DESCRIPTION

5-HYDROXYPYRIMIDINE-4~CARBOXAMIDE DERIVATIVE

TECHNICAL FIELD
The present invention relates to low-molecular-weight
compounds having an erythropoietin production-enhancing

activity.

BACKGROUND ART

Erythropoietin (hereinafter abbreviated as EPO) is a
glycoprotein hormone that is essential for erythrocyte
hematopoiesis. It is normally secreted from the kidneys and
promotes production of erythrocytes by acting on erythrocyte
stem cells present in bone marrow. In diseases presenting with
a decrease in intrinsic EPO production (such as chronic renal
failure), since erythrocyte production decreases and symptoms of
anemia are exhibited, treatment is provided in the form of
replacement therapy using gene-recombinant human EPO. However,
this gene-recombinant human EPO has been indicated as having
shortcomings such as being a biological preparation and
associated with expensive health care costs, having poor
convenience due to being an injection and having antigenicity.

On the other hand, compounds such as pyridine derivatives,
cinnoline derivatives, quinoline derivatives, isoguinoline
derivatives (see Patent Documents 1 to 6 and 8), 6-hydroxy-2,4-
dioxo-tetrahydropyrimidine derivatives (see Patent Document 7)
or 4-hydroxypyrimidine-5-carboxamide derivatives (see Patent
Document 9) are known to be low molecular weight EPO inducers.
Further, 5-hydroxypyrimidine-4-carboxamide derivatives
(International Publication No. WO 20038/131127 or International
Publication No. WO 2009/131129) are known.
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DISCLOSURE OF THE INVENTION
[Object of the Invention]

The inventors of the present invention conducted studies
for the purpose of providing novel low molecular weight
compounds that have a superior EPO production—enhancing activity
and that are useful for the treatment of diseases caused by
decreased EPO, and for the purpose of providing a medicament
containing such compounds.

[Means for Achieving the Object]

In order to solve the aforementioned problems, the
inventors of the present invention found that novel compounds
having a 5-hydroxypyrimidine-4-carboxamide structure have
superior EPO production-enhancing activity and that they are
effective for treating diseases caused by decreased EPO, thereby
leading to completion of the present invention.

According to the present invention, novel 5-
hydroxypyrimidine-~4-carboxamide compounds represented by the
following general formula (1), pharmacologically acceptable
esters thereof or pharmacologically acceptable salts thereof
(hereinafter collectively referred to as compounds of the
present invention), are provided.

Namely, the present invention relates to the following:

(1) a compound represented by the following general formula
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{wherein,

R! represents a group represented by the following general

formula (1A):
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[wherein,

R’ and R® each independently represents a hydrogen atom, a
halogen atom or a C;-C¢ alkyl group,

R® represents a hydrogen atom, a halogen atom, a C;-Cg
alkyl group, a carbamoyl group, a C;-C¢ alkylcarbamoyl group, or
a (C;-Cg¢ alkyl) (Ci-C¢ alkyl)carbamoyl group,

R’ represents a hydroxy C;-C¢ alkyl group which may have 1
or 2 substituents independently selected from substituent group
o, a hydroxyhalo C;-C¢ alkyl group which may have 1 or 2
substituents independently selected from substituent group o, a
C,-Cs alkoxy C;=-C4 alkyl group which may have 1 or 2 substituents
independently selected from substituent group o, a (Cy-Cq
alkoxy) carbonyl group which may have 1 or 2 substituents
independently selected from substituent group «, a Cy~Cy alkoxy
C,-Cq alkoxy Ci-Cq alkyl group which may have 1 or 2 substituents
independently selected from substituent group o, a hydroxy C,-Cq
alkoxy group which may have 1 or 2 substituents independently
selected from substituent group o, a C;~Cs alkylcarbamoyl group

which may have 1 or 2 substituents independently selected from



substituent group o, a (Ci-C¢ alkyl) (C;-C¢ alkyl)carbamoyl group
which may have 1 or 2 substituents independently selected from
substituent group «, a C;-C¢ alkoxycarbamoyl group which may have
1 or 2 substituents independently selected from substituent
group o, a C;-Cs alkylcarbamoyl C;~-Cs alkyl group which may have
1 or 2 substituents independently selected from substituent
group «, a (C;-Cgs alkyl) (C;-C¢ alkyl)carbamoyl C;-Cs alkyl group
which may have 1 or 2 substituents independently selected from
substituent group «, a C;-Cy; alkancylamino group which may have 1
or 2 substituents independently selected from substituent group
¢, a Cy,-C; alkanoylamino C;-Cgs alkyl group which may have 1 or 2
substituents independently selected from substituent group o, or
a C,-C; alkanoyloxy C;-Cs alkyl group which may have 1 or 2
substituents independently selected from substituent group «,

substituent group o represents a group consisting of an
oxo group, a hydroxy group, an amino group, a carboxy group, a
carbamoyl group, a C,~C¢ alkoxy group, a halo C;~C¢ alkoxy group,
a C;-C; alkanoylamino group, a hydroxyimino group, and a C;~Cs
alkoxyimino group,

ring Q' represents a monocyclic heterocyclic group
(wherein the heterocyclic group includes a 5— to 7- membered
aromatic heterocycle and non-aromatic heterocycle, and contains
1 or 2 atoms selected from the group consisting of a nitrogen
atom, a sulfur atom and an oxygen atom),

ring Q? represents a monocyclic hydrocarbon ring group
(wherein the hydrocarbon ring group includes a 5- to 7- membered
aromatic hydrocarbon ring and a non-aromatic hydrocarbon ring),
or a monocyclic heterocyclic group (wherein the heterocyclic
group includes a 5- to 7- membered aromatic heterocycle and non-
aromatic heterocycle, and contains 1 or 2 atoms selected from
the group consisting of a nitrogen atom, a sulfur atom and an
oxygen atom),

ring Q° represents a monocyclic hydrocarbon ring group
(wherein the hydrocarbon ring group includes a 5- to 7- membered
aromatic hydrocarbon ring and a non-aromatic hydrocarbon ring),

or a monocyclic heterocyclic group (wherein the heterocyclic



group includes a 5- to 7- membered aromatic heterocycle and non-
aromatic heterocycle, and contains 1 or 2 atoms selected from
the group consisting of a nitrogen atom, a sulfur atom and an
oxygen atom), and

X represents a single bond, methylene, or ethylene],

R* represents a C;-C3 alkyl group or a methylsulfanyl
group, and

R® denotes a hydrogen atom or a methyl groupl, a
pharmacologically acceptable ester thereof, or a
pharmacologically acceptable salt thereof,
(2) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to (1)
above, wherein R? is a methyl group or a methylsulfanyl group,
(3) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to (1)
above, wherein R? is a methyl group,
(4} a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of (1) to (3) above, wherein R’ is a hydrogen atom,
(5) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of (1) to (4) above, wherein R' is a hydrogen atom,
(6) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of (1) to (5) above, wherein R’ is a hydrogen atcm, a halogen
atom or a methyl group,
(7) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of (1) to (5) above, wherein R’ is a hydrogen atom,
(8) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of (1) to (7)) above, wherein R® is a hydrogen atom, a halogen
atom, or a methyl group,
(9) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one

of (1) to (7) above, wherein R® is a hydrogen atom,



(10) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of (1) to (9) above, wherein R’ is a hydroxy C;-C¢ alkyl group, a
hydroxyhalo C,-Cq¢ alkyl group, a Ci~Cs alkoxy C;-C¢ alkyl group, a
hydroxy C,;-Cg alkoxy C;~-Cg alkyl group, a (C;~Ce alkoxy)carbonyl
group, a C;~C¢ alkoxy C;-C¢ alkoxy C;-Cs alkyl group, a hydroxy
C,-C¢ alkoxy group, a C;-Cs alkylcarbamoyl group, a (Ci-Cs

alkyl) (C;-Cs alkyl)carbamoyl group, a hydroxy C;-Cg
alkylcarbamoyl group, a C;-Cs alkoxycarbamoyl group, a C;-Cq
alkylcarbamoyl C;-Cq alkyl group, a (C;~C¢ alkyl) (C1-Cs
alkyl)carbamoyl C;-C¢ alkyl group, or a hydroxy C;—Cg
alkylcarbamoyl C,~C¢ alkyl group,

(11) a compound, pharmdcologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of (1) to (9) above, wherein R’ is a hydroxymethyl group, a 1-
hydroxyethyl group, a 2-hydroxyethyl group, a 1,1-difluocro-2-
hydroxyethyl group, a 2-hydroxypropyl group, a 3-hydroxypropyl
group, a 1l,l-difluocro-2-hydroxypropyl group, a 2-hydroxybutyl
group, a 2-hydroxy-1,l-dimethylethyl group, a 1,1l-difluoro-2-
hydroxy-2-methylpropyl group, a methoxymethyl group, a 2-
hydroxy-3-methoxypropyl group, a methoxycarbonyl group, an
ethoxycarbonyl group, a methoxymethoxymethyl group, a 1-
methoxymethoxyethyl group, a 2-hydroxyethoxy group, a
methylcarbamoyl group, a dimethylcarbamoyl group, a
methylcarbamoylmethyl group, a dimethylcarbamoylmethyl group, a
hydroxyethylcarbamoyl group, or a hydroxyethylcarbamoylmethyl
group,

(12) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of (1) to (9) above, wherein R’ is a hydroxymethyl group, a 1-
hydroxyethyl group, a 2-hydroxyethyl group, a Z-hydroxypropyl
group, a 3-hydroxypropyl group, a 2-hydroxybutyl group, a 2-
hydroxy-1,1l-dimethylethyl group, a methoxymethyl group, a 2-
hydroxy~-3-methoxypropyl group, an ethoxycarbonyl group, a 1-
methoxymethoxyethyl group, a 2-hydroxyethoxy group, a

methylcarbamoyl group, a dimethylcarbamoyl group, or a



dimethylcarbamoylmethyl group,

{(13) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of (1} to (12) above, wherein the ring o' is a monocyclic
heterocyclic group (wherein the heterocyclic group includes a 6-
membered aromatic heterocycle and non-aromatic heterocycle, and
contains 1 or 2 nitrogen atoms),

(14) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of (1) to (12) above, wherein the ring Q' is a piperidyl group,
(15) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of (1) to (14) above, wherein the ring Q° is a monocyclic
hydrocarbon ring group (wherein the hydrocarbon ring group
includes a 6-membered aromatic hydrocarbon ring and a non-
aromatic hydrocarbon ring), or a monocyclic heterocyclic group
(wherein the heterocyclic group includes a é-membered aromatic
heterocycle and non-~aromatic heterocycle, and contains 1 or 2
nitrogen atoms),

(16) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of (1) to (14) above, wherein the ring Q° is a phenyl group or a
pyridyl group,

(17) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of (1) to (16) above, wherein the ring Q° is a monocyclic
hydrocarbon ring group (wherein the hydrocarbon ring group
includes a 6-membered aromatic hydrocarbon ring and a non-
aromatic hydrocarbon ring), or a monocyclic heterocyclic group
(wherein the heterocyclic group includes a 6-membered aromatic
heterocycle and non-aromatic heterocycle, and contains 1 or 2
nitrogen atomsj),

(18) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of (1) to (16) above, wherein the ring Q° is a phenyl group or a

pyridyl group,



(19) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of (1) to (18) above, wherein X is a single bond or methylene,
(209 a compound, pharmacologically acceptable ester thereocf, or
pharmacologically acceptable salt thereof according to any one
of (1) to (4) above, wherein:

R' is a group represented by the following general formula

{1B)
V N
N
v N X R® (1B)
|
RR
[wherein,

R® represents a hydrogen atom, a halogen atom or a C;-Cg
alkyl group,

R® represents a hydrogen atom, a halogen atom, a C;-C
alkyl group, a carbamoyl‘group, a C;~C4 alkylcarbamoyl group, or
a (C,-C4 alkyl) (C1-Cs alkyl)carbamoyl group,

R’ represents a hydroxymethyl group, a l-hydroxyethyl
group, a 2-hydroxyethyl group, a 1l,l-difluoro-2-hydroxyethyl
group, a 2-hydroxypropyl group, a 3-hydroxypropyl group, a 1,1-
difluoro-2-hydroxypropyl group, a 2-~hydroxybutyl group, a 2-
hydroxy~-1,1l-dimethylethyl group, a 1,l-difluoro-2-hydroxy-2-
methylpropyl gfoup, a methoxymethyl group, a 2Z2-hydroxy-3-
methoxypropyl group, a methoxycarbonyl group, an ethoxycarbonyl
group, a methoxymethoxymethyl group, a l-methoxymethoxyethyl
group, a 2-hydroxyethoxy group, a methylcarbamoyl group, a
dimethylcarbamoyl group, a methylcarbamoylmethyl group, a
dimethylcarbamoylmethyl group, a hydroxyethylcarbamoyl group, or
a hydroxyethylcarbamoylmethyl group,

V, W and Y, each independently, represent a carbon atom

(having 1 hydrogen atom) or a nitrogen atom, and



X represents a single bond or methylene],
(21) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of (1) to (4) above, wherein:

R' represents a group represented by any one of the

following general formula (1B-1) to general formula (1B-8)

(1B-2) (1B-3) (1B-4)

(1B-5) (1B-6) (1B-7) (1B-8)

[wherein,

R’ represents a hydroxymethyl group, a l-hydroxyethyl
group, a 2-hydroxyethyl group, a 1,1-difluoro-Z-hydroxyethyl
group, a 2-hydroxypropyl group, a 3-hydroxypropyl group, a 1,1-
difluoro-2-hydroxypropyl group, a 2-hydroxybutyl group, a 2-
hydroxy=-1, 1-dimethylethyl group, a 1,l-difluoro-Z-hydroxy-2-
methylpropyl group, a methoxymethyl group, a 2-hydroxy-3-
methoxypropyl group, a methoxycarbonyl group, an ethoxycarbonyl
group, a methoxymethoxymethyl group, a l-methoxymethoxyethyl
group, a 2-hydroxyethoxy group, a methylcarbamoyl group, a
dimethylcarbamoyl group, a methylcarbamoylmethyl group, a
dimethylcarbamoylmethyl group, a hydroxyethylcarbamoyl group, or
a hydroxyethylcarbamoylmethyl group],

(22) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of (1) to (4) above, wherein:

R' represents a group represented by any one of the
following general formula (1B-1), general formula (1B-2j,
general fdrmula (1B-3), general formula (1B-5), or general

formula (1B-6)
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(1B-1) (1B-2) (1B-3)

(1B-5) (1B-6)
[wherein,

R’ represents a hydroxymethyl group, a l-hydroxyethyl
group, a 2-hydroxyethyl group, a 1,1-difluoro-2-hydroxyethyl
group, a 2-hydroxypropyl group, a 3-hydroxypropyl group, a 1,1-
difluoro-2-hydroxypropyl group, a 2-hydroxybutyl group, a 2-
hydroxy-1,1-dimethylethyl group, a 1,l-difluocro-2-hydroxy-2-
methylpropyl group, & methoxymethyl group, a 2-hydroxy-3-
methoxypropyl group, a methoxycarbonyl group, an ethoxycarbonyl
group, a methoxymethoxymethyl group, a l-methoxymethoxyethyl
group, a <-hydroxyethoxy group, & methylcarbamoyl group, a
dimethylcarbamoyl group, a methylcarbamoylmethyl group, a
dimethylcarbamoylmethyl group, a hydroxyethylcarbamoyl group, or
a hydroxyethylcarbamoylmethyl group],

(23) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of (20) to (22) above, wherein R’ represents a hydroxymethyl
group, a l-hydroxyethyl group, a 2-hydroxyethyl group, a 2-
hydroxypropyl group, a 3-hydroxypropyl group, a 2-hydroxybutyl
group, a 2-hydroxy-1l,l-dimethylethyl group, a methoxymethyl
group, a 2-hydroxy-3-methoxypropyl group, an ethoxycarbonyl
group, & l-methoxymethoxyethyl group, a 2-hydroxyethoxy group, a
methylcarbamoyl group, a dimethylcarbamoyl group, or a
dimethylcarbamoylmethyl group,

(24) a compound, pharmacologically acceptablekester thereof, or

pharmacologically acceptable salt thereof according to any one
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of (20) to (22) above, wherein, in the case where R’ represents
a group having a hydroxy group {a hydroxy C:;-Cs alkyl group, a
hydroxyhalo C;-C¢ alkyl group, a hydroxy C,~Cs; alkoxy group, a
hydroxy C;-Cs alkylcarbamoyl group, or a hydroxy C;-Cq
alkylcarbamoyl C;-Cq alkyl group), the hydroxy group forms an
ester bond with a C;-C¢ alkanoyl group, ,

(25) a compound or pharmacologically acceptable salt thereof
according to (1) above, selected from the following:
({[5-hydroxy=-2~({1-[4"~(hydroxymethyl)biphenyl-4-yl]piperidin~4-
yvllmethyl)~6-methylpyrimidin-4-yl]carbonyl}amino)acetic acid,
({[2-({1-[4" - (acetoxymethyl)biphenyl-4-yl]lpiperidin-4~
yvllmethyl)-5-hydroxy-6é-methylpyrimidin-4-~
vllcarbonyl}amino)acetic acid,
({[5-hydroxy-2-({1-[4’ - (1l-hydroxyethyl)biphenyl-4-ylipiperidin-
4-ylimethyl)~6-methylpyrimidin-4-yl]carbonyl}amino)acetic acid,
({[5~hydroxy-2-({1-{4"-(2-hydroxyethyl)biphenyl-4~yl]lpiperidin-
4-ylimethyl)-6-methylpyrimidin-4-yllcarbonyl}amino}acetic acid,
({[5-hydroxy-2~{{1-{4'-(2-hydroxypropyl)biphenyl-4~-yllpiperidin-~
4-ylimethyl)-6-methylpyrimidin-4-yllcarbonyllamino)acetic acid,
({[5~hydroxy-2-({1-[4'~-(2~-hydroxy~-1,1l-dimethylethyl)biphenyl-4-
yllpiperidin-4-~ylimethyl)-6-methylpyrimidin-4-
vl]carbonyl}amino)acetic acid,
({[2~({1-[4"~(dimethylcarbamoyl)biphenyl-4-yllpiperidin-4~
ylimethyl)-5-hydroxy-6é6-methylpyrimidin-4-~
yllcarbonyllamino)acetic acid,
({[5~hydroxy-6-methyl-2- ({1-[4’ - (methylcarbamoyl)biphenyl-4-
yllpiperidin-4-ylimethyl)pyrimidin~4-yl]carbonyl}amino)acetic
acid,

[({2~[(1-{4'-[2-(dimethylaminoc)-2~oxoethyl]biphenyl~-4~
yvl}piperidin-4-yl)methyl]-5-hydroxy~6-methylpyrimidin-4-
yvl}carbonyl)amino]acetic acid,

[ ({5~hydroxy-2-[(1-{4-[4- (hydroxymethyl)benzyl]lphenyl}piperidin-
4-ylymethyl]-6-methylpyrimidin-4-ylicarbonyl)aminclacetic acid,
[ ({5-hydroxy-2-[(1-{4-[3- (hydroxymethyl)benzyl]lphenyl}piperidin-
4-ylimethyl]l-6-methylpyrimidin-4-yljcarbonyl)aminolacetic acid,
[ ({5~hydroxy-2-[(1-{4~-[5-(1-hydroxyethyl)pyridin-2-
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vllphenyl}piperidin-4-yl)methyl]-6-methylpyrimidin-4~
vl}carbonyl)aminolacetic acid,

{ [ (5-hydroxy-2-{[1-{4-{5-[1~-(methoxymethoxy)ethyl]lpyridin-2-
vliphenyl)piperidin-4-ylimethyl}~6-methylpyrimidin-4-~
yl)carbonyl]lamino}acetic acid,
(({2-[(1-{4~-[5-(1~acetoxyethyl)pyridin-2-yl]lphenyl}piperidin-4-
yl)methyl]-5~hydroxy-6é-methylpyrimidin-4-
vllcarbonyl)aminolacetic acid,

[ {({5-hydroxy-2-[{1-{4~[5- (hydroxymethyl)pyridin-2-
yllphenyllpiperidin-4-yl)methyl]-6-methylpyrimidin-4~
yl}carbonyl)aminolacetic acid,
[({2-[(1-{4~[5~(ethoxycarbonyl)pyridin-2-yl]lphenyl}piperidin-4-
yl)methyl]-5-hydroxy-6-methylpyrimidin-4-
vl}carbonyl)aminolacetic acid,
[({2-[(1-{4~[2~(ethoxycarbonyl)benzyl]phenyl}piperidin-4-
yl)methyl] -5~hydroxy-6-methylpyrimidin-4-~
yllcarbonyl)aminolacetic acid,

{[ (5-hydroxy=-2-{[1-(4-{[6~ (2-hydroxyethoxy)pyridin-3-
yvllmethyl}phenyl)piperidin-4-yllmethyl}~-6-methylpyrimidin-4-
yl)carbonyl]amino}lacetic acid,

[ ({5-hydroxy-2-[(1-{5-[4- (hydroxymethyl)phenyl]lpyridin-2-
vllpiperidin-4~-yl)methyl]-6-methylpyrimidin-4-
vl}carbonyl)amino]acetic acid,

[ ({5-hydroxy~2-[{1-{5-[4- (2-hydroxypropyl)phenyllpyridin-2-
yl}piperidin-4-yl)methyl]~6-methylpyrimidin-4-—
yl}lcarbonyl)aminoljacetic acid,

[ ({5~hydroxy-2-[ (1-{5~[4- (2-hydroxy~-1, 1~
dimethylethyl)phenyllpyridin-2-ylipiperidin-4—yl)methyl]-6-
methylpyrimidin-4-yl}carbonyl)aminolacetic acid,
({[2-({1-[2-chloro-4’ - (hydroxymethyl)biphenyl—-4-yl]piperidin-4-
ylimethyl)~-5-hydroxy-6-methylpyrimidin-4-
yvllcarbonyllamino)acetic acid,
({[5-hydroxy-2-({1-[4'~(hydroxymethyl)-2-methylbiphenyl-4-
vllpiperidin-4-ylimethyl)-6-methylpyrimidin-4-—-
vl]carbonyl}lamino)acetic acid,

({[2—({1—[3’~chloro~4’—(hydroXymethyl)biphenyl—4—yl]piperidin—4-
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vl}methyl)-5-hydroxy-6é-methylpyrimidin-4-
yllcarbonyl}amino)acetic acid,
({[5-hydroxy-2-({1-[4" - (hydroxymethyl) -2’ -methylbiphenyl-4-
vlipiperidin-4-yljmethyl)-6-methylpyrimidin-4-
yl]carbonyllamino)acetic acid,
({[5-hydroxy-2-({1-[4'~(hydroxymethyl)-2,3’ ~dimethylbiphenyl-4-
vlipiperidin-4-ylimethyl)-6-methylpyrimidin-4-
yl]carbonyl}amino)acetic acid,

({[5~hydroxy-2- ({1-{4"-(2-hydroxybutyl)biphenyl-4~yllpiperidin-
4-ylimethyl)~6~methylpyrimidin-4~yl]carbonyl}amino)acetic acid,
[ ({S5-hydroxy-2-[ (1-{4-[4- (2~
hydroxypropyl)benzyl]phenyl}piperidin-4-yl)methyl]-6~
methylpyrimidin-4-vyl}carbonyl)amino]acetic acid,

[ ({5-hydroxy-2~[(1l-{4~[4~(2-hydroxy-1,1-
dimethylethyl)benzyllphenyl}piperidin-4-yl)methyl]-6-
methylpyrimidin-4-yl}carbonyl)aminocjacetic acid,
({[2-({1-[4"~(1,1-difluoro-2-hydroxyethyl)biphenyl-4-
vllpiperidin-4-yl}methyl)-5-hydroxy-6-methylpyrimidin-4-
yl]carbonyl}lamino)acetic acid,
({[2-({1~[4"-(1,1-difluoro-2-hydroxypropyl)biphenyl-4~
yvllpiperidin-4-ylimethyl)~5-hydroxy-6-methylpyrimidin-4-
vllcarbonyl}amino)acetic acid,
({[2-({1-[4"~(1,1-difluoro-2-hydroxy~2~methylpropyl)biphenyl-4-
vllpiperidin-4-ylimethyl)-5-hydroxy-6-methylpyrimidin-4~
yllcarbonyl}amino)acetic acid,
{[(5-[(2,2~-dimethylpropanoyl)oxyl-2-{{1-(4"-{[ (2,2~
dimethylpropanoyl)oxylmethyl}biphenyl-4-yl)piperidin-4-
yllmethyl}=-6~methylpyrimidin-4-yl)carbonyl]amino}acetic acid,
{[(2-{[1-(4"-{[(2,2-dimethylpropanoylyoxylmethyl}biphenyl-4-
yl)ipiperidin-4-ylimethyl}-5-hydroxy-6-methylpyrimidin-4-~
yl)carbonyllamino}lacetic acid,

({[5-hydroxy-2-({1~[4'~ (methoxymethyl)biphenyl-4~ylipiperidin~4-
yljimethyl)~6-methylpyrimidin-4~-yl}carbonyl}amino)acetic acid,
({[2-({1-[2"~fluoro—-4'~ (hydroxymethyl)biphenyl~-4-yllpiperidin~4-
vllmethyl)-5-hydroxy~-6-methylpyrimidin-4-

vllcarbonyl}lamino)acetic acid,
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({[2-({1-[3’~-fluoro~4’ - (hydroxymethyl)biphenyl~4~ylipiperidin-4-
vllmethyl)-~5~hydroxy-6-methylpyrimidin-4-
vl]carbonyllamino)acetic acid,
({[2-({1-[2-fluoro-4’ - (hydroxymethyl)biphenyl-4-yllipiperidin-4-
ylimethyl)-5-hydroxy~6-methylpyrimidin—4-
yllcarbonyllamino)acetic acid,
({[2-({1-[3~-fluoro-4’ - (hydroxymethyl)biphenyl-4-ylipiperidin-4-
yllimethyl)~5-hydroxy-é-methylpyrimidin-4-
vlljcarbonyl}amino)acetic acid,
({[5~hydroxy~2~-({1-[4’ - (hydroxymethyl)-3'-methylbiphenyl-4-
vllpiperidin-4-ylimethyl)-6-methylpyrimidin—4-
yllcarbonyl}amino)acetic acid,
({[2-({1-[3",5" -difluorc-4’ - (hydroxymethyl)biphenyl-~4-
yllpiperidin-4~yllimethyl)-5-hydroxy-6-methylpyrimidin-4-
yllcarbonyl}amino)acetic acid,
({[2-({1-[3",5" ~dichloro-4’ - (hydroxymethyl)biphenyl-4~
yvllpiperidin-4-ylimethyl)-5-hydroxy-6-methylpyrimidin-4-
yvllcarbonyl}lamino)acetic acid,

({[2-({1-137,5' ~dimethyl-4’'~(hydroxymethyl)biphenyl-4-
vllpiperidin-4-yllmethyl)-5-hydroxy-6-methylpyrimidin-4-
yvllcarbonyl}amino)acetic acid, »

[ ({5-hydroxy-2-[(1-{4'~[2-hydroxy~3-methoxypropyllbiphenyl-4-
vilpiperidin-4-ylimethyl]-6-methylpyrimidin—4—
ylicarbonyl)amino]acetic acid,
({[{5-hydroxy=-2~({1-[4’ - (3-hydroxypropyl)biphenyl-4-yl]piperidin-
4-ylimethyl)-6-methylpyrimidin-4-yl]lcarbonyl}amino)acetic acid,
({(5~hydroxy-2-({1-[4' - (hydroxymethyl)-3’-isopropylbiphenyl-4~-
yllpiperidin-4~-yl}imethyl)-é-methylpyrimidin~-4—
vllcarbonyllamino)acetic acid,

[({2-1(1-{5-[3-fluoro~-4- (hydroxymethyl)phenyl]lpyridin-2-
vilpiperidin-4-yl)methyl]-5-hydroxy-é-methylpyrimidin-4-
yvllcarbonyl)amino]acetic acid,

[{{2-][{1-{5~[3-chloro-4- (hydroxymethyl)phenyl]pyridin-2-
vllpiperidin-4-yl)methyl]-5-hydroxy-6-methylpyrimidin-4-
yl}carbonyl)aminolacetic acid, or

[ {({5-hydroxy-2~[(1l-{5-[4~(hydroxymethyl)-3-methylphenyllpyridin-
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2-ylipiperidin-4~ylimethyl]-6-methylpyrimidin—4-
vlicarbonyljaminolacetic acid,

(26) a pharmaceutical composition containing as an active
ingredient a compound, pharmacologically acceptable ester
thereof, or pharmacologically acceptable salt thereof according
to any one of (1) to (25) above,

(27) a pharmaceutical composition according to (26) above, for
the prophylaxis and/or treatment of anemia,

(28) a pharmaceutical composition according to (27) above,
wherein the anemia 1is nephrogenic anemia, anemia of prematurity,
anemia incidental to chronic diseases, anemia incidental to
cancer chemotherapy, cancerous anemia, inflammation-associated
anemia, or anemia incidental to congestive heart failure,

(29) a pharmaceutical composition according to (27) above,
wherein the anemia 1s anemia incidental to chronic kidney
disease,

(30) a pharmaceutical composition according to (26) above, for
producing erythropoietin,

(31) use of a compound, pharmacologically acceptable ester
thereof, or pharmacologically acceptable salt thereof according
to any one of (1) to (25) above, for producing a medicament,
(32) use according to (31) above, wherein the medicament is a
medicament for the prophylaxis and/or treatment of anemia,

(33) use according to (32) above, wherein the anemia is
nephrogenic anemia, anemia of prematurity, anemia incidental to
chronic diseases, anemia incidental to cancer chemotherapy,
cancerous anemia, inflammation-associated anemia, or anemia
incidental to congestive heart failure,

(34) use according to (32) above, wherein the anemia is anemia
incidental to chronic kidney disease,

(35) a method for producing erythropoietin, comprising:
administering a pharmacologically effective amount of a
compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of (1) to (25) above to a mammal or bird,

(36) a method for the treatment or prophylaxis of a disease,
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comprising: administering a pharmacologically effective amount
of a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one

of (1) to (25) above to a mammal,

(37) a method according to (36) above, wherein the disease is
anemia,
(38) a method according to (36) above, wherein the disease 1is

nephrogenic anemia, anemia of prematurity, anemia incidental to
chronic diseases, anemia incidental to cancer chemotherapy,
cancerous anemia, inflammation-assoclated anemia, or anemia
incidental to congestive heart failure,
(39) a method according to (36) above, wherein the disease is
anemia incidental to chronic kidney disease,
(40) a method according to any one of (36) to (39) above,
wherein the mammal is a human,
(41) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of (1) to (25) above, for use in a method for the treatment or
prophylaxis of a disease,
(42) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to (41)
above, wherein the disease is anemia,
(43) a compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to (41)
above, wherein the disease 1s nephrogenic anemila, anemia of
prematurity, anemia incidental to chronic diseases, anemia
incidental to cancer chemotherapy, cancerous anemia,
inflammation-associated anemia, or anemia incidental to
congestive heart failure, or
(44) a compound, pharmacologically acceptable ester thereocf, or
pharmacologically acceptable salt thereof according to (41)
above, wherein the disease 1s anemia incidental to chronic
kidney disease.

In one aspect, the present invention provides:
(45) a compound, pharmacologically acceptable ester thereof, or

pharmacologically acceptable salt thereof according to (1)



17

above, wherein:

R® represents a hydrogen atom, a halogen atom, or a Cy;—-Cq
alkyl group, and

R’ represents a hydroxy C;~-C¢ alkyl group which may have 1
or 2 substituents independently selected from substituent group
o, a hydroxvhalo C;~-Ces alkyl group which may have 1 or 2
substituents independently selected from substituent group o, a
(C1-C¢ alkoxy)carbonyl group which may have 1 or 2 substituents
independently selected from substituent group o, a C;-C¢ alkoxy
C1~Cs alkoxy Ci;~Cs alkyl group which may have 1 or 2 substituents
independently selected from substituent group «, a hydroxy C;-Cq
alkoxy group which may have 1 or 2 substituents independently
selected from substituent group o, a C;~Cs alkylcarbamoyl group
which may have 1 or 2 substituents independently selected from
substituent group o, a (C;-Cs alkyl) (C;—-Cs alkyl)carbamoyl group
which may have 1 or 2 substituents independently selected from
substituent group o, a C,~-Cs; alkoxycarbamoyl group which may have
1 or 2 substituents independently selected from substituent
group o, a C,-C¢ alkylcarbamoyl C,-C¢ alkyl group which may have
1 or 2 substituents independently selected from substituent
group <o, a (C;—-Cg alkyl) (C;-C¢ alkyl)carbamoyl C;-C¢ alkyl group
which may have 1 or 2 substituents independently selected from
substituent group «, a C,~C,; alkanoylamino group which may have 1
or 2 substituents independently selected from substituent group
o, or a C,-C; alkanoylamino C;-Cs alkyl group which may have 1 or
2 substituents independently selected from substituent group o.

The compound of the present invention represented by the
aforementioned general formula (1) has a 5-hydroxypyrimidine-4-
carboxamide skeleton. A substituent at position 2 of said
pyrimidine ring has 3 cyclic groups, and sald cyclic groups have
a specific substituent. The compound of the present invention,
pharmacologically acceptable ester thereof, or pharmacologically
acceptable salt thereof has a superior EPO production-enhancing
activity.

The following provides an explanation of substituents in

the compound of the present invention.
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A “halogen atom” in the definitions of R', R®, and R®
refers to a fluorine atom, a chlorine atom, a bromine atom or an
iodine atom, preferably, a fluorine atom.

A “C;~C; alkyl group” in the definition of R? refers to a
straight or branched chain alkyl group having 1 to 3 carbon
atoms. Examples include a methyl group, an ethyl group, a
propyl group, and an isopropyl group.

A “C,~Cs alkyl group” in the definitions of R®, R°, and R®
refers to a straight or branched chain alkyl group having 1 to 6
carbon atoms. Examples include a methyl group, an ethyl group,
a propyl group, an isopropyl group, a butyl group, a sec-butyl
group, a tert-butyl group, a pentyl group, an isopentyl group, a
2-methylbutyl group, a neopentyl group, a l-ethylpropyl group, a
hexyl group, a 4-methylpentyl group, a 3-methylpentyl group, a
Z2-methylpentyl group, a l—methylpentyl group, a 3,3~
dimethylbutyl group, a 2,2-dimethylbutyl group, a 1,1-
dimethylbutyl group, a 1,2-dimethylbutyl group, a 1,3-
dimethylbutyl group, a 2,3-dimethylbutyl group, a 2-ethylbutyl
group, and the like. The C;~Cs; alkyl group is preferably a C,-C,
alkyl group, more preferably a C;~-C; alkyl group.

A “hydroxy C;~Cs alkyl group” in the definition of R’
refers to a group in which one or more hydrogen atoms
(preferably, 1 or 2 hydrogen atoms) of the aforementioned “C;-Cq
alkyl group” are substituted with a hydroxy group. Examples
include a hydroxymethyl group, a l-hydroxyethyl group, a 2-
hydroxyethyl group, a l-hydroxypropyl group, a <2-hydroxypropyl
group, a 3-hydroxypropyl group, a 2-hydroxy-1,l-dimethylethyl
group, a 2-hydroxybutyl group, a 2-hydroxypentyl group, and the
like. The hydroxy C;-C¢ alkyl group is preferably a hydroxy C;—-C,
alkyl group, more preferably a hydroxy C;~C; alkyl group.

A “hydroxyhalo C;-Cg alkyl group” in the definition of R’
refers to a group in which 1 or 2 hydrbgen atoms on a carbon
atom of the aforementioned “hydroxy C;-Cs alkyl group” are
substituted with an aforementioned “halogen atom”.  Examples
include a 1-fluoro-2-hydroxyethyl group, a 1,l-difluoro-2-
hydroxyethyl group, a 1—fluorb~2—hydroxypropyl group, a 1,1~
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difluoro-2-hydroxypropyl group, a l,l-diflucro-3-hydroxypropyl
group, a 1l,1-difluocro~-2-hydroxy-2-methylpropyl group, and the
like. The hydroxyhalo C;~Cgs alkyl group is preferably a
hydroxyhalo C;-C, alkyl group, more preferably a hydroxvhalc C;-
Cs alkyl group.

A “C,-C¢ alkoxy C;-C¢ alkyl group” in the definition of R’
refers to a group in which 1 hydrogen atom of the aforementioned
“C;~Cs alkyl group” i1s substituted with the fellowing “C;-Cg
alkoxy group”. Examples include a methoxymethyl group, a
methoxyethyl group, a methoxypropyl group, a methoxybutyl group,
an ethoxymethyl group, an ethoxyethyl group, an ethoxypropyl
group, an ethoxybutyl group, a methoxypentyl group, and the
like. The C;—-Cg alkoxy C;-Cgs alkyl group is preferably a C,-Cy
alkoxy C;-C; alkyl group, more preferably a C;-C, alkoxy Ci-C;
alkyl group.

A “C;-C¢ alkoxy group” in the definition of the
substituent group ¢ refers to a group in which an aforementioned
“C;-C¢ alkyl group” is bonded to an oxygen atom. Examples
include a methoxy group, an ethoxy group, an n-propoxy group, an
n-butoxy group, an s-butoxy group, a tert-butoxy group, an n-
pentoxy group, and the like. The Cy;-C¢ alkoxy group is
preferably a C;-C;, alkoxy group, more preferably a C;-C; alkoxy
group.

A “halo C;-C4 alkoxy group” in the definition of the
substituent group o refers to a group in which 1 or 2 hydrogen
atoms of the aforementioned “C;-Cs alkoxy group” are substituted.
with an aforementioned “halogen atom”. Examples include a
fluoromethoxy group, a chloromethoxy group, a l-fluoroethoxy
group, a l-chloroethoxy group, a 2-fluoroethoxy group, a 1,2~
difluoropropoxy group, and the like. The halo C;-Cs alkoxy group
is preferably a halo C,-C; alkoxy group, more preferably a halo
Cq,~Cy alkoxy group.

A “C;-Cs alkoxyimino group” in the definition of the
substituent group o refers to a group in which an aforementioned
“C,-C¢ alkoxy group” is bonded to an imino group. Examples

include methoxyimino, ethoxyimino, n-propoxyimino,
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isopropoxyimino, n-butoxyimino, isobutoxyimino, s-butoxyimino,
tert~butoxyimino, n-pentoxyimino, isopentoxyimino, 2-
methylbutoxyimino, and the like. The C,-C¢ alkoxyimino group is
preferably a C;-Cy alkoxyimino group, more preferably a C;~Cs
alkoxyimino group.

A “(Cy~Cg alkoxy)carbonyl group” in the definition of R’
refers to a group in which an aforementioned “C;-Cy; alkoxy group”
is bonded to a carbonyl group. Examples include a
methoxycarbonyl group, an ethoxycarbonyl group, an n-
propoxycarbonyl group, an n-butoxycarbonyl group, and the like.
The (C;-C¢ alkoxy)carbonyl group 1is preferably a (C-Cy
alkoxy)carbonyl group, more preferably a (C;-C; alkoxy)carbonyl
group.

A “C;-C¢ alkoxy Ci;~C¢ alkoxy C.-Cs alkyl group” in the
definition of R’ refers to a group in which 1 hydrogen atom on
the C1-C¢ alkoxy of an aforementioned “C;~-Cq alkoxy C;-Ce alkyl
group” is substituted with an aforementioned “C;-C; alkoxy
group”. Examples include a methoxymethoxymethyl group, an
ethoxymethoxymethyl group, a methoxyméthoxyethyl group (e.g., a
l-methoxymethoxyethyl group), a 2-ethoxymethoxyethyl group, a 3~
methoxymethoxypropyl group, and the like. The C;-Cq alkoxy C;~-Cq
alkoxy C.-C¢ alkyl group is preferably a C;-Cq alkoxy C;-Cs alkoxy
C,-Cy alkyl group, more preferably a C;-C, alkoxy C;-C; alkoxy Ci-
C, alkyl group.

A “hydroxy C;~C¢ alkoxy group” in the definition of R’
refers to a group in which 1 hydrogen atom of the aforementioned
“Ci;-C¢ alkoxy group” is substituted with a hydroxy group.
Examples include a hydroxymethoxy group, a hydroxyethoxy group
{(e.g., a 2-hydroxyethoxy group), a 2-hydroxypropoxy group, and
the like. The hydroxy C;-C¢ alkoxy group is preferably a hydroxy
C,-Cy4 alkoxy group, more preferably a hydroxy C;-C; alkoxy group.

A “C;-C¢ alkylcarbamoyl group” in the definitions of R® and
R’ refers to a group in which 1 hydrogen atom of a carbamoyl
group is substituted with an aforementioned “C;-Cs alkyl group”.
Examples include a methylcarbamoyl group, an ethylcarbamoyl

group, a propylcarbamoyl group, and the like. The C;-Cs
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alkylcarbamoyl group is preferably a C;-C, alkylcarbamoyl group,
more preferably a C;-Csalkylcarbamoyl group.

A “(C;-Cg alkyl) (C1-Cs alkyl)carbamoyl group” in the
definitions of R® and R’ refers to a group in which 2 hydrogen
atoms of a carbamoyl group are each substituted with an
aforementioned “C;~C4 alkyl group”. Examples include a
dimethylcarbamoyl group, a methylethylcarbamoyl group, a
methylpropylcarbamoyl group, a diethylcarbamoyl group, and the
like. The (C;-C¢ alkyl) (C1~-Cy alkyl)carbamoyl group is preferably
a (C;-Cyq alkyl) (C3~C4 alkyl)carbamoyl group, more preferably a
(C1-C, alkyl) (Ci=C, alkyl)carbamoyi group.

A “C;-Cq alkoxycarbamoyl group” in the definition of R’
refers to a group in which 1 hydrogen atom of a carbamoyl group
is substituted with an aforementioned “C;-Cs alkoxy group”.
Examples include a methoxycarbamoyl group, an ethoxycarbamoyl
group, an n~propoxycarbamoyl group, and the like. The C;~Cg
alkoxycarbamoyl group is preferably a C;-C, alkoxycarbamoyl
group, more preferably a C;-C; alkoxycarbamoyl group.

A “C;-Cg alkylcarbamoyl C;-Cg¢ alkyl group” in the
definition of R’ refers to a group in which 1 hydrogen atom of
an aforementioned “C;-Cs alkyl group” is substituted with an
aforementioned “C,-C¢ alkylcarbamoyl group”. E=xamples include a
methylcarbamoylmethyl group, an ethylcarbamoylmethyl group, a
propylcarbamoylmethyl group, a methylcarbamoylethyl group, an
ethylcarbamoylethyl group, and the like. The C;-Cq
alkylcarbamoyl C;~Cg alkyl group is preferablyba C,~Cy
alkylcarbamoyl C;~C, alkyl group, more preferably a Ci-C;
alkylcarbamoyl C;~C, alkyl group.

A 2N (C;-Cg¢ alkyl) (C1-Cg alkyl)carbamoyl C;-Cs alkyl group” in
the definition of R’ refers to a group in which 1 hydrogen atom
of an aforementioned “C;~Cq alkyl group” is substituted with an
aforementioned “(C;~C¢ alkyl) (C;-Ce alkyl)carbamoyl group”.
Examples include a dimethylcarbamoylmethyl group, an
ethylmethylcarbamoylmethyl group, and the like. The (C,-Cq
alkyl) (C;-Cs alkyl)carbamoyl C;-C¢ alkyl group is preferably a
(C;-C4 alkyl) (C;-Cy alkyl)carbamoyl C;~-C, alkyl group, more
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preferably a (C;~C; alkyl) (C-C, alkyl)carbamoyl Ci-C, alkyl
group.

A “C,-C, alkanoylamino group” in the definitions of R’ and
substituent group o refers to, for example, a group in which a
straight or branched chain alkanoyl group having 2 to 7 carbons
{e.g., an acetyl group, a propionyl group, a butyryl group, an
isobutyryl group, a pentanoyl group, a pivaloyl group, a valeryl
group, an isovaleryl group, a hexanoyl group, a heptanoyl group,
and the like) is bonded to an amino group. Examples include an
acetylamino group, a propionylamino group, a butyrylamino group,
an isobutyrylamino group, a pentanoylamino group, and the like.
The C,~C; alkanoylamino group is preferably a C,-Cs; alkanoylamino
group, more preferably a C,-C, alkanoylamino group.

A “C,-C, alkanoylamino C;~Cs alkyl group” in the definition
of R’ refers to a group in which 1 hydrogen atom of an
aforementioned “C;-Cs alkyl group” is substituted with an
aforementioned “C;-C; alkanoylamino group”. Examples include an
acetylaminomethyl group, a propionylaminomethyl group, a
butyrylaminomethyl group, an isobutyrylaminomethyl group, a
pentanoylaminomethyl group, and the like. The C,-C,
alkanoylamino Ci;=Cs alkyl group 1is preferably a Cp;~Cs
alkanoylamino Cy~C, alkyl group, more preferably a C;-C;
alkanoylamino C;~C; alkyl group.

A “C,-C, alkanoyloxy C;~Cs alkyl group” in the definition
of R’ refers to a group in which a hydrogen atom on an oxygen
atom of an aforementioned “hydroxy C;-Cgs alkyl group” is
substituted with an aforementioned “C.-C, alkanoyl group”.
Examples include an acetyloxymethyl group, a propionyloxymethyl
group, a butyryloxymethyl group, an isobutyryloxymethyl group, a
pentanoyloxymethyl group, and the like. The C,-C; alkanoyloxy
C1-Cg¢ alkyl group is preferably a C,-C; alkanoyloxy C;-C, alkyl
group, more preferably a C,-C; alkanoyloxy C,-C», alkyl group.

A “monocyclic hydrocarbon ring group” in the definitions
of ring Q° and ring Q° refers to a saturated, partially
unsaturated or unsaturated 5- to 7- membered monocyclic

hydrocarbon group. Examples include monocyclic aromatic
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hydrocarbon ring groups such as a phenyl group; and monocyclic
non-aromatic hydrocarbon ring groups such as a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a cyclopentenyl
group, & cyclohexenyl group, and a cycloheptenyl group. In the
present invention, a 6-membered aromatic hydrocarbon ring group
or non-aromatic hydrocarbon ring group is preferred, and a 6-
membered aromatic hydrocarbon ring group is more preferred.

A “monocyclic heterocyclic group” in the definitions of
ring Q', ring Q° and ring Q° refers to a saturated, partially
unsaturated or unsaturated 5- to 7- membered monocyclic
heterocyclic group containing 1 or 2 atoms selected from the
group consisting of a nitrogen atom, a sulfur atom and an oxygen
atom. Examples include monocyclic non-aromatic heterocyclic
groups such as a tetrahydrofuranyl group, a tetrahydropyranyl
group, a dioxolanyl group, a dioxanyl group, a dioxepanyl group,
a pyrrolidinyl group, a piperidyl group, an azepanyl group, a
dihydropyrrolyl group, a dihydropyridyl group, a
tetrahydropyridyl group, a piperadinyl group, a morpholinyl
group, a dihydrooxazolyl group, and a dihydrothiazolyl group;
monocyclic aromatic heterocyclic groups such as a pyrrolyl
group, a pyridyl group, a thienvyl group, a furyl group, a
pyrimidinyl group, a pyranyl group, a pyridazinyl group, a
pyrazinyl group, a pyrazolyl group, an imidazolyl group, a
thiazolyl group, an isothiazolyl group, an oxazolyl group, and
an isoxazolyl group; and the like. As the “monocyclic
heterocyclic group” in the present invention, a 6-membered
aromatic heterocyclic group or non-aromatic heterocyclic group
containing 1 or 2 nitrogen atoms 1s preferred, and a 6-membered
aromatic heterocyclic group or non-~aromatic heterocyclic group
containing 1 nitrogen atom is more preferred. As the monocyclic
heterocyclic group in the ring Q', a 6-membered non-aromatic
heterocyclic group containing 1 nitrogen atom 1s even more
preferred.

R' in the compound of the present invention is explained

hereinafter.

In the compound of the present invention, R' refers to a
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group represented by the following general formula (1A).

R

4

X (1A)

In the above general formula (1A), R’ and R’ each
independently refers to a hydrogen atom, a halogen atom or a C;-
C¢ alkyl group, and R® refers to a hydrogen atom, a halogen atom,
a C;—-C¢ alkyl groﬁp, a carbamoyl group, a C;-C¢ alkylcarbamoyl
group, or a {C;-Cs alkyl) (C;-Cs alkyl)carbamoyl group.

In the present invention, R* is preferably a hydrogen
atom. v

In the present invention, R® is preferably a hydrogen
atom, a halogen atom or a methyl group, and more preferably a
hydrogen atom.

In the present invention, R® is preferably a hydrogen
atom, a halogen atom, or a methyl group, more preferably a
hydrogen atom, a chlorine atom, or a methyl group, and even more
preferably a hydrogen atom.

