.

[0010] In some embodiments, L is a bond, -CH2-, -O-, -NH-, -S-, -CH2-O-, -CH2-NH-, -CH2-S- or -CH2-S(=O)2-.
[0011] In some embodiments, each R1 is independently H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, C1-6
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alkyl, C1-6 haloalkyl, C1-6 haloalkoxy, C3-6 cycloalkyl, C2-9 heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, C1-6 alkylamino, C1-6
alkoxy, C6-10 aryl or C1-9 heteroaryl;
R2 is H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, C1-6 alkyl, C1-6 haloalkyl, C1-6 haloalkoxy, C1-6 alkoxy-
C1-6-alkyl, C3-6 cycloalkyl, C1-6 hydroxyalkyl, C2-9 heterocyclyl, C1-6 alkylamino or C1-6 alkoxy;
wherein each of said hydroxy, amino, C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-6 cycloalkyl, C1-6 haloalkyl, C1-6 alkylamino,
C1-6 alkoxy, C1-6 haloalkoxy, C1-6 hydroxyalkyl, C1-6 alkoxy-C1-6-alkyl, C2-9 heterocyclyl, C6-10 aryl and C1-9 heteroaryl
of R1 and R2 is independently and optionally substituted with one or more R9; and
wherein R9 is as defined herein.
[0012] In other embodiments, each R1 is independently H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, C1-3
alkyl, C1-3 haloalkyl, C1-3 haloalkoxy, C3-6 cycloalkyl, C2-9 heterocyclyl, C2-4 alkenyl, C2-4 alkynyl, C1-3 alkylamino, C1-3
alkoxy, C6-10 aryl or C1-9 heteroaryl;
R2 is H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, C1-3 alkyl, C1-3 haloalkyl, C1-3 haloalkoxy, C1-3 alkoxy-
C1-3-alkyl, C3-6 cycloalkyl, C1-3 hydroxyalkyl, C2-9 heterocyclyl, C1-3 alkylamino or C1-3 alkoxy;
wherein each of said hydroxy, amino, C1-3 alkyl, C2-4 alkenyl, C2-4 alkynyl, C3-6 cycloalkyl, C1-3 haloalkyl, C1-3 alkylamino,
C1-3 alkoxy, C1-3 haloalkoxy, C1-3 hydroxyalkyl, C1-3 alkoxy-C1-3-alkyl, C2-9 heterocyclyl, C6-10 aryl and C1-9 heteroaryl
of R1 and R2 is independently and optionally substituted with one or more R9; and
wherein R9 is as defined herein.
[0013] In some embodiments, each R8 is independently H, deuterium, F, Cl, Br, I, hydroxy, nitro, amino, C1-6 aminoalkyl,
C1-6 alkylamino, C1-6 alkyl, C1-4 hydroxyalkyl, C1-6 alkoxy, C1-6 haloalkyl, C1-6 haloalkoxy, C3-6 cycloalkyl, C3-6 cy-
cloalkoxy, C2-6 alkenyl, C2-6 alkynyl, C6-10 aryl, halo-substituted C5-10 aryl, C6-10 aryl-C1-6-alkyl, oxo (=O), -L1-C(=O)OR15,
-L1-S(=O)tR16, -O-L2-C(=O)OR15, -O-L2-S(=O)tR16, -C(=O)NR17R18, -C(=O)N(R17)S(=O)2R16, -C(=NR17)NR17R18,
-C(=O)N(R17)-L3-S(=O)2OR15, -C(=O)N(R17)C(=O)OR15, -C(=O)N(R17)-L3-C(=O)OR15, cyano, C2-9 heterocyclyl or C1-9
heteroaryl; or two R8, together with the same C atom to which they are attached, independently and optionally form C3-6
cycloalkyl or C2-9 heterocyclyl; or two R8, together with the adjacent C atoms to which they are attached, independently
and optionally form C3-6 cycloalkyl, C2-9 heterocyclyl, C6-10 aryl or C1-9 heteroaryl; wherein R8 is independently and
optionally substituted with one or more R19;
each R15 is independently H, deuterium, C1-6 alkyl, C1-6 aminoalkyl, C2-6 alkenyl, C2-6 alkynyl, C1-6 haloalkyl, C3-6
cycloalkyl, C2-9 heterocyclyl or C6-10 aryl;
each R16 is independently H, deuterium, hydroxy, amino, C1-6 alkyl, C1-6 aminoalkyl, C2-6 alkenyl, C2-6 alkynyl, C1-6
haloalkyl, C3-6 cycloalkyl, C2-9 heterocyclyl, C6-10 aryl or -NR17R18;
each of R17 and R18 is independently H, deuterium, C1-6 alkyl, C1-6 aminoalkyl, C2-6 alkenyl, C2-6 alkynyl, C1-6 haloalkyl,
C3-6 cycloalkyl, C2-9 heterocyclyl or C6-10 aryl; or R17 and R18, together with the N atom to which they are attached,
independently and optionally form C2-9 heterocyclyl or C1-9 heteroaryl;
wherein each of said hydroxy, amino, C1-6 alkyl, C1-4 hydroxyalkyl, C1-6 aminoalkyl, C2-6 alkenyl, C2-6 alkynyl, C3-6
cycloalkyl, C1-6 haloalkyl, C1-6 alkylamino, C1-6 alkoxy, C3-6 cycloalkoxy, C1-6 haloalkoxy, halo-substituted C6-10 aryl,
C6-10 aryl-C1-6-alkyl, C2-9 heterocyclyl, C6-10 aryl or C1-9 heteroaryl of R8, R15, R16, R17 and R18 is independently and
optionally substituted with one or more R9; and
each of R9 and R19 is independently H, deuterium, F, Cl, Br, I, cyano, oxo (=O), hydroxy, C1-6 alkyl, C1-6 alkylamino,
amino, C6-10 aryl, C2-9 heterocyclyl, C1-9 heteroaryl, C2-6 alkenyl, C2-6 alkynyl, C3-6 cycloalkyl, C1-6 alkoxy or C1-6 haloalkyl.
[0014] In some embodiments,

of Formula (I) is:
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and
wherein each of R and R2 is as defined herein.
[0015] In some embodiments, provided herein is a compound having Formula (II) or a stereoisomer, a geometric
isomer, a tautomer, an N-oxide, a hydrate, a solvate or a pharmaceutically acceptable salt thereof,

wherein X, each R1, R and R2 are as defined herein.
[0016] In some embodiments, provided herein is a compound having Formula (IV), or a stereoisomer, a geometric
isomer, a tautomer, an N-oxide, a hydrate, a solvate or a pharmaceutically acceptable salt thereof,



EP 3 256 468 B1

7

5

10

15

20

25

30

35

40

45

50

55

wherein

ring D is a five-membered heteroaromatic ring;
E1 and E4 are each independently C or N;
E2 and E3 are each independently C, CH, N, NH, O or S;
R20 and R21 are each independently H, C1-2 alkyl, C1-2 haloalkyl; or R20 and R21, together with the C atom to which
they are attached, independently and optionally form C3-6cycloalkyl; and
wherein R is as defined herein.

[0017] In some embodiments, provided herein is a compound having Formula (V), or a stereoisomer, a geometric
isomer, a tautomer, an N-oxide, a hydrate, a solvate or a pharmaceutically acceptable salt thereof,

and
wherein R is as defined herein.
[0018] In some embodiments, R is:

wherein each moiety represented by R is independently and optionally substituted with one, two, three, four or five R8;
each of T1, T2, T3, T4, T5, T6, T7, T8, T9, T10, T11, T12, T13 and T14 is independently CH, ⊕N-O) or N;
Y1 is a bond, -O-, -S(=O)t-, -NR5-, -NR5-C(=O)-, -C(=O)-NR5-, -S(=O)t-NR5-, -NR5-S(=O)t-, -(CR6R7)y- or -C(=O)-;
each of Y2 and Y3 is independently a bond, -O-, -S(=O)t-, -NR5-, -CR6R7-, -(CR6R7)y- or -C(=O)-, or Y2 is connected
with Y3 to form -CR6=CR7-;
wherein CR6R7 of -(CR6R7)y- is independently and optionally replaced with -O-, -S(=O)t- or -NR5-;
y is 0, 1, 2, 3 or 4;
each R5 is independently H, deuterium, alkyl, aminoalkyl, haloalkyl, cycloalkyl, heterocyclyl, aryl, halo-substituted
aryl or arylalkyl; and
each of R6 and R7 is independently H, deuterium, F, Cl, Br, I, cyano, hydroxy, hydroxyalkyl, alkyl, alkylamino,
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aminoalkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl, aryl, halo-substituted aryl or arylalkyl; or R6 and R7, together with
the C atom to which they are attached, independently and optionally form cycloalkyl or heterocyclyl; and
wherein each of R8 and t is as defined herein.

[0019] In other embodiments, each R5 is independently H, deuterium, C1-6 alkyl, C1-6 aminoalkyl, C1-6 haloalkyl, C3-6
cycloalkyl, C2-9 heterocyclyl, C6-10 aryl, halo-substituted C6-10 aryl or C6-10 aryl-C1-6-alkyl; and
each of R6 and R7 is independently H, deuterium, F, Cl, Br, I, cyano, hydroxy, C1-6 hydroxyalkyl, C1-6 alkyl, C1-6 alkylamino,
C1-6 aminoalkyl, C2-6 alkenyl, C2-6 alkynyl, C3-6 cycloalkyl, C1-6 haloalkyl, C6-10 aryl, halo-substituted C6-10 aryl or C6-10
aryl-C1-6-alkyl; or R6 and R7, together with the C atom to which they are attached, independently and optionally form
C3-6 cycloalkyl or C2-9 heterocyclyl.
[0020] In other embodiments, each R5 is independently H, deuterium, C1-3 alkyl, C1-3 aminoalkyl, C1-3 haloalkyl, C3-6
cycloalkyl, C2-6 heterocyclyl, phenyl or benzyl; and
each of R6 and R7 is independently H, deuterium, F, Cl, Br, I, cyano, hydroxy, C1-3 alkyl, C1-4 hydroxyalkyl, C1-3 alkylamino,
C1-3 aminoalkyl, C2-4 alkenyl, C2-4 alkynyl, C3-6 cycloalkyl, C1-3 haloalkyl, phenyl or benzyl; or R6 and R7, together with
the C atom to which they are attached, independently and optionally form C3-6 cycloalkyl or C2-6 heterocyclyl.
[0021] In other embodiments, R is:
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or

wherein each moiety represented by R is independently and optionally substituted with one, two, three, four or five R8;
each of T1, T2, T5, T6 and T7 is independently CH, ⊕N-O) or N; and
each of R8, t, Y1, Y2, Y3, R6 and R7 is as defined herein.

[0022] In other embodiments, R is:
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wherein each moiety represented by R is independently and optionally substituted with one, two, three, four or five
R8; and
each said R8 is as defined herein.

[0023] In other embodiments, each R8 is independently H, deuterium, F, Cl, Br, I, hydroxy, nitro, amino, C1-3 aminoalkyl,
C1-3 alkylamino, C1-3 alkyl, C1-4 hydroxyalkyl, C1-3 alkoxy, C1-3 haloalkyl, C1-3 haloalkoxy, C3-6 cycloalkyl, C3-6 cycloalky-
loxy, C2-4 alkenyl, C2-4 alkynyl, C6-10 aryl, halo-substituted C6-10 aryl, C6-10 aryl-C1-4-alkyl, oxo (=O), -C(=O)OR15,
-S(=O)tR16, -C(=O)NR17R18, -C(=O)N(R17)S(=O)2R16, -C(=O)NH-C1-4 alkylene -S(=O)2OR15, -C(=O)NH-C1-4 alkylene
-C(=O)OR15, cyano, triazolyl or tetrazolyl; or two R8, together with the same C atom to which they are attached, inde-
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pendently and optionally form C3-6 cycloalkyl or C2-9 heterocyclyl; or two R8, together with the adjacent C atoms to which
they are attached, independently and optionally form C3-6 cycloalkyl, C2-9 heterocyclyl, C6-10 aryl or C1-9 heteroaryl;
wherein each R8 is optionally and independently substituted with one or more R19;
each R15 is H, deuterium, C1-4 alkyl, C1-4 aminoalkyl, C2-4 alkenyl, C2-4 alkynyl, C1-4 haloalkyl, C3-6 cycloalkyl, C1-6
heterocyclyl or C6-10 aryl;
each R16 is H, deuterium, hydroxy, amino, C1-4 alkyl, C1-4 aminoalkyl, C2-4 alkenyl, C2-4 alkynyl, C1-4 haloalkyl, C3-6
cycloalkyl, C2-6 heterocyclyl, C6-10 aryl or -NR17R18;
each of R17 and R18 is independently H, deuterium, C1-4 alkyl, C1-4 aminoalkyl, C2-4 alkenyl, C2-4 alkynyl, C1-3 haloalkyl,
C3-6 cycloalkyl, C2-6 heterocyclyl or C6-10 aryl; and
each R19 is as defined herein.
[0024] In some embodiments,
each R1 is independently H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, methyl,
ethyl, n-propyl, isopropyl, t-butyl, dimethylamino, difluoromethyl, trifluoromethyl, tert-butyloxy, difluoromethyloxy, trifluor-
omethyloxy, cyclopropyl, oxiranyl, phenyl, naphthyl, oxazolyl, pyrazolyl or thiazolyl; and
each R2 is independently H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, methyl, ethyl, n-propyl, isopropyl, t-butyl,
dimethylamino, difluoromethyl, trifluoromethyl, tert-butyloxy, difluoromethyloxy, trifluoromethyloxy, methoxymethyl, iso-
propoxymethyl, tert-butoxymethyl, cyclopropyl, cycobutyl, oxiranyl or pyrrolidinyl.
[0025] In other embodiments, each R8 is independently H, deuterium, F, Cl, Br, I, hydroxy, nitro, amino, oxo (=O),
C1-3 alkyl, C1-3 haloalkyl, -COOH, -C(=O)O-C1-4 alkyl, -C(=O)NHS(=O)2-C1-4 alkyl, -C(=O)NHS(=O)2-phenyl, -C(=O)NH-
C1-4 alkylene -S(=O)2OH, -C(=O)NH-C1-4 alkylene -C(=O)OH, -S(=O)2NH2, -S(=O)2OH, -S(=O)2-C1-2 alkyl, -C(=O)NH2,
-C(=O)N(CH3)2, cyano, triazolyl or tetrazolyl.
[0026] In one aspect, provided herein is a pharmaceutical composition comprising a compound of Formula (I), Formula
(II), Formula (IV) or Formula (V) disclosed herein, or a stereoisomer, a geometric isomer, a tautomer, an N-oxide, a
hydrate, a solvate or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier, excipient,
diluent, adjuvant, vehicle or a combination thereof.
[0027] In one aspect, provided herein is use of the compound of Formula (I), Formula (II), Formula (IV) or Formula
(V) disclosed herein or the pharmaceutical composition thereof in the manufacture of a medicament for preventing,
managing, treating or lessening a disease mediated by FXR.
[0028] In some embodiments, the disease mediated by FXR is a cardiovascular and cerebrovascular disease, a
disease related to dyslipidemia, obesity, metabolic syndrome, a hyperproliferative disease, fibrosis, an inflammatory
disease or a disease related to liver and gallbladder.
[0029] In some embodiments, the cardiovascular and cerebrovascular disease comprises atherosclerosis, acute my-
ocardial infarction, veno-occlusive disease, portal hypertension, pulmonary hypertension, heart failure, peripheral arterial
occlusive disease (PAOD), sexual dysfunction, stroke or thrombosis.
[0030] In some embodiments, the obesity and metabolic syndrome comprise insulin resistance, hyperglycemia, hy-
perinsulinemia, elevated blood level of fatty acids or glycerol, hyperlipidemia, obesity, hypertriglyceridemia, hypercho-
lesterolemia, X syndrome, diabetic complications, atherosclerosis, hypertension, acute anemia, neutropenia, dyslipi-
demia, type II diabetes, diabetic nephropathy, diabetic neuropathy, diabetic retinopathy or the merger disorders of
diabetes and abnormally high BMI.
[0031] In some embodiments, the hyperproliferative disease comprises hepatocellular carcinoma, adenomatous, poly-
posis, colon cancer, breast cancer, membrane cancer, Barrett’s esophageal cancer and other forms of gastrointestinal
tract disease or liver tumor.
[0032] In some embodiments, the fibrosis, inflammatory disease and disease related to liver and gallbladder comprise
nonalcoholic fatty liver disease (NAFLD), nonalcoholic steatohepatitis (NASH), cholestasis, liver fibrosis, primary biliary
cirrhosis (PBC), primary sclerosing cholangitis (PSC), progressive familial intrahepatic cholestasis (PFIC), cystic fibrosis,
drug-induced bile duct injury, cirrhosis of the liver, hepatitis B, sebaceous disease, cirrhosis of the liver caused by alcohol,
biliary obstruction, cholelithiasis, colitis, newborn yellow disease, riboflavin disease prevention or intestinal bacterial
overgrowth.
[0033] In other aspect, provided herein is the compound or the pharmaceutical composition disclosed herein for use
in preventing, managing, treating or lessening a disease mediated by FXR in a patient.
[0034] In other aspect, provided herein is a method of preparing, separating or purifying the compound of Formula (I),
Formula (II), Formula (IV) or Formula (V).
[0035] The foregoing merely summarizes certain aspects disclosed herein and is not intended to be limiting in nature.
These aspects and other aspects and embodiments are described more fully below.

DETAILED DESCRIPTION OF THE INVENTION DEFINITIONS AND GENERAL TERMINOLOGY

[0036] The present invention will apply the following definitions unless otherwise specified. For purposes of this in-
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vention, the chemical elements are defined according to the Periodic Table, CAS version and chemical manuals, 75,
thEd, 1994. Additionally, general principles of organic chemistry are described in "Organic Chemistry", Thomas Sorrell,
University Science Books, Sausalito: 1999, and Smith et al., and "March’s Advanced Organic Chemistry", John Wiley
& Sons, New York: 2007, all of which are incorporated herein by reference in their entireties.
[0037] The term "comprise" is an open expression, it includes the contents disclosed herein, but don’t exclude other
contents.
[0038] As described herein, compounds disclosed herein may optionally be substituted with one or more substituents,
such as are illustrated generally formula in the invention, or as exemplified by particular classes, subclasses, and species
of the invention. It will be appreciated that the phrase "optionally substituted" is used interchangeably with the phrase
"substituted or unsubstituted". In general, the term "optionally" whether or not located before the term "substituted" refers
to the replacement of one or more hydrogen radicals in a given structure with the radical of a specified substituent.
Unless otherwise indicated, an optionally substituted group may have a substituent at each substitutable position of the
group. When more than one position in a given structure can be substituted with more than one substituent selected
from a specified group, the substituent may be either the same or different at each position. Wherein the substituents
may be, but are not limited to H, F, Cl, Br, I, nitro, cyano, oxo (=O), hydroxy, alkyl, hydroxyalkyl, alkylamino, aminoalkyl,
haloalkoxy, cycloalkyl, amino, aryl, heterocyclyl, heteroaryl, alkenyl, alkynyl, cycloalkyloxy, alkoxy, alkoxyalkyl haloalkyl,
-COOH, -alkylene -C(=O)O-alkyl, -alkylene-S(=O)2-alkyl, -alkylene-S(=O)2-amino, -S(=O)2-alkyl, -S(=O)2-amino,
-S(=O)2OH, -O-alkylene-C(=O)O-alkyl, -O-alkylene-S(=O)2-alkyl, -O-alkylene-S(=O)2-amino, -O-alkylene-S(=O)2OH,
-C(=O)NH2, -C(=O)NH-alkyl, -C(=O)N(alkyl)-alkyl, -C(=O)NHS(=O)2-alkyl, -C(=O)NHS(=O)2-amino,
-C(=O)NHS(=O)2OH, -N(R17)C(=O)NR17R18, -OC(=O)R16, -N(haloalkyl)-alkyl, -N(alkyl)-S(=O)2-alkyl, -NHS(=O)2-alkyl,
-NHS(=O)2-haloalkyl, -N(alkyl)S(=O)2-haloalkyl, -N(alkyl)S(=O)2-alkylamino, -NHC(=O)-alkyl, -NHC(=O)-haloalkyl,
-N(alkyl)C(=O)-haloalkyl, -N(alkyl)C(=O)-alkylamino, -N(alkyl)C(=O)O-alkyl, -NHC(=O)O-alkyl, -NHC(=O)O-haloalkyl,
-N(alkyl)C(=O)O-haloalkyl, -N(alkyl)C(=O)O-aminoalkyl, -NHC(=O)-NH2, -NHC(=O)NH-(alkyl), -NHC(=O)NH(haloalkyl),
-NHC(=O)N(alkyl)-alkyl, -OC(=O)-alkyl, -OC(=O)-amino, -OC(=O)-alkylamino, -OC(=O)-aminoalkyl, -OC(=O)-alkoxy,
-C(=O)N(alkyl)S(=O)2-alkyl, -C(=O)N(alkyl)S(=O)2-amino, -C(=O)NH-S(=O)2OH, -C(=NH)NH2, -C(=NH)NH-alkyl,
-C(=NH)N(alkyl)-alkyl, -C(=N-alkyl)-NH2, -C(=O)NH-alkylene-S(=O)2OH, -C(=O)NHC(=O)OH, -C(=O)NHC(=O)O-alkyl,
-C(=O)N(alkyl)C(=O)O-alkyl, -C(=O)NH-alkylene-C(=O)OH and -C(=O)NH-alkylene-C(=O)O-alkyl, and the like, and
wherein R16, R17 and R18 are as defined herein.
[0039] The term "alkyl" refers to a saturated linear or branched-chain monovalent hydrocarbon radical of 1 to 20 carbon
atoms, or 1 to 10 carbon atoms, or 1 to 6 carbon atoms, or 1 to 4 carbon atoms, or 1 to 3 carbon atoms, or 1 to 2 carbon
atoms, wherein the alkyl radical may be optionally and independently substituted with one or more substituents described
herein. Some non-limiting examples of the alkyl group include, methyl (Me, -CH3), ethyl (Et, -CH2CH3), n-propyl (n-Pr,
-CH2CH2CH3), isopropyl (i-Pr, -CH(CH3)2), n-butyl (n-Bu, -CH2CH2CH2CH3), isobutyl (i-Bu, -CH2CH(CH3)2), sec-butyl
(s-Bu, -CH(CH3)CH2CH3), tert-butyl (t-Bu, -C(CH3)3), n-pentyl (-CH2CH2CH2CH2CH3), 2-pentyl
(-CH(CH3)CH2CH2CH3), 3-pentyl (-CH(CH2CH3)2), 2-methyl-2-butyl (-C(CH3)2CH2CH3), 3-methyl-2-butyl
(-CH(CH3)CH(CH3)2), 3-methyl-1-butyl (-CH2CH2CH(CH3)2), 2-methyl-1-butyl (-CH2CH(CH3)CH2CH3), n-hexyl
(-CH2CH2CH2CH2CH2CH3), 2-hexyl (-CH(CH3)CH2CH2CH2CH3), 3-hexyl (-CH(CH2CH3)(CH2CH2CH3)), 2-methyl-2-
pentyl (-C(CH3)2CH2CH2CH3), 3-methyl-2-pentyl (-CH(CH3)CH(CH3)CH2CH3), 4-methyl-2-pentyl
(-CH(CH3)CH2CH(CH3)2), 3-methyl-3-pentyl (-C(CH3)(CH2CH3)2), 2-methyl-3-pentyl (-CH(CH2CH3)CH(CH3)2), 2,3-
dimethyl-2-butyl (-C(CH3)2CH(CH3)2), 3,3-dimethyl-2-butyl (-CH(CH3)C(CH3)3, n-heptyl and n-octyl, etc. The term "alkyl"
or the prefix "alk-" is inclusive of both straight chain and branched saturated carbon chain. The term "alkylene"used
herein refers to a saturated divalent hydrocarbon group derived from a straight or branched chain saturated hydrocarbon
by the removal of two hydrogen atoms, such exaples include, but are not limited to methylene, ethylidene and isopro-
pylidene, and the like.
[0040] The term "alkenyl" refers to a linear or branched chain monovalent hydrocarbon radical of 2 to 12 carbon atoms,
or 2 to 8 carbon atoms, or 2 to 6 carbon atoms, or 2 to 4 carbon atoms, with at least one site of unsaturation, i.e., a
carbon-carbon, sp2 double bond, wherein the alkenyl radical may be independently and optionally substituted with one
or more substituents described herein, and includes radicals having "cis" and "trans" orientations, or alternatively, "E"
and "Z" orientations. Examples include, but are not limited to, ethenyl or vinyl (-CH=CH2), allyl (-CH2CH=CH2), butenyl
(-CH2CH2CH=CH2), and the like.
[0041] The term "alkynyl" refers to a linear or branched chain monovalent hydrocarbon radical of 2 to 12 carbon atoms,
or 2 to 8 carbon atoms, or 2 to 6 carbon atoms, or 2 to 4 carbon atoms, with at least one site of unsaturation, i.e., a
carbon-carbon, sp triple bond, wherein the alkynyl radical is independently and optionally substituted with one or more
substituents described herein. Examples include, but are not limited to, ethynyl (-C≡CH), propargyl (-CH2C≡CH), and
the like.
[0042] The term "heteroatom" refers to one or more of O, S, N, P and Si, including any oxidized form of C, N, S, or P;
the quaternized form of any basic N; or a substitutable nitrogen of a heterocyclic ring, for example, N (as in 3,4-dihydro-
2H-pyrrolyl), NH (as in pyrrolidinyl) or NR (as in N-substituted pyrrolidinyl); or -CH2- of a heterocyclic ring is oxidized to
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form -C(=O)-form.
[0043] The term "halogen" or "halo" refers to fluoro (F), chloro (Cl), bromo (Br), or iodo (I).
[0044] The term "unsaturated" refers to a moiety having one or more units of unsaturation.
[0045] The term "alkoxy" refers to an alkyl group, as defined herein, attached to the principal carbon chain through an
oxygen atom. In some embodiments, alkoxy is C1-4 alkoxy. Examples include, but are not limited to, methoxy, ethoxy,
propoxy, butoxy, and the like. The alkoxy group may be optionally substituted with one or more substituents disclosed
herein.
[0046] The term "alkoxyalkyl" refers to an alkyl group substituted with one or more alkoxy, and alkoxy and alkyl are
as defined herein. In some embodiments, alkoxyalkyl is C1-6 alkoxy C1-6 alkyl. In other embodiments, alkoxyalkyl is C1-3
alkoxy C1-3 alkyl. And each said alkoxyalkyl can be independently and optionally substituted with one or more substituents
described herein.The terms "haloalkyl", "haloalkenyl" or "haloalkoxy" refer to alkyl, alkenyl, or alkoxy, as the case may
be, substituted with one or more halogen atoms. In some embodiments, haloalkyl is C1-6 haloalkyl. In other embodiments,
haloalkyl is C1-3 haloalkyl. In some embodiments, haloalkoxy is C1-6 haloalkoxy. In other embodiments, haloalkoxy is
C1-3 haloalkoxy. Some non-limiting examples of "haloalkyl", "haloalkenyl" or "haloalkoxy" groups include trifluoromethyl,
2-chloro-vinyl, 2,2-difluoroethyl, trifluoromethoxy, and the like. And wherein optionally each of the haloalkyl, haloalkenyl
or haloalkoxy may be optionally substituted with one or more substituents described herein.
[0047] The term "alkylamino" refers to "N-alkylamino" and "N,N-dialkylamino", wherein amino groups are independently
substituted with one alkyl radical or two alkyl radicals, respectively. In some embodiments, the alkylamino group is C1-6
alkylamino or a (C1-6 alkyl) amino group. In other embodiments, the alkylamino group is C1-3 alkylamino or a (C1-3 alkyl)
amino group. Some non-limiting examples of the alkylamino group include monoalkylamino and dialkylamino, such as
N-methylamino, N-ethylamino, N,N-dimethylamino, N,N-diethylamino, and the like. And wherein the alkylamino radical
is optionally substituted with one or more substituents described herein.
[0048] The term "cycloalkyl" refers to a monovalent or multivalent saturated ring having 3 to 12 carbon atoms as a
monocyclic, bicyclic, or tricyclic carbon ring system, but not an aromatic ring. In some embodiments, the cycloalkyl group
contains 3 to 12 carbon atoms. In other embodiments, the cycloalkyl group contains 3 to 8 carbon atoms. In still other
embodiments, the cycloalkyl group contains 3 to 6 carbon atoms. Examples include, but are not limited to, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, and the like. The cycloalkyl group may be optionally substituted with one or more
substituents disclosed herein.
[0049] The term "cycloalkyloxy" refers to a cycloalkyl attached to the principal carbon chain through an oxygen atom,
and cycloalkyl is as defined herein.
[0050] The term "heterocycle", "heterocyclyl", or "heterocyclic ring" as used interchangeably herein refers to a saturated
or partially unsaturated monocyclic, bicyclic or tricyclic ring containing 3-12 ring atoms, but not an aromatic ring, of which
at least one ring atom is a heteroatom. Unless otherwise specified, the heterocyclyl group may be carbon or nitrogen
linked, and the heteroatom is as defined herein. Some non-limiting examples of the heterocyclyl group include oxiranyl,
azetidinyl, oxetanyl, thietanyl, pyrrolidinyl, 2-pyrrolinyl, 3-pyrrolinyl, pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl,
tetrahydrofuranyl, dihydrofuranyl, tetrahydrothienyl, dihydrothienyl, 1,3-dioxolanyl, dithiolanyl, tetrahydropyranyl, dihy-
dropyranyl, 2H-pyranyl, 4H-pyranyl, tetrahydrothiopyranyl, piperidinyl, morpholinyl, thiomorpholinyl, piperazinyl, dioxa-
nyl, dithianyl, thioxanyl, homopiperazinyl, homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl, diazepinyl, thiazepinyl and
2-oxa-5-azabicyclo[2.2.1]hept-5-yl. Some non-limiting examples of heterocyclyl wherein -CH2- group is replaced by
-C(=O)- moiety include 2-oxopyrrolidinyl, oxo-1,3-thiazolidinyl, 2-piperidinonyl, 3,5-dioxopiperidinyl and pyrimidinedionyl.
Some non-limited examples of heterocyclyl wherein the ring sulfur atom is oxidized include sulfolanyl, 1,1-dioxo-thio-
morpholinyl. The heterocyclyl group may be optionally substituted with one or more substituents disclosed herein.
[0051] In one embodiment, heterocyclyl may be 4-7 membered heterocyclyl. Examples include, but are not limited to,
azetidinyl, oxetanyl, thietanyl, pyrrolidinyl, 2-pyrrolinyl, 3-pyrrolinyl, pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl,
tetrahydrofuranyl, dihydrofuranyl, tetrahydrothienyl, dihydrothienyl, 1,3-dioxolanyl, dithiolanyl, tetrahydropyranyl, dihy-
dropyranyl, 2H-pyranyl, 4H-pyranyl, tetrahydrothiopyranyl, piperidinyl, morpholinyl, thiomorpholinyl, piperazinyl, dioxa-
nyl, dithianyl, thioxanyl, homopiperazinyl, homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl, diazepinyl and thiazepinyl.
Some non-limiting examples of heterocyclyl wherein -CH2- group is replaced by -C(=O)- moiety include 2-oxopyrrolidinyl,
oxo-1,3-thiazolidinyl, 2-piperidinonyl, pyridine-2(1H)-one-yl, 3,5-dioxopiperidinyl and pyrimidinedionyl. Some non-limited
examples of heterocyclyl wherein the ring sulfur atom is oxidized include sulfolanyl and 1,1-dioxo-thiomorpholinyl. The
heterocyclyl group containing 4-7 ring atoms may be optionally substituted with one or more substituents disclosed herein.
[0052] In other embodiment, heterocyclyl may be 4 membered heterocyclyl. Examples include, but are not limited to,
azetidinyl, oxetanyl and thietanyl. The heterocyclyl group containing 4 ring atoms may be optionally substituted with one
or more substituents disclosed herein.
[0053] In other embodiment, heterocyclyl may be 5 membered heterocyclyl. Examples include, but are not limited to,
pyrrolidinyl, 2-pyrrolinyl, 3-pyrrolinyl, pyrazolidinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, tetrahydrofuranyl, dihydro-
furanyl, tetrahydrothienyl, dihydrothienyl, 1,3-dioxolanyl and dithiolanyl. Some non-limiting examples of heterocyclyl
wherein -CH2- group is replaced by -C(=O)- moiety include 2-oxopyrrolidinyl and oxo-1,3-thiazolidinyl. Some non-limited
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examples of heterocyclyl wherein the ring sulfur atom is oxidized include sulfolanyl. The heterocyclyl group containing
5 ring atoms may be optionally substituted with one or more substituents disclosed herein.
[0054] In other embodiment, heterocyclyl may be 6 membered heterocyclyl. Examples include, but are not limited to,
tetrahydropyranyl, dihydropyranyl, 2H-pyranyl, 4H-pyranyl, tetrahydrothiopyranyl, piperidinyl, morpholinyl, thiomorpholi-
nyl, piperazinyl, dioxanyl, dithianyl and thioxanyl. Some non-limiting examples of heterocyclyl wherein -CH2- group is
replaced by -C(=O)- moiety include 2-piperidinonyl, 3,5-dioxopiperidinyl and pyrimidinedionyl. Some non-limited exam-
ples of heterocyclyl wherein the ring sulfur atom is oxidized is 1,1-dioxo-thiomorpholinyl. The heterocyclyl group containing
6 ring atoms may be optionally substituted with one or more substituents disclosed herein.
[0055] In still other embodiment, heterocyclyl may be 7-12 membered heterocyclyl. Examples include, but are not
limited to, 2-oxa-5-azabicyclo[2.2.1]hept-5-yl. The heterocyclyl group containing 7-12 ring atoms may be optionally
substituted with one or more substituents disclosed herein.
[0056] The term "aryl" refers to monocyclic, bicyclic and tricyclic carbocyclic ring systems having a total of six to
fourteen ring members, or six to twelve ring members, or six to ten ring members, wherein at least one ring in the system
is aromatic, wherein each ring in the system contains 3 to 7 ring members, and that has a single point or multipoint of
attachment to the rest of the molecule. The term "aryl" and "aromatic ring" can be used interchangeably herein. Examples
of aryl ring may include phenyl, naphthyl and anthracene. The aryl group may be optionally and independently substituted
with one or more substituents disclosed herein.
[0057] The term "arylalkyl" refers to an alkyl group subustituted with one or more aryl groups, wherein the alkyl group
and aryl group are as defined herein. Some non-limiting examples of the arylalkyl group include phenylmethyl, phenylethyl,
and the like.
[0058] The term "heteroaryl" refers to monocyclic, bicyclic and tricyclic carbocyclic ring systems having a total of five
to twelve ring members, or five to ten ring members, or five to six ring members, wherein at least one ring system is an
aromatic ring, and at least one ring system contains one or more hetero atoms, and in which at least one aromatic ring
member is selected from heteroatom, and wherein each ring in the system contains 5 to 7 ring members and that has
a single point or multipoint of attachment to the rest of the molecule. The term "hetreroaryl" and "heteroaromatic ring"
or "heteroaromatic compound" can be used interchangeably herein. The heteroaryl group is optionally substituted with
one or more substituents disclosed herein. In one embodiment, a 5-10 membered heteroaryl group comprises 1, 2, 3
or 4 heteroatoms independently selected from O, S and N, wherein the nitrogen atom can be further oxidized.
[0059] Some non-limiting examples of heteroaryl rings include furanyl, imidazolyl (e.g., N-imidazolyl, 2-imidazolyl, 4-
imidazolyl, 5-imidazolyl), isoxazolyl, oxazolyl (e.g. 2-oxazolyl, 4-oxazolyl, 5-oxazolyl), pyrrolyl (e.g., N-pyrrolyl, 2-pyrrolyl,
3-pyrrolyl), pyridyl, pyrimidinyl (e.g. 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl), pyridazinyl, thiazolyl (e.g., 2-thiazolyl, 4-
thiazolyl, 5-thiazolyl), tetrazolyl (e.g., 5-tetrazolyl), triazolyl, thienyl (e.g., 2-thienyl, 3-thienyl), pyrazolyl isothiazolyl, 1,2,3-
oxadiazolyl, 1,2,5-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,3-triazolyl, 1,2,3-thiadiazolyl, 1,3,4-thiadiazolyl, 1,2,5-thiadiazolyl,
pyrazinyl, 1,3,5-triazinyl, and the following bicycles: benzimidazolyl, benzofuryl, benzothiophenyl, indolyl (e.g., 2-indolyl),
purinyl, quinolinyl (e.g., 2-quinolinyl, 3-quinolinyl, 4-quinolinyl), 1,2,3,4-tetrahydroisoquinolinyl, 1,3-benzodioxolyl, indoli-
nyl, isoquinolinyl (e.g., 1-isoquinolinyl, 3-isoquinolinyl or 4-isoquinolinyl), imidazo[1,2-a]pyridyl, pyrazolo[1,5-a]pyridyl,
pyrazolo[1,5-a]pyrimidyl, imidazo[1,2-b]pyridazinyl, [1,2,4]triazolo[4,3-b]pyridazinyl, [1,2,4]triazolo[1,5-a]pyrimidinyl, and
[1,2,4]triazolo[1,5-a]pyridyl, and the like.
[0060] The term "aminoalkyl" refers to a C1-10 linear or branched-chain alkyl group substituted with one or more amino
groups. In some embodiments, the aminoalkyl is an aminoalkyl group having one to six carbon atoms and one or more
amino groups. Some non-limiting examples of the aminoalkyl group include aminomethyl, aminoethyl, aminopropyl,
aminobutyl and aminohexyl. The aminoalkyl group is optionally substituted with one or more substituents described
herein.
[0061] The term "hydroxyalkyl" refers to an alkyl group substituted with one or more hydroxy groups, wherein the alkyl
group is as defined herein. Some non-limiting examples of the hydroxyalkyl group include hydroxymethyl, hydroxyethyl,
and 1,2-dihydroxy-ethyl, and the like.
[0062] The term "halo-substituted aryl" refers to an aryl group substituted with one or more identical or different halogen
atoms, wherein halogen and aryl are as described herein. Such examples include, but are not limited to, fluorophenyl,
difluorophenyl, trifluorophenyl, chlorophenyl, dichlorophenyl, trichlorophenyl, bromophenyl, tribromophenyl, di-
bromophenyl, chlorofluorophenyl, fluorobromophenyl, chlorobromophenyl, and the like. The halogen-substituted aryl
group is optionally substituted with one or more substituents disclosed herein.
[0063] The term "alkylene" refers to a saturated divalent hydrocarbon group derived from a straight or branched chain
saturated hydrocarbon by the removal of two hydrogen atoms. Unless otherwise specified, the alkylene group contains
1-12 carbon atoms. Wherein the alkylene group is optionally substituted with one or more substituents described herein.
In some embodiments, the alkylene group contains 1-6 carbon atoms. In other embodiments, the alkylene group contains
1-4 carbon atoms. In still other embodiments, the alkylene group contains 1-3 carbon atoms. In yet other embodiments,
the alkylene group contains 1-2 carbon atoms. And alkylene group is exemplified by methylene (-CH2-), ethylene
(-CH2CH2-), isopropylene (-CH(CH3)CH2-), and the like.
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[0064] The term "alkenylene" refers to an unsaturated divalent hydrocarbon group derived from an alkylene group by
the removal of two hydrogen atoms. Unless otherwise specified, the alkenylene group contains 1-12 carbon atoms.
Wherein the alkenylene group is optionally substituted with one or more substituents described herein. In some embod-
iments, the alkenylene group contains 1-6 carbon atoms. In other embodiments, the alkenylene group contains 1-4
carbon atoms. In still other embodiments, the alkenylene group contains 1-3 carbon atoms. In yet other embodiments,
the alkenylene group contains 1-2 carbon atoms. Some non-limiting examples of the alkenylene group include ethenylene
(-CH=CH-), propenylene (-CH2CH=CH-), and the like.
[0065] The term "alkylene" refers to a linear or branched divalent hydrocarbon radical of 2 to 12 carbon atoms with at
least one site of unsaturation, i.e., a carbon-carbon, sp triple bond, wherein the alkynylene radical may be optionally
substituted with one or more substituents described herein. In some embodiments, the alkinylenyl contains 2 to 8 carbon
atoms. In other embodiments, the alkynylene contains 2 to 6 carbon atoms. In still other embodiments, the alkynylene
contains 2 to 4 carbon atoms. Examples of such groups include, but are not limited to, ethynylene (-C=C-), and the like.
[0066] The term "fused tricyclic", "fused tricyclyl", refers to a monovalent or multivalent tricyclic system, such as the
formula (a), the ring A and ring B share a single bond or a double bond, ring B and ring C share a single bond or a double
bond. Each ring of the fused tricyclic system may independently comprises five, six, seven, eight, nine or ten atoms.
Fused tricyclic system is aromatic or not aromatic, and such system may comprise isolated or conjugated unsaturation,
wherein each ring of the fused tricyclic system is independently saturated or partially saturated non-aromatic carbocyclic
ring, or an aromatic ring. Some non-limiting examples of the fused tricyclic group include 10,11-dihydro-5H-diben-
zo[a,d][7]annulene, and the like. And the fused tricyclic group is optionally substituted with one or more substituents
disclosed herein.

