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Description

Title of Invention: NOVEL COMPOUNDS HAVING INHIBITORY
ACTIVITY ON PROSTAGLANDIN E2 RECEPTOR AND USES

(1]

(2]

(3]

[4]

THEREOF
Technical Field

The present application relates to a novel compound having inhibitory activity on
prostaglandin E, receptor and uses thereof, a pharmaceutical composition comprising

the same, and a method for treating or preventing a disease using the same.

Background Art

Prostaglandin (PG), as well as thromboxane, is a physiologically active substance
known as prostanoid, and it is a lipid having a prostanoic acid skeleton. Prostanoid
such as prostaglandin is biosynthesized from arachidonic acid that is released from a
membrane phospholipid by the action of phospholipase A2. Prostaglandin is
classified into groups A to J, based on differences in the types of an oxygen atom
attached to the 5-membered ring thereof and a double bond. In addition,
prostaglandin is classified into groups 1 to 3, based on the number of double bonds on
the side chain of the prostanoic acid skeleton. For example, prostaglandin E (PGE)
includes PGE,, PGE, and PGE;, which are different from one another in terms of the
number of double bonds on the side chain of the prostanoic acid skeleton.

Regarding prostaglandin, PGH, is generated from PGG, that is biosynthesized from
arachidonic acid by the action of cyclooxygenase I (COX-I) or cyclooxygenase 11
(COX-II), and then, PGD,, PGE,, PGF,, and the like are generated based on a
difference in the cleavage of the bond between oxygen atoms. The generation reaction
of each prostaglandin occurs by the action of a specific enzyme, and it is known that
these enzymes have tissue specificity. On the other hand, among prostaglandins, it is
considered that PGE plays a role in various important biological activities and that,
through the mediation of its specific receptor, PGE is involved in regulation of the
immune system, as well as vasodilatation, a decrease in blood pressure and uterine
contraction. The PGE, receptor is a seven transmembrane G protein-conjugated
receptor, as with other PG receptors. The PGE, receptor is abbreviated as EP, and it
was revealed that EP has 4 subtypes (EP,, EP,, EP;, and EP,). Each subtype is involved
in various phenomena in vivo. That is, EP; is involved in an increase in intracellular Ca
2+ concentration, EP, and EP, are involved in an increase in cAMP level, and EP; is
involved in a decrease in cAMP level.

On the other hand, cancer is one of the leading causes of death worldwide. Tumor

consists of abnormally proliferating malignant cancer cells, as well as a functionally
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supporting microenvironment. This tumor microenvironment consists of a complex
array of cells, extracellular matrix components and signaling molecules, and is es-
tablished by altered communication between stromal cells and tumor cells. As tumors
grow in size, they lead to the production of a variety of factors, such as angiogenesis
factors (promoting the growth of blood vessels) that can aid in tumor growth or help
evade attack of the host immune response. Under this microenvironment, PGE,
functions as such an immune-modulatory factor produced in tumors. The EP receptors
of PGE,, particularly EP, and EP., are abnormally overexpressed in several types of
cancer, specifically in gastrointestinal (GI) cancer and pancreatic cancer. In addition,
overexpression of PGE, and/or EP, and/or EP; is closely correlated with cancers such
as esophageal squamous cell carcinoma, squamous cell carcinoma of the lung, prostate
cancer, and head and neck squamous cell carcinoma. In addition, it is known that epi-
demiologically, PGE, signaling is mainly involved in the communication between
tumor cells and stromal cells, creating a microenvironment favorable for tumor growth.
It is noteworthy that some tumor cells overexpress EP2 and/or EP4, by which PGE2
signaling can directly induce the proliferation of tumor cells.

[5] In addition, it has been reported that PGE, antagonists, such as EP, and/or EP, an-
tagonist, are effective in a chronic inflammatory disease, and effective in a neurode-
generative disease such as epilepsy, Alzheimer's disease, Parkinson's disease, amy-
otrophic lateral sclerosis and traumatic brain injury.

[6] Under this technical background, a study on antagonists of the prostaglandin E,
receptor that can be utilized clinically in various ways is in progress (Korean Patent
Application Publication No. 10-2013-0092579), but it is still incomplete.

Disclosure of Invention
Technical Problem

[7] In one aspect, there is provided a novel compound, solvate, stereoisomer or pharma-
ceutically acceptable salt thereof that exhibits inhibitory activity on prostaglandin E,
receptor.

[8] In another aspect, there is provided a pharmaceutical composition comprising the
compound, solvate, stereoisomer or pharmaceutically acceptable salt thereof as an

active ingredient, or medicinal uses thereof.

Solution to Problem

[9] Each description and embodiment disclosed in the present application may also be
applied to each other description and embodiment. That is, all combinations of the
various clements disclosed in the present application fall within the scope of the
present application. In addition, the scope of the present application is not intended to

be limited to the particular descriptions described below.
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[10] In one aspect of the present invention, there is provided a compound represented by
formula I, a solvate, stereoisomer or pharmaceutically acceptable salt thereof:

[11] [Formula I]

[12] R7 R®

[13] in which,

[14] one of X and Y is S and the other is CR!, and wis a single bond or a double
bond, two of which are double bonds;

[15] R! and R? are selected from the group consisting of hydrogen, halogen, hydroxy,
cyano, amino, C;-Cs alkyl, C;-Cs alkoxy, -NH-(C,-Cs alkyl), -N(C;-Cs alkyl),, Cs-Cy
cycloalkyl, and Cs-C) aryl, wherein said C;-Cs alkyl and C;-C¢ alkoxy may be each in-
dependently optionally substituted with one or more halogen, hydroxy, cyano or
amino, and said C;-Cscycloalkyl and Cs-C, aryl may be each independently optionally
substituted with one or more halogen, hydroxy, cyano, amino, oxo, C;-Cg alkyl, C;-Cs
haloalkyl, C;-Cs alkoxy or C;-Cs haloalkoxy; and

[16] Riis , Cy ; or

‘ \w/ S

[17] R!is selected from the group consisting of hydrogen, halogen, hydroxy, cyano,
amino, C;-Cs alkyl, C;-Cs alkoxy, -NH-(C;-Cs alkyl), -N(C;-Cq alkyl),, C5-Cy cy-
cloalkyl, and Cs-C g aryl, wherein said C,-Cg alkyl and C;-Cs alkoxy may be each inde-
pendently optionally substituted with one or more halogen, hydroxy, cyano or amino,
and said C;-Cy cycloalkyl and Cy-Cj aryl may be each independently optionally sub-
stituted with one or more halogen, hydroxy, cyano, amino, oxo, C;-Cs alkyl, C;-Cs
haloalkyl, C;-Cs alkoxy or C;-Cs haloalkoxy; and

[18]

R? and R* together with the carbon atom to which they are attached form B
== .
»

wherein Cy is bonded to the nitrogen atom of “f= , and either or both
: Ra e
B ‘;&l‘ S
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N

of the carbon atoms of J&NC‘"’W may be optionally substituted with halogen, hydroxy,

cyano, C;-Cs alkyl, C;-Cs alkoxy, C;-Ce haloalkyl or C;-Cg haloalkoxy;

[19] W is -(CH,),-, -(CH,),-C=C-, -C(O)-, -O-, -S-, -NH-, or -N(C;-C, alkyl)-, wherein H
of said CH, may be optionally substituted with one or more halogen, hydroxy, cyano,
C,-Cs alkyl, C;-Cq alkoxy, C;-Cs haloalkyl or C;-Cs haloalkoxy;

[20] Cy is selected from the group consisting of C¢-Cy4 aryl, 4- to 14-membered
heteroaryl, 4- to 14-membered heterocycloalkyl, C;-Cy cycloalkyl and C;-Cy cy-
cloalkenyl, and may be optionally substituted with one or more R';

[21] R, is hydrogen, halogen, hydroxy, cyano, amino, C;-Cs alkyl, C,-Cs alkoxy, -NH-(C, -
Cs alkyl), -N(C-C¢ alkyl),, oxo, or -V-Cy,, wherein said C-C¢ alkyl and C,-C; alkoxy
may be optionally substituted with one or more halogen, hydroxy, cyano or amino,

[22] wherein V is absent or -NH-, -NHCH,-, -NHCH;-, -CONH-, -NHCO-, -NHSO,-, -S-,
-SO,-, -CH,-, -OCH,- or -O-,

[23] Cy, is selected from the group consisting of C¢-Cy4 aryl, 4- to 14-membered
heteroaryl, 4- to 14-membered heterocycloalkyl, C;-Cy cycloalkyl and C;-Cy cy-
cloalkenyl, and may be optionally substituted with one or more R";

[24] R' is each independently selected from the group consisting of halogen, hydroxy,
cyano, amino, oxo, C;-Cs alkyl, C;-Cs alkoxy, -NH-(C;-C¢ alkyl) and -N(C,-Cs alkyl),,
wherein said C,-Cs alkyl and C,-Cs alkoxy may be optionally substituted with one or
more halogen, hydroxy, cyano or amino;

[25] R" is selected from the group consisting of halogen, hydroxy, cyano, amino, oxo, C; -
Cs alkyl, C;-Cs alkoxy, -S-(C-Cs alkyl), -SO,-(C,-Cs alkyl), -CO-(C;-Cs alkyl), -
C(O)H, -COO-(C;-Cg alkyl), -COOH, -CONH,, -CONH-(C,-Cs alkyl), -CON(C;-Cs
alkyl),, -(CH»),-NH,, -(CH,),-NH-(C,-Cs alkyl), -(CH,),-N(C,-Cs alkyl),, -(CH,), -
NH-CO-(C,-C; alkyl), -(CH,),-NH-COO-(C,-C; alkyl), -(CH,),-OH, 3- to 7-membered
heterocycloalkyl, C;-Cg cycloalkyl, and -(CH,),-(C;-C; cycloalkyl), wherein said C;-Cg
alkyl and C,-Cs alkoxy may be optionally substituted with one or more halogen,
hydroxy, cyano or amino, and said 3- to 7-membered heterocycloalkyl and C;-Cy cy-

cloalkyl may be optionally substituted with one or more halogen, hydroxy, cyano, oxo

or amino;
[26] R*is hydrogen, or C,-C alkyl;
[27] R5, R¢ and R each have the following definitions:
[28] (i) R5 and R¢ are H, and R” is absent,
[29] (ii) R’ and R¢ together represent -(CH,),-, and R7 is absent, or

[30] (iii) R is H, and R® and R” together represent -(CH,),-; and
[31] P is absent or -CH,-, provided that if R7 is absent, then P is also absent;
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[32]

[33]

[34]
[35]
[36]
[37]
[38]

[39]

[40]

[41]

[42]

[43]

R8is O , wherein Z is -(CH,),, and R# is hydrogen, hydroxy, C,-Cs

e

N
Z R¥

alkyl or C,-C¢ alkoxy;

1, m and n are each independently an integer of O to 2, wherein at least one of m and
n is not 0, and if P and R7 are absent, then 1 is O;

o and p are each independently an integer of 0 to 3;

g and r are each independently an integer of 1 or 2; and

s is an integer of 0 to 3.

In some embodiments, X is S and Y is CR!, or X is CR'and Y is S. In one em-

bodiment, .« = is a single bond or a double bond, two of which are double bonds,

such that the 5-membered ring containing X and Y forms a thiophenyl ring.

In some embodiments, R! may be hydrogen, halogen, hydroxy, cyano, amino, C;-C;
alkyl, C,-C; alkoxy, -NH-(C,-C; alkyl) or -N(C,-C; alkyl),, wherein said C;-C; alkyl
and C,-C; alkoxy may be each independently optionally substituted with one or more
halogen, hydroxy, cyano or amino. In one embodiment, R! may be hydrogen, halogen,
hydroxy, C,-C; alkyl, C,-C; alkoxy, C,-C; haloalkyl, or C,-C; haloalkoxy. In one em-
bodiment, R! may be hydrogen, halogen, C;-C; alkyl, or C;-C; haloalkyl.

In some embodiments, R> may be hydrogen, halogen, hydroxy, C;-C; alkyl, C;-C;
alkoxy, C;-C; haloalkyl, C;-C; haloalkoxy, C;-Cs cycloalkyl or phenyl, wherein said C,
-C; alkyl and C;-C; alkoxy may be each independently optionally substituted with one
or more halogen, hydroxy, cyano or amino. In one embodiment, R?> may be hydrogen,
halogen, C;-C; alkyl, C;-C; haloalkyl, cyclopropyl, cyclobutyl or phenyl. In one em-
bodiment, R? may be hydrogen, fluoro, chloro, bromo, methyl, ethyl, trifluoromethyl,
difluoromethyl, cyclopropyl, cyclobutyl or phenyl or the like.

In some embodiments, R* may be Cy,

/ \Ra

In another embodiment, R? and R? together with the carbon atom to which they are
LN

attached may form _~ [ to form a 4H-thieno[3,2-b]pyrrole fused ring, in which

=/

case Cy may be bonded to the nitrogen atom of T
\; / \Ra T(/)\‘i
W ==/

N

In one embodiment, either or both of the carbon atoms of "~ may be op-
Sl
»
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[44]

[45]

[40]

[47]

[48]

[49]

tionally substituted with halogen, C,-C; alkyl, or C;-C; haloalkyl. In one embodiment,
either or both of the carbon atoms of " may be optionally substituted with
e \2\?
SR

fluoro, chloro, bromo, methyl, ethyl, trifluoromethyl, difluoromethyl or the like. In one

embodiment, either or both of the carbon atoms of o "+ may be optionally sub-
e

stituted with C;-C; alkyl.

In some embodiments, W may be -(CH,),-, -(CH,),-C=C-, -C(O)-, -O-, -NH- or -N(C
1-C; alkyl)-, wherein H of said CH, may be optionally substituted with one or more
halogen, hydroxy, C;-C; alkoxy or C;-C; haloalkoxy.

In one embodiment, W may be -(CH,),-, -C(O)-, -O-, -NH-, or -N(C,-C; alkyl)-. In
another embodiment, W may be -(CH,),- or -(CH,),-C=C-.

In one embodiment, H of said CH, may be optionally substituted with one or more
halogen, hydroxy, or C;-C; alkoxy. In one embodiment, H of said CH, may be op-
tionally substituted with hydroxy, methoxy, ethoxy, trifluoromethoxy, difluo-
romethoxy, or the like. In one embodiment, o may be an integer of 0, 1 or 2. In one
embodiment, o may be an integer of O or 1.

In some embodiments, Cy may be C¢-Cy, aryl, 5- to 10-membered heteroaryl
containing 1 to 3 heteroatoms selected from N, O and S, or 4- to 10-membered hetero-
cycloalkyl containing 1 to 3 heteroatoms selected from N, O and S. In one em-
bodiment, Cy may be phenyl, naphthyl; heteroaryl selected from pyrrolyl, furanyl,
thiophenyl, pyrazolyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl,
triazolyl, oxadiazolyl, thiadiazolyl, pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl,
indolyl, benzimidazolyl, benzofuranyl, benzothiazolyl, quinolinyl and isoquinolinyl; or
heterocycloalkyl selected from azetidinyl, oxetanyl, pyrrolidinyl, tetrahydrofuranyl,
pyrazolidinyl, imidazolidinyl, thiazolidinyl, oxazolidinyl, isoxazolidinyl, piperidinyl,
piperazinyl and morpholinyl.

In one embodiment, Cy may be phenyl, 5- to 10-membered heteroaryl containing 1
or 2 nitrogen atoms, or 4- to 7-membered heterocycloalkyl containing 1 or 2 nitrogen
atoms. In one embodiment, Cy may be phenyl, pyrrolyl, pyrazolyl, imidazolyl,
pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl, indolyl, isoindolyl, benzimidazolyl,
indazolyl, pyrrolidinyl, piperidinyl, piperazinyl or morpholinyl. In one embodiment,
Cy may be phenyl, pyrazolyl, pyridinyl, pyrimidinyl, indolyl or piperazinyl.

Said Cy may be optionally substituted with one or more R'. In one embodiment, R’
may be halogen, hydroxy, cyano, amino, oxo, C,-C; alkyl, C,-C; haloalkyl, C;-C;
alkoxy, C;-C; haloalkoxy, -NH-(C,-C; alkyl) or -N(C;-C; alkyl),. In one embodiment,
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[50]

[51]

[52]

[53]

[54]

R' may be halogen, amino, C,-C; alkyl, or C,-C; haloalkyl. In one embodiment, R' may
be one or more fluoro, chloro, bromo, amino, methylamino, dimethylamino,
ethylamino, or diethylamino, or the like.

In some embodiments, R, may be hydrogen, halogen, amino, C,-C; alkyl, C;-C;
haloalkyl, -NH-(C,-C; alkyl), or -N(C;-C; alkyl),, or -V-Cy,. In one embodiment, R,
may be hydrogen, halogen, C,-C; alkyl, C;-C; haloalkyl or -V-Cy,. In one em-
bodiment, R, may be hydrogen, fluoro, chloro, bromo, methyl, ethyl, trifluoromethyl,
difluoromethyl, or -V-Cy,. In one embodiment, R, may be -V-Cly..

In some embodiments, V may be absent or -NH-, -NHCH,-, -NHCH,-, -S-, -SO,-, -
CH,-, -OCHs- or -O-. In one embodiment, V may be absent or -CH,- or -O-. In one
embodiment, V may be absent or -CH,-.

In some embodiments, Cy, may be selected from the group consisting of Ce-C, aryl,
5- to 10-membered heteroaryl containing 1 to 3 heteroatoms selected from N, O and S,
4- to 10-membered heterocycloalkyl containing 1 to 3 heteroatoms selected from N, O
and S, C;-Cs cycloalkyl and C;-Cy cycloalkenyl. In one embodiment, Cy, may be
phenyl; heteroaryl selected from pyrrolyl, furanyl, thiophenyl, pyrazolyl, imidazolyl,
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, triazolyl, oxadiazolyl, thiadiazolyl,
pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl, indolyl, benzimidazolyl, benzofuranyl,
benzothiazolyl, quinolinyl and isoquinolinyl; heterocycloalkyl selected from
azetidinyl, oxetanyl, pyrrolidinyl, tetrahydrofuranyl, pyrazolidinyl, imidazolidinyl, thi-
azolidinyl, oxazolidinyl, isoxazolidinyl, piperidinyl, piperazinyl and morpholinyl; cy-
clobutyl, cyclopentyl, cyclohexyl or cycloheptyl; or cyclobutenyl, cyclopentenyl, cy-
clohexenyl or cycloheptenyl.

In one embodiment, Cy, may be selected from the group consisting of phenyl, 5- to
10-membered heteroaryl containing 1 or 2 heteroatoms selected from N or O, 4- or
7-membered heterocycloalkyl containing 1 or 2 heteroatoms selected from N or O, C; -
C, cycloalkyl and C,-C; cycloalkenyl. In one embodiment, Cy, may be phenyl,
pyrrolyl, furanyl, pyrazolyl, imidazolyl, pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl,
pyrrolidinyl, tetrahydrofuranyl, piperidinyl, piperazinyl, morpholine, cyclopentyl, cy-
clohexyl, cyclopentenyl, or cyclohexenyl. In one embodiment, Cy, may be phenyl,
furanyl, pyrazolyl, pyridinyl, pyrimidinyl, piperidinyl, morpholinyl, cyclohexyl, or cy-
clohexenyl.

Said Cy, may be optionally substituted with R". In some embodiments, R" is selected
from the group consisting of halogen, hydroxy, cyano, amino, oxo, C;-C alkyl, C;-Cg
alkoxy, -S-(C;-Cs alkyl), -SO,-(C;-Cs alkyl), -COO-(C;-Cs alkyl), -COOH, -CONH,, -
(CH,),-NH,, -(CH,),-NH-(C,-C; alkyl), -(CH,),-N(C;-Cs alkyl),, -(CH,),-NH-COO-(C,
-Ce alkyl), -(CH,),-OH, 3- to 5-membered heterocycloalkyl containing 1 heteroatom
selected from N, O and S, Cs-Cs cycloalkyl, and -(CH,),-(C5-Cs cycloalkyl), wherein
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[55]

[56]

[57]

[58]

[59]

said C;-Cq alkyl and C;-C¢ alkoxy may be optionally substituted with one or more
halogen, hydroxy, cyano or amino, and said 3- to 5S-membered heterocycloalkyl and C;
-Cs cycloalkyl may be optionally substituted with one or more halogen, hydroxy,
cyano, oxo or amino. In one embodiment, said 3- to 5-membered heterocycloalkyl may
be aziridinyl, oxiranyl, azetidinyl, oxetanyl, pyrrolidinyl and tetrahydrofuranyl or C;-C
s cycloalkyl. In one embodiment, p may be an integer of 0, 1 or 2. In one embodiment,
p may be an integer of O or 1.

In one embodiment, R" may be halogen, hydroxy, cyano, amino, oxo, C;-Cs alkyl, C,
-C¢ haloalkyl, C-Cq alkoxy, C;-Cq haloalkoxy, -S-(C;-Cs alkyl), -SO,-(C;-Cs alkyl), -
COO-(C;-C alkyl), -COOH, -CONH,, -(CH,),-NH,, -(CH,),-NH-(C,-Cs alkyl), -(CH,),
-N(C;-Cs alkyl),, -(CH,),-NH-COO-(C;-Cs alkyl), -(CH,),-OH; azetidinyl or oxetanyl,
optionally substituted with hydroxy or oxo; cyclopropyl or cyclopropylmethyl, op-
tionally substituted with hydroxy or oxo.

In another embodiment, R" may be halogen, hydroxy, cyano, amino, oxo, C;-Cs
alkyl, C,-C¢ haloalkyl, C;-Cs alkoxy, C;-Cs haloalkoxy, -(CH,),-NH,, -(CH,),-NH-(C, -
Cs alkyl), -(CH,),-N(C,-Cs alkyl),; azetidinyl or oxetanyl, optionally substituted with
hydroxy or oxo; cyclopropyl or cyclopropylmethyl, optionally substituted with
hydroxy or oxo.

In one embodiment, R" may be halogen, hydroxy, methyl, ethyl, hydroxymethyl, hy-
droxyethyl, aminomethyl, aminoethyl, trifluoromethyl, difluoromethyl, trifluoroethyl,
difluoroethyl, methoxy, ethoxy, isopropoxy, trifluoromethoxy, difluoromethoxy,
cyano, amino, oxo, -S-CHj;, -S-CH,CH,;, -SO,-CH;, -SO,-CH,CHj;, -COOCH;, -
COOCH,CH;, -COOCH,CH,CHj;, -COOCH(CH,),, -COOCH,CH(CH,),, -COOC(CH;
)1, -COOH, -CONH,, -CH,NH,, -CH,CH,NH,, -CH,NHCOOCH;, -CH,NHCOOCH,
CH,, -CH,NHCOOCH,CH,CH;, -CH,NHCOOCH(CHs),, -CH,NHCOOCH,CH(CH,),,
-CH,NHCOOC(CHs);, -CH,OH, -CH,CH,OH, azetidinyl, oxetanyl, cyclopropyl, or cy-
clobutylmethyl.

In one embodiment, R, is -V-Cy,, and Cy has a structure selected from

W Ra

the following group, wherein Cy and Cy, may be each optionally substituted with R’
and R":
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[67] In some embodiments, R, may be hydrogen or C;-C; alkyl.
[68] In some embodiments, R* and R® may be H and R” may be absent, and the structure

attached to the amide bond in formula I may be the following structure:

[69] RS (in which, n and m may be each an integer of 1 or 2.)
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[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

In another embodiment, R> and R® may together represent -(CH,),-, and R” may be
absent, in which case the structure attached to the amide bond in formula I may be the

following structure:

i

In another embodiment, R* may be H, and R® and R” may together represent -(CH,),-,

(in which, n, m and q may be each an integer of 1 or 2.)

in which case the structure attached to the amide bond in formula I may be the
following structure:

(in which, n, m, r and 1 may be each an integer of 1 or 2.)
R%

k.
£

In one embodiment, the structure attached to the amide bond in formula I includes
isomers of that structure, and for example, may be the following structure, but is not

limited thereto:

* or H oH
PSRN /
\f OH — \\
AT 0
L F
;}“‘(}H
In some embodiments, R® may be O , wherein Z may be -(CH.,),, and
&
. \
Zz R®

R® may be hydroxy or C,-C alkoxy, and s may be an integer of O or 1. In one em-
bodiment, s may be 0, and R® may be hydroxy.
In another aspect of the present invention, there is provided a compound of formula
IA-1 or IA-2 or a solvate, stereoisomer or pharmaceutically acceptable salt thereof:
[Formula TA-1]
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[79]

[80]
[81]

[82]
[83]

[84]

[85]

[86]

RS

R3
R2

[Formula IA-2]
RS

in which,

R' and R? are selected from the group consisting of hydrogen, halogen, hydroxy,
cyano, amino, C;-Cs alkyl, C;-Cs alkoxy, -NH-(C,-Cs alkyl), -N(C,-Cs alkyl),, C5-Cs
cycloalkyl, and C¢-Cyg aryl, wherein said C;-Cs alkyl and C;-C¢ alkoxy may be each in-
dependently optionally substituted with one or more halogen, hydroxy, cyano or
amino, and said C;-Cycycloalkyl and Cs-Cp aryl may be each independently optionally
substituted with one or more halogen, hydroxy, cyano, amino, oxo, C;-Cs alkyl, C;-Cs
haloalkyl, C;-Cs alkoxy or C;-Cs haloalkoxys;

R3is Cv ; and

* 3
: \w/ Sk

W, Cy, Ra, R%, R3, n, m, r and I are as defined in formula I above. The specific
examples and embodiments described with respect to R!, R2, W, Cy, R,, R4, R%, n, m, r
and 1 in formula I may be also equally applied to formulae IA-1 and IA-2 as long as
they are structurally acceptable.

In some embodiments of formulae IA-1 and IA-2, R! may be hydrogen, halogen,
hydroxy, cyano, amino, C;-Cg alkyl, C;-Cy alkoxy, -NH-(C;-Cs alkyl) or -N(C;-Cs
alkyl),, wherein said C;-C alkyl and C,-Cs alkoxy may be each independently op-
tionally substituted with one or more halogen, hydroxy, cyano or amino. In one em-
bodiment, R! may be hydrogen, halogen, hydroxy, C,-C; alkyl, C;-C; alkoxy, C;-C;
haloalkyl, or C;-C; haloalkoxy. In one embodiment, R! may be hydrogen, halogen, C, -
C; alkyl, or C;-C; haloalkyl.
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[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

In some embodiments, R?> may be hydrogen, halogen, hydroxy, C,-C; alkyl, C;-C;
alkoxy, C;-C; haloalkyl, C,-C; haloalkoxy, C;-Cs cycloalkyl or phenyl, wherein said C,
-C; alkyl and C;-C; alkoxy may be each independently optionally substituted with one
or more halogen, hydroxy, cyano or amino. In one embodiment, said C;-C4 cycloalkyl
and phenyl may be optionally substituted with one or more halogen, C,-C; alkyl or C, -
C; haloalkyl. In one embodiment, R?> may be hydrogen, halogen, C;-C; alkyl, C;-Cs
haloalkyl, cyclopropyl, cyclobutyl, or phenyl.

In some embodiments, W may be -(CH,),-, -(CH,),-C=C-, -C(O)-, -O-, -NH- or -N(C
1-C; alkyl)-. In one embodiment, W may be -(CH,),-, -C(O)-, -O-, -NH-, or -N(C;-Cs
alkyl)-. In this case, H of said CH, of W may be optionally substituted with one or
more halogen, hydroxy, or C,-Cs alkoxy.

In some embodiments, Cy may be Cy-Cyq aryl, 5- to 10-membered heteroaryl
containing 1 to 3 heteroatoms selected from N, O and S, or 4- to 10-membered hetero-
cycloalkyl containing 1 to 3 heteroatoms selected from N, O and S. In one em-
bodiment, Cy may be phenyl, 5- to 10-membered heteroaryl containing 1 or 2 nitrogen
atoms, or 4- to 7-membered heterocycloalkyl containing 1 or 2 nitrogen atoms. For
example, Cy may be phenyl, pyrrolyl, pyrazolyl, imidazolyl, pyridinyl, pyrimidinyl,
pyridazinyl, pyrazinyl, indolyl, isoindolyl, benzimidazolyl, indazolyl, pyrrolidinyl,
piperidinyl, piperazinyl or morpholinyl. In one embodiment, Cy may be phenyl,
pyrazolyl, pyridinyl, pyrimidinyl, indolyl or piperazinyl. In one embodiment, Cy may
be phenyl, pyrazolyl, or piperazinyl.

Said Cy may be optionally substituted with one or more R'. In some embodiments, R’
may be halogen, hydroxy, cyano, amino, oxo, C,-C; alkyl, C,-C; haloalkyl, C;-C;
alkoxy, C;-C; haloalkoxy, -NH-(C,-C; alkyl), or -N(C;-C; alkyl),. In one embodiment,
R' may be halogen, amino, C,-C; alkyl, or C,;-C; haloalkyl.

In some embodiments, R, may be hydrogen, halogen, C,-C; alkyl, C,-C; haloalkyl or
-V-Cy,. In one embodiment, R, may be -V-Cy,.

In some embodiments, V may be absent or -NH-, -NHCH,-, -NHCHj;-, -S-, -SO,-, -
CH,-, -OCHs,- or -O-. In one embodiment, V may be absent or -CH,- or -O-.

In some embodiments, Cy, may be selected from the group consisting of C4-C)j aryl,
5- to 10-membered heteroaryl containing 1 to 3 heteroatoms selected from N, O and S,
4- to 10-membered heterocycloalkyl containing 1 to 3 heteroatoms selected from N, O
and S, C;-Cy cycloalkyl and C;-Cy cycloalkenyl. In one embodiment, Cy, may be
selected from the group consisting of phenyl, 5- to 10-membered heteroaryl containing
1 or 2 heteroatoms selected from N or O, 4- or 7-membered heterocycloalkyl
containing 1 or 2 heteroatoms selected from N or O, C,-C; cycloalkyl and Cs-C; cy-
cloalkenyl.

In one embodiment, Cy, may be phenyl, furanyl, pyrazolyl, pyridinyl, pyrimidinyl,
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piperidinyl, morpholinyl, cyclohexyl, or cyclohexenyl. In one embodiment, Cy, may
be phenyl, furanyl, pyrazolyl, pyridinyl, morpholinyl, piperidinyl, cyclohexyl, or cy-
clohexenyl.

Said Cy, may be optionally substituted with one or more R". In some embodiments,
R" may be selected from the group consisting of halogen, hydroxy, cyano, amino, oxo,
C,-Cs alkyl, C;-Cg alkoxy, -S-(C,-C alkyl), -SO,-(C;-Cs alkyl), -COO-(C;-Cq alkyl), -
COOH, -CONH,, -(CH,),-NH,, -(CH,),-NH-(C,-C; alkyl), -(CH,),-N(C,-C; alkyl),, -
(CH,),-NH-COO-(C,;-Cg alkyl), -(CH,),-OH, 3- to 5-membered heterocycloalkyl
containing 1 heteroatom selected from N, O and S, C;-Cs cycloalkyl, and -(CH,),-(C; -
Cs cycloalkyl). In this case, said C;-Cg alkyl and C,-C; alkoxy may be optionally sub-
stituted with one or more halogen, hydroxy, cyano or amino, and said 3- to
S-membered heterocycloalkyl and C;-Cs cycloalkyl may be optionally substituted with
one or more halogen, hydroxy, cyano, oxo or amino.

In one embodiment, R" may be selected from the group consisting of halogen,
hydroxy, cyano, amino, oxo, C,-C¢ alkyl, C,-C¢ haloalkyl, C;-Cs alkoxy, C;-Cs
haloalkoxy, -S-(C;-Cs alkyl), -SO,-(C;-C alkyl), -COO-(C;-Cs alkyl), -COOH, -CONH
2, -(CH,),-NHa, -(CH,),-NH-(C,-Cs alkyl), -(CH,),-N(C,-Cs alkyl), -(CH,), -
NH-COO-(C,-Cs alkyl), -(CH,),-OH; azetidinyl or oxetanyl, optionally substituted
with hydroxy or oxo; and cyclopropyl or cyclopropylmethyl, optionally substituted
with hydroxy or oxo.

In some embodiments, R* may be hydrogen or C,-C; alkyl.

In some embodiments, the compound having formula IA-1 or IA-2 above may be
represented by formula IA-3 or IA-4:

[Formula IA-3]

$
R! 0 :i 7R
S 7
o R*
R3
Rr?

[Formula TA-4]
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[112]

RS

in which, R!, R2, R3, R* and R® are as defined in formulae IA-1 and IA-2 above.

In another aspect, there is provided a compound of formula IB-1 or a solvate,
stereoisomer or pharmaceutically acceptable salt thereof:

[Formula IB-1]

R’ R®
N

in which,

R!is selected from the group consisting of hydrogen, halogen, hydroxy, cyano,
amino, C,-Cy alkyl, C;-Cs alkoxy, -NH-(C,-C¢ alkyl), -N(C,-C; alkyl),, C5-Cy cy-
cloalkyl, and C¢-Cyq aryl, wherein said C,-C¢ alkyl and C,-C¢ alkoxy may be each inde-
pendently optionally substituted with one or more halogen, hydroxy, cyano or amino,
and said C;-Cg cycloalkyl and C¢-Cg aryl may be each independently optionally sub-
stituted with one or more halogen, hydroxy, cyano, amino, oxo, C;-Cs alkyl, C;-Ce
haloalkyl, C;-Cs alkoxy or C;-Cs haloalkoxy;

either or both of the carbon atoms of NJJ/:’W may be optionally substituted with

halogen, hydroxy, cyano, C,-C; alkyl, C-C¢ alkoxy, C-Cs haloalkyl or C,-Cs
haloalkoxy; and

W, Cy, R,, R4, R5, RS, R7, R%, P, n, m and 1 are as defined in formula I above.

The specific examples and embodiments described with respect to W, Cy, R,, R*, R8,
RS, R7, R8, P, n, m and 1 in formula I may be also equally applied to formula IB-1 as
long as they are structurally acceptable.

In some embodiments, the compound having formula IB-1 may be represented by
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formula IB-2, IB-3 or IB-4:
[Formula IB-2]

gd?f

[Formula IB-3]

RS

[Formula IB-4]

g‘t\ “~ra

In some embodiments of formula IB-2, IB-3 and IB-4, R! may be hydrogen, halogen,
hydroxy, cyano, amino, C;-Cs alkyl, C;-Cs alkoxy, -NH-(C-C¢ alkyl) or -N(C,-Cs
alkyl),, wherein said C;-Cs alkyl and C;-C¢ alkoxy may be each independently op-
tionally substituted with one or more halogen, hydroxy, cyano or amino. In one em-
bodiment, R! may be hydrogen, halogen, hydroxy, C;-C; alkyl, C;-C; alkoxy, C;-C;
haloalkyl, or C;-C; haloalkoxy.
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In some embodiments, either or both of the carbon atoms of s - may be op-
i
e

tionally substituted with halogen, C,-C; alkyl, or C;-C; haloalkyl. In one embodiment,
either or both of the carbon atoms of Jﬁ/"f{‘f may be optionally substituted with C; -

C; alkyl.

In some embodiments, W may be -(CH,),-, -(CH,),-C=C-, -C(O)-, -O-, -NH- or -N(C
1-C; alkyl)-. In one embodiment, W may be -(CH,),- or -(CH,),-C=C-. In this case, H
of said CH, may be optionally substituted with one or more halogen, hydroxy or C-Cs
alkoxy.

In some embodiments, Cy may be selected from the group consisting of C-C, aryl,
5- to 10-membered heteroaryl containing 1 to 3 heteroatoms selected from N, O and S,
and 4- to 10-membered heterocycloalkyl containing 1 to 3 heteroatoms selected from
N, O and S. In one embodiment, Cy may be phenyl, or 5- to 10-membered heteroaryl
containing 1 or 2 nitrogen atoms. In one embodiment, Cy may be phenyl, pyrrolyl,
pyrazolyl, imidazolyl, pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl, indolyl,
isoindolyl, benzimidazolyl or indazolyl. In one embodiment, Cy may be phenyl,
pyridinyl, pyrimidiny!l or indolyl.

Said Cy may be optionally substituted with one or more R'. In some embodiments, R’
may be halogen, hydroxy, cyano, amino, oxo, C;-C; alkyl, C;-C; haloalkyl, C;-C;
alkoxy, C;-C; haloalkoxy, -NH-(C;-C; alkyl) or -N(C;-C; alkyl),. In one embodiment,
R' may be halogen, amino, C,-C; alkyl, or C;-C; haloalkyl.

In some embodiments, R, may be hydrogen, halogen, C;-C; alkyl, C,-C; haloalkyl or
-V-Cy,. In this case, V may be absent or -NH-, -NHCH,-, -NHCH:-, -S-, -SO,-, -CH,-,
-OCHg,- or -O-. In one embodiment, V may be absent or -CH,- or -O-. In one em-
bodiment, V may be absent or -CH,-.

In some embodiments, Cy, may be selected from the group consisting of Ce-C)4 aryl,
5- to 10-membered heteroaryl containing 1 to 3 heteroatoms selected from N, O and S,
4- to 10-membered heterocycloalkyl containing 1 to 3 heteroatoms selected from N, O
and S, C5-Cy cycloalkyl and C;-Cy cycloalkenyl. In one embodiment, Cy, may be
phenyl, or 5- to 10-membered heteroaryl containing 1 or 2 nitrogen atoms. In one em-
bodiment, Cy, may be phenyl, pyrrolyl, furanyl, pyrazolyl, imidazolyl, pyridinyl,
pyrimidinyl, pyridazinyl, pyrazinyl, pyrrolidinyl, tetrahydrofuranyl, piperidinyl,
piperazinyl, morpholine, cyclopentyl, cyclohexyl, cyclopentenyl, or cyclohexenyl. In
one embodiment, Cy, may be phenyl, pyrazolyl, pyridinyl, or pyrimidinyl.

Said Cy, may be optionally substituted with one or more R". In some embodiments,
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R" may be selected from the group consisting of halogen, hydroxy, cyano, amino, oxo,
C,-Cs alkyl, C,-Cg alkoxy, -S-(C-Cs alkyl), -SO,-(C;-Cs alkyl), -COO-(C;-Cs alkyl), -
COOH, -CONH,, -(CH,),-NH,, -(CH,),-NH-(C,-C; alkyl), -(CH,),-N(C,-C; alkyl),, -
(CH,),-NH-COO-(C,;-Cs alkyl), -(CH,),-OH, 3- to 5-membered heterocycloalkyl
containing 1 heteroatom selected from N, O and S, C;-C; cycloalkyl, and -(CH,),-(C; -
Cs cycloalkyl). Said C;-Cq alkyl and C;-C¢ alkoxy may be optionally substituted with
one or more halogen, hydroxy, cyano or amino, and said 3- to 5-membered heterocy-
cloalkyl and C;-C; cycloalkyl may be optionally substituted with one or more halogen,
hydroxy, cyano, oxo or amino.

In one embodiment, R" may be selected from the group consisting of halogen,
hydroxy, cyano, amino, oxo, C;-Cg alkyl, C;-C¢ haloalkyl, C;-Cs alkoxy, C;-Cs
haloalkoxy, -(CH,),-NH,, -(CH,),-NH-(C,-C; alkyl), -(CH,),-N(C,-C alkyl);
azetidinyl or oxetanyl, optionally substituted with hydroxy or oxo; and cyclopropyl or
cyclopropylmethyl, optionally substituted with hydroxy or oxo.

In some embodiments, R* may be hydrogen or C;-C; alkyl.

In some embodiments, R® may be O , wherein Z may be -(CH.,),, and
& g

N
Z R¥

R?® may be hydroxy or C,-Cs alkoxy. In this case, s may be an integer of O or 1.

In one embodiment, 1, m and n may be each independently an integer of 1 or 2. In
one embodiment, o and p may be each independently an integer of 0 to 2. In one em-
bodiment, q and r may be each independently an integer of 1 or 2. In one embodiment,
s may be an integer of O or 1.

In some embodiments, the compound having formula IB-1 above may be represented
by formula IB-5, IB-6, IB-7 or IB-8:

[Formula IB-5]

RS

[Formula IB-6]
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[136] l[Formula IB-7]
[137] RS
R! 0O
”\\‘ N
S I
R‘
pre
N Cy,
./ TRa
\ W
[138] [Formula IB-8]
[139] RS

[140] in which, Rl, W, Cy, R,, R* and R® are as defined in formula IB-1.
[141] In one embodiment, the compound of formula I of the present invention may be a

compound selected from the group consisting of the following compounds:
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& E}
, F
[171] In one embodiment, the compound of formula I of the present invention may be a

compound selected from the group consisting of the following compounds:
[172] O on
PN NP

[173] Definition

[174] All technical and scientific terms used herein have the meanings commonly un-
derstood by one of ordinary skill in the art, and unless otherwise stated, conventional
methods of measurement, methods of manufacture, conventional ingredients or

substances are used based on conventional techniques such as pharmacology, pharma-
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[182]
[183]

[184]

ceutical manufacturing chemistry, mass spectrometry, NMR, HPLC, biochemistry, and
the like.

Unless otherwise indicated, in the present disclosure and the appended claims, "or"
and "and" mean "and/or". The term "include" and "included" are open-ended, and
mean that a compound, composition, or method may include additional features or in-
gredients in addition to the listed features or ingredients.

The "*" indicated at the end of the linking group of a residue herein indicates the
position at which it binds to the remainder of the compound.

In the present disclosure, the term "halogen" may be F, Cl, Br, or L.

In the present disclosure, unless otherwise stated, the term "alkyl" refers to a straight
chain or branched chain hydrocarbon residue, which may be unsubstituted or sub-
stituted. The alkyl may be C,-C;s alkyl, C,-C,; alkyl, C,-C, alkyl, C;-C; alkyl, or C,-C;
alkyl. Examples of alkyl may include, without limitation, methyl, ethyl, n-propyl, i-
propyl, n-butyl, s-butyl, i-butyl, t-butyl, pent-1-yl, pent-2-yl, pent-3-yl,
3-methylbut-1-yl, 3-methylbut-2-yl, 2-methylbut-2-yl, 2,2,2-trimethyleth-1-yl, n-hexyl,
n-heptyl and n-octyl and all possible isomers thereof.

In the present disclosure, unless otherwise stated, the term "alkoxy" refers to a
straight chain or branched chain hydrocarbon residue, which may be unsubstituted or
substituted, linked by oxygen. The alkoxy may include, without limitation, methoxy,
ethoxy, propoxy, and butoxy, or all possible isomers thercof, for example, such as
isopropoxy, isobutoxy, and t-butoxy.

In the present disclosure, the term "cycloalkyl" refers to a saturated hydrocarbon ring
having the specified number of carbon atoms as ring elements (that is, C;-Cq cycloalkyl
refers to a cycloalkyl group having 3, 4, 5, 6, 7 or 8 carbon atoms as ring elements).
The cycloalkyl may be C;-C;5 cycloalkyl, C;-Cy; cycloalkyl, C;-Cy; cycloalkyl, Cs-Cy
cycloalkyl, C;-Cs cycloalkyl, or Cs-Cs cycloalkyl, and a cycloalkyl having a polycyclic
hydrocarbon ring may have two or more cycloalkyls bridged or fused.

In the present disclosure, the term "cycloalkenyl" refers to a non-aromatic un-
saturated monocyclic or polycyclic hydrocarbon ring having at least one carbon-carbon
double bond and containing the specified number of carbon atoms. For example, cy-
cloalkenyl includes cyclopent-1-en-1-yl, cyclohex-1-en-1-yl, cyclohex-1,3-dien-1-yl,
and the like, but is not limited thereto.

In the present disclosure, the term "hydroxyl" refers to an -OH group.

In the present disclosure, the term "oxo" refers to a substituent having the structure
=0, in which there is a double bond between the atom and oxygen atom.

In the present disclosure, the term "haloalkyl" refers to an alkyl group in which at
least one hydrogen atom is replaced with a halogen atom. In some embodiments, 1, 2

or 3 hydrogen atoms of the hydrogen atoms of the alkyl may be replaced with a
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halogen atom. In one embodiment, a hydrogen atom may be replaced with the same
halogen atom (for example, fluoro), or may be replaced with a combination of different
halogen atoms (for example, fluoro and chloro).

In the present disclosure, the term "haloalkoxy" refers to an alkoxy group in which at
least one hydrogen atom is replaced with a halogen atom, and the description of
"haloalkyl" above is also applied to "haloalkoxy."

In the present disclosure, the term "aryl" refers to a monocyclic or polycyclic
aromatic hydrocarbon group. The aryl has an alternating (resonance) double bond
between adjacent carbon atoms, and may also include a form in which two or more
rings are simply attached to each other (pendant) or condensed. The aryl may be, for
example, Ce-Cy4 aryl, C4-Cyg aryl, or C4-C, aryl, and may include, without limitation,
for example, phenyl, biphenyl, naphthyl, toluyl, naphthalenyl, anthracenyl, or all
possible isomers thereof.

In the present disclosure, the term "heteroaryl” refers to a heterocyclic aromatic
group containing at least one heteroatom selected from B, N, O, S, P(=0), Siand P as a
ring-forming atom. The heteroaryl may also include a form in which two or more rings
are simply attached to each other (pendant) or condensed.

In some embodiments, heteroaryl may contain 1 to 4 heteroatoms, 1 to 3 het-
eroatoms, 1 or 2 heteroatoms, or 1 heteroatom selected from N, O and S. In one em-
bodiment, heteroaryl may contain 1 to 3 N, 1 or 2 N, or 1 N. In some embodiments,
heteroaryl may contain 4 to 14, 5 to 10, or 5 to 6 ring atoms.

Examples of monocyclic heteroaryl may include thiophenyl, furanyl, pyrrolyl,
pyrazolyl, thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, imidazolyl, triazolyl, oxa-
diazolyl, thiadiazolyl, tetrazolyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl,
triazinyl and similar groups thereto, but are not limited thereto. Examples of bicyclic
heteroaryl may include indolyl, isoindolyl, indazolyl, indolizinyl, benzothiophenyl,
benzofuranyl, benzimidazolyl, benzopyrazolyl, benzoxazolyl, benzisoxazolyl, ben-
zthiazolyl, benzisothiazolyl, benzthiadiazolyl, benztriazolyl, quinolinyl, isoquinolinyl,
quinoxalinyl, quinazolinyl, purinyl, phthalazinyl, pteridinyl, furopyridinyl, ox-
ochromene, dioxoisoindoline, imidazopyridinyl, pyrrolopyridinyl, pyrrolopyrimidinyl,
pyrazolopyridinyl and similar groups thereto, but are not limited thereto.

In the present disclosure, unless otherwise stated, the term "heterocycloalkyl” refers
to a monocyclic or polycyclic, saturated or partially unsaturated ring system containing
at least one heteroatom selected from B, N, O, S, P(=0), Si and P and having the
specified number of ring elements (that is, 3- to 7-membered heterocycloalkyl refers to
a heterocycloalkyl group having 3, 4, 5, 6 or 7 ring elements, including heteroatoms).
The polycyclic heterocycloalkyl may have two or more heterocycloalkyls bridged or
fused.
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In some embodiments, heterocycloalkyl may contain 1 to 4 heteroatoms, 1 to 3 het-
eroatoms, 1 or 2 heteroatoms, or 1 heteroatom selected from N, O and S. In one em-
bodiment, heterocycloalkyl may contain 1 to 3N, 1 or 2 N, or 1 N. In some em-
bodiments, heterocycloalkyl may contain 3 to 7, 3to 6,4 to 6, 4 to 10, or 4 to 14 ring
atoms.

For example, the heterocycloalkyl group includes aziridinyl, oxiranyl, azetidinyl,
oxetanyl, thietanyl, pyrrolidinyl, pyrrolinyl, dihydrofuranyl, tetrahydrofuranyl, dihy-
drothiophenyl, tetrahydrothiophenyl, sulfolanyl, dioxolanyl, imidazolinyl, imida-
zolidinyl, pyrazolinyl, pyrazolidinyl, thiazolinyl, thiazolidinyl, isothiazolinyl, isothia-
zolidinyl, oxazolinyl, oxazolidinyl, isoxazolinyl, isoxazolidinyl, triazolinyl, tria-
zolidinyl, tetrazolinyl, tetrazolidinyl, pyranyl, dihydropyranyl, tetrahydropyranyl,
thiopyranyl, tetrahydrothiopyranyl, dihydrothiopyranyl, dioxanyl, tetrahydrotriaziny],
hexahydrotriazinyl, morpholinyl, thiomorpholinyl, piperidinyl, dihydropyridinyl,
tetrahydropyridinyl, piperazinyl, tetrahydropyrimidinyl, dihydropyrimidinyl, dihy-
dropyridazinyl, tetrahydropyridazinyl, tetrahydrooxazinyl, hexahydroazepinyl, perhy-
droazepinyl, perhydrooxepinyl, indolinyl, isoindolinyl, dihydrobenzimidazolyl, dihy-
drobenzofuranyl, dihydrobenzoxazolyl, dihydrobenzothiazolyl, chromanyl,
isochromanyl, azabicyclo[2.2.1]heptanyl, 3-azabicyclo[3.2.1]heptanyl,
7-azabicyclo[4.1.0]-heptanyl, 2,5-diazabicyclo[2.2.1]heptanyl,
2-oxa-5-azabicyclo[2.2.1]heptanyl, tropanyl, 2-oxa-6-azaspiro[3.3]heptanyl, and N-
oxide, sulfone or sulfoxide thereof, but is not limited thereto.

In some embodiments, heterocycloalkyl includes aziridinyl, oxiranyl, azetidinyl,
oxetanyl, pyrrolidinyl, tetrahydrofuranyl, pyrazolidinyl, imidazolidinyl, thiazolidinyl,
oxazolidinyl, isoxazolidinyl, piperidinyl, piperazinyl, thiomorpholinyl or morpholinyl.

In the present disclosure, the term "substituted” group refers to one in which one or
more hydrogen atoms are replaced with one or more non-hydrogen atom groups,
provided that valence requirements should be met and a chemically stable compound
should occur from the substitution. In the present disclosure, unless explicitly stated as
"unsubstituted," all substituents should be construed as being capable of being unsub-
stituted or substituted. The "optionally substituted" moiety mentioned herein without
limitation of a particular substituent encompasses a moiety unsubstituted or substituted
with any substituent, and for example, includes a moiety substituted with halogen,
hydroxy, cyano, amino, C;-Cg alkyl, C;-Cy alkoxy, -NH-(C;-Cs alkyl), -N(C;-C; alkyl),,
C5-Cycycloalkyl, C¢-Cy4 aryl, 4- to 14-membered heteroaryl, or 4- to 14-membered het-
erocycloalkyl. In one embodiment, the "optionally substituted" moiety includes a
moiety substituted with halogen, hydroxy, cyano, amino, C;-Cs alkyl, C;-Cs alkoxy, -
NH-(C;-Cs alkyl), or -N(C;-Cg alkyl),.

In the present disclosure, when a combination of substituents is mentioned such as
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one group, for example, arylalkyl, cycloalkylalkyl, or the like, the last-mentioned
group contains the atom attached to the end of the molecule.

In the present disclosure, the numerical range indicated using the term "to" refers to a
range including the numerical values described before and after the term "to" as the
lower limit and the upper limit, respectively.

In the present disclosure, the term "solvate” may refer to a compound of the present
invention or a salt thereof comprising a stoichiometric or non-stoichiometric amount of
a solvent bound by non-covalent intermolecular forces. Preferred solvents therefor may
be any solvent that is volatile, non-toxic, and/or suitable for administration to humans.

In the present disclosure, the term "stereoisomer” may refer to a compound of the
present invention or a salt thereof that has the same chemical formula or molecular
formula but is optically or sterically different, and may be specifically a diastereomer,
an enantiomer or a geometric isomer.

In some embodiments, the compound of the present invention may be in the form of
a racemate, a single enantiomer, a mixture of enantiomers, a single diastereomer, a
mixture of diastereomers, and the like, containing one or more asymmetric centers. In
one embodiment, due to the limited rotation or nature of the asymmetric center, the
compound of the present invention may be in the form of an enantiomer or a di-
astereomer.

When two or more asymmetric centers are present in the compound of the present
invention, several diastereomers and enantiomers of the chemical structures disclosed
herein may exist, and pure isomers, separated isomers, partially pure isomers, racemic
mixtures or the like are all intended to fall within the scope of the present invention.

Purification of the isomers and separation of a mixture of the isomers may be
achieved by standard techniques known in the art. For example, a diastereomeric
mixture may be separated into its respective diastereomers by a chromatographic
process or crystallization, and a racemate may be separated into its respective
enantiomers by resolution or a chromatographic process on a chiral phase.

In addition, when the compound of the present invention contains a group capable of
tautomerism, all tautomeric forms are included within the scope of the present
invention. For example, 2-hydroxy pyridine may include 2-pyridone, and all such
isomeric forms are included in the present invention.

As used herein, "pharmaceutically acceptable salt" may include acid or base salts of
the parent compound, and may include mineral acid or organic acid salts of basic
residues such as amines, alkali or organic salts of acid residues such as carboxylic
acids, and the like, but is not limited thereto.

For example, a pharmaceutically acceptable salt of the compound of the present

invention may be formed from pharmaceutically acceptable non-toxic bases, including
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inorganic bases and organic bases. In one embodiment, the pharmaceutically ac-
ceptable salt of the present invention includes an inorganic base addition salt, such as,
lithium salt, sodium salt, potassium salt, magnesium salt, calcium salt, aluminum salt,
ammonium salt, copper salt, ferric salt, ferrous salt, manganese salt, zinc salt, and the
like. In one embodiment, the pharmaceutically acceptable salt of the present invention
may include an organic base addition salt, such as, a salt derived from arginine,
betaine, caffeine, choline, N,N-dibenzylethylenediamine, diethylamine,
2-diethylaminoethanol, 2-dimethylaminoethanol, ethanolamine, ethylenediamine, N-
ethylmorpholine, N-ethylpiperidine, glucamine, glucosamine, histidine, iso-
propylamine, lysine, methylglucamine, morpholine, piperazine, piperidine, polyamine
resin, procaine, purine, theobromine, triethylamine, trimethylamine, tripropylamine, di-
cyclohexylamine, tris(hydroxymethyl)methylamine, and the like.

In addition, the compound of the present invention may be used in the form of a
pharmaceutically acceptable salt derived from an inorganic acid or organic acid, and
for example, the salt may be a salt derived from hydrochloric acid, hydrobromic acid,
sulfuric acid, phosphoric acid, nitric acid, acetic acid, glycolic acid, lactic acid, pyruvic
acid, malonic acid, succinic acid, glutaric acid, fumaric acid, malic acid, mandelic acid,
tartaric acid, citric acid, ascorbic acid, palmitic acid, maleic acid, hydroxymaleic acid,
benzoic acid, hydroxybenzoic acid, phenylacetic acid, cinnamic acid, salicylic acid,
methanesulfonic acid, benzenesulfonic acid, toluenesulfonic acid, or the like.

A pharmaceutically acceptable salt of the compound may be prepared by, for
example, dissolving the compound of formula I in a water-miscible organic solvent,
such as acetone, methanol, ethanol, acetonitrile, or the like, and adding an excess of an
organic acid or adding an aqueous acid solution of an inorganic acid, and then pre-
cipitating or crystallizing. Subsequently, after evaporating the solvent or an excess of
acid from this mixture, it may be prepared by drying to obtain an addition salt or by
suction filtration of the precipitated salt.

On the other hand, the acid addition salt form of the present invention may be easily
converted to the free base form by treatment with an appropriate base, and the base
addition salt form may be easily converted to the free acid form by treatment with a

suitable acid.

General preparation method of compound

On the other hand, the compound can be prepared through chemical modifications
well known to one of ordinary skill in the art of organic/pharmaceutical chemistry
according to the method representatively shown below.

The following general reaction scheme is a general illustration of a representative

preparation method of the compound of formula I. One of ordinary skill in the art will



30
WO 2022/039563 PCT/KR2021/011143

be able to easily prepare the compound of formula I by appropriately selecting a
starting material, a reaction temperature, a reaction condition, a catalyst, a solvent, a
treatment method, and the like suitable for the desired compound, based on the

preparation method specifically disclosed in the Examples herein.
[212] For example, a compound of formula I having a thiophene ring can be prepared

according to Reaction Schemes 1 to 5 below:
[213] [Reaction Scheme 1]
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[216] [Reaction Scheme 2]
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[219] [Reaction Scheme 3]
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[222] [Reaction Scheme 4]
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[225] [Reaction Scheme 5]
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228 For example, a compound of formula I having a 4H-thieno[3,2-b]pyrrole fused rin,
y

can be prepared according to Reaction Scheme 6 below:
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[229] [Reaction Scheme 6]
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[233] In the preparation of the compounds according to Reaction Schemes 1 to 6 above,
compounds in which various ring structures are bonded to an amide bond can be
prepared using an appropriate amino-cycloalkyl-carboxylate compound, such as
methyl 3-aminocyclobutane-1-carboxylate, methyl
3-aminobicyclo[1.1.1]pentane-1-carboxylate, methyl
4-aminobicyclo[1.1.1]octane-1-carboxylate, and the like instead of methyl
3-aminobicyclo[1.1.1]pentane-1-carboxylate hydrochloride.
[234]
[235] Medicinal use, pharmaceutical compeosition, administration method
[236] In another aspect, there is provided a pharmaceutical composition for the prevention

or treatment of a disease associated with prostaglandin E, overexpression and/or
prostaglandin E, receptor overexpression, comprising a compound represented by
formula I, IA-1, IA-2, IA-3, IA-4, IB-1, IB-2, IB-3, IB-4, IB-5, IB-6, IB-7 or IB-8
above, a solvate, stereoisomer or pharmaceutically acceptable salt thereof as an active

ingredient.
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In the present disclosure, the term "preventing" or "prevention" refers to preventing a
disease, for example, preventing a disease, condition or disorder in a subject who may
be predisposed to the disease, condition or disorder but has not yet experienced or
exhibited the pathology or signs of the disease.

In the present disclosure, the term "treating" or "treatment" refers to inhibiting a
disease, for example, inhibiting a disease, condition or disorder in a subject who ex-
periences or exhibits the pathology or signs of the disease, condition or disorder, i.e.,
preventing further development of the pathology and/or signs, or ameliorating the
disease, for example, ameliorating the disease, condition or disorder in a subject who
experiences or exhibits the pathology or signs of the disease, condition or disorder, i.e.,
reversing the pathology and/or signs, for example, reducing the severity of the disease.

The "disease associated with prostaglandin E, overexpression and/or prostaglandin E,
receptor overexpression,” which is a disease to be prevented or treated by the pharma-
ceutical composition, is a disease closely associated with the activity of prostaglandin
E,, and may refer to a disease in which an effective therapeutic effect can be achieved
through an antagonistic action on prostaglandin E, or the prostaglandin E, receptor.
The disease associated with prostaglandin E, overexpression and/or prostaglandin E,
receptor overexpression may be a disease caused by overexpression or overactivation
of prostaglandin E, and/or prostaglandin E, receptor. The disease associated with
prostaglandin E, overexpression and/or prostaglandin E, receptor overexpression may
be, for example, cancer, a neurodegenerative disease, or an inflammatory disease, or
the like. The cancer may be, for example, squamous cell cancer, basal cell cancer,
glioblastoma, bone cancer, stomach cancer, kidney cancer, lung cancer, bladder cancer,
prostate cancer, breast cancer, prostate cancer, ovarian cancer, endometrial cancer,
cervical cancer, bladder cancer, head and neck cancer, renal cell carcinoma, esophageal
cancer, pancreatic cancer, brain cancer, gastrointestinal cancer, liver cancer, leukemia,
lymphoma, melanoma, multiple myeloma, osteosarcoma, colorectal cancer, cholangio-
carcinoma, choriocarcinoma, oral cancer, neuroblastoma, skin cancer, testis cancer,
stromal tumor, germ cell tumor, or thyroid cancer, but is not limited thereto. The neu-
rodegenerative disease may be epilepsy, Alzheimer's disease, Parkinson's disease,
amyotrophic lateral sclerosis or traumatic brain injury, but is not limited thereto. The
inflammatory disease may be edema, allergy, asthma, conjunctivitis, periodontitis,
rhinitis, otitis media, pharyngolaryngitis, tonsillitis, pneumonia, gastric ulcer, gastritis,
Crohn's disease, colitis, hemorrhoid, gout, ankylosing spondylitis, rheumatic fever,
lupus, fibromyalgia, psoriatic arthritis, osteoarthritis, theumatoid arthritis, periarthritis
of shoulder, tendinitis, tenosynovitis, myositis, hepatitis, cystitis, nephritis, Sjogren's
syndrome or multiple sclerosis, but is not limited thereto.

