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Provided is a sulfonamide derivative represented by the following general formula (1) and having an a4 integrin inhibitory effect with
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Abstract

Provided is a sulfonamide derivative represented by the following
general formula (1) and having an ol integrin inhibitory effect with high
selectivity with a low effect on «ipl and a high effect on «d37, or a
pharmaceutically acceptable salt thereof (in the general formula (1), A, B, D,

E, Ru1, and a to h are as described in the description).
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Specification

Title of Invention: SULFONAMIDE DERIVATIVE AND
PHARMACEUTICAL USE THEREOF

Technical Field
[0001]

The present invention relates to a sulfonamide derivative or a
pharmaceutically acceptable salt thereof, and a pharmaceutical composition
containing such a compound as an active ingredient. In particular, the
present invention relates to a compound that is useful as a therapeutic
medicine or a preventive medicine for inflammatory disease in which an a4

integrin-dependent adhesion process is involved in pathological conditions.

Background Art
[0002]

Orally available compounds having an o4 integrin inhibitory effect
that are useful as a therapeutic medicine or a preventive medicine for
inflammatory disease in which an a4 integrin-dependent adhesion process is
involved in pathological conditions have already been known. IFor example,
Patent Literature 1 discloses a phenylalanine derivative represented by the
general formula (1) or a pharmaceutically acceptable salt thereof, and a

typical compound thereof has the following chemical structure.
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Further, Patent Literature 1 shows the results of VCAM inhibitory

activity (VCAM-1/04B1 binding assay) and (VCAM-1/a4B7 binding assay).
5 Further, Patent Literature 2 also discloses a phenylalanine
derivative represented by the general formula (1) below and having Rz (Ris)

N-X1- group at an end or a pharmaceutically acceptable salt thereof.

R14
0 N
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It 1s shown that this compound has high VCAM-1/a4f31 integrin
10 inhibitory activity in the presence of serum as compared with the compound
of EKxample 1 of Patent Literature 1. [Further, Patent Literatures 3 and 4

also disclose compounds having an a4 integrin inhibitory effect.
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Citation List

Patent Literature

[0004]

Patent Literature 1: WO 02/016329 A1
Patent Literature 2: WO 05/061466 A1
Patent Literature 3: WO 03/070709 A1l
Patent Literature 4: WO 01/042225 A1l

Summary of Invention
[0005]

The present invention aims to provide a new compound having a
chemical structural formula that is unknown so far and having excellent o4
integrin inhibitory effect.

In particular, the present invention aims to provide a new compound
having an a4 integrin inhibitory effect with high selectivity with a low effect
on a4B1 and a high effect on a4p7.

The present invention also aims to provide an orally available
compound having excellent a4 integrin inhibitory effect.

The present invention also aims to provide a pharmaceutical
composition containing such a new compound as described above and a
pharmaceutically acceptable carrier.

The present invention also aims to provide a medicine containing
such a new compound as described above.

The present invention also aims to provide a therapeutic agent or a
preventive agent for inflammatory disease 1in which an o437
integrin-dependent adhesion process is involved in pathological conditions.

The present invention also aims to provide an a4 integrin inhibitor.
[0006]

The present invention has been accomplished based on the finding

that a sulfonamide derivative having a specific chemical structure and
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containing, at an end, a sulfonamide group having, as a substituent, a hetero
ring group containing a heteroatom as a constituent element or a phenyl
group, or a pharmaceutically acceptable salt thereof has excellent o4
integrin inhibitory activity, and use of such a compound can solve the
above-described problems.

That is, the present invention includes the following aspects [1] to
[17].
(1] A sulfonamide derivative represented by the general formula (1) below or

a pharmaceutically acceptable salt thereof:

e A
Qs
f
O \h/
a B
c</ \ N
@) O
N o
S A
D N d
e |
Ra1
(1)
wherein

A represents a group represented by the general formula (2-1), (2-2), or (2-3)

below:
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R
’ Ri4
O\/ N R 1 Ria
] ] OYN Ris
Arm
N |
N
- R3 e Ry
o -0
(2 —1) (2-2)
R21 R51

R
O 25 R53
(2 —3) (2—4)

(0007]

wherein

Arm 1s a cyclic alkyl group or an aromatic ring containing 0, 1, 2, 3, or 4
heteroatoms selected from oxygen atoms, sulfur atoms, and nitrogen atoms,
R1, R11, R21, R51, and R52 each independently represent any one of a
hydrogen atom, a halogen atom, a hydroxyl group, a lower alkyl group, a
lower alkenyl group, a lower alkynyl group, a lower alkoxy group, a lower
alkylthio group, a hydroxy-lower alkyl group, a hydroxy-lower alkenyl group,
a hydroxy-lower alkoxy group, a halogeno-lower alkyl group, a
halogeno-lower alkoxy group, a halogeno-lower alkyithio group, a
halogeno-lower alkenyl group, a nitro group, a cyano group, an amino group,
a lower alkylamino group, a lower alkylamino-lower alkyl group, a carboxyl
group, a lower alkyloxycarbonyl group, a carbamoyl group, a lower alkanoyl
group, an aroyl group, a lower alkylsulfonyl group, a sulfamoyl! group, and an

ammonium group,
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R12, R13, and R14 each independently represent any one of a hydrogen atom,
a halogen atom, a hydroxyl group, a lower alkyl group, a lower alkenyl group,
a lower alkynyl group, a lower alkoxy group, a lower alkylthio group, a
hydroxy-lower alkyl group, a hydroxy-lower alkenyl group, a hydroxy-lower
alkoxy group, a halogeno-lower alkyl group, a halogeno-lower alkoxy group, a
halogeno-lower alkylthio group, a halogeno-lower alkenyl group, a nitro
group, a cyano group, an amino group, a lower alkylamino group, a lower
alkoxy-lower alkylene group, a lower alkylthio-lower alkylene group, a lower
alkylamino-lower alkylene group, a lower alkylamino-lower alkyl group, a
carboxyl group, a lower alkyloxycarbonyl group, a carbamoyl group, a lower
alkanoyl group, an aroyl group, a lower alkylsulfonyl group, a sulfamoyl
group, and an ammonium group, and

R2, R3, R22, R23, R24, R25, and R53 each independently represent any one
of a hydrogen atom, a halogen atom, a hydroxyl group, a lower alkyl group, a
lower alkenyl group, a lower alkynyl group, a lower alkoxy group, a lower
alkylthio group, a hydroxy-lower alky! group, a hydroxy-lower alkenyl group,
a hydroxy-lower alkoxy group, a halogeno-lower alkyl group, a
halogeno-lower alkoxy group, a halogeno-lower alkylthio group, a
halogeno-lower alkenyl group, a nitro group, a cyano group, an amino group,
a lower alkylamino group, a lower alkylamino-lower alkyl group, a carboxyl
group, a lower alkyloxycarbonyl group, a carbamoyl group, a lower alkanoyl
group, an aroyl group, a lower alkylsulfonyl group, a sulfamoyl group, and an
ammonium group,

B represents any one of an alkoxy group having 1 to 10 carbon atoms, a
hydroxyl group, or a hydroxyamino group, these groups being optionally
substituted with a substituent selected from the group consisting of an aryl
group, a hydroxyl group, an alkyl group having 1 to 10 carbon atoms, a lower
alkoxy group, a lower alkylamino group, a halogen atom, and a heterocyclic
group,

[0008]
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R41 represents a hydrogen atom or a lower alkyl group,

a, b, ¢, and d independently represent C-R31, C-R32, C-R33, or C-R34,
respectively, wherein one or two of a, b, ¢, and d may represent a nitrogen
atom,

R31, R32, B33, and R34 each independently represent any one of a hydrogen
atom, a halogen atom, a lower alkyl group, a lower alkoxy group, and a nitro
group, wherein any one of R31, R32, R33, and R34 is a halogen atom or a
lower alkyl group,

e, f, g, and h independently represent C-R35, C-R36, C-R37, or C-R38,
respectively, wherein one or two of e, f, g, and h may represent a nitrogen
atom,

R35, R36, R37, and R38 each independently represent any one of a hydrogen
atom, a halogen atom, a lower alkyl group, a lower alkoxy group, and a nitro
group,

D represents a phenyl group or a heterocyclic group, optionally having a
substituent selected from the group consisting of a halogen atom, a hydroxyl
group, a lower alkyl group, a lower alkenyl group, a lower alkynyl group, a
lower alkoxy group, a lower alkylthio group, a hydroxy-lower alkyl group, a
hydroxy-lower alkenyl group, a hydroxy-lower alkoxy group, a
halogeno-lower alkyl group, a halogeno-lower alkoxy group, a halogeno-lower
alkylthio group, a halogeno-lower alkenyl group, a nitro group, a cyano group,
an amino group, a carboxyl group, a lower alkyloxycarbonyl group, a
carbamoyl group, a lower alkanoyl group, an aroyl group, a lower
alkylsulfonyl group, a sulfamoy! group, a lower alkoxy-lower alkylene group,
a lower alkylthio-lower alkylene group, a lower alkylamino-lower alkylene
group, and an ammonium group,

[0009]

when A represents a group represented by the general formula (2-1), (2-2), or
(2-3), E represents: a 5- or 6-membered heterocyclic group substituted with a

substituent selected from the group consisting of a 3- to 8 membered
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saturated ring group containing a nitrogen atom connected by a carbon atom,
a 3- to 8-membered saturated or unsaturated ring group containing a
heteroatom selected from an oxygen atom and a sulfur atom, a lower
alkoxy-lower alkylene group, a lower alkylthio-lower alkylene group, a lower
alkylamino-lower alkylene group, a lower alkylamino group, and a lower
alkenylamino group; or a 5- or 6-membered cyclic ketone group containing 1
to 4 nitrogen atoms as atoms constituting the ring, the cyclic ketone group
being substituted with a lower alkyl group or a lower alkenyl group, and

when A represents a group represented by the general formula (2-4), E
represents: a phenyl group or a 5- or 6-membered heterocyclic group
optionally having a substituent selected from the group consisting of a
halogen atom, a hydroxyl group, a lower alkyl group, a lower alkenyl group, a
lower alkynyl group, a lower alkoxy group, a lower alkylthio group, a
hydroxy-lower alkyl group, a hydroxy-lower alkenyl group, a hydroxy-lower
alkoxy group, a halogeno-lower alkyl group, a halogeno-lower alkoxy group, a
halogeno-lower alkylthio group, a halogeno-lower alkenyl group, a nitro
group, a cyano group, an amino group, a 4- to 6-membered cyclic amino
group, a carboxyl group, a lower alkyloxycarbonyl group, a carbamoyl group,
a lower alkanoyl group, an aroyl group, a lower alkylsulfonyl group, a
sulfamoyl group, and an ammonium group; an aminocarbonyl group
optionally having a substituent selected from the group consisting of a
hydroxyl group, a lower alkyl group, a lower alkenyl group, a lower alkynyl
group, a lower alkoxy group, a hydroxy-lower alkyl group, a hydroxy-lower
alkenyl group, a hydroxy-lower alkoxy group, a halogeno-lower alkyl group, a
halogeno-lower alkoxy group, a halogeno-lower alkenyl group, an amino
group, a lower alkylamino group, an aryl group, a heterocyclic group, a
heterocyclic lower alkyl group, a lower alkylsulfonyl group, and a sulfamoyl
group; a hydrogen atom; a halogen atom; a hydroxyl group; a lower alkyl
group; a lower alkenyl group; a lower alkynyl group; a lower alkoxy group; a

lower alkylthio group; a hydroxy-lower alkyl group; a hydroxy-lower alkenyl
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group; a hydroxy-lower alkoxy group; a halogeno-lower alkyl group; a
halogeno-lower alkoxy group; a halogeno-lower alkylthio group; a
halogeno-lower alkenyl group; a nitro group; a cyano group; an amino group;
a carboxyl group; a dihydroxyboryl group; a lower alkylcarbonyl group; a
lower alkyloxycarbonyl group; a carbamoyl group; a lower alkanoyl group; an
aroyl group; a lower alkylsulfonyl group; a sulfamoyl group; an ammonium
group; a lower alkylaminoalkylene group; a 5- or 6-membered heterocyclic
group substituted with a substituent selected from the group consisting of a
3- to 8-membered saturated ring group containing a nitrogen atom connected
by a carbon atom, a 3- to 8- membered saturated or unsaturated ring group
containing a heteroatom selected from an oxygen atom and a sulfur atom, a
lower alkoxy-lower alkylene group, a lower alkylthio-lower alkylene group, a
lower alkylamino-lower alkylene group, a lower alkylamino group, and a
lower alkenylamino group; or a 5- or 6-membered cyclic ketone group
containing 1 to 4 nitrogen atoms as atoms constituting the ring, the cyclic
ketone group being substituted with a lower alkyl group or a lower alkenyl
group, wherein the lower alkylcarbonyl group and the lower
alkyloxycarbonyl group may form a fused ring by being bonded to the phenyl
group of D,

provided that the sulfonamide derivative excludes sulfonamide derivatives
selected from the group consisting of (a) to (h) below:

[0010]

(a)
(28)-2-([2,5-difluoro-4-[[4-(2-tetrahydropyran-4-ylpyrimidin-5-yl)phenyllsulf
onylamino]benzoyllaminol-3-[4-(1-methyl-2,4-dioxo-pyrido[3,4-dlpyrimidin-3
-yDphenyllpropanoic acid
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(b) cyclohexyl

(28)-2-1[2,5-difluoro-4-{[4-(2-tetrahydropyran-4-ylpyrimidin-5-yDphenyllsulf
onylaminolbenzoyllamino}-3-[4-(1-methyl-2,4-dioxo-pyrido[3,4-dlpyrimidin-3

5  -ylphenyl]propionate

T
J 0
PP
oo L/ .
Wy J \‘]’ u hig I )
RN S\N . O
S i
. /,.l'_‘N,]
5
()

(259)-2-1[2,5-difluoro-4-[[4-(2-tetrahydropyran-4-ylpyrimidin-5-yDphenyllsulf
onylaminolbenzoyllaminol-3-[6-(1-methyl-2,4-dioxo-pyridol3,4-d]pyrimidin-3

10 -yD-3-pyridyllpropanoic acid

|
O\\_,N\/«\\
v 1( N

P

NN AL
Y
o J

oo LM NI\ OH
W H
C{/S\N ~ 0

=(

(d) cyclohexyl
(28)-2-[[2,5-difluoro-4-1[4-(2-tetrahydropyran-4-ylpyrimidin-5-yD)phenyllsulf
15  onylaminolbenzoyllaminol-3-[6-(1-methyl-2,4-dioxo-pyridol3,4-dlpyrimidin-3

10
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-yD-3-pyridyllpropanoate

e
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(e)

(29)-2-[12,5-difluoro-4-[[4-[2-(methoxymethyl)pyrimidin-5-yliphenyl]sulfonyl
amino]benzoyllaminol-3-[4-(1-methyl-2, 4-dioxo-pyrido[3,4-dlpyrimidin-3-yDp

(21

henyllpropanoic acid

R | l}i
N. e
/(\ o
T o
NN OH
(\)\/9 /[\J m hig
DA
N /P\\,//J HoF
e N\N/
€] cyclohexyl

(28)-2-1(2,5-diftuoro-4-{[4-[2-(methoxymethyD pyrimidin-5-yllphenyllsulfonyl
10 aminolbenzoyllaminol-3-[4-(1-methyl-2,4-dioxo-pyrido(3,4-dlpyrimidin-3-ylp

henyllpropanoate
{
O\\[,.N N
AN
T
@)

(g)
(29)-2-[[2,5-difluoro-4-[[4-[2-(methoxymethyl)pyrimidin-5-yllphenyl]sulfonyl

15  aminolbenzoyllamino]-3-[6-(1-methyl-2,4-dioxo-pyrido(3,4-dlpyrimidin-3-yl)-

11
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3-pyridyllpropanoic acid
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and
(h) cyclohexyl

(28)-2-1[2,5-difluoro-4-[[4-[2-(methoxymethyD pyrimidin-5-yllphenyllsulfony!

(92}

aminolbenzoyllaminol-3-[6-(1 -methyl-2,4-dioxo-pyrido[3,4-d]pyrimidin-3-yD)-

3-pyridyllpropanoate.

\f/ A7 f\‘J
F O /“\7 0
oo L L I o
Woooq N I T
T S N H\ ,T H O \ J
”’ﬂ\ N { H f':

(0012]

10 [2] The sulfonamide derivative or a pharmaceutically acceptable salt thercof
according to (1], wherein D is a phenyl group optionally having a substituent
selected from the group consisting of a lower alkyl group, a halogen atom, a
hydroxyl group, and a lower alkoxy group.

[3] The sulfonamide derivative or a pharmaceutically acceptable salt thereof

15 according to [1], wherein D) is a 6-membered aromatic heterocyclic group
optionally having a substituent selected from the group consisting of a lower
alkyl group, a halogen atom, and a lower alkoxy group, and having a
nitrogen atom as an atom constituting the ring.

[4] The sulfonamide derivative or a pharmaceutically acceptable salt thereof

20 according to [4], wherein the heterocyclic group of D 1s a pyridyl group or a

12
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pyrrole group optionally having a substituent selected {from the group
consisting of a lower alkyl group, a halogen atom, and a lower alkoxy group.
[5] The sulfonamide derivative or a pharmaceutically acceptable salt thereof
according to any one of [1] to [4], wherein the 5- or 6-membered heterocyclic
group of E is selected from the group consisting of a pyridyl group, a
pyridazyl group, a pyrimidyl group, a pyrazinyl group, a pyrrolyl group, a
triazolyl group, and a tetrazole group, and the cyclic ketone group of I is a 5-
or 6-membered cyclic ketone group containing 2 or 3 nitrogen atoms as atoms
constituting the ring.

(6] The sulfonamide derivative or a pharmaceutically acceptable salt thereof
according to any onc of [1] to [4], wherein A represents a group represented
by the general formula (2-4), and E is a 5 or 6-membered aromatic
heterocyclic group containing 1, 2, 3, or 4 heteroatoms selected from oxygen
atoms, sulfur atoms, or nitrogen atoms and optionally having a substituent
selected from the group consisting of a lower alkyl group, a lower alkoxy
group, a lower alkoxy-lower alkylene group, and a halogen atom.

[0013]

[7] The phenylalanine derivative or a pharmaceutically acceptable salt
thereof according to [6], wherein the aromatic heterocyclic group is selected
from the group consisting of a pyridyl group, a pyridazyl group, a pyrimidyl
group, a pyrazinyl group, a pyrrolyl group, a furanyl group, a thiophenyl
group, a thiazolyl group, an oxazolyl group, a triazolyl group, and a tetrazole
group.

[8] The sulfonamide derivative or a pharmaceutically acceptable salt thereof
according to any one of [1] to [4], wherein A represents a group represented
by the general formula (2-4), and K is an aminocarbonyl group optionally
substituted with a lower alkyl group, a heterocyclic group, or a heterocyclic
lower alkyl group, or a lower alkylaminoalkylene group.

(9} The sulfonamide derivative or a pharmaceutically acceptable salt thereof

according to any one of [1] to [4], and [5], wherein the heterocyclic group of E
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1s a pyridyl group, a pyrimidyl group, a triazolyl group, and a tetrazole group
optionally having a substituent selected from the group consisting of a 3- to
8-membered saturated or unsaturated ring group containing a heteroatom
selected from an oxygen atom and a sulfur atom, a lower alkoxy-lower
alkylene group, or a lower alkylamino-lower alkylene group.

[10] The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to any one of [1] to [5] and (9], wherein A represents a
group represented by the general formula (2-2), and R11, R12, and R13 are
selected from the group consisting of a lower alkyl group, a lower alkoxy
group, a lower alkoxy-lower alkylene group, a lower alkylamino-lower
alkylene group, and a halogen atom.

[0014]

(11] The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to any one of [1] to [10], wherein B is a lower alkoxy group
optionally substituted with a substituent selected from the group consisting
of a lower alkyl group, a lower alkoxy group, a lower alkylamino group, a
halogen atom, and a heterocyclic group; or a hydroxyl group.

(12] The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to any one of [1] to (6], [8], [9], [10], and [11], wherein the
lower alkyl group is a straight-chain, branched-chain, or cyclic alkyl group.
[13] The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to any one of [1} to [12], wherein R1, R11, R21, R51, and
R52 are lower alkyl groups.

[14] The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to any one of [1] to [13], wherein Arm is selected from the
group consisting of a phenyl group, a pyridyl group, a pyrimidyl group, and
an imidazolyl group.

[15] The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to any one of [1] to [4], wherein

A represents a group represented by the general formula (2-2), and
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E represents a 5- or 6-membered heterocyclic group containing 1 to 4
nitrogen atoms, the 5- or 6-membered heterocyclic group being substituted
with a substituent selected from the group consisting of a lower alkyl group,
a lower alkoxy-lower alkylene group, and a 5- or 6-membered heterocyclic
group containing an oxygen atom; or a cyclic ketone group containing 1 to 4
nitrogen atoms, the cyclic ketone group being substituted with a lower alkyl
group or a lower alkenyl! group.

[16] The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to [15], wherein

B is optionally substituted with a substituent selected from the group
consisting of an alkyl group having 1 to 10 carbon atoms, a lower alkoxy
group, and a heterocyclic group containing 1 to 4 heteroatoms selected from
oxygen atoms and nitrogen atoms, and

Arm is a pyridyl group.

[17] The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to any one of [1] to [1], wherein

A represents a group represented by the general formula (2-4),

IJ is a 5- or 6-membered heterocyclic group containing an oxygen atom, or a
5- or 6-membered heterocyclic group containing 1 to 4 nitrogen atoms, and

E optionally has a substituent selected from a lower alkyl group, a lower
alkoxy-lower alkylene group, and a 5- or 6-membered heterocyclic group
containing an oxygen atom.

[18] A pharmaceutical composition comprising the sulfonamide derivative or
a pharmaceutically acceptable salt thereof according to any one of [1] to [17].
[19] A therapeutic agent or a preventive agent for inflammatory disease in
which an «4p7 integrin-dependent adhesion process is involved 1in
pathological conditions, the agent comprising: the sulfonamide derivative or
a pharmaceutically acceptable salt thercof according to any one of (1] to [17]
as an active ingredient.

(20] An a4B7 integrin inhibitor comprising: the sulfonamide derivative or a
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pharmaceutically acceptable salt thereof according to any one of [1] to [17] as

an active ingredient.

Description of Embodiments
[0015]

The term "lower" of the lower alkyl group or the like in this
description means a group having 1 to 6 carbon atoms, preferably a group
having 1 to 4 carbon atoms. An alkyl group, an alkenyl group, and an
alkynyl group serving as a component of an alkyl group, an alkenyl group, an
alkynyl group, an alkoxy group, an alkylthio group, an alkanoy! group, an
alkylamino group, or the like can be straight chain or branched.
Alternatively, they may be cyclic. Examples of the alkyl group include a
methyl group, an cthyl group, a propyl group, an isopropyl group, a butyl
group, a secondary butyl group, a tertiary butyl group, a pentyl group, a 2-
pentyl group, a 3-pentyl group, a hexyl group, a cyclopropyl group, a
cyclobutyl group, a cyclopentyl group, a cyclohexyl group, a
cyclopropylmethyl group, and a cyclopropylethyl group, preferably having 1
to 6 carbon atoms, more preferably having 1 to 4 carbon atoms. Examples
of the alkenyl group include a vinyl group, a propenyl group, a butenyl group,
and a pentenyl group, preferably having 2 to 6 carbon atoms, more
preferably having 2 to 4 carbon atoms. Examples of the alkynyl group
include an ethynyl group, a propynyl group, and a butynyl group, preferably
having 2 to 6 carbon atoms, more preferably having 2 to 4 carbon atoms.

Examples of the alkoxy group include a methoxy group, an ethoxy
group, a propyloxy group, and an isopropyloxy group, preferably having 1 to
6 carbon atoms, more preferably having 1 to 4 carbon atoms. Examples of
the heteroatom include nitrogen, oxygen, and sulfur. [Examples of the
halogen atom include fluorine, chlorine, bromine, and iodine. Examples of
the halogeno-alkyl group include a chloromethyl group, a trichloromethyl

group, a trifluoromethyl group, a trifluoroethyl group, and a
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pentafluoromethyl group. Examples of the halogeno-alkoxy group include a
trichloromethoxy group, and a trifluoromethoxy group. Examples of the
hydroxvalkyl group include a hydroxymethyl group, and a hydroxvethyl
group.
[0016]

In this description, the aryl group means a substituted or
unsubstituted aryl group, and examples thereof include a phenyl group, a
I-naphthyl group, and a 2-naphthyl group, in which a phenyl group and a
substituted phenyl group are preferable, where a halogen atom, an alkoxy
group, an alkyl group, a hydroxyl group, a halogeno-alkyl group, and a
halogeno-alkoxy group are particularly preferable as a substituent. The
heterocyclic group means a 4- to 7-membered hetero ring group that consists
of one to three rings and that is composed of carbon and nitrogen, oxygen,
sulfur, or the like, and specific examples thereof include a pyridyl group, a
dihydropyranyl group, a tetrahydropyranyl group, a pyridazyl group, a
pyrimidyl group, a pyrazyl group, a pyrrolyl group, a furyl group, a thienyl
group, a thienyl group, a thiazolyl group, a triazolyl group, an isoxazolyl
group, an 1sothiazolyl group, an oxazolyl group, an indolyl group, a quinolyl
group, an isoquinolyl group, a benzoimidazolyl group, a pyrazolyl group, an
imidazolyl group, a thiadiazolyl group, a pyrrolidyl group, a piperidyl group,
a piperazyl group, a morpholyl group, an oxetanyl ring, an isoindolyl group, a
benzofuryl group, an isobenzofuryl group, a benzothienyl group, a
benzopyrazolyl group, a benzoimidazolyl group, a benzoxazolyl group, and a
benzothiazolyl group, in which a pyridyl group, a pyrazyl group, a pyrimidyl
group, a furyl group, and a thienyl group are preferable.

(0017]

In the general formula (1) of the present invention, it is preferable
that () D be a phenyl group optionally having a substituent selected from the
group consisting of a lower alkyl group, a halogen atom, a hydroxy group,

and a lower alkoxy group, or (ii) D be a 6-membered aromatic heterocyclic
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group optionally having a substituent selected from the group consisting of a
lower alkyl group, a halogen atom, and a lower alkoxy group and having a
nitrogen atom as an atom constituting the ring. It is particularly preferable
that the heterocyclic group of DD be a pyridyl group.

Further, in the general formula (1) of the present invention, B
represents any one of an alkoxy group having 1 to 10 carbon atoms, a
hydroxyl group, or a hydroxyamino group, and these groups are optionally
substituted with a substituent selected from the group consisting of an aryl
group, a hydroxyl group, an alkyl group having 1 to 10 carbon atoms, a lower
alkoxy group, a lower alkylamino group, a halogen atom, and a heterocyclic
group, i which a lower alkoxy group optionally substituted with a
substituent selected from the group consisting of a lower alkyl group, a lower
alkoxy group, a lower alkylamino group, a halogen atom, and a heterocyclic
group, or a hydroxyl group 1s preferable. The heterocyclic group when B is
any one of an alkoxy group substituted with a heterocyclic group and having
I to 10 carbon atoms, a hydroxyl group, or a hydroxyamino group is
preferably a saturated ring group containing a heteroatom selected from a
nitrogen atom, an oxygen atom, and a sulfur atom, and specific examples
thereof include a morpholyl group, a piperazyl group, a tetrahydropyranyl
group, and an oxetanyl group, in which a tetrahydropyranyl group is
preferable.

(0018]

Further, in the general formula (1) of the present invention, when A
represents a group represented by the general formula (2-1), (2-2), or (2-3), E
preferably represents a 5- or 6-membered heterocyclic group substituted
with a substituent selected from the group consisting of a 3- to 8-membered
saturated ring group containing a nitrogen atom connected by a carbon atom,
a 3- to 8-membered saturated or unsaturated ring group containing a
heteroatom selected from an oxygen atom and a sulfur atom, a lower

alkoxyalkylene group, a lower alkylthioalkylene group, a lower
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alkylaminoalkylene group, a lower alkylamino group, and a lower
alkenylamino group (preferably, a 5- or 6 membered cyclic amino group
containing 1 to 4 nitrogen atoms having the above-described substituent); or
a 5- or 6-membered cyclic ketone group containing 1 to 4 nitrogen atoms as
atoms constituting the ring, the cyclic ketone group being substituted with a
lower alkyl group or a lower alkenyl group, in combination with the
above-described (i) or (i1).

[t 1s preferable that the 5- or 6-membered heterocyclic group of K be
selected from the group consisting of a pyridyl group, a pyridazyl group, a
pyrimidyl group, a pyrazyl group, a pyrrolyl group, a triazolyl group, and a
tetrazole group, and the cyclic ketone group be a 5- or 6-membered cyclic
ketone group containing 2 or 3 nitrogen atoms as atoms constituting the
ring.

Further, the lower alkylene group of the lower alkoxy-lower alkylene
group, the lower alkylthio-lower alkylene group, or the lower
alkylamino-lower alkylene group preferably has 1 to 6 carbon atoms, more
preferably has 1 to 3 carbon atoms, and the lower alkyl group preferably has
1 to 3 carbon atoms.

Further, the 3- to 8-membered saturated or unsaturated ring group
containing a heteroatom selected from an oxygen atom and a sulfur atom is
preferably a 5- or 6-membered saturated or unsaturated ring group
containing one heteroatom selected from an oxygen atom and a sulfur atom,
and specifically, tetrahydropyran, tetrahydrofuran, oxetane, furan,
thiophene, or the like is preferable.

The 3- to 8-membered saturated ring group containing a nitrogen
atom 1s preferably a 5- or 6-membered saturated ring group containing one
nitrogen atom, and specifically, pyrrolidine, piperidine, or the like is
preferable.

Further, the cyclic ketone group 1is specifically preferably a

pyrimidinone group, and the lower alkyl group or the lower alkenyl group is
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preferably bonded to the nitrogen atoms constituting the cyclic ketone group.
[0019]

When A represents a group represented by the general formula (2-4),
Il preferably represents a phenyl group or a 5- or 6-membered heterocyclic
group optionally having a substituent selected from the group consisting of a
halogen atom, a hydroxyl group, a lower alkyl group, a lower alkenyl group, a
lower alkynyl group, a lower alkoxy group, a lower alkylthio group, a
hydroxy-lower alkyl group, a hydroxy-lower alkenyl group, a hydroxy-lower
alkoxy group, a halogeno-lower alkyl group, a halogeno-lower alkoxy group, a
halogeno-lower alkylthio group, a halogeno-lower alkenyl group, a nitro
group, a cyano group, an amino group, a carboxyl group, a lower
alkyloxycarbonyl group, a carbamoyl group, a lower alkanoyl group, an aroyl
group, a lower alkylsulfonyl group, a sulfamoyl group, and an ammonium
group; an aminocarbonyl group optionally having a substituent selected from
the group consisting of a hydroxyl group, a lower alkyl group, a lower alkenyl
group, a lower alkynyl group, a lower alkoxy group, a hydroxy-lower alkyl
group, a hydroxy-lower alkenyl group, a hydroxy-lower alkoxy group, a
halogeno-lower alkyl group, a halogeno-lower alkoxy group, a halogeno-lower
alkeny!l group, an amino group, a lower alkylamino group, an aryl group, a
heterocyclic group, a lower alkylsulfonyl group, and a sulfamoyl group; a
hydrogen atom; a halogen atom; a hydroxyl group; a lower alkyl group; a
lower alkenyl group; a lower alkynyl group; a lower alkoxy group; a lower
alkylthio group; a hydroxy-lower alkyl group; a hydroxy-lower alkenyl group;
a hydroxy-lower alkoxy group; a halogeno-lower alkyl group; a
halogeno-lower alkoxy group; a halogeno-lower alkylthio group; a
halogeno-lower alkenyl group; a nitro group; a cyano group; an amino group;
a carboxyl group; a dihydroxyboryl group; a lower alkyloxycarbony! group; a
carbamoyl group; a lower alkanoy! group; an aroyl group; a lower
alkylsulfonyl group; a sulfamoyl group; an ammonium group; a lower

alkylaminoalkylene group; or a 5- or 6-membered heterocyclic group
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substituted with a substituent selected from the group consisting of a 3- to
8-membered saturated ring group containing a nitrogen atom connected by a
carbon atom, a 3- to 8membered saturated or unsaturated ring group
containing a heteroatom selected from an oxygen atom and a sulfur atom, a
lower alkoxyalkylene group, a lower alkylthioalkylene group, a lower
alkylaminoalkylene group, a lower alkylamino group, and a lower
alkenylamino group (preferably, a 5- or 6-membered cyclic amino group
containing 1 to 4 nitrogen atoms having the above-described substituent); or
a b- or 6-membered cyclic ketone group containing 1 to 4 nitrogen atoms as
atoms constituting the ring, the cyclic ketone group being substituted with a
lower alkyl group or a lower alkenyl group.

Note that, preferable examples of ¢ are the same as described for the
case where A represents a group represented by the general formula (2-1),
(2-2), or (2-3).

[0020]

Further, when A represents a group represented by the general
formula (2-4), E is preferably a 5- or 6-membered aromatic heterocyclic group
containing 1, 2, 3, or 4 heteroatoms selected from oxygen atoms, sulfur atoms,
or nitrogen atoms and optionally having a substituent selected from the
group consisting of a lower alkyl group, a lower alkoxy group, and a halogen
atom, in combination with the above-described (i) or Gi). It is preferable
that the aromatic heterocyclic group be selected from the group consisting of
a pyridyl group, a pyridazyl group, a pyrimidyl group, a pyrazinyl group, a
pyrrolyl group, a furanyl group, a thiophenyl group, a thiazolyl group, an
oxazolyl group, a triazolyl group, and a tetrazole group.

When A represents a group represented by the general formula (2-4),
E is preferably an aminocarbonyl group optionally substituted with a lower
alkyl or a heterocyclic or heterocyclic lower alkyl group; or a lower
alkylaminoalkylene group, in combination with the above-described (i) or G1).

Further, E is also preferably a pyridyl group, a pyrimidyl group, a triazolyl
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group, or a pyrrolyl group optionally having a lower alkyl group or a 4 to
6-membered cyclic amino group; or an aminocarbonyl group optionally
substituted with a lower alkyl or heterocyclic lower alkyl group. Examples
of the 4 to 6-membered cyclic amino group include an azetidinyl group, and
examples of the heterocyclic lower alkyl group include a tetrapyran lower
alkyl group.

Further, when E represents a lower alkylcarbonyl group or a lower
alkyloxycarbonyl group, examples of a fused ring formed by such a group
bonding to the phenyl group of D include a I-oxoindanyl group and a
3-oxo-1H-1sobenzofuranyl group.

[0021]

Further, in the general formula (1) of the present invention, or in any
one of the above-described preferable aspects, R1, R11, R21, R51, and R52
are preferably lower alkyl groups.

Further, in the general formula (1) of the present invention, or in any
one of the above-described preferable aspects, Arm 1s preferably selected
from the group consisting of a phenyl group, a pyridyl group, a pyrimidyl
group, and an imidazolyl group.

Further, in the general formula (1) of the present invention, or in any
one of the above-described preferable aspects, it is preferable that one of R31,
R32, R33, and R34 be a halogen atom with the others being hydrogen atoms,
two of them be halogen atoms with the others being hydrogen atoms, or four
of them be halogen atoms.

Further, in the general formula (1) of the present invention, or in any
one of the above-described preferable aspects, it is preferable that g be a
carbon or nitrogen atom, and e be a carbon or nitrogen atom.

(0022]

In the present invention, compounds represented by the following

formulae or pharmaceutically acceptable salts thereof are particularly

preferable. Further, prodrugs of these compounds or pharmaceutically
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acceptable salts thereof are also preferable.
(28)-2-[[2,5-Difluoro-4-[[4-(2-tetrahydropyran-4-ylpyrimidin-5-yl)phenyllsulf
onylamino)benzoyl)aminol-3-[5-(1-methyl-2,4-dioxo-pyridol3,4-dlpyrimidin-3

-y1)-2-pyridyllpropionic acid
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[0023]
Isopropyl

(28)-2-[[2,5-difluoro-4-{{4-[2-(methoxymethyDpyrimidin-5-yllphenyllsulfonyl
aminolbenzoyllaminol-3-[6-(1-methyl-2,4-dioxo-pyrido(3,4-d]pyrimidin-3-y1)-
15  3-pyridyllpropanocate

1-Ethylpropyl
(28)-2-({2,5-difluoro-4-{[4-[2-(methoxymethyl)pyrimidin-5-yllphenyllsulfony!



w

CA 02928619 2016-04-25

aminolbenzoyllamino]-3-[6-(1-methyl-2 4-dioxo-pyridol3,4-dlpyrimidin-3-y])-

3-pyridyllpropanoate
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(4,4-Dimethylcyclohexyl)
(29)-2-({2,5-difluoro-4-[[4-[2-(methoxymethyl) pyrimidin-5-ylphenyllsulfonyl
aminolbenzoyllamino]-3-[6-(1-methyl-2 4-dioxo-pyridol3,4-dlpyrimidin-3-v1)-

3-pyridyllpropanoate
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(28)-2-{[2,5-difluoro-4-{[4-[2-(methoxymethyDpyrimidin-5-yllphenyllsulfonyl
aminolbenzoyllamino|-3-(6-(1-methyl-2,4-dioxo-pyridol3,4-dlpyrimidin-3-y1)-
3-pyridyllpropanoate
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[0025]
Cycloheptyl
(25)-2-1[2,5-difluoro-4-{[4-[2-(methoxymethyDpyrimidin-5-yllphenyllsulfonyl

aminolbenzoyllamino]-3-[6-(1-methyl-2,4-dioxo-pyridol3,4-dlpyrimidin-3-yl)-
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3-pyridyllpropanoate
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2,2-Dimethylpropyl
(29)-2-[12,5-difluoro-4-[[4-[2-(methoxymethyl)pyrimidin-5-yllphenyllsulfonyl
aminolbenzoyllaminol-3-16-(1-methyl-2,4-dioxo-pyrido[3,4-dlpyrimidin-3-yl)-

3-pyridyllpropanoate
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[0026]
Cyclobutylmethyl

(29)-2-1[2,5-difluoro-4-[[4-[2-(methoxymethyD)pyrimidin-5-yllphenyl]sulfonyl
amino]benzoyllamino]-3-16-(1-methyl-2,4-dioxo-pyrido[3,4-d]pyrimidin-3-yl)-

3-pyridyllpropanoate
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(29)-2-1{2,5-Difluore-4-(2-furylsulfonylamino)benzoyllaminol-3-{4 -(1,3,4-trim

ethyl-2,6-dioxo-pyrimidin-5-yl)phenyllpropanoic acid
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[0027]
(29)-2-112,5-Difluoro-4-[[4- [2'(isopropoxymethyl)pyrimidi11'5'yl]phonyl] sulfon
ylaminolbenzovl]amino]-3- [4-(1,3,4-trimethyl-2,6-dioxo-pyrimidin-5-ylphen

yllpropanoic acid
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[0028]

Further, when A represents a group represented by the general
formula (2-2), k& preferably represents a 5- or 6-membered heterocyclic group
containing 1 to 4 nitrogen atoms, the 5- or 6-membered heterocyclic group
being substituted with a substituent selected from a lower alkyl group, a
lower alkoxy-lower alkylene group, and a 5- or 6-membered heterocyclic
group containing an oxygen atom; or a cyclic ketone group containing 1 to 4
nitrogen atoms, the cyclic ketone group being substituted with a lower alkyl
group or a lower alkenyl group.

Further, E preferably represents a pyrimidyl group substituted with
a lower alkoxy-lower alkylene group or a tetrahydropyranyl group; or a
pyrimidinone group substituted with a lower alkenyl group.

Further, B preferably represents an alkoxy group having 1 to 10

carbon atoms, a hydroxyl group, or a hydroxyamino group, wherein B 1s
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optionally substituted with a substituent selected from the group consisting
of an alkyl group having 1 to 10 carbon atoms, a lower alkoxy group, and a
heterocyclic group containing 1 to 4 heteroatoms selected from oxygen atoms
and nitrogen atoms.

Further, Arm 1s preferably a pyridyl group.

[0029]

Further, when A represents a group represented by the general
formula (2-4), E is preferably a 5- or 6-membered heterocyclic group
containing an oxygen atom, or a 5- or 6-membered heterocyclic group
containing 1 to 4 nitrogen atoms, wherein E optionally has a substituent
selected from the group consisting of a lower alkyl group, a lower
alkoxy-lower alkylene group, and a 5- or 6-membered heterocyclic group
containing an oxygen atom.

[further, I8 1s preferably a tetrahydropyranyl group or a pyrimidyl
group, wherein I optionally has a substituent selected from the group
consisting of a lower alkyl group and a tetrahydropyranyl group.

[Further, B 1s preferably a lower alkoxy group or a hydroxyl group.

Further, Rsi, Rs2, and Rss are cach preferably a lower alkyl group.
(00301

Further, in the present invention, compounds represented by the
following formulae or pharmaceutically acceptable salts thereof are
particularly preferable. Further, prodrugs of these compounds or

pharmaceutically acceptable salts thereof are also preferable.
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When the compound represented by the general formula (1) of the
present invention can take the form of a salt, the salt thereof may be
pharmaccutically acceptable, and examples thereof for the acidic group such
as the carboxyl group in the formula can include ammonium salts, salts with
alkall metals such as sodium and potassium, salts with alkaline earth
metals such as calcium and magnesium, aluminum salts, zinc salts, salts
with organic amines such as triethylamine, ethanolamine, morpholine,
piperidine, and dicyclohexylamine, and salts with basic amino acids such as
arginine and lysine. Examples thereof for the basic group when the basic
group 1s present in the formula can include salts with inorganic acids such as
hydrochloric acid, sulfuric acid, and phosphoric acid, salts with organic
carboxylic acids such as acetic acid, citric acid, benzoic acid, maleic acid,
fumaric acid, tartaric acid, and succinic acid, and salts with organic sulfonic
acids such as methanesulfonic acid and p-toluenesulfonic acid. As a method

for forming salts, salts can be obtained by mixing the compound of the
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general formula (1) with a necessary acid or base at a suitable quantitative
ratio in a solvent or dispersant, or performing cation exchange or anion
exchange from other forms of salts.

The compound of the present invention may contain a solvate of the
compound represented by the general formula (1), such as hvdrates and
alcohol adducts.

{0032]

The compound of the present invention includes embodiments of
prodrugs of the compound represented by the general formula (1). A
prodrug of the compound of the present invention means a compound
converted into the compound represented by the general formula (1) by
reaction with enzyme, gastric acid, or the like under physiological conditions
in vivo, that is, a compound transformed into the compound represented by
the general formula (1) by undergoing enzymatic oxidation, reduction,
hydrolysis, or the like, or a compound transformed into the compound
represented by the general formula (1) by undergoing hydrolysis by gastric
acid or the like. The prodrug of the compound represented by the general
formula (1) is exemplified by the compounds of Examples, but is not limited
thereto, and examples thereof to be used include, when the compound
represented by the general formula (1) has amino, compounds obtained by
acylation, alkylation, or phosphorylation of the amino (e.g., compounds
obtained by eicosanoylation, alanylation, pentylaminocarbonylation,
(5-methyl-2-0x0-1,3-dioxolen-4-yD)methoxycarbonylation,
tetrahydrofuranylation, pyrrolidylmethylation pivaloyloxymethylation, or
tert-butylation of the amino of the compound represented by the general
formula (1)); when the compound represented by the general formula (1) has
hydroxy, compounds obtained by acylation, alkylation, phosphorylation, or
boration of the hydroxy (e.g.,, compounds obtained by acetylation,
palmitoylation, propanoylation, pivaloylation, succinylation, fumarylation,

alanylation, or dimethylaminomethylcarbonylation of the hydroxy of the
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compound represented by the general formula (1)); and when the compound
represented by the general formula (1) has carboxyl, compounds obtained by
esterification or amidation of the carboxyl (e.g., compounds obtained by ethyl
esterification, phenyl esterification, 1sopropyl esterification, isobutyl
esterification, cyclopentyl esterification, cyclohexyl esterification, cycloheptyl
esterification, cyclobutylmethyl esterification, cyclohexyimethyl
esterification, n-hexyl esterification, sec-butyl esterification, tert-butyl
esterification, (4-tetrahydropyranyl)methyl esterification,
(4-tetrahydropyranyl) esterification, carboxymethyl esterification,
dimethylaminomethyl esterification, pivaloyloxymethyl esterification,
ethoxycarbonyloxyethyl esterification, phthalidyl esterification,
(5-methyl-2-oxo0-1,3-dioxolen-4-yl)methyl esterification,
cyclohexyloxycarbonylethyl esterification, or methylamidation of the
carboxyl of the compound represented by the general formula (1)). These
compounds can be produced from the compound represented by the general
formula (1) by known methods.

Further, the prodrug of the compound (1) may be a compound
transformed into the compound (1) under physiological conditions as
described in "TYAKUHIN no KATHATSU (Development of Pharmaceuticals)”,
Vol. 7, Design of Molecules, p. 163 to 198, published by HIROKAWA
SHOTEN in 1990.

(0033]

The present invention includes all isotopes of the compound
represented by formula (1). An isotope of the compound of the present
mvention has at least one atom substituted with an atom having the same
atomic number (the number of protons) and a different mass number (the
sum of the number of protons and neutrons). Examples of the isotope
contained in the compound of the present invention include a hydrogen atom,
a carbon atom, a nitrogen atom, an oxygen atom, a phosphorus atom, a

sulfur atom, a fluorine atom, and a chlorine atom, which respectively contain

34



[ 911

10

D

CA 02928619 2016-04-25

2H, 3H, 1BBC, 1C, BN, 170, 180, 31P, 32p, 358 18] 36C], or the like. In particular,
unstable radioactive isotopes that emit radiation to emit neutrons, such as
3H and 1C, ave useful for distribution examination of pharmaceutical
products or compounds in body tissues. Stable isotopes can be used with
safety, since they do not disintegrate, their abundance is less likely to change,
and they are not radioactive. The isotope of the compound of the present
invention can be converted according to conventional methods by replacing a
reagent used for synthesis with a reagent containing a corresponding
isotope.

[0034]

The compound represented by the general formula (1) of the present
invention can be produced, for example, by subjecting an intermediate
represented by the general formula (M-I) and having an amino group at an
end and an intermediate represented by the general formula (M-1D) and

having a carboxyl group at an end to dehydration reaction.
0 e A
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Of these intermediates, the intermediate represented by the general
formula (M-11) and having a carboxyl group at an end can be produced, for
example, by the following method.

