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DESCRIPTION
BICYCLIC COMPOUND
Technical Field

"[0001]

The present invention relates to a bicyclic compound
having an acetyl-CoA carboxylase (in the present specification,
sometimes to be abbreviated as ACC) inhibitory action, which
is useful for the prophylaxis or treatment of obesity,
diabetes, hypertension, hyperlipidemia, cardiac failure,
diabetic complications, metabolic syndrome, sarcopenia, cancer
and the like.

[0002] _
[Backgréund‘of the Invention]

ACC is an enzyme that converts acetyl-CoA to malonyl-CoA,
and catalyzes a rate determining reaction in fatty acid
metabolism. Malonyl-CoA, which is produced by an ACC catalyst
reaction, inhibits fatty acid oxidation in mitochondria based
on the feedback inhibition of carnitine palmitoyl transferase-
1 (CPT-1). Accordingly, ACC playé a key role in controlling
the bélance between use of carbohydrate and fatty acid in the
liver and skeletal muscle, and further, controlling insulin
sensitivity in tﬂe liver, skeletal muscle and adipose tissue.
[0003]

A reduced level of malonyl-CoA by ACC inhibition can

promote a promotion in fatty acid oxidation, decreased

. secretion of triglyceride (TG)-rich lipoprotein (VLDL) in the

liver, regulation of insulin secretion in the pancreas, and
further, improvement in the insulin sensitivity in the liver,
skeletal muscle and adipose tissue.

[0004]

In addition, long-term administration of a compound
having an ACC inhibitory action can strikingly decrease the TG
content of the liver and adipose tissues and selectively’
decrease body fat in obese test subjects taking low fat diet,

by promoting fatty acid oxidation and suppreésing de novo

1
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synthesis of fatty acid. ' : ,

[0005]

Accordingly, a compound having an ACC inhibitory action
is extremely useful for the prophylaxis or treatment of
metabolic syndrome, obesity, hypertension, diabetes,
cardiovascular diseases associated with atherosclerosis and
the like. |
[0006] ,

On the other hand, patent document 1 (WO 2010/050445) has
reported the following compound.

[0007]

A compound or a salt thereof represented by the formula:

[0008] |

[0009]

wherein

A is an acyl group or an optionally substituted 5- or 6-
membered aromatic ring group;

ring M is an optionally condensed 5- to 7-membered ring which
is.optionally further substituted:;

for ring P and ring Q _

(1) ring P is an optionally further substituted 5-membered
heterocycle, ring Q is an optionally further substituted 6-
membered ring, and ring P and ring Q are fused to form an
optionally further substituted bicyclic aromatic heterocycle,
or |

(2) ring P ;s an optionally further substituted 5-membered
non-aromatic ring, ring Q is an optionally further substituted
6-membered aromatic ring, and ring P and ring Q are fused to
form an optionally further substituted biéyclic non-aromatic

ring;
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R! is an optionally substltuted Ci-¢ alkyl group or an

optionally substituted Csz.s cycloalkyl group; and

L' and 12 are

(1) 1ndependently optionally substituted methylene, 0, S, SO
5 or S0,, or )

(2) L! and 1% in combination form optionally substituted

vinylene or ethynylene,

provided that ‘ ‘

(a) a compound wherein A is an o—aminoisobutyroyl group; and

10 (b) a compound wherein A is a 5- or 6-membered aromatic ring
group substituted by

a greup represented by the formula: —-CO- (CH,) 3-COOR* wherein
RM is a hydrogen atom or a Ci-g alkyl group, or
a group represented by the formula: -CO-NRM-CRMRP-CRMR*®-
15 COOR?” wherein R, RM, RM, RM and R* are independently a
| hydrogen atom or a Ci;-¢ alkyl group; and RM is a hydrogen
atom, a Ci-¢ alkyl group or a hydroxy group.
are excluded.
[0010]

20 In addition, non-patent document 1 (Analytical Sciences
(1994), 10(1), pages 17-23) has reported the following
compound. |

A compeund represented by the formula:

[0011]

0

HN’/HR“OBu—t
H
N
\[_KL\ Bu-1i
o
~3
v S ,
25 HeO ] -

[0012]
or the formula:

[0013]
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[0014] .

In addition, patent document 2 (WO 2011/136385) has
reported the following'compound. ‘ »

A compound or a salt thereof represented by the formula:

[0015]
R3

R ()

[0016]

wherein

R! is a group represented by the formula: -COR? wherein R? is a
hydrogen atombor a substituent, an optionally substituted 5-
or 6~hembered aromatic héterocyclic group or an optiocnally
substituted phenyl group; .

R® is a Ci¢ alkyl group optionally substituted by halogen
atom(s), or an optionally substituted Ciz.¢ cycloalkyl group;

R* is a hydrogen atom or a substituent; |

X is O, CO, CR*R® wherein R®® and R are each independently a
hydrogen atom, a halogen atom or an optionally substituted Ci_
alkyl group, NR*® wherein R*® is a hydrogen atom or an
optionally substituted C;_¢ alkyl group, S, SO or S(0O)y;

ring A is an optionally further substituted 4- to 7-membered
non-aromatic ring (the ring is optionally crosslinked);

ring P is a 5-membered aromatic heterocycle, ring Q is an
optionally further substituted 6-membered ring, and ring P and

ring Q are condensed to form an optionally further substituted

4
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bicyclic aromatic heterocycle; and
R® is an optionally substituted Ci-¢ alkyl group or an
optionally substituted Cs;.¢ cycloalkyl group.
Summary of the Invention |
Problems to be Solved by the Invention
[0017] |

There is a demand for the development of a compound
having an ACC inhibitory action, which is useful as an agent
for the prophylaxis or treatment of obesity, diabetes,
hypertension, hyperlipidemia, cardiac failure, diabetic
complications, metabolic syndrome, sarcopenia, Cancer and the
like, and has superior efficacy.
Means of Solving the Problems
[0018]

The present inventors have found for the first time that
a compound represented by the formula (I):

[00109]

RS
\ °
o

[0020]

wherein

R! is a group represented'by the formula: -COR? wherein Rz is a
hydrogen atom or a substituent, or an optionally substituted
5- or 6-membered aromatic ring group;

R® is a Ci¢ alkyl group optionally subétituted by halogen
atom(s), or an optionally substituted Cs;.¢ cycloalkyl group;

R* and R* are independently a hydrogen atom or a substituent;
X is 0, CO, CR*R® wherein R®® and R® are independently a
hydrogen atom or a substituent, NR>® wherein R is a hydrogen
atom or an optionally substituted C;-s alkyl group, S, SO, or
S(0)2;

"ring A is an optionally further substituted 5- or 6-mémbered

5
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aromatic ring;

for ring P and ring Q,

(1) ring P is an optionally further substituted 5-membered
aromatic ring, ring Q is an optionally furﬁher substituted 6-
membered ring, and ring P and ring Q are fused to form an |
optionally further substituted bicyclic-aromatic ring, or

(2) ring P is an optionally further substituted 5—memberéd
non-arométic ring, ring Q is an optionally further substituted
6-membered aromatic ring, and ring P and ring Q are fused to
form an optionally further substituted bicyclic non-aromatic
ring; and |

R® is an optionally substituted Cj-¢ alkyl group or an
optionally substituted Csz.¢ cycloalkyl group,

or a salt thereof [hereinafter sometimes to be referred to as
compound (I)] has a superior ACC inhibitory action, which is
useful for the prophylaxis or treatment of obesity, diabetes,
hypertension, hyperlipidemia, cardiac failure, diabetic
complications, metabolic syndrome, sarcopenia, cancer and the
like, and has superior efficacy. Based on this finding, the

preserit inventors have conducted intensive studies and

- completed the present invention.

[0021]
Accordingly, the present invention relates to
[1] compound (I):;
[2] the compound or salt of the'above—mentioned [1], wherein R?
is a group represented by the formula: —COR®
whérein o
R® is » |
(a) a Ci-¢ alkyl group optionally substituted by 1 to 3
halogen atoms;
(b) a Ci-¢ alkoxy group; or )
(c) an amino group optionally mono- or di—sﬁbstituted by Ci-6
alkyl group(s):;
[3] the combound or salt of the above-mentioned [1]-or-[2],

wherein the “optionally further substituted bicyclic aromatic

6
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ring” or “optionally further substituted bicyclic non-aromatic

ring” formed by fusion of riﬁg P and ring Q is

[0022] | - -
- T~ - -
o o) - ~s s
A ~N =N NSN SN
; N ‘ | _N _N |
O~ T~ - U9
N SN _ N N\N N \N N \N
\
/Q N— /©j>\ \©i>\
\N . o . or 0 . ,

5 [0023]
each of which is optionally further substituted by 1 to 4
substituents selected from
(1) a halogen atom,
- (2) a Cie élkyl group optionally substituted by 1 to 3
10 halogen atoms, |
(3) a Cz-¢ cycloalkyl group optionally substituted by 1 to 3
halogen atoms, and |
(4) a cyano group:
[4] the compound or salt of‘the above-mentioned [1], [2] or
15 [3], wherein R? is a Ci-¢ alkyl group optionally substituted by
1 to 3 halogen atoms, and R* and R* are each a hydrogen atom;
[5] the compound or salt of the above-mentioned [1], [2], [3]
or [4], wherein X is O, CO or CH2}
(6] the compound or salt of/the above-mentioned [1], [2], {[3],
20 [4] or [5], wherein R® is a Ci¢ alkyl group optionally
substituted by 1 to 3 substituents selected from
(a) a halogen atom, and . .
(b) a Cs-¢ cycloalkyl group optionally substituted by 1 to 3

halogen atoms;
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[7] the compound or salt of the above-mentioned [11, [2], [3],

[4], [5] or [6], wherein ring A is benzene, optionally
oxidized pyridine, pyrimidine, pyrazole or isoxazole, each of
which is optlonally substituted by 1 to 3 substituents
5 selected from
(1) a halogen atom,
(2) a Ci-¢ alkyl group opticnally substituted by 1 to 3
halogen atoms, |
(3) a Ci-¢ alkoxy group, and
10 (4) a Cqy-13 aralkyl group;
[8] the compound or salt of the above-mentioned [1], wherein
R! is a group represented by the formula: -COR?
wherein. |
"R? is
15 (a) a Ci-¢ alkyl group optionally substituted by 1 to 3
halogen atoms;
(b) a Ci-¢ alkoxy group; or
(c) an amino group optionally mono- or di-substituted by Ci-s
alkyl group(s), |
20 the “optionally further substituted bicyclic aromatic ring” or
“optionally further substituted bicyclic non-aromatic ring”
formed by fusion of ring P and ring Q is

[0024]

PR g g gu
T U O -
- - . -

8
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[0025] '

each of which is optionally further substituted by 1 to 4
substituents selected from |
(1) a halogen atom,
(2) a Ci-6 alkyl group optionally substituted by 1 to 3
halogen atoms,
(3) a Ciz-¢ cycloalkyl group optionally substituted by 1 to 3
halogen atoms, and | |
(45 a cyano group, -
R® is a Ci;_¢ alkyl group optionally substituted by 1 to 3
halogen atoms, - '
R% and R® are each a hydrogen atom,
X is O, CO or CH.,
R® is a Ci_¢ alkyl group optiohally substituted by 1 to 3
substituents selected from
(a) a halogen atom, and
(b) a Ciz-¢ cycloalkyl group optionally substituted by 1 to 3
halogen atoms, and
ring A is benzene, optionally oxidized pyridine, pyrimidine,
pyrazole or isoxazole, each of whiéh is optionally substituted
by 1 to 3 substituents selected from
(1) a halogen atom,
(2) a Ci-¢ alkyl group optionally substituted by 1 to 3
halogen atoms,
(3) a Ci-¢ alkoxy group, and
(4) a Cy-13 aralkyl group;
[9] N—[(1S)—2—({6f[6—(cyclopropylmethoxy)—l,3—benzoxazol—2—
yllpyridin-3-yl}oxy)-1l-methylethyl]acetamide or a salt
thereof; »
[10] N—[(lS)—2;({6—[6—(cyclopropylméthoxy)—1,3—benzoxazol—2—
yl]-5-fluoropyridin-3-yl}oxy)-l-methylethyl]acetamide or a
salt thereof;
[11] N—[(lS)—2—{[6—(6—ethoxy—1,3—benzoxazol—2—yl)pyridin—3—
yl]oxy}-l-methylethyl]acetamide or a salt thereof;

[11A] a prodrug of the compound or salt of the above-mentioned

9
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[11, (21, [31, [41, [51, [el, [71, [8], [9], [10] or [11];

[12] a medicamént comprising the compound or salt of the
above-mentioned [1], [2], [31, [4], (51, [el, [71, [81, [91,
[10] or [11] or a prodrug thereof; ’
[13] the medicament of the above—mentionéd [12], which is an
acetyl-CoA carboxylase inhibitor; |
[14] the medicament of the abéve—mentioned 1121, whiéhvis an
agent for the prophylaxis or treatment of obesity or diabetes;
[15] a method of inhibiting acetyl-CoA carboxylase in a mammal,
which comprises administering anveffective amount of the
compound or salt of the above-mentioned [11, [2], [3], [4],
(51, [61, [71, [81, [9], [10] or [1l1l] or a prodrug thereof to
the mammal; '
[16] a method for the prophylaxis or treatment of obesity or
diabetes in a mammal, which comprises administering an
effective amount of the compound or salt of the above-
mentioned [1], [2], (31, [41, [51, (61, [7], [8], (9], [10] or
[11] or a prodrug thereof to the mammal;
[17] use of the compound or salt of the above-mentioned [1],
(21, 31, [41, (5], (61, (71, (8], [®], [10] or [11] or a
prodrug thereof for production of an agent for the prophylaxis
.or treatment of obesity or diabetes;
[18] the compound or salt of the above-mentioned [1], {2], [31,
(41, [5]1, [e]l, [7], [8], [91, [10] or [11l] or a prodrug
thereof for use in the prophylaxis or treatment of obesity or
diabetes;
and the like.
Effect of the Invention
[0026] |

Compound (I) has an ACC inhibitory action, which is
useful for the prophylaxis or treatment of obesity, diabetes,
hypertension, hyperlipidemia, cardiac failure, diabetic
complications, metabolic syndrome, sarcopenia, cancer and the
like, and has superior efficacy.

[0027]

10
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[Detailed Description of the Invention]

'The definition of each symbol in the formula (I) is
described in detail in the following.

The “halogen atom” in the present specification means,
unless otherwise specified, a fluorine atom, a chlorine atom,
a bromine atom or an iodine atom.

The “C;-3 alkylenedioxy group” in the present
specification means, unless otherwise specified,
methylenedioxy, ethylenedioxy or the like.
| The “Ci-¢ alkyl group” in the present specification means,
unless otherwise specified, methyl, ethyl, propyl, isopropyl}
butyl, isocbutyl, sec—buty1, tert-butyl, pehtyl, iSopentyl,
neopentyl, l-ethylpropyl, hexyl; isohexyl, 1,1-dimethylbutyl,
2,2-dimethylbutyl, 3,3-dimethylbutyl, 2-ethylbutyl or the like.
[0028] |

The “Ci-¢ alkoxy group” in the present specification means,
unless otherwise specified, methoxy, ethoxy, propoxy,
isopropoxy, butoxy, isobutoxy, sec-butoxy, tert-butoxy or the
like.

The “C;-¢ alkoxy-carbonyl group” in the present
specification means, unless otherwise specified,
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, tert-
butoxycarbonyl or the like.

The “Cji-¢ alkyl—earbonyl group” in the present
specification means, unless otherwise specified, acetyl,
propanoyl, butanoyl, isobutanoyl, pentanoyl, isopentanoyl,
hexanoyl or the like.

[0029]

R' is a group represented by the formula: -COR? wherein R®
is a hydrogen atom or a substituent, or an optionally
substituted 5- or 6-membered aromatic group.

[0030]

Examples of the “substituent” for R? include a “halogen

atdm?, “‘nitro”, “cyano”,‘an ‘optionally'substituted

hydrocarbon group”, an “optionally substituted heterocyclic
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group”, an “optionally substituted hydroxy group”, an
“optionally substituted émino group”, an “opticnally
substituted mercapto group”, an “acyl group” and the like.
[0031] |

Examples of the “Hydrocarbon group” of the above-
mentioned “optionally substituted hydrocarben groﬁp” include a
Ci-10 alkyl group, a Cz-io alkenyl group, a Cz-10 alkynyl group, a
Cs3-10 cycloalkyl group, a Cs-1p cycloalkenyl group, a C;qo
cycloalkadienyl group, a Ce-14 aryl group, a Cr-13 aralkyl group,
a Cg-13 arylalkenyl group and the like..

[0032] '

Examples of the Ci-1p alkyl group include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, isopentyl, neopentyl, l-ethylpropyl, hexyl, isohexyl,
1,1-dimethylbutyl, 2,2-dimethylbutyl, 3,3-dimethylbutyl, 2-
ethylbutyl, heptyl, octyl, nonyl, decyl and the like. Of these,
a Cig élkyl group is preferable.

[0033]

Examples of the C,-10 alkenyl group include ethenyl, 1-
propenyl, 2-propenyl, 2—methyl—l—propeny1, l-butenyl, 2-
butenyl, 3-butenyl, 3-methyl-2-butenyl, 1l-pentenyl, Z2-pentenyl,
3-pentenyl, 4-pentenyl, 4-methyl-3-pentenyl, l-hexenyl, 3-
hekenyl, 5-hexenyl, l-heptenyl, l-octenyl and the like. Of
these, a Cy¢ alkenyl group is preferable. - |
[0034] '

Exaﬁples of the C;.1p alkynyl group include ethynyl, 1-
propynyl, 2-propynyl, l-butynyl, 2-butynyl, 3—butynyl, 1-
pentynyl, 2-pentynyl, 3-pentynyl,- 4-pentynyl, l-hexynyl, 2-
hexynyl, 3-hexynyl, 4-hexynyl, 5-hexynyl, l-heptynyl, 1-
octynyl and the like. Of these, a Cy.¢ alkynyl group is
preferable.

[0035]

Examples of the Cs.;0 cycloalkyl group include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl
and the like. Of these, a Cs¢ cycloalkyl group is preferable.

12
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[0036] ‘ ‘

Examples of the Cs-j0 cycloalkenyl group include 2-
cyclopenten-1-yl, 3—cyclopenten—l—yl, 2fcyclohexen—1—yl, 3-
cyclohexen-1-yl and the like. of these, a Ci-g cycloalkenyl
group is preferable. - ' ’

[0037]

Examples of the Cy4.19 cycloalkadienyl group inblude 2,4-
cyclopentadien-1-yl, 2,4-cyclohexadien-1-yl, 2,5-
cyclohexadien—l—yl and the like. 'df these, a'C4g
cycloalkadienyl group is preferable. '

[0038]

The above-mentioned Cs-1g cycloalkyl group, Cs-1p
cycloalkenyl group and C4-10 cycloalkadienyl group are each
optionally fused with a benzene ring'to form a fused ring
group. Examples of the fused ring group‘include indanyl,
dihydronaphthyl, tetrahydronaphthyl, fluorenyl and the like.
[0039]

In addition, the above-mentioned C;_;g cycloalkyl group,
Cz-19 cycloalkenyl group ahd C4-10 cycloalkadienyl group may be -
each a Cq-19 bridged hydrocarbon group. Examples of the Ci-10 -
bridged hydrodarbon group include bicyclo[2.2;l]heptyl
(norbornyl), bicyclo[2.2.2]octyl, bicyclo[3.2.1]octyl,
bicyclo[3.2.2]nonyl, bicyclc[3.3.1]nonyl, bicyélo[4.2.1]nonyl,
bicyclo[4.3.1]decyl, adamantyl and the like. | )
[0040]

Moreover, the above-mentioned Ci_ip cycloalkyl group, Cs-10

cycloalkenyl group and Cy10 cycloalkadienyl group each
optionally forms a spiro ring group together with a Cs_1p
cycloalkane, a Cs-10 cycloalkene or a C410 cycloalkadiene.
Examples of the Cjs.39 cycloalkane, ngo cycloalkene and Cy-19
cycloalkadiene include rings corresponding to the above-
mentioned Cs-1p cycloalkyl group, Ci-1p cycloalkenyl group and C,_
10 cycloalkadienyl gioup. Examples of the spiro ring group
include spiro[4.5]decan-8-yl and the like.

[0041]

13
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Examples of the Cg-14 aryl group include phenyl, naphthyl,

anthryl, phenanthryl, acenaphthylenyl, biphenylyl and the like.
Of these, a Ce12 aryl group is preferable. '
[0042]
5 Examples of the Cs.13 aralkyl group include benzyl,
phenethyl, naphthylmethyl, biphenylylmethyl and the like.
- [0043]
' Examples of the Cg-13 arylalkenyl group include styryl and
the like. - '
10 [0044]
The Ci-19 aikyl group, Cy-10 alkenyl group and Cy_1p alkynyl
group, which are exemplified ‘as the above-mentioned
“hydrocarbon_group”,‘optionally.have 1 to 7 (preferably 1 to

3) substituents at substitutable positions.

© 15 [0045]

Examples of the substituent include
(1) a Csz-19 cycloalkyl group (e.g., cyclopropyl, cyclohexyl):;
(2) a Cg-14 aryl group (e.g., phenyl, naphthyl) optionally
substituted by 1 to 3 substituents selected from
20 (a) a Ci—¢ alkyl group optionally sﬁbstituted by 1 to 3
'halogen atoms,
(b} a hydroxy group,
(c) a Ci-¢ alkoxy group optionally substituted by 1 to 3
halogen atoms, and
25 (d) a halogen atom;
(3) an aromatic heterocyclic group {(e.g., thienyl, furyl,
pyridyl, pyrazolyl, imidazolyl, tetrazolyl, oxazolyl,
thiazolyl, oxadiazolyl, thiadiazolyl) optionally substituted
by 1 to 3 substituents selected from ”
30 (a) a Ci;-¢ alkyl group optionally substituted by 1 to 3
halogen‘atoms, | '
(b) a hydroxy group,
(c) a Ci-¢ alkoxy group optionally substituted by 1 to 3
halogen atoms, and

35 (d) a halogen atom;
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(4)

a non-aromatic heterocyclic group (e.g., tetrahydrofuryl,

morpholinyl, thiomorpholinyl, piperidyl, pyrrolidinyl,

piperazinyl) optionally substituted by 1 to 3 substituents

selected from

(5)

(a) a Ci-¢ alkyl group optionally substituted by 1 to 3
halogen atoms,

(b) a hydroxy group, , ’

(c) a Ci-g alkoxry group optionally substituted by 1 to 3
halogen atoms,

(d) a halogen atom, and |

(e) an oxo group; |

an amino group optionally mono- or di-substituted by,

substituent (s) selected from

(6)

(a) a Ci-¢ alkyl group optionally substituted by 1 to 3
halogen atoms, ‘

(b) a Ci-6 alkyl¥carbonyl group optionally substituted by 1
to 3 halogen atoms, _

(c) a Ci-¢ alkoxy-carbonyl group optionally substituted by 1
to 3 halogen atoms,

(d) a Ci-¢ alkylsulfonyl group (e.g., methylsulfonyl)

.optionally,substituted by 1 to 3 halogen atoms,

(e) a carbamoyl group optionally mono- or di-substituted by
Ci¢ alkyl group(s) optionally substituted by 1 to 3 halogen
atoms, and .

(f) an aromatic heterocyclic group (e.g., thienyl, furyl,
pyridyl, pyrazolyl, imidazolyl, tetrazolyl, oxazolyl,
thiazolyl, oxadiazolyl, thiadiazolyl);

a Ci_g alkyl-carbonyl group optionally substituted by 1 to 3

halogen atoms;

(7)

a Ci-¢ alkoxy=-carbonyl group optionally substituted by 1 to

3 substituents selected from

(a) a halogen atom,

(b) a Ci.¢ alkoxy group,

(c) a Cg¢-14 aryl group (e.g., phenyl), and

(d) a heterocyclic group (e.g., tetrahydrofuryl);
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(8) a Ci-¢ alkylsulfonyl group (e.g., methylsulfonyl,

ethylsulfonyl, isopropylsulfonyl) optionally substitﬁted by 1
to 3 halogen atoms;
(9) a carbamoyl group optionally mono- or di-substituted by Ci¢
alkyl group(s) optionally sﬁbstituted by 1 to 3 halogen atoms;
(10) a thiocarbamoyl group optionally mono- or di-substituted
by Ci-¢ alkyl group(s) optionally substituted by 1 to 3 halogen
atoms; ' |
(11) a sulfamoyl group opticnally mono- or di-substituted by
Ci-¢ alkyl group(s) optionally substituted by 1 to 3 halocgen
atoms; '
(12) ‘a carboxy group;
(13) a hydroxy group;
,(14) a Ci-¢ alkoxy group optionally substituted by 1 to 3
substituents selected from
(a) a halogen atom,-
(b) a carboxy group,
(c) a Ci-¢ alkoxy group,
(d) a Cbﬁ_alkoxy—carbonYl group optionally'substituted by 1
to 3 Cg-14 aryl groups (e.g., phenyl),
(e) an amino group optionally mono- or di-substituted by
substitueht(s) selected from a Ci-¢ alkyl group and a Ci¢
alkoxy-carbonyl group,
(f) a heterocyclic grotp (e.g., tetrahydrofuryl), and
(g) a Cs-1p cycloalkyl group:
(15) a Cy-¢ alkenyloxy group (e.g., ethenyloxy) opticnally
substituted by 1 to 3 halogén atoms;
(16) a Cq-13 aralkyloxy group (e.g., benzyloxy):
(17) a Ce-14 aryloxy group (e.g., phenyloxy, naphthyloxy):;
(18) a Ci-s alkyl—carbonyloxy group (e.g., acetyloxy, tert-
butylcarbonyloxy) ; ' | .
(19) a Ce-14 aryl-carbonyl group (e.g., benzoyl) optionally
substituted by 1 to 3 substituents selected from ’
(a) a halogen atom, and |

(b) a Ci_¢ alkyl group optionally substituted by 1 to 3
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halogen atoms;
(20) a non—éromatic heterocyclylcarbonyl group (e.g.,
pyrrolidinylcarbonyl, morpholinylcarbonyl) optionally
substituted by 1 to 3 CL% alkyl groups optionally substituted
by 1 to 3 halogen atoms; '
(21) a mercapto group;
(22) a Ci-¢ alkylthié group (e.g., methylthio, ethylthio)
optionally substituted by 1 to 3 substituents selected from

(a) a halogen atom, and ' ; '

(b) a Ci-¢ alkoxy-carbonyl group;
(23) a Cq.13 aralkylthio group (e.g., benzylthio);
(24) a Cg-14 arylthio group (e.g., phenylthio, naphthylthio);
(25) a cyano group; ’
(26) a nitro group;
(27) a halogen atom; _
(28) a Ci-3 alkylenedioxy group;
29) a Ci;-3 alkyleneoxy group (e.g., methyleneoxy, ethyleneoxy):;
(30) an aromatic heterocyclylcarbonyl group {e.qg., '
pyrazolylcarbonyl, pyrazinylcarbonyl, isoxazolylcarbonyl,
pyridylcarbonyl, thiazolylcarbonyl) opticnally substituted by
1 to 3 substituents éelected from a Ci_¢ alkyl group optionally
substituted by 1 to 3 halogen atoms;
(31) a Cz-10 cycloalkoxy group (e.g., cyclopropoxy,
cyclopentyloxy) optionally substituted by 1 to 3 substituents
selected from

(a) a halogen atom (e.g., a fluorine atom), and

(b) a Ci.¢ alkoxy group (e.g., methoxy)
and the like. When the number of the substituents is not less
than 2, the respective substituents may be the same or
different.
[0046]

The Cjz.i;p cycloalkyl group, Cs-i19 cycloalkenyl group, Cs-10

cycloalkadienyl group, C;qA aryl group, Cy-13 aralkyl group and
Cs-13 arylalkenyl group, which are exemplified as the above-

mentioned “hydrocarbon group”, optionally have 1 to 3
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substituents at substitutable positions.

[0047]

Examples of the substituent include

(1) the groups exemplified as the substituents for the above-

5 mentioned Cj_jp alkyl group and the like;
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(2) a

Ci-¢ alkyl group optionally substituted by 1 to 3

~ substituents selected from

(f)

‘a halogen atom,

a carboxy group,

a hydroxy group,

a Ci-¢ alkoxy—carbonyl group,
a Ci_g alkoxy group,'and

an amino group optionally mono- or di-substituted by Ci-¢

alkyl group(s):;

(3) a

C;-¢ alkenyl group (e.g., ethenyl, l-propenyl) optioﬁally

substituted by 1 to 3 substituents selected from

(f)

a halogen atom,

a carboxy group,

a hydroxy group,

a Ci-g alkoxy-carbonyl group,
é Ci-¢ alkoxy group, and

an amino group optionally mono- or di-substituted by Ci-¢

‘alkyl group(s):

(4) a

Cs-13 aralkyl group (e.g., benzyl) optionally substituted

by 1 to 3 substituents selected from

(a)

a Ci-¢ alkyl group optionally substituted by 1 to 3

halogen atoms,

(b)
(c)
(d)

a hydroxy group,
a Ci_¢ alkoxy group, and

a halogen atom;

and the like. When the number of the substituents is not less

than 2, the respective substituents may be the same or

different.

[0048]

Examples of the “heterocyclic group” of the above-
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mentioned “optionally substituted heterocyclic group” include

an “aromatic heterocyclic group” and a “non-aromatic
heterocyclic group”. -
[0049] . _

Examples of the aromatié heterocyclic group include a 4-
to 7—memberéd (preferably 5- or 6—ménbered) monocyclic
aromatic heterocyclic group containing, as a ring-constituting
atom besides carbeon atoms, 1 to 4 hetero atoms selected from
an oxygen atbm, a sulfur atom and a nitrogen atom, and a fused
aromatic heterocyclic group. Examples of the fused aromatic
heterocyclic group include a group derived from a fused ring
wherein a ring corresponding to the 4- to T7-membered
monocyclic aromatic heterocyclic group and 1 or 2 rings
selected from a 5- or 6-membered aromatic heterocycle
containing 1 or 2 nitrogen atoms (e.g., pyrrole, imidazole,
pyrazole, pyrazine, pyridine, pyrimidine), a S5-membered
aromatic heterocycle containing one sulfur atom (e.g.,
thiophene) and a benzene ring a;e‘fused, and the like.
[0050] -

Preferable examples of the aromatic heterocyclic group
include . ‘
monocyclic aromatic heterocyclic groups such as furyl (e.g.,
2-furyl, 3-furyl), thienyl (e.g., 2-thienyl, 3-thienyl), 7‘
pyridyl (e.g., 2-pyridyl, 3-pyridyl, 4-pyridyl), pyrimidinyl
(e;g., 2—pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl),
pyridazinyl (e.g., 3-pyridazinyl, 4-pyridazinyl), pyrazinyl
(e.g., 2-pyrazinyl), pyrrolyl (e.g., l-pyrrolyl, 2-pyrrolyl,
3-pyrrolyl), imidazolyl (e.g., l-imidazolyl, 2-imidazolyl, 4-
imidazolyl, 5-imidazolyl), pyrazolyl (e.g., l-pyrazolyl, 3-
pyrazolyl, 4-pyrazolyl), thiazolyl (e.g., 2-thiazolyl, 4-
thiazolyl, 5-thiazolyl), ‘isothiazolyl (e.g., 3-isothiazolyl,
4-isothiazolyl, 5-isothiazolyl), oxazolyl (e.g.; 2-oxazolyl,
4-oxazolyl, 5-oxazolyl), isoxazolyl (e.g., 3-isoxazolyl, 4-
isoxazolyl, S—isoxazolyl), oxadiazolyl (e.g., 1,2,4-oxadiazol-

5-yl, 1,3,4-oxadiazol-2-yl), thiadiazolyl (e.g., 1,3,4-
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thiadiazol—2—yl),.triazolyl (e.g., 1,2,4-triazol-1-yl1, 1,2,4-
triazol-3-yl, 1,2,3-triazol-1-yl, 1,2,3-triazol-2-yl, 1,2,3- .
triazol-4~yl), tetrazolyl (e.g., tetrazol-1-yl, tetrazol-5-yl),
triazinyl (e.g., 1,2,4-triazin-1-y1, 1,2,4-triazin~3-yl) and
the like;

‘fused aromatic heterocyclic groups such as

- quinolyl (e.g;, 2-quinolyl, 3-quinolyl, 4-quinolyl, 6-

quinolyl), isoquinolyl (e.g., 3-isoquinolyl), gquinazolyl (e.gf,
2—quinazolyl,v4—quinazolyl), guinoxalyl (e.g.,'2—quinoxalyl,
6-quinoxalyl), benzofuranyl (e.g., 2-benzofuranyl, 3-
benzofuranyl), benzothienyl (e.g., 2-benzothienyl, 3-
benzothienyl), benzoxazolyl (e.g., 2¥benzoxazolyl),
benzisoxazolyl (e.g., 7-benzisoxazolyl), benzothiazolyl (e.g.,
2-benzothiazolyl), benzimidazolyl (e.g., benzimidazol-1l-yl,
benzimidazol—2—yl, benzimidazol-5-yl), beniotriazolyl (e.qg.,
1H-1,2,3-benzotriazol-5-yl), indolyl (e.g., indol-1-yl, indol-
2-yl, indol-3-yl, indol-5-yl), indazolyl (e.g., lH-indazol-3-
yl), pyrrolopyrazinyl (e.g., 1H—pyrrolo[2,3—b]pyra2in—2—yl,

1H-pyrrolo[2,3-blpyrazin-6-yl), imidazopyridinyl (e.g., 1lH-

imidazo[4, 5-b]pyridin-2-yl, 1lH-imidazo[4,5-c]pyridin-2-yl, Z2H-
imidazo[l,2—a]pyridin—3—yi), thienopyridinyl (e.g., .
thieno[2,3-b]pyridin-3-yl), imidazopyrazinyl (e.g., 1lH-
imidazo[4,5—b]pyrazih—2—yl), pyrazolopyridinyl_(e.g., 1H-
pyrazolo[4,3-clpyridin-3-yl), pyrazolothienyl (e.g., 2H-
pyrazolof3,4—b]thiophen—2—yl), pyrazolotriazinyl (e.g.,
pyrazolo[S,l—c][1,2,4]triazin—3—yl), pyridopyridinyl (e.g.,
pyrido([2,3-b]lpyridin-3-yl), thienopyridyl (e.g., thieno[Z2,3-
b]lpyridin-3-yl) and the like;
and the like.
[0051]

Examples of the non-aromatic heterocyclic group include a
4- to 7-membered (preferably 5- or 6-menbered) monocyclic non-
aromatic heteﬁocyclic group containing, as a ring-constituting
atom besides carbon atoms, 1 to 4 hetero atoms selected from

an oxygen atom, a sulfur atom and a nitrogen atom, and a fused
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aromatic heterocyclic group. Examples of the fused aromatic

‘heterdcyclic group include a group derived from a fused ring

wherein a ring corresponding to the 4- to. 7-membered
monocyclic non-aromatic heterocyclic group and 1 or 2 rings
selected from a 5- or 6-membered aromatic hetefocycle
containing 1 or 2 nitrogen atoms (e.g., pyrrole, imidazole,
pyrazole, pyrazine, pyridine, pyrimidine), a 5-membered
aromatic heterocycle containing one sulfur atom (e.g.}
thiophene) and a benzene ring are fused, a group wherein the
aboVe—mentioned group is partially saturated, and the like.
[0052]

Preferable examples of the non-aromatic heterocyclic
group include _ |
monocyclic non-aromatic heterocyclic groups such as
azetidinyl (e.g., 1- azetidinyl, 2-azetidinyl, 3-azetidinyl),
pyrrolidinyl (e.g., l-pyrrolidinyl, 2-pyrrolidinyl), piperidyl
(e.g., piperidino, 2-piperidyl, 3-piperidyl, 4-piperidyl),
morpholinyl (e.g., morpholino), thiomorpholinyl (e.qg.,
thiombrpholino), piperazinyl (e.g., l-piperazinyl, 2-
piperazinyl, 3-piperazinyl), hexamethyleniminyl (e.qg.,

hexamethylenimin-1-yl), oxazolidinyl (e;g.,‘oxazolidin—Z—yl),

thiazolidinyl (e.g., thiazolidin-2-yl), imidazolidinyl (e.g.,

imidazolidin-2-yl, imidazolidin-3-yl), oxazolinyl (e.g.,
oxazolin-2-yl), thiazolinyl (e.g., thiazolin-2-yl),
imidazolinyl (e.g., imidazolin-2-yl, imidazolin-3-yl),
dioxolyl (e.g., l,3—dioxbl—4—yl), dioxolanyi (e.g., 1,3-
dioxolan—4—yl), dihydrooxadiazolyl (e.g., 4,5-dihydro-1,2,4-

'oxadiazol—3—yl), pyranyl (e.g., 4-pyranyl), tetrahydropyranyl

(e.g., 2-tetrahydropyranyl, 3—tetrahydropyranyl, 4-
tetrahydropyranyl), thiopyranyl (e.g., 4-thiopyranyl),
tetrahydrothiopyranyl (e.g., 2—tetrahydrothiopyranyl, 3-
tetrahydrothiopyranyl, 4-tetrahydrothiopyranyl),
tetrahydrofuryl (e.g., tetrahydrofuran-3-yl, tetrahydiofuran—
2-yl), pyrazolidinyl (e.g., pyrazolidin-1-yl, pyrazolidin-3-
yl), pyrazolinyl (e.g., pyrazolin-l-yl), tetrahydropyrimidinyl
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(e.g., tetrahydropyrimidin-1-yl), dihydrotriazolyl (e.g., 2,3-
dihydro—lH—l,Z,3~triazol—1—yl)) tetrahydrotriazolyl (e.g.,

'2,3,4,5-tetrahydro-1H-1,2,3-triazol-1-yl) and the like;

fused non-aromatic heterocyclic groups such as

dihydroindolyl (e.g., 2,3-dihydro-1H-indol-1-yl),

- dihydroisoindolyl (e.g., 1,3-dihydro-2H-isoindol-2-yl),

dihydrobenzofuranyl (e.g., 2,3—dihydro—1—benzofuran—S—yl);
dihydrobenzodioxinyl (e.g., 2,3—dihydro—1,4—benzodioxinyl),
dihydrobenzodioxepinyl (e.g., 3,4-dihydro-2H-1,5-
benzodioxepinyl), tetrahydrbbenzofuranyl (e.g., 4,5,6,7-
tetrahydro—l—benzofuran—3~yl), chromenyl (e.g., 4H-chromen-2-
yl, 2H-chromen-3-yl), dihydrochromenyl (e.g., 3,4-dihydro-2H-
chromen-2-yl), dihydroquinolinyl (e;g., 1,2-dihydroquinolin-4-
yl), tetrahydrdquinolinyl (e;g., 1,2,3,4~-tetrahydroquinolin-4-
yl), dihydroisoquinolinyl (e.g., 1,2-dihydroisoquinolin-4-yl),
tetrahydroisoquinelinyl (e.g., 1,2,3,4-tetrahydroisoquinolin-
4-yl), dihydrophthalazinyl (e.g., l,4—dihydrophthalazih—4—yl)
and the like;

and the like.

[0053]

' The “heterocyclic group” of the “optionally substituted
heterocyclic group” optionally has 1 to 3 substituents at
substitutable positions. Examples of the substituent include
those similar to the substituents that thé Cs-10 cycloalkyl
group and the like exemplified as the “hydrocarbon group” of
the above-mentioned “optionally substituted hydrocarbon group”
optionally has. When the heterocyclic>group is a “non-aromatic
heterocyclic group”, the substituent further includes an oxo
group. When the number of the substituents is not less than 2,
the respective substituents may be the same or different.
[0054] |

Examples of the above-mentioned “optionally substituted
hydroxy group” include a hydroxy group optionally substituted
by a substituent selected from a Cj;-10 alkyl group, a Cz-1g

alkenyl group, a Cs-1p cycloalkyl group, a Cs-i1g cycloalkenyl
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group, a Ce14 aryl group, a Cy-13 aralkyl group, a Cg-13

arylalkenyl group, a Ci-g alkyl-carbonyl group, a heterocyclic
group and the like, each of which is optiocnally substituted.
[0055] '

Examples of the Cj;-;9 alkyl group, Cz-10 alkenyl group, Cs-10
cycloalkyl group, Cs-10 cycloalkenyl group, Ce-14 aryl group, Ci-13
aralkyl group and Cg-13 arylalkenyl group include those
exemplified as the Vhydrocarbonvgroup” 6f the ébove—mentioned
“optionally substituted hydrocarbon group7. '

[0056] ’

Examples of the heterocyclic group include those similar
to the “aromatic heterocyclic group” and “non-aromatic
heterocyclic group” exemplified as the “heterocyclic group” of
the above-mentioned “optionally substituted heterocyclic
group”. |
[0057]

The above-mentioned Ci-ig alkyl group, Cs.1p alkenyl group,
Csz-19 cycloalkyl group, Csz-ip cycloalkenyl group, Ce-14 aryl group,
Cs-13 aralkyl group, Cs-13 arylalkenyl group, Ci-g alkyl-carbonyl
group and heterocyclic group optionally have 1 to 3
substituents at substitutable positions. When thé number of
the substituents is not less than 2, the respective
substituents may be the same or different.

[0058] _

Examples of the substituent for the C;-j0 alkyl group, C,-
10 alkenyl group and C;_¢ alkyl-carbonyl group include those
similar to the substituent that the Ci-10 alkyl group and the
.1like exemplified as the “hydrocarbon group” of the above-
mentioned “optionally substituted hydrocarbon group”
optionally has.

[0059] |

Examples of the substituent for the Cs-;p cycloalkyl group,
Cs-10 cycloalkenyl group, Ce-14 aryl group, Cs-13 aralkyl group and
Cg-13 arylalkenyl group include those similar to the substituent

that the Ciz-10 cycloalkyl group and the like exemplified as the
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“hydrocarbon group” of the above-mentioned “optionally
substituted hydrocarbon group” optionally has. Examples of the
substituent for the heterocyclic group include those similar
to the substituent that the “heterobyclic group” of the above—'
mentioned “optionally substituted heterocyclic group”
optionally has.
[0060]

Examples of the above-mentioned “optionally substituted
mercapto group” include a mercapto group thibnally

substituted by a substituent selected from a C;-;0 alkyl group,

.é Cz-10 alkenyl group, a Cs.1p cycloalkyl group, a Csz-1o

cycloalkenyl group, a Ce-14 aryl group, a Cy.13 aralkyl group, a
Cg-13 arylalkenyl group, a C;-¢ alkyl-carbonyl group, a ‘
heterocyclic group and the like, each of which is optionally
substituted. |
[0061]
_ Examples of the substituent include those exemplified as
the substituents of the above-mentioned “optionally
substituted hydroxy gfoup”.
[0062] '

Examples of the above-mentioned “optionally substituted
amino group” include an amino group optionally mono- or di-
substituted by substituent(s) selected from a C;_;0 alkyl group,
a Ca-10 alkenyl group, a Cis-1p cycloalkyl group, a Cs_jo
cycloalkenyl group, a Cg-14 aryl group, a Cy-13 aralkyl group, a

Cg-13 arylalkenyl group and a heterocyclic group, each of which

is optionally substituted; an acyl group and the like.
[0063]

Examples of the Ci_19 alkyl group, Ci-1p alkenyl group, Csz-1p
cycloalkyl group, Cs.i;o cycloalkenyl group, Ce-14 aryl group, Ci-13
aralkyl group and Cg-;3 arylalkenyl group include those

- exemplified as the “hydrocarbon group” of the above-mentioned

“optionally substituted hydrocarbon group”.
[0064]

Examples of the heterocyclic group include those similar
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to the “aromatic heterocyclic group” and “non-aromatic

heterocyclic group” exemplified as the “heterocyclic group”'of
the above-mentioned “optionally substituted heterocyclic
group”. Of these, a 5- or 6—membered monocyclic aromatic
heterocyclic group is preferable.

[0065]

" The Ci-10 alkyl group, Ci-1g alkenyl group, Cs-10 cycloalkyl
group, Cs-ip cycloalkenyl group, Ce-14 aryl group, C;-13 aralkyl
group, Cg-13 arylalkenyl group and heterocyclic group opticnally
have 1 to 3 substituents at substitutable positions. When the
number of the substituents is not less than 2, the respective
substituents may be the same or different. |
[0066]

Examples of the substituent for the Ci.ip alkyl group and
Czﬁo alkenyl group include those similar to the substituent
that the Ci-10 alkyl group and the like exemplified as the
“hydrocarbon group” of the above—mentiqned “optionally
substituted hydrocarbon group” optionally has.

00671 ' |

Examples of the substituent for the Cs.i0 cycloalkyl group,
Csz-10 cycloalkenyl group, Ce-14 afyl group, C;-13 aralkyl group and
Cg-13 arylélkenyl éroup include those similar to the substituent
that the Csz-1p cycloalkyl group and the like exemplified as the
“hydrocarbon group” of the above-mentioned “optionally
substituted hydrocarbon group” optionally has. Examples of the
substituent for the heterocyélic group include those similar
to the substituent that the “heterocyclic group” of the above-
mentioned “optionally substituted heterocyclic group”
optionally hés.

[0068]

Examples of the “acyl group” exemplified as the
substituent for the “optionally substituted amino group”
include those similar to the “acyl group” below, which is
exemplified as the “substituent” for RZ.

[0069]
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Examples of the “acyl group” exemplified as the
“substituent” for R? include a group represented by the
formula: —-COR®, -CO-OR®, -SOsR®, -S(0),R®, -SOR®, -CO-NRMR®’, -
CS-NRM R®’ or -S(0),NR* R®’ wherein RA.is‘a hydrogen atom, an
optionally substituted hydrocarbon group or an optionally
substituted heterocyclic group, R and R’ are the same or
different and each is a hydrogen atom,van optionally
substituted hydrocarbon group or an optionally substituted
heterocYclic group, or R* and R¥ form, together with the
adjacent nitrogen atom, an optionally substituted nitrogen-
containing heterocycle, and the like.

[0070] |

.~ Examples of the “optionally substituted hydrocarbon
group” and “optionally substituted heterocyclic group” for R?,
R* or R® include those similar to the “optionally substituted
hydrocarbon group” and “optionally substituted heterocyclic

group”, which are exemplified as the “substituent” for R®.

[0071]

Examples of the “nitrogen-containing heterocyéle" of the
“optionally substituted nitrogen-containing heterocycle”

formed by'RA' and R®’ together with the adjacent nitrogen atom

"include a 5- to 7-membered nitrogen-containing heterocycle

containing, as a ring-constituting atom besides carbon atoms,
at least one nitrogen atom and optionally further containing
one or two hetero atoms selected from an oxygen atom, a sulfur

atom and a nitrogen atom. Preferable examples of the nitrogen-

containing heterocycle include pyrrolidine, imidazolidine,

pyrazolidine, piperidine, piperazine, morpholine,
thiomorpholine.and the like.
[0072] _

The nitrogen-containing heterocycle optionally has 1 to 5
(preferably 1 or 2) substitnents at substitutable positions. |
Examples of the substituent include those similar to the
substituent that the “heterocyclic group” of the “optionally

substituted heterocyclic group”, which is exemplified as the
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“substituent” for RZ, optionally has. When the number of the
substituents is not less than 2, the respective substituents
may be the same or different.
[0073] |
Preferable examples.of the “acyl group” include
(1) a formyl group;
(2) a carboxy group; »
(3) a Ci-¢ alkyl-carbonyl group (e.g., acetyl) optionally
substitﬁted by 1 to 3 halogen atoms;
(4) a Ci.¢ alkoxy-carbonyl group (e.g., methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, ﬁert—butoxycarbohyl)
optionally substituted by 1 to 3 halogen atoms;
(5) a Cz-10 cycloalkyl-carbonyl group (e.g., cyclopropylcarbonyl,
cyclopentylcarbonyl,chclohéxylcarbonyl);
(6).a Cg-14 aryl-carbonyl group (e.g., benzoyl, i—naphthoyl, 2-
naphthoyl) optionally substituted by 1 to 3 halogenratoms;
(7) a carbamoyl group optionally mono- or di-substituted by
subStituent(s) selected from
(a) a Ci-¢ alkyl group optionally substituted by 1 to 3
substituents selected from a halogén.atom, a Ci-¢ alkoxy
group, a Ci-¢ alkoxy-carbonyl group and a carboxy group, and
(b) an amino group optionally mono- or di-substituted by Ci-g
alkoxy-carbonyl group(s):
(8) a Ci-¢ alkylsulfonyl group (e.g., methylsulfonyl,
ethylsulfonyl, isopropylsulfonyl) optionally substituted by 1
to 3 halogen atoms; _ |
(9) a Cg-14 @arylsulfonyl groﬁp (e.g., benzenesulfonyl);
(10) a sulfamoyl group;
(11) a thiocarbamoyl group;
(12) an aromatic heterocyclylcarbonyl group (e.g.,

furylcarbonyl, thienylcarbonyl) optionally substituted by 1 to

- 3 substituents selected from a C;-g alkyl group optionally

substituted by 1 to 3 halogen atoms;
(13) a non-aromatic heterocyclylcarbonyl group (e.g.,

tetrahydrofurylcarbonyl, pyrrolidinocarbonyl) optionally
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substituted by 1 to 3 substituents selected from a Ci-¢ alkyl

\-group optionally substituted by 1 to 3 halogen atoms;

and the like.
[0074]

R? is preferably an optionaily substituted C;_¢ alkyl
group, an optionally substituted C;_s alkoxy group, an
optionally substituted Cjz.i19 cycloalkyl group, an optiocnally
substituted Cg.14 aryl group, an optionally substituted amino
group, an optionally substituted aromatic heterocyclic group,
an optionally substituted non-aromatic heterocyclic group or
the like.

[0075]
Specifically, R® is preferably _
(a) a Ci-g alkyl group (e.g., methyl, ethyl, propyl, butyl,
isobutyl, isopentyl) optionally substituted by 1 to 3
substituents selected from |
(i) an amino group,
(ii) a carboxy group,
(iii) a Ci-¢ alkoxy—carbonyl group (e.g., methoxycarbonyl,
ethoxycarbonyl), _
(iv) a Ce.ia aryl group (e.g., phenyl),
(v) a Ci-¢ alkoxy group (e.g., methoxy), and
(vi) a halogen atom (e.g., a fluorine atom);
(b) a Ci-¢ alkoxy group (e.g., methoxy, tert-butoxy):
{c) a Cs-1p cycloalkyl group (e.g., cyclopropyl, cyclopentyl);
(d) a C¢-14 aryl group (e.g., phenyl); '
(é) an amino group optionally mono- or di—subsﬁituted by
substituent (s) selected from '
(i) a Ci-¢ alkyl group (e.g., methyl, ethyl, propyl,
isopropyl) optionally substitﬁted by 1 to 3 C¢-14 aryl groups
(e.g., phenyl),
(ii) a Ce¢-14 aryl group (e.g., phenyl),
(iii) a Cs-10 cycloélkyl group f{(e.g., cyclopentyl,
cyclohexyl),
(iv) é Ci-g alkylsulfonyl group.(e.g., methylsulfényl), and
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(v) an aromatic heterocyclic gfoup (e.g., pyridyl)

optionally substituted by 1 to 3 Cisg alkyl groups (e.g.,

methyl);

(f) an aromatic heterocyclic group (e.g., furyl, pyrazolyl,

© 5 pyridyl, isoxazolyl, thiazolyl) optionally substituted by 1 to

3 substituents selected from a C;_¢ alkyl group optionélly

substituted by 1 to 3 halogen atoms (e.g., a fluorine atom);

(g) a non-aromatic heterocyclic group (é.g.,

tetrahydropyranyl) ;
or the like.
[0076]

"R? is more preferably an optionally substituted Ci.¢ alkyl

group, an.optionally substituted C;_¢ alkoxy group, an

voptiohally substituted amino group or the like.

[0077]

Specifically, R? is more preferably

(a) a Ci-¢ alkyl group (e.g., methyl, ethyl, propyl, butyl,

isobutyl, isopentyl) optionally substituted by 1 to 3

substituents selected from

- (1) an amino group,

(ii) a carboxy group,

(iii) a Ci-6 alkoxy-carbonyl group (e.g., methoxycarbonyl,

ethoxycarbonyl),
(iv) a Ce-114 aryl group

(v) a Ci_¢ alkoxy group

(vi) a halogen atom (e.

(b) a Ci_¢ alkoxy group (e.

(e.g., phenyl),
(e.g., methoxy), and
g., a fluorine atom);

g., methoxy, tert-butoxy):;

(c) an amino group optionally mono- or di-substituted by

substituent (s) selected from

(1) a Ci-¢ alkyl group (e.g., methyl, ethyl, propyl,

isopropyl) optionally substituted by 1 to 3 Ce¢-14 aryl groups

(e.g., phenyl),

(i1) a Ce-14 aryl group

(e.g., phenyl),

(11i) a Cs-10 cycloalkyl group (e.g., cyclopentyl,

cyclohexyl),
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(iv) a Ci-¢ alkylsulfonyl group (e.g., methylsulfonyl), and
-(v) an aromatic heterocyclic group (e.g.( pyridyl)
optionally substituted by 1 to 3 Ci-¢ alkyl groups (e.g.,
methyl) ; | ’

or the like.

[0078]

R? is still more preferably
(a) a Ci-¢ alkyl group (e.g., methyl, ethyl, propyl, butyl,
isobutyl, isopentyl) optionally substitutéd by 1 to 3 halogen
atoms (e.g., a fluorine atom);

(b) a Ci-¢ alkoxy group (e.g., methoxy, tert-butoxy):
(c) an optionally mono- or di-substituted amino group by Ci-s
alkyl group(s) (e.g., methyl, ethyl, ptopyl, iéopropyl);
or the like.
[0079]
| R? is particularly preferably ,
(a) a Ci-¢ alkyl group: (e.g., methyl, ethyl, propyl, butyl,
isobutyl, isopentyl); '
(b) a Ci-¢ alkoxy group (e.g., methoxy, tert-butoxy):
(c) an amino group optionally mono- or di-substituted by Ci-s
alkyl group(s) (e.g., methyl,‘ethyl, propyl, isopropyl):;
or the like. | '
[0080]

The “group represented by the formula: -COR?” for R' is
preferably a group represented by the formula: -COR? wherein R?
is an optionally substituted Ci;¢ alkyl group, an opticnally
substituted C;-¢ alkoxy group, an optionally substituted Cs_1p
cycloalkyl group, an optionally substituted Cq14 aryl group, an
optionally substituted amino group, an optionally substituted
aromatic heterocyclic group, an optionally substituted non-
aromatic heterocyclic group or the like.

[0081]

Specifically, the “group représented by the formula: -
COR?” for R' is preferably a group represented by the formula:
~COR?
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wherein

R? is

(a) a Ci-¢ alkyl group (e.g., methyl, ethyl, propyl, butyl,
isobutyl, isopentyl) optionally substituted byllvto 3
substituents selected from N
(i} an amino group,
(ii) a carboxy group, ‘
(iii) a Ci-¢ alkoxy-carbonyl group (e.g., methoxycarbonyl,
ethoxycarbonyl), ' |
(iv) a Ce-14 aryl group (e.g., phenyl),
(v) a Ci-¢ alkoxy group (e.g., methoxy), and
(vi) a halogen atom (e.g.,‘a.fluorine atom) ;
(b) a Ci-¢ alkoxy group (e.g., methoxy/ tert-butoxy):
(c) a Cs-10 cycloalkyl group (e.g., cyclopropyl,
cyclopentyl); v
(d) a C¢-14 aryl group (e.g., phenyl);
(e) an amino group optionally mono- or di-substituted by
substituent (s) selected frcom
(1) a Ci-¢ alkyl group {(e.g., methyl, ethyl, propyl,
isopropyl) optionally substituted by 1 to 3 Cgig aryl
groups (e.g., phenyl),
(ii) a Ce-14 aryl group (e.g., phenyl),
(iii) a Cs-10 cycloalkyl group (e.g., cyclopentyl,
cyclohexYl),
(iv) a Ci-g alkylsulfonyl group (e.g., methylsulfonyl),
and
(v) an aromatic heterocyclic group (e.g., pyridyl)
optionally substituted by 1 to 3 Ci-¢ alkyl groups (e.g.,
methyl) ;
(f) an aromatic heterocyclic group (e.g., furyl, pyrazolyl,
pyridyl, isoxazolyl, thiazolyl) optionally substituted by 1
to 3 substituents selected from a Ci-¢ alkyl group optionally
substituted by 1 to 3 halogen atoms (e.g., a fluorine
atom) ; |

(g) a non-aromatic heterocyclic group (e.g.,
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tetrahydropyranyl) ; -

or the like.
[0082]
The “group répresented by the formula: -COR*” for R' is

5 more preferably a group represented by the formula: -COR?
wherein R? is an optionally subsfituted Ci-¢ alkyl group, an |
optionally substituted Ci_¢ alkoxy group, an optionally
substituted amino group or the like.

[0083]

10 Specifically, the “group represented by the fofmula: -
COR?*” for R' is more preferably a group represented by the
formula: -COR? |

wherein
R? is ‘

15 (a) a Ci-g alkyl group (e.g., methyl, ethyl, propyl, butyl,
isobutyl, isopentyl) optionally substituted by 1 to 3
substituents selected from |

" (i) an amino group,
(ii) a carboxy group,
20 (iii) a Ci-¢ alkoxy-carbonyl group (e.g., methoxycarbonyl,
ethoxycarbonyl), _
(iv) a Cg-14 aryl group (e.g., phenyl),
(v) a Ci-¢ alkoxy group (e.g., methoxy), and
(vi) a halogen atom (e.g., a fluorine atom);
25 (b) a Ci¢ alkoxy group (e.g., methoxy, tért—butoxy);
(c) an amino group optionally mono- or di-substituted by
substituent (s) selected from
(i) a Ci-¢ alkyl group (e.g., methyl, ethyl, propyl,
isopropyl) optionally substituted by 1 to 3 Ce-14 aryl

30 groups (e.g., phenyl),

(i1) a Ce-14.aryl group'(e.g., phenyl),

(iii) a Cz-10 cycloalkyl group (e.g., cyclopentyl,
cyclohexyl), o

(iv) a C?s alkylsulfohyl group (e.gﬂ, methylsulfonyl),

35 and

32



5

10

15

20

25

30

35

WO 2012/074126 ' - PCT/JP2011/078010
(v) an aromatic heterocyclic group (e.g., pyridyl)

optionally substituted by 1 to 3 Ci¢ alkyl groups (e.g.,
methyl);
or the like.
[0084]
| The “group represented by the formula: -COR?*” for R' is.
still more preferably a group‘represented by the formula: -COR?
wherein
R? is _
(a) a Ci-¢ alkyl gfoup (e.g., methyl, ethyl, propyl, butyl,
- isobutyl, isopentyl) optionally substituted by 1 to 3
halogen atoms (e.g., a fluorine atom);
(b) a Ci-¢ alkoxy group (e.g., methoxy, tert-butoxy):
(c) an amino group optionally mono- or di-substituted by Ci_¢
alkyl gioup(s) (e.g., methyl, ethyl, propyl, isopropyl):;
or the like. "
[0085] ,
The “group represented by the formula: -COR?” for R! is
| particularly preferably a group represented by the formula: -
COR? |
wherein
R? is
(a) a Ci-¢ alkyl group (e.g., methyl, -ethyl, propyl, butyl,
isobutyl, isopentyl):;
(b) a Ci-¢ alkoxy group (e.g., methoxy, tert-butoxy):
(c) an amino grdup optionally mono- or di-substituted by Ci-
alkyl group(s) (e.g., methyl, ethyl, propyl, isopropyl):
or the like.
[0086]

Examples of the “5- or 6-membered aromatic group” of the
“optionally substituted 5~ or 6-membered aromatic group” for R!
include phenyl, pyrrolyl) pyrazolyl, imidazolyl, triazolyl
(1,2,3-triazolyl, 1,2,4-triazolyl, 1,3,4—triazolyl),
tetrazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl,

oxadiazolyl, thiadiazolyl, furyl, thienyl, pyridyl,
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pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl and the like.

[0087] _

The “5- or 6-membered aromatic group” is preferably a 5-
mehbered aromatic heterocyclic group, phenyl or the like, more
preferably pyrazolyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, thiadiazolyl, phenyl or the like, particularly
preferably isoxazolyl. | '

[0088]

The “5- or 6-membered aromatic group” of the “optionally
substituted 5- or 6-membered aromatic group” for R! optionally
has 1 to 3 substituents at substitutable positions. Examples
of the substituent include those similar to the substituents
that the C3-10 cycloalkyl group and the like exemplified és the
“hydrocarbon group” of the “optionally substituted hydrocarbon
group”, which is exemplifiéd as the “substituent” for R?,
optionally has.

[0089] |

The “optionally substituted 5- or 6-membered aromatic
group” for R! is preferably a 5-membered aromatic heterocyclic
group (e.g., pyrazolyl, oxazolyl, isbxazolyl, thiazolyl,

. isothiazolyl, thiadiazolyl, preferably isoxazolyi) or phenyl,
each of which is optionally substituted by 1 to 3 substituents
selected from

(1) a Ci-¢ alkyl-carbonyl group optionally substituted by 1
‘to 3 halogen atomé;

(2) a Ci-¢ alkoxy-carbonyl group optionally substituted by 1
to 3 substituents selected from

(a) a halogen atom,

(b} a Cj-¢ alkoxy group, and

(c) a Cg¢-14 aryl group (e.g., phenyl);:

(3) a carbamoyl group optionally mono- or di-substituted by
Ci-¢ alkyl group(s) optionally substituted by 1 to 3 halogen
atoms;

(4) a carboxy group:;

(5) a hydroxy group;

34



10

15

20

25

30

35

WO 2012/074126 : PCT/JP2011/078010

(6) a halogen atom; and :
(7) a Ci-¢ alkyl group optionally substituted by 1 to 3
substituents selected from

(a) a_halogen atom,

{b) a carboxy group,

(c) a hydroxy group,

(d) a Ci-¢ alkoxy-carbonyl group, and

(e} a Ci-¢ alkoxy group.

- [0090]

The “optionally substituted 5- or 6-membered aromatic
group” for R! is more preferably a 5-membered aromatic |
heterocyclic group (e.g., pyrazolyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl; thiadiazolyl, preferably isoxazolyl)
or phenyl, each of which is optionally substituted by 1 to 3
substituents selected from (i) a halogen atom and (ii) a Ci-g
alkyl group.

[0091] _
The “optionaily substituted 5- or 6-membered arcmatic
group” for R! is still moré preferably a 5-membered aromatic
‘heterocyclic group (e.g., pyrazolyl; oxazolyl, isoxézdlyl,
thiazolyl} isothiazolyl, thiadiazolyl, preferably isoxazolyl)
optionally substituted by 1 to 3 substituents selected from a
Ci-¢ alkyl group.
1 [0092] |
R is preferably

(1) a group represented by the formula: -COR? wherein R? is an
optionally substituted Ci-¢ alkyl group, an optionally
substituted Cj-¢ alkoxy group, an optionally substituted Cs-19
cycloalkyl group, an optionally substituted C¢-14 aryl group, an
optionally substituted amino group, an optionally substituted
aromatic heterocyclic group, an optionally substituted non-
aromatic heterocyclic group or the like; or

(2) an optionally substituted 5- or 6-membered aromatic group.
' 10093]

Specifically, R' is preferably
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(1) a group represented by the formula: —-COR?

wherein
R? is /
(a) a Ci-¢ alkyl group (e.g., methyl, ethyl, propyl, butyl,
isobutyl, isopentyl)Aoptionally substituted by 1 to 3 |
substituents selected ffbm
(i) an amino group,
(ii) a carboxy group,
(iii) a Ci-¢ alkoxy—carbonyl group {e.g., methoxycarbonyl,
ethoxycarbonyl), |
(iv) a Ce-14 aryl group (e.g., phenyl),
(v) a Cgﬁ alkoxy group (e.g., methoxy), and
(vi) a halogen atom {(e.g., -a fluorine atom);
(b) a Ci-¢ alkoxy group'(e.g.,_methoxy, tert-butoxy) ;
(c) a Cs_1p cycloalkyl group (e.g., cyclopropyl,
cyclopentyl); |
(d) a Ce-14 aryl group (e.g., phenyl);
(e) an amino group optionally mono- or di-substituted by
substituent (s) selected from |
(1) a Ci-¢ alkyl group (e.g., methyl, ethyl, propyl,
isopropyl) optionally substituted by 1 to 3 Cg44 aryl
groups (e:g.; phenyl),
(ii) a Ce-14 aryl group (e.g., phenyl),
(1ii) a Csz-10 cycloalkyl group (e.g., cyclopentyl,
cyclohexyl), ' ,
(iv) .a Ci-¢ alkylsulfonyl group (e.g., methylsulfonyl),
and |
(v) an aromatic heterocyclic group (e.g., pyridyl)
optionally substituted by 1 to 3 Ci-¢ alkyl groups (e.g.,
methyl) ;

(f) an aromatic heterocyclic group (e.g., furyl, pyrazolyl,

pyridyl, isoxazolyl, thiazolyl) optionally substituted by 1
to 3 substituents selected from a Ci-¢ alkyl group optionally
substituted by 1 to 3 halogen atoms (e.g., a fluorine

atom) ;
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(g) a non-aromatic heterocyclic group (e.g., -

tetrahydropyranyl) ;
or the like, or
(2) a 5-membered aromatic heterocyclic group (e.g., pyraZolyl,
5 oxazolyl, isoxazolyl, thiazolyl, isothiazoiyl, thiadiazolyl,
preferably isoxazolyl) or phenyl,,each of which is optionally
substituted by 1 to 3 substituents selected frbm
(1) a Ci-¢ alkyl-carbonyl group optionally substituted by 1
to 3 halogen atoms; '
10 (i1) a Ci-¢ alkoxy-carbonyl group optiohally substituted by 1
to 3 substituents selected from
(a) a halogen atom,
(b) a Ci;-¢ alkoxy group, and
(c} a Cg-14 aryl group (e.g;, phenyl) ;
15 (iii) a carbamoyl group optionally mono- or di-substituted
by Ci-¢ alkyl group(s) optionally substitutednby 1l to 3
halogen atoms;
(iv) a carboxy group:;
(v) a hydroxy group;
20 (vi) a halogen atom; and _
(vii) a Ci_¢ alkyl group optionally substituted by 1 to 3
substituents selected from ’

a haldgen atom,

(a)
(b} a carboxy group,
25 (c) a hydroxy group,
(d) a Ci_g alkoxy-carbonyl group, and
(e) a Ci-¢ alkoxy group.

[0094]

R! is more preferably -
30 (1) a group represented by the formula: -COR? wherein R? is an
optionally substituted C;¢ alkyl group, an optionally
substituted Ci_¢ alkoxy group, an optionally substituted amino
group or the like; or
(2) an optionally substituted 5- or 6-membered aromatic ring

35 group.
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[0095]

Specifically, R' is more preferably
(1) a group represented by the formula: —-COR?
wherein '
R? is ) _
(a) a Ci-¢ alkyl group (e.g., methyl, ethYl, propyl, butyl,
isobutyl, isopentyl) optionally substituted by 1 to 3
substituents selected from
(i) an amino group,
(ii) a carboxy group,
(iii) a Ci-¢ alkoxy-carbonyl group (e.g., methoxycarbonyl,
ethoxycarbonyl),
(iv) a Cg-14 aryl group (e.g., phenyl),
(v) a Ci-¢ alkoxy group (e.g., methoxy), and
(vi) a halogen atom (e.g., a fluorine atom);
(b) a Cij-¢ alkoxy group (e.g., methoxy, tert—bﬁtoxy);
(c) an amino group optionally mono—- or di-substituted by
substituent (s) selected from
(1) a Ci¢ alkyl group (e.g., methyl, ethyl, propyl,
isopropyl) optionally substituted by 1 to 3 Ce-14 aryl
groups‘(e.g., phenyl),
(ii) a Cg-14 aryl group (e.g., phenyl), ‘
(iii) a Cs-190 cycloalkyl group (e.g., cyclopentyl,
cyciohexyl), | o
(iv) a Ci-¢ alkylsulfonyl group (e.g., methylsulfonyl),
and |
(v) an aromatic heterocyclic group (e.g., pyridyl)
optionally substituted by 1 to 3 C;.s alkyl groups (e.g.,
methyl);
or the like; or
(2) a 5-membered aromatic heterocyclic group (e.g., pyrazolyl,
oxazolyl, isoxaiolyl, thiazolyl, isothiazolyl, thiadiazolyl,
preferably isoxazolyl) or phenyl, each of which is optionally
substituted by 1 to 3 substituents selected from (1) a halogen

atom and (ii) a Ci-¢ alkyl group.
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R' is further moré preferably

(1) a group represented by the formula: -COR?

wherein

R? is -

(a) a Ci-¢ alkyl group (e.g., méthyl, ethyl, propyl, butyl,

isobutyl, isopentyl) optionally substituted by 1 to 3

halogen atoms (e.g.,

a fluorine atom);

(b) a Ci-¢ alkoxy group (e.g., methoxy, tert-butoxy):;

(c) an amino group optionally mono- or di-substituted by Ci-¢

alkyl group(s) (e.g., methyl, ethyl, propyl, isopropyl):

or the like; or

(2) a 5-membered aromatic heterocyclic group (e.g., pyrazolyl,

oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, thiadiazolyl,

preferably isoxazolyl) optionally substituted by 1 to 3

substituents selected from a Ci_¢ alkyl group.
- [0097]

R! is still more preferably

(1) a group represented by the formula: -COR?

wherein

R? is

(a) a Ci-¢ alkyl group (e.g., methyl, ethyl, propyl, butyl,

isobutyl, isopentyl) optionally substituted by 1 to 3

halogen atoms (e.g.,

a fluorine atom);

(b) a Ci-¢ alkoxy group (e.g., methoxy, tert-butoxy):

(c) an amino group optionally mono- or di-substituted by Ci-¢

alkyl group(s) (e.g., methyl, ethyl, propyl, isopropyl):;
or the like. | ’

[0098]

‘R! is particularly preferably

(1) a group represented by the formula: -COR?

wherein

R? is

(a) a Ci-g alkyl group (e.g., methyl, ethyl, propyl, butyl,

isobutyl,

isopentyl);
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(b) a Ci-¢ alkoxy group (e.g., methoxy, tert-butoxy):

(c) an amino group optionally'mono~ or di-substituted by Ci¢
alkyl group(s) (e.g., methyl, ethyl, propyl, isopropyl):;
or the like. \
[0099]
‘Fof ring P and ring Q,
(1) ring P is an optionally further substituted 5-membered
aromatic ring, ring Q.is an optionally further substituted 6-
membered ring, and ring P and ring Q are fused to form an
optionally further substituted bicyclic arcmatic ring, or
(2) ring P is an optionally further substituted 5-membered
non-aromatic ring, ring Q is an optionally further substituted
6-membered aromatic ring, and ring P and ring Q are fused to
form an optionally further substituted bicyclic non-aromatic
ring.
[0100]
The case that -
“(1l) ring P 1is an optionally further substituted 5-membered
aromatic ring, ring Q is an optionally further substituted 6-
membered ring, and ring P and ring Q are fused to form an
optionéllyjfurther substituted bicyclic aromatic ring”.
[0101] | |
Examples of the “5-membered aromatic ring” of the
“optionally further substituted 5-membered aromatic ring” for
ring P include pyrrole, pyrazole, imidazole, triazole (1,2, 3-
triazole, 1,2,4-triazole, 1,3,4-triazole), tetrazole, oxazole,
isoxazole, thiazole, isothiazole, oxadiazole, thiadiazéle,
furan, thiophene and the like. Of these, oxazole, thiazole, .
pyrazole and 1,2,3-triazole are preferable, and pyrazole,
oxazole and thiazole are particularly preferable.
[0102]
The “5—mémbered aromatic ring” of the “optionally further
substituted 5-membered aromatic ring” for ring P optionally
has 1 or 2 substituents, besides ring A, at substitutable

position. Examples of the substituent include those similar to
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the substituents that the Cs-10 cycloalkyl group and the like
exemplified as the “hydrocarbon group” of the “optlonally
substituted hydrocarbon group”, which is exemplified as the
“substituent” for R?, optionally has. '

[0103] | -

Preferable examples of édditional substituent for the “5-
membered aromatic ring” of the “optionally further substituted
5-membered aromatic ring” for ring P include
(1) a halogen atom (e.g., a fluorine atom, a chlorine atom, a
bfomine atom),

(2) a Ci-¢ alkyl group (e.g., methyl) optionally substituted by
1 to 3vhalogeﬁ atoms (e.g., a fluorine atom),

(3) a C}é'cycloalkyl group (e.g.; cyclopropyl) optionally
substituted by 1 to 3 halogen atoms (e.g., a fluorine atom),
(4) a cyano group

and the like.

[0104] |
Examples of the “6-membered ring” 6f the “optionally
further substituted 6-membered ring” for ring Q include
benzene, pyridine, pyridazine, pyrimidine, pyrazine, triazine,
cyclohexa-1,3-diene, dihydropyridine and the like. Of thesé,
benzene, 1,2-dihydropyridine and cyclohexa-1,3-diene are
particularly preferabile.

[0105]

The “6-membered ring” of the “optionally further
substituted 6-membered ring” for ring Q optionally has,
besides the group -0-R®, 1 to 3 substituents at substitutable
positions. Examples of the substituent include those similar
to the substituents that the C3qb cycloalkyl group and the like
exemplified as the “hydrocarbon group” of the “optionally
substituted hydrocarbon group”, which is exemplified as the
“Substituent» for R?, optionélly has.

[0106]
Preferable examples of additional substituent for the ™“6-

membered ring” of the “optionally further substituted 6-
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membered ring” for ring Q include
(1) a halogen atom (e.g., a fluorine atom, a chlorine atom, a
bromine atom),
(2) a Ci-6 alkyl group (e.g., methyl) optionally substituted by
1 to 3 halogen atoms (e.g., a fluorine atom),
(3) a Cs-g cycloalkyl group (é.g., cyclopropyl) optionally
substituted by 1 to 3 halbgeh atoms (e.g., a fluorine atom),
(4) a cyano group | |
and the like.
[0107] ,

Specific examples of the “bicyclic aromatic‘ring” of the
“optionally further substituted bicyclic aromatic ring” formed
by fusion of ring P and ring Q ihclude

Jes Shes o Sheet
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[0110]
and the like.
[0111] ’ 4
The “bicyclic aromatic ring” of the “optionally further

substituted bicyclic aromatic ring” formed by fusion of ring P

and ring Q.optionally has, besides the group of R®°-0-, 1 to 3
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substituents at substitutable positions on the ring Q, and
optionally has, besides ring A, 1 or 2 substituents at
substitutable positions on the ring P. Examples of the
substituent include those similar to the substituents that the
Ciz-190 cycloalkyl group and thevliké exemplified as the
“hydrocarbon group” of the “optionally substituted hydrocarbon
group”, which is exempiified as the “substituent” for R?,
optionally has.
[0112] |

Préferable‘examples of additional substituent  for the
“bicyclic aromatic ring” of the “optionally futther
substituted bicyclic aromatic ring” formed by fusion of ring P
and ring Q include '
(1) a halogen atomv(e.g., a fluorine atom, a chlorine atom, a
bromine atom), /. - |
(2) a Ci_¢ alkyl group (e.g., methyl) optionélly substituted by
1 to 3 halogen atoms (e.g., a fluorine atom),
(3) a Cs_¢ cycloalkyl group (e.g., cyclopropyl) optiocnally
substituted by 1 to 3 halogen atoms (e.g., a fluorine atom),.
(4) a cyano. group
and the like.
[0113]

The “optionally further substituted bicyclic aromatic
ring” formed by fusion of ring P and ring Q is preferably

[0114]
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[0115]
each of which is optionallyisubstituted by 1 to 4 substituents
selected from
(1) a halogen atom (e.g., a fluorine atom, a chlorine atom,
a bromine atom), '
(2) a Cyj_¢ alkyl group (e.g., methyl) optionally substituted

by 1 to 3 halogen atoms (e.g., a fluorine atom),
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(3) a Csg cycloalkyl group (e.g., cyclopropyl) optionally

substituted by 1 to 3 halogen atoms (e.g., a fluorine atdm),
and
(4) a cyano group.

5 [011e6]

The “optionally further substituted bicyclic aromatic
heterocycle” formed by fusioh of ring P and ring Q.is more
preferably |

[0117]

- O O O
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[0118]
~ each of which is optionally substituted by 1 to 4 substituents

selected from
(1) a halogen atom (e.g., a fluorine atom, a chlorine atom,
15 avbromine atom), ]
(2) a Ci-¢ alkyl group (e.g., methyl) optionally substituted
by 1 to 3 halogen atoms (e.g., a fluorine atom),
(3) a Cgﬁ cycloalkyl group (e.g., cyclopropyl) optionally
substituted by 1 to 3 halogen atoms (e.g., a fluorine atom),

20 and
(4) a cyano group.
[0119]

The “optionally further substituted bicyclic aromatic
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heterocycle” formed by fusion of ring P and ring Q is still
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[0121

more preferably

[0120]

each of which is optionally substituted by 1 to 4 substituents
selected from
(1) a halogen atom (e.g., a fluorine atom, a chlorine atom,
a bromine atom),
(2) a Ci—s alkyl group (e.g., methyl) optionally substituted
by 1 to 3 halogen atoms (e.g., a fluorine atom),
(3) a Cs.g cycloalkyl group (e.g., cyclopropyl) optionally
substituted by 1 to 3 halogen atoms (e.g., a fluorine atom),
and
(4) a cyano group.
[0122]
The case that .
“(2) ring P is an optionally further substituted 5—membefed
non-aromatic ring, ring Q is an optionally further substituted
6-membered aromatic ring, and ring P and ring Q are fused to
form an optionally further substituted bicyclic non-aromatic
. ring”. o

[0123]
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Examples of the YS—membered'nén—aromatic ring” of the
“optionally further substituted 5-membered non-aromatic ring”
for ring P include cyclopentene, dihydrofuran, ‘
dihydrothiophene, dihydropyrrole, dihydroimidazole,
dihydropyrazole, dihydrotriazole, dihydrooxazole,
dihydrothiazole, dihydroisoxazole, dihydrbisothiazole and the
like. |
[0124] :

The “5-membered non-aromatic ring” of the “optionally
further substituted S5-membered non-aromatic ring” for ring P
optionally has, besides ring A, 1 to 5 substituents at
substitutable position. Examples of the substituent include
those similar to the substituents that the Cs-;p cycloalkyl
group and the like exemplified as the “hydroéafbon grbup" of
the “optionally substituted hydrocarbon group”, which is
exemplified as the “substituent” for R?, optionally has.
[0125] |

Preferable examples of additional substituent for the "5-
membered non-aromatic ring” of the “optionally further
substituted 5-membered non-aromatic rihg" for ring P include
(1) a halbgen atom (e.g., a fluorine atom, a chlorihe atom, a
bromine atom), v

(2) a Ci_¢ alkyl group (e.g., methyl) opticnally substituted by

1 to 3 halogen atoms (e.g., a fluorine atom),

(3) a Ci_¢ cycloalkyl group (e.g., cyclopropyl) optionally
substituted by 1 to 3 halogen atoms (e.g., a fluorine atom),

(4) a cyano group

. and the like.

[0126] }

Examples of the “6-membered aromatic ring” of the
“optionally further substituted 6-membered afomatic ring” for
ring Q include benzene, pyridine, pyridazine, pyrimidine,
pyrazine, triazine and the like.

[0127]

The “6-membered aromatic ring” of the “optionally further
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substituted 6-membered aromatic ring” for ring Q optionally
has, besides the group R°-O-, 1 to 3 substituents at
substitutable position. Examples of the substituent include
those similar tb the substituents that the Cgﬂoicycloalkyl
group and the like exemplified as the “hydrocarbon group” of
tﬁe “optionally substitﬁted hydrocarbon group”, which is
exemplified as the “substituent” for R?, optionally has.
[0128] |

Preferable examples of édditional substituent for the “6-
membered aromatic ring” of the “optionally further substituted
6-membered aromatic ring” for ring Q include
(1) a halogen atom (e.g., a fluorine atom, a chlorine atom, a
bromine atom),
(2) a Ciz¢ alkyl group (e.g., methyl) optionally substituted by
1 to 3 halogen atoms (e.g., a fluorine atom), |
(3) a Cz-¢ cycloalkyl group (e.g., cyclopropyl) optiocnally
substituted by 1 to 3 halégen'atoms (e.g., é fluorine atom),
(4)-a cyano group

and the like.

[0129],

Specific examples of the “bicyclic non aromatic ring” of
the “optionally further substituted bicyclic non-aromatic
ring” formed by fusion of ring P and ring Q include

[0130]

[0131]
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[0132]
and the like.
[0133]

The “bicyclic non-aromatic ring” of the “optionally
further substituted bicyclic ﬁon—aromatic ring” formed by
fusion of ring P and ring Q optionally has, besides ring A, 1
to 5 substituents at substitutable positions on the ring P,
and optionally has, besides the group. -O-R%, 1 to 3
substituents at substitutable positions on the.ring Q.
Examples of the substituent include those similar to the
substituents that the Cs-jo cycloalkyl group and the like
exemplified as the “hydrocarbon group” of the “optionally
substituted hydrocarbon group”, which is exemplified as the
“substituent” for R?, optionally has.

[0134]

Preferable examples of additional substituent for the
“bicyclic non-aromatic ring” of the “optionally further
substituted bicyclic non-aromatic ring” formed by fusion of
riﬁg P and ring Q include

(1) a halogen atom (e.g., a fluorine atom, a chlorine atom, a
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bromine atom), '

(2) a Ci-¢ alkyl group (e.g., methyl) thionally subétituted by
1 to 3 halogen étoms (e.g., a fluorine atom), ‘
(3) a Csz-¢ cycloalkyl group (efg., cyblopropyl) optionally .
substituted by 1 to 3 halogen atoms (e.g., a fluorine atom) ,
(4) a cyano group
and the like.
[0135]

The “optionally further substituted bicyclic non-aromatic
ring” formed by fusion of ring P and ring Q is preferably
[0136] | |

< D~

[0137]
each of which is optionally substituted by 1 to 4 substituents
selected from
(1) a halogen atom (e.g., a fluorine atom, a chlorine atom,
a bromine atom), ‘
(2) a Ci-¢ alkyl group (e.g., methyl) optionally substituted
by 1 to 3 halogen atoms (e.g., a fluorine atom),
(3) a Ciz-¢ cycloalkyl group (e.g., cyclopropyl) optionally
substituted by 1 to 3 halogen atoms (e.g., a fluorine atom),
and |
(4) a cyano group.
[0138]
The “optionally further substituted bicyclic non-aromatic

ring” formed by fusion of ring P and ring Q is more preferably
[0139]
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(0140]

each of which is optionally substituted by.l to 4 substituents
selected from '
5 " (1) a halogen atom (e.g., a fluorine atom, a thorine atom,
a bromine atom), »
(2) a Ci-g alkyl group (e.g., methyl) optionally substituted
by 1 to 3 halogen atoms (e.g., a fluorine atom);
(3) a Cz_g cycloalkyl group (e.g., cyclopropyl) opticnally
10 substituted by 1 to 3 halogen atoms (e.g., a fluorine atom),
and |
'(4) a cyano group. .
[0141] :
' The “optionally further substituted bicyclic non-aromatic

15 ring” formed by fusion of ring P and ring Q is still more

preferably
[0142]

o or o,
[0143]

20 each of which is optionally substituted by 1 to 4 substituents
selected from |
(1) a halogen atom (e.g., a fluorine atom, a chlorine atom,
a bromine atom),
(2) a Ci-g alkyl group (e.g., methyl) optionally substituted
25 | by 1 to 3 halogen atoms (e.g., a fluorine atom),
(3) a Cs-¢ cycloalkyl group (e.g., cyclopropyl) optionally
substituted by 1 to 3 halogen atoms (e.g., a.fluorine atom),
and '
(4) a cyano group.
30 [0144]

The “optionally further substituted bicyclic aromatic
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heterocycle” or “optionally further substltuted bicyclic non-

aromatic ring” formed by fusion of ring P and rlng Q is
preferably
[0145]

JjesShgs s hgus
ﬁ\x JonS mm
- O A0 -
LI - - X
Jos SR Gs G R g S

[0146]
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[0147] :
each of which is optionally substituted by 1 to 4 substituents
selected from '
5 ' kl) a halogen atom (e.g., a fluorine atom, a chlorine atom,
a bromine atom),
(2) a Ci-¢ alkyl group (e.g., methyl) optionally substituted
by 1 to 3 halogen atoms (e.g., a fluorine atom),
(3) a Ci-¢ cycloalkyl group (e.g., cyélopfopyl) optionally
10 substituted by 1 to 3 halogen atoms (e.g., a fluorine atom),
and
(4) a cyano group.
[0148] ‘
The “optionally further substituted bicyclic aromatic
15 heterocycleﬁ or “optionally further substituted bicyclic non-
aromatic ring” formed by fusion of ring P and ring Q is more
preferably | '
[0149]
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[0150]

[0151]

5 each of which 1is optionally substituted by 1 to 4 substituents
selected from '
(1) a halogen atom (e.g., a fluorine atom, a chlorine atom,
a bromine atom), '
(2) a Ci¢ alkyl group (e.g., methyl) optionally substituted
10 by 1 to 3 halogen atoms (e.g., a fluorine atom),
(3) a Csz-¢ cycloalkyl group (e.g., cyclopropyl) optionally
‘substituted by 1 to 3 halogen atoms (e.g., a fluorine atom),
and | |
(4) a cyano group.
15 [0152]

The “optionally further substituted bicyclic aromatic
heterocycle” or “optionally further substituted bicyclic non;
aromatic ring” formed by fusion of ring P and ring Q is still
more preferably |

20 [0153]
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[0154] _
each of which is optionally substituted by 1 to 4 substituents
selected from _ ’
5 (1) a halogen atom (e.g., a fluorine atom, a chlorine atom,
a bromine atom),
(2) a Ci-¢ alkyl group (e.g., methyl) optionally substituted
by 1 to 3 halogen atoms (e.g., a fluorine atom),
(3) a Ciz-¢ cycloalkyl group (e.g., cyclopropyl) optionally
10 substituted by 1 to 3 halogen atoms (e.g., a fluorine atom), .
and | '
(4) a cyano group.
[0155]
R? is a Ci-¢ alkyl group optionally substituted by halogen
15 atom(s), or an optionally substituted Cs.¢ cycloalkyl group.

The “C;-¢ alkyl group” of the “C;-¢ alkyl group optionally
substituted by halogen atom(s)” for R® optionally has
preferably 1 to 7, more preferably 1 to 3 halogen atoms, at
substitutable positions.

20 [0156]

Examples of the “Cs.¢ cycloalkyl group” of the “optionally
substituted Cs¢ cycloalkyl group” for R® include cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl.

The “Ci-¢ cycloalkyl group” of the “optionally substituted
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Cz-¢ cycloalkyl group” for R® optionally has 1 to. 7 substltuents
at substitutable positions. Examples of the substltuent
include those similar to the substituenté that the Cs_1p
cycloalkyl group and the like exemplified as the “hydrocarbon
group” of the “optionally substituted hydrocarbon group”,
which is exemplified as the‘“substituentd for R?, optionally
has. o
[0157] . _ :
R® is preferably a Ci-s alkyl group optionally substituted '
by 1 to 7 (preferably 1 to 3) halogen atoms (e.g., a fluorine
atom), or a Cs.¢ cycloalkyl group, more preferably a Cyﬁ alkyl

group optionally substituted by 1 to 3 halogen atoms (e.g., a

- fluorine atdm), still more preferably a Ci-¢ alkyl group,

particularly preferably methyl.
[0158] ‘

R** and R* are independenfly a hydrogen atom or a
substituent.

Examples of the “substituent” for R*? or R® include those
similar to the “substituent” for RZ. '

R*® is preferably a hydrogen atom or a fluorine atom,
particularly preferably a hydrogen atom.

R* is preferably a hydrogen atom or a fluorine atom,
partlcularly preferably a hydrogen atom.

[0159] _

X is 0, CO, CR“R%.wherein R>® and R® are independently a
hydrogen atom or a substituent, NR’® wherein R°° is a hydrogen
atom or an optionally substituted C;-¢ alkyl group, S, SO or
S(0),.

[0160] _

Examples of the “substituent” for R or R include those

similar to the “substituent” for R®.