When used in the treatment of cancer, the compound of the present invention may be
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used alone or in combination with other anticancer therapies, for example, radiation
therapy, anti-CTLA4 antibodies (for example, ipilimumab), anti-PD-L1 antibodies (for
example, atezolizumab, avelumab), anti-PD-1 antibodies (for example, nivolumab,
pembrolizumab) or cytotoxic agents (for example, alkylating agents such as cisplatin,
dacarbazine, and chlorambucil; antimetabolites such as methotrexate, fludarabine, and
gemcitabine; antimicrotubule agents such as vinblastine and paclitaxel; topoisomerase
inhibitors such as topotecan and doxorubicin), and the like.

According to one embodiment, the compound represented by represented by formula
I, IA-1, IA-2, IA-3, IA-4, IB-1, IB-2, IB-3, IB-4, IB-5, IB-6, IB-7 or IB-8 exhibits
effective inhibitory activity on prostaglandin E, receptor, for example, EP, and/or EP,,
and may exert a therapeutic effect by regulating the activity of prostaglandin E,
through antagonistic action against prostaglandin E, receptor as described above.
Therefore, the compound represented by formula I, IA-1, TA-2, TA-3, [A-4, IB-1, IB-2,
IB-3, IB-4, IB-5, IB-6, IB-7 or IB-8, solvate, stereoisomer or pharmaceutically ac-
ceptable salt thereof may be used to treat a disease associated with prostaglandin E,
overexpression and/or prostaglandin E, receptor overexpression.

In one embodiment, the pharmaceutical composition may comprise conventional
pharmaceutically acceptable carriers, excipients or additives. The pharmaceutical com-
position may be formulated according to a conventional method, and may be prepared
as various oral dosage forms such as tablets, pills, powders, capsules, syrups,
emulsions, microemulsions, or parenteral dosage forms such as intramuscular, in-
travenous or subcutaneous dosage form.

When the pharmaceutical composition is prepared in the form of an oral formulation,
examples of additives or carriers used may include cellulose, calcium silicate, corn
starch, lactose, sucrose, dextrose, calcium phosphate, stearic acid, magnesium stearate,
calcium stearate, gelatin, talc, surfactant, suspending agent, emulsifying agent, diluent,
and the like. When the pharmaceutical composition of the present invention is prepared
in the form of an injection, the additive or carrier may include water, saline, aqueous
glucose solution, similar aqueous sugar solution, alcohol, glycol, ether (for example,
polyethylene glycol 400), oil, fatty acid, fatty acid ester, glyceride, surfactant,
suspending agent, emulsifying agent, and the like.

The dosage of the pharmaceutical composition is an amount effective for treatment
or prevention of a subject or patient, and may be administered orally or parenterally as
desired. It may be administered in one to several divided doses to be administered in an
amount of 0.01 to 1000 mg, more specifically 0.1 to 300 mg per kg of body weight
daily based on the active ingredient when administered orally, or in an amount of .01
to 100 mg, more specifically 0.1 to 50 mg per kg of body weight daily based on the
active ingredient when administered parenterally. The dose to be administered to a
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specific subject or patient should be determined in light of several related factors such
as body weight, age, sex, health condition of the patient, diet, administration time, ad-
ministration method, the severity of the disease, and the like, and it should be un-
derstood that it may be appropriately increased or decreased by a specialist. The above
dosage is not intended to limit the scope of the present invention in any way. A
physician or veterinarian of ordinary skill in the art may readily determine and
prescribe the required effective amount of the pharmaceutical composition. For
example, by a physician or veterinarian, a dose of the compound of the present
invention used in a pharmaceutical composition may start at a level lower than that
required to achieve the desired therapeutic effect, and may gradually increase until the
desired effect is achieved.

In one embodiment, the pharmaceutical composition includes within its scope a phar-
maceutical composition comprising, as an active ingredient, a therapeutically effective
amount of at least one of the compounds according to one embodiment, alone or in
combination with a pharmaceutical carrier. The term "therapeutically effective
amount" or "effective amount" refers to an amount sufficient to produce a beneficial or
desired clinical result, for example, an amount sufficient to alleviate, ameliorate,
stabilize, reverse, slow or delay the progression of a disease.

Optionally, the compound according to one embodiment may be administered alone,
in combination with the compound according to another embodiment, or simul-
taneously, separately, or sequentially in combination with one or more other
therapeutic agents, for example, an anticancer agent or other pharmaceutically active
substances. The anticancer agent includes, for example, an anticancer agent, an anti-
angiogenesis agent, an anti-inflammatory agent, an immunosuppressant, and the like,
and may be, for example, an immune anticancer agent including a known immune
checkpoint inhibitor such as CTLA-4, PD-1, PD-L1, and the like.

In another aspect, there is provided a method for preventing or treating a disease as-
sociated with prostaglandin E, overexpression and/or prostaglandin E, receptor overex-
pression, comprising administering to a subject the compound represented by formula
I, IA-1, IA-2, IA-3, IA-4, IB-1, IB-2, IB-3, IB-4, IB-5, IB-6, IB-7 or IB-8, solvate,
stereoisomer or pharmaceutically acceptable salt thereof, or the pharmaceutical com-
position comprising the same.

Among the terms or elements mentioned in the description of the method, the same
as those already mentioned are as described above.

The administration may be oral or parenteral administration. It may be administered
in one to several divided doses to be administered in an amount of 0.01 to 1000 mg,
more specifically 0.1 to 300 mg per kg of body weight daily based on the active in-

gredient when administered orally, or in an amount of 0.01 to 100 mg, more
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specifically 0.1 to 50 mg per kg of body weight daily based on the active ingredient
when administered parenterally. The dose to be administered to a specific subject or
patient should be determined in light of several related factors such as body weight,
age, sex, health condition of the patient, diet, administration time, administration
method, the severity of the disease, and the like, and it may be appropriately increased

or decreased by a specialist.
In the present disclosure, the term "subject” refers to a subject in need of treatment or

prevention for a disease, and more specifically means a mammal such as a human or
non-human primate, a mouse, a dog, a cat, a horse, and a cow.

In another aspect, there is provided a medicinal use of the compound represented by
formula I, IA-1, IA-2, IA-3, IA-4, IB-1, 1B-2, IB-3, IB-4, IB-5, IB-6, IB-7 or IB-8,
solvate, stereoisomer or pharmaceutically acceptable salt thereof for the prevention or
treatment of a disease associated with prostaglandin E, overexpression and/or
prostaglandin E,receptor overexpression; or a use of the compound represented by
formula I, IA-1, IA-2, IA-3, IA-4, IB-1, 1B-2, IB-3, IB-4, IB-5, IB-6, IB-7 or IB-8,
solvate, stereoisomer or pharmaceutically acceptable salt thereof for the manufacture
of a therapeutic agent for a disease associated with prostaglandin E, overexpression
and/or prostaglandin E,receptor overexpression. Among the terms or elements
mentioned in the description of the method or use, the same as those already
mentioned are as described above.

Advantageous Effects of Invention

The compound, solvate, stereoisomer or pharmaceutically acceptable salt thereof
according to one aspect has effective inhibitory activity on prostaglandin E, receptor,
for example, EP, and/or EP,.

Therefore, the compound, solvate, stereoisomer or pharmaceutically acceptable salt
thereof according to one aspect can be utilized as an active ingredient of a pharma-
ceutical composition for the prevention or treatment of a disease associated with
prostaglandin E, overexpression and/or prostaglandin E,receptor overexpression, for
example, cancer, a neurodegenerative disease, or an inflammatory disease.

Mode for the Invention

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

However, the following examples are merely illustrative of the present invention, and

the content of the present invention is not limited by the following examples.

[Preparation Example]
Preparation Example 1: methyl 6-aminospiro[3.3]heptane-2-carboxylate hy-
drochloride
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Intermediate A
[259] Methyl 6-((t-butoxycarbonyl)amino)spiro[3.3]heptane-2-carboxylate (10 g, 37.1
mmol) was added to a solution of 4 N HCI in dioxane, stirred for 15 hours, and then
concentrated under reduced pressure. The resulting crude product was washed with
diethyl ether (100 mL) and dried to obtain Intermediate A (7.32 g, yield 96%) as a
white solid. ' H NMR (300Hz, DMSO-dg) & 8.09 (bs, 2H), 3.58 (s, 3H), 3.03 (p, ] = 8.4
Hz, 1H), 2.43 - 2.31 (m, 1H), 2.28 - 1.95 (m, 6H).
[260] Preparation Example 2: methyl 2-azido acetate

[261] O NaN O
T e T
t, 24 h intermediate B

[262] To a solution of methyl 2-bromoacetate (7.65 g, 50.0 mmol) in DMSO (0.5 M), NaN,
(4.88 g, 75.0 mmol) was added and stirred for 24 hours. The reaction mixture was
diluted with EtOAc (100 mL) and washed with distilled water. The organic layer was
dried over Na,SO, and then concentrated under reduced pressure to obtain Intermediate
B (4.09 g, yield 75%) as a colorless liquid. 'H NMR (300MHz, chloroform-d) 6 3.91
(s, 2H), 3.83 (s, 3H).

[263] Preparation Example 3: 3-bromo-2,5-dimethylthiophene

264
o R}k"‘ NBS/ACOH %}M“‘ B
P , .
s ) - s ]
N t, 15 N
j /

Intermediate C

[265] To a solution of 2,5-dimethylthiophene (11.2 g, 100 mmol) in acetic acid (0.2 M),
NBS (17.8 g, 100 mmol) was added and stirred for 15 hours. The reaction mixture was
concentrated, diluted with diethyl ether, and then washed with distilled water and
sodium bicarbonate solution and brine. The organic layer was dried over Na,SO4and
then concentrated under reduced pressure. The crude product was purified by column
chromatography to obtain Intermediate C (8.80 g, yield 46%) as a colorless liquid. 'H
NMR (300MHz, chloroform-d) 8 6.60 - 6.56 (m, 1H), 2.42 (s, 3H), 2.35 (s, 3H).

[266] Preparation Example 4: methyl 4-bromo-2,5 dimethylthiophene-3-carboxylate

[267] Step 1: Synthesis of 3.4-dibromo-2.5-dimethylthiophene
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[269] To a solution of tetrabromothiophene (8.0 g, 20.0 mmol, 1.0 equiv) in THF (60 mL,
0.3 M), n-BuLi (2.0 M in cyclohexane, 25.0 mL, 50.0 mmol, 2.5 equiv) was added at -
78 °C and stirred at -78 °C for 1 hour. lodomethane (3.8 mL, 60.0 mmol, 3.0 equiv)
was added and then stirred for 20 hours at ambient temperature. The reaction mixture
was added to saturated NH,Cl and extracted with EtOAc. The organic layer was dried
over MgSO, and then concentrated under reduced pressure. The crude product was
purified by column chromatography to obtain 3,4-dibromo-2,5-dimethylthiophene (4.9
g, yield 90%).

[270] Step 2: Synthesis of 4-bromo-2.5-dimethylthiophene-3-carboxylic acid

[271] A-Buli

}\ Br CO2 (excess)

7 e THE ~78°C. 30 min

[272] To a solution of 3,4-dibromo-2,5-dimethylthiophene (4.9 g, 18.1 mmol, 1.0 equiv) in
THF (60 mL), n-BuLi (2.0 M in cyclohexane, 8.2 mL, 0.9 equiv) was added at -78 °C
and stirred at -78 °C for 30 minutes. An excess of dry ice was added and then stirred
for 30 minutes at ambient temperature. The reaction mixture was added to 1 N NaOH
and extracted with Et,0O, and the aqueous layer was acidified with 1 N HCI solution.
The resulting precipitate was removed by filtration, washed with distilled water, and

then dried to obtain 4-bromo-2,5-dimethylthiophene-3-carboxylic acid (3.3 g, yield

77%).
[273] Step 3: Synthesis of methyl 4-bromo-2.5 dimethylthiophene-3-carboxylate
[274] O o
CHsl, KoCO
s N OH 3 2 3 SN O/
8
— DMF, rt, 12 h =
Br Br

Intermediate D
[275] To a solution of 4-bromo-2,5-dimethylthiophene-3-carboxylic acid (2.64 g, 11.2
mmol, 1.0 equiv) and K,CO; (3.1 g, 22.4 mmol, 2.0 equiv) in DMF (15 mL),
iodomethane (1.4 mL, 22.4 mmol, 2.0 equiv) was added and stirred for 12 hours. The

reaction mixture was added to distilled water and extracted with DCM. The organic
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layer was dried over MgSO, and then concentrated under reduced pressure. The crude
product was purified by column chromatography to obtain Intermediate D (2.55 g,
yield 91 %).

[276] Preparation Example 5: 3-fluoro-[1,1'-biphenyl]-4-carboxylic acid

[277] HO. BXOH

® 0
O P S ON

F E
Pd/C, MeyN-OH F & 2
§ L
. HyO, 80 °C,1.5h
Br Intermediate E
[278] To 1.0 g of phenylboronic acid (8.20 mmol, 1.0 equiv) and 1.80 g of
4-bromo-2-fluoro-benzoic acid (8.20 mmol, 1.0 equiv), 6.47 g of 26% Me,N-OH
aqueous solution (18.45 mmol, 2.25 equiv) was added and stirred at 50 °C. 25 mL of
distilled water and 25 mg of 5% Pd/C (0.025 w/w) were added under Ar substitution

and stirred at 80 °C for 1.5 hours. The reaction mixture was cooled to ambient tem-

perature, and Pd/C was removed by filtration through Celite. After neutralization and
crystallization by adding 2.2 mL of 6 M HCI aqueous solution (13.12 mmol, 1.6 equiv)
to the reaction mixture, 10 mL of distilled water was added and stirred for 30 minutes.
The precipitated crystal was washed with distilled water and then dried under reduced
pressure to obtain Intermediate E (1.5 g, yield 85%). '"H NMR (500 MHz, Chloroform-
d) 8 8.14 (t,J =79 Hz, 1H), 7.65 (d, J = 7.2 Hz, 2H), 7.54-7.49 (m, 3H), 7.48-7.41 (m,
2H). LC/MS (ESI) m/z: 217.2 [M+H]*.

[279] Preparation Example 6: 2-amino-[1,1'-biphenyl]-4-carbonyl chloride

[280]

[281]

>
| N Pd/C . O
HoNT Y H,0, 100 °C, 12 h NHz

Br
[282] 3-amino-4-bromobenzoic acid (5.0 g, 23.2 mmol), 5% Pd/C (255 mg, 0.45 mmol), K,
CO; (12.8 g, 92.6 mmol) and phenylboronic acid (3.2 g, 25.5 mmol) were added to a
sealed tube. Distilled water (46 mL, 0.5 M) was added and stirred at 100 °C for 12

hours. The reaction mixture was cooled to ambient temperature, filtered through a
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Celite plug, and then washed with distilled water (2 x 20 mL). The solution was

acidified slowly with 1 N citric acid solution, and the precipitate was filtered and then
dried to obtain Intermediate F (3.5 g, yield 71%). 'H NMR (300 MHz, DMSO-d¢) 6
12.69 (s, 1H), 7.47 (d, ] = 6.5 Hz, 4H), 7.41 - 7.34 (m, 2H), 7.21 (dd, ] = 7.9, 1.6 Hz,
1H), 7.08 (d, J = 7.8 Hz, 1H), 5.04 (s, 2H).

Step 2: Synthesis of 2-amino-[1.1"-biphenyl]-4-carbonyl chloride

, NH,
AcOE!

reflux. 4 h

‘ NH, sOCl,

(O~

Intermediate F

To a solution of 2-amino-[1,1'-biphenyl]-4-carboxylic acid (2.5 g, 11.73 mmol) in
ethyl acetate (39 mL, 0.3 M), thionyl chloride (3.5 mL, 48.1 mmol) was added while
stirring. The reaction mixture was stirred under reflux for 4 hours, and then cooled to
ambient temperature, and concentrated under reduced pressure to obtain Intermediate F
(2.95 2).

Preparation Example 7: (2'-methoxy-[1,1'-biphenyl]-4-yl)methanol

Step 1: Synthesis of methyl 2'-methoxy-[1.1'-biphenyl]-4-carboxylate

Br  Nay,CO;

% PA(OAC),
‘/LL PPhy
Toluene

100°C

A solution of 4-(methoxycarbonylphenyl)boronic acid (1.08 g, 6 mmol), Na,CO;
(1.91 g, 18 mmol), Pd(OAc), (0.269 g, 1.2 mmol), and PPh; (0.63 g, 2.4 mmol) in a
stirred solution of 2-bromoanisole (0.75 mL, 6 mmol) in toluene (0.6 M) was stirred at
100 °C for 6 hours. The reaction mixture was extracted with ethyl acetate (20 mL x 3),
and the organic layer was washed with brine solution, and then dried over Na,SO,, and
concentrated under reduced pressure. The crude product was purified by column chro-
matography (hexane: ethyl acetate = 97:3 to 95:5) to obtain methyl
2'-methoxy-[1,1'-biphenyl]-4-carboxylate (507 mg, yield 35%). 'H NMR (500 MHz,
CDClL) 6 8.08 (d, ] = 8.4 Hz, 2H), 7.61 (d, J = 8.4 Hz, 2H), 7.39 - 7.30 (m, 2H), 7.04
(s, 1H), 6.99 (d, J =8.2 Hz, 1H), 3.93 (d, ] = 1.9 Hz, 3H), 3.81 (s, 3H).

Step 2: Synthesis of (2'-methoxy-[1.1'-biphenyl]-4-yl)methanol
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[291] oH
LiAlH, /@)
I
THF, rt P

[292]

[293]

[294]

[295]

[296]

[297]
[298]

[299]

Methyl 2'-methoxy-[1,1'-biphenyl]-4-carboxylate (507 mg, 2.09 mmol) was
dissolved in THF (0.2 M), and LiAlH, (397 mg, 10.5 mmol) was added and stirred for
3 hours. The reaction mixture was cooled to 0 °C, and then distilled water (1.6 mL) and
NaOH aqueous solution were added, dried over Na,SO., and concentrated under
reduced pressure. The crude product was purified by column chromatography (hexane:
ethyl acetate = 7:3) to obtain Intermediate G (340 mg). 'H NMR (500 MHz, CDCl;) &
7.55(d,J=8.1 Hz, 2H), 7.41 (d, J =7.9 Hz, 2H), 7.34 (d, J = 7.5 Hz, 2H), 7.05 (s,
1H), 7.01 (d, J = 8.0 Hz, 1H), 4.70 (s, 2H), 3.81 (s, 3H), 2.23 (s, 1H).

Preparation Example 8:
3-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline

Br Pd(dppf)Cl,

KOAe, B,Pin,

F NHz 1,4-{:%icxaﬂe, a0 {"C3 32h F NHQ
Intermediate H

To a solution of 3-fluoro-5-bromoaniline (380 mg, 2.0 mmol) in 1,4-dioxane (20.0
mL), bis(pinacolato)diboron (1.1 g, 4.4 mmol), KOAc (1.18 g, 12 mmol), and
Pd(dppf)Cl, (146.0 mg, 0.2 mmol) were added under N, atmosphere and stirred at 90
°C for 32 hours. The reaction mixture was cooled to ambient temperature, filtered
through Celite, and washed with EtOAc. The organic layer was concentrated under
reduced pressure to obtain Intermediate H (1.4 g).

Preparation Example 9:
2-(3-fluoro-5-(methylthio)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

Step 1: Synthesis of (3-bromo-5-fluorophenyl)(methyl)sulfane

Br Br
3/5 CHSNa ;E-J«j\
i
F ,J\\,;*““ ~F DM 1, 30 min F ”i\“\’g g7

A solution of 3,5-difluorobromobenzene (3 g, 15.54 mmol) in N,N -

dimethylformamide (30 mL) was cooled to 0 °C, and sodium thiomethoxide solution
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[300]

[301]

[302]

[303]

[304]
[305]

[306]

(7.1 mL, 15.54 mmol) was added and stirred for 30 minutes. The reaction mixture was
diluted with distilled water, extracted with hexane, then washed with brine, and dried
over Na,SO,. The organic layer was concentrated under reduced pressure to obtain
(3-bromo-5-fluorophenyl)(methyl)sulfane (2.6 g, yield 75%) as a clear liquid.

Step 2: Synthesis of
2-(3-fluoro-5-(methylthio)phenyl)-4.4.5.5-tetramethyl-1.3.2-dioxaborolane

it

Pd(dppfiCly*DCM, Bapins, AcOK

Dioxane, 80 °C, 12:h

intermediate |

A sealed tube to which (3-bromo-5-fluorophenyl)(methyl)sulfane (1 g, 4.523 mmol),
potassium acetate (2.2 g, 22.615 mmol), (pinacolato)diboron (1.7 g, 6.784 mmol), and
Pd(dppf)Cl, (complex with DCM; 369 mg, 0.452 mmol) were added was purged under
N, atmosphere, and 1,4-dioxane was added and then stirred at 80 °C for 12 hours. The
reaction mixture was cooled to ambient temperature, and then ethyl acetate was added,
and the precipitate was removed by Celite filtration. The organic layer was con-
centrated under reduced pressure, and the crude product was purified by flash column
chromatography (hexane/ethyl acetate at a concentration from 0% to 100%) to obtain
Intermediate I (932 mg, yield 70%) as a yellow liquid.

Preparation Example 10:
3-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide

Step 1: Synthesis of 3-bromo-5-fluorobenzamide

Br Br

g F ,
.
5

2 oammionia 25 % 12k

A solution of 3-bromo-5-fluorobenzoic acid (1 g, 4.566 mmol) in thionyl chloride (4
mL) was stirred in reflux condition for 2 hours. The reaction mixture solution was con-
centrated under reduced pressure, and 28% aqueous ammonia (1.5 mL) was added and
then stirred for 12 hours. The reaction mixture was washed three times with distilled
water to obtain 3-bromo-5-fluorobenzamide (533 mg, yield 54%) as a white solid. 'H
NMR (300 MHz, Chloroform-d) & 7.74 - 7.72 (m, 1H), 7.49 - 7.45 (m, 1H), 7.44 - 7.40
(m, 1H), 5.83 (s, 2H).
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[307] Step 2: Synthesis of
3-fluoro-5-(4.4.5.5-tetramethyl-1.3.2-dioxaborolan-2-yl)benzamide
[308] W
o, O
Br Pd(dppf)Cl B
KOAc, B,Pin, /@
‘ O NH2 1 4-dioxane, 90 °C, 32 h £ | f\{“*“*z
¢ o)
Intermediate J
[309] Intermediate J was obtained by reacting 3-bromo-5-fluorobenzamide in the same
manner as in Preparation Example 8.
[310] Preparation Example 11:
3-methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide
[311] N
B b PEppTICE Q”?ﬂ
| ;;"i( e R G e N O
ey g amenia  12R g . NH: g 4ediovane, 90°C, 32 gy \E{Wz
s} & G
Intermediate K
[312] Intermediate K was obtained in the same manner as in Preparation Example 10,
except that 3-bromo-5-methoxybenzoic acid was used instead of
3-bromo-5-fluorobenzoic acid in Step 1. 'H NMR (300 MHz, DMSO-dg) 6 8.03 (s,
1H), 7.77 (dd, J = 1.6, 0.9 Hz, 1H), 7.53 (dd, J = 2.7, 1.6 Hz, 1H), 7.33 (s, 1H), 7.27
(dd, J=2.7,09 Hz, 1H), 3.81 (s, 3H), 1.16 (d, / = 2.6 Hz, 12H).
[313] Preparation Example 12: tert-butyl
(3-methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)carbamate
[314] Step 1: Synthesis of (3-bromo-5-methoxyphenyl)methanamine
[315] Br Br
N 1 M BH5-THF @
~0 - oN  THF, 80°C, 16h g~~~ NH2
[316] 3-bromo-5-methoxybenzonitrile (1 g, 4.716 mmol) was dissolved in THF (9 mL),

and then BH;-THF (1 M in THF, 6 mL, 5.895 mmol) was added slowly at O °C. The
reaction mixture was stirred at 80 °C for 16 hours, and then the solvent was con-
centrated under reduced pressure and acidified by addition of 1 N HCI. The reaction

mixture was stirred at ambient temperature for 2 hours, and then EA and distilled water
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[317]
[318]

[319]

[320]

[321]

[322]

[323]

[324]

were added, and the aqueous layer was extracted. The aqueous layer was neutralized
with 2 N NaOH (pH 10) and then extracted with EA and brine. The organic layer was
concentrated under reduced pressure to obtain
(3-bromo-5-methoxyphenyl)methanamine (741 mg, yield 72%). 'H NMR (300 MHz,
Chloroform-d) 8 7.08 - 7.03 (m, 1H), 6.92 (t, J = 2.0 Hz, 1H), 6.83 - 6.79 (m, 1H),
3.81 (s, 2H), 3.78 (s, 3H).

Step 2: Synthesis of tert-butyl (3-bromo-5-methoxybenzyl)carbamate

Br Boc,0 Br
TEA
NH g
2 DCM ~o “Boc
0°C1t026°C, 16 h
(3-bromo-5-methoxyphenyl)methanamine (741 mg, 3.429 mmol) and Boc,O (749
mg, 3.429 mmol) were dissolved in DCM. TEA (0.53 mL, 3.772 mmol) was added at O

°C and then stirred for 16 hours. DCM was partially concentrated and extracted with

~o

EA and brine. The organic layer was dried over MgSQ,, and then concentrated under
reduced pressure, and purified by silica column (EA: hexane = 1:3) to obtain tert-butyl
(3-bromo-5-methoxybenzyl)carbamate (766 mg, yield 70%). 'H NMR (300 MHz,
Chloroform-d) 6 7.00 (s, 1H), 6.94 (t, J=2.1 Hz, 1H), 6.75 (s, 1H), 4.84 (s, 1H), 4.25
(s, 2H), 3.78 (s, 3H), 1.46 (s, 9H).
Step 3: Synthesis of tert-butyl
3-methoxy-5-(4.4.5.5-tetramethyl-1.3.2-dioxaborolan-2-yl)benzyl)carbamate

/
Br Pd(dppAC 0.0
o Bg?iﬂz B
} g KOAG
Az -
e Boc Dioxane ‘{é
110°C, 12 h ~o "Boc

Intermediate L

Intermediate L. was obtained by reacting tert-butyl
(3-bromo-5-methoxybenzyl)carbamate in the same manner as in Preparation Example
8. 'H NMR (300 MHz, Chloroform-d) & 7.30 (s, 1H), 7.22 (s, 1H), 6.95 (s, 1H), 4.79
(s, 1H), 4.29 (s, 2H), 3.82 (s, 3H), 1.46 (s, 9H), 1.34 (s, 12H).

Preparation Example 13:
3-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) phenyl)methanol

tep 1: Synthesis of (3-bromo-3-fluorophenylymethanol



45

WO 2022/039563 PCT/KR2021/011143
[325] Br
gi"{g‘c}%’is
L
THE
0°C. 15 min
thenth 12 h

[326] 3-bromo-5-fluorobenzoic acid (657.0 mg, 3.0 mmol) was added to THF (15.0 mL)
and was cooled to 0 °C, and BH;-DMS (5 M, 1.2 mL, 6.0 mmol) was added over 15
minutes and then stirred for 12 hours. The reaction mixture was cooled to 0 °C, and an
excess of methanol was added. The solution diluted with ethyl acetate was washed
with 1 N sodium hydroxide aqueous solution and brine, dried over Na,SO,, and then
concentrated under reduced pressure. The crude product was purified by column chro-
matography (0 to 30% EtOAc/Hexane) to obtain (3-bromo-5-fluorophenyl)methanol
(400 mg, yield 65%). 'H NMR (300 MHz, CDCl;) 8 7.33 - 7.28 (m, 1H), 7.17 (dt, J =
8.1,2.1 Hz, 1H), 7.04 (ddd, J = 9.1, 2.4, 1.3 Hz, 1H), 4.69 (s, 2H).

[327] Step 2: Synthesis of

3-fluoro-5-(4.4.5.5-tetramethyl-1.3.2-dioxaborolan-2-yl)phenyl)methanol

[328] o ;
bis(pinacolato)diboron y H )
i Pd(dppf)Cl, D
1 KOAc Oy 0
oy a,\“‘
& ﬁ{ﬁjxfﬁﬁ 1,4- dioxane /%
80°C, 15h ‘XEN;:: %mf’GH

Intermediate M

[329] Intermediate M was obtained by reacting (3-bromo-5-fluorophenyl)methanol in the
same manner as in Preparation Example 8.

[330] Preparation Example 14:
3-(3-methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)oxetan-3-ol

[331] Step 1: Synthesis of 3-(3-bromo-5-methoxyphenyl)oxetan-3-ol

[332] .

Br {}j Br
L Bl
/E “‘i TMEDA K /E"\
B o " T

o 5 fvj’
THE, -78°C [

[333] To a solution of 1,3-dibromo-5-methoxybenzene (1.06 g, 4.0 mmol) in THF (0.2 M),
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[334]

[335]

[336]

[337]

[338]
[339]

[340]

TMEDA (923 uL, 6.0 mmol) and n-BuLi (2.5 M in THF, 2.4 mL, 6.0 mmol) were
added at -78 °C and stirred for 1 hour. To the reaction mixture, oxetanone (1.02 mL,
4.8 mmol) was added and slowly warmed to ambient temperature. After 4 hours, the
resulting mixture was diluted with NH,CI aqueous solution (40 mL) and ethyl acetate
(40 mL), and the aqueous layer was extracted with ethyl acetate (40 mL). The organic
layer was dried over Na,SO, and concentrated under reduced pressure. The crude
product was purified by column chromatography (hexane:ethyl acetate = 1:2) to obtain
3-(3-bromo-5-methoxyphenyl)oxetan-3-ol (443.0 mg as a mixture, about 320.0 mg,
yield 31%) as a colorless oil. 'TH NMR (500 MHz, CDCl;) 6 7.34 (s, 1H), 7.07 (d, J =
2.0Hz, 1H), 7.00 (d, J = 2.0 Hz, 1H), 4.86 (d, J = 6.8 Hz, 2H), 4.83 (d, J = 7.0 Hz, 2H),
3.80 (s, 4H).

Step 2: Synthesis of
3-(3-methoxy-5-(4.4.5.5-tetramethyl-1.3.2-dioxaborolan-2-yl)phenyl)oxetan-3-ol

Bpin
Pd{dppfi.Cl. |
B.Pin. KGaAc f .
. HO |
: ; P
1 4-dioxane. 100 *C e o
0

Intermediate N

Intermediate N was obtained by reacting 3-(3-bromo-5-methoxyphenyl)oxetan-3-ol
in the same manner as in Preparation Example 8. 'H NMR (500 MHz, CDCL;) 6 7.57
(s, 1H), 7.27 (d, J =2.6 Hz, 1H), 7.19 (dd, J = 2.6, 1.8 Hz, 1H), 4.94 (d, ] = 6.9 Hz,
2H), 4.87 (d, J = 6.8 Hz, 2H), 3.84 (s, 3H), 1.33 (s, 12H).

Preparation Example 15:
1-(3-methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)azetidin-2-on
e

Step 1: Synthesis of 1-(3-methoxyphenyl)azetidin-2-one

O
A

N.N-dimethyl
ethylenediamine,

O, S . O
! o~ Toluene, 140 °C tN o~
To a solution of 1-iodo-3-methoxybenzene (936.1 mg, 4.0 mmol) in toluene (0.8 M),

azetidinone (340.0 mg, 4.8 mmol), Cul (38.1 mg, 0.2 mmol), K,CO; (1.1 g, 8.0 mmol)
and N,N'-dimethylethylenediamine (43 uL, 0.4 mmol) were added and stirred at 140 °C
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[341]

[342]

[343]

[344]

[345]

for 24 hours. The reaction mixture was cooled to ambient temperature and diluted with
brine (20 mL) and ethyl acetate (20 mL), and the aqueous layer was extracted with
ethyl acetate (20 mL). The organic layer was dried over Na,SO, and concentrated

under reduced pressure. The crude product was purified by column chromatography

(hexane:ethyl acetate=2:1) to obtain 1-(3-methoxyphenyl)azetidin-2-one (436.0 mg,
yield 61%) as a colorless 0il (436.0 mg, 61%). 'H NMR (500 MHz, CDCl;) 6 7.14 (t,J
= 8.1 Hz, 1H), 6.92 (s, 1H), 6.78 (dd, J = 8.1, 1.9 Hz, 1H), 6.56 (dd, J = 8.4, 2.5 Hz,
1H), 3.72 (s, 3H), 3.48 (t, ] = 4.5 Hz, 2H), 2.98 (d, ] =4.5 Hz, 2H).

e [ir{codyOMelz, ditbpy, :
G‘«; /Lg/j\ Bepinz, BpinH 0_\ ,
e

cyclohexane, 80 °C

intermediate O

To a solution of 1-(3-methoxyphenyl)azetidin-2-one (436.0 mg, 2.46 mmol) in cy-
clohexane (0.1 M), [Ir(cod)OMe], (195.7 mg, 0.295 mmol),
4,4'-di-tert-butyl-2'2-bipyridine (dtbpy) (158.5 mg, 0.590 mmol),
bis(pinacolato)diboron (1.25 g, 4.90 mmol) and BpinH (42.8 pL, 0.295 mmol) were
added and stirred at 80 °C for 24 hours. The reaction mixture was cooled to room tem-
perature and diluted with brine (40 mL) and ethyl acetate (40 mL), and then the
aqueous layer was extracted with ethyl acetate (40 mL). The organic layer was dried
over Na,SO, and concentrated under reduced pressure. The crude product was purified
by column chromatography (hexane:ethyl acetate = 1:1) to obtain Intermediate O
(405.2 mg, yield 54%) as a yellow solid. 'H NMR (500 MHz, CDCl;) 6 7.32 (t, ] =2.3
Hz, 1H), 7.05 (d, J =2.5 Hz, 1H), 7.04 (d, ] = 1.9 Hz, 1H), 3.81 (s, 3H), 3.62 (t, } = 4.5
Hz, 2H), 3.07 (t, ] = 4.5 Hz, 2H).

Preparation Example 16: tert-butyl
(3-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)carbamate

Br Br
IA% M BH»DMS i»@% Boc,0, Et;N
e | s
F f*uwﬂm THF, 80 °C, 2h F fifjmﬁmz DCM, 1t, 16 h
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[346]

[347]

[348]

[349]
[350]

[351]

[352]

_p
Pd(dppf)Cly \54/

¥

?\r Szﬁiﬂz ng*’o
/&«j} y AcOK - ng}
i A N. s j H
F7 M goe Dioxane, 100 °C, 12 h e AN

Intermediate P

Intermediate P was obtained in the same manner as in Preparation Example 12,
except that 3-bromo-5-fluorobenzonitrile was used instead of
3-bromo-5-methoxybenzonitrile in Step 1 of Preparation Example 12.

Preparation Example 17: tert-butyl
3-(3-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)azetidine-1-carb
oxylate

Step 1: Synthesis of tert-butyl 3-(3-bromo-5-fluorophenylazetidine- 1-carboxylate

Br
x““L:::,.,(
I
O f«f‘%@% F™ ™ "B(OH),
Eﬁ\ - ;P CSQCG;;
N f;:SqNﬁN{%MM
O H Lp dioxane

“Boc tto 110 °C

tert-butyl 3-(2-((4-methoxyphenyl)sulfonyl)hydrazinylidene)azetidine-1-carboxylate
(1.0 g, 2.8 mmol), 3-bromo-5-fluorophenylboronic acid (1.23 g, 5.6 mmol) and cesium
carbonate (1.83 g, 5.6 mmol) were added to 1,4-dioxane (10.0 mL, 0.3 M). The tube
was sealed and stirred at 110 °C for 15 hours. The reaction mixture was cooled to
ambient temperature, quenched with saturated NaHCO; aqueous solution (30 mL), and

then dried over MgSO, and concentrated under reduced pressure. The crude product

was purified by flash column chromatography (10-30 % EtOAc/hexane) to obtain tert-
butyl 3-(3-bromo-5-fluorophenyl)azetidine-1-carboxylate (261 mg, 28%). 'H NMR
(300 MHz, Chloroform-d) & 7.28 (d, J = 3.8 Hz, 1H), 7.16 (dt, ] = 8.1, 2.0 Hz, 1H),
7.00 (dt,J=9.3, 1.8 Hz, 1H), 4.34 (t, ] = 8.7 Hz, 2H), 3.93 (dd, J = 8.7, 5.8 Hz, 2H),
3.69 (d,J =14.4 Hz, 1H), 1.49 (s, 9H).

Step 2: Synthesis of tert-butyl
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[353]

[354]

[355]

[356]

[357]

[358]

[359]

5 0.0
1 Pd(dppfiCl B
R sziﬂz Q;kq
ﬁ KOAC (
i e R
F \T&:\N Dioxane Fmo )
“Boc 100°C, 4 h Negoe

intermediate Q

Intermediate Q was obtained by reacting tert-butyl
3-(3-bromo-5-fluorophenyl)azetidine-1-carboxylate in the same manner as in
Preparation Example 8. 'H NMR (300 MHz, Chloroform-d) 8 7.50 (s, 1H), 7.39 (dd, J
=8.7,2.2 Hz, 1H), 7.14 (dt, ] = 9.8, 2.1 Hz, 1H), 4.34 (t, ] = 8.7 Hz, 2H), 4.00 (dd, J =
8.6, 6.0 Hz, 2H), 3.77 (ddd, J = 12.8, 7.8, 5.1 Hz, 1H), 1.49 (s, 9H), 1.37 (s, 12H).

Preparation Example 18: methyl
6-(methylamino)spiro[3.3]heptane-2-carboxylate hydrochloride

Step 1: Synthesis of methyl

6-((tert-butoxycarbonyl)(methylamino)spiro[3.3]heptane-2-carboxylate

o o

) J
o [T Lo‘“’ NaH, CH3l o [T 07
ﬂxO/kN/L THF, 0°Ctort, 20 h >L /ﬂ\NJ\f
H I

O

To a stirred solution of methyl
6-((tert-butoxycarbonyl)amino)spiro[ 3.3 Jheptane-2-carboxylate (269 mg, 1.0 mmol) in
THF (0.1 M), 60% NaH (60 mg, 1.50 mmol) was added and stirred at O °C for 15
minutes, and iodomethane (0.2 mL, 3.0 mmol) was added to the reaction mixture and
stirred for 20 hours. The reaction mixture was quenched with cold distilled water and
extracted with ethyl acetate (20 mL). The organic layer was washed with distilled
water and brine, dried over Na,SO,, and then concentrated under reduced pressure to
obtain methyl 6-((tert-butoxycarbonyl)(methyl)amino)spiro[3.3]heptane-2-carboxylate
(288 mg, crude product) as a yellow liquid. 'H NMR (400 MHz, chloroform-d) &
4.6-4.14 (m, 1H), 3.69 (s, 3H), 3.05 (p, J = 8.5 Hz, 1H), 2.39-2.25 (m, 1H), 2.2-2.00
(m, 1H), 1.47 (s, 9H).

Step 2: Synthesis of methyl 6-(methylamino)spiro[3.3lheptane-2-carboxylate hy-

drochloride
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[360] o )
Nj\ ji ! ﬂﬁx{jf 4 N HCin Dioxane F f:?, ,fﬁng
’ = 0%C ta 1t 15.h F
R %i HN

HEl-

Intermediate R

[361] To methyl 6-((tert-butoxycarbonyl)(methyl)amino)spiro[ 3.3 ]heptane-2-carboxylate
(288 mg, 1.02 mmol), 4 N HCI in dioxane was added at O °C and stirred at ambient
temperature for 15 hours. The reaction mixture was concentrated under reduced
pressure to obtain the hydrochloride salt of Intermediate R (244 mg) as a yellow solid.
'H NMR (400 MHz, DMSO) 6 9.07 (s, 2H), 3.59 (s, 2H), 3.53-3.39 (m, 1H), 3.22-2.78
(m, 1H), 2.37 (s, 3H), 2.34-2.23 (m, 2H), 2.24-2.01 (m, 6H).

[362] Preparation Example 19:
4-(((tert-butyldimethylsilyl)oxy)methyl)-2,5-dimethylthiophene-3-carboxylic acid

[363] Step 1: Synthesis of 4-bromo-2.5-dimethylthiophene-3-carbaldehyde

[364]
: fL/Br
, Br n-Buli. TMEDA, DMF g
g - .
Y=L THF, -78°C. 1h 73/”
Br then, 0°Ctort, 15 h 0

[365] To a solution of 3,4-dibromo-2,5-dimethylthiophene (6.37 g, 23.6 mmol) and
TMEDA (3.9 mL, 26 mmol) in THF (0.4 M), n-BuLi (2.5 M in THF, 9.4 mL, 23.6
mmol) was added at -78 °C and stirred for 1 hour. DMF was added to the reaction
mixture, and then slowly warmed to ambient temperature, and stirred for 15 hours. The
reaction mixture was quenched with distilled water (20 mL), acidified with 1 N HCI
solution, and then extracted with ethyl acetate. The organic layer was dried over Na,
SO, filtered, and concentrated under reduced pressure to obtain
4-bromo-2,5-dimethylthiophene-3-carbaldehyde (3.64 g) as an off-white solid. 'H
NMR (300 MHz, CDCls) & 10.03 (s, OH), 2.74 (s, 1H), 2.38 (s, 1H).

[366] Step 2: Synthesis of (4-bromo-2.5-dimethylthiophen-3-yl)methanol

e N
e LiATH, i
= ; - S

O 0% 2h i OH

Br

[368] To a solution of 4-bromo-2,5-dimethylthiophene-3-carbaldehyde (1.10 g, 5.02 mmol)
in THF (0.2 M), LiAlH, (191 mg, 5.02 mmol) was added at 0 °C and stirred for 2
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[369]

[370]

[371]

[372]

[373]

[374]

hours. The reaction mixture was quenched with EtOAc (1 mL) and ice water (0.3 mL),
stirred for 30 minutes, then filtered, and concentrated under reduced pressure. The
crude product was purified by column chromatography (20% EtOAc in Hexane) to
obtain (4-bromo-2,5-dimethylthiophen-3-yl)methanol (754 mg, yield 68%) as a
colorless liquid. 'TH NMR (400 MHz, DMSO); & 4.33 (s, 1H), 2.40 (s, 3H), 2.36 (s,
1H), 2.30 (s, 3H).

Step 3: Synthesis of

4-bromo-2.5-dimethylthiophen-3-yl)methoxy)(tert-butyl)dimethylsilane

.

Br TBOMSCI Br
S PR | }midaxaifz _ g
= el
| DMF (0.2 M)
OH D0°Ctort 24 h TBDMSO

To a solution of (4-bromo-2,5-dimethylthiophen-3-yl)methanol solution (950 mg,
4.30 mmol) in THF (0.2 M, 0 °C), tert-butyldimethylsilyl chloride (777 mg, 5.16
mmol) and imidazole (439 mg, 6.44 mmol) were added and stirred for 24 hours. The
reaction mixture was diluted with EtOAc (20 mL) and washed with distilled water (2
X 20 mL). The organic layer was dried over Na,SO,, filtered, and then concentrated
under reduced pressure. The crude product was purified by column chromatography
(5% EtOAc in Hexane) to obtain
((4-bromo-2,5-dimethylthiophen-3-yl)methoxy)(tert-butyl)dimethylsilane (937 mg,
yield 65%) as a colorless liquid. 'H NMR (300 MHz, chloroform-d) 6 4.60 (s, 1H),
2.45 (s, 2H), 2.35 (s, 2H), 1.57 (s, 1H), 0.94 (s, 4H), 0.12 (s, 3H).

Step 4: Synthesis of

4-(((tert-butyldimethylsilyloxy)methy])-2.5-dimethylthiophene-3-carboxyvlic acid

n-Buli O
. _Br TMEDA ] g
g = CO, (excess) g " OH
A W S
THF
78°C.1h
TBDMSO then. 1t. 15 h TBDMSO

intermediate S

To a solution of
((4-bromo-2,5-dimethylthiophen-3-yl)methoxy)(tert-butyl)dimethylsilane (335 g, 1.0
mmol) and TMEDA (165 uL, 1.10 mmol) in THF (0.2 M), n-BuLi (2.5 M in THF,

0.44 mL, 1.10 mmol) was added at -78 °C and stirred for 1 hour. The reaction mixture
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[375]

[376]
[377]

[378]

[379]
[380]

[381]

was quenched with CO, gas at -78 °C, and then slowly warmed to ambient tem-
perature, and stirred for 15 hours. The reaction mixture was quenched with distilled
water (20 mL), acidified with 1 N HCI solution, and then extracted with ethyl acetate.
The organic layer was dried over Na,SO,, filtered, and then concentrated under
reduced pressure. The crude product was purified by column chromatography (20%
EtOAc in Hexane) to obtain Intermediate S (300 mg) as a white solid. '"H NMR (300
MHz, chloroform-d) & 4.74 (s, 2H), 2.67 (s, 3H), 2.38 (s, 3H), 0.94 (s, 9H), 0.18 (s,
6H).

Preparation Example 20: methyl
3-bromo-4H-thieno[3,2-b]pyrrole-5-carboxylate

Step 1: Synthesis of methyl (Z)-2-azido-3-(4-bromothiophen-2-ylacrylate

ﬁf{}\ﬂﬂxﬁz’ Br
e Br o 3:&}5
gy/’j Intermediate B -
i 4M NaOMe N L
MeOH, -25°Ct0 0°C, 2 h o ’
/0

To a solution of 4-bromothiophene-2-carbaldehyde (3.82 g, 20.0 mmol, 1.0 equiv)
and Intermediate B (6.91 g, 60.0 mmol, 3.0 equiv) in MeOH (30 mL), 4 M NaOMe (15
mL, 60.0 mmol) was added at -25 °C and stirred at O °C for 2 hours. Ice was added to
the reaction mixture, washed with distilled water, and filtered, and then the reaction
product was dried to obtain methyl (Z)-2-azido-3-(4-bromothiophen-2-yl)acrylate. 'H
NMR (300MHz, chloroform-d) 6 7.37 (dd, /= 1.4, 0.7 Hz, 1H), 7.22 (dd, /= 1.4, 0.6
Hz, 1H), 7.03 (d, J/ = 0.7 Hz, 1H), 3.90 (s, 3H).

Step 2: Synthesis of methyl 3-bromo-4H-thieno[3.2-b]pyrrole-S-carboxylate

Br
S’ﬁ:&“‘{; Br S/tﬁ/
S : =
[ D
%:x%’h i g i
\;‘?“-”?‘53 xylene, 160 °C, 1 h ai
E o
il &

0O
/

&

Q.x

intermediate T

A solution of methyl (Z)-2-azido-3-(4-bromothiophen-2-yl)acrylate (4.79 g, 16.6

mmol, 1.0 equiv) in o-xylene (60 mL) was stirred at 160 °C for 1 hour. The reaction
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mixture was partially concentrated, filtered, and then washed with hexane, and dried to
obtain Intermediate T. 'H NMR (300 MHz, chloroform-d) 6 9.10 (s, 1H), 7.23 (s, 1H),
7.15(d, J =19 Hz, 1H), 3.93 (s, 3H).

[382] Preparation Example 21: methyl
3-bromo-2-methyl-4H-thieno[3,2-b]pyrrole-5-carboxylate

[383] Step 1: Preparation of 4-bromo-5-methylthiophene-2-carbaldehyde

[384]

8% S"R/
\ Bro/THF %‘*%3
K%‘ 0°tort. 25h g&/ '

[385] To a solution of 5-methylthiophene-2-carbaldehyde (2.78 g, 22.0 mmol) in THF (0.5
M), bromine (1.7 mL, 33 mmol) was added at O °C and stirred for 25 hours. To the
reaction mixture, 10% Na,S,0; aqueous solution (30 mL) and 10% NaHCO; aqueous
solution (30 mL) were added and extracted with EtOAc (150 mL). The organic phase
was dried over Na,SO, and concentrated under reduced pressure. The crude product
was purified by column chromatography to obtain
4-bromo-5-methylthiophene-2-carbaldehyde (862 mg, yield 16%) as a colorless solid. !
H NMR (300MHz, chloroform-d) & 9.80 (s, 1H), 7.62 (s, 1H), 2.51 (s, 3H).

[386] Step 2: Preparation of methyl
(Z)-2-azido-3-(4-bromo-S-methylthiophen-2-ylacrylate

[387]

0 #

intermediate B S’*’ii
S 5 _4MNaOMeMeOH )\m}&'

e -26°C 16 0°C, 2h Q\")i\
- N
o 3
0

[388] To a solution of 4-bromo-5-methylthiophene-2-carbaldehyde (850 mg, 4.14 mmol) in
MeOH (1.5 M), 4 M NaOMe (3 mL, 11.6 mmol) and Intermediate B (1.43 g, 12.4
mmol) were added at -25 °C. The reaction mixture was stirred at O °C for 2 hours, and
then diluted with EtOAc, and washed with brine solution. The organic phase was dried
over Na,SO, and concentrated under reduced pressure. The crude product was purified
by column chromatography to obtain methyl
(Z)-2-azido-3-(4-bromo-5-methylthiophen-2-yl)acrylate (813 mg, yield 65%) as a
yellow solid. '"H NMR (300MHz, chloroform-d) 6 7.15 (s, 1H), 6.99 (s, 1H), 3.91 (s,
3H), 2.45 (s, 3H).
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[389] Step 3: Preparation of methyl
3-bromo-2-methyl-4H-thieno[3.2-blpyrrole-5-carboxylate
[390] f
3 !
S—Br
o-xyene =5
160°C. 1h /“zﬂ NH
o4
b0
Intermediate U
[391] A solution of methyl (Z)-2-azido-3-(4-bromo-5-methylthiophen-2-yl)acrylate (795
mg, 2.63 mmol) in 4 mL of xylene was added to o-xylene (5 mL) over 10 minutes.
After stirring for 1 hour under reflux, the reaction mixture was cooled to ambient tem-
perature and partially concentrated. The solid was filtered to obtain Intermediate U
(554 mg, yield 77%) as an off-white solid. 'H NMR (300MHz, chloroform-d) 6 8.99
(s, 1H), 7.10 (d, J = 1.9 Hz, 1H), 3.93 (s, 3H), 2.50 (s, 3H).
[392] Preparation Example 22: ethyl
3-bromo-6-methyl-4H-thieno[3,2-b]pyrrole-5-carboxylate
[393] Step 1: Synthesis of 1-(3.4-dibromothiophen-2-vl)ethan-1-one
[394]
o Acetyl chloride
S AICI;
S >
e
5
Br DCM,0°C, 3h
[395] To a solution of AlCl; (1.33 g, 10.0 mmol, 2.0 equiv) in DCM (20 mL),

[396]

3.,4-dibromothiophene (1.2 g, 5.0 mmol) was added at 0 °C and stirred for 10 minutes.
Acetyl chloride (360 pL, 5.0 mmol, 1.0 equiv) was added and stirred at 0 °C for 3
hours. The reaction mixture was acidified by addition of 6 M HCI and extracted with
DCM. The organic layer was dried over MgSO, and then concentrated under reduced
pressure to obtain 1-(3,4-dibromothiophen-2-yl)ethan-1-one. 'H NMR (300 MHz,
Chloroform-d) 6 7.63 (s, 1H), 2.72 (s, 3H).

Step 2: Synthesis of ethyl 3-bromo-6-methyl-4H-thieno[3.2-b]pyrrole-5-carboxylate
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[397]

[398]

[399]

[400]
[401]

[402]

[403]

Br
ethyl isocyanoacetate 3/&“‘
Cul ¥

CSECC}g o NH
DMSO, 50°C, 4 h L
o @
B!
&

intermediate V

A solution of 1-(3,4-dibromothiophen-2-yl)ethan-1-one (1.42 g, 5.0 mmol), ethyl iso-
cyanoacetate (600 uL, 5.5 mmol, 1.1 equiv), Cul (95 mg, 0.5 mmol, 0.1 equiv) and Cs,
CO; (3.26 g, 10.0 mmol, 2.0 equiv) in DMSO (5 mL) was stirred at 50 °C for 4 hours.
Distilled water was added to the reaction mixture and extracted with DCM. The
organic layer was dried over MgSO, and then concentrated under reduced pressure.
The crude product was purified by flash column chromatography to obtain In-
termediate V (806 mg, yield 56%). 'H NMR (300 MHz, Chloroform-d) 6 9.01 (s, 1H),
7.18 (s, 1H), 4.40 (q, J =7.1 Hz, 2H), 1.41 (t, ] = 7.1 Hz, 3H).

Preparation Example 23: methyl
3-bromo-2-chloro-4H-thieno[3,2-b]pyrrole-5-carboxylate

Step 1: Synthesis of 4-bromo-5-chlorothiophene-2-carbaldehyde

- {;1%\
A L
s T NCS A~
>_«;,."“’ - 8
‘ 2 ; P
& DMF, 70°C, 12 h /
*‘\Q &

To a solution of 4-bromothiophene-2-carbaldehyde (500 mg, 2.62 mmol, 1.0 equiv)
in DMF (5 mL), N-chlorosuccinimide (699 mg, 5.24 mmol) was added and stirred at
70 °C for 12 hours. Distilled water was added to the reaction mixture, and the solid was
filtered, then washed with distilled water, and dried to obtain
4-bromo-5-chlorothiophene-2-carbaldehyde (421 mg, yield 70%). 'H NMR (300 MHz,
Chloroform-d) 6 9.76 (s, 1H), 7.60 (s, 1H).

Steps 2 and 3: Synthesis of methyl

3-bromo-2-chloro-4H-thieno[3.2-b]pyrrole-5-carboxylate
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[404] 0
N ¢l Gt
LB Intermediate B s ] s M(
e 4M NaOMe = -
= 5 by
- MeDH, -25°Cto 0°C, 2 h NN,  xylene 160°C, 1h N
K o
b o4, 0
0 275, 0

taiémeaiata W

[405] Intermediate W was obtained by reacting
4-bromo-5-chlorothiophene-2-carbaldehyde in the same manner as in Preparation
Example 20. 'H NMR (300 MHz, Chloroform-d) § 9.04 (s, 1H), 7.07 (d, ] = 1.9 Hz,
1H), 3.92 (s, 3H).

[406] Preparation Example 24: 4'-(bromomethyl)-3-methoxy-1,1'-biphenyl

[407] Step 1: Synthesis of (3'-methoxy-[1.1'-biphenyl]-4-y)methanol

[408]

P Na,CO- e
HO™ = 2 HO
U OH & B{UG\ Pd{PPhsls O
a/‘ i e S
e i, §§
ESH H,O DME, 86 7C. 24 h Q\;f

[409] 3-bromoanisole (935 mg, 5 mmol), 4-(hydroxymethyl)phenylboronic acid (912 mg, 6
mmol), Na,CO; (1.3 g, 12.5 mmol), and Pd(PPh;), (289 mg, 0.25 mmol) were
dissolved in a mixture of H,O and DME and stirred at 85 °C for 24 hours. The reaction
mixture was cooled to ambient temperature, then filtered through Celite, and extracted
with EA and brine, and the organic layer was dried over MgSO,. The crude product
was purified by silica gel column (EtOAc:Hexane = 1:2) to obtain
(3'-methoxy-[1,1'-biphenyl]-4-yl)methanol (1.00 g, yield 93%) as a yellow oil. 'H
NMR (300 MHz, Chloroform-d) & 7.59 (d, J = 8.2 Hz, 2H), 7.44 (d, J = 8.2 Hz, 2H),
7.36 (t,J=79Hz, 1H), 7.21 - 7.16 (m, 1H), 7.12 (t, J=2.1 Hz, 1H), 6.90 (ddd, J =
8.1,2.6,0.9 Hz, 1H), 4.75 (s, 2H), 3.87 (s, 3H).

[410] Step 2: Synthesis of 4'-(bromomethyl)-3-methoxy-1.1'-biphenyl

[411]
-~ g CE&;
HO \f% PPhs

NN O
Y
~FF

0 °Cto 26 °C, 40 min

Intermediate X

[412] (3'-methoxy-[1,1'-biphenyl]-4-yl)methanol (1.00 g, 4.667 mmol) and CBr, (1.7 g,
5.134 mmol) were dissolved in DCM (16 mL) and then stirred at 0 °C for 10 minutes.
PPh; (1.35 g, 5.134 mmol) was slowly added and stirred for 40 minutes. The organic

layer was concentrated under reduced pressure and purified by silica gel column
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[413]
[414]

[415]

[416]

[417]

[418]

[419]

(EtOAc:Hexane = 1:25) to obtain Intermediate X (1.14 g, yield 88%). 'H NMR (300
MHz, Chloroform-d) 6 7.57 (d, J = 8.3 Hz, 2H), 7.47 (d, J = 8.3 Hz, 2H), 7.37 (t, J =
7.9 Hz, 1H), 7.20 - 7.15 (m, 1H), 7.13 - 7.11 (m, 1H), 6.94 - 6.89 (m, 1H), 4.56 (s,
2H), 3.87 (s, 3H).

Preparation Example 25: 4'-(bromomethyl)-3-fluoro-5-methoxy-1,1'-biphenyl

HO. .
C ? OH
P
i :
F"J“"“*f*""“ o~ HO— Br—
HO. - -
/t Na,CO; o p CBrs {l p
g 5 Pd(PPha)s ‘%W;}i PPh, x’”’”"‘f\
; - . - )
H;0:0ME v “’ig,fm & DCM 3 \
B BE5C 24h Nawe/ 0*Ctor, 40 min Neza/
F /

) ln’tsrmgdiate Y
Intermediate Y was obtained by using (4-bromophenyl)methanol and
(3-fluoro-5-methoxyphenyl)boronic acid as starting materials in the same manner as in
Preparation Example 24. '"H NMR (300 MHz, Chloroform-d) 6 7.59 - 7.54 (m, 2H),
7.51 -7.46 (m, 2H), 6.90 (dd, J = 9.2, 2.2 Hz, 2H), 6.64 (dt, J = 10.5, 2.3 Hz, 1H), 4.57
(s, 2H), 3.88 (s, 3H).
Preparation Example 26: methyl
(2R 4R,6R)-6-aminospiro[3.3]heptane-2-carboxylate hydrochloride
Step 1: Synthesis of methyl
6-(((benzyloxy)carbonylamino)spiro[ 3.3 ]heptane-2-carboxylate

o
A g e o
o L o
[ ""’i‘“a"” DIPEA Fro -
o L] o -~/ ] °
V. DCM, 0 °Cto 1t Ay

HaN’ 1
Intermediate A e
Intermediate A (3 g, 14.58 mmol) and benzyl chloroformate (3.1 mL, 21.87 mmol)
were dissolved in DCM (0.5 M), and DIPEA (7.62 mL, 43.75 mmol) was slowly added
at 0 °C and stirred at ambient temperature for 14 hours. The reaction mixture was
extracted with NH,Cl aqueous solution and DCM, and then the organic layer was dried
over MgSO, and concentrated under reduced pressure. The crude product was purified
by silica gel column (EtOAc:Hexane = 1:1) to obtain methyl
6-(((benzyloxy)carbonyl)amino)spiro[ 3.3 ]heptane-2-carboxylate (4.4 g, yield 99%). 'H
NMR (300 MHz, CDCl;) & 7.40 - 7.28 (m, 5H), 5.06 (s, 2H), 4.84 (d, J = 8.3 Hz, 1H),
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[420]

[421]

[422]

[423]
[424]

[425]

[426]

[427]

[428]

4.11-3.97 (m, 1H), 3.65 (s, 3H), 3.01 (p, J = 8.5 Hz, 1H), 2.50 (dt, ] = 12.0, 6.6 Hz,
1H), 2.43 - 2.21 (m, 4H), 2.12 (ddd, J =11.7, 8.7, 2.8 Hz, 1H), 1.84 (ddd, J = 15.9,
11.3, 8.7 Hz, 2H).

