CYCLOALKANE DERIVATIVE

BACKGROUND OF THE INVENTTION
Field of the Invention
[0001]

The present invention relates to a novel cycloalkane
derivative, a pharmacologically acceptable salt, or a
hydrate thereof, useful as a pharmaceutical, particularly,
with an analgesic action. The present invention further
relates to a method for treating and/or preventing pain
by administering the novel cycloalkane derivative of the
present invention. The present invention also relates to
the compound, a pharmacologically acceptable salt, or a
hydrate thereof, for treating and/or preventing the
crisis of a sodium channel associated disease. 1In
addition, the present invention relates to a method for
treating and/or preventing a sodium channel associated
disease by administering the novel cycloalkane derivative

of the present invention.

Description of the Related Art
[0002]

A variety of pains including acute pain such as
inflammatory pain and nociceptive pain; intractable
chronic pain such as neurogenic pain, myogenic pain and

fibromyalgia; and phantom limb pain probably derived from



a psychogenic factor are known as pathologic pains.
Since pain greatly degrades the quality of life of a
patient in many cases, social loss caused by pain is
incalculable.

Currently, nonsteroidal analgesics, non-narcotic
analgesics, narcotic analgesics, anti-epileptic drugs and
anti-depressants are used as therapeutic agents for pain.
Although methods for treating most cases of inflammatory
pain and nociceptive pain have been established, there
are only limited effective therapeutic agents for chronic
pains such as neurogenic pain for which a nonsteroidal
anti-inflammatory drug is ineffective and which is
resistant to narcotic analgesics.

Pregabalin and the like are currently used as
therapeutic agents for neurogenic pain, but it is
reported that pregabalin shows an effective therapeutic
ratio of approximately 50% based on self-evaluation of
patients with painful diabetic neurcpathy (Non-Patent
Literature 1), and hence, it cannot be said that patient
satisfaction with treatment is always attained.

[0003]

Voltage-gated sodium channels (Navs) are ion
channels each including an o subunit having four domains
and auxiliary B subunits, at least nine subtypes thereof
having been reported so far, and these subtypes

respectively have different expression distributions and



physiological actions so as to regulate biological
functions.

The sodium channels are an essence of neural
activities, and drugs such as the local anesthetic
lidocaine, the antiarrhythmic mexiletine and the
antiepileptic carmazepine are known as inhibitors for
sodium channels. Such drugs have, however, low
selectivity for the Nav subtypes. Since sodium channels
of the different subtypes are expressed in muscles,
cardiac muscle cells and the central nervous system as
shown in Table 1, there arises a problem of adverse drug

action caused when such drugs are systemically

administered.

[0004]

[Table 1]
Subtype Main expression site
Navl.l Central nervous system
Navl.2 Central nervous system
Navl.3 Central nervous system
Navl.4 Skeletal muscle
Navl.5 Cardiac muscle cells
Navl.o6 Sensory/motor nervous system
Navl.7 Sensory nervous system
Navl.8 Sensory nervous system
Navl.9 Sensory nervous system

[0005]

On the other hand, it is known that a Nav 1.7 defect
causes pain insensitivity in humans (Non-Patent
Literature 2), and since a similar tendency is observed

in KO mice (Non-Patent Literature 3), it is considered



that a Nav 1.7 selective inhibitor is a promising target
as a therapeutic agent for various pains.
[0006]

Patent Literature 1 relates to a Nav 1.7 modulator
and specifically describes, for example, a compound
represented by formula (A) below (in Example 811). The
Features of the compound described in this patent
literature are that two aromatic rings are connected
through an oxygen atom, and further, N-substituted
sulfonamide is connected to one of the aromatic rings
{phenyl group). The compound of the present invention
differs therefrom in that a cyclcalkane is connected to
an aromatic ring through an oxygen atom. Patent
Literature 1 neither describes nor suggests the

structure of the compound of the present invention.
[0007]

[Formula 1]
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Specifically, the compound disclosed in Patent

()

Literature 1 is described in the claims as falling within
a structure represented by formula (B) below. The moiety
B in this structure is defined as "phenyl or Het%

wherein Het? is defined as a 5- or 6-membered aromatic

heterocyclic group containing (a) one to four nitrogen



atoms, (b) one oxygen atom or one sulfur atom, or (c) one
oxygen atom or one sulfur atom and one or two nitrogen
atoms”. Thus, the moiety B is an aromatic substituent.
The patent reference discloses neither that this moiety
is a saturated substituent nor that a cycloalkane is
formed.

[0009]

[Formula 2]
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[0010]

Patent Literature 2 relates to an N-type calcium
channel inhibitor and specifically describes, for example,
a compound represented by formula (C) below (in Example
5(11)). The compound described in this patent reference
has a structure in which an aromatic ring and a saturated
heterocyclic ring are connected through a
polymethylene (oxy) chain. An N-substituted sulfonamide
is bonded to an aromatic ring (phenyl group), and two
substituents are further introduced at the nitrogen atom
of this sulfonamide. Specifically, the feature of this
compound is that the nitrogen atom of the sulfonamide is
di-substituted. The compound of the present invention
differs therefrom in that: the saturated ring is not a
heterocyclic ring; a cycloalkane and an aromatic ring are

connected through an oxygen atom and not through a



polymethylene chain; and the sulfonamide moiety is mono-
substituted at its nitrogen atom. Patent Literature 2
neither describes nor suggests the compound of the
present invention at all.
[0011]
[Formula 3]
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[0012]

Neither is the compound of the present invention
falling within a structure represented by formula (D)
below described in claims of Patent Literature 2, nor is
the structure of the compound of the present invention is
suggested by the description related to this structure.
[0013]

[Formula 4]
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(D)
[Prior Art Literature]
[Patent Literature]
[0014]
[Patent Literature 1] W02010/079443
[Patent Literature 2] W02006/038594
[Non—-Patent Literature]

[0015]



[Non-Patent Literature 1] Drugs 64 (24): 2813-2820,
2004

[Non-Patent Literature 2] Cox, J. J. et al., Nature,
2006, 444 (7121), 894-898

[Non-Patent Literature 3] Nassar, M. A. et al., Proc.

Natl. Acad. Sci., 2004, 101(34), 12706-12711

SUMMARY OF THE INVENTION
[Problem to be solved by the Invention]
[0016]

An object of the present invention is to provide a
sodium channel inhibitor that has a high selectivity with
high pain inhibitory activities and is further directed
to reducing adverse drug action caused by systemic
administration, in response to, for example, low levels
of satisfaction with conventional therapeutic agents for
neurogenic pain and the low activities and selectivity of
conventional sodium channel inhibitory agents.

[ Means to solve the Problem]
[0017]

The present inventors have earnestly conducted
studies and consequently completed the present invention
by finding that a compound represented by formula (I)
below having a structure in which a phenyl group to which
an N-aromatic substituent-substituted sulfonamide group
is connected, and to which a cyclic alkyl group having an

aromatic group as a substituent is connected through an



oxygen atom to the para position with respect to the
sulfonamide group, a salt, or a hydrate thereof exhibits
excellent pain control and sodium channel inhibitory
activities with high selectivity.
[0018]

Specifically; the present invention relates to:

(1) A compound represented by formula (I) or a
pharmacologically acceptable salt, or a hydrate thereof:
[0019)]

[Formula 5]

Ar ( |)

[0020]

wherein Ar! and Ar? each independently represents a
heterocaryl group or an aryl group,
R', R® and R® each independently represents a hydrogen
atom, a halogen atom, a Cl-C6 alkyl group, a halogenated
Cl-C6 alkyl group, a hydroxy Cl-C6 alkyl group, a Cl-C6
alkoxy Cl1-C6 alkyl group, a C3-C7 cycloalkyl group or a
cyano group,
R* and R® each independently represents a hydrogen atom,
a halogen atom, a Cl-C6 alkyl group, a halogenated C1l-Cé6
alkyl group, a hydroxyl group, a hydroxy Cl-C6 alkyl
group, a Cl-C6 alkoxy C1-C6 alkyl group, a C3-C7

cycloalkyl group or a Cl-Cé6 alkoxy group, and



n represents an integer of 1 to 3, and

wherein the heterocaryl group or the aryl group
optionally has one or two substituents independently
selected from a halogen atom, a Cl-C6 alkyl group, a
halogenated C1-C6 alkyl group, a hydroxyl group, a
hydroxy C1-C6 alkyl group, a Cl-C6 alkoxy Cl-C6 alkyl
group, a C3-C7 cycloalkyl group, a carboxy group, a cyano
group, an amino group, a Cl-C3 alkylamino group and a di-
Cl1-C3 alkylamino group, and when the heterocaryl group or
the aryl group has two substituents, the two substituents
may be the same or different from each other.
The present invention further relates to the following:
(2) The compound or a pharmacologically acceptable salt
thereof according to (1), wherein in formula (I),
Ar' and Ar? each independently represents a heteroaryl
group,
R', R®* and R’ each independently represents a hydrogen
atom, a halogen atom, a Cl1-C6 alkyl group, a halogenated
Cl-C6 alkyl group or a C3-C7 cycloalkyl group,
R* and R° each independently represents a hydrogen atom,
a halogen atom, a Cl-C6 alkyl group or a halogenated Cl-
C6 alkyl group, and
the substituent on the hetercaryl group is one or two
substituents selected from the group consisting of a
halogen atom, a C1-C6 alkyl group, a halogenated C1-C6

alkyl group, a hydroxyl group, a hydroxy C1-Cé6 alkyl



group, a C3-C7 cycloalkyl group, an amino group, a C1-C3
alkylamino group and a di-Cl1-C3 alkylamino group.

(3) The compound or a pharmacologically acceptable salt
thereof according to (1) or (2), wherein the heterocaryl
group is a 5- or 6-membered nitrogen-containing aromatic
heterocyclic‘group.

{(4) The compound or a pharmacologically acceptable salt
thereof according to any of (1) to (3), wherein Ar' is a
pyridyl group, pyridazinyl group, pyrimidinyl group,
pyrazolyl group or imidazolyl group, optionally having a
substituent.

(5) The compound or a pharmacologically acceptable salt
thereof according to any of (1) to (4), wherein Ar! is a
pyridyl group, pyridazinyl group, pyrimidinyl group,
pyrazolyl group or imidazolyl group, optionally having
one or two substituents selected from the group
consisting of a chlorine atom, a fluorine atom, a methyl
group, an ethyl group, a trifluoromethyl group, an amino
group, a methylamino group and a dimethylamino group.

(6) The compound or a pharmacologically acceptable salt
thereof according to any of (1) to (5), wherein Ar? is a
thiadiazolyl group, thiazolyl group, pyrimidinyl group,
isoxazolyl group, oxazolyl group or isothiazolyl group,
optionally having a substituent.

(7) The compound or a pharmacologically acceptable salt
thereof according to any of (1) to (6), wherein ar? is a

thiadiazolyl group, thiazolyl group, pyrimidinyl group,



_11._.

isoxazolyl group, oxazolyl group or isothiazolyl group,
optionally having a chlorine atom, a fluorine atom or a
methyl group as a substituent.

(8) The compound or a pharmacologically acceptable salt
thereof according to any of (1) to (7), wherein rR', R?
and R® each independently represents a hydrogen atom, a
chlorine atom, a fluorine atom,- a methyl group, an ethyl
group, a trifluoromethyl group Or a cyano group.

(9) The compound or a pharmacologically acceptable salt
thereof according to any of (1) to (8), wherein R* and R®
each independently represents a hydrogen atom, a fluoro
group or a methyl group.

{10) The compound, a pharmacologically acceptable salt,
or a hydrate thereof according to (1), wherein the
compound represented by formula (I) is

2,5-difluoro-4-{[ (18", 2R") -2~ (1-methyl-1H-pyrazol-5-
yl)cyclopentyl]oxy}=N=-(pyrimidin~4-yl)benzenesulfonamide;
2,5-difluoro-4-{[ (18", 2R") -2~ (1-methyl-1H-pyrazol-5-
yl)cyclopentyl]oxy}-N~-(1,3-thiazol-2-
yl)benzenesulfonamide;

3-chloro-4-{[(18",2R") -2~ (l-methyl-1H-pyrazol-5-
yl)cyclopentyl]oxy}-N-(pyrimidin-4-yl)benzenesulfonamide;
2,5-difluoro-4-{[(18",2R")~2- (1-methyl-1H-pyrazol-5-
yl)cyclohexyl]oxy}~N~(pyrimidin—-4-yl)benzenesulfonamide;
2-fluoro-4-{[(18",2R") -2~ (1-methyl-1H-pyrazol-5-

ylicyclopentyl]oxy}-N=-(pyrimidin-4~yl)benzenesulfonamide;
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2,5-difluoro—-4-{[(1S,2R)~2-(1l-methyl~-1H-pyrazol-5-
vljcyclopentyl]oxy}~N-(pyrimidin-4-yl)benzenesulfonamide;
2,5—difluoro—4—{[(18*,2R*)-2—(1H—pyrazol~4~
yl)cyclohexyl]oxy}-N-(pyrimidin-4-yl)benzenesulfonamide;
4-{[(18",2R")-2-(1l-ethyl-1H-pyrazol-5-
yl)cyclopentyl]oxy}-2,3-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide;
2,3-difluoro-4-{[(18",2R")-2-(1-methyl-1H-pyrazol-5-
vl)cyclcochexyl]oxy}~N~ (pyrimidin~4~yl)benzenesulfonamide;
4-{[(187,2R")-5,5-difluoro-2- (l-methyl-1H-pyrazol-5-
yvl)cyclohexyl]oxy}=2,5~difluoro-N~ (pyrimidin-4-
yl)benzenesulfonamide;
5-chloro-2-fluoro-4-{[(18",2R") -2~ (1l-methyl-1H-pyrazol-5-
yl)cyclohexyl]oxy}4N—(pyrimidin—4—yl)benzenesulfonamide;
2—fluoro—4—{[(18*,2R*)—2—(1—methyl—lH—pyrazol—5~
yl)cycloheptylloxy}-N-(pyrimidin-4-vyl)benzenesulfonamide;
2-fluoro-3-methyl-4-{[(18",2R") -2~ (1-methyl-1H-pyrazol-5-
vl)cyclohexylloxy}-N-(pyrimidin-4-yl)benzenesulfonamide;
4-{[(18",2R") -2~ (3-amino-1H-pyrazol-4-yl)cyclohexyl]oxy}-
2~fluoro-b~methyl-N~ (pyrimidin—-4~-yl)benzenesulfonamide;
4-{[(187,2R") -2~ (3-amino-1H-pyrazol-4-yl)cyclohexyl]oxy}-
5-chloro-2-fluoro-N- (pyrimidin-4-yl)benzenesulfonamide;
4-~{[(18",2R") -2~ (3-amino~-1H-pyrazol-4-yl)cyclohexyl]oxy}-
2-fluoro~3-methyl-N- (pyrimidin-4-yl)benzenesulfonamide;
2,6-difluoro-4-{[(18*,2R*)-2-(1lH~pyrazol-4~

yl)cyclohexylloxy}-N-(pyrimidin-4-yl)benzenesulfonamide;



4-{[(1S,2R)-5,5-difluoro~2- (l-methyl-1H-pyrazol-5-
vl)cyclohexylloxy}-2,5-difluoro-N~ (pyrimidin-4-
v1l)benzenesulfonamide;
4-{[(1S,2R)-2-(l-ethyl-1H-pyrazol-5-yl)cyclopentyl]oxy}-
2,3-difluoro-N- (pyrimidin-4-yl)benzenesulfonamide;
5-chloro-2-fluocro-4-{[(18,2R)~-2~(l-methyl-1H~-pyrazol-5-
yvl)cyclohexyl]loxy} =N~ (pyrimidin-4-yl)benzenesulfonamide;
2-fluoro~-4—-{[{1S,2R)-2-(1l-methyl-1H~-pyrazol-5-
yl)cyclopentylloxy}-N-(pyrimidin-4-yl)benzenesulfonamide;
4—{[(18*,2R*)~5,5~difluoro-2-(1lH-pyrazol-4~-
vl)cyclohexyl]oxy}=2-fluoro-5-methyl-N- (pyrimidin-4-
yv1l)benzenesulfonamide:;

4-{[(18*,2R*)-4,4~difluoro-2~ (l-methyl-1H-pyrazol-5-
vl)cyclopentylloxy}-2-fluoro-5-methyl-N-(pyrimidin-4-
yl)benzenesulfonamide;

4~{[(18*,2R*)-5,5~difluoro~2~ (l-methyl-1H-pyrazol-5-
yl)cyclohexylijoxy}l-2-fluoro-5-methyl-N- (pyrimidin-4-
v1l)benzenesulfonamide;
2~fluoro-5-methyl~-4-{[ (15*,2R*) -2~ (1lH-pyrazol-5-
vl)cyclopentylloxy}-N-(pyrimidin-4-vyl)benzenesulfconamide;
5-~chloro-2-fluoro~4-{ [ (1S*,2R*) -2~ (1lH-pyrazol—-5-
vl)cyclopentylloxy}-N=-(pyrimidin-4-yl)benzenesulfonamide;
4-{[(18,2R})~5,5-difluoro-2-(1lH~pyrazol-4-~
yvl)cyclohexylloxy}l-2-fluoro-5-methyl-N- (pyrimidin-4-
v1)benzenesulfonamide;
2~fluoro-b-methyl-4-{[(1S8,2R})-2-(1H-pyrazol-5-

v1l)cyclopentylloxy}-N-(pyrimidin-4-~yl)benzenesulfonamide;



5-chloro~-2~fluoro—~4~{[ (1S,2R)~-2~-(1H-pyrazol-5-
yl)cyclopentyl]oxy}—N—(pyrimidih~4~yl)benzenesulfonamide;
5-chloro—4-{[(18*,2R*)~5,5-difluoro-2- (1H~-pyrazol-4-
yvl)cyclohexyl]oxy}-2-fluoro-N~ (pyrimidin-4-
yl)benzenesulfonamide; or
2,6-difluoro-4-{[ (1S, 2R)-2-(1H-pyrazol-4-
yv1)cyclohexylloxy}=N=-(pyrimidin-4-yl)benzenesulfonamide.
{11) The compound, a pharmacologically acceptable salt,
or a hydrate thereof according to (1), wherein the
compound represented by formula (I) is

2=fluoro-4-{ [ (18*,2R*)-2~(l-methyl-1H-pyrazol-5-
yl)cyclopentyl]oxy}-N- (pyrimidin-4~yl)benzenesulfonamide;
2,5-difluoro-4-{[(18*,2R*)~-2~ (1lH-pyrazol—-4-
yl)cyclohexyl]oxy}—N—(pyrimidin~4~yl)benzenesulfonamide;
4-{[(15*%,2R*)~2~(1l~ethyl-1H-pyrazol-5-
yl)cyclopentylloxy}-2,3-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide;

4-{[(18*,2R*)~-5,5-difluoro~2- (l-methyl-1H-pyrazol-5-
yl)cyclohexyl]oxy}-2,5~-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide;
5-chloro-2-fluoro-4-{[(18*,2R*)-2-(1l-methyl-1H-pyrazol-5-
yvl)cyclohexyl]loxy}~N~- (pyrimidin-4-~yl)benzenesulfonamide;
2,6-difluoro-4-{[ (18*,2R*)~-2~(1lH~pyrazol—-4-
yv1l)cyclohexylloxy}-N-{pyrimidin-4-yl)benzenesulfonamide;
4~{[(18,2R)-5,5~difluoro-2-(l-methyl-1H-pyrazol-5-
yvl)cyclohexylloxy}-2,5-difluoro-N-(pyrimidin-4-

vl)benzenesulfonamide;



4-{[(1S,2R)-2~(1l~ethyl-1H-pyrazol-5-yl)cyclopentylloxy}-
2,3-difluoro-N~-(pyrimidin-4-yl)benzenesulfonamide;
5-chloro~-2-fluocro-4-{[ (1S, 2R) -2~ (l-methyl-1H-pyrazol-5-
yvl)cyclohexylioxy}-N-{pyrimidin-4-yl)benzenesulfonamide;
2-fluoro-4-{[(1S,2R)=2~(1-methyl-1H~-pyrazol-5-
vl)cyclopentyl]oxy}-N-(pyrimidin-4-yl)benzenesulfonamide;
4-{[(18*,2R*})-5,5~-difluoro~2~ (1H~-pyrazol-4-
v1l)cyclohexylloxy}-2-fluorc-5-methyl-N- (pyrimidin-4-
v1l)benzenesulfonamide;
2-fluoro~5-methyl-4-{ [ (1S*,2R*) -2~ (1lH-pyrazol-5-
v1l)ecyelopentylloxy}-N-(pyrimidin~4-yl)benzenesulfonamide;
5-chloro-2-flucro-4~{[{15*,2R*)~2~(1lH-pyrazol~5~
vljcyclopentylloxy}-N-{pyrimidin-4-yl)benzenesulfonamide;
4-{[(18,2R)~5,5~difluoro~-2~ (1lH-pyrazol~4-
v1l)cyclohexyl]oxy}-2-flucro-5-methyl-N- (pyrimidin-4-
vl)benzenesul fonamide;
2-fluoro-5-methyl-4-{[(1S,2R)-2-(1H-pyrazol-5-
v1)cyclopentylloxy}-N-{pyrimidin-4-yl)benzenesulfonamide;
or

2,6-difluoro-4-{[(1S5,2R)~-2~(1lH-pyrazol—~4-
vl)cyclohexyl]oxy}-N-(pyrimidin—-4-yl)benzenesulfonamide.
(12) The compound or a pharmacologically acceptable salt
thereof according to (1), wherein the compound
represented by formula (I) is

2-fluoro-4-{[ (18*,2R*)~-2-(l-methyl-1H-pyrazol-5-

yv1l)cyclopentyl]loxy}-N-(pyrimidin-4-yl)benzenesulfonamide;



4-{[(18*,2R*)-2-(1l-ethyl~-1H-pyrazol-5~
yl)cyclopentylloxy}-2,3-difluoro-N- (pyrimidin-4-
vljbenzenesulfonamide;
5-chloro~2-fluoro-4-{ [ (1S5*,2R*)-2-(1l-methyl~1H~pyrazol-5-
yl)cyclohexyl]oxy}~N-(pyrimidin—4—yl)benzenésulfonamide;
2,6-difluoro-4~{[ (1S*,2R*) -2~ (1H-pyrazol-4-
y1l)cyclohexylloxy}—-N~(pyrimidin-4-yl)benzenesulfonamide;
4-{1(18,2R) -2~ (1~-ethyl-1H-pyrazol-5-yl)cyclopentyl]oxy}-
2,3-difluocro-N-{pyrimidin-4-yl)benzenesulfonamide;
5-chloro-2-fluoro-4~{{(18,2R)~2~(l-methyl-1H-pyrazol-5-
yvl)cyclohexylloxy}~N- (pyrimidin-4-yl)benzenesulfonamide;
2-fluoro~-4-{[{(1S,2R})~-2-{1l-methyl-1H-pyrazol-5-
yl)cyclopentylloxy}-N-(pyrimidin-4-yl)benzenesulfonamide;
4-{[(18*,2R*)~5,5~difluoro~-2- (1lH-pyrazocl-4~-
yl)cyclohexylloxy}-2-fluoro-5-methyl-N- (pyrimidin-4-
vl)benzenesulfonamide;

4-{[(18,2R)-5,5-difluoro~-2~ (1H~pyrazol—4-
y1l)cyclohexylloxy}-2-fluoro-5-methyl-N- (pyrimidin-4-
vl)benzenesulfonamide; or
2,6~difluoro-4-{[(1lS,2R)-2-(1H-pyrazol-4-
yl)cyclohexylloxy}-N- (pyrimidin-4-yl)benzenesulfonamide.
(13) A pharmaceutical composition comprising a compound,
a pharmacologically acceptable salt, or a hydrate thereof
according to any of (1) to (12), and a pharmaceutically
acceptable carrier.

(14) The pharmaceutical composition according to (13),

for treating and/or preventing pain.



(15) The pharmaceutical composition according to (13),
for treating and/or preventing a disease or symptom
selected from the group consisting of acute pain; chronic
pain; pain caused by injury to soft tissues or peripheral
tissues; postherpetic neuralgia; central pain;
neuropathic pain; migraine; pain associated with
ostecarthritis or rheumatoid arthritis; contusion; pain
associated with sprain or trauma; spondylalgia; pain
caused by injury to the spinal cord or the brain stem;
lower back pain; sciatic neuralgia; toothache; myofascial
pain syndrome; perineal section pain; gout pain; cardiac
pain; muscle pain; eye pain; inflammatory pain; orofacial
pain; abdominal pain; dysmenorrhea; labor pain or pain
associated with endometriosis; somatic pain; pain
associated with nerve or radicular injury; amputation;
tic douloureux; pain associated with neuroma or
vasculitis; pain caused by diabetic neuropathy or
diabetic peripheral neuropathic pain; pain caused by
chemotherapy-induced neuropathy; atypical prosopalgia;
neuropathic lower back pain; trigeminal neuralgia;
occipital neuralgia; myelomere or intercostal neuralgia;
HIV-associated neuralgia; AIDS-associated neuralgia;
hyperalgesia; thermal burn pain; idiopathic pain; pain
caused by chemotherapy; occipital neuralgia; psychogenic
pain; pain associated with gallstone; neuropathic or non-
neuropathic pain associated with cancer; phantom limb

pain: functional abdominal pain; headache; acute or



chronic tension headache; sinus headache; cluster
headache; temporomandibular joint pain; maxillary sinus
pain; pain caused by ankylosing spondylarthritis; post-
operative pain; scar pain; chronic non-neuropathic pain;
fibromyalgia; amyotrophic lateral sclerosis; epilepsy
(particularly, partial epilepsy, adult epilepsy partial
selizure and partial seizure of an epileptic patient); and
generalized anxiety disorder and restless legs syndrome.
(16) The pharmaceutical composition according to (13),
for treating and/or preventing pain caused by diabetic
neuropathy.

(17) The pharmaceutical composition according to (13),
for treating and/or preventing a sodium channel
associated disease.

(18) Use of a compound or a pharmacologically acceptable
salt thereof according to any of (1) to (12), for
producing a pharmaceutical composition.

(19) The use according to (18), wherein the
pharmaceutical composition is a pharmaceutical
composition for treating and/or preventing pain.

(20) The use according to (18), wherein the
pharmaceutical composition is a pharmaceutical
composition for treating and/or preventing pain caused by
diabetic neuropathy.

(21) The use according to (18), wherein the

pharmaceutical composition is a pharmaceutical



composition for treating and/or preventing a sodium
channel associated disease.

(22) A formulation intended for administration to a
mammal for treating and/or preventing pain, comprising a
pharmacologically effective dose of a compound or a
pharmacologically acceptable salt thereof according to
any of (1) to (12).

(23) The formulation according to (22), wherein the pain
is pain caused by diabetic neuropathy.

(24) The formulation according to (23), wherein the
mammal is a human.

(25) A sodium channel inhibitor comprising a
pharmacologically effective dose of a compound or a
pharmacologically acceptable salt thereof according to
any of (1) to (12). -

(26) The sodium channel inhibitor according to (25),
wherein the sodium channel inhibitor is intended for
administration to a mammal.

(27) The sodium channel inhibitor according to (26),
wherein the mammal is a human.

(28) A method for treating and/or preventing pain,
comprising administering a compound or a
pharmacologically acceptable salt thereof according to
any of (1) to (12).

(29) A method for treating and/or preventing a disease or

symptom selected from the following group, comprising



administering a compound or a pharmacologically
acceptable salt thereof according to any of (1) to (12):
acute pain; chronic pain; pain caused by injury to soft
tissues or peripheral tissues; postherpetic neuralgia;
central pain; neuropathic pain; migraine; pain associated
with osteoarthritis or rheumatoid arthritis; contusion;
pain associated with sprain or trauma; spondylalgia; pain
caused by injury to the spinal cord or the brain stem;
lower back pain; sciatic neuralgia; toothache; myofascial
pain syndrome; perineal section pain; gout pain; cardiac
pain; muscle pain; eye pain; inflammatory pain; orofacial
pain; abdominal pain; dysmenorrhea; labor pain or pain
associated with endometriosis; somatic pain; pain
associated with nerve or radicular injury; amputation;
tic douloureux; pain associated with neuroma or
vasculitis; pain caused by diabetic neuropathy or
diabetic peripheral neuropathic pain; pain caused by
chemotherapy—-induced neuropathy; atypical prosopalgia;
neuropathic lower back pain; trigeminal neuralgia;
occipital neuralgia; myelomere or intercostal neuralgia;
HIV-associated neuralgia; AIDS-associlated neuralgia;
hyperalgesia; thermal burn pain; idiopathic pain; pain
caused by chemotherapy; occipital neuralgia; psychogenic
pain; pain associated with gallstone; neurcopathic or non-
neuropathic pain associated with cancer; phantom limb
pain; functional abdominal pain; headache; acute or

chronic tension headache; sinus headache; cluster
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headache; temporomandibular joint pain; maxillary sinus
pain; pain caused by ankylosing spondylarthritis; post-
operative pain; scar pain; chronic non-neuropathic
patient pain; fibromyalgia; amyotrophic lateral
sclerosis; epilepsy (particularly, partial epilepsy,
adult epilepsy partial seizure and partial seizure of an
epileptic patient); and generalized anxiety disorder and
restless legs syndrome.