[0035]

A typical method for producing a compound of the intermediate
represented by the general formula (M-I1) and having a carboxyl group at an
end, which is the compound of the present invention, is shown below. In the
following description, the symbols in the formulae are the same as defined in

the formula (I), unless otherwise specified.
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(1) In the general formula (M-11), an intermediate (S6) having a
carboxyl group at an end in which D is a phenyl group or a pyridyl group
optionally having a substituent sclected from the group consisting of a lower
alkyl group and a halogen atom, and E is a 5- or 6-membered aromatic
heterocyclic group containing 1, 2, 3, or 4 heteroatoms selected from oxygen
atoms, sulfur atoms, or nitrogen atoms and optionally having a substituent
can be synthesized, for example, using methods described below (production
methods A, B, C, and D).

[0036]

<Production method A>

-8 0 a i E'/B‘OH (S4)
00 Hk ORs;4 w(/) c ‘W)LOR&
\s/ + )\ — X S T -
X\Dl" \Cl HN d ‘Dl’ ‘Nl d
R41 Ra1
{(81) (S2) (S3)
0
\\// la%OR51 q\/s) j‘,l\'a\ OH
E'-p N Agb ., E-p- SN dP
R41 RM
(S5) (S6)
[0037]

D' in the formula represents the above-described substituent
represented by D or a substituent that can be easily converted into D by an
operation such as deprotection, and E' in the formula represents the
above-described substituent represented by E or a substituent that can be
easily derivatized to E by an operation such as deprotection. Further, R51
represents a common substituent of ester such as a lower alkyl group.

A sulfonamide derivative (S3) can be synthesized by allowing a
sulfonyl chloride derivative (S1) (X in the formula represents a halogen atom
such as chlorine, bromine, and iodine, or a leaving group such as a

trifluoromethanesulfonyloxy group) to react with an amine derivative (S2) in

36



10

20

25

CA 02928619 2016-04-25

a solvent having no adverse effect on the present reaction such as methylene
chloride in the presence of a base such as pyridine. The resulting
sulfonamide derivative (S3) can be derivatized to a corresponding
sulfonamide derivative (S5) by Suzuki coupling reaction with a boronic acid
derivative (S4). Subsequently, the target intermediate (S6) having a
carboxyl group at an end can be produced by subjecting the resulting
sulfonamide derivative (S5) to alkaline hydrolysis using a base such as
sodium hydroxide or deﬁrotection such as acid hydrolysis, for example, using
hydrochloric acid or trifluoroacetic acid, in a solvent having no adverse effect
on the present reaction such as tetrahydrofuran, methanol, and ethanol.
[0038]

Suzuki coupling reaction is known, and is performed by allowing a
boronic acid derivative or a boronic acid ester derivative to react with a
halogen derivative, trifluoromethancsulfonate, or methanesulfonate in a
solvent having no adverse effect on the present reaction such as 1,4-dioxane,
tetrahydrofuran, toluene, dimethylsulfoxide, and 1,2-dimethoxyethane in
the presence or absence of a cosolvent such as water using a transition metal
catalyst such as tetrakis(triphenylphosphine)palladium(0),
[1,1bis(diphenylphosphino)ferroceneldichloropalladium(I), and
tris(dibenzylideneacetone)dipalladium(0), or using a transition metal
catalyst such as palladium(ll) acetate and a ligand such as
triphenylphosphine in the presence of a base such as potassium carbonate,
sodium carbonate, potassium phosphate, sodium methoxide, and sodium
hydroxide.

(0039]

<Production method B>
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O 0 E./X (S8)
Qé) c.'a\WbAORM HO q§9 iafORm
Ra1 Ray
(S3) (S7)
o) 0]
Q\/? ia‘ﬁ)LORm . Q\/s) ia\ OH
E \D,,S-N db — - E \D,/SN db
Ra1 Ra1
(S5) (S6)

{00401

D' in the formula represents the above-described substituent
represented by D, or a substituent that can be easily converted into D by an
operation such as deprotection, and ' in the formula represents the
above-described substituent represented by E or a substituent that can be
easily derivatized to K by an operation such as deprotection. Further, R51
represents a common substituent of ester such as a lower alkyl group.

A corresponding boronic acid derivative (S7) can be synthesized by
coupling reaction of the sulfonamide derivative (S3) that is the intermediate
described in <Production method A> with a borane derivative such as
bis(pinacolato)diborane in a solvent having no adverse effect on the present
reaction such as N,N-dimethylformamide in the presence of a base such as
potassium acetate using a metal catalyst such as
[1,1"-bis(diphenylphosphino)ferroceneldichloropalladium(Il) to lead it to a
corresponding boronic acid ester derivative, and subsequently subjecting the
resulting boronic acid ester derivative to treatment, for example, by adding
sodium periodate, ammonium acetate, and water in a solvent having no
adverse effect on the present reaction such as acetone to remove boronic acid
ester. The resulting boronic acid derivative (S7) can be derivatized to the

corresponding sulfonamide derivative (S5) by Suzuki coupling reaction
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(described above) with a halogen derivative (S8) (X in the formula represents
a halogen atom such as chlorine, bromine, and iodine, or a leaving group
such as a trifluoromethanesulfonyloxy group). The target intermediate (S6)
having a carboxyl group at an end can be produced by subjecting the
sulfonamide derivative (S5) to deprotection by hydrolysis or the like using
the method described in <Production method A>.

(0041]

<Production method C>

o} o Q
..H
Qé,o ia\\/u\ORm E (59) %) c,'a\\(KORm Q\S//O ia\\ﬁkOH
x‘Dl/ rl\, db e E \Di/S’N J\db I E \D./ N db
Raq Ra Rat
(S3) (S5) (S6)
[0042]

D" in the formula represents the above-described substituent
represented by D or a substituent that can be easily converted into D by an
operation such as deprotection, and ' in the formula represents the
above-described substituent represented by E or a substituent that can be
easily derivatized to £ by an operation such as deprotection. Further, R51
represents a common substituent of ester such as a lower alkyl group.

The sulfonamide derivative (S3) that is the intermediate described in
<Production method A> (X in the formula represents a halogen atom such as
chlorine, bromine, and iodine, or a leaving group such as a
trifluoromethanesulfonyloxy group) can be derivatized to the corresponding
sulfonamide derivative (S5) by coupling reaction with an aromatic
heterocycle (S9) in a solvent having no adverse effect on the present reaction
such as N-methylpyrrolidone in the presence of a ligand that is commonly
used for organic synthesis such as
trans-N,N'-dimethylcyclohexane-1,2-diamine and a base such as potassium

phosphate using a metal catalyst such as copper(I) iodide. Subsequently,
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the target intermediate (S6) having a carboxyl group at an end can be
produced by subjecting the resulting sulfonamide derivative (S3) to
deprotection by hydrolysis or the like using the method described in

<Production method A>,

[0043]
<Production method D>
O

Q\//o C \KU\OR \)LOR517N> O\és) j)\a‘\[/lLOH

XoprSonm, * s o N E~p N
Rar Res

(S10) (S11) (S5) (S6)

[0044]

D' in the formula represents the above-described substituent
represented by D or a substituent that can be easily converted into D by an
operation such as deprotection, and E' in the formula represents the
above-described substituent represented by E or a substituent that can be
easily derivatized to E by an operation such as deprotection. Further, R51
represents a common substituent of ester such as a lower alkyl group.

A sulfonamide derivative (S10) (X in the formula represents a
halogen atom such as chlorine, bromine, and iodine, or a leaving group such
as a trifluoromethanesulfonyloxy group) can be derivatized to the
corresponding sulfonamide derivative (S5) by coupling reaction with a
halogen derivative (S11) in a solvent having no adverse effect on the present
reaction such as 1,4-dioxane in the presence of a metal catalyst such as
tris(dibenzylideneacetone)dipalladium(0), a ligand commonly used for
organic synthesis such as XantPHOS, and a base such as cesium carbonate.
Subsequently, the target intermediate (S6) having a carboxyl group at an end
can be produced by subjecting the resulting sulfonamide derivative (S5) to
deprotection such as hydrolysis, for example, by the method described in
<Production method A>.

[0045]
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An Intermediate having a carboxyl group at an end in which D 1s a
phenyl group or a pyridvl group optionally having a substituent selected
from the group consisting of a lower alkyl group and a halogen atom, and K 1s
an aminocarbonyl group optionally substituted with a lower alkyl, a
heterocycle, or a lower alkyl substituted with a heterocycle, in the general
formula (M-II) can be synthesized using the method described below
(production method E).
<Production method E>

Qg) + C"a\\H‘ORM . \\/, c \\)ORS1 371 Rm _ R \u, qaj/tLOR51
HO D" cl Ty Agb HO_ D NJ\d N D SN 4P

; {(814)  Rps
0 Raq (o} R41 o R41

(S12) (S2) (813) (S15)

[0046]

D' in the formula represents the above-described substituent
represented by D or a substituent that can be easily converted into D by an
operation such as deprotection.  Further, R51 represents a common
substituent of ester such as a lower alkyl group. Further, R61 and R71
represent common substituents on the amine such as a lower alkyl group, a
heterocyclic group, or a lower alkyl group substituted with a heterocycle.

A corresponding carboxylic acid derivative (S13) can be synthesized
by allowing a sulfonyl chloride derivative (S12) having carboxylic acid or a
substituent that can be easily converted into carboxylic acid to react with the
amine derivative (S2) in a solvent having no adverse effect on the present
reaction such as methylene chloride in the presence of a base such as
pyridine. A corresponding amide derivative (S15) can be synthesized by
amidation of the resulting carboxylic acid derivative (S13) with an amine

derivative (S14).
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Subsequently, an intermediate (S16) having a carboxyl group at an
end can be produced by subjecting the resulting amide derivative (S15) to
deprotection such as hydrolysis using the method described in <Production
method A>.

(0047]

The amidation reaction is known, and examples thereof include (1) a
method using a condensing agent and (2) a method using an acid halide.

(1) The method using a condensing agent is performed by allowing
carboxylic acid to react with amine or a salt thereof in a solvent having no
adverse effect on the present vreaction such as dichloromethane,
tetrahydrofuran, 1,4-dioxane, N,N-dimethylformamide, or acetonitrile in the
presence or absence of a base such as pyridine, tricthylamine, or
N-cthyldiisopropylamine in the presence or absence of a condensation aid
such as 1-hydroxybenzotriazole (HOBt), 1-hydroxy-7-azabenzotriazole

(HOAU), or N-hydroxysuccinimide (HOSu) using a condensing agent such as

1-ethyl-3-(3"-dimethylaminopropyl)carbodiimide (WSO,
1,3-dicyclohexylecarbodiimide (DCO), or

O-(benzotriazol-1-y])-N,N,N',N'-tetramethyluronium  hexafluorophosphate
(HATU).
[0048]

(2) The method using an acid halide is performed by allowing
carboxylic acid to react with thionyl chloride, oxalyl chloride, thionyl bromide,
or the like, in a solvent having no adverse effect on the present reaction such
as dichloromethane or in the absence of the solvent, in the presence or
absence of a catalyst such as N,N-dimethylformamide to obtain an acid
halide, and allowing the acid halide to react with amine or a salt thereof in a
solvent having no adverse effect on the present reaction such as
dichloromethane or tetrahydrofuran in the presence of a base such as
pyridine, triethylamine, or N-ethyldiisopropylamine.

In each step, the synthesis can be performed using generally
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replacable reaction conditions, which should be appropriately sclected
depending on the types or the like of raw material compounds. The
compound of the present invention obtained by the above-described methods
can be purified by techniques that are generally used for organic synthesis,
such as extraction, distillation, crystallization, and column chromatography.
(0049]

The intermediate represented by the general formula (M-I) and
having an amino group at an end, which is the compound of the present
invention, can be synthesized, for example, using the method disclosed in
Patent Literature 1 or the production methods (production methods I and G)
described below. In the following description, the symbols in the formulae
are the same as defined in the formula (1), unless otherwise specified.

[0050]

<Production method >

Y' eY QH
g g gy Bon
\h/f \h/f \h/f
Rat-N"yE Rg1-N" "~y B Rgi-N"y B
O H O H o
(517) (518) (S19)
oA )
H-A gy geyh
(S20) Sl i
Rgi-N B HoN B
H O 0
(S21) (522)

(0051]

In the formula, R81 represents a common substituent of amine that
can be removed by an operation such as deprotection, such as a
tert-butoxycarbonyl group and a benzyloxycarbonyl group, and Y in the
formula represents a halogen atom such as chlorine, bromine, and iodine, or
a leaving group such as a trifluoromethanesulfonyloxy group. Y' in the

formula represents a substituent that can be easily derivatized to Y by an

43



[}

10

15

20

o
[}

30

CA 02928619 2016-04-25

operation such as trifluoromethanesulfonylation.

A corresponding amino acid derivative (S18) can be synthesized by
allowing an amino acid derivative (S17) to react, for example, with N-phenyl
bis(trifluoromethanesulfonamide) in a solvent having no adverse effect on
the present reaction such as tetrahydrofuran in the presence of a base such
as diisopropylethylamine. A corresponding boronic acid derivative (S19)
can be synthesized by subjecting the resulting amino acid derivative (§18) to
coupling  reaction with a  boronic acid derivative such as
bis(2,2,3,3-tetramethyl-2 3-butanedionate)diboron in a solvent having no
adverse effect on the present reaction such as 1,4-dioxane in the presence of
a base such as potassium acetate using a metal catalyst such as
[1,1'-bis{diphenylphosphino)ferroceneldichloropalladium(I) to lead it to a
corresponding boronic acid ester derivative, and subsequently subjecting the
resulting boronic acid ester derivative to treatment, for example, by adding
sodium periodate, ammonium acetate, and water in a solvent having no
adverse effect on the present reaction such as acetone to hydrolyze the
boronic acid ester. An amino acid derivative (S21) can be produced by
coupling reaction of the resulting boronic acid derivative (S19) with a
compound (S20) in a solvent having no adverse effect on the present reaction
such as methylene chloride in the presence of a base such as triethylamine
using a metal catalyst such as copper acetate (II), or coupling reaction
thereof in a solvent having no adverse effect on the present reaction such as
1,4-dioxane in the presence of a base such as sodium carbonate using a metal
catalyst such as [1,1"bis(diphenylphosphino)ferroceneldichloropalladium(11D).
A target intermediate (S22) having an amino group at an end can be
produced by subjecting the resulting amino acid derivative (S21) to acid
hydrolysis, for example, using hydrochloric acid or trifluoroacetic acid, or
deprotection by hydrogenation reaction or the like in the presence of
hydrogen using a catalyst such as palladium carbon.

[0052]
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<Production method G>

xll
.e._NH e _A B
gy 2 g Rg1N (S25)
xSpf xS H o -
(S23) (S24)
e_A
g®y A g’eTff
\h/f h,
RBTN B HzN B
H O 0
(S21) (S22)

In the formula, R81 represents a common substituent of amine that
can be removed by an operation such as deprotection, such as a
tert-butoxycarbonyl group and a benzyloxycarbonyl group, and X' and X" in
the formula each independently represent a halogen atom such as chlorine,
bromine, and iodine, or a leaving group such as a
trifluoromethanesulfonyloxy group.

A corresponding halogen derivative (S24) can be synthesized by
subjecting an amine derivative (S23) to the method disclosed, for example, in
Patent Literature 1, or by subjecting the same substrate as disclosed 1n
Patent Literature 1 to ureation with triphosgene or the like in a solvent
having no adverse effect on the present reaction such as methylene chloride,
subsequently to cyclization with potassium carbonate and p-toluenesulfonic
acid methyl, methyl 1odide, or the like in a solvent having no adverse effect
on the present reaction such as N,N-dimethylformamide, and subsequently
to N-methylation.  An amino acid derivative (S25) can be derivatized to the
corresponding amino acid derivative (S21) by coupling reaction with the
halogen derivative (S24) in a solvent having no adverse effect on the present
reaction such as N,N-dimethylformamide in the presence of metal such as
zinc using a metal catalyst such as bis(triphenylphosphine)palladium(Il)
dichloride. A target intermediate (S22) having an amino group at an end

can be produced by subjecting the resulting amino acid derivative (S21) to
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acid hydrolysis, for example, using hydrochloric acid or trifluoroacetic acid,
or deprotection by hydrogenation or the like in the presence of hydrogen
using a catalyst such as palladium carbon.

A compound in which A has a group represented by the general
formula (2-4) also can be produced according to the above-described method
or the method disclosed in Patent Literature 4.

[0053]

The compound represented by the general formula (1) or a salt
thereof 18 administered as it is or as various pharmaceutical compositions.
Examples of the dosage forms of the pharmaceutical compositions include
tablets, powders, pills, granules, capsules, suppositories, solutions, dragees,
depot preparations, or syrups, and the pharmaceutical compositions can be
produced according to conventional methods using common formulation aids.

For example, a tablet can be obtained by mixing the phenylalanine
derivative that is the active ingredient of the present invention with known
auxiliary substances, e.g., inert diluents such as lactose, calcium carbonate,
or calcium phosphate, binders such as gum arabic, corn starch, or gelatin,
swelling agents such as alginic acid, corn starch, or pregelatinized starch,
sweeteners such as sucrose, lactose, or saccharin, flavoring agents such as
peppermint, Gaultheria adenothrix (Akamono) oil, or cherry, wetting agents
such as magnesium stearate, tale, or carboxymethylcellulose, excipients for
soft gelatin capsules and suppositories such as fats, waxes, semi-solid and
liquid polyols, natural oils, or hardened oils, or excipients for solutions such
as water, alcohol, glycerol, polyol, sucrose, invert sugar, glucose, or vegetable
oils.

An 1inhibitor containing the compound represented by the general
formula (1) or a salt thereof as an active ingredient can be used as a
therapeutic agent or a preventive agent for any one of inflammatory discase
in which an o4 integrin-dependent adhesion process is involved in

pathological conditions, rheumatoid arthritis, inflammatory bowel disease,
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svstemic lupus erythematosus, multiple sclerosis, Sjogren's syndrome,
asthma, psoriasis, allergy, diabetes, cardiovascular disease, arteriosclerosis,
restenosis, tumor growth, tumor metastasis, and transplantation rejection.
The dose used for the above-described object 1s determined depending
on the target therapeutic effect, the administration method, the treatment
period, the age, the body weight, or the like, but the adult dose per day by a
route of oral or parenteral administration may be generally 1 pg to 5 g in the
casc of oral administration, and 0.01 ug to 1 g in the case of parenteral

administration.

Examples
[0054]

The present invention will be described in detail below with reference
to the following Examples. The Examples are preferred embodiments of the
present invention, and the present invention will not be limited to the
Examples.

Example 1 Synthesis of M-1
(Step 1) Methyl
3-[(5-bromo-2-pyridylcarbamoylaminolpyridine-4-carboxylate

HO O.

H
N_N_N
Bon‘f

N

Methyl 3-aminopyridine-4-carboxylate (31.8 g 209 mmol) was
dissolved in methylene chloride (1.1 1.), a solution (50 ml) of triphosgene
(20.7 g, 69.8 mmol) in methylene chloride was added thereto, and the
resulting mixture was stirred at 0°C for 3 hours. A solution (50 ml) of
5-bromopyridin-2-amine (30.0 g, 174 mmol) in methylene chloride was added
to the reaction solution, and the resulting mixture was stirred at room
temperature for 12 hours. The precipitated solid was filtered, washed with

methylene chloride, and then dried under reduced pressure to obtain the
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title compound (30 g, 49%).
'H NMR (400 MHz, DMSO-dg): & 11.02 (s, 1H), 10.36 (s, 1H), 9.44 (s, 1H),
8.39 (s, 2H), 7.98 (d, d = 8.0 Hz, 1H), 7.74 - 7.73 (m, 1H), 7.48 (d, J = 8.0 Hz,
1H), 3.92 (s, 3H).
(0055]

(Step 2)

3-(5-Bromo-2-pyridyD)-1-methyl-pyridol3,4-dlpyrimidine-2,4-dione

|
o

Methyl
3-[(5-bromo-2-pyridyl)carbamoylamino]pyridine-4-carboxylate <see (step 1)>
(30 g, 85.7 mmol) was dissolved in N,N-dimethylformamide (600 ml), an
aqueous solution (80 ml) of potassium carbonate (23.7 g, 171 mmol) was
added thereto, and the resulting mixture was stirred at room temperature
for 3 hours. To the resulting solution, potassium carbonate (23.7 g, 171
mmol) and p-toluenesulfonic acid methyl ester (31.9 g, 171 mmol) were
further added, and the resulting mixture was stirred at room temperature
for 90 minutes. The reaction liquid was cooled to 0°C, and then diluted with
water and extracted with ethyl acetate (100 ml x 4). The cxtracts were
combined, washed with a saturated saline solution, dried over anhydrous
sodium sulfate, and then the solvent was removed under reduced pressure.
The obtained residue was stirred in petroleum ether for 20 minutes, and the
obtained solid was filtered and dried under reduced pressure to obtain the
title compound (9.8 g, 34%).

'"H NMR (400 MHz, DMSO-dg): § 9.00 (s, 1H), 8.77 (m, 1H), 8.58 (d, J = 4.8
Hz, 1H), 8.32 - 8.29 (m, 1H), 7.91 (d, J = 4.8 Hz, 1H), 7.52 (d, J = 8.4 Hz, 1H),
3.61 (s, 3H).

[0056]

48
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(Step 3) Cyclohexyl

(28)-3-benzyloxy-2-(tert-butoxycarbonylamino)propanocate

£

>L0)LNLWOO

H O

(29)-3-Benzyloxy-2-(tert-butoxycarbonylamino)propionic acid (300 g,
1.02 mol) was dissolved in N,N-dimethylformamide (2.0 L), EDCL (189 g,
1.22 mmol), cyclohexanol (210 g, 2.10 mol), and
N,N-dimethyl-4-aminopyridine (12.4 g, 102 mmol) were added thereto, and
the resulting mixture was stirred in the presence of nitrogen gas at room
temperature for 90 minutes. The reaction solution was diluted with water
(5.0 L) and then extracted with ethyl acetate (1.0 L x 2). The extracts were
combined and washed with water (1.0 L), 1 N hydrochloric acid (900 ml), a
saturated aqucous solution of sodium hydrogen carbonate (1.0 1), and a
saturated saline solution (900 ml), dried over anhydrous sodium sulfate, and
then the solvent was removed under reduced pressure to obtain the title
compound (360 g, 94%).
"H NMR (400 MHz, DMSO-d¢): 8 7.35 - 7.25 (m, 5H), 7.06 (d, J = 8.4 Hz, 1H),
4.73 - 4.69 (m, 1H), 4.51 - 4.39 (m, 2H), 4.26 - 4.21 (m, 1H), 3.73 - 3.64 (m, 2H),
1.47 - 1.10 (m, 19H).
[0057]

(Step 4) Cyclohexyl

(28)-2-(tert-butoxycarbonylamino)-3-hydroxy-propanoate
S 2L
0N Y°
H O

Cyclohexyl (2S)-2-(tert-butoxycarbonylamino)-3-hydroxy-propanoate

(360 g, 954 mmol) <see (step 3)> was dissolved in ethanol (1.6 L), palladium
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hydroxide 20% on carbon (40 g) was added thereto, and the resulting mixture
was stirred in the presence of hydrogen gas (50 psi) at 70°C for 3 days. The
reaction solution was filtered, and the obtained filtrate was concentrated and
then dried under reduced pressure to obtain the title compound (250 g, 91%).
'H NMR (400 MHz, DMSO-dg): 8 6.80 (d, J = 8.0 Hz, 1H), 4.82 (s, 1H), 4.72 -
4.67 (m, 1H), 4.37 (s, 1H), 4.01 - 3.99 (m, 1H), 3.46 - 3.38 (m, 1H), 1.48 - 1.35
(m, 19H).

[0058]

(Step 5) Cyclohexy!

(2R)-2-(tert-butoxycarbonylamino)-3-iodine-propanocate
SR 4
0N YO
H O

Triphenylphosphine (275 g, 1.05 mol) and imidazole (75.0 g, 1.05 mol)
were dissolved in methylene chloride (3.0 L), the resulting solution was
cooled to 0°C, then iodine (270 g, 1.05 mol) was added thereto, and the
resulting mixture was stirred in the presence of nitrogen gas at room
temperature for 30 minutes. The reaction solution was cooled to 0°C, then a
solution (500 ml) of cyclohexyl
(25)-2-(tert-butoxycarbonylamino)-3-hydroxy-propanoate <see (step 4)> (250
g, 871 mmol) in methylene chloride was slowly added dropwise over 1 houn,
and the reaction liquid was stirred at room temperature for 2 hours. The
reaction liquid was filtered, the obtained residue was washed with
hexanc/diethyl ether (1:1), and the obtained filtrate was purified by silica gel
column chromatography (petroleum etherlethyl acetate = 1:1 to 1:2) to obtain
the title compound (200 g, 58%).

'"H NMR (400 MHz, DMSO-dg): 8 7.24 (d, J = 8.0 Hz, 1H), 4.75 - 4.69 (m, 1H),
4.21 - 4.16 (m, 1H), 3.51 - 3.47 (m, 1H), 3.36 - 3.33 (m, 1H), 1.75 - 1.10 (m,
19H).
[0059]
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(Step 6) Cyclohexyl
(28)-2-(tert-butoxycarbonylamino)-3-[6-(1- methyl'2,4-dioxo-pyrido[3,4'd]pyri

midin-3-yD)-3-pyridyllpropanocate

!
O N_~
Y YN
NN z
J o

Zinc (9.50 g, 146 mmol) was heated at 210°C for 10 minutes, cooled to
70°C, then heated to 210°C again, and stirred for 10 minutes. The resultant
was cooled to room temperature, then N,N-dimethylformamide (20 ml) and a
solution (5.0 ml of dibromoethane (2.10 g, 11.2 mmol) in
N N-dimethylformamide were added thereto, and the resulting mixture was
stirred at 90°C for 30 minutes. The reaction mixture was cooled to room
temperature, then trimethylsilyl chloride (243 mg, 2.25 mmol) was added
thereto, and the resulting mixture was stirred at room temperature for 10
minutes. A solution (15 ml) of cyclohexyl
(2R)-2-(tert-butoxycarbonylamino)-3-iodine-propanoate <see (step 5)> (8.90 g,
925 mmol) in N,N-dimethylformamide was added to the reaction liquid, and
the resulting mixture was stirred at 35°C for 90 minutes. This zinc
derivative was added to a suspension of
3-(5-bromo-2-pyridyl)- 1-methyl-pyrido[3,4-d]pyrimidine-2,4-dione <see (step
2)> (2.50 g, 7.49 mmol) and Pd(PPhy:Cl: (788 mg, 1.12 mmol) in
N ,N-dimethylformamide (20 ml), and the resulting mixture was stirred in
the presence of nitrogen gas at 80°C for 2 hours. The reaction mixture was
cooled to room temperature, then the reaction solution was filtered, the
obtained filtrate was diluted with water (150 ml) and extracted with ethyl
acetate (100 ml x 3). The extracts were combined, washed with a saturated
saline solution, dried over anhydrous sodium sulfate, and then the solvent

was removed under reduced pressure. The obtained residue was purified by
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silica gel column chromatography (petroleum cther:ethyl acetate = 1:1 to 1:2)
to obtain the title compound (1.88 g, 48%).
'H NMR (400 MHz, DMSO-d¢): § 8.99 (s, 1H), 8.56 (d, J = 4.8 Hz, 1H), 8.46 -
8.45 (m, 1H), 7.92 - 7.89 (m, 2H), 7.43 - 7.40 (m, 2H), 4.69 - 4.67 (m, 1H), 4.26
-4.21 (m, 1H), 3.60 (s, 3H), 3.13 - 2.96 (m, 2H), 1.76 - 1.20 (m, 19H).
[0060]

(Step 7) Cyclohexyl
3-16-(1-methyl-2,4-dioxo- 1,4-dihydropyrido[3,4-dlpyrimidin-3(2H)-yDpyridin-
3-yl]-L-alaninate (M-1)

OYN N
NN %
R
H N ©
0
Cyclohexyl

(28)-2-(tert-butoxycarbonylamine)-3-[6-(1-methyl-2,4-dioxo-pyridol[3,4-dlpyri
midin-3-yD)-3-pyridyllpropancate <sce (step 6)> (7.50 g, 14.3 mmol) was
dissolved in ethyl acetate (20 ml), 4 N hydrochloric acid/ethyl acetate {25 ml)
was added thereto, and the resulting mixture was stirred at room
temperature for 1 hour. The solvent was removed under reduced pressure,
then ethyl acetate (30 ml) was added thereto, and the resulting mixture was
stirred for 5 minutes. The obtained white solid was filtered and dried under
reduced pressure to obtain the title compound (5.77 g, 87%) as a
hydrochloride.
'H NMR (400 MHz, CDs0D):§ 9.29 (s, 1H), 8.75 (d, J = 6.0 Hz, 1H), 8.61(d, J
=2.0 Hz, 1H), 8.58 (d, J = 5.6 Hz, 1H), 8.11 (dd, J = 8.0, 2.4 Hz, 1H), 7.61 (d, J
= 8.0 Hz, 1H), 4.87 - 4.83 (m, 1H), 4.47 (t, J = 7.6 Hz, 1H), 3.73 (s, 3H), 3.40 -
3.38 (m, 2H), 1.87 - 1.29 (m, 10H); MS (ESD m/z 424 (M+H)*
(0061]

Example 2: Synthesis of M-2

O
o
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(Step 1) 5-lodine-6-methyl-1H-pyrimidine-2,4-dione

0N _O
\F
I\NH

lodobenzene diacetate (38.0 g, 119 mmol) was dissolved in
dichloromethane (100 mD), iodine (5.00 g, 19.8 mmol) was added thereto, and
the resulting mixture was stirred for 30 minutes.
G6-Methyl-1H-pyrimidine-2,4-dione (5.01 g, 39.7 mmol) was added to the
reaction solution, and the resulting mixture was stirred. The reaction
solution was concentrated under reduced pressure and then purified by silica
gel column chromatography (petroleum etheriethyl acetate = 1:1 to 1:3) to
obtain the title compound (3.50 g, 35%).
TH NMR (DMSO-dg, 300 MHz): 8 11.3 (s, 2H), 2.27 (s, 3H).
[0062]

(Step 2) 5-lodine-1,3,6-trimethyl-1H-pyrimidine-2,4-dione
|

OI';T/O
1N

5-Iodine-6-methyl-1H-pyrimidine-2,4-dione (3.50 g, 13.9 mmol) <sce
(step 1)> and potassium carbonate (5.70 g, 41.7 mmol) were dissolved in
N,N-dimethylformamide (50 ml), iodomethane (5.02 g, 34.7 mmol) was added
thereto, and the resulting mixture was stirred at room temperature for 12
hours. The reaction liquid was diluted with water and then extracted with
ethyl acetate (50 ml x 3). The organic layers were combined, then washed
with a saturated saline solution and dried over magnesium sulfate. The
solvent was removed under reduced pressure to obtain the title compound
(3.15 g, 81%).
'H NMR (DMSO-dg, 300 MHz): § 3.41 (s, 3H), 3.22 (s, 3H), 2.61 (s, 3H)
[0063]
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(Step 3) Methyl

N-(tert-butoxycarbonyl)-O-[(trifluoromethylsulfonvl}-L-tyrosinate

OTf
>’Loir\rio\

H O

Methyl N-(tert-butoxycarbonyl)-L-tyrosinate (60.0 g, 203 mmol) was
dissolved in tetrahydrofuran, N-phenylbis(trifluoromethanesulfonamide)
(79.8 g, 224 mmol) and diisopropylethylamine (90.0 g, 714 mmol) were added
thereto, and the resulting mixture was stirred at room temperature for 12
hours. The reaction solution was concentrated under reduced pressure,
then the obtained residue was purified by silica gel column chromatography
(petroleum etheriethyl acetate = 3:1) to obtain the title compound (74.0 g,
85%).
1H NMR (CDCI3, 400 MHz): 8 7.25 - 7.19 (m, 4H), 5.08 - 5.06(m, 1H), 4.61 -
4.59 (m, 1H), 3.71 (3H, ), 3.19 - 3.15 (m, 1H), 3.06 - 3.01(m, 1H), 1.41 (s, 9H);
MS (ESI) m/z 328 (M+H)+

[0064]

(Step 4) Methyl
N-(tert-butoxycarbonyl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1.-ph
enylalaninate

ok
B'O
SR
0N YO~
H
Methyl

N-(tert-butoxycarbonyl)-O-[(trifluoromethyl)sulfonyl]-L-tyrosinate <see (step
3)> (74.0 g, 173 mmol) and bis(pinacolato)diborane (66.0 g, 260 mmol) were
dissolved in N,N-dimethylformamide (1.0 L.
[1,1"-bis(Diphenylphosphino)ferroceneldichloropalladium(ll) (13.6 g, 18.6

mmol) and potassium acetate (60.0 g, 612 mmol) were added to the solution,
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and the resulting mixture was stirred at 95°C for 12 hours. The rcaction
mixture was cooled to room temperature, then the reaction solution was
filtered through Celite, and the filtrate was concentrated under reduced
pressure.  The obtained residue was purified by siheca gel column
chromatography (petroleum etheriethyl acetate = 4:1) to obtain the title
compound (45.0 g, 65%).

1H NMR (CDCI3, 400 MHz): 6 7.73 (d, J = 8 Hz, 2H), 7.12 (d, J = 8 Hz, 2H),
4.59 - 4.567 (m, 1H), 3.70 (8H, s), 3.11 - 3.06 (m, 2H), 1.41 (s, 9H), 1.13 (s,
12H); MS (ESD) m/z 306 (M+H)+

[0065]

(Step 5)
[4-[(28)-2-(tert-Butoxycarbonylamino)-3-methoxy-3-oxo-propyllphenyllboron
ic acid

OH
B"OH
j\ 0
0" "Ny Ox
H O
Methyl

N-(tert-butoxycarbonyl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yD-lL.-ph
enylalaninate <see (step 4)> (67.0 g, 165 mmol) was dissolved in acetone (700
ml), sodium periodate (71.0 g, 330 mmol), ammonium acetate (25.0 g, 330
mmol), and water (300 ml) were added thereto, and the resulting mixture
was stirred at room temperature for 55 hours. The reaction solution was
filtered through Celite, then the filtrate was concentrated under reduced
pressure, ethyl acetate was added, washed with water and a saturated saline
solution, and dried over anhydrous sodium sulfate. The solvent was
removed under reduced pressure, and the precipitated solid was washed
with a mixed solvent of petroleum etheriethyl acetate (1:10) and then dried
to obtain the title compound (29.0 g, 55%).

1H NMR (CDCI3, 400 MHz): &: 7.71 - 7.56 (m, 2H), 7.25 - 7.16 (in, 2H), 4.39 -
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4.37 (m, 1H), 3.71 (s, 3H), 3.14 - 3.10 (m, 1H), 2.96 - 2.90 (m, 1H), 1.40 (s,
9H); MS (ISSI) m/z 224 (M+H)+
[0066]

(Step 6) Methyl
(29)-2-(tert-butoxycarbonylamino)-3-[4-(1,3,4-trimethyl-2,6-dioxo-pyrimidin-
5-yDphenyllpropanoate

O ’l\l\,r/O

=~ N_

H O

5-lodine-1,3,6-trimethyl-1H-pyrimidine-2,4-dione <see (step 2)> (0.52
g, 1.8 mmol),
[4-1(289)-2-(tert-butoxycarbonylamino)-3-methoxy-3-oxo-propyllphenyl]boroni
¢ acid <see (step 5)> (0.50 g, 1.5 mmol), sodium carbonate (0.49 g, 4.65 mmol),
and Pd(dppfHClz (57 mg, 0.078 mmol) were dissolved in dioxane (100 ml) and
water (3.0 ml), and the resulting mixture was stirred in the presence of
nitrogen gas at 100°C for 3 hours. The reaction solution was concentrated
under reduced pressure, and then the obtained residue was purified by silica
gel column chromatography (petroleum etheriethyl acetate = 3:1 to 1:1) to
obtain the title compound (0.35 g, 51%).
'H NMR (CDCls, 300 MHz): § 7.20 - 7.13 (m, 4H), 5.04 - 5.02 (m, 1H), 4.63 -
4.60 (m, 1H), 3.74 (s, 3H), 3.51 (s, 3H), 3.41 (s, 3H), 3.14 - 3.07 (m, 2H), 2.05
(s, 3H), 1.35 (s, 9H); MS (ESD m/z 432 (M+H)*
[0067]

(Step 7) Methyl
(28)-2-amino-3-[4-(1,3,4-trimethyl-2,6-dioxo-pyrimidin-5-yl)phenyllpropanoa
te (M-2)
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I
0] N\?O
N o
H,N Y O
0O
Methyl

(ZS)"2'(tert'butoxycarbonylamino)‘3'[4'(1,3,4-trimethyl‘2,6'di0X0'pyrimidin'
5-yDphenyllpropancate <see step 6> (1.30 g, 2.80 mmol) was dissolved 1n
dichloromethane (10 ml), the reaction solution was cooled to 0°C, then 3 N
hydrochloric acid/dichloromethane (10.0 ml, 30.0 mmol) was added thereto,
and the resulting mixture was stirred at room temperature for 1 hour. The
reaction solution was concentrated under reduced pressure, then
dichloromethane (10.0 ml) was added thereto, and the resulting mixture was
stirred at room temperature for 30 minutes. The precipitated solid was
filtered and dried to obtain the title compound (0.84 g, 82%) as a white solid.
IH NMR (CD30D, 400 MHz): 5 7.35 (d, J = 10.0 Hz, 2H), 7.24 (t, J = 11.2 Hz,
9H). 4.39 (dd, J = 11.2, 7.6 Hz, 1H), 3.88 (s, 3H), 3.53 (s, 3H), 3.36 (s, 3H),
3.34 - 3.15 (m. 2H), 2.21 (s, 3H): MS (ESD m/z 332 (M+H)*

[0068]

Example 3: Synthesis of M-3

(Step 1) 5-(MethylaminomethyD)-2-nitro-benzoic acid

O,N ’
HO N.

O

5-Methyl-2-nitro-benzoic  acid  (50.0 g~ 276 mmol) and
5-dimethylhydantoin (36.6 g, 128 mmol) were suspended in chlorobenzene
(100 ml), and the suspension was heated at 40°C in the presence of argon gas.

Azobis(2-methylpropionitrile) (1.26 g, 7.69 mmol) was added thereto, and the
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resulting mixture was stirred at 80°C for 1 hour. The reaction liquid was
cooled to 40°C once, then 5-dimethylhydantoin (18.3 g, 64.1 mmol) and
azobis(2-methylpropionitrile) (1.26 g, 7.69 mmol) were added again, and the
resulting mixture was stirred at 80°C for 2 hours. The reaction liquid was
cooled to 10°C, and then the resulting mixture was stirred for 12 hours.
The crystallized solid was filtered off, the obtained filtrate was added
dropwise to a 40% methylamine/methanol solution (260 ml, 2.56 mol) that
had becn cooled to 10°C over 80 minutes, and the resulting mixture was
stirred at 25°C. The reaction liquid was concentrated under reduced
pressure, then 2-propanol (100 ml) was added thereto, the resulting mixture
was stirred at 50°C for 1 hour and then cooled to 9°C, and the precipitated
solid was filtered off, washed with 2-propanol (100 ml) and dried to obtain
the title compound (42.2 g, 52%) as a white solid.

1H NMR (400 MHz, D20): §8.03 (d, J = 8.44 Hz, 1H), 7.55 (dd, J = 8.44 Hz,
1.92 Hz, 1H), 7.49 (t, 1H), 4.25 (s, 2H), 2.70 (s, 3H); MS (ESD m/z 210.8
(M+H)*

[0069]

(Step 2) 5-[{Formyl(methyl)aminolmethyll-2-nitro-benzoic acid

O,N Oy H
Hop\,N\

O

5-(Methylaminomethyl)-2-nitro-benzoic acid <see (step 1)> (5.58 g)
and sodium formate (0.65 g, 9.52 mmol) were dissolved in formic acid (4.00
ml) and acetic anhydride (2.70 mm], 14.3 mmol), and the resulting mixture
was stirred at room temperature for 1 hour. The reaction liquid was diluted
with water (32 ml), a crystal was precipitated, and a slurry was obtained.
The slurry was stirred at 9°C for 12 hours, and the precipitated solid was
filtered off and dried under reduced pressure to obtain the title compound

(3.95 g, 87%) as a white solid.
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1H-NMR (400 MHz, DMSO-dg): 88.32 (s, 1H), 8.19 (s, 1H), 8.01 (d, J = 8.21
Hz, 1H), 7.98 (d, J = 8.24 Hz, 1H), 7.73 (d, 1H, J = 1.88 Hz), 7.66 (d, J = 1.92
Hz, 1H), 7.65 (dd, J = 8.24 Hz, 1.72 Hz, 1H), 7.58 (dd, J = 8.24 Hz, 1.92 Hz,
1H), 4.62 (s, 2H), 4.57 (s, 2H), 2.89 (s, 3H), 2.65 (s, 3H); MS (ESD m/z 239
(M+H)*
[0070]
(Step 3) 2-Amino-5-[[formvl{(methyl)aminolmethyllbenzoic acid
o

5-[[Formyl(methyDaminolmethyl]-2-nitro-benzoic acid <see (step 2)>
(6.96 g, 25.19 mmol) was suspended in methanol (48.0 ml), and a 6 N
aqueous solution of sodium hydroxide (3.5 ml) was added thereto and
dissolved. 5% Pd/C (1.03 g, 0.250 mmol) was added, and the resulting
mixture was stirred in the presence of hydrogen gas at 40°C for 5 hours.
The reaction liquid was cooled to room temperature and filtered, and the
solvent was removed under reduced pressure. Water (48 ml) and a 2 N
aqueous solution of hydrochloric acid (11.0 ml) were added to the obtained
residue, the precipitated solid was filtered off, washed with water (24.0 ml),
and dried under reduced pressure to obtain the title compound (4.84 g,
92.3%) as a white solid.
1H NMR (400 MHz, DMSO-dg): 38.49 (bs, 2H), 8.25 (s, PhCCH2NMeCH,0),
8.08 (s, PhCCH2NMeCH,,0), 7.60 and 7.59 (s, 1H), 7.12 (m, 1H), 6.74 (m, 1H),
4.27 (s, 2H), 2.77 and 2.58 (s, 3H); MS (ESD m/z 231 (M+H)*
(0071}

(Step 4) Methyl
(25)-2-[tert-butoxycarbonylaminol-3-[4-[6-[[formyl(methyD)amino]lmethyl]-1-

methyl-2 4-dioxo-quinazolin-3-yllphenyllpropanocate

59
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N N
S8 L5 "
O N ~
H O
Carbodiimidazole (16.4 ¢, 101 mmol) was dissolved 1In
N,N-dimethylformamide (50 ml), methyl
(29)-3-(4-aminophenyl)-2-(tert-butoxycarbonylamino)propanoate  (25.0 g,
5  84.9 mmol) and 2-amino-5-[[formyl(methyl)aminolmethyllbenzoic acid <see
(step 3)> (17.6 g, 84.5 mmol) were added thereto, and the resulting mixture
was stirred at 65°C. The reaction liquid was cooled to room temperature,
then carbodiimidazole (16.4 g, 101 mmol) was added again, and the resulting
mixture was stirred at 65°C.  After the reaction was completed, the reaction
10 liquid was diluted with water (2,000 ml) and extracted with methylene
chloride (500 ml, 100 ml). The extracts were combined, washed with a
saturated saline solution, and dried. The obtained compound was used in
(step B).
[0072]
15 (Step 5) Methyl
(28)-2-amino-3-[4-[6-[[formyl{methyl)aminolmethyl]-1-methyl-2,4-dioxo-quin
azolin-3-yllphenyllpropanoate (M-3)

N N._

The compound obtained in (step 4) was dissolved in
20 N N-dimethylformamide (150 ml), potassium carbonate (21.7 g) and methyl
p-toluenesulfonate (17.8 ml) was added thereto, and the resulting mixture

was stirred at 40°C for 4 hours. Acetic acid (9.0 ml) was added, then the

60
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reaction liquid was diluted with water (1,500 ml) and extracted with

methylene chloride (1,000 ml), and the solvent was removed under reduced

pressure.  The obtained residue was purified by silica gel column
chromatography (methylene chloride:methanol = 9:1). The obtained

compound was dissolved in isopropyl alcohol (150 ml), 4 N hydrochloric
acid/dioxane (150 ml) was added thereto, and the resulting mixture was
stirred at room temperature for 1 hour. The precipitated solid was filtered,
washed with isopropyl alcohol (100 ml) and dried to obtain a hydrochloride of
the title compound (28.0 g).
'H NMR (400 MHz, DMSO-dg) 8 8.70 (s, 3H), 8.35 (s, PhCCH.NMeCH.O),
8.16 (s, PhCCH2NMeCHL0), 7.93 (dd, J = 15.8, 2.1 Hz, 1H), 7.77 - 7.66 (m,
1H), 7.53 (dd, J = 11.7, 8.6 Hz, 1H), 7.38 - 7.33 (m, 2H), 7.30 - 7.25 (m, 2H),
4.55 and 4.53 (s, 2H), 4.36 (dd, J = 7.3, 6.0 Hz, 1H), 3.70 (s, 3H), 3.54 and 3.53
(s, 3H), 3.33 (s, 3H), 3.25 (dd, J = 14.1, 5.9 Hz, 1H), 3.16 (dd, J = 14.1, 7.3 Hz,
1H); MS (ESD m/z 125.48 (M+H)*
[0073]

Example 4: Synthesis of M-4
(Step 1) 2-Chloro-5-nitro-pyridine-4-carboxylic acid

O, OH

E\T”"z

CI”'N

2-Chloro-4-methyl-5-nitro-pyridine (20.5 g, 119 mmol) was dissolved
in concentrated sulfuric acid (200 ml), the resulting solution was cooled to
0°C, then chromium(VI) oxide (40.0 g, 400 mmol) was added thereto, and the
resulting mixture was stirred at 0°C for 1 hour and then at room
temperature for 12 hours. The reaction liquid was diluted with water
(2,000 m), and the precipitated solid was filtered and dried to obtain the title
compound (18.0 g, 75%).
'H NMR (400 MHz, CD30D): § 10.8 (br, s, 1H), 9.13 (s, 1H), 7.70 (s, 1H).
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[0074]

(Step 2) Methyl 2-chloro-5-nitro-pyridine-4-carboxylate

|
0,0

E\T”"Z

CI” N

2-Chloro-5-nitro-pyridine-4-carboxylic acid <see (step 1)> (20.2 g, 100
mmol) was dissolved in ethyl acetate (100 ml), the resulting solution was
cooled to 0°C, then a diazomethane/diethyl ether solution was added thereto,
and the resulting mixture was stirred at 0°C for 1 hour. The reaction liquid
was concentrated, then the obtained vesidue was purified by silica gel
column chromatography (petroleum etheriethyl acetate = 6:1 to 2:1) to obtain
the title compound (20.0 g, 92%).