[0067] The term "fused heterotricyclyl" or "fused heterotricyclic" refers to a monovalent or multivalent fused tricyclic
system, wherein at least one ring atom is a heteroatom, which is selected from O, S, N, P and Si, including any oxidized
form of C, N, S, or P; the quaternized form of any basic N; or a substitutable nitrogen of a heterocyclic ring; or -CH2- of
a heterocyclic ring is oxidized to form -C(=O)- form. Unless otherwise specified, the fused heterotricyclic group may be
carbon or nitrogen linked. Fused heterotricyclic is aromatic or not aromatic, wherein each ring of the fused heterotricyclic
system is independently saturated or partially saturated non-aromatic ring. The fused heterotricyclic system may be a
tricyclic system having 10 to 16 ring atoms, or may be a [5,5,6], [5,6,6], [6,5,6], [6,6,6], [6,7,6], [6,7,5], [5,7,6], or [6,8,6]
tricyclic system. Some non-limiting examples of the fused heterotricyclyl group include 10,11-dihydrodibenzo[b,f]oxepin,
10,11-dihydrobenzo[6,7]oxepino[3,2-b]pyridine, 10,11-dihydrobenzo[6,7]oxepino[2,3-c]pyridine, 10,11-dihydroben-
zo[6,7]oxepino[2,3-b]pyridine, 11H-dibenzo[b,f][1,4]oxathiepine-10,10-dioxide, 11H-dibenzo[b,f][1,4]oxathiepine,
11H-dibenzo[b,f][1,4]oxathiepine-10-oxide, 10,11-dihydrobenzo[6,7]oxepino[2,3-d]pyrimidine, 5,6-dihydroben-
zo[6,7]oxepino[2,3-c]pyridazine, 10,11-dihydrobenzo[6,7]oxepino[2,3-b] pyrazine, 9,10-dihydropyrazolo[5,1-b]pyri-
do[2,3-f][1,3]oxazepine, 10,11-dihydrooxepino [3,2-b:6,7-b’]bipyridine, 10H-benzo[6,7][1,4]oxathiepino[3,2-b]pyridine-
11,11-dioxide, 6H-benzo[6,7[1,4]oxathiepino[3,2-c]pyridine-5,5-dioxide, 6H-benzo[6,7][1,4]oxathiepino [3,2-b]pyridine-
5,5-dioxide, 10,11-dihydrodibenzo[b,f]thiepine-5,5-dioxide, 9,10-dihydrobenzo [f]pyrazolo[5,1-b][1,3]oxazepine,
1,2,3,4,6,11,12,12a-octahydrobenzo[e]pyrido[1,2-a]azepine, phenoxathiine-10,10-dioxide, 10,11-dihydrodiben-
zo[b,f][1,4]oxazepine, 6,11-dihydrodibenzo [b,e]thiepine-5,5-dioxide, 10,11-dihydro-5H-benzo[4,5]cyclohepta[1,2-b]py-
ridine, 6,7-dihydro-5H-benzo[7,8]oxocino[3,2-b]pyridine, 10,11-dihydrooxepino[3,2-b:7,6-c’]dipyridine, 10,11-dihyd-
robenzo[6,7]oxepin[3,2-c]pyridine, 10,11-dihydrodibenzo[b,f]thiepine-5-oxide, 1,4-dihydrobenzopyran[4,3-c]pyrazole,
dibenzo[b,f]oxepine, benzo[6,7]oxepino[3,2-b]pyridine. Some non-limiting examples of -CH2- groups in the fused heter-
otricyclic ring replaced with -C(=O)- group include 11,12-dihydrobenzo[e]pyrido[1,2-a]azepine-4(6H)-one, diben-
zo[b,f]oxepin-10(11H)-one, 5H-benzo[5,6]cyclohepta[1,2-c]pyridin-11(6H)-one, 10,11-dihydro-5H-benzo[4,5]cyclohep-
ta [1,2-b]pyridin-5-one, dibenzo[b,e]thiepine-11(6H) -one-5,5-dioxide, 10,11-dihydro-5H-dibenzo [a,d][7]annulen-5-one,
benzo[6,7]oxepino[3,2-b]pyridine-11(10H)-one, and the like. And the fused heterotricyclyl group is optionally substituted
with one or more substituents disclosed herein.
[0068] As described herein, a bond connected to the center position of the ring represents that the bond can connect
to any reasonable and connectable position of the ring. For example, Formula (b), a bond connected to the center
position of the ring G represents that the bond can connect to any reasonable and connectable position of the ring G,
such as Formula (c), Formula (d) and Formula (e).
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[0069] Furthermore, unless otherwise stated, the phrase "each...is independently" is used interchangeably with the
phrase "each (of)...and...is independently". It should be understood broadly that the specific options expressed by the
same symbol are independent of each other in different radicals; or the specific options expressed by the same symbol
are independent of each other in same radicals. For example, the specific options expressed by T1 of the formula (f)
and the formula (g) are independent of each other; Meanwhile, in the same formula, such as formula (h), the specific
options of multi-R1 are independent of each other; the specific options of multi-n are independent of each other.

[0070] Unless otherwise stated, structures depicted herein are also meant to include all isomeric (e.g., enantiomeric,
diastereomeric, geometric or conformational) forms of the structure; for example, the R and S configurations for each
asymmetric center, (Z) and (E) double bond isomers, and (Z) and (E) conformational isomers. Therefore, single stere-
ochemical isomers as well as enantiomeric, diastereomeric, geometric, or conformational mixtures of the present com-
pounds are within the scope disclosed herein.
[0071] Unless otherwise stated, structures and compounds depicted herein are also meant to include all isomeric
(e.g., enantiomeric, diastereomeric, geometric or conformational) forms, N-oxide, hydrate, solvate or pharmaceutically
acceptable salt thereof. Therefore, single stereochemical isomers as well as enantiomer, diastereomer, geometric isomer,
conformer, N-oxide, anhydrate, solvate or pharmaceutically acceptable salt of the compounds disclosed herein are within
the scope of the present invention. Additionally, unless otherwise stated, structures depicted herein are also meant to
include compounds that differ only in the presence of one or more isotopically enriched atoms.
[0072] Stereochemical definitions and conventions used herein generally follow S. P. Parker, Ed., McGraw-Hill Dic-
tionary of Chemical Terms (1984) McGraw-Hill Book Company, New York; and Eliel, E. and Wilen, S., "Stereochemistry
of Organic Compounds", John Wiley&Sons, Inc., New York, 1994. The compounds disclosed herein may contain asym-
metric or chiral centers, and therefore exist in different stereoisomeric forms. It is intended that all stereoisomeric forms
of the compounds disclosed herein, including, but not limited to, diastereomers, enantiomers and atropisomers, as well
as mixtures thereof such as racemic mixtures, form part of the present invention. Many organic compounds exist in
optically active forms, i.e., they have the ability to rotate the plane of plane-polarized light. In describing an optically
active compound, the prefixes D and L, or R and S, are used to denote the absolute configuration of the molecule about
its chiral center(s). The prefixes d and l or (+) and (-) are employed to designate the sign of rotation of plane-polarized
light by the compound, with (-) or l meaning that the compound is levorotatory. A compound prefixed with (+) or d is
dextrorotatory. For a given chemical structure, these stereoisomers are identical except that they are mirror images of
one another. A specific stereoisomer may also be referred to as an enantiomer, and a mixture of such isomers is often
called an enantiomeric mixture. A 50:50 mixture of enantiomers is referred to as a racemic mixture or a racemate, which
may occur where there has been no stereoselection or stereospecificity in a chemical reaction or process. The term
"racemic mixture" or "racemate" refers to an equimolar mixture of two enantiomeric species, devoid of optical activity.
[0073] The term "tautomer" or "tautomeric form" refers to structural isomers of different energies which are intercon-
vertible via a low energy barrier. Some non-limiting examples of proton tautomers (also known as prototropic tautomers)
include interconversions via migration of a proton, such as keto-enol and imine-enamine isomerizations. Valence tau-
tomers include interconversions by reorganization of some of the bonding electrons.
[0074] A "pharmaceutically acceptable salts" refers to organic or inorganic salts of a compound disclosed herein.
Pharmaceutically acceptable salts are well known in the art. For example, Berge et al., describe pharmaceutically
acceptable salts in detail in J. Pharmacol Sci, 1977, 66:1-19, which is incorporated herein by reference. Some non-
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limiting examples of pharmaceutically acceptable and nontoxic salts include salts of an amino group formed with inorganic
acids such as hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid and perchloric acid or with organic
acids such as acetic acid, oxalic acid, maleic acid, tartaric acid, citric acid, succinic acid and malonic acid or by using
other methods used in the art such as ion exchange. Other pharmaceutically acceptable salts include adipate, malate,
2-hydroxy propionate, alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphor-
ate, camphorsulfonate, cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, formate, fumarate, glu-
coheptonate, glycerophosphate, gluconate, hemisulfate, heptanoate, hexanoate, hydroiodide, 2-hydroxy-ethanesul-
fonate, lactobionate, lactate, laurate, laurylsulfate, malate, malonate, methanesulfonate, 2-naphthalenesulfonate, nico-
tinate, nitrate, oleate, palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate, picrate, pivalate, propionate, stea-
rate, thiocyanate, p-toluenesulfonate, undecanoate, valerate salts, and the like. Salts derived from appropriate bases
include alkali metal, alkaline earth metal, ammonium and N+(C1-4 alkyl)4 salts. This invention also envisions the quater-
nization of any basic nitrogen-containing groups of the compounds disclosed herein. Water or oil soluble or dispersable
products may be obtained by such quaternization. Representative alkali or alkaline earth metal (formed) salts include
sodium, lithium, potassium, calcium, magnesium, and the like. Further pharmaceutically acceptable salts include, when
appropriate, nontoxic ammonium, quaternary ammonium, and amine cations formed using counterions such as halide,
hydroxide, carboxylate, sulfate, phosphate, nitrate, C1-8 sulfonate or aryl sulfonate.
[0075] The term "hydrate" refers to the complex where the solvent molecule is water.
[0076] The term "solvate" refers to an association or complex of one or more solvent molecules and a compound
disclosed herein. Some non-limiting examples of the solvent that form solvates include water, isopropanol, ethanol,
methanol, dimethylsulfoxide (DMSO), ethyl acetate, acetic acid and ethanolamine.
[0077] An "ester" refers to an in vivo hydrolysable ester of a compound of the Formula (I), (II), (III) or (IV) containing
hydroxy group, for example, a pharmaceutically acceptable ester which is hydrolysed in the human or animal body to
produce the parent alcohol. Some non-limiting examples of in vivo (of a compound of the Formula (I), (II), (III) or (IV)
hydrolysable ester forming groups for hydroxy include phosphate, acetoxymethoxy, 2,2-dimethylpropionyloxymethoxy,
alkanoyl, benzoyl, phenylacetyl, alkoxycarbonyl, dialkylcarbamoyl, N-(dialkylaminoethyl)-N-alkylcarbamoyl, and the like.
[0078] An "N-oxide" refers to one or more than one nitrogen atoms oxidised to form N-oxides, where a compound
contains several amine functions. Particular examples of N-oxides are the N-oxides of a tertiary amine or a nitrogen
atom of a nitrogen-containing heterocycle. N-oxides can be formed by treatment of the corresponding amine with an
oxidizing agent such as hydrogen peroxide or a per-acid (e.g. a peroxycarboxylic acid) (See, Advanced Organic Chemistiy,
by Jerry March, 4th Edition, Wiley Interscience, pages). More particularly, N-oxides can be made by the procedure of
L. W. Deady (Syn. Comm. 1977, 7, 509-514), in which the amine compound is reacted with m-chloroperoxybenzoic acid
(MCPBA), for example, in an inert solvent such as dichloromethane.
[0079] The term "protecting group" or "Pg" refers to a substituent that is commonly employed to block or protect a
particular functionality while reacting with other functional groups on the compound. For example, an "amino-protecting
group" is a substituent attached to an amino group that blocks or protects the amino functionality in the compound.
Suitable amino-protecting groups include acetyl, trifluoroacetyl, t-butoxy-carbonyl (BOC), benzyloxycarbonyl (CBZ) and
9- fluorenylmethylenoxy-carbonyl (Fmoc), and the like. Similarly, a "hydroxy-protecting group" refers to a substituent of
a hydroxy group that blocks or protects the hydroxy functionality. Suitable protecting groups include Methyl, methoxyme-
thyl, acetyl and silyl, and the like. A "carboxy-protecting group" refers to a substituent of the carboxy group that blocks
or protects the carboxy functionality. Common carboxy-protecting groups include -CH2CH2SO2Ph, cyanoethyl, 2-(tri-
methylsilyl)ethyl, 2-(trimethylsilyl)ethoxy-methyl, 2-(p-toluenesulfonyl)ethyl, 2-(p-nitrophenylsulfonyl)ethyl, 2-(diphenyl-
phosphino)ethyl, nitroethyl, and the like. For a general description of protecting groups and their use, see: T W. Greene,
Protective Groups in Organic Synthesis, John Wiley&Sons, New York, 1991; and P. J. Kocienski, Protecting Groups,
Thieme, Stuttgart, 2005.
[0080] As used herein, the term "therapeutically effective amount" refers to an amount of a compound of the Formula
(I), (II), (III) or (IV) which is sufficient to obtain the desired therapeutic effect. Thus, a therapeutically effective amount of
a compound of the Formula (I), (II), (III) or (IV) for the treatment of conditions mediated by FXR is sufficient to treat
conditions mediated by FXR.
[0081] As used herein, the term "dyslipidemia" refers to an abnormality of lipids and lipoproteins, or abnormal amounts
of lipids and lipoproteins in the blood, as well as these diseases generated, caused, exacerbated or accompanied by
such abnormalities (See Dorland’s Illutrated Medical Dictionary, 29th edition, W.B. Saunders Publishing Company, New
York, NY). These diseases encompassed within the definition of dyslipidemia include hyperlipidemia, hypertriglyceri-
demia, low plasma HDL, high plasma LDL, high plasma VLDL, liver cholestasis, and hypercholesterolemia.
[0082] As used herein, the term "diseases related to dyslipidemia" include, but are not limited to, atherosclerosis,
thrombosis, coronary artery disease, stroke and hypertension disease. And diseases related to dyslipidemia also include
metabolic diseases such as obesity, diabetes, insulin resistance and complications thereof. The term "cholestasis" refers
to any condition caused by that the flow of bile from the liver is blocked, which may be intrahepatic (i.e., occurring inside
the liver) or extrahepatic (i.e., occurring outside the liver).
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[0083] As used herein, the term "liver fibrosis" includes liver fibrosis caused by any reason, including but not limited
to virus-induced liver fibrosis, such as liver fibrosis caused by the hepatitis B and hepatitis C; liver fibrosis caused by
contacting with alcohol (alcoholic liver disease), pharmaceutical compounds, oxidative stress, cancer radiation or indus-
trial chemicals; and liver fibrosis caused by primary biliary cirrhosis, fatty liver, obesity, non-alcoholic steatohepatitis,
cystic fibrosis, hemochromatosis, and autoimmune hepatitis and other diseases.
[0084] As used herein, the term "non-alcoholic fatty liver disease (NAFLD)" refers to a metabolic disease associated
with insulin resistance, including simple fatty liver (SFL), non-alcoholic steatohepatitis (NASH), steatohepatic fibrosis
and liver cirrhosis.
[0085] As used herein, "FXR modulators" refers to a substance that directly binds to the FXR and regulates activity
of the FXR, including FXR agonists, FXR partial agonists and FXR antagonists.
[0086] As used herein, the term "FXR agonist" refers to a substance that directly binds to the FXR and upregulates
activity of the FXR.
[0087] Unless otherwise indicated herein or clearly contradicted by the context, the terms "a", "an", "the" and similar
terms used in the context of the present invention (particularly in the context of the claims) are to be construed to cover
both the singular and the plural.

DESCRIPTION OF COMPOUNDS OF THE INVENTION

[0088] The present invention relates to compounds, or pharmaceutical compositions thereof, which bind to FXR (or
NR1H4 receptor) and act as modulators of the FXR (or NR1H4 receptor). The present invention further relates to said
compounds or the use thereof in the manufacture of a medicament for the treatment of diseases and/or conditions
through said compounds binding to the FXR nuclear receptor disclosed herein. The present invention further describes
a method for the synthesis of the compounds. The compounds of the invention exhibit improved biological activity and
pharmacokinetic advantages. The compounds of the invention are the ones only defined in the claims 1-10. The following
generic formula (I) encompasses the compounds as presently claimed. It does however comprise embodiments not part
of the present invention.
[0089] The invention relates to a compound having formula (I), or a stereoisomer, a geometric isomer, a tautomer, an
N-oxide, a hydrate, a solvate or a pharmaceutically acceptable salt thereof,

and
wherein each R1, n, X, D, L, R2 and R are as defined herein.
[0090] In some embodiments, X is N, CH or ⊕N-O).
[0091] In some embodiments, ring D is a five-membered heteroaromatic ring or five-membered heterocycle.
[0092] In some embodiments, L is a bond, -(CR3R4)f-, -(CR3R4)f-O-, -(CR3R4)f-NH- or -(CR3R4)f-S(=O)t-; and R3, R4,
t and f are as defined herein.
[0093] In some embodiments, R is fused tricyclyl or fused heterotricyclyl, wherein R is optionally substituted with one,
two, three, four or five R8; and
each R8 is as defined herein.
[0094] In some embodiments, each R1 is independently H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, alkyl,
haloalkyl, haloalkoxy, cycloalkyl, heterocyclyl, alkenyl, alkynyl, alkylamino, alkoxy, aryl or heteroaryl; wherein R1 is
optionally substituted with one, two, three, four or five R9; and
each R9 is as defined herein.
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[0095] In some embodiments, R2 is H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, alkyl, haloalkyl, haloalkoxy,
alkoxyalkyl, cycloalkyl, hydroxyalkyl, heterocyclyl, alkylamino or alkoxy; wherein R2 is optionally substituted with one,
two, three, four or five R9; and
each R9 is as defined herein.
[0096] In some embodiments, each of R3 and R4 is independently H, deuterium, C1-4 alkyl, F, Cl, Br, I or C1-4 haloalkyl;
wherein each of R3 and R4 is optionally substituted with one, two, three, four or five R9; and
each R9 is as defined herein.
[0097] In some embodiments, each R8 is independently H, deuterium, F, Cl, Br, I, hydroxy, nitro, amino, aminoalkyl,
alkylamino, alkyl, hydroxyalkyl, alkoxy, haloalkyl, haloalkoxy, cycloalkyl, cycloalkoxy, alkenyl, alkynyl, aryl, halo-substi-
tuted aryl, arylalkyl, oxo (=O), -L1-C(=O)OR15, -L1-S(=O)tR16, -O-L2-C(=O)OR15, -O-L2-S(=O)tR16, -C(=O)NR17R18,
-C(=O)N(R17)S(=O)2R16, -C(=NR17)NR17R18, -C(=O)N(R17)-L3-S(=O)2OR15, -C(=O)N(R17)C(=O)OR15,
-C(=O)N(R17)-L3-C(=O)OR15, cyano, heterocyclyl or heteroaryl; or two R8, together with the same C atom to which they
are attached, independently and optionally form cycloalkyl or heterocyclyl; or two R8, together with the adjacent C atoms
to which they are attached, independently and optionally form cycloalkyl, heterocyclyl, aryl or heteroaryl; wherein R8 is
independently and optionally substituted with one or more R19;
each R15 is independently H, deuterium, alkyl, aminoalkyl, alkenyl, alkynyl, haloalkyl, cycloalkyl, heterocyclyl or aryl;
each R16 is independently H, deuterium, hydroxy, amino, alkyl, aminoalkyl, alkenyl, alkynyl, haloalkyl, cycloalkyl, hete-
rocyclyl, aryl or -NR17R18;
each of R17 and R18 is independently H, deuterium, alkyl, aminoalkyl, alkenyl, alkynyl, haloalkyl, cycloalkyl, heterocyclyl
or aryl; or R17 and R18, together with the N atom to which they are attached, independently and optionally form heterocyclyl
or heteroaryl;
each L1 is independently a bond, -C(=O)-, C1-6 alkylene, C2-6 alkenylene or C2-6 alkynylene;
each L2 is independently C1-6 alkylene, C2-6 alkenylene or C2-6 alkynylene;
each L3 is independently a bond or C1-4 alkylene;
R8, R15, R16, R17, R18, L1, L2 and L3 are independently and optionally substituted with one or more R9; and
each of R9 and R19 is as defined herein.
[0098] In some embodiments, n is 0, 1, 2, 3 or 4.
[0099] In some embodiments, each f is independently 0, 1 or 2.
[0100] In some embodiments, each t is independently 0, 1 or 2.
[0101] In some embodiments, each R9 is independently H, deuterium, F, Cl, Br, I, cyano, oxo (=O), hydroxy, alkyl,
alkylamino, amino, aryl, heterocyclyl, heteroaryl, alkenyl, alkynyl, cycloalkyl, alkoxy or haloalkyl.
[0102] In some embodiments, each R19 is independently H, deuterium, F, Cl, Br, I, cyano, oxo (=O), hydroxy, alkyl,
alkylamino, amino, aryl, heterocyclyl, heteroaryl, alkenyl, alkynyl, cycloalkyl, alkoxy or haloalkyl.
[0103] In some embodiments, L is a bond, -CH2-, -O-, -NH-, -S-, -CH2-O-, -CH2-NH-, -CH2-S- or -CH2-S(=O)2-.
[0104] In some embodiments, each R1 is independently H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, C1-6
alkyl, C1-6 haloalkyl, C1-6 haloalkoxy, C3-6 cycloalkyl, C2-9 heterocyclyl, C2-6 alkenyl, C2-6 alkynyl, C1-6 alkylamino, C1-6
alkoxy, C6-10 aryl or C1-9 heteroaryl;
R2 is H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, C1-6 alkyl, C1-6 haloalkyl, C1-6 haloalkoxy, C1-6 alkoxy-
C1-6-alkyl, C3-6 cycloalkyl, C1-6 hydroxyalkyl, C2-9 heterocyclyl, C1-6 alkylamino or C1-6 alkoxy;
Wherein each of said hydroxy, amino, C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-6 cycloalkyl, C1-6 haloalkyl, C1-6 alkylamino,
C1-6 alkoxy, C1-6 haloalkoxy, C1-6 hydroxyalkyl, C1-6 alkoxy-C1-6-alkyl, C2-9 heterocyclyl, C6-10 aryl and C1-9 heteroaryl
of R1 and R2 is independently and optionally substituted with one or more R9; and
each R9 is as defined herein.
[0105] In other embodiments, each R1 is independently H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, C1-3
alkyl, C1-3 haloalkyl, C1-3 haloalkoxy, C3-6 cycloalkyl, C2-9 heterocyclyl, C2-4 alkenyl, C2-4 alkynyl, C1-3 alkylamino, C1-3
alkoxy, C6-10 aryl or C1-9 heteroaryl;
R2 is H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, C1-3 alkyl, C1-3 haloalkyl, C1-3 haloalkoxy, C1-3 alkoxy-
C1-3-alkyl, C3-6 cycloalkyl, C1-3 hydroxyalkyl, C2-9 heterocyclyl, C1-3 alkylamino or C1-3 alkoxy; and
Wherein each of said hydroxy, amino, C1-3 alkyl, C2-4 alkenyl, C2-4 alkynyl, C3-6 cycloalkyl, C1-3 haloalkyl, C1-3 alkylamino,
C1-3 alkoxy, C1-3 haloalkoxy, C1-3 hydroxyalkyl, C1-3 alkoxy-C1-3-alkyl, C2-9 heterocyclyl, C6-10 aryl and C1-9 heteroaryl
of R1 and R2 is independently and optionally substituted with one or more R9; and
each R9 is as defined herein.
[0106] In some embodiments, each R8 is independently H, deuterium, F, Cl, Br, I, hydroxy, nitro, amino, C1-6 aminoalkyl,
C1-6 alkylamino, C1-6 alkyl, C1-4 hydroxyalkyl, C1-6 alkoxy, C1-6 haloalkyl, C1-6 haloalkoxy, C3-6 cycloalkyl, C3-6 cy-
cloalkoxy, C2-6 alkenyl, C2-6 alkynyl, C6-10 aryl, halo-substituted C6-10 aryl, C6-10 aryl-C1-6-alkyl, oxo (=O), -L1-C(=O)OR15,
-L1-S(=O)tR16, -O-L2-C(=O)OR15, -O-L2-S(=O)tR16, -C(=O)NR17R18, -C(=O)N(R17)S(=O)2R16, -C(=NR17)NR17R18,
-C(=O)N(R17)-L3-S(=O)2OR15, -C(=O)N(R17)C(=O)OR15, -C(=O)N(R17)-L3-C(=O)OR15, cyano, C2-9 heterocyclyl or C1-9
heteroaryl; or two R8, together with the same C atom to which they are attached, independently and optionally form C3-6
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cycloalkyl or C2-9 heterocyclyl; or two R8, together with the adjacent C atoms to which they are attached, independently
and optionally form C3-6 cycloalkyl, C2-9 heterocyclyl, C6-10 aryl or C1-9 heteroaryl; wherein R8 is independently and
optionally substituted with one or more R19;
each R15 is independently H, deuterium, C1-6 alkyl, C1-6 aminoalkyl, C2-6 alkenyl, C2-6 alkynyl, C1-6 haloalkyl, C3-6
cycloalkyl, C2-9 heterocyclyl or C6-10 aryl;
each R16 is independently H, deuterium, hydroxy, amino, C1-6 alkyl, C1-6 aminoalkyl, C2-6 alkenyl, C2-6 alkynyl, C1-6
haloalkyl, C3-6 cycloalkyl, C2-9 heterocyclyl, C6-10 aryl or -NR17R18;
each of R17 and R18 is independently H, deuterium, C1-6 alkyl, C1-6 aminoalkyl, C2-6 alkenyl, C2-6 alkynyl, C1-6 haloalkyl,
C3-6 cycloalkyl, C2-9 heterocyclyl or C6-10 aryl; or R17 and R18, together with the N atom to which they are attached,
independently and optionally form C2-9 heterocyclyl or C1-9 heteroaryl;
wherein each of said hydroxy, amino, C1-6 alkyl, C1-4 hydroxyalkyl, C1-6 aminoalkyl, C2-6 alkenyl, C2-6 alkynyl, C3-6
cycloalkyl, C1-6 haloalkyl, C1-6 alkylamino, C1-6 alkoxy, C3-6 cycloalkoxy, C1-6 haloalkoxy, halo-substituted C6-10 aryl,
C6-10 aryl-C1-6-alkyl, C2-9 heterocyclyl, C6-10 aryl or C1-9 heteroaryl of R8, R15, R16, R17 and R18 is independently and
optionally substituted with one or more R9; and
each of R9 and R19 is as defined herein.
[0107] In some embodiments, each R9 is independently H, deuterium, F, Cl, Br, I, cyano, oxo (=O), hydroxy, C1-6 alkyl,
C1-6 alkylamino, amino, C6-10 aryl, C2-9 heterocyclyl, C1-9 heteroaryl, C2-6 alkenyl, C2-6 alkynyl, C3-6 cycloalkyl, C1-6
alkoxy or C1-6 haloalkyl.
[0108] In some embodiments, each R19 is independently H, deuterium, F, Cl, Br, I, cyano, oxo (=O), hydroxy, C1-6
alkyl, C1-6 alkylamino, amino, C6-10 aryl, C2-9 heterocyclyl, C1-9 heteroaryl, C2-6 alkenyl, C2-6 alkynyl, C3-6 cycloalkyl,
C1-6 alkoxy or C1-6 haloalkyl.
[0109] In some embodiments,

of Formula (I) is:
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and wherein R and R2 are as defined herein.
[0110] In some embodiments, provided herein is a compound having Formula (III), or a stereoisomer, a geometric
isomer, a tautomer, an N-oxide, a hydrate, a solvate or a pharmaceutically acceptable salt thereof,

and
wherein each R1, R2, R, L and X are as defined herein.
[0111] In some embodiments, provided herein is a compound having Formula (II) or a stereoisomer, a geometric
isomer, a tautomer, an N-oxide, a hydrate, a solvate or a pharmaceutically acceptable salt thereof,

and
wherein each R1, R2, R and X are as defined herein.
[0112] In some embodiments, provided herein is a compound having Formula (IIIa), or a stereoisomer, a geometric
isomer, a tautomer, an N-oxide, a hydrate, a solvate or a pharmaceutically acceptable salt thereof,

and
wherein each R1, R and X are as defined herein.
[0113] In some embodiments, provided herein is a compound having Formula (IIIb), or a stereoisomer, a geometric
isomer, a tautomer, an N-oxide, a hydrate, a solvate or a pharmaceutically acceptable salt thereof,
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and
wherein R2, R and X are as defined herein.
[0114] In some embodiments, provided herein is a compound having Formula (IIIc), or a stereoisomer, a geometric
isomer, a tautomer, an N-oxide, a hydrate, a solvate or a pharmaceutically acceptable salt thereof,

and
Wherein each R1 and R are as defined herein.
[0115] In some embodiments, provided herein is a compound having Formula (IIId), or a stereoisomer, a geometric
isomer, a tautomer, an N-oxide, a hydrate, a solvate or a pharmaceutically acceptable salt thereof,

and
wherein R2 and R are as defined herein.
[0116] In some embodiments, provided herein is a compound having Formula (IV), or a stereoisomer, a geometric
isomer, a tautomer, an N-oxide, a hydrate, a solvate or a pharmaceutically acceptable salt thereof,



EP 3 256 468 B1

24

5

10

15

20

25

30

35

40

45

50

55

wherein

ring D is a five-membered heteroaromatic ring;
E1 and E4 are each independently C or N;
E2 and E3 are each independently C, CH, N, NH, O or S; and
R20 and R21 are each independently H, C1-2 alkyl, C1-2 haloalkyl; or R20 and R21, together with the C atom to which
they are attached, independently and optionally form C3-6 cycloalkyl; and
R is as defined hererin.

[0117] In some embodiments, provided herein is a compound having Formula (V), or a stereoisomer, a geometric
isomer, a tautomer, an N-oxide, a hydrate, a solvate or a pharmaceutically acceptable salt thereof,

and
R is as defined hererin.
[0118] In some embodiments, R is:
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wherein each moiety represented by R is independently and optionally substituted with one, two, three, four or five R8;
each of T1, T2, T3, T4, T5, T6, T7, T8, T9, T10, T11, T12, T13 and T14 is independently CH, ⊕N-O) or N;
Y1 is a bond, -O-, -S(=O)t-, -NR5-, -NR5-C(=O)-, -C(=O)-NR5-, -S(=O)t-NR5-, -NR5-S(=O)t-, -(CR6R7)y- or -C(=O)-;
each of Y2 and Y3 is independently a bond, -O-, -S(=O)t-, -NR5-, -CR6R7-, -(CR6R7)y- or -C(=O)-, or Y2 is connected
with Y3 to form -CR6=CR7-;
wherein CR6R7 of -(CR6R7)y- is independently and optionally replaced with -O-, -S(=O)t- or -NR5-;
y is 0, 1, 2, 3 or 4;
each R5 is independently H, deuterium, alkyl, aminoalkyl, haloalkyl, cycloalkyl, heterocyclyl, aryl, halo-substituted
aryl or arylalkyl;
each of R6 and R7 is independently H, deuterium, F, Cl, Br, I, cyano, hydroxy, hydroxyalkyl, alkyl, alkylamino,
aminoalkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl, aryl, halo-substituted aryl or arylalkyl; or R6 and R7, together with
the C atom to which they are attached, independently and optionally form cycloalkyl or heterocyclyl; and
R8 and t are as defined herein.

[0119] In other embodiments, each R5 is independently H, deuterium, C1-6 alkyl, C1-6 aminoalkyl, C1-6 haloalkyl, C3-6
cycloalkyl, C2-9 heterocyclyl, C6-10 aryl , halo-substituted C6-10 aryl or C6-10 aryl-C1-6-alkyl; and
each of R6 and R7 is independently H, deuterium, F, Cl, Br, I, cyano, hydroxy, C1-6 hydroxyalkyl, C1-6 alkyl, C1-6 alkylamino,
C1-6 aminoalkyl, C2-6 alkenyl, C2-6 alkynyl, C3-6 cycloalkyl, C1-6 haloalkyl, C6-10 aryl, halo-substituted C6-10 aryl or C6-10
aryl-C1-6-alkyl; or R6 and R7, together with the C atom to which they are attached, independently and optionally form
C3-6 cycloalkyl or C2-9 heterocyclyl.
[0120] In still other embodiments,
each R5 is independently H, deuterium, C1-3 alkyl, C1-3 aminoalkyl, C1-3 haloalkyl, C3-6 cycloalkyl, C2-6 heterocyclyl,
phenyl or benzyl; and
each of R6 and R7 is independently H, deuterium, F, Cl, Br, I, cyano, hydroxy, C1-3 alkyl, C1-4 hydroxyalkyl, C1-3 alkylamino,
C1-3 aminoalkyl, C2-4 alkenyl, C2-4 alkynyl, C3-6 cycloalkyl, C1-3 haloalkyl, phenyl or benzyl; or R6 and R7, together with
the C atom to which they are attached, independently and optionally form C3-6 cycloalkyl or C2-6 heterocyclyl.
[0121] In some embodiments, R is:
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or

wherein each moiety represented by R is independently and optionally substituted with one, two, three, four or five R8;
each of T1, T2, T5, T6 and T7 is independently CH, ⊕N-O) or N; and
each of R8, t, Y1, Y2, Y3, R6 and R7 is as defined herein.

[0122] In some embodiments, R is:
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wherein each moiety represented by R is independently and optionally substituted with one, two, three, four or five
R8; and
R8 is as defined herein.

[0123] In some embodiments, each R8 is independently H, deuterium, F, Cl, Br, I, hydroxy, nitro, amino, C1-3 aminoalkyl,
C1-3 alkylamino, C1-3 alkyl, C1-4 hydroxyalkyl, C1-3 alkoxy, C1-3 haloalkyl, C1-3 haloalkoxy, C3-6 cycloalkyl, C3-6 cycloalky-
loxy, C2-4 alkenyl, C2-4 alkynyl, C6-10 aryl, halo-substituted C6-10 aryl, C6-10 aryl-C1-4-alkyl, oxo (=O), -C(=O)OR15,
-S(=O)tR16, -C(=O)NR17R18, -C(=O)N(R17)S(=O)2R16, -C(=O)NH-C1-4 alkylene -S(=O)2OR15, -C(=O)NH-C1-4 alkylene
-C(=O)OR15, cyano, triazolyl or tetrazolyl; or two R8, together with the same C atom to which they are attached, inde-
pendently and optionally form C3-6 cycloalkyl or C2-9 heterocyclyl; or two R8, together with the adjacent C atoms to which
they are attached, independently and optionally form C3-6 cycloalkyl, C2-9 heterocyclyl, C6-10 aryl or C1-9 heteroaryl;
wherein each R8 is optionally and independently substituted with one or more R19;
each R15 is H, deuterium, C1-4 alkyl, C1-4 aminoalkyl, C2-4 alkenyl, C2-4 alkynyl, C1-4 haloalkyl, C3-6 cycloalkyl, C1-6
heterocyclyl or C6-10 aryl;
each R16 is H, deuterium, hydroxy, amino, C1-4 alkyl, C1-4 aminoalkyl, C2-4 alkenyl, C24 alkynyl, C1-4 haloalkyl, C3-6
cycloalkyl, C2-6 heterocyclyl, C6-10 aryl or -NR17R18;
each of R17 and R18 is independently H, deuterium, C1-4 alkyl, C1-4 aminoalkyl, C2-4 alkenyl, C2-4 alkynyl, C1-3 haloalkyl,
C3-6 cycloalkyl, C2-6 heterocyclyl or C6-10 aryl; and
wherein each of said R19 and t is as defined herein.
[0124] In some embodiments,
each R1 is independently H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, methyl, ethyl, n-propyl, isopropyl, t-butyl,
dimethylamino, difluoromethyl, trifluoromethyl, tert-butyloxy, difluoromethyloxy, trifluoromethyloxy, cyclopropyl, oxiranyl,
phenyl, naphthyl, oxazolyl, pyrazolyl or thiazolyl; and
R2 is independently H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, methyl, ethyl, n-propyl, isopropyl, t-butyl,
dimethylamino, difluoromethyl, trifluoromethyl, tert-butyloxy, difluoromethyloxy, trifluoromethyloxy, methoxymethyl, iso-
propoxymethyl, tert-butoxymethyl, cyclopropyl, cycobutyl, oxiranyl or pyrrolidinyl.
[0125] In some embodiments,
R8 is H, deuterium, F, Cl, Br, I, hydroxy, nitro, amino, oxo (=O), C1-3 alkyl, C1-3 haloalkyl, -COOH, -C(=O)O-C1-4 alkyl,
-C(=O)NHS(=O)2-C1-4 alkyl, -C(=O)NHS(=O)2-phenyl, -C(=O)NH-C1-4 alkylene-S(=O)2OH, -C(=O)NH-C1-4 alkylene
-C(=O)OH, -S(=O)2NH2, -S(=O)2OH, -S(=O)2-C1-2 alkyl, -C(=O)NH2, -C(=O)N(CH3)2, cyano, triazolyl or tetrazolyl.
[0126] In some embodiments, provided herein is the compound having one of the following structures, or a stereoi-
somer, a geometric isomer, a tautomer, an N-oxide, a solvate, a hydrate, ester or a pharmaceutically acceptable salt
thereof, but are not limited to:
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[0127] In one aspect, provided herein is a pharmaceutical composition comprising a compound of Formula (I), (II),
(III), (IIIa), (IIIb), (IIIc), (IIId), (IV) or (V) disclosed herein, or a stereoisomer, a geometric isomer, a tautomer, an N-oxide,
a hydrate, a solvate or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier, excipient,
diluent, adjuvant, vehicle or a combination thereof.
[0128] In one aspect, provided herein is use of the compound of Formula (I), (II), (III), (IIIa), (IIIb), (IIIc), (IIId), (IV) or
(V) disclosed herein or the pharmaceutical composition thereof in the manufacture of a medicament for preventing,
managing, treating or lessening a disease mediated by FXR.
[0129] In some embodiments, the disease mediated by FXR is a cardiovascular and cerebrovascular disease, a
disease related to dyslipidemia, obesity, metabolic syndrome, a hyperproliferative disease, fibrosis, an inflammatory
disease or a hepatobiliary related disease.
[0130] In some embodiments, the cardiovascular and cerebrovascular disease comprises atherosclerosis, acute my-
ocardial infarction, veno-occlusive disease, portal hypertension, pulmonary hypertension, heart failure, peripheral arterial
occlusive disease (PAOD), sexual dysfunction, stroke or thrombosis.
[0131] In some embodiments, the obesity and metabolic syndrome comprise insulin resistance, hyperglycemia, hy-
perinsulinemia, elevated blood level of fatty acids or glycerol, hyperlipidemia, obesity, hypertriglyceridemia, hypercho-
lesterolemia, X syndrome, diabetic complications, atherosclerosis, hypertension, acute anemia, neutropenia, dyslipi-
demia, type II diabetes, diabetic nephropathy, diabetic neuropathy, diabetic retinopathy or the merger disorders of
diabetes and abnormally high BMI.
[0132] In some embodiments, the hyperproliferative disease comprises hepatocellular carcinoma, adenomatous, poly-
posis, colon cancer, breast cancer, membrane cancer, Barrett’s esophageal cancer and other forms of gastrointestinal
tract disease or liver tumor.
[0133] In some embodiments, the fibrosis, inflammatory disease and hepatobiliary related disease comprise nonal-
coholic fatty liver disease (NAFLD), nonalcoholic steatohepatitis (NASH), cholestasis, liver fibrosis, primary biliary cir-
rhosis (PBC), primary sclerosing cholangitis (PSC), progressive familial intrahepatic cholestasis (PFIC), cystic fibrosis,
drug-induced bile duct injury, cirrhosis of the liver, hepatitis B, sebaceous disease, cirrhosis of the liver caused by alcohol,
biliary obstruction, cholelithiasis, colitis, newborn yellow disease, riboflavin disease prevention or intestinal bacterial
overgrowth.
[0134] In one aspect, provided herein is a method of preventing, managing, treating or lessening the tissue or organ
fibrotic disease mediated by FXR comprising administering a therapeutic effective amount of the compound or the
pharmaceutical composition of the present invention to the patient.
[0135] In one aspect, provided herein is a method of preventing, managing, treating or lessening a disease mediated
by FXR comprising administering a pharmaceutically acceptable effective dosage of the compounds of the the present
invention to the patient.
[0136] In other aspect, provided herein is use of the pharmaceutical composition the compound of Formula (I), (II),
(III), (IIIa), (IIIb), (IIIc), (IIId), (IV) or (V) disclosed herein in the manufacture of a medicament for preventing, managing,
treating or lessening a disease mediated by FXR in a patient.
[0137] In other aspect, provided herein is use of the compound of Formula (I), (II), (III), (IIIa), (IIIb), (IIIc), (IIId), (IV) or
(V) disclosed herein or the pharmaceutical composition thereof in preventing or treating human or animal disease
mediated by FXR comprising administering a pharmaceutically acceptable therapeutic effective amount of the com-
pounds or the pharmaceutical composition to the human or animal.
[0138] In other aspect, provided herein is a method of preparing, separating or purifying the compound of Formula(I),
(II), (III), (IIIa), (IIIb), (IIIc), (IIId), (IV) or (V).