In the present invention, R’ is a hydroxy C;-Cs alkyl group
which may have 1 or 2 substituents independently selected from
substituent group «, é hydroxyhalo C;-C¢ alkyl group which may
have 1 or 2 substituents independently selected from substituent
group o, a C;~Cg¢ alkoxy Ci-C¢ alkyl group which may have 1 or 2
substituents independently selected from substituent group o, a
(C1-Cq alkoxy)carbonyl group which may have 1 or 2 substituents
independently selecied from substituent group o, a C;~Cq alkoxy
C1~Cs alkoxy C;—-Cs alkyl group which may have 1 or 2 substituents
independently selected from substituent group o, a hydroxy C;-Cs
alkoxy group which may have 1 or 2 substituents independently
selected from substituent group «, a Ci-Cqs alkylcdrbamoyl group
which may have 1 or 2 substituents independently selected from

substituent group o, a {(Ci;~Cs alkyl) {C;~C¢ alkyl)carbamoyl group
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which may have 1 or 2 substituents independently selected from
substituent group «, a C;-Cs alkoxycarbamoyl group which may
have 1 or 2 substituents independently selected from substituent
group o, a C;-Cs alkylcarbamoyl C;-C¢ alkyl group which may have
1 or 2 substituents independently selected from substituent
group o, a (C;-C¢ alkyl) (C1-C¢ alkyl)carbamoyl C,;-Cq4 alkyl group
which may have 1 or 2 substituents independently selected from
substituent group o, a C»-C,; alkanoylamino group which may have 1
or 2 substituents independently selected from substituent group
o, a Cy;~C; alkanoylamino C;-Cs¢ alkyl group which may have 1 or 2
substituents independently selected from substituent group o, or
a C,-C; alkanoyloxy C;-C4 alkyl group which may have 1 or 2
substituents independently selected from substituent group o,
and the substituent group o refers to a group consisting of an
0xX0 group, a hydroxy group, an amino group, a carboxy group, a
carbamoyl group, a C;~C¢ alkoxy group, a halo C;-C¢ alkoxy group,
a C,~-C,; alkanoylamino group, a hydroxyimino group, and a C;~Cg
alkoxyimino group.

The éubstituent group o in the present invention is
preferably a group consisting of a hydroxy group, a C;-Cs alkoxy
group, & halo C;-Cq alkpxy group, and a C,-C,; alkanoylamino
group, more preferably a group consisting of a hydroxy group and
a C-C, alkoxy group.

In the present invention, R’ is preferably a hydroxy Ci~Cg
alkyl group, a dihydroxy C;~Cs alkyl group, a (Ci~Cs
alkoxy)hydroxy Ci;-C¢ alkyl group, a (halo C;~C¢ alkoxy)hydroxy Ci~
Cs alkyl group, a (C,-C,; alkanoylamino)hydroxy C;-Cs alkyl group,
a hydroxyhalo C;-Cs alkyl group, a dihydroxyhalo C;-Cg alkyl

group, a {C;-C¢ alkoxy)hydroxyhalo C;~Cq alkyl group, a (halo C;-
Cg¢ alkoxy)hydroxyhalo C;-C¢ alkyl group, a (C,-Cy

alkanoylamino) hydroxyhalo C;-Cs alkyl group, a C;-Cs alkoxy C;-Cq
alkyl group, a hydroxy C;-C¢ alkoxy C;—-C¢ alkyl group, a
dihydroxy C3-Csg alkoxy C1~C¢ alkyl group, a (halo C;-Cq alkoxy)Ci-
Ce¢ alkoxy C;-Cs alkyl group, a (C,-C; alkanoylamino)C,;-Cs alkoxy
C,-Cg alkyl group, a (C,-C¢ alkoxy)carbonyl group, a (hydroxy C;-

Cg alkoxy)carbonyl group, a (C;~Cs alkoxy C;~C¢ alkoxy)carbonyl
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group, & t(halo Cy-C¢ alkoxy C;-C¢ alkoxy)carbonyl group, a (C;-Cy
alkanoylamino C;~C¢ alkoxy)carbonyl group, a C;—Cs alkoxy C;-Cs
alkoxy C:-Cs alkyl group, a hydroxy C;~Cs alkoxy C,~C¢ alkoxy Ci1-Cg
alkyl group, a C;-Cgs alkoxy C;-Cs alkoxy C;-Cg alkoxy Cy-Cs alkyl
group, & halo C;~Cgs alkoxy C;-C¢ alkoxy C;~Cq alkoxy Cl—C@alkyl
group, a C;~-Cy alkanoylamino C,-Cs alkoxy C;-Cs alkoxy C;~Cs alkyl
group, a hydroxy C;~-Cs alkoxy group, a dihydroxy C;-Cs alkoxy
group, a (C;-C¢ alkoxylhydroxy C;-Cs alkoxy group, a (halo Ci—-Cs
alkoxy)hydroxy C;-C¢ alkoxy group, a (C,-C; alkanoylaminohydroxy
C,~Cgs alkoxy group, a C;-Cg¢ alkylcarbamoyl group, a hydroxy C;-Cg
alkylcarbamoyl group, a C;-Cgs alkoxy C;~C4 alkylcarbamoyl group,
a halo Ci~C¢ alkoxy Ci~C¢ alkylcarbamoyl group, a (C,-Cy
alkanoylamino)Cy-Cy alkylcarbamoyl group, a (C;—Cs alkyl) (Ci-Cs
alkyl)carbamoyl group, a (hydroxy C;-Cs alkyl) (Ci-Cq
alkyl)carbamoyl group, a (C;-C¢ alkoxy C;-Ce alkyl) (Ci~Cq
alkyl)carbamoyl group, a (halo C;-Cs alkoxy C;—Cg alkyl) (C;-Cs
alkyl)carbamoyl group, a (C,-C; alkanoylamino C;-Cg alkyl) (Ci~Cq
alkyl)carbamoyl group, a dihydroxy C;-C¢ alkylcarbamoyl group, a
(C1~Cs alkoxy)hydroxy C;-C¢ alkylcarbamoyl group, a {(halo C;~Cq
alkoxy)hydroxy C;~C¢ alkylcarbamoyl group, a (C,-C
alkanoylamino)hydroxy C;~Cs alkylcarbamoyl group, a C;—-Cs
alkoxycarbamoyl group, a hydroxy C;-Cs alkoxycarbamoyl group, a
{C,~C¢ alkoxry Ci—-C¢ alkoxy)carbamoyl group, a (halo C;~C¢ alkoxy
C,-Cg¢ alkoxy)carbamoyl group, a {(C,~-C; alkanoylamino C;~Cs
alkoxy)carbamoyl group, a C;-Cs alkylcarbamoyl C;-Cg¢ alkyl group,
a hydroxy C;-C¢ alkylcarbamoyl C;-C¢ alkyl group, a (C;~Cs alkoxy
C,-C¢ alkyl)carbamoyl C;-C¢ alkyl group, a (halo C;-Cs alkoxy Ci-Cq
alkyl)carbamoyl C,-C¢ alkyl group, a (C,-C,; alkanoylamino C.;-Cq
alkyl)carbamoyl C,-Cs alkyl group, a {(C;-C¢ alkyl) (Ci-Ce
alkyl)carbamoyl C;~Cg alkyl group, a (hydroxy Ci;-C¢ alkyl) (Ci~Cg
alkyl)carbamoyl C;-C¢ alkyl group, a (C;-Cs alkoxy C;-Cg

alkyl) (C;-Cs alkyl)carbamoyl C;~C¢ alkyl group, a (halo C;-Cg
alkoxy Ci;-C¢ alkyl) (C;-C¢ alkyl)carbamoyl C;-C¢ alkyl group, a
(C,-Cy alkanoylamino C;-Cg alkyl) (C;~C¢ alkyl)carbamoyl C;-Cs alkyl
group, a {(C;~Cs alkoxy)hydroxy C;-C¢ alkylcarbamoyl C,-Cq alkyl
group, a (halo C;~Cs alkoxy)hydroxy C;-Cs alkylcarbamoyl C;-Cg
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alkyl group, or a (C;~-C, alkanoylamino)hydroxy C;-Cq
alkylcarbamoyl C;~-C4 alkyl group, more preferably a hydroxy C;-Cg
alkyl group, a hydroxyhalo C;~Cg alkyl group, a Ci-Cs alkoxy Ci;-Cq
alkyl group, a hydroxy Cl—cé'alkoxy C;~Cs alkyl group, a (C;~Cq
alkoxy)carbonyl group, a C;-C¢ alkoxy C;-Cs alkoxy C;-C4 alkyl
group, a hydroxy C;~C¢ alkoxy group, a Ci;-Cs alkylcarbamoyl
group, a {Ci-Cq alkyl) (Cy~C4 alkyl)carbamoyl group, a hydroxy Ci-
Cg alkylcarbamoyl group, a C,-C¢ alkoxycarbamoyl ¢group, a C;-Cs
alkylcarbamoyl C;-Cq alkyl group, a {(Ci-Cs alkyl) (Cy-Cs
alkyl)carbamoyl C;~Cg alkyl group, or a hydroxy C;-Cq
alkylcarbamoyl C;~Cs alkyl group, even more preferably a
hydroxymethyl group, a l-hydroxyethyl group, a Z-hydroxyethyl
group, a 1l,1l-difluoro-2-hydroxyethyl group, a 2-hydroxypropyl
group, a 3-hydroxypropyl group, a 1,l-difluoro~Z-hydroxypropyl
group, a 2-hydroxybutyl group, a Z2-hvdroxy-1,l-dimethylethyl
group, a 1,l-difluocro-2-hydroxy-2-methylpropyl group, a
methoxymethyl group, a 2-hydroxy-3-methoxypropyl group, a
methoxycarbonyl group, an ethoxycarbonyl group, a
methoxymethoxymethyl group, a l-methoxymethoxyethyl group, a 2-
hydroxyethoxy group, a methylcarbamoyl group, a
dimethylcarbamoyl group, a methylcarbamoylmethyl group, a
dimethylcarbamoylmethyl group, a hydroxyethylcarbamoyl group, or
a hydroxyethylcarbamoylmethyl group, and particularly preferably
a hydroxymethyl group, a l-hydroxyethyl group, a 2Z2~hydroxyethyl
group, a 2-hydroxypropyl group, a 3-hydroxypropyl group, a 2-
hydroxybutyl group, a 2-hydroxy-1,l-dimethylethyl group, a
methoxymethyl group, a 2-hydroxy-3-methoxypropyl group, an
ethoxycarbonyl group, a l-methoxymethoxyethyl group, a 2-
hydroxyethoxy group, a methylcarbamoyl group, a
dimethylcarbamoyl group, or a dimethylcarbamoylmethyl group.

In the present invention, X is preferably a single bond or
methylene, and more preferably a single bond.

In the present invention, R' is preferably a group
represented by the following general formula (1B).

[Chemical 7]
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N R’ (1B)

In the above general formula (1B), V, W, and Y each
independently refers to a carbon atom (having 1 hydrogen atom)
or a nitrogen atom, X refers to a single bond or methylene, R’
refers to a hydrogen atom, a halogen atom or a C;~C¢ alkyl group,
R® refers to a hydrogen atom, a halogen atom, a C;-Cg alkyl
group, a carbamoyl group, a C,-C4 alkylcarbamoyl group, or a (Ci-
Cs alkyl) (C;~Cs alkyl)carbamoyl group, and R’ refers to a._
hydroxymethyl group, a l-hydroxyethyl group, a 2-hydroxyethyl
group, a 1,1-difluoro-2-hydroxyethyl group, a 2-hydroxypropyl
group, & 3-hydroxypropyl group, a 1l,l1-difluoro-Z2-hydroxypropyl
group, a 2-hydroxybutyl group, a 2-hydroxy-1,l-dimethylethyl
group, a 1l,l-difluoro-2-hydroxy-2-methylpropyl group, a
methoxymethyl group, a 2-hydroxy-3-methoxypropyl group, a
methoxycarbonyl group, an ethoxycarbonyl group, a
methoxymethoxymethyl group, a l-methoxymethoxyethyl group, a 2-
hydroxyethoxy group, a methylcarbamoyl group, a
dimethylcarbamoyl group, a methylcarbamoylmethyl group, a
dimethylcarbamoylmethyl group, a hydroxyethylcarbamoylbgroup, or
a hydroxyethylcarbamoylmethyl group. The aforementioned R’ is
preferably a hydroxymethyl group, a l-hydroxyethyl group, a 2-
hydroxyethyl group, a 2-hydroxypropyl group, a 3-hydroxypropyl
group, a 2-hydroxybutyl group, a 2-hydroxy-1,l-dimethylethyl
group, a methoxymethyl group, a 2-hydroxy~3-methoxypropyl group,
an ethoxycarbonyl group, a l-methoxymethoxyethyl group, a 2-
hydroxyethoxy group, a methylcarbamoyl group, &
dimethylcarbamoyl group, or a dimethylcarbamoylmethyl group.

In the compounds of the present invention, R' is more

preferably a group represented by the following general formula
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(1B-1) to general formula (1B-8).

oo o7 T o7

(1B-2) (1B-3) (1B-4)

”ﬁé@@@é@v@@é &JVUOX

R' is even more preferably a group represented by the
following general formula (1B-1), general formula (1B-2),

general formula (1B-3)}, general formula (1B-5), or general

formula (1B~6).

o 557 o7

(1B-1) (1B-2) (1B-3)

(1B-5) (1B-6)

In the above general formula (1B-1) to general formula
(1B-8), R’ refers to a hydroxymethyl group, a l-hydroxyethyl
group, a 2-hydroxyethyl group, a 1,1-difluoro-2-hydroxyethyl
group, a 2-hydroxypropvyl group, a 3-hydroxypropyl group, a 1,1-
difluoro-2~hydroxypropyl group, a 2-hydroxybutyl group, a 2-
hydroxy-1,1l-dimethylethyl group,ka 1,1-difluoro-2-hydroxy-2-
methylpropyl group, a methoxymethyl group, a 2Z2-hydroxy-3-
methoxypropyl group, a methoxycarbonyl group, an ethoxycarbonyl

group, a methoxymethoxymethyl group, & l-methoxymethoxyethyl
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group, a 2-hydroxyethoxy group, a methylcarbamoyl group, a
dimethylcarbamoyl group, a methylcarbamoylmethyl group, a
dimethylcarbamoylmethyl group, a hydroxyethylcarbamoyl group, or
a hydroxyethylcarbamoylmethyl group. The aforementioned R’ is
preferably a hydroxymethyl group, a l-hydroxyethyl group, a 2-
hydroxyethyl group, a 2-hydroxypropyl group, a 3-hydroxypropyl
group, a 2-hydroxybutyl group, a 2-hydroxy-1,l-dimethylethyl
group, a methoxymethyl group, a 2-hydroxy-3-methoxypropyl group,
an ethoxycarbonyl group, a l-methoxymethoxyethyl group, a 2-
hydroxyethoxy group, a methylcarbamoyl group, a
dimethylcarbamoyl group, or a dimethylcarbamoylmethyl group.

In the compounds of the present invention, R’ refers to a
Ci1-C; alkyl group or a methylsulfanyl group, preferably a methyl
group or a methylsulfanyl group, and more preferably a methyl
group. ‘

In the compounds of the present invention, R’ refers to a
hydrogen atom or a methyl group, preferably a hydrogen atom.

The “pharmacologically acceptable ester” in the present
invention refers to, in the case where the compound of the
present invention has a hydroxyl group and/or a carboxy group,
an ester compound obtainable from formation of an ester bond
between thesevgroups and a pharmacologically acceptable group.

Examples of a group that forms an ester bond with a
hydroxy group of the compounds of the present invention include
“C,-Cy; alkanoyl groups” having 2 to 7 carbons such as an acetyl
group, a propionyl group, a butyryl group, an iscbutyryl group,
a pentanoyl group, a pivaloyl group, a valeryl group, and an
isovaleryl group; “aryl C,-C, alkanoyl groups” such as a
phenylacetyl group; or aryl carbonyl groups such as a benzoyl
group, and an acetyl group is preferable. Here, the “aryl C,-C
alkanoyl group” refers to a group in which 1 hydrogen atom of an
aforementioned “C,-C,; alkanoyl group” is substituted with an
aromatic hydrocarbon ring group such as a phenyl group.

In the compounds of the present invention, in the case
where R’ refers to a substituent having a hydroxy group (a

hydroxy C;~Cs alkyl group, a hydroxyhalo C;-Cs alkyl group, a
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hydroxy C;~Cq¢ alkoxy group, a hydroxy C;~Cs alkylcarbamoyl group,
or a hydroxy C;-Cs alkylcarbamoyl C;-C¢ alkyl group), said
hydroxy group may form an ester bond with an aforementioned “C;-
C, alkanoyl group” (preferably an acetyl group).

Examples of a group that forms an ester bond with a
carboxy group of the compounds of the present invention include
the aforementioned “C;-Cy4 alkyl group”, and a methyl group or an
ethyl group is preferable.

A pharmacologically acceptable ester of the compounds of
the present invention can have a pharmacological activity, per
se, or can be used as a prodrug. In the case where the above
pharmacologically acceptable ester is used as a prodrug, an
ester per se need not have a pharmacological activity, but a
compound produced by hydrolysis of an ester bond in vivo can
have a pharmacological activity.

The compound of the present invention is preferably one
selected from the following compounds, or pharmacologically
acceptable salts thereof:
({[5-hydroxy-2-({1-{4’ ~ (hydroxymethyl)biphenyl-4~yl]lpiperidin-4-
vlimethyl)-6-methylpyrimidin-4-yl]lcarbonyl}amino)acetic acid,
({[2-({1-[4"-(acetoxymethyl)biphenyl-4-yl]piperidin-4~
ylimethyl)~5-hydroxy-6-methylpyrimidin-4-
yllcarbonyl}amino)acetic acid,
({[5-hydroxy-2-({1-[4’~{1-hydroxyethyl)biphenyl-4~-yllpiperidin~
4-ylimethyl)-6-methylpyrimidin-4-yl]carbonyl}aminoc)acetic acid,
({[5-hydroxy-2-({1-{4"~(2-hydroxyethyl)biphenyl-4-yllpiperidin-
4-ylimethyl)-6-methylpyrimidin-4-yl]carbonyl}amino)acetic acid,
({[{5-hydroxy-2-({1-[4’~(2-hydroxypropyl)biphenyl-4~yllpiperidin-
4-ylimethyl)-6-methylpyrimidin-4-yl]carbonyl}amino)acetic acid,
({[5~hydroxy-2-({1-[4"~(2-hydroxy~1,1-dimethylethyl)biphenyl-4-
yllpiperidin-4-yl)methyl)-6-methylpyrimidin-4-
yl]carbonyl}amino)acetic acid,

({{2-({1-[4" - (dimethylcarbamoyl)biphenyl-4-yl]piperidin-4-
villmethyl)~5-hydroxy-6-methylpyrimidin-4-
vllcarbonyl}amino)acetic acid,

({[5-hydroxy-6-methyl-2-({1-[4’ - (methylcarbamoyl)biphenyl-4-
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ylipiperidin~4-yljmethyl)pyrimidin~4-yl]carbonyl}amino)acetic
acid,

[({2-[(1-{4"-[2~(dimethylamino)~2-oxoethyl]biphenyl~4~
vlipiperidin-4~yl)methyl]-5-hydroxy-6-methylpyrimidin-4-
yvllcarbonyl)aminolacetic acid,

[ {{5~hydroxy-2-[{1-{4-[4~ (hydroxymethyl)benzyl]lphenyl}piperidin-
4-yl)methyl]-6-methylpyrimidin-4-yl}carbonyl)amino]acetic acid,
[ ({5~hydroxy-2~[(1-{4~[3~(hydroxymethyl)benzyl]lphenyl}piperidin-
4-yl)methyl]-é-methylpyrimidin-4~-yl}carbonyl)aminolacetic acid,
[ ({5~hydroxy-2-{(1-{4-[5-(l-hydroxyethyl)pyridin-2-
yllphenyl}piperidin~4-ylimethyl]~6~methylpyrimidin-4-
vl}carbonyl)amino]acetic acid,

{[(5~hydroxy-2~{[1-{4-{5-[1- (methoxymethoxy)ethyl]lpyridin-2-
yllphenyl)piperidin-4-ylimethyl}-6~-methylpyrimidin-4-
yl)carbonyl]lamino}lacetic acid,

[ ({2-[(1-{4-[5~(l~acetoxyethyl)pyridin~2~-yl]lphenyl}piperidin-4-
ylimethyl]~5-hydroxy-6-methylpyrimidin-4-
yl}lcarbonyl)aminolacetic acid,

[ ({5-hydroxy~2~[(1-{4~[5- (hydroxymethyl)pyridin-2-
yvllphenyllpiperidin-4-yl)methyl] -6-methylpyrimidin-4-
yl}carbonyl)amino]lacetic acid,
[({2=-[(1=-{4~]5~(ethoxycarbonyl)pyridin-2-yliphenyl}piperidin-4-
yl)methyl]~5~hydroxy-6-methylpyrimidin-4-
yl}carbonyl)aminolacetic acid,
(({2-[(1-{4~[2~(ethoxycarbonyl)benzyl]lphenylipiperidin-4~
yvl)methyl]-5-hydroxy-6-methylpyrimidin~4-
yl}lcarbonyl)amino]acetic acid,

{[ (5~hydroxy-2~{{1~{4-{[6-{2-hydroxyethoxy)pyridin-3~
yl]methyl}phenyl)piperidin—4~yl]methyl}—6—methylpyrimidin—4—
yl)carbonyl]laminolacetic acid,

[ ({5~hydroxy-2-[{1-{5-[4~-(hydroxymethyl)phenyl Jpyridin-2~
vllpiperidin-4~yl)methyl]l-6-methylpyrimidin-4-
yl}carbonyl)aminojacetic acid,

[ ({5-hydroxy-2-[(1-{5-[4-(2-hydroxypropyl)phenyl]lpyridin-2~
yllpiperidin-4~-ylimethyl]-6-methylpyrimidin~-4-

yl}carbonyl)amino]acetic acid,
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[ ({5-hydroxy-2-[(1-{5~[4~(2~-hydroxy~1,1~-
dimethylethyl)phenyllpyridin-2-yl}piperidin-4-yl)methyl]-6-
methylpyrimidin~4-yl}carbonyl)amino]acetic acid,
({[2-({1-[2~chloro~4’ ~(hydroxymethyl)biphenyl-4-yllipiperidin-4-~
yllmethyl)-5~hydroxy-6é-methylpyrimidin-4-
vl]lcarbonyl}amino)acetic acid,
{({{5-hydroxy~-2-({1-[4’~-{(hydroxymethyl) -2-methylbiphenyl~4-
yllpiperidin~4~ylimethyl}-6-methylpyrimidin-4-
yl]carbonyl}amino)acetic acid,
({[2-{{1-[3"~chloro-4' - (hydroxymethyl)biphenyl-4~yl]lpiperidin-4-
yllmethyl)-5~hydroxy-6é-methylpyrimidin-4-
yllcarbonyl}amino)acetic acid,
({[5-hydroxy~2~({1~[4" - (hydroxymethyl) -2’ -methylbiphenyl-4-
vllpiperidin~4~ylimethyl)-6-methylpyrimidin-4-
vllcarbonyllamino)acetic acid,

({[5~hydroxy-2~{({1-[{4’ ~(hydroxymethyl)-2,3" -dimethylbiphenyl-4-
vllpiperidin-4-ylimethyl)-6-methylpyrimidin-4-
vilcarbonyl}amino)acetic acid,
({[5-hydroxy-2~({1-[4'-(2-hydroxybutyl)biphenyl-4-yllpiperidin-
4-ylimethyl)-6-methylpyrimidin-4-yl]carbonyl}amino)acetic acid,
[ ({5-hydroxy-2-[(1-{4~[4~(2~
hydroxypropyl)benzyllphenylipiperidin~4~yl)methyl]-6-
methylpyrimidin-4-yl}carbonyl)aminolacetic acid,

[ ({5-hydroxy-2-{(1-{4-(4-(2-hydroxy-1,1~
dimethylethyl)benzyl]phenyl}piperidin-4-yl)methyl]~-6-
methylpyrimidin-4-yl}carbonyl)amino]acetic acid,
({{2-({1-14"~{1,1-difluoro-2-hydroxyethyl)biphenyl~4-
yvl]lpiperidin-4-yIjmethyl)-5-hydroxy-é-methylpyrimidin-4-
vilcarbonyllaminojacetic acid,
({[2=-({1-[4"-(1,1-difluoro-2-hydroxypropyl)biphenyl-4-
yllpiperidin-4-yljimethyl)-5-hydroxy-6-methylpyrimidin-4-
vllcarbonyl}amino)acetic acid,
({[2-({1-[4"-(1,1-difluoro-2-hydroxy-2-methylpropyl)biphenyl-4-
vilpiperidin-4-yllmethyl)-5-hydroxy—-6-methylpyrimidin-4-
vl]carbonyllamino)acetic acid,

{[(5-][(2,2-dimethylpropanoyl)oxy]-2~{[1-{(4'~{[ (2,2~
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dimethylpropanoyljoxylmethyl}biphenyl-4-yl)piperidin-4-
v1llmethyl}-6-methylpyrimidin-4-yl)carbonyllamino}acetic acid,
{l(2-{[1-(4"-{[(2,2~dimethylpropanoyl)oxylmethyl}biphenyl-4~-
vl)piperidin-4-yllmethyl}-5-hydroxy-6-methylpyrimidin-4-
vl)carbonyl]lamino}lacetic acid,
({[5-hydroxy-2-({1-[4' - (methoxymethyl)biphenyl-4-yl]lpiperidin-4-
v1lmethyl)-6-methylpyrimidin-4-yl]carbonyl}lamino)acetic acid,
({[2-({1-[2'-fluoro-4’ - {hydroxymethyl)biphenyl-4-ylipiperidin-4-
yvlimethyl)-5-hydroxy-6-methylpyrimidin-4-
yl]carbbnyl}amino)acetic acid,

({[2-({1-[3"-fluoro-4’' ~{hydroxymethyl)biphenyl-4-yl]lpiperidin-4-
yl}methyl)-5~-hydroxy-6-methylpyrimidin-4-
yl]carbonyllamino)acetic acid,
({[2-({1-[2-fluoro-4' - (hydroxymethyl)biphenyl-4-yllpiperidin-4-
vilmethyl)-5-hydroxy-6-methylpyrimidin-4~
yvl]carbonyl}amino)acetic acid,
({{2-({1-[3-fluoro-4’ - (hydroxymethyl)biphenyl-4-yl]piperidin-4-
yllmethyl)-5-hydroxy-6-methylpyrimidin-4-
yllcarbonyl}amino)acetic acid,
({[5-hydroxy=2—({1-[4'~(hydroxymethyl) -3’ -methylbiphenyl-4-
vl]piperidin-4-ylimethyl)-6~-methylpyrimidin-4-
vilcarbonyllamino)acetic acid,
{({[2-({1-[3’,5" -difluoro—-4’ ~ (hydroxymethyl)biphenyl-4~
villpiperidin-4-ylimethyl)-5-hydroxy-6-methylpyrimidin~4-
vl]lcarbonyllamino)acetic acid,
({[2-({1-[3",5"-dichloro—-4’ -~ (hydroxymethyl)biphenyl-4~
vllpiperidin-4-yl}methyl)~5~hydroxy-6-methylpyrimidin-4-
vljcarbonyl}amino)acetic acid,
({[2~-{{1-[3",5" ~dimethyl-4'~ (hydroxymethyl)biphenyl-4-
vllpiperidin-4-ylimethyl)-5~hydroxy-6-methylpyrimidin~4-
yllcarbonyl}amino)acetic acid,

[[({5-hydroxy-2-[{1-{4’' -[2-hydroxy-3-methoxypropyllbiphenyl-4-
yl}piperidin-4-yl)methyl] -6-methylpyrimidin-4-
yl}carbonyl)aminolacetic acid,
({[5-hydroxy-2-({1-[4’~({3-hydroxypropyl)biphenyl-4~yl]ipiperidin-
4d-ylimethyl)-6-methylpyrimidin-4-yl]lcarbonyl}amino)jacetic acid,
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({[5-hydroxy-2-({1-[4’~(hydroxymethyl) -3’ -isopropylbiphenyl-4-
vilpiperidin-4-yl}methyl)-6-methylpyrimidin-4-
yvllcarbonyl}amino)acetic acid,
[({2-[(1-{5-[3~fluoro~-4-(hydroxymethyl)phenyllpyridin-2-
vllpiperidin-4-yl)methyl]-5-hydroxy-6-methylpyrimidin-4-
yllcarbonyl)aminolacetic acid,

[({2-7(1-{5~[3~-chloro-4~ (hydroxymethyl)phenyl]pyridin-2-
vljpiperidin-4-yl)methyl]-5-hydroxy-6é-methylpyrimidin-4-~
yvllcarbonylyaminolacetic acid, or

[ ({5~hydroxy-2-[ (1-{5-[4~ (hydroxymethyl)-3-methylphenyl]pyridin-
2-yllpiperidin-4-ylimethyl]-6-methylpyrimidin-4-
vl}lcarbonyl)amino]acetic acid.

In the compounds of the present invention, geometrical
isomers or tautomers may be present depending on the types of
substituents. Further, in the case where the compounds of the
present invention have an asymmetric carbon atom, optical
isomers may be present. These separated isomers (e.g.,
enantiomers or diastereomers) and mixtures thereof (e.g.,
racemates or diastereomeric mixtures) are included in the
present invention. Further, labeled compounds, namely compounds
in which one or more atoms of compounds of the present invention
have been substituted with a corresponding radiocactive isotope
or non-radiocactive iscotope in an arbitrary ratio, are also
included in the present invention.

In the case where the compound of the present invention
has a basic group such as an amino group, a pharmacologically
acceptable acid addition salt can be formed, if desired.
Examples of such acid addition salts include hydrohalic acid
salts such as hydrofluorides, hydrochlorides, hydrobromides or
hydroiodides; inorganic acid salts such as nitrates,
perchlorates, sulfates or phosphates; lower alkanesulfonates
such as methanesulfonates, trifluoromethanesulfonates or
ethanesulfonates; aryl sulfonates such as benzenesulfonates or
p-toluenesulfonates; organic acid salts such as acetates,
malates, fumarates, succinates, citrates, tartrates, oxalates or

maleates; and aminoc acid salts such as ornithinates, glutamates
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or aspartates, and hydrohalic acid salts and organic acid salts
are preferable,.

In the case where the compound of the present invention
has an acidic group such as a carboxy group, generally a
pharmacologically acceptable base addition salt can be formed.
Examples of such base addition salts include alkall metal salts
such as sodium salts, potassium salts or lithium salts; alkaline
earth metal salts such as calcium salts or magnesium salts;
inorganic salts such as ammonium salts; and organic amine salts
such as dibenzylamine salts, morpholine salts, phenylglycine
alkyl ester salts, ethylenediamine salts, N-methylglucamine
salts, diethylamine salts, triethylamine salts, cyclohexylamine
salts, dicyclohexylamine salts, N,N’-dibenzylethylenediamine
salts, diethanoclamine salts, N-benzyl-N-(2-phenylethoxy)amine
salts, pilperazine salts, tetramethylammonium salts or
tris(hydroxymethyl)aminomethane salts.

The compounds of the present invention may also be present
as a free form or a solvate. Although there are no particular
limitations on the solvate provided it is pharmacclogically
acceptable, preferred specific examples include hydrates and
ethanolates, or the like. Further, in the case where a nitrogen
atom 1s present in a compound represented by the general formula
(1), it may be in the form of an N-oxide, and these solvates and
N-oxide forms are also included within the scope of the present
invention.

Although the compounds of the present invention can be
present in the form of various isomers including geometrical
isomers such as a cis form or trans form, tautomers, or optical
isomers such as a d form or 1 form depending on the types of
substituents and combinations thereof, the compounds of the
present invention also include all the isomers and mixtures of
the isomers in any ratio thereof, unless otherwise specifically
linmited.

Further, the compounds of the present invention can
contain a non-natural ratio of isotopes in one or more atoms

constituting such compounds. Examples of the isotopes include
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deuterium (%H;D), tritium (°H;T), iodine-125('*°I), carbon-
14(**C), or the like. Further, the compounds of the present
invention can be radiolabeled with radioisotopes such as, for
example, tritium (°H), iodine-125(**°I), carbon-14('C), or the
like. A radiolabeled compound is useful as a therapeutic or
prophylactic agent, a research reagent (e.g., an assay reagent),
and a diagnostic agent {(e.g., an in vivo diagnostic imaging
agent). The compounds of the present invention containing all
ratios of radiocactive or non-radicactive isotopes are included
within the scope of the present invention.

The compounds of the present invention can also be
produced by applying various known synthesis methods depending
on the basic skeleton thereof or types of substituents. In s0
doing, depending on the types of functional groups, it is
possible to protect this functional group with a suitable
protecting group at stages from a raw material to an
intermediate, or substitute it with a group that can be easily
converted to this functional group. Examples of such functional
groups include an amino group, a hydroxy group, a carboxy group,
and the like, and examples of their protecting groups include
those described in, for example, Protective Groups in Organic
Synthesis, 3*% ed., Greene, T.W. and Wuts, P.G.M., John Wiley &
Sons, Inc., New York, 1999, and these protecting groups can be
appropriately selected and used depending on the reaction
conditions thereof. According to such methods, a desired
compound can be obtained by introducing this protecting group
and carrying out the reaction followed by removing the
protecting group as necessary, or converting it to a desired.
group. The resulting compounds of the present invention can be
identified, and their composition or purity can be analyzed, by
standard analytical technologies such as elementary analysis,
NMR, mass spectroscopy or IR analysis.

Raw materials and reagents used to produce the compounds
of the present invention can be purchased from commercial
suppliers, or can be synthesized according to methods described

in the literature.
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In the present invention, examples of anemia include
nephrogenic anemia, anemia of prematurity, anemia incidental to
chronic diseases, anemia incidental to cancer chemotherapy,
cancerous anemia, inflammation-associated anemia, and anemia
incidental to congestive heart failure. Examples of the anemia
incidental to chronic diseases include anemia incidental to chronic
renal diseases, and examples of the anemia incidental to chronic
renal diseases include chronic renal failure. Further, the patient
to whom the compound of the present invention is administered can
be a patient who receives or does not receive dialysis.

[Effects ¢f the Invention]

The compounds of the present inventicn, pharmacologically
acceptable esters thereof or pharmacologically acceptable salts
thereof demonstrate a superior EPO production-enhancing activity in
an assay system using Hep3B cells, and have superior safety.
Namely, EPO production can be enhanced by administering a
pharmaceutical composition containing a compound of the present
invention, a pharmacologically acceptable ester thereof or a
pharmacologically acceptable salt thereof to a mammal (such as a
human, cow, horse, or pig) or bird (such as a chicken). Thus, a
pharmaceutical composition containing a compound of the present
invention, pharmacologically acceptable ester thereof or
pharmacologically acceptable salt thereof can be used for the
prophylaxis and/or treatment of diseases caused by decreased EPO,
or diseases or pathological conditions in which EPC is decreased
such as ischemic cerebrovascular disease, or for auto-transfusion
in patients scheduled to undergo surgery. -Examples of diseases
caused by decreased EPO include anemia, and particularly
nephrogenic anemia {(dialysis stage, conservation stage), anemia of
prematurity, anemia incidental to chronic diseases, anemia
incidental to cancer chemotherapy, cancerous anemia, inflammation-
associated anemia, and anemia incidental to congestive heart

failure.

MODE FOR CARRYING OUT THE INVENTION

The following provides examples of representative methods
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for producing the compounds of the present invention.
Furthermore, the production methods of the present invention are
not limited to the examples shown below.

Compounds having the general formula (1) f the present
invention can be obtained according to methods described below.
(Step 1)

Step 1 is a step for producing a compound having the
general forumula (1) from a compound having the general formula

(2) to be subsequently described.

Step 1
0 o R
ta_N Pro? 1-1, Tom N )\,o 3 42 /\(OH
R'E N Voo RN Ry N “Pro RN s N
N~ - Nozh H 0 - N~
0 1 2a o 1 2 OH
OH Pro R Pro
2 (3) M

Steps 1-1et, 1-1e2

O 5 o 2
g\GN\ o Pro 1-1e1 O/\’/ Pro 1 162 O/\TN\ 5 Pro
PrOA'N N = o T N - RB‘N N = o
Rz"3 Pro1 Pro Rza Pm1 -
“ (5) (6)
O/\, Pr03 1 1e1 N N p,oa 1- 1e2 /\D/\( N)\;fOPro
N o
Pro Pro Pro’
(7 (8) 9

In the above formulae, R' to R’ have the same meaning as
previously defined, R® refers to a substituted or unsubstituted
aryl group or heteroaryl group, R and R'™ refers to a group
that can be the aforementioned R' or a precursor thereof, R™
refers to a gréup that can be the aforementioned R’ or a
precursor thereof, and Pro' through Pro! refer to protecting
groups of the respective functional groups selected from known
protecting groups (e.g., Protective Groups in Organic Synthesis,
3*¢ ed., Greene, T.W., Wuts, P.G.M., John Wiley & Sons, Inc., New
York, 1999, etc.). Although there are no particular limitations
on Pro' through Pro’ provided they are stable during the reaction

and do not inhibit the reaction, preferably Pro' is a benzyl

group, Pro” is a tert-butyl group, Pro’ is a methyl group, an
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ethyl group, a tert-butyl group, or a benzyl group, and Pro? is
a tert-butoxycarbonyl group. Although there are no particular
limitations on X' in Step 1l-lc, Step 1-1d, or Step l-le provided
it is a substituent that forms a leaving group together with
oxygen to which it is attached, it is preferably a
trifluoromethanesulfonyl group.

The following provides a detailed description of each
step.

(Step 1-1)

Step 1-1 is a step for producing a compound having the
general formula (3) from a compound having the general formula
{(2) to be subsequently described. Examples of essential
reactions include:

Step 1-la: deprotection reaction of protecting group Pro’;

Step 1-1b: condensation reaction with amino acid or amino
acid salt having the general formula H,NCH (R®) CO,Pro?;

Step 1l-lc: reacticn for introducing a leaving group (-0x%)
into a hydroxyl group at position 6; and

Step 1-1d: reaction for converting the leaving group (-
0x!) to the substituent R?*®. Further,

Step l-le: reaction for converting R'® to R' can be added,
as necessary. Steps 1-la to 1-le may be carried out in any
order.

(Step 1-la)

This step 1s a step for deprotecting the protecting group
Pro®. A known method described in, for example, Protective
Groups in Organic Synthesis, 3 ed., Greene, T.W., Wuts, P.G.M.,
John Wiley & Sons, Inc., New York, 1993, and the like can be
suitably selected corresponding to the Pro’ used, and this step
is carried out in accordance therewith. Here, a tert-butyl
group is selected as a preferred Pro?, and a method in which Pro?
is converted to a hydrogen atom using a base in an inert solvent
(Step 1-lal), and a method in which Pro? is converted to a
hydrogen atom using an acid in an inert solvent (Step 1-1la2) 1is

described, but this step is not limited thereto.

(Step 1-lal)
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This step is a step for converting Pro® to a hydrogen atom
using a suitable base in an inert solvent.

Although there are no particular limitations on the
solvent used provided it does not inhibit the reaction and
dissoclves the starting material to a certain degree, preferred
examples include aromatic hydrocarbons such as benzene, toluene
or xylene; halogenated hydrocarbons such as dichloromethane or
chloroform; ethers such as diethyl ether, tetrahydrofuran, 1,4-
dioxane or 1,2-dimethoxyethane; alcohols such as methanol,
ethanol or tert-butancl; esters such as ethyl acetate or propyl
acetate; nitriles such as acetonitrile; amides such as formamide
or N,N-dimethylformamide; sulfoxides such as dimethyl sulfoxide;
a mixture of a plurality of organic solvents in an arbitrary
ratio, and a mixture thereof with water in an arbitrary ratio.

Although there are no particular limitations on the base
used provided it is used as a base in conventional reactions,
examples include organic bases such as triethylamine, N,N-
diisopropylethylamine, N-methylmorpholine, lutidine or pyridine;
alkali metal carbonates such as sodium carbonate or potassium
carbonate; alkaline earth metal carbonates such as calcium
carbonate; alkali metal hydrogencarbonates such as potassium
hydrogencarbonate; alkaline earth metal hydrogencarbonates such
as calcium hydrogencarbonate; alkali metal hydroxides such as
sodium hydroxide or potassium hydroxide; alkaline earth metal
hydroxides such as calcium hydroxide; and alkali metal
phosphates such as tripotassium phosphate.

Varying according to the raw material compounds, reagents

and the like, the reaction temperature is normally -10 to 150°C

and preferably 10 to 90°C.

Varying according to the raw material compounds, reagents
and the like, the reaction time i1s normally 1 minute to 24 hours
and preferably 10 minutes to & hours.

Following completion of the reaction, the desired compound
can be obtained as a solid by distilling off the organic solvent
and adding an acid. On the other hand, in the case where a

solid is unable to be obtained by adding an acid, the desired
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compound can be obtained by extracting an organic substance with
an organic solvent such as ethyl acetate, drying the organic
layer with a commonly used procedure, and subsequently
concentrating it under reduced pressure.

The resulting compound can be further purified if
necessary using an ordinary method, for example,
recrystallization, reprecipitation, silica gel column
chromatography, or the like.

(Step 1-1a2)

This step is a step for converting Pro’ to a hydrogen atom
using a suitable acid in an inert solvent.

Although there are no particular limitations on the
solvent used provided it does not inhibit the reaction and
dissolves the starting material to a certain degree, preferred
examples include aromatic hydrocarbons such as benzene, toluene
or xylene; halogenated hydrocarbons such as dichloromethane or
chloroform; esters such as ethyl acetate or propyl acetate;
ethers such as diethyl ether, tetrahydrofuran, 1,4-dioxane or
1,2~dimethoxyethane; alcohols such as methanol or ethanol;
nitriles such as acetonitrile; amides such as formamide or N,N-
dimethyiformamide; sulfoxides such as dimethyl sulfoxide; a
mixture of a plurality of organic solvents in an arbitrary
ratio, and a mixture thereof with water in an arbitrary ratio.

Although there are no particular limitations on the acid
used provided it is used as an acid in conventional reactions,
examples include inorganic acids such as hydrochloric acid or
sulfuric acid; Lewis acids such as boron trifluoride, boron
trichloride, boron tribromide or iodo trimethylsilane; and
organic acids such as trifluorcacetic acid.

Varying according to the raw material compounds, reagents

and the like, the reaction temperature is normally -100 to 150°C

and preferably -78 to 100°C.
Varying according to the raw material compounds, reagents
and the like, the reaction time is normally 5 minutes to 24

hours and preferably 10 minutes to 6 hours.

Following completion of the reaction, the desired compound
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can be obtained as a solid by distilling off the organic solvent
and adding a base. On the other hand, in the case where a solid
is unable to be obtained by adding a base, the desired compound
can be obtained by extracting an organic substance with an
organic solvent such as ethyl acetate, drying the organic layer
with a commonly used procedure, and subseguently concentrating
it under reduced pressure.

The resulting compound can be further purified if
necessary using a conventional method, for example,
recrystallization, reprecipitation, silica gel column
chromatography, or the like.

(Step 1-1b)

This step is a step for condensing a carboxylic acid
obtained in Step 1-la and an amino acid or aminoc acid salt
having the general formula H,NCH (R®)CO,Pro’, and is carried out
using a condensation agent in an inert solvent and in the
presence or absence of base.

Although there are no particular limitations on the
solvent used provided it does not inhibit the reaction and
dissolves the starting material to a certain degree, preferred
examples include aromatic hydrocarbons such as benzene, toluene
or xylene; halogenated hydrocarbons such as dichloromethane or
chloroform; esters such as ethyl acetate or propyl acetate;
ethers such as diethyl ether, tetrahydrofuran, 1,4-dioxane or
1,2~dimethoxyethane; alcohols such as methanol, ethanol or tert-
butanol; nitriles such as acetonitrile; amides such as formamide
or N,N-dimethylformamide; sulfoxides such as dimethyl sulfoxide;
a mixture of a plurality of organic solvents in an arbitrary
ratio, and a mixture thereof with water in an arbitrary ratio.

Although there are no particular limitations on the base
used provided it is used as a base in conventional reactions,
preferred examples include organic bases such as triethylamine,
N,N-diisopropylethylamine, N-methylmorpholine, lutidine or
pyridine; alkali metal carbonates such as sodium carbonate or
potassium carbonate; alkaline earth metal carbonates such as

calcium carbonate; alkall metal hydrogencarbonates such as
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potassium hydrogencarbonate; alkaline earth metal
hydrogencarbonates such as calcium hydrogencarbonate; alkali
metal hydroxides such as sodium hydroxide; alkaline earth metal
hydroxides such as calcium hydroxide; and alkali metal
phosphates such as tripotassium phosphate.

Although there are no particular limitations on the
condensation agent used provided it is used as a condensation
agent that forms an amide bond (e.g., Shoichi Kusumoto et al.,
Experimental Science Course IV, Chemical Society of Japan,
Maruzen Publishing, 1990; Nobuo Izumiya et al., Peptide
Synthesis Basics and Experimentation, Maruzen Publishing, 1985),
preferred examples include O-benzotriazole-N,N,N’ , N’ ~
tetramethyluronium hexafluorophosphate (HBTU) , 2-(1H-
benzotriazol-1-yl)~-1,1,3,3-tetramethyluronium tetrafluoroborate
(TBTU), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDCI), 4-(2-
{[{cyclohexylimino)methylene]amino}lethyl-4-methylmorpholin~4-ium
para-toluenesulfonate (CMC), dicyclohexylcarbodiimide (DCC),
1,1" ~carbonylbis (1lH~imidazole) (CDI), (lH-benzotriazol-1-
vioxy) (tripyrrolidin-1-yl)phosphonium hexafluorophosphate
(PyBOP), bromo(tripyrrolidin-1-yl)phosphonium
hexafluorophosphate (PyBrOP), 4-(4,6-dimethoxy—1,3,5-triazin-2-
yl)—-4~methylmorpholinium chloride (DMT-MM) 2-chloro-4,6~-
dimethoxy-1,3,5-triazine (DMT) and the like. An additive such
as l-hydroxybenzotriazole (HOBT) or N,N-dimethylaminopyridine
may also be added.

Varying according to the raw material compounds, reagents
and the like, the reaction temperature 1s normally -10°C to 150°C
and preferably 0°C to 100°C.

Varying according to the raw material compounds, reagents
and the like, the reaction time is normally 5 minutes to 48
hours and preferably 10 minutes to 24 hours.

Following completion of the reaction, the desired compound
of the present reaction can be obtained by, for example,
concentrating the reaction mixture, adding an organic solvent

such as ethyl acetate and washing with water followed by
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separating the organic layer containing the desired compound,
drying with anhydrous sodium sulfate and the like, and
distilling off the solvent.

The resulting compound can be further purified if
necessary using a conventional method, for example,
recrystallization, reprecipitation, silica gel column
chromatography, or the like.

(Step 1-1lc)

This step is a step for converting a hydroxyl group at
position 6 to a leaving group (-0X'), and is carried out by
reacting the hydroxyl group with an acid chloride or acid
anhydride in an inert solvent and in the presence or absence of
a base.

Although there are no particular limitations on the
solvent used provided it does not inhibit the reaction and
dissolves the starting material to a certain degree, preferred
examples include aromatic hydrocarbons such as benzene, toluene
or xylene; halogenated hydrocarbons such as dichloromethane or
chloroform; esters such as ethyl acetate or propyl acetate;
ethers such as diethyl ether, tetrahydrofuran, 1,4-dioxane or
1,2-dimethoxyethane; nitriles such as acetonitrile; amides such
as formamide or N,N-dimethylformamide; sulfoxides such as
dimethyl sulfoxide; and a mixture of a plurality of organic
solvents in an arbitrary ratio.

Although there are no particular limitations on the acid
chloride or acid anhydride used provided it is an acid chloride
or acid anhydride that has X' such that an -0X' group becomes a
known leaving group, preferred examples include substituted or
unsubstituted alkylsulfonic acid anhydrides or arylsulfonic acid
anhydrides such as trifluoromethanesulfonic acid anhydride,
substituted or unsubstituted alkylsulfonyl chlorides or
arylsulfonyl chlorides such as methanesulfonyl chloride or p-
toluenesulfonyl chloride, and substituted or unsubstituted alkyl
phosphoric acid chlorides or aryl phosphoric acid chlorides.

Although there are no particular limitaticns on the base

used provided it 1s used as a base in conventional reactions,
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preferred examples include organic bases such as triethylamine,
N,N-diisopropylethylamine, N-methylmorpholine, lutidine or
pyridine; alkali metal carbonates such as sodium carbonate or
potassium carbonate; alkaline earth metal carbonates such as
calcium carbonate; alkalil metal hydrogencarbonates such as
potassium hydrogencarbonate; alkaline earth metal
hydrogencarbonates such as calcium hydrogencarbonate; alkali
metal hydroxides such as sodium hydroxide; alkaline earth metal
hydroxides’such as calcium hydroxide; and alkali metal
phosphates such as tripotassium phosphate.

Varying according to the raw material compounds, reagents

and the like, the reaction temperature is normally -100°C to

150°C and preferably -80°C to 40°C.

Varying according to the raw material compounds, reagents
and the like, the reaction time 1s normally 5 minutes to 24
hours and preferably 10 minutes to 6 hours.