[0075]
(Step 3) Methyl 2-methoxy-5-nitro-pyridine-4-carboxylate

!
0,0

O 'N

Methy! 2-chloro-5-nitro-pyridine-4-carboxylate <sce (step 2)> (10.8 g,
50.0 mmol) was dissolved in methanol (100 ml), sodium methoxide (8.10 g,
150 mmol) was added thereto, and the resulting mixture was stirred at 65°C
for 4 hours. The reaction liquid was concentrated under reduced pressure,
and then the obtained residue was purified by silica gel column
chromatography (petroleum etheriethyl acetate = 81 to 4:1) to obtain the
title compound (8.0 g, 75%).
{0076l

(Step 4) Methyl 5-amino-2-methoxy-pyridine-4-carboxylate
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!
0,0

O N

Methyl 2-methoxy-5-nitro-pyridine-4-carboxylate <sce (step 3)> (8.0
g, 37 mmol) was dissolved in methanol (100 ml), a saturated aqueous
solution of ammonium chloride (50 ml and iron (10.6 g, 175 mmol) were
added thereto, and the resulting mixture was stirred at 65°C for 2 hours.
The recaction liquid was cooled to room temperature, then the pH was
adjusted to > 7.0 with an aqueous solution of sodium hydrogen carbonate,
and the reaction solution was filtered and extracted with ethyl acetate (100
ml] x 3). The extracts were combined, washed with a saturated saline
solution, dried over anhydrous sodium sulfate, and then the solvent was
removed under reduced pressure. The obtained residue was purified by
silica gel column chromatography (petroleum etheriethyl acetate = 4:1 to 1:1)
to obtain the title compound (5.80 g, 84%).
1H NMR (400 MHz, CDCl3): 8 7.80 (s, 1H), 7.15 (s, 1H), 5.10 (s, 2H), 3.90 (s,
3H), 3.84 (s, 3H).
[0077]

(Step 5)
3-(6-Bromo-3-pyridyl)-6-methoxy-1-methyl-pyrido(3,4-dlpyrimidine-2,4-dion

|
o\\er\N
NN~ o
! o)

c

—

Br
Two steps similar to Example 1 (step 1), (step 2) were performed to

methyl 5-amino-2-methoxy-pyridine-4-carboxylate <see (step 4)> (21.0 g, 115

mmol) and 6-bromopyridin-3-amine (19.9 g, 115 mmol) to obtain the title

compound (12.9 g, 31%).

1H NMR (400 MHz, DMSO-dg): 8 8.58 (s, 1H), 8.40 (s, 1H), 7.87 - 7.78 (m, 2H),
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7.30 (s, 1H), 3.93 (s, 3H), 3.57 (s, 3H).
(0078]

(Step 6) Methyl
(28)-2-(tert-butoxvearbonylamino)-3-[5-(6-methoxy-1-methyl-2,4-dioxo-pyrid

ol3.4-dIpyrimidin-3-yD)-2-pyridyllpropanoate

{
OY:JJ@\
N;\ N o~
o = 0
S 2, 0.
H O
A method similar to Example 1 (step 6) was performed to
3'(G'bromo-S'pyridyD'G'methoxy'1-methyl-pyrido[3,4-d]pyrimidine'2,4-dione
<sce (step 5)> (12.5 g, 34.6 mmol) to obtain the title compound (10.0 g, 60%).
1H NMR (400 MHz, DMSO-dg): 8 8.57 (s, 1H), 8.45 (s, 1H), 7.43 (d, J = 17.2
Hz, 1H), 7.34 (d, J = 8 Hz, 1H), 7.29 (s, 1H), 4.55 - 4.49 (m, 1H), 3.93 (s, 3H),
3.62 (s, 3H), 3.56 (s, 3H), 3.33 - 3.07 (m, 2H), 1.37 (s, 9H).
(00791
(Step 7) Methyl (29)-2-amino-3-[5-(6-methoxy-1-methyl-2,4

-dioxo-pyridol3,4-dlpyrimidin-3-y1)-2-pyridyllpropanocate (M-4)

!
Ty
NS Ny o7
l/ O

ON
0

H,N

A method similar to Example 1 (step 7) was performed to methyl
(29)-2-(tert-butoxycarbonylamino)-3-[5-(6-methoxy-1-methyl-2,4-dioxo-pyrid
o[3,4-d]pyrimidin-3-yD)-2-pyridyllpropanoate <see (step 6)> (10.0 g, 20.0
mmol) to obtain a hydrochloride of the title compound. A saturated aqueous
solution of sodium hydrogen carbonate (100 ml) was added to the obtained

hydrochloride, then the resulting mixture was extracted with ethyl acetate
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(100 ml x 2), the extracts were combined, the resulting mixture was washed
with a saturated saline solution, dried over anhydrous sodium sulfate, and
then the solvent was removed under reduced pressure to obtain the title
compound (4.20 g, 53%).
'H NMR (400 MHz, CD30D): 8 8.49 (s, 1H), 8.46 (d, J = 2.0 Hz, 1H), 7.75 (dd,
J=8.4, 2.4 Hz, 1H), 7.49 (4, J = 8.4 Hz, 1H), 7.41 (s, 1H), 4.02 - 3.98 (m, 4H),
3.73 (s, 3H), 3.67 (s, 3H), 3.33 - 3.30 (m, 1H), 3.22 - 3.16 (m, 1H); MS (ESD)
m/z 386 (M+H)*
[0080]

lixample 51 Synthesis of M-5
(Step 1 Methyl
N-(tert-butoxycarbonyl)-4-(3-methyl-2,6-dioxo-3,6-dihydropyrimidine- 1(2H)-

yl)-L-phenylalaninate

[
OY:J
N
o 0]
oty Ao
H O
Pyrimidine-2,4(1H,3H)-dione (30.0 g, 268 mmol),
1,1,1,3,3,3-hexamethyldisilazane (550 ml), and trimethylchlorosilane (55 ml)
were stirred at 130°C for 5 hours. The reaction solution was cooled to 60°C,
then methyl iodide (200 ml) was added thereto, and the resulting mixture
was stirred at 60°C for 30 hours. The reaction solution was cooled to 0°C,
acetic acid (500 ml) was slowly added thereto, and the solvent was removed
under reduced pressure. 2-Propanol (1,600 ml) was added to the residue,
the resulting mixture was intensely stirred, and then the obtained solid was
filtered and washed with water (500 ml) to obtain a white solid (22 g, 67%).
[4-1(28)-2-(tert-Butoxycarbonylamino)-3-methoxy-3-oxo-propyllphenyllboron
ic acid <see Example 2 (step 5)> (49.0 g, 152 mmol) was dissolved In

methylene chloride (500 ml), then the obtained white solid (22.0 g, 175 mmol),
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copper(Il) acetate (18.0 g, 98.9 mmol), and triethylamine (40 ml) were added
thereto, and the resulting mixture was stivred at room temperature for 60
hours. The reaction solution was concentrated under reduced pressure, and
then the obtained residue was purified by silica gel column chromatography
(petroleum ctheriethyl acetate = 1:1) to obtain the title compound (6.0 g,
10%) as a white crystal.
1H NMR (CDCI3, 400 MHz): § 7.20 - 7.15 (m, 3H), 7.08 (d, J = 8.0 Hz, 2H),
5.76 (d, J = 8.0 Hz, 1H), 4.55 - 4.51 (m, 1H), 3.60 (s, 3H), 3.35 (s, 3H), 3.06 (d,
J =4.0 Hz, 1H), 1.36 (s, 9H); MS (ESD m/z 421 (M+H)*
[0081]

(Step 2) Methyl
4-(3-methyl-2,6-dioxo-3,6-dihydropyrimidine- 1(2H)-yl)-L-phenylalaninate
(M-5)

|
OY:\IJ
N
0
0.

o)

HN

- HCI
Methyl

N-{tert-butoxycarbonyl)-4-(3-methyl-2,6-dioxo-3,6-dihydropyrimidine-1(2H)-
yD-L-phenylalaninate <see (step 1)> (6.00 g, 15.0 mmol) was dissolved in a 3
N hydrochloric acid/ethyl acetate solution (100 ml), and the resulting
mixture was stirred at room temperature for 1 hour. The solvent was
removed under reduced pressure, then ethyl acetate (50 ml) was added, and
the resulting mixture was further stirred at room temperature for 0.5 hours.
The suspension was filtered, and the obtained solid was dried to obtain the
title compound (4.0 g, 80%) as a white solid.

1H NMR (CD30D, 500 MHz): § 7.72 (d, J = 8 Hz, 1H), 7.45 (d, J = 8 Hz, 21),
7.29(d, J =8 Hz, 2H), 5.85 (d, J = 8 Hz, 1H), 4.44 - 4.41 (m, 1H), 3.91 (s, 3H).
3.49 - 3.45 (m, 4H), 3.23 - 3.17 (m, 1H); MS (ESD) m/z 304 (M+H)*
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[0082]
Example 6 Synthesis of M-6

(Step 1) Methyl 4-aminopyrimidine--carboxylate
0]

A NH
N

«
>4 o-

4-Aminopyrimidine-5-carboxylic acid (10.0 g, 71.9 mmol) was
dissolved in methanol (100 ml), the reaction solution was cooled to 0°C, then
concentrated sulfuric acid (25 ml) was slowly added dropwise, and the
resulting mixture was stirred at 85°C for 12 hours. The reaction liquid was
concentrated under reduced pressure, then the resulting solution was
diluted with water, and sodium hydrogen carbonate (10.0 g) was added.
The resulting mixture was extracted with ethyl acetate (80 mlA x 4), the
extracts were combined, washed with a saturated saline solution, and dried
over anhydrous sodium sulfate. The solvent was removed under reduced
pressure, the obtained residue was stirred in a mixed solvent (petroleum
ctheriethyl acetate = 8:1), and the precipitated solid was filtered and dried to
obtain the title compound (9.90 g, 90%).
IH-NMR (400 MHz, DMSO-dg): & 8.72 (s, 1H), 8.53 (s, 1H), 8.04 (s, 1H), 7.62
(s, 1H), 3.83 (s, 3H); MS (I2SD) m/z 154 (M+H)*
[0083]

(Step 2)

3-(6-Bromo-3-pyridyD)- 1-methyl-pyrimidol4,5-dlpyrimidine-2,4-dione
1
OYN 'Nﬁ
ru BN Pd = Pu
1] P ()

Two steps similar to Example 1 (step 1), (step 2) were performed

Br

(methyl iodide was used instead of p-toluenesulfonic acid methyl ester) to

methyl 4-aminopyrimidine-5-carboxylate <see (step 1)> (4.50 g, 29.4 mmol)
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and 6-bromopyridin-3-amine (4.20 g, 24.7 mmol) to obtain the title compound
(3.10 g, 38%).
'H NMR (400 MHz, DMSO-dg): 8 9.30 (s, 1H), 9.23 (s, 1H), 8.40 (s, 1H), 7.89
(d, d = 11.2 Hz, 1H), 7.81-7.77 (m. 1H), 3.57 (s, 3H).
5 [0084]
(Step 3) Methyl
(29)-2-(tert-butoxycarbonylamino)-3-[5-(1-methyl-2,4-dioxo-pyrimidol4,5-dlp

yrimidin-3-yl)-2-pyridyllpropanoate

|
Oy NN

Y )
Ny N ~N
o -~ O
PSR
H O
10 A method similar to Example 1 (step 6) was performed to

3-(6-bromo-3-pyridyl)-1-methyl-pyrimidol4,5-dlpyrimidine-2,4-dione <see

(step 2)> (1.50 g, 4.50 mmol) to obtain the title compound (1.33 g, 65%).

'H NMR (400 MHz, DMSO-dg): § 9.29 (s, 1H), 9.20 (s, 1H), 8.44 (s, 1H), 7.73 -

7.70 (m, 1H), 7.44 (d, J = 8.0 Hz, 1H), 7.38 (d, J = 7.6 Hz, 1H), 4.55 - 4.50 (m,
15 1H), 3.62 (s, 3H), 3.56 (s, 3H), 3.22 - 3.06 (m, 2H), 1.36 (s, 9H); MS (ESD) m/z

457 (M+H)*

[0085]

(Step 4) Methyl
(28)-2-amino-3-[5-(1-methyl-2 4-dioxo-pyrimidol4,5-dlpyrimidin-3-yD)-2-pyrid

20  yllpropanoate (M-6)

|
OYN |N‘\I
NN AN
L 0O
O.

H,oN
O

A method similar to Example 1 (step 7) was performed to methyl
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(99)-2-(tert-butoxycarbonylamino)-3-15-(1-methyl-2,4-dioxo-pyrimido[4,5-d]p
yrimidin-3-y1)-2-pyridyllpropanocate <sce (step 3)> (1.30 g, 2.85 mmol) to
obtain a hvdrochloride of the title compound (1.10 g, 98%).
'H NMR (400 MHz, DMSO-dg): 8 9.36 (s, 1H). 9.33 (s, 1H), 8.70 (d, J = 2.4 Hz,
1H), 8.09 (dd, J = 8.4, 2.4 Hz, 1H), 7.78 (d, J = 8.4 Hz, 1H), 4.70 (¢, J = 6.4 Hz,
1H), 3.86 (s, 3H), 3.76 (s, 3H)., 3.68 - 3.65 (m, 2H); MS (ES) m/z 357 (M+H)*
[0086]

[Example 7: Synthesis of M-7
(Step D Methyl
(28)-2-(tert-butoxycarbonylamino)-3-{4-[2 4-dioxo-6-(trifluoromethyl)- 1H-pyr

imidin-3-yllphenyllpropanoate

onFF

i)*F

N

>L?L °
o N YO~
H O

6-(Trifluoromethy})-1H-pyrimidine-2,4-dione (1.00 g, 5.60 mmol) and
[4-[(28)-2-(tert-butoxycarbonylamino)-3-methoxy-3-oxo-propyllphenyllboroni
¢ acid <see Example 2 (step 5)> (2.00 g, 6.20 mmol) were dissolved in
methylene chloride (10 ml), copper(ll) acetate (3.01 g, 15.1 mmol) and
triethylamine (2.40 g, 2.40 mmol) were added thereto, and the resulting
mixture was stirred at room temperature for 12 hours. The reaction liquid
was filtered and the filtrate was concentrated under reduced pressure. The
obtained residue was purified by silica gel column chromatography
(petroleum etheriethyl acetate = 5:1 to 1:1) to obtain the title compound (750
mg, 29%) as a yellow crystal.
'H NMR (CD30D, 400 MHz): & 7.26 (d, J = 8.0 Hz, 2H), 7.22 (d, J = 8. 0 He,
2H), 6.27 (s, 1H), 4.45 - 4.41 (m, 1H), 3.73 (s, 3H), 3.21 - 3.16 (m, 1H), 3.07 -
3.02 (m, 1H), 1.43 (s, 9H)
[0087]
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(Step 2) Methyl
(28)-2-(tert-butoxycarbonylamino)-3-[4-[3-methyl-2,6-dioxo-4-(trifluorometh

vDpyrimidin- 1-vllphenyllpropanoate

§ FF
O?,:J/k}:
N
L85
0 N O~
H O
Methyl

(28)-2-(tert-butoxycarbonylamino)-3-[4-[2,4-dioxo-6-(trifluoromethyl)-1H-pyr
imidin-3-yllphenyllpropanocate <see (step 1)> (700 mg, 1.53 mmol) was
dissolved in N N-dimethylformamide (15 m}), potassium carbonate (400 mg,
2.90 mmol) and methyl iodide (6.60 g, 46.0 mmol) were added thereto, and
the resulting mixture was stirred at room temperature for 90 minutes. The
reaction liquid was concentrated under reduced pressure, diluted with water
(20 m)), and then extracted with ethyl acetate. The extracts were combined,
washed with a saturated saline solution, dried over anhydrous sodium
sulfate, and the solvent was removed under reduced pressure to obtain the
title compound (700 mg, 97%) as a yellow solid.
'H NMR (CD30D, 400 MHz): 8§ 7.37 (d, J = 8.4 Hz, 2H), 7.21 (d, J = 8. 0 Hz,
2H), 6.42 (s, 1H), 4.45 - 4.42 (m, 1H), 3.73 (s, 3H), 3.34 (s, 3H), 3.21 - 3.16 (m,
1H), 3.07 - 3.02 (m, 1H), 1.43 (s, 9H)
[0088]

(Step 3) Methyl
(28)-2-amino-3-[4-[3-methyl-2,6-dioxo-4-(trifluoromethyl)pyrimidin-1-yllphe

nyllpropanoate (M-7)
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o F F
oy :J/k F
N
(0]
HN YO
0
Methyl

(28)-2-(tert-butoxycarbonylamino)-3-[4-[3-methyl-2,6-dioxo-4-(trifluorometh
yDpyrimidin-1-yllphenyllpropanoate <sec (step 2)> (604 mg, 1.28 mmol) was
dissolved in 6 N hydrochloric acid/ethyl acetate (10.0 mD), and the resulting
solution was stirred at room temperature for 1 hour. The reaction Liquid
was concentrated under reduced pressure, ethyl acetate (30.0 ml) was added
to the obtained residue, and the resulting mixture was stirred at room
temperature for 30 minutes. The precipitated solid was filtered and dried
to obtain a hydrochloride of the title compound (470 mg, 90%) as a white
solid.
IH NMR (CD30D, 400 MHz): 8 7.34 (d, J = 8.4 Hz, 2H), 7.20 (d, J = 8.4 Hz,
2H), 6.34 (s, 1H), 4.33 - 4.29 (m, 1H), 3.78 (s, 3H), 3.43 (s, 3H), 3.36 - 3.31 (m,
1H), 3.13 - 3.07 (m, 1H); MS (ESD m/z 372 (M+H)*
(0089

Example 8. Synthesis of M-8
(Step 1) Methyl
N-(tert-butoxycarbonyl)-4-(2,4-dioxo-1,4-dihydropyridol3,4-dlpyrimidin-3(2H

)-yD)-L-phenylalaninate

@) “
Y l‘N
N =
>L)L
O O.

Methyl 3-aminoisonicotinate (10.0 g, 65.0 mmol) was dissolved in

methylene chloride (100 ml), diisopropylethylamine (17.0 g, 130 mmol) and
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triphosgene (6.40 g, 22.0 mmol) were added thereto, and the resulting
mixture was stirred at 0°C for 3 hours. Methyl
4-amino-N-(tert-butoxycarbonyl)-L-phenylalaninate (19.0 g, 65.0 mmol) was
added to the solution, and then the resulting mixture was stirred for 12
hours while the temperature was slowly raised from 0°C to room
temperature.  The reaction solution was concentrated under reduced
pressure, then ethyl acetate was added, and the resulting solution was
washed with water and a saturated saline solution and dried over anhydrous
sodium sulfate. The solvent was removed under reduced pressure, and the
resulting product was purified by silica gel column chromatography
(petroleum etherfethyl acetate = 1:1). The obtained compound was
dissolved in N,N-dimethylformamide (200 ml), an aqueous solution of
potassium carbonate (1.20 g, 8.70 mmol) was added thereto, and the
resulting mixture was stirred at room temperature for 3 hours. The
reaction solution was concentrated under reduced pressure, then ethyl
acetate was added, and the resulting solution was washed with water and a
saturated saline solution and dried over anhydrous sodium sulfate. The
solvent was removed under reduced pressure, and then the obtained residuce
was purified by silica gel column chromatography (petroleum ctheriethyl
acetate = 1:1) to obtain the title compound (12.0 g, 43% for two steps).
1H NMR (CD3CI3, 400 MHz): 8 10.07 (1H, s), 8.54 (d, J = 5.2 Hz, 1H), 8.14 (s,
1H), 7.92(d, J = 8.8 Hz, 1H), 7.35(d, J = 7.6 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H),
6.12-6.10 (m, 1H), 4.73 - 4.69 (m, 1H), 3.71 (s, 3H), 3.22 - 3.21 (m 2H), 1.44 (s,
9H)
[0090]

(Step 2) Methyl
N-(tert-butoxycarbonyl)-4-(1-methyl-2,4-dioxo-1,4-dihydropyridol[3,4-d]pyrim
idin-3(2H)-yl)-L-phenylalaninate

-1
o
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O?N I\N
N Pz
S 2L
o N YO~
H O
Methyl

N-(tert-butoxycarbonyl)-4-(2,4-dioxo-1,4-dihydropyrido(3,4-dlpyrimidin-3(2H
)-yD-L-phenylalaninate <sece (step 1)> (8.00 g, 18.5 mmol) was dissolved in
N,N-dimethylformamide (100 ml), potassium carbonate (5.10 g, 37.0 mmol)
and methy! iodide (1.9 ml, 37 mmol) were added thereto, and the resulting
mixture was stirred at room temperature for 3 hours. The suspension was
filtered, and the filtrate was concentrated under reduced pressure and then
purified by silica gel column chromatography (petroleum ctherethyl acetate
= 1:1) to obtain the title compound (3.5 g, 43%).
1H NMR (CD3Cl3, 400 MHz): § 8.81 (1H, s), 8.60 (d, J = 4.8 Hz, 1H), 8.03 (d,
J =5.6 1y, 1H), 7.30 (d, J = 8.0 Hz, 2H), 7.19 (d, J = 8.4 Hz, 2H), 5.05 - 5.03
(m, 1H), 4.65 - 4.63 (m, 1H), 3.73 (s, 3H), 3.71 (s, 3H), 3.18 - 3.16 (m 2H), 1.44
(s, 9H); MS (IESI) m/z 355 (M+H-Boc)*
[0091]

(Step 3) Methyl
4-(1-methyl-2,4-dioxo- 1,4-dihydropyrido[3,4-dlpyrimidin-3(2H)-y)-L-phenyla
laninate (M-8)

!
B
N =
O

HN O
)

Methyl
N-(tert-butoxycarbonyl)-4-(1-methyl-2,4-dioxo-1,4-dihydropyrido(3,4-dlpvrim
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idin-3(ZH)-yl)-Li-phenylalaninate (3.5 g, 7.7 mmol) was dissolved in a 4 N
hydrochloric acid/ethyl acetate solution (40 ml), and the resulting mixture
was stirred at room temperature for 1 hour. The reaction liquid was filtered,
then the obtained solid was dried under reduced pressure to obtain the title
compound (3.0 g, 94%).
1H NMR (CD30D, 400 MHz): § 9.28 (s, 1H), 8.76 (d, J = 0.8 Hz, 1H), 8.56 (d,
J=1.6Hz 1H), 7.51 (d, J = 8.4 Hz, 2H), 7.41 (d, J = 8.4 Hz, 2H), 4.48 - 4.44
(m, 1H), 3.90 (s, 3H), 3.76 (s, 3H), 3.49 - 3.44 (m 1H), 3.30 - 3.24 (m, 1H); MS
(ESI m/z 355 (M+H)*
[0092]

Example 9: Synthesis of M-9
(Step 1) 6-Bromopyridin-3-amine

|
Br &

2-Bromo-5-nitro-pyridine (202 g, 1.0 mol) was dissolved in methanol
(2.0 1), a saturated aquecous solution of ammonium chloride (2.0 L) was
added thercto, the resulting mixture was stirred at 50°C, then iron (224 g,
4.0 mol) was slowly added thereto, and the resulting mixture was stirred at
50°C for 6 hours. The reaction solution was cooled to room temperature and
then filtered and washed with ethyl acetate. The filtrate was diluted with
water and then extracted with ethyl acetate (1.0 L x 6). The extracts were
combined, washed with a saturated aqueous solution of sodium hydrogen
carbonate (2.0 1.) and a saturated saline solution, dried over anhydrous
sodium sulfate, and then the solvent was removed under reduced pressure.
The obtained residue was purified by silica gel column chromatography
(petroleum ctheriethyl acetate = 1:1) to obtain the title compound (126 g,
73%).
1H NMR (400 MHz, DMSO-de): 8 7.69 (d, J = 2.8 Hz, 1H), 7.19(d, J = 8.4 Hz,
1H), 6.90 (dd. J = 8.4 Hz, 2.8 Hz, 1H), 5.50 (s, 2H)
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[0093]
(Step 2)

3-(6-Bromo-3-pyridyD)-1-methyl-pyrido[3.4-dlpyrimidine-2,4-dione

|
NS Ny
|

Br/o

A method similar to Example 1 (step 1), (step 2) was performed to
6-bromopyridin-3-amine <sce (step 1)> (67.7 g, 394 mmol) to obtain the title
compound (32.5 g, 24.8% for two steps).
1H NMR (400 MHz, DMSO-de): 8 9.00 (s, 1H), 8.59(d, J = 8.8 Hz, 1H), 8.41 (d,
J=4.8Hz 1H), 7.92(d, J = 4.8 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.80 (dd, J
=8.4 Hz, 2.0 Hz, 1H), 3.62 (s, 3H)

[0094]

(Step 3) Cyclohexyl

(29)-2-(tert-butoxycarbonylamino)-3-15-(1-methyl-2,4-dioxo-pyrido[3,4-dlpyri

midin-3-yD-2-pyridyllpropancate

|
OYN|\N
Ny Ny~

0 »~ O

>j\o"LN OO

H O

A method similar to Example 1 (step 6) was performed to
3-(6-bromo-3-pyridyD)-1-methyl-pyridol3,4-dlpyrimidine-2,4-dione <see (step
2)>(23.0 g, 69.2 mmol) to obtain the title compound (21.7 g, 60%).
1H NMR (400 MHz, DMSO-dg): & 8.99 (s, 1H), 8.56 (d, J = 4.8 Hz, 1H), 8.46 (d,
J=1.6Hz, 1H), 7.91(d, J =5.2 Hz, 1H), 7.72 (dd, J = 8.0, 2.4 Hz, 1H), 7.42 (4,
J =8.0 Hz,1H), 7.31 (d, J = 8.0 Hz,1H), 4.67 - 4.65 (m, 1H), 4.48 - 4.47 (m, 1H),
3.61 (s, 3H), 3.17 - 3.13 (m, 2H), 1.71 - 1.25 (m, 19H)
[0095]

~1
(]
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(Step 4) Cyclohexyl
3-[5-(1-methyl-2 4-dioxo-1,4-dihydropyridol3,4-dlpyrimidin-3(2H)-yDpyridin-

2-yll-L-alaninate (M-9)

|
NS Ny
L o)
o
H,N
? OO

A method similar to Lxample 1 (step 7) was performed to cyclohexyl
(29)-2-(tert-butoxycarbonylamino)-3-[5-(1-methyl-2,4-dioxo-pyrido[3,4-dlpyri
midin-3-yl)-2-pyridyllpropanoate <see (step 3)> (35.0 g, 66.9 mmol) to obtain
the title compound (27.9 g, 91%) as a hydrochloride.

TH NMR (400 MHz, CD30D):89.16 (s, 1H), 8.65 (d, J = 5.6 Hz, 1H), 8.52(d, J
=2.0 Hz, 1H), 8.44 (d, J = 5.6 Hz, 1H), 7.89 (dd, J = 8.4, 2.4 Hz, 1H), 7.61 (d, J
=8.4Hz, 1H); 4.80 (m, 1H), 4.54 (t, J = 6.0 Hz, 1H), 3.65 (s, 3H), 3.46 - 3.59 (m,
2H), 1.70 - 1.20 (m, 10H); MS (ESD m/z 424 (M+H)*

[0096]

Example 10: Synthesis of M-10
(Step 1) tert-Butyl
4-(5-bromopyrimidin-2-y1)-3,6-dihydro-2H-pyridine- 1-carboxylate

Ny Br
e
>(wr

0

5-Bromo-2-iodine-pyrimidine (210 mg, 0.74 mmol) and tert-butyl
4-(5-bromopyrimidin-2-y1)-3,6-dihydro-2H-pyridine-1-carboxylate (275 mg,
0.890 mmol) were dissolved in N,N-dimethylformamide (50 ml) and water
(10 ml), potassium carbonate (255 mg, 1.85 mmol) and Pd(PPhg)s (805 mg,
1.10 mmol) were added thereto, and the resulting mixture was stirred in the

presence of nitrogen gas at 100°C for 4 hours. The reaction hiquid was
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concentrated under reduced pressure and the obtained residue was purified
by silica gel column chromatography (petroleum etheriethyl acetate = 511 to
1:1) to obtain the title compound (78 mg, 31%).

1H NMR (300 MHz, CDCI3): 8 8.72 (s, 2H), 7.23 - 7.20 (m, 1H), 4.19- 4.17 (m,
2H), 3.66 - 3.62 (m, 2H), 2.72 - 2.66 (m, 2H), 8.72 (s, 9H)

10097]

(Step 2) 4-Bromo-2,5-difluorobenzoic acid

F O
Br
F

1,4-Dibromo-2,5-difluorobenzene (51.2 g, 188 mmol) was dissolved in
1,2-diethoxyethane (400 ml), and a 2.5 M n-butyllithium/hexane solution
(76.0 ml, 190 mmol) was slowly added thereto dropwise at -78°C in the
presence of nitrogen gas. The reaction solution was stirred at -78°C for 30
minutes, then dry ice was added, and the resulting mixture was further
stirred for 30 minutes. The temperature was gradually raised to room
temperature, and then water (200 ml) was added to the reaction liquid. The
reaction liquid was diluted with ethyl acetate, the resulting solution was
washed with a 10% aqueous solution of sodium carbonate (200 ml x 2), then
the obtained aqueous layers were combined, 1 N hydrochloric acid was added
for adjustment to acidic pH, and the precipitated yellow solid was filtered
and dried to obtain the title compound (30.0 g, 67%).
'H NMR (DMSO-ds, 400 MH2): 8 7.90 - 7.87 (m, 1H), 7.79 - 7.75 (m, 1H); MS
(ESD) m/z 191 (M+H-44)*
[0098]

(Step 3) Methyl 4-bromo-2,5-difluorobenzoate

-~
=1
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F O
J@/LLO/
Br
F

4-Bromo-2,5-difluorobenzoic acid <see (step 2)> (30.0 g, 127 mmol)
was dissolved in ethyl acetate (500 ml), the reaction solution was cooled to
0°C, then a diazomethane/ether solution was added thereto. The reaction
hiquid was stirred at 0°C for 1 hour, and the solvent was removed under
reduced pressure. The obtained residue was purified by silica gel column
chromatography (petroleum etheriethyl acetate = 6:1 to 2:1) to obtain the
title compound (25.0 g, 78%).
'H NMR (DMSO-dg, 400 MHz): 8 7.93 - 7.89 (m, 1H), 7.80 - 7.77 (m, 1H), 3.86
(s, 3H)
(0099]

(Step 4) Methyl 4-amino-2,5-difluorobenzoate

@*o/
H,N
F

Methyl 4-bromo-2,56-difluorobenzoate <see (step 3)> (25.0 g, 99.6
mmol) and BINAP (1.86 g, 3.00 mmol) were dissolved in toluene (500 ml).
Palladium(ID) acectate (672 mg, 3.00 mmol), cesium carbonate (52.0 g, 160
mmol), and benzophenone imine (25.3 g, 140 mmol) were added to the
solution, and the resulting mixture was stirred at 110°C for 12 hours. The
reaction mixture was cooled to room temperature, and then filtered through
Celite and washed with ethyl acetate.  The obtained filtrate was
concentrated under reduced pressure. The obtained compound was
dissolved in water (30 ml) and tetrahydrofuran (80 ml), concentrated
hydrochloric acid (30 ml) was added thercto, and the resulting mixture was

stirred at room temperature for 2 hours. The precipitated solid was filtered
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to obtain a white solid. The filtrate was also concentrated under reduced
pressurce until a white solid was precipitated, the obtained solid was filtered,
the white solids were combined, and the resulting product was dried to
obtain the title compound (9.8 g, 53% for two steps).

'H NMR (CD30D, 400 MHz): § 7.53 - 7.49 (m, 1H), 6.60 - 6.56 (m, 1H), 3.85 (s,
3H); MS (ESI) m/z 188 (M+H)+

[0100]
(Step 5) Methyl
4-[(4-bromophenylsulfonylaminoe]-2,5-difluoro-benzoate
F O
1N
Br F

Methyl 4-amino-2,5-difluoro-benzoate <see (step 4)> (24.4 g, 130
mmol) was dissolved in methylene chloride (1.0 L), 4-bromobenzenesulfonyl
chloride (50.0 g, 196 mmol) and pyridine (100 ml) were added thereto, and
the resulting mixture was stirred at room temperature for 12 hours. The
reaction liquid was concentrated under reduced pressure, then 6 N
hydrochloric acid was added to the obtained residue for adjustment to pH =
1.0.  The obtained yellow solid was filtered, washed with water and
methylene chloride, and dried to obtain the title compound (36.5 g, 69%) as a
yellow sohid.

MS (ESI) m/z 406 (M+H)*
(Step 6)
[4-[(2,5-Difluoro-4-methoxycarbonyl-phenylsulfamoyllphenyllboronic acid

F O
Og? O/
oy
HOB H F

HO

Methyl 4-[(4-bromophenyl)sulfonylaminol-2,5-difluoro-benzoate <sce

(step 5)> (40.5 g, 100 mmol) and bis(pinacolato)diborane (35.5 g, 140 mmol)

79
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were dissolved n N,N-dimethylformamide (800 ml).
[1,1"-Bis(diphenylphosphino)ferroceneldichloropalladium(l) (2.20 g, 3.00
mmol) and potassium acetate (29.4 g, 300 mmol) were added to the solution,
and the resulting mixture was stirred in the presence of nitrogen gas at 90°C
for 12 hours. The reaction hiquid was cooled to room temperature, and then
diluted with water and extracted with ethyl acetate (600 ml x 3). The
extracts were combined, washed with a saturated saline solution, dried over
anhydrous sodium sulfate, and then the solvent was removed under reduced
pressure.  The obtained residue was purified by silica gel column
chromatography (petroleum etheriethyl acetate = 4:1 to 2:1) to obtain methyl
2,5-difluoro-4-114-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) phenyl]sulfon
ylaminolbenzoate (40.0 g, 88%).

'H NMR (CD30D, 400 MHz): § 7.89 (s, 4H), 7.62 - 7.58 (m, 1H), 7.44 - 7.40 (m,
1H), 3.87 (s, 3H), 1.36 (s, 12H); MS (ESD) m/z 454 (M+H)*

(0101]

The obtained methyl
2,5-difluoro-4-1{4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyllsulfon
ylaminolbenzoate (59.0 g, 130 mmol) was dissolved in acetone (450 mlb),
sodium periodate (83.6 g, 390 mmol), ammonium acetate (30.0 g, 390 mmol),
and water (150 ml were added thereto, and the resulting mixture was
stirred at room tempecrature for 72 hours. The reaction liquid was
concentrated under reduced pressure, and then diluted with water and
extracted with ethyl acetate (500 ml x 3). The extracts were combined,
washed with a saturated saline solution, dried over anhydrous sodium
sulfate, and then the solvent was removed under reduced pressure. The
obtained residue was washed with a mixed solvent (petroleum etheriethyl
acetate = 1:10) and dried under reduced pressure to obtain the title
compound (43.0 g, 89%).
1H NMR: (400 MHz, DMSO-dg): 8 11.05 (s, 1H), 8.37 (s, 2H), 7.94 (d, J = 8.4
Hz, 2H), 7.81 (d, J = 8.0 Hz, 2H), 7.65 - 7.61 (m, 1H), 7.27 - 7.23 (m, 1H), 3.80
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(s, 3H); MS (ESI) m/z 372 (M+H)*
[0102]

(Step 7) tert-Butyl
4-15-[4-[(2,5-difluoro-1-methoxycarbonyl-phenyDsulfamoyl|phenylipyrimidin

-2-v1]-3.6-dihydro-2H-pyridine-1-carboxyvlate

tert-Butyl
4-(5-bromopyrimidin-2-v1)-3,6-dihvdro-2H-pyridine- 1-carboxylate <sce (step
1)> (100 me, 0.290 mmol),
(4-[(2,5-difluoro-4-methoxycarbonyl-phenyl)sulfamoyllphenyllboronic  acid
<see (step 6)> (131 mg, 0.350 mmol), sodium carbonate (93.8 mg, 0.885
mmol), and Pd(dppf)Cl: (11.0 mg, 0.030 mmol) were dissolved in dioxane
(10.0 ml) and water (0.50 ml), and the resulting mixture was stirred in the
presence of nitrogen gas at 100°C for 8 hours. The reaction liquid was
concentrated under reduced pressure, and then the obtained residue was
purified by silica gel column chromatography (petroleum etheriethyl acetate
= 3:1 to 1:1) to obtain the title compound (50.0 mg, 29%).
MS (IESI) m/z 587 (M+H)*
(0103]

(Step 8) tert-Butyl
4-15-[4-[(2,5-difluoro-4-methoxycarbonyl-phenylsulfamoyllphenyllpyrimidin

-2-yl]piperidine-1-carboxylate
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tert-Butyl
4-[5-[4-1(2,5-difluoro-4-methoxycarbonyl-phenyl)sulfamoyllphenyllpyrimidin
-2-y1]-3,6-dihydro-2H-pyridine- 1-carboxylate <see (step 7)> (120 mg, 0.20
mmol) and 10% Pd/C (wet, 50 mg) were suspended in methanol (10 ml), and
the resulting mixture was stirred in the presence of hydrogen gas (50 psi) at
50°C for 24 hours. The reaction liquid was cooled to room temperature and
then filtered, and the filtrate was concentrated under reduced pressure to
obtain the title compound (31.0 mg, 27%).
MS (ESD m/z 589 (M+H)+
[0104]

(Step 9)
4-[[4-12-(1-tert-Butoxycarbonyl-4-piperidyD pyrimidin-5-yllphenyllsulfonyla

minol-2,5-difluoro-benzoic acid (M-10)

F O

Ve
‘N
NS H F

tert-Butyl
4-15-14-1(2,5-difluoro-4-methoxycarbonyl-phenyl)sulfamoyllphenyl]pyrimidin
-9-yllpiperidine-1-carboxylate <sec (step 8> (60 mg, 0.10 mmol) was
dissolved in methanol (10 ml), a 2 N aqueous solution of lithium hydroxide

(3.0 mD was added thereto, and the resulting mixture was stirred at room



0o
QO

CA 02928619 2016-04-25

temperature for 2 hours. The completion of the reaction was verified with
TLC, and 4 N hydrochloric acid was added for adjustment to pH = 5.0.  The
precipitated solid was filtered, washed with a mixed solvent of methylene
chloride:methanol (10:1), and dried to obtain the title compound (45 mg,
78%) as a white sc.)lid.
'H NMR (CD3;0D, 400 MHz): 8 8.93 (s, 2H), 7.94 - 7.91 (m, 2H), 7.80 (d, J =
8.4 Hz, 2H), 7.50 - 7.45 (m, 1H), 7.36 - 7.32 (m, 1H), 4.10 - 4.07 (m, 2H), 3.05 -
2.99 (m, 1H), 2.90 - 2.81 (m, 2H). 1.91 - 1.89 (m, 2H), 1.76 - 1.69 (m, 2H), 1.43
(s, 9H); MS (ESD) m/z 573 (M-1)
(0105]

Example 11: Synthesis of M-11
(Step 1) 5-Bromo-2-(3,6-dihydro-2H-pyran-4-yDpyrimidine

Ny Br
o

5-Bromo-2-1odopyrimidine (5.87 e, 20.7 mmol),
2-(3,6-dihydro-2H-pyran-4-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborane (4.35 g,
20.7 mmol), potassium carbonate (5.70 g, 41.4 mmol), and Pd(dppf)Cl. (805
mg, 1.10 mmol) were suspended in N,N-dimethylformamide (50 ml) and
water (10 ml), and the resulting mixture was stirred under a nitrogen gas
atmospherc at 100°C for 4 hours. The reaction liquid was concentrated
under reduced pressure, and the obtained residue was purified by silica gel
column chromatography (petroleum etheriethyl acetate = 5:1 to 1:1) to obtain
the title compound (1.44 g, 29%).
'H NMR (400 MHz, CDCly): 8 8.72 (s, 2H), 7.25 (s, 1H), 4.42 - 3.38 (m, 2H),
3.94 - 3.91 (m, 2H), 2.68 - 2.66 (m, 2H)
(Step 2) Methyl
4-[{4-[2-(3,6-dihydro-2H-pyran-4-yDpyrimidin-5-yllphenyllsulfonylamino]-2,

5-difluorobenzoate
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5-Bromo-2-(3,6-dihydro-2H-pyran-4-yDpyrimidine <see (step 1>
(1.44 g 6.00 mmol),
[4-[(2,5-difluoro-4-methoxycarbonyl-phenyl)sulfamoyllphenyllboronic  acid
(see Example 10 (step 6)> (2.20 g, 6.00 mmol), sodium carbonate (1.27 g, 12.0
mmol), and Pd{dppf)Clz (220 mg, 0.3 mmol) were suspended in dioxane (20
ml) and water (5.0 ml), and the resulting mixture was stirred at 100°C for 8
hours. The reaction liquid was concentrated under reduced pressure, and
the obtained residue was purified by silica gel column chromatography
(petroleum etheriethyl acetate = 3:1 to 1:1) to obtain the title compound (1.20
g, 41%).
MS (ESD m/z 488 (M+H)*
[0106]

(Step 3) Methyl
2,5-difluoro-4-{[4-(2-tetrahydropyran-4-ylpyrimidin-5-ylphenyllsulfonylami

nolbenzoate

Methyl
4-{[4-[2-(3,6-dihydro-2H-pyran-4-yDpyrimidin-5-yllphenyllsulfonylaminol-2,
5-difluorobenzoate <see (step 2)> (1.20 g, 2.46 mmol) was dissolved in
methanol (10 ml), Pd/C (10%, 500 mg) was added thereto, and the resulting

mixture was stirred under hydrogen atmosphere (50 psi) at 50°C for 24 hours.

84



10

20

CA 02928619 2016-04-25

The reaction liquid was cooled to room temperature and then f{iltered, and
the solvent was removed under reduced pressure to obtain the title
compound (843 mg, 70%).
MS (ESD m/z 490 (M+H)+
[0107]

(Step q)
2,5-Difluoro-4-[[4-(2-tetrahydropyran-4-ylpyrimidin-5-ylphenyl]sulfonylami
nolbenzoic acid (M-11)

F O

00 Q*OH
S\
NS H F
Y
0

Methyl
2.5-difluoro-4-[{4-(2-tetrahydropyran-4-ylpyrimidin-5-yDphenvllsulfonylami
nolbenzoate <see (step 3)> (600 mg, 1.22 mmol) was dissolved in methanol
(10 mD, a 2 N aqueous solution of lithium hydroxide (3.0 ml) was added
thereto, and the resulting mixture was stirred at room temperature for 2
hours. The completion of the reaction was verified with TLC, 4 N
hydrochloric acid was added for adjustment of the pH to 4 to 5, and the
precipitated white solid was filtered off, dried, and washed with
dichloromethane'methanol = 10:1 to obtain the title compound (512 mg, 88%)
as a white solid.
1H NMR (CDs0D, 400 MHz): 8 9.07 (s, 2H), 8.06 (d, J = 8.4 Hz, 2H), 7.93 (d, J
= 8.4 Hz, 2H), 7.63 - 7.59 (m, 1H), 7.50 - 7.45 (m, 1H), 4.10 - 4.07 (m, 2H),
3.66 - 3.59 (m, 2H), 3.25 - 3.19 (m, 1H), 2.04 - 1.94 (m, 4H); MS (ESI) m/z 476
(M+H)+
[0108]

Example 127 Synthesis of M-12

(Step 1) Chloromethyl benzoate
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QOVCI

o)

Paraformaldehyde (4.5 g) and zinc chloride (catalyst amount) were
mixed at 0°C.  Benzoyl chloride (20 g, 0.14 mol) was added dropwise thereto
over 1 hour. The temperature of the reaction liquid was raised to room
temperature, and then the reaction hquid was stirred at 55°C for 10 hours.
The reaction hquid was cooled and then purified by silica gel column
chromatography (petroleum etheriethyl acetate = 30:1 to 10:1) to obtain the
title compound (9.7 g, 40%).
'H NMR (CDCl3, 400 MHz): § 8.09 - 8.07 (m, 2H), 7.63 - 7.60 (m, 1H), 7.49 -
7.44 (m, 2H), 5.96 (s, 2H)
[0109]

(Step 2) Iodomethyl benzoate

o

O

Chloromethyl benzoate <see (step 1)> (10.0 g, 58.8 mmol) was
dissolved in acetonitrile (70.0 ml), sodium iodide (17.6 g, 117 mmol) was
added thereto, and the resulting mixture was stirred at room temperature
for 24 hours. Acetonitrile was distilled off under reduced pressure, and
diethyl ether was added. The precipitated solid was filtered off, washed
with diethyl ether, and dried under reduced pressure, and then purified by
silica gel column chromatography (petroleum ectheriethyl acetate = 30:1 to
10:1) to obtain the title compound (14.5 g, 94%).

'H NMR (CDCls, 400 MHz): § 8.06 - 8.04 (m, 2H), 7.64 - 7.62 (m, 1H), 7.49 -
7.44 (m, 2H), 6.17 (s, 2H)
[0110]

86



o
(@11

CA 02928619 2016-04-25

(Step 3) (5-Bromopyrimidin-2-yDmethyl benzoate

. Br
Qo XY

0

Zine (21.6 g, 332 mmol) was heated at 210°C for 10 minutes, then
cooled to 70°C, heated to 210°C again, stirred for 10 minutes, and cooled to
room  temperature. N,N-dimethylformamide (100 ml) and a
dibromomethane (7.72 g, 41.2 mmol)/N,N-dimethylformamide (20 ml)
solution was added thereto, and the resulting mixture was stirred at 90°C for
30 minutes. The reaction solution was cooled to room temperature,
chlorotrimethylsilane (900 mg, 8.30 mmol) was added, and the resulting
mixture was stirred at room temperature for 10 minutes. lodomethyl
benzoate <sece (step 2)> (14.5 g, 55.3 mmol)/N,N-dimethylformamide solution
(60 ml) was added dropwise at 35°C, and the resulting mixture was stirred
for 90 minutes.  5-Bromo-2-iodopyrimidine (7.90 g, 280 mmol) and
Pd(PPhy).Cls (3.0 g, 4.1 mmol) were suspended in N,N-dimethylformamide
(80 ml), the zinc reagent obtained in the above step was added with a syringe,
and the resulting mixture was stirred under a nitrogen atmosphere at 80°C
for 2 hours. The reaction liquid was cooled to room temperature and
filtered, and then the filtrate was diluted with water (600 m!l) and extracted
with ethyl acetate (200 ml x 3). The extracts were combined, washed with a
saturated saline solution, and dried over sodium sulfate. The solvent was
removed under reduced pressure, and then the obtained residue was purified
by silica gel column chromatography (petroleum etheriethyl acetate = 6°1 to
2:1) to obtain the title compound (7.38 g, 90%).
'H NMR (CDCl3, 400 MHz): § 8.79 (s, 2H), 8.15 - 8.13 (i, 2H), 7.63 - 7.57 (m,
1H), 7.47 - 7.45 (m, 2H), 5.63 (s, 2H)
[0111]

(Step 4) (5-Bromopyrimidin-2-yDmethanol
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(5-Bromopyrimidin-2-yDmethyl benzoate <see (step 3)> (7.30 g, 25.0
mmol) was dissolved in methanol (15 ml), a 1 N sodium methoxide/methanol
solution (50.0 ml, 0.500 mmol) was added thereto, and the resulting mixture
was stirred at room temperature. The solvent was distilled off after
deprotection was completed, and the obtained residue was purified by silica
gel column chromatography (dichloromethanemethanol = 30:1 to 15:1) to
obtain the title compound (3.58 g, 76%).