Step 2: Purification of methyl

6-(((benzyloxy)carbonyl)amino)spiro[3.3|heptane-2-carboxylate

Methyl 6-(((benzyloxy)carbonyl)amino)spiro[3.3]heptane-2-carboxylate (4.34 g) was

purified by supercritical fluid chromatography (SFC) under the following conditions to
separate the compounds of methyl (285, 4S,
6S)-6-(((benzyloxy)carbonyl)amino)spiro[3.3]heptane-2-carboxylate (2.99 g) and
methyl (2R, 4R, 6R)-6-(((benzyloxy)carbonyl)amino)spiro[3.3]heptane-2-carboxylate
(0.88 g) as a yellow oil, respectively.

Column: Daicel ChiralPak IG mobile phase (250 mm x 4.6 mm, 1 um)

Mobile phase: [Hexane/EtOH]; 80/20 (V/V), 9.4 minutes (28, 4S, 6S), 10.7 minutes
(2R, 4R, 6R)

Step 3: Synthesis of methyl (2R.4R.6R)-6-aminospiro[3.3]heptane-2-carboxylate hy-
drochloride

" o— 1. PdIC, Hy H oo
0 T ﬁé@ MeOH, rt, 16h o s C
N \Q)E\N 2. 4M HCl in dioxane i
H rt, 30 min 3

intermediate Z

Methyl (2R, 4R,
6R)-6-(((benzyloxy)carbonyl)amino)spiro[3.3 Jheptane-2-carboxylate (312 mg, 1.03
mmol) was dissolved in MeOH (10.3 mL, 0.1 M), and Pd/C 10% (110 mg, 0.1 equiv)
was added. The reaction mixture was purged under H, atmosphere and stirred for 16
hours. The reaction mixture was filtered through Celite and concentrated under
reduced pressure. 1,4-dioxane (10.3 mL, 0.1 M) and 4 N HCl solution (0.8 mL, 3.09
mmol) were added to the concentrated reaction mixture and stirred for an additional 30
minutes. The reaction mixture was concentrated under reduced pressure to obtain In-
termediate Z (180 mg).

Preparation Example 27: 4'-(bromomethyl)-3,5-dimethoxy-1,1'-biphenyl
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[429] Ha’“{ ‘*‘j\
e

£
OH

N i NasCOy o s Gy o
B i ¥ PA(PPha)y H”m’?‘{ 3 PPhy Br *{ = |
1 g P LA 0
2 Hy0/OME.85°C. 24 h i DCH ‘(\f
S 09010 269C, 40 min ~#
0 T T

ey #

Intermediate AA

[430] Intermediate AA was obtained by using 1-bromo-3,5-dimethoxybenzene and
((4-hydroxy)methylphenyl)boronic acid as starting materials in the same manner as in
Preparation Example 24. '"H NMR (300 MHz, Chloroform-d) 6 7.55 (d, J = 8.3 Hz,
2H), 7.45 (d, J= 8.3 Hz, 2H), 6.71 (d, J = 2.2 Hz, 2H), 6.48 (t, / = 2.2 Hz, 1H), 4.55
(s, 2H), 3.85 (s, 6H).

[431] Preparation Example 28: 4-(2-bromoethyl)-1,1'-biphenyl

[432] Step 1: Synthesis of 2-([1.1'-biphenyl]-4-yl)ethan-1-ol

4331 Ho HO
7 1 M LiAlH, 7
° N B THF A 3’““1‘
2 0°Cte75°C, 4h _

[434] To a solution of 2-([1,1'-biphenyl]-4-yl)acetic acid (559 mg, 3 mmol) in THF (7 mL),
LiAlH, (1 M in THF, 9.0 mL, 3.0 equiv) was added at O °C and stirred at 75 °C for 4
hours, and then 1 N NaOH was carefully added to quench it. The reaction mixture was
filtered through Celite, and the filtrate was poured into distilled water and extracted
with EtOAc. The organic layer was dried over MgSO, and then concentrated under
reduced pressure to obtain 2-([1,1'-biphenyl]-4-ylethan-1-ol (522 mg, yield 87%). 'H
NMR (300 MHz, Chloroform-d) & 7.62-7.52 (m, 2H), 7.49-7.40 (m, 1H), 7.39-7.29
(m, 2H), 3.91 (t, ] = 6.5 Hz, 1H), 2.92 (t, J = 6.5 Hz, 1H).

[435] Step 2: Synthesis of 4-(2-bromoethyl)-1.1'-biphenyl

[436]

BBY@ Br

HO
7 DCM =
2 0°C1026°C, 40 min

Intermediate BB
[437] To a solution of 2-([1,1'-biphenyl]-4-yl)ethan-1-ol (522 mg, 2.8 mmol, 1.0 equiv) in
DCM (12 mL), CBr, (1.02 g, 3.1 mmol, 1.1 equiv) was added at 0 °C and stirred for 15
minutes, and then PPh; (813 mg, 3.1 mmol, 1.1 equiv) was added and stirred for 40

minutes. The precipitated solid was filtered to obtain Intermediate BB (639 mg, yield
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[438]
[439]
[440]

[441]

[442]
[443]

[444]

[445]

87%). 'H NMR (300 MHz, Chloroform-d) 6 7.61 - 7.53 (m, 4H), 7.48 - 7.40 (m, 2H),
7.38 - 7.29 (m, 3H), 3.91 (t, J = 6.5 Hz, 2H), 2.92 (t, J = 6.5 Hz, 2H).

Preparation Example 29: 4'-(bromomethyl)-3-fluoro-1,1'-biphenyl

Step 1: Synthesis of (3'-fluoro-[1.1'-biphenyl]-4-yl)methanol

-OH
B

OH

Nag{;\{}g
F
H,O / DME, 85 °C, 24 h ‘

(4-(hydroxymethyl)phenyl)boronic acid (1.04 g, 6.857 mmol),
1-bromo-3-fluorobenzene (1 g, 5.714 mmol), Na,CO; (1.51 g, 14.285 mmol) and Pd
(PPhy), (330 mg, 0.286 mmol) were dissolved in DME and H,O (2:1), then heated to

85 °C, and stirred for 24 hours. The reaction mixture was extracted with EA and

distilled water, and the crude product was purified through flash column chro-
matography to obtain (3'-fluoro-[1,1'-biphenyl]-4-yl)methanol (1.26 g) as a white solid.
'"H NMR (300 MHz, Chloroform-d) 8 7.63-7.56 (m, 2H), 7.50-7.34 (m, 4H), 7.32-7.27
(m, 1H), 7.09-6.99 (m, 1H), 4.76 (s, 2H).

Step 2: Synthesis of 4'-(bromomethyl)-3-fluoro-1.1"-biphenyl

R B %
HO ™™, . Y
e +F = e F
o %
E;f DCM, 0°C tort. 2 h j\f

Intermediate CC

(3'-Fluoro-[1,1'-biphenyl]-4-yl)methanol (304 mg, 1.641 mmol) was dissolved in
DCM, and PBr; (0.59 mL, 6.231 mmol) was added at 0 °C and stirred for 2 hours, and
then additional PBr; (100 ul)) was added and stirred. After 4 hours, 1 mL of MeOH
was added at 0 °C, and the organic layer was concentrated under reduced pressure to
obtain Intermediate CC (1.7 g) as a white solid. 'H NMR (300 MHz, Chloroform-d) 6
7.59-7.53 (m, 2H), 7.51-7.45 (m, 2H), 7.43-7.26 (m, 3H), 7.08-7.02 (m, 1H), 4.55 (s,
2H).

Preparation Example 30: 2-(4-(bromomethyl)phenyl)pyrimidine
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446 i
[446] o
i B”SH R
Ok Br”
Na,C0, HD';;“ S CBry S
B N PA(PPhy)s e PPhs 4o

[447]

[448]
[449]
[450]

[451]

[452]
[453]

[454]

N H.0/DME, 85°C, 24k

T 7] DM, 0°C fo 1t 40 min o
\;;:j Intermediate DD

Intermediate DD was obtained in the same manner as in Preparation Example 24,
except that 2-bromopyridine was used instead of 3-bromoanisole in Step 1 of
Preparation Example 24. 'H NMR (300 MHz, chloroform-d) 6 8.81 (d, J =4.9 Hz,
2H), 8.43 (d, J =8.4 Hz, 2H), 7.52 (d, ] = 8.4 Hz, 2H), 7.20 (t, ] = 4.8 Hz, 1H), 4.56 (s,
2H).

Preparation Example 31: 5-(bromomethyl)-2-phenylpyrimidine

Step 1: Synthesis of (2-phenylpyrimidin-5-yl)methanol

phenyiboronic acid
PAOACEH
Xphos

Na,CO4 HO N
HO™ ™ , p
Y Dioxane/H,O N
NT G 100°C, 12 h
(2-Chloropyrimidin-5-yl)methanol (1.156 g, 8 mmol), phenylboronic acid (1.463 g,
12 mmol), Pd(OAc), (179 mg, 0.8 mmol), Xphos (381 mg, 0.8 mmol), and Na,CO,

(2.199 g, 20 mmol) were dissolved in dioxane/H,O (4:1, 26 mL), then purged under Ar

atmosphere, and then stirred at 100 °C for 12 hours. The reaction mixture was filtered

through Celite and then extracted with EA and brine. The organic layer was con-
centrated under reduced pressure and purified by silica column (EtOAc:Hexane = 1:1)
to obtain (2-phenylpyrimidin-5-yl)methanol (661 mg, yield 44%). '"H NMR (300 MHz,
Chloroform-d) o 8.82 (s, 2H), 8.22-8.52 (m, 2H), 7.58-7.47 (m, 3H), 4.78 (s, 2H).

Step 2: Synthesis of 5-(bromomethyl)-2-phenylpyrimidine

CBry
PPhy

DCM, 0 °C 10 26 °C, 40 min

Br

B
e ok

&

Intermediate EE

(2-Phenylpyrimidin-5-yl)methanol (661 mg, 3.549 mmol) was dissolved in DCM (11
mL), and then CBr, (1.412 g, 4.258 mmol) and PPh; (1.116 g, 4.258 mmol) were
added at 0 °C over 10 minutes and stirred for 40 minutes. The reaction mixture was
concentrated under reduced pressure and purified by silica column (EA:hexane = 1:9)
to obtain Intermediate EE (762 mg, yield 86%). 'H NMR (300 MHz, Chloroform-d) &
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8.82 (s, 2H), 8.43-8.46 (m, 2H), 7.49-7.51 (m, 3H), 4.48 (s, 2H).
[455] Preparation Example 32: (3-bromoprop-1-yn-1-yl)benzene
[456]

Br
PBr;, DMF W
DCM P
o / \
0~20°C, 1 hr P

i,

Intermediate FF

[457] To a solution of (3-hydroxyprop-1-yn-1-yl)benzene (10.0 g, 75.6 mmol, 9.43 mL,
1.00 equiv) and DMF (276 mg, 3.78 mmol, 0.05 equiv) in DCM (100 mL), PBr;
(24.5g, 90.8 mmol, 1.20 equiv) was added at 0 °C and stirred for 1 hour. The reaction
mixture was cooled to 0 °C, then quenched by addition of distilled water (50 mL), and
extracted with DCM (2 X 50 mL). The organic layer was washed with NaHCO;
aqueous solution (1 X 100 mL) and brine (1 X 100 mL), dried over Na,SO.,, filtered,
and concentrated under reduced pressure. The crude product was purified by silica gel
column chromatography (ether/ethyl acetate = 50/1 to 20/1) to obtain Intermediate FF
(13.8 g, 70.7 mmol, yield 93.5%) as a colorless oil.

[458] Preparation Example 33: (4-(pyridin-3-yl)phenyl)methanol

[459]

;’B\
HO™ OH HO ™\
%l’ f/ﬁ“?:::::\.\\
@q} Pd(PPha)s, Na,CO3 N4
- A
=N DME/H,0, 85 °C, 12h ‘/"’“’"‘ \N
\_z

Intermediate GG
[460] (4-(Hydroxymethyl)phenyl)boronic acid (1.154 g, 7.595 mmol), 3-bromopyridine (1
g, 6.329 mmol), Na,CO; (1.68 g, 15.823 mmol), and Pd(PPh;), (366 mg, 0.316 mmol)
were dissolved in DME/H,0 (2:1) and then stirred at 85 °C for 12 hours. The reaction

mixture was cooled to ambient temperature and then extracted with EA and distilled
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water. The crude product was purified through flash column chromatography to obtain
Intermediate GG (1.34 g) as a yellow solid. '"H NMR (300 MHz, Chloroform-d) &
8.82-8.81 (m, 1H), 8.61-8.59 (m, 1H), 8.00 (d, J = 8.0 Hz, 1H), 7.61-7.55 (m, 2H),
7.53-7.45 (m, 3H), 4.78 (s, 2H).

[461] Preparation Example 34: (4-(5-fluoropyridin-3-yl)phenyl)methanol

[462]
Hgm
s OH
2
OH
Bf® PA(PPhs)y
]”f H,O/DME. 85°C, 24 h ;
F Intermediate HH
[463] Intermediate HH was obtained by using the corresponding starting materials in the

same manner as in Preparation Example 33. 'H NMR (300 MHz, Chloroform-d) 6
8.63-8.61 (m, 1H), 8.45-8.44 (m, 1H), 7.65-7.45 (m, 5H), 4.78 (s, 2H).
[464] Preparation Example 35: (4-(5-methoxypyridin-3-yl)phenyl)methanol

[465]
SO
P E}i{}%ﬂk
OH =
NasCO4
Brs g%N Pd(PPhy)y \*3}@
M0/ DME, 85°C, 24 h Y
O Ow
Intermediate i
[466] Intermediate II was obtained by using the corresponding starting materials in the

same manner as in Preparation Example 33. 'H NMR (300 MHz, Chloroform-d) &
8.49-8.48 (m, 1H), 8.30-8.29 (m, 1H), 7.67-7.65 (m, 1H), 7.60-7.50 (m, 4H), 4.79 (s,
2H), 3.99 (s, 3H).

[467] Preparation Example 36: (4-(1-benzyl-1H-pyrazol-4-yl)phenyl)methanol
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[468] N
>
B
0
T
\ Ha"”‘\g’ﬁ.
| Pd(PPh3);Cl N
Ha”\E”“‘%\} Na,CO5 | N
g, THF H02:1,80°C, 6h N

[469]

[470]
[471]
[472]

[473]

[474]

Intermediate JJ

(4-Bromophenyl)methanol (1.49 g, 8 mmol),
1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- 1H-pyrazole (2.5 g, 12
mmol), Pd(PPh;),Cl, (561 mg, 0.8 mmol), and Na,CO; (2.199 g, 20 mmol) were
dissolved in THF/H,O (2:1, 16 mL), purged under Ar atmosphere, and then stirred at
80 °C for 6 hours. The reaction mixture was filtered through Celite, then extracted with
EA and brine, and dried over MgSO,. It was purified by silica gel column (EA:hexane
= 1:3) to obtain Intermediate JJ (948 mg, yield 63%). '"H NMR (300 MHz,
Chloroform-d) 8 7.76 (d, ] = 0.8 Hz, 1H), 7.62 (d, J = 0.8 Hz, 1H), 7.43 - 7.50 (m, 2H),
7.31-7.41 (m, 2H), 4.69 (s, 2H), 3.95 (s, 3H).

Preparation Example 37: (1-benzyl-1H-indol-5-yl)methanol

Step 1: Synthesis of methyl 1-benzyl-1H-indole-5-carboxylate

O
benzylbromide
O R\ NaH

%

g DMF, 0°C1026°C,12h

To a solution of methyl 1H-indole-5-carboxylate (2.80 g, 16 mmol) and benzyl
bromide (2.1 mL, 17.6 mmol) in DMF (30 mL), NaH (460 mg, 19.2 mmol) was added
portionwise at 0 °C and stirred at ambient temperature for 12 hours. The reaction
mixture was extracted with EA and brine, and the organic layer was dried over MgSO,
and then concentrated under reduced pressure. The crude product was purified by silica
column (EA:hexane = 1:9) to obtain methyl 1-benzyl-1H-indole-5-carboxylate (5.083
g, yield 78%). 'H NMR (300 MHz, Chloroform-d) 6 8.42 (dd, J =0.7, 1.7 Hz, 1H),
7.88(dd, J =1.7, 8.7 Hz, 1H), 7.25-7.35 (m, 4H), 7.19 (d, ] = 3.2 Hz, 1H), 7.06-7.14
(m, 2H), 6.65 (dd, J = 0.9, 3.3 Hz, 1H), 5.35 (s, 2H), 3.93 (s, 3H).

Step 2: Synthesis of (1-benzyl-1H-indol-5-yl)methanol
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[475] o
\ o
@) /\> 1M LiAIH, HO I\
hi THF, 0°Cto75°C, 4 h *\{
B Bn

. Intermediate KK

[476] Methyl 1-benzyl-1H-indole-5-carboxylate (2.0 g, 7.538 mmol) was dissolved in THF
(25 mL), and LiAlH, (1 M in THF, 22.6 mL, 22.615 mmol) was added at 0 °C and
stitred at 75 °C for 4 hours. The organic layer was filtered through Celite, concentrated
under reduced pressure, and purified by silica column (EA:hexane = 1:2) to obtain In-
termediate KK (1.734 g, yield 97%). 'H NMR (300 MHz, Chloroform-d) § 7.62 (m,
1H), 7.22-7.31 (m, 4H), 7.18 (dd, J = 1.7, 8.5 Hz, 1H), 7.04-7.11 (m, 2H), 6.53 (dd, J =
0.8, 3.1 Hz, 1H), 5.31 (s, 2H), 4.74 (s, 2H).

[477] Preparation Example 38: (4-(pyridin-2-yl)phenyl)methanol

[478]
i O
JOH
i 0
OH H
Br N82603 § SN
Pd(PPh
o (PPha)s _ N
N H0/DME 85°C,24h  Intermediate LL
[479] Intermediate LL was obtained by using the corresponding starting materials in the

same manner as in Preparation Example 33. 'H NMR (300MHz, chloroform-d) & 8.73
(d, J=4.9Hz, 1H), 8.01 (d, J = 8.2Hz, 2H), 7.88 - 7.73 (m, 2H), 7.49 (d, J = 8.2Hz,
2H), 7.32-7.30 (m, 1H), 4.77 (s, 2H).

[480] Preparation Example 39: (6-phenylpyridin-3-yl)methanol

[481]
B(OH);

o 1, 4-dioxane/H,0 (4:1)
100 °C Intermediate MM
[482] To a solution of (6-bromopyridin-3-yl)methanol (940.1 mg, 5.0 mmol) in
1,4-dioxane/H,O (0.25 M), phenylboronic acid (914.5 mg, 7.5 mmol), PA(OAc), (56.1
mg, 0.25 mmol), Xphos (238.4 mg, 0.5 mmol) and Na,CO; (1.59 g, 15.0 mmol) were

OH
N Y‘}N
| P PA(OAC)s, XPhos, Na;COs Py :
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added and stirred at 100 °C. After 18 hours, the reaction mixture was cooled to ambient
temperature and diluted with brine (50 mL) and ethyl acetate (50 mL), and the aqueous
layer was extracted with ethyl acetate (30 mL). The organic layer was dried over Na,
S0, and concentrated under reduced pressure. The crude product was purified by
column chromatography (hexane:ethyl acetate = 3:7) to obtain Intermediate MM
(618.6 mg, yield 67%) as a white solid. 'H NMR (500 MHz, CDCl;)  8.66 - 8.62 (m,
1H), 7.99 - 7.93 (m, 2H), 7.77 (dd, ] = 8.1, 2.2 Hz, 1H), 7.71 (d, J = 8.1 Hz, 1H), 7.46
(t,J=7.5Hz,2H), 7.43 - 7.36 (m, 1H), 4.75 (s, 2H).

[483] Preparation Example 40: (4-pyridin-4-yl)phenyl)methanol

[484]

T
HTY
N B JOH
P T
Bre. MO OH HO l \5
{' \\,E dzlilla My‘,‘;;:ﬁg,\w A:%
Nz N Pd{PPhaly I |
‘}\m\ﬁf«
H,O / DME, 85°C, 24 h intermediate NN

[485] Intermediate NN was obtained by using the corresponding starting materials in the

same manner as in Preparation Example 33. '"H NMR (300 MHz, Chloroform-d) & 8.71
- 8.62 (m, 2H), 7.66 (d, J = 8.2 Hz, 2H), 7.60 - 7.55 (m, 2H), 7.51 (d, J = 8.2 Hz, 2H),
4.79 (s, 2H).

[486] Preparation Example 41: (4-(6-methoxypyridin-2-yl)phenyl)methanol

[487] HO

7
?“fim
O
AN
"‘m\\
Pd(OAC); ﬁ Y
Br XPhos “‘<
A Na;CO3 i W
N - U—Eﬁ)
x&.,;k@f dioxane H,0 (4:1,0.3 M) =
G .
| 1007C, 12h Intermediate OO
[488] Intermediate OO was obtained by using the corresponding starting materials in the

same manner as in Preparation Example 39. 'H NMR (300 MHz, Chloroform-d) & 8.07
(d, J=8.3 Hz, 2H), 7.69 - 7.62 (m, 1H), 7.48 (d, J = 8.4 Hz, 2H), 7.37 (d, ] = 7.4 Hz,
1H), 6.72 (d, J = 8.2 Hz, 1H), 4.78 (s, 2H), 4.06 (s, 3H).

[489] Preparation Example 42: (4-(4-methoxypyridin-2-yl)phenyl)methanol
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[490]

[491]

[492]
[493]

[494]

[495]
[496]

[497]

}\j;J\E’,QH
|

OH HS““T{“‘“ﬁ
Bro s O - %‘Ja;gC(}g - E Qe
:‘g{j Pd(PPhs)s b \!}gﬁ/ :

H,O / DME, 85°C, 24 h

intermediate PP

Intermediate PP was obtained by using the corresponding starting materials in the
same manner as in Preparation Example 33. 'H NMR (300 MHz, Chloroform-d) 6 8.63
(d,J=6.3 Hz, 1H), 8.02 (d,J =8.2 Hz, 2H), 7.52 (d, J = 8.2 Hz, 3H), 7.30 (d, ] = 2.5
Hz, 1H), 6.97 (dd, J = 6.3, 2.5 Hz, 1H), 4.78 (s, 2H), 4.03 (s, 3H).

Preparation Example 43: (6-(3-fluoro-5-methoxyphenyl)pyridin-3-yl)methanol

HO. o .OH
L
o, *
HCF\& E e O_,f‘ %
N
N Pd(OAc), X
| ] XPhos
N

N W
Br dioxane:H;0 (4:1,0.3 M) /

&
100°C, 12 h intermediate QQ

Intermediate QQ was obtained by using the corresponding starting materials in the
same manner as in Preparation Example 39. 'H NMR (300 MHz, DMSO-d6) & 8.63 -
8.60 (m, 1H), 8.00 (d, J = 8.2 Hz, 1H), 7.82 (dd, J = 8.1, 2.0 Hz, 1H), 7.53 - 7.45 (m,
2H), 6.94 - 6.86 (m, 1H), 5.39 (s, 1H), 4.58 (d, ] = 5.6 Hz, 2H), 3.86 (s, 3H).

Preparation Example 44: (4-(4-methyl-1H-pyrazol-1-yl)phenyl)methanol

HN S
HO™ NS N HO™
b CulOAC): b
N CsyC05 f‘g%

N o
Intermediate RR

e o
DMF, 100°C, 12 h

(4-lodophenyl)methanol (234 mg, 1 mmol), 4-methyl-1H-pyrazole (121 uL, 1.5
mmol), Cs,CO; (651 mg, 2 mmol), and Cu(OAc), (18 mg, 0.1 mmol) were dissolved in
DMF (5 mL), and then the mixture was purged under Ar atmosphere and then stirred at

100 °C for 12 hours. The reaction mixture was extracted with EA and brine, and then
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[498]

[499]

[500]

[501]
[502]

[503]

[504]

the organic layer was dried over MgSO, and concentrated under reduced pressure. The
mixture was purified by silica chromatography (EA:hexane = 1:3) to obtain In-
termediate RR (191 mg, mixture). LC/MS (ESD) m/z: 189.1 [M+H].

Preparation Example 45:
(4-(3-methyl-5-(trifluoromethyl)-1H-pyrazol-1-yl)phenyl)methanol

H
Nﬁ‘t CFy

wa
" ™ U
PN ®
HO™ ™™ ﬁ\ K;CO4

N,
S i N,N-Dimethylglycine M:;«,—.{
DMSO, 130 °C, 24 h Intermediate §S

3-methyl-5-(trifluoromethyl)- 1H-pyrazole (353 mg, 2.35 mmol),
(4-iodophenyl)methanol (500 mg, 2.136 mmol), K,CO; (590 mg, 4.272 mmol), Cul
(41 mg, 0.214 mmol), and N,N-dimethylglycine (44 mg, 0.427 mmol) were dissolved
in DMSO, heated to 130 °C, and stirred for 24 hours. The reaction mixture was cooled
to ambient temperature and extracted with EA and distilled water, and then the crude
product was purified by flash column chromatography to obtain Intermediate SS (562
mg, yield 99%) as a clear liquid. '"H NMR (300 MHz, Chloroform-d) 6 7.54 - 7.40 (m,
4H), 6.46 (s, 1H), 4.78 (d, ] = 5.9 Hz, 2H), 2.35 (d, ] = 0.7 Hz, 3H), 1.87 (t, ] = 5.9 Hz,
1H).

Preparation Example 46: (5-(3-fluoro-5-methoxyphenyl)pyridin-2-yl)methanol

H(ZE?IQGH
;\j\ HO=—
N PA(OAC); N/
i N XPhos N
P NayCO3 \if X (}j
fr dioxane:H0 (41,03 M) flmf
100°C, 12 h F

Intermediate TT

Intermediate TT was obtained by using the corresponding starting materials in the
same manner as in Preparation Example 39. 'TH NMR (300 MHz, DMSO-d6) 6 8.83 (d,
J=2.1Hz, 1H), 8.13 (dd, J = 8.2, 2.4 Hz, 1H), 7.55 (d, ] =8.2 Hz, 1H), 7.22 - 7.12 (m,
2H), 6.88 (dt, J = 11.0, 2.2 Hz, 1H), 5.49 (t, ] =5.9 Hz, 1H), 4.62 (d, ] = 5.9 Hz, 2H),
3.85 (s, 3H).



69
WO 2022/039563 PCT/KR2021/011143

[505] [Example]

[506] Example 1:
6-(4-([1,1'-biphenyl]-4-ylmethyl)-2,5-dimethylthiophene-3-carboxamido)spiro[3.3]
heptane-2-carboxylic acid

[507] Step 1: Synthesis of[1.1'-biphenyl]-4-v1(2.5-dimethylthiophen-3-yl)methanone

[508] \

O T /;::3-\ f’*“ Mot

e D S A P
e N7 N\ 7 SN0

/
\ DMEF, SOCI,; v‘f”}“
) then TiCly E J
s T
\e== PhCY, 50 °C, 1h L

/ (;{;

[509] To a solution of [1,1'-biphenyl]-4-carboxylic acid (7.8 g, 39.3 mmol) and DMF
(about 0.1 mL) in PhCI (45 mL, 0.8 M), SOCl, (4.9 g, 41.0 mmol) was added at 0 °C,
and then the reaction mixture was heated to 50 °C and stirred for 1 hour. After 1 hour,
the mixture was cooled to ambient temperature, and dimethylthiophene (4.1 mL, 35.7
mmol) was added. The reaction mixture solution was cooled to 0 °C, and 1 M TiCl,
solution (35.7 mL, 35.7 mmol) was added. After 1 hour, the reaction mixture was
acidified by addition of 1 N HCI solution and extracted with heptane. The combined

extracts were dried over Na,SQOy, then filtered, and concentrated. The crude product

was purified by column chromatography to obtain
[1,1'-biphenyl]-4-yI(2,5-dimethylthiophen-3-yl)methanone (3.31 g, yield 32%). 'H
NMR (500 MHz, chloroform-d) 6 7.90 (d, ] = 8.4 Hz, 2H), 7.71 (d, J = 8.4 Hz, 2H),
7.67(d,J=7.1Hz, 2H),7.51(t, 1 =7.5Hz, 2H), 7.43 (t, ] = 7.4 Hz, 1H), 6.85 (s, 1H),
2.63 (s, 3H), 2.46 (s, 3H). LC/MS (ESI) m/z: 293.7 [M+H]*.
[510] Step 2: Synthesis of
1.1-biphenyl]-4-vI(4-bromo-2.5-dimethylthiophen-3-yl)methanone

[511]

[512] To a solution of [1,1'-biphenyl]-4-yl(2,5-dimethylthiophen-3-yl)methanone (3.29 g
11.25 mol) and PhCl (14.1 mL, 0.8 M), ZnCl, (46.0 mg, 0.34 mmol) was added, and
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[513]
[514]

[515]

[516]

then the reaction mixture was cooled to 16 °C. Br, (1.8 g, 22.5 mmol) was added at 16
°C over 30 minutes. The reaction mixture was stirred at room temperature for 30
minutes, and the reaction mixture was acidified by addition of 1 N HCI solution. The
product was extracted with heptane, and then the combined extracts were dried over
Na,SO,, then filtered, and concentrated. The crude product was purified by column
chromatography to obtain
[1,1'-biphenyl]-4-yl(4-bromo-2,5-dimethylthiophen-3-yl)methanone (2.61 g, yield
63%). '"H NMR (500 MHz, chloroform-d) & 7.94 (d, J = 7.5 Hz, 2H), 7.72 (d, ] = 7.7
Hz, 2H), 7.67 (d, J =7.6 Hz, 2H), 7.50 (t, ] =7.3 Hz, 2H), 7.44 (t, ] = 7.3 Hz, 1H),
2.42 (s 3H), 2.38 (s 3H) LC/MS (ESI) m/z: 373.3 [M+H]*.

75;»\ L esHmic “}*‘*f’k\

o DCE 47
R | «~B% 1 h g}

To a solution of [1,1'-biphenyl]-4-yl(4-bromo-2,5-dimethylthiophen-3-yl)methanone
(2.61 g, 7.03 mmol) and DCE (14.1 mL, 0.5 M), Et;SiH (2.1 g, 17.6 mmol) was added.
The reaction mixture was cooled to -8 °C, and 1 M TiCl, solution (7.1 mL, 7.1 mmol)
was slowly added. The reaction mixture was stirred at ambient temperature for 1 hour,
and then the reaction mixture was acidified by addition of 1 N HCI solution. The
product was extracted with heptane, then dried over Na,SO,, then filtered and con-
centrated. The crude product was purified by column chromatography to obtain
3-([1,1'-biphenyl]-4-ylmethyl)-4-bromo-2,5-dimethylthiophene (1.45 g, yield 58%). 'H
NMR (500 MHz, chloroform-d) 6 7.59 (d, J = 7.6 Hz, 2H), 7.52 (d, J = 8.0 Hz, 2H),
7.45(d,J=7.6 Hz, 2H), 7.35 (d, J = 7.3 Hz, 1H), 7.24 (d, J = 7.9 Hz, 2H), 4.00 (s,
2H), 2.40 (d, ] = 4.4 Hz, 6H).

Step 4: Synthesis of

4-([1.1'-biphenyl]-4-ylmethyl)-2.5-dimethylthiophene-3-carboxylic acid
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[517]
Ol
THMEDA-Bul
LBuGhe
~B5C, 1h
o
]
g

[518] To a solution of 3-([1,1'-biphenyl]-4-ylmethyl)-4-bromo-2,5-dimethylthiophene (1.0
g, 2.80 mmol), TMEDA (0.46 mL, 3.08 mmol) and methyl #-butyl ether (14 mL, 0.2
M), n-BuLi (1.5 mL, 2.64 mmol) was gradually added at -65 °C and then stirred. The
mixture was stirred for 30 minutes, and then an excess of dry ice was added at -65 °C
and stirred for 1 hour. The reaction mixture was acidified by addition of 1 N HCI
solution and then extracted with EtOAc and distilled water. The organic layer was
dried over Na,SO,, then filtered, concentrated, and purified to obtain
4-([1,1'-biphenyl]-4-ylmethyl)-2,5-dimethylthiophene-3-carboxylic acid (0.46 g, yield
51%). '"H NMR (500 MHz, DMSO-dg) 8 12.64 (s, 1H), 7.61 (d, J = 7.6Hz, 2H),
7.55-7.52 (m, 2H), 7.44 (t, ) = 7.2Hz, 2H), 7.36-7.32 (m, 1H), 7.16-7.12 (m, 2H), 4.17
(s, 2H), 2.55 (s, 3H), 2.31 (s, 3H).

[519] Step 5: Synthesis of methyl

tane-2- carboxvlate

[520] o o
\_ ) i 2
o o Ao
S - HCL /] o [vﬁ\f
¥ 1 HaN Ay A
P intermediate A S . H
) HATU/DIPEA N
e o 7
DMF A
-
i | i 3h b
T T
e
QE‘::’W"RE?

[521] To a solution of 4-([1,1'-biphenyl]-4-ylmethyl)-2,5-dimethylthiophene-3-carboxylic
acid (0.1 g, 0.31 mmol) in DMF (1.1 mL, 0.3 M), Intermediate A (70 mg, 0.34 mmol),
HATU (0.13 g, 0.34 mmol) and DIPEA (0.16 mL, 0.93 mmol) were added and stirred
at ambient temperature for 3 hours. The reaction mixture was basified by addition of
IN NaOH solution and then extracted with EtOAc and distilled water. The organic
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[522]

[523]

[524]

[525]
[526]

[527]

layer was dried over Na,SQO,, then filtered, concentrated, and purified by column chro-
matography to obtain methyl
6-(4-([1,1-biphenyl]-4-ylmethyl)-2,5-dimethylthiophene-3-carboxamido)spiro[3.3]hep
tane-2-carboxylate (110 mg, yield 75%). '"H NMR (500 MHz, chloroform-d) & 7.57 (d,
J=7.6Hz,2H),7.52(d,J=7.3 Hz, 2H), 7.46 (t,] =7.3 Hz, 2H), 7.36 (t , ] = 7.2 Hz,
1H), 7.19 (d, J =7.6 Hz, 2H), 5.39 (d, J = 7.1 Hz, 1H), 4.28 (m, 1H), 4.00 (s, 2H), 3.66
(s,3H),2.97 (p, ] =8.9, 8.4Hz, 1H), 2.46 (s, 3H), 2.38 (s, 3H), 2.30 (dd, J = 14.1, 7.1
Hz, 4H), 2.21-2.14 (m, 1H), 1.99 (d, ] = 19.5 Hz, 1H), 1.53 (dt, J = 19.1, 10.0 Hz, 2H).
LC/MS (ESI) m/z: 475.2 [M+H]*.

Step 6: Synthesis of

s 7 B LIOHH,0 s{i =N

7y HOTHEMeOH (£1.0) f’L

sk R4h L
O Q

To a solution of methyl
6-(4-([1,1'-biphenyl]-4-ylmethyl)-2,5-dimethylthiophene-3-carboxamido)spiro[3.3]hep
tane-2- carboxylate (110 mg, 0.23 mmol) in H,O: THF:MeOH(1:1:1), LiOH-H,O (29
mg, 0.69 mmol) was added and stirred for 4 hours. The reaction mixture was acidified
by addition of 1 N HCl solution and then extracted with EtOAc and distilled water.
The organic layer was dried over Na,SO,, then filtered, and concentrated to obtain the
compound of Example 1 (86 mg, yield 81%) without purification. 'H NMR (500 MHz,
DMSO-dg) 6 12.03 (s, 1H), 8.29 (d, J =7.4 Hz, 1H), 7.61 (d,J = 7.7 Hz, 2H), 7.51 (d, ]
=7.6 Hz, 2H), 7.45 (t, J =7.4 Hz, 2H), 7.34 (t, ] = 7.2 Hz, 1H), 7.19 (d, ] = 7.7 Hz,
2H), 4.16 (h, J = 8.3 Hz, 1H), 3.90 (s, 2H), 2.91 (p, J = 8.3 Hz, 1H), 2.34 (s, 3H), 2.32
(s, 3H), 2.29-2.13 (m, 4H), 2.11-2.06 (m, 1H), 2.02 (s, 1H), 1.87 (s, 1H), 1.85 (d, J =
9.6 Hz, 1H). LC/MS (ESI) m/z: 460.01 [M+H]*.

The compounds of Examples 2 to 5 were prepared in the same manner as in Example
1 except for the differences in the preparation methods described below.
[Table 1]
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[528] Example Chemical structure Name Difference in preparation method
No.
P fﬁki»% 6-(2,5-dimethyl-4-(4- dauethvibenzoic  acid  was  used
. r_j{jj methylbenzylithiophene-3- instead  of [1, P-biphenyil-4-
§ R carboxamidojspiro[3.3Theptane-2- | carboxylic acid in Step 1
. carboxylic acid
3 6-{4-([1,1'-biphenyl}-3-vlmethyll-  |[[1.1biphenyll-3-carboxviie  acid
2. 5-dimethyithiophene-3- was used instead of [1.1"biphenyl]-
carboxamido jspiro[3.3 theptane-2- | 4-carboxylic acid in Step 1
carboxylic acid
4 G-{4-{] 1. 1"-biphenyl - 2-vimethiyly || 1. 1-biphenyl}-2-carboxyiic acid
2 S-imethylthiophene-3- was used instead of [1.1-biphenyl]-
carboxamido)spire|3.3 heptane-2-  |4-carboxylic aeid m Step 1
carboxylic acid
] 6-{ 2. S-chimethyl-d.(4- d-phenoxybenzoie acid was used
phenoxybenzylithiophene-3. iostead of 1, P'-biphenyi}-4-
carboxarmido} spiro]3.3lheptane-2-| carboxylic acid in Step |
carboxylic scid
[529] [Table 2]
[530] | Example LCMS {(ESI) NMR
No. |wfz [MEH]P
2 398.5 TH NMR (500 MHz, DMSO-de) 6 12.01 {5, 1HL 8.25{d. T=T7.5 Hz, 1H), 702 {d. T=
T Hz, THYL 697 (d, F= 7.7 Hz. 2H), 4.15 {d, T = 7.9 Hz, 1H). 380 (s, 7H), 2.96-2.88
(m, TH), 2.35(dd. T = 11.1, 6.3 Hz, TH), 2.29 (d, J = 7.1 Hz, 6H), 2.25 {s, 1F1}, 2.23 (s,
3H), 218 {1, 7= 9.5 Hz, 2H), 2.12-2.00 {m, 2H), 1.93-1.87 (m, 1H), 1.86-1.80 (m, 1H}
3 4602 I NME {500 MHz, Chloroform-d & 7.57 (d, T="7.1 He, 2H), 7.46 (. 1 = 7.7 Hz, 3H),
737 (g T="7.4 Hz, 3H), 7.09 {d, T = 7.1 Hz, 11}, 5.36 (4, T=7.7 Hz, 1H), 423 (h, T =
7.8 Hz, THY, 4.03 {s, 2H), 2.97 (p. 7= 8.5 Hz, 1H), 2.44 {s, 3H), 2.40 (s, 3H}, 2.37-2.30
(m, 1H), 2.24 (dt, F=17.2, 6. 8 Hz, 3H), 2.17-2.1F (m, 1H), £.99-1.93 (m, IH), 1.51-1.43
{my, 2HG
k] 460.6 TH WMR (500 MHz, Chloroform-d) 6 7.46 (1, J = 7.4 Hz, 2H), 7.39 (d, T= 7.4 Hz, [H),
737733 (m 2HY, 7.30(d, T= 52 He, LHY, 7.29.7.25 (m, 2HL 6,95 (d, T = 78 Hz, 1H},
534 (d. T=7.5Hz, 1H), 4.20 (h, = 7.9 Hz, 1HY, 3.86 (s, 2H), 3.03 (p, I = 8.4 Hz, 1H),
245 {5, 3H}), 241 (dd, 7= 7.0, 4.8 Hz, 1H), 2.34.2.26 {m, 3H}, 2.23 (dd, 1= 11.7, 83
Hz, 1H}, 2.14 (s, 3H), 2.11-2.05 {m, 1H}, 145 (ddd, I= 20,5, 11.3, 8.6 Hz, 2H}.
5 4764 HH NBR (500 MHe, Chloroformi-d} 6 7.36 - 732 {m, 2H}, 7.09 {(dd, T = 23,6, 80 Hz,
3HY, 6.99{d, T+ 85 Hy, 2HY, 694 (d, T= 8.6 Hz, 2H), 5342 (d, 7= 78 Hz, 1H), 430 (I,
T B0 e, THY, 393 (s, 2H), 308 (p, T 8.8 He) 1B, 2,52 - 2,46 (m, 1B}, 248 (5, 3H),
2.36(d, 3=4.3 Hz, 6H), 2.27 {dd, J= 11.7, 8.2 Hz, 1H), 2,12 (ddd, T = 11.6, 8.7, 2.3 Hz,
1H}Y, 1.68 - 1.56 (m, 2H).
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[531] Example 6:
6-(4-(2-([1,1'-biphenyl]-4-yl)ethyl)-2,5-dimethylthiophene-3-carboxamido)spiro[3.
3]heptane-2-carboxylic acid

[532] Step 1: Synthesis of

2-([1.1'-biphenyl]-4-v1)-1-(2.5-dimethvlthiophen-3-yl)ethan-1-one

[533] o
HO = S’(
Y {/ o \
DMF, S8OCls: = O
- then TiCly

/
\

S -
== toluene, 50 °C, 1h R |

[534] To a solution of 2-([1,1'-biphenyl]-4-yl)acetic acid (10.4 g, 49.1 mmol) and DMF
(about 1 mL) in toluene (56 mL, 0.8 M), SOCL, (6.1 g, 51.3 mmol) was added dropwise
at 0 °C, and then the reaction mixture was heated to 50 °C for 1 hour. The reaction
mixture was cooled to ambient temperature, and dimethylthiophene (5.1 mL, 44.6
mmol) was added and then cooled to 0 °C, and 1 M TiCl, solution (45 mL, 44.6 mmol)
was added. The reaction mixture was acidified by addition of 1 N HCI solution and
extracted with heptane, and the combined extracts were dried over Na,SO,, then
filtered and concentrated. The crude product was purified by column chromatography
to obtain 2-([1,1'-biphenyl]-4-yl)-1-(2,5-dimethylthiophen-3-yDethan-1-one (8.8 g,
yield 64%). '"H NMR (500 MHz, chloroform-d) 6 7.60 (t, J = 8.6 Hz, 4H), 7.46 (t,J =
7.5 Hz, 2H), 7.36 (dd, J = 15.0, 7.5 Hz, 3H), 7.14 (s, 1H), 4.17 (s, 2H), 2.71 (s, 3H),

2.46 (s, 3H).
[535] :
[536]
5«"":‘:,:3;»2
Sx;f;j\%%g KOHMNH,
DEG ;
NN 195°C, 6 h N

[537] To a solution of 2-([1,1'-biphenyl]-4-y1)-1-(2,5-dimethylthiophen-3-yl)ethan-1-one
(4.0 g, 13.1 mmol) in diethyleneglycol (17.7 mL, 0.7 M), 80% hydrazine hydrate (2.0
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[538]
[539]

[540]

[543]

mL) and KOH (2.5 g, 44.5 mmol) were added. The reaction mixture was stirred under
reflux at 195 °C for 6 hours, and then the solution was cooled to ambient temperature,
and 18 mL of distilled water was added and then slowly poured into 11 mL of 6 N HC1
aqueous solution to induce the formation of a precipitate, thereby obtaining
3-(2-([1,1'-biphenyl]-4-yethyl)-2,5-dimethylthiophene (1.97 g, yield 52%). '"H NMR
(500 MHz, chloroform-d) & 7.63 (d, J = 7.1 Hz, 2H), 7.55 (d, J = 6.5 Hz, 2H), 7.47 (t,]
=7.7Hz, 2H), 7.37 (t, ] = 7.4Hz, 1H), 7.27 (d, J = 8.1Hz, 2H), 6.55 (s, 1H), 2.91-2.87
(m, 2H), 2.82-2.77 (m, 2H), 2.44 (s, 3H), 2.22 (s, 3H).

Step 3: Synthesis of 3-(2-([1.1'-biphenyl]-4-ylethyl)-4-bromo-2.5-dimethylthiophene

“»‘\% K
(ﬁ;mg - Br
SN SN
i i NEBS/AeOH i
&\Eﬂ"% T 12h ; NN
%‘m\;"yﬁ % éﬁ;‘”%,«“':ﬁi

To a solution of 3-(2-([1,1"-biphenyl]-4-yl)ethyl)-2,5-dimethylthiophene (0.21 g, 0.72
mmol) in AcOH (4 mL), N-bromosuccinimide (0.13 g, 0.72 mmol) was added. After
stirring for 12 hours, the solution was added to an excess of ice water and extracted
with DCM. The DCM solution was washed with sodium carbonate aqueous solution
and distilled water. The organic layer was dried over MgSQ,, then filtered, and con-
centrated under reduced pressure. The remaining solution was purified by column
chromatography to obtain
3-(2-([1,1'-biphenyl]-4-yl)ethyl)-4-bromo-2,5-dimethylthiophene (159 mg, yield 60%).
'H NMR (500 MHz, chloroform-d) 6 7.62 (d, J = 8.0 Hz, 2H), 7.55 (d, J = 8.2 Hz, 2H),
7.47 (t,J=17.7Hz, 2H), 7.36 (t,J = 7.4 Hz, 1H), 7.27 (d, J = 8.1 Hz, 2H), 2.85 (p, J =
3.4 Hz, 4H), 2.40 (s, 3H), 2.15 (s, 3H).

Step 4: Synthesis of
4-(2-([1.1'-biphenyl]-4-yDethyl)-2.5-dimethylthiophene-3-carboxylic acid

EBuOMe

- .
3? TMEDA/m-BuLi T/
| R -85°C, 1 h O
s

To a solution of 3-(2-([1,1"-biphenyl]-4-yl)ethyl)-4-bromo-2,5-dimethylthiophene
(159 mg, 0.43 mmol), THF (2.2 mL, 0.2 M) and TMEDA (70 uL, 0.47 mmol), n-BuLi
(2.5M in THF, 0.22 mL, 0.56 mmol) was added gradually at -65 °C and stirred. After
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[544]

[545]

[546]

30 minutes, dry ice was added in excess at -65 °C and stirred at ambient temperature
for 1 hour. The reaction mixture was acidified by addition of 1 M HCI solution and
then extracted with EtOAc and distilled water. The organic layer was dried over Na,SO
4, then filtered, and concentrated to obtain
4-(2-([1,1'-biphenyl]-4-yl)ethyl)-2,5-dimethylthiophene-3-carboxylic acid (72 mg,
yield 51%). '"H NMR (500 MHz, DMSO-dy); 6 12.69 (s, 1H), 7.65 (d, J = 8.0 Hz, 2H),
7.59(d,J=82Hz, 2H),7.46 (t, 1 =7.7Hz, 2H), 7.35 (t, J =7.4 Hz, 1H), 7.27 (d, J =
8.2 Hz, 2H), 2.96 (dd, J =9.4, 6.5 Hz, 2H), 2.75-2.70 (m, 2H) , 2.56 (s, 3H), 2.15 (s,
3H).

Step 5: Synthesis of methyl

6-(4-(2-([1.1'-biphenyl]-4-yDethy])-2.5-dimethylthiophene-3-carboxamido)spiro[3.3]h

eptane-2- carboxylate

4
e e
“ Hel ] Vol
\ _COoH HaN sﬁif N
S; =% intermediate & Sl H
‘?»»' HATU/DIPEA A
DCM -

= -
3\;{ - 4 3h / Q
T ) Y
& S

To a solution of 4-(2-([1,1'-biphenyl]-4-yl)ethyl)-2,5-dimethylthiophene-3-carboxylic
acid (72 mg, 0.21 mmol), Intermediate A (47 mg, 0.23 mmol), and HATU (87 mg,
0.23 mmol) in DCM (1.1 mL, 0.2 M), DIPEA (0.11 mL, 0.63 mmol) was added and
stirred at ambient temperature for 3 hours. The reaction mixture was partially con-
centrated, and the organic layer was extracted with 1 N NaOH and ethyl acetate, and
the aqueous layer was extracted three times with ethyl acetate. The organic layer was
washed with brine, dried over Na,SO,, concentrated, and then purified by column chro-
matography to obtain methyl
6-(4-(2-([1,1'-biphenyl]-4-yl)ethyl)-2,5-dimethylthiophene- 3-carboxamido)spiro[3.3]h
eptane-2- carboxylate (70 mg, yield 70%). 'H NMR (500 MHz, chloroform-d) 6 7.61
(d,J=7.1Hz, 2H), 7.53 (d, ] =8.2 Hz, 2H), 7.46 (t,J =7.7 Hz, 2H), 7.36 (t, ] = 7.9
Hz, 1H), 7.20 (d, ) =8.2 Hz, 2H), 5.55 (d, J =7.7 Hz, 1H), 4.45 (h, ] =7.8 Hz, 1H),
3.69 (s, 3H), 3.05 (p, ] = 8.5Hz, 1H), 2.86 (dd, J = 6.4, 4.0 Hz, 2H), 2.82 (dd, J = 9.8,
6.5 Hz, 2H), 2.61 (dt,J =11.8, 5.5 Hz, 1H), 2.48 (dd, J = 11.8, 7.1 Hz, 1H), 2.45 (s,
3H), 2.37 (d, J = 8.4 Hz, 2H), 2.32-2.27 (m, 1H), 2.19 ( s, 3H), 2.16-2.10 (m, 1H),
1.92-1.82 (m, 2H); LC/MS (ESI) m/z: 488.3 [M+H]".
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[547] Step 6: Synthesis of
6-(4-(2-([1.1'-biphenyl]-4-vDethy])-2.5-dimethylthiophene-3-carboxamido)spiro[3.3]h

eptane-2- carboxylic acid

[548] o e
e oH
o
¢ Q [\Q \L\ 9 i‘:"?{:{/
,}‘\/JJ\ At e -
g g LIOHH,0 s - q
/\*‘f“”l\? H20:THF:MeOH (1:1:1) /=
{ T 4h \(,,\
\v\/w’\i::\ }f ¥
gé\/;@ €_J
\‘{”‘1‘;\ “;I;;f‘ﬂ“lt 6

[549] To a solution of methyl
6-(4-(2-([1,1'-biphenyl]-4-yDethyl)-2,5-dimethylthiophene-3-carboxylamido)spiro[3.3]
heptane-2-carboxylate (70 mg, 0.14 mmol) in H,O:THF:MeOH (1:1:1), LiOH-H,O (18
mg, 0.42 mmol) was added. The reaction mixture was stirred at ambient temperature
for 4 hours, then acidified by addition of 1 N HCI solution, and extracted with DCM.
The organic layer was dried over Na,SO,, filtered, and concentrated to obtain the
compound of Example 6 (46 mg, 69% yield) without purification. 'H NMR (500 MHz,
Methanol-d,) 0 8.48 (d, J =7.2 Hz, 1H), 7.61 (d, J = 7.2 Hz, 2H), 7.52 (d, ] = 8.2 Hz,
2H), 7.43 (t,J=7.7 Hz, 2H), 7.32 (t, ] = 7.4 Hz, 1H), 7.21 (d, ] = 8.2 Hz, 2H), 4.36
(dt,J=13.2, 6.8 Hz, 1H), 3.04 (p , J = 8.5 Hz, 1H), 2.88-2.82 (m, 2H), 2.80-2.75 (m,
2H), 2.61-2.55 (m, 1H), 2.45-2.42 (m, 1H), 2.41 (s, 3H ), 2.41-2.34 (m, 2H), 2.29-2.24
(m, 1H), 2.22-2.16 (m, 1H), 2.11 (s, 3H), 2.10-2.01 (m, 2H). LC/MS (ESI) m/z: 474.3
[M+H]*.

[550] Example 7:
6-(4-((3-fluoro-[1,1'-biphenyl]-4-yl)methyl)-2,5-dimethylthiophene-3-carboxamido
)spiro[3.3]heptane-2-carboxylic acid

[551] Step 1: Synthesis of

4-bromo-2.5-dimethyvlthiophen-3-y1(3-fluoro-[1.1'-biphenyl]-4-yl)methanone
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[552]

Intermediate E

DMF {cat)
SOCk
S Br Ticl, .
== toluene
43,
intermediate C A7C.1h

[553] To a solution of Intermediate E (0.50 g, 2.31 mmol) and DMF (about 1 mL) in
toluene (2.6 mL, 0.8 M), SOCI, (0.18 mL, 2.4 mmol) was added at 0 °C. The reaction
mixture was heated to 50 °C and stirred for 1 hour, and then Intermediate C (0.40 g, 2.1
mmol) was added. The reaction mixture was cooled to 0 °C, and TiCl, (0.23 mL, 2.1
mmol) was added. 1 N HCI aqueous solution (10 mL) was added and stirred for 5
minutes, and then the organic layer was extracted, and the aqueous layer was washed
twice with heptane. The organic layer was washed with brine, dried over MgSO,,
filtered, and concentrated to obtain
(4-bromo-2,5-dimethylthiophen-3-yl)(3-fluoro-[1,1'-biphenyl]-4-yl)methanone (200
mg, yield 25%). '"H NMR (500 MHz, Chloroform-d) 6 7.78 (t,J = 7.8 Hz, 1H), 7.65 (d,
J=7.2 Hz, 2H), 7.53-7.49 (m, 3H), 7.46 (d, ] =7.3 Hz, 1H), 7.36 (d, ] = 11.9 Hz, 1H),
2.48 (s, 3H), 2.39 (s, 3H).

[554] Step 2: Synthesis of
3-bromo-4-((3-fluoro-[ 1.1'-biphenyl]-4-yl)methy])-2.5-dimethylthiophene
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[556]

[557]

[558]

[559]

[560]

To a solution of
(4-bromo-2,5-dimethylthiophen-3-yl)(3-fluoro-[1,1'-biphenyl]-4-yl)methanone (150
mg, 0.39 mmol) in DCE (0.9 mL, 0.5 M), Et;SiH (0.18 mL, 1.17 mmol) was added.
The reaction mixture was cooled to -8 °C, TiCl, (43 uL, 0.39 mmol) was slowly added,
and the reaction mixture was stirred for 1 hour. 1 N HCI aqueous solution (10 mL) was
added and stirred for 5 minutes, and then the organic layer was extracted, and the

aqueous layer was washed twice with heptane. The organic layer was washed with

brine, dried over MgSQ,, filtered, and concentrated to obtain
3-bromo-4-((3-fluoro-[ 1,1'-biphenyl]-4-yl)methyl)-2,5-dimethylthiophene (74 mg,
yield 53%). '"H NMR (500 MHz, Chloroform-d) & 7.57 (d, J = 7.1 Hz, 2H), 7.45 (t,J =
7.6 Hz, 2H), 7.37 (t,J =7.4 Hz, 1H), 7.30 (d, J = 9.6 Hz, 1H), 7.26 (d, ] = 6.1 Hz, 1H),
7.00 (t, J = 8.0 Hz, 1H), 4.00 (s, 2H), 2.40 (s, 3H), 2.38 (s, 3H).

Step 3: Synthesis of

CO; (excess) S
TMEDA
n-Buli

Z F
ﬁ | F -BubMe O
X “65°C, 1h
g ]
ko

To a solution of
3-bromo-4-((3-fluoro-[ 1,1'-biphenyl]-4-yl)methyl)-2,5-dimethylthiophene (74 mg, 0.20
mmol) and tetramethylenediamine (33 pL, 0.22 mmol) in THF (1.0 mL, 0.2 M), n -
BuLi (2.5 M in THF, 0.09 mL, 0.22 mmol) was slowly added at -65 °C and then stirred

for 45 minutes, and an excess of dry ice was added at -65 °C. 1 N HCl aqueous

solution (2.0 mL) was added and stirred for 15 minutes, and then the organic layer was
extracted, and the aqueous layer was washed twice with EA. The organic layer was
washed with brine, dried over MgSQ,, filtered, and concentrated to obtain
4-((3-fluoro-[1,1'-biphenyl]-4-yl)methyl)-2,5-dimethylthiophene-3-carboxylic acid (30
mg, yield 45%). '"H NMR (500 MHz, Chloroform-d) 6 7.55 (d, J = 7.1 Hz, 2H), 7.44 (t,
J=17.6 Hz, 2H), 7.36 (d, J = 7.3 Hz, 1H), 7.27 (d, J = 9.5 Hz, 1H), 7.22 (d, J = 7.9 Hz,
1H), 6.91 (t, ] = 8.0 Hz, 1H), 4.24 (s, 2H), 2.70 (s, 3H), 2.33 (s, 3H).

Step 4: Synthesis of methyl

6-(4-((3-fluoro-[1.1'-biphenvyl]-4-yDmethyl)-2.5-dimethylthiophene-3-carboxamido)spi

ro[3.3] heptane-2-carboxylate
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[561]

[562]

[563]

[564]

, o7
HCI

COOH HoN
R

S intermediate A S
HATU
DIPEA

P
O DVIF
it 3h

To a solution of
4-((3-fluoro-[1,1'-biphenyl]-4-yl)methyl)-2,5-dimethylthiophene-3-carboxylic acid (30
mg, 0.09 mmol), Intermediate A (21 mg, 0.1 mmol) and HATU (38 mg, 0.1 mmol) in
DMF (0.3 mL, 0.3 M), DIPEA (0.05 mL, 0.27 mmol) was added at ambient tem-

perature and stirred for 3 hours. The reaction mixture was concentrated and diluted

with IN NaOH aqueous solution and ethyl acetate, and the aqueous layer was extracted
three times with ethyl acetate. The organic layer was washed with brine, dried over
MgSO,, concentrated, and purified by silica gel column chromatography (n-hexane
and ethyl acetate) to obtain methyl
6-(4-((3-fluoro-[1,1'-biphenyl]-4-yl)methyl)-2,5-dimethylthiophene-3-carboxamido)spi
ro[3.3] heptane-2-carboxylate (12 mg, yield 30%). 'H NMR (500 MHz, Chloroform-d)
0 7.57-7.53 (m, 2H), 7.46 (t, ] = 7.6 Hz, 2H), 7.38 (t, ] = 7.9 Hz, 1H), 7.29 (s, 1H),
7.26 (s, 1H), 7.08 (t, J =7.8 Hz, 1H), 5.49 (d, ] = 7.8 Hz, 1H), 4.34 (h, ] = 8.0 Hz, 1H),
3.98 (s, 2H), 3.67 (s, 3H), 2.99 (p, ] = 8.5 Hz, 1H), 2.53-2.47 (m, 1H), 2.46 (s, 3H),
2.39-2.36 (m, 1H), 2.35 (s, 3H), 2.33-2.29 (m, 2H), 2.21 (dd, J = 11.6, 8.4 Hz, 1H),
2.06-2.00 (m, 1H), 1.69-1.65 (m, 1H), 1.61 (dd, J = 11.6, 8.7 Hz, 1H). LC/MS (ESI)
m/z: 492.4 [M+H]*.

Step 5: Synthesis of

6-(4-((3-fluoro-[1.1'-biphenvyl]-4-yDmethyl)-2.5-dimethylthiophene-3-carboxamido)spi

ro[3.3] heptane-2-carboxylic acid

LIOH-H,0

H, QO THEMeOH (1111}
idh
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[565]

[566]

[567]

[568]

[569]

To a solution of methyl
6-(4-((3-fluoro-[1,1'-biphenyl]-4-yl)methyl)-2,5-dimethylthiophene-3-carboxamido)spi
ro[3.3] heptane-2-carboxylate (12 mg, 0.02 mmol) in H,O/THF/MeOH (0.3 M, 0.1
mL), LiOH-H,O (3.0 mg, 0.06 mmol) was added and stirred for 4 hours. The reaction
mixture was acidified by addition of 1 N HCI aqueous solution and extracted with EA
(3 X 5 mL). The organic layer was dried over MgSQ,, filtered, concentrated, and then
purified by silica gel column chromatography (n-hexane and ethyl acetate) to obtain
the compound of Example 7 (6.0 mg, yield 55%). 'H NMR (500 MHz, Chloroform-d)
07.55(d,J=72Hz,2H),7.46 (t,J =7.6 Hz, 2H), 7.38 (t,J =7.3 Hz, 1H), 7.27 (d, ] =
9.7 Hz, 2H), 7.08 (t,J =7.8 Hz, 1H), 5.48 (d, J = 7.8 Hz, 1H), 4.34 (h, J = 8.0 Hz, 1H),
3.98 (s, 2H), 3.03 (p, J = 8.4 Hz, 1H), 2.50 (dt, J = 11.9, 6.3 Hz, 1H), 2.46 (s, 3H),
2.41-2.36 (m, 2H), 2.35 (s, 3H), 2.34 (s, 1H), 2.23 (dd, J = 11.7, 8.2 Hz, 1H), 2.08
(ddd,J=11.6, 8.6, 2.2 Hz, 1H), 1.64 (ddd, J = 20.8, 11.4, 8.5 Hz, 2H). LC/MS (ESI)
m/z: 478.2 [M+H]*.