Following completion of the reaction, the desired compound
of the present reaction can be obtained by, for example,
concentrating the reaction mixture, adding an organic sclvent
such as ethyl acetate and washing with water followed by
separating the organic layer containing the desired compound,
drying with anhydrous sodium sulfate and the like, and
distilling off the solvent.

The resulting compound can be further purified if
necessary using a conventional method, for example,
recrystallization, reprecipitation, silica gel column
chromatography, or the like.

(Step 1-1d)

This step is a step for converting a leaving group (-0xhH)
to substituent R?®*. In the case where R®® is an alkyl group or
alkenyl group, this step is carried out by reacting the leaving
group with an alkyl boron compound or alkenyl boron compound in
an inert solvent, in the presence or absence of a base, in the
presence or absence of an additive, and in the presence of a
metal catalyst (1-1dl). Further, in the case where R* is a

methylsulfanyl group, -this step is carried out by reacting the
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leaving group with methanethiol or a metal salt of methanethiol
in an inert solvent and in the presence or absence of a base (l-
1d2y .

(Step 1-1d1)

This step is a step for converting a leaving group (-OX')
to an alkyl group or alkenyl group, and is carried out by
reacting the leaving group with an alkyl boron compound or
alkenyl boron compound in an inert solvent, in the presence or
absence of a base, in the presence or absence of an additive,
and in the presence of a metal catalyst. This reaction
condition is suitably selected from known methods described in,
for example, Zou, G., Reddy, Y.K., Falck/ J.R., Tetrahedron
Lett., 2001, 42, 7213; Molander, G.A., Yun, C.-S5., Tetrahedron,
2002, 58, 1465; Tsuji, J., Palladium Reagents and Catalysts,
John Wiley & Sons, Inc., England, 2004; Metal-Catalyzed Cross-
Coupling Reactions, de Meijere, A., Diederich, F., Wiley-VCH,
Weinheim, 2004, and the like, and this step is carried out in
accordance therewith. Although the reaction conditions of this
step are preferably as follows, they are not limited thereto.

Although there are no particular limitations on the
solvent used provided it does not inhibit the reaction and
dissolves the starting material to a certain degree, preferred
examples include aromatic hydrocarbons such as benzene, toluene
or xylene; halogenated hydrocarbons such as dichloromethane or
chloroform; esters such as ethyl acetate or propyl acetate;
ethers such as diethyl ether, tetrahydrofuran, 1,4-dioxane or
1,2-dimethoxyethane; alcohols such as methanol, ethanol or tert-
butanol; nitriles such as acetonitrile; amides such as formamide
or N,N-dimethylformamide; sulfoxides such as dimethyl sulfoxide;
a mixture of a plurality of organic solvents in an arbitrary
ratio, and a mixture thereof with water in an arbitrary ratio.

Although there are no particular limitations on the base
used provided it 1s used as a base 1in conventional reactions,
preferred examples include organic bases such as triethylamine,
N,N-diisopropylethylamine, N-methylmorpholine, lutidine or

pyridine; alkali metal carbonates such as sodium carbonate or
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potassium carbonate; alkaline earth metal carbonates such as
calcium carbonate; alkali metal hydrogencarbonates such as
potassium hydrogencarbonate; alkaline earth metal
hydrogencarbonates such as calcium hydrogencarbonate; alkali
metal hydroxides such as sodium hydroxide; alkaline earth metal
hydroxides such as calcium hydroxide; alkali metal phosphates
such as tripotassium phosphate; and metal alkoxides such as
sodium tert-butoxide or potassium tert-butoxide.

Although there are no particular limitations on the
additive used provided it is used in known methods, preferred
examples include metal oxides such as silver oxide or alumina;
phosphines such as triphenylphosphine, tri-tert-butylphosphine,
tricyclohexylphosphine, tri(o-tolyl)phosphine,
diphenylphosphinoferrocene, 2-dicyclohexylphosphino-2',6"~
dimethoxy-1,1’-biphenyl (S-PHOS), 2-dicyclohexylphosphino-

27 ,4",6"'~triisopropyl-1, 1" -biphenyl (X-~PHOS) or 2,2’ -
bis{diphenylphosphino)-1,1’ -binaphthyl (BINAP); phosphine oxides
such as triphenylphosphine oxide; metal salts such as lithium
chloride, potassium fluoride or cesium fluoride; and ammonium
salts such as tetrabutylammonium bromide. These may also be
used in combination in an arbitrary ratio.

Although there are no particular limitations on the metal
catalyst used provided it 1s used in known methods, preferred
examples include palladium catalysts such as
tetrakis (triphenylpheosphine) palladium, bis(tri-tert-
butylphosphine) palladium, palladium diacetate, palladium
dichloride-diphenylphosphinoferrocene complex, palladium
dichloride~benzonitrile complex, palladium dichloride-
acetonitrile complex, bis(dibenzylideneacetone) palladium,
tris{dibenzylideneacetone) dipalladium, bis[l,2-
bis (diphenylphosphino)ethane] palladium, 3-chloropyridinell, 3-
bis (2, 6-diisopropylphenyl)imidazol-2-ylidene] palladium or
palladium~activated carbon.

Although there are no particular limitations on the alkyl
boron compound or alkenyl boron compound used provided it is

used as a known reaction reagent, examples include methyl
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borate, methyl borate ester, trifluoro(methyl)boranuide metal
salt, ethyl borate, ethyl borate ester or
ethyltrifluoroboranuide metal salt in the case where R*® is an
alkyl group, and vinyl borate, 4,4,5,5-tetramethyl-2-vinyl~-
1,3,2-dioxaborolane, vinyl borate ester, vinyltrifluoroboranuide
metal salt, allyl borate, allyl borate ester or

allyl (trifluoro)boranuide metal salt in the case where R*® is an
alkenyl group.

There are no particular limitations on the ester molety of
the alkyl borate ester, metal of the trifluoro(alkyl) boranuide
metal salt, ester molety of the alkenyl borate ester and metal
of the trifluoro(alkenyl)boranuide metal salt provided they are
known compounds or are synthesized in accordance with known
methods.

Varying according to the raw material compounds, reagents

and the like, the reaction temperature is normally -10°C to 200°C

and preferably 0°C to 150°C.

Varying according to the raw material compounds, reagents
and the like, the reaction time is normally 5 minutes to 48
hours and preferably 10 minutes to 12 hours.

Following completion of the reaction, the desired compound
of this reaction can be obtained by, for example, concentrating
the reaction mixture, adding an organic solvent such as ethyl
acetate and washing with water followed by separating the
organic layer containing the desired compound, drying with .
anhydrous sodium sulfate and the like, and distilling off the
solvent.

The resulting compound can be further purified if
necessary using a conventional method, for example,
recrystallization, reprecipitation, silica gel column
chromatography, or the like.

Furthermore, in the case where R*® is an alkenyl group,
this alkenyl group can be converted to a corresponding alkyl
group by carrying out the hydrogenation reaction according to
the reaction conditions similar to those in step 1-2al to be

described later.
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(Step 1~1d2)

This step is a step for converting a leaving group (-OX')
to a methylsulfanyl group, and is carried out by reacting
methanethiol or a metal salt of methanethiol in an inert solvent
and in the presence or absence of a base.

Although there are no particular limitations on the
solvent used provided it does not inhibit the reaction and
dissclves the starting material to a certain degree, preferred
examples include aromatic hydrocarbons such as benzene, toluene
or xylene; halogenated hydrocarbons such as dichloromethane or
chloroform; esters such as ethyl acetate or propyl acetate;
ethers such as diethyl ether, tetrahydrofuran, 1,4-dioxane or
1,2-dimethoxyethane; nitriles such as acetonitrile; amides such
as formamide or N,N-dimethylformamide; alcohols such as methanol
or ethanol; sulfoxides such as dimethyl sulfoxide; a mixture of
a plurality of organic solvents in an arbitrary ratio, and a
mixture thereof with water in an arbitrary ratio.

Although there are no particular limitations on the metal
in a metal salt of the methanethiol used, preferred examples
include alkali metals such as sodium and alkaline earth metals
such as magnesium.

Although there are no particular limitations on the base
used provided it is used as a base 1in conventional reactions,
preferred examples include organic bases such as triethylamine,
N,N-diisopropylethylamine, N-methylmorpholine, lutidine or
pyridine; alkalili metal carbonates such as sodium carbonate or
potassium carbonate; alkaline earth metal carbonates such as
calcium carbonate; alkali metal hydrogencarbonates such as
potassium hydrogencarbenate; alkaline earth metal
hydrogencarbonates such as calcium hydrogencarbonate; alkalil
metal hydroxides such as sodium hydroxide; alkaline earth metal
hydroxides such as calcium hydroxide; alkali metal phosphates
such as tripotassium phosphate; and metal alkoxides such as |
sodium tert-butoxide or potassium tert-~butoxide.

Varying according to the raw material compounds, reagents

and the like, the reaction temperature is normally -10°C to 150°C
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and preferably 0°C to 100°C.

Varying according to the raw material compounds, reagents
and the like, the reaction time is normally 5 minutes to 48
hours and preferably 10 minutes to 12 hours.

Following completion of the reaction, the desired compound
of the present reaction can be obtained by, for example,
concentrating the reaction mixture, adding an organic solvent
such as ethyl acetate and washing with water followed by
separating the organic layer containing the desired compound,
drying with anhydrous sodium sulfate and the like, and
distilling off the solvent.

The resulting compound can be further purified if
necessary using a conventional method, for example,
recrystallization, reprecipitation, silica gel column
chromatography, or the like.

(Step 1-1le)

This step is a step for converting R*® to R'™, and the
synthesis method varies according to the types of heterocycles
of ring Q'. The following provides a description of the case
where R!® has the ring Q% the ring Q' is a heterocycle
containing a nitrogen atom, and the heterocycle has a protecting
group Pro’ on this nitrogen atom.

Examples of essential reactions of (Step 1-le) include the
following:

Step 1-lel: deprotecting reaction of protecting group
Pro’; and

Step 1-le2: reaction for introducing substituent R%.

The aforementioned reaction formulae of Step l-lel and
Step 1-le2 indicate the case where R"™ is a piperidin-4-yl group
having protecting group Pro’ at position 1, and the following
explanation of Step 1-lel indicates the case where Pro* is a
tert-butoxycarbonyl group, but Step l-lel is not limited
thereto.

{(Step 1-1lel)
This step is a step for producing a compound having the

general formula (5) or (8). Depending on pro' used as a
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protecting group, a known method described, for example, in
Protective Groups in Organic Synthesis, 3¢ ed., Greene, T.W.,
Wuts, P.G.M., John Wiley & Sons, Inc., New York, 1999, and the
like is suitably selected, and this step is carried out in
accordance therewith. In the case where Pro’ is a tert-
butoxycarbonyl group, this step is carried out by adding a
suitable reagent to a compound having the general formula (4) or
(7) in an inert solvent.

Although there are no particular limitations on the
solvent used provided it does not inhibit the reaction and
dissolves the starting material to a certain degree, preferred
examples include aromatic hydrocarbons such as benzene, toluene
or xylene; halogenated hydrocarbons such as dichloromethane or
chloroform; ethers such as diethyl ether, tetrahydrofuran, 1,4-
dioxane or 1,2-dimethoxyethane; esters such as ethyl acetate or
propyl acetate; nitriles such as acetonitrile; amides such as
formamide or N,N-dimethylformamide; sulfoxides such as dimethyl
sulfoxide; and a mixture of a plurality of organic solvents in
an arbitrary ratio.

Although there are no particular limitations on the
reagent used provided it is used as a reagent that deprotects a
tert~butoxycarbonyl group in conventional reactions, preferred
examples include inorganic acids such as hydrochloric acid or
sulfuric acid; organic acids such as acetic acid or
trifluorcacetic acid; Lewis acids such as trimethylsilyl iodide
or boron trifluoride; acid chlorides such as acetyl chloride;
and alkali metal hydroxides such as sodium hydroxide.

Varying according to the raw material compounds, reagents

and the like, the reaction temperature is normally -10°C to 100°C

and preferably 10°C to 50°C.

Varving according to the raw material compounds, reagents
and the like, the reaction time is normally 5 minutes to 24
hours and preferably 10 minutes to 6 hours.

Following completion of the reaction, a solid substance
can be obtained by distilling off the solvent and adding n-

hexane or the like to the resulting residue. This substance is
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obtained by filtration, and subseguently dried to obtain a salt
of the compound having the general formula (5) or (8). On the
other hand, in the case where a solid substance is unable to be
obtained by adding n-hexane, the desired compound can be
obtained by extracting an organic substance with an organic
solvent such as ethyl acetate followed by concentrating the
organic layer after having dried it with a commonly used
procedure, or concentrating it as it is under reduced pressure.
(Step 1-le2)

This step can be carried out in accordance with (i) Step
1-1le2-1; (ii) a combination of Steps 1-le2-2 and 1-leZ-3; or
(1ii) a combination of Steps 1-le2-2, 1-le2-4 and 1-le2-5.
(Step 1-le2-1)

This step is a step for producing a compound having the
general formula (6) or (9), and is carried out by reacting a
substituted or unsubstituted aryl halide or heteroaryl halide,
or aryl pseudohalide or heterocaryl pseudohalide containing ring
0 and ring Q° with a compound having the general formula (5) or
(8) in an inert solvent, in the presence or absence of a base,
in the presence or absence of an additive, and in the presence
of a metal catalyst. This reaction condition is suitably
selected from known methods described in, for example, Tsuji,
J., Palladium Reagents and Catalysts, John Wiley & Sons, Inc.,
England, 2004; Jiang, L., Buchwald, S.L., Palladium-Catalyzed
Aromatic Carbon~Nitrogen Bond Formation; Metal—-Catalyzed Cross-
Coupling Reactions, de Meijere, A., Diederich, F., Wiley-VCH,
Weinheim, 2004, Chapter 13, and the like, and this step is
carried out in accordance therewith. Although the reaction
conditions of this step are preferably as follows, they are not
limited thereto.

Although there are no particular limitations on the
solvent used provided it does not inhibit the reaction and
dissolves the starting material to a certain degree, preferred
examples include aromatic hydrocarbons such as benzene, toluene
or xylene; halogenated hydrocarbons such as dichloromethane or

chloroform; esters such as ethyl acetate or propyl acetate;
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ethers such as diethyl ether, tetrahydrofuran, 1,4-dioxane or
1,2-dimethoxyethane; alcohols such as methanol, ethanol or tert-
butanol; nitriles such as acetonitrile, amides such as formamide
or N,N-dimethylformamide; sulfoxides such as dimethyl sulfoxide;
a mixture of a plurality of organic solvents in an arbitrary
ratio, and a mixture thereof with water in an arbitrary ratio.

Although there are no particular limitations on the base
used provided it is used as a base in conventional reactions,
preferred examples include organic bases such as triethylamine,
N,N~diisopropylethylamine, N-methylmorpholine, lutidine or
pyridine; alkali metal carbonates such as sodium carbonate or
potassium carbonate; alkaline earth metal carbonates such as
calcium carbonate; alkali metal hydrogencarbonates such as
potassium hydrogencarbonate; alkaline earth metal
hydrogencarbonates such as calcium hydrogencarbonate; alkali
metal hydroxides such as sodium hydroxide; alkaline earth metal
hydroxides such as calcium hydroxide; alkali metal acetates such
as sodium‘acetate or potassium acetate, alkali metal phosphates
such as tripotassium phosphate; metal alkoxides such as sodium
tert-butoxide or potassium tert-butoxide; organometallic amides
such as lithium diisopropylamide or sodium hexamethyldisilazide;
organometallic compounds such as tert-butyl lithium; and metal
hydrides such as potassium hydride.

Although there are no particular limitations on the
additive used provided it is used in known methods, preferred
examples include metal oxides such as silver oxide or alumina;
phosphines such as triphenylphosphine, tri-tert-butylphosphine,
tricyclohexylphosphine, tri(o-tolyl)phosphine,
diphenylphosphinoferrocene, 2-dicyclohexylphosphino-2/,6"~
dimethoxy-1, 1’ -biphenyl (S-PHOS), 2-dicyclohexylphosphino-

2,47 ,6"-triisopropyl-1,1’~biphenyl (X-PHOS) or 2,2’ -
bis(diphenylphosphino)-1, 1" -binaphthyl (BINAP) ; phosphine oxides
such as triphenylphosphine oxide; metal salts such as lithium
chloride, potassium fluoride or cesium fluoride; and ammonium
salts such as tetrabutylammonium bromide. These may be used in

combination in an arbitrary ratio.
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Although there are no particular limitations on the metal
catalyst used provided it is used in known methods, preferred
examples include palladium catalysts such as
tetrakis (triphenylphosphine) palladium, bis{tri-tert-
butyliphosphine) palladium, palladium diacetate, a palladium
dichleride-diphenylphosphinoferrocene complex, a palladium
dichloride-benzonitrile complex, a palladium dichloride-
acetonitrile complex, bis{(dibenzylideneacetone) palladium,
tris(dibenzylideneacetone) dipalladium, bis([1l,2-
bis(diphenylphosphino)ethane] palladium, 3-chloropyridine[l,3-
bis (2, 6~-diisopropylphenyl)imidazo-2~ylidene] palladium or
palladium-activated carbon.

A pseudohalide refers to a compound having a pseudohalogen
group, and the pseudohalogen group refers to a group that is
known to undergo oxidative addition to a low-valent transition
metal catalyst in the same manner as halogen atoms in a coupling
reaction using a transition metal catalyst. Although there are
no particular limitations on the pseudohalogen group provided it
is a group in which the aforementioned oxidative addition
reaction is known to occur, examples include sulfonyloxy groups
such as a trifluoromethanesulfonyloxy group, a
methanesulfonyloxy group or a p-toluenesulfonyloxy group;
acyloxy groups such as an acetyloxy group; diazonium groups and

phosphonyloxy groups.
There are no particular limitations on the substituted or

unsubstituted aryl halide or heterocaryl halide, or aryl
pseudohalide or hetercaryl pseudohalide used provided it is a
known compound or is synthesized in accordance with known
methods.

Varying according to the raw material compounds, reagents
and the like, the reaction temperature is normally -10°C to 200°C
and preferably 0°C to 150°C.

Varying according to the raw material compounds, reagents
and the like, the reaction time 1is normally 5 minutes to 48

hours and preferably 10 minutes to 12 hours.

Following completion of the reaction, the desired compound
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of this reaction can be obtained by, for example, concentrating
the reaction mixture, adding an organic solvent such as ethyl
acetate and washing with water followed by separating the
organic layer containing the desired compound, drying with
anhydrous sodium sulfate and the like, and distilling off the
solvent.

The resulting compound can be further purified if
necessary using a conventional method, for example,
recrystallization, reprecipitation, silica gel column
chromatography, or the like.

(Step 1-le2-2)

This step is a step for reacting a substituted or
unsubstituted aryl halide or heteroaryl halide, or aryl
pseudohalide or heteroaryl pseudohalide containing ring Q° and
not containing ring Q® with a compound having the general
formula (5) or (8) in an inert solvent, in the presence or
absence of a base, in the presence or absence of an additive,
and in the presence of a metal catalyst.

This step can be carried out in accordance with Step 1-
le2-1.

(Step 1-1e2-3)

This step is a step for reacting a compound having a
leaving group such as a halogen atom or ~-0X' group on ring Q°
obtained in Step 1~le2-2 with a substituted or unsubstituted
arylboronic acid or heteroarylboronic acid in an inert solvent,
in the presence or absence of a base, in the presence or absence
of an additive, and in the presence of a metal catalyst, thereby
producing a compound having the general formula (6) or (9).
This reaction condition is suitably selected from known methods
described in, for example, Miyaura, N., Yamada, K., Suzuki, A.,
Tetrahedron Lett., 1979, 36, 3437; Miyaura, N., Suzuki, A.,
Chem. Rev., 1995, 85, 2457, and the like, and this step is
carried out in accordance therewith. Although the reaction
conditions of this step are preferably as follows, they are not

limited thereto.

Although there are no particular limitations on the
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solvent used provided it does not inhibit the reaction and
dissolves the starting material to a certain degree, preferred
examples include aromatic hydrocarbons such as benzene, toluene
or xylene; halogenated hydrocarbons such as dichloromethane or
chloroform; esters such as ethyl acetate or propyl acetate;
ethers such as diethyl ether, tetrahydrofuran, 1,4-dioxane or
1,2-dimethoxyethane; alcohols such as methanol, ethanol or tert-
butanol; nitriles such as acetonitrile, amides such as formamide
or N,N-dimethylformamide; sulfoxides such as dimethyl sulfoxide;
a mixture of a plurality of organic solvents in an arbitrary
ratio, and a mixture thereof with water in an arbitrary ratio.

Although there are no particular limitations on the base
used provided it 1s used as a base in conventional reactions,
preferred examples include organic bases such as triethylamine,
N, N-diisopropylethylamine, N-methylmorpholine, lutidine or
pyridine; alkali metal carbonates such as sodium carbonate or
potassium carbonate; alkaline earth metal carbonates such as
calcium carbonate; alkali metal hydrogencarbonates such as
potassium hydrogencarbonate; alkaline earth metal
hydrogencarbonates such as calcium hydrogencarbonate; alkali
metal hydroxides such as sodium hydroxide; alkaline earth metal
hydroxides such as calcium hydroxide; alkali metal acetates such
as sodium acetate or potassium acetate, alkali metal phosphates
such as tripotassium phosphate; metal alkoxides such as sodium
tert-butoxide or potassium tert-butoxide; organometallic amides
such as lithium diisopropylamide or sodium hexamethyldisilazide;
organometallic compounds such as tert-butyl lithium; and metal
hydrides such as potassium hydride.

Although there are no particular limitations on the
additive used provided it is used in known methods, preferred
examples include metal oxides such as silver oxide or alumina;
phosphines such as triphenylphosphiﬁe, tri-tert-butylphosphine,
tricyclohexylphosphine, tril{o-tolyl)phosphine,
diphenylphosphinoferrocene, 2-dicyclohexylphosphino~2',6" ~
dimethoxy~-1, 1" -biphenyl (S-PHOS), 2-dicyclohexylphosphino-

27 ,4",6"-triisopropyl-1, 1’ -biphenyl (X-PHOS} ocr 2,2'~-
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bis(diphenylphosphino)-1,1’-binaphthyl (BINAP); phosphine oxides
such as triphenylphosphine oxide; metal salts such as lithium
chloride, potassium fluoride or cesium fluoride; and ammonium
salts such as tetrabutylammonium bromide. These may be used in
combination in an arbitrary ratio.

Although there are no particular limitations on the metal
catalyst used provided it is used in known methods, preferred
examples include palladium catalysts such as
tetrakis (triphenylphosphine) palladium, bis(tri-tert-
butylphosphine) palladium, palladium diacetate, palladium
dichloride-diphenylphosphinoferrocene complex, palladium
dichloride~benzonitrile complex, palladium dichloride-
acetonitrile complex, bis(dibenzylideneacetcne) palladium,
tris(dibenzylideneacetone) dipalladium, bis[1l,2-
bis{diphenylphosphino)ethane] palladium, 3-chloropyridine{l,3-
bis (2, 6-diisopropylphenyl)imidazo~2-ylidene] palladium or
palladium-activated carbon.

Varying according to the raw material compounds, reagents

and the like, the reaction temperature is normally -10°C to 200°C

and preferably 0°C to 150°C.

Varying according to the raw material compounds, reagents
and the like, the reaction time is normally 5 minutes to 48
hours and preferably 10 minutes to 12 hours.

Following completion of the reaction, the desired compound
of this reaction can be obtained by, for example, concentrating
the reaction mixture, adding an organic solvent such as ethyl
acetate and washing with water followed by separating the
organic layer containing the desired compound, drying with
anhydrous sodium sulfate and the like, and distilling off the
.solvent.

The resulting compound can be further purified 1if
necessary using a convéntional method, for example,
recrystallizatioh, reprecipitation, silica gel column
chromatography, or the like.

(Step 1-leZ~4)

This step 1is a step for reacting a compound having a
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leaving group such as a halogen atom or -OX' group on ring Q°
obtained in Step 1-1e2-2 with a boron reagent in an inert
solvent, in the presence or absence of a base, in the presence
or absence of an additive, and in the presence of a metal
catalyst, thereby converting it to a corresponding boron
compound. This reaction condition 1s suitably selected from
known methods described in, for example, Ishiyama, T., Murata,
M., Miyaura, N., J. Org. Chem., 1995, 60, 7508; Ishiyama, T.,
Takagi, J., Ishida, K., Miyaura, N., Anastasi, N. R., Hartwig,
J. F., J. Am. Chem. Soc., 2002, 124, 390; Ishiyama, T., Takagi,
J., Hartwig, J. F., Miyaura, N., Angew. Chem. Int. Ed., 2002,
41, 3056, and the like, and this step is carried out in
accordance therewith. Although the reaction conditions of this
step are preferably as follows, they are not limited thereto.

Although there are no particular limitations on the
solvent used provided it does not inhibit the reaction and
dissolves the starting material to a certain degree, preferred
~examples include aromatic hydrocarbons such as lbenzene, toluene
or xylene; halogenated hydrocarbons such as dichloromethane or
chloroform; esters such as ethyl acetate or propyl acetate;
ethers such as diethyl ether, tetrahydrofuran, 1,4-dioxane or
1,2-dimethoxyethane; alcohols such as methanol, ethanol or tert-
butanol; nitriles such as acetonitrile, amides such as formamide
orVN,N_dimethylformamide; sulfoxides such as dimethyl sulfoxide;
a mixture of a plurality of organic solvents in an arbitrary
ratio, and a mixture thereof with water in an axrbitrary ratio.

Although there are no particular limitations on the boron
reagent used provided it is used in known methods, preferred
exanples include 4,4,4’,4’,5,5,5’,5’—octametﬁy3_~2,2’~bi~l,3,2~
dioxaborolane.

‘ Although there are no particular limitations on the base
used provided it is used as a base in conventiomnal reactions,
preferred examples include organic bases such as triethylamine,
N, N-diisopropylethylamine, N-methylmorphecline, Jlutidine or
pyridine; alkali metal carbonates such as sodium carbonate or

potassium carbonate; alkaline earth metal carbomnates such as



60

calcium carbonate; alkali metal hydrogencarbonates such as
potassium hydrogencarbonate; alkaline earth metal
hydrogencarbonates such as calcium hydrogencarbonate; alkali
metal hydroxides such as sodium hydroxide; alkaline earth metal
hydroxides such as calcium hydroxide; alkali metal acetates such
as sodium acetate or potassium acetate, alkali metal phosphates
such as tripotassium phosphate; metal alkoxides such as sodium
tert-butoxide or potassium tert-butoxide; organometallic amides
such as lithium diisopropylamide or sodium hexamethyldisilazide;
organometallic compounds such as tert-butyl lithium; and metal
hydrides such as potassium hydride.

Although there are no particular limitations on the
additive used provided it is used in known methods, preferred
examples include metal oxides such as silver oxide or alumina;
phosphines such as triphenylphosphine, tri-tert-butylphosphine,
tricyclohexylphosphine, tri(o-tolyl)phosphine,
diphenylphosphinoferrocene, 2-dicyclohexylphosphino-2',6"~
dimethoxy-1,1’-biphenyl (S-PHOS), 2-dicyclohexylphosphino-
27,47 ,6'-triisopropyl-1, 1’ -biphenyl (X~PHOS) or 2,2 -
bis (diphenylphosphino)-1,1’ -binaphthyl (BINAP); phosphine oxides
such as triphenylphosphine oxide; metal salts such as lithium
chloride, potassium fluoride or cesium fluoride; and ammonium
salts such as tetrabutylammonium bromide. These may be used in
combination in an arbitrary ratio.

Although there are no particular limitations on the metal
catalyst used provided it is used in known methods, preferred
examnples include palladium catalysts such as
tetrakis(triphenylphosphine) palladium, bis(tri-tert-
butylphosphine) palladium, palladium diacetate, palladium
dichloride-diphenylphosphinoferrocene complex, palladium
dichloride-benzonitrile complex, palladium dichloride-
acetonitrile complex, bis(dibenzylideneacetone) palladium,
tris(dibenzylideneacetone) dipalladium, bis[1l, 2~
bis(diphenylphosphino)ethane] palladium, 3-chloropyridinell, 3-
bis (2, 6~diisopropylphenyl)imidazo-2-ylidene] palladium or

palladium~activated carbon.



Varying according to the raw material compounds, reagents
and the like, the reaction temperature is normally -10°C to 200°C

and preferably 0°C to 150°C.

Varying according to the raw material compounds, reagents
and the like, the reaction time is normally 5 minutes to 48
hours and preferably 10 minutes to 1Z hours.

Following completion of the reaction, the desired compound
of the present reaction can be obtained by, for example,
concentrating the reaction mixture, adding an organic solvent
such as ethyl acetate and washing with water followed by
separating the organic layer containing the desired compound,
drying with anhydrous sodium sulfate and the like, and
distilling off the solvent.

The resulting compound can be further purified if
necessary using a conventional method, for example,
recrystallization, reprecipitation, silica gel column
chromatography, or the like.

(Step 1-le2-5)

This step 1s a step for reacting a boron compound obtained
in Step 1-1le2-4 with a substituted or unsubstituted aryl halide
or heteroaryl halide, or aryl pseudohalide or heterocaryl
pseudohalide containing ring Q° in an inert solvent, in the
presence or absence of a base, in the presence or absence of an
additive, and in the presence of a metal catalyst, thereby
producing a compound having the general formula (6) or (9).

This step can be carried out in accordance with Step 1-
le2-3.

(Step 1-2)
Step 1-2 is a step for producing a compound having the

general formula (1) from a compound having the general formula

(3).
Examples of essential reactions include:
Step 1-2a: deprotection reaction of protecting group Pro';
Step 1-2b: deprotection reaction of protecting group Pro’.
Further,

Step 1-2c: reaction for converting R™ to R'; and
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Step 1-2d: reaction for converting R* to R’ can be added,
as necessary. Steps 1-2a to 1-2d may be carried out in any
order.

{Step 1-2a)

This step is a step for deprotecting the protecting group
Pro*. A known method described in, for example, Protective
Groups in Organic Synthesis, 3ﬁied., Greene, T.W., Wuts, P.G.M.,
John Wiley & Sons, Inc., New York, 1999, and the like can be
suitably selected depending to the Pro' used, and this reaction
is carried out in accordance therewith. Here, a benzyl group is
selected as a preferable Pro', and a method in which Pro' is
converted to a hydrogen atom using a catalyst under hydrogen
atmosphere, in an inert solvent, in the presence or absence of
an additive (Step 1-2al), a method in which Pro! is converted to
a hydrogen atom using a catalyst in the presence o¢f an organic
compound that can serve as a hydrogen source, in a nitrogen or
argon atmosphere, in an inert solvent and in the presence or
absence of an additive (Step 1-2a2), or a method in which Prot
is converted to a hydrogen atom using a suitable acid in an
inert solvent (Step 1-2a3) is described, but this method is not
limited thereto.

(Step 1-2al)

This step is a step for converting Pro' to a hydrogen atom
using a catalyst in a hydrogen atmosphere, in an inert solvent
and in the presence or absence of an additive.

Although there are no particular limitations on the
solvent used provided it does not inhibit the reaction and
dissolves the starting material to a certain degree, preferred
examples include aromatic hydrocarbons such as benzene, toluene
or xylene; halogenated hydrocarbons such as dichloromethane or
chloroform; esters such as ethyl acetate or propyl acetate;
ethers such as diethyl ether, tetrahydrofuran, 1,4-dioxane or
1,2-dimethoxyethane; alcohols such as methanol or ethanol;
nitriles such as acetonitrile; amides such as formamide of N, N~
dimethylformamide; sulfoxides such as dimethyl sulfoxide; a

mixture of a plurality of organic solvents in an arbitrary
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ratio, and a mixture thereof with water in an arbitrary ratioc.

Although there are no particular limitations on the
additive used provided it is used in known methods, examples
include hydrochloric acid.

Although there are no particular limitations on the meta
catalyst used provided it is used in known methods, preferred
examples include palladium-activated carbon,
tris (triphenylphosphine) rhodium chloride or palladium
hydroxide.

Varying according to the raw material compounds, reagents

and the like, the reaction temperature is normally -100°C to

150°C and preferably 0°C to 100°C.

Varying according to the raw material compounds, reagents
and the like, the reaction time is normally 1 minute to 24 hours
and preferably 5 minutes to 10 hours.

Following completion of the reaction, the desired compound
of this reaction can be obtained by, for example, filtering out
an insoluble matter and concentrating the filtrate under reduced
pressure. The resulting compound can be further purified if
necessary by using a conventional method such as
recrystallization, reprecipitation, silica gel column
chromatography, or the like.

In the case where R*® is an alkenyl group, this alkenyl
group can be converted to the corresponding alkyl group in this
step.

(Step 1-2a2)

This step is a step for converting Pro' to a hydrogen atom
using a catalyst in the presence of an organic compound that can
serve as a hydrogen source, in a nitrogen or argon atmosphere,
in an inert solvent and in the presence or absence of an
additive.

Although there are no particular limitations on the
solvent used provided it does not inhibit the reaction and
dissolves the starting material to a certain degree, preferred
examples include aromatic hydrocarbons such as benzene, toluene

or xylene; halogenated hydrocarbons such as dichloromethane or
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chloroform; esters such as ethyl acetate or propyl acetate;
ethers such as diethyl ether, tetrahydrofuran, 1,4-dioxane or
1,2-dimethoxyethane; alcohols such as methanol or ethanol;
nitriles such as acetonitrile; amides such as formamide or N,N-
dimethylformamide; sulfoxides such as dimethyl sulfoxide; a
mixture of a plurality of organic solvents in an arbitrary
ratio, and a mixture thereof with water in an arbitrary ratio.

Although there are no particular limitations on the
organic compound used provided it is used in known methods,
examples include formic acid.

Although there are no particular limitations on the
additive used provided it is used in known methods, examples
include hydrochloric acid.

Although there are no particular limitations on the metal
catalyst used provided it is used in known methods, preferred
examples include palladium~activated carbon,
tris(triphenylphosphine) rhodium chloride, palladium hydroxide,
or the like.

Varying according to the raw material compounds, reagents

and the like, the reaction temperature is normally -100°C to

150°C and preferably -78°C to 100°C.

Varying according to the raw material compounds, reagents
and the like, the reaction time is normally 5 minutes to 24
hours and preferably 10 minutes to 6 hours.

Following completion of the reaction, the desired compound
of this reaction can be obtained by, for example, concentrating
the reaction mixture, adding an organic solvent such as ethyl
acetate and washing with water followed by separating the
organic layer containing the desired compound, drying with
anhydrous sodium sulfate and the like, and distilling off the
solvent.

The resulting compound can be further purified if
necessary using a conventional method such as recrystallization,
reprecipitation, silica gel column chromatography, or the like.

(Step 1-2a3)
This step is a step for converting Pro’ to a hydrogen atom



using a suitable acid in an inert solvent. This step can be
carried out in accordance with Step 1-la2.
(Step 1-2Db)

This step is a step for deprotecting the protecting group
Pro’. This step can be carried out in accordance with step 1-la.
In the case where Pro’ is a benzyl group, this step can also be
carried out in accordance with Step 1-2al.

(Step 1-2c)

This step is a step for converting R™ to R'. This step
can be carried out in accordance with step 1-1le2. In the case
where R'™ has a protecting group, this step further includes a
step for deprotecting the same. Depending on the protecting
group used, a known method described, for example, in Protective
Groups in Organic Synthesis, 3" ed., Greene, T. W., Wuts, P. G.
M., John Wiley & Sons, Inc., New York, 1999, and the like is
suitably selected, and this step is carried out in accordance
therewith. Here, a methoxymethyl group or a tert-
butyl (dimethyl)silyl group is selected as a preferable
protecting group, and a method in which a methoxymethyl group is
deprotected using an acid in an inert solvent (Step 1-2cl), a
method in which a tert-butyl (dimethyl)silyl group is deprotected
using an acid in an inert solvent (Step 1-2c¢c2), or a method in
which a tert-butyl (dimethyl)silyl group 1s deprotected using a
fluorine compound in an inert solvent (Step 1-2c¢3) 1is discribed,
but this method is not limited thereto.

(Step 1-2cl)

This step is a step for deprotecting a methoxymethyl
group, and can be carried out in accordance with Step 1-laZz.
{Step 1-2c2)

This step is a step for deprotecting a tert-
butyl (dimethyl)silyl group, and can be carried out in accordance
with Step 1-laZ.

{(Step 1-2c¢3)

This step 1s a step for deprotecting a tert-

butyl (dimethyl)silyl group, and is carried out using a fluorine

compound in an inert solvent.
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Although there are no particular limitations on the
solvent used provided it does not inhibit the reaction and
dissolves the starting material to a certain degree, preferred
examples include aromatic hydrocarbons such as benzene, toluene
or xylene; halogenated hydrocarbons such as dichloromethane or
chloroform; esters such as ethyl acetate or propyl acetate;
ethers such as diethyl ether, tetrahydrofuran, 1,4-dioxane or
1,2~-dimethoxyethane; alcohols such as methanol, ethanol or tert-
butanol; nitriles such as acetonitrile; amides such as formamide
or N,N-dimethylformamide; sulfoxides such as dimethyl sulfoxide;
a mixture of a plurality of organic solvents in an arbitrary
ratio, and a mixture thereof with water in an arbitrary ratio.

Although there are no particular limitations on the
fluorine compound used provided it is used in the deprotection
of a silyl group, preferred examples include tetrabutylammonium
fluoride, tris(dimethylamino)sulfonium
difluorotrimethylsilicate, or the like.

Varying according to the raw material compounds, reagents

and the like, the reaction temperature 1s normally -100°C to

150°C and preferably -20°C to 100°C.

Varying according to the raw material compounds, reagents
and the like, the reaction time is normally 5 minutes to 24
hours and preferably 10 minutes to & hours.

Following completion of the reaction, the desired compound
of this reaction can be obtained by, for example, concentrating
the reaction mixture, adding an organic solvent such as ethyl
acetate and washing with water followed by separating the
organic layer containing the desired compound, drying with
anhydrous sodium sulfate and the like, and distilling off the
solvent.

The resulting compound can be further purified if
necessary using a conventional method such as recrystallization,
reprecipitation, silica gel column chromatography, or the like.
(Step 1-2d)

This step is a step for converting R® to R?, and, in the

case where R*® is an alkenyl group, this alkenyl group can be
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converted to the corresponding alkyl group in accordance with

Step 1-2al.
{Step 2)
Step 2 1s a step for producing compound (2) used in Step
1.
Step 2 o
0O 0O 1a N .Pro
HNONH P (A o 2 RNy o
1 f + @) Pro N_ = o
a ,0 O
R Pro OH Pro
(10) (11) (2)
OH 9 2
1
HN . NH 20 o , Ra/\ﬁN\ O,Pro
1f + Pro b-g__(, Pro - N -
R a O O o 1
OH Pro Prot: H
(12) (13) (2)

In the above formulae, R!? refers to the same meaning as
previously defined, and Pro° refers to a protecting group of
each functional group selected from known protecting groups
{e.g., Protective Groups in Organic Synthesis, 3*% ed., Greene,
T.W., Wuts, P.G.M., John Wiley & Sons, Inc., New York, 1999,
etc.). Although there are no particular limitations on Pro®
provided it 1s present stably during the reaction and does not
inhibit the reaction, a methyl group is preferred.

A compound having the general formula (2) can be
synthesized using a known method (e.g., (1) a method in which
substituted ethanimidamide (10) and a 2-alkyloxy-3-oxosuccinic
acid diester (11), synthesized in accordance with known methods,
are condensed in the presence of a base: Dreher, S.D., Ikemoto,
N., Gresham, V., Liu, J., Dormer, P.G., Balsells, J., Mathre,
D., Novak, T., Armstrong III, J.D., Tetrahedron Lett., 2004, 45,
6023;, or (ii) a method in which N-hydroxy-substituted

ethanimidamides (12) and acetylene dicarboxylic acid diester
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(13) are condensed: Culbertson, T.P., J. Heterocycl. Chem.,
1979, 16, 1423), or using a method in accordance with a known
method.

The reaction products obtained according to each of the
aforementioned steps are isolated and purified as non-solvates,
salts thereof or various types of solvates such as hydrates.
Salts thereof can be produced according to a conventional
method. Isolation or purification is carried out by applying
conventional methods such as extraction, concentration,
distillation, crystallization, filtration, recrystallization,
various types of chromatography, or the like.

Each type of isomer can be isolated in accordance with
conventional methods by utilizing differences in physicochemical
properties between isomers. For example, optical isomers can be
separated by common optical resolution methods (e.g., fractional
crystallization, chromatography, etc.). In addition, optical
isomers can also be produced from suitable optically active raw
material compounds.

A formulation containing the compound of the present
invention as an active ingredient is prepared using additives
such as a carrier and an excipient used for conventional
formulation. Administration of the compound of the present
invention may be by oral administration in the form of tablets,
pills, capsules, granules, powders, liguids, or the like, or
parenteral administration in the form of injections (e.g.,
intravenous injection, intramuscular injection, etc.),
suppositories, transcutaneous agents, nasal agents, inhalants,
or the like. Dosage and frequency of administration of the
compound of the present invention are suitably determined on an
individual basis in consideration of such factors as symptoms
and age or gender of the administered subject. The adult dosage
is normally 0.001 to 100 mg/kg per administration for a human
adult in the case of oral administration, and in the case of
intravenous administration, the dosage is normally 0.0001 to 10
mg/kg per administration for a human adult. The frequency of

administration is normally 1 to 6 times a day, or once a day to
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once for 7 days. It is also preferable that administration to a
patient who receives dialysis is carried out once before or
after each dialysis (preferably before dialysis) that the
patient receives.

Solid formulations for oral administration according to
the present invention may be tablets, powders, granules, or the
like, Such formulations are produced in accordance with a
conventional method by mixing one or more active substances
with an inert excipient, lubricant, disintegrant, or dissolution
aid. The excipient may be, for example, lactose, mannitol or
glucose. The lubricant may be, for example, magnesium stearate.
The disintegrant may be, for example, sodium carboxymethyl
starch. The tablets or pills may be provided with a sugar
coating, or a gastric or enteric coating as necessary.

Ligquid formulations for oral administration may be
pharmaceutically acceptable emulsions, liquids, suspensions,
syrups, elixirs, or the like. Such formulations may contain
commonly used inert solvents (e.g., purified water or ethanol),
and may further conﬁain solubilizers, wetting agents, suspending
agents, sweeteners, corrigents, fragrances, or preservatives.

Injections for parenteral administration may be sterile
agueous or non-agueous liguid formulations, suspensions or
emulsions. Aqgueous solvents for injection preparations may be,
for example, distilled water or physiological saline. ©Non-
aqueous solvents for injections may be, for example, propylene
glycol, polyethylene glycol, vegetable oils such as olive oil,
alcohols such as ethanol and Polysorbate 80 (Japanese
Pharmacopoeia name). Such formulations may further contain
isotonic agents, preservatives, wetting agents, emulsifiers,
dispersants, stabilizers, or dissolution aids. Theéese
formulations may be sterilized, for example, by passing through
a bacteria-retaining filter, incorporation of a bactericide, or
irradiation. Further, it is also possible to use, as these
formulations, compositions obtained by dissolving or suspending
a sterile solid composition in sterile water or a solvent for

injection prior to use.
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[Examples]

Although the following provides examples and test examples
to explain the present invention in more detail, the scope of
the present invention is not limited thereto.

(Example 1)
({[5-Hydroxy-2-{{1-{4’ - (hydroxymethyl)biphenyl-4-yl]lpiperidin-4-
vllmethyl)-6-methylpyrimidin-4-vyl]carbonyl}amino)acetic acid

[Chemical 12]

0]
N OH
(

(1) tert-Butyl 4-(cyanomethylene)piperidine-l-carboxylate

HO

[Chemical 13]
O/v/N
.0
>y
0]

Diethyl cyanomethylphosphonate (16 mL, 100 mmol) was
dissolved in tetrahydrofuran (360 mL), and a solution of lithium
hexamethyldisilazide in tetrahydrofuran (1 M, 100 mL, 100 mmol)
and a solution of tert-butyl 4-oxopiperidine-l-carboxylate (18
g, 91 mmol) in tetrahydrofuran (36 mlL) were added under a
nitrogen atmosphere at -70°C, followed by stirring at the same
temperature for 40 minutes. A saturated agueous ammonium
chloride solution was added to the reaction solution, followed
by extraction with ethyl acetate, and the extract was washed
with a saturated aqueous ammonium chloride solution. After the
solvent was distilled off under reduced pressure, the resulting
residue was purified by chromatography on a silica gel column
(Moritex Corporation, elution solvent: hexane/ethyl acetate),
and a fraction corresponding to the Rf value=0.41 (hexane/ethyl
acetate=3/1) by thin layer chromatography was concentrated under
reduced pressure to afford the title compound (22 g) as a white
solid (quantitative yield).

'H-NMR (500 MHz, CDCl;) &: 5.19 (1H, s), 3.56-3.46 (4H, m), 2.56
(2H, t, J = 5 Hz}, 2.33 (2H, t, J =5 Hz), 1.48 (9H, s).
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{2y tert-Butyl 4-{(cyanomethyl)piperidine-l-carboxylate
[Chemical 14]

2N
O@/\é
Z*g

tert-Butyl 4-(cyanomethylene)piperidine-l-carboxylate (20
g, 91 mmol) was dissolved in ethyl acetate (400 mL), and 10%
palladium-activated carbon (3.0 g) was added, followed by
stirring at room temperature for 3.5 hours under a hydrogen
atmosphere. The reaction solution was filtered with celite, and
the filtrate was concentrated under reduced pressure. The
resulting residue was purified by chromatography on a silica gel
column (Moritex Corporation, elution solvent: hexane/ethyl
acetate), and a fraction corresponding to the Rf value=0,38
(hexane/ethyl acetate=3/1) by thin layer chromatography was
concentfated under reduced pressure to afford the title compound
(23 g) as a white solid (guantitative yield).
'H-NMR (500 MHz, CDCli) &: 4.24-4.07 (2H, m), 2.78-2.64 (2H, m),
2.32 (2H, d, J = 6 Hz), 1.89-1.75 (3H, m), 1.46 (8H, s), 1.32-
1.21 (2H, m).
(3) tert-Butyl 4-{2-amino~2-iminocethyl)piperidine~l~carboxylate
acetate

[Chemical 15]
N NH

tert-Butyl 4-(cyanomethyl)piperidine-l-carboxylate (91
mmol) was dissoclved in ethanol (200 mL), and an agueous
hydroxylamine solution (50%, 17 mL, 170 mmol) was added,
followed by heating to reflux for 3.5 hours. The reaction
solution was cooled, and subsequently concentratedvunder reduced
pressure to afford tert-butyl 4-[2-amino-2Z-
(hydroxyimino)ethyllpiperidine-l-carboxylate as a colorless
amorphous solid.

This was dissolved in 1,4-dioxane (100 mL), and acetic

anhydride (17 mL, 180 mmol) and triethylamine (15 mL, 180 mmol)
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were added at room temperature, followed by stirring at the same
temperature for 2 hours. After the reaction solution was
diluted with ethyl acetate, it was washed sequentially with
water, dilute hydrochloric acid and water, and the organic laver
was dried over anhydrous sodium sulfate. After the solvent was
distilled off under reduced pressure, the resulting solid was
washed with hexane to afford tert-Butyl 4-[2-(acetoxyimino)-2-
aminoethyl]piperidine-l-carboxylate as a white solid.

This was dissolved in ethanol (200 mL) and dichloromethane
{40 mL), and 10% palladium-activated carbon (3.6 g) was added,
followed by stirring under a hydrogen atmosphere at room
temperature for 5 hours. The reaction solution was filtered
with celite, and subsequently the filtrate was concentrated
under reduced pressure to afford the title compound (24 g, 79
mmol) as a white solid (yield 85%).
'H~NMR (500 MHz, DMSO-d) &: 3.99-3.86 (2H, m), 2.81-2.58 (2H,
m), 2.23 (2H, d, J = 8 Hz), 1.85 (1H, m), 1.64 (3H, s), 1.64-
1.56 (2H, m), 1.40 (9H, s), 0.99-1.08 (2H, m).
(4) tert-Butyl 5-(benzyloxy)-2-{[1l-(tert-
butoxycarbonyl)piperidin~-4-yljmethyl}~-6-hydroxypyrimidine~4-
carboxylate

[Chemical 16]

Diisopropylamine (30 mL, 210 mmol) was dissolved in
tetrahydrofuran (100 mL), and a solution of n-butyllithium in
hexane (2.77 M, 77 mL, 210 mmol) was added dropwise at 3°C,
followed by stirring at -78°C for 30 minutes to prepare a
solution of lithium diisopropylamide (LDA) in tetrahydrofuran.

tert-Butyl methyl oxalate (34 g, 210 mmol) and methyl
(benzyloxy)acetate (35 g, 190 mmol) were dissolved in
tetrahydrofuran (250 mL) and a solution of LDA in

tetrahydrofuran prepared at -78°C was added dropwise under a
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nitrogen atmosphere, followed by stirring at the same
temperature for 3 hours. The temperature of the ieaction
solution was gradually raised to -40°C, and subseqguently
hydrochloric acid (2 M, 210 mL) was added, followed by
extraction with ethyl acetate. The extract was washed with
water and a saturated aqueous sodium chloride solution, followed
by drying over anhydrous magnesium sulfate, and the solvent was
distilled off under reduced pressure to afford 4-tert-butyl 1-
methyl 2~ (benzyloxy)-3-oxosuccinate (62 g) as a yellow oil.