PHARMACEUTICAL COMPOSITIONS, PREPARATIONS, ADMINISTRATION, AND USES OF THE COMPOUNDS 
AND PHARMACEUTICAL COMPOSITIONS

[0139] In other aspect, the characteristics of the pharmaceutical compositions of the present invention include com-
pounds of formula (I), (II), (III), (IIIa), (IIIb), (IIIc), (IIId), (IV) or (V) compounds listed in the present invention, or compounds
of embodiments 1-35, and a pharmaceutically acceptable carrier, adjuvant or vehicle. The amount of the compound in



EP 3 256 468 B1

34

5

10

15

20

25

30

35

40

45

50

55

the composition of the present invention is effective and detectable for treating or lessening disease mediated by FXR
in the patients.
[0140] It will also be appreciated that the compounds disclosed herein can exist in free form, or where appropriate,
as a pharmaceutically acceptable derivative thereof. Some non-limiting examples of the pharmaceutically acceptable
derivative include pharmaceutically acceptable salts, esters, salts of such esters, or any other adducts or derivatives
which upon administration to a patient in need is capable of providing, directly or indirectly, a compound as otherwise
described herein, or a residue thereof.
[0141] As described above, the pharmaceutically acceptable compositions disclosed herein further comprise a phar-
maceutically acceptable carrier, an adjuvant, or a vehicle, which, as used herein, includes any and all solvents, diluents,
or other liquid vehicle, dispersion or suspension aids, surface active agents, isotonic agents, thickening or emulsifying
agents, preservatives, solid binders, lubricants, and the like, as suited to the particular dosage form desired. As described
in the following references: In Remington: The Science and Practice of Pharmacy, 21st ed., 2005, ed. D.B. Troy, Lippincott
Williams & Wilkins, Philadelphia, and Encyclopedia of Pharmaceutical Technology, eds. J. Swarbrick and J. C. Boylan,
1988-1999, Marcel Dekker, New York, and discloses various carriers used in formulating pharmaceutically acceptable
compositions and known techniques for the preparation thereof. Except insofar as any conventional carrier medium
incompatible with the compounds disclosed herein, such as by producing any undesirable biological effect or otherwise
interacting in a deleterious manner with any other components of the pharmaceutically acceptable composition, its use
is contemplated to be within the scope of this invention.
[0142] The compound of the present invention can be combined as the active ingredient in intimate admixture with a
pharmaceutical carrier according to conventional pharmaceutical compounding techniques. The carrier may take a wide
variety of forms depending on the form of preparation desired for administration, e.g., oral or parenteral (including
intravenous). In preparing the compositions for oral dosage form, any of the usual pharmaceutical media may be em-
ployed, such as, for example, water, glycol, oils, alcohols, fragrances, corrosion agents, coloring agents and the like in
the case of oral liquid preparations, such as, for example, suspensions, elixirs and solutions; or carriers such as starches,
sugars, microcrystalline cellulose, diluents, granulating agents, lubricants, binders, disintegrating agents and the like in
the case of oral solid preparations, such as, for example, powders, hard capsules and soft capsules and tablets, with
the solid oral preparations being preferred over the liquid preparations.
[0143] Because of their ease of administration, tablets and capsules represent the most advantageous oral dosage
unit form in which case solid pharmaceutical carriers are obviously employed. If desired, tablets may be coated by
standard aqueous or nonaqueous techniques. Such compositions and preparations should contain at least 0.1 percent
of active compound. The percentage of active compound in these compositions may, of course, be varied and may
conveniently be between about 2 percent to about 60 percent of the weight of the unit. The amount of active compound
in such therapeutically useful compositions is such that an effective dose will be obtained. The active compounds can
also be administered intranasally as, for example, liquid drops or spray.
[0144] The tablets, pills, capsules and the like may also contain a binder (such as gum tragacanth, acacia, corn starch
or gelatin); excipients (such as dicalcium phosphate); a disintegrant agent (such as corn starch, potato starch, alginic
acid); a lubricant (such as magnesium stearate); and a sweetening agent (such as sucrose, lactose or saccharin). When
a dosage unit form is a capsule, it may contain, in addition to materials of the above type, a liquid carrier (such as a fatty oil).
[0145] Various other materials may be present as coatings or to modify the physical form of the dosage unit. For
instance, tablets may be coated with shellac, sugar or both. A syrup or elixir may contain, in addition to the active
ingredient, sucrose as a sweetening agent, methyl or propylparaben as preservatives, a dye and a flavoring (such as
cherry or orange flavor).
[0146] Ophthalmic formulations, eye ointments, powders, solutions and the like, are also contemplated as being within
the scope of this invention.
[0147] The compounds of the present invention may also be administered parenterally. Solutions or suspensions of
these active compounds can be prepared suitably mixed with a surfactant (e.g., hydroxyl-propylcellulose) in water.
Dispersions can also be prepared in glycerol, liquid polyethylene glycols and mixtures thereof in oils. Under ordinary
conditions of storage and use, these preparations contain a preservative to prevent the growth of microorganisms.
[0148] The pharmaceutical forms suitable for injectable use include sterile aqueous solutions or dispersions and sterile
powders for the extemporaneous preparation. In all cases, the form must be sterile and must be fluid to the extent easy
syringability exsists. It must be stable under the conditions of manufacture and storage and must be preserved against
the contaminating action of microorganisms such as bacteria and fungi. The carrier can be a solvent or dispersion
medium containing, for example, water, ethanol, polyol (e.g. glycerol, propylene glycol and liquid polyethylene glycol),
suitable mixtures thereof, and vegetable oils.
[0149] Any suitable route of administration may be employed for providing a mammal, especially a human, with an
effective dose of a compound of the present invention. For example, oral, rectal, topical, parenteral, ocular, pulmonary,
nasal, and the like may be employed. Dosage forms include tablets, troches, dispersions, suspensions, solutions, cap-
sules, creams, ointments, aerosols and the like. Preferably compounds of the present invention are administered orally.
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[0150] The therapeutically effective dosage of a compound, the pharmaceutical composition, or the combinations
thereof, is dependent on the species of the subject, the body weight, age and individual condition, the disorder or disease
or the severity thereof being treated. A physician, clinician or veterinarian of ordinary skill can readily determine the
effective amount of each of the active ingredients necessary to prevent, treat or inhibit the progress of the disorder or
disease.
[0151] When treating or preventing of conditions mediated by FXR for which compounds of the present invention are
indicated, generally satisfactory results are obtained when the compounds of the present invention are administered at
a daily dose of from about 0.1 milligrams to about 100 milligrams per kilogram of animal body weight, preferably given
as a single daily dose or in divided doses two to six times a day, or in sustained release form. For most large mammals,
the total daily dose is from about 1.0 milligrams to about 1000 milligrams, preferably from about 1.0 milligrams to about
50 milligrams. In the case of a 70 kg human, the total daily dose will generally from about 7.0 milligrams to about 350
milligrams. This dosage regimen may be adjusted to provide the optimal therapeutic response.
[0152] The present invention relates to compounds, compositions, or a pharmaceutically acceptable salt or hydrate
thereof for effective use in preventing, managing, treating or alleviating a disease mediated by the FXR, particularly
effective in the treatment of non-alcoholic fatty liver (NAFLD), Nonalcoholic steatohepatitis (NASH), obesity, hypertrig-
lyceridemia, atherosclerosis, chronic intrahepatic cholestasis, primary biliary cirrhosis (PBC), primary sclerosing cholan-
gitis (PSC), progressive familial intrahepatic cholestasis (PFIC), drug-induced bile duct injury, gallstones, cirrhosis,
hepatitis B, steatosis, cirrhosis of the liver caused by alcohol, cystic fibrosis, biliary obstruction, gallstone disease, liver
fibrosis, dyslipidemia, atherosclerosis, type II diabetes, diabetic nephropathy, diabetic neuropathy, diabetic retinopathy,
peripheral arterial occlusive disease (PAOD), colitis, newborn yellow disease, riboflavin disease prevention, vein occlu-
sive disease, portal hypertension, metabolic syndrome, acute myocardial infarction, acute stroke, thrombosis, hyperc-
holesterolemia, intestinal bacterial overgrowth, erectile dysfunction, gastrointestinal tumor and liver tumor.

GENERAL SYNTHETIC PROCEDURES

[0153] Generally, the compounds disclosed herein may be prepared by methods described herein, wherein the sub-
stituents are as defined for Formula (I), (II), (III), (IIIa), (IIIb), (IIIc), (IIId), (IV) or (V) above, except where further noted.
The following non-limiting schemes and examples are presented to further exemplify the invention.
[0154] Persons skilled in the art will recognize that the chemical reactions described may be readily adapted to prepare
a number of other compounds disclosed herein, and alternative methods for preparing the compounds disclosed herein
are deemed to be within the scope disclosed herein. For example, the synthesis of non-exemplified compounds according
to the invention may be successfully performed by modifications apparent to those skilled in the art, e.g., by appropriately
protecting interfering groups, by utilizing other suitable reagents known in the art other than those described, and/or by
making routine modifications of reaction conditions. Alternatively, the known reaction conditions or the reaction disclosed
in the present invention will be recognized as having applicability for preparing other compounds disclosed herein.
[0155] In the examples described below, unless otherwise indicated all temperatures are set forth in degrees Celsius.
Reagents were purchased from commercial suppliers such as Aldrich Chemical Company, Arco Chemical Company
and Alfa Chemical Company, and were used without further purification unless otherwise indicated. Common solvents
were purchased from commercial suppliers such as Shantou XiLong Chemical Factory, Guangdong Guanghua Reagent
Chemical Factory Co. Ltd., Guangzhou Reagent Chemical Factory, Tianjin YuYu Fine Chemical Ltd., Qingdao Tenglong
Reagent Chemical Ltd., and Qingdao Ocean Chemical Factory.
[0156] Anhydrous THF, dioxane, toluene, and ether were obtained by refluxing the solvent with sodium. Anhydrous
CH2Cl2 and CHCl3 were obtained by refluxing the solvent with CaH2. EtOAc, PE, hexane, DMAC and DMF were treated
with anhydrous Na2SO4 prior to use.
[0157] The reactions set forth below were done generally under a positive pressure of nitrogen or argon or with a
drying tube (unless otherwise stated) in anhydrous solvents, and the reaction flasks were typically fitted with rubber
septa for the introduction of substrates and reagents via syringe. Glassware was oven dried and/or heat dried.Column
chromatography was conducted using a silica gel column. Silica gel (300-400 mesh) was purchased from Qingdao
Ocean Chemical Factory. 1H NMR spectra were recorded with a Bruker 400 MHz or 600 MHz spectrometer using CDCl3,
d6-DMSO, CD3OD or d6-acetone as solutions (reported in ppm), and using TMS (0 ppm) or chloroform (7.25 ppm) as
the reference standard. For multiple peaks, the following abbreviations used:s (singlet), d (doublet), t (triplet), m (multiplet),
br (broadened), dd (doublet of doublets), q (quartet),dt (doublet of triplets), tt (triplet of triplets),dddd (doublet of doublet
of doublet of doublets), qd (quartet of doublets), ddd (doublet of doublet of doublets), td (triplet of doublets), dq (doublet
of quartets), ddt (doublet of doublet of triplets), tdd (triplet of doublet of doublets), dtd (doublet of triplet of doublets).
Coupling constants, when given, were reported in Hertz (Hz).
[0158] Low-resolution mass spectral (MS) data were determined by an Agilent 6320 Series LC-MS spectrometer
equipped with a G1312A binary pump and a G1316A TCC (column was operated at 30 °C). G1329A autosampler and
G1315B DAD detector were applied in the analysis, and an ESI source was used in the LC-MS spectrometer.
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[0159] Low-resolution mass spectral (MS) data were determined by an Agilent 6120 Series LC-MS spectrometer
equipped with a G1311A quaternary pump and a G1316A TCC (column was operated at 30 °C). G1329A autosampler
and G1315D DAD detector were applied in the analysis, and an ESI source was used on the LC-MS spectrometer.
[0160] Both LC-MS spectrometers were equipped with an Agilent Zorbax SB-C18, 2.1 x 30 mm, 5 mm column. Injection
volume was decided by the sample concentration. The flow rate was 0.6 mL/min. The HPLC peaks were recorded by
UV-Vis wavelength at 210 nm and 254 nm. The mobile phase was 0.1% formic acid in acetonitrile (phase A) and 0.1%
formic acid in ultrapure water (phase B). The gradient elution conditions were showed in Table 1:

[0161] Purities of compounds were assessed by Agilent 1100 Series high performance liquid chromatography (HPLC)
with UV detection at 210 nm and 254 nm (Zorbax SB-C18, 2.1 3 30 mm, 4 micorn, 10 min, 0.6 mL/min flow rate, 5 to
95 % (0.1 % formic acid in CH3CN) in (0.1 % formic acid in H2O). Column was operated at 40 °C.
[0162] The following abbreviations are used throughout the specification:

CDCl3 chloroform-d
DMF N,N-dimethylformamide
DMSO dimethylsulfoxide
DMSO-d6 dimethyl sulfoxide-d6
CD3OD methyl alcohol-d4
CH3OH, MeOH methanol
THF tetrahydrofuran
DCM, CH2Cl2 dichloromethane
EA, EtOAc ethyl acetate
PE petroleum ether
Pd/C , Pd-C Palladium on activated carbon
g gram
H2O water
mol mole
mmol millimole
mL milliliter
h hour, hours

SYNTHETIC PROCEDURES

[0163]

Table 1: The gradient condition of the mobile phase in Low-resolution mass spectrum analysis

Time (min) A (CH3CN, 0.1% HCOOH) B (H2O, 0.1% HCOOH)

0 - 3 5 - 100 95 - 0

3 - 6 100 0

6 - 6.1 100 - 5 0 - 95

6.1 - 8 5 95
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[0164] Each of K and j is independently 0, 1, 2, 3 or 4; Q is halogen; M1 is a leaving group; Pg is a protecting group
described herein; R8, T1, T2, T3, T4, T5, T6 and T7 are as defined herein.
[0165] The substitution reaction of compound (1b) with compound (2b) can afford compound (3b) under an alkaline
condition. Leaving groups represented by M1 include, but are not limited to, halogen, methanesulfonyloxy, p-methyl
phenylsulfonyloxy, and the like. The bases include, but are not limited to potassium carbonate, and the like. The reaction
is carried out in an inert solvent. The solvents include, but are not limited to N,N- dimethylformamide, and the like.
[0166] The hydroxy protecting group of compound (3b) can be removed to afford compound (4b), and the method of
removal of hydroxy protecting group can refer to "Protective Groups in Organic Synthesis".
[0167] By coupling reaction in the presence of a catalyst and a ligand under an alkaline condition, compound (4b) can
be converted to compound (5b). The catalysts include, but are not limited to cuprous iodide, and the like. The ligands
include, but are not limited to N,N-dimethylglycine, and the like. The bases include, but are not limited to cesium carbonate,
and the like. The reaction is carried out in an inert solvent. The solvents include, but are not limited to 1,4-dioxane, and
the like.

[0168] Q is a halogen; M1 is a leaving group; each of K and j is independently 0, 1, 2, 3 or 4; Pg is a protecting group;
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R8, T1, T2, T3, T4, T5, T6 and T7 are as defined herein.
[0169] Compound (1b) can react with triethylphosphite to give compound (9b) under a solvent-free condition or in an
inert solvent for the reaction.
[0170] Horner-Wadsworth-Emmons reaction of compound (9b) with compound (10b) can afford compound (11b). In
Horner-Wadsworth-Emmons reaction, the reaction raw materials can be reacted in the presence of a base (base may
be, but is not limited to, sodium hydride, potassium t-butoxide, etc.) in a solvent. The reaction is preferably carried out
in an inert solvent for the reaction. The solvents include, but are not limited to tetrahydrofuran, and the like.
[0171] Compound (11b) can be reduced to afford compound (12b) in the presence of a reducing agent under an
alkaline condition. The reducing agents include, but are not limited to p-methyl benzenesulfonohydrazide, and the like.
The bases include, but are not limited to sodium acetate, and the like. The reaction can be preferred to carry out in an
inert solvent for the reaction. The solvents include, but are not limited to tetrahydrofuran, water or a mixed solvent, and
the like.
[0172] Compound (12b) can be converted to compound (13b) by removing hydroxy protecting groups, and the method
of removal of hydroxy protecting group can refer to "Protective Groups in Organic Synthesis".
[0173] By coupling reaction in the presence of a catalyst and a ligand under an alkaline condition, compound (13b)
can be converted to compound (14b). The catalysts include, but are not limited to cuprous iodide, and the like. The
ligands include, but are not limited to N,N- dimethylglycine, and the like. The bases include, but are not limited to cesium
carbonate, and the like. The reaction can be carried out in an inert solvent for the reaction. The solvents include, but
are not limited to 1,4-dioxane, and the like.

[0174] Each of K and j is independently 0, 1, 2, 3 or 4; Q is halogen; W is alkyl; Pg is a protecting group; R8, T1, T2,
T3, T4, T5, T6 and T7 are as defined herein.
[0175] By free radical reaction, compound (15b) can be converted to compound (16b). In the reaction, the reaction
raw materials can be reacted in the presence of a halogenating reagent (halogenating reagents may be, but are not
limited to, N-bromosuccinimide, etc.) and a free radical initiator (free radical initiator can be, but is not limited to, benzoyl
peroxide, etc.) in a solvent. Preferably, the reaction can be carried out in an inert solvent. The solvents include, but are
not limited to, tetrachloromethane, and the like.
[0176] Compound (16b) can react with triethylphosphite to give compound (18b) under a solvent-free condition or in
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an inert solvent for the reaction.
[0177] Horner-Wadsworth-Emmons reaction of compound (17b) with compound (18b) can afford compound (19b). In
Horner-Wadsworth-Emmons reaction, the reaction materials can be reacted in the presence of a base (base includes,
but is not limited to, sodium hydride, potassium t-butoxide, etc.) in a solvent. The reaction can be preferred to carry out
in an inert solvent. The solvents include, but are not limited to, tetrahydrofuran, and the like.
[0178] Compound (19b) can be reduced to afford compound (20b) in the presence of a reducing agent under an
alkaline condition. The reducing agents include, but are not limited to, p-methyl benzenesulfonohydrazide, and the like.
The bases include, but are not limited to, sodium acetate, and the like. The reaction can be carried out in an inert solvent.
The solvents include, but are not limited to, tetrahydrofuran, water or a mixed solvent, and the like.
[0179] By hydrolysis reaction, compound (20b) can be converted to compound (21b), and the hydrolysis reaction can
refer to "Protective Groups in Organic Synthesis".
[0180] By Friedel-Crafts reaction in the presence of a Lewis acid, the reactive derivative of compound (21b) can be
converted to compound (22b). Reactive derivative can be, but is not limited to: acid halide derived from compound (21b)
by reacting with a halogenating agent (including but not limited to oxalyl chloride, etc.), and the like. The Lewis acids
include, but are not limited to aluminum chloride, and the like. The reaction is carried out in an inert solvent. The solvents
include, but are not limited to, dichloromethane, and the like.
[0181] Compound (22b) can be converted to compound (23b) by removing the hydroxy protecting group, and the
removal of hydroxy protecting groups can refer to "Protective Groups in Organic Synthesis".

[0182] Each of K and j is independently 0, 1, 2, 3 or 4; Q is halogen; Z1 is H or alkyl; Pg is a protecting group; R8, T1,
T2, T3, T4, T5, T6 and T7 are as defined herein.
[0183] Horner-Wadsworth-Emmons reaction of compound (24b) with compound (25b) can afford compound (26b). In
Horner-Wadsworth-Emmons reaction, the reaction starting materials can be reacted in the presence of a base (e.g.,
sodium hydride, potassium t-butoxide, etc.) in a solvent. The reaction can be preferably carried out in an inert solvent.
The solvents include, but are not limited to, tetrahydrofuran, and the like.
[0184] Compound (26b) can be reduced to afford compound (27b) in the presence of a reducing agent under an
alkaline condition. The reducing agents include, but are not limited to, p-methyl benzenesulfonohydrazide, and the like.
The bases include, but are not limited to, sodium acetate, and the like. The reaction can be carried out in an inert solvent.
The solvents include, but are not limited to, tetrahydrofuran, water or a mixed solvent, and the like.
[0185] The hydroxy protecting group of compound (27b) can be removed to afford compound (28b). The removal of
hydroxy protecting group can refer to "Protective Groups in Organic Synthesis".
[0186] By coupling reaction in the presence of a catalyst and a ligand under an alkaline condition, compound (28b)
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can be converted to compound (29b). The catalysts include, but are not limited to, cuprous iodide, and the like. The
ligands include, but are not limited to, N,N-dimethylglycine, and the like. The bases include, but are not limited to, cesium
carbonate, and the like. The reaction can be carried out in an inert solvent. The solvents include, but are not limited to,
1,4-dioxane, and the like.
[0187] The hydroxy protecting group of compound (29b) can be removed to afford compound (30b). The removal of
hydroxy protecting group can refer to "Protective Groups in Organic Synthesis".

D, X, R1, R2, L, n and R are as defined herein; M is hydroxy or a leaving group.
[0188] The synthesis of compound (2a) can refer to Patent WO2011020615 (page 22-111) or Bioorg Med Chem Lett.
2015 Jan 15; 25 (2): 280-4.
[0189] When M is hydroxy, the Mitsunobu reaction of compound (1a) with compound (2a) can afford compound of
formula (I). In the Mitsunobu reaction, the reaction raw materials can be reacted in the presence of a azodicarbonyl
compound (e.g., diisopropyl azodicarboxylate, 1,1’-(azodicarbonyl)dipiperidine, etc.) and a phosphine (e.g., triphenyl-
phosphine, tributylphosphine) in a solvent. Preferably, the reaction can be carried out in an inert solvent. The solvents
include, but are not limited to, toluene, and the like.
[0190] When M is a leaving group, the substitution reaction of compound (1a) with compound (2a) can afford compound
of formula (I) in the presence of a base. Leaving groups represented by M include, but are not limited to, halogen,
methanesulfonyloxy, p-methyl phenylsulfonyloxy, and the like. Some non-limiting examples of the base include potassium
carbonate, and the like. The reaction can be carried out in an inert solvent. The solvents include, but are not limited to,
N,N-dimethylformamide, and the like.

D, X, R1, R2, L, n and R are as defined herein. Z is alkyl.
[0191] By hydrolysis reaction, compound (3a) can be converted to compound (4a). The hydrolysis reaction can refer
to "Protective Groups in Organic Synthesis".
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[0192] Each of K and j is independently 0, 1, 2, 3 or 4; M is hydroxy or a leaving group; D, X, R1, R2, R8, L, n, T1, T2,
T3, T4, T5, T6 and T7 are as defined herein.
[0193] When M is hydroxy, the Mitsunobu reaction of compound (5b) with compound (2a) can afford compound (6b).
In the Mitsunobu reaction, the reaction raw materials can be reacted in the presence of an azodicarbonyl compound
(e.g., diisopropyl azodicarboxylate, 1,1’-(azodicarbonyl)dipiperidine) and a phosphine (e.g., triphenylphosphine, tributyl-
phosphine) in a solvent. Preferably, the reaction can be carried out in an inert solvent. The solvents include, but are not
limited to, toluene, and the like.
[0194] When M is a leaving group, the substitution reaction of compound (5b) with compound (2a) can afford compound
(6b) in the presence of a base. Leaving groups represented by M include, but are not limited to, halogen, methanesul-
fonyloxy, p-methyl phenylsulfonyloxy, and the like. Some non-limiting examples of the base include potassium carbonate,
and the like. The reaction can be carried out in an inert solvent. The solvents include, but are not limited to, N,N-dimeth-
ylformamide, and the like.

[0195] Each of K and j is independently 0, 1, 2, 3 or 4; D, X, R1, R2, R8, L, n, T1, T2, T3, T4, T5, T6 and T7 are as defined
herein.
[0196] Compound (6b) can be oxidized to give compound (7b) in the presence of an oxidant. The oxidants include,
but are not limited to, m-chloroperbenzoic acid, and the like. The reaction can be carried out in an inert solvent. The
solvents include, but are not limited to, dichloromethane, and the like.
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[0197] Compound (6b) can be oxidized to give compound (8b) in the presence of an oxidant. The oxidants include,
but are not limited to, m-chloroperbenzoic acid, and the like. The reaction is carried out in an inert solvent. The solvents
include, but are not limited to, dichloromethane, and the like.

[0198] Each of K and j is independently 0, 1, 2, 3 or 4; Pg is a protecting group; R8, T1, T2, T3, T4, T5, T6 and T7 are
as defined herein.
[0199] By the addition-elimination reaction, compound (22b) can be converted to compound (31b). The reaction ma-
terials can be reacted in the presence of a methyl Grignard reagent (which may be, but is not limited to, bromide,
magnesium, etc.) in the solvent. The reaction can be preferred to carry out in an inert solvent. The solvents include, but
are not limited to, tetrahydrofuran, and the like.
[0200] By the cycloaddition reaction, compound (31b) can be converted to compound (32b). The reaction materials
can be reacted in the presence of diethyl zinc, methylene iodide and acid (acids include, but are not limited to, trifluoroacetic
acid, etc.) in the solvent. The reaction can be preferred to carry out in an inert solvent. The solvents include, but are not
limited to, dichloromethane, and the like.
[0201] Compound (22b) can be reduced to afford compound (33b). The reaction materials can be reacted in the
presence of a reducing agent (which may be, but is not limited to, triethylsilane, etc.) in the solvent. The solvents include,
but are not limited to, trifluoroacetic acid, and the like.
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each Q is independently halogen; each of K and j is independently 0, 1, 2, 3 or 4; Pg is a protecting group; R8, T1, T2,
T3, T4, T5, T6 and T7 are as defined herein.
[0202] Horner-Wadsworth-Emmons reaction of compound (9b) with compound (34b) can afford compound (35b). In
Horner-Wadsworth-Emmons reaction, the reaction materials can be reacted in the presence of a base (base may be,
but is not limited to, sodium hydride, potassium t-butoxide, etc.) in a solvent. The reaction can be preferred to carry out
in an inert solvent. The solvents include, but are not limited to, tetrahydrofuran, and the like.
[0203] Compound (35b) can be reduced to afford compound (36b) in the presence of a reducing agent under an
alkaline condition. The reducing agents include, but are not limited to, p-methyl benzenesulfonohydrazide, and the like.
The bases include, but are not limited to, sodium acetate, and the like. The reaction can be carried out in an inert solvent.
The solvents include, but are not limited to, tetrahydrofuran, water or a mixed solvent, and the like.
[0204] By coupling reaction in the presence of a catalyst under an alkaline condition, compound (36b) can be converted
to the linking sulfur intermediate. The linking sulfur intermediate can be reduced to afford compound (37b). The catalysts
include, but are not limited to cuprous iodide, and the like. The bases include, but are not limited to potassium carbonate,
and the like. The reducing agents include, but are not limited to, sodium borohydride, and the like. The reaction can be
carried out in an inert solvent for the reaction. The solvents include, but are not limited to, N,N-dimethylformamide, and
the like.
[0205] By coupling reaction in the presence of a catalyst and a ligand under an alkaline condition, compound (37b)
can be converted to compound (38b). The catalysts include, but are not limited to cuprous iodide, and the like. The
ligands include, but are not limited to N,N-dimethylglycine, and the like. The bases include, but are not limited to potassium
carbonate, and the like. The reaction can be carried out in an inert solvent for the reaction. The solvents include, but
are not limited to, N,N-dimethylformamide, and the like.
[0206] Compound (38b) can be converted to compound (39b) by removing hydroxy protecting groups, and the removal
of hydroxy protecting groups can refer to "Protective Groups in Organic Synthesis".

[0207] Each of K and j is independently 0, 1, 2, 3 or 4; M is hydroxy or a leaving group; D, X, R1, R2, R8, L, n, T1, T2,
T3, T4, T5, T6 and T7 are as defined herein.
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[0208] When M is hydroxy, the Mitsunobu reaction of compound (39b) with compound (2a) can afford compound (40b).
In the Mitsunobu reaction, the reaction starting materials can be reacted in the presence of an azodicarbonyl compound
(e.g., diisopropyl azodicarboxylate, 1,1’-(azodicarbonyl)dipiperidine) and a phosphine (e.g., triphenylphosphine, tributyl-
phosphine) in a solvent. The reaction is carried out in an inert solvent. The solvents include, but are not limited to, toluene,
and the like.
[0209] When M is a leaving group, the substitution reaction of compound (39b) with compound (2a) can afford compound
(40b) in the presence of a base. Leaving groups represented by M include, but are not limited to, halogen, methanesul-
fonyloxy, p-methyl phenylsulfonyloxy, and the like. Some non-limiting examples of the base include potassium carbonate,
and the like. The reaction can be carried out in an inert solvent. The solvents include, but are not limited to, N,N-dimeth-
ylformamide, and the like.
[0210] Compound (40b) can be oxidized to give compound (41b) in the presence of an oxidant. The oxidants include,
but are not limited to, m-chloroperbenzoic acid, and the like. The reaction can be carried out in an inert solvent. The
solvents include, but are not limited to, dichloromethane, and the like.
[0211] Compound (40b) can be oxidized to give compound (42b) in the presence of an oxidant. The oxidants include,
but are not limited to, m-chloroperbenzoic acid, and the like. The reaction can be carried out in an inert solvent. The
solvents include, but are not limited to, dichloromethane, and the like.

[0212] Each of K and j is independently 0, 1, 2, 3 or 4; each Q is independently halogen; M is hydroxy or a leaving
group; Pg is a protecting group; R8, R1, R2, n, L, D, X, T1, T2, T3, T4, T5, T6 and T7 are as defined herein.
[0213] The coupling reaction of compound (43b) with compound (2b) can afford compound (44b) in the presence of
a catalyst and a ligand under an alkaline condition. The catalysts include, but are not limited to cuprous iodide, and the
like. The ligands include, but are not limited to L-proline, and the like. The bases include, but are not limited to potassium
carbonate, and the like. The reaction can be carried out in an inert solvent for the reaction. The solvents include, but
are not limited to, ethylene glycol dimethyl ether, and the like.
[0214] Compound (44b) can be converted to compound (45b) by removing hydroxy protecting groups, and the removal
of hydroxy protecting groups can refer to "Protective Groups in Organic Synthesis".
[0215] By coupling reaction in the presence of a catalyst and a ligand under an alkaline condition, compound (45b)
can be converted to compound (46b). The catalysts include, but are not limited to, cuprous iodide, and the like. The
ligands include, but are not limited to, N,N-dimethylglycine, and the like. The bases include, but are not limited to, cesium
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carbonate, and the like. The reaction can be carried out in an inert solvent. The solvents include, but are not limited to,
1,4-dioxane, and the like.
[0216] When M is hydroxy, the Mitsunobu reaction of compound (46b) with compound (2a) can afford compound (47b).
In the Mitsunobu reaction, the reaction starting materials can be reacted in the presence of an azodicarbonyl compound
(e.g., diisopropyl azodicarboxylate, 1,1’-(azodicarbonyl)dipiperidine) and a phosphine (e.g., triphenylphosphine, tributyl-
phosphine) in a solvent. The reaction can be preferred to carry out in an inert solvent. The solvents include, but are not
limited to, toluene, and the like.
[0217] When M is a leaving group, the substitution reaction of compound (46b) with compound (2a) can afford compound
(47b) in the presence of a base. Leaving groups represented by M include, but are not limited to, halogen, methanesul-
fonyloxy, p-methyl phenylsulfonyloxy, and the like. Some non-limiting examples of the base include potassium carbonate,
and the like. The reaction can be carried out in an inert solvent. The solvents include, but are not limited to, N,N-dimeth-
ylformamide, and the like.
[0218] Compound (47b) can be oxidized to give compound (48b) in the presence of an oxidant. The oxidants include,
but are not limited to, m-chloroperbenzoic acid, and the like. The reaction can be carried out in an inert solvent. The
solvents include, but are not limited to, dichloromethane, and the like.

Q is halogen; each of K and j is independently 0, 1, 2, 3 or 4; Pg is a protecting group; R5, R8, T1, T2, T3, T4, T5, T6 and
T7 are as defined herein.
[0219] The reductive amination of compound (49b) with compound (50b) can afford compound (51b) in the presence
of a reducing agent under an acidic or neutral condition. The reducing agents include, but are not limited to, sodium
borohydride, and the like. The acids include, but are not limited to, acetic acid, and the like. The solvent include, but are
not limited to methanol, and the like.
[0220] By coupling reaction in the presence of a catalyst and a ligand under an alkaline condition, compound (51b)
can be converted to compound (52b). The catalysts include, but are not limited to, cuprous iodide, and the like. The
ligands include, but are not limited to, N,N-dimethylglycine, and the like. The bases include, but are not limited to, cesium
carbonate, and the like. The reaction can be carried out in an inert solvent. The solvents include, but are not limited to,
1,4-dioxane, and the like.

R22 is H, R17, -L3-S(=O)2OR15, -L1-C(=O)OR15, or -L1-S(=O)tR16; D, L, X, R1, R2, R, L1, L3, R15, R16, R17, n and t are
as defined herein.
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[0221] The condensation of compound (4a) with R22NH2 can afford compound (5a). In the condensation, the reaction
materials can be reacted in the presence of a condensing agent (e.g., 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride, 2-(7-azabenzotriazol-1-yl) -N,N,N’,N’-tetramethyluronium hexafluorophosphate, etc.) and a base (e.g.,
diisopropylethylamine, 4-dimethylaminopyridine, etc.) in the solvent. The reaction can be preferred to carry out in an
inert solvent. The solvents include, but are not limited to, dichloromethane, N,N-dimethylformamide, and the like.

each of K and j is independently 0, 1, 2, 3 or 4; Q is halogen; Pg is a protecting group; R8, T1, T2, T3, T4, T5, T6 and T7

are as defined herein.
[0222] The Aldol addition reaction of compound (53b) with compound (54b) can afford compound (55b). In the Aldol
addition reaction, the reaction raw materials can be reacted in the presence of a base (e.g., sodium methoxide, etc.) in
a solvent. Preferably, the reaction can be carried out in an inert solvent. The solvents include, but are not limited to,
methanol, and the like.
[0223] The elimination reaction of compound (55b) can afford compound (56b). In the elimination reaction, the reaction
raw material can be reacted with trifluoroacetic anhydride in the presence of a base (e.g., triethylamine, etc.) in a solvent.
Preferably, the reaction can be carried out in an inert solvent. The solvents include, but are not limited to, dichloromethane,
and the like.
[0224] Compound (56b) can be reduced to afford compound (57b) in the presence of a reducing agent under an
alkaline condition. The reducing agents include, but are not limited to p-methyl benzenesulfonohydrazide, and the like.
The bases include, but are not limited to sodium acetate, and the like. The reaction can be carried out in an inert solvent
for the reaction. The solvents include, but are not limited to tetrahydrofuran, water or a mixed solvent, and the like.
[0225] Compound (57b) can be reduced to afford compound (58b) in the presence of a reducing agent under an acidic
condition. The reducing agents include, but are not limited to, triethylsilane, and the like. The acids include, but are not
limited to, trifluoroacetic acid, and the like. The reaction can be carried out in an inert solvent for the reaction. The solvents
include, but are not limited to, trifluoroacetic acid, and the like.
[0226] By coupling reaction in the presence of a catalyst and a ligand under an alkaline condition, compound (58b)
can be converted to compound (59b). The catalysts include, but are not limited to, cuprous iodide, and the like. The
ligands include, but are not limited to, N,N-dimethylglycine, and the like. The bases include, but are not limited to, cesium
carbonate, and the like. The reaction can be carried out in an inert solvent. The solvents include, but are not limited to,
1,4-dioxane, and the like.
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[0227] Compound (59b) can be converted to compound (60b) by removing hydroxy protecting groups, and the removal
of hydroxy protecting groups can refer to "Protective Groups in Organic Synthesis".

each of K and j is independently 0, 1, 2, 3 or 4; Q is halogen; Z1 is H or alkyl; Pg is a protecting group; R8, T1, T2, T3,
T4, T5, T6 and T7 are as defined herein.
[0228] Compound (26b) can be converted to compound (61b) by removing hydroxy protecting groups, and the removal
of hydroxy protecting groups can refer to "Protective Groups in Organic Synthesis".
[0229] By coupling reaction in the presence of a catalyst and a ligand under an alkaline condition, compound (61b)
can be converted to compound (62b). The catalysts include, but are not limited to, cuprous iodide, and the like. The
ligands include, but are not limited to, N,N-dimethylglycine, and the like. The bases include, but are not limited to, cesium
carbonate, and the like. The reaction can be carried out in an inert solvent. The solvents include, but are not limited to,
1,4-dioxane, and the like.
[0230] Compound (62b) can be converted to compound (63b) by removing hydroxy protecting groups, and the removal
of hydroxy protecting groups can refer to "Protective Groups in Organic Synthesis".
[0231] The cyclization reaction of compound (62b) with a methylating agent can afford compound (64b). The methyl-
ating agents include, but are not limited to, trimethyl iodide sulfoxide, and the like. The reaction can be carried out in an
inert solvent. The solvents include, but are not limited to, dimethyl sulfoxide, and the like.
[0232] Compound (64b) can be converted to compound (65b) by removing hydroxy protecting groups, and the removal
of hydroxy protecting groups can refer to "Protective Groups in Organic Synthesis".
[0233] The following examples disclosed herein are presented to further describe the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0234] The following examples 8, 24 and 31 correspond to embodiments, which do not fall under the scope of the
present invention. These examples are therefore considered as comparative examples.

Example 1: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrodibenzo[b,f]oxepine-
3-carboxylic acid

[0235]
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Step 1: methyl 3-bromo-4-(bromomethyl)benzoate

[0236] To a mixture of methyl 3-bromo-4-methylbenzoate (4.0 g, 17.5 mmol) in carbon tetrachloride (100 mL) were
added N-bromosuccinimide (3.7 g, 21.0 mmol) and benzoyl peroxide (420 mg, 1.7 mmol). The mixture was stirred at
70 °C overnight under nitrogen. The reaction mixture was then cooled to room temperature, quenched with 20 mL of
saturated aqueous sodium bicarbonate solution, and extracted with dichloromethane (100 mL 3 2). The combined
organic layers were washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate, filtered and concentrated
under vacuum. The residue was purified by silica gel column chromatography eluted with (petroleum ether / ethyl acetate
(v/v) = 30/1), to give the title compound as a yellow oil (4.61 g, 82 %).
1H NMR (400 MHz, CDCl3) δ 8.25 (d, J = 1.4 Hz, 1H), 7.96 (dd, J = 8.0, 1.5 Hz, 1H), 7.54 (d, J = 8.0 Hz, 1H), 4.61 (s,
2H), 3.94 (s, 3H).

Step 2: methyl 3-bromo-4-((diethoxyphosphoryl)methyl)benzoate

[0237] A solution of methyl 3-bromo-4-(bromomethyl)benzoate (4.4 g, 14 mmol) in triethyl phosphite (20 mL) was
heated at 150 °C and stirred overnight. The reaction mixture was then cooled to room temperature. The triethyl phosphite
was removed by distillation under vacuum to give the title compound as a yellow oil (5.2 g, 100 %).

Step 3: methyl 4-(2,5-bis((tert-butyldimethylsilyl)oxy)styryl)-3-bromobenzoate

[0238] To a mixture of methyl 3-bromo-4-((diethoxyphosphoryl)methyl)benzoate (5.3 g, 15.0 mmol) in tetrahydrofuran
(100 mL) was added 60% sodium hydride (700 mg, 27.5 mmol) under an ice bath. After the addition, the reaction solution
was stirred for 20 min. A solution of 2,5-bis[[tert-butyl(dimethyl)silyl]oxy]benzaldehyde (5.5 g, 15 mmol) in tetrahydrofuran
(10 mL) was then added. The reaction mixture was stirred under an ice bath for 4 h. The reaction mixture was then
quenched with 50 mL of saturated ammonium chloride aqueous solution, and extracted with ethyl acetate (200 mL 3
2). The combined organic layers were washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate,
filtered and concentrated under vacuum. The residue was purified by silica gel column chromatography eluted with
(petroleum ether / ethyl acetate (v/v) = 40/1), to give the title compound as a yellow oil (6.0 g, 69 %).

Step 4: methyl 4-(2,5-bis((tert-butyldimethylsilyl)oxy)phenethyl)-3-bromobenzoate

[0239] Methyl 4-(2,5-bis((tert-butyldimethylsilyl)oxy)styryl)-3-bromobenzoate (6.0 g, 10.4 mmol), sodium acetate (5.1
g, 62.3 mmol) and p-toluenesulfonyl hydrazide (11.6 g, 62.3 mmol) were dissolved in a mixed solvent of tetrahydrofuran
(100 mL) and water (50 mL). The reaction mixture was heated to reflux and stirred for 24 h, then cooled to room
temperature, diluted with water (50 mL), and extracted with dichloromethane (150 mL 3 2). The combined organic layers
were washed with saturated brine (20 mL), dried over anhydrous sodium sulfate, filtered, and concentrated under vacuum.
The residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) =
30/1) to give the title compound as a pale yellow oil (5.0 g, 83 %).
1H NMR (600 MHz, CDCl3) δ 8.24 (d, J = 1.5 Hz, 1H), 7.86 (dd, J = 7.9, 1.6 Hz, 1H), 7.18 (d, J = 8.0 Hz, 1H), 6.68 (d,
J = 8.6 Hz, 1H), 6.58 (dd, J = 8.6, 3.0 Hz, 1H), 6.54 (d, J = 2.9 Hz, 1H), 3.93 (s, 3H), 3.11 - 3.04 (m, 2H), 2.93 - 2.85 (m,
2H), 1.04 (s, 9H), 0.97 (s, 9H), 0.25 (s, 6H), 0.13 (s, 6H).

Step 5: methyl 3-bromo-4-(2,5-dihydroxyphenethyl)benzoate

[0240] To a solution of 4-(2,5-bis(tert-butyldimethylsilyl)oxy)phenethyl)-3-methyl-bromobenzene (5 g, 8.7 mmol) in
tetrahydrofuran (100 mL) was added dropwise a solution of tetrabutylammonium fluoride in tetrahydrofuran (34.6 mL,
34.6 mmoL, 1 M). The reaction mixture was stirred at room temperature for 2 h, followed by dilution with water (50 mL).
The resulting mixture was extracted with ethyl acetate (50 mL 3 2). The combined organic layers were washed with 20



EP 3 256 468 B1

49

5

10

15

20

25

30

35

40

45

50

55

mL of saturated brine, dried over anhydrous sodium sulfate, filtered, and concentrated under vacuum. The residue was
purified by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 3/1) to give the title
compound as a pale yellow oil (1.7 g, 56%).
1H NMR (600 MHz, DMSO-d6) δ 8.64 (s, 1H), 8.54 (s, 1H), 8.08 (d, J = 1.5 Hz, 1H), 7.86 (dd, J = 7.9, 1.4 Hz, 1H), 7.42
(d, J = 7.9 Hz, 1H), 6.60 (d, J = 8.5 Hz, 1H), 6.46 (d, J = 2.8 Hz, 1H), 6.43 (dd, J = 8.5, 2.8 Hz, 1H), 3.86 (s, 3H), 2.98
(dd, J = 9.2, 6.7 Hz, 2H), 2.74 (dd, J = 9.2, 6.7 Hz, 2H).

Step 6: methyl 8-hydroxy-10,11-dihydrodibenzo[b,f]oxepine-3-carboxylate

[0241] Methyl 3-bromo-4-(2,5-dihydroxyphenethyl)benzoate (100 mg, 0.3 mmol), cuprous iodide (6 mg, 0.03 mmol),
N,N-dimethylglycine (9 mg, 0.09 mmol) and cesium carbonate (185 mg, 0.6 mmol) were dissolved in anhydrous 1,4-
dioxane (3 mL) under nitrogen. The mixture was heated to 90 °C and stirred overnight. After being cooled to room
temperature, the mixture was filtered, and the filtrate was concentrated under vacuum. The residue was purified by
column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 2/1) to give the title compound
as a yellow oil (50 mg, 60 %).
1H NMR (400 MHz, CDCl3) δ 7.84 (d, J = 1.5 Hz, 1H), 7.70 (dd, J = 7.9, 1.6 Hz, 1H), 7.19 (d, J = 7.9 Hz, 1H), 7.11 - 7.02
(m, 1H), 6.68 - 6.63 (m, 2H), 3.94 (s, 3H), 3.15 - 3.11 (m, 4H).

Step 7: methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrodibenzo[b,f]ox-
epine-3-carboxylate

[0242] Methyl 8-hydroxy-10,11-dihydrodibenzo[b,f]oxepine-3-carboxylate (300 mg, 1.0 mmol), 4-(chloromethyl)-5-cy-
clopropyl-3-(2,6-dichlorophenyl)isoxazole (370 mg, 1.2 mmol) (See the synthesis of compound A6e of WO2011020615)
and potassium phosphate (353 mg, 1.7 mmol) were dissolved in DMF (10 mL). The reaction mixture was warmed to 60
°C and stirred for 3 h. The reaction mixture was then cooled to room temperature, diluted with water (40 mL) and extracted
with ethyl acetate (80 mL 3 2). The combined organic layers were washed with 20 mL of saturated brine, dried over
anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column chromatography
on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 5/1) to give the title compound as a pale yellow oil (540
mg, 90 %).

Step 8: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrodibenzo[b,f]oxepine-3-
carboxylic acid

[0243] To a mixture of methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol -4-yl)methoxy)-10,11-dihydrodiben-
zo[b,f]oxepine-3-carboxylate (540 mg, 1.0 mmol) in a mixed solvent of tetrahydrofuran (5 mL) and water (5 mL) was
added lithium hydroxide (120 mg, 5.0 mmol), and the mixture was stirred at room temperature overnight. Most of the
solvent was removed under vacuum. The residue was diluted with water (20 mL), and then adjusted to acidity with 1 M
hydrochloric acid (8 mL). The resulting mixture was extracted with ethyl acetate (30 mL 3 2). The combined organic
layers were washed with 10 mL of saturated brine, dried over anhydrous sodium sulfate, filtered. The filtrate was con-
centrated under vacuum to give the title compound as a white solid (340 mg, 65%).
MS (ESI, pos. ion) m/z: 522.2 [M+H]+; and
1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 1.4 Hz, 1H), 7.76 (dd, J = 7.9, 1.5 Hz, 1H), 7.41 - 7.39 (m, 2H), 7.33 - 7.29 (m,
1H), 7.22 (d, J = 7.9 Hz, 1H), 7.07 (d, J = 8.7 Hz, 1H), 6.63 - 6.58 (m, 2H), 4.77 (s, 2H), 3.20 - 3.16 (m, 2H), 3.13 - 3.04
(m, 2H), 2.15 - 2.10 (m, 1H), 1.31 - 1.27 (m, 2H), 1.17 - 1.10 (m, 2H).