The “C;-¢ alkyl group” of the “optionally substituted C;_g

alkyl group” for R optionally has 1 to 3 substituents at

substitutable positions. Examples of the substituent include

those similar to the substituents that the Ci-;90 alkyl group and
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the like exemplified as the “hydrocarbon group” of the

“optionally substituted hydrocarbon group”, which is
exemplified as the “substituent” for R?, optionally has.
[0161]

X is preferably O, CO or CR*R*® wherein R°® and R are
the same as ébove, more preferably O,.CO»of CH,, particularly
prefefably 0. ' | |
10162]

R® is an optionally substituted Ci;¢ alkyl group or an
optionally substituted Cs;-¢ cycloalkyl group. |
[0163]

The “Ci-¢ alkyl group” of the “optionally substituted Cji_¢
alkyl group” for R® optionally has 1 to 3 substituents at
substitutable positions. Examples of the substituent include
those similar to the substituents that the Ci-;0 alkyl group and’
the like exemplified as the “hydrocarbon gréup” of the
“optionally substituted hydrocarbon group”/ which is
exemplified as the “substituent” for R?, optionally has.

[0164] ' _

Examples of the “optionally substituted Csz.¢ cycloalkyl
vgroup" for R® include those similar to the “optiocnally
substituted Cs-¢ cycloalkyl group” for R3.

[0165]

R® is preferably
(1) a Ci-¢ alkyl group (e.g., methyl, ethyl, propyl, isopropyl,
butyl) optionally substituted by 1 to 3 substitﬁents selected
from

{(a) a halogen étom (e.g., a fluorine atom), and
(b) a Cz-¢ cycloalkyl group (e.g., cyclopropyl, cyclcbutyl)
optionally substituted by 1 to 3 halogen atoms (e.g., a
fluorine atom); or '
(2) a Ci-¢ cycloalkyl group (e.g., cyclopropyl). .
[0166] ”
' R® is more preferably a Ci.¢ alkyl group (e.g., methyl, ,
ethyl, propyl, isopropyl, butyl) optionally substituted by 1 
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to 3 substituents selected from
(a) a halogen atom (e.g., a fluorine atom), and
(b) a Cs_¢ cycloalkyl group (e.g., cyclopropyl, cyclobutyl)
optionally substituted by 1 to 3 halogen atoms (e.g., a
fluorine atom). | :

[0167] _

' R® is still more preferably a Ci¢ alkyl group optionally
substituted by 1 to 3 Cs¢ cycloalkyl groups optionally
substituted by 1 to 3 halogen atdms.

[0168]

In another embodiment, R® is preferably a Ci—¢ alkyl group
optionally substituted>by 1 to 3 halogen atoms.
[0169] | |

Ring A is an optionally further substituted 5- or 6-
membered aromatic ring. |

Examples of the “5- or 6-membered aromatic ring” of the
“optionally further substituted 5- or 6-membered aromatic
ring” for ring A include benzene, pyrrole, pyrazole, imidazole,
triazole (1,2,3-triazole, 1,2,4-triazole, 1,3,4-triazole),
tetrazole, oxazdlé, isoxazole, thiazole, isothiazole,
oxadiazole (1,2,4-oxadiazole, 1,3,4-oxadiazole), thiadiazole
(1,2,4-thiadiazole, 1,3,4-thiadiazole), furan, thiophene,
pyridine, pyridazine, pyrimidine, pyrazine, triazine and the
like.

[0170]

The “5- or 6-membered aromatic ring” of the “optionally
further substituted 5- or 6-membered aromatic ring” for ring A
is preferably benzene, optionally oxidized pyridine,
pyrimidine, pyrazole, oxazole, isoxazole, thiazole,
isothiazole, oxadiazole, thiadiazole or the like, more
preferably benzene, opticnally oxidized pyridine, pyrimidine,
pyrazole, isoxazole or oxadiazole, still more preferably
benzene, optionally oxidized pyridine, pyrimidine, pyrazole or
isoxazole. '

[0171]
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The “5- or 6-membered aromatic ring” of the “optionally

further substituted 5- or 6-membered aromatic ring” for ring A
optionally has, besides group -X-CH(R*®) (R*’)-CH(R’)-NH-R' and
ring P, 1 to 4 substituents (preferably 1 to 3 substituents)
at substitutable positions. Examples of the substituent
include those similar to the substituents that the
“heterocyclic group” of the “thionally substituted
heterocyclic gfoup”, which is exemplified as the “substituent”
for R?, optionally has.
[0172]
Ring A is preferably benzene, optionally oxidized
pyridine, pyrimidine, pyrazole, oxazole, isoxazole, thiazole,
isothiazole, oxadiazole or thiadiazole, each of which is
optionally substituted by 1 to 3 substituents selected from
(1) a halogen atom (e.g., a fluorine atom, a chlofine atom),
(2) a Ci-¢ alkyl group (e.g., methyl) optionally substituted
by 1 to 3 halogen atoms,
(3) a Ci-¢ alkoxy group (e.g., methoxy), and
(4y a Cq-13 aralkyl groﬁp (e.g., benzyl).

[0173] S
Ring A is more preferably benzene, optionally oxidized
pyridine, pyrimidine, pyrazoie, isoxazole or oxadiazole, each
of which is optionally substituted'by 1 to 3 substituents
sélected from
(1) a halogen atom (e.g., a fluorine atom, a chlorine atom),
(2) a Ci-¢ alkyl group (e.g., methyl) optionally substituted
by l.to 3 halogen atoms,
(3) a Ci-¢ alkoxy group (e.g., methoxy), and
(4) a Cy-13 aralkyl group (e.g., benzyl).

[0174]

Ring A is still more preferably benzene, opticnally
oxidized pyridine, pyrimidine, pyrazole or isoxazole, each of
which is optionally substituted by 1 to 3 substituents
selected from

(1) a halogen atom (e.g., a fluorine atom, a chlorine atom),
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(2) a Ci-¢ alkyl group (e.g.; methyl) optionally substituted
by 1 to 3 halogen atoms, '
(3) a Ci-¢ alkoxy group (e.g., methoxy), and.
(4) a Cy-13 aralkyl Qroup (e.g., benzyl).
[0175]
Preferable examples of compound (I) include the following
compounds. '
[0176]
[Compound A-1]
Compound (I) wherein
R' is
(1) a group represented by the formula: -COR? wherein R® is an
optionally substituted C;-¢ alkyl group, an optionally
substituted Ci-s alkoxy group, an optionally substituted Cis_ip
cycloélkyl group, an optionally substituted C¢-14 aryl group, an

~optionally substituted amino group, an optionally substituted

aromatic heterocyclic group or an optionally substituted non-
aromatic heterocyclic group; or

(2) an optionally substituted 5- or 6-membered aromatic group;
R} is a Ci¢ alkyl group optionally substituted by 1 to 7
halogen atoms, or a Cyﬁ.cycloalkyl group;

R* and R* are independently a hydrogen atom or a fluorine
atom;

X is 0, CO, CR%R® wherein R® and R® is as defined above, NR°®
wherein R is as defined above, S, SO or S(0)»;

ring A is benzene, pyridine, pyrazole, oxazole, isoxazole,

‘thiazole, iéothiazole, oxadiazole or thiadiazole, each cof

which is optionally substituted by
(1) a halbgen atom (e.g., a fluorine atom, a chiorine
atom); or
(2) a Ci-¢ alkyl group (e.g., methyl) optionally substituted
by 1 to 3 halogen atoms; ' ) ’
ring P and riﬁg Q are fused to form

[0177]
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5 each of which is optionally substituted by 1 to 4 substituents

selected from
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(1) a halecgen atom (e.g., a fluorine atom, a chlorine atom),

(2) a Ci-¢ alkyl group optionally substituted by halogen .
atom(s) (e.g., methyl, trifluoromethyl), and
(3) a Cz-¢ cycloalkyl group (e.g., cyclopropyl) optionally
substituted by halogen atom(s); and |
"R® is
(1) a Ci-¢ alkyl group optionally substituted by 1 to 3
substituents selegted from a halogen atom and a Cs_¢ cycloalkyl
group; or |
(2) a Csz-g cycloalkyl group (e.g., cyclopropyl).
[0180]
[Compound B-1]
Compound (I) wherein
R! is
(1) a group represented by the formula: -COR?
~ wherein
R? is |
(a) a Ci-¢ alkyl group (e.g., methyl, ethyl, propyl, butyl,
isobutyl, isopentyl) optionally substituted by 1 to 3
substituents sélected fiom |
(1) an amino group,
(ii) a carboxy group,
(iii) a Ci-¢ alkoxy—carbonYl group (e.g., methoxycarbonyl,
ethoxycarbonyl),
(iv) a Cg-14 aryl group (e.g., phenyl), and
(v) a Ci-¢ alkoxy group (e.g., methoxy);
(b) a Ci-¢ alkoxy group (e.g., methoxy, tert-butoxy):;
(c) an amino group optionally mono- or di-substituted by
substituent (s) selected from |
(i) a Ci-¢ alkyl group (e.g., methyl, ethyl, propyl,
isopropyl) optionally substituted by 1 to 3 Ce14 aryl
groups (e.g., phenyl),
(ii) a Ce-14 aryl group (e.g., phenyl),
(iii) a Cs-19 cycloalkyl group (e.g., cyclopentyl,
cyclohexyl), ' '
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(iv) a Ci;-¢ alkylsulfonyl group (e.g., methylsulfonyl),
and ’ '
(v) an aromatic heterocyclic group (efg;, pyridyl)
optionally substituted by 1 to 3 C;-¢ alkyl groups (e.g.,
methyl);  .
or the like; or
(2) a 5-membered aromatic heterocyclic group (e.g., pyrazolyl,
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, thiadiazolyl)
or phenyl, each of which is optionally substituted by 1 to 3
substituents selected from (i) a halogen atom and (ii) é Ci-¢
alkyl group;
R® is a C;_¢ alkyl group optionally substituted by 1 to 7
halogen atoms, or a Cs.¢ cycloalkyl group;
R* and R* are independently a hydrogen atom or a fluorine
atom; | |
X is O or CHjy;
ring A is benzene, pyridine, pyrazole, oxagole, isoxazole,v
thiazole, iSbthiazole, oxadiazole or thiadiazole, each of
which is optionally substituted by |
(1) a halogen atom (e.g., a fluorine aﬁom, a chlorine
atom); or ' '
(2) a Ci-¢ alkyl group (e.g., methyl) optionally substituted
by 1 to 3 halogen atoms;
ring P and ring Q are fused to form

[0181]
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. -

[0183]
5 each of which is optionally substituted by 1 to 4 substituents

selected from
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(1) a halogen atom (e.g., a fluorine atom), ‘

(2) a Ci-¢ alkyl group optionally substituted by halogen
atom(s) (e.g., methyl, trifluoromethyl), and o
(3) a Cs-g cycloalkyl group (e.g., cyciopropyl) optionally
substituted by halogen atom(s); and |
R® is |
(1) a Ci_¢ alkyl group 6ptionally substituted by 1 to 3
substituents selected from a haiogen atom and a Ci-¢ cycloalkyl
group; or | _
(2) a Cs-6 cycloalkyl group (e.g., cyclopropyl).
[0184] |
[Compound C-1]
Compound (I) wherein
R! is .
(1) a group represented by the formula: —CORZI
wherein
R? is _
(a) a Ci-g alkyl group (e.g., methyl, ethyl, propyl, butyl,
isobutyl, isopentyl);
(b) a Ci-¢ alkoxy group (e.g., methoxy, tert-butoxy);
(c) an amino group optionally mono- or di-substituted by Ci-¢
alkyl group(s).(e.g., methyl, ethyl, propyl, isopropyl):;
or the like; or
(2) a 5-membered aromatic heterocyclic group (e.g., pyrazolyl,
oxazolyl, iscoxazolyl, thiazolyl, isothiazolyl, thiadiazolyl)
optionally substituted by 1 to 3 substitﬁents selected from a
Ci-s alkyl group; | ,
R® is a Ci-¢ alkyl group optionally substituted by 1 to 7
halogen atoms, or a Ci3-¢ cyclcalkyl group;
R* and R* are independently a hydrogen atom or a fluorine
atom; -
X is O or CHs;
ring A is benzene, pyridine, pyrazole, oxazole, isoxazole,
thiazole, isothiazole, thiadiazole, oxadiazole or thiadiazole,

each of which is optionally substituted by
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(1) a halogen atom (e.g., a fluorine atom, a chlorine

atom); or
(2) a CLﬁ alkyl group (e.g., methyl) optionally substituted
by 1 to 3 halogen atoms;

5 ring P and ring Q are fused to form

- O~ O -
josthonNot
JesShesM¥¢ouhe o

[0186]
each of which is optionaily substituted by 1 to 4 substituents
10 selected from _ B
(1) a halogen atom (e.g., a fluorine atom),
(2) a Ci_¢ alkyl group optionally substituted by halogen
atom(s) (e;g., methyl, trifluoromethyl), and
(3) a Cz_¢ cycloalkyl group (e.g., cyclopropyl) optionally
15 substituted by halogen atom(s); énd
R® is |
(1) a Ci-¢ alkyl group optionally substituted by 1 to 3
substituents selected from a halogén atom and a Cs-¢ cycloalkyl
group; or
20 (2) a Cs.¢ cycloalkyl group (é.g., cyclopropyl).
[0187] _
[Compound A-2]
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Compound (I) wherein

R' is ,
(1) a group represehted,by the formula: -COR? wherein R? is an
optionally substituted Ci;-¢ alkyl grbup, an optionally
substituted Ci-¢ alkoxy group, an optionally substituted Cj-ip
cycloalkyl group, an optionally substituted C644\aryt group, an
optionally substituted amino group, an optionally substituted
aromatic heterocyclic group or an optionally substituted non-
aromatic heterocyclic group; or
(2) an optionally substituted 5- or 6é-membered aromatic ring
group; , _
R?® is a Ci¢ alkyl group dptionally substituted by 1 to 7
halogen atoms, or a Cs.g cycloalkyl group;
R and R® are independently a hydrogen atom or a fluorine
atom; ‘ ‘
X is 0, CO, CR®R® wherein R and R® is as defined above, NR>®
wherein R is as defined above, S, SO, or S(O)2;
ring A is benzene, pyridine, pyrazole,»oxazble, isoxazolé,
thiazole, isothiazole, oxadiazole or thiadiazole, each of
which is optionally substituted by

(1) a halogen atom (e.g., a fluorine atom, a chlorine

-atom); or

(2) a Ci-¢ alkyl group (e.g., methyl) optionally substituted

by 1 to 3 halogen atoms;
ring P and ring Q are fused to form

[0188]
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5 each of which is optionally substituted by 1 to 4 substituents
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selected from :

(1) a halogen atom (e.g., a fluorine atom, a chlorine atom),
(2) a Ci¢ alkyl group optionally substituted by halogen
atom(s) (e.g., methyl, trifluoromethyl), and '
(3) a Cs-¢ cycloalkyl group (e.g., cyclopropyl) optiocnally
substituted by halogén atom(s); and
R® is | |
(1) a Ci-¢ alkyl group optionally substituted by 1 to 3
substituents selected from
(a) a'halogen atom, and
.(b) a Cs-¢ cycloalkyl group opticnally substituted by 1 to 3
halogen atoms; or , ,
(2) a Csz-¢ cycloalkyl group (e.g., cyclopropyl).
[0191]
ICompound B-2]
Compound (I) wherein
R! is .
(1) a group represented by the formula: -COR?
wherein
R? is
(a) a Ci-¢ alkyl group (e.g., methyl, ethyl, propyl, butyl,
isobutyl, isopentyl) optionally substituted by 1 to 3
substituents selected from
(i)‘an amino group,
(ii) a carboxy group,
(1ii) a Ci-s¢ alkoxy-carbonyl group (e.g., methoxycarbonyl,
ethoxycarbonyl),
(iv) a Ce-14 aryl group (e.g., phenyl), and
(v) a Ci-¢ alkoxy group (e.g., methoxy);
(b) a Ci-¢ alkoxy group (e.g., methoxy, tert-butoxy):;
(c) an amino group optionally mono- or di-substituted by
substituent (s) selected from
(1) a Ci-¢ alkyl group (e.g., methyl, ethyl, propyl,
isopropyl) optionally substituted by 1 to 3 Cg14 aryl
groups (e.g., phenyl), |
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or

(2) a

(ii) a Cg-14 aryl group (e.g., phenyl),

(iii) a Cs-10 cycloalkyl group (e.g., cyclopentyl,
cyclohexyl), | '

(iv) a Ci-¢ alkylsulfonyl group (e.g., methylsulfonyl),
and |

(v) an aromatic heterocyclic group (e.g., pyridyl)
optionally substituted by 1 to 3 Cj¢ alkyl groups (e.g.,
methyl);

the like; or

5-membered aromatic heterocyclic group (e.g., pyrazolyl,

oxazolyl, isoxazolyl, thiazolyl, isothiazolYl, thiadiazolyl)

or phenyl, each of which is optionally substituted by 1 to 3

substituents selected from (i) a halogen atom and (ii) a Cie

alkyl

group;

R® is a Cig alkyl group optionally substituted by 1 to 7

halogen atoms, or a Cs4 cycloalkyl group;

R*® and R* are independently a hydrogen atom or a fluorine

atom;

X is O or CHjy; -

ring A is benzene, pyridine, pyrazole, oxazole, isoxazole,

thiazole, isothiazole, oxadiazole or thiadiazole, each of

which
(1)

is optionally substituted by

a halogen atom (é.g., a fluorine atom, a chlorine

atom); or

(2)
by

a Ci-¢ alkyl group (e.g., methyl) optionally substituted

1 to 3 halogen atoms;

ring P and ring Q are fused to form

[0192]
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5 each of which is optionally substituted by 1 to 4 substituents
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(1) a halogen atom (e.g., a fluorine atom),

(2) a Cij-¢ alkyl group optionally substituted by halogen

atom(s) (e.g., methyl, trifluoromethyl), and

(3) a Cs_g cycloalkyl group

(e.g., cyclopropyl) optionally

substituted by halogen atom(s); and

R® is

(1) a Ci-¢ alkyl group optionally substituted by 1 to 3

substituents selec

(a) a halogen a

(b) a Cs_¢ cycloalkyl group optionally substituted by 1 to 3

halogen atoms;

ted»from

tom, and

or

(2) a Cs-¢ cycloalkyl group (e.g., cyclopropyi).

[0195]
[Compound C-2]
Compound (I)

R! is

wherein

(1) a group represented by the formula: -COR?

wherein

R? is

(a) a Ci-¢ alkyl group (e.g., methyl, ethyl, propyl, butyl,

isobutyl, isope

ntyl);

(b} a Ci-g alkoxy group (e.g., methoxy, tert—butoxy);

(c) an amino group optionally mono- or di-substituted by Ci-s

alkyl group(s)

or the like; or

(e.g., methyl,

ethyl, propyl, isopropyl):

(2) a 5-membered aromatic heterocyclic group (e.g., pyrazolyl,

oxazolyl, isoxazol

yl, thiazolyl,

isothiazolyl, thiadiazolyl)

optionally substituted by 1 to 3 Substituents sélected from a

Ci-¢ alkyl group;

R® is a Ci¢ alkyl group optionally substituted by 1 to 7

halogen atoms, or a Ciz-¢ cycloalkyl group;

_R4a and R* are independently a hydrogen atom or a fluorine

- atom;

X is O or CHj;
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ring A is benzene, pyridine, pyrazole, oxazole, isoxazole,

thiazole, isothiazole, oxadiazole or thiadiazole, each of
which is optionally substituted'by
(1) a halogen atom (e.g., a fluorine atom, a chlorine
atom); or :
(2) a Ci-¢ alkyl group (e.g., methyl) optionally substituted
by 1 to 3 halogen atoms;
ring P and ring Q are fused to form

[0196]

- - 0 -
- O O~ O0-

[0197]
each of which is optionally substituted by 1 to 4 substituents
selected from '
(1) a halogen atom (e.g., a fluorine atom),
(2) a Ci-¢ alkyl group optidhally substituted by halogen
atom(s) (e.g., methyl, trifluoromethyl), and
(3) a Cz-¢ cycloalkyl group (e.g., cyclopropyl) optionally
substituted by halogen atom(s); and
R is
(1)- a Ci-¢ alkyl group optionally substituted by 1 to 3
substituents selected from

(a) a halogen atom, and
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(b) a Csz-¢ cycloalkyl group optionally substituted by 'l to 3
haldgen atoms; or A

(2) a Cs_¢ cycloalkyl group (e.g., cyclopropyl).

[0198]

[Compound A-3]

Compound (1) whérein

R! is

(1) a group represented by the formula: ~COR? wherein R? is an
optionally substituted.C;-s alkyl group, an optiocnally
substituted CL@ alkoxy group, an optionally substituted Cs.ig
cycloalkyl group, an optionally substituted Cg.14 aryl group, an
optionally substituted amino group, an optionally substituted
aromatic heterocyclic group or an optionally substituted non-
aromatic heterocyclic group; or ‘
(2) an optionally substituted 5- or 6-membered aromatic ring
group
{(preferably
(1) a group represented by the formula: -COR?
wherein
R? is
(a) a Ci-g alkyl group (e.g., methyl, ethyl, propyl, butyl,
isobutyl, isopentyl) optionally substituted by 1 to 3
substituents selected from
(i) an amino group,
(ii) a carboxy group,
(iii) a Ci-¢ alkoxy-carbonyl group (e.g., methoxyCarbonyl,
ethoxycarbonyl),
(iv) a Cg-14 aryl group (e.g., phenyl),
(v) a.CLG alkoxy group (e.g., methoxy), and
(vi) a halogen atom (e.g., a fluorine atom);
(b) a Ci-¢ alkoxy group (e.g., methoxy, tert-butoxy):;
(c) a Csz-190 cycloalkyl group (e.g., cyclopropyl,
cyclopentyl);
(d) a Cg-14 aryl group (e.g., phenyl);

(e) an amino group optionally mono- or di-substituted by
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substituent (s) selected from

(i) a Ci-¢ alkyl group (e.g., methyl, ethyl, propyl,
isopropyl) optionally substituted by 1 to 3 Cg-14 aryl
groups (e.g., phenyl), |
5 (ii) a Cg-14 aryl group (e.g., phenyl),
(iii) a Cs-10 cycloalkyl group (e.g., cyclopentyl,
cyclohexyl), |
(iv) a Ci-¢ alkylsulfonyl group (e.g., methylsulfohyl),
and
10 (v) an aromatic heterocyclic group (e.g., pyridyl)
optionally substituted by 1 to 3 Ci¢ alkyl groups (e.g.,
methyl) ; '
(f) an aromatic heterocyclic group (e.g., furyl, pyrazolyl,
pyridyl, isoxazolyl, thiazolyl) optionally substituted by 1
15 to 3 substituents selected from a C;-¢ alkyl group optiocnally
substituted by 1 to 3 halogen atoms (e.g., a fluorine
atom) ; | |
{(g) a non-aromatic heterocyclic group (e.g.,
tetrahydropyranyl);
20 or the like; or
(2) a S-membered aromatic heterocyclic group (e.g., pyrazolyl}
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, thiadiazolyl,
preferably isoxazolyl) or phenyl, each of which is optionally
substituted by‘l to 3 substituents selected from
25 (1) a Ci-¢ alkyl-carbonyl group optionally substituted by 1
-to 3 halogen atoms;
(ii) a Ci-¢ alkoxy-carbonyl group optionally substituted by 1
to 3 substituents selected from
_ (a) a halogen atom,
30 (b) a Ci-¢ alkoxy group, and
(c) a Ce-14 aryl group (e.g., phenyl);
(iii) a carbamoyl group optionally mono- or di~substituted
by Ci-s alkyl group(s) optionally substituted by 1 to 3
halogen atoms;

35 (iv) a carboxy grbup;
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(v)

(vi)

PCT/JP2011/078010

a hydroxy group;

a halogen atom; and

(vii) a Ci_¢ alkyl group‘optionally substituted by 1 to 3

substituents selected from

(e)

a

a

a

a

a

halogen atom,-
carboxy group,
hydroxy group,
Ci-¢ alkoxy-carbonyl group, and

Ci-¢ alkoxy group):;

R® is a Ci¢ alkyl group optionally substituted by 1 to 7

halogen atoms, or a Cs.¢ cycloalkyl group;

R* and R* are independently a hydrogen atom or a fluorine

atom;

X is 0, CO, CR*R® wherein R*® and R*® is as defined above, NR°C

wherein R’ is as defined above, S, SO, or S(0O).:

ring A is benzene, 6ptionally oxidized pyridine, pyrimidine,

pyrazole,

oxazole, isoxazole, thiazole, isothiazole,

oxadiazole or thiadiazole, each of which is optiocnally

substituted by 1 to 3 substituents selected from

(1) a halogen atom (e.g., a fluorine atom, a chlorine atom),

(2)

a Ci_g alkyl group (e.g., methyl) optiocnally substituted

by 1 to 3 halogen atoms,

(3)
(4)

a Ci-g alkoxy group (e.g., methoxy), and

a Cs-13 aralkyl group (e.g., benzyl);

ring P and ring Q are fused to form

[0199]

77



WO 2012/074126 PCT/JP2011/078010

0 d S S
N\ ’ N\ /O:N\ \@N\ |
/©:0>\ \©:0>\ | s>\ 's>\
H | |
N ~H N N |
\ A\ N\
Jos e s Nes nget
N N N _N N _N
~ N\ Z N\ Z \ hd \
- U~ 0~ U~
./)N N\ : //N N '//N N //N H
\ \
Jes e U¢ s ¢ o
ZINN ZINN /@\/\N =
/Q*N% N \N>\ =N @:«N\
Z TN\ //Iii:ji\\\ Z >N 7N

[0200]

78



10

15

20

25

WO 2012/074126 PCT/JP2011/078010 .

[0201] _ ‘
each of which is optionally substituted by 1 to 4 substituents
selected from - | |
(1) a halogen étom (e.g.,.a fluorine atom, a chlorine atom,
a bromine atom),
(2) a Ci-¢ alkyl group (e.g., methyl) optionally substituted
by 1 to 3 halogen atoms (e.g., a fluorine atom),
(3) a Cs_¢ cycloalkyl group (e.g., cyclopropyl) optionally ‘
substituted by 1 to 3 halogen atoms (e.g., a fluorine atom),
and

(4) a cyano group; and

- R® is

(1) a Ci-¢ alkyl group (e.g., methyl, ethyl, propyl, isopropyl,
butyl) optionally substituted by 1 to 3 substituents selected
from
(a) a halogen atom (e.g., a fluorine atom), and
(b) a Ciz-g cycloalkyl group (e.g., cyclopropyl, cyclobutyl)
optionally substituted by 1 to 3 halogen atoms (e.g., a
fluorine atom); or
(2) a Cs-¢ cycloalkyl group (e.g., cyclopropyl).
[0202] |
[Compound B-3]
Compound (I) wherein
R' is
(1) a group represented by the formula: -COR? wherein R? is an

optionally substituted Ci-¢ alkyl group, an optionally
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substituted Cj;-¢ alkoxy group or an optionally substituted amino

group; or »
(2) an optionally substituted.S— or 6-membered aromatic ring
group ' -
5 (preferably
" (1) a group represented by the formula: —COR?
wherein '
R? is
(a) a Ci_g alkyl group (e.g., methyl, ethyl, propyl, butyl,
10 isobutyi, isopentyl) optionally substituted by 1 to 3
substituents selected from
(i) an amino group,
(ii) a carboxy group,
(iii) a Ci-¢ alkoxy-carbonyl group (e.g., methoxycarbonyl,
15 ethoxycarbonyl),
(iv) a Cg-14 aryl group (e.g., phenyi>,;
(v) a Ci-¢ alkoxy group (e.g., methoxy), and
(vi) a halogen atom (e.g., a fluorine atom);
(b) a Cpﬁ'alkoxy group (e.g., methoxy, tert-butoxy);
20 (c) an amino group optionally mono- or di-substituted by
substituent (s) selected from V
(i) a Ci-¢ alkyl group (e.g., methyl, ethyl, propyl,
isopropyl) optionally substituted by 1 to 3 Ce-14 aryl
groups (e.g., phenyl),
25 v(ii) a Cg-14 aryl group (e.g., phenyl),
(iii) a Cs-1p cycloalkyl group (e.g., cyclopentyl,
cyclohexyl), ‘
(iv) a Ci-g aikylsulfonyl group f{(e.g., methylsulfonyl),
, and
30 (v) an aromatic heterocyclic group (e.g., pyridyl)
optionally substituted by 1 to 3 C;_s alkyl groups (e.g.,
methyl);
or the like; or
(2) a 5-membered aromatic heterocyclic group (e.g., pyrazolyl,

35 oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, thiadiazolyl,
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preferably isoxazolyl) or phenyl, each of which is optionally
substituted by 1 to 3 substituents selected from (i)-'a halogen
atom and (ii) a Ci-¢ alkyl grbup); _
R® is ‘a Cy_¢ alkyl group optionally substituted by 1 to 7
halcgen atoms, or a'C}é cycloalkyl group:;
R* and R* are independently a hydrogen atom or a fluorine
atom;
X-is 0O, CO or CHjy;
ring A is benzehe, optionally oxidized pyridine, pyrimidine,
pyrazole, isoxazole or oxadiazole, each of which is optionally
substituted by 1 to 3 substituents selected frbm
(1) a halbgen atom (e.g., a fluorine atom, a chlorine atom),
(2) a Ci¢ alkyl group (e.g., methyl) optionally substituted
by 1 to 3-halogen atoms,
(3) a Ci-¢ alkoxy group (e.g., methoxy), and’
(4) a Cy-13 aralkyl group (e.g., benzyl);
fing P and ring Q are fused to form

[0203]

N
N
m m O~ -
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N\ N\
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[0204]
[0205]
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each of which is optionally substituted by 1 to 4 substituents

selected from :
(1) a halogen atom (e.g., a fluorine atom, a-chlorine'atom,' 
a bromine atom), 7
(2) a CL@ alkyl group (e.g., methyl) optionally substitutedv
by 1 to 3 halogen atoms (e.g., a fluorine atom),
(3) a Cs-6 cycloalkylrgroup (e.g., cyclopropyl) optionaily
substituted by 1 to 3 halogen atoms (e.g., a fluorine atom),
and
(4) a cyano group; and
R® is" | _ _ ’
(1) a Ci¢ alkyl group (e.g., methyi, ethyl, propyl, isopropyl,
butyl) optionally substituted by 1 to 3 substituents selected
from ‘ |
(a) a halogen atom (e.g., a fluorine atom), and
(b) a Cs-¢ cycloalkyl group (e.g., cyclopropyl, cyclobutyl)
optionally substituted byl to 3 halogen atoms (e.g., a
fluorine atom); or
(2) a Cs.g cycloalkyl group (e.g., cyclopropyl) .
[0206]
[Compound C-3]
Compound (I) wherein
R! is
(1) a group represented by the formula: -COR?
wherein
R® is
(a) Ci-¢ alkyl group (e.g., methyl, ethyl, propyl, butyl,
isobutyl, isopentyl) optionally substituted by 1 to 3
halogen atoms (e.g., a fluorine atom);
(b) a Ci—¢ alkoxy group (e.g., methoxy, tert-butoxy):
(c) an amino group optionally mono- or di-substituted by Ci-¢
alkyl group(s) (e.g., methyl, ethyl, propyl, isopropyl):
or the like; _
R® is a Ci-¢ alkyl group optionally substituted by 1 to 7

halogen atoms;
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R*® and R* are independently a hydrogen atom;

X is O, CO or CHy; ‘
ring A is benzene, optionally oxidized pyridine, pyrimidine,
pyrazole or isoxazole, each of which is optionally substituted
5 by 1 to 3 substituents selected from |
(1) a halogen atbm (e.g., a fluorine atom, a chlorine atom), .
(2) a Ci-¢ alkyl group (e.g., methyl) optionally substituted
by 1 to 3 halogen atoms, }
(3) a Ci-6 alkoxy,g:oupv(e.g., methoxy), and
10 (4) a Cq-13 aralkyl group (e.g., benzyl);
ring P and ring Q are fused to'form_

[02071]
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[0208]
15 each of which is optionally substituted by 1 to 4 substituents
selected from
(1) a halogen atom (e.g., a fluorine atoﬁ, a chlorine atom,
a bromine atom),
(2) a Ci-¢ alkyl group (e.g., methyl) optionally substituted
20 by 1 to 3 halogen étoms (e.g., a fluorine atom),
(3) a Cs-¢ cycloalkyl group (e.g., cyclopropyl) optionally
substituted by 1 to 3 halogen atoms (e.g., a flﬁorine atom),
and

(4) a cyano group; and
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R® is a Ci-¢ alkyl group (e.g., methyl, ethyl, propyl, ‘isopropyl,

butyl) optionally substituted by 1 to 3 substituents selected
from ’ '
(a) a halogen atom (e.g., a fluorine atom), and
(b) a Cs-¢ cycloalkyl group (e.g., cyclopropyl, Cyclobutyl)
optionally substituted by 1 to 3 halogen atoms (e.g., a
fluorine atom).
[0209]
[Compound D-3] . _
N—[(1S)—2—({6—[6—(cyclopropylmethoxy)—1,3fbenioxazol—2—
yllpyridin-3-yl}loxy)-1l-methylethyl]acetamide or a salt thereof.
N—[(1S)—2—({6—[6—(cyclopropylmethoxy)—1;3—benzoxazol—2~yl]—5—
fluoropyridin-3-ylloxy)-1l-methylethyl]acetamide or a salt
thereof. '
N—[(lS)—2—{[6—(6—ethoxy—1,3—benzoXazol—2—yl)pyridin—3—yl]oxy}—
l-methylethyl]acetamide or a salt thereof.
[0210] }

A salt of the compound represented by the formula (I) is
preferably a pharﬁacologically acceptable salt. Examples of
such salt include salts with inorganic base, salts with
organic base, salts with inorganic acid, salts with organic
acid, salts-with basic or acidic amino acid, and the like.
[0211]

Preferable examples of the salt with inorganic base
include alkali metal salts such as sodium salt,vpotassium salt
and the like; alkaline earth metal salts suéh as calcium salt,
magnesium salt and the like; aluminum salt; ammonium salt and
the like.

[0212]

Preferable eXémples of the salt with drganic base include
salts with trimethylamine, triethylamine, pyridine, picoline,
ethanolamine, diethanclamine, triethanolamine,
‘tromethamine[trié(hYdroxymethyl)methylamihe], tert-butylamine,

cyclohexylamine, benzylamine, dicyclohexylamine, N,N-

dibenzylethylenediamine and the like.
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[0213]

Preferable examples of the salt with inorganic acid
include salts with hydrochloric acid, hydrobromic acid, nitric
acid, sulfuric acid, phosphotic acid and the like.

[0214]

Preferable examples of the salt with organic acid include

salts with formic acid, acetic acid,'trifluoroacetic acid,
phthalic acid, fumaric acid; oxalic acid, tartaric acid,
maleic acid, citric acid, succinic acid, malic acid,
methanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic
acid and the like. |

[0215]

Preferable examples of the salt with basic amino acid
include salts with arginine, lysine, ornithine and the like.
[0216] |

Preferable examples of the salt with acidic amino acid
include salts with aspartic acid, glutamic acid and the like.
[0217] |

A prodrug of compound (I) means a compound which is

converted to compound (I) with a reaction due to an enzyme, an

gastric acid, etc. under the physiological condition in the
living body, that is, a compound which is converted to
compound (I) by oxidation, reduction, hydrolysis, etc. due to
én enzyme; a compound which is converted to compound (I) by
hydrolysis etc. due to gastric acid, etc.

[0218] , | ]
Examples of the prodrug of compound (I) include a
compound obtained by subjecting an amino group in compound (I)

to an acylation, alkylation or phosphorylation (e.g., a
compound obtained by subjecting an amino group in compound (I)
to an eicosanoylation, alanylation,‘pentylaminocarbonylation,
(5—methyl—2—oxo—1,3—dioxolén—4—yl)methoxycarbonylation,
tetrahydrofuranylation, pyrrolidylmethylation,
pivaloyloxymethylation or tert-butylation); a compound

obtained by subjecting a hydroxy group in compound (I) to an
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acylation, alkylation, phosphorylation or boration (e.g., a

compound obtained by subjecting a hydroxy group in compound
(I) to an acetylation, palmitoylation, propanoylation,
pivaloylation, succinylation, fumarylation, alanylation or
dimethylaminomethylcarbonylation):; a compound obtained by
subjecting a carboxy group in compound (I) to .an
esterification or amidation (e.g., a compound obtained by
subjecting a carboxy group in compound (I) to an ethYl
esterification, phenyl esterification, carboxymethyl
esterification, dimethylaminomethyl esterification,
pivaloyloxymethylbesterification, ethoxycarbonyloxyethyl
esterification, phthalidyl esterification, (5-methyl-2-oxo-
-1,3-dioxolen-4-yl)methyl esterification, |
cyclohexyloxycarbonylethyl esterification or methyl amidation
etc.) and the like. These compounds can be produced from
COmpound (I) according to a method known per se.

[0219]

A prodrug for compound (I) may also be one which is
converted to compound (I) under a physiological condition,
such as those described in IYAKUHIN no KATIHATSU, Development
of Pharmaceuticals, Voi. 7, Design of Molecules, p. 163-198,
‘Published by HIROKAWA SHOTEN, 1990.

In the present specification, a prodrug may be in the
form of a salt. Examples of the salt include those exemplified
as the salt of the compound represented by the aforementioned
formula (I).

[0220]
Compound (I) may be labeled with an isotope (e.g., °H, *C,
Yc, 8, 3°s, '*°I) and the like.

Compound (I) may be a hydrate or a non-hydrate, and a
solvate or a non-solvate.

Compound (I) also encompasses a deuterium conversion form
wherein H is converted to 2H(D). _ '

Compound (I) may be a pharmaceutically acceptable

cocrystal or cocrystal salt. Here, the cocrystal or cocrystal
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salt means a crystalline substance cbnsisting of two or more
particular substances which are solids at room'temperature,
each having different physidal properties (e.g., structure,
melting point, heat of melting, hygroscopicity, solubility,
stability etc.). The cocrystal and cocrystal salt can be
produced by cocrystallization known per se.

[0221]

Compound (I) or a prodrug thereof (hereinafter sometimes
to be abbreviated simply as the compound of the present
invention) has low toxicity, and can be used as an agent for
the prophylaxis or treatment of various diseases mentioned
below in a mammal (e.g., human, mouse, rat, rabbit, dog, cat,
bovine, horse, swine, monkey) directly or in the form of a
pharmaceutical composition by admixing with a
pharmacolégically acceptable carrier and the like.

[0222] |

Here, examples of the pharmacologically acceptable

carrier include various organic or inorganic carrier

substances conventionaliy used as preparation materials, which
are added as excipient, lubricant, binder or disintegrant for
solid preparations; as solvent, solubilizing agent, suspending
agent, isotoniéity agent, buffer or soothing agent for liquid
preparation, and the like. Where necessary, preparation
additiﬁes such as preservative, antioxidant, colorant,
sweetener and the like can alsovbe used.

[0223]

Preferable examples of the excipient include lactose,
subrose, D-mannitol, D-sorbitol, starch, pregelatinized starch,
dextrin} crystalline cellulcse, low-substituted
hydroxypropylcellulose, sodium carboxymethylcellulose, gum
arabic, pullulan, light anhydrous silicic acid, synthetic
aluminum silicate and magnesium aluminometasilicate.

[0224]
Preferable examples of the lubricant include magnesium

stearate, calcium stearate, talc and colloidal silica.
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[0225] ,

Preferable examples of the binder include pregelatinized
starch, sucrose, gelatin, gum arabic, methylcellulose,
carboxymethylcellulose, sodium carboxymethylcellulose,
crystalline cellulose, sucrose, D—mannito;, trehalése, dextrin,
pullulan, . hydroxypropylcellulose, hydroxypropylmethylcellulose
and polyvinylpyrrolidone, ' ' -

[0226]

Preferable examples of the disintegrant include lactose,
sucrose, starch, carboxymethylcellulose, calcium
carboxymethylcellulose, sodium croscarmellose, sodium
carboxymethylstarch, light anhydrous silicic acid and low-
.substituted hydroxypropylcellulose.

[0227]

Preferable examples of the solvent include water for
injection, physiolggical brine, Ringer’s solution, alcohol,
propylene glycol, polyethylene glycol, sesame oil, corn oil,
olive oil and cottonseed oil.

[0228] |

Preferable examples of the sclubilizing agent include
polyethylene .glycol, propylene glycol, D-mannitol, trehalose,
benzyl benzoate, ethénol, trisaminomethane, cholesterol,
triethanolamine, sodium carbonate, sodium citrate, sodium
salicylate and sodium acetate.

1 [0229]

Preferable examples of the suspending agent include
surfactants such as stearyltriethanolamine, sodium lauryl
sulfate, lauryl aminopropionic acid, lecithin, benzalkonium
chloride, benzethonium chloride, glyceryl monostearate and the
like; hydrophilic polymers such as polyvinyl alcohol,
polyvinylpyrrolidone, sodium cérboxymethylcellulose,
methylcellulose, hydroxymethylcellulose, hydroxyethylcelluiose,
hydroxypropylcellulose and the like; polysorbates and
polyoxyethylene hydrogenated castor oil.

. [0230]
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Preferable examples of the isotonicity agent include
sodium chloride, glycerol; D-mannitol, D—sorbitol and glucose.
[0231]

Preferable examples of the buffer include buffers such as
phosphate, acetate, carbonate, citrate and the like.

Preferable examples of the soothing agent include benzyl
alcohol.

[0232] _

Preferable examples of the preservative include
paraoxybenzoates, chlorobutanol, benzyl alcohol, phenethyl
alcohol, dehydroacetic acid and sorbic acid.

Preferable examples of the antioxidant include snlfite,
ascorbate and the like.

[0233] o

Preferable examples of the colorant include aqueous fdod
tar colors (e.g., food colors such as Food Red No. 2 and No. 3,
Food Yellow No. 4 and No. 5, Food Blue No. 1 and No. 2, etc.),
water insoluble lake dye (e.g., aluminum salt of the above-
mentioned aqueous food tar color) and natural dye (e.g., B-
carotene, chlorophyll, ferric oxide red). |
[0234]

Prefefable examples of the sweetening agent include
sodium saccharin, dipotassium-glycyrrhizinate, aspartame and
stevia. '

[0235]

The medicament containing the compound of the present
invention can be safely administered solely or by mixing with
a pharmacologically acceptable carrier according to a method
known per se (e.g., the method described in the Japanese
Pharmacopoeia etc.) as the produétion method of a -

pharmaceutical preparation, and in the form of, for example,

.tablet (including sugar-coated tablet, film-coated tablet,

sublingual tablet, orally disintegrating tablet, buccal and
the like), pill, powder, granule, capsule (including soft

capsule, microcapsule), troche, syrup, liquid, emulsion,
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suspension, release control preparation (e.g., immediate-
releése preparation, sustaihed—release-preparation, sustained-
release microcapsule), aerosol, film (e.g., orally
disintegrating film, oral mucosa-adhesive film), injection'
(e.g., subcutaneous injection, intravenoué injection,
intramuscular injection, intraperitoneal injection), drip
infusion, transdermal absorption type preparation, ointment,
lotion, adhesive preparation, suppository (e.g., rectal
suppository, vaginal suppository),.péllet, nasal preparation,
pulmonary preparation (inhalant), eye drop and the like, |
orally or parenterally (e.g., intravenous, intramuscular,
subcutaneous, intraorgan, intranasal, intradermal,
instillation, intracerebral, intrarectal, intravaginal,
intraperitoneal and intratumor administrations, administration
to the vicinity of tumor, and direct administration to the
lesion). '

[0236]

A pharmaceutical composition can be produced by a method
conventibnally used in the technical field of‘pharmaceutical
preparation, for example, the method described in the Japanese
Pharmacopoeia and the like.

[0237] |

While the content of the compound of the present
invention in the pharmaceutical composition varies depending
on the dosage form, dose of the compound of the present
invention, and the like, it is, for example, about 0.1 to 100
wts.

[0238]

During production of an oral preparation, coating may be
applied as necessary for the purpose of masking of taste,
enteric property or durability.

10239] .

Examples of the coating base to be used for coating

include sugar coating base, aqueous film coating base, enteric

film coating base and sustained-release film coating base.
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[0240] : :

As the sugar coating base, sucrose is used. Moreover,
one or more kinds selected from talc, precipitated célcium ,
carbonate, gelatin, gum arabic, pullulan, carnauba wax and the
like may be used in combination.

[0241] B _

Examples of the aqueous film coating base include.
cellulose polymers such as hydroxypropyl cellulose,
hydroxypropylmethyl cellulose, hydroxyethyl cellulose,
methylhydroxyethyl cellulose etc.; synthetic polymers such as
polyvinylacetal diethylaminocacetate, aminoalkyl methacrylate
copolymér E [Eudragit E (trade name)], polyvinylpyrrolidone
etc.; and polysaccharides such as pullulan etc.

[0242] '

| Examples of the enteric film coating base include
cellulose polymers such as hydroxypropylmethyl cellulose
phthalate, hydroxypropylmethyl cellulose acetate succinate,
carboxymethylethyl cellulose, cellulose acetate phthalate
etc;; acrylic polymers such as methacrylic écid copolymer L
[Eudragit L (trade name)], methacrylic acid copoclymer LD
- [Eudragit L-30D55 (trade name)], methacrylic écid copolymer S
[Eudragit S (trade name)] etc.; and naturally occurring
substances such as shellac etc.

[0243] .

Examples of the sustained-release film coating base
include cellulose polymers such as ethyl cellulose etc.; and
acrylic polymers such as aminocalkyl methacrylate copolymer RS
[Eudragit RS (trade hame)], ethyl acrylate-methyl methacrylate
copolymer suspension [Eudragit NE (trade name) ] etc.

[0244] |

The above-mentioned coating bases may be used after
mixing with two or more kinds thereof at appropriate ratios.
For coating, for example, a light shielding agent such as
titanium oxide, red ferric oxide and the like can be used.

[0245]
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The compound of the present invention shows low toxicity

(e.g., acute toxicity, chronic toxicity, genetic toxicity,
reproductive toxicity, pneumotoxicity, carcinogenicity and the
like) and a few side effects. Therefore, it can be used as an
agent for the prophylaxis or treatment or a diagnostic of
various diseases in a mammal (e.g., human, bovine, horse, dog,
cat, monkey, mousé, rat).

10246] | |

The compound of the present invention has a superior ACC
(acetyl-CoA carboxylase) inhibitory action. Examples of ACC
include liver, adipose tissue, pancreas-specific isozyme
(ACCl); and muscle specific isozyme (ACC2).

The compound of the present invention has ACC2
selectivity.- Particularly, the compounds of Examples of the
present invention have high ACC2 selectivity.

The compound of the present invention is superior in the:
metabolism stability and has advantages such as long half-life
of compound, difficult in vivo metabolism and the like.

Moreover, the compound of the present invention is
superior in the in vivo kinetics (e.g., oral absorbability,
bioavailability) . | |
[0247]

The compound of the present invention can be used as an
agent for the prophylaxis or treatment of obesity, diabetes
(e.g., type 1 diabetes, type 2 diabetes, gestational diabetes,
obese diabetes), hyperlipidemia (e.g., hypertriglyceridemia,
hypercholésterolemia, high LDL-cholestercolemia, hypoHDL-emia,
postprandial hyperlipemia), hypertension, cardiac failure,
diabetic complications [e.g., neuropathy, nephropathy,
retinopathy, diabetic cardiomyopathy, cataract,
macroangiopathy, osteopenia, hyperosmolar diabetic coma,
infections (e.g., respiratory infection, urinary tract
infection, gastrointestinal infection, dermal soft tissue
infections, inferior limb infection), diabetic gangrene,

xerostomia, hypacusis, cerebrovascular disorder, peripheral
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blood circulation disorder], metabolic syndrome (pathology

having thrée or more selected from hypertriglyceridemia (TG),
low HDL cholesterol (HDL-C), hypertension, abdomen obesity and
impéired glucose tolerance), sarcopenia, cancer and the like.
[0248]

For diagnostic criteria of diabetes, Japan Diabetes
Society reported diagnostic criteria in 1999.

[0249] _

According to this report, diabetes is a condition showing
any of a fasting blood glucose level (glucose concentration of
intravenous plasma) of not less than 126 mg/dl, a 75 g oral
glucose tolerance test (75 g OGTT) 2 hr level (glucose
concentration of intravenous plasma) of not less than 200
mg/dl, and a non-fasting blood glucose level (glucose
concentration of intravenous plasma) of hot less than 200
mg/dl. A condition not falling under the above-mentioned
diabetes and different from “a condition showihg a fasting
blood glucose level (glucose concentration of intravenous
plasma) of less than 110 mg/dl or a 75 g oral glucose
tolerance test (75 g OGTT) 2 hr level (glucose concentration
of intravenous plasma) of less than 140 mg/dl” (normal type)
is called a “borderline type”.

[0250] ' ,

In addition, ADA (American Diabetes Association) in 1997
and WHO in 1998 reported new diagnostic criteria of diabetes.
[0251] |

According to these reports, diabetes is a condition
showing a fasting blood glucose level (glucose concentration
of intravenous plasma) of not less than 126 mg/dl and a 75 g
oral glucose tolerance test 2 hr level (glucose concentration-
of intravenous plasma) of not less than 200 mg/dl.

[0252]

According to the above-mentioned reports, impaired

glucose tolerance is a condition showing fasting blood sugar

level (glucose concentration of intravenous plasma) of less
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than 126 mg/dl and a 75 g oral glucose tolerance test 2 hr
level (glucose concentration of intravenous plasma) of not

less than 140 mg/dl and less than 200 mg/dl. According to the

report of ADA, a condition showing a fasting blood glucose

level (glucose concentration of intravenous plasma) of not
less than 110 mg/dl and less than 126 mg/dl is called IFG
(Impaired Fasting Glucose). According to the report of WHO,
among the IFG (Impaired Fasting Glucose), a condition showing
a 75g oral glucose tolerance test 2 hr level (glucose
concentration of intravenous plasma) of less than 140 mg/dl is
called IFG (Impaired Fasting Glycemia).

[0253] _

The compound of the present invention can be also used as
an agent for the prophylaxis or treatment of diabetes,
borderline type, impaired glucose tolerance, IFG (Impaired
Fasting Glucose) and IFG (Impaired Fasting Glycemia), as
determined according to the above-mentioned diégnostic
criteria. Moreover, the compound of the present invention can
prevent progress of borderline type, impaired glucose
tolerancé,_IFG (Impaired Fasting Glucose) or IFG (Impaired
Fasting Glycemia) into diabetes.

[0254]

Since the compound of the present invention has an
activity of inhibiting body weight gain, it can be used as a
body weight gain inhibitor to mammals. Target mammals may be any
mammals of which body weight gain is to be avoided. The mammals
may have a risk of body weight gain genetically or may be
suffering from lifestyle-related diseases such as diabetes,
hypertension and/or hyperlipidemia and the like. The body weight
gain may be caused by excessive feeding or diet without nutrient
balance, or may be derived from concomitant drug (e.g., agents
for enhancing insulin sensitivity having PPARy-agonistic activity
such as troglitazone, rosiglitazone, englitazone, ciglitazone,
pioglitazone and the like). In addition, body weight gain may be

preliminary to obesity, or may be body weight gain of obesity
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patients. Here, obesity is defined that BMI (body mass index;

body weight (kg)/[height (m)]z) is not less than 25 for Japanese
(criterion by Japan Society for the Study of Obesity), or not
less than 30 for westerner (criterion by WHO). |
[0255] |

The compound (I) is also useful as an agent for the
prophylaxis or treatment of metabolic syndrome. Because
patients with metabolic‘syndrome have an extreme high
incidence of cardiovascular diseases as compared to patients
with single lifestyle-related disease, the prophylaxis or
treatment of metabolic syndrome is quite important to prevent
cardiovascular diseases.

Criteria for diagnosis of metabolic syndrome are
announced by WHO in 1999, and by NCEP in 2001. According to
the criterion of WHO, patients with at least two of abdominal
obesity, dyslipidemia (high TG or low HDL) and hypertension in
addition to hyperinsulinemia or impaired glucose tolerance are
diagnosed as metabolic syndrome (World Health Organization:
Definition, Diagnosis and Classification of Diabetes Mellitus
and Its Complications. Part I: Diagnosis and Classification of
Diabetes Mellitus, World Health Organizétion, Geneva, 1999) .
According to the criterion of Adult Treatment Panel III of
National Cholesterol Education Program, that is-én indicator
for managing ischemic heart diseases in America, patients with
at least three of abdominal obesity, high triglycerides, low
HDL cholesterol, hypertension and impaired glucose tolerance
are diagnosed as metabolic syndrome (National Cholesterol
Education Program: Executive Summary of the Third Report of
National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol
in Adults (Adults Treatment Panel III). The Journal of the
American Medical Association, Vol. 285, 2486-2497, 2001).
[0256]

The compound of the present invention can also be used,

for example, as an agent for the prophylaxis or treatment of
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osteoporOSis, cachexia (e.g., carcinomatous cachexia,
tuberculous cachexia, diabetic cachexia, hemopathic caéhexia,
endocrinopathic cachexia, infectious cachexia or cachexia
induced by acquired immunodeficiency syndrome), fatty liver,
polycystic ovary syndrome, renal disease (e.g., diabetic
nephropathy, glomerﬁlonephritis, glomerulosclerosis, nephrosis
syndrome, hypertensive nephrosclerosis, terminal renal
disorder), muscular dystrophy, myocardial infarction, angina
pectoris, cerebrovascular disorder (e.g., cerebral infarction,
cerebral apoplexy), Alzheimer’s disease, Parkinson’s disease,

anxiety, dementia, insulin resistance syndrome, syndrome X,

~ hyperinsulinemia, sensory abnormality in hyperinsulinemia,

irritable bowel syndrome, acute or chronic diarrhea,
inflammatory disease (e.g., rheumatoid arthritis, spondylitis
deformans, ostecarthritis, lumbago, gout, postoperative or
posttraumatic inflammation, swelling, neuralgia,
pharyngolaryngitis, cystitis, hepatitis (including
nonalcoholic steatohepatitis), pneumonia, pancreatitis,
enteritis, inflammatory bowel disease (including inflammatory
colitis), ulcerative colitis, stomach mucosainjury (including
stomach mucosainjury caused by aspirin)), small intestine
mucosainjury, malabsorption, testis dysfunction, visceral
obesity syndrome or sarcbpenia.

[0257] ‘ _

In addition, the compound of the present invention can
also be used as an agent for the prophylaxis or treatment of
various carcinomas (particularly breast cancer (e.g., invasive
ductal carcinoma, ductal carcinoma in situ, inflammatory
breast cancer and the like), prostate cancer (e.g., hormone-
dependent prostate cancer, non-hormone dependent prostate
cancer and the like), pancreatic cancer (e.g., pancreatic duct
cancer and the like), gastric cancer (e.g., papillary
adehocarcinoma, mucinous adenocarcinoma, adenosguamous
carcinoma and the like), lung cancer (e.g., non-small cell

lung cancer, small cell lung cancer, malignant mesothelioma
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and the like), colorectal cancer (e.g., gastrointestinal
stromal tumor énd the iike), récfal cancer (e.g.,
gastrointestinal stromal tumor and the like), colorectal
cancer (e.g., familial colorectal cancer, hereditary
nonpolyposis colorectal Cahcer, gastrointestinal stromal tumor
and the like), small intestinal cancer (e.g., non-Hodgkin
lymphoma, gastrointestinal stromal tumor and the like),
esophagus cancer, duodenal cancer, cancer of the tongue,
pharyngeal cancer (e.g., nasopharyngeal. cancer, mesopharyngeal
cancer, hypopharyngeal cancer and the like), salivary gland
cancer, brain tumor (e.g., pineal astroéytoma, pilocytic
astrocytoma, diffuse astrocytoma, anaplastic astrocytoma and
the like), schwannoma, liver cancer (e.g., primary liver
cancer, Extrahepatic Bile Duct Cancer and the like), kidney
cancer (e.g., renal cell carcinoma, transitional carcinoma of
kidney pelvis and urinary duct, and the like), biliary tract
cancer, endometrial carcinoma, cervical cancer, ovarian cancer
(e.g., ovarian epithelial carcinoma, extragonadal germ cell
tumor ovarian germ céll tumor ovarian low malignant potential
tumor and the like), urinary bladder cancer, urinary tract
cancer, skin cancer (e.g., intraoéular (ocular) melanoma,
Merkel cell carcinoma and the like), Hemangioma, malignant
lymphoma, malignant melanoma, thyroid cancer (e.g., medullary
thyroid carcinoma and the like), parathyroid cancer, nasal
cavity cancer, paranaSal sinus cancer, bone tumor (e.g.,
osteosarcoma, Ewing’s tumor uterus sarcoma, soft tissue
sarcoma and the like), vascular fibroma, retinoblastomé,
penile cancer, testis tumor solid cancer in childhood (e.g.,
Wilms’ tumor childhood kidney tumor and the like), Kaposi’s
sarcoma, Kaposi’s sarcoma derived from AIDS, maxillary tumor

fibrous histiocytoma, leiomyosarcoma, rhabdomyosarcoma,

- leukemia (e.g., acute myeloid leukemia, acute lymphoblastic

leukemia and the like) etc.).
[0258]

The compound of the present invention can also be used
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for secondary prevention or suppression of progression of the

above-mentioned various diseases (e.g., cardiovascular events
such as myocardial infarction énd the like);
[0259] '

While the dose of the compound of the present invention
varies depending dn the subject of administration,
administration route, target disease, symptom and the like,
for exampie, for oral administration to an adult obese patiént,
it is generally about 0.01 to 100 mg/kg body weight,
preferably 0.05 to 30 mg/kg body weight, further preferably
0.5 to 10 mg/kg body weight for one dose, which is desirably
administered once to 3 times a day. |
[0260] “ |

With the aim of enhancing the action of the compound of
the present invention or decreasing the dose of the compound
and the like, the compound can be used in combination with
medicaments such as therapeutic agenﬁs for diabetes,
therapeutic agents for diabetic complications, therapeutic
agents for hyperlipidemia, antihypertensive agents,
antiobesity agents, diuretics, antithrombotic agents and the
like (hereinafter to be abbreviated as concomitant drug). The
time of administration of the compound of the present
invention and that of the concomitant drug are not limited,
and these concomitant drugs may be low-molecular-weight
compounds or high-molecular-weight protein, polypeptide,
antibody, vaccine and the like. They may be administered
simultaneously or in a staggered manner to the administration
subject. In addition, the compound of the present invention
and the concomitant drug may be administered as two kinds of
preparations containing respective active ingredients or a
single preparation containing both active ingredients.

[0261]

The doée of the concomitant drug can be appropriately

determined based on the dose empioyed clinically. In .addition,

the mixing ratio of the compound of the present invention and
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the concomitant drug can be appropriately determined according
to the administration subject, administration route, target
disease, condition, combination, énd the like. For example,
when the administration subject is a human, the concomitant
drug may be used in an amount of 0.01 to 100 parts by weight
per 1 part by weight of the compound of the present invention.
[0262] -

Examples of the therapeutic agents for diabetes include
insulin preparations (e.g., animal insulin preparations
extracted from pancreas of bovine or swine; human_insulin
preparations genetically synthesized using Escherichia coli or

yeast; zinc insulin; protamine zinc insulin; fragment or

derivative of insulin (e.g., INS-1), oral insulin preparation),

insulin sensitizers (e.g., pioglitazone or a salt thereof
(preferably hydfochloride), rosiglitazone or a salt thereof
(preferably maleate), Metaglidasen, AMG-131, Balaglitazone,
MBX-2044, Rivoglitazone; Aleglitazar, Chiglitazar,

Lobeglitazone, PLX-204, PN-2034, GFT-505, THR-0921, compound

described in WO 2007/013694, WO 2007/018314, WO 2008/093639 or
WO 2008/099794), a—-glucosidase inhibitors (e.g., voglibose,
acarbose, miglitol, emiglitate), biguanides (e.g., metformin,
buformin or a salt thereof (e.g., hydfochloride, fumarate,
succinate)), insulin secretagogues [sulfonylureas (e.g.,
tolbutamide, glibenclamide, gliclazide, chlorpropamide,
tolazamide, acetohexamide, glyclopyramide, glimepiride,
glipizide, glybuzole), repaglinide, nateglinide, mitiglinide
or a calcium salt hydrate thereof], dipeptidyl peptidase IV
inhibitors (e.g., Alogliptin, Vildagliptin, Sitagliptin,

_ Saxagliptin, BI1356, GRC8200, MP-513, PF-00734200, PHX1149,

SK-0403, ALS2-0426, TA-6666, TS-021, KRP-104, 2-[[6-[(3R)-3-
amino-l-piperidynyl]-3,4-dihydro-3-methyl-2, 4-dioxo-1 (2H) -
pyrimidinyl]lmethyl]-4-fluorobenzonitrile or a salt thereof),
B3 agonists (e.g., N-5984), GPR40 agonists (e.g., compbund
described in WO 2004/041266, WO 2004/106276, WO.2005/063729,
WO 2005/063725, WO 2005/087710, WO 20057095338, WO 2007/013689
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or WO 2008/001931), GPR119 agonists (e.g., MBX-2982, PSN821,
GSK1292263A, APD597), GLP-1 receptor agonists [e.g., GLP-1,
GLP-1MR preparation, Liraglutide, Exenatide, AVE-0010, BIM-
51077, Aib(8,35)hGLP—1(7,37)NH2, CJC-1131, Albiglutide], amylin
agonists (e.g., pramlintide), phosphotyrosine phosphatase
inhibitors (e.g., sodium vanadate), gluconeogenesis inhibitors
(e.g., glycogen phosphorylase inhibitors glucose-6-phosphatase
inhibitors, glucagon antagonists, FBPase inhibitors), SGLT2
(sodium-glucose cotransporter 2) inhibitors (e.g.,
Depagliflozin, AVE2268, TS-033, YM543, TA-7284, Remogliflozin,
ASP1941), SGLT1 inhibitors, 11B-hydroxysteroid dehydrogenase

inhibitors (e.g., BVT-3498), adiponectin or an agonist thereof,

IKK inhibitors (e.g., AS-2868), leptin resistance improving
drugs, somatostétin’recéptor agonists, glucokinase activators
(e.g., N-(5-(2-methoxyethoxy)-2-{5-[(1-
oxidethiomorpholino)methyl]—4,5—dihydro—l}3—thiazol—2—yl}—lH—'
indol-7-yl)-N-methylpyridine-2-sulfonamide, AZD1656, AZD6370,
AZD6714, TPP355, PSNO10, MK-0599, ARRY-403/AMG-151, PF-

04937319, compound described in WO 2006/112549, WO 2007/028135,

WO 2008/047821, WO 2008/050821, WO . 2008/136428 or
wW02008/156757), GIP (Glucoée—dependent'insulinotropic peptide)
and the like.
[0263] |

Examples of the therapeutic agents for diabetic
complications include aldose reductase inhibitors (e.qg.,
tolrestat, epalrestat, zopolrestat, fidarestat, CT-112,
ranirestat (AS-3201), lidorestat), neurotrophic factor and
increasing drugs thereof (e.g., NGF, NT-3, BDNF, neurotrophic
factors and increasing drugs thereof (e.g., 4-(4-
chlorophenyl)-2-(2-methyl-1-imidazolyl)-5-[3-(2-
methylphenoxy)propyl]oxazole) described in WO 01/14372, a
compound described in WO 2004/039365), nerve regeneration
promoters (e.g., Y-128), PKC inhibitors (e.g., ruboxistaurin
mesylate), AGE inhibitors (e.g., ALT946, pyratoxanthine, N-
phenacylthiazolium bromide (ALT766), ALT-711, EX0O-226, '
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tor agonists (e.g.,

gabapentin, Pregabalin), serotonin noradrenaline re-uptake

inhibitors (e.g., duloxetine), sodium channel inhibitors (e.g.,

lacosamide), active oxygen scavenger
cerebral vasodilators (e.g., tiapuri

somatostatin receptor agonists (e.g.

s (e.g., thioctic acid),
de, mexiletine),

, BIM23190), apoptosis

signal regulating kinase-1(ASK-1) inhibitors and the like.

[0264]

Examples of the therapeutic ag

ent for hyperlipidemia

include statin compounds (e.g., pravastatin, simvastatin,

lovastatin, atorvastatin, fluvastati
pitavastatin or a salt thereof (e.g.
salt)), squalene synthase inhibitors
described in WO 97/10224, for exampi
acetoxy—2,2—dimethylpropyl)f7?chloro
2-oxo-1,2,3,5-tetrahydro-4, 1-benzoxa
yllacetyl]piperidine-4-acetic acid),
bezafibrate, clofibraté, simfibrate,
exchange resins (e.g., colestyramine
acid drugs (e.g., nicomol, niceritro
icosapentate, phytosterols (e.g., so
cholesterol absorption inhibitors (e
inhibitors (e.g., dalcetrapib, anace
preparations (e.g., w=-3-acid ethyl e

[0265]

n, rosuvastatin,
, sodium salt, calcium
(e.g., a compound
e, N-[[(3R,5S)-1-(3-
-5-(2, 3-dimethoxyphenyl) -
zepin-3- '
fibrate compounds (e.g.,
clinofibrate), anion
), probucol, nicotinic
1, niaspan), ethyl
ysterol), y-oryzanol),
.g., Zetia), CETP
trapib), w-3 fatty acid
sters 90) and the like.

Examples of the antihypertensive agent include

angiotensin converting enzyme inhibi
enalapril, delapril etc.), angiotens
candesartan cilexetil, candesartan,

potassium, eprosartan, valsartan, te

tors (e.g., captopril,
in II antagonists (e.g.,
losartan, losartan

Ilmisartan, irbesartan,

tasosartan, olmesartan, olmesartan medoxomil, azilsartan,

azilsartan medoxomil), calcium antag
nifedipine, efonidipine, nicardipine
and the like), P blockers (e.g., met

propranclol, carvedilol, pindolol),
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Examples of the antiobesity agent include monoamine

uptake inhibitors

(e.g., phentermine,

sibutramine, mazindol,

fluoxetine, tesofensine), serotonin 2C receptor agonists (e.g.

lorcaserin), serotonin 6 receptor antagonists, histamine H3

receptor GABA

modulators (e.g., topiramate), MCH receptor

antagonists (e.g., SB—568849; SNAP-7941; compound described in

WO 01/82925 or WO 01/87834), neuropeptide Y antagonists (e.qg.,

velneperit), cannabinoid receptor antagonists (e.g.,

rimonabant, taranabant), ghrelin antagonists, ghrelin recéptor

antagonists, ghrelinacylation enzyme inhibitors, opioid

receptor antagonists (e.g., GSK-1521498), orexin receptor

antagonists, melanocortin 4 receptor agonists (e.g., Palatin,

AP-1030), 11p-hydroxysteroid dehydrogenase inhibitors (e.g.,

AZD-4017), pancreatic lipase inhibitors

(e.g., orlistat,

cetilistat), B3 agonists (e.g., N-5984), diacylglycerol

acyltransferase 1 (DGAT1) inhibitors,

acetylCoA carboxylase

(ACC) inhibitors, stearoyl-CoA desaturated enzyme inhibitors[

~microsomal triglyceride transfer protein inhibitors (e.g., R-

256918), Na-glucose cotransporter inhibitors (e.g., JNJ-

28431754, remogliflozin), NFk inhibitors (e.g., HE-3286), PPAR

égonists (e.g., GFT-505, DRF-11605), phosphotyrosine

phosphatase inhibitors (e.g., sodium vanadate, Trodusquemin),

glucokinase activators (e.g., ARZD-1656), leptin, leptih

derivatives (e.g., metreleptin),

CNTF (ciliary neurotrophic

factor), BDNF (brain—derivéd neurotrophic factor),

cholecystokinin agonists,

glucagon-like peptide-1 (GLP-1)

preparations (e.g., animal GLP-1 preparations extracted from

the pancreas of bovine and pig; human GLP-1 preparations

genetically synthesized using Escherichia coli or yeast;

fragments or derivatives of GLP-1

liraglutide)),

2307), neuropeptide Y agonists

(e.qg.,

amylin preparations (e.g.

(e.g.,

exenatide,

, pramlintide, AC-

PYY3-36, derivatives of

PYY3-36, obineptide, TM-30339, TM-30335), oxyntomodulin

preparations:

FGF21 preparations
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preparations extracted from the pancreas of bovine and pig;
human FGF21 preparations genetically synthesized using
Escherichia coli or yeast; fragments or derivatives .of FGF21)),
anorexigenic agents (e.g., P-57) and the like.

[0267]

Examples of the diuretics include xanthine derivatives
(e.g., theobromine sodium salicylate, theobromine calcium
éalicylate), tﬁiazide preparations (e.g., ethiazide,
cyclopenthiazide, trichloromethiazide, hydrochlorothiazide,
hydroflumethiazide, benzylhydrbchlorothiazide, penflutizide,
polythiazide, methyclothiazide), antialdosterone preparations
(e.g., spironolactone, triamterene), carbonic anhydrase
inhibitors (e.g., acetazolamide), chlorobenzenesulfonamide
agents (e.g., chlortalidone, mefruside, indapamide), azosemide,
isosorbide, ethacrynic acid, piretanide, bumetanide,
furosemide and the like.

[0268]

Examples of the antithrombotic agent include heparins
(e.g., heparin sodium, heparin calcium, enoxaparin sodium,
dalteparin sodium), warfarins (e.g., warfarin potassium),
anti-thrombin drugs (e.g., argatroban, dabigatran),
thrombolytic agents (e.g., urokinase, tisckinase, alteplase,
nateplase, monteplase, pamiteplase), platelet aggregation
inhibitors (e.g., ticlopidine hydrochloride, clopidogrel,
E5555, SHC530348, cilostazol, ethyl icosapentate, beraprost
sodium, sarpogrelate hydrochloride, prasugrel, E5555,
SHC530348), FXa inhibitors (e.g., rivaroxaban, apixaban,
edoxaban, YMlSO,-compound described in WOv02/06234,'WO
2004/048363, WO 2005/030740, WO 2005/058823 or WO 2005/113504)
and the like. |
[0269]

The administration time of the aforementioned concomitant -
drug is not limited, and the compound of the present invention
and the concomitant drug may be administered to an

administration subject simultaneously, or may be administered
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determined according to the dosage clinically used, and can be

appropriately selected depending on the administration subject,
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administration route, diseases, combination thereof and the
like.

The administration mode of the concomitant drug is not
particularly limited, and the compound of thé present
invention and the concomitant drug Only need to be combined on
administration. Examples of such administration mode include
the following:

(1) administration of a single preparation obtained by
simultaneously processing the compound of the present
invention and the concomitant drug,

(2) simultaneous administration of two kinds of preparations
of the compound of the preéent invention and the concomitant
drug, which have been separately produced, by the same
administration route,

(3) administration of two kinds of preparations of the
compound of the present invention and the concomitant drug,
which have been separately produced, by the same
administration route in a staggered manner,

(4) simultaneous administration of two kinds of preparations
of the compound of the present inventioﬁ and the concomitant
drug, which have been separately produced, by different A
administration routes,

t5) administration of two kinds of preparations of the
compound of the present invention and the concomitant drug,
which have been separately produced, by different '
administration routes in a staggered manner (e.g.,

administration in the order of the compound of the present

invention and the concomitant drug, or in the reverse order)

and the like.
The compounding ratio of the compound of the present
invention to the concomitant drug can be appropriately

selected depending on the administration.subject,
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administration route, diseases.and the like.
[0270]

The production method of the compound of the present
invention is explained in the following.

In the following Reaction Schemes, starting compounds may
be each in the form of a salt as long as it inhibits the
reaction. Examples of the salt include those exemplified as
the above—mentiéned salt of'the compound represented by
formula (I).

When a specific production method is not described, the
starting compound may be easily commercially available, of can
also be produced according to a method known per se, or a
method analogous thereto.

In each reaction of the following Reaction Schemés, the
product -can be used for the next reaction as the reaction
mixture or as a crude product, or can also be isolated
according to a conventional method from the reaction mixture,
and can also be easily purified according to a conventional
separation means (e.g., recrystallization, distillation,
chromatography) . _

When alkylation reaction, hydrolysis, amination reaction,
esterification reaction, amidation reaction, esterification

reaction, etherification reaction, oxidation reaction,

- reduction reaction and the like are to be performed in the

following Reaction Schemes, these reactions are performed
according to a method known'per se. Examples of such method
include the methods described in ORGANIC FUNCTIONAL GROUP
PREPARATIONS, Zﬁd ed., ACADEMIC PRESS, INC., 1989;
Comprehensive Organic Transformations, VCH Publishers Inc.,
1989 and the like, and the like.

[0271]

The following are explanations'of the solvents in generic

terms, which are used for the following reactions.

.Examples of the “nitrile solvents” include acetonitrile,

propionitrile and the like.

105



10

15

20

25

30

35

WO 2012/074126 - PCT/JP2011/078010

Examples of the “amide solvents” include N,N-
dimethylformamide (DMF), N,N-dimethylacetamide, N-
methylpyrrolidone and the like.

Examples of the “halogenated hydrocarbon solvents”
include dichloromethane, chloroform, l,2§dichloroethane,
carbon tetrachloride and the like.

Examples of the “ether solvents” include diethyl ether,
diisopropyl ether, tert-butyl methyl ether, tetrahydrofuran
(THF), 1,4-dioxane, 1,2-dimethoxyethane and the like.

Examples of the‘“aromafic solvents” include benzene,
toluene, xylene, chlorobenzene, (trifluoromethyl)benzene,
pyridine and the like.

Examples of the “aliphatic hydrocarbon solvents” include
hexane, pentane, cyclohexane and the like.

Examples of the “sulfoxide solvents” include dimethyl
sulfoxide (DMSO) and the like. |

Examples of the “alcohol solvents” include methanol,
ethanol, propancl, 2-propanol, butanol, isobutanol, tert-
butanol and the like.

Examples of the “ester solvents” include methyl acetate,
ethyl acetate, n-butyl acetate, tert-butyl acetate and the
like.

- Examples of the “ketone solvents” include acetone, methyl
ethyl ketone and the like. |

Examples of the “organic acid solvents” include formic
acid, acetic acid, propionic acid, trifluorocacetic acid,
methanesulfonic acid and the like.

[0272]

The following are explanations of the bases in generic
terms, which are used for the following reactions.

Examples of the “inorganic bases” include sodium
hydroxide, potassium hydroxide, lithium hydroxide, barium
hydroxide and the like.

Examples of the “basic salt” include sodium carbonate,

potassium carbonate, cesium carbonate, sodium hydrogen
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carbonate, potassium hydrogen carbonate, tripotassium

phosphate and the like.

Examples of the “aromatic amines” include pyridine,
imidazole, 2,6-lutidine and the like. |

Examples of the “tertiary amines” include triethylamine,
diisopropylethylamine, N-methylmorpholine, DBU (1,8~
diazabicyclo[5.4.0]undec-7-ene), DBN (1,5- |
diazabicyclo[4.3.0]non-5-ene) and the like.

Examples of the “hydrides of an alkali metal or alkaline
earth metalh include‘lithium hydride, sodium hydride,
potassium hydride, calcium hydride and the like.

Examples of the "metal amides” include lithium amide,
sodium amide, lithium diisopropylamide, lithium
dicyclohexylamide, lithium hexamethyldisilazide, sodium
hexamethyldisilazide, potassium hexamethyldisilazide and the
like.

Examples of the “alkyl metals” inciude n—butyllithium,
sec—butyllithium, tert-butyllithium, methylmagnesium bromide
and the like. |

Examples of the “aryl metals” include phenyllithium,

- phenylmagnesium bromide and the like.

Examples of the “metal alkoxides” include sodium

.methoxide, sodium ethoxide, potassium tert-butoxide, sodium

tert—butoxide and the like.
[0273]

In the following production methods, when the starting
compound has an amino group, a carboxyl group, a hydroxy group,
a carbonyl group or a sulfanyl group as a substituent, a
protecting group generally used in peptide chemistry and the
like may be introduced into these groups. By removing the
protecting group as necessary after the reaction, the object
compound can be obtained.

Examples of the amino—prbtecting group include a formyl
group, a Ci;-¢ alkyl-carbonyl group, a Ci-¢ alkoxy-carbonyl group,

a benzoyl group, a Ci.1p aralkyl-carbonyl group (e.g.,
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benzylcarbonyl), a Cs.14 aralkyloxy-carbonyl group (e.g.,

benzyloxycarbonyl), a 9-fluorenylmethoxycarbonyl group, a

trityl group, a phthaloyl group, a N,N-dimethylaminomethylene

group, a substituted silyl group (e.g., trimethylsilyl,
triethylsilyl, dimethylphenylsilyl, tert-butyldimethylsilyl,
tert-butyldiethylsilyl), a C,-s alkenyl group (e.g., l-allyl), a

- substituted Cy.19 aralkyl group (e.g., 2, 4-dimethoxybenzyl) and

the like. These groups are optionally substituted by 1 to 3
substituents selected from a halogen atom, a Ci-e alkoxy'groﬁp
and a nitro group. _

Examples of the carboxyl-protecting group include a Ci-¢
alkyl grbup, a Cy-10 aralkyl group (e.g;, benzyl), a phenyl
group, a trityl group, a substituted silyl group (e.g.,
trimethylsilyl, triethylsilyl, dimethylphenylsilyl, tert-
butyldimethylsilyl, tert-butyldiethylsilyl), a C,-¢ alkenyl
group (e.g., l-allyl) and the like. These groﬁps are
optionally substituted by 1 to 3 substituents selected from a
halogen atom, a Ci-¢ alkoxy group and a nitro group.

Examples of the hydroxy-protecting group include a Ci-g
alkyl group, a phenyl group, a trityl group, a Ci-1p aralkyl
group (e.g., benzyl), a formyl group, a Ci_¢ alkyl-carbonyl
group, a benzoyl group, a Cs-1p aralkyl-carbonyl group (e.g.,
benzylcarbonyl), a 2-tetrahydropyranyl group, a 2-
tetrahydrofuranyl group, a substituted silyl group (e.g.,
trimethylsilyl, triethylsilyl, dimethylphenylsilyl, tert-
butyldimethylsilyl, tert-butyldiethylsilyl), a C,-¢ alkenyl
group (e.g., l-allyl) and the like. These groups are
opticnally substituted by 1 to 3 substituents selected frbm a
halogen atom, a Ci-¢ alkyl group, a Ci-s alkoxy group or a nitro
group. |
[0274]

Examples of the protected carbonyl group include a cyclic
acetal (e.g., 1,3-dioxane), a non-cyclic acetal (e.g.,‘a di-Cqi-¢
alkylacetal) and the like.

Examples of the sulfanyl-protecting group include a Cji-¢
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alkyl group, a phenyl group, a trityl group, a Cy_10 aralkyl

group (e.g., benzyl), a Ci-g alkyl-carbonyl group, a benzoyl
group, a Cy-10 aralkyl-carbonyl group (e.g., benzylcarbonyl), a
Ci-6 alkoxy—carbonyl group, a Ceg-14 aryloxy—cérbonyl group (e.g.,
5 phenyloxycarbonyl), a Ci-14 aralkyloxy—darbonyl group (e.g.,
benzyloxycarbonyl), a 9—fluorehylmethoxycarbonyl group,.a 2-
tetrahydropyranyl group, a Cig alkylamino—carbonyl group (e.g.,
methylaminocarbonyl, ethylaminocarbonyl) and the like. These
groups are optionally substituted by 1 to 3 substituents
10 selected from a halogen atom, a Ci-¢ alkyl group, a Cij-¢ alkoxy
group and a nitro group.
[0275]
The removal method of the protecting group can be carried
out according to a method known per se, for example, the |
15 method described in Protective Groups in Organic Synthesis,
John Wiley and Sons (1980) or the like. Specifically, a method
using acid, base, ultraviolet rays, hydrazine, phenylhydrazine,
sodium N-methyldithioccarbamate, tetrabutylammonium flucride,
palladium acetate, trialkylsilyl halide (e.g., trimethylsilyl
20 iodide, trimethylsilyl bromide) and the like, a reduction
method, and the like can be employed.
[0276]
<Reaction Scheme 1>

[0277]

. Dy

25

[0278]

wherein each symbol is as defined above.
10279]
Compound (I) can be produced, for example, by.subjecting
30 compound (1) to an alkylation reaction.
"Examples of the alkylation reaction include the following

“method using a base and an alkyl halide or sulfonate
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67 “method employing the Mitsunobu reaction”

corresponding to R

and the like.

[0280] _ _
The “method using a base and an alkyl halide or sulfonate

corresponding to R®”

can be performed according to a method
known per se, for example, the method described in Journal of
the Chemical Society, 1530—1534'pages, 1937 or the like, or a
method analogous thereto.

This reaction is performed by reacting compound (1) with
an alkyl halide or sulfonate corresponding to R® in the
presence of a base, in an inert solvent.

~ Examples of the above-mentioned “alkyl halide
corresponding to R®” include optionally substituted Ci_g alkyl
halides and optionally substitutéd Cs-¢ cycloalkyl halides. The
amount of the “alkyl halide corresponding to R®” to be used is
generally 1 to 10 equivalents, preferably 1 to 5 equivalents,
relative to compound (1). |

Examples of the above-mentioned “sulfonate corresponding
to R®*” include optionally ;ubstituted Ci-¢ alkyl esters of
sulfonic acid, and optionally substituted C;.¢ cycloalkyl esters
of sulfonic acid. Examples of the “sulfonic acid” include
methanesulfonic acid, p-toluenesulfonic acid,
trifluoromethanesulfonic acid and -the like. The amount of the
“sulfonate corresponding to R67 to be used is generally 1 to 10
equivalents, preferably 1 to 5 equivalents, relative to
compound (1). '

Examples of the above-mentioned “base” include “inorganic
bases”, “basic salts”, “aromatic amines”, “tertiary amineé",
“hydrides of an alkali metal or alkaline earth metal”, “alkyl
metals”, “aryl metals”, “metal alkoxides” and the like. The
amount of the “base” to be used is generally 1 to 10
equivalents, preferably 1 to 5 equivalents, relative to
compound (1). .

Examples of the above-mentioned “inert solvent” include

nitrile solvents, amide solvents, halogenated hydrocarbon
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solvents, ether solvents and the like. These solvents may be
used in a mixture of two or more kinds theréof in an
appropriate ratio. Among them, THF, DMF and the like are
preferable.

The reaction temperature is generally -~100°C to 150°C,

preferably 0°C to 100°C. _

The reaction time is generally 5 min to 48 hr, preferably
30 min to 24 hr. |
[0281]

The “method employing the Mitsunobu reaction” can be
performed according to a method known per se, for example, the
method described in Tetrahedron Letters, 769-770 pages; 1980
or the like, or a method analogous thereto.

This reaction is performed by reacting compound (1) with
the compound R®OH in the presence of a hydroxy group-activator,
in an inert solvent.

- The amount of the above-mentioned “compound R°0OH” to be
used is generally 1 to 10 equivalents, preferably 1 to 5
equivalents, relative to compoﬁnd (1).

Examples of the above~-mentioned “hydroxy group-activator”
include cyanomethylenetri-n-butylphosphorane, a combination of
diisopropyl azodiéarboxylate and triphenylphosphine, and thé
like. The amount of the “hydroxy group-activator” to be used
is generally 1 to 10 equivalents, preferably 1 to 5
equivalents, relativelto compound (1).

Examples of the above-mentioned “inert solvent” include
aromatic solvents, aliphatic hydrocarbon solvents, ether
solvents, ester solvehts, amide solvents and the like. These
solvents mayvbe used in a mixture of two or more kinds thereof
in an appropriate ratio.

The reaction temperature is generally -70°C to 150°C,

preferably -20°C to 100°C.

The reaction time is generally 0.1 hr to 100 hr,
preferably 0.1 hr to 48 hr.
[0282]
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Compound {(I) wherein X is an oxidized sulfur atom, which

is a sulfone derivative or sulfoxide derivative,'can be
produced by subjecting compound (I) wheréin X is sulfur atom
to an oxidation reaction. |

5 This reaction can be performed according to the methéd
described in Jikken Kagaku Kouza, 4th Edition,lvol.ZO (The
Chemical Society of Japan ed.), 276-278 pages, 503 or a method
analogous thereto, or the like.
[0283]

10 <Reaction Scheme 2>
[0284]

RS

4
RAe R4bH

. X7(L
N7 TR?
—— Raa b H

RO e
? “:.b {-1)

wherein M! is an amino-protecting group, and the other symbols

10285]

15 are as defined above.
[0286]
Compound (3) can be produced, for example, by subjecting
compound (2) to a deprotection. reaction.
The deprotection reaction can be performed according to a
20 method known per se, for example, the method described in
Protective Groups in Organic Synthesis, John Wiley and Sons
(1980) or the like. |
[0287]
Compound (I-1) can be produced, for example, by
25 subjecting compound (3) to an acylation reaction.
[0288]

The above-mentioned “acylation reaction” encompasses, for
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example, reactions for produétion of amide derivatives,
carbamate derivatives and urea derivative, and the like.

The production of the “amide derivative” is performed
according to the following “method using a carboxylic acid
corresponding to R?’CO and a dehydrating condensing agent” or
“method using a reactive derivative of a carboxylic acid
corresponding to R?CO”.

i) the method using a dehydrating condensing agent

_ The method is performed by reacting compound (3) with a
carboxylic acid corresponding to R’°CO in the presence of a
dehydrating condensing agent, in an inert solvent. Where
necessary, the reaction can be performed in the presence of 1-
hydroxybenzotriazole (HOBt) in a catalytic amount to 5
equivalents relative to the carboxylic acid corresponding to
R?°CO, a base in a catalytic amount to 5 eguivalents relative to
the carboxylic acid corresponding to R?CO, and the like.

‘The amount of the above-mentioned “carboxylic acid
corresponding to R?CO7 to be used is generally 0.5 to 5
equivalents, preferably 0.8 to 1.5 equivalents, relative to
compound (3).

Examples of the above-mentioned “dehydrating condensing
agent” include dicyclohexylcarbodiimide (DCC), 1l-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (WSC) and the

like. Amdng them, WSC is preferable. The amount of the

“dehydrating condensing agent” to be used is generally 1 to 10
equivalents, preferably 1 to 5 equivalents, relative to
compound (3). ‘

Examples of thé above-mentioned “inert solvent” include
nitrile solvents, amide solvents, halogenated hydrocarbon
solvents, ether solvents and the like. These solvents may be
used in a mixture of two or more kinds thereof in an
appropriate ratio. Among them, amide solvents are preferable.

Examples of the above-mentioned “base” include “aromatic

amines”, “tertiary amines” and the like.

The reaction temperature is generally —70°C to 150°C,
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preferably -20°C to 100°C.

The reaction time is generally 0.1 hr to 100 hr,
preferably 1 hr to 48 hr.
ii) the method using a reactive derivative of a carboxylic
acid corresponding to R2CO |

The method is performed by reacting compound (3) with 0.5

. to 5 equivalents (preferably 0.8 to 3 equivalents) of a

reactive derivative of a carboxylic acid corresponding to R?CO
in an inert solvent. Where necessary, the reaction can be
performed in the presence of a base in 1 to 10 equivalents,
preferably 1 to 3 equivélents, relative to the carboxylic acid
corresponding to RCO.

Examples of the above-mentioned “reactive derivative of
the carboxylic acid corresponding to R?’CO” include acid halides
(e.g., acid chlorides, acid bromides), mixed acid anhydrides
(e.g;, acid anhydrides with a Ci-¢ alkyl-carboxylic acid, a Cs-10
aryl-carboxylic acid, a Cji-¢ alkylcarbonate etc.), activate
esters (e.g., esters with a phenol optionally having
substituent (s), HOBt, N-hydroxysuccinimide etc.), activate
amidesy(e.g., amides with imidazole, triazole etc.) and the
like.

Examples of the above-mentioned “phenol optionally having
substituent(s)” include phenols such as phenol,
pentachlorophenol, pentafluorophenol; p-nitrophenol and the
like. _ _

The above-mentioned “reactive derivative of the
carboxylic acid corresponding to R’CO” is preferably an acid
anhydride.

Examples of the above-mentioned “inert solvent” include
ether solvents, halogenated hydrocarbon solvents, aromatic
solvents, aliphatic hydrocarbon solvents, nitrile solvents,
amide solvents, sulfoxide solvents and the like. These
solvents may be used in a mixture of two or more kinds thereof
in an appropriate ratio. Among them, pyridine, acetonitrile,

THF, dichloromethane, chloroform and the like are preferable.