A part of this oil (36 g, 120 mmol) and tert-butyl 4-(2-
amino-2-iminoethyl)piperidine-l1-carboxylate acetate (24 g, 79
mmol) were dissolved in methanol (240 mL), and at 3°C a sclution
of sodium methoxide in methanol (28%, 48 mL, 240 mmol) was
added, followed by stirring at room temperature for 14.5 hours.
Hydrochloric acid (1 M, 130 mL) was added to the reaction
solution, and subsequently a deposited solid was collected by
filtration to afford the title compound (26 g, 52 mmol) as a
white solid (yield 66%).

'H-NMR (500 MHz, CDCl;) &: 7.47-7.44 (2H, m), 7.40-7.31 (3H, m),
5.23 (24, s), 4.21-3.91 (2H, m), 2.74-2.58 (2H, m), 2.62 (2H, d,
J = 7 Hz}), 2.06 (1H, m), 1.69-1.60 (2H, m}, 1.53 (SH, s), 1.43
(9H, s}, 1.28~1.16 (2H, m).

(5) tert-Butyl b5-(benzyloxy)-2-{{l-(tert-
butoxycarbonyl)piperidin~4-ylimethyl}-6-
{[(trifluoromethyl)sulfonyl]oxy}pyrimidine-4-carboxylate
[Chemical 17]

N K
>TO N “ o
T o
q
FFF
tert-Butyl 5- (benzyloxy)-2-{[1-(tert-
butoxycarbonyl)piperidin-4-yllmethyl}-6-hydroxypyrimidine-4~
carboxYlate (5.0 g, 10 mmol) was dissolved in dichloromethane

(100 mL), and trifluoromethanesulfonic anhydride (2.1 mL, 12

mmol) and triethylamine (2.1 mL, 15 mmol) were added at -78°C,
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followed by stirring at the same temperature for 30 minutes.
After the reaction solution was concentrated under reduced
pressure, the resulting residue was purified by chromatography
on a silica gel column (Moritex Corporation, elution solvent:
hexane/ethyl acetate), and a fraction corresponding to the Rf
value=0.63 (hexane/ethyl acetate=2/1) by thin layer
chromatography was concentrated under reduced pressure to afford
the title compound (6.0 g, 9.5 mmol) as a yellow oil {yvield
95%) .

'H-NMR (500 MHz, CDCls) &: 7.44-7.36 (5H, m), 5.14 (2H, s), 4.21-
3.95 (2H, m), 2.88 (2H, d, J = 7 Hz), 2.80-2.62 (2H, m), 2.07
(iH, m), 1.67-1.60 (2H, m), 1.57 (9H, s), 1.46 (9H, s), 1.27-
1.17 (2H, m).

(6) tert-Butyl 5-(benzyloxy)-2-{[1l-(tert-
butoxycarbonyl)piperidin-4-yl]lmethyl}-6-methylpyrimidine-4-~
carboxylate

[Chemical 18]

tert-Butyl 5-(benzvloxy)-2-{[1-(tert-
butoxycarbonyl)piperidin-4-ylimethyl}-6-
{[(trifluoromethyl)sulfonylloxy}pyrimidine-4-carboxylate (6.0 g,
9.5 mmol) was dissolved in tetrahydrofuran (90 mL) and, at room
temperature, methylboronic acid (1.8 g, 30 mmol), silver oxide
(6.7 g, 29 mmol), potassium carbonate (4.0 g, 2% mmol) and a
[1,1"-bis{diphenylphosphino) ferrocene]palladium dichloride
dichloromethane complex (0.78 g, 0.96 mmol) were added, followed
by heating to reflux for 3 hours under a nitrogen atmosphere.
The reaction solution was cooled to room temperature, and
subsequently the insolubles were filtered off. After the
filtrate was concentrated under reduced pressure, the resulting
residue was purified by chromatography on a silica gel column
(Moritex Corporation, elution solvent: hexane/ethyl acetate),

and a fraction corresponding to the Rf value=0.34 (hexane/ethyl
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acetate=2/1) by thin layer chromatography was concentrated under
reduced pressure to afford the title compound (4.4 g, 8.8 mmol)
as a yellow oil (yield 93%).

'H-NMR (500 MHz, CDCls) &: 7.44-7.34 (5H, m), 5.00 (2H, s), 4.17-
3.98 (2H, m), 2.85 (2H, d, J = 7 Hz), 2.77-2.64 (2H, m), 2.44
(3H, s}, 2.09 (1H, m), 1.66-1.59 (2H, m), 1.59 (9H, s), 1.45
(9H, s}, 1.30-1.19 (2H, m).

(7) tert-Butyl 5-(benzyloxy)-6-methyl-2-(piperidin-4~-
yvimethyl)pyrimidine~4-carboxylate hydrochloride

[Chemical 19]

tert-Butyl 5-(benzyloxy)-2-{[1-(tert-
butoxycarbonyl)piperidin—-4-yl]lmethyl}~6-methylpyrimidine-4-
carboxylate (4.4 g, 8.8 mmol) was dissolved in ethyl acetate (44
mL), and a solution of hydrogen chloride in ethyl acetate (4 M,
68 mL, 270 mmol) was added, followed by stirring at room
temperature for 3 hours. Hexane (100 mL) and ethyl acetate (100
ml) were added to the reaction solution, whereby a solid was
deposited. The resulting solid was collected by filtration, and
dried under reduced pressure to afford the title compound (3.7
g, 8.5 mmol) as a white solid (yield 95%).
'"H-NMR (500 MHz, DMSO-dg) &: 7.47-7.34 (5H, m), 4.99 (2H, s),
3.26~3.18 (2H, m), 2.%0-2.78 (2H, m), 2.78 (2H, d, J = 7 Hz),
2.46 (3H, s), 2.12 (1H, wm), 1.78-1.70 (2H, m), 1.51 (9H, s),
1.51-1.39 (2H, m).
(8) [(4'-Bromobiphenyl-4-ylimethoxy] (tert-butyl)dimethylsilane

O 8r

[Chemical 20]

o L
s

(4’ -Bromobiphenyl-4-ylimethanol (0.70 g, 2.7 mmol) and

imidazole {(0.54 g, 8.0 mmol) were dissolved in tetrahydrofuran
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(20 mL), and tert-butyldimethylchlorosilane (1.2 g, 8.0 mmol)
was added under a nitrogen atmosphere, followed by stirring at
room temperature for 1 hour. Water was added to the reaction
solution, which was extracted with ethyl acetate, and
subsequently washed sequentially with a saturated sodium
hydrogencarbonate solution, water and a saturated aqueous sodium
chloride solution. After the organic layer was concentrated
under reduced pressure, the resulting residue was purified by
chromatography on a silica gel column (Moritex Corporation,
elution solvent: hexane/ethyl acetate), and a fraction
corresponding to the Rf value=0.90 (hexane/ethyl acetate=9/1) by
thin layer chromatography was concentrated under reduced
pressure to afford the title compound (0.92 ¢, 2.4 mmol} as a
white solid (yield 91%).

'H~-NMR (500 MHz, CDCl;) &: 7.55 (2H, d, J = 8 Hz), 7.52 (2H, d, J
= 8 Hz), 7.45 (2H, d, J = 8 Hz), 7.40 (2H, d, J = 8 Hz), 4.78
(2H, s), 0.96 (9H, s), 0.12 (6H, s).

{9) tert-Butyl 5-(benzyloxy)-2-({1-[4’'-({[tert-

butyl (dimethyl)silyl]oxy}methyl)biphenyl-4-yllpiperidin-4-
vllmethyl)-6-methylpyrimidine~-4-carboxylate

[Chemical 21]

tert-Butyl 5-(benzyloxy)-6-methyl-2-(piperidin—-4-
vimethyl)pyrimidine-4-carboxylate hydrochloride (1.0 g, 2.3
mmol), [(4’-bromobiphenyl-4-yl)methoxy] (tert-
butyl)dimethylsilane (0.92 g, 2.4 mmol), sodium tert-butoxide
(0.67 g, 7.0 mmol) , 2~-dicyclohexylphosphino-27 ,47,6’ -
triisopropylbiphenyl (X-PHOS) (0.11 g, 0.23 mmol) and
tris(dibenzylideneacetone)dipalladium (0.11 g, 0.12 mmol) were
suspended in toluene (50 mL), followed by heating to reflux for
3 hours under a nitrogen atmosphere. The reaction solution was

cooled to room temperature, and filtered with celite, and
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subsequently the filtrate was concentrated under reduced
pressure. The resulting residue was purified by chromatography
on a silica gel column (Moritex Corporation, elution solvent:
hexane/ethyl acetate), and a fraction corresponding to the RE
value=0.50 (hexane/ethyl acetate=2/1) by thin layer
chromatography was concentrated under reduced pressure to afford
the title compound (0.98 g, 1.4 mmol) as a yellow oil (yield
61%) .

'H-NMR (500 MHz, CDCl,) &: 7.52 (2H, d, J = 8 Hz), 7.49 (2H, d, J
= 8 Hz), 7.45-7.32 (74, m), 6.99 (2H, d, J = 8 Hz), 5.01 (2H,
sy, 4.76 (2H, s), 3.73 (2H, d, J = 12 Hz), 2.91 (2H, d, T =7
Hz), 2.75 (2H, t, J = 12 Hz), 2.46 (3H, s), 2.17-2.06 (1lH, m),
1.80 (2H, d, J = 12 Hz), 1.59 (9H, s), 1.54 (2H, g, J = 12 Hz),
0.95 (9H, s), 0.11 (e6H, s).

(10) tert-Butyl 5-(benzyloxy)-2-({1-[4’~(hydroxymethyl)biphenyl-
4-yllpiperidin-4-yllmethyl)-6-methylpyrimidine~4-carboxylate
[Chemical 22}

o T

tert-Butyl 5~ (benzyloxy)-2-({1-[4"-({[tert-
butyl(dimethyl)silyl]oxy}methyl)biphenyl~4nyl]piperidin“4—
vllmethyl)~6-methylpyrimidine—-4-carboxylate (0.98 g, 1.4 mmol)
was dissolved in 1,4-dioxane (10 mL), and a solution of hydrogen
chloride in dioxane (4 M, 1.0 mL, 4 mmol) was added, followed by
stirring at room temperature for 1.5 hours. A saturated sodium
hydrogencarbonate solution was added to the reaction solution
for neutralization, followed by extraction with ethyl acetate,
and subseguently the organic layer was concentrated under
reduced pressure to afford the title compound (0.81 g, 1.4 mmol)
as a yellow o0il (yield 99%).
'H-NMR (500 MHz, CDCls) &: 7.56 (2H, d, J = 8 Hz), 7.50 (2H, d, J
8 Hz), 5.01 (2H,

I

= 8 Hz), 7.45-7.34 (74, m), 7.00 (2H, 4, J
sy, 4.72 (2H, s), 3.73 (2H, d, J = 12 Hz), 2.91 (2H, d, T =7
Hz), 2.76 (2H, t, J = 12 Hz), 2.46 (3H, s), 2.17-2.06 (1H, m),
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1.80 (2H, d, J = 12 Hz), 1.5% (9H, s), 1.54 (2H, g, J = 12 Hz).
(11) Ethyl ({[5-(benzyloxy)-2-({1-[4’-(hydroxymethyl)biphenyl-4-
vllpiperidin-4-ylimethyl)-6-methylpyrimidin-4-
vllcarbonyl}amino)acetate
[Chemical 23]

0

@ Ny
0 C ©

tert-Butyl 5~ (benzyloxy)-2-({1-[4"~-
(hydroxymethyl)biphenyl~4-yllpiperidin-4-yl}imethyl)-6-
methylpyrimidine-4-carboxylate (0.81 g, 1.4 mmol) was dissolved
in a mixed solvent of tetrahydrofuran (10 mL) and methanol (10
mlL), and an agqueous sodium hydroxide solution (5 M, 10 mL, 50
mmol) was added, followed by stirring at 50°C for 15 minutes.
The reaction solution was cocled to room temperature, and
hydrochloric acid (5 M, 10 mL, 50 mmol) was added, followed by
extraction with ethyl acetate. The organic layer was
concentrated under reduced pressure to afford 5-(benzyloxy)-2-
({1-14" - (hydroxymethyl)biphenyl-4-yllpiperidin—-4-yl}methyl)-6-
methylpyrimidine-4-carboxylic acid as a yellow solid.

This was dissolved in a mixed sclvent of tetrahydrofuran
{10 mL) and methanol (10 mL), and glycine ethyl ester
hydrochloride (0.30 g, 2.1 mmol), 4-(4,6-dimethoxy-1,3,5~
triazin-2-yl)-4-methylmorpholinium chloride (0.51 g, 1.8 mmol)
and N-methylmorpholine (0.39 mL, 3.5 mmol) were added, followed
by stirring at room temperature for 14 hours. The reaction
solution was concentrated under reduced pressure, and the
resulting residue was purified by chromatography on a silica gel
column (Moritex Corporation, elution solvent:
dichloromethane/ethyl acetate), and a fraction corresponding to
the Rf value=0.60 (hexane/ethyl acetate=1/4) by thin layer
chromatography was concentratedkunder reduced pressure to afford
the title compound (0.32 g, 0.53 mmol) as a yellow solid (yield
38%) .
'H-NMR (500 MHz, CDCl,) &: 8.36 (1H, t, J = 6 Hz), 7.56 (24, d, J
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8 Hz), 7.52-7.47 (4H, m}, 7.43-7.34 (5H, m), 7.00 (2H, d,
8 Hz), 5.12 (2K, s}, 4.73 (2H, d, J = 6 Hz), 4.30-4.1% (4H
3.75 (2H, 4, J = 12 Hz), 2.90 (24, ¢, J = 7 Hz), 2.78 (2H, t, J
12 Hz), 2.47 (3H, s), 2.17-2.07 (1H, m}, 1.79 (2H, d, J
Hz), 1.59-1.48 (2H, m), 1.32 (3H, t, J = 7 Hz).

(12) Ethyl ({[5-hydroxy-2-({1-[4'~-(hydroxymethyl)biphenyl-4-

, ),

fl
ot
8O

il

yvllipiperidin-4-yllimethyl)-6é-methylpyrimidin-4-
yllcarbonyllamino)acetate

[Chemical 24]

Q0
N ' O
O/\rl\ H/\f\/
HO IlD

Ethyl ({[5-(benzyloxy)-2-({1-[47~(hydroxymethyl)biphenyl-
4-yllpiperidin-4-ylimethyl)-6-methylpyrimidin-4-~
vllcarbonyllamino)acetate {(0.43 g, 0.71 mmol) was dissolved in a
mixed solvent of ethyl acetate (20 mL) and dichlorcmethane (20
mL), and 10% palladium~activated carbon (0.080 g) was added,
followed by stirring at room temperature for 2.5 hours under a
hydrogen atmosphere. The reaction solution was filtered with
celite, and the filtrate was concentrated under reduced
pressure, whereby a solid was deposited. The resulting solid
was collected by filtration, and dried under reduced pressure to
afford the title compound (0.34 g, 0.66 mmol) as a white solid
(yield 93%).

MS m/z: 519 (M+H)";

'H-NMR (500 MHz, DMSO-dg) &: 11.83 (1H, s), 9.52 (lH, t, J = 6
Hz), 7.54 (2H, d, 3 = 8 Hz), 7.50 (2H, 4, J = 8 Hz), 7.34 (2H,
d, J = 8 Hz), 6.99 (2H, d, J = 8 Hz), 5.17 (1H, brs), 4.50 (2H,
s), 4.15 (2H, g, J = 7 Hz), 4.09 (2H, d, J = & Hz), 3.74 (2H, d,
J =12 Hz), 2.79 (2H, d, § = 7 Hz)}, 2.70 (2K, t, J = 12 Hz),
2.45 (3H, sy, 2.15-2.05 (14, m); 1.68 (2H, d, J = 12 Hz), 1.37
(2H, g, J = 12 Hz), 1.21 (3H, t, J = 7 Hz).

(13) ({[5-Hydroxy=-2-({1-[4’~(hydroxymethyl)biphenyl-4-
vllpiperidin-4-ylimethyl)~-6-methylpyrimidin~4-

yllcarbonyl}amino)acetic acid
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Ethyl ({[5-hydroxy-2-({1-[4'~-(hydroxymethyl)biphenyl-4-
vllpiperidin-4-ylimethyl)-6-methylpyrimidin-4-
yllcarbonyl}amino)acetate (0.22 g, 0.42 mmol) was dissolved in a
mixed solvent of methanol (5 mL) and tetrahydrofuran (5 mL), and
an agueous sodium hydroxide solution (1 M, 5.0 ml) was added,
followed by stirring at room temperature for 30 minutes. The
reaction solution was concentrated under reduced pressure, and
hydrochloric acid (1 M, 5.0 mL) was added to the resulting
residue, whereby a solid was deposited. The resulting solid was
collected by filtration, and dried under reduced pressure to
afford the title compound (0.17 g, 0.35 mmol) as a pale
yellowish white solid (yield 82%).

MS m/z: 491 (M+H)";

'H-NMR (500 MHz, DMSO-d¢) &: 12.87 (1H, brs), 11.92 (1H, s), 9.42
(lH, t, J = 6 Hz), 7.54 (2H, d, J = 8 Hz), 7.50 (2H, 4, J = 8
Hz), 7.34 (2H, d, J = 8 Hz), 7.00 (28, d, J = 8 Hz), 5.17 (1lH,
t, J = 6 Hz), 4.51 (2H, d, § = 6 Hz), 4.01 (2H, d, J = 6 Hz},
3.74 (2H, d, J = 12 Hz), 2.78 (2H, d, J = 7 Hz), 2.70 (2H, t, J
= 12 Hz), 2.45 (3H,’s), 2.15-2.04 (1H, m), 1.68 (2H, d, J = 12
Hz), 1.37 (2H, q, J = 12 Hz).

(Example 2)

({[2-({1-[4’ - (Acetoxymethyl)biphenyl-4-yl]}piperidin-4-~
ylimethyl)-5-hydroxy-6é-methylpyrimidin-4-
yl]carbonyl}lamino)acetic acid

{Chemical 25]

0
N OH
- Oy
WO O
0

({[5-Hydroxy-2-({1-[4’- (hydroxymethyl)biphenyl-4~
vlipiperidin-4-yl}methyl)-6-methylpyrimidin-4~
vl]lcarbonyl}amino)acetic acid (0.13 g, 0.27 mmol) was dissolved
in acetonitrile (8 mL), and acetic anhydride (0.063 mL, 0.67
mmol), triethylamine (0.082 mL, 0.66 mmol) and 4-
dimethylaminopyridine (0.081 g, 0.66 mmol) were added, followed
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by stirring at room temperature for 3 hours. After the reaction
solution was concentrated under reduced pressure, the resulting
residue was purified by chromatography on a silica gel column
{Moritex Corporation, elution solvent:
dichloromethane/methanol), and a fraction corresponding to the
Rf value=0.20 (dichloromethane/methanol=9/1) by thin layer
chromatography was concentrated under reduced pressure. A mixed
solvent of ethanol and water was added to the residue, whereby a
solid was deposited. The resulting solid was collected by
filtration, and dried under reduced pressure to afford the title
compound (0.070 g, 0.13 mmol) as a pale yellowish white solid
(yvield 50%).

MS m/z: 533 (M+H)";

'H-NMR (500 MHz, DMSO-d¢) &: 12.86 (1H, brs), 11.91 (1H, s), 9.42
(1H, brs), 7.59 (2H, d, J = 8 Hz), 7.52 (2H, 4, J = 8 Hz), 7.39
(2H, d, J = 8 Hz), 7.00 {(2H, d, J 8 Hz), 5.08 (2H, s), 4.01
(2H, d, J = 6 Hzy, 3.75 (2H, d, J 12 Hz), 2.78 (2H, d, J = 6
Hz), 2.71 (2H, ¢, J = 12 Hz), 2.44 (3H, s), 2.16-2.03 (1H, m),

2.07 (3H, s}, 1.68 (2H, d, J = 12 Hz), 1.36 (2H, g, J = 12 Hz).
{Example 3)

({[5-Hydroxy-2- ({1-[4’~(l-hydroxyethyl)biphenyl-4-ylipiperidin-
4-yllmethyl)-6-methylpyrimidin-4-yljcarbonyl}amino)acetic acid
(Chemical 26]

0
N OH
W\ H/\g/
OH
(1) Ethyl ({[2-{[1~(4'-acetylbiphenyl-4-yl)piperidin-4-
yl]methyl}-S-(benzyloxy}~6—methylpyrimidin~4-

yllcarbonyl}amino)acetate

[Chemical 27]
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In accordance with Examples 1-(9) and 1-(11l), but using 1-
(4’ -bromobiphenyl-4-yl)ethanone instead of [(4’-bromobiphenyl-4-
yvlimethoxy] (tert-butyl)dimethylsilane, the title compound (vield

35%) was afforded as a yellow solid.

‘H-NMR (400 MHz, CDCls) &: 8.35 (1H, t, J = 5 Hz), 7.99 (2H, d, J
= 9 Hz), 7.65 (2H, d, J = 9 Hz), 7.56 (2H, d, J = 9 Hz),7.51~
7.47 (2H, m), 7.42-7.34 (3H, m), 7.0l (2H, d, J = 9 Hz), 5.13
(2H, s), 4.27 (2H, g, J = 7 Hz), 4.25 (2H, 4, J = 5 Hz), 3.79

(2H, d, J§ = 13 Hz), 2.90 (2H, d, J = 7 Hz), 2.81 (2H, t, J = 13
Hz), 2.62 (3K, s}, 2.47 (3H, s), 2.20-2.09 (1H, m), 1.80 (2H, d,
J = 13 Hz), 1.59-1.47 (2H, m), 1.32 (3H, t, J = 7 Hz).

(2) BEthyl ({[5-hydroxy-2-({1-[4’~(l-hydroxyethyl)biphenyl-4-
vllpiperidin~4-yl}methyl)-6-methylpyrimidin-4-
yllcarbonyl}amino)acetate

{Chemical 28]

0
OV
iin OH
C
OH

Ethyl ({[2-{[1-(4’-acetylbiphenyl-4-yl)piperidin-4-
yl]lmethyl}-5~(benzyloxy)~-6-methylpyrimidin-4-
yllcarbonyl}amino)acetate (0.67 g, 1.1 mmol) was dissolved in a
mixed solvent of ethyl acetate (35 mlL) and dichloromethane (35
mL), and 10% palladium-activated carbon (0.65 g) was added,
followed by stirring at room temperature for 8 hours under a
hydrogen atmosphere. After the reaction solution was filtéred‘
with celite, the filtrate was concentrated under reduced
pressure. The resulting residue was purified by chromatography
on a silica gel column (Moritex Corporation, elution sclvent:

dichloromethane/ethyl acetate), and a fraction corresponding to
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the Rf value=0.27 (dichloromethane/ethyl acetate=1/3) by thin
layer chromatography was concentrated under reduced pressure to
afford the title compound {(0.44 g, 0.82 mmol) as a white solid
(yield 77%).

MS m/z: 533 (M+H)';

'H-NMR (400 MHz, CDCls;) &: 11.37 (1H, s), 8.50 (1H, t, J = 6 Hz),
7.54 (2H, d, J = 8 Hz), 7.49 (2H, d, J = 9 Hz), 7.41 (24, 4, J
9 Hz), 6.99 (24, d, J = 8 Hz), 4.98-4.90 (1H, m), 4.29 (2H, g, J

it

= 7 Hz), 4.23 (2H, 4, J = 6 Hz), 3.74 (2H, d, J = 12 Hz), 2.84
(2, d, § = 7 Hz), 2.76 (2H, t, J = 12 Hz), 2.54 (3H, s}, 2.13-
2.01 (1H, m), 1.78 (2K, d, J = 12 Hz), 1.59~1.45 (2H, m), 1.54
(36, d, 3 = 7 Hz), 1.33 (3H, t, J =7 Hz).
{3) ({[5-Hydroxy-2~({1-[4'-(l1-hydroxyethyl)biphenyl-4-
vllpiperidin-4-yljimethyl)-6-methylpyrimidin~4-
yllcarbonyl}lamino)acetic acid

In accordance with Example 1-(13), but using ethyl ({[5-
hydroxy-2-{{1-[4"~{1~-hydroxyethyl)biphenyl-4-yl]lpiperidin-4-
ylimethyl)-6-methylpyrimidin-4-yl]carbonyl}amino)acetate instead
of ethyl ({[5-hydroxy-2-({1-[4’-(hydroxymethyl)biphenyl-4-
yllpiperidin~4-yl}imethyl)-6-methylpyrimidin-4~
yvl]carbonyl}amino)acetate, the title compound (yield 86%) was
afforded as a pale brown solid.
MS m/z: 505 (M+H)";
'H-NMR (500 MHz, DMSO-d¢) &: 9.31 (1H, t, J = 6 Hz), 7.52 (2H, d,
J = 8 Hz), 7.48 (2H, d, J = 9 Hz), 7.35 (2H, d, J = 8 Hz), 6.98
(24, d, J = 9 Hz), 5.13 (lH, brs), 4.72 (lH, g, J =7 Hz), 3.92
(24, d, J = 6 Hz), 3.72 (2#, d, J = 13 Hz), 2.78 (2H, 4, J =7
Hz), 2.69 (2H, t, J = 13 Hz), 2.43 (3H, s), 2.14-2.03 (1H, m},
1.68 (2H, d, J = 13 Hz), 1.33 (3H, d, J = 6 Hz), 1.42-1.30 (2H,
m) . , k
(Example 4)
({[5-Hydroxy-2-({1-{4’ - (2-hydroxyethyl)biphenyl~4~-yllpiperidin~
4—yl}methyl)—6—methylpyrimidin~4—yl]carbonyl}an@no}acetic acid

[Chemical 29]
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O
N OH
" LY
&

(1) tert-Butyl[2-(4-iodophenyl)ethoxyldimethylsilane

HO

[Chemical 30]
|
N
S /\v/[::I/
>(I‘U

In accordance with Example 1-(8), but using 2-(4-
iodophenyl)ethanol instead of (4’/~Bromobiphenyl-4-yl)methanol,
the title compound (vield 97%) was afforded as a colorless oil.
'H~NMR (500 MHz, CDCl,) &: 7.59 (2H, d, J = 8 Hz), 6.96 (2H, d, J
= 8 Hz), 3.77 (24, t, J = 7 Hz), 2.75 (2H, t, 3 =7 Hz), 0.86
(94, s), -0.03 (6H, s).

(2) [2—(4" -Bromobiphenyl-4-yl)ethoxy] (tert-butyl)dimethylsilane
[Chemical 31]

e

tert-Butyl{2-(4-iodophenyl)ethoxyldimethylsilane (7.1 g,

IillBr
o

19.6 mmol), (4-bromophenyl)boronic acid (4.8 g, 23.9 mmol),
tripotassium phosphate n-hydrate (10.4 g, 49.0 mmol) and a
[1,17-bis (diphenylphosphino) ferrocene]palladium dichloride
dichloromethane complex (0.80 g, 0.98 mmol) were suspended in
1,2-dimethoxyethane (150 mL), followed by stirring at room
temperature for 4 hours under a nitrogen atmosphere. After the
reaction solution was filtered with celite, the filtrate was
concentrated under reduced pressure. The resulting residue was
purified by chromatography on a silica gel column (Moritex
Corporation, elution solvent: hexane), and a fraction
corresponding to the Rf value=0.90 (hexane/ethyl acetate=18/1)
by thin layer chromatography was concentrated under reduced
pressure to afford the title compound (2.0 g, 5.1 mmol) as a

white solid (yield 26%).
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'H-NMR (500 MHz, CDCl,) &: 7.57 (2H, d, J = 8 Hz), 7.50 (2H, d, J
= 8 Hz), 7.47 (24, d, J = 8 Hz), 7.31 (2, d, J = 8 Hz), 3.86
(2H, t, § = 7 Hz), 2.89 (2H, t, J =7 Hz), 0.91 (SH, s), 0.03
(6H, s).
(3) ({[5-Hydroxy-2-({1-14’-(2-hydroxyethyl)biphenyl-4-
vllpiperidin-4-ylimethyl)-6-methylpyrimidin-4-
yl]carbonyl}amino)acetic acid

In accordance with Examples 1-(9) to 1-(13}, but using [2-
{4’ -bromobiphenyl-4~yl)ethoxy] (tert-butyl)dimethylsilane instead
of [(4’-bromobiphenyl-4-yl)methoxy] (tert-butyl)dimethylsilane,
the title compound (yield 15%) was afforded as a pale yellowish
white solid.
MS m/z: 505 (M+H)";
'H-NMR (500 MHz, DMSO-dg) &: 12.88 (1H, brs), 11.91 (1H, s), 9.41
(l1H, t, Jd = 6 Hz), 7.48 (4H, d, J = 8 Hz), 7.24 (2H, d, J = 8
Hz), 6.99 (2H, d, J = 8 Hz), 4.65 (1H, t, J = 6 Hz), 4.01 (2H,
d, J =6 Hz), 3.73 (2H, d, J = 12 Hz), 3.61 (2H, g, J = 6 Hz),
2.78 (2H, d, J =7 Hz), 2.75-2.66 (4H, m), 2.44 (3H, s}, 2.15-
2.04 (1H, m), 1.68 (2H, d, J = 12 Hz), 1.37 (2H, g, J = 12 Hz).
(Example 5)
({[5-Hydroxy-2-({1-[4’~(2-hydroxypropyl)biphenyl~4-yl]piperidin~
4-ylimethyl)-6-methylpyrimidin-4-yl]carbonyl}amino)acetic acid
[Chemical 32]

{1) 2-(4'~Bromobiphenyl-4-yl)-N-methoxy-N-methylacetamide
y

O
N OH
LY
N Nz OH 0

[Chemical 33}

(47 ~Bromobiphenyl-4-yljacetic acid (12 g, 37 mmol) was
disscolved in a mixed soclvent of tetrahydrofuran (200 mL) and

methanol (200 mL), and N,O-dimethylhydroxylamine hydrochloride
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(5.4 g, 56 mmol), 4-(4,6~-dimethoxy-1,3,5-triazin~-2-yl)-4~
methylmorpholinium chloride (15 g, 60 mmol) and N-
methylmorpholine (6.1 mlL, 56 mmol) were added, followed by
stirring at room temperature for 1 hour. After the reaction
solution was concentrated under reduced pressure, ethyl acetate
was added to the resulting residue, and the organic layer was
washed with water. After the solvent was distilled off under
reduced pressure, the resulting residue was purified by
chromatography on a silica gel column (Moritex Corporation,
elution solvent: hexane/ethyl acetate), and a fraction
corresponding to the Rf value=0.45 (hexane/ethyl acetate=1/1l) by
thin layer chromatography was concentrated under reduced
pressure to afford the title compound (12 g, 37 mmol) as a white
solid (yield 100%).

'H-NMR (500 MHz, CDCls) &: 7.55 (2H, d, J = 8 Hz), 7.51 (2H, d, &
= 8 Hz), 7.45 (2H, d, J = 8 Hz), 7.37 (2H, 4, J = 8 Hz), 3.82
(2H, s), 3.67 (3H, s), 3.22 (3H, s).

{2} (4’ -Bromobiphenyl-4-yl)acetone

[Chemical 34]

0 o™

A solution of methyllithium in diethyl ether (40 mL, 44
mmol) was diluted with tetrahydrofuran (120 mL), and a solution
of 2~(4;—bromobiphenyl—4—yl)—N—methoxy~N~methylacetamide (12 g,
37 mmol) in tetrahydrofuran (50 mL) was added at -78°C, followed
by stirring at the same temperature for 30 minutes. Water was
added to the reaction solution, followed by extraction with
ethyl acetate, and subsequently the solvent was distilled off
under reduced pressure. The resulting residue was purified by
chromatography on a silica gel column (Moritex Corporation,
elution solvent: hexane/ethyl acetate}, and a fraction
corresponding to the Rf value=0450 (hexane/ethyl acetate=4/1} by
thin layer chromatography was concentrated under reduced
pressure to afford the title compound (7.6 g, 26 mmol) as a

white solid (yield 71%).
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'"H-NMR (500 MHz, CDCl;) &: 7.56 (2H, d, J = 8 Hz), 7.53 (2H, d, J
~ 8 Hz), 7.45 (2E, d, J = 8 Hz), 7.27 (2H, d, J = 8 Hz), 3.76
(2H, s}, 2.21 (3H, s).

{3} 1-(4’-Bromobiphenyl-4-yl)propan-2-ol

{Chemical 35]

O

(4" -Bromobiphenyl-4-yl)acetone (7.6 g, 26 mmol) was
dissolved in ethanol (250 mL), and sodium borohydride (1.2 g, 32
mmol) was added at 0°C, followed by stirring at the same
temperature for 30 minutes. After the reaction solution was
concentrated under reduced pressure, ethyl acetate was added to
the resulting residue, and the organic laver was washed with
water. After the solvent was distilled off under reduced
pressure, the resulting residue was purified by chromatography
on a silica gel column (Moritex Corporation, elution solvent:
hexane/ethyl acetate), and a fraction corresponding to the Rf
value=0.45 (hexane/ethyl acetate=4/1) by thin layer
chromatography was concentrated under reduced pressure to afford
the title compound (7.6 g, 26 mmol) as a white solid (yield
99%) .

'H-NMR (500 MHz, CDCls) . &6: 7.56 (2H, d, J = 8 H=z), 7.51 (ZH, 4, J
= § Hz), 7.45 (24, d, J = 8 Hz), 7.30 (24, 4, J = 8 Hz), 4.07
(1#, brs), 2.84 (1H, dd, J = 13 Hz, & Hz), 2.73 (lH, dd, J = 13
Hz, 3 Hz), 1.58-1.49 (1H, m), 1.28 (3H, d, J = 6 Hz).

{4y [2-(4’ -Bromobiphenyl-4-yl)~l-methylethoxy] (tert-
butyl)dimethylsilane

[Chemical 36]

Br

L

In accordance with Example 1-(8), but using 1-(4'-
bromobiphenyl-4-yl)propan-2-cl instead of (4’ -bromobiphenyl-4-
yl)methanol, the title compound (yield 96%) was afforded as a
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white solid.
'H-NMR (500 MHz, CDCls) &: 7.54 (2H, d, J = 8 Hz), 7.45 (2H, 4, J
= 8 Hz), 7.44 (2H, 4, J = § Hz), 7.24 (2H, d, J = 8 Hz), 4.04~
3.93 (1H, m), 2.80~2.67 (2H, w), 1.17 (3H, d, J = 6 Hz), 0.83
(9H, s}, -0.05 (3H, s) , -0.17 (3H, s).
(5) ({[5=Hydroxy=-2-({1-[4’'-(2-hydroxypropyl)biphenyl-4~
yllpiperidin-4-yl}methyl)-6-methylpyrimidin-4-
yvl]carbonyl}lamino)acetic acid

In accordance with Examples 1-(9) to 1-(13), but using [2-
(4’ ~bromobiphenyl-4-yl)-l-methylethoxy] (tert-
butyl)dimethylsilane instead of [(4’-bromobiphenyl-4-
yl)methoxy] (tert-butyl)dimethylsilane, the title compound (yield
35%) was afforded as a white solid.
MS m/z: 519 (M+H)";
'H-NMR (400 MHz, DMSO-dg) &: 12.89 (1H, brs), 11.92 (1H, s), 9.41
(14, t, J = 6 Hz), 7.49 (2H, d, J = 9 Hz), 7.48 (2H, 4, J =9
Hz), 7.22 (2H, d, J = 8 Hz), 6.98 (2H, d, J =8 Hz), 4.58 {(1H,
d, J =5 Hz), 4.0l (2H, d, J = 6 Hz), 3.86-3.79 (1H, m), 3.73
(2H, d, J = 12 Hz}, 2.78 (2H, 4, J = 7 Hz), 2.74-2.65 (3H, m),
2.57 (14, dd, J = 13 Hz, 6 Hz), 2.44 (3H, s}, 2.09-2.00 (1H, m),
1.69 (24, d, J = 12 Hz), 1.36 (2H, dq, J = 12 Hz, 3 Hz), 1.05
(3H, d, J = 6 Hz).
(Example 6)
({[5-Hydroxy-2-({1-[4’-(2-hydroxy-1,1-dimethylethyl)biphenyl-4-
yllpiperidin~4-yl}methyl)~6-methylpyrimidin~-4-
yvllcarbonyllamino)acetic acid

[Chemical 37]
0]
N OH
SReER:

(1) Ethyl 2—(4’—bromobiphenyl—4fyl)~2—methylpropionate

HO

[Chemical 38]
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Ethyl (4'-bromobiphenyl-4-yl)acetate (7.6 g, 24 mmol) was
dissolved in tetrahydrofuran (130 mL), and sodium hydride (55%,
3.1 g, 71 mmol) was added at 0°C, followed by stirring at room
temperature for 30 minutes. Methyl iodide (4.4 mL, 71 mmol) was
added to the reaction solution, followed by stirring at room
temperature for a further 20 hours. A saturated agqueous
ammonium chloride solution was added to the reaction solution,
followed by extraction with ethyl acetate, and subsequently the
solvent was -distilled off under reduced pressure. The resulting
residue was purified by chromatography on a silica gel column
(Moritex Corporation, elution solvent: hexane/ethyl acetate),
and a fraction corresponding to the Rf value=0.50 (hexane/ethyl
acetate=10/1) by thin layer chromatography was concentrated
under reduced pressure to afford the title compound (6.2 g, 18
mmol) as a yellow oil (yield 76%).

'H~-NMR (500 MHz, CDCl;) &: 7.55 (2H, d, J = 8 Hz), 7.52 (2H, 4, J
= 8§ Hz), 7.45 (2H, d, J = 8 Hz), 7.40 (2H, d, J = 8 Hz), 4.14
(24, g, J = 7 Hz), 1.61 (6H, s), 1.21 (3H, t, J = 7 Hz).

{2) 2-(4’-Bromobiphenyl-4-yl)-2-methylpropan-1-ol

[Chemical 39]

O

Ethyl 2-(4'-bromobiphenyl-4-yl)-2-methylpropionate (6.2 g,
18 mmol) was dissolved in tetrahydrofuran (150 mlL), and lithium
aluminum hydride (0.68 g, 18 mmol) was added at 0°C, followed by

stirring at the same temperature for 1.5 hours. Water was added

to the reaction solution, and the insolubles were filtered with
celite, followed by extraction with ethyl acetate. After the
solvent was distilled off under reduced pressure, the resulting
residue was purified by chromatography on a silica gel column

(Moritex Corporation, elution solvent: hexane/ethyl acetate),
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and a fraction corresponding to the Rf value=0.40 (hexane/ethyl
acetate=1/1) by thin layer chromatography was concentrated under
reduced pressure to afford the title compound (5.0 g, 16 mmol)
as a white solid (yield 92%).

'H-NMR (500 MHz, CDCl3)\6: 7.59~7.51 (4H, m), 7.49-7.43 (4H, m),
3.66 (2H, s), 1.38 (6H, s).

(3) 4-Bromo-4'-[2~ (methoxymethoxy)~1,1l-dimethylethyl]biphenyl
[Chemical 40]

\OAO O

2- (4’ -Bromobiphenyl-4-yl)-2-methylpropan-~1-ol (5.0 g, 16

i.ﬂBr

mmol) was dissolved in toluene (40 mlL), and chloromethyl methyl
ether (2.5 mL, 33 mmol) and N,N-diisopropylethylamine (3.6 mL,
21 mmol) were added, followed by stirring at room temperature
for 17 hours. After the reaction solution was diluted with
ethyl acetate, the organic layer was washed with water. After
the solvent was distilled off under reduced pressure, the
resulting residue was purified by chromatography on a silica gel
column (Moritex Corporation, elution solvent: hexane/ethyl
acetate), and a fraction corresponding to the Rf value=0.45
(hexane/ethyl acetate=10/1) by thin layer chromatography was
concentrated under reduced pressure to afford the title compound
(5.8 g, 16 mmol) as a white solid (yield IOQ%).
'"H-NMR (500 MHz, CDCls;) &: 7.54 (2H, d, J = 8 Hz), 7.51 (2H, d, J
= 8 Hz), 7.47 (2H, d, J = 8 Hz), 7.45 (24, 4, J = 8 Hz), 4.58
(24, s), 3.60 (2H, s), 3.27 (3H, s), 1.39 (6H, s).
(4) ({[5~Hydroxy-2-({1-[4’-(2-hydroxy~-1,1-
dimethylethyl)biphenyl-4-yl]lpiperidin~-4-ylimethyl)-6-
methylpyrimidin-4-yl]lcarbonyl}lamino)acetic acid

In accordance with Examples 1-(9) to 1-(13), but using 4-
bromo-4’ - [2- (methoxymethoxy)-1,1-dimethylethyllbiphenyl instead
of [{4'-bromobiphenyl-4-yl)methoxy] (tert-butyl)dimethylsilane,
the title compound (yield 25%) was afforded as a white solid.
MS m/z: 533 (M+H)';
'H-NMR (500 MHz, DMSO-d¢) &: 12.86 (1H, brs), 11.91 (1H, s), 9.41
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(lg, t, J =5 Hz), 7.50 (2H, d, J = 9 Hz), 7.48 (2H, d, J = 9
Hz), 7.39 (2H, d, J = 8 Hz), 6.99 (2H, d, J = 8 Hz), 4.67 (1lH,
brs), 4.00 (2H, d, J = 5 Hz), 3.73 (2H, d, J = 12 Hz), 3.42 (2H,
s), 2.78 (2H, 4, J = 7 Hz), 2.70 (2H, t, J = 12 Hz), 2.45 (3H,
s), 2.15-2.05 (1H, m), 1.68 (2H, d, J = 12 Hz), 1.36 (2H, dg, J
= 12 Hz, 3 Hz), 1.23 (6H, s).

(Example 7)
({{2-({1-[4"-(Dimethylcarbamoyl)biphenyl-4-v1l]lpiperidin-4-
yl}methyl)-S—hydroxy—6~methylpyrimidin-4~
vl]carbonyl}lamino)acetic acid

[Chemical 41]
O
N OH
SE SR

In accordance with Examples 1-~(9) and 1-(11) to 1-(13),

|
_N

o)

but using 4'-bromo-N,N-dimethylbiphenyl-4-carboxamide instead of
[ {4’ ~bromobiphenyl-4-yl)methoxy] (tert-butyl)dimethylsilane, the
title compound (yield 29%) was afforded as a pale yellowish
white solid.

MS m/z: 532 (M+H)';

‘H-NMR (500 MHz, DMSO-ds) &: 12.88 (lH, brs), 11.91 (1H, s), 9.40
(1H, t, J = 6 Hz), 7.65 (2H, d, 0 = 8 Hz), 7.56 (ZH, d, J = 8
Hz), 7.43 (2H, d, J = 8 Hz), 7.01 (2H, d, J = 8 Hz), 4.01 (2H,
12 Hz), 2.97 (6H, brs), 2.78 (ZH,
12 Hz), 2.44 (3H, s), 2.16-2.05

i}

6 Hz), 3.77 (2H, d, J
’ = 7 Hz), 2.73 (2H, t, J
(1H, m), 1.6% (2H, d, J = 12 Hz), 1.36 (2H, g, J = 12 Hz}.

it

d, J
d, J

i

(Example 8)
({[5-Hydroxy-6-methyl-2~({1-[4’ - (methylcarbamoyl)biphenyl-4~
ylipiperidin~4-ylimethyl)pyrimidin-4-yl]carbonyl}amino)acetic
acid

[Chemical 42]
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In accordance with Examples 1-(92) and 1-(11) to 1-(13),
but using 4’ ~bromo-N-methylbiphenyl-4-carboxamide instead of
[ (4" -bromobiphenyl-4~yl)methoxy] (tert-butyl)dimethylsilane, the
title compound (yield 20%) was afforded as a yellow solid.
MS m/z: 518 (M+H)";
'"H-NMR (500 MHz, DMSO-dg) &: 9.28 (1H, brs), 8.42 (1H, d, J = 4
Hz), 7.86 (2H, d, J = 8 Hz), 7.68 (2H, d, J = & Hz), 7.59 (ZH,
d, J =8 Hz), 7.01 (2K, d, J = 8 Hz), 3.86 (ZH, brs), 3.78 (2H,
d, J 12 Hz), 2.81-2.69 (7H, m), 2.44 (3H, s), 2.15-2.05 (1H,
m), 1.68 (2H, d, J = 12 Hz), 1.36 (2H, g, J = 12 Hz).

it

(Example 9)

[{({2-[(1-{4"-[2-(Dimethylamino) -2-oxoethyl]lbiphenyl-4-
vilpiperidin-4-ylimethyl]-5-hydroxy-6-methylpyrimidin-4-
v1l}lcarbonyl)aminolacetic acid

[Chemical 43]
o}
N ~_OH
TN N
g e
A2
N
|

(1) 2- (4’ -Bromobiphenyl-4-yl)-N,N-dimethylacetamide
[Chemical 44]
Br

(4’ ~Bromobiphenyl-4-yljacetic acid (1.0 g, 3.4 mmol) was
dissolved in a mixed sclvent of tetrahydrofuran (20 mk) and
methanol (20 nml), and dimethylamine hydrochloride (0.42 g, 5.2
mmol), 4-(4,6-dimethoxy-1,3,5~triazin-2-yl)-4-methylmorpholiniun
chloride (1.3 g, 4.7 mmol) and N-methylmorpholine (0.95 mL, 8.6
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mmol) were added, followed by stirring at room temperature for
18 hours. After the reaction solution was concentrated under
reduced pressure, the resulting residue was purified by
chromatography on a silica gel column (Moritex Corporation,
-elution solvent: dichloromethane/ethyl acetate), and a fraction
corresponding to the Rf value=0.55 (dichloromethane/ethyl
acetate=1/1) by thin layer chromatography was concentrated under
reduced pressure to afford the title compound (0.82 g, 2.6 mmol)
as a white solid (yield 75%).

'H-NMR (500 MHz, CDCls;) &: 7.55 (2H, d, J = 8 Hz), 7.51 (2H, d, J
= 8 Hz), 7.44 (2H, d, J = 8 Hz), 7.33 (2H, d, J = 8 Hz), 3.75
{(2H, s), 3.04 (3H, s), 2.99 (3H, s).

(2) [({2-[(1-{4"-[2-(Dimethylamino)-2-oxoethyl]biphenyl-4-
vllpiperidin-4~yl)methyl)-5-hydroxy-6~methylpyrimidin-4-
vl}carbonyl)aminolacetic acid ’

In accordance with Examples 1-(9) and 1-(11) to 1-{(13),
but using 2-(4’-bromobiphenyl-4-yl)-N,N-dimethylacetamide
instead of [ (4’ -bromobiphenyl-4-yl)methoxy] (texrt-
butyl)dimethylsilane, the title compound (yield 11%) was
afforded as a pale yellowish white solid.

MS m/z: 546 (M+H)";

'H-NMR (500 MHz, DMSO-dg) 8: 11.92 (1H, brs), 9.3% (1H, t, J = 6
Hz), 7.52 (2H, d, J = 8 Hz), 7.49 (2H, d, J = 8 Hz), 7.24 (2H,
d, J =8 Hz), 6.99 (2, d, J = 8 Hz}), 4.00 (2H, d, J = 6 Hz},
3.74 (2H, d, J = 12 Hz), 3.69 (2H, s), 3.01 (3H, s), 2.84 (3H,
s), 2.78 (24, d, J = 7 Hz), 2.70 (2H, t, J = 12 Hz), 2.44 (3H,
sy, 2.15-2.04 (1H, m), 1.68 (2H, d, J = 12 Hzy, 1.37 (2H, g, J

it

12 Hz) .

(Example 10)

[ ({5-Hydroxy-2-[(1-{4-[4- (hydroxymethyl)benzyl]lphenyl}piperidin-
4-yl)methyl}-6-methylpyrimidin-4-yl}carbonyl)aminolacetic acid
[Chemical 45] 4

o |
Ny OH
”Om%ﬁ;pg

(1) 1-Bromo-4-{4-[ (methoxymethoxy)methyl]lbenzyl}benzene
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[Chemical 46]

~oNoN ‘ ‘ _Br

[4- (4-Bromobenzyl)phenyl]methanol (2.7 g, 9.6 mmol) was
dissolved in tetrahydrofuran (50 mlL), and sodium hydride {55%,
0.50 g, 12 mmol) was added at 0°C, followed by stirring at the
same temperature for 30 minutes under a nitrogen atmosphere. To
the reaction solution at 0°C was added dropwise a solution of
chloromethyl methyl ether (1.0 g, 13 mmol) in tetrahydrofuran
{10 mL), followed by stirring at room temperature for 4 hours.