Example 8:
6-(4-((2-amino-[1,1'-biphenyl]-4-yl)methyl)-2,5-dimethylthiophene-3-carboxamido
)spiro [3.3]heptane-2-carboxylic acid

Step 1: Synthesis of

2-amino-[1.1'-biphenyl]-4-y)(4-bromo-2.5-dimethylthiophen-3-yl)methanone

IS Br
Q. Cl ==
6]
Br
ES
S
= 4 Q AlCl, O
e Toom
| NH,
Intermediate C O i, 12 h O

Intermediate F

To a mixture of AICl; (1.74 g, 13.1 mmol) and DCM (42.2 mL, 0.3 M), Intermediate
C (2.5 g, 13.1 mmol) was added and stirred for 30 minutes, and then Intermediate F
(2.95 g, 12.7 mmol) was added to the reaction mixture and stirred for 12 hours. The
reaction mixture was poured into ice, acidified with 1 N citric acid aqueous solution,
and then extracted twice with DCM. The organic layer was washed with distilled water
and brine, dried over MgSQ,, concentrated under reduced pressure, and then purified
by column chromatography to obtain
(2-amino-[1,1'-biphenyl]-4-yl)(4-bromo-2,5-dimethylthiophen-3-yl)methanone (960
mg, yield 20%). 'H NMR (300 MHz, chloroform-d) & 7.50 (d, J = 4.4Hz, 4H),
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7.44-7.40 (m, 1H), 7.31 (d, J = 1.2Hz, 1H), 7.26-7.22 (m, 2H), 4.02 (s, 2H), 2.41 (s,
3H), 2.37 (s, 3H).
[570] Steps 2 to 5: Synthesis of

6-(4-((2-amino-[1.1'-biphenyl]-4-yDmethy])-2.5-dimethylthiophene-3-carboxamido)spi

ro][3.3] heptane-2-carboxylic acid

[571]
Br Br
g : s X g = COOH
O e R
CO,{excess)
. TMEDA
Ethﬁ”{ H-BuLi

‘100{:,12?\ '5500,‘1}'] oy
J
0

0
fﬂ\ e /\])&
o] 0 (6] OH
o v

[572]

“HoN
Intermediate A / \j
HATU LIOHH0 /\,
PEA
HyO THF MaOH (1:1:1) \
o t4h NH,
t.3h =
@ U

[573] The compound of Example 8 was prepared by reacting
(2-amino-[1,1'-biphenyl]-4-yl)(4-bromo-2,5-dimethylthiophen-3-yl)methanone
obtained in Step 1 above in the same manner as in Steps 2 to 5 of Example 7. 'H NMR
(300 MHz, chloroform-d) & 7.50-7.33 (m, 5H), 7.08 (d, J =7.7 Hz, 1H), 6.63 (d, ] =
8.7 Hz, 1H), 6.57 (s, 1H), 5.67 (d, J = 8.8 Hz, 1H), 4.27 (q, ] = 8.0 Hz, 1H), 3.91 (s,
2H), 3.08-2.94 (m, 1H), 2.46 (s, 4H), 2.37 (s, 3H), 2.31 (d, J = 8.1 Hz, 3H), 2.26-2.17
(m, 1H), 2.11-2.01 (m, 1H), 1.65-1.50 (m, 2H). LC/MS (ESI) m/z: 475.5 [M+H]*.

[574] Example 9:
6-(2,5-dimethyl-4-(4-morpholinobenzyl)thiophene-3-carboxamido)spiro[3.3]hepta
ne-2-carboxylic acid

[575] Step 1: Synthesis of

(4-bromo-2.5-dimethylthiophen-3-y)(4-fluorophenyl)methanone
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[576]

F s Br
DMF S
\ g SOCl, Sl
P TiClg
S o —
= toluene % ]
/ 50°C. 5 h
intermediate C =

[577] To a solution of 4-fluorobenzoic acid (3.0 g, 21.3 mmol) and DMF (about 1 mL) in
toluene (24 mL, 0.8 M), SOCI, (1.8 mL, 24.6 mmol) was added at O °C and then stirred
at 50 °C for 5 hours. 3-Bromo-2,5-dimethylthiophene (3.7 g, 19.4 mmol) was added at
50 °C, and then TiCl, (2.1 mL, 19.4 mmol) solution was added. 1 N HCl aqueous
solution (30 mL) was added and stirred for 5 minutes, and then the organic layer was
extracted, and the aqueous layer was washed twice with heptane. The organic layer
was washed with brine, dried over MgSQ,, filtered, and concentrated to obtain
(4-bromo-2,5-dimethylthiophen-3-yl)(4-fluorophenyl)methanone (1.45 g, yield 24%).

[578] Step 2: Synthesis of

4-bromo-2.5-dimethylthiophen-3-v1)(4-morpholinophenyl)methanone

[579] \
}N«. < B
s
. To morpholine f?
K;CO
i \\} 2C03 N Q\ |
< DMSO : H:0

I
90°C, 8 h (Nx
e »
o

[580] To a solution of (4-bromo-2,5-dimethylthiophen-3-yl)(4-fluorophenyl)methanone
(1.45 g, 4.62 mmol) and morpholine (1.2 mL, 13.9 mmol) in DMSO:H,O (8 mL, 0.6
M), K,CO; (0.95 g, 6.5 mmol) was added, then heated to 90 °C, and stirred for 8 hours.
The reaction mixture was diluted with distilled water and extracted twice with DCM.

The organic layer was washed with brine, dried over MgSO,, filtered, and concentrated
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to obtain (4-bromo-2,5-dimethylthiophen-3-yl)(4-morpholinophenyl)methanone (1.21
g, yield 69%).

[581] Step 3: Synthesis of
4-(4-((4-bromo-2.5-dimethylthiophen-3-yl)methyl)phenyl)morpholine

\ Br

T
\7(’#‘

[582]

8

EtsSiH &
TFA ““"i{
ENJ -10°C, 12 h f/N
()
Q XQ/

[583] To a solution of
(4-bromo-2,5-dimethylthiophen-3-yl)(4-morpholinophenyl)methanone (1.21 g, 3.2
mmol) in TFA (8 mL, 0.4 M), Et;SiH (1.80 mL, 11.2 mmol) was added at -10 °C and
stirred at ambient temperature for 12 hours. The reaction mixture was poured into 10
mL of ice water, extracted with ethyl acetate (3 X 20 mL), then washed with saturated
NaHCO; aqueous solution (20 mL), distilled water (10 mL), and brine (20 mL), and
dried over Na,SO,. It was concentrated under reduced pressure, and then the crude
product was purified by silica gel column chromatography (ethyl acetate/hexane) to
obtain 4-(4-((4-bromo-2,5-dimethylthiophen-3-yl)methyl)phenyl)morpholine (0.62 g,
yield 53%). 'TH NMR (300 MHz, Chloroform-d) 6 7.08 (d, J = 8.7 Hz, 2H), 6.86 (d, J =
8.3 Hz, 2H), 3.91 - 3.84 (m, 6H), 3.17 - 3.11 (m, 4H), 2.38-2.34 (m, 6H).

[584] Step 4: Synthesis of 2.5-dimethyl-4-(4-morpholinobenzylthiophene-3-carboxylic

acid
[585] '
>\M Br }}\ COOH
S S
N ] COs b
/ TMEDA
N n-Buli c
J J
X THF R
N -65°C,1h Nfr/
(] ()
- ‘o

[586] To a solution of
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[587]

[588]

[589]

4-(4-((4-bromo-2,5-dimethylthiophen-3-yl)methyl)phenyl)morpholine (0.62 g, 1.69
mmol), TMEDA (48 uL, 1.86 mmol) and THF (8.5 mL, 0.2 M), n-BuLi (2.5 M in
THF, 0.73 mL, 1.86 mmol) was slowly added at -65 °C and then stirred for 45 minutes.
An excess of dry ice was added to the reaction mixture at -65 °C and stirred at ambient
temperature for 1 hour. 1 N citric acid aqueous solution (2.0 mL) was added and stirred
for 15 minutes, and the organic layer was extracted, and the aqueous layer was washed

twice with EA. The organic layer was washed with brine, dried over MgSO,, then

filtered, and concentrated to obtain

2,5-dimethyl-4-(4-morpholinobenzyl)thiophene-3-carboxylic acid. 'H NMR (500

MHz, Chloroform-d) 6 7.03 (d, J = 8.6 Hz, 2H), 6.82 (d, J = 8.6 Hz, 2H), 4.14 (d, ] =

2.7Hz, 2H), 3.88 - 3.83 (m, 4H), 3.13 - 3.09 (m, 4H), 2.66 (s, 3H), 2.32 (s, 3H).
Step 5: Synthesis of methyl

D
/)(%\ intermediate A f
,. % HATU '
= DIPEA SN
Q\#/i DMF Q\ /i(‘]
| i 3h r:sf
AN et
L] L]
o

To a solution of 2,5-dimethyl-4-(4-morpholinobenzyl)thiophene-3-carboxylic acid
(220 mg, 0.66 mmol), Intermediate A (148 mg, 0.72 mmol) and HATU (273 mg, 0.72
mmol) in DMF (2.2 mL, 0.3 M), DIPEA (0.4 mL, 1.98 mmol) was added and stirred
for 3 hours. The reaction mixture was concentrated and diluted with 1IN NaOH
aqueous solution and ethyl acetate, and the aqueous layer was extracted three times
with ethyl acetate. The organic layer was washed with brine, dried over MgSO,, con-
centrated, and then purified by silica gel column chromatography using n-hexane and
ethyl acetate to obtain methyl
6-(2,5-dimethyl-4-(4-morpholinobenzyl)thiophene-3-carboxamido)spiro[3.3]heptane-2
-carboxylate (157 mg, yield 49%). 'H NMR (500 MHz, Chloroform-d) 6 7.01 (d,J =
8.6 Hz, 2H), 6.85 (d, J =8.7 Hz, 2H), 5.41 (d, ] =7.7 Hz, 1H), 4.27 (h, ] =7.9 Hz,
1H), 3.88 (t, J = 4.8 Hz, 6H), 3.68 (s, 3H), 3.14 - 3.10 (m, 4H), 3.00 (p, J = 8.5 Hz,
1H), 2.45 (s, 4H), 2.34 (s, 3H), 2.31 (ddd, ] = 12.4, 8.6, 4.9 Hz, 3H), 2.21 (dd, J = 11.6,
8.4 Hz, 1H), 2.03 (ddd, J =11.6, 8.6, 2.7 Hz, 1H), 1.57 (dd, J = 11.1, 8.5 Hz, 1H), 1.50
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[590]

[591]

[592]

[593]

[594]

(dd,J=11.6, 8.6 Hz, 1H).
Step 6: Synthesis of

6-(2.5-dimethyl-4-(4-morpholinobenzythiophene-3-carboxamido)spiro[ 3.3]heptane-2

- carboxylic acid

o o
o [T T
\ 2o JO WS,
s N !
@T;;i\' e,
} Z 7N
= LIOHH,0 N
[‘%:»?,j H,O THF:MeOH N
N i, 4h o
- (]
el o 9

To a solution of methyl
6-(2,5-dimethyl-4-(4-morpholinobenzyl)thiophene-3-carboxamido)spiro[3.3]heptane-2
-carboxylate (157 mg, 0.32 mmol) in H,O/THF/MeOH (0.3 M, 1.1 mL), LiOH-H,O
(40 mg, 0.96 mmol) was added and stirred for 4 hours. The reaction mixture was
acidified by addition of 1 N citric acid aqueous solution and extracted with EA (3 X 5
mL). The organic layer was dried over MgSO,, filtered, concentrated, and then purified
by silica gel column chromatography (n-hexane and ethyl acetate) to obtain the
compound of Example 9 (12 mg, yield 8%). 'H NMR (500 MHz, Chloroform-d) & 7.01
(d,J=8.6 Hz, 2H), 6.86 (d, ] = 8.7 Hz, 2H), 5.42 (d, J = 7.7 Hz, 1H), 4.26 (h,1 =79
Hz, 1H), 3.88 (t, ] =4.8 Hz, 6H), 3.15 - 3.10 (m, 4H), 3.02 (p, ] = 8.3 Hz, 1H), 2.45 (s,
4H), 2.34 (s, 3H), 2.31 (dd, J = 11.3, 8.8 Hz, 3H), 2.21 (dd, J = 11.7, 8.0 Hz, 1H), 2.11
-2.05 (m, 1H), 1.57 (dd, J = 11.2, 8.3 Hz, 1H), 1.48 (dd, J = 11.6, 8.4 Hz, 1H). LC/MS
(ESI) m/z: 469.4 [M+H]*.

Example 10:
6-(4-([1,1'-biphenyl]-4-carbonyl)-2,5-dimethylthiophene-3-carboxamido)spiro[3.3]
heptane-2-carboxylic acid

Step 1: Synthesis of
4-([1.1'-biphenyl|-4-carbonyl)-2.5-dimethylthiophene-3-carbonitrile
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[595]
S . CN
5 S
O CuCN =
DMF N /
110°C, 24 h

[596]

[597]

[598]

[599]

O q
)

To a solution of [1,1'-biphenyl]-4-yl(4-bromo-2,5-dimethylthiophen-3-yl)methanone
(1.30 g, 3.5 mmol) obtained in Step 2 of Example 1 in DMF (58 mL, 0.06 M), CuCN
(0.63 g, 7.0 mmol) was added and stirred at 110 °C for 24 hours. The reaction mixture
was concentrated and diluted with 1 N HCI aqueous solution and ethyl acetate, and
then the aqueous layer was extracted three times with ethyl acetate. The organic layer
was washed with brine, dried over MgSO., concentrated, and then purified by silica gel
column chromatography (n-hexane and ethyl acetate) to obtain
4-([1,1'-biphenyl]-4-carbonyl)-2,5-dimethylthiophene-3-carbonitrile (610 mg). 'H
NMR (500 MHz, Chloroform-d) & 7.91 (d, J = 8.2 Hz, 2H), 7.75 (d, ] = 8.2 Hz, 2H),
7.67(d,J=7.6 Hz, 2H), 7.51 (t, ] =7.6 Hz, 2H), 7.44 (t, ] = 7.3 Hz, 1H), 2.67 (s, 3H),
2.43 (s, 3H).

Step 2: Synthesis of

4-([1.1'-biphenyl]-4-carbony])-2.5-dimethylthiophene-3-carboxvlic acid

O 70% aqg. H28(}4 (0.2 M} O

110°C, 1h

O g

4-([1,1'-biphenyl]-4-carbonyl)-2,5-dimethylthiophene-3-carbonitrile (340 mg, 1.07
mmol) was added to 70 % H,SO, aqueous solution (5.3 mL, 0.2 M) and then stirred
under reflux at 110 °C for 1 hour. The reaction mixture was poured into ice water and
extracted three times with DCM, and the organic layer was dried over MgSO,, con-
centrated, and then purified by silica gel column chromatography (DCM and MeOH)
to obtain 4-([1,1'-biphenyl]-4-carbonyl)-2,5-dimethylthiophene-3-carboxylic acid (42
mg, yield 12%). 'H NMR (500 MHz, Chloroform-d) & 7.85 (d, J = 8.4 Hz, 2H), 7.66 -
7.61 (m, 4H), 7.48 (t, J = 7.5 Hz, 2H), 7.42 (t, ] = 7.3 Hz, 1H), 2.68 (s, 3H), 2.27 (s,
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[600] Step 3: Synthesis of methyl

[601]

[602]

[603]

6-(4-([1.1'-biphenyl]-4-carbonyl)-2.5-dimethylthiophene-3-carboxamido)spiro[3.3]he

tane-2- carboxylate

O
% 6} D:ﬁk Q/
G/
oot o T I
S . CHoN H
O Intermediate A 0
;&Kf HATUI DIPEA
N DMF
. 3h

To a solution of 4-([1,1'-biphenyl]-4-carbonyl)-2,5-dimethylthiophene-3-carboxylic
acid (12 mg, 0.036 mmol), Intermediate A (17 mg, 0.08 mmol) and HATU (31 mg,
0.08 mmol) in DMF (0.3 mL, 0.3 M), DIPEA (0.04 mL, 0.22 mmol) was added and
stirred for 3 hours. The reaction mixture was concentrated and diluted with 1 N NaOH
aqueous solution and ethyl acetate, and the aqueous layer was extracted three times
with ethyl acetate. The organic layer was washed with brine, dried over MgSO., con-
centrated, and then purified by silica gel column chromatography (n-hexane and ethyl
acetate) to obtain methyl
6-(4-([1,1'-biphenyl]-4-carbonyl)-2,5-dimethylthiophene-3-carboxamido)spiro[ 3.3]hep
tane-2-carboxylate (33 mg, yield 55 %). '"H NMR (500 MHz, Chloroform-d) 6 7.89 (d,
J=8.4Hz, 2H), 7.69 (d, ] = 8.4 Hz, 2H), 7.65 (d, ] = 7.2 Hz, 2H), 7.50 (t, ] = 7.5 Hz,
2H), 7.43 (t,J=7.3 Hz, 1H), 5.97 (d, J = 7.3 Hz, 1H), 4.09 (dd, J = 16.0, 7.6 Hz, 1H),
3.65 (s, 3H), 2.96 (p, J = 8.5 Hz, 1H), 2.60 (s, 3H), 2.34 (s, 4H), 2.26 - 2.17 (m, 4H),
2.09 - 2.03 (m, 1H), 1.66 - 1.63 (m, 1H), 1.60 (d, J = 9.0 Hz, 1H). LC/MS (ESI) m/z:
488.4 [M+H]*

Step 4: Synthesis of

6-(4-([1.1'-biphenyl]-4-carbonyl)-2.5-dimethylthiophene-3-carboxamido)spiro[3.3]he

tane-2- carboxylic acid
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O 10

[605] To a solution of methyl
6-(4-([1,1'-biphenyl]-4-carbonyl)-2,5-dimethylthiophene-3-carboxamido)spiro[3.3]hep
tane-2- carboxylate (33 mg, 0.07 mmol) in H,O/THF/MeOH (0.3 M, 0.2 mL), LiOH-H
»0O (9 mg, 0.21 mmol) was added and stirred for 4 hours. The reaction mixture was
acidified by addition of 1 N HCI aqueous solution and extracted with EA (3 X 20 mL).
The organic layer was dried over MgSO,, filtered, concentrated, and then purified by
silica gel column chromatography (n-hexane and ethyl acetate) to obtain the compound
of Example 10 (20 mg, yield 63%). '"H NMR (500 MHz, Chloroform-d) & 7.89 (d, J =
8.3 Hz, 2H), 7.69 (d, ] = 8.3 Hz, 2H), 7.64 (d, ] =7.3 Hz, 2H), 7.50 (t, ] = 7.5 Hz, 2H),
7.43(t,J=7.3Hz, 1H), 6.03 (d, ] =7.3 Hz, 1H), 4.10 (h, J =8.1 Hz, 1H),2.99 (p, J =
8.5 Hz, 1H), 2.59 (s, 3H), 2.34 (s, 4H), 2.23 (dt, ] = 23.0, 9.6 Hz, 4H), 2.10 (t, ] = 10.3
Hz, 1H), 1.66 - 1.59 (m, 2H). LC/MS (ESI) m/z: 474.4 [M+H]+.

[606] Example 11:
6-(4-([1,1'-biphenyl]-4-yl(hydroxy)methyl)-2,5-dimethylthiophene-3-carboxamido
)spiro[3.3]heptane-2-carboxylic acid

[607] o o
I} 1Y
OH OH
P
s
8; s, ﬁ
NaBH; OH
CaCly ;’/
/(\
C2H50H j\/ ]
i, 12h N
10 == 11




90

WO 2022/039563 PCT/KR2021/011143

[608]

[609]

[610]

[611]

[612]

[613]

To a mixture of the compound of Example 10 (10 mg, 0.02 mmol) and ethanol (0.4
mL, 0.05 M), NaBH, (1.5 mg, 0.04 mmol) and CaCl, (2.0 mg, 0.02 mmol) were added
and stirred for 12 hours. Distilled water and ethyl acetate were added, and then the
aqueous layer was extracted with ethyl acetate (10 mL). The organic layer was dried
over MgSO,, concentrated, and then purified by silica gel column chromatography
(DCM and MeOH) to obtain the compound of Example 11 (4.0 mg, yield 40%). 'H
NMR (500 MHz, Methanol-d,) 6 8.42 (t, ] = 7.8Hz, 1H), 7.61 (t, J = 7.0Hz, 2H), 7.55
(dd, J = 8.3, 6.4Hz, 2H), 7.44 (t, ] =7.5Hz, 2H), 7.36 - 7.31 (m, 3H), 5.94 (d, J =
3.9Hz, 1H), 4.00 - 3.89 (m, 1H), 2.90 (dq, J = 32.3, 8.5 Hz, 1H), 2.49 (d, ] = 1.9Hz,
3H),2.42 (d,J =2.1Hz, 3H), 2.37 - 2.15 (m, 4H), 2.14 - 1.94 (m, 3H), 1.74 (dt, J =
20.8, 10.7Hz, 1H), 1.57 - 1.51 (m, 1H). LC/MS (ESI) m/z: 474.3 [M+H]-.

Example 12:
6-(4-([1,1'-biphenyl]-4-yl(methoxy)methyl)-2,5-dimethylthiophene-3-carboxamido
)spiro[3.3]heptane-2-carboxylic acid

Step 1: Synthesis of

1.1-biphenyl]-4-vI(4-bromo-2.5-dimethylthiophen-3-ylymethanol

< Br - Br
3 8
FN 0 =N _-OH
NBBH4 -
CaClg f
N
CoHsOH

@ t 12 h

To a mixture of [1,1'-biphenyl]-4-yl(4-bromo-2,5-dimethylthiophen-3-yl)methanone
(2.0 g, 5.39 mmol) obtained in Step 2 of Example 1 and ethanol (108 mL, 0.05 M),
NaBH, (0.41 g, 10.8 mmol) and CaCl, (0.60 g, 5.39 mmol) were added and stirred for
12 hours. Distilled water and ethyl acetate were added, and then the aqueous layer was
extracted with ethyl acetate (50 mL). The organic layer was dried over MgSO,, con-
centrated, and then purified by silica gel column chromatography (DCM and MeOH)
to obtain [1,1'-biphenyl]-4-yl(4-bromo-2,5-dimethylthiophen-3-yl)methanol (1.3 g,
yield 62 %). '"H NMR (300 MHz, Chloroform-d) 6 7.65 - 7.57 (m, 4H), 7.46 (dd, J =
7.9,3.8 Hz, 4H), 7.37 (t,J = 7.3 Hz, 1H), 6.13 (dd, J = 10.9, 3.2 Hz, 1H), 2.42 - 2.35
(m, 6H).

Step 2: Synthesis of
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[615] To a solution of [1,1'-biphenyl]-4-yl(4-bromo-2,5-dimethylthiophen-3-yl)methanol
(900 mg, 2.41 mmol) in methanol (80 mL, 0.03 M), HC1 (35% in H,O, 19 mL, 214
mmol) was added and stirred for 12 hours. The reaction mixture was concentrated,
basified with sodium bicarbonate aqueous solution, and extracted with EA. The
organic layer was dried over MgSO,, concentrated, and then purified by silica gel
column chromatography (0-5% MeOH in DCM) to obtain
3-([1,1'-biphenyl]-4-yl(methoxy)methyl)-4-bromo-2,5-dimethylthiophene (680 mg,
yield 50%). '"H NMR (300 MHz, Chloroform-d) & 7.63-7.54 (m, 4H), 7.49-7.41 (m,
4H), 7.35 (t,J = 7.3 Hz, 1H), 5.68 (s, 1H), 3.45 (s, 3H), 2.41-2.35 (m, 6H).

[616] Step 3: Synthesis of

[617] . Br COCH
s / S »
>( Oy CO; (excess) O
2 TMEDA
] n-Buli O
N Et,0
-85°C.1h i

[618] To a solution of
3-([1,1'-biphenyl]-4-yl(methoxy)methyl)-4-bromo-2,5-dimethylthiophene (517 mg,
1.33 mmol), TMEDA (0.22 mL, 1.46 mmol) and Et,O (6.7 mL, 0.2 M), n-BuLi (2.5 M
in THF, 0.70 mL, 1.73 mmol) was slowly added at -65 °C and stirred for 45 minutes,
and then an excess of dry ice was added. 1 N HCI aqueous solution (10 mL) was added
and stirred for 15 minutes, and then the organic layer was extracted, and the aqueous
layer was washed twice with EA. The organic layer was washed with brine, dried over
MgSO,, then filtered, and concentrated to obtain
4-([1,1'-biphenyl]-4-yl(methoxy)methyl)-2,5-dimethylthiophene-3-carboxylic acid
(151 mg, yield 32%). '"H NMR (300 MHz, DMSO-d6) 6 12.88 (s, 1H), 7.67 - 7.58 (m,
4H), 7.45 (t,J = 7.5 Hz, 2H), 7.36 (d, J = 8.1 Hz, 3H), 6.11 (s, 1H), 3.31 (s, 3H), 2.54
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[619]

[620]

[621]

[622]

(s, 3H), 2.23 (s, 3H).
Step 4: Synthesis of methyl

6-(4-([1.1'-biphenyl]-4-vl(methoxy)methyl)-2.5-dimethylthiophene-3-carboxamido)spi

ro[3.3] heptane-2-carboxylate

O
O/
O B o
. COOH DD)L QO
S HClI T N
s 0 'H;&N e
~ . O
intermediate A
HATU / DIPEA =
x
DMF
e n,3h
«

To a solution of
4-([1,1'-biphenyl]-4-yl(methoxy)methyl)-2,5-dimethylthiophene-3-carboxylic acid
(151 mg, 0.43 mmol), Intermediate A (96 mg, 0.47 mmol) and HATU (179 mg, 0.47
mmol) in DMF (1.4 mL, 0.3 M), DIPEA (0.22 mL, 1.3 mmol) was added and stirred
for 3 hours. The reaction mixture was concentrated and diluted with 1 N NaOH
aqueous solution and ethyl acetate, and the aqueous layer was extracted three times
with ethyl acetate. The organic layer was washed with brine, dried over MgSO,, con-
centrated, and then purified by silica gel column chromatography (n-hexane and ethyl
acetate) to obtain methyl
6-(4-([1,1-biphenyl]-4-yl(methoxy)methyl)-2,5-dimethylthiophene-3-carboxamido)spi
ro[3.3] heptane-2-carboxylate (138 mg, yield 64%). 'H NMR (300 MHz, Chloroform-
d)87.55(dt,J=9.7,7.2 Hz, 4H), 7.45 (t, ] = 7.6 Hz, 2H), 7.35 (td, J = 7.6, 3.6 Hz,
3H), 5.63 (s, 1H), 3.97 (h, ] = 8.3 Hz, 1H), 3.65 (d, ] =4.9 Hz, 3H), 3.52 (d, J = 0.9
Hz, 3H), 2.95 (dt, J = 15.0, 8.6 Hz, 1H), 2.58 (d, J = 2.6 Hz, 3H), 2.47 (s, 3H), 2.44 -
2.35 (m, 1H), 2.29 - 2.11 (m, 4H), 2.08 - 1.91 (m, 1H), 1.78 - 1.65 (m, 1H), 1.23 - 1.10
(m, 1H).

Step 5: Synthesis of

6-(4-([1.1'-biphenyl]-4-yl(methoxy)methyl)-2.5-dimethvlthiophene-3-carboxamido)spi

ro[3.3] heptane-2-carboxylic acid
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[623] 0 1O
o OH
.0 0
N S/\:?)Lﬁ
= 0

[624]

[625]

[626]

[627]

[628]

LIOH-H,0
H>O:THF MeOH (1:1:1)

X
it 4h e 12
<
To a solution of methyl
6-(4-([1,1'-biphenyl]-4-yl(methoxy)methyl)-2,5-dimethylthiophene-3-carboxamido)spi
ro[3.3] heptane-2-carboxylate (138 mg, 0.27 mmol) in H,O/THF/MeOH (0.3 M, 0.9

mL), LiOH-H,O (34 mg, 0.81 mmol) was added and stirred for 12 hours. The reaction

mixture was acidified by addition of 1 N HCI aqueous solution and extracted with EA

(20 mL X 3). The organic layer was dried over MgSQO,, filtered, concentrated, and
purified by silica gel column chromatography (n-hexane and ethyl acetate) to obtain
6-(4-([1,1'-biphenyl]-4-yl(methoxy)methyl)-2,5-dimethylthiophene-3-carboxamido)spi
ro[3.3] heptane-2-carboxylic acid (121 mg, yield 90%). 'H NMR (300 MHz, DMSO-
d6) 6 12.02 (s, 1H), 8.41 (d, ] =7.3 Hz, 1H), 7.62 (dd, J = 13.7, 7.8 Hz, 4H), 7.41 (tt, J
=15.5,7.2 Hz, 5H), 5.51 (s, 1H), 4.17 (h, J = 8.0 Hz, 1H), 3.30 (s, 3H), 2.92 (p, J = 8.5
Hz, 1H), 2.45 - 2.30 (m, 4H), 2.28 - 2.14 (m, 6H), 2.12 - 2.03 (m, 2H), 1.91 (tt, J =
19.4, 8.9 Hz, 2H). LC/MS (ESD) m/z: 488.3 [M+H]-.

Example 13:
6-(4-([1,1'-biphenyl]-4-ylmethyl)thiophene-3-carboxamido)spiro[3.3]heptane-2-ca
rboxylic acid

Step 1: Synthesis of
2-(J1.1'-biphenyl]-4-ylmethyl)-4.4.5.5-tetramethyl-1.3.2-dioxaborolane

o 7N NN
(//\{ Br Pd(PPhg)s, Byping, KoCOs f J/ Bpin
N
@

/ﬁ,\\"‘l A %
1.4-dioxane, 100 °C, 12 h [ ]

\%’}

A solution of 4-bromomethyl-biphenyl (600 mg, 2.44 mmol), K,CO; (1.0 g, 7.28
mmol), (pinacolato)diboron (740 mg, 2.92 mmol) and Pd(PPh;), (140 mg, 0.12 mmol)
in 1,4-dioxane (12 mL) was stirred at 100 °C for 12 hours. Ethyl acetate (20 mL) was
added, and the precipitate was removed by Celite filtration, and then the organic layer
was concentrated under reduced pressure, and the crude product was purified by flash

column chromatography (0 to 100% Hexane/EtOAc) to obtain
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[629]
[630]

[631]

[634]

2-([1,1'-biphenyl]-4-ylmethyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (61 mg, yield
86%) as a white solid. 'H NMR (300 MHz, Chloroform-d) & 7.60 - 7.54 (m, 2H), 7.49
- 7.45 (m, 2H), 7.44 - 7.37 (m, 2H), 7.33 - 7.29 (m, 1H), 7.27 - 7.24 (m, 2H), 2.34 (s,
2H), 1.25 (s, 12H).

Step 2: Synthesis of methyl 4-([1.1'-biphenyl]-4-ylmethylthiophene-3-carboxylate

/T\Bpm
N ﬁ}\

o N

S gl
. 2 N K,CO,4 « /
Br THF,85°C. 12 h

Under N, a solution of methyl 3-bromobenzo[b]thiophene-2-carboxylate (300 mg,
1.32 mmol), 2-(biphenyl-4-ylmethyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (192
mg, 0.528 mmol) and Pd(PPh;), (60 mg) in THF (18 mL) and 2 N K,CO; aqueous

solution was placed in a flask and stirred at 85 °C for 12 hours. The reaction mixture

was cooled to ambient temperature and then extracted with distilled water and EtOAc.
The organic layer was washed with brine, then dried over MgSO,, filtered, and then
concentrated under reduced pressure, and purified by silica gel column chro-
matography to obtain methyl 4-([1,1'-biphenyl]-4-ylmethyl) thiophene-3-carboxylate
(306 mg, yield 75%) as a pale yellow oil. '"H NMR (400MHz, chloroform-d) 6 10.07
(s, 1H), 8.12 (d, J =3.6Hz, 1H), 7.99 - 7.94 (m, 1H), 7.78 - 7.73 (m, 1H), 7.67 - 7.62
(m, 1H), 7.61 - 7.53 (m, 1H), 7.52 - 7.46 (m, 2H), 7.45 - 7.41 (m, 1H), 7.41 - 7.36 (m,
1H), 732(d J=3.7Hz, 1H), 3.91 - 3.87 (m, 5SH).

2 N'NaOH/THF

65°C, 12 h O

To a solution of methyl 4-([1,1'-biphenyl]-4-ylmethyl)thiophene-3-carboxylate (121
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mg, 0.39 mmol) in THF (0.18 mL), 2 N NaOH aqueous solution (0.2 mL) was added
and stirred at 65 °C for 12 hours. The reaction mixture was cooled to ambient tem-
perature, and then 2 N HCI aqueous solution was added to adjust the pH to 2, stirred
for 2 hours, and then extracted with EtOAc. The organic layer was washed with brine,
then dried over MgSQ,, filtered, then concentrated under reduced pressure, and
purified by column chromatography to obtain
4-([1,1'-biphenyl]-4-ylmethyl)thiophene-3-carboxylic acid (51 mg, yield 42%) as a
white solid. 'H NMR (500MHz, chloroform-d) & 8.28 (d, J = 3.6Hz, 1H), 7.59 - 7.57
(m, 2H), 7.54 (d, J = 7.9Hz, 2H), 7.47 - 7.44 (m, 2H), 7.33 (s, 1H), 7.32 - 7.28 (m, 2H),
6.83 (dd, J =2.8, 1.7Hz, 1H), 4.31 (s, 2H).

[635] Step 4: Synthesis of methyl

[636]
i
9 )\Q/ 0
= N LT
] Intermediate A g ﬁ
m HATU/DIPEA =
‘\[ DCM A
_ it 12 h A\ J
9 -
=N
(L

[637] To a solution of methyl 4-([1,1'-biphenyl]-4-ylmethyl)thiophene-3-carboxylic acid
(30 mg, 0.1 mmol) in DCM (1 mL), Intermediate A (20 mg, 0.12 mmol), HATU (36
mg, 0.12 mmol), and DIPEA (0.03 mL, 0.4 mmol) were added and stirred for 12 hours.
EtOAc and brine were added to the reaction mixture, and the organic layer was dried
over MgSO, and then concentrated under reduced pressure. The crude product was
purified by silica gel column chromatography to obtain methyl
6-(4-([1,1'-biphenyl]-4-ylmethyl)thiophene-3-carboxamido)spiro[3.3]heptane-2-carbox
ylate (26 mg, yield 59%) as a white solid. 'H NMR (300MHz, chloroform-d) & 7.63 (d,
J=3.2Hz, 1H), 7.61-7.51 (m, 4H), 7.45 (ddd, ] = 7.6, 6.8, 1.3Hz, 2H), 7.38-7.32 (m,
1H), 7.30 (s, 1H), 7.27 (s, 1H), 6.97 (dt, J = 3.2, 0.9 Hz, 1H), 5.82 (d, ] = 7.7 Hz, 1H),
4.39-4.27 (m, 1H), 4.23 (s, 2H), 3.68 (s, 3H), 3.02 (p, J = 8.4Hz, 1H), 2.54 (tt, ] = 7.5,
5.2Hz, 1H), 2.46 - 2.38 (m, 1H).
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[638] Step 5: Synthesis of
6-(4-([1.1'-biphenyl]-4-vlmethyDthiophene-3-carboxamido)spiro[ 3.3 Jheptane-2-carbox

ylic acid
[639] 0 0
0 ,\Uko/ 0 OH
{
2 N NaOH/THF N
/, 85°C, 12 h

ol
S
I
f 13
0
[640] To a solution of methyl

6-(4-([1,1'-biphenyl]-4-ylmethyl)thiophene-3-carboxamido)spiro[3.3]heptane-2-carbox
ylate (20 mg, 0.04 mmol) in THF, 2 N NaOH aqueous solution was added and stirred
at 65 °C for 12 hours. The reaction mixture was cooled to ambient temperature, and
then 2 N HCl aqueous solution was added to adjust the pH to 2, stirred for 2 hours, and
then extracted with EtOAc. The organic layer was washed with brine, then dried over
MgSQO,, filtered, then concentrated under reduced pressure, and purified by column
chromatography to obtain the compound of Example 13 (3.2 mg, yield 19%) as a white
solid. 'H NMR (500MHz, chloroform-d) & 7.61 (d, J = 3.2Hz, 1H), 7.58-7.55 (m, 2H),
7.54-7.50 (m, 2H), 7.45-7.40 (m, 2H), 7.36-7.31 (m, 1H), 7.27 (s, 2H), 6.95 (dt, J =
3.3,0.9 Hz, 1H), 5.80 (d, ] = 7.6 Hz, 1H), 4.33 (h, J = 8.0 Hz, 1H), 4.21 (s, 2H), 3.04
(p, J =8.5Hz, 1H), 2.55 - 2.49 (m, 1H), 2.44 - 2.38 (m, 1H), 2.35 (dd, ] =8.5, 2.6 Hz,
2H), 2.26 (dd, J =11.8, 8.2Hz, 1H), 2.12 - 2.08 (m, 1H), 1.78 - 1.71 (m, 2H). LC/MS
(ESD) m/z: 432.3 [M+H]*.

[641] Example 14:
6-(4-([1,1'-biphenyl]-4-ylmethyl)-2-methylthiophene-3-carboxamido)spiro[3.3]hep
tane-2- carboxylic acid

[642] Step 1: Synthesis of 4-([1.1'-biphenyl]-4-ylmethyDthiophene-3-carboxylic acid
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[643]
P
o g : OH
LIOH*H,0
i o=
\/ THF/MeOH/H,0 S
i, 3h

[644]

[645]

[646]

[647]

O

To a solution of methyl 4-([1,1'-biphenyl]-4-ylmethyl)thiophene-3-carboxylate (120
mg, 0.4 mmol) obtained in Step 2 of Example 13 in THF/MeOH/H,O (2/1/2 mL),
LiOH-H,O (51 mg, 1.20 mmol, 3.0 equiv) was added and stirred for 3 hours. The
reaction mixture was partially concentrated and acidified with 1 N HCI, and then the
aqueous layer was extracted with EtOAc. The organic layer was dried over MgSO, and
then concentrated under reduced pressure. The crude product was purified by silica gel
column chromatography (15% EtOAc/hexane) to obtain
4-([1,1'-biphenyl]-4-ylmethyl)thiophene-3-carboxylic acid (101 mg, yield 86%) as a
white solid. 'H NMR (400 MHz, Chloroform-d) 6 10.02 (s, 1H), 8.23 (dd, J =3.1,1.2
Hz, 1H), 7.60-7.52 (m, 6H), 7.44-7.40 (m, 1H), 7.35-7.28 (m, 2H), 6.82 (d, J = 3.3 Hz,

1H), 4.31 (s, 2H).
Step 2: Svnthesis of 4-([1.1'-biphenyl]-4-vlmethy])-2-methylthiophene-3-carboxylic

Mel, n-BuLi

O THF, -78 °C tot, 12 h O

To a solution of methyl 4-([1,1"-biphenyl]-4-ylmethyl)thiophene-3-carboxylic acid
(70 mg, 0.12 mmol) in THF (1 mL) cooled to -78 °C, n-BuLi (2.5 M in THF, 125 uL,
0.27 mmol) was added and stirred for 30 minutes. Iodomethane (18 pL, 0.31 mmol)

was slowly added at -78 °C, and the mixture was stirred at ambient temperature for 12
hours. The reaction mixture was quenched with distilled water (15 mL) and EtOAc,
and then purified by silica gel column chromatography to obtain
4-([1,1'-biphenyl]-4-ylmethyl)-2-methylthiophene-3-carboxylic acid (32 mg, yield
45%) as a white solid. '"H NMR (300 MHz, Chloroform-d) 6 7.60-7.51 (m, 3H),
7.48-7.38 (m, 3H), 7.35-7.26 (m, 2H), 7.00 (d, J = 5.4 Hz, 1H), 6.50 (d, J = 1.2 Hz,
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[648]

[649]

[650]

[651]

1H), 4.24 (s, 2H), 2.77 (s, 3H).
Step 3: Synthesis of methyl

6-(4-([1.1'-biphenyl]-4-vlmethyl)-2-methylthiophene-3-carboxamido)spiro[ 3.3 ]heptane

-2-carboxylate
o]

HCl
o
o~ P
CO,H O
™~

s HyN
Intermediate A

J @
s N
DMT-MM, NMP =
MeCN, t, 12 h
=N
O D
LJ

To a solution of 4-([1,1'-biphenyl]-4-ylmethyl)-2-methylthiophene-3-carboxylic acid
(30 mg, 0.096 mmol) in MeCN (0.6 mL),
4-(4,6-dimethoxy-[1,3,5]triazin-2-yl)-4-methyl-morpholin-4-ium chloride (DMT-MM)
(27 mg, 0.105 mmol) was added and stirred for 1 hour. Intermediate A (15 mg, 0.105

mmol) and N-methylpyrrolidone (25.8 uL) were added to the reaction mixture and

stitred for 12 hours, and then the reaction was quenched with distilled water and
EtOAc. The crude product was purified by column chromatography (hexane:EA
(35%)) to obtain methyl
6-(4-([1,1'-biphenyl]-4-ylmethyl)-2-methylthiophene-3-carboxamido)spiro[3.3]heptane
-2-carboxylate (18 mg, yield 40%). 'H NMR (500 MHz, Chloroform-d) 6 7.57-7.54
(m, 2H), 7.52-7.49 (m, 2H), 7.43 (dd, J = 8.5, 6.9 Hz, 2H), 7.36-7.32 (m, 1H),
7.25-7.21 (m, 2H), 6.74 (s, 1H), 5.46 (d, J =7.7 Hz, 1H), 4.35-4.27 (m, 1H), 4.02 (s,
2H), 3.65 (s, 3H), 2.96 (g, ] = 8.5 Hz, 1H), 2.50 (s, 3H), 2.48-2.44 (m, 1H), 2.37 - 2.33
(m, 1H), 2.29 (dd, J = 8.5, 4.0 Hz, 2H), 2.20 (dd, J = 11.7, 8.4 Hz, 1H), 2.02 (ddd, J =
11.6, 8.6, 2.7 Hz, 1H), 1.66-1.61 (m, 2H).

Step 4: Synthesis of

-2-carboxylic acid




99

WO 2022/039563 PCT/KR2021/011143
Ko
P o " TOH
g VT
[ i L A
A N N N
§ 7 H 8 H
=N LIOHH,0 i
/ !
{ff’i\{ THFMeOHMH,O, 1, 3h ffr’z\?}
Y 5'2 S/
T I
2 = 14
L) Lo
S N H

[653] To a solution of methyl
6-(4-([1,1'-biphenyl]-4-ylmethyl)-2-methylthiophene-3-carboxamido)spiro[ 3.3 |heptane
-2-carboxylate (10 mg) in THF/MeOH/H,O (2/1/2 mL), LiOH-H,O (2 mg, 3.0 equiv)
was added and stirred for 3 hours. The mixture was partially concentrated and then
acidified with 1 N HCI aqueous solution. The aqueous layer was extracted with
EtOAc, and the organic layer was dried over MgSO, and then concentrated under
reduced pressure. The crude product was purified by column chromatography
(hexane:EA (60%)) to obtain the compound of Example 14 (2.3 mg, yield 24%). 'H
NMR (500 MHz, Methanol-d4) 6 7.61-7.58 (m, 2H), 7.53-7.50 (m, 2H), 7.43 (td, J =
7.9,2.1 Hz, 2H), 7.32 (td, J = 7.2, 1.4 Hz, 1H), 7.24 (t, ] = 8.4 Hz, 2H), 6.89 (s, 1H),
4.21-4.16 (m, 1H), 4.01 (s, 2H), 2.96 (q, J = 8.5 Hz, 1H), 2.44 (s, 3H), 2.43-2.37 (m,
1H), 2.35-2.26 (m, 3H), 2.16 (dd, J = 11.8, 8.4 Hz, 1H), 2.10-2.05 (m, 1H), 1.86-1.79
(m, 2H). LC/MS (ESI) m/z: 446.58 [M+H]+, 444.42 [M+H]-.

[654] Example 15:
6-(4-([1,1'-biphenyl]-4-ylmethyl)-5-bromothiophene-3-carboxamido)spiro[3.3]hep
tane-2-carboxylic acid

LIOH+H,0

0 THF/MeOH/HL0, 11, 12 h

[657] To a solution of methyl 4-([1,1'-biphenyl]-4-ylmethyl)thiophene-3-carboxylate (1.3
g, 4.215 mmol) obtained in Step 2 of Example 13 in THF/MeOH/H,O (2/1/2 mL),
LiOH-H,O (530 mg, 12.645 mmol, 3.0 equiv) was added and stirred for 12 hours. The
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[658]

[659]

[660]

[661]

reaction mixture was partially concentrated and then acidified with 1 N HCI aqueous
solution, and the aqueous layer was extracted with EtOAc. The organic layer was dried
over MgSO, and concentrated under reduced pressure, and then the crude product was
purified by silica gel column to obtain
4-([1,1'-biphenyl]-4-ylmethyl)thiophene-3-carboxylic acid (350 mg, yield 28%) as an
ivory solid. 'H NMR (400 MHz, Chloroform-d) & 8.32-8.28 (m, 1H), 7.64-7.60 (m,
2H), 7.60-7.55 (m, 2H), 7.48-7.43 (m, 2H), 7.37-7.32 (m, 3H), 6.89-6.82 (m, 1H), 4.34
(s, 2H).

Step 2: Synthesis of 4-([1.1'-biphenyl]-4-ylmethyl)-5-bromothiophene-3-carboxylic

acid
o}
&Sy oH
Bra Br
>
THF,0°Ctort, 4 h s

To a solution of 4-([1,1'-biphenyl]-4-ylmethyl)thiophene-3-carboxylic acid (200 mg,
0.66 mmol) in THF (1 mL), Br, (0.04 mL, 0.69 mmol) was added at 0 °C and stirred
for 4 hours. The reaction mixture was acidified with 1 N HCI aqueous solution, and the
aqueous layer was extracted with ether, and then the organic layer was washed with
distilled water, dried over MgSO., and concentrated under reduced pressure. The crude
product was purified by silica gel flash column chromatography to obtain
4-([1,1'-biphenyl]-4-ylmethyl)-5-bromothiophene-3-carboxylic acid (132 mg, yield
28%) as a brown solid. 'H NMR (500 MHz, Chloroform-d) d 8.29 (s, 1H), 7.59-7.54
(m, 2H), 7.52-7.48 (m, 2H), 7.44-7.40 (m, 2H), 7.36-7.31 (m, 1H), 7.30-7.29 (m, 1H),
7.29-7.27 (m, 1H), 4.41-4.36 (m, 2H).

Step 3: Synthesis of methyl

6-(4-([1.1'-biphenyl]-4-ylmethyl)-5-bromothiophene-3-carboxamido)spiro[3.3]heptane

-2-carboxylate
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[663] To a solution of 4-([1,1'-biphenyl]-4-ylmethyl)-5-bromothiophene-3-carboxylic acid

[664]

[665]

[666]

(50 mg, 0.134 mmol) and HATU (56 mg, 0.147 mmol) in DMF (1 mL), DIPEA (0.070
mL, 0.402 mmol) was added, and Intermediate A (17 mg, 0.120 mmol) was added to
the reaction mixture and stirred for 15 hours. The reaction mixture was diluted with
ethyl acetate and washed with distilled water and brine solution. The organic layer was
dried over Na,SO, and concentrated under reduced pressure. The crude product was
purified by column chromatography (20% ethyl acetate in hexane) to obtain methyl
6-(4-([1,1'-biphenyl]-4-ylmethyl)-5-bromothiophene-3-carboxamido)spiro[ 3.3 ]heptane
-2-carboxylate (44.9 mg, yield 64%) as an ivory solid. '"H NMR (500 MHz,
Chloroform-d) & 7.56-7.53 (m, 3H), 7.50-7.48 (m, 2H), 7.44-7.39 (m, 2H), 7.35-7.31
(m, 1H), 7.26-7.22 (m, 2H), 5.82-5.76 (m, 1H), 4.28-4.23 (m, 1H), 4.22 (s, 2H), 3.63
(s, 3H), 3.02- 2.91 (m, 1H), 2.48-2.41 (m, 1H), 2.35-2.31 (m, 1H), 2.30-2.25 (m, 2H),
2.22-2.16 (m, 1H), 2.04- 1.96 (m, 1H), 1.68-1.59 (m, 2H).

Step 4: Synthesis of
6-(4-(11.1'-biphenyl]-4-ylmethyl)-5-bromothiophene-3-carboxamido)spiro[3.3]heptane

-2-carboxylic acid

5 0
e
o “OH
o
0 j:»
Xy N YN
g 5
= H LIOH+H,0 \ee
By Br /
( THFIMeOHH;0, tt, 3h [,4)
]
\ «
J )
rf\ ""
15
O g

To a solution of methyl
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[667]

[668]

[669]

[670]

[671]

[672]

6-(4-([1,1-biphenyl]-4-ylmethyl)-5-bromothiophene-3-carboxamido)spiro[3.3 Jheptane
-2-carboxylate (20 mg, 0.038 mmol) in THF/MeOH/H,O (2/1/2 mL), LiOH-H,O (5
mg, 0.114 mmol, 3.0 equiv) was added and stirred for 3 hours. The mixture was
partially concentrated and then acidified with 1 N HCI, and then the aqueous layer was
extracted with EtOAc. The organic layer was dried over MgSO, and then concentrated
under reduced pressure. The crude product was purified by silica gel column to obtain
the compound of Example 15 (15 mg, yield 77%) as an ivory solid. 'H NMR (400
MHz, Chloroform-d) 6 7.58 (s, 1H), 7.56-7.52 (m, 2H), 7.51-7.47 (m, 2H), 7.45-7.40
(m, 2H), 7.36-7.30 (m, 1H), 7.25-7.21 (m, 2H), 5.74-5.68 (m, 1H), 4.33-4.26 (m, 1H),
4.23 (s, 2H), 3.05-2.94 (m, 1H), 2.50-2.41 (m, 1H), 2.39-2.35 (m, 1H), 2.34-2.29 (m,
2H), 2.24-2.16 (m, 1H), 2.07-1.99 (m, 1H), 1.68-1.58 (m, 2H). LC/MS (ESI) m/z:
510.51 [M+H]+, 508.35 [M-HJ-.

Example 16:
6-(4-([1,1'-biphenyl]-4-ylmethyl)-2,5-dibromothiophene-3-carboxamido)spiro[3.3]
heptane-2-carboxylic acid

Step 1: Synthesis of methyl

G Br. O
= 07 /'MQ/
: 1
Nz NBS, DMF >*’”" -
Br /?
809,24 h o

To a solution of methyl 4-([1,1'-biphenyl]-4-ylmethyl)thiophene-3-carboxylate (100
mg, 0.324 mmol) obtained in Step 2 of Example 13 in DMF (3 mL), NBS (287 mg,
1.622 mmol) was added and stirred at 80 °C for 24 hours. 10% sodium bicarbonate
aqueous solution and EA were added to the reaction mixture, and the organic layer was
dried over MgSO, and concentrated to obtain methyl
4-([1,1'-biphenyl]-4-ylmethyl)-2,5-dibromothiophene-3-carboxylate (76 mg, yield
50%) as a white solid. '"H NMR (300 MHz, CDCl;) § 7.59-7.53 (m, 2H), 7.51-7.46 (m,
2H), 7.44-7.39 (m, 2H), 7.30-7.33 (m, 1H), 7.18 (d, J = 8.2 Hz, 2H), 4.23 (s, 2H), 3.76
(s, 3H).

Step 2: Synthesis of
4-([1.1'-biphenyl]-4-ylmethyl)-2.5-dibromothiophene-3-carboxylic acid
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[673]

[674]

[675]

[676]

8;\ O
s 77 OH
LiOH#H,0 =
H,O THF:MeOH (1:1:1) BE
i, 12h \j

To a solution of methyl

4-([1,1'-biphenyl]-4-ylmethyl)-2,5-dibromothiophene-3-carboxylate (76 mg, 0.163
mmol) in THF/MeOH/H,O (1/1/1 mL), LiOH-H,O (21 mg, 0.489 mmol) was added
and stirred for 12 hours. The reaction mixture was partially concentrated and then
acidified with 1 N HCI aqueous solution, and the aqueous layer was extracted with
EtOAc. The organic layer was dried over MgSO, and then concentrated to obtain
4-([1,1'-biphenyl]-4-ylmethyl)-2,5-dibromothiophene-3-carboxylic acid (35.5 mg,
yield 47%) as a white solid. 'H NMR (300 MHz, CDCl;) 8 7.50-7.56 (m, 2H), 7.47 (d,
J=8.2 Hz, 2H), 7.45-7.40 (m, 2H), 7.35-7.32 (m, 1H), 7.19 (d, ] = 8.2 Hz, 2H), 4.29
(s, 2H).

Step 3: Synthesis of methyl

) HATU/ DIPEA

= DMF -
(Jj A 15h L J

Ao A HCIeHoN P NG¥ N
S\:I G Intermediate A 3% ﬁ

To a solution of 4-([1,1'-biphenyl]-4-ylmethyl)-2,5-dibromothiophene-3-carboxylic
acid (35.5 mg, 0.079 mmol) and HATU (33 mg, 0.086 mmol) in DMF (1 mL), DIPEA
(0.041 mL, 0.237 mmol) was added, and then Intermediate A (18 mg, 0.086 mmol)
was added and stirred for 15 hours. The reaction mixture was diluted with ethyl acetate
and washed with distilled water and brine solution. The organic layer was dried over

Na,SO, and concentrated under reduced pressure. The crude product was purified by
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[677]

[678]

[679]

[680]

[681]

column chromatography to obtain methyl
6-(4-([1,1-biphenyl]-4-ylmethyl)-2,5-dibromothiophene-3-carboxamido)spiro[3.3]hept
ane-2-carboxylate (43.8 mg, yield 92%) as a white solid. 'H NMR (300 MHz, CDCl;)
0 7.57 - 7.51 (m, 2H), 7.50 - 7.40 (m, 4H), 7.37 - 7.30 (m, 1H), 7.20 (s, 2H), 5.58 (d, J
=7.9Hz, 1H), 4.32 - 4.24 (m, 1H), 4.11 (s, 2H), 3.65 (s, 3H), 3.02 - 2.91 (m, 1H), 2.50
-2.42 (m, 1H), 2.25 - 2.40 (m, 3H), 2.20 - 2.17 (m, 1H), 2.06 - 1.99 (m, 1H), 1.73 -
1.63 (m, 2H).

Step 4: Synthesis of

6-(4-([1.1'-biphenyl]-4-vlmethyl)-2.5-dibromothiophene-3-carboxamido)spiro[3.3]hept

ane-2-carboxylic acid

i
o~ PR
B9 WL!’ o L] "
/’L:\/ N )‘\ éj\ /j“'”‘f
s J LIOH+H,0 s N
/‘ } ) o TR
By H,O THF:MeOH (1:1:1) 7y
/4{{ 1 12h Br :’/‘%
s /
3 N
/ / 16
N & {]
5 o

To a solution of methyl
6-(4-([1,1'-biphenyl]-4-ylmethyl)-2,5-dibromothiophene-3-carboxamido)spiro[3.3]hept
ane-2-carboxylate (42 mg, 0.070 mmol) in THF/MeOH/H,0 (1/1/1 mL), LiOH-H,O (9
mg, 0.209 mmol) was added and stirred for 12 hours. The reaction mixture was
partially concentrated, then acidified with 1 N HCI aqueous solution, and filtered to
obtain the compound of Example 16 (4 mg, yield 4%) as a white solid. 'H NMR (300
MHz, CDCl,) & 7.56-7.51 (m, 2H), 7.50-7.39 (m, 4H), 7.36-7.33 (m, 1H), 7.21 (d, J =
8.2 Hz, 2H), 5.58 (d, J =7.7 Hz, 1H), 4.32-4.24 (m, 1H), 4.11 (s, 2H), 3.06-2.95 (m,
1H), 2.51-2.29 (m, 4H), 2.25-2.17 (m, 1H), 2.14-2.04 (m, 1H), 1.77-1.63 (m, 2H). LC/
MS (ESD) m/z: 590.4 [M+H]*.

Example 17:
6-(4-([1,1'-biphenyl]-4-ylmethyl)-2,5-dichlorothiophene-3-carboxamido)spiro[3.3]
heptane-2-carboxylic acid

Step 1: Synthesis of
4-([1.1'-biphenyl]-4-ylmethyl)-2.5-dichlorothiophene-3-carboxylic acid
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[683]

[684]

[685]

[686]

[687]

To a solution of 4-([1,1'-biphenyl]-4-ylmethyl)thiophene-3-carboxylic acid (110 mg,
0.374 mmol) obtained in Step 3 of Example 13 in DMF (3.6 mL), NCS (250 mg, 1.869
mmol) was added, heated to 70 °C, and stirred for 24 hours. The reaction mixture was
quenched with 10% sodium bicarbonate aqueous solution, and after 15 minutes,
extracted with EA and distilled water, dried over MgSQ,, and concentrated to obtain a
crude product of 4-([1,1'-biphenyl]-4-ylmethyl)-2,5-dichlorothiophene-3-carboxylic
acid (34.4 mg, yield 25%). '"H NMR (300 MHz, CDCl,) 6 7.58-7.52 (m, 2H), 7.52-7.46
(m, 2H), 7.42 (td, ] = 8.2, 1.8 Hz, 3H), 7.36 (s, 1H), 7.23 (d, J = 8.2 Hz, 2H), 4.29 (s,
2H).

Steps 2 and 3: Synthesis of

¢ 0 T . ) ~
5 S 0 9 94§ N
¢ 57 oH  HeRRN K A A A
Vel intermediate A 8 \\%f N s y
o HATU/ DIPEA 7y LIOHH,0 (3.0 64) f"’\\;
A o/ a
N DMF ; - G
- o ff} HoOTHFEMeOH {1:1:1, 0.1 ) 7
\ a\\J 12 S
j 2 17
/s"\ i f
( \/\' = f%\“
\ﬂ}\,«f’} \\\ \? ’\\\'\ ,5‘[

The compound of Example 17 was obtained by reacting
4-([1,1'-biphenyl]-4-ylmethyl)-2,5-dichlorothiophene-3-carboxylic acid obtained in
Step 1 above in the same manner as in Steps 3 and 4 of Example 16. 'H NMR (300
MHz, CDCl,) 6 7.57-7.51 (m, 2H), 7.50-7.39 (m, 4H), 7.34-7.31 (m, 1H), 7.22 (d, J =
8.2 Hz, 2H), 5.68 (d, ] = 7.6 Hz, 1H), 4.33-4.25 (m, 1H), 4.11 (s, 2H), 3.07-2.95 (m,
1H), 2.53-2.30 (m, 4H), 2.27-2.03 (m, 2H), 1.75-1.66 (m, 2H). LC/MS (ESI) m/z:
500.3 [M+H]*.

Example 18:
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[688]
[689]

[690]

[691]

[693]

6-(3-([1,1'-biphenyl]-4-ylmethyl)thiophene-2-carboxamido)spiro[3.3]heptane-2-ca
rboxylic acid
Step 1: Synthesis of 3-([1.1'-biphenyl]-4-vlmethy])thiophene-2-carboxylic acid

p
S PN
= R P oH

3
[

o
s n-Buli
/ “ OH o N
Q THF, -78°C, 6 h L
<
R
=N
L

To a solution of thiophene-2-carboxylic acid (200 mg, 1.561 mmol) in THF (15 mL),
n-BuLi (10 M in THF, 0.324 ml, 3.434 mmol) was slowly added at -78 °C for 0.5
hours, and then 4-(bromomethyl)-1,1'-biphenyl (772 mg, 3.122 mmol) was added. The
reaction mixture was stirred for 6 hours, and then quenched with 1 N HCI aqueous
solution, and extracted with EA and distilled water. The organic layer was dried over
MgSO, and then concentrated under reduced pressure. The crude product was purified
by flash column chromatography to obtain
3-([1,1'-biphenyl]-4-ylmethyl)thiophene-2-carboxylic acid as a white solid (28 mg,
yield 6%). 'H NMR (300 MHz, CDCl,) 6 7.60-7.55 (m, 2H), 7.55-7.48 (m, 3H),
7.45-7.40 (m, 2H), 7.35-7.28 (m, 3H), 6.93 (d, J = 5.1 Hz, 1H), 4.45 (s, 2H).