114



10

15

20

25

30

35

WO 2012/074126 PCT/JP2011/078010

Examples of the above-mentioned “base” include “aromatic
amines”, “tertiary amines” and the like.

The reaction temperature is generally -20°C to 100°C,
preferably -20°C to 50°C. |

| The reaction time is generally 5 min td 40 hr, preferably
30 min to 18 hr.
[0289]

The production of the above-mentioned “carbamate
derivative” is performed by reacting compound (3) with 0.5 to
5 equivalents (preferably 0.8 to 3 equivalents) of a_v
dicarbonate or chloroformate corresponding to R?CO in an inert
solvent. Where necessary, the reaction can be performed in the
presence of a base in a catalytic amount to 5 equivalents
relative to the dicarbonate or chloroformate corresponding to
R*CO. |

Examples of the above-mentioned “inert solvent” include
ether solvents, halogenated hydrocarbon solvents, aromatic
solvents, aliphatic hydrocarbon solvents, nitrile solvents,
amide solvents and the like. These solvents may be used in a
mixture of two or more kinds thereof in an appropriate.ratio.
Among them, pyridine, acetonitrile, THF, DMF, dichloromethane,
chloroform and the like are preferable.

Examples of the above-mentioned “base” include “aromatic
amines”, “tertiary amines” and the like.

The reaction temperature is generally>—20°C to 100°C,

preferably -20°C to 50°C.

The reaction time is generally 5 min to 40 hr, preferably
30 min to 18 hr.
[0290] | |

The production of the above-mentioned “urea derivative”
is performed by reacting compound (3) with 0.5 to 5
equivalents (preferably 0.8 to 3 equivalents) of an isocyanate
or carbamoyl chloride corresponding to R?CO in an inert solvent.
Where necessary, the reaction can be performed in the présence

of a base in a catalytic amount to 5 equivalents relative to
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the isocyanate or carbamoyl chloride corresponding to RCO.

Examples of the above-mentioned “inert solvent” include
ether solvents, halogenated hydrocarbon solvents, aromatic
solvents, aliphatic hydrocarbon solvents, nitrile solvents,

5 amide solvents and the like. These solvents may be used in a
mixture of two or more kinds thereof in an appropriate ratio.
Among them, pyridiné,'acetonitrile, THF, DMF, dichloromethane,
chloroform and the like are preferable.

Examples of the above-mentioned “base” include “aromatic

10‘amines”, “tertiary amines” and the like.

The reaction temperature is generally -20°C to 100°C,

preferably -20°C to 50°C.

The reaction time is generally 5 min to 40 hr, preferably
30 min to 18 hr.
15 [0291]

<Reaction)Scheme 3>
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[0293]

20 wherein L' is a halogen atom, and the other symbols are as
defined above.
[0294]

Compound (2) can be produced, for example, by subjecting

compound (4) to a'coupling reaction with compound (5).

25 The above-mentioned “coupling reaction” is performed by
reacting compound (4)'with compound (5) in the presence of a

metal catalyst, a ligand and a base, in an inert solvent. This
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reaction is preferably performed under an inert gas atmosphere.

The amount of compound (4) to be used is generally 0.5 to
5 equivalents, preferably 0.8 to 1.5 equiyalents, relative to
compound (5).

Examples of the above-mentioned “metal catalyst” include
palladium(II) acetate, copper(I) iodide and the like. The
amount of the “metal catalyst” to be used is generally 0.001
to 100 equivalents, preferably 0.01 to 10 equivalents,
relative to compound (5).

Examples of the above-mentioned “ligand” include butyldi-
(1—adamantyl)phosphine,'(1R,2R)—N,N’—dimethylcyclohexane—l,2—
diamine and the like. The amount of the “ligand” to be used is
generally 0.001 to 100 equivalents, preferably 0.01 to 10
equivalents, relative to compound (5).

Examples of the above-mentioned “base” include “basic

salts” and the like. Among them, tripotassium phosphate,

cesium carbonate and the like are preferable. The amount of

the “base” to be used is generélly 1 to 10 equivalents,
preferably 1 to 5 equivalents, relative to compound (5).

Examples of the above-mentioned “inert solvent” include
amide solvents, aromatic solvents, halogenated hydrocarbon
solvents and the like. |

Examples of the above-mentioned “inert gas” include argon

gas, nitrogen gas and the like.

The reaction temperature is generally 420°C to 200°C,
preferably 0°C to 150°C. _ »

The reaction time is generally 5 min to 40 hr} preferably
30 min to 24 hr.
[0295]

Compound (2) can also. be produced, for example, by
subjecting compound (6) to an alkylation reaction.

This reaction is performed in the same manner as in the
production method of compound (I) in Reaction Scheme 1.
[0296]

<Reaction Scheme 4>
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[0297]

1
N'M

[0298]

wherein 1? is a hydroxyl group, a sulfényloxy group or a
halogen atom, M is a hydroxyl-protecting group, an amino-
protecting group or a sulfanyl-protecting group, Y' is an
oxygen atom, a nitrogen atom substituted by_R5c or a sulfur
atom, and the other symbols are as defined above.

[0299] |

Compound (8) can be produced, for example, by subjecting
compound (5) to a éoupling reaction with compound (7).

This reaction is performed in the same manner as in the
production method of compound (2) from compound (4) and
compound (5) in Reaction Scheme 3.

[0300]
Compqund (9) can be produced, for example, by subjecting

compound (8) to a deprotection reaction.

The deprotection reaction can be performed according to a

method known per se, for example, the method described in
Protective Groups in Organic Synthesis, John Wiley and Sons
(1980) or the like.
[0301]

Compound (2-1) can be produced, for example, by
subjecting compound (9) to a coupling feaction-with compound
(10).

Examples of the above—mentiohed “coupling reaction”
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include a “method employing the Mitsunobu reaction” and the
likevin the case that L? of compound (10) is a hydroxyl group,
a “method using a base” and the like in the case that L? of
compound (10) is a sulfonyloxy group or a halogen atom.

[0302]

The “method employing the Mitsunobu reaction” can be
performed according to a method known per se, for example, the
method déscribed in Tetrahedron Letters, 769-770 pages, 1980
or the like, or a method analogous thereto.

" This reaction is performed by reacting compound (9) with
compound (10) wherein 1? is a hydroxyl group in the presence of
a hydroxy group-activator, in an inert sclvent. -

The amount of compound (10) wherein L? is a hydroxyl
group to be used is generally 1 to 10 equivalents, preferably
1-to 5 equivalents,_relative to compound (9).

- Examples of the above-mentioned “hydroxy group-activator”
include cyanomethylenetri—n4butylphosphorane, a cémbination of
diisopropyl azodicarboxylate and triphenylphosphine, and the
like. The amount of the “hydroxy group-activator” to be used
is generally 1 to 10 equivalents, preferably 1 to 5
equivalents, relative ﬁo compound (9). '

Examples of the above-mentioned “inert éolvent” include
aromatic: solvents, aliphatic hydrocarbon solvents, ether
solvents, ester solvents, amide sclvents and the like. These
solvents may be used in-a mixture of two or more kinds thereof
in an appropriate ratio. |

The reaction temperature is generally -70°C to 150°C,
preferably -20°C to 100°C.

The reaction time is generally 0.1 hr to 100 hr,
preferably 0.1 hr to 48 hr.
[0303]

The “method using a base” can be performed according to a
method known per se, for example, the method described in

Journal of the Chemical Society, 1530-1534 pages, 1937 or the

‘like, or a method analogous thereto.
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This reaction is performed by reacting compound (9) with

compound (10) wherein 1?2 is a sulfonyloxy group or a halogen
atom in the‘presence of a base, in an inert solvent.

Examples of the above-mentioned “base” include “inorganic

5 bases”, “basic salts”, “aromatic amines”, “tertiary amines”,
“hydrides of an alkali metal or alkaline earth metal”, “alkyl
metals”, “aryl.metals”, “metal alkéxides” and the like. The
amount of the “base” to.bé used is génerally 1 to 10
equivalents, preferably 1 to 5 equivalents, relative to

10 compound.(9);

Examples of the above-mentioned “inert solvent” include
nitrile solvents, amide solvents, halogenated hydrocarbon
solvents, ether solvents and the like. These solvents may be
used in a mixture of two or more kinds thereof in an

15 appropriate ratio. Among them, THF, DMF and the like are
preferable. '

The reacfion temperature is generally -100°C to 150°C,

preferably 0°C to 100°C.
The reaction time is generally 5 min to 48 hr, preferably
20 30 min to 24 hr.
[0304]
<Reaction Scheme 5>
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wherein M® is a carboxy-protecting group, and the other symbols
are as defined above. '
[0307] .

Compound (12) can be produced, for example, by subjecting
compound (11) to a»deprotection reaction.

The deprotection reaction can be performed according to a
method known per se, for example, the method described in
Protective Groups in Organic Synthesis, John Wiley and Sons
(1980) or the 1like.

[0308]

Compound (13) can be produced, for example, by subjecting
compound (12) to an acylation reaction.

This reaction is performedlin the same manner as in the
production method of compound (I-1) in Reaction Scheme 2.

[0309] |

Compound (14) can be produced, for example, by subjecting

compound (13) to hydrolysis.

This reaction is performed by reacting compound (13) with
a base in an inert solvent.

Examples of the above-mentioned “base” include “inorganic
bases” and the like. The amount of the “base” to be used is
generally 1 to 10 equivalents, preferably 1 to 5 equivalents,
relative to compound (13). o

Examples of the above-mentioned “inert solvent” include
alcohol solvents, ether solvents, amide sélvents, halogenated
hydrocarbon solvents and the like. These solvents are
preferably used in a mixture with water in an appropriate
ratio. Among them, alcohol solvents containing water are
preferable.

The reaction temperature is generally -78°C to 150°C,
preferably -20°C to 100°C. _

‘The reaction time is generally 5 min to 100 hr,
preferably 30 min to 24 hr.

[0310] _
The production method of compound (14) by the removal of
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the carboxy-protecting group of compound (13) can also be
performed according to a method known per se, for example, the
method described in Protective Groups in Organic Synthesis,
John Wiley and Sons (1980) or the like. '
[0311]

Compound (16) can be produced, for example, by subjecting
compound (14) to an amidation reaction with compound (15).

The above-mentioned “amidation reaction” is performed by
reacting compound (14) with compound (15) in the presence of a
dehydrating condensing agent, in an inert solvent. Where
necessary, the reaction can be performed in the presence of 1-

hydroxybenzotriazole (HOBt) in a catalytic amount to 5

_equivalents relative to compound (14), a base in a catalytic

amount to 5 equivalents relative to compound (14), and the
like.

The amount of compound (15) to be used is generally 0.5
to 5 equivalents, preferably 0.8 to 1.5 equivalents, relative
to compound (14). '

Examples of the above-mentioned “dehydrating coﬁdensing
agent” include dicyclohexylcarbodiimide (DCC), 1l-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (WSC), N- '
[ (dimethylamino) (3H-[1,2,3]triazolo[4,5-b]lpyridin-3-
yloxy)methylidene] -N-methylmethanaminium hexafluorophosphate
(HATU) and the like. Among them, HATU is preferable. The
amount of the “dehydrating condensing agent” to be used is
generally 1 to 10 equivalents, preferably 1 to 5 equivalents,
relative to compound‘(14).

Examples of the above-mentioned “inert solvent” include
nitrile solvents, amide solvents, halogenated hydrocarbon
solvents, ether solvents and the like. These solvents may be
used in a mixture of two or more kinds thereof in an
appropriate ratio. Among them, amide solvents are preferable.

Examples of the above-mentioned “base” include “aromatic
amines”, “tertiary amines” and the like. »

The reaction temperature is generally -70°C to 150°C,
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preferably -20°C to 100°C.

The reaction time is generally 0.1 hr to 100 hr,
preferably 1 hr to 48 hr.
[0312]

Compound (1-1) can be produced, for example, by
subjecting compound (16) to a cyclization reaction.

The above-mentioned “cyclization reaction” is performed
by reacting compound (16) in the presence of an activator, in
an inert solvent.

Examples of the above-mentioned “activator” include p-
toluenesulfonic acid, a combination of diethyl
aZodicarboxylate and triphenylphosphine, a combination of
hexachloroethane, triphenylphosphine and a base, and the like.
The amount of the “activator” to be used is generally 0.001 to
10 equivalents, preferably 0.01 to 8 equivalents, relative to
compound (16). v

Examples of the above-mentioned “inert solvent” include
aromatic solvents, aliphatic hydrocarbon solvents, ether
solvents, ester solvents, amide solvents, nitrile solvents,
halogenated hydrocarbon solvents and the like. These solvents
may be used in a mixture of two or more kinds thereof in an
appropriate ratié.

Examples of the above-mentioned “base” include “aromatic
amines”, “tertiary amines” and the like.

The reaction temperature is generally -70°C to 200°C,

~preferably -20°C to 150°C.

The reaction time is generally 0.1 hr to 100 hr,
preferably 0.1 hr to 40 hr.
[0313]
<Reaction Scheme 6>

[0314]
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wherein L? is a halogen atom or a sulfonyloxy group, M® is a
hydroxyl—protecting group, R’ is a substituent, and the other
5 symbols are as defined above.
[0316]
Compound (19) can be produced, for example, by subjecting
Compound (17) to a coupling reaction with compound (18).
The above-mentioned “coupling reaction” is performed by
10 reacting compound (17) with a base in an inert solvent to
convert the hydrogen atom to a metal atom, and then reacting
the resulting compound with compound (18).
The amount of compound (18) to be used is generally 0.5
to 5 equivalents, preferably 0.8 to 1.5 equivalents, relative
15 to compound (17).
‘Examples of the above-mentioned “base” include “alkyl
metals”, “metal amides”, “inorganic bases”, “basic salts”,

“aryl metals”, “metal alkoxides” and the like. The amount of
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the “base” to be used is generally 1 to 10 equivalents
relative to compound (17). | |

Examples of the above-mentioned “inert'solvént” include
aliphatic hydrocarbon solveﬁts, aromatic solvents, ether
sclvents and the like. These solvents may be used in a mixture
of two or more kinds thereof in an appropriate ratio.

' The reaction temperature is generally -100°C to 200°C,
preferably -100°C to 100°C. | '

The reaction'time is generally 1 min to 48 hr, preferably
5 min to 24 hr.

[0317]

Compound (20) can be produded, for example, by subjecting
compound (19) to a cyclization reaction.

The above-mentioned “cyclization reaction” is performed
by reacting compound {19) in the preéence of a metal catalyst,
a ligand and a base, in an inert solvent. This reaction is
preferably performed under an inert gas atmosphere.

Examples of the above-mentioned “metal catalyst” include
palladium(II) acetate and the like. The amount of the “metal
catalyst” to be used 1s generally 0.001 to 100 equivalents,
preferably 0.01 to 10 equivaleﬁts, relative td compound (19).

Examples of the above-mentioned “ligand” include 1,1’-
bis(diphenylphosphino) ferrocene and the like. The amount of
the “ligand” to be used is generally 0.001 to 100 equivalents,
preferably 0.01 to 10 equivalents, relative to compound (19).

Examples of the above-mentioned “base” include “metal
alkoxides” and the like. Among them, sodium tert-butoxide and
the like are preferable. The amount of the “base” to be used
is-generally 1 to 10 equivalents, preferably 1 to 5
equivalents, relative to'compoﬁnd (19).

Examples of the above-mentioned “inert solvent” include
aromatic solvents, halogenated hydrocarbon solvents and the
like. Among them, aromatic solvents are preferable. |

Examples of the above-mentioned “inert gas” include argon

vgas, nitrogen gas and the like.
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The reaction temperature is generally -20°C to 200°C,

preferably 0°C to 150°C.
' The reaction time is genefally 5 min to 40 hr, preferably
30 min to 24 hr. - |
5 [0318]

Compound (21) can be produced, for example, by subjecting
compound (20) to a deprotection reaction. 4

The deprotection réaction can bé performed according to a
method known per se, for example, the method described in | |

10 Protective Groups in Organic Synthesis, John Wiley and Sons
(1980) or the like. '

[0319]

Compound (22) can be produced, for‘example, by subjecting

compound (21) to a coupling reaction with compound (10).

15 This reaction is performed in the same manner as in the
production method of compound (2-1) in Reaction Scheme 4.
[0320]

Compound (23) can be produced, for example, by subjecting
compound (22) to a deprotection reaction.

20

The deprotection reaction can be performed according to a
method known per se, for example, the method described in
Protective Groups in Organic Synthesis,bJohn Wiley and Sons
(1980) or the like.

[0321]

25 Compound (24) can be produced, for example, by subjecting

compound (23)  to an acylation reaction.

This reaction is performed in the same manner as in the
production method of compound (I-1)

in Reaction Scheme 2.
[0322]

30 Compound (1-2) can .be produced, for example, by

subjecting compound (24) to a deprotection reaction.
The deprotection reaction can be performed according to a

method known per se, for example, the method described in-

Protective Groups in Organic Synthesis, John Wiley and Sons
35 (1980) or the like.
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[0323]

<Reaction Scheme 7>
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5 [0325]

wherein each symbol is as defined above.
[0326]

Compound (4—1).can be produced, for example, by
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subjecting compound (28) to a coupling reaction with compound

(10) .

This reaction is performed in the same manner as in the
production method of compound (2-1) in Reaction Scheme 4.
[0327] |

Compound (11-1) can be produced, for example, by
subjecting compound (25) to a coupling reaction with compound
(10) .

This reaction is performed in the same manner as in the
production method of compound‘(2—1) in Reaction Scheme 4.
[0328]

Compound (11-1) can also be produced, for example, by
subjecting compound (4-1) to a carbon monoxide-insertion
reaction.

The above-mentioned “carbon monoxide-insertion reaction”
is performed by reacting compound (4—1) with a hydroxide
corresponding to M® in the presence of a metal catalyst and a
carbon monhoxide source, in an inert solvent. Where necessary,
a ligand énd base may be used.

Examples of the above-mentioned “hydroxide corresponding
to M*” include optionally substituted alkyl alcohols and
optionally sﬁbstituted cycloalkyl alcohols. The amount of the
“hydroxide corresponding to M3” to be used is generally 1
equivalent relative to compound (4-1) to a solvent amount.

Examples of the above-mentioned “metal catélyst” include
1,1’ ~bis(diphenylphosphino) ferrocene-palladium(II) dichloride
dichloromethane complex and the like. The amount of the “metal
catalyst” to be used is generally 0.001 to 100 equivalents,
preferably 0.0l to 10 equivalents, relative to compound (4-1).

Examples of the above-mentioned “ligand” include 1,1’-
bis (diphenylphosphino) ferrocene and the like. The amount of
the “ligand” to be used is generally 0.001 to 100 equivalents,
preferably 0.01 to 10 equivalents, relative to compound (4-1).

Examples of the above-mentioned “carbon monoxide source”

include carbon monoxide gas and the like.
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Examples of the above-mentioned “base” include “aromatic
amines”, “tertiary amines” and the like. The amount of the
“base” to be used is generally 1 to 10 equivalents, preferably
1 to 5 equivalents, relative to compound (4-1). '

Examples of the above-mentioned “inert solvent” include
alcohol solvents, amide solvents, aromatic solvents,
halogenated hydrocarbonvsolvents, ether solvents and the like.
Among them, alcohol solvents corresponding to M® are preferable.
These solvents may be used in a mixture of two or more kinds
thereof in an appropriate ratio.

| The reaction temperature is generally -20°C to 200°C,
preferably 0°C to 150°C.

The reaction time is generally 5 min to 40 hr, preferably
30 min to 24 hr. |
[0329]

Compound (26) can be produced, for example, by subjecting

- compound (11-1) to hydrolysis.

This reaction is performed in the same manner as in the
pﬁoduction method of compound (14) in Reaction Scheme 5.
[0330] |

, Compound (27) can be produced, for example, by subjecting
compound (26) to an amidation reaction with compound (15).

This reaction is performed in the same manner as in the
production method of compound (16) in Reaction Scheme 5.
[0331]

Compound (6-1) can be produced, for example, by
subjecting compound (27) to a cyclization reaction.

This reaction is performed in the same manner as in the
production method of compound (1-1) in Reaction Scheme 5.
[0332]
<Reaction Scheme 8>

[0333]»
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[0334]
wherein each symbol is as defined above.
[0335]

5 Compound (30) can be produced, for example, by subjecting
compound (29) to an amidation reaction with compound (15).
| This reaction is performed in the same manner as in the
production method of cqmpound (16) in Reaction Scheme 5.
[0336]

10 Compound (31) can be produced, for example, by subjecting
compound (30) to a cyclization reaction.

This reaction is performed in the same manner as in the

production method of compound (1-~1) in Reaction Scheme 5.
[0337]

15 Compound (32) can be produced, for example, by subjecting
compound (31) to an alkylation reéction.

This reaction is performed in the same manner as in the

production method of compound (I) in'Reaction Scheme 1.
[0338] |

20 Compound (33) can be produced, for example, by,subjecting
compound (32) to a boration reaction.

The above-mentioned “boration reaction” is performed by
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reacting compound (32) with an alkyl metal in an inert solvent
to convert the halogen atom to a metal atom, and then reacting
the resulting'compound with an organic boron compound.

Examples of the above-mentioned “alkyl metal” include
alkyllithiums, alkylmagneSium halides and the like. The amount
of the “alkyl metal” to be used is generally 1 to 10
equivalents relative to compound (32). |

Examples of the above-mentioned “organic boron compound”
includg trialkoxyborane and the like. The amount of the
“organic boron compound” to be used is generally 1 to 10
equivalents relative to compound (32).

Examples of the above-mentioned “inert solvent” include
aliphatic hydrocarbon solvents, aromatic solvents, ether

solvents and the like. These solvents may be used in a mixture

of two or more kinds thereof in an appropriate ratio.

The reaction temperature is generally -100°C to 200°C,
preferably -100°C to 100°C.

The reaction time is generally 1 min to 48 hr, preferably
5 min to 24 hr.

[0339]

Compound (9-1) can be produced, for example, by
subjecting compound (33) to an oxidation reaction.

The above-mentioned “oxidation reaction” is performed by
reacting compound (33) with an oxidant in an inert solvent.
Where necessary, a base may be used.

Examples of the above-mentioned “oxidant” include oxygen,
hydrogen peroxide, organic peroxides (e.g., m-chloroperbenzoic

acid), inorganic peroxides (e.g., sodium perborate) and the

like. The amount of the “oxidant” to be used is generally 1 to

10 equivalents relative to compound (33).

Examples of the above-mentioned “base” include “inorganic
bases” and the like. The amount of the “base” to be used is
generally 1 to lOOveqﬁivalents, preferably 1 to 50 equivalents,
relative to compound (33).

Examples of the above-mentioned “inert solvent” include
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water, aliphatic hydrocarbon sclvents, aromatic -solvents,
ether solvents and the like. These solvents may be used in a
mixture of two or more kinds thereof in an appropriéte ratio.

The reaction temperature is generally -100°C to 200°C,
preferably -100°C to 100°C.

The reaction time is generally 1 min to 48 hr, preferably.

5 min to 24 hr.

[0340]
<Reaction Scheme 9>
[0341]
- R? v B3
M3ozc</4\lrx>(‘\N,M‘ M0,C WX%N'W
Y a goeH_____ N"quta riH
Y
11-2 | 113
- [0342] '

wherein'each symbol 1s as defined above.
[0343]

| Compound—(ll—B) can be produced, for example, by
subjecting compound (11-2) to a substitution reaction.

This reaction is performed by reacting compound (11-2)
with a halide corresponding to R’ in the presence of a base, in
an inert solvent.

Examples of the above-mentioned “halide corresponding to
R'” include optionally substituted alkyl halides, optionally
substituted cycloalkyl halides, optionally substituted
cycloalkylalkyl halides and optionally substituted aralkyl
halides. The amount of the “halide corresponding to R’” to be
used is generally 1 to 10 equivalents, preferably 1 to 5
equivalents, relative to compound (11-2).

Examples of the above-mentioned “base” include “inorganic
bases”, “basic salts”, “aromatic amines”, “tertiary amines”,
“hydrides of an alkali metal or alkaline earth metal”, “alkyl
metals”, “aryl metals”, “metal alkoxides” and the like. The

amount of the “base” to be used is generally 1 to 10
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equivalents, preferably 1 to 5 equivalents, relative to

compound (11-2).
Examples of the above-mentioned “inert solvent” include
nitrile solvents, amide solvents, halogenated hydrocarbon
5 solvents, ether solvents and the like; These solvents may be
used in a mixture of two or more kinds thereof in an
appropriate ratio. Among them, THF, DMF and the like are
preferable.
The reaction température is generally -100°C to 150°C,
10 preferably 0°C to lOO°C.
The reaction time is generally 5 min to 48 hr, preferably

30 min tec 24 hr.

[0344]
<Reaction Scheme 10>
o15 [0345]
R R? R
O RS 1
x%\wz‘ OQfomas
—_— 4’ o H
ayiR“ ReH yZYRE R
34 4 ' 35
[0346]

wherein R® ié a substituent, Y? is a nitrogen atom when Y® is an
oxygen atom, Y? is an oxygen atom or a nitrogen atom when Y? is

20 a-nitrogep atom, the nitrogen is optionally substituted by R’,
2! is M' or R!, and the other symbols are as defined above.
[0347]

Compound (35) can be produced, for example, by subjecting
compound (34) to a substitution reaction.

" 25 [0348]

The above-mentioned “substitution reaction” is performed
by reacting compound (34) with an alkyl metal in an inert
solvent to convert the hydrogen atom to a metal atom, and then
reacting the resulting compound with, for example, a

30 halogenating agent or halide.
Examples of the above-mentioned “alkyl metal” include

" alkyllithiums, alkylmagnesium halides and the like. The amount
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of the “alkyl metal” to be used is generally 1 to 10
equivalents relative to compound (34).

Examples of the above-mentioned “halogenatihg agent”

include N-fluoro-N-(phenylsulfonyl)benzenesulfonamide, bromine,

iodine and the like. The amount of the “haldgenating agent” to

be used is generally 2 to 10 equivalents relative to compound

(34).

Examples of the above-mentioned “halide” include
optionally substituted alkyl halides, optionally substituted
cycloalkyl halides,.optionally substituted cycloalkylalkyl
halides and optionally substituted aralkyl halides. The amount
of the “halide” to be used is generally 1 to 10 equivalents,
preferably 1 to 5 equivalents, relative to compoundv(34).

Examples of the above-mentioned “inert solvent” include
aliphatic hydrocarbon solvents, aromatic solvents, ether
solvents and the like. These solvents may be used in a mixture
of two or more kinds thereof in an appropriate ratio.

The reaction temperature is generally -100°C to 200°C,
preferably ~100°C to 100°C.

The reaction time is generally 1 min to 48 hr, preferably
5 min to 24 hr. |
[0349]

The above-mentioned “substitution reaction” is also
performed by reacting compound (34) with a halogenating agent
in an inert solvent.

Examples of the above-mentioned “halogenating agent”

"include 1-(chloromethyl)-4-fluoro-1,4-

diazoniabicyclo[2.2.2]octane ditetrafluoroborate, bromine,
iodine and the like. The amount of the “halogenating agent” to
be used is generally 2 to 20 equivalents relative to compound
(34) . | | -

Examples of the above-mentioned “inert solvent” include
nitrile solvents, aliphatic hydrocarbon solvents, aromatic
solvents, ether solvents and the like. These solvents may be

used in a mixture of two or more kinds thereof in an
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appropriate ratio.

The reaction temperature is generally -100°C to 200°C,

preferably -100°C to 100°C.

The reaction time is generally 1 min to 48 hr, preferably

5 5 min to 24 hr.

[0350]
<Reaction Scheme 11>
[0351]
R6 RG
o R? )il S R® o
O AR e ooy e
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M5
-2 ’ (+3)
10 [0352]

wherein M° is a protecting group such as an aralkyl group, a
tetrahydropyranyl group and the like, and the other symbols
are as defined above.
[0353]
15 Compound (I-3) can be produced,. for example, by
subjecting compound (I-2) to a deprotection. reaction.
[0354]
The above-mentioned “deprotection reaction” is performed
by reacting compound (I-2) in the presence of a metal catalyst
20 and a hydrogen source, in an inert solvent. Where necessary,
the reaction can be performed in the presence of an organic
acid in a catalytic amount to a solvent amount, or hydrogen
chloride in 1 to-50 equivalents relative to compound (I-2).
Examples of the above-mentioned “metal catalyst” include
25 palladium-carbon, palladium bléck, palladium chloride,
palladium hydroxide, rhodium-carbon, platinum oxide, platinum
black, platinum-palladium, Raney-nickel, Raney-cobalt and the
like. The amount of the “metal catalyst” to be used is
generally 0.001 to 1000 equivalents, preferably 0.01 to 100
30 equivalents, relative to compound (I-2).

-Examples of the above-mentioned “hydrogen source” include
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hydrogen gas and the like. ,

Examples of the above-mentioned “organic acid” iﬁclude
acetic acid and the like. .,

Examples of the above-mentioned “inert solvent” include

alcohol solvents, nitrile solvents, aromatic solvents,

aliphatic hydrocarbon solvents, ether solvents, amide solvents,

halogenated hydrocarbon solvents and the like. These solvents
may be used in a mixture of two or more kinds thereof in an
appropriate ratio.

The reaction temperature is generally -70°C to 150°C}
preferably -20°C to 100°C.

The reaction time is generally 0.1 hr to 100 hr,
preferably 0.1 hr to 40 hr.

[0355] |

The above-mentioned “deprotection reaction” is also
performed by reacting compound (I-2) in the presence of an
écid, in an inert solvent.

Examples of the above-mentioned “acid” include
hydrochloric acid, p-toluenesulfonic acid, trifluorocacetic
acid and the like. The amount of the “acid” to be used is a
catalytic amount to a solvent amount. |

Examples of the above-mentioned “inert solvent” include
alcohol solvents, ether solvents, halogenated hydrocarbon
solvents, ester solvents and the like. These solvents may be
used in a mixture with water in an appropriate ratio.

-The reaction temperature is generally -70°C to 150°C,
preferably -20°C to 100°C. -

The reaction time is generally 0.1 hr to IOO.hr,

preferably 0.1 hr to 40 hr.

[0356]
<Reaction Scheme 12>
[0357]
H H
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[0358] ' :

wherein each symbol is as defined above.
[0359]
Compound (5) can be produced, for example, by subjecting
5 compound (36) to an alkylation reaction. '
This reaction is performed.in the same manner as in the

préduction method of compound (I) in Reaction Scheme 1.

[0360]
<Reaction Scheme 13>
10 [0361]
. oH |
L:ETLH o Bon £::7£H
L1 L1 ) L1 v
¥ 38 281
[0362]

wherein L' is a halogen atom, and the other symbols are as
defined above. |
15 [0363]
Compound (38) can be produced, for example, by subjecting
compound (37) to a boronation reactioh;
This reaction is performed in the same manner as in the
production method of compound (33) in Reaction Scheme 8.
20 [0364}
Compound (28-1) can be produced, for example, by
subjecting compound (38) to an oxidation reaction. |
This reaction is performed in the same manner as in the
7 production method of compound (9-1) in Reaction Scheme 8.
25 [0365]
<Reaction Scheme 14>

[0366]
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[0367]
wherein each symbol is as defined above.
[0368]
5 Compound (40) can be produced, for example, by subjecting

compound (39) to an amidation reaction with N, O-
dimethylhydroxylamine.
The abové—mentioned “amidation reaction” is performed in
the same manner as in the.production method of “amide
10 derivative” which is described as one of ‘the production
methods of compound (I-1) in Reaction Scheme 2.
[0369]
Compound (4-2) can be produced, for example, by
subjecting compound (40) to a coupling reaction with compound
15 (37). |
This reaction is performed by reacting compound (37) with
an alkyl metal in an inert solvent to convert the halogen atom
to a metal atom, and then reacting the resulting compound with
compound (40).
20 Examples of the above-mentioned “alkyl metal” include
alkyllithiums, alkylmégnesium halides and the like. The amount
of the “alkyl metal” to be used is generally l_to 10
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equivalents relative to compound (37).

Exampies of the above-mentioned “inert solvent” include
aliphatic hydrocarbon solvents, aromatic solvents,.ether
solvents and the like. These‘solvents may be used in a mixture
of two or more kinds therecf in an appropriate ratio.

The reaction'temperature is generally -100°C to 200°C,
preferably -100°C to 100°C.

The reaction time is generally 1 min to 48 hr, preferablyv
5 min to 24 hr.

[0370] |

Compound (4-3) can be produced, for example, by reacting
compound (4-2) with an organic metal reagent corresponding to
R® in an inert solvent.

Examples of the above-mentioned “organic metal reagent
corresponding to R®” include organic Grignard reagénts (e.g.,
methylmagnesium bromide, methylmagnesium chloride), organic
lithium reagents (e.g., methyllithium) and the like. The
amount of the “organic metal reagent corresponding to R®” to be
used is generally 1 to 20 equivalents, preferably 1 to 5
equivalents, relative to compound (4-2).

Examples of the above-mentioned “inert solvent” include

aromatic solvents, aliphatic hydrocarbon solvents, ether

‘solvents, amide solvents, halogenated hydrocarbon solvents and

the like. These solvents may be used in a mixture of two or
more kinds thereof in an appropriate ratio. Among them, THF
and the like are preferable.

The reaction temperature is generally -78°C to 150°C,
preferably -20°C to 100°C.

The reaction time is generally 5 min to 48 hr, preferably
30 min to 24 hr.
[0371]

Compound (4-4) can be.produced, for example, by
subjecting compound (4-2) to a fluorination reaction.

This reaction is performed by reacting compound (4-2)

with a fluorinating agent in an inert solvent.
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Examples of the above-mentioned “fluorinating agent”

include (diethylamino)sulfur trifluoride and the like. The
amount of the “fluorinating agent” to be used is generaily 2
to 10 equivalents relative to compound (4-2).

5 Examples of the above-mentioned “inert solvent” include
aliphatic hydrocarbon solvents, aromatic solvents, ether
solvents, nitrile solvents, halogenated hydrocarbon solvents
and the like. These solvents may be used in a mixture of two
or more kinds thereof in an appropriate ratio.

10 The reaction temperature is generally -100°C to 200°C,
preferably -100°C to 100°C. L

The reaction time is generally 1 min to 48 hr, préferably
5 min to 24 hr.
[0372]
15 <Reaction Scheme 15>

[0373]

R3 R3

" //\NH,W _ » ﬁ,w R3 0
@iﬂ/@ 41 \i:)! \?‘f®/\)\ N
32 42 22
[0374]
wherein each symbol is as defined above.
20 [0375]
Compound (42) can be produced, for example, by subjecting
compound (32) to the Sonogashira coupling reaction with
“compound (41).
The above-mentioned “Sonogashira coupling reaction” is
25 performed by reacting compound (32) with compound (41) in the
presence of a metal catalyst and a base, in an inert solvent.
This reaction is preferably perfbrmed under an inert gas
atmosphere.
The amount of compound (41) to be used is generally 0.5
30 to 5 equivalents, preferably 0.8 to 2 equivalents, relative to
compound (32).

Examples of the above-mentioned “metal catalyst” include
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a combination of bis(triphenylphosphine)palladium(ITI)

dichloride and copper(I) iodide, and the like. The amount of
the “metal catalyst” to be used is generally 0.001 to 100
equivalents, preferably 0.01 to 10’equivalents; relative to
compound (32). | _

Examples of the above-mentioned “base” include “aromatic
amines”, “tertiary amines” and the like. The amouﬁt of the
“base” to be used is generally 1 to 10 equivalents, preferably
1 to 5 equivalents, relative to compound (32). |

Examples of the above-mentioned “inert solvent” include
amide solvents, aromatic solvents, halogenated hydrocarbon
solvents and the like.

Examples of the above-mentioned “inert gas” include argon
gas, nitrogen gas and the like. |

The reaction temperature is generally -20°C to 200°C,
preferably 0°C to 150°C.

The reaction time is generally 5 min to 40 hr, preferably
30 min to 24 hr.

[0376]

Compound (2-2) can be produced, for example, by
subjecting compound (42) to a reduction reaction.

This reacfion is performed by reacting compound (42) in
the presence of a metal catalyst and a hydrogen source, in an
inert solvent. Where necessary, the reaction can be performed
in the presence of an organic acid in a catalytic amount to a
solvent amount, or hydrogén chloride in 1 to 50 equivalents
relative to compound (42). _

Examples of the above-mentioned “metal catalyst” include
palladium-carbon, palladium black, palladium chloride,
palladium hydroxide, rhodium-carbon, platinum oxide, platinum
black, platinum-palladium, Raney-nickel, Raney—cobalt and the
like. The amount of the “metal catalyst” to be used is
generally 0.001 to 1000 equivalents, preferably 0.01 to 100
equivalents, relative to compound (42).

‘Examples of the abbve—mentioned “hydrogen source” include
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hydrogen gas and the like.

Examples of the above-mentioned “organic acid” include
acetic acid and the like. |
Examples of the above-mentioned “inert solvent” include
5 alcohol sclvents, nitrile solvents, aromatic solvents,
aliphatic hydrocarbon solvents, ether solvents, amide solvents,
halogenated hydrocarbon solvents and the like. These solvents
may be used in a mixture of two or more kinds thereof in an
appropriate ratio.
10 The reaction temperature is generally -70°C to 150°C,

preferably -20°C to 100°C.

The reaction time is generally 0.1 hr to 100 hr,

preferably 0.1 hr to 40 hr.

"[0377]
15 <Reaction Scheme 16>
[0378] _ _
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[0379]

wherein R' is an optionally substituted 5- or 6-membered
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aromatic ring, and the other symbols are as defined above.
[0380] '

Compound (43) can be produced, for example, by subjecting
compound (9) to an alkylation reaction with a haloacetate, or
by reacting compound\(9) with a diazoacetate.

[0381] |
The above-mentioned “alkylation reaction with a

haloacetate” is performed by reacting compound (9) with a

" haloacetate in the presence of a base, in an inert solvent.

Where hecessary, the reaction can be performed in the presence
of a phase—tiansfer catalyst.

Examples of the above~mentiohed “haloacetate” include
ethyl bromoacetate, tert-butyl bromoacetate and the like. The
amount of the “halocacetate” to be used is generally 1 to 10
equivalents, preferably 1 to 5 equivalents, relative to
compound (9).

Examples of the above-mentioned “base” include “inorganic
bases”, “basic salts”, “aromatic amines”, “tertiary amines”,
“hydrides of an alkali metal or alkaline earth metal”, “metal
alkoxides” and the like. The amount of the “bese” to be used
is generally 1 to 10 equivalents, preferably 1 to 5
equivalents, relative to compound (9).

Examples of the above-mentioned “inert solvent” include
aromatic solvents, amide solvents, halogenated hydrocarbon
solvents, ether solvents and the like. Theee solvent may be

used in a mixture with water in an appropriate ratio, or in a

‘mixture of two or more kinds thereof in an appropriate ratio.

Among them, THF, DMF and the like are preferable.

Examples ofbthe above-mentioned “phase-transfer catalyst”
include quaternary ammonium salts (e.g., tetrabutylammonium
bromide, benzyltfioctylammonium chloride, tetrabutylammonium
hydrogensulfate) and the like. The amount of the “phase-
transfer catalyst” to be used is generally 0.001 to 10
equivalents, preferably 0.01 to 1 equivalents, relative to

compound (9).
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The reaction temperature is generally -100°C to 150°C,
preferably 0°C to 100°C.

The reaction ﬁime is generally 5 min to 100 hr,v
preferably 30 min to 48 hr.

[0382]

The above-mentioned “reaction with a diazoacetate” is
performed by reacting compound (9) with a diazoacetate in the
presence of a metal catalyst, in an inert solvent.

Examples of the above—mentioned “diazoacetate” include
diazoethyl acetate and the like. The amount of the

“diazoacetate” to be used is generally 1 to 10 equivalents,

‘preferably 1 to 5 eguivalents, relative to compound (9).

Examples of the above-mentioned “metal catalyst” include
rhodium acetate dimer and the like. The amount of the “metal
catalyst” to be used is generally 0.001 to 10 equivalents,
preferably 0.01 to 1 equivalents, relative to compound (9).

Examples of the above-mentioned “inert solvent” include
aromatic solvents, aliphatic hydrocarbon solvents, nitrile
solvents, amide solvents, halogenated hydrocarbon solvents,
ether solvents and the like. These solvents may be used in a
mixture of two or more kinds thereof in an appropriate ratio.
Among them, toluene, dichloromethane and the like are
preferable. |

The reaction temperature is generally -100°C to 150°C,
preferably 0°C to 100°C.

The reaction time is generally 5 min to 48 hr, preferably
5 min to 24 hr. |
[0383] ) _
| Compound (44) can bevproduced, for example, by subjecting
compound (43) to a substitution reaction.

This reaction is performed by reacting compound (43) with
a base in an inert solvent to convert the hydrogen atom to a
metal atom, and then reacting the resulting compound with, for
example, a halogenating agent or halide. '

Examples of the above-mentioned “base” include “hydrides
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of an alkali metal or alkaline earth metal”, “metal amides”,
“metal alkoxides” and the like. The amount of the “base” to be
used is generally 1 to 10 equivalents relative to compound
(43) . |

Examples of the above-mentioned “halogenating agent”
include N-fluoro-N-(phenylsulfonyl)benzenesulfonamide and the
like.. The amount»of the “halogenating agent” to be used is
generally 2 to 10 equivalents.relative to compound (43).

Examples of the above-mentioned “halide” include
optionally substituted alkyl halides, optionally substituted
cycloalkyl halides, optionally substituted cycloalkylalkyl

halides, optionally substituted aralkyl halides and the like.

The amount of the “halide” to be used is generally 1 to 10
equivalents, preferably 1 td-5 equivalents, relative to
compound (43).

Examples'of the above-mentioned “inert solvent” include
aliphati¢ hydrocarbon solvents, aromatic solvents, ethef
solvents, amide solvents, alcohol solvents and the like. These
solvents may be used in a mixture of two or more kinds thereof
in an appropriate ratio.

The reaction temperature is generally -100°C to 200°C,

preferably -100°C to 100°C.

The reaction time is generally 1 min to 48 hr, preferably
5 min to 24 hr.
[0384]

Compound (45) can be produced, for example, by subjectingv
compound (44) to a substitution reaction.

This reaction is performed in the same manner as in the
production method of compound (44) in Reaction Scheme 16.
[0385]

Compound (45) can also be produced, for example, by
subjecting compdund (9) to an alkylation reaction.

This reaction can be produced, for example, by subjecting
compound (9) to an alkylation réaction with an optionally

substituted haloacetate.
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[0386]

The above-mentioned “alkylation reaction” is performed by
reacting compound (9) with an optionally substituted
haloacetate in the presence of a base, in an inert solvent.
Where necessary, the reaction can be performed in the presence
of a phase—transfervcatalYSt.

Examples of the above—méﬁtioned “optionally substituted
haloacetate” include ethyl bromoacetate, tert-butyl
bromoacetate and the like. The amount of the “optionally
substituted halocacetate” to be used is generally 1 to 10
equivalents, preferably 1 to 5 equivalents, relative to
compound (9).

Examples of the above-mentioned “base” include “inorganic
bases”, “basic salts”, “aromatic amines”, “tertiary amiﬁes”,
“hydrides of an alkali mefal or alkaline earth metal”, “metal
alkoxides” and the like. The amount of the “base” to be used
is generally 1 to 10 equivalents, preferably 1 to 5
equivalents, relative to compound (9).

Examples of the above-mentioned “inert solvent” include
aromatic solvents, amide solvents, halogenated hydrocarbon
solvents, ether solvents and the like. These solvent may be
used in a mixture with water in an appropriate ratio, or in a
mixture of two or more kinds thereof in an appropriate ratio.
Among them, THF, DMF and the like are preferable.

Examples of the above-mentioned “phase-transfer catalyst”
include quatérnary ammonium salts (e.g., tetrabutylammonium
bromide, benzyltrioctylammonium chloride, tetrabutylammonium
hydrogensulfate) and the like. The amount of the “phase-
transfer catalyst” to be used is generally 0.001 to 10
equivalents, preferably 0.01 to 1 equivalents, relative to
compound (9).

The reaction temperature is generally -100°C to 150°C,

preferably 0°C to 100°C.

The reaction time is generally 5 min to 100 hr,

preferably 30 min to 48 hr.
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[0387]

Compound (46) can be produced, for example, by subjecting
compound (45) to hydrolysis. N

This reaction is perfdrmed in the same manner as in the
productidn method of compound (14) in Reaction Scheme 5. .
[0388] ‘ | |

Compound (47) can be produced, for example, by subjecting
compound (46) to an émidation‘reaction with N, O-
dimethylhydroxylamine.
» The above-mentioned “amidation reaction” is performed in
the same manner as in the production method of compound (40)
in Reaction Scheme 14.
[0389] | |

Compound (48) cén be produced, for example, by reacting

compound (47) with an organic metal reagent in an inert

. solvent.

This reaction is performed in the same manner as in the
production method of compound (4-2) in Reaction Scheme 14.
[0390] ’ ‘

- Compound (49) can be produced, for example, by subjecting
compound (48) to a reductive amination reaction.

The reductive amination reaction can be performed
according to a method known per se, for example, the method
described in Tetrahedron Letters, 8345-8349 pages, 2001 or the
like, or a method analogéué'thereto.

This reaction is performed by reacting compound (48) with
the compound R'@NH, in the presence of a reducing agent, in an
inert solvent. Where necessary, the reaction can be performed
in the presence of an organic acid in 1 equivalent relative to
compound (48) to a solvent amount.

The amount of the above-mentioned “compound R“NHz” to be
used is generally 1 to 5 equivalents, preferably 1 to 4
equivalents, relative to compound (48).

Examples of the above-mentioned “reducing agent” include

metal hydrogen compounds (e.g., diisobutylaluminum hydride),

147



10

15

20

25

WO 2012/074126 PCT/JP2011/078010

metal hydride complex compounds (e.g., sodium bis(2-
methoxyethoxy)aluminum hydride, sodium borohydride} sodium
cyandborohydride, sodium triacetoxyborohydride, lithium
aluminum hydride, sodium aluminum hydride), decaborane and the
like.  The amount of the “reducing agent” to be used is
generally 0.1 to 20 equivalents, preferably 1 to S equivalents,
relative.torcompound (48) .

Examples of the above-mentioned “inert solvent” include
alcohol solvents, amide solvents, halogenated hydrocarbon
solvents, ester solvents, ether solvents and the like. These
solvents may be used in a mixture of two or more kinds thereof
in an appropriate ratio. Among them, methanol, THF,
dichloroethane, dichloromethane and the like are preferable.

Examples of the above-mentioned “organic acid” include
acetic acid and the like.

The reaction temperature is generally -78°C to 100°C,
preferably -20°C to 50°C.

The reaction time is generally 5 min to 48 hr, preferably
30 min to 24 hr.

[0391]

Compound (1-3) can be produced, for example, by
subjecting compound (49) to a deprotection reaction.

The deprotection reaction can be performed according to a
method known per se, for example, the method descfibed in
Protective Groups in Organic Synthesis, John Wiley and Sons
(1980) or the 1like.

[0392]

'<Reaction Scheme 17>

[0393]
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[0394]
wherein 1L* is a sulfonyloxy group, and the other symbols are as
defined above.
5 [0395]
Compound (50) can be produced, for exampie, by subjecting
compound (48) to a reduction reaction.
This reaction is performed by reacting compound (48) with
a reducing agent in an ineft solvent.
10 Examples of the above-mentioned “reducing agent” include
- metal hydrogen compounds (e.g., diisobutylaluminum hydride),
metal hydride complex compounds (e.g., sodium borohydride,
sodium cyanoborohydride, lithium aluminum hydride, sodium
aluminum hydride, sodium bis{2-methoxyethoxy)aluminum hydride)
15 and the like. The amount of the “reducing agent” to be used is
generally 0.1 to 20 equivalents, preferably 1 to 5 equivalents,
"relative to compound (48).

Examples of the above-mentioned “inert solvent” include
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. alcohol solvents, aromatic solvents, aliphatic hydrocarbon

solvents, ether solvents, amide solvents, halogenated
hydrocarbon solvents and the like. These sclvents may be. used
in a mixture of two or more kinds therecf in an appropriate

ratio. Among them, THF, ethanol, methanol and the like are

.preferable.

The reactionvtemperature is generally -78°C to 150°C,
preferably -20°C to 100°C.

The reaction time is generally 5 min to 48 hr, preferably
30 min to 24 hr.
[0396]

Compound (51) can be produced, for example, by subjecting
the hydroxyl group of compound (50) to a sulfonylatioh
reaction. |

This reaction is performed by reacting compound (50) with
a sulfonylating agent in the presence of a base, in an inert
solvent.

Examples of the above-mentioned “sulfonylating agent”
include methanesulfonyl chloride, p-toluenesulfonyl chloride
and the like. The amount of the “sulfonylating agent” to be
used is generally 1 to 10 eguivalents, preferably 1 to 1.5

equivalents, relative to compound (50).

Examples of the above-mentioned “base” include “aromatic
amines”, “tertiary amines” and the like are preferable. The
amount of the “base” to be used is generally 1 to 20
equivalents, preferably 1 to 10 equivalents, relative to
compound (50). »

Examples of the above-mentioned “inert solvent” include
aromatic solvents,ialiphatic hydrocarbon solvents, ether
solvents, ester solvents, amide solvents and the like. These
solvents may be used in a mixture of two or more kinds thereof
in an appropriate ratio.

The reaction temperature is generally -70°C to 150°C,
preferably -20°C to 100°C.

The reaction time is generally 0.1 hr to 1OO hr,
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preferably 0.1 hr to 48 hr.
[0397]

Compound (52) can be produced, for example, by subjecting
compound (51) to an azidation reaction. |

This reaction 1is performed by reacting compound (51) with
an azidating agent in an ineért solvent.

Examples of the above-mentioned “azidating agent” include
sodium azide, lithium azide, trimethylsilyl azide and the like.
The amount of the “azidating agent” to be used is generally 1
to 20 equivalents, preferably 1 to 10 équivalents, relative to
compound (51).

Examples of the above-mentioned “inert solvent” include
ether solvents, amide solvents, sulfoxide solvents and the
like. These solvénts may be uséd in a mixture of two or more
kinds thereof in an appropriate ratio.

The reaction temperature is generally -70°C to 200°C,

preferably 0°C to 150°C.

The reaction time is generally 0.1 hr to 100 hr,

- preferably 0.1 hr to 48 hr.

[0398]

Compound (53) can be produced, for example, by subjecting
compound (52) to'a reduction reaction.

This reaction is performed by reacting compound (52) in
the presence of a metal catalyst and a hydrogen source, in an
inert solvent.

Examples of the above-mentioned “metal catalyst” include
palladium-carbon, palladium black, palladium chloride,
palladium hydroxide, platinum oxide, platinum black, Raney-
nickel, Raney-cobalt and the like. The amount of the “metal
catalyst” to be used is genefally p.OOl to 100 equivalents,
preferably 0.01 to 10 equivalents, relative to compound (52).

Examples of the above-mentioned “hydrogen source” include
hydrogen gas, formic acid, formic acid amine salt,
phosphinates, hydrazine and the like.

Examples of the above-mentioned “inert solvent” include
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alcohol solvents, ester solvents, ether solvents, amide
solvents, halogenated hydrocarbon solvents and the like. These
solvents may be used in a mixture with water in an appropriate
ratio. Among them, alcohol solvent is preferable.

The reaction temperature is generally -70°C to 150°C,
preferably -20°C to 100°C. '

The reaction time is generally 0.1 to 100 hr, preferably
0.1 to 48 hr. '
[0399] _

This reaction can also be performed by reacting compound
(52) with triphenylphosphine and water in an inert solvent.

Examplés of the above-mentioned “inert solvent” include

aromatic solvents, aliphatic hydrocarbon solvents, ether

. solvents, amide solvents, sulfoxide solvents, halogenated

hydrocarbon solvents and the like. These solvents may be used
in a mixture with water in an appropriate ratio. Among them,
ether solvents are preferable. |

The reaction temperature is generally -70°C to 150°C,
preferably -20°C to 100°C.

The reaction time is generally 0.1 to 100 hr, pfeferably
0.1 to 40 hr.

[0400] v

Compound (54) can be produced, for example, by subjecting
coﬁpound (53) to an acylation reaction.

This reaction is performed in the same manner as in the
productibn method of compound (I-1) in Reaction Scheme 2.

[0401] |
- Compound (1-4) can be produced, for example, by
subjecting compound (54) to é deprotection reaction.

The deprotection reaction can be performed according to a
method known per se, for example, the method described in
Protective Groups in Organic Synthesis, John Wiley and Sons
(1980) or the 1like.

[0402]

<Reaction Scheme 18>
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[0404]

wherein each symbol is as defined above
5 [0405]

Compound (56)

can. be produced, for example,
compound (55)

by subjecting
to a deprotection reaction.

The deprotection reaction can be performed according to a
method known per se, for exampie, the method described in

Protective Groups in Organic Synthesis;
(1980) or the like.
[0406]

10 John Wiley and Sons

Compound (57)

can be produced, for example, by subjecting
compound (56)

to an alkylation reaction. _
15 Examples of the alkylation reaction include the follow1ng

“method using a base and an alkyl halide or sulfonate
' corresponding to R®” and the like
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[0407]
The “method using a base and an alkyl halide or sulfonate

corresponding to R®”

can be performed according to a method
known per se, for example, the-method described in Journal of
the Chemical Society, 1530-1534 pages, 1937 or the like, or a
method analogous thereto.

This reaction is pérfbrmed by reacting compound (56) with
an alkyl halide or sulfonate corresponding to R® in the
presence of a base, in an inert solvent.

Examples of the above-mentioned “alkyl halide

corresponding to R®”

include optionally substituted Ci_¢ alkyl
halides and optiocnally substituted Cs-¢ cycloalkyl halides. The
amount of the “alkyl halide corresponding to R®” to be used is
generally 2 to 10 equivalents, preferably 2 to 5 equivalents,
relative to compound (56). B

Examples of the above-mentioned “sulfonate corresponding
to R® include optionally substituted Ci-¢ alkyl esters of
sulfonic acid, and optionally substituted Cs-¢ cycloalkyl esters
of sulfonic acid. Examples of the “sulfonic acid” include
methylsulfonicfacid, p—-methylphenylsulfonic acid,
trifluoromethylsulfonic acid and the like. The amount of the
“sulfonate corresponding to R®’ to be used is generally 2 to 10
equivalents, preferably 2 to 5 equivalents, relative to
compound (56) .

Examples of the above-mentioned “base” include “inorganic
bases”, “basic salts”, “aromatic amines”, “hydrides of an
alkali metal or alkaline earth metal”, “alkyl metals”, “aryl
metals”, “metal alkoxides” and the like.. The amount of the
“base” to be used is generally 2 to 10 equivalents, preferably
2 to 5 equivalents, relative to compound (56).

Examples of the above-mentiocned “inert solvent” include
nitrile solvents, amide solvents, halogenated hydrocarbon
solvents, ether solvents and the like. These solvents may be
used in a mixture of two or more kinds thereof in an

appropriate ratic. Among them, THF, DMF and the like are
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preferable.

The reaction temperature is generally -100°C to 150°C,
preferably 0°C to 100°C.

The reaction time is generally 5 min to 48 hr, preferably
30 min to 24 hr. ' |
[0408]

Compound (58) can be produced, for exémple, by subjecting
compound (57) to hydrolysis. | '

| This reaction is performed by reacting compound (57) with

a base in an inert solvent. |

Examples of the above-mentioned “base” include “inorganic
bases” and the like. The amount of the “base” to be used is
generally 1 to 10 equivalents, preferably 1 to 1.5 equivalents,
relative to compound (57). |

Examples of the above-mentioned “inert solvent” include
alcohol solvents, ether solvents, amide solvents, halogenated
hydrocarbon solvents and the like. These solvents are
preferably used in a mixture with water in an appropriate
ratio. BAmong them, alcohol solvents containing water aré
preferable. '

The reaction temperature is generally -78°C to 150°C,
preferably -20°C to 100°C.

' The reaction time is generally 5 min to 100 hr,

preferably 30 min to 24 hr.
[0409] | |

Compound (59) can be produced, for example, by subjecting
compound (58).to an amidation reaction with N,O-
dimethylhydroxylamine.

The above-mentioned “amidation reaction” is performed in
the same manner as in the production method of compound (40)
in Reaction Scheme 14.
[0410] _

Compound (60) can be produced, for example, by reacting
compound (7) with an alkyl metal in an inert solvent to

convert the halogen atom of compound (7) to a metal atom, and
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then reacting the resulting compound with compound (59).

Examples of the above-mentioned “alkyl metal” include
alkyllithiums, alkylmagnesium halides and the like. The amount
of the “alkyl metal” to be used is generally 1 to 10
equivalents relative to compound (7). |

Examples of the above~mentioned “inert solvent” include
aliphatic hydrocarbon solvents, arocmatic solvents, ether
solvents and the like. These sblvents may be used in a mixture .
of two or more kinds thereof in an appropriate ratio.

The reaction temperature is generally -100°C to 200°C,
preferably -100°C to 100°C. '

The reaction time is generally 1 min to 48 hr, preferably
5 min to 24 hr. '
[0411] ‘

Compound (61) can be produced, for example, by subjecting
compound (60) to a reduction reactioni

This reaction is performed by reacting compound (60) with
a reducihgvagent in an inert solvent.

Examples of the above-mentioned “reducing agent” include
metal hydrogen compounds (e.g., diisobutylaluminum hydride),
metal hydride complex compounds (e.g., sodium bdrohydride,
sodium cyanoborohydride, lithium aluminum hydride, sodium
aluminum hYdride, sodium bis (2-methoxyethoxy)aluminum hydride)
and the like. The amount of the “reducing agent” to be used is
generally 0.1 to 20 equivalents, preferably 1 to 5 equivalents,
relative to compound (60).

Examples of the above-mentioned “inert solvent” include
alcohol solvents, aromatic solvents, aliphatic hydrocarbon
solvents, ether solvents, amide solvents, halogenated
hydrocarbon solvents and the like. These solvents may be used
in a mixture of two Qr.more kinds thereof in an appropriate
ratio. Among them, THF, ethapol, methanol and the like are
preferable.

The reaction temperature is generally -78°C to 150°C,

preferably -20°C to 100°C.
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The reaction time isvgenerally 5 min to 48 hr, preferably
30 min to 24 hr.
[0412]
‘ Compound (8-1) can be produced, for example, by
subjecting compouhd (61l) to a cyclization reaction. 7

This reacfion is performed by reacting compound (61) in
the presence of a base and a metal catalyst in an inert
solvent. |

Examples of the above-mentioned “base” include “inorganic
bases”, “basic salts”, “aromatic amines”, “tertiary amines”,
“hydrides of an alkali metal or alkaline earth metal”, “alkyl
metals”, “aryl metals” and the like. The amount of the “base”

to be used is generally 1 to 10 equivalents, preferably 1 to 5

requivalents, relative to compound (61).

Examples of the above-mentioned “metal catalyst” include
copper halides such as copper (I) chloride, copper(I) bromide,
copper(II) chloride and the like and the like. The amount of
the “metal catalyst” to be used is generally 0.001 to 100
egquivalents, preferably 0.01 to 10 equivalénts, relative to
compound (61).

Examples of the above-mentioned “inert solvent” include
aromatic solvents, aliphatic hydrocarbon solvents, ether
solvents, amide solvents, halogenated hydrocarbon solvents and
the like. Thése solvents may be used in a mixture of two or
more kinds thereof in an appropriate ratio. Among them, THF,
toluene and the like are preferable. |

The reaction temperature is generally -78°C to 200°C,
preferably -20°C to 150°C. |

The reaction time is generally 5 min to 48 hr, preferably
30 min to 24 hr.

[0413]
<Reaction Scheme 19>

[0414]
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wherein each symbol is as defined above.

- [0416]

Compound (I) can bé produced, for example, by subjecting
compound (4-5) to a coupling reaction with compound (5). |
This reaction is performed in the same manner as in the
production method of compound (2) from compound (4) and
compound (5) in Reaction Scheme 3.
[0417]
<Reaction Scheme 20>
[0418]
- v R®
NO, X M
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o
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[0419]
wherein each symbol is as defined above.
[0420]

Compound (2-3) can be produced, for example, by
subjecting compound (62) to a dehydration-condensation
reaction with compound (63), and then subjecting the resulting
compound to a cyclization reaction.

The above-mentioned “dehydration-condensation.reaction”
is‘performed by reacting compound (62) with Compound (63) in
the presence of a dehydrating agent, in an inert solvent.

The amount of compound (63) to be used is generally 0.01
to 5 equivalents reiative-to compound (62).

Examples of the above-mentioned “dehydrating agent”

include magnesium sulfate and the like. The amount of the
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“dehydrating agent” to be used is generally 1 to 1000
equivalents relative to compound (62). |

Examples of thé above-mentioned “inert solvent” include
alcohol solvents, aromatic‘solvents, aliphatic hydrocarbon
solvents, ether solvents, amide solvents, halogenated
hydrocarbon solvents and the like. These solvents may be used
in a mixture of two or more kinds thereof in an appropriate
ratio. Among them, alcohol solvent is preferable.

The reaction temperature is generally -78°C to 200°C,
preferably 50°C to 150°C.

The reaction time is generally 5 min to 48 hr, preferably
30 min to 24 hr.

[0421]

The above-mentioned “cyclization reaction” is performed
by reacting the compound obtained in the above-mentioned
dehydration-condensation reaction of compound (62) with
compound (63) in the presence of an activator.

Examples of the above-mentioned “activator” include

.trimethylphosphite, triethylphosphite and the like. The amount

of the “activator” to be used is generally 5 equivalents to an
excess amount relative to compound (62).
The reaction temperature is generally -78°C to 200°C,

preferably 50°C to 150°C.

- The reaction time is generally 5 min to 48 hr, preferably
30 min to 24 hr.
[0422]
<Reaction Scheme 21>
[0423]
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[0424]
wherein each symbol is as defined above.
[0425]

Compound (65) can be produced, for example, by subjecting
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compound (64) to an alkylation reaction.
This reaction is performed in the same manner as in the
production method of compound (I) iﬁ Reaction Scheme 1.
[0426] .
Compound (66) can be produced, for example, by subjecting
compound (65) to a bromination reaction. |
The aboVe—mentioned “bromination reaction” is performed

by reacting compound (65) in the presence of a brominating

agent and a radical initiator, in an inert solvent.

" Examples of the above-mentioned “brominating agent”
include bromine, N-bromosuccinimide and the like. The amount
of the “brominating agent” to be used is generally 1 to 10
equivalents relative to compound (65).
| Examples of the above-mentioned “radical initiator”
include 2,2’-azobis(2-methylpropionitrile) and the like. The
amount of the “radical initiator” to be used is generally 0.01
to 10 equivalents relative to compound (65).

| Examples of the above-mentioned “inert solvent” include
nitrile solvents, aromatic solvents, aliphatic hydrocarbon
solvents,.ether solvents, amide solvents, halogenated
hydrocarbon solvents and the like. Among them, nitrile
solvents, aromatic solvents and halogenated hydrocarbon
solvents are preferable.

The reaction temperature is generally -78°C to 200°C,
preferably 50°C to 150°C.

The reaction time is generally 5 min to 48 hr, preferably
30 min to 24 hr.
[0427]

Compound (62) can be produced, for example, by subjecting
compound (66) to an oxidation reaction.

The above-mentioned “oxidation reaction” is performed by
reacting>compound (66) in the presence of an oxidant and a
dehydrating agent, in an inert solvent. This reaction is
preferably performed under an inert gas atmosphere.

Examples of the above-mentioned “oxidant” include 4-
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methylmorpholine N-oxide and the like. The amount of the

“oxidant” to be used is generally 1 to 100 equivalents,
preferably 1 to 10 equivalents, relative to compound (66).
Examples of the above-mentioned “dehydrating agent”

5 include molecular sieves 4A and the like. The amount of the
“dehydrating agent” to be used is generally 0.1- to 100-fold
aﬁount, preferébly 0.5- to 10-fold amount, relative to the
weight of compound (66).

Examples of the above—mentibned “inert solvent” include

10 nitrile solvents, aromatic solvents, aliphatic hydrocarbon
solvents, ether solvents, amide solvents, halogenated
hydrocarbon sclvents and the like. Among them, nitrile
solvents and halogenated hydrocarbon solvents are preferable.

Examples of the above-mentioned “inert gas” include argon

15 gas, nitrogen gas and the like.

The reaction temperature is generally -78°C to‘150°C,
preferably -20°C to 100°C.

The reaction time is generally 5 min. to 48 hr, preferably
30 min to 24 hr.

20 [0428]
<Reaction Scheme 22>
[0429]
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[0430]
25 wherein each symbol is as defined above.
[0431]
Compound (68) can be produced, for example, by subjecting
compound (67) to a coupling reaction with compound (10).
This reaction is performed in the same manner as in the
30 production method of compound (2-1) in Reaction Schemé 4.
[0432]

Compound (63-1) can be produced, for example, by
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subjecting compound (68) to a hydrogenation reaction.

The above-mentioned “hydrogenation reaction” is performed
by reacting compound (68) in the presence of a metal catalyst
and a hydrogen source, in an inert solvent. Where necessary,
the reaction can be performed in the presence of an organic
acid in a catalytic amount to an excess amount relative to
compound (68), or hydrogen chloride in 1 to 50 equivalents
relative to compound (68). »

Examples of the above-mentioned “metal catalyst” include
palladium-carbon, palladium black, palladium chloride,
palladium hydroxide, rhodium-carbon, platinum oxide, platinum
black, platinum-palladium, Raney—nickel, Raney-cobalt and the
like. The amount of the “metal catalyst” to be used is
generally 0.001 to 1000 equivalents,'preferably 0.01 to 100
equivalents, relative to compound (68).

Examples of the above-mentioned “hydrogen source” include
hydrogen gas and tﬁe like.

Examples of the above-mentioned “ofganic acid” include
aceticbacid and ﬁhe like. , '

Examples of the above-mentioned “inert solvent” include
alcohol solvents, nitrile solvents, aromatic solvents,
aliphatic hydrocarbon solvents, ether solvents, amide solvents,
halogenated hydrocarbon solvents and the like. These solvents
may be used in a mixture of two or more kinds thereof in an
appropriate fatio. '

The reaction temperature is generally -70°C to 150°C,
preferably -20°C to 100°C.

The reaction time is generally 0.1 hr to 100 hr,
preferably 0.1 hr to 40 hr.

[0433]
<Reaction Scheme 23>

[0434]
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[0435]
wherein each symbol is as defined above;
[0436] . ‘

Compound (70) can be produced, for example; by subjecting
compound (69) to an!alkylation reaction. .

This reaction is performed in the same manner as in the
production method of compound (I) in Reaction Scheme 1.

[0437] , v

Compound (72) can be produced, for example, by Subjecting
compound (70) to a diazocoupling reaction with compound (71).

The above-mentioned “diazocoupling reaction” is performed
by reacting compound (70) with a'diazotizating agent under an
acidic condition, and then reacting the resulting diazonium |
salt with compound (71) under a basic condition.

[0438]

The production reaction of the above-mentioned “diazonium
salt” is performed by reacting compound (70) with a
diazotizating agent in an acidic aqueous solution such as
hydrochloric acid, sulfuric acid and the like.

Examples of the above-mentioned “diazotizating agent”
include sodium nitrite and the like.’ The amount of the
“diazotizating agent” to be used is generally 1 to 100
equivalents, preférably 1 to 10 equivalenEs, relative to
dompound (70) .

The‘reaction temperature is generally -70°C to 150°c,
preferably -20°C to 30°C.

The reaction time is generally 0.1 hr to 100 hr,
preferably 0.1 hr to 40 hr.

[0439]

' The reaction of the above-mentioned “diazonium salt” with
compound (71) is performed by reacting the “diazonium salt”
with compound (71) in an basic aqueous solution such as an
aqueous sodium hydroxide solution and the like.

The amount of compound (71) to be used is geﬁerally 0.5

to 10 equivalents, preferably 0.8 to 5 equivalents, relative
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to compound (70).

The reaction temperature is generally -70°C to 150°C,
preferably -20°C to 50°C. »

The reaction_time is generally 0.1 hr to 100'hr,
preferably 0.1 hr to 40 hr.

[0440] _
- Compound (9-2) can be produced, for example, by
subjecting compound (72) to a cyclization reaction.

The above-mentioned “cyclization reaction” is performed
by reacting compound (72) in the presence of an activator, in
an inert solvent. ‘

Examples of the above-mentioned “activator” include

trimethylphosphite, triethylphosphite and the like. The amount

of the “activator” to be used is 1 to 100 equivalents (an

excess amount) relative to compound (72).

Thelreaction témperature is generally -78°C to 200°C,
preferably 50°C to 150°C.

The reaction time is generally 5 min to 48 hr, preferably
30 min to 24 hr.
[0441] |
<Reaction Scheme 24>

[0442]
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[0443]
wherein each symbol is as defined above.
[0444] '

Compound (74) can be produced, for example, by subjecting
compound (6) to a cdupling reaction with compound (73).

This reaction is performed in the same manner as in the
production method of compound (2-1) in Reaction Scheme 4.
[0445] | |

Compound (2-4) can be produced, for example, by

subjecting compound (74) to a fluorination reaction.
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The above-mentioned “fluorination reaction” is performed

by reacting -compound (74) in the presence of a fluorinating
agent, in an inert solvent.
‘Examplés of the above-mentioned “fluorinating agent”

5 1include diethylaminosulfur.trifluoride, bis(2- -
methoxyethyl)aminosulfur trifluoride and the like. The amount
of -the “fluorinating agent” to be used is generally 3 to 100
equivalents, preferably 3 to 10 equivalents, relative to
compound (74). ‘

10 Examples of the.above—mentioned “inert solvent” include
nitrile solvents, aromatic solvents, aliphatic hydrocarbon
solvents, ether solvents, halogenated hydrocarbon solvents and
the like. Among them, aromatic solvents and halogenated
hydrocarbon solvents are preferable.

15 | The reaction temperature is generally -70°C to 150°C,
preferably -20°C to 100°C. |

The reaction time is generally 0.1 hr to 100 hr,
preferably 0.1 hr to 40 hr. '
[0446] |
20 <Reaction Scheme 25>
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[0448] | |
wherein M® and M’ are each a nitrogen atom~-protecting group, or
25 M® is a hydrogen atom and M’ is a nitrogen atom-protecting
group, and the other symbols are as defined above.
[0449] ‘
Compound (76) can be produced, for.ekample, by subjecting
compound (75) to a coupling'reéction with compound (10-1).

30 This reaction is performed in the same manner as in the
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production method of compound (2-1) in Reaction Scheme 4.

[0450]
Compound (77) can be produced, for example, by subjecting
compound (76) to a bromination reaction.

5 This reaction is performed in the same manner as in the
production method of éompound (66) in Reaction Scheme 21.

[0451] '
Compound (78) can be produced, for example, by subjecting
compound (77) to a substitution reaction. -

10 - The above-mentioned “substitution reaction” is performed
by reacting compound (77) in a mixed solvent of water and an
inert solvent.

Examples of the above-mentioned “inert solvent” include
amide solvents and the like. Among them, N-methylpyrrolidone

15 1is preferable. '

The reaction temperature is generally -70°C to 150°C,
preferably -20°C to 120°C.

The reaction time is generally 0.1 hr to 100 hr,
preferably 0.1 hr to 40 hr.

20 [0452] v

Compound (79) can be produced, for example, by subjecting
compound (78) to a deprotection reaction.

The depfotection reaction can be performed according to a
méthod known per se, for example, the method described in

25 Protective Groups in Organic Synthesis, John Wiley and Sons
(1980) or the like.

[0453]
Compound (80) can be produced, for example, by Subjecting
compound (79) to a protection reaction.

30 The protection reaction can be performed according to a
method known per se, for example, the method described in
Protective Groups in Organic Synthesis, John Wiley and Sons
(1980) or the like.

[0454] |

35 Compound (81l) can be produced, for example, by subjecting
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compound (80) to an oxidation reaction.

The above-mentioned “oxidation reaction” is performed by
reacting compound (80) with an oxidant in an inert solvent.

Examples of the above-mentioned “oxidant” include
manganese dioxide, tetrapropylammonium perruthenate, chromium
trioxide, Dess-Martin reagent and the like. The amount of the
“oxidant” to be used is generally 1 to 5 equivalents,
preferably 1 to 2 equivalents, relative to compound (80).

Examples of the above-mentioned “inert solvent” include
alcohol solvents, nitrile solvents, amide solvents, |
halogenated hydrocarbon solvents, ether solvents, aromatic
solvents and the like. These solvents may be used in a mixture
of two or more kinds thereof in an appropriate ratio. Among
them, nitrile solvents, halogenated hydrocarbon solvents and
the like are preferable. —

The reaction temperature is generally -100°C to 50°C,
preferably -78°C to 30°C.

The reaction time is generally 5 min to 48 hr, preferably
30 min to 24 hr.

The above-mentioned “oxidation reaction” can also be
performed according to a method known per se, for example, the
method described in Jéurnal of the Medicinal Chemistry, 5282-
5290 pages, 2006 or the like, or a method analogous thereto.
[0455]

Compound (26) can be produced, for example, by subjecting
compound (81) to an oxidatidn reaction.

The above-mentioned “oxidation reaction” is performed by
reacting compound (81l) with an oxidant in an inert solvent.

Examples of the above~mentioned “oxidant” include sodium
dihydrogen phosphate, chromium trioxide and the like. Where
necessary, an additive such as 2-methylbut-2-ene and the like
may be added. The amount of the “oxidant” to be used is
generally 1 to 5 equivalents, preferably 1 to 2 equivalents,
relative to compound (81).

Examples of the above-mentioned “inert solvent” include
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alcchol solvents, ketone solvents and the like.

These solvents
are preferably used in a mixture with water in an appropriate
ratio.

.Thevreaction temperature is generally -100°C to 100°C,
5 preferably -78°C to 50°C. '

The reaction time is generally 5 min to 48 hr, preferably
30 min to 24 hr. '

[0456]

<Reaction Scheme 26>
10 [0457]
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[0458]

wherein 2% is R® or a hydroxyl-protecting group, and the other
symbols are as defined above.

15 [0459]

Compound (84)

can be produced, for example, by subjecting
compound (83)

to an alkylation reaction..

This reaction is performed in the same manner as in the
production method of compound

(I) in Reaction Scheme 1.
20 [0460]

Compound (84) can also be produced, for example, by
subjecting compound (83) to a protection reaction.

The protection reaction can be performed according to a
method known per se,

for example, the method described in

Protective Groups in Organic Synthesis, John Wiley and Sons
(1980) or the like.

[0461]

25

Compound (86)

~can be produced, for example, by subjecting
compound (84)

to a substitution reaction with compound (85).
30 This reaction is performed in the same manner as in the

“method using a base”,'from among the production methods of
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compound (2-1) in Reaction Scheme 4.
[0462]

Compound (87) can be produced,‘for example, by subjecting
compound (86) to a hydrogenation reaction.
[0463] 4

The above-mentioned “hydrogenation reaction” is performed
by reacting compound (86) in the presence of a metal and a
hydrogeﬁ source, in an inert solvent. Where necessary, the
reaction can be performed in the presence of an organic acid
in a catalytic amount to a solvent amount, or hydrogen
chloride in 1 to 50 equivalents relative to compound (86).

Examples of the above-mentioned “metal” include

palladium-carbon, pailadium black, palladium chloride,

palladium hydroxide, rhodium-carbon, platinum oxide, platinum
black, platinum-palladium, Raney-nickel, Raney-cobalt and the
like. The amount of the “metal” to be used is generally 0.001
to 1000 equivalents, preferably 0.01 to 100 equivalents,
relative to compound (86). _

Examples of the above-mentioned “hydrogen source” include
hydrogen gas, ammonium formate and the like.

Examples of the above-mentioned “organic acid” include
acetic acid and the like.

Examples of the above-mentioned “inert solvent” include
alcohol solvents, aromatic solvents, aliphatic hydrocarbon
solvents, ether solvents, amide solvents, haldgenatéd
hydrocarbon solvents and the like. These solvents may be used
in a mixture of two or more kinds thereof in an appropriate
ratio. | '

The reaction temperature is generally -70°C to 150°C,
preferably -20°C to 1OO°C.Y

The reaction time is generally 0.1 hr to 100 hr,
preferablylo.l hr to 40 hr.

[0464] |
The above-mentioned “hydrogenatidn reaction” is also

performed by reacting compound (86) in the presence of a metal
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and a hydrochloric acid source, in an inert solvent.

Examples of the above-mentioned “metal” include iron,
zinc, tin and the like. The amount of the “métal” to be used
is generally 0.1 to 1000 equivalents, preferably 1 to 100
equivalents, relative to compound (86).

Examples of the above-mentioned “hydrochloric acid
source” include hydrochloric acid, hydrogen chloride gas,
ammonium chloride and the like. The amount of the
“hydrochloric aéid source” to be used is generally 1
equivalent to an excess amount relative to compound'(86).

Examples of the above-mentioned “inert solvent” include
alcohol solvents, aromatic solvents, aliphatic hydrocarbon
solvents, ether solvents, amide solvents, halogenated
hydrocarbon solvents and the like. These solvents may be used
in a mixture with water in an appropriate ratio.

The reaction temperature is generally -70°C to 150°C,

preferably -20°C to 100°C.

The reaction time is generally 0.1 hr to 100 hr,
preferably 0.1 hr to 40 hr.

[0465] v

Compound (88) can be produced, for .example, by subjecting
compound (87) to an amidation reaction with compound K14).

This reaction is -performed in the same manner as in the
production method of compound (16) in Reaction Scheme 5.

[0466]

Compound (82) can be produced, for example, by subjecting
compound (88) to a cyclization reaction.

The above-mentioned “cyclization reaction” can be
produced by reacting compound (88) with a base in an inert
solvent, and then reacting the resulting compound with an acid.

Examples of the above-mentioned “base” include “metal
alkoxides” and the like. The amount of the “base” to be used
is generally 2 to 100 equivalents, preferably 2 to 10
equivalents, relative to compound (88).

Examples of the above-mentioned “acid” include “organic
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acids” and the like. The amount of the “acid” to be used is
generally 3 to 1000 equivalents, preferably 3 to 100
equivalents, relative to compound (88).

Examples of the above-mentioned “inert solvent” include
alcohol solvents; halogenated hydrocarbon solvents, ether
solvents and the like.

The reaction temperature is generally -100°C to 150°C,
preferably 0°C to 100°C.

The reaction time is generally 5 min to 48 hr, preferably

30 min to 24 hr.

[0467]

<Reaction Scheme 27>

[0468] |
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[0469]

- wherein each symbol is as defined above.
[0470]

Coﬁpound (11-5) can be produced, for example, by
subjecting compound (11-2) to a substitution reaction.

The above-mentioned “substitution reaction” is performed
by reacting compound (11-2) with a halogenating agent in' an
inert solvent.

Examples of the above-mentioned “halogenating agent”
include 1—(chloromethyl)—4—fluoro—l,4—
diazoniabicyclo[2.2.2]octane ditetrafluoroborate, N-
bromosuccinimide, N—iodbéuccinimide and the like. The amount
of the “halogenating agent” to be used is generally 2 to 20
equivalents relative to compound (11-2).

Examples of the above-mentioned “inert solvent” include
nitrile solvents, aliphatic hydrocarbon solvents, aromatic
solvents, ether solvents and the like. These solvenfs may be
used in a mixture of two or more kinds thereof in an

appropriate ratio.
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The reaction temperature is generally -100°C to 200°C,
preferably -100°C to 100°C.

The reaction time is generally 1 min to 48 hr; preferably
5 min to 24 hr. '
[0471] .

Compound (11-6) can be produced, for example, by
subjecting compound (11-5) to a substitution reaction.

This reaction is performed in the same manner as in the
production method of compound (11-3) in Reaction Scheme 9.
[0472] |

Compound (11-4) can be produced, for example, by‘

subjecting compound (11-6) to a coupling reaction.

The above-mentioned “coupling reaction” is performed, for
example, by reacting compound (11-6) and a boron compound
corresponding to R® in the presence of a metal catalyst, a

ligand and a base, in an inert solvent. This reaction is

.preferably performed under an inert gas atmosphere.

Examples of the above-mentioned “boron compound
corresponding'to Rs” include trimethylboroxin, phenylboronic
acid and the like. The amount of the “boron compound
corresponding to R®” to be used is generally 0.5 to 5
equivalents, preferably 1 to 3 equivalents, relative to
compound (11-96) .

Examples of the above-mentioned “metal catalyst” include
palladium(II) acetate, [1,1'-
bis(diphenylphosphino) ferrocene]palladium(II) dichloride and
the like. The amount of the “metal catalyst” to be used is
generally 0.001 to 100 equivalents, preferably 0.01 to 10
equivalents, relative to compound (11-6).

Examples of the above-mentioned “ligand” include
triphenylphosphine, 1,1’ -bis(diphenylphosphino) ferrocene and
the like. The amount of the “ligand” to be used is generally
0.0001 to 100 equivalents, preferably 0.001 to 10 equivalents,
relative to compound (11-6).

Examples of the above-mentioned “base” include “basic
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salts7 and the like. The amount of the “base” to be used is

generally 1 to 10 eguivalents, preferably 1 to 5 equivalents,
relative to compound (11-6). '
Examples of the above-mentioned “inert solvent” include
5 amide solvents, aromatic solvents, halogenated hydrocarbon |
solvents, ether solvents and the_like.
Examples of the above-mentioned “inert gas” include argon
gas, nitrogen gas and the like.
The reaction temperature is generally -20°C to 200°C,
10 preferably 0°C to 150°C.
The reaction time is generally 5 min to 40 hr, preferably

30 min to 24 hr.

[0473]
<Reaction Scheme 28>
15 [0474]
@ I e O
S |
e ot e grert

[0475]
wherein each symbol is as defined above.
-[0476]
20 - Compound (90) can be produced, for example, by subjecting

compound (25) to a substitution reaction with compound (89).
This reaction is performed in the same manner as in the
production method of compound (I) in Reaction Scheme 1.
[0477] |
25 Compound (91) can be produced, for example, by subjecting
compound (90) to hydrolysis.
This reaction is performed in the same manner as in the.

production method of compound (14) in Reaction Scheme 5.
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[0478]

"Compound (92) can be produced, for example, by subjecting
compound (90) to a sulfonylation reaction. |

This reaction is performed in the same manner as in the
production method of compound (51) in Reaction Scheme 17.
[0479]

Compound (93) can be produced, for example, by subjecting
compound (91) to a sulfonylation reaction.

This reaction is performed in the same manner as in the
production method of compound (51) in Reaction Scheme 17.
[0480]

Compound (93) can also be produced, for example, by

~ subjecting compound (92) to hydrolysis.

_ This reaction is performed in the same manner as in the
production method of compound (14) in Reaction Scheme 5.
[0481]
Compound (94) can be producéd; for example, by subjecting
compound (93) to an amidation reaction with compound (15) .
This reaction is performed in the same manner as in the
production method of compound‘(16) in Reaction Scheme 5.
[0482] | |
Compound (95) can be produced, for example, by subjecting
compoﬁnd (94) to a cyclization reaction.
' This reaction is performed in the same manner as in the
production method of compound (1-1) in Reaction Scheme 5.
[0483]
Compound (51-1) can be produced, for example, by
subjecting compound (95) to an alkylation reaction.
This reaction is performed in the same manner as in the
production method of compound (I) in Reaction Scheme 1.
[0484]
Compound (52-1) can be produced, for example, by

- subjecting compound (51-1) to an azidation reaction.

This reaction is performed in the same manner as in the

production method of compound (52) in Reaction Scheme 17.
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[0485]

Compound (3-1) can be produced, for example, by
subjecting compound (52-1) to a reduction reaction.

This reaction is performed in the same manner as in the.
production method of compound (53) in Reaction Scheme 17.
[0486]
<Reaction Scheme 29>
[0487]
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[0488]
wherein each symbol is as defined above.
[0489]

Compound (98) can be produced, for example, by subjecting
compound (97) to a protection reaction.

The protection reaction can be performed according to a
method known per se, for example, the method described in
ProtectiVe Groups in Orgénic Synthesis, John.Wiley and Sons
(1980) or the like.

[0490] »

Compound (99) can be produced, for example, by subjecting
compound (98) to an oxidative cleavage or ozone oxidation.

This reaction is performed by reacting compound (98) with
an oxidant in an inert solvent. Where necessary, a re-oxidant
may be used.

Examples of the above-mentioned “oxidant” include osmium
tetraoxide, potassium permanganate, ozone and the like. The
amount of the “oxidant” to be used is generally 0.001 to 10
equivalents, preferably 0.01 to 3 equivalents, relative to
compound (98).

Examples of the abovefmentioned “re-oxidant” include
sodium periodate and the like. The amount of the “re-oxidant”
to be used is generally 1 to 10 equivalents, preferably 1 to 3

equivalents, relative to the “oxidant”.
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Examples of the above-mentioned “inert solvent” include
ketone solvents, nitrile solvents, amide solvents, halogenated
hydrocarbon solvents, ether solvents, aromatic solvents and
the like. These solvent may be used in a mixture with water in
an appropriate ratio, or in a mixture of two or ﬁore kinds
thereof in an appropriate ratio.

The reaction temperature is generally -100°C to 200°C,

preferably 0°C to 150°C.

The reaction time is genérally 5 min to 48 hr, pfeferably
30 min to 24 hr.
[0491] _

Compound (100) can be produced, for example, by
subjecting compound (99) to a fluorination reaction.

This reaction is performed by reacting compound (99) with
a fluorinating agent in an inert solvent.

‘ Examples of the above-mentioned “fluorinating agent”

include (diethylamino)sulfur triflucride and the like. The

amount of the “fluorinating agent” to be used is generally 1

-to 10 equivalents, preferably 1 to 3 equivalents, relative to

compound (99).

Examples of the above-mentioned “inert solvent” include
nitrile solvents, amide solvents, halogenated hydrocarbon
solvents, ether solvents, aromatic solvents and the like.

These soivents may be used in a mixture of two or more kinds
thereof in an appropriate ratio. Among them, toluene,
dichloromethane and the like are preferable.

_ The reaction température is generally -100°C to 200°C,
preferably 0°C to 150°C.

The reaction time is generally 5 min to 48 hr, preferably
30 min to 24 hr. |
[0492] _

Compound (96) can be produced, for example, by subjecting
compound (100) to a deprotection reaction.

| ' The deprotection reaction can be performed according to a

method known per se, for example, the method described in
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Protective Groups in Organic Synthesis, John Wiley and Sons

(1980) or the like.

[0493]
<Reaction Scheme 30>
5 [0494]
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[0495] ‘
wherein each symbol is as defined above.
[0496]
0 Compound (102) can be produced, for example, by

subjecting compound (101) to a deprotection reaction.

The deprotection reaction can be performed according to a
method known per se, for example, the method described in
Protective Groups in Organic Synthesis, John Wiley and Sons

15 (1980) or the like.
[0497]

Compound (103) can be produced, for example, by
subjecting compound (102) to an acylation reaction.

This reaction is performed in the same manner as in the

20 production method of compound (I-1) in Reaction Scheme 2.
[0498] |

Compound (1-5) can be produced, for example, by
subjecting compound (103) to a reduction reaction.

This reaction is perfdrmed\in the same manner as in the

25 production method of compound (2-2) in Reaction Scheme 15.
[0499] o

.<Reaction Scheme 31>
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wherein each symbol is as defined above.
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[0502] ' '

Compound (104) can be produced, for example, by
subjecting compound (74) to a reduction reaction.

This reaction is performed in the same manner as in the
production method of compound (50) in Reacfion Scheme 17.
[0503]

Compound (2-5) can be_produced, for example, by
subjecting compound (104) to a fluorination reaction.

This reaction is performed in the same manner as in the
production method of compéund (2-4) in Reaction Scheme 24.
[0504] |
<Reaction Scheme 32>
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[0506] _
wherein each symbol.is as defined above.
[0507]

Compound (2-8) can be produced, for example, by
subjecting compound (2-7) to an oxidation reaction.

The above-mentioned “oxidation reaction” can be produced
by reacting compound (2-7) in the presence of an oxidant, in
an inert solvent. Where necessary, the reaétion can be
performed in the presence of an organic acid in a catalytic
amount to an excess amount. _

Examples of tHe above-mentioned “oxidant" include m-
chloroperbenzoic acid, hydrogen peroxide and the like. The
amount of the “oxidant” to be used is generally 1 to 10

equivalents, preferably 1 to 5 equivalents, relative to
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compound (2~7).