(30) A method for treating and/or preventing pain caused
by diabetic neuropathy, comprising administering a
compound or a pharmacologically acceptable salt thereof
according to any of (1) to (12).

(31) A method for treating and/or preventing a sodium
channel associated disease, comprising administering a
compound or a pharmacologically acceptable salt thereof

according to any of (1) to (12).

[Advantageous Effects of Invention]
[0021]

The present compound represented by formula (I), =a
pharmacologically acceptable salt thereof, or a hydrate
thereof has excellent voltage-gated sodium channel 1.7
(Nav 1.7) inhibiting activities and has excellent subtype
selectivity, and hence has an excellent pain relief
effect and shows excellent sodium channel inhibiting
activities in warm-blooded animals (preferably mammals

including humans) .
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BRIEF DESCRIPTION OF THE DRAWING
S
[0022]

FIG. 1 is a diagram showing the powder x-ray
diffraction of 4-{[(1R,28)~-2~-(l-ethyl-1H-pyrazol-5-
yl)cyclopentyl]loxy}-2,3-difluoro-N-{pyrimidin-4-
yl)benzenesulfonamide in the free form;

FIG. 2 is a diagram showing the powder x-ray
diffraction of 4-{[(1lS,2R)~2~(1l~ethyl-1H-pyrazol—-5-
yl)cyclopentyl]oxy}~2,3~difluoro—N—(pyrimidin—4—
yl)benzenesulfonamide in the free form;

FIG. 3 is a diagram showing the powder x-ray
diffraction of colorless crystals 1 of 5-chloro-2-fluoro-
4-{[(15,2R)-2-{l-methyl-1H-pyrazol-5-yl)cyclohexylloxy}—
N-{(pyrimidin-4-yl)benzenesulfonamide in the free form;

FIG. 4 is a diagram showing the powder x-ray
diffraction of colorless crystals 2 of 5-chloro-2-fluoro-
4-{[(15,2R) -2~ (1l-methyl~1H~pyrazol-5~-yl)cyclohexyl]oxy}-
N- (pyrimidin-4-yl)benzenesulfonamide in the free form;
and

FIG. 5 is a diagram showing the powder x~ray
diffraction of 2-fluoro-4-{[(1S,2R)-2-(1l-methyl-1H~-
pyrazol-5-yl)cyclopentyl]oxy}-N- (pyrimidin-4-

yvl)benzenesulfonamide in the free form.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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[0023]

The present invention will now be described in
detail.

In the present specification, a "halogen atom"
refers to a fluorine atom, a chlorine atom, a bromine
atom or an iodine atom.

[0024]

In the present specification, a "Cl-C6 alkyl group”
refers to a linear or branched alkyl group having 1 to 6
carbon atoms, and includes a methyl group, an ethyl group,
a propyl group, an isopropyl group, a butyl group, an
isobutyl group, a sec-butyl group, a tert-butyl group, a
pentyl group, an isopentyl group, a Z-methylbutyl group,
a neopentyl group, a l-ethylpropyl group, a hexyl group,
an isohexyl group, a 4-methylpentyl group, a 3-
methylpentyl group, a Z2-methylpentyl group, a 1-
methylpentyl group, a 3,3-dimethylbutyl group, a 2,2-
dimethylbutyl group, a 1,1l-dimethylbutyl group, a 1,2-
dimethylbutyl group, a 1,3-dimethylbutyl group, a 2,3-
dimethylbutyl group and a 2-ethylbutyl group.

[0025]

In the present specification, a "Cl-C3 alkyl group"
refers to a linear or branched alkyl group having 1 to 3
carbon atoms, and includes, for example, a methyl group,
an ethyl group, a propyl group and an isopropyl group.

[0026]
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In the present specification, a "halogenated C1-C6
alkyl group" refers to a group obtained by substituting a
"Cl-C6 alkyl group"” defined above with a "halogen atom"
defined above. The number of halogen atoms as
substituents is not particularly limited but the
substitution may be from mono-substitution to per-
substitution. The substitution position is not
particularly limited but mono-substitution is preferably
at the terminal carbon atom of the alkyl group. The
halogenated C1-C6 alkyl group includes, for example, a
trifluoromethyl group, a trichloromethyl group, a
difluoromethyl group, a dichloromethyl group, a
dibromomethyl group, a fluoromethyl group, a 2,2,2-
trifluoroethyl group, a 2,2,2-trichloroethyl group, a 2-
bromoethyl group, a 2-chloroethyl group, a 2-fluoroethyl
group, a 2-iodoethyl group, a 3-chloropropyl group, a 4-
fluorobutyl group and a 6-iodohexyl group.

[0027]

In the present specification, a "hydroxy Cl-Cé6 alkyl
group" refers to a group obtained by substituting a "Cl-
Co alkyl group" defined above with a hydroxy group. The
substitution position of the hydroxy group is not
particularly limited but the terminal carbon atom of the
alkyl group is more preferably substituted. The hydroxy
C1-C6 alkyl group includes, for example, a hydroxymethyl
group, a 2-hydroxyethyl group, a 3-hydroxypropyl group, a

4-hydroxybutyl group, a 5-hydroxypentyl group, a 6-
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hydroxvhexyl group, a l-hydroxyethyl group, a 1-
hydroxypropyl group and a 2-hydroxypropyl group.
[0028]

In the present specification, a "Cl-Cé6 alkoxy group"
refers to a group formed by bonding an oxygen atom to the
terminal of a "Cl-C6 alkyl group" defined above. The Cl-
C6 alkoxy group includes, for example, a methoxy group,
an ethoxy group, a propoxy Jgroup, an 1sopropoxy group, a
butoxy group, an isobutoxy group, a sec-butoxy group, a
tert-butoxy group, a pentoxy group, an isopentoxy group,
a 2-methylbutoxy group, a neopentoxy group, a hexyloxy
group, a 4-methylpentoxy group, a 3-methylpentoxy group
and a 2-methylpentoxy group.

[0029]

In the present specification, a "Cl-C6 alkoxy Cl-Cé
alkyl group" refers to a group obtained by substituting a
"Cl-Cé6 alkyl group" defined above with a "Cl-C6 alkoxy
group" defined above. The substitution position of the
alkoxy group is not particularly limited but the terminal
carbon atom of the alkyl group 1s preferably substituted.
The C1-C6 alkoxy Cl-C6 alkyl group includes, for example,
a methoxymethyl group, an ethoxymethyl group, a
propoxymethyl group, a butoxymethyl group, a 3-
methoxypropyl group, a 3-ethoxypropyl group, a 4-
methoxybutyl group, a S5-methoxypentyl group and a 6-
methoxyhexyl group.

[0030]
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In the present specification, a "C3-C7 cycloalkyl
group" refers to a saturated cyclic hydrocarbon group
having 3 to 7 carbon atoms, and includes a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group, a
cyclohexyl group and a cycloheptyl group.

[0031]

In the present specification, a "Cl-C3 alkylamino
group"” refers to an amino group in which one "Cl1-C3 alkyl
group" defined above is bonded to its nitrogen atom. The
Cl-C3 alkylamino group includes, for example, a
methylamino group, an ethylamino group, a propylamino
group and an isopropylamino group.

[0032]

In the present specification, a "di-Cl-C3 alkylamino
group" refers to an amino group in which two "C1-C3 alkyl
groups" defined above are bonded to its nitorgen atom.
The two alkyl groups may be the same or different from
each other. The di-Cl-C3 alkylamino group includes, for
example, a dimethylamino group, an ethylmethylamino group,
a diethylamino group, a methylpropylamino group, an
ethylpropylamino group, a dipropylamino group, an
isopropylmethylamino group, an ethylisopropylamino group
and a diisopropylamino group.

[0033]
In the present specification, an "aryl group" refers

to an aromatic hydrocarbon substituent and includes, for
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example, a phenyl group and a naphthyl group, and the
aryl group may be bonded in any position.
[0034]

In the present specification, a "heteroaryl group”
refers to a 5- or 6-membered aromatic heterocyclic
substituent having 1 to 4 heteroatoms independently
selected from the group consisting of a nitrogen atom, an
oxygen atom and a sulfur atom. The heterocaryl group
includes, for example, a pyridyl group, a pyrimidinyl
group, a pyridazinyl group, a pyrazinyl group, a
triazolyl group, a pyrazolyl group, an imidazolyl group,
a triazolyl group, a tetrazolyl group, an isoxazolyl
group, an oxazolyl group, an isothiazolyl group, a
thiazolyl group, a thiadiazolyl group, an oxadiazolyl
group, a thiophenyl group and a furanyl group. Such an
aromatic heterocyclic group may be bonded in any position
(it 1s noted that the above-described names of the groups
are mentioned merely as generic designations of
substituents but do not specify a bonding position).
[0035]

The compound of the present invention has a
structure represented by formula (I). Specifically, an
N-monoaromatic substituent-substituted sulfonamide group
is bonded to a phenyl group (the aromatic group on the
nitrogen atom of this sulfonamide group is referred to as
Ar?); a cycloalkyl group is connected through an oxygen

atom to the para position with respect to the position at



which the sulfonamide group is bonded; and an aromatic
group (referred to as Ar') is bonded to the carbon atom
adjacent to the carbon atom where the cycloalkyl group is
bonded to the oxygen atom.

[0036]

[Formula 6]

4 1 \Y/J 2
&S '\R R\ S _Af
& /ﬁ /ﬁ/ N
1 o R:;/\’/\Rz

Ar 0]
[0037]

In the compound of formula (I), the two aromatic
groups represented by Ar! and Ar? may each independently
represent an aryl group f{(aromatic hydrocarbon group) or a
heterocaryl group (aromatic heterocyclic group). Each of
these aromatic groups may further have substituent(s).
Also, the phenyl group to which the sulfonamide is
connected may have from one to three substituents. The
cycloalkyl group connected through the oxygen atom to the
phenyl group to which sulfonamide is connected can be any
5= to 7-membered ring in size. This ring may have 1 or 2
substituents, and when the ring has two such groups, the
two groups may be the same or different from each other.
[0038]

The aromatic group Ar' may be an aryl group but more
preferably is a heterocaryl group. The heterocaryl group

can be any monocyclic 5~ or é6-membered ring containing 1
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to 4 hetercatoms. The heterocatom(s) are preferably
nitrogen atom(s).

The 5-membered heteroaryl group can be selected from
those exemplified above but is preferably a group
containing only nitrogen atom({s) as heteroatom(s).
Preferable examples thereof can include a pyrazolyl group
and an imidazolyl group. A pyrazolyl group is more
preferred.

The connectng position of such a 5-membered
heterocaryl group to the cyclic alkyl group is not
particularly limited. In the case of a pyrazolyl group
or an imidazolyl group, examples can include pyrazol-1-vyl1,
pyrazol-3-yl, pyrazol-4-yl, imidazol-1-vl and imidazol-4-
yl. Among them, pyrazol-3-yl, pyrazol-4-yl, imidazol-4-
vyl or the like 1is preferred.

The 6-membered heterocaryl group preferably contains
only nitrogen atom(s) as hetercatom(s), as in the 5-
membered ring. A pyridyl group or a pyridazinyl group is
preferred. The binding site is not limited but is
preferably pyridin-4-vyl, pyridin-3-yl or pyridazin-4-vyl.
[0039]

Ar® may have substituent(s) and these may be 1 or 2
substituents independently selected from the group
consisting of a halogen atom, a Cl1-C6 alkyl group, a
halogenated Cl1-C6 alkyl group, a hydroxyl group, a
hydroxy C1-C6 alkyl group, a C3-C7 cycloalkyl group, an

amino group, a Cl-C3 alkylamino group and a di-C1-C3
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alkylamino group. Among these, a halogen atom, a Cl-Cé6
alkyl group, a halogenated C1-C6 alkyl group, an amino
group, a Cl-C3 alkylamino group or a di~C1l-C3 alkylamino
group is more preferred. Examples of such substituents
can include a chlorine atom, a fluorine atom, a methyl
group, an ethyl group, a trifluoromethyl group, an amino
group, a methylamino group and a dimethylamino group.
The substituent(s) of Ar’ is preferably an amino group or
an alkyl group. The alkyl group is preferably a methyl
group or an ethyl group. The alkyl group may substitute
on a nitrogen atom or a carbon atom.

[0040]

Examples of Ar' can include a phenyl group, a 1H-
pyrazol-4-yl1 group, a l-methyl-1H-pyrazol-5-yl group, a
l-ethyl~1H~pyrazol-5-yl1 group, a 3—amino-lH-pyrazol-4-yl
group, a 1H-imidazol-1-yl group, a l-methyl-lH-imidazol-
5-yl group, a pyridin-3-yl group, a 2-aminopyridin-3-yl
group, a 2-methylpyridin-3-yl group and a 2-pyridazin-4-
vyl group. Among these, a phenyl group, a l-methyl~-1H-
pyrazol-5-yl group, a l-ethyl-1H-pyrazol-5-yl group, a
1H-pyrazol-4-yl group or a 3-amino-lH-pyrazol-4-yl group
is preferred.

[0041]

Likewise, the aromatic group Ar? is more preferably
a hetercaryl group. The heterocaryl group can be any 5-
or 6-membered ring containing two or more heterocatoms.

Examples of the 5-membered hetercaryl group can include



an imidazolyl group, a triazolyl group, an isoxazolyl
group, an oxazolyl group, an isothiazolyl group, a
thiazolyl group, a thiadiazolyl group and an oxadiazolyl
group. Examples of the 6~membered heterocaryl group can
include a pyridyl group, a pyrimidinyl group, a
pyridazinyl group and a pyrazinyl group. Among these, a
thiadiazolyl group, a thiazolyl group or a pyrimidinyl
group is more preferred.

[0042]

Ar® may have a substituent and may have 1 or 2
substituents independently selected from the group
consisting of a halogen atom, a Cl-Cé6 alkyl group, a
halogenated C1-C6 alkyl group, a hydroxyl group, a
hydroxy Cl-C6 alkyl group, a C3-C7 cycloalkyl group, an
amino group, a Cl1-C3 alkylamino group and a di~C1-C3
alkylamino group. Among these, a halogen atom or a Cl1-Cé6
alkyl group is preferred. Such a substituent is a
chlorine atom, a fluorine atom or a methyl group.

[0043]

Examples of Ar? can include a 1,2,4~-thiadiazocl~5-yl
group, a 1,3-thiazol-4-yl group, a pyrimidin-4-yl group,
a 6-fluoropyrimidin-4-yl group and a Z2-fluoropyrimidin-4-
vyl group. Among them, a pyrimidin-4-yl group is more
preferred.

[0044]
The phenyl group constituting the benzenesulfonamide

may have from 1 to 3 substituents. Examples of such
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substituents can include a halogen atom, a Cl1-C6 alkyl
group, a halogenated C1-C6 alkyl group, a hydroxy Cl-Cé
alkyl group, a Cl-C6 alkoxy Cl-Cé6 alkyl group, a C3-C7
cycloalkyl group and a cyano group. Among these, a
halogen atom, a C1l-C6 alkyl group or a halogenated C1-C6
alkyl group is preferred. One to three groups
independently selected from a chlorine atom, a fluorine
atom, a methyvl group, an ethyl group, a trifluoromethyl
group and a cyano group are more preferred. When the
phenyl group has two or more such groups, the two or more
groups may be the same or different from each other.
[0045]

Examples of the optionally substituted phenyl group
constituting the benzenesulfonamide can include a 3-
methylphenyl group, a 3~-chlorophenyl group, a 3-
fluorophenyl group, a 2,3-difluorophenyl group, a 2,5~
difluorophenyl group, a 2,6-difluorophenyl group, a 2-
chloro-5-fluorophenyl group, a 5-chloro-2-fluorophenyl
group, a 3-trifluoromethylphenyl group, a 2-fluoro-3-
methylphenyl group, a 2-fluoro~-5-methylphenyl group, a 5-
ethyl~-2-fluorophenyl group, a 3-cyanophenyl group and a
5-cyano-2—-fluorophenyl group. Among these, a 2-
fluorophenyl group, a 2,5-difluorophenyl group, a 5-
chloro-2-fluorophenyl group or a 2Z2-fluoro~3-methylphenyl
group is preferred (here, the position number is
indicated with the position bonded to the sulfonamide

gioup as 1).
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[0046]

The cycloalkyl moiety can be any 5- to 7-membered
cyclic alkyl but is preferably 5- or 6-membered cyclic
alkyl.

This cycloalkyl group may have 1 or 2 substituents
independently selected from the group consisting of a
halogen atom, a Cl-C6 alkyl group, a halogenated Cl-Cé6
alkyl group, a hydroxyl group, a hydroxy Cl1-Cé6 alkyl
group, a Cl-Cé6 alkoxy Cl-Cé6 alkyl group, a C3-C7
cycloalkyl group and a Cl-C6 alkoxy group. Among these,
a halogen atom, a Cl-C6 alkyl group or a halogenated Cl-
C6 alkyl group is preferred. A fluorine atom or a methyl
group is more preferred.

[0047]

In the compound of the present invention, the
aromatic group Ar! on the cycloalkyl group and the
phenyloxy moiety having the sulfonamide group substitute
on adjacent carbon atoms to form the following four
isomers having diastereomeric relationship, all of which
are included in the present invention. Among these, the
more preferred conformation is that of (1b).

[0048]
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[0049]

The present compound represented by formula (I) may
be in the form of a pharmacologically acceptable salt if
desired. A pharmacologically acceptable salt means a
salt that is not greatly toxic but may be used as a
pharmaceutical. The present compound represented by
formula (I) may be changed into the form of a salt by
causing a reaction between the compound and an acid if it
has a basic group.

[0050]

Examples of salts based on a basic substituent and a
basic heterocaryl group include halogenated hydroacid
salts such as hydrofluoride, hydrochloride, hydrobromide
and hydroiodide; inorganic acid salts such as
hydrochloride, nitrate, perchlorate, sulfate and
phosphate; lower alkane sulfonates such as
methanesulfonate, trifluoromethanesulfonate and

ethanesulfonate; aryl sulfonates such as benzenesulfonate



and p-toluenesulfonate; organic acid salts such as
acetate, malate, fumarate, succinate, citrate, ascorbate,
tartrate, oxalate and maleate; and amino acid salts such
as glycine salt, lysine salt, arginine salt, ornithine
salt, glutamate and aspartate. Among these, preferably,
inorganic acid salts or aryl sulfonates are used, and
more preferably, hydrochloride, benzenesulfonate or p-
toluenesulfonate is used.

[0051]

Examples of salts based on an acidic substituent
include alkali metal salts such as sodium salt, potassium
salt and lithium salt; alkali earth metal salts such as
calcium salt and magnesium salt; metal salts such as
aluminum salt and iron salt; inorganic salts such as
ammonium salt; amine salts of organic salts such as t-
octyl amine salt, dibenzylamine salt, morpholine salt,
glucosamine salt, phenylglycine alkyl ester salt,
ethylenediamine salt, N-methylglucamine salt, guanidine
salt, diethylamine salt, triethylamine salt,
dicyclohexylamine salt, N,N'-dibenzylethylenediamine salt,
chloroprocaine salt, procaine salt, diethanolamine salt,
N-benzylphenethylamine salt, piperazine salt,
tetramethylammonium salt, tris(hydroxymethyl)aminomethane
salt; and amino acid salts such as glycine salt, lysine
salt, arginine salt, ornithine salt, glutamate and
aspartate.

[0052]



When the compound represented by formula (I) is
allowed to stand in air or recrystallized, it may absorb
moisture to have absorbed water, so as to be changed into
a hydrate, and such hydrates are also included in the
salts of the present invention.

The compound represented by formula (I) or a salt
thereof sometimes absorbs a solvent of a given type so as
to be changed into a solvate, and such a soclvate is also
included in the salt of the present invention.

[0053]

The compound represented by formula (I) has
asymmetric carbon atoms in its molecule and thus includes
optical isomers. These isomers and mixtures of these
isomers are all represented by a single formula, i.e.,
formula (I). Accordingly, single optical isomers of the
compound represented by formula (I) and mixtures of these
optical isomers in any ratio are all included in the
scope of the present invention.

[0054]

An optical isomer as described above can be obtained
by synthesizing the compound according to the present
invention by using optically active starting compound or
using the approach of asymmetric synthesis or asymmetric
induction. Alternatively, an optical isomer can be
obtained by isolation from the synthesized compound

according to the present invention by using a general
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optical resclution method or, for example, a separation
method using an optically active carrier.
[0055]

The present compound may also contain, in a non-
natural ratio, atomic isotope(s) of one or more of the
atoms constituting such a compound. Examples of atomic
isotope (s) include deuterium (°H), tritium (°H), iodine-
125 (**°I) and carbon-14 (**C). Moreover, the compound may
be radiolabeled with a radioisotope such as tritium (°H),
iodine-125 (**®I) or carbon-14 (**C). Such a radiolabeled
compound is useful as therapeutic or preventive agents,
research reagents, for example, assay reagents, and
diagnostic agents, for example, in vivo image diagnostic
agents. All isotopic wvariants of the present compound
are included in the scope of the present invention
regardless of whether or not they are radiocactive.

[0056]

The present compound represented by formula (I) and
a pharmacologically acceptable salt thereof have
excellent voltage-gated sodium channel 1.7 (Nav 1.7)
inhibiting activities and have excellent subtype
selectivity, and hence have an excellent pain relief
effect as well as showing excellent sodium channel
inhibiting activities in warm-blooded animals (preferably
mammals including humans).

Accordingly, the present compound and a

pharmacologically acceptable salt thereof have excellent



treatment efficacy and/or preventive efficacy for the
following diseases or symptoms: pain caused by diabetic
neuropathy; acute pain; chronic pain; pain caused by
injury to soft tissues or peripheral tissues;
postherpetic nerve pain; central pain; neuropathic pain;
megrim; pain associated with osteocarthritis or rheumatoid
arthritis; contusion; pain associated with sprain or
trauma; spondylalgia; pain caused by injury to the spinal
cord or the brain stem; lower back pain; sciatic
neuralgia; toothache; myofascial pain syndrome; perineal
section pain; gout pain; cardiac pain; muscle pain; eye
pain; inflammatory pain; orofacial pain; abdominal pain;
dysmenorrhea; labor pain or pain associated with
endometriosis; somatic pain; pain associated with nerve
or radicular injury; amputation; tic douloureux; pain
associated with neuroma or wvasculitis; pain caused by
diabetic neuropathy or diabetic peripheral neurocpathic
pain; pain caused by chemotherapy-induced neuropathy;
atypical prosopalgia; neuropathic lower back pain;
trigeminal neuralgia; occipital neuralgia; myelomere or
intercostal neuralgia; HIV-associated neuralgia; AIDS-
associated neuralgia; hyperalgesia; thermal burn pain;
idiopathic pain; pain caused by chemotherapy; occipital
neuralgia; psychogenic pain; pain associated with
gallstone; neuropathic or non-neuropathic pain associated
with cancer; phantom limb pain; functional abdominal

pain; headache; acute or chronic tension headache; sinus



headache; cluster headache; temporomandibular joint pain;
maxillary sinus pain; pain caused by ankylosing
spondylitis; post-operative pain; scar pain; chronic non-
neuropathic pain, fibromyalgia and the like.

The present compound can be expected to further show
excellent treatment efficacy and/or preventive efficacy
for dysuria, multiple sclerosis, interstitial cystitis,
cystalgia syndrome, irritable colon syndrome, dysuric
multiple sclerosis, irregular pulse, myotonia, numbness,
brain infarction and the like.

[0057]

The present compound or a pharmacologically
acceptable salt thereof can be administered in wvarious
forms. Examples of routes of administration include
oral administration using tablets, capsules, granules,
emulsions, pills, powders, syrups (solutions) and the
like, and parenteral administration using injections
(intravenous, intramuscular, subcutaneous or
intraperitoneal administration), drip infusions,
suppositories (rectal administration) and the like.

These various formulations can be prepared as drug
products according to usually employed methods by
appropriately selecting and using aids generally used in
the field of pharmaceutical formulation, such as
excipients, binders, disintegrants, lubricants, flavoring
agents, dissolving aids, suspending agents and coating

agents, to be added to an active ingredient.



[0058]

When used as a tablet, examples of a usable carrier
include excipients such as lactose, saccharose, sodium
chloride, glucose, urea, starch, calcium carbonate,
kaolin, crystalline cellulose and silicic acid; binders
such as water, ethanol, propanol, simple syrup, a glucose
solution, a starch solution, a gelatin solution,
carboxymethylcellulose, shellac, methylcellulose,
potassium phosphate and polyvinylpyrrolidone;
disintegrants such as dry starch, sodium alginate,
powdered agar, powdered laminaran, sodium
hydrogencarbonate, calcium carbonate, polyoxyethylene
sorbitan fatty acid ester, sodium lauryl sulfate, stearic
monoglyceride, starch and lactose; disintegration
inhibitors such as saccharose, stearin, cocoa butter and
hydrogenated o0il; absorption enhancers such as quaternary
ammonium salt and sodium lauryl sulfate; humectants such
as glycerine and starch; adsorbents such as starch,
lactose, kaolin, bentonite and colloidal silicic acid;
and lubricants such as purified talc, stearate, powdered
boric acid and polyethylene glycol. Furthermore, tablets
having general coating, for example, sugar—-coated tablets,
gelatin~-coated tablets, enteric-coated tablets, film-
coated tablets, double-layer tablets and multilayered
tablets can be prepared as required.

[0059]



When used as a pill, examples of a usable carrier
include excipients such as glucose, lactose, cocoa butter,
starch, hydrogenated vegetable oil, kaolin and talc;
binders such as powdered gum arabic, powdered tragacanth,
gelatin and ethanol; and disintegrants such as laminaran
and agar.

[0060]

When used as a suppository, a wide range of carriers
conventionally known in this field can be used, and
examples include polyethylene glycol, cocoa butter,
higher alcohols, higher alcohol esters, gelatin and
semisynthetic glycerides.

[0061]

When used as an injection, the formulations can be
prepared as a solution, an emulsion or a suspension.
These solution, emulsion and suspension are preferably
sterilized and isotonic with blood. The solvent used for
producing these solutions, emulsions and suspensions is
not particularly limited so long as it can be used as a
diluent for medical use, and examples of the solvent
include water, ethanol, propylene glycol, ethoxylated
isostearyl alcohol, polyoxylated isostearyl alcohol and
polyoxy ethylene sorbitan fatty acid esters. In this
case, a sufficient amount of sodium chloride, glucose or
glycerine may be included in the formulation to prepare

an isotonic solution, and general dissolving aids,



buffers, scothing agents and the like may also be
included.
[0062]

Furthermore, coloring agents, preservatives,
perfumes, flavoring agents, sweeteners and the like can
be added to the above-mentioned formulations i1f necessary.
Moreover, other pharmaceuticals can also be added.

[0063]

The amount of active ingredient compound contained
in the formulations is not particularly limited but is
widely and appropriately selected, and is generally 0.5
to 70% by weight and preferably 1 to 30% by weight of the
whole composition.

The dose varies depending on the symptoms, age and
the like of a patient (a warm-blooded animal, in
particular, a human). In the case of oral adminisﬁration,
a daily dosage for an adult is from a lower limit of 0.1
mg (preferably 1 mg and more preferably 10 mg) to an
upper limit of 2000 mg (preferably 100 mg), which is
administered dividedly as 1 to 6 doses depending upon the
symptoms.

[0064]

The present compound represented by formula (I) can
be produced in accordance with methods A to C described
below. The compound represented by formula (V) can be
produced in accordance with methods D to H.