'"H NMR (CDCls, 400 MHz): 5 8.80 (s, 2H), 4.82 (d, J = 4.0 Hz, 2H), 3.39 (s,
1H)
0112

(Step 5) 5-Bromo-2-(methoxymethyl)pyrimidine

/O\/'lql/Nj/Br

(5-Bromopyrimidin-2-yl)methanol <see (step 4)> (3.72 ¢, 19.8 mmol)
was dissolved in tetrahydrofuran (10 ml), the resulting solution was cooled to
0°C, then sodium hydride (60% in oil, 1,19 g, 29.7 mmol) and methyl iodide
(4.20 g, 29.7 mmol) were added thereto, and the resulting mixture was
stirred at room temperature for 1 hour. The reaction liquid was
concentrated under reduced pressure, and the obtained residue was purified
by silica gel column chromatography to obtain the title compound (2.40 g,
60%).

[0113]

(Step 6) Methy]

2, 5-difluoro-4-{[4-[2-(methoxymethyDpyrimidin-5-yllphenyllsulfonylaminolb

enzoate
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F O
O\,/O/©/N\O/
N
H F

N ~

/O\/QN/

5-Bromo-2-(methoxymethyDpyrimidine <sce (step 5)> (2.30 g, 11.3
mmol), [4-[(2,5-difluoro-4-methoxycarbonyl-phenyl)sulfamoyl]phenyllboronic
acid <see lixample 10 (step 6)> (4.20 g, 11.3 mmol), sodium carbonate (2.40 g,
22.6 mmol), and Pd{dppf)Cl, (415 mg, 0.57 mmol) were suspended in dioxane
(50 ml) and water (10 ml), and the resulting mixture was stirred at 100°C for
8 hours. The reaction liquid was concentrated under reduced pressure, and
the obtained residue was purified by silica gel column chromatography
(petroleum etheriethyl acetate = 2:1 to 1:4) to obtain the title compound (2.95
g, 58%).
MS (ESD m/z 450 (M+H)*
[0114]

(Step 7)
2,5-Difluoro-4-{[4-[2-(methoxymethyl)pyrimidin-5-yllphenyllsulfonylamino]b
enzoic acid (M-12)

F O

‘N
/o\){ N’

Methyl
2,5-difluoro-1-{[4-[2-(methoxymethyDpyrimidin-5-yllphenyllsulfonylaminolb
enzoate <sce {(step 5)> (700 mg, 1.56 mmol) was dissolved in methanol (10
ml), a 2 N aqueous solution of lithium hydroxide (3.0 ml) was added thereto,
and the resulting mixture was stirred at room temperature for 2 hours. The
completion of the reaction was verified with TLC, and then 4 N hydrochloric
acid was added for adjustment of the pH to 4 to 5. The precipitated white

solid was filtered, dried, and washed with a mixed solvent (methylene
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chloride:methanol = 10:1) to obtain the title compound (617 mg, 91%) as a
white solid.
"H NMR (CD30D, 400 MH2): 8 9.06 (s, 2H), 8.01 (d, J = 8.4 Hz, 2H), 7.90 (d, J
= 8.4 Hz, 2H), 7.56 - 7.52 (m, 1H), 7.43 - 7.39 (m, 1H), 4.68 (s, 2H), 3.47 (s,
3H); MS (ESD m/z 436 (M+H)*
[0115]

Kxample 137 Synthesis of M-13

(Step 1) 4-Methoxy-2-butynoic acid

0
,O/OH

3-Methoxypropyne (1.00 g, 14.3 mmol was dissolved in
tetrahydrofuran (100 ml), the resulting solution was cooled to -78°C, and
then a 2.5 M n-butyllithium/hexane solution (24.4 ml, 61.0 mmol) was added
dropwise. The resulting mixture was stirred at -78°C, then dry ice was
added to the reaction liquid, and the temperature of the reaction liquid was
gradually raised to room temperature. 'The reaction liquid was diluted with
water, and then 4 N hydrochloric acid was added for adjustment of the pH to
5.0.  The resulting liquid was extracted with methylene chloride (50 ml x 3),
the organic layers were combined and dried over sodium sulfate, and the
solvent was removed under reduced pressure to obtain the title compound
(1.50 g, 92%) as a yellow oil.
TH NMR (CDCl3, 400 MH2): 8 8.97 (s, 1H), 4.27 (s, 2H), 3.44 (s, 3H)
[0116]

(Step 2) Methyl 2,5-difluoro-4-1(4-iodophenyl)sulfonylaminolbenzoate

F O
Og? @Ao/
(j N
| H F

A method similar to Example 10 (step 5) was performed to methyl
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4-amino-2,5-difluoro-benzoate <see Example 10 (step 9> (6.50 g, 34.8 mmol)
and 4-iodobenzenesulfonyl chloride (21.0 g, 69.5 mmol) to obtain the title
compound (14.0 g, 89%) as a yellow solid.
MS (ESD m/z 452 (M-1)
[0117]

(Step 3) Methyl
2,5-difluoro-4-[[4-[4-(methoxymethyDtriazol-1-yllphenyllsulfonylaminolbenz

oate

4-Methoxy-2-butynoic acid <see (step 1)> (502 mg, 4.40 mmol) and
methyl 2,5-difluoro-4-[(4-iodophenyl)sulfonylaminolbenzoate <see (step 2)>
(2.00 g, 4.40 mmol) were dissolved in dimethylsulfoxide (25.0 ml) and water
(3.0 mD), L-proline (102 mg, 0.880 mmol), copper(lD) sulfate pentahydrate
(110 mg, 0.440 mmol), sodium ascorbate (175 mg, 0.880 mmol), sodium azide
(345 mg, 5.30 mmol), and potassium carbonate (731 mg, 5.30 mmol) were
sequentially added, and the resulting mixture was stirred at 65°C for 12
hours. Ethyl acetate (50 ml), ammonium water (50 ml), and water (100 ml)
were added to the reaction liquid, then the resulting mixture was extracted
with ethyl acetate (60 ml x 10), the organic layers were combined and
washed with a saturated saline solution (300 ml), dried over sodium sulfate,
and the solvent was removed under reduced pressure to obtain the title
compound (510 mg, 26%).
TH NMR (CD30D, 400 MHz): 8 8.48 (s, 1H), 7.98 (d, J = 8.4 Hz, 2H), 7.86 (d, J
= 8.0 Hz, 2H), 7.30 - 7.26 (m, 1H), 6.94 - 6.88 (m, 1H), 4.50 (s, 2H), 3.68 (s,
3H), 3.31 (s, 3H)
[0118]
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(Step 1)
2,5-Difluoro-4-{{4-[4-(methoxymethyDtriazol-1-yllphenyllsulfonylaminolbenz

oic acid (M-13)

F O
00
¢ OH
Oﬂ@”
oyl TR T

o)

/

[

Methyl
2,5-difluoro-4-[[4-[4-(methoxymethyDtriazol-1-yllphenyllsulfonylaminolbenz
oate <see (step 3)> (500 mg, 1.14 mmol) was dissolved in methanol (10 ml), a
2 N aqueous solution of lithium hydroxide (5.0 ml) was added thereto, and
the resulting mixture was stirred at room temperature for 2 hours. The
10 completion of the reaction was verified with TLC, and then 4 N hydrochloric

acid was added for adjustment of the pH to 5.0. The precipitated solid was
filtered and dried to obtain the title compound (450 mg, 93%) as a yellow
solid.
'H NMR (CD30D, 400 MHz): 8 8.66 (s, 1H), 8.14 - 8.08 (m, 4H), 7.56 - 7.47 (m
15 2H), 4.64 (s, 2H), 3.44 (s, 3H); MS (ESD m/z 425 (M+H)~
[0119]
Example 14: Synthesis of M-14

(Step 1) 2-Allyloxy-5-bromo-pyrimidine

Br
N v
\/\o)“m

20 5-Bromo-2-chloro-pyrimidine (30.0 g, 0.150 mol) was dissolved in
tetrahydrofuran (300 ml, potassium-tert butoxide (20.1 g, 0.180 mol) and
allyl alcohol (19.9 g, 0.170 mol) were added thereto, and the resulting
mixture was stirred at 0°C for 2 hours. The reaction liquid was diluted with

water and extracted with diethyl ether (300 ml x 3). The extracts were

’
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combined and washed with a saturated saline solution, dried over sodium
sulfate, and the solvent was removed under reduced pressure to obtain the
title compound (23.3 g, 70%).
'H NMR (CDCl3, 300 MHz): 8 8.53 (s, 2H), 6.11 - 6.02 (m, 1H), 5.45 - 5.39 (m,
1H), 5.30 - 5.26 (m, 1H), 4.89 - 4.87 (m, 2H)
(01201

(Step 2) Methyl

4-{[4-(1-allyl-2-oxo-pyrimidin-5-yDphenyllsulfonylaminol-2,5-difluoro-benzoa

O\;9 ©/mo/
N
N7 H F
bl

0" N

7
2-Allyloxy-5-bromo-pyrimidine <sece (step 1)> (7.12 g, 3.30w mmol),

te

{4-1(2,5-difluoro-4-methoxycarbonyl-phenyDsulfamoyllphenyllboronic  acid
<see Example 10 (step 6)> (8.19 g, 22.1 mmol), sodium carbonate (7.03 g,
66,1 mmol), and Pd(dppfICl. (2.40 g, 3.30 mmol) were dissolved in
N,N-dimethylformamide (200 ml) and water (20 ml), and the resulting
mixture was stirred in the presence of nitrogen gas at 100°C for 2 hours.
The reaction liquid was concentrated under reduced pressure, and then the
obtained residue was purified by HPLC (acetonitrile in water) to obtain the
title compound (3.56 g, 35%).
MS (ESI) m/z 462 (M+H)*
fo121]

(Step 3)
4-[[4-(1-Allyl-2-ox0-pyrimidin-5-vD)phenyl]sulfonylaminol-2,5-difluoro-benzoi

¢ acid
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Methyl
4-[[4-(1-allyl-2-oxo-pyrimidin-5-yDphenyllsulfonylaminol-2,5-difluoro-benzoa
te <see (step 2)> (3.51 g, 7.60 mmol) was dissolved in methanol (30 ml), a 2 N
aqueous solution of lithium hydroxide (10.0 ml) was added thereto, and the
resulting mixture was stirred at room temperature for 2 hours. The
completion of the reaction was verified with TLC, and then 4 N hydrochloric
acid was added for adjustment of the pH to 5.0. The precipitated solid was
filtered and dried to obtain the title compound (2.72 g, 80%) as a yellow solid.
"H NMR (DMSO-dg, 400 MHz): § 13.42 - 13.40 (br, 1H), 11.13 - 11.05 (br, 1H),
9.04 (d, J = 3.3 Hz, 1H), 8.72 (d, J = 3.3 Hz, 1H), 7.93 - 7.85 (m, 4H), 7.67 -
7.57 (m, 1H), 6.07 - 5.95 (m, 1H), 5.25 - 5.18(m, 2H), 4.58 - 4.51(m, ZH); MS
(ESD m/z 448 (M+H)*

[0122]
Example 15 Synthesis of M-15

(Step 1) 5-Bromo-2-ethoxymethyl)pyrimidine

Br
N
\,0\/Q/Nj/

(5-Bromopyrimidin-2-yl)methanol <see Example 12 (step 4)> (3.72 g,
19.8 mmol) was dissolved in tetrahydrofuran (10.0 ml), the reaction solution
was cooled to 0°C, then sodium hydride (60% wt in mineral oil, 1.19 g, 29.7
mmol) and ethane iodide (4.63 mmol, 29.7 mmol) were sequentially added,
and the resulting mixture was stirred at room temperature for 1 hour. The

reaction liquid was concentrated under reduced pressure, and the obtained
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residue was purified by silica gel column chromatography (petroleum cther)
to obtain the title compound (2.58 g, 60%).
(0123]

(Step 2) Methyl
1-[[4-[2-(ethoxymethyDpyrimidin-5-yllphenyl]sulfonylaminol-2,5-difluoro-be

nzoate

e
N
N H F
\/O\/QN’

5-Bromo-2-(ethoxymethyl)pyrimidine <see (step 1> (2.45 g, 11.3
mmol), (4-{(2 5-difluoro-4-methoxycarbonyl-phenylsulfamoyllphenyllboronic
acid <see Example 10 (step 6)> (4.20 g, 11.3 mmol), sodium carbonate (2.40 g,
22.6 mmol), and Pd(dppf)Cl; (415 mg, 0.57 mmol) were dissolved in dioxane
(50.0 ml) and water (10.0 ml), and the resulting mixture was stirred in the
presence of nitrogen at 100°C for 8 hours. The reaction liquid was
concentrated under reduced pressure, and then the obtained residue was
purified by silica gel column chromatography (petroleum ether:ethyl acetate
= 211 to 1:4) to obtain the title compound (2.94 g, 56%).

MS (ESI) m/z 464 (M+H)+
[0124]

(Step 3)

4-[[4-[2-(BEthoxymethyl)pyrimidin-5-yllphenyllsulfonylaminol-2,5-difluoro-be

nzoic acid (M-15)

F O

QP J:::T/&t)H
‘N
Nﬁ/g H F
\/O\/QN/

Methyl
4-[[4-[2-(ethoxymethyl)pyrimidin-5-yllphenyllsulfonylaminol-2,5-difluoro-be
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nzoate <sce (step 2)> (800 mg, 1.72 mmol) was dissolved in methanol (10 mlb),
a 2 N aqueous solution of lithium hydroxide (3.0 ml) was added thereto, and
the resulting mixture was stirred at room temperature for 2 hours. The
completion of the reaction was verified with TLC, and then 4 N hydrochloric
acid was added for adjustment of the pH to 5.0. The precipitated solid was
filtered, washed with a mixed solution of methylene chloride:methanol (10:1),
and dried to obtain the title compound (698 meg, 90%) as a white solid.
"H NMR (DMSO-dg, 400 MHz): § 13.35 (br, 1H), 11.19 (br, 1H), 9.25 (d, J =
7.6 Hz, 2H). 8.1G - 7.96 (m, 4H). 7.63 - 7.56 (m, 1H), 7.31 - 7.27 (m, 1H), 4.67
(s, 2H), 3.63 - 3.48 (m, 2H), 1.23 - 1.15 (m, 3H); MS (I2S]) m/z 450 (M+H)*
[0125]
[ixample 16 Synthesis of M-16

(Step 1) 4-Nitro-2-tetrahydropyran-4-yl-pyridine

~ NO,
N~

Zinc (19.2 g, 293 mmol) was heated at 210°C for 10 minutes, cooled to
70°C, then heated to 210°C again, and the resulting mixture was stirred for
10 minutes. The reaction mixture was cooled to room temperature, then a
solution of N,N-dimethylformamide (100 ml) and dibromoethane (6.87 g, 33.6
mmol) in N,N-dimethylformamide (10.0 ml) was added thereto, and the
resulting mixture was stirred at 90°C for 30 minutes. The reaction mixture
was cooled to room temperature, then trimethylsilyl chloride (800 mg, 7.30
mmol) was added thereto, and the resulting mixture was stirred at room
temperature for 10 minutes. A solution of 4-iodine tetrahydropyran (10..1 g,
49.2 mmol) in N,N-dimethylformamide (60.0 ml) was added to the reaction
liquid, and the resulting mixture was stirred at 35°C for 90 minutes. This
zinc derivative was added to a suspension of 2-bromo-4-nitro-pyridine (5.00 g,

24.6 mmol) and Pd(PPh3):Cl: (2.60 g, 3.70 mmol) in N,N-dimethylformamide
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(80.0 ml), and the resulting mixture was stirred in the presence of nitrogen
gas at 90°C for 2 hours. The reaction mixture was cooled to room
temperature, then the reaction solution was filtered, and the obtained
filtrate was diluted with water (600 ml) and extracted with ethyl acetate
(200 ml x 3). The extracts were combined, washed with a saturated saline
solution, dried over anhydrous sodium sulfate, and then the solvent was
removed under reduced pressure. The obtained residue was purified by
silica gel column chromatography (petroleum ectheriethyl acetate = 1071 to
5:1) to obtain the title compound (900 mg, 17%).
'H NMR (CDCl;, 400 MHz): 8 8.85 (d, d = 5.6 Hz, 1H), 7.90-7.86 (m, 2H),
4.15-4.11 (m, 2H), 3.61-3.54 (m, 2H), 3.16-3.10 (m, 1H), 2.00-1.91 (m, 4H)
(0126]

(Step 2) 2-Tetrahydropyran-4-ylpyridin-4-amine

A~ NH
N =~

0]

4-Nitro-2-tetrahydropyran-4-yl-pyridine <see (step 1)> (900 mg, 4.30
mmol) and 10% Pd/C (wet, 100 mg) were suspended in methanol (5.0 ml),
and the resulting mixture was stirred in the presence of hydrogen at room
temperature for 24 hours. The reaction liquid was filtered, and the filtrate
was concentrated under reduced pressure to obtain the title compound (700
mg, 91%).
'H NMR (CD30D, 300 MH2): 8 7.89 (d, J = 5.7 Hz, 1H), 6.49 - 6.41 (m, 2H),
4.07 - 4.01 (m, 2H), 3.539 - 3.50 (m, 2H), 2.80 - 2.71 (m, 1H), 1.84 - 1.76 (m, 4H)
[0127]

(Step 3) 4-Bromo-2-tetrahydropyran-4-yl-pyridine
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Br

N/

2-Tetrahydropyran-4-ylpyridin-4-amine <sec (step 2)> (700 mg, 3.90
mmol) was dissolved in bromoform (30 ml), amyl nitrite (20 ml) was added
thereto, and the resulting mixture was stirred in the presence of nitrogen gas
at 85°C for 4 hours. The reaction mixture was cooled to room temperature,
then the reaction liquid was concentrated under reduced pressure, and the
obtained residue was purified by silica gel column chromatography
(petroleum etheriethyl acetate = 10:1 to 5:1) to obtain the title compound
(350 mg, 37%).

'H NMR (CDCl;, 300 MHz): § 8.37 (d, 1H, J = 5.4 Hz), 7.36 - 7.27 (m, 2H),
4.13 - 4.07 (m, 2H), 3.59 - 3.50 (m, 2H), 2.97 - 2.92 (m, 1H), 1.92 - 1.84 (m, 4H)
[0128]

(Step 4) 2-Benzylsulfanyl-5-bromo-pyridine

5-Bromo-2-chloro-pyridine (80.0 g, 645 mmol) was dissolved in
tetrahydrofuran (600 ml), sodium hydride (60% wt in mineral oil, 45.0 ¢, 1.13
mol) was added thereto over 20 minutes, and the resulting mixture was
stirred at room temperature for 30 minutes. Benzyl thiol (123 g, 640 mmol)
was added to the reaction liquid, and the resulting mixture was stirred at
room temperature for 3 hours. The reaction liquid was diluted with water,
extracted with diethyl ether, the extracts were combined, and washed with a
saturated aqueous solution of sodium hydrogen carbonate, and a saturated
saline solution. The obtained residue was dried over magnesium sulfate,

and the solvent was removed under reduced pressure to obtain the title
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compound (148 g, 82%).
{0129]

(Step 5) 5-Bromopyridine-2-sulfony! chloride

00
W
D *Cl
Br 2N

2-Benzylsulfanyl-5-bromo-pyridine <sce (step 4)> (250 g, 0.89 mol)
was suspended in acetic acid (2,250 ml) and water (750 ml), NCS (340 g, 2.60
mol) was added thercto, and the resulting mixture was stirred at room
temperature for 2 hours. The reaction liquid was diluted with water and
extracted with methylene chloride. The extracts were combined, washed
with a saturated aqueous solution of sodium hydrogen carbonate and a
saturated saline solution, and dried over magnesium sulfate. The obtained
residue was purified by silica gel column chromatography (petroleum
etheriethyl acetate = 30:1) to obtain the title compound (60.4 g, 26%).
[0130]

(Step 6) Methyl

4-[(5-bromo-2-pyridyl)sulfonylaminol-2,5-difluoro-benzoate

F O
Og/O O/
| YN
_.N H F

Br

Methyl 4-amino-2,5-difluoro-benzoate <see Example 10 (step 4)>
(14.1 g, 75.0 mmol) and 5-bromopyridine-2-sulfonyl chloride <see (step 5)>
(29.0 g, 113 mmol) were dissolved in methylene chloride (250 ml), pyridine
(23 ml) was added thereto, and the resulting mixture was stirred at room
temperature for 12 hours. The reaction liquid was concentrated under
reduced pressure, 6 N hydrochloric acid was added for adjustment of the pH
to 1.0, and the precipitated yellow solid was filtered. The obtained solid was
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washed with water and dried to obtain the title compound (21.4 g, 70%) as a
yellow solid.
'H NMR (400 MHz, DMSO-dg): & 11.30 (s, 1H), 8.91 (d, J = 2.0 Hz, 1H), 8.40
(dd, J = 8.4, 2.4 Hz, 1H), 8.00 (d, J = 8.4 Hz, 1H), 7.69 - 7.65 (m, 1H), 7.45 -
7.39 (m, 1H), 3.83 (s, 3H); MS (ESD m/z 407, 409 (M+H)*
(0131]

(Step

~]
~—

[6-1(2,5-Difluoro-4-methoxycarbonyl-phenvl)sulfamoyl]-3-pyridyllboronic

acid
F O
Og(/) ol
(N
HO.B N H F
OH

Two steps similar to Example 10 (step 6) were performed to methyl
4-[(5-bromo-2-pyridyDsulfonylaminol-2,5-difluoro-benzoate <see (step 6)> (41
g, 0.10 mol) to obtain the title compound (30 g, 81%) as a black oil.

MS (ESD m/z 371 (M-1)

[0132]

(Step 8) Methyl
2,5-difluoro-4-{[5-(2-tetrahydropyran-4-yl-4-pyridyl)-2-pyridyllsulfonylamino
Ibenzoate

F O
0%9 O/

(YN
N _.N H F
N~

0

4-Bromo-2-tetrahydropyran-4-yl-pyridine <see (step 3)> (350 mg,
1.45 mmol),

(6-((2,5-difluoro-4-methoxycarbonyl-phenyl)sulfamoyll-3-pyridyl]boronic acid
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<see (step 7)> (647 mg, 1.74 mmol), sodium carbonate (462 mg, 4.83 mmol),
and Pd(dppNCl, (106 mg, 0.14 mmol) were dissolved in dioxane (10.0 ml) and
water (2.0 mD), and the resulting solution was stirred in the presence of
nitrogen at 105°C for 2 hours. The reaction liquid was concentrated under
reduced pressure, and then the obtained residue was purified by silica gel
column chromatography (petroleum etheriethyl acetate = 10:1 to 1:1) to
obtain the title compound (210 mg, 29%).
[0133]

(Step 9)
2,5-Difluoro-4-[[5-(2-tetrahydropyran-4-yl-4-pyridyl)-2-pyridyl]sulfonylamin
olbenzoic acid (M-16)

F O
00 OH
N
AN HOF
_
0

Methyl
2,5-difluoro-4-[[5-(2-tetrahydropyran-4-yl-4-pyridyD)-2-pyridyl]sulfonylamino
Ibenzoate <sce (step 8)> (210 mg, 0.43 mmol) was dissolved in methanol (5.0
ml), a 2 N aqueous solution of lithium hydroxide (3.0 ml) was added thereto,
and the resulting mixture was stirred at room temperature for 2 hours. The
completion of the reaction was verified with TLC, and then 4 N hydrochloric
acid was added for adjustment of the pH to 5.0. The precipitated solid was
filtered and dried to obtain the title compound (140 mg, 69%) as a white
solid.

'H NMR (DMSO-dg, 300 MHz): § 13.32 (br s, 1H), 11.27 (br s, 1H), 9.18 (s,
1H), 8.65 (d, J = 3.6 Hz, 1H), 8.53 (dd, J = 6.0, 1.2 Hz, 1H), 8.15 (d, J = 6.0 Hz,
1H), 7.77 (s, 1H), 7.69 (d, J = 3.6 Hz, 1H), 7.61(dd, J = 8.1, 5.1 Hz, 1H), 7.45
(dd, J = 9.3, 5.1 Hz, 1H), 3.98 - 3.96 (m, 2H), 3.49 - 3.43 (m, 2H), 3.04 - 2.99
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(m, 1H), 1.87 - 1.78 (m, 4H); MS (IESD) m/z 476 (M+H)+
[0134]
Example 17: Synthesis of M-17

(Step 1 (3-Bromopyrimidin-2-yl)methyl methanesulfonate

Br
N
MSO\)\‘/Nj/

(5-Bromopyrimidin-2-y)methanol <see Example 12 (step 4)> (3.72 g,
19.7 mmol) was dissolved in tetrahydrofuran (10 ml), triethylamine (3.0 g, 30
mmol), mesyl chloride (3.38 g, 29.6 mmol) was added at 0°C, and the
resulting mixture was stirred at room temperature for 1 hour. The reaction
liquid was concentrated under reduced pressure, and then the obtained
residuc was purified by silica gel column chromatography (petroleum
etheriethyl acetate = 10:1) to obtain the title compound (4.54 g, 86%).
'H NMR (CDCly, 400 MH2z): 8 8.83 (s, 2H), 5.39 (s, 2H), 3.20 (s, 3H)
(0135]

(Step 2) N-{(5-Bromopyrimidin-2-yDmethyllpropan-2-amine

n N/\j/Br

NN

(5-Bromopyrimidin-2-yl)methyl methanesulfonate <sce (step 1)> (200
mg, 0.750 mmol) was dissolved in ethanol (10 ml), isopropylamine (88.5 mg,
1.50 mmol) and triethylamine (151 mg, 1.50 mmol) were added thereto, and
the resulting mixture was stirred at 80°C for 1 hour. The reaction liquid
was concentrated under reduced pressure, and then the obtained residue
was purified by silica gel column chromatography (petroleum ether:ethyl
acetate = 31 to 1:1) to obtain the title compound (144 mg, 84%).

IH NMR (CDCls, 400 MHz): § 8.77 (s, 2H), 4.08 (s, 2H), 2.89 - 2.83(m, 1H),
1.12 (d, J = 6.4 Hz, 6H)
(0136]
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(Step 3) Methyl
9.5-difluoro-4-{[4-[2-[(isopropylamino)methyllpyrimidin-5-yl] phenyllsulfonyl

aminolbenzoate

N-{(5-Bromopyrimidin-2-yDmethyllpropan-2-amine <see (step 2)>
(0.260 o, 1.13 mmol),
[4-[(2.5-difluoro-4-methoxycarbonyl-phenyDsulfamoyllphenyllboronic  acid
<see Example 10 (step 6)> (0.420 g, 1.13 mmol), sodium carbonate (0.241 g,
2.2 mmol), and Pd(dppCl: (41.5 mg, 0.057 mmol) were dissolved in dioxane
(5.0 ml) and water (1.0 ml), and the resulting mixture was stirred in the
presence of nitrogen gas at 100°C for 8 hours. The reaction liquid was
concentrated under reduced pressure, and then the obtained residue was
purified by silica gel column chromatography (petroleum ether:ethyl acetate
= 9:1 to 1:4) to obtain the title compound (0.32 g, 59%).
MS (ESI) m/z 477 (M+H)*
[0137]

(Step 4)
2,5'I)iﬂu<)r0'4'{[4'[2'[(isopropylamino)methyl]pyrimidin'5'y1Jphenyl]sulf'(myl

amino]benzoic acid (M-17)

v Jﬁf OH
‘N
H N/ﬁ/@ H F
W

Methyl
2 5-difluoro-4-[{4-2- [(isopropylamino)methyl]pyrimidinﬁ-yl]phe nyllsulfonyl

aminolbenzoate <see (step 3)> (476 mg, 1.00 mmol) was dissolved in
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methanol (10 mD), a 2 N aqueous solution of lithium hydroxide (3.0 ml) was
added thereto, and the resulting mixture was stirred at room temperature
for 2 hours. The completion of the reaction was verified with TLC, and then
4 N hydrochloric acid was added for adjustment of the pH to 5.0. The
precipitated solid was filtered, washed with a mixed solution of methylene
chloride:methanol (10:1), and dried to obtain the title compound (406 mg,
88%) as a white solid.
'H NMR (CD3;0D, 400 MHz):§ 9.06 (s, 2H), 7.88 (d, J = 8.8 Hz, 2H), 7.80 (d, J
= 8.4 He, 2H), 7.63 - 7.56 (m, 2H), 4.44 (s, 2H), 3.48 - 3.45 (m, 1H), 1.33(d, J =
6.4 Hz, 6H); MS (ESD m/z 463 (M+H)*
[0138]

IExample 18 Synthesis of M-18

(Step 1) 5-Bromo-2-vinvl-pyrimidine

B

5-Bromo-2-iodine-pyrimidine (28.4 g, 0.100 mol) and Pd(PPhy)4 (1.73
g, 1.50 mmol) were dissolved in tetrahydrofuran(350 ml), a 1.5 M solution of
vinyl magnesium bromide/tetrahydrofuran (75.0 ml, 0.110 mol) was added
thereto, and the resulting mixture was stirred at room temperature for 16
hours. The reaction liquid was diluted with water (200 ml) and extracted
with ethyl acetate (200 ml x 3). The extracts were combined, washed with a
saturated saline solution, dried over anhydrous sodium sulfate, and then the
solvent was removed under reduced pressure to obtain the title compound.
MS (ESD m/z 185, 187 (M+H)*
(0139]

(Step 2) 2-(5-Bromopyrimidin-2-yD)-N,N-dimethylethanamine

Br
N
! -
i
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5-Bromo-2-vinyl-pyrimidine <see (step 1)> was dissolved in methanol
(50 ml), dimethylamine (a 10% aqueous solution, 19.0 ml, 0.250 mol) was
added thereto, and the resulting mixture was stirred at room temperature
for 90 minutes. The reaction liquid was concentrated under reduced
pressure, and then the obtained residue was purified by silica gel column
chromatography (methylene chloride:methanol = 100:1 to 10:1) to obtain the
title compound (6.90 g, 30%, two steps).
'H NMR (CD30D, 300 MHz): 5 8.82 (s, 2H), 3.33 - 3.32 (m, 2H), 2.88 - 2.83 (m,
2H), 2.30 (s, 6H)
(0140]

(Step 3) Methyl
4-[[4-[2-(2-dimethylaminoethyD pyrimidin-5-yllphenyllsulfonylaminol-2,5-dif

luoro-benzoate

2-(5-Bromopyrimidin-2-y)-N,N-dimethylethanamine <see (step 2)>
(5.20 g 22.6 mmol), methyl
2 5-difluoro-4-[[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyllsulfon
ylaminolbenzoate <sce Example 10 (step 6)> (10.2 g, 22.6 mmol), sodium
carbonate (3.60 g, 33.9 mmol), and Pd(dppfCl: (830 mg, 1.14 mmol) were
dissolved in dioxane (60 ml and water (20 ml), and the resulting mixture
was stirred in the presence of nitrogen at 100°C for 8 hours. The reaction
liquid was concentrated under reduced pressure, and then the obtained
residue was purified by silica gel column chromatography (methylene
chloride:methanol = 100:1 to 10:1) to obtain the title compound (5.90 g, 55%).
MS (ESD m/z 477 (M+H)*
[0141]
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(Step 1)
4-{{4-12-(2-Dimethylaminocthylpyri midin-5-yllphenyllsulfonylaminol-2,5-dif

luoro-benzoic acid (M-18)

Methyl
4-([4-[2-(2-dimethylaminoethyDpyrimidin-3-yllphenyllsulfonylaminol-2,5-dif
luoro-benzoate <see (step 3)> (5.90 g, 12.4 mmol) was dissolved in methanol
(10 ml), a 2 N aqueous solution of lithium hydroxide (30 ml) was added
thereto, and the resulting mixture was stirred at room temperature for 2
hours. The completion of the reaction was verified with TLC, and then 4 N
hvdrochloric acid was added for adjustment of the pH to 5.0. The
precipitated solid was filtered and dried to obtain the title compound (4.6 g,
81%) as a white solid.
1H NMR (DMSO-dg, 300 MHz): 6 9.11 (s, 2H), 7.86 (s, 4H), 7.30 - 7.23 (m, 1H),
6.99 - 6.92 (m, 1H), 3.55 - 3.51 (m, 2H), 3.38 - 3.34 (m, 2H), 2.81 (s, 6H); MS
(ESI) m/z 463 (M+H)*

[0142]
Example 19" Synthesis of M-19

(Step 1) 5-Bromo-2-(isopropoxymethylpyrimidine

- Br
o

Isopropanol (10 ml) was added to sodium hydride (60% wt in mineral
0il, 225 mg, 5.60 mmol), and the resulting mixture was stirred at 60°C for 30

minutes. The reaction liquid was cooled to room temperature, then
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(5-bromopyrimidin-2-yDmethyl methanesulfonate <see Example 17 (step 1)>
(1.0 g, 3.7 mmol) a solution of isopropanol (15 ml) was added thereto, and the
resulting mixture was stirred at 0°C for 3 hours. The reaction liquid was
diluted with water (30 ml), extracted with diethyl ether (50 ml x 3), the
extracts were combined, washed with a saturated saline solution, dried over
anhydrous sodium sulfate, then the solvent was removed under reduced
pressure, and the obtained residue was purified by silica gel column
chromatography (petroleum etheriethyl acetate = 10:1) to obtain the title
compound (657 mg, 76%).

1H NMR (CDCI3, 400 MHz): & 8.80 (s, 2H), 4.71 (s, 2H), 3.82 - 3.79 (m, 1 H),
1.28 - 1.27(d, J = 6.0 Hz, 6H)

[0143]

(Step 2) Methyl
2,5-difluoro-4-[14-[2-(sopropoxymethyD)pyrimidin-5-ylJphenyl]sulfonylamino
Ibenzoate

F O
Ve
‘N
X H F

N
YO

5-Bromo-2-(isopropoxymethyDpyrimidine <see (step 1)> (508 mg,
2.20 mmol),
[4-[(2,5-difluoro-4-methoxycarbonyl-phenyl)sulfamoyllphenyllboronic  acid
<see [Example 10 (step 6)> (820 mg, 2.20 mmol), sodium carbonate (700 mg,
6.60 mmol), and Pd(dpp)Cl, (48 mg, 0.066 mmol) were dissolved in dioxane
(20 ml) and water (7.0 ml), and the resulting mixture was stirred in the
presence of nitrogen at 105°C for 12 hours. The reaction liquid was
concentrated under reduced pressure, then the obtained residue was washed
with dicthyl ether (20 ml) and dried to obtain the title compound (1.50 g).
MS (ESD m/z 478 (M+H)+*
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(0144]
(Step 3)
2,5-Difluoro-4-1[4-[2-GsopropoxymethyDpyrimidin-5-yllphenyllsulfonylamino

Ibenzoic acid (M-19)

F O

v @ oH
‘N
Nﬁ/@ H F
oMy

Methyl

7

2,5-difluoro-4-[[4-[2-(isopropoxymethyl)pyrimidin-5-ylJphenyllsulfonylamino
Ibenzoate <see (step 2)> (1.50 g) was dissolved in methanol (10 ml), a 2 N
aqueous solution of lithium hydroxide (6.0 ml) was added thercto, and the
resulting mixture was stirred at room temperature for 2 hours. The
completion of the reaction was verified with TLC, and then 4 N hydrochloric
acid was added for adjustment of the pH to 4.0. The precipitated solid was
filtered off, washed with acetonitrile, and dried to obtain the title compound
(763 mg, 75% for two steps) as a yellow solid.
'H NMR (DMSO-dg, 400 MHz): § 13.41 (br, 1H), 11.15 (br, 1H), 9.19 (s, 2H),
8.07 - 7.97 (m, 4H), 7.62 (dd, J = 10.8, 6.4 Hz, 1H), 7.31 (dd, J = 12.0, 6.4 Hz,
1H), 4.66 (s, 2H), 3.81 - 3.75 (m, 1H), 1.24 (d, J = 6.0 Hz, 6H); MS (ISD) m/z
464 (M+H)*
[0145]

Example 20: Synthesis of M-20

(Step 1) 2-(Azetidin-1-y])-5-bromo-pyrimidine

Br
N
i

5-Bromo-2-chloro-pyrimidine (29.9 ¢, 0.150 mol) was dissolved in

N,N-dimethylformamide (300 ml), azetidine (11.4 g, 0.200 mol) and
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potassium carbonate (42.5 g, 0.310 mol) were added thereto, and the
resulting mixture was stirred at 50°C for 12 hours. The reaction liquid was
diluted with water, extracted with diethyl ether (300 ml x 3), the extracts
were combined, washed with a saturated saline solution, and dried over
anhydrous sodium sulfate.  The solvent was removed under reduced
pressure to obtain the title compound (30 g, 93%).
'H NMR (CDCly. 100 MH2): 8 8.26 (s, 2H), 4.12 (t, J = 7.4 Hz, 4H), 2.10-2.33
(m, 2H)
[0146]

(Step 2) Methyl

4-[[4-[2-(azetidin- 1-yDpyrimidin-5-yllphenyllsulfonylaminol-2,5-difluoro-ben

zoate
F O
09 @Ao/
‘N
Nﬁ/©/ H F
C/N)\IN/

A mecthod similar to Example 10 (step 7) was performed to
2-(Azetidin-1-yl)-5-bromo-pyrimidine <see (step 1)> (10.7 g, 50.4 mmol) to
obtain the title compound (15.0 g, 64%).

MS (ESD) m/z 461 (M+H)*
[0147]

(Step 3)
4-[{4-[2-(Azetidin- 1-yDpyrimidin-5-yliphenyllsulfonylaminol-2,5-difluoro-ben
zoic acid (M-20)
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Methyl
4‘[[4‘[2"('(1'/,0tidin'1'yl)pyrimidin‘5'yl]phenyl]sulfonylamino]'2,5‘diﬂuo1'0'bon
zoate <see (step 2)> (15.0 g, 32.6 mmol) was dissolved in methanol (180 ml), a
2 N aqueous solution of lithium hydroxide (60 ml) was added thereto, and the
resulting mixture was stirred at room temperature for 2 hours.  The
completion of the reaction was verified with TLC, and then 4 N hydrochloric
acid was added for adjustment of the pH to 4.0.  The precipitated solid was
filtered, washed with a mixed solvent (methylene chloride:methanol = 10:1),
and dried to obtain the title compound (10.0 g, 69%) as a white solid.

'H NMR (DMSO-dg, 400 MHz): 6 13.43 - 13.40 (br, 1H), 11.13 - 11.05 (b, 1H),
8.78 (d, J = 10.0 Hz, 2H), 7.98 - 7.88 (m, 4H), 7.62 (dd, J = 10.4, 6.8 Hz, 1H),
7.29 (dd, J = 12.0, 6.4 Hz, 1H), 4.12 (t, J = 7.2 Hz, 4H), 2.52 - 2.32 (m, 2H);
MS (ESI) m/z 447 (M+H)*

[0148]

Fixample 211 Synthesis of M-21
(Step 1 Methyl

2 5-difluoro-4-[[5-(4-methyltriazol-1 'yl)".l‘pyridyl]sulfonylamino]benzoate

2-Butynoic acid  (3.70 g, 44.0 mmol) and methyl
2 5-difluoro-4-[(5-iodine-2-pyridylsulfonylaminolbenzoate <synthesized by a
method similar to Example 16 (step 6)> (20.0 g, 44.0 mmol) were dissolved 1n
dimethylsulfoxide (250 ml) and water (30 ml), L-proline (1.00 g, 8.80 mmol),
copper(1]) sulfate pentahydrate (1.10 g, 4.40 mmol), sodium ascorbate (1.70 g,
8.80 mmol), sodium azide (4.29 g, 66.0 mmol), and potassium carbonate (7.30
g, 53.0 mmol) were sequentially added, and the resulting mixture was stirred
at 65°C for 12 hours. Ethyl acetate (500 ml), ammonium water (500 ml),

and water (1,000 ml) were added to the reaction liquid, then the reaction
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liquid was extracted with ethyl acetate (600 ml x 15), the organic layers were
combined and washed with a saturated saline solution (3,000 ml), dried over
sodium sulfate, and the solvent was removed under reduced pressure. The
obtained residue was purified by HPLC separation to obtain the title
compound (4.70 g, 26%).
'H NMR (CD30D, 300 MH2): 8 9.11 (s, 1H), 8.43 - 8.42 (m, 2H), 8.22 - 8.19 (i,
1H), 7.43 - 7.30 (m, 2H), 3.83 (s, 3H), 2.43 (s, 3H)
(0149]

(Step 2)
2,6-Difluoro-4-{[5-(4-methyltriazol-1-yl)-2-pyridyllsulfonylaminolbenzoic

acid (M-21)

F O
00 OH

Y

N
'\i\;N N H F

Methyl
2,5-difluoro-4-[[5-(4-methyltriazol-1-y1)-2-pyridyllsulfonylamino]benzoate
<see (step 1)> (4.50 g, 11.0 mmol) was dissolved in methanol (60 ml), a 2 N
aqueous solution of lithium hydroxide (15 ml) was added thercto, and the
resulting mixture was stirred at room temperature for 30 minutes. The
completion of the reaction was verified with TI.C, and then 4 N hydrochloric
acid was added for adjustment of the pH to 4.0. The precipitated solid was
filtered off, washed with a saturated saline solution, and dried to obtain the
title compound (3.90 g, 90%) as a white solid.
'H NMR (CD30D, 400 MH2): § 9.22 (d, J = 2.0 Hz, 1H), 8.58 - 8.47(d, J = 9.2,
2.8 Hz, 1H), 8.47 (s, 1H), 8.29 (d, J = 8.8 Hz, 1H), 7.66 - 7.58 (m, 2H), 2.44 (s,
3H); MS (ESI) m/z 396 (M+H)*
[0150]

Example 22: Synthesis of M-22

(Step 1) Furan-2-sulfonyl chloride
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Furan (3.67 g, 53.9 mmol) was dissolved in diethyl ether (50 ml), the
reaction solution was cooled to 0°C, then a solution of t-butyllithium/hexane
(1.3 mol/l, 50 m]) was slowly added dropwise, and the resulting mixture was
stirred for 15 minutes.  Sulfur dioxide was added to the reaction liquid, and
the resulting mixture was further stirred for 15 minutes. Then
N-chlorosuccinimide (8.65 g, 64.8 mmol) was added thereto, and the
resulting mixture was stirred at room temperature for 30 minutes. The
reaction liquid was diluted with water and extracted with ethyl acetate (100
ml x 2), then the extracts were combined, washed with a saturated saline
solution, and dried over anhydrous sodium sulfate. The solvent was
removed under reduced pressure, and then the residue was purified by silica
gel column chromatography (petroleum etheriethyl acetate = 10:1 to 5:1) to
obtain the title compound (3.2 g, 36%) as a yellow oil.

[0151]
(Step 2) Methyl 2,5-difluoro-4-[(2-furylsulfonylaminolbenzoate

Methyl 4-amino-2,5-difluorobenzoate (1.40 g, 7.48 mmol) <see
Example 10 (step 4)> was dissolved in methylene chloride (60 ml),
furan-2-sulfonyl chloride <see (step 1)> (3.00 g, 18.0 mmol) and pyridine (10
ml) were added thereto, and the resulting mixture was stirred at room
temperature for 12 hours. The reaction liquid was diluted with water and
extracted with ethyl acetate. The extracts were combined, washed with a
saturated saline solution, dried over anhydrous sodium sulfate, the solvent

was removed under reduced pressure, and then the obtained residue was
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purified by silica gel column chromatography (petroleum etheriethyl acetate
=101 to 5:1) to obtain the title compound (800 mg, 34%) as a gray solid.