Example 2: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-5-oxo-10,11 -dihydro-5H-diben-
zo[a,d][7]annulene-3-carboxylic acid

[0244]
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Step 1: dimethyl 4-(bromomethyl)isophthalate

[0245] To a mixture of dimethyl 4-methylisophthalate (7.6 g, 37 mmol) in carbon tetrachloride (100 mL) were added
N-bromosuccinimide (7.2 g, 40.2 mmol) and benzoyl peroxide (400 mg, 1.7 mmol) under nitrogen. The reaction solution
was heated to 80 °C and stirred overnight. After being cooled to room temperature, the reaction solution was quenched
with 80 mL of saturated aqueous sodium bicarbonate solution, and extracted with dichloromethane (100 mL 3 2). The
combined organic layers were washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate, filtered.The
residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 20/1)
to give the title compound as a yellow solid (3.0 g, 29 %).

Step 2: dimethyl 4-((diethoxyphosphoryl)methyl)isophthalate

[0246] A solution of dimethyl 4-(bromomethyl)isophthalate (7.0 g, 24.4 mmol) in triethyl phosphite (15 mL) was stirred
at 120 °C overnight. The reaction solution was cooled to room temperature. The triethyl phosphite was removed by
distillation under vacuum. The resulting residue was purified by column chromatography on silica gel eluted with (CH2Cl2
/ MeOH (v/v) = 10/1) to give the title compound as a yellow oil (8.0 g, 95 %).

Step 3: dimethyl 4-(3-methoxystyryl)isophthalate

[0247] To a mixture of dimethyl 4-((diethoxyphosphoryl)methyl)isophthalate (5.0 g, 14.5 mmol) in tetrahydrofuran (80
mL) was added 60% sodium hydride (600 mg, 25 mmol) under an ice bath. The reaction solution was stirred under an
ice bath for 30 min, and a solution of 3-methoxybenzaldehyde (2.0 g, 14.7 mmol) in tetrahydrofuran (10 mL) was added
dropwise. The resulting mixture was stirred at room temperature for 30 min. The reaction mixture was then quenched
with 50 mL of saturated aqueous ammonium chloride solution, and extracted with ethyl acetate (100 mL 3 2). The
combined organic layers were washed sequentially with 20 mL of saturated brine, dried over anhydrous sodium sulfate,
filtered and concentrated under vacuum. The residue was purified by column chromatography on silica gel eluted with
(petroleum ether / ethyl acetate (v/v) = 40/1) to give the title compound as a yellow oil (1.5 g, 31 %).

Step 4: dimethyl 4-(3-methoxyphenethyl)isophthalate

[0248] To a mixture of dimethyl dimethyl 4-(3-methoxystyryl)isophthalate (1.5 g, 4.6 mmol) in THF (60 mL) was added
10% Pd / C (200 mg). The mixture was stirred at room temperature overnight under hydrogen. The mixture was filtered.
The filtrate was concentrated under vacuum to give the title compound as a yellow oil (1.4 g, 93 %).

Step 5: 4-(3-methoxyphenethyl)isophthalic acid

[0249] To a solution of dimethyl 4-(3-methoxyphenethyl)isophthalate (1.4 g, 4.3 mmol) in a mixed solvent of tetrahy-
drofuran (50 mL) and water (50 mL) was added sodium hydroxide (1.7 g, 43 mmol). The reaction mixture was stirred at
room temperature overnight. Most of the solvent was removed under vacuum. The resulting residue was diluted with
water (10 mL), adjusted to acidity with 2 M hydrochloric acid (40 mL). The resulting mixture was extracted with ethyl
acetate (100 mL 3 2). The combined organic layers were washed with 20 mL of saturated brine, dried over anhydrous
sodium sulfate and filtered. The filtrate was concentrated under vacuum to give the title compound as a white solid (1.0
g, 80 %).
MS (ESI, neg. ion) m/z: 299.0 [M-H]-.

Step 6: 8-methoxy-5-oxo-10,11-dihydro-5H-dibenzo[a,d][7]annulene 3-carboxylic acid

[0250] To a mixture of 4-(3-methoxyphenethyl)isophthalic acid (1.0 g, 3.3 mmol) in dichloromethane (80 mL) was
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added oxalyl chloride (0.84 mL, 9.9 mmol), and the mixture was stirred at room temperature for 1 h. The oxalyl chloride
was then removed under vacuum. The resulting residue was dissolved in dichloromethane (100 mL), and aluminum
chloride (1.3 g, 9.7 mmol) was added. The resulting mixture was stirred at room temperature overnight. The reaction
solution was diluted with water (30 mL), and extracted with dichloromethane (100 mL 3 2). The combined organic layers
were washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate, filtered, and concentrated under
vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate
(v/v) = 5/1) to give the title compound as a yellow solid (800 mg, 90 %).

Step 7: 8-hydroxy-5-oxo-10,11-dihydro-5H-dibenzo[a,d][7]annulene-3-carboxylic acid

[0251] 8-Methoxy-5-oxo-10,11-dihydro-5H-dibenzo[a,d][7]annulene-3-carboxylic acid (140 mg, 0.47 mmol) was dis-
solved in anhydrous dichloromethane (20 mL). The mixture was cooled to -60 °C and a solution of 1 M boron tribromide
in methylene chloride (7.5 mL, 7.5mmol) was added dropwise. The reaction solution was stirred at -60 °C for 0.5 h, then
warmed to room temperature and continued to stir for two days. The reaction mixture was quenched with 20 mL of water
and extracted with ethyl acetate (40 mL 3 2). The combined organic layers were washed with 20 mL of saturated brine,
dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column
chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 3/1) to give the title compound as a
yellow solid (110 mg, 87 %).
MS (ESI, pos. ion) m/z: 269.1 [M+H]+.

Step 8: methyl 8-hydroxy-5-oxo-10,11-dihydro-5H-dibenzo[a,d][7]annulene-3-carboxylate

[0252] To a solution of 8-hydroxy-5-oxo-10,11-dihydro-5H-dibenzo[a,d][7]annulene-3-carboxylic acid (110 mg, 0.41
mmol) in methanol (10 mL) was added thionyl chloride (0.05 mL, 7 mmol) under an ice bath. The reaction solution was
heated to 80 °C and stirred overnight. The reaction mixture was then cooled to room tempreture and concentrated under
vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate
(v/v) = 4/1) to give the title compound as a yellow oil (110 mg, 95 %).

Step 9: methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazole-4-yl)methoxy)-5-oxo-10,11-dihydro-5H-diben-
zo[a,d][7]annulene-3-carboxylate

[0253] Methyl 8-hydroxy-5-oxo-10,11-dihydro-5H-dibenzo[a,d][7]annulene-3-carboxylate (120 mg, 0.43 mmol),
4-(chloromethyl)-5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazole (150 mg, 0.50 mmol) and potassium phosphate (180
mg, 0.85 mmol) were dissolved in DMF (10 mL). The reaction mixture was stirred at 60 °C for 30 min, then cooled to
room temperature and diluted with water (30 mL). The resulting mixture was extracted with ethyl acetate (80 mL 3 2).
The combined organic layers were washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate, filtered
and concentrated under vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum
ether / ethyl acetate (v/v) = 3/1) to give the title compound as a yellow oil (120 mg, 51 %).
MS (ESI, pos. ion) m/z: 547.7 [M+H]+.

Step 10: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-5-oxo-10,11-dihydro-5H-diben-
zo[a,d][7]annulene-3-carboxylic acid

[0254] Methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazole-4-yl)methoxy)-5-oxo-10,11-dihydro-5H-diben-
zo[a,d][7]annulene-3-carboxylate (100 mg, 0.2 mmol) was dissolved in a mixed solvent of tetrahydrofuran (5 mL) and
water (5 mL), and lithium hydroxide (55 mg, 2.3 mmol) was added. The reaction mixture was stirred at room temperature
overnight. Most of the solvent was removed under vacuum. The residue was diluted with water (20 mL), and adjusted
to acidity with 1 M hydrochloric acid (5 mL). The resulting mixture was extracted with ethyl acetate (30 mL 3 2). The
combined organic layers were washed with 10 mL of saturated brine, dried over anhydrous sodium sulfate, filtered, and
concentrated under vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum
ether / ethyl acetate (v/v) = 3/1) to give the title compound as a white solid (14 mg, 10 %).
MS (ESI, pos. ion) m/z: 534.1 [M+H]+; and
1H NMR (400 MHz, DMSO-d6) δ 8.43 (d, J = 1.7 Hz, 1H), 8.02 (dd, J = 7.9, 1.8 Hz, 1H), 7.94 (d, J = 8.5 Hz, 1H), 7.63
- 7.61 (m, 2H), 7.56 - 7.52 (m, 1H), 7.47 (d, J = 8.0 Hz, 1H), 6.85 - 6.79 (m, 2H), 4.98 (s, 2H), 3.21 - 3.14 (m, 2H), 3.14
- 3.06 (m, 2H), 2.49 - 2.45 (m, 1H), 1.20 - 1.14 (m, 4H).
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Example 3: 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrobenzo[6,7]oxepi-
no[3,2-b]pyridine-7-carboxylic acid

[0255]

Step 1: methyl 3-acetoxy-4-methylbenzoate

[0256] To a mixture of methyl 3-hydroxy-4-methylbenzoate (4.3 g, 26 mmol) and pyridine (3.5 mL, 43 mmol) in dichlo-
romethane (50 mL) was added acetic anhydride (4.0 mL, 43 mmol) under an ice bath, and the mixture was stirred at
room temperature for 5 h. The mixture was quenched with 50 mL of water. The resulting mixture was extracted with
dichloromethane (50 mL 3 2). The combined organic layers were washed with 1 M hydrochloric acid, dried over anhydrous
sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column chromatography on silica
gel eluted with (petroleum ether / ethyl acetate (v/v) = 10/1) to give the title compound as a colorless oil (5.3 g, 98 %).

Step 2: methyl 3-acetoxy-4-(bromomethyl)benzoate

[0257] To a mixture of methyl 3-acetoxy-4-methylbenzoate (5.3 g, 25.5 mmol) and N-bromosuccinimide (4.6 g, 25.7
mmol) in carbon tetrachloride (100 mL) was added azobisisobutyronitrile (210 mg, 1.3 mmol). The mixture was heated
to reflux and stirred for 5 h. The mixture was concentrated under vacuum. The residue was purified by column chroma-
tography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 20/1) to give the title compound as a colorless
oil (5.7 g, 77 %).

Step 3: methyl 3-acetoxy-4-((diethoxyphosphoryl)methyl)benzoate

[0258] A solution of methyl 3-acetoxy-4-(bromomethyl)benzoate (5.6 g, 20 mmol) in triethyl phosphite (10 mL) was
heated at 150 °C and stirred overnight. The mixture was cooled to room temperature. The triethyl phosphite was removed
by distillation under vacuum. The residue was purified by column chromatography on silica gel eluted with (CH2Cl2 /
MeOH (v/v) = 10/1) to give the title compound as a colorless oil (6.7 g, 100 %).

Step 4: methyl 4-((diethoxyphosphoryl)methyl)-3-hydroxybenzoate

[0259] To a mixture of methyl 3-acetoxy-4-((diethoxyphosphoryl)methyl)benzoate (6.5 g, 19 mmol) in methanol (100
mL) was added potassium carbonate aqueous solution (30 mL, 30 mmol, 1.0 M). The resulting mixture was allowed to
stir at room temperature for 1 h. Most of the methanol was removed by concentration under vacuum. The residue was
diluted with water (20 mL), and extracted with ethyl acetate (50 mL 3 2). The combined organic layers were washed
with 10 mL of saturated brine, dried over anhydrous sodium sulfate, filtered, and concentrated under vacuum. The
residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 2/1) to
give the title compound as a white solid (5.2 g, 91 %).
MS (ESI, pos. ion) m/z: 303.2 [M+H]+.

Step 5: methyl 4-((diethoxyphosphoryl)methyl)-3-(methoxymethoxy)benzoate

[0260] Methyl 4-((diethoxyphosphoryl)methyl)-3-hydroxybenzoate (5.2 g, 17 mmol) and diisopropylethyl amine (6.0
mL, 34 mmol) were dissolved in dichloromethane (60 mL), and chloromethyl methyl ether (2.3 mL, 30 mmol) was added
dropwise under an ice bath. The resulting mixture was stirred at room temperature overnight, quenched with 50 mL of
water and extracted with dichloromethane (50 mL 3 2). The combined organic layers were washed with 10 mL of
saturated brine, dried over anhydrous sodium sulfate, filtered, and concentrated under vacuum. The residue was purified
by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 4/1) to give the title compound
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as a colorless oil (3.8 g, 64%).
MS (ESI, pos. ion) m/z: 347.2 [M+H]+.

Step 6: methyl 4-(2-(3-bromo-6-methoxypyridin-2-yl)vinyl)-3-(methoxymethoxy) benzoate

[0261] To a mixture of methyl 4-(diethoxyphosphorylmethyl)-3-(methoxymethoxy)benzoate (1.8 g, 5.2 mmol) in tet-
rahydrofuran (30 mL) was added 60% sodium hydride (270 mg, 6.8 mmol) under an ice bath. The miaxture was stirred
under an ice bath for 30 min, and 3-bromo-6-methoxypyridine-2-carbaldehyde (1.0 g, 4.6 mmol) was then added (See
the synthetic method described in Organic and Biomolecular Chemistry, 2003, (1) 16, 2865 - 2876). The resulting mixture
was warmed to room and continued to stir for 4 h. The reaction mixture was then quenched with 10 mL of saturated
aqueous ammonium chloride. The resulting mixture was extracted with ethyl acetate (20 mL 3 2). The combined organic
layers were washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate, filtered, and concentrated under
vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate
(v/v) = 5/1) to give the title compound as a yellow solid (980 mg, 51 %).

Step 7: methyl 4-(2-(3-bromo-6-methoxypyridin-2-yl)ethyl)-3-(methoxymethoxy) benzoate

[0262] Methyl 4-(2-(3-bromo-6-methoxypyridin-2-yl)vinyl)-3-(methoxymethoxy)benzoate (850 mg, 2.1 mmol), sodium
acetate (1.1 g, 12.8 mmol) and p-toluenesulfonyl hydrazide (2.4 g, 12.6 mmol) were dissolved in a mixed solvent of
tetrahydrofuran (30 mL) and water (15 mL). The reaction mixture was heated to reflux and stirred for 24 h. The reaction
mixture was then cooled to room temperature, diluted with water (10 mL) and extracted with ethyl acetate (100 mL 3
2). The combined organic layers were washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate,
filtered, and concentrated under vacuum. The residue was purified by column chromatography on silica gel eluted with
(petroleum ether / ethyl acetate (v/v) = 5/1) to give the title compound as a pale yellow oil (850 mg, 99 %).

Step 8: methyl 4-(2-(3-bromo-6-methoxypyridin-2-yl)ethyl)-3-hydroxybenzoate

[0263] To a mixture of methyl 4-(2-(3-bromo-6-methoxypyridin-2-yl)ethyl)-3-(methoxymethoxy) benzoate (850 mg, 2.1
mmol) in tetrahydrofuran (5 mL) was added 6 M hydrochloric acid (4 mL, 24 mmol), and the mixture was heated to 50
°C and stirred for 5 h. The mixture was then cooled to room temperature and diluted with water (20 mL). The resulting
mixture was adjusted to basicity with solid potassium carbonate, and extracted with ethyl acetate (30 mL 3 2). The
combined organic layers were washed with 10 mL of saturated brine, dried over anhydrous sodium sulfate, filtered, and
concentrated under vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum
ether / ethyl acetate (v/v) = 3/1) to give the title compound as a white solid (740 mg, 98 %).

Step 9: methyl 2-methoxy-10,11-dihydrobenzo[6,7]oxepino[3,2-b]pyridine-7-carboxylate

[0264] Cuprous iodide (160 mg, 0.84 mmol), N,N-dimethylglycine (90 mg, 0.87 mmol), cesium carbonate (1.42 g, 4.04
mmol) and 4-(2-(3-bromo-6-methoxypyridin-2-yl)ethyl)-3-hydroxybenzoate (740 mg, 2.1 mmol) were dissolved in 1,4-
dioxane (10 mL) under nitrogen. The reaction solution was heated to reflux and stirred overnight. The reaction mixture
was cooled to room tempreture, filtered and concentrated under vacuum. The residue was purified by column chroma-
tography on silica gel eluted with (CH2Cl2 / MeOH (v/v) = 50/1) to give the product as a white solid (470 mg, 82 %).
1H NMR (400 MHz, CDCl3) δ 7.82 (d, J = 1.5 Hz, 1H), 7.77 (dd, J = 7.8, 1.6 Hz, 1H), 7.44 (d, J = 8.7 Hz, 1H), 7.30 (s,
1H), 6.56 (d, J = 8.7 Hz, 1H), 3.93 (s, 3H), 3.88 (s, 3H), 3.28 - 3.16 (m, 4H).

Step 10: methyl 2-oxo-1,2,10,11-tetrahydrobenzo[6,7]oxepino[3,2-b]pyridine-7-carboxylate

[0265] Methyl 2-methoxy-10,11-dihydrobenzo[6,7]-oxepino[3,2-b]pyridine-7-carboxylate (470 mg, 1.6 mmol) and so-
dium iodide (780 mg, 5.2 mmol) were dissolved in acetonitrile (5 mL) and trimethylsilyl chloride (0.43 mL, 5.0 mmol) was
added at room tempreture. The reaction mixture was heated to 85 °C and stirred for 3 h. The reaction mixture was cooled
to room tempreture, quenched with 50 mL of saturated sodium thiosulfate solution, and extracted with ethyl acetate (50
mL 3 2). The combined organic layers were washed with 30 mL of saturated brine, dried over anhydrous sodium sulfate,
filtered, and concentrated under vacuum. The residue was purified by column chromatography on silica gel eluted with
(CH2Cl2 / MeOH (v/v) = 50/1) to give the title compound as a white solid (400 mg, 90 %).
1H NMR (400 MHz, DMSO-d6) δ 10.47 (s, 1H), 7.01 - 6.84 (m, 2H), 6.69 (dd, J = 19.8, 8.7 Hz, 2H), 5.41 (d, J = 9.6 Hz,
1H), 3.06 (s, 3H), 2.40-2.35 (m, 2H), 2.19 - 2.03 (m, 2H).
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Step 11: methyl 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrobenzo[6,7]oxepi-
no[3,2-b]pyridine-7-carboxylate

[0266] Methyl 2-oxo-1,2,10,11-tetrahydrobenzo[6,7]oxepino[3,2-b]pyridine-7-carboxylate (400 mg, 1.5 mmol), 4-(chlo-
romethyl)-5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazole (490 mg, 1.6 mmol) and potassium phosphate (1.0 g, 5 mmol)
were dissolved in DMF (10 mL). The reaction mixture was stirred at 60 °C for 30 min. The reaction mixture was then
cooled to room tempreture, diluted with water (30 mL), and extracted with ethyl acetate (40 mL 3 2). The combined
organic layers were washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate, filtered, and concentrated
under vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl
acetate (v/v) = 5/1) to give the title compound as a white solid (490 mg, 62 %).

Step 12: 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrobenzo[6,7]oxepino[3,2-
b]pyridine-7-carboxylic acid

[0267] To a solution of methyl 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy) -10,11-dihydroben-
zo[6,7]oxepino[3,2-b]pyridine-7-carboxylate (490 mg, 0.92 mmol) in a mixed solvent of tetrahydrofuran (5 mL) and water
(5 mL) was added lithium hydroxide (360 mg, 9 mmol). The reaction solution was heated to 80 °C and stirred overnight.
The reaction solution was then cooled to room temperature. Most of the solvent was removed under vacuum. The residue
was diluted with water (10 mL), and adjusted to acidity with 2 M hydrochloric acid (8 mL). The resulting mixture was
extracted with ethyl acetate (30 mL 3 2). The combined organic layers were washed with 10 mL of saturated brine,
dried over anhydrous sodium sulfate, filtered, and concentrated under vacuum. The residue was purified by column
chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 1/1) to give the title compound as a
white solid (370 mg, 78 %).
MS (ESI, pos. ion) m/z: 522.7 [M+H]+; and
1H NMR (400 MHz, CDCl3) δ 7.93 - 7.77 (m, 2H), 7.37 - 7.33 (m, 4H), 7.26 - 7.22 (m, 1H), 6.42 (d, J = 8.7 Hz, 1H), 5.13
(s, 2H), 3.24 - 3.21 (m, 2H), 3.13 - 3.10 (m, 2H), 2.36 - 2.29 (m, 1H), 1.30 -1.24 (m, 2H), 1.16 -1.12 (m, 2H).

Example 4: 3-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-5,6-dihydrobenzo[6,7]oxepino[2,3-
c]pyridine-9-carboxylic acid

[0268]

Step 1: 2-methoxy-5-(methoxymethoxy)pyridine

[0269] To a mixture of 2-methoxy-5-hydroxypyridine (3.3 g, 26.0 mmol) in DMF (60 mL) was added 60% sodium
hydride (2.2 g, 55 mmol) under an ice bath. The reaction mixture was stirred under an ice bath for 1 h. Chloromethyl
methyl ether (3.0 mL, 39 mmol) was then added. The resulting mixture was warmed to room temperature and stirred
for additional 3 h. The mixture was quenched with 50 mL of water. The resulting mixture was extracted with dichlo-
romethane (50 mL 3 2). The combined organic layers were washed with 20 mL of saturated brine, dried over anhydrous
sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column chromatography on silica
gel eluted with (petroleum ether / ethyl acetate (v/v) = 10/1) to give the compound as a colorless oil (2.0 g, 46 %).
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 2.9 Hz, 1H), 7.35 (dd, J = 8.9, 3.0 Hz, 1H), 6.70 (d, J = 8.9 Hz, 1H), 5.12 (s,
2H), 3.91 (s, 3H), 3.51 (s, 3H).

Step 2: 2-methoxy-5-(methoxymethoxy)pyridine-4-carboxaldehyde

[0270] 2-Methoxy-5-(methoxymethoxy)pyridine (2.0 g, 12 mmol) and diisopropylamine (0.03 mL, 0.3 mmol) were
dissolved in tetrahydrofuran (40 mL). The reaction mixture was cooled to -40 °C, and a solution of methyllithium in diethyl
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ether (13.3 mL, 21 mmol, 1.6 M) was added. The reaction mixture was then warmed to 0 °C and stirred for 3 h. The
mixture was allowed to cool to -40 °C again and DMF (1.7 mL, 22 mmol) was added. The reaction mixture continued to
stir at -40 °C for 1 h. The reaction mixture was then quenched with cincentrated hydrochloric acid (8 mL) and tetrahy-
drofuran (19 mL), followed by dilution with water (20 mL). The resulting mixture was adjusted to basicity with solid
potassium carbonate, and extracted with ethyl acetate (100 mL 3 2). The combined organic layers were washed with
20 mL of saturated brine, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue
was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 10/1) to give
the compound as a yellow solid (1.4 g, 60 %).
1H NMR (400 MHz, CDCl3) δ 10.45 (s, 1H), 8.26 (s, 1H), 7.10 (s, 1H), 5.27 (s, 2H), 3.94 (s, 3H), 3.56 (s, 3H).

Step 3: methyl 3-bromo-4-(2-(2-methoxy-5-(methoxymethoxy)pyridin-4-yl)vinyl) benzoate

[0271] To a mixture of methyl 3-bromo-4-(diethoxyphosphorylmethyl)benzoate (3.9 g, 11 mmol) in tetrahydrofuran (20
mL) was added 60% sodium hydride (450 mg, 11 mmol) under an ice bath. The reaction solution was stirred under an
ice bath for 20 min, and a solution of 2-methoxy-5-(methoxymethoxy)pyridine-4-carbaldehyde (1.4 g, 7.1 mmol) in
tetrahydrofuran (5 mL) was added dropwise. The resulting mixture was warmed to room temperature and continued to
stir for 3 h. The mixture was quenched with 50 mL of water and extracted with ethyl acetate (50 mL 3 2). The combined
organic layers were washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate, filtered and concentrated
under vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl
acetate (v/v) = 5/1) to give the title compound as a yellow solid (1.4 g, 48 %).
1H NMR (400 MHz, CDCl3) δ 8.29 (d, J = 1.5 Hz, 1H), 8.07 (s, 1H), 8.00 (d, J = 8.2 Hz, 1H), 7.78 (d, J = 8.2 Hz, 1H),
7.68 (d, J = 16.4 Hz, 1H), 7.35 (d, J = 16.4 Hz, 1H), 6.99 (s, 1H), 5.22 (s, 2H), 3.96 (s, 3H), 3.95 (s, 3H), 3.55 (s, 3H).

Step 4: methyl 3-bromo-4-(2-(2-methoxy-5-(methoxymethoxy)pyridin-4-yl)ethyl) benzoate

[0272] Methyl 3-bromo-4-(2-(2-methoxy-5-(methoxymethoxy)pyridin-4-yl)vinyl)benzoate (1.4 g, 3.4 mmol), sodium ac-
etate (1.7 g, 21 mmol) and p-toluenesulfonyl hydrazide (3.8 g, 20 mmol) were dissolved in a mixed solvent of tetrahy-
drofuran (20 mL) and water (10 mL). The reaction mixture was heated to reflux and stirred for 24 h. The reaction mixture
was then cooled to room tempreture, diluted with water (50 ml) and extracted with ethyl acetate (50 mL 3 2). The
combined organic layers were washed with 10 mL of saturated brine, dried over anhydrous sodium sulfate, filtered and
concentrated under vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum
ether / ethyl acetate (v/v) = 5/1) to give the title compound as pale yellow oil (1.0 g, 72 %).
1H NMR (600 MHz, CDCl3) δ 8.24 (s, 1H), 7.96 (s, 1H), 7.89 (d, J = 7.9 Hz, 1H), 7.23 (d, J = 7.9 Hz, 1H), 6.55 (s, 1H),
5.13 (s, 2H), 3.93 (s, 3H), 3.89 (s, 3H), 3.51 (s, 3H), 3.13 - 3.03 (m, 2H), 2.96 - 2.90 (m, 2H).

Step 5: methyl 3-bromo-4-(2-(5-hydroxy-2-methoxypyridin-4-yl)ethyl)benzoate

[0273] To a mixture of methyl 3-bromo-4-(2-(2-methoxy-5-(methoxymethoxy)pyridin-4-yl)ethyl) benzoate (1.0 g, 2.4
mmol) in tetrahydrofuran (5 mL) was added hydrochloric acid (4 mL, 12 mmol, 3 M), and the reaction mixture was heated
to 50 °C and stirred for 1 h. The mixture was then cooled to room temperature, and diluted with water (10 mL). The
resulting mixture was adjusted to neutral with solid potassium carbonate, and extracted with ethyl acetate (50 mL 3 2).
The combined organic layers were washed with 10 mL of saturated brine, dried over anhydrous sodium sulfate, filtered
and concentrated under vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum
ether / ethyl acetate (v/v) = 3/1) to give product as a yellow solid (680 mg, 76 %).

Step 6: methyl 3-methoxy-5,6-dihydrobenzo[6,7]oxepino[2,3-c]pyridine-9-carboxylate

[0274] Cuprous iodide (140 mg, 0.74 mmol), N,N-dimethylglycine (380 mg, 3.68 mmol), cesium carbonate (1.30 g,
3.68 mmol) and methyl 3-bromo-4-(2-(5-hydroxy-2-methoxypyridin-4-yl) ethyl)benzoate (670 mg, 1.83 mmol) were dis-
solved in 1,4-dioxane (10 mL) under nitrogen. The reaction solution was heated to reflux and stirred overnight. The
reaction mixture was then cooled to room tempreture and filtered. The filtrate was concentrated under vacuum. The
residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 5/1) to
give product as a colorless oil (500 mg, 96 %).
1H NMR (400 MHz, CDCl3) δ 8.08 (d, J = 3.1 Hz, 1H), 7.86 (d, J = 1.6 Hz, 1H), 7.74 (dd, J = 7.9, 1.7 Hz, 1H), 7.22 (d,
J = 7.9 Hz, 1H), 6.53 (s, 1H), 3.93 (s, 3H), 3.90 (s, 3H), 3.23 - 3.15 (m, 2H), 3.15 - 3.06 (m, 2H).
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Step 7: methyl 3-oxo-2,3,5,6-tetrahydrobenzo[6,7]oxepino[2,3-c]pyridine-9-carboxylate

[0275] To a mixture of methyl 3-methoxy-5,6-dihydrobenzo[6,7]oxepino[2,3-c]pyridine-9-carboxylate (490 mg, 1.7
mmol) and sodium iodide (1.4 g, 9.3 mmol) in acetonitrile (8 mL) were added trimethylsilyl chloride (1.1 mL, 13 mmol).
The mixture was heated to 85 °C and stirred for 5 h. The mixture was then allowed to cool to room temperature, quenched
with 50 mL of saturated aqueous sodium thiosulfate, and extracted with ethyl acetate (40 mL 3 2). The combined organic
layers were washed with 10 mL of saturated brine, dried over anhydrous sodium sulfate, filtered and and concentrated
under vacuum. The residue was purified by column chromatography on silica gel eluted with (CH2Cl2/ MeOH (v/v) =
50/1) to give the product as a brown oil (330 mg, 75 %).

Step 8: methyl 3-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-5,6-dihydrobenzo[6,7]oxepi-
no[2,3-c]pyridine-9-carboxylate

[0276] Methyl 3-oxo-2,3,5,6-tetrahydrobenzo[6,7]oxepino[2,3-c]pyridine-9-carboxylate (158 mg, 0.6 mmol), 4-(chlo-
romethyl)-5-propyl-3-(2,6-dichlorophenyl)isoxazole (414 mg, 1.4 mmol) and potassium phosphate (396 mg, 1.9 mmol)
were dissolved in DMF (5 mL). The reaction mixture was heated to 60 °C and stirred for 2 h. The mixture was then
cooled to room tempreture, diluted with water (30 mL), and extracted with ethyl acetate (40 mL 3 2). The combined
organic layers were washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate, filtered and concentrated
under vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl
acetate (v/v) = 5/1) to give the title compound as a yellow solid (130 mg, 42 %).

Step 9: 3-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-5,6-dihydrobenzo[6,7]oxepino[2,3-c]py-
ridine-9-carboxylic acid

[0277] Methyl 3-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-5,6-dihydrobenzo [6,7]oxepino[2,3-
c]pyridine-9-carboxylate (148 mg, 0.27 mmol) was dissolved in a mixed solvent of tetrahydrofuran (2 mL) and water (2
mL), and lithium hydroxide (120 mg, 2.9 mmol) was added. The reaction solution was heated to 80 °C and stirred for 3
h. Most of the solvent was removed under vacuum. The residue was diluted with water (10 mL), and adjusted to acidity
with 2 M hydrochloric acid (5 mL).The resulting mixture was extracted with ethyl acetate (30 mL 3 2). The combined
organic layers were washed with 10 mL of saturated brine, dried over anhydrous sodium sulfate, filtered and concentrated
under vacuum to give the title compound as a white solid (120 mg, 83 %).
MS (ESI, pos. ion) m/z: 523.2 [M+H]+; and
1H NMR (600 MHz, DMSO-d6) δ 7.93 (s, 1H), 7.69 (d, J = 1.2 Hz, 1H), 7.66 - 7.65 (m, 1H), 7.56 - 7.55 (m, 2H), 7.51 -
7.44 (m, 1H), 7.36 (d, J = 7.9 Hz, 1H), 6.48 (s, 1H), 5.10 (s, 2H), 3.13 - 3.11 (m, 2H), 3.04 - 3.02 (m, 2H), 2.49 - 2.43
(m, 1H), 1.19 - 1.17 (m, 2H), 1.12 - 1.10 (m, 2H).

Example 5:

8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-11H-dibenzo[b,f] [1,4]oxathiepine-3-carboxylic 
acid-10,10-dioxide

[0278]

Step 1: methyl 3-bromo-4-(((2,5-dimethoxyphenyl)thio)methyl)benzoate

[0279] To a mixture of methyl 3-bromo-4-(bromomethyl)benzoate (1.7 g, 5.5 mmol) in N,N-dimethylformamide (30
mL) were added potassium carbonate (1.5 g, 11 mmol) and 2,5-dimethylbenzene thiol (0.83 mL, 6.1 mmol) under an
ice bath. The mixture was stirred under an ice bath for 2 h. The reaction mixture was then diluted with water (20 ml),
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and extracted with ethyl acetate (30 mL 3 2). The combined organic layers were washed with 20 mL of saturated brine,
dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column
chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 20/1) to give the title compound as a
yellow oil (2.0 g, 89 %).
1H NMR (600 MHz, CDCl3) δ 8.23 (d, J = 1.7 Hz, 1H), 7.84 (dd, J = 8.0, 1.7 Hz, 1H), 7.32 (d, J = 8.0 Hz, 1H), 6.80 (s,
1H), 6.76 (dd, J = 4.7, 2.2 Hz, 2H), 4.24 (s, 2H), 3.92 (s, 3H), 3.86 (s, 3H), 3.70 (s, 3H).

Step 2: methyl 3-bromo-4-(((2,5-dihydroxyphenyl)thio)methyl)benzoate

[0280] Methyl 3-bromo-4-(((2,5-dimethoxyphenyl)thio)methyl)benzoate (100 mg, 0.25 mmol) was dissolved in dry
dichloromethane (30 mL) under nitrogen. The mixture was cooled to -78 °C, and a solution of boron tribromide in
methylene chloride (2.5 mL, 2.5 mmol, 1 M) was added dropwise. The resulting mixture was allowed to warm to room
temperature and stirred overnight. The reaction mixture was quenched with 5 mL of methanol, diluted with water (20
mL), and extracted with dichloromethane (40 mL 3 2). The combined organic layers were washed with 20 mL of saturated
brine, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column
chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 4/1) to give the title compound as a
yellow solid (53mg, 57 %).
MS (ESI, pos. ion) m/z: 369.0 [M+H]+.

Step 3: methyl 8-hydroxy-11H-dibenzo[b,f][1,4]oxathiepine-3-carboxylate

[0281] Methyl 3-bromo-4-(((2,5-dihydroxyphenyl)thio)methyl)benzoate (400 mg, 1.1 mmol), cuprous iodide (20 mg,
0.11 mmol), N,N-dimethylglycine (33 mg, 0.32 mmol) and cesium carbonate (710 mg, 2.2 mmol) were dissolved in
dioxane (10 mL) under nitrogen. The reaction mixture was heated to 90 °C and stirred overnight. After being cooled to
room tempreture, the mixture was filtered. The filter cake was washed with ethyl acetate (10 mL). The combined filtrates
were concentrated under vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum
ether / ethyl acetate (v/v) = 4/1) to give the title compound as a yellow oil (60 mg, 20 %).
1H NMR (600 MHz, CDCl3) δ 7.86-7.84 (m, 2H), 7.35 (d, J = 8.4 Hz, 1H), 7.12 (d, J = 8.6 Hz, 1H), 6.56 - 6.49 (m, 2H),
5.03 (s, 1H), 4.33 (s, 2H), 3.93 (s, 3H).

Step 4: methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-11H-dibenzo[b,f][1,4]oxathie-
pine-3-carboxylate

[0282] 4-(Chloromethyl)-5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazole (100 mg, 0.33 mmol), methyl 8-hydroxy-
11H-dibenzo[b,f][1,4]oxathiepine-3-carboxylate (60 mg, 0.21 mmol) and potassium phosphate (66 mg, 0.31mmol) were
dissolved in N,N-dimethylformamide (10 mL). The reaction mixture was heated to 60 °C and stirred overnight. The
reaction mixture was then cooled to room tempreture, diluted with water (10 mL) and extracted with ethyl acetate (20
mL 3 2). The combined organic layers were washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate,
filtered and concentrated under vacuum. The residue was purified by column chromatography on silica gel eluted with
(petroleum ether / ethyl acetate (v/v) = 10/1) to give the title compound as a yellow oil (50 mg, 43 %).

Step 5: methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-11H -dibenzo[b,f][1,4]oxathie-
pine-3-carboxylate-10,10-dioxide

[0283] To a mixture of methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy) -11H-diben-
zo[b,f][1,4]oxathiepine-3-carboxylate (200 mg, 0.36 mmol) in dichloromethane (10 mL) was added m-chloroperbenzoic
acid (300 mg, 1.48 mmol). The reaction mixture was stirred at room temperature overnight. Saturated sodium carbonate
aqueous solution (30 mL) was added. The resulting mixture was stirred for 30 min, and extracted with dichloromethane
(30 mL 3 2). The combined organic layers were washed with 20 mL of saturated brine, dried over anhydrous sodium
sulfate, filtered and concentrated under vacuum. The residue was purified by column chromatography on silica gel eluted
with (petroleum ether / ethyl acetate (v/v) = 4/1) to give the title compound as a yellow solid (200 mg, 95 %).

Step 6: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-11H-dibenzo [b,f][1,4]oxathiepine-3-car-
boxylicacid-10,10-dioxide

[0284] Methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-11H-dibenzo[b,f] [1,4]oxathia-3-car-
boxylate-10,10-dioxide (200 mg, 0.34 mmol) was dissolved in a mixed solvent of tetrahydrofuran (4 mL) and water (4
mL), and lithium hydroxide (150 mg, 3.57 mmol) was added. The reaction mixture was heated to 40 °C and stirred
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overnight. The reaction mixture was then cooled to room tempreture. Most of the solvent was removed under vacuum.
The residue was diluted with water (10 mL). The resulting mixture was adjusted to acidity with 2 M hydrochloric acid (5
mL), and extracted with ethyl acetate (20 mL 3 2). The combined organic layers were washed with 10 mL of saturated
brine, dried over anhydrous sodium sulfate, filtered. The filtrate was concentrated under vacuum to give the title compound
as a white solid (120 mg, 61 %).
MS (ESI, pos. ion) m/z: 572.1 [M+H]+; and
1H NMR (400 MHz, CDCl3) δ 8.02 - 7.96 (m, 2H), 7.55 (d, J = 7.9 Hz, 1H), 7.40 - 7.38 (m, 2H), 7.30 -7.24 (m, 3H), 6.96
(dd, J = 9.0, 2.9 Hz, 1H), 4.83 (s, 2H), 4.81 (s, 2H), 2.17 - 2.10 (m, 1H), 1.30 - 1.26 (m, 2H), 1.19 - 1.14 (m, 2H).

Example 6: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-11H-dibenzo [b,f][1,4]oxathiepine-3-
carboxylic acid

[0285]

Step 1: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-11H-dibenzo [b,f][1,4]oxathiepine-3-car-
boxylic acid

[0286] Methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-11H-dibenzo[b,f] [1,4]oxathiepine-3-
carboxylate (50 mg, 0.1 mmol) was dissolved in a mixed solvent of tetrahydrofuran (2 mL) and water (2 mL), and lithium
hydroxide (40 mg, 1.0 mmol) was added. The reaction mixture was heated to 40 °C and stirred overnight. The reaction
mixture was then cooled to room tempreture. Most of the solvent was removed under vacuum. The residue was diluted
with water (10 mL), adjusted to acidity with 2 M hydrochloric acid (3 mL). The resulting mixture was extracted with ethyl
acetate (20 mL 3 2). The combined organic layers were washed with 10 mL of saturated brine, dried over anhydrous
sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column chromatography on silica
gel eluted with (petroleum ether / ethyl acetate (v/v) = 1/1) to give the title compound as a white solid (35 mg, 72 %).
MS (ESI, pos. ion) m/z: 540.1 [M+H]+; and
1H NMR (600 MHz, CDCl3) δ 7.92 - 7.88 (m, 2H), 7.39 - 7.37 (m, 3H), 7.31 - 7.28 (m, 1H), 7.11 (d, J = 8.9 Hz, 1H), 6.51
(dd, J = 8.9, 2.9 Hz, 1H), 6.45 (d, J = 2.8 Hz, 1H), 4.72 (s, 2H), 4.32 (s, 2H), 2.15 - 2.10 (m, 1H), 1.30 - 1.26 (m, 2H),
1.15 - 1.12 (m, 2H).

Example 7: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-11H-dibenzo [b,f][1,4]oxathiepine-3-
carboxylic acid-10-oxide

[0287]
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Step 1: methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-11H -dibenzo[b,f][1,4]oxathie-
pine-3-carboxylate-10-oxide

[0288] Methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-11H-dibenzo [b,f][1,4]oxathiepine-3-
carboxylate (200 mg, 0.36 mmol) was dissolved in dichloromethane (10 mL), and 3-chlorobenzoperoxoic acid (69 mg,
0.34 mmol) was added portionwise under an ice bath. The reaction solution was stirred overnight under an ice bath.
Saturated sodium carbonate aqueous solution (30 mL) was then added. The resulting solution was stirred for 30 min,
and extracted with dichloromethane (30 mL 3 2). The combined organic layers were washed with 20 mL of saturated
brine, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column
chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 4/1) to give the title compound as a
white solid (154 mg, 75 %).

Step 2: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-11H-dibenzo [b,f]][1,4]oxathiepine-3-
carboxylic acid-10-oxide

[0289] Methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-11H-dibenzo [b,f][1,4]oxathiepine-3-
carboxylate-10-oxide (154 mg, 0.27 mmol) was dissolved in a mixed solvent of tetrahydrofuran (3 mL) and water (3 mL),
and lithium hydroxide (120 mg, 2.8 mmol) was added. The reaction mixture was heated to 40 °C and stirred overnight.
The reaction mixture was then cooled to room tempreture. Most of the solvent was removed under vacuum. The resulting
mixture was diluted with water (10 mL), and adjusted to acidity with 2 M hydrochloric acid (4 mL). The resulting mixture
was extracted with ethyl acetate (20 mL 3 2). The combined organic layers were washed with 10 mL of saturated brine,
dried over anhydrous sodium sulfate, filtered and concentrated under vacuum to give the title compound as a white solid
(134 mg, 89 %).
MS (ESI, pos. ion) m/z: 556.1 [M+H]+; and
1H NMR (400 MHz, DMSO-d6) δ 13.23 (s, 1H), 7.80 - 7.77 (m, 2H), 7.61 - 7.49 (m, 4H), 7.40 (d, J = 8.9 Hz, 1H), 7.12
(d, J = 2.5 Hz, 1H), 6.97 (dd, J = 8.8, 2.6 Hz, 1H), 4.94 (q, J = 12.3 Hz, 2H), 4.86 (d, J = 13.6 Hz, 1H), 4.56 (d, J = 13.6
Hz, 1H), 2.46 - 2.42 (m, 1H), 1.28 - 1.12 (m, 4H).

Example 8: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy) phenoxathiine-3-carboxylic acid-
10,10-dioxide

[0290]

Step 1: methyl 3-bromo-4-iodobenzoate

[0291] To a solution of methyl 4-amino-3-bromobenzoate (5.0 g, 21.7 mmol) in tetrahydrofuran (10 mL) was added
hydrochloric acid (40 mL, 120 mmol, 3 M) under an ice bath, then a solution of sodium nitrite (1.65 g, 23.9 mmol) in
water (20 mL) was slowly added dropwise, and the mixture was stirred for 1 h under an ice bath. A solution of potassium
iodide (7.2 g, 43 mmol) in water (20 mL) was added, and the resulting mixture was warmed to room temperature and
stirred for 2 h. The mixture was quenched with 20 mL of saturated aqueous sodium bisulfate. The resulting mixture was
extracted with ethyl acetate (30 mL 3 2). The combined organic layers were washed with 10 mL of saturated brine,
dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column
chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 20/1) to give the compound as a yellow
oil (5.8 g, 78 %).