Step 2: Synthesis of methyl

iy
e o
~0
) o)
5 Hol [ 7D s Eﬁ
0 “OH HzN ¢ \g‘(/ N
\\tw Intermediate A N H
HATU/ DIPEA ﬁ
= DCM, 1t, 15 h =
‘\/w/ N i
T
,. . , _A
L) L

To a solution of 3-([1,1'-biphenyl]-4-ylmethyl)thiophene-2-carboxylic acid (26 mg,
0.088 mmol) and HATU (20 mg, 0.097 mmol) in DCM (1 mL), DIPEA (0.046 mL,
0.264 mmol) was added and stirred for 10 minutes. Intermediate A (20 mg, 0.097

mmol) was added to the reaction mixture and stirred for 15 hours. The reaction mixture
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[694]

[695]

[696]

[697]

[698]

was diluted with ethyl acetate and washed with distilled water and brine solution. The
organic layer was dried over Na,SO, and concentrated under reduced pressure. The
crude product was purified by column chromatography (20% EtOAc in Hexane) to
obtain methyl
6-(3-([1,1'-biphenyl]-4-ylmethyl)thiophene-2-carboxamido)spiro[3.3]heptane-2-carbox
ylate (32 mg, yield 82%) as a white solid. 'H NMR (300 MHz, CDCl,) 6 7.59-7.50 (m,
4H), 7.42 (t,J = 7.3 Hz, 2H), 7.34 (d, ] = 7.3 Hz, 1H), 7.32-7.27 (m, 3H), 6.92 (d, ] =
5.0 Hz, 1H), 5.84 (d, J = 7.5 Hz, 1H), 4.50-4.34 (m, 3H), 3.66 (s, 3H), 3.07-2.96 (m,
1H), 2.59-2.51 (m, 1H), 2.46-2.40 (m, 1H), 2.35-2.22 (m, 3H), 2.14-2.07 (m, 1H),
1.87-1.76 (m, 2H).

Step 3: Synthesis of

’ /DC[ OH
Q| N LiOH" H,0 SN
% H

THFMeOH/H, O, 1t, 12 h \\*”J\7

N 18

To a solution of methyl
6-(3-([1,1'-biphenyl]-4-ylmethyl)thiophene-2-carboxamido)spiro[3.3 Jheptane-2-carbox
ylate (32 mg, 0.072 mmol) in THF/MeOH/H,0 (1/1/1), LiOH-H,O (9 mg, 0.209
mmol) was added and stirred for 12 hours. The reaction mixture was partially con-
centrated, then acidified with 1 N HCI aqueous solution, and filtered to obtain the
compound of Example 18 (30.7 mg, yield 99%) as a pale yellow solid. 'H NMR (300
MHz, CDCl;) 6 7.59-7.50 (m, 4H), 7.42 (t, ] = 7.4 Hz, 2H), 7.34 (d, ] = 7.4 Hz, 1H),
7.31-7.26 (m, 3H), 6.92 (d, ] = 5.0 Hz, 1H), 5.85 (d, ] = 7.5 Hz, 1H), 4.47-4.29 (m,
3H), 3.11-2.99 (m, 1H), 2.60-2.52 (m, 1H), 2.46-2.40 (m, 1H), 2.38-2.36 (m, 2H),
2.30-2.26 (m, 1H), 2.18-2.14 (m, 1H), 1.87-1.77 (m, 2H). LC/MS (ESI) m/z: 432.4
[M+H]*.

Example 19:
6-(3-((3'-fluoro-5'-methoxy-[1,1'-biphenyl]-4-yl)methyl)thiophene-2-carboxamido)
spiro[3.3]heptane-2-carboxylic acid

Steps 1 and 2: Synthesis of methyl
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6-(3-(4-chlorobenzyDthiophene-2-carboxamido)spiro[3.3heptane-2-carboxylate

[699] 0
;*s./ﬁ‘o/ f@
PN - i
Br \\/ B i\ j\\j\f 5 o7
vl M y /
N /8\?‘ oH PN intermedidate A A !
O A i\ , B \N‘f\j
i nBuLi S HATU/ DIPEA oI B
S~ oH N
& T THF, -78°C, 6 h A DCM, 1, 12 h )
W 3
w0 =N
Y CJ
¢l Y
Cl

[700] Methyl
6-(3-(4-chlorobenzyl)thiophene-2-carboxamido)spiro[3.3]heptane-2-carboxylate was
obtained in the same manner as in Steps 1 and 2 of Example 18, except that
4-chlorobenzyl bromide was used instead of 4-(bromomethyl)-1,1-biphenyl in Step 1
of Example 18. '"H NMR (300 MHz, chloroform-d) 6 7.25-7.17 (m, 3H), 7.17-7.09 (m,
2H), 6.80 (d, J =5.0 Hz, 1H), 5.95 (d, J =7.5 Hz, 1H), 4.42-4.28 (m, 1H), 4.24 (s, 2H),
3.64 (s, 3H), 3.06-2.95 (m, 1H), 2.57-2.49 (m, 1H), 2.46-2.36 (m, 1H), 2.34-2.22 (m,
3H), 2.17-2.07 (m, 1H), 1.91-1.80 (m, 2H).

[701] Step 3: Synthesis of methyl

o[3.3]heptane-2-carboxylate

[702] HO.._.OH

o)
o PA(OAC) g
O 2 S
s li\N,D[j XPhos &/f N

1,4-dioxane/H,0 -
N MW, 100°C, 2h \;xj
&
vy
“ rN A

[703] Methyl
6-(3-(4-chlorobenzyl)thiophene-2-carboxamido)spiro[3.3]heptane-2-carboxylate (286
mg, 0.7 mmol), 3-fluoro-5-methoxyphenylboronic acid (178 mg, 1.05 mmol, 1.5
equiv), Pd(OAc), (16 mg, 0.07 mmol, 0.1 equiv), XPhos (67 mg, 0.14 mmol, 0.2
equiv) and K;PO, (297 mg, 1.4 mmol, 2.0 equiv) were stirred in 1,4-dioxane/H,O (10/1
mL) under microwave irradiation at 100 °C for 2 hours. The reaction mixture was

poured into distilled water and extracted with DCM. The organic layer was dried over
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[704]

[705]

[706]

[707]

[708]

MgSO, and concentrated under reduced pressure. The crude product was purified by
flash column chromatography to obtain methyl
6-(3-((3'-fluoro-5'-methoxy-[1,1'-biphenyl]-4-yl)methyl)thiophene-2-carboxamido)spir
o[3.3]heptane-2-carboxylate. 'H NMR (300 MHz, chloroform-d) 6 7.47 (d, J = 8.2 Hz,
2H), 7.33-7.27 (m, 2H), 6.93-6.80 (m, 3H), 6.58 (dt, J = 10.5, 2.3 Hz, 1H), 5.89 (d,J =
7.5 Hz, 1H), 4.44-4.35 (m, 1H), 4.34 (s, 2H), 3.83 (s, 3H), 3.65 (s, 3H), 3.07-2.96 (m,
1H), 2.63-2.49 (m, 1H), 2.47-2.24 (m, 4H), 2.15-2.07 (m, 1H), 1.90-1.79 (m, 2H).
Step 4: Synthesis of

6-(3-((3'-fluoro-5'-methoxy-[1.1'-biphenyl]-4-yI)methyl)thiophene-2-carboxamido)spir

o[3.3]heptane-2-carboxylic acid

O
iy L
o P}L\?)O [\JfOH

s M A
N 1 H <j/ H
) LIOH-H;0 ‘?
Ff* THF/MeOH/H,0, it, 12 h =N
[y B % /
o /[y 19
F- \\»“\" ; o~ F kﬁ//f{O,x

The compound of Example 19 was obtained by reacting methyl
6-(3-((3'-fluoro-5'-methoxy-[1,1'-biphenyl]-4-yl)methyl)thiophene-2-carboxamido)spir
o[3.3]heptane-2-carboxylate obtained in Step 3 above in the same manner as in Step 3
of Example 18. 'H NMR (300 MHz, Methanol-dy) 6 8.15 (d, J =7.2 Hz, 1H), 7.50 (d, J
=8.2 Hz, 2H), 7.42 (d, ] = 5.0 Hz, 1H), 7.26 (d , J = 8.3 Hz, 2H), 6.94 (t, ] = 1.9 Hz,
1H), 6.92-6.86 (m, 2H), 6.64 (dt, J = 10.7, 2.3 Hz, 1H), 4.31-4.23 (m, 3H), 3.83 (s,
3H), 3.07-2.95 (m, 1H), 2.54-2.46 (m, 1H), 2.39-2.30 (m, 3H), 2.29-2.14 (m, 2H),
2.07-1.96 (m, 2H). LC/MS (ES]) m/z: 480.4 [M+H]*.

Example 20:
6-(4-([1,1'-biphenyl]-4-ylmethyl)-5-methylthiophene-3-carboxamido)spiro[3.3]hep
tane-2-carboxylic acid

Step 1: Synthesis of methyl
4-([1.1'-biphenyl]-4-ylmethyl)-5-bromothiophene-3-carboxylate
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[710] To a solution containing methyl

[711]

[712]

[713]

4-([1,1'-biphenyl]-4-ylmethyl)thiophene-3-carboxylate (200 mg, 0.649 mmol) obtained
in Step 2 of Example 13 in AcOH, N-bromosuccinimide (NBS, 115 mg, 0.649 mmol)
was slowly added at ambient temperature. After stirring for 15 hours, the reaction
mixture was extracted with DCM and washed with sodium carbonate aqueous solution
and distilled water. The organic layer was again washed twice with distilled water,
dried over MgSO,, then filtered, and concentrated under reduced pressure. The crude
product was purified by silica gel (hexane) column chromatography to obtain methyl
4-([1,1'-biphenyl]-4-ylmethyl)-5-bromothiophene-3-carboxylate (150 mg, yield 59%)
as a yellow solid. '"H NMR (300 MHz, Chloroform-d) 6 8.16 (s, 1H), 7.64-7.59 (m,
2H), 7.57-7.53 (m, 2H), 7.49-7.43 (m, 2H), 7.39-7.30 (m, 3H), 4.42 (s, 2H), 3.83 (s,
3H).

Step 2: Synthesis of methyl

4-([1.1'-biphenyl]-4-ylmethyl)-5-methylthiophene-3-carboxyvlate

Mel
Br n-Buli

THF O
-78°C,4h ’
& &
B

To a solution of methyl
4-([1,1'-biphenyl]-4-ylmethyl)-5-bromothiophene-3-carboxylate (200 mg, 0.516 mmol)
in THF (10 mL), iodomethane (0.065 mL, 1.548 mmol, 3.0 equiv) was added and

cooled to -78 °C. n-BuLi (2 M in THF, 0.516 mL, 1.032 mmol) was added to the

reaction mixture, stirred for 4 hours, then slowly warmed to ambient temperature,

diluted with ethyl acetate, and washed with distilled water. The organic layer was dried

over Na,SO, and concentrated under reduced pressure to obtain a crude product of
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methyl 4-([1,1'-biphenyl]-4-ylmethyl)-5-methylthiophene-3-carboxylate (49 mg) as a
yellow solid. 'H NMR (400 MHz, Chloroform-d) 6 7.99 (s, 1H), 7.61-7.59 (m, 2H),
7.53-7.51 (m, 2H), 7.46-7.44 (m, 2H), 7.37-7.33 (m, 2H), 7.23-7.22 (m, 1H), 4.36 (s,
2H), 3.82 (s, 3H), 2.46 (s, 3H).

[714] Step 3: Synthesis of 4-([1.1'-biphenyl]-4-ylmethyl)-5-methylthiophene-3-carboxylic

acid
[715] Q O
o M e 1
e P
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[716] To a solution of methyl
4-([1,1'-biphenyl]-4-ylmethyl)-5-methylthiophene-3-carboxylate (20 mg, 0.062 mmol)
in THF/MeOH/H,O0 (2/1/2), LiOH-H,O (8 mg, 0.186 mmol, 3 equiv) was added and
stirred for § hours. The reaction mixture was partially concentrated and then acidified
with 1 N HCI aqueous solution. The aqueous layer was extracted with EtOAc, and the
organic layer was dried over MgSO, and then concentrated under reduced pressure.

The crude product was purified by silica gel column to obtain

4-([1,1'-biphenyl]-4-ylmethyl)-5-methylthiophene-3-carboxylic acid (4.3 mg, yield
22%) as an ivory solid. '"H NMR (300 MHz, chloroform-d) 6 8.10 (s, 1H), 7.59-7.54
(m, 2H), 7.50-7.47 (m, 2H), 7.45-7.39 (m, 2H), 7.36-7.31 (m, 1H), 7.22-7.16 (m, 2H),
4.34 (s, 2H), 2.44 (s, 3H).

[717] Step 4: Synthesis of methyl
6-(4-([1.1'-biphenyl]-4-ylmethyl)-5S-methylthiophene-3-carboxamido)spiro[3.3]heptane

-2-carboxylate
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[719]

[720]

[721]

[722]

To a solution of 4-([1,1'-biphenyl]-4-ylmethyl)-5-methylthiophene-3-carboxylic acid
(7.3 mg, 0.024 mmol) and HATU (10 mg, 0.026 mmol) in DMF, DIPEA (0.013 mL,
0.072 mmol) was added and stirred for 10 minutes, and then Intermediate A (4 mg,
0.026 mmol) was added and stirred for 15 hours. The reaction mixture was diluted with
ethyl acetate and washed with distilled water and brine. The organic layer was dried
over Na,SO, and concentrated under reduced pressure. The crude product was purified
by column chromatography (20% EtOAc in hexane) to obtain methyl
6-(4-([1,1'-biphenyl]-4-ylmethyl)-5-methylthiophene-3-carboxamido)spiro[ 3.3 |heptane
-2-carboxylate (6.9 mg, yield 63%) as a yellow solid. 'H NMR (400 MHz, chloroform-
d) & 7.58-7.56 (m, 2H), 7.52-7.50 (m, 2H), 7.47-7.43 (m, 2H), 7.41 (s, 1H), 7.38-7.33
(m, 1H), 7.22-7.17 (m, 2H), 5.77-5.71 (m, 1H), 4.36-4.28 (m, 1H), 4.19 (s, 2H), 3.67
(s, 3H), 3.04-2.95 (m, 1H), 2.52-2.48 (m, 1H), 2.46 (s, 3H), 2.40-2.34 (m, 1H),
2.34-2.27 (m, 2H), 2.26-2.18 (m, 1H), 2.08-2.00 (m, 1H), 1.68-1.63 (m, 2H).

Step 5: Synthesis of
6-(4-([1.1'-biphenyl]-4-ylmethyl)-5S-methylthiophene-3-carboxamido)spiro[3.3Jheptane

-2-carboxyvlic acid
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To a solution of methyl
6-(4-([1,1'-biphenyl]-4-ylmethyl)-5-methylthiophene-3-carboxamido)spiro[3.3]heptane
-2-carboxylate (6.8 mg, 0.015 mmol) in THF/MeOH/H,0 (2/1/2), LiOH-H,O (2 mg,
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0.044 mmol, 3.0 equiv) was added and stirred for 3 hours. The reaction mixture was
partially concentrated and then acidified with 1 N HCI aqueous solution, and then the
aqueous layer was extracted with EtOAc. The organic layer was dried over MgSO, and
then concentrated under reduced pressure. The crude product was purified by silica gel
column to obtain the compound of Example 20 (4.7 mg, yield 70%) as an ivory solid. !
H NMR (500 MHz, chloroform-d) 6 7.58-7.56 (m, 2H), 7.53-7.50 (m, 2H), 7.47-7.43
(m, 3H), 7.38-7.34 (m, 1H), 7.22-7.17 (m, 2H), 5.76-5.71 (m, 1H), 4.31-4.29 (m, 1H),
4.19 (s, 2H), 3.05-2.98 (m, 1H), 2.52-2.49 (m, 1H), 2.46 (s, 3H), 2.36-2.33 (m, 3H),
2.27-2.22 (m, 1H), 2.10-2.05 (m, 1H), 1.71-1.65 (m, 2H). LC/MS (ESI) m/z: 446.11
[M+H]+, 444.28 [M-HJ.

[723]

[724] The compounds of Examples 21 and 22 were prepared in the same manner as in
Example 20 except for the differences in the preparation methods described below.

[725] [Table 3]

[726] Lxample Chemical structure Name Difference in preparation method
No.
21 0 6-(4-({1,1"-biphenyl]-4-  |Suzuki coupling using phenylboronic
I M ~on |yimethyl)-5- acid instead of Mel in Step 2.
{j\ ﬁ phenylthiophene-3- Reuction reagents and conditions:
ij ﬁ ’ carboxamidoyspire{3.3] N, COs (4 equivy and Pd(PPhs), (12
. ¥ heptane-2-carboxylic acid [mol%), telueneHL0 (6:1}, 90 °C, 12
N hours
&/ L 5;
x
22 & 6-(4-( 1. 1-biphenyl]-4- Suzuki coupling using
o r\;“fr”i\ﬂw yimethyl)-5- cyclopropylboronic acid instead of
s {U\N,Jm eyclopropylihiophene-3-  |Mel in Step 2. Reaction reagents and
b: »‘L\ H carboxamido)spiro|3.3] conditions were the same as in
{l rﬁ.i heptane-2-carboxvlic acid |Example 21.
S
A
O

[727] [Table 4]

[728] Example [LC/MS (ESD) m/z: [M+H]* NMR

No.
21 n+1=508.5 H NMR (300 MHz, DMSOY 5 12.04 (s, 1H), 839 (d, J=7.4 Hz, 1H),
7.89 (s, 1H). 7.62-7.55 (m, 2H), 7.51-7.38 (m, 8H), 7.35-7.29 (m, 1H),
7.02-6.95 (m, 2H), 4.23 (s, 2H), 4.13-4.05 (m, 1H), 2.94-2.83 (m, 1H),
235-2.25 (m, 1H), 2.24-1.96 (m, SH), 1.92-1.81 (m, 2H).
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[729]

[730]

[731]
[732]

[733]

[734]
[735]

[736]

g
[

nH1=472.4 TH NMR (300 Mz, DMSO-d6) 6 12.03 (s, 1H), 8.32 (d, J = 7.5 Hz,
TH), 7.64 - 7.58 (m, 2H), 7.54 (s, 1H), 7.51 (4,1 = 8.2 Hz, 2H), 7.4 t,
J=7.5 He, 2H), 7.36-7.31 (m, 1H), 7.22 (d, T = 8.2 Hz, 2H), 4.26 (s,
2Hy, 4.21-4.08 (m, 1H), 2.97-2.86 (m, 1H), 2.40-2.32 (m. 1H), 2.26 -
2.02 (m, 6H), 1.9% - 1.86 (m, 2H), 1.07 - 0.98 (m, 2F), 0.63 - 0.57 (m,
2H).

Example 23:
6-(4-(4-chlorobenzyl)-2,5-dimethylthiophene-3-carboxamido)spiro[3.3]heptane-2-
carboxylic acid

Step 1: Synthesis of 3-bromo-4-(4-chlorobenzyl)-2.5-dimethylthiophene

HOMQC; 5 %r Br

Br
s = FeCly/MsOH
= DCE
i3
intermediate C 55°C,12h

cl
To a solution of (4-chlorophenyl)methanol (427 mg, 3.0 mmol) in DCE (3 mL), In-
termediate C (1.15 g, 6.0 mmol), MsOH (78 uL, 1.20 mmol) and FeCl; (194 mg, 1.20
mmol) were added, then heated to 55 °C, and stirred for 12 hours. The reaction mixture
was diluted with ethyl acetate and washed with distilled water and brine solution. The

organic layer was dried over Na,SO, and then concentrated under reduced pressure.

The crude product was purified by column chromatography to obtain bromo-
4-(4-chlorobenzyl)-2,5-dimethylthiophene (541 mg, yield 57%) as a white solid. 'H
NMR (300MHz, chloroform-d) 6 7.28 - 7.20 (m, 2H), 7.08 (d, J = 8.6 Hz, 2H), 3.91 (s,
2H), 2.37 (s, 3H), 2.35 (s, 3H).

Step 2: Synthesis of 4-(4-chlorobenzyl)-2.5-dimethylthiophene-3-carboxylic acid

o
Br
P~ -
g B CO, S : OM
TMEDA/-BuLi

N THE
“ _78°C, 1h
Ci cl

To a solution of 3-bromo-4-(4-chlorobenzyl)-2,5-dimethylthiophene (541 mg, 1.71
mmol) and TMEDA (0.3 mL, 1.88 mmol) in THF (10 mL), n-BuLi (2.5 M in THF, 0.8
mL, 2.0 mmol) was added at -78 °C and stirred for 1 hour. The reaction mixture was
quenched with CO, gas at -78 °C and left at ambient temperature over 30 minutes. The

reaction mixture was acidified with 1 N HCI solution, diluted with EtOAc, and then
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[737]

[738]

[739]

[740]

washed with distilled water. The organic layer was dried over Na,SO, and then con-

centrated under reduced pressure to obtain

4-(4-chlorobenzyl)-2,5-dimethylthiophene-3-carboxylic acid (450 mg, crude product)
as a pale yellow solid. LC/MS (ESI) m/z: 281.26 [M+H]*.

Step 3: Synthesis of methyl
6-(4-(4-chlorobenzyl)-2.5-dimethylthiophene-3-carboxamido)spiro[3.3Theptane-2-carb

oxylate

b
6"
HCl«HsN
intermediate A
HATU
DIPEA
DRF
it 15 h

€l
To a solution of 4-(4-chlorobenzyl)-2,5-dimethylthiophene-3-carboxylic acid (450
mg, 1.60 mmol) and HATU (670 mg, 1.76 mmol) in DMF (8 mL), DIPEA (0.8 mL,
4.81 mmol) was added and stirred for 10 minutes, and then Intermediate A (330 mg,

1.60 mmol) was added to the reaction mixture and stirred for 15 hours. The reaction
mixture was diluted with EtOAc and washed with distilled water and brine solution.
The organic layer was dried over Na,SO, and then concentrated under reduced
pressure. The crude product was purified by column chromatography to obtain methyl
6-(4-(4-chlorobenzyl)-2,5-dimethylthiophene-3-carboxamido)spiro[3.3]heptane-2-carb
oxylate (418 mg, yield 56%) as a white solid. 'H NMR (400MHz, chloroform-d) &
7.23(d,J =8.5Hz, 2H), 7.04 (d, ] = 8.4 Hz, 2H), 5.47-5.17 (m, 1H), 4.36-4.17 (m,
1H), 3.91 (s, 2H), 3.69 (s, 3H), 3.02 (t, ] = 8.5Hz, 1H), 2.54-2.41 (m, 4H), 2.40-2.29
(m, 5H), 2.25 (dd, J = 11.7, 8.4 Hz, 1H), 2.13-2.01 (m, 1H), 1.68-1.52 (m, 3H). LC/MS
(ESI) m/z: 432.37 [M+H]*.

Step 4: Synthesis of

6-(4-(4-chlorobenzyl)-2.5-dimethvlthiophene-3-carboxamido)spiro[3.3]heptane-2-carb

oxylic acid
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[741]
0 0
v
0 0 5 o
S : ﬁ LiOHH,0 ¢ ﬁ
H,O:THF:MeOH (1:1:1)
tt4h
Cl al 23

[742] To a solution of methyl
6-(4-(4-chlorobenzyl)-2,5-dimethylthiophene-3-carboxamido)spiro[ 3.3]heptane-2-carb
oxylate (43 mg, 0.1 mmol) in H,O:THF:MeOH (1:1:1), LiOH-H,O (13 mg, 0.3 mmol)
was added and stirred for 4 hours. The reaction mixture was partially concentrated
under reduced pressure, acidified by addition of 1 N HCI (pH ~6), and then extracted
with EtOAc. The organic layer was dried over Na,SO, and concentrated under reduced
pressure. The crude product was purified by column chromatography to obtain the
compound of Example 23 (30 mg, yield 71%). '"H NMR (300 MHz, chloroform-d) &
7.27-7.18 (m, 2H), 7.04 (d, ] = 8.5 Hz, 2H), 5.35 (d, ] =7.9 Hz, 1H), 427 (d,J =7.8
Hz, 1H), 3.91 (s, 2H), 3.06 (t, ] = 8.5 Hz, 1H), 2.53-2.44 (m, 1H), 2.43 (s, 3H),
2.41-2.35 (m, 2H), 2.35-2.30 (m, 1H), 2.33 (s, 3H), 2.31-2.21 (m, 1H), 2.17-2.06 (m,
1H), 1.60 (dt, J = 11.5, 7.7 Hz, 2H). LC/MS (ESI) m/z: 418.23 [M+H]*.

[743]

[744] The compounds of Examples 24 and 25 were prepared in the same manner as in
Example 23 except for the differences in the preparation methods described below.

[745] [Table 5]

[746] Example
No.

Chemical structure Name Difference in preparation method

24 7 6-(4-((2-methoxy-[1.1'- Intermediate G was used instead of  (4-

o 0 ok biphenyl]-4-yDmethyl)-2.5- | chilorephenylymethanol in Step 1
q}c:\ A ﬁ”i‘ dimethylthiophene-3-
(}’ N carboxamido)spirof3.3]
5&{\:’? heptane-2-carboxylic acid




117

WO 2022/039563 PCT/KR2021/011143

[747] 25 0t 6-(4-((2'-hydroxy-[1,1'- The methoxy group of the compound of]

- f‘\:/"I\SH bipheny!]-4-yhmethyl)-2,5- |Example 24 was demethylated. Reaction
‘%T,ilk}\‘i,im’ o dimethylthiophene-3- conditions and reagents: BBry, DCM({0.01
S,.Y;)\\? carboxamido)spiro[3.3] M), tt, 1.5h
! f’fﬁ"j‘w heptane-2-carboxylic acid
o
f
FEN_OH
Lo 0
[748]  [Table 6]
[749] Example |LC/MS (EST) miz: [M+H] NMR
No.
24 ES+490.12 'H NMR (500 MHz, CDCl3) 6 7.42 (d, J = 8.2 Hz, 2H), 7.29 (td, J =
7.8, 1.8 Hz, 1H), 7.25-7.22 (m, 3H}, 7.09 (d, J = 7.9 Hz, 2H), 7.00 {td,
J=75 1.1Hz 1), 696(d, 1=82Hz, 1H),536(d, 1=79Hz, 11),
4.23 (h, =79 Hz, 1H), 3.86 (d, T = 83.4 Tz, SH), 2.96 (p, ] = 8.5 [z,
1H), 2.42 (s, 3H), 2.34 (s, 3H), 2.27 (dd, ] = 8.6, 2.4Hz, 3H), 2.15 (dd,
J=118,82 Hz, IH), 148 (ddd, J=17.8, 11.4, 8.5 Hz, 2H).
25 ES+476.15 H NMR (500 MHz, CDCL) 6 738 (d, ] = 7.8H7, 2H), 7.24 (s, 1H),
7.20 (d, J = 7.8 Hz, 3H), 6.99-6.94 (m, 2H), 5.41 (d, T = 7.8 Hz, 1H),
4.28 (d, J = 8.0 Hz, 1H), 3.98 (s, 2H), 3.03-2.99 (m, 1H), 2.44 (s, 3H),
2,36 (s, 3H), 2.31 (d, T = 8.5 Hz, 2H), 1.56 (dt, T = 20.7, 10.1Hz, $H).

[750]

[751] Example 26:
6-(2,5-dimethyl-4-(4-(pyridin-4-yl)benzyl)thiophene-3-carboxamido)spiro[ 3.3 ]hep
tane-2-carboxylic acid

[752] Step 1: Synthesis of methyl
6-(2.5-dimethyl-4-(4-(pyridin-4-yl)benzyl)thiophene-3-carboxamido)spiro[3.3]heptane
-2-carboxylate

[753]

HO._.OH
B
% 0
0 ~ I P
- N 0 °
0 0 "
Pdg(dba}g S = N
S N PCys = H
| H K3PO,
Dioxane:H,0.(2:1)
o
= 'H*G C,15h
| Microwave
N
Cl
[754] A solution of methyl
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[755]

[756]

[757]

[758]

6-(4-(4-chlorobenzyl)-2,5-dimethylthiophene-3-carboxamido)spiro[ 3.3 ]heptane-carbox
ylate (27 mg, 0.06 mmol) obtained in Step 3 of Example 23, pyridin-4-ylboronic acid
(9 mg, 0.075 mmol) and K;PO, (13 mg, 0.063 mmol) in 1,4-dioxane:H,0 (2:1) was
substituted under N, atmosphere, and then Pd,(dba); (6 mg, 6.2 umol) and PCy; (3 mg,
9.4 umol) were added. The reaction mixture was irradiated with microwave at 110 °C
for 1.5 hours, then filtered through Celite, and concentrated under reduced pressure to

obtain methyl

6-(2,5-dimethyl-4-(4-(pyridin-4-yl)benzyl)thiophene-3-carboxamido)spiro[ 3.3 ]heptane
-2-carboxylate. LC/MS (ESI) m/z: 476.28 [M+2]*.
Step 2: Synthesis of

sg\ 9
g OH
oo L]
\ L LT \ & 7
A SN LIOHH,0 SRYTUONT T
33;{ H Sx -] H
p \;/ HyO: THF MeOH (1:1:1) TN
A t4h ; e
¥ &
\) S b
? \J
o ({:j\‘
N x‘N';)

To a solution of methyl
6-(2,5-dimethyl-4-(4-(pyridin-4-yl)benzyl)thiophene-3-carboxamido)spiro[ 3.3 ]heptane
-2-carboxylate (crude product, 0.06 mmol) in H,O: THF:MeOH (1:1:1), LiOH-H,O (9
mg, 0.18 mmol) was added and stirred for 4 hours. The reaction mixture was con-
centrated under reduced pressure, diluted with distilled water, then acidified with 1 N
HCI (pH ~6), and extracted with EtOAc. The organic layer was dried over Na,SO, and
concentrated under reduced pressure. The crude product was purified by column chro-
matography to obtain the compound of Example 26 (12 mg, yield 42%) as a white
solid. "H NMR (300 MHz, methanol-d,) & 8.92-8.31 (m, 2H), 7.68 (dd, J = 14.7, 7.0
Hz, 4H), 7.25 (d, J = 8.1 Hz, 2H), 4.34-3.95 (m, 1H), 4.00 (s, 2H), 3.07-2.82 (m, 1H),
2.38 (s, 6H), 2.34-2.19 (m, 3H), 2.20-1.93 (m, 3H), 1.91-1.60 (m, 2H). LC/MS (ESI)
m/z: 462.31 [M+2]*.

Example 27:
6-(2,5-dimethyl-4-(4-(pyridin-3-yl)benzyl)thiophene-3-carboxamido)spiro[3.3]hep
tane-2-carboxylic acid
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[759] 0
0 N, J o~ ?
A o, 0 0 o
o LT T g Y o
A PadaPen S | | e
8)\7 n PO o LOHH,0 i
N =t/ ] HOTHENEOH (1) /]
i | Dioxane:H,0 (2:1} K;(\ mmmﬁ it e
Y 10T, 3h z%,i,? ‘ W
f, ff . ?/f"
! Microwav ]
\f/f icrowave ,}i ({/g\a
¢ C N 27
N

[760]

[761]

[762]

[763]

[764]

The compound of Example 27 was obtained as a white solid in the same manner as in
Example 26, except that pyridin-3-ylboronic acid was used instead of pyridin-
4-ylboronic acid in Step 1 of Example 26. 'H NMR (500MHz, methanol-d,) & 8.78 (s,
1H), 8.51 (d, J =4.2Hz, 1H), 8.08 (d, J = 8.0Hz, 1H), 7.62 - 7.49 (m, 3H), 7.24 (d, J =
8.2Hz, 2H), 4.26 - 4.08 (m, 1H), 4.00 (s, 2H), 3.03 - 2.87 (m, 1H), 2.45 - 2.37 (m, 1H),
2.38 (s, 6H), 2.35 - 2.21 (m, 3H), 2.13 (dd, J = 8.2 Hz, 1H), 2.10 - 2.00 (m, 1H), 1.79
(ddd, J =24.7, 11.0, 8.9 Hz, 2H). LC/MS (ESI) m/z: 462.24 [M+2]*.

Example 28:
6-(4-((3',4'-dimethyl-[1,1'-biphenyl]-4-yl)methyl)-2,5-dimethylthiophene-3-carbox
amido)spiro[3.3]heptane-2-carboxylic acid

tep 1:
6-(4-((3

do)spiro[3.3]heptane-2-carboxyvlate

nthesis of methyl

HO;BL,OH
& E 5
O Me/ = /u\{:}/
. O /
O/ Me ]
0 #/\7@)\ Pd(OAC), }\ *}qu/‘“
e XPhos S\J H
S\P‘i H 052003 / )
/o Dioxane/H,0 A
P 80°C, 16H Q\ /
_ >
i x‘\
Cl .
Me

A solution of methyl
6-(4-(4-chlorobenzyl)-2,5-dimethylthiophene-3-carboxamido)spiro[ 3.3 Jheptane-carbox
ylate (50 mg, 0.023 mmol) obtained in Step 3 of Example 23 and
3,4-dimethylphenylboronic acid (4.1 mg, 0.027 mmol) in 1,4-dioxane (0.2 mL) was
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[765]

[766]

[767]

placed in a sealed tube, and distilled water (0.01 mL) and Cs,CO; (8 mg, 0.046 mmol)
were added. Pd(OAc), (0.5 mg) and Xphos (13 mg, 0.023 mmol) were added under N,
atmosphere, and then the reaction mixture was stirred at 90 °C for 15 hours. The
reaction mixture was diluted with ethyl acetate, washed with distilled water, then dried
over Na,SO,, filtered, and concentrated. The crude product was purified using a silica
column (6% MeOH in CHCL;) to obtain methyl
6-(4-((3',4'-dimethyl-[1,1'-biphenyl]-4-yl)methyl)-2,5-dimethylthiophene-3-carboxami
do)spiro[3.3]heptane-2-carboxylate (20 mg, mixture). 'H NMR (500 MHz,
Chloroform-d) & 7.48 - 7.45 (m, 2H), 7.32 (d, J =2.0 Hz, 1H), 7.28 (dd, ] = 7.8, 2.1
Hz, 1H), 7.19(d, J = 8.1 Hz, 1H), 7.13 (d, J = 8.2 Hz, 2H), 5.38 (d, ] = 7.8 Hz, 1H),
4.24 (h, J =79 Hz, 1H), 3.96 (s, 2H), 3.63 (s, 3H), 2.96 - 2.90 (m, 1H), 2.43 (s, 2H),
2.42 - 2.39 (m, 2H), 2.35 (s, 3H), 2.32 (s, 3H), 2.30 (s, 3H), 2.27 - 2.23 (m, 2H), 2.15
(dd,J=11.7,8.5Hz, 1H), 1.96 (ddd, J =11.7, 8.6, 2.9 Hz, 1H), 1.49 (ddd, J = 14.9,
11.4, 8.5 Hz, 2H).

Step 2: Synthesis of
6-(4-((3'.4'-dimethyl-[1.1-biphenyl]-4-yDmethyl)-2.5-dimethylthiophene-3-carboxami
do)spiro[3.3]heptane-2-carboxylic acid

}i Q
i g /}éx
Lo T o LT
i ; i }F
)‘\\%/LLN/”L‘“M’ N ,/kn M
S' i H S i Tr:lf
Ko i O R |
e LiOHH,
7) ] i . / j
rf;“? THEMeOHH2O, /L 3 h jﬁ”" f"
»*‘;; i ;.35355\
i { {
M\ A e\ 23
Hle Me

To a solution of methyl
6-(4-((3',4'-dimethyl-[1,1'-biphenyl]-4-yl)methyl)-2,5-dimethylthiophene-3-carboxami
do)spiro[3.3]heptane-2-carboxylate (20 mg) in THF/MeOH/H,O (2/1/2), LiOH-H,O (4
mg, 0.084 mmol, 3.0 equiv) was added and stirred for 3 hours. The reaction mixture
was partially concentrated and then acidified with 1 N HCI aqueous solution, and the
aqueous layer was extracted with EtOAc. The organic layer was dried over MgSO, and
then concentrated under reduced pressure. The crude product was purified by
preparative TLC to obtain the compound of Example 28 (3.4 mg, yield 30%). 'H NMR
(500 MHz, chloroform-d) 6 7.49-7.45 (m, 2H), 7.32 (d, J = 2.0 Hz, 1H), 7.28 (dd, J =
7.8,2.1 Hz, 1H), 7.19 (d, ] = 7.8 Hz, 1H), 7.14-7.11 (m, 2H), 5.35 (d, J = 7.8 Hz, 1H),
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4.24 (h,J =8.0 Hz, 1H), 3.96 (s, 2H), 2.97 (p, ] = 8.5 Hz, 1H), 2.43 (s, 3H), 2.42-2.36
(m, 2H), 2.36 (s, 3H), 2.32 (s, 3H), 2.30 (s, 3H), 2.28 (t, ] =4.1 Hz, 2H), 2.17 (dd, ] =
11.7,8.3 Hz, 1H), 1.99 (ddd, J = 11.6, 8.7, 2.4 Hz, 1H), 1.49 (dt,J = 11.7, 9.1 Hz, 2H).
LC/MS (ESI) m/z: 488.43 [M+H]*.

The compounds of Examples 29 to 66 were prepared in the same manner as in

Example 28 except for the differences in the preparation methods described below.

[Table 7]
Example Chemical structure Name Difference m preparation
No. method
29 6-(4-((3"-methoxy-[1,1"-biphenyi]-| 3-methoxvphenvlboronic acid

4-yDmethyl)-2,5-
dimethylthiophene-3-
carboxamido)spiro[3.3Theptane-2-
carboxvlic acid

was used mstead of 3 4-
dimethylphenyiboronic acid m
Step 1

30 64-((3-cyano-[1,1-biphenyl}-4- | 3-(cvanophenyiiboronic acid
yhmethyl)-2,5- was used mnstead of 3. 4-
dimethyithiophene-3- dimethylphenylboronic aeid in
carboxamido)spiro[3.3Jheptane-2-| Step 1
carboxylic acid

31 6-{4-((4'-ethyl-[1,1-biphenyl]-4- |4-ethylphenylboronic acid was
yhmethyl)-2,5- used instead of 3 4-
dimethylthiophene-3- dimethylphenylboronic acid in
carboxamido)spiro]3.3Jheptane-2- | Step 1
carboxylic acid

32 6-(2,5-dimethyl-4-((2,3 45" 2-(cyclohex-1-en-1-y1)-4.4,5 5~

tetrahvdro-{1, I biphenvl}-4-
yhmethyDthiophene-3-
carboxamido)spiref3.3Theptane-2-
carboxylic acid

tetramethyl-1.3,2-dioxaborolane
was wused instead of 34-
dimethylphenyiboronic acid in|
Step 1
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6-{4-(4-(furan-3-yl)benzyl)-2,5-
dimethylthiophene-3-
carboxamido)spiro[3.3]heptane-2-
carboxylic acid

3-furylboronic acid was used
instead of 3,4-
dimethylphenylboronic acid in
Step 1

34 6-(4-{(3'-fluoro-5*-methoxy-{ {,1~ | 3-fluoro-5-
biphenyl]-4-ylimethyl)-2,5- methoxyphenylboronic acid was
dimethylthiophene-3- used instead of 3.4-
carboxamido)spire[3.3]heptane-2- | dimethylphenylboronic acid in
carboxylic acid Step 1

35 6-(2,5-dimethyl-4-((4- 4-
(methylsulfonyl)-{1,1-biphenyl]- |{methanesulfonyljphenyiboronic
4-ylymethyljthiophene-3- acid was used instead of 3,4-
carboxamido)spiro|3. 3 theptane-2- | dimethylphenylboronic acid in
carboxylic acid Step 1

36 6-(4-{{d'-(tert-butoxycarbonyl}-  |d-tert-
{1,1-biphenyl]-4-yl)methyl)-2.5- |butoxycarbonylphenylboronic
dimethylthiophene-3- acid was used instead of 3.4~
carboxamido)spiroe[3.3}heptane-2-| dimethyiphenylboronic acid in
carboxylic acid Step |

37 i 6-{4-{(3carboxy-4'-fluoro-{1,1- | 4-fluoro-3-

U
ST H
fats
-
s
/
N
= oy
'y

biphenyl}-4-vlmethyl)-2,5-
dimethyithiophene-3-
carboxamido)spiro[3.3]heptane-2-
carboxylic acid

methoxycarbonylphenylboronic
acid was used instead of 3,4~
dimethyiphenylboronic acid in
Step 1
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[773] 38 ? 6-(2,5-dimethyl-4-((2-methyl-  |2-methylphenylboronic acid was
» ° - f‘\;{” o] [1,1"-biphenyl}-4- used instead of 3,4-
} s M ,;«[» T ylmethyhthiophene-3- dimethylphenylboronic acid in
SJ ;r:"q carboxamido)spiro{3.3]heptane-2- | Step 1
S carboxylic acid
L
0 e
39 '1’ 6-(2,5-dimethyl-4-(4-(1-methyl- | l-methyl-4-(4,4.5,5tetramethyl-
“oH 1 H-pyrazol-4- 1,3.2-dioxaborolan-2-yl)- 1 H-
ylibenzyl)thiophene-3- pyrazole was used instead of
carboxamido)spirof3.3]heptane-2- | 3 4-dimethylphenylboronic acid
carboxylic acid in Step 1
N
40 S 6-(4-({3"-fluoro-4"-methoxy-{ 1,1 |(3-fluoro-4-
- gk biphenyl}-4-ylimethyl)-2,5- methoxyphenyl)boronic acid
o 3\7"&\:\; il dimethylthiophene-3- was used instead of 3.4-
’;"«:ﬂ”? carboxamido)spirof 3.3 Jheptane-2- | dimethylphenylboronic acid in
'g“rf“”j‘gf carboxylic acid Step |
"{);}w i
41 0 6-(4-((3'-cyano-5'-methoxy-[1.1'- |3-cyano-5-
\ o rki‘“]"““‘CsH biphenyl}-4-ylimethyl)-2,5- methoxyphenylboronic acid
,xwilwi i At dimethylthiophene-3- pinacol ester was used instead of
5 =3 carboxamido)spirof3.3 Jheptane-2-| 3 4-dimethylphenylboronic acid
/ fj\ carboxylic acid inStep 1
i
2%?/;}
0y
Ne Vb‘(x”{}'%&e
[774]  [Table 8]
[775] Example|  LC/MS (ESD) m/z: [M+HT* NMR
No.
29 - H NMR (500 MHz, Chloroform-d) 6 7.51 - 7.46 (i, 2H), 7.34 (1, J

=79 Hz, 1H), 7.17 - 7.11 (m, 3H), 7.08 (dd, I = 2.6, 1.6 Hz, 1),
6.88 (ddd, J = 8.2, 2.6, 1.0 Hz, TH), .37 (d, J = 7.8 Hz, 1H), 4.29 -
421 (m, 1H), 3.97 (s, 2H), 3.85 (s, 3H), 3.01 - 2.94 (m, 1H), 2.45 -

2.42 (m, 3H), 2.41 - 2.37 (m, 1H),
2,16 {dd, J=11.8, 8.2 Hz, 1H), 2.

2H).

2.36 (s, 3H), 2.33 - 2.27 (m, 3H),
03 - 1.99 (m, 1H}, 1.54 - 1.47 (m,
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[M+H]":485.33, [M+H]- 483.51

TH NMR (500 MHz, Chloroform-d) 8 7.81 (t, J = 1.8 Hz, 1H), 7.76
(dt, =79, 1.5 Hz, 1H), 7.60 (dt, J=7.7, 1.4 Hz, TH), 7.53 (. T =7
Hz, 1H), 7.47-7.42 (m, 2H), 7.20 (d. T = 8.1 Hz, 2H), 546 (d, T = 7.8
Hz, LH), 432-4.24 (m, 1H), 3.98 (s, 2H), 2.98 (p, ] = 8.4 Hz, 1H),
247242 (m, 4H}, 2.37-2.32 (m, 4H), 2.30 (d, I = 8.3 Hz, 2H}, 2.18
(dd, = 11.8, 8.1 Hz, 1H), 2.05-2.00 {m, 1H), 1.63-1.53 (m, 2H).

31

[MH]": 488.64, [M1H]- 486.54

TH NMR (300 MHz, Chloroform-d) 8 7.49 (dd, ] = 4.2, 1.9 Hz, 2H),
7.46 (d, T = 4.1 Hz, 2H), 7.28 (s, 2H), 7.14 (4, I = 8.1 Hz, 2H), 5.35
(d, T=7.9 Hz, 1H), 4.32-4.18 {m, 1H), 3.97 (s, 2H), 2.98 (p, I = 8.5
Hz, 1H), 2.69 (q. T = 7.6 Hz, 2H), 243 (s, 3H), 2.39 (d, T = 4.8 Hz,
1H), 2.36 (s, 3H), 2.29 (d, ] = 8.4 Hz, 3H), 217 (dd, T = 11.7, 8.2 Hz,
1H), 2.04-1.95 (i, 1H), 1.52-1.44 (m, 2H), 1.28 (4, J = 7.6 Hz, 3H).

[M+H]": 464.40, [M+H]~ 462.58

TH NMR (500 MHz, Methanol-ds} 6 7.24 (d, J = 8.3 Hz, 2H), 7.00 (d,
F=8.1 Hz, 2H), 6.06 {tt, ] = 3.9, 1.8 Hz, 1H), 4.16-4.06 (m, 1H), 3.89
(s, 2H), 2.97 (p, J = 8.4 Hz, 1H), 240-2.37 (m, 3H}, 235 (d, J =55
Hz. 6H), 2.31-2.25 (m, 2H), 2.24-2.19 (m, 3H}, 2.18-2.14 (m, 1),
2.09-2.07 {m, 1H), 1.81-1.73 (m, 4H), 1.69-1.66 {m, ZH).

33

[M+H] 450.6, [M+H] 448.6

TH NMR (400 MHz, Chloroform-d} & 7.72-7.66 (m, 1H), 749-7.43
(m, 1H}, 7.41-7.34 {m, 2H), 7.12-7.04 (m, 2H), 6.71-6.63 (m, 1H),
542-5.32 (m, 1H), 4.29-4.18 (m, 1H). 3.93 (s, 2H), 3.05-2.93 (m,
1H), 2.42 (s, 3H), 2.43-2.37 (m, 1H), 2.34 (5, 3H), 2.34-2.25 (m, 3H),
2.21-2.12 (m, 1H), 2.06-1.96 (m, 1H), 1.57-1.48 {m, 2H)

34

[M+H]*: 508.42, [M+H]J" 506.53

1H NMR (500 MHz, Chloroform-d) 6 7.50-7.45 {m, 2H), 7.21-7.18
{m, 2H), 6.91-6.86 {m, 2H), 6.64-6.59 (m, 1H), 5.40-5.35 (m, 11D,
4.34-4.26 (m, 1H), 4.00 (s, 2H), 3.87 (s, 3H), 3.08-2.97 (i, 1H), 2.45
(s, 3H), 2.38 (s, 3H), 2.36-2.31 (m, 3H), 2.23-2.17 (m, 1H), 2.08-2.03

(m. 1H), 1.57-1.52 (m, 3H).

35

[M+H]" 538.4, [M+H} 536.5

'H NMR (400 MHz, Chloroform-d} & 8.02-7.96 (m, 2H), 7.75-7.69
(m, 2H}, 7.53-7.49 {m, 2H), 7.24-7.19 (m, 2H}, 5.43-5.38 (m, 1H),
4.32-4.21 (m, 1H), 3.99 (s, 2H}, 3.09 (s, 3H), 3.02-2.94 (m, 1H),
2.48-2.46 (m, 1H), 2.43 (s, 3H), 2.35 (s, 3H), 2.32-2.28 (m, 3H),
2.19-2.13 (m, 1H), 2.05-1.99 (m, 1H), 1.65-1.58 (m, 1H}, 1.55-1.48
(m, 1H).

36

[M+H]%560.4, [M+H]: 558.4

13 NMR (400 Mz, Chloroform-d) & 8.08-8.01 {m, 21), 7.67-7.60
(m, 2H}, 7.55-7.51 {m, 2H), 7.23-7.17 (m, 2ZH), 549-5.43 (m, 1H},
4.35-4.22 (m, 1H), 4.00 (s, 2H}, 3.07-2.94 {m, 1H}, 2.44 (s, 3H),
2.43-2.39 (m, 1H), 2.37 (s, 3H), 2.36-2.29 (m. 3H), 2.19-2.153 (m,
1H}, 2.07-1.99 (m, 1H), 1.63 (s, 9H), 1.61-1.53 (m, 2H}.

37

[M+HJ": 522.5, [M+H]- 520.6

'H NMR (400 MHz, DMSO-dg} 6 7.96-7.81 (m, 2H), 7.58-7.52 (m,
1H), 7.47-741 (m, 2H), 7.18-7.13 (m, 1H), 7.13-7.08 (m, 2H), 4.11-
4.07 (m, 1H), 4.04-3.96 (m, 1H), 3.89 (s, 2H), 3.20-3.16 (m, 2H),
2.81-2.73 {m, 1H), 2.42 (s, 3H}, 2.26 (s, 3H), 2.22-2.17 (m, 2H),
2.05-1.97 (m, 2H), 1.86-1.79 (m, 1H), 1.66-1.60 {m, 1H}, 1.54-1.47
{m, 1H}.
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[777]

[M+H]" 474.5, [M+H]: 472.5

UH NMR (500 MHz, Chloroform-d) 8 7.26-7.23 (m, 5H), 7.19-7.14
(m, 1H), 7.14-7.11 (m, 2H), 5.42-5.36 (m, 1H), 4.32-4.24 (m, 1H),
3.98 (s, 2H), 3.04-2.96 (m, 1H), 2.45 (s, 3H), 2.43-2.40 (mn, 1H), 2.36
(s, 3H), 2.32-2.29 (m, 3H), 2.26 (s, 3H), 2.22-2.17 (m, 1H), 2.06-
2.01 (m, 15, 1.56-1.54 (m, 2H).

[M+H]": 46433, [M+H]- 462.44

TH NMR (300 MHz, Chloroform-d) 8 7.72 (s, 1H), 7.57 (s, 1), 7.38-
7.31 (m, 2H), 7.11-7.04 (m, 2H), 5.40 (d, T = 7.7 Hz, 1H), 430-4.17
{m, 1H), 3.93 (s, 3H), 3.92 (s, 2H), 2.97 (p, T = 8.4 Hz, 1H), 2.42 (s,
4H), 2.34 (s, 3H), 2.32-2.23 (m, 3H), 2.15 (dd, T = 11.7, 8.0 Hz, 1H),
2.03-1.95 (m, 1H), 1.57-1.44 (m, 2H).

40

[M+H]": 50835, [M+H]- 50646

TH NMR (500 MHz, Chloroform-d} 8 7.44-7.40 (m, 2H), 7.30-7.27
{m, 1H), 7.26-7.23 (m, {H), 7.16-7.10 (m, 2H), 7.04-6.99 {m, 1H),
5.41-5.39 (m, 1H), 4.30-4.22 (m, 1H}, 3.96 (s, 2H), 3.92 (s, 3H),
3.04-2.94 (m, 1H), 242 (s, 3H), 2.41-2.38 (m, 1H), 2.35 (s, 3H),
2.33-2.28 (m, 3H), 2.19-2.14 (m, 1H), 2.02-1.97 {m, 1H), 1.57-1.48
(m, 2H).

41

[MFH] 515.44, [M+H]: 513.48

TH NMR (500 MHz, Chloroform-d} 8 7.47-7.39 (m, 3H),
7.28-7.27 (m, 1H), 7.20-7.15 (m, 2H), 7.11-7.09 (m, 1H), 5.43-5.38
(m, 1H}, 4.31-4.24 (m, 1H), 3.98 (s, 3H). 3.88 (s, 2H), 3.03-2.93 (m,
1H), 2.47-2.44 (m, 1H), 2.42 (s, 3H), 2.34 (s, 3H), 2.33-2.28 (m, 3H).
2.22-2.15 {m, 1H), 2.06-2.00 {m, 1H), 1.62-1.53 (m, 2H).

[778] [Tabie

9]

[779]

Example
No.

Chemical structure

Name

Difference in preparation
method

42

;
Fafi

6-(2.5-dimethyl-4-{(4'-
(trifluoremethoxy)-{1.1'-
biphenyl]-4-
ylymethyl)ythiophene-3-
carboxamido)spiro[3.3 Jheptane-
2-carboxylic acid

4-
{trifluoromethoxyiphenyiboroni
¢ acid was used instead of 3,4-
dimethylphenylboronic acid in
Step 1

43

6-{(4-((3-fluoro-{ 1, 1"-biphenyl]-
4-yhimethyl-2,5-
dimethylthiophene-3-
carboxamido)spiro[3.3 Theptane-
2.carboxylic acid

3-fluorophenylboronic acid was
used instead of 3,4-
dimethylphenylboronic acid in
Step 1
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[780] 44 2 6-(2,5-dimethyl-4-((3'- 3-{trifluoromethyl)
;o ;;i:{"" OH (trifluoromethyl}-[1.1'- phenylberonic acid was used
S/&:'%,},f"i;‘vm, biphenyl]-4- instead of 3,4~
}r:-i\ A yhmethyl)thiophene-3- dimethylphenylboronic acid in
‘ ;y\ carboxamido)spire[3.3Theptane-| Step 1
i; i 2-carboxylic acid
I
‘ff)ia"' ’\;}
F‘g{}”"‘é\‘ﬁww'
45 6-(4-((3"-ethoxy-5'-fluoro-[1,1'- | 3-fluoro-5-ethoxyphenylboronic

biphenyl]-4-yhmethyl)-2,5-
dimethylthiophepe-3-
carboxamide)spiro[3.3Theptane-
2-carboxylic acid

acid was used instead of 3,4-
dimethylphenylboronic acid in
Step 1

46 6-(4-((3'-fluoro-5"-isopropoxy- | 3-fluoro-3-
[1.1"-biphenyl}-4-yl)methyl)- | isopropoxyphenylboronic acid
2,5-dimethylthiophene-3- was used instead of 3 4-
carboxamide)spiro[3.3]heptane- | dimethylphenylboronic acid in
2-carboxylic acid Step 1

47 6-(4-{(2-fluoro-5'-methoxy- (2-fluoro-5-
[1,1"-biphenyl]-4-yl)methyl)- |methoxyphenyl)boronic acid
2,5-dimethylthiophene-3- was used instead of 3,4~
carboxamide)spiro{3.3]heptane- | dimethylphenylboronic acid, and
2-carboxylic acid KsPOs was used instead of

Cs2003 in Step 1
48 6-(4-((5"-tlnoro-2"-methoxy- S-fluoro-2-

[1,1-biphenyl]-4-ylimethyl}-
2,5-dimethylthiophene-3-
carboxamide )spiro{3.3Jheptane-
2-carboxylic acid

methoxyphenylboronic acid was
used instead of 3,4~
dimethylphenylboronic acid, and
KsPOs was used instead of
Cs2C03 in Step 1
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[781] 49 o 6-(4-({2'-fluoro-[ 1,1-biphenyl}- | 2-fluorophenylboronic acid was
L9 L 4-yhmerhyl)-2,5- used  instead  of  34-
g’“‘fg”a‘g“}"! dimethylthiophene-3- dimethylphenylboronic acid, and
}M 5 carboxamido)spiro[3.3Theptane- | K5POs was used instead of
f b 2-carboxylic acid Cs2C0s in Step 1
50 “:‘ 6-(d-(4-(2-methoxypyridin-4- | (2-methoxypyridin-4-yl}boronic
- ’:}r" "L{}H yl)benzyi)-2,5- acid was used instead of 3.4-
e «ﬂ\N«{if dimethylthiophene-3- dimethylphenylboronic acid, and
‘}m\ R carboxamido)spiro[3.3]heptane- | KsPOs was used instead of
o f{x 2-carboxylic acid Cs2C0s in Step 1
K
5&[\
N «%ﬂ
51 @ 6-(4-({3-methoxy-5"- {3-methoxy-5-
T f”‘}f’ﬁ”OH (trifluoromethyl)-[1,1- trifluoromethyljphenylboronic
;‘»‘%‘,Lk ,ij - biphenyl]-4-yhmethyl)-2.5- acid was used instead of 3.4~
= ,;»,i H dimethylthiophene-3- dimethylphenylboronic acid in
r j carboxamido)spiro[3.3Jheptane-| Step 1
fi j 2-carboxylic acid
I
A
Fa g .
[782] [Table 10]
[783] Example] LOC/MS (ESD) miz: [M+H] NMR
No.
42 [M+H]" 54433, [M+H]:|'H NMR (400 MHz, Chloroform-d) 8 7.58-7.53 (m, 2H), 7.46 (s, 2H),
542.44 7.29-7.26 (m, 2H), 7.21-7.15 (m, 2H), 543-5.36 (m, 1H), 4.31-4.23 (m,
1H), 3.97 (s, 2ZH), 3.03-2.95 (m, 1H), 2.43 (5, 3H), 2.41-2.39 (m, 1H),
2.35 (s, 3H}, 2.34-2.28 (i, 4H), 2.20-2.14 {m, 1H), 1.60-1.50 (m, 2H).
43 4784 'H NMR (500 MHz, Chloroform-d) 8 7.49 (d, T = 8.1 Hz, 2H), 7.43-7.38
(m, 1H), 7.34 {d, 1= 7.8 Hz, 1H), 7.26 (dt, I = 10.2, 1.9 Hz, 1H), 7.19
(d, T = 8.1 Hz, 2H), 7.04 (td, T = 8.3, 2.2 Hz, 1H), 544 (d, T = 7.7 Hz,
1H), 4.28 (h, =80 Hz, 1H)},4.00 (s, 2H), 3.00(p, =84 Hz, 1H),2.47-
2.41 (m, 4H), 2.37 (s, 3H), 233 (1d, J= 7.8, 42 Hz, 3H), 2.19 (dd, I =
11.7, 8.2 Hz, 1H), 2.03 (ddd, J = 11.5, 8.8, 2.1 Hz, 1H), 1.56 (ddd, T =
16.2, 11.3, 8.6 Hz, 2H).
44 528.3 'H NMR (500 MHz, Chloroform-d) & 7.80 (s, 1H). 7.74 (d, T = 7.6 Hz,
1H), 7.58 (dt, = 15.3, 7.7 Hz, 2H), 7.51 (d, F = 8.1 Hz, 2H), 7.22 (d, J
=8.1 Hz, 2H), 542 {d, F = 7.8 Hz, 1H), 4.30 (b, J = 8.0 Hz, 1H), 4.01 {5,
2H), 3.00 (p, J= 8.5 Hz, 1H), 2.45 (s, 4H}, 2.38 (5, 3H), 2.33 (1, I = 7.6
Hz, 3H), 2.20 {dd, T = 11.7, 8.2 Hz, 1H), 2.04 {(q, J = 9.4, 8.7 Hz, 1H),
1.58 {ddd, J = 16.6, 11.3, 8.7 Hz, 2H).
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45

[M+HT"
520.36

52219, [M+H]:

"H NMR (300 MHz, Chloroform-d) 8 7.47-7.42 (m, 2H), 7.18-7.13 (in,
2H), 6.88-6.79 (11, 2H), 6.62-6.54 (m, 1H), 5.42-5.33 (1, 1H), 4.33-4.16
(m, 1H), 4.11-4.02 (m, 2H), 3.96 (s, 2H), 3.04-2.91 (m, 1H}, 2.45-2.38
(m, 4H}), 2.35 (s, 3H}, 2.32-2.26 (m, 3H), 2.21-2.14 {m, 1H}, 2.08-1.99
(m, 1H), 1.59-1.47 (m, 2H), 1.46-1.40 {m, 3H).