'H NMR (DMSO-dg, 400 MHz): 6 8.02 (s, 1H), 7.71 - 6.66 (m, 1H), 7.32 - 7.2
(m, 2H), 6.70 - 6.66 (m, 1H), 3.82 (s, 3H); MS (ESD m/z 318 (M+H)*

=

5 (0152
(Step 3) 2,5-Difluoro-4-[(2-furylsulfonyl)aminolbenzoic acid (M-22)
F O
Q0 OH
0.5
AR

Methyl 2,5-difluoro-4-[(2-furylsulfonyl)aminolbenzoate <see (step 2)>
(800 mg, 2.52 mmol) was dissolved in methanol (10 ml), a 6 N aqueous
10 solution of sodium hydroxide (10.0 ml) was added thereto, and the resulting
mixture was stirred at room temperature for 30 minutes. The completion of
the reaction was verified with TLC, and then 4 N hydrochloric acid was
added for adjustment of the pH to 4.0. The precipitated solid was filtered
and dricd to obtain the title compound (600 mg, 79%).
15 'H NMR (CD30D, 400 MHz): § 7.74 (dd, J = 2.4, 1.6 Hz, 1H), 7.61 (dd, J =
14.4, 8.4 Hz, 1H), 7.38 (dd, J = 15.6, 8.4 Hz, 1H), 7.18 (dd, J = 4.8, 1.6 Hz, 1H),
6.58 (dd, J = 4.8, 2.4 Hz, 1H); MS (ESI) m/z 304 (M+H)*
[0153]
Example 23: Synthesis of M-23

20  (Step 1) Methyl 4-amino-2,3,5,6-tetrafluoro-benzoate

poad
H,N F
F

4-Amino-2,3,5,6-tetrafluoro-benzoic acid (10.0 g, 47.8 mmol) was
dissolved in methanol (80 ml), the reaction solution was cooled to 0°C, then
thionyl chloride (15 ml) was added dropwise, and the resulting mixture was

stirred at 65°C for 12 hours. The reaction liquid was concentrated under

o
(o2
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reduced pressure, and then the obtained residue was purified by silica gel
column chromatography (petroleum etheriethyl acetate = 5:1 to 2:1) to obtain
the title compound (9.28 g, 87%).
NMR (CDCls, 400 MHz): § 4.38 (br s, 2H), 3.92 (s, 3H).
[0154]

(Step 2) Methyl

4-[(4-bromophenylsulfonylaminol-2,3,5,6-tetrafluoro-benzoate

F O
od -
¥ ©

/@( ‘N F
Br HoF

Methyl 4-amino-2,3,5,6-tetrafluoro-benzoate <sce (step 1)> (4.60 g,
20.6 mmol) was dissolved in tetrahydrofuran (50 ml), sodium hydride (60%
in oil, 1.64 g, 41.0 mmol) was added thereto, and the resulting mixture was
stirred in the presence of nitrogen gas at room temperature for 30 minutes.
4-Bromobenzenesulfonyl chloride (5.70 g, 22.3 mmol) was added to the
reaction liquid, and the resulting mixture was stirred at 60°C for 2 hours. A
saturated aquecous solution of sodium hydrogen carbonate was added to the
reaction liquid and the resulting mixture was extracted with ethyl acetate
(50 ml x 3). The extracts were combined, washed with a saturated saline
solution, and dried over anhydrous sodium sulfate. The solvent was
removed under reduced pressure, and the obtained residue was purified by
silica gel column chromatography (petroleum etheriethyl acetate = 5:1 to 1:1)
to obtain the title compound (6.29 g, 69%).
H NMR (CDCls, 400 MHz): 6 7.75 (d, J = 7.8 Hz, 2H), 7.50 (d, J = 7.8 Hz, 2H),
3.90 (s, 3H)
[0155)

(Step 3) Methyl
4-[[4-(2-ethylpyrimidin-5-yl)phenyl]sulfonvlaminol-2,3,5,6-tetrafluoro-benzo

ate
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F O
¥
SN F
\/‘le

Methyl
4-[(4-bromophenyDsulfonylaminol-2,3,5,6-tetrafluoro-benzoate <sce (step 2)>
(587 mg, 1.33 mmol) and
2-ethyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yDpyrimidine (311 mg,
1.33 mmol) were dissolved in N,N-dimethylformamide (25 ml) and water (4.0
ml), sodium carbonate (421 mg, 3.98 mmol) and Pd(dppf)Cly (194 mg, 0.266
mmol) were added thereto, and the resulting mixture was stirred in the
presence of nitrogen gas at 100°C for 4 hours. The reaction liquid was
concentrated under reduced pressure, and then the obtained residue was
purificd by silica gel column chromatography (petroleum etheriethyl acctate
=5:1 to 1:1) to obtain the title compound (541 mg, 87%).

'H NMR (CDCls, 400 MHz): § 8.91 (s, 2H), 8.03(d, J = 7.8 Hz, 2H), 7.73 (d, J
= 7.8 Hz 2H), 3.98 (s, 3H), 3.08 (q, J = 8.0 Hz, 2H), 1.42 (t, J = 8.0 Hz, 3H)
[0156]

(Step 4)
4-1{4-(2-Ethylpyrimidin-5-yl)phenyllsulfonylaminol-2,3,5,6-tetrafluoro-benzo
ic acid (M-23)

F O

Q\//d:@)LOH
SN F
NS H F

Methyl
4-1{4-(2-ethylpyrimidin-5-yDphenyllsulfonylaminol-2,3,5,6-tetrafluoro-benzo
ate <see (step 3)> (541 mg, 1.15 mmol) was dissolved in methanol (5.0 ml), a
2 N aqueous solution of lithium hydroxide (1.0 ml) was added thereto, and

the resulting mixture was stirred at room temperature for 30 minutes. The
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completion of the reaction was verified with TLC, and then 4 N hydrochlorie
acid was added for adjustment of the pH to 4.0.  The precipitated sohd was
filtered and dried to obtain the title compound (260 mg, 49%) as a white
solid.

tH NMR (DMSO-ds, 400 MHz): § 9.31 (s, 2H), 8.11 (d, J = 8.0 Hz, 2H), 7.92 (d,
J =8.0 Hz, 2H), 3.04 (q, J = 8.0 Hz, 2H), 1.38 (t, J = 8.0 Hz, 3H); MS (ESI) m/z
456 (M+H)*

[0157]

[Example 24: Synthesis of M-24
(Step 1) Methyl

4-[(4-bromo-2-methyl-phenyl)sulfonylaminol-2-fluoro-benzoate

-~

F O
Wy
ISk
Br H

Methyl 4-amino-2-fluoro-benzoate (2.00 ¢, 12.0 mmol) and
4-bromo-2-methyl-benzensulphonyl chloride (4.70 g, 17.0 mmol) were
dissolved in methylene chloride (50 m1), pyridine (10 ml) was added thereto,
and the resulting mixture was stirred at room temperature for 12 hours.
The reaction solution was concentrated under reduced pressure, then the
obtained residue was purified by silica gel column chromatography
(petroleum etheriethyl acetate = 4:1) to obtain the title compound (3.28 g,
69%).

MS (ESD m/z 402, 404 (M+H)+
[0158]

(Step 2) Methyl

2-fluoro-4-1[2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yDphenylls

ulfonylaminolbenzoate
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F O
¥ e
o
o H
o

Methyl
4-[(4-bromo-2-methyl-phenylsulfonylaminol-2-fluoro-benzoate <see (step 1)>
(2.30 g, 5.70 mmol) and bis(pinacolato)diborane (1.70 g, 6.90 mmol) were
dissolved n N,N-dimethylformamide (30 ml),
[1,1"bis(diphenylphosphino)ferroceneldichloropalladium(ID) (22 mg, 0.030
mmol) and potassium acetate (1.70 g, 17.0 mmol) were added thereto, and
the resulting mixture was stirred in the presence of nitrogen gas at 85°C for
12 hours. The reaction liquid was cooled to room temperature and then
filtered, and the filtrate was extracted with methylene chloride (30 ml x 4).
The extracts were combined and concentrated under reduced pressure, the
obtained residue was diluted with water, the precipitated solid was filtered
off, washed with a mixed solvent (petroleum ether'methylene chloride = 5:2),
and dried to obtain the title compound (1.90 g, 74%) as a brown solid.

'H NMR (DMSO-dg, 400 MHz): 8 8.00 (d, J = 8.0 Hz, 1H), 7.95 (s, 1H), 7.92 (s,
1H), 7.76 (t, J = 8.8 Hz, 1H), 7.68 - 7.68 (m, 1H), 6.97 (dd, J = 8.8, 2.0 Hz, 1H),
6.90 (dd, J = 8.8, 2.0 Hz, 1H), 3.79 (s, 3H), 2.60 (s, 3H), 1.28 (s, 12H)

[0159]

(Step 3)
[4-[(3-Fluore-4-methoxycarbonyl-phenyl)sulfamoyll-3-methyl-phenyliboronic

acid

-

F O
¥y
oy
HO‘B H
HO

Methyl
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2-fluoro-4-[12-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yDphenylls
ulfonylaminolbenzoate <see (step 2)> (1.50 g, 3.30 mmol) was dissolved in
acetone (15 ml), sodium periodate (1.40 g, 6.60 mmol), ammonium acetate
(300 mg, 6.60 mmol), and water (6.0 ml) were added thereto, and the
resulting mixture was stirred at room temperature for 48 hours. The
reaction liquid was concentrated under reduced pressure, then diluted with
water, and extracted with ethyl acetate (500 ml x 3). The extracts were
combined, washed with a saturated saline solution, and dried over
anhydrous sodium sulfate, and then the solvent was removed under reduced
pressure.  The obtained residue was washed with a mixed solvent
(petroleum etheriethyl acetate = 1:10) and dried under reduced pressure to
obtain the title compound (1.00 g, 82%).
'H NMR (DMSO-dg, 400 MHz): 8 8.70 (d, J = 4.4 Hz, 1H), 7.76 (t, J = 8.4 Hy,
1H), 7.65 - 7.57 (m, 2H), 6.93 - 6.87 (m, 2H), 3.80 (s, 3H), 2.64 (s, 3H)
[0160]

(Step 4) Methyl
2-fluoro-4-[[2-methyl-4-(2-pyridyD phenyl]sulfonylaminolbenzoate

[4-[(3-Fluoro-4-methoxycarbonyl-phenyl)sulfamoyl]-3-methyl-phenyl]
boronic acid <sec (step 3)> (800 mg, 2.18 mmol) and 2-bromopyridine (680
mg, 4.35 mmol) were dissolved in dioxane (20 ml) and water(5.0 ml), sodium
carbonate (530 mg, 5.00 mmol) and Pd(dppf)Cl2 (162 mg, 0.200 mmol) were
added thereto, and the resulting mixture was stirred in the presence of
nitrogen at 110°C for 4 hours. The reaction liguid was concentrated under
reduced pressure, and then the obtained residue was purified by silica gel
column chromatography (n-hexane‘ethyl acetate = 10:1 to 1:1) to obtain the

title compound (530 mg, 61%).
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'"H NMR (CD30D, 400 MHz): 6 8.70 (d, J = 8.0 Hz, 1H), 8.12 - 8.03 (m, 3H),
8.00 (d, J = 8.0 Hz, 1H), 7.96 - 7.90 (m, 2H), 7.76 (t, J = 8.4 Hz, 1H), 7.44 -
7.41(m, 1H), 7.02 - 6.91 (m, 2H), 3.76 (s, 3H), 2.69 (s, 3H)

[0161]
(Step 5)
2-Fluoro-4-112-methyl-4-(2-pyridyDphenyllsulfonylaminolbenzoic acid (M-24)
F O
‘N

Methyl
2-fluoro-4-[[2-methy!l-4-(2-pyridyl) phenyllsulfonylaminolbenzoate <sce (step
4)> (630 mg, 1.57 mmol) was dissolved in methanol (10 ml), a 6 N aqueous
solution of sodium hydroxide (5.0 ml) was added thereto, and the resulting
mixture was stirred at room temperature for 30 minutes. The completion of
the reaction was verified with TLC, and then 4 N hydrochloric acid was
added for adjustment of the pH to 4.0. The precipitated solid was filtered
and dried to obtain the title compound (560 mg, 92%) as a white solid.
'H NMR (CD30D, 400 MHz): 6 8.67 (d, J = 4.8 Hz, 1H), 8.18 (d, J = 8.0 Hz,
1H), 7.99 - 7.96 (m, 4H), 7.81 (t, J = 8.4 Hz, 1H), 7.47 - 7.45 (m, 1H), 6.99 -
6.94 (m, 2H), 2.77 (s, 3H); MS (ESD m/z 385 (M-1)
[0162]

Example 25 Synthesis of M-25
(Step 1 4-({[3,5-Difluoro-4-(methoxycarbonylphenyllamino}sulfonyl)benzoic

acid

4-(Chlorosulfonylbenzoic acid (25.0 g, 113 mmol) and methyl
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4-amino-2,6-difluorobenzoate (19.0 g, 101 mmol) were dissolved in methylene
chloride (500 ml), pyridine (25.0 ml, 285 mmol) was added thercto, and the
resulting mixture was stirred at room temperature for 12 hours. The
reaction solution was concentrated under reduced pressure, the obtained
residue was diluted with water, a 6 N aqueous solution of hydrochloric acid
was added for adjustment of the pH to 1.0, and the precipitated solid was
filtered and washed with water. The obtained solid was suspended 1n water
again, washed with a saturated aqueous solution of sodium hydrogen
carbonate, and then extracted with ethyl acetate (100 m} x 2). A 6 N
aqueous solution of hydrochloric acid was added to the obtained aqueous
layer for adjustment of the pH to 6.0, and ethyl acetate was added (100 ml x
2) for extraction. 'The extracts were combined, washed with a saturated
saline solution, dried over anhydrous sodium sulfate, and then the solvent
was removed to obtain the title compound (15.0 g, 36%).
'H NMR (d-DMSO, 400 MHz): 5 11.50 (s, 1H), 8.14 (d, J = 8.4 Hz, 2H), 8.01 (d,
J = 8.4 Hz, 2H), 6.67 (d, J = 10.4 Hz, 2H), 3.87 (s, 3H); MS (ESD m/z 372
(M+H)~
[0163]

(Step 2)
4-[({4-[(Cyclopropylamino)carbonyllphenylisulfonyl)amino]-2,6-difluorobenzo
ic acid (M-25)

F O

P (o
‘N F
H

4-({[3,5-Difluoro-4-(methoxycarbonyl phenyl]aminofsulfonyl)benzoic
acid <see (step 1)> (1.5 g, 4.0 mmol) was dissolved in thionyl chloride (40 ml),
and the resulting mixture was stirred at 75°C for 4 hours. The reaction
solution was cooled to room temperature, and then concentrated under

reduced pressure. The obtained residue was dissolved in methylene
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chloride (30 ml), cvclopropylamine (680 mg, 12.0 mmol), and the resulting
mixture was stirred at room temperature for 30 minutes. The solvent was
removed under reduced pressure, and the obtained residue was purified by
silica gel column chromatography (petroleum etheriethyl acetate = 211 to 1:1).
A part of the obtained compound (740 mg, 1.8 mmol) was dissolved in
methanol (15 ml), a 3 N aqueous solution of sodium hydroxide (5.0 ml) was
added thereto, and the resulting mixture was stirred at room temperature
for 30 minutes. A 6 N aqueous solution of hydrochloric acid was added for
adjustment of the pH to 4.0, and the precipitated solid was filtered and then
dried under reduced pressure to obtain the title compound (670 mg, 51% for
two steps) as a white solid.

I'H NMR (d-DMSO, 400 MHz): 8 7.79 - 7.72 (m, 4H), 6.62 (d, J = 10 Hz, 2H),
2.67 - 2.65 (m, 1H), 0.63 - 0.59 (m, 2H), 0.45 - 0.43 (m, 2H); MS (ESI) m/z 397
(M+H)+

[0164]

The following compounds (.xamples 26 to 47) were synthesized by
using methods similar to Example 28 (step 1), (step 2) performed to
intermediates corresponding to M-1 to M-25 and compounds similar thereto.
Example 26! Synthesis of A-1
(Step 1
(29)-2-[{2,5-Difluoro-4-[[4-[2-(4-piperidyDpyrimidin-5-yllphenyllsulfonylami
nolbenzoyllaminol-3-[5-(1-methyl-2,4-dioxo-pyridol3,4-dlpyrimidin-3-yD)-2-py
ridyllpropanoic acid (A-1)
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- 3TFA

'H NMR (400 MHz, DMSO-dg) 6 10.99 (s, 1H), 9.16 (s, 2H), 9.00 (s, 1H), 8.75
(dd, J = 7.8, 3.8 Hz, 1H), 8.57(d, J =4.9 Hz, 1H), 8.47(d, J = 2.5 Hz, 1H), 8.07
- 7.94 (m, 4H), 7.90 (d, J = 5.0 Hz, 1H), 7.75 (dd, J = 8.2, 2.5 Hz, 1H), 7.47 (d,
J =83 Hz, 1H), 7.38 (dd, J = 10.3, 6.4 Hz, 1H), 7.29(dd, J = 11.4, 6.3 Hz, 1H),

5
4.89 (td, J = 8.2, 4.9 Hz, 1H), 3.61 (s, 3H), 3.42 - 2.99 (m, 8H), 2.20 - 2.12 (m,
2H), 2.05 - 1.92 (m, 2H); MS (ESD) m/z 798.26 (M+H)*
[0165]
Example 270 Synthesis of A-2 and B-2
10 (Step 1)

(29)-2-1[2,5-Difluoro-4-[[4-(2-tetrahydropyran-4-ylpyrimidin-5-yl) phenyllsulf
onylaminolbenzoyllaminol-3-[5-(1-methyl-2,4-dioxo-pyridol3,4-dlpyrimidin-3

-yD-2-pyridyllpropionic acid (A-2)

|
J:rj\/irN >
i @*

¥

2

15 Methyl
3-[5-(1-methyl-2,4-dioxo-1,4-dihydropyrido[3,4-d)pyrimidin-3(2H)-yDpyridin-

< ITFA
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2-yl]-L-alaninate (a methyl ester of M-9)<synthesized by a method similar to
Iixample 9> (67.0 mg, 0.190 mmol) and
2,5-difluoro-4-{[4-(2-tetrahydropyran-4-ylpyrimidin-5-yDphenyllsulfonylami
nolbenzoic acid (M-11) <see Example 11 (step 4)> (75.0 mg, 0.160 mmol) were
suspended in methylene chloride (2.0 mD), HATU (91.0 mg, 0.240 mmol) and
diisopropylethylamine (0.167 ml, 0.960 mmol) were added thereto, and the
resulting mixture was stirred at room temperature for 12 hours. The
reaction liquid was concentrated under reduced pressure, then a 4 N solution
of hydrochloric acid/dioxane (3.0 ml) and water (1.0 ml) were added thereto,
and the resulting mixture was stirred at 60°C for 2 hours. The reaction
liquid was concentrated under reduced pressure and then purified by reverse
phase HPLC (an H20/CH3CN system including 0.1% TIFA) to obtain a TFA
salt of the title compound (30.7 mg, 21%).
'H NMR (400 MHz, DMSO-dg) § 10.98 (s, 1H), 9.13 (s, 2H), 9.00 (s, 1H), 8.73
(dd, d = 7.9, 3.8 Hz, 1H), 8.567 (d, J = 5.0 Hz, 1H), 8.46 (d, J = 2.4 Hz, 1H), 8.05
- 7.99 (m, 2H), 7.98 - 7.93 (m, 2H), 7.90 (d, J = 4.9 Hz, 1H), 7.73 (dd, J = 8.2,
2.5 Hz, 1H), 7.45 (d, J = 8.2 Hz, 1H), 7.38 (dd, J = 10.4, 6.4 Hz, 1H), 7.28 (dd,
J=11.4,6.3 Hz, 1H), 4.88 (td, J = 8.2, 5.0 Hz, 1H), 3.95 (ddd, J = 11.3, 4.4, 2.1
Hz, 2H), 3.61 (s, 3H), 3.48 (td, J = 11.6, 2.5 Hz, 2H), 3.42 - 3.23 (m, 2H), 3.13
(tt, J = 11.2, 4.2 Hz, 1H), 1.97 - 1.75 (m, 4H); MS (ESD m/z 799.51 (M+H)*
[0166]

(Step 2) Cyclohexyl
(29)-2-112,5-difluoro-4-[[4-(2-tetrahydropyran-4-ylpvrimidin-5-yl)phenyllsulf
onylaminolbenzoyllaminol-3-[5-(1-methyl-2,4-dioxo-pyridol3,4-d]pyrimidin-3

-yD)-2-pyridyllpropanoate (B-2)
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Cyclohexyl

- 2TFA

3-15-(1-methyl-2,4-dioxo-1,4-dihydropyridol3,4-dlpyrimidin-3(2H)-yDpyridin-
2-yll-L-alaninate (M-9) <see Example 9 (step 4> (107 mg, 0.250 mmol) and
2,5-difluoro-4-[[4-(2-tetrahydropyran-4-ylpyrimidin-5-yl)phenyl}sulfonylami
nolbenzoic acid (M-11) <see Example 11 (step 4)> (100 mg, 0.210 mmol) were
suspended in methylene chloride (3.0 mD), HATU (120 mg, 0.320 mmol) and
diisopropylethylamine (0.219 ml, 1.26 mmol) were added thereto, and the
resulting mixture was stirred at room temperature for 12 hours. The
reaction liquid was concentrated under reduced pressure and then purified
by reverse phase HPLC (an H.O/CH3CN system including 0.1% TFA) to
obtain a TFA salt of the title compound (48.7 mg, 21%).
'H NMR (400 MHz, DMSO-dg) 8 10.99 (s, 1H), 9.14 (s, 211), 9.00 (s, 1H), 8.85
(dd, J = 7.6, 3.4 Hz, 1H), 8.57(d, J = 4.9 Hz, 1H), 8.45(d, J = 2.4 Hz, 1H), 8.05
- 8.00 (m, 2H), 7.99 - 7.94 (m, 2H), 7.90 (d, J = 4.9 Hz, 1H), 7.73 (dd, J = 8.2,
2.5 Hz, 1H), 7.46 (d, J = 8.2 Hz, 11), 7.38 (dd, J = 10.3, 6.3 Hz, 1H), 7.29 (dd,
J=11.3, 6.3 Hz, 1H), 4.91 (td, J = 7.6, 5.9 Hz, 1H), 4.68 (tt, J = 8.2, 3.7 Hz,
1H), 4.01 - 3.90 (m, 2H), 3.61 (s, 3H), 3.38 - 3.25 (m, 2H), 3.19 - 3.07 (m, 1H),
1.97 - 1.77 (m, 4H), 1.75 - 1.52 (m, 4H), 1.50 - 1.17 (m, 7TH). ; MS (ESD
m/z881.56 (M+H)*
[0167]

EKxample 28: Synthesis of A-3 and B-3
(Step 1)
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(29)-2-112.5-Difluoro-4-114-[2-(methoxymethyD pyrimidin-5-yllphenylisulfonyl
aminolbenzoyllaminol-3-[5-(1-methyl-2,4-dioxo-pyrido(3,4-dIpyrimidin-3-y1)-

2-pyridyllpropanoic acid (A-3)

00 N~ OH
%g H O
N
N H F
o_N,
- N
ITFA

IH NMR (100 MHz, DMSO-dg) & 10.99 (s, 1H), 9.18 (s, 2H), 9.00 (s, 1H), 8.73
(dd, J = 7.8, 3.8 Hz, 1H), 8.57(d, J = 4.9 Hz, 1H), 8.46 (d, J = 2.4 Hz, 1H), 8.07
- 8.02 (m, 2H), 7.99 - 7.95 (m, 2H), 7.90 (d, J = 4.9 Hz, 1H), 7.73 (dd, J = 8.2,
2.5 Hyz, 1H), 7.46 (d, J = 8.2 Hz, 1H), 7.38 (dd, J = 10.4, 6.4 Hz, 1H), 7.28 (dd,
J=11.3, 6.2 Hz, 1H), 4.93 - 4.84 (m, 1H), 4.63 (s, 2H), 3.61 (s, 3H), 3.40 (s,
10 3H), 3.38 - 3.23 (m, 2H); MS (ESD) m/z 759.46 (M+H)+

(@]

[0168]
(Step 2) Cyclohexyl

(28)-2-112,5-difluoro-4-1[4-[2-(methoxymethyl) pyrimidin-5-yllphenyllsulfonyl
aminolbenzoyllaminol-3-[5-(1-methyl-2,4-dioxo-pyridol3,4-d]pyrimidin-3-yl)-
15 2-pyridyllpropanoate (3-3)
0 N
N’\rN

¢ SO

‘N

,MEO

I NMR (400 MHz, DMSO-dg) 8 11.00 (s, 1H), 9.18 (s, 2H), 9.00 (s, 1H), 8.85
(dd, J = 7.6, 3.4 Hz, 1H), 8.57(d, J=5.0 Hz, 1H), 8.45(d, J = 2.4 Hz, 1H), 8.08

« 2TFA
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-8.02 (m, ZH), 8.01 - 7.95 (m, 2H), 7.90 (d, J = 4.9 Hz, 1H), 7.73 (dd, J = 8.2,
2.5 Hz, TH), 7.46 (d, J = 8.2 Hz, 1H), 7.38 (dd, J = 10.3, 6.3 Hz, 1H), 7.29 (dd,
J =113, 6.3 Hz, 1H), 4.97 - 4.87 (m, 1H), 4.63 (s, 3H), 3.61 (s, 3H), 3.40 (s,
3H), 3.38 - 3.25 (m, 2H), 1.77 - 1.51 (m, 4H), 1.46 - 1.18 (m, 6H); MS (ESD m/z
8141.55 (M+H)*

[0169]

Example 29: Synthesis of A-4 and B-4

(Step 1)
(28)-2-[12,5-Difluoro-4-[[4-[4-(methoxymethyDtriazol- 1-yllphenyllsulfonylam
inolbenzoyllaminol-3-[5-(1-methyl-2,4-dioxo-pyrido[3,4-dlpyrimidin-3-y1)-2-p

yridyllpropanoic acid (A-4)

F O O
09 NN OH
H O
N
NN F

- 1TFA

'"H NMR (400 MHz, DMSO-dg) § 10.97 (s, 1H), 9.00 (d, J = 0.8 Hz, 1H), 8.93 (s,
1H), 8.74(dd, J = 7.9, 3.7 Hz, 1H), 8.58 (d, J = 5.0 Hz, 1H), 8.49 - 8.47 (m, 1),
8.20 - 8.11 (m, 2H), 8.05 - 8.00 (m, 2H), 7.90 (dd, J = 4.9, 0.7 Hz, 1H), 7.76 (dd,
J=28.2 2.0Hz 1H), 7.48 (d, J = 8.2 Hz, 1H), 7.37 (dd, J = 10.3, 6.4 Hz, 1H),
7.27(dd, J = 11.2, 6.2 Hz, 1H), 4.94 - 4.85 (m, 1H), 4.54 (s, 2H), 3.61 (s, 3H),
3.43 - 3.23 (m, 5H). s MS (ESD m/z 748.46 (M+H)*
(0170}

(Step 2) Cyclohexyl
(28)-2-[[2,5-difluoro-4-[[4-[4-(methoxymethyl)triazol- 1-yllphenyllsulfonylami
nolbenzoyllaminol-3-[5-(1-methyl-2,4-dioxo-pyrido[3,4-dIpyrimidin-3-y1)-2-py

ridyl]propanoate (B-4)
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|
NNy
|
F Oﬁf\/)o
VONPO
‘N O
H F

< 2TFA

'H NMR (400 MHz, DMSO-dg)  10.98 (s, 1H), 9.00 (s, 1H), 8.93 (s, 1H), 8.86
(dd, J = 7.7, 3.3 Hz, 1H), 8.57(d, J = 5.0 Hz, 1H), 8.46 (d, J = 2.4 Hz, 1H), 8.21
- 8.12 (m, 2H), 8.07 - 7.99 (m, 2H), 7.90 (d, J = 4.9 Hz, 1H), 7.74 (dd, J = 8.2,
2.5 Hz, 1H), 7.47 (d, d = 8.2 He, 1H), 7.37 (dd, J = 10.3, 6.3 Hz, 1H), 7.28 (dd,
J=11.1, 6.2 Hz, 1H), 4.97 - 4.87 (m, 1H), 4.74 - 4.63 (m, 1H), 4.55 (s, 2H),
3.61 (s, 3H), 3.38 - 3.28 (m, 5H), 1.79 - 1.52 (m, 4H), 1.50 - 1.08 (m, 6H); MS
(1281) m/z 830.63 (M+H)*

[0171]

Example 30: Synthesis of A-5 and B-5

(Step 1)
(28)-2-114-[[4-(1-Allyl-2-0oxo-pyrimidin-5-yl) phenyllsulfonylaminol-2,5-difluor
o-benzoyllaminol-3-[5-(1-methyl-2,4-dioxo-pyrido[3,4-dlpyrimidin-3-yD-2-pyr

idyllpropanoic acid (A-5)

!
NS Ny~
|
o FOJ::/ZO
y- OH
H o

j
N

/
%\1

N

I

0

- 1TFA

127
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'H NMR (400 MHz, DMSO-d¢) § 10.91 - 10.88 (m, 1H), 9.05 (d, J = 3.3 Hz,
1H), 9.00(d, J = 0.7 Hz, 1H), 8.78 - 8.72 (m, 2H), 8.568 (d, J = 4.9 Hz, 1H), 8.51
- 8.47 (m, 1H), 7.93 - 7.84 (m, 5H), 7.79 - 7.74 (m, 1H). 7.49 (d, J = 8.3 Hz, 1H),
7.37(dd, d =10.3, 6.4 Hz, 1H), 7.26 (dd, J = 11.4, 6.3 Hz, 1H), 6.07 - 5.95 (m,
1H), 5.27 - 5.19 (m, 2H), 4.93 - 1.86 (m, 1H), 4.58 - 4.53 (m, 2H), 3.62 (s, 3H),
3.42 - 3.26 (m, 2H). ; MS (ESD m/z 771.58 (M+H)*
[0172]

(Step 2) Cyclohexyl
(29)-2-[[4-[[4-(1-allyl-2-oxo-pyrimidin-5-yl) phenyl]sulfonylamino]-2,5-difluor
o-benzoyllaminol-3-[5-(1-methyl-2,4-dioxo-pyrido[3,4-dlpyrimidin-3-y)-2-pyr

idyllpropanoate (3-5)

+ 2TFA

'H NMR (400 MHz, DMSO-ds) 8 10.90 (s, 1H), 9.04 (d, J = 3.4 Hz, 1H), 9.00 (s,
1H), 8.85 (dd, J = 7.6, 3.4 Hz, 11), 8.72 (d, J = 3.4 Hz, 1H), 8.57 (d, J = 5.0 Hz,
1H), 8.45(d, J = 2.3 Hz, 1H), 7.94 - 7.83 (m, 5H), 7.73 (dd, J = 8.2, 2.5 Hz, 1H),
7.46 (d, J = 8.2 Hz, 1H), 7.37 (dd, J = 10.3, 6.3 Hz, 1H), 7.26 (dd, J = 11.3, 6.3
Hz, 1H), 6.07 - 5.94 (m, 1H), 5.27 - 5.17 (m, 2H), 4.96 - 4.87 (m, 1H), 4.73 -
4.63 (m, 1H), 4.57 - 4.50 (m, 2H), 3.61 (s, 3H), 3.33 - 3.28 (m, 2H), 1.76 - 1.52
(m, 4H), 1.46 - 1.17 (m, 6H); MS (SI) m/z 853.63 (M+H)*

(0173]

Example 31: Synthesis of A-6 and B-6
(Step 1)

(2S)-2-l[4-[4-12-(EthoxymethyDpyrimidin-5-yl]phenyllsulfonylamino]-2,5-dif
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luoro-benzoyllaminoel-3-15-(1-methyl-2,4-dioxo-pyridol3,4-dlpyrimidin-3-y1)-2

-pyridyllpropanoic acid (A-6)

/Qm”?

é

»OVUQ
* I'TFA

'H NMR (400 MHz, DMSO-ds) § 10.99 (s, 1H), 9.17 (s, 2H), 9.00 (s, 1H), 8.74
(dd, J = 7.9, 3.8 Hz, 1H), 8.58 (d, J = 5.0 Hz, 1H), 8.48 (dd, J = 2.6, 1.1 Hz, 1H),
8.08 - 8.02 (m, 2H), 8.00 - 7.95 (m, 2H), 7.90 (dd, J = 5.0, 0.7 Hz, 1H), 7.76
(ddd, J = 9.0, 3.3, 1.9 Hz, 1H), 7.48 (d, J = 8.2 Hz, 1H), 7.38 (dd, J = 10.4, 6.4
Hz, 1H), 7.29 (dd, J = 11.3, 6.2 Hz, 1H), 4.89 (td, J = 8.2, 4.9 Hz, 1H), 4.66 (s,
2H), 3.66 - 3.55 (m, 5H), 3.43 - 3.25 (m, 2H), 1.17 (¢, J = 7.0 Hz, 3H). ; MS
(ESD m/z 773.58 (M+H)*
(0174]

(Step 2) Cyclohexy]
(28)-2-[[4-[[4-[2-(ethoxymethyl)pyrimidin-5-yllphenyl]sulfonylamino) -2, 5-difl
uoro-benzoyllaminol-3-[5-(1 -methyl-2,4-dioxo-pyridol3,4-dlpyrimidin-3-y1)-2-

pyridyllpropanoate (13-6)

OYNl\N
NS N
F o o~ O
AR rae
N
NYQ NI
\/O\/QN/

» 2TEFA
IH NMR (400 MHz, DMSO-dg) § 11.00 (s, 1H), 9.18 (s, 2H), 9.00 (s, 1H), 8.86
(dd, J = 7.6, 3.4 Hz, 111), 8.57(d, J = 5.0 Hz, 1H), 8.46 (d, J = 2.4 Hz, 1H), 8.09
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S99 -7

~1

- 8.02 (m, 2H), 8.00 - 7.96 (m, 2H), 7.91 (dd, J = 5.0, 0.7 Hz, 1H),
(m, 1H), 747 (d, J = 8.3 Hz, 1H), 7.38 (dd, J = 10.3, 6.3 Hz, 1H), 7.29 (dd, J =
11.3, 6.3 Hz, 1H), 4.98 - 4.87 (m, 1H), 4.66 (s, 3H). 3.65 - 3.57 (m, 5H), 3.39 -
3.24 (m, 2H), 1.80 - 1.52 (m, 4H), 1.50 - 1.21 (m, 6H), 1.17 (1, J = 7.0 Hz, 3H);
MS (ESD) m/z 855.67 (M+H)*

[0175]

Example 32: Synthesis of A-7 and B-7

(Step 1y
(29)-2-112,5-Difluoro-4-[[4-[2-[(isopropylamino)methyllpyrimidin-5-ylJphenyl]
sulfonylaminolbenzoyllaminol-3-15-(1-methyl-2,4-dioxo-pyrido[3,4-dIpyrimid

in-3-yl)-2-pyridyllpropanoic acid (A-7)

Oyil\l \N
e
F o o~ O
Q0 NN OH
E;.N H o

Rl
- 2TFA

'H NMR (400 MHz, DMSO-dg) § 11.03 (s, 1H), 9.32 (s, 2H), 9.14 (s, 2H), 9.00
(s, 1H), 8.75(dd, J = 7.8, 4.0 Hz, 1H), 8.58 (d, J = 5.0 Hz, 1H), 8.46(d, J = 2.5
Hz, 1H), 8.13 - 8.08 (m, 2H), 8.02 - 7.99 (m, 2H), 7.90 (d, J = 5.0 Hz, 1H), 7.73
(dd, J = 8.2, 2.5 Hz, 1H), 7.45 (d, J = 8.2 Hz, 1H), 7.39 (dd, J = 10.3, 6.4 Hz,
1H), 7.31(dd, J = 11.4, 6.3 Hz, 1H), 4.89 (td, J = 8.1, 5.1 Hz, 1H), 4.54 (t, J =
6.2 Hz, 2H), 3.61 (s, 3H), 3.47 (dq, J = 11.6, 5.8, 5.4 Hz, 1H), 3.40 - 3.24 (m,
2H), 1.32(d, J = 6.5 Hz, 6H); MS (ESD m/z 786.74 (M+H)*
[0176]

(Step 2) Cyclohexy]
(29)-2-[12,5-difluoro-4-[[4-[2-[(isopropylamino)methyllpyrimidin-5-yllphenyl]
sulfonylaminolbenzoyllaminol-3-[5-(1-methyl-2,4-dioxo-pyrido(3,4-dlpyrimid

in-3-yD-2-pyridyllpropanoate (B-7)

130
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|
O N~y
NSy Ny
F O g ©
YOO
N 0
NS HF
\rN\/QN/
- 3TEA
'H NMR (400 MHz, DMSO-dg) § 11.04 (s, 1H), 9.32 (s, 21, 9.12 (d, J = 6.9 Hz,

9H), 9.00(d, J = 0.7 Hz, 1H), 8.87 (dd, J = 7.6, 3.5 Hz, 1H), 8.58 (d, J = 5.0 Hy,
1H), 8.45 (dd, J = 2.4, 0.7 Hz, 1H), 8.14 - 8.07 (m, 2H), 8.03 - 7.99 (m, 2H),

1H), 7.40 (dd, J = 10.3, 6.4 Hz, 1H), 7.32 (dd, J = 11.3, 6.3 Hz, 1H), 4.96 - 1.88
(m, 1H), 4.72 - 4.63 (m, 1H), 4.57 - 4.51 (m, 2H), 3.61 (s, 3H), 3.53 - 3.42 (m,
1H), 3.38 - 3.24 (m, 2H), 1.75 - 1.52 (m, 4H), 1.46 - 1.21 (m, 12H); MS (ES])
m/z 868.71 (M+H)*

[0177]

[ixample 33 Synthesis of A-8 and B-8

(Step 1)
(28)-2-{[4-[[4-12-(2-DimethylaminoethyDpyrimidin-5-yllphenyl]sulfonylamin

0l-2,5-difluoro-benzoyllaminol-3-[5-(1-methyl-2 4-dioxo-pyrido[3,4-dlpyrimid

in-3-y1)-2-pyridyllpropanoic acid (A-8)
[

OYNl\N
NSy N2
|
e
F O &
% Ng\oj:
\N H O
H F

+ 2TFA

131
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1 NMR (400 MHz, DMSO-dg) 8 11.00 (s, 1H), 9.44 (s, 1H), 9.18 (s, 2H), 9.00
(s, 1H), 8.74(dd, J = 7.8, 3.9 Hz, 1H), 8.58 (d, J = 5.0 Hz, 1H), 8.45 (dd, J = 2.4,
0.7 Hz, 1H), 8.07 - 8.02 (m, 2H), 8.00 - 7.95 (m, 2H), 7.90 (dd, J = 4.9, 0.8 Hz,
11D, 7.72 (dd, J = 8.2, 2.5 Hz, 1H), 7.45 (d, J = 8.2 Hz, 1H), 7.39 (dd, J = 10.4,
6.4 Hz, 1H), 7.29 (dd, J = 11.4, 6.3 Hz, 1H), 4.92 - 4.86 (m, 1H), 3.61 (s, 5H),
3.40 (dd, J = 8.2, 6.9 Hz, 2H), 3.38 - 3.24 (m, 2H), 2.88 (d, J = 4.4 Hz, 6H); MS
(18D m/z 786.75 (M+H)+
[0178]

(Step 2) Cyclohexyl
(29)-2-[[4-[[4-[2-(2-dimethylaminoethyD) pyrimidin-5-yllphenyllsulfonylamino
1-2,5-difluoro-benzoyllaminol-3-[5-(1-methyl-2,4-dioxo-pyrido[3,4-d|pyrimidi

n-3-y)-2-pyridyllpropanoate (B-8)

- 3TFA
"H NMR (400 MHz, DMSO-dg) 8 11.01 (s, 1H), 9.31 (s, 1H), 9.18 (s, 2H), 9.00
(s, 1H), 8.87(dd, J = 7.6, 3.4 Hz, 1H), 8.58 (d, J = 4.9 Hz, 1H), 8.47(d, J =24
Hz, 1H), 8.08 - 8.02 (m, 2H), 8.01 - 7.96 (m, 2H), 7.91 (dd, J = 5.0, 0.8 Hz, 1H),
7.76 (dd, J = 8.2, 2.5 Hz, 1H), 7.48 (d, J = 8.2 Hz, 1H), 7.39 (dd, J = 10.3, 6.4
Hz, 1H), 7.30 (dd, J = 11.3, 6.3 Hz, 1H), 4.98 - 4.86 (m, 1H), 4.73 - 4.64 (m,
1H), 3.65 - 3.57 (m, 5H), 3.47 - 3.25 (m, 4H), 2.88 (d, J = 4.9 Hz, 6H), 1.76 -
1.52 (m, 4H), 1.48 - 1.16 (m, 6H); MS (ESI) m/z 868.71 (M+H)*
(0179]

Example 34: Synthesis of A-9 and B-9

(Step 1)
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(29)-2-[12,5-Difluoro-4- [[5-(2-tetrahydropyran-4-yl-4-pyridyl)- 2-pyridyllsulfo
nylaminolbenzoyllaminol-3- [5'(l'methyl‘.?,4‘di0X0'pyrido[3,4'd]pyrimidin"3'

yD)-2-pyridyllpropanoic acid (A-9)

+ 2TFA

'H NMR (400 Mz, DMSO-de) § 11.15 (s, 1H), 9.25 (d, J = 2.2 Hz, 1H), 9.00 (s,
1H), 8.75 (dd, J = 7.2, 3.9 Hz, 2H), 8.63 - 8.55 (m, 2H), 8.48 (d, J = 2.4 Hz, 1H).
8.18 (d, J = 8.3 Hz, 1H), 8.07 - 7.87 (m, 3H), 7.78 - 7.74 (m, 1H), 7.52 - 7.37 (m,
3H), 4.95 - 4.86 (m, 1H), 4.02 - 3.95 (m, 2H), 3.61 (s, 3H), 3.51 - 3.42 (m, 2H),
3.42 - 3.26 (m, 2H), 3.17 - 3.08 (m, 1H), 1.95 - 1.80 (m, 4H); MS (ESD) m/z
799.70 (M+H)*
[0180]

(Step 2) Cyclohexyl
(28)'2'{[2,5'diﬂuor0‘4'H5'(Z'tetrahydropyran-ll-yl*4-pyridyl)'2~pyl,"idyl]suli'on
ylaminolbenzoyllaminol-3-[5-(1-methyl-2,4-dioxo-pyrido(3,4-d]pyrimidin-3-yl

)-2-pyridyllpropanoate (B-9)

133
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Oy N~y
Ny Ny~
F O = 0O
00 o
OO
| TN
I N H F
N ~
0

« 3TFA

'H NMR (400 MHz, DMSO-dg) 8 11.15 (s, 1H), 9.24 (dd, J = 2.4, 0.8 Hz, 1H),
9.00 (s, 1H), 8.87(dd, J = 7.6, 3.5 Hz, 1H), 8.74(d, J = 5.4 Hz, 1H), 8.63 - 8.55
(m, 2H), 8.47 (dd, J = 2.4, 0.7 Hz, 1H), 8.17 (dd, J = 8.3, 0.8 Hz, 1H), 7.97 (s,
1H), 7.89 (ddd, J = 7.1, 5.2, 1.2 Hz, 2H), 7.75 (dd, J = 8.2, 2.5 Hz, 1H), 7.51 -
7.37 (m, 3H), 4.93 (td, J = 7.6, 5.9 Hz, 1H), 4.68 (td, J = 8.2, 3.9 Hz, 1H), 3.98
(ddd, d = 11.4, 4.2, 2.0 Hz, 2H), 3.61 (s, 3H), 3.46 (td, J = 11.4, 2.8 Hz, 2H),
3.40 - 3.26 (m, 2H), 3.16 - 3.05 (m, 1H), 1.97 - 1.78 (m, 4H), 1.76 - 1.53 (m, 4H),
1.33 (dddt, J = 34.0, 24.1, 17.5, 9.8 Hz, 6H); MS (ESD m/z 881.71 (M+H)*

ot

10 [0181]
Example 35 Synthesis of A-10 and B-10
(Step 1)
(29)-2-1[2,5-Difluoro-4-[[4-[2-(isopropoxymethylpyrimidin-5-yllphenyllsulfon
ylaminolbenzoyllaminol-3-15-(1-methyl-2,4-dioxo-pyridol3,4-dlpyrimidin-3-yl

15 )-2-pyridyllpropanoic acid (A-10)

134
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- 1TFA
1H NMR (400 MHz, DMSO-dg) § 11.00 (s, 1H), 9.17 (s, 2H), 9.00 (d, J = 0.8 Hz,
1), 8.74 (dd, J = 7.8, 3.8 Hz, 1H), 858 (d, J = 4.9 Hz, 111, 8.49 (dd, J = 2.4,
0.7 Hz, 1H), 8.07 - 8.03 (m, 2H), 8.00 - 7.96 (m, 2H), 7.91 (dd, J = 4.9, 0.7 Hz,
1H), 7.78 (dd, J = 8.2, 2.5 Hz, 1H), 7.49 (d, J = 8.2 Hz, 1H), 7.39 (dd, J = 10.4,

5
6.4 Hz 1H), 7.29 (dd, J = 11.4, 6.3 Hz, 1H), 4.90 (td, J = 8.3, 4.9 Hz, 1H), 4.65
(s, 2H), 3.83 - 3.72 (m, 1H), 3.61 (s, 3H), 3.43 - 3.25 (m, 2H), 1.16 (d, J = 6.1
Hz, 6H); MS (I5SD m/z 787.62(M+H)+
[0182]

10 (Step 2) Cyclohexyl

(28)-2-1[2.5-difluoro-4-{[4-[2-(sopropoxymethyDpyrimidin-5-ylIphenyl]sulfon
ylaminolbenzoyllaminol-3-[5-(1-methyl-2,4 -dioxo-pyridol3,4-dlpyrimidin-3-y!

)-Z'pyridyl]propa noate (3-10)

« 2TFA

15  1H NMR (400 MHz DMSO-de) § 11.00 (s, 1H), 9.17 (s, 2H), 9.00 (s, 1H), 8.86
(dd, J=7.6, 3.4 Hz. 1H), 857 (d, J =4.9 Hz, 1H), 8.47 (dd, J = 2.5, 0.7 Hz, 1H),
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08 -8.02 (m, 2H), 8.01 - 7.94 (m, 2H), 7.91 (dd, J = 5.0, 0.8 Hz, 1H), 7.75 (dd,
8.2, 2.5 Hz, 1H), 747 (d, J = 8.3 Hz, 1H), 7.38 (dd, J = 10.3, 6.3 Hz, 1H),
7.29 (dd, J = 11.3, 6.3 Hz, 1H), 1.97 - 4.88 (m, 1H), 4.72 - 4.62 (m, 3H), 3.77
(hept, J = 6.1 Hz, 1H), 3.61 (s, 3H), 3.39 - 3.25 (m, 2H), 1.76 - 1.53 (m, 4H),
1.48 - 1.19 (m, 6H), 1.16 (d, J = 6.1 Hz, 6H); MS (ESD m/z 869.67 (M+H)*
[0183]

o W

I

Example 36: Synthesis of A-11
(Step 1)
(28)-2-{[4-[[4-[2-(Azetidin-1-yDpyrimidin-5-yllphenyllsulfonylamino]-2,5-difl
uoro-benzoyllaminol-3-[4-(1,3,4-trimethyl-2,6-dioxo-pyrimidin-5-yDphenyllp

ropanoic acid (A-11)

F O
o\/s) /@LN OH
CR
N/ﬁ/@ H F
LNJLN/
'H NMR (400 MHz, DMSO-dg) & 10.86 (s, 1H), 8.75 (s, 2H), 8.52 (dd, J = 8.0,
2.7 Hz, 1H), 7.87 (s, 4H), 7.30 - 7.20 (m, 4H), 7.10 - 7.05 (m, 2H), 4.60 (ddd, J
=9.9,7.9, 4.7 Hz, 1H), 4.14 - 4.06 (m, 4H), 3.38 (s, 3H), 3.20 (s, 4H), 3.00 (dd,
J =13.9, 9.9 Hz, 1H), 2.40 - 2.29 (m, 2H), 2.04 (s, 3H); MS (ESI) m/z 746.66
(M+H)*
[0184]
Example 37: Synthesis of A-12

(Step 1)
(29)-2-[12,5-Difluoro-4-[[5-(4-methyltriazol- 1-y1)-2-pyridyllsulfonylaminolben
zoyllamino]-3-[4-(1,3,4-trimethyl-2,6-dioxo-pyrimidin-5-yDphenyllpropanoic

acid (A-12)
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IH NMR (400 MHz, DMSO-dy) 8 11.10 (s, 1H), 9.28 (dd, J = 2.5, 0.7 Hz, 1H),
8.75(d, d = 0.9 Hz, 1H), 8.59 (dd, J = 8.6, 2.5 Hz, 1H), 8.55 (dd, J = 8.0, 2.6 Hz,
1H), 8.22 (dd, J = 8.6, 0.7 Hz, 1H), 7.36 (dd, J = 11.1, 6.3 Hz, 1H), 7.31 - 7.23
(m, 3H), 7.11 - 7.05 (m, 2H), 4.62 (ddd, J = 9.9, 7.9, 4.7 Hz, 1H), 3.39 (s, 3H),
3.20 (s, 4H), 3.01 (dd. J = 13.9, 9.8 Hz, 1H), 2.36 (d, J = 0.9 Hz, 3H), 2.06 (s,
3H); MS (ESI) m/z 695.56 (M+H)*

[0185]

Example 38: Synthesis of A-13

(Step ib)
(29)-2-[[2,5-Difluoro-4-(2-furylsulfonylamino)benzoyllaminol-3-[4-(1,3,4-trim

ethyl-2,6-dioxo-pyrimidin-5-yDphenyllpropanoic acid (A-13)

I
O, N_O

¥
F O
O\\é;g&N OH
o H O
@HF

N.