Step 2: methyl 3-bromo-4-((2,5-dimethoxyphenyl)thio)benzoate

[0292] Methyl 3-bromo-4-iodobenzoate (500 mg, 1.0 mmol), 2,5-dimethoxythiophenol (0.22 mL, 1.5 mol), L-proline
(33 mg, 0.29 mmol), cuprous iodide (28 mg, 0.15 mmol) and potassium carbonate (405 mg, 2.9 mmol) were dissolved
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in ethylene glycol dimethyl ether (5 mL), and the mixture was heated to 80 °C and stirred overnight. The mixture was
then cooled to room tempreture, and quenched with 10 mL of water. The resulting mixture was extracted with ethyl
acetate (30 mL 3 2). The combined organic layers were washed with 10 mL of saturated brine, dried over anhydrous
sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column chromatography on silica
gel eluted with (petroleum ether / ethyl acetate (v/v) = 4/1) to give the title compound as a yellow oil (530 mg, 90 %).
1H NMR (400 MHz, CDCl3) δ 8.20 (d, J = 1.6 Hz, 1H), 7.74 (dd, J = 8.4, 1.6 Hz, 1H), 7.10 (d, J = 3.0 Hz, 1H), 7.04 (dd,
J = 9.0, 3.0 Hz, 1H), 6.98 (d, J = 9.0 Hz, 1H), 6.72 (d, J = 3.3 Hz, 1H), 3.90 (s, 3H), 3.80 (s, 3H), 3.79 (s, 3H).

Step 3: methyl 3-bromo-4-((2,5-dihydroxyphenyl)thio)benzoate

[0293] Methyl 3-bromo-4-((2,5-dimethoxyphenyl)thio)benzoate (625 mg, 1.6 mmol) was dissolved in dry dichlorometh-
ane (30 mL) under nitrogen, the mixture was cooled to -78 °C, and a solution of boron tribromide in methylene chloride
(8.1 mL, 8.1 mmol, 1.0 M) was added dropwise. The resulting mixture was then allowed to warm to room temperature
and stirred overnight. The mixture was quenched with 5 mL of methanol, and diluted with water (20 mL). The resulting
mixture was extracted with dichloromethane (30 mL 3 2). The combined organic layers were washed with 20 mL of
saturated brine, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified
by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 4/1) to give the title compound
as a yellow oil (241 mg, 42 %).
MS (ESI, neg. ion) m/z: 353.0 [M-H]-.

Step 4: methyl 8-hydroxyphenoxathiine-3-carboxylate

[0294] Methyl 3-bromo-4-((2,5-dihydroxyphenyl)thio)benzoate (241 mg, 0.68 mmol), N,N-dimethylglycine (20 mg, 0.19
mmol), cuprous iodide (12 mg, 0.06 mmol), and cesium carbonate (440 mg, 1.32 mmol) were dissolved in 1,4-dioxane
(10 mL), and the reaction mixture was heated to 90 °C and stirred overnight. The reaction mixture was then cooled to
room tempreture, diluted with water (10 mL) and extracted with ethyl acetate (30 mL 3 2). The combined organic layers
were washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate, filtered and concentrated under
vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate
(v/v) = 4/1) to give the compound as a yellow oil (50 mg, 27 %).
MS (ESI, pos. ion) m/z: 275.0 [M+H]+.

Step 5: methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy) phenoxathiine-3-carboxylate

[0295] 4-(Chloromethyl)-5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazole (80 mg, 0.26 mmol), methyl 8-hydroxyphenox-
athiine-3-carboxylate(50 mg, 0.18 mmol) and potassium phosphate (60 mg, 0.28 mmol) were dissolved in DMF (10 mL),
and the mixture was heated to 60 °C and stirred overnight. The mixture was then cooled to room tempreture, diluted
with water (10 mL) and extracted with ethyl acetate (20 mL 3 2). The combined organic layers were washed with 10
mL of saturated brine, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was
purified by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 10/1) to give the
compound as a yellow solid (56 mg, 57 %).

Step 6: methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy) phenoxathiine-3-carboxylate-
10,10-dioxide

[0296] To a solution of methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy) phenoxathiine-3-car-
boxylate (56 mg, 0.1 mmol) in dichloromethane (10 mL) was added m-chloroperbenzoic acid (100 mg, 0.5 mmol), and
the reaction mixture was stirred at room temperature overnight. Saturated sodium carbonate aqueous solution (30 mL)
was added. The resulting mixture was stirred for 30 min, and extracted with dichloromethane (30 mL 3 2). The combined
organic layers were washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate, filtered and concentrated
under vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl
acetate (v/v) = 4/1) to give the title compound as a white solid (56 mg, 94 %).

Step 7: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)phenoxathiine -3-carboxylic acid-10,10-
dioxide

[0297] Methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)phenoxathiine-3-carboxylate-10,10-di-
oxide (60 mg, 0.1mmol) was dissolved in a mixed solvent of tetrahydrofuran (2 mL) and water (2 mL), and lithium
hydroxide (44 mg, 1.1 mmol) was added. The mixture was heated to 40 °C and stirred overnight. The mixture was then
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cooled to room temperature, and most of the solvent was removed under vacuum. The residue was diluted with water
(10 mL). The resulting mixture was adjusted to acidity with hydrochloric acid (2 mL, 2 M). The resulting mixture was
extracted with ethyl acetate (20 mL 3 2). The combined organic layers were washed with 10 mL of saturated brine,
dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under vacuum to give the title compound
as a white solid (35 mg, 60 %).
LC-MS (ES-API, neg. ion) m/z: 556.0 [M-H]-; and
1H NMR (400 MHz, DMSO-d6) δ 13.56 (s, 1H), 8.20 - 8.18 (m, 1H), 8.00 - 7.90 (m, 2H), 7.62 - 7.48 (m, 5H), 7.22 - 7.20
(m, 1H), 5.07 (s, 2H), 2.18 - 1.99 (m, 1H), 1.35 - 1.14 (m, 4H).

Example 9: 2’-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10’,11’-dihydrospiro[cyclopro-
pane-1,5’-dibenzo[a,d][7]annulene]-7’-carboxylic acid

[0298]

Step 1: 8-methoxy-5-methylene-10,11-dihydro-5H-dibenzo[a,d][7]annulene-3-carboxylic acid

[0299] To a mixture of methyl 8-methoxy-5-oxo-10,11-dihydro-5H-dibenzo[a,d][7]annulene -3-carboxylic acid (510
mg, 1.8 mmol) in anhydrous tetrahydrofuran (20 mL) was added dropwise a solution of magnesium bromide in tetrahy-
drofuran (1.8 mL, 5.4 mmol, 3.0 M) under an ice bath. After the addition, the mixture was stirred under an ice bath for
30 min, then warmed to room temperature and stirred for 1h, and finally warmed to reflux and stirred overnight. The
mixture was then allowed to cool to room temperature, and quenched with 20 mL of saturated ammonium chloride
aqueous solution. The resulting mixture was extracted with ethyl acetate (30 mL 3 3). The combined organic layers
were washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate, filtered and concentrated under
vacuum. The residue was purified by silica gel column chromatography eluted with (CH2Cl2 / MeOH (v/v) = 50/1) to give
the title compound as a pale yellow solid (262 mg, 52 %).
MS (ESI, pos. ion) m/z: 281.3 [M+H]+; and
1H NMR (400 MHz, DMSO-d6) δ 12.81 (br.s, 1H), 7.85 (d, J = 1.5 Hz, 1H), 7.79 (dd, J = 7.8, 1.6 Hz, 1H), 7.34 - 7.23
(m, 2H), 6.81 - 6.71 (m, 2H), 5.39 (d, J = 15.3 Hz, 2H), 3.73 (s, 3H), 3.13 - 3.01 (m, 4H).

Step 2: methyl 8-methoxy-5-methylene-10,11-dihydro-5H-dibenzo[a,d][7]annulene -3-carboxylate

[0300] Methyl 8-methoxy-5-methylene-10[a,d][7]annulene-3-carboxylic acid (250 mg, 0.89 mmol), anhydrous metha-
nol (50 mg, 1.56 mmol) and triphenylphosphine (350 mg, 1.33 mmol) were dissolved in anhydrous tetrahydrofuran (15
mL). The mixture was cooled to 0 °C, and diethyl azodicarboxylate (0.22 mL, 1.4 mmol) was slowly added dropwise.
The resulting mixture was then warmed to room temperature and stirred for 1 h. The mixture was quenched with 20 mL
of water, and the resulting mixture was extracted with dichloromethane (30 mL 3 2). The combined organic layers were
washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum.
The residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) =
10/1) to give the title compound as a white solid (220 mg, 84%).
MS (ESI, pos. ion) m/z: 295.2 [M+H]+.

Step 3: methyl 2’-methoxy-10’,11’-dihydrospiro[cyclopropane-1,5’-dibenzo[a,d][7] annulene]-7’-carboxylate

[0301] Anhydrous dichloromethane (30 mL) and a solution of diethyl zinc in n-hexane (3.4 mL, 3.4 mmol, 1.0 M) were
placed in a reaction flask, the mixture was cooled to -20 °C, and then trifluoroacetic acid (0.25 mL, 3.4 mmol) was added
dropwise. The resulting mixture was continued to stir at -20 °C for 1 h. The mixture was then warmed to 0 °C, and
diiodomethane (0.27 mL, 3.3 mmol) was added dropwise. The resulting mixture was stirred at 0 °C for 40 min, and a
solution of methyl 8-methoxy-5-methylene-10,11-dihydro-5H-dibenzo[a,d][7]annulene -3-carboxylate (330 mg, 1.1
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mmol) in dichloromethane (10 mL) was added dropwise. The resulting mixture was warmed to room temperature and
stirred for 3 h. The mixture was quenched with 20 mL of saturated ammonium chloride aqueous solution, and the resulting
mixture was extracted with dichloromethane (30 mL 3 2). The combined organic layers were washed with 20 mL of
saturated brine, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified
by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 10/1) to give the title compound
as a pale yellow solid (300 mg, 87 %).
MS (ESI, pos. ion) m/z: 309.2 [M+H]+.

Step 4: methyl 2’-hydroxy-10’,11’-dihydrospiro[cyclopropane-1,5’-dibenzo[a,d][7] annulene]-7’-carboxylate

[0302] Methyl 2’-hydroxy-10’,11’-dihydrospiro[cyclopropane-1,5’-dibenzo[a,d][7]annulene]-7’-carboxylate (200 mg,
0.65 mmol) was dissolved in anhydrous dichloromethane (20 mL) under nitrogen. The mixture was cooled to -78 °C,
and a solution of boron tribromide in methylene chloride (1.4 mL, 1.4 mmol, 1.0 M) was added dropwise. The resulting
mixture was warmed to room temperature and stirred overnight. The mixture was quenched with 5 mL of methanol,
diluted with water (20 mL), and extracted with dichloromethane (30 mL 3 2). The combined organic layers were washed
with 20 mL of saturated brine, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue
was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 5/1) to give the
title compound as a yellow oil (80 mg, 41 %).
MS (ESI, pos. ion) m/z: 295.2 [M+H]+.

Step 5: methyl 2’-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10’,11’-dihydrospiro[cyclopro-
pane-1,5’-dibenzo[a,d][7]annulene]-7’-carboxylate

[0303] 4-(Chloromethyl)-5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazole (53 mg, 0.17 mmol), methyl 2’-hydroxy-10’,11’-
dihydrospiro[cyclopropane-1,5’-dibenzo[a,d][7]annulene]-7’-carboxylate (40 mg, 0.14 mmol) and potassium phosphate
(58 mg, 0.27 mmol) were dissolved in DMF (8 mL), and the mixture was warmed to 60 °C and stirred overnight. The
mixture was then cooled to room temperature, diluted with water (10 mL), and extracted with ethyl acetate (20 mL 3 2).
The combined organic layers were washed with 10 mL of saturated brine, dried over anhydrous sodium sulfate, filtered
and concentrated under vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum
ether / ethyl acetate (v/v) = 5/1) to give the title compound as a pale yellow soild (50 mg, 66 %).

Step 6: 2’-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10’,11’-dihydrospiro[cyclopropane-
1,5’-dibenzo[a,d][7]annulene]-7’-carboxylic acid

[0304] Methyl 2’-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10’,11’-dihydrospiro[cyclopropane-
1,5’-dibenzo[a,d][7]annulene]-7’-carboxylate (55 mg, 0.1 mmol) was dissolved in a mixed solvent of tetrahydrofuran (2
mL) and water (2 mL), lithium hydroxide (44 mg, 1.0 mmol) was added, and the mixture was heated to 80 °C and stirred
for 3 h. The reaction mixture was then cooled to room temperature, and most of the solvent was removed under vacuum.
The residue was diluted with water (10 mL). The resulting mixture was adjusted to acidity with hydrochloric acid (2 mL,
2 M). The resulting mixture was extracted with ethyl acetate (20 mL 3 2). The combined organic layers were washed
with 10 mL of saturated brine, dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under
vacuum to give the title compound as a white solid (42 mg, 80 %).
MS (ESI, pos. ion) m/z: 546.2 [M+H]+; and
1H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 1.5 Hz, 1H), 7.83 (dd, J = 7.8, 1.6 Hz, 1H), 7.39 - 7.34 (m, 2H), 7.30 (s, 1H),
7.20 (d, J = 7.9 Hz, 1H), 7.13 (d, J = 8.4 Hz, 1H), 6.59 (d, J = 2.5 Hz, 1H), 6.55 (dd, J = 8.5, 2.6 Hz, 1H), 4.73 (s, 2H),
3.42 - 3.26 (m, 4H), 2.19 - 2.09 (m, 1H), 1.36 - 1.28 (m, 4H), 1.14 - 1.08 (m, 2H), 0.93 - 0.86 (m, 2H).

Example 10: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11 -dihydrodibenzo[b,f]thie-
pine-3-carboxylic acid-5-oxide

[0305]
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Step 1: methyl 4-(bromomethyl)-3-iodobenzoate

[0306] To a mixture of methyl 3-iodo-4-methylbenzoate (4.8 g, 17.5 mmol) in carbon tetrachloride (100 mL) were
added N-bromosuccinimide (3.7 g, 21.0 mmol) and benzoyl peroxide (0.4 g, 1.7 mmol) under nitrogen, and the mixture
was warmed to 70 °C and stirred overnight. After being cooled to room tempreture, the mixture was quenched with 20
mL of saturated aqueous sodium bicarbonate solution. The resulting mixture was extracted with dichloromethane (100
mL 3 2). The combined organic layers were washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate,
filtered and concentrated under vacuum. The residue was purified by column chromatography on silica gel eluted with
(petroleum ether / ethyl acetate (v/v) = 30/1) to give the title compound as a yellow oil (5.0 g, 80 %).

Step 2: methyl 4-((diethoxyphosphoryl)methyl)-3-iodobenzoate

[0307] A solution of methyl 4-(bromomethyl)-3-iodobenzoate (5.0 g, 14.0 mmol) in triethyl phosphite (20 mL) was
heated to 150 °C and stirred overnight. The solution was cooled to room tempreture, and the triethyl phosphite was
removed by distillation under vacuum to give the title compound as a yellow oil (5.7 g, 100 %).

Step 3: methyl 4-(2-bromo-5-(methoxymethoxy)styryl)-3-iodobenzoate

[0308] To a mixture of methyl 4-((diethoxyphosphoryl)methyl)-3-iodobenzoate (5.7 g, 14.0 mmol) in tetrahydrofuran
(100 mL) was added 60% sodium hydride (660 mg, 27.5 mmol) under an ice bath. The reaction solution was stirred
under an ice bath for 20 min, and a solution of 2-bromo-5-(methoxymethoxy)benzaldehyde (3.7 g, 15 mmol) in tetrahy-
drofuran (10 mL) was added dropwise. The resulting mixture was continued to stir under an ice bath for 4 h. The reaction
mixture was then quenched with 20 mL of saturated ammonium chloride aqueous solution. The resulting mixture was
extracted with ethyl acetate (200 mL 3 2). The combined organic layers were washed with 20 mL of saturated brine,
dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by silica gel
column chromatography eluted with (petroleum ether / ethyl acetate (v/v) = 40/1), to give the title compound as a yellow
oil (5.6 g, 80 %).

Step 4: methyl 4-(2-bromo-5-(methoxymethoxy)phenethyl)-3-iodobenzoate

[0309] Methyl 4-(2-bromo-5-(methoxymethoxy)styryl)-3-iodobenzoate (5.2 g, 10.4 mmol), sodium acetate (5.1 g, 62.3
mmol) and p-toluenesulfonyl hydrazide (11.6 g, 62.3 mmol) were dissolved in a mixed solvent of tetrahydrofuran (100
mL) and water (50 mL), and the mixture was heated to reflux and stirred for 24 h. The reaction mixture was then cooled
to room temperature, and diluted with water (50 mL). The resulting mixture was extracted with dichloromethane (150
mL 3 2). The combined organic layers were washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate,
filtered, and concentrated under vacuum. The residue was purified by column chromatography on silica gel eluted with
(petroleum ether / ethyl acetate (v/v) = 30/1) to give the title compound as a pale yellow oil (4.5 g, 85 %).

Step 5: methyl 4-(2-bromo-5-(methoxymethoxy)phenethyl)-3-mercaptobenzoate

[0310] Methyl 4-(2-bromo-5-(methoxymethoxy)phenethyl)-3-iodobenzoate (500 mg, 1.0 mmol), sublimed sulfur (95
mg, 3.0 mmol), cuprous iodide (18 mg, 0.1 mmol) and potassium carbonate (273 mg, 2.0 mmol) were dissolved in DMF
(5 mL), and the mixture was heated to 90 °C and stirred overnight. The reaction mixture was cooled to 0 °C, followed
by the addition of sodium borohydride (113 mg, 3.0 mmol) in portions. The resulting mixture was warmed to 40 °C and
stirred for 5 h, then cooled to room temperature, and quenched with 20 mL of water. The resulting mixture was extracted
with ethyl acetate (30 mL 3 2). The combined organic layers were washed with 10 mL of saturated brine, dried over
anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column chromatography
on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 8/1) to give the title compound as a white solid (170 mg,
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42 %).
LC-MS (ES-API, neg. ion) m/z: 409.1 [M-H]-.

Step 6: methyl 8-(methoxymethoxy)-10,11-dihydrodibenzo[b,f]thiepine-3-carboxylate

[0311] Methyl 4-(2-bromo-5-(methoxymethoxy)phenethyl)-3-mercapto benzoate(170 mg, 0.4 mmol), cuprous iodide
(15 mg, 0.08 mmol), N,N-dimethylglycine (8 mg, 0.07 mmol) and potassium carbonate (263 mg, 1.24 mmol) were
dissolved in anhydrous DMF (10 mL) under nitrogen, and the mixture was heated to 125 °C and stirred overnight. The
mixture was then cooled to room temperature, and quenched with 20 mL of water. The resulting mixture was extracted
with ethyl acetate (40 mL 3 2). The combined organic layers were washed with 20 mL of saturated brine, dried over
anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column chromatography
on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 10/1) to give the title compound as a white solid (90 mg,
66 %).
1H NMR (400 MHz, CDCl3) δ 8.13 (d, J = 1.6 Hz, 1H), 7.80 (dd, J = 8.0, 1.7 Hz, 1H), 7.42 (d, J = 8.5 Hz, 1H), 7.20 (d,
J = 8.0 Hz, 1H), 6.90 (d, J = 2.6 Hz, 1H), 6.82 (dd, J = 8.5, 2.7 Hz, 1H), 5.16 (s, 2H), 3.91 (s, 3H), 3.47 (s, 3H), 3.37 (s, 4H).

Step 7: methyl 8-hydroxy-10,11-dihydrodibenzo[b,f]thiepine-3-carboxylate

[0312] To a mixture of methyl 8-(methoxymethoxy)-10,11-dihydrodibenzo[b,f]thiepine -3-carboxylate (370 mg, 1.12
mmol) in tetrahydrofuran (10 mL) was added hydrochloric acid (20 mL, 60 mmol, 3 M), and the mixture was heated to
50 °C and stirred overnight. The mixture was then cooled to room temperature, and diluted with water (20 mL). The
resulting mixture was adjusted to neutral with solid potassium carbonate, and the resulting mixture was extracted with
ethyl acetate (50 mL 3 2). The combined organic layers were washed with 10 mL of saturated brine, dried over anhydrous
sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column chromatography on silica
gel eluted with (petroleum ether / ethyl acetate (v/v) = 4/1) to give product as a white solid (310 mg, 97 %).

Step 8: methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrodibenzo[b,f]thie-
pine-3-carboxylate

[0313] A solution of methyl 8-hydroxy-10,11-dihydrodibenzo[b,f]thiepine-3-carboxylate (310 mg, 1.1 mmol), 4-(chlo-
romethyl)-5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazole (500 mg, 1.6 mmol) and potassium phosphate (340 g, 1.6 mmol)
in DMF (10 mL) was heated to 60 °C and stirred for 3 h. The mixture was then cooled to room temperature, and diluted
with water, and the resulting mixture was extracted with ethyl acetate (50 mL 3 2). The combined organic layers were
washed with 10 mL of saturated brine, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum.
The residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) =
10/1) to give the title compound as white solid (340 mg, 57 %).

Step 9: methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrodibenzo[b,f]thie-
pine-3-carboxylate-5-oxide

[0314] To a solution of methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy) -10,11-dihydrodiben-
zo[b,f]hiepine-3-carboxylate (130 mg, 0.24 mmol) in dichloromethane (10 mL) was added m-chloroperbenzoic acid (45
mg, 0.22 mmol) in portions under an ice bath, and the mixture was stirred under an ice bath overnight. Then saturated
sodium carbonate aqueous solution (30 mL) was added. The resulting mixture was stirred for 30 min, and extracted with
dichloromethane (30 mL 3 2). The combined organic layers were washed with 20 mL of saturated brine, dried over
anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column chromatography
on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 4/1) to give the title compound as a white solid (70 mg, 52 %).

Step 10: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11 -dihydrodibenzo[b,f]thiepine-3-
carboxylic acid-5-oxide

[0315] Methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrodibenzo[b,f]thiepine-3-
carboxylate-5-oxide (70 mg, 0.12 mmol) was dissolved in a mixed solvent of tetrahydrofuran (2 mL) and water (2 mL),
followed by the addition of hydroxide (50 mg, 1.2 mmol), and the mixture was heated to 40 °C and stirred overnight. The
mixture was then cooled to room temperature, and most of the solvent was removed under vacuum. The residue was
diluted with water (10 mL). The resulting mixture was adjusted to acidity with hydrochloric acid (2 mL, 2 M). The resulting
mixture was extracted with ethyl acetate (20 mL 3 2). The combined organic layers were washed with 10 mL of saturated
brine, dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under vacuum to give the title
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compound as a white solid (54 mg, 79 %).
MS (ESI, pos. ion) m/z: 553.7 [M+H]+; and
1H NMR (400 MHz, DMSO-d6) δ 8.18 (s, 1H), 7.92 (dd, J = 7.8, 1.4 Hz, 1H), 7.55 - 7.42 (m, 2H), 7.51 - 7.40 (m, 3H),
6.86 - 6.79 (m, 1H), 6.79 (s, 1H), 4.87 (s, 2H), 3.49 - 3.43 (m, 4H), 2.44 - 2.37 (m, 1H), 1.17 - 1.09 (m, 4H).

Example 11: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11 -dihydrodibenzo[b,f]thie-
pine-3-carboxylic acid-5,5-dioxide

[0316]

Step 1: methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrodibenzo[b,f]thie-
pine-3-carboxylate-5,5-dioxide

[0317] To a solution of methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy) -10,11-dihydrodiben-
zo[b,f]thiepine-3-carboxylate (120 mg, 0.22 mmol) in dichloromethane (10 mL) was added m-chloroperbenzoic acid (220
mg, 1.1 mmol), the mixture was stirred at room temperature overnight. Saturated sodium carbonate aqueous solution
(50 mL) was added. The resulting mixture was stirred for 30 min, and extracted with dichloromethane (30 mL 3 2). The
combined organic layers were washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate, filtered and
concentrated under vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum
ether / ethyl acetate (v/v) = 5/1) to give the title compound as a white solid (67 mg, 53 %).

Step 2: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrodibenzo[b,f]thiepine-3-
carboxylic acid-5,5-dioxide

[0318] Methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrodibenzo[b,f]thiepine-3-
carboxylate-5,5-dioxide (70 mg, 0.12 mmol) was dissolved in a mixed solvent of tetrahydrofuran (2 mL) and water (2
mL), followed by the addition of lithium hydroxide (50 mg, 1.2 mmol), and the mixture was heated to 40 °C and stirred
overnight. The mixture was and then cooled to room temperature, and most of the solvent was removed under vacuum.
The residue was diluted with water (10 mL). The resulting mixture was adjusted to acidity with hydrochloric acid (2 mL,
2 M). The resulting mixture was extracted with ethyl acetate (20 mL 3 2). The combined organic layers were washed
with 10 mL of saturated brine, dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under
vacuum to give the title compound as a white solid (45 mg, 66 %).
MS (ESI, pos. ion) m/z: 570.0 [M+H]+; and
1H NMR (400 MHz, DMSO-d6) δ 8.48 (s, 1H), 8.16 - 8.08 (m, 1H), 7.85 - 7.83 (m, 1H), 7.64 - 7.45 (m, 4H), 7.01 - 6.85
(m, 2H), 4.97 (s, 2H), 3.50 - 3.45 (m, 4H), 2.47 - 2.42 (m, 1H), 1.19 - 1.12 (m, 4H).

Example 12: 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10-methyl-10,11-dihydrodiben-
zo[b,f][1,4]oxazepine-7-carboxylic acid

[0319]
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Step 1: methyl 3-bromo-4-((2,5-dihydroxyphenyl)amino)benzoate

[0320] A mixture of methyl 4-amino-3-bromobenzoate (5.0 g, 21.7 mmol) and 2,5-hydroxybenzaldehyde (4.5 g, 33
mmol) in methanol (50 mL) was warmed to 40 °C and stirred overnight. The mixture was cooled to 0 °C, followed by the
addition of sodium borohydride (1.65 g, 43.4 mmol) in portions. The resulting mixture was warmed to room temperature
and stirred for 6 h. Most of the solvent was removed under vacuum. The residue was diluted with water (50 mL). The
resulting mixture was extracted with ethyl acetate (80 mL 3 2). The combined organic layers were washed with 20 mL
of saturated brine, dried over anhydrous sodium sulfate and filtered. The residue was purified by column chromatography
on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 4/1) to give the title compound as a brown solid (3.6 g, 47 %).

Step 2: methyl 3-bromo-4-(6-hydroxy-2H-benzo[e][1,3]oxazin-3(4H)-yl)benzoate

[0321] To a mixture of methyl 3-bromo-4-((2,5-dihydroxyphenyl)amino)benzoate (3.0 g, 8.5 mmol) in dichloromethane
(100 mL) was added formaldehyde (2.4 mmol) and acetic acid (0.2 mL), and the mixture was stirred at room temperature
for 4 h. The mixture was quenched with 30 mL of saturated ammonium chloride aqueous solution. The resulting mixture
was extracted with dichloromethane (100 mL 3 2). The combined organic layers were washed with 20 mL of saturated
brine, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by silica
gel column chromatography eluted with (petroleum ether / ethyl acetate (v/v) = 4/1) to give the title compound as a yellow
solid (2.5 g, 81 %).
1H NMR (600 MHz, CDCl3) δ 8.26 (d, J = 2.0 Hz, 1H), 7.87 (dd, J = 8.4, 2.0 Hz, 1H), 7.42 (d, J = 8.4 Hz, 1H), 6.76 (d,
J = 8.8 Hz, 1H), 6.67 (dd, J = 8.8, 3.0 Hz, 1H), 6.52 (d, J = 2.9 Hz, 1H), 5.27 (s, 2H), 5.05 (s, 1H), 4.57 (s, 2H), 3.90 (s, 3H).

Step 3: methyl 3-bromo-4-((2,5-dihydroxybenzyl)(methyl)amino)benzoate

[0322] Methyl 3-bromo-4-(6-hydroxy-2H-benzo[e][1,3]oxazin-3(4H)-yl)benzoate (2.5 g, 6.9 mmol) was dissolved in
tetrahydrofuran (10 mL), sodium borohydride (1.3 g, 34 mmol) was added portionwise under an ice bath, then acetic
acid (20 mL) was slowly added dropwise, and the mixture was warmed to room temperature and stirred overnight. The
mixture was quenched with 50 mL of saturated aqueous sodium bicarbonate solution. The resulting mixture was extracted
with ethyl acetate (100 mL 3 2). The combined organic layers were washed with 20 mL of saturated brine, dried over
anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by silica gel column
chromatography eluted with (CH2Cl2 / MeOH (v/v) = 30/1) to give the title compound as a white solid (1.6 g, 65 %).
1H NMR (400 MHz, CDCl3) δ 8.78 (s, 1H), 8.29 (d, J = 1.9 Hz, 1H), 8.01 (dd, J = 8.4, 1.9 Hz, 1H), 7.31 (d, J = 8.4 Hz,
1H), 6.77 (d, J = 8.6 Hz, 1H), 6.71 (dd, J = 8.6, 2.9 Hz, 1H), 6.65 (d, J = 2.8 Hz, 1H), 5.14 (s, 1H), 4.24 (s, 2H), 3.93 (s,
3H), 2.75 (s, 3H).

Step 4: methyl 2-hydroxy-10-methyl-10,11-dihydrodibenzo[b,f][1,4] oxazepine-7-carboxylate

[0323] Methyl 3-bromo-4-((2,5-dihydroxybenzyl)(methyl)amino)benzoate (1.6 g, 4.4 mmol), cuprous iodide (83 mg,
0.44 mmol), N,N-dimethylglycine (140 mg, 1.36 mmol) and cesium carbonate (2.8 g, 8.6 mmol) were dissolved in dioxane
(50 mL) under nitrogen, and the mixture was heated to 90 °C and stirred overnight. After being cooled to room temperature,
the mixture was filtered. The filter cake was washed with ethyl acetate (10 mL). The combined filtrates were concentrated
under vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl
acetate (v/v) = 4/1) to give the title compound as a yellow solid (680 mg, 55 %).
MS (ESI, pos. ion) m/z: 286.2 [M+H]+.
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Step 5: methyl 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10-methyl-10,11-dihydrodiben-
zo[b,f][1,4]oxazepine-7-carboxylate

[0324] Methyl 2-hydroxy-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine-7-carboxylate (680 mg, 2.4 mmol),
4-(chloromethyl)-5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazole (1.0 g, 3.3 mmol) and potassium phosphate (760 mg,
3.6 mmol) were dissolved in DMF (20 mL), and the mixture was stirred at 60 °C for 3 h. The mixture was then cooled to
room temperature, diluted with water (20 mL), and extracted with ethyl acetate (50 mL 3 2). The combined organic
layers were washed with 10 mL of saturated brine, dried over anhydrous sodium sulfate, filtered and concentrated under
vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate
(v/v) = 4/1) to give the title compound as a yellow oil (750 mg, 57 %).

Step 6: methyl 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10-methyl-10,11-dihydrodiben-
zo[b,f][1,4]oxazepine-7-carboxylic acid

[0325] Methyl 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10-methyl-10,11-dihydrodiben-
zo[b,f][1,4]oxazepine-7-carboxylate (750 mg, 1.4 mmol) was dissolved in a mixed solvent of tetrahydrofuran (15 mL)
and water (15 mL), followed by the addition of lithium hydroxide (570 mg, 14 mmol), and the mixture was heated to 50
°C and stirred for 4 days. The mixture was then cooled to room temperature. Most of the solvent was removed under
vacuum. The residue was diluted with water (20 mL). The resulting mixture was adjusted to acidity with hydrochloric
acid (10 mL, 2 M). The resulting mixture was extracted with ethyl acetate (20 mL 3 2). The combined organic layers
were washed with 10 mL of saturated brine, dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated
under vacuum to give the title compound as a white solid (530 mg, 73%).
MS (ESI, pos. ion) m/z: 537.3 [M+H]+; and
1H NMR (400 MHz, DMSO-d6) δ 7.60 - 7.46 (m, 5H), 7.09 (d, J = 8.7 Hz, 1H), 6.86 (d, J = 2.5 Hz, 1H), 6.73 - 6.68 (m,
2H), 4.83 (s, 2H), 4.51 (s, 2H), 3.01 (s, 3H), 2.44 - 2.34 (m, 1H), 1.19 - 1.06 (m, 4H).

Example 13: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-9-fluoro-10,11-dihydrodiben-
zo[b,f]oxepine-3-carboxylic acid

[0326]

Step 1: 2-fluoro-3,6-dimethoxybenzaldehyde

[0327] A solution of 2-fluoro-1,4-dimethoxybenzene (1.0 g, 6.4 mmol) in anhydrous tetrahydrofuran (20 mL) was cooled
to -78 °C, and a solution of n-butyllithium in n-hexane (2.9 mL, 7.0 mmol, 2.4 M) was slowly added dropwise. The mixture
was stirred at -78 °C for 1 h, and anhydrous DMF (0.54 mL, 7.0 mmol) was added dropwise. The resulting mixture was
continued to stir at -78 °C for 3 h. Acetic acid (5 mL) was added dropwise to quench the reaction, and the resulting
mixture was diluted with water (50 mL), and extracted with ethyl acetate (80 mL 3 2). The combined organic layers were
washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum.
The residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) =
10/1) to give the title compound as a brown solid (800 mg, 68 %).
MS (ESI, pos. ion) m/z: 185.1 [M+H]+; and
1H NMR (400 MHz, CDCl3) δ 10.44 (s, 1H), 7.20 - 7.15 (m, 1H), 6.71 - 6.68 (m, 1H), 3.90 (s, 3H), 3.89 (s, 3H).

Step 2: methyl 3-bromo-4-(2-fluoro-3,6-dimethoxystyryl)benzoate

[0328] Using 2-fluoro-3,6-dimethoxybenzaldehyde (2.0 g, 10.9 mmol) and menthyl 3-bromo-4-((diethoxyphosphor-
yl)methyl)benzoate (6.0 g, 16.4 mmol) as starting materials, the title compound was prepared according to the procedure
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described in step 3 of example 1 as a yellow oil (2.7 g, 65 %).

Step 3: methyl 3-bromo-4-(2-fluoro-3,6-dimethoxyphenethyl)benzoate

[0329] Using methyl 3-bromo-4-(2-fluoro-3,6-dimethoxystyryl)benzoate (2.5 g, 6.3 mmol) as a starting material, the
title compound was prepared according to the procedure described in step 4 of example 1 as a yellow solid (1.9 g, 77 %).

Step 4: methyl 3-bromo-4-(2-fluoro-3,6-dihydroxyphenethyl)benzoate

[0330] Methyl 3-bromo-4-(2-fluoro-3,6-dimethoxyphenethyl)benzoate (1.9 g, 4.6 mmol) was dissolved in dry dichlo-
romethane (50 mL) under nitrogen. The mixture was cooled to -78 °C, and a solution of boron tribromide in methylene
chloride (18.6 mL, 18.6 mmol, 1 M)) was added dropwise. The resulting mixture was allowed to warm to room temperature
and stirred overnight. The mixture was quenched with 5 mL of methanol, and diluted with dichloromethane (30 mL). The
organic layer was washed equentially with 10 mL of water and 10 mL of saturated brine, dried over anhydrous sodium
sulfate, filtered, and concentrated under vacuum to give the title compound as a yellow solid (1.8 g, 100 %).

Step 5: methyl 9-fluoro-8-hydroxy-10,11-dihydro-dibenzo[b,f]oxepine-3-carboxylate

[0331] Using methyl 3-bromo-4-(2-fluoro-3,6-dihydroxyphenethyl)benzoate (1.9 g, 5.1 mmol) as a starting material,
the title compound was prepared according to the procedure described in step 6 of example 1 as a yellow solid (100
mg, 7 %).
1H NMR (400 MHz, CDCl3) δ 7.82 (s, 1H), 7.76 (dd, J = 7.8, 1.6 Hz, 1H), 7.26 (d, J = 7.9 Hz, 1H), 6.94 (dd, J = 8.9, 1.8
Hz, 1H), 6.84 - 6.79 (m, 1H), 4.96 (d, J = 3.8 Hz, 1H), 3.93 (s, 3H), 3.25 - 3.21 (m, 2H), 3.17 - 3.09 (m, 2H).

Step 6: methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-9-fluoro-10,11-dihydrodiben-
zo[b,f]oxepine-3-carboxylate

[0332] Using methyl 9-fluoro-8-hydroxy-10,11-dihydrodibenzo[b,f]oxepine-3-carboxylate (100 mg, 0.35 mmol) and
4-(chloromethyl)-5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazole (150 mg, 0.49 mmol) as starting materials, the title com-
pound was prepared according to the procedure described in step 7 of example 1 as a yellow solid (150 mg, 78 %).

Step 7: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-9-fluoro-10,11-dihydrodibenzo[b,f]ox-
epine-3-carboxylic acid

[0333] Using methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-9-fluoro -10,11-dihydrodiben-
zo[b,f]oxepine-3-carboxylate (150 mg, 0.27 mmol) as a starting material, the title compound was prepared according to
the procedure described in step 8 of example 1 as a yellow solid (120 mg, 83 %).
MS (ESI, pos. ion) m/z: 539.7 [M+H]+; and
1H NMR (400 MHz, DMSO-d6) δ 12.90 (s, 1H), 7.68 - 7.67 (m, 2H), 7.59 - 7.44 (m, 3H), 7.38 - 7.36 (m, 1H), 6.97 - 6.88
(m, 2H), 4.90 (s, 2H), 3.15 - 3.13 (m, 2H), 2.95 - 2.94 (m, 2H), 2.43 - 2.41 (m, 1H), 1.18 - 1.07 (m, 4H).

Example 14: 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrobenzo[6,7]oxepi-
no[3,2-d]pyrimidine-7-carboxylic acid

[0334]

Step 1: 2-chloro-5-methoxy-4-methylpyrimidin

[0335] 2,4-Dichloro-5-methoxypyrimidine (5.0 g, 28 mmol), trimethylboroxine (9 mL, 32 mmol), trans-dichlorobis(triphe-



EP 3 256 468 B1

69

5

10

15

20

25

30

35

40

45

50

55

nyl-phosphine)palladium(II) (2.0 g, 2.8 mmol) and potassium phosphoric acid (11.8 g, 55.8 mmol) were dissolved in
tetrahydrofuran (50 mL), and the mixture was heated to reflux and stirred overnight. The mixture was cooled to room
temperature, diluted with ethyl acetate (30 mL) and filtered. The filter cake was washed with ethyl acetate (30 mL). The
organic layer was washed with saturated brine (30 mL), dried over anhydrous sodium sulfate, filtered, and concentrated
under vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl
acetate (v/v) = 10/1) to give the title compound as a yellow solid (3.8 g, 87 %).
MS (ESI, pos. ion) m/z: 159.0 [M+H]+.

Step 2: 2-chloro-5-methoxypyrimidine-4-carbaldehyde

[0336] A solution of 2-chloro-5-methoxy-4-methylpyrimidine (3.8 g, 24 mmol) and selenium dioxide (11 g, 97 mmol)
in 1,4-dioxane (100 mL) was heated to reflux and stirred overnight. The reaction solution was cooled to room temperature
and filtered. The filter cake washed with ethyl acetate (20 mL), and the filtrate was concentrated under vacuum. The
residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 3/1) to
give the title compound as a yellow solid (2.2 g, 52 %).
1H NMR (400 MHz, CDCl3) δ: 10.19 (s, 1H), 8.64 (s, 1H), 4.11 (s, 3H).

Step 3: methyl 3-bromo-4-(2-(2-chloro-5-methoxypyrimidin-4-yl)vinyl)benzoate

[0337] Using 2-chloro-5-methoxypyrimidin-4-carbaldehyde (3.2 g, 19 mmol) and methyl 3-bromo-4-((diethoxyphos-
phoryl)methyl)benzoate (10.0 g, 27 mmol) as starting materials, the title compound was prepared according to the
procedure described in step 3 of example 1 as a yellow solid (7.0 g, 98 %).

Step 4: methyl 3-bromo-4-(2-(2-chloro-5-methoxypyrimidin-4-yl)ethyl)benzoate

[0338] Using methyl 3-bromo-4-(2-(2-chloro-5-methoxypyrimidin-4-yl)vinyl)benzoate (7.0 g, 18.3 mmol) as a starting
material, the title compound was prepared according to the procedure described in step 4 of example 1 as a pale yellow
solid (3.0 g, 43 %).

Step 5: methyl 3-bromo-4-(2-(2-chloro-5-hydroxypyrimidin-4-yl)ethyl)benzoate

[0339] Using methyl 3-bromo-4-(2-(2-chloro-5-methoxypyrimidin-4-yl)ethyl)benzoate (3.0 g, 7.8 mmol) as a starting
material, the title compound was prepared according to the procedure described in step 4 of example 13 as a pale yellow
solid (2.7 g, 93%).

Step 6: methyl 2-chloro-10,11-dihydrobenzo[6,7]oxepino[3,2-d]pyrimidine -7-carboxylate

[0340] Using methyl 3-bromo-4-(2-(2-chloro-5-hydroxypyrimidin-4-yl)ethyl)benzoate (1.4 g, 3.8 mmol) as a starting
material, the title compound was prepared according to the procedure described in step 6 of example 1 as a pale yellow
solid (510 mg, 47 %).
MS (ESI, pos. ion) m/z: 291.1 [M+H]+.

Step 7: 2-methoxy-10,11-dihydrobenzo[6,7]oxepino[3,2-d]pyrimidine-7-carboxylic acid

[0341] Methyl 2-chloro-10,11-dihydrobenzo[6,7]oxepino[3,2-d]pyrimidine-7-carboxylate (500 mg, 1.7 mmol) and so-
dium methoxide (371 mg, 6.9 mmol) were dissolved in anhydrous methanol (50 mL), and the mixture was heated to
reflux and stirred overnight. The mixture was then cooled to room temperature, and the solvent was removed under
vacuum. The residue was diluted with water (50 mL). The resulting mixture was adjusted to acidity with hydrochloric
acid (5 mL, 2 M). The resulting mixture was extracted with ethyl acetate (50 mL 3 3). The combined organic layers were
washed with 10 mL of saturated brine, dried over anhydrous sodium sulfate and filtered. The residue was purified by
column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 2/1) to give the title compound
as a white solid (400 mg, 85 %).

Step 8: 2-hydroxy-10,11-dihydrobenzo[6,7]oxepino[3,2-d]pyrimidine-7-carboxylic acid

[0342] A mixture of 2-methoxy-10,11-dihydrobenzo[6,7]oxepino[3,2-d]pyrimidine-7-carboxylic acid (46 mg, 0.17 mmol)
in concentrated hydrochloric acid (5 mL) was heated to reflux and stirred overnight. After being cooled to room temper-
ature, the mixture was filtered. The filter cake was washed with water (10 mL), and dried in vacuum to give the title
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compound as a yellow-brown solid (30 mg, 66 %).
MS (ESI, pos. ion) m/z: 259.0 [M+H]+.