46

[M+H]"
534.47

53630, [MtH]:

'H NMR {400 MHz, Chloroform-d) & 7.46-7.42 (m, 2H), 7.17-7.13 (m,
2H), 6.84-6.79 {m, 2H), 6.60-6.54 (1, 1H1), 5.41-5.35 (m, 1), 4.61-4.52
(m, 1H}, 4.30-4.20 (m, 1H), 3.96 (5, 2H), 3.04-2.93 (m, 1H}, 2.45-2.40
(m, 4H), 2.35 (5, 3H), 2.32-2,28 (m, 3H), 2.22-2.15 (m, 1H), 2.06-2.00
(m, 1H), 1.58-1.48 (m, 2H), 1.37-1.34 (m. 6H).

508.28

TH NMR (500 MHz, CDCL) 6 7.46 (d, J = 7.7 Hz, 2H), 7.18 (4, J = 7.9
Hz, 2H), 7.08 (1, F=9.4 Hz, 1H), 6.92 (dd, J = 6.3, 3.2 Hz, 1H), 6.84 (di,
F=9.0, 3.4 Hz, 1H), 5.37(d, J = 7.8 Hz, 1H), 427 (d, J = 8.0 Hz, 1H),
4.00 (s, 2H), 3.84 (s, 3H), 3.01 {t, T = 8.5 Hz, 1H), 2.45 (s, 3H), 2.31 (d,
¥=8.7 Hz, 3H), 2.18 (d, I = 8.5 Hz, 3H), 2.05 {t, T = 10.3 Hz, 1H), 1.56-
1.51 (m, 2H), 1.29 (d, T = 15.5 Hz, 3H)

48

509.43

THNMR (500 MHz, CDCl3) & 7.44 (d, J= 8.0Hz, 2H), 7.15 (d, ] = 7.9Hz,
2H), 7.03-6.98 (m, 2H), 6.92 (dd, I = 9.8, 4.5 Hz, 1H), 5.40 (d, I =7.
Hz, 1H), 4.29 (q, T = 8.1 Hz, 1H}, 3.99 (s, 2ED), 3.80 (s, 3H), 3.02 (p, I =
8.4 Hz, 1H), 2.46 (s, 3H), 2,38 (5, 3H), 2.33 (d. J = 8,5 Hz, 4H), 2.20 (dd,
F=11.9, 8.1 Hz, 2HD), 2.12-2.02 (m, 2H).

49

478.24

'H NMR (500 MHz, CDCls) 6 7.50-7.45 (m, 2H), 741 (td, = 7.8, 1.8
Hz, 1H), 7.37-7.29 (m, 1H), 7.25-7.21 (m, 1H), 7.20-7.11 {m, 3H), 5.37
(d, J=79Hz, 1H}, 427 (h, J = 8.0 Hz, 1H), 4.00 (s, 2H}, 3.12-2.91 (m,
1H), 2.50-2.40 (m, 1H}, 245 (s, 3H), 2.39 (s, 3H), 2.34-2.29 (m, 3H),
2.24-2.16 (m, 1H}, 2.08-2.00 (m, 1H}, 1.58-1.48 {m, 2H).

491,27

'H NMR (400 MHz, MeOD) & 8.16 (d, J = 5.5Hz, 1H), 7.63-7.55 {m,
2H), 7.25-7.18 (m, 3H),7.02(d, J = 1.5Hz, 1H),4.14 (p. I = 8.1Hz, 1H),
3.99 (s, 2H), 3.96 {5, 3H), 2.93 (p, J = 8.5Hz. 1H), 2.38 (s, 7TH), 2.34-
2.18 {m, 3H), 2.18-2.09 (m, 1H), 2.08-1.97 (m, 1H), 1.84-1.70 (m, 2H).

51

[M+H]": 558.6, [M+H]: 556.5

'H NMR {400 MHz, chloroform ~-d} 8 7.51-7.44 (i, 2H), 7.36 (3, 1H),
7.23-7.21 {m, 1H) 7.19-7.16 {m, 2H), 7.10-7.07 {(m, 1H}, 5.44-5.34 (m,
{HD), 4.34-4.20 (m, 1H), 3.98 (s. 2H), 3.89 (g, 3H), 3.03-2.91 (m, 1H),
2.42 (s, 3H) ), 2.40-2.38 (m, 1H), 2.35 (s, 3H), 2.33-2.27 {m, 3H), 2.20-
2.14 {m, 1H), 2.05-1.98 (m, 1H), 1.60-1.50 (m, 2H).

[Table 11]

Example
No.

Chemical structure

Name Difference in preparation method

52

0

[y

0 i
)}i\ it

ii'

it
S
TE

R
Sy
§
A

ey

i

By /&

6-(4-((3",5"-difluoro-[1,1'-
biphenyl]-4-ylymethyl)-2,5-
dimethyithiophene-3-
carboxamido)spiro{3.3]heptane-
2-carboxylic acid

3,5-difluorophenylboronic acid
was used instead of 3,4~
dimethylphenylboronic acid, and
KsPOs was used instead of
Cs2C0:in Step 1
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[787] 53 i 6-{4-((3".5"-dimethoxy-[1,1'- 3,5-dimethoxyphenylboronic acid
. © ;’“}*’ Ok biphenyl]-4-yhmethyl)-2.5- was used instead of 3.4-
%iﬁm\[/ﬁ\ﬁ =i dimethylthiophene-3- dimethyiphenylboronic acid, and
;r”ﬁ}\ carboxamido)spiro[3.3]heptane- | KsPOy was used instead of
: Jj\ 2-carboxylic acid Cs;CO0;5 in Step |
)
Sy
x‘a’g‘ﬂfiyy
54 g 6-{4-({3"-amino-5-fluoro-{1.1- |Intermediate H was used instead
o - M{)ﬁ biphenyl]-4-viymethyi)-2,5- of 3 4-dimethylphenylboronic acid
}:}\ L\Q,—LJ dimethylthiophene-3- in Step 1
S}_;;,{ H carboxamido)spiro]3.3Jheptane-
¢ 2-carboxylic acid
A
g
=
Ftiy o
J\N Ha
55 ?g G-(4-((3'-fluoro-S'-(methylthio)- | Intermediate [ was used instead of
- 7,1““}”’ O [1,1"-biphenyl]-4-yDimethyD)- 3. 4-dimethylphenylboronic acid in
)&uf.:,fi N/{w 2.5-dimethylithiophene-3- Step 1
;}ﬂ"’“‘& H carboxamidospiro[3.3theptane-
_ __;eii 2-carboxylic acid
&
i
F"i‘mfi’\sw
56 Q 6-(4-({3-fluorp-5'- The methylthio group of methyl 6;
.9 ~5‘1‘/‘:’:‘1"'}\ OH (methylsulfonyl)-[1,1'- {4-{(3"-flnoro-5"-{methylthio)-
e /ﬁ\ﬁ fi*\f biphenyl}-4-yhmethyl}-2,5- {1.1"biphenyl}-4-yhimethyl}-2,5-
:)”‘i\? : dimethylthiophene-3- dimethylthiophene-3-
{,/;\ carboxamido)spirof3.3lheptane- | carboxamido)spire[3.3heptane-2-
Sy Jﬁf 2-carboxylic acid carboxylate obtained in Step 1 of
N Example 55 was oxidated, and then
pris JI\{Q Step 2 was performed. Oxidation
o oHy reaction conditions and reagents:
oxone, MeOH/H:0, 0 °C to room
temperature, 5 hours
57 i 6-{4-({3"-carbamoyl-5'-fluoro- | Intermediate I was used instead of
3 0 f?r“ on {1, -biphenyl]-4-yDhmethyl)- 3.4-dimethylphenylboronic acid in
qx% &xﬁ 2.5-dimethylthiophene-3- Step 1
';}::—i\} H carboxamido)spiro[3.3]heptane-
i 2-carboxylic acid
y
/’J 9
£ %}*”"*";Z\ HH:
r
e}
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[788] 58 9 16-(4-{(3"carbamoyl-5'- Intermediate K was used instead
; & ‘\;:i ' OH methoxy-{ 1, 1%-biphenyl]-4- of 3 4-dimethylphenylboronic acid
M 2 3 w i yhmethyl)-2,5- inStep 1
5 o ﬁ dimethylthiophene-3-
,}ﬂ‘)\ ? carboxamidojspiro[3.3 Jheptane-
fg/‘\% 2-carboxylic acid
A
ok
OTRAL
T
o]
59 o 6-(4-((3-(({tert- Intermediate I was used instead of]
o ; f“gi\g;.i butoxycarbonyllamino)methyl)- | 3 4-dimethylphenylboronic acid in
s Feom,
i DI 5t.methoxy-{1,1-biphenyl}-4- |Step 1
P -
Al H yhmethyl)-2,5-
Y
4 dimethylthiophene-3-
‘&r“{i\;} carboxamidojspiro[3.3Jheptane-
Mo 2-carboxylic acid
i
“0, ,J;Q wp{
Bog
60 {3 6-{4-((3"-fluoro-3'- Intermediate M was used instead of]
B f\ : o | (hydroxymethyl)-{1,1'- 3 4-dimethylphenylboronic acid in
;\\ ; L B/ biphenyl]-4-yDmethyl}-2.5-  |Step 1
g’ ’“’“F %% dimethylthiophene-3-
>"’m‘\} carboxamido)spiro[3.3Jheptane-
; ‘#{j"k 2-carboxylic acid
L
e
o 3 .
I O
61 %’\ 6-{4-{(3"-(3-hydroxyoxetane-3- |Intermediate N was used instead of|
6 a7 OH" L yl)-5%methoxy-[ 1,1 -biphenyl]- |3.4-dimethylphenylboronic acid,
,,i.“.jm 4-yDmethyl)-2,5. and K;P0s was used instead of]

dimethylthiophene-3-
carboxamido)spiro[3.3 theptane-
2-carboxylic acid

Cs3C0; i Step 1
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6-(4-{{3"-methoxy-5'-(2-
oxoazetidin-1-y1-[1.1-
biphenyll-4-yhmethyl)-2.5-
dimethvlthiophene-3-

carboxamido)spiro{3.3Jheptane-

2.carboxylic acid

Intermediate O was used instead of
3.4-dimethylphenylboronic  acid,
and KiPOq was used instead of
CaCOs5 in Step 1

63 (2R, 4R, 6R)-6-(4-((3'-methoxy-| Intermediate O was used instead of]
5{2-oxoazetidin-1-y1)-{1.1"- 3 4-dimethylphenylboronic  acid,
biphenyl]-4-ylymethyl)-2,5- and KsPOs was used instead of
dimethylthiophene-3- C3:C0s in Step 1. In addition, (2R,
carboxamido)spiro[3.3]heptane- | 4R, 6R}-methyl 6-{4-4-
2-¢carboxylic acid chlorobenzyl-2,5-

dimethylthiophene-3-

carboxamido)spiro[3.3heptane-

carboxylate, which was obtaived

using Intermediate Z instead of

Intermediate A in Step 3 of

Example 23, was used in Step 1.
64 G 6-{4-((3'-(aminomethyl}-5'- 6-{4-4{3"{{{tert-

fluoro-{1.1%-biphenyl]-4-
yhmethyl)-2,5-
dimethylthiophene-3-

carboxamidojspiro[3.3 Jheptane-

2-carboxylic acid

butoxycarbonylamino)methyi)-5'-
fluoro-[1,1%-biphenyl}-4-
yhmethyi)-2,5-
dimethylthiophene-3-
carboxamido)spiro{3.3heptane-2-
carboxylic acid was obtained in the
same manner as in Example 28,
except that Intermediate P was
used instead of 34-
dimethylphenylboronic  acid in
Step 1. Thereafter, Boc
deprotection was performed to
obtain the hydrochloride salt of the
compound of Example 64.

Boc deprotection reaction reagents
and conditions: 4N HCl in dioxane
(1 M}, DCM, room temperature, 15
heurs
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[790] 65 6-{4-((3"-(azetidin-3-y1)-5- The hydrochloride salt of the
fluore-[1,1-biphenyl]-4- compound of Example 65 was
yhmethy-2,5- obtained in the same manner as in
dimethylthiophene-3- Example 64, except  that

[791]
[792]

carboxamido)spiro[3.3 |heptane- | Intermediate  was used instead of
2-carboxylic acid 3 A-dimethylphenylboronic  acid,
and KiPO4 was used instead of]
CsC0;3 in Step 1.

66

6-44-((3'-(aminomethy!)-5'- The hydrochloride salt of the
methoxy-{{,1-biphenyl]-4- compound of Example 66 was
ylimethyl}-2,5- obtained in the same manner as in
dimethylthiophene-3- Example 64, except that
carboxamido)spiro[3.3Theptane- | Intermediate L was used instead of
2-carboxylic acid 3 4-dimethylphenylboronic acid in
Step 1.

[Table 12]

Example
No.

LC/MS (ESD nvz: [M+H}*

NMR

52

496.5

TH NMR (300 MHz, DMSO-dg) 8 12.01 (5, 1H), 8.28 (d, 7= 7.5 Hz,
tH}, 7.64-7.56 (m, 2H), 7.38 (di, = 7.6, 2.2 Hz, 2H), 7.23-7.14 (m,
3H), 4.18-4.10 (m, 1H}, 3.90 (s, 2H), 2.95-2.84 (1, 1H}, 2.38-2.27 (m,
THY, 2.26-2.13 (m, 3H), 2.10-1.98 (m, 2H), 1.85 {ddd, T =159, 11.0,
8.5 Hz, 2H).

Ly
w2

520.5

1H NMR (300 MHz, Methanol-ds) 8 7.44 (d, ] = 8.2 Hz, 2H), 7.12 (d,
J=8.2Hz, 2H), 6.69 {d, ] = 2.3 Hz, 2H), 6.45 (1. T= 2.2 Hz, [H), 4.18-
4.06 (m, 1H), 3.94 (s, 2H). 3.81 (5, 6H), 2.97-2.88 (m, 1), 2.41-2.33
{m. 7H), 2.31-2.17 (m, 3H), 2.16-2.10 (m, 1), 2.06-1.98 (m, 1ID),
1.79-1.71 {m, 2H).

54

493.5

TH NMR (400 MHz, CDCL) 8 744 (d. J=8.1 Hz, 2H), 7.15{d, T =
7.9 Hz, 2H}. 6.71-6.60 (m. 2H), 6.40 (dt, J = 10.3, 2.2 Hz, 1H). 5.33
{d. J=8.0Hz, 1H), 426 (bh. J=8.1 Hz, 1H), 3.98 (s, 2H},2.99 (p. I =
8.0 Hz, 1H), 2.44 {s. 3H), 2.44-2.38 {m, 1H), 2.38 (5. 3H), 2.37-2.24
{m, 3H), 2.17-2.01 {m, 2H), L.55 (dd, T = 11.4, 8.3 Hz, 1H), 1.39 (dd.
T=11.7,8.4 Hz, 1H).

TH NMR (500 MHz, Chioroform-d} 8 7.49-7.45 (m, 2H), 7.20-7.17
{m, 3H}, 7.03-6.99 (m, 1H), 6.94-6.91 (m, 1H), 544-542 (m, 1H),
4.33-4.26 (m, 1H), 4.00 {5, 2H), 3.05-2.97 {m, 1H}, 2.55-2.53 (m, 3H)},
2.48-2.46 (m, 1H), 2.45 (s, 3H), 2.45-2.42 (m, 1H), 2.37 (s, 3H), 2.35-
2.30 (m. 3H), 2.23-2.18 (m, 1H). 1.61-1.54 {m, 2H).
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[M+H] =556

2

8. [M-H]-554.39

1H NMR (300 MHz, Chloroform-d) 87.96-7.94 (m, 1), 7.64-7.63
{m, 1H), 7.54.7.51 (m. 3H), 7.26-7.24 (m, 2H), 6.07-6.05 {m, H),
4.32-4.29 (m, 1H), 3.51 (s, 2H), 3.15 (s, 3H), 3.06-3.04 (m, 1H), 2.57-
255 {m, 1H), 2.53.2.51 (m, 3H), 2.46.2.46 {ims, iH), 2.43 {5, 3H),
2.38-2.37 (m, 3T1), 2.22-2.22 (m, 1H}, 1.70-1 67 {m, 2H).

57

L
=)
—
a

H NMR (300 MHz, Methanol-ds) 8 823 (d, J = 7.3 Hz, 1H), 7.95

{t.J=15Hz, 1H), 7.60 - 7.50 {m, 4H), 7.20 (d, T = 8.2Hz, 2H), 4.18-

4.07 {m, 15, 3.97 (s, ZH), 2.99-2.88 (m, LH), 2.37 (s, 3H), 2.37 {3,

3H), 2.36 (s, 3H), 232 — 2.18 (m, 3H), 2.16 — 1.96 (o, 3H), 1.84 —
.70 (m, 2H).

58

5336

'H NMR (300 MHz, DMSO-ds) & 8.28 (d, /= 7.5 Hz. 1H), 8.07 {s,
1H). 7.69 (s, 1H), 7.57 (d, /= 8.2 Hz, 2H), 7.42 (s, 1H), 7.38 {5, 1H),
7.26 (s, 1H), 7.19 (d, J= 8.2 He, 2H), 4.26 — 4,08 (m, 1H), 3.90 (s,
2H), 3.83 (s, 3H), 2.95 - 2.79 (m, 1H), 2.31 {s, 6H). 2.23 - 2.12 {m,
3H), 2,09 - 197 (. 2H). 1.94 — 178 (m, 2H), 1.68 - 1.35 {m, 1H).

59

619.5

'H NMR (300 MHz, Methanol-dy) 8 7.46 (d. J= 8.2 Hz, 2H), 7.13 {d,
J=8.2 Hz, ZH), 7.07 (s, 1H}, 6.97 (s. 1H), 6.81 (s, 1H}, 4.63 (s, 1H),
4.25 {s, 2H), 4.18 - 4.03 (m, 1H}, 3.95 (s, 2H), 3.83 {5, 3H), 3.01 -
2.84 (m, 1H}, 2.36 (s, 6H), 2.32 = 2.17 (m, 3H). 2.17 - 2.08 (m, 1H),
2.08 - 1.97 (m, 1H), 1.82 - 1.68 {m, 2H), 1.47 (s, SH}.

60

508.08

H NMR (400 MHz, CDCl) 87.50 {d, J = 8.0 Hz, 2H), 7.38 (s, 1H),
7.23-7.15 {m, 3H), 7.07-7.00 (m, 1H}, 5.34 (d, J= 8.0 Hz, 1H), 4.78
(s, 2H}, 423 (h, I=7.7,7.2 Hz, 1H), 400 (s, 2H}, 2.95 {p, T = 8.0 Hz,
1H}, 2.47-2.41 (m, 1H), 2.44 (s, 3H}, 2.39 {5, 3H), 2.35-2.25 {m, 3H),
2.13-1.97 {m, 2H). 1.58 (dd, J= 11.6, 7.8 Hz, 1H), [.36 (dd, T = 1.8,
7.9 Hez, 1H).

61

ES+ 562.08

TH NMR (500 MHz, CDChL) 8748 (d, J = 8.0 Hz, 2H), 7.35 (s, 1H)},
7.16-7.09 (m. 3H), 7.02 (s, 1H), 5.30 (d. J = 8.0 Hz, 1H), 5.05-4.85
{m, 4H), 4.19 (q. 7= 7.8 Hz, 1H), 3.96 (s, 2H), 3.86 (s, 3H), 2.91 (p, J
= 8.1 Hz, 1H), 2.40 (s, 3H), 2.40-2.35 (m, 1H), 2.35 (s, 3H), 2.25 (dd,
J=13.0, 7.6 Hz, 3H), 2.01 {t. ] = 8.8 Hz, 2H), 1.54 (dd, T = 11.6, 7.7
Hz, 1H), 1.32 (dd, T = 12.0, 8.0 Hz, 1H},

ES+ 559.32

TH NMR (500 MHz, CDCl) § 7.45 (d, J = 7.9 Hz, 2H), 7.15-7.11 {m,
3H} 6.86 (1, J=2.1Hz, 1H), 6.79 (t, = 1.9 Hz, 1H), 533 (d. J=7.
Hz 1H)Y, 422 (h, T=8.0 Hz, 1H), 3.95 (5, 2H), 3.84 (s, 3H), 3.64 (L. ]
=4.5 Hz, ZH), 3.10 (1, T =4.5 Hz, 211}, 2.95 (p, I = 8.4 Hz, 1H), 2.40
(s, 3H}Y. 2.39-2.34 {m, 1H), 2.34 (s, 3H), 2.30-2.23 (m, 3H), 2.11 (dd,
J=11.8,8.0Hz, 1H),2.06-1.97 (m, IH}, 148 (ddd. J=16.7, 11.6.8.3
Hz, 2H).
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[794] 63 ES+ 559,32 TH NMR (500 MHz, CDCl) & 7.45 (d, Y= 7.9 Hz, 2H), 7.15-7.11 {m,

[795]

[796]

[797]

[798]

3H), 686 (. J=21Hz IHL679(1,J=19Hz 1H), 533(d.J=78
Hz, 1H}). 4.22 (h, J= 8.0 Hz, 1H), 3.95 (s, 2H), 3.84 (s, 3H), 3.64 (1. T
=45Hz 2H). 3.10(t, T=4.5Hz, 2H), 2.95 (p, J = 84 Hz, 1H), 2.40
{s. 3H), 2.39-2.34 (m, 1H}, 2.34 (s, 3H), 2.30-2.23 (m, 3H), 2.11 (dd,
J=11.8,8.0 Hz, 1H), 2.06-1.97 (m, 1H}, 148 (ddd, I=16.7, 11.6,83
Hz, 2H).

64 n+1=507.5 TH NMR (300 MHz, DMSO-d6) $8.30 (d. F=7.5 Hz, 1H), 7.65 (d, J
= 1.5Hz, 1H}, 7.58 (d, ] = 8.2 Hz, 2H), 7.52-7.47 (m, 1H}, 7.33.7.29
{m, 1H}), 7.21 (d. T = 8.2 Hz, 2H), 4.22 - 4.06 (m. 3H), 3.90 (s, 2H).
2.96-2.85 (m, 1H}. 2.39 - 2.28 (m, 7H), 2.27 - 2.10 (m, 3H), 2.09 -
2,02 {m. 2H3, 1.90 - 1.81 (m, 2H).

TH NMR (300 MHz, Methanol-d4) 87.55 (d, J = 8.2 Hz, 2H), 746 {s.
1H}, 7.32(dt, J=9.9, 2.0 Hz, 1H), 7.23 - 7.15 (m, 3H), 4.48 - 427 (m,
5H), 4.14 (p. = 8.0 Hz, 1H). 3.98 (5. 2H), 3.01 - 2.87 (m, 1H). 2.38
(d, J = 4.4 Hz, 7TH), 2.31 - 2.18 (m, 3H}, 2.17 - 1.99 (. 2H}, 1.87 -
1.70 (m, 2H}.

66 519.3 'H NMR. (300 MHz, DMSO-dg) 6 831 {d, J= 7.5 Hz, 1H), 7.54 (d. J
=8.0Hz, 2H), 7.33 (s, 1H), 7.19 (d, J=8.0 Hz, 2H), 7.13 (s, 1H), 7.07
(s, 1H), 4.24 - 4.09 (m, 1H), 4.05 (s, 2H), 3.89 (s, 2H), 3.83 (s, 3H),
2.98 - 2.83 (m, 1H), 2.31 (d, J= L4 Hz, 6H), 2.27 - 2.10 (m, 4H),
210~ 157 {m, 2H), 1.95 - 1.77 {m, 2H}.

&
4
wh
L3
L
Lot

Example 67:
6-(4-(4-cyclohexylbenzyl)-2,5-dimethylthiophene-3-carboxamido)spiro[3.3]heptan
e-2-carboxylic acid

Step 1: Synthesis of methyl

oxamido)spiro[3.3]heptane-2-carboxylate

o}
2.
o [T
\ ] Pd(OAc),
I A A XPhos
s N Cs,CO
B H 203
/ } Dioxane/H,0
_ 90 °C, 15 h
/
g}j
cl

A solution of methyl
6-(4-(4-chlorobenzyl)-2,5-dimethylthiophene-3-carboxamido)spiro[3.3]heptane-2-carb
oxylate (50 mg, 0.11 mmol) obtained in Step 3 of Example 23 and
2-(cyclohex-1-en-1-y1)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (27 mg, 0.13 mmol) in
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[799]

[800]

[801]

[802]

1,4-dioxane (1 mL) was placed in a sealed tube, and H,O (0.05 mL) and Cs,CO; (40
mg, 0.22 mmol) were added. Pd(OAc), (2.5 mg) and Xphos (65 mg, 0.115 mmol) were
added under N, atmosphere and stirred at 90°C for 15 hours. The reaction mixture was
diluted with ethyl acetate, washed with distilled water, then dried over MgSQO,, filtered,
and concentrated. The crude product was purified by silica gel column chromatography
(30% EtOAc in hexane) to obtain methyl
6-(2,5-dimethyl-4-((2',3',4",5'-tetrahydro-[ 1,1'-biphenyl]-4-yl)methyl)thiophene-3- car-
boxamido)spiro[3.3]heptane-2-carboxylate (59 mg, mixture). 'H NMR (400 MHz,
Methanol-ds) & 7.28 - 7.22 (m, 2H), 7.00 (d, J = 8.3 Hz, 2H), 6.07 (tt, J = 3.9, 1.7 Hz,
1H), 4.13 - 4.09 (m, 1H), 3.90 (s, 2H), 3.66 (s, 3H), 3.02 (p, J = 8.5 Hz, 1H), 2.50 -
2.42 (m, 1H), 2.41 - 2.37 (m, 2H), 2.35 (d, J = 5.5 Hz, 6H), 2.32 - 2.25 (m, 2H), 2.24 -
2.13 (m, 4H), 2.10 - 2.05 (m, 1H), 1.81 - 1.75 (m, 4H), 1.71 - 1.67 (m, 2H).

Step 2: Synthesis of methyl

= 10% Pd/C, H, (@) ff”\

/
% ACOEY/MeOH N
& t, 24 h ]

To a solution of methyl 6-(2,5-dimethyl-4-((2',3',4',5'-tetrahydro-[ 1,1'-biphenyl]-4-y1)
methyl)thiophene-3-carboxamido)spiro[3.3]heptane-2-carboxylate (20 mg, 0.042
mmol) in ethyl acetate/methanol (8/2, 0.2 mL), 10% Pd/C (2.2 mg) was added. The
reaction mixture was stirred under hydrogen gas for 24 hours and filtered through
Celite using ethyl acetate to obtain methyl
6-(4-(4-cyclohexylbenzyl)-2,5-dimethylthiophene-3-carboxamido)spiro[3.3]heptane-2-
carboxylate (12 mg). '"H NMR (400MHz, Chloroform-d) 6 7.16 - 7.10 (m, 2H), 7.02 (s,
2H), 5.32 (d, J =7.9Hz, 1H), 4.31-4.13 (m, 1H), 3.91 ( s, 2H), 3.68 (s, 3H), 3.03-2.95
(m, 1H), 2.52-2.46 (m, 1H), 2.45 (s, 3H), 2.40-2.36 (m, 1H), 2.35 (s, 3H), 2.30-2.26
(m, 2H), 2.26-2.23 (m, 1H), 2.22-2.16 (m, 1H), 2.02-1.96 (m, 1H), 1.87-1.83 (m, 4H),
1.69-1.65 (m, 2H), 1.48-1.43 (m, 2H), 1.40-1.32 (m, SH).

Step 3: Synthesis of
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[803]

[804]

[805]

[806]

carboxylic acid

©
o -
~[ 7 °
A
LIOH:H,0
¢ i
THFMeOM/H,O, 11, 3 8 ;g;"‘\?
{ i
Ll
67
/ {
A A,
;"' . g“ ?
A /"’j f\\ ,/f"

To a solution of methyl
6-(4-(4-cyclohexylbenzyl)-2,5-dimethylthiophene-3-carboxamido)spiro[ 3.3]heptane-2-
carboxylate (12 mg) in THF/MeOH/H,0 (2/1/2), LiOH-H,O (3 mg, 0.075 mmol, 3.0
equiv) was added and stirred for 3 hours. The reaction mixture was partially con-
centrated and then acidified with 1 N HCI aqueous solution, and the aqueous layer was
extracted with EtOAc. The organic layer was dried over MgSO, and then concentrated
under reduced pressure, and the crude product was purified by silica gel column chro-
matography to obtain the compound of Example 67 (3.7 mg, yield 32%). 'H NMR
(300 MHz, Chloroform-d) § 7.14-7.08 (m, 2H), 6.99 (d, J = 8.1 Hz, 2H), 5.30 (d, J =
7.8 Hz, 1H), 4.29-4.12 (m, 1H), 3.89 (s, 2H), 3.00 (p, J = 8.5 Hz, 1H), 2.52-2.45 (m,
1H), 2.42 (s, 3H), 2.40-2.35 (m, 1H), 2.33 (s, 3H), 2.31-2.27 (m, 2H), 2.26-2.21 (m,
1H), 2.18 (dd, J = 10.6, 7.2 Hz, 1H), 2.06-1.96 (m, 1H), 1.82 (d, J = 8.1 Hz, 3H), 1.74
(d, J =13.0 Hz, 2H), 1.47-1.31 (m, 6H), 1.30-1.22 (m, 1H). LC/MS (ESI) m/z : 466.43
[M+H]*, 464.54 [M+H].

Example 68:
6-(2,5-dimethyl-4-(4-(piperidin-4-yl)benzyl)thiophene-3-carboxamido)spiro[3.3]he
ptane-2-carboxylic acid

Steps 1 to 3: Synthesis of

6-(4-(4-(1-(tert-butoxycarbonvl)piperidin-4-yl)benzyl)-2.5-dimethyvlthiophene-3-carbo

xamido)spiro[3.3]heptane-2-carboxylic acid
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[807] j<
’ Q

=% ‘0/<
T D@*@”

=

Q
PAOAC) 3}\ N
*Ph it
s_] W G0, T i I
> 1 A-dioxanefth0,90°%C, 121 2N AcOFUMeOH (82)
= s« A2h
;\\\r !
Cl ‘:(
N
Bac
[808]
IS O
-
Q OH
0 o
Er
. = N
ST N | s_| #
e LIOHH0 =
o THEMeOHMO, 1L 3 h =
g N
N
Boc Boc
[809]

[810] 6-(4-(4-(1-(tert-butoxycarbonyl)piperidin-4-yl)benzyl)-2,5-dimethylthiophene-3-carb
oxamido)spiro[3.3Jheptane-2-carboxylic acid was obtained as an ivory solid in the
same manner as in Example 67, except that tert-butyl
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,6-dihydropyridine-1(2H)-carboxylat
e was used instead of 2-(cyclohex-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
in Step 1 of Example 67. 'H NMR (400 MHz, Chloroform-d) & 7.13 (s, 2H), 7.06-7.01
(m, 2H), 5.34-5.29 (m, 1H), 4.30-4.20 (m, 3H), 3.91 (s, 2H), 3.05-2.96 (m, 1H),
2.86-2.74 (m, 2H), 2.69-2.59 (m, 1H), 2.43 (s, 3H), 2.41-2.38 (m, 1H), 2.35 (s, 3H),
2.33-2.27 (m, 4H), 2.15-2.09 (m, 1H), 1.82-1.76 (m, 2H), 1.67-1.54 (m, 4H), 1.50 (s,
9H).

[811] Step 4: Synthesis of

6-(2.5-dimethyl-4-(4-(piperidin-4-yl)benzyl)thiophene-3-carboxamido)spiro[3.3]hepta

ne-2-carboxylic acid
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[813] A solution of 6-(4-(4-(1-(tert-butoxycarbonyl)piperidin-4-yl)benzyl)-2,5-dimethyl
thiophene-3-carboxamido)spiro[3.3]heptane-2-carboxylic acid (14 mg, 0.024 mmol)

68

and 4 N HCl in dioxane (0.5 mL) was stirred for 2 hours. The reaction mixture was
poured into ether and concentrated under reduced pressure to obtain the hydrochloride
salt of the compound of Example 68 (4mg, 33%) as an ivory solid. 'H NMR (500
MHz, Methanol-d,) § 7.15-7.08 (m, 2H), 7.04-6.98 (m, 2H), 4.16-4.09 (m, 1H), 3.86
(s, 2H), 3.49-3.44 (m, 2H), 3.16-3.08 (m, 2H), 3.03-2.97 (m, 1H), 2.86-2.79 (m, 1H),
2.41-2.35 (m, 2H), 2.33 (s, 3H), 2.30 (s, 3H), 2.26-2.20 (m, 2H), 2.17-2.12 (m, 1H),
2.12-2.06 (m, 1H), 2.03-1.98 (m, 2H), 1.93-1.81 (m, 3H), 1.77-1.70 (m, 1H). LC/MS
(ESI) m/z : 465.7 [M-H]-.

[814] Example 69:
6-(4-((4'-fluoro-[1,1'-biphenyl]-4-yl)methyl)-2,5-dimethylthiophene-3-carboxamid
o)spiro[3.3]heptane-2-carboxylic acid

[815] o
oH I
7 A
i f/ ~Bon -t o
( O ..M;’imy/ OH Sy A
. Pd(OAc),
AR N . ~
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NI
/ ) 1,4-dioxane/H,O, 90 °C, 12 h
Cy =
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i
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=

[816] A solution of the compound of Example 23 (30 mg, 0.069 mmol) and
4-fluoroboronic acid (12 mg, 0.083 mmol) in 1,4-dioxane (0.2 mL) was placed in a
sealed tube, and H,O (0.01 mL) and Cs,CO; (45 mg, 0.138 mmol) were added.
Pd(OAc), (2 mg, 0.007 mmol) and Xphos (33 mg, 0.069 mmol) were added under N,
atmosphere and stirred at 90°C for 12 hours. The reaction mixture was diluted with
ethyl acetate, washed with distilled water, dried over Na,SQO,, then filtered, and con-

centrated. The crude product was purified using a silica column (hexane:ethyl acetate =
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[817]

[818]

[819]

[820]

[821]

1:1) to obtain the compound of Example 69 (3 mg, yield 12%) as an ivory solid. 'H
NMR (500 MHz, Chloroform-d) § 7.55-7.49 (m, 2H), 7.48-7.45 (m, 2H), 7.19-7.17
(m, 2H), 7.17-7.12 (m, 2H), 5.46-5.35 (m, 1H), 4.33-4.25 (m, 1H), 3.99 (s, 2H),
3.04-2.96 (m, 1H), 2.46 (s, 3H), 2.44-2.41 (m, OH), 2.38 (s, 3H), 2.36 2.30 (m, 4H),
2.22-2.15 (m, 1H), 2.06-1.98 (m, 1H), 1.62-1.49 (m, 3H). LC/MS (ESI) m/z: 478.6
[M+H]+, 476.6 [M-H]-.

Example 70:
6-(4-((3'-cyano-5'-fluoro-[1,1'-biphenyl]-4-yl)methyl)-2,5-dimethylthiophene-3-car
boxamido)spiro[3.3]heptane-2-carboxylic acid

o
O S :”’i~
| r OH
o H o ~/
[Ty ToH F >
; M‘f“j
e ] Pd(OAc);, XPhOS
KaPO4
1 4-diocxane/k,0 (3:1}
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i / icrowave
et 23

The compound of Example 70 was obtained in the same manner as in Example 69,
except that 3-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzonitrile was
used instead of 4-fluoroboronic acid, and K;PO, was used instead of Cs,CO; in
Example 69. '"H NMR (300 MHz, MeOD) 6 8.28 (d, ] = 7.5 Hz, 1H), 7.85 (t,J = 1.5
Hz, 1H), 7.73 (ddd, J = 10.1, 2.5, 1.6 Hz, 1H), 7.63-7.54 (m, 2H), 7.52 (ddd, J = 8.1,
2.5, 1.3 Hz, 1H), 7.23 (d, ] = 8.2 Hz, 2H), 4.22-4.08 (m, 1H), 3.99 (s, 2H), 2.95 (p, ] =
8.4 Hz, 1H), 2.49-2.38 (m, 1H), 2.39 (s, 3H), 2.37 (s, 3H), 2.35-2.20 (m, 3H),
2.19-2.10 (m, 1H), 2.09-1.99 (m, 1H), 1.87-1.70 (m, 2H). LC/MS (ESI) m/z: 503.02
[M+H]*.

Example 71:
6-(4-((3'-fluoro-5'-hydroxy-[1,1'-biphenyl]-4-yl)methyl)-2,5-dimethylthiophene-3-
carboxamido)spiro[3.3]heptane-2-carboxylic acid

Step 1: Synthesis of methyl

6-(4-((3'-fluoro-5'-methoxy-[1.1'-biphenyl]-4-y)methyl)-2.5-dimethylthiophene-3-carb

oxamido)spiro[3.3]heptane-2-carboxylate
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[823] Methyl
6-(4-((3'-fluoro-5'-methoxy-[1,1'-biphenyl]-4-yl)methyl)-2,5-dimethylthiophene-3-carb
oxamido)spiro[3.3]heptane-2-carboxylate was obtained in the same manner as in Step
1 of Example 67, except that (3-fluoro-5-methoxyphenyl)boronic acid was used
instead of 2-(cyclohex-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane in Step 1 of
Example 67. 'H NMR (400 MHz, CDCl;) § 7.50-7.46 (m, 2H), 7.18 (d, ] = 8.2 Hz,
2H), 7.01 (d,J =5.4 Hz, 1H), 6.89 (q, ] = 2.1, 1.7 Hz, 1H), 6.62 (dt, ] = 10.5, 2.3 Hz,
1H), 5.39 (d, ) =7.8 Hz, 1H), 4.28 (q, ] = 8.1 Hz, 1H), 3.99 (s, 2H), 3.87 (s, 3H), 3.66
(s, 3H), 3.03-2.95 (m, 1H), 2.45 (s, 3H), 2.37 (s, 3H), 2.30 (dq, J = 8.6, 4.2, 3.4 Hz,
3H), 2.18 (dd, J = 11.7, 8.4 Hz, 1H), 2.02-1.97 (m, 1H), 1.58-1.51 (m, 2H).

[824] Step 2: Synthesis of
6-(4-((3'-fluoro-5'-hydroxy-[1.1'-biphenyl]-4-yDmethyl)-2.5-dimethylthiophene-3-carb
oxamido)spiro[3.3]heptane-2-carboxylic acid
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[826] To a solution of methyl

6-(4-((3'-fluoro-5'-methoxy-[1,1'-biphenyl]-4-yl)methyl)-2,5-dimethylthiophene-3-carb
oxamido)spiro[3.3]heptane-2-carboxylate (94 mg, 0.18 mmol) in DCM (0.1 M), BBr;
(0.7 mL, 0.72 mmol) was added at 0°C and stirred at ambient temperature for 5 hours.

The reaction mixture was quenched with distilled water, further stirred for 15 hours,
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then extracted with ethyl acetate (2 X 20 mL), and washed with brine. The organic
layer was dried over Na,SQ,, filtered, and then concentrated under reduced pressure.
The crude product was purified by column chromatography (5% MeOH in DCM) to
obtain the compound of Example 71 (22 mg, yield 25%) as an off-white solid. 'H
NMR (500 MHz, CDCl;) '"H NMR (400 MHz, Chloroform-d) 6 7.41 (d, /=7.8 Hz,
2H), 7.14 (d, J = 8.0 Hz, 2H), 6.88 (t, J = 1.9 Hz, 1H), 6.83-6.75 (m, 1H), 6.62-6.54
(m, 1H), 5.40-5.26 (m, 1H), 4.24 (h, J = 8.1 Hz, 1H), 3.98 (s, 2H), 3.02 (p, /= 7.5 Hz,
1H), 2.49-2.27 (m, 3H), 2.41 (s, 3H), 2.40 (s, 3H), 2.17-2.08 (m, 2H), 1.60 (dd, J =
12.1, 8.1 Hz, 1H), 1.38-1.22 (m, 2H). LC/MS (ESI) m/z: 494.1 [M+H]*.

[827] Example 72:
6-(4-(4-(2-hydroxypyridin-4-yl)benzyl)-2,5-dimethylthiophene-3-carboxamido)spi
ro[3.3]heptane-2-carboxylic acid

[828] Steps 1 and 2: Synthesis of methyl

[829]
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[830] Methyl
6-(4-(4-(2-hydroxypyridin-4-yl)benzyl)-2,5-dimethylthiophene-3-carboxamido)

spiro[3.3]heptane-2-carboxylate was obtained in the same manner as in Example 71,
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except that (2-methoxypyridin-4-yl)boronic acid was used instead of
(3-fluoro-5-methoxyphenyl)boronic acid, and K;PO, was used instead of Cs,CO; in
Step 1 of Example 71.

[831] Step 3: Synthesis of

[832]
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[833] A solution of methyl
6-(4-(4-(2-hydroxypyridin-4-yl)benzyl)-2,5-dimethylthiophene-3-carboxamido)spiro[ 3
.3]heptane-2-carboxylate in H,O (0.1 M) was stirred for 15 hours. The precipitated
solid was filtered and dried to obtain the crude product, which was then purified by
column chromatography (15% MeOH in DCM) to obtain the compound of Example
72 as an off-white solid. 'H NMR (300 MHz, MeOD) 6 8.25 (d, ] = 7.4 Hz, 1H),
7.61-7.54 (m, 2H), 7.51 (d, ] =7.6 Hz, 1H), 7.22 (d, J = 8.2 Hz , 2H), 6.78-6.69 (m,
2H), 4.21-4.08 (m, 1H), 3.99 (s, 2H), 2.96 (p, ] = 8.4 Hz, 1H), 2.38 (s, 6H), 2.32-1.98
(m, 6H), 1.76 (ddd, J = 17.0, 11.4, 8.6 Hz, 2H); LC/MS (ESI) m/z: 477.16 [M+H]*.

[834] Example 73:
6-(4-([1,1'-biphenyl]-4-ylmethyl)-N,2,5-trimethylthiophene-3-carboxamido)spiro[
3.3]heptane-2-carboxylic acid

[835] Step 1: Synthesis of 3-([1.1'-biphenyl]-4-ylmethyl)-4-bromo-2.5-dimethylthiophene
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To a solution of [1,1'-biphenyl]-4-ylmethanol (553 mg, 3.0 mmol) in DCE (0.5 M),
3-bromo-2,5-dimethylthiophene (918 mg, 4.80 mmol), FeCl; (195 mg, 1.20 mmol) and
MsOH (78 pL, 1.20 mmol) were added and stirred at 55°C for 10 hours. Ethyl acetate
was added to the reaction mixture and washed with distilled water and brine, and then
the organic layer was dried over Na,SO, and concentrated under reduced pressure. The
crude product was purified by column chromatography (hexane) to obtain
3-([1,1'-biphenyl]-4-ylmethyl)-4-bromo-2,5-dimethylthiophene (466 mg, yield 43%) as
a white solid. 'H NMR (500 MHz, chloroform-d) 6 7.61-7.57 (m, 2H), 7.52 (m, 2H),
7.44 (t,J =7.7 Hz, 2H), 7.39-7.31 (m, 1H), 7.24 (d, J = 7.9 Hz, 2H), 4.00 (s, 2H), 2.41
(s, 3H), 2.40 (s, 3H).

Step 2: Synthesis of

4-([1.1'-biphenyl]-4-ylmethyl)-2.5-dimethylthiophene-3-carboxylic acid

§ O
8 i
S 5)\“““ OH
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b 78°C.15h \yé}
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To a solution of 3-([1,1'-biphenyl]-4-ylmethyl)-4-bromo-2,5-dimethylthiophene (169
mg, 0.47 mmol) and TMEDA (78 uL, 0.52 mmol) in THF (0.1 M), n-BuLi (0.228 mL,
0.57 mmol) was added at -78°C and stirred for 1.5 hours. The reaction mixture was
quenched with CO, gas at -78°C and then slowly warmed to room temperature over 2

hours. It was acidified with 1 N HCI solution, extracted with ethyl acetate, and washed
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with water. The organic layer was dried over Na,SO, and concentrated under reduced
pressure. The crude product was purified by column chromatography (hexane) to
obtain 4-([1,1'-biphenyl]-4-ylmethyl)-2,5-dimethylthiophene-3-carboxylic acid (56 mg,
yield 37%) as a white solid.

[841] Step 3: Synthesis of methyl

6-(4-([1.1'-biphenyl]-4-vlmethyl)-N.2.5-trimethylthiophene-3-carboxamido)spiro[3.3]h

eptane-2-carboxylate
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[843] To a solution of 4-([1,1'-biphenyl]-4-ylmethyl)-2,5-dimethylthiophene-3-carboxylic
acid (52 mg, 0.16 mmol) and HATU (68 mg, 0.18 mmol) in DMF (0.05 M), DIPEA
(84 uL, 0.48 mmol) was added and stirred for 10 minutes, and Intermediate R (39 mg,
0.18 mmol) was added and stirred for 15 hours. The reaction mixture was diluted with
ethyl acetate and washed with distilled water and brine. The organic layer was dried
over Na,SO,, concentrated under reduced pressure, and then purified by column chro-
matography (20% EtOAc in hexane) to obtain methyl
6-(4-([1,1-biphenyl]-4-ylmethyl)-N,2,5-trimethylthiophene-3-carboxamido)spiro[3.3]h
eptane-2-carboxylate (47 mg, yield 59%) as a white solid.

[844] Step 4: Synthesis of

6-(4-([1.1'-biphenyl]-4-vlmethyl)-N.2.5-trimethylthiophene-3-carboxamido)spiro[3.3]h

eptane-2-carboxylic acid
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[846]

[847]

[848]

[849]

[850]

[851]

To a stirred solution of methyl
6-(4-([1,1-biphenyl]-4-ylmethyl)-N,2,5-trimethylthiophene-3-carboxamido)spiro[3.3]h
eptane-2-carboxylate (47 mg, 0.1 mmol) in H,O:THF:MeOH (0.1 M), LiOH-H,O (12
mg, 0.3 mmol) was added and stirred for 4 hours. The reaction mixture was partially
concentrated under reduced pressure, acidified with 2 N HCI aqueous solution (pH ~6),
and extracted with ethyl acetate (2 X 30 mL). The organic layer was dried over Na,SO,
, concentrated under reduced pressure, and then purified by column chromatography
(70% EtOAc in hexane) to obtain the compound of Example 73 (36 mg, yield 79%) as
a white solid. LC/MS (ESI) m/z: 474.25 [M+H]*.

Example 74:
6-(4-([1,1'-biphenyl]-4-yloxy)-2,5-dimethylthiophene-3-carboxamido)spiro[3.3]he
ptane-2-carboxylic acid

Step 1: Synthesis of methyl

4-([1.1'-biphenyl]-4-vloxy)-2.5-dimethylthiophene-3-carboxylate

. © —
| é‘ -/ «
/‘{JV\Q/ CuBr ?52603
8\ A pyridine
S Br 180°C. 1 h
intermediate D microwave

A solution of Intermediate D (996 mg, 4.0 mmol), 4-phenylphenol (817 mg, 4.8
mmol, 1.2 equiv), CuBr (115 mg, 0.8 mmol, 0.2 equiv) and Cs,CO; (3.9 g, 12.0 mmol,
3.0 equiv) in pyridine (8 mL) was irradiated with microwave and stirred at 150°C for 1
hour. The reaction mixture was filtered through Celite, added to distilled water, and
extracted with EtOAc, and then the organic layer was dried over MgSO, and then con-
centrated under reduced pressure. The crude product was purified by column chro-
matography to obtain methyl
4-([1,1° blphenyl] -4-yloxy)-2,5- dlrnethylthlophene -3- carboxylate (550 mg, 40% yleld)
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[853] To a solution of methyl
4-([1,1'-biphenyl]-4-yloxy)-2,5-dimethylthiophene-3-carboxylate (550 mg, 1.62 mmol)
in THF/MeOH/H,O (1:1:1), LiOH-H,O (340 mg, 8.12 mmol, 5.0 equiv) was added,
and the reaction mixture was stirred at 70°C for 12 hours. The reaction mixture was
partially concentrated and then acidified with 1 N HCI, and then the aqueous layer was
extracted with DCM. The organic layer was dried over MgSO,, then concentrated
under reduced pressure, and purified by column chromatography to obtain
4-([1,1'-biphenyl]-4-yloxy)-2,5-dimethylthiophene-3-carboxylic acid (100 mg, yield
19%).

[854] Step 3: Synthesis of methyl

e-2-carboxylate
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[856] To a solution of 4-([1,1'-biphenyl]-4-yloxy)-2,5-dimethylthiophene-3-carboxylic acid
(100 mg, 0.3 mmol) and HATU (137 mg, 0.36 mmol, 1.2 equiv) in DCM (2 mL),
DIPEA (80 uL, 0.45 mmol, 1.5 equiv) was added at 0°C and stirred for 15 minutes. A
solution of Intermediate A (68 mg, 0.33 mmol, 1.1 equiv) in DCM (1 mL) was added
to the reaction mixture and then stirred for 8 hours. The reaction mixture was added to
distilled water and extracted with DCM. The organic layer was dried over MgSO, and

then concentrated under reduced pressure. The crude product was purified by column
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[857]

[858]

[859]

[860]

[861]
[862]

[863]

chromatography to obtain methyl
6-(4-([1,1-biphenyl]-4-yloxy)-2,5-dimethylthiophene-3-carboxamido)spiro[ 3.3 ]heptan
e-2-carboxylate (50 mg, 34% yield).

Step 4: Synthesis of

6-(4-([1.1'-biphenyl]-4-vloxy)-2.5-dimethylthiophene-3-carboxamido)spiro[3.3]heptan

e-2-carboxylic acid
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To a solution of methyl
6-(4-([1,1'-biphenyl]-4-yloxy)-2,5-dimethylthiophene-3-carboxamido)spiro[ 3.3 ]heptan
e-2-carboxylate (50 mg, 0.5 mmol) in THF/MeOH/H,O (1:1:1), LiOH-H,O (13 mg, 0.3
mmol, 3.0 equiv) was added and stirred for 12 hours. The reaction mixture was
partially concentrated, then acidified with 1 N HCI, and extracted with EtOAc. The
organic layer was dried over MgSO, and then concentrated under reduced pressure.
The crude product was purified by column chromatography to obtain the compound of
Example 74 (22 mg, yield 47%). '"H NMR (300MHz, methanol-d,) 6 7.60 - 7.49 (m,
4H), 7.46 - 7.34 (m, 2H), 7.34 - 7.23 (m, 1H), 6.98 - 6.87 (m, 2H), 4.12 - 3.96 (m, 1H),
2.96-2.85 (m, 1H), 2.52 (s, 3H), 2.36-2.28 (m, 1H), 2.25-2.18 (m, 5H), 2.18 - 1.95 (m,
3H), 1.75-1.65 (m, 2H). LC/MS (ESI) m/z: 462.5 [M+H]*.

Example 75:
6-(4-([1,1'-biphenyl]-4-ylamino)-2,5-dimethylthiophene-3-carboxamido)spiro[3.3]
heptane-2-carboxylic acid

Step 1: Synthesis of methyl 4-amino-2.5-dimethylthiophene-3-carboxylate

)\ O NH3 in Hg{} O
p ,f Cu,O/NMP e
S S O 2 - s 2 O
e 100°C, 12 h s
Br NH

intermediate D

To a solution of Intermediate D (1.25 g, 5.0 mmol, 1.0 equiv) and Cu,O (715 mg, 5.0
mmol, 1.0 equiv) in NMP (10 mL), NH; in H,O (5 mL) was added, heated to 100°C,
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and stirred for 12 hours. The reaction mixture was added to distilled water and
extracted with DCM. The organic layer was dried over MgSO, and then concentrated

under reduced pressure. The crude product was purified by column chromatography to

obtain methyl 4-amino-2,5-dimethylthiophene-3-carboxylate (182 mg, yield 19%).
[864] Step 2: Synthesis of methyl
4-([1.1'-biphenyl]-4-ylamino)-2.5-dimethylthiophene-3-carboxylate

[865]
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[866] A solution of methyl 4-amino-2,5-dimethylthiophene-3-carboxylate (182 mg, 0.98
mmol), 4-bromobiphenyl (274 mg, 1.18 mmol, 1.2 equiv), PA(OAc), (22 mg, 0.098
mmol, 0.1 equiv), Xantphos (114 mg, 0.196 mmol, 0.2 equiv) and Cs,CO; (639 mg,
1.96 mol, 2.0 equiv) in toluene (7 mL) was stirred at 110°C for 5 hours. The reaction
mixture was added to distilled water and extracted with DCM. The organic layer was

dried over MgSO, and then concentrated under reduced pressure. The crude product

was purified by column chromatography to obtain methyl
4-([1,1'-biphenyl]-4-ylamino)-2,5-dimethylthiophene-3-carboxylate (147 mg, 44%
yield).

[867] Step 3: Synthesis of
4-(J1.1'-biphenyl]-4-ylamino)-2.5-dimethylthiophene-3-carboxylic acid
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[869] To a solution of methyl
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4-([1,1'-biphenyl]-4-ylamino)-2,5-dimethylthiophene-3-carboxylate (142 mg, 0.42
mmol) in THF/MeOH/H,O (1:1:1), LiOH-H,O (53 mg, 1.26 mmol, 3.0 equiv) was
added and stirred at 70°C for 12 hours. The reaction mixture was partially concentrated
and then acidified with 1 N HCI. The precipitated solid was removed by filtration,
washed with distilled water, and then dried to obtain
4-([1,1'-biphenyl]-4-ylamino)-2,5-dimethylthiophene-3-carboxylic acid (135 mg, yield
99%).

[870] Step 4: Synthesis of methyl

6-(4-([1.1'-biphenyl]-4-ylamino)-2.5-dimethylthiophene-3-carboxamido)spiro[3.3]hept

ane-2-carboxylate
[871] 0O

O
O w
A 7o 7
/

- o
NG, Vo1
s OH  Ho )\)L F
w’i‘w@ HEN/L{?\ s 7 H
NH

;A'
/ intermediate A

HATUDIPEA
DC
t,12h

(J

2

p

[872] To a solution of 4-([1,1'-biphenyl]-4-ylamino)-2,5-dimethylthiophene-3-carboxylic
acid (135 mg, 0.41 mmol) and HATU (186 mg, 0.49 mmol, 1.2 equiv) in DCM (2
mL), DIPEA (110 uL, 0.62 mmol, 1.5 equiv) was added at 0°C and stirred for 15
minutes. A solution of Intermediate A (93 mg, 0.45 mmol, 1.1 equiv) in DCM (1 mL)
was added to the reaction mixture and stirred for 12 hours. The reaction mixture was
added to distilled water and extracted with DCM. The organic layer was dried over
MgSO, and then concentrated under reduced pressure. The crude product was purified
by column chromatography to obtain methyl
6-(4-([1,1'-biphenyl]-4-ylamino)-2,5-dimethylthiophene-3-carboxamido)spiro[ 3.3 ]hept
ane-2-carboxylate (126 mg, 65% yield).

[873] Step 5: Synthesis of

6-(4-([1.1'-biphenyl]-4-ylamino)-2.5-dimethylthiophene-3-carboxamido)spiro[ 3.3 hept

ane-2-carboxylic acid
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[875]

[876]
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To a solution of methyl
6-(4-([1,1'-biphenyl]-4-ylamino)-2,5-dimethylthiophene-3-carboxamido)spiro[ 3.3 ]hept
ane-2-carboxylate (50 mg, 0.1 mmol) in THF/MeOH/H,O(1:1:1), LiOH-H,O (13 mg,
0.3 mmol, 3.0 equiv) was added and stirred for 12 hours. The reaction mixture was
partially concentrated, then acidified with 1 N HCI, and extracted with EtOAc. The
organic layer was dried over MgSQO, and then concentrated under reduced pressure.
The crude product was purified by flash column chromatography to obtain the
compound of Example 75 (20 mg, 43% yield). '"H NMR (300 MHz, Methanol-d,) 6
7.56-7.47 (m, 2H), 7.47-7.30 (m, 4H), 7.28-7.16 (m, 1H), 6.67 (d, ] = 8.6 Hz, 2H),
4.16-3.99 (m, 1H), 2.92-2.80 (m, 1H), 2.57 (s, 3H), 2.35-2.27 (m, 1H), 2.23 (s, 3H),
2.22-2.11 (m, 3H), 2.08-2.02 (m, 1H), 1.98-1.90 (m, 1H), 1.63-1.54 (m, 2H). LC/MS
(ESD m/z: 461.6 [M+1]*.

Example 76:
6-(4-([1,1'-biphenyl]-4-yl(methyl)amino)-2,5-dimethylthiophene-3-carboxamido)s
piro[3.3]heptane-2-carboxylic acid

Step 1: Synthesis of methyl

6-(4-([1.1'-biphenvl]-4-vl(methyamino)-2.5-dimethvlthiophene-3-carboxamido)spiro

3.3]heptane-2-carboxylate

o O
] ]Q,ko/ i ]Cfmo,,
):[ﬁmf: s
8 d thane S
i H iodome . H
/ NH KeCOs N
[ DMF, 809C, 5 ¢ A
N A

s
N é

To a solution of methyl
6-(4-([1,1'-biphenyl]-4-ylamino)-2,5-dimethylthiophene-3-carboxamido)spiro[ 3.3 ]hept
ane-2-carboxylate (120 mg, 0.25 mmol, 1.0 equiv) obtained in Step 4 of Example 75
and K,CO; (104 mg, 0.75 mmol, 3.0 equiv) in DMF (3 mL), iodomethane (80 uL, 1.25
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[880]

[881]

[882]
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mmol, 5.0 equiv) was added and stirred at 80°C for 5 days. The reaction mixture was
added to distilled water and extracted with DCM. The organic layer was dried over
MgSO, and then concentrated under reduced pressure. The crude product was purified
by flash column chromatography to obtain methyl
6-(4-([1,1-biphenyl]-4-yl(methyl)amino)-2,5-dimethylthiophene-3-carboxamido)spiro[
3.3]heptane-2-carboxylate (18 mg). 'H NMR (300 MHz, Chloroform-d) 6 7.58 - 7.46
(m, 4H), 7.40 (dd, J = 8.4, 6.8 Hz, 2H), 7.32 - 7.26 (m, 1H), 6.72 - 6.67 (m, 2H),
4.27-4.19 (m, 1H), 3.60 (s, 3H), 3.20 (s, 3H), 2.96-2.84 (m, 1H), 2.69 - 2.63 (m, 3H),
2.44-2.33 (m, 1H), 2.32 - 2.16 (m, 3H), 2.14 - 2.10 (m, 3H), 2.10 - 2.03 (m, 1H),
1.94-1.86 (m, 1H), 1.48-1.38 (m, 2H).

Step 2: Synthesis of

6-(4-([1.1'-biphenvl]-4-yl{methylamino)-2.5-dimethylthiophene-3-carboxamido)spiro

3.3]heptane-2-carboxyvlic acid

T 1
T g T
A A
S s B
LIOH"H,0 .

N

0
== N
e H
g“/
- THF/MeOH/H0, 11, 3 h =
N N
s
N / 76

To a solution of methyl

6-(4-([1,1'-biphenyl]-4-yl(methyl)amino)-2,5-dimethylthiophene-3-carboxamido)spiro[
3.3]heptane-2-carboxylate (18 mg, 0.036 mmol) in THF/MeOH/H,O (3/2/3 mL),
LiOH-H,O (5 mg, 0.108 mmol, 3.0 equiv) was added and stirred for 3 hours. The
reaction mixture was partially concentrated and then acidified with 1 N HCI. The pre-
cipitated solid was filtered, washed with H,O, and then dried to obtain the compound
of Example 76 (12 mg). 'H NMR (500 MHz, Methanol-d,) 67.76 (d, J = 7.2 Hz, 1H),
7.56-7.51 (m, 2H), 7.47 (d, ] = 8.8 Hz, 2H), 7.36 (t, ] = 7.8 Hz, 2H), 7.22 (t,J = 7.4
Hz, 1H), 6.69 (d, J = 8.7 Hz, 2H), 4.06-4.01 (m, 1H), 3.23 (s, 3H), 2.88-2.81 (m, 1H),
2.48 (s, 3H), 2.30 (dt, J = 12.1, 6.1 Hz, 1H), 2.21-2.18 (m, 2H), 2.18 (s, 3H), 2.17-2.12
(m, 1H), 2.06-2.02 (m, 1H), 1.96-1.90 (m, 1H), 1.60-1.54 (m, 2H. LC/MS (ESI) m/z:
475.7 [M+H]*.