A saturated aqueous ammonium chloride solution was added to the
reaction solution, followed by extraction with ethyl acetate,
and the organic layer was dried over anhydrous sodium sulfate.
After the solvent was distilled cff under reduced pressure, the
resulting residue was purified by chromatography on a silica gel
column (Moritex Corporation, elution solvent: hexane/ethyl
acetate), and a fraction corresponding to the Rf value=0.55
(hexane/ethyl acetate=4/1) by thin layer chromatography was
concentrated under reduced pressure to afford the title compound
(2.5 g, 7.8 mmol) as a colorless oil (yield 81%).
'H-NMR (500 MHz, CDCl;) &: 7.39 (2H, d, J = 8 Hz), 7.28 (2H, d, J
= 8 Hz), 7.15 (2H, d, J = 8 Hz), 7.04 (2H, d, J = 8 Hz), 4.70
(2H, s), 4.56 (2H, s), 3.92 (2H, s), 3.41 (3H, s).
(2) Ethyl {[(5-hydroxy-2-{[1-(4-{4-
[ (methoxymethoxy)methyl]lbenzyl}phenyl)piperidin-4-ylimethyl}-6-
methylpyrimidin-4-yl)carbonyl]amino}acetate
[Chemical 47)

o
Nﬂ/lN/ﬁfo‘/

~o7No" &i:r’jg’/ ANNe!
g g

In accordance with Examples 1-(9), 1-(11) and 1-(12), but
using l-bromo-4-{4-[ (methoxymethoxy)methyllbenzylibenzene
instead of [ (4’ -bromobiphenyl-4-yl)methoxy] (tert-
butyl)dimethylsilane, the title compound (yield 33%) was

afforded as a yellow oil.
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'"H-NMR (500 MHz, CDCls;) &: 11.36 (1H, s), 8.49 (1H, t, J = 5 Hz),
7.28-7.23 (2H, m), 7.16 (2H, d, J = 8 Hz), 7.04 (2H, d, J =7
Hz), ©.86 (2H, d, J =7 Hz), 4.69 (2H, s), 4.55 (2H, s), 4.28
(2, g, J =7 Hz), 4.22 (2H, d, J = 5 Hz), 3.89 (2H, s}, 3.61
(2H, d, J = 12 Hz), 3.40 (3H, s), 2.82 (2H, d, J =7 Hz}, 2.66
(24, t, 0 = 12 Hz), 2.53 (3H, s), 2.05-1.98 (1H, m), 1.75 (ZH,
d, J = 12 Hz), 1.54-1.44 (2H, m), 1.32 (3H, t, J = 7 Hz).

(3} Ethyl [({2-[(1-{4-[4~(acetoxymethyl)benzyl]lphenyl}piperidin-
4-yl)methyl]-5-hydroxy-6-methylpyrimidin-4-
yl}icarbonyl)amino]acetate

[Chemical 48]

eV b L

Ethyl {[ (5-hydroxy-2-{[1-(4-{4-
[ (methoxymethoxy)methyllbenzyl}phenyl)piperidin-4-yllmethyl}-6-
methylpyrimidin-4-vyl)carbonyllamino}acetate (1.1 g, 1.9 mmol)
was dissolved in ethyl acetate (14 mL), and a solution of
hydrogen chloride in diokane (4 M, 7 mL, 28 mmol) was added at
room temperature, followed by stirring at the same temperature
for 12 hours. A saturated agqueous sodium hydrogencarbonate
solution was added to the reaction solution, followed by
extraction with ethyl acetate, and subsequently the organic
layer was dried over anhydrous sodium sulfate. After the
solvent was distilled off under reduced pressure, the resulting
residue was purified by chromatography on a silica gel column
(Moritex Corporation, elution solvent: hexane/ethyl acetate),
and a fraction corresponding to the Rf value=0.60 (hexane/ethyl
acetate=1/1} by thin layer chromatography was concentrated under
reduced pressure to afford the title compound (0.74 g, 1.3 mmol)
as a yellow oil (yield 69%).
'H-NMR - (500 MHz, CDCls) &: 11.35 (1H, s), 8.48 (1H, t, J = 5 Hz),
7.28-7.23 (2H, m), 7.17 (2H, d, J = 7 Hz), 7.04 (2H, &, J
7 Hz), 5.06 (2H, s}, 4.28 (2H, g, J =17
5 Hz), 3.89 (2H, s), 3.61 (2H, d, J
7 Hz), 2.66 (2H, t, J = 12 Hz), 2.53 (3H,

I

Hz), 6.86 (2H, d, J
Hz), 4.22 (2H, 4, J
Hzy, 2.82 (2H, d, J

i
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sy, 2.08 (3H, s), 2.05-1.97 (1H, m), 1.77-1.70 (2H, m), 1.54-
1.46 (2H, m), 1.32 (3H, ©, J = 7 Hz).
(4) [({5-Hydroxy-2-[(1-{4-[4~
(hydroxymethyl)benzyl]phenyl}piperidin-4-ylimethyl]~6~-
methylpyrimidin-4-yl}lcarbonyl)aminclacetic acid
In accordance with Example 1-(13), but using ethyl [ ({2~

[(1-{4~[4~ (acetoxymethyl)benzyl]lphenyl}ipiperidin-4~-yl)methyl]-5-
hydroxy-6-methylpyrimidin~4-yl}carbonyl)amino]acetate instead of
ethyl ({[b~hydroxy-2-({1-[4’~ (hydroxymethyl)biphenyl-4-
yllpiperidin-4-ylimethyl)-6-methylpyrimidin-4-
yvllcarbonyl}amino)acetate, the title compound (yield 61%) was
afforded as a yellow solid.
MS m/z: 505 (M+H)";
'H-NMR (500 MHz, DMSO~dg) &: 11.90 (1H, s), 9.38 (lH, t, J = 6
Hz), 7.20 (2H, 4, J =7 Hz), 7.13 (2H, d, J = 7 Hz), 7.02 (2H,

= 8§ Hz), €.82 (2H, d, J§ = 8 Hz), 5.08 (1H, t, J = 6 Hz},
6 Hz), 4.00 (2H, d, J = 6 Hz), 3.79 (2H, s),
12 Hz), 2.76 (2H, d, J =7 Hz), 2.58 (2H, t, J

1l

1l

d, J

4.42 (2H, 4, J
3.58 (2H, 4, J
12 Hz), 2.43 (3H, s), 2.03 (1H, brs), 1.65 (2H, 4, J = 12 Hz),

1.38-1.29 (2H, m).

{Example 11)

[ ({5-Hydroxy~2-[(1-{4-[3-(hydroxymethyl)benzyl]lphenyl}piperidin-
4-yl)methyl]~6~methylpyrimidin-4-yl}lcarbonyl)aminojacetic acid
[Chemical 49]

Ny OH
HO M/ Oﬁl\g

(1) [3-(4-Bromobenzyl)phenyl]methanol
[Chemical 50]

4-Bromobenzyl bromide (6.1 g, 22 mmol} and [3~
(hydroxymethyl)phenyl]lboronic acid (3.0 g, 20 mmol) were
dissolved in a mixed solvent of toluene {40 mL), ethanol (30 mlL)

and water (20 mL), and tetrakis(triphenylphosphine)palladium
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(1.1 g, 1.0 mmol) and sodium carbonate (4.2 g, 40 mmol) were
added under a nitrogen atmosphere, followed by heating to reflux
for 6 hours. Water was added to the reaction solution, followed
by extraction with ethyl acetate, and subseqguently the organic
layer was dried over anhydrous sodium sulfate. After the
solvent was distilled off under reduced pressure, the resulting
residue was purified by chromatography on a silica gel column
(Moritex Corporation, elution solvent: hexane/ethyl acetate),
and a fraction corresponding to the Rf value=0.75 (hexane/ethyl
acetate=1/1) by thin layer chromatography was concentrated under
reduced pressure to afford the title compound (4.7 g, 17 mmol)
as a yellow oil (yield 85%).

'H-NMR (500 MHz, CDCl;) &: 7.40 (2H, 4, J = 8 Hz), 7.29 (1lH, t, J
= 8§ Hz), 7.22 {(1H, d, J = 8 Hz), 7.17 (lH, s), 7.10 (1H, d, J =
8 Hz), 7.06 (2H, d, J = 8 Hz), 4.66 (2H, s), 3.93 (2ZH, s), 1.65
(1H, brs).

(2) 1-Bromo-4-{3-[ (methoxymethoxy)methyllbenzyl}benzene
[Chemical 51]

oo L

In accordance with Example 10-(1), but using [3-(4-
bromobenzyl)phenyljmethanol instead of [4-(4-
bromobenzyl)phenyllmethancl, the title compound (yield 65%) was
afforded as a colorless oil.

'"H-NMR (500 MHz, CDCl;) &: 7.40 (2H, d, J =7 Hz), 7.28 (lH, t, J
= 7 Hz), 7.21 (1H, d, J = 7 Hz), 7.16 (1H, s), 7.08 (lH, d, J =
7 Bz), 7.06 (2H, d, J = 7 Hz), 4.70 (2H, s}, 4.56 (2H, s), 3.93
(2H, s), 3.40 (3H, s).

(3) [({5-Hydroxy-2-[(1-{4-1[3-
(hydroxymethyl)benzyl]phenyl}piperidin~4~yl)methyl]*6—
methylpyrimidin-4-yl}carbonyl)aminolacetic acid

In accordance with Examples 1-(9), 1-(11), 1-(12), 1-(10)
and 1-(13), but using l-bromo-4-{3-

[ (methoxymethoxy)methyl]benzyl}benzene instead of [(4'~
bromobiphenyl~4-yl)methoxy] (tert-butyl)dimethylsilane, the title

compound (yield 23%) was afforded as a yellow solid.
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MS m/z: 505 (M+H)*;

'H-NMR (500 MHz, DMSO~-dey &: 12.89 (1H, brs), 11.91 (1H, s), 9.41
7 Hz), 7.14 (1H, s), 7.10

7 Hz), 7.05-7.00 (2H, m),

ft

(1, ©, J = 6 Hz), 7.21 (1H, t, J
(lH, d, § = 7 Hz), 7.06 {(lH, d, J
6.87-6.79 (2H, m), 5.14 (1H, brs), 4.44 (2H, s), 4.00 (2H, d, J

6 Hz), 3.80 (2H, brs), 3.58 (24, 4, J = 12 Hz), 2.76 (2H, d, J
= 7 Hz), 2.64-2.54 (2H, m), 2.43 (3H, s), 2.04 (1H, brs), 1.70-

1.61 (2H, m), 1.40-1.29 (2H, m).

(Example 12)

[ ({5-Hydroxy-2-[ (1~{4-[5-(1~hydroxyethyl)pyridin-2-

ft

I

yllphenyl}piperidin-4-ylimethyl]~6-methylpyrimidin-4-
vl}carbonyl)amino]acetic acid

[Chemical 52]

(1} 2-(4-Bromophenyl)-5-[1-(methoxymethoxy)ethyl]pyridine
[Chemical 53]
Br

\
_o_o A_n

6- (4-Bromophenyl)nicotinaldehyde (3.2 g, 12 mmol) was
dissolved in tetrahydrofuran (50 mL), and a solution of
methyllithium in diethyl ether (1.0 M, 15 mL, 15 mmol) was added
dropwise at -78°C under a nitrogen atmosphere, followed by
stirring at the same temperature for 1 hour. A saturated
agqueous ammonium chloride solution was added to the reaction
solution, followed by extraction with ethyl acetate, and
subsequently the organic layer was concentrated under reduced
pressure. The resulting residue was purified by chromatography
on a silica gel column (Moritex Corporation, elution solvent:
hexane/ethyl acetate), and a fraction corresponding to the Rf

value=0.30 (hexane/ethyl acetate=2/1) by thin layer
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chromatography was concentrated under reduced pressure to afford
1-[6-{4~-bromophenyl)pyridin-3-ylliethanocl (2.0 g, 7.2 mmocl) as a
white solid (yield 59%).

In accordance with Example 10- (1), but using 1-{6~(4-
bromophenyl)pyridin-3-yl]lethanol (2.0 g, 7.2 mmol) instead of
[4-(4-bromobenzyl)phenyl]lmethanol, the title compound (1.8 g,
5.6 mmol) was afforded as a pale yellow solid (yield 78%).
'H-NMR (500 MHz, CDCls) &: 8.64 (lH, s), 7.87 (2H, d, J = 9 Hz),
7.76 {18, d4, J = 8 Hz)}, 7.70 (1H, d, J = 8 Hz), 7.60 (2H, d, J =
9 Hz), 4.84 (1M, gq, J = 6 Hz), 4.64 (1H, d, J = 7 Hz), 4.58 (1H,
d, J =7 Hz), 3.38 (3H, s), 1.54 (3H, d, J = 6 Hz).

(2) Benzyl ({[5-(benzyloxy)-2-{[1-(4~{5-[1~
(methoxymethoxy)ethyllpyridin-2-ylliphenyl)piperidin-4-
yllmethyl}-6é-methylpyrimidin-4-yl]lcarbonyl}amino)acetate

o \/@
(:j/\f:jle/\Wo
N Nz OH 0]
® | ©
00 =zN

In accordance with Example 1-(9), but using 2-(4-

[Chemical 54]

bromophenyl) -5-[1- (methoxymethoxy)ethyl]pyridine instead of

[ (4’ -bromobiphenyl-4-yl)methoxy] (tert-butyl)dimethylsilane,
tert-butyl 5-(benzyloxy)-2-{[1-(4-{5~[1-
(methoxymethoxy)ethyl]lpyridin-2-vyl}phenyl)piperidin-4-
yllmethyl}-6-methylpyrimidine~4-carboxylate was afforded as a
yellow oil (yield 45%).

In .accordance with Example 1-(11), but using glycine
benzyl ester p-toluenesulfonate instead of glycine ethyl ester
hydrochloride, and tert-butyl 5-(benzyloxy)-2-{[1-(4-{5-[1-
(methoxymethoxy)ethyllpyridin-2-vliphenyl)piperidin-4-
yllmethyl}-6-methylpyrimidine-4—-carboxylate instead of tert-
butyl 5-(benzyloxy)-2-({1l-[4’-(hydroxymethyl)biphenyl-4~-
vllpiperidin-4-yl}methyl)~6-methylpyrimidine-4—-carboxylate, the
title compound (quantitative yield) was afforded as aryellow

oil.
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'H-NMR (500 MHz, CDCl;) &: 8.58 (1H, s), 8.39 (1H, t, J = 5 Hz),
7.91 (2H, d, J = 9 Hz), 7.69-7.64 (2H, m), 7.48 (2H, d, J =1
Hz), 7.40-7.22 (8H, m), 7.00 (2H, d, J = 9 Hz), 5.24 (2H, s},
5.11 (24, s), 4.81 (1H, g, J = 7 Hz), 4.62 (lH, d, J = 7 Hz),
4.58 (1H, d, J = 7 Hz), 4.30 (2H, d, J = 5 Hz), 3.80 (24, d, J =

12 Hz), 3.38 (3H, s), 2.88 (2H, d, J = 7 Hz), 2.80 (2H, t, J =
12 Hz), 2.47 (3H, s), 2.18-2.08 (1H, m), 1.78 (2H, d, J = 12
Hz), 1.55-1.48 (2H, m), 1.52 (3H, d, J = 7 Hz).

(3) Benzyl [ ({5-(benzyloxy)-2-[(1-{4-[5-(l-hydroxyethyl)pyridin-

2-yllphenyllpiperidin~4-yl)methyl]-6-methylpyrimidin-4-

yl}icarbonyl)aminolacetate
N o\/©
s ﬁ/\ﬁ
v O
! =
HO =N

Benzyl ({[5~(benzyioxy)-2-{[1-(4-{5-[1-

[Chemical 55]

(methoxymethoxy)ethyl]lpyridin-2-yl}lphenyl)piperidin-4-
vllmethyl}-6-methylpyrimidin-4-ylicarbonyl}amino)acetate (0.80
g, 1.1 mmol) was dissolved in ethyl acetate (6 mlL), and a
solution of hydrogen chloride in dioxane (4 M, 1.5 mL, 6.0 mmol)
was added, followed by stirring at room temperature for 1.5
hours. After hexane was added to the reaction solution, the
deposited solid was collected by filtration using hexane. To
this, was added a saturated agueous sodium hydrogencarbonate
solution, followed by extraction with ethyl acetate, and
subseqguently the organic laver was concentrated under reduced
pressure. The resulting residue was purified by chromatography
on a silica gel column (Moritex Corporation, elution solvent:
hexane/ethyl acetate), and a fraction corresponding to the Rf
value=0.30 (hexane/ethyl acetate=1/1) by thin layer
chromatography was concentrated under reduced pressure to afford
the title compound (0.32 g, 0.49 mmol) as a yvellow solid (yield
44%) .

MS m/z: 686 (M+H)*.
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(4) [({5-Hydroxy-2-[(1-{4~[5-(l~hydroxyethyl)pyridin-2-
yliphenyljipiperidin-4-yl)ymethyl]-6-~methylpyrimidin-4-
yvllcarbonyl)aminolacetic acid

Benzyl [({5-(benzyloxy)-2-[(1-{4~-[5-(1-
hydroxyethyl)pyridin-2-yl]lphenyl}piperidin-4-yl)methyl]-6-
methylpyrimidin-4-yl}carbonyl)aminolacetate (0.10 g, 0.16 mmol)
was dissolved in ethyl acetate (30 mL), and 10% palladium-
activated carbon (0.25 g) was added, followed by stirring at
room temperature for 9 hours under a hydrogen atmosphere. After
the reaction solution was filtered with celite, the filtrate was
concentrated under reduced pressure. The resulting residue was
purified by chromatography on a silica gel column (Moritex
Corporation, elution solvent: ethyl acetate/methancl), and &
fraction corresponding to the Rf value=0.10 (ethyl
acetate/methanol=4/1) by thin layer chromatography was
concentrated under reduced pressure to afford the title compound
(0.045 g, 0.089 mmol) as a yellow solid (yield 56%).
MS m/z: 506 (M+H)';
'"H-NMR (500 MHz, DMSO-d¢) &: 9.42 (1H, t, J = 5 Hz), 9.06 (1H,
sy, 8.23 (lH, d, J = 8 Hz), 8.04 (2H, d, J = 8 Hz), 7.98 (1lH, d,
J =8 Hz), 7.04 (2H, 4, J = 8 Hz), 4.35 (1H, g, J =7 Hz), 4.00
(2H, d, J = 5 Hz), 3.88 (2H, d, J = 13 Hz), 2.83-2.77 (4H, m),
2.44 (3H, s), 2.20-2.17 (1H, m), 1.68 (2H, 4, J = 13 Hz), 1.38
(3H, d, J =7 Hz), 1.36-1.33 (2H, m).
(Example 13)
{[ (5-Hydroxy-2-{[1-(4-{5~[1-{methoxymethoxy)ethyllpyridin-2-
yvllphenyl)piperidin-4-yl]lmethyl}-6-methylpyrimidin-4-
yl)icarbonyllaminotlacetic acid

[Chemical 56]

|
/O\/O 2N
In accordance with Example 12-(4), but using benzyl ({[5-

(benzyloxy)-2-{[1-(4-{5-[1- (methoxymethoxy)ethyl]pyridin-2-
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yliphenyl)piperidin-4-yllmethyl}-6-methylpyrimidin-~4-
yllcarbonyl}amino)acetate obtained in Example 12-(2) instead of
benzyl [({5-{(benzyloxy)~-2-[(1-{4-[5-(l-hydroxyethyl)pyridin-2-
yvllphenyllpiperidin-4~yl)methyl]-6-methylpyrimidin~4-
vl}carbonyl)amino]acetate, the title compound was afforded as a
pale brown solid (yield 39%).

MS m/z: 550 (M+H)";

'"H-NMR (500 MHz, DMSO-ds) &: 9.23 (1H, brs), 8.52 (1H, d, J = 2
Hz), 7.93 (2H, d, § = 8 Hz), 7.82 (1H, d, J = 8 Hz), 7.74 (lH,
dd, J = 8 Hz, 2 Hz), 7.00 (2H, 4, J = 8 Hz), 4.76 (lH, g, J =17
Hz), 4.61 (1H, d, J = 7 Hz), 4.50 (1H, d, J = 7 Hz), 3.84-3.7¢6
(4H, m), 3.25 (3H, s), 2.78-2.72 (4H, m), 2.43 (3H, s), 2.13-
2.05 (1H, m), 1.6% (2H, 4, J§ = 12 Hz), 1.44 (3H, d, J = 7 Hz},
1.40-1.30 (2H, m). ‘

{Example 14)
[({2-[(1-{4-[5-(1l-Acetoxyethyl)pyridin-2-yllphenyl}piperidin-4-
yv1l)methyl]-5-hydroxy-6é-methylpyrimidin-4-
yllcarbonyl)amino]acetic acid

[Chemical 57)]

0O
{}’/EOH
OH
~N
\g, /N
Benzyl [({2-[(l-{4-[5-(l-acetoxyethyl)pyridin-2-

yl]phenyl}plperidin—4—yl)methyl]—5—(benzyloxy)—6—
methylpyrimidin~4-yl}carbonyl)amino]acetate

[Chemical 58]

Benzyl [ ({5~ (benzyloxy)-2~[(1-{4~-[5-(1-
hydroxyvethyl)pyridin-2-yllphenyl}piperidin~4~-yl)methyl]-6-
methylpyrimidin-4-yl}carbonyl)aminoc]acetate (0.24 g, 0.35 mmol)
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obtained in Example 12-(3) was dissolved in dichloromethane (30
ml), and acetic anhydride (0.050 mL, 0.52 mmol} and
triethylamine (1.8 mL) were added, followed by stirring at room
temperature for 12 hours. Acetic anhydridé (1.8 mL) and
pyridine (0.90 mlL) were added to the reaction solution, followed
by stirring for further 12 hours, and subseguently a saturated
agqueous sodium hydrogencarbonate solution was added, followed by
extraction with ethyl acetate. After the organic layer was
concentrated under reduced pressure, the resulting residue was
purified by chromatography on a silica gel column (Moritex
Corporation, elution solvent: hexane/ethyl acetate), and a
fraction corresponding to the Rf value=0.40 (hexane/ethyl
acetate=1/1) by thin laver chromatography was concentrated under
reduced pressure to afford the title compound (0.12 g, 0.17
mmol) as a yellow oil (yield 48%). )
'H-NMR (500 MHz, CDCl;) &: 8.62 (1H, s), 8.38 (1H, t, J = 5 Hz),
7.90 (2H, d, 3. = 9 Hz), 7.68-7.63 (2H, m), 7.48 (2H, 4, T =7
Hz), 7.40-7.21 (8H, m), 7.00 (2H, d, J = 9 Hz), 5.92 (lH, g, J =
6 Hz), 5.24 (2H, s), 5.11 (2H, s), 4.30 (2H, d, J = 5 Hz), 3.80
(24, 4, J = 13 Hz), 2.88 (2H, d, J =17 Hz), 2.81 (2H, t, J =13
Hz), 2.47 (3H, s), 2.16-2.05 (1H, m), 2.09 (3H, s), 1.78 (2H, d,
J = 13 Hz), 1.58 (3H, d, J = 6 Hz), 1.57-1.48 (ZH, m).
(2) [({2=-[(1-{4-[5-(1l-Acetoxyethyl)pyridin-2-
yllphenyl}piperidin-4-yl)methyl]-5-hydroxy~-6-methylpyrimidin-4-
yl}carbonyl)amino]acetic acid

In accordance with Example 12-(4), but using benzyl [ ({2~
[(1-{4~[5-(l-acetoxyethyl)pyridin-2-yl]iphenyl}lpiperidin-4-
vl)methyl]-5-(benzyloxy)-6~-methylpyrimidin-~4-
vllcarbonyl)amino]acetate instead of benzyl [ ({5-(benzyloxy)-2-
[(1-{4~[5-(1-hydroxyethyl)pyridin-2-yl]lphenyl}ipiperidin-4-
yl)methyl]~6-methylpyrimidin-4-yl}carbonyl)aminolacetate, the
title compound (yield 98%) was afforded as a pale yellow solid.
MS m/z: 548 (M+H)'; |
'"H-NMR (500 MHz, DMSO-d¢) &: 9.40 (1H, t, J = 6 Hz), 8.57 (1H, d,
J = 2 Hz), 7.93 (28, 4, J = 9 Hz), 7.82 (1H, 4, J = 8 Hz)}, 7.78
(1H, dd, J = 8 Hz, 2 Hz), 7.00 (2H, d, J = 9 Hz), 5.83 (1H, g, J
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= 6 Hz), 3.98 (2H, d, J = 6 Hz), 3.81 (2H, d, J = 12 Hz), 2.79-
2.73 (4H, m), 2.44 (3H, s), 2.16-2.08 (1H, m), 2.05 (3H, s},
1.68 (24, 4, § = 12 Hz), 1.52 (3H, d, J = &6 Hz), 1.40-1.30 (2H,
m) .

{Example 15)

[ ({5-Hydroxy-2-[(1-{4~[5~ (hydroxymethyl)pyridin-2-
vllphenyl}piperidin~4~yl)methyl]-6-methylpyrimidin-4-
yllcarbonyl)amino]acetic acid

[Chemical 59]

HO

(1) 2-(4-Bromophenyl)-5-[ (methoxymethoxy)methyllpyridine
[Chemical 60]
Br

~

_o_o AN

In accordance with Example 11-(1), but using {(6-
bromopyridin-3-yl)methanol instead of 4-bromobenzyl bromide, and
4-bromophenylboronic acid instead of [3~
(hydroxymethyl)phenyl]lboronic acid, [6-{4-bromophenyl)pyridin~3-
yllmethanol was afforded as a white solid (yield 51%).

In accordance with Example 10-(1), but using [6-{4-
bromophenyl)pyridin-3-ylimethanol instead of [4-(4-
bromobenzyl)phenyllmethanol, the title compound (guantitative
yield) was afforded as a white solid.

'H-NMR (500 MHz, CDCls;) &: 8.66 (1H, s), 7.88 (2H, d, J = 8 Hz),
7.77 (1H, d, J = 8 Hz), 7.70 (1H, d, J = 8 Hz), 7.60 (2H, d, J =
8 Hz), 4.74 (2H, s}, 4.65 (2H, s), 3.43 (3H, s).

(2) Ethyl {[(5-hydroxy-2-{[1-{4-{5~

[ (methoxymethoxyimethyl]lpyridin-2-yl}phenyl)piperidin-4-
yvllmethyl}-6~methylpyrimidin-4-yl)carbonyl]laminolacetate

[Chemical 61]
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~

|
_0_0O ZN

In accordance with Examples 1-(9), 1-(11) and 1-(12}, but
using 2~ (4-bromophenyl)-5-{ (methoxymethoxyjmethyllpyridine
instead of [ (4’-bromobiphenyl-4-yl)methoxy] (tert-
butyljdimethylsilane, the title compound (yield 22%) was
afforded as a white solid.

MS m/z: 564 (M"+ H);

'H~NMR (500 MHz, CDCls) &: 11.37 (1H, s), 8.60 (lH, s), 8.50 (1H,
t, § =-5 Hz), 7.90 (2H, d, § = 8 Hz), 7.70 (1H, d, J = 8 Hz),
7.65 (l1H, d, J = 8 Hz}, 7.00 (2H, d, J = 8 Hz), 4.73 (2H, s),
4.62 (2H, s), 4.28 (2, g, § = 7 Hz), 4.22 (2H, d, J = 5 Hz),
3.79 (2H, d, J = 12 Hz), 3.42 (3H, s), 2.84-2.77 (4H, m), 2.54
(34, s), 2.13-2.07 (1H, m), 1.78 (2H, d, J = 12 Hz), 1.54-1.46
(2H, m), 1.33 (3H, t, J = 7 Hz).

{3y [({5-Hydroxy-2-[(1-{4-[5-(hydroxymethyl)pyridin-2-
vl]lphenyl}piperidin-4-yl)methyl] -6-methylpyrimidin-4-
yllcarbonyl)aminolacetic acid

In accordance with Examples 12-(3) and 1-(13), but using
ethyl {[(5-hydroxy-2-{[1-(4-{5-[ (methoxymethoxy)methyl]pyridin~
2-yliphenyl)piperidin-4-yllmethyl}-6-methylpyrimidin-4-
yl)carbonyl]amino}acetate instead of benzyl ({[5-(benzyloxy)~-2-
{([1-(4~{5-[1~- (methoxymethoxy)ethyl]pyridin-2-
vl}phenyl)piperidin-4-ylimethyl}-6-methylpyrimidin-4-
vllcarbonyl}amino)acetate, the title compound (yield 87%) was
afforded as a yellow solid.

MS m/z: 492 (M+H)Y;
5 Hz), 8.50 (1H,
8 Hz), 7.71 (1H, d,

it

'H-NMR (500 MHz, DMSO-dg) &: 9.39 (1H, t, J

i

s}y, 7.92 (2H, d, J = 8 Hz), 7.80 (1lH, d, J
J =8 Hz), 7.00 (2H, d, § = 8 Hz), 5.28 (lH, t, J = 5 Hz), 4.52
5 Hz), 3.98 (2H, d, J = 5 Hz), 3.80 (2H, d, J = 13

il

(2H, d, J
Hz), 2.79-2.72 (4H, m), 2.44 (3H, s), 2.17-2.07 (1H, m), 1.68
13 Hz), 1.40-1.30 (2H, m).

i

(2H, d, J
(Example 16)
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[({2-[(1-{4-[5-(Ethoxycarbonyl)pyridin-2-yl]lphenyl}piperidin-4-
yl)methyl}l-5-hydroxy-6-methylpyrimidin-4-
yllcarbonyl)aminolacetic acid

[Chemical 62]

P

~ O
(1) Ethyl 6-(4-bromophenyl)nicotinate
[Chemical 63]

Br

In accordance with Example 11-(1), but using ethyl 6-
bromonicotinate instead of 4-bromobenzylbromide, and 4-
bromophenylboronic acid instead of [3-
(hydroxymethyl)phenyllboronic acid, the title compound (yield
98%) was afforded as a white solid.

'"H-NMR (500 MHz, CDCl;) &: 9.28 (1H, s), 8.36 (1H, d, J = 8 Hz),
7.96 (24, 4, J = 8 Hz), 7.80 (1H, d, J = 8 Hz), 7.64 (2H, d, J =
8 Hz), 4.44 (24, g, J = 7 Hz), 1.43 (3H, t, J = 7 Hz).

(2) tert-Butyl 5-(benzyloxy)-2~-{(1-{4-[5-
(ethoxycarbonyl)pyridin-2~yl]lphenyl}piperidin~-4-yl)methyl]-6~
methylpyrimidine~4~carboxylate

[Chemical 64]

OOJ<‘

(\j/\ﬂN
l\ S
\/O P

In accordance with Example 1-(9), but using ethyl 6-(4-
bromophenyl)nicotinate instead of [(4’-bromobiphenyl-4-
yl)methoxy] (tert-butyl)dimethylsilane, the title compound (yield

23%) was afforded as a yellow oil.
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'"H-NMR (500 MHz, CDCls) &: 9.21 (1H, s), 8.26 (lH, d, J = 8 Hz),
7.9% (2, d, J = 8 Hz), 7.72 (lH, d, J = 8 Hz}, 7.43-7.38 (5H,
m), 7.00 (2H, d, J = 8 Hz), 5.01 (2H, s}, 4.42 (2H, q, J = 7
Hz), 3.83 (2H, 4, J = 12 Hz), 2.91-2.81 (4H, m), 2.46¢ (3H, s),
2.20-2.12 (14, m), 1.80 (24, d, J = 12 Hz), 1.59 (9H, s), 1.57-
1.48 (2H, m), 1.42 (3H, t, J = 7 Hz).

(3) Ethyl 6-{4~[4-({4~[(2-tert-butoxy-2-oxoethyl)carbamoyl]-5-
hydroxy-6-methylpyrimidin-2-ylimethyl)piperidin-1~-
yvllphenvl}inicotinate

[Chemical 65]

tert-Butyl 5-(benzyloxy)-2-[{(1-{4-[5-
{ethoxycarbonyl)pyridin-2-yllphenyl}ipiperidin—4-yl)methyl]-6-
methylpyrimidine-4-carboxylate (0.25 g, 0.40 mmol) was dissolved
in dichloromethane (5 mL), and trifluorcacetic acid (10 mlL) was
added, followed by stirring at room température for 12 hours.
The reaction solution was concentrated under reduced pressure,
and a saturated aqueous sodium hydrogencarbonate solution was
added, followed by extraction with ethyl acetate. After the
organic layer was dried over anhydrous sodium sulfate, the
solvent was distilled off under reduced pressure to afford 2-
[(1-{4-[5-(ethoxycarbonyl)pyridin-2-yliphenyl}piperidin~4-
vl)methyl]-5-hydroxy-6é-methylpyrimidine~4~carboxylic acid.

This was dissolved in a mixed solvent of tetrahydrofuran
(20 mL) and methanol (20 mL), and glycine tert-butyl ester
hydrochloride (0.13 g, 0.80 mmol), 4-(4,6~-dimethoxy-1,3,5~
triazin~2—yl)~4—methylmorpholinium chloride (0.22 g, 0.80 mmol)
and N-methylmorpholine (0.40 mL, 4.0 mmol) were added, followed
by stirring at room temperature-  for 12 hours. The reaction
solution was concentrated under reduced pressure, and ethyl
acetate was added, and subseguently the organic layer was washed

with water. After the solvent was distilled off under reduced
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pressure, the resulting residue was purified by chromatography
on a silica gel column (Moritex Corporation, elution solvent:
hexane/ethyl acetate), and a fraction corresponding to the Rf
value=0.70 (hexane/ethyl acetate=1/1) by thin layer
chromatography was concentrated under reduced pressure to afford
the title compound (0.043 g, 0.073 mmol) as a yellow solid
{(yield 18%). )
'H-NMR (500 MHz, CDCls) &: 11.45 (1H, s), 9.21 (1H, s), 8.46 (1H,
t, J =5 Hz), 8.29-8.23 (1H, m), 7.99 (2H, d, J = 7 Hz), 7.74-
7.68 {(1H, m), ©6.99 (2H, d, J = 7 Hz), 4.42 (2H, g, J = 7 Hz),
4.12 (28, d, J = 5 Hz), 3.84 (2H, d, J = 13 Hz), 2.89-2.79 (4H,
m), 2.54 (3H, s), 2.15-2.08 (1H, m), 1.86~1.45 (4H, m), 1.52
(9H, s}, 1.42 (3H, t©t, J = 7 Hz).
(4y [({2-[(1-{4-[5-(Ethoxycarbonyl)pyridin-2-
yllphenyl}ipiperidin-4-ylimethyl]-5-hydroxy-6-methylpyrimidin-4-
yvllcarbonyl)amino]acetic acid

Ethyl 6-{4-[4-({4-[(2-tert-butoxy-2-oxoethyl)carbamoyl]-5-
hydroxy-6~methylpyrimidin-2-yl}methyl)piperidin-1-
yvllphenyl}nicotinate (0.043 g, 0.073 mmol) was dissolved in
dichloromethane (5 mlL), and trifluoroacetic acid (5 mL) was
added at room temperature, followed by stirring for 12 hours.
Hydrochloric acid (1 M) was added to the reaction solution,
followed by extraction with ethyl acetate, and subsequently the
organic layer was concentrated under reduced pressure. After
the resulting residue was purified by chromatography on a silica
gel column (Moritex Corporation, elution solvent: ethyl
acetate/methanol), a fraction corresponding to the REf value=0.10
{ethyl acetate/methanol=4/1) by thin layer chromatography was
concentrated under reduced pressure. The resulting residue was
dissolved in ethyl acetate, followed by addition of diisopropyl
ether, and subseqguently the deposited solid was collected by
filtration using diisopropyl ether to afford the title compound
(0.020 g, 0.037 mmol) as a pale yellow solid (yield 51%).
MS m/z: 534 (M+H)";
'"H-NMR (500 MHz, DMSO-de¢) &: 9.36 (1H, brs), 9.06 (1H, d, J = 2
Hz), 8.23 (lH, dd, J = 8 Hz, 2 Hz), 8.04 (2H, 4, J = 9 Hz), 7.99

7
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(lH, 4, J = 8 Hz), 7.04 (2H, d, J = 9 Hz), 4.35 (2H, g, T =7
Hz), 3.83 (2H, brs), 3.88 (2H, d, J = 12 Hz), 2.83-2.77 (4H, m},
2.45 (3H, s), 2.19-2.11 (1H, m), 1.70 {(2H, d, J = 12 Hz), 1.39~-
1.30 (2H, m), 1.35 (3H, t, J = 7 Hz).

(Example 17)
[({2-[(1-{4~[2~(Ethoxycarbonyl)benzyl]phenyl}lpiperidin-4-
yl)imethyl]-5~hydroxy-6-methylpyrimidin-4-
yl}carbonyl)aminolacetic acid

[Chemical 66]

070

(1) Ethyl 2-(4-bromobenzyl)benzoate
[Chemical 67]

i'n ]i.]Br

o™

In accordance with Example 11-(1), but using [2-
{ethoxycarbonyl)phenyl]lboronic acid instead of [3-
(hydroxymethyl)phenyl]boronic acid, the title compound (vield
78%) was afforded as a colorless oil.

'H-NMR (500 MHz, CDhCl;) o: 7.92 (1H, d, J = 8 Hz), 7.44 (1H, t, J
= 8§ Hz), 7.37 (2, d, J = 8 Hz), 7.31 (1H, t, J = 8 Hz), 7.20
(lH, d, J = 8 Hz), 7.02 (2H, d, J = 8 Hz), 4.33 (2H, s), 4.28
(2H, g, J = 7 Hz), 1.31 (3H, t, J = 7 Hz).

(2) tert-Butyl ({[5-(benzyloxy)-6-methyl-2-(piperidin-4-~
ylmethyl)pyrimidin-4-yl]carbonyl}amino)acetate hydrochloride
[Chemical 68]

jIt@

In accordance with Examples 1-(11) and 1-(7), but using

tert-butyl 5-{(benzyloxy)-2-{[1~ (tert-butoxycarbonyl)piperidin-4-
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yllmethyl}~6-methylpyrimidine-4-carboxylate obtained in Example
1-(6) instead of tert-butyl b~ (benzyloxy)-2-({1-[4’~-
(hydroxymethyl)biphenyl-4-ylipiperidin~4-ylimethyl)-6-
methylpyrimidine-~4-carboxylate, and glycine tert-butyl ester
hydrochloride instead of glycine ethyl ester hydrochloride, the
title compound (yield 72%) was afforded as a white solid.
'H-NMR (500 MHz, CDsOD) &: 7.46-7.45 (2H, m), 7.36-7.35 (3H, m),
5.11 (2H, s), 4.05 {(2H, s), 3.38 (2H, d, J = 13 Hz), 2.99 (2H,
t, 3 =13 Hz), 2.90 (2H, d, J = 7 Hz), 2.45 (3H, s), 2.36-2.27
(l1H, m), 1.92 (2H, d, J = 13 Hz), 1.56~1.49 (2H, m), 1.48 (9H,
s).
(3) Ethyl 2«{4—[4—({5~(benzyldxy)—4~[(2~tert—butoxy—2—
oxoethyl)carbamoyl]-6-methylpyrimidin-2-ylimethyl)piperidin-1-~
yvllbenzyllbenzoate
[Chemical 69]
N i o]
o m;omm

e ©

In accordance with Example 1-(9), but using tert-butyl
({[5-(benzyloxy)-6-methyl-2- (piperidin-4-yimethyl)pyrimidin-4~
yllcarbonyl}amino)acetate hydrochloride instead of tert-butyl 5-
(benzyloxy)-6-methyl-2- (piperidin~4-ylmethyl)pyrimidine-4-
carboxylate hydrochloride, and ethyl 2-(4-bromobenzyl)benzoate
instead of [ (4’ ~-bromobiphenyl-4-yl)methoxy] (tert-
butyl)dimethylsilane, the title compound (yield 72%) was
afforded as a white solid.
MS m/z: 693 (M+H)" .
{4y [({2-[(1l-{4-[2-(Ethoxycarbonyl)benzyl]phenylipiperidin-4~
ylimethyl]~5-hydroxy~6-methylpyrimidin-4~
vl}carbonyl)aminolacetic acid

In accordance with Example 16-(4), but using ethyl 2-{4-
[4-({5-(benzyloxy)~4~[ (2-tert-butoxy-2-oxoethyl)carbamoyl]-6-
methylpyrimidin-2-yl}methyl)piperidin~l~-yllbenzyl}lbenzoate
instead of ethyl 6-{4-[4-({4-](2~tert-butoxy-2-
oxoethyl)carbamoyl]~5~hydroxy-6-methylpyrimidin-2-
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yvlimethyl)piperidin-l-yl]lphenyl}nicotinate, the title compound
(yvield 12%) was afforded as a yellow solid.

MS m/z: 547 (M+H)*;

'H-NMR (500 MHz, CD;OD) &: 7.82 (14, d, J = 8 Hz), 7.46 (1H, t, J
= 8 Hz), 7.30 (1, t, J = 8 Hz), 7.27 (lH, d, J = 8 Hz), 7.07
(4H, brs), 4.30 (2H, s), 4.24 (2H, g, J 7 Hz), 4.05 (2H, s),
3.58 (2H, d, J = 12 Hz), 2.90 (2H, t, J 12 Hz), 2.84 (2H, d, J
= 7 Hz), 2.49 (3H, s), 2.21-2.12 (1H, m), 1.82 (2H, d, J = 12
Hz), 1.62-1.53 (2H, m), 1.27 (3H, t, J = 7 Hz).

i

i

(Example 18)

{ [ (5-Hydroxy-2-{[1-(4-{[6—-(2-hydroxyethoxy)pyridin-3-
yl]methyl}phenyl)piperidin~4~yl]methyl}~6-methylpyrimidin—4—
vl)carbonyl]laminolacetic acid

[Chemical 70]

HO/\’O _N
g
(1) N,6-Dimethoxy~-N-methylnicotinamide

[Chemical 71]
LOUN

cad

| |
™ N
0]

‘0
In accordance with Example 5-(1), but using 6-

methoxynicotinic acid instead of (4’ -bromobiphenyl-4-yl)acetic

acid, the title compound (yield 92%) was afforded as a colorless

oil.

'H-NMR (500 MHz, CDCl;) &: 8.65 (1H, s), 8.00 (1H, d, J = 9 Hz),

6.76 (1H, d, J = 9 Hz), 3.9%9 (3H, s), 3.58 (3H, s), 3.38 (3H,

s) .

(2) (4-Bromophenyl) (6-methoxypyridin-3-yl)methanone

[Chemical 72]

~OUN Br
UY@

]

1,4-Dibromobenzene (6.5 g, 27 mmol) was dissolved in
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tetrahydrofuran (120 mL), and a solution of n-butyllithium in
hexane (2.6 M, 10 mL, 27 mmol) was added at -78°C, followed by
stirring at the same temperature for 30 minutes. A solution of
N, 6-dimethoxy-N-methylnicotinamide (2.7 g, 14 mmol) in
tetrahydrofuran (20 mlL) was added to the reaction solution,
followed by stirring at -78°C for further 30 minutes. Water was
added to the reaction solution, followed by extraction with
ethyl acetate, and subsequently the organic layer was
concentrated under reduced pressure. The resulting residue was
purified by chromatography on a silica gel column (Moritex
Corporation, elution solvent: hexane/ethyl acetate), and a
fraction corresponding to the Rf value=0.50 (hexane/ethyl
acetate=10/1) by thin layer chromatography was concentrated
under reduced pressure to afford the title compound (2.8 g, 9.4
mmol) as a white solid (yield 69%).

'"H~-NMR (500 MHz, CDCly) &: 8.59 (lH, s), 8.07 (1H, d, J = 8 Hz),
7.66 (4H, s), 6.85 (1H, d, 0 = 8 Hz), 4.03 (3H, s).

(3) 2-{[5-(4-Bromobenzyl)pyridin-2-yl]oxy}ethanol

[Chemical 73]

HO/\’O N Br
Ly

{4-Bromophenyl) (6-methoxypyridin-3-ylymethanone (0.88 g,
3.0 mmol), hydrazine monohydrate (1.5 mL, 30 mmol) and potassium
hydroxide (0.60 g, 12 mmol) were dissolved in ethylene glycol
(10 mL), followed by stirring at 140°C for 20 minutes. After the
reaction solution was cooled to room temperature, water was
added, followed by extraction with diethyl ether. After the
organic layer was concentrated under reduced pressure, the
resulting residue was purified by chromatography on a silica gel
column (Moritex Corporation, elution solvent: hexane/ethyl
acetate), and a fraction corresponding to the Rf value=0.30
(hexane/ethyl acetate=1/1) by thin layer chromatography was
concentrated under reduced pressure to afford the title compound
(0.38 g, 1.2 mmol) as a colorless oil (yield 41%).
'H-NMR (500 MHz, CDCls;) &: 7.95 (1H, s), 7.41 (2H, d, J = § Hz),
7.36 {(lH, d, J = 9 Hz}, 7.03 (2H, d, J = 8§ Hz), 6.72 (1H, d, J =
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9 Hz), 4.48-4.35 (2H, m), 3.87-3.90 (2H, m), 3.85 (2H, s), 3.84-
3.75 (1H, m).

(4) 5-(4-Bromobenzyl)~2-(2-{[tert-

butyl (dimethyl)silylloxy}lethoxy)pyridine

[Chemical 74]

faai<Vs
X

In accordance with Example 1-(8), but using 2-{[5~(4-
bromobenzyl)pyridin-2-ylloxylethanol instead of (4'-
bromobiphenyl-4~yl)methanol, the title compound (yield 77%) was
afforded as a colorless oil.
'"H-NMR (500 MHz, CDCl;) &: 7.96 (1H, s), 7.40 (2H, d, J = 8 Hz),
7.31L (iH, d, J = 8 Hz), 7.02 (2H, d, J = 8 Hz), 6.68 (lH, d, J =
8 Hz), 4.37-4.32 (2H, m), 3.98-3.%92 (2H, m), 3.83 (2H, s), 0.89
(9H, s), 0.07 (6H, s).
(5) Ethyl ({[5~(benzyloxy)-2-{[1-(4-{[6~(2~{[tert-
butyl (dimethyl)silylloxy}ethoxy)pyridin-3~
yl]lmethyl}phenyl)piperidin-4-yl]lmethyl}-6~methylpyrimidin-4-
yllcarbonyl}amino)acetate

[Chemical 75]

. N 0
/SLO’\,O\ENJ\ON Nz o]
) O

In accordance with Examples 1-(9) and 1-(11), but using 5-
(4~bromobenzyl)-2-(2~{[tert-
putyl (dimethyl)silylloxylethoxy)pyridine instead of [(4'-
bromobiphenyl-4-yl)imethoxy] (tert-butyl)dimethylsilane, the title
compound was afforded as a crude product.
MS m/z: 768 (M+H)".
(6) Ethyl ({[5-(benzyloxy)~-2-{[1~(4~{[6~(2~
hydroxyethoxy)pyridin-3-yl]lmethyl}phenyl)piperidin-4-yllmethyl}-
6-—methylpyrimidin-4-yl]carbonyl }amino)acetate

[Chemical 76]



HO/\’O N
w \@

A crude product of ethyl ({[5-(benzyloxy)-2~{[1l-(4-{[6-(2-
{[tert-butyl (dimethyl)silylloxy}ethoxy)pyridin-3~
yv1llmethyl}phenyl)piperidin-4~yl]lmethyl}-é-methylpyrimidin-4-
yvl]lcarbonyl}amino)acetate was dissolved in tetrahydrofuran (20
nl), and a solution of tetrabutylammonium fluoride in
tetrahydrofuran (1.0 M, 1.4 mL, 4.8 mmol) was added at 0°C,
followed by stirring at the same temperature for 1 hour. Water
was added to the reaction solution, followed by extraction with
ethyl acetate, and subsequently the organic layer was
concentrated under reduced pressure. The resulting residue was
purified by chromatography on a silica gel column (Moritex
Corporation, elution solvent: hexane/ethyl acetate), and a
fraction corresponding to the Rf value=0.50 (ethyl acetate) by.
thin layer chromatography was concentrated under reduced
pressure to afford the title compound (0.31 g, 0.47 mmol) as a
yellow oil (yield 66%).

‘H-NMR (500 MHz, CDCl;) &: 8.35 (1H, t, J = 5 Hz), 7.95 (1H, s),
7.48 (1H, d, J = 6 Hz), 7.43-7.32 (bH, m), 7.03 (2H, d, I =9
Hz), 6.87 (2H, d, J = 9 Hz), 6.71 (lH, d, J = 6 Hz), 5.12 (2H,
s), 4.46-4.40 (2H, m), 4.27 (2H, g, J = 7 Hz), 4.25 (2H, d, J =
5 Hz), 4.04-3.96 (1H, m), 3.97-3.90 (24, m), 3.81 (2H, s), 3.63
(2H, d, J = 12 Hz), 2.89% (2H, d, J = 7 Hz), 2.6% (2H, t, J = 12
Hz), 2.46 (3H, s), 2.11-2.04 (1H, m), 1.76 (2H, d; J = 12 Hz),
1.53 (2H, dgq, J = 12 Hz, 3 Hz), 1.32 (3H, t, J = 7 Hz).