Examples of the above-mentioned “organic acid” include
acetic acid and the like. |

Examples of the above-mentioned “inert solvent” include
nitrile solvents, halogenated hYdrocarbon solvents, aromatic

solvents and the like. Among them, toluene, dichloromethane

‘and the like are preferable.

The reaction temperature is generally -100°C to 200°C,

preferably 0°C to 150°C.

The reaction time is generally 5 min to 48 hr, preferably

30 min to 24 hr.
[0508]

Compound (2~9) can be produced, for example, by
subjecting compound (2-8) to a rearrangement reaction.

The above-mentioned “rearrangement reaction” can be
produced, for example, by reacting compound (2-8) with acetic
anhydride in an inert solvent. The amount of the acetic/
anhydride to be used is generally 1 eguivalent to an excess
amount, relative to compound (2-8).

Examples of the above-mentioned “inert solvent” include
nitrile solvents, halégenated hydrocarbon.solvents, aromatic

solvents and the like.

‘The reaction temperature is generally -100°C to 200°C,

" preferably 0°C to 150°C.

The reaction time is generally 5 min to 48 hr, preferably

30 min to 24 hr.
[0509] ,

Compound (2-10) can be produced, for example, by
subjecting compound (2-9) to hydrolysis.

This reaction is performed in the same manner as in the
production method of compound (14) in Reaction Scheme 5.
[0510] _

Compound (2-6) can be produced, for example, by

subjecting compound (2-10) to an alkylation reaction.

This reaction is performed in the same manner as in the
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production method of compound (I) in Reaction Scheme 1.
[0511]
<Reaction Scheme 33>
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[0513]

wherein each symbol is as - defined above.

[0514]

Compound (8-1) can be produced, for example, by
subjecting compound (105) to a coupliﬁg reaction with compound
(106). o

The above-mentioned “coupling reaction” is performed by

reacting compound (105) with compound (106) in the presence of

a metal catalyst, a ligand and a base, in an inert solvent.
This reaction is preferably performed under an inert gas
atmosphere.

The amount of compound (106) to be used is generally 0.5
to 100vequivalents/ preferably 0.8 to 20 equivalents, relative
to compound (105).

' Examples of the above—mentioned “metal catalyst” include
tris(dibeﬁzylideneécetone)dipalladium(O), palladium(II)
acetate, copper(I) iodide and the like. Thé amount of the
“metal catalyst” to be used is generally 0.001 to 100 ,
equivalents, preferably 0.01 to 10 equivalents, relative to
compound (105).

Examples of the above-mentioned “ligand” include (1R, 2R)-
N,N’—dimethylcyclohexane41,2—diamine, 1,10-phenanthroline,
tﬁiphenylphosphine, 1,1’ -bis(diphenylphosphino) ferrocene and
the like. The amount of the “ligand” to be used is generally
0.001 to 100 equivalents, preferably 0.01 to 10 equivalents,
relative to compound (105). ‘

Examples of the above-mentioned “base” include “basic
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salts” and the like. Among them, tripotassium phosphate,
cesium carbonate and the like are preferable. The amount of
the “base” to be used is generally 1 to 10 equivalents,
preferably 1 to 5 equivalents, relative to compound (105).

Examples of the above-mentioned “inert solvent” include-
amide solvents, aromatic solvents, haloéenated hydrocarbon
solvents and the like. |

Examples of the above-mentioned “inert gas” include argon
gas, nitrogen gas and the like.

The reaction temperature is generally -20°C to 200°C,

preferably 0°C to 150°C.

The reaction time is generally 5 min to 40 hr, preferably
30 min to 24 hr.
[0515]
<Reaction Scheme 34>

[0516]

It

[0517]
wherein each symbol is as defined above.
[0518]

Compound (108) can be produced, for example, by
subjecting compound (107) to an alkylation reaction.

This reaction is performed in the same manner as in the
production method of compound (I) in Reaction Scheme 1.
[0519] v

Compound (2-11) can be produced, for example, by
subjecting compound (108) to a dehydration-condensation
reaction with compound (63), and then subjecting the resulting
compound to a condensation pyrazole ring-formation reaction.

'The above-mentioned “dehydration-condensation reaction”

is performed by reacting compound (108) with compound (63) in

. an inert solvent. Where necessary, a dehydrating agent may be
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used. The amount of compound (63) to be used is generally 1 to
5 equivalents relative to compound (108). ,

Examples of the above-mentioned “dehydrating agent”
include magnesium sulfate and the like. The amount of the
“dehydrating agent” to be used is generally 1 to 1000
equivalents relative to compound (108) . » ' '

Examples of the above-mentioned “inert solvent& include
alcohol solvents, aromatic solvents, aliphatic hydrocarbon
solvents, ether solvents, amide solvents, halogenated
hydrocarbon solvents and the like. These solvents may be used
in a mixture of two or more kinds thereof in an appropriate
ratio.

The reaction temperature is generally -78°C to 200°C,
preferably 50°C to 150°C. | |

| The reaction time is generally 5 min to 48 hr, preferably
30 min to 24 hr.
[0520]

The above-mentioned “condensation pyrazole ring-formation
reaction” is performed by reacting subjecting the above-
mentioned compéund (108) to dehydration-condensation reaction
with compound (63), and then reacting the resulting compound
with an azidating agent in an inert solvent. ’

Examples of the above-mentioned “azidating agent” include
sodium azide and the like. The amount of the “azidating agent”

to be used is generally 1 equivalent to an excess amount

_relative to compound (108).

The reaction temperaturé is generally -78°C to 200°C,
preferably 50°C to 150°C.

The reaction time is generally 5 min to 48 hr, preferably
30 min to 24 hr.
[0521]
<Reaction Scheme 35>
[0522]
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[0523]
‘wherein each symbol 1s as defined above.
[0524]
5 Compound (110) can be produced, for example, by

subjecting compound (109) to a prdtection reaction.'

The protection reaction can be performed according to a
method known per se, for example, the method described in
Protective Groups in Organic Synthesis, John Wiley and Sons

-10 (1980) or the like. |
' [0525]

Compound (8-2) can be produced, for example, by
subjecting compound (110) to a dehydration—condensation
reaction with compound (62), and then subjecting the resulting

15 compound to a cyclization reaction.
This reaction is performed in the same manner as in the

production method of compound (2-3) in Reaction Scheme 20.

[0526]

<Reaction Scheme 36>
20 [0527]

o Yle o R7 ° S m2
R oﬂ o Qa
8 8-3

[0528] _

wherein each symbol is as defined above.

[0529] .
25 Compound (8-3) can be produced,'for example, by

subjecting compound (8) to a substitution reaction.
[0530]
The above-mentioned “substitution reaction” is performed

by reacting compound (8) with an alkyl metal, a metal amide or
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the like in an inert solvent to convert the hydrogen atom to a

" metal atom, and then reacting the resulting compound with, for

example, a halogenating agent or a halide corresponding to R’.
Examples of the above-mentioned “alkyl metal” include

alkyllithiums, alkylmagnesium halides and the like. The amount

‘of the “alkyl metal” to be used is generally 1 to 10

‘equivalents relative to compound (8).

Examples of the above-mentioned “metal amides” include
lithiumdiisopropylamide,'lithiumhexamethyl'disilazide and the
like. The amount of the “metal amides” to be used is generally
1 to 10 equivalénts relative to compouhd (8).

Examples of the above—mehtioned “halogenating agent”
include N-fluoro-N-(phenylsulfonyl)benzenesulfonamide, N-

chlorosuccinimide, N-bromosuccinimide, N-iodosuccinimide,

‘bromine, iodine and the like. The amount of the “halogenating

-agent” to be used is generally 2 to 10 equivalents relative to

comeund (8).

Examples of the above-mentioned “halide corresponding to
R'” include optionally substituted alkyl halides, optionally
substituted cycloélkyl halides,'optionélly substituted
cycloalkylalkylvhalides and optionally substituted aralkyl
halides. The amount of the “halide corresponding to R’” to be
used is generally 1 to 10 equivalents, preferably 1 to 5
equivalents, relative to compound (8).

Examples of the above-mentioned “inert solvent” include
aliphatic hydrocarbon solvents, aromatic solvents, ether
solvents and the like. These solvents may be used in a mixture
of two or more kinds thereof in an appropriate ratio.

The reaction temperature is generally -100°C to 200°C,
preferably -100°C to 100°C.

The reaction time is generally 1 mih to'48 hr, preferably
5 min to 24 hr.

[0531] A
The above-mentioned “substitution reaction” is also °

performed by reacting compound (8) with a halogenating agent

184



10

15

20

25

30

WO 2012/074126 PCT/JP2011/078010

in an inert solvent. Where necessary, a radical initiator may
be used.

Examples of the above-mentioned “halogenating agent”
include 1-(chloromethyl)-4-fluoro-1,4- |
diazoniabicyclo[2.2.2]octane ditetrafluoroborate, N-
chlorosuccinimide, N-bromosuccinimide, N-iodosuccinimide,
bromine, iodine and the like. The amount of the “halogenating
agent” to be used is generally 2 to 20 equivalents relative to
compound (8).

Examples of the above-mentioned “radical initiator”
include 2,2’ -azobis(2-methylpropionitrile) and the like. The
amount of the “radical initiator” to be used is generally 0.01
to 10 equivalents relative to compound (8).

Examples of the above-mentioned “inert solvent” include
nitrile solvents, aliphatic hydrocarbon solvents, aromatic
solﬁents, ether solvents and the like. These solvents may be
used in a mixture of two or more kinds thereof in an
appropriate ratio.

. The reaction temperature is generally'—lOO°C to 200°C,
preferably -100°C to 100°C.

The reaction time is generally 1 min to 48 hr, preferably

5 min to 24 hr.

[0532]

<Reaction Scheme 37>

[0533]

@ 1 . - Yle
6
ﬁo ‘:’ti > Rb ‘:"’
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[0534]

wherein each symbol is as defined above.
[0535]

Compound (8-4) can be produced,'for example, by
subjecting compound (8) to a substitution reaction.

This reaction is performed in the same manner as in the
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production method of compound (8-3) in Reaction Scheme 36.
[0536]

<Reaction Scheme 38>

[0537]

omy

Q
R% X CF3

8-6

[0538]

wherein each symbol is as defined above.
[0539]

Compound (8-6) can be produced, for éxample, by
subjecting compound (8—5) to a trifluoromethylation reaction.

The above-mentioned “trifluoromethylation reaction” is
performed by reacting compound (8-5) with a
trifluoromethylating agent in the presence of a metal catalyst,
in an inert solvent. This reaction is preferably performed
under an inert gas atmosphere.

Examples of the above-mentioned “trifluoromethylating
agent” include methyl difluoro(fluorosulfonyl)acetate and the
like. The amount of the “trifluoromethylating agent” to be
used is generally 0.5 to 100 equivalents, preferably 1 to 20
equivalents,‘relative to compound (8-5). ‘

Examples of the above-mentioned “metal catalyst” include
copper(I) iodide and the like. The amount of the “metal
catalyst” to be used is generally 0.001 to 100 equivalents,
preferably 0.01 to 10 equivalents, relative to compound (8-5).

Examples of the above-mentioned “inert solvent” include
amide solvents, aromatic solvents, halogenated hydrocarbon
solvents and the like. | _

Examples of the above-mentioned “inert gas” include argon
gas, nitrogen gas and the like. |

The reaction temperature is generally -20°C to 200°C,
preferably 0°C to 150°C.

The reaction time is generally 5 min to 40 hr, preferably
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30 min to 24 hr.
[0540]

<Reaction Scheme 39>
[0541]
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[0542] |
wherein each symbol is as defined above.
[0543] |

Compound (8-7) can be produced, for example, by
sﬁbjecting compound (8-8) to a cyaﬁation reaction.

The above-mentioned “cyanation reaction” is performed by
reacting‘compound (8-8) with a cyanating agent in the presence

of a metal catalyst and a ligand, in an inert solvent. Where

necessary, zinc may be used in a catalytic amount to an excess

amount as an additive. This reaction is preferably performed

under an inert gas atmosphere.

Exémples of the above-mentioned “cyanating agent” include
zinc cyanide and the like. The amount of the “cyanating agent”
to be used is generally O.S to 100 equivalents, preferably 1
to 20 equivalents,  relative to compound (8-8).

Examples of the above-mentioned “metal catalyst” include
tris(dibenzylideneacetone)dipalladium(0) and the like. The
amount of the “metal catalyst” to be used is generally 0.001
to 100 equivalents, preferably 0.01 to 10 equivalents,
relative to compound (8-8).

Examples of the above-mentioned “ligand” include
triphenylphosphine, 1,1’-bis(diphenylphosphino)ferrocene and
the like. The amount of the “ligand” to be uséd is generally
0.0001 to 100 equivalents, preferably 0.001 to 10 equivalents,
relative to compound (8-8).

Examples of the above-mentioned “inert solvent” include

amide solvents, aromatic solvents, halogenated hydrocarbon
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solvents and the like.

Examples of the above-mentioned “inert gas” include argon

gas, nitrogen gas and the like.

The reaction temperature is generally -20°C to 200°C,

57preferably 0°C to 150°C.
' The reaction time is generally 5 min to 40 hr, preferably

30 min to 24 hr.

[0544]
<Reaction. Scheme 40>

10 [0545]
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[0546]
wherein each symbol is as defined above.

[0547]

15 Compound (111) can be produced, for example, by

subjecting compound (112) to a substitution reaction.

This reaction is performed in the same manner as in the

production method of compound (8<3) in Reaction Scheme 36.

[0548]

20 <Reaction Scheme 41>

[0549]
Y'H Y'H

L3¢ ~

O 116

N
(o
RG\O/Q NH;

N N
N Hoﬂf Lal Rsxo/\/_g?_l’:

113 114 .
— =N . —N - N=N
(@O G O O )

[0550]
wherein Q' is a 6-membered ring heterocycle such as the above-

115 S-3

25 mentioned ring shown in the reaction scheme, and the like, and

the other symbols are as defined above.

[0551]

Compound (114) can be produced, for example, by
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subjecting compound (113) to an alkylation reaction.

This reaction is performed in the same manner as in the

production method of compound (I) in Reaction Scheme 1.

[0552]

Compound (115) can be produced, for example, by
subjecting compound (114) to an amination reaction..

The above-mentioned “amination reaction” is perfofmed by
reacting compound (114) with an aminating agent in the
presence of a metal catalyst, é ligand and a base, in an inert
solvent. This reaction is.preferably performed under an inert
gas atmosphere. ' |

Examples of the above-mentioned “aminating agent” include
1,1—diphenylmethénimine, ammonia and the like. The amount of
the “aminating agent” to.be used is generally 0.5 to 100

equivalents, preferably 1 to 10 equivalents, relative to

vcompound,(114).

'Examples of the abové—mentioned “metal catalyst” include
tris(dibenzylideneacetone)dipalladium(0), palladium{(II)
acetate, copper(I) iodide and the 1like. The amount of the
“metal catalyst” to be used is generally 0.001 to 100
equivalents, preferably 0.01 to 10 equivalents, relative to
compound " (114).

Examples of the above-mentioned “ligand” include 2,2’ -
bis(diphenylphosphino) -1, 1’ -binaphthyl, butyldi-(1-
adamantyl)phosphine, (1R, 2R) =N, N’ -dimethylcyclohexane-1, 2~
diamine, 1,10-phenanthroline, triphenylphosphine, 1,1’-
bis(diphenylphosphino) ferrocene and the like. The amount of
the “ligand” to be used is generally 0.001 to 100 equivalents,
preferably 0.01 to 10 equivalents, relative to compound (114).

Examples of the above-mentioned “base” include “basic
salts”, “metal alkoxides” and the like. The amount of the
“base” to be used is generally 1 to 10 equivalents, preferably
1 to 5 equivalents, relative to compound (114).

Examples of the above-mentioned “inert solvent” include

amide solvents, aromatic solvents, halogenated hydrocarbon
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solvents and the like.

Examples of the above-menticned “inert gas” include argon

'gas, nitrogen gas and the like.

The reaction temperature is generally -20°C to 200°C,
preferably 0°C to 150°C. | '

The reaction time is generally'S min to 40 hr, preferably
30 min to 24 hr.

[0553]

Compound (9-3) can be produced, for example, by
subjecting'compound (115) to a condensation imidazole ring-
formation reaction with compound (116).

The above-mentioned “condensation imidazole ring-
formation reaction” is performed by reacting compound (115)
with compound (116) in an inert solVent.

The amount of compound (116) to be used is generally 0.5
to 100 equivalents, preferably 0.8 to 5 equivalents, relative
to compound (115). »

Examples of the above-mentioned “inert solvent” include
alcohol solvents, aromatic solvents, halogenated hydrocarbon
solventsrand the like. |

The reaction temperature is generally -20°C to 200°C,

preferably 0°C to 150°C.

The reaction time is generally 5 min to 40 hr, preferably
30 min to 24 hr.
[0554]
<Reaction Scheme 42>
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~wherein L* is a halogen atom, and the other symbols are as

defined above.
[0557]

Compound (118) can be produced, for example, by
subjecting compound (114) to the>Sonogashira coupling reaction
with compound (117).

This reaction is performed in the same manner as.in the
production method cf compound (42) in Reaction Scheme 15.
[0558]

Compound (119) can be produced, for example, by
subjecting compound (118) to a desilylation reaction.

The desilylation reaction can be performed according to a
method known per se, for example, the method described in
Protective’Groups in Organic Synthesis, John Wiley and Sons
(1980) or the like.

[0559]

Compound (120) can be produced, for example, by
subjecting compound (4-1) to the Sonogashira coupling reaction
with compound (117).

This reaction is performed in.the same manner as in the
production method of compound (42) in Reaction Scheme 15.
[0560]

Compound (121) can be produced, for example, by
subjecting compound (120) to a desilylation reaction.

The désilylation reaction can be performed according to a
method known per se, for example, the method described in
Protective Groups in Organic Synthesis, John Wiley and Sons
(1980) or the 1like.

[0561]

‘Compound (122) can be produced, for example, by
subjecting compound (4-1) to the Sonogashira coupling reaction
with compound (119).

’ This reaction is performed in the same manner as in the
production method of compound (42) in Reaction Scheme 15.

[0562]
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Compound (122) can also be produced, for example, by

subjecting compound (121) to the Sonogashira coupling reaction
with compound (114).

This reaction is performed in the same manner as in the
production method of compound (42) in Reaction Scheme 15.
[0563]

Compound (2-12) can be produced, for example, by
subjecting compound (122).to an amination reaction and
subsequent cyclization reaction.

The above-mentioned “amination reaction and subsequent
cyclization reaction” is performed by reacting compound (122)
with an aminating agent in an inert solvent, and then reacting
the resulting compound with a base. ' |

Examples of the above-mentioned “aminating agent” include

'2—[(aminooxy)sulfonyl]—l,3,5—trimethylbenzene,

(aminooxy) (hydroxy)sulfane dioxide and the like. The amount of

the “aminating agent” to be used is generally 0.5 to 100

equivalents, preferably 1 to 10 equivalents, relative to

compound (122).
Examples of the above-mentioned “base” include “basic

salts” and the like. The amount cf the “base” to be used is

‘generally 1 to 100 equivalents, preferably 1 to 10 equiﬁalents,

relative to compound (122).

Examples of the above-mentioned “inert solvent” include
ether solvents, amide solvents, aicohol solvents, aromatic
solvents, halogenated hydrocarbon solvents and the like. These
solvents may be used in a mixture with water in an appropriate
ratio.

The réaction temperature is generally -20°C to 200°C,
preferably 0°C to 150°C.

The reaction time is generally 5 min to 40 hr, preferably
30 min to 24 hr.

[0564]
<Reaction Scheme 43>

[0565]
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[0566].

wherein each symbol is as defined above.

[0567] _

Compound (111-1) can be produced, for example, by
subjecting compound (112) to a substitution reaction.

This reaction is performed in the same manner as in the
production method of compound (8-3) in Reaction Scheme: 36.
[0568]
<Reaction Scheme 44>

[0569]
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[0570]
wherein each symbol is as defined above.
[0571]

Compound (8-9) can be produced} for example, by
subjecting compound (115) to an amination reaction, and then
sﬁbjecting the resulting compound to dehydration-condensation
and cyclization reaction with compound (123).

[0572]

The above-mentioned “amination reaction” is performed by
reacting compound (115) with an'aminating agent in an inert
solvent. |

Examples of the above-mentioned “aminating agent” include

25 2-[(aminooxy)sulfonyl]-1,3,5-trimethylbenzene,

(aminooxy) (hydroxy)sulfane dioxide and the like. The amount of
the “aminating agent” to be used is generally 0.5 to 100
equivalents, preferably 1 to 10 equivalents, relative to

compound (115).
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Examples of the above—mentiohed “inert solvent” include
ether solvents, amide solvents, alcohol solvents, aromatic
solvents, halogenated hydrocarbon solvents and the like. These
solvents may be.usedvin a mixture with water in an appropriate
ratio.

The reaction temperature is generally -20°C to 200°C,
preferably 0°C to 150°C.

The reaction time is generally 5 min to 40 hr, preferably
30 min to 24 hr.

[0573]

The above-mentioned “dehydration—condensation reaction
and cyclization reaction” is performed, for example, by
reacting the compound obtained in the above-mentioned
“amination reaction” with compound (123) in the presence of a
base, in an inert solvent.

The amount of compound (123) to be used is generally 0.5
to 100 equivalents,.preferably 1 to 10 equivalents, relative
to compound (115). .

Examples of the above-mentioned “base” include “basic
salts” and the like. The amount of the “base” to be used is
generally 1 to 100 equivalents, preferably 1 to 10 equivalents,
relative fo compound (115).

| Examples of the above-mentioned “inert solvent” include
ether sol#ents, amide solvents, alcohol solventé, aromatic
solvents, halogenated hydrocarbon solvents and the like. These
solvents may be used in a mixture with water in an appropriate
ratio.

The reaction temperature is generally -20°C to 200°C,
preferably 0°C to 150°C. ,

The reaction time is generally 5 min to 40 hr, preferably
30 min to 24 hr.

[0574]
<Reaction Scheme 45>

[0575]
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[0576] _
wherein each symbol is as defined above.
[0577] _ : _
Compound (125) can be produced, for example, by
subjecting compound (11-1) to a reduction reaction.
This reaction is performed by reacting compound (11-1) in
the presence of a reducing agent, in an inert solvent.
Examples of the above-mentiocned “reducing agent” include
metal hydrogen compounds (e.g., sodium bis(2- '
methoxyethoxy)aluminum hydride, diisobutylaiuminum hydride),
metal hydride complex compounds (e.g., sodium borohydride,
lithium borohydride, lithium aluminum hydride, sodium aluminum
hydride) and the like. The amount of the “reducing agent” to
be used is generally 0.1 to 20 equivalents, preferably 1 to 5
equivalents, relative to compound (11-1).

_-Examples of the above-mentioned “inert solvent” include
alcohol solvents, aromatic solvents, aliphatic hydrocarbon
solvents, ether solvents, ester solvents, amide solvents and
the like. These solvents may be used in a mixture of two or
more kinds thereof in an appropriate ratio.

The reaction temperature is generally -70 to 150°C,
preferably -20 to 100°C. _

The reaction time is generally 0.1 to 100 hr, preferably
0.1 to 40 hr. B
[0578]

Compound (124) can be produced, for example, by
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subjecting compound (11-1) to a reduction reaction. ‘

The reduction reaction can be performed according to a
method known per se, for example, the method described in
Journal of the Medicinal Chemistry, 3434-3442 pages, 2000 or
the like, or a method analogous thereto. ,

This reaction is performed by reacting compound (11-1)°
with a reducing agent in an inert éolvent.

Examples of the above-mentioned “reducing ageht”‘include
metal hydrogen compounds (e.g., sodium bis(2-
methoxyethoxy)aluminum hydride, diisobutylaluminum hydride),
metal hydride complex compounds (e.g., sodium borohydride,
sodium cyanoborohydride, lithium aluminum hydfide, sodium
aluminum hydride) and the like. The amount of the “reducing
agent” to be used is generally 0.1 to 20 equivalents,
preferably 1 to 5 equivalents,}felative to compound (11-1).

Examples of the above-mentioned “inert solvent” -include
alcohol solvents, aromatic solvents, aliphatic hydrocarbon
solvents, ether solvents, ester solvents, amide solvents and
the like. These solvents may be used in a mixture of two or
more kinds thereof in an appropriate ratio.

The reaction temperature is generally -70 to 150°C,

preferably -20 to 100°C.
' The reaction time is generally 0.1 to 100 hr, preferably

0.1 to 40 hr.
[0579] :

Compound (124) can also be produced for example, by
subjecting compound (125) to an oxidation reaction.

The oxidation reaction can be performed according to a
method known per se, for example, the method described in
Journal of the Medicinal Chemistry, 5282-5290 pages, 2006 or
the like, or a method analogous thereto.

This reaction is performed by reacting compound (125)
with an oxidant in an inert solvent.

Examples of the above-mentioned “oxidant” include

manganese dioxide, tetrapropylammonium perruthenate, chromium

196



WO 2012/074126 PCT/JP2011/078010

10

15

20

25

30

trioxide, Dess~-Martin reagent and the like. The amount of the
“oxidant” to be used is generally 1 to 5 equivalents,
preferably 1 to 1.5 equivalents, relative to compound (125).

Examples of the abeve—mentioned “inert solvent” include
alcohol solvents, nitrile solvents, amide solvents,
helogenated hydrocarbon solvents, ether solvents, aromatic
solvents and the like. These solvents may be used in a mixture
of two or more kinds therecf in an appropriate ratio. Among
them, halogenated hydrocarbon solvents and the like are
preferable.

The reaction temperature is generally -100°C to 50°C,

preferably -78°C to 30°C.

The reaction time is generally 5vminvto 48 hr, preferably
30 min to 24 hr.
[0580]
<Reaction Scheme 46>
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[0582]
wherein each symbol is as defined above.
[0583]

Compound (126) can be produced, for example, by
subjecting compound (127) to an amination reaction, and then
subjecting the resulting compound to a dehydration-
condensation reaction and cyclization reaction with compound
(124).

This reaction is performed in the same manner as in the
production method of compound (8-9) in Reaction Scheme 45.
[0584]
<Reaction Scheme 47>

[0585]
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[0586]

wherein each symbol is as defined above.
[0587]

Compound (8) can be produced, for example, by subjecting

compound (9) to a protection reaction.

The protection reaction can be performed according to a

method known per se, for example, the method described in
Protective Groups in Organic Synthesis,

John Wiley and Sons
10 (1980) or the like.

[0588]
<Reaction Scheme 48>
[0589]
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wherein each symbol is as defined above.
[0591]

Compound (6) can be produced, for example, by subjecting
compound (128) to a deprotection reaction.
20

The deprotection reaction can be performed according to a

method known per se, for example, the method described in

Protective Groups in Organic Synthesis, John Wiley and Sons
(1980) or the like.

[0592]

25 <Reaction Scheme 49>
[0593]
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[0594]
wherein each symbol is as defined above.
[0595]
Compound (130) can be produced, for example, by
subjecting compound (129) to a sulfonylation reaction.

This reaction is performed in the same manner as in the

- production method of compound (51) in Reaction Scheme 17.

[0596]

Compound (131) can be produced, for example, by
subjecting compound (130) toc a cyanation reaction.

The above—mentioned “cyanation reaction” is performed,

for example, by reacting compound (130) with a cyanating agent

in an inert solvent. Where necessary, a base may be used in a

catalytic amount to an excess amount.

Examples of the above-mentioned “cyanéting agent” include
sodium cyanide, potassium cyanide and the like. The amount of
the “cyanating agent” to be used is generally 1 to 5 |
equivalents, preferably 1 to 3 equivalents, relative to
compound (130).

Examples of the above-mentioned “base”.include “basic
amines”, “arométic amines”, “tertiary amines” and the like.

Examples of the above-mentioned “inert solvent” include
nitrile solvents, amide solvents, halogenated hydrocarbon
solvents, ether solvents, aromatic solvents and the like.

The reaction temperature is generally -100°C to 150°C,
preferably -78°C to 120°C. _

The reaction time is generally 5 min to 48 hr, preferably
30 min to 24 hr.

[0597] |
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Compound (132) can be produced, for example, by
subjecting compound (131) to hydrolysis.
[0598]

This reaction is performed by reacting‘dompound (131)

with a base in an inert solvent.

Examples. of the above-mentioned “base” include “inorganic

bases” and the like. The amount of the "“base” to be used is
generally 1 to iO équivalents, preferably 1 to 5 equivalents,
relative to compound (131). '

Examples of the above-mentioned “inert solvent” include
alcohol solvents, ether éolvents, amide solvents, halogenated

hydrocarbon solvents and the like. These solvents are

preferably used in a mixture with water in an appropriate

ratio. Among them, alcohol solvents containing water are
preferable. _

| The reaction température is generally -78°C to 150°C,
preferably -20°C to 100°C. | |

-The reaction time is generally 5 min to 100 hr,
preferably 30 min to 24 hr.

[0599] ’

This reaction is also performed by reacting compound
(131) with an acid in an inert solvent.

Examples of the above-mentioned “acid” include
hydrochloric acid, sulfuric acid and the like. The amount of
the “acid” to be used is generally 1 equivalent to an excess
amount, preferably 1 to 10 equivalents, relative to compound
(131). _

Examples of theAabove—mentioned “inert solvent” include
alcohol solvents, ether solvents, amide solvents, halogenated
hydrocarbon solvents and the like. These solvents are
preferably used in a mixture with water in an appropriate
ratio. Among them, alcohol solvents containing water are
preferable. |

The reaction temperature is generally -78°C to 150°C,

preferably -20°C to 100°C.
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. The reaction time is generally 5 min to 100 hr,

preferably 30 min to 24 hr.

[0600]
Compound (133) can be produced, for example, by

5 subjecting compound (132) to a reduction reaction.

This reaction is performed'in the same manner as in the
production method of compound (125) in Reaction Scheme 45.
[0601]

Compound {(134) can be produced, for example, by

10 subjecting compound (133) to a sulfonylation reaction.

This reaction is performed in the same manner as in the
production method of compound (51) in Reaction‘Scheme 17.
[0602] |
<Reaction Scheme 50>

15 [0603] . |

[0604]
wherein R® is a substituent, and the other symbols are as
defined above.

20 [0605] ‘
Compound (135) can be produced, for example, by

subjecting compound (56) to an amidation reaction with N,O-

dimethylhydroxylamine.
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The above-mentioned “amidation reaction” is performed in
the same manner as in the production method of compound (40)
in Reaction Scheme‘14.

[0606] »
‘ Compound (136) cah be prdduced,ffor example, by
subjecting compound (135) to an alkylation reaction.

This reaction is performed in the same mannér as in the
production method of compound (I) in Reaction Scheme 1.

[0607]

Compound (137) can be produced, for example, by
subjecting compound (136) to a reduction reaction.

' The above-mentioned “reduction reaction” is performed by
reacting compound (136)_With a reducing agent in an inert
solvent.

Examples of the above-mentioned “reducing agent” include
metal hydrogen compounds (e.g., sodium bis(2-
methoxyethoxy)aluminum hydride, diisobutylaluminum hydride),
metal hydride complex compounds (e.g., sodium borohydride,
sodium cyanoborohydride, lithium aluminum hydride, sodium
aluminum hydride) and the like. The amount of the “reducing
agent” to be used is generélly 0.1 to 20 equivalents,
preferably 1 to 5 equivalents, relative to compound (136).

Examples of the above-mentioned “inert soclvent” include
alcohol solvents, aromatic solvents, aliphatid hydrocarbon
solvents, ether solvents, ester solvents, amide solvents and
the like. These solvents may be used in a mixture of two or
more kinds thereof in an appropriate ratio.

The reaction temperature is generally -70 to 150°C,
preferably -20 to 100°C. _

The reaction time is generally 0.1 to 100 hr, preferably
0.1 to 40 hr. |
[0608]

Compound (138)‘can be produced, for example, by reacting
compound (7) with an alkyl metal in an inert solvent to

convert the halogen atom of compound (7) to a metal atom, and
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then reacting the resulting compound with compound (137).

This reaction is performed in the same manner as in the
production method of compound (60) in Reaction Scheme 18. .
[0609]

‘Compound (139) can be produced, for example, by
subjecting compound (138) to an oxidation reaction.

The oxidation reaction can be performed according to a
method known per se, for example, the method described in

Journal of the Medicinal Chemistry, 5282-5290 pages, 2006 or

the like, or a method analogous thereto.

This reaction is performed by reacting. compound (138)
with an oxidant in an inert solvent.

Examples of the above-mentioned “oxidant” include
manganese dioxide, tetrapropylammonium perruthenate, chromium
trioxide, Dess-Martin reagent and the like. The amount of the
“oxidant” to be used is.generally 1l to 5 equivalents,
preferably 1 to 1.5 equivalents, relative to compound (138).

Examples of the above-mentioned “inert solvent” include
alcohol solvents, nitrile solvents, amide solvénts,
halogenated hydrocarbon solvents, ether soivents, aromatic
solvents and the like. These solvents may be used in a mixture
of two or more kinds thereof in an appropriate ratio. Among
them, halogenated hydrocarbon solvents and the like are
preferable.

The reaction temperature is generally -100°C to 50°C,
preferably -78°C to 30°C.

The reéction time is generslly 5 min to 48 hr, preferably
30 min to 24 hr.

[0610] ,

Compound (139) can also be produced, for example, by
reacting compound (7) with an alkyl metal in an inert solvent
to convert the halogen atom of compound (7) to a metal atom,
and then reacting the resulting compound with compound (136).

This reaction is performed in the same manner as in the

production method of compound (60) in Reaction Scheme 18.
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[0611]

Compound (140) can bebproduced, for examplé, by reacting
compound (137) with an organic mefal reagent corresponding to
R’ in an inert .solvent.

Examples of the above-mentioned “organic metal reagent
corresponding to R*” include organic Grignard reagents (e.g.,
methylmagnesium bromide, methylmagnesium chloride), organic
lithium reagents (e.gf, methyllithium) and the like. The
amount of the “organic metal reagent corresponding to R®>” to be
used is generally 1 to 20 equivalents, preferably 1 to 5
equivalents, relative to compound (137). _

Examples of the above-mentioned “inert solvent” include
aromatic solvents, aliphatic hydrocarbon solvents, ether
solvents, amide solvents, halogenated hydrocarbon solvents and

the like. These solvents may be used in a mixture of two or

. more kinds thereof in an appropriate ratio. Among them, THF

and the like are preferable.

The reaction temperature is generally -78°C to 150°C,
preferably -20°C to 100°C.

| The reaction time -is generally 5 min to 48 hr, preferably

30 min to 24 hr.
[0612] _ )

Compound (140) can also be produced, for example, by
subjecting compound (137) to a perfluorocalkylation reaction.

This reaction is performed by reacting compound (137)
with a perfluoroalkylating agent in the presence of a fluoride,
in an inert solvent. Where neceSsary, a desilylation reaction
may be performed after completion of the reaction.

Examples of the above-mentioned “perfluofoalkylating
agent” include trimethyl(perfluofoalkyl)silane (e.qg.,
trimethyl (trifluoromethyl)silane) and the like. The amount of
the “perfluoroalkylating agent” to be used is generally 1 to
20 equivalents, preferably 1 to 5 equivalents, relative to
compound (137).

Examples of the above-mentioned “fluoride” include
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tetraalkylammonium fluorides (e.g., tetrabutylammonium
fluoride),Ametal fluorides (e.g., potassium fluoride) and the
like. The amount of the “fluoride” to be used is generally
catalytic amount to 20 equivalents, preferably 0.1 to 5
equivalents, relative.to compound (137). |

Examples of the above-mentioned “inert solvent” include
aromatic solvents, aliphatic hydrocarbon solvents, ether
solvents,‘amide solvents, halogenated hydrocarbon solvents and
the like. These solvents may be used in a mixture of two or
more kinds thereof in an appropriate ratio. Among them, THF
and the like are preferable.

The reaction temperature is generally -78°C to 150°C,
preferably -20°C to 100°C.

The reaction time is generally 5 min to 48 hr, preferably
30 min to 24 hr. ‘

The above-mentioned “desilylation reaction” can be
performed according to a method known per se, for example, the
method described in Protective Groups in Organic Synthesis,
John Wiley and Sons (1980) or the like.

[0613]

Compound (141) can be produced, for éxample, by reacting
compound (136) with an organic metal reagent corresponding to
R® in an inert solvent.

This reaction is performed in the same manner as in the
production method of compound (4-3) in Reaction Scheme 14.
[0614] |

Compound (141) can also be produced, for example, by
subjecting compound (140) to an oxidation reaction.

This reaction is performed in the same manner as in the
“oxidatioh reaction”, from among the production methods of
compound (139) in Reaction Scheme 50.

[0615] _ _

Compound (142) can be produced, for example, by reacting
compound (7) with alkyl metal an in an inert solvent to

convert the halogen atom of compound (7) to a metal atom, and
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then reacting the resulting compound with compound (141).

This reaction is performed in the same manner as in the

production method of compound (60) in Reaction Scheme 18.

[0616]
Compound (142) can also be produced, for example, by

reacting compound (139) with an organic metal reagent

corresponding to R® in an inert solvent.
This reaction is performed in the same manner as in the

method using “organic metal reagent”, from among the

10 production methods of compound (140) in Reaction Scheme 50.

[0617]

: Compound (142)
subjecting compound (139) to a perfluoroalkylation reaction.

can also be produced, for example, by

This reaction is performed in the same manner as in the

15 method using “perfluoroalkylating agent”, from among the

production methods of compound (140) in Reaction Scheme 50.

[0618]
Cdmpound (8-10) can be produced, for example; by

subjecting compound (142) to a cyclization reaction.

20v- This reaction is performed in the same manner as in the
production method of compound (8—1) in Reaction Scheme 18.

[0619]
<Reaction Scheme 51>

[0620]
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[0621]

wherein each symbol is as defined above.

[0622] _

Compound (136-1) can be produced, for examplé, by

subjecting compound (135) to a protection reaction.
The“protection reaction.can be performed according to a

method known per se, for example, the method described in

Protective Groups in Organic Synfhesis, John Wiley and Sons
"~ 10 (1980). or the like.

[0623]
Compound (137-1) can be produced, for example, by

subjecting compound (136-1) to a reduction reaction.
This reaction is performed in the same manner as in the

15 production.method of.compound (137) in Reaction Scheme 50.

[0624]
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Compound (138-1) can be produced, for example, by

reacfing compound (7) with an alkyl metal in an inert solvent
to convert the halogen atom of -compound (7) to a metal atom,
and then reacting the resulting compound with compound (137-1).

5 " This reaction is performed in the same manner as in the
production method of compound (60) in Reaction Scheme 18.
[0625] |

Compound (139-1) can be produced, for example, by
subjecting compound (138-1) to an oxidation reaction.

10 This reaction is performed in the same manner as in the
method using “oxidation reaction”, from among the production
methods of compound (139) in Reaction Scheme 50.

[0626]

Compound (139-1) can also be prodﬁced, for example, by

15 reacting compound (7) with an alkyl metal in an inert solvent
to convert the halogen atom of compound (7) to a metal atom,
and then reacting the resulting compound with compound (136-1).

This reaction is performed in the same manner as in the
production method of.compound (60) in Reaction Scheme 18.

20 [0627] ‘ )

Compound (140-1) can be produced, for example, by
reacting compound (137-1) with an organic metal reagent
corresponding to.R9 in an inert solvent.

This reaction is performed in the same manner as in the

25 method using “organic metal reagent”, from among the
production methods of compound (140) in Reaction Scheme 50.
[0628]

Compound (140-1) can also be produced, for example, by
subjecting compound (137-1) to a perfluorocalkylation reaction.

30 This reaction is performed in the ééme manner as in the
method using “perfiuoroalkylating agent”, from among the
production methods of compound (140) in Reaction Scheme 50.
[0629]

Compound (141-1) can be produced, for example, by.

35 reacting compound (136-1) with an organic metal reagent
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corresponding to R® in an inert solvent.

This reaction is performed in the same manner as in the
production method of compound (4-3) in Reaction Scheme 14.
[0630] _

Compound (141-1) can also be prbduced, for example, by
subjecting compound (140-1) to an oxidation reaction.

This reaction is performed in the same manner as in the
“oxidation reaction”, from among thé production methods of
compound (139) in Reaction Scheme 50.

[0631] ‘

Compound (142-1) can be produced, for example, by

reacting compound (7) with an alkyl metal in an inert solvent

to convert the halogen atom of compound (7) to a metal atom,

and then reacting the resulting compound with compound (141-1).

ThiS\reaction is performed in the same manner as in the
production method of compound (60) in Reaction Scheme 18.
[0632]

Compound (142-1) can also be produced, for example, by
reacting compound (139-1) with an organic metal reagent
corresponding to R® in an inert solvent..

This reaction is performed in the same manner as in the
method using “organic metal reagent”, from among the
production methods of compound (140) in Reaction Scheme 50.
[0633]

Compound (142-1) can also be produced, for'example, by
subjecting compound (139-1) to a perfluoroalkylation reaction.

This reaction is performed in the same manner as in the
method uéing “perfluoroalkylating agent”, from among the
production methods of compound (140) in Reaction Scheme 50.
[0634]

Compound (143) can be produced, for example, by
subjecting compound (142) to a cyclization reaction.

This reaction is performed in the same manner as in the
production method ofvcompound (8-1) in Reaction Scheme 18.

[0635]
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Compound (144) can be produced, for example, by

subjecting compound (143) to a deprotection reaction.
The deprotection reaction can be pérformed according to a
method known'per se, .for example, the method described in
5 Protective Groups in Orgénic Synthesis, John Wiley and Sons
(1980) or the like.
[0636] |
Compound (145) can be prdducéd, for example, by
subjecting compound (10) to a substitutioh reaction with
10 compound (144).

'This reaction is performed in the same manner as in the
production method of compound (2-1) in Reaction Scheme 4.
[0637]

Compound (146) can be produced, for example, by
15 subjecting compound (145) to'a deprotection reaction.
fhe deprotection reaction can be performed according to a
method known per se, for example; the method described in
Protective Groups in Organic Synthesis, John Wiley and Sons
(1980) or the like.
20 [0638]
Compound (147) can be produced, for example, by
subjecting compound (146) to an acylation reaction.

This reaction is performed in the same manner as in the

production method of compound (I~-1) in Reaction Scheme 2.
25 [0639]

Compound (148) can be produced, for example, by
subjecting compound (145) to a deprotection reaction.

The deprotection reaction can be performed according to a
method known per se, for example, the method described in

30 Protective Groups in Organic Synthesis, John Wiley and Sons
(1980) or the 1like.
[0640]

Compound (149) can be produced, for example, by

subjecting compound (148) to an acylation reaction.

35 This reaction is performed in the same manner as in the
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production method of compound (I-1) in Reaction Scheme 2.
[0641] |

Compound (149) can also be produced, for example, by
subjecting compound (147) to a deprotection reaction.-

The deprotection reaction can be performed according to a
method known per se, for example, the method described in
Protective ‘Groups in Organic Synthesis, John Wiley and Soné
(1980) or the like.

[0642]
" Compound (150) can be produced, for example, by
subjecting compound (145) to a deprotection reaction.

The deprotection reaction can berperformed'according to a

method known per se, for example, the method described in

 Protective Groups in Organic Synthesis, John Wiley and Sons

(1980) or the 1like.
[0643] |

Compound (151) can be pfoduced, for example, by
subjecting compouhd (150) to an alkylation reaction.

This reaction is performed in the same manner as in the
production method of compound (I) in Reaction Scheme 1.

[0644] |

Compoﬁnd (152) can be produced, for example, by
subjecting compound (151) to a deprotection reaction.

The deprotection reaction can be performed according to a
method known per se, for example, the method described in
Protective Groups,invOrganic Synthesis, " John Wiley and Sons.
(1980) or the 1like.

[0645] |

Compound (153) can be produced, for example, by
subjecting compound (152) to an acylatibn reaction.

This reaction is performed in the same manner as in the
production method of compound (I-1) in Reaction Scheme 2.
[0646]

Compound (153) can also be produced, for example, by

subjecting compound (149) to an alkylation reaction.
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This reaction is performed in the same manner as in the
production method of compound (I) in Reaction Scheme 1.
[0647]

<Reaction Scheme 52>

[0648]
.
o) L' o L'a w2 L'20H Yl o
RE’ : RE’ y M2
R’ R L 7 R} ”
R SR S S
8
(0] I;I’O\Me 0 H R
Me
59 154 61
[0649]

wherein each symbol is as defined above.

Compound (154) can be produced, for example, by
subjecting compound (59) to a reduction reaction.

This reaction is performed in the same manner as in the
production method of compound (137) in Reaction Scheme 50.
[0650] |

Compound (61) can be produced, for example, by reacting
compound (7) with an alkyl metal in an inert solvent to
convert the halogen atom of compound (7) to a metal atom, and
then reacting the resulting compound with éompound (154).

This reaction is performed in the same manner as in the
production method of compound (60) in Reaction Scheme 18.
[0651]

In compound (I) thus obtained, a functional group in a
molecule can also be converted to a’desiréd functional group
by a combination of chemical reactions known per se. Examples
of the chemical reaction include oxidation reaction, reduction
reaction, alkylation reaction, acylation reaction, ureation
reaction, hydrolysis reaction, amination reaction,
esterification reaction, aryl coupling reaction, deprotection
reaction and the like.

[0652]
Compound (I) obtained by the above-mentioned production

methods can be isolated and purified according to a known
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means, for example, sclvent extraction, liquid conversion,
phase transfer, crystallization, recrystallization,
chromatography and the like.

[0653]

When compound (I) contains an optical. isomer, a
stereoisomer, a regicisomer or a rotamer, these are also
encompassed in compound (I), and can be obtained as a single
product according to synthesis and separation methods known
per se. For example, when compound (I) contains an optical
isomer, an optical isomer resolved from this compound is also

encompassed in compound (I).

The optical isomer can be produced according to a method

known per se.
[0654] _

Compound (I) may be a érystal.

Crystals of compound (I) (hereinafter sometimes to be
abbreviated as the crystals of the present invention) can be
produced according to crystallization methods known per se.

In the present specification, the melting point means
that measured using, for example, a micromelting point
apparatus (Yanako, MP-500D or Buchi, B-545), a DSC
(differential scanning calorimetry) device (SEIKO, EXSTAR6000)
or the 1like.

In general, the melting .points vary depending on the

“measurement apparatuses, the measurement conditions and the

like. The crystal in the present specification may show
different values from the melting point described in the
present specification, as long as they are within each of a
general error range.

The crystal of the present invention is superior in
physicochemical properties (e.g., melting point, solubility,
stability) and biological properties (e.g., pharmacokinetics
(absorption, distribution, metabolism, excretion), efficacy
expression), rand thus it is éxtremely useful as a medicament.

Examples
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[0655] _

-The present invention is explained in detail in the
following by referring to Examples, Experimental Examples and
Formulation Examples, which are not to be construed as
limitative, and the invention may be changed within the scope
of the present invention.

In the following Examples, the “room_temperature”
generally means about 10°C to about 35°C. The ratios indicated
for mixed solvents are volume mixing ratiocs, unleés otherwise
specified. % means wt%, unless otherwise specified.

In silica gel column chromatography, NH means use of
aminopropylsilane-bound silica gel. In HPLC (high performance
liquid chromatography), C18 means use of octadecyl-bound
silica gel. The ratios of elution solvents are volume mixing
ratios, unless otherwisé specified.

[0656]

. In the following Examples, the following abbreviations

are used.

mp: melting.point

THF: tetrahydrofuran

DMF: N,N-dimethylformamide

WSC: 1—ethyl—3—(3—dimethylaminopropyl)carbbdiimide
hydrochloride '

HOBt: l-hydroxybenzotriazole monohydrate

HATU: N-[(dimethylamino) (3H~[1,2,3]triazolo[4,5-b]lpyridin-3-
yloxy)methylidene] -N-methylmethanaminium hexafluorophosphate
[0657]

'H NMR (proton nuclear magnetic»resonance spectrum). was
measured by Fourier-transform type NMR. For the analysis,
ACD/SpecManager (trade name) and the like were used. Peaks
with very mild protons such as hydroxyl group, amino group and
the like are not described.

Other abbreviations used in the specification mean the
following.

s: singlet
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d: doublet
t: triplet
- g: quartet

m: multiplét

br: broad

J: coupling constant

Hz: hertz

CDCl;: deuterated chloroform

DMSO-dg: de~dimethyl sulfoxide

'H-NMR: proton nuclear magnetic resonance
TFA: trifluoroacetic acid

[0658]

MS (mass spectrum) was measured by LC/MS (liquid
chromatography mass spectrometer). As the ionization method,
ESI (ElectroSpray Ionization) method, br»APCI (Atomospheric
Pressure Chemical Ionization) method was used. The data
indicates those found. Generally, a molecular ion peak is
observed. In the case of a compound having a tert-
butoxycarbonyl group (-Boc), a peak after elimination of a
tert—butoxycarbohyl group or tert-butyl group may be observed
as a fragment ion. In the case of a compound having a hydroxyl
group (-OH), a peak after elimination of H,O may be observed as
a fragment ion. 1In the case of a sélt, a molecular ion peak or
‘fragment ion peak of free form is generally observed.

The unit of reagent concentration (c) in optical rotation
([alp) is g/100 mL.

The elemental analysis value (Anal.) shows Calculated
(Calcd) and Found.
[0659j
Example 1
N-[(1S)-2-({6-[6-(cyclopropylmethoxy)-1,3-benzoxazol-2-
yllpyridin-3-yl}oxy)-1l-methylethyl]acetamide ‘
[0660]
A) 6-(cyclopropylmethoxy)-1,3-benzoxazole

A mixture of 1,3-benzoxazol-6-o0l (2.31 g),

215



10

15

20

25

30

35

WO 2012/074126 PCT/JP2011/078010

(bromomethyl) cyclopropane (3.46 g), potassium carbonate (3.54
g) and DMF (25 mL) was stirred at 60°C for 3 hr. Water was
added to the reaction mixture, and the mixture was extracted
with ethyl acetate. The combined organic layer was washed with
saturated brine, and dried over anhydrous magnesium sulfate, |
and the solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(hexane/ethyl acetate} to give the title Compound (2.88 g).
'H NMR (300 MHz,‘DMSO—ds) 80.23—0.41 (2H, m), 0.51-0.66 (2H, m),
1.18-1.37 (1H, m), 3.88 (2H, d, J = 7.2 Hz), 6.99 (1H, dd, J =
8.7, 2.3 Hz), 7.35 (1H, d, J = 2.3 Hz), 7.65 (1H, d, J = 8.7
Hz), 8.58 (1H, s).
[0661]
B) tert-butyl {(1S)-2-[(6-bromopyridin-3-yl)oxy]l-1-
methylethyl}carbamate |

To a solution of 6~bromopyridin-3-ol (4.90 g), tert-butyl

[ (1S)-2-hydroxy-1-methylethyl]carbamate (4.93 g) and

triphenylphosphine (11.06 g) in THF (100 mL) was added
dropwise ‘a toluene solution (1.9 M, 22 mL) of diisopropyl
azodicarboxylate, and the mixture was stirred at room
temperature for 3 hr. To the reaction mixture was added ethyl
acetate, and the mixture was washed with water and saturated
agueous sodium hydrogen carbonate solution, dried over
anhydréus magnesium sulfate, and the solvent was evaporated
under reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate) to give the title
compound (5.35 g). ‘
'H NMR (300 MHz, DMSO-d¢) & 1.11 (3H, d, J = 6.4 Hz), 1.37 (9H,
s), 3.73-4.00 (2H, m), 4.69-5.01 (1H, m), 6.90 (1H, d, J = 7.6
Hz), 7.39 (1H, 44, J = 8.7, 3.0 Hz), 7.53 (1H, d, J = 8.7 Hz),
8.11 (1H, d, J = 3.0 Hz).
[0662]
C) teft—butyl [(1S)-2-({6-[6- (cyclopropylmethoxy)-1,3-
benzoxazol-2-yl]pyridin-3-yl}oxy)-l-methylethyl]carbamate

A mixture of 6-(cyclopropylmethoxy)-1,3-benzoxazole (500

216



10

15

20

25

30

35

WO 2012/074126 : ' PCT/JP2011/078010
mg), tert-butyl {(1S)-2-[(6-bromopyridin-3-yl)oxy]-1-

methylethyl}carbamate (1.31 g), palladium(II) acetate (29 mgqg),
butyldi(l—adamantyl)phosphine:(93'mg), tripotassium phosphate
(1.12 g) and N-methylpyrrolidone (12 mL) was stirred under an
argon atmosphere at 125°C for 15 hr. The reaction mixture was
allowed to cool to room temperature, and filtered through
celite. The filtrate was diluted with ethyl acetate and water,
and the organic layer was separated. The combined orgahic
layer was waéhed.with saturated brine, and dried over
anhydrous magnesium sulfate, and the solvent was evaporated
under reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate) to give thé title
compound (400 mg) . '

'H NMR (300 MHz, DMSO-dg) & 0.31-0.40 (2H, m), 0.53-0.67 (2H,
m), 1.15 (3H, d, J = 6.4 Hz), 1.21-1.32 (1H, m), 1.38 (9H, s),
3.81-3.96 (3H, m), 3.96-4.13 (2H, m), 6.96 (1H, d, J = 7.6 Hz),
7.02 (1H, dd, J = 8.7, 2.3 Hz), 7.39 (1H, d, J = 2.3 Hz), 7.61
(14, ad, J = 9.0, 2.7 Hz), 7.68 (1H, 4, J = 8.7 Hz), 8.20 (1H,
d, J = 9.0 Hz), 8.45 (1H, d, J = 2.7 Hz).

MS (ESI+): [M+H]" 440.5.

[0663]

D) N-[(1S)-2-({6-[6-(cyclopropylmethoxy)-1,3-benzoxazol-2-
yl]lpyridin-3-yl}oxy)-1l-methylethyl]acetamide

To a solution of tert-butyl [(1S)-2-({6-[6-

(cyclbpropylmethoxy)—1,3-benquazol—2—yl]pyridin—3—yl}oxy)—1—
methylethyl]carbamate (350 mg) in_ethyl acetate (20 mL) was
added 4M hydrogen chloride/ethyi acetate (10 mL), and the
mixture was stirred at room temperature for 2 hr. The solvent
was evaporated under reduced pressure, and the residue was
dissolved in pyridine (15 mL). Acetic anhydride (163 mg) was
added thereto, and the mixture was stirred at room temperature
for 15 hr. The reaction mixture was concentrated under reduced
pressure, and the residue was purified by silica gel column
chromatography (ethyl acetate/methanol), and recrystallized
_(hexane/ethyl acetate) to give the title compound (201 mg);
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'H NMR (300 MHz, DMSO-dg) & 0.29-0.43 (2H, m), 0.53-0.67 (2H,

m), 1.18 (3H, 4, J = 6.4 Hz), 1.21-1.38 (1H, m), 1.83 (3H, s),
3.91 (2H, 4, J = 6.8 Hz), 3.98-4.06 (1H, m), 4.06-4.21 (2H, m),
7.02 (1H, dd, J = 8.8, 2.3 Hz), 7.39 (1H, d, J =2.3 Hz), 7.63

(l1H, dd, J = 8.8, 2.7 Hz), 7.68 (1H, d, J = 8.8 Hz), 7.99 (1H,
d,"J = 7.5 Hz), 8.21 (1H, d, J = 8.8 Hz), 8.47 (1H, 4, J = 2.7
Hz).

mp 179-180 °C .

Anal. Calcd for_Cmﬂzﬁ%O4: C, 66.13} H, 6.08; N, 11.02. Found: C,
66.09; H, 6.18; N, 11.02.

[0664] |

Example 2

N-[(1S)-2-({5-[5-(cyclopropylmethoxy) -1, 3-benzoxazol-2-

.yllisoxazol-3-yl}oxy)-l-methylethyl]acetamide

[0665]
A) methyl 3-({(25)-2-[(tert-
butoXycarbonyl)amino]propyl}oxY)isoxazole—5—carboxylate

‘To a solution of methyl 3—hydroxyisoxazble—S—carboxylate
(20 g), tert-butyl [(lS)—2—hydroxy—l—methylethyl]carbaﬁate (25
g) and triphenylphosphine (55.1 g) in THF (800 mL) was added
dropwise a toluene solution (1.9 M, 110 mL) of diisopropyl
azodiéarboxylate, and the mixture was refluxed for 5 hr. The
reaction mixture was allowed to cool to room temperature, and
efhyl acetate was added thereto. The mixture was washed with
water and saturated aqueous sodium hydrogen carbonate solution,
dried over anhydrous magnesium sulfate, and the solvent was
evaporated under reduced pressure. The residue was purified by
silica gel column chromatography (hexane/ethyl acetate) to
give the title compound (25 g).
'H NMR (300 MHz, DMSOng) 6 1.09 (3H, d, J = 6.8 Hz), 1.37 (9H,
s), 3.77-3.93 (4H, m), 4.11 (2H, d, J = 6.4 Hz), 6.94 (1H, d,
J = 8.0 Hz), 7.08 (1H, s).
[0666]
B) 3-({(28)-2~-[(tert-

butoxycarbonyl)amino]propyl}oxy)isoxazole-5~carboxylic acid
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2M Aqueous sodium hydroxide solution (20 mL) was added to
a solution of methyl 3-({(2S)-2-[(tert-
butoxycarbonyl)aminolpropyl}oxy)isoxazole-5-carboxylate (4.0
g) ;n THF/methanol (20 mL/20 mL), and the mixture was stirred
at room temperature for 15 hr. The solvent was evaporated
under reduced pressure, and the residue_was neutralized with
6M hydrochloric acid and extracted with ethyl acetate. The
combined organic layer was.washéd with saturated brine, and
dried over anhydrous magnesium sulfate, and the solvent was
evaporated under reduced pressure to give the title compound
(3.5 g).
MS (ESI+): [M+H]" 287.2.
[0667]
C) tert-butyl [(1S)-2-({5-[(2,5-
dihydroxyphenyl)carbamoyl]isoxazol-3-yl}oxy)-1~-
methylethyl]carbamate

To a sclution of 3-({(2S8)-2-[(tert-
butoxycarbonyl)amino]propyl}loxy)isoxazole-5-carboxylic acid
(1.5 g), 2-aminobenzene-1,4-diol hydrochloride (0.847 g) and
HATU (1.99 g) in DMF (20 mL) was added N,N- .
diisopropylethylamine (1.80>mL), and the.mixture was stirred
at room temperature for 5 hr. The solvent was evaporated under
reduced pressure, 0.1M hydrochloric.acid was added thereto,
and the mixture was extracted with ethyl acetate. The combined .
organic layer was washed with saturated brine, and dried over
anhydrous magnesium sulfate, and the solvent was evapcrated
under reduced pressure. The residue was purified by silica gel
chromatography (hexane/ethyl acetate) to give the title
compound (1.11 g). | \
'"H NMR (300 MHz, DMSO-d¢) & 1.10 (3H, d, J = 6.8 Hz), 1.38 (9H,
s), 3.81-3.93 (1H, m), 4.11 (2H, d, J = 6.0 Hz), 6,46A(1H, dd,
J=28.7, 2.6 Hz), 6.73 (1H, 4, J = 8.7 Hz), 6.88-7.08 (2H, m),
7.27 (1H, d, J = 2.6 Hz), 8.90 (1H, s), 9.27 (lH, brs), 9.45
(1H, brs).
[0668]
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D) tert-butyl {(18)-2-{[5-(5-hydroxy-1, 3-benzoxazol-2-
yl)isoxazol-3-yl]oxy}-1l-methylethyl]carbamate

Triethylamine (2.83 mlL) was added to a solution of
triphenylphosphine (2.0 g) and hexachloroethaﬁe‘(l.S g) in
acetonitrile (25 mL), and the mixture was stirred at room.
temperature for 20 min. To the reaction mixture was further
added a solution of tert-butyl [(1S)—2—({5~[(2,5—
dihydroxyphenyl) carbamoyl]isoxazol-3-yl}oxy)-1-
methylethyl]carbamate (1.0 g) in acetonitrile (5 mL), and the
mixture was stirred at room temperature overnight. Water was
added to the reaction mixture, and the mixture was extracted
with ethyl acetate. The combined organic layer was washed with
saturated brine, and dried over anhydrous magnesium sulfate,
and the solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(hexane/ethyl acetate) to give the title compound (503 mg).'
'H NMR (300 MHz, DMSO-dg) & 1.11 (3H,d, J = 6.8 Hz), 1.38 (9H,
s), 3.76-3.99 (lH, m), 4.16 (2H, d, J = 6.0 Hz), 6.96 (1H, d,
J = 2.3 Hz), 6.99 (iH, d, J=2.6 Hz), 7.16 (1H, d, 0 = 2.3
Hz), 7.21 (1H, s), 7.66 (1H, d, J = 9.1 Hz), 9.76 (1H, s).
[0669]
E) tert-butyl [(18)-2-({5-[5-(cyclopropylmethoxy)-1,3-
benzoXazol—Z—yl]isoxazol—3—yl}oxy)—1—methylethyl]carbamate

(Bromomethyl)cyclopropane (0.388 mL) was added to a
mixture of tert-butyl [(iS)—2—{[5—(5—hydroxy—l,3—benzoxazol—2—
yl)isbxazol—3—yl]oxy}—l—methylethyl]carbamate (500 mg),
potassium carbonate (552 mg) and DMF (13 mL), and the mixture
was stirred at 60°C for 5 hr. The solvent was evaporated under
reduced pressure, water was added thereto, and the mixture was
extracted with ethyl acetate. The combined organic layer was
washed with saturated brine, and dried over anhydrous
magnesium sulfate, and the solvent was evaporated under
reduced pressure. The residue was washed with hexane-ethyl
acetate to give the title compound (510 mg).
'H NMR (300 MHz,.DMSO—dG) d 0.30-0.39 (2H,_m), 0.54-0.65 (2H,
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m), 1.12 (3H, d, J = 6.8 Hz), 1.21-1.30 (1H, m), 1.38 (9H, s),
3.84-3.97 (3H, m), 4.17 (2H, 4, J - 6.1 Hz), 6.97 (1H, d, J =
8.0 Hz), 7.14 (1H, dd, J = 8.9, 2.5 Hz), 7.23 (1H, s), 7.40
(1H, 4, J = 2.3 Hz), 7.76 (1H, d, J = 9.1 Hz).
[0670]
F) N—[(1S)—2—({5~[5—(cyclopropylmethoxy)—1,3—benzoxazol—2—
yl]isoxazol—3—yl}oxy)—l—methylethyl]acetamide V

To a scolution of tert-butyl [(1S8)-2-({5-[5-

(cyclopropylmethoxy) -1, 3-benzoxazol-2-yl]isoxazol-3-yl}oxy)-1-
methylethyl]carbamate (510 mg) in ethyl acetate (11 mL) was
added 4M hydrogen chloride/ethyl acetate (12 mL), and the
mixture was stirred at room temperature for 5 hr. The solvent
was evaporated under reduced pressure, and the residue was
dissolved in pyridine (1.5 mL). Acetic anhydride (1.5 mL) was
added thereto, and the mixture was stirred at room temperature
overnight. The reaction mixture was concentrated under reduced
pressure,.and the residue was purified by silica gel column
chromatography (hexané/ethyl acetate/methancl), and
recrystallized (hexane/ethyl acetate) to give the title
cdmpound (182 mg) .

'H NMR (300>MHZ, DMSO-dg) & 0.29-0.42 (2H, m), 0.54-0.66 (2H,

m), 1.15 (3H, d, J = 6.4 Hz), 1.20-1.31 (1H, m), 1.82 (3H, s),
3.90 (2H, 4, J = 7.2 Hz), 4.08-4.31 (3H, m), 7.14 (1H, dd, J =
9.1, 2.3 Hz), 7.25 (1H, s), 7.40 (1H, 4, J = 2.3 Hz), 7.76 (1H,
d, J =8.7 Hz), 8.00 (1H, 4, J = 6.4 Hz).

mp 156-157 °C

Anal. Calcd for CigH,oN305: C, 61.28; H, 5.95; N, 11.28. Found: C,

~61.49; H, 5.76; N, 11.14.

[0671]
Example 3 _
N—[(1S)—2—{4—[6—(cyclopropylmethoxy)41,3—benzoxazol—2—
yl]lphenoxy}-1l-methylethyl]acetamide
[0672] |
A) methyl 4-{[(28)-2-(acetylamino)propyl]oxylbenzoate

To a solution of methyl 4-hydroxybenzoate (4.77 g), tert-
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butyl [(1S)-2-hydroxy-l-methylethyl]carbamate (5.00 g) and

triphenylphosphine (11.2 g) in THF (70 mL) was added dropwise
a toluene solution (2.2 M, 20 mL) of diethyl azodicarboxylate,
and the mixture was stirred at rdom temperature for 1 hr. The
reaction mixture was concentrated under reduced pressure, and
the residue was purified by silica gel column chromatography
(ethyl acetate). Using the obtained residue, and in the same \
manner as in Example 1, step D, the title compound (3.80 g)
was obtained.
'H NMR (300 MHz, CDCls) & 1.32 (3H, d, J = 6.8 Hz), 2.00 (3H,
s), 3.89 (3H, s), 3.95-4.09 (2H, m), 4.32-4.49 (1H, m), 5.68
(14, 4, J = 7.6 Hz), 6.93 (2H, d, J = 9.1 Hz), 7.99 (2H, d, J
= 9.1 Hz). |
[0673]
B) 4-{[(25)-2-(acetylamino)propyl]oxylbenzoic acid 7

1M Aquéous sodium hydroxide solution (23 mL) was 'added to
a solution (7 mL) of methyl 4-{[(2S)-2- ’
(acetylamino)propyl]oxylbenzoate (3.80 g) in methanol, and the
mixture was stirred at 60°C for 40 min.  The reaction mixture
was neutralized with ©6M hydrochloric acid, and extractéd with
ethyl acetate. The combined organic layer was washed with
saturated brine, and dried over anhydrous magnesium sulfate,
and the solveht was evaporated under reduced.pressure. The
residue was washed with diisopropyl ether, and the
precipitated solid was collected by filtration to‘give the
title compound (3.33 g). '
'H NMR (300 MHz, DMSO-dg¢) & 1.15 (3H, d, J = 6.8 Hz), 1.81 (3H,
s), 3.78-4.20 (3H, m), 7.02 (2H, d, J = 9.1 Hz), 7.87 (2H, d,
J = 9.1 Hz), 7.95 (1H, d, J = 7.6 Hz), 12.63 (1H, brs).
[0674]
C) 4-{[(28)-2-(acetylamino)propyl]loxy}-N- (2,4~
dihydroxyphenyl)benzamide

Using 4-{[(285)-2-(acetylamino)propyl]oxy}benzoic acid and
4-aminobenzene-1,3-diol hydrochloride, and in the same manner

as in Example 2, step C, the title compound was obtained.
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'H NMR (300 MHz, DMSO-dg) & 1.16 (3H, d, J = 6.8 Hz), 1.82 (3H,
s), 3.82-3.93 (1H, m), 3.96-4.05 (1H, m), 4.06-4.20 (1H, m),
6.23 (1H, dd, J = 8.3, 2.7 Hz), 6.35 (1H, d, J = 2.7 Hz), 7.05
(2H, d, J = 9.1 Hz), 7.24 (1H, d, J = 8.3 Hz), 7.82-8.02 (3H,
m), 9.36 (1H, s). '
[0675] ‘
D) N—{(1S)—2—[4—(6—hydroxy—1?34benzoxazol—2—yl)phenoxy]—1—
methylethyl}acetamide

To a solution of 4—{[(28)—2—(acetylamino)propyl]oxy}—N—
(2,4—dihydroxyphenyl)benzamide (628 mg) and triphenylphosphine
(716 mg) in THF (6.0 mL) was added dropwise a toluene solution
(2.2 M, 1.24 mL) of diethyl azodicarboxylate, and the mixture
was stirred under a nitrogen atmosphere at room temperature
overnight. The reéction mixture was concentrated under reduced
pressure, and the residue was purified by silica gel column
chromatography (NH, ethyl acetate/methanol) to give the title
compouﬁd (326 mg) .

"4 NMR (300 MHz, DMSO-d¢) & 1.17 (3H, d, J = 6.8 Hz), 1.82 (3H,"

s), 3.84-4.22 (3H, m), 6.82 (1H, dd, J = 8.3, 2.3 Hz), 7.06
(14, d, J = 2.3 Hz), 7.14 (24, d, J = 8.7 Hz), 7.52 (1H, 4, J
- 8.3 Hz), 7.96 (18, d, J = 7.6 Hz), 8.04 (2H, d, J = 9.1 Hz),
9.79 (1H, s). '
[0676]
E) N—[(1S)—2—{4—{6—(cyclopropylmethoxy)—1,3—ben20xazol—2—
yl]lphenoxy}-1l-methylethyl]acetamide ' |

Using N-{ (1S)-2-[4-(6-hydroxy-1,3-benzoxazol-2-

yl)phenoxy]—l—methylethyl}acetamide, and in the same manner as

-in Example 1, step A, the title compound was obtained.

[0677]

Example 4
N-[(1S)-2-({6-[6-(cyclopropylmethoxy) -1, 3-benzoxazol-2-yl]-5-
methylpyridin-3-yl}oxy)-1-methylethyl]acetamide

[0678]

A)'tert—butyl {(IS)—2—[k6—bromo—5~methylpyridin—34yl)oxy]—l—
methylethyl}carbamate | ‘
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Under an argon atmosphere, to a solution of 2,5-dibromo-

3-methylpyridine (12.4 g). in THF (100 mL) was added dropwise a
hexane solution (1.6 M, 30.9 mL) of n—butyllithium‘at -78°C,
and the obtained mixture was stirred at -78°C for 30 min. To
the reaction mixture was added trimethoxyborane (5.52 mL), and
the obtained mixture was stirred at -78°C for 30 min, then at
0°C for 1 hr. To the reaction mixture were added 8M aqueous
sodium hydroxide solution (6.18 mL) and aqueous 30% nydrogen
peroxide (100 mL), and the obtained mixture was stirred at 0°C
for 30 min, then at room temperature for 30 min. The reaction
mixture was acidified with 1M hydrochloric acid, and extracted
with ethyl acetate. The combined organic layer was washed with
saturated aqueous sodium thicsulfate solution and then
saturated brine, and dried over anhydrous magnesium sulfate,
and the eolvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(hexane/ethyl acetate), and the obtained residue was mixed
with tert-butyl [(1S)-2-hydroxy-l-methylethyl]carbamate (4.43
g), triphenylphosphine (6.63 g) and THF (40 mL). A toluene
solution (1.9 M, 13.3 mL) of diisopropyl azodicarboxylate was
added dropwise thereto, and the obtained mixture was stirred
at room temperature for 1 hr, then at 70°C overnight. Water
was added to the reaction mixture; and the mixture was
extracted with ethyl acetate. The combined organic layer was
washed with saturated brine, and dried over anhydrous
magnesium sulfate, and the solvent was evaporated under
reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate) and HPLC (C18,
mobile phase: water/acetonitrile (containing 5 mM ammonium
acetate)) to give the title compound (0.739 qg).

'H NMR (300 MHz, DMSO-d¢) & 1.11 (3H, d, J = 6.8 Hz), 1.37 (9H,
s), 2.30 (3H, s), 3.72-4.00 (3H, m), 6.91 (1H, d, J = 7.2 Hz),
7.36-7.52 (1H, m), 7.94 (1H, 4, J = 3.0 Hz).

[0679] ' _

B) tert-~butyl [(lS)—2—({6-[6—(cyclopropylmethoxy)—1,3F
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benzoxazol-2-yl]-5-methylpyridin-3-yl}oxy)-1-
methylethyl]carbamate
v Using tert-butyl {(1S)-2-[(6-bromo-5-methylpyridin-3-

yl)oXy}—1—methylethy1}carbamate, and in the same manner as in

Example 1, step C, the title compound was obtained.
MS (ESI+): [M+H]" 454.5.
[0680]
C) N-[(1S)-2-({6-[6-(cyclopropylmethoxy)-1,3-benzoxazol-2-yl]-
5-methylpyridin-3-yl}oxy)-l-methylethyl]acetamide

Using tert-butyl [(1S)—2—({6f[6—(cyclopropylmethoxy)—1,34
benzoxazol-2-yl]~5-methylpyridin-3-yl}oxy)-1- ‘
methylethyl]carbamate, and in the same manner as in Example 1,
step D, the title compound was obtained.
[0681]

Example 5

N—[(1S)—2—({5—chloro—6—{6—(cyclopropylmethoxy)—1;3—benzoxazol—
2-yl]lpyridin-3-yl}oxy)-1l-methylethyl]acetamide
[0682] ‘
A) 5—bromo—3—chloro—N~(2,4—dihydroxyphenyl)pyridiné—z—
carboxamide '

Using 5—bromo—3—chloropyridine—2—carboxylic acid and 4-
aminobenzene-1, 3-diol hydrochloride, and in the same manner as

in Example 2, step C, the title compound was obtained.

" !H NMR (300 MHz, DMSO-dg¢) & 6.24 (1H, dd, J = 8.7, 2.6 Hz),

6.40 (1H, d, J = 2.6 Hz), 7.83 (1H, d, J = 8.7 Hz), 8.49 (1H,
d, J=1.9 Hz), 8.78 (1H, d, J = 1.9 Hz), 9.21 (1lH, s), 9.82
(1H, s), 9.90 (1H, s).

[0683]
B) 2-(5-bromo-3~chloropyridin-2-yl)-6-(cyclopropylmethoxy) -
1,3-benzoxazole

| Using 5-bromo-3-chloro-N-(2,4-dihydroxyphenyl)pyridine-2-
carbdxamide, and in the same manner as in Example 2, steps D-E,
the title compound was obtained.
'H NMR (300 MHz, DMSO-dg) & 0.25-0.43 (2H, m), 0.54-0.70 (2H,
m), 1.16-1.39 (1H, m), 3.93 (2H, 4, J = 6.8 Hz), 7.07 (1H, dd,
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J =8.8, 2.3 Hz), 7.44 (1H, d, J = 2.3 Hz), 7.79 (1H, d, J =
8.8 Hz), 8.62 (1H, d, J = 2.i Hz), 8.90 (1H, 4, J = 2.1 Hz).
[0684]
C) N-[(1S)-2-({5-chloro-6-[6-(cyclopropylmethoxy)-1,3-
benzoXazol—Z—yl]pyridin—3—yl}oxy)—l—methylethyl]acetamide
Under an argon atmosphere,'to a solution of 2-(5-bromo-3-
chloropyridin-2-yl) -6-(cyclopropylmethoxy) -1, 3-benzoxazole
(300 mg) and trimethoxyboréne (0.177 mL) in THE (5 mL) was
added dropwise a hexane solution (1.6 M, 1.23 mL) of n-
butyllithium at 0°C, and the obtained mixture was -stirred at
0°C for 1 hr. To the reaction mixture was added 1M
hydrochloric acid, and the mixture was extracted with ethyl
acetate.. The combined organic layer was washed with saturated
brine, énd dried over anhydrous magnesium sulfate, and the
solvent was evaporated under reduced pressure. The residue was
mixed with 30% aqueous hydrogen peroxide (1 mL) and THF (5 mL),
and the obtained mixture was stirred at 70°C for 2 hr. To the
reactidn mixture were added water and saturated aqueous sodium
thiosulfate solution,vand the mixture was extracted with ethyl
acetate. The combined organic layer was washed with saturated
brine, and dried over anhydrous magnesium sulfate, and the
solvent was evaporated'under reduced pressure. The obtained
residue was mixed with tert-butyl [(1S)-2-hydroxy-1-
methylethyl]carbamate (138 mg), triphenylphosphine (207 mg)
and THF (5 mL). A toluene solution (1.9 M, 0.416 mL) of
diisopropyl azodicarboxylate was added dropwise thereto, and
the mixture was stirred at room temperature for 1 hr, then at
70°C for 1 hr. Water was added to the reaction mixture, and
the mixture was extracted with ethyl acetate. The combined
organic layer was washed with saturated brine, and dried over
anhydrous magnesium sulfate, and the solvent was evaporated
under reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate), and mixed with
ethyl acetate (2 mL) and 4M hydrogen chloride/ethyl acetate (2

mL). The obtained mixture was stirred at room temperature for
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3 hr. The solvent was evaporated under reduced pressure, and

the residue was mixed with pyridine (2 mL) and acetic

anhydride (2 mL), and the obtained mixture was stirred at room

temperature for 2 hr. The reaction mixture was concentrated
under reduced pressure, and the residue was purified by silica
gel column chromatography (hexane/éthylAacetate/methanol) to
give the title compound (22.2 mg).
[0685]
Example 6 . _
N-[(1S)-2-({6-[6-(cyclopropylmethoxy)-1, 3-benzoxazol-2~yl]-5-
fluoropyridin-3-yl}oxy)-1l-methylethyl]acetamide
[0686] .
A) 6-chloro-5-fluoropyridin-3-ol

Under an argon atmosphere, to a mixture of 5-bromo-2-
chloro—3—fluoropyridiné (4.45 g) and toluene (50 mL) was added
dropwise a hexane solution (1.6 M, 15.8 mL) of n—butyllithium

- at -78°C, and the obtained mixture was stirred at -78°C for 5

min. To the reaction mixture was added trimethoxyborane (2.84
mL), and the obtained mixture was stirred at -78°C for 15 min,
and then at room temperature overnight. The reaction mixture
was cooled to 0°C, 8M aqueous sodium hydroxide solution (3.17
mL) and 30% aqueous hydrogen peroxide (20 mL) were added
thereto, and the obtained mixture was stirred at room
temperature for 2 hr. The reaction mixture was cooled to 0°C,
and saturated aqueous sodium thiosulfate solution was added |
thereto. The mixture.was neutralized with 1M hydrochloric acid,
and extracted with ethyl acetate. The combined organic layer
was Washed with water and saturated brine, and dried over
anhydrous magnesium sulfate, and ﬁhe solvent was evaporated
under reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate) to give the title
compound (2.20 qg). | |

'H NMR'(3OO MHz, DMSO-d¢) & 7.32 (1H, dd, J = 10.2, 2.3 Hz),
7.85 (1H, d, J = 2.3 Hz), 10.77 (1H, s).

[0687]
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B) tert-butyl {(1S)-2-{(6-chloro-5-fluoropyridin-3-yl)oxy]-1-

methylethyl}carbamate |

| To a mixture of. 6-chloro-5-flucropyridin-3-ol (2.43 g),
tert-butyl [(1S)-2-hydroxy-l-methylethyl]carbamate (3.46 qg),
triphenylphosphine (6.48 g) and THF (25 mL) was added dropwise
a -toluene solution (1.9 M, 13.0 mL) of diisopropyl '
azodicarboxylate at room temperatufe, and the obtained mixture
was stirred at room temperature for 3 days. The reaction
mixture was concentrated under reduced pressure} and the
residue was purified by silica gel column chromatography
(hexane/ethyl acetate)'to give the title compound (2.88 g).

'H NMR (300 MHz, DMSO-de¢) & 1.11 (3H, d, J = 6.8 Hz), 1.37 (9H,
s), 3.69-4.19 (BH; m), 6.92 (1H, d, J = 7.5 Hz), 7.72 (1H, dd,
J = 10.5, 2.5 Hz), 8.04 (1H, d, J = 2.5 Hz).

[0688]

C) ethyl 5—({(28)—2—[(tert—butoxycarbonyl)amino}propyl}oxy)—3—
fluoropyridine-2-carboxylate

Under a carbonvmonoxide étmosphere, a mixture of tert-

butyl {(1S)-2-[(6-chloro-5-fluoropyridin-3-yl)oxy]-1--
methylethyl}carbamate (500 mg), [1,1’-

bis (diphenylphosphino) ferrocene]dichloropalladium(II)
dichloromethane adduct (135 mg), triethylamine (0.229 mL),

. ethanol (5 mL) and DMF (5 mlL) was stirred at 80°C overnight.
Water was added to the reaction mixture, and the mixture was
extracted with ethyl acetate. The combined organic layer was
washed with saturated brine, and dried over anhydrous
magnesium sulfate, and the solvent was evaporated under
reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate) to give the title
compound (402 mg) .

MS (ESI+): [M+H]"® 343.3.

[0689]

D) 5—({(28)—2—[(tert—butoxycarbonyl)amino]propyl}oxy)—3—
fluoropyridine—Z—cérboxylic acid

A mixture of ethyl 5-({(2S)-2-[(tert-
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butoxycarbonyl)amino]propyl}oxy)—3—fluQropyridine—2—
carboxylate (402 mg), THF (4 mL), ethanol (4 mL) and 1M
agueous lithium hydroxide solution (4.mL) was etirred'at 0°c
for 3 hr. The reaction mixture was neutralized with 1M
hydrochloric acid at 0°C, and extracted with ethyl acetate.
The combined organic layer was washed with saturated brine,

and dried over anhydrous magnesium sulfate, and the solvent

‘was evaporated under reduced pressure to give the title

eompound (357 mg).
MS (ESI+): [M+H]" 315.2.
[0690]
E) tert-butyl [(1S)-2-({6-[(2,4~-dihydroxyphenyl)carbamoyl]-5-
fluoropyridin—BFyl}oxy)—l—methylethyl]earbamate

A mixture of 5-({(28)-2-[(tert~-
butoxycarbonyl)amino]prole}oxy)—3—fluoropyridine—2—carboxylic
acid (357 mg), 4-aminobenzene-1,3-diol hydrochloride.(184 mng),
HATU (432 mg), N,N-diisopropylethylamine (0.391 mL) and DMF (5
mL) was stirred at room temperature overnight. Water was added
to the reaction mixture, and the mixture was extracted with
ethyl acetate. The combined organic layer was washed with
saturated brine, and dried over anhydrous magnesium sulfate,
and the solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(hexane/ethyl acetate) to give the title compound (321 mg).
MS (ESI+): [M+H]* 422.3. |
[0691]
F) tert-butyl [(1S)-2-({6-[6-(cyclopropylmethoxy)-1,3-
benzoxazol—2—yl]—5—fluoropyridin—3—ylfoxy)—l—_
methylethyl] carbamate

Triethylamine (0.849 mlL) was added to a solutioh of
triphenylphosphine (599 mg) and hexachloroethane (451 mg) in
acetonitrile (5 mL) at room temperature, and the obtained
mixture was stirred at room temperature for 10 min. To the
reaction mixture was further added a mixture of tert-butyl

[(1S)—2—({6—[(2,4—dihydroXyphenyl)carbamoyl]—5—fluoropyridin—
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mL), and the mixture was stirred at room temperature for 2 hr.
Water was added to the reaction mixture, and the mixturé was
extracted with ethyl acetate. The combined organic layer was
washed with saturated brine, and dried over anhydrous ‘
magnesium sulfate, éhd the solvent was ‘evaporated under
reduced pressure. The residue was purified by silica gel
column chromatography‘(hexane/ethyl acetate), and the obtained
residue (305 mg) was mixed with (bromomethyl)cyclopropane (204

mg), potassium carbonate (209 mg) and DMF (5 mL) at room

- temperature. The obtained mixture was stirred at room

temperature overnight. Water was added to the reaction mixture,
and the mixture was extracted with ethyl acetate. The combined
organic layer was washed with saturated brine,vand dried over
anhydrous magnesium sulfate, and the solvent was evaporated
under reduced pressure. The residue was purified by silica gel

column chromatography (hexane/ethyl acetate) to give the title

.compound (101 mg).

MS (ESI+): [M+H]" 458.2.
[0692] _
G)-N—[(1S)-2—({6—[6—(cyclopfopylmethoxy)—l,3—benzoxazol—2—yl]—
5—fluoropyridin—3—yl}oxy)—1—méthylethyl]acetamide

A mixture of tert-butyl [(1S)-2-({6-[6-
(cyclopropylmethoxy)—l,3—benzoxazol—2—yl]F5—fluoropyridin—3—
yl}oxy)-l-methylethyl]carbamate (101 mg), 4M hydrogen
chloride/éthyl acetate (1 mL) and ethyl acetate (1 mL) was
stirred at room temperature for 2 hr. The solvent was
evaporated under reduced pressure, and the residue was mixed
with acetic anhydride (1 mL) and pyridine (1 mL), and the
obtained mixture was stirred at room temperature for 1 hr. To
the reaétion mixturé was added 1M hydrochloric acid, and the
mixture was extracted with ethyl acetate. The combined organic
layer was washed with saturated brine, and dried over
anhydrous magnesium sulfate, and the solvent was evaporated

under reduced pressure. The residue was purified by silica gel
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column chrométography (hexane/ethyl acetate/methanol), and
recrystallized (hexane/ethyl‘acetate) to give the title
compound (53.1 mg).

'"H NMR (300 MHz, DMSO-dg) & 0.29-0.43 (2H, m), 0.53-0.68 (2H,
m), 1.11-1.38 (4H, m), 1.83 (3H, s), 3.91 (2H, d, J = 7.2 Hz),

3.98-4.24 (3H, m), 7.03 (1H, dd, J = 8.9, 2.4 Hz), 7.41 (1H, d,

J = 2.4 Hz), 7.66-7.81 (24, m), 8.02 (1H, d, J = 7.2 Hz),
8.29-8.44 (1H, m).

mp 158-159 °C

Anal. Calcd for CyHzN3O4F: C, 63.15; H, 5.55; N, 10.52. Found:
C, 63.13; H, 5.65; N, 10.31. |

[0693] |

Example 7

N—[(1S)-2—({5—[6—(cyclopropylmethoxy)—1,3—benzoxazol—2—

yl]lisoxazol-3-yl}oxy)-1l-methylethyl]acetamide
[0694] -

Using 3-({ (2S)-2-[(tert-
butoxycarbonyl)amino]propyl}oxy)isoxazole?S-carboxylic acid
and 4-aminobenzene-1,3-diol hydrochloride, and in the same
manner as in Example 2, steps C-F, the title compound was
obtained. |
[0695]

Example 8f

N-[(1S)-2-({5-[6-(cyclopropylmethoxy)-1, 3-benzoxazol-2-yl]-1H-
pyrazol—3—yl}oxy)—l—methylethyl]acetamide

[0696]

A) methyl 3-({(28)-2-[(tert-butoxycarbonyl)amino]propyl}oxy) -

l1H-pyrazole~5-carboxylate ' |

Using methyl 3—hydroxy—1H—pyrazole—5—carbo$ylate, and in
the same manner as in Example 2, step A, the title compound
was obtained.

MS (ESI+): [M+H]' 300.4.

[0697]

B) methyl l-benzyl-3-({(28)-2-[(tert~
butoxycarbonyl)amino]propyl}oxy)-1H-pyrazole-5-carboxylate
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Using methyl 3-({(25)-2-[(tert-
butoxycarbonyl)amino]propyl }oxy)-1H-pyrazole-5~carboxylate and
(bromomethyl)benzene, and in the same manner as in Example 1,
step A (reaction temperature was room temperature)) the title
compound was obtained. | |
MS (ESI+): [M+H]" 390.4. - ' /
(0698]

C) 1l-benzyl-3-({(2S)-2-[(tert-
butoxycarbonyl)amiﬁo]prdpyl}oxy)—lH—pyrazole—S—carboxylic acid

Using methyl 1-benzyl-3-({(2S)-2-[(tert-
butoxycarbonyl)amino]propyl }oxy)-1H-pyrazole-5-carboxylate,

.and in the same manner as in Example 2, step B, the title

‘compound was obtained.