Step 9: methyl 2-hydroxy-10,11-dihydrobenzo[6,7]oxepino[3,2-d]pyrimidine -7-carboxylate

[0343] To a solution of methyl 2-hydroxy-10,11-dihydrobenzo[6,7]oxepino[3,2-d]pyrimidine -7-carboxylic acid in meth-
anol (5 mL) was slowly added dropwise thionyl chloride (0.012 mL, 0.17 mmol) in an ice bath, and the mixture was
warmed to reflux and stirred for 4 h. The mixture was cooled to room temperature, and concentrated in vacuum. The
residue was purified by column chromatography on silica gel eluted with (CH2Cl2/ MeOH (v/v) = 10/1) to give the title
compound as a yellow solid (20 mg, 63 %).

Step 10: methyl 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrobenzo[6,7]oxepi-
no[3,2-d]pyrimidine-7-carboxylate

[0344] Using methyl 2-hydroxy-10,11-dihydrobenzo[6,7]oxepino[3,2-d]pyrimidine-7-carboxylate (20 mg, 0.073 mmol)
and 4-(chloromethyl)-5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazole (33 mg, 0.11 mmol) as starting materials, the title
compound was prepared according to the procedure described in step 7 of example 1 as a yellow solid (11 mg, 28 %).
MS (ESI, pos. ion) m/z: 538.3 [M+H]+.

Step 11: 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrobenzo[6,7]oxepino[3,2-
d]pyrimidine-7-carboxylic acid

[0345] Using methyl 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11 -dihydrobenzo[6,7]oxepi-
no[3,2-d]pyrimidine-7-carboxylate (80 mg, 0.15 mmol) as a starting material, the title compound was prepared according
to the procedure described in step 8 of example 1 as a yellow solid (46 mg, 59 %).
MS (ESI, pos. ion) m/z: 524.3 [M+H]+; and
1H NMR (600 MHz, CDCl3) δ 8.31 (s, 1H), 7.89 (d, J = 0.9 Hz, 1H), 7.88 (d, J = 7.8 Hz, 1H), 7.41 - 7.23 (m, 4H), 5.18
(s, 2H), 3.27 - 3.22 (m, 2H), 3.16 - 3.12 (m, 2H), 2.39 - 2.35 (m, 1H), 1.30 - 1.29 (m, 2H), 1.17 - 1.15 (m, 2H).

Example 15: 7-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrodibenzo[b,f]ox-
epine-2-carboxylic acid

[0346]

Step 1: methyl 4-bromo-3-(bromomethyl)benzoate

[0347] Using methyl 4-bromo-3-methylbenzoate (16.6 g, 72.5 mmol) as a starting material, the title compound was
prepared according to the procedure described in step 1 of example 1 as a white solid (21.0 g, 91 %).
1H NMR (400 MHz, CDCl3) δ 8.14 (d, J = 1.8 Hz, 1H), 7.84 (dd, J = 8.3, 1.9 Hz, 1H), 7.69 (d, J = 8.3 Hz, 1H), 4.64 (s,
2H), 3.95 (s, 3H).

Step 2: methyl 4-bromo-3-((diethoxyphosphoryl)methyl)benzoate

[0348] Using methyl 4-bromo-3-(bromomethyl)benzoate (6.8 g, 22 mmol) as a starting material, the title compound
was prepared according to the procedure described in step 2 of example 1 as a pale yellow oil (8.0 g, 99 %).

Step 3: methyl 3-(2,4-bis((tert-butyldimethylsilyl)oxy)styryl)-4-bromobenzoate

[0349] Using methyl 4-bromo-3-((diethoxyphosphoryl)methyl)benzoate (10 g, 27 mmol) and 2,4-bis((tert-butyl(dime-
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thyl)silyl)oxy)benzaldehyde (9.3 g, 25 mmol) as starting materials, the title compound was prepared according to the
procedure described in step 3 of example 1 as a yellow oil (8.1 g, 55 %).
1H NMR (400 MHz, CDCl3) δ 8.36 (d, J = 1.9 Hz, 1H), 7.73 (dd, J = 8.3, 2.0 Hz, 1H), 7.66 (d, J = 8.3 Hz, 1H), 7.57 (d,
J = 8.5 Hz, 1H), 7.52 (d, J = 16.4 Hz, 1H), 7.30 (d, J = 10.7 Hz, 1H), 6.55 (dd, J = 8.5, 2.3 Hz, 1H), 6.38 (d, J = 2.3 Hz,
1H), 3.95 (s, 3H), 1.10 (s, 9H), 1.02 (s, 9H), 0.28 (s, 6H), 0.25 (s, 6H).

Step 4: methyl 3-(2,4-bis((tert-butyldimethylsilyl)oxy)phenethyl)-4-bromobenzoate

[0350] Using methyl 3-(2,4-bis((tert-butyldimethylsilyl)oxy)styryl)-4-bromobenzoate (8.1 g, 14 mmol) as a starting ma-
terial, the title compound was prepared according to the procedure described in step 4 of example 1 as a pale yellow
solid (7.5 g, 92 %).
1H NMR (400 MHz, CDCl3) δ 7.86 - 7.80 (m, 2H), 7.74 - 7.69 (m, 1H), 7.64 - 7.59 (m, 1H), 6.90 (d, J = 8.1 Hz, 1H), 6.37
- 6.34 (m, 1H), 3.91 (s, 3H), 3.06 - 2.98 (m, 2H), 2.88 - 2.81 (m, 2H), 1.05 (s, 9H), 1.00 (s, 9H), 0.28 (s, 6H), 0.20 (s, 6H).

Step 5: methyl 4-bromo-3-(2,4-dihydroxyphenethyl)benzoate

[0351] Using methyl 3-(2,4-bis((tert-butyldimethylsilyl)oxy)phenethyl)-4-bromobenzoate (8.0 g, 13.8 mmol) as a start-
ing material, the title compound was prepared according to the procedure described in step 5 of example 1 as a yellow
oil (4.0 g, 82 %).
MS (ESI, pos. ion) m/z: 351.0 [M+H]+.

Step 6: methyl 7-hydroxy-10,11-dihydrodibenzo[b,f]oxepine-2-carboxylate

[0352] Using methyl 4-bromo-3-(2,4-dihydroxyphenethyl)benzoate (2.0 g, 5.7 mmol) as a starting material, the title
compound was prepared according to the procedure described in step 6 of example 1 as a yellow oil (680 mg, 44 %).
1H NMR (400 MHz, DMSO-d6) δ 9.50 (s, 1H), 7.81 (d, J = 2.0 Hz, 1H), 7.77 (dd, J = 8.4, 2.1 Hz, 1H), 7.24 (d, J = 8.4
Hz, 1H), 6.99 (d, J = 8.3 Hz, 1H), 6.59 (d, J = 2.4 Hz, 1H), 6.51 (dd, J = 8.2, 2.4 Hz, 1H), 3.82 (s, 3H), 3.11 - 3.05 (m,
2H), 2.99 - 2.93 (m, 2H).

Step 7: methyl 7-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrodibenzo[b,f]ox-
epine-2-carboxylate

[0353] Using methyl 7-hydroxy-10,11-dihydrodibenzo[b,f]oxepine-2-carboxylate (680 mg, 2.5 mmol) and 4-(chlorome-
thyl)-5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazole (840 mg, 2.8 mmol) as starting materials, the title compound was
prepared according to the procedure described in step 7 of example 1 as a yellow oil (1.1 g, 82 %).

Step 8: 7-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrodibenzo[b,f]oxepine-2-
carboxylic acid

[0354] Using methyl 7-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrodibenzo[b,f]ox-
epine-2-carboxylate (1.1 g, 2.1 mmol) as a starting material, the title compound was prepared according to the procedure
described in step 8 of example 1 as a white solid (400 mg, 40 %).
MS (ESI, neg. ion) m/z: 520.2 [M-H]-; and
1H NMR (400 MHz, DMSO-d6) δ 7.83 - 7.73 (m, 2H), 7.62 - 7.56 (m, 2H), 7.55 - 7.48 (m, 1H), 7.21 (d, J = 8.3 Hz, 1H),
7.05 (d, J = 8.4 Hz, 1H), 6.65 (d, J = 2.5 Hz, 1H), 6.53 (dd, J = 8.4, 2.5 Hz, 1H), 4.86 (s, 2H), 3.10 - 3.03 (m, 2H), 3.01
- 2.94 (m, 2H), 2.47 - 2.40 (m, 1H), 1.21 - 1.08 (m, 4H).

Example 16: 3-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-5,6-dihydrobenzo[6,7]oxepino[2,3-
b]pyridine-9-carboxylic acid

[0355]
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Step 1: methyl 4-(2-(5-bromo-2-chloropyridin-3-yl)vinyl)-3-(methoxymethoxy) benzoate

[0356] Using methyl 4-(diethoxyphosphorylmethyl)-3-(methoxymethoxy)benzoate (2.0 g, 5.78 mmol) and 5-bromo-2-
chloropyridine-3-carbaldehyde (1.53 g, 6.94 mmol) (See the synthesis of intermediate 110 of step 2 on page 180 of
WO2011103202) as starting materials, the title compound was prepared according to the procedure described in step
6 of example 3 as a yellow oil (2.1 g, 88 %).

Step 2: methyl 4-(2-(5-bromo-6-chloropyridin-3-yl)ethyl)-3-(methoxymethoxy) benzoate

[0357] Using methyl 4-(2-(5-bromo-2-chloropyridin-3-yl)vinyl)-3-(methoxymethoxy)benzoate (400 mg, 0.97 mmol) as
a starting material, the title compound was prepared according to the procedure described in step 7 of example 3 as a
colorless oil (320 mg, 80 %).

Step 3: methyl 4-(2-(5-bromo-6-chloropyridin-3-yl)ethyl)-3-hydroxybenzoate

[0358] Using methyl 4-(2-(5-bromo-6-chloropyridin-3-yl)ethyl)-3-(methoxymethoxy)benzoate (450 mg, 1.1 mmol) as
a starting material, the title compound was prepared according to the procedure described in step 8 of example 3 as a
pale yellow solid (300 mg, 75 %).

Step 4: methyl 3-bromo-5,6-dihydrobenzo[6,7]oxepino[2,3-b]pyridine-9-carboxylate

[0359] Cuprous chloride (26 mg, 0.26 mmol), 2,2,6,6-tetramethyl-3,5-heptane dione (10 mg, 0.05 mmol), cesium
carbonate (351 mg, 1.1 mmol) and methyl 4-(2-(5-bromo-6-chloropyridin-3-yl) ethyl)-3-(methoxymethoxy)benzoate (200
mg, 0.54 mmol) were dissolved in N-methylpyrrolidone (5 mL) under nitrogen. The mixture was heated to 120 °C and
stirred overnight. The mixture was cooled to room temperature, and diluted with water (20 mL). The resulting mixture
was extracted with ethyl acetate (30 mL 3 2). The combined organic layers were washed with 20 mL of saturated brine,
dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column
chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 2/1) to give the title compound as a pale
yellow solid (100 mg, 55 %).

Step 5: methyl 3-hydroxy-5,6-dihydrobenzo[6,7]oxepino[2,3-b]pyridine-9-carboxylate

[0360] Cuprous iodide (6 mg, 0.03 mmol), N,N-dimethylglycine (14 mg, 0.16 mmol), potassium phosphate (70 mg,
0.33 mmol) and methyl 3-bromo-5,6-dihydrobenzo[6,7]oxepino[2,3-b] pyridine-9-carboxylate (100 mg, 0.3 mmol) were
dissolved in water (5 mL) under nitrogen. The reaction mixture was heated to 180 °C and irradiated in the microwave
for 30 min. The reaction mixture was then cooled to room temperature and diluted with 1 M hydrochloric acid (10 mL).
The resulting mixture was extracted with ethyl acetate (30 mL 3 3). The combined organic layers were washed with 10
mL of saturated brine, dried over anhydrous sodium sulfate and filtered. The residue was purified by column chroma-
tography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 5/1) to give the title compound as a pale yellow
solid (56 mg, 69 %).
MS (ESI, pos. ion) m/z: 272.1 [M+H]+.

Step 6: methyl 3-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-5,6-dihydrobenzo[6,7]oxepi-
no[2,3-b]pyridine-9-carboxylate

[0361] Using methyl 3-hydroxy-5,6-dihydrobenzo[6,7]oxepino[2,3-b]pyridine-9-carboxylate(65 mg, 0.24 mmol) and
4-(chloromethyl)-5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazole (102 mg, 0.33 mmol) as starting materials, the title com-
pound was prepared according to the procedure described in step 11 of example 3 as a pale yellow solid (70 mg, 54%).
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MS (ESI, pos. ion) m/z: 537.0 [M+H]+.

Step 7: 3-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-5,6-dihydrobenzo[6,7]oxepino[2,3-b]py-
ridine-9-carboxylic acid

[0362] Using methyl 3-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-5,6-dihydrobenzo[6,7]oxepi-
no[2,3-b]pyridine-9-carboxylate (70 mg, 0.13 mmol) as a starting material, the title compound was prepared according
to the procedure described in step 12 of example 3 as a white solid (45 mg, 66 %).
MS (ESI, pos. ion) m/z: 523.2 [M+H]+; and
1H NMR (400 MHz, DMSO-d6) δ 7.72 - 7.57 (m, 5H), 7.56 - 7.48 (m, 1H), 7.35 (d, J = 7.8 Hz, 1H), 7.25 (d, J = 2.8 Hz,
1H), 4.93 (s, 2H), 3.17 - 3.10 (m, 2H), 3.01 - 2.98 (m, 2H), 2.47 - 2.41 (m, 1H), 1.18 - 1.15 (m, 2H), 1.14 - 1.12 (m, 2H).

Example 17: 2-((1-(2,6-dichlorophenyl)-4-isopropyl-1H-pyrazol-5-yl)methoxy)-10,11-dihydrobenzo[6,7]oxepi-
no[3,2-b]pyridine-7-carboxylic acid

[0363]

Step 1: 5-(chloromethyl)-1-(2,6-dichlorophenyl)-4-isopropyl-1H-pyrazole

[0364] To a mixture of 1H-benzotriazole (350 mg, 3.0 mmol) in dichloromethane (10 mL) was slowly added dropwise
thionyl chloride (0.21 mL, 3.0 mmol) in an ice bath, and the mixture was warmed to room temperature and stirred for 1
h. The mixture above was added dropwise into a solution of (1-(2,6-dichlorophenyl)-4-isopropyl-1H-pyrazol-5-yl)methanol
(560 mg, 2.0 mmol) (See the synthetic method described in Bioorg. Med. Chem. Lett., 2015, 25(2), 280-284) in dichlo-
romethane (10 mL). The resulting mixture was stirred at room temperature overnight. The mixture was diluted with water
(20 mL), and the resulting mixture was extracted with dichloromethane (30 mL 3 2). The combined organic layers were
washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum.
The residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) =
20/1) to give the title compound as a yellow solid (530 mg, 89 %).

Step 2: methyl 2-((1-(2,6-dichlorophenyl)-4-isopropyl-1H-pyrazol-5-yl)methoxy)-10,11-dihydrobenzo[6,7]oxepi-
no[3,2-b]pyridine-7-carboxylate

[0365] Using methyl 2-oxo-1,2,10,11-tetrahydrobenzo[6,7]oxepino[3,2-b]pyridine-7-carboxylate (200 mg, 0.73 mmol)
and 5-(chloromethyl)-1-(2,6-dichlorophenyl)-4-isopropyl-1H-pyrazole (150 mg, 0.49 mmol) as starting materials, the title
compound was prepared according to the procedure described in step 11 of example 3 as a yellow solid (250 mg, 94 %).
MS (ESI, pos. ion) m/z: 538.1 [M+H]+.

Step 3: 2-((1-(2,6-dichlorophenyl)-4-isopropyl-1H-pyrazol-5-yl)methoxy)-10,11-dihydrobenzo[6,7]oxepino[3,2-
b]pyridine-7-carboxylic acid

[0366] Using methyl 2-((1-(2,6-dichlorophenyl)-4-isopropyl- 1H-pyrazol-5-yl)methoxy) -10,11-dihydrobenzo[6,7]oxepi-
no[3,2-b]pyridine-7-carboxylate (250 mg, 0.46 mmol) as a starting material, the title compound was prepared according
to the procedure described in step 12 of example 3 as a white solid (160 mg, 66 %).
MS (ESI, pos. ion) m/z: 524.4 [M+H]+; and
1H NMR (400 MHz, DMSO-d6) δ 13.02 (s, 1H), 7.71 - 7.67 (m, 3H), 7.56 - 7.53 (m, 3H), 7.43 - 7.37 (m, 2H), 6.41 (d, J
= 8.7 Hz, 1H), 5.19 (s, 2H), 3.16 - 3.10 (m, 3H), 2.99 - 2.93 (m, 2H), 1.23 (d, J = 6.9 Hz, 6H).
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Example 18: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydro-5H-diben-
zo[a,d][7]annulene-3-carboxylic acid

[0367]

Step 1: 8-methoxy-10,11-dihydro-5H-dibenzo[a,d][7]annulene-3-carboxylic acid

[0368] To a mixture of 8-methoxy-5-oxo-10,11-dihydro-5H-dibenzo[a,d][7]annulene-3-carboxylic acid (300 mg, 1.1
mmol) in trifluoroacetic acid (8 mL) was added dropwise triethylsilane (0.85 mL, 5.3 mmol), and the mixture was stirred
at room temperature overnight. The mixture was diluted with water (20 mL). The resulting mixture was extracted with
dichloromethane (30 mL 3 2). The combined organic layers were washed with 20 mL of saturated brine, dried over
anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column chromatography
on silica gel eluted with (CH2Cl2/ MeOH (v/v) = 50/1) to give the title compound as a white solid (200 mg, 70 %).
MS (ESI, pos. ion) m/z: 269.2 [M+H]+.

Step 2: 8-hydroxy-10,11-dihydro-5H-dibenzo[a,d][7]annulene-3-carboxylic acid

[0369] Using 8-methoxy-10,11-dihydro-5H-dibenzo[a,d][7]annulene-3-carboxylic acid (200 mg, 0.74 mmol) as a start-
ing material, the title compound was prepared according to the procedure described in step 4 of example 9 as a pale
yellow solid (170 mg, 90 %).
MS (ESI, pos. ion) m/z: 255.1 [M+H]+.

Step 3: methyl 8-hydroxy-10,11-dihydro-5H-dibenzo[a,d][7]annulene-3-carboxylate

[0370] To a mixture of 8-hydroxy-10,11-dihydro-5H-dibenzo[a,d][7]annulene-3-carboxylic acid (190 mg, 0.75 mmol)
in methanol (20 mL) was added dropwise thionyl chloride (0.1 mL, 1.0 mol), and the mixture was heated to 80 °C and
stirred for 4 h. After being cooled to room temperature, the mixture was quenched with 20 mL of water, and the resulting
mixture was extracted with ethyl acetate (30 mL 3 2). The combined organic layers were washed with 20 mL of saturated
brine, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum to give the title compound as a pale
yellow solid (190 mg, 95 %).
MS (ESI, pos. ion) m/z: 269.2 [M+H]+.

Step 4: methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydro-5H-diben-
zo[a,d][7]annulene-3-carboxylate

[0371] Using methyl 8-hydroxy-10,11-dihydro-5H-dibenzo[a,d][7]annulene-3-carboxylate (65 mg, 0.24 mmol) and
4-(chloromethyl)-5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazole (102 mg, 0.34 mmol) as starting materials, the title com-
pound was prepared according to the procedure described in step 5 of example 9 as a pale yellow solid (110 mg, 85 %).

Step 5: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11 -dihydro-5H-dibenzo[a,d][7]annu-
lene-3-carboxylic acid

[0372] Using methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydro-5H-diben-
zo[a,d][7]annulene-3-carboxylate (110 mg, 0.21 mmol) as a starting material, the title compound was prepared according
to the procedure described in step 6 of example 9 a white solid (90 mg, 84 %).
MS (ESI, neg. ion) m/z: 518.2 [M-H]-; and
1H NMR (600 MHz, CDCl3) δ 7.91 (s, 1H), 7.86 (d, J = 7.8 Hz, 1H), 7.39 - 7.37 (m, 2H), 7.32 - 7.29 (m, 1H), 7.21 (d, J
= 7.9 Hz, 1H), 7.06 (d, J = 7.9 Hz, 1H), 6.60 - 6.58 (m, 2H), 4.75 (s, 2H), 4.10 (s, 2H), 3.23 - 3.21 (m, 2H), 3.13 - 3.11
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(m, 2H), 2.19 - 2.14 (m, 1H), 1.15 - 1.10 (m, 2H), 0.94 - 0.83 (m, 2H).

Example 19: 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-N-(methylsulfonyl)-10,11-dihyd-
robenzo[6,7]oxepino[3,2-b]pyridine-7-carboxamide

[0373]

Step 1: 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-N-(methylsulfonyl)-10,11-dihydroben-
zo[6,7]oxepino[3,2-b]pyridine-7-carboxamide

[0374] 2-((5-Cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrobenzo[6,7] oxepino[3,2-b]pyrid-
ine-7-carboxylic acid (750 mg, 1.4 mmol), methanesulfonamide (170 mg, 1.8 mmol), 4-dimethylaminopyridine (230 mg,
1.9 mmol) and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (360 mg, 1.9 mmol) were dissolved in dichlo-
romethane (30 mL), and the reaction mixture was stirred at room temperature overnight. The solvent was removed under
vacuum. The residue was purified by column chromatography on silica gel eluted with (CH2Cl2 / MeOH (v/v) = 30/1) to
give the title compound as a white solid (120 mg, 14 %).
MS (ESI, pos. ion) m/z: 599.8 [M+H]+; and
1H NMR (600 MHz, CDCl3) δ 7.66 (d, J = 1.4 Hz, 1H), 7.58 (dd, J = 7.9, 1.5 Hz, 1H), 7.36 - 7.24 (m, 5H), 6.42 (d, J =
8.7 Hz, 1H), 5.13 (s, 2H), 4.80 (s, 1H), 3.43 (s, 3H), 3.22 - 3.17 (m, 2H), 3.13 - 3.07 (m, 2H), 2.35 - 2.31 (m, 1H), 1.28
- 1.25 (m, 2H), 1.17 - 1.12 (m, 2H).

Example 20: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrodibenzo[b,f]ox-
epine-2-carboxylic acid

[0375]

[0376] Using methyl 4-bromo-3-methylbenzoate as a starting material, the title compound was prepared according to
the procedures described in example 1 as a white solid (25 mg).
MS (ESI, pos. ion) m/z: 521.7 [M+H]+; and
1H NMR (400 MHz, DMSO-d6) δ 7.79 - 7.72 (m, 2H), 7.64 - 7.57 (m, 2H), 7.55 - 7.49 (m, 1H), 7.20 (d, J = 8.3 Hz, 1H),
7.03 (d, J = 8.7 Hz, 1H), 6.68 (s, 1H), 6.65 - 6.58 (m, 1H), 4.82 (s, 2H), 3.11 - 3.05 (m, 2H), 3.02 - 2.97 (m, 2H), 2.44 -
2.38 (m, 1H), 1.27 - 1.21 (m, 4H).

Example 21: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy) -5-oxo-10,11-dihydro-5H-diben-
zo[a,d][7]annulene-2-carboxylic acid

[0377]
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[0378] Using dimethyl 2-methylterephthalate as a starting material, the title compound was prepared according to the
procedures described in example 2 as a white solid (180 mg).
MS (ESI, pos. ion) m/z: 534.3 [M+H]+; and
1H NMR (400 MHz, DMSO-d6) δ 7.95 - 7.85 (m, 4H), 7.63 - 7.57 (m, 2H), 7.55 - 7.49 (m, 1H), 6.84 - 6.76 (m, 2H), 4.98
(s, 2H), 3.18 - 3.13 (m, 2H), 3.12 - 3.07 (m, 2H), 2.49 - 2.43 (m, 1H), 1.19 - 1.12 (m, 4H).

Example 22: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy) -11H-dibenzo[b,f][1,4]oxathiepine-
2-carboxylic acid-10,10-dioxide

[0379]

[0380] Using methyl 4-bromo-3-(bromomethyl)benzoate as a starting material, the title compound was prepared ac-
cording to the procedures described in example 5 as a white solid (140 mg).
MS (ESI, pos. ion) m/z: 572.0 [M+H]+; and
1H NMR (400 MHz, CDCl3) δ 8.19 - 8.13 (m, 2H), 7.38 - 7.27 (m, 6H), 6.70 - 6.96 (m, 1H), 4.81 (s, 4H), 2.13 - 2.07 (m,
1H), 1.28 - 1.17 (m, 4H).

Example 23: 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrobenzo[6,7]oxepi-
no[3,2-b]pyridine-8-carboxylic acid

[0381]

[0382] Using methyl 4-hydroxy-3-methylbenzoate as a starting material, the title compound was prepared according
to the procedures described in example 3 as a white solid (180 mg).
MS (ESI, pos. ion) m/z: 523.3 [M+H]+; and
1H NMR (400 MHz, DMSO-d6) δ 12.89 (s, 1H), 7.89 (d, J = 1.9 Hz, 1H), 7.80 (dd, J = 8.3, 2.0 Hz, 1H), 7.54 - 7.49 (m,
3H), 7.44 - 7.40 (m, 1H), 7.25 (d, J = 8.4 Hz, 1H), 6.44 (d, J = 8.7 Hz, 1H), 5.15 (s, 2H), 3.16 - 3.09 (m, 2H), 3.01 - 2.94
(m, 2H), 2.56 - 2.52 (m, 1H), 1.20 - 1.16 (m, 2H), 1.14 - 1.09 (m, 2H).
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Example 24: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-1-methyl-1,4-dihydro-
chromeno[4,3-c]pyrazole-3-carboxylic acid

[0383]

Step 1: ethyl 2-(6-methoxy-4-oxochroman-3-yl)-2-oxoacetate

[0384] A mixture of 6-methoxychroman-4-one (2.0 g, 11 mmol) in tetrahydrofuran (50 mL) was cooled to -78 °C, and
a solution of bis(trimethylsilyl) sodium amide in tetrahydrofuran (6.0 mL, 12 mmol, 2.0 M) was slowly added dropwise.
The reaction mixture was stirred at -78 °C for 30min, and diethyl oxalate (2.3 mL, 17 mmol) was slowly added dropwise.
The resulting mixture was allowed to warm to room temperature and stirred overnight. The mixture was diluted with
water (50 mL), and adjusted to acidity with hydrochloric acid (30 mL, 1 M), and the resulting mixture was extracted with
ethyl acetate (80 mL 3 2). The combined organic layers were washed with 20 mL of saturated brine, dried over anhydrous
sodium sulfate and filtered. The residue was purified by column chromatography on silica gel eluted with (petroleum
ether / ethyl acetate (v/v) = 5/1) to give the title compound as a yellow solid (3.0 g, 96 %).
MS (ESI, pos. ion) m/z: 279.3 [M+H]+.

Step 2: ethyl 8-methoxy-1-methyl-1,4-dihydrochromeno[4,3-c]pyrazole-3-carboxylate

[0385] Ethyl 2-(6-methoxy-4-oxochroman-3-yl)-2-oxoacetate (4.0 g, 14 mmol) was dissolved in hot ethanol (50 mL),
followed by the addition of methyl hydrazine (5.2 mL, 16 mmol), and the reaction mixture was stirred at room temperature
overnight. The solvent was removed under vacuum. The residue was purified by column chromatography on silica gel
eluted with (petroleum ether / ethyl acetate (v/v) = 10/1) to give the title compound as a yellow solid (230 mg, 6 %).
MS (ESI, pos. ion) m/z: 289.2 [M+H]+; and
1H NMR (400 MHz, CDCl3) δ 7.27 (d, J = 3.0 Hz, 1H), 6.89 (d, J = 8.9 Hz, 1H), 6.79 (dd, J = 8.9, 3.0 Hz, 1H), 5.38 (s,
2H), 4.38 (q, J = 7.1 Hz, 2H), 4.23 (s, 3H), 3.84 (s, 3H), 1.41 (t, J = 7.1 Hz, 3H).

Step 3: ethyl 8-hydroxy-1-methyl-1,4-dihydrochromeno[4,3-c]pyrazole-3-carboxylate

[0386] Using ethyl 8-methoxy-1-methyl-1,4-dihydrochromeno[4,3-c]pyrazole-3-carboxylate (230 mg, 0.8 mmol) as a
starting material, the title compound was prepared according to the procedure described in step 4 of example 9 as a
yellow solid (210 mg, 96 %).

Step 4: ethyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-1-methyl -1,4-dihydro-
chromeno[4,3-c]pyrazole-3-carboxylate

[0387] Using ethyl 8-hydroxy-1-methyl-1,4-dihydrochromeno[4,3-c]pyrazole-3-carboxylate (220 mg, 0.8 mmol) and
4-(chloromethyl)-5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazole (364 mg, 1.2 mmol) as starting materials, the title com-
pound was prepared according to the procedure described in step 5 of example 9 as a yellow solid (120 mg, 28 %).
MS (ESI, pos. ion) m/z: 540.5 [M+H]+.

Step 5: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-1-methyl-1,4-dihydrochromeno[4,3-
c]pyrazole-3-carboxylic acid

[0388] Ethyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-1-methyl-1,4-dihydrochromeno[4,3-
c]pyrazole-3-carboxylate (100 mg, 0.19 mmol) was dissolved in a mixed solvent of tetrahydrofuran (12 mL) and water
(3 mL), followed by the addition of sodium hydroxide (14 mg, 0.35 mmol), and the mixture was heated to 60 °C and
stirred overnight. Most of the solvent was removed under vacuum. The residue was diluted with water (20 mL). The
resulting mixture was adjusted to acidity with hydrochloric acid (3 mL, 1 M). The resulting mixture was extracted with
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ethyl acetate (20 mL 3 2). The combined organic layers were washed with 10 mL of saturated brine, dried over anhydrous
sodium sulfate and filtered. The filtrate was concentrated under vacuum to give the title compound as a white solid (93
mg, 98 %).
MS (ESI, pos. ion) m/z: 512.4 [M+H]+; and
1H NMR (600 MHz, DMSO-d6) δ 7.63 - 7.61 (m, 2H), 7.55 - 7.52 (m, 1H), 7.04 (d, J = 2.0 Hz, 1H), 6.80 (d, J = 8.7 Hz,
1H), 6.64 - 6.62 (m, 1H), 5.30 (s, 2H), 4.87 (s, 2H), 4.12 (s, 3H), 2.50 - 2.45 (m, 1H), 1.22 - 1.11 (m, 4H).

Example 25: 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-5-oxo-10,11-dihydro-5H-ben-
zo[4,5]cyclohepta[1,2-b]pyridine-7-carboxylic acid

[0389]

Step 1: methyl 2-((diethoxyphosphoryl)methyl)nicotinate

[0390] A mixture of methyl 2-(chloromethyl)nicotinate (10.0 g, 53 mmol) (See the synthetic method described in step
2 of example 10 on page 51 of WO2010011375) in triethyl phosphite (26 mL, 156 mmol) was heated at 120 °C and
stirred for 3 h. The reaction solution was then cooled to room temperature. The triethyl phosphite was removed by
distillation under vacuum. The resulting residue was purified by column chromatography on silica gel eluted with (pe-
troleum ether / ethyl acetate (v/v) = 10/1) to give the title compound as a yellow oil (15.0 g, 96 %).

Step 2: methyl 2-(4-bromostyryl)nicotinate

[0391] Using methyl 2-((diethoxyphosphoryl)methyl)nicotinate (15.0 g, 52 mmol) and 4-bromobenzaldehyde (9.7 g,
52 mmol) as starting materials, the title compound was prepared according to the procedure described in step 3 of
example 2 as a yellow oil (11.0 g, 66 %).

Step 3: methyl 2-(4-bromophenethyl)nicotinate

[0392] Using methyl 2-(4-bromostyryl)nicotinate (11.0 g, 34 mmol) as a starting material, the title compound was
prepared according to the procedure described in step 4 of example 2 as a yellow oil (11.0 g, 99 %).

Step 4: 2-(4-bromophenyl)-3-(methoxycarbonyl)pyridine-1-oxide

[0393] To a mixture of methyl 2-(4-bromophenethyl)nicotinate (11.0 g, 34 mmol) in chloroform (100 mL) was added
m-chloroperbenzoic acid (8.4 g, 41 mmol), and the mixture was heated to reflux and stirred for 3 h. The mixture was
cooled to room temperature, followed by the addition of solid sodium carbonate (5.0 g). The resulting mixture was
continued to stir at room temperature for 30 min. The mixture was filtered, and the filtrate was concentrated under
vacuum. The residue was purified by column chromatography on silica gel eluted with (CH2Cl2 / MeOH (v/v) = 20/1) to
give the title compound as a yellow oil (11.0 g, 95 %).

Step 5: methyl 2-(4-bromophenethyl)-6-chloronicotinate

[0394] 2-(4-Bromophenyl)-3-(methoxycarbonyl)pyridine-1-oxide (13.0 g, 38 mmol) was dissolved in phosphorus oxy-
chloride (35 mL) under an ice bath. The reaction mixture was stirred under an ice bath for 30 min, then warmed to reflux
and stirred for 4 h. The reaction mixture was cooled to room temperature, and ice water (700 mL) was slowly added to
quench the reaction. The resulting mixture was adjusted to basicity with solid sodium carbonate (22 g). The resulting
mixture was extracted with ethyl acetate (500 mL 3 2). The combined organic layers were washed with 50 mL of saturated
brine, dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column
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chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 20/1) to give the title compound as a
yellow oil (5.1 g, 37 %).

Step 6: methyl 2-(4-bromophenethyl)-6-methoxynicotinate

[0395] Methyl 2-(4-bromophenethyl)-6-chloronicotinate (5.4 g, 15 mmol) was dissolved in methanol (100 mL), a solution
of sodium methylate in methanol (15 mL, 75 mmol, 5.0 M) was slowly added dropwise, and the mixture was stirred at
80 °C for 2 h. The mixture was then cooled to room temperature, and quenched with 400 mL of saturated aqueous
ammonium chloride. The resulting mixture was extracted with ethyl acetate (500 mL 3 2). The combined organic layers
were washed with 50 mL of saturated brine, dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated
under vacuum to give the title compound as a yellow oil (5.0 g, 94 %).

Step 7: 2-(4-bromophenethyl)-6-methoxynicotinic acid

[0396] Methyl 2-(4-bromophenethyl)-6-methoxynicotinate (5.0 g, 14 mmol) was dissolved in a mixed solvent of tet-
rahydrofuran (100 mL) and water (50 mL), followed by the addition of sodium hydroxide (5.6 g, 140 mmol), and the
mixture was heated to 50 °C and stirred overnight. The mixture was cooled to room temperature, and most of the solvent
was removed under vacuum. The residue was diluted with water (200 mL). The resulting mixture was adjusted to acidity
with hydrochloric acid (80 mL, 2 M). The resulting mixture was extracted with ethyl acetate (200 mL 3 2). The combined
organic layers were washed with 10 mL of saturated brine, dried over anhydrous sodium sulfate, filtered and concentrated
under vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl
acetate (v/v) = 5/1) to give the title compound as a yellow solid (4.8 g, 100 %).

Step 8: 7-bromo-2-methoxy-10,11-dihydro-5H-benzo[4,5]cyclohepta[1,2-b]pyridine -5-one

[0397] Using 2-(4-bromophenethyl)-6-methoxynicotinic acid (5.4 g, 16 mmol) as a starting material, the title compound
was prepared according to the procedure described in step 6 of example 2 as a white solid (800mg, 20%).

Step 9: methyl 2-methoxy-5-oxo-10,11-dihydro-5H-benzo[4,5]cyclohepta [1,2-b]pyridine-7-carboxylate

[0398] 7-Bromo-2-methoxy-10,11-dihydro-5H-benzo[4,5]cyclohepta[1,2-b]pyridin-5-one (1.8 g, 5.7 mmol), triethyl-
amine (1.56 mL, 11 mmol) and [1,1’-bis(diphenylphosphino)ferrocene] dichloropalladium (460 mg, 0.63 mmol) were
dissolved in methanol (100 mL), and the reaction mixture was placed in an autoclave, heated to 100 °C and stirred for
2 days under carbon monoxide (3.0 MPa). The mixture was cooled to room temperature, and the solvent was removed
under vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl
acetate (v/v) = 30/1) to give the title compound as a white solid (280 mg, 17 %).

Step 10: methyl 2,5-dioxo-2,5,10,11-tetrahydro-1H-benzo[4,5]cyclohepta[1,2-b] pyridine-7-carboxylate

[0399] Using methyl 2-methoxy-5-oxo-10,11-dihydro-5H-benzo[4,5]cyclohepta[1,2-b]pyridine -7-carboxylate (280 mg,
0.94 mmol) as a starting material, the title compound was prepared according to the procedure described in step 10 of
example 3 as a white solid (210 mg, 79%).
1H NMR (400 MHz, DMSO-d6) δ 12.03 (s, 1H), 8.36 (d, J = 1.6 Hz, 1H), 8.14 (d, J = 9.8 Hz, 1H), 8.04 (dd, J = 7.9, 1.7
Hz, 1H), 7.50 (d, J = 7.9 Hz, 1H), 6.35 (d, J = 9.8 Hz, 1H), 3.87 (s, 3H), 3.24 - 3.17 (m, 2H), 3.13 - 3.07 (m, 2H).

Step 11: methyl 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-5-oxo-10,11-dihydro-5H-ben-
zo[4,5]cyclohepta[1,2-b]pyridine-7-carboxylate

[0400] 4-(Chloromethyl)-5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazole (260 mg, 0.86 mmol), methyl 2,5-dioxo-
2,5,10,11-tetrahydro-1H-benzo[4,5]cyclohepta[1,2-b]pyridine-7-carboxylate (200 mg, 0.7 mmol) and potassium phos-
phate (212 mg, 1.0 mmol)) were dissolved in DMF (10 mL), and the mixture was stirred at 40 °C for 3 h. The mixture
was then cooled to room temperature and diluted with water (20 mL). The resulting mixture was extracted with ethyl
acetate (40 mL 3 2). The combined organic layers were washed with 10 mL of saturated brine, dried over anhydrous
sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column chromatography on silica
gel eluted with (petroleum ether / ethyl acetate (v/v) = 10/1) to give the title compound as a yellow solid (220 mg, 60 %).
1H NMR (400 MHz, CDCl3) δ 8.55 (s, 1H), 8.37 (d, J = 8.7 Hz, 1H), 8.12 (d, J = 7.6 Hz, 1H), 7.39 - 7.28 (m, 4H), 6.59
(d, J = 8.7 Hz, 1H), 5.29 (s, 2H), 3.94 (s, 3H), 3.24 - 3.20 (m, 4H), 2.36 - 2.32 (m, 1H), 1.33 - 1.28 (m, 2H), 1.20 - 1.14 (m, 2H).
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Step 12: 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-5-oxo-10,11-dihydro-5H-benzo[4,5]cy-
clohepta[1,2-b]pyridine-7-carboxylic acid

[0401] Methyl 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-5-oxo-10,11-dihydro-5H-benzo[4,5]cy-
clohepta[1,2-b]pyridine-7-carboxylate (220 mg, 0.4 mmol) was dissolved in a mixed solvent of tetrahydrofuran (6 mL)
and water (6 mL), followed by the addition of sodium hydroxide (80 mg, 2.0 mmol), and the reaction mixture was stirred
at room temperature for 3 h. Most of the solvent was removed under vacuum. The residue was diluted with water (20
mL). The resulting mixture was adjusted to acidity with hydrochloric acid (5 mL, 1 M). The resulting mixture was extracted
with ethyl acetate (20 mL 3 2). The combined organic layers were washed with 10 mL of saturated brine, dried over
anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column chromatography
on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 3/1) to give the title compound as a white solid (100 mg,
50 %).
MS (ESI, neg. ion) m/z: 533.2 [M-H]-; and
1H NMR (600 MHz, CDCl3) δ 8.62 (s, 1H), 8.38 (d, J = 8.7 Hz, 1H), 8.18 (d, J = 7.7 Hz, 1H), 7.40 - 7.36 (m, 3H), 7.32 -
7.28 (m, 1H), 6.60 (d, J = 8.7 Hz, 1H), 5.29 (s, 2H), 3.26 - 3.22 (m, 4H), 2.38 - 2.30 (m, 1H), 1.33 - 1.30 (m, 2H), 1.21 -
1.15 (m, 2H).

Example 26: 2-((4-cyclopropyl-1-(2,6-dichlorophenyl)-1H-pyrazol-5-yl)methoxy)-10,11-dihydrobenzo[6,7]oxepi-
no[3,2-b]pyridine-7-carboxylic acid

[0402]

[0403] Using (4-cyclopropyl-1-(2,6-dichlorophenyl)-1H-pyrazol-5-yl)methanol (See the synthesis of intermediate 16
on page 24 of WO200912125) as a starting material, the title compound was prepared according to the procedures
described in example 17 as a pale yellow solid (124 mg).
MS (ESI, pos. ion) m/z: 522.0 [M+H]+; and
1H NMR (400 MHz, CDCl3) δ 7.85 - 7.80 (m, 2H), 7.47 (s, 1H), 7.37 - 7.35 (m, 3H), 7.31 - 7.28 (m, 1H), 7.23 - 7.17 (m,
1H), 6.40 (d, J = 8.7 Hz, 1H), 5.30 (s, 2H), 3.23 - 3.17 (m, 2H), 3.14 - 3.06 (m, 2H), 1.95 - 1.87 (m, 1H), 0.98 - 0.92 (m,
2H), 0.74 - 0.66 (m, 2H).

Example 27: 8-((1-(2,6-dichlorophenyl)-4-isopropyl-1H-1,2,3-triazol-5-yl)methoxy)-5-oxo -10,11-dihydro-
5H-dibenzo[a,d][7]annulene-3-carboxylic acid

[0404]

Step 1: 2-azido-1,3-dichlorobenzene

[0405] To a mixture of 2,6-dichloroaniline (5.0 g, 31 mmol) in ethyl acetate (100 mL) was added concentrated hydro-
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chloric acid (30mL) under an ice bath, and then a solution of sodium nitrite (6.4 g, 93 mmol) in water (15 mL) was slowly
added dropwise. The mixture was stirred under an ice bath for 30 min. A solution of sodium azide (6.1 g, 93 mmol) in
water (10 mL) was slowly added dropwise to the reaction mixture. The resulting mixture was continued to stir for 1 h,
and diluted with water (50 mL). The resulting mixture was extracted with ethyl acetate (100 mL 3 2). The combined
organic layers were washed with 10 mL of saturated brine, dried over anhydrous sodium sulfate, filtered and concentrated
under vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum ether) to give
the title compound as a yellow oil (5.5 g, 95 %).

Step 2: methyl 4-methylpent-2-ynoate

[0406] A solution of 3-methylbut-1-yne (10.0 g, 147 mmol) in anhydrous tetrahydrofuran (50 mL) was cooled to -78
°C, and a solution of n-butyllithium in n-hexane (67 mL, 160 mmol, 2.4 M) was added dropwise. The resulting mixture
was stirred at -78 °C for 2 h, and methylchloroformate (11.6 mL, 150 mmol) was added dropwise. The resulting mixture
was continued to stir at -78 °C for 5 h. The mixture was then allowed to warm to room temperature, and quenched with
50 mL of saturated aqueous ammonium chloride solution. The resulting mixture was extracted with ethyl acetate (100
mL 3 2). The combined organic layers were washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate,
filtered and concentrated under vacuum. The residue was purified by column chromatography on silica gel eluted with
(petroleum ether) to give the title compound as a yellow oil (3.4 g, 18 %).
1H NMR (400 MHz, CDCl3) δ 3.74 (s, 3H), 2.68 (s, 1H), 1.23 (d, J = 6.9 Hz, 6H).