(7) {[(5-Hydroxy-2-{[1-(4~{{6-{(2-hydroxyethoxy)pyridin-3-
yllmethylliphenyl)piperidin-4-ylimethyl}-6-methylpyrimidin-4-
yl)carbonyl}jamino}acetic acid »i

In accordance with Examples 1-{12) and 1-(13), but using
ethyl ({[5—(benzyloxy)—24({1—(44{{6~(2—hydroxyethoxy)pyridin—B—
yllmethyl}phenyl)piperidin-4-yl]lmethyl}~6-methylpyrimidin-4-
yl]lcarbonyl}amino)acetate instead of ethyl ({[5-(benzyloxy)-2-

({1-[4" - (hydroxymethyl)biphenyl—-4-yllpiperidin-4-ylimethyl)-6~



methylpyrimidin~4-~yl]carbonyl}amino)acetate, the title compound
(yield 50%) was afforded as a white solid.

MS m/z: 536 (M+H)";

'H-NMR (500 MHz, DMSO-dg) &: 12.87 (1H, brs), 11.90 (1H, s), 9.39
(IH, ¢, J = 5 Hz), 8.00 (1H, s), 7.48 (1H, d, J = 8 Hz), 7.03
(24, 4, J = 8 Hz), 6.83 (2H, d, J = 8 Hz), 6.71 (1H, 4, J = 8
Hz}, 4.80 (1H, brs), 4.25-4.16 (2H, m), 4.00 (2H, d, J = 5 Hz),
3.74 (2H, s), 3.72-3.63 (2H, m), 3.58 (2H, d, J = 12 Hz), 2.76
(20, d, J = 7 Hz), 2.59 (2H, t, J = 12 Hz), 2.43 (3H, s), 2.09~v
2.00 (1H, m), 1.64 (2H, d, J = 12 Hz), 1.33 (2H, dgq, J = 12 Hz,
3 Hz).

(Example 19)

[ ({5-Hydroxy~2-[(1-{5-[4-(hydroxymethyl)phenyl]lpyridin-2-
ylipiperidin-4-ylimethyl]-6-methylpyrimidin-4~--
yl}carbonyl)aminolacetic acid

[Chemical 77]

HO

(1) tert-Butyl 5-(benzyloxy)-2-{[1-(5-bromopyridin-2-
yl)piperidin~4-yllmethyl}-6-methylpyrimidine-4—carboxylate
[Chemical 78}

tert-Butyl 5~(benzyloxy}—6~methyl—2—(piperidin—4—
ylmethyl)pyrimidine-4-carboxylate hydrochloride (6.5 g, 15
mmol), 2,5-dibromopyridine (5.3 g, 7.5 mmol) and potassium
carbonate (6.2 g, 45 mmol) were suspended in N, N-
dimethylformamide (150 mlL), followed by stirring at 100°C for 22
hours. The reaction solution was concentrated under reduced
pressure, followed by addition of ethyl acetate, and

subsequently the organic layer was washed with water. After the
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solvent was distilled off under reduced pressure, the resulting
residue was purified by chromatography on a silica gel column
(Moritex Corporation, elution solvent: hexane/ethyl acetate),
and a fraction corresponding to the Rf value=0.40 (hexane/ethyl
acetate=4/1) by thin layer chromatography was concentrated under
reduced pressure to afford the title compound (2.3 g, 4.1 mmol)
as a colorless oil (yield 27%).

"H-NMR (500 MHz, CDCls) &: 8.16 (1H, s), 7.49 (1H, d, J = 9 Hz),
7.45-7.33 (5H, m), 6.55 (1#, d, J = 9 Hz), 5.01 (2H, s), 4.21
(24, d, J = 12 Hz), 2.87 (2H, t, 0 =7 Hz), 2.83 (2H, t, J = 12
Hz), 2.45 (3H, s), 2.24-2.14 (1H, m), 1.75 (2H, d, J = 12 Hz),
1.59 (94, s), 1.37 (2H, dgq, J = 12 Hz, 3 Hz).

{(2) tert-Butyl 5-{benzyloxy)-2-[{l~-{5~-[4-({[{tert-
butyl{(dimethyl)silyl]oxyimethyl)phenyl]lpyridin-2~-ylipiperidin~4~
yl)methyl]~6-methylpyrimidine-4—carboxylate

[Chemical 79]

o LT | T

tert-Butyl 5-(benzyloxy)-2-{[1l-(5-bromopyridin-2-
vlipiperidin—4-ylimethyl}-6-methylpyrimidine~4-carboxylate (1.1

-~

g, 2.0 mmol) was dissolved in 1,4~dioxane (20 mL), and
bis(pinacolato)diboron (0.60 g, 2.4 mmol), a [1,1 -
bis (diphenylphosphino) ferrocene]palladium dichloride
dichloromethane complex (0.16 g, 0.20 mmol) and potassium
acetate (0.59 g, 6.0 mmol) were added, followed by heating to
reflux for 21 hours. The reaction scolution was cooled to room
temperature, and subsequentiy the insolubles were filtered with
celite, and the filtrate was concentrated under reduced pressure
to afford tert-butyl 5-(benzyloxy)-6-methyl-2— ({1-[4-(4,4,5,5~
tetramethyl-1,3,2-dioxaborolane-2-yl)pyridin-2~ylipiperidin-4-
yvl)methyllpyrimidine-4-carboxylate.

This was dissolved in a mixed solvent of toluene (16 mL),
ethanol (10 mL) and water (10 mL), and tert-butyl[ (4-
iodobenzyljoxyldimethylsilane (0.84 g, 2.4 mmol},
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tetrakis (triphenylphosphine)palladium (0.46 g, 0.40 mmol) and
sodium carbonate (1.1 g, 10 mmol) were added, followed by
heating to reflux for 1 hour. After the reaction solution was
cooled to room temperature, water was added, followed by
extraction with ethyl acetate. After the organic layer was
concentrated under reduced pressure, the resulting residue was
purified by chromatography on a silica gel column (Moritex
Corporation, elution solvent: hexane/ethyl acetate), and a
fraction corresponding to the Rf value=0.40 (hexane/ethyl
acetate=4/1) by thin layer chromatography was concentrated under
reduced pressure to afford the title compound (0.82 g, 1.2 mmol)
as a pale yellow oil (yield 59%).
'H-NMR (500 MHz, CDCl;) &: 8.43 (1H, s), 7.69 (1H, d, J = 9 Hz),
7.49 (2H, d, J = 8 Hz), 7.43-7.35 (5H, m), 7.41 (2H, d, J =8
Hz), 6.73 (1H, d4, J = 9 Hz), 5.01 (2H, s), 4.77 (2H, s), 4.32
(2H, d, J = 12 Hz), 2.87 (2H, ©t, J = 7 Hz), 2.83 (2H, t, J = 12
Hz), 2.46 (3H, s), 2.26-2.16 (1H, m), 1.78 (2H, d, J = 12 Hz),
1.60 (SH, s), 1.43 (2H, dg, J = 12 Hz, 3 Hz), 0.96 (9H, s), 0.12
(6H, s).
(3) [ ({5-Hydroxy-2-[(l~{5~[4~ (hydroxymethyl)phenyl]lpyridin-2-
yl}piperidin~4—yl)methyl]-6—methylpyrimidin—4~
yllcarbonyl)amino]acetic acid

In accordance with Examples 1-(10) to 1-(13), but using
tert-butyl 5—(benzyloxy)—2—[(1—{5—[4—({[tert—
butyl (dimethyl)silyl]oxyltmethyl)phenyl]lpyridin-2-yl}piperidin-4~
v1limethyl]-6-methylpyrimidine-4-carboxylate instead of tert-
butyl 5-(benzyloxy)-~-2-({1-[4'-({[tert-
butyl (dimethyl)silyl]oxy}methyl)biphenyl-4-yllpiperidin-4-
ylimethyl)-6-methylpyrimidine~4~-carboxylate, the title compound
(vield 50%) was afforded as a white solid.
MS m/z: 492 (M+H)*;
'H-NMR (500 MHz, DMSO-dg) &: 8.99 (1H, brs), 8.42 (1H, s), 7.80
(iH, d, 3 = 9 Hz), 7.56 (2H, d, J = 8 Hz}), 7.35 (2H, 4, J = 8
Hz), 6.90 (1H, 4, J = 9 Hz), 5.20 (lH, brs), 4.51 (2H, s}, 4.32
(2H, d, J = 13 Hz), 3.51 (2H, brs), 2.83 (2H, t, J = 13 Hz),
2.74 (2H, d, § = 7 Hz), 2.42 (3H, s), 2.20-2.08 (1H, m), 1.68
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(2H, d, J = 13 Hz), 1.26 (2H, dg, J = 13 Hz, 3 Hz).
(Example 20)

[ {({5~Hydroxy-2~[ (1-{5~{4-(2-hydroxypropyl)phenyl]pyridin-2-
vllpiperidin-4~yl)methyl]-6-methylpyrimidin-4-
vl}carbonyl)aminolacetic acid

[Chemical 80]

9]
N OH
=
H

(1) 1-Bromo-4-[2-(methoxymethoxy)propyl]benzene
(Chemical 81]

YoN
070

In accordance with Example 6-(3), but using 1-(4-
bromophenyl)propan-2~ol instead of 2-(4’-bromobiphenyl-4-yl)-2-~
methylpropan-1-0l, the title compound (yield 89%) was afforded
as a colorless oil.

'"H-NMR (500 MHz, CDCls) &: 7.40 (2H, d, J = 8 Hz), 7.09 (2H, d, J
= 8 Hz), 4.64 (1H, d, T = 7 Hz}, 4.50 (14, 4, J = 7 Hz), 3.96-
3.83 (1H, m), 3.18 (3H, s}, 2.84-2.73 {(1H, m), 2.72-2.61 {(1H,
m), 1.17 (3H, d, J = & Hz).

(2) [ ({5~hydroxy-2-[(1-{5-[4-(2-hydroxypropyl)phenyl]lpyridin-2-
vllpiperidin-4-yl)methyl]-6-methylpyrimidin-4-
vljcarbonyl)amino]acetic acid

In accordance with Examples 19-(2) and 1-(10) to 1-(13),
but using l-bromo-4-[2-(methoxymethoxy)propyl]benzene instead of
tert-butyl( (4-iodobenzyl)oxyldimethylsilane, the title compound
(yvield 11%) was afforded as a white solid.

MS m/z: 520 (M+H)";
'H-NMR (500 MHz, DMSO-d¢) &: 9.32 (18, t, J = 5 Hz), 8.40 (1H,
8 Hz), 7.23 (2H, d,

it

sy, 7.79 (14, d, J = 9 Hz), 7.50 (2H, d, J
8 Hz), ©.89 (1H, 4, J = 9 Hz), 4.60 (1H, brs), 4.32 (2H, d,

it

12 Hz), 3.90 (2H, d, J = 5 Hz), 3.86-3.80 (1H, m), 2.83 (2H,

il

t, 3 =7 Hz), 2.76 (2, d, J = 7 Hz), 2.71-2.63 (2H, m), 2.44
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(3H, s), 2.09-2.00 (1H, m), 1.66 (2H, d, J = 12>Hz), 1.25 (2H,
dg, J = 12 Hz, 3 Hz), 1.04 (3H, d, J = 6 Hz).

{(Example 21)

[({5-Hydroxy-2-[(1-{5-[4~({2~hydroxy-1, 1~
dimethylethyl)phenyllpyridin-2-ylipiperidin-4-yl)methyl]-6-
methylpyrimidin-4-yl}carbonyl)amino]acetic acid

[Chemical B82]

In accordance with Examples 20-(1) and 20-(2), but using
2-(4-bromophenyl)-2-methylpropan-1-ol instead of 1-{(4-
bromephenyl)propan-2-cl, the title compound (yield 11%) was
afforded as a white solid.

MS m/z: 534 (M+H)*;

H-NMR (500 MHz, DMSO-dg¢) &: 9.42 (1H, t, J = 5 Hz), 8.40 (1H, d,
J = 3 Hz), 7.79 (1H, dd, J = 9 Hz, 3 Hz), 7.51 (2H, 4, J 8
Hz), 7.40 (2H, d, J = 8 Hz), 6.89 (1H, d, J = 9 Hz), 4.67 (1H,
brs), 4.32 (2H, d, J = 13 Hz), 4.00 (2H, d, J = 5 Hz), 3.42 (2H,
s), 2.83 (24, d, J = 7 Hz), 2.76 (2H, t, J = 12 Hz), 2.44 (3H,
s}y, 2.25-2.10 (1H, m), 1.68 (2H, d, J = 12 Hz), 1.36 (2H, dg, J

It

= 12 Hz, 3 Hz), 1.23 (6H, s).

(Example 22)
({[2-({1-[2-Chloro-4' - (hydroxymethyl)biphenyl-4-ylipiperidin-4-
yvllmethyl)-5-hydroxy-6-methylpyrimidin-4-
yvllcarbonyllamino)acetic acid

[Chemical 83]

0o
N OH
SusShedh:
saghs
HO

(1) (4’—Bromo—2’—chlorobiphényl—4—yl)methanol
[Chemical 84]
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Br

HO uli E]n

In accordance with Example 4-(2), but using [4-
(hydroxymethyl)phenyllboronic acid instead of 4-
bromophenylboronic acid, and 4-bromo-Z2-chloro-1l1-iodcocbenzene
instead of tert~butyl{2-(4-iodophenyl)ethoxyldimethylsilane, the
title compound (yield 12%) was afforded as a yellow solid.
'H-NMR (500 MHz, CDCls) &: 7.65 (lH, d, J = 2 Hz), 7.48-7.40 (5H,
m), 7.21 (¥, d, J = 8 Hz), 4.77 (2H, 4, J = 6 Hz), 1.71 (1lH, t,
J = 6 Hz).

(2) [(4"-Bromo-2'~-chlorobiphenyl-4-yl)methoxy] (tert-
butyl)dimethylsilane
[Chemical 85]

Lo OO

In accordance with Example 1-(8), but using (4'-bromo-2’-
chlorobiphenyl-4~yl)methanol instead of (4’-bromobiphenyl-4-
yl)methanol, the title compound (yield 90%) was afforded as a
colorless oil.

'H-NMR (500 MHz, CDCl;) &: 7.64 (1H, 4, J = 2 Hz), 7.45 (1H, dd,
J =8 Hz, 2 Hz), 7.41-7.36 (4H, m), 7.21 (1H, d, J = 8 Hz), 4.80
(2H, s), 0.96 (S9H, s), 0.13 (6H, s).
(3) Ethyl ({[5-(benzyloxy)-2-({1l-[2-chloro-4’~-
(hydroxymethyl)biphenyl-4-yl]lpiperidin-4-ylimethyl)-6-
methylpyrimidin-4-yl]lcarbonyl}amino)acetate
[Chemical 86]

O

N 0
ot
N N/O O

I

In accordance with Examples 1-(9) to 1-(11), but using
[ (4’ ~bromo-2’ ~chlorobiphenyl-4-yl)methoxy] (tert-
butyl)dimethylsilane instead of [ (4’ -bromobiphenyl-4-
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yl)methoxy] (tert-butyl)dimethylsilane, the title compound (yield
62%) was afforded as a yellow amorphous solid.

'"H-NMR (500 MHz, CDCl;) &: 8.37 (1H, t, J = 5 Hz), 7.53-7.17
(104, m), 7.00 (1H, s), 6.88 (lH, d, J = 8 Hz), 5.13 (2H, s),
4.75 (2H, d, J = 6 Hz), 4.28 (2H, q, J = 7 Hz), 4.26 (2H, 4, J =
5 Hz), 3.73 (24, d, J 12 Hz), 2.90 (2H, d, J = 7 Hz), 2.80
(2H, €, J = 12 Hz), 2.47 (3H, s), 2.19-2.08 (1H, m), 1.79 (2H,
d, § =12 Hz), 1.62~1.45 (2H, m), 1.32 (3H, t, J = 7 Hz).

(4) Ethyl [({2-[(1-{2-chloro-4"~-[(2,2,2~
trifluorcacetoxy)methyllbiphenyl-4~-ylipiperidin-4-yl)methyl]-5-

il

hydroxy-6-methylpyrimidin-4-yl}carbonyl)amino]acétate-
[Chemical 87]

O
N O
O™
g el

;igo

Ethyl ({[5-(benzyloxy)-2-({l-[{2-chloro-4’'~-
(hydroxymethyl)biphenyl~4—yl]pipeiidin~4~yl}methyl)~6~
methylpyrimidin-4-yllcarbonyllamino)acetate (0.96 g, 1.5 mmol)
was dissolved in dichloromethane (20 mL), and trifluorocacetic
acid (20 mL) was added under a nitrogen atmosphere, followed by
stirring at room temperature for 7 hours. An agueous sodium
hydrogencarbonate solution was added to the reaction solution
for neutralization, followed by extraction with dichloromethane,
and subsequently the organic layer was concentrated under
reduced pressure. The resulting residue was purified by
chromatography on a silica gel column (Moritex Corporation,
elution solvent: dichloromethane/ethyl acetate), and a fraction
corresponding to the Rf value=0.80 (dichloromethane/ethyl
acetate=4/1) by thin layer chromatography was concentrated under
reduced pressure to afford the title compound (0.74 g, 1.3 mmol)
as a vellow oil (yield 90%). '
'"H-NMR (500 MHz, CDCl;) &: 11.39 (1H, s), 8.50 (1H, t, J = 5 Hz),
7.48 (2H, d, J = 8 Hz), 7.43 (2H, d, J =8 Hz), 7.20 (1H, d, J =
9 Hz), 6.99 (1H, s), 6.87 (lH} d, J =9 Hz), 5.40 (2H, s), 4.29
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5 Hz), 3.73 (2H, d, J = 12 Hz),

i

(24, g, J = 7 Hz), 4.23 (2H, d, J
2.84 (2H, d, 3 =7 Hz), 2.79 (2H, t, J = 12 Hz), 2.55 (3H, s},
2.14-2.04 (1H, m), 1.78 (24, d, J = 12 Hz), 1.49 (2H, g, J = 12
Hz), 1.33 (3H, t, J = 7 Hz).
(5) ({[2-({1-[2-Chloro~4’~(hydroxymethyl)biphenyl-4-yl]piperidin-4-
ylimethyl)-5-hydroxy-6-methylpyrimidin-4-yl]lcarbonyl}lamino)acetic
acid

In accordance with Example 1-(13), but using ethyl [({2-[(1-
{2-chloro~4'-[(2,2,2-triflucroacetoxy)methyl]lbiphenyl-4~
yl}piperidin-4-ylimethyl]-5-hydroxy-6-methylpyrimidin-4-
yl}carbonyl)aminolacetate instead of ethyl ({[5-hydroxy-2-({1-[4’~-
(hydroxymethyl)biphenyl-4-yllpiperidin-4-ylimethyl)-6-.
methylpyrimidin-4~yl]lcarbonyllamino)acetate, the title compound
(yvield 55%) was afforded as a white solid.
MS m/z: 525 (M+H)";
'H-NMR (500 MHz, DMSC-dg) &: 9.34 (1H, t, J =5 Hz), 7.37-7.32 (4H,
m), 7.20 (1H, 4, J = 9 Hz), 7.01 (1H, s}, 6.97 (1H, d, JT = 9 Hz),
5.22 (1H, brs), 4.53 (2H, s), 3.%92 (2H, d, J = 5 Hz), 3.76 (2H, d,
J = 12 Hz), 2.78 (2H, d, J = 7 Hz), 2.74 (2H, t, J = 12 Hz), 2.44
(34, s), 2.15-2.05 (lH, m), 1.68 (2H, d, J = 12 Hz), 1.34 (2H, g, J
= 12 Hz).
(Example 23)
({[5-Hydroxy-2-({1-[4'~{hydroxymethyl)-2-methylbiphenyl-4~
yllpiperidin-4-yllmethyl)-6-methylpyrimidin-4~
yllcarbonyl}lamino)acetic acid

[Chemical 88]

O
N OH
SRR
g e
0 O

{1) (4'-Bromo-2'-methylbiphenyl-4-yl)methanol
{Chemical 89]

e

In accordance with Example 4-(2), but using [4-

Br
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(hydroxymethyl)phenyllboronic acid instead of (4~
bromophenyl)boronic acid, and 4-bromo-l-iodo-2-methylbenzene
instead of tert-butyl{2-(4-iodophenyl)ethoxyldimethylsilane, the
title compound (yileld 7.1%) was afforded as a yellow oil.

'"H-NMR (500 MHz, CDCls) &: 7.45-7.41 (3H, m), 7.37 (1H, d, J = 8
Hz), 7.29 (2H, d, J = 8 Hz), 7.09 (1H, d, J = 8 Hz), 4.77 (2H,
d, J =6 Hz), 2.24 (3H, s}, 1.70 (1H, t, J = 6 Hz).

(2) [ (4’ -Bromo-2’-methylbiphenyl-4-yl)methoxy] (tert-
butyl)dimethylsilane

[Chemical 90]
Br
e H'D;
S

In accordance with Example 1-(8), but using (4" ~bromo-2' -
methylbiphenyl-4-yl)methanol instead of (4’ -bromobiphenyl-4-
yl)methanol, the title compound (yield 89%) was afforded as a
colorless oil.

'H-NMR (500 MHz, CDCl,) &: 7.42 (1H, s), 7.39-7.34 (3H, m), 7.25
(24, d, J = 8 Hz), 7.09 (1H, d, J = 8 Hz), 4.79 (2H, s}, 2.24
(3H, s}, 0.87 (94, s), 0.13 (6H, s).

(3) ({[5-Hydroxy-2-({1-[4'-{(hydroxymethyl)-2-methylbiphenyl-4-
vlipiperidin-4-yl}methyl)-6-methylpyrimidin~4-~
yllcarbonyllamino)acetic acid

In accordance with Examples 1-(9) to 1-(13), but using
[ (4" -bromo-2' -methylbiphenyl-4~yl)methoxy] (tert-
butyl)dimethylsilane instead of [ (4’ ~bromobiphenyl-4-
yl)methoxy] (tert-butyl)dimethylsilane, the title compound (yield
27%) was afforded as a pale yellowish white solid.

MS m/z: 505 (M+H)";

‘H-NMR (500 MHz, DMSO-ds) &: 9.15 (1H, brs), 7.33 (2H, d, J = 8
Hz), 7.24 (2H, 4, J = 8 Hz), 7.02 (1H, 4, J = 8 Hz), 6.84 (lH,
s), 6.80 (1H, d, J = 8 Hz), 4.52 (2H, s), 3.75-3.66 (4H, m),
2.77 (24, d, J = 7 Hz), 2.66 (2H, t, J = 12 Hz), 2.43 (3H, s},
2.20 (3H, s), 2.10~-1.99 (1H, m), 1.69 (2H, d, J = 12 Hz), 1.36
(2H, g, J = 12 Hz).

(Example Z4)
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({{2-{{1-[3"-Chloro~4’ - (hydroxymethyl)biphenyl-4~ylipiperidin-4-
ylimethyl)-5~hydroxy-6-methylpyrimidin-4~
vllcarbonyltlamino)acetic acid

[Chemical 91]

(]
N OH
sathss
Cl
S

(1) tert-Butyl[(2-chloro-4-iodobenzyl)oxy]dimethylsilane
[Chemical 92]

Cl !
>£ng©/

2-Chloro~4-iodobenzoic acid (5.0 g, 18 mmol) was dissolved
in tetrahydrofuran (7 mL), and a solution of a borane-
tetrahydrofuran complex in tetrahydrofuran (1 M, 21 mL, 23 mmol)
was added at 0°C, followed by stirring at room temperature for 3
days. Water and a saturated agqueous sodium hydrogencarbonate
solution were added to the reaction solution, followed by
extraction with ethyl acetate. The organic layer was washed
with a saturated aqueous sodium chloride solution, and dried
over anhydrous sodium sulfate, and subseqguently the solvent waé
distilled off under reduced pressure to afford (2-chloro-4-
iodophenyl)methanol (4.8 g, 18 mmol) as a white solid
(quantitative vyield).

In accordance with Example 1-(8), but using (2-chloro-4-
iodophenyl)methanol instead of (4'~-bromobiphenyl-4-yl)methanol,
the title compound (yield 95%) was afforded as a colorless oil.
'H~NMR (500 MHz, CDCl;) &: 7.65 (1H, s), 7.61 (1H, d, J = 9 Hz),
7.29 (1H, d, J = 9 Hz), 4.72 (2H, s), 0.85 (9H, s), 0.12 (6H,
). )

(2) [(4’-Bromo-3-chlorobiphenyl-4-yl)methoxy] (tert-
butyl)dimethylsilane
[Chemical 93]
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Br
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o I
>l;sro

In accordance with Example 11~(1), but using tert-
butyl{ (2-chloro-4-iodobenzyl)oxyldimethylsilane instead of 4-
bromobenzyl bromide, and (4-bromophenyl)boronic acid instead of
[3-(hydroxymethyl)phenyllboronic acid, the title compound {(yield
96%) was afforded as a colorless oil.
'H-NMR (500 MHz, CDCl,;) &: 7.63 (1H, d, J = 8 Hz), 7.57 (2H, 4, J
= 8 Hz), 7.52-7.41 (4H, m), 4.82 (2H, s), 0.98 (SH, s), 0.15
(6H, s).
{(3) ({[2-{{1-[3"-Chloro-4'-(hydroxymethyl)biphenyl-4-
yllpiperidin-4-yl}imethyl)-5-hydroxy-é6-methylpyrimidin-4-
yllcarbonyl}amino)acetic acid

In accordance with Examples 1-(9) to 1-(13), but using
[ (4’ -bromo-3-chlorobiphenyl~4~yl)methoxy] (tert-
butyl)dimethylsilane instead of [ (4’-bromobiphenyl-4-
ylimethoxy] (tert-butyl)dimethylsilane, the title compound (yield
31%) was afforded as a pale yellowish white solid.
MS m/z: 525 (M+H)";
'H~NMR (500 MHz, DMSO-dg) &: 12.90 (1H, brs), 11.92 (1H, s), 9.42
(14, t, J = 6 Hz), 7.61-7.51 (5H, m), 7.02-6.96 (2H, m), 5.38
(14, brs), 4.57 (2H, d, J = 5 Hz), 4.00 (2H, 4, J = 6 Hz), 3.75
(2H, d, J = 12 Hz), 2.80-2.66 (4H, m), 2.44 (3H, s}, 2.16-2.04
(1, m), 1.67 (2H, d, J = 12 Hz), 1.35 (2H, g, J = 12 Hz).
{(Example 25)
({[5-Hydroxy-2-({1-[4’ - (hydroxymethyl)-2’'-methylbiphenyl-4-
yl]piperidin-4-ylimethyl) -6-methylpyrimidin-4-
vllcarbonyl}amino)acetic acid

[Chemical 94]

O
N . OH
O
HO ﬂ‘i

(1) Methyl 4’ -bromo-Z-methylbiphenyl-4~carboxylate
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[Chemical 95]
o M2
O

In accordance with Example 19-(2), but using methyl 4-

Br

bromo-3-methylbenzcocate instead of tert-Butyl 5-(benzyloxy)-2-
{[1~(5-bromopyridin-2~yl)piperidin~4-yl)lmethyl}-6~
methylpyrimidine~4-carboxylate, and l-bromo-4-iodobenzene
instead of tert-butyl] (4-iodobenzyl)oxyldimethylsilane, the
title compound (yield 23%) was afforded as a white solid.
'H-NMR (500 MHz, CDCli;) &: 7.96 (1H, s), 7.90 (1H, d, J = 9 Hz),
7.57 (2H, d, § = 9 Hz), 7.27 (l1H, d, J = 9 Hz), 7.20 (2H, 4, J =
9 Hz), 3.94 (3H, s), 2.30 (3H, s).

(2) [(4’~-Bromo~2-methylbiphenyl-4-yl)methoxy] (tert-
butyl)dimethylsilane

[Chemical 96]

O i}
!
Ss© ‘

In accordance with Example 6-(2), but using methyl 4'-
bromo-2-methylbiphenyl~4-carboxylate instead of ethyl 2-(4’-
bromobiphenyl-4-yl)-2-methylpropionate, (4'~bromo-2-
methylbiphenyl-4-yl)imethanol (yield 97%) was afforded as a
colorless oil.

In accordance with Example 1-(8), but using (4’/-bromo-2-
methylbiphenyl-4-yl)methanol instead of (4’-bromobiphenyl-4-
vl)methanol, the title compound (yield 71%) was afforded as a
colorless oil.

'H-NMR (500 MHz, CDCls) &: 7.53 (2H, d, J = 8 Hz), 7.24-7.14 (5H,
m), 4.75 (2H, s}, 2.25 (3H, s}, 0.96 (S9H, s), O.13 (6H, s}.

(3) ({[5~Hydroxy-2-({1-[4’'~-{(hydroxymethyl)-2’-methylbiphenyl~-4-
yvllpiperidin-4-ylimethyl)-6-methylpyrimidin-4-
vllcarbonyl}amino)acetic acid

In accordance with Examples 1-(9%) to 1-(13), but using

[ (4’ -bromo-2-methylbiphenyl-4-yl)methoxy] (tert-
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butyl)dimethylsilane instead of [ (4’'~-bromobiphenyl-4-
yl)methoxy] (tert-butyl)dimethylsilane, the title compound (yield
17%) was afforded as a pale yellowish white solid.

MS m/z: 505 (M+H)";

‘H-NMR (500 MHz, DMSO-d¢) §: 11.94 (1H, brs), 9.41 (1lH, brs),
7.20-7.08 (5H, m), 6.99-6.94 (2H, m), 4.47 (2H, s), 3.99 (2H, d,
J =6 Hz), 3.71 (2H, d, J = 12 Hz), 2.79 (2H, d, J = 7 Hz), 2.68
(2H, t, J = 12 Hz), 2.45 (3H, s), 2.23 (3H, s), 2.13-2.02 (1H,
m), 1.69 (2H, d, J = 12 Hz), 1.37 (2H, g, J = 12 Hz).

(Example 26)
({[5-Hydroxy-2-({1-{4’ - (hydroxymethyl) -2, 3’ -dimethylbiphenyl-4-
yllpiperidin-4-ylimethyl)-6-methylpyrimidin-4-
vllcarbonyllamino)acetic acid

[Chemical 97]

9]
N OH
SRR D
&.] Nz OH O
o )

(1) [(4’-Bromo-2’,3-dimethylbiphenyl~4-~yl)methoxy] (tert-
butylydimethylsilane

[Chemical 98]
O Br
Slio O
S

In accordance with Example 19-(2), but using [ (4-bromo-2-
methylbenzyljoxy] (tert-butyl)dimethylsilane instead of tert-
butyl 5-(benzyloxy)-2-{[1-(5-bromopyridin~-2-yl)piperidin-4-
yllmethyl}-6-methylpyrimidine-4-carboxylate, and 4-bromo-l-iodo-
2-methylbenzene instead of tert-butyl][ (4-
icdobenzyl)oxyldimethylsilane, the title compound {(yield 34%)
was afforded as a yellow oil.

'H-NMR (500 MHz, CDCl;) &: 7.46 (1H, d, J = 8 Hz), 7.41 (1H, s),
7.35 (1, 4, J = 8 Hz), 7.11 (l1H, 4, J = 8 Hz), 7.08 (1H, 4, J =
8 Hz), 7.04 (1H, s), 4.75 (2H, s), 2.30 (3H, s), 2.24 (3H, s,
0.97 (9H, s), 0.13 (6H, s),
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(2) ({[5-Hydroxy-2~{{1~[4’~(hydroxymethyl)-2,3"~
dimethylbiphenyl-4-yllpiperidin-4-ylimethyl)-6-methylpyrimidin-
4-yllcarbonyl}amino)acetic acid

In accordance with Examples 1-(9) to 1-(13), but using
[ (4" -bromo-27,3-dimethylbiphenyl-4-ylimethoxy] {tert-
putyl)dimethylsilane instead of [ (4’-bromobiphenyl-4-
yl)methoxy] (tert-butyl)dimethylsilane, the title compound (yield
45%) was afforded as a pale yellowish white solid.
MS m/z: 519 (M+H)*;
'"H-NMR (500 MHz, DMSO-dg) &: 9.36 (l1H, t, J = 5 Hz), 7.35 (1lH, d,
J =8 Hz), 7.08 (1H, d, J = 8 Hz), 7.05 (1lH, s), 7.01 (1H, 4, J
8 Hz), 6.83 (lH, s), 6.79 (1H, d, J = 8 Hz), 4.51 (2H, s),
3.96 (2H, 4, J = 5 Hz), 3.70 (2H, d, J = 12 Hz), 2.78 (2H, d, J
= 7 Hz), 2.66 (2H, t, J = 12 Hz), 2.44 (3H, s), 2.27 (3H, s),
2.19 (34, s}, 2.13-2.02 (1H, m), 1.68 (2H, d, J = 12 Hz), 1.37

(2H, g, J = 12 Hz).

(Example 27}
({[5-Hydroxy-2~({1-[4’-(2-hydroxybutyl)biphenyl~4-yllpiperidin-
4-yllmethyl)-6-methylpyrimidin-4-yllcarbonyl}amino)acetic acid
[Chemical 99]

O
i'l OH
OH u‘i

In accordance with Examples 5~(2) to 5-~(5), but using a
mixed solution of ethyllithium in benzene and cyclohexane
(benzene/cyclohexane=9/1) instead of a solution of methyllithium
in diethyl ether, the title compound (yield 3.6%) was afforded
as a pale yellow solid.
MS m/z: 533 (M+H)";
'"H-NMR (500 MHz, DM3SO-dg¢) &: 12.89 (1H, brs), 11.91 (1H, s), 9.29
(1H, t, J = 5 Hz), 7.48 (2H, d, J = 9 Hz), 7.47 (2H, d, J =9
Hz), 7.22 (2H, d, J = 8 Hz), 6.98 (2H, d, J = 8 Hz), 4.48 (1lH,
d, J =5 Hz), 4.00 (2H, d, J = 5 Hz), 3.86~3.80 (lH, m), 3.73
(2, d, J = 12 Hz), 2.78 (2, d, J = 7 Hz), 2.74-2.67 (2H, m),
2.63 (2H, d, J = 6 Hz), 2.44 (3H, s), 2.15-2.03 (1H, m), 1.68
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(2, d, J = 12 Hz), 1.36 (2H, dg, J = 12 Hz, 3 Hz), 1.35-1.22
(2H, m), 0.88 (3H, t, J = 7 Hz).

(Example 28)

[ ({5~Hydroxy-2-[(1-{4-[4-(2~-
hydroxypropyl)benzyl]lphenylipiperidin-4-yl)methyl]-6~
methylpyrimidin~4-yl}carbonyl)aminolacetic acid

[Chemical 100]

0
o Up\* Y
>

In accordance with Example 19-(2), but using l-bromo-4-[2-
(methoxymethoxy)propyllbenzene instead of tert-butyl 5-
(benzyloxy)-2-{[1-({5-bromopyridin-2-yl)piperidin-4-ylimethyl}-6-
methylpyrimidine~4~-carboxylate, and l-bromo~4-
(bromomethyl)benzene instead of tert-butyl{ (4-
iodobenzyl)oxy]dimethylsilane, a crude product of l-bromo-4-{4-
[2- (methoxymethoxy)propyl]benzylibenzene was afforded as a
yvellow oil.

In accordance with Examples 1-(9) to 1-(13), but using a
crude product of l-bromo-4-{4-[2-
(methoxymethoxy)propyllbenzyllbenzene instead of [(4'-
bromobiphenyl-4-yl)methoxy] (tert-butyl)dimethylsilane, the title
compound (yield 15%) was afforded as a white solid.

MS m/z: 533 (M+H)*;

'"H-NMR (500 MHz, DMSO-d¢) &: 12.87 (1H, brs), 11.91 (1H, s), 9.42
(1H, t, J = 5 Hz), 7.08 (4H, s), 7.03 (2H, 4, J = 7 Hz), 6.83
(2H, d, J = 7 Hz), 4.53 (1H, brs), 4.00 (2H, 4, J = 5 Hz), 3.76
(2H, s), 3.79-3.72 (1H, m), 3.58 (2H, d, J 12 Hz), 2.76 (2H,
t, J =7 Hz), 2.66-2.45 (4H, m), 2.44 (3H, s), 2.09-2.00 (lH,
m)y, 1.66 (2H, d, J = 12 Hz), 1.35 (2H, dgq, J = 12 Hz, 3 Hz),
1.00 (3H, d, J = 6 Hz).

(Example 29) o

[ ({5-Hydroxy-2-[(1-{4-[4-(2-hydroxy-1, 1~

dimethylethyl)benzyllphenylipiperidin~4-yl)methyl]-6-
methylpyrimidin-4-yl}carbonyl)aminolacetic acid

[Chemical 101}
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In accordance with Example 28, but using l-bromo-4-[2-
(methoxymethoxy) -1, l-dimethylethyl]lbenzene instead of l-bromo-4-
[2-{methoxymethoxy)propyl]benzene, the title compound (yield
12%) was afforded as a white solid.

MS m/z: 547 (M+H)*;
5

it

H-NMR (500 MHz, DMSO-dg) 6: 11.92 (1H, s), 9.43 (iH, t, J
Hz), 7.23 (2H, d, J = 5 Hz), 7.11 (2H, d, J = 5 Hz), 7.04 (2H,
brs), ©.84 (2H, brs), 4.65 (lH, brs), 4.00 (2H, d, J = 5 Hz),
3.76 (2H, s), 3.58 (2H, d, J = 12 Hz), 3.42 (2H, s), 2.78 (2H,
d, J =17 Hz), 2.70 (2H, t, J = 12 Hz), 2.44 (3H, s), 2.11-2.00
(1H, m), 1.66 (2H, d, J = 12 Hz), 1.36 (2H, dgq, J = 12 Hz, 3
Hzy, 1.17 (6H, s).

(Example 30)
({[2-({1-[4"~(1,1-Difluoro-2-hydroxyethyl)biphenyl-4-
yllpiperidin-4-ylimethyl)-5-hydroxy-6-methylpyrimidin-4-
ylicarbonyl}amino)acetic acid

[Chemical 102]
o
N OH
SROED:
Shgh s

(1) Ethyl (4’ -bromobiphenyl-4-yl) (difluoro)acetate

HO

[Chemical 103]
Br

In accordance with Example 11-(1), but using ethyl 4-
iodophenvlacetate instead of 4-bromcbenzyl bromide, and (4-
bromophenyl)boronic acid instead of [3-
(hydroxymethyl)phenyllboronic acid, ethyl (4’ -bromobiphenyl-4-
yl) acetate (yield 71%) was afforded as a white solid.
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Ethyl (4’~bromobiphenyl~4~yl)acetate (3.1 g, 9.8 mmol) was
dissolved in tetrahydrofuran (50 mL), focllowed by addition of a
solution of lithium hexamethyldisilazide in tetrahydrofuran (1
M, 12 mL, 12 mmol) at -78°C under a nitrogen atmosphere, and
stirring for 20 minutes, and subsequently N-
fluorobenzenesulfonimide (3.7 g, 12 mmol) was added at the same
temperature, followed by stirring for 20 minutes. To the
reaction solution, at -78°C, a solution of lithium
hexamethyldisilazide in tetrahydrofuran (1 M, 12 mL, 12 mmol)
was added, followed by stirring for 20 minutes, and subsequently
at the same temperature N-fluorobenzenesulfonimide (3.7 g, 12
mmol) was added, followed by stirring for a further 1 hour. A
saturated agqueous ammonium chloride solution was added to the
reaction solution, followed by extraction with ethyl acetate,
and subsequently the extract was concentrated under reduced
pressure. The resulting residue was purified by chromatography
on a silica gel column (Moritex Corporation, elution solvent:
hexane/ethyl acetate), and a fractionrcorresponding to the RE
value=0.70 (hexane/ethyl acetate=4/1) by thin layer
chromatography was concentrated under reduced pressure to afford
the title compound (2.8 g, 7.8 mmol) as a pale yellow oil (yield
79%) .

'H-NMR (500 MHz, CDCl;) &: 7.68 (2H, d, J = 8 Hz), 7.63 (2H, d, J
= 8 Hz), 7.61 (2H, d, J = 8 Hz), 7.46 (2H, d, J = 8 Hz), 4.33
{24, g, J = 7 Hz), 1.33 (3H, t, J = 7 Hz).

(2) 2- (4’ -Bromobiphenyl-4-yl)-2,2-difluorocethanol

[Chemical 104]

Ethyl (4’7 -bromobiphenyl-4-yl) (difluoro)acetate (2.8 g, 7.8
mmol) was dissolved in methanol (20 mL), and sodium borohydride
(0.59 g, 16 mmol) was added at 0°C, followed by stirring at room
temperature for 30 minutes. The reaction solution was

concentrated under reduced pressure, and hydrochloric acid (1 M)
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was added to the residue, which was subsequently extracted with
ethyl acetate, and the organic layer was dried over anhydrous
sodium sulfate. After the solvent was distilled off under
reduced pressure, the resulting residue was purified by
chromatography on a silica gel column (Moritex Corporation,
elution solvent: hexane/ethyl acetate), and a fraction
corresponding to the Rf value=0.50 (hexane/ethyl acetate=1/1) by
thin layer chromatography was concentrated under reduced
pressure to afford the title compound (2.4 g, 7.7 mmol) as a
white solid (yield 99%).

'H-NMR (500 MHz, CDCli) &: 7.64-7.58 (6H, m), 7.49~7.44 (2H, m),
4.02 (2H, dt, J = 13 Hz, 6 Hz).

(3) [2-(4’-Bromobiphenyl-4~yl)=-2,2~-difluorcethoxy] (tert~-
butyl)dimethylsilane

[Chemical 105}

Sy MO >

In accordance with Example 1-(8), but using 2-(4’~
bromobiphenyl-4-yl)-2,2~difluoroethanol instead of (4'-
bromobiphenyl-4-yl)methanol, the title compound (yield 97%) was
afforded as a colorless oil.

'H-NMR (500 MHz, CDCl,;) &: 7.61-7.56 (6H, m), 7.47 (2H, d, J = 7
Hz), 3.99 (2H, t, 0 = 12 Hz), 0.85 (9H, s), 0.02 (6H, s).

(4) Ethyl ({[5-(benzyloxy)-2-({1-[47~-(1,1-difluocro~-2~
hydroxyethyl)biphenyl-4-yl]piperidin-4-yl}lmethyl) -6~
methylpyrimidin—-4-yl]carbonyl}amino)acetate

{Chemical 106]

° SRS R
o~ ©

In accordance with Examples 1-(9) to 1-(11), but using [2-
(4’ -bromobiphenyl-4-yl)-2,2-difluoroethoxy] (tert-
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butyl)dimethylsilane instead of [(47-bromobiphenyl-4-
yl)methoxy] (tert-butyl)dimethylsilane, the title compound (yield
598%) was afforded as a white solid.

MS m/z: €659 (M+H)";

'"H-NMR (500 MHz, CDCls;) &: 8.37 (l1H, d, J = 5 Hz), 7.62 (2H, d, J
= 8 Hz), 7.55-7.48 (6H, m), 7.41-7.35 (3H, m), 7.01 (2H, 4, J =
8 Hz), 5.12 (2KH, &), 4.27 (2H, q, J = 6 Hz), 4.24 (2H, d,‘J =
Hz), 4.00 (2H, t, J = 13 Hz), 3.76 (2H, d, J = 12 Hz), 2.90 (ZH,

o

d, J =7Hz), 2.80 (2H, t, J = 12 Hz), 2.47 (3H, s), 2.19-2.08
(1#, m), 1.78 (2H, d, J = 12 Hz), 1.60~1.48 (2H, m), 1.32 (3H,
t, J = 6 Hz).
(5) ({[2-({1-[4"-(1,1-Difluoro-2-hydroxyethyl)biphenyl-4-
yvl]lpiperidin-4-ylimethyl)-5~hydroxy-6-methylpyrimidin-4-
yllcarbonyl}lamino)acetic acid

In accordance with Examples 1-{12) and 1-(13), but using
ethyl ({[5-(benzyloxy)-2-({1-[4"-(1,1~-difluoro-2~
hydroxyethyl)biphenyl-4-yllpiperidin-4-yl}methyl)~6-
methylpyrimidin-4-yl]carbonyl}amino)acetate instead of ethyl
({[5-(benzyloxy)~2-({1-[4’ - (hydroxymethyl)biphenyl-4-
vllpiperidin-4-ylimethyl)-6~nethylpyrimidin-4-
yllcarbonyllamino)acetate, the title compound (yield 84%) was
afforded as a pale yellow solid.
MS m/z: 541 (M+H)';
'H-NMR (500 MHz, DMSO-dg) &: 11.92 (1H, s), 9.43 (1H, €, J = 6
Hz), 7.70 (2H, d, J = 8 Hz), 7.56¢ (2H, d, J = 8 Hz), 7.54 (ZH,
d, §J =8 Hz), 7.09-6.97 (2H, m), 5.67 (1lH, brs), 4.02 (2H, 4, J
= 6 Hz), 3.87 (24, t, J = 14 Hz), 3.76 (24, d, J = 12 Hz), 2.78
(2H, d, 3 = 7 Hz), 2.78-2.67 (2H, m), 2.45 (3H, s), 2.18-2.06
(1H, m), 1.6% (2H, d, J = 12 Hz}, 1.43-1.31 (2H, m).
(Example 31)
({[2-({1-{4'-(1,1~-Difluoro-2-hydroxypropyl)biphenyl-4-
yl]piperidin¥4—yl}methyl)-S—hydroxy—6~methylpyrimidin~4—'
vllcarbonyl}lamino)acetic acid

[Chemical 107]
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®

(1) 1-{4"-Bromobiphenyl-4-yl)-1,1-difluoropropan~2-ol

HO

[Chemical 108]

L

Ethyl (4’ -bromobiphenyl-4-yl) (difluoro)acetate (1.8 g, 5.1
mmol) obtained in Example 30-(1) was dissolved in
tetrahydrofuran (20 mL), and a solution of methyllithium in

diethyl ether (1.1 M, 14 mL, 15 mmol) was added under a nitrogen

atmosphere at -78°C, followed by stirring at the same
temperature for 30 minutes. A saturated aqueous ammonium
chloride solution was added to the reaction solution, followed
by extraction with ethyl acetate, and subsequently the extract
was concentrated under reduced pressure to afford 1-(4’-
bromobiphenyl-4-yl)-1,1-difluorcacetone as a pale yellow oil.
This was dissolved in tetrahydrofuran (30 mlL), and sodium
borohydride (0.59 g, 16 mmol) was added, followed by stirring at
room temperature for 30 minutes. Hydrochloric acid (1 M) was
added to the reaction solution, followed by extraction with
ethyl acetate, and subsequently the extract was washed with a
saturated aqueous sodium chloride solution, and the organic
layer was dried over anhydrous sodium sulfate. After the
solvent was distilled off under reduced pressure, the resulting
residue was purified by chromatography on a silica gel column
(Moritex Corporation, elution solvent: hexane/ethyl acetate),
and a fraction corresponding to the Rf value=0.30 (hexane/ethyl
acetate=4/1) by thin layer chromatography was concentrated under
reduced pressure to afford the title compound (0.89 g, 2.7 mmol)
as a yvellow oil (yield 53%).
'H-NMR (500 MHz, CDCls) &: 7.63-7.57 (6H, m), 7.46 (2H, d, J = 9
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Hz), 4.25-4.16 (1H, m), 1.27 (3H, d, J = 7 Hz).
(2) ({[2-({1-{4"~(1,1-Diflucro~-2-hydroxypropyl)biphenyl-4-
yvllpiperidin-4-ylimethyl)-5~hydroxy-6é-methylpyrimidin-4-
yljcarbonyl}amino)acetic acid

In accordance with Examples 1-(9) and 1-(11) to 1-(13),
but using 1-{(4'-bromobiphenyl-4-yl)-1,1~difluoropropan-2-ol
instead of [(4’'-bromobiphenyl-4-yl)methoxy] (tert-
butyl)dimethylsilane, the title compound (yield 19%) was
afforded as a pale vellow sclid.
MS m/z: 555 (M+H)*;
'"H-NMR (500 MHz, DMSO-d¢) 8: 11.93 (1H, s), 9.44 (1H, t, J = 6
Hz), 7.71 (2H, d, J = 8 Hz), 7.70-7.52 (4H, m), 7.51 (2H, 4, J =
8 Hz), 4.13-4.04 (lH, m), 4.01 (2H, 4, J = 6 Hz), 3.79-3.70 (24,
my, 2.84-2.72 (2H, m), 2.80 (2H, d, J = 7 Hz), 2.45 (3H, s),
2.21-2.10 (1H, m), 1.78-1.6% (2H, m), 1.52-1.33 (2H, m), 1.10
(3, d, J = 6 Hz). |
(Example 32)
({[2-({1-[4’-(1,1-Difluoro-2-hydroxy-2-methylpropyl)biphenyl-4-~
yvllpiperidin-4-yl}imethyl)~-5-hydroxy-6-methylpyrimidin-4-
vllcarbonyl}amino)acetic acid

[Chemical 109]
0
N OH
NN
cath s

(1) 1~(4'-Bromobiphenyl-4-yl)-1,1-difluoro~-2-methylpropan~2-ol’

HO

[Chemical 110]

Br

Ethyl (4’ -bromobiphenyl-4-yl) (diflucro)acetate (0.10 g,
0.28 wmol) obtained in Example 30-{(1) was dissolved in
tetrahydrofuran (20 mL), and a solution of methylmagnesium

iodide in diethyl ether (3.0 M, 1.0 mL, 3.0 mmol) was added
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under a nitrogen atmosphere at room temperature, followed by
stirring at the same temperature for 5 hours. Hydrochloric acid
(1 M) was added to the reaction solution, followed by extraction
with ethyl acetate, and subsequently the extract was dried over
anhydrous sodium sulfate. After the solvent was distilled off
under reduced pressure, the resulting residue was purified by
chromatography on a silica gel column (Moritex Corporation,
elution solvent: hexane/ethyl acetate), and a fraction
corresponding to the Rf value=0.35 (hexane/ethyl acetate=4/1) by
thin layer chromatography was concentrated under reduced
pressure to afford the title compound (0.063 g, 0.18 mmol) as a
vellow oil (yield 62%).
'H-NMR (500 MHz, CDCl,;) &: 7.63-7.56 (6H, m), 7.46 (2H, 4, J = 8
Hz), 1.35 (6H, s).
(2) ({[2-({1-[4'-(1,1-Difluocro-2-hydroxy-2-
methylpropyl)biphenyl-4-yl]lpiperidin-4-yllmethyl)-5-hydroxy-6-
methylpyrimidin-4-yl]carbonyl}lamino)acetic acid

In accordance with Examples 1-(92) and 1-(11) to 1-(13),
but using 1-(4’-bromobiphenyl-4-yl)-1,1-difluoro-2-methylpropan-
2-0l1 instead of [ (4’ -bromobiphenyl-4-yl)methoxy] (tert-
butyl)dimethylsilane, the title compound (yield 11%) was
afforded as a pale vyellow solid.
MS m/z: 569 (M+H)";
'"H-NMR (500 MHz, DMSO-dg) &: 11.92 (1H, s), 9.43 (lH, t, J =6
Hz), 7.67 (2H, d, J = 8 Hz), 7.59-7.55 (2H, m), 7.48 (2H, d, J =
8 Hz), 7.08-7.00 (2H, m), 4.00 (2H, d, J = 6 Hz), 3.76 (2H, d, J
= 12 Hz), 2.78 (2H, d, J =7 Hz), 2.78-2.70 (2H, m), 2.45 (3H,
sy, 2.16-2.06 (1H, m), 1.70 (24, d, J = 12 Hz), 1.44-1.32 (2H,
my, 1.19 (6H, s).
(Example 33)
{[(5=-[(2,2-Dimethylpropanoyl)oxy]~2-{[1-(4"'-{[ (2,2~
dimethylpropanoyl)oky]methyl}biphenyl~4—yl)piperidin—4v
yllmethyl}-6é~-methylpyrimidin-4-yl)carbonyljamino}lacetic acid
{Chemical 111]
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N N/OHO

Ao K

0
(1) Benzyl ({[5-hydroxy-2-({1-[4'-(hydroxymethyl)biphenyl-4-
vllpiperidin~4-yl}methyl)-6-methylpyrimidin-4-

yllcarbonyllamino)acetate

e

({[5~Hydroxy-2~({1-[4’ = (hydroxymethyl)biphenyl-4~

[Chemical 112]

HO

vilpiperidin-4-ylimethyl)-6-methylpyrimidin-4-
vllcarbonyl}aminojacetic acid (0.30 g, 0.61 mmol) obtained in
Example 1-(13) was dissolved in dichloromethane (10 mL), and
benzyl bromide (0.21 g, 1.2 mmol) and triethylamine (0.26 mL,
1.8 mmol) were added, followed by stirring at room temperature
for 2 days. After the reaction solution was concentrated under
reduced pressure, the resulting residue was purified by
chromatography on a silica gel column (Moritex Corporation,
elution solvent: dichloromethane/methanol), and a fraction
corresponding to the Rf value=0.55
(dichloromethane/methanol=10/1) by thin layer chromatography was
concentrated under reduced pressure to afford the title compound
(0.14 g, 0.24 mmol) as a pale yellow solid (yield 39%).