MS (ESI+): [M+H]" 376.4.
[0699] . ' i
D) tert-butyl [(1S)-2-({l-benzyl-5-[(2,4-
dihydroxyphenyl) carbamoyl]-1H-pyrazol-3-yl}oxy)-1-
methylefhyl]carbamate

Using l-benzyl-3-({(28)-2-[(tert-
butoxycarbonyl)amino]propyl}oxy)—lH—pyrazole?S—carboxylic acid,
and in the same manner as in Example 5, step A, the title
compound was obtained.
MS (ESI+): [M+H]' 483.4.
[0700]
E) tert-butyl [(1S)—2—{[l—benzyl—5—(6—hydroxy—1,3—benzoxazol—
2-yl)-1H-pyrazol-3-yl]loxy}-1l-methylethyl]carbamate

Using tert-butyl [(18)-2-({l-benzyl-5-[(2,4-
dihydroxyphenyl)carbamoyl]-1H-pyrazol-3-yl}loxy)-1-
methylethyl]carbamate, and in the same manner as in Example 2,
step D, the title compound was obtained.
MS (ESI+): [M+H]" 465.4.
[0701] :
F) tert-butyl [(1S)-2-({l-benzyl-5-[6-(cyclopropylmethoxy)-
1, 3-benzoxazol-2-yl]-1H-pyrazol-3-yl}oxy)-1- |
methylethyl]carbamate -
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. Using tert-butyl [(lS)—Z—{[l—benzy1—5—(6—hydroxy—1,3—
benzoxazol-2-yl)-1H-pyrazol-3-yl]oxy}-1l-methylethyl]carbamate,
and in the same manner as in Example 2, step E, the title
compound was 6btained. ;

MS (ESI+): [M+H]" 519.4.
[0702] |
G) N—[(IS)—2—({l—benzyl—5—[6—(cyclopropylmethoxy)~l,3—
benzoxazol-2-yl]-1H-pyrazol-3-yl}oxy)-l-methylethyl]acetamide
Using tert-butyl [(1S)-2-({l-benzyl-5-[6-
(cyclopropylmethoxy) -1, 3-benzoxazol-2-yl]-1H-pyrazol-3-
yl}loxy)-1l-methylethyl]carbamate, and in the same manner as in
Example 1, step D, the title compound was obtained.
MS (ESI+): [M+H]® 461.5.
[0703] |
H) N-[(1S)-2-({5-[6-(cyclopropylmethoxy)-1,3-benzoxazol-2-yl]-
1H-pyrazol-3-yl}oxy)-1l-methylethyl]acetamide
Under a hydrogen atmosphere, a mixture of N-[(1S)-2-({1-
benzyl~5—[6—(cyclopropylmethoxy)—1,3—benzoxazol~2—yl]—1H—
pyrazol-3-ylloxy)-l-methylethyl]acetamide (120 mg), 20%

palladium hydroxide/carbon (containing water (50%), 60 mg),

‘ethanol (5 mL) and THF (3 mL) was stirred at 50°C for 4 hr.

The catalyst was removed by filtration, and the obtained
filtrate was concentrated under reduéed pressure. The residue
was purified by silica gel column chromaﬁography (hexane/ethyl
acetate) to give the title compound (23.4 mg). -

[0704]

Example 9
N—[(1S)—2—({5—[6—(cyclopropylmethoxy)—1,3—benzoxazol—2—yl]—4—
fluoro—lH—pyrazOl—B—yl}oxy)—1—methylethyl]acetamide

[0705]

Under-a hydrogen atmosphere, a mixture of N-[(1S8)-2~({1l-
benzyl-5-[6- (cyclopropylmethoxy)-1, 3-benzoxazol-2-yl]-1H-
pyrazol-3-yl}oxy)-1l-methylethyllacetamide (200 mg), 20%
palladium hydfoxide/carbon (containing water (50%), 200 mg),

ethanol (7 mL) and THF (4 mlL) was stirred at 50°C for 4 hr.
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The catalyst was removed by filtration, and the obtained-
filtrate was concentrated under reduced pressure. The residue
was mixed with acetonitrile (10 mL), THE (10 mL) and 1-
(chloromethyl)—4—fluoro—1,4—diazoniabicyclo[2.2.2]octane
ditetrafluoroborate (369 mg), and the obtained mixture was
stirred at 70°C for 3 hr. To the réaction mixture was further
added 1—(chloromethyl)—4—fluoro—1,4—' _
diazoniabicyc10[2.2.2]octane ditétrafluoroborate (369 mg), and

the obtained mixture was stirred at 70°C for 2 hr. To the

reaction mixture was further added 1-(chlorcmethyl)-4-fluoro-

’1,4—diazoniabicyclo[2.2.2]octane ditetrafluoroborate (369 mg),

and the obtained mixture was stirred at 70°C for 2 hr. Water
was added to the reaction mixture, and the mixture was
extracted with ethyl acetate. The combined organic layer Was
washed with saturated brine, and dried over anhydrous
magnesium sulfate, ‘and the solvent was evapOrated.undef
reduced préssure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate) and HPLC
(Ascentis RP-Amide, mobile phase: Water/acetonitrile
(containing 5 mM ammonium acetate)) to give the title compound -
(6.2 mg) .
[0706]
Example 10
N—[(lS)—2—({5—[6—(cyclopropylmethoxy)—l,3—benzoxézol—2—yl]—1—
methyl-1H-pyrazol-3-yl}oxy)-1l-methylethyl]acetamide |
[0707] ‘
A) methyl 3-({(28)-2-[(tert-butoxycarbonyl)amino]propyl}oxy)-
l-methyl-1H-pyrazole-5-carboxylate

Using methyl 3-({(2S)-2-[(tert-
butoxycarbonyl)amino]propyl}oxy)—1H—pyrazole—5—carbéxylate and
iodomethane, and in the same manner as in Example 8, step B,
the title compound was obtained.
MS (ESI+): [M+H]® 314.5.
[0708]
B) 3-({(2S)-2-[(tert-butoxycarbonyl)amino]propyl}oxy)-1-

234



10

15

20

25

30

35

WO 2012/074126 PCT/JP2011/078010

methyl-1H-pyrazole-5-carboxylic acid

Using methyl 3-({(2S)-2-[(tert-
butoxycarbonyl)amino]propyl}oxy)—1—methyl¥1H—pyrazole—5—
carboxylate, and in the same manner as in Example 2, stép B,
the title compound was dbtained. |
MS (ESI+): [M+H]" 300.4.
[0709]
C) tert-butyl [(iS)—Z—({5-[(2,4—dihydroxyphenyl)carbambyl]—l—
methyl-1H-pyrazol-3-yl}oxy)-l-methylethyl]carbamate

Using 3-({(2S)-2-[ (tert-butoxycarbonyl)amino]propyl}oxy) -
l-methyl-1H-pyrazole-5-carboxylic acid, and in the same manner
as in Example 5, step A, the title compound was obfained.

MS (ESI+): [M+H]" 407.3.

- [0710]

D) tert—butyl.[(lS)—2—{[5—(6—hydroxy—l,3—ben20xazol—2—yl)—l—
methyl—lH—pyrazol—B—yl]oxy}—l—methylethyl]carbamate

Using tert-butyl [(18)-2-({5-[(2,4-
dihydroxyphenyl)carbamoyl]—1—methyl—lH—pyrazol—3—yl}oxy)—1—
methylethyl]carbamate, and in the same manner as in Example 2,
step D, the title cbmpound was obtained.
MS (ESI+): [M+H]® 389.3.1
[0711]
E) tert-butyl [(1S)-2-({5-[6-{(cyclopropylmethoxy)-1,3-
benzoxazol—Z—yl]—1—methylFlH—pyrazol—3—yl}oxy)—l—
methylethyl]carbamate

Using tert-butyl [(1S)—2—{[5—(6—hydroxyf1,3—benzoxazol—2—
yl)-l-methyl-1H-pyrazol-3-yl]oxy}-1l-methylethyl]carbamate, and
in the same manner as in Example 2, step E, the title compound
was obtained.
MS (ESI+): [M+H]" 443.5.
[0712]
F) N-[(1S)-2-({5-[6-(cyclopropylmethoxy)-1,3-benzoxazol-2-yl]-
l—methyl—lH—pyrazol—B—yl}oxy)—l—methyléthyl]acetamide

Using tert-butyl [(1S)-2-({5-[6-(cyclopropylmethoxy)-1,3-
benzoxazol-2-yl]-1-methyl-1H-pyrazol-3-yl}oxy)-1-
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methylethyl]carbamate, and in the same manner as in Example 1,
step D, the title compound was obtained.
[0713]
Example 11
N—[(1S)—2—({54[6—(cyclopropylmethoxy)—l,3—benzoxazol—2—yl]+4—
fluoro—l—methyl—lH—pyrazol—B—yl}Oxy)—l—methylethyl]acetamidé
[0714] |

A mixture of N-[(1S)-2-({5-[6-(cyclopropylmethoxy)-1,3-
benzoxazol-2-yl]-1l-methyl-1H-pyrazol-3-yl}oxy)-1-
methylethyl]acetamide (193 mg), l1-(chloromethyl)-4-fluoro-1,4-
diazoniabicyclo[2.2.2]octane ditetrafluoroborate (427 mg) and
acetonitrile (10 mlL) was stirred af 60°C for 7 hr. Water was
added to the reaction mixturé, and the mixture was extracted
with ethyl acetate. The combined organic layer was washed with
saturated brine, and dried over anhydrous magnesium sulfate,
and the solvent was evaporated under reduced pressure. The
residue was'purified by silica gel column chromatography
(hexane/ethyl acetate) to give the title compound (11.2 mg).
[0715]
Example 12 ) »
N—[(18)42—{4—[5—(cyclopropylmethoxy)—2H—indazol—2—yl]phenoxy}—
l-methylethyl]acetamide
[0716]
A) 1-[4-(benzyloxy)phenyl]-1-(2~bromo-5-
methoxybenzyl)hydrazine

To a solution of [4-(benzyloxy)phenyl]lhydrazine
hydrochloride (2.0 g) in THF (25 mL) was added dropwise a THF
solution (1.9 M, 8.4 mL) of sodium hexamethyldisilazide under
ice-cooling, and the mixture was stirred at room temperature
for 1 hr. To the reaction mixture was added l-bromo-2-
(broﬁomethyl)—4—methoxybenzene (2.23 g) under ice-cooling, and
the mixture was stirred at room temperature for i hr. Water
was added to the reaction mixture, and the solvent was

evaporated under reduced pressure. To the residue was added

water, and the mixture was extracted with ethyl acetate. The
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separated aqueous layer was extracted again with ethyl acetate.
The combined organic layer was washed with saturated brine,
and dried over anhydrous magnesium sulfate, and the solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane/ethyl
acetate) to give the title compound (1.56 g).
1HbNMR (300 MHz, CDCl3) & 3.63 (2H, s), 3.73 (3H, s), 4.52 (2H,
s), 5.02 (24, s), 6.71 (1H, dd, J = 8.7, 3.0 Hz), 6.85-6.97
(3H, m), 6.97-7.07 (2H, m), 7.27-7.54 (6H, m).
[0717] | |
B) 2-[4-(benzyloxy)phenyl]-5-methoxy-2H-indazole

A mixture of 1-[4-(benzyloxy)phenyl]-1-(2-bromo-5-
methoxybenzyl) hydrazine (1.50 g), palladium(II) acetate (41
mg), 1,1’-bis(diphenylphosphino)ferrocene (151 mg), sodium
tert-butoxide (436 mg) and toluene (18 ﬁL) was stirred under
an argon atmosphere at 90°C overnight. The solvent was
evaporated under reduced pressure, and the obtained mixture
was diluted with ethyl acetate and water, and the organic
layer was separated. The separated aqueous layér was extracted
again with ethyl acetate. The combined organic layer was
washed with saturated briné, and dried over anhydrous
magnesium‘sulfate, and the solvent was evaporated under
reduced pressure. The residue was purified by silica gel
column chromatdgraphy (héxane/ethYl acetate) to.give the title
compound (163 mg).
'H NMR (300 MHz, DMSO-dg¢) & 3.80 (3H, s), 5.19 (2H, s), 6.97
(1H, d4d, J = 9.1, 2.3 Hz), 7.01 (1H, d4, J = 1.5 Hz), 7.13-7.26
(2H, m), 7.28-7.55 (5H, m), 7.61 (1H, d, J = 9.4 Hz), 7.83-
8.03 (2H, m), 8.79 (1H, d, J = 1.1 Hz).
[0718] | |
C) 4-(5-methoxy-2H-indazol-2-yl)phenol

Under a hydrogen atmosphere, a mixture of 2-[4-
(benzyloxy)phenyl]-5-methoxy-2H~indazole (160 mg)) 10%
palladium/carbon (containing water (50%), 52 mg), methanol (10

mL) and THF (5 mL) was stirred at room temperature for 1 hr.

237



10

15

20

- 25

30

35

WO 2012/074126 PCT/JP2011/078010

The catalyst was removed by filtration, and the obtained
filtrate was concentrated under reduced pressuré to give the
title compound (121 mg). -

'H NMR (300 MHz, DMSO-dg) & 3.79 (3H, s), 6.86-6.93 (2H, m),
6.95 (1H, dd, J = 9.3,'2.5 Hz), 7.01 (1H, d, J = 1.9 Hz), 7.59
(14, d, J = 9.4 Hz), 7.75-7.85 (2H, m), 8.71 (I1H, d, J = 1.1

Hz), 9.88 (1H, brs).

- [0719]

D) tert-butyl {(lS)—2—[4—(5—methoxy—ZH—indazol42—yl)phenoxy]—
l-methylethyl}carbamate '
Using 4-(5-methoxy-2H-indazol-2-yl)phenocl, and in the
same manner as in Example 1, step B, the title compound was
obtained. (
'H NMR (300 MHz, DMSO-dg) & 1.32 (3H, d, J = 6.8 Hz), 1.46 (9H,
s), 3.86 (3H, s), 3.99 (2H, d, J = 3.8 Hz), 4.02-4.16 (1H, m),
6.90 (1H, d, J = 2.3 Hz), 6.97-7.07 (3H, m), 7.67 (lH, 4, J =
8.7 Hz), 7.77 (24, d, J = 9.1 Hz), 8.18 (1H, s).
[0720]
E) N—{(1S)—2—[4—(5—methoxy—2H—indazol—2—yl)phenoxj]—1—
methylethyl}acetamide '
Using tert-butyl {(18)42—[4—(5—methoxy—2H—indazol—2—

' yl)phenoxy]—1—methyléthyl}carbamate, and in the same manner as

in Example 1, step D, the title compound was obtained.
IH NMR (300 MHz, DMSO-dg) & 1.17 (3H, d, J = 6.4 Hz), 1.83 (3H,
s), 3.80 (3H, s), 3.83-3.93 (1H, m), 3.94-4.05 (1H, m), 4.05-
4.21 (1H, m), 6.91-7.05 (2H, m), 7.07-7.19 (2H, m), 7.60 (1H,
d, J=29.1 Hz), 7.89-8.02 (3H, m), 8.80 (1H, d, J = 0.8 Hz).
[0721] |
F) N-{(1S)-2-[4~(5-hydroxy-2H-indazol-2-yl)phenoxy]-1-
methylethyl}acetamide

To a solution of N—{(1S)—2—[4—(5—methoxy—2H—indézol—2—
yl)phenoxy]-1l-methylethyl}acetamide (70 mg) in dichloromethane
(3 mL) was added dropwise a dichloromethane sclution (1.0 M,
0.83 mL) of tribromoborane under ice-cooling, and the mixture

was stirred at room temperature for 3 hr. To the reaction
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mixture was added saturated aqueous sodium hydrogen carbonate

solution under ice-cooling, and the mixture was extracted with

~ethyl acetate. The separated organic layer was washed with

saturated brine, and dried over anhydrous magnesium sulfate,
and the solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(hexane/ethyl acetate) to give the title compound (48 mg).
'H NMR (300 MHz, CDCls) & 1.17 (3H, d, J = 6.8 Hz), 1.83 (3H,
s), 3.82-3.92 (1H, m), 3.95- 4.05 (1H, m), 4.05-4.22 (1H, m),
6.81—6.96 (2, m), 7.07-7.19 (2H, m), 7.54 (1H, 4, J = 9.1 Hz),
7.86-7.99 (3H, m), 8.68 (1H, d, J = 0.8 Hz), 9.25 (1lH, s).
[0722]
G)_N—[(1S)—2—{4—[5—(cyclopropylmethoxy)—2H—indazol—2—
yl]lphenoxy}-l-methylethyl]acetamide

USing N—{(lS)—2—[4—(5—hydroxy—2H—indazOl—2—y1)phenoxy]—1—
methylethyl}acetamide, and in the same manner as in Example 2,
step 'E, the title compound was obtained.
[0723] |
Example 13
N—[(18)—2—{4—[6—(cyclopropylmethoxy)—2H—indazol—2—yl]phenoxy}—
l-methylethyl]acetamide
[0724] ‘
A) 6—(cyclopropylmethoxy)—lH—indazole

Using 6-hydroxy-1lH-indazole, and in the same manner as in
Example 1, step A, the title compound was obtained.
'H NMR (300 MHé, CDCl;3) & 0.33-0.44 (2H, m), 0.58-0.74 (2H, m),
1.19-1.42 (1H, m), 3.85 (2H, d, J = 7.2 Hz), 6.74-6.93 (2H, m),
7.60 (1H, dd, J = 8.7, 0.8 Hz), 7.96 (1H, .d, J = 0.8 Hz), 9.92
(1H, brs).
[0725]
B) 2-[4-(benzyloxy)phenyl]-6-(cyclopropylmethoxy)-2H-indazole

A mixture of 6-(cyclopropylmethoxy)-1H-indazole (376 mg),
1- (benzyloxy)-4-bromobenzene (632 mg), copper(I) iodide (38.1
mg), QlRS,ZRS)—N,N’—dimethylcyclohexane—l,2—diamine (114-mg),'

tripotassium phosphate (892 mg) and toluene (2 mL) was stirred
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under an argon atmosphere at 110°C overnight. The reaction -
mixture was diluted with ethyl‘acetate and watér, and filtered
through celite. The organic layer separated from the obtained
filtrate was washéd'with saturated brine, and dried over
anhydrous magnesium sﬁlfate, and the solvent was eﬁaporated
under reduced pressure. The residue was purified by silica gel
column éhromatography (hexane/ethyl acetate) to give a mixture
(741 mg) of the title compound and 1—[4—(benzyloxy)phenyl]—é—
(cyclopropylmethoxy)-1H-indazole.
MS (ESI+): [M+H]™ 371.2.
[0726]
C) 4-[6-(cyclopropylmethoxy)-2H-indazol-2~yl]phenol

Using a mixture of 2~[4-(benzyloxy)phenyl]-6-
(cyclopropylmethoxy)~2H—indazole and 1—[4—(benzyldxy)phenyl]—
6- (cyclopropylmethoxy)-1H-indazole, and in the éame manner as
in Example.lZ, step C, a mixture of the title compound and 4-
[6-(cyclopropylmethoxy)-1H-indazol-1-yl]lphenol was obtained.
MS (ESI+): [M+H]® 281.2.
[0727] » :
D) tert-butyl [(1S)—2—{4—[6—(cyclopropylmethoxy)—2H—indazol—2—
yl]phenoxy}-1l-methylethyl]carbamate |

Using a mixture of 4-[6-(cyclopropylmethoxy)-2H-indazol-
2-yl]lphenol and 4-[6-(cyclopropylmethoxy)-1H-indazol-1-
yllphenol, and in the same manner as in Example 1, step B, the

title compound was obtained.

MS (ESI+): [M+H]"' 438.4.

[0728]
E) N-[(1S)-2-{4-[6-(cyclopropylmethoxy)-2H-indazol-2-
yl]lphenoxy}-1-methylethyl]acetamide

« Using tert-butyl [(iS)—Z—{4—[6—(cyclopropylmethoxy)—2H—
indazol-2~-yl]phenoxy}-l1-methylethyl]carbamate (100 mg), and in
the same manner as in Example 1, step D, the title compound
was obtained (50.1 mg).
[0729]
Example 14
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N-[(1S)-2-({6-[6-(cyclopropylmethoxy)-2H-indazol-2-yl]lpyridin-

3-yl}loxy)-1l-methylethyl]acetamide

[0730] ' '

A) 2-[5-(benzyloxy)pyridin-2-y1l]-6-(cyclopropylmethoxy)-2H-
indazole | '

Using 6-(cyclopropylmethoxy)-1H-indazole and 5-
(benzyloxy)-2-chloropyridine, and in the same manner as in
Example 13, step B, the title compound was obtainéd.

'H NMR (300 MHz, DMSO-dg) & 0.29-0.44 (2H, m), 0.53-0.67 (2H,
m), 1.22-1.30 (1H, m), 3.88 (2H, d, J = 6.8 Hz), 5.27 (2H, s),
6.78 (1H, dd, J = 9.1, 2.3 Hz), 6.94 (1H, d, J = 1.9 Hz),
7.30-7.47 (3H, m), 7.47-7.54 (2H, m), 7.65 (lH, d, J = 9.1 Hz),
7.74 (1H, dd, J = 9.1, 3.0 Hz), 8.07 (1H, d, J = 8.7 Hz), 8.32
(1H, 4, J = 2.7 Hz), 8.99 (1H, d, J = 0.8 Hz).

[0731]

B) 6-[6—(cjclopropylmethoxy)—2H—indazol—2—yl]pyridine3—ol

Using 2-[5-(benzyloxy)pyridin-2-yl]-6-
(cyclopropylmethoxy)-2H-indazole, and in the same manner as in
Example 12, step C, the title compound was obtained.

'H NMR (300 MHz, DMSO-dg) & 0.26-0.44 (2H, m), 0.51-0.68 (2H,
m), 1.21-1.29 (1H, m), 3.87 (2H, d, J = 7.2 Hz), 6.77 (1H, dd}
J=9.1, 2.3 Hz), 6.91-6.98 (1H, m), 7.41 -(1H, dd, J = 8.9,
2.8 Hz), 7.64 (1H, 4, J = 9.1 Hz), 7.97 (1H, d, J = 8.7 Hz),
8.05 (1H, d, J = 3.0 Hz), 8.94 (1H, d, J = 0.8 Hz), 10.41 (1H,
brs).

[0732] ‘

C) tert—butyl [(lS)—2—({6—[64(cyclopropylmethoxy)—2H;indazol—
2-yl]lpyridin-3-yl}oxy)-l-methylethyl]carbamate

Using 6-[6-(cyclopropylmethoxy)-2H-indazol-2~yl]pyridin-
3-0l, and in the same manner as in Example 1, step B, the
title compound was obtained.

MS (ESI+): [M+H]' 439.1.

[0733] }

D) N-[(1S)-2-({6-[6-(cyclopropylmethoxy)-2H~-indazol-2-
yl]pyridin—3—yl}oxy)—lfmethylethyl]acetamide
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Using tert-butyl [(1S)-2-({6-[6~(cyclopropylmethoxy)-2H-
indazol-2-yl]lpyridin-3-yl}oxy)-1l-methylethyl]carbamate, and in

‘the same manner as in Example 1, step D, the title compound

was obtained.

[0734]

Example 15 _
1-[(18)-2-({6-[6-(cyclopropylmethoxy)-1, 3-benzoxazol-2-=
yllpyridin-3-yl}oxy)-l-methylethyl]urea : ,
[0735] | '

A mixture'of tert-butyl ((1S)—2—({6—[6f‘
(cyclopropylmethoxy)~1, 3-benzoxazol-2-yllpyridin-3-ylloxy)-1-
methylethyl]carbamate (84.7 mg), ethyl acetate (2 mL) and 4M
hydrogen chloride/ethyl acetate (2'mL) was stirred at room
témperature;for 3 hr.. The solvent was evaporated under reduced
pressure, and the residue was mixed with triethylamine (1 mL),
THE (5 mL) and‘trichloioacetyl isocyanate (0.034 mL) at 0°C,
and the obtained mixture was stirred at 0°C for 30 min. To the-
reaction mixture was added 8M ammonia/methanol (5 mL), and the
obtained mixture was stirred at room temperature for 2 hr. The
reaction mixture was concentrated under reduced pressure, and
the residue was purified by silica gel column chromatography
(hexane/ethyl acetate/methanol) to give the title compound
(6.3.mg).

[0736]

Example 16
1—[(lS)—2—({6—[6—(cyclopropylmethoxy)—1,3—benzoxazol—2—.
yllpyridin-3-yl}oxy)~-1l-methylethyl]~-3-methylurea

[0737] ’

A mixture of tert-butyl [(1S)-2-({6~-[6-
(cyclopropylmethoxy)—1,3—benzoxazol—2—yl]pyridin—3—yl}oxy)—1—
methylethyl]carbamate (86.8 mg), ethyl acetate (2 mL) and 4M
hydrogen chloride/ethyl acetate (2 mL) was stirred at room

temperature for 3 hr. The solvent was evaporated under reduced

pressure, and the residue was mixed with triethylamine (0.5

mL), THF (2 mL) and methyl isocyanate (0.014 mL) at 0°C, and
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the obtained mixture was stirred at room temperature for 2 hr.
Water was added to the reaction mixture, and the mixture was
extracted with ethyl acetate. The combiﬁed organic layer was
washed with saturated brine, and dried over anhydrous
magnesium sulfate, and the solvent was evaporated’uﬁder
reduced pressure. The residue was purified by silica gel
column chromatography (heiane/ethyl acetate/methanol) to give
the title compound (20 mg).

[0738]

Example 17

methyl [(1S)-2-({6-[6-(cyclopropylmethoxy)-1,3-benzoxazol-2-
yllpyridin-3-yl}oxy)-1l-methylethyl]carbamate

[0739]

| A mixture of tert-butyl [(1S)-2-({6-[6-
(cyglopropylmethoxy)—1,3—benzoxazol—2—yl]pyridin—3—yl}oxy)—1—
methylethyl]carbamate (84.6 mg), ethyl acetate (2 mL) and 4M
hydrogen chloride/ethyl acetate (2 mL) was stirred at room

temperature for 3 hr. The solvent was evaporated under reduced

‘pressure, and the residue was mixed with triethylamine (0.5

mL), THF (2 mL) and methyl chloroformate (0.044 mL) at 0°C, and
the obtained mixture was stirred at room temperature for 2 hr.
Water was added to the reaction mixture, and the mixture was
extracted with ethyl acetate. The combined organic layer was
washed with saturated brine, and dried over anhydrous
magnesium sulfate, and the solvent was evaporated under
reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate) to give the title
compound (17.5 mg).
[0740]
Example 18
14[(lS)—2—({6—[6—(cyclopropylmethoxy)—1,3—benzoxazol—2-yl]—5—
fluoropyridin—3—yl}oxy)—1—methylethyl]urea |
[0741]

Using tert-butyl [(1S)-2-({6-[6-(cyclopropylmethoxy)-1,3-
benzoxazol-2-yl]-5-fluoropyridin-3-yl}oxy)-1-
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methylethyl]carbamate, and in the same manner as in Example 15,

step A (using pyridine insteéd of triethylamine), the title
compound was obtained.

. [0742]

Example 19 _
1-[(18)-2~({6-[6- (cyclopropylmethoxy)-1, 3~-benzoxazol-2-yl]-5-
fluoropyridin—3—yl}oxy)-l—methylethyl]—3—methyluréa

[0743] o '

Using tert-butyl [(1S)-2-({6-[6-(cyclopropylmethoxy)-1,3-
benzoxazol—Z-yl]—5—fluoropyridin—3—yl}oxy)—1— |
methylethyl]carbamate, and in the same manner as in Example 16,
step A (using pyridine instead of triethylamine), the title
compound was obtained. |
[0744] |
Example 20
1-[(18)-2-({5-[5-(cyclopropylmethoxy)-1, 3-benzoxazol-2-
yl]isoxazol—3—yl}oxy)—1—méthylethyl]—3—methylurea
[0745] _

Using tert-butyl [(lS)—2—({5—[5—(cyclopropylméthoxy)—1,3—
benzoxazol-2-yl]isoxazol-3-yl}oxy)-1-methylethyl]carbamate,
and in the same manner as in Example 16, step A, the title
compound was obtained.

[0746]

Example 21

methyl [(lS)—2—({5—[5—(cyclopropylmethoxy)—l,3—benzoxazol—2—
yllisoxazol-3-yl}oxy)-1l-methylethyl]carbamate

[0747]

Using tert-butyl [(1S)-2-({5-[5-(cyclopropylmethoxy)~-1,3-
benzoxazol-2-yl]isoxazol~3-yl}oxy)-1l-methylethyl]carbamate,
and in the same manner as in Example 17, step A, the title
compound was obtained. ‘

[0748]

Example 22 ‘
1—[(15)—2—({5—[5—(cy¢lopropylmethoxy)—1,3—benzoxazol—2—
yl]isoxazol—3;yl}oxy)—1—methylethyl}urea |
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[0749]

A mixture of tert-butyl [(1S)-2-({5-[5-
(cyclopropylmethoxy) -1, 3-benzoxazol-2-yl]isoxazol-3-yl}loxy)-1-
methylethyl]carbamate (430 mg), ethyl acetate (8 ml), methanol
(1 mL) and 4M hydrogen chloride/ethyl acetate (5 mL) was
stirred at room temperature overnight. The precipitated solid
was collected by filtratioh, and washed with hexane. The

obtained solid was suspended in THF (10 mL), triethylamine (4

mL) and (trimethyl)silyl isocyanate (0.271 mL) were added

thereto at room temperature, and the mixture was stirred at
room temperature for 4 hr. The precipitated solid was
callected by filtration, and washed with diethyl ether to give
the title compound (43.9 mg).
[0750]
Example 23 . _
N-[(18)-2-({5-[5-(cyclopropylmethoxy) -1, 3-benzoxazol-2-yl]-4-
methYlisovaol—3—yl}oxy)—1—methylethyl]acetamide
[0751]
A) tert—butyl‘[(IS)-2—({5—[5—(cycldpropylmethoxy)—1,3—
benzoxazol-2-yl]-4-methylisoxazol-3-yl}oxy)-1-
methylethyl]carbamate

Under an argon atmosphere, to a solution of tert-butyl
[(1S)-2-({5-[5-(cyclopropylmethoxy) -1, 3-benzoxazol-2-
yl]isoxazol—B—yl}oxy)—1—methylethyl]carbamate (644 mg)'ih THF
(15 mL) was added dropwise a hexane solution (1.6 M, 2.156 mlL)
of n-butyllithium at -78°C, and the mixture was stirred at -
78°C for 20 min. To the reaction mixture was added iodomethane
(0.140 mL), and the mixture was stirred at -78°C for 15 min,
and then at 0°C for 1 hr. The reaction mixture was neutralized
with 1M hydrochloric acid, and extracted with ethyl acetate. |
The combined organic layer was washed with water and saturated
brine, and dried over anhydrous mégnesium sulfate, and the
solvent was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography.(hexane/ethyl

acetate) to give the title compound (46.0 mg).
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'H NMR (300 MHz, DMSO-dg) & 0.30-0.39 (2H, m), 0.54-0.63 -(2H,
m), 1.12 (3H, d, J = 6.4 Hz), 1.22-1.29 (1H, m), 1.38 (9H, s),
2.26 (3H, s), 3.86-4.02 (3H, m)} 4.09-4.26 (2H, m), 6.90-7.00
(14, m), 7.12 (1H, dd, J = 9.1, 2.3 Hz), 7.41 (1H, d, J=2.3
Hz), 7.76 (1H, 4, J = 9.1 Hz).
[0752] ‘
B) N—[(1S)—2—({5—[5—(cyclopfopylmethoxy)—l,3—benzoxazol—2—yl]f
4—methylisoxazol—3—yi}oxy)—1emethylethyl]acetamide

Using tert-butyl [(1S)-2-({5-[5-(cyclopropylmethoxy)-1,3-
benzoxazol—Z—yl]—4—méthyliéoxazol—3—yl}oxy)—1—
methylethyl]carbamate, and in the same manner as in Example 1,
step D, the title compound was obtained.
[0753]
Example 24

N-[(18)-2-({6-[6-(cyclopropylmethoxy)~2, 3-dihydro-1-

- benzofuran—2—yl]pyridin—3—yl}oxy)—1fmethylethyl]acetamide

[0754]
A) (2-bromo-4-hydroxyphenyl)acetic acid

A diéhloromethane solution (1.0 M, 150 mL) of
tribromoborane was added dropwise to a solution of (2-bromo-4-
methoxyphenyl)acetic acid (15.0 g) in dichloromethane (160 mL)
at room temperature, and the reaction mixture was refluxed for
3 hr, allowed to cool to room temperature, and poured into ice
water. The mixture was extracted with ethyl acetate, and the
organic layer was separated. The organic layer was dried over
anhydrdus_magnesium sulfate, and the solvent was evaporated
under reduced pressure. The obtained yellow solid was
collected by filtration and washed with hexane-diethyl ether
to give the title compound (10.3 g).
'H NMR (300 MHz, DMSO-dg¢) & 3.58 (2H, s), 6.73 (1H, dd, J = 8.3,
2.3 Hz), 6.98 (1H, d, J = 2.3 Hz), 7.17 (1H, 4, J = 8.3 Hz),
9.76 (1H, s), 12.31 (1H, brs).
[0755]
B) cyclopropylmethyl [2-bromo-4-
(cyclopropylmethoxy)phenyl]acetate
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A solution of (bromomethyl)cyclopropane (10.52 g), (2-
bromo-4-hydroxyphenyl)acetic acid (6.0 g) and potassium

_carbonate (7.18 g) in DMF (200 mL) was stirred at 80°C for 8 hr.

The reaction mixture was allowed to cool to room temperature,
and the solvent was evaporated under reduced pressure. The
residue was diluted with diethyl ether and water, and the
érganic layer was separated. The organic layer was washed with
saturated brine, and dried over anhydrous magnesium sulfate,
and the solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(hexane/ethyl acetate) to give the title compound (7.89 g).
'H NMR (300 MHz, DMSO-dg¢) & 0.20-0.28 (2H, m), 0.28-0.35 (2H,
m), 0.43-0.52 (2H, m), 0.52-0.63 (2H, m), 0.97-1.14 (1H, m),
1.14-1.29 (1H, m), 3.73 (2H, s), 3.82 (2H, d, J = 6.8 Hz),
3.89 (2H, d, §J = 7.2 Hz), 6.92 (1H, dd, J = 8.5, 2.7 Hz),7.16
(14, 4, J = 2.7 ‘Hz), 7.29 (1H, d, J‘é 8.5 Hz).
[0756]
C) [2-bromo-4- (cyclopropylmethoxy)phenyl]acetic acid

1M Aqueous sodium hydroxide solution (30 mL) was added to
a solution of cyclopropylmethyl [2-bromo-4-
(cyclopropylmethoxy)phenyl]acetate (6 g) in methanol (50 mL)
at room temperature, and the mixture was stirred ét 50°C for 2
hr. The reaction mixture was allowed to cool to room-
temperature, water was added thereto, and the mixture‘wasv
washed with diisopropyl ether. The aqueous layer was acidified
with 1M hydrochloric acid, and extracted with ethyl acetate.
The combined organic layer was washed with saturated brine,
and dried over anhydrous magnesium sulfate, and the solvent
was evaporated under reduced pressure to give the title
compound (4.48 g).
'H NMR (300 MHz, DMSO-d¢) & 0.16-0.44 (2H, m), 0.44-0.69 (2H,
m), 0.99-1.33 (1H, m), 3.62 (2H, s), 3.82 (2H, 4, J = 7.2 Hz),
6.91 (1H, dd, J = 8.3, 2.4 Hz), 7.14 (1H, d, J = 2.4 Hz), 7.27
(1H, 4, J = 8.3 Hz), 12.37 (1H, brs). |
[0757]
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D) 2-[2-bromo-4- (cyclopropylmethoxy)phenyl]-N-methoxy-N-
methylacetamide

WSC (4.89 g) was added to a solution of N,O0-
dimethylhydroxyamine hydrochloride (2.49 g), [2-bromo-4-
(cyclopropylmethoxy) phenyl]acetic acid (4.85 g), HOBt (3.91 qg)
and triethylamine (3.56 mL) in acetonitrile (100 mL), and the
mixture was stirred at room temperaturé for 15 hr. The
reaction mixture was concentrated under reduced pressure, and
the residue was diluted with ethyl acetate. The mixture was
washed with 1M hydrochloric acid, water, saturated sodium
hydrogen carbonate and saturated brine. The organic layer was
dried over anhydrous magnesium sulfate, passed thrbugh an NH
silica gel pad, and the solvent was evaporated under reduced
pressure to give the title compound (4.78 g). MS (ESI+):
[M+H]® 328.0.
[0758]
E) 2—[2—br0mo—4—(cyclopropylmethoxy)phenyl]—1—(5—{[tris(l—

methylethyl)silyl]oxyl}pyridin-2-yl)ethanone

A hexane solution (1.6 M, 11.43 mL) of n-butyllithium was
added dropwise to a solution of 2-bromo-5-{[tris(1-
methylethyl)silyl]oxy}pyridine (4.03 g) in diethyl ether (60
mL) at -78°C. The reaction mixture was stirred at -78°C for 15
min and allowed to warm to 0°C over 1 hr. The reaction mixture

N

was cooled to -78°C, and a solution of 2-[2-bromo-4-
(cyclopropylmethoxy)phenyl] -N-methoxy-N-methylacetamide (4.0
g) in diethyl ether (30 mL)-was added dropwise thereto. The
reaction mixture was allowed to warm to room temperature, and
stirred at room temperature for 15 hr. The réaction mixture
was poured into an ice-cooled saturated agqueous ammonium
chloride solution, and the mixture was extracted with ethyl
acetéte. The combined organic layer was washed with saturated
brine, and dried over anhydrous magnesiﬁm sulfate, and the
solvent was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane/ethyl

acetate) to give the title compound (1.50 g).
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'H NMR (300 MHz, DMSO-dg¢) & 0.26-0.37 (2H, m), 0.49-0.64 (2H,
m), 1.09 (18H, d, J = 7.2 Hz), 1.14-1.28 (4H, m), 3.81 (2H, dd,
J=4.7, 2.1 Hz), 4.58 (2H, s), 6.86-6.96 (1H, m), 7.11-7.33
(2H, m), 7.48 (l1H, 4d, J = 8.7, 2.6 Hz), 7.95 (1H, d, J = 8.7
Hz), 8.37 (1H, d, J = 2.6 Hz).
[0759] | | |
F) 2—[2—bromo—4—(cycloprOpylmethoxy)phenyl]—1—(5—{[tris(l—
methylethyl)silyl]oxylpyridin-2-yl)ethanol |

Sodium borohydride (0.109 g) was added to a solution of
2—[2—brémo—4—(cyclopropylmethoxy)phenyl]—1—(5—{[tris(l—
methylethyl)silyl]oxy}pyridin-2-yl)ethanone (1.50 g) in
ethancl (10 mL) at room temperature. The reaction mixture was
stirred at room temperature for 1 hr, and the solvent was
evaporated under reduced pressure. The residue was diluted

with ethyl acetate and water, and the organic layer was

separated. The organic layer was washed with saturated brine,

~and dried over anhydrous magnesium sulfate, and the solvent

was evaporated under reduced pressure. The residue was

purified by silica gel column chromatography (hexane/ethyl
acetate) to give the title compound (1.210 g).

'H NMR (300 MHz, DMSO-dg) & 0.25-0.35 (2H, m), 0.49-0.61 (2H,

m), 1.06 (18H, d, J = 7.2 Hz), 1.13-1.22 (4H, m), 2.89 (1H, dd,
J = 13.6, 7.9 Hz), 3.11 (1H, dd, J = 13.6, 5.7 Hz), 3.75-3.81
(2H, m), 4.65-4.85 (1H, m), 5.38 (1H, 4, J = 5.3 Hz), 6.87 (1H,
dd, J = 8.3, 2.6 Hz), 6.98-7.14 (2H, m), 7.15;7.39 (1H, m),

8.09 (2H, d, J = 2.3 Hz).

[0760]

G) 6-[6-(cyclopropylmethoxy)-2,3-dihydro-1-benzofuran-2-

"yl]pyridin-3-o0l

Sodium hydride (27.7 mg) was added to a suspension of 2-
[2-bromo-4- (cyclopropylmethoxy)phenyl]-1-(5-{[tris(1-
methylethyl)silylloxylpyridin-2-yl)ethanol (600 mg) and.
copper(I) chloride (5.71 mg) in toluene (10 mL) at room

temperature. The reaction mixture was stirred at 120°C for 3

hr, and allowed to cool to room temperature. Water was added
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to the mixture, and the mixture was extracted with ethyl
acetate. The combined organic layer was washed with saturated
brine, and dried over anhydrous mégnesium sulfate, and the
solvent was evaporated under reduced pressure. The residue was
dissolved in THF (10 mL), and a THF solution (1.0 M, 5.76 mL)

of tetrabutylammonium fluoride was added thereto. The reaction

mixture was stirred at room temperature for 30 min, and the

solvent was evaporated under reduced pressure. The residue was

- purified by silica gel column chromatography (hexane/ethyl

acetate) to give the title compound (180 mg).
MS (ESI+): [M+H]* 284.1.
[0761] _
H) tert-butyl [(1S)-2-({6-[6-(cyclopropylmethoxy)-2,3-dihydro-
l-benzofuran-2-yl]lpyridin-3-yl}oxy)-1l-methylethyl]carbamate

A toluene solution (1.9 M, 0.474 mL) of diisopropyl
azodicarboxylate was added dropwise to a solution of tert-

butyl [(1S)-2-hydroxy-l-methylethyl]carbamate (158 mg),

"triphenylphosphine (236 mg) and 6-[6-(cyclopropylmethoxy)-2,3-

dihydro-l-benzofuran-2-yl]pyridin-3-ol (170 mg) in THF (30 mL)
at room temperature. Thé reaction mixture was stirred at room
temperaﬁure for 16 hr, and the solvent was evaporated under
reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate) to give the title
compound (80 ﬁg). |
MS (ESI+): [M+H]" 441.2.
[0762]
I) N-[(1S)-2-({6-[6-(cyclopropylmethoxy)~-2,3-dihydro-1-
benzofuran-2-yl]lpyridin-3-yl}oxy)-1-methylethyl]acetamide

4M Hydrogen chloride/ethyl acefate (10 mL) was‘added
dropwise to a solution of:tert—butyl [(18)—2—({6—[6—
(cyclopropylmethoxy) -2, 3-dihydro-1-benzofuran-2-yl]pyridin-3-
yl}oxy)-1l-methylethyl]carbamate (80 mg) in ethyl acetate (5
mL) at room temperature, and the reaction mixture was stirred
at room temperature for 6 hr. The solvent was evaporated under

reduced pressure, and the residue was dissolved in pyridine
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(10 mL), and acetic ahhydride (0.026 mL) was added thereto at
room temperature. The reaction mixture was stifred at room
temperatureAfor 2 hr, and the-éolvent was evaporated under
reduced pressure. The residue was diluted with water, and the
mixture was extracted with ethyl acetate. The combined organic
layer was washed with saturated sodium hydrogen carbonate and
saturated brine, and dried over anhydrous magnesium sulfate,
and the solvent wés evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(ethyl acetate/methanol) to give the title compound (49.3 mg).
[0763]
Example 25
N-{(1S)-2-[4-(6-ethoxy-2H-indazol-2-yl)-3-fluorophenoxy]-1-
methylethyl}acetamide monohydrate
[0764] _
A) 4-ethoxy-l-methyl-2-nitrobenzene

4-Methyl-3-nitrophenol (10.0 g) was mixed with iodoethahe‘
(10.5 mL), potassium carbonate (13.5 g) and DMF (130 mL), and
the obtained mixture was stirred at 60°C overnight. Water was
added to the reaction mixture, and the mixture was extracted
twice with diethyl ethér. The combined organic layer was
washed with saturated brine, and dried over anhydrous
magnesium sulfate, and the solvent was evaporated under

reduced pressure to give the title compound as a yellow oil

(11.8 g).

'H NMR (300 MHz, CDCl;) & 1.43 (3H, t, J = 7.0 Hz), 2.52 (3H,
s), 4.06 (2H, q, Jv= 6.8 Hz), 7.04 (lH, dd, J = 8.5, 2.8 Hz),
7.21 (1H, 4, J = 8.7 Hz), 7.49 (1H, 4, J = 3.0 Hz).
(07651 ' ' ‘
B) 1-(bromomethyl)-4-ethoxy-2-nitrobenzene

A mixturé of 4-ethoxy-l-methyl-2-nitrobenzene (11.8 g),
N-bromosuccinimide (17.4'g), 2,2’ —azobisisobutyronitrile (1.07
g) and ethyl acetate (300 mL) was stirred under an argon
atmosphere at ‘90°C overnight. The solvent was evaporated under

reduced pressure, and the residue was diluted with diethyl
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ether, and the mixture was washed three times with water. The
separated organic layer was washed with saturated brine, and
dried over anhydrous magnesium sulfate, and the solvent was
evaporated under reduced pressure. The residue was purified by
silica gel column chromatography (hexane/ethyl acetate) to
give the title compound as a yellow oil (11.3 gqg).
'H NMR (300 MHz, CDCl3) & 1.45 (3H, t, J = 7.2 Hz), 4.10 (2H, q,
J = 6.8 Hz), 4.80 (2H, s), 7.11 (1H, dd, J = 8.5, 2.8 Hz),
7.44 (1H, d, J = 8.3 Hz), 7.54 (1H, d, J = 2.6 Hz).
[0766]
C) 4-ethoxy-2-nitrobenzaldehyde

A mixture of 1—(bromomethyl)—4—ethoxy—2—nitrobenzene
(11.3 g), 4-methylmorpholine N-oxide (10.1 g), molecular
sieves 4A (11 g) and acetonitrile (220 mL) was stirred under
an argon atmosphere at room temperature for 1 hr. The reaction
mixture was filtered through celite, and the solvent of the
filtrate was evaporated under reduced piessure. The residue

was diluted with ethyl acetate, and the mixture was washed

‘twice with water. The separated aqueous layer was extracted

again with ethyl acetate. The combined organic layer was
washed with saturated brine, and dried omer anhydrogs
magnesium sulfate, and the solvent was evaporated under
reduced pressure. The residue was purified by silica gel
celumn chromatography (hexane/ethyl acetate) to give the title
compound as a yellow solid (5.65 g).
Iy NMR (300 MHz, CDCls) & 1.49 (3H, t, J = 7.0 Hz), 4.19 (2H, q,
J = 6.8 Hz), 7.21 (1H, dd, J = 8.5, 2.1 Hz), 7.50 (1H, d, J =
2.3 Hz), 7.97 (1H, d, J = 8.7 Hz), 10.29 (1H, s).
[0767]
D) tert-butyl [(1S)-2-(3-fluoro-4-nitrophenoxy)-1-
methylethyl]carbamate

To a mixture of 3-fluoro-4-nitrophenol (2.02 g), tert-
butyl [(1S)—2—hydroxy—1—methylethyl]carbamate (5.62 gy,
triphenylphosphine (8.41 g) and THF (60 mL) was added dropwise
a toluene solution (1.9 M, 16.9 mL) of diisopropyl
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azodicarboxylate at room temperature, and the mixture was -
stirred at room temperature overnight. The reaction mixture
was concentrated under reduced pressure, andbthe residue was
purified by silica gel column chromatography (hexane/ethyl
acetate) to give the title compound as a pale-yellow solid
(4.03 g). , |
'H NMR (300 MHz, CDCls) & 1.30 (3H, d, J = 6.8 Hz), 1.45 (9H,
s), 3.94-4.14 (3H, m), 4.62 (1H, brs), 6.68-6.87 (2H, m),
8.02-8.17 (1H, m). |
[0768]
E) tert-butyl [(1S)—2—(4—amino—3—fluorophenoxy)—l—
methylethyl]carbamate |

Under a hydrogen atmbsphere, a mixture of tert-butyl
[(1S)—2—(3—fluoro—4—nitfophenoxy)—1—methyléthyl]carbamate
(10.2 g), 10% palladium/carbon (confaining water (50%), 500
mg) and ethanol (150 mL) was stirred at room temperature for 1
hr. The catalyst was removed by filtration, and the obtained
filtrate was concéntrated under reduced pressure to give the
title compound as a prown solid (8.64 g).

'H NMR (300 MHz, CDCls) & 1.26 (3H, d, J = 6.8 Hz), 1.45 (94,

s), 3.44 (2H, brs), 3.79-3.89 (2H, m), 4.00 (1H, brs), 4.74
(1H, brs), 6.50-6.58 (1H, m), 6.62 (1H, dd, J = 12.5, 2.7 Hz),
6.71 (1H, dd, J = 9.8, 8.7 Hz).

MS (ESI+): [M+H]® 185.2.

[0769]

" F) tert-butyl {(1S)-2-[4-(6-ethoxy-2H~indazol-2-yl)-3-

fluorophenoxy]-1-methylethyl}carbamate

A mixture of 4-ethoxy-2-nitrobenzaldehyde (5.20 g), tert-
butyl [(18)—2—(4—amino—3—fluorophenoxy)—l—
methylethyl]carbamate (7.58 g), magnesium sulfate (3.21 g) and
ethanol (60 mL) was stirred under reflux overnight. The
reaction mixture was concentrated under reduced pressure,
triethyl phosphite (13.7 mL) was added to the residue, and the
mixture was stirred at 130°C for 3 hr. The reéction mixture

was purified by silica gel column chromatography (hexane/ethyl
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acetate) to give the title compound as a yellow solid (6.53 g).
'H NMR (300 MHz, CDCl3) & 1.31 (3H, d, J = 6.8 Hz), 1.44-1.51
(12H, m), 3.98 (2H, d, J = 3.8 Hz), 4.03-4.17 (3H, m), 4.71
(1H, brs), 6.76-6.88 (3H, m), 6.98 (1H, s), 7.56 (1H, d, J -
9.1 Hz), 7.86—7L95v(1H, m), 8.28 (1H, d, J = 2.3 Hz). '
MS (ESI+): [M+H]' 430.3.
[0770] | 7
G) N—{(1S)—2f[4—(6—ethoxy—2H¥indazol—2—yl)—3—fluorophenoxy]—1—'
methylethyllacetamide monohydrate
A mixture of tertebutyl {(18)-2-[4-(6-ethoxy-2H~indazol~
2-yl)-3-fluorophenoxy]-l-methylethyl}carbamate (6.53 g), 4M
hydrogen chloride/ethyl acetate (20 mL) and ethyl acetate (40
mlL) was stirred at room temperature for 1 hr. The reaction
mixture was concentrated under reduced pressure, and the-
obtained residue was mixed with acetic anhydride (20 mL) and
pyridine (50 mL). The obtained mixture wes stirred at room
temperature for 1 hr. The reaction mixture was concentrated
under reduced pressure, and the residue was diluted with THF
and ethyl acetate, and the mixture was washed three times with
1M hydrochloric acid. The separated aqueous layer was
extracted again with ethyl acetate. The combined organic' layer
was washed with saturared aqueous sodium hydrogen carbonate
and saturated brine, and dried over anhydrous magnesium
sulfate, and the solvent was evaporated under reduced pressure.
The residue was dissolved in ethanol, and the solution was
filtered through silica gel. The filtrate was concentrated,
and the residue was recrystalliied (ethanol/ethyl acetate) to
give the title compound as colorless crystals (2.36 g).
'H NMR (300 MHz, DMSO-d¢) & 1.17 (3H, d, J = 6.8 Hz), 1.38 (3H,
t, J=7.0 Hz), 1.83 (3H, s), 3.87-3.95 (1H, m), 3.99-4.20 (4H,
m), 6.76 (1H, dd, J = 9.0, 2.3 Hz), 6.93-7.05 (2H, m), 7.19
(1H, dd, J = 13.6, 2.6 Hz), 7.64 (1H, d, J = 9.0 Hz), 7.81 (1H,
t, J =9.0 Hz), 7.96 (1H, 4, J = 7.5 Hz), 8.59 (1H, 4, J = 1.9
Hz).
Anal. Calcd for C,pH;oN303F*H,0:C,61.69;H,6.21;N,10.79
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Found:C, 61.45;H,6.31;N,10.65.

[0771]

Example 26 ,
N—{(lS)—2—[4—(6—ethoxy;2H—indazol—2—yl)phenoxy]—1—
methylethyl}acetamide

[0772] | |

A) tert-butyl [(1S)Ql—methyl—Z?(4—nitrophenoxy)ethyl]carbamate

Using 4-nitrophencl (5.29 g), and in the same manner as

-in Example 25, step D, the title compound was obtained as a

pale-yellow solid (11.23 g).
'H'NMR (300 MHz, CDCls) & 1.31 (3H, d, J = 6.8 Hz), 1.45 (9H,
s), 3.95-4.16 (3H, m), 4.67 (1lH, brs), 6.93-7.03 (2H, m),
8.12-8.29 (2H, m). |
[0773]
B) tert-butyl [(1S)-2-(4-aminophenoxy)-l-methylethyl]}carbamate

Using tert-butyl [(1S)-l-methyl-2- (4-
ﬁitrophenoxy)ethyl}carbamate (444 mg), and in the same manner
as in Example 25, step E, the title compound was obtained as a
pale~yellow solid (399 mg).
'H NMR (300 MHz, CDCl3) & 1.27 (3H, d, J = 6.8 Hz), 1.45 (SH,
s), 3.42 (2H, brs), 3.78-3.90 (2H, m), 4.00 (1H, brs), 4.79
(1H, brs), 6.59-6.67 (2H, m), 6.70-6.79 (2H, m).
MS (ESI+): [M+H-Boc]® 167.3. ’
[0774]
C) tert-butyl {(IS)—2—[4—(6—ethoxy—2H—indazol—2—yl)phenoxy]—1—
methylethyl}carbamate

Using 4-ethoxy-2-nitrobenzaldehyde (293 mg). and tert-
butyl [(1S)-2-(4-aminophenoxy)-1l-methylethyl]carbamate (399
mg), and in the same manner as ih Example 25, step F, the
title compound was obtained as a pale-brown solid (459 mg).
'H NMR (300 MHz, CDCl;) & 1.32 (3H, d, J = 6.8 Hz), 1.44-1.51
(12, m), 3.98 (2H, d, J = 4.1 Hz), 4.03-4.18 (3H, m), 4.76
(1H, brs), 6.80 (1H, dd, J = 9.0, 2.3 Hz), 6.99-7.06 (3H, m),
7.55 (1H, 4, J = 9.0 Hz), 7.69-7.81 (2H, m), 8.21 (1H, s).
MS (ESI+): [M+H]* 412.3. |
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[0775]
D) N—-{(1S)-2-[4-(6-ethoxy-2H-indazol-2-yl)phenoxy]-1-
methylethyl}acetamide

Using tertfbutyl {(1S)~-2~[4~(6-ethoxy-2H-indazol-2-
yl)phenoxy]—l—methylethyl}carbamate'(459 mg), and in the samex
manner as in Example 25, step G, the fitle compound was |
obtained as colorless crystals (139 mg).
'H NMR (300 MHz, DMSO-d¢) & 1.17 (3H, d, J = 6.8 Hz), 1.38 (3H,
t, J = 6.8 Hz), 1.83 (3H, s), 3.82-3.92 (1H, m), 3.96-4.18 (4H,
m), 6.74 (14, dd, J = 9.1, 2.3 Hz), 6.98 (1H, d, J = 1.5 Hz),
7.07-7.17 (2H, m), 7.61 (1H, d, J = 9.1 Hz), 7.86-8.01 (3H, m),
8.86 (1H, d, J = 0.8 Hz).
Anal. Calcd for
C20H23N303:C, 67.97;H,6.56;N,11.89.Found:C,67.96;H,6.57;N,12.17.
[0776]
Example 27 ,
N—[(1S)—2—{4—[5—(cyclopropylmethoxY)—2H—benzotriazol—2—
yl]lphenoxy}-1l-methylethyl]acetamide
[0777]
A) 4-(cyclopropylmethoxy)-2-nitrcaniline

Using 4-amino-3-nitrophenol (1.54 g); and in the same
manner as in Example 2, step E, the title compound was

obtained as a pale-orange solid (1.15 g).

'H NMR (300 MHz, DMSO-dg) & 0.25-0.39 (2H, m), 0.48-0.64 (2H,

m), 1.07-1.28 (1H, m), 3.76 (2H, d, § = 7.2 Hz), 6.99 (1H, d,

J = 9.4 Hz), 7.17 (1H, dd, J = 9.1, 3.0 Hz), 7.25 (2H, s),

7.33 (1H, d, J = 3.0 Hz).

[0778]

B) 4-{[4-(cyclopropylmethoxy)-2-nitrophenyl]diazenyl}phenol
To a mixture of 4—(cyclopropylmethoxy)—2—nitroaniline

(416 mg) and ethanol (2 mlL) was added 6M hydrochloric acid

(1.5 mL), and ethanol was evaporated under reduced pressure.

To the obtained suspension was added a mixture of sodium

nitrite (145 mg) and water (1 mL) under ice-cooling, and the

mixture was stirred for 30 min. A mixture of phenol (245 mg)
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and 8M aqueous sodium hydroxide solution (1.2 mL) was added
thereto, and the mixture was stirred for 1 hr. To the reaction
mixture was added 1M hydrochloric acid, and the mixture was 7
extracted twice with ethyl acetate. The combined organic layer
was washed with saturated brine, and dried over anhydrous
magnesium sulfate, and the solvent was evaporated under
reduced pressure. The residue was purified by silicavgel~_
column chromatography (hexane/ethyl acetate) to give the title
compound as a dark red solid.(ié7 mng) .

'H NMR (300 MHz, CDCls3) & 0.34-0.44 (2H, m), 0.64-0.76 (2H, m),
1.24-1.39 (1H, m), 3.92 (2H, d, J = 6.8 Hz), 5.25 (1H, s),

6.87-6.98 (2H, m), 7.15 (1H, dd, J =.9.1, 2.7 Hz), 7.30 (1H, d,

J= 2.7 Hz), 7.76 (14, 4, J = 9.1 Hz), 7.80-7.89 (2H, m).
MS (ESI+): [M+H]® 314.2.
[0779]
C) 4-[5-(cyclopropylmethoxy)-2H-benzotriazol-2-yl]phenol

A mixture of 4—{[4—(cyclopropylmethoxy)—2—
nitrophenyl]diazenyl}phenol and triethyl phoéphite (4 mL) was
stirred at 140°C overnight. The reaction mixture was purified
by silica gel column chromatography (hexane/ethyl acetate) to
give the title compound as a yellow solid (103 mg).
'H NMR (300 MHz, CDCl3) & 0.35-0.45 (2H, m), 0.62-0.75 (2H, m),
1.27-1.41 (1H, m), 3.89 (2H, d, J = 6.8 Hz), 5.14 (1lH, brs),
6.90-7.02 (2H, m), 7.07 (1H, d, J = 2.3 Hz), 7.13 (1H, dd, J =
9.4, 2.3 Hz), 7.77 (1H, 4, § = 9.1 Hz), 8.09-8.21 (2H, m).
[0780]
D) tert-butyl [(1S)—2—{4—[5—(cyclopropylmethoxy)-2H—
benzotriazol-2-yl]phenoxy}-1-methylethyl]carbamate

Using 4-[5-(cyclopropylmethoxy)-2H-benzotriazol-2-
yllphenol (100 mg), and in the same manner as in‘Example 1,
step B, the title compound was obtained as a yellow solid (121
mg) . ' |
'H NMR (300 MHz, CDCls) & 0.35-0.47 (2H, m), 0.64-0.76 (2H, m),
1.30-1.39 (4H, m), 1.46 (9H, s), 3.89 (2H, d, J = 6.8 Hz),
4.00 (2H, d, J = 4.2 Hz), 4.04-4.16 (1H, m), 4.76 (1lH, brs),
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7.00-7.09 (34, m), 7.13 (1H, dd, J = 9.1, 2.3 Hz), 7.78 (1H, d,
J = 9.1 Hz), 8.13-8.26 (2H, m).

MS (ESI+): [M+H-Boc]* 339
[0781]

2.

E) N-[(1S)-2-{4-[5-(cyclopropylmethoxy)-2H-benzotriazol-2-

yl]lphenoxy}-1l-methylethyl]acetamide

Using tert-butyl [(1S)—2—{4—[5—(cyclopropylmethoxy);2H—

benzotriazol-2-yl]phenoxy}-l-methylethyl]carbamate (119 mg),

and in the same manner as in Example 25, step G, the title

cbmpound was obtained as colorless crystals (60.3 mg).

4 NMR (300 MHz, DMSO-dg)

6 0.31-0.42 (2H, m), 0.56-0.67 (2H,

m), 1.18 (3H, d, J = 6.8 Hz), 1.22-1.37 (1H, m), 1.83 (3H, s),
3.86-3.97 (34, m), 3.98-4.06 (1H, m), 4.06-4.20 (1H, m), 7.11-

N

7.23 (3H, m), 7.25 (1H, 4, J = 1.9 Hz), 7.88 (1H, 4, J = 9.0
Hz), 7.96 (1H, 4, J = 7.5 Hz), 8.09-8.21 (2H, m).

Anal. Calcd for-

CmH2@h03:C;66.3O;H,6.36;N,14.73.Found:C,66.21;H,6,36;N,l4.68.

[0782]
Example 28

N-[(1S)~2~{[6-(6-ethoxy-1,3-benzoxazol-2-yl)pyridin-3-yl]oxy}-

l-methylethyl]acetamide
[0783]

A) tert-butyl [(1S)-2-{[6

- (6-ethoxy-1, 3-benzoxazol-2-

Yl)pyridin—B—yl]oxy}—l—methylethyl]carbamate

To a mixture oflmethyl 5-hydroxypyridine-2-carboxylate

(5.30 g), tert-butyl [(1S)-2-hydroxy-l-methylethyl]carbamate
(6.67 g), triphenylphosphine (12.71 g) and THF (50 mL) was
added dropwise a toluene solution (1.9 M, 25.5 mlL) of

diisopropyl azodicarboxylate at room temperature, and the

mixture was stirred at room temperature overnight. The

reaction mixture was concentrated under reduced pressure, and

the residue was purified by silica gel column chromatography

(hexane/ethyl acetate) to give a mixture (7.52 g) of methyl 5=

({(28)-2-[ (tert-butoxycarbonyl)aminoc]propyl}oxy)pyridine-2-

carboxylate and impurity.

A mixture of the obtained methyl 5-
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({(28)-2-[ (tert-butoxycarbonyl)amino]propyl}oxy)pyridine-2-
carboxylate (7.52 g, mixture with impurity), THF (70 mL),
methanol (70 mL) and lesodium hydroxide (70 mL) was stirred
at room temperature overnight. The reaction mixtﬁre was
neutralized with 6M hydrochloric acid at O°C; and concentrated
under reduced pressure, and the residue was extracted with a
mixed solvent of ethyl acetate/2-propanol (volume ratio 3/1).
The obtained organic layer was dried over anhydrous sodium
sulfate, and the solvent was evaporated under reduced pressure
to give a mixture (7.17 g) of 5-({(28)-2-[ (tert- ‘
butoxycarbonyl)amino]propyl}oxy)pyridine-2-carboxylic acid and
impurity. A mixture of the obtained 5—({(28);2—[(tert— |
butoXycarbonyl)amino]propyl}oxy)pyridine—Z—carboxylic acid
(7.17 g, mixture with impurity), 4-aminobenzene-1,3-diol
hydrochloride (3.91 g), HATU (9.20 g), N,N-
diisopropylethylamine (8.34 mL) and DMF (70 mL) was stirred at
room'temperaturé overnight. Water was.added to the reaction
mixture, and the mixture was extracted with ethyl acetate.'.The
obtainéd organib layer was washed with saturated brine, and
dried over anhydrous magnesium sulfate, and the solvent was
evaporated under reduced pressure. Thé residue was purified by
silica_gel column chromatography (hexane/ethyl acetate) to

give tert-butyl [(1S)-2-({6-[(2,4-

~ dihydroxyphenyl) carbamoyl]pyridin-3-yl}oxy)-1-

methylethyl]carbamate as a mixture with impurity (14.1 g). To
a solution of hexachloroethane (13.2 g) and triphenylphosphine
(18.3 g) in acetonitrile (100 mL) was added triethylamine
(24.4 mL) at room temperature, and the obtained mixture was
stirred at robm temperature for 10 min. A mixture of tert-
butyl [(1S)-2-({6~[(2,4~-dihydroxyphenyl)carbamoyl]pyridin-3-
ylloxy)-1-methylethyl]carbamate (14.1 g, mixture with
impurity) obtained by the aforementioned method and
acetonitrile (100 mL) was added thereto. -The obtained mixture
was stirred at room temperature overnight. Water was added to

the reaction mixture, and the mixture was extracted with ethyl
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acetate. The obtained organic layer was washed with saturated

brine, and dried over anhydrous magnesium sulfate, and the

-solvent was evaporated under reduced pressure. The residue was

purified by silica gel column chromatography (hexane/ethyl
acetate) to give tert-butyl [(1S)-2-{[6-(6-hydroxy-1,3-
benzoxazol-2-yl)pyridin-3-yl]oxy}-l-methylethyl]carbamate és a
mixtﬁre with impurity-(17.5 g). A mixture of the obtained
tert-butyl [(18)—2—{[6—(6—hydroxy—1,3—benzoxazoi—2;yl)pyridiﬁ—'
3-ylloxy}-1l-methylethyl]carbamate (17.5 g, mixture with
impurity), iodoethane (3.99 mL), potassium carbonate (6.90 qg)
and DMF (150 mL) was Stirred at 60°C for 5 hr. Water Was added
to the reaction mixture, and the mixture was extfacted with
ethyl acetate. The obtained organic layer was washed with
saturated brine, and dried over'ahhydrous magnesium sulfate,
and the solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(hexane/ethyl acetate) to give the title compound as a white
powder (5.53 g).

'H NMR (300 MHz, DMSO-dg) & 1.15 (3H, d, J = 6.8 Hz), 1.28-1.43
(12H, m), 3.78-4.19 (5H, m), 6.89-7.05 (2H, m), 7.40 (1H, 4, J
= 2.3 Hz), 7.61 (1H, dd, J = 8.9, 2.8 Hz), 7.68 (1H, d, J =
8.7 Hz), 8.20 (1H, 4, J = 8.7 Hz), 8.45 (1H; d, J = 2.6 Hz).
MS (ESI+): [M+H]" 414.2.

[0784]

B) Nf[(lS)—Z—{[6—(6—ethoxy—l,3—benzoxazol—2—yl)pyridin—3—

ylloxy}-1l-methylethyl]acetamide

A mixture of tert-butyl [(18)-2-{[6-(6-ethoxy-1,3-
benzoxazol-2-yl)pyridin-3-yl]oxy}-1l-methylethyl]carbamate
(5.53 g), 4M hydrogen chloride/ethyi acetate (100 mL) and
ethyl acetate (100 mL) was stirred at room temperature for 2
hr. The reaction mixture was concentrated under reduced
pressure, and the obtained residue was mixed with acetic
anhydride (50 mL) and pyridine (50 mL). The obtained mixture
was stirred at room temperature overnight. To the reaction

mixture was added 1M hydrochloric acid, ‘and the mixture was
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extracted with ethyl acetate. The obtainedrorganic_layer-was
washed with saturated brine, and dried over anhydrous
magnesium sulfate, and the solvent was evaporated under
reduced pressure. The residue was purified by silica gél
column chromatography (hexane/ethyl acetate/methanol), and
recrystallizéd (ethénol/hexane) to give the title compound as.
white crystals (3.48 g) .

'Y NMR (300 MHz, DMSO-d¢) & 1.18 (3H, d, J = 6.4 Hz), 1.37 (3H,
t, J=7.0 Hz), 1.82 (3H, s), 3.94-4.23 (5H, m), 7.00 (1H, dd,
Jg=28.7, 2.3 Hz), 7.40 (1H, d, J = 2.3 Hz), 7.63 (1H, dd, J =

.8.7, 3.0 Hz), 7.68 (1lH, d, J = 8.7 Hz), 7.98 (1H, 4, J = 7.5

Hz), 8.21 (1H, 4, J = 8.7 Hz), 8.47 (1H, d, J = 2.6 Hz).

- Anal. Calcd for

CmHzﬂhO4:C,64.21;H,5.96;N,11.82;Found:C,64.04;H,6.OO;N,11.72.
[0785]

' Examplé 29

N-{ (1S)-2-[(6-{6-[(3,3-difluorocyclobutyl)methoxyl-1, 3-
benzoxazol-2-yl}pyridin-3-yl)oxy]-1l-methylethyl}acetamide
[0786]

A) tert-butyl {(1S)-2-[(6-{6-[(3,3~
difluorocyclebutyl)methoxy] -1, 3-benzoxazol-2-yl}pyridin-3-
yl)oxyl-1l-methylethyl}carbamate _

Using tert-butyl [(18)—2—{[6—(6—hydroxy—1,3—benzoxazol—2—
yl)pyridin-3-yl]oxy}-1l-methylethyl]carbamate and (3, 3-
difluorocyclobutyl)methyl methanesulfonate, and in the same
mannerras in Ekample 2, step E, the title compound was
obtained. | |
MS (ESI+): [M+H]' 490.1.

[0787]
B) N-{(1S)-2-[(6-{6-[(3,3-difluorocyclobutyl)methoxy]-1,3-
benzoxazol-2-yl}pyridin-3-yl)oxy]-1-methylethyl}acetamide

Using tert-butyl {(1S)-2-[(6-{6-[(3,3-
difluorocyclobutyl)methoxy] -1, 3-benzoxazol-2-yl}pyridin-3-
yl)oxy]-1l-methylethyl}carbamate, and in the same manner as in

Example 1, step D, the title compound was obtained.

261



10

15

20

25

30

35

WO 2012/074126 PCT/JP2011/078010

[0788]
Example 30 _
N-[(1S)-2-({6~[6-(2,2-difluoropropoxy)-1,3-benzoxazol-2-
yl]pyridin—3—yl}ogy)—l—methylethyl]acetamide '
[0789]
A) tert-butyl [(1S)—1¥methyl—2—({6—[6—(2—oxopropbxy)—1,3—
benzoxazol-2-yl]pyridin-3-yl}oxy)ethyl]carbamate

Using tert-butyl [(1S)-2-{[6-(6-hydroxy-1,3~-benzoxazol-2-
yl)pyridin-3-yl]oxy}-1l-methylethyl]carbamate and 1-
bromopropan-2-one, and in the same manner as in Example 2,
step E, the title compound was obtained.
MS (ESI+): [M+H]* 442.3. |
[0790]
B) tert-butyl [(1S)-2-({6-[6-(2,2-difluocropropoxy)-1,3-
benzoxazol—Z—yl]pyridin—3—yl}oxy)—l—methylethyl}éarbamate

A mixtﬁre of tert-butyl [(1S)~-l-methyl-2-({6-[6-(2-
oxopropoxy) -1, 3-benzoxazol-2-yl]pyridin-3-
yl}oxy)ethyl]carbamate (1.30 g), bis(2-
methoxyethyl)aminosulfur trifluoride (1.63 mL)_and toluene (20

mL) was stirred at room temperature for 1 hr, then at 80°C for

'3 hr. To the reaction mixture was added saturated aqueous

sodium hydrogen carbonate solution, and the mixture was
extracted with ethyl acetate. The obtained organic layer was
washed with saturated brine, and dried over anhydrous
magnesium sulfate, and the solvent was evapdrated under
reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate) to give the title
compound (180 mg).
MS (ESI+): [M+H]" 464.2.
[0791] _
C) N-[(1S)-2-({6-[6-(2,2-difluocropropoxy)-1,3-benzoxazol-2-
yllpyridin-3-yl}oxy)-1l-methylethyl]acetamide

Using tert-butyl [(1S)-2-({6-[6-(2,2-difluoropropoxy) -
1,3-benzoxazol-2-yl]pyridin-3-yl}oxy)-l-methylethyl]carbamate,

and 1n the same manner as in Example 1, step D, the title
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compound was obtained.

[0792]

Example 31
N—[(1S)—2—({6—[5—(cyclopropylmethoxy)—1,3—benzoXaZol—2~
yl]pyridin—B—yl}oxy)—l—methylethyl]acetamide |

[0793]

A) tert—butyl [(18)—2—({6—[5—(éyclopropylméthoxy)—1,3—v
benzoxazol—Z—yl]pYridin—3—yl}oxy)—1—methylethyl]cérbamate

Using methyl 5-hydroxypyridine-2-carboxylate, and in the
same manner as in Example 2, steps A-E, the title compound was
obtained.

MS (ESI+): [M+H]' 440.5.

[0794] | |

B) N-[(1S)—24({6—[5—(cyclopropylmethoxy)—l,3—benzoxazol—2—
yl]lpyridin-3-yl}oxy)-1l-methylethyl]acetamide '

Using tert-butyl [(1S)—2—({6—[5—(cyclop:opylmethoxy)—1,3—
benioxazol—Z—yl]pyridin-3—yl}oxy)—1—methylethyl]carbamate, and
in the same manner as in Example 1, step D, the title compound
was obtained. '

[0795]

Example 32
N-[(1S)-2-({6-[5-(2-cyclopropylethoxy) -1, 3~-benzoxazol-2-
yllpyridin-3-yl}oxy)-1l-methylethyl]acetamide

[0796] '

A) tert-butyl [(1S)-2-({6-[5-(2-cyclopropylethoxy)-1,3-
benzoxazol-2-yl]pyridin-3-yl}oxy)-1l-methylethyl]carbamate

Using tert-butyl [(1S)-2-{[6-(5-hydroxy-1, 3-benzoxazol-2-
yl)pyridin—B—yl]oxy}—l—methylethyl]carbamate and 2-
cyclopropylethyl methanesulfonate, and in the same manner as
in Example 2, step E, the title compound was obtained.

MS (ESI+): [M+H]" 454.1.

[0797] '

B) N~[(1S)-2-({6-[5-(2-cyclopropylethoxy)-1,3-benzoxazol-2~
yl]pyridih—S—yl}oxy)—1—methylethyl]acetamide

Using tert-butyl [(iS)—2-({6—[5—(2—cyclopropylethoxy)—
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1,3-benzoxazol-2-yl]lpyridin-3~yl}oxy)-l-methylethyl]carbamate,

and in the same manner as in Example 1, step D, the title
compound was obtained.

[0798] '

Example 33
N-[(1S)-1-methyl-2-({5-[5-(1l-methylethoxy)-1, 3-benzoxazol-2-
yl]isoxazol—3—yl}oxy)ethyl]aceﬁamide

[0799]

A) tert—butyl [(1S)-1-methyl-2-({5-[5-(1l-methylethoxy) -1, 3-

benzoxazol-2-yl]isoxazol-3-yl}oxy)ethyl]carbamate

Using tert-butyl [(1S)-2-{[5-(5-hydroxy-1,3-benzoxazol-2-

yl)isoxazol-3-yl]oxy}-l-methylethyl]carbamate (200 mg) and 2-
iodopropane (0.106 mL), and in the same manner as in Example
step E, the title coﬁpoundlwas obtained (246 mg).

MS (ESI+): [M+H]® 418.2.

[0800] |

B) N—[(1S)—l—methyl—2—({5—[5—(1—methylethoxy)—1,3—benzoxazol—
2—yl]isoxazol—3~yl}oxy)ethyl]acetamideV | \

Using tert-butyl [(1S)-l-methyl-2-({5-[5-(1-
methylethoxy) -1, 3-benzoxazol-2-yl]isoxazol-3- ,
yl}oxy)ethyl]carbamate (240 mg), and in the same manner as in
Example 1, step D, the title compound was obtained (111 mg).
[0801] | |
Example 34
N-{(1S)-2-({5-[5-(cyclopropylmethoxy) -1, 3-benzoxazol-2-yl]-4-

' fluoroisoxazol—B—yl}dxy)—l—methylethyl]acetamide

30

35

[0802]
A) 2-{(18)-2-[(4-fluoro-5-methylisoxazol-3~yl)oxy]-1-
methylethyl}—lH—isoindole—l,3(2H)—dione _

Using 4-fluoro—S—methylisoxazol—3—01 and 2—[(18)—2;

‘hydroxy-l-methylethyl]-1H-isoindole-1,3(2H)-dione, and in the

same manner as in Example 1, step B, the title compound was
obtained. \

'H NMR (300 MHz, DMSO-d¢) & 1.45 (3H, d, J = 6.8 Hz), 2.30 (3H,
d, J = 2.3 Hz), 4.31-4.84 (3H, m), 7.68-7.99 (4H, m).
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[0803] _
B) 2—[(18)—2—{[4—fluorb—5—(hydroxymethyl)isoxazol—3—yljoxy}—l—
methylethyl]-1H-isoindole-1, 3 (2H) -dione |

A mixture of 2-{(18)-2-[ (4-fluoro-5-methylisoxazol-3-
yl)oxyl-1l-methylethyl}-1H-isoindole-1,3(2H)~dione (383 mg), N-
bromosuccinimide (269 mg), 2,2’-azobis(2-methylpropionitrile)
(20.7 mg) and (trifluoromethyl)benzene (5 mL) was.stirred at
100°C overnight. Water was added to the reaction mixture, and
the mixture was extracted with ethyl acetate. The obtained
organic layer was washed with saturated brine, and dried over
anhydrous magnesium sulfate, and the solvent was evaporated
under reduced pressure. The residue was purified by silicé gel
column chromatography (hexane/ethyl acetate). The obtained
residue was mixed with l-methylpyrrolidin-2-one (5 mL) and
water (10 mL), and thevmixture was stirred at'105°C overnight.
The reaction mixturé was extracted with éthyl acetate, and the
obtained organic layer was washed with saturated brine, and
dried over anhydrous magnesium sulfate, and the solvent was
evaporated under reduced pressure. The residue was purified by
silica gel column chromatography (hexane/ethyl acetate) to
give the title compound as a colorless oil (118 mg).
'H NMR (300 MHz, DMSO-d¢) & 1.46 (3H, d, J = 6.4 Hz), 4.36-4.81
(5H, m), 5.66 (1H, t, J = 6.0 Hz), 7.66-8.00 (4H, m).
[0804] | |
C) tert—butyi [(1S)~-2~{[4~fluoro-5- (hydroxymethyl)isoxazol-3-
yl]oxy}—l—methylethyl]carbamate

A mixture of 2-[(18)-2-{[4-fluoro-5- »
(hydroxymethyl) isoxazol-3-yl]oxy}-1l-methylethyl]-1H-isoindole-
1,3(2H)-dione (118 mg), hydrazine monohydrate (92 mg§ and THF
(2 mL) was stirred at 60°C for 2 hr. The reaction mixture was
concentrated under reduced pressure, and the precipitate was
filtered. The filtrate was concentrated under reduced pressure,
and the obtained residue was mixed with diFtert—butyl

dicarbonate (201 mg) and ethancl (2 ml). The obtained mixture

was stirred at 50°C overnight, and allowed to cool to room
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temperature, and 1M sodium hydroxide (2 mL) was added thereto.

The obtained mixture was stirred at room temperature fo: 3 hr,
neutralized with 1M hydrochloric acid at 0°C, and extracted
‘with ethyl acetate. The obtained organic layer was washed with
saturated brine, and dried over anhydrous magnesium sulfate,
and the solvent was evaporated under reduced pressure. .The'
residue was purifiéd by silica gel column chromatography
(hexane/ethyl acetate) to give the title compouhd as .a
colorless o0il (60.8 mg).
'H NMR (300 MHz, DMSO-dg¢) & 1.09 (3H, d, J = 6.8 Hz), 1.37 (9H,
s), 3.78-4.21 (3H, m), 4.49 (2H, dd, J = 6.0, 1.7 Hz), 5.69
(14, t, J = 6.0 Hz), 6.93 (1H, d, J = 7.9 Hz).
[0805] | |
D) tert-butyl {(1S)-2-[(4-fluoro-5-formylisoxazol-3-yl)oxy]l-1-
methylethyl}carbamate

A mixture of tert-butyl [ (1S)-2-{ [4-flucro-5~
(hydroxymethyl)isoxazol—B—yl]oxy}ﬁl—methylethyl]carbamate (le4
mg), Dess-Martin periodinane (288 mg) and acetonitrile (3 mlL)
was stirred at 0°C for 1 hr, and then at room temperature for
30 min. To the reaction mixture was further added Dess-Martin
periodinane (288 mg), and the mixture was stirred at room
temperature for 30 min. To the reaction mixture were added
saturated aqueous sodium hydrogen carbonate solution and
saturated aquéous sodium thiosulfate solution, and the mixture
was extracted with ethyl acetate. The obtained organic layer
was washed with saturated brine, and dried over anhydrous
magnesium sulfate, and the solvent was evaporated under
reduced pressure. The fesidue was purified by silica gel
column chromatography (hexane/ethyl acetate) to give the title
compound as a colorless oil (155 mg). o
'H NMR (300 MHz, DMSO-dg¢) & 1.10 (3H, d, J = 6.8 Hz), 1.37 (9H,
s), 3.83-3.98 (1H, m), 4.12-4.39 (2H, m), 6.97 (1H, 4, J = 8.0
Hz), 9.83 (1H, s).
[0806].
E) 3-({(28)-2-[ (tert-butoxycarbonyl)amino]propyl}oxy)-4-
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fluoroisoxazole-5-carboxylic acid

To a mixture of tert-butyl {(18)-2-[(4-fluoro-5-"
fbrmylisoxazol—3—yl)oxy]—1—methylethyl}carbamate (244 mg),
sodium dihydrogen phosphate (305 mg), 2-methylbut-2-ene (449
mL), 2-methylpropan-2-ol (5 mL) and water (1 mL) was added

sodium chlorite (115 mg) at room temperature, and the obtained

mixture was stirred at room temperature overnight. Water was

added to the reaction mixture, and the mixture was extracted
with a mixed solvent of ethyl acetate/2-propanol (volume ratio
3/1). The obtained'organic layer was dried over anhydrous
sodium sulfate, rand the solveﬁt waé evaporated under reduced
pressure to give the title compound as a white powder (256 mg).
'H NMR (300 MHz, DMSO-dg) & 1.08 (3H, d, J = 6.8 Hz), 1.37 (9,
s), 3.78-4.23 (3H, m), 6.94 (1H, d, J = 7.9 Hz).
[0807]
F) terthutyl [(1S)-2-({5-[(2,5-dihydroxyphenyl) carbamoyl]-4-
fluoroisoxazol—B—Yl}oxy)—lfmethylethyl]carbamate

Using 3—({(2S)—2;[(tert—butoxycarbonyl)amino]propyl}oxy)—
4—fluorbisoxazole—5—carboxylic acid, and in the same manner as
in Example 2, step C, the title compound was obtained.
MS. (ESI-): [M-H]™ 410.3. |
[0808]
G) N-[(1S)-2-({5-[5-(cyclopropylmethoxy)-1,3-benzoxazol-2-yl]-
4-fluoroisoxazol-3-yl}oxy)-1l-methylethyl]acetamide

Using tert-butyl [(1S)-2-({5-[(2,5-
dihydroxyphenyl)carbamoyl]—4—fluoroisoxazol—3—yl}oxy)—l—
methylethyl] carbamate, and in the same manner as in Example 2,
steps D-E and Example 1, step D, the title cdmpoundbwas
obtained.
[0809]
Example 35
N-[(1S)-2-{4-[6- (cyclopropylmethoxy)-1,3-benzothiazol-2-
yllphenoxy}-1l-methylethyl]acetamide
[0810] |
A) 2-ethylhexyl 3-{[5~(benzyloxy)-2-
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nitrophenyl]sulfanyl}propanoate

To a mixture of 4—(benzyloxy)—2-fluoro—l—nitrobenzéne
(2.00 g), potassium carbonate (1.23. g) and DMF (11 mL) was
added dropwise 2-ethylhexyl 34sulfanylpropanoaﬁe (2.02‘mL)/
and the mixture was stirred at room temperature overnight. The
reaétion mixture was diluted with ethyl acetate, and washed
with saturated brine. The obtained organic layer was dried
over anhydrous magnesium sulfate, and the solvent was
evaporated under reduced pressure. The residue was purified by
silica gel column chromatography (hexane/ethyl acetate) to
give the title compound as a yellow liquid (3.60 g).
'H NMR (300 MHz, DMSO-dg¢) & 0.75-0.90 (6H, m), 1.15-1.35 (8H,
m), 1.44-1.57 (1H, m), 2.68 (2H, t, J = 6.8 Hz), 3.26 (2H, t,
J = 6.8 Hz), 3.96 (2H, 4, J = 5.7 Hz), 5.32 (2H, s), 6.93-7.12
(2H, m), 7.31-7.53 (5H, m), 8.18-8.28 (1H, m).
[0811] |
B) 2-ethylhexyl 3-{[2-amino-5-
(benzyloxy)phenyi]sulfanyl}propanoate
' To a solution of 2-ethylhexyl 3-{[5-(benzyloxy)-2-
nitrophenyl]sulfanyl}propanocate (3.60 g) and 6M hydrochloric
acid (2.69 mL) in ethanol (46 mL) was added reduced iron (4.51
g), and the mixture was heated under reflux for 3 hr. The

insoluble material was removed by filtration, and the solvent

~of the filtrate was evaporated under reduced pressure. The

residue was purified by silica gel column chromatography
(hexane/ethyl acetate) to give theititle compound as a dark
red liquid (2.38 q). | |

'H NMR (300 MHz, CDCls) & 0.80-0.95 (6H, m), 1.18-1.42 (9H, m),

'2.54 (2H, t, J = 7.2 Hz), 2.99 (2H, t, J = 7.2 Hz), 4.00 (2H,

dd, J = 5.8, 1.7 Hz), 4.04-4.13 (2H, m), 4.98 (2H, s), 6.68
(14, d, J = 8.7 Hz), 6.79-6.86 (1H, m), 7.04 (1H, d, J = 3.0
Hz), 7.28-7.47 (5H, m). |

[0812]

C) 2-ethylhexyl 3—{[2—{[(4—{((28)—2—
(acetylamino)propyl]oxyl}phenyl)carbonyl]amino}-5-
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(benzyloxy)phenyl]sulfanyl}propanoate

Using 2-ethylhexyl 3-{[2-amino-5-
(beﬁzyloxy)phenyl]sulfanyl}propanoate (1.00 g) and 4-{[(25)-2-
(acetylamino)prbpyL]oxy}benzoic acid (628 mg), and in the same
manner as in Example 2, step C, fhe title compound (1.02 g)
was obtained. | ,
'H NMR (300 MHz, CDCls) & 0.80-0.95 (6H, m), 1.21-1.40 (11H, m),
1.48-1.60 (1H, m), 2.01 (3H, s), 2.52 (2H, t, J = 7.1 Hz),
3.02 (2H, t, J = 7.1 Hz), 3.91-4.13 (4H, m), 4.37-4.49 (1H, m),
5.06 (2H, s), 5.70 (1H, d, J = 7.5 Hz), 6.93—7.06 (3H, m),
7.16 (iH, d, J = 3.0 Hz), 7.23-7.44 (5H, m), 7.90 (2H, 4, J =
8.7 Hz), 8.44 (1H, 4, J = 9.0 Hz), 9.01 (1H, s).
[0813]
D) N—[(lS)—2—{4~[6—(benzyloxy)—l,3—benzothiazol—2—yl]phenoxy}—
l-methylethyl]acetamide

To a solution of 2—ethylhexyl 3-{[2-{[(4~-{[(25) -2~
(acetylamino)propyl]oxy}phenyl)carbonyl]amind}—S—
(benzYloxy)phenyl]sulfanyl}propanoate (1.00 g) in THF (7.0 mL)
was added sodium methoxide (28% methanol solution, 2.0 mlL),
and the mixtuie was stirred at room temperature for 1 hr under
a nitrogen atmosphere. The reaction mixture was cooled to 0°C,
trifluoroacetic acid (4.0 mlL) was added thereto, and the
mixture was stirred at 80°C for 3 hr. The reaction mixture was
diluted with ethyl acetate, and washed with agueous potassium
carbonate solution and saturated brine, and the sclvent was
evaporated under reduced pressure. The residue was purified by
NH silica gel column chromatography (ethyl acetate), and
washed with. a 1:1 mixture of ethyl acetate/diisopropyl ether
to give the title compound (504 mg).
Iy NMR (300 MHz, CDCl;) & 1.34 (3H, d, J = 6.9 Hz), 2.01 (3H,
s), 4.02 (2H, td, J = 8.9, 3.9 Hz), 4.37-4.50 (1H, m), 5.14
(2H, s), 5.70 (1H, d, J = 7.8 Hz), 6.99 (2H, d, J = 8.7 Hz),
7.14 (1H, dd, J = 9.3, 2.6 Hz), 7.29-7.51 (6H, m), 7.91 (1H, d,
J = 9.0 Hz), 7.97 (2H, d, J = 8.7 Hz).
[0814]
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E) N-[(1S)-2-{4-[6-(cyclopropylmethoxy)-1,3-benzothiazol-2~-

yllphenoxy}-1-methylethyl]acetamide

A mixture of N-[(1S)-2-{4-[6-(benzyloxy)-1,3-
bénzothiazol—z—yl]phenoxy}—l—méthylethyl]acetamide (46 ﬁg),
trifluoroacetic acid (1 mL) and thicanisole (0.1 mL) was

stirred at 55°C for 16 hr. The reaction mixture was

“concentrated under reduced pressure, and the residue was

washed with diisopropyl ether to give N-{ (1S)-2-[4-(6-hydroxy-
1,3-benzothiazol-2-yl)phenoxy]-1l-methylethyl}acetamide (38.6
mg) as a powder. Using the obtained powder, and in the same
manner as in Example 1, step A, the title compound was
obtained.