Example 77:
6-(2,5-dimethyl-4-((4-phenylpiperazin-1-yl)methyl)thiophene-3-carboxamido)spir
o[3.3]heptane-2-carboxylic acid

Step 1: Synthesis of 4-bromo-2.5-dimethylthiophene-3-carboxylic acid
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Intermediate D

To a solution of Intermediate D (2.25 g, 9.03 mmol) in H,O/THF/MeOH (0.3 M, 30
mL), LiOH-H,O (1.1 g, 27.1 mmol) was added and stirred for 12 hours. The reaction
mixture was acidified by addition of 1 N HCI solution and extracted with EA (3 X 30
mL). The organic layer was dried over MgSOQ,, filtered, concentrated, and then purified
by silica gel column chromatography (n-hexane and ethyl acetate) to obtain
4-bromo-2,5-dimethylthiophene-3-carboxylic acid (1.97 g, yield 93%). 'H NMR (500
MHz, DMSO-dg) & 13.06 (s, 1H), 2.55 (s, 3H), 2.32 (s, 3H).

Step 2: Synthesis of

H
YW N“‘w
(]
Iy
N ) Br
)
S wﬂwﬁka\ﬁﬁ{}
A HATU / f
S B DIPEA N
S, { /);
/ . 3h
A

To a solution of 4-bromo-2,5-dimethylthiophene-3-carboxylic acid (1.97 g, 8.4
mmol), 1-phenylpiperazine (1.4 mL, 9.24 mmol) and HATU (3.5 g, 9.24 mmol) in
DMF (28 mL, 0.3 M), DIPEA (4.3 mL, 25.2 mmol) was added and stirred for 3 hours.
The reaction mixture was concentrated and diluted with 1 N NaOH aqueous solution
and ethyl acetate, and the aqueous layer was extracted three times with ethyl acetate.
The organic layer was washed with brine, dried over MgSO,, concentrated, and then
purified by silica gel column chromatography (n-hexane and ethyl acetate) to obtain
(4-bromo-2,5-dimethylthiophen-3-yl)(4-phenylpiperazin-1-yl)methanone (2.92 g, yield
92%). 'H NMR (500 MHz, Chloroform-d) 6 7.34 - 7.29 (m, 2H), 6.95 (dd, J = 13.9,
7.6 Hz, 3H), 4.07 (dt, J = 13.0, 5.0 Hz, 1H), 3.92 (dt, J = 13.0, 5.3 Hz, 1H), 3.54 (ddd,
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[891]
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J=13.0,6.6,3.3 Hz, 1H), 3.45 (ddd, J = 13.0, 7.2, 3.3 Hz, 1H), 3.29 (t, ] = 5.2 Hz,
2H), 3.24 (ddd, J = 10.7, 7.2, 3.4 Hz, 1H), 3.15 - 3.09 (m, 1H), 2.41 (s, 3H), 2.37 (s,
3H).

Step 3: Synthesis of

1-((4-bromo-2.5-dimethylthiophen-3-yl)methyl)-5-phenvlpiperazine

Zf

BHaMe,S

THF
40°C, 12 h

@

To a stirred solution of
(4-bromo-2,5-dimethylthiophen-3-yl)(4-phenylpiperazin-1-yl)methanone (2.87 g, 7.6
mmol) and THF (19 mL, 0.4 M), BH;-Me,S (19.5 mL, 39 mmol) was added and stirred
at 40°C for 12 hours. The reaction mixture was cooled to ambient temperature and
extracted with NaHCO; aqueous solution (70 mL) and EA. The organic layer was
dried over Na,SO, and filtered, and then the crude product was purified by silica gel
column chromatography (ethyl acetate/hexane) to obtain
1-((4-bromo-2,5-dimethylthiophen-3-yl)methyl)-5-phenylpiperazine (1.4 g, yield
51%). '"H NMR (500 MHz, Chloroform-d) & 7.30 - 7.26 (m, 2H), 6.94 (d, ] = 7.8 Hz,
2H), 6.87 (t,J =7.3 Hz, 1H), 3.49 (s, 2H), 3.21 - 3.16 (m, 4H), 2.67 - 2.63 (m, 4H),
2.46 (s, 3H), 2.38 (s, 3H).

Step 4: Synthesis of

Br COOH
P ST
S\J s

N CO, (excess) =

/] TMEDA ‘ r}J

nBui [ j
THF s
N
-65°C, 1h
9/
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To a stirred solution of
1-((4-bromo-2,5-dimethylthiophen-3-yl)methyl)-5-phenylpiperazine (500 mg, 1.37
mmol), tetramethylenediamine (0.23 mL, 1.51 mmol) and THF (7.0 mL, 0.2 M), n -
BuLi (2.5 M in THF, 0.72 mL, 1.8 mmol) was slowly added at -65°C and stirred for 1
hour, and then an excess of dry ice was added. It was acidified with 1 N HCI and
extracted with EtOAc. The organic layer was dried over MgSO,, filtered, and con-
centrated to obtain
2,5-dimethyl-4-((4-phenylpiperazin-1-yl)methyl)thiophene-3-carboxylic acid (502

mg).
Step 5: Synthesis of methyl

3lheptane-2-carboxylate

O
O . "»\0/”
Mo ;\7/3)
Y o [t
St “HNTT Sg E
/ \} Intermediate A/ w
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“3 DIPEA r 7
\N”{J DMF NWM‘
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To a solution of
2,5-dimethyl-4-((4-phenylpiperazin-1-yl)methyl)thiophene-3-carboxylic acid (576 mg,
1.52 mmol), Intermediate A (0.34 g, 1.67 mmol), and HATU (0.63 g, 1.67 mmol) in
DMF (5.1 mL, 0.3 M), DIPEA (0.80 mL) was added and stirred for 3 hours. The
reaction mixture was concentrated and diluted with 1 N NaOH aqueous solution and
ethyl acetate, and the aqueous layer was extracted three times with ethyl acetate. The
organic layer was washed with brine, dried over MgSQO,, concentrated, and then
purified by silica gel chromatography (n-hexane and ethyl acetate) to obtain methyl
6-(2,5-dimethyl-4-((4-phenylpiperazin-1-yl)methyl)thiophene-3-carboxamido)spiro[ 3.
3]heptane-2-carboxylate (102 mg, yield 14%). 'H NMR (500 MHz, Chloroform-d) &
9.73(d,J=7.0Hz, 1H), 7.32 (t, ] =7.9 Hz, 2H), 6.94 (dd, ] = 17.1, 7.9 Hz, 3H), 4.45
(h,J=8.2,7.7Hz, 1H), 3.68 (s, 3H), 3.44 (s, 2H), 3.23 (s, 4H), 3.05 (p, ] = 8.5 Hz,
1H), 2.72 (s, 4H), 2.62 (s, 4H), 2.47 (dt, J = 12.5, 6.5 Hz, 1H), 2.38 (d, J = 7.0 Hz, 5H),
2.31(dd, J =11.6, 8.5 Hz, 1H), 2.16-2.10 (m, 1H), 1.91 (dt, J = 23.8, 10.4 Hz, 2H).

Step 6: Synthesis of

-(2.5-dimethyl-4-((4-phenvlpiperazin-1-vl)methvlthiophene-3-carboxamido)spiro
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To a solution of methyl
6-(2,5-dimethyl-4-((4-phenylpiperazin-1-yl)methyl)thiophene-3-carboxamido)spiro[ 3.
3]heptane-2-carboxylate (163 mg, 0.34 mmol) in H,O/THF/MeOH (0.3 M, 1.1 mL),
LiOH-H,O (43 mg, 1.02 mmol) was added and stirred for 12 hours. The reaction
mixture was acidified by addition of 1 N HCI solution and extracted with EA (3 X 20
mL). The organic layer was dried over MgSO,, filtered, concentrated, and then purified
by silica gel column chromatography (n-hexane and ethyl acetate) to obtain the
compound of Example 77 (12 mg, yield 8%). 'H NMR (500 MHz, Methanol-d,) & 7.27
(t,J=7.8 Hz, 2H), 7.00 (d, ] = 8.3 Hz, 2H), 6.88 (t, ] =7.3 Hz, 1H), 4.37 (p, J =8.2
Hz, 1H), 3.64 (s, 2H), 3.24 (s, 4H), 3.01 (p, J = 8.4 Hz, 1H), 2.83 (s, 4H), 2.59 (dt, ] =
11.7, 6.6 Hz, 1H), 2.53 (s, 3H), 2.41 (s, 4H), 2.39-2.31 (m, 2H), 2.28-2.23 (m, 1H),
2.16 (t,J = 10.1 Hz, 1H), 2.04 (dt, J = 28.7, 9.7 Hz, 2H). LC/MS (ESI) m/z: 468.3
[M+H]".

Example 78:
6-(4-([1,1'-biphenyl]-4-ylmethyl)-N,2,5-trimethylthiophene-3-carboxamido)spiro[
3.3]heptane-2-carboxylic acid

Step 1: Synthesis of methyl

6-(4-(((tert-butyldimethylsilyl)oxy)methyl)-2.5-dimethylthiophene-3-carboxamido)spir

0[3.3]heptane-2-carboxylate
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Intermediate S

To a solution of Intermediate S (300 mg, 1.0 mmol) and HATU (456 mg, 1.20 mmol)
in DMF (0.1 M), DIPEA (0.5 mL, 3.0 mmol) was added and stirred for 10 minutes,
and Intermediate A (169 mg, 1.0 mmol) was added and stirred for 15 hours. The
reaction mixture was diluted with ethyl acetate and washed with distilled water (3 X 25
mL) and brine. The organic layer was dried over Na,SO,, concentrated under reduced
pressure, and purified by column chromatography (40% EtOAc in hexane) to obtain
methyl
6-(4-(((tert-butyldimethylsilyl)oxy)methyl)-2,5-dimethylthiophene-3-carboxamido)spir
o[3.3]heptane-2-carboxylate (260 mg, yield 83%) as a yellow liquid. 'H NMR (300
MHz, chloroform-d) & 7.85 (d, ] = 7.6 Hz, 1H), 4.58 (s, 2H), 4.55-4.32 (m, 1H), 3.69
(s,3H), 3.06 (p, J = 8.6 Hz, 1H), 2.68-2.59 (m, 1H), 2.58 (s, 3H), 2.52-2.41 (m, 1H),
2.41-2.25 (m, 6H), 2.20-2.09 (m, 1H), 2.04-1.85 (m, 2H), 0.94 (s, 9H), 0.16 (s, 6H).

Step 2: Synthesis of methyl
6-(4-(hydroxymethyl)-2.5-dimethylthiophene-3-carboxamido)spiro[3.3]heptane-2-carb

oxylate

3 i
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/ f
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To a solution of methyl
6-(4-(((tert-butyldimethylsilyl)oxy)methyl)-2,5-methylthiophene-3-carboxamido)spiro[
3.3]heptane-2-carboxylate (226 mg, 0.50 mmol) in THF (0.1 M), tetra-
n-butylammonium fluoride (TBAF) (1.0 M in THF, 0.75 mL, 0.75 mmol) was added
and stirred for 15 hours. The reaction mixture was diluted with ethyl acetate and
washed with distilled water (3 X 25 mL) and brine. The organic layer was dried over

Na,SO,, concentrated under reduced pressure, and purified by column chromatography
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(30% EtOAc in hexane) to obtain methyl
6-(4-(hydroxymethyl)-2,5-dimethylthiophene-3-carboxamido)spiro[ 3.3 ]heptane-2-carb
oxylate (171 mg) as a yellow liquid. '"H NMR (300 MHz, chloroform-d) § 6.49 (d,J =
7.9 Hz, 1H), 4.53-4.37 (m, 3H), 3.69 (s, 3H), 3.05 (q, J = 8.5 Hz, 1H), 2.71-2.58 (m,
1H), 2.54 (s, 3H), 2.53-2.44 (m, 1H), 2.40 (s, 3H), 2.38-2.27 (m, 3H), 2.24-2.14 (m,
1H), 2.07-1.86 (m, 2H).

Step 3: Synthesis of methyl

6-(4-(bromomethyl)-2.5-dimethylthiophene-3-carboxamido)spiro[3.3]heptane-2-carbo

xylate

1
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HG

To a stirred solution of methyl
6-(4-(hydroxymethyl)-2,5-dimethylthiophene-3-carboxamido)spiro[ 3.3 ]heptane-2-carb
oxylate (82 mg, 0.24 mmol) in DCM (0.1 M), PBr; (92 pnL, 2.03 mmol) was added at
0°C and stirred for 15 hours. The reaction mixture was diluted with ethyl acetate and
washed with bicarbonate solution and distilled water. The organic layer was dried over
Na,SO,, filtered, concentrated under reduced pressure, and purified by column chro-

matography (25% EtOAc in hexane) to obtain methyl

6-(4-(bromomethyl)-2,5-dimethylthiophene-3-carboxamido)spiro[3.3]heptane-2-carbo
xylate (49 mg, yield 50%) as a white solid. 'H NMR (300 MHz, chloroform-d) 6 6.18
(d, J=7.0Hz, 1H), 4.53 (s, 2H), 4.53-4.39 (m, 1H), 3.69 (s, 3H), 3.05 (q, J = 8.5 Hz,
1H), 2.74-2.59 (m, 1H), 2.57-2.51 (m, 1H), 2.47 (s, 3H), 2.42-2.35 (m, 1H), 2.38 (s,
3H), 2.38-2.28 (m, 2H), 2.25-2.15 (m, 1H), 2.11-1.91 (m, 2H).

Step 4: Synthesis of methyl

3.3]heptane-2-carboxylate
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To a solution of 4-phenyl-1H-pyrazole (12 mg, 0.08 mmol) in DMF (0.1 M), NaH (5
mg, 0.12 mmol) was added and stirred for 15 minutes. Methyl
6-(4-(bromomethyl)-2,5-dimethylthiophene-3-carboxamido)spiro[3.3]heptane-2-carbo
xylate (32 mg, 0.08 mmol) was added and stirred for 4 hours. The reaction mixture was
diluted with ethyl acetate (10 mL) and washed with distilled water (2 X 10 mL). The
organic layer was dried over Na,SO,, filtered, concentrated under reduced pressure,
and purified by column chromatography (40% EtOAc in hexane) to obtain methyl
6-(2,5-dimethyl-4-((4-phenyl- | H-pyrazol- 1-yl)methyl)thiophene-3-carboxamido)spiro[
3.3]heptane-2-carboxylate (16 mg, yield 43%) as a white solid.

Step 5: Synthesis of

3.3]heptane-2-carboxyvlic acid
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To a solution of methyl
6-(2,5-dimethyl-4-((4-phenyl-1H-pyrazol-1-yl)methyl)thiophene-3-carboxamido)spiro[
3.3]heptane-2-carboxylate (16 mg, 0.03 mmol) in H,O:THF:MeOH (1:1:1, 0.1 M),
LiOH-H,0O (3 mg, 0.1 mmol) was added and stirred for 15 hours. The reaction mixture
was partially concentrated, acidified with 1 N HCI solution (pH ~4), and extracted with
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ethyl acetate (2 X 10 mL). The organic layer was dried over Na,SO,, filtered, con-
centrated under reduced pressure, and then purified by column chromatography (5%
MeOH in DCM) to obtain the compound of Example 78 (5 mg, yield 32%) as a white
solid. 'H NMR (400 MHz, MeOD) 0 7.85 (s, 1H), 7.81 (s, 1H), 7.57-7.50 (m, 2H),
7.36 (t, ] =7.7 Hz, 2H), 7.26-7.17 (m, 1H), 5.28 (s, 2H), 4.20 (p, J = 8.1 Hz, 1H), 2.91
(p, ] =8.5 Hz, 1H), 2.46 (s, 3H), 2.43-2.32 (m, 1H), 2.40 (s, 3H), 2.31-2.19 (m, 3H),
2.17-2.07 (m, 1H), 2.01 (ddd, J=11.4, 8.7, 2.7 Hz, 1H), 1.93-1.80 (m, 2H). LC/MS
(ESD m/z: 450.09 [M+H]*.

Example 79:
6-(4-([1,1'-biphenyl]-4-ylmethyl)-4H-thieno[3,2-b]pyrrole-3-carboxamido)spiro[3.
3]heptane-2-carboxylic acid

Step 1: Synthesis of methyl
4-([1.1'-biphenyl]-4-ylmethyl)-3-bromo-4H-thieno[3.2-b]pyrrole-S-carboxylate

Sii/ Br Br ‘ - S\;{jf Br

) ! ~
K\LNH (S [ N

Cs,C0,
A — {"/! \%
o © DMF, 1t, 12 h o O __
y i \
Intermediate T JP%

To a solution of Intermediate T (780 mg, 3.0 mmol, 1.0 equiv) and Cs,CO; (2.44 g,
7.5 mmol, 2.5 equiv) in DMF (10 mL), 4-bromomethyl-biphenyl (890 mg, 3.6 mmol,
1.2 equiv) was added and stirred for 12 hours. The reaction mixture was poured into
distilled water and extracted with DCM, and then the organic layer was dried over
MgSO, and then concentrated under reduced pressure. The crude product was purified
by flash column chromatography to obtain methyl
4-([1,1'-biphenyl]-4-ylmethyl)-3-bromo-4H-thieno[3,2-b]pyrrole-5-carboxylate (940
mg, yield 73%). 'H NMR (300 MHz, chloroform-d) & 7.57-7.48 (m, 4H), 7.44-7.37
(m, 2H), 7.36-7.29 (m, 1H), 7.26 (s, 1H), 7.25 (s, 1H), 7.11 (d, J = 8.1 Hz, 2H), 6.14
(s, 2H), 3.82 (s, 3H).

Step 2: Synthesis of
4-([1.1'-biphenyl]-4-ylmethyl)-3-bromo-4H-thieno[3.2-b]pyrrole-5-carboxylic acid
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[923]

[924]

[925]

[926]

[927]

[928]

LIOH* H,0
THF/MeOH/H,0, 70°C, 12 h

To a solution of methyl
4-([1,1'-biphenyl]-4-ylmethyl)-3-bromo-4H-thieno[3,2-b]pyrrole-5-carboxylate (940
mg, 2.2 mmol) in THF/MeOH/H,O (20/10/10 mL), LiOH-H,O (277 mg, 6.6 mmol, 3.0
equiv) was added and stirred at 70°C for 12 hours. The reaction mixture was partially
concentrated and then acidified with 1 N HCl solution. The precipitated solid was
filtered, then washed with distilled water, and dried to obtain
4-([1,1'-biphenyl]-4-ylmethyl)-3-bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid
(815 mg, yield 90%). 'H NMR (300 MHz, chloroform-d) 6 7.58-7.36 (m, 3H),
7.43-7.36 (m, 2H), 7.32 (d, J = 6.8 Hz, 2H), 7.11 (d, / = 8.1 Hz, 2H), 6.12 (s, 2H).

Step 3: Synthesis of
4-([1.1'-biphenyl]-4-ylmethyl)-3-bromo-2-methyl-4H-thieno[3.2-b]pyrrole

L N~ N
\(\% Cu powder d %
HQ/’“‘“G\‘:} Quinoline, 140 °C, 12 h k%\%
7 7

v \
A solution of

4-([1,1'-biphenyl]-4-ylmethyl)-3-bromo-4H-thieno[3,2-b]pyrrole-5-carboxylic acid
(815 mg, 1.97 mmol) and Cu powder (82 mg, 10 wt%) in quinoline (10 mL) was
stirred at 140°C for 12 hours. The reaction mixture was cooled, acidified with 6 N HCI

solution, and then extracted with Et,O. The organic layer was dried over MgSO, and

then concentrated under reduced pressure, and the crude product was purified by flash
column chromatography to obtain
4-([1,1'-biphenyl]-4-ylmethyl)-3-bromo-2-methyl-4H-thieno[3,2-b]pyrrole (170 mg,
yield 23%).

Step 4: Synthesis of
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4-([1.1'-biphenyl]-4-vlmethy])-4H-thieno[3.2-b]lpyrrole-3-carboxylic acid

[929]

co,

%\ s’?‘Bi&Li
\ _ﬁ_ﬁ__,\%“' THF,-789C, 1h
Y

[930] To a solution of
4-([1,1'-biphenyl]-4-ylmethyl)-3-bromo-2-methyl-4H-thieno[ 3,2-b]pyrrole (170 mg,
0.46 mmol, 1.0 equiv) in THF (5 mL), n-BuLi (2.0 M in cyclohexane, 0.3 mL, 1.2

equiv) was added at -78°C and stirred for 10 minutes. Dry ice was added to the reaction

mixture, stirred for 1 hour at ambient temperature, then acidified with 1 N HCI
solution, and extracted with EtOAc. The organic layer was dried over MgSO, and then
concentrated under reduced pressure, and the crude product was purified by flash
column chromatography to obtain
4-([1,1'-biphenyl]-4-ylmethyl)-4H-thieno[3,2-b]pyrrole-3-carboxylic acid (100 mg,
mixture).

[931] Step 5: Synthesis of methyl
6-(4-([1.1'-biphenyl]-4-ylmethyl)-4H-thieno[3.2-b]pyrrole-3-carboxamido)spiro[3.3]he
ptane-2-carboxylate

[932] 0

] ¢ @]
2 //:fj o”
Sﬁx\ ﬁ\DH HaN o . /
Yﬂ& intermediate A %(k 5 {
R
.

S N

b N HATU "
= }Nﬁ DIPEA C

\::(} DCM, 1t, 12 h );1

5 %

&

[933] To a solution of 4-([1,1'-biphenyl]-4-ylmethyl)-4H-thieno[3,2-b]pyrrole-3-carboxylic
acid (100 mg, 0.3 mmol) and HATU (137 mg, 0.36 mmol, 1.2 equiv) in DCM (2 mL),
DIPEA (80 nL, 0.45 mmol, 1.5 equiv) was added at 0°C and stirred for 15 minutes. In-

termediate A (68 mg, 0.33 mmol, 1.1 equiv) was added to the reaction mixture and
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[934]

[935]

[936]

[937]
[938]

stirred for 12 hours. The reaction mixture was poured into distilled water and extracted
with DCM, and the organic layer was dried over MgSO, and then concentrated under
reduced pressure. The crude product was purified by flash column chromatography to
obtain methyl
6-(4-([1,1'-biphenyl]-4-ylmethyl)-4H-thieno[ 3,2-b]pyrrole-3-carboxamido)spiro[3.3]he
ptane-2-carboxylate (40 mg, yield 30%). 'H NMR (300 MHz, chloroform-d) &
7.56-7.50 (m, 2H), 7.50-7.39 (m, 4H), 7.36-7.29 (m, 1H), 7.11 (d, J = 8.3 Hz, 2H),
7.00(dd, J =29, 1.3Hz, 1H), 6.44 (d, J=2.9 Hz, 1H), 5.99 (d, ] = 7.8 Hz, 1H), 5.60
(s, 2H), 4.36-4.28 (m, 1H), 3.66 (s, 3H), 3.05-2.94 (m, 1H), 2.54-2.46 (m, 1H),
2.42-2.36 (m, 1H), 2.33-2.30 (m, 2H), 2.27-2.20 (m, 1H), 2.09-2.01 (m, 1H), 1.80-1.71
(m, 2H).

Step 6: Synthesis of

6-(4-([1.1'-biphenyl]-4-vlmethyl)-4H-thieno[ 3.2-b]pyrrole-3-carboxamido)spiro[3.3]he

ptane-2-carboxylic acid

LIOH* H0 Z’T‘&N
THF/MeOH/H,0, 1t, 12 b S

To a solution of methyl
6-(4-([1,1'-biphenyl]-4-ylmethyl)-4H-thieno[ 3,2-b]pyrrole-3-carboxamido)spiro[3.3]he
ptane-2-carboxylate (40 mg, 0.08 mmol) in THF/MeOH/H,O (1:1:1, 9 mL), LiOH-H,O
(10 mg, 0.24 mmol, 3.0 equiv) was added and stirred for 12 hours. The reaction

mixture was partially concentrated and then acidified with 1 N HCI solution. The pre-
cipitated solid was filtered, washed with distilled water, and dried, and then the crude
product was purified by flash column chromatography to obtain the compound of
Example 79 (15 mg, yield 40%). 'H NMR (300 MHz, methanol-d,) 6 8.34 (d,J =7.3
Hz, 1H), 7.58-7.52 (m, 2H), 7.50-7.44 (m, 2H), 7.44-7.35 (m, 3H), 7.33-7.26 (m, 1H),
7.15(dd, J =3.0, 1.3 Hz, 1H), 7.02 (d, J = 8.3 Hz, 2H), 6.43 (d, ] = 3.0 Hz, 1H), 5.56
(s, 2H), 4.25-4.11 (m, 1H), 3.02-2.90 (m, 1H), 2.46-2.38 (m, 1H), 2.35-2.23 (m, 3H),
2.22-2.01 (m, 2H), 1.91-1.81 (m, 2H). LC/MS (ESI) m/z: 471.4 [M+H]*.

The compounds of Examples 80 to 89 were prepared in the same manner as in
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Example 79 except for the differences in the preparation methods described below.

[Table 13]
Example | Chemical structure Name Difference in preparation method
No.

80 6-(4-([ L, 1'-biphenyi]-4-yvimethyl}-2- |Intermediate U was used instead of
methyl-4H-thieno[3,2-b]pyrrole-3-  |Intermediate T in Step 1
carboxamido)spiro[3.3Theptane-2-
carboxylic acid

81 9 16-(4-([ 1 1-biphenyl]-4-yimethyl}-6- |Intermediate V was used instead of

;’i % | methyl-4H-thieno[3.2-b]pyrrole-3- | Intermediate T in Step 1
ﬁ;{%’ v carboxamidospiro[3.3heptane-2-
,};/nm carboxylic acid
!
&

82 6-{4-([1,1-biphenyl]-4-yimethyl}-2- |Intermediate W was used instead of
chloro-4H-thieno{3,2-b]pyrrole-3- | Intermediate T in Step 1
carboxamido yspiro[ 3.3 Jheptane-2-
carboxylic acid

83 (IR 3R)-3-(4-([ L, 1*-biphenyl]-4- Methyl (1R,3R)-3-
yimethyl)-aH-thieno[3,2-b]pyrrole-3- |aminocyclobutane- 1 -carboxylate
carboxamidojeyelobutane-1- hydrochloride having the foliowing
carboxylic acid structure was used instead of

Intermediate A in Step 3:
L
o .{},f
HCE [ 2
“HoN
84 9 (13,38)-3-(4~([ 1,1'-biphenyl}-4- Methyl {15,38)-3-
) 2 L7 TOH | yimethyl)-4H-thieno[3,2-b]pyrrole-3- | aminocyclobutane- L-carboxylate
s'ﬁ”:é’ ﬁ carboxamidojcyclobutane-1- hydrochloride having the following
IR carboxylic acid structure was used instead of
Pt i
;" ) Infermediate A in Step 5:
- 7 o)
b -
I HE ﬂ)\ v
'E%‘,/ THgN
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&5 g\ 6-(4-{(3-methoxy-[L.1-biphenyl]-4- |Intermediate X was used instead of
fﬁ ;[{ f S whymethyl)-4H-thieno[3.2-blpyrrole- | 4-bromomethylbiphenyl in Step 1
Sfi\(" ‘H - 3-carboxamido)spiro[3.3Theptane-2-
g . carboxylic acid
A
\z;:{’
-
i_w}*{)

86 o "‘ ou | (ZRAR BR}-6-(4-({3-fluoro-5'- Intermediate Y was used instead of
N '& *,{:7\/\'{, methoxy-{ 1.1-biphenyl}-4- 4-bromomethylbiphenyl in Step 1,
vt B vijmethyl}-4H-thieno[3.2-bipyrrole- |and Intermediate Z was used instead

M 3-carboxamido)spiro[3.3]heptane-2- |of Intermediate A in Step 5
¢ }, carboxylic acid
¢
7% -
S
87 3-(4-([1,1'-biphenyi]-4-vimethyl}-4H- | Methyl 3-
thieno[3.2-blpymole-3- aminobicyelo[1.1.1]pentane-1-
carboxamido)bicyelof1.1.1]pentane- | carboxylate hydrochloride having
1-carboxylic acid the following structure was used
instead of Infermediate A in Step 5
o
";2,?/1 i\og‘
HCE F
“HN A
88 4-{4-{[1,1'-biphenyl]-4-yvlmethyl}-4H~ Methyl 4-
thieno[3.2-b]pyrrole-3- aminobicycla[1.1.1]octane-1-
carboxamido)bicyclo[2.2.2]Joctane~1- | carboxylate hydrochloride having
carboxylic acid the following structure was usad
instead of Intermediate A in Step 5:
o
A
HE “
2 T
g9 6-(4-{(3",5-dimethoxy-[1,1™ Intermediate AA was used instead
biphenyl]-4-vhmethyl-4H- of 4-bromomethylbiphenyl in Step
‘ thieno[3,2-blpyrrole-3- 1
}*\ ) - carboxamido)spiro[3.3]heptane-2-
Y }w‘\% carboxylic acid
*,.g:}’
[Table 14]
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Example
No.

LC/MS (ESD m/z: [M=H]"

NMR

80

485.26

H NMR (400 MHz, Chloroform-d) 8 7.60-7.52 (11, 2H), 7.52-7.47
(m, 2H}), 7.45 {t, 1= 7.7 Hz, 2H), 7.40-7.32 (m, 1H), 7.07 (4. T=8.0
Hz, 2H}, 6.92 {d, T=3.0Hz, 1H). 6.39(d, J= 2.9 Hz, {H), 557 (d,
J=T79Hz, 1H), 542 (5, 2H), 4.33 (d, I= 8.1 Hz, 1H), 3.03 (m. 1H),
2.56 (s, 3H}, 2.52-2.43 {m, 1H}, 2.36 (d, T = 8.3 Hz, 3H). 2.28-2.16
{m, 1H), 2.08 (m, 1H). 1.65 (d, J= 10.0 Hz, 2H).

485.4

YH NMR (300 MHz, DMSO-dg) 6 12.03 (s, 1H), 848 (d, J= 7.4 Hz,
1H), 7.62-7.55 {m, 3H), 7.55-7.50 (im, 2H), 7.45-7.40 {m, 2H), 7.35~
7.30 (m, 1H), 7.14 (d, J = 8.1 Hz, 2H), 7.05 (5, 1H), 5.53 (s, 2H},
4.24-4.16 (m, 1H), 2.97-2.86 (m, 1H}, 2.43-235 (m. 1H}, 2.31-2.16
(i, 3H), 2.14 (5. 3H), 2.11-1.86 (m, 4H).

5054

'H NMR (300 MHz, DMSO-ds) 6 12.03 (s, 1H), 8.73 (d, J= 7.5 Hz,
1H), 7.65-7.51 {m, 4H), 7.45 (1, J = 7.6 Hz, 2H}, 7.39-7.32 (m, 2H),
7.14{d, J=8.2 Hz, 2H), 6.43 (d. J = 3.0 Hz, 1H), 5.33 {5, 2H), 4.24-
4.14 {(m, 1H), 2.95-2.83 (m, 1H), 2.41-2.31 {m, 1H), 2.31-2.14 {m,
3H), 2.10-1.93 (m, 2H), 1.93-1.77 (m, ZH},

83

4314

YH NMR (300 MHz, DMSO-dg) § 8.61 {d, J = 7.7 Hz, 1H), 7.63-
7.56 (m, 3H), 7.53 (d. T = 8.2 Hz, 2H), 7.43 (1. T= 7.4 Hz, 2H), 7.34
{t. J=5.0Hz 2H), 7.15(d, J= 8.2 Hz, 2H). 6.46 (d, } = 2.9 Hz, 1H),
5.62 (s, 2H), 4.51 (h, T="7.7 Hz, 1H), 2.89-2.78 (i, 1H), 2.47-2.36
(m, 2H), 2.19(td, J = 12.2, 11.0, 6.0 Hz, 2H).

84

4311

PH NMR (300 MHz, DMSO-dg) 6 12.13 (5, 1H), 8.61 (d, T = 7.7 Hz,
1H), 7.64-7.56 (m, 3H), 7.53 (d, T=82 Hz, 2H}, 743 (1, T= 74 Hz,
2H), 7.37-7.29 (m, 2H), 7.15{(d, J = 8.2 Hz, 2H), 6.46 (d, J = 2.9
Hz, 1H), 5.63 {5, 2H), 4.31 ¢h, J= 7.9 Hz, 1H), 2.84-2.69 (m, 1H},
244 (td, J= 8.3, 2.8 Hz, 2H), 2.16 (gd. J= 9.5, 2.5 Hz, 2H).

85

[M+1]=501.4

PHNMR (300 MHz, DMSO-dg) 8 12.03 (s, 1H), 848(d, J=7.3Hz,
1H), 7.57 (d, ¥ = 1.3 Hz, 1H), 7.53 (d, J = 8.3 Hz, 2H}, 7.40-7.27
{m, 2H), 7.18-7.05 (m, 4H), 6.94-6.82 (m, 1H), 6,44 (d, T=25 Hz,
1H), 5.61 (s, 2H}, 4.21 (b, J=8.1 Hz, 1H), 3.79 (5, 3H), 292 (p. I =
8.4 Hz, 1H}, 2.46-2.35 (m, 1H), 2.30-2.18 {m, 3H), 2.13-1.85 {(m,
4H).

86

5193

TH NMR (300 MHz, DMSO-ds) 6 12.03 (s, 15}, 8.49(d, J = 7.5 Hz,
1H), 7.57 (d, § = 8.4 Hz, 3H), 7.31 (dd, T = 2.9, 1.1 Hz, 1H), 7.13
(d,J=8.2 Hz, 2H), 7.02 (dt, 7= 12.2, 1.9 Hz, 2H), 6.81 (dt, T = 10.9,
2.2 Hz, 1H), 6.45 (d, 1= 2.9 Hz, 1H), 5.62 (s, 2H), 4.22 (p. T =82
Hz, 1H), 3.81 (5, 3H), 2.93 (p. J = 8.4 Hz, 1H), 2.40 (dt. T = 11.7,
6.5 Hz, 1H), 2.24 (did, T = 24.3, 13,7, 12.5, 3.8 Hz, 3H), 2.13-2.03
(m, 2H), 2.01-1.88 (m, 2H).
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[945] 87 |- TH NMR (300 MHz, DMSO-ds) & 12.45 (5, 1H), 8.97 (s, 1H), 7.58
(dd, J = 16.3. 8.0 Hz, SH), 7.44 (t, T = 7.5 Hz, 2H), 7.37-7.31 {m,
2H), 7.18 (d, T = 8.2 Hz, 2H), 6.46 {d, ] = 2.9 Hz, 1H), 5.62 (s, 2H),
2.8 (s, 6H).

88 |4853 TH NMR (300 MHz, DMSO-ds) 6 12.05 (s, LH), 7.78 (s. 1H), 7.63-
7.51 (m, SH), 7.4 (1, T = 7.4 Hz, 2H), 7.37-7.28 (m, 2H), 7.18 (d, T
=82 Hz, 2H), 6.4 (d, T = 2.9 Hz, 1H), 5.60 (s, 2H), 1.90 (dd, J =
10.7, 4.4 Hz, 6H), 1.77 (dd. J = 10.3, 4.5 Hz, 6H).

80 |531.5 TH NMR (300 MHz, DMSO-ds) 6 12.04 (s, 1H), 8.48 (d, J= 7.5 Hz,
1H), 7.58 (d, J= 1.3 Hz, 1H), 7.52 (d, J = 8.2 Hz, 2H), 7.30 (dd, J|
=30, 1.3 Hz, 1H), 7.11 (d. J = 8.2 Hz, 2H), 6.70 — 6.69 (m, 2H),

647 (t,J=2.2 Hz, 1H), 6.44 (d, J = 2.9 Hz, 1H), 5.61 (s, 2H), 4.34
—4.09 (m, 1H), 3.77 (s, 6H), 2.98 — 2.85 (m, 1H}), 245 -235 (m,
1H), 2.32 - 2.18 (m, 3H), 2.12 = 2.02 (m, 2H), 2.01 — 1.86 (m, 2H).

[946] Example 90:
6-(4-(4-(trifluoromethyl)benzyl)-4H-thieno[3,2-b]pyrrole-3-carboxamido)spiro[3.3
Jheptane-2-carboxylic acid

[947] Steps 1 to 3: Synthesis of
3-bromo-4-(4-(trifluoromethyl)benzyl)-4H-thieno[3.2-b]pyrrole

[948] B, w,,j

Br

= ] Br
fﬁfm imﬁ‘f N CFs $¥~ Ny
 NH C8a60 LIOH Ha

1 ONE (05 M) 26°C. 240 T ' THEMBOHHLD, A, 12 b
SHR & |

0
i
Intermediate T

Br
8r g

Gu powder (10 wi%) L o
o \

l\_ E"'} Guinoline, 140 °C, 12 h m&

k)
i “ ; s,
w0
L CFs

[949] 3-Bromo-4-(4-(trifluoromethyl)benzyl)-4H-thieno[3,2-b]pyrrole was obtained as a
yellow liquid in the same manner as in Steps 1 to 3 of Example 79, except that
1-bromomethyl-4-(trifluoromethyl)benzene was used instead of
4-bromomethylbiphenyl in Step 1 of Example 79. 'H NMR (300 MHz, chloroform-d)
0 7.60-7.55 (m, 2H), 7.23-7.17 (m, 2H), 7.03-6.98 (m, 1H), 6.88-6.85 (m, 1H), 6.44 (d,
J=3.0Hz, 1H), 5.57 (d, J =9.4 Hz, 2H).

[950] Step 4: Synthesis of
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4-(4-(trifluoromethyDbenzy])-4H-thieno[3.2-b]pyrrole-3-carboxylic acid

[951]
o]

A

H™ "OH

Pd(OAc)

Xantphos
Dce
TEA

DMF, 100°C, 20 h e/
CF3 CFa

[952] Pd(OAc), (3 mol%) and Xantphos (3 mol%) were placed in an oven-dried tube under
vacuum and substituted three times with argon, and then a solution of formic acid (0.24
mL, 6.258 mmol) and 3-bromo-4-(4-(trifluoromethyl)benzyl)-4H-thieno[3,2-b]pyrrole
(322 mg, 0.894 mmol) in DMF (3.0 mL) was added. DCC (37 mg, 0.179 mmol) and Et
3N (0.25 mL, 1.788 mmol) were added, and then the tube was sealed, and the mixture
was stirred at 100°C for 20 hours. The reaction mixture was filtered and concentrated
under reduced pressure, and then the crude product was purified by silica gel column
chromatography to obtain
4-(4-(trifluoromethyl)benzyl)-4H-thieno[ 3,2-b]pyrrole-3-carboxylic acid (124 mg,
yield 43%) as a white solid. '"H NMR (300 MHz, chloroform-d) & 8.09 (d, J = 1.3 Hz,
1H), 7.51 (d, J =8.1 Hz, 2H), 7.11 (d, J = 8.1 Hz, 2H), 6.95 (dd, J = 3.1, 1.3 Hz, 1H),
6.51 (d, J =3.1 Hz, 1H), 5.81 (s, 2H).

[953] Steps 5 and 6: Synthesis of

6-(4-(4-(trifluoromethylbenzyl)-4H-thieno[3.2-b]pyrrole-3-carboxamido)spiro[3.3]he

tane-2-carboxylic acid

[954]

0
' vl 9 "
9 HC! Ij\ A )
f"‘%‘)kﬁﬁ N Intermediate A t’ﬁ P . 0 / OH

8 f
Doy M8 yw e oy
7 M\“\\* DR, 26°C. 121 ﬁ-%,N THEMeQHMLO, (1,12 h . N-w%
e 7\ Q 90
GFy i .
CFs ety

[955] The compound of Example 90 was obtained by reacting
4-(4-(trifluoromethyl)benzyl)-4H-thieno[ 3,2-b]pyrrole-3-carboxylic acid in the same
manner as in Steps 5 and 6 of Example 79. 'H NMR (300 MHz, DMSO-d;) 6 12.0 (br
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[959]
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s, 1H) 8.42 (d, J=7.5 Hz, 1H), 7.61 (d, J = 8.0 Hz, 2H), 7.58 (d, / = 1.3 Hz, 1H), 7.30
(dd, J=3.0, 1.3 Hz, 1H), 7.16 (d, J = 8.0 Hz, 2H), 6.47 (d, J = 3.0 Hz, 1H), 5.68 (s,

2H), 4.18-4.04 (m, 1H), 2.96-2.85 (m, 1H), 2.39-2.00 (m, 6H), 1.92-1.85 (m, 2H). LC/
MS (ESI) m/z: 463.4 [M+H]*.

The compounds of Examples 91 to 94 were prepared in the same manner as in

Example 90 except for the differences in the preparation methods described below.

[Table 15]
Example Chemical structure Name Difference in preparation
No. method
g1 4 6-(4-(2-(1 1, 1-biphenvl}-4-vljethyl)- |Intermediate BB was nsed
a ) f OH 4H-thieno[ 3,2-b]pvirole-3- instead of 1-(bromomethyl)-4-
P
& NL carboxamido)spiro]3.3]heptane-2- (trifluoromethyl)benzene in
P carboxylic acid Step 1
By
e Y™ Py
82 cg 6-(4-((3'-fluore-[1,1-biphenyl]-4- Intermediate CC  was  used
& DC#\')& viunethyl-4H-thieno{3.2-b]pyrrole- |instead of 1-(bromomethyl)-4-
P N 3-carboxamido)spirof3.3Jheptane-2- | {trifluoromethyljbenzene in
s 7 o
h‘z’""é\ H carboxylic acid Step |
(X
e
W
7N
N/ F
g3 ] 6-(d-(4-(pyrimidin-2-yl)benzy)-4H- |Intermediate DD was used
o W%T o thieno[3,2-blpyrrole-3- instead of I-(bromomethyl}-4-
&S N,iw carboxamido)spire[3.3]heptane-2- (trifluoromethyljbenzene in
= carboxylic acid Step 1
8
N‘q}
P
R
94 /Ei 6-(4-({2-phenylpyrimidin-5- Intermediate EE was used
o ;":g O Iylymethyl)-4H-thieno{3,2-bipyrrole- |instead of {-(bromomethyl}-4-
e Hd 3-carboxamido)spiro[3.3]heptane-2- | (trifluoromethylibenzene in
ST« o carboxylic acid Step L
B
R
{hm
N==(
-
)
[Table 16]
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[961]  [Example |LC/MS (ESD) mvz: [M+HJ NMR

No.

91 [M+H+ = 4854, [M+K] = 1H NMR (300 MHz, DMSO-ds) é 8.69-8.59 (m. 1H), 7.74 {(d. T = 1.2

3224, [M+H+DMSOP =  |Hz 1H), 7.70-7.62 (m, 2H), 7.60-7.56 {m, 2H), 7.48-7.43 (m, 2H), 7.37-

563.4 7.32 {m, 1H), 7.31-7.21 (m, 3H), 4.57-4.52 (m, 2H), 4.31.4.24 (m, 1H),
2.99-2.87 (m, 3H), 2.48-2.38 (m, 1H), 2.32-2.21 {m, 3H}, 2.15-1.95 (m,
4H).

92 4894 1H NMR {300 MHz, DMSO-dg) 6 12.06 (s, 1H), 848 (d, I = 7.5 Hz,
1H), 7.64-7.53 {m, 3H), 7.52-7.45 (m, 3H), 7.31 (dd, = 3.0. 1.3 Hz,
1H), 7.20-7.14 {(m, 1H}, 7.16-7.11 {m, 2H), 6.45 (d. J = 2.9 Hz, 1H),
5.62 (s, 2H), 4.24-4.16 (m, 1H), 2.97-2.86 (m, 1H), 2.43-2.35 {m, 1H),
2.10-1.90 (m, 7TH).

93 473.5 TH NMR (300 MHz, DMSO-ds) 8 12.01 {s, 1H), 8.91-8.83 (m, 2H), 8.47
{d, F= 7.4 Hz, 1H), 8.26 {(d, J = 7.8 Hz, 2H), 7.57 (s, 1H}, 7.43-7.40 (m,
1H}, 7.32 (s, 1H), 7.17 (d, T = 7.9 Hz, 2H), 6.46 (s, LH), 5.65 (s, 2H),
4.22-4.14 (m, 1H), 2.96-2.85 (1, 1H), 2.42-2.32 {m, 1H}), 2.29-2.15 (m,
3H), 2.12-1.83 (m, 4H).

94 14733 TH NMR {300 MHz, DMSO-ds) & 12.02 (s, 1H), 8.53 (s, 2H), 8.34 —
8.30 (m, 2H), 7.64 (s, 1H), 7.54 — 7.48 (m, 3H), 7.40 — 7.36 (m, 1H),
6.50 (d, 7= 3.0 Hz, 1H), 5.68 (s, 2H), 5.57 (d, J= 8.0 Hz, 1H}, 424 -
4.10 (m, 1H), 2.98 - 2.83 (m, 1H), 2.42 - 2.32 {m, 1H), 2.30 - 2.14 (m,
3H}, 2.12 — 1.98 (m, 2H), 1.96 — 1.83 (m, 2H).

[962] Example 95:
6-(4-((3'-fluoro-5'-methoxy-[1,1'-biphenyl]-4-yl)methyl)-2-methyl-4H-thieno[ 3,2-b
Ipyrrole-3-carboxamido)spiro[3.3]heptane-2-carboxylic acid

[963] Steps 1 to 3: Synthesis of
3-bromo-4-((3'-fluoro-5'-methoxy-[1.1'-biphenyl]-4-yl)methyl)-2-methyl-4H-thieno[ 3.
2-b]pyrrole

[964] B

P
E‘mm#y
X‘.
)
E‘.\-?.::*‘\ WO
o LOHH,0
\ Intermediate Y Br »
- ‘ HaO/THE e CH
s Q C8,C0;, DMF _r .,,N LOITHE/Me
termediate U 28°C, 12ws ML/}”‘“‘ 8572, 12 hrs
?O(M-P' "))JQM
,_..»M'"\, \
L ) A )
i ,z‘r#r \}M,ie{ Cu » ! ;WM* e w))\!\
Bf E % .«w‘;ri * \ M o N
¥ b F gliinoline F
N D W,
—d J/ P M0°C, 1201 \1
s OH b2
[965] 3-Bromo-4-((3'-fluoro-5'-methoxy-[1,1'-biphenyl]-4-yl)methyl)2-methyl-4H-thieno[ 3
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[966]

[967]

[968]

[969]

[970]

[971]

,2-b]pyrrole was obtained by using Intermediate U and Intermediate Y as starting
materials in the same manner as in Steps 1 to 3 of Example 79. 'H NMR (400 MHz,
CDCl;) 8 7.50 (d, J =8.3 Hz, 2H), 7.18 (d, J = 8.1 Hz, 2H), 6.92-6.79 (m, 3H), 6.60
(td, J=2.3,10.5 Hz, 1H), 6.37 (d, J = 2.9 Hz, 1H), 5.57 (s, 2H), 3.84 (s, 3H), 2.44 (s,
3H). LC/MS (ESI) m/z: 430.2 [M+1].

Step 4: Synthesis of methyl
4-((3'-fluoro-5'-methoxy-[1.1"-biphenyl]-4-yl)methyl)-2-methyl-4H-thieno[3.2-b]pyrrol
e-3-carboxylate

o— b
/\
= ., e
W{\ b PACPRICICHOL TEACO g Ja Q »fz

Br / TN - N
L F MeOH = o F
/. it e .

el > 70°C, 24 'hrs &
(A7 SV

To a solution of
3-bromo-4-((3'-fluoro-5'-methoxy-[ 1,1'-biphenyl]-4-yl)methyl)2-methyl-4H-thieno[ 3,2
-b]pyrrole (410 mg, 953 umol, 1.00 equiv) in MeOH (4 mL), Pd(dppf)CL,.CH,CL, (156
mg, 191 umol, 0.2 equiv) and TEA (289 mg, 2.86 mmol, 398 uL, 3.0 equiv) were
added under N, atmosphere. The reaction mixture was substituted three times under
CO atmosphere and then stirred under CO (50 Psi) at 70°C for 24 hours. The reaction
mixture was cooled, filtered, and concentrated, and then the crude product was purified
by silica gel column chromatography (petroleum ether/ethyl acetate = 50/1 to 20/1) to
obtain methyl
4-((3'-fluoro-5'-methoxy-[1,1'-biphenyl]-4-yl)methyl)-2-methyl-4H-thieno[ 3,2-b]pyrrol
e-3-carboxylate (280 mg, yield 71.7%) as a yellow oil. 'H NMR (400 MHz, DMSO) 6
7.46 (d, J =8.40 Hz, 2 H), 7.07 (d, J = 8.40 Hz, 2 H), 6.93-6.82 (m, 3 H), 6.59 (td, ] =
2.40,10.4 Hz, 1 H), 6.40 (d, ] =3.00 Hz, 1 H), 5.64 (s, 2 H), 3.84 (s, 3 H), 3.76 (s, 3
H), 2.69 (s, 3 H).

Step 5: Synthesis of
4-((3'-fluoro-5'-methoxy-[1.1-biphenyl]-4-yl)methyl)-2-methyl-4H-thieno[3.2-b]pyrrol

e-3-carboxylic acid

o o~

N LiOHH,0O /

b AQQ Y @Q
N = F THF/MeOH/H,O \ Nf = F

7 5 55°C, 24 h \

~< I - <0

To a solution of methyl
4-((3'-fluoro-5'-methoxy-[ 1,1"-biphenyl]-4-yl)methyl)-2-methyl-4H-thieno[ 3,2-b]pyrrol
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[972]

[973]

[974]

[975]

e-3-carboxylate (250 mg, 611 umol, 1.00 equiv) in MeOH (1 mL) and THF (1 mL),
LiOH-H,O (1 M, 3.66 mL, 6.00 equiv) was added and stirred at 55°C for 24 hours. The
reaction mixture was partially concentrated and then acidified with 1 N HCI solution
(pH = 3), and the aqueous layer was extracted with EtOAc (50 mL X 2). The organic
layer was washed with brine (50 mL X 1), dried over Na,SO,, then filtered, and con-
centrated under reduced pressure to obtain
4-((3'-fluoro-5'-methoxy-[ 1,1"-biphenyl]-4-yl)methyl)-2-methyl-4H-thieno[ 3,2-b]pyrrol
e-3-carboxylic acid (220 mg, yield 91.1%) as a yellow solid. 'H NMR (400 MHz,
DMSO) 6 13.29-12.68 (m, 1 H), 7.60 (d, J = 8.40 Hz, 2 H), 7.21 (d, J = 3.00 Hz, 1H),
7.09-6.98 (m, 4H), 6.80 (td, J = 2.20, 11.2 Hz, 1H), 6.41 (d, J = 3.00 Hz, 1H), 5.66 (s,
2H), 3.81 (s, 3H), 2.61 (s, 3H).

Steps 6 and 7: Synthesis of
6-(4-((3'-fluoro-5"-methoxy-[1.1-biphenyl]-4-yl)methyl)-2-methyl-4H-thieno[3.2-b]py

rrole-3-carboxamido)spiro[3.3]heptane-2-carboxylic acid

Lo
e Intermediate A Qesg?
;’:‘!f‘ HCLy o )
A~y o @ .
oA W I L7 e
Obg X, et L \\‘ N o \;}
y D F . . y o j N p/
7N HATU, DIPEA, DI NH A N
il L> y et E
gt D¢, 3 s b N
((((((((( (’lsy E /">
G
HOw”
X
{7 o
LiOHHH,0 e A
ot ””x{ Vi 7 ?
O THF/MeOM i IS )
it A TN
PR 5 { e e
20°C, 12 hrs VW
{ ﬁ: &
g 95

The compound of Example 95 was obtained by reacting
4-((3'-fluoro-5"-methoxy-[1,1'-biphenyl]-4-yl)methyl)-2-methyl-4H-thieno[ 3,2-b]pyrrol
e-3-carboxylic acid in the same manner as in Steps 5 and 6 of Example 79. 'H NMR
(400 MHz, DMSO) 6 12.26 - 11.69 (m, 1 H), 8.40(d, J=7.60Hz, 1 H), 7.57 (d, J =
8.20 Hz, 2 H), 7.19 (d, J=3.00 Hz, 1 H), 7.10 (d, /= 8.20 Hz, 2 H), 7.06 - 6.96 (m, 2
H), 6.86 - 6.77 (m, 1 H), 6.35 (d, J = 2.80 Hz, 1H), 5.35 (s, 2 H), 4.30 - 4.14 (m, 1 H),
3.82(s,3H),2.98-2.83 (m, 1 H),2.42 (s, 3 H), 2.39 - 2.16 (m, 4 H), 2.10 - 1.95 (m, 2
H), 1.91 - 1.77 (m, 2 H). LC/MS (ESI) m/z: 533.1 [M+1].

Example 96:
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[976]
[977]

[978]

[979]

[980]

[981]

[982]

[983]

6-(2-methyl-4-(3-phenylprop-2-yn-1-yl)-4H-thieno[3,2-b]pyrrole-3-carboxamido)s
piro[3.3]heptane-2-carboxylic acid
Step 1: Synthesis of 3-bromo-2-methyl-4H-thieno[3.2-b]pyrrole-5S-carboxylic acid

Br Br

H o o LIOH=H,0 B o
4 y THFMEOHIH,O ] /
S o— 2 s )

55°C, 2 hrs

Intermediate U

To a solution of Intermediate U (3.00 g, 10.9 mmol, 1.00 equiv) in THF (15 mL) and
MeOH (15 mL), LiOH-H,O (1 M, 32.8 mL, 3.00 equiv) was added and stirred at 55°C
for 2 hours. The reaction mixture was partially concentrated and acidified with 1 N
HCI solution (pH=3), and then the aqueous layer was extracted with EtOAc (50 mL X
2). The organic layer was filtered and concentrated under reduced pressure to obtain
3-bromo-2-methyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid (2.70 g, 10.38 mmol,
yield 94.8%) as a yellow solid. '"H NMR (400 MHz, CDCl;) 6 7.09 (d, J = 8.60 Hz, 2
H), 6.91-6.82 (m, 2 H), 6.77 (d, /= 3.00 Hz, 1 H), 6.32 (d, /=3.00 Hz, 1 H), 5.47 (s, 2
H), 3.79 (s, 3 H), 2.44 (s, 3 H).

Step 2: Synthesis of 3-bromo-2-methyl-4H-thieno[3.2-b]pyrrole

Br

Br
H H
N OH Cu N
/ . i » JI
S | / quinoline S | }

O
140 °C, 12 hrs
To a solution of 3-bromo-2-methyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid (2.00

g, 7.69 mmol, 1.00 equiv) in quinoline (20 mL), Cu powder (210 mg, 3.32 mmol) was
added and stirred at 140°C for 12 hours. The reaction mixture was washed with 1 N
HC1 (1 X 150 mL) and brine (1 X 50 mL). The organic layer was dried over Na,SO,,
then filtered, and concentrated under reduced pressure. The crude product was purified
by prep-HPLC (FA condition) to obtain 3-bromo-2-methyl-4H-thieno[3,2-b]pyrrole
(810 mg, 3.75 mmol, yield 48.7%) as a gray solid. 'H NMR (400 MHz, CDCl;) & 8.17
(brs, 1 H), 6.96 (t, J =2.60 Hz, 1 H), 6.44 (dd, J =2.00, 3.00 Hz, 1 H), 2.47 (s, 3 H).
Step 3: Synthesis of

Y

’ .
J N intermediate FF Br\

— \ y €s,C0,, DMF Vi N
S ._< ),

20°C, 1hr S
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[984]

[985]

[986]

[987]

[988]

[989]
[990]

[991]

To a solution of 3-bromo-2-methyl-4H-thieno[3,2-b]pyrrole (300 mg, 1.39 mmol,
1.00 equiv) and Intermediate FF (406 mg, 2.08 mmol, 1.50 equiv) in DMF (3 mL), Cs,
CO; (1.13 g, 3.47 mmol, 2.50 equiv) was added and stirred at 20°C for 1 hour. The
reaction mixture was partially concentrated and extracted with 50 mL of distilled water
and EA (2 X 50 mL). The organic layer was washed with brine (3 X 20 mL), dried
over Na,SO,, then filtered, and concentrated under reduced pressure. The crude
product was purified by prep-HPLC (FA condition) to obtain
3-bromo-2-methyl-4-(3-phenylprop-2-yn-1-yl)-4H-thieno[3,2-b]pyrrole (180 mg, yield
39.2%) as a yellow solid. 'H NMR (400 MHz, CDCl;) § 7.52 - 7.43 (m, 2 H), 7.39 -
7.28 (m,3H),7.04 (d, J=2.80 Hz, 1 H), 6.40 - 6.32 (m, 1 H), 5.35 (s, 2 H), 2.46 (s, 3
H).

Steps 4 to 7: Synthesis of
6-(2-methyl-4-(3-phenylprop-2-yn-1-yl)-4H-thieno[3.2-b]pyrrole-3-carboxamido)spiro

[3.3]heptane-2-carboxylic acid

e = =t
A CH 0 kg 0 o
g o\ EIGREETRGD o = LiOH#H,0 Ho~f N
[ - > M L
A HieOH Fas' THFMEOHH,0 a N
WJ\S»\?// 704,12 hrs ot W 559012 hrs “‘\S .
HG\{O
3:::'911 ediate AU [,CL{O ?H?
e P
ﬁgum{”‘“‘M_ %Z\ LICH:H;0 ? . ;,:,«.»\!]
e O S o R /
= HN-f TN
HATU, DIPEA DI { o ) THFMeORH,0 J N
20942 s i =N 209G 12 s /
7 by ot/ 96
S

The compound of Example 96 was obtained as an off-white solid by reacting
3-bromo-2-methyl-4-(3-phenylprop-2-yn-1-yl)-4H-thieno[ 3,2-b]pyrrole in the same
manner as in Steps 4 to 7 of Example 95. 'H NMR (400 M Hz, CDCl;) 6 7.42-7.35 (m,
2H), 7.35-7.29 (m, 3H), 6.98 (d, J = 3.00 Hz, 1H), 6.34 (d, J = 3.00 Hz, 1H), 5.92 (br
d, J=7.60 Hz, 1H), 5.16 (s, 2H), 4.54-4.40 (m, 1H), 3.09-2.99 (m, 1H), 2.64-2.59 (m,
3H), 2.59-2.53 (m, 1H), 2.49-2.34 (m, 3H), 2.31-2.22 (m, 1H), 2.15-2.06 (m, 1H), 1.92
(ddd, J =8.60, 11.2, 16.0 Hz, 2H). LC/MS (ESI) m/z: 433.2 [M+1].

The compounds of Examples 97 and 98 were prepared in the same manner as in
Example 96 except for the differences in the preparation methods described below.
[Table 17]
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[992] Example] Chemical structure Name Difference in preparation method

No.
97 9 {6-4-{(3-fluoro-3-methoxy 1,1 -biphenyl- |Intermediate T was used instead of
o "'T'ﬁ\@u 4-ylymethyl)-4H-thieno[3,2-blpyrrole-3- |Intermediate U in Step 1, and
NS H/QI\J carboxamido)spiro[3.3heptane-2- Intermediate Y was used instead of
i
tr; carboxylic acid Intermediate FF in Step 3
-~
-
Q(\f
AR o
98 6-(2-4-(3-phenylprop-2-yn-1-yl)-4H- Intermediate T was used instead of]
thieno[3,2-blpysrole-3- Intermediate U in Step 1
carboxamidojspiro[3.3]heptane-2-
carboxylic acid
[993] [Table 18]
[994] Example| LC/MS (EST) miz: [M+H} NMR
No.

97 519.0 IH NMR (400 M Hz, CHLORCFORM-d} 8 7.35(d, =820 Hz, 2H), 7.19
{d. J=3.20 Hz, 1H), 7.03 (. I = 8.20 Hz, 2H), 6.92 (d, I = L.80 Hz, 1H),
6.80-6.71 {m, 2H), 6.51 (td, I = 2.20, 10.4 Hz, 1H), 6.37 (d. T = 3.00 Hz,
1H) 5.86 (br d,J= 7,60 Hz, 1H}, 5.54 (s, 2H), 4.32-4.18 {m. 1H}, 3.75 (s,
3H), 2.96 {quin, ¥ = 840 Hz, 1H), 2.48-2.39 (m, 1H}, 2.38-2.32 (m, 1H),
2.29{brd,J=8.20Hz 2H), 2.19{dd, J=82 , 11.6 Hz, |H}, 2.09-2.00{m,
1H), 1.75-1.64 {m, 2H).