[0065]



Solvents used in the reactions of the respective
steps of methods A to K below are not particularly
limited as long as they do not inhibit the reactions but
dissolve to some extent compounds involved in the
reactions. The solvents are selected from, for example,
the group consisting of the following solvents.
Alternatively, the solvents may be mixtures therecf. The
group of usable solvents consists of hydrocarbons such as
pentane, hexane, octane, petroleum ether, ligroin and
cyclohexane; amides such as formamide, N,N-
dimethylformamide, N,N-dimethylacetamide, N-methyl-2-
pyrrolidone, N-methyl-2-pyrrolidinone and
hexamethylphosphoric triamide; ethers such as diethyl
ether, diisopropyl ether, tetrahydrofuran, dioxane,
dimethoxyethane and diethylene glycol dimethyl ether;
alcohols such as methanol, ethanol, n-propanol,
isopropanol, n-butanol, 2-butanol, 2-methyl-l-propanol,
t-butanol, iscamyl alcohol, diethylene glycol, glycerin,
octanol, cyclohexanol and methyl cellosolve; sulfoxides
such as dimethyl sulfoxide; sulfones such as sulfolane;
nitriles such as acetonitrile, propionitrile,
butyronitrile and isobutyronitrile; esters such as ethyl
formate, ethyl acetate, propyl acetate, butyl acetate and
diethyl carbonate; ketones such as acetone, methyl ethyl
ketone, 4-methyl-2-pentanone, methyl isobutyl ketone,
isophorone and cyclohexanone; nitro compounds such as

nitro ethane and nitro benzene; halogenated hydrocarbons



such as dichloromethane, 1,2-dichlorocethane,
chlorobenzene, dichlorobenzene, chloroform and carbon
tetrachloride; aromatic hydrocarbons such as benzene,
toluene and xylene; carboxylic acids such as acetic acid,
formic acid, propionic acid, butyric acid and
trifluoroacetic acid; and water.
(00661

Examples of bases used in the reactions described
below include alkali metal carbonates such as sodium
carbonate, potassium carbonate, lithium carbonate and
cesium carbonate; alkali metal hydrogencarbonates such as
sodium hydrogencarbonate, potassium hydrogencarbonate and
lithium hydrogencarbonate; alkali metal hydrides such as
lithium hydride, sodium hydride and potassium hydride;
alkali metal hydroxides such as sodium hydroxide,
potassium hydroxide, barium hydroxide and lithium
hydroxide; inorganic bases of alkali metal fluorides such
as sodium fluoride and potassium fluoride; alkali metal
alkoxides such as sodium methoxide, sodium ethoxide,
sodium-t-butoxide, potassium methoxide, potassium
ethoxide, potassium-t-butoxide and lithium methoxide;
alkali metal trialkyl siloxides such as sodium
trimethylsiloxide, potassium trimethylsiloxide and
lithium trimethylsiloxide; mercaptan alkalil metals such
as methyl mercaptan sodium and ethyl mercaptan sodium;
organic bases such as N-methyl morpholine, triethylamine,

tripropylamine, tributylamine, diisopropylethylamine,



dicyclohexylamine, N-methylpiperidine, pyridine, 4-
pyrrolidinopyridine, picoline, 4-(N,N-
dimethylamino)pyridine, 2,6-di(t-butyl)-4-methylpyridine,
quinoline, N,N-dimethylaniline, N,N-diethylaniline, 1,5-
diazabicyclo[4.3.0]nona-5~-ene (DBN), 1,4-
diazabicyclo[2.2.2]octane (DABCO) and 1,8-
diazabicyclo[5.4.0]undeca-7-ene (DBU); and organometallic
bases such as butyl lithium, lithium diisopropylamide and
lithium bis(trimethylsilyl)amide.

[0067]

Examples of acids used in the reactions described
below include: inorganic acids such as hydrochloric acid,
sulfuric acid, nitric acid, perchloric acid, hypochlorous
acid, phosphoric acid, boric acid, hydrofluoric acid,
tetrafluoroboric acid and fluorcsulfonic acid; organic
acids such as formic acid, acetic acid, oxalic acid,
citric acid, gluconic acid, lactic acid, tartaric acid,
benzoic acid, methanesulfonic acid, benzenesulfonic acid,
p~toluenesulfonic acid and trifluoromethanesulfonic acid;
and Lewis acids such as boron trifluoride, a boron
trifluoride-diethyl ether complex, a boron trifluoride-
dimethyl sulfide complex, a boron trifluoride~pyridine
complex, a boron trifluoride-tetrahydrofuran complex,
boron trichloride, boron triiodide, trimethylaluminum,
triethylaluminum and titanium tetrachloride.

[0068]
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Examples of palladium catalysts used in the
reactions described below include divalent or zero-valent
palladium catalysts such as tetrakis (triphenylphosphine)
palladium (0), palladium-activated carbon, palladium
hydroxide-activated carbon, palladium (II) acetate,
palladium (II) trifluorcacetate, palladium black,
palladium (II) bromide, palladium (II}) chloride,
palladium (II) iodide, palladium (II) cyvanide, palladium
(II) nitrate, palladium (II) oxide, palladium (II)
sulfate, dichlorobis({acetonitrile) palladium (II),
dichlorobis (benzonitrile) palladium (II), dichloro(l,5-
cyclooctadiene) palladium (II), acetylacetone palladium
(IT), palladium (II) sulfide, [1,1'-
bis (diphenylphosphino) ferrocenelpalladium (II) dichloride,
[1,2-bis(diphenylphosphino)ethane]lpalladium (II),
dichloride tris(dibenzylidene-acetone) dipalladium (0),
tetrakis(acetonitrile) palladium (II) tetrafluoroborate
and an aryl chloride-palladium dimer.

[0069]

Examples of copper catalysts used in the reactions
described below include zero-valent, monovalent or
divalent copper catalysts and complexes thereof, such as
copper, copper {(I) chloride, copper (I) bromide, copper
(I) i1odide, copper (I) trifluoromethanesulfonate, a
copper (I} bromide-dimethyl sulfide complex, copper (II)
bromide, copper (II) acetate, copper (II) sulfate and

copper (II) acetate.



[0070]

Examples of ligands of the copper catalyst used in
the reactions described below include diamine ligands,
such as N,N'-dimethylethylenediamine, trans-N,N'-
dimethylcyclohexane-1,2~diamine, 2-(diphenylphosphino)-
2'-(N,N-dimethylamino)biphenyl, 1,10-phenanthroline and
N,N'-dimethyl-1,2-cyclohexanediamine.

(00717

Examples of dehydrogenation or halogen metal
exchange reagents used in the reactions described below
include: alkyl alkali metals such as methyl lithium,
ethyl lithium, iscpropyl lithium, n-butyl lithium, sec-
butyl lithium and tert-butyl lithium; alkyl magnesium
halides such as methyl magnesium chloride, methyl
magnesium bromide, ethyl magnesium chloride, ethyl
magnesium bromide, isopropyl magnesium chloride and
isopropyl magnesium bromide; and organic metal bases such
as lithium diisopropylamide, lithium
tetramethylpiperidine and lithium
bis(trimethylsilyl)amide.

[0072]

Examples of hydroboration reagents used in the
reactions described below include: borane complexes such
as a borane-tetrahydrofuran complex, a borane-dimethyl
sulfide complex, a borane-dimethylamine complex and a

borane-morpholine complex; and dialkyl borane such as



isopinocampheylborane, disiamylborane and 9-
borabicyclo[3,3,1]lnonane.
[0073]

Examples of oxidation reagents used in the reactions
described below include hydrogen peroxide water and
sodium perborate tetrahydrate.

[0074]

Examples of epoxidation reagents used in the
reaction of step Fl described below include: peracids
such as 3-chloroperbenzoic acid, perbenzoic acid and
peracetic acid; peroxides such as t-butyl hydroperoxide
(TBHP) and hydrogen peroxide; and potassium
peroxymonosulfate.

[0075]

Examples of reducing agents used in the reactions
described below include: alkali metal borohydrides such
as sodium borochydride, lithium borohydride, sodium
cyanoborohydride and sodium triacetoxyborohydride; borane
complexes such as a borane-tetrahydrofuran complex and a
borane-dimethyl sulfide complex; aluminum hydride
compounds such as diisobutyl aluminum hydride, lithium
aluminum hydride and lithium ethoxide aluminium hydride;
and alkali metals such as sodium tellurium hydride,
diisobutyl aluminum hydride and sodium bis (methoxyethoxy)
aluminum hydride.

[0076]



In the reactions conducted in each step of methods A
to I, the reaction temperature i1s varied depending on the
solvent, starting material, reagent and the like, and the
reaction time is wvaried depending on the solvent,
starting material, reagent, reaction temperature and the
like.

[0677]

In the reactions conducted in each step of methods A
to I, after completing the reaction, the target compound
is collected from the reaction mixture according to a
method generally employed in this technical field. For
example, the reaction mixture 1s appropriately
neutralized, and if there is an insoluble material, it is
removed by filtration. Thereafter, water and a water-
nonmiscible organic solvent such as ethyl acetate are
added to the resultant, so as to separate an organic
layer containing the target compound. The organic layer
is washed with water or the like, dried over anhydrous
magnesium sulfate, anhydrous sodium sulfate, anhydrous
sodium hydrogencarbonate or the like, and filtered, and
the sclvent 1s evaporated, so as to yield the target
compound.

[0078]

The thus obtained target compound may, 1f necessary,
be separated and purified by a method generally employed
in this technical field, for example, by an appropriate

combination of methods usually employed for



separation/purification of an organic compound, such as
recrystallization and reprecipitation, followed by
elution with an appropriate eluent by using
chromatography. If the target compound is insoluble in a
solvent, it may be purified by washing a solid crude
product with a solvent. Alternatively, the target
compound of each step may be used as it is, in a
following reaction without purification.
[0079]

Next, the reactions conducted in respective steps of
methods A to K will be described.

Method A is a method for producing the compound
represented by formula (I).
[0080]
[Method A]

[0081]
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[0082]

In the present specification, Arl, Ar2, Rl, R?, R?, R®,

4

R’ and n represent the same as defined above, P, P!, P?,

P® and P* each represents a protecting group, X

represents a halogen atom,

Y represents a substituent

that can work as a nucleophile or an electrophile in a

cross—~coupling reaction caused by a transition-metal

catalyst,
a boron atom,

[0083]

such as a halogen atom,

a substituent including

or a substituent including a tin atom.

P, P* or P? is not particularly limited as long as it

is a protecting group generally used for an amino group.

Examples thereof include a formyl group,

group,

a methoxycarbonyl group,

a phenylcarbonyl

an ethoxycarbonyl group,



a t~butoxycarbonyl group, a phenyloxycarbonyl group, a 9-
fluorenylmethyloxycarbonyl group, an adamantyloxycarbonyl
group, a benzyloxycarbonyl group, & benzylcarbonyl group,
a benzyl group, a 2,4-dimethoxybenzyl group, a benzhydryl
group, a trityl group and a phthaloyl group.

P’ and P! are not particularly limited as long as
they can form an acetal generally used as a protecting
group for a carbényl group, and are, for example, methyl
or ethyl groups, or P® and P* may form a cyclic structure
to constitute a 1,3~dioxane or 1,3-dioxolane ring.

Y is not particularly limited as long as it is used
as a substituent that can work as a nucleophile or an
electrophile in a cross-coupling reaction caused by a
transition-metal catalyst. Examples thereof include an
iodo group, a bromo group, a chloro group, a boronyl
group and a tributylstannyl group.

[0084]
Step Al

This step is the step of producing a compound
represented by formula (IV).

This step is conducted by causing a reaction, in a
solvent and in the presence of a base, between a compound
represented by formula (II) and a compound represented by
formula (III).

The compound represented by formula (II) and the
compound represented by formula (III) used in this step

are known compounds or may be easily produced from known



compounds used as starting materials by known methods or
methods similar to known methods.

The solvent used in this step is preferably any one
of ethers, nitriles or halogenated hydrocarbons, and more
preferably, tetrahydrofuran, acetonitrile or
dichloromethane.

The base used in this step is preferably any one of
alkali metal carbonates or organic bases, and more
preferably, potassium carbonate, pyridine, 4-(N,N-
dimethylamino)pyridine, 1,4-diazabicyclo[2.2.2]octane
(DABCO), LiHMDS or 1,8-diazabicyclo{5.4.0]undec-7~ene
(DBU) .

The reaction temperature to be employed in this step
is generally 0°C to 100°C and preferably 0°C to room
temperature.

The reaction time of this reaction is from 0.5 hours
to 48 hours, and the reaction is generally completed in
approximately 1 hour to approximately 24 hours.

[0085]
Step A2

This step is the step of producing a compound
represented by formula (VI).

This step is conducted by causing a reaction, in a
solvent and in the presence of a base, between the
compound represented by formula (IV) and a compound

represented by formula (V).
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The solvent used in this step is preferably any one
of ethers or amides, and more preferably, tetrahydrofuran
or N,N-dimethylformamide.

The base used in this step is preferably any one of
alkali metal alkoxides, alkali metal hydrides or alkali
metal hydroxides, and more preferably, sodium t-butoxide,
potassium t-butoxide, sodium methoxide, potassium
methoxide, sodium hydride, potassium hydride, sodium
hydroxide or potassium hydroxide.

The reaction temperature to be employed in this step
is generally 0°C to 200°C and preferably 0°C to room
temperature.

The reaction time of this reaction is from 0.5 hours
to 48 hours, and the reaction is generally completed in
approximately 1 hour to approximately 24 hours.

[0086]
Step A3

This step is the step of producing the compound
represented by formula (I).

This step is conducted by causing a reaction, in a
solvent and, 1f desired, in the presence of a scavenger,
between an acid and the compound represented by formula
(VI) .

The solvent used in this step is preferably any one
of ethers or halogenated hydrocarbons, and more
preferably, tetrahydrofuran, 1,4-dioxane or

dichloromethane.
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The scavenger used in this step is preferably
trialkylsilane or aryl ether, and more preferably,
triethylsilane or anisole.

The acid used in this step is preferably an organic
acid or an inorganic acid, and more preferably,
trichloroacetic acid, trifluorocacetic acid, acetic acid,
sulfuric acid or hydrochloric acid.

The reaction temperature to be employed in this step
is generally 0°C to 200°C and preferably room temperature
to 150°C.

The reaction time of this reaction is from 1 hour to
48 hours, and the reaction is generally completed in
approximately 2 hours to approximately 24 hours.

Also, this step 1s conducted by deprotecting the
compound represented by formula (VI) in a solvent and in
the presence of a palladium catalyst under a hydrogen
atmosphere.

The solvent used in this case 1is preferably any one
of ethers or alcohols, and more preferably,
tetrahydrofuran, methanol or ethanol.

The catalyst 1s preferably a zero-valent palladium
catalyst, and more preferably, palladium-activated carbon
or palladium hydroxide-activated carbon.

The reaction temperature is generally -20°C to 120°C

and preferably 0°C to 80°C.
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The reaction time of this reaction is from 1 hour to
48 hours, and the reaction is generally completed in
approximately 2 hours to approximately 24 hours.
[0087]

A compound represented by formula (Ia} or (Ib) is an
optical isomer of the compound represented by formula (I)

and is produced by combining method A with method B

described below.
[0088]

Method B is a method for producing optical isomers
(VIa) and (VIb) of the compound (VI) by optical
resolution after step AZ in method A. The compound
represented by formula (Ia) or (Ib) is produced through
step A3 from the optical isomer (VIa) or (VIb).

[0089]
[Method BR]
[0090]

[Formula 9]
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[00911

In the above formulas, Arl, Arz, Rl, RZ, R3, R4, RS, P
and n represent the same as defined above.
[0092]

Step Bl

This step is the step of producing the compounds
represented by formulas (VIa) and (VIb). This step is
conducted by optically resolving the compound represented
by formula (VI) into the compounds represented by (VIa)
and (VIb) by using a chiral column.

The solvent used in this step is preferably any one
of hydrocarbons, alcohols or mixed solvents thereof, and
more preferably, a mixed solvent of hexane and
isopropanol or a mixed solvent of hexane and ethanol.

The column used in the optical resolution is not
particularly limited as long as it is a chiral column
capable of optical resoclution. CHIRALPAK (registered
trademark) AD-H or CHIRALPAK (registered trademark) IC
manufactured by Daicel Corp. 1s preferred.

The temperature to be employed in this step is
generally 0°C to 40°C and preferably 0°C to room
temperature.

[0093]

Method C is another method for producing the
compound represented by formula (I).

[Method C]

[0094]
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[Formula 10]
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[0095]

In the above formulas, Ar', Ar?, R*, R?, R%® R% R®% P,
P?, X and n represent the same as defined above.
[0096]
Step C1

This step is the step of producing a compound

represented by formula (VIII).
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This step is conducted by causing a reaction, in a
solvent and in the presence of a base, between a compound
represented by formula (II) and a compound represented by
formula (VII).

The compound represented by formula (II) and the
compound represented by formula (VII) used in this step
are known compounds or may be easily produced from known
compounds used as starting materials by known methods or
methods similar to known methods.

The solvent used in this step is preferably any one
of ethers, nitriles or halogenated hydrocarbons, and more
preferably, tetrahydrofuran, acetonitrile or
dichloromethane.

The base used in this step is preferably any one of
alkali metal carbonates or organic bases, and more
preferably, potassium carbonate, pyridine, 4-(N,N-
dimethylamino)pyridine, 1,4-diazabicyclo[2.2.2]octane
(DABCO), LiHMDS or 1,8-diazabicyclo(5.4.0]undec~7-ene
(DBU) .

The reaction temperature to be employed in this step
is generally 0°C to 100°C and preferably 0°C to room
temperature.

The reaction time of this reaction is from 0.5 hours
to 48 hours, and the reaction is generally completed in
approximately 1 hour to approximately 24 hours.

[0097]

Step C2



This step is the step of producing a compound
represented by formula (IX).

This step is conducted by causing a reaction, in a
solvent and in the presence of a base, between the
compound represented by formula (V) and the compound
represented by formula (VIII).

The solvent used in this step is preferably any one
of ethers or amides, and more preferably, tetrahydrofuran
or N,N-dimethylformamide.

The base used in this step 1s preferably any one of
alkali metal alkoxides, alkali metal hydrides or alkali
metal hydroxides, and more preferably, sodium t-butoxide,
potassium t-butoxide, sodium methoxide, potassium
methoxide, sodium hydride, potassium hydride, sodium
hydroxide or potassium hydroxide.

The reaction temperature to be employed in this step
is generally 0°C to 200°C and preferably 0°C to room
temperature.

The reaction time of this reaction is from 0.5 hours
to 48 hours, and the reaction is generally completed in
approximately 1 hour to approximately 24 hours.

[0098]
Step C3

This step is the step of producing a compound
represented by formula (Xj.

This step is conducted by causing a reaction, in a

solvent and, if desired, in the presence of a scavenger,



between an acid and the compound represented by formula
(IX).

The solvent used in this step is preferably any one
of ethers or halogenated hydrocarbons, and more
preferably, tetrahydrofuran, 1,4-dioxane or
dichloromethane.

The scavenger used in this step i1s preferably
trialkylsilane or aryl ether, and more preferably,
triethylsilane or anisole.

The acid used in this step is preferably an organic
acid or an inorganic acid, and more preferably,
trichlorocacetic acid, trifluorcacetic acid, acetic acid,
sulfuric acid or hydrochloric acid.

The reaction temperature to be employed in this step
is generally 0°C to 200°C and preferably room temperature
to 150°C.

The reaction time of this reaction is from 1 hour to
48 hours, and the reaction is generally completed in
approximately 2 hours to approximately 24 hours.

Alternatively, this step is also conducted by
deprotecting the compound represented by formula (IX) in
a solvent and in the presence of a palladium catalyst
under a hydrogen atmosphere.

The solvent used in this case 1s preferably any one
of ethers or alcohols, and more preferably,

tetrahydrofuran, methanol or ethanol.



The catalyst used is preferably a zero-valent
palladium catalyst, and more preferably, palladium-
activated carbon or palladium hydroxide-activated carbon.

The reaction temperature is generally -20°C to 120°C
and preferably 0°C to 80°C.

The reaction time is generally 1 hour to 48 hours
and preferably 2 hours to 24 hours.

[0099]
Step C4

This step is the step of producing the compound
represented by formula (I).

This step is conducted by causing a reaction, in a
solvent and in the presence of a base, between the
compound represented by formula (X) and a compound
represented by formula (XI). This step may be conducted
in the presence of a copper catalyst and a ligand thereof.

The compound represented by formula (XI) used in
this step is a known compound or may be easily produced
from known compounds used as starting materials by known
methods or methods similar to known methods.

The solvent used in this step is preferably any one
of ethers, amides or halogenated hydrocarbons, and more
preferably, tetrahydrofuran, N,N-dimethylformamide or
dichloromethane.

The base used in this step is preferably any one of

organic bases or alkali metal carbonates, and more



preferably, triethylamine, cesium carbonate or potassium
carbonate.

The copper catalyst used in this step is preferably
copper (I) chloride, copper (I) bromide, copper (I)
iodide or copper (I) trifluorcmethanesulfonate.

The ligand used in this step is preferably N,N'-
dimethylethylenediamine, trans-N,N'-dimethylcyclohexane-
1,2-diamine or N,N'-dimethyl-1,2-cyclohexanediamine.

The reaction temperature to be employed in this step
is generally 0°C to 200°C and preferably room temperature
to 150°C.

The reaction time of this reaction is from 1 hour to
48 hours, and the reaction is generally completed in
approximately 2 hours to approximately 24 hours.

[0100]

The compound represented by formula (V) can be
produced in accordance with methods D to H.

[0101]

Method D is a method for producing the compound
represented by formula (V).

[Method D]

[0102]



[Formula 11]
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[0103)

In the above formulas, Ar', R?, R® and n represent
the same as defined above.
[0104]

Step D1

This step i1s the step of producing the compound
represented by formula (V).

This step i1s conducted by converting a compound
represented by formula (XIII) to a metal salt by
deprotonation or halogen metal exchange in a solvent and
then reacting the metal salt with a compound represented
by formula (XII).

The compound represented by formula (XII) and the
compound represented by formula (XIII) used in this step
are known compounds or may be easily produced from known
compounds used as starting materials by known methods or
methods similar to known methods.

The solvent used in this step 1s preferably any one
of ethers, hydrocarbons or halogenated hydrocarbons, and
more preferably, tetrahydrofuran, toluene or

dichloromethane.



The deprotonation or halogen metal exchange reagent
used in this step is preferably alkyl magnesium halide or
alkyl alkali metal, and more preferably, n-butyl lithium,
sec-butyl lithium or isopropyl magnesium chloride.

The reaction temperature to be employed in this step
is generally -100°C to 100°C and preferably -80°C to room
temperature.

The reaction time of this reaction is from 0.5 hours
to 48 hours, and the reaction is generally completed in
approximately 1 hour to approximately 24 hours.

[0105]

Method E is another method for producing the
compound represented by formula (V).

[Method E]
[0106]

[Formula 12]
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[0107]

In the above formulas, Arl, R*, Eﬁ, Y and n represent
the same as defined above.
[0108]

Step E1



This step is the step of producing a compound
represented by formula (XVI).

This step is conducted by causing a reaction, in a
solvent and in the presence of a catalyst, between a
compound represented by formula (XIV) and a compound
represented by formula (XV).

The compounds represented by formulas (XIV) and (XV)
used 1in this step are known compounds or may be easily
produced from known compounds used as starting materials
by known methods or methods similar to known methods.

The solvent used in this step is preferably any one
of ethers, amides, water or mixed solvents thereof, and
more preferably, a mixed solvent of 1,4-dioxane or water,
tetrahydrofuran or N,N-dimethylformamide.

The catalyst used in this step is preferably a zero-
valent palladium catalyst or a divalent palladium
catalyst, and more preferably,
tetrakis (triphenylphosphine)palladium (0), [1,1'-
bis (diphenylphosphino) ferrocene]palladium (II) dichloride
or [1,2-bis(diphenylphosphino)ethane]lpalladium (II)
dichloride.

The reaction temperature to be employed in this step
is generally 0°C to 150°C and preferably room temperature
to 120°C.

The reaction time of this reaction is from 0.5 hours
to 60 hours, and the reaction is generally completed in

approximately 1 hour to approximately 48 hours.



[0109]
Step EZ2

This step is the step of producing the compound
represented by formula (V).

This step is conducted by hydroborating the compound
represented by formula (XVI) in a solvent, followed by
oxidation.

The solvent used in this step is preferably any one
of ethers, and more preferably, 1,4-dioxane or
tetrahydrofuran.

The hydroboration agent used in this step is
preferably a borane-tetrahydrofuran complex or a borane-
dimethyl sulfide complex.

The oxidizing agent used in this step 1s preferably
hydrogen peroxide or sodium perborate tetrahydrate.

The reaction temperature to be employed in this step
is generally 0°C to 150°C and preferably room temperature

to 120°C.

The reaction time of this reaction is from 0.5 hours
to 60 hours, and the reaction is generally completed in
approximately 1 hour to approximately 48 hours.

[0110]

Method F is another method for producing the
compound represented by formula (V).

[Method F]

[0111]



[Formula 13]

R4 5 R4 4
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[0112]

In the above formulas, Ar', R*, R® and n represent
the same as defined above.
[0113]

Step F1

This step is the step of producing a compound
represented by formula (XVII).

This step is conducted by epoxidizing the compound
represented by formula (XVI) in a solvent.

The solvent used in this step is preferably any one
of ketones or halogenated hydrocarbons, and more
preferably, chloroform or dichloromethane.

The epoxidation reagent used in this step is
preferably 3-chloroperbenzoic acid or potassium
peroxymonosulfate.

The reaction temperature to be employed in this step
is generally -20°C to 120°C and preferably 0°C to 80°C.

The reaction time of this step is from 1 hour to 48
hours, and the reaction 1is generally completed in
approximately 2 hours to approximately 24 hours.

[0114]



Step F2

This step is the step of producing the compound
represented by formula (V).

This step is conducted by reducing the compound
represented by formula (XVII) in a solwvent.

The solvent used in this step is preferably any one
of ethers or alcohols, and more preferably,
tetrahydrofuran, methanol or ethanol.

The reducing agent used in this step is preferably
any one of alkali metal borohydrides or aluminum hydride
compounds, and more preferably, sodium borohydride or
lithium aluminum hydride.

The reaction temperature to be employed in this step
is generally -20°C to 120°C and preferably 0°C to 80°C.

The reaction time of this reaction is from 1 hour to
48 hours, and the reaction is generally completed in
approximately 2 hours to approximately 24 hours.

This step is also conducted by reducing the compound
represented by formula (XVII) in a solvent and in the
presence of a catalyst under a hydrogen atmosphere or
under a nitrogen atmosphere in the presence of a catalyst.

The solvent used in this step is preferably any one
of ethers or alcohols, and more preferably,
tetrahydrofuran, methanol or ethanol.

The catalyst used in this step i1s preferably a

palladium catalyst or a nickel catalyst, and more
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preferably, palladium-activated carbon, palladium
hydroxide-activated carbon or Raney nickel.

The reaction temperature to be employed in this step
is generally 0°C to 200°C and preferably room temperature

to lz0°C.

The reaction time of this reaction is from 1 hour to
48 hours, and the reaction is generally completed in
approximately 2 hours to approximately 24 hours.
[0115]

Method G is another method for producing the
compound represented by formula (V).
[Method G]
[0116]

[Formula 147

RS R RS rR* 5 R*
i (\\i“/ Step G1 ) (\C’/ Step G2 i (\)T/
<T;l§o Ar—Y © <w/l\OH
R 1 1
Y (XV) Ar Ar
(XVI) (XIX) v)
[0117]

In the above formulas, Ar®, R* R®, P!, P? Y and n
represent the same as defined above.
[0118]
Step Gl

This step is the step of producing a compound

represented by formula (XIX).



This step is conducted by causing a reaction, in a
solvent and in the presence of a catalyst, between a
compound represented compound represented by formula
{(XVIII} and a compound represented by formula (XV).

The compounds represented by formulas (XVIII) and
(XV) used in this step are known compounds or may be
easily produced from known compounds used as starting
materials by known methods or methods similar to known
methods.

The solvent used in this step is preferably any one
of ethers, amides, water or mixed solvents therecf, and
more preferably, a mixed solvent of 1,4-dioxane and water,
tetrahydrofuran or N,N-dimethylformamide.

The catalyst used in this step is preferably a zero-
valent palladium catalyst or a divalent palladium
catalyst, and more preferably,
tetrakis (triphenylphosphine)palladium (0), [1,1'-
bis (diphenylphosphino) ferrocene]palladium (II) dichloride
or [1,2-bis(diphenylphosphino)ethane]lpalladium (II)
dichloride.

The reaction temperature to be employed in this step
is generally 0°C to 150°C and preferably room temperature
to 120°C.