'H NMR (300 MHz, CDCl;) & 0.35-0.41 (2H, m), 0.64-0.71 (2H, m),
1.30-1.36 (4H, m), 2.01 (3H, s), 3.87 (2H, d, J = 6.9 Hz),
4.02 (2H, td, J = 9.0, .3.6 Hz), 4.39-4.45 (1H, m), 5.65-5.75
(1H, m), 6.9%9 (2H, 4, J = 9.0 Hz), 7.08 (1H, dd, J = 9.0, 2.7
Hz), 7.32 (1H, 4, J = 2.4 Hz), 7.89 (1H, d, J = 9.0 Hz), 7.97
(2H, d, J = 9.0 Hz).

[0815]

Example 36
N—[(lS)f2—({5—{6—(cyclopropylmethoxy)—1,3—benzothiazol—2—
yl]isoxazol-3-yl}oxy)-1l-methylethyl]acetamide
[0816] '
A) 4-(cyclopropylmethoxy)-2-fluoro-l-nitrobenzene

Using 3-fluoro-4-nitrophenol, and in the same manner as
in Example 1, step A, the title compound was obtained.
'H NMR (300 MHz, DMSO-dg¢) & 0.28-0.43 (2H, m), 0.50-0.66 (2H,
m), 1.19-1.35 (1H, m), 3.99 (2H, 4, J = 7.2 Hz), 6.97 (1lH, d,
J = 9.4 Hz), 7.16 (1H, dd, J = 13.6, 2.6 Hz), 8.13 (1H, t, J =
9.1 Hz). | |
[0817]
B) 2~ethylﬁexyl 3-{[5-(cyclopropylmethoxy)-2-
nitrophenyl]sulfanyl}propanoate

Using 4-(cyclopropylmethoxy)-2-fluoro-l-nitrobenzene, and

in the same manner as in Example 35, step A, the title
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compound was obtained.

4 NMR (300 MHz, DMSO-d¢) & 0.32-0.41 (2H, m), 0.55-0.66 (2H,
m), 0.81-0.91 (6H, m), 1.20-1.37 (94, m), 1.47-1.59 (1H, m),
2.73 (2H, t, J = 6.8 Hz), 3.29 (2H, t, J = 6.8 Hz), 3.97 (2H,
d, J = 5.7 Hz), 4.01 (2H, d, J = 3.0 Hz), 6.89-6.98 (2H, m),
8.22 (1H, d, J = 9.8 Hz). |

[0818]

C) 2-ethylhexyl 3-{[2-amino-5-.

(cyclopropylmethoxy)phenyl]sulfanyl}prbpanoate

Using 2-ethylhexyl 3-{[5-(cyclopropylmethoxy)-2-
nitrophenyl]sulfanyl}propanocate, and in the same manner as in
Example 35, step B, the title compound was obtained.

'H NMR (300 MHz, DMSO-dg¢) & 0.22-0.32 (2H, m), 0.53 (2H, dd, J
= 8.3, 1.9 Hz), 0.80-0.91 (éH, m), 1.20-1.38 (9H, m), 1.46-
1.60 (1H, m), 2.51-2.56 (2H, m), 2.92 (2H, t, J = 7.0 Hz),
3.67 (2H, 4, J = 6.8 Hz), 3.95 (2H, 4, J = 5.7 Hz), 4.86 (2H,
s), 6.63-6.69 (1H; m), 6.70 (1, 4, J = 2.6 Hz), 6.80 (1lH, d,
J = 2.6 Hz). |

[0819] _

D) methyl 3—{[(28)—2—(acetylamino)prole]oxy}isoxazole—S—
carboxylate ' _

Using methyl 3-({(2S)-2-[(tert-
butoxycarbonyl)amino]propyl}oxy)isoxazole-5-carboxylate, and
in the same manner as in Example 1, step D, the title compound
was obtaihed.

MS (ESI+): [M+H]' 243.1.

[0820]

E) 3-{[(2S)-2-(acetylamino)propyl]oxyl}isoxazole-5-carboxylic
acid

Using methyl 3-{[(28)-2- »
(acetylamino)propyl]oxy}lisoxazole-5~-carboxylate, and in the
same manner as in Example 2, step B, the title compound was
obtained. '

MS (ESI+): [M+H]* 229.1.
[0821]
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F) 2-ethylhexyl 3-{[2-{[(3-{[(28)-2- v A
(acetylamino)propyl]oxy}isoxazol—S—yl)carbbnyl]amino}—5~
(cyclopropylmethoxy)phenyl]sulfahyl}propanoate

Using 3-{[(2S)-2-(acetylamino)propyl]oxy}isoxazole-5-
carboxylic acid.and 2-ethylhexyl 3-{[2-amino-~-5- _
(cyclopropylmethoxy)phenyl]sulfanyl}propanoate, and in the
same manner as in Example 2, step C, the title compound was
obtained.
[0822] _ :
G) N=[(1S)-2-({5-[6-(cyclopropylmethoxy)-1,3-benzothiazol-2-
yllisoxazol-3-yl}oxy)-1l-methylethyl]acetamide

A mixture of 2-ethylhexyl 3-{[2-{[(3-{[(28)-2-

(acetylamino)propyl]oxy}isoxazol—5~yl)carbonyl]amino}—S—

(cyclopropylmethoxy)phenyl]sulfanyl}propanoate (935 mg),

sodium ethoxide (20% ethanol solution, 1.08 g) and THF (10 mL)
was stirred at room temperature for 30 min. To the reaction
mixture was added trifluoroacetic acid (0.611 mL) at 0°C, and
the obtained mixture was stirred at 70°C overnight. To the
reaction mixture was added saturated aqueous sodium hydrogen
carbonate solution, and the mixture was extracted with ethyl
acetate. The obtained organic layer was washed with saturated
brine, and dried over anhydrous magnesium sulfate, and the
solvent was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane/ethyl
acetate), and recrystallized (ethyl acetate) to give the title
compound as white crystals (71.6 mg).

[0823]

Example 37
N—[(1S)—2—({5—[5—(cyclopropylmethoxy)—1,3—benzothiazol-2—
yl]isoxazol—3—yl}oxy)—1—methylethyl]acetamide

[0824]

A) 4-(cyclopropylmethoxy)-1-fluoro-2-nitrobenzene

Using 4-fluoro-3-nitrophencl, and in the same manner as

.in Example 1, step A, the title compound was obtained.
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B) 2-ethylhexyl 3-{[4-(cyclopropylmethoxy)-2-

nitrophenyl]sulfanyl}propanoat

e

Using'4—(cyclopropylmethoxy)—1—fluoro—2¥nitrobenzene, and

in the same manner as in Example 35, step A, the title

compound was obtained.

4 NMR (300 MHz, DMSO-dg¢) & 0.29-0.42

(2H, m), 0.52-0.65 (2H,

m), 0.75-0.93 (6H, m), 1.08-1.39 (9H, m), 1.43-1.60 (1H, m),

2.57-2.70 (2H, m), 3.21 (2H, t,

J = 7.0 Hz), 3.86-4.00 (4H, m),

7.33 (1H, dd, J = 8.9, 2.8 Hz), 7.52-7.67 (2H, m).

[0826]
C) 2-ethylhexyl 3-{[2-amino-4-

(cyclopropylmethoxy)phenyl]sulfanyl}pfopanoate

Using 2-ethylhexyl 3-{[4~(cyclopropylmethoxy)-2-

nitrophenyl]sulfanyl}propanocat

e,

and in the same manner as in

Example 35, step B, the title compound was obtained.

iH NMR (300 MHz, DMSO-d¢) 6 0.23-0.34 (2H, m), 0.48-0.61 (2H,
(9H, m), 1.45-1.60 (1H, m),
2.41—2.49 (2H, m), 2.73-2.80 (2H, m), 3.71 (2H, d, J = 7.2 Hz),
3.93 (2H, 4, J = 5.7 Hz), 5.37 (2H, s), 6.09 (1H, dd, J = 8.7,
é.6 Hz), 6.29 (1H, 4, J = 2.6 Hz), 7.09

m), 0.76-0.92 (6H, m), 1.21-1.

[0827]

38

D) 2-ethylhexyl 3-{[2={[(3-{[(2S)-2-

(1H, d, J = 8.7 Hz).

(acetylamino)propyl]oxyl}lisoxazol-5-yl)carbonyl]lamino}-4-

(cyclopropylmethoxy)phenyl]sulfanyl}prdpanoate

Using 3-{[(2S)-2-(acetylamino)propyl]oxy}lisoxazole-5-

carboxylic acid and 2-ethylhexyl 3-{[2-amino-4-

(cyclopropylmethoxy)phényl]sulfanyl}propanoate, and in the

same manner as in Example 2, step C, the title compound was

obtained.
MS (ESI+): [M+H]® 590.1.°
[0828]
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E) N-[(1S)-2-({5-[5-(cyclopropylmethoxy)-1,3-benzothiazol-2~-

yl]isoxazol-3-ylloxy)-1l-methylethyl]acetamide

Using 2—ethylhexyl 3-{[2-{[(3-{[(28)-2-
(acetylamino)propyl]loxy}isoxazol-5-yl)carbonyl]amino}-4-
(cyclo?ropylmethoxy)phenyl]sulfanyl}propanoate, and in the
same manner as 1in Example 36, step G, the title compound was‘
obtained. |
[0829]
Example 38 v
N—[(IS)—2—({5—[6—(cyclopropylmethoxy)—1,3—benzoxazol—2—yl]—4—
methyl-1H-pyrazol-3-yl}oxy)-1l-methylethyl]acetamide o
[0830] - ’ ‘
A) methyl 4-bromo-3- ({(25)-2-[(tert- |
butoxycarbonyl)amino]propyl}oxy)—1H—pyrazolé—5—carboxylate

A mixture of methyl 3-({(28)-2-[(tert- '
butoxycarbonyl)amino]propyl}oxy)-1H-pyrazole-5-carboxylate
(2.00 g), N-bromosuccinimide (1.43 g) and acetonitrile (50 mL)
was stirred at room temperature overnight. Water was added to
the reaction mixture, and the mixture was extracted with ethyl
acetate. The obtained organic layer was washed with saturated
brine, and dried over anhydrous magnesium sulfate, and the
solvent was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane/ethyl
acetate) to give the title compound as a white powder (2.20 g);
'H NMR (300 MHz, DMSO-d¢) & 1.08 (3H, d, J=6.8 Hz), 1.37 (9H,
s), 3.68-4.20 (6H, m), 6.84 (1H, 4, J = 8.3 Hz), 13.53 (1lH, s).
[0831] |
B) methyl 1l-benzyl-4-bromo-3-({(2S5)-2-[(tert-
butoxycarbonyl)amino]propyl}oxy)—lH—pyrazolé45—carboxylate

Using methyl 4-bromo-3-({ (2S)-2-[ (tert-
butoxycarbonyl)amino]propyl}oxy)—lH—pyrazole—S—carboxylate and
benzyl bromide, and in the same manner as in Example 1, step A,
the title compound was cobtained.
'"H NMR (300 MHz, DMSO-d¢) & 1.08 (3H, d, J = 6.8 Hz), 1.37 (9H,
s), 3.73-4.15 (6H, m), 5.54 (2H, s), 6.86 (1H, d, J = 7.9 Hz),
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7.07-7.40 (5H, m). : -

[0832] .
C) methyl l-benzyl-3-({(28)-2-[ (tert- |
butoxycarﬂonyl)amino]propyl}oxy)—4—methyl—1H—pyrazole—5—
carboxylate |

Under an argon atmosphere, a mixture of methyl l—bénzyl—

4—bromo—3—({(25)—2—[(tert—butoxycarbonyl)amino]propyl}oxy)—lH—

- pyrazole-5-carboxylate (1.03 g), trimethylboroxin (552 mg),

(1,1’ -bis(diphenylphosphino) ferrocene]dichloropalladium(II)
dichloromethane adduct (181 mg), potassium carbonate (912 mg)
and DMF (20 mlL) was stirred at 155°C overnight. Water was
added to the reaction mixture, and the mixture was extracted
with ethyl acetate. The obtained. organic layer was washed with
saturated brine, and dried over anhydrous magnesium‘sulfate,
and the solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography |
(hexane/ethyl acetate) to give the title compound as a white
powder (330 mg).
MS (ESI+): [M+H]™ 404.2.
[0833] o
D) 1—benzyl—3—({(2S)—2—[(tert—
bUtoxycarbonyl)amino]prbpyl}oxy)—4—methyl—lH—pyrazole—5—
carboxylic acid
Using methyl 1l-benzyl=-3-({(2S)~-2-[(tert-

butoxycarbonyl)amino]propyl}oxy)-4-methyl-1H-pyrazole-5-
carboxylate, and in the same manner as in Example 2, step B,
the title compound was ébtained.
MS (ESI+): [M+H]" 390.2.
[0834]
E) tert-butyl [(1S)-2-({l-benzyl-5-[(2,4-
dihydroxypheﬁyl)carbamoyl]—4—methyl—lH—pyrazol—B—yl}oxy)—1—
methylethyl]carbamate

~ Using l-benzyl-3-({(2S)-2-[(tert-
butoxycarbonyl)amino]propyl}oxy)-4-methyl-1H-pyrazole-5-

carboxylic acid and 4-aminobenzene-1,3-diol hydrochloride, and
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in the same manner as in Example 2, step C, the title compound

was obtained.

MS (ESI+): [M+H]" 497.2.

[0835]

F) tert-butyl [(1S)-2-{[l-benzyl-5-(6-hydroxy-1,3-benzoxazol-
2—yl)—4—methyl—1H—pyrazol—3—yl]dxy}—l—methylethyl]carbamate

Using tert-butyl [(1S)-2-({1l-benzyl-5-[(2,4~
dihydroxyphenyl)carbamoyl]—4—methyl—lH—pyrazol—B—yl}oxy)—1—
methylethyl]carbamate, and in the same manner as in Example 2,
step D, the title compound was obtained.

MS (ESI+): [M+H]® 479.2.

[0836]

G) tert—butyl [(1S)—2—({1—benzyl—5—[6—(cyclopropylmeﬁhoxy)—
1,3-benzoxazol~-2-yl]-4-methyl-1H-pyrazol-3-yl}oxy)-1-
methylethyl]carbamate |

Using tert-butyl [(1S)-2-{[1l-benzyl-5-(6-hydroxy-1,3-
benzoxazol-2-yl)-4-methyl-1H-pyrazol-3-yl]oxy}-1-
methylethyl]carbamate} and in the same manner as in Example 1,
step A, the title compound was obtained.

'H NMR (300 MHz, DMSO-dg¢) & 0.28-0.38 (2H, m), 0.51-0.65 (2H,

m), 1.10 (3H, d, J = 6.8 Hz), 1.24-1.31 (1H, m), 1.38 (9H, s),
2.22 (3H, s), 3.76-4.13 (54, m), 5.75 (2H, s), 6.85 (1H, d, J

= 8.3 Hz), 6.96-7.06 (1H, m), 7.09-7.35 (SH; m), 7.40 (1lH, d,

J = 2.3 Hz), 7.68 (1H, d, J = 8.7 Hz).

[0837]

H) N-[(1S)-2-({l-benzyl-5-[6é-(cyclopropylmethoxy)-1, 3-

benzoxazol—z—yl]—4—methyl—lH—pyrazol—3—yl}oxy)—1—

methyléthyl}acetamide ) | '

Using tert-butyl [(1S)-2-({l-benzyl-5-[6-
(cyclopropylmethoxy)—1,3—benzoxazol—2—yl]—4—methyl¥lH—pyrazol—b
3-yl}oxy)-l-methylethyl]carbamate, and in the same manner as
in Example 1, step D, the title compound was obtained.

MS (ESI+): [M+H]* 475.3. |
[0838]
I) N-[(1S)-2-({5-[6-(cyclopropylmethoxy)-1,3-benzoxazol-2-yl]-
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4—methyl—lH—pyraZol—3~yl}oxy)—l—methylethyl]acetamide

Using Nf[(1S)-2—({1—benzyl—5—[6—(cyclopropylﬁethoxy)—1,3—
benzoxazol—Z—yl]—4—methyl—lH—pyrazol—S—yl}oxY)—1—
methylethyl]acetamide, and in the same mannér as in Example 8,
step H, the title compound was obtained.
[0839]
Example 39
N-[(1S)-2-({1-benzyl-5-[5~(cyclopropylmethoxy)-1, 3-benzoxazol-
2-yl]-1H-pyrazol-3-yl}oxy)-1l-methylethyl]acetamide |
[0840]
A) tert-butyl [(1S)-2-({l-benzyl-5-[(2,5-

dihydroxyphenyl) carbamoyl]-1H-pyrazol-3-yl}loxy)-1-
methylethyl]carbamate

Using l-benzyl-3-({(2S)-2-[(tert-
butoxycarbonyl)amino]propyl}oxy)-1H~pyrazole-5~-carboxylic acid,
and in the same manner as in'Examplé 2, step C, the title
compound was obtained.

MS (ESI+): [M+H]' 483.4.

- [0841]

B) tert-butyl [(1S)—2—{[1—benzyl—5—(5—hydroxy—1,3—benzoxazol—
2—yl)—iH—pyrazol—3—yl]oxy}—l—methylethyl]carbamate
Using tert-butyl [(1S)-2-({1l-benzyl-5-[(2,5-

"dihydroxyphenyl)carbamoyl]—lH—pyrazol—3—yl}oxy)—1—

methylethyl]carbamate, and in the same manner as in Example 2,
step D, the title compound was obtained.

MS (ESI+): [M+H]" 465.4.

[0842]

C) tert-butyl [(1S)-2-({1l-benzyl-5-[5-(cyclopropylmethoxy)-
1,3~benzoxazol-2—yl]—1H—pyraiol—3—yl}oxy)—1—
methylethyl]carbamate | ,

Using tert-butyl [(18)-2-{[l-benzyl-5-(5-hydroxy-1, 3-
benzoxazol-2-yl)-1H-pyrazol-3-yl]loxy}-1l-methylethyl]carbamate,
and in the same manner as in Example 1, step A, the title
compound was obtained.

MS (ESI+): [M+H]® 519.4.
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[0843]
D) N-[(1S)-2-({1l-benzyl-5-[5-(cyclopropylmethoxy)-1,3-

benzoxazol-2-yl]-1H-pyrazol-3-yl}oxy)-1l-methylethyl]acetamide

‘Using tert-butyl [(1S)-2-({l-benzyl-5-[5-

*(cyclopropylmethoxy)—1,3—benzoxazol—2-yl]—1H—pyrazol—3—

ylloxy)-1l-methylethyllcarbamate, and in the same manner as 1in
Example 1, step D, the title compound was thained.

[0844] |

Example 40 ]
N-[(18)-2-({5-[5-(cyclopropylmethoxy)~1, 3-benzoxazol-2-yl]-1H-
pyrazol-3-yl}oxy)-1l-methylethyl]acetamide

[0845]

Using N-[(1S)-2-({1l-benzyl-5-[5-(cyclopropylmethoxy)-1,3~-

'benzoxazol—Z—yl]—1H—pyrazol—3—yl}dxy)-1-methylethyl]acetamide,

and in the same manner as in Example 8, step H, the title
compound‘was obtained.

[0846] |

Example 41

"N-[(1S)-2-({5-[6-(cyclopropylmethoxy)-1, 3-benzoxazol-2-yl]-4-

methylisoxazol—B—yl}oxy)—l—methylethyl]acetamidé
[0847] |
A) tert-butyl [(1S)-2-({5-[(2,4-
dihydroxyphenyl)carbamoyl]isoxazol-3-yl}oxy)-1-
methylethylléarbamate
Using 3-({(28)-2-[(tert- ,
butoxycarbonyl)amino]propyl}oxy)isoxazole-5-carboxylic acid
and 4-aminobenzene-1,3-diol hydrochloride,‘and in the same
manner as in Example 2, step C, the title compound was .
obtained. o
MS (ESI-): [M-H] 392.3.
[0848]
B) tert-butyl [(1S)-2~({5-[6-(cyclopropylmethoxy)-1,3-
benzoxazol?Z—yl]isoxazol—3—yl}oxy)—l—methylethyl]carbamate
Using tert-butyl [(1S)-2-({5-[(2,4-
dihydroxyphenyl) carbamoyl]isoxazol-3-yl}oxy)-1-
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methylethyl]carbamate, and in the same manner as in Example 2,
step D ahd Example 1, step A, the title compound was obtained.
MS (ESI+): [M+H]* 430.1.
[0849] _
C) tert-butyl [(1S)-2-({5-[6-(cyclopropylmethoxy)-1,3-
beanxa20142—y1]—4—methylisoxazol—3—yl}oxy)—1—
methylethyl]carbamate '

Using tert-butyl [(1S)—2—({5—f6—(cyclopropylmethoxy)—1,3—
benzoxazol-2-yl]isoxazol-3-yl}oxy)-l-methylethyl]carbamate,
and in the same manner as in Example 23, step A, the title

compound was obtained.

- lH NMR (300 MHz, DMSO-dg¢) & 0.27-0.43 (2H, m), 0.52-0.70 (2H,

m), 1.12 (34, d, J = 6.8 Hz), 1.19-1.32 (1H, m), 1.38 (9H, s),
2.25 (3H, s), 3.79-4.02 (3H, m), 4.05-4.25 (2H, m), 6.86-7.01
(1H, m), 7.08 (1H, dd, J = 8.8, 2.4 Hz), 7.47 (1H, d, J = 2.4
Hz), 7.77 (1H, 4,-J = 8.8 Hz). |
[0850] '
D) N-[(1S)-2-({5-[6-(cyclopropylmethoxy)-1,3-benzoxazol-2-yl]-
4-methylisoxazol-3-yl}oxy)-l-methylethyl]acetamide

Using tert-butyl [(18)-2-({5-[6~(cyclopropylmethoxy)-1,3-
benzoxazol—2—yl]—4—me£hylisoxazol—3—yl}oxy)—i—
methylethyl]lcarbamate, and in the same manner as in Example 1,
step D, the title compound was obtained.
[0851]
Example 42 ‘
N—[é—({S—[S—(cyclopropylmethoxy)—1,3—benzoxazol—2—yl]isoxazol—
3-ylloxy)-1-(fluoromethyl)ethyl]acetamide
[0852]
A) methyl 3-(3-fluoro-2-hydroxypropoxy)isoxazole-5-carboxylate

A mixture of methyl 3-hydroxyisoxazole-5-carboxylate
(1.88 g), 2-(fluoromethyl)oxirane (1.00 g), potassium
carbonate (1.82 g) and DMF (2 mlL) was stirréd at room
temperature for 2 hf, and then at 70°C overnight. Water was
added to the reaction mixture, and the mixture was extracted

with ethyl acetate. The obtained organic layer was washed with
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saturated brine, and dried over anhydrous magnesium sulfate,

and the solvent was evaporated under reduced pressure. The

residue was purified by silica gel column chromatography

(hexane/ethyl acetate) to give the title compound as a white

powder (585 mg).

MS (ESI+): [M+H]" 220.1.

[0853] | | |

B) 3-(3-fluoro-2-hydroxypropoxy)isoxazole-5-carboxylic acid
Using methyl 3—(3—fluoro—Zehydroxypropoxy)isbxazole—S—

carboxylate, and in the same manner as in Example 6, step D,

the title compound was obtained.

MS (ESI-): [M-H] 204.1.
[0854]
C) 2-({5-[5-(cyclopropylmethoxy)-1,3-benzoxazol-2-yl]iscxazol-
3-yl}oxy)-1-(fluoromethyl)ethyl methanesulfonate

A mixture of 3-(3-fluoro-2-hydroxypropoxy)isoxazole-5-
carboxylic acid (457 mg), methanesulfonyl chloride (0.517 mL),
triethylamine (0.668 mL) and THF (20 mL) was stirred at 0°C for

l hr, and then at room temperature overnight. Water was added
to the reaction mixture, and the mixture was extracted with
ethyl acetate.' The obtained organic layer was washed with
saturated brine, and dried over anhydrous magnesium sulfate,
and the solvent was évaporated under reduced pressure. The
residue was mixed with 2-aminobenzene-1,4-diol hydrochloride
(360 mg), HATU (848 mg), N,N-diiscpropylethylamine (0.769 mL)
and DMF (10 mL), and the obtained mixture was stirred at room
temperature overnight. Water was added to the reaction mixture,.
and the mixture was extracted with ethyl acetate. The obtained
organic layer was washed with saturated brine, and dried over
anhydrous magnesium sulfate, and the solvent was evaporated
under reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate) to give a mixture
(318 mg) of 2-({5-[(2,5-dihydroxyphenyl)carbamoyl]isoxazol-3-
yl}oxy)—l—(fluoromethyl)ethyl methanesulfonate and'impurity.

To a solution of hexachloroethane (482 mg) and
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triphenylphosphine (641 mg) in acetonitrile (5 mL) was added
triethylamine (0.908'mL) at room temperature, and the obtained
mixture was stirred at room temperature for 10 min. A mixture
of 2—({5—E(2,5—dihydroxyphenyl)carbamoyl]isoxazol—3—yl}oxy)—1—
(fluoromethyl)ethyl methanesulfonate (318 mg, mixture with
impurity) obtained by the aforementioned method, acetonitrile
(5 mL) and THF (2 mL) was added thereto, and the obtained
mixture was stirred at room temperature for 2 hr. Water was
added to the reaction mixturé, and the mixture was extracted
with ethyl acetate. The obtained organic layer was washed with
saturated brine, and dried over anhydrous magnesium sulfate,
and the solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography

(hexane/ethyl acetate) to give a mixture (321 mg) of 2-fluoro-

'1—({[5—(5—hydroxy—l,3—benzoxazol—2—yl)isoxazol—3—

yl]oxylmethyl)ethyl methanesulfonate and impurity. A mixture
of the obtained 2-fluoro-1~({ [5~(5-hydroxy-1, 3-benzoxazol-2-
yl)isoxazol-3-yl]loxylmethyl)ethyl methanesulfonate (321 mg,
mixture with impurity),v(bromomethyl)cyclopropane.(128 mg),
potassium carbonate (131 mg) and DMF (5 mL) was stirred at
room temperature overnight. Water was added to the reaction
mixture, and the mixture was extracted with ethyl acetate. The
obtained organic layer was washed with saturated brine, and
dried over anhydrous magnesium sulfate, and the solvent was
evaporated under reduced pressure. The residue was purified by
silica gel column chromatography (hexane/ethyl acetate) to
give the title cdmpound as a white powder (97.3 mg).
MS (ESI+): [M+H]' 427.0.
[0855]
D) N-[2-({5-[5-(cyclopropylmethoxy)-1, 3-benzoxazol-2-
yl]lisoxazol-3-yl}oxy)-1-(fluoromethyl)ethyl]acetamide

A mixture of 2-({5-[5-(cyclopropylmethoxy)-1,3-
benzoxazol—Z—yl]isoxazol?3—yl}oxy)—l—(fluoromethyl)ethyl

'~ methanesulfonate (97.3 mg), sodium azide (29.7 mg) and

dimethyl sﬁlfoxide (2 mL) was stirred at 100°C for 4 hr. Water

281



10

15

20

25

30

35

WO 2012/074126 ' PCT/JP2011/078010

was added to the reaction mixture, and the mixture was
extracted with ethyl acetate. .The obtained organic layer was
washed with‘saturated brihe, and dried over anhydrous
magnesium sulfate, and the solvent waé evaporated under
reduced pressure. The residue was mixed with
triphenylphosphine (71.8 mg), THF (3 mL) and water (1 mL), and
the obtained mixture was stirredvat 90°C for 2 hr. Water was
added to the reaction mixture, and the mixture was extracted
with ethyl acetate. The obtained organic layer was washed with
saturated brine, arnd dried over anhydrous magnesium sulfate,
and the solvent was evaporated under reduced pressure. The
residue was mixed with acetic anhydride (1 mL)( triethylamine
(1 mL) and ethyl acetate (3 mL), and the obtained miiture was
stirred at 60°C overnight. The solvent was evaporatéd under
reduced pressure, and the residue Was,purified by silica gel
column chromatography (hexane/ethyl écetate). The obtained
residue was separated by HPLC (Cl8, mobile phase:
water/acetonitrile (containing 0.1% TFA)). A saturated agqueous
sodium hydrogen carbonate solution was added to the obtained
fraction, and the mixture was extfacted with ethyl acetate.
The obtained organic layer was washed with saturated brine,
and dried over anhydrous magnesium sulfate, and the solvent
was evaporated under reduced pressure to give the title
compound as whife crystals (52.3 mg).
[0856] |
Example 43 v
N-{1-[ ({5-[5-(cyclopropylmethoxy)~1, 3-benzoxazol-2-
yllisoxazol-3-yl}loxy)methyl]-2,2-difluorocethyl}acetamide
[0857] _
A) methyl 3—[(2—hydroxybut—3—en—1—yl)oxy]isoxazole—S—
carboxylate '

Using 2-éthenyloxirane, and in the same manner as in
Example 42, step A, the title compound was obtained.
MS (ESI+): [M+H]' 214.0.
[0858]

¢
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B) methyl 3-(3,3-difluoro-2-hydroxypropoxy)isoxazole-5-
carboxylate

A mixture of methyl 3-[(2-hydroxybut-3-en-1-
yl)oxylisoxazole~5-carboxylate (2.71 g), t-butyldimethylsilyl
trifluoromethanesulfonate (4.03 g), 2,6-dimethylpyridine (1.64
g) and THF (30 mL) was stirred at room temperature for 2 hr.
To the reaction mixture was added 1M hydrochloric .acid, and
the mixture was extracted with ethyl acetate. The obtained
organic layer was washed with saturated aqueous-sodium
hydrogen carbonate solutibn, and then saturated brine, and
dried over anhydrous magnesium sulfate, and the solvent was
evaporated under reduced pressure. The residue was mixed with
tetraoxide osmium (7% immobilized catalyst, 2.31 g), sodium

periodate (13.6 g), acetonitrile (30 mL), - acetone (30 mL) and

‘water (20 mL), and the obtained mixture was stirred at room

temperature for 3 days. The precipitate'was removed by
filtration, and the filtrate was extracted with ethyl acetate.
The obtained organic layer was washed with saturated brine,
and dried over anhydrous magnesium sulfate, and the solvent
was evaporated under reduced pressure. The residue was mixed
with toluene (20 mL), diethylaminosulfur trifluoride (5.04 mL)

was slowly added dropwise thereto at room temperature, and the

‘obtained mixture was stirred at room temperature for 2 hr. To

the reaction mixture was added saturated aqueous sodium
hydrogen carbonatensolution, and the mixture was extracted
with ethyl acetate. The obtained organic layer was washed with
saturatéd brine, and dried over anhydrous magnesium sulfate,
and the solvent was evaporated under reduced pressure. The
residue was mixed with THF (20 mlL), tetrabutylammonium
fluoride (1.0M THF solution, 25.4 mL) was slowly added
dropwise thereto at 0°C, and the obtained mixture was stirred
at 0°C for 30 min. To the reaction mixture was added 1M
hydrochlbric acid, and the mixture was extracted with ethyl
acetate. The obtained organic layer was washed with saturated

brine, and dried over anhydrous magnesium sulfate, and the
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solvent was évaporated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane/ethyl
acetate) to give the title compound as a white powder (370 mg) .
MS (ESI+): [M+H]" 238.1. '
[0859]
C) methyl 3-{3,3-difluoro-2- _
[(methylsulfonyl)oxy]propoxy}isoxazole—S—carboxylate

A mixture of methyl 3-(3,3-difluoro-2-
hydroxypropoxy) isoxazole-5-carboxylate (370 mg),
methanesulfonyl chloride (0.362 mL), triethylamine (0.652 mL)
and THF (10 mL) was stirred at 0°C for 1 hr, and then at room
temperature overnight.  Water was added to the reaction mixture,
and the mixture was extracted with ethyl acetate. The obtained
organic layer was washed with saturated brine, and dried over
anhydrous magnesium sulfate, and the solvent was evaporated
under reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate) to give the title
compound as a colorless oil (432 mg) .
'H NMR (300 MHz, DMSO-d¢) & 3.33 (3H, s), 3.89 (3H, s), 4.37-
4.78 (2H, m), 5.14-5.45 (1H, m), 6.13-6.66 (1H, m), 7.20 (1H,
s). - '
[0860]
D) 14f({5-[5—(cyclopropylmethoxy)—1,3—benzoxazol—2-
yl]isoxazol-3-ylloxy)methyl]-2,2-difluoroethyl
methanesulfonate

Using methyl 3-{3,3-difluoroc-2-
[ (methylsulfonyl)oxylpropoxy}isoxazole-5~-carboxylate, and in
the same manner as in Example 6, step D and Example 2, steps
C-E, the title compound was obtained.
MS (ESI+): [M+H]" 445.0.
[0861]
E) N~{1-[({5-[5-(cyclopropylmethoxy)-1,3-benzoxazol-2-
yllisoxazol-3-yl}oxy)methyl]-2,2~-difluocroethyl}acetamide

Using 1—[({5—[5—(cyclopropylmethoxy)Fl,3—benzoxazol—2—
yl]isoxazol—3—yl}oxy)methyl]—2,2—difluoroethyl
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methanesulfonate, and in the same manner as in Example 42,
step D, the title compound was dbtained.

[0862]7v

Example 44
1-[(1S)-2-({5-[5-(cyclopropylmethoxy)-1,3-benzokazol-2-yl]-4-
methylisoxazol—B—yl}oxy)—l—méthylethyl]—3—methylurea _

[0863] ' .
Using tert-butyl [(1S)—2—({5—[5—(cyclopropylméthoxy)—l,3—
benzoxazol~2~yl]—4—methylisoxazol—3—yl}oxy)—1—
methylethyl]carbamate, and in the same manner as in Example 16
(using pyridine instead of triethylamine), the title compound
was obtained. |

[0864]

Example 45 ‘
1-[(18)-2-({5-[5-(cyclopropylmethoxy) -1, 3-benzoxazol-2-yl]-4-
methylisoxazol-3-yl}oxy)-l-methylethyl]urea

[0865]

‘ ‘ Using tert-butyl [(1S)-2-({5-[5-(cyclopropylmethoxy)-1,3-
benzoxazol-2-yl]-4-methylisoxazol~3~yl}oxy)-1-
methylethyl]carbamate, and in the‘samé manner és in Example 22
(using pyridine instead of triethylamine), the title compound
was obtained.

[0866]

Example 46 _
N—[(lS)—2—{[54(5~ethoxy—1,3—benzoxazol—2—yl)isoxazol—3—
yl]oxyl-1l-methylethyl]lacetamide

[0867]

A) tert-butyl [(1S)-2-{[5-(5~ethoxy-1,3-benzoxazol-2-
yl)isoxazol=-3-yl]oxy}-1l-methylethyl]carbamate '

Using tert-butyl [(1S)-2-{[5-(5-hydroxy-1,3-benzoxazol-2-
yl)isoxazol-3-yl]oxy}-l-methylethyl]carbamate and ethyl iodide,
and in the same manner as in Example 2, step E, the title
compound was obtained.

MS (ESI+): [M+H]" 404.3.
[0868]
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B) N-[(1S)-2-{[5-(5-ethoxy-1, 3-benzoxazol-2-yl)isoxazol-3-

yl]loxy}-1l-methylethyl]acetamide _
Using tert-butyl [(1S)-2-{[5-(5-ethoxy-1,3-benzoxazol-2-

yl)isoxazol-3-yl]oxy}-l-methylethyl]carbamate, and in the same

manner as in Example 2, step F, the title compound was

obtained. '

[0869]

Example 47

N—(3—{6—[6—(cyclopropylmethoxy)—1,3—benzoxazol—2—yi]pyridin—3—

'yl}-1l-methyl-3-oxopropyl)acetamide

[0870]
A) tert-butyl {3-[methoxy(methyl)amino]-~l-methyl-3-

oxopropyl}carbamate

Using 3-[(tert-butoxycarbonyl)amino]butanoic acid, and in -

the same manner as in Example 24, step D, the title compound
was obtained. ..

'H NMR (300 MHz, DMSO-de¢) & 1.03 (3H, d, J = 6.8 Hz), 1.37 (9H,
s), 2.34-2.47 (1H, m), 2.52-2.61 (1H, m), 3.07 (3H, s), 3.64

(34, s), 3.74-3.94 (1H, m), 6.71 (1H, d, J = 8.3 Hz).

[0871] :
B) tert-butyl [3—(6—chloropyridin—3—yl)4l—methyl—3—
oxopropyl]carbamate o

Using tert-butyl {3-[methoxy(methyl)amino]-1-methyl-3-
oxopropyl}carbamaté and 5-bromo-2-chloropyridine, and in the
same manner as in Example 24, step E, the title compound was
obtained.
H NMR (300 MHz, DMSO-dg) & 1.11 (3H, d, J = 6.8 Hz), 1.31 (9H,
s), 2.90-3.09 (1H, m), 3.10-3.25 (1H, m), 3.85-4.08 (1H, m),
6.85 (18, 4, J = 7.6 Hz), 7.69 (1H, d, J = 8.3 Hzf, 8.29 (1H,
dd, J = 8.3, 2.3 Hz), 8.94 (1H, d, J = 2.3 Hz).
[0872]
C) tert-butyl (3-{6-[6-(cyclopropylmethoxy)-1,3-benzoxazol-2-
yl]pyridin—B—yl}—l—methyl—3—oxopfopyl)carbamate

Using tert-butyl [3-(6-chloropyridin-3-yl)-1l-methyl-3-

oxopropyl]carbamate, and in the same manner as in Example 1,
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step C, the title compound was obtained.

MS (ESI+): [M+H]" 452.0.

[0873] ,
D) N—(3—{6—[6—(cyclopropylmethoxy)—1,3—benzoxazol—2—
yl]pyridin—B—yl}—l—methyl—3—oxopropyl)acetamide.

Using tert-butyl (3-{6-[6-(cyclopropylmethoxy)-1,3-
benzoxazol-2-yl]pyridin-3-yl}-1l-methyl-3-oxopropyl)carbamate,
and in the same manner as in Example 1; step D, the title
compound was obtained.

[0874]
Examplé 48
methyl [(1S)-2-({6-[6-(cyclopropylmethoxy)-1,3-benzoxazol-2~

[0875]

yl]-5-fluoropyridin-3-yl}oxy)-1l-methylethyl]carbamate

Using tert—butyl [(1S)-2-({6-[6-(cyclopropylmethoxy)-1,3-
benzoxazol-2-yl]-5-fluoropyridin-3-yl}oxy)-1-

methylethyl] carbamate, and in the same manner as in Example 17,

-step A, the title compound was obtained.

[0876]
Example 49

'N—[(lS)—3—{6¥[6—(cyclbpropylmethoxy)—1,3—benzoxazole2—

yl]pyridin—nyl}—i—methylpropyl]acetamide
[0877] '
A);2—(5—bromopyridin—2—yl)+6—(cyclopropylmethoxy)—1,3—
benzoxazole

Using 5—bromopyridine—2—éarboxylic acid and 4-
aminobenzene-1,3-diol hydrochloride, and in the same manner as
in Example 2, steps C-D and Example 1, step A, the title
compound was obtained. '
'H NMR (300 MHz, DMSO-dg) & 0.21-0.45 (2H, m), 0.53-0.76 (2H,
m), 1.09-1.44 (1H, m), 3.92 (2H, d, J = 6.8 Hz), 7.06 (1H, dd,
J 8.7, 2.3 Hz), 7.43 (1H, d, J = 2.3 Hz), 7.74 (1H, d, J =
8.7 Hz), 8.11-8.21 (l1H, m), 8.24-8.44 (1H, m), 8.91 (1H, d, J
= 2.3 Hz). '
[0878]
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B) tert-butyl [(1S)-3-{6-[6-(cyclopropylmethoxy)-1,3-
benzoxazol—z-yl]pyridin—3—yl}—1—methylprop—24yn—1—yl]carbamate
Under an argon atmosphere, a mixture of 2-(5-
bromopyridin-2-yl)-6-(cyclopropylmethoxy) -1, 3~benzoxazole (200
mg), tert-butyl [(1S)-l-methylprop-2-yn-l-yl]carbamate (196
mng) ., dichlorobis(triphenylphosphine)palladium(II) (20.3 mg),
copper (I) iodide(ll.O‘mg),_triethylamine (0.081 mL) and DMF (5
mL) was stirred at 80°C for 8 hr. Water was added to the |
reactioh mixture, and the mixture was extracted with ethyl

acetate. The obtained organic layer was washed with saturated

brine, and dried over anhydrous magnesium sulfaté, and the

solvent was evaporated under reduced pressure. The residue was

purified by silica'gél column chromatography (hexane/ethyl

~acetate) to give the title compound as a yellow powder (150

mg).
MS (ESI+): [M+H]* 434.5.
[0879]

C) N—f(lS)—3—{6—[6—(cyclopropylmethoxy)-1,3~benzoxazol—2-
yl}pyridin—3—yl}—1—methylprop—2—yn—l—yl]aCetamidé

Using tert—butyl [(iS)—3—{6—[6—(cyclopropylmethoxy)-1,3—
benszazol—Z—Yl]pyridin—B—yl}-1—methylprop—2—yn—1—y1]carbamate,
and in the same manner as in Example 1, step D, the title
compound was obtained.
MS (ESI+): [M+H]® 376.1.
[0880]
D) N-[(1S)-3-{6-[6-(cyclopropylmethoxy) -1, 3-benzoxazol-2-
yl]lpyridin-3~-yl}-1l-methylpropyl]acetamide

Under a hydrogen atmosphere, a mixture of N-[(1S8)-3-{6-
[6- (cyclopropylmethoxy) -1, 3-benzoxazol-2-yl]pyridin-3-yl}-1-
methylprop—Z—yn—l—yl]acetamide (98.0 mg), 10% palladium/carbon
(containing water (50%), 19.6 mg), methanol (5 mL) and THF.(l
mL) was stirred at 50°C for 4 hr. The catalyst was removed by
filtration, and the obtained filtrate was concentrated under
reduced pressure. The residue was purified by silica gel.

column chromatography (hexane/ethyl acetate/methanol) to give
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the title compound as yellow crystals (37.0 mg).
[0881]
Example 50
N—[(1S)—2—({6—[5-(cyclopropylmethoxy)—1,3—benzoXazol-2—yl]—5—
fluoropyridin—B—yl}oxy)—l—methylethyl]acetamide
[0882] _ '
A) tert-butyl [(lS)—2—({6—[(2,5—dihydroxyphehyl)carbamoyl]—S—
fluoropyridin-3-yl}oxy)-l-methylethyl]carbamate

Uéing 5—({(2S)—2—[(tert—butoxycarboﬁyl)amino]propyl}oXy)—
3-fluoropyridine~2-carboxylic acid, and in the same manner as
in Example 2, step C, the title compound was obtained.
MS (ESI+): [M+H]' 422.3.
[0883]
B) tert-butyl [(lS)—24({6—[5—(qyclopropylmethoxy)—l,3—
benzoxazol-2-yl]-5-fluoropyridin-3-ylloxy)-1-
methylethyl]carbamate

Using tert-butyl [(1S)-2-({6-[(2,5~-
dihydroxypﬁenyl)carbamoyl]—5—fluoropyridin—3—yl}oxy)—1—
methylethyl]carbamate, and in the same manner as in Example 2,
steps D-E, the title compound was obtained.
MS (ESI+): [M+H]" 458.2.
[08847]"
C) N—[(1S)—2—({6—[5—(cyclopropylmethoxy)—1,3—benzoxazol—2—yl]—
5—fluoropyridin—3—yl}oxy)—1—methylethyl]acetamide

Using tert-butyl [(1S)-2-({6-[5-(cyclopropylmethoxy)-1, 3-
benzoxazol-2-yl]-5-fluoropyridin-3-yl}oxy)-1-
methylethyl]carbamate, and in the same manner as in Example 1,
step D, the title compoﬁnd was obtained.
[0885]
Example 51
N-[(1S)-2-{[6- (6-ethoxy-1, 3-benzoxazol-2-yl)-5-fluoropyridin-
3-yl]oxy}-l-methylethyl]acetamide ’
[0886]
A) tert-butyl [(lS)—2—{[6—(6—ethoxy—1,3—benzoxazol—2—yl)—5—
fluordpyridin—3—yl]oxy}—l-methylethyl]carbamate
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-Using tert-butyl [(1S)-2-({6-[(2,4-

dihydroxyphenyl)carbamoyl]—5—fluoropyridinf3—yl}oiy)—1—
methylethyl]carbamate and ethyl iodide, and in the same manner
as in Example 2, steps D-E, the title compound was obtained.
MS (ESI+): [M+H]" 432.1. -
[0887]

B) N-[(1S)~-2-{[6-(6-ethoxy-1, 3-benzoxazol-2-yl)-5-"
'fluoropyridin—3—yl]oxy}—l—methylethyl]acetamide

Using tert-butyl [(1S)-2-{[6-(6-ethoxy-1,3-benzoxazol-2~
yl)-5-fluoropyridin-3-yl]loxy}-1l-methylethyl]carbamate, and in
the same manner as in Example 1, step D, the title compound
was obtained.

[0888]

Example 52
N—[(18)—2—({6—[69(2—fluoropropoxy)—l,3—benzoxazol—2—
yllpyridin-3-yl}oxy)-1l-methylethyl]acetamide

[0889] _

A mixture of tert-butyl [(1S)-2-({6-[6-(2-
hydroxypropoxy)—l,3—benzoxazol—2—yl]pyridin—3—yl}oxy)—1-
methylethyl]carbamate (1.02 g) (obtained using tert-butyl
{(15)—2—{[6—(6—hydroxy-1,3—benszazol—2—yl)pyridin—3—yl]oxy}—
l-methylethyl]carbamate (4.00 g) and l-bromopropan-2-one (1.56
g) and in the same manner as in Example 2, step E and Example
24, step F), bis(2—methoxyethyl)aminosulfur trifluoride (0.848
mL) and toluene (10 mL) was stirred at room temperature for 1
hr. To the reaction mixture was added saturated aqueous sodium
hydrogen carbonate solution, and the mixture was extracted
with ethyl acetate. The obtained organic layer was washed with
saturated brine, and dried over anhydrous magnesium sulfate,
and the solvent was evaporéted under reduced pressure. The
residue was purified by silica gel column chromatography
(hexane/ethyl acetate) to give tert-butyl [(1S)-2-({6-[6-(2-
fluoropropoxy) -1, 3-benzoxazol-2~-yl]pyridin-3-yl}oxy)-1-
methylethyl]carbamate. Using the obtained compound, and in the

same manner as in Example 1, step D, the title compound was
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obtained (61.3 mg). ' e ,

[0890]
Example 53 o
N—[(1S)—2—({6—[6—(cyclopropylmethoxy)—l,3—benzoxazol—2—yl]42—
methoxypyridin-3-yl}oxy)-1l-methylethyl]acetamide
[0891] | |
A) 3-({(28)-2-[(tert-butoxycarbonyl)amino]propyl}oxy)~6-[6-
(cyclopropylmethoxy) -1, 3-benzoxazol-2-yl]lpyridin-2-yl acetate
A mixture of tert-butyl [(1S)-2-({6-[6-
(cyclopropylmethoxy) -1, 3-benzoxazol-2-yl]pyridin-3-yl}oxy)-1-
methyléthyl]carbamate (2.34 g), m-chloroperbenzoic acid (2.66
g) and acetonitrile (30 ml) was stirred at 50°C Qverﬁight. To
the reaction mixture were added saturated sodium hydrogen
carbonate and aqueous sodium thiosulfate solution, and the
mixture was ethacted_with ethyl acetate. The obtained organic
. layer was washed with saturated brine, and dried over
anhydrous magnesium sulfate, and the solvent was evaporated
under reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate) to give a mixture
(200 mg) of tert-butyl [(1S)-2-({6-[6-(cyclopropylmethoxy) -
1,3—benzoxazol—2—yl]—1—oxidepyridin—3—yl}oxy)fl—
methylethyl]carbamate and impurity. A mixture of the
aforementioned tert-butyl [(1S)-2-({6-[6-(cyclopropylmethoxy)-
1,3-benzoxazol-2-yl]-1l-oxidepyridin-3-yl}oxy)-1-
methylethyl]carbamate (200 mg, mixture with impurity), acetic
anhydride (224 mg) and toluene (5 mL) was stirred at 110°C
overnight. The reaction mixture was purified by silica gel
column chromatography (hexane/ethyl acetate) to give the title
compound as a colorless oil (111 mg).
'H NMR (300 MHz, DMSO-dg) & 0.26-0.42 (2H, m), 0.53-0.68 (2H,
m), 1.1* (3H, 4, J = 6.8 Hz), 1.21-1.33 (1H, m), 1.39 (9H, s),
2.37 (34, s), 3.78-4.03 (5H, m), 6.92 (1H, d, J = 7.9 Hz),
7.02 (1H, dd, J = 8.7, 2.3 Hz), 7.39 (1H, d, J = 2.3 Hz), 7.68
(1H, d, J = 9.0 Hz), 7.81 (1H, 4, J = 8.7 Hz), 8.19 (1H, d, J
- 8.3 Hz). |
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[0892] »
B) tert-butyl [(1S8)-2-({6-[6-(cyclopropylmethoxy)-1, 3~
benzoxazol—2—yl]—2—methoxypyridin—34yl}oxy)—1-
methylethyl]carbamate |

A mixture of 3-({(2S)-2-[(tert-

~butoxycarbonyl)amino]propyl}oxy)-6-[6-(cyclopropylmethoxy) -

1,3-benzoxazol-2-yl]pyridin-2-yl acetate (111 mg), THF (1 mL),
methanol (1 mL) and 1M lithium hydroxide équeous solutién (1
mL) was stirred at.O°C for 2 hr. The reaction mixture was |
neutralized with 1M hydrochloric acid at 0°C, and extracted
with ethyl acetate. The obtained organic layer was washed with
satﬁiated brine, and dried over anhydrous magnesium sulfate,
and the solvent was evaporatéd under reduced pressure. The
residue was mixed with toluene (2 mL), methyl iocdide (0.021
mL) and silver(I) carbonate (92 mg), and the obtained mixture
was stirred at 85°C for 3 days. To the reaction mixture were
further added methyl iodide (0.021 mL) and silver(I) carbonate
(92 mg), and the miXture was stirred at 85°C for 4 hr. Water
was added to the reaction mixture, and the.mixture was
extracted with ethyl acetate. The obtained organic layer was
washed with saturated brine, and dried over anhydrous
magnesium sulfate, and the solvent was evaporated under
reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetéte) to give the title
compound as a white powder (70.0 mg).
MS (ESI+): [M+H]" 470.3.
[0893]
C) N—[(1S)—2—({6—[6—(cyclopropylmethoxy)—1,3—benzoxazol¥2—yl]—
2-methoxypyridin-3-yl}oxy)-l-methylethyl]acetamide

Using tert-butyl [(1S)—2—({6—[6-(cyclopropylmethoxy)—1,3—
benzoxazol—Z—yl]—2—methoxypyridin—3—y1}oxy)—1—

'.methylethyl]carbamate, and in the same manner as in Example 1,

step D, the title compound was obtained.
MS (ESI+): [M+H]* 376.1.
[0824]
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Example 54

N—[(lS)—Z—{[6—(6—ethoxy—1,3~benzoxazol—2—yl)pyridin—3—yl]oxy}—
l—methylethyl]—2,2,2—trifluoroacétamide
[0895]

A mixture of tert-butyl [(1S)—2—{[6—(6—ethoxy—1,3—
benzoxazol—Z—yl)pyridin—3—yl]oxy}—1—methylethyl]carbamate (300
mg), ethyl acetate (10 mL) and 4M hydrogen chloride/ethyl
acetate (10 mL) was stirred at room temperature overnight. The
solvent was evaporated under reduced pressure, and the residue
was dissolved in pyridine (3 mLf, and trifluoroacetic
anhydride (0.150 mL) was added thereto. The mixture.was
stirred at room temperature for 2 hr. To the reaction mixture
was further added triflubroacetic anhYdride (0.301 mL), and
the mixture was stirred at room temperature for 2 hr. To the‘
reaction mixture were added water-and 1M hydrochloric acid,
and the mixture was eXtracted with ethyl acetate. .The obtained
organic layer was washed with saturated brine, and dried over
anhydrous magnesium sulfate, and the solvent was evaporated
under reduced pressﬁre. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate), and

- recrystallized (ethyl acetate) to give the title compound as
‘white crystals (205 mg). '
[0896]
Example 55 _
N-[(1S)-2-{[6-(6-ethoxy-1,3-benzoxazol-2-yl)pyridin-3-yl]oxy}-
l-methylethyl]-2,2-difluorocacetamide | ‘
[0897] _

A mixture of tert-butyl [(18)-2—{[6—(6—ethoxy~1,3—
benzoxazol-2-yl)pyridin-3-yl]loxy}-1l-methylethyl]carbamate (300
mg), ethyl acetate (5 mL) and 4M hydrogen chloride/ethyl
acetate (5 mL) was stirred at room temperature overnight. The
solvent was evaporated under reduced pressure, and the residue
was mixed with difluoroacetic acid (105 mg), WSC (209 mg),

. HOBt (167 mg), triethylamine (0.506 mL) and DMF (3 mL). The

mixture was stirred at room femperature for 3 days. Water was
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added to the reaction mixture, and the mixture was extracted

with ethyl acetate. The obtained organic layer was washed with
saturated brine, and dried over anhydrous magnesium sulfate,
and the solvent was eVaporated under reduced pressure. The
residue was purified by silica gel column chromatogfaphy
(hexane/ethyl acetaté), and recrystallized (ethyl acetate) to
give the title compound as white crystals (164 mg).
[0898] - |
Example 56
N-[(18)-2-({6-[6-(cyclopropylmethoxy)-1, 3-benzoxazol-2-yl]-1-
oxidepyridin-3-yl}oxy)-1-methylethyl]acetamide »
[0899]
A) tert—butyl [(1S)—2—({6—[6—Kcy¢lopropylmethoxy)41,3—
benzoxazol—Z—yl]—1—oxidepyridiﬁ—3—yl}oxy)—1—
methylethyl]carbamate

A mixture of tert-butyl [(1S)-2-({6-[6-
(cyclopropylmethoxy) -1, 3-benzoxazol-2-yl]pyridin-3-yl}oxy)-1-
methylethyl]carbamate (529 mg), m-chloroperbenzoic acid (602
mg) and acetonitrile (iO mL) was stirred at room temperature
for 8 hr. To the reaction mixture were added saturated sodium
hydrogen carbonate and aqueous sodium thiosulfate solution,
and the mixture was extracted with ethyl acetate. The obtained
organic layer was washed with saturatedvbriné, and dried over
anhydrous magnesium sulfate, and the solvent was evaporated
under reduced pressure. The residue was purified by silica gel
column chrdmatography (hexane/ethyl acetate) to give the title
compound as a pale-yellow sclid (134 mg). |
MS (ESI+): [M+H]" 456.4.
tO900]
B) N—[(1S)—2—({6—[6—(cYclopropylmethbxy)—1,3—bénzoxazol—2—yl]—
1—oxidepyridin—3—yl}oxyf—l—methylethyl]acetamide

Using tert-butyl [(1S)-2-({6-[6-(cyclopropylmethoxy)-1,3-
benzoxazol-2-yl]-1l-oxidepyridin-3-yl}oxy)-1-
methylethyl]carbamate, and in the same manner as in Example 1,

step D, the title compound was obtained.
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[0901]
Example 57 , ,
N—[(1S)—2—({6—[6—(cyclopropylmethoxy)—2—methyl—2}3—dihydro—l—
benzofuran—Z—yl]pYridin—3—yl}oxy)—1—methylethyl]acetaﬁide
[0902]
A) 1—[2—bromo—4e(cycloprolemethoxy)phenyl]propan—z—one

To a solution (50 mL) of 2-[2-bromo-4-

(cyclopropylmethoxy)phenyl] -N-methoxy-N-methylacetamide (3.00
g) in THF was added dropwise methylmagnesium bromide (19.6 mL,

1.4 M, a mixed solution of toluene—diethyl ether (3/1)) under

ice—cooling. " The mixture wasvstirred at room temperature for 3
hr, poured into saturated aqueous ammonium chloride solution,
and extracted with ethyl acetate. The obtained organic layer
was washed with saturated brine, and dried over anhydrous
magnesium sulfate, and the solvent was evapbrated under
reduced pressure. The residue was purified by silica gel

column chromatography (hexane/ethyl acetate) to give the title

'compound as a colorless oil (1.29 qg).

H NMR (300 MHz, DMSO-dg) & 0.20-0.40 (2H, m), 0.46-0.69 (2H,

m), 0.99-1.39 (1H, m), 2.14 (3H, s), 3.77-3.87 (4H, m), 6.91

(1H, dd, J = 8;5, 2.5 Hz), 7.14 (1H, d, J = 2.6 Hz), 7.20 (1H,

d, J = 8.7 Hz).

[0903]

B) N-[(1S)-2-({6~[6-(cyclopropylmethoxy)-2-methyl-2,3-dihydro-

1—benzofuran—2—yl]pyridin—3—yl}oxy)—1—methylethyl]acetamide
Using 1-{[2-bromo-4-(cyclopropylmethoxy)phenyl]propan-2-

one, and in the same manner as in Example 24, steps E and G-I,

the title compound was obtained.

[0904]

Example 58
N-[(1S)-2-({2-[6-(cyclopropylmethoxy) -1, 3-benzoxazol-2- -
yllpyrimidin-5-yl}oxy)-1-methylethyl]acetamide

[0905]

| A) 2-(5-bromopyrimidin-2-yl)-6-(cyclopropylmethoxy)-1, 3-

benzoxazole
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Using 5-bromopyrimidine-2-carboxylic acid and 4-

aminobenzene-1,3-diol hydrochloride, and in the same manner as
in Example 2, steps C-E, the title compound was obtained.

'H NMR (300 MHz, DMSO-d¢) & 0.29-0.43 (2H, m), 0.51-0.72 (2H,
m), 1.15-1.40 (1H, m), 3.93 (2H, d, J = 7.2 Hz), 7.09 (1H,'dd;
J=8.8, 2.4 Hz), 7.45 (1H, 4, J = 2.4 Hz), 7.79 (1H, 4, J =
8.8 Hz), 9.23 (2H, s).

[0906] ‘

B) 2-[5-(benzyloxy)pyrimidin-2-yl]-6-(cyclopropylmethoxy)-1,3-
benzoxazole

Under an argon atmosphere, a mixture of 2-(5-

bromopyrimidin-2-yl)-6-(cyclopropylmethoxy) -1, 3-benzoxazole
(260 mg),_benzyl'alcohol (812 mg), cesium carbonate (368 mg),
copper(I) iodide (14.3 mg), 1,10-phenanthroline (27.0 mg) and
‘toluene (5 mL) was stirred at 110°C for 3 days. The
precipitate was removed by filtration, and the filtfate was
concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (hexane/ethyl acetate) to
give the title compound as a pale-yellow solid (205 mg).

H NMR (300 MHz, DMSO-dg¢) & 0.31-0.43 (2H, m), 0.52—0.68‘(2H,
m), 1.16-1.34 (1H, m), 3.92 (2H, d, J = 7.2 Hz), 5.40 (2H, s),
7.05 (1H, dd, J = 8.9, 2.4 Hz), 7.32-7.59 (6H, m), 7.74 (1H, d,
J = 8.9 Hz), 8.83 (2H, s).

[0907]

C) N—[(IS)—2—({2—[6—(cyclopropylmethoxy)—1,3—benzoxazol—2—
yl]pyrimidin—S—yl}oxy)—l—methylethyl]acétamide

Using 2-[5-(benzyloxy)pyrimidin-2-yl]-6-

(cyclopropylmethoxy) -1, 3-benzoxazole, and in the same manner

as in Example 8, step H, Example 2, step A and Example 1, step

D, the title compound was obtained.
[0908]
Example 59

N—{(1S)—2—[4—(5—methoxy—2H—indazol—2~yl)phenoxy]—1—
methylethyl}acetamide
[0909]
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N-{ (1S)-2-[4- (5-methoxy-2H-indazol-2-yl)phenoxy]-1-

methylethyl}acetamide ,

Using [4-(benzyloxy)phenyllhydrazine hydrochloride (2.0
g) and l-bromo-2-(bromomethyl)-4-methoxybenzene (2.23 g), and
in the 'same manner as in Example 12, steps A-E, the title
compound was obtained as colorless crystals (75.06 mg).
[0910] |
Example 60
N-[(1S)-2-({6-[6~-(3,3-difluorobutoxy)-1,3-benzoxazol-2-yl]-5-
fluoropyridin-3-yl}oxy)-1l-methylethyl]acetamide
[0911]
A) 3,3-difluorocbutyl methanesulfonate

To a solution of 3,3—difluorobutan—l—ol (2.60 g) and
triethylamine (6.58 mL) in THF (50 mL) was added dropwise
methanesulfonyl chloride (2.74 mlL) at odc, and the mixture was
stirred at room temperature overnight. Water was added to the
reaction mixture, and the mixture was extracted with ethyl
acetate. The obtained organic léyervwas washed with saturated
brine, and dried over anhydrous magnesium sulfate, and the
solvent was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane/ethyl
acetate) to give the title compound as a pale-yellow oil (2.69
g).
'H NMR (300 MHz, DMSO-dg) & 1.66 (3H, t, J = 19.3 Hz), 2.38 (2H,
tt, J = 15.8, 6.4 Hz), 3.21 (3H, s), 4.34 (2H, t, J = 6.4 Hz).
[0912] 7
B) tert-butyl [(IS)-2—({6-[6—(3}3—difluorobutoxy)—1,3—
benzoxazol-2-yl]-5-fluoropyridin-3-yl}oxy)-1-
methylethyl]carbamate

Using tert-butyl [(15)—2—({6—[(2;4-
dihydroxyphenyl)carbamoyl]-5-fluoropyridin-3-yl}oxy)-1-
methylethyl]carbamate and 3,3-difluorobutyl methanesulfonate,

‘and in the same manner as in Example 2, steps C-D, the title

compound was obtained.

MS (ESI+): [M+H]" 496.1.
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[0913] : :
C) N—[(lS)—2~({6—[6—(3,3—difluorobutoxy)—i,3—bénzoxazol—2—yl]—
5-fluoropyridin-3-yl}oxy)-1l-methylethyl]acetamide ' '

Using tert-butyl [(lS)—2—({6—[6—(3,3—difluorobutoiy)—1,3—
benzoxazol—z—yl]—5—fluoropyridin—3—yl}oxy)~1— -
methylethyl]carbamate, and in the same manner as in Example '1,
step D, the title compound was obtained.

[0914]

Examplé 61
1—[(18)—2—{4—[6—(cyclopropylmethoxy)—2H—indazol—2—yl]phenoxy}—
l-methylethyl]urea |

[0915]

A mixture of tert-butyl [(1S)-2-{4—[6- -
(cydlopropylmethoxy)—2H—indaiol—2—yljphenoxy}—l—
methylethyl]carbamate (310 mg) and 4M hydrogen chloride/ethyl
acetate (5 mL) was ;tirred at rooﬁ temperature for 1 hr. To
the reaction mixture was addedvdiethyl ether, the resultant
precipitate was collected by filtration, and washed with ethyl
acetate to give (28)41—{4—[6—(cyclopropylmethoxy)—2H—indazol—
2-yl]lphenoxy}propan-2-amine hydrochloride (255 mg). A mixture
of (28)—1—{4—[6—(cyclopropylmethoxy)—2Hfinda201—2—
yl]phenoxy}propan—ZFamine hydrochloride (84 mg),
(trimethyl)silyl isocyanate (78 mg), triethylamine (68 mg) and
THF (1 mL) was stirred at room temperature overnight. The
solvent was evaporated under reduced pressure, and the residue
was diluted with ethyl acetate and THF, and the mixture was
washed with water. The separated aqueous layer was extracted
again with ethyl acetate. The combined organic layer was
washed with saturated brine, and dried over anhydrous
magnesium sulfate, and the solvent was evaporated under
reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate) to give the title
compound as colorless crystals (39.5 mg).

[0916]
Example 62

298



WO 2012/074126 _ PCT/JP2011/078010
1-[(1S)-2-{4-[6-(cyclopropylmethoxy)~2H-indazol-2-yl]phenoxy}-

1-methylethyl]-3-methylurea
[0917]
A mixture of tert-butyl [(1S)-2-{4-[6-

5 (cYclopropylmethoxy)—2H—indézol—2—yl]phenoxy}—l—
methylethyl]carbamate (310 mg) and 4M hydrogen chloride/ethyl
acetate (5 mL) was stirred at room temperature for 1 hr. To
the reaction mixture‘was added diethyl ether, and the
resultant precipitate was collected by filtration, and washed

10 with ethyl acetate to give (2S)-1-{4-[6-(cyclopropylmethoxy)-
2H-indazol-2-yl]phenoxy}propan-2-amine hydrochloride (255 mg).
A mixture of (ZS)—1—{4—[6—(cyclopropylmethoxy)—2Hfindazol—2—
yl]phenoxy}propan—Z—amine hydrochloride (84 mg), methyl
isbcyanate (38.5 mg), triethylamine (68 mg) and THE (1 mL) was

15 stirred at room temperature overnight. The solvent was
evaporated under reduced pressure, and the residue was diluted
with ethyl acetate, and the mixture was washed with water. The
separated aqueous layer was extracted again With eﬁhyl acetate.
The combined organic layer was washed with saturated brine,

20 and dried over anhydrous magnesium sulfate, and.the solvent
was evaporated under reducedlpressure. The residue was
bpurified by silica gel column chromatography (hexane/ethyl
acetate) to give the titlé compound as colorless crystals
(51.9vmg).

25 [0918]

Example 63

3—[(18)—2—{4—[6—(cyclopropylmethoxy)—2H—indazol—2—yl]phénoxy}—
" 1-methylethyl]-1,1-dimethylurea '

[0919]

30 A mixture of tert-butyl [(1S)-2-{4-[6-
(cyclopropylmethoxy)-2H-indazol-2-~yl]phenoxy}-1-
methylethyl]carbamate (310 mg) and 4M hydrogen chloride/ethyl
acetate (5 mL) was stirred at room temperature for 1 hr. To
the reaction mixture was added diethyl ether, and the »

35 resultant precipitate was collected by filtration, and washed
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with ethyl acetate to give (2S)-1-{4-[6-(cyclopropylmethoxy)-

2H-indazol-2-yl]phenoxyl}propan—-2-amine hydrochloride (255 mg).
A mixture of (2S)-1-{4-[6-(cyclopropylmethoxy)-2H~indazol-2-
yl]phenoxy}propan-2-amine hydrochloride (84 mg),
dimethylcarbamoyl chloride (72.5 mg), triethylamine (68 mg)

and THF (1 mL) was stirred at 50°C overnight. The solvent was
evaporated undef reduced'pressure, and the residue was diluted
with ethyl acetate, and the mixture was washed with water. The
sepérated aqueous layer was extracted again with ethyl acetate.
The combined organic layer was washed with satuiated brihe,'
and dried over anhydrous magnesium sulfate, and the solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane/ethyl
acetate) to give the title compound as a pale-~yellow powder
(42.8 mg) .

[0920]

Example 64

. N—[(lS)—2—{4—[6—(cyclopropylmethoxy)—7-fluoro—2H—indazol—2—

yl]lphenoxy}-l-methylethyl]acetamide
[0921] |
A) 4-(cyclopropylmethoxy)-2,3-difluorobenzaldehyde
Using 2,3-difluoro-4-hydroxybenzaldehyde (316 mg), and in

the same manner as in Example 2, step E, the title compound

'~ was obtained as a brown oil (397 mg).

'H NMR (300 MHz, CDCl3) & 0.40 (2H, g), 0.66-0.75 (2H, m),
1.25-1.41 (1H, m), 3.98 (2H, d, J = 6.8 Hz), 6.82 (1H, ddd, J
= 8.8, 6.9, 1.7 Hz), 7.54-7.65 (1H, m), 10.19 (1H, s).
[0922]
B) tert-butyl [(lS)—2—{4—[6—(cyclopropylmethoxy)—7—fluoro-2H—
indazol-2-yl]phenoxy}-1l-methylethyl]carbamate

A mixture of 4-(cyclopropylmethoxy)-2,3-
difluorobenzaldehyde (397 mg), tert-butyl [(1S)-2-(4-
aminophenoxy)-1l-methylethyl]carbamate (498 mg) and ethanol (12

mL) was stirred under reflux overnight. The reaction mixture

was concentrated under reduced pressure, sodium azide (507 mg)
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and DMF (8 mL) were added to the residue,‘and the mixture was

stirred at 140°C overnight. Water was added to the reaction

- mixture, and the mixture was extracted with ethyl acetate. The

separated aqueous layer was extracted again with ethyl acetate.
The combined organic layer was washed with saturated brine, '
and dried over anhydrous magnesium sulfate, and the solvent

was evaporated under reduced pressure. The residue was

purified by silica gel column chromatography (hexane/ethyl

acetate) to give the title compound as a yellow solid (74.5

ng) .
MS (ESI+): [M+H]® 456.0.
[0923]

C) N-[(1S)-2-{4-[6-(cyclopropylmethoxy)-7-fluorc-2H-indazol-2-
yl]phenoxy}—1—methyléthyl]acetamide

Using tert-butyl [(1S)-2-{4-[6-(cyclopropylmethoxy)-7-
fluo;o—ZH—indazol~2—yl]phenoxy}—l—methylethyl]carbamate (75.3
mg), and in the same manner as in Example 25, step G, the
title compound was obtained as colorless crystals (49 mg).
[0924]
Example 65
N-[(1S)-2-{4-[6- (cyclopropylmethoxy)-4-fluoro-2H-indazol-2-
yl]lphenoxy}-1-methylethyl]acetamide
[0925] _ »

Using 2, 6-difluoro-~4-hydroxybenzaldehyde (316 mg), and in
the same manner as in Example 2, step E, Example 64, step B
and Example 25, step G, the title compouhd was obtained as
colorless crystals (167 mg).
[0926] .
Example 66
N-[(1S)-2-{4-[6- (cyclopropylmethoxy)-5-fluoro-2H-indazol-2-
yllphenoxy}-1-methylethyl]acetamide
[0927]

Using 2,5-difluoro-4-hydroxybenzaldehyde (316 mg), and in
the same manner as in Example 2, step E, Example 64, step B

and Example 25, step G, the title compound was obtained as
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colorless crystals (33.6 mg).
[0928]
Example 67
N-[(1S)-2-{4-[6-(cyclopropylmethoxy)-2H-indazol-2-y1l]-3~
fluorophenoxy}~-1l-methylethyl]acetamide '
A) 4-(cyclopropylmethoxy)-2-nitrobenzaldehyde

Using 4-methyl-3-nitrophenol (49.1 g) and
(bromomethyl) cyclopropane (47.6 g), and?in the same manner as
in Example 25, steps A-C, the title compound was obtained as
yellow crystals (20.89 g).
'H NMR (300 MHz, CDCls) & 0.37-0.45 (2H, m), 0.66-0.77 (2H/'m),
1.22-1.39 (1H, m), 3.95 (2H, d; J = 7.2 Hz), 7.22 (1H, dd, J =
8.7, 2.7 Hz), 7.50 (1H, 4, J = 2.3 Hz), 7.97 (1H, 4, J = 8.7
Hz), 10.29 (1H, s).
[0929]
B) tert—bdtyl [(18)—2—{4—[6—(cyclopropylmetho$y)—2H—indazol—2f
Yl];3—fluorophénoxy}-l—methyléthyl]carbamate

Using 4—(cyclopropylmethoxy)—2—nitrobenzaldehyde (547 mqg)
and tert-butyl [(1S)-2-(4-amino-3-fluorophenoxy)-1-
methylethyl}éarbamate (703 mg), and in the same manner as in
Example 25, step F, the title compdund was obtained as yellow
solid (835 mg).
MS (ESI+): [M+H]* 456.4.
[09301 | ‘
C) (28)—1—{4—[6—(cyclopropylmethoxy)—2H-indazol—2—yl]—3—
fluorophenoxy}propan-2-amine

A mixture of tert-butyl [(1S)-2-{4-[6-
(cyclopropylmethoxy)—2H—indazol—2—yl]—3—fluorophenoxy}—1—
methylethyl]carbamate (544 mg) and 4M hydrogen chloride/ethyl
acetate (5 mL) was stirred at room temperature'for 1 hr. The
reaction mixture was concentrated under reduced preésure, to
the obtained residue was added saturated agqueous sodium
hydrogen éarbonate solution, and the mixture was extracted
twice with ethyl acetate. The combined organic layer was

washed with saturated brine, and dried over anhydrous
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magnesium sulfate, and the solvent was evaporated under
reduced pressure to give the title compound as an orange oil

(424 mg) .

- MS (ESI+): [M+H]® 356.2.

[0931]
D) N—[(1S)—2—{4—[6—(cyclopropylmethoxy)—2H—indazol—2—yl]—3—'
fluorophenoxy}-1l-methylethyl]jacetamide ' '

A mixture of (2S)-1-{4-[6~(cyclopropylmethoxy)-2H-
indazol-2-yl]-3-fluorophenoxyl}propan-2-amine (211 mg), acetyl
chloride (70 mg), triethylamine_(90 mg) and THF (4 mL)‘was
stirred at room temperature for 1 hr. The solvent was
evaporated under reduced pressure, and the residue was diluted
with ethyl acetate, and the mixture was washed with water. The
separated aqueous layer was extracted again with ethyl acetate.
The combined organic layer‘was washed with saturated brine,
and dried over anhydrous magnesium sulfate, and the solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column'chromatography (hexane/ethyl
acetate), and recrystallized (hexane/ethyl acetate) to give
the title compound as colorless crystals (94 mg).

[0932]

Example 68
l—[(15)—2—{4—[6—(cyclopropylmethoxy)—2H—indazol—2—yl]—3—
fluorophenoxy}-1l-methylethyl]urea

[0933] ’ |

A mixture of (25)—1—{4—[6—(cyclopropylmethoxy)—2H—
indazol—Z—yl]—3—fluorophenoxy}propan—Z—amine (211 mg),
(trimethyl)silyl isocyanate (137 mg) and THF (4 mL) was
stirred at room temperature overnight.' The solvent was
evaporated under reduced pressure, and the residue was diluted
with ethyl acetate, and the mixture was washed with water. The
separated aqueous layer was extracted again with ethyl acetate.
The combined organic layer was washed with saturated brine,

and dried over anhydrous magnesium sulfate, and the solvent

was evaporated under reduced pressure. The residue was
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purified by silica gel column chromatography (hexane/ethyl
acetate), and recrystallized (ethanol/ethyl acetate) to give
the title compound as colorless crystals (117 mg).

[0934]

Example 69 _
N—[(1S)—2—{4—[6—(cyclopropylmethoxy)—2H¥indazol—2—yl]—2—
fluorophenoxy}-1l-methylethyl]acetamide

[0935] ‘

Using 2-fluoro-4-nitrophenol (471 mg) and 4-
(cyclopropylmethoxy)-2-nitrobenzaldehyde (623 mg), and in the
same manner as in Example 25, steps D-G, the title compound
was obtained as colorless crystals (57 mg). _

[0936]

Example 70 ‘
N-[(1S)-2-{4-[6-(cyclopropylmethoxy)-2H-indazol-2-yl]-2,5-
difluorophenoxy}-l-methylethyl]acetamide

[0937) |

Using 2,5—difluoro—4—nitrophehol (525 mg) and 4-
kcyclopropylmethoxy)—2—nitrobenzaldehyde (231 mg), and in the
same manner as in Example 25, steps D-G, the title compound
was obtained as. colorless crystals (59.6 mg).

[0938]

Example 71
N-[(1S)-2-{4-[7-chloro-6-(cyclopropylmethoxy)-2H-indazol-2-
yl]lphenoxy}-1l-methylethyl]acetamide

[0939] ’

A) 6—(cyclbpropylmethoxy)—2—(4—{[tris(l—
methylethyl)silyl]oxy}phenyl)-2H-indazole

Under a hydrogen atmosphere, a mixture of tris(l-
methylethyl) (4-nitrophenoxy)silane (1.50 g), 10%
palladium/carbon (containing water (50%), 150 mg) and ethyl
acetate (20 mL) was stirred at room temperature for 1 hr. The
catalyst was removed by filtration, and the obtained filtrate

was concentrated under reduced pressure. A solution of the

obtained brown oil and 4-(cyclopropylmethoxy)-2-
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nitrobenzaldehyde (1.12 g) in ethanol (20 mL) was stirred at

70°C overnight. The reaction mixture was concentrated under
reduced pressure, triethyl phosphite (5 mL) was added thereto,‘
and the mixture was stirred at 130°C for 4 hr. "The reéction
mixture was purified by silica gel column chromatography
’(hexane/éthyl acetate) to give the title compound as a yellow
solid (6.53 g).
'H NMR (300 MHz, CDCls) & 0.36-0.44 (2H, m), 0.61-0.73 (2H, m),
1.09-1.16 (18H, m), 1.24-1.39 (4H, m), 3.87 (2H, d, J = 6.8
Hz), 6.84 (1H, dd, J = 9.0, 2.3 Hz), 6.93-7.02 (3H, m), 7.56
(1H, 4, J = 9.0 Hz); 7.64-7.72 (2H, m), 8.20 (1lH, s).
[0940]
B) 7-chloro-6-(cyclopropylmethoxy)-2-(4-{[tris(1-
methylethyl)silyl]oxy}phenyl)-2H-indazole
A mixture of'6—(cyclopropylmethoxy)—2—(4—{[tris(l—\
'methylethyl)silyl]oxy}phenyl)—2H—indaéole (1.23 g), N-
chlorosuccinimide (389 mg) and acetic acid (10 mL) was stirred
at 100°C overnight. vThe reaction mixture was neutralized with
saturated aqueous sodium hydrogen carbonate solution, and
extraéted with ethyl acetate. The separated organic layer was
washed with saturated brine, and dried over anhydrous
magnesium sulfate, and the solvent was evaporated under
redﬁced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate) to give the title
compound as a pale-yellow oil (1.20 g).
'H NMR (300 MHz, CDCls) 8 0.35-0.43 (2H, m), 0.58-0.69 (2H, m),
1.10-1.14 (18H, m), 1.25-1.39 (4H, m), 4.01 (2H, 4, J = 7.2
Hz), 6.93—7.03'(3H, m), 7.56 (1H, d, § = 9.1 Hz), 7.68-7.77
(2H, m), 8.29 (1H, s).
[0941] v
C) 4-[7-chloro-6-(cyclopropylmethoxy)-2H-indazol-2-yl]phenol
To a solution of 7-chloro-6-(cyclopropylmethoxy)-2-(4-
‘{[tris(l—methylethyl)silyl]oxy}phenyl)—2H—indazole (112 mg) in
THF (1 mL) was added a THF solution (1.0 M, 0.71 mL) of

tetrabutylammonium fluoride at room temperature, and the
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mixture was stirred for 1 hr. The solvent was evaporated under

reduced pressure, water was added to the residue, and the

mixture was extracted with ethyl acetate. The separated

‘aqueous Iayer was extracted again with ethyl acetate. The

combined organic layer was washed with saturated brine, and

dried over anhydrous magnesium sulfate, and the solvent was

evaporated under reduced pressure. The residue was purified by

silica gel column chromatography (hexane/ethyl acetate) to
give the title compound as colorless crystals (44.6 ﬁg).
MS (ESI+): [M+H]' 315.1.
[0942] : _
D) N-[(1S)-2-{4-[7-chloro-6-(cyclopropylmethoxy)-2H-indazol-2-
yl}phenoxy}—l—methylethyl]acetamide |
Using 4-[7-chloro-6-(cyclopropylmethoxy)-2H-indazol-2-
yvllphenol (43 mg), and in the same manner as in Example 25,
steps D and G, the title compound was obtained as colorless
crystals (20.4 mg). '
[0943]
Example 72
N-[(1S)-2-{4-[6-(cyclopropylmethoxy)-3-methyl-2H-indazol-2-
yl]lphenoxy}-1l-methylethyl]acetamide |
[0944] '
A) 6-(cyclopropylmethoxy)~-3-methyl-2-(4-{[tris(1-
methylethyl)silyl]oxy}phenyl)-2H-indazole
To a solution of 6-(cyclopropylmethoxy)-2-(4-{[tris (1~
methylethyl)silyl]oxyl}phenyl)-2H-indazole (218 mg) in THF (5
mL)'Was added dropwise a THF solution (1.11 M, 0.59 mL) of
lithium diisopropylamide at -78°C under an argon atmosphere,
and the mixture was stirred for 30 min. To the reaction
mixture was added methyl iodide (142 mg) at -78°C, and the

mixture was stirred for 1.5 hr. Water was added to the

- reaction mixture, and the mixture was extracted twice with

ethyl acetate. The combined organic layer was washed with
saturated brine, and dried over ahhydrous magnesium sulfate,

and the solvent was evaporated under reduced pressure. The
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residue was purified by silica gel column chromatography
(hexane/ethyl acetate) to_give the title compound as a
colorless oil (159 mg). ’ '
MS (ESI+): [M+H]" 451.3.
[0945]
B) N-[(1S)-2-{4-[6-(cyclopropylmethoxy)-3-methyl-2H-indazol-2-
yl]phenoxy}-1l-methylethyl]acetamide

Using 6—(cyclopropylmethoxy)—3—methyl—2—(4—{[tris(l—
methylethyl)siiyl]oxy}pheﬁyl)—2H—indazole (271 mg); and in the
same manner as in Example 71, step C, Example 25, step D and
step G, the title compound was obtained as colorless crystals
(156 mg) .
[0946]
Example 73
N—[(ls)—é—{4—[6—(cyclopropylmethoxy)—3—fluoro—2H—indazol—2—
y1llphenoxy}-1-methylethyl]acetamide
[0947]
A) 6-(cyclopropylmethoxy)-3-fluoro-2-~(4-{[tris(1-
methylethyl)silyl]oxy}phenyl)-2H-indazole
[0948] _

. To a solution of 6—(cyclopropylméthoxy)—2—(4—{[tris(l—
methylethyl)silyl]oxy}phenyl)-2H-indazole (218 mg) in THF (2.5
mL) was added dropwise a THF solution (1.11 M, 0.59 mL) of
lithiumdiisopropylamide at -78°C under an argon atmosphere, and
the mixture was stirred for 30 min. To the reaction mixture
was added N-fluorobenéenesulfonimide (236 mg) at -78°C, and the
mixture was stirred at 0°C for 1.5 hr. Water was added to the
reaction mixture, and the mixture was extracted twice with
ethyl acetate. The combined organic layer was washed with
saturated brine, and dried over anhydrous magnesium sulfate,
and the solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(hexane/ethyl acetate) to gi?e the title compound as colorless
crystals (110 mg).

MS (ESI+): [M+H]* 455.2.
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[0949]

B) N—[(1S)—2—{4—[6—(cyclopropylmethoxy)—3—fluoro—2H—indazol—2—
yl}phenoxy}—1—methylethyl]acetamide
Using 6-(cyclopropylmethoxy)-3-fluoro-2-(4-{[tris(1l-
methylefhyl)silyl]oxy}phenyl)—2H—indazole (165 mg), and in the
same manner as in Example 71, step C and Example 25, steps D
and G, the title Compound was obtained as colorless crystals
(97 mg).
[0950]
Example 74 _ _
N-[(1S)-2-{4-[7-bromo-6- (cyclopropylmethoxy)-2H-indazol-2-
.yl]phenoxy}—l—methylethyl]acetamide
[0951]
A) 7—bromo—6—(cyclopropylmethoxy)—2—(4—{[triskl-
methylethyl)silyl]oxy}phenyl)-2H-indazole
To a solution of 6- (cyclopropylmethoxy)-2-(4-{[tris(1-
methylethyl)silyl]oxy}phenyl)-2H~indazole (1.31 g) in ethyl
acetate (15 mL) were added N-bromosuccinimide (0.56 g) and
azobisisobutyronitrile (99 mg), and the mixture was stirred at
80°C for 3 hr. Water was addéd to the reaction mixture, and
the mixture was extracted twice with ethyl acetate. The
combined organic layer was washed with saturated brine, and
dried over anhydrous magnesium sulfate, and the solvent was
evaporated under reduced pressure. The residue was purified by
silica gel column chromatography (hexane/ethyl acetate) to
give the title dompound as an orange oil (1.41 g).
'H NMR (300 MHz, CDCls) & 0.35-0.45 (2H, m), 0.59-0.69 (2H, m),
1.09-1.16 (18H, m), 1.21-1.41 (4H, m), 4.01 (2H, 4, J = 6.8
Hz), 6.94 (1H, d, J = 9.1 Hz), 6.96-7.03 (2H, m), 7.59 (1H, 4,
J = 9.1 Hz), 7.70-7.78 (2H, m), 8.33 (1lH, s).
[0952] ,
B) N—[(1S)—2—{4—[7—bromo-6—(cylepropylmethoxy)—2H-indazol—2—
yl]phenoxy}-1l-methylethyl]lacetamide
Using 7-bromo-6-(cyclopropylmethoxy)-2-(4-{[tris(1-
methylethyl)silylloxy}phenyl)-2H-indazole (920 mg), and in the
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same manner as in Example 71, step C and Example 25, steps D

and G, the title compound was obtained as colorless crystals
(585 mg) .
[0953]
Example 75
N—[(1S)—2—[4—[6—(cyclopropylmethoxy)—3—(trifluoromethyl)—2H—
indazol—Z—yl]phenogy}—l—methylethyl]acetamide
[0954] |
A) 6-(cyclopropylmethoxy)-3-iodo-2-(4-{[tris(1-
methylethyl)silyl]oxy}pheﬁyl)=2H—indazole

To a solution of 6-(cyclopropylmethoxy)-2-(4-{[tris(1l-
methylethyl)silyl]oxy}phenyl)-2H-indazole (803 mg) in THF (6
mL) was added dropwise a THF. solutien (1.11 M, 3.3 mL) of
lithiumdiisopropylamide at -78°C under an argon atmosphere, and
the mixture was stirred at 0°C for 2 hr. To the reaction
mixture was added a solution of iodine (933 mg) in THF (3 mL),
and the mixture was stirred at 0°C for 1 hr. To the reaction
mixture was added saturated aqueous sodium thiosulfate
solution, and the mixture was extracted twice with ethyl
acetate. The combined organic layer was washed with saturated
brine, and dried over anhydrous magnesium sulfate, and the
solvent was evaporated under reduced pressure. The obtained
crystals were recrystallized from methanol to give the title
compound as colorless crystals (782 mg).
MS (ESI+): [M+H]" 563.3.
[0955]
B) methyl ({4-[6-(cyclopropylmethoxy)-3-(trifluoromethyl)-2H-
indazol-2-yl]lphenoxy}sulfonyl) (difluoro)acetate
‘ A mixture of-6—(cyclopropylmetﬁoxy)—3—iodo—2—(4—{[tris(l—
methylethyl)silyl]oxy}phenyl)-2H-indazole (500 mg), copper(I)
iodide (169 mg), methyl difluoro(fluorosulfonyl)acetate (1.71
g) and DMF (4 mL) was stirred at 80°C for 1 hr under an argon
atmosphere. The reaction mixture was filtered through celite,
and the filtrate was concentrated under reduced pressure.

Saturated aqueocus ammonium chloride solution was added to the
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residue, and the mixture was extracted twice with ethyl 7
acetate. The combined organic layer was washed with saturated
brine, and dried over anhydrous magnesium sulfate, and the
solvent was evaporated under reduced pressure. The residue_was
purified by silica gel column chromatography (hexane/ethyl
acetate) to give the title compound as colorléss crystals (365

mg) .

' MS (ESI+): [M+H]* . 521.0.