'H NMR (400 MHz, DMSO-dg) & 11.10 (s, 1H), 8.61 (dd, J = 8.0, 2.4 Hz, 1H),
8.02 (dd, J = 1.8, 0.9 Hz, 1H), 7.31 - 7.25 (m, 3H), 7.24 - 7.16 (m, 2H), 7.11 -
7.07 (m, 2H), 6.68 (dd, J = 3.6, 1.8 Hz, 1H), 4.62 (ddd, J = 9.9, 7.9, 4.7 Hz, 1H),
3.40 (s, 3H), 3.21 (s, 4H), 3.02 (dd, J = 13.9, 9.9 Hz, 1H), 2.07 (s, 3H); MS
(ESI) m/z 603.49 (M+H)*

[0186]

Iixample 39: Synthesis of A-14
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(Step 1)
(29)-2-112,5-Difluoro-4-{4- [2-(methoxymethyDpyri midin-5-yllphenyllsulfonyl
aminolbenzoyllaminol-3-14-[1-methyl-6-(methylaminomethyl)-2,4-dioxo-quin

azolin-3-yllphenyllpropanoic acid (A-14)

F O O
00 Q/AN OH
W/
S*N )
NS H F
/OJN’
- 1TRA
MS (ESI) m/z 800.99 (M+H)*
[0187]
Example 40: Synthesis of A-15

(Step 1)

(29)-2-[12,5-Diftuoro-4-[4- [2-(isopr'opoxymethy])pyrimidin-5'yl]phenyl] sulfon
ylaminolbenzoyllaminol-3- [4-(1,3,4-trimethyl-2, 6-dioxo-pyrimidin-5-yDphen

yllpropanoic acid (A-15)

00 N OH
Y H o
Nﬁ/(j
\(O\AN/

IH NMR (400 MHz, DMSO-dg) § 10.96 (s, 1H), 9.17 (s, 2H), 8.54 (dd, J = 7.9,
9.6 Hz, 1H), 8.07 - 8.03 (m, 2H), 7.98 - 7.94 (m, 2H), 7.30 - 7.22 (m, 4H), 7.09 -
7.05 (m, 2H), 4.68 - 4.57 (m, 3H), 3.78 (hept, J = 6.1 Hz, 1H), 3.38 (s, 3H), 3.20
(s, 4H), 3.00 (dd, J = 13.9, 9.9 Hz, 1H), 2.05 (s, 3H), 1.16 (d, J = 6.1 Hz, 6H);

Iz

MS (ESI) m/z763.58 (M+H)*
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[0188]

Example 418 Synthesis of A-16
(Step 1)
(29)-2-112,5-Difluoro-4-114-[2-(isopropoxymethyDpyrimidin-5-yvllphenyllsulfon
yvlaminolbenzoyllaminol-3-[5-(6-methoxy-1-methyl-2,4-dioxo-pyridol3,4-dlpy

rimidin-3-yD-2-pyridyllpropanoic acid (A-16)

Y

'H NMR (400 MHz, DMSO-dg) 8 10.98 (s, 1H), 9.16 (s, 2H), 8.73 (dd, J = 7.9,
3.8 Hz, 1H), 8.56 (d, J = 0.8 Hz, 1H), 8.46 (dd, J = 2.4, 0.7 Hz, 1H), 8.06 - 8.01
(m, 2H), 7.99 - 7.95 (m, 2H), 7.73 (dd, J = 8.2, 2.5 Hz, 1H), 7.45 (d, d = 8.3 Hz,
1H), 7.38 (dd, J = 10.4, 6.4 Hz, 1), 7.32 - 7.25 (m, 2H), 4.88 (td, J = 8.2, 5.0
Hz, 1H), 4.65 (s, 2H), 3.93 (s, 3H), 3.76 (dq, J = 12.1, 6.1 Hz, 1H), 3.55 (s, 3H),
3.40 - 3.24 (m, 2H), 1.15 (d, J = 6.1 Hz, 6H); MS (I5SI) m/z 817.59 (M+H)+

- 2THFA

[0189]

Example 42: Synthesis of A-17
(Step 1)
(28)-2-[12,5-Difluoro-4-{[4-[2-(isopropoxymethyD pyrimidin-5-yllphenyllsulfon
ylaminolbenzoyllaminol-3-[4-(3-methyl-2,6-dioxo-pyrimidin-1-yDphenyllprop
anoic acid (A-17)
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O

F O O

00 N OH
\é’N H o
YOJN/

'H NMR (100 MHz, DMSO-dg) 8 10.96 (s, 1H), 9.17 (s, 2H), 8.59 (dd, J = 7.8,
2.6 Hz, 1H), 8.07 - 8.02 (m, 2H), 7 7.95 (m, 2H), 7.74 (d, J = 7.9 Hz, 1H),
7.35 - 7.23 (m, 4H), 7.12 - 7.06 (m, 2H), 5.73 (dd, J = 7.9, 2.2 Hz, 1H), 4.66 (s,
2H), 4.63 - 4.565 (m, 1H), 3.83 - 3.72 (m, 1H), 3.29 (s, 3H), 3.19 (dd, J = 14.1,
4.6 Hz, 1H), 3.04 (dd, J = 14.1, 9.8 Hz, 1H), 1.16 (d, J = 6.1 Hz, 6H); MS (ESD)

(@1

m/z 735.50 (M+H)*
[0190]
Example 43: Synthesis of A-18
10 (Step )
(28)-2-112,5-Difluoro-4-[[4-[2-(isopropoxymethyl)pyrimidin-5-yl]phenyllsulfon
ylaminolbenzoyllaminol-3-[5-(1-methyl-2,4-dioxo-pyrimido[4,5-dlpyrimidin-3

-yD)-2-pyridyllpropanoic acid (A-18)

Xk
ey

15 'H NMR (100 MHz, DMSO-de) & 10.99 (s, 1H), 9.28 (s, 1H), 9.19 (s, 1H), 9.16
(s, 2H), 8.73 (dd, J = 7.9, 3.7 Hz, 1H), 8.46 (d, J = 2.5 Hz, 1H), 8.07 - 8.02 (m,
2H), 7.99 - 7.95 (m, 2H), 7.73 (dd, d = 8.2, 2.5 Hz, 1H), 7.47(d, J = 8.2 Hz, 1H),

7(dd, J = 10.4, 6.4 Hz, 1H), 7.28 (dd, J = 11.4, 6.3 Hz, 1H), 4.93 - 4.85 (m,

+ 2TFA
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1H), 1.65 (s, 2H), 3.77 (hept, J = 6.1 Hz, 1H), 3.55 (s, 3H), 3.41 - 3.23 (m, 2H),
1.15(d, J = 6.1 Hz, 6H); MS (ESI) m/z 788.63 (M+H)*
(0191]

Example 441 Synthesis of A-19
(Step 1)
(ZS)'Z'[[2,5*I)if'luoro-4-[[4'[‘2'(isopropoxymethyl)pyrimidin'S'yl]phcnlesulf'on
ylaminolbenzoyl]ﬂmi110]-3'[4'[3'methyl'Z,6'dioxo-4'(triﬂuoromethyl)pyrimidi

n-1-yllphenyllpropanoic acid (A-19)

o\p@AN OH
SR
YO

'H NMR (400 MHz, DMSO-d¢) 8 10.96 (s, 1H), 9.17 (s, 2H), 8.59 (dd, J = 7.9,
2.5 Hz, 1H), 8.07 - 8.02 (m, 2H), 7.99 - 7.94 (m, 2H), 7.37 - 7.32 (m, 2H), 7.32 -
7.23 (m, 2H), 7.18 - 7.12 (m, 2H), 6.48 (s, 1H), 4.68 - 4.56 (m, 3H), 3.78 (hept,
J=6.1Hz, 1H), 3.38 - 3.35 (m, 3H), 3.21 (dd, J = 14.0, 4.6 Hz, 1H), 3.04 (dd, J
=14.1, 9.9 Hz, 1H), 1.16 (d, J = 6.1 Hz, 6H); MS (ESI) m/z 803.62 (M+H)"
[0192]
Example 45! Synthesis of A-20

(Step 1)
(29)-2-114-[14-(2- Ethylpyrimidin-5-yDphenyllsulfonylaminol-2,3,5,6-tetrafluo
ro-benzoyllaminol-3-14-(1,3,4-trimethyl-2,6-dioxo-pyrimidin-5-yDphenyllprop

anoic acid (A-20)
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0 N\?O
N
F O
ocfjij‘«,\, OH
\My H
Sy H O
N HF

'H NMR (400 MHz, DMSO-dg) 8 10.83 (s, 1H), 9.33 (d, J = 8.1 Hz, 1H), 9.14 (s,
2H), 8.08 - 8.02 (m, 2H), 7.93 - 7.87 (m, 2H), 7.27 (d, J = 7.8 Hz, 2H), 7.11 -
7.06 (m, 2H), 4.73 - 4.65 (m, 1H), 3.38 (s, 3H), 3.25 - 3.18 (m, 4H), 3.00 - 2.91
(m, 3H), 2.06 (s, 3H), 1.32 (¢, J = 7.6 Hz, 3H); MS (ESD m/z 755.50 (M+H)*

5
[0193]
Example 46: Synthesis of A-21
(Step 1)
(‘.ZS)'Z-[[Z'I“luomwl'l[Z'mcthy1‘4'(2'pyridyl)phonyl]sulfonylamino] benzoyllam
10 11101'3'[/1'(1:3,/1't,1“jmoLhyl-Z,(S'diOXO'pyrimidi11'5'yl>phenyl]propanoic acid
(A-21)
|
0 (@)
Ny
N
F O
09 @AH OH
N 0
| "
N

'H NMR (400 MHz, DMSO-dg) & 11.12 (s, 1H), 8.72 - 8.68 (m, 1H), 8.28 (dd, J

=179 3.1 Hz 1H), 8.12 - 8.03 (m, 4H), 7.95 (td, J = 7.8, 1.8 Hz, 1H), 7.47 -
15 7.36 (m, 2H), 7.26 - 7.21 (m, 2H), 7.07 - 7.02 (m, 2H), 6.96 (dd, J = 8.5, 2.1 Hz,

1H), 6.89 (dd, J = 12.4, 2.1 Hz, 1H), 4.62 - 4.53 (m, 1H), 3.38 (s, 3H), 3.22 -

3.12 (m, 4H), 2.98 (dd, J = 13.9, 9.8 Hz, 1H), 2.68 (s, 3H), 2.04 (s, 3H); MS

(ESI) m/z 686.62 (M+H)+

[0194]
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[Example 47! Synthesis of A-22
(Step 1)
(28)-2-[[4-[[4-(Cyclopropylearbamoyl)) phenyllsulfonylaminol-2,6-difluoro-be
nzoyllaminol-3-[4-(1,3,4-trimethyl-2,6-dioxo-pyrimidin-5-yDphenyllpropanoi

5 ¢ acid (A-22)

OSO @\/l” OOH
H ‘N F
T
7 O
'H NMR (400 MHz, DMSO-dg) § 11.13 (s, 1H), 8.97 (d, J = 8.0 Hz, 1H), 8.63 (d,
J=4.3Hz, 1H), 7.97 - 7.89 (m, 4H), 7.27 - 7.23 (m, 2H), 7.09 - 7.04 (m, 2H),
6.76 (d, J = 9.0 Hz, 2H), 4.57 (ddd, J = 10.1, 8.0, 4.6 Hz, 1H), 3.41 (s, 3H), 3.21
10 (s, 3H), 3.14 (dd, J = 14.0, 4.6 Hz, 1H), 2.97 - 2.79 (m, 2H), 2.08 (s, 3H), 0.72 -
0.66 (m, 2H), 0.58 - 0.52 (m, 2H); MS (ESI) m/z 696.58 (M+H)*
The following compounds (Examples 48 to 79) were synthesized by
using methods similar to Example 51 (step 1), (step 2) and Example 52 (step
1) performed to intermediates corresponding to M-1 to M-25 and compounds
15 similar thereto.
[0195]
Example 48: Synthesis of C-1
(Step 1) Tetrahydropyran-4-yl
(29)-2-1(2,5-difluoro-4-[[4-(2-tetrahydropyran-4-ylpyrimidin-5-yD phenyllsulf
20 onylaminolbenzoylJaminol-3-[4-(1-methyl-2,4-dioxo-pyridol3,4-dlpyrimidin-3

-yDphenyllpropanoate (C-1)
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1
N

O N
N ¥z
F O C
00 N O
‘s\N H o 0
Sh
o

'H NMR (400 MHz, DMSO-dg) § 10.98 (s, 1H), 9.14 (s, 2H), 8.97 (s, 1H), 8.81
(dd, J =17.3, 1.9 Hz, 1H), 8.54 (d, J = 5.0 Hz, 1H), 8.07 - 8.01 (m, 2H), 8.01 -
7.94 (m, 2H), 7.88 (d, J = 5.0 Hz, 1H), 7.40 - 7.25 (m, 4H), 7.24 - 7.19 (m, 2H),
4.94 - 4.84 (m, 1H), 4.68 - 4.61 (m, 1H), 4.00 - 3.91 (m, 2H), 3.79 - 3.66 (m, 2H),
3.59 (s, 3H), 3.53 - 3.44 (m, 4H), 3.22 - 3.07 (m, 3H), 1.95 - 1.71 (m, 6H), 1.57 -
1.39 (m, 2H); MS (ESI) m/z 882.68 (M+H)*

[0196]

< 2TFA

Example 49: Synthesis of C-2
(Step 1) Tetrahydropyran-4-ylmethyl
(2S)-2-112,5-difluoro-4-[[4-(2-tetrahydropyran-4-ylpyrimidin-5-yDphenyl]lsulf
onylaminolbenzoyllamino]-3-[4-(1-methyl-2,4-dioxo-pyridol[3,4-d]pyrimidin-3

-y)phenyllpropanoate (C-2)

« 2TFA

I'H NMR (400 MHz, DMSO-dg) § 11.01 - 10.91 (m, 1H), 9.14 (s, 2H), 8.97 (s,
1H), 8.80(dd, J = 7.5, 2.0 Hz, 1H), 8.55(d, J =5.0 Hz, 1H), 8.07 - 7.94 (m, 4H),



10

20

CA 02928619 2016-04-25

7.88(d, d = 5.0 Hz, 1H), 7.39 - 7.34 (m, 2H), 7.3 - 7.25 (m, 2H), 7.24 - 7.16 (m,
2H), 4.74 - 4.57 (m, 1H), 4.00 - 3.89 (m, 4H), 3.83 - 3.75 (m, 2H), 3.59 (s, 3H),
3.54 - 3.39 (m, 2H), 3.33 - 3.05 (m, 5H), 2.01 - 1.72 (m, 5H), 1.56 - 1.44 (m, 21),
1.30 - 1.10 (m, 2H); MS (ESD m/z 896.68 (M+H)*
[0197]

Example 50 Synthesis of C-3
(Step 1) Tetrahydropyran-4-yl
(29)-2-112,5-difluoro-4-[[4-(2-tetrahydropyran-4-ylpyrimidin-5-yDphenyl]lsulf
onylaminolbenzoyllaminol-3-[6-(1-methyl-2,4-dioxo-pyrido[3,4-d]pyrimidin-3

-y1)-3-pyridyllpropanoate (C-3)

- 2TFA

'H NMR (400 MHz, DMSO-dg) 6 10.98 (s, 1H), 9.14 (s, 2H), 8.99 (s, 1H), 8.88
(dd, J = 7.6, 1.7 Hz, 1H), 8.56 (d, J = 4.9 Hz, 1H), 8.47 (d, J = 2.3 Hz, 1H), 8.05
-8.01 (m, 2H), 7.99 - 7.95 (m, 2H), 7.93 (dd, J = 8.2, 2.4 Hz, 1H), 7.89(d, J =
4.9 Hz, 1H), 7.41 (d, J = 8.0 Hz, 1H), 7.29 (ddd, J = 10.8, 6.3, 3.9 Hz, 2H), 4.97
- 4.84 (m, 1H), 4.76 - 4.66 (m, 1H), 3.99 - 3.90 (m, 2H), 3.79 - 3.66 (m, 2H),
3.59 (s, 3H), 3.54 - 3.42 (m, 4H), 3.26 (dd, J = 14.1, 5.8 Hz, 1H), 3.19 - 3.07 (m,
2H), 1.96 - 1.72 (m, 6H), 1.58 - 1.39 (m, 2H); MS (ESD m/z 883.72 (M+H)*
[0198]
Example 51: Synthesis of A-23

(Step 1) Cyclohexyl
(29)-2-[[2,5-difluoro-4-[[4-[2-(methoxymethyD pyrimidin-5-yl]Jphenyllsulfonyl

aminolbenzoyllamino]-3-[6-(1-methyl-2,4-dioxo-pyrido[3,4-d]pyrimidin-3-yl)-
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3-pyridyllpropanoate

OVO N @)
’ NETO
oAy

« 2TFA

Cyclohexyl
3'[6‘(1'methy1'2,4'di0XO'1,4'dihydropyrido[S,ll'd]pyrimidin'B(.‘ZI‘I)'yl)pyl‘idin'
3-yll-L-alaninate (M-1) <see Example 1> (127 mg, 0.280 mmol) and
9. 5-difluoro-4-[[4-[2-(methoxymethyDpyrimidin-5-yllphenyllsulfonylaminolb
enzoic acid (M-11) <see Example 11> (100 mg, 0.230 mmol) were suspended
in methylene chloride (4.0 ml), HATU (131 mg, 0.350 mmol) and
diisopropylethylamine (0.160 ml, 0.920 mmol) were added thereto, and the
resulting mixture was stirred at room temperature for 12 hours. The
reaction liquid was concentrated under reduced pressure and then purified
by reverse phase HPLC (an H:O/CH3:CN system including 0.1% TFA) to
obtain a TFA salt of the title compound (130 mg, 53%) as a white solid.
'H NMR (400 MHz, DMSO-dg):5 10.97 (s, 1H), 9.18 (s, 2H), 8.99 (s, 1H), 8.84
(dd, J = 7.7, 1.7 Hz, 1H), 8.57 (d, J = 5.0 Hz, 1H), 8.49 - 8.43 (m, 1H), 8.10 -
8.01 (m, 2H), 8.01 - 7.95 (m, 2H), 7.95 - 7.85 (m, 2H), 7.40 (dd, J = 8.0, 0.8 Hz,
1H), 7.33 - 7.23 (m, 2H), 4.76 - 4.64 (m, 2H). 4.63 (s, 2H), 3.59 (s, 3H), 3.40 (s,
3H), 3.24 (dd, J = 14.1, 5.6 Hz, 1H), 3.12 (dd, J = 14.1, 9.7 Hz, 1H), 1.78 - 1.58
(m, 4H), 1.50 - 1.19 (m, 6H); MS(ESI) m/z 841.59(M+H)*
[0199]

(Step 2)
(98)-2-[[2,5-Difluoro-4-1[4-2-(methoxymethyl)pyrimidin-5-yllphenyllsulfonyl
amino]benzoyl]amino]-S-[6'(1-methyl'fZ,4'di0X0'pyrido[8,4-d]pyrimidin'3"yl)'

3-pyridyllpropanoic acid
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7@&”@} K"U

A 4 N solution of hydrochloric acid/dioxane (3.0 ml) and water (2.0

< ITTA

ml) were added to cyclohexyl
(29)-2-[{2,5-difluoro-4-[{4-[2-(methoxymethyDpyrimidin-5-yllphenyllsulfonyl
aminolbenzoyl]aminol-3-[6-(1-methyl-2,4-dioxo-pyridol3,4-dlpyrimidin-3-yl)-
3-pyridyllpropanoate <see (step 1)> (70.0 mg, 65.0 mmol), and the resulting
mixture was stirred at 60°C for 4 hours. The reaction liquid was
concentrated under reduced pressure and then purified by reverse phase
HPLC (an H,O/CH3CN system including 0.1% TFA) to obtain a TFA salt of
the title compound (42.3 mg, 66%) as a white solid.
H NMR (400 MHz, DMSO-de):3 10.96 (s, 1H), 9.18 (s, 2H), 8.99 (s, 1H), 8.69
(dd, J=8.1, 2.2 Hz, 1H), 8.56 (d, J = 4.9 Hz, 1H), 8.46 (d, J = 2.3 Hz, 1H), 8.09
-8.01 (m, 2H), 8.01 - 7.93 (m, 2H), 7.93 - 7.85 (m, 2H), 7.40 (d, J = 8.0 Hz, 1H),
7.34 - 7.23 (m, 2H), 4.74 - 4.64 (m, 1H), 4.62 (s, 2H), 3.59 (s, 3H), 3.40 (s, 3H),
3.29 (dd, J = 14.0, 4.6 Hz, 1H), 3.09 (dd, J = 14.1, 10.2 Hz, 1H); MS(ESD m/z
759.5(M+H)*
(0200]

Example 521 Synthesis of C-4
(Step 1) Tetrahydropyran-4-yl
(29)-2-1[2,5-difluoro-4-[[4-[2-(methoxymethyl)pyrimidin-5-yllphenyllsulfonyl
aminolbenzoyl]amino]-3-[6-(1-methyl-2,4-dioxo-pyrido[3,4-dipyrimidin-3-y)-

3-pyridyllpropanoate (C-4)

147
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|

IN\ N =
F O J;LJ O
/o\)l\N/

A 4 N solution of hydrochloric acid/dioxane (3.0 ml) and

- 2TFA

tetrahydro-4-pyranol (1.0 ml) were added to
(28)-2-[[2,5-difluoro-4-[[4-[2-(methoxymethypyrimidin-5-yllphenyllsulfonyl
aminolbenzoyllaminol-3-[6-(1-methyl-2,4-dioxo-pyrido[3,4-dlpyrimidin-3-yl)-
3-pyridyllpropanocate <see (step 2)> (100 mg, 101 mmol), and the resulting
mixture was stirred at 60°C for 12 hours. The reaction liquid was
concentrated under reduced pressure and then purified by reverse phase
HPLC (an H20/CH3CN system including 0.1% TFA) to obtain a TFA salt of
the title compound (39.6 mg, 37%) as a white solid.

'H NMR (400 MHz, DMSO-dg) § 10.98 (s, 1H), 9.18 (s, 2H), 8.99 (s, 1H), 8.91 -
8.86 (m, 1H), 8.57 (d, J = 5.0 Hz, 1H), 8.47 (d, J = 2.3 Hz, 1H), 8.07 - 8.03 (m,
2H), 8.00 - 7.96 (m, 2H), 7.93 (dd, J = 8.2, 2.4 Hz, 1H), 7.89(d, J = 4.9 Hz, 1H),
7.41(d, J=8.1 Hz, 1H), 7.33 - 7.24 (m, 2H), 4.96 - 4.86 (m, 1H), 1.76 - 4.67 (m,
1H), 4.63 (s, 2H), 3.80 - 3.67 (m, 2H), 3.59 (s, 3H), 3.49 - 3.44 (m, 2H), 3.40 (s,
3H), 3.26 (dd, J = 14.1, 5.8 Hz, 1H), 3.14 (dd, 1H), 1.88 - 1.72 (m, 2H), 1.59 -
1.40 (m, 2H); MS (ESI) m/z 843.59 (M+H)*

(0201]
Example 53! Synthesis of C-5
(Step 1) Tetrahydropyran-4-ylmethyl

(28)-2-[[2,5-difluoro-4-{[4-[2-(methoxymethyDpyrimidin-5-ylJphenyllsulfonyl
amino]benzoyllaminol-3-[6-(1-methyl-2,4-dioxo-pyrido[3,4-d]pyrimidin-3-yl)-

3-pyridyllpropanoate (C-5)
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- 2TFA

'HONMR (100 MHz, DMSO-dg) 8 10.98 (s, 1H), 9.18 (s, 2H), 8.99 (s, 1H), 8.87
(dd. J = 7.7, 1.6 Hz, 1H), 8.57 (d, J = 5.0 Hz, 1H), 8.47(d, J = 2.3 Hz, 1H), 8.09
-8.02 (m, 2H), 8.00 - 7.96 (m, 2H), 7.94 - 7.86 (m, 2H), 7.40 (d, J = 8.0 Hz, 111),
7.32 - 7.24 (m, 2H), 4.79 - 4.70 (m, 1H), 4.63 (s, 2H), 3.99 - 3.89 (m, 2H), 3.84 -
3.76 (m, 2H), 3.59 (s, 3H), 3.40 (s, 3H), 3.30 - 3.20 (m, 3H), 3.13 (dd, J = 14.1,
9.9 Hyz, 1H), 1.89 - 1.74 (m, 1H), 1.56 - 1.47 (m, 2H), 1.29 - 1.12 (m, 2H); MS
(128D m/z 857.75 (M+H)*
10202]

Example 541 Synthesis of C-6
(Step 1) Cyclohexylmethyl
(28)-2-[2,5-difluoro-4-[[4-[2-(methoxymethyDpyrimidin-5-yllphenyllsulfonyl
aminolbenzoyllamino]-3-[6-(1-methyl-2,4-dioxo-pyridol[3,4-d]pyrimidin-3-yl)-

3-pyridyllpropanoate (C-6)

- 2TFA
'H NMR (400 MHz, DMSO-dg) 8 10.98 (s, 1H), 9.18 (s, 2H), 8.99 (s, 1H), 8.87 -
8.83 (m, 1H), 8.57(d, J = 5.0 Hz, 1H), 8.48 - 8.46 (m, 1H), 8.08 - 8.02 (m, 2H),
8.00 - 7.95 (m, 2H), 7.93 - 7.87 (m, 2H), 7.42 - 7.38 (m, 1H), 7.31 - 7.23 (m, 2H),

149
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479 - 471 (m, TH), 4.63 (s, 2H), 3.96 - 3.84 (m, 2H), 3.59 (s, 3H), 3.40 (s, 3H),
3.28 (dd, J = 14.1, 5.0 Hz, 1H), 3.22 - 3.06 (m, 1H), 1.68 - 1.54 (m, 5H), 1.22 -
0.87 (m, 6H); MS (ESD m/z 855.67 (M+H)*

[0203]
oxample 557 Synthesis of C-7
(Step 1) Isopropyl

(28)-2-[[2,5-difluoro-4-[[4-[2-(methoxymethyDpyrimidin-5-yllphenyllsulfony!
aminolbenzoyllaminol-3-16-( 1-methyl-2,4-dioxo-pyrido[3,4-dlpyrimidin-3-y1)-

3-pyridyllpropanoate (C-7)

« 2TFA

'H NMR (100 MHz, DMSO-dg) 5 10.98 (s, 1H), 9.19 (s, 2H), 8.99 (d, J = 0.8 Hz,
1H), 8.83 (dd, J = 7.7, 1.8 Hz, 1H), 8.57 (d, J = 5.0 Hz, 1H), 8.46 (dd, J = 2.5,
0.8 Hz, 1H), 8.08 - 8.04 (m, 2H), 8.01 - 7.96 (m, 2H), 7.95 - 7.87 (m, 2H), 7.40
(dd, J = 8.1, 0.7 Hz, 1H), 7.34 - 7.22 (m, 2H), 4.91 (hept, J = 6.3 Hz, 1H), 4.72 -
4.59 (m, 3H), 3.59 (s, 3H), 3.40 (s, 3H), 3.28 - 3.06 (m, 2H), 1.16 (dd, J = 18.9,
6.2 Hz, 6H): MS (£S1) m/z 801.63 (M+H)*
[0204]

[Example 56 Synthesis of C-8
(Step 1) 2-Kthylbutyl
(29)-2-[12,5-difluoro-4-[[4-[2-(methoxymethyDpyrimidin-5-yllphenyllsulfonyl
aminolbenzoyllaminol-3-16-(1-methyl-2,4-dioxo-pyrido[3,4-dlpyrimidin-3-yl)-

3-pyridyllpropanoate (C-8)
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- 2TFA

"H NMR (400 MHz, DMSO-dg) & 10.98 (s, 1H), 9.18 (s, 2H), 8.99 (s, 1H), 8.84

(dd, J = 8.0, 1.8 Hz, 1H), 8.57(d, J = 4.9 Hz, 1H), 8.47(d, J = 2.3 Hz, 1H), 8.08

- 8.03 (m, 2H), 8.00 - 7.96 (m, 2H), 7.93 - 7.87 (m, 2H), 7.42 - 7.38 (m, 1H),
5 7.31-7.22 (m, 2H), 4.79 - 4.71 (m, 1H), 4.63 (s, 2H), 4.01 (d, J = 5.6 Hz, 2H),

3.59 (s, 3H), 3.40 (s, 3H), 3.28 (dd, J = 14.2, 4.9 Hz, 1H), 3.12 (dd, J = 14.1,

10.3 Hz, 1H), 1.46 (hept, J = 6.2 Hz, 1H), 1.32 - 1.23 (m, 4H), 0.81 (t, J = 7.4

Hz, 6H); MS (IsS1) m/z 843.71 (M+H)*

[0205]
10 Fxample 57: C-9
(Step 1) 2-Adamantyl

(29)-2-[[2,5-difluoro-4-[[4-[2-(methoxymethyl)pyrimidin-5-yl]phenyllsulfony]
aminolbenzoyllaminol-3-[6-(1-methyl-2 4-dioxo-pyrido[3,4-dlpyrimidin-3-yl)-

3-pyridyllpropanoate (C-9)

- 2TFA
IH NMR (400 MHz, DMSO-d¢) 3 10.98 (s, 1H), 9.19 (s, 2H), 8.99 (s, 1H), 8.86
(dd, J = 7.8, 1.7 Hz, 1H), 8.57(d, J = 5.0 Hz, 1H), 8.48 (d, J = 2.3 Hz, 1H), 8.07
- 8.03 (m, 2H), 7.99 - 7.96 (m, 2H), 7.93 (dd, J = 8.2, 2.4 Hz, 1H), 7.88 (d, J =
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4.9 Hz, 1H), 740 (d, J = 8.0 Hz, 1H), 7.31 - 7.23 (m, 2H), 4.86 (d, J = 3.2 Hz,
1H), 4.82 - 4.72 (m, 1H), 4.63 (s, 2H), 3.59 (s, 3H), 3.40 (s, 3H), 3.30 (dd, J =
14.1, 5.1 Hz, 1H), 3.14 (dd, J = 14.1, 10.2 Hz. 1H), 1.99 - 1.40 (m, 14H); MS
(ESD m/z 893.72 (M+H)*
[0206]

Example 58: C-10
(Step 1) (1-Methyl-4-piperidyl)
(25)-2-112,5-difluoro-4-[[4-[2-(methoxymethyDpyrimidin-5-yllphenyllsulfonyl
aminolbenzoylaminol-3-[6-(1 -methyl-2,4-dioxo-pyrido[3,4-dlpyrimidin-3-y1)-3

-pyridyllpropanoate (C-10)

N
NS HF
/O\)LN/

- 3TFA
MS (ESD) m/z 856.67 (M+H)*
[0207]
[Example 59: Synthesis of C-11
(Step 9] I-Ethylpropyl

(28)-2-[[2,5-difluoro-4-[[4-[2-(methoxymethyDpyrimidin-5-ylphenyllsulfonyl
aminolbenzoyllaminol-3-[6-(1-methyl-2,4-dioxo-pyridol3,4-dlpyrimidin-3-yl)-
3-pyridyllpropanoate (C-11)
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« 2TIFA
H NMR (400 MHz, DMSO-dg) § 10.97 (s, 1H), 9.18 (s, 2H), 8.99 (s, 1H), 8.85
(dd, J = 8.0, 1.6 Hz, 1H), 8.56 (d, J = 5.0 Hz, 1H), 8.48 (d, J = 2.3 Hz, 1H), 8.07
- 8.04 (m, 2H), 8.00 - 7.96 (m, 2H), 7.93 (dd, J = 8.2, 2.4 Hz, 1H), 7.88 (d, J =

5 4.9 Hz 1H), 7.40 (d, J = 8.1 Hz, 1}), 7.31 - 7.21 (m, 2H), 4.78 - 4.66 (m, 2H),
4.63 (s, 2H), 3.59 (s, 3H), 3.40 (s, 3H), 3.27 (dd, J = 14.1, 5.3 Hz, 1H), 3.13 (dd,
J=14.1,10.2 Hz, 1H), 1.62 - 1.41 (m, 4H), 0.86 - 0.76 (m, 6H); MS (ESD m/z
829.63 (M+H)*

[0208]
10 Example 60: Synthesis of C-12
(Step 1) (4,4-Dimethyleyclohexyl)
(289)-2-([2,5-difluoro-4-[[4-12-(methoxymethyD pyrimidin-5-yllphenyllsulfony!
amino]benzoyl]amino]-B'[6-(1,'meLhyl".Z,4'dioxo-pyridol8,4'd]pyrimidin-8'yl)‘
3-pyridyllpropanoate (C-12)
|
N_N Z
F O ] =~ 0O
0o
VO
‘N
NS HOF
/O\/QN/
15 - 2TFA

IH NMR (400 MHz, DMSO-d¢) 8 10.98 (s, 1H), 9.18 (s, 2H), 8.99 (s, 1H), 8.83
(dd, J = 7.6, 1.8 Hz, 1H), 8.57(d, J = 4.9 Hz, 1H), 8.46 (d, J = 2.3 Hz, 1H), 8.08
-8.02 (m, 2H), 8.00 - 7.96 (m, 2H), 7.94 - 7.87 (m, 2H), 7.40 (d, J = 8.1 Hz, 1H),
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7.32 - 7.25 (m, 2H), 4.74 - 4.66 (m, 2H), 4.63 (s, 2H), 3.59 (s, 3H), 3.40 (s, 3H),
3.25 (dd, d = 14.1, 5.4 Hz, 1H), 3.13 (dd, J = 14.1, 9.8 Hz, 1H), 1.73 - 1.11 (m,
8H), 0.85 (d, J = 15.3 Hz, 6H); MS (ESI) m/z 869.71 (M+H)*

[0209]

Fixample 617 Synthesis of C-13

(Step 1) 1-Propylbutyl
(28)-2-[12,5-difluoro-4-[[4-[2-(methoxymethyDpyrimidin-5-yllphenyllsulfonyl
aminolbenzoyllaminol]-3-[6-(1-methyl-2 4-dioxo-pyrido[3,4-d]pyrimidin-3-yl)-

3-pyridyllpropanoate (C-13)

‘N
NS H F
/o\/{N/
- 2TFA

'H NMR (400 MHz, DMSO-d¢) 5 10.97 (s, 1H), 9.18 (s, 2H), 8.99 (s, 1H), 8.84
(dd, J=7.8, 1.6 Hz, 1H), 8.57 (d, J = 5.0 Hz, 1H), 8.48 (dd, J = 2.3, 0.8 Hz, 1H),
8.07 - 8.03 (m, 2H), 8.00 - 7.96 (m, 2H), 7.93 (dd, J = 8.2, 2.4 Hz, 1H), 7.88 (dd,
J=4.9, 0.7 Hz, 1H), 7.40 (dd, J = 8.1, 0.7 Hz, 1H), 7.25 (ddd, J = 17.9, 10.5,
6.2 Hz, 2H), 4.86 (p, J = 6.3 Hz, 1H), 4.77 - 4.68 (m, 1H), 4.63 (s, 2H), 3.59 (s,
3H), 3.40 (s, 3H), 3.27 (dd, J = 14.2, 5.0 Hz, 1H), 3.11 (dd, J = 14.1, 10.4 Hz,
1H), 1.52 - 1.42 (m, 4H), 1.35 - 1.17 (m, 4H), 0.87 - 0.81 (m, 6H); MS (ESD) m/z
857.71 (M+H)+
[0210]

Example 62: Synthesis of C-14
(Step 1) (4,4-Difluorocyclohexyl)
(28)-2-1[2,5-difluoro-4-[[4-[2-(methoxymethylpyrimidin-5-yllphenyllsulfonyl
aminolbenzoyllaminol-3-[6-(1-methyl-2,4-dioxo-pyridol3,4-d]lpyrimidin-3-v1)-

3-pyridyllpropanoate (C-14)
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‘N
NS HoF
/()\)L N/
C OTFA

'H NMR (400 MHz, DMSO-dg) 6 10.99 (s, 1H), 9.18 (s, 2H), 8.99 (s, 1H), 8.90
(dd, J = 7.5, 1.6 Hz, 1H), 8.57 (d, J = 5.0 Hz, 1H), 8.47 (d, J = 2.3 Hz, 1H), 8.08
- 8.03 (m, 2H), 8.00 - 7.96 (m, 2H), 7.93 (dd, J = 8.1, 2.4 Hz, 1H), 7.89 (dd, J =
5.0, 0.7 Hz, 1H), 7.43 - 7.39 (m, 1H), 7.32 - 7.25 (m, 2H), 4.96 - 4.88 (m, 1H),
4.77 - 4.69 (m, 1H), 4.63 (s, 2H), 3.59 (s, 31, 3.40 (s, 3H), 3.27 (dd, J = 14.1,
5.6 Hz, 1H), 3.14 (dd, J = 14.1, 9.7 Hz, 1H), 2.05 - 1.63 (m, 8H); MS (ESD) m/z
877.72 (M+H)*

[0211]

lixample 63: Synthesis of C-15

(Step 1)) Ethyl
(28)-2-{[2,5-difluoro-4-{[4-[2-(methoxymethyD)pyrimidin-5-yllphenyllsulfonyl

amino]benzoyllamino]-3-[6-(1-methyl-2,4-dioxo-pyrido[3,4-d]pyrimidin-3-yl)-

|
’N\ N =
F o )QEJ 0
00 O~
N
\I/
S.NQ/QH o)
N H F
/O\)iN/

'H NMR (400 MHz, DMSO-dg) § 10.98 (s, 1H), 9.19 (s, 2H), 8.99 (s, 1H), 8.86
(dd, J = 7.8, 1.7 Hz, 1H), 8.57(d, J =5.0 Hz, 1H), 8.47(d, J = 2.3 Hz, 1H), 8.08
- 8.03 (m, 2H), 8.00 - 7.96 (m, 2H), 7.94 - 7.87 (m, 2H), 7.42 - 7.39 (m, 1H),

3-pyridyllpropanoate (C-15)

- 2TFA
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7.33 - 7.25 (m, 2H), 4.75 - 4.68 (m, 1H), 4.63 (s, 2H), 4.11 (g, J = 7.1 Hz, 2H),
3.59 (s, 3H), 3.10 (s, 3H), 3.25 (dd, J = 14.0, 5.6 Hz, 1H), 3.13 (dd, J = 14.0, 9.7
Hz, 1H), 1.16 (t, J = 7.1 Hz, 3H); MS (BSI) m/z 787.63 (M+H)*

[0212]

Example 641 Synthesis of C-16

(Step 1) Cyclopentyl
(29)-2-1[2,5-difluoro-4-[{4-[2-(methoxymethyD pyrimidin-5-yllphenyllsulfonyl
aminolbenzoyl]amino]-3-[6-(1-methyl-2,4-dioxo-pyrido[3,4-d]pyrimidin-3-yl)-

3-pyridyllpropanoate (C-16)

W
‘N
NS H F
/O\/“\N/
- 2TFA

'H NMR (400 MHz, DMSO-dg) & 10.98 (s, 1H), 9.19 (s, 2H), 8.99 (s, 1H), 8.83
(dd, J = 7.7, 1.7 Hz, 1H), 8.57(d, J = 4.9 Hz, 1H), 8.46 (d, J = 2.3 Hz, 1H), 8.08
- 8.03 (m, 2H), 8.01 - 7.95 (m, 2H), 7.93 - 7.87 (m, 2H), 7.40 (d, J = 8.1 Hz, 1H),
7.32 - 7.24 (m, 2H), 5.14 - 5.07 (m, 1H), 4.72 - 4.59 (m, 3H), 3.59 (s, 3H), 3.40
(s, 31D, 3.24 (dd, J = 14.1, 5.5 Hz, 1H), 3.11 (dd, J = 14.2, 9.7 Hz, 1H), 1.86 -
1.46 (m, 8H); MS (ESI) m/z 827.71 (M+H)*

[0213]

Example 65: Synthesis of C-17

(Step D Hexyl
(29)-2-1[2,5-difluoro-4-[[4-[2-(methoxymethyDpyrimidin-5-yllphenyl]sulfonyl
aminolbenzoyllamino]-3-[6-(1-methyl-2,4-dioxo-pyrido[3,4-d]pyrimidin-3-yl)-

3-pyridyllpropanoate (C-17)
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< 2TFA

'H NMR (400 MHz, DMSO-dg) 5 10.98 (s, 1H), 9.18 (s, 2H), 8.99 (s, 1H), 8.84

(dd, J = 8.0, 1.8 Hz, 1H), 8.57 (d, J = 5.0 Hz, 1H), 8.46 (d, J = 2.3 Hz, 1), 8.08

-8.03 (m, 2H), 8.00 - 7.95 (m, 2H), 7.93 - 7.86 (m, 2H), 7.40 (d, J = 8.1 Hz, 1H),

5 7.31-7.24 (m, 2H), 4.76 - 4.69 (m, 1H), 4.63 (s, 2H), 4.09 - 4.02 (m, 2H), 3.59

(s, 3H), 3.40 (s, 3H), 3.27 (dd, J = 14.1, 5.2 Hz, 1H), 3.12(dd, J = 14.1, 10.1 Hz,

1H), 1.58 - 1.48 (m, 2H), 1.32 - 1.18 (m, 6H), 0.83 - 0.77 (m, 3H); MS (ESI) m/z
843.71 (M+H)+

[0214]
10 lixample 661 Synthesis of C-18
(Step 1) Cycloheptyl

(29)-2-112,5-difluoro-4-{[4-12-(methoxymethyD)pyrimidin-5-yllphenyl]sulfonyl
aminolbenzoyllaminol-3-[6-(1-methyl-2,4-dioxo-pyridol3,4-d]pyrimidin-3-y1)-

3-pyridyllpropanoate (C-18)

ogc/) @A
N
/O\/QN/

= - 2TFA

ITH NMR (400 MHz, DMSO-dg) 8 10.98 (s, 1H), 9.18 (s, 2H), 8.99 (s, 1H), 8.83
(dd,d =7.5,1.7Hz, 1H), 8.57(d, J=4.9 Hz, 1H), 8.46 (d, J = 2.3 Hz, 11), 8.08
- 8.03 (m, 2H), 8.00 - 7.96 (m, 2H), 7.93 - 7.87 (m, 2H), 7.40(d, J = 8.1 Hz, 1),
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7.28 (dd, J = 10.6, 6.2 Hz, 2H), 4.91 - 4.82 (m, 1H), 4.72 - 4.64 (m, 1H), 4.63 (s,
9H), 3.59 (s, 3D, 3.40 (s, 3H), 3.24 (dd, J = 14.1, 5.5 Hz, 1H), 3.11 {dd, J =
14.0, 9.7 Hz, 1H). 1.89 - 1.30 (m, 12H); MS (ESD m/z 855.71 (M+H)+

[0215]

Example 671 Synthesis of C-19

(Step 1) Methyl
(28)'2‘[[2,5'diﬂuo1‘o-4'[[4'[2'(methoxymethyl)pyrimidin'S'yl]phenyHsulfonyl
amino]benzoyl]amino]'3'[6'(]‘methyl'fz,4'diox0'pyrido[3,4'd]pyrimidin'S'yD'

3-pyridyllpropanocate (C-19)

Iz

Yo
\\S’/
/o\/QN/

'H NMR (400 MHz DMSO-dg) § 11.00 (s, 1H), 9.19 (s, 2H), 8.98 (s, 1H), 8.86
(dd, J = 8.1, 2.0 Hz, 1H), 8.56 (d, J = 5.0 Hz, 1H), 8.49 (d, J = 2.3 Hz, 1H), 8.09
- 8.03 (m, 2H), 8.02 - 7.98 (m, 2H), 7.93 (dd, J = 8.2, 2.4 Hz, 1H), 7.90 - 7.87
(m, 1H), 7.43 (d, J = 8.1 Hz, 1H), 7.31 (td, J = 10.8, 10.4, 6.3 Hz, 2H), 4.82 -
1.75 (m, 1H), 4.63 (s, 2H), 3.68 (s, 3H), 3.60 (s, 3H), 3.40 (s, 3H), 3.30 (dd, J =
14.0, 5.1 Hz, 1H), 3.15 (dd, J = 14.1, 10.1 Hz, 1H); MS (ESD m/z 773.62

- 9TFA

(M+H)+
{0216]

Example 68: Synthesis of C-20
(Step D 2,2-Dimethylpropyl
(29)-2-[12,5-difluoro-4-{[4-12-(methoxymethyl)pyrimidin-5-yllphenyllsulfonyl
amino]benzoyl]amino]-3-[6-(1'methyl'Z,4-dioxo-pyrido[3,4-d]pyrimidin'3-yl)'