The reaction time of this reaction is from 0.5 hours
to 60 hours, and the reaction is generally completed in
approximately 1 hour to approximately 48 hours.

[0119]



_72_.

Step G2

This step is the step of producing the compound
represented by formula (V).

This step is conducted by reducing the compound
represented by formula (XIX) in a solvent.

The solvent used in this step 1s preferably any one
of ethers or alcohols, and more preferably,
tetrahydrofuran, ethanol or methanol.

The reducing agent used in this step 1is preferably
any one of alkali metal borohydrides or aluminum hydride
compounds, and more preferably, sodium borohydride or
lithium aluminum hydride.

The reaction temperature to be employed in this step
is generally -20°C to 120°C and preferably 0°C to 80°C.

The reaction time of this reaction is from 1 hour to
48 hours, and the reaction is generally completed in
approximately 2 hours to approximately 24 hours.

This step is also conducted by reducing the compound
represented by formula (XIX) in a solvent and in the
presence of a catalyst under a hydrogen atmosphere or
under a nitrogen atmosphere in the presence of a catalyst.

The solvent used in this step is preferably any one
of ethers or alcohols, and more preferably,
tetrahydrofuran, methanol or ethanol.

The catalyst used in this step is preferably a

palladium catalyst or a nickel catalyst, and more
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preferably, palladium-activated carbon, palladium
hydroxide—activated carbon or Raney nickel.

The reaction temperature to be employed in this step
is generally 0°C to 200°C and preferably room temperature
to 120°C.

The reaction time of this reaction is from 1 hour to
48 hours, and the reaction is generally completed in
approximately 2 hours to approximately 24 hours.

[0120]

A compound represented by formula (Va) or (Vb) is an
optical isomer of the compound represented by formula (V)
and is produced by combining methods D to G with method H
described below.

Method H is a method for producing the optical
isomers (Va) and (Vb) of the compound (V) by optical
resolution. The compound represented by formula (Ia) or
(Ib) i1s produced through steps A2 and A3 from the optical
isomer (Va) or (Vb).

[0121]
[Method H]
[0122]

[Formula 15]

OH : OH “OH

v) (Va) (Vb)



[0123]

In the above formulas, Arl, R4, R®> and n represent
the same as defined above.
[0124]

Step H1

This step is the step of producing the compounds
represented by formulas (Va) and (Vb). This step is
conducted by optically resolving the compound represented
by formula (V) into the compounds represented by formulas
(Va) and (Vb)) by using a chiral column.

The solvent used in this step is preferably any one
of hydrocarbons, alcohols or mixed solvents thereof, and
more preferably, a mixed solvent of hexane and
isopropanol or a mixed solvent of hexane and ethanol.

The column used in the optical resolution can be any
of those exemplified above.

The temperature to be employed in this step is
generally 0°C to 40°C and preferably 0°C to room
temperature.

[0125]

Method I is another method for producing the

compound represented by formula (XVI).

[0126]
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[Formula 16]
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[0127]

In the above formulas, Arl, R4, R® and n represent
the same as defined above.
(01281
Step Il

This step is the step of producing a compound
represented by formula (XXI).

This step is conducted by converting a compound
represented by formula (XIII) to a metal salt by
deprotonation or halogen metal exchange in a solvent and
then reacting the metal salt with a compound represented
by formula (XX).

The compounds represented by formulas (XIII) and
(XX) used in this step are known compounds or may be
easily produced from known compounds used as starting
materials by known methods or methods similar to known
methods.

The solvent used in this step is preferably any one
of ethers, hydrocarbons or halogenated hydrocarbons, and
more preferably, tetrahydrofuran, toluene or

dichloromethane.
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The deprotonation or halogen metal exchange reagent
used in this step is preferably alkyl magnesium halide or
alkyl alkali metal, and more preferably, n-butyl lithiumnm,
sec-butyl lithium or isopropyl magnesium chloride.

The reaction temperature to be employed in this step
is generally -100°C to 100°C and preferably -80°C to room
temperature.

The reaction time of this reaction is from 0.5 hours
to 48 hours, and the reaction is generally completed in
approximately hour to approximately 24 hours.

[0129]
Step I2

This step is the step of producing the compound
represented by formula (XVI).

This step i1s conducted by causing a reaction, in a
solvent, between an acid and the compound represented by
formula (XXI).

The solvent used in this step is preferably any one
of alcohols, aromatic hydrocarbons or halogenated
hydrocarbons, and more preferably, ethancl, toluene or
dichloromethane.

The acid used in this step is preferably an organic
acid or an inorganic acid, and more preferably,
hydrochloric acid, sulfuric acid, acetic acid or p-

toluenesulfonic acid.



The reaction temperature to be employed in this step

is generally 0°C to 200°C and preferably room temperature

to 150°C.
The reaction time of this reaction is from 1 hour to
48 hours, and the reaction is generally completed in

approximately 2 hours to approximately 24 hours.

[0130]
[Method J]

[Formula 17]

RS R Rs R R5 R4
STh Step J1 Py Step J2 SOl
n (%/L —— n{ OF°  ———e— n (%\)(OP
! o] OP4 ArL v A1 OP4
Y r
XV
(Xvin XXy oV XX
Step J3 N ¢
= " “%k
[0}
A
(XIX)
[0131]

In the above formulas, Ar', R*, R®, P% P°, Y and n
represent the same as defined above.
[0132]
Step J1

This step i1s the step of producing a compound
represented by formula (XXII).

This step is conducted by causing a reaction, in a

solvent and in the presence of a dehydrating agent or



under dehydration conditions, between an acid and the
compound represented by formula (XVIII).

The solvent used in this step is preferably any one
of aromatic hydrocarbons, and more preferably, toluene or
benzene.

The acid used in this step is preferably an organic
acid or an inorganic acid, and more preferably,
hydrochloric acid, sulfuric acid or p-toluenesulfonic
acid.

The dehydrating agent used in this step is
preferably an orthoester, and more preferably,
hydrochloric acid or trimethoxymethane, trimethoxyethane
or triethoxyethane.

The reaction temperature to be employed in this step
is generally 0°C to 200°C and preferably room temperature
to 150°C.

The reaction time of this reaction is from 1 hour to
48 hours, and the reaction is generally completed in
approximately 2 hours to approximately 24 hours.

[0133]
Step J2

This step is the step of producing a compound
represented by formula (XXIII).

This step is conducted by causing a reaction, in a
solvent and in the presence of a catalyst, between the
compound represented by formula (XXII) and a compound

represented by formula (XV).
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The compound represented by formula (XV) used in
this step is a known compound or may be easily produced
from known compounds used as starting materials by known
methods or methods similar to known methods.

The solvent used in this step is preferably any one
of ethers, amides, water or mixed solvents thereof, and
more preferably, a mixed solvent of 1,4-dioxane and water,
tetrahydrofuran or N,N-dimethylformamide.

The catalyst used in this step is preferably a zero-
valent palladium catalyst or a divalent palladium
catalyst, and more preferably,
tetrakis (triphenylphosphine)palladium (0), [1,1'-
bis (diphenylphosphino) ferrocene]palladium (II) dichloride
or [1,2-bis(diphenylphosphino)ethane]palladium (ITI)
dichloride.

The reaction temperature to be employed in this step
is generally 0°C to 150°C and preferably room temperature
to 1l20°C.

The reaction time of this reaction is from 0.5 hours
to 60 hours, and the reaction is generally completed in
approximately 1 hour to approximately 48 hours.

[0134]
Step J3
This step is the step of producing the compound

represented by formula (XIX).



This step is conducted by causing a reaction, in an
agqueous solvent, between an acid and the compound
represented by formula (XXIII).

The solvent used in this step is preferably any one
of alcohols or ethers, and more preferably, ethanol, 1,4-
dioxane or tetrahydrofuran.

The acid used in this step is preferably an organic
acid or an inorganic acid, and more preferably,
hydrochloric acid or sulfuric acid.

The reaction temperature to be employed in this step
is generally 0°C to 200°C and preferably room temperature
to 150°C.

The reaction time of this reaction is from 1 hour to
48 hours, and the reaction is generally completed in
approximately 2 hours to approximately 24 hours.

[0135]

Method K is another method for producing an
optically active compound represented by formula (XVIIb)
of the compound represented by formula (XVII). Also, an
enantiomer thereof may be produced by appropriately
selecting a reagent in step Kl.

[Method K]

[0136]



[Formula 18]
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[0137]

In the above formulas, Arl, R4, R° and n represent
the same as defined above.
[0138]

Step K1

This step is the step of producing a compound
represented by formula (XXIV).

This step 1s conducted by converting the compound
represented by formula (XVI) to optically active diol in
a solvent.

The solvent used in this step is preferably any one
of alcohols, water or mixed solvents thereof, and more
preferably, a mixed solvent of t-~butancl and water.

The reagent for asymmetric conversion to diocl used
in this step is preferably AD-mixo or AD-mixf (Sigma-
Aldrich Corp.}.

The reaction temperature to be employed in this step

is generally -20°C to 120°C and preferably 0°C to 80°C.



The reaction time of this step is on the order of 1
hour to 48 hours, and the reaction is generally completed
in approximately 2 hours to approximately 24 hours.
[0139]

Step K2

This step is the step of producing the compound
represented by formula (XVIIb).

This step is conducted by subjecting the compound
represented by formula (XXIV) to (I) a reaction with an
orthoester in the presence of an acid, (II) a reaction
with an acid halide in the presence of a base, or (III) a
treatment with a base, in a solvent.

The solvent used in (I) is preferably any one of
halogenated hydrocarbons, and more preferably,
dichloromethane.

The acid used in (I) is preferably an inorganic acid
or an organic acid, and more preferably, hydrochleric
acid, sulfuric acid or p-toluenesulfonic acid.

The orthoester used in (I) is preferably
trimethoxymethane, trimethoxyethane or triethoxyethane.

The reaction temperature to be employed in (I} is
generally -20°C to 120°C and preferably 0°C to 80°C.

The reaction time of (I) is from 1 hour to 96 hours,
and the reaction is generally completed in approximately
2 hours to approximately 48 hours.

The solvent used in (II) is preferably any one of

nitriles, and more preferably, acetonitrile.



The base used in (II) is preferably any one of
alkali metal salts, and more preferably, potassium
bromide, sodium bromide or lithium bromide.

The acid halide used in (II) is preferably acetic
acid halide, formic acid halide or propionic acid halide,
and more preferably, propionyl bromide or acetyl bromi.

The reaction temperature to be employed in (II) is
generally -20°C to 120°C and preferably 0°C to room
temperature.

The reaction time of (II} is from 1 hour to 48 hours,
and the reaction is generally completed in approximately
2 hours to approximately 24 hours.

The solvent used in (III) is preferably any one of
alcohols, and more preferably, ethanol or methanol.

The base used in (III) is preferably any one of
alkali metal carbonates, and more preferably, potassium
carbonate, lithium carbonate or sodium carbonate.

The reaction temperature to be employed in (III) is
generally -20°C to 120°C and preferably 0°C to room
temperature.

The reaction time of (ITII) is from 1 hour to 48
hours, and the reaction is generally completed in
approximately 2 hours to approximately 24 hours.
[Examples]

[0140]
The present invention will now be described in more

details with reference to examples and test examples, but



the scope of the present invention is not limited to
these examples.

In the examples described below, elution in column
chromatography was performed under observation by TLC
(Thin Layer Chromatography). In the TLC observation,
silica gel 60F254 manufactured by Merck & Co. was adopted
as a TLC plate; a solvent used as an eluting solvent in
column chromatography was adopted as a developing
solvent; and a UV detector was adopted as a detection
method. Silica gel SK-85 (230-400 mesh) also
manufactured by Merck & Co. or Chromatorex NH (200-350
mesh) manufactured by Fuji Silysia Chemical Ltd. was used
as silica gel for columns. In addition to general column
chromatography, an automatic chromatography apparatus
(Purif-a2 or Purif-espoir?2) manufactured by Shoko
Scientific Co., Ltd. was appropriately used. A solvent
described in each example was used as an eluting solvent
at a specified ratio (or at a ratio changed appropriately
if necessary). Abbreviations used in the examples mean
the following:

mg: milligram, g: gram, mL: milliliter, MHz:
megahertz.

In the examples described below, nuclear magnetic
resonance (hereinafter, referred to as ‘H-NMR) spectra
were indicated in 8 values (ppm) in terms of chemical
shift values with tetramethylsilane used as standard.

Splitting patterns were represented by s for singlet, d



for doublet, t for triplet, g for quartet, m for
multiplet, and br for brocad.

Powder x-ray diffraction data was determined with
the following equipment under the following measurement
conditions:

Equipment manufacturer: Rigaku Corp.

Model: RINT TTR-IIT

Source: Cu-Ko rays

Wavelength (angstrom): 1.54

Detector: scintillation counter

Optical system: parallel beam method

Tube voltage (kV): 50

Tube current (mA): 300

Scanning range 20 (deg): 2 to 40

Sampling step {(deg): 0.02

Scanning rate (deg/min): 2

Sample holder: non-reflecting sample holder
[0141]

(Example 1) 2,5-Difluoro-4-{[(1S",2R")-2~
phenylcyclohexylloxy}-N-(1,2,4-thiadiazol-5-
yl)benzenesulfonamide

[0142]
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[Formula 19]
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[0143]
(la) N-(2,4-dimethoxybenzyl)-2,5-difluoro-4-{[(18",2R") -
2-phenylcyclohexylloxy}=-N-(1,2,4-thiadiazol-5-
yvl)benzenesulfonamide

To a solution of N-(2,4-dimethoxybenzyl)-2,4,5~
trifluocro-N-(1,2,4~thiadiazol-5~-yl)benzenesulfonamide
(WO2010079443; 600 mg, 1.35 mmol) and (1S7,2R")-2-
phenylcyclohexanol (240 mg, 1.36 mmol) in DMSO (6.0 ml),
sodium hydride (63%; 100 mg, 2.63 mmol) was added with
cooling on ice, and the reaction solution was stirred at
room temperature for 1 hour. Water (100 mL) was added to
the reaction solution, followed by extraction with ethyl
acetate (50 mL). The thus obtained organic layer was
washed twice with water (200 mL) and dried over anhydrous
sodium sulfate. After wvacuum concentration, the residue
was purified with silica gel chromatography (hexane/ethyl
acetate = 4:1) to vyield the title compound (270 mg, 33%)
as a colorless oil.
'H-NMR (400 MHz, CDCls) & ppm: 1.40-1.68 (4H, m), 1.86-
2.05 (3, m), 2.17-2.21 (1H, m), 2.82-2.89 (1H, m), 3.65

(3H, s), 3.71 (3H, s), 4.25 (1H, dt, d=3.9, 10.6 Hz),



5.21 (2H, s), 6.18 (1H, d, J=2.4 Hz), 6.30-6.34 (2H, m),
7.13-7.24 (6H, m), 7.34 (1H, dd, J=6.7, 10.2 Hz), 8.17
(1H, s).
(1b) 2,5-Difluoro-4~{[(1S",2R")-2-phenylcyclohexyl]oxy}-
N-(1,2,4~-thiadiazol-5-yl)benzenesulfonamide

To a solution of the N-(2,4-dimethoxybenzyl)-2,5-
difluoro-4-{[(18",2R")-2-phenylcyclohexyl]oxy}-N- (1,2, 4-
thiadiazol~-5-yl)benzenesulfonamide (270 mg, 0.449 mmol)
prepared in Example la and triethylsilane (0.30 mL) in
dichloromethane (3.0 mL), trifluorocacetic acid (3.0 mL)
was added at room temperature, and the reaction solution
was stirred for 1 hour. The reaction solution was
concentrated, and the residue was purified with silica
gel chromatography (dichloromethane/methanol = 95:5) to
vield the title compound (186 mg, 92%) as a colorless
solid.
'H-NMR (400 MHz, CDCls) & ppm: 1.39-1.70 (4H, m), 1.82-
2.02 (3H, m), 2.20-2.23 (1H, m), 2.83-2.89 (1H, m), 4.27
(18, dt, d=4.33, 10.6 Hz), 6.47 (1H, dd, J=5.1, 11.4 Hz),
7.10-7.21 (5H, m), 7.49 (1H, dd, J=4.7, 9.8 Hz), 8.05 (1H,
s).
MS (FAB)m/z: 452 [M+H]+.
[0144]
(Example 2) 2,5-Difluoro-4—-{[(1S,2R)-2~
phenylcyclohexyl]oxy}=N=-(1,2,4-thiadiazol-5-
vl)benzenesulfonamide

[0145]
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[Formula 20]
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[0146]
(2a)y N~ (2,4-dimethoxybenzyl)-2,5~-difluocro-4-{[(1S,2R)~-2-
phenylcyclohexyl]oxy}-N-(1,2,4-thiadiazol-5~
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using N-(2,4-
dimethoxybenzyl)-2,4,5~trifluoro-N-(1,2,4~thiadiazol~-5~
yl)benzenesulfonamide (W02010079443; 126 mg, 0.283 mmol),
(1S8,2R)~Z-phenylcyclohexanol (50.0 mg, 0.284 mmol),
sodium hydride (63%; 21.6 mg, 0.567 mol) and DMSO (2.0
mL), to yield the title compound (55.7 mg, 33%) as a
colorless oil.
'H-NMR (400 MHz, CDCl3) & ppm: 1.40-1.68 (4H, m), 1.86-
2.05 (34, m), 2.17-2.21 (1iH, m), 2.82-2.8%9 (1H, m), 3.65
(3H, s), 3.71 (3H, s), 4.25 (1H, dt, d=3.9, 10.6 Hz),
5.21 (2H, s}, 6.18 (1H, d, J=2.4 Hz), 6.30-6.34 (2H, m),
7.13-7.24 (6H, m), 7.34 (1H, dd, J=6.7, 10.2 Hz), 8.17
(1H, s).
(2b) 2,5-Difluoro~-4-{[(1S,2R})~2~-phenylcyclohexyl]oxy}-N-

(1,2,4~-thiadiazol~-5-yl)benzenesulfonamide



The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2, 4-
dimethoxybenzyl)-2,5-difluoro—-4-{[(15,2R)-2-
phenylcyclohexylloxy}-N-(1,2,4-thiadiazol-5-
yl)benzenesulfonamide (55.7 mg, 0.0926 mmol) prepared in
Example 2a, triethylsilane (0.10 mL), trifluoroacetic
acid (1.0 mL) and dichloromethane (1.0 mL), to yield the
title compound (31.0 mg, 74%) as a colorless solid.
'H-NMR (400 MHz, CDCls) & ppm: 1.39-1.70 (4H, m), 1.82-
2.02 (3H, m), 2.20-2.23 (1H, m), 2.83-2.89 (1H, m), 4.27
(1, dt, d=4.33, 10.6 Hz), 6.47 (1H, dd, J=5.1, 11.4 Hz),
7.10-7.21 (5H, m), 7.49 (1H, ddg, J=4.7, 9.8 Hz), 8.05 (1H,
s).
MS (ESI)m/z: 452 [M+H]+;
[a]p*°=-53.24 (c 0.216, DMSO).
[0147]
(Example 3) 2,5-Difluoro-4-{[(1R",2R")-2-
phenylcyclohexyl]loxy}-N-(1,2,4-thiadiazol-5-
yl)benzenesulfonamide
[0148]

[Formula 21]
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(3a) N—(2,4—Dimethoxybenzyl>—2,5—difluoro—4—{[(1R*,2R*)~
2-phenylcyclohexyl]oxy}~N-(1,2,4~thiadiazol-5~
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using N-(2, 4~
dimethoxybenzyl)-2,4,5~-trifluoro-N~-(1,2,4~thiadiazol~-5-
yl)benzenesulfonamide (WO2010079443; 177 mg, 0.397 mmol),
(1R", 2R") -2-phenylcyclohexanol (70.0 mg, 0.397 mmol),
sodium hydride (63%; 30.3 mg, 0.794 mol) and DMSO(5.0 mLj,
to yield the title compound (53.0 mg, 22%) as a colorless
oil.
'H-NMR (400 MHz, CDCls) & ppm: 1.47-1.70 (4H, m), 1.78-
1.81 (1H, m), 1.95-1.99 (1H, m), 2.07-2.10 (1H, m), 2.28
(18, dg, J=3.5, 12.9 Hz), 2.87 (1lH, dt, J=3.5, 11.7 Hz),
3.65 (3H, s), 3.72 (3H, s), 4.55 (1H, s), 5.20 (1H, 4,
J=16.0 Hz), 5.25 (1H, d, J=16.0 Hz), 6.17 (1H, d, J=2.7
Hz), 6.24 (l1H, dd, J=2.7, 11.7 Hz), 6.33 (1lH, dd, J=2.4,
8.6 Hz), 7.13-7.28 (6H, m), 7.43 (1lH, dd, J=6.3, 10.2 Hz),
8.16 (1H, s).
(3b) 2,5-Difluoro-4-{[(1R",2R")-2-phenylcyclohexyl]oxy}-
N-(1,2,4-thiadiazol-5-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl) -2, 5-difluoro-4-{[ (1R", 2R") -2~
phenylcyclohexylloxy}=N-{(1,2,4-thiadiazol-5~-
ylibenzenesulfonamide (53.0 mg, 0.088 mmol) prepared in

Example 3a, triethylsilane (0.10 ml), trifluoroacetic



acid (1.0 mL) and dichloromethane (1.0 mL), to yield the
title compound (44.6 mg, 99%) as a colorless solid.
IH-NMR (400 MHz, CDCls) & ppm: 1.50-1.80 (5H, m), 1.95-
1.98 (1, m), 2.10-2.13 (1H, m), 2.29 (1H, dqg, J=3.5,
12.5 Hz), 2.86¢ (1H, d, J=12.1 Hz), 4.56 (1H, s), 6.39 (1H,
dd, J=6.3, 11.3 Hz), 7.13-7.28 (5H, m), 7.58 (1lH, dd,
J=6.7, 9.8 Hz), 8.04 (1lH, s).

MS (ESI)m/z: 452 [M+H]+

[0150]

(Example 4) 2,5—Difluoro—4—{[(18*,2R*)-2—(1~methyl~lH—
pyrazol-5-yl)cyclohexyl]oxy}-N-(1,2,4-thiadiazol-5-
yl)benzenesulfonamide

[0151]

[Formula 22]

NN

O O
N/ | N

\
N=

[0152]

(4a) (18",2R")-2-(1-Methyl-1H-pyrazol-5-yl)cyclohexanol
To a solution of l-methylpyrazole (9.34 g, 114 mmol)

and N,N,N',N'-tetramethylethylenediamine (17.1 mL, 114

mmol) in THF (300 mL), butyl lithium (1.63 M solution in

hexane; 81.7 mL, 133 mmol) was added at -78°C. The

reaction solution was stirred at -78°C for 30 minutes.

Then, cyclohexene oxide (13.9 mL, 137 mmol) was added



thereto, and the mixture was stirred at room temperature
for 15 hours. To the reaction solution, water (1 L) was
added, followed by extraction with ethyl acetate (500 mL).
The thus obtained organic layer was dried over anhydrous
sodium sulfate. After vacuum concentration, the residue
was purified with silica gel chromatography (ethyl
acetate) to yield the title compound (11.2 g, 55%) as a
colorless solid.
H-NMR (400 MHz, CDCls) & ppm: 1.30-1.48 (4H, m), 1.76-
1.91 (4H, m), 2.09-2.15 (1H, m), 2.57-2.63 (1H, m}, 3.59-
3.65 (1H, m), 3.86 (3H, s), 6.08 (1H, d, J=2.0 Hz), 7.44
(1H, d, J=2.0 Hz).
(4b) N=-(2,4-Dimethoxybenzyl)-2,5-difluoro-4-{[ (1S, 2R")~
2~ (l-methyl-1H-pyrazol~-5-yl)cyclohexyl]oxy}-N=-(1,2,4~-
thiadiazol-5-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using N-(2,4-
dimethoxybenzyl)-2,4,5-trifluoro~-N-(1,2,4-thiadiazol-5-
yl)benzenesulfonamide (W02010079443; 600 mg, 1.35 mmol),
(18", 2R") -2~ (1-methyl-1H-pyrazol-5-yl)cyclohexanol (240
mg, 1.33 mmol) prepared in Example 4a, sodium hydride
{63%; 100 mg, 2.63 mmol) and DMSO(6.0 mL), to yield the
title compound (340 mg, 42%) as a colorless solid.
'H-NMR (400 MHz, CDCls) & ppm: 1.39-1.70 (4H, m), 1.87-
1.90 (1H, m), 1.94-1.98 (1H, m), 2.05-2.09 (1H, m), 2.17-
2.21 (1B, m), 2.97-3.03 (1H, m), 3.65 (3H, s), 3.74 (3H,

s), 3.90 (3H, s), 4.08 (1H, dt, J=3.9, 10.2 Hz), 5.21 (1H,
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d, J=15.7 Hz), 5.28 (1H, d, J=15.7 Hz), 6.04 (1H, d,
J=2.0 Hz), 6.19 (1H, d, J=2.0 Hz), 6.34 (1lH, dd, J=2.4,
8.6 Hz), 6.34-6.39 (1H, m), 7.15 (1H, d, J=8.2 Hz), 7.36
(14, d, J=1.6 Hz), 7.41 (1H, dd, J=6.7, 10.2 Hz), 8.18
(1H, s).
(4c) 2,5-Difluoro-4-{[(1S",2R")-2~(l-methyl-1H-pyrazol-5-
yl)cyclohexyl]oxy}-N-(1,2,4-thiadiazol-5-
vl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl)—2,5—difluoro—4—{[(lS*,ZR*)—2—(1—methyl~
1H-pyrazol-5~yl)cyclohexylloxy}-N-(1,2,4-thiadiazol-5-
yl)benzenesulfonamide (340 mg, 0.561 mmol) prepared in
Example 4b, triethylsilane (0.4 mL), trifluorocacetic acid
(4.0 mL) and dichloromethane (4.0 mL), to yield the title
compound (259 mg, 43%) as a colorless solid.
'H~-NMR (400 MHz, DMSO-dg) & ppm: 1.37-1.60 (4H, m), 1.71-
1.81 (2H, m), 1.90~-1.94 (1H, m), 2.16~-2.19 (1H, m), 3.07-
3.13 (1H, m), 3.79 (3H, s), 4.57 (lH, dt, J=4.3, 9.8 Hz),
6.09 (1€, 4, J=2.0 Hz), 7.22 (1i#, d, J=2.0 Hz), 7.34 (1lH,
dd, J=6.7, 11.7 Hz), 7.54 (1H, dd, J=6.7, 10.6 Hz), 8.53
(1H, s).
MS (FAB)m/z: 456[M+H]+.
[0153]
(Example 5) 2,5-Difluoro—-4-{[(1S",2R")-2-(1-methyl-1H-
pyrazol-5-yl)cyclohexyl]loxy}-N-(1,3-thiazol-4~-

yl)benzenesulfonamide Na salt



[0154]

[Formula 23]

F o 0 N'ﬁ\

—NTX
\
N==

[0155]
{(5a) Tert-butyl [(2,5~difluoro~4~{[(lS*,2R*}~2~(1—methyl—
1H-pyrazol-5-yl)cyclohexyl]oxy}phenyl)sulfonyl] (1,3~
thiazol-4-yl)carbamate

The reaction and aftertreatment were conducted in
the same manner as in Example la by using tert-butyl
(1,3-thiazol-4-yl)[(2,4,5-
trifluorophenyl)sulfonyl]carbamate (W02010079443; 219 mg,
0.555 mmol), the (1S8%,2R")-2-(l-methyl-1H-pyrazol-5-
y1l)cyclohexancol (100 mg, 0.555 mmol) prepared in Example
4a, sodium hydride (63%; 42.3 mg, 1.11 mol) and DMF (3.0
mL), to yield the title compound (177 mg, 57%) as a
colorless oil.
'H-NMR (400 MHz, CDCls) & ppm: 1.35 (9H, s), 1.44-1.70
(4H, m), 1.88-1.91 (1H, m), 1.96~-1.99 (1H, m), 2.06-2.10
(1H, m), 2.26-2.30 (1H, m), 3.00-3.06 (1H, m), 3.92 (3H,
sy, 4.18 (1H, dt, J=3.9, 10.2 Hz), 6.04 (1H, d, J=2.0 Hz},
6.57 (1H, dd, J=6.3, 11.0 Hz), 7.36 (1H, d, J=2.0 Hz),
7.49% (1H, d, J=2.4 Hz), 7.76 (1H, dd, J=6.3, 10.2 Hz),

8.78 (1H, d, J=2.4 Hz).