[0956]
C) 4—[6—(cyclopropylméthoxy)—3—(trifluoromethyl)—2H—indazol—2—
yl]lphenol 7

To a solution of methyl ({4-[6-(cyclopropylmethoxy)-3-
(trifluoromethyl);2H—indazol—2—
yllphenoxy}sulfonyl) (difluoro)acetate (365 mg) in methanol (4
mL) was added dropwise 27% sodium methoxide methahol solution
(1 mL) at room temperature, and the mixture was stirred for 3
hr. The reaction mixture was neutralized with saturated
agqueous ammonium chloride solution, and extracted twice with
ethyl acetate. The combined organic layer was washed with
saturated brine, and dried over énhydrous magnesium sulfate,
and the solvent was evaporated under reduced pressure. The
fesidue was purified by silica gel column chromatography
(hexane/ethyl acetate) to give the title compound as a
colorless powder (179 mg).
MS (ESI+): [M+H]" 349.3.
[0957]
D) N-[(1S)-2-{4-[6-(cyclopropylmethoxy)~-3~-(trifluoromethyl) -
2H-indazol-2-yl]phenoxy}-1l-methylethyl]acetamide

Using 4-[6-(cyclopropylmethoxy)-3-(trifluoromethyl)-2H-
indazol—2¥yl]phenol (179 mg), and in the same manner és in
Example 25, steps D and G, the title compound was obtained as
colorless crystals (117 mg).
[0958]
Example 76
N-[(1S)-2-{4-[3-cyano-6-(cyclopropylmethoxy)-2H-indazol-2-"
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yl]lphenoxy}-l-methylethyl]acetamide
[0959]
A) 6-(cyclopropylmethoxy)-2-(4-{[tris(1-
methylethyl)silylloxy}phenyl)-2H-indazole-3-carbonitrile

A mixture of 6—(cyclopropylmethoxy)—3—iodo—2—(4—{[tris(l—
methylethyl)silyl]oxylphenyl)~-2H-indazole (281 mg),
tris(dibenzylideneacetone)dipalladium(0) (92 mg), 1,1"-

bis (diphenylphosphino) ferrocene (111 mg), zinc cyanide (88 mg),

~zinc powder (33 mg) and N,N-dimethylacetamide (3 mL) was

stirred at 120°C for 1.5 hr under an argon atmosphere. The
reactioﬁ mixture was filtered through eilica gel, and the
filtrate was concentrated under reduced pressure. To the
residue was added water, and the mixture was extracted with
ethyl acetate. The combined organic layer was washed three
times with saturated brine, and dried over anhydrous magnesium
sulfate, and the solvent was evaporated under reduced pressure.
The residue was purified by silica gel column chromatography
(hexane/ethyl acetate) to give the title compound as colorless
crystals (189 mg). 7
'H NMR (300 MHz, CDCl3) 6 0.36-0.45 (2H, m), 0.64-0.75 (2H, m),
1.10-1.16 (18H, m), 1.23-1.38 (4H, m), 3.88 (2H, d, J = 6.8
Hz), 6.99-7.07 (3H, m), 7.07-7.12 (1H, m), 7.63-7.73 (3H, m).
[0960] '
B) N-[(1S)-2-{4-[3-cyano-6~(cyclopropylmethoxy)-2H-indazol-2-
yllphenoxy}l-1l-methylethyl]acetamide

Using 6-(cyclopropylmethoxy)-2-(4-{[tris(1-
methylethyl)silyl]oxylphenyl)-2H-indazole-3-carbonitrile (187
mg), and in the same manner as in Example 71, step C and
Example 25, steps D and G, the title compound was obtainedlas
colorless crystals (76.7 mg).
[0961]
Example 77 ,
N-[(1S)-2-{4-[7-cyano-6-(cyclopropylmethoxy)-2H-indazol-2-
yl]phenoxy}—l—methylethyl]acetamide |
[0962]
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A mixture of N-[(1S)-2-{4-[7-bromo-6—

(cyclopropylmethoxy) -2H-indazol-2-yl]phenoxy}-1-
methylethyl]lacetamide (150 mg), o
tris(dibenzylideneacetone)dipalladium(O) (45 mqg), 1,1’f
bis(diphenylphosphino)férrocene (54.4 mg), zinc cyanide (57.7
mg), zinc powder (10.7 mg) and N,N-dimethylacetamide (3 mL)
was stirred at 120°C.for 1.5 hr under an argon atmosphere.‘ The
reaction mixture was filtered through silica gel, and the
filtrate was concentrated under reduced pressure. To the
residue was added water, and the mixture wés extracted with
ethyi acetate. The combined organic layer was washed three
times with saturated brine, and dried over anhydrous magnesium
sulfate, and the solvent was evaporated under reduced pressure.

The residue was purified by silica gel column chromatography

»(hexane/ethyl acetate) to give the title compound as colorless

crystals (54.5 mg).
[0963]
Example 78

N-[(1S)-2-{4-[6- (cyclopropylmethoxy)~7-methyl-2H-indazol-2-

yl]phenoxy}-1l-methylethyl]acetamide
[0964] o

A mixture of N-[(1S)-2-{4-[7-bromo-6-
(cyclopfopylmethoxy)—2H—indazol—2—yl]phenoxy}—l—
methylethyl]lacetamide (200 mg),
tetrakis(triphenylphosphine)palladium(O) (101 mg),
methylboronic aCid'(ISi mg), agqueous sodium carbonate solution

(2M, 0.66 mL) and toluene (1 mL) was stirred at 120°C for 1 hr
under an argon atmosphere. The reaction mixture was purified
by silica gel column chromatography (hexane/ethyl acetate),
and separated by HPLC (C18, mobile phase: water/acetonitrile

(containing 0.1% TFA)). To the obtained fraction was added

7saturated aqueous sodium hydrogen carbonate solution, and the

mixture was extracted with ethyl acetate. The obtained organic

layer was dried over anhydrous magnesium sulfate, and

concentrated under reduced pressure to give the title compound

312



10

15

20

25

30

35

WO 2012/074126 : PCT/JP2011/078010

as colorless crystals (22.5 ﬁg).

[0965]

Example 79 _ ,
N—[(1S)—2—{4—[6—(cyclopropylmethoxy)—2H—indazol—2—yl]—2—'
methylphenoxy}—1—methy1ethyl]acetamide -

Using 2-methyl-4-nitrophenol (306 mg), and in the same
manner as in Example 25, steps D-G, the title compound was
obtained as colorless crystals (115 ng) .

[0966]

Example 80
N-[(18)-2-{4-[6- (cyclopropylmethoxy)-2H-indazol-2-yl]-3-
methylphenoky}—1—methylethyl]acetamide

Using 3-methyl-4-nitrophenol (306 mg), and in the same
manner as in Example 25, steps D-G, the title compound was
obtained as colorless crystals (137 mg) .

[0967]

Example 81
N—[(lS)—Z—{4—{6—(cyclopropylmethoxy)—2H—indazol—2—yl]—3,5—
difluorophenoxy}—l—methylefhyl]acetamide

[0968]

A) 2,6—difluord—4—{[tris(l—methylethyl)silyl]oxy}aniline

A mixture of 4-amino-3,5-diflucrophenol (580 mg),
imidazole (354 mg), triisopropylsilane chioride (848 mg) and
DMF (12 mL) Was stirred at room temperature overnight. The
sol&ent was evaporated under reduced pressure, water was added
to the residue, and the mixture was extracted with ethyl
acetate. The separated aqueous layer was extracted again with
ethyl acetate. The combined organic layer was washed with
saturated brine, and dried over anhydrous magnesium sulfate,
and the solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(hexane/ethyl acetate) to give the title compound as a pale-
brown oil (1.0 g). ‘

'H NMR (300 MHz, CDCls) & 1.06-1.11 (18H, m), 1.14-1.32 (3H, m),
'3.38 (2H, brs), 6.28—6.53 (2H, m).
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[0969]

B) N-[(1S)-2-{4-[6~(cyclopropylmethoxy)-2H-indazol-2-yl]-3,5-.
diflucrophenoxy}-1l-methylethyl]acetamide '

Using 2,6—difluoro—4—{[tfis(l—
methylethyl)silyl]oxylaniline {1.0 g) and 4-
(cyclopropylmethoxy)—2—nitrobenzaldehyde (734 -mg), and in the
same manner as in Example 25, step F, Example 71, step C and
Example 25, steps D and G, the title éompound wasrobtained as
colorless crystals (27.6 mg).

[0970]

Example 82 _
N—[(lS)—2—{3—chloro—4~[6—(cyclopropylmethoxy)—2H—indazol—2—
yllphenoxy}—-1l-methylethyl]acetamide -

[0971] |

Using 4—amino—3—chlorophenol hydrochloride (580 mg) and
4- (cyclopropylmethoxy)-2-nitrobenzaldehyde (353 mg), and in.
the same manner as in Example 81, -step A, Exémple 25, step F,
Example 71, step C and Example 25, steps D and é, the title
compound was obtained as colorless crystals (263 mg).

[0972] | |

Example 83
N—[(1S)—2—{4—[6—(cyciopropylmethoxy)imidazo[l,Z—a]pyridin—Z—
yl]phenoxy}—l—methylethylIacetamide_ |

[0973]

A) 2-bromo-5-(cyclopropylmethoxy)pyridine

Using 6~bromopyridin-3-ol (5.22 g), and in the same
manner as in Example 2, step E, the title compound was
obtained as a colorless oil (6.82 g).

MS (ESI+): [M+H]® 228.1.
[0974] _
B) 5-(cyclopropylmethoxy)pyridin-2-amine

A mixture of 2¥bromof5—(cyclopropylmethoxy)pyridine (5.65
g), tris(dibenzylideneacetone)dipalladium(0) (454 mg), 1,1"-
binaphthalene-2,2’ -diylbis (diphenylphosphine) (925 mg), 1,1-
diphenylmethanimine (5.42 g), sodium t-butoxide (3.33 g) and
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toluene (50 mL) was stirred at 80°C for 3 hr under an argon
atmosphere. The reaction mixture was concentrated under
reduced pressure, and the residue was diluted with THF (15 mL) .

1M Hydrochloric acid (15 mL) was added thereto, and the

‘mixture was stirred at room temperature for 30 min. 6M

Hydrochloric acid (6 mL) was added thereto, and the organic
layer was separated from the aqueous layer. The separated
organic layer waé extracted with 1M hydrochloric acid. The
combined aqueous layer was neutralized with 8M aqueous sodium
hydroxide solution, and extracted twice with ethyl acetate.
The combined organic layer. was washed with saturated brine,
and dried over anhydrous magnesium sulfate, and the solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane/éthyl
acetate), and recrystallized (hexane/diethyl ether) to give
the title compound as colorless crystals (3.67 g).
MS (ESI+): [M+H]" 165.1.
[0975] _' ’
C) 4—[6—(cyclopropylmethoxy)imidazo[l,2—a]pyridin—2—yl]phenol
A mixture of 5-(cyclopropylmethoxy)pyridin-2-amine (328

mg), 2-bromo-1-(4-hydroxyphenyl)ethanone (430 mg) and ethanol
(10 mL) was stirred ét 80°C for 4 hr. The reaction mixture was
allowed to cool to room temperaﬁure, and the resulting
crystals were collected by filtration. The obtained crystals
were dissol#ed in saturated aqueous sodium hydrogen carbonate
solution and THF, and the solution was extracted twice with
ethyl acetate. The combined organic layer was washed with
saturated brine, and dried over anhydrous magnesium sulfate,
and the solvent was evaporated under reduced pressure to give
the title compound as a brown solid (561 mg).
MS (ESI+): [M+H]® 281.2.
[0976]
D) N-[(1S)-2-{4-[6-(cyclopropylmethoxy)imidazo[l,2~a]lpyridin-
2-yl]phenoxy}—l—methylethyl]acetamide

| Using 4—[6—(cyclopropylmethoxy)imidazo[l,Z—a]pyridin—Z?
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yl]phenol (561 mg), and in the same manner as in Example 25,

steps D and G, the title compound was obtained as colorless

crystals (39.8 mg).

[0977] ‘

Example 84 . 7 ‘

N-[(1S)-2-{4-[6-(cyclopropylmethoxy)pyrazolo[l,5-a]lpyridin-2-

yllphenoxy}-1-methylethyl]acetamide ' '

[0978] |

A) tert-butyl [(1S)—2—(4—ioddphenoxy)—1—methylethyl]carbamate
Using 4—iodophenol (5.50 g), and in the same manner as in

Example 1, step B, the title compound was obtained as

colorless crystals (4.71 g).

MS (ESI+): [M+H-Boc]® 278.0.

[0979] |

B) 5—(cyclopfopylmethoxy)—z—[(trimethylsilyl)ethynyl]pyridine
A mixture of 2-bromo-5-(cyclopropylmethoxy)pyridine

(1.145 g), bis(triphenylphosphine)palladium(II) dichloride

(175 mg), copper(l) iodide (48 mg), trimethylsilylacetylene

(737 mg), triethylamine (759 mg) and DMF (15 mL) was stirred

at room témperaturé overnight under an argon atmosphere. The

reaction mixture was concentrated under reduced pressure, and

the residue was diluted with ethyl acetate and water, and the

mixture was filtered-through celite. The aqueous layer was

separated from the organic layer. The separated aqueous layer

was extracted again with ethyl acetate. The combined organic

layer was washed with saturated brine, and dried over

anhydrous magnesium sulfate, and the solvent was evaporated

under reduced pressure. The residue was purified by silica gel’

column chromatography (hexane/ethyl acetate) to give the title

compound as a yellow oil (774 mg).

MS (ESI+): [M+H]" 246.1.

[0980]

C) 5-(cyclopropylmethoxy)-2-ethynylpyridine

_ To a solution of 5~ (cyclopropylmethoxy)-2-
[ (trimethylsilyl)ethynyl]lpyridine (773 mg) in THF (15 mL) was
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added a THF solution (1.0 M, 4.1 mL) of tetrabutylammonium

fluoride at room temperature, and the reaction mixture was
concentrated under reduced pressure. The residue was diluted
with ethyl acetate and water, and the aqﬁeous layer was
separated from the organic layer. The separated aqueous layer
was extracted again with ethyl acetate.” The combined organic -
layer was washed with saturated brine, and dried over
anhydrous magnesium sulfate, and the solvent was evéporated
under reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate) to give the title
compound as a colorless oil (591 mg). |

MS (ESI+): [M+H]' 174.2.

[0981]

D) tert-butyl [(1S)-2-(4-{[5-{cyclopropylmethoxy)pyridin-2-
yllethynyl}lphenoxy)-l-methylethyl]carbamate

A mixture of 5—(cyclopropylmethoxy)FZ—ethynylpyridine
(591 mg), tert-butyl [(1S)-2-(4-iodophenoxy)-1-
methylethyl]éarbamate (1.67 g),
bis(triphenylphosphine)palladium(II) dichloride (120 mg),
copper (I) iodide (32.5 mg), triethylamine (518 mg) and DMF (10
mL) was stirred at 60°C 0vernight under an argdn atmosphere.
The reaction mixture was concentrated under reduced pressure,
and the residue was diluted with ethyl acetate and water,
filtered through celite, and the aqueous layer was separated
from the organic layer. The separated aqueous layer was
extracted again with ethyl acetate. The combined organic layer
was washed with saturated brine, and dried over anhydrous
magnesium sulfate, and the solvent was evaporated under
reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate) to give the title
compound as a yellow solid (1.40 g). '
MS (ESI+): [M+H]' 423.2.
[0982]
E) tert-butyl [(1S)-2-{4-[6-(cyclopropylmethoxy)pyrazolo[l, 5-
a]pyridin—2—yl]phenoxy}—l—methylethyl]carbamate
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(Aminooxy)(hydroxy)sulfanevdioxide (679 mg) was dissolved
in water (3 mL),»and saturated aqueous sodium hydrogen

carbonate solution was added dropwise thereto at 0°C to

neutralize the solution. To the obtained mixture was added a

solution of tert-butyl [(1S)-2-(4-{[5-

(cyclopropylmethoxy)pyridin—nyl]ethynyl}phenoxy)—1—
methylethyl]carbamate'(645 mg) in methanol (5 mL) at room
temperature, and the mixture was stirred at 60°C overnight, and
concentrated under reduced pressure. To the residue were added
DMF (S mL) and potassium carbonate.(829 mg), and the mixture
was stirred at room temperature for 4 hr. The reaction mixture
was concentrated under reduced pressure, the residue was
diluted with ethyl acetate ahd water, and the aqueous layer
was sgparated from the organic layer. The separated aqueoﬁs
layer was extracted again with ethyl acetate. The combined
organic layer was washed with saturated brine, and dried over
anhydrous magnesium sulfate, and the solvent was evaporated
under reduced pressure. The residue was purified by silica gel
column chromatography. (hexane/ethyl acetate) to give the title
compouhd as a colorless solid (134 mg).
MS (ESI+): [M+H]" 438.2.
[0983]
F) N—[(1S)—2—{4;[6—(cyclopropylmethoxy)pyrazolo[1,5—a]pyridin—
2-yllphenoxy}-1l-methylethyljacetamide

Using tert-butyl [(1S)-2-{4-[6-
{(cyclopropylmethoxy)pyrazoleo[l,5-a]pyridin-2-yl]phenoxy}-1~
methylethyl]carbamate (134 mg), and in the same manner as ini
Example 25, step G, the title compound was obtained as
colorless drystals (89.8 mg).
[0984]
Example 85
N-{(1S)-2-[4-(6-ethoxypyrazolo[l, 5-alpyridin-2-yl)phenoxy]-1-
methylethyllacetamide
[0985]
A) 5-ethoxy-2-[(trimethylsilyl)ethynyl]lpyridine
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Using 6—bromopyridin—3—ol'(3.48 g), and in the same
manner as in Example 25, step A and Example 84, step B, the
title compound was obtained as a yéilow oil (2.74 g);-
MS (ESI+): [M+H]* 220.1. '
[0986]
B) 5-ethoxy-2-ethynylpyridine

To a.salution of 5eeth02y—2—

[(trimethyléilyl)ethynyl]pyridiné (2.74 g) in methanol (40 mL)

" was added 8M aqueous sodium hydroxide solution (3.73 mL) at

room temperature, and the reaction mixture was concentrated
under reduced pressure. The residue was diluted with ethyl
acetate and water, and the aqueous layer was separated from
the organic léyer. The separated aqueous layer waé extracted
again with ethyl acetate. The combined organic layer was

washed with saturated brine, and dried over anhydrous

‘-magnesium sulfate, and the solvent was evaporated under

reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate) to give the title
compound as a pale-brown powder (1.72 g).-
MS (ESI+): [M+H]" 148.3.
[0987] '
C) tert-butyl [(18)—2—{4—[(5—ethoxypyridin—2—
yl)ethynyllphenoxy}-1l-methylethyl]carbamate

Using 5—ethoxy—2—ethynylpyridine (1.63 g), and in the
same manner-as in Example 84, step D, the title compound was

obtained as a yellow powder (2.22 g)..

- MS (ESI+): [M+H]® 397.3.

(0988] :
D) tert-butyl {(1S)-2-[4-(6-ethoxypyrazolo[l,5-alpyridin-2-
yl)phenoxy]-1l-methylethyl}carbamate

To a solution of tert-butyl [(1S)-2-{4-[(5-ethoxypyridin-
2—yl)ethynyl]phenoxy}—1—méthylethyl]carbamate (2.25 g) in THF
(30 mL) was added 2-{ (aminooxy)sulfonyl]-1,3,5-
trimethylbenzene (1.75 g, containing water) at room

temperature, and the mixture was stirred for 1 hr, and
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concentrated under reduced pressure. To the residue were added
DMF (20 mL) and potassium carbonate (1.18 g), and the mixture
was stirred at room temperature for 2 hr. The reaction mixture
was concentrated under reduced pressure, and the residue was
diluted with ethyl acetate and water, and the aqueous layer
was separated from the organic layer. The separated agqueous
layer was extracted again with ethyl acetate. The combined
organic layer was washed with saturated brine, and dried over
anhydrous magnesium sulfate, and the solvent was evaporated
under reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate) to give the title
compound as colorless‘crystals (1.18 g).

MS (ESI+): [M+H]® 412.3.

[0989] ‘

E) N—{(1S)—2—[4—(6—ethoxypyrazolo[1,5—a]pyridin—2—yl)phenoxy]—
l-methylethyllacetamide _ ,

' Using tert-butyl {(1S)-2-[4-(6-ethoxypyrazolo[l,5-
alpyridin-2-yl)phenoxy]-1l-methylethyl}carbamate (200 mg), and
in the same manner as in Example 25, step G, the title
compound was obtained as colorless crystals (75 ng) .

[0990]

- Example 86

N-{(1S)-2-[4-(6-ethoxy-3-fluoropyrazolo[l,5-a]pyridin-2-
yl)phenoxy]}-1l-methylethyl}acetamide

[0991]

A) tert-butyl {(18)-2-[4-(6-ethoxy-3-fluoropyrazolo[l,5-

alpyridin-2-yl)phenoxy]-l-methylethyl}carbamate

A mixture of tert-butyl {(1S)-2-[4-(6-ethoxypyrazolo[1l,5-
alpyridin-2-yl)phenoxy]-1-methylethyl}carbamate (400 mg),
1,1’ -difluoro-2,2’-bipyridinium bis(tetrafluoroborate) (358
mg) and acetonitrile (3 mL) was stirred at room temperature
for 3 hr. The reaction mixture was neutralized with saturated

aqueous sodium hydrogen carbonate solution, and extracted with

‘ethyl acetate. The separated organic layer was washed with

water and saturated brine, and dried over anhydrous magnesium
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sulfate, and the solvent was evaporated under reduced pressure.
The residue was purified by silica gel column chromatography
(hexane/ethYl acetate) to give the title compound as colorlesé
crystals (129 mg).

'H NMR (300 MHz, CDCl3) & 1.31 (3H, d, J = 6.8 Hz), 1.41-1.51
(124, m), 3.92-4.14 (5H, m), 4.78 (1H, brs), 6.88 (1H, dd, J =
9.6, 2.1 Hz), 6.95-7.03 (2H, m), 7.36 (1H, d, J = 9.4 Hz),
7.87 (1H, s), 7.88-7.95 (2H, m).

[0992]

B) N-{ (1S8)-2-[4- (6-ethoxy-3-fluoropyrazolo[1l,5-alpyridin-2-
y1l)phenoxy]-1l-methylethyl}acetamide }

Using tert-butyl {(1S)-2-[4-{6-ethoxy-3-
fluoropyrazolo[l,5-alpyridin-2-yl)phenoxy]-1-"
methylethyl}carbamate (128 mg), and in the same manner as in
Example 25, step G, the titie compound was obtained as
colorless crystals (66 mg).

[0993]

Example 87 .
1—[(1S)—2—({6—[6—(3}3—difluorobutoxy)—1,3—benzoxazol—2—yl]—5—
fluoropyridin-3-yl}oxy)-1l-methylethyl]urea

[0994] :

Using tert-butyl [(1S)=-2~-({6-[6-(3,3-diflucrobutoxy)-1,3-
benzoxazol—Z—yl]—5—fluoropyridih—3—yl}oxy)—1—
methylethyl]carbamate, and in the same manner as in Example 22,
the title compound was obtained.

[0995]

Example 88

N-{ (1S8)-2-[4-(6-ethoxy-7-fluoropyrazolo[l, 5-alpyridin-2-
yl)phenoxy]-1-methylethyl}acetamide

[0996] ‘

A) tert-butyl {(1S)—2—[4—(64ethoxy—7—fluoropyrazolo[1,5—
a]pyridin—Z—yl)phenoxyj—1—methylethyl}carbamate

To a solution of tert-butyl {(1S)-2-[4-(6-
ethoxypyrazolo(1,5—a}pyridinf2—yl)phenoxy]—1— | ,
methylethyl}carbamate (580 mg) in THF (10 mL) was added
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dropwise a hexane solution (1.6 M, 2.2 mL) of n-butyllithium
at -78°C under an argon atmosphere, and the mixture was stirred
for 1.5 hr. To the reaction mixture was added N- |
fluorobenzenesulfonimide (578 mg) at -78°C, and the mixture was
stirred at room temperature for 1 hr. Water was added to the
reaction mixture, and the mixture was extracted twice with
ethyl acetate. The combined organic layer was washed with
saturated brine, and dried over anhydrous.magnesium sulfate,}
and the solvent was evaporated under reduced pressure. The
residue was purified by silica gel columh chromatggraphy'
(hexane/ethyl acetate) to give the title compound as a pale-

yellow solid (187 mg).

‘MS (ESI+): [M+H]™ 430.3.

[0997] _
B) N-{(1S)-2-[4-(6-ethoxy-7-fluoropyrazolo[l,5-alpyridin-2-
yl)phenoxy]-1-methylethyl}lacetamide

Using tert-butyl {(1S)-2~[4-(6-ethoxy-T7-
fluoropyrazolo[l,5-a]lpyridin-2-yl)phenoxy]-1-
methylethyl}carbamafe (187 mg), and in the same manner as in
Example 25, step G, the title compound was obtained as
colorless crystals (108 mg).
[0998]
Example 89
N—[(lS)—2—{4—[6—(cyclopropylmethoxy)[l,é,4]triazolo[1,5—
alpyridin-2-yllphenoxy}-1l-methylethyl]acetamide
[0999] o
A) 2-[4-(benzyloxy)phenyl]-6-
(cyclopropylmethoxy) [1,2,4]triazolo[1,5~a]pyridine

(Aminooxy) (hydroxy) sulfane dioxide (3.39 g) was dissolved
in water (10 mL), and saturated agqueous sodium hydrogen
carbonate solution was added dropwise thereto at 0°C to
neutralize the solution. To the obtained mixture was added a
solution of 5-(cyclopropylmethoxy)pyridin-2-amine (1.64 g) in
ethanol (25 mL) at 0°C, and the mixture was stirred at 70°C for

3 days. To the reaction mixture were added 4-
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(benzyloxy)benzaldehyde (2.12 g) and potassium carbonate (4.15

g), and the mixture was stirred at 70°C for 2 hr. The reaction
mixture was concentrated under reduced pressure, and the
residue was diluted with ethyl acetate and water, and the
agueous layer was separated from the organic layer. The
separated aqueous layer was extracted again with ethyl acetéte.
The combined organic layer Was washed with saturated brine,
and dried over anhydrous magnesium sulfate, and the solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane/ethyl
acetate) to give the title compound as a yellow solid (134 mg) .
MS (ESI+): [M+H]® 372.2.
[1000]
B) N-[(1S)-2-{4-[6-(cyclopropylmethoxy)([1l,2,4]triazolo[1,5-
a]pyridin~2-yl]phenoxy}—l—methylethYl]acetamide
| Using 2—[4—(benzyloxy)phenyl}—6— _

(cyClopropylmethoxy)[1,2,4]triazolo[l,S—a}pyridine (453 mg),
and in the same manner as in Eiample 12, step C and Example 25,
steps D and G, the title compound was obtained as colorless
crystals (124 mg).
[1001]
Example 90
N-[(18)-2-({6-[6-(cyclopropylmethoxy) [1,2,4]triazolo[1, 5-
a]pyridin—2—yl]pyridiﬁ—3—yl}oxy)—l—methylethyl]acetamide
[1002]
A) methyl 5-({(2S)-2-[ (tert-
butoxycarbonyl)amino]propyl}oxy)pyridine¥2-carboxylate

Using methyl 5—hydroxypyridine—Z—carboxylate (2.60 g),
and in the same manner as in Example 1, step B, the title
compound was obtained as a white solid (4.78 g).
MS (ESI+): [M+H]® 311.2.
[1003]
‘B) tert-butyl {(1S)-2-[(6-formylpyridin-3-yl)oxy]-1-
methylethyl}carbémate |

To a solution of methyl 5-({(2S)-2-[ (tert-
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butoxycarbeonyl)amino]propyl}oxy)pyridine-2-carboxylate (4.78
g) in THF (75 mL) was added a‘toluene.solution (1.0 M,_30.8

- mL) of diisobutylaluminum hydride at -78°C, and the mixture was

stirred at -20°C for 2 hr under an argon atmosphere. Sodium

sulfate decahydrate (22.7 g). was added thereto at -78°C, and

the mixture was stirred at room témperature overnight. The
reaction mixture was filtered through celite, and the solvent
of thevfiltrate was evaporated under reduced pressure to give
the title compound as a pale-yellow solid (4.30 g).
MS (ESI+): [M+H]" 281.2.
[1004]
C) tert-butyl [(1S)-2-({6-[6-
(cyclopropylmethoxy) [1,2,4]triazolo[l, 5-a]lpyridin-2-
yllpyridin-3-yl}loxy)-1l-methylethyl]carbamate

To a sblution\of 5—(cyclopropylmethoxy)pyridin—2—aminé
(821 mg) in THF (30 mL) was added 2-[(aminooxy)sulfonyl]-
1,3,5—trimethylbenzené (800 mg, containing water) at room

temperature, and the mixture was stirred overnight and

~concentrated under reduced pressure. To the residue were added

DMF (20 mL), tert-butyl {(18)—2—[(6—formylpyridin—34yl)oxyj—l—
methylethyl}carbamate (1.40 g) and potassium carbonate (1.04
g), and the mixturé-was stirred at 60°C for 3 days. The
reaétion mixture was concentrated under reduced pressure, and
the residue was diluted with ethyl acetate and water, and the
aqueous layer was separated from the organic layer; The
separated aqueous layer was extracted again with ethyl acetate.
The combined organic layer was washed with saturated brine,
and dried over anhydrous magnesium sulfate, and the solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane/ethyl

acetate) to give the title compound as a colorless solid (700

mg) .
MS (ESI+): [M+H]* 440.2.
[1005]

D) (2S)-1-({6-[6-(cyclopropylmethoxy)[1l,2,4]triazolo[1, 5~
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alpyridin-2-yllpyridin-3-yl}oxy)propan-2-amine
Using tert-butyl [(1S)-2-({6-[6-
(cycloﬁropylmethqu)[1,2,4]triazolo[1,5—a]pyridin—2—_
yl]pyridin—3—yl}oxy)—l—methyléthyl}carbamate (700 mg), and in
the same manner as in Example 67, step C, the title compound
was obtained as a yellow gum (491 mgf.
MS (ESI+): [M+H]' 340.1.
[1006] ”
E) N—[(1S)—2—({6—[6—(cyclopropylmethoxy)[1,2,4]triazolo[1,5—
alpyridin-2-yl]pyridin-3-yl}oxy)-l-methylethyl]acetamide
Using (2S)-1-({6-[6-
(cyclopropylmethoxy) [1,2,4]triazolo(1l,5-alpyridin-2-

'yllpyridin-3-yl}oxy)propan-2-amine (245 mg), and in the same

manner as in Example 67, step D, the title compound was
obtained as colorless crystals (224 mg).

[1007]

Example 91
1-[(1S)-2-({6-[6-(cyclopropylmethoxy)[1l,2,4]triazolo[1, 5~

.alpyridin-2-yl]lpyridin-3-yl}oxy)-1l-methylethyl]urea

[1008] _

Using (28)-1~({6-[6-
(cyclopropylmethoxy) [1,2,4]triazolo[1, 5-alpyridin-2-
yl]lpyridin-3-yl}oxy)propan-2-amine (245 mg), and in the same
manner as in Example 68, the title compound was obtained as
colorless crystals (157 mg).
[1009]7
Example 92
N—[(1S)—2—{4—[6—(cyclopropylmethoxy)—3—fluoroimidazo[1,2—
alpyridin-2-yl]phenoxy}-l-methylethyl]acetamide
[1010]
A) 4-[6-(cyclopropylmethoxy)imidazo[l,2-alpyridin-2-yl]phenyl
acetaté |

Using 4-[6-(cyclopropylmethoxy)imidazo[l,2-a]lpyridin-2-
yllphenol (487 mg), and in the same manner as in Example 67,

step D, the title compound was obtained as a pale-brown powder
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(494 mqg) .

MS (ESI+): [M+H]® 323.2.

[1011]

B) 4—[6—(cyclopropylmethoxY)—3—fluoroimidazo[1,2—a]pyridin—2—

'yllphenol

A mixture of 4-[6-(cyclopropylmethoxy)imidazo[l, 2~
alpyridin-2-yl]lphenyl acetate (425 mg), 2,6-dichloro-1-
fluoropyridinium trifluoromethanesulfonate (1.25 g) and
acetonitrile (6 mL) was stirred at room temperature for 4 hr.
To the reaction mixture was added saturated agqueous sodium
hydrogen carbonate solution, and the mixture was extracted
twice with ethyl acetate. The combined organic layer was
washed with saturated brine, and dried over anhydrous
magnesium sulfate, and the solverit was evaporated under
reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate), and the obtained
compound was dissolved in methanol (6 mL). 1M Aqueous sodium
hydroxide solution (0.66 mL) was added at room temperature,
and the mixture was stirred for 1 hr, and concentrated under
reduced pressure. The residue was diluted with ethyl acetate
and water, and the mixture was neutralized with 1M
hydrochloric acid, and the aqueous layer was separated from
the organic layer. The separated aqueous layer was extracted
again with ethyl acetate. The combined organic layer was
washed with saturated brine, and dried over anhydrous
magnesium sulfate, and the solvent was evaporéted under
reduced pressure. The residue was purified by basic silica gel

column chromatography (hexane/ethyl acetate) to give the title

Vcompound as a pale-brown powder (54 mg).

MS (ESI+): [M+H]' 299.2.
[1012]
C) N-[(1S)~2-{4-[6-(cyclopropylmethoxy)-3-flucroimidazo[l, 2~
a]pyridin—2—yl]phenoxy}—l—methylethyl]aeetamide
Using 4—[6—(cyclepropyimethoxy)—3—fluoroimidazo[1,2—

alpyridin-2-yl]lphenol (53.6 mg), and in the same manner as in
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Example 25, steps D and G, the title compound was obtained as
a dark-yellow solid (9.4 mg). ‘ |
[1013] ' |

Example 93 _
N—{(lS)—2—[4—(6—ethoxypyrazolo[1,5—a]pyridin—2—yl)—3—
fluorophenoxy] -1l-methylethyllacetamide

[1014]

Using 4—bromo—3¥fluorophenol (5.0 g) and 2-bromo-5-
ethoxypyridine (2.74 g), and in.the same manner as in Example
1, step B,‘Example 84, step B, Example 85, step B, Example 84,
step D, Example 85, step D and Example 25, step G, the title
compound was obtained as pale-pink crystals (91.4 mg).

[1015] '
Example 94
N—[(lS)—2—({6—[7—(cyclopropylmethoxy)[1,2,4]triazolo[1,5—
a]pyridin—z—yl]pfridin—B—yl}oxy)—1—methylethyl]acetamide
[1016] |

Using 4-(benzyloxy)pyridin-2-amine (360 mg), and in the
same manner as in Example 90, step C, Example 12, step C,
Example 2, step E and Example 25, step G, the title compound
was obtained as colorless crystals (42.9 mg). |

[1017]

Example 95

N—[(1S)—2;{4—[7—(cyclopropylmethoxy)[1,2,4]triazolo[1,5—
alpyridin-2-yl]lphenoxy}-1-methylethyl]acetamide
[1018] '
A) methyl 4-({(28)-2-[(tert-
butoxycarbonyl)amino]propyl}oxy)benzoate

Using methyl 4-hydroxybenzoate (1.52 g), and in the same
manﬁer as in Example 1, step B, the title compound was
obtained as a colorless solid (2.36 qg).
'H NMR (300 MHz, CDCl3) & 1.30 (3H, d, J = 6.4 Hz), 1.45 (9H,
s), 3.89 (3H, s), 3.98 (24, d, J = 4.2 Hz), 4:.07 (1H, brs),
4.71 (1H, brs), 6.78-7.01 (2H, m), 7.84-8.14 (2H, m).
[1019] |
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B) tert-butyl [(lS)—2—(4—formylphenoxy)—1—
methylethyl]carbamate .
To a solution of methyl 4-({(2S)-2-[(tert-

'~ butoxycarbonyl)amino]propyl}oxy)benzoate (816 mg) in THF (10
7mL) was added a toluene solution (1.0 M, 5.28 mL) of

diisobutylaluminum hydride at -78°C, and the mixture was
stirred at room temperature for 30 min under an argon
atmosphere. Sodium sulfate decahydrate (22.7 g) was added
thereto at -78°C, and the mixture was stirred at room
temperature for 3 hr. The reaction mixture was filtered
through celite, and the solvent of the filtrate was evaporated
under reduced pressure to give a mixture of tert-butyl {(18)-
2-[4- (hydroxymethyl)phenoxy]-1l-methylethyl}carbamate and
methyl 4-({(2S)-2-[ (tert-
butoxycarbonyl)amino]propyl}oxy)benzdate as a pale-yellow oil

(813 mg). A mixture of the aforementioned mixture (813 mg) of

- tert-butyl { (18)~2-[4- (hydroxymethyl)phenoxy]-1-

methylethyl}carbamate and methyl 4-({(2S)-2-[ (tert-
butoxycarbonyl)amino]propyl}oxy)benzoate, sulfur trioxide
pyridine complex (657 mg), DMSO (7 mL) and triethylamine (3

mlL) was stirred at room temperature for 2 hr. Water was added
to the reaction mixture, and the mixture was ektractedvtwice
with ethyl acetate. The combined organic layer was washed with
water and saturated brine, and dried over anhydrous magnesium
sulfate, and the solvent was evaporated under reduced pressure.
The residue was purified by silica gel column chromatography
(hexane/ethyl acetate) to give the title compound as a
colorless oil (504 mg).

§ NMR (300 MHz, CDCly) & 1.31 (38, d, J = 6.8 Hz), 1.45 (9H,
s), 3.95-4.13 (3H, m), 4.70 (1H, brs), 6.97-7.08 (2H, m),
7.79-7.88 (2H, m), 9.89 (1H, s).

[1020]

C) N-[(18)-2-{4-[7-(cyclopropylmethoxy) [1l,2,4]triazolo[1, 5-

- alpyridin-2-yllphenoxy}-1l-methylethyl]acetamide

Using tert-butyl [(1S)-2-(4-formylphenoxy)-1-
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methylethyl]carbamate (502 mg) and 4-(benzyloxy)pyridin-2-

amine (360 mg), and in the same manner as in Example 90, step
C, Example 12, step C, Example 2, step E and Example 25, step
G, the title compound was obtained as colorless crystals (53.6
mg) .
[1021]
Example 96
N—{(18)—2—[(6—{6—[(2;2—difluorocyclopropyi)methoxy]—1,3—'
benzoxazol—Z—yl}—5—fluoropyridin—3—ylfoxy]—l—
methylethyl}acetamide
[1022]
A) (2,2-difluorocyclopropyl)methyl methanesulfonate
Methanesulfonyl chloride (1.43 mL) was added to a
solution of (2,2-difluorocyclopropyl)methanocl (1.00 g) and
triethylamine (2.58 mL) in THF (10'mL).dropwise at 0 °C. The
mixture was stirred at room temperature overnight. Water was
added, and the mixture was extracted with ethyl acetate. The
organic layer was washed with brine, dried over anhydrous
maghesium'sulfate and concentrated in vacuo. The residue was
purified by silica gel coiumn chromatography (hexane/ethyl
acetate) to give the title compound (1.47 g) as a colorless
oil. _
'H NMR (300 MHz, CDCls) & 1.24-1.43 (1H, m), 1.57-1.79 (1H, m),
1.96-2.24 (1H, m), 3.05 (3H, s), 4.16-4.45 (2H, m).
[1023] o
B) tert-butyl {(1S8)-2-[(6-{6-[(2,2-
difluorocyclopropyl)methoxy];1,3—benzoXazol—2—yl}—5—
fluoropyridin-3-yl)oxyl-l-methylethyl}carbamate
Triethylamine (14.1 mlL) was added to a solution of
hexachloroethane (7.46 g) and triphenylphosphine (9.91 g) in
acetonitrile (50 mL) at room temperature, and the mixture was
stirred at room temperature for 10 min. Then a mixture of
tert-butyl [(1S)-2-({6-[(2,4-dihydroxyphenyl)carbamoyl]}-5-
fluoropyridin-3-yl}oxy)-l-methylethyl]carbamate (5.31 g) and

acetonitrile (50 mL) was added, and the mixture was stirred at
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room temperature for 2 hr. Water was added, and the mixture

was extracted with ethyl acetate. The organic layer was washed
with brine, dried over anhydrous magnésium sulfate and
concentrated under reduced pressufe. The residue was purified
by silica gel column chromatography (hexane/ethyl acetate) to:
give tert-butyl [(1S)-2-{[5-fluoroc-6-(6-hydroxy-1, 3-
benzoxazol-2-yl)pyridin-3-yl]oxy}-l-methylethyl]carbamate
(10.7 g) as a mixture with impurities. A mixture of [(1S)-2-
{[5-fluoro-6-(6-hydroxy-1, 3-benzoxazol-2-yl)pyridin-3-ylloxy}-
l-methylethyl]carbamate (4.28 g, a mixture with impurities), |
(2,2-difluorocyclopropyl)methyl methanesulfonate_(0.494 g).,
potassium carbonate (0.367 g), and DMF (30 mL) was stirred at
60 °C for 1 hr. Then additional (2,2-
difluorocyclopropyl)methyl methanesulfonate (0.494 g) and
potassium carbonate (0.367 g) were added, and the mixture was
stirred at 60 °C for 1 hr. Then additional (2,2-
difluofocyclopropyl)methyl methanesulfonate (O.494rg) and
potassium carbonate (0.367 g) were added, and the mixture was
stirred at 60 °C for 1 hr. Water was added, and the mixture
was extracted with éthyl acetate. The organic layer was
separated, washed with brine, dried over anhydrous magnesium
sulfate and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (hexane/ethyl
acetate) to give the title compound (1.39 g) as a pale yellow
solid.

MS (ESI+): [M+H]" 494.2.

[1024] _

C) N-{(1s)-2-[(6-{6-[(2,2-difluorocyclopropyl)methoxy]-1,3-
benzoXazol—Z—yl}?5—fluoropyridin—3—yl)0xy]—l—
methylethyl}acetamide

A mixture of tert—butyl‘{(18)—2—[(6—{6—[(2,2—

- difluorocyclopropyl)methoxy] -1, 3~-benzoxazol-2-yl}-5-

35

fluoropyridin-3-yl)oxy]-1-methylethyl}carbamate (690 mg), 4 M
hydrogen chloride/ethyl acetate (10 mL), and ethyl acetate (10

mL) was stirred at room temperature overnight. The mixture was
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concentrated uhder reduced pressure. The residue was mixed
with pyridine (10_mL) and acetic anhydride (5 mL). The mixture
was stirred at room temperature'overnight. 1M hydroéhloric
acid was added, and the mixture was extracted with ethyl
acetate. The organic layer was washed with brine, dried over
anhydrous'maghesium sulfaterand concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (hexane/ethyl acetéte) and recrystallization
(ethyl acetate) to give the title compound (496 mg) és white
crystals.

'H NMR (300 MHz, DMSO-d¢) & 1.18 (3H, d, J = 6.3 Hz), 1.40-1.60
(1H, m), 1.66-1.81 (1H, m), 1.82 (3H, s), 2.18-2.41 (1H, m),
3.95—4.33.(5H, m), 7.07 (1H, dd, J = 8.8, 2.4 Hz), 7.49 (1H, d,
J = 2.4 Hz), 7.69-7.82 (2H, m), 8.00 (1H, d, J = 6.8 Hz),
8.34-8.43 (1H, m).

mp 163 - 164 °C

[1025]

Ekample 97
1-{(1s)-2-[(6-{6~[(2,2-difluorocyclopropyl)methoxy]-1, 3-
benzoxazol-2-yl}-5-fluoropyridin-3-yl)oxy]-l-methylethyl}urea
[1026]

A mixture of tert-butyl {(1S)-2-[(6-{6-[(2,2-
difluorocyclopropyl)methoxy]-1, 3-benzoxazol-2~-yl}-5-
fluoropyridin-3-yl)oxy]-l-methylethyl}carbamate (690 mg), 4 M
hydrogen chloride/ethyl acetate (10 mL), and ethyl acetate (10
mL) was stirred at room temperature overnight. The mixture was
concentrated under reduced pressure. The residue was mixed -
with THF (10 mL) and triethylamine (1.559 mL), and then
trimethylsilyl isocyanate (193 mg) was addedl The mixture was
stirred at room temperature overnight. Water was added, and
the mixture was extracted with ethyl acetate. The organic
layer was washed with brine, dried over anhydrous magnesium
sulfate and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (hexane/ethyl

acetate/methanol) and‘recrystallization (ethyl acetate) to
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IH NMR (300 MHz, DMSO-d¢) & 1:10-1.19 (3H, m), 1.43-1.61 (1H,
m), 1.65-1.87 (1H, m), 2.15-2.38 (1H, m), 3.76-4.43 (5H, m),
5.50 (2H, s), 6.12 (1H, d, J = 7.4 Hz), 7.07 (1H, dd, J = 8.7,
2.4 Hz), 7.49 (1H, d, J = 2.4 Hz), 7.67-7.87 (2H, m), 8.32-
8.46 (1H, m). | |

[1027]

Example 98

’N—{(1S)—2—[(6—{6—[2—(2,2—difluorocyclopropyl)ethoxy}—l,3—

benzoxazol-2-yl}-5-fluoropyridin-3-yl)oxy]-1-

methylethyl}lacetamide

[1028]

A) 2—(2,2—difluorocyclopropyl)éthyl methanesulfonate
Methanesulfonyl chloride (1.35 mL) was added to a
solution of 2—(2,2—difluorocyclopropyl)ethanol (1.42 g) and’
triethylamine (3.24 mL) in THF (20 mL) dropwise at 0 °C. The

mixture was stirred at room temperature overnight. Water was

added, and the mixture was extracted with ethyl acetate. The
organic layer was washed with brine, dried over anhydrous
magnesium sulfate and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography
(hexane/ethyl acetate) to give the title compound (1.31 g) as
a pale yellow.oil. o
'H NMR (300 MHz, DMSO-dg) & 1.17-1.30 (1H, m), 1.44-1.98 (4H,
m), 3.19 (3H, s), 4.16-4.36 (2H, m).
[1029]
B) tert-butyl {(1S)-2-[(6-{6~-[2-(2,2-
difluorocyclopropyl)ethoxy] -1, 3-benzoxazol-2-yl}-5-
fluoropyridin-3-yl)oxy]l-l-methylethyl}carbamate

Triethylamine (14.1 mL) was added to a solution of
hexachloroethane (7.46 g) and triphenylphosphine (9.91 g) in
acetonitrile (50 mL) at room temperature, énd the mixture was
stirred at room temperature for 10 min. Then a mixture ofv
tert-butyl [(1S)-2-({6-[(2,4-dihydroxyphenyl)carbamoyl]-5-
fluoropyridin—B—yl}oxy)-1—methyléthyl]carbamate (5.31 g) and
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acetonitrile (50 mL) was'addéd, and the mixture was stirred at
room temperature for 2 hr. Water was added, and the mixture
was extracted with ethyl acetate. The organic layer was washed
with brine, dried over anhydrous magnesium sulfate and
concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (hexane/ethyl acetate) to
give tert-butyl [(1S)-2-{[5-fluoro-6-(6-hydroxy-1, 3=
benzoxazol-2-yl)pyridin-3-yl]oxy}-1l-methylethyl]carbamate
(10.7 g) as a mixture with impurities. A mixture of tert-butyl
[(18)—2—{[5—fluoro—6—(6—hydroxy—1,3—benzoxaiol—2—yl)pyridin~3—
ylloxy}-l-methylethyl]carbamate (4.28 g, a mixture with
impurities), 2-(2,2-difluorocyclopropyl)ethyl methanesulfonate
(0.531 g), potassium carbonate (0.367 g), and DMF (30 mL) was
stirred at 60 °C for 1 hr. Then additional 2-(2,2-
difluorocyclopropyl)ethyl methanesulfonate (0.531 g) and
potassium carbonate (0.367 g) were added, and the mixture was
stirred at 60 °c for 1 hr. Then additional 2-(2,2-
difluorocyclopropyl)ethyl methanesulfonate (1.06 g) and
potassium carbonate (0.733 g) were added, and the mixture was
stirred at 60 °C for 1 hr. Water was added, and the mixture
was extracted with ethyl acetate. The organic layer. was
separated, washed with brine, dried over anhydrous magnesium
sulfate and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (hexane/ethyl
acetate) to give the title compound (1.83 g) as a colorless
oil.
MS (ESI+): [M+H]® 508.1.
[1030]
C) N-{(18)-2-[(6-{6-[2-(2,2-difluorocyclopropyl)ethoxy]-1,3-
benzoxazol-2-yl}-5-fluoropyridin-3-yl)oxy]-1-
methylethyl}acetamide

A mixture of tert-butyl {(1S)-2-[(6-{6-[2~(2,2~
difluorocyclopropyl)ethoxy]—1,3—benzoxazol—2—yl}—5—

fluoropyridin-3-yl)oxy]-1l-methylethyl}carbamate (910 mg), 4 M

hydrogen chloride/ethyl acetate (10 mL), and ethyl acetate (10
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mL) was stirred at room temperature overnight. The mixture was
concentrated under reduced pressure. The residue was mixéd
with pyridine (10 mL) and acetic anhydride (5 mL). The mixture
was stirred at room temperature overnight. 1 M hydrochloric
acid was added, and the mixture was extfacted with ethyl
acetate. The organic layer was washed with brine, dried over
anhydrous magnesium sulfate and concentrated under reduced
pressure. The residue was purified by silica gel.column
chromatogfaphy/(hexane/ethyl acetate) and recrystallization
(ethyl acetate/hexane) to give the title compound (475 mg) as
white crystals. ‘ ,

'H NMR (300 MHz, DMSO-dg) & 1.13-1.39 (4H, m), 1.48-1.69 (1H,
m), 1.73—2.10!(6H, m), 3.94-4.27 (5H, m), 7.05 (1H, dd, J =
8.8, 2.4 Hz), 7.46 (1, d, J = 2.3 Hz), 7.67-7.86 (2H, m),
7.99 (1H, d, J = 6.9 Hz), 8.33-8.44 (1H, m).

[1031] |

Example 99
1-{(1S)-2-[(6-{6-[2-(2,2-difluorocyclopropyl)ethoxy]-1, 3-
benzoxazol-2-yl}-5-fluoropyridin-3-yl)oxy]-1-methylethyl}urea
[1032] _

A mixture of tert-butyl {(1S)-2-[(6-{6-[2-(2,2-
difluorocyclopropyl)ethoxy]-1,3-benzoxazol-2-yl}-5-
fluoropyridin-3-yl)oxyl-1l-methylethyl}carbamate (910 mg), 4 M
hydrogen chloride/ethyl acetate (10 mL), and EtOAc (10 mL) was
stirred at room temperature overnighf. The mixture was
concentrated under reduced pressure. The residue was mixed
with THF (10 mL) ahd triethylamine (1.999 mL), and then
trimethylsilyl isocyanate (248 mg) was added. The mixture was
stirred at room temperature overnight. Water was added, and
the mixture was extrécted with ethyl acetate. The organic
layer was washed with brine, dried over anhydrous magnesium
sulfate and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (hexane/ethyl
acetate/methancl) and recrystallization (ethyl acetate) to

give the title compound (145 mg) as pale yellow crystals.
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'H NMR (300 MHz, DMSO—dG) 6 1.07-2.01 (8H, m), 3.86-4.26 (5H,

m), 5.51 (2H, s), 6.14 (1H, d, J = 7.4 Hz), 7.05 (1H, dd, J =
8.8, 2.4 Hz), 7.46 (1H, d, J = 2.3 Hz), 7.69-7.86 (2H, m),
8.30-8.48 (1H, m). '
- [1033]
Example 100 » _
N—{(lS)—2—[4—(6~ethoxy—3ffluoropyrazolo[l,5—a}pyridih—2—yl)—3—
fluorophenoxy]-l-methylethyl}acetamide
[1034] | |
A) tert-butyl [(lS)—2—(4—bromo—3—fluorophenoxy)—1—
methylethyl]carbamate
Diisopropyl azodicarboxylate (1.9 M solution in toluene,

83 mL) was added to a mixture of 4-bromo-3-fluorophenol (25.0
g), tert—butyl [ (1S)~-2-hydroxy-1-methylethyl]carbamate (25.2
g), triphenylphosphine (41.2 g), and THF (250 mL) dropwise at
0 °C. The mixture was stirred at 0 °C for 30 min, and then et
room temperature for 3 hr. The mixture was concentrated under
reduced pressure. The residue was purified by silica gel.
column chromatography (hexane/ethyl acetate) to give the title
compound (33.7 g) as a pale yellow solid. .
'H NMR (300 MHz, DMSO-dg) & 1.10 (3H, d, J = 6.3 Hz), 1;37 (SH,
s), 3.64-3.99 (3H, m), 6.78 (lH, ddd, J = 8.9, 2.8, 0.9 Hz),
6.89'(1H; d, §=7.0Hz), 7.03 (1H, dd, J = 11.1, 2.8 Hz),
7.50-7.69 (1H, m). |
[1035]
B) 2-bromo-5-ethoxypyridine

A mixture of 6-bromopyridin-3-ol (7.58 g), iodoethane
(5.23 mL), potassium carbonate (9.03 g), and DMF (80 mL) was
stirred at 60 dC for 3 hr. Water was added, and the mixture
was extracted with ethyl acetate. The organic layer was washed
with brine, dried over anhydrous magnesium sulfate and
concentrated under reduced pressure. The residue was purified
.by silica gel column chromatography (hexane/ethyl acetate) to’
give the title compound (7.58 g) as a pale yellow solid.
'H NMR (300 MHz, DMSO-d¢) & 1.33 (3H, t, J = 6.9 Hz), 4.10 (2H,
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q, J =7.0 Hz), 7.37 (1H, dd, J = 8.7, 3.2 Hz), 7.47-7.62 (1H,

m), 8.10 (1H, 4, J = 2.9 Hz).
[1036] ,
C) tert-butyl [(1S)~2—(4~ethynyl—3—fluorophenoxy)—1—'
methylethyl]carbamate | ‘

Under nitrogen, a mixture ofvtert—butyl [(1S)—2—(4—br6mofv
3-fluorophenoxy)-l-methylethyl]carbamate (23.3 qg),
ethynyl (trimethyl)silane (13.1 g),
bis(triphenylphosphine)palladium(II) dichloride (4.70 g),
cuprous iodide (1.27 g), triethylamine (14.0 mlL), and toluene
(20 mL) was stirred at 100 °C overnight. The precipitate was

filtered, and the filtrate was- concentrated under reduced

pressure. The residue was dissolved in THF (200 mL), and

tetrabutylammonium fluoride (1.0 M solution in THF, 201 mL)
was added dropwise at room temperature. The mixture was
stirred at room temperature for 2 hr. 1 M hydrochlofic acid
was added, and the mixture was extracted with ethyl acetate.
The organic layer wés washed wiﬁh brine, dried over anhydrous
magnesium sulfate and concentrated under reduced pressure. The
residue was pﬁrified\by silica gel column chromatography
(hexane/ethyl acetate) and washed with hexane to give the
title compound (12.2 g) as a light brown solid.

'H NMR (300 MHé, DMSO—dg) 6 1.10 (3H, d, J = 6.4 Hz), 1.37 (9H,
s), 3.72-4.00 (3H, m), 4.30 (1H, s), 6.79 (1H, dd, J = 8.6,
2.4 Hz), 6.83-7.00 (2H, m), 7.39-7.54 (1H, m).

[1037]

D) tert-butyl [(1S)—2—{4—[(5—ethoXypyridin—2—yl)ethynyl]—3—
fluorophenoxy}—1—methylethyl]carbamate ‘

Under nitrogen, a mixture of tert-butyl [(1S)-2-(4-
ethynyl—3—fluorophenoxy)—1—methylethyl]carbamate (9.36 qg), 2f
bromo-5-ethoxypyridine (5.86 g),
bis(triphenylphosphine)palladium(II) dichloride (2.04 q),
cuprous iodide (0.552 g), triethylamine (6.06 mL),'and:toluene
(20 mL) was stirred at 100 °C overnight. The precipitate was

filtered, and the filtrate was concentrated under reduced
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pressure. The residue was purified by silica gel column

‘chromatography (hexane/ethyl acetate) to give the title
compound (7.00 g) as a yellow solid.
MS (ESI+): [M+H]™ 415.1.
[1038] |
E) tert—butyl {(1S)—2—[4—(6—ethoxypyrazolo[l,5—a]pyridin—2—
yl)43—fluorophenoéy]—1—methylethyl}carbamate
Perchloric acid (6.39 mL) was added to a solution of
ethyl N-{[(2,4,6-trimethylphenyl)sulfonyl]oxy}lethanimidoate
(10.60 g) in THF (10 mL) dropwise at 0 °C. The mixture was
stirred at 0 °C for 20 min. The mixture was poﬁred into iced-
water. The precipitate was filtered and washed with water. The
residue was added to a solution of tert-butyl [(1S)—2;{4—[(5—
ethoxypyridin-2-yl)ethynyl]-3-fluorophenoxy}-1-
methylethyl]carbamate (7.00 g) in THF (70 mL) at room
temperature. The mixture was stirred at room temperature for
30 min. The solvent was removed under reduced pressure, and
the residue wés dissolved in DMF (70 mL). Potassium carbonate
(4.67 q) Was added at room temperature, and the mixture was
stirred at room temperature overnight. Water was added, and
the mixture was extracted with ethyl acetate. The organic
layer was washed with brine, dried over anhydrous magnesium-
| sulfate and concentrated under reduced pressure. The residue

was purified by silica gel column chromatography (hexane/ethyl

acetate) to give the title compound (4.12 g) as a light brown
oil. | | |

MS (ESI+): [M+H]" 430.1.

[1039]

.F) tert-butyl {(1S)-2-[4-(6-ethoxy-3-fluoropyrazolo[l,5-
a]pyridin—Z—yl)—3—fluorophenoxy]—1—methylethyl}carbamate
l—Fluoro—4—hydroxy—1,4—diazabicyclo[2.2.2]octané
bis(tetrafluoroborate) (0.975 g) wés added to a solution of
tert-butyl {(1S)-2-[4-(6-ethoxypyrazolo[l,5-a]pyridin-2-yl)-3-
fluorophenoxy]-1-methylethyl}carbamate (1.37 g) in |

acetonitrile (20 mL) at room temperature. The miXtdre was

337



10

15

20

25

30

35

WO 2012/074126. ' ' PCT/JP2011/078010

stirred at room temperature for 30 min. Then additional 1-
fluoro-4-hydroxy-1,4-diazabicyclo[2.2.2]octane
bis(tetrafluoroborate). (0.975‘g) was added, and the mixture
was stirred at room temperature for 30 min. saturated sodium
hydrogen carbonate solution. was added, and the mixtﬁre was
extracted with ethyl acetate. The organic layer was washed
with brine, dried over anhydrous magnesium sulfate and
concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (hexane/ethyl acetate) to
give the title compound (0.105 g) as a colorless cil.
MS (ESI+): [M+H]® 448.1.
[1040]
G) N-{(1S)-2-[4-(6-ethoxy-3-fluoropyrazolo[l,5-alpyridin-2-
yl)-3-fluorophenoxy]-l-methylethyl}acetamide

A mixture of tert-butyl {(1S)-2-{4-(6-ethoxy-3-
fluoropyrazolo[1,5—a]pyridin—2—yl)—3—fluorophenoxy]—l—
methylethyl}carbamate (32 mg), 4 M hydrogen chloride/ethyl
acetate (2 mL), and ethyl acetate (1 mL)Awas stirred at room
temperature for 6 hr. The mixture was concentrated under
reduced pressure. The residue was mixed with pyridine (1 mL)
and acetic anhydride (i mL). The mixture was stirred at room
temperature overnight. 1 M hydrochloric acid was added, and
the mixture was extracted with ethyl acetate. The organic
layer was washed with brine, dried over anhydrous magnesium
sulféte and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (hexane/ethyl
acetate) to give the title compound (18.7 mg) as white
crystals.
'H NMR (300 MHz, DMSO-d¢) o l1.16 (34, d, J = 6.7 Hz), 1.36 (3H,
t, J = 6.9 Hz),71.82 (3H, s), 3.74-4.22 (5H, m), 6.88-7.16 (3H,
m), 7.53-7.74 (2H, m), 7.96 (1H, 4, J = 7.6 Hz), 8.34 (1lH, s).
[1041]

‘Example 101

1-{(18)-2-[4-(6-ethoxy-3-fluoropyrazolo[l, 5-a]lpyridin-2-yl)-3-
fluorophenoxy]-l-methylethyl}lurea
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[1042] » '

A mixture of tert-butyl {(1S)-2=[4-(6-ethoxy-3-
fluoropyrazolo[l,5—a]pyridin—2—yl)—3—fluorophenoxy]—1—
methylethyl}carbamate (52 mg), 4 M hydrogen chloride/ethyl
acetate (2 mL), and ethyl acetate (1 mL) was stirred at room.
temperature for 6 hr. The mixture was concentrated under
reduced pressuré. The residue was mixed with THF (1 mL) and
triethyamine (0.130 mL), and then trimethylsilyl isocyanate
(16.1.mg) was added. The mixture was stirred at room
temperature overnight. Water was added, and the mixture was
extracted with ethyl acetate. The organic layer was washed
with brine, dried over anhydrous magnesium-sulfate and
concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (NH, hexane/ethyl
acetate/methanocl) and by preparative HPLC (C18,

water/acetonitrile (containing 0.1% trifluoroacetic acid)).

"The desired fraction was neutralized with saturated sodium

hydrogen carbonate solution and extracted with ethyl acetate.
The organic layer was separated, dried over washed with brine,
dried over anhydrous magnesium sulfate and concentrated under
reduced pressure to give the title compound (4.00 mg) as white
crystals. |
'H NMR (300 MHz, DMSO-dg¢) & 1.15 (3H, d, J = 6.4 Hz), 1.36 (3H,
t, J = 6.9 Hz), 3.7644.17 (5H, m), 5.49 (2H, s), 5.93-6.17 (1H,
m), 6.88-7.18 (3H, m), 7.56-7.70 (2H, m), 8.34 (1H, s).

[1043]
Example 102
N-[(1S)-2-{4-[6- (cyclopropylmethoxy)-3-fluoropyrazolo[1l, 5-
alpyridin-2-yl]-3-fluorophenoxy}-l-methylethyl]lacetamide
[1044]
A) 2-bromo-5-(cyclopropylmethoxy)pyridine

’ A mixture of 6-bromopyridin-3-ol (10.0 g),
(bromomethyl)cyclopropane (7.76 g), potassium carbonate (11.9

g), and DMF (100 mL) was stirred at 60 °C overnight. Water was

added, and the mixture was extracted with ethyl acetate. The
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organic layer was washed with brine, dried over anhydrous
magnesium sulfate and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography
(hexane/ethyl acetate) to give the title compound (12.0 g) as
a colorless oil. -
'H NMR (300 MHz, DMSO-dg) & 0.25-0.40 (2H, m), 0.52-0.68 (2H,
m), 1.02-1.40 (1H, m), 3.89 (2H, d, J = 7.1 Hz), 7.37 (1H, dd,
J=8.7, 3.2 Hz), 7.52 (1H, 4, J = 8.7 Hz), 8.10 (1H, d, J =
3.0 Hz). '
[1045] v
B) tert-butyl [(1S)-2-(4-{[5-(cyclopropylmethoxy)pyridin-2-
yllethynyl}-3-fluorophenoxy)-1l-methylethyl]carbamate
Under nitrogen, a mixture of 2-bromo-5-
(cyclopropylmethoxy)pyridine (3.11 g), tert;butyl [(1S)-2-(4-
ethynyl-3-fluorophenoxy)-1-methylethyl]carbamate (4.00 g),
bis(triphenylphosphine)palladium(II) dichloride (0.957 gqg),
cuprous iodide (0.260 g), triethylamine (2.85 mL), and toluene
(10 mL) was stirred at 100 °C overnight. The precipitate was
filtered, and'the filtrate was concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (hexane/ethyl acetate) to give the title'
compound (5.13 g) as a light brown oil.
MS (ESI+): [M+H]" 441.2.
[1046]
C) tert-butyl [(1S)—2—{4—[6—(cyclopropylmethoxy)pyfazolo[l,5—
alpyridin-2-yl]-3-fluorophenoxy}-1l-methylethyl]carbamate
Perchloric acid (4.40 mL) was added to a solution of

ethyl N-{[(2,4,6-trimethylphenyl)sulfonyl]oxylethanimidoate

'(7.31 g) in THF (7 mL) dropwise at 0 °C. The mixture was

stirred at 0 °C for 20 min. The mixture was poured into iced-
water. The precipitate was filtered and washed with water. The
residue was added to a solution of tert-butyl [(1S)f2—(4—{[5— |
(cyclopropylmethoxy)pyridin-2-yljethynyl}-3-fluorophenoxy)-1-
mefhylethyl}carbamate (5.13 g)vin THE (50 mL) at room

temperature. The mixture was stirred at room temperature for
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30 min. The solvent was removed under reduced. pressure, and
the residue was dissolved in DMF (50 mL). Potassium carbonate
(3.22 g) was added at room temperature, and the mixture was
stirred at room temperature overnight. Water was added, and
the mixture was extractéd with ethyl acetate. The organic
layer was washed with brine, dried over anhydrous magnesium
sulfate and concentrated under reduced pressure. The residue
was purified by silicé gel column chromaﬁography (hexane/ethyl
acetate) to give the title compound (2.05 g) as a light brown
solid. ' '

MS (ESI+): [M+H]' 456.2.

- [1047)]

D) tert-butyl [(1S)-2-{4-[6-(cyclopropylmethoxy)-3-
fluoropyrazolo[l,5-alpyridin-2-yl]-3-fluorophenoxy}-1-
methylethyl]carbamate _ ' '
1—Fluoro—4—hydrdxy—l,4—diazabicyclo[2.2.2]octane
bis(tetrafluoroborate) (0.919 g)Awas added.to a solution of
tert-butyl [(18)—2—{4—[6—(cyclopropylmethoxy)pyrazolo[1,5—
a]pyridin—2—yl]—3—fluorophenoxy}—l—methylethyl]carbamate (1.37
g) in acetonitrile (20 mL) at room temperature. The mixture
was stirred at room temperature for 30 min. Then additional 1-
fluoro-4-hydroxy-1,4~diazabicyclo[2.2.2]octane
bis(tetrafluoroborate) (0.919 g) was added, and the mixture
was stirred at room temperature for 30 min. Saturated sodium
hydrogen carbonate solution was added, and the mixture was
e%traCted with ethyl acetate. The organic layer was washed
with brine, dried over anhydrous magnesium sulfate and
Concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (hexane/ethyl acetate) to
give the title compound (0.134 g) as a colorless oil.
MS (ESI+): [M+H]' 474.2.
[1048]

E) N-[(1S)-2-{4-[6-(cyclopropylmethoxy)-3-fluoropyrazolo[l, 5-

‘a]pyridin-2-yl]-3-fluorophenoxy}-1l-methylethyl]acetamide

A mixture of tert-butyl [(1S)-2-{4-[6-
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(cyclopropylmethoxy)-3-fluoropyrazolo[l, 5-a]lpyridin-2-yl]-3-
fluorophenoxy}—l—methyléthyl]carbamate (67 mg), 4 M hydrogen
chloride/ethyl acetate (2 mL), and ethyl acetate (1 mL) was
stirred at room temperature for 6 hr. The mixture was
concentrated under.reduced pressure. The residﬁe‘was mixed
with pyridine (1 mL) and acetic anhydride (1 mL). The mixture
was stirred at room temperature overnight. 1 M hydrochloric
acid was added, and the mixture was extracted with ethyl
acetate. The organic layer was washed with brine, dried over
anhydrous magnesium sulfate and concentfated under reduced
pressure. The residue was purified by silica gel column
chromatography (hexane/ethyl acetate) to give the title
compound (33.4 mg) as white crystals.
'H NMR (300 MHz, DMSO—dg) 6 0.25-0.41 (2H, m), 0.52-0.70 (2H,
m), 1.16 (3H, 4, J = 6.7 Hz), 1.21-1.32 (1H, m), 1.82 (3H, s),
3.76-4.33 (5H, m), 6.89~7.15 (3H, m), 7.57-7.70 (2H, m), 7.96
(1H, d, J = 7.9 Hz), 8.29 (1H, s). | |
11049] |
Example 103
1-[(18S)-2-{4-[6-(cyclopropylmethoxy)-3-fluoropyrazolo[l, 5-
alpyridin-2-yl]-3-fluorophenoxy}-l-methylethyl]urea
[1050] | - |

A mixture of tert-butyl [(1S)-2-{4-[6-
(cycloprolemethoxy)—3—fluoropyrazolo[l,5—a]pyridin—2—yl]—3—
fluorophenoxy}-l-methylethyl]carbamate (67 mg), 4 M hydrogen
chloride/ethyl acetate (2 mL), and ethyl acetate (1 mL) was
stirred at room temperature for 6 hr. The mixture was
concentrated under reduced pressure. The residue was mixed
with THF (1 mL) and triethylamine (0.158 mL), and then
trimethylsilyl iéocyanate (19.6 mg) was added. The mixture was
stirred at room temperature overnight. Water was added, and

the mixture was extracted with ethyl acetate. The organic

‘layer was washed with brine, dried over anhydrous magnesium

sulfate and concentrated under reduced pressure. The residue

was purified by silica gel column chromatography (NH,
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hexane/ethyl acetate/methanol) to give the title compound

(4.40 mg) as white crystals. ‘

'y NMR (300 MHz, DMSO-dg¢) & 0.28-0.39 (2H, m), 0.60 (2H, . d, J =
7.9 Hz), 1.10-1.32 (4H, m), 3.77-4.09 (5H, m), 5.49 (2H, s),
6.00-6.16 (1H, m), 6.92-7.16 (3H, m), 7.56-7.72 (2H, m), 8.30
(1H, s). ‘
[1051]

Example 104
N-[(18)-2-{4~-[6-(cyclopropylmethoxy)pyrazolo[l,5-alpyridin-2-
yl]—3—fluorophenoxy}—1—methylethyl]acetamide

[1052]

A mixture of tert-butyl [(1S)-2-{4-[6-
(cyclopropylmethoxy)pyrazolo[l, 5-alpyridin-2-yl]-3-
fiuorophenoxy}—1—methylethyl]carbamate (200 mg), 4 M hydrogen
chloride/ethyl acetate (2 mL), and ethyl acetate (2 mL) was
stirred at room temperature for 2 hr. The mixture was
concentrated under reduced pressure. The residue was mixed
with pyridine (2 mL) and acetic anhydride (2 mL). The mixture
was stirred at room temperature overnight. 1 M hydrochloric
acid was added, and the mixture was extracted with ethyl
acetate. The organic layer was washed with brine, dried over
anhydrous magnesium sulfate and concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (hexane/ethyl acetate) and by preparative‘HPLC

(C18, water/acetonitrile (containing 0.1% trifluorocacetic

acid)). The desired fraction was neutralized with saturated

sodium hydrogen carbonate solution and extracted with ethyl

"acetate. The organic layer was separated, dried over anhydrous

magnesium sulfate and concentrated under reduced pressure to
give the title compound'(60;6 mg) as off-white crystals.

'H NMR (300 MHz, DMSO-dg) & 0.24-0.40 (2H, m), 0.54-0.68 (2H,
m), 1.16 (34, 4, J = 6.7 Hz), 1.19-1.35 (1H, m), 1.82 (3H, s),
3.79-4.22 (5H, m), 6.83 (1H, d, J = 3.8 Hz), 6.87-7.11 (3H, m),
7.62 (1H, 4, J = 9.6 Hz), 7.87-8.03 (2H, m), 8.36 (1H, s).
[1053]
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Example 105
N-[(1S)-2-{4-[6-(cyclopropylmethoxy)pyrazolo[l,5-a]lpyridin-2-
yl]-3-fluorophenoxy}-l-methylethyl]urea »
[1054] '

A mixture of tert-butyl [(1S)-2-{4-[6-
(cyclopropylmethoxy)pyrazolo[l,5-alpyridin-2-yl]-3-
fluorophenoxy}-l-methylethyl]carbamate (200 mg), 4 M hydrogen

- chloride/ethyl acetate (2 mL), and ethyl acetate (2 mL) was

stirred at room temperature for 2 hr. The mixture was
concentrated under reduced pressure. The residue was mixed
with THF (2 mL) and triethylamine (0.490 mL), and then
trimethylsilyl isocyanate (76 mg) was added. The mixture was
stirred at room temperature overnight. Water was added, and
the mixture was extracted with ethyl acetate. The organic
layer was washed with brine, dried over anhydrous magnesium
sulfate and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (NH,
hexane/ethyl acetate/methanol) and by preparative HPLC (C18,
water/acetonitrile (containing 0.1% trifluorocacetic acid)).
The desired fraction was neutralized with saturated sodium
hydrogen carbonate solution and extracted with ethyl acetate.
The organic layer was separated, dried over washed with brine,
dried over anhydrous ﬁagnesium sulfate and concentrated under
reduced pressure. The residue was recrystallized (ethyl
acetate) to give the title compound (56.9 mg) as cff-white

crystals.

'H NMR (300 MHz, DMSO-dg) & 0.27-0.41 (2H, m), 0.52-0.66 (2H,
m), 1.15 (34, 4, J = 6.4 Hz), 1.19-1.33 (1H, m), 3.72-4.11 (5H,

m), 5.48 (2H, s), 6.05 (1H, 4, J = 7.3 Hz), 6.83 (1H, d, J =
3.6 Hz), 6.86-7.16 (3H, m), 7.62 (1H, 4, J = 9.4 Hz), 7.85-
8.03 (1H, m), 8.36 (1H, s).

[1055] |

Example 106 ,
1—[(1S)—2—({6—[6—(2,2—difluoropropoxy)—l,3—benzoxazol—2—
yllpyridin-3-yl}oxy)-1l-methylethyl]urea |
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[1056]
A) tert-butyl [(1S)-2-({6-[(2,4-
dihydroxyphenyl)carbamoyl]pyridin-3-yl}oxy)-1-
methyléthyl]carbamate » _ ’

| Diisopropyl azodicarboxylate (1.9 M solution in toluene,
9.52 mL) was added to a mixture of methyl 5-hydroxypyridine-2-
carboxylate (5.00 g), tert-butyl [(1S)-2-hydroxy-1-
methylethyl]carbamate (8.58 g), triphenylphosphine (12.9 gq),

~and THF (50 mL) at 0 °C dropwise. The mixture was stirred at

room temperature for 3 days. The mixture was concentrated

under reduced pressure. The residue was purified by silica gel

‘column chromatography (hexane/ethyl acetate) to give methyl 5-

({(28)-2-[ (tert-butoxycarbonyl)amino]propyl}oxy)pyridine-2-
carboxylate (810 mg) as a mixture with impurities. A mixture
of methyl 5-({(2S)-2-[(tert-
butoxycarbonyl)amino]propyl}oxy)pyridine—Z—carboxylate (810 mg,
a mixture with impurities), THF (8 mL), methanol (8 mL), and 1
M sodium hydroxide (8 mL) was stirred at room temperature for
4 hr. The mixture was neutralized with 1 M hydrochloric acid
at 0 °C,.and brine was added. The mixture was extracted with
ethyl acetate. The organic layer was separated, washed with
water énd brine, dried over anhydroﬁs magnesium sulfate and
concentrated under reduced pressure to give 5-({(2S)-2-[(tert-
butoxycarbonyl)amino] propyl}oxy)pyridine-2-carboxylic acid

(765 mg) as a mixture with impurities. A mixture of 5-({(2S)~-

'2—[(tert—butoxycarbonyl)amino]propyl}oxy)pyridine—Z—carboxylic

acid (765 mg, a mixture with impurities), 4-aminobenzene-1,3-
diol hydrochloride (417 mg), HATU (982 mg), N,N-
diisopropylethylamine (0.902 mL), and DMF (7 mL) was stirred
at room temperature overnight. Water was added, and the
mixture was extracted with ethyl acetate. The organic layer
was separated, washed with brine, dried over anhydrous
magnesium sulfate and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography:

(hexane/ethyl acetate) to give the title compound (442 mg) as
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a pale yellow oil. _

MS (ESI+): [M+H]" 404.2.
[1057] _
B) tert—butyl [(18)-2-({6-[6-(2,2-difluoropropoxy)-1,3-
benzoxazol—Z—yl]éyridin—B—yl}oxy)—1—methylethyl}carbamate
Triethylamine‘(l.224mL) was added to a solution of
hexachloroethane (648 mg) and triphenylphosphine (862 mg) inv
acetonitrile (5 mL) at room temperature. The mixture was
stirred at room temperature for 10 min. Then a mixture of
tert-butyl [(1S)—2—({6—[(2,4—
dihydroxyphenyl)carbamoyl]pyridin—B—yl}OXy)—1—
methylethyl]carbamate (442 mg) and acetonitrile (5 mL) was
added, and the mixture was stirred at room temperature
overnight. Water was added, and the mixture was extracted with
ethyl acetate. The organic layer was separated; washed with
brine, dried over anhydrous magnesium sulfate and concentrated
under reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate)ito give a mixture
of tert-butyl [(1S)¥2—{[6—(6—hydroxy—l,3—ben2dxazol—2—
yl)pyridin—B—yl]oXy}—l—methylethyl]cérbamate and tert-butyl
[(1S)-2-({6~[(2,4-dihydroxyphenyl)carbamoyl]pyridin-3-yl}oxy) -
l-methylethyl]carbamate. Triethylamine (1.22 ml) was added to
a solution of hexachloroethane (648 mg) and triphenylphosphine
(862 mg) in acetonitrile (5 mL) at room temperature. The
mixture was stirred at room temperature for 10 min. Then a
mixture of tert-butyl [(1S)-2-{[6-(6-hydroxy-1,3-benzoxazol-2-
yl)pyridin-3-ylloxy}-1l-methylethyl]carbamate and tert-butyl
[(1S)—2—({6—[(2,4—dihydroxyphenyl)carbamoyl]pyridin—3—yl}oxy)—
l-methylethyl]carbamate, and acetonitrile (5 mL) were added,
and the mixture was stirred at room temperature overnight.
Water was added, and the mixture was extracted with ethyl
acetate. The organic layer was separated, washed with brine,
dried over anhydrous magnesium sulfate and concentrated under
reduced preésure. The residue was purified by silica gel |

column chromatography (hexane/ethyl acetate) to give tert-
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butyl [(1S)-2-{[6-(6-hydroxy-1,3-benzoxazol-2-yl)pyridin-3-
ylloxy}-1l-methylethyl]carbamate (640 mg) as a mixture with \
impurities. A mixture of tert-butyl [(1S)-2-{[6-(6-hydroxy-
1,3—benzoxazol—2—yl)pyridin—3—yl]oxy}—l—methylethyi]carbamate
(640 mg, a mixture with impurities), l-bromopropan-2-one (455
mg), potassium carbonate (459 mg), and DMF (10 mL) was stirred
at 60 °C for 1 hr. Water was added, and the mixture was ,
extracted with ethyl acetate. The organic layer was separated,
washed with brine, dried over anhydrous magnesium sulfate and
concentrated under reduced pressure. The :esidue was purified
by silica gel column chromatography (hexane/ethyl acetate) to
give téft—butyl [(1S)-1-methyl-2-({6-[6- (2~0oxopropoxy)-1,3-
benzoxazol-2-yl]pyridin-3-yl}oxy)ethyl]carbamate (630 mg) as a
mixture with impurities. Bis(2-methoxyethyl)aminosulfur
trifluoride (0.789 mL) was added to a mixture of tert-butyl
[(1S)—i—methyl—Z—({6—[6—(2—oxopropoxy)f1,3—benzoxazol—2—

‘'yllpyridin-3-yl}oxy)ethyl]lcarbamate (630 mg, a mixture with

impurities) and toluene (10 mL) at room temperature. The
mixture was stirred at 80 °C for 2 hr. Saturated sodium
hydrogen carbonate solution was'added, and the mixture was
extracted with ethyl acetate. The organic layer was separated,
washed with brine, dried over anhydrous magnesium sulfate and
concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (hexane/ethyl acetate) to
give the title compound (11l mg) as a white solid.
MS (ESI+): [M+H]' 464.2.
[1058]
C) 1-[(1S)-2-({6-[6-(2,2-difluoropropoxy)-1,3~-benzoxazol-2-
yllpyridin-3-yl}oxy)-1-methylethyl]urea

A mixture of tert-butyl [(1S)~-2-({6-[6-(2,2-
difluoropropoxy) -1, 3-benzoxazol-2-yllpyridin-3-yl}loxy)-1-
methylethyl]carbamate (111 mg), 4 M hydrogen chloride/ethyl
acetate (1 mL), and ethyl acetate (2 mlL) was stirred at room

temperature for 4 hr. The mixture was concentrated under

reduced pressure. The residue was mixed with THF (2 mL) and
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triethylamine (0.267 mL), and then trimethylsilyl isocyanate
(27.6 mg) was added. The mixture was stirred at room
temperatﬁre overnight. Water was added, and the mixture was
extracted with ethyl aeetate. The organic layer was washed
with brine, dried over anhydrous magnesium sulfate and
concentrated under reduced pressure. THe residue was purified
by silica gel column chromatography (hexane/ethyl
acetate/methanol) and recrystallization (ethyl acetate) to
give the title eompound (38.8 mg) as white crystals. ’
'Y NMR (300 MHz, DMSO-d¢) & 1.17 (3H, d, J = 6.5 Hz), 1.78 (3H,
t, J = 19.3 Hz), 3.86-4.23 (3H, m), 4.40 (2H, t, J = 12.7 Hz),
5.49 (2H, s), 6.10 (1H, 4, J = 7.3 Hz), 7.11 (1H, dd, J = 8.8,
2.5 Hz), 7.54 (1H, d, J = 2.4 Hz), 7.65 (1H, dd, J = 8.8, 2.9
Hz), 7.73 (1H, d, J = 8.9 Hz), 8.22 (1H, d, J = 8.9 Hz), 8.49
(1H, d, J = 2.7 Hz).
[1059]
Example 107 _
N-{(18)-2-[(6-{6-[(3,3-difluorocyclobutyl)methoxy]-1, 3-
benzoxazol—2—yl}—5—fluoropyridin—3—yl)oxy]—l—}
methylethyl}acetamide |
[1060] v
A) tert—butylv[(lS)—2—{[5—fluoro—6—(6—hydroxyf1,3—benzoxazol—
2—yl)pyridin—3—yl]oxy}—l—methylethyl]earbamate

A mixture of 5-({(2S)-2-[ (tert-
butoxycarbonyl)amino]propyloxy)-3-fluoropyridine-2-carboxylic
acid (5.00 g), 4-aminobenzene-1,3-diol hydrochloride (2.57 qg),
HATU (6.05’g), N,N-diisopropylethylamine (5.56 mL), and DMF
(50 mL) was stirred at room temperature overnight. Water was
added, and the mixture was extracted with ethyl acetate. The
organic layer was separated, washed with brine, dried over
anhydrous magnesium sulfate and concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (hexane/ethyl acetate) to give tert-butyl
[(1S)-2-({6-[(2,4-dihydroxyphenyl)carbamoyl]-5-fluoropyridin-
3-yl}oxy)-1l-methylethyl]carbamate (2.51 g) as a mixture with
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impurities. Triethylamine (6.64 mL) was added to a solution of’

hexachloroethane (3.53 g) and triphenylphosphine (4.69 g) in
acetonitrile (25 mL)'at room temperature. The mixture was
stirred at room temperature for 10 min. Then a mixture of
tert-butyl [(1S)—2—({6—[(2,4—dihydroxyphenyi)carbamoyl]—S—_
fluoropyridin-3-ylloxy)-l-methylethyl]carbamate (2.51 g, a
mixture with impurities) and acetonitrile (25 mL) was added,

and the mixture was stirred at room temperature overnight.

‘Water was added, and the mixture was extracted with ethyl

acetate. The organic layer was washed with brine, dried over
anhyd:ous magnesium sulfate and concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (hexane/ethyl acetate) to give the title
compound (0.770 g) as-a pale yellow solid. '
MS (ESI+): [M+H]® 404.2.
[1061]
B) tert-butyl {(1S)-2-[(6-{6-[(3,3-
difluorocyclobutyl)methoxy]-1,3-benzoxazol~-2-yl}-5-
fluoropyridin-3-yl)oxy]-1l-methylethyl}carbamate

A mixture of tert-butyl [(1S)-2-{[5-fluoro-6-(6-hydroxy-
'1,3—benzoxazol—2—yl)pyridin—3—yl]oxy}—l—methylethyl]carbamate
(770 mg),  (3,3-difluorocyclobutyl)methyl methanesulfonate (459.
mg), potassium carbonate (317 mg), and DMF (10 mL) was stirred
at 60 °C for 2 hr. Then additional (3, 3-
difluorocyclobutyl)methyl methanesulfonate (459 mg) and
potassium carbonate (317 mg) were added, and the mixture was:
stirred at 60 °C overnight. Water was added, and the mixture
was extracted with ethyl acetate. The organic layer was washed
with brine, dried over anhydrous magnesium sulfate and
concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (hexane/ethyl acetate) to
give the title compound (780 mg) as a white solid.
MS (ESI+): [M+H]' 508.1.
[1062] :
C) N—{(1S)-2—[(6—{6—[(3,3—d;flﬁorocyclobutyl)methoxy]—l,3—_
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benzoxazol—Z—yl}—5—fluoropyridin—3—yl)oxy]—1—
methylethyl}acetamide

A mixture of tert-butyl {(18)-2-[(6-{6-~[(3,3-
difluorocYclobutyl)methoxy]—1,3—benzoxazol—2—yl}—5—
fluoropyridin-3-yl)oxy]-l-methylethyl}carbamate (390 mg), 4 M
hydrogen chloride/ethyl acetate (3 mL), and ethyl acetate (3
mL) was stirred at room températufe‘for 4 hr. The mixture was
concentrated under reduced pressure. The residue was mixed
with pyridine (3 mL) and acetic anhydride (1 mL). The mixture
wasvstirred at room temperature for 3 days. 1 M hydrochloric
acid was added, and the mixture was extracted with ethyl
acetate. The organic layer was washed with brine, dried over
anhydrous magnesium sulfate énd concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (hexane/ethyl acetate/methanol) and

recrystallization (ethyl acetate) to give the title compound

(218 mg) as white crystals,
lH NMR (300 MHz, DMSO-dg) 6_1.18 (3H, d, J = 6.3 Hz), 1.82 (3H,

s), 2.35-2.86 (5H, m), 3.94-4.24 (5H, m), 7.05 (1H, dd, J =
8.8, 2.4 Hz), 7.46 (1H, d, J = 2.4 Hz), 7.65-7.81 (2H, m),
8.01 (1H, d, J = 7.4 Hz), 8.34-8.44 (1H, m).

[1063] |

’Example 108

1-{(18)-2-[(6~-{6-[(3,3-difluorocyclobutyl)methoxy]-1, 3~
benzoxazol—2—yl}—5—fluoropyridin—3—yl)oxy]—1—methylethyl}uréa
[1064]

A mixture of tert-butyl {(1S)-2-[(6-{6-[(3,3-
difluorocyclobutyl)methoxy]-1,3-benzoxazol-2-yl}-5-
fluoropyridin-3-yl)oxyl-1-methylethyl}carbamate (390 mg), 4 M
hydrogen chloride/ethyl acetate (3 mL), and ethyl acetate (3
mL) was stirred at room temperature for 4 hr. The mixture was
concentrated under reduced pressure. The residue was mixed
with THF (3 mL) and triethylamine (0.857 mL), and then
trimethylsilyl isocyanate (89 mg) was added. The mixture was

stirred at room temperature for 3 days. Water was added, and
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the mixture was extracted with ethyl acetate. The organic
layer was washed with brine, dfied over anhydrous magnesium
sulfate and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (hexane/ethyl
acetate/methanol) and recrystallization (ethyl acetate) to
give the title compound (227 mg) as white crystals.

'H NMR (3OO‘MH2, DMSO-dg) & 1.13-1.20 (3H, m), 2.40-2.90 (5H,
m),v3.80-4.23 (5H, mf, 5.51 (2H, s), 6.13 (1H, d, J = 7.1 Hz),
7.05 (1H, dd, J = 8.8, 2.4 Hz), 7.46 (1H, d,"J = 2.4 Hz),
7.69;7.86 (2H, m), 8.36-8.45 (1H, m).