Step 3: methyl 1-(2,6-dichlorophenyl)-4-isopropyl-1H-1,2,3-triazole-5-carboxylate

[0407] 2-Azido-1,3-dichlorobenzene (3.9 g, 21 mmol) and methyl methyl 4-methylpent-2-ynoate (2.1 g, 17 mmol) were
dissolved in toluene (100 mL) under nitrogen, and the mixture was heated to reflux and stirred overnight. The reaction
mixture was then cooled to room temperature, and diluted with water (50 mL). The resulting mixture was extracted with
ethyl acetate (100 mL 3 2). The combined organic layers were washed with 20 mL of saturated brine, dried over
anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column chromatography
on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 20/1) to give the title compound as a red oil (1.1 g, 21 %).
MS (ESI, pos. ion) m/z: 314.1 [M+H]+.

Step 4: (1-(2,6-dichlorophenyl)-4-isopropyl-1H-1,2,3-triazole-5-yl)methanol

[0408] To a mixture of lithium aluminum hydride (160 mg, 4.2 mmol) in anhydrous tetrahydrofuran (20 mL) was added
dropwise a solution of methyl 1-(2,6-dichlorophenyl)-4-isopropyl-1H-1,2,3-triazole-5-carboxylate (1.1 g, 3.5 mmol) in
tetrahydrofuran (5 mL) in an ice bath, and the mixture was stirred in an ice bath for 2 h. The reaction was then quenched
with 5 mL of methanol. The resulting mixture was filtered. The filter cake was washed with ethyl acetate (50 mL 3 2).
The combined organic layers were concentrated under vacuum. The residue was purified by column chromatography
on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 8/1) to give the title compound as a pale yellow oil (630
mg, 63 %)).
MS (ESI, pos. ion) m/z: 286.0 [M+H]+.

Step 5: 5-(chloromethyl)-1-(2,6-dichlorophenyl)-4-isopropyl-1H-1,2,3-triazole

[0409] To a mixture of (1-(2,6-dichlorophenyl)-4-isopropyl-1H-1,2,3-triazole-5-yl)methanol (60 mg, 0.2 mmol) in meth-
ylene chloride (10mL) were added carbon tetrachloride (2 mL) and triphenylphosphine (110 mg, 0.4 mmol), and the
mixture was stirred at room temperature overnight. The mixture was diluted with water (20 mL), and the resulting mixture
was extracted with ethyl acetate (30 mL 3 2). The combined organic layers were washed with 20 mL of saturated brine,
dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column
chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 20/1) to give the title compound as a
colorless oil (60 mg, 94 %).
MS (ESI, pos. ion) m/z: 304.0 [M+H]+.

Step 6: methyl 8-((1-(2,6-dichlorophenyl)-4-isopropyl-1H-1,2,3-triazol-5-yl)methoxy)

-5-oxo-10,11-dihydro-5H-dibenzo[a,d][7]annulene-3-carboxylate

[0410] Using methyl 8-hydroxy-5-oxo-10,11-dihydro-5H-dibenzo[a,d][7]annulene-3-carboxylate (150 mg, 0.53 mmol)
and 5-(chloromethyl)-1-(2,6-dichlorophenyl)-4-isopropyl-1H-1,2,3-triazole (200 mg, 0.65 mmol) as starting materials, the
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title compound was prepared according to the procedure described in step 9 of example 2 as a pale yellow oil (276 mg,
94 %).
MS (ESI, pos. ion) m/z: 550.3 [M+H]+.

Step 7: 8-((1-(2,6-dichlorophenyl)-4-isopropyl-1H-1,2,3-triazol-5-yl)methoxy)-5-oxo-10,11-dihydro-5H-diben-
zo[a,d][7]annulene-3-carboxylic acid

[0411] Using methyl 8-((1-(2,6-dichlorophenyl)-4-isopropyl-1H-1,2,3-triazol-5-yl)methoxy)-5-oxo-10,11-dihydro-
5H-dibenzo[a,d][7]annulene-3-carboxylate (260 mg, 0.47 mmol) as a starting material, the title compound was prepared
according to the procedure described in step 10 of example 2 as a pale yellow solid (230 mg, 91 %).
MS (ESI, pos. ion) m/z: 536.2 [M+H]+; and
1H NMR (400 MHz, DMSO-d6) δ11.69 (s, 1H), 8.42 (d, J = 1.6 Hz, 1H), 8.02 (dd, J = 7.9, 1.7 Hz, 1H), 7.93 (d, J = 9.1
Hz, 1H), 7.77 - 7.75 (m, 2H), 7.67 - 7.62 (m, 1H), 7.47 (d, J = 7.9 Hz, 1H), 6.83 - 6.81 (m, 2H), 5.16 (s, 2H), 3.32 - 3.26
(m, 1H), 3.18 - 3.09 (m, 4H), 1.34 (d, J = 6.9 Hz, 6H).

Example 28: 8-((4-cyclopropyl-1-(2,6-dichlorophenyl)-1H-1,2,3-triazol-5-yl)methoxy)-5-oxo-10,11-dihydro-
5H-dibenzo[a,d][7]annulene-3-carboxylic acid

[0412]

[0413] Using cyproterone acetylene as a starting material, the title compound was prepared according to the procedures
described in example 27 as a pale yellow solid (160 mg).
MS (ESI, pos. ion) m/z: 534.3 [M+H]+; and
1H NMR (400 MHz, CDCl3) δ 8.72 (s, 1H), 8.19 - 8.07 (m, 2H), 7.56 - 7.47 (m, 2H), 7.42 (dd, J = 9.2, 6.9 Hz, 1H), 7.35
(d, J = 8.0 Hz, 1H), 6.78 (dd, J = 8.8, 2.4 Hz, 1H), 6.64 (d, J = 2.1 Hz, 1H), 5.09 (s, 2H), 3.24 - 3.16 (m, 4H), 2.02 - 1.96
(m, 1H), 1.25 - 1.18 (m, 2H), 1.14 - 1.04 (m, 2H).

Example 29: 2-(2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrobenzo[6,7]oxepi-
no[3,2-b]pyridine-7-carboxamido)ethanesulfonic acid

[0414]

Step 1: 2-(2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrobenzo[6,7]oxepino[3,2-
b]pyridine-7-carboxamido)ethanesulfonic acid

[0415] To a mixture of 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy) -10,11-dihydrobenzo[6,7]oxepi-
no[3,2-b]pyridine-7-carboxylic acid (0.5 g, 1.0 mmol) and 2-(7-azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hex-
afluorophosphate (0.52 g, 1.4 mmol) in N,N- dimethylformamide (15 mL) were added sequentially taurine (0.2 g, 2.0
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mmol) and diisopropylethylamine (0.3 g, 0.4 mmol) in an ice bath, and the mxiture was warmed to room temperature
and stirred overnight. The mixture was concentrated under vacuum. The residue was purified by column chromatography
on silica gel eluted with (CH2Cl2 / MeOH (v/v) = 15/1) to give the title compound as a pale yellow solid (310 mg, 50 %).
MS (ESI, pos. ion) m/z: 629.7 [M+H]+; and
1H NMR (400 MHz, DMSO-d6) δ 8.51 (t, J = 5.2 Hz, 1H), 7.59 - 7.48 (m, 5H), 7.42 - 7.36 (m, 2H), 6.42 (d, J = 8.7 Hz,
1H), 5.14 (s, 2H), 3.68 - 3.56 (m, 2H), 3.56 - 3.46 (m, 2H), 3.14 (s, 1H), 3.13 - 3.10 (m, 2H), 2.99 - 2.91 (m, 2H), 2.55 -
2.52 (m, 1H), 1.19 - 1.16 (m, 2H), 1.14 - 1.09 (m, 2H).

Example 30: 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)benzo[6,7] oxepino[3,2-b]pyridine-
7-carboxylic acid

[0416]

Step 1: methyl 4-(2-(3-bromo-6-methoxypyridin-2-yl)vinyl)-3-hydroxybenzoate

[0417] Using methyl 4-(2-(3-bromo-6-methoxypyridin-2-yl)vinyl)-3-(methoxymethoxy)benzoate (450 mg, 1.1 mmol) as
a starting material, the title compound was prepared according to the procedure described in step 8 of example 3 as a
pale yellow solid (300 mg, 75 %).
MS (ESI, pos. ion) m/z: 365.1 [M+2]+.

Step 2: methyl 2-methoxybenzo[6,7]oxepino[3,2-b]pyridine-7-carboxylate

[0418] Under nitrogen, the complex of copper(II) trifluoromethanesulfonate and toluene (60 mg, 0.12 mmol), cesium
carbonate (540 mg, 1.66 mmol) and methyl 4-(2-(3-bromo-6-methoxypyridin-2-yl)vinyl)-3-hydroxybenzoate (400 mg, 1.1
mmol) were dissolved in pyridine (30 mL), and the mixture was warmed to reflux and stirred overnight. After being cooled
to room temperature, the mixture was diluted with water (50 mL), and extracted with ethyl acetate (100 mL 3 2). The
organic layers were combined, and the combined organic layers were washed with saturated brine (20 mL), dried over
anhydrous sodium sulfate, filtered, and concentrated under vacuum. The residue was purified by column chromatography
on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 2/1) to give the title compound as a yellow solid (96 mg,
31 %).
MS (ESI, pos. ion) m/z: 284.1 [M+H]+.

Step 3: methyl 2-oxo-1,2-dihydrobenzo[6,7]oxepino[3,2-b]pyridine-7-carboxylate

[0419] Using methyl 2-methoxybenzo[6,7]oxepino[3,2-b]pyridine-7-carboxylate (50 mg, 0.18 mmol) as a starting ma-
terial, the title compound was prepared according to the procedure described in step 10 of example 3 as a pale yellow
solid (31 mg, 55 %).
MS (ESI, pos. ion) m/z: 270.1 [M+H]+.

Step 4: methyl 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)benzo [6,7]oxepino[3,2-b]pyrid-
ine-7-carboxylate

[0420] Using methyl 2-oxo-1,2-dihydrobenzo[6,7]oxepino[3,2-b]pyridine-7-carboxylate (31 mg, 0.12 mmol) and
4-(chloromethyl)-5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazole (53 mg, 0.18 mmol) as astarting materials, the title com-
pound was prepared according to the procedure described in step 11 of example 3 as a pale yellow solid (42 mg, 66%).
MS (ESI, pos. ion) m/z: 535.1 [M+H]+.
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Step 5: 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)benzo [6,7]oxepino[3,2-b]pyridine-7-car-
boxylic acid

[0421] Using methyl methyl 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy) benzo[6,7]oxepino[3,2-
b]pyridine-7-carboxylate (42 mg, 0.08 mmol) as a starting material, the title compound was prepared according to the
procedure described in step 12 of example 3 as a pale yellow solid (32 mg, 80%).
MS (ESI, pos. ion) m/z: 521.3 [M+H]+; and
1H NMR (600 MHz, CDCl3) δ 7.92 - 7.83 (m, 2H), 7.38 (d, J = 8.7 Hz, 1H), 7.35 (d, J = 8.1 Hz, 2H), 7.30 (d, J = 8.1 Hz,
1H), 7.26 - 7.21 (m, 1H), 6.90 (d, J = 11.6 Hz, 1H), 6.76 (d, J = 11.6 Hz, 1H), 6.58 (d, J = 8.7 Hz, 1H), 5.17 (s, 2H), 2.36
- 2.29 (m, 1H), 1.18 - 1.11 (m, 2H), 0.95 - 0.84 (m, 2H).

Example 31: 3-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-6,7-dihydro-5H-benzo[7,8]oxoci-
no[3,2-b]pyridine-10-carboxylic acid

[0422]

Step 1: methyl 4-acetyl-3-hydroxybenzoate

[0423] To a solution of 4-bromo-2-hydroxyacetophenone (8.0 g, 37.2 mmol) in methanol (80 mL) were added [1,1’-
bis(diphenylphosphino)ferrocene]dichloropalladium(II) (0.6 g, 0.8 mmol) and triethylamine (7.6 g, 75 mmol) at room
temperature. The mixture was placed in an autoclave, and stirred at 100 °C for 24 h under carbon monoxide (4.0 MPa).
The mixture was cooled to room temperature, and concentrated under vacuum. The residue was purified by column
chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 10/1) to give the title compound as a
white solid (7.2 g, 100 %).
1H NMR (600 MHz, CDCl3) δ 12.17 (s, 1H), 7.82 (d, J = 8.3 Hz, 1H), 7.65 (d, J = 1.5 Hz, 1H), 7.56 (dd, J = 8.3, 1.5 Hz,
1H), 3.96 (s, 3H), 2.70 (s, 3H).

Step 2: methyl 4-(3-(3-bromo-6-methoxypyridin-2-yl)-3-hydroxypropanoyl)-3-hydroxybenzoate

[0424] To a mixture of methyl 4-acetyl-3-hydroxybenzoate (3.0 g, 15.5 mmol) and 3-bromo-6-methoxy-2-carbaldehyde
(3.3 g, 15.0 mmol) in methanol (90 mL) was added slowly a solution of sodium methoxide in methanol (6.3 mL, 32 mmol,
5 M) at room temperature, and the mxiture was stirred at room temperature overnight. The reaction mixture was quenched
with 500 mL of saturated ammonium chloride aqueous solution. The resulting solution was extracted with with ethyl
acetate (200 mL 3 2). The organic layers were combined. The combined organic layers were washed with 50 mL of
saturated brine, dried over anhydrous sodium sulfate, filtered, and concentrated under vacuum. The residue was purified
by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 10/1) to give the title compound
as a yellow solid (1.6 g, 25 %).

Step 3: methyl 4-(3-(3-bromo-6-methoxypyridin-2-yl)acryloyl)-3-hydroxybenzoate

[0425] To a solution of methyl 4-(3-(3-bromo-6-methoxypyridin-2-yl)-3-hydroxypropanoyl)-3-hydroxybenzoate (1.6 g,
3.9 mmol) in dichloromethane (40 mL) were added sequentially 4-dimethylaminopyridine (24 mg, 0.2 mmol), triethylamine
(510 mg, 5.1 mmol) and trifluoroacetic anhydride (1.1 g, 5.1 mmol) under an ice bath. The mixture was stirred for 3 h
under an ice bath, and then warmed to room temperature and stirred overnight. The organic layers were combined. The
combined organic layers were washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate, filtered, and
concentrated under vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum
ether / ethyl acetate (v/v) = 10/1) to give the title compound as a yellow solid (1.5 g, 98 %).
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Step 4: methyl 4-(3-(3-bromo-6-methoxypyridin-2-yl)propanoyl)-3-hydroxybenzoate

[0426] Methyl 4-(3-(3-bromo-6-methoxypyridin-2-yl)acryloyl)-3-hydroxybenzoate (4.0 g, 10.2 mmol), sodium acetate
(4.2 g, 51 mmol) and p-toluenesulfonyl hydrazide (9.5 g, 51 mmol) were dissolved in a mixture of tetrahydrofuran (80
mL) and water (40 mL), and the reaction mixture was warmed to reflux and stirred for 2 h.The reaction mixture was
cooled to room temperature, and diluted with water (100 mL). The resulting mixture was extracted with ethyl acetate
(150 mL 3 2). The organic layers were combined. The combined organic layers were washed with 20 mL of saturated
brine, dried over anhydrous sodium sulfate, filtered, and concentrated under vacuum. The residue was purified by column
chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 20/1) to give the title compound as a
pale yellow oil (1.8 g, 45%).

Step 5: methyl 4-(3-(3-bromo-6-methoxypyridin-2-yl)propyl)-3-hydroxybenzoate

[0427] To a solution of methyl 4-(3-(3-bromo-6-methoxypyridin-2-yl)propanoyl)-3-hydroxybenzoate (1.8 g, 4.6 mmol)
in trifluoroacetic acid (6 mL) was added triethylsilane (2.6 g, 23 mmol) at room temperature, and the reaction mixture
was stirred at room temperature for 2 days. The reaction mixture was quenched with 50 mL of saturated sodium bicar-
bonate aqueous solution, and extracted with ethyl acetate (100 mL 3 2). The organic layers were washed with 20 mL
of saturated brine, dried over anhydrous sodium sulfate, filtered, and concentrated under vacuum. The residue was
purified by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 30/1) to give the title
compound as a yellow solid (1.3 g, 75 %).

Step 6: methyl 3-methoxy-6,7-dihydro-5H-benzo[7,8]oxocino[3,2-b]pyridine-10-carboxylate

[0428] Using methyl 4-(3-(3-bromo-6-methoxypyridin-2-yl)propyl)-3-hydroxybenzoate (600 mg, 0.6 mmol) as a starting
material, the title compound was prepared according to the procedure described in step 6 of example 4 as a yellow solid
(15 mg, 3 %).
MS (ESI, pos. ion) m/z: 300.0 [M+H]+.

Step 7: methyl 3-oxo-4,5,6,7-tetrahydro-3H-benzo[7,8]oxocino[3,2-b]pyridine-10-carboxylate

[0429] Using methyl 3-methoxy-6,7-dihydro-5H-benzo[7,8]oxocino[3,2-b]pyridine-10-carboxylate (45 mg, 0.15 mmol)
as a starting material, the title compound was prepared according to the procedure described in step 7 of example 4 as
a yellow solid (34 mg, 79 %).

Step 8: methyl 3-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-6,7-dihydro-5H-benzo[7,8]oxoc-
ino[3,2-b]pyridine-10-carboxylate

[0430] Using methyl 3-oxo-4,5,6,7-tetrahydro-3H-benzo[7,8]oxocino[3,2-b]pyridine-10-carboxylate (50 mg, 0.18
mmol) and 4-(chloromethyl)-5-cyclopropyl-3-(2,6-dichlorophenyl) isoxazole (50 mg, 0.17 mmol) as starting materials,
the title compound was prepared according to the procedure described in step 8 of example 4 as a colorless oil (34 mg,
52 %).
MS (ESI, pos. ion) m/z: 551.2 [M+H]+.

Step 9: 3-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-6,7-dihydro -5H-benzo[7,8]oxocino[3,2-
b]pyridine-10-carboxylic acid

[0431] Using methyl 3-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-6,7-dihydro-5H-benzo[7,8]oxoc-
ino[3,2-b]pyridine-10-carboxylate (34 mg, 0.06 mmol) as a starting material, the title compound was prepared according
to the procedure described in step 9 of example 4 as a white solid (13 mg, 39 %).
MS (ESI, pos. ion) m/z: 537.2 [M+H]+; and
1H NMR (400 MHz, CDCl3) δ 7.89 (s, 1H), 7.83 - 7.76 (m, 1H), 7.75 - 7.53 (m, 1H), 7.46 - 7.34 (m, 3H), 7.23 - 7.17 (m,
1H), 6.44 (d, J = 8.6 Hz, 1H), 5.16 (s, 2H), 2.89 - 2.79 (m, 4H), 2.98 - 2.73 (m, 4H), 2.39 - 2.30 (m, 1H), 1.97 - 1.84 (m,
2H), 1.19 - 1.10 (m, 2H), 0.93 - 0.82 (m, 2H).

Example 32: 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-7-(methylsulfonyl)-10,11-dihyd-
robenzo[6,7]oxepino[3,2-b]pyridine

[0432]
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Step 1: 3-bromo-2-(bromomethyl)-6-methoxypyridine

[0433] To a solution of (3-bromo-6-methoxypyridin-2-yl)methanol (2.4 g, 11 mmol) (See the synthetic method described
in Organic and Biomolecular Chemistry, 2003, (1)16, 2865-2876) in dichloromethane (150 mL) were added sequentially
triphenylphosphine (3.3 g, 12.7 mmol) and N-bromosuccinimide (1.78 g, 12.6 mmol) under an ice bath, and the mixture
was stirred for 3 h under the ice bath. The reaction mixture was quenched with 50 mL of saturated sodium bicarbonate
aqueous solution, and the resulting solution was extracted with dichloromethane (150 mL 3 2). The organic layers were
combined, and the combined organic layers were washed with 20 mL of saturated brine, dried over anhydrous sodium
sulfate, filtered, and concentrated under vacuum. The residue was purified by column chromatography on silica gel
eluted with (petroleum ether / ethyl acetate (v/v) = 30/1) to give the title compound as a colorless oil (2.8 g, 91 %).

Step 2: diethyl ((3-bromo-6-methoxypyridin-2-yl)methyl)phosphonate

[0434] Using 3-bromo-2-(bromomethyl)-6-methoxypyridine (2.8 g, 10 mmol) as a starting material, the title compound
was prepared according to the procedure described in step 3 of example 3 as a yellow oil (3.4 g, 100 %).

Step 3: 4-bromo-2-(methoxymethoxy)benzaldehyde

[0435] Using 4-bromosalicylaldehyde (5.0 g, 25 mmol) as a starting material, the title compound was prepared ac-
cording to the procedure described in step 5 of example 3 as a white solid (6.0 g, 98 %).

Step 4: 3-bromo-2-(4-bromo-2-(methoxymethoxy)styryl)-6-methoxypyridine

[0436] Using diethyl ((3-bromo-6-methoxypyridin-2-yl)methyl)phosphonate (3.4 g, 10 mmol) and 4-bromo-2-(meth-
oxymethoxy)benzaldehyde (3.0 g, 12 mmol) as starting materials, the title compound was prepared according to the
procedure described in step 6 of example 3 as a yellow oil (3.8 g, 88 %).
1H NMR (400 MHz, CDCl3) δ 8.05 (d, J = 15.7 Hz, 1H), 7.69 (d, J = 8.6 Hz, 1H), 7.60 (d, J = 15.7 Hz, 1H), 7.53 (d, J =
8.3 Hz, 1H), 7.34 (s, 1H), 7.20 (d, J = 8.3 Hz, 1H), 6.55 (d, J = 8.6 Hz, 1H), 5.29 (s, 2H), 4.02 (s, 3H), 3.56 (s, 3H).

Step 5: 3-bromo-2-(4-bromo-2-(methoxymethoxy)phenethyl)-6-methoxypyridine

[0437] Using 3-bromo-2-(4-bromo-2-(methoxymethoxy)styryl)-6-methoxypyridine (3.8 g, 8.9 mmol) as a starting ma-
terial, the title compound was prepared according to the procedure described in step 7 of example 3 as a white solid
(3.0 g, 79 %).

Step 6: 5-bromo-2-(2-(3-bromo-6-methoxypyridin-2-yl)ethyl)phenol

[0438] Using 3-bromo-2-(4-bromo-2-(methoxymethoxy)phenethyl)-6-methoxypyridine (3.0 g, 7.0 mmol) as a starting
material, the title compound was prepared according to the procedure described in step 8 of example 3 as a white solid
(2.5 g, 93 %).
1H NMR (400 MHz, CDCl3) δ 8.47 (s, 1H), 7.73 (d, J = 8.7 Hz, 1H), 7.05 (d, J = 1.7 Hz, 1H), 7.02 (s, 1H), 6.99 (d, J =
1.7 Hz, 1H), 6.56 (d, J = 8.7 Hz, 1H), 3.99 (s, 3H), 3.21 (t, J = 6.4 Hz, 2H), 3.06 (t, J = 6.5 Hz, 2H).

Step 7: 7-bromo-2-methoxy-10,11-dihydrobenzo[6,7]oxepino[3,2-b]pyridine

[0439] Using 5-bromo-2-(2-(3-bromo-6-methoxypyridin-2-yl)ethyl)phenol (200 mg, 0.5 mmol) as a starting material,
the title compound was prepared according to the procedure described in step 8 of example 3 as a yellow solid (80 mg,
50 %).
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Step 8: 2-methoxy-7-(methylsulfonyl)-10,11-dihydrobenzo[6,7]oxepino[3,2-b]pyridine

[0440] Under nitrogen, 7-bromo-2-methoxy-10,11-dihydrobenzo[6,7]oxepino[3,2-b]pyridine (100 mg, 0.3 mmol), io-
dide copper (6 mg, 0.03 mmol), L-proline, sodium (9 mg, 0.07 mmol) and sodium methylsulfinyl (40 mg, 0.4 mmol) were
dissolved in dimethyl sulfoxide (10 mL), and the mixture was warmed to 95 °C and stirred for 36 h. The reaction mixture
was cooled to room temperature, diluted with water (30 mL), and extracted with ethyl acetate (40 mL 3 2). The organic
layers were combined. The combined organic layers were washed with 20 mL of saturated brine, dried over anhydrous
sodium sulfate, filtered, and concentrated under vacuum. The residue was purified by column chromatography on silica
gel eluted with (petroleum ether / ethyl acetate (v/v) = 5/1) to give the title compound as a yellow solid (30 mg, 30 %).
MS (ESI, pos. ion) m/z: 306.1 [M+H]+.

Step 9: 7-(methylsulfonyl)-10,11-dihydrobenzo[6,7]oxepino[3,2-b]pyridin-2(1H)-one

[0441] Using 2-methoxy-7-(methylsulfonyl)-10,11-dihydrobenzo[6,7]oxepino[3,2-b]pyridine (200 mg, 0.7 mmol) as a
starting material, the title compound was prepared according to the procedure described in step 10 of example 3 as a
yellow solid (190 mg, 100 %).
MS (ESI, pos. ion) m/z: 392.0 [M+H]+.

Step 10: 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-7-(methylsulfonyl)-10,11-dihydroben-
zo[6,7]oxepino[3,2-b]pyridine

[0442] Using 7-(methylsulfonyl)-10,11-dihydrobenzo[6,7]oxepino[3,2-b]pyridin-2(1H)-one (190 mg, 0.65 mmol) and
4-(chloromethyl)-5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazole (240 mg, 0.8 mmol) as starting materials, the title com-
pound was prepared according to the procedure described in step 11 of example 3 as a yellow solid (200 mg, 60 %).
MS (ESI, pos. ion) m/z: 557.0 [M+H]+; and
1H NMR (400 MHz, CDCl3) δ 7.75 - 7.70 (m, 1H), 7.69 - 7.63 (m, 1H), 7.45 - 7.40 (m, 1H), 7.39 - 7.34 (m, 3H), 7.31 -
7.29 (m, 1H), 6.44 (d, J = 8.7 Hz, 1H), 5.13 (s, 2H), 3.27 - 3.20 (m, 2H), 3.16 - 3.09 (m, 2H), 3.06 (s, 3H), 2.38 - 2.29
(m, 1H), 1.29 - 1.27 (m, 2H), 1.19 - 1.11 (m, 2H).

Example 33: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11 -dihydrooxepino[3,2-b:7,6-
c’]dipyridine-3-carboxylic acid

[0443]

Step 1: methyl 5-bromo-6-iodonicotinate

[0444] To a mixture of methyl 5-bromo-6-chloronicotinate (8.0 g, 32 mmol) in acetonitrile (120 mL) were added se-
quentially sodium iodide (14 g, 93 mmol) and trimethylsilyl iodide (7.0 g, 35 mmol) at room temperature, and the mxiture
was stirred at room temperature overnight. The organic layers were combined, and the combined organic layers were
washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate, filtered, and concentrated under vacuum.
The residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) =
20/1) to give the title compound as a white solid (8.1 g, 74 %).

Step 2: dimethyl 3-bromopyridine-2,5-dicarboxylate

[0445] To a mixture of methyl 5-bromo-6-iodonicotinate (5.0 g, 14.6 mmol) in a mixture of acetonitrile (60 mL) and
methanol (20 mL) were added trans-dichlorobis(triphenyl-phosphine)Palladium(II) (0.3 g, 0.44 mmol) and triethylamine
(2.2 g, 21 mmol). The mixture was placed in an autoclave and stirred at 50°C for 5 h under carbon monoxide (4.0 MPa).
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The reaction mixture was cooled to room temperature, and concentrated under vacuum. The residue was purified by
column chromatography on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 10/1) to give the title compound
as a yellow solid (3.3 g, 82 %).
MS (ESI, pos. ion) m/z: 273.9 [M+H]+; and
1H NMR (400 MHz, CDCl3) δ 9.16 (s, 1H), 8.60 (s, 1H), 4.05 (s, 3H), 4.01 (s, 3H).

Step 3: methyl 5-bromo-6-(hydroxymethyl)nicotinate

[0446] To a mixture of dimethyl 3-bromopyridine-2,5-dicarboxylate (3.3 g, 12 mmol) in a mixture tetrahydrofuran (25
mL) and methanol (50 mL) were added sequentially calcium chloride (5.4 g, 48 mmol) and sodium borohydride (1.1 g,
71 mmol) under an ice bath, and the mixture was stirred for 2 h under the ice bath. The reaction mixture was quenched
with 50 mL of water. The resulting solution was extracted with ethyl acetate (100 mL 3 2). The organic layers were
combined, and the combined organic layers were washed with 20 mL of saturated brine, dried over anhydrous sodium
sulfate, filtered, and concentrated under vacuum. The residue was purified by column chromatography on silica gel
eluted with (petroleum ether / ethyl acetate (v/v) = 10/1) to give the title compound as a white solid (1.0 g, 34 %).
1H NMR (400 MHz, CDCl3) δ 9.13 (s, 1H), 8.48 (s, 1H), 4.83 (d, J = 4.6 Hz, 2H), 4.00 (s, 3H).

Step 4: methyl 5-bromo-6-(bromomethyl)nicotinate

[0447] To a mixture of methyl 5-bromo-6-(hydroxymethyl)nicotinate (3.3 g, 12 mmol) in dichloromethane (150 mL)
were added sequentially triphenylphosphine (1.2 g, 4.6 mmol) and N-bromosuccinimide (0.7 g, 3.8 mmol) under an ice
bath, and the mixture was stirred for 3 h under the ice bath. The reaction mixture was quenched with 20 mL of saturated
sodium bicarbonate aqueous solution. The resulting solution was extracted with dichloromethane (150 mL 3 2). The
organic layers were combined, and the combined organic layers were washed with 20 mL of saturated brine, dried over
anhydrous sodium sulfate, filtered, and concentrated under vacuum. The residue was purified by column chromatography
on silica gel eluted with (petroleum ether / ethyl acetate (v/v) = 30/1) to give the title compound as a white solid (900
mg, 70 %).

Step 5: methyl 5-bromo-6-((diethoxyphosphoryl)methyl)nicotinate

[0448] A solution of methyl 5-bromo-6-(bromomethyl)nicotinate (0.9 g, 3 mmol) in triethyl phosphite (35 mL) was heated
to 130 °C and stirred for 2.5 h. The reaction solution was cooled to room temperature, and triethyl phosphite was removed
by evaporation under vacuum to give the title compound as a yellow oil (1.0 g, 90 %).

Step 6: methyl 5-bromo-6-(2-(2-methoxy-5-(methoxymethoxy)pyridin-4-yl)vinyl) nicotinate

[0449] Using methyl 5-bromo-6-((diethoxyphosphoryl)methyl)nicotinate (1.0 g, 2.7 mmol) and 2-methoxy-5-(meth-
oxymethoxy)pyridine-4-carbaldehyde (0.64 g, 3.2 mmol) as starting materials, the title compound was prepared according
to the procedure described in step 3 of example 4 as a yellow solid (800 mg, 70 %).
1H NMR (400 MHz, CDCl3) δ 9.17 - 9.11 (m, 1H), 8.51 - 8.46 (m, 1H), 8.14 (d, J = 15.8 Hz, 1H), 8.10 (s, 1H), 7.86 (d, J
= 15.8 Hz, 1H), 7.02 (s, 1H), 5.24 (s, 2H), 3.99 (s, 3H), 3.95 (s, 3H), 3.56 (s, 3H).

Step 7: methyl 5-bromo-6-(2-(2-methoxy-5-(methoxymethoxy)pyridin-4-yl)ethyl) nicotinate

[0450] Using methyl 5-bromo-6-(2-(2-methoxy-5-(methoxymethoxy)pyridin-4-yl)vinyl)nicotinate (0.8 g, 2.0 mmol) as
a starting material, the title compound was prepared according to the procedure described in step 4 of example 4 as a
yellow solid (600 mg, 70%).

Step 8: methyl 5-bromo-6-(2-(5-hydroxy-2-methoxypyridin-4-yl)ethyl)nicotinate

[0451] Using methyl 5-bromo-6-(2-(2-methoxy-5-(methoxymethoxy)pyridin-4-yl)ethyl)nicotinate (0.6 g, 1.4 mmol) as
a starting material, the title compound was prepared according to the procedure described in step 5 of example 4 as a
yellow solid (460 mg, 90 %).

Step 9: methyl 8-methoxy-10,11-dihydrooxepino[3,2-b:7,6-c’]dipyridine-3-carboxylate

[0452] Using methyl 5-bromo-6-(2-(5-hydroxy-2-methoxypyridin-4-yl)ethyl)nicotinate (50 mg, 0.13 mmol) as a starting
material, the title compound was prepared according to the procedure described in step 6 of example 4 as a yellow solid
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(20 mg, 50 %).
MS (ESI, pos. ion) m/z: 287.0 [M+H]+.

Step 10: methyl 8-oxo-7,8,10,11-tetrahydrooxepino[3,2-b:7,6-c’]dipyridine-3-carboxylate

[0453] Using methyl 8-methoxy-10,11-dihydrooxepino[3,2-b:7,6-c’]dipyridine-3-carboxylate (130 mg, 0.45 mmol) as
a starting material, the title compound was prepared according to the procedure described in step 7 of example 4 as a
yellow solid (120 mg, 97 %).
MS (ESI, pos. ion) m/z: 273.0 [M+H]+.

Step 11: methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrooxepino[3,2-
b:7,6-c’]dipyridine-3-carboxylate

[0454] Using methyl 8-oxo-7,8,10,11-tetrahydrooxepino[3,2-b:7,6-c’]dipyridine-3-carboxylate (120 mg, 0.44 mmol)
and 4-(chloromethyl)-5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazole (160 mg, 0.53 mmol) as starting materials, the title
compound was prepared according to the procedure described in step 8 of example 4 as a yellow oil (40 mg, 20 %).
MS (ESI, pos. ion) m/z: 538.0 [M+H]+.

Step 12: 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11-dihydrooxepino[3,2-b:7,6-
c’]dipyridine-3-carboxylic acid

[0455] Using methyl 8-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-10,11 -dihydrooxepino[3,2-b:7,6-
c’]dipyridine-3-carboxylate (40 mg, 0.07 mmol) as a starting material, the title compound was prepared according to the
procedure described in step 9 of example 4 as a white solid (10 mg, 26 %).
MS (ESI, pos. ion) m/z: 524.0 [M+H]+; and
1H NMR (400 MHz, CDCl3) δ 8.95 (s, 1H), 8.13 (s, 1H), 7.94 (s, 1H), 7.45 - 7.36 (m, 2H), 7.34 - 7.29 (m, 1H), 6.48 (s,
1H), 5.13 (s, 2H), 3.46 - 3.33 (m, 2H), 3.25 - 3.08 (m, 2H), 2.36 - 2.29 (m, 1H), 1.20 - 1.12 (m, 2H), 0.96 - 0.88 (m, 2H).

Example 34: methyl 3-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy) -1a,10b-dihydro-1H-ben-
zo[6,7]cyclopropa[4,5]oxepino[3,2-b]pyridine-8-carboxylate

[0456]

Step 1: methyl 3-methoxy-1a,10b-dihydro-1-benzo[6,7]cyclopropa[4,5]oxepino[3,2-b] pyridine-8-carboxylate

[0457] Under nitrogen, trimethyl iodide sulfoxide (1.77 g, 8.0 mmol) was dissolved in dimethyl sulfoxide (12 mL),
sodium hydride (300 mg, 2.8 mmol) was added slowly at room temperature, and the mixture was stirred at room tem-
perature for 30 min. To the mixture was added a solution of methyl 2-methoxybenzo[6,7]oxepino[3,2-b]pyridine-7-car-
boxylate (450 mg, 1.5 mmol) in dimethyl sulfoxide (2 mL), and the mxiture was warmed to 80 °C and stirred overnight.
After being cooled to room temperature, the mixture was quenched with saturated ammonium chloride aqueous solution
(50 mL), and extracted with ethyl acetate (100 mL 3 2). The organic layers were combined, and the combined organic
layers were washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate, filtered, and concentrated under
vacuum. The residue was purified by column chromatography on silica gel eluted with (petroleum ether / ethyl acetate
(v/v) = 10/1) to give the title compound as a pale yellow solid (45 mg, 9.5 %).
MS (ESI, pos. ion) m/z: 298.1 [M+H]+.
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Step 2: methyl 3-oxo-1a,2,3,10b-tetrahydro-1H-benzo[6,7]cyclopropa[4,5]oxepino [3,2-b]pyridine-8-carboxylate

[0458] Using methyl 3-methoxy-1a,10b-dihydro-1H-benzo[6,7]cyclopropa[4,5]oxepino [3,2-b]pyridine-8-carboxylate
(45 mg, 0.15 mmol) as a starting material, the title compound was prepared according to the procedure described in
step 10 of example 3 as a pale yellow solid (36 mg, 85 %).
MS (ESI, pos. ion) m/z: 284.0 [M+H]+.

Step 3: methyl 3-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy) -1a,10b-dihydro-1H-ben-
zo[6,7]cyclopropa[4,5]oxepino[3,2-b]pyridine-8-carboxylate

[0459] Using methyl 3-oxo-1a,2,3,10b-tetrahydro-1H-benzo[6,7]cyclopropa[4,5]oxepino [3,2-b]pyridine-8-carboxylate
(36 mg, 0.13 mmol) and 4-(chloromethyl)-5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazole (53 mg, 0.18 mmol) as starting
materials, the title compound was prepared according to the procedure described in step 11 of example 3 as a pale
yellow solid (42 mg, 60 %).
MS (ESI, pos. ion) m/z: 549.0 [M+H]+.

Example 35: 7-carboxy-2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy) -10,11-dihydroben-
zo[6,7]oxepino[3,2-b]pyridine-1-oxide

[0460]

Step 1: 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy) -7-(methoxycarbonyl)-10,11-dihyd-
robenzo[6,7]oxepino[3,2-b]pyridine-1-oxide

[0461] To a solution of methyl 2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy) -10,11-dihydroben-
zo[6,7]oxepino[3,2-b]pyridine-7-carboxylate (190 mg, 0.35 mmol) in chloroform (10 mL) was added m-chloroperbenzoic
acid (130 mg, 0.7 mmol) in portions at room temperature, and the mixture was stirred for 6 h at room temperature, then
heated to 60 °C and stirred for 10 h. The mixture was quenched with saturated sodium bicarbonate aqueous solution
(50 mL), and extracted with dichloromethane (150 mL 3 2). The organic layers were combined, and the combined
organic layers were washed with 20 mL of saturated brine, dried over anhydrous sodium sulfate, filtered, and concentrated
under vacuum. The residue was purified by column chromatography on silica gel eluted with (dichloromethane / ethyl
acetate (v/v) = 5/1) to give the title compound as a white solid (40 mg, 20 %).
MS (ESI, pos. ion) m/z: 553.1 [M+H]+.

Step 2: 7-carboxy-2-((5-cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy) -10,11-dihydrobenzo[6,7]ox-
epino[3,2-b]pyridine-1-oxide

[0462] 2-((5-Cyclopropyl-3-(2,6-dichlorophenyl)isoxazol-4-yl)methoxy)-7-(methoxycarbonyl)-10, 11-dihydroben-
zo[6,7]oxepino[3,2-b]pyridine-1-oxide (40 mg, 0.07 mmol) was dissolved in a mixed solvent of tetrahydrofuran (5 mL)
and water (5 mL), and sodium hydroxide (17 mg, 0.42 mmol) was added. The reaction mixture was stirred at room
temperature overnight. Most of the solvent was removed under vacuum. The residue was diluted with water (10 mL),
and adjusted to acidity with 1 M hydrochloric acid (2 mL). The resulting mixture was extracted with ethyl acetate (20 mL
3 2). The organic layers were combined, and the combined organic layers were washed with 10 mL of saturated brine,
dried over anhydrous sodium sulfate, filtered, and concentrated under vacuum. The residue was purified by column
chromatography on silica gel eluted with (dichloromethane / methanol (v/v) = 10/1) to give the title compound as a white
solid (20 mg, 53 %).
MS (ESI, pos. ion) m/z: 539.1 [M+H]+; and
1H NMR (400 MHz, CDC13) δ 7.89 (d, J = 7.8 Hz, 1H), 7.84 (s, 1H), 7.42 - 7.34 (m, 3H), 7.34 - 7.29 (m, 1H), 7.12 (d, J
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= 9.0 Hz, 1H), 6.64 (d, J = 9.0 Hz, 1H), 5.29 (s, 2H), 3.28 - 3.23 (m, 4H), 2.31 - 2.23 (m, 1H), 1.23 - 1.17 (m, 2H), 1.06
- 0.98 (m, 2H).

Example 36: TR-FRET farnesoid X receptor coactivator assay

1. Test method

[0463] Purchasing invitrogen PV4833 kits.

First, the required amount of the compound was weighed and dissolved in 100% DMSO at the maximum concentration
of 3000 mM. The solution at the maximum concentration was diluted by 3-fold serial dilution in DMSO to get 10
concentrations;

Second, the above prepared solutions of different concentrations were diluted to 100-fold with a buffer supplied with
the kit, followed by mixing and then 10 mL of the diluted solution was added to a 384 well plate;

Third, nuclear receptor FXR recombinant protein was diluted with a buffer to give a concentration of 4x, and 5 mL
of the diluent was added to the 384 well plate of second step;

Fourth, Fluorescein-SRC2-2 and Tb anti-GST antibody were diluted with a buffer to give a concentration of 4x
respectively. Then two reagents were mixed together, and 10 mL of the mixture was added to the 384 well plate of
third step;

Finally, the solution of the 384 well above was mixed uniformly by centrifuging, and then incubated at room temper-
ature for 1 h. Then the TR-FRET Endpoint was used for measuring the solution at wavelengths of 520 nm, 495 nm
and 337 nm. EC50 values were calculated according to the measured value of ER = 520 nm / 495 nm.

2. Test results: see Table 2

[0464]

3. Conclusion:

[0465] EC50 values in Table 2 indicated that the compounds of the present invention showed good activity, and played
a good role in the regulation of farnesoid X receptor protein.

Example 37: Pharmacokinetics test

1. Test method

[0466] Experimental animals: six healthy adult male SD rats (purchased from Hunan Slack King of Laboratory Animal

Table 2 Test results of TR-FRET farnesoid X receptor protein coactivator activity

Compound No EC50 (nM) Compound No. EC50 (nM)

Example 1 18 Example 15 35

Example 2 4 Example 17 23

Example 3 37 Example 19 6

Example 4 46 Example 27 12

Example 5 6 Example 29 11

Example 6 55 Example 30 27

Example 7 15 Example 31 56

Example 9 38 Example 32 54

Example 11 56 Example 33 18
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Co. Ltd.) were divided into two groups, three rats in each group, and the two grops were given intravenous injection and
oral administration respectively.
[0467] Drug preparation: a quantity of a compound of the present invention was weighed, and 5% DMSO, 10% Kolliphor
HS15 and 85% saline (0.9%) were added to give target concentrations of the compound solution.
[0468] Administration and sample collection: animals were fasting for 12 h until administered, eating 3 h after the
administration. Hind legs of SD rats of one group were given intravenous injection (IV, 1 mg/kg) and SD rats of the other
group were given oral administration (PO, 5 mg/kg) respectively. Then blood was collected in the rat tail vein at the time
point 0, 0.083, 0.25, 0.5, 1, 2, 4, 6, 8, 24 h respectively, and the blood volume was about 200-400mL / time points. After
the collection of whole blood at each time point, the colleted blood was set in K2EDTA anticoagulant tube, and the tube
was placed in the incubator with ice packs. All samples were centrifuged for 5 min at 4°C at 4600 r/min within 15 min.
Plasma was separated and colleted. The concentrations of different compounds in the plasma of the rats after admin-
stration were measured using LC / MS / MS method, and the pharmacokinetic parameters were calculated according
to the curve of the drug concentration-time.
[0469] Pharmacokinetic properties of the compounds of the present invention were tested by the experiment above,
and the pharmacokinetic parameters were shown in Table 3.