(5b) 2,5-Difluoro-4-{[(18",2R")~2-(l-methyl-1H-pyrazol-5-
yl)cyclohexyl]oxy}~N~(1l,3~thiazol-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the tert-butyl
[(2,5—difluoro—4—{[(18*,2R*)—2—(l—methyl-lH—pyrazol—S—
yl)cyclohexyl]loxylphenyl)sulfonyl] (1,3~thiazol-4~
yl)carbamate (177 mg, 0.319 mmol) prepared in Example 5a,
trifluorcacetic acid (1.0 mL) and dichloromethane (1.0
mL), to yield the title compound (260 mg, 87%) as a
colorless solid.
'H-NMR (400 MHz, CDCl3) & ppm: 1.40-1.69 (4H, m), 1.85-
1.88 (1H, m), 1.92-1.9% (1H, m), 2.03-2.07 (1H, m), 2.21-
2.25 (1H, m), 2.95-3.01 (1H, m), 3.89 (3H, s), 4.09 (1H,
dt, J=3.9, 10.6 Hz), 6.01 (1H, d, J=2.0 Hz), 6.48 (1H, dd,
J=6.3, 11.0 Hz), 6.89 (1H, d, J=2.4 Hz), 7.33 (lH, d,
J=1.6 Hz), 7.51 (1iH, dd, J=7.0, 10.2 Hz), 8.72 (1H, d,
J=2.4 Hz).
(5¢) 2,5-Difluoro~4-{[(18",2R")-2-(1l-methyl-1H-pyrazol-5-
yl)cyclohexylloxy}-N-(1,3-thiazol-4-yl)benzenesulfonamide
Na salt

To a solution of the 2,5-difluoro-4-{[(18",2R") =2~ (1-
methyl-1H-pyrazol-5-yl)cyclohexylloxy}-N-(1,3-thiazol-4-
yl)benzenesulfonamide (51.0 mg, 0.112 mmol) prepared in
Example 5b in methanol (5.0 mL), a 1 M sodium hydroxide
solution (0.112 mL, 0.112 mol) was added. The reaction
solution was concentrated to yield the title compound

(47.0 mg, 88%) as a colorless solid.



'H-NMR (400 MHz, CDsOD) & ppm: 1.24-2.01 (7H, m), 2.24-
2.26 (1H, m), 3.04-3.09 (1H, m), 3.86 (3H, s), 4.28-4.32
(l1H, m), 6.14 (1H, s}, 6.27 (1H, s), 6.74-6.78 (1lH, m),
7.27 (1H, s), 7.43-7.46 (1H, m), 8.53 (1lH, s).

MS (ESI)m/z: 455[M+H]+

[0156]

(Example 6) 2,5-Difluoro-4-{[(1S",2R") -2~
phenylcyclopentylloxy}-N-{(1,2,4-thiadiazol-5-
vljibenzenesulfonamide

[0157]

[Formula 24]

F N
O\\S//O /(\\ N
~ N [ ’
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o

[0158]

(6a) N—(2,4-Dimethoxybenzyl)—2,5—difluoro—4—{[(18*,2R*)~
2-phenylcyclopentyl]loxy}-N-(1,2,4-thiadiazol-5-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in

the same manner as in Example la by using N~ (2,4-
dimethoxybenzyl)-2,4,5-trifluoro-N-(1,2,4~-thiadiazol~-5~
yl)benzenesulfonamide (W02010079443; 500 mg, 1.12 mmol),

(18", 2R") -2-phenylcyclopentanol (200 mg, 1.23 mmol),

sodium hydride (63%; 100 mg, 2.63 mol) and DMSO(5.0 mL),



_..97_

to yield the title compound (220 mg, 33%) as a colorless
oil.
'H~-NMR (400 MHz, CDCls) & ppm: 1.76-1.85 (1H, m), 1.92-
1.98 (3H, m), 2.14-2.21 (1H, m), 2.27-2.35 (1H, m), 3.30-
3.35 (1H, m), 3.70 (6H, s}, 4.59-4.63 (1H, m), 5.27 (2H,
s), 6.22 (1H, d, J=2.4 Hz), 6.32 (lH, dd, J=2.4, 8.2 Hz),
6.36-6.39 (1H, m), 7.15 (1H, d, J=8.6 Hz), 7.21-7.24 (3H,
m), 7.31-7.35 (2H, m), 7.48 {(1H, dd, J=6.7, 10.2 Hz),
8.17 (1H, s).
(6b) 2,5-Difluoro-4-{[(18",2R")-2-phenylcyclopentyl]oxy}-
N-(1,2,4-thiadiazol-5-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl) -2, 5-difluoro-4-{[ (18", 2R") -2~
phenylcyclopentyl]oxy}-N-(1,2,4-thiadiazol-5-
yl)benzenesulfonamide (220 mg, 374 mmol) prepared in
Example 6a, triethylsilane (0.3 mL), trifluoroacetic acid
(3.0 mL) and dichloromethane (3.0 mL), to yield the title
compound (155 mg, 95%) as a colorless solid.
'H~NMR (400 MHz, CDCls;) & ppm: 1.75-1.83 (1H, m), 1.91-
1.99 (3H, m), 2.13-2.22 (1H, m), 2.26-2.34 (1H, m), 3.31-
3.37 (1, m), 4.63-4.66 (1H, m), 6.53 (1H, dd, J=6.3,
11.3 Hz), 7.21-7.23 (3H, m), 7.28-7.32 (2H, m), 7.63 (1H,
dd, J=7.0, 10.2 Hz), 8.07 (lH, s).
MS (ESI)m/z: 438[M+H]+.

[0159]



(Example 7) 2,5-Difluoro-4-{[(1S",2R")~-2-
phenylcycloheptyl]oxy}=N-(1,2,4~thiadiazol-5-
yl)benzenesulfonamide

[0160]

[Formula 25]

[0le61]
(7a) N-(2,4-Dimethoxybenzyl)-2,5-difluoro-4-{[ (18", 2R")~
2-phenylcycloheptylloxy}=N-(1,2,4~-thiadiazol-5-
yvl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using N-(2,4-
dimethoxybenzyl)-2,4,5~trifluoro-N-(1,2,4-thiadiazol-5~
yl)benzenesulfonamide (W02010079443; 350 mg, 0.786 mmol),
(18", 2R") -2-phenylcycloheptanol (150 mg, 0.788 mmol),
sodium hydride (63%; 60 mg, 1.58 mol) and DMSO(4.0 mL),
to yield the title compound (140 mg, 29%)as a colorless
oil.
'H~-NMR (400 MHz, CDCl3) & ppm: 1.49-1.68 (4H, m), 1.80-
2.00 (6H, m), 3.04 (lH, dt, J=2.4, 9.4 Hz), 3.62 (3B, s),
3.73 (3H, s), 4.37-4.41 (1H, m), 5.20 (1H, d, J=15.7 Hz),

5.25%5 (14, d, J=15.7 Hz), ©.1l6 (1lH, d, J=2.4 Hz), 6.22 (1H,



dd, J=6.3, 11.4 Hz), 6.33 (1lH, dd, J=2.4, 8.2 Hz), 7.13-
7.25 (6H, m), 7.34 (1H, dd, J=6.7, 10.2 Hz), 8.16 (1H, s).
(7b) 2,5-Difluoro-4-{[ (18", 2R")~2-phenylcycloheptyl]oxy}-
N-(1,2,4-thiadiazol-5-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)—2,5—difluoro—4—{[(1S*,2R*)—2~
phenylcycloheptyl]loxy}-N-(1,2,4~-thiadiazol-5~-
yl)benzenesulfonamide (140 mg, 0.227 mmol) prepared in
Example 7a, triethylsilane (0.3 mlL), trifluocroacetic acid
(3.0 mL) and dichloromethane (3.0 mL), to yield the title
compound (84.4 mg, 80%) as a coclorless solid.
'H-NMR (400 MHz, CDCls) & ppm: 1.53-1.64 (4H, m), 1.81-
2.01 (6H, m), 3.05 (1H, dt, J=1.6, 9.8 Hz), 4.38-4.43 (1H,
m), 6.35 (1H, dd, J=6.3, 11.7 Hz), 7.10-7.24 (5H, m},
7.52 (1H, dd, J=6.7, 9.8 Hz), 8.04 (1H, s).
MS (ESI)m/z: 466[M+H]+.
[0162]
(Example 8) 2,5-Difluoro-4-{[(1S",2R")-2-(l-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}-N-(1,2,4~-thiadiazol-5-
yl)benzenesulfonamide
[0163]

[Formula 26]

F o o N
\\S// /E\\ N
~N S/
H
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[0164]
(8a) (18",2R")-2-(1-Methyl-1H-pyrazol-5-yl)cyclopentanol

To a solution of l-methylpyrazole (13.4 g, 163 mmol)
in THF (1 L), n-butyl lithium (1.63 M solution in hexane;
100 mL, 163 mmol) was added dropwise at -78°C for 40
minutes. To the reaction solution, cyclopentene oxide
(15.1 g, 179 mmol) was added at -78°C, and the reaction
solution was stirred at room temperature for 20 hours.
To the reaction solution, a saturated agueous solution of
sodium hydrogencarbonate (100 mL) was added, followed by
extraction with ethyl acetate (500 mL). The thus
obtained organic layer was dried over anhydrous sodium
sulfate. After vacuum concentration, the residue was
purified with silica gel chromatography
(dichloromethane/methanol = 97:3) to yield the title
compound (5.77 g, 21%) as a colorless oil.
'H-NMR (500 MHz, CDClz) & ppm: 1.63-1.91 (4H, m), 2.05-
2.12 (1H, m), 2.17-2.24 (1H, m), 3.03 (1H, g, J=8.3 Hz),
3.86 (3H, s), 4.24 (1H, g, J=6.4 Hz), 6.03 (1H, s), 7.39
(1H, s).
(8b) N-(2,4-dimethoxybenzyl)-2,5~-difluoro-4-{[ (18", 2R")~
2-{l-methyl-1H-pyrazol-5-yl)cyclopentylloxy}-N-(1,2,4~-
‘thiadiazol-5-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using N-(2,4-
dimethoxybenzyl)=-2,4,5-trifluoro-N-(1,2,4~thiadiazol-5-

ylibenzenesulfonamide (W02010079443; 500 mg, 1.12 mmol),
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the (187,2R")-2-(l-methyl-1H-pyrazol-5-yl)cyclopentanol
(200 mg, 1.20 mmol) prepared in Example 8a, sodium
hydride (63%; 100 mg, 2.63 mol) and DMSO (5.0 mL), to
yvield the title compound (340 mg, 51%) as a colorless oil.
H-NMR (400 MHz, CDCl3) & ppm: 1.76-1.99 (4H, m), 2.17-
2.24 (1H, m), 2.27-2.35 (1H, m), 3.44-3.50 (1H, m), 3.71
(6H, s), 3.87 (3H, s), 4.57-4.61 (1H, m), 5.29 (2H, s},
6.06 (1H, d, J=2.0 Hz), 6.24 (1H, d, J=2.4 Hz), 6.34 (1H,
dd, J=2.4, 8.2 Hz), 6.45 (1H, dd, J=6.3, 11.0 Hz), 7.16
(lH, d, J=8.3 Hz), 8.41 (1H, 4, J=2.0 Hz), 7.53 (1H, dd,
J=6.7, 10.2 Hz), 8.18 (1H, s).
(8c) 2,5-Difluoro-4-{[(18",2R") -2~ (l-methyl-1H-pyrazol-5-
yl)cyclopentylloxy}-N-(1,2,4-thiadiazol-5~-
yl)benzenesulfonamide |

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the N-(2,4-
dimethoxybenzyl)-2,5-difluoro-4-{[(18",2R") -2~ (1-methyl-
1H-pyrazol-5-yl)cyclopentyl]oxy}-N-(1,2,4-thiadiazol-5~
yl)benzenesul fonamide (340 mg, 0.574 mmol) prepared in
Example 8b, triethylsilane (0.4 nl), trifluocrcacetic acid
(4.0 mL) and dichloromethane (4.0 mL), to yield the title
compound (211 mg, 83%) as a colorless solid.
'H-NMR (400 MHz, CDCl;) & ppm: 1.76-2.00 (4H, m), 2.18-
2.35 (2H, m), 3.34-3.50 (1H, m), 3.87 (3H, s), 4.60-4.04
(l1H, m), 6.07 (1H, d, J=1.6 Hz), ©.59 (1H, dd, J=6.3,
11.0 Hz), 7.43 (1H, d, J=2.0 Hz), 7.66 (1H, dd, J=6.7,

9.8 Hz), 8.07 (1H, s).
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MS (ESI)m/z: 442 [M+H]+.

[0165]

(Example 9) 2,5-Difluocro-4-{[(1S",2R") -2~ (l-methyl-1H-
pyrazol-5-yl)cycloheptyl]oxy}-N-(1,2,4-thiadiazol-5-
vl)benzenesulfonamide

[0166]

[Formula 27]

[0167]

(9a) (1S8",2R")-2-(1-Methyl-1H-pyrazol-5-yl)cycloheptanol
The reaction and aftertreatment were conducted in

the same manner as in Example 4a by using 1-

methylpyrazole (3.66 g, 44.6 mmol), N,N,N',N'-

tetramethylethylenediamine (6.68 mL, 44.6 mmol), n-butyl

lithium (1.63 M solution in hexane; 32 mL, 52.2 mmol),

1, 2-epoxycycloheptane (5.0 g, 44.6 mmol) and THF (60 mL),

to yield the title compound (1.13 g, 13%) as a colorless

oil.

IH-NMR (500 MHz, CDClz) o ppm: 1.56-1.89 (9H, m), 1.98~-

2.05 (1H, m), 2.76~2.82 (1lH, m), 3.80-3.86 (1H, m), 3.84

(3H, s), ©.06 (1H, d, J=2.0 Hz), 7.41 (1H, d, J=2.4 Hz).
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(9b) N-(2, 4-Dimethoxybenzyl) -2, 5-difluoro-4-{[ (18", 2R") -
2-{1l-methyl-1H-pyrazol-5-yl)cycloheptyl]oxy}-N-(1,2,4~
thiadiazol-5-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using N-(2,4~
dimethoxybenzyl)~2,4,5-trifluoro~N-(1,2,4-thiadiazol-5~
yl)benzenesulfonamide (W02010079443; 450 mg, 1.01 mmolj),
the (18*,2R*)-2-{(1-methyl-1H-pyrazol-5-yl)cycloheptanol
(200 mg, 1.03 mmol) prepared in Example %a, sodium
hydride (63%; 100 mg, 2.63 mol) and DMSO(5.0 mL), to
yield the title compound (146 mg, 23%) as a colorless oil.
JH-NMR (400 MHz, CDCls) & ppm: 1.58-1.97 (10H, m), 3.22
(1H, dt, J=2.7, 9.4 Hz), 3.65 (3H, s), 3.74 (3H, s), 3.89
(3H, s), 4.30-4.35 (1H, m), 5.23 (1H, d, J=16.0 Hz), 5.29
(18, d, J=16.0 Hz), 6.01 (1H, d, J=2.0 Hz), 6.19 (1lH, d,
J=2.4 Hz), 6.31-6.35 (2H, m), 7.16 (1H, d, J=8.6¢ Hz),
7.35 (1H, d, J=1.6 Hz), 7.41 (1H, dd, J=6.7, 10.2 Hz),
8.18 (1H, s).
(9¢) 2,5-Difluoro-4-{[(18",2R") -2~ (1l-methyl-1H-pyrazol-5-
yl)cycloheptylloxy}-N-(1,2,4-thiadiazol-5-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl) -2, 5~difluoro-4-{[ (18", 2R") -2~ (1-methyl-
1H-pyrazol-5-yl)cycloheptyl]oxy}-N-(1,2,4-thiadiazol~-5-
yl)benzenesul fonamide (146 mg, 0.236 mmol) prepared in

Example 9b, triethylsilane (0.3 mL), trifluorocacetic acid
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(3.0 mL) and dichloromethane (3.0 mL), to yield the title
compound (86.0 mg, 78%) as a colorless solid.

'H-NMR (400 MHz, DMSO-dg) & ppm: 1.54-1.91 (10H, m),
3.26-3.29 (1H, m), 3.77 (3H, =), 4.78-4.82 (1lH, m), 6.12
(lH, s), 7.20 (1H, s), 7.28 (1H, dd, J=6.3, 11.7 Hz),
7.54 (1H, dd, J=6.7, 10.2 Hz), 8.52 (1lH, s).

MS (ESI)m/z: 470[M+H]+.

[0168]

(Example 10) 5-Chloro-2-fluoro-4-{[(18",2R") -2~ (1l-methyl-
1H-pyrazol-5-yl)cyclohexyl]oxy}—-N-{(1,3~thiazol-4~-
yl)benzenesulfonamide Na salt

[0169]

[Formula 28]

\
N=—

[0170]
(10a) Tert-butyl[ (5-chloro-2-fluoro-4-{[(1S8",2R")-2~(1-
methyl-1H-pyrazol-5~
vl)cyclohexyl]oxylphenyl)sulfonyl] (1,3~thiazol-4-
yvl)carbamic acid

The reaction and aftertreatment were conducted in
the same manner as in Example la by using tert-butyl[(5-
chloro-2,4-difluorophenyl)sulfonyl] (1,3-thiazol-4~-

vl)carbamic acid (W02010079443; 479 mg, 1.17 mmol), the
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(1s*,2R*)-2-(1-methyl-1H-pyrazol-5-yl)cyclohexanol (200
mg, 1.11 mmol) prepared in Example 4a, sodium hydride
(63%; 84.5 mg, 2.22 mol) and DMF (10 mL), to yield the
title compound (367 mg, 58%) as a colorless oil.
'H-NMR (400 MHz, CDCls3) & ppm: 1.34 (9H, s), 1.40-1.67
(4H, m), 1.86-1.89 (1H, m), 1.94-1.96 (1H, m), 2.05-2.08
(14, m), 2.21-2.25 (1H, m), 3.02-3.09 (1H, m), 3.93 (3H,
sy, 4.21 (1H, dt, J=3.9, 10.2 Hz), 6.03 (1H, d, J=2.0 Hz),
6.55 (1, 4, J=11.7 Hz), 7.34 (1H, d, J=1.6 Hz), 7.48 (1H,
d, J=2.0 Hz), 8.00 (1H, d, J=7.4 Hz), 8.77 (1H, d, J=2.4
Hz} .
(10b) 5-Chloro-2-fluoro-4-{[(1S",2R")-2-(1l-methyl-1H-
pyrazol-5-yl)cyclohexyl]oxy}-N-(1,3~-thiazol-4-
yvl)benzenesul fonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the tert-
butyl[(5-chloro-2-fluoro-4-{[ (18", 2R") -2~ (1-methyl-1H-
pyrazol-5-y1)cyclohexyl]oxy}phenyl)sulfonyl] (1,3-thiazol-
4-yl)carbamic acid (367 mg, 0.643 mmol) prepared in
Example 10a, trifluorocacetic acid (1.0 mL) and
dichloromethane (1.0 mL), to yield the title compound
(304 mg, 99%) as a colorless solid.
'H-NMR (400 MHz, CDCls;) & ppm: 1.38-1.69 (4H, m), 1.85-
1.89 (1H, m), 1.92-1.95 (1H, m), 2.05-2.07 (1H, m), 2.18-
2.21 (1H, m), 3.00-3.06 (1H, m), 3.92 (3H, s), 4.10-4.16

(1H, m), 6.02 (1H, d, J=2.0 Hz), 6.48 (1H, d, J=11.7 Hz),
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6.89 (1H, d, J=2.4 Hz), 7.34 (1H, d, J=2.0 Hz), 7.80 (1H,
d, J=2.4 Hz), 8.74 (1H, d, J=2.4 Hz), 11.36 (1lH, brs).
(10c) 5-Chloro-2-fluoro-4-{[(1S",2R")-2-(1l-methyl-1H-
pyrazol-5-yl)cyclohexyl]oxy}-N-(1,3~-thiazol-4-
yl)benzenesulfonamide Na salt

The reaction and aftertreatment were conducted in
the same manner as in Example 5c¢ by using the 5-chloro-2-
fluoro-4-{[(18",2R")-2- (1-methyl-1H-pyrazol-5-
vl)cyclohexyl]loxy}-N-(1,3-thiazol-4-yl)benzenesulfonamide
{303 mg, 0.643 mmol) prepared in Example 10b, and a 1 M
sodium hydroxide solution (0.643 mL, 0.643 mol), to yield
the title compound (300 mg, 95%) as a colorless solid.
'H-NMR (400 MHz, CDs0OD) & ppm: 1.44-1.60 (3H, m), 1.66-
1.77 (1H, m), 1.85-1.90 (2H, m), 1.97-2.01 (1H, m), 2.21-
2.24 (1H, m), 3.07-3.14 (1H, m), 3.89 (3H, s), 4.36-4.42
(1H, m), 6.15 (1H, d, J=2.0 Hz), 6.28-6.30 (1H, m), 6.80
{14, d, J=11.7 Hz), 7.28 (lH, s), 7.71 (1H, d, J=7.4 Hz),
8.54 (1H, d, J=2.4 Hz).
MS (ESI)m/z: 471[M+H]+
[0171]
(Example 11) 5—Chloro—2—fluoro—4—{[(15*,2R*)—2—(1—methyl—
1H-pyrazol-5-yl)cyclopentyl]loxy}-N-(1,3-thiazol-4-
yvl)benzenesulfonamide Na salt

[0172]
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[Formula 29]

~ Cl

E\\
[0173]
(1la)
Tert-butyl [(5-chloro-2-fluoro-4-{[(1S8",2R")-2~-(1-
methyl~1H-pyrazol-5-
vl)cyclopentyl]oxylphenyl)sulfonyl] (1,3-thiazol-4~-
yv1l)carbamate
The reaction and aftertreatment were conducted in
the same manner as in Example la by using tert-butyl [(5-
chloro~2,4~difluocrophenyl)sulfonyl] (1,3-thiazol-4-
yl)carbamate (W0201007%443; 600 mg, 1.46 mmol), the
(18", 2R") -2~ (1-methyl-1H-pyrazol-5-yl)cyclopentanol (270
mg, 1.62 mmol) prepared in Example 8a, sodium hydride
(63%; 110 mg, 2.89 mmol) and DMF (6.0 mL), to yield the
title compound (520 mg, 64%) as a colorless oil.
'H-NMR (500 MHz, CDCls;) & ppm: 1.38 (9H, s), 1.80-2.01
(4H, m), 2.24-2.36 (2H, m), 3.50-3.55 (1H, m), 3.91 (3H,
sy, 4.67-4.70 (1H, m), 6.08 (1H, d, J=2.0 Hz), 6.60 (1H,
d, J=11.2 Hz), 7.42 (1H, d, J=1.5 Hz), 7.51 (1H, d, J=2.4

Hz), 8.11 (1H, d, J=7.3 Hz), 8.7%9 (1H, d, J=2.4 Hz).
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(11b) 5-Chloro-2-fluoro-4-{[(1S",2R") -2~ (l-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}-N-(1,3-thiazol~4~-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the tert-butyl
[ (5-chloro-2-fluoro-4-{[ (18", 2R") -2~ (1-methyl-1H-pyrazol-
5-yl)cyclopentyl]oxy}phenyl)sulfonyl] (1,3-thiazol-4~-
vl)carbamate (520 mg, 0.934 mmol) prepared in Example 1lla,
trifluorcacetic acid (5.0 ml} and dichloromethane (5.0
mL), to yield the title compound (427 mg, 99%) as a
colorless solid.
"H-NMR (500 MHz, CDClz) & ppm: 1.78-1.95 (4H, m), 2.18-
2.33 (2H, m), 3.46-3.50 (1H, m), 3.87 (3H, s), 4.58~4.¢61
(1H, m), 6.04 (iH, d, J=2.0 Hz), 6.51 (1H, 4, J=11.2 Hz),
6.92 (1H, s), 7.39 (1lH, s), 7.87 (1H, d, J=7.3 Hz), 7.84
(14, d, J=2.4 Hz), 11.2 (1H, brs).
(11c) 5-Chloro-2-fluoro-4-{[(18",2R")~2~ (1-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}-N-(1,3~thiazol-4~
yl)benzenesulfonamide Na salt

The reaction and aftertreatment were conducted in
the same manner as in Example 5c¢ by using the 5-chloro-2-
fluoro—-4-{[(1S",2R") -2~ (1-methyl-1H-pyrazol-5-
yl)cyclopentyl]oxy}—-N-(1,3-thiazol-4-
yl)benzenesulfonamide (427 g, 0.934 mmol) prepared in
Example 11lb and a 2 M agueous sodium hydroxide solution
{(0.467 mL, 0.934 mol), to yield the title compound (412

mg, 92%) as a colorless solid.
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IH-NMR (500 MHz, DMSO-dg) & ppm: 1.59-1.71 (2H, m), 1.78-
1.84 (2H, m), 2.18-2.25 (2H, m), 3.42-3.46 (1H, m), 3.77
(3H, sy, 4.84-4.87 (1H, m), 5.96-5.98 (1H, m), 6.16 (1H,
d, J=2.0 Hz), 6.97 (1H, d, J=11.2 Hz), 7.29 (1lH, d, J=2.0
Hz), 7.66 (1H, d, J=7.3 Hz), 7.55 (1lH, d, J=2.0 Hz).

MS (ESI)m/z: 457 [M+H]+.

[0174]

(Example 12) 5-Chloro-4-{[(1S",2R")-2-(1l-ethyl~1H~
pyrazol-5-yl)cyclohexylloxy}—-2-fluoro~-N-(1,3-thiazol-4-
vl)benzenesulfonamide

[0175]

[Formula 30]

NN
/N

[0176]

(12a) (1s8",2R")-2-(1~Ethyl-1H-pyrazol-5-yl)cyclohexanol
The reaction and aftertreatment were conducted in

the same manner as in Example 4a by using l-ethylpyrazole

(2.50 g, 26.0 mmol), butyl lithium (1.63 M solution in

hexane; 18.1 mL, 29.5 mmol), cyclohexene oxide (2.97 g,

30.3 mmol) and THF (60 mL), to yield the title compound

(2.86 g, 57%) as a colorless oil.

'H-NMR (400 MHz, CDCls) & ppm: 1.30-1.47 (4H, m), 1.43

(3H, t, J=7.4 Hz), 1.66 (1H, brs), 1.76-1.79 (1H, m),
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1.87-1.90 (2H, m), 2.10-2.13 (l1H, m), 2.56-2.62 (1H, m),
3.61-3.66 (14, m), 4.10-4.26 (2H, m), 6.07 (1H, d, J=2.0
Hz), 7.47 (1H, d, J=1.6 Hz).
(12b) Tertwbutyl[(5—chloro—2—fluoro—4~{[(IS*,ZR*)—2—(1—
ethyl—-1lH-pyrazol-5-
yl)cyclopentyl]oxyliphenyl)sulfonyl] (1,3~thiazol-4~
yl)carbamic acid

The reaction and aftertreatment were conducted in
the same manner as in Example la by using tert-~butyl[ (5-
chloro-2,4-diflucrophenyl)sulfonyl] (1,3-thiazol-4~
yl)carbamic acid (W02010079443; 222 mg, 0.540 mmol), the
(18*,2R*)~2~(1—ethyl~lH—pyrazol—5—yl)cyclohexanol (100 mg,
0.515 mmol) prepared in Example 12a, sodium hydride (63%;
39.2 mg, 1.03 mmol) and DMF (5.0 mL), to vield the title
compound (125 mg, 41%) as a colorless oil.
H-NMR (400 MHz, CDCls) & ppm: 1.35 (S9H, s), 1.44 (3H, t,
J=7.4 Hz), 1.44-1.70 (4H, m), 1.87-1.90 (1H, m), 1.96-
1.98 (1H, m), 2.05-2.09 (1H, m), 2.24-2.27 (1H, m), 3.04-
3.10 (1H, m), 4.12-4.34 (3H, m), 6.04 (1H, s), 6.59 (1H,
d, J=11.7 Hz), 7.38 (1H, s), 7.50 (1H, s), 8.01 (1H, d,
J=8.6 Hz), 8.79 (1lH, s).
(12¢) 5-Chloro-2-fluoro-4-{[(1S8",2R")-2-(l-ethyl-1H-
pyrazol-5-yl)cyclopentyl]loxy}-N-(1,3~thiazol-4~
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the tert-

butyl[(5—chloro—2—fluoro—4—{[(18*,2R*}—2—(1-ethyl—1H—
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pyrazol-5-yl)cyclopentyl]oxylphenyl)sulfonyl] (1,3~
thiazol-4-yl)carbamic acid (125 mg, 0.213 mmol) prepared
in Example 12b, trifluorocacetic acid (1.0 mL) and
dichloromethane (1.0 mL), to yield the title compound
(70.0 mg, 68%) as a colorless solid.