[1065]

Example 109

Diastereomer of N-{(18)-2-[(6-{6-[(2,2-
difluorocyclopropyl)methoxy]-1, 3-benzoxazol-2-yl}-5-
fluoropyridin-3-yl)oxy]-1l-methylethyl}acetamide (retention
time: short) ' 7

11066]

'The diastereomeric mixture (186 mg) of the title compound
obtained in Example 96 was resolved by preparative HPLC
(CHIRALPAK AD, 50 mmID x 500 mmL, manufactured bnyaicel
Corporation, mobile phase: methanol =viOO%). The residue was
recrystallized (ethyl acetate) to give the title cbmpound
(47.4 mg, >99.9%_de, retention time: short) as white crystals.
'H NMR (300 MHz, DMSO-dg) & 1.18 (3H, d, J = 6.3 Hz), 1.42-1.59
(1H, m), 1.65-1.89 (4H, m), 2.16-2.39 (1H, m), 3.96-4.33 (5H,
m), 7.07 (1H, dd, J = 8.8, 2.4 Hz), 7.49 (1H, 4, J = 2.3 Hz),
7.69-7.81 (2H, m), 8.01 (1H, d, J = 6.8 Hz), 8.34-8.42 (1lH, m).
[1067] |
Example 110
Diastereomer of N-{ (1S8)~-2-[(6-{6-[(2,2-
difluorocyclopropyl)methoxy]-1, 3-benzoxazol-2-yl}-5-
fluoropyridin—B—yl)oxy]—l—methylethyl}acetamide (retention
time: long)

[1068]

The diastereomeric mixture (186 mg) of the title compound
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obtained in Example 96 was resOlng by preparative HPLC
(CHIRALPAK AD, 50 mmID x 500 mmL, manufacturéd by Daicel
Corporation, mobile phase: methanol = 100%). The residue was
recrystallized (ethyl acetate) to give the title compound
(45.8 mg, 99.7% de, retention time: long) as white crystals.
'H NMR (300 MHz, DMSO-dg¢) & 1.18 (3H> d, J = 6.4 Hz), 1.42-1.59
(1H, m), 1.67-1.88 (4H, m}, 2.16-2.39 (1H, m), 4.00-4.33 (5H,

‘m), 7.07 (1H, dd, J = 8.8, 2.4 Hz), 7.49 (1H, d, J = 2.4 Hz),

7.70-7.82 (2H, m), 8.01 (1H, d, J = 7.0 Hz), 8.35-8.41 (1H, m).
[1069] |

Example 111

Diastereomer of 1-{(1S8)-2-[(6-{6-[(2,2-
difluorocyclopropyl)methoxy]-1, 3-benzoxazol-2-yl}-5-
fluoropyridin-3-yl)oxy]-1l-methylethyl}urea (retention time:

short)

[1070]

The diastereomeric_mixtufe (200 mg) of the title compéund
obtained in Example 97 was resolved by preparative HPLC
(CHIRALPAK AD, 50 mmID x 500 mmL, manufactured by Daicel
Corporation, mobile phase: ethanol/2-propanol = 500/500). The

residue was recrystallized (ethyl acetate) to give the title

compound (8l.4 mg, >99.9% de, retention time: short) as yellow
crystals. ‘

'H NMR (300 MHz, DMSO-dg) & 1.17 (3H, d, J =‘6.5 Hz), 1.38-1.61
(l1H, m), 1.67-1.85 (1H, m), 2.11-2.40 (1H, m), 3.83-4.41 (5H,
m), 5.50 (2H, s), 6.11 (1H, d, § = 7.1 Hz), 7.07 (1H, dd, J =
8.7, 2.4 Hz), 7.49 (1H, d, J = 2.3 Hz), 7.66-7.89 (2H, m),

'8.32-8.47 (1H, m).

[1071]

Example 112

Diastereomer of 1-{(1S)-2-[(6-{6-[(2,2-
difluorocyclopropyl)methoxy]-1, 3-benzoxazol-2-yl}-5-
fluoropyridin-3-yl)oxyl-1l-methylethyl}urea (retention time:
lOné) ' |
[1072]

1
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The diastereomeric mixture (200 mg) of the title compound
obtained in Example 97 was resolved by preparative HPLC\
(CHIRALPAK AD, 50 mmID x 500 mmL, manufactured by Daicel
Corporation, mobile phase: ethanol/2-propanol = 500/500). The
residue was recrystallized (ethyl acetate) to give the title
compound (66.1 mg, >99.9% de, retention time: long) as white
cryétals. ‘

4 NMR (300 MHz, DMSO-dg) & 1.17 (3H, d, J = 6.5 Hz), 1.40-1.58
(1H, m), 1.66-1.85 (1H, m), 2.15-2.42 (1H, m), 3.74-4.36 (5H,
m), 5.50 (2H, s), 6.11 (1H, d, J = 7.3 Hz), 7.07 (1, dd, J =
8.8, 2.4 Hz), 7.49 (1H, d, J = 2.3 Hz), 7.67-7.86 (2H, m),
8.34-8.46 (1H, m).

[1073]

Example 113 ‘

Diastereomer of N-{ (1S)-2-[(6-{6-[2-(2,2-
difluorocyclopropyl)ethoxy]—1,3—benzoxazol—2—yl}—5—
fluoropyridin-3-yl)oxy]-1l-methylethyl}acetamide (retention
time: short) |

[1074] ’

The diastereomeric mixture (200 mg) of the title compbund
obtained in Example 98 was resolved by preparative HPLC
(CHIRALPAK AD, 50 mmID x 500'mmL, manufactured by Daicel -
Corporation, mobile phase: methanol = 100%). The residue was
recrystallized (ethyl acetate) to give the title compound
(57.2 mg, >99.9% de, retention time: short) as white crystals.
'H NMR (300 MHz, DMSO-d¢) & 1.11-1.35 (4H, m), 1.45-2.11 (7H,
m), 3.94-4.23 (5H, m), 7.05 (1H, dd, J = 8.8, 2.4 Hz), 7.46
(1H, 4, J = 2.3 Hz), 7.67—7.82 (2H, m), 8.01 (1H, d, J = 6.9
Hz), 8.33-8.45 (1H, m). |
[1075] | |
Example 114
Diastereomer of N-{(1S8)-2-~-[(6-{6-[2-(2,2-
difluorocyclopropyl)ethoxy]-1, 3-benzoxazol-2-yl}-5-
fluoropyridin—B—yl)oxy]—l—methylethyl}acetamide (retention

time: long)
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[1076] ‘ _
| The diastereomefic mixture (206 mg) of the.title compound
obtained in Example 98 was resolved by preparative HPLC
(CHIRALPAK AD, 50 mmID x 500 mmL, manufactured by Daicel
Corporation, mobile phase: methanol = 100%). The residue was
recrystallized (ethyl éCetate) to give the title compound

(57.4 mg, >99.9% de, retention time: long) as white crystals.
'H NMR (300 MHz, DMSO*ds)bﬁ 1.11-1.35 (4H, m), 1.47-2.14 (7H,
m), 3.96—4.27 (5H, m), 7.05 (1H, dd, J = 8.8, 2.4 Hz), 7.46
(14, 4, J = 2.3 Hz), 7.69-7.87 (2H;, m), 8.01 (1H, d, J = 6.9
Hz), 8.31-8.45 (1H, m). |

[1077]

Example 115

Diastereomer of 1-{(1S8)-2-[(6-{6-[2~(2,2-

‘difluorocyclopropyl)ethoxy]l-1,3-benzoxazol-2-yl}-5-

fluoropyridin-3-yl)oxyl-1l-methylethyl}lurea (retention time:
short) | |
[1078]

The diastereomeric mixture (100 mg) of the title compound
obtained in Example 99 was resolved by -preparative HPLC
(CHIRALPAK AD, 50 mmID x 500 mmL, manufactured by Daicel
Corporation, mobile phase: ethanol = 100%). The residﬁe was
recrystallized (ethyl acetaté) to give the title compound
(44.0 mg, >99.9% de, retention time; short) as white crystals.
'H NMR (300 MHz, DMSO-dg) & 1.10-2.03 (8H, m), 3.81-4.27 (5H,
m), 5.52 (2H, s), 6.13 (1H, d, J = 7.2 Hz), 6.97-7.12 (1H, m),
7.46 (1H, d, J = 2.3 Hz), 7.63-7.84 (2H, m), 8.36-8.45 (1H, m).
[1079] |
Example 116 _

Diastereomer of l—{(18)—2—[(6—{6—[2—(2,2—
difluorocyclopropyl)ethoxy]-1,3-benzoxazol-2-yl}-5-
fluoropyridin—3—yl)oxy]—1—methylethyl}ﬁrea (retention time:
long)

[1080]

The diastereomeric mixture (100 mg) of the title compound‘
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obtained in Example 99 was resolved by preparative HPLC

(CHIRALPAK AD, 50 mmID x 500 mmL, manufactured by Daicel
Corporation, mobile phase: ethanol = 100%). The residue was
recrystallized (ethyl acetate) to give the title compound’
(24.5 mg, >99.9% de, retention time: long) és white crystals.
'H NMR (300 MHz, DMSO-dg¢) & 1.05-2.15 (8H, m), 3.87-4.23 (5H,
m), 5.51 (2H, s), 6.13 (1H, d, J = 7.6 Hz), 7.05 (1H, dd, J =
8.8, 2.5 Hz), 7.46 (1H, 4, J = 2.3 Hz), 7.66-7.83 (2H, m),
8.35-8.44 (1H, m). o '
[1081]
Example 117
Diastereomer of N-[(1S)-2-({6-[6-(cyclopropylmethoxy)-2-
methyl-2, 3-dihydro-1-benzofuran-2-yl]pyridin-3-yl}oxy)-1-
methylethyl]acetamide
[1082]
A) 2-(2-Bromo-4-hydroxyphenyl)acetic acid

To a solution of (2-bromo-4-methoxyphenyl)acetic acid
(0.49 g) in dichloromethane (5 mL) was added a solution of
tribromoborane (5 mL) dropwiSe at room temperature. The
mixture was refluxed for 3 hr. After cooling to room
temperature, the mixture was poured into iced water. The
organic layer was separated, and the water layer was extracted
by ethyl acetate (30 mL x 3). The combined organic layer Was
dried over anhydroué sodium sulfate, filtered and evaporated
to dryness. The residue was washed with ether to give the
title compound (0.45 g).
MS (ESI+): [M+H]" 230.9
[1083]
B) 2-(2-Bromo-4-hydroxyphenyl)~N-methoxy-N-methylacetamide

‘A mixtﬁre of 2-(2-bromo-4-hydroxyphenyl)acetic acid (0.67
g), HATU (1.33 g), triethylamine (0.35 g) and N,O-
dimethylhydroxylamine hydrochloride (0.34 g) in
dichloromethane (30 mlL) was.stirred overnight, to which water

(30 mL) was added. The organic layer was separated. The water

layer was extracted by ethyl acetate (20 mL x 3). The combined
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organic. layer was dried over anhydrous sodium sulfate,
filtered and evaporated to dryness. The residue was purified
by silica gel column chromatography ertroleum ether/ethyl
acetate) to.afford the title compound (773 mg).
'H NMR (CDCli, 400 MHz): & 3.27 (3H, s), 3.79 (3H, s), 3.85 (2H,
s), 6.56 (1H, 4, J = 8.0 Hz), 6.77 (1H, s); 6.87 (1H, s), 7.01
(1H, d, J = 8.4 Hz).
[1084] '
C) 2-(2-Bromo-4- (methoxymethoxy)phenyl)-N-methoxy-N-
methylacetamide _ 7

A solution of 2-(2-bromo-4-hydroxyphenyl)-N-methoxy-N-
methylacetamide (1.37 g) in THF (5 mL) was slowly added to a
suapension of sodium hydride (0.22 g) in THF (30 mL) at 0°C.
After stirring for 10 min, bromo (methoxy)methane (1.25 g) was
added dropwise at 0°C. The mixture was stirred at 0°C for 2 hr.
The mixture was poured'into water and extracted with ethyl
acetate (30 mL x 3). The organic layer was dried over anhydrous
sodium sulfate, filtered and evaporated to dryness. The
residue was purified by silica gel column chromatography
(petroleum ether/ethyl acetate) to afford the title compound
(1.34 g). ,
'H NMR (DMSO, 400 MHz): & 3.12 (3H, s), 3.38 (3H, s), 3.73 (3H,
s), 3.82 (2H, s), 5.20 (2H, s), 7.00 (1H, g), 7.26 (2H, q).
[1085] ‘ |
D) 1-(2-Bromoc-4-(methoxymethoxy)phenyl)propan-2-one

To avmixture‘of 2-(2-bromo-4- (methoxymethoxy)phenyl) -N-
methoxy—N—methylacetamide (4.30 g) in ether (93 mL) was added
methyl magnesium bromide (3 M in ether, 63 mL) dropwise at 0°C.
After addition, the solution was stirred at 0°C for 1.5 hr. The
mixture was poured into saturated aqueous ammonium chloride,
and extracted with ethyl acetate (100 mL x 2). The organic
phase was dried over anhydrous sodium sulfate, The solvent was
removed under reduced pressure, and the residue was purified
by silica gel column chromatography (petroleum ether/ethyl
acetate) to afford the title compound (23 g).
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‘H NMR (CDClz, 400 MHz): & 2.13 (3H, s), 3.40 (3H, s), 3.73 (2H,

s), 5.07 (2H, d, § = 3.6 Hz), 6.91 (1H, 4, J = 2.8 Hz), 7.05
(1H, d, J = 8.4 Hz), 7.22 (1H, d, J = 2.4 Hz).
[1086] o
E) 1-(2-Bromo-4- (methoxymethoxy)phenyl)-2-(5-
(triisopropylsilyloxy)pyridin-2-yl)propan-2-ol

| To a solution of 2—bromb—5—(triisopropylsilyloxy)pyridine
(26.6 g) in ether (80 mL) at —785C was added n-butyllithium
(2.5 M in hexéne, 32.2 mL) dropwise. After being stirred at
the same temperature for 10 min, a solution of 1-(2-bromo-4-
(methoxymethoxy)phenyl)propan-2-one (11 g) in diethylether (40
mL) was added dropwise. The mixture was stirred at -78 °C for
5 hr, and poured into iced saturated ammonium chloride and

extracted with ethyl acetate. The combined organic layer was

‘washed with brine, dried over anhydrous magnesium sulfate, and

" concentrated under reduced pressure. The residue was purified

by silica gel column chromatography (petfoleum ether/ethyl
acetate) to afford the title compound (9.6 g).

'H NMR (CDCl;, 400 MHz): § 1.07-1.10 (18H, d, J = 8.8 Hz),
1.23-1.31 (6H, m), 3.12-3.27 (2H, q, J = 7.2 Hz), 3.45 (3H, s),
4.89 (1H, s), 5.11 (2H, s), 6.83 (1H, dd, J = 8.4 Hz and 2.4
Hz), 7.09 (1H, 4, J =v8.8 Hz), 7.16-7.22 (3H, m), 8.10-8.12

(1H, m). | '

[1087]

F) 2-(6-(Methoxymethoxy)-2-methyl-2,3-dihydrobenzofuran-2-yl) -
5- (triisopropylsilyloxy)pyridine '

A mixture of 1-(2-bromo-4- (methoxymethoxy)phenyl)-2-(5-
(triisopropylsilyloxy)pyridin-2-yl)propan-2-o0l (9.6 g), copper
iodide(I) (3.5 g), éesium carbonate (5.1 g) in toluene (60 mL,
containing ca. 0.6 mL DMF) was heated to reflux overnight. The
mixture was filtrated and the solid was washéd with ethyl
acetate. The filtrate was concentrated under reduced pressure
and the residue was purified by silica gel column
chromatography (petroleum ether/ethyl acetate) to affbrd the
title compound (8 g).
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MS (ESI+): [M+H]"™ 444.2

[1088] _
G) 6—(6—(Methoxymethoxy)—2—methyl—2,3—dihydrobenzdfuran—2—
yl)pyridin-3-ol

A mixture of‘2—(6—(methoXymethoxy)—2—methyl—2,3— |
dihydrobenzofuran—2—yi)—5—(triisopropylsilYloxy)pyridine (8 g)

and tetrabutylammonium fluoride (5.66 g} in THF (30 mL) was

stirred at ambient temperature for 30 min. The mixture was

concentrated under reduced pressure. The residue was purified
by silica gel column chromatography.(dichloromethane/methanol)
to afford the title compound (4.66 qg). |
MS (ESI+): [M+H]" 288.0
[1089].
H) Diastereomer of 6—(6—(metﬁoxymethoxy)—2—methyl—2,3—
dihydrobenzofuran-2-yl)pyridin-3-ol

The diastereomeric mixfure of 6~ (6- (methoxymethoxy)-2-
methyl—2,3—dihydrobenzofuran—2—yl)pyridin—3—ol was separated
by preparative HPLC (column: CHIRALPAK AD-H, 4.6 x 250 mm,5 um,
mobile phase: methanol) to afford the more polar isomer
(shorter fetention time). |
MS (ESI+): [M+H]™ 288.0.
100%de
[1090]
I) Diastereomer.of tert-Butyl [(1S)-2-({6-[6-(methoxymethoxy)-
2-methyl-2,3-dihydro-1-benzofuran-2-yl]lpyridin-3-yl}oxy)-1-
methylethyl]carbamate

A solution of diisopropyl azodicarboxylate (1.9 M in
toluene, 2.20 mL) was added dropwise to a solution of
diastereomer of 6- (6- (methoxymethoxy)-2-methyl-2,3-
dihydrobenzofuran—2—yi)pyridin—B—ol (shorter retentibn time,
800 mg), (S)-tert-butyl (l-hydroxypropan-2-yl)carbamate (976
mg), and triphenylphosphine (1100 mg) in toluene (20 mL) at

ambient temperature. The mixture was stirred at room

, témperature for 2 hr. The mixture was concentrated under

reduced pressure. The residue was partitioned between ethyl

358



10

15

20

25

30

35

WO 2012/074126 ' ’ PCT/JP2011/078010

acetate and water. The separated organic layer was washed with
brine, dried over anhydrous magnesium sulfate,_and
concentrated under reduced pressure. The residue was purified
by column chromatography (hexane/ethyl acetate). to give the
title compound (1100 mg). |
'!H NMR (300 MHz, DMSO-d¢) & 0.98 (3H, d, J = 6.7 Hz), 1.37 (9H,
s), 1.68 (3H, s), 3.07-3.22 (2H, m), 3.26-3.34 (2H, m), 3.36
(34, s), 3.37-3.60 (2H, m), 5.12 (2H, s), 6.40-6.58 (2H, m),
7.03 (1H, d, J = 8.0 Hz), 7.13 (1H, dd, J = 8.6, 2.8 Hz), 7.36
(1H, d, J = 8.6 Hz), 8.09 (I1H, d, J = 2.4 Hz).
[1091]
J) Diasteromer of 2-(5-{[(2S)-2-aminopropylloxylpyridin-2-yl)-
2-methyl-2,3-dihydro-1l-benzofuran-6-ol dihydrochloride |

A solution of 4 M hydrogen chloride/ethyl acetate (10 mL)
was added dropwise to a solution of diastereomer of tert-butyl
[{1S)-2~({6~[6- (methoxymethoxy)-2-methyl~2,3-dihydro-1-
benzofuran—Z—yl]pyridin—B—yl}dxy)—1—methylethyl]carbamate
(1000 mg) in ethyl acetate (20 mL) at room temperature. The
mixture was stirred at room temperature for 3 hr. The
resulting precipitaﬁe was collected by filtration to give the
title compound (650 mg).
'H NMR (300 MHz, DMSO-dg) & 1.29 (3H, d, J = 6.7 Hz), 1.72 (3H,
s), 3.20 (1H, d, J = 15.5 Hz), 3.47 (14, d, J = 15.4 Hz),
3.53-3.71 (lH; m), 4.08-4.18 (1H, m), 4.20-4.30 (1H, m), 6.25
(14, dd, § = 7.9, 2.2 Hz), 6.33 (1H, d, J = 2.1 Hz), 6.90 (1lH,
d, J =7.9 Hz), 7.43-7.65 (2H, m), 8.24-8.48 (4H, m).
[1092]
K) Diasteromer of N-[(1S)-2-{[6-(6-hydroxy-2-methyl-2,3-
dihydro-1l-benzofuran-2-yl)pyridin-3~-ylloxy}-1-
methylethyl]acetamide

A solution of acetic anhydride (0.126 mL) was added
dropwise to a solution of diastereomer of 2-(5-{[(28)-2-
aminopropyl]oxylpyridin-2-yl)-2-methyl-2, 3-dihydro-1-
benzofuran-6-ol (500 mg) in pyridine (15 mL) at ambient

temperature. After being stirred at ambient temperature for 2
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hr, the mixture was diluted with methanol (15 mL) and 4 M
sodium hydroxide (10 mL). The mixture was stirred at ambient
temperature for 15 hr. The organic solvent was removed under
reduced pressure, and the aqueous solution was acidified with
4 M hydrochloric acid and extracted with ethyl acetate. The
organic layer was Separated,'washed with water and brine,
dried over anhydrous magnesium sulfate and concentrated under
reduced pressure. The residue was purified by silica gel.
column chromatography (hexane/ethyl acetate) to givé the title
compound (350 mg).

MS (ESI+): [M+H]" 343.1

[1093]

L) Diasteromer of N—[(IS)—2—({6—[6—(cyclopropylmethoxy)—z—
methyl-2,3-dihydro-l-benzofuran-2-yl]pyridin-3-yl}oxy)-1-
methylethyl]aCetamide. '

A mixture of (bromomethyl)cyclopropane (177 mg),
diastereomer of N-[(1S)-2-{[6-(6-hydroxy-2-methyl-2,3-dihydro-
l1-benzofuran-2-yl)pyridin-3-yl]oxy}-1-methylethyl]acetamide
(150 mg) and potassium carbonate (72.7 mg) in DMF (3 mL) was
stirred at 80 °C for 3 hr. After cooling to room temperature,
the mixture was concentrated under reduced pressure. The |
residue was partitioned between ethyl acetate and.water. The
separated organic layer was washed with brine, dried over
anhydrous magnesium sulfate, and concentrated uhder reduced
pressure. The residue was purified by silicé gél column

chromatography (NH, hexane/ethyl acetate) to give the title

-compound (150 mg).

[1094]

Example 118

Diasteromer of N-[(1S)-2-({6-[6~(cyclopropylmethoxy)-2-methyl-
2,3-dihydro-1-benzofuran-2-yl]pyridin-3-yl}oxy)-1-
methylethyl]acetamide

[1095]

A) Diasteromer of 6—(6—(methoxymethoxy)—2—methyl—2;3—~
dihydrobenzofuran-2-yl)pyridin-3-ol
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The diastereomeric mixture of 6-(6- (methoxymethoxy)-2-

methyl-2,3-dihydrobenzofuran-2-yl)pyridin-3-o0l was separated

by preparative HPLC (column: CHIRALPAK AD-H, 4.6 x 250 mm, 5 um,

mobile phase: methanol) to afford the less polar isomer
(longer retention time).
MS (ESI+): [M+H]" 288.0.
100%de '
[1096] _
B) Diasteromer of N-[(1S)-2-({6-[6-(cyclopropylmethoxy)-2-
methyl-2,3-dihydro~l-benzofuran-2-yl]pyridin-3-yl}oxy)-1-
methylethyl]acetamide

By a method similar to Example 117, steps I, J, K and L,
and using diastereomer of 6-(6-(methoxymethoxy)-2-methyl-2,3-
dihydrobenzofuran—2—yl)pyridin—3—ol (longer retention time),
the title compound was obtained.
[1097]
Example 119
Diastereomer of N-[(1S)-2-({6-[6-(cyclopropylmethoxy)-2-ethyl-
2,3-dihydro-l-benzofuran-2-yl]pyridin-3-yl}oxy)-1-
methylethyl]aéetamide
[1098] ' _
A) i—(2—Bromo—4—(methoxymethoxy)phenyl)butan—2—one

By a method similar to Examplé 117, step D, and using
ethylmagnesium bromide instead of methyl magnesium bromide,
the title compound was obtained.
'H NMR (DMSO, 400 MHz): & 0.95 (3H, t), 2.38 (2H,m), 3.32 (3H,
s), 3.84 (2H, s), 5.20 (2H, s), 6.99 (1H, s), 7.22 (2H, s).
[1099]
B) 6-(2-Ethyl-6- (methoxymethoxy)-2,3-dihydro-l-benzofuran-2-
yl)pyridin-3-ol

By a method similar to Example 117, step E to G, and
using 1—(2—bromo—4+(methoxyméthoxy)phenyl)butan—Z—one,'the
title compound was obtained.
MS (ESI+): [M+H]® 302.1. -
[1100]
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C) Diastereomer of 6-(2-ethyl-6-(methoxymethoxy)-2,3-dihydro-

l—benzofuran—Z—yl)pyridinf3—ol

.The diastereomeric mixture of 6-(2-ethyl-6-
(methoxymethoxy) -2, 3-dihydro-1-benzofuran-2-yl)pyridin-3-ol
was separated by preparative HPLC (column% CHIRALPAK AD-H, 4.6
x 250 mm, 5 um, mobile phase: ethanol) to afford the mbfe polar
isomer (shorter retention time).

MS (ESI+): [M+H]® 302.0.

100%de

[1101]

D) Diastereomer of N—[(ls)—2—({6—[6—(cyclopropylmethoxy)—2—
ethyl-2,3-dihydro~-l-benzofuran-2-yl]pyridin-3-yl}oxy)-1-
methylethyl]acetamide . _

By a method simiiar to Example 117, steps I, J, K and L,
and using diastereomer of 6-(2-ethyl-6-(methoxymethoxy)-2,3-
dihydro-l-benzofuran-2-yl)pyridin-3-ol (shorter retention
time), the title coﬁpound was obtéined.

[1102]

Example 120

Diastereomer of N—[(1S)—2—({6—[6—(cycloprépylmethoxy)—2—ethyl—
2,3-dihydro-1l-benzofuran-2-yl]lpyridin-3-yl}loxy)-1-
methylethyl]acetamide

[1103]

" A) Diastereomer of 6—(2—ethyl—6—(methoxymethoxy)—2,3fdihydro—

l1-benzofuran-2-yl)pyridin-3-ol

The diastereomeric mixture of 6-(2-ethyl-6-
(methoxymethoxy) -2, 3~dihydro-1~-benzofuran-2-yl)pyridin-3~ol
was separated by‘preparative HPLC (column: CHIRALPAK AD-H, 4.6
x 250 mm, 5 pm, mobile phase: ethanol) to afford the less polar
isomer (longer retention time).
MS (ESI+): [M+H]* 302.0.
100%de
[1104]
B) Diastereomer of N-{(1S)-2-({6-[6-(cyclopropylmethoxy)-2-
ethyl-2,3-dihydro-l-benzofuran-2-yl]pyridin-3-yl}oxy)-1-
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methylethyl]acetamide
By a method similar to Example 117, steps I, J, K and L,
and using diastereomer of 6-(2-ethyl-6-(methoxymethoxy)-2,3-
dihydro—l—benzofuran—Z—yl)pyridin—B—ol (longer retention time),
the title compound was obtained.
[1105]
Example 121 ‘
Diastereomer of N-[(1S)-2-({6-[2~-cyclopropyl-6-
(cyclopropylmethoxy)-2,3-dihydro-1-benzofuran-2-yl]pyridin-3-
yl}loxy)-1l-methylethyl]acetamide
[1106]
A) 2-(2-Bromo-4- (methoxymethoxy)phenyl)-1-cyclopropylethanone
By a method similar to Example 117, step D, and using
ethylmagnesium bromide instead of cyclopropylmethyl magnesium

bromide, the title compound was obtained.

MS (ESI+): [M+H]* 298.9.

[1107] , )
B) 6-(2-Cyclopropyl-6-(methoxymethoxy)-2,3-dihydro-1-
benzofuran-Z—yl)pyridiﬁ-3—él

By a method similar to Exémple 117, step E to G, and

" using 2-(2-bromo-4- (methoxymethoxy)phenyl)-1-

cyclopropylethanone, the title compound was obtained.
MS (ESI+): [M+H]® 314.1.
[1108]
C) Diastereomer of 6- (2-cyclopropyl-6- (methoxymethoxy) -2, 3-
dihydro—1—benzofuran—2—yl)pyridin—3;ol

The diastereomeric mixture of 6-(2-cyclopropyl-6-
(methoxymethoxy) -2, 3-dihydro-l-benzofuran-2-yl)pyridin-3-ol
was separated by preparative HPLC (column: CHIRALPAK AD-H, 4.6
X 250 mm, 5 pum, mobile phase: ethanol) to afford the more polar
isomer (shorter retention time).
MS (ESI+): [M+H]" 314.0.
100%de
[11009]
D) Diastereomer of N-[(1S)-2-({6-[2~cyclopropyl-6-
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(cyclopropylmethoxy)-2,3-dihydro-1-benzofuran-2-yl]pyridin-3-

ylloxy)-1l-methylethyl]acetamide

By a method similar to Example 117, steps I, J, K and L,
and using diastereomer of 6-(2-cyclopropyl-6-(methoxymethoxy) -
2,3-dihydro-1l-benzofuran-2-yl)pyridin-3-o0l (shorter retention
time), the title compound was obtained.

[1110] |

Example 122

Diastereomer of N-[(1S)-2-({6-[2-cyclopropyl-6-
(cyclopropylmethoxy)—2;3—dihydro—l—benzofuran—Z-yl]pyridin—3—
yl}oxy)-1l-methylethyl]acetamide

[1111] ‘

A) Diastereomer of 6-(2-cyclopropyl-6- (methoxymethoxy)-2,3-
dihydro-l-benzofuran-2-yl)pyridin-3-ol .

The diastereomeric mixture of 6-(2-cyclopropyl-6-
(methoxymethoxy) -2, 3-dihydro-l-benzofuran-2-yl)pyridin-3-ol
was separated by preparative HPLC (column: CHIRALPAK AD-H, 4.6
x 250 mm, 5 um, mobile phase: ethanol) to afford the less polar
iSomer (lonéer retention time).

MS (ESI+): [M+H]' 314.0.

'100%de

[1112]
B) Diastereomer of N—[(lS)—2—({6—[2—cyclopropyl—6—
(cycloprolemethoxy);2,3—dihydro—l—benzofuran—z—yl]pyridin—3—
ylloxy)-l-methylethyl]acetamide |

- By d method similar to Example 117, steps I, J, K and L,
and using diastereomer of 6-(2-cyclopropyl-6- (methoxymethoxy) -
2,3-dihydro~1-benzofuran-2-yl)pyridin-3-o0l (longer retention

ltime), the title compound was obtained.

[1113]

Example 123
N-[(1S)-2-{4~-[6~(cyclopropylmethoxy)pyrazolo[l,5-a]pyridin-2-
yl]1-3,5-difluorophenoxy}-1-methylethyl]acetamide

[1114]

A) tert-butyl [(1S)—24(4—bromo—3,5—difluorophenoxy)41—
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methylethyl]carbamate

To a solution of 4-bromo-3,5-diflucrophenocl (5.0 g),
tert-butyl [(1S)-2-hydroxy-l-methylethyl]carbamate (5 g) and
triphenylphosphine (7.5 g) in THF (50 mL) was added
diisopropyl azodicarboxylate (1.9 M in toluene, 14 mL)
dropwise at room temperature. The reaction mixture was stirred
at 60 °C overnight and concentrated under reduced pressure;
The residue was purified by silica gel column chromatography
(hexane/ethyl acetate) to afford the title compound (5.1 g).
'H NMR (300 MHz, DMSO-dg¢) & 1.10 (3H, d, J = 6.5 Hz), 1.33-1.42
(9H, m), 3.71-3.99 (3H, m), 6.80-7.03 (3H, m).
MS (ESI+): [M+H]" 266.9.
[1115]
B) tert—butylr[(lS)42—(4—ethYnyl—3,5—difluorophenoxy)—1—
methylethyl]carbamate ' '

A mixture of tert-butyl [(1S)-2-(4-bromo-3,5-
difluorophenoxy)—1—methylethyl]carbamate (5.1 g,
éthynyl(triméthyl)silane (3.9 mL), copper iodide (I) (0.26 g),
dichloropalladium - triphenylphosphine (1:2) (0.98 g) and
triethylamine (3.9 .mL) in toluene (50 mL) was stirred at 100 °C
overnight under Ar atmosphere. After coéling to room
temperature, the mixture was filtered through a pad of Celite.
The filtrate was concentrated under reduced pressure. The
residue was dissolved in THF (50 mL) and tetrabutylammonium
fluoride (1.0 M in THF, 28 mL) was added to the mixture. After
stirring at room temperature for 1 hr, the mixture was |
extracted with ethyl acetate and water. The organic layer was
washed with brine, dried over anhydrous magnesium sulfate and
concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (hexane/ethyl acetate) to
afford the title compouﬁd (2.5 qg).

'H NMR (300 MHz, DMSO-de¢) & 1.10 (3H, d, J = 6.6 Hz), 1.37 (9H,
s), 3.68-3.99 (3H, m), 4.59 (1H, s), 6.78-7.03 (3H, m).

[1116] _

C) tert-butyl [(1S)-2-(4-{[5-(cyclopropylmethoxy)pyridin-2-
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yllethynyl}-3, 5-difluorophenoxy)-1-methylethyl]carbamate

A mixture of tert-butyl [(1S)-2-(4-ethynyl-3,5-
difluorophenoxy)—l—methylethyl]carbamate (2.5 g), 2-bromo-5-
(cyclopropylmethoxy)pyridine (1.8 g), copper iodide (I) (0.15
g),'dichloropalladium—triphenylphosphine (1:2) (0.56 g) and
triethylamine (2.2 mL) in toluene (20 mL) was stirred at 100 °C
oﬁernight under argon atmosphere.' After cooling[to'room
temperature, the mixture was filtered through a pad of Celite.
The filtrate was concentrated under reduced pressure. The
residue was purified by silica gel column chromatography
(hexane/ethyl acetate) to afford the title compound (1.3 g).
'H NMR (300 MHz, DMSO-dg) & 0.29-0.42 (2H, m), 0.53-0.66 (2H,
m), 1.11 (3H, dd, J = 6.7, 1.7 Hz), 1.21-1.30 (1H, m), 1.37
(9H, d, J =1.4 Hz), 3.77-3.99 (5H, m), 6.85-7.02 (3H, m),
7.35-7.48 (1H, m), 7.51-7.64 (1H, m), 8.22-8.38 (1H, m).
MS (ESI+): [M+H]" 459.2.
[1117]
D) tert-butyl [(IS)—2—{4—[6—(cyclopropylmethoxy)pyrazolo[l,5—
alpyridin-2-yl]-3, 5-difluorophenoxy}-1l-methylethyl]carbamate

To an ice cold stirred solution of ethyl N-
((mesitylsulfonyl)oxy)ethanimidcocate (1.794 g) in THF (2 mlL)
was added perchloric acid (0.759 ml) dropwise. After stirring
at 0 °C for 20 min, the mixture was poured into iée water. The
precipitatedlsolid Qas collected by filtration and washed with
water. The solid was added to the solution of tert-butyl
[(18)-2-(4-{[5~(cyclopropylmethoxy)pyridin-2-yl]ethynyl}-3, 5-
difluorophenoxy)-l—methylethyl]carbamate (1.31 g)‘in THE (13
mL) at room temperature. The mixture was stirred at room
temperature for 30 min. The mixture was concentrated under
reduced pressure and the residue was dissolved in DMF (13 mL).
Potassium carbonate (0.790 g) was added to the mixture at room
temperature and the reaction mixture was stirred at room
temperature overnight. The mixture was extracted with ethyl
acetate and water. The organic layer was washed with brine, -

dried over anhydrous magnesium sulfate and concentrated under
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reduced pressure. The residue was purified by silica gel

column chromatography (hexane/ethyl acetate) to afford the

"title compound (130 mg).

'H NMR (300 MHz, DMSO-dg) & 0.24-0.41 (2H, m), 0.52-0.67 (2H,
m), 1.12 (3H, 4, J = 6.6 Hz), 1.19-1.31 (1H, m), 1.39 (9H, s),
3.76-4.06 (5H, m), 6.69-6.78 (1H, m), 6.80-6.99 (3H, m), 7.01-
7.13 (1H, m), 7.58-7.70 (1H, m), 8.34-8.42 (1H, m).
MS (ESI+): [M+H]® 474.2. |
[1118] :
E) N—[(1S)—24{4—[6—(cyclopropylmethoxy)pyrazolo[1,5—a]pyridin—
2-yl1-3,5-difluorophenoxy}-1l-methylethyl]acetamide

A mixture of tert-butyl [(1S)-2-{4-[6-
(cyclopropylmethoxy)pyrazolo[l,5—a]pyridin—2—yl]—3,5—
difluorophenoxy}-1l-methylethyl]carbamate (130 mg) and 4 M
hydrogen chloride-ethyl acetate (2 mL) was stirred at room

temperature for 30 min. The mixture was concentrated under

reduced pressure. To the residue were added pyridine (2 mL)

and acetic anhydride (0.26 mL). The mixture was stirred at

room temperature for 30 min and concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (NH, hexane/ethyl acetate) to afford the title
compound (40 mg).

'H'NMR (300 MHz, DMSO-dg¢) & 0.29-0.39 (2H, m), 0.53-0.64 (2H,
m), 1.15 (3, d, J = 6.7 Hz),-1.20—1.33 (1H, m), 1.82 (3H, s),
3.83—3.94 (3H, m), 3.96-4.16 (2H, m), 6.70-6.78 (1H, m), 6.89
(24, 4, J = 10.5 Hz), 7.08 (1H, dd, J = 9.6, 2.1 Hz), 7.64 (1lH,
d, J=9.5Hz), 7.94 (1H, d, J = 7.5 Hz), 8.33-8.43 (1H, m).
Anal. Calcd for CyyH3N303F,: C,63.60; H,5.58; N,10.11. Found:

- C,63.47; H,5.59; N,9.95.

[1119]
Table 1-1 to Table 1-16 show compound names, structural
formulas and measured values of MS of the Example compounds.
The measured values of MS generally show those in a
positive mode (ESI+), and those in a negative mode (ESI-) are

accompanied by [M-H] . 1In addition, when a fragment peak
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wherein a sodium ion (+Na) is added to a molecular ion peak is

observed in the positive mode -(ESI+), [M+Na]® is also shown.
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Table 1-1

Ez' compound name structural formula MS
N-[(18)-2-({6-[6- JOK
(cyclopropylmethoxy) -1, 3- 7 |°\/“u

1 benzoxazol-2-yl]pyridin-3- 0y '382.3
yl}oxy)-l-methylethyl]- > \°O/IN
acetamide
N-[(1S)-2-({5-[5- o)

, (cyclopropylmethoxy)-1,3- =, J}_

2 benzoxazol-2-~yl]isoxazol-3- [\\/o N 0_/_H 372.1
y1}oxy)-1-methylethyl] - \@w
acetamide ‘ S

: jL
oA
N-[(1S)-2-{4-[6- “j/©/ ;

3 (cyclopropylmethoxy)—1,3— )| 381.1
benzoxazol-2-yl]lphenoxy}-1-
methylethyl]acetamide <{—o

' -0
N-[(18)-2-({6-[6- o. U
(cyclopropylmethoxy) -1, 3- |\\. \“/\NJ\

4 benzoxazol-2-yl]-5- °I N 396.1
methylpyridin-3-yl}oxy)-1- o_<::§/w
methylethyl]acetamide >

-0
N-[ (18)-2-({5-chloro-6-[6- . o
| (cyclopropylmethoxy) -1, 3- | o \/Aﬂ/l\

5 benzoxazol-2-yl]pyridin-3- °' N 416.3
yl}loxy)-1l-methylethyl] -~ 0_<C:§/N
acetamide E>—J

-0
N-[(1S)=2-({6=[6- ; o i
(cyclopropylmethoxy) -1, 3- | \“/\NJ\
6 benzoxazol-2-yl]-5- 0’ N 400.1
"~ |fluoropyridin-3-ylloxy)-1- 0_<:j;/N
methylethyl]acetamide >—
N-[(18)-2-({5-[6-
{cyclopropylmethoxy) -1, 3- Zl\/o -0

7 benzoxazol-2-yl]lisoxazol-3- \[::I:O y &N/\W/l\ 372.4
yl}loxy)-l-methylethyl]- é*‘g;ﬂ/ A
acetamide
N-[(18)-2-({5-[6-

(cyclopropylmethoxy) -1, 3~ Zﬁ\»/o 9

8 benzoxazol-2-yl]-1H-pyrazol-3- \[:ini*‘<¢w/O\//\u/m\ 371.2
yl}oxy)-1-methylethyl]- N N
acetamide H
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Table 1-2

Ez' compound name structural formula MS
N-[(1S)-2-({5-[6~-

(cyclopropylmethoxy) -1, 3- Z&\/o P : 0

9 |benzoxazol-2-yl]-4-fluoro- UMcv\uk 389.3
1H-pyrazel-3-yljoxy)-1- N N/N
methylethyl]acetamide
N-[(18)-2-({5-[6- 1
(cyclopropylmethoxy) -1, 3- Zl\/o o o : /ﬁ\

10 benzoxazol-2-yl]-1l-methyl- \[:ing*‘<¢W/ \/”\u 385.1

’ 1H-pyrazol-3-yl}oxy)-1- ‘ N N—N
methylethyl]lacetamide /
N-[(1S)-2-({5-[6~
(cyclopropylmethoxy) -1, 3- ZX\/C’ - o R o H /&\

11 |benzoxazol-2-yl]-4-fluoro-1- \[::Ij2%_<>w/'\¢/\m 403.1
methyl-1H-pyrazol-3-yl}loxy) - N N—N
l-methylethyl]acetamide /

-0
N-[(18)-2-{4-[5- o A AL
(cyclopropylmethoxy) -2H- : N

12 , : 380.2
indazol-2-yl]lphenoxy}-1- D>_\ a
methylethyl]acetamide : 0 =N

_ ‘ : 0
N-[(18) -2 {4~ [6- PPN

13 (cyclopropylmethoxy) -2H- y ’J::]/ i 380.2
indazol-2-yl]phenoxy}-1- E>_\ 7 N )
methylethyl]acetamide o =

-0
N-[(1S)-2-({6-[6- o JL\
(cyclopropylmethoxy) -2H- /ﬂjfj/ \¢/\H

14 |indazol-2-yl]lpyridin-3- Moy 381.1
yl}loxy)-1- E>—jb -
methylethyl]acetamide

: 0
1-[(1s)-2-({6-[6~ B O\/:\u)l\Nrg

15 (cyclopropylmethoxy?—},3— o A7 383.2
benzoxazol-2-yl]pyridin-3- L
yl}oxy)-l-methylethyl]urea [ P
1-[(18)-2-({6~[6 : )OL

- —2- ~T6- o P
(cyclopropylmethoxy) -1, 3- l\\ \“/\N N

16 |benzoxazol-2-yllpyridin-3- OI N 397.1
yl}oxy) ~1-methylethyl]-3- OO/N
methylurea >
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Table 1-3
gz' compound name structural formula MS
' o
methyl [(1S)-2-({6-[6- o )j\
(cyclopropylmethoxy)-1,3- [ '

17 |benzoxazol-2-yllpyridin-3- ' OI N 398.2
yl}oxy)-1- OO/N
methylethyl]carbamate >

)
1-[(1s)-2-({6-[6- . o o
(cyclopropylmethoxy) -1, 3- |~\ \“/\ﬁ NH,

18 |benzoxazol-2-yl]-5- °I N 401.2
fluoropyridin-3-ylloxy)-1- ,o_<:j;/N
methylethyl]urea D>—/

-0
1-[(18)-2-({6-[6-. . o )L '
(cyclopropylmethoxy) -1, 3~ _ |'\ \“/\ﬁ H/

19 |benzoxazol-2-yl]-5- 0’ N 415.2
fluoropyridin-3-yl}oxy)-1- O_Q/N
methylethyl]-3-methylurea E>—/
1-[(18)-2-({5-[5- } o
(cyclopropylmethoxy)-1,3- :

20 |benzoxazol-2-yl]isoxazol-3- ZX\JD\[:]:§>_<?H/Q\/\N)LN/ 387.3
yl}loxy)-l-methylethyl] -3 d oN
methylurea :
methyl [(1S)-2-({5-[5- o
(cyclopropylmethoxy)-1,3- , o P

21 |benzoxazol-2-yl]isoxazol-3- [X\/o\[::l?{ a \V/\ﬁ)Lo/ 388.2
yl}loxy)-1- o o-N
methylethyl]carbamate
1-7(18)-2-({5-[5- -0

22 (cyclopropylmethoxy) -1, 3~ ZS\V/O N Q\/&W/mwm 373.2
benzoxazol-2-yl]isoxazol-3- \I::I:S»—<éj( M .
yl}oxy)~-l-methylethyl]urea ° °
N-[(18)-2-({5-[5- .
(cyclopropylmethoxy) -1, 3~ o :

23 |benzoxazol-2-yl]-4- Zl\\/o %}_2}7( \“/\ﬁJL\ 386.3
methylisoxazol-3-yl}oxy)-1- o o-N
methylethyl]acetamide
N-[(18)-2-({6-[6- gHai
(cyclopropylmethoxy) -2, 3- ~ o\//\u CH,

24 |dihydro-l-benzofuran-2- 0 y 383.2
yllpyridin-3-yl}oxy)-1- D>_\
methylethyl]acetamide ©
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Table 1-4

PCT/JP2011/078010

Ex.
No.

compound name

structural formula

MS

25

N-{ (1S8)-2-[4- (6-ethoxy-2H-
indazol-2-yl)-3-fluorophenoxy]-
l-methylethyl}acetamide
monohydrate

372.2

|26

N-{(1S)-2-[4~- (6-ethoxy-2H~-
indazol-2-yl)phenoxy]-1-

methylethyllacetamide

354.2

27

N-[(1S)-2-{4-[5-
(cyclopropylmethoxy) -2H-
benzotriazol-2-yl]phenoxy}-1-
methylethyl]acetamide

381.1

28

N-{(1S8)-2-{[6~-(6—-ethoxy-1, 3-
benzoxazol-2-yl)pyridin-3-
ylloxy}-1l-methylethyl]acetamide

356.2

29

N-{(1S)-2-[(6-{6-[(3,3-
difluorocyclobutyl)methoxy]-1, 3~
benzoxazol-2-yl}pyridin-3-
yl)oxy]-1-methylethyl}acetamide

432.1

30

N-[(1S)-2-({6-[6-(2,2~
difluoropropoxy)-1,3-benzoxazol-
2-yl]lpyridin-3-yl}oxy)-1-
methylethyl]acetamide

406.1

31

N-[(1S)-2-({6-[5~
(cyclopropylmethoxy) -1, 3-
benzoxazol-2-yl]pyridin-3-
ylloxy)-l-methylethyl]acetamide

382.4

32

N-[(18)-2-({6-[5-(2-
cyclopropylethoxy) -1, 3-
benzoxazol-2-yl]lpyridin-3-
yl}oxy)-l-methylethyl]acetamide

396.2

33

N-[(1S)~-1-methyl-2-({5-[5-(1-
methylethoxy) -1, 3-benzoxazol-2-
yllisoxazol-3-
yl}oxy)ethyl]acetamide

360.2
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N-[(1S)=-2-({5-[5~- .

(cyclopropylmethoxy) -1, 3-

A/O B F : o]
34 |benzoxazol-2-yl]-4- \Q:Wo\/\){ 390.1
fluoroisoxazol-3-yl}oxy)-1- e ] H

: N
methylethyl]acetamide 0

373



WO 2012/074126 PCT/JP2011/078010

[1124]

Table 1-5
Ez: compound name structural formula MS
-0
N-[(18)-2-{4-[6- °\/\NJ\

35 | (cyclopropylmethoxy)-1,3- &7/[:]/ i NT
benzothiazol-2-yl]phenoxy}-1- k
methylethyl]acetamide 0
N-[(18)-2-({5-[6-

(cyclopropylmethoxy)-1,3- 43\\/0 : 0

36 |benzothiazol-2-yl]isoxazol-3- \[:ini a \v/\m/l\ 388.
yl}oxy)-1l-methylethyl] - AN i
acetamide _

N-[(18)-2-({5-[5~
(cyclopropylmethoxy)-1,3- Zﬁ\/o : 0

37 |benzothiazol-2-yl]isoxazol-3- \[:inK / \v/\w/l\ 388.
ylloxy)-1l-methylethyl]- s 4N i
acetamide v
N-[ (1S)-2-({5-[6-

(cyclopropylmethoxy)-1,3- ZS\\/O . . : /ﬂ\

|38 |benzoxazol-2-yl]-4-methyl-1H- 7::1:/ v \/\lli 385.
pyrazol-3-yl}oxy)-1- N E/N
methylethyl]acetamide
N-[ (1S)-2-({1-benzyl-5-[5- %0 . I
{(cyclopropylmethoxy)-1,3- \[:i[j\ 7] \V/\}/l\

39 |benzoxazol-2-yl]-1H-pyrazol-3- 0 NN 461.
ylloxy)-1-
methylethyl]acetamide
N-[(1S)-2-({5-[5-

(cyclopropylmethoxy) -1, 3- Zx\/m . H /E\

40 |benzoxazol-2-yl]-1H-pyrazol-3- \[::Ij\ 2’ 371.
yl}oxy)-1- °©
methylethyl]acetamide
N-[(18)-2-({5-[6-

(cyclopropylmethoxy) -1, 3- Zx\/m . 0

41 benzoxazecl-2-yl]-4- \[:ino J m\/«w/u\ 386.
methylisoxazol-3-yl}oxy)-1- { O/L i
methylethyl]acetamide
N-[2-({5-[5- ‘ v F
(cyclopropylmethoxy) -1, 3- ZS\x/o \/J: 0

42 benzoxazol-2-yl]isoxazol-3- \[:in§F\<¢W/O ‘N/u\ 390.
yl}oxy)-1-(fluoromethyl) - 0 o i
ethyl]acetamide
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Table 1-6

- PCT/JP2011/078010

Ex.
No.

compound name

structural formula

MS

43

N-{1-[ ({5-[5- |
(cyclopropylmethoxy) -1, 3-
benzoxazol-2-yl]isoxazol-3-
ylloxy)methyl]-2,2-
difluoroethyll}acetamide

\E:i[;>\</7r”\;jiyﬂ\

0N

408.1

44

1-[(18)-2-({5~[5-
(cyclopropylmethoxy) -1, 3-
benzoxazol-2-yl]-4-
methylisoxazol-3-yl}loxy)-1-
methylethyl]-3-methylurea -

B 0
OO
0 O/N

401.3

45

1-[(1s)-2-({5-[5-
(cyclopropylmethoxy) -1, 3~
benzoxazol-2-yl]-4-
methylisoxazol-3-ylloxy)-1-
methylethyl]urea

0

A

0 .
A/ \@:Nm X NH,
o o ‘

387.2

46

N-[(1S)-2~-{[5-(5-ethoxy-1, 3~
benzoxazol-2-yl)isoxazol-3-
ylloxy}-1-
methylethyl]acetamide

346.2

47

N-(3-{6-[6- :
(cyclopropylmethoxy) -1, 3-
benzoxazol-2-yl]lpyridin-3-yl}-
l-methyl-3-oxopropyl)acetamide

394.1

48

methyl [(1S)-2-({6-[6-
(cyclopropylmethoxy)-1,3-
benzoxazol-2-yl] -5~
fluoropyridin-3-ylloxy)-1-
methylethyl] carbamate

416.1

49

N-{ (1S)-3-{6-[6~
(cyclopropylmethoxy)-1,3-
benzoxazol-2-yl]pyridin-3-yl}-
l-methylpropyl]acetamide

380.2

50

N-[(18)-2-({6-[5-
(cyclopropylmethoxy) -1, 3-
benzoxazol-2-yl]-5-
fluoropyridin-3-yl}oxy)-1-
methylethyl]acetamide

400.3
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Table 1-7

PCT/JP2011/078010

Ex.
No.

compound name

structural formula

MS

51

N-[(1S)-2-{[6-(6-ethoxy-1, 3-
benzoxazol-2-yl)-5- '
fluoropyridin-3-ylloxy}-1-
methylethyl]acetamide

- 0

0\/;\NJL\
H

374.3

52

N-[(1S)-2-({6-[6-(2-
fluoropropoxy) -1, 3-benzoxazol-
2-yllpyridin-3-yl}oxy)-1-
methylethyl]acetamide

388.1

53

. methoxypyridin—3—yl}oxy)?1—

N-[(1S)-2-({6-[6-
(cyclopropylmethoxy) -1, 3-
benzoxazol-2-yl]-2-

methylethyl]acetamide

412.4

54

N-[(1S)-2-{[6-(6-ethoxy-1,3~-
benzoxazol-2-yl)pyridin-3-
ylloxy}-1-methylethyl]-2,2,2-
trifluoroacetamide

410.2

55

N-[(1S)-2-{[6~-(6-ethoxy-1, 3~
benzoxazol-2-yl)pyridin-3-
ylloxy}-l-methylethyl]-2,2-
difluoroacetamide

392.3

56

N-[(18)-2-({6-[6-
(cyclopropylmethoxy) -1, 3-
benzoxazol-2-yl]-1-
oxidepyridin-3-yl}oxy)-1-
methylethyl]acetamide

398

57

N-[(1S)-2-({6-[6-
(cyclopropylmethoxy)—2—methyl—
2,3-dihydro-1l-benzofuran-2-
yllpyridin-3-yl}oxy)-1-
methylethyl]acetamide

397.3

376




- WO 2012/074126

58

-[(18)-2-({2-[6- (cyclopropyl-
methoxy) -1, 3-benzoxazol-2-
_1_

yl]lpyrimidin-5-yl}oxy)

methylethyl]acetamide

- 0
NN

H

GYK

PCT/JP2011/078010

383.2°
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Table 1-8

PCT/JP2011/078010

Ex.
No.

compound name

structural formula

MS

59

N-{(18)-2-[4- (5-methoxy-2H-
indazol-2-yl)phenoxyl-1-
methylethyl}acetamide

.o/
g:ﬁ

= [

fens

340.1

60

N-[(18)-2-({6e-[6-(3,3-
difluorobutoxy) -1, 3-
benzoxazol-2-yl]-5-
fluoropyridin-3-ylloxy)-1-
methylethyl]acetamide

438.2

61

1-[(18)-2-{4-[6-
(cyclopropylmethoxy) -2H-
indazol-2-yllphenoxy}-1-
methylethyl]urea

381.2

62

1-[(18)-2-{4-[6-
(cyclopropylmethoxy) -2H-
indazol-2-yl]phenoxy}-1-

395.2

63

methylethyl]-3-methylurea

3-[(18)-2-{4-[6-
(cyclopropylmethoxy) -2H-
indazol-2-yl]phenoxy}-1-
methylethyl]-1,1~-dimethylurea

409.3

64

N-[(18)-2-{4-[6-
(cyclopropylmethoxy)-7-fluoro-
2H-indazol-2-yl]lphenoxy}-1-

methylethyl]acetamide

398.2

65

N-[(1S)-2-{4-[6-
(cyclopropylmethoxy)~-4-fluoro-
2H-indazol-2-yl]phenoxy}-1-

methylethyl]acetamide

398.2

66

N-[(18)-2-{4-[6~-
(cyclopropylmethoxy)-5-fluoro-
2H-indazol-2-yl]phenoxy}-1-

methylethyl]acetamide

398.2
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Table 1-9
Ez : compouhd name structural formula MS
N-[(1S)-2-{4-[6- A L, )‘L
(cyclopropylmethoxy) -2H- . \/\g ‘

67 indazol-2-y1]-3- Ny 398.2
fluorophenoxy}-1- D \OAG?,
methylethyl]acetamide .
1-[(1S)-2-{4-[6- J\
(cyclopropylmethoxy) -2H- FD/O\/\E i,

68 indazol-2-yl]-3- M~y 399.2
fluorophenoxy}-1- > \)4@%
methylethyl]urea _

' F -0
N-[(1S)-2-{4-[6- o i J\
(cyclopropylmethoxy) —2H- \/\g

69 indazol-2-yl}-2- Ny 398.2
fluorophenoxy}-1- D \ _69/
methylethyl]acetamide o
N-[(1S)-2-{4-=[6- L
(cyclopropylmethoxy)—-2H=- : : Fjijio\/\g

70 indazol-2-yl1]-2,5- , : P~ . 416.2
difluorophenoxy}-1- > \0‘691
methylethyl]acetamide ‘

- 0
N-[(1S)-2~{4-[7-chloro-6- o~ I
) N
11 .(cyclopropylmethoxy) -2H- N - /©/ H 414.1
indazol-2-yl]phenoxy}-1- [>j 7 N
methylethyl]acetamide _ 0 =
-0
N-[(1S)-2-{4-[6- o\/kN)k

72 (cyclopropylmethoxy) -3-methyl- . /©/ H 394.3
2H-indazol-2-yl]phenoxy}-1- > /N )
methylethyl]acetamide 0 =

- 0
N-[ (18)-2-{4~[6- oA AN

73 (cyclopropylmethoxy) ~3-fluoro- . /©/ i 398.2
2H-indazol-2-yl]lphenoxy}-1- > 2 ’
methylethyl]acetamide 0 N
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74

N-[(1S)-2-{4-[7-bromo-6-
(cyclopropylmethoxy) -2H-
indazol-2-yl]lphenoxy}-1-
methylethyl]acetamide

B [

oA
L

PCT/JP2011/078010

458
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Table 1-10

PCT/JP2011/078010

Ex.
No.

compound name

structural formula

- MS

75

N-[(1S)-2-{4-[6-
(cyclopropylmethoxy)-3-
(trifluoromethyl)-2H-indazol~-
2-yl]lphenoxy}-1-

methylethyl]acetamide

z 0

°\/E\N/U\

H

448.1

76

N-[(1S)-2-{4-[3-cyano-6-
(cyclopropylmethoxy) -2H-
indazol-2-yl]lphenoxy}-1-
methylethyl]acetamide

[ /N\N/©/
°‘<C:§;;kT(F
F F
z 0

°\/§\NJ\

H

T
[> AN
0—< >/l\/
Q}

405.2

77

N-[(18)-2-{4-{7-cyano-6-
(cyclopropylmethoxy) -2H-
indazol-2-yl]lphenoxy}-1-
methylethyl]acetamide

H 0
N O\/\N)j\
AN N\,Ji:j/ H
/ N
g as

405.2

78

N-[(18)-2-{4-[6~-
(cyclopropylmethoxy)-7-methyl-
2H-indazol-2-yl]phenoxy}-1-

methylethyl]acetamide

= 0

°\/E\NJ\
N\N/©/ A

394.1

79

N-[(1S)-2-{4-[6-
{cyclopropylmethoxy) -2H~-
indazol-2-yl]-2-
methylphenoxy}-1-
methylethyl]acetamide

>
St
Dﬁf\ %:N

394.1

80

N-[(1S)-2-{4-[6-
(cyclopropylmethoxy) -2H-
indazol-2-yl]-3-
methylphenoxy}-1-
methylethyllacetamide

°\¢/\W/m\

394.3

81

N-[(18)-2-{4-[6-
(cyclopropylmethoxy) -2H-
indazol-2-y1]1-3,5-
difluorophenoxy}-1-
methylethyl]acetamide

416.2

381
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82

N-[(1S)-2-{3-chloro-4-[6-
(cyclopropylmethoxy) -2H-
indazol-2-yl]phenoxy}-1-
methylethyl]acetamide

Cl

| N
720
e

0

e
Seaas

PCT/JP2011/078010

414.2
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Table 1-11

PCT/JP2011/078010

Ex.
No.

compound name

structural formula

MS

83

N-[(1S)-2-{4-[6-
(cyclopropylmethoxy) imidazo-
[1,2-a]lpyridin-2-yl]phenoxy}-
l-methylethyl]acetamide

= ]

A
SgPeCag

0

380.

84

N-[(1S)-2-{4-[6-
(cyclopropylmethoxy) pyrazolo|l
,5-alpyridin-2-yl]phenoxy}-1-
methylethyl]acetamide

380.

85

N-{(18)-2-[4-(6-
ethoxypyrazolo[l,5-alpyridin-
2—yl)phenoxy]—1— :
methylethyllacetamide

354.

86

N-{(1S)-2-[4~- (6-ethoxy-3~
fluoropyrazolo{l, 5-alpyridin-
2-yl)phenoxy]-1-
methylethyl}acetamide

372.

87

1-[(18)-2-({6-[6-(3,3~
difluorobutoxy)-1,3-
benzoxazol-2-yl] -5~
fluoropyridin-3-ylloxy)-1-
methylethyl]urea

439.

N-{ (1S)-2-[4-(6-ethoxy-7-
fluoropyrazolo[l, 5-alpyridin~
2-yl)phenoxy]~1-
methylethyl}acetamide

372.

89

N-[(1S)-2-{4-[6-
{cyclopropylmethoxy) [1,2,4]-
triazolo[l,5-alpyridin-2-
yl]lphenoxy}-1-
methylethyl]acetamide

381.

383
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90

N-[(18)-2-({6-[6-
(cyclopropylmethoxy) [1,2,4]~
triazolo[l,5-a]lpyridin-2-
yllpyridin-3-yl}oxy)-1-
methylethyl]acetamide

| ~
M N/

PCT/JP2011/078010

H 0

°\v/iw/l\

H

382.3

384
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Table 1-12

PCT/JP2011/078010

Ex.
No.

compound name

structural formula

MS

91

1-[(1s)-2-({6-[6-
(cyclopropylmethoxy) [1,2,4]-
triazolo[1l,5-a]pyridin-2-
yllpyridin-3-yl}oxy)-1-
methylethyl]urea

z 0
| SN ()\/\E)J\NH

2

383.2

92

N-[(18)-2-{4-[6~
(cyclopropylmethoxy) -3-
fluoroimidazo[l,2-a]lpyridin-
2-yl]lphenoxy}-1-
methylethyl]acetamide

398.2

93

N-{(1S)-2-[4-(6-
ethoxypyrazolo[1l, 5-
alpyridin-2-yl)-3-
fluorophenoxyl-1-
methylethyl}acetamide

372.2

94

N-[(1S)-2-({6-[7- :
(cyclopropylmethoxy) [1,2,4]-
triazolo[l,5-alpyridin-2-
yllpyridin-3-yl}oxy)-1-
methylethyl]acetamide

382.1

95

N-[(18)-2-{4=[7-
(cyclopropylmethoxy) [1,2,4] -
triazolo[l,5-alpyridin-2-
yl]lphenoxy}-1-
methylethyl]acetamide

381.2

385
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Table 1-13

EX.

No compound name structural formula MS

N-{(18)-2-[(6-{6-[(2,2-

difluorocyclopropyl)methoxy] - IO
1,3-benzoxazol-2-yl}-5- O\;]Etj/ H :
96 fluoropyridin-3-yl)oxyl-1- - ::5 k N 436.

F
methylethyl }acetamide R1 o}

)=o

1((15) “2-[(6-(6-[ (2, 2-

0
difluorocyclopropyl)methoxy] - F. \o\/\NJLNHz
- -0 -5 H
97 1,3~-benzoxazol-2-yl}-5 OW:E;J/ 437.
_< §,N

fluoropyridin-3-yl)oxyl-1- F
methylethyl}urea F1> P

N-{(1S)-2-[(6-{6-[2-(2,2~
difluorocyclopropyl)ethoxyl] -
1,3-benzoxazol-2-yl}-5-

98 | fluoropyridin-3-yl)oxyl-1-
methylethyl}acetamide

450.

1-{(18)-2-[(6~-{6-[2-(2,2-
difluorocyclopropyl)ethoxy]-
1,3-benzoxazol-2-yl}-5-
fluoropyridin-3-yl)oxyl-1-
methylethyl}urea

99 451.

N-{ (1S) -2-[4- (6-ethoxy-3- :
fluoropyrazolo{l,5-ajpyridin-
2-yl)-3-fluorophenoxy]-1-

X 390.
methylethyl}acetamide

100

1-{(1S)-2-[4- (6-ethoxy-3-
fluoropyrazolo[l, 5-alpyridin-
2-yl)-3-fluorophenoxy]-1-

391.
methylethyl}urea

101

N-[(1S8)~-2-{4-[6-
(cyclopropylmethoxy) -3-
fluoropyrazolo{l,5-aljpyridin-
102 |2-yl]-3-fluorophenoxy}-1-
methylethyl]acetamide

416.

1-[(1S)-2-{4-[6-
(cyclopropylmethoxy)-3-

103 fluoropyrazolo[l,5-alpyridin-
2-yl]-3-fluorophenoxy}-1-
methylethyl]urea

417.

386
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Table 1-14

PCT/JP2011/078010

Ex.
No.

compound name

structural formula MS

104

N-[(1S)-2-{4-[6-
(cyclopropylmethoxy)pyrazolo-
[1,5-a)lpyridin-2-y1]-3-
fluorophenoxyl}-1-
methylethyl]acetamide

398.

105

1-[(1s)-2-{4-[6-
(cyclopropylmethoxy)pyrazolo-
(1,5-a}pyridin-2-y1l]-3-
fluorophenoxy}-1-
methylethyl]urea

N 399.

106

J1-[(18)-2-({6-16-(2,2-

difluoropropoxy)-1,3-
benzoxazol-2-yl]pyridin-3-
yl}loxy)-l-methylethyl]urea

o M 2 407.

107

N-{(18)-2-[(6-{6-[(3,3-
difluorocyclobutyl)methoxy] -
1,3-benzoxazol-2-yl}-5-
fluoropyridin-3-yl)oxy]l-1-
methylethyl }acetamide

H 450_.

108

1-{(18)-2-[(6-{6-[(3,3-
difluorocyclobutyl)methoxy] -
1,3-benzoxazol-2-yl}-5-
fluoropyridin-3-yl)oxy]-1-
methylethyl}urea

451.

109

Diastereomer of N-{(1S)-2-[(6-

{6-[(2,2-
difluorocyclopropyl)methoxy] -
1,3-benzoxazol-2-yl}-5-
fluoropyridin-3-yl)oxy]-1-
methylethyl}acetamide
(retention time: short)

o P 436.

110

Diastereomer of N-{ (18)-2-[ (6-

{6-[(2,2-
difluorocyclopropyl)methoxy] -
1,3-benzoxazol-2-yl}-5-
fluoropyridin-3-yl)oxyl-1-
methylethyl}acetamide
(retention time: long)

P 436.

111

Diastereomer of 1-{(18)-2-[(6-

{6-0(2,2-
difluorocyclopropyl)methoxy] -
1,3-benzoxazol-2-yl}-5-
fluoropyridin-3-yl)oxyl-1-
methylethyl}lurea (retention
time: short)

437.

387
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Table 1-15

Ez' compound name structural formula ‘MS
Diastereomer of 1-{{1S)-2-[(6- o
{e-10(2,2- _ H
difluorocyclopropyl)methoxy] - . \;]Tfro\/\uJLMh

112 |1,3-benzoxazol-2-yl}-5-. - Oy N 437.2
fluoropyridin-3-yl)oxyl-1- 51 P—<:§’N
methylethyl}urea (retention
time: long)
Diastereomer of N-{(1S)-2-[(6- = 0
{6-[2-(2,2- o P Oy A
difluorocyclopropyl)ethoxy] - o M H

113 |1, 3-benzoxazol-2-yl}-5- _<:§’k N 450.1
fluoropyridin-3-yl)oxyl-1- P
methylethyl}acetamide 5><(_J
(retention time: short) F
Diastereomer of N-{ (18)-2-[ (6~ = 0O
{6-12-(2,2- sy O
difluorocyclopropyl)ethoxy] - 0 | H

114 |1,3-benzoxazol-2-yl}-5~ o_<:§’k N 450.1
fluoropyridin-3-yl)oxy]-1~
methylethyl}acetamide 5%1/_{
(retention time: long) F
Diastereomer of 1-{(1S)-2-[(6- - 0
{6-[2-(2,2- e oA,
difluorocyclopropyl)ethoxy] - o | H z

115 |1,3-benzoxazol-2-yl}-5- - Cj I N ' 451.1
fluoropyridin-3-yl)oxyl -1~ °
methylethyl}urea (retention ﬁxer
time: short) F
Diastereomer of 1-{{(1S)-2-[(6- i
{6-[2-(2,2- P o\/iNJLNH
difluorocyclopropyl)ethoxy] - o | H z

116 |1,3-benzoxazol-2-yl}-5- _<:§’k.N 451.1
fluoropyridin-3-yl)oxyl-1- P
methylethyl}lurea (retention E><(_j
time: long) F
Diastereomer of N-[(1S)-2-({6- e
[6- (cyclopropylmethoxy) -2- , o

117 |methyl-2,3-dihydro-1- | Oﬂjgj\/\g)k ot
benzofuran-2-yllpyridin-3- >— N
ylloxy)-1- o
methylethyl]acetamide
Diastereomer of N-[(1S)-2-({6- .
[6-(cyclopropylmethoxy)-2-
methyl-2, 3-dihydro-1-

118 benzofuran-2-yl]pyridin-3- 397.3
yl}oxy)-1-
methylethyl]acetamide
Diastereomer of N-[(1S)-2-({6- A
[6- (cyclopropylmethoxy) -2- . N 0\«;\wﬂ\
ethyl-2,3-dihydro-1- B

119 benzofuran-2-yl]pyridin-3- D>\_<C_§ETJE;1/ 411.2
ylloxy)-1- 0
methylethyl]acetamide

388
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Table 1-16

Ex.

No " compound name ‘structural formula : MS

Diastereomer of N-[(1S)-2-({6-
[6- (cyclopropylmethoxy)-2- -
ethyl-2,3-dihydro-1- _
benzofuran-2-yl]lpyridin-3-
ylloxy)-1- '
methylethyl]acetamide

120 411.2

Diastereomer of N-[(1S)-2-({6- . e
[2-cyclopropyl-6- ;
(cyclopropylmethoxy) -2, 3-
dihydro-1l-benzofuran-2-
yllpyridin-3-yl}oxy)-1i-
methylethyl]acetamide

121 423.2

Diastereomer of N-[(1S)-2-({6- ;0
EZ—cgcloproEylEg— 23 ' [ N o\/$w/l\
cyclopropylmethoxy) -2, 3- i

122 dihydrec-1l-benzofuran-2- >— ° SO 423.2

yllpyridin-3-yl}oxy)-1- 0

methylethyl]acetamide

N-[(18)-2-{4-[6~-
(cyclopropylmethoxy)pyrazolo-
123 |[1,5-a]lpyridin-2-y1]1-3,5~
difluorophenoxy}-1-
methylethyl]acetamide

41e6.1 -

[1136]
Experimental Example 1

The ACC2 inhibitory action of the compound of the present

‘invention was evaluated by the following method.

(1) Cloning of human ACC2 gene and preparation of recombinant
Baculovirus

Human ACC2 gene waé cloned by PCR using a human skeletal
muscle cDNA library'(Clontech) as a template and Primer 1 and
Primer 2 shown below. Primer 1 and Primer 2 were prepared by
adding Sall, Xbal restriction enzyme recognition séquences
based on the information of the base sequence of human ACC2
gene (Genbank Accession U89344).

Primer 1: 5’—AAAAGTCGACCCACCATGGTCTTGCTTCTTTGTCTATCTTG—3’
(SEQ ID NO:1)

Primer 2: 5'-TTTTTCTAGATCAGGTAGAGGCCGGGCTGTCCATG~3" (SEQ
ID NO:2)
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PCR was performed using Pyrobest DNA polymerase (TAKARA
BIO INC.). The obtained PCR product was cloned to pT7 Blue

~vector (Novagen) and after confirmation of the base sequence,

digested with restriction enzymes Sall and XbaI. The obtained
DNA fragment was inserted into pFAST-BacHTa (Invitrogen)
digested with restriction enzymes Sall and Xbal to give
expression plasmid ACC2/pFAST-BacHTa.
| 'A plasmid for expression of ACCZ2 without a mitochondrial
targeting sequence was prepared by PCR using the expression
plasmid as a template, and Primer 3 (Sall restriction enzyme
recognition séquence was added) and Primer 4, which are
prepared by reference to the information of human ACC2 gene
base sequence (Genbank Accession U89344) . |
Primer 3: 5’'-CCAGGTCGACCCGCCAACGGGACTGGGACACAAGG-3’ (SEQ
ID NO:3)
A Primer 4: 5’-CGCACTCTCAGTTTCCCGGATTCCC-3’ (SEQ ID NO:4)
PCR was performed usihg Pyrobest-DNA polymerase (TAKARA
BIO INC.). The obtained PCR product was cloned to pT7 Blue
vector (Novagen) and after confirmation of the base sequence,

digested with restriction enzymes Sall and AflII. The obtained

- DNA fragment was inserted into ACC2/pFAST-BacHTa digested with

restriction enzymes Sall and AflII to give expression plasmid
ACC2mito7/pFAST-BacHTa. |

Using the expression plasmid ACC2mito7/pFAST-BacHTa and
BAC-TO-BAC Baculovirus Expression System (Invitrogen), virus
stock BAC-ACCZ of recombinant Baculovirus (N terminal deleted

(hereinafter Nd)) was prepared.

[1137]
'(2) Preparation of ACC2 (Nd) protein

SF-9 cells (Invitrogen) were inoculated to a medium (2 L)

for insect cells (Sf-900IISFM medium (Invitrogen) containing

10% fetal bovine serum (Trace), 50 mg/L Gentamicin
(Invitrogen), 0.1% Pluronic F-68 (Invitrogen)) at 0.5x10°
cells/mL, and cultured with shaking in Wave Bioreactor (Wave)

at 27°C, 20 rpm, rocking angle 6°, oxygen concentration 30%.
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On day 4 of the culture, 3 L of the medium for insect
cells was added, the rocking angle was set to 8°, and the cells
were further cultured. On day 5 of the culture, 100 mL of
recombinant Baculovirus BAC-ACC2 (Nd) was added, 5 L of the
medium for insect cells was further added, the rocking angle
was set to 11°, and the cells were cultured for 3 days. The
culture medium was centrifuged at 1000xg for 10 min to give
virus-infected cells. The cells were washed with phosphate
buffered saline (Invitrogen) and centrifuged under the same
conditions. The obtained cells were cryopreserved at -80°C.

The cryopreserved cells were thawed in ice and suspended
in 900 mL of 25 mM HEPES buffer (pH 7.5) containing 10%
Glycerol, 0.13 M NaCl, 1 mM EDTA, 25 mM Sodium B- |
Glycerophosphate and 1 mM Sodium Orthovanadaté, and
supplemented with Complete Protease Inhibitor (Nippon
Boehringer Ingelheim Co., Ltd.). The. obtained suspension was
homogenized three times in a polytron homogenizer (Kinematica)
at 20,000 rpm for 30 sec. The obtained cell disruption
solution was clarified by centrifugation at 31000xg for 60 min,
and filtered through a 0.45 um filter. The filtrate was passed
through a column packed with 60 mL of Ni-NTA Super Flow Gel
(QUIAGEN) at a flow rate of about 5 mL/min. The column was
washed with buffer A (50 mM HEPES (pH 7.5) containing 0.3 M
NaCl), further washed with buffer A containing 20 mM Imidazole,
and eluted with buffer A containing 100 mM Imidazole. The
eluate was concentrated with Vivaspin 20 (Vivascience) with a
molecular weight cut off of 30K. The obtained concentrate was
dialyzed against 50 mM HEPES (pH 7.5) containing 10 mM MgClz, 2
mM Dithiothreitol, 10 mM Tripotassium Citrate and 0.3 M NaCl.
The inner dialysate was filtered through a 0.22 pm filter to
give ACC2 (Nd). The obtained ACC2 (Nd) was cryopreserved at -
go°cC.

[1138] _
(3) Measurement of ACC2 inhibitory activity
ACC2 (Nd) (1.1 mg/ml) obtained in the above-mentioned (2)
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was diluted with an enzyme reaction buffer (50 mM HEPES (pH
7.5), 10 mM MgCl,, 10 mM Tripottasium Citrate, 2 mM
Dithiothreitol, 0.75 mg/ml Fatty acid free BSA) to a
concentration of 6.4 pg/ml, and the mixture was added to each
well of a 384 well assay plate (Nunc 265196) by 10 pl. A test
compound dissclved in dimethyl sulfoxide (DMSO) was diluted
with.an enzyme reaction buffer and the resulting solution (5

pnl) Was‘added to each well. The mixture was incubated at 30°C

for 20 min. Then, a substrate solution (50 mM KHCO;, 200 UM

ATP, 200 pM Acetyl-CoA, 5 pl) . was added to each well, and the
mixture was reacted at 30°C for 20 min (test compound addition
group) .

In addition, a reaction was performed in the same manner
as above and without adding the test cdmpound (test compoﬁnd
non-addition groupj. |

Furthermore, a reaction was performed in the same manner
as above and without adding the test compound and Acetyl-CoA
(control group)-.

.The reaction was quenched by adding a malachite green
solution to each of the obtained reaction mixtures by 5 pl and
stirring the mixtures. The obtained reaction mixture was left
standing at room temperature for 20 min, and absorbance (620
nm) was measured using wallacl420 (PerkinElmer Japan Co.,
Ltd.). The above-mentioned malachite green solution was
prepared by mixing Solution A (0.12% malachite green solution,
prepared with 5N H,S04, preserved at 4°C in shading), Solution B
(7.5% aqueous ammonium molybdate solution, prepared when in
use) and Solution C (11% aqueous Tween 20 solution, preserved
at room temperature) at a ratio of Solution A: Solution B:
Solution C=100:25:2 (volume ratio). '

ACC2 inhibitory rate (%) was determined according to the
following calculation formula.

(l—(absofbance of test compound addition group - absorbance of
control group)+(absorbance of test compound non-addition group

- absorbance of control group))x100
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The inhibitory rates (%) against ACC2Z at 10 uM of the

test compound are shown in Table 2-1 and Table 2-2.

[(1139]

Table 2-1

Example No. |ACC2 inhibitory rate at 10 uM (%)
1 101
2 92
3 99
6 95
9 98
12 103
13 - 94
15 - 92
16 ‘ 93
17 90
24 ' 90
25 | 90
26 ' 95
28 - 83
30 100
33 ' 85
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[1140]

Table 2-2

Example No. |ACC2 inhibitory rate at 10 uM (%)
63 93
70 | 93
73 \ 99
85 - 93
89 94
92 93
95 94
97 95
100 90
102 99 .
104 102
109 | | 95
110 | | 91
111 1100
112 100
119 97

[1141]

5 Experimental Example 2 _

Male F344/Jcl rats (CLEA Japan, Inc., Tokyo) purchased at

5 weeks of age were acclimated‘to the rearing environment, and.
used for an experiment of malonyl CoA content measurement at
10 weeks of age. in the experiment of malonyl CocA content

10 measurement, the body weight was measured in the morning
(8:00-11:00) 3 days before administration of a test compound,
and the rats were divided into groups free of dispersion in
the body weight between administration groups. The test
compound was prepared as a 0.5% methyl cellulose (Wako)

15 suspension to a dose of 5 mL/kg, in the afternoon (12:00-

17:00) of one day before administration by gavage, and
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administered by gavage according to the body weight on the day
of test compound administration. The vehicle group was .
administered with a solvent (0.5% methyl cellulose) alone by
gavage. The femoral muscle was rapidly removed 2 hr after the
test compound administration, sliced into thin pieces (80-150
mg), placed in an eppendorf tube, rapidly frozen in liquid
nitrogen, and preserved at -80°C until use for the measurement
of malonyl CoA content.

A sample homdgenate for the malonyl CoA measurement was
prepared by disrupting a frozen tissue with a measured weight
in a Multi-beads shocker (MB400U, Yasui Kikai Corporatién),
adding an extract (6% perchloric acid:aqueous di-n-
butylammonium acetate solutioﬁ (IPC-DBAA, 0.5 mdl/L, TOKYO
CHEMICAL INDUSTRY CO;, LTD.)=1000:1, 500 uL) containing an
internal standard substance ([BC3]—malonyl'CoA lithium salt
(100 pmol/mL, Sigma-Aldrich)), and applying.the'mixture to the
Multi-beads shocker agaih. The entire amount of the extract
was centrifuged (13,000 rpm, 2 min), and the supernatant was
added to a solid phase extraction cartridge (OASIS HLB 1 cc/30
mg, WAT05882, Waters) to perform a solid phase extraction. The
solid phase extraction cartridge used had previously undergone
activation with solution A (500 puL, 50% acetonitrile), and
further, two times of equilibration with solution B (1 mL, 6%
perchloric acid:IPC-DBAA=1000:1). The sample was added to the
solid phase cartridge, washed twice with ultrapure water (1
mL), and eluted with solution A (500 pL). This eluate was
directly used for the LC/MS/MS analysis. The sample for
analytical curve was added with malonyl CoA lithium salt with
a known concentration (Sigma-Aldrich), while regarding 100 pL
of 4% aqueous BSA (w/v) solution as 100 mg of a tissue, added
with an internal standard substance, like the tissue sample,
and subjected to a solid phase extraction. ‘

The HPLC for LC/MS/MS analysis was performed by using
Prominence (SHIMADZU Corporation), and CAPCELL PAK C18 AQ

(particle size; 3 pm, inner diameter; 2.0 mm, length; 35 mm,
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Shiseido Co., Ltd.) as a separation column, and gradient mode
of mobile phase (A) 10 mmol/L ammonium acetate/IPC-DBAA (100:1,
v/v, pH 9.0), and mobile phase (B) acetonitrile. The gradient
program included linear increase of mobile phase (B)
concentration from 5% at 0 min (start of analysis) to 35% in 2
min, and thereafter to 100% until 2.1 min, liquid supply at
100% until 6 min, decrease to 5% by 6.1 min, and liquid supply
under the same conditions until the end of analysis (10 min).
Using a switching valvé, the eluate of analysis time 2.0-6.0
min was introduced into MS/MS. The analysis was performed at a
column temperature of 40°C and a sample injection volume of 10

puL. The mass spectrometer used was APIS000 (AB Sciex) and,

using turboion spray as an ionization mode, ion was detected
by selected reaction monitoring (SRM) in an anion mode. As the
ion spray, zero air was used, and the ionization was performed
at 4.5 kV. Nitrogen was used for collision-induced
decomposition of ion. As a monitor ion, ‘a precursor ion and a
fragment ion were set to malonyl CoA; m/z 852.0—m/z 808.0 and
[1*Cs]-malonyl CoA; m/z 855.0—m/z 810.0 Da, respectively. For
quantitative calculation, a peak area ratio of internal
standard ([BC3]—malonyl CoA) and malonyl CoA was used, and a .
malonyl CoA concentration of each sample was calculated from

the regression formula of standard analytical curve at each

concentration (1/concentration weighted). All values are shown

in meantstandard deviation, and Steel test was used for

statistical analyéis. The results are shown in Table 3.

[1142]
Table 3

Malonyl-CoA content of femoral muscle at 2 hours after dosing

Compounds dose malonyl—CQA No: of
(nmol/g-tissue) animals
vehicle 0 1.955+0.496 6
Example 6 10 mg/kg 0.513+£0.048 ~* 4
Example 28 10 mg/kg 0.663+0.119 * 4

MeantS.D., N=4-6, * P<0.05 (Steel test)
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[1143] ‘ _
Formulation Example 1 (production of capsule)
1) compound cof Example 1 30 mg
2) finely divided powder cellulose 10 mg
3) lactose 19 mg
4) magnesium stearate 1 mg

total 60 mg

1), 2), 3) and 4) are mixed and filled in a gelatin

capsule.

[1144] . ‘
Formulation Example 2 (production of tablets)
1) compound of Example 1 30 g
2) lactose 50 g
3) cornstarch - 15 g
4) calcium carboxymethylcellulose 44 g
5) magnesium stearate 1 g

1000 tablets - total 140 g

The total amount of 1), 2) and 3) and 4) (30 g) is
kneaded with water, vacuum dried, and sieved. The sieved
powder is mixed with 4) (14 q) and 35) (1 g), and the mixture
is punched by a tabletihg machine, whereby 1000 tablets
containing 30 mg of the compound of Example 1 per tablet are
obtained.

Industrial Applicability
[1145] ’

The compound of the present invention has ACC (acetyl-CoA
catboxylase) inhibitory action, and is useful for the
prophylaxis or treatment of obesity, diabetes, hypertension,
hyperlipidemia, cardiac failure, diabetic complications,
metabolic syndrome, sarcopenia, cancer and the like.

[1146] ‘
» This application_is based on patent application Nos.
266097/2010 and 175330/2011 filed in Japan, the contents of

which are hereby incorporated by reference.
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CLAIMS

1. A compound represented by the formula (I):
R3

o x%\w/w |
R4a R4b H (l)

wherein

R' is a group represented by the formula: -COR® wherein R? is a

hydrogen atom or a substituent, or an optionally. substituted
5- or 6-membered aromatic ring group;

R® is a C;¢ alkyl group optionally substituted by halogen |
atom(s), or an optionally substituted Cs.4 cycloalkyl group:;
R*® and R* are independently a hydrogen atom:or a substituent;
X is 0, CO, CR*R®™® wherein R*® and R® are independently a
hydrogen atom or a substituent, NR>® wherein R°® is a hydrogen
atom or an optionally substituted Ci;.¢ alkyl group, S, SO, or
S(0)2;¢

ring A is an optionally further substituted 5- or 6-membered
aromatic ring;

for ring P and ring Q,

(1) ring P is én optionally further substituted 5-membered
aromatic ring, ring Q is an optionally further substituted 6-
membered ring,'and ring P and ring Q are fused to form an
optionally further substituted bicyclic aromatic ring, or

(2) ring P is an optionally further substituted 5-membered
hon—aromatic ring, ring Q is an optionally further substituted
6-membered aromatic ring, and ring P and ring Q are fused to
form an optionally further substituted bicyclic non-aromatic
ring; and ,

R® is an optionally substituted Ci;_¢ alkyl group or an
optionally substituted Cgﬁ cycloalkyl group,

or a salt thereof.
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2. The compound or salt of claim 1, wherein R* is a group

represented by the formula:'—‘COR2
wherein
R? is
5 (a) a Ci-¢ alkyl group optionally substituted by 1 to 3
halogen atoms; | |
(b) a Ci-g alkoxy group; or
(c) an amino group optionally mono- or di-substituted by Ci-s
alkyl group(s).b -
10
3. The compound or -salt of claim 1, wherein the “optionally
further substituted bicyclic aromatic ring” or “optionally
further substituted bicyclic'non—aromatic ring” formed by

fusion of ring P and ring Q is ‘

Jos N es s hont
Jg g 5 S

' = 7 _ 7
- U= - m
~N =N SN NS
O~ - To-

/N\
/N\\
~N » g or . o

each of which is optionally further substituted by 1 to 4
substituents selected from
(1) a halogen atom,
(2) a Cj-¢ alkyl group optionally substituted by 1 to 3
20 halogen atoms,
(3) a Ci.¢ cycloalkyl group optionally substitﬁted-by 1l to 3
halogen atoms, and

(4) a cyano group.
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N N N N
~ U~ - U0
o == )/ =
T U U O~
_N ' | | _N _N
NN T~ 0 -
S o N~N NSN NN
\
Lo - . -
\N o] or (o]

each of which is optionally further substituted by 1 to 4
substituents selected from /
(1) a halogen atom,
5 (2) a Ci-¢ alkyl group optionally substituted by 1 to 3
halogen atoms,
(3) a Cs_¢ cycloalkyl group optionally substituted by 1 to 3
halogen atoms, and
(4) a cyano group,
10 R® is a Ci¢ alkyl group optionally substituted by 1 to 3
halogen atoms, |
R* and R*™ are each a hydrogen atom,
X is 0, CO oi CHg,
R® is a Ci¢ alkyl group optionally substituted by 1 to 3
15 substituents selected from '
(a) a halogen atom, and
(b) a Cz-.¢ cycloalkyl group optionally substituted by 1 to 3
halogen atoms, and
ring A is benzene, optionally oxidized pyridine, pyrimidine,
20 pyrazole or isoxazole, each of which is optionally substituted
by 1 to 3 substituents selected from
(1) a halogen atom, .
.(2) a Ci-¢ alkyl group optionally substituted by 1 to 3

halogen atoms,
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(3) a Ci-¢ alkoxy group, and
(4) a Cq.13 aralkyl group.

9. N-[(18)-2-({6-[6=(cyclopropylmethoxy)-1,3-benzoxazol-2-
yl]pyridin—B—yl}oxy)—l—methylethyl]acetamide or a salt thereof.

1O.iN—[(lS)—2—({64[6—(cyclopropylmethoxy)—l,3—benzoXazol—2—
yl]-5-fluoropyridin-3-yl}oxy)-1l-methylethyl]acetamide or a
salt thereof.

11. N-[(1S)-2-{[6-(6~ethoxy-1,3-benzoxazol-2-yl)pyridin-3-
yl]oxy}—l—methylethyl]acetamide or a salt thereof.

12. A medicamerit comprising the compound or salt of claim 1.

13. The medicament of claim 12, which is an acetyl-CoA

carboxylase inhibitor.

14. The medicament of claim 12, which is an agent for the

prophylaxis or treatment of obesity or diabetes.

15. A method of inhibiting acetyl-CoA carboxylase in -a mammal,
which comprises administering an effective amount of the

compound or salt of claim 1 to the mammal.

16. A method for the prophylaxis or treatment of obesity or
diabetes in a mammal, which comprises administering an
effective amount of the compound or salt of claim 1 to the

mammal.

17. Use of the compound or salt-of claim 1 for production of

"an agent for the prophylaxis or treatment of obesity or

diabetes.

18. The compound or salt of claim 1 for use in the prophylaxis

or treatment of obesity or diabetes.
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