3-pyridyllpropanoate (C-20)
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- 2TFA
'H NMR (100 MHz, DMSO-d¢) § 10.98 (s, 1H), 9.18 (s, 2H), 8.98 (s, 1H), 8.86
(dd, J=17.9, 1.7 Hz, 1H), 8.57 (d, J =5.0 Hz, 1H), 8.47(d, J = 2.3 Hz, 1H), 8.07
- 8.03 (m, 2H), 7.99 - 7.96 (m, 2H), 7.92 (dd, J = 8.2, 2.4 Hz, 1H), 7.88 (d, J =
5.0 Hz, 1H), 7.40 (d, J = 8.0 Hz, 1H), 7.30 - 7.23 (m, 2H), 4.83 - 4.76 (m, 1H),
4.62 (s, 2H), 3.79 (d, J = 1.6 Hz, 21, 3.59 (s, 3H), 3.40 (s, 3H), 3.31 (dd, J =
14.2, 5.0 Hz 1H), 3.14 (dd, J = 14.1, 10.4 Hz, 1H), 0.88 (s, 91); MS (ESI) m/z,

(11

829.67 (M+H)~
[0217]

10 Iixample 691 Synthesis of C-21
(Step 1) Cyclopentylmethyl
(28)-2-1[2,5-difluoro-4-1{4-[2-(methoxymethyDpyrimidin-5-yllphenyllsulfonyl
amino]benzoy]]amino]'B'[6'(1'methyl"z,4'diOXO'pyrido[8,4‘d]pyrimidin'B'yD'

3-pyridyllpropanoate (C-21)

0.0 @/L
\S‘N
/O\/QN’
- 2TFA

'H NMR (400 MHz, DMSO-dg) & 10.99 (s, 1H), 9.18 (s, 2H), 8.99 (s, 1H), 8.85
(dd, J=17.9, 1.8 Hz, 1H), 8.57(d, J = 5.0 Hz, 1H), 8.47 (d, J = 2.3 Hz, 1H), 8.08
- 8.04 (m, 2H), 8.00 - 7.96 (m, 2H), 7.94 - 7.87 (m, 2H), 7.43 - 7.39 (m, 1H),

159
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7.31 - 7.24 (m, 2H), 4.78 - 4.70 (m, 1H), 4.63 (s, 2H), 3.97 (d, J = 6.9 Hz, 2H),
3.59 (s, 3H), 3.40 (s, 3H), 3.32 - 3.23 (m, 1H), 3.13 (dd, J = 14.1, 10.1 Hz, 1H),
2.13 (hept, d = 7.4 Hz, 1H), 1.72 - 1.40 (m, 6H), 1.25 - 1.15 (m, 2H); MS (ESD
m/z 841.67 (M+H)~

[0218]

[ixample 707 Synthesis of C-22

(Step 1) 1-Adamantylmethyl
(29)-2-[12,5-difluoro-4-[[4-[2-(methoxymethyl) pyrimidin-5-yl]phenyllsulfonyl
aminolbenzoyllaminol-3-[6-(1-methyl-2,4-dioxo-pyrido[3,4-dlpyrimidin-3-yl)-

3-pyridyllpropanoate (C-22

0.0 @A
N
/O\/\[N/
- 2TFA

I'H NMR (400 MHz, DMSO-de) § 10.98 (s, 1H), 9.19 (s, 2H), 8.99 (s, 1H), 8.84
(dd, J = 8.0, 1.8 Hz, 1H), 8.57 (d, J = 4.9 Hz, 1H), 8.48 (d, J = 2.3 Hz, 1H), 8.08
- 8.03 (m, 2H), 7.99 - 7.95 (m, 2H), 7.94 - 7.86 (m, 2H), 7.43 - 7.37 (m, 1H),
7.32 - 7.22 (m, 2H), 4.83 - 4.74 (m, 1H), 4.63 (s, 2H), 3.67 (d, J = 1.8 Hz, 3H),
3.59 (s, 3H), 3.39 (s, 3H), 3.31 (dd, J = 14.1, 4.7 Hz, 1H), 3.14 (dd, J = 14.1,
10.5 Hz, 1H), 2.00 - 1.40 (m, 14H); MS (ESD m/z 907.76 (M+H)*

(0219]

lixample 711 Synthesis of C-23

(Step 1) Cyclobutylmethyl
(28)-2-112,5-difluoro-4-1[4-[2-(methoxymethyD)pyrimidin-5-yllphenyllsulfonyl
aminolbenzoyllamino]-3-{6-(1-methyl-2,4-dioxo-pyrido(3,4-dlpyrimidin-3-y1)-

3-pyridyllpropanoate (C-23)

160



CA 02928619 2016-04-25

F O
VO
‘N
NS HOF
oty

IH NMR (400 MHz, DMSO-dg) § 10.98 (s, 1H), 9.18 (s, 2H), 8.99 (d, J = 0.7 Hz,
1H), 8.86 (dd, J = 7.7, 1.7 Hz, 1H), 857 (d, J = 5.0 Hz, 1H), 8.47 (dd, J = 2.4,
0.8 Hz, 1H), 8.09 - 8.04 (m, 2H), 8.00 - 7.95 (m, 2H), 7.94 - 7.87 (m, 2H), 7.40

5 (dd, J =8.0, 0.8 Hz, 1H), 7.31 - 7.25 (m, 2H), 4.79 - 4.70 (m, 1H), 4.63 (s, 2H),
4.05 (d, J = 6.5 Hz, 2H), 3.59 (s, 3H), 3.40 (s, 3H), 3.27 (dd, J = 14.1, 5.2 Hz,
15), 3.13 (dd, J = 14.1, 10.0 Hz, 111, 2.61 - 2.52 (m, 1H), 2.00 - 1.91 (m, 2H),
1.87 - 1.66 (m, 4H); MS (ESD) m/z 827.71 (M+H)*

- 2TEA

[0220]

10 [ixample 72 Synthesis of C-24
(Step 1) 2-Cyclohexylethyl
(28)*2'[[2,5'diﬂ\10r0'4-[[4-[2'(methoxymethyl)pyrimidin'5'lephenyl]sulfonyl
aminolbenzoyllaminol-3-[6-(1-methyl-2.4-dioxo-pyridol3,4-d]pyrimidin-3-yl)-

3-pyridyllpropanoate (C-24)

o%,(/) Q/l
7@ N
N H F
Oy
- 2TFA

1'H NMR (400 MHz, DMSO-dg) § 10.99 (s, 1H), 9.18 (s, 2H), 8.99 (s, 1H), 8.84
(dd, J=7.8, 1.9 Hy, 1H), 8.57 (d, J = 4.9 Hz, 1H), 8.47 (dd, J = 2.4, 0.8 Hz, 1H),
8.09 - 8.03 (m, 2H), 8.01 - 7.95 (m, 2H), 7.93 - 7.86 (m, 2H), 7.40 (dd, J = 7.9,
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0.8 Hz, 1H), 7.34 - 7.24 (m, 2H), 4.76 - 4.68 (m, 1H), 4.63 (s, 2H), 4.14 - 4.08
(m, 2H), 3.59 (s, 3H), 3.40 (s, 3H), 3.31 - 3.22 (m, 1H), 3.13 (dd, J = 14.1, 10.1
Iz, 1H), 1.74 - 0.74 (m, 13F); MS (ESD m/z 869.75 (M+H)*

[0221]

Iixample 731 Synthesis of C-25

(Step 1) (1-Tsobutyl-3-methyl-butyl)
(28)'2'[[2,5'diﬂuoro-4'[[/1'[2'(mcthoxymethy])pyrimidin'5'yl]phenyl]sulfonyl
amin()]benzoyl]amin()]'S'[6'(1‘methyl'2,4'dioxo*pyrido[3,4'd]pyrimidin'B'yl)-

3-pyridyvl]lpropanoate (C-25)

< 2TFA
MS (EST) m/z 885.80 (M+H)*
[0222]
Example 74: Synthesis of C-26
(Step 1 4,4,4-Trifluorobutyl

(28)-2-[12,5-difluoro-4-{[4- [2-(methoxymethyl)pyrimidin-5-yllphe nyllsulfonyl
amino]benzoyllamino]-3- [6-(1-methyl-2,4-dioxo-pyrido[3,4-dlpyrimidin-3-yl)-

3-pyridyllpropanoate (C-26)

N
IN\ N =
Fo ¢ OF
09 N O~ F
s/ H O
H
\ F

- 2TFA
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'H NMR (400 MHz, DMSO-dg) 6 10.98 (s, 1H). 9.18 (s, 2H), 8.99 (s, 1H), 8.89
(dd, J = 7.5, 1.7 Hz, 1H), 857 (d, J = 5.0 Hz, 1H), 8.48 - 8.46 (m, 1H), 8.07 -
8.03 (m, 2H), 7.99 - 7.96 (m, 2H), 7.92 (dd, J = 8.1, 2.4 Hz, 1H), 7.88 (dd, J =
4.9, 0.8 Iz, 1H), 7.41 (dd, J = 8.0, 0.7 Hz, 1H), 7.31 - 7.2 (m, 2H), 1.78 - -.1.70
(m, 1H), 4.63 (s, 2H), 4.21 - 4.06 (m, 2H), 3.59 (s, 3H), 3.40 (s, 3H), 3.29 (dd, J
= 14.1, 5.1 Hz, 1H), 3.13 (dd, J = 14.1, 10.1 Hz, 1H), 2.39 - 2.23 (m, 2H), 1.84 -

1.74 (m, 2H); MS (ESD m/z 869.63 (M+)
[0223]
Kxample 75 Synthesis of C-27
(Step 1) Cyclobutyl

(28)-2-1[2.5-difluoro-4-[[4-[2-(methoxymethyDpyrimidin-5-ylphenyllsulfonyl
aminolbenzovllaminol-3- [G'(1'mcLhyl'2,4-dioxo-pyrido[iﬂ,v’l'd]pyrimidin'B‘yI)'
3-pyridyllpropanoate (C-27)

OQ(N‘\N
IN\ N =
F O l:EJ O
00 o
N AS!
\I/
\s‘NQ)LH o
NS HF
/O\/‘lN/

'H NMR (400 MHz, DMSO-dg) 8 10.98 (s, 1H), 9.19 (s, 2H), 8.99 (d, J = 0.8 Hz,
1H), 8.85 (dd, J = 7.7, 1.7 Hz, 1H), 8.57(d, J = 5.0 Hz, 1H), 8.47 (dd, J = 2.3,
0.8 Hz, 1H), 8.08 - 8.02 (m, 2H), 8.01 - 7.96 (m, 2H), 7.94 - 7.87 (m, 2H), 7.41
(dd, J = 8.1, 0.7 Hz, 1H), 7.33 - 7.25 (m, 2H), 4.98 - 4.87 (m, 1H), 4.74 - 4.67
(m, 1H), 4.63 (s, 2H), 3.59 (s, 3H), 3.40 (s, 3H), 3.25 (dd, J = 14.2, 5.7 Hz, 1H),
3.12 (dd, J = 14.0, 9.7 Hz, 1H), 2.31 - 2.19 (m, 2H), 2.06 - 1.87 (m, 2H), 1.79 -
1.68 (m, 1H), 1.65 - 1.50 (m, 1H); MS (IZSD m/z 813.67 (M+H)~

- 2TFA

[0224]

Example 76: Synthesis of C-28
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(Step 1) 2,2-Difluoroethyl
(29)-2-1[2,5-difluoro-4-[[4-[2-(methoxymethyDpyrimidin-5-yllphenyllsulfonyl
aminolbenzoyllamino)-3-[6-(1-methyl-2, 4-dioxo-pyridol3,4-d]pyrimidin-3-yl)-

3-pyridyllpropanoate (C-28)

- 2TFA
'H NMR (400 MHz, DMSO-de) & 10.99 (s, 1H), 9.16 (s, 2H), 9.00 (s, 1H), 8.75
(dd, J = 7.8, 3.8 Hz, 1H), 8.57 (d, = 4.9 Hz, 1H), 8.47 (d, J = 2.5 Hz, 1H), 8.07
- 7.94 (m, 41), 7.90 (d, J = 5.0 Hz, 1H), 7.75 (dd, J = 8.2, 2.5 Hz, 1H), 7.47 (d,
J=83Hz 1H), 7.38 (dd, J = 10.3, 6.4 Hz, 1H), 7.29 (dd, J = 11.4, 6.3 Hz, 1H),

10 4.89 (td, J = 8.2, 4.9 Hz, 1H), 3.61 (s, 3H), 3.42 - 2.99 (m, 8H), 2.20 - 2.12 (m,
2H), 2.05 - 1.92 (m, 2H); MS (ES]) m/z 823.63 (M+H)*

[0225]

o

[Example 770 Synthesis of C-29
(Step 1) 3-Cyclohexylpropyl
15 (29)-2:112,5-difluoro-4-[[4-[2-(methoxymethylDpyrimidin-5-yllphenyllsulfonyl

aminolbenzoyllamino]-3- [6-(1-methyl-2,4-dioxo-pyridol3,4-dlpyrimidin-3-yl)-

[
N_N =

3-pyridyllpropanoate (C-29)

O A
%30

- 2TFA
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'H NMR (400 MHz, DMSO-dg) 8 10.99 (s, 1H), 9.18 (s, 2H), 8.99 (s, 1H), 8.84
(dd, J = 7.8, 1.8 Hz, 1H), 8.57 (d, J = 5.0 Hz, 1H), 8.46 (d, J = 2.3 Hz, 1H), 8.09
-8.02 (m, 2H). 8.01 - 7.95 (m, 2H), 7.94 - 7.86 {m, 2H), 7.40 (d, J = 8.1 Hz. 1D,
7.32 - 7.24 (m, 2H), 4.76 - 4.67 (m. 1), 4.63 (s, 2F), 41.08 - 4.01 (m, 2H), 3.59
(s, 3H), 3.40 (s, 3H), 3.31 - 3.21 (m, 1H), 3.17 - 3.07 (m, 1H). 1.68 - 1.49 (m,
7H), 1.22 - 0.97 (m, 6H), 0.85 - 0.70 (m, 2H); MS (ES1) m/z 883.76 (M+H)*
(0226]

[ixample 78: Synthesis of C-30
(Step 1) [sopentyl
(28)-2-{[2,5-difluoro-4-[[4-12-(methoxymethyDpyrimidin-5-yllphenyllsulfonyl
aminolbenzoyllaminol-3-[6-(1-methyl-2,4-dioxo-pyrido[3,4-dlpyrimidin-3-yD-

3-pyridyllpropanoate (C-30)

0\59

N
NS HF
/O\)I\N/

TH NMR (400 MHz, DMSO-dg) 8 10.98 (s, 1H), 9.18 (s, 2H), 8.99 (d, J = 0.7 Hz,
1H), 8.86 - 8.83 (m, 1H), 8.57 (d, J = 5.0 Hz, 1H), 8.47 - 8.45 (m, 1H), 8.07 -
8.04 (m, 2H), 8.00 - 7.96 (m, 2H), 7.93 - 7.86 (m, 2H), 7.40 (dd, J = 8.1, 0.7 Hz,
1H), 7.31 - 7.23 (m, 2H), 4.76 - 4.68 (m, 1H), 4.63 (s, 2H), 4.10 (t, J = 6.7 Hz,
9H), 3.59 (s, 3H), 3.40 (s, 3H), 3.26 (dd, J = 14.0, 5.2 Hz, 1H), 3.12 (dd, J =
14.1,10.0 Hz, 1H), 1.71 - 1.56 (m, 1H), 1.45 (q, J = 6.8 Hz, 2H), 0.85(d, J = 6.6
Hz, 6H); MS (ESD) m/z 829.71 (M+H)*

[02927]

- 2TFA

[Example 79: Synthesis of C-31
(Step 1) 2-Cyclopentylethy!

(28)-2-[(2,5-difluoro-4-[14-[2-(methoxymethyD pyrimidin-5-yllphenyllsulfonyl
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aminolbenzoyllaminol-3-[6-(1-methyl-2,4-dioxo-pyridol3.4-dlpyrimidin-3-v1)-

3-pyridyllpropanocate (C-31)

F O
%gpliitI)LH 0
‘N
NY@ H F
Jp
« 2TFA
MS (ESD m/z 855.99 (M+H)+
5 [0228]
Further, by the following methods, intermediate compounds M-26 to

M-30, compounds A-24 to A-30 and compounds C-32 to C-46 were

synthesized.
[0229]

10 Example 80: Synthesis of
4-([4-(4-ethyltriazol-1-yDphenyllsulfonylaminol-2,5-difluorobenzoic acid
(M-26)

(Step 1) Methyl

4-[[4-(4-ethyltriazol-1-yDphenyllsulfonylamino)-2,5-difluoro-benzoate

L-proline (1.6 g, 20 mol %, 14 mmol), CuSO,-5H,0 (1.7 g, 10 mol %,
6.8 mmol), sodium ascorbate (2.7 g, 20 mol %, 14 mmol), sodium azide (6.50 g,
100 mmol), potassium carbonate (11.4 g, 82.6 mmol), methyl 2-pentynoate
(6.76 g, 69 mmol), methyl

20 2,5-difluoro-4-{(4-iodophenylsulfonylaminolbenzoate obtained in Example
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13 (Step 2) (31.2 g, 69 mmol), DMSO (295 ml), and water (25 mL) were
sequentially added in a 1 Lo vial.  The resulting mixture was gently stirred
at 65°C overnight, and a mixture of concentrated ammonium water (500 mL),
water (1.0 1), and ethyl acetate (400 ml.) was added. The aqueous phase
was extracted with ethyl acetate (600 ml. x 10), the organic phase was
washed with a saturated saline solution (3.0 L), dried over sodium sulfate
and filtered, and the solvent was distilled off under reduced pressure to
obtain the title compound (14.2 g, 49%).

IH NMR (CD;0D, 400 MHz): & 8.37 (s, 1H), 8.13-8.06 (m, 2H), 8.10-7.96 (m,
9H), 7.45- 7.04 (m, 2H), 3.27 (s, 3H), 1.72-1.64 (m, 9H), 1.04-1.02 (m, 3H).
[0230]

(Step 2)
4-[[4-(4-Ethyltriazol-1 -yl)phenyl]sulfbnylamino]'2,5'diﬂuorobenzoic acid
(M-26)

F 0O
0. 0 CH
48

The compound obtained in step 1 (14.1 g, 33.4 mmol) was dissolved in
methanol (60 mL), a 2 N aqueous solution of lithium hydroxide (30 mL) was
added, then the resulting mixture was stirred at room temperature for 30
minutes, then completion of the reaction was verified, and 4 N hydrochloric
acid was added for adjustment of the pH to 4 to 5. The precipitated white
solid was filtered and the obtained solid was dried to obtain the title
compound as a white solid.

'H NMR (DMSO-dg, 400 MHz): 6 13.41 (br s, 1H), 11.10 (br s, 1H), 8.70 (s,
1H), 8.13 (d, J = 8.8 Hz, 2H), 8.04 (d, J = 8.8 Hz, 2H), 7.63-7.59 (m, 1H),
7.30-7.95 (m, 1H), 2.73 (q, J = 7.2 Hz, 2H), 1.26 (t, J = 7.2 Hz, 3H); MS (ESD
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m/z 409 (M+H)*.
[0231]

Example 81: Synthesis of
2,5-Difluoro-4-1(4-tetrahydropyran-4-ylphenylsulfonylaminolbenzoic - acid
(M-27)

(Step 1) Methyl

4-{[4-(3,6-dihydro-2H-pvran-4-yDphenyllsulfonylamino}-2,5-difluorobenzoate

Methyl 2,5-difluoro-4-[(4-iodophenyl)sulfonylaminolbenzoate
obtained in step 2 of Example 13 (0.2 g, 0.44 mmol) was dissolved In
N,N'-dimethylformamide (5 mL) and water (1 mL),
3,6-dihydro-2H-pyran-4-boronic acid pinacol ester (0.11 g, 0.53 mmol),
[1,1'-bis(diphenylphosphino)ferroceneldichloropalladium(ll) (18 mg, 0.022
mmol), and potassium acetate (0.15 g, 1.1 mmol) were added thereto, and the
resulting mixture was stirred at 100°C for 4 hours. The reaction solution
was cooled to room temperature and filtered through Celite, and the filtrate
was concentrated under reduced pressure. The obtained residue was
purified by silica gel column chromatography (hexane/ethyl acctate).

MS (IESI) m/z 410 (M+H)+.
(0232]

(Step 2)
2,5-Difluoro-4-[(4-tetrahydropyran-4-ylphenyl)sulfonylaminolbenzoic acid
(M-27)
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OH

The compound obtained in step 1 was dissolved in methanol (20 mL),
10% palladium/carbon of a catalyst amount was added thereto, and the
resulting mixture was stirred in the presence of hydrogen gas at room
5 temperature overnight. The reaction solution was filtered, and the filtrate
was concentrated. A 2 N solution of sodium hydroxide (4 mL) and methanol
were added to the obtained residue, and the resulting mixture was stirred at
room temperature for 3 hours. The reaction liquid was neutralized with 2 N
hydrochloric acid, purified by reverse phase HPLC (an HyO/CH3;CN system
10 including 0.1% TFA), and freeze-dried to obtain the title compound.
'H NMR (400 MHz, DMSO-dg) 6 10.97 (s, 1H), 7.84 - 7.77 (m, 2H), 7.60 (dd, J
=10.7, 6.6 Hz, 1H), 7.53 - 7.47 (m, 2H), 7.24 (dd, J = 11.8, 6.4 Hz, 1H), 3.98 -
3.88 (m, 2H), 3.46 - 3.38 (m, 2H), 2.93 - 2.80 (m, 1H), 1.77 - 1.54 (m, 4H); MS
(IEST) m/z 398 (M+H)*.
15 [0233]
Example 82! Synthesis of

2,5 difluoro-4-{[4-(2-isopropylpyrimidin-5-yl)phenyllsulfonylamino}Benzoic

acid (M-28)
F O
\\8// OH
sN \
H
N”3
\%‘N
20 2-Isopropylpyrimidin-5-ylboronic  acid was wused instead of

3,6-dihydro-2H-pyran-4-boronic acid pinacol ester obtained in step 1 of

169



10

]
(W2

CA 02928619 2016-04-25

Example 81, and the title compound was synthesized by a similar method.
MS (ESD m/z 434 (M+H)+.
[0234]

Example 83: Svnthesis of methyl
(28)-2-amino-3-[5-(1,3,4-trimethyl-2 6-dioxopyrimidin-5-5-v1)-2-pyridyllprop
anoate (M-29)

(Step 1) Methyl
(2S)-2-(tert-butoxycarbonylamino)-3-[(5-(4,4,5,5-tetramethyl-1,3,2-dioxabora

n-2-yl)-2-pyridyll-propanoate

Methyl
(29)-3-(5-bromo-2-pyridyD-2-(tert-butoxycarbonylamino)propanoate (556 mg,
1.55 mmol) was dissolved in N,N'-dimethylformamide (10 mL),
bis(pinacolato)diborane (588 mg, 2.32 mmol),
(1,1-bis(diphenylphosphino)ferroceneldichloropalladium{l) (57 mg, 0.078
mmol), and potassium acetate (456 mg, 4.64 mmol) were added thereto, and
the resulting mixture was stirred at 80°C overnight. The reaction solution
was cooled to room temperature and filtered through Celite, and the filtrate
was concentrated under reduced pressure. [Ethyl acetate was added to the
obtained residue, and the mixture was sequentially washed with water and a
saturated saline solution. The solvent was distilled off under reduced
pressure, and the obtained residue was purified by silica gel column
chromatography (hexane/ethyl acetate) to obtain the title compound.

MS (ESD) m/z 407 (M+H)".
(0235]
(Step 2)
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(28)-2-Amino-3- [5'(1,3,4't1‘imethyl'2,6-diox0pyrimidi11-5'5'yl)'Z'pyrid‘\ﬂ'llpmp

anoate (M-29)

|
&) N\(,o
N N
l
HQNL,(OMG
o

The compound obtained in step 1 was used instead of
N-(tcrt'butoxycarbonyl)'4'(4,4,5,5-tetramethyl'1,3,2-dioxaborola11'2')71)‘L-ph
enylalaninate obtained in step 5 of Example 2, and the title compound was
synthesized by a similar method.

MS (ESI) m/z 333 (M+H)*.
[0236]

Example 84: Synthesis of Methyl
3'[6'(1-methy1~2,4-dioxo-1,4‘dihydropyrido[3,4'd]pyrimidin‘LS(ZH)'yl)pyridin'
3-yl]-L-alaninate (M-30)

(Step 1) Methyl
3'({[(5'bromopyridin*?yl)amino]carbonyl}amino)isonicotinate
O, .OMse
H H
N_. N__N

Methyl  3-aminoisonicotinate (4.80 g, 32.0 mmol) and
diisopropylethylamine (8.20 g, 64.0 mmol) were dissolved in methylene
chloride (100 ml.), a solution of triphosgene (3.10 g, 10.4 mmol) in methylene
chloride (20 mL) was added thereto, and the resulting mixture was stirred at
0°C for 3 hours. »-Bromopyridin-2-amine (4.60 g, 26.6 mmol) was added to
this solution, and the resulting mixture was further stirred at room
temperature for 12 hours. The reaction solution was concentrated under
reduced pressure, then ethyl acetate was added thereto, the resulting

mixture was washed with a saturated aqueous solution of sodium hydrogen
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carbonate, water, and a saturated saline solution, and dried over anhydrous
sodium sulfate. The solvent was removed under reduced presswre, and the
obtained vresidue was purified by silica gel column chromatography
(petroleum etherfethyl acetate = 1:1 to 1:2) to obtain the title compound (6.2
g, 67%).
'H NMR (400 MHz, DMSO-d): 8 11.0 (s, 1H), 10.3 (s, 1H), 9.4 (s, 1H), 8.39 (d,
J = 5.2 Hz, 2H), 8.0 (d, J = 8.8 Hz, 1H), 7.54 (d, J = 4.8 Hz, 1H), 748 (d, J =
8.8 Hz, 1H), 3.92 (s, 3H).
(02371

(Step 2)
3-(5-Bromopyridin-2-y1)-1-methylpyridol3,4-d]pyrimidine-2,4(1H,3H)-dione

|

oﬁ/N oy

' N N P
Br = ©
Methyl

—

3-({l(53-bromopyridin-2-yDamino]carbonyl}amino)isonicotinate (6.20 g, 17.7
mmol) was dissolved in N,N'-dimethylformamide (60 ml.), an aquecous
solution (4.0 mL) of potassium carbonate (600 mg, 4.34 mmol) was added
thereto, and the resulting mixture was stirred at room temperature for 3
hours.  p-Toluenesulfonic acid methyl ester (4.40 g, 23.6 mmol) and
potassium carbonate (3.00 g, 21.7 mmol) were added to the reaction solution,
and the resulting mixture was stirred at room temperature for 12 hours.
The reaction solution was diluted with water (100 mL) and extracted with
ethyl acetate (100 mL x 3). The extracts were combined, washed with a
saturated saline solution, and dried over anhydrous sodium sulfate, and then
the solvent was removed under reduced pressure. The obtained residue
was purified by silica gel column chromatography (petroleum ether/ethyl
acetate = 1:1) to obtain the title compound (5.2 g, 88%).

'H NMR (400 MHz, DMSO-dg): 8 9.00 (s, 1H), 8.77(d, J = 2.4 Hz, 1H), 8.58 (d,
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J=4.8Hz, 1H), 8.32-8.30 (m, 1H), 7.91 (d, J = 4.8 Hz, 1H), 7.52(d, J = 8.8 Hz,
1H), 3.61 (s, 3H).
[0238]

(Step 3) Methyl
N-(tert-butoxvearbonyl)-3-[6-(1-methyl-2,4-dioxo-1,4-dihydropyridol3,4-dlpyvr

imidin-3(2H)-yDpyridin-3-yl}-L-alaninate

|
O N_ .
0
N\ N =
. A
\/\,LOJLN OMe
H o

Zinc (2.40 g, 36.7 mmol) was heated at 200°C for 30 minutes and
cooled to room temperature, this operation was repeated 3 times, then a
solution of dibromoethane (0.340 g, 1.82 mmol) in N,N"-dimethylformamide
(5.0 ml.) was added. An operation of heating the obtained reaction mixture
to 90°C and cooling the reaction mixture to room temperature was repeated
twice, then chlorotrimethylsilane (40.0 mg, 0.364 mmol) was added, and the
resulting mixture was stirred at room temperature for 30 minutes. A
solution of methyl N-(tert-butoxycarbonyl)-3-iodin-L-alaninate (2.00 g, 6.08
mmol) in N,N'-dimethylformamide (5.0 ml) was added dropwise, the
resulting  mixture was stirred at  35°C  for 2.5  hours, then
3-(5-bromopyridin-2-yD)-1-methylpyrido[3,4-dJpyrimidine-2,4(1H,3H)-dione
(2.60 g, 7.80 mmol) and bis(triphenylphosphine)palladium(II) chloride (230
mg, 0.328 mmol) were further added to the reaction solution, and the
resulting mixture was stirred at 70°C for 2 hours. The reaction solution
was cooled to room temperature, diluted with water, and extracted with
ethyl acetate (20 ml. x 3). The extracts were combined, washed with a
saturated saline solution, dried over anhydrous sodium sulfate, and then the
solvent was removed. The obtained residue was purified by silica gel

column chromatography (petroleum ether/ethyl acetate = 1:1 to 1:2) to obtain
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the title compound (300 mg, 11%).
"H NMR (100 MHz, CDCly): § 8.83 (s, 1H), 8.62 (d, J = 3.6 Hz, 1H), 8.46 (s,
1H), 8.05 (d. J = 3.2 Hz, 1H), 7.75 (d, J = 4.4 Hz, 1H), 7.29-7.27 (m, 1H),
5.16-5.12 (m, 1H), 4.69-4.67 (m, 1H), 3.76 (s, 3H), 3.72 (s, 3H), 3.23-3.20 (m,
2H), 1.45 (s, 9H).
[0239]

(Step 4) Methyl
3-[6-(1-methyl-2,4-dioxo- 1,4-dihydropyridol3,4-d]pyrimidin-3(2H)-yDpyridin-
S'yH'L‘alnnilmte (M-30)

bos

]
er OMe
4 N Hydrochloric acid/ethyl acetate (5.0 ml.) was added to methyl
N-(tert-butoxycarbonyl)-3-[6-(1-methyl-2,4-dioxo- 1,4-dihydropyrido[3,4-dlpyr
imidin-3(2H)-yDpyridin-3-yll-l.-alaninate (300 mg, 0.659 mmol), and the
resulting mixture was stirred at room temperature for 1 hour. The obtained
white solid was filtered and dried under reduced pressure to obtain a
hydrochloride of the title compound (M-30) (253 mg, 98%).
'H NMR (400 MHz, CD3;0D): 8 9.29 (s, 1H), 8.77(d, J = 6.0 Hz, 1H), 8.62(d, J
= 2.0 Hy, 1H), 8.57(d, J = 5.6 Hz, 1H), 8.09 (dd, J = 8.0, 2.0 Hz, 1H), 7.64 (dd,
J = 15.6, 8.0 Hz, 1H), 4.55-4.51 (m, 1H), 3.88 (s, 3H), 3.76 (s, 3H), 3.52-3.48
(m, 1H), 3.46-3.41 (m, 1H); MS (ESD m/z 356 (M+H)*.
[0240]
Example 85:
(29)-2-112,5-difluoro-4-[[4-(2-isopropoxymethyDpyrimidin-5-yllphenyllsulfony
Jlaminolbenzoyllaminol-3-[4-(1-methyl-2,4-dioxo-pyrido[3,4-d]pyrimidin-3-y1)

phenyllpropanoic acid (A-24)
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The title compound was obtained by a method similar to step 1 of
Example 27 by using methyl
4-(1-methyl-2,4-dioxo-1,4-dihydropyridol3,4-dlpyrimidin-3(2H)-yD)-L-phenyla
laninate (M-8) and
2,5-difluoro-4-[[4-12-(isopropoxymethyDpyrimidin-5-y!Iphenyllsulfonylamino
Ibenzoic acid (M-19).

'H NMR (400 MHz, DMSO-d6) § 10.97 (s, 1H), 9.16 (s, 2H), 8.96 (s, 1H), 8.60
(dd, J = 8.0, 2.6 Hz, 1H), 8.55 (d, J = 4.9 Hz, 1H), 8.09 - 8.01 (m, 2H), 8.00 -
7.94 (m, 2H), 7.87 (d, J = 4.9 Hz, 1H), 7.36 (d, J = 8.3 Hz, 2H), 7.34 - 7.23 (m,
2H), 7.21 (d, J = 8.3 Hz, 1H), 1.68 - 4.58 (i, 4H), 3.77 (sep, d = 6.1 Hz, 1H),
3.58 (s, 3H), 3.25 - 3.18 (m, 1H), 3.12 - 3.01 (m, 1H), 1.15(d, J = 6.1 Hz, 6H);
MS (ESD) m/z 786 (M+H)".

[0241]

Example 86G:
(29)-2-1[2,5-Difluoro-4-1[4-(2-tetrahydropyran-4-ylpyrimidin-5-yDphenyllsulf
onylaminolbenzoyllaminol-3-[4-(1,3,4-trimethyl-2,6-dioxopyrimidin-5-yDphe

nyllpropanoic acid (A-25)
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The title compound was obtained by a method similar to step 1 of
Example 27 by using met hyl
(29)-2-amino-3-[4-(1,3,4-trimethyl-2,6-dioxo-pyvrimidin-5-yDphenyllpropanoa
te (M-2) and
2,5-difluoro-4-1[4-(2-tetrahydropyran-4-ylpyrimidin-5-yl)phenylisulfonylami
nolbenzoic acid (M-11).

'H NMR (400 MHz, DMSO0-d6) § 10.95 (s, 1H), 9.14 (s, 2H), 8.54 (dd, J = 8.0,
2.6 Hz, 1H), 8.13 - 7.99 (m, 2H), 7.99 - 7.81 (m, 2H), 7.40 - 7.16 (m, 4H), 7.16 -
6.65 (m, 2H), 4.85 - 4.47 (m, 1H), 4.22 - 3.89 (m, 2H), 3.89 - 3.54 (m, 2H), 3.38
(s, 3H), 3.29 - 3.08 (m, 5H), 3.00 (dd, J = 13.9, 9.9 Hz, 1H), 2.05 (s, 3H), 2.00 -
1.64 (m, 4H) s MS (ESD m/z 775 (M+H)*.

[0242]

Example 87:
(29)-2-([2,5-Difluoro-4-[(4-tetrahydropyran-4-ylphenylsulfonylaminolbenzoy
Haminol-3-[4-(1,3,4-trimethyl-2,6-dioxopyrimidin-5-yl)phenyllpropanoic acid

(A-26)

The title compound was obtained by a method similar to step 1 of
Example 27 by using methyl
(28)-2-amino-3-[4-(1,3,4-trimethyl-2,6-dioxo-pyrimidin-5-yl)phenyllpropanoa
te (M-2) and
2,5-difluoro-4-[(4-tetrahydropyran-4-ylphenyl)sulfonylaminolbenzoic acid
(M-27).

'H NMR (400 MHz, DMSO-d6) 6 10.72 (s, 1H), 8.45 (dd, d = 8.0, 2.7 Hz, 1H),
7.70 (d, J = 8.4 Hz, 2H), 7.42 (d, J = 8.4 Hz, 2H), 7.30 - 7.17 (m, 4H), 7.17 -
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6.88 (m, 2H), 4.67 - 4.42 (m, 1H), 3.97 - 3.76 (m, 2H), 3.68 - 3.25 (m, 51), 3.14
(s, 3H), 3.13 - 3.07 (m, 1H), 3.00 - 2.86 (m, 1H), 2.86 - 2.68 (m, 1H), 2.00 (m,
3H), 1.75 - 1.46 (m, 4H) : MS (ESI) m/z 697 (M+H)".

(0243]

Kxample 33:
(28)-2-[2,5-Difluoro-4-{1(4-(2-isopropylpyrimidin-5-y ) phenyl]lsulfonylamino]
benzoyllaminol-3-{4-(1,3,4-trimethyl-2,6-dioxopyrimidin-5-yl)phenyllpropan
oic acid (A-27)

|
O N_O

iy
/l/\f,k

F oo (Y
0 0 N/LWOH
! H o

HoF

ﬁ/L\\ |

The title compound was obtained by a method similar to step 1 of
[Example 27 by using methyl
(28)-2-amino-3-[4-(1,3,4-trimethyl-2 6-dioxo-pyrimidin-5-yl)phenyllpropanoa
te M-2) and
2,5-difluoro-4-{[4-(2-isopropylpyrimidin-5-vD)phenyllsulfonylamino} Benzoic
acid (M-28).
'H NMR (400 MHz, DMSO-d6) § 10.95 (s, 1H), 9.11 (s, 2H), 8.53 (dd, J = 8.0,
2.6 Hz, 1H), 8.02 (d, J = 8.6 Hz, 2H), 7.99 - 7.84 (m, 2H), 7.40 - 7.16 (m, 4H),
7.16 - 6.94 (m, 2H), 4.76 - 4.35 (m, 1H), 3.37 (s, 3H), 3.28 - 3.10 (m, 5H), 3.00
(dd, J=13.9, 9.9 Hz, 1H), 2.05 (s, 3H), 1.31 (d, J = 6.9 Hz, 6H) ; MS (ESD m/z
733 (M+H)".
[0244]

Example 89:
(28)-2-[12,5-Difluoro-4-[[4-(2-tetrahydropyran-4-ylpyrimidin-5-yD)phenyllsulf
onylamino]benzoyllamino-3-15-(1,3,4-trimethyl-2,6-dioxopyrimidin-5-y1)-2-p

yridyllpropanoic acid (A-28)
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The title compound was obtained by a method similar to step 1 of
Example 27 by using methyl
(28)-2-;1mino-3-[5'(1,3,‘<1~trimethyl'2,6'dio><()pyrimjdin"'-5-yl)'2'pyridyl]prop
anoate (M-29) and
2,5'diﬂt10r0'4'[[4'(2'tetrahydropyran'fl'ylpyrimidin'5'yl)pheny1]sulfonylami
nolbenzoic acid (M-11).
1H NMR (400 MHz, DMSO-d6) & 10.98 (s, 1H), 9.13 (s, 2H), 8.72(dd, J = 7.9,
3.6 Hz, 1H), 8.41 (d, J = 2.2 Hz, 1H), 8.11 - 8.00 (m, 2H), 8.00 - 7.89 (m, 2H),
773 (d, J = 7.9 Hz, 1H), 7.47 (d, J = 8.0 Hz, 1H), 7.34 (dd, J = 10.3, 6.4 Hz,
1H), 7.27 (dd, J = 11.4, 6.3 Hz, 1H), 5.04 - 4.70 (m, 1H), 4.13 - 3.89 (m, 2H),
3.46 (s, 2H), 3.41 (s, 3H), 3.35 - 3.24 (m, 1H), 3.22 (s, 3H), 3.18 - 3.02 (m, 2H),
2.11 (s, 3H), 1.98 - 1.60 (m, 4H) ; MS (S m/z 776 (M+H)*.

[0245]

Reference Fxample 1:
(28)'2'[[2,5'Diﬂuoro-4'{[4'(2‘tetrahydropyran'él-ylpyrimidin'5'yl)pheny1]sulf
onylamino]benzoy]]amino]'3'[6-(1'methyl'2,4'diox0'pyrido[3,4-d]pyrimidin-3

-y1)-3-pyridyllpropanoic acid (A-29)

o) >
YoyON
N\N Pz
|
F O » 0

00 OH

W

s H O

HoF

The title compound was obtained by a method similar to step 1 of
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Iixample 27 by using methyl
3‘[6'(l'methyl‘2,4'diox0'1,4‘dihydropyrido[3,4'd]pyrimidin-S(iZH)'yl)pyridin-
3-yl]-L-alaninate (M-30) and
2,5'diﬂuor(r4'[[11'(2'tetrahydropyrz—m“4"ylpyrimidi11'5'yl)phenyl]sulf‘onylami
nolbenzoic acid (M-11).
'H NMR (400 MHz, DMSO-de) 10.95 (s, 1H), 9.13 (s, 2H), 8.99 (s, 1H), 8.69
(dd, J = 8.2, 2.2 Hz, 1H), 8.56 (d, J = 5.0 Hz, 1H), 8.46 (d, J = 2.3 Hz, 1H), 8.06
- 7.99 (m., 2H), 7.99 - 7.92 (m, 2H), 7.92 - 7.85 (n, 2H), 7.13 - 7.36 (m, 1H),
733 -7.22 (m, 2H), 4.74 - 4.63 (m, 1H), 4.00 - 3.90 (m, 2H), 3.59 (s, 3H), 3.54 -
342 (m, 2H). 3.20 (dd, J = 14.1, 4.6 Hz, 1H), 3.19 - 3.03 (m, 2H), 1.95 - 1.74
(m, 4H); MS(ES]) m/z 799.51(M+H)".
[0246]

Reference Example 2:
(28)'2-[[2,5-Diﬂuoro-4-[[4'[2-(mothoxymethyl)pyrimidin'é'yllphonyl]sulfonyl
amino]bonzoyl]amino]'3-[4'(1'methyl-.‘Z,/l'dioxo-pyrido[S,zI-d]pyrimidin'B‘yl)p

henyllpropanoic acid (A-30)

The title compound was obtained by a method similar to step 1 of
KExample 27 by using methyl
4'(1'methyl-2,4-di0X0'1,4-dihydropyrido[fﬂ,4‘d]pyrimidin-B(ZH)'y])'I,fphenyla
laninate (M-8) and
2,5‘dif1u01"0'/1‘.[[/1'[2'(isopropoxymethyl)pyrimidin'5'lephenyl]Sl,llfbnylamino
Ibenzoic acid (M-19).

'H NMR (400 MHz, DMSO-d¢):6 10.97 (s, 1H), 9.18 (s, 2H), 8.96 (s, 1H), 8.60
(dd, J = 8.0, 2.6 Hz, 1H), 8.55 (d, J = 5.0 Hz, 1H), 8.10 - 8.02 (m, 2H), 8.02 -
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7.94 (m, 2H), 7.88 (d, J = 5.0 Hz, 1H), 7.40 - 7.24 (m, 4H), 7.24 - 7.17 (m, 2H),
4.63 (s, 3H), 3.59 (s, 3H), 3.40 (s, 3H), 3.23 (dd, J = 14.0, 4.5 Hz, 1H), 3.06 (dd,
J =14.0, 9.9 Hz, 1H); MS(ESD) m/z 758.54(M+H)*.
[0247]

Example 90: Isopropyl
(29)-2-[[4-{[4-(1-allyl-2-oxopyrimidin-5-yl)phenylsulfonylaminol-2,5-difluoro
-benzoyllamino]-3-[5-(1-methyl-2,4-dioxo-pyridol3,4-dlpyrimidin-3-yD-2-pyri

dyllpropanoate (C-32)

Oﬁ/N\'QN
X =
F 0 0
o)
0,0
s‘/MQ)LH 0 T
y H F
A |

Isopropanol aleohol (4 ml) and 4 N hydrochloric acid/dioxane (2 ml.)
were added to A-5 (80 mg, 0.10 mmol), and the resulting mixture was stirred
at 60°C for 2 hours. The reaction liquid was concentrated under reduced
pressure, the obtained residue was purified by reverse phase HPLC (an
H,O/CH;3;CN system including 0.1% TFA) to obtain a TFA salt of the title
compound (53 mg, 57%).

'H NMR (400 MHz, DMS0-d6) 5 10.90 (s, 1H), 9.04 (d, J = 3.4 Hz, 1H), 9.00
(s, 1H), 8.85 (dd, J = 7.6, 3.3 Hz, 1H), 8.74 (d, J = 3.4 Hz, 1H), 8.58 (d, J = 4.9
Hz, 1H), 8.46 (dd, J = 2.4, 0.7 Hz, 1H), 7.93 - 7.84 (m, 5H), 7.74 (dd, J = 8.2,
2.5 Hz, 1H), 7.47(d, J = 8.2 Hz, 1H), 7.38 (dd, J = 10.3, 6.3 Hz, 1H), 7.26 (dd,
J =113, 6.3 Hz, 1H), 6.07 - 5.95 (m, 1H), 5.26 - 5.17 (m, 2H), 4.94 - 4.79 (m,
2H), 4.54 (dt, J = 5.9, 1.4 Hz, 2H), 3.61 (s, 3H), 3.36 - 3.23 (m, 2H), 1.15(d, J =
6.2 Hz, 3H), 1.10 (d, J = 6.2 Hz, 3H); MS (ESD m/z 813 (M+H)*.