'H-NMR (400 MHz, CDCls) & ppm: 1.41 (3H, t, J=7.0 Hz),
1.46-1.67 (4H, m), 1.84-1.87 (l1H, m), 1.91-1.94 (1H, mj,
2.03-2.06 (1H, m), 2.19-2.22 (1lH, m), 3.00-3.06 (1H, m),
4,10-4.21 (2H, m), 4.28-4.37 (1H, m), 6.00 (1H, 4, J=2.0
Hz), 6.49 (1B, 4, J=11.7 Hz), 6.88 (1H, d, J=2.0 Hz),
7.37 (14, d, J=2.0 Hz), 7.80 (1H, d, J=7.4 Hz), 8.75 (1lH,
d, J=2.0 Hz), 11.40 (1H, brs).

MS (ESI)m/z: 485[M+H]+.

[0177]

(Example 13) 5-Chloro-2-fluoro-4-{[(18",28") -2~ (1H-
imidazol-1-yl)cyclohexyl]loxy}-N-(1,3-thiazol-4-
v1l)benzenesul fonamide

[0178]

[Formula 31]

—

F o o N=\
%? /L§/S
>N
H
g
N cl

{

N

[0179]
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(13a) Tert-butyl[ (5-chloro-2-fluoro-4~{[(18",2R") -2~ (1H-
imidazol-1-vyl)cyclohexylloxylphenyl)sulfonyl] (1,3~
thiazol-4-yl)carbamic acid

The reaction and aftertreatment were conducted in
the same manner as in Example la by using tert-butyl[ (5-
chloro-2,4-difluorophenyl)sulfonyl] (1,3-thiazol-4-
yl)carbamic acid (W02010079443; 390 mg, 0.949 mmol),
(18",2R") -2~ (1H-imidazol-1-yl)cyclohexanol (Heterocycles,
31(3), 537-48, 1990; 160 mg, 0.%963 mmol), sodium hydride
(63%; 75.0 mg, 1.97 mmol) and DMF (4.0 mL), to yield the
title compound (340 mg, 64%) as a colorless oil.
'H-NMR (400 MHz, CDCli) & ppm: 1.36 (9H, s), 1.50-1.65
(3H, m), 1.87-2.00 (3H, m), 2.30-2.35 (2H, m), 4.21-4.28
(2H, m), 6.46 (1H, 4, J=11.0 Hz), 7.01 (2H, d, J=1.2 Hz),
7.49 (1H, d, J=2.0 Hz), 7.63 (1H, s), 8.03 (1H, d, J=7.4
Hz), 8.78 (1H, d, J=2.4 Hz).
(13b) 5-Chloro-2-fluoro-4-{[(15",25") -2~ (1lH-imidazol-1-
yl)cyclohexylloxy}=N-(1,3-thiazol-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the tert-
butyl[ (5-chloro-2-fluoro-4—-{[(18",2R") -2~ (1H-imidazol-1-
yl)cyclohexylloxylphenyl)sulfonyl] (1,3-thiazol-4-
yl)carbamic acid (340 mg, 0.610 mmol) prepared in Example
13a, trifluoroacetic acid (5.0 mL) and dichloromethane
(5.0 mL), to yield the title compound (292 mg, 67%) as a

colorless solid.
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TH-NMR (400 MHz, CDCls) & ppm: 1.48-1.60 (4H, m), 1.90-
1.95 (1H, m), 2.03-2.05 (1H, m), 2.25-2.37 (2H, m), 4.30-
4.37 (1H, m), 4.65-4.72 (1H, m), 6.70 (1H, d, J=11.0 Hz),
6.93 (1H, d, J=2.4 Hz), 7.25-7.28 (2H, m), 7.84 (1H, d,
J=7.4 Hz), 8.71 (1H, d, J=2.4 Hz), 9.25 (1H, brs).

MS (ESI)m/z: 457 [M+H]+.

[0180]

(Example 14) 2,5-Difluoro-4-{[(18",2R")-2-(l-methyl-1H-
pyrazol-5-yl)cyclopentylloxy}-N-(pyrimidin-4-
yl)benzenesulfonamide

[0181]

[Formula 32]

F o o NN
\\S// ‘ )
-
~N N
H

\\E\:\
[0182]
(14a) N-{(2,4-Dimethoxybenzyl)pyrimidin-4-amine

A solution of 4-aminopyrimidine (20.0 g, 210 mmol),
2,4-dimethoxybenzaldehyde (69.9 g, 421 mmol) and
piperidine (2.08 mL, 21.0 mmol) in toluene (1 L) was
stirred for 7 hours under reflux, and the solvent was
subjected to azeotropic distillation with water. After
allowing to cool, the reaction solution was diluted with

ethancl (500 mL). Sodium borohydride (7.9%96 g, 210 mmol)

was added thereto with cooling on ice, and the mixture
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was stirred at room temperature for 16 hours. To the
reaction solution, water (500 mlL) was added, and an
organic layer was extracted. The thus obtained organic
layer was dried over anhydrous sodium sulfate. After
vacuum concentration, the residue was purified with
silica gel chromatography (ethyl acetate/methanol = 95:5)
to yield the title compound (27.0 g, 52%) as a colorless
solid.
'H-NMR (500 MHz, CDCls) & ppm: 3.80 (3H, s), 3.84 (3H, s),
4.44 (2H, brs), 5.33 (1H, brs), 6.34 (1H, d, J=5.9 Hz),
6.44 (1H, dd, J=2.4, 8.3 Hz), 6.48 (1lH, d, J=2.0 Hz),
7.18 (1H, 4, J=8.3 Hz), 8.15 (1H, 4, J=5.4 Hz), 8.55 (1H,
S).
(14b) N-(2,4-Dimethoxybenzyl)-2,4,5-trifluoro-N-
{(pyrimidin-4-yl)benzenesulfonamide

To a solution of the N-(2Z,4-
dimethoxybenzyl)pyrimidin-4-amine (0.76 g, 3.10 mmol)
prepared in Example 14a and 1,4-diazabicyclo(2.2.2]octane
(0.70 g, 6.20 mmol) in acetonitrile (20 mL), 2,4,5-
trifluorobenzenesulfonyl chloride (1.43 g, 6.20 mmol) was
added with cooling on ice, and the reaction solution was
stirred at room temperature for 1 hour. The reaction
solution was filtered, the filtrate was vacuum
concentrated, and the residue was purified with silica
gel chromatography (hexane/ethyl acetate = 67:33) to
yield the title compound (0.72 g, 53%) as a colorless

solid.
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'H~NMR (500 MHz, CDCls) & ppm: 3.78 (3H, s), 3.80 (3H, s),
5.23 (2H, s), 6.42-6.43 (2H, m), 6.99-7.04 (lH, m), 7.13
(11, 4, J=5.9 Hz), 7.22 (1H, d, J=9.3 Hz), 7.91-7.96 (1H,
m), 8.48 (1H, 4, J=6.4 Hz), 8.78 (1H, s).
(l4c) N-(2,4-Dimethoxybenzyl)-2,5-difluoro-4-{[(18",2R")-
2-{l-methyl-1H~-pyrazol-5~yl)cyclopentyl]oxy}-N-
(pyrimidin~4~vyl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4,5~-trifluoro-N-{(pyrimidin-4-
vl)benzenesulfonamide (0.76 g, 1.73 mmol} prepared in
Example 14b, the (18",2R")-2-(l-methyl~1H-pyrazol-5-
vl)cyclopentanol (0.29 g, 1.73 mmol) prepared in Example
8a, sodium hydride (63%; 100 mg, 2.59 mmol) and DMF (10
mL), to yield the title compound (0.89 g, 88%) as a
colorless oil.
'H-NMR (500 MHz, CDCl3;) & ppm: 1.78-1.97 (4H, m), 2.20-
2.33 (2H, m), 3.45-3.49 (1H, m), 3.77 (3H, s), 3.7% (3H,
s), 3.86 (3H, s), 4.60-4.64 (1lH, m), 5.23 (2H, s), 6.05
(11, 4, J=2.0 Hz), 6.40-6.42 (2H, m), 6.52 (1H, dd, J=5.9,
10.7 Hz), 7.18-7.20 (2H, m), 7.40 (1H, d, J=2.0 Hz), 7.76
(1H, dd, J=6.4, 10.3 Hz), 8.45 (1H, d, J=5.9 Hz), 8.78
(1H, s).
(14d) 2,5-Difluoro-4-{[ (18", 2R") -2~ (1l-methyl-1H-pyrazol-
5-yl)cyclopentyl]oxy}~N- (pyrimidin-4-

vl)benzenesulfonamide
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The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the N~ (2, 4-
dimethoxybenzyl) -2, 5-difluoro-4-{[ (18", 2R") -2~ (1-methyl-
lH-pyrazol-5-yl)cyclopentylloxy}-N-{pyrimidin-4-
vl)benzenesulfonamide (0.54 g, 1.24 mmol) prepared in
Example 14c, triethylsilane (1.98 mL, 12.4 mmol),
trifluorcacetic acid (0.96 mL, 12.4 mmol) and
dichloromethane (20 mL), to yield the title compound
{(0.54 g, 99%) as a colorless solid.
'H-NMR (500 MHz, DMSO-d¢) & ppm: 1.66-1.83 (4H, m), 2.19-
2.27 (2H, m), 3.47-3.51 (1H, m), 3.76 (3H, s), 4.92-4.95
(14, m), ©6.17 (1H, s), 6.97 (lH, brs), 7.20-7.24 (1H, m),
7.30 (1H, s), 7.68-7.71 (1H, m), 8.25 (1H, brs), 8.57 (lH,
s) .
MS (ESI)m/z: 436 [M+H]+.
[0183]
(Example 15) 2,5-Difluoro-4-{[(18",2R") -2~ (l-methyl-1H~
pyrazol-5-yl)jcyclopentyl]oxy}-N-(1,3-thiazol-2~
yl)benzenesulfonamide
[0184]

[Formula 33]

F N
N D
~ N S
H

[0185]
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(15a) N~(2,4-Dimethoxybenzyl)~2,4,5-trifluoro-N- (1,3~
thiazol-2-yl)benzenesulfonamide

To a solution of N-(2,4~dimethoxybenzyl)-N- (1, 3-
thiazol)-2-amine (W02010/035166; 1.00 g, 4.00 mmol) in
THF (12 mL), LiHMDS (1.0 M in THF, 4.8 mL, 4.8 mmol) was
added at -78°C. The reaction soclution was stirred at -
78°C for 5 minutes. Then, 2,4,5-trifluorcbenzenesulfonyl
chloride (1.05 g, 4.42 mmol) was added thereto, and the
mixture was stirred at room temperature for 2 hours.
Water (100 ml) was added to the reaction solution,
followed by extraction with ethyl acetate (50 mL). The
thus obtained organic layer was washed twice with water
(200 mL) and dried over anhydrous sodium sulfate. After
vacuum concentration, the residue was purified with
silica gel chromatography (hexane/ethyl acetate = 4:1) to
yield the title compound (960 mg, 54%) as a colorless oil.
"H-NMR (400 MHz, CDCl;) & ppm: 3.73 (3H, s), 3.77 (3H, s),
5.19 (2H, s), 6.36-6.39 (2H, m), 7.01-7.07 (2H, m), 7.19
(i#, d, J=8.2 Hz), 7.42 (1H, d, J=3.5 Hz), 7.70-7.76 (1lH,
m) .
(15b) N—(2,4—Dimethoxybenzyl)—2,5—difluoro—4—{[(lS*,ZR*)—
2= {(1l-methyl-1H-pyrazol-5-yl)cyclopentyl]oxy}-N- (1,3~
thiazol-2-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4,5-trifluoro-N-(1,3-thiazol-2~-

yvl)benzenesulfonamide (184 mg, 0.414 mmol) prepared in
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Example 15a, the (18",2R")-2-(l-methyl-1H-pyrazol-5-
yl)cyclopentanol (68.7 mg, 0.414 mmol) prepared in
Example 8a, sodium hydride (63%; 31.6 mg, 0.830 mol) and
DME (2.0 mL), to yield the title compound (180 mg, 73%)
as a colorless oil.
'H-NMR (500 MHz, CDCl3) & ppm: 1.76-1.83 (1H, m), 1.88-
1.98 (3H, m), 2.19-2.25 (1H, m), 2.27-2.33 (1H, m), 3.44-
3.49 (1H, m), 3.73 (3H, s), 3.75 (3H, s), 3.86 (3H, s),
4.61-4.64 (1H, m), 5.18 (2H, s}, 6.05 {(1H, d, J=2.0 Hz),
6.36-6.38 (2H, m), 6.56 (lH, dd, J=6.4, 11.2 Hz), 6.98
" (1H, d, J=3.4 Hz), 7.19 (1H, d, J=8.3 Hz), 7.38-7.41 (2H,
m), 7.58 (1H, dd, J=6.4, 10.3 Hz).
(15¢) 2,5-Difluoro-4-{[(1S",2R")-2-(1-methyl-1H-pyrazol-
5-yl)cyclopentyl]oxy}-N-(1,3-thiazol-2~
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 2,4-
dimethoxybenzyl) -2, 5-difluoro-4-{[ (18", 2R") -2~ (1-methyl-
lH-pyrazol-5-yl)cyclopentyl]oxy}-N-(1,3~thiazol-2~
yvl)benzenesulfonamide (180 mg, 0.305 mmol) prepared in
Example 15b, triethylsilane (0.1 mL), trifluorocacetic
acid (1.0 mL) and dichloromethane (1.0 mL), to yield the
title compound (110 mg, 82%) as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.77-1.96 (4H, m), 2.19-
2.23 {1H, m), 2.27-2.32 (l1H, m), 3.44-3.48 (1H, m), 3.86

(3H, s), 4.59~4.62 (1H, m), 6.05 (1H, s), 6.54-6.57 (2H,
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m), 7.17 (1H, d, J=4.4 Hz), 7.40 (1H, s), 7.71 (1H, dd,
J=6.4, 9.8 Hz).

MS (ESI)m/z: 441 [M+H]+.

[0186]

(Example 16) 3-Fluoro-4-{[(1S8",2R")-2-(l-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}-N-(1,3~-thiazol-2-
yl)benzenesulfonamide

[0187]

[Formula 34]
o O N’§>
N/
L AL
H

‘\E\j\ F
[0188]
(16a) N-(2,4-Dimethoxybenzyl)-3,4-
difluorobenzenesulfonamide

To a solution of 2,4-dimethoxybenzylamine {(3.35 mL,
22.3 mmol) and pyridine (9.02 mL, 111.5 mmol) in
dichloromethane (75 mL), 3,4-difluorobenzenesulfonyl
chloride (3.04 mL, 22.3 mmol) was added with cooling on
ice, and the reaction solution was stirred at room
temperature for 16 hours. To the reaction solution, 2 M
hydrochloric acid (100 mL) was added, and an organic
layer was extracted. The thus obtained organic layer was

dried over anhydrous sodium sulfate and vacuum
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concentrated to yield the title compound (7.66 g, 99%) as
a colorless solid.
'H-NMR (400 MHz, CDCls) & ppm: 3.72 (3H, s), 3.77 (3H, s),
4.14 (2H, d, J=6.3 Hz), 5.13 (1H, t, J=5.9 Hz), 6.29 (1lH,
d, J=2.4 Hz), 6.33 (1H, dd, J=2.4, 8.2 Hz), 6.94 (1H, d,
J=8.2 Hz), 7.13-7.19 (1H, m), 7.47-7.53 (2H, m).
(16b) N-(2,4-Dimethoxybenzyl)-3-fluoro-4-{[(18",2R") -2~
{(l-methyl-1H-pyrazol-5-
ylycyclopentylloxylbenzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl) -3, 4-difluorobenzenesulfonamide (1.00 g,
2.91 mmol) prepared in Example 16a, the (18",2R")-2-(1-
methyl-1H-pyrazol-5-yl)cyclopentanol (0.73 g, 4.37 mmol)
prepared in Example 8a, sodium hydride (63%; 0.55 g, 14.6
mmol) and DMF (15 mL), to yield the title compound (920
mg, 65%) as a colorless solid.
'H-NMR (400 MHz, CDCls) & ppm: 1.78-1.99 (4H, m), 2.16-
2.34 (2H, m), 3.43-3.49 (1H, m), 3.69 (3H, s), 3.72 (3H,
s), 3.87 (3H, s), 4.08 (2H, d, J=6.3 Hz), 4.64-4.68 (1H,
m), 5.24 (1H, t, J=6.3 Hz), 6.07 (1H, d, J=2.0 Hz), ©6.26
(1, d, J=2.0 Hz), 6.30 (1lH, dd, J=2.0, 8.2 Hz), 6.73 (1H,
t, J=8.6 Hz), 6.95 (1H, d, J=8.2 Hz), 7.40-7.43 (3H, m).
MS (ESI)m/z: 490 [M+H]+.
(16¢c) 3-Fluoro—-4-{[(18",2R")-2-(l-methyl-1H-pyrazol-5-

yl)cyclopentylloxylbenzenesulfonamide
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The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the N-(2,4-
dimethoxybenzyl)-3~fluoro-4-{[(1S",2R")-2- (1l-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxyibenzenesulfonamide (0.92 g,
1.88 mmol) prepared in Example 16éb, triethylsilane (1.5
mL), trifluorocacetic acid (15 mL) and dichloromethane (15
ml), to yield the title compound (0.60 g, 94%) as a
colorless solid.
'H-NMR (400 MHz, CDCls) & ppm: 1.77-1.97 (4H, m), 2.18-
2.36 (2H, m), 3.44-3.50 (1H, m), 3.86 (3H, s), 4.70-4.74
(1H, m), 6.07 (1H, d, J=1.6 Hz), 6.86¢ (1H, t, J=8.2 Hz),
7.41 (1H, d, J=2.0 Hz), 7.60-7.64 (2H, m).
(16d) 3-Fluoro-4-{[(18",2R")-2~-(l-methyl-1H-pyrazol-5-
yl)cyclopentylloxy}-N-(1,3~-thiazol-2~
yl)benzenesulfonamide

A solution of the 3-fluoro-4-{[(1S",2R")-2~(1l-methyl-
1H-pyrazol-5-yl)cyclopentyl]loxylbenzenesulfonamide (0.07
g, 0.21 mmol) prepared in Example 16c, 2-bromothiazole
(0.07 g, 0.41 mmol), copper iodide (0.01 g, 0.04 mmeol),
trans-N,N'-dimethylcyclohexane-1,2-diamine (0.01 g, 0.09
mmol) and cesium carbonate (0.20 g, 0.62 mmol) in DMF
(2.0 mL) was stirred at 120°C for 20 hours under a
nitrogen atmosphere. After allowing to cool, the
reaction solution was wvacuum concentrated, and the
residue was purified with HPLC to yield the title

compound (75 mg, 86%) as a colorless solid.
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H-NMR (400 MHz, CDCl;) & ppm: 1.78-1.98 (4H, m), 2.20-
2.36 (2H, m), 3.42~3.49 (1H, m), 3.90 (3H, s), 4.66-4.69
(1H, m), 6.11 (1#, s), ©6.54 (1H, d, J=6.7 Hz), 6.83 (1H,
t, J=8.2 Hz), 7.14 (1H, d, J=4.7 Hz), 7.48 (1lH, s), 7.58-
7.63 (2H, m).

MS (ESI)m/z: 423[M+H]+.

[0189]

(Example 17) 3-Fluoro-N-(6-fluoropyrimidin-4-vyl)-4-
{[(18",2R") -2~ (1-methyl-1H~pyrazol-5-
yl)cyclopentyl]loxylbenzenesulfonamide

[0190]

[Formula 35]

E
SN
O\\ 1/ [ )
S\N N/
H
“o
~ F
N
1N
Ne~—
[0191]

The reaction and aftertreatment were conducted in
the same manner as in Example 16d by using the 3-fluoro-
4-{[(18",2R") -2~ (1-methyl-1H-pyrazol-5-
yvl)cyclopentylloxylbenzenesulfonamide (0.07 g, 0.21 mmol)
prepared in Example 16c, 4,6-difluoropyrimidine (0.07 g,
0.62 mmol), potassium carbonate (0.11 g, 0.83 mmol) and
DMF (2.0 mL), to yield the title compound (56 mg, 63%) as

a colorless solid.
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H-NMR (400 MHz, CDCls) & ppm: 1.76-1.98 (4H, m), 2.23-
2.36 (2H, m), 3.44-3.49 (1H, m), 3.85 (3H, s), 4.69-4.72
(1H, m), 6.06 (1H, d, J=1.6 Hz), 6.85 (1H, s), 6.88 (1H,
t, J=8.2 Hz), 7.41 (1H, d, J=2.0 Hz), 7.61-7.67 (2H, m),
8.63 (1H, s).

MS (ESI)m/z: 436 [M+H]+.

[(0192]

(Example 18) 3-Fluoro-N-(2-fluoropyrimidin-4-yl)-4-
{[(18",2R") -2~ (1l-methyl-1H-pyrazol-5-
yl)cyclopentyl]oxylbenzenesulfonamide

[0193]

[Formula 36]

[0194]

The reaction and aftertreatment were conducted in
the same manner as in Example 16d by using the 3-fluoro-
4-{[(18",2R") -2~ (1-methyl-1H-pyrazol-5-
vl)cyclopentyl]loxylbenzenesulfonamide (0.10 g, 0.29 mmol)
prepared in Example 16c¢c, 2,4-difluoropyrimidine (0.10 g,
0.88 mmol), potassium carbonate (0.16 g, 1.18 mmol) and
DMF (3.0 mL), to yield the title compound (56 mg, 63%) as

a colorless solid.
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'H-NMR (400 MHz, CDCls) & ppm: 1.77-1.96 (4H, m), 2.21-
2.32 (2H, m), 3.42-3.47 (1H, m), 3.84 (3H, s), 4.68-4.71
(l1H, m), 6.06 (1H, d, J=1.6 Hz), 6.84 (1H, t, J=8.6 Hz),
7.05 (1H, t, J=3.5 Hz), 7.41 (1H, d, J=2.0 Hz), 7.64-7.68
(2H, m), 8.34 (1H, d, J=7.0 Hz).

MS (ESI)m/z: 436[M+H]+.

[0195]

(Example 19) 2—Chloro—5—fluoro-4—{[(lS*,ZR*)—Z-(1~methyl—
1H-pyrazol-5-yl)cyclopentyl]loxy}-N~-(pyrimidin-4-
v1l)benzenesulfonamide

[0196]

[Formula 37]

Cl o o NN
\\S// h )
~
SN N
H

[0197]
{(19a) 2-Chloro-N-(2,4-dimethoxybenzyl)-~4,5~difluoro-N-
(pyrimidin~4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 14b by using the N-(2,4-
dimethoxybenzyl)pyrimidin-4-amine (150 mg, 0.611 mmol)
prepared in Example 14a, 2-chloro-4,5-
difluorocbenzenesulnyl chloride (302 mg, 1.22 mmecl), 1,4-

diazabicyclo[2.2.2]octane (137 mg, 1.22 mmol) and
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acetonitrile (5.0 mL), to yield the title compound (58.8
mg, 21%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 3.78 (3H, s), 3.85 (3H, s),
5.29 (2H, s), 6.43-6.46 (2H, m), ©6.95 (1H, d, J=7.3 Hz),
7.26-7.31 (2H, m), 8.23 (1H, t, J=8.3 Hz), 8.43 (1H, d,
J=5.9 Hz), 8.69 (1lH, s).
(1%b) 2~Chloro-N-(2,4~dimethoxybenzyl)-5-fluoro~-4-
{{(lS*,2R*)—2—(1~methyl—lH~pyrazol~5—yl)cyclopentyl]oxy}—
N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 2-chloro-N-
(2,4-dimethoxybenzyl) -4, 5-difluoro~N~- (pyrimidin-4-
yvl)benzenesulfonamide (58.8 mg, 0.129 mmol) prepared in
Example 1%a, the (1S*,2R*)-2-(l-methyl-1lH~pyrazol-5-
yl)cyclopentanol (25.7 mg, 0.155 mmol) prepared in
Example 8a, sodium hydride (63%; 5.9 mg, 0.155 mmol) and
DMF (2.0 mL), to yield the title compound {(50.6 mg, 64%)
as a colorless oil.
"H-NMR (500 MHz, CDCls) & ppm: 1.64-1.99 (4H, m), 2.17-
2.34 (2H, m), 3.44-3.49 (1H, m), 3.77 (3H, s), 3.83 (3H,
s), 3.85 (3H, s), 4.64-4.67 (1H, m), 5.27 (1H, d, J=17.1
Hz), 5.32 (1H, d, J=17.1 Hz), 6.05 (lH, s), 6.41-6.45 (2H,
m), 6.79 (1H, d, J=6.8 Hz), 7.01 (1H, d, J=5.9 Hz), 7.25
(1, d4, J=8.3 Hz), 8.05 (iH, 4, J=10.3 Hz), 8.39 (1H, d,

J=6.4 Hz), 8.70 (1lH, s).
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(19¢) 2-Chloro-5-fluoro-4-{[(18",2R") -2~ (l-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 2-chloro-N-
(2,4-dimethoxybenzyl) -5-fluoro-4-{[ (18", 2R") -2~ (1-methyl-
1H-pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-4-
vl)benzenesulfonamide (50.6 mg, 0.0840 mmcl) prepared in
Example 19b, triethylsilane (0.05 mL), trifluoroacetic
acid (1.0 mL) and dichloromethane (1.0 mnl), to yield the
title compound {(15.0 mg, 39%) as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.78-1.99 (4H, m), 2.23-
2.32 (2H, m), 3.42-3.48 (1H, m), 3.85 (3H, s), 4.64-4.67
(1H, m), 6.06 (1H, d, J=2.0 Hz), 6.85 (1H, d, J=7.3 Hz),
7.05 (iH, d, J=7.3 Hz), 7.3% (1H, s), 7.98 (1H, d, J=10.7
Hz), 8.34 (1H, J=5.9 Hz), 8.65 (1lH, s).
MS (ESI)m/z: 452 [M+H]+.
[0198]
(Example 20) 5—Chloro—2—fluoro—4~{[(15*,2R*)—2—(1—methyl—
1H~-pyrazol-5-yl)cyclopentylloxy}-N- (pyrimidin~4-
yl)benzenesulfonamide
[0199]

[Formula 38]
F XN
Q\S//C) /E\)
N N7
H

cl
NTR

N~
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[0200]
(20a) 5-Chloro=N-(2,4-dimethoxybenzyl)-2,4~difluoro-N-
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 14b by using the N-(2,4-
dimethoxybenzyl)pyrimidine~4~amine (150 mg, 0.611 mmol)
prepared in Example 14, 5-chloro~2,4-
difluorocbenzenesulfonyl chloride (302 mg, 1.22 mmol),
1,4-diazabicyclof2.2.2]octane (137 mg, 1.22 mmol) and
acetonitrile (5.0 mL), to yield the title compound (71.7
mg, 26%) as a colorless oil.
'H-NMR (500 MHz, CDCl3) & ppm: 3.78 (3H, s), 3.79 (3H, s),
5.23 (2H, s), 6.41-6.43 (2H, m), ©.98 (1H, d, J=9.3 Hz),
7.16 (1H, 4, J=7.3 Hz), 7.22 (lH, d, J=8.8 Hz), 8.13 (1lH,
t, J=7.3 Hz), 8.49 (1H, d, J=5.9 Hz), 8.79 (1lH, s).
(20b) 5-Chloro~N~-(2,4-dimethoxybenzyl)~-2-fluoro-4-
{[(18",2R")~2-(1-methyl-1H-pyrazol-5-yl)cyclopentyl]oxy}-
N-(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-
(2,4-dimethoxybenzyl)-2,4~-difluoro-N- (pyrimidin-4-
yvl)benzenesulfonamide (71.7 mg, 0.157 mmol) prepared in
Example 20a, the (18*,2R*)-2-(l-methyl-1H-pyrazol-5-
yl)cyclopentanol (31.1 mg, 0.187 mmol) prepared in
Example 8a, sodium hydride (63%; 7.1 mg, 0.186 mmol) and
DMF (2.0 mL), to vyield the title compound (79.1 mg, 84%)

as a colorless oil.
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"H-NMR (500 MHz, CDCls;) & ppm: 1.73-1.98 (4H, m), 2.17-
2.35 (2H, m), 3.48-3.52 (1H, m), 3.76 (3H, s), 3.78 (3H,
s), 3.88 (3H, s), 4.60-4.63 (1H, m), 5.22 (1H, d, J=17.1
Hz), 5.26 (1H, d, J=17.1 Hz), 6.06 (1H, d, J=1.5 Hz),
6.39-6.41 (2H, m), 6.48 (1H, d, J=11.7 Hz), 7.18-7.21 (2H,
m), 7.40 (1H, s), 8.02 (1H, d, J=7.3 Hz), 8.46 (1H, d,
J=5.9 Hz), 8.79 (1H, s).
(20c) 5-Chloro-2-fluoro-4-{[(1S8",2R")-2-(l-methyl-1H~
pyrazol-5-yl)cyclopentyl]oxy}-N- (pyrimidin-4-
vlibenzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 5-chloro-N-
(2,4-dimethoxybenzyl) -2-fluoro~-4-{[ (18", 2R") -2~ (1-methyl-
lH-pyrazol-5-yl)cyclopentyl]oxy}-N- (pyrimidin-4-
yl)benzenesulfonamide (79.1 mg, 0.131 mmol) prepared in
Example 20b, triethylsilane (0.05 mL), trifluorocacetic
acid (1.0 mL) and dichloromethane (1.0 mL), to vyield the
title compound (30.0 mg, 51%) as a colorless solid.
'"H-NMR (500 MHz, CDCls) & ppm: 1.79-1.96 (4H, m), 2.20-
2.33 (2H, m), 3.48-3.52 (1H, m), 3.89 (3H, s), 4.60-4.63
(1, m), 6.05 (1H, s), ©6.54 (1H, d, J=11.7 Hz), 7.26-7.27
(1, m), 7.39 (14, s), 8.02 (1H, d, J=7.3 Hz), 8.39 (1H,
J=4.9 Hz), 8.81 (1H, s).
MS (ESI)m/z: 452[M+H]+.