'H-NMR (400 MHz, CDCls) &: 11.34 (1H, s), 8.50 (1H, t, J = 6 Hz),
.56 (2H, d, J = 9 Hz), 7.50 (2H, 4, J = 9 Hz), 7.40 (2H, d, J =
Hz), 7.42-7.34 (5H, m), 7.00 (2H, 4, J = 9 Hz), 5.25 (2H, s),
.72 (2H, s), 4.28 (2H, 4, J = 6 Hz), 3.73 (2H, d, J = 12 Hzj,
.83 (2H, 4, J =7 Hz), 2.76 (2H, t, J = 12 Hz), 2.54 (3H, s},

o]

.12-1.89 (1B, m), 1.77 (2H, d,'J = 12 Hz), 1.71-1.43 (2H, m).

NN s O

(2} 4-{[2-(Benzyloxy)~2-oxoethyl]carbamoyl}-2-{[1-{4"-{[(2,2~
dimethylpropanoyl)oxy]methyl }biphenyl~4-yl)piperidin-4-
ylimethyl}-6-methylpyrimidin-5-yl pivalate



[Chemical 113]

NN
>:\go 8

Benzyl {({[5-hydroxy-2-{{1-[4"-(hydroxymethyl)biphenyl-4-
vllpiperidin-4~ylimethyl)-6-methylpyrimidin-4-
yllcarbonyl}tamino)acetate (0.025 g, 0.043 mmol) and pivaloyl
chloride (0.016 g, 0.13 mmol) were dissolved in dichloromethane
(3 mL), and pyridine (0.010 mL, 0.12 mmol) and 4-
dimethylaminopyridine (0.016 g, 0.13 mmol) were added, followed
by stirring at room temperature for 2 days. After the reaction
solution was concentrated under reduced pressure, the resulting
residue was purified by chromatography on a silica gel column
(Moritex Corporation, elution solvent:
dichloromethane/methanol), and a fraction corresponding to the
Rf value=0.35 (hexane/ethyl acetate=2/1) by thin layer
chromatography was concentrated under reduced pressure to afford
the title compound (0.017 g, 0.022 mmol) as a pale yellow solid
{yield 52%).

'"H-NMR (400 MHz, CDCls) &: 8.44 (1H, t, J = 5 Hz), 7.55 (2H, d, J
S Hz), 7.50 (2H, d, J = 9 Hz), 7.40-7.32 (7H, m), 7.00 (2H, d,

i

J =9 Hz), 5.22 (24, s), 5.13 (2H, s), 4.24 (2H, d, J = 5 Hz),
3.74 (2H, d, J 12 Hz), 2.92 (2H, d, J = 7 Hz), 2.77 (24, t, J
12 Hz), 2.47 (3H, s), 2.18-2.04 (1H, m), 1.80 (2H, d, J = 12
Hz), 1.61-1.47 (2H, m), 1.43 (SH, s5), 1.24 (9H, s).

(3) {[(5-{(2,2-Dimethylpropancoylioxyl]-2-{[1-(4"~{[{(2,2~
dimethylpropanoyl)oxylmethylibiphenyl-4-yl)piperidin-4-
yvllmethyl}-6-methylpyrimidin-4-yl)carbonyllaminolacetic acid
In accordance with Example i2~(4), but using 4-{[2-
(benzyloxy)-2-oxoethyl]carbamoyl}-2-{[1-(4'"-{[ (2,2~
dimethylpropanoyl)oxy]methyl}biphenyl—4~yl)piperidin—4—‘
yv1l]lmethyl}-6-methylpyrimidin-5-yl pivalate instead of benzyl
[ ({5~ (benzyloxy)-2-[({1-{4-[5-(l-hydroxyethyl)pyridin-2~
yv1llphenylipiperidin-4~-ylimethyl]-6-methylpyrimidin-4-
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vi}carbonyl)aminolacetate, the title compound (yield 43%) was
afforded as a pale vyellow solid.

MS m/z: 659 (M+H)";

"H-NMR (400 MHz, CDCls) &: 8.71 (1H, brs), 7.47 (2H, d, J = 8
8 Hz), 6.84 (2H,

il

Hz), 7.38 (24, d, J = 8 Hz), 7.32 (2H, d, J
d, J =8 Hz), 5.10 (2H, s), 3.80 (2H, brs), 3.56 (2H, d, J = 12
Hz), 2.79 (2H, d, 0 = 7 Hz), 2.57 (2H, t, J = 12 Hz), 2.32 (3H,
s}, 2.05-1.91 (lH, m), 1.64 (2H, d, J = 12 Hz), 1.45-1.31 (24,
m), 1.28 (9H, -s), 1.22 (9H, s).

(Example 34)
{[(2-{[1~-(4"~{[(2,2-Dimethylpropanoyl)oxylmethyl}biphenyl-4-
vl)piperidin~4-yllmethyl}-5-hydroxy-6-methylpyrimidin-4-
yv1l)carbonyllaminolacetic acid

[Chemical 114}

(1) Benzyl ({[5-(benzyloxy)-2-{{1-[4’-(hydroxymethyl)biphenyl-4-
yllpiperidin-4~-yllmethyl)-6-methylpyrimidin-4-

yv1llcarbonyl}amino)acetate
o
N/\WO
9 .
0 O ©

In accordance with Example 1-(11), but using glycine

[Chemical 115]

benzyl ester instead of glycine ethyl ester hydrochloride, the
title compound (yield 42%) was afforded as a white solid.

'H-NMR (500 MHz, CDCls) &: 8.37 (1H, t, J = 5 Hz), 7.56 (2H, d, J
= 8 Hz), 7.50 (2H, d, J = 9 Hz), 7.48 (2H, d, J = 8 Hi), 7.42-
7.31 (10H, m), 7.00-(24, d, J = 9 Hz), 5.24 (2H, s}, 5.11 (2H, -
s), 4.72 (2H, d, J = 5 Hz), 4.30 (2H, d, J =5 Hz), 3.74 (2H, d,
J = 12 Hz), 2.89 (2H, d, J = 7 Hz), 2.78 (24, ©, J = 12 Hz),
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2.46 (3H, s), 2.16-2.06 (1H, m), 1.78 {(2H, d, J = 12 Hz), 1.65
(14, t, J = 5 Hz}, 1.60-1.48 (2H, m}.‘

(2 [4"-{(4-{[5-(Benzyloxy)-4-{[2-(benzyloxy)-2-
oxoethyl]carbamoyl}—6—methylpyrimidin—2-yl}methyl}piperidin—l—
vl)biphenyl-4-yllmethyl pivalate

O}N‘l/\gO\/Q

[Chemical 116]

In accordance with Example 33-(2), but using benzyl ({[5-
(benzyloxy)-2-({1-[4’ - (hydroxymethyl)biphenyl~4~-yl]lpiperidin-4-
yllmethyl)-6-methylpyrimidin-4-yl]carbonyl}amino)acetate instead
of benzyl ({[5-hydroxy-2-({1-[4’~(hydroxymethyl)biphenyl-4-
yvilpiperidin-4-ylimethyl)-6-methylpyrimidin-4-
yljcarbonyl}amino)acetate, the title compound (yield 79%) was
afforded as a pale yellow oil.

'"H-NMR (400 MHz, CDCl;) &: 8.37 (lH, t, J = 5 Hz), 7.55 (2H, d, J
= 8 Hz), 7.50 (2H, d, J = 9 Hz), 7.48 (2H, d, J = 8 Hz), 7.42-
7.33 (10H, m), 7.00 (2H, d, J = 9 Hz), 5.24 (2H, s), 5.13 (2H,
s), 5.11 (2H, s), 4.30 (2H, d, J = 5 Hz), 3.75 (2H, d, J = 12
Hz), 2.89 (2H, d, J = 7 Hz), 2.78 (2H, t, J = 12 Hz), 2.47 (3H,
12 Hz), 1.60-1.47 (2H,

il

s), 2.18-2.06 (1H, m), 1.79 (2H, d, J
m), 1.24 (9H, s).
(3) {[(2~-{[1-(4'-{[(2,2-Dimethylpropanoyl)oxy]methyl}biphenyl-4-
vl)piperidin-4-yllmethyl}-5-hydroxy-6-methylpyrimidin-4~
vl)carbonyl]amino}lacetic acid

In accordance with Example 12-(4), but using {4’ -(4~{[5~
(benzyloxy)—-4~{[{2-(benzyloxy)-2~oxoethyl]carbamoyl}-6~
methylpyrimidin-2-yllmethyl}piperidin-1l-yl)biphenyl-4-yl]lmethyl
pivalate instead of benzyl [ {({5-(benzvyloxy)-2-[(1-{4~[5-(1-
hydroxyethyl)pyridin-2-yl]lphenyllpiperidin-4-yl)methyl]-6~
methylpyrimidin-4-yl)carbonyl)aminojacetate, the title compound
(vield 28%) was afforded as a yellow solid.
MS m/z: 575 (M+H)*;
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'"H-NMR (400 MHz, CDCl;) &: 11.53 (1H, brs), 8.58 (lH, brs), 7.51
(4H, d, J = 8 Hz), 7.36 (2H, d, J 8 Hz), 7.16 (2H, d, J = 8
Hz), 5.12 (2H, s), 3.69 (24, d, J 12 Hz), 3.52 (2H, brs),
2.93-2.74 (4H, m), 2.50 (3H, s), 2.13-1.98 (1H, m), 1.87-1.59
(4H, m), 1.24 (SH, s).

(Example 35)
({[5~Hydroxy-2-~({1-{4’ - (methoxymethyl)biphenyl-4-yl]lpiperidin-4~

il

il

ylimethyl)~6-methylpyrimidin-4~-yllcarbonyl}amino)acetic acid
[Chemical 117]

0
N OH
OISy
Sl e
/O

(1) (4’ -Bromobiphenyl-4~yl)methyl methyl ether
[Chemical 118]

ens

(4’ -Bromobiphenyl-4-yl)methanol (1.2 g, 4.6 mmol) was

Br

dissolved in tetrahydrofuran (20 mLj, and methyl iodide (0.87 g,
6.8 mmol), and then sodium hydride (63%, 0.26 g, 6.8 mmol} were
added under a nitrogen atmosphere at 4°C, followed by stirring
at room temperature for 30 minutes. A saturated aqueous
ammonium chloride solution was added to the reaction solution,
followed by extraction with ethyl acetate. After the solvent
was distilled off under reduced pressure, the resulting residue
was purified by chromatography on a silica gel column (Moritex
Corporation, elution solvent: hexane/dichloromethane), and a
fraction corresponding to the Rf value=0.50
(hexane/dichloromethane =1/1) by thin layer chromatography was
concentrated under reduced pressure to afford the title compound
(1.2 g, 4.3 mmol) as a white solid (yield 95%) . |
'"H-NMR (500 MHz, CDCl;) §: 7.58-7.53 (4H, m), 7.48-7.44 (2H, m),
7.43~-7.40 (2H, m), 4.50 (2H, s), 3.42 (3H, s).

(2)y ({[5-Hydroxy-2-({1l-[4"-(methoxymethyl)biphenyl-4-
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vl]piperidin-4-ylimethyl)-6-methylpyrimidin-4-
yllcarbonyllamino)acetic acid

In accordance with Examples 1-(9), 1-(11}, 22-{4}) and 1-
(13}, but using (4’ -bromobiphenyl-4-ylymethyl methyl ether
instead of [ (4’ -bromobiphenyl-4-yl)methoxy] {tert~
butyl)dimethylsilane, the title compound (yield 26%) was
afforded as a pale yellowish white solid.
MS m/z: 505 (M+H)*;
'H-NMR (500 MHz, DMSO-d¢) &: 12.90 (1H, brs), 11.92 (1H, s), 9.40
(18, ¢, J = 6 Hz), 7.57 (24, d, J = 8 Hz), 7.51 (2H, d, J
Hz), 7.34 (2H, d, J = 8 Hz), 7.00 (2H, d, J = 8 Hz), 4.41 (2H,
12 Hz), 3.2%9 (3H,
12 Hz), 2.44 (3H,

I
[s¢}

It

s), 4.00 (2H, d, J = 6 Hz), 3.75% (2H, d, J

il

s), 2.78 (2H, d, 0 =7 Hz), 2.71 (2H, t, J
s), 2.15-2.05 (1, m), 1.68 (2H, d, J = 12 Hz), 1.37 (2H, dg, J
= 12 Hz, 3 Hz).

{(Example 36)
({[2-({1-[2'-Fluoro-4' -~ (hydroxymethyl)biphenyl-4-yllpiperidin-4-
vlimethyl)-5-hydroxy~6-methylpyrimidin—4-
vljcarbonyl}amino)acetic acid

[Chemical 119]

0
N OH
LN
F O 7~ OH
HO

(1) tert-Butyl 5-(benzyloxy)-2~{[l-{4~bromophenyl)piperidin-4-
yllmethyl}-6-methylpyrimidine-4-carboxylate
[Chemical 120]

In accordance with Example 1-(9), but using 1,4-
dibromobenzene instead of [ (4’ -bromobiphenyl-4-yl)methoxy] (tert-
butyl)dimethylsilane, the title compound (yield 18%) was

afforded as an orange oil.
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'"H-NMR (500 MHz, CDCls) §: 7.46-7.35 (5H, m), 7.31 (2H, d, J = 8
Hz), 6.80 {(2H, d, J = 8 Hz), 5.01 (2H, sj), 3.62 (2H, 4, J = 12
Hz), 2.89 (2H, d, J = 7 Hz), 2.6% (2H, t, J = 12 Hz), 2.46 {(3H,
s), 2.15-2.03 (1H, m), 1.77 (2H, 4, J = 12 Hz), 1.59 (9H, s),
1.51 (2H, g, J = 12 Hz).

(2) tert-Butyl 5-(benzyloxy)-2-({1-[4"-{{[tert-

butyl (dimethyl)silyljoxylmethyl) -2’ -fluorobiphenyl-4-~
lepiperidin~4—yl}methyl)—6—methylpyrimidine—4-carboxylate
{Chemical 121}

Slyo OO O

In accordance with Example 19-(2), but using tert-butyl 5-
(benzyloxy)-2-{[1~ (4-bromophenyl)piperidin-4-yllmethyl}-6-
methylpyrimidine-4-carboxylate instead of tert-butyl 5-
(benzvloxy)-2-{[1-(5-bromopyridin-2-yl)piperidin-4-yl]methyl}-6~
methylpyrimidine-4-carboxylate, and [ (4-bromo-3-
fluorobenzyl)oxy] (tert-butyl)dimethylsilane instead of tert-
butyl{ (4-iodobenzyl)oxyldimethylsilane, the title compound
(yield 16%) was afforded as a pale yellow oil.

'H-NMR (500 MHz, CDCl;) &: 7.48-7.35 (8H, m), 7.14-7.08 (2H, m),
6.99 (24, d, J = 8 Hz), 5.01 (2H, s), 4.75 (2H, s), 3.74 (2H, d,
J = 12 Hz), 2.91 (2H, d, J = 7 Hz), 2.76 (2H, t, J = 12 Hz),
2.47 (3H, s), 2.17-2.06 (iH, m}), 1.79 (2H, d, T = 12 Hz), 1.58
(9H, s), 1.54 (2H, g, J = 12 Hz), 0.96 (9H, s), 0.12 (eH, s).
(3) ({[2-{{1-[2'-Fluoro-4'-(hydroxymethyl)biphenyl-4-
vl]lpiperidin-4-ylimethyl)-5-hydroxy-6-methylpyrimidin-4-
yllcarbonyllamino)acetic acid

In accordance with Examples 1-(10}, 1-(11), 22-(4) and 1-
{13), but using tert-butyl 5—(benzyloxy)—2—({1—[4’4({[tert—
butyl(dimethyl)silyl]oxy}methyl}—Z’—fluorobiphenyl—4—
yvllpiperidin-4-ylimethyl)-6-methylpyrimidine-4—carboxylate
instead of tert-butyl 5-(benzyloxy)-2-({1-[4’-({[tert-
butyl (dimethyl)silyl]oxylmethyl)biphenyl-4-yllpiperidin-4-
yllmethyl)-6-methylpyrimidine~-4—-carboxylate, the title compound
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{yvield 37%) was afforded as a white solid.

MS m/z: 509 (M+H)7;

'H-NMR (500 MHz, DMSO-dg) &: 12.91 (1H, brs), 11.92 (1H, s}, 9.43
{lH, t, J =5 Hz), 7.42 (1B, t, J = 9 Hz), 7.3% (2H, d, J = 8
Hz}, 7.20-7.15 (2H, mj, 7.01 (2H, d, J = 8 Hz), 5.33 (lH, brs),
4.52 (2H, s8), 4.00 (2H, d, 0 = 5 Hz), 3.75 (2H, d, J = 12 Hz),
2.78 (2H, d, J =7 Hz), 2.71-2.63 (2H, m), 2.45 (3H, s}, 2.16~
2.06 (1H, m), 1.69 (2H, d, J = 12 Hz), 1.36 (2H, dg, J = 12 Hz,
3 Hz).

(Example 37)

({[2-({1-[3"-Fluoro-4’~ (hydroxymethyl)biphenyl~4~yllpiperidin-4-
vllmethyl)-5-hydroxy-6-methylpyrimidin-4-
vllcarbonyllamino)acetic acid

[Chemical 122]

0

Seagh o
1o I

In accordance with Examples 36-(2), 1-(10), 1-(11), 22-(4)
and 1-(13), but using {(4~bromo-2-fluorobenzyl)oxy] (tert-
butyl)dimethylsilane instead of [(4-bromo-3-
fluorcobenzyl)oxy] (tert-butyl)dimethylsilane, the title compound
(vield 12%) was afforded as a pale red solid.
MS m/z: 509 (M+H)";
'"H~NMR (500 MHz, DMSO-dg) &: 12.91 (1H, brs), 11.92 (1H, s), 9.43
(1#, t, 0§ = 5 Hz), 7.55 (2H, d, J = 8 Hz), 7.50-7.41 (2H, m),
7.38 (1H, d, J = 12 Hz), 6.99 (2H, d, J = 8 Hz), 5.26 (lH, brs),
4.54 (2H, 4, J = 4 Hz), 4.00 (2H, d, J = 5 Hz), 3.76 (2H, 4, J =
12 Hz), 2.78 (2H, d, J = 7 Hz), 2.77-2.67 (2H, m), 2.45 (3H, s),
2.18-2.06 (lH, m), 1.69 (2H, d, J = 12 Hz), 1.36 (ZH, dg, J = 12
Hz, 3 Hz).
(Example 38)
({{2~({1—[2~Fluoro~4’—(hydroxyméthyl}biphenyl~4—yl}piperidin~4~
ylitmethyl)-5-hydroxy-6-methylpyrimidin-4-
vllcarbonyllamino)acetic acid

[Chemical 123)
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N OH
HO

(1) [ (4’ -Bromo-2’~-fluorcbiphenyl-4-yl)methoxy] (tert-
butyl)dimethylsilane
[Chemical 124]
F i.lBr
>L§p O
-

In accordance with Example 4-~(2), but using tert-butyl][ (4-
iodobenzyl)oxyldimethylsilane instead of tert-butyl[Z-(4-
iodophenyl)ethoxyldimethylsilane, and (4-bromo-2-
fluorophenyl)boronic acid instead of (4-bromophenyl)boronic
acid, the title compound (yield 57%) was afforded as a yellow
oil.

'"H-NMR (500 MHz, CDCl;) &: 7.48 (2H, d, J = 7 Hz), 7.40 (2H, d, J
= 7 Hz), 7.38-7.27 (3H, m), 4.7% (2H, s), 0.97 (9H, s), 0.12

(6H, s).

(2) ({[2-{{1-[2~Fluoro-4’~(hydroxymethyl)biphenyl-4-
yvllpiperidin-4~ylimethyl)-5-hydroxy-6-~methylpyrimidin-4-
yllcarbonyl}lamino)acetic acid ‘

In accordance with Examples 1-(9) to 1-(11), 22-(4) and 1-
(13), but using [{4’-bromo-2’'-fluorcobiphenyl-4-yl)methoxy] (tert-
butyl)dimethylsilane instead of [(4’-bromobiphenyl-4-
yvl)methoxy] (tert-butyl)dimethylsilane, the title compound (yield
19%) was afforded as a white solid.

MS m/z: 509 (M+H)*;

'H-NMR (500 MHz, DMSO-d¢) &: 12.91 (1H, brs), 11.%92 (lH, s), 9.43
(l1H, t, J = 5 Hz), 7.43 (2H, 4, J = 8 Hz), 7.35 (2H, 4, J 8
Hz), 7.33 (lH, 4, J = 8 Hz), 6.86-6.77 (2H, m), 5.21 (1H, brs),

4.51 (2H, s), 4.00 (2H, d4, J =5 Hz), 3.78 (2H, d, J = 12 Hz),
2.77 (2H, d, I = 7 Hz), 2.77-2.70 (2H, m), 2.44 (3H, s), 2.17-
2.06 (14, m), 1.66 (2H, d4, J = 12 Hz), 1.34 (2H, dg, J = 12 Hz,
3

Hz) .
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(Example 39)
({[2-({1-[3-Fluoro-4’ - (hydroxymethyl)biphenyl-4-yl]lpiperidin-4-
ylimethyl)-5-hydroxy-6~-methylpyrimidin-4~-
v1llcarbonyl}amino)acetic acid

[Chemical 125]

0]
E WN\ ﬁxﬁrOH
HO ﬂli

(1) [(47"-Bromo-3’~fluorobiphenyl-4-yl)methoxy] (tert-
butyl)dimethylsilane
[Chemical 126]
F
<8
Slio ['D
L Si

In accordance with Example 4-(2), but using tert-butyl] (4-
iodobenzyl)oxyldimethylsilane instead of tert-butyl[2-(4-
iodophenyl)ethoxyldimethylsilane, and (4-bromo-3-
fluorophenyl)boronic acid instead of (4-bromophenyl)boronic
acid, the title compound (yield 73%) was afforded as a white
Soiid.

'H-NMR (500 MHz, CDCl,) &: 7.59 (l1H, t, J = 6 Hz), 7.52 (2H, d, J
= 7 Hz), 7.40 (24, d, 0 = 7 Hz), 7.35 (1H, d, J = 11 Hz), 7.25
(1§, d, § = 6 Hz), 4.79 (2H, s), 0.97 (9H, s), 0.12 (6H, s).

(2) ({[2-{({1-[3-Fluoro-4’- (hydroxymethyl)biphenyl-4-
vllpiperidin-4~yllmethyl)-5~-hydroxy-6-methylpyrimidin-4-
yllcarbonyllamino)acetic acid

In accordance with Examples 1-(9) to 1-(11), 22-{4) and 1-
(13), but using [(4’~bromo-3’~fluorobiphenyl-4-ylimethoxy] (tert-
butyl)dimethylsilane instead of [ (4’ -bromobiphenyl-4-
ylimethoxy] (tert-butyl)dimethylsilane,. the title compound (yield
5.2%) was afforded as a white solid. ‘

MS m/z: 509 (M+H)*;
'"H-NMR (500 MHz, DMSO-de¢) &: 12.91 (1H, brs), 11.93 (1H, s), 9.42
(14, ©, J = 5 Hz), 7.60 {(2H, d, J = 8 Hz), 7.47-7.39%9 (2H, m),
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7.36 (2H, d, J = 8 Hz), 7.09 (1H, t, J = 9 Hz), 5.22 (1H, t, J =
5 Hz), 4.51 (2H, d, J =5 Hz), 4.00 (2H, d, J = 5 Hz), 3.36 (2H,
d, §J =12 Hz), 2.81 (2H, d, J = 7 Hz), 2.73-2.63 (2H, m), 2.45
(3H, s), 2.13-2.03 (iH, m), 1.71 (2H, d, J = 12 Hz), 1.44 (Z2H,
dg, J = 12 Hz, 3 Hz).

(Example 40)
({[5-Hydroxy-2-{{1-[4’ - (hydroxymethyl) -3’ -methylbiphenyl-4-
vllpiperidin-4-ylimethyl)-6-methylpyrimidin-4-
yllcarbonyllamino)acetic acid

[Chemical 127]

0O
N OH
SEPNDR:
saghes
0

In accordance with Examples 36-(2), 1-(10), 1-(11), 22-(4)
and 1-(13), but using [ (4-bromo-2-methylbenzyl)oxy] (tert-
butyl)dimethylsilane instead of [ (4-bromo-3-
fluorobenzyl)oxy] (tert-butyl)dimethylsilane, the title compound
(yvield 15%) was afforded as a white solid.

MS m/z: 505 (M+H)";

'"H-NMR (400 MHz, DMSO-d¢) &: 12.88 (1H, brs), 11.91 (1H, s), 9.38
(1, t, J = 6 Hz), 7.49 (24, d, J = 9 Hz), 7.37 (lH, d, J =9
Hz), 7.36 (1H, s}, 7.35 (18, d, 0 = 89 Hz), 6.98 (2H, d, J =9
Hz), 5.02 (1H, brs), 4.49 (2H, d, J = 3 Hz), 4.00 (2H, d, J =6
Hz), 3.73 (2H, d, J = 12 Hz), 2.78 (2H, d, J = 7 Hz), 2.70 (Z2H,
dt, J = 12 Hz, 3 Hz), 2.44 (3H, s), 2.29 (3H, s}, 2.17-2.01 (1H,
m), 1.69 (2H, d, J = 12 Hzjy, 1.37 (2H, dg, J = 12 Hz, 3 Hz).
(Example 41) )
({{2-({1-{37,5"~Difluoro-4’ - (hydroxymethyl)biphenyl-4-
yllpiperidin-4-ylimethyl)-5-hydroxy-6-methylpyrimidin-4-
yl]lcarbonylltamino)acetic acid

[Chemical 128)]



In accordance with Examples 36-(2), 1-{(10), 1-(11), 22-{(4)
and 1-(13), but using [(4~bromo-2,6-difluorcbenzyl)oxy] (tert-
butyl)dimethylsilane instead of [ (4-bromo-3-
fluorobenzyl)oxy] (tert-butyl)dimethylsilane, the title compound
(yield 9%) was afforded as a white solid.

MS m/z: 527 (M+H)";

'H-NMR (400 MHz, DMSO~-dg) &: 12.86 (1H, brs), 11.90 (1H, s), 9.39
9

it

Hz), 6.99 (2H, d, J = 9 Hz), 5.19 (1lH, brs}, 4.49 (2H, s), 4.01
(24, d, J = 6 Hz), 3.79 (2H, d, J = 12 Hz), 2.78 (2H, 4, J =7

Hz), 2.75 (2H, t, J = 12 Hz), 2.44 (3H, s), 2.19-2.04 (1H, m),

1.68 (2H, d, 0 = 12 Hz), 1.35 (2H, dgq, J = 12 Hz, 3 Hz).

(18, t, J = 6 Hz), 7.60 (2H, d, J =9 Hz), 7.33 (24, 4, J

(Example 42)
({[2-({1-[3",5" -Dichloro-4' ~(hydroxymethyl)biphenyl-4-
vllpiperidin-4-yl}imethyl)-5~-hydroxy-6-methylpyrimidin-4-
yllcarbonyl}amino)acetic acid

[Chemical 129]

0
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In accordance with Examples 36~(2), 1-(10), 1-(11), 22-(4)
and 1-(13), but using [ (4-bromo-2,6-dichlorobenzyl)oxyl} (tert-
butyl)dimethylsilane .instead of [{4-bromo-3-
fluorobenzyl)oxy] (tert-butyl)dimethylsilane, the title compound
(yield 15%) was afforded as a white solid.
MS m/z: 559 (M+H)"; '
'H-NMR (400 MHz, DMSO-dg) &: 12.88 (1H, brs), 11.91 (1H, S), 9.40
(18, t, J = 6 Hz), 7.67 (2H, sy, 7.60 (2H, d, J = 9 Hz), 6.99
(24, d, J =9 Hz), 5.18 (1H, t, J = 4 Hz), 4.68 (2H, d, J = 4



149

Hz), 4.01 (2H, d, J = 6 Hz), 3.79 (2H, d, J = 12 Hz), 2.78 (2H,
d, J =7 Hz), 2.73 (2H, t, J = 12 Hz), 2.44 (3H, s), 2.18-2.05
(1H, m), 1.68 (24, d, J = 12 Hz), 1.34 (2H, dg, J = 12 Hz, 3
Hz).

(Example 43)
‘({[2—({1—[3’,5’~Dimethyl~4’-(hydroxymethyl)biphenyl~4~
yllpiperidin~4-ylimethyl)-5-hydroxy-6-methylpyrimidin-4-
yvllcarbonyl}amino)acetic acid

[Chemical 130]
O
N OH
SRLA R
st

In accordance with Examples 36-(2), 1-(10), 1-(11), 22-(4)

HO

and 1-(13), but using [ (4-bromo-2,6-dimethylbenzyl)oxy] (tert-
butyl)dimethylsilane instead of [ (4-bromo-3-

fluorobenzyl)oxyl (tert-butyl)dimethylsilane, the title compound.
(yield 4%) was afforded as a white solid.

MS m/z: 519 (M+H)";

'H-NMR (400 MHz, DMSO-d¢) &: 12.87 (1H, brs), 11.90 (1H, s), 9.39
(14, t, J = 6 Hz), 7.48 (2H, d, J = 9 Hz), 7.21 (2H, s), 6.97
(2H, d, J = 9 Hz), 4.65 (1H, t, J = 5 Hz), 4.49 (2H, d, J = 5
Hz), 4.01 (2H, d, J = 6 Hz), 3.72 (2H, d, J = 12 Hz), 2.78 (2H,
d, J =7 Hz), 2.70 (2H, dt, J = 12 Hz, 3 Hz), 2.44 (3H, s), 2.39
(6H, s), 2.16-2.02 (1H, m), 1.68 (2H, d, J = 12 Hz), 1.37 (2H,
dg, J = 12 Hz, 3 Hz).

(Example 44)
({[5~-Hydroxy-2-{{1~[4' - (hydroxymethyl)biphenyl-4-yllpiperidin-4-
ylimethyl)-6-methylpyrimidin-4-yllcarbonyllamino)acetic acid-d2
[Chemical 131]
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(1) Ethyl ({[5-(benzyloxy)~2~{[1-{4"-formylbiphenyl-4-
vl)piperidin~4-yllmethyl}-6-methylpyrimidin-4-
yllcarbonyl}amino)acetate

[Chemical 132]

N 0
SRS A R
N Nz o O

Oxalyl chloride (0.31 g, 2.5 mmol) was dissolved in
dichloromethane (5 mL), and a solution of dimethyl sulfoxide

{(0.18 g, 2.3 mmol) in dichloromethane (4 mL) was added dropwise

at -78°C, followed by stirring at the same temperature for 15
minutes. To the reaction solution was added dropwise a solution
of ethyl ({[5-(benzyloxy)-2-({1-[4"~-(hydroxymethyl)biphenyl-4-
yvllpiperidin-4-ylimethyl)-6-methylpyrimidin-4-
yllcarbonyl}amino)acetate (1.0 g, 1.6 mmol) obtained in Example
1-(11) in dichloromethane (26 mL), followed by stirring at the
same temperature for 25 minutes, and subsequently triethylamine
{1.1 mL, 8.2 mmol) was added dropwise, and the temperature was
raised to room temperature over 1.5 hours. Water was added to
the reaction solution, followed by extraction with
dichloromethane, and subsequently the extract was washed with a
saturated aqueous sodium chloride solution, and dried over
anhydrous sodium sulfate. After the solvent was distilled off
‘under reduced pressure, the resulting residue was purified by
chromatography on a silica gel column (Biotage Ltd., elution
solvent: dichloromethane/ethyl acetate) to afford the title
compound (0.85 g, 1.4 mmol) as a yellow solid (yield 85%).
'"H-NMR (400 MHz, CDCl;) &: 10.01 (1H, s), 8.34 (1H, t, J = 5 Hz),
7.90 (2H, 4, J = 8 Hz), 7.72 (2H, d, J = 8 Hz), 7.57 (2H, d, J =
S Hz), 7.51-7.46 (2H, m), 7.42-7.33 (3H, m), 7.01 (2H, 4, J =9
Hz), 5.12 (2H, s), 4.27 (2H, g, d = 7 Hz), 4.24 (2H, d, J =5
Hzy, 3.7% (24, 4, J = 12 Hz), 2.90 (2H, d, J§ = 7 Hz), 2.83 (2ZH,
dt, J = 12 Hz, 3 Hz), 2.47 (3H, s), 2.23-2.07 (iH, m), 1.80 (2H,
d, J = 12 Hz), 1.53 (2H, dg, J = 12 Hz, 3 Hz), 1.32 (3H, t, J =
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7 Hz) .

(2) Ethyl ({[5-(benzyloxy)-2-({1-[4’-(hydroxymethyl)biphenyl-4-
vllpiperidin-4-yl}imethyl)-6-methylpyrimidin-4-
yvllcarbonyl}amino)acetate-dl

[Chemical 133]
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Ethyl ({[5-(benzyloxy)-2-{[1-(4’~formylbiphenyl-4-
vl)piperidin-4-yllmethyl}-6-methylpyrimidin-4-
vllcarbonyl}laminojacetate (0.85 g, 1.4 mmol) was dissolved in a
mixed solvent of deuterated methanol (7.5 mL) and
dichloromethane (7.5 mlL), and deuterated sodium borohydride
(0.059 g, 1.4 mmol) was added at 0°C, followed by stirring at
the same temperature for 45 minutes. Deuterated water was added
to the reaction solution, the solvent was distilled off under
reduced pressure, and subsequently the resulting residue was
purified by chromatography on a silica gel column (Biotage Ltd.,
elution solvent: dichloromethane/ethyl acetate) to afford the
title compound (0.74 g, 1.2 mmol) as a white solid (yield 87%).
'H-NMR (400 MHz, CDCls) &: 8.35 (1H, t, J = 5 Hz), 7.55 (2H, 4, J
= 8 Hz), 7.52-7.46 (2H, m), 7.50 (2H, d, § = 9 Hz), 7.40 (2ZH, 4,
J = 8 Hz), 7.38-7.35 (3H, m), 7.00 (2H, 4, J = 9 Hz), 5.12 (2H,
s), 4.69 (1H, s), 4.26 (2H, g, J = 7 Hz), 4.24 (2H, d, J =5
Hz), 3.74 (2H, d, J = 12 Hz), 2.90 (2H, d, J = 7 Hz), 2.78 (Z2H,
dt, J = 12 Hz, 3 Hz), 2.46 (3H, s), 2.19-2.05 (1H, m), 1.79 (2H,
d, J = 12 Hz), 1.71 (lH, brs), 1.54 (2H, dgq, J = 12 Hz, 3 Hz),
1.32 (3H, t, J =7 Hz).

(3) Ethyl ({[5-(benzyloxy)-2-{[1l-(4'-formylbiphenyl-4~
vil)piperidin-4~ylimethyl}-6-methylpyrimidin-4-
yv1l]carbonyl}amino)acetate-dl

[Chemical 134]
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In accordance with Example 44-(1), but using ethyl ({[5-
{(benzyloxy}-2-({1-[4’~(hydroxymethyl)biphenyl-4~-yl]lpiperidin-4-
ylimethyl)-6-~methylpyrimidin-4-yl]carbonyllamino)acetate-dl
instead of ethyl ({[5-(benzyloxy}~-2-({1-{4"~
(hydroxymethyl)biphenyl-4-yllpiperidin-4~ylimethyl) -6~
methylpyrimidin-4~yl]carbonyl}iamino)acetate, the title compound
and ethyl ({[5-(benzyloxy)-2-{[1-(4’'~-formylbiphenyl~4~
vl)piperidin-4-yllmethyl}-é-methylpyrimidin-4-
ylicarbonyl}amino)acetate were afforded as a 5:1 mixture (yield
87%) .
'H-NMR (400 MHz, CDCl,;) &: 10.01 (0.2H, s), 8.34 (lH, t, J =5
Hz), 7.90 (2H, 4, J = 8 Hz), 7.72 (24, d, J = 8 Hz), 7.57 (2H,
d, 3 = 9 Hz), 7.51-7.46 (2H, m), 7.42-7.32 (3H, m), 7.01 (2H, d,
J =9 Hz), 5.12 (2H, s), 4.27 (2H, g, J =7 Hz), 4.24 (2H, d, J
= 5 Hz), 3.80 (2H, d, J = 12 Hz), 2.90 (2H, d, J = 7 Hz), 2.83
(24, dt, J = 12 Hz, 3 Hz), 2.47 (3H, s), 2.22-2.08 (1H, m), 1.78
(28, d, J = 12 Hz), 1.53 (2H, dg, J = 12 Hz, 3 Hz), 1.32 (3H, t,
J = T7 Hz).
(4) Ethyl ({[5-(benzyloxy)-2-({1-[4"-(hydroxymethyl)biphenyl-4-
yllpiperidin-4-ylimethyl)-6-methylpyrimidin-4-
vl]carbonyl}lamino)acetate-d2
[Chemical 135]
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The operations of Examples 44-(2) and 44-(3) were repeated
twice with respect to ethyl ({[5-(benzyloxy)-2~{[1-(4"~
formylbiphenyl-4-yljpiperidin-4-yl]methyl}~6-methylpyrimidin-4-
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vllcarbonyl}amino)acetate-dl, and subsequently the operation of
Example 44-(2) was carried out to afford the title compound
(yvield 51%) as a white solid.

'"H-NMR (400 MHz, CDCl;) &: 8.35 (1H, t, J = 5 Hz), 7.56 (2H, d, J
9 Hz), 7.40 (2H, d,
9 Hz), 5.12 (2H,
5 Hz), 3.74 {(2H, d,

i

= 8§ Hz), 7.52-7.46 (2H, m), 7.50 (2H, 4, J
J = 8 Hz), 7.42-7.33 (3H, m), 7.00 (2H, d, J
sy, 4.27 (2H, g, 3 =7 Hz), 4.24 (2H, d, J

ft

Il

J = 12 Hz), 2.90 (2H, d, J = 7 Hz), 2.78 (2H, dt, J = 12 Hz, 2
Hz), 2.47 (3H, s), 2.20-2.05 (1H, m), 1.79 (2H, d, J = 12 Hz),
1.64-1.49 (3H, m), 1.32 (3H, t, J = 7 Hz).

(5) ({[5-Hydroxy-2-({1-{4’~-(hydroxymethyl)biphenyl-4~

vllpiperidin-4-yllmethyl)-6-methylpyrimidin-4-
vl]carbonyl}amino)acetic acid-d2

In accordance with Examples 22-(4) and 1-(13), but using
ethyl ({[5-(benzyloxy)-2-({1l-[4"~(hydroxymethyl)biphenyl~4~-
yllpiperidin-4-yl}methyl)-6-methylpyrimidin-4-
yllcarbonyllamino)acetate~d2 instead of ethyl ({[5-(benzyloxy)-
2-({1-[2-chloro-4’-(hydroxymethyl)biphenyl-4-yllpiperidin-4-
ylimethyl)-6-methylpyrimidin-4~yl]}carbonyl}amino)acetate, and
deuterated trifluorocacetic acid, methanol, agueous sodium
hydroxide solution and hydrochloric acid, the title compound
(yield 80%) was afforded as a yellowish white solid.
MS m/z: 493 (M+H)";
'H-NMR (400 MHz, DMSO-dg) &: 12.88 (1H, brs), 11.91 (1H, s), 9.38
(1H, t, J = 5 Hz), 7.54 (2H, d, J = 9 Hz), 7.50 (2H, d, J = 9
Hz), 7.34 (2H, 4, J = 9 Hz), 6.99 (2H, d, J = 9 Hz), 5.10 (1lH,
sy, 4.00 (2H, d, J = 5 Hz), 3.73 (2H, d, J = 12 Hz), 2.78 (2H,
d, 3 = 7 Hz)y, 2.71 (2H, dt, J = 12 Hz, 3 Hz), 2.44 (3H, s),
2.1%-2.02 (1H, m), 1.69 (2H, d, J = 12 Hz), 1.37 (2H, dg, J = 12
Hz, 3 Hz).
(Example 45)
[ ({5-Hydroxy-2-[ (1-{4’—[(28)-2-hydroxypropyl]biphenyl-4-
vllpiperidin-4-yl)methyl]-6-methylpyrimidin-4-
yllcarbonyl)aminolacetic acid

[Chemical 136]
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M S

(1) (28) -1~ (4’ -Bromobiphenyl-4-yl)propan-2-o0l
[Chemical 137]
Br

QH

A solution of n-butylmagnesium chloride in tetrahydrofuran
(2 M, 0.40 mL, 0.80 mmol) was diluted with tetrahydrofuran (1
mL}, and a solution of n—butyllithium in hexane (2.8 M, 0.57 mkL,
1.6 mmol) was added under a nitrogen atmosphere at 0°C, followed
by stirring at the same temperature for 10 minutes to prepare a
solution of tri-n-butylmagnesium lithium in tetrahydrofuran.

4,4’ -Dibromobiphenyl (0.62 g, 2.0 mmol) was dissolved in
tetrahydrofuran (5 mL), and a solution of tri-n-butylmagnesium
lithium in tetrahydrofuran was added under a nitrogen atmosphere
at 0°C, which was stirred at the same temperature for 1 hour,
followed by addition qf {(28)~2-methyloxirane (0.15 mL, 2.2
mmol). The temperature of the reaction sclution was raised to
room temperature, followed by stirring for 30 minutes, and
subsequently a saturated aqueous ammonium chloride solution was
added, followed by extraction with ethyl acetate. After the
solvent was distilled off under reduced pressure, the resulting
residue was purified by chromatography on a silica gel column
(Moritex Corporation, elution solvent: hexane/ethyl acetate),
and a fraction corresponding to the Rf value=0.40 (hexane/ethyl
acetate=2/1) by thin layer chromatography was .concentrated under
reduced pressure to afford the title compound (0.23 g, 0.79
mmol) as a white solid (yield 39%).

'H-NMR was the same as in Example 5-(3).
(2) [(18)-2-(4'-Bromobiphenyl-4-yl)-l-methylethoxy] (tert-
butyl)dimethylsilane
[Chemical 138]
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(25)-1- (4’ -Bromobiphenyl-4-yl)propan-2-ol (0.23 g, 0.79
mmol) and imidazole (0.11 g, 1.6 mmol) were dissolved in N,N-
dimethylformamide (5 mL), and tert-butyldimethylchlorosilane
(0.24 g, 1.6 mmol) was added under a nitrogen atmosphere,
followed by stirring at room temperature for 1 hour. Diethyl
ether was added to the reaction solution, followed by sequential
washing wiﬁh water and hydrochloric acid (1 M). After the
solvent was distilled off under reduced pressure, the resulting
residue was purified by chromatography on a silica gel column
(Moritex Corporation, elution sclvent: hexane/ethyl acetate),
and a fraction corresponding to the Rf value=0.80 (hexane/ethyl
acetate=10/1}) by thin layer chromatography was concentrated
under reduced pressure to afford the title compound (0.25 g,
0.62 mmol) as a white solid (yield 78%).

'H-NMR was the same as in Example 5-(4).
(3) [({5~Hydroxy—2-[(l~{4’~[(ZS)—2—hydroxypropyl]biphenyl—4—
yvllpiperidin-4-ylimethyl]-6-methylpyrimidin-4-
vl}carbonyl)amino]acetic acid

In accordance with Examples 1-(9) to 1~(13), but using
[(18)-2-(4’ ~bromobiphenyl-4-yl)~1-methylethoxy] (tert-
butyl)dimethylsilane instead of [ (4’-bromobiphenyl-4-
ylimethoxy] (tert-butyl)dimethylsilane, the title compound (yield
37%) was afforded as a white solid.
[o]p®® + 8.9°(¢c = 1.00, DMF)

MS and 'H-NMR were the same as in Example 5-(5).
(Example 46)
[{({5-Hydroxy-2-{(1-{4"~[ (2R) -2-hydroxypropyllbiphenyl-4-~
vilpiperidin-4-ylimethyl}-é-methylpyrimidin-4-
yvl}carbonyl)aminolacetic acid |

[Chemical 139]
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OH mil

In accordance with Examples 45-(1)
(28) -2-methyloxirane,

to 45-(3), but using

(2R) ~2-methyloxirane instead of the title

compound (yield 18%) was afforded as a white solid.

[a]p®® -8.9°(c = 1.00, DMF).
MS and 'H-NMR were the same as in Example 5-(5)

(Example 47)
[ ({5~Hydroxy-2~[(1-{4’-[({23)-2-hydroxybutyl]biphenyl-4-

yllpiperidin-4-yl)methyl]-6-methylpyrimidin-4-~
yvl}carbonyl)amino]acetic acid

[Chemical 140]

O
N OH
SEba:
e C

In accordance with Examples 45-(1) to 45-(3), but using

(28)~2-ethyloxirane instead of (2S)-2-methyloxirane, the title

compound (yield 8.2%) was afforded as a white solid.

[ap™® + 14.3°(c = 1.00, DMF).
MS and 'H-NMR were the same as in Example 27.

(Example 48)
[ ({5-Hydroxy-2~[(1-{4’~[ (2R)-2-hydroxybutyl]biphenyl-4-

yllpiperidin~-4-yl)methyl]-6-methylpyrimidin-4-
vl}lcarbonyl)aminolacetic acid '

[Chemical 141)
@]
(:T/\WN‘ H/\n,OH
Egnlv Nz O o
OH u;l

In accordance with Examples 45-(1)
(28)-2-methyloxirane,

to 45-(3), but using
(2R) -2-ethyloxirane instead of the title

(vield 8.2%) was afforded as a white solid.

compound
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[a]p™ -14.3°(c = 1.00, DMF).