2. Test results
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[0471] Conclusions: Table 3 indicated that blood concentration and exposure levels of the rats were high after oral
administration of the compounds of the present invention, clear rate of the compound was low, and bioavailability of the
compound was high. So the compounds of the present invention had good pharmacokinetic characteristics

Claims

1. A compound having Formula (I) or a stereoisomer, a geometric isomer, a tautomer, an N-oxide, a hydrate, a solvate,
or a pharmaceutically acceptable salt thereof,

wherein:

X is N, or CH;

of Formula (I) is:

L is a bond, or -(CR3R4)f-;
R is
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wherein each moiety represented by R is independently and optionally substituted with one, two, three, four or
five R8;
each of T1, T2, T3, T4, T5, T6 and T7 is independently CH, (⊕N-o) or N;
Y1 is -O-, -S(=O)t, -NR5-, -(CR6R7)y- or -C(=O)-;
each of Y2 and Y3 is independently -O-, -S(=O)t-, -NR5-, -CR6R7-, -(CR6R7)y- or -C(=O)-, or Y2 is connected
with Y3 to form -CR6=CR7-;
wherein CR6R7 of -(CR6R7)y- is independently and optionally replaced with -O-, -S(=O)t- or -NR5-;
y is 1, 2, or 3;
each R5 is independently H, deuterium, C1-6 alkyl, C1-6 aminoalkyl, C1-6 haloalkyl, C3-6 cycloalkyl, C2-9 hetero-
cyclyl, C6-10 aryl, halo-substituted C6-10 aryl or C6-10 aryl-C1-6-alkyl; and
each of R6 and R7 is independently H, deuterium, F, Cl, Br, I, cyano, hydroxy, C1-6 hydroxyalkyl, C1-6 alkyl, C1-6
alkylamino, C1-6 aminoalkyl, C2-6 alkenyl, C2-6 alkynyl, C3-6 cycloalkyl, C1-6 haloalkyl, C6-10 aryl, halo-substituted
C6-10 aryl or C6-10 aryl-C1-6-alkyl; or R6 and R7, together with the C atom to which they are attached, independently
and optionally form C3-6 cycloalkyl or C2-9 heterocyclyl;
each R1 is independently H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, C1-6 alkyl, C1-6 haloalkyl, C1-6
haloalkoxy, C1-6 alkylamino, or C1-6 alkoxy;
R2 is H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, C1-6 alkyl, C1-6 haloalkyl, C1-6 haloalkoxy, C1-6
alkoxy-C1-6-alkyl, C3-6 cycloalkyl, C1-6 hydroxyalkyl, C2-9 heterocyclyl, C1-6 alkylamino or C1-6 alkoxy;
each of R3 and R4 is independently H, deuterium, C1-4 alkyl, F, Cl, Br, I or C1-4 haloalkyl;
each R8 is independently H, deuterium, F, Cl, Br, I, hydroxy, nitro, amino, C1-6 aminoalkyl, C1-6 alkylamino, C1-6
alkyl, C1-4 hydroxyalkyl, C1-6 alkoxy, C1-6 haloalkyl, C1-6 haloalkoxy, C2-6 alkenyl, -L1-C(=O)OR15, -L1-S(=O)tR16,
-O-L2-C(=O)OR15, -O-L2-S(=O)tR16, -C(=O)NR17R18, -C(=O)N(R17)S(=O)2R16, -C(=NR17)NR17R18,
-C(=O)N(R17)-L3-S(=O)2OR15, -C(=O)N(R17)C(=O)OR15, -C(=O)N(R17)-L3-C(=O)OR15, or cyano; or two R8,
together with the same C atom to which they are attached, independently and optionally form C3-6 cycloalkyl
or C2-9 heterocyclyl; or two R8, together with the adjacent C atoms to which they are attached, independently
and optionally form C3-6 cycloalkyl, C2-9 heterocyclyl, C6-10 aryl or C1-9 heteroaryl; wherein R8 is independently
and optionally substituted with one or more R19;
each R15 is independently H, deuterium, C1-6 alkyl, C1-6 aminoalkyl, or C1-6 haloalkyl;
each R16 is independently H, deuterium, hydroxy, amino, C1-6 alkyl, C1-6 aminoalkyl, C1-6 haloalkyl, or -NR17R18;
each of R17 and R18 is independently H, deuterium, C1-6 alkyl, C1-6 aminoalkyl, or C1-6 haloalkyl;
each L1 is independently a bond, or C1-6 alkylene;
each L2 is independently C1-6 alkylene;
each L3 is independently a bond or C1-4 alkylene;
n is 0, 1, 2, 3 or 4;
each f is independently 0, or 1;
each t is independently 0, 1, or 2;
wherein each of said hydroxy, amino, C1-6 alkyl, C1-4 hydroxyalkyl, C1-6 aminoalkyl, C2-6 alkenyl, C2-6 alkynyl,
C3-6 cycloalkyl, C1-6 haloalkyl, C1-6 alkylamino, C1-6 alkoxy, or C1-6 haloalkoxy of R8, R15, R16, R17 and R18 is
independently and optionally substituted with one or more R9; and
each of R9 and R19 is independently H, deuterium, F, Cl, Br, I, cyano, oxo (=O), hydroxy, C1-6 alkyl, C1-6
alkylamino, amino, C1-6 alkoxy or C1-6 haloalkyl.

2. The compound of claim 1, wherein

each R1 is independently H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, C1-3 alkyl, C1-3 haloalkyl, C1-3
haloalkoxy, C1-3 alkylamino, or C1-3 alkoxy;
R2 is H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, C1-3 alkyl, C1-3 haloalkyl, C1-3 haloalkoxy, C1-3
alkoxy-C1-3-alkyl, C3-6 cycloalkyl, C1-3 hydroxyalkyl, C2-9 heterocyclyl, C1-3 alkylamino or C1-3 alkoxy.

3. The compound of claim 1 having Formula (II) or Formula (V) or a stereoisomer, a geometric isomer, a tautomer, an
N-oxide, a hydrate, a solvate, a metabolite, a pharmaceutically acceptable salt or a prodrug thereof,
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4. The compound of any one of claims 1-3, wherein

each R5 is independently H, deuterium, C1-3 alkyl, C1-3 aminoalkyl, C1-3 haloalkyl, C3-6 cycloalkyl, C2-6 hetero-
cyclyl, phenyl or benzyl; and
each of R6 and R7 is independently H, deuterium, F, Cl, Br, I, cyano, hydroxy, C1-3 alkyl, C1-4 hydroxyalkyl, C1-3
alkylamino, C1-3 aminoalkyl, C2-4 alkenyl, C2-4 alkynyl, C3-6 cycloalkyl, C1-3 haloalkyl, phenyl or benzyl; or R6

and R7, together with the C atom to which they are attached, independently and optionally form C3-6 cycloalkyl
or C2-6 heterocyclyl.

5. The compound of any one of claims 1-4, wherein R is:
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and
wherein each moiety represented by R is independently and optionally substituted with one, two, three, four or five R8.

6. The compound of any one of claims 1-5, wherein R is:
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and
wherein each moiety represented by R is independently and optionally substituted with one, two, three, four or five R8.

7. The compound of any one of claims 1-6, wherein

each R8 is independently H, deuterium, F, Cl, Br, I, hydroxy, nitro, amino, C1-3 aminoalkyl, C1-3 alkylamino, C1-3
alkyl, C1-4 hydroxyalkyl, C1-3 alkoxy, C1-3 haloalkyl, C1-3 haloalkoxy, -C(=O)OR15, -S(=O)tR16, -C(=O)NR17R18,
-C(=O)N(R17)S(=O)2R16, -C(=O)NH-C1-4 alkylene -S(=O)2OR15, -C(=O)NH-C1-4 alkylene -C(=O)OR15, or cy-
ano; or two R8, together with the same C atom to which they are attached, independently and optionally form
C3-6 cycloalkyl or C2-9 heterocyclyl; or two R8, together with the adjacent C atoms to which they are attached,
independently and optionally form C3-6 cycloalkyl, C2-9 heterocyclyl, C6-10 aryl or C1-9 heteroaryl; wherein each
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R8 is optionally and independently substituted with one or more R19;
each R15 is H, deuterium, C1-4 alkyl, C1-4 aminoalkyl, or C1-4 haloalkyl;
each R16 is H, deuterium, hydroxy, amino, C1-4 alkyl, C1-4 aminoalkyl, C1-4 haloalkyl, or -NR17R18; and
each of R17 and R18 is independently H, deuterium, C1-4 alkyl, C1-4 aminoalkyl, or C1-3 haloalkyl.

8. The compound of any one of claims 1-6, wherein

each R1 is independently H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, methyl, ethyl, n-propyl, isopropyl,
t-butyl, dimethylamino, difluoromethyl, trifluoromethyl, tert-butyloxy, difluoromethyloxy, or trifluoromethyloxy;
and
each R2 is independently H, deuterium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, methyl, ethyl, n-propyl, isopropyl,
t-butyl, dimethylamino, difluoromethyl, trifluoromethyl, tert-butyloxy, difluoromethyloxy, trifluoromethyloxy, meth-
oxymethyl, isopropoxymethyl, tert-butoxymethyl, cyclopropyl, cycobutyl, oxiranyl or pyrrolidinyl.

9. The compound of any one of claims 1-8, wherein
each R8 is independently H, deuterium, F, Cl, Br, I, hydroxy, nitro, amino, C1-3 alkyl, C1-3 haloalkyl, -COOH, -C(=O)O-
C1-4 alkyl, -C(=O)NHS(=O)2-C1-4 alkyl, -C(=O)NHS(=O)2-phenyl, -C(=O)NH-C1-4 alkylene -S(=O)2OH, -C(=O)NH-
C1-4 alkylene -C(=O)OH, -S(=O)2NH2, -S(=O)2OH, -S(=O)2-C1-2 alkyl, -C(=O)NH2, -C(=O)N(CH3)2, or cyano.

10. The compound of claim 1 having one of the following structures or a stereoisomer, a geometric isomer, a tautomer,
an N-oxide, a hydrate, a solvate, a metabolite, a pharmaceutically acceptable salt or a prodrug thereof:
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11. A pharmaceutical composition comprising the compound of any one of claims 1 to 10, and a pharmaceutically
acceptable carrier, excipient, diluent, adjuvant, vehicle, or a combination thereof.

12. The compound of any one of claims 1 to 10 or the pharmaceutical composition of claim 11 for use in preventing,
managing, treating or lessening a disease mediated by FXR in a patient; wherein the disease mediated by FXR is
a cardiovascular and cerebrovascular disease, a disease related to dyslipidemia, obesity, metabolic syndrome, a
hyperproliferative disease, fibrosis, an inflammatory disease or a disease related to liver and gallbladder.

13. The compound or pharmaceutical composition for use according to claim 12 , wherein the cardiovascular and
cerebrovascular disease comprises atherosclerosis, acute myocardial infarction, veno-occlusive disease, portal
hypertension, pulmonary hypertension, heart failure, peripheral arterial occlusive disease (PAOD), sexual dysfunc-
tion, stroke or thrombosis;

wherein the obesity and metabolic syndrome comprise insulin resistance, hyperglycemia, hyperinsulinemia,
elevated blood level of fatty acids or glycerol, hyperlipidemia, obesity, hypertriglyceridemia, hypercholestero-
lemia, X syndrome, diabetic complications, atherosclerosis, hypertension, acute anemia, neutropenia, dyslipi-
demia, type II diabetes, diabetic nephropathy, diabetic neuropathy, diabetic retinopathy or the merger disorders
of diabetes and abnormally high BMI;
wherein the hyperproliferative disease comprises hepatocellular carcinoma, adenomatous, polyposis, colon
cancer, breast cancer, membrane cancer, Barrett’s esophageal cancer and other forms of gastrointestinal tract
disease or liver tumor;
wherein the fibrosis, inflammatory disease and disease related to liver and gallbladder comprise nonalcoholic
fatty liver disease (NAFLD), nonalcoholic steatohepatitis (NASH), cholestasis, liver fibrosis, primary biliary cir-
rhosis (PBC), primary sclerosing cholangitis (PSC), progressive familial intrahepatic cholestasis (PFIC), cystic
fibrosis, drug-induced bile duct injury, gallstones, cirrhosis of liver, hepatitis B, sebaceous disease, cirrhosis of
the liver caused by alcohol, biliary obstruction, cholelithiasis, colitis, newborn yellow disease, riboflavin disease
prevention or intestinal bacterial overgrowth.

Patentansprüche

1. Verbindung mit der Formel (I) oder ein Stereoisomer, ein geometrisches Isomer, ein Tautomer, ein N-Oxid, ein
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Hydrat, ein Solvat oder ein pharmazeutisch unbedenkliches Salz davon,

wobei:

X N oder CH ist;

der Formel (I):

ist;
L eine Bindung oder -(CR3R4)f ist;

ist, wobei jede durch R dargestellte Einheit unabhängig und gegebenenfalls mit einem, zwei, drei, vier oder fünf
R8 substituiert ist,
jedes von T1, T2, T3, T4, T5, T6 und T7 unabhängig CH, ⊕N-O) oder N ist;
Y1 -O-, -S(=O)t-, -NR5-, -(CR6R7)y- oder -C(=O)- ist;
jedes von Y2 und Y3 unabhängig -O-, -S(=O)t, -NR5-, -CR6R7-,-(CR6R7)y- oder -C(=O)- ist, oder Y2 mit Y3 unter
Bildung von-CR6=CR7- verbunden ist;
wobei CR6R7 von -(CR6R7)y- unabhängig und gegebenenfalls durch -O-, -S(=O)t- oder -NR5- ersetzt ist;



EP 3 256 468 B1

105

5

10

15

20

25

30

35

40

45

50

55

y 1, 2 oder 3 ist;
jedes R5 unabhängig H, Deuterium, C1-6-Alkyl, C1-6-Aminoalkyl, C1-6-Halogenalkyl, C3-6-Cycloalkyl, C2-9-He-
terocyclyl, C6-10-Aryl, halogensubstituiertes C6-10-Aryl oder C6-10-Aryl-C1-6-alkyl ist; und jeder der Reste R6 und
R7 unabhängig H, Deuterium, F, Cl, Br, I, Cyano, Hydroxy, C1-6-Hydroxyalkyl, C1-6-Alkyl, C1-6-Alkylamino,
C1-6-Aminoalkyl, C2-6-Alkenyl, C2-6-Alkinyl, C3-6-Cycloalkyl, C1-6-Halogenalkyl, C6-10-Aryl, halogensubstituier-
tes C6-10-Aryl oder C6-10-Aryl-C1-6-alkyl ist; oder R6 und R7 zusammen mit dem C-Atom, an das sie gebunden
sind, unabhängig und gegebenenfalls C3-6-Cycloalkyl oder C2-9-Heterocyclyl bilden;
jedes R1 unabhängig H, Deuterium, F, Cl, Br, I, Hydroxy, Amino, Nitro, Cyano, C1-6-Alkyl, C1-6-Halogenalkyl,
C1-6-Halogenalkoxy, C1-6-Alkylamino oder C1-6-Alkoxy ist;
R2 H, Deuterium, F, Cl, Br, I, Hydroxy, Amino, Nitro, Cyano, C1-6-Alkyl, C1-6-Halogenalkyl, C1-6-Halogenalkoxy,
C1-6-Alkoxy-C1-6-alkyl, C3-6-Cycloalkyl, C1-6-Hydroxyalkyl, C2-9-Heterocyclyl, C1-6-Alkylamino oder C1-6-Alkoxy
ist;
jeder der Reste R3 und R4 unabhängig H, Deuterium, C1-4-Alkyl, F, Cl, Br, I oder C1-4-Halogenalkyl ist;
jedes R8 unabhängig H, Deuterium, F, Cl, Br, I, Hydroxy, Nitro, Amino, C1-6-Aminoalkyl, C1-6-Alkylamino, C1-6-Al-
kyl, C1-4-Hydroxyalkyl, C1-6-Alkoxy, C1-6-Halogenalkyl, C1-6-Halogenalkoxy, C2-6-Alkenyl ist, -L1-C(=O)OR15,
-L1-S(=O)tR16, -O-L2-C(=O)OR15, - L2-
S(=O)tR16, -C(=O)NR17R18, -C(=O)N(R17)S(=O)2R16, -C(=NR17)NR17R18, -C( =O)N(R17)-L3-S(=O)2OR15,
-C(=O)N(R17)C(=O)OR15, -C(=O)N(R17)-L3-C(=O)OR15 oder Cyano; oder zwei R8, zusammen mit demselben
C-Atom, an das sie gebunden sind, unabhängig und gegebenenfalls C3-6-Cycloalkyl oder C2-9-Heterocyclyl
bilden; oder zwei R8, zusammen mit den benachbarten C-Atomen, an die sie gebunden sind, unabhängig und
gegebenenfalls C3-6-Cycloalkyl, C2-9-Heterocyclyl, C6-10-Aryl oder C1-9-Heteroaryl bilden; wobei R8 unabhängig
und gegebenenfalls mit einem oder mehreren R19 substituiert ist;
jedes R15 unabhängig H, Deuterium, C1-6-Alkyl, C1-6-Aminoalkyl oder C1-6-Halogenalkyl ist;
iedes R16 unabhängig H, Deuterium, Hydroxy, Amino, C1-6-Alkyl, C1-6-Aminoalkyl, C1-6-Halogenalkyl oder
-NR17R18 ist;
jedes von R17 und R18 unabhängig H, Deuterium, C1-6-Alkyl, C1-6-Aminoalkyl oder C1-6-Halogenalkyl ist;
jedes L1 unabhängig eine Bindung oder C1-6-Alkylen ist;
jedes L2 unabhängig C1-6-Alkylen ist;
jedes L3 unabhängig eine Bindung oder C1-4-Alkylen ist;
n 0, 1, 2, 3 oder 4 ist;
jedes f unabhängig 0 oder 1 ist;
jedes t unabhängig 0, 1 oder 2 ist;
wobei jedes von Hydroxy, Amino, C1-6-Alkyl, C1-4-Hydroxyalkyl, C1-6-Aminoalkyl, C2-6-Alkenyl, C2-6-Alkinyl,
C3-6-Cycloalkyl, C1-6-Halogenalkyl, C1-6-Alkylamino, C1-6-Alkoxy oder C1-6-Halogenalkoxy von R8, R15, R16,
R17 und R18 unabhängig und gegebenenfalls mit einem oder mehreren R9 substituiert ist; und
jedes von R9 und R19 unabhängig H, Deuterium, F, Cl, Br, I, Cyano, Oxo (=O), Hydroxy, C1-6-Alkyl, C1-6-alky-
lamino, Amino, C1-6-Alkoxy, oder C1-6-Halogenalkyl ist.

2. Verbindung nach Anspruch 1, wobei
jedes R1 unabhängig H, Deuterium, F, Cl, Br, I, Hydroxy, Amino, Nitro, Cyano, C1-3-Alkyl, C1-3-Halogenalkyl, C1-3-Ha-
logenalkoxy, C1-3-Alkylamino oder C1-3-Alkoxy ist;
R2 H, Deuterium, F, Cl, Br, I, Hydroxy, Amino, Nitro, Cyano, C1-3-Alkyl, C1-3-Halogenalkyl, C1-3-Halogenalkoxy,
C1-3-Alkoxy-C1-3-alkyl, C3-6-Cycloalkyl, C1-3-Hydroxyalkyl, C2-9-Heterocyclyl, C1-3-Alkylamino oder C1-3-Alkoxy ist.

3. Verbindung nach Anspruch 1 mit der Formel (II) oder Formel (V) oder ein Stereoisomer, ein geometrisches Isomer,
ein Tautomer, ein N-Oxid, ein Hydrat, ein Solvat, ein Metabolit, ein pharmazeutisch unbedenkliches Salz oder ein
Prodrug davon,



EP 3 256 468 B1

106

5

10

15

20

25

30

35

40

45

50

55

4. Verbindung nach einem der Ansprüche 1-3, wobei
jedes R5 unabhängig H, Deuterium, C1-3-Alkyl, C1-3-Aminoalkyl, C1-3-Halogenalkyl, C3-6-Cycloalkyl, C2-6-Hetero-
cyclyl, Phenyl oder Benzyl ist; und
jeder der Reste R6 und R7 unabhängig H, Deuterium, F, Cl, Br, I, Cyano, Hydroxy, C1-3-Alkyl, C1-4-Hydroxyalkyl,
C1-3-Alkylamino, C1-3-Aminoalkyl, C2-4-Alkenyl, C2-4-Alkinyl, C3-6-Cycloalkyl, C1-3-Halogenalkyl, Phenyl oder Benzyl
ist; oder R6 und R7 zusammen mit dem C-Atom, an das sie gebunden sind, unabhängig und gegebenenfalls C3-6-Cy-
cloalkyl oder C2-6-Heterocyclyl bilden.

5. Verbindung nach einem der Ansprüche 1-4, wobei R Folgendes ist:
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und
wobei jede durch R dargestellte Einheit unabhängig und gegebenenfalls mit einem, zwei, drei, vier oder fünf R8

substituiert ist.

6. Verbindung nach einem der Ansprüche 1-5, wobei R Folgendes ist:



EP 3 256 468 B1

108

5

10

15

20

25

30

35

40

45

50

55



EP 3 256 468 B1

109

5

10

15

20

25

30

35

40

45

50

55

und
wobei jede durch R dargestellte Einheit unabhängig und gegebenenfalls mit einem, zwei, drei, vier oder fünf R8

substituiert ist.

7. Verbindung nach einem der Ansprüche 1-6, wobei
jedes R8 unabhängig H, Deuterium, F, Cl, Br, I, Hydroxy, Nitro, Amino, C1-3-Aminoalkyl, C1-3-Alkylamino, C1-3-Alkyl,
C1-4-Hydroxyalkyl, C1-3-Alkoxy, C1-3-Halogenalkyl, C1-3-Halogenalkoxy, -C(=O)OR15, -S(=O)tR16, -C(=O)NR17R18,
-C(=O)N(R17)S( =O)2R16, -C(=O)NH-C1-4-Alkylen-S(=O)2OR15, -C(=O)NH-C1-4-Alkylen-C(=O)OR15 oder Cyano
ist; oder zwei R8 zusammen mit demselben C-Atom, an das sie gebunden sind, unabhängig und gegebenenfalls
C3-6-Cycloalkyl oder C2-9-Heterocyclyl bilden; oder zwei R8 zusammen mit den benachbarten C-Atomen, an die sie
gebunden sind, unabhängig und gegebenenfalls C3-6-Cycloalkyl, C2-9-Heterocyclyl, C6-10-Aryl oder C1-9-Heteroaryl
bilden; wobei jedes R8 gegebenenfalls und unabhängig mit einem oder mehreren R19 substituiert ist;
jedes R15 H, Deuterium, C1-4-Alkyl, C1-4-Aminoalkyl oder C1-4-Halogenalkyl ist;
jedes R16 H, Deuterium, Hydroxy, Amino, C1-4-Alkyl, C1-4-Aminoalkyl, C1-4-Halogenalkyl oder -NR17R18 ist; und
jedes von R17 und R18 unabhängig H, Deuterium, C1-4-Alkyl, C1-4-Aminoalkyl oder C1-3-Halogenalkyl ist.

8. Verbindung nach einem der Ansprüche 1-6, wobei
jedes R1 unabhängig H, Deuterium, F, Cl, Br, I, Hydroxy, Amino, Nitro, Cyano, Methyl, Ethyl, n-Propyl, Isopropyl,
tert-Butyl, Dimethylamino, Difluormethyl, Trifluormethyl, tert-Butyloxy, Difluormethyloxy oder Trifluormethyloxy ist;
und
jedes R2 unabhängig H, Deuterium, F, Cl, Br, I, Hydroxy, Amino, Nitro, Cyano, Methyl, Ethyl, n-Propyl, Isopropyl,
tert-Butyl, Dimethylamino, Difluormethyl, Trifluormethyl, tert-Butyloxy, Difluormethyloxy, Trifluormethyloxy, Metho-
xymethyl, Isopropoxymethyl, tert-Butoxymethyl, Cyclopropyl, Cyclobutyl, Oxiranyl oder Pyrrolidinyl ist.
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9. Verbindung nach einem der Ansprüche 1-8, wobei
jedes R8 unabhängig H, Deuterium, F, Cl, Br, I, Hydroxy, Nitro, Amino, C1-3-Alkyl, C1-3-Halogenalkyl, -COOH,
-C(=O)O-C1-4-Alkyl,-C(=O)NHS(=O)2-C1-4-Alkyl, -C(=O)NHS(=O)2-Phenyl, -C(=O)NH-C1-4-Alkylen-S(=O)2OH,
-C(=O)NH-C1-4-Alkylen-C(=O)OH, -S(=O)2NH2,-S(=O)2OH, -S(=O)2-C1-2-Alkyl, -C(=O)NH2, -C(=O)N(CH3)2 oder
Cyano ist.

10. Verbindung nach Anspruch 1 mit einer der folgenden Strukturen oder ein Stereoisomer, ein geometrisches Isomer,
ein Tautomer, ein N-Oxid, ein Hydrat, ein Solvat, ein Metabolit, ein pharmazeutisch unbedenkliches Salz oder ein
Prodrug davon:
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11. Pharmazeutische Zusammensetzung, umfassend die Verbindung nach einem der Ansprüche 1 bis 10 und einen
pharmazeutisch unbedenklichen Träger, Hilfsstoff, Verdünnungsmittel, Adjuvans, Vehikel oder eine Kombination
davon.

12. Verbindung nach einem der Ansprüche 1 bis 10 oder pharmazeutische Zusammensetzung nach Anspruch 11 zur
Verwendung beim Vorbeugen, Managen, Behandeln oder Verringern einer durch FXR vermittelten Erkrankung bei
einem Patienten; wobei die durch FXR vermittelte Erkrankung eine kardiovaskuläre und zerebrovaskuläre Erkran-
kung, eine mit Dyslipidämie zusammenhängende Erkrankung, Fettleibigkeit, metabolisches Syndrom, eine hyper-
proliferative Erkrankung, Fibrose, eine Entzündungserkrankung oder einer mit Leber und Gallenblase zusammen-
hängende Erkrankung ist.

13. Verbindung oder pharmazeutische Zusammensetzung zur Verwendung nach Anspruch 12, wobei die kardiovas-
kuläre und zerebrovaskuläre Erkrankung Atherosklerose, akuten Myokardinfarkt, venöse Verschlusskrankheit, por-
tale Hypertonie, pulmonale Hypertonie, Herzinsuffizienz, periphere arterielle Verschlusskrankheit (PAVK), sexuelle
Dysfunktion, Schlaganfall oder Thrombose umfasst;
wobei Fettleibigkeit und metabolisches Syndrom Insulinresistenz, Hyperglykämie, Hyperinsulinämie, erhöhte Fett-
säure- oder Glycerinspiegel im Blut, Hyperlipidämie, Fettleibigkeit, Hypertriglyceridämie, Hypercholesterinämie, X-
Syndrom, diabetische Komplikationen, Atherosklerose, Hypertonie, akute Anämie, Neutropenie, Dyslipidämie, Typ-
II-Diabetes, diabetische Nephropathie, diabetische Neuropathie, diabetische Retinopathie oder die gemeinsam
durch Diabetes und abnormal hohen BMI bedingte Störungen umfassen;
wobei die hyperproliferative Erkrankung hepatozelluläres Karzinom, adenomatöses Karzinom, Polyposis, Kolon-
karzinom, Brustkrebs, Membrankrebs, Barrett-Ösophagus-Krebs und andere Formen von Magen-Darm-Trakt-Er-
krankungen oder Lebertumor umfasst; wobei die Fibrose, die Entzündungserkrankung und die mit Leber und Gal-
lenblase zusammenhängende Erkrankung nichtalkoholische Fettleberkrankheit (NAFLD), nichtalkoholische Stea-
tohepatitis (NASH), Cholestase, Leberfibrose, primäre biliäre Zirrhose (PBC), primäre sklerosierende Cholangitis
(PSC), progressive familiäre intrahepatische Cholestase (PFIC), Mukoviszidose, medikamentös bedingte Gallen-
gangsverletzung, Gallensteine, Leberzirrhose, Hepatitis B, Talgkrankheit, alkoholbedingte Leberzirrhose, Gallen-
wegsobstruktion, Cholelithiasis, Colitis, Neugeborenen-Gelbsucht, Prävention von Riboflavin-Krankheits-Vorbeu-
gung oder bakterielle Überbesiedlung des Darms umfassen.

Revendications

1. Composé ayant la Formule (I) ou un stéréoisomère, un isomère géométrique, un tautomère, un N-oxyde, un hydrate,
un solvate ou un sel pharmaceutiquement acceptable de celui-ci :
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où :

X est N ou CH ;

de la Formule (I) est :

L est une liaison ou -(CR3R4)f- ;
R est

où chaque fraction représentée par R est indépendamment et facultativement substituée par un, deux, trois,
quatre ou cinq R8 ;
chacun de T1, T2, T3, T4, T5, T6 et T7 est indépendamment CH, ⊕N-O) ou N;
Y1 est -O-, -S(=O)t-, -NR5-, -(CR6R7)y- ou -C(=O)- ;
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chacun de Y2 et Y3 est indépendamment -O-, -S(=O)t-, -NR5-, -CR6R7-, - (CR6R7)y- ou -C(=O)-, ou Y2 est relié
à Y3 pour former -CR6=CR7- ;
où CR6R7 de -(CR6R7)y- est indépendamment et facultativement remplacé par -O-, -S(=O)t- ou -NR5- ;
y est 1, 2 ou 3 ;
chaque R5 est indépendamment H, deutérium, alkyle en C1-6, aminoalkyle en C1-6, haloalkyle en C1-6, cycloalkyle
en C3-6, hétérocyclyle en C2-9, aryle en C6-10, aryle en C6-10 substitué par halo ou aryl en C6-10 - alkyle en C1-6 ; et
chacun de R6 et R7 est indépendamment H, deutérium, F, Cl, Br, I, cyano, hydroxy, hydroxyalkyle en C1-6,
alkyle en C1-6, alkylamino en C1-6, aminoalkyle en C1-6, alcényle en C2-6, alcynyle en C2-6, cycloalkyle en C3-6,
haloalkyle en C1-6, aryle en C6-10, aryle en C6-10 substitué par halo ou aryl en C6-10 - alkyle en C1-6 ; ou R6 et
R7, conjointement avec l’atome de C auquel ils sont attachés, forment indépendamment et facultativement
cycloalkyle en C3-6 ou hétérocyclyle en C2-9 ;
chaque R1 est indépendamment H, deutérium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, alkyle en C1-6, haloalkyle
en C1-6, haloalcoxy en C1-6, alkylamino en C1-6 ou alcoxy en C1-6 ;
R2 est H, deutérium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, alkyle en C1-6, haloalcyle en C1-6, haloalcoxy en
C1-6, alcoxy en C1-6 - alkyle en C1-6, cycloalkyle en C3-6, hydroxyalkyle en C1-6, hétérocyclyle en C2-9, alkylamino
en C1-6 ou alkocy en C1-6 ;
chacun de R3 et R4 est indépendamment H, deutérium, alkyle en C1-4, F, Cl, Br, I ou haloalkyle en C1-4 ;
chaque R8 est indépendamment H, deutérium, F, Cl, Br, I, hydroxy, nitro, amino, aminoalkyle en C1-6, alkylamino
en C1-6, alkyle en C1-6, hydroxyalkyle en C1-4, alcoxy en C1-6, haloalkyle en C1-6, haloalcoxy en C1-6, alcényle
en C2-6, -L1-C(=O)OR15, -L1-S(=O)tR16, -O-L2-C(=O)OR15, -O-L2-S(=O)tR16, -C(=O)NR17R18,
-C(=O)N(R17)S(=O)2R16, -C(=NR17) NR17R18, -C(=O)N (R17)-L3-S(=O)2OR15, -C(=O)N (R17)C(=O)OR15,
-C(=O)N(R17)-L3-C(=O)OR15 ou cyano ; ou deux R8, conjointement avec le même atome de C auquel ils sont
attachés, forment indépendamment et facultativement cycloalkyle en C3-6 ou hétérocyclyle en C2-9 ; ou deux
R8, conjointement avec les atomes de C adjacents auxquels ils sont attachés, forment indépendamment et
facultativement cycloalkyle en C3-6, hétérocyclyle en C2-9, aryle en C6-10 ou hétéroaryle en C1-9 ; où R8 est
indépendamment et facultativement substitué par un ou plusieurs R19 ;
chaque R15 est indépendamment H, deutérium, alkyle en C1-6, aminoalkyle en C1-6 ou haloalkyle en C1-6 ;
chaque R16 est indépendamment H, deutérium, hydroxy, amino, alkyle en C1-6, aminoalkyle en C1-6, haloalkyle
en C1-6 ou -NR17R18 ;
chacun de R17 et R18 est indépendamment H, deutérium, alkyle en C1-6, aminoalkyle en C1-6 ou haloalkyle en
C1-6 ;
chaque L1 est indépendamment une liaison ou alkylène en C1-6 ;
chaque L2 est indépendamment alkylène en C1-6 ;
chaque L3 est indépendamment une liaison ou alkylène en C1-4 ;
n est 0, 1, 2, 3 ou 4 ;
chaque f est indépendamment 0 ou 1 ;
chaque t est indépendamment 0, 1 ou 2 ;
où chacun desdits hydroxy, amino, alkyle en C1-6, hydroxyalkyle en C1-4, aminoalkyle en C1-6, alcényle en C2-6,
alcynyle en C2-6, cycloalkyle en C3-6, haloalkyle en C1-6, alkylamino en C1-6, alcoxy en C1-6 ou haloalcoxy en
C1-6 de R8, R15, R16, R17 et R18 est indépendamment et facultativement substitué par un ou plusieurs R9 ; et
chacun de R9 et R19 est indépendamment H, deutérium, F, Cl, Br, I, cyano, oxo (=O), hydroxy, alkyle en C1-6,
alkylamino en C1-6, amino, alcoxy en C1-6 ou haloalkyle en C1-6 .

2. Composé selon la revendication 1, dans lequel

chaque R1 est indépendamment H, deutérium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, alkyle en C1-3, haloalkyle
en C1-3, haloalcoxy en C1-3, alkylamino en C1-3 ou alcoxy en C1-3 ;
R2 est H, deutérium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, alkyle en C1-3, haloalkyle en C1-3, haloalcoxy en
C1-3, alcoxy en C1-3 - alkyle en C1-3, cycloalkyle en C3-6, hydroxyalkyle en C1-3, hétérocyclyle en C2-9, alkylamino
en C1-3 ou alcoxy en C1-3.

3. Composé selon la revendication 1 ayant la Formule (II) ou la Formule (V) ou un stéréoisomère, un isomère géo-
métrique, un tautomère, un N-oxyde, un hydrate, un solvate, un métabolite, un sel pharmaceutiquement acceptable
ou un promédicament de celui-ci,
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4. Composé selon l’une quelconque des revendications 1 à 3, dans lequel

chaque R5 est indépendamment H, deutérium, alkyle en C1-3, aminoalkyle en C1-3, haloalkyle en C1-3, cycloalkyle
en C3-6, hétérocyclyle en C2-6, phényle ou benzyle ; et
chacun de R6 et R7 est indépendamment H, deutérium, F, Cl, Br, I, cyano, hydroxy, alkyle en C1-3, hydroxyalkyle
en C1-4, alkylamino en C1-3, aminoalkyle en C1-3, alcényle en C2-4, alcynyle en C2-4, cycloalkyle en C3-6, haloalk-
yle en C1-3, phényle ou benzyle ; ou R6 et R7, conjointement avec l’atome de C auquel ils sont attachés, forment
indépendamment et facultativement cycloalkyle en C3-6 ou hétérocyclyle en C2-6.

5. Composé selon l’une quelconque des revendications 1 à 4, dans lequel R est :
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et
dans lequel chaque fraction représentée par R est indépendamment et facultativement substituée par un, deux,
trois, quatre ou cinq R8.

6. Composé selon l’une quelconque des revendications 1 à 5, dans lequel R est :
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et
dans lequel chaque fraction représentée par R est indépendamment ou facultativement substituée par un, deux,
trois, quatre ou cinq R8.

7. Composé selon l’une quelconque des revendications 1 à 6, dans lequel

chaque R8 est indépendamment H, deutérium, F, Cl, Br, I, hydroxy, nitro, amino, aminoalkyle en C1-3, alkylamino
en C1-3, alkyle en C1-3, hydroxyalkyle en C1-4, alcoxy en C1-3, haloalkyle en C1-3, haloalcoxy en C1-3, -C(=O)OR15,
-S(=O)tR16, -C(=O)NR17R18, -C(=O)N(R17)S(=O)2R16, -C(=O)NH-alkylène en C1-4-S(=O)2OR15, -C(=O)NH-
alkylène en C1-4-C(=O)OR15 ou cyano ; ou deux R8, conjointement avec le même atome de C auquel ils sont
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attachés, forment indépendamment et facultativement cycloalkyle en C3-6 ou hétérocyclyle en C2-9 ; ou deux
R8, conjointement avec les atomes de C adjacents auxquels ils sont attachés, forment indépendamment et
facultativement cycloalkyle en C3-6, hétérocyclyle en C2-9, aryle en C6-10 ou hétéroaryle en C1-9 ; où chaque
R8 est facultativement et indépendamment substitué par un ou plusieurs R19 ;
chaque R15 est H, deutérium, alkyle en C1-4, aminoalkyle en C1-4 ou haloalkyle en C1-4 ;
chaque R16 est H, deutérium, hydroxy, amino, alkyle en C1-4’ aminoalkyle en C1-4, haloalkyle en C1-4 ou
-NR17R18 ; et
chacun de R17 et R18 est indépendamment H, deutérium, alkyle en C1-4, aminoalkyle en C1-4 ou haloalkyle en
C1-3.

8. Composé selon l’une quelconque des revendications 1 à 6, dans lequel

chaque R1 est indépendamment H, deutérium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, méthyle, éthyle, n-
propyle, isopropyle, t-butyle, diméthylamino, difluorométhyle, trifluorométhyle, tert-butyloxy, difluorométhyloxy
ou trifluorométhyloxy ; et
chaque R2 est indépendamment H, deutérium, F, Cl, Br, I, hydroxy, amino, nitro, cyano, méthyle, éthyle, n-pro-
pyle, isopropyle, t-butyle, diméthylamino, difluorométhyle, trifluorométhyle, tert-butyloxy, difluorométhyloxy, tri-
fluorométhyloxy, méthoxyméthyle, isopropoxyméthyle, tert-butoxyméthyle, cyclopropyle, cyclobutyle, oxiranyle
ou pyrrolidinyle.

9. Composé selon l’une quelconque des revendications 1 à 8, dans lequel
chaque R8 est indépendamment H, deutérium, F, Cl, Br, I, hydroxy, nitro, amino, alkyle en C1-3, haloalkyle en C1-3,
-COOH, -C(=O)O-alkyle en C1-4, -C(=O)NHS(=O)2-alkyle en C1-4, -C(=O)NHS(=O)2-phényle, -C(=O)NH-alkylène
en C1-4-S(=O)2OH, -C(=O)NH-alkylène en C1-4-C(=O)OH, -S(=O)2NH2, -S(=O)2OH, -S(=O)2-alkyle en C1-2,
-C(=O)NH2, -C(=O)N(CH3)2 ou cyano.

10. Composé selon la revendication 1 ayant l’une des structures suivantes ou un stéréoisomère, un isomère géomé-
trique, un tautomère, un N-oxyde, un hydrate, un solvate, un métabolite, un sel pharmaceutiquement acceptable
ou un promédicament de celui-ci :
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11. Composition pharmaceutique comprenant le composé selon l’une quelconque des revendications 1 à 10 et un
support, excipient, diluant, adjuvant, véhicule pharmaceutiquement acceptable ou une combinaison de ceux-ci.

12. Composé selon l’une quelconque des revendications 1 à 10 ou composition pharmaceutique selon la revendication
11 pour une utilisation pour la prévention, la gestion, le traitement ou l’atténuation d’une maladie médiée par FXR
chez un patient, la maladie médiée par FXR étant une maladie cardiovasculaire et cérébrovasculaire, une maladie
liée à la dyslipidémie, l’obésité, le syndrome métabolique, une maladie hyperproliférative, la fibrose, une maladie
inflammatoire ou une maladie liée au foie et à la vésicule biliaire.

13. Composé ou composition pharmaceuticale pour l’utilisation selon la revendication 12, dans lequel ou laquelle la
maladie cardiovasculaire et cérébrovasculaire comprend l’athérosclérose, l’infarctus aigu du myocarde, la maladie
veino-occlusive, l’hypertension portale, l’hypertension pulmonaire, l’insuffisance cardiaque, la maladie occlusive
artérielle périphérique (PAOD), le dysfonctionnement sexuel, l’accident vasculaire cérébral ou la thrombose ;
dans lequel ou laquelle l’obésité et le syndrome métabolique comprennent la résistance à l’insuline, l’hyperglycémie,
l’hyperinsulinémie, un taux sanguin élevé d’acides gras ou de glycérol, l’hyperlipidémie, l’obésité, l’hypertriglycéri-
démie, l’hypercholestérolémie, le syndrome X, les complications diabétiques, l’athérosclérose, l’hypertension, l’ané-
mie aiguë, la neutropénie, la dyslipidémie, le diabète de type II, la néphropathie diabétique, la neuropathie diabétique,
la rétinopathie diabétique ou les troubles combinés de diabète et d’un indice de masse corporelle (IMC) anormalement
élevé ;
dans lequel ou laquelle la maladie hyperproliférative comprend le carcinome hépatocellulaire, la polypose adéno-
mateuse, le cancer du côlon, le cancer du sein, le cancer des membranes, le cancer de l’œsophage de Barrett et
autres formes de maladie du tractus gastro-intestinal ou la tumeur du foie ;
dans lequel ou laquelle la fibrose, la maladie inflammatoire et la maladie liée au foie et à la vésicule biliaire com-
prennent la stéatose hépatique non alcoolique (NAFLD), la stéatohépatite non alcoolique (NASH), la cholestase,
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la fibrose du foie, la cirrhose biliaire primitive (CBP), la cholangite sclérosante primitive (CFP), la cholestase intra-
hépatique familiale progressive (PFIC), la fibrose kystique, une lésion des voies biliaires d’origine médicamenteuse,
les calculs biliaires, la cirrhose du foie, l’hépatite B, une maladie sébacée, la cirrhose du foie provoquée par l’alcool,
l’obstruction biliaire, la cholélithiase, la colite, la jaunisse du nouveau-né, la prévention des riboflavinopathies ou la
prolifération bactérienne intestinale excessive.
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