[0201]



- 129 -

(Example 21) 4-{[(18",2R")-2-(1-Methyl-1H-pyrazol-5-
yl)cyclopentyl]loxy}-N-(pyrimidin-4-yl)-3-
(trifluoromethyl)benzenesulfonamide

[0202]

[Formula 39]

[0203]
(21la) N-(2,4-Dimethoxybenzyl)-4-fluoro-N- (pyrimidin-4-
yv1)=3—-(trifluoromethyl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1l4b by using the N-({(2, 4-
dimethoxybenzyl)pyrimidin-4-amine (150 mg, 0.611 mmol)
prepared in Example l4a, 4-fluoro-3-
(trifluoromethyl)benzenesulfonyl chloride (321 mg, 1.22
mmol), 1,4-diazabicyclo[2.2.2]octane (137 mg, 1.22 mmol)
and acetonitrile (5.0 mL), to yield the title compound
(94.7 mg, 33%) as a colorless oil.
'"H-NMR (500 MHz, CDCls) & ppm: 3.65 (3H, s), 3.78 (3H, s),
5.16 (2H, s), 6.36 (1H, s), 6.40 (1H, d, J=8.3 Hz), 7.12-
7.14 (2H, m), 7.27-7.30 (1H, m), 8.14-8.16 (2H, m), 8.53

(1H, d, J=5.9 Hz), 8.55 (1lH, s).
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(21b) N~(2,4-Dimethoxybenzyl)-4-{[ (18", 2R") -2~ (1l-methyl-
1H-pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin~-4-yl)-3-
(trifluoromethyl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-4-fluoro-N- (pyrimidin-4-yl)-3-
(trifluoromethyl)benzenesulfonamide (24.7 mg, 0.201 mmol)
prepared in Example 2la, the (1S",2R")-2-(l-methyl-1H-
pyrazol-5~yl)cyclopentanol {(40.1 mg, 0.241 mmol) prepared
in Example 8a, sodium hydride (63%; 9.2 mg, 0.241 mmol)
and DMF (2.0 mL), to yield the title compound (123 mg,
99%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.62-1.94 (4H, m), 2.10-
2.35 (2H, m), 3.44-3.47 (1H, m), 3.70 (3H, s), 3.76 (3H,
s), 3.80 (3H, s), 4.80-4.82 (1H, m), 5.17 (2H, s), 6.07
(1H, d, J=2.0 Hz), 6.37-6.39 (2H, m), 6.84 (1lH, d, J=8.8
Hz), 7.10 (1H, d, J=9.3 Hz), 7.16 (1H, d, J=6.8 Hz), 7.38
(14, 4, J=2.0 Hz), 7.99 (1lH, dd, J=2.4, 8.8 Hz), 8.08 (1H,
d, J=2.0 Hz), 8.47 (1H, d, J=5.9 Hz), 8.82 (1lH, s).
(21c) 4-{[(18",2R")-2-(1-Methyl-1H-pyrazol-5-
yl)cyclopentyl]oxy}-N-(pyrimidin-4-yl)-3-
(trifluoromethyl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N- (2,4~
dimethoxybenzyl)-4-{[(1S",2R") -2~ (1-methyl-1H-pyrazol-5-
yl)cyclopentyl]oxy}-N-(pyrimidin-4-yl)-3-

{(trifluorcomethyl)benzenesulfonamide (123 mg, 0.129 mmol)
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prepared in Example 21b, triethylsilane (0.10 mL),
triflucorcacetic acid (1.0 mL) and dichloromethane (1.0
mL), to yield the title compound (50.0 mg, 54%) as a
colorless solid.

*H~-NMR (500 MHz, CDCl3) & ppm: 1.76-1.97 (4H, m), 2.15-
2.36 (2H, m), 3.43-3.47 (1H, m), 3.80 (3H, s), 4.80-4.82
(1H, m), 6.07 (1H, s), 6.90 (1H, d, J=8.8 Hz), 7.20 (1H,
d, J=5.9 Hz), 7.42 (1H, s), 8.04 (1H, dd, J=2.4, 8.8 Hz),
8.16 (1H, J=2.0 Hz), 8.44 (1H, d, J=5.4 Hz), 8.82 (1H, s).
MS (ESI)m/z: 468 [M+H]+.

[0204]

(Example 22) 2,5-Difluoro-4-{[(18",2R") -2~ (1H-pyrazol-5-
yl)cyclohexylloxy}=-N- (pyrimidin—-4-yl)benzenesulfonamide
[0205]

[Formula 40]
F NN
2

HN AN

N=
[0206]
(22a) (18",2R")-2-[1-(Tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-5-yl]cyclohexanol

The reaction and aftertreatment were conducted in

the same manner as in Example 8a by using 1-{tetrahydro-
2H-pyran-2-yl)-1H-pyrazole (5.50 g, 36.1 mmol), n-butyl

lithium (1.63 M solution in hexane; 24 mL, 39.1 mmol),
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cyclohexene oxide (3.80 g, 38.7 mmol) and THF (100 mL),
to yield the title compound (270 mg, 3.0%) in the form of
a diastereomeric mixture as a colorless oil.
{22b) N-(2,4-Dimethoxybenzyl)-2,5-difluocro-N-(pyrimidin-
4-y1)-4-({(18",2R")-2~[1- (tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-5-yl]lcyclohexylloxy)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4,5~trifluocro-N~{pyrimidin-4-
vl)benzenesulfonamide (360 mg, 0.819 mmol) prepared in
Example 14b, the (18",2R")-2-[1-(tetrahydro-2H-pyran-2-
yvl)-1H-pyrazol-5-yl]lcyclohexanol (202 mg, 0.807 mmol)
prepared in Example 22a, sodium hydride (63%; 50 mg, 1.32
mmol) and DMF (4.0 mlL), to yield the title compound (366
mg, 68%) in the form of a diastereomeric mixture as a
colorless oil.
(22¢c) 2,5-Difluoro-4-{[(18",2R")-2-(1H-pyrazol-5-
yl)cyclohexylloxy}—-N-{pyrimidin-4-yl)benzenesulfonamide

To a solution of the N-(2,4-dimethoxybenzyl)-2,5~
difluoro-N- (pyrimidin-4-yl) -4~ ({(18",2R")-2~[1~
(tetrahydro-2H-pyran-2-vyl)-1H-pyrazol-5-
yl]lcyclohexyl}loxy)benzenesulfonamide (366 mg, 0.547 mmol)
prepared in Example 22b and triethylsilane (0.40 ml) in
dichloromethane (4.0 mL), trifluorocacetic acid (4.0 mL)
was added at room temperature, and the reaction solution
was stirred for 1 hour. To the reaction solution,

methanol (4.0 mlL) was added, and the mixture was further



- 133 -

stirred at room temperature for 1 hour. The reaction
solution was concentrated, and the residue was purified
with silica gel chromatography {(dichloromethane/methanol
= 95:5) to yield the title compound (182 mg, 61%) as a
colorless solid.

H-NMR (500 MHz, DMSO-d¢) & ppm: 1.32-1.77 (6H, m), 1.90-
1.92 (1H, m), 2.10-2.23 (l1H, m), 2.91-2.96 (1H, m), 4.64-
4.68 (1H, m), 6.06 {(1H, d, J=2.0 Hz), 6.96 (1lH, brs),
7.22-7.26 (1H, m), 7.38 (1H, s), 7.57-7.60 (1H, m)}, 8.25
(1H, brs), 8.58 (1H, s).

MS (ESI)m/z: 436[M+H]+.

[0207]

(Example 23) 3-Chloro-4-{[(1S8",2R") -2~ (l-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-4-
yl)benzenesulfonamide

[0208]

[Formula 41]

~ cl
N
1N\

No—

[0209]
(23a) 3-Chloro-N-(2,4~dimethoxybenzyl)-4~fluoro-N-
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in

the same manner as in Example 14b by using the N-(2,4-
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dimethoxybenzyl)pyrimidin-4-amine (150 mg, 0.611 mmol)
prepared in Example 14a, 3~-chloro-4~fluocrobenzenesulfonyl
chloride (280 mg, 1.22 mmol), 1,4-
diazabicyclo[2.2.2]octane (137 mg, 1.22 mmol) and
acetonitrile (5.0 mlL), to yield the title compound (127
mg, 47%) as a colorless amorphous solid.
‘H-NMR (500 MHz, CDCls:) & ppm: 3.68 (3H, s), 3.78 (3H, s),
5.18 (2H, s), 6.39 (1H, s), 6.41 (1H, d, J=10.3 Hz),
7.13-7.27 (3H, m), 7.80-7.83 (1H, m), 7.87 (1H, d, J=8.8
Hz), 8.51 (1H, d, J=5.9 Hz), 8.86 (1lH, s).
(23b) 3-Chloro-N-(2,4-dimethoxybenzyl)-4-{[ (18", 2R") -2~
{(l-methyl-1H-pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-
4-vy1l)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 3-chloro-N-
{2,4-dimethoxybenzyl)-4-fluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (127 mg, 0.290 mmol) prepared in
Example 23a, the (18",2R")-2-(l-methyl-1H-pyrazol-5-
yvl)cyclopentanol (50.6 mg, 0.304 mmol) prepared in
Example 8a, sodium hydride (63%; 16.6 mg, 0.435 mmol) and
DMF (2.0 mL), to yield the title compound (123 mg, 73%)
as a colorless oil.
H-NMR (500 MHz, CDCls) & ppm: 1.78-1.99 (4H, m), 2.20-
2.34 (2H, m), 3.47-3.51 (1H, m), 3.72 (3H, s), 3.76 (3H,
s), 3.88 (3H, s), 4.68-4.71 (1H, m), 5.19 (2H, s), 6.07
(1, d, J=2.0 Hz), 6.38-6.40 (2H, m), 6.76 (1H, d, J=9.3

Hz), 7.13 (1H, d, J=8.3 Hz), 7.23 (1H, dd, J=2.0, 5.9 Hz),
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7.41 (1H, d, J=2.0 Hz), 7.70 (1H, dd, J=2.0, 8.8 Hz),
7.80 (1H, d, J=2.4 Hz), 8.47 (1H, d, J=5.9 Hz), 8.83 (1lH,
s).
' (23¢c) 3-Chloro-4-{[(1S",2R")-2-(1-methyl-1H-pyrazol~5-
yl)cyclopentyl]oxy}-N- (pyrimidin—-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in

the same manner as in Example 1lb by using the 3-chloro-N-
(2, 4-dimethoxybenzyl) -4~{[(18",2R") -2~ (1-methyl-1H~
pyrazol-5-yl)cyclopentyl]loxy}-N- (pyrimidin-4-
yl)benzenesulfonamide (123 mg, 0.211 mmol) prepared in
Example 23b, triethylsilane (0.10 mL}, trifluoroacetic
acid (1.0 mL) and dichloromethane (1.0 mL), to yield the
title compound (85.0 mg, 54%) as a colorless solid.
H-NMR (500 MHz, CDCls) & ppm: 1.79-1.97 (4H, m), 2.20-
2.32 (2H, m), 3.46-3.50 (1H, m), 3.86 (3H, s), 4.70-4.72
(l1g, m), 6.07 (l1H, s), 6.80 (1H, d, J=8.8 Hz), 7.17 (1H,
d, J=5.4 Hz), 7.40 (1H, s), 7.79 (1H, dd, J=2.4, 8.8 Hz),
7.97 (1H, J=2.4 Hz), 8.41 (1lH, brs), 8.77 (1H, s).

MS (ESI)m/z: 434 [M+H]+.

[0210]

(Example 24) 2,5-Difluoro~N-(2-fluoropyrimidin-4-yl)-4-
{[(1S8",2R")-2-(1-methyl-1H-pyrazol-5-
y1l)jcyclopentyl]oxylbenzenesulfonamide

[0211]
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[Formula 42]
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[0212]
(24a) N-{(2,4-Dimethoxybenzyl)-2-fluorcpyrimidin~-4-amine
A solution of 2,4-difluoropyrimidine (600 mg, 5.17
mmol) and 2, 4-dimethoxybenzylamine (860 mg, 5.17 mmol) in
THF (17 mL) was stirred at room temperature for 1 hour.
The reaction solution was vacuum concentrated, and the
residue was then purified with silica gel chromatography
{(hexane/ethyl acetate = 1:2) to yield the title compound
(594 mg, 43%) as a colorless solid.
lg-NMR (400 MHz, DMSO-d¢) & ppm: 3.74 (3H, s), 3.80 (3H,
sy, 4.36 (2H, d, J=5.5 Hz), 6.47-6.50 (2H, m), 6.58 (1lH,
d, J=2.4 Hz), 7.13 (1H, d, J=8.6 Hz), 7.89-7.91 (1lH, m),
8.19 (1lH, brs).
(24b) N=-(2,4-Dimethoxybenzyl)-2,4,5-trifluoro-N- (2~
fluoropyrimidin-4-vyl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 15a by using the N-(2Z,4-
dimethoxybenzyl)~-2-fluoropyrimidin-4-amine (0.20 g, 0.76
mmol) prepared in Example 24a, LiHMDS (1.0 M in THF, 0.91

mL, 0.91 mmol), 2,4,5-triflucrobenzenesulfonyl chloride
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(0.19 g, 0.84 mmol) and THF (3.0 mL), to yield the title
compound (0.22 g, 63%) as a colorless solid.
TH-NMR (500 MHz, CDCli) & ppm: 3.79 (3H, s), 3.81 (3H, s),
5.23 (2H, s), 6.43-6.45 (2H, m), 7.01-7.06 (2H, m), 7.23
(1, d, J=7.8 Hz), 7.%97 (1H, g, J=8.3 Hz), 7.34 (1lH, dd,
J=2.0, 5.9 Hz).
(24¢c) N-{(2,4-Dimethoxybenzyl)-2,5-difluoro-N-(2-
fluoropyrimidin~4-yl)-4-{[ (18", 2R") -2~ (1-methyl-1H~-
pyrazol~5-yl)cyclopentylloxyibenzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)~2,4,5-trifluoro=-N~(2~-fluoropyrimidin-4-
yl)benzenesulfonamide (0.10 g, 0.23 mmol) prepared in
Example 24b, the (18",2R") -2~ (1-methyl-1H-pyrazol-5-
yl)cyclopentanol (0.04 g, 0.23 mmol) prepared in Example
8a, sodium hydride (63%; 0.01 g, 0.28 mmol) and DMF (1.0
mL), to yield the title compound (648 mg, 46%) as a
colorless amorphous solid.
'H-NMR (400 MHz, CDCls) & ppm: 1.76-1.98 (4H, m), 2.21-
2.36 (2H, m), 3.45-3.50 (1H, m), 3.77 (3H, s), 3.80 (3H,
s), 3.86 (3H, s), 4.61-4.65 (1H, m), 5.22 (2H, s), 6.06
(1H, d, J=2.0 Hz), 6.42-6.44 (2H, m), 6.54 (1H, dd, J=6.3,
11.0 Hz), 7.09 (1H, dd, J=3.5, 5.9 Hz), 7.21 (1H, d,
J=9.0 Hz), 7.41 (1B, 4, J=2.0 Hz), 7.78 (1H, dd, J=6.7,

10.2 Hz), 8.31 (1H, dd, J=2.0, 5.5 Hz).
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(24d) 2,5-Difluoro-N-(2-fluocropyrimidin-4-yl)-4-
{[(18",2R") -2~ (1-methyl-1H-pyrazol-5-
vl)cyclopentylloxylbenzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl) =2, 5-difluoro-N~-(2-fluoropyrimidin-4-vyl1)-
4~{[(18",2R")-2-(1l-methyl-1H-pyrazol-5-
yl)cyclopentylloxylbenzenesulfonamide (648 mg, 0.13 mmol)
prepared in Example 24c, triethylsilane (0.11 mL),
trifluorocacetic acid (0.13 g) and dichloromethane (1.3
mL), to yield the title compound (0.06 g, 78%) as a
colorless solid.
'H-NMR (400 MHz, CD3;OD) & ppm: 1.75-1.98 (4H, m), 2.26-
2.35 (2H, m), 3.50-3.55 (1H, m), 3.80 (3H, s), 4.83-4.88
(lH, m), 6.19 (1H, ¢, J=2.0 Hz), 6.87 (1H, dd, J=3.9, 5.9
Hz), 6.%94 (14, dd, J=6.7, 11.3 Hz), 7.35 (1H, d, J=2.0
Hz), 7.78 (1H, dd, J=6.7, 10.6 Hz), 8.24 (1H, dd, J=2.4,
5.9 Hz).
MS (ESI)m/z: 454 [M+H]+.
[0213]
(Example 25) 2,5-Difluoro-4-{[(18",2R") -2~ (1l-methyl-1H-
pyrazol-5-yl)cyclohexylloxy}-N-(pyrimidin-4-
yl)benzenesulfonamide

[0214]
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[0215]
(25a) N-(2,4-Dimethoxybenzyl)-2,5-difluoro-4-{[(18",2R") -
2-(l-methyl-1H-pyrazol-5-yl)cyclohexyl]oxy}-N-(pyrimidin-
4-ylibenzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4,5-trifluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (244 mg, 0.555 mmol) prepared in
Example 14b, the (187,2R")-2-(l-methyl-1H-pyrazol-5-
yl)cyclohexanol (100 mg, 0.555 mmol) prepared in Example
4a, sodium hydride (63%; 31.7 mg, 0.793 mmol) and DMF (3
mL), to yield the title compound (268 mg, 80%) as a
colorless oil.
'H-NMR (500 MHz, CDCl;) & ppm: 1.39-1.68 (4H, m), 1.86-
1.96 (2H, m), 2.04-2.07 (1H, m), 2.22-2.25 (1lH, m), 2.98-
3.03 (1H, m), 3.76 (3H, s), 3.77 (3H, s), 3.91 (3H, s),
4.08-4.14 (1H, m), 5.19 (1H, d, J=17.1 Hz), 5.23 (1lH, d,
J=16.6 Hz), 6.02 (1H, d, J=2.0 Hz), 6.3%-6.40 (2H, m},
6.47 (1H, dd, J=6.4, 11.2 Hz), 7.17-7.19 (2H, m), 7.33
(14, 4, J=1.5 Hz), 7.67 (1H, dd, J=6.4, 9.8 Hz), 8.45 (1H,

d, J=5.9 Hz), 8.78 (1lH, s).
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(25b) 2,5-Difluoro-4-{[(18",2R") -2~ (l-methyl-1H-pyrazol-
5~yljcyclohexyl]loxy}-N- (pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N~(2, 4-
dimethoxybenzyl)-2,5-difluoro-4~{[ (18", 2R") -2~ (1-methyl-
1H-pyrazol-5-yl)cyclohexyl]oxy}-N- (pyrimidin-4-
yl)benzenesulfonamide (268 mg, 0.447 mmol) prepared in
Example 25a, triethylsilane (0.20 mlL), trifluorcacetic
acid (2.0 mL) and dichloromethane (2.0 mL), to vyield the
title compound (130 mg, 65%) as a colorless solid.
'H-NMR (500 MHz, CDCls;) & ppm: 1.38-1.68 (4H, m), 1.86-
1.89 (1H, m), 1.93-1.95 (1H, m), 2.05-2.07 (1H, m), 2.22-
2.25 (1B, m), 2.97-3.02 (1H, m), 3.90 (3H, s), 4.07-4.12
(l1H, m), 6.02 (l1H, d, J=2.0 Hz), 6.50 (1H, dd, J=6.4,
11.2 Hz), 7.24 (1H, d, J=6.4 Hz), 7.33 (1H, d, J=2.0 Hz),
7.66 (lH, dd, J=6.8, 10.3 Hz), 8.38 (1H, d, J=6.4 Hz),
8.80 (1H, s).
MS (ESI)m/z: 450[M+H]+.
[0216]
(Example 26) 3-Cyano—4-{[(18",2R")~-2~(1-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-4~
yl)benzenesul fonamide

[0217]
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[0218]

{26a) 3-Cyano-N-(2,4-dimethoxybenzyl)-4-fluoro-N-
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 14b by using the N-(2,4-
dimethoxybenzyl)pyrimidine-4-amine (600 mg, 2.44 mmol)
prepared in Example 14a, 3-cyano-4-fluorobenzenesulfonyl
chloride (1.07 g, 4.87 mmol), 1,4-
diazabicyclo{2.2.2]octane (549 mg, 4.89 mmol) and
acetonitrile (12 mL), to yield the title compound {200 mg,
19%) as a colorless amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 3.60 (3H, s), 3.80 (3H, s),
5.15 (2H, s), 6.36 (1H, d, J=2.4 Hz), 6.45 (1H, dd, J=2.4,
8.3 Hz), 7.11 (1H, dd, J=1.0, 5.9 Hz), 7.16 (1H, d, J=8.3
Hz), 7.30 (1H, t, J=8.8 Hz), 8.01 (1lH, dd, J=2.0, 5.4 Hz),
8.20~8.23 (1H, m), 8.55 (1H, d, J=5.9 Hz), 8.87 (1H, s).
(26Db) 3—Cyano—N—(2,4—dimethoxybenzyl)—4-{[(15*,2R*)~2-(1—
methyl-1H~pyrazol-5-yl)cyclopentyl]oxy}~N- (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in

the same manner as in Example la by using the 3-cyano-N-
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(2,4~dimethoxybenzyl)-4-fluoro~N- (pyrimidin-4-
yl)benzenesul fonamide (200 mg, 0.47 mmol) prepared in
Example 26a, the {(18*,2R*)~2-(l-methyl-1H-pyrazol-5-
yl)cyclopentanol (81.5 mg, 0.49 mmol) prepared in Example
8a, sodium hydride (63%; 26.7 mg, 0.70 mmol) and DMF (2.0
mL), to yield the title compound (91.0 mg, 34%) as a
colorless individual.
'H-NMR (500 MHz, CDCl3) & ppm: 1.79-2.01 (4H, m), 2.24-
2.36 (2H, m), 3.50-3.54 (1H, m), 3.67 (3H, s), 3.78 (3H,
sy, 3.89 (3H, s), 4.75-4.78 (1H, m), 5.15 (2H, s), 6.07
(14, d, J=2.0 Hz), 6.38-6.42 (2H, m), 6.82 (1lH, d, J=9.3
Hz), 7.11-7.13 (2H, m), 7.42 (1H, d, J=1.5 Hz), 7.97 (1H,
d, J=2.4 Hz), 8.03 (1H, dd, J=2.4, 8.8 Hz), 8.50 (1H, d,
J=5.9 Hz), 8.84 (1H, s).
(26c) 3-Cyano-4-{[(18",2R")-2-(l-methyl-1H-pyrazol-5-
yl)cyclopentylloxy} =N~ {(pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 3-cyano-N-
(2, 4-dimethoxybenzyl) -4-{[ (18", 2R") -2~ (1-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-4-
yl)benzenesulfonamide (91.0 mg, 0.16 mmol) prepared in
Example 26b, triethylsilane (0.10 mL), trifluorocacetic
acid (1.0 mL) and dichloromethane (1.0 mL), to yield the
title compound (53.3 mg, 79%) as a colorless solid.
'H-NMR (500 MHz, CDCls;) & ppm: 1.80-1.99 (4H, m), 2.25-
2.36 (2H, m), 3.50-3.54 (1H, m), 3.89 (3H, s), 4.76-4.79

(1H, m), 6.08 (1H, s), 6.89 (1H, d, J=9.3 Hz), 7.14 (1H,
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d, J=5.4 Hz), 7.42 (1H, s), 8.09 (1H, dd, J=2.4, 8.8 Hz),
8.17 (1H, d, J=2.4 Hz), 8.39 (1H, s), 8.75 (1H, s).

MS (ESIYm/z: 425[M+H]+.

[0219]

(Example 27) 2,6-Difluoro—~4-{[(1S8",2R") -2~ (l-methyl-1H~
pyrazol-5-yl)cyclopentyl]oxy}—-N-(pyrimidin-4-
yl)benzenesul fonamide

[0220]

[Formula 45]
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[0221]
(27a) N-{(2,4-Dimethoxybenzyl)-2,4,6~-trifluoro-N-
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 14b by using the N- (2,4~
dimethoxybenzyl)pyrimidin-4-amine (600 mg, 2.44 mmol)
prepared in Example 14a, 2,4,6-trifluorobenzenesulfonyl
chloride (1.50 g, 6.51 mmol), 1,4-
diazabicyclo[2.2.2]octane (549 mg, 4.89 mmol) and
acetonitrile (12 mL), to yield the title compound (192 mg,
18%) as a colorless amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 3.78 (3H, s), 3.73 (3H, s),

5.26 (2H, s}, 6.42-6.46 (2H, m), 6.78 (2H, t, J=8.3 Hz),
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7.07 (1H, dd, J=1.5, 5.9 Hz), 7.24 (1H, d, J=8.8 Hz),
8.46 (1H, d, J=6.4 Hz), 8.78 (1lH, s).
(27b) N-(2,4-Dimethoxybenzyl)-2,6-difluoro~4-{[ (18", 2R") -
2-(l-methyl-1H-pyrazol=-5-yl)cyclopentyl]loxy}-N-
(pyrimidin-4-ylj)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4,6-trifluorc-N-(pyrimidin-4-
yl)benzenesulfonamide (192 mg, 0.44 mmol) prepared in
Example 27a, the (18*,2R*)-2-~(l-methyl~1H-pyrazol-5-
yl)cyclopentanol (76.3 mg, 0.46 mmol) prepared in Example
8a, sodium hydride (63%; 25.0 mg, 0.66 mmol) and DMF (2.0
mL), to yield the title compound (192 mg, 75%) as a
colorless oil.
H-NMR (500 MHz, CDCls) & ppm: 1.72-1.95 (4H, m), 2.17-
2.32 (2H, m), 3.35-3.39 (1H, m), 3.77 (3H, s), 3.82 (6H,
s}y, 4.62-4.65 (1H, m), 5.27 (2H, s), 6.04 (1H, 4, J=2.0
Hz), 6.39-6.44 (4H, m), 7.16¢ (1H, d, J=7.3 Hz), 7.22 (1H,
d, J=7.3 Hz), 7.41 (1H, d, J=2.0 Hz), 8.44 (1H, d, J=5.9
Hz), 8.78 (1H, s).
(27¢c) 2,6-Difluoro-4-{[(18",2R")-2-(1l-methyl-1H-pyrazol-
5-yl)cyclopentyl]oxy}-N-(pyrimidin-4-
vl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl)=-2, 6-difluoro-4-{[ (18", 2R") -2~ (1-methyl-

1H-pyrazol-5-ylicyclopentylloxy}-N-(pyrimidin-4-
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vl)ibenzenesulfonamide (192 mg, 0.33 mmol) prepared in
Example 27b, triethylsilane (0.20 mlL), trifluorocacetic
acid (2.0 mL) and dichloromethane (2.0 mL), to yield the
title compound (106 mg, 74%) as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.72-1.95 (4H, m), 2.17-
2.31 (2H, m), 3.35-3.39 (1H, m), 3.82 (3H, s), 4.61-4.64
(1H, m), 6.04 (1H, d, J=2.0 Hz), 6.41 (2H, d, J=10.7 Hz),
7.40-7.42 (2H, m), 8.42 (1H, d, J=5.9 Hz), 8.87 (lH, s).
MS (ESI)m/z: 436[M+H]+.