[0248]

A method similar to Example 90 was performed by using A-5, A-20,
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A-29, or A-30 as carboxylic acid and methanol, ethanol, 1sopropyl alcohol,
3-pentanol, 2-methoxyethanol, or N-(2-hydroxy)morpholine as alcohol to
synthesize C-33 to C-42.
[0249]

[Example 91: 1-Ithylpropyl
(29)-2-114-[14-(1-allyl-2-oxopyrimidin-5-yDphenyllsulfonylaminol-2,5-difluoro
-benzovllaminol-3-[5-(1-methyl-2,4-dioxo-pyrido[3,4-dlpyrimidin-3-yD-2-pyri

dyllpropanoate (C-33)

'H NMR (400 MHz, DMSO-d6) 8 10.90 (s, 1H), 9.04 (d, J = 3.4 Hz, 1H), 9.00
(s, 1H), 8.88 (dd, J = 7.6, 3.3 Hz, 1H), 8.73 (d, J = 3.4 Hz, 1H), 8.57(d, J = 4.9
Hz, 1H), 8.46 (d, J = 2.4 Hz, 1H), 7.94 - 7.83 (m, 5H), 7.74 (dd, J = 8.2, 2.5 Hz,
1H), 7.47(d, J = 8.2 Hz, 1H), 7.35 (dd, J = 10.3, 6.3 Hz, 1H), 7.26 (dd, J = 11.3,
6.2 Hz, 1H), 6.08 - 5.93 (m, 1H), 5.27 - 5.17 (m, 2H), 5.02 - 4.91 (m, 1H), 4.72 -
4.61 {m, 1H), 4.57 - 4.50 (m, 2H), 3.61 (s, 3H), 3.41 - 3.24 (m, 2H), 1.63 - 1.32
(m, 4H), 0.86 - 0.68 (mm, 6H); MS (ESD m/z 841 (M+H)*.
[0250]

Example 92: Methyl
(29)-2-112,5-difluoro-4-[[4-(2-tetrahydropyran-4-ylpyrimidin-5-yDphenyl]sulf
onylaminolbenzoyllaminol-3-[6-(1-methyl-2,4-dioxo-pyrido[3,4-dlpyrimidin-3

-yD)-3-pyridyllpropanocate (C-34)
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'H NMR (400 MHz, DMSO-d6) § 10.99 (s, 1H), 9.14 (s, 2H), 8.99 (s, 1H), 8.86
(dd, J = 8.0, 2.0 Hz, 1H), 8.57 (d, d = 5.0 Hz, 1H), 8.47(d, J = 2.0 Hz, 1H), 8.07
- 8.00 (m, 2H), 8.00 - 7.94 (m, 2H), 7.94 - 7.85 (m, 2H), 7.41 (d, J = 8.0 Hz, 1H),
7.37 - 7.23 (m, 2H), 4.87 - 4.67 (m, 1H), 4.05 - 3.88 (m, 2H), 3.67 (s, 3H), 3.61
(s, 3H), 3.54 - 3.43 (m, 2H), 3.33 - 3.22 (m, 1H), 3.22 - 3.03 (m, 2H), 2.02 - 1.72
(m, 4H); MS(ESI) m/z 813.47 (M+H)*.
[0251]

xample 93: Kthyl
(29)-2-112,5-difluoro-4-[[4-(2-tetrahydropyran-4-ylpyrimidin-5-yl)phenyllsulf
onylaminolbenzoyllaminol-3-[6-(1-methyl-2,4-dioxo-pyrido[3,4-d]pyrimidin-3

-y1)-3-pyridyvllpropanoate (C-35)

Y
N N e l
[ ~
F O = °

o O N O\//

N H

S. 0

H
ij/@ F

'H NMR (400 MHz, DMSO-d6) 8 10.98 (s, 1H), 9.14 (s, 2H), 8.99 (s, 1H), 8.86
(dd, J =17.7,1.7Hz, 1H), 857 (d, J =4.9 Hz, 1H), 8.47 (d, J = 2.3 Hz, 1H), 8.06
- 8.00 (m, 2H), 7.99 - 7.94 (m, 2H), 7.94 - 7.87 (m, 2H), 7.41 (d, J = 8.1 Hz, 1H),
7.34-7.24 (m, 2H), 4.78 - 4.63 (m, 1H), 4.11 (q, J = 7.1 Hz, 2H), 4.00 - 3.90 (m,
2H), 3.59 (s, 3H), 3.49 - 3.41 (m, 2H), 3.25 (dd, J = 14.1, 5.6 Hz, 1H), 3.18 -
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3.07 (m, 2H), 1.98 - 1.70 (m, 4H), 1.16 (¢, J = 7.1 Hz, 3H); MS (ES]) m/«x 827
(M+H)".
[0252]

[Example 94: [sopropyl
(29)-2-[[2,5-difluoro-4-[[4-(2-tetrahydropyran-4-ylpyrimidin-5-yDphenyl]sulf
onylaminolbenzoyllaminol-3-[6-(1-methyl-2,4-dioxo-pyrido[3,4-d]pyrimidin-3

-yD)-3-pyridyllpropancate (C-36)

'H NMR (100 MHz, DMSO-d6) & 10.97 (s, 1H), 9.14 (s, 2H), 8.99 (s, 1H), 8.87
- 8.79 (m, 1H), 8.56 (d, J = 5.0 Hz, 1H), 8.46 (d, J = 2.3 Hz, 1H), 8.03 (d, J =
8.6 Hz, 2H), 7.97 (d, J = 8.6 Hz, 2H), 7.94 - 7.85 (m, 2H), 7.40 (d, J = 8.1 Hz,
1H), 7.28 (ddd. J = 11.1, 6.3, 4.5 Hz, 2H), 4.91 (sep, J = 6.2 Hz, 1H), 4.72 -
4.61 (m, 1H), 4.02 - 3.90 (m, 2H), 3.59 (s, 3H), 3.52 - 3.39 (m, 2H), 3.28 - 3.03
(m, 3H), 1.98 - 1.71 (m, 4H), 1.18 (d, J = 6.2 Hz, 3H), 1.13 (d, J = 6.2 Hz, 3H);
MS (IST) m/z 841 (M+H)~.
[0253]

Example 95: 1-Ethylpropyl
(2S)-2-[[2,5-difluoro-4-[[4-(2-tetrahydropyran-4-ylpyrimidin-5-yDphenyl]sulf
onylaminolbenzoyllaminol-3-[6-(1-methyl-2,4-dioxo-pyridol3,4-dJpyrimidin-3

-y1)-3-pyridyllpropanoate (C-37)
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H NMR (400 MHz, DMSO-d6) § 10.97 (s, 1H), 9.14 (s, 2H), 8.99 (s, 1H), 8.86
(d,J = 7.8 Hz, 1H), 8.57 (d, J = 5.0 Hz. 1H), 8.49 (s, 1H), 8.03 (d, J = 8.1 Hz,
9H), 7.99 - 7.91 (m, 3H), 7.89 (d, J = 4.9 Hz, 1H), 7.40 (d, J = 8.0 Hz, 1H), 7.32
-7.20 (m, 2H), 4.82 - 4.62 (m, 2H), 4.01 - 3.89 (m, 2H), 3.60 (s, 3H), 3.53 - 3.42
(m, 2H), 3.33 - 3.22 (m, 1H), 3.19 - 3.02 (m, 2H), 1.98 - 1.74 (m, 4H), 1.63 -
1.40 (m, 4H), 0.90 - 0.73 (m, 6H); MS (ESD m/z 869 (M+H)".
[0254]

Example 96: 2-Methoxyethyl
(2S)'2‘[[2,5'diﬂUOFO'4‘[[4'(2'tetrahydropyran'4'ylpyrimidin"5'yl)phenyl]sulf'
onylamino]benzoyl]amino]'3'[6'(1'mcthyl'z,/1-di0xo-pyrido[3,4'd]pyl"imidin'S

-y1)-3-pyridyllpropanoate (C-38)

'H NMR (400 MHz, DMSO-d6) § 10.97 (s, 1H), 9.14 (s, 2H), 8.99 (s, 1H), 8.87
(dd, J =7.9, 1.7 Hz, 1H), 8.56 (d, J = 5.0 Hz, 1H), 8.47 (d, J = 2.4 Hz, 1H), 8.06
-7.99 (m, 2H), 7.98 - 7.85 (m, 4H), 7.40 (d, J = 8.1 Hz, 1H), 7.33 - 7.22 (m, 2H),
4.81-4.69 (m, 1H), 4.24 - 4.15 (m, 2H), 4.00 - 3.90 (m, 2H), 3.59 (s, 3H), 3.54 -
3.42 (m, 4H), 3.30 - 3.25 (m, 1H), 3.24 (s, 3H), 3.19 - 3.04 (m, 2H), 1.94 - 1.74
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(m, 4H); MS (IES1) m/z 857 (M+H)+.
[0255]

Kxample 97: 2-Morpholinoethyl
(29)-2-112,5-difluoro-4-[[4-(2-tetrahydropyran-4-ylpyrimidin-5-yDphenyl]sulf

onylaminolbenzoyllamino]-3-[6-(1-methyl-2,4-dioxo-pyrido[3,4-dlpyrimidin-3

j

-yD-3-pyridyllpropanoate (C-39)

o O

'H NMR (400 MHz, DMSO-d6) § 11.00 (s, 1H), 9.14 (s, 2H), 9.03 - 8.93 (m,
2H), 8.57 (d, J = 4.9 Hz, 1H), 8.49 (d, J = 2.3 Hz, 1H), 8.07 - 7.85 (m, 6H), 7.46
10 - 7.40 (m, 1H), 7.39 - 7.21 (m, 2H), 1.91 - 4.78 (m, 1H), 4.53 - 4.35 (m, 2H),
4.00 - 3.64 (m, 8H), 3.59 (s, 3H), 3.51 - 3.35 (m. 4H), 3.24 - 3.02 (m, 5H), 1.96 -
1.72 (m, 4H); MS (ESI) m/z 912 (M+H)*.
[0256]
Example 98: Isopropyl
15 (29)-2-[[2,5-difluoro-4-[[4-[2-(methoxymethyD pyrimidin-5-yllphenyl]sulfonyl
aminolbenzoyllamino]-3-[4-(1-methyl-2,4-dioxo-pyrido[3,4-d]pyrimidin-3-yl)p

henyllpropanoate (C-40)

'H NMR (400 MHz, DMSO-d6) § 10.97 (s, LH), 9.19 (s, 2H), 8.97 (s, 1H), 8.76
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(dd, J = 7.3, 2.0 Hz, 1H), 8.55 (d, J = 5.0 Hz, 1H), 8.16 - 8.02 (m, 2H), 8.02 -
7.93 (m, 2H), 7.88 (dd, J = 5.0, 0.8 Hz, 1H), 7.42 - 7.35 (m, 2H), 7.35 - 7.24 (m,
2H), 7.24 - 7.12 (m, 2H), 5.02 - 4.81 (m, 1H), 4.70 - 4.51 (m, 3H), 3.59 (s, 3H),
3.40 (s, 3H), 3.26 - 3.00 (m, 2H), 1.18 (d, J = 6.2 Hz, 3H), 1.12(d, J = 6.2 Hz,
3H) ; MS (IESD) m/z 800 (M+H)*.
[0257]

Example 99: 1-Ethylpropyl
(28)-2-[[2,5-difluoro-4-[[4-[2-(methoxymethyDpyrimidin-5-yllphenyllsulfonyl
amino]benzoyl]amino]'3'[4'(1'1'nethy1'2,4'diOXO'pyrido[S,4'd]pyrimidin'B'yl)p

henyllpropanoate (C-41)

H NMR (400 MHz, DMSO-d6) & 10.98 (s, 1H), 9.18 (s, 2H), 8.96 (s, 1H), 8.79
(dd, J = 7.7, 1.9 Hz, 1H), 8.55 (d, J = 5.0 Hz, 1H), 8.13 - 8.02 (m, 2H), 8.02 -
7.93 (m, 2H), 7.88 (d, J = 5.0 Hz, 1H), 7.48 - 7.35 (m, 2H), 7.33 - 7.24 (m, 2H),
7.25 - 7.16 (m, 2H), 4.77 - 4.59 (m, 4H), 3.59 (s, 3H), 3.47 - 3.37 (n, 3H), 3.27 -
3.16 (m, 1H), 3.16 - 3.03 (m, 1H), 1.64 - 1.37 (m, 4H), 0.90 - 0.73 (m, 6H);
MS(ESD m/z 828.47 (M+H)*.
[0258]

Example 100: Methyl
(29)-2-[[4-1[4-(2-ethylpyrimidin-5-yDphenyllsulfonylaminol-2,3,5,6-tetrafluor
obenzoyl]amino]'3'[4'(1,3,4'trimethyl'Q,G'dioxopyrimidin-5'yl)phenyl]p1“opa

noate (C-42)
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\f
o N
F 0
) H
S.N . O
HoF

H NMR (400 MHz, DMSO0-d6) 8 10.85 (s, 1H), 9.46 (d, J = 7.9 Hz, 1H), 9.14
(s. 2H), 8.05 (d, J = 8.5 Hz, 2H), 7.90 (d, J = 8.4 Hz, 2H), 7.31 - 7.21 (m, 2H),
7.14 - 6.91 (m, 2H), 5.03 - 4.58 (m, 1H), 3.50 - 3.26 (m, 4H), 3.26 - 3.11 (m, 6H),
3.11 - 2.82 (m, 3H), 2.20 - 1.87 (m, 3H), 1.32 (t, J = 7.6 Hz, 3H) ; MS (ESI) m/z

nt

769 (M+H)*.
[0259]
Example 101:
2,5-Difluoro-N-[(18)-2-(hydroxyamino)-1-([6-(1 -methyl-2,4-dioxo-pyrido[3,4-d
10 Jpyrimidin-3-y1)-3-pyridyllmethyl]-2-oxo-ethyl]-4-[[4- [2-(methoxymethyDpyri

midin-5-yllphenyllsulfonylaminolbenzamide (C-43)
o N
/N N Pz
o o

N
O\\IO N ‘OH
! H
S. 0
k
F
NZ |
MeO\)QN

(28)-2-[[2,5-Difluoro-4-[[4-[2-(methoxymethyl)pyrimidin-5-yllphenyl]

sulfonylaminolbenzoyllaminol-3-[6-(1-methyl-2, 4-dioxo-pyrido[3,4-dlpyrimid

15 in-3-yD)-3-pyridyllpropanoic acid (A-23) (50.2 mg, 0.0662 mmol),

1-hvdroxy-7-azabenzotriazole (10.8 mg, 0.0794 mmol), and hydroxyamine

hydrochloride (13.8 mg, 0.199 mmol) were dissolved in acetonitrile (2 mL),

diisopropylethylamine (45.0 ul,, 0.265 mmol) and
O-(7-azabenzotriazol-1-yD)-N,N,N' N',-tetramethyluronium

20 hexafluorophosphate (30.2 mg, 0.0794 mmol) were added thereto, and the
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resulting mixture was stirred at room temperature overnight. The reaction
liquid was concentrated under reduced pressure, the obtained residue was
purified by reverse phase HPLC (an H,O/CH3CN system including 0.1%
TIA) to obtain a TIA salt of the title compound (26.5 mg, 45%).

5 'H NMR (100 MHz, DMSO-d6) § 10.94 (s. 1H), 10.86 (s, 1H), 9.18 (s, 2H).
8.99 (s, 1H), 8.70 - 8.61 (m, 1H), 8.57 (d, J = 5.0 Hz, 1H), 8.54 - 8.41 (m, 1H),
8.09 - 8.02 (m, 2H), 8.00 - 7.94 (m, 2H), 7.92 - 7.83 (m, 2H), 7.40 (d, J = 8.1 Hz,
1H), 7.26 (ddd. J = 13.0, 10.6, 6.3 Hz, 2H), 4.67 - 4.58 (m, 3H), 3.59 (s, 3H),
3.40 (s, 3H), 3.11 (dd, J = 14.0, 5.0 He, 1H), 3.02 (dd, J = 14.0, 9.8 Hz, 1H);

10 MS (ESD m/z 774 (M+H).

[0260]

A method similar to Example 101 was performed by using A-29 as
carboxylic acid and hydroxyamine hydrochloride or methoxyamine
hydrochloride as amine to synthesize C-44 and C-45.

15 [0261]

Example 102:
2,5-Difluoro-N-[(18)-2-(hydroxyamino)-1-[[6-(1-methyl-2,4-dioxopyrido[3,4-d]
pyrimidin-3-yD-3-pyridylimethyl]l-2-oxoethyll-4-[[4-(2-tetrahydropyran-4-ylp

yrimidin-5-yl)phenyl]sulfonylamino]benzamide (C-44)
|
O N
Yw
N\ N =
|
F oo Z 9
0
Q.0 N
J@/LH HN,
N OH
H

MS(ESD) m/z 814.63 (M+H)*.
(0262]
Example 103:

2,5-Difluoro-N-[(18)-2-(methoxyamino)-1-{[6-(1-methyl-2 4-dioxopyridol3,4-d
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Ipyrimidin-3-yD-3-pyridyl] methyl]-2-oxoethyl]-4-[[4 -(2-tetrahydropyran-4-yl

pyrimidin-5-yDphenyllsulfonylaminolbenzamide (C-45)

OYN PN
N N o
| N
P 0

'H NMR (400 MHz, DMSO-d6) & 11.43 (s, 1H), 10.96 (s, 1H), 9.14 (s, 2H),
8.99 (s, 1H), 8.70 (d, J = 8.0 Hz, 1H), 8.57 (d, J = 5.0 Hz, 1H), 8.45 (d, J = 2.4
Hz, 1H), 8.04 (d, J = 8.3 Hz, 2H), 7.97 (d, J = 8.3 Hz, 2H), 7.93 - 7.82 (m, 2H),
7.41(d, J = 8.0 Hz, 1H), 7.38 - 7.16 (m, 2H), 4.67 - 4.47 (i, 1H), 4.05 - 3.87 (m,
2H), 3.60 (s, 3H), 3.51 (s, 3H), 3.50 - 3.42 (m, 2H), 3.23 - 2.98 (m, 3H), 2.03 -
1.69 (m, 4H); MS(ESD m/z 828.71 (M+H)*.

[0263]

Example 104: Isopropyl
(28)‘2'”4'“4'(4'othyltriazol'l'yl)phenyl]sulfonylamino]'2,5'diﬂuorobenzoyl}
amino]'ii-[/l'(1'methyl'Z,4'dioxopyrido[3,4'd]pyrimidin'B-yl)phenyl]propanoa
te (C-46)

0. N__~
YOy ON
N =
P9 ’
@]
&0 N YT
H
NN F

A method similar to step 1 of Example 27 was performed by using
methyl
4'(1'methyl-2,4-diox0'1,4'dihydropyrido[3,zl'd]pyrimidin'B(ZH)'yl)'L'phenyla
laninate (M-8) and
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4-[[4-(4-cthyltriazol-1-yD)phenyllsulfonylaminol-2,5-difluorobenzoic acid
(M-26) to obtain carboxylic acid, and then an 1sopropyl ester of the obtained
product was produced by a method similar to Example 90 to obtain the title
compound.

'H NMR (100 MHz, DMSO-d6) 5 10.93 (s, 1H), 8.97 (s, 1H), 8.76 (dd, J = 7.1,
1.8 Hz, TH), 8.69 (s, 1H), 8.55 (d, J = 5.0 Hz, 1H), 8.23 - 8.09 (m, 2H), 8.09 -
7.93 (m, 2H), 7.88 (d, J = 5.0 Hz, 1H), 7.36 (d, J = 8.1 Hz, 2H), 7.34 - 7.23 (m,
2H), 7.21(d, J = 8.2 Hz, 2H), 5.06 - 4.72 (m, 1H), 4.72 - 4.53 (m, 1H), 3.59 (s,
3H), 8.26 - 3.00 (m, 2H), 2.72 (q, J = 7.6 Hz, 2H), 1.25 (t, J = 7.5 Hz, 3H), 1.18
(d, J = 6.2 Hz, 3H), 1.12 (d, J = 6.2 Hz, 3H) ; MS (ESD) m/z 773 (M+H)*,
[0264]

(1) Evaluation test for VCAM-1/a4p1 integrin binding inhibitory activity

The ability of test substances to inhibit the binding of Jurkat cell
strain, a human T-cell line known to express adp1 integrin, to VCAM-1 was
examined.

A 96-well microtiter plate was coated overnight at 4°C with a
reccombinant human VCAM-1/Fc (R&D systems) solution diluted with a
buffer A (carbonate buffer, pH 9.6). After washing once with PBS, 150
ul/well of Block Ace (manufactured by Snow Brand Milk Products Co., Ltd.)
was added, and it was incubated at room temperature for 2 hours. After
removal, it was washed once with PBS.

100 ul. of cach of test substances and Jurkat cells diluted with a
binding buffer solution (DMEM containing 40 mM HEPES, 0.2% BSA, and 4
mM MnCly) to various concentrations was added to the plate coated with the
VCAM-1/Fc, and 1t was incubated at 30°C for 15 minutes to 60 minutes.
After the cells were bound to the wells, unbound cells were removed by
washing with PBS. 50 pl/well of a buffer solution C (PBS containing 1.5%
Triton X-100) was added to the plate to dissolve the bound Jurkat cells. 30
ul. of substrate buffer (Promega, CytoTox 96 Non-Radioactive Cytotoxicity

Assay) was added to 30 uL of a cell lysate to allow a reaction for 30 minutes
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at room temperature in a dark place. 30 ul. of stop solution (Promega,
CytoTox 96 Non-Radioactive Cytotoxicity Assay) was added thereto to
determine the absorbance at 4190 nm using a plate reader. The absorbance
was obtained herein by detecting the activity of lactate dehvdrogenase
(LDH) eluted in a supernatant of each well, that is, the absorbance is
proportional to the number of Jurkat cells remaining on the plate by being
bound to VCAM-1. The test was duplicated, and the cell binding rate at
various concentrations with the absorbance of the well containing no test
substance being taken as 100% was determined, to calculate the
concentration [Csy at which 50% of binding was inhibited. As test
compounds, carboxylic acid compounds (compounds A-1 to A-28) among the
compounds synthesized in concerned Examples were used. The same
applies to the following description.

[0265]

(2) Evaluation test for MAACAM-1/a4B7 integrin binding inhibitory activity

The ability of test substances to inhibit the binding of RPMI-8866 cell
strain, a human B-cell line known to express o437 integrin, to MAdCAM-1
was examined.

A 96-well microtiter plate was coated overnight at 4°C with a
recombinant mouse MAdCAM-1/Fc (R&D systems) solution diluted with the
buffer A (carbonate buffer, pH 9.6). After washing once with PBS, 150
pnL/well of Block Ace (manufactured by Snow Brand Milk Products Co., Ltd.)
was added, and it was incubated at room temperature for 2 hours. After
removal, 1t was washed once with PBS.

100 ul. of each of test substances and RPMI-8866 cells diluted with a
binding buffer solution (DMEM containing 40 mM HEPES, 0.2% BSA, and 4
mM MnCly) to various concentrations was added to the plate coated with
MAdCAM-1/F¢, and it was incubated at 30°C for 15 minutes to 60 minutes.
After the cells were bound to the wells, unbound cells were removed by

washing with PBS. 50 ul./well of the buffer solution C (PBS containing
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1.5% Triton X-100) was added to the plate to dissolve the bound RPMI-83G6
cells. 30 ul. of substrate buffer (Promega, CytoTox 96 Non-Radioactive
Cytotoxicity Assay) was added to 30 uL of a cell lysate to allow a reaction for
30 minutes at room temperature in a dark place. 30 ulu of stop solution
(Promega, CytoTox 96 Non-Radioactive Cytotoxicity Assay) was added
therceto to determine the absorbance at 490 nm using a plate reader. The
absorbance was obtained herein by detecting the activity of lactate
dehydrogenase (LDH) eluted in a supernatant of each well, that is, the
absorbance is proportional to the number of RPMI-8866 cells remaining on
the plate by being bound to MAdCAM-1. The test was duplicated, and the
cell binding rate at various concentrations with the absorbance of the well
containing no test substance being taken as 100% was determined, to
calculate the concentration 1Cso at which 50% of binding was inhibited.

The selectivity was determined by dividing the [Csyp value in the
evaluation test for VCAM-1/adB1 integrin binding inhibitory activity by the
[Cs0 value in the evaluation test for MAdCAM-1/a4B7 integrin binding
inhibitory activity.

[0266]
(3) Evaluation test (1) for MAdCAM-1/a4B7 integrin binding inhibitory
activity in the presence of serum

The ability of test substances to inhibit the binding of RPMI-8866 cell
line, a human B-cell line known to express a437 integrin, to MAdCAM-1 was
examined.

A 96G-well microtiter plate was coated overnight at 4°C with a
recombinant mouse MAdCAM-1/IFfc (R&D systems) solution diluted with the
buffer A (carbonate buffer, pH 9.6). After washing once with PBS, 150
ul/well of Block Ace (manufactured by Snow Brand Milk Products Co., Litd.)
was added, and it was incubated at room temperature for 2 hours. After
removal, 1t was washed once with PBS.

100 pLL of each of test substances and RPMI-8866 cells diluted with a
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binding buffer solution (DMEM containing 40 mM HEPES, 0.2% BSA, and 4
mM MnCly) to various concentrations was added to the plate coated with
MAdCAM-1/Fc, so that human serum was contained at a final concentration
of 50%, and 1t was incubated at 30°C for 15 minutes to 60 minutes. After
the cells were bound to the wells, unbound cells were removed by washing
with PBS. 50 pl/well of the buffer solution C (PBS containing 1.5% Triton
X-100) was added to the plate to dissolve the bound RPMI-8866 cells. 30 ul.
of substrate buffer (Promega, CyvtoTox 96 Non-Radioactive Cytotoxicity
Assay) was added to 30 uL. of a cell lysate to allow a reaction for 30 minutes
at room temperature in a dark place. 30 pli of stop solution (Promega,
CytoTox 96 Non-Radioactive Cytotoxicity Assay) was added thereto to
determine the absorbance at 490 nm using a plate reader. The absorbance
was obtained herein by detecting the activity of lactate dehydrogenase
(LDH) eluted in a supernatant of each well, that is, the absorbance is
proportional to the number of RPMI-8866 cells remaining on the plate by
being bound to MAdCAM-1. The test was duplicated, and the cell binding
rate at various concentrations with the absorbance of the well containing no
test substance being taken as 100% was determined, to calculate the
concentration [Csp at which 50% of binding was inhibited.

[0267]

Table 1 and Table 2 show the results. It was confirmed that all the
compounds described herein had selectivity, which was determined by
dividing the ICs¢ value in the evaluation test for VCAM-1/0431 integrin
binding inhibitory activity by the [Cso value in the evaluation test for
MAdCAM-1/a4B7 integrin binding inhibitory activity, of 100 times or more
and thus had preferable properties. The evaluation test for VCAM-1/a431
integrin binding inhibitory activity and the evaluation test for
MAdCAM-1/04837 integrin binding inhibitory activity were conducted in

accordance with the aforementioned methods described in the tests (1) and

(2).
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[0268]
Table |

a4f37 Serum

Activity rank when o437 serum was added
1-10 nM: AL

10-50 nM: B,

50-200 nM: C,

>200 nM: D

Example No.

Example 26

Example 27

Example 28

Example 29

Example 30

Example 33

Example 34

Example 36

Example 37

TITN|mITIITIOIR O

Example 38

—
AAd

Example 39

Example 40

Example 41

Example 42

Example 43

Example 44

Example 45

Example 46

Example 47

DT O|I|OTO00O

Example 51

Table 2
437 Serum
Activity rank when a4B7 serum was added

Example No. 1_1(3 nM: A,
10-50 nM: B,
50-200 nM: C,
>200 nM: D

Example 85 B

Example 86 B

Example 87 D

Example 88 C

Example 89 D
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[0269]

As 1s obvious from the results of the selectivity determined by
dividing the 1Cs value in the evaluation test for VCAM-1/a4f1 integrin
binding inhibitory activity by the [Cso value in the evaluation test for
MAdCAM- /o437 integrin binding inhibitory activity, the compounds of the
present invention, as compared with the compound of Patent Literature 1,
has high selectivity with a low effect on a4 1 and a high effect on «4B7, and
it can be scen from the results of Table 1 that, in particular, the
MAdCAM-1/a4f7 integrin binding inhibitory activity in the presence of
serum 1s high. The high selectivity with a low effect on «4p1 and a high
effect on o437 can reduce the action on o431 that suppresses infiltration of
lymphocytes circulating throughout the whole body, and can significantly
suppress the action on o437 that specifically acts on the intestinal tract, and
thus has an advantage of being capable of treating adaptation disease

efficiently.



What is claimed is:

1. A sulfonamide derivative represented by the general formula (1)

below or a pharmaceutically acceptable salt thereof:

e A
Qf
f
0 \h/
a Rso
c/ \ N
~e o b ]
PN =
D N d
~
: |
R4
(M
wherein

A represents a group represented by the general formula (2-1), (2-2),
(2-3) or (2-4) below:
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O N Rz l Ry2
Qe e
N e

N
- R3 e R4
O 0
(z2—-1) (2—2)
Ro1 Rs;

R24
R
o) 25 Rss
(2—-3) (2—4)

wherein

Arm is a cyclic alkyl group or an aromatic ring containing 0, 1,
2, 3, or 4 heteroatoms selected from the group consisting of oxygen atoms,
sulfur atoms and nitrogen atoms,

Ri, R11, Ra1, Rs1, and Rsz each independently represent a
hydrogen atom, a halogen atom, a hydroxyl group, a lower alkyl group, a
lower alkenyl group, a lower alkynyl group, a lower alkoxy group, a lower
alkylthio group, a hydroxy-lower alkyl group, a hydroxy-lower alkenyl group,
a hydroxy-lower alkoxy group, a halogeno-lower alkyl group, a
halogeno-lower alkoxy group, a halogeno-lower alkylthio group, a
halogeno-lower alkenyl group, a nitro group, a cyano group, an amino group,
a lower alkylamino group, a lower alkylamino-lower alkyl group, a carboxyl
group, a lower alkyloxycarbonyl group, a carbamoyl group, a lower alkanoyl
group, an aroyl group, a lower alkylsulfonyl group, a sulfamoyl group, or an

ammonium group,
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Riz2, Ri3, and R14 each independently represent a hydrogen
atom, a halogen atom, a hydroxyl group, a lower alkyl group, a lower alkenyl
group, a lower alkynyl group, a lower alkoxy group, a lower alkylthio group,
a hydroxy-lower alkyl group, a hydroxy-lower alkenyl group, a hydroxy-lower
alkoxy group, a halogeno-lower alkyl group, a halogeno-lower alkoxy group, a
halogeno-lower alkylthio group, a halogeno-lower alkenyl group, a nitro
group, a cyano group, an amino group, a lower alkylamino group, a lower
alkoxy-lower alkylene group, a lower alkylthio-lower alkylene group, a lower
alkylamino-lower alkylene group, a lower alkylamino-lower alkyl group, a
carboxyl group, a lower alkyloxycarbonyl group, a carbamoyl group, a lower
alkanoyl group, an aroyl group, a lower alkylsulfonyl group, a sulfamoyl
group, or an ammonium group, and

Ro, Rs, Ra2, Ras, Ras, Ros, and Rss each independently
represent a hydrogen atom, a halogen atom, a hydroxyl group, a lower alkyl
group, a lower alkenyl group, a lower alkynyl group, a lower alkoxy group, a
lower alkylthio group, a hydroxy-lower alkyl group, a hydroxy-lower alkenyl
group, a hydroxy-lower alkoxy group, a halogeno-lower alkyl group, a
halogeno-lower alkoxy group, a halogeno-lower alkylthio group, a
halogeno-lower alkenyl group, a nitro group, a cyano group, an amino group,
a lower alkylamino group, a lower alkylamino-lower alkyl group, a carboxyl
group, a lower alkyloxycarbonyl group, a carbamoyl group, a lower alkanoyl
group, an aroyl group, a lower alkylsulfonyl group, a sulfamoyl group, or an
ammonium group,

Reo represents an alkoxy group having 1 to 10 carbon atoms, a
hydroxyl group, or a hydroxyamino group, these groups being optionally
substituted with a substituent selected from the group consisting of an aryl
group, a hydroxyl group, an alkyl group having 1 to 10 carbon atoms, a lower
alkoxy group, a lower alkylamino group, a halogen atom, and a heterocyclic
group,

R41 represents a hydrogen atom or a lower alkyl group,
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a, b, ¢, and d independently represent C-Ra1, C-Rsz, C-Ras, or C-Raa,
respectively, wherein one or two of a, b, ¢, and d may represent a nitrogen
atom,

R31, Rs2, Ras, and Ra4 each independently represent a hydrogen atom,
a halogen atom, a lower alkyl group, a lower alkoxy group, or a nitro group,
wherein any one of R31, R32, R33, and Rs4 is a halogen atom or a lower alkyl
group,

e, f, g, and h independently represent C-Ras, C-Ras, C-Rs7, or C-Ras,
respectively, wherein one or two of e, f, g, and h may represent a nitrogen
atom,

Rss, Ras, Ra7, and Rag each independently represent a hydrogen atom,
a halogen atom, a lower alkyl group, a lower alkoxy group, or a nitro group,

D represents a phenylene group or a heterocyclene group, optionally
having a substituent selected from the group consisting of a halogen atom, a
hydroxyl group, a lower alkyl group, a lower alkenyl group, a lower alkynyl
group, a lower alkoxy group, a lower alkylthio group, a hydroxy-lower alkyl
group, a hydroxy-lower alkenyl group, a hydroxy-lower alkoxy group, a
halogeno-lower alkyl group, a halogeno-lower alkoxy group, a halogeno-lower
alkylthio group, a halogeno-lower alkenyl group, a nitro group, a cyano group,
an amino group, a carboxyl group, a lower alkyloxycarbonyl group, a
carbamoyl group, a lower alkanoyl group, an aroyl group, a lower
alkylsulfonyl group, a sulfamoyl group, a lower alkoxy-lower alkylene group,
a lower alkylthio-lower alkylene group, a lower alkylamino-lower alkylene
group, or an ammonium group,

when A represents a group represented by the general formula (2-1),
(2-2), or (2-3), E represents:

a 5- or 6-membered heterocyclic group substituted with a
substituent selected from the group consisting of: a 3- to 8-membered
saturated or unsaturated ring group containing a heteroatom selected from

the group consisting of an oxygen atom and a sulfur atom; a lower
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alkoxy-lower alkylene group; a lower alkylthio-lower alkylene group; a lower
alkylamino-lower alkylene group; a lower alkylamino group; and a lower
alkenylamino group; or

a 5 or 6-membered cyclic ketone group containing 1 to 4
nitrogen atoms as atoms constituting the ring, the cyclic ketone group being
substituted with a lower alkyl group or a lower alkenyl group, and

when A represents a group represented by the general formula (2-4),

E represents:

(1) a phenyl group or a 5- or 6-membered heterocyclic group
optionally having a substituent selected from the group consisting of (1-1) a
halogen atom, (1-2) a hydroxyl group, (1-3) a lower alkyl group, (1-4) a lower
alkenyl group, (1-5) a lower alkynyl group, (1-6) a lower alkoxy group, (1-7) a
lower alkylthio group, (1-8) a hydroxy-lower alkyl group, (1-9) a
hydroxy-lower alkenyl group, (1-10) a hydroxy-lower alkoxy group, (1-11) a
halogeno-lower alkyl group, (1-12) a halogeno-lower alkoxy group, (1-13) a
halogeno-lower alkylthio group, (1-14) a halogeno-lower alkenyl group, (1-15)
a 3- to 8-membered saturated ring group containing a nitrogen atom
connected by a carbon atom, (1-16) a 3- to 8-membered saturated or
unsaturated ring group containing a heteroatom selected from the group
consisting of an oxygen atom and a sulfur atom, (1-17) a lower alkoxy-lower
alkylene group, (1-18) a lower alkylthio-lower alkylene group, (1-19) a lower
alkylamino-lower alkylene group, (1-20) a lower alkylamino group, (1-21) a
lower alkenylamino group, a nitro group, (1-22) a cyano group, (1-23) an
amino group, (1-24) a 4- to 6:membered cyclic amino group, (1-25) a carboxyl
group, (1-26) a lower alkyloxycarbonyl group, (1-27) a carbamoyl group,
(1-28) a lower alkanoyl group, (1-29) an aroyl group, (1-30) a lower
alkylsulfonyl group, (1-31) a sulfamoyl group, and (1-32) an ammonium
group;

(2) an aminocarbonyl group optionally having a substituent

selected from the group consisting of (2-1) a hydroxyl group, (2-2) a lower
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alkyl group, (2-3) a lower alkenyl group, (2-4) a lower alkynyl group, (2-5) a
lower alkoxy group, (2-6) a hydroxy-lower alkyl group, (2-7) a hydroxy-lower
alkenyl group, (2-8) a hydroxy-lower alkoxy group, (2-9) a halogeno-lower
alkyl group, (2-10) a halogeno-lower alkoxy group, (2-11) a halogeno-lower
alkenyl group, (2-12) an amino group, (2-13) a lower alkylamino group, (2-14)
an aryl group, (2-15) a heterocyclic group, (2-16) a heterocyclic lower alkyl
group, (2-17) a lower alkylsulfonyl group, and (2-18) a sulfamoyl group;

(3) a hydrogen atom;

(4) a halogen atom;

(5) a hydroxyl group;

(6) a lower alkyl group;

(7) a lower alkenyl group;

(8) a lower alkynyl group;

(9) a lower alkoxy group;

(10) a lower alkylthio group;

(11) a hydroxy-lower alkyl group;

(12) a hydroxy-lower alkenyl group;

(13) a hydroxy-lower alkoxy group;

(14) a halogeno-lower alkyl group;

(15) a halogeno-lower alkoxy group;

(16) a halogeno-lower alkylthio group;

(17) a halogeno-lower alkenyl group;

(18) a nitro group;

(19) a cyano group;

(20) an amino group;

(21) a carboxyl group;

(22) a dihydroxyboryl group;

(23) a lower alkylcarbonyl group;

(24) a lower alkyloxycarbonyl group;

(25) a carbamoyl group;
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(26) a lower alkanoyl group;

(27) an aroyl group;

(28) a lower alkylsulfonyl group;

(29) a sulfamoyl group;

(30) an ammonium group;

(31) a lower alkylaminoalkylene group; or

(32) a 5- or 6-membered cyclic ketone group containing 1 to 4
nitrogen atoms as atoms constituting the ring, the cyclic ketone group being
substituted with a lower alkyl group or a lower alkenyl group,

wherein the (23) lower alkylcarbonyl group and the (24) lower
alkyloxycarbonyl group may form a fused ring by being bonded to the
phenylene group of D,

provided that the sulfonamide derivative excludes sulfonamide
derivatives selected from the group consisting of (a) to (h) below:

(a)
(29)-2-[[2,5-difluoro-4-[[4-(2-tetrahydropyran-4-ylpyrimidin-5-yl)phenyllsulf
onylamino]benzoyllamino]-3-[4-(1-methyl-2,4-dioxo-pyrido[3,4-d]pyrimidin-3
-yDphenyllpropanoic acid

o

F 0O
~_0OH
ion:
NN 0]
NS HoF
N

N
o

(b) cyclohexyl
(28)-2-1[2,5-difluoro-4- [[4-(2-tetrahydropyran-4-ylpyrimidin-5-yl)phenyl]sulf
onylamino]benzoyllamino]-3-[4-(1-methyl-2,4-dioxo-pyrido[3,4-dlpyrimidin-3
-yDphenyllpropionate
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YN
N> s HF
|/
N
O
(0

(28)-2-[[2,5-difluoro-4-[[4-(2-tetrahydropyran-4-ylpyrimidin-5-yl)phenyllsulf
onylamino]benzoyllamino]-3-[6-(1-methyl-2,4-dioxo-pyrido[3,4-d]pyrimidin-3
-y1)-3-pyridyllpropanoic acid

(d) cyclohexyl
(29)-2-[[2,5-difluoro-4- [[4-(2-tetrahydropyran-4-ylpyrimidin-5-yl)phenyllsulf
onylamino]benzoyl]lamino]-3-[6-(1-methyl-2,4-dioxo-pyridol[3,4-dlpyrimidin-3
-yD)-3-pyridyllpropanoate

F q =
o)
A7 ” O
S\ 0
NS H ¢
N/

(e)
(25)-2-[[2,5-difluoro-4-[[4-[2-(methoxymethyDpyrimidin-5-yllphenyllsulfonyl
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aminolbenzoyllamino]-3-[4-(1-methyl-2,4-dioxo-pyrido[3,4-dlpyrimidin-3-yl)p

henyllpropanoic acid

(® cyclohexyl
(28)-2-[[2,5-difluoro-4-[[4-[2-(methoxymethy)pyrimidin-5-yllphenyllsulfonyl
aminolbenzoyllamino]-3-[4-(1-methyl-2,4-dioxo-pyrido[3,4-dlpyrimidin-3-yl)p
henyllpropanoate

(g
(28)-2-[[2,5-difluoro-4-[[4-[2-(methoxymethyl)pyrimidin-5-yllphenyllsulfonyl
amino]benzoyllaminol-3-[6-(1-methyl-2,4-dioxo-pyrido[3,4-dlpyrimidin-3-yl)-
3-pyridyllpropanoic acid

\I/ | ~N
NN P
| 1
F O &
. OH
%ﬁ)1 = m
]‘\ &N = @]
NS = H fF
‘ P
/O‘V/\N
and
(h) cyclohexyl
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(28)-2-[[2,5-difluoro-4-[[4-[2-(methoxymethy])pyrimidin-5-yl]phenyllsulfonyl
amino]benzoyllamino]-3-[6-(1-methyl-2,4-dioxo-pyrido[3,4-dlpyrimidin-3-yl)-
3-pyridyllpropanoate

N N' N
NN P
N
o)
PSR R NS
Sﬁ O
N F
/O\)I\N/
2. The sulfonamide derivative or a pharmaceutically acceptable salt

thereof according to claim 1, wherein D is a phenylene group optionally
having a substituent selected from the group consisting of a lower alkyl

group, a halogen atom, a hydroxyl group, and a lower alkoxy group.

3. The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to claim 1, wherein D is a 6-membered aromatic
heterocyclene group optionally having a substituent selected from the
group consisting of a lower alkyl group, a halogen atom, and a lower alkoxy

group, and having a nitrogen atom as an atom constituting the ring.

4. The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to claim 3, wherein the heterocyclene group of D is a
pyridylene group optionally having a substituent selected from the group

consisting of a lower alkyl group, a halogen atom, and a lower alkoxy group.

5. The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to any one of claims 1 to 4, wherein the 5- or 6-membered
heterocyclic group of E is selected from the group consisting of a pyridyl

group, a pyridazyl group, a pyrimidyl group, a pyrazinyl group, a pyrrolyl

205

CA 2928619 2018-07-11



group, a triazolyl group, and a tetrazole group, and the cyclic ketone group of
E is a 5- or 6-membered cyclic ketone group containing 2 or 3 nitrogen atoms

as atoms constituting the ring.

6. The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to any one of claims 1 to 4, wherein A represents a group
represented by the general formula (2-4), and E is a 5- or 6-membered
aromatic heterocyclic group containing 1, 2, 3, or 4 heteroatoms selected from
the group consisting of oxygen atoms, sulfur atoms and nitrogen atoms and
optionally having a substituent selected from the group consisting of a lower
alkyl group, a lower alkoxy group, a lower alkoxy-lower alkylene group, and

a halogen atom.

7. The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to claim 6, wherein the aromatic heterocyclic group is
selected from the group consisting of a pyridyl group, a pyridazyl group, a
pyrimidyl group, a pyrazinyl group, a pyrrolyl group, a furanyl group, a
thiophenyl group, a thiazolyl group, an oxazolyl group, a triazolyl group, and

a tetrazole group.

8. The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to any one of claims 1 to 4, wherein
A represents a group represented by the general formula (2-4), and
E is an aminocarbonyl group optionally substituted with a lower
alkyl group, a heterocyclic group, or a heterocyclic lower alkyl group, or a

lower alkylaminoalkylene group.

9. The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to any one of claims 1 to 5, wherein the heterocyclic group

of E is a pyridyl group, a pyrimidyl group, a triazolyl group, or a tetrazole
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group optionally having a substituent selected from the group consisting of a
3- to 8-membered saturated or unsaturated ring group containing a
heteroatom selected from an oxygen atom and a sulfur atom, a lower

alkoxy-lower alkylene group, and a lower alkylamino-lower alkylene group.

10. The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to any one of claims 1 to 5 and 9, wherein A represents a
group represented by the general formula (2-2), and Rig, Ris, and R4 are
selected from the group consisting of a lower alkyl group, a lower alkoxy
group, a lower alkoxy-lower alkylene group, a lower alkylamino-lower

alkylene group, and a halogen atom.

11. The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to any one of claims 1 to 10, wherein Reo is a lower alkoxy
group or hydroxyl group, optionally substituted with a substituent selected
from the group consisting of a lower alkyl group, a lower alkoxy group, a

lower alkylamino group, a halogen atom, and a heterocyclic group.

12, The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to any one of claims 1 to 6, 8, 9, 10, and 11, wherein the

lower alkyl group is a straight-chain, branched-chain, or cyclic alkyl group.

13. The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to any one of claims 1 to 12, wherein Ri, Ru1, Rei, Rs1, and

Rs2 are lower alkyl groups.

14. The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to any one of claims 1 to 13, whercin Arm is selected from
the group consisting of a phenyl group, a pyridyl group, a pyrimidyl group,

and an imidazolyl group.
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15. The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to any one of claims 1 to 4, wherein

A represents a group represented by the general formula (2-2), and

E represents a 5- or 6-membered heterocyclic group containing 1 to 4
nitrogen atoms, the 5- or 6-membered heterocyclic group being substituted
with a substituent selected from the group consisting of a lower alkoxy-lower
alkylene group, and a 5- or 6-membered heterocyclic group containing an
oxygen atom; or a cyclic ketone group containing 1 to 4 nitrogen atoms, the
cyclic ketone group being substituted with a lower alkyl group or a lower

alkenyl group.

16. The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to claim 15, wherein

Reo is optionally substituted with a substituent selected from the
group consisting of' an alkyl group having 1 to 10 carbon atoms, a lower
alkoxy group, and a heterocyclic group containing 1 to 4 heteroatoms
selected from the group consisting of oxygen atoms and nitrogen atoms, and

Arm is a pyridyl group.

17. The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to any one of claims 1 to 4, wherein

A represents a group represented by the general formula (2-4),

Eis a 5- or 6-membered heterocyclic group containing an oxygen
atom, or a 5- or 6-membered heterocyclic group containing 1 to 4 nitrogen
atoms, and

E optionally has a substituent selected from a group consisting of: a
lower alkyl group; a lower alkoxy-lower alkylene group; and a 5- or

6-membered heterocyclic group containing an oxygen atom.
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18. The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to claim 1, wherein

E represents: a 5- or 6:-membered heterocyclic group substituted with
a 3- to 8-membered saturated or unsaturated ring group containing a
heteroatom selected from the group consisting of an oxygen atom and a
sulfur atom; or a 5- or 6-membered cyclic ketone group containing 1 to 4
nitrogen atoms as atoms constituting the ring, the cyclic ketone group being

substituted with a lower alkyl group or a lower alkenyl group.

19. The sulfonamide derivative or a pharmaceutically acceptable salt

thereof according to claim 18, wherein D is a phenylene group.

20. The sulfonamide derivative or a pharmaceutically acceptable salt
thereof according to claim 19, wherein two of Ra1, Raz, Ras, and Ray are

halogen atoms and the others are hydrogen atoms.
21. The sulfonamide derivative or a pharmaceutically acceptable salt

thereof according to claim 20, which is a compound represented by any one of

the following formulae or a pharmaceutically acceptable salt thereof,

e
F o (~ O
o\g@»,\,g
\s.N H o
H F
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22. A pharmaceutical composition comprising the sulfonamide derivative

or a pharmaceutically acceptable salt thereof according to any one of claims 1

to 21 and a pharmaceutically acceptable carrier.

23. The sulfonamide derivative or a pharmaceutically acceptable salt

thereof according to any one of claims 1 to 21 for use in the treatment or

213

CA 2928619 2018-07-11



prevention of an inflammatory disease in which an a4p7 integrin-dependent

adhesion process is involved in pathological conditions.

24, Use of the sulfonamide derivative or a pharmaceutically acceptable

salt thereof according to any one of claims 1 to 21 for inhibiting an a4B7

integrin,
25. The composition of claim 22 for inhibiting an a437 integrin.
26. The composition of claim 22 for use in the treatment or prevention of

an inflammatory disease in which an a437 integrin-dependent adhesion

process is involved in pathological conditions.
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