MS and 'H-NMR were the same as in Example 27.
(Example 49)
[ ({5-Hydroxy-2-[(1-{47-[ (2R)-2~-hydroxy~3-methoxypropyl]lbiphenyl-
4-ylipiperidin-~4-ylimethyl]-6-methylpyrimidin-4-
vllcarbonyl)amino]acetic acid

[Chemical 142]

o
N OH
sagh e
e C
LOLA

In accordance with Examples 45-(1) to 45-(3), but using
(2R) -2~ (methoxymethyl)oxirane instead of (2S8)-2-methyloxirane,
the title compound (yield 6.6%) was afforded as a white solid.
[a]p®® + 6.5°(c = 1.00, DMF).
MS m/z: 549 (M+H)';
'H-NMR (500 MHz, DMSO~dg) &: 12.87 (1H, brs), 11.91 (1H, s), 9.40
(lH, t, J =5 Hz), 7.48 (2H, d, J = 9 Hz), 7.47 (2H, d, J =9
Hz), 7.23 (2H, d, J = 8 Hz), 6.99 (2H, d, J = 8 Hz), 4.75 (1lH,
brs), 4.00 (2H, 4, J = 5 Hz)y, 3.83-3.73 (1H, m), 3.73 (24, 4, J
= 12 Hz), 3.26 (3H, s), 3.23 (2H, d, J = 5 Hz), 2.78 (2H, 4, J
7 Hz), 2.74-2.67 (2H, m), 2.63 (2H, d, T = 6 Hz), 2.44 (3H, s),
2.15-2.03 (1H, m), 1.68 (2H, d, J = 12 Hz), 1.36 (2H, dg, J = 12

Hz, 3 Hz).

{(Example 50) -

[ ({5-Hydroxy-2-[(1-{4'~-[(28)~-2~hydroxy-3-methoxypropyllbiphenyl-
4-ylipiperidin-4-ylimethyl]-6-methylpyrimidin-4-
yvl}lcarbonyl)aminojacetic acid

[Chemical 143]

O
N CH
Oy
g
'S
O '

In accordance with Examples 45-(1) to 45-(3), but using

(28)-2- (methoxymethyl)oxirane instead of (2S)~2-methyloxirane,
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the title compound (yield 9.4%) was afforded as a white solid.
[a}p® -6.7°(c = 1.00, DMF).

MS and 'H-NMR were the same as in Example 49.
(Example 51)
{{[5~Hydroxy-2-({1-{4’~(3~hydroxypropyl)biphenyl-4-yl]lpiperidin-
4-ylimethyl) -6-methylpyrimidin-4-yl]lcarbonyl}lamino)acetic acid
[Chemical 144)]

O
N OH
o SpeaR:
HO

In accordance with Examples 36~(2) and 1-(10) to 1-(13),
but using [3-(4-bromophenyl)propoxy] (tert-butyl)dimethylsilane
instead of [ (4-bromo~-3-fluorocbenzyl)oxy] (tert-
butyl)dimethylsilane, the title compound (yield 9%) was afforded
as a pale vyellowish white solid.

MS m/z: 519 (M + H);

'H-NMR (500 MHz, DMSO-d¢) &: 12.88 (1H, brs), 11.91 (1H, s), 9.40
(1H, ¢, J = 6 Hz), 7.49 (2H, d, J = 8 Hz), 7.48 (2H, 4, J = 8
Hz), 7.22 (2H, d, J = 8 Hz), 6.98 (2H, d, J = 8 Hz), 4.47 (1H,.
t, J = 6 Hz), 4.01 (2H, d, J = 6 Hz), 3.73 (2H, d, J = 12 Hz),
3.43 (2H, g, J = 6 Hz), 2.78 (2H, d, J = 7 Hz), 2.70 (2H, t, J =
12 Hz), 2.61 (2H, t, J =7 Hz), 2.44 (34, s), 2.14-2.04 (1H, m),
1.76-1.65 (4H, m), 1.37 (2H, dg, J = 12 Hz, 3 Hzj.

(Example 52)
({[5-Hydroxy-2-({1-[4’ - (hydroxymethyl)-3'-isopropylbiphenyl~4-
yvllpiperidin-4-yllmethyl)-6~-methylpyrimidin-4-
vllcarbonyl}amino)acetic acid

[Chemical 145]

0O
N OH
Y
ros |

(1) 2-[5-Bromo-2-{{{tert-
butyl (dimethyl)silyl]oxylmethyl)phenyl]lpropan—-2-ol
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[Chemical 146]
Br

|

s©

-
OH

2=[5-Bromo-2~ (hydroxymethyl)phenyl]propan-2-ol (1.1 g, 4.4
mmol) and imidazole (0.78 g, 12 mmol) were dissolved in N,N-
dimethylformamide (5 mL), and tert-butyldimethylchlorosilane (0.86
g, 5.7 mmol) was added, followed by stirring at room temperature
overnight. Water was added to the reaction solution, followed by
extraction with hexane, and subsequently the extract was washed
sequentially with water and a saturated agqueous sodium chloride
solution, and dried over anhydrous sodium sulfate. After the
organic layer was concentrated under reduced pressure, the
resulting residue was purified by chromatography on a silica gel
column (Biotage Ltd., elution soclvent: hexane/ethyl acetate) to
afford the title compound (1.1 g, 3.1 mmol) as a colorless oil
(yield 70%).
'H-NMR (400 MHz, CDCl;) &: 7.43 (1H, d, J = 2 Hz), 7.31 (1H, dd, J =
8, 2 Hz), 7.16 (1H, d, J = 8 Hz), 4.93 (24, s), 4.34 (1H, s), 1.6l
(6H, s), 0.91 (9H, s), 0.11 (6H, s).
{2} [(4-Bromo~2~-isopropenylbenzyl)oxy] (tert~-butyl)dimethylsilane
[Chemical 147]

>Lér°

-

Br

2-[5-Bromo-2-({[tert-
butyl (dimethyl)silylloxylmethyl)phenyl]lpropan-2-0l (0.79 g, 2.2
mmol) was dissolved in dichloromethane (7 mL), and triethylamine

(0.61 mL, 4.4 mmol) and methanesulfonyl chloride (0.34 mlL, 4.4

mmol) were sequentially added dropwise at 0°C, followed by stirring
at room temperature for 3 hours. Water, hexane and ethyl acetate
were added to the reaction solution, followed by extraction with
hexane. The extract was washed sequentially with hydrochloric acid
(1 M), a saturated aqueous sodium hydrogencarbonate solution and a
saturated aqueous sodium chloride solution, and subsequently dried

over anhydrous sodium
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sulfate.

After the organic layer was concentrated under reduced
pressure, the resulting residue was dissolved in dichloromethane
(12 mL), and 1,8-diazabicyclo[5.4.0]Jundec-7~ene (DBU) (3.3 mi,
22 mmol) was added, followed by stirring at room temperature
overnight. The reaction solution was concentrated under reduced
pressure, and water and hexane were added, followed by
extraction with hexane. The extract was washed sequentially
with hydrochloric acid (1 M), a saturated aqueous sodium
hydrogencarbonate solution and a saturated agqueous sodium
chloride solution, and subsequently dried over anhydrous sodium
sulfate. After the solvent was distilled off under reduced
pressure, the resulting residue was purified by chromatography
on a silica gel column (Biotage Ltd., elution solvent: hexane)
to afford the title compound (0.56 g, 1.6 mmol) as a colorless
oil (yield 74%).

'"H-NMR (400 MHz, CDCls) &: 7.39 (lH, d, J = 9 Hz), 7.38 (1H, d, J
= 9 Hz)}, 7.25 (1H, brs), 5.21 (1H, s), 4.84 (1H, s), 4.65 (2H,
s), 2.01 (3H, s), 0.92 (SH, s), 0.08 (6H, s).

(3) tert-Butyl 5-(benzyloxy)-2~({1-[{4’ - (hydroxymethyl)-3'-
isopropenylbiphenyl-4-yllpiperidin~4-ylimethyl)-6- |
methylpyrimidine-4-carboxylate

[Chemical 148]

OOJ<

In accordance with Examples 36-(2) and 18-(6), but using
[ {(4-bromo-2-isopropenylbenzyl)oxy] (tert-butyl)dimethylsilane
instead of [ (4-bromo-3-fluorobenzyl)oxy] (tert~
butyl)dimethylsilane, the title compound (yield 72%) was
afforded as a vellow oil. '
'H~NMR (400 MHz, CDCls) &: 7.52-7.33 (8H, m), 7.49 (2H, d, J = 9
Hz), ©6.99 (2H, d, J = 9 Hz), 5.28-5.23 (1H, m), 5.01 (2H, s,
4.97~4.93 (1H, m), 4.71 (2H, s), 3.73 (2H, d, J = 12 Hz), 2.91
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(2H, 4, § = 7 Hz), 2.75 (2H, dt, J = 12 Hz, 3 Hz), 2.46 (3H, s},
2.17-2.06 (4H, m), 1.80 (2H, d, J = 12 Hz), 1.74 (1H, brs), 1.59
(9H, s), 1.53 (2H, dg, J = 12 Hz, 3 Hz).

(4) Ethyl ({[5-(benzyloxy)-2-({1-[4’~(hydroxymethyl)~-3’~
isopropenylbiphenyl-4-yl]piperidin-4~ylimethyl) -6~
methylpyrimidin-4-yllcarbonyl}lamino)acetate

[(Chemical 149]

N 0
P ﬁ/ﬁf ~
N Nz o O

O

In accordance with Example 1-(11), but using tert-butyl 5-
{(benzyloxy) ~2-({1-[4’ - (hydroxymethyl) -3’ ~isopropenylbiphenyl-4-
yilpiperidin~4-yllmethyl)-6-methylpyrimidine~4~carboxylate
instead of tert-butyl 5-(benzyloxy)-2-({1-{4"-
(hydroxymethyl)biphenyl-4-yllpiperidin-4-ylimethyl)-6-
methylpyrimidine-4-carboxylate, the title compound (yield 83%)
was afforded as a yellow oil.

'H-NMR (400 MHz, CDCls) &: 8.36 (1H, t, J = 5 Hz), 7.53-7.45 (6H,
m), 7.41-7.30 (4H, m), 6.99 (2H, d, J = 9 Hz), 5.28-5.23 (1lH,
m), 5.12 (24, s), 4.97-4.94 (1H, m), 4.72 (2H, d, J = 4 Hz),
4.27 (24, q, 3 = 7 Hz), 4.25 (2H, d, J = 5 Hz}, 3.74 (24, d, J =
12 Hz), 2.90 (2H, d, J = 7 Hz), 2.78 (2H, dt, J = 12 Hz, 3 Hz),
2.47 (3H, s), 2.17-2.07 (4H, m), 1.79 (2H, d, J = 12 Hz), 1.74
(14, brs), 1.%4 (28, dg, J = 12 Hz, 3 Hz), 1.32 (3H, t, I =7
Hz}.
(5) Ethyl ({[5~hydroxy-2-({1-[4"-(hydroxymethyl)-3'-
isopropylbiphenyl-4-vl]lpiperidin-4-yl}methyl)-6-methylpyrimidin-
4-yllcarbonyl}amino)acetate
[Chemical 150}

O

SRtA 0
Eiu N Nz OH 0
o JCI |
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Ethyl ({[5-(benzyvloxy)-2-({1-[4’'~(hydroxymethyl)-3’-
isopropenylbiphenyl-4-yllpiperidin-4-ylimethyl)-6-
methylpyrimidin-4-ylicarbonyl}amino)acetate (0.094 g, 0.14 mmol)
was dissolved in methanol (3 mL), and a palladium-activated
carbon ethylenediamine complex (0.090 g) was added, followed by
stirring at room temperature for 2 hours under a hydrogen
atmosphere. The reaction solution was filtered with celite, the
filtrate was concentrated under reduced pressure, and
subsequently the resulting residue was purified by
chromatography on a silica gel column (Biotage Ltd., elution
solvent: dichloromethane/ethyl acetate) to afford the title
compound (0.049 g, 0.088 mmol) as a yellowish white amorphous
solid (yield 60%).

'"H-NMR (400 MHz, CDCl;) &: 11.37 (1H, brs), 8.51 (1H, t, J =5
Hz), 7.50 (1H, s), 7.49 (2H, 4, J = 9 Hz), 7.36 (2H, s), 7.00
(28, d, J = 9 Hz), 4.76 (2H, s), 4.28 (2H, g, J =7 Hz), 4.22
(2H, d, J = 5 Hzy, 3.73 (2H, d, J = 12 Hz), 3.38-3.25 (1lH, m)},
2.83 (2H, d, J =7 Hz), 2.76 (2H, dt, J = 12 Hz, 3 Hz}, 2.54
(3H, s), 2.14-1.99 (1H, m), 1.78 (2H, d, J = 12 Hz), 1.74 (1H,
brsy, 1.52 (24, dg, J = 12 Hz, 3 Hz), 1.33 {(3H, t, J =7 Hz),
1.30 (6H, d, J = 7 Hz). ‘

(6) ({[5-Hydroxy-2-{({1-[4’-(hydroxymethyl)-3’~isopropylbiphenyl~
4-yllpiperidin-4-yllmethyl)-6-methylpyrimidin-4-
yljcarbonyl}amino)acetic acid

In accordance with Example 1-(13), but using ethyl ({[5-
hydroxy-2-({1-[4'~ (hydroxymethyl)-3’~isopropylbiphenyl-4-
yllpiperidin-4-yljmethyl)-6-methylpyrimidin-4~
yl]carbonyl}amino)acetate insetad of ethyl ({[5-hydroxy-2-({1-
[47 - (hydroxymethyl)biphenyl-4-yllpiperidin-4-yl}lmethyl)-6-
methylpyrimidin-4-yl}carbonyl}amino)acetate, the title compound
(yvield 85%) was afforded as a white solid.

MS m/z: 533 (M+H)}";

'H~NMR (400 MHz, DMSO-dg¢) &: 12.88 (1H, s), 11.92 (1H, s), 9.41
(1B, t, 0 = 6 Hz), 7.51 (2H, brs), 7.45 (1H, s), 7.36 (2H, brs),
7.02 (2H, brs), 4.56 (2H, s), 4.01 (2H, d, J = 6 Hz), 3.72 (2H,
d, J = 12 BHz), 3.28-3.15 (1H, m), 2.87-2.62 (2H, m), 2.80 (2H,
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d, J =7 Hz), 2.45 (3H, s), 2.12 (lH, brs), 1.80-1.61 (2H, m),
1.53-1.31 (2H, m), 1.23 (6H, d, J = 7 Hz).

(Example 53)

[{({2-[(1-{5~[3~Fluoro-4- (hydroxymethyl)phenyl]lpyridin-2~-
vllpiperidin-4-yl)imethyl]-5-hydroxy-6-methylpyrimidin-4-
yl}carbonyl)aminolacetic acid

[Chemical 151]

In accordance with Example 1-(11), but using tert-butyl 5-
(benzyloxy)—2—{{1—(S—bromopyridin;Z»yl)piperidin-4—yl]methyl}—6—
methylpyrimidine-4-carboxylate (1.8 g, 3.2 mmol) obtained in
Example 19-(1) instead of tert-butyl 5-(benzyloxy)-2-({1-[4'-
(hydroxymethyl)biphenyl-4-yllpiperidin-4-yl}methyl)-6-
methylpyrimidine~4-carboxylate, ethyl ({[5-(benzyloxy)-2-{[1-(5-
bromopyridin-2-yl)piperidin-4-ylimethyl}-6-methylpyrimidin~-4-
yvllcarbonyllamino)acetate (1.7 g, 2.9 mmol) was afforded as a
pale vellow oil (yield 92%).

In accordance with Examples 19-(2), 1-(10), 22-(4) and 1-
(13), but using ethyl ({[5-(benzyloxy)-2~{[1-(5-bromopyridin-2-
vl)piperidin-4~yllmethyl}~6-methylpyrimidin-4-
yl]lcarbonyljamino)acetate instead of tert-butyl 5-(benzyloxy)-2Z-
{[1-(5-bromopyridin-2-yl)piperidin-4-yllmethyl}-6-
methylpyrimidine-4-carboxylate, and [ (4-bromo-Z-
fluorobenzyl)oxy] (tert-butyl)dimethylsilane instead of tert-
butyl[ (4-iodobenzyl)oxyldimethylsilane, the title compound
(vield 21%) was afforded as a white solid.

MS m/z: 510 (M+H)";

'H-NMR (500 MHz, DMSO-dg) &: 12.87 (1H, brs), 11.92 (1H, s), 9.38
(1, t, J = 5 Hz), 8.46 (1H, d4, J = 3 Hz), 7.85 (1H, dd, J = 9
Hz, 3 Hz), 7.50-7.40 (3H, m), 6.99 (1H, d, J = 9 Hz), 5.25 (1H,
t, J = 6 Hz), 4.54 (24, d, J = 6 Hz), 4.33 (2H, d, J = 13 Hz),
3.99 (2H, d, § = 5 Hz), 2.85 (2H, t, J = 13 Hz), 2.76 (2H, d, J
= 7 Hz), 2.44 (3H, s), 2.25-2.14 (1H, m), 1.66 (2H, d, J = 13
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Hz)y, 1.24 (2d, dg, J = 13 Hz, 3 Hz).

(Example 54)
[{({2-[(1-{5~[3-Chloro-4~{hydroxymethyl)phenyllpyridin-2-
vllpiperidin-4~yl)ymethyl]-5-hydroxy-6-methylpyrimidin~4-
vllcarbonyl)yaminolacetic acid

[Chemical 152]

In accordance with Exampie 53, but using [ (4-bromo-2-
chlorobenzyl)oxy] (tert-butyl)dimethylsilane instead of [ (4-
bromo-2~fluorobenzyl)oxy] (tert~butyl)dimethylsilane, the title
compound ({(yield 22%) was afforded as a white solid.

MS m/z: 526 (M+H)*;

'H-NMR (500 MHz, DMSO-dg¢) &: 12.89 (1H, brs), 11.92 (1lH, s), 9.39
(i, t, 0 = 5 Hz), 8.46 (l1H, d, J = 3 Hz), 7.86 (1H, dd, J = 9
Hz, 3 Hz), 7.66 (1H, s), 7.63-7.54 (2H, m), 6.90 (1H, d, J = 9
Hz), 5.40 (1H, t, J =5 Hz), 4.57 (2H, 4, J = 5 Hz), 4.35 (Z2H,
13 Hz), 4.00 (2H, 4, § = 5 Hz), 2.85 (2H, t, J = 13 Hz},

il

d, J
2.77 (24, d, J = 7 Hz), 2.45 (3H, s), 2.25-2.16 (lH, m), 1.67

(24, d, J = 13 Hz), 1.25 (2H, dgq, J = 13 Hz, 3 Hz).

(Example 55)

[ ({5~Hydroxy-2-[(1~{5~[4~(hydroxymethyl)-3-methylphenyl]pyridin-
2-ylipiperidin-4-yl)methyll-6é-methylpyrimidin-4-
yv1l}carbonyl)aminolacetic acid

[Chemical 153]

In accordance with Example 53, but using [ (4-bromo-2-
methylbenzyl)oxy}(tert-butyl)dimethylsilane instead of {(4~
bromo-2~fluorcbenzyl)oxy] {(tert-butyl)dimethylsilane, the title
compound (yield 18%) was afforded as a white solid.

MS m/z: 506 (M+H)™;
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'H-NMR (500 MHz, DMSO-dg) &: 12.89 (1H, brs), 11.91 (1H, s), 9.39
(1, t, J = 5 Hz), 8.41 (lH, 4, J = 2 Hz), 7.80 (1H, dd, J = 9
Hz, 2 Hz), 7.41-7.35 (3H, m), 6.88 (1H, d, J = 9 Hz), 5.05 (1H,
t, J =05 Hz), 4.49 (24, d, J = 5 Hz), 4.32 (2H, d, J = 13 Hz),
4.00 (24, d, § = 5 Hz), 2.83 (2H, t, J = 13 Hz), 2.76 (2H, 4, J
= 7 Hz), 2.44 (3H, s), 2.29 (3H, s), 2.24-2.14 (1H, m), 1.66
(2H, d, J = 13 Hz), 1.24 (2H, dg, J = 13 Hz, 3 Hz).

(Formulation Examples)

Formulation Example 1 (Injection)

1.5% by weight of a compound of the Examples is stirred in
10% by volume of propylene glycol, then adjusted to a fixed
volume with water for injection, and subsequently sterilized to
obtain an injection.

Formulation Example 2 (Hard capsule)

100 mg of a powdery compound of the Examples, 128.7 mg
lactose, 70 mg cellulose and 1.3 mg magnesium stearate are
mixed, passed through 60 mesh sieve; and subsequently the
resulting powders are put into 250 mg of No. 3 gelatin capsule
to obtain capsules.

Formulation Example 3 (Tablet)

100 mg of a powdery compound of the Examples, 124 mg
lactose, 25 mg cellulose and 1 mg magnesium stearate are mixed,
and tableted with a tablet-making machine to obtain tablets each
having 200 mg. This tablet can be coated as necessary.

(Test Example)

The pharmacological activity of the compounds of the
present invention were confirmed by the testing indicated below.

In vitro erythropoietin (EPO) induction activity of test
compounds was evaluated using human liver cancer-derived cell
line Hep3B (ATCC, Manassas, VA). Hep3B cells were cultured
overnight at 37°C in Dulbecco’s modified Eagle’ s medium (DMEM)
in the presence of 10% fetal bovine serum (FBS) (24-well plate,
1.0 x 10° cells/well). After replacing with fresh DMEM (+10%
FBS) containing a test compound dissolved in 0.5% dimethyl
sulfoxide (DMSO) (prepared to a concentration of 12.5 uM) or a

solvent control (0.5% DMSO), the cells were cultured for Z4
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hours at 37°C. After recovering the culture supernatant, EPO
concentration in the culture supernatant was quantified using a
human EPC ELISA kit (StemCell Technologies).

The EPO concentration in the case of using a compound of
each example as a test compound was expressed as a multiple of
the EPO concentration in the control. The results are shown in
Table 1. The EPO concentration in the case of using a compound
of each example was remarkably increased compared with the EPO
concentration of the solvent control. Namely, the compounds of
the present invention demonstrated superior EPO production-
enhancing activity, and are useful as a medicament (in

particular, a medicament for prophylaxis or treatment of

anemia) .
[Table 1]
Number of Compound of EPO Concentration
Example (multiple)

Control (0.5% DMSO) 1
1' 5
3 24
4 73
5 48
6 36
7 50
8 94
9 36
16 47
20 11
24 30
25 ' 22
26 13

27 30
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30 23
35 53
36 25
37 31
38 24
39 18
40 25
41 20
42 28
44 26
45 41
46 45
47 34
48 42
49 18
50 23

[Industriai Applicability]

The compound of the present invention, pharmacologically
acceptable ester thereof or pharmacologically acceptable salt
thereof has a superior EPO production-enhancing activity, and is
useful for diseases or the like caused by decreased EPO.
Specifically, the compound of the present invention,
pharmacologically acceptable ester thereof or pharmacologically
acceptable salt thereof is useful as a medicament for the
prophylaxis and/or treatment of anemia, preferably nephrogenic
anemia, anemia of prematurity, anemia incidental to chronic
diseases, anemia incidental to cancer chemotherapy, cancerous
anemia, inflammation-associated anemia, or anemia incidental to
congestive heart failure, more preferably anemia incidental to

chronic kidney disease, and can also be used as a medicament for
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the prophylaxis and/or treatment of ischemic cerebrovascular

disease.
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CLAIMS
1. A compound represented by the following general formula
(1):‘
3
R
1 N )\
R/\( TN coH (1)
l H
N_ =
OH
2
R
wherein,

R' represents a group represented by the following general

formula (1B):

AV} N
N
v M X R (18)
|
R R
wherein,

R® represents a hydrogen atom, a halogeri atom or a C;-Cs
alkyl group,

R® represents a hydrogen atom, a halogeri atom, a C;-Cs alkyl
group, a carbamoyl group, a C;-Cs alkylcarbamoyl group, or a (Ci-
Ce¢ alkyl) (C;-Cy alkyl)carbamoyl group,

R’ represents a hydroxy C:;-C¢ alkyl group which may have 1
or 2 substituents independently selected fromm substituent group
o, a hydroxyhalo C;-C; alkyl group which may have 1 or 2
substituents independently selected from substituent group o, a

C1-Cs alkoxy C;-Cs alkyl group which may have 1 or 2 substituents
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independently selected from substituent group o, a (C,-Cg
alkoxy)carbonyl group which may have 1 or 2 substituents
independently selected from substituent group o, a Ci1-C¢ alkoxy
C,-Cs alkoxy Cy-C¢ alkyl group which may have 1 or 2 substituents
independently selected from substituent group o, a hydroxy C;-Cg
alkoxy group which may have 1 or 2 substituents independently
selected from substituent group o, a C;-Cs alkyvlcarbamoyl group
which may have 1 or 2 substituents independently selected from
substituent group o, a (C,-Cs alkyl) (C;~Cs alkyl)carbamoyl group
which may have 1 or 2 substituents independently selected from
substituent group o, a C;-C¢ alkoxycarbamoyl group which may have
1 or 2 substituents independently selected from substituent
group o, a C,-Cs alkylcarbamoyl C;~Cs; alkyl group which may have
1 or 2 substituents independently selected from substituent
group o, a {(Ci~-C¢ alkyl) (Ci-C¢ alkyl)carbamoyl C.,-Cs alkyl group
which may have 1 or 2 substituents independently selected from
substituent group o, a C,-C; alkanoylamino group which may have 1
or 2 substituents independently selected from substituent group
o, a Cy-Cy; alkanoylamino C;-Cs alkyl group which may have 1 or 2
substituents independently selected from substituent group o, or
a C,-C; alkanoyloxy C;-Cs alkyl group which may have 1 or 2
substituents independently selected from substituent group o,

substituent group o represents a group consisting of an
ox0 group, a hydroxy group, an amino group, a carboxy group, a
carbamoyl group, a C;-C¢ alkoxy group, a halo C;-C¢ alkoxy group,
a C,~Cy alkanoylamino group, a hydroxyimino group, and a C;-Cg
alkoxyimino group,

V, W and Y, each independently, represent a carbon atom
having 1 hydrogen atom or a nitrogen atom, and

X represents a single bond, methylene, or ethylene,

R? represents a C;-C; alkyl group or a methylsulfanyl group,
and

R® represents a hydrogen atom or a methyl group, a
pharmacologically acceptable ester therecf, or a

prharmacologically acceptable salt thereof.
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2. A compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to claim 1,

wherein R? is a methyl group or a methylsulfanyl group.

3. A compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to claim 1,

wherein R® is a methyl group.

4. A compound, pharmacolcogically acceptable ester thereof, or

‘pharmacologically acceptable salt thereof according to any one

of claims 1 to 3, wherein R® is a hydrogen atom.

5. A compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one

of claims 1 to 4, wherein R® is a hydrogen atom, a halogen atom

or a methyl group.

6. A compound, pharmacologically acceptable ester thereof, or

pharmacologically acceptable salt thereof according to any one

of claims 1 to 4, wherein R® is a hydrogen atom.

7. A compound, pharmacologically acceptable ester therecf, or
pharmacologically acceptable salt thereof according to any one
of claims 1 to 6, wherein R® is a hydrogen atom, a halogen atom,

or a methyl group.

8. A compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one

of claims 1 to 6, wherein R® is a hydrogen atom.

9. A compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of claims 1 to 8, wherein R’ is a hydroxy C;-C¢ alkyl group, a
hydroxyvhalo C;-Cs alkyl group, a C;~-C¢ alkoxy C;-Cs alkyl group, a
hydroxy C;-Cs; alkoxy C;-Cs alkyl group, a (C;-C¢ alkoxy)carbonyl
group, a C;-Cs; alkoxy C;-Cs alkoxy C;-Cs alkyl group, a hydroxy
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C,-Cs alkoxy group, a C;~Cs alkylcarbamoyl group, a (C;-Cs
alkyl) (C1-Cs alkyl)carbamoyl group, a hydroxy C;-Cg
alkylcarbamoyl group, a C.-Cs alkoxycarbamoyl group, a C;-Cg
alkylcarbamoyl C:-Cs alkyl group, a (C.-Cs alkyl) (C.-Cs
alkyl)carbamoyl C;-Cs alkyl group, or a hydroxy C;-Cs
alkylcarbamoyl C,~C¢ alkyl group.

10. A compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of claims 1 to 8, wherein R’ is a,hydroxymethyl group, a 1-
hydroxyethyl group, a 2-hydroxyethyl group, a 1,1-difluoro-2-
hydroxyethyl group, a 2-hydroxypropvl group, a 3-hydroxypropyl
group, a 1,1-difluoro-2-hydroxypropyl group, a 2-hydroxybutyl
group, a 2-hydroxy-1,l-dimethylethyl group, a 1,1-difluoro-2-
hydroxy-2-methylpropyl group, a methoxymethyl group, a 2-
hydroxy-3-methoxypropyl group, a methoxycarbonyl group, an
ethoxycarbonyl group, a methoxymethoxymethyl group, a 1-
methoxymethoxyethyl group, a 2-hydroxyethoxy group, a
methylcarbamoyl group, a dimethylcarbamoyl group, a
methylcarbamoylmethyl group, a dimethylcarbamoylmethyl group, a
hydroxyethylcarbamoyl group, or a hydroxvethylcarbamoylmethyl

group.

11. A compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of claims 1 to 8, wherein R’ is a hydroxymethyl group, a 1-
hydroxyethyl group, a 2-hydroxyethyl group, a 2-hydroxypropyl
group, a 3-hydroxypropyl group, a 2-hydroxybutyl group, a 2-
hydroxy-1,1~-dimethylethyl group, a methoxymethyl group, a 2-
hydroxy-3-methoxypropyl group, an ethoxycarbonyl group, a 1-
methoxymethoxyethyl group, a 2-hydroxyvethoxy group, a
methylcarbamoyl group, a dimethylcarbamoyl group, or a

dimethylcarbamoylmethyl group.

12. A compound, pharmacologically acceptable ester thereof, or

pharmacologically acceptable salt thereof according to any one
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of claims 1 to 11, wherein X is a single bond or methylene.

13. A compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of claims 1 to 4, wherein:

R® represents a hydrogen atom, a halogen atom or a Ci;-
Cs alkyl group,

R® represents a hydrogen atom, a halogen atom, a C;-Cs alkyl
group, a carbamovl group, a C;-Cs alkylcarbamoyl group, or a (C-
Cs alkyl) (C1-Cs alkyl)carbamoyl group,

R’ represents a hydroxymethyl group, a l-hydroxyethyl
group, a 2-hydroxyethyl group, a 1,l-difluoro-2-hydroxyethyl
group, a 2-hydroxypropyl group, a 3-hydroxypropyl group, a 1,1-
difluoro-2-hydroxypropyl group, a 2-hydroxvybutyl group, a 2-
hydroxy~1,1l-dimethylethyl group, a 1,1-difluoro-2-hydroxy-2-
methylpropyl group, a methoxymethyl group, a 2-hydroxy-3-
methoxypropyl group, a methoxycarbonyl group, an ethoxycarbonyl
group, a methoxymethoxymethyl group, a l-methoxymethoxyethyl
group, a 2-hydroxyethoxy group, a methylcarbamoyl group, a
dimethylcarbamoyl group, a methylcarbamoylmethyl group, a
dimethylcarbamoylmethyl group, a hydroxyethylcarbamoyl group, or
a hydroxyethylcarbamoylmethyl group, and

X represents a single bond or methylene.

14. A compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of claims 1 to 4, wherein:

R' represents a group represented by any one of the

following general formula (1B-1) to general formula (1B-8)
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(1B-1) (1B-2) (1B-3)
D O D
R RrY
(1B-5) (1B-6) (1B-7) (1B-8)

wherein,

R’ represents a hydroxymethyl group, a l-hydroxyethyl group, a
2-hydroxyethyl group, a 1,1l-difluoro-2-hydroxyethyl group, a 2-
hydroxypropyl group, a 3-hvdroxypropyl group, a 1,l1-difluoro-2-
hydroxypropyl group, a 2-hydroxybutyl group, a 2-hydroxy-1,1-
dimethylethyl group, a 1,1—difluoro~2—hydroky~2~methylpropyl
group, a methoxymethyl group['a 2-hydroxy-3-methoxypropyl group,
a methoxycarbonyl group, an ethoxycarbonyl group, a
methoxymethoxymethyl group, a l-methoxymethoxyethyl group, a 2-
hydroxyethoxy group, a methylcarbamoyl group, a
dimethylcarbamoyl group, a methylcarbamoylmethyl group, a
dimethylcarbamoylmethyl group, a hydroxyethylcarbamoyl group, or
a hydroxyethylcarbamoylmethyl group.

15. A compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of claims 1 to 4, wherein:

R' represents a group represented by any one of the
following general formula (1B-1), general formula (1B-2),
general formula (1B-3), general formula (1B-5), or general

formula (1B-6)
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o7 57 o

(1B-1) (1B-2) " (1B3)

O‘XWC‘?‘

(1B-5) (1B-6)
wherein,
R’ represents a hydroxymethyl group, a l-hydroxyethyl group, a
2-hydroxyethyl group, a 1,1-difluoro-2-hydroxyethyl group, a 2-
hydroxypropyl group, a 3-hydroxypropyl group, a 1,1-difluoro-2-
hydroxypropyl group, a 2-hydroxybutyl group, a 2-hydroxy-1,1-
dimethylethyl group, a 1,1-difluoro-2-hydroxy-2-methylpropyl
group, a methoxymethyl group, a 2-hydroxy-3-methoxypropyl group,
a methoxycarbonyl group, an ethoxycarbonyl group, a
methoxymethoxymethyl group, a l-methoxymethoxyethyl group, a 2-
hydroxyethoxy group, a methylcarbamoyl group, a
dimethylcarbamoyl group, a methylcarbamoylmethyl group, a
dimethylcarbamoylmethyl group, a hydroxyethylcarbamoyl group, or
a hydroxyethylcarbamoylmethyl group.

16. A compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of claims 13 to 15, wherein R’ represents a hydroxymethyl group,
a l-hydroxyethyl group, a 2-hydroxyethyl group, a 2-
hydroxypropyl group, a 3-hydroxypropyl group, a 2-hydroxybutyl
group, a 2-hydroxy-1,1l-dimethylethyl group, a methoxymethyl
group, a 2-hydroxy-3-methoxypropyl group, an ethoxycarbonyl
group, a l-methoxymethoxyethyl group, a 2Z2-hydroxyethoxy group, a
methylcarbamoyl group, a dimethylcarbamoyl group, or a

dimethylcarbamoylmethyl group.



10

15

20

25

30

35

MCSLLP
176

17. A compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one
of claims 13 to 15, wherein, in the case where R’ represents a
group having a hydroxy group (a hydroxy C,-C¢ alkyl group, a
hydroxyvhalo C,-Cs alkyl group, a hydroxy C;~Cg alkoxy group, a
hydroxy C,-Cs; alkylcarbamoyl group, of a hydroxy C,-Cq
alkylcarbamoyl C;-C¢ alkyl group), the hydroxy group forms an

ester bond with a C;-Cs alkanoyl group.

18. A compound or pharmacologically acceptable salt thereof
according to claim 1, selected from the following:
({[5~-hydroxy-2-({1-[4'~- (hydroxymethyl)biphenyl-4-yvl]lpiperidin-4-
yvllmethyl)-6-methylpyrimidin-4-yllcarbonyllamino)acetic acid,
({[2-({1-[4'- (acetoxymethyl)biphenyl-4-yllpiperidin-4-
vllimethyl)-5-hydroxy-6-methylpyrimidin-4-
yllcarbonyl}amino)acetic acid,

({[5-hydroxy-2~-({1-[4'- (l-hydroxyethyl)biphenyl-4-vl]lpiperidin-
d-yl1imethyl)-6-methylpyrimidin-4-y1l]carbonyl }amino)acetic acid,
({[5-hydroxy-2-({1-[4'-{2-hydroxyethyl)biphenyl-4-yllpiperidin-
4-yllimethyl)-6-methylpyrimidin-4-yl]lcarbonyl }amino)acetic acid,
({[5-hydroxy-2-{{1-[4'~(2-hydroxypropyl)biphenyl-4-yl]lpiperidin-
4-yvl}imethyl)-6-methylpyrimidin-4-yllcarbonyl}amino)acetic acid,
({[5-hydroxy-2-({1-[4'-{(2-hydroxy-1,1-dimethylethyl)biphenyl-4-
vllpiperidin-4-yl}imethyl)-6-methylpyrimidin-4-
vllcarbonyllamino)acetic acid,

({[2-({1-[4"'~ (dimethylcarbamoyl)biphenyl~-4~-yl]lpiperidin-4-
y1llmethyl)-5~hydroxy-6-methylpyrimidin-4-
yvllcarbonyllamino)acetic acid,

({[5-hydroxy-6-methyl-2- ({1-[4'-{methylcarbamoyl)biphenyl-4-
yvllpiperidin-4-ylimethyl)pyrimidin-4-ylJjcarbonyl}amino)acetic
acid,

[({2-[(1-{4"~[2-(dimethylamino)-2-oxoethyl]lbiphenyl-4-
v1llpiperidin-4-yl)methyl]l-5-hydroxy-6-methylpyrimidin-4-
vllcarbonyl)aminolacetic acid,

[ ({5-hydroxy~2-[(1-{4-[4- (hydroxymethyl)benzyl]lphenyllpiperidin-
4-yv1imethyl]-6-methylpyrimidin-4-yl}icarbonyl)aminolacetic acid,
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[ ({5-hydroxy-2-[{(1~-{4-[3~ (hydroxymethyl)benzyl]phenyllpiperidin-
4d-yvl)methyl]-6-methylpyrimidin-4-yl}carbonyl)aminolacetic acid,
[ ({5-hydroxy-2-[{1-{4-[5-(1-hydroxvethyl)pyridin-2-
v1llphenyllpiperidin-4-vliimethyll-6-methylpyrimidin-4-
v1}tcarbonyl)aminolacetic acid,

{[(5~hydroxy-2-{[1-(4-{5-[1- {methoxymethoxy)ethyvl]lpyridin-2-
v1liphenyl)piperidin-4-vl]lmethyl}-6-methylpyrimidin-4-
vl)carbonyllamino}acetic acid,
L({2~[(1-{4~[5-(1l~acetoxyethy]l)pyridin-2-yl]lphenyl}piperidin-4-
v1l)methyl]l-5-hydroxy-6-methylpyrimidin-4-
yvllcarbonyl)aminolacetic acid,

[ ({5~hydroxy-2-[(1-{4-[5- (hydroxymethyl)pyridin-2-
v1lphenylipiperidin-4-yl)methyl]-6-methylpyrimidin-4-
yvllcarbonyl)aminolacetic acid,
[({2-[(1-{4-[5-(ethoxycarbonyl)pyridin-2-yllphenylpiperidin-4-
v1iimethyll-5-hydroxy-6-methylpyrimidin-4-
vllcarbonyl)aminolacetic acid,
[({2-[(1-{4-[2-(ethoxycarbonyl)benzyllphenyl}lpiperidin-4-
vl)methyll-5-hydroxy-6-methylpyrimidin-4-~
vll}carbonyl)aminolacetic acid,
{[{(5~hydroxy-2-{[1-(4-{[6-(2-hydroxyethoxy)pyridin-3-
v1lmethyllphenyl)piperidin-4-yllmethyl}-6-methylpyrimidin-4-
vl)carbonyllamino}acetic acid,

[ ({5-hydroxy-2-[(1-{5-[4- (hydroxymethyl)phenyl]pyridin-2-
vllpiperidin~-4-yl)methyl]-6-methylpyrimidin-4-
vl1llcarbonyl)aminolacetic acid,

[ ({5~hydroxy~2-[(1-{5-[4~(2-hydroxypropyl)phenyllpyridin-2-
vllpiperidin-4-yl)methyl]-6-methylpyrimidin-4-
vllcarbonyl)aminolacetic acid,

[ ({5-hydroxy-2-[(1-{5-[4-(2-hydroxy-1,1-
dimethylethyvl)phenyllpyridin-2-vllpiperidin-4-yl)methyl]-6-
methylpyrimidin-4-vl}carbonyl)aminolacetic acid,
({[2-({1-[2-chloro-4’' - (hydroxymethyl)biphenyl-4-yvl]lpiperidin-4-
vlimethyl)-5~-hydroxy-6-methylpyrimidin-4-
v1lcarbonyllamino)acetic acid,

({[5-hydroxy~-2-({1-[4’'-(hydroxymethyl)-2-methylbiphenyl-4-



10

15

20

25

30

35

MCSLLP
178

yvllpiperidin-4~vyllimethyl)-6-methylpyrimidin-4-
vllcarbonyllamino)acetic acid,
({[2-({1-[3"-chloro-4’ - (hydroxymethyl)biphenyl-4-vyl]lpiperidin-4-
viimethyl)-5-hydroxy-~6-methylpyrimidin-4-
v1llcarbonyllamino)acetic acid,
({[5-hydroxy-2~-({1-[4’' - (hydroxymethyl)-2’'-methylbiphenyl-4-
vllpiperidin-4-ylimethyl)-6-methylpyrimidin-4-
v1llcarbonyllamino)acetic acid,
({[5-hydroxy-2-{{1-[4'- (hydroxymethyl)-2,3’'-dimethylbiphenyl-4-
vllpiperidin-4~-ylimethyl)-6-methylpyrimidin-4-
v1l]lcarbonyllamino)acetic acid,
({[5-hydroxy-2-{({1-[4'-({2-hydroxybutyl)biphenyl-4-vl]lpiperidin-
4-y1limethyl)-6-methylpyrimidin-4-yl]carbonyl }amino)acetic acid,
[{{5-hydroxy-2~-[({1-{4~[4~-(2~
hydroxypropyl)benzyl]lphenyl}piperidin-4-ylimethyl]-6-
methylpyrimidin-4-yllcarbonyl)aminolacetic acid,
[({5-hydroxy-2~-[(1-{4~[4- (2-hydroxy-1,1-
dimethylethyl)benzyl]lphenyll}piperidin-4-yl)methyl]-6-
methylpyrimidin-4-yllcarbonyl)aminoclacetic acid,
({[2-({1~-[4'-(1,1~-difluoro-2-hydroxyethyl)biphenyl-4-
vllpiperidin-4-yllmethyl) -5-hydroxy-6-methylpyrimidin-4-
v1llcarbonyltamino)acetic acid,
({[2-({1~[4'-(1,1-difluoro-2-hydroxypropyl)biphenyl-4-
vllpiperidin-4-ylimethyl)-5-hydroxy-6-methylpyrimidin-4-~
vl]carbonylamino)acetic acid,
({[2-({1~-[4'-(1,1~difluocro-2-hydroxy-2-methylpropyl)biphenyl-4-
vllpiperidin-4-v1llimethyl)-5-hydroxy-6-methylpyrimidin-4-
vllcarbonyllamino)acetic acid,
{[{5-[(2,2~dimethylpropanoyl)oxyl-2-{[1-(4'-{[(2,2~
dimethylpropanoyl)oxy]lmethyl}biphenyl-4-yl)piperidin-4-
v1]lmethyl}-6-methylpyrimidin-4-vl1l)carbonyl]aminolacetic acid,
{{(2-{[1-(4"-{[(2,2-dimethylpropanoyl)oxylmethyl}biphenyl-4-
vl)piperidin-4-vl]lmethyl}-5-hydroxy-6-methylpyrimidin-4-
vl)carbonyllaminolacetic acid,
({[5-hydroxy-2-({1-[4’~- (methoxymethyl)biphenyl-4-v1]lpiperidin-4-
vllmethyl)-6-methylpyrimidin-4-vllcarbonyllamino)acetic acid,
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({[2-({1-[2'-fluoro-4’' - (hydroxymethyl)biphenyl-4-yl]piperidin-4-
vlimethyl)~5-hydroxy-6-methylpyrimidin-4-
vlicarbonyllamino)acetic acid,

({[2-({1-[3'-fluoro-4'~ (hydroxymethyl)biphenyl-4-vl]lpiperidin-4-
yv1limethyl)~5-hydroxy-6-methylpyrimidin-4-
vlicarbonyllamino)acetic acid,

({[2-({1-[2-fluor0o~-4'- (hydroxymethyl)biphenyl-4-v1]Ilpiperidin-4-
yvlimethyl)-5-hydroxy-6-methylpyrimidin-4-
vl]carbonyl}amino)acetic acid,

({[2-({1-[3-fluoro-4'- (hydroxymethyl)biphenyl-4-y1l]lpiperidin-4-
v1lmethyl)~5-hydroxy-6-methylpyrimidin-4-
vllcarbonyl}lamino)acetic acid,

({[5-hydroxy-2-({1-[4'~ (hydroxymethyl)-3’-methylbiphenyl-4-
vllpiperidin-4-ylimethyl)-6-methylpyrimidin-4-
vllcarbonyllamino)acetic acid,

({[2-({1-[3",5"~difluoro-4'- (hydroxymethyl)biphenyl-4-
vllpiperidin-4-vl}imethyl)-5-hydroxy=-6-methylpyrimidin-4-
vllcarbonyl}amino)acetic acid,
({[2-({1-[37,5"=dichloro-4 '~ (hydroxymethyl)biphenyl-4-
vllpiperidin-4-vyllimethyl) -5-hydroxy-6-methylpyrimidin-4-
vllcarbonyl}lamino)acetic acid,

({[2-({1-[3",5"-dimethyl-4"’~ (hydroxymethyl)biphenyl-4-
vllpiperidin-4-vyl1limethyl)-5-hydroxy-6-methylpyrimidin-4-
yl]lcarbonyll}lamino)acetic acid,

[ ({5-hydroxy-2-[(1-{4’'~-[2-hydroxy-3-methoxypropyllbiphenyl-4-
vilpiperidin-4-yl)methyl]-6-methylpyrimidin-4-
vllcarbonyl)aminolacetic acid,
({[5-hydroxy-2-({1~-[4’~(3-hydroxypropyl)biphenyl-4-yllpiperidin-
4-ylimethyl)-6-methylpyrimidin-4-yl]carbonyl}lamino)acetic acid,
({[5~hydroxy-2-({1-[4'- (hydroxymethyl)-3'-isopropylbiphenyl-4-
vllpiperidin-4-vyllmethyl) -6-methylpyrimidin-4-
v1]lcarbonyll}tamino)acetic acid,

[({2-[(1-{5-[3-fluoro-4- (hydroxymethyl)phenyl]lpyridin-2-
vllpiperidin-4-yl)methyl]-5~-hydroxy~-6-methylpyrimidin-4-
vl}carbonyl)aminolacetic acid,

[({2~[(1-{5-[3-chloro~-4- (hydroxymethyl)phenyl]lpyridin-2-
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vllpiperidin-4-yl)methyl]-5-hydroxy-6-methylpyrimidin-4-
yllcarbonyl)aminolacetic acid, or

[{({5-hydroxy-2-[(1-{5~[4~ (hydroxymethyl)-3-methylphenyl]pyridin-
2-yllpiperidin-4-ylimethyl]-6-methylpyrimidin-4-

vll}carbonyl)aminolacetic acid.

19. A pharmaceutical composition containing as an active
ingredient a compound, pharmacologically acceptable ester
thereof, or pharmacologically acceptable salt thereof according

to any one of claims 1 to 18.

20. A pharmaceutical composition according to claim 19, for

the prophylaxis and/or treatment of anemia.

21. A pharmaceutical composition according to claim 20,
wherein the anemia is nephrogenic anemia, anemia of prematurity,
anemia incidental to chronic diseases, anemia incidental to
cancer chemotherapy, cancerous anemia, inflammation-associated

anemia, or anemia incidental to congestive heart failure.

22. A pharmaceutical composition according to claim 20,

wherein the anemia 1s anemia incidental to chronic kidney

disease.

23. A pharmaceutical composition according to claim 19, for

producing erythropoietin.

24 . Use of a compound, pharmacologically acceptable ester
thereof, or pharmacologically acceptable salt thereof according

to any one of claims 1 to 18, for producing a medicament.

25, Use according to claim 24, wherein the medicament is a

medicament for the prophylaxis and/or treatment of anemia.

26. Use according to claim 25, wherein the anemia is

nephrogenic anemia, anemia of prematurity, anemia incidental to
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chronic diseases, anemia incidental to cancer chemotherapy,
cancerous anemia, inflammation-associated anemia, or anemia

incidental to congestive heart failure.

27. Use according to claim 25, wherein the anemia is anemia

incidental to chronic kidney disease.

28. A compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to any one

of claims 1 to 18, for use in a method for the treatment or

prophylaxis of a disease.

29. A compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to claim 28,

wherein the disease is anemia.

30. A compound, pharmacologically acceptable ester thereof,
or pharmacologically acceptable salt thereof according to claim
28, wherein the disease is nephrogenic anemia, anemia of
prematurity, anemia incidental to chronic diseases, anemia
incidental to cancer chemotherapy, cancerous anemia,
inflammation-associated anemia, or anemia incidental to

congestive heart failure.

31. A compound, pharmacologically acceptable ester thereof, or
pharmacologically acceptable salt thereof according to claim 28,

wherein the disease is anemia incidental to chronic kidney

disease.