98 4189 'H NMR (400 M Hz, METHANOL-dy) 8 746 {d, J = 1.20 Hz, 1H), 7.26-
7.22 {m, 2H), 7.22-7.17 (m, 3H), 7.02 (dd, J = 1.20, 3.00 Hz, 1H), 6.30 (d,
J=300Hz H}, 526(s, 2H), 4.19(q, T =820 Hz, 1H),2.79 {brt,J=
8.20 Hz, 1H), 2.39-2.33 (m, 1H), 2.19 (br d, J = 8.20 Hz, 3H), 2.10-2.04
{m, 1H), 1.97-1.92 (m. 2H), 1.90-1.85 (m. 1H}.

[995] Example 99:
6-(4-(4-(pyridin-3-yl)benzyl)-4H-thieno[3,2-b]pyrrole-3-carboxamido)spiro[3.3]he
ptane-2-carboxylic acid

[996]

Step 1: Synthesis of methyl
idi Dbenzyl)-4H-thieno[3.2-b]pyrrole-5-carboxylate

3-bromo-4-(4-

ridin-3-
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[997] Ho™

L&L\(\]

intermediate GG S/" B
3”“%“3?’381' di-t-butylazodicarboxylate \ J
;
N\l Tributyl phosphine Lo N=
L NH W \
A THF (0.5 M), 0 *Ctot, 12 h ’twg \§
A
o L
7

% <};" \
intermediate T N

[998] Intermediate GG (392 mg, 2.1145 mmol) was dissolved in THF and cooled to 0°C,
and then Intermediate T (500 mg, 1.9223 mmol) and tributylphosphine (0.62 mL,
2.499 mmol) were added. Di-tert-butylazodicarboxylate (0.49 mL, 2.499 mmol) was
slowly added and stirred at 50°C for 12 hours. Saturated NaHCO; aqueous solution was
added and the mixture was stirred for 10 minutes and then extracted with EtOAc. The
organic layer was washed with brine, dried over Na,SO., and concentrated under
reduced pressure, and then the crude product was purified by silica gel chro-
matography (petroleum ether: EtOAc 80:20 — 50:50) to obtain methyl
3-bromo-4-(4-(pyridin-3-yl)benzyl)-4H-thieno[ 3,2-b]pyrrole-5-carboxylate (639 mg,
yield 78%). 'H NMR (300MHz, Chloroform-d) 6 8.90 - 8.81 (m, 1H), 8.62 (dd, J =
5.1, 1.5 Hz, 1H), 8.17 (dt, J = 8.1, 1.9 Hz, 1H), 7.64 (dd, J = 8.1, 5.1 Hz, 1H), 7.51 (d,
J=8.3 Hz, 2H), 7.27 (d, J = 3.7 Hz, 1H), 7.19 (d, J = 8.3 Hz, 2H), 6.16 (s, 2H), 3.82 (s,
3H).

[999] Step 2: Synthesis of
3-bromo-4-(4-(pyridin-3-ylbenzyl)-4H-thieno[3.2-b]pyrrole-5-carboxvlic acid

[1000]

/,\ Br
\ r,,g\ . b
N, LIOH H,0 | h
S % s G N %
Q 0\%:» THF, MeOH, H,o MO <«-“:m§
‘ 12h, 1t h
¢ -
Nz=d N~/

[1001] To a solution of methyl
3-bromo-4-(4-(pyridin-3-yl)benzyl)-4H-thieno[3,2-b]pyrrole-5-carboxylate (639 mg,
1.4954 mmol) in THF/MeOH/H,O (1/1/1), LiOH-H,O (188 mg, 4.4862 mmol) was
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added and stirred for 12 hours. The reaction mixture was partially concentrated, then
acidified with 1 N HCI solution, and washed with distilled water to obtain
3-bromo-4-(4-(pyridin-3-yl)benzyl)-4H-thieno[ 3,2-b]pyrrole-5-carboxylic acid (609
mg, yield 98%) as a white solid. 'H NMR (300 MHz, DMSO-d6) & 12.82 (s, 1H), 8.93
(d, J=2.3 Hz, 1H), 8.62 (dd, ] =5.0, 1.5 Hz, 1H), 8.21 (dt, ] = 8.2, 1.9 Hz, 1H), 7.73
(s, 1H), 7.72 - 7.67 (m, 2H), 7.61 (dd, J = 8.0, 5.0 Hz, 1H), 7.35 (s, 1H), 7.06 (d, J =
8.2 Hz, 2H), 6.11 (s, 2H).

[1002] Step 3: Synthesis of 3-bromo-4-(4-(pyridin-3-yl)benzyl)-4H-thieno[3.2-b]pyrrole

[1003] s Br
S
Cu powder

e l
i Quinoline, 140 °C,12h

[1004] A solution of
3-bromo-4-(4-(pyridin-3-yl)benzyl)-4H-thieno[ 3,2-b]pyrrole-5-carboxylic acid (759
mg, 1.8365 mmol) and Cu powder (76 mg, 10 wt%) in quinoline (20 mL) was stirred
at 140°C for 12 hours. The reaction mixture was cooled, acidified with 6 N HC1
solution, and then extracted with Et,O. The organic layer was dried over MgSO, and
then concentrated under reduced pressure, and the crude product was purified by flash
column chromatography to obtain

3-bromo-4-(4- (pyr1d1n 3- yl)benzyl) -4H-thieno[ 3,2- b]pyrrole (crude product).

[1005]
[1006]
i
‘ 1)
B HoH U
= CH
1 Pd(OAc), S ]
Y Xantphos ?\/{
AR slele) S Y
7 TEA ;?”“*\}\

\&&’;\ DMF, 100 °C, 20 h R

[1007] Pd(OAc), (3 mol%) and Xantphos (3 mol%) were added to an oven-dried tube under
N, atmosphere and then refilled three times with argon. A solution of formic acid (0.4
mL, 10.5966 mmol) and 3-bromo-4-(4-(pyridin-3-yl)benzyl)-4H-thieno[3,2-b]pyrrole
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[1008]

[1009]

[1010]

[1011]

(559 mg, 1.5138 mmol) in DMF (3.0 mL) was added. DCC (62 mg, 0.3028 mmol) and

EtN (0.42 mL, 3.0276 mmol) were added, and then the tube was sealed, and the

mixture was stirred at 100°C for 20 hours. The reaction mixture was filtered and con-

centrated under reduced pressure, and then the crude product was purified by silica gel

column chromatography to obtain

4-(4-(pyridin-3-yl)benzyl)-4H-thieno[3,2-b]pyrrole-3-carboxylic acid (crude product).
Step 5: Synthesis of methyl

o Ak HCIsHaN~ o r
Sj \\!( OH Intermediate A Ne- &NL’/
= HATU Sﬂ,vj/ H
N DIPEA E\NM
m DBME.26°C, 12 h e
X&”::{} <if’ \i}
N\ =
L ) 2\
N/ '
N/

To a solution of 4-(4-(pyridin-3-yl)benzyl)-4H-thieno[3,2-b]pyrrole-3-carboxylic
acid (512 mg) and HATU (582 mg, 1.531 mmol) in DMF (4 mL), DIPEA (0.8 mL,
4.593 mmol) was added and stirred for 10 minutes, and then Intermediate A (315 mg,
1.531 mmol) was added and stirred for 12 hours. The reaction mixture was diluted with
ethyl acetate and washed with distilled water and brine. The organic layer was dried
over Na,SO, and concentrated under reduced pressure, and then the crude product was
purified by column chromatography to obtain methyl
6-(4-(4-(pyridin-3-yl)benzyl)-4H-thieno[3,2-b]pyrrole-3-carboxamido)spiro[3.3 Jheptan
e- 2-carboxylate (147 mg, yield 16%). '"H NMR (300 MHz, Chloroform-d) 6 8.87 (d, J
=2.1 Hz, 1H), 8.64 (d, J = 5.5 Hz, 1H), 8.46 (d, J=8.1 Hz, 1H), 7.90 (dd, ] = 8.1, 5.5
Hz, 1H), 7.48 (d, J = 8.2 Hz, 2H), 7.36 - 7.32 (m, 1H), 7.27 (s, 1H), 7.24 (s, 1H), 6.98
(dd, J=3.0, 1.3 Hz, 1H), 6.47 (d, ] = 3.0 Hz, 1H), 6.06 (d, ] =7.7 Hz, 1H), 5.71 (d,J =
5.9 Hz, 2H), 4.37 - 4.29 (m, 1H), 3.66 (s, 3H), 3.07 - 2.95 (m, 1H), 2.62 - 2.47 (m,
1H), 2.47 - 2.22 (m, 4H), 2.19 - 2.07 (m, 1H), 1.92 - 1.75 (m, 2H).

Step 6: Synthesis of

e-2-carboxylic acid
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[1013] To a solution of methyl

[1014]
[1015]

[1016]
[1017]

6-(4-(4-(pyridin-3-yl)benzyl)-4H-thieno[3,2-b]pyrrole-3-carboxamido)spiro[ 3.3 Jheptan
e-2-carboxylate (147 mg, 0.3027 mmol) in THFE/MeOH/H,O (1/1/1), LiOH-H,O (38
mg, 0.9081 mmol) was added and stirred for 12 hours. The reaction mixture was
partially concentrated and then acidified with 1 N HCI solution, and the aqueous layer
was extracted with EtOAc. The organic layer was dried over MgSO, and then con-
centrated under reduced pressure to obtain the compound of Example 99 (92 mg, yield
64%). 'H NMR (300 MHz, DMSO-dg) 6 12.04 (s, 1H), 8.83 (s, 1H), 8.54 (d, J = 4.6
Hz, 1H), 8.48 (d, J =7.5 Hz, 1H), 8.01 (d, J = 8.0 Hz, 1H), 7.63-7.59 (m, 2H), 7.58 (d,
J=13Hz, 1H), 7.46 (t,] = 6.3 Hz, 1H), 7.31 (dd, ] = 3.0, 1.3 Hz, 1H), 7.16 (d, ] = 8.2
Hz, 2H), 6.45 (d, J = 3.0 Hz, 1H), 5.63 (s, 2H), 4.24-4.16 (m, 1H), 2.99-2.85 (m, 1H),
2.43-2.35 (m, 1H), 2.32-1.85 (m, 7H). LC/MS (ESI) m/z: 472.4 [M+H]*.

The compounds of Examples 100 to 113 were prepared in the same manner as in
Example 99 except for the differences in the preparation methods described below.
[Table 19]

Example Chemical structure Name Difference in preparation method
Ne.
100 *’3! 6-{4-{4-(5-fluoropyridin-3- Intermediate HH was used instead
ylibenzyl}-4H-thieno[3.2- of Intermediate GG in Step |
bipyrrole-3-

carboxamido)spiro[3.31heptane-2-
carboxylic acid
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101

6-(4-(4-{§-methoxypyridin-3-
yhbenzyl)-4H-thieno{3,2-
blpyrrole-3-
carboxamido)spiro[3. 3 heptane-2-
carboxylic acid

Intermediate II was used instead
of Intermediate GG in Step L

102 o 6-(4-(4-{ t-methyl-1H-pyrazol-4- |Intermediate JJ was used instead
U | “j’JLOH yhbenzyl)-4H-thieno[3,2- of Intermediate GG in Step |
/TL‘N/U‘ blpyrole-3-
Sl H carboxamido)spiro[3.3 heptane-2-
L,“’“}* carboxylic acid
7N
\m{}
o
N
4
103 g 6-(4-({ 1-benzyl-1H-indol-5- Intermediate KX was used instead
o /QC}’)K b yhmethyl}-4H-thieno[3,2- of Intermediate GG in Step |
o blpyrrole-3-
carboxamidolspiro[3.3theptane-2~
carboxylic acid
104 G-{4-{d-{pyridin-2-vDbenzyl-dH- [Intermediate L1 was used instead
thieno[3,2-blpyrrole-3- of Intermediate GG in Step |
carboxamido}spiro[3. 3 Theptane-2-
carboxylic acid
N
-
105 i 6-(4-({6-phenylpyridin-3- Intermediate MM was used
o F,?z{:}/LGW yhmethyl4H-thieno[3,2- instead of Intermediate GG in
gm}f}l“m’{“ blpyrrole-3- Step 1
\”"*’{\y ‘w_:f carboxamido)spiro[3.3heptane-2-
- }hk_ carbaxylic acid
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[1019] [ios jﬁi 6-(4-(4-{pyridin-4-yhibenzyl}-4H- |Intermediate NN was used instead
o ,,,}{“:{ OH thieno[3,2-b]pyirole-3- of Intermediate GG in Step |
P ;&N,ﬁ ~d carboxamido)spiro[3.3iheptane-2-
8 ;( H o
N\ carboxylic acid
Pa
107 9 6-{4-(4-( 1 H-pyrazol-1-yDibenzyl)- {(4-pyrazol-1-yiphenyhmethanol
o L7 Mo 4H-thieno[3,2-blpyrrole-3- was used instead of Intermediate
sf: : E’j”‘f carboxamido)spiro[3.3 heptane-2- |GG in Step |
ij’* “ carboxylic acid
7%
o
N
Yyl
108 g 6-(4-(4-{6-methoxypyridin-2- Intermediate QO was used instead
Eii m{}’/ o vlibenzvl)-4H-thienof3.2- of Intermediate GG in Step |
YN blpyrrole-3-
\éi\:}x carboxamidojspiro[3.3}heptane-2-
7N carboxylic acid
e
%@‘-y@g
108 o G-(4-{d~{4-methoxypyridin-2- Intermediate PP was used instead
yljbenzyl}-4H-thienof3,2- of Intermediate GG in Step |
blpyrrole-3-
carboxamido)spiro[3.3 heptane-2~
carboxylic acid
110 g 6-{4-{{ 6~ 3-fluore-3- Interniediate QQ was used instead
. methoxyphenylypyridin.3- of Intermediate GG in Step 1
vhmethyl}-4H-thieno[ 3,2~
blpyrrole-3-
carboxamidolspiro[3.3Theptane-2-
carboxylic acid
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1il o 6-{4-(4-(4-methyl-1H-pyrazol- 1~ |Intermediate RR was used instead
ylibenzyly-4H-thieno[3.2- of Intermediate GG in Step L
. blpyrrole-3-
B, carboxamido)spiro[3.3]heptane-2-
carboxylic acid
LE2 6-{4-(4-(3-methyl-5- Intermediate SS was used instead
(trifluoromethyl)-1H-pyrazol-1-  of Infermediate GG in Step 1
& viybenzyl-4H-thieno[3,2-
bipyrrole-3-
carboxamido)spiro{3.3heptane-2-
carboxylic acid
I§K] 2 6-{4-({3-{3-fluore-3- Intermediate TT was used instead
methoxyphenylpyridin-2- of Intermediate GG in Step 1, and
yljinethyl)-4H-thieno[3,2- the carbonylation condition in
blpyrrole-3- Step 4 was modified as follows:
carboxamidojspiro[3.3Theptane-2- |COy (excess), TMEDA, n-BuLi,
carboxylic acid THF, -65 °C, 1k
[Table 20]
Example | LC/MS (ESI) m/z: [M+HT NMR
No.
100 4905 TH NMR (300 MHz, DMSO-ds) 5 8.75 (s, [H), 8.55 (d, J=2.7 Hz, 1H}, 8.48
{d, T=74Hz, 1), 800 (@t T=104. 2.3 Hz, |1H), 7.67(d, T=82 Hz, 2H),
7.60(d, 7= 1.3 Hz, 1H), 7.31 {dd, T=2.9, 1.3 Hz, 1H), 7.16 (d. T= 8.2 Hz,
2H), 6.45 (d, T=2.9 Hz, 1H), 5.64 s, 2H}, 4.26 — 4.15 (m, 1H), 2.95 ~2.84
{m, 1H), 245~ 2.35 (o, 1H}, 2.30-2.11 {m, 3H}, 2.11 — 1.87 (m, 4H).
101 502.5 YH NMR (300 MHz, DMSO-de) 5 848 (d, T=8.0Hz, 2H}, 8.34 (d, T=26

Hz, 1H), 771 {t. 1= 2.3 Hz, 1H), 7.66 {d, T = 8.2 Hz, 2H), 7.60 (d, T = 1.3
Hz. 1H). 7.31{dd, 7= 3.0, 1.3 Hz, 1H), 7.17 (d, J= 8.2 Hz, 7H), 6.45(d, T =
3.0 Hz, H), 5.65 (s, 2H), 4.20 (q, J = 8.0 Hz, LH), 3.91 (s, 3H), 2.97 - 2.86
(m, 15D, 243 —2.35 (m, 1H), 2.32 —2.17 (m, 3H), 2.12 — 1.87 (m, 4H).
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{H NMR (300 MHz, DMSO-ds) 6 8.50 (d, JJ= 7.5 Hz, 1H), 8,06 (s, 1H), 7.79
(s, 1H}, 7.56 (d, J= 1.3 Hz, IH), 741 (d. /= 8.1 Hz, 2H), 7.28 (dd, J = 2.0,
1.3 Hz, 1H), 7.04 {d, /= 8,1 Hz, 2H}, 6.42 (d, /= 3.0 Hz, 1H), 5.53 {5, 2I1),
4,30 ~4.13 (m, 1H}, 3.83 (5, 3H), 3.00 - 2.87 (m, LH), 247 - 2.35 (m. 1H).
234 - 2,16 (m, 3H), 2.13 — 1.88 {m, 4H).

'H NMR (300 MHz, DMSO-dq) 8 8.48(d, J= 7.5 Hz, 1H), 749 (d, J= 1.3
Hz, 1H), 7.47 (d, J= 3.1 Hz, 1H), 7.34 - 7.29 {m, 3H), 7.29 - 7.21 (m, 3H),

2H), 5.56 (5. 2H), 5.36 (5, 2H), 4,33 — 4.17 (m, 1H), 3.61 (5, 3H), 3.14 ~2.99
(m, TH), 247 — 236 (m, 1H), 2.34— 2.17 (m, 3H), 2.18 — 2,07 (m, 2H), 2.05
~ 1.80 (m, 2H}.

‘H NMR (300 MHz, DMSO-dg) 6 12.0 {5, 1H), 8.64 (dt, T =438, 1.3 Hz,
1H), 8.49{d. T= 74 Hz, 1H). 7.96 {d, I = 8.3 Hz, 2H), 7.92 — 7.81 {m, 2H).
7.58 (d, J= 1.3 Hz, 1H), 7.34 - 7.30 (m, 2H), 7.16 {(d, J = 8.3 Hz, 2H), 646
{d. T=3.0 Hz, 1H), 5.63 (5, 27H}, 4.27 — 4.14 (m, 1H), 2.97 — 2.86 {m, 1H),
243 -235(m, 1H), 234 -2.13 {(m, 3H), 2.13 - 1.86 (m, 4H).

IH NMR (500 MHz, MeOD) 5 8.35 (d, T = 7.2 Hz, 1H), 8.22 (s, 1H), 7.88
(4,7 = 7.0 Hz, 2H), 7.72 (4, T= 8.2 Hz, 1H), 7.54-7.43 (m, SH), 7.42 (4, T =
7.1 Hz, 1H), 7.22 (dd, T= 3.1, 1.3 Hz, 2H), 6.47 (d, J = 3.0 Hz, 1H), 5.66 (d.
J=3.1 Hz, 2H), 4.33-4.13 (m, 1H), 2.96 (p, T = §.4 Hz, 1H), 243 (dt, T =
11.9,6.6 Hz, 1H), 2.37-2.23 {m, 3H}, 2.21-2.11 {m, 1 H), 2.05 (ddd, I = 1 1.6,
8.6, 3.1 Hz, 1H), 1,94-1.82 (m, ZH).

YH NMR (300 MHz, DMSO-dg) 6 12.0 (s, 1H), 8.60 {5, 2H), .47 (d, J=7.4
Hz, 1H), 7.65 (d, 7 = 8.3 Hz, 2H), 7.64 (d, J = 4.9 Hz, 2H). 7.59 (d, J = 1.3
Hz, [H). 7.31 {dd, 7= 3.0, 1.3 Hz, 1H), 7.16 (d, T= 8.3 Hz, 2H), 6.45 (d, T =
3.0 Hz, 1H), 5.64 (s, 2H), 4.22 — 4.12 {m, 1H), 2.97 — 2.86 (m, 1H), 2.43 —
2.31 (m, LH), 2.31 - 2.13 (m, 3H), 2.12 - 2.01 (m, 2H), 2.01 ~ 1.87 (m, 2H).

TH NMR (300 MHz, DMSO-ds) 6 12.03 (s, 1H), 8.49 (d, ] = 7.5 Hz, 1H),
842 (d, T=2.5 Hz, 1H), 7.75-7.69 {m, 3H), 7.57{d, T = 1.3 Hz, 1H), 7.32-
7.30 {m. 1H), 7.16 (d, 7= 8.6 Hz, 2H), 6.51 (1. J=2.2 Hz. 1H), 6.44 (d, T =
2.9 Hz, 1H), 5.59 (s, 2H), 4.25-4.17 (i, 1H), 2.96-2.87 (. 1H), 2.46-2.34
(m, 1FD), 2.33-2.16 (m, 3H), 2.16-2.02 (m, 2H), 1.97-1.39 {m, 2H),

{H NMR {300 MHz, DMSO-d6) 812.02 (s, 1H), 8.48 (d, T = 7.4 Hz, 1H),
7.96 (d, T = 8.3 Hz, 2H), 7.79 - 7.71 (m, IH), 7.56 (d, T = 1.1 Hz, 1H), 7.49
(d, 7= 7.4 Hz, 1H), 7.32 (dd, 7= 2.9, 1.1 Hz, 1H), 7.14 (d, T = §.3 Hz, 2H),
6.75(d, T=8.1 Hz, iH), 6.46 (d, J= 2.0 Hz, 1H), 5.62 (s, 2H), 421 (b, T =
$.0 Hz, LH), 3.93 (s, 3H), 2.92 (p, I = §.4 Hz, [H), 2.41 (ddd, T=11.1, 7.4,
4.9 Hz, 1H), 2.25 (ddd, T= 14.1, 9.6, 6.6 Hz, 3H). 2.14 - 1.88 (m, 4H).

WO 2022/039563

[1023] [ie2 475 4
103 5243
104 4723
105 ES+472.30
106 4724
107 4613
108 5023
109 502.4

{H NMR (300 MHz, DMSO-ds) 6 8.48 (d, T = 7.5 Hz, 1H), 844 (d, = 5.7
Hz. 1H), 7.94 (d, T= 8.2 Hz, 2H), 7.57(d, J= 1.3 Hz, 1H}, 740 (d, T = 2.4
Hz, 1H), 7.31{dd. J=3.0, 1.3 Hz, 1H). 7.13 (d, J=8.2 Hz. 2H), 6.92 {dd, J
=57,24Hz IH), 645 (d. 7= 28 Hz, 1H), 53.62 (s, 2H), 423 - 4.12 {m.
LH), 3.88 {5, 3H), 2.96 —2.85 {m. 1H), 2.42 ~2.35 {m. 14} 2.29 - 2,16 {m.
3H), 213 - 2.01 {m, 2H), 2.00 — 1.91 (m, ZH).
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[1024] |10 5205 TH NMR (300 MHz, DMSO-d¢} 3 12.01 (s, 1H), £.30 (d, J= 7.4 Hz, 1H),
8.36{d, T= 1.9 Hz, 1H), 7.91 {d, T=8.2 Hz, 1H), 7.62 {5, 1H), 7.50-7.34 {m,
4HD), 6.89 {dt. J = 10.8, 2.3 Hz, 1H). 6.48 (d. T = 3.0 Hz, 1H), 5.67 (s, 2H),
4.18(q, J=7.9 Hz. 1H), 3.83 (5, 3H), 2.92 (p, J = 8.4 Hz, 1H), 2.40 (ddt, T=
1i.4, 7.9, 4.0 Hz, 1H), 2.26 (ddd, J = 22.1, 12.5, 5.6 Hz. 3H), 2.14-2.01 {m,
2H), 1.93 {q, T=9.1 Hz, 2H).

11 4754 TH NMR (300 MHz, DMSO-ds) 6 11,22 (s, 1H), 849 (d, I= 7.5 Hz, 1H).
§.18 (s, 1H), 7.63 (d, J = 8.6 Hz, 2H), 7.56 (d, T= 1.3 Hz, 1H)}, 7.51 (s, 1H),
7.30 (dd, J=3.0, 1.3 Hz, 1H), 7.13 (d. ] = 8.6 Hz, 2H), 6.44 (d, I = 3.0 Hz,
1H), 5.57 (5, 2H), 4.20 {m, LH), 2.92 (m, LH), 2.40 (m, 1H), 2.32-2.15 {m,
3H), 2.13-2.02 (m, SH), 2.01-1.86 {(m, 2H).

12 5434 1 NMR (300 MHz, DMSO-ds) 5 8.48 (d, 1= 7.5 Hz, 1H), 7.55 (d, T= 1.3
Hz, 1H), 7.45 {d, T= 8.4 Hz, 7H), 7.32 {dd, 7= 3.0, 1.3 Hz, 1H), 7.17(d, T =
8.4 Hz, 2H), 6.73 (s, 1H), 6.47 (d, J = 3.0 Hz, LH), 5.67 (5, 2H), 4.23 ~4.09
(m, TH), 2.96 — 2.85 (m, 1H), 2.41 — 2.33 {m, 1K), 2.29 (s, 3H}, 2.28 - 2.12
(m, 3H}, 2.12 — 1.85 (1, 4H).

113 520.3 TH NMR {300 MHz, DMSO-de) 5 11.99 (s, 1H), 8.81 (d, J = 2.1 Hz, 1H),
8.44 (d, = 7.4 Hz, 1H), 8.00 (dd. T= 8.2, 2.4 Hz, 1H), 7.63 (d, J= 1.1 Hz,
1H), 7.23 {dd, 7= 2.9, 1.2 Hz, 1H), 7.16-7.07 (m, 2H), 6.87 (dt, F=11.0,2.2
Hz, 1H), 6.80(d, J=8.1 Hz, 1H), 6.47 (d. T=3.0 Hz, 1H), 5.75 (s, 2H), 4.19-
4,05 {m, 1H), 3.83 (s, 3H), 2.89 (p, T= 8.4 Hz, 1H), 2.37-2.26 (m, 1H), 2.25-
2.15 {m. 2H), 2.10 {q, J = 5.2, 4.8 Hz, 2H), 2.05-1.95 {m, 1H), 1.93-1.82 (m,
2H).

[1025]  [Preparation of isomers]

[1026] Examples 1a and 1b: (2S,4S,65)-6-(4-([1,1'-
biphenyl]-4-ylmethyl)-2,5-dimethylthiophene-3-carboxamido)spiro[3.3]heptane-2-
carboxylic acid (1a) and
(2R 4R,6R)-6-(4-([1,1'-biphenyl]-4-ylmethyl)-2,5-dimethylthiophene-3-carboxami
do)spiro[3.3]heptane-2-carboxylic acid (1b)

[1027] o Oy o
e S
) /\/LOH f\}/
KAAT ol
S},,; H SFC g
. C}J . )
=S f ? 1a

.

[1028]  The compound of Example 1 (106 g, 231 mmol, 1.00 equiv) was purified by super-
critical fluid chromatography (SFC) under the following conditions to separate
Example 1a (66.06 g, 143 mmol, yield 61.9%, purity 99.3%) and Example 1b (16.02 g,
34.4 mmol, yield 14.9%, purity 98.6%) as a white solid, respectively.

[1029]  Column: DAICEL CHIRALCEL OJ column (250 mm x 50 mm, 10 um)

[1030] Mobile phase: [Neu-MeOH]; B%: 30%-30%, 4.6; 1860 minutes.
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[1031]

[1032]

[1033]

[1034]

[1035]

[1036]

[1037]
[1038]
[1039]

Example 1a: 'H NMR (400 MHz, DMSO) 6 12.00 (br s, 1H), 8.26 (br d, ] = 7.60
Hz, 1H), 7.60 (br d, J =7.20 Hz, 2H), 7.51 (d, ] = 8.40 Hz, 2H), 7.45 (t, ] =7.60 Hz,
2H), 7.37-7.31 (m, 1H), 7.18 (d, ] = 8.00 Hz, 2H), 4.22-4.11 (m, 1H), 3.90 (s, 2H),
2.91 (m, 1H), 2.38 (br s, 1H), 2.33 (br d, J = 7.60 Hz, 6H), 2.29-2.14 (m, 3H),
2.12-1.98 (m, 2H), 1.94-1.80 (m, 2H). LC/MS (ESI) m/z = 460.2 [M+H]*.

Example 1b: 'H NMR (400 MHz, DMSO) & 11.99 (br s, 1H), 8.26 (d, J = 7.60 Hz,
1H), 7.65-7.57 (m, 2H), 7.51 (d, J = 8.00 Hz, 2H), 7.45 (t, J = 7.60 Hz, 2H), 7.37-7.31
(m, 1H), 7.19 (d, J = 8.00 Hz, 2H), 4.16 (m, 1H), 3.90 (s, 2H), 2.91 (m, 1H), 2.40-2.35
(m, 1H), 2.33 (d, J =7.20 Hz, 6H), 2.29-2.14 (m, 3H), 2.12-1.99 (m, 2H), 1.93-1.80
(m, 2H). LC/MS (ES]) m/z = 460.2 [M+H]*.

Examples 34a and 34b:
(25,4S,65)-6-(4-((3'-fluoro-5'-methoxy-[1,1'-biphenyl]-4-yl)methyl)-2,5-dimethylth
iophene-3-carboxamido)spiro[3.3]heptane-2-carboxylic acid (34a) and
(2R 4R,6R)-6-(4-((3'-fluoro-5'-methoxy-[1,1'-biphenyl]-4-yl)methyl)-2,5-dimethylt
hiophene-3-carboxamido)spiro[3.3]heptane-2-carboxylic acid (34b)

Step 1: Separation of methyl

W Ve H o
! % O 6] LN
ST | , o &
A}K»?,\“,//L»N ahsd md H g “\T N
8 | H }y \? N
Nl sEC / J
f[ ‘i : - {’2/:«
,‘ i ‘;? jf/ ,,;3
£ I ¥
«f-:f: /(j? ff ¥ r{fi\; 1
/Z‘ ;"? Fromy - \O"’ 343 F,/{;\QE/}{L 34b
F ‘l‘:;,-/'\o/ fokal
Methyl

6-(4-((3'-fluoro-5'-methoxy-[1,1'-biphenyl]-4-yl)methyl)-2,5-dimethylthiophene-3-carb
oxamido)spiro[3.3]heptane-2-carboxylate (91.0 g, 174 mmol, 1.00 equiv) obtained in
Step 1 of Example 34 was purified by supercritical fluid chromatography (SFC) under
the following conditions to obtain Intermediate 34a' (62.2 g, 119 mmol, yield 68.3%)
and Intermediate 34b' (24.2 g, 46.4 mmol, yield 26.5%) as a gray solid and as an off-
white solid, respectively.

Neutral condition: DAICEL CHIRALPAK AD column (250 mm x 50 mm, 10 um)

Mobile phase: [Neu-ETOH]; B%: 50%-50%, 6.0; 1200 minutes

Intermediate 34a' : 'H NMR (400MHz, CDCl;) 6 7.46 (d, ] = 8.3Hz, 2H), 7.17 (d, ]
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[1040]

[1041]

[1042]

[1043]

[1044]

=8.3Hz, 2H) , 6.91-6.80 (m, 2H), 6.60 (td, ] = 2.2, 10.6Hz, 1H), 5.37 (br d, ] =7.7Hz,
1H), 4.27 (q, J = 8.2Hz, 1H), 3.98 (s, 2H), 3.85 (s, 3H), 3.65 (s, 3H), 3.02-2.90 (m,
1H), 2.44 (s, 4H), 2.38-2.24 (m, 6H), 2.17 (dd, J = 8.3, 11.6Hz, 1H), 1.98 (ddd, J = 2.5,
8.7, 11.5Hz, 1H), 1.54 (dt, J = 8.6, 12.3Hz, 2H). LC/MS (ESI) m/z: 522.1 [M+H]*.

Intermediate 34b': '"H NMR (400 MHz, CDCl;) 6 7.45 (d, J = 8.2 Hz, 2H), 7.16 (d,
J =8.0 Hz, 2H), 6.90-6.81 (m, 2H), 6.60 (td, J = 2.2, 10.5 Hz, 1H), 5.40 (brd, J =7.8
Hz, 1H), 4.34-4.20 (m, 1H), 3.97 (s, 2H), 3.85 (s, 3H), 3.64 (s, 3H), 2.96 (quin, J = 8.5
Hz, 1H), 2.43 (s, 4H), 2.38-2.24 (m, 6H), 2.17 (dd , ] = 8.4, 11.7 Hz, 1H), 2.05-1.92
(m, 1H), 1.54 (dt, J = 8.6, 12.3 Hz, 2H). LC/MS (ESI) m/z: 522.1 [M+H]*.

Step 2a: Preparation of

Q
/ Q
L s/ O L9 v, )OH
& H PP V
b ST W "
™ Y,
£ LIOHH,0 7
!,sﬁ ] 5’»3;";'\
Ry THF/HeOHIH,0, 20 °C, 3 hus N
i
ﬁfy /\-g fs*;‘i
. 1 | P4
A ¥ O
o Jda F ._L/,ANO/ 34a

To a solution of Intermediate 34a' (62.2 g, 119 mmol, 1.00 equiv) in THF/MeOH/H,
O (200 mL, 100 mL, 200 mL), LiOH-H,O (15.0 g, 358 mmol, 3.00 equiv) was added
and stirred at 20°C for 3 hours. The mixture was partially concentrated, then diluted
with H,O (2.00 L), and acidified with 1N HCI solution (pH 3). The aqueous layer was
extracted with EtOAc (1.50 L x 2), and the organic layer was washed with brine (2 X
1.00 L), dried over Na,SQO,, filtered, and concentrated under reduced pressure. The
crude product was triturated with MTBE (300 mL) at 20°C for 12 hours and then
triturated with MTBE (100 mL) at 25°C for 30 minutes to obtain the compound of
Example 34a (30.0 g, 59.1 mmol, yield 49.7%) as a white solid. 'H NMR (400 MHz,
DMSO) 812.01 (brd, J = 2.5Hz, 1H), 8.27 (d, ] = 7.5Hz, 1H), 7.54 (d, ] = 8.2Hz, 2H),
7.17 (d, J = 8.2Hz, 2H), 7.07-6.96 (m, 2H), 6.80 (td, ] = 2.1, 11.0Hz, 1H), 4.23-4.10
(m, 1H), 3.89 (s, 2H), 3.82 (s, 3H), 2.97-2.84 (m, 1H), 2.40-2.33 (m, 1H), 2.31 (d,J =
3.3Hz, 6H), 2.28-2.13 (m, 3H), 2.12-1.97 (m, 2H), 1.92-1.79 (m, 2H). LC/MS (ESI)
m/z = 508.1 [M+H]*.

Step 2b: Preparation of

phene-3-carboxamido)spiro[3.3]heptane-2-carboxylic acid (34b)
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[1046]  The compound of Example 34b (10.0 g, 19.7 mmol, yield 42.4%) was obtained as an

[1047]

[1048]

[1049]

[1050]
[1051]
[1052]

off-white solid by using Intermediate 34b' in the same manner as in Step 2a. 'H NMR
(400 MHz, DMSO) 6 12.00 (brs, 1H), 8.27 (d, J = 7.5 Hz, 1H), 7.54 (d, ] = 8.2 Hz,
2H), 7.17 (d, J = 8.2 Hz, 2H), 7.06-6.96 (m, 2H), 6.80 (td, ] = 2.2, 10.9 Hz, 1H),
4.21-4.09 (m, 1H), 3.89 (s, 2H), 3.82 (s, 3H), 2.90 (quin, J = 8.5 Hz, 1H), 2.39-2.33
(m, 1H), 2.31 (d, J = 3.3 Hz, 6H), 2.28-2.13 (m, 3H), 2.11-1.95 (m, 2H), 1.93-1.78 (m,
2H). LC/MS (ESI) m/z: 508.3 [M+H]*.

Examples 79a and 79b:
(25,4S,6S)-6-(4-([1,1'-biphenyl]-4-ylmethyl)-4H-thieno[3,2-b]pyrrole-3-carboxami
do)spiro[3.3]heptane-2-carboxylic acid (79a) and
(2R,4R,6R)-6-(4-([1,1'-biphenyl]-4-ylmethyl)-4H-thieno[3,2-b]pyrrole-3-carboxam
ido)spiro[3.3]heptane-2-carboxylic acid (79b)

The compound of Example 79 was purified by supercritical fluid chromatography

(SFC) under the following conditions.

Column: Daicel ChiralPak IG column (250 mm x 30 mm, 10 um)

Mobile phase: [0.1% NH;H,O ETOH]; B%/ 50%-50%, 4.4 minutes; 70 minutes

The eluate was concentrated, and the residue was added to distilled water (10 mL)
and acidified with HCI aqueous solution (1 M) (pH 1 to 2). The suspension was
filtered, and the white solid of the filter cake was concentrated to separate the
compound of Example 79a (171 mg, 356 umol, yield 55.9%, purity 98.0%) and the
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compound of Example 79b (36 mg, yield 11.7%, purity 98%), respectively.

Example 79a: 'H NMR (400 MHz, DMSO) 6 12.71-11.10 (m, 1H), 8.50 (br d, J =
7.60 Hz , 1H), 7.64-7.56 (m, 3H), 7.54 (d, J = 8.20 Hz, 2H), 7.44 (t, ] = 7.60 Hz, 2H),
7.39-7.29 (m, 2H) , 7.15 (d, J = 8.20 Hz, 2H), 6.46 (d, ] = 2.80 Hz, 1H), 5.62 (s, 2H),
4.23 (sxt, J = 8.20 Hz, 1H), 2.94 (quin, J = 8.20 Hz, 1H), 2.45-2.37 (m, 1H), 2.33-2.19
(m, 3H), 2.16-2.03 (m, 2H), 2.02-1.89 (m, 2H). LC/MS (ESI) m/z: 470.9 [M+H]*.

Example 79b: 'H NMR (400 MHz, DMSO) 6 12.02 (br s, 1H), 8.49 (d, J =7.60 Hz,
1H), 7.63-7.56 (m, 3H), 7.53 (d, J = 8.20 Hz, 2H), 7.43 (t, ] = 7.60 Hz, 2H), 7.36-7.29
(m, 2H), 7.14 (d, J = 8.20 Hz, 2H), 6.45 (d, J = 3.00 Hz, 1H), 5.62 (s, 2H), 4.30-4.13
(m, 1H), 2.99-2.90 (m, 1H), 2.44-2.36 (m, 1H), 2.32-2.18 (m, 3H), 2.16-2.02 (m, 2H),
2.01-1.86 (m, 2H). LC/MS (ESI) m/z: 471.0 [M+H]*.

Examples 80a and 80b:
(28,4S,68)-6-(4-([1,1'-biphenyl]-4-ylmethyl)-2-methyl-4H-thieno[3,2-b]pyrrole-3-c
arboxamido)spiro[3.3]heptane-2-carboxylic acid (80a)and
(2R,4R,6R)-6-(4-([1,1'-biphenyl]-4-ylmethyl)-2-methyl-4H-thieno[ 3,2-b]pyrrole-3-
carboxamido)spiro[3.3]heptane-2-carboxylic acid (80b)

G
L9 Y—on
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% ﬁﬁ‘v
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The compound of Example 80 (80.0 g, 165 mmol, 1.00 eqiv) was purified by super-
critical fluid chromatography (SFC) under the following conditions to separate the
compound of Example 80a (30.0 g, 61.9 mmol, yield 37.5%) and the compound of
Example 80b (10.0 g, 20.6 mmol, yield 12.5%) as a white solid and as an off-white
solid, respectively.

Column: DAICEL CHIRALPAK AD column (250 mm x 50 mm, 10 um)

Mobile phase: [Neu-ETOH]; B%: 40% -40%, 14.2; 870 minutes

Example 80a: 'H NMR (400 MHz, DMSO) 6 11.74-12.27 (m, 1H) 8.43 (d, J =7.58
Hz, 1H) 7.60 (d, J =7.58 Hz, 2H) 7.54 (d, J = 8.19 Hz, 2H) 7.45 (t, ] = 7.64 Hz, 2H)
7.32-7.38 (m, 1H) 7.20 (d, ] = 2.81 Hz, 1H) 7.16 (d, J = 8.19 Hz, 2H) 6.36 (d, ] =2.81
Hz, 1H) 5.35 (s, 2H) 4.18-4.29 (m, 1H) 2.86-2.95 (m , 1H) 2.43 (s, 3H) 2.33-2.40 (m,
1H) 2.16-2.31 (m, 3H) 1.96-2.11 (m, 2H) 1.79-1.93 (m, 2H). LC/MS (ESI) m/z =
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485.1 [M+H]*.

Example 80b: 'H NMR (400 MHz, DMSO) & 11.44-12.66 (m, 1H) 8.42 (d, J = 7.58
Hz, 1H) 7.60 (d, J = 7.46 Hz, 2H) 7.54 (d, J = 8.19 Hz, 2H) 7.45 (t, ] = 7.64 Hz, 2H)
7.32-7.37 (m, 1H) 7.20 (d, J = 2.81 Hz, 1H) 7.13 (d, J = 8.19 Hz, 2H) 6.35 (d, ] = 2.93
Hz, 1H) 5.35 (s, 2H) 4.19-4.29 (m, 1H) 2.90 (quin, J = 8.47 Hz, 1H) 2.43 (s, 3H)
2.34-2.39 (m, 1H) 2.17-2.28 (m, 3H) 1.96-2.10 (m, 2H) 1.79-1.91 (m, 2H). LC/MS
(ESI) m/z = 485.1 [M+H]"*.

[Experimental Example: Evaluation of inhibitory activity on EP2 and/or EP4]

1. hEP2 cAMP assay

HEK?293 cells overexpressing hEP2 were cultured in growth medium (GM: MEM
(Gibco™, 11095080)/10% HI FBS (Gibco™, 10082147)/1% penicillin/streptomycin).
Before the experiment, the growth medium was removed, and starvation medium
(HBSS (Gibco™, 14025076)/10% GM) was added. Thereafter, the cells were
incubated for 4 hours. The HEK293 cells harboring hEP2 were detached from the
culture dish with a non-enzymatic cell dissociation buffer (Gibco™, 15040066). The
cells were resuspended in assay buffer (AB: HBSS, 0.1% BSA stabilizer, 0.5 mM
IBMX, 5 mM HEPES).

1,000 cells in 5 uL. of AB were seeded per well in a 384 well plate (Corning®, 3570),
and stock solutions of test compounds were prepared at a concentration of 1 mM in
DMSO and serially diluted in DMSO to the concentration required for the inhibition
dose response curve (test concentration range of 10 uM-0.001 nM). PGE, (Sigma,
P0409, stock solution: 1 uM) was used as an agonist at a final concentration of 400 pM
corresponding to ECsyg. 2.5 uL of the diluted compound and 2.5 pL of PGE, (400 pM
final concentration) were transferred to the assay plate, and then the plate was
incubated at room temperature for 12 minutes.

5 pL of each donor (Eu-cAMP tracer) and acceptor (ULight-anti-cAMP) was added,
and the plate was incubated in the dark for 1 hour at room temperature, and then a
Varioskan LUX multimode microplate reader was used to obtain the results
(excitation: 334 nm, emission: 615 and 665 nm). The resulting FRET fluorescence
value (665 nm/615 nm * 10000) was converted and then calculated as a percentage of
cAMP relative to the DMSO control value. ICs, values and curves were generated with
GraphPad Prism software using log (inhibitor) versus response-variable slopes (4 pa-
rameters), and the median of multiple experiments was taken as the experiment result.

2. hEP4 cAMP assay

HEK?293 cells overexpressing hEP4 were cultured in growth medium (GM: MEM
(Gibco™, 11095080)/10% HI FBS (Gibco™, 10082147)/1% penicillin/streptomycin).

Before the experiment, the growth medium was removed, and starvation medium
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(HBSS (Gibco™ 14025076)/10% GM) was added. Thereafter, the cells were incubated
for 4 hours. HEK293 cells harboring hEP4 were detached from the culture dish with a
non-enzymatic cell dissociation buffer (Gibco™, 15040066). The cells were re-
suspended in assay buffer (AB: HBSS, 0.1% BSA stabilizer, 0.5 mM IBMX, 5 mM
HEPES).

1,000 cells in 5 uL. of AB were seeded per well in a 384 well plate (Corning®, 3570),
and stock solutions of test compounds were prepared at a concentration of 1 mM in
DMSO and serially diluted in DMSO to the concentration required for the inhibition
dose response curve (test concentration range of 10 uM-0.001 nM). PGE, (Sigma,
P0409, stock solution: 100 uM) was used as an agonist at a final concentration of 20
nM corresponding to ECsg g9. 2.5 uL of the diluted compound and 2.5 pL of PGE, (20
nM final concentration) were transferred to the assay plate, and then the plate was
incubated at room temperature for 18.5 minutes.

5 uL of each donor (Eu-cAMP tracer) and acceptor (ULight-anti-cAMP) was added,
and the plate was incubated in the dark for 1 hour at room temperature, and then a
Varioskan LUX multimode microplate reader was used to obtain the results
(excitation: 334 nm, emission: 615 and 665 nm). The resulting FRET fluorescence
value (665 nm/615 nm * 10000) was converted and then calculated as a percentage of
cAMP compared to the DMSO control value. ICs, values and curves were generated
with GraphPad Prism software using log (inhibitor) versus response-variable slope (4
parameters), and the median of multiple experiments was taken as the experiment
result.

3. Experimental results

The inhibitory activity on EP2 and EP4 of the compounds of Examples 1 to 113
measured by the above experimental method was evaluated based on the criteria of
Table 21 below, and the results are shown in Tables 22 to 25.

[Table 21]
1Csp range <500 M 500 oM < ICs < 5,000 aM < ICsp >10,000 nM
5,000 nM <10.000
Grade A B C D
[Table 22]
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[1077] ¥Cs (o)
Example
EP2 cAMP EP4 cAMP

1 B A
la D D
1b B A
2 D D
3 D C
4 D D
5 D C
6 D D
7 B A
8 D B
9 D D
10 D B
11 D A
12 D D
13 B B
14 B B
15 A A
16 D B
17 C A
18 B B
19 B A
20 B A
21 D D
22 B B
23 D D
24 D B
25 D C
26 D B
27 D B
28 B A
29 B A
30 D A

[1078]

[Table 23]
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Example

ICs (uM)

EP2 cAMP

EP4 cAMP

31

3

33

34

34a

34b

33

36

37

38

39

40

41

42
43
44
43
46

47

48

49

50

51

52
53
54
55
56

57

38

59

60
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[Table 24]




WO 2022/039563

[1081]

[1082]

192

PCT/KR2021/011143

Exzample

ICsq (nM)

EP2 cAMP

EP4 cAMP

61

D

B

62

B

63

-

64

65

66

67

68

69

70

71

73

73

74

75

76

77

78

79

7%a

79b

80

80a

80b
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[Table 25]
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[1083] ICzs (nM)
Example
EP2 cAMP EP4 cAMP
91 D D
92 A A
93 C B
94 B A
95 B A
96 D B
97 A A
93 D B
99 D A
100 B A
101 B A
102 D A
103 D A
104 C A
103 B A
106 C A
107 D B
108 B A
109 B A
110 A A
111 D A
112 D B
113 B A

[1084]  As shown in Tables 22 to 25 above, the compounds of Examples 1 to 113 exhibited
excellent inhibitory activity on EP2 and EP4.
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Claims

A compound of Formula TA-3 or Formula 1A-4, or a solvate, stereoisomer
or pharmaceutically acceptable salt thereof:

RS
t 0 : / 7
- N
s&
e R?
RS
> [Formula IA-3]
RS
6]
s N
N
U
R3
R?.

in which,

R
2

[Formula 1A-4]

R! is selected from hydrogen, halogen, hydroxy, C;-Cs alkyl, Ci-C3
alkoxy, C1-Cs haloalkyl, and C;-C3 haloalkoxyl;
R? is selected from hydrogen, halogen, C;-Cs alkyl, Ci-Cs haloalkyl,
cyclopropyl, cyclobutyl, and phenyl;
* Cy,
N
R3is w K ; or

R? and R? together with the carbon atom to which they are attached

N
oL Cy
@N *\ / \Ra
form |, wherein W is bonded to the nitrogen atom of

N,

I® L=
N N
=/ | and either or both of the carbon atoms of " may be

optionally substituted with halogen, Ci-Cs alkyl, or Ci-C3 haloalkyl;

W is -(CHz)o-, -(CH2)o-C=C-, -C(O)-, -O-, NH-, or -N(C;-Cs alkyl)-,
wherein H of said CH2 may be optionally substituted with one or more
halogen, hydroxy, Ci1-Csalkoxy, or Ci-C; haloalkoxy;

Cy is selected from the group consisting of, phenyl, 5- to 10-
membered heteroaryl containing 1 or 2 nitrogen atoms, and 4- or 7-
membered heterocycloalkyl containg 1 or 2 nitrogen atom, and may be
optionally substituted with one or more R';

Ra is hydrogen, halogen, C-C; alkyl, Ci-C3 haloalkyl, or -V-Cyz,

wherein V is absent, -CH3z- or -O-,

Cy: is selected from the group consisting of Cs-Cio aryl, 5- to 10-

1006169681
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membered heteroaryl containing 1 to 3 heteroatoms selected from N, O and
S, 4- to 10-membered heterocycloalkyl containg 1 to 3 heteroatoms selected
from N, O and S, C3-Cg cycloalkyl and C3-Cg cycloalkenyl, and may be
optionally substituted with one or more R";

R' is each independently selected from the group consisting of
halogen, amino, Ci-Csalkyl, Ci-Cshaloalky];

R" is selected from the group consisting of halogen, hydroxy, cyano,
amino, oxo, C1-Cs alkyl, C1-Cs alkoxy, -S-(C1-Cs alkyl), -SO2-(C1-Cs alkyl),
-CO-(Ci-Cs alkyl), -C(O)H, -COO-(C;i-Cs alkyl), -COOH, -CONH., -
CONH—(CrCs alkyl), —CON(C1—C6 alkyl)z, —(CHz)p—NHz, —(CHz)p—NH—(Cl—
Cs alkyl), -(CH2)p-N(C1-Cs alkyl)2, -(CH2),-NH-CO-(C1-Cs alkyl), -(CH2),-
NH-COO-(C;-Cs alkyl), -(CH2)p,-OH, 3- to 7-membered heterocycloalkyl,
C3-Cs cycloalkyl, and -(CH2)p-(C3-Cs cycloalkyl), wherein said C;-Cs alkyl
and C;-Cs alkoxy may be optionally substituted with one or more halogen,
hydroxy, cyano or amino, and said 3- to 7-membered heterocycloalkyl and
C3-Csg cycloalkyl may be optionally substituted with one or more halogen,
hydroxy, cyano, oxo or amino;

R* is hydrogen, or C;-Cs alkyl;

R¥ is C(=0)R®, and R® is hydroxy, or C1-Cs alkoxy; and

o and p are each independently an integer of 0 to 3.

The compound or solvate, stereoisomer or pharmaceutically acceptable salt
thereof according to claim 1, wherein R' is selected from the group
consisting of hydrogen, halogen, C-Cs alkyl and C;-Cshaloalkyl.

The compound or solvate, stereoisomer or pharmaceutically acceptable salt
thereof according to claim 1 or claim 2, wherein

Cy2 is selected from the group consisting of phenyl, 5- to 10-
membered heteroaryl containing 1 to 2 heteroatoms selected from N or O,
4- to 7-membered heterocycloalkyl containing 1 to 2 heteroatoms selected
from N or O, C4-C; cycloalkyl, and Cs-C; cycloalkenyl, and may be
optionally substituted with one or more R"; and

R" is selected from the group consisting of halogen, hydroxy, cyano,
amino, oxo, C1-Cs alkyl, Ci-Cs haloalkyl, Ci-Cs alkoxy, C1-Cs haloalkoxy,
-S-(C1-Cs alkyl), -SO2-(Ci1-Cs alkyl), -COO-(Ci-Cs alkyl), -COOH, -
CONHz, —(CHz)p—NHz, —(CHz)p—NH—(Cl—Cs alkyl), —(CHz)p—N(Cl—C6 alkyl)z,
-(CH2)p-NH-COO-(C1-Cs alkyl), -(CH»2)p,-OH, azetidinyl or oxetanyl,
optionally substituted with hydroxy or oxo; and cyclopropyl or
cyclopropylmethyl, optionally substituted with hydroxy or oxo
The compound of or solvate, stereoisomer or pharmaceutically acceptable
salt thereof according to any one of claims 1-3, wherein

Cy is phenyl; heteroaryl selected from pyrrolyl, furanyl, thiophenyl,

1006169681
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pyrazolyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, triazolyl,
oxadiazolyl, thiadiazolyl, pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl,
indolyl, benzimidazolyl, benzothiazolyl, quinolinyl and isoquinolinyl; or
heterocycloalkyl selected from azetidinyl, oxetanyl, pyrrolidinyl,
pyrazolidinyl, imidazolidinyl, thiazolidinyl, oxazolidinyl, isoxazolidinyl,
piperidinyl, piperazinyl and morpholinyl; and

Cy2 is phenyl; heteroaryl selected from pyrrolyl, furanyl, thiophenyl,
pyrazolyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, triazolyl,
oxadiazolyl, thiadiazolyl, pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl,
indolyl, benzimidazolyl, benzofuranyl, benzothiazolyl, quinolinyl and
isoquinolinyl; heterocycloalkyl selected from azetidinyl, oxetanyl,
pyrrolidinyl, tetrahydrofuranyl, pyrazolidinyl, imidazolidinyl, thiazolidinyl,
oxazolidinyl, isoxazolidinyl, piperidinyl, piperazinyl and morpholinyl;
cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl; or cyclobutenyl,
cyclopentenyl, cyclohexenyl or cycloheptenyl.
The compound or solvate, stereoisomer or pharmaceutically acceptable salt
thereof according to any one of claims 1-4, wherein

* Cy,
N / \Ra

Ra is -V-Cy», and W has a structure selected from:

O H
- ./‘.O " s ./“I
. b 9

|
N -,
5
g
(@]
*

OH

*
/‘ *
h g
b B b
*
il
N
9 b -

b

O/QA
=

b
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N N
b b b b
/@/\* ©/©/\* *
. -
s s s
%
=
7N
# N _N

, and ;

wherein Cy is optionally substituted with R’ and Cy; is optionally
substituted with R".

The compound of formula I or solvate, stereoisomer or pharmaceutically

acceptable salt thereof according to any one of claims 1-5, wherein

R? is hydroxy.

The compound or solvate, stereoisomer or pharmaceutically acceptable salt
thereof according to any one of claims 1-6, wherein the compound is of the
Formula 1A-3:

1006169681
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RB
R! 0
g 7 1
P R?
RrR?
RZ

[Formula IA-3].
The compound or solvate, stereoisomer or pharmaceutically acceptable salt
thereof according to any one of claims 1-7, wherein the compound is of the
Formula 1A-3:

RB
R! 0
g 7 1
P R?
RrR?
RZ

[ Formula IA-3],
wherein
Cy is phenyl, pyrazolyl, or piperazinyl; and
Cy2 is phenyl, furanyl, pyrazolyl, pyridinyl, morpholinyl, piperidinyl,

cyclohexyl, or cyclohexenyl.

The compound or solvate, stereoisomer or pharmaceutically acceptable salt
thereof according to any one of claims 1-6, wherein the compound is of the
[Formula IB-5]

RS
R! 0
RS N

R |
R4
—

N Cy.
8 “SRa
= W/

wherein

g,
©
either or both of the carbon atoms of ==
substituted with Ci-Cs alkyl;

W is -(CH2)o- or -(CH2)o-C=C-, wherein H of said CH> may be
optionally substituted with one or more halogen, hydroxy or C1-Cs alkoxy;

may be optionally

Cy is selected from the group consisting of phenyl, and 5- to 10-
membered heteroaryl containing 1 or 2 nitrogen atoms, and may be
optionally substituted with one or more R’;

R? is hydrogen, halogen, C;-Cs alkyl, Ci-Cs haloalkyl or -V-Cyo,

wherein V is absent or -CH»-, and Cy: is selected from the group
consisting of phenyl, and 5- to 10-membered heteroaryl containing 1 or 2

nitrogen atoms, and may be optionally substituted with one or more R’’;

1006169681



199

R’ is selected from the group consisting of halogen, hydroxy, cyano,
amino, oxo, Ci-Cs alkyl, C1-Cs haloalkyl, C;-Cs alkoxy, Ci-Cs haloalkoxy,
-(CH2)p-NHa, -(CH2)p-NH-(C-Cealkyl), -(CH2)p-N(Ci-Cealkyl)z;
azetidinyl or oxetanyl, optionally substituted with hydroxy or oxo; and
cyclopropyl or cyclopropylmethyl, optionally substituted with hydroxy or
oxo; and
R!,R* R%, R’, 0 and p are as defined in claim 1.
[Claim 10]  The compound or solvate, steroisomer or pharmaceutically acceptable salt
thereof according to any one of claim 1 to 9 wherein:
(1) R* is hydrogen or C-Cs alkyl; and/or
(i1) o and p are each independently an integer of 0 to 2.
[Claim 11]  The compound or solvate, stereoisomer or pharmaceutically acceptable salt
thereof according to any one of claims 1-10, wherein the compound is

selected from the group consisting of the following compounds:
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The compound or solvate, stereoisomer or pharmaceutically acceptable salt
thereof according to any one of claims 11, wherein the compound is selected
from the group consisting of the following compounds:

[Claim 12]
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[Claim 13]

[Claim 14]

[Claim 15]

[Claim 16]

[Claim 17]

207

o}
B e
3 H
s)“‘i/J\N B T
H \)
=

| i [o]
[ M= 5\/}/]\ H'LIJ
Swy \ A
VA v
I'-L_____“'I @
\i_\\ } A
</ ,and </

A compound or a solvate, stereoisomer or pharmaceutically acceptable salt
thereof wherein the compound is selected from the group consisting of the

following compounds:

, = , . , and

A pharmaceutical composition comprising the compound, solvate,
stereoisomer or pharmaceutically acceptable salt thereof according to any
one of claims 1 to 13 as an active ingredient.

Use of the pharmaceutical composition according to claim 13, in the
preparation of a medicament for the prevention or treatment of a disease
associated with prostaglandin E> overexpression and/or prostaglandin E»
receptor overexpression.

The use according to claim 15, wherein the disease associated with
prostaglandin E» overexpression and/or prostaglandin E> receptor
overexpression is cancer, a neurodegenerative disease or an inflammatory
disease.

The use according to claim 16, wherein the cancer is selected from the group
consisting of squamous cell cancer, basal cell cancer, glioblastoma, bone
cancer, stomach cancer, kidney cancer, lung cancer, bladder cancer, prostate
cancer, breast cancer, ovarian cancer, endometrial cancer, cervical cancer,

bladder cancer, head and neck cancer, renal cell carcinoma, esophageal
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[Claim 18]

[Claim 19]
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cancer, pancreatic cancer, brain cancer, gastrointestinal cancer, liver cancer,
leukemia, lymphoma, melanoma, multiple myeloma, osteosarcoma,
colorectal cancer, cholangiocarcinoma, choriocarcinoma, oral cancer,
neuroblastoma, skin cancer, testis cancer, stromal tumor, germ cell tumor
and thyroid cancer.

The use according to claim 16, wherein the neurodegenerative disease is
selected from the group consisting of epilepsy, Alzheimer's disease,
Parkinson's disease, amyotrophic lateral sclerosis and traumatic brain injury.
The use according to claim 16, wherein the inflammatory disease is selected
from the group consisting of edema, allergy, asthma, conjunctivitis,
periodontitis, rhinitis, otitis media, pharyngolaryngitis, tonsillitis,
pneumonia, gastric ulcer, gastritis, Crohn's disease, colitis, hemorrhoid, gout,
ankylosing spondylitis, rheumatic fever, lupus, fibromyalgia, psoriatic
arthritis, osteoarthritis, rheumatoid arthritis, periarthritis of shoulder,
tendinitis, tenosynovitis, myositis, hepatitis, cystitis, nephritis, Sjogren's

syndrome and multiple sclerosis.
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