[0222]

(Example 28) 4-{[(18",2R")-2-(1-Ethyl-1H-pyrazol-5-
yvl)cyclohexylloxy}=-2,5-difluoro-N- (pyrimidin—-4-~
yl)benzenesulfonamide

[0223]

[Formula 46]

F o o NN
\\S// ' )
-
O K N
N H
%* "/,O
F
SN X
\
N=

[0224]
(28a) N=-(2,4-Dimethoxybenzyl)-4-{[(18",2R") -2~ (1-ethyl-
l1H-pyrazol-5-yl)cyclohexylloxy}-2,5~-difluoro-N-
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N- (2,4~

dimethoxybenzyl)=-2,4,5~trifluoro-N- (pyrimidin-4-
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yl)benzenesulfonamide (270 mg, 0.615 mmol) prepared in
Example 14b, the (18*,2R*)-2-(l-ethyl-1H-pyrazol-5-
vl)cyclohexanol (120 mg, 0.618 mmol) prepared in Example
12a, sodium hydride (63%; 50 mg, 1.31 mmol) and DME (3
mL), to yield the title compound (220 mg, 58%) as a
colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.39-1.66 (4H, m), 1.43
(34, t, J=7.3 Hz), 1.85-1.88 (1H, m), 1.94-1.96 (1lH, m),
2.03-2.06 (1H, m), 2.22-2.25 (1H, m)}, 2.97-3.03 (1H, m),
3.76 (3H, s), 3.77 (3H, s), 4.12-4.32 (3H, m), 5.19 (1lH,
d, J=16.6 Hz), 5.23 (1H, d, J=17.1 Hz), 6.00 (1H, d,
J=2.0 Hz), 6.38-6.40 (2H, m), 6.47 (1H, dd, J=6.4, 11.2
Hz), 7.17-7.19 (2H, m), 7.36 (lH, d, J=1.5 Hz), 7.66 (1H,
dd, J=6.8, 10.3 Hz), 8.45 (1H, 4, J=5.9 Hz), 8.78 (1lH, s).
(28b) 4-{[(1S",2R") -2~ (1-Ethyl-1H-pyrazol-5-
yl)cyclohexylloxy}=2,5-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl)—4—{[(ls*,ZR*)—Z—(1—ethyl—lH—pyrazol—5—
yl)cyclohexylloxy}=-2,5-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (220 mg, 0.359 mmol) prepared in
Example 28a, triethylsilane (0.30 mL), trifluorocacetic
acid (3.0 mL) and dichloromethane (3.0 mL}, to yield the
title compound (160 mg, 96%) as a colorless solid.
'H-NMR (500 MHz, CD3OD) & ppm: 1.37 (3H, t, J=7.3 Hz),

1.43-1.73 (4H, m), 1.81-1.83 (1H, m), 1.89-1.91 (1H, m},
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1.96-1.99 (1H, m), 2.23-2.25 (1H, m), 3.06-3.11 (1lH, m),
4.11-4.18 (1H, m), 4.26-4.33 (1H, m), 4.46-4.50 (1H, m),
6.14 (1H, d, J=2.0 Hz), 6.97 (1H, dd, J=6.8, 11.7 Hz),
7.01 (14, d, J=7.3 Hz), 7.27 (1H, 4, J=2.0 Hz), 7.64 (1H,
dd, J=6.4, 10.3 Hz), 8.26 (1H, d, J=6.4 Hz), 8.54 (1H, s).
MS (ESI)m/z: 464 [M+H]+.

[0225]

(Example 29) 2-Fluoro—4-{[(1S",2R") -2~ (l-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-4-
vl)benzenesulfonamide

[0226]

[Formula 47]
SN
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[0227]
(29a) N~ (2,4-Dimethoxybenzyl)-2,4~difluoro-N- (pyrimidin-
4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 14b by using the N-(2,4-
dimethoxybenzyl)pyrimidine-4-amine (0.40 g, 1.63 mmol)
prepared in Example 1l4a, 2,4-difluorobenzenesulfonyl
chloride (0.69 g, 3.26 mmol), 1,4-

diazabicyclo[2.2.2]octane (0.37 g, 3.26 mmol) and
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acetonitrile (11 mL), to yield the title compound (403.8
mg, 59%) as a colorless individual.
'H-NMR (400 MHz, CDCls) & ppm: 3.77 (3H, s), 3.80 (3H, s),
5.26 (2H, s), 6.41-6.44 (2H, m), 6.87-6.92 (1H, m), 7.01-
7.06 (1H, m), 7.16 (1lH, dd, J=1.6, 5.9 Hz), 7.22 (1lH, d,
J=8.2 Hz), 8.12 (1H, dt, J=5.9, 8.6 Hz), 8.45 (1lH, d,
J=5.9 Hz), 8.75 (1H, d, J=1.2 Hz).
(29b) N-(2,4-Dimethoxybenzyl)-2-fluoro-4-{[ (18", 2R") -2~
{I-methyl-1H-pyrazol-5-yl)cyclopentylloxy}-N-(pyrimidin-
4~yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (0.40 g, 0.95 mmol) prepared in
Example 29a, the (18%,2R*)~-2~(l-methyl-1H-pyrazol-5-
yl)cyclopentanol (0.16 g, 0.95 mmol) prepared in Example
8a, sodium hydride (63%; 0.040 g, 1.14 mmol) and DMF (5.0
mL), to yield the title compound (268.5 mg, 50%) as a
colorless oil.
'H-NMR (400 MHz, CDCli) & ppm: 1.59-1.99 (4H, m), 2.17-
2.33 (2H, m), 3.35-3.40 (1H, m), 3.76 (3H, s), 3.80 (3H,
s), 3.82 (3H, s), 4.65-4.69 (1H, m), 5.26 (2H, s), 6.05
(14, d, J=2.0 Hz), 6.39-6.43 (2H, m), 6.53 (1H, dd, J=2.4,
i2.1 Hz), 6.67 (1H, dd, J=2.4, 9.0 Hz), 7.17-7.23 (2H, m),
7.37-7.41 (1H, m), 7.94 (1H, t, J=8.6 Hz), 8.41 (1lH, d,

J=5.5 Hz), 8.75 (1H, d, J=0.8 Hz).
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(29C) 2-Fluoro-4-{[(18",2R")~2~-(l-methyl-1H-pyrazol-5-
yl)cyclopentyl]oxy}~N- (pyrimidin-4~-v1l) benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the N~ (2, 4-
dimethoxybenzyl)-~2-fluoro-4-{[ (18", 2R") -2~ (1-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-4-
yl)benzenesulfonamide (0.27 g, 0.47 mmol) prepared in
Example 29, triethylsilane (0.38 mL, 2.36 mmolj),
trifluorcacetic acid (0.47 g, 0.44 mmol) and
dichloromethane (5.0 mL), to yield the title compound
(0.21 g, 22%) as a colorless solid.
'H-NMR (400 MHz, CDsOD) & ppm: 1.76-1.95 (4H, m), 2.26-
2.33 (24, m), 3.45-3.49 (1H, m), 3.80 (3H, s), 4.86-4.91
(1H, m), 6.24 (1H, d, J=2.4 Hz), 6.77-6.86 (2H, m), 7.15
(18, d, J=7.4 Hz), 7.43 (1lH, d, J=2.0 Hz), 7.95 (1lH, t,
J=8.6 Hz), 8.40 (1H, d, J=5.9 Hz), 8.68 (1lH, s).
MS (ESI)m/z: 418 [M+H]+.
[0228]
(Example 30) 2,3~Difluoro-4-{[(18",2R") ~2- (1-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-4-
yl)benzenesulfonamide
[0229]

[Formula 48]
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[0230]
(30a) N-(2,4-Dimethoxybenzyl)-2,3,4-trifluoro-N-
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 14b by using the N-(2,4-
dimethoxybenzyl)pyrimidine-4-amine (400 mg, 1.63 mmol)
prepared in Example 1l4a, 2,3,4-trifluorobenzenesulfonyl
chloride (752 mg, 3.26 mmol), 1,4-
diazabicyclo[2.2.2]octane (366 mg, 3.26 mmol) and
acetonitrile (8.0 mL), to yvield the title compound (221
mg, 31%) as a colorless amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 3.78 (3H, s), 3.80 (3H, s),
5.24 (2H, s), 6.42-6.44 (2H, m), 7.11-7.16 (2H, m), 7.22
(14, 4, J=7.8 Hz), 7.84~7.89 (1H, m), 8.48 (1H, d, J=5.9
Hz), 8.76 (1lH, s).
(30b) N—(2,4~Dimethoxybenzyl)—2,3—difluoro~4—{[(1S*,2R*)—
2= (l-methyl-1H-pyrazol-5-yl)cyclopentylloxy}-N-
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-{2,4-
dimethoxybenzyl)-2,3,4~trifluoro-N=- (pyrimidin-4-
yl)benzenesulfonamide (190 mg, 0.43 mmol) prepared in
Example 30a, the (1S8*,2R*)-2~(l-methyl-1H-pyrazol-5-
vl)cyclopentanol (75.5 mg, 0.45 mmol) prepared in Example
8a, sodium hydride (63%; 24.7 mg, 0.65 mmol) and DMF (2.0
mL), to yield the title compound (190 mg, 75%) as a

colorless oil.
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IH-NMR (500 MHz, CDCli) 6 ppm: 1.77-1.97 (4H, m), 2.22-
2.34 (2H, m), 3.44-3.48 (1H, m), 3.76 (3H, s), 3.79 (3H,
s), 3.85 (3H, s), 4.72-4.75 (1H, m), 5.24 (1H, d, J=17.1
Hz), 5.28 (1#, d, J=16.6 Hz), 6.07 (1H, d, J=2.0 Hz),
6.39~-6.42 (2H, m), 6.64 (1H, t, J=8.8 Hz), 7.19-7.21 (2H,
my, 7.41 (1H, 4, J=2.0 Hz), 7.71 (1H, t, J=8.8 Hz), 8.45
(1H, d, J=5.9 Hz), 8.76 (1H, s).
(30c) 2,3-Difluoro-4-{[(1S8",2R")-2-(1l-methyl-1H-pyrazol~
5-vl)cyclopentylloxy}-N-{(pyrimidin-4-
vl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl)—2,3—difluoro—4~{[(13*,2R*)—2—(1—methyl~
1H-pyrazol-5-yljcyclopentyl]loxy}-N-(pyrimidin-4~-
vl)benzenesulfonamide (190 mg, 0.3Z2 mmol) prepared in
Example 30b, triethylsilane (0.10 mL), trifluorocacetic
acid (1.0 mL) and dichloromethane (1.0 mL), to yield the
title compound (58.5 mg, 41%) as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.77-1.96 (4H, m), 2.20-
2.34 (2H, m), 3.44-3.48 (1H, m), 3.84 (3H, s), 4.71-4.74
(1H, m), 6.06 (iH, d, J=1.5 Hz), 6.66 (1lH, t, J=7.8 Hz),
7.24-7.25 (1H, m), 7.41 (1H, s), 7.70 (1lH, t, J=9.3 Hz),
8.37 (1H, d, J=6.4 Hz), 8.81 (1H, s).
MS (ESI)m/z: 436[M+H]+.

[0231]
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(Example 31) 2,5-Difluoro~4-{[(1S,2R)-2-(1l-methyl-1H~-
pyrazol-5-yl)cyclopentyl]oxy}~N-{pyrimidin-4-~
vl)benzenesulfonamide

[0232]

[Formula 49)]
F XN
3 1
S\hl N/

[0233]
(3la) N-(2,4-dimethoxybenzyl)-2,5~-difluoro-4-{[(1S,2R)~2~
(l-methyl-1H-pyrazol-5-yl)cyclopentyl]oxy}-N- (pyrimidin-
4-yl)benzenesulfonamide

The N- (2, 4-dimethoxybenzyl)-2,5-difluoro-4-
{[(18",2R") -2~ (1-methyl-1H-pyrazol-5-yl)cyclopentyl]oxy}-
N- (pyrimidin-4-yl)benzenesulfonamide prepared in Example
l4c was optically resolved with CHIRALPAK AD (Daicel
Corp.; hexane/isopropanocl = 4:1) to yield the title
compound as a colorless oil.
(31b) 2,5-Difluoro~-4-{[(1S,2R)~-2-(1l-methyl-1H-pyrazol-5-
vl)cyclopentyl]oxy}-N-(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the - (2,4-
dimethoxybenzyl)~-2,5-difluoro-4~{[(13,2R) -2~ (1l-methyl-1H~
pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-4-

vl)benzenesulfonamide (411 mg, 0.70 mmol) prepared in
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Example 31la, triethylsilane (0.20 mL), trifluorocacetic
acid (2.0 mL) and dichloromethane (2.0 mL), to yield the
title compound (241 mg, 79%) as a colorless solid.
[@]p°°=58.9 (c 1.02, DMSO).

[0234]

(Example 32) 2,5-Difluoro-4-{[(1S8",2R")~2-(1H~imidazol-1~
yvl)cyclohexylloxy}-N- (pyrimidin—-4-yl)benzenesulfonamide
[0235]

[Formula 50]

F o o NN
\\S// [ J
S
Y N
H
g
D

{

N
[0236]
(32a) N- (2, 4-Dimethoxybenzyl)-2,5-difluoro-4-{[(18",28") -
2-(1lH-imidazol-1-yl)cyclohexyl]loxy}=N-(pyrimidin-4-
vl)benzenesulfonamide

The reaction and aftertreatment were conducted in

the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)~-2,4,5~trifluoro-N~ (pyrimidin-4-
yvl)benzenesulfonamide (260 mg, 0.592 mmol) prepared in
Example 14b, (1S7,28")-2-(1H-imidazol-1-yl)cyclohexanol
{(Tetrahedron, 2007, 63, 469-473; 100 mg, 0.602 mmol),
sodium hydride (63%; 50 mg, 1.31 mmol) and DMF (3.0 mL),
to yield the title compound (315 mg, 91%) as a colorless

oil.
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'‘H-NMR (500 MHz, CDCls) & ppm: 1.43-1.63 (3H, m), 1.82-
1.97 (3H, m), 2.26-2.31 (2H, m), 3.77 (3H, s), 3.78 (3H,
s), 4.14~-4.17 (2H, m), 5.19 (1H, d, J=16.6 Hz), 5.23 (1H,
d, J=17.1 Hz), 6.35 (1H, dd, J=5.9, 10.7 Hz), 6.39-6.41
(2H, m), 6.96 (2H, s), 7.16-7.19 (2H, m), 7.58 (1H, s),
7.68 (1H, dd, J=6.4, 9.8 Hz), 8.46 (1H, d, J=5.9 Hz),
8.78 (1H, s).
(32b) 2,5-Difluoro-4-{[(1S",2R")-2-(1H-imidazol-1-
yl)cyclohexyl]loxy}-N- (pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the N-(2,4-
dimethoxybenzyl)=-2,5-difluoro-4-{[(1S",28") -2~ (1H-
imidazol-1-yl)cyclohexyl]oxy}-N-(pyrimidin-4~
yl)benzenesulfonamide (315 mg, 0.538 mmol) prepared in
Example 32a, triethylsilane (0.40 mL), trifluorcacetic
acid (4.0 mL) and dichloromethane (4.0 mL), to yield the
title compound (220 mg, 94%) as a colorless solid.
'"H-NMR (500 MHz, CD3OD) & ppm: 1.55-1.62 (3H, m), 1.91-
1.96 (2H, m), 2.05-2.13 (1H, m), 2.26-2.28 (1H, m), 2.36-
2.38 (1H, m), 4.60-4.71 (2H, m), 6.99 (1H, d, J=6.4 Hz),
7.06 (1H, dd, J=6.4, 11.2 Hz), 7.48 (1H, s), 7.69 (1lH, dd,
J=6.4, 10.3 Hz), 7.76¢ (lH, s), 8.23 (1H, d, J=6.4 Hzj,
8.52 (1H, s), 9.03 (1H, s).
MS (ESI)m/z: 436 [M+H]+.
[0237]
(Example 33) 2,5-Difluoro-4-{[ (18",2R") -2~ (1H-pyrazol-4-

yl)cyclohexyl]oxy}-N-(pyrimidin-4-yl)benzenesulfonamide
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[0238]

[Formula 51]
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[0239]
(33a) 4-Cyclohex-l-en-1-yl-1-(tetrahydro-2H-pyran-2-yl)-
1H-pyrazole

A solution of 4-iodo—~1-(tetrahydro-2H-pyran-2-yl)-
lH-pyrazole (J. Org. Chem. 2007, 72, 3589-3591; 2.00 g,
7.19 mmol), 2-cyclohex-l-en-1-yl-4,4,5,5-tetramethyl-
1,3,2~-dioxaborolane (1.50 g, 7.21 mmol), [1,1'-
bis(diphenylphosphino) ferroceneldichloropalladium (II)
{300 mg, 0.41 mmol) and potassium carbonate (3.00 g, 21.7
mmol) in DMF (13 ml) was stirred at 90°C for 3 hours
under microwave irradiation. After allowing to cool,
water (50 mL) was added to the reaction solution,
followed by extraction with ethyl acetate (50 mL). The
thus obtained organic layer was washed twice with water
(100 mL) and dried over anhydrous sodium sulfate. After
vacuum concentration, the residue was purified with
column chromatography (hexane/ethyl acetate = 9:1) to
yield the title compound (637 mg, 38%) as a colorless oil.
'‘H-NMR (500 MHz, CDCls) & ppm: 1.58-1.76 (8H, m), 2.03-
2.05 (2H, m), 2.08-2.16 (2H, m), 2.25-2.28 (2H, m), 3.69
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(1#, dt, J=2.4, 11.2 Hz), 4.04—4.07 (1H, m), 5.34 (1H, dd,
J=2.4, 9.8 Hz), 6.00~-6.02 (1H, m), 6.96 (1lH, brs), 7.52
(1#, s), 7.61 (1H, s).
(33b) (18",2R")-2-[1-(Tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-4-yl]cyclohexanol

To a solution of the 4-cyclochex-l-en-1-yl-1-
(tetrahydro~2H-pyran-2-yl)-1H-pyrazole (775 mg, 3.34
mmol) prepared in Example 33a in THF (4 mlL), a borane-THF
complex (0.95 M; 3.4 mi, 3.23 mmol) was added with
cooling on ice, and the reaction solution was stirred for
30 minutes with cooling on ice. To the reaction solution,
a borane-THF complex (0.95 M; 3.4 mL, 3.23 mmol) was
added again, and the mixture was stirred at room
temperature for 90 minutes. To the reaction solution,
water (5 mlL) and subseguently sodium perborate
tetrahydrate (1.00 g, 6.50 mmol) were added, and the
mixture was stirred for 5 hours. To the reaction
solution, sodium thiosulfate (2.0 g) was added, followed
by extraction with ethyl acetate (50 mL). The thus
obtained organic layer was dried over anhydrous sodium
sulfate. After vacuum concentration, the residue was
purified with column chromatography
(dichloromethane/methanol = 97:3) to vyield the title
compound (590 mg, 71%) as a colorless oil.
'H-NMR (400 MHz, CDCls;) & ppm: 1.24-1.94 (10H, m), 2.05-
2.14 (4H, m), 2.37-2.43 (1H, m), 3.38-3.44 (1H, m), 3.67-
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3.73 (1H, m), 4.07 (1H, dd, J=3.9, 11.7 Hz), 5.34 (1lH, dd,
J=2.7, 9.8 Hz), 7.49 (1H, s), 7.50 (1H, s3).
(33¢) N-(2,4-Dimethoxybenzyl)-2,5~difluoro-N~- (pyrimidin-
4-y1)=4=-({(187,2R")~-2-[1- (tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-4-yl]lcyclohexyl}oxy)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2, 4-
dimethoxybenzyl)-2,4,5-trifluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (340 mg, 0.774 mmol) prepared in
Example 14b, the (18",2R")-2-[1-(tetrahydro-2H-pyran-2-
v1)-1H~pyrazol-4~yllcyclohexanol (198 mg, 0.791 mmol)
prepared in Example 33b, sodium hydride (63%; 50 mg, 1.31
mmol) and DMF (4.0 mL), to yield the title compound (302
mg, 58%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.40-1.67 (8H, m), 1.82-
2.17 (6H, m), 2.85-2.90 (1H, m), 3.63-3.67 (1lH, m), 3.76
(3H, s), 3.78 (3H, s), 3.97-4.01 (2H, m), 5.22 (2H, s),
5.25-5.29 (1H, m), 6.39-6.41 (2H, m), 6.46-6.50 (1H, m),
7.17-7.20 (2H, m), 7.43-7.46 (2H, m), 7.69 (1H, dd, J=6.4,
9.8 Hz), 8.45 (1H, d, J=5.§ Hz), 8.78 (1H, s).
(33d) 2,5-Difluoro-4-{[(1S",2R")~-2~ (1H-pyrazol-4-
yl)cyclohexyl]loxy}-N-(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 22c by using the N-{2,4-
dimethoxybenzyl) -2, 5~difluoro~ (N-pyrimidin-4-yl)-4-
({(18",2R")-2-[1~ (tetrahydro~2H-pyran-2-yl)~1H-pyrazol-4-

yllcyclohexylloxy)benzenesulfonamide (302 mg, 0.451 mmol)
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prepared in Example 33c, triethylsilane (0.40 mL),
trifluorocacetic acid (4.0 mL), dichloromethane (4.0 mL)
and methanol (4.0 mL), to yield the title compound (246
mg, 55%) as a colorless solid.

'H-NMR (500 MHz, CD3OD) & ppm: 1.37-1.57 (3H, m), 1.65-
1.72 (1H, m), 1.78-1.81 (1H, m), 1.85-1.87 (1lH, m), 2.03~
2.05 (15, m), 2.15-2.19 (1H, m), 2.82-2.88 (1H, m), 4.26-
4.31 (1H, m), 6.94 (1H, dd, J=6.8, 12.2 Hz), 7.02 (1H, d,
J=5.4 Hz), 7.45 (2H, s), 7.66 (1H, dd, J=6.8, 10.3 Hz),
8.26 (1H, d, J=6.4 Hz), 8.54 (1H, s).

MS (ESI)m/z: 436 [M+H]+.

[0240]

(Example 34) 4-{[(1S",2R")-2-(3-Amino-1H-pyrazol-4-
yl)cyclohexylloxy}-2,5-difluoro-N- (pyrimidin-4-
yvl)benzenesulfonamide

[0241]

[Formula 52]
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[0242]

(34a) 4-Cyclohex-l-en-1-yl-3-nitro-1l-(tetrahydro-2H-
pyran-2-yl)-1H-pyrazole
The reaction and aftertreatment were conducted in

the same manner as in Example 33a by using 4-bromo-3-
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nitro-1-(tetrahydro~-2H-pyran—-2-yl)~1H~-pyrazole
(WO02010/079443; 1.20 g, 4.35 mmol), 2-cyclohex-l-en-1-yl-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1.20 g, 5.77
mmol), [1,1'7'-
bis (diphenylphosphino) ferrocenejdichloropalladium (II)
(250 mg, 0.342 mmol), potassium carbonate (2.00 g, 14.5
mmol) and DMF (13 mL), to yield the title compound (950
mg, 79%) as a yellow oil.
'H-NMR (500 MHz, CDCl:) & ppm: 1.64-1.76 (8H, m), 1.99-
2.06 (2H, m), 2.14-2.18 (2H, m), 2.21-2.24 (2H, m), 3.69~
3.74 (1H, m), 4.05-4.08 (1H, m), 5.40 (1H, dd, J=2.9, 9.3
Hz), 5.84-5.86 (1H, m), 7.52 (1H, s).
(34b) (18",2R")-2-[3-Nitro-1- (tetrahydro-2H-pyran-2-yl)-
1H-pyrazol~-4-yl]cyclohexanol

The reaction and aftertreatment were conducted in
the same manner as in Example 33b by using the 4-
cyclohex~1~-en-1l-yl-3-nitro-1-(tetrahydro~-2H-pyran-2-yl) -
l1H-pyrazole (950 mg, 3.43 mmol) prepared in Example 34a,
a borane-THF complex (0.95 M; 8.0 mL, 7.60 mmol), sodium
perborate tetrahydrate (1.10 g, 7.15 mmol), THF (5.0 mL)
and water (7.0 mL), to yield the title compound (320 mg,
32%) as a colorless oil.
'H-NMR (500 MHz, CDCl;) & ppm: 1.31-1.86 (8H, m), 2.01-
2.17 (6, m), 3.11-3.16 (1H, m), 3.50-3.55 (1H, m), 3.68-
3.73 (1H, m), 4.04-4.09 (lH, m), 5.38-5.42 (l1H, m), 7.62

(1H, s).
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(34c) N-(2,4-Dimethoxybenzyl)~-2,5-difluoro-4~-({ (18", 2R")~
2-[3-nitro~-1-(tetrahydro-2H-pyran-2-yl)~-1H-pyrazol-4-
yllcyclohexyl}loxy)-N~ (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4,5-trifluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (240 mg, 0.546 mmol) prepared in
Example 14b, the (18",2R")-2-[3-nitro-1-(tetrahydro-2H~
pyran-2-vy1l)-1H-pyrazol-4-yllcyclohexanol (160 mg, 0.542
mmol) prepared in Example 34b, sodium hydride (63%; 50 mg,
1.31 mmol} and DMF (3.0 mL), to yield the title compound
(310 mg, 80%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.45-1.69 (8H, m), 1.81-
2.23 (6H, m), 3.54-3.59 (1H, m), 3.61-3.70 (1H, m), 3.77
(3, s), 3.79 (3H, s), 3.95-4.01 (lH, m), 4.28-4.33 (1lH,
m), 5.22 (2H, s), 5.30-5.36 (1H, m), 6.40-6.41 (2H, m),
6.56-6.51 (1H, m), 7.18-7.20 (2H, m), 7.49 (1H, d, J=12.2
Hz), 7.64-7.6% (1H, m), 7.46 (l1H, d, J=5.9 Hz), 8.78 (1H,
s) .
(34d) 4-{[(18",2R")-2-(3-Amino-1H-pyrazol—-4-
yl)cyclohexylloxy}-2,5~difluoro-N-(pyrimidin-4-
yl)benzenesulfonamide

A solution of the N-(2,4-dimethoxybenzyl)-2,5-
difluoro-4-({(18",2R")-2~[3-nitro~1-(tetrahydro-2H-pyran-
2-yl)-1H-pyrazol-4-yl]lcyclohexylloxy)-N-{pyrimidin-4-
vl)benzenesulfonamide (310 mg, 0.434 mmol) prepared in

Example 34c, iron powder (300 mg, 5.37 mol) and a
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saturated agqueous solution of ammonium chloride (5.0 mL)
in ethanol (10 mL) was heated under reflux with stirring
for 1 hour. After allowing to cool, the reaction

solution was filtered through Celite, and the filtrate

was subjected to extraction with dichloromethane (100 mL).
The organic layer was dried over anhydrous sodium sulfate
and vacuum concentrated to yield crude amine. To a
solution of the crude amine and triethylsilane (0.30 mL)
in dichloromethane (3.0 mL), trifluorocacetic acid (3.0

mL) was added at room temperature, and the reaction
solution was stirred for 1 hour. To the reaction
solution, methanol (3.0 mL) was added, and the mixture

was further stirred at room temperature for 1 hour. The
reaction solution was concentrated, and the residue was
purified with silica gel chromatography
(dichloromethane/methanol = 90:10) to yield the title
compound (41.1 mg, 21%) as a colorless sclid.

'H-NMR (500 MHz, CDsOD) & ppm: 1.41-1.56 (3H, m), 1.64-
1.73 (14, m), 1.81~-1.84 (1H, m), 1.87-1.89 (1H, m), 1.96-
1.99 (1H, m), 2.21-2.23 (1H, m), 2.80-2.85 (1H, m), 4.34-
4.39 (1H, m), 7.00-7.03 (2H, m), 7.58 (1H, brs), 7.69 (1H,
dd, J=6.4, 10.3 Hz), 8.26 (1H, d, J=5.9 Hz), 8.53 (1lH, s).
MS (ESI)m/z: 451 [M+H]+.

[0243]

(Example 35) 4-{[(18",2R")-2-(2-Aminopyridin-4-
vl)cyclohexylloxy}-2,5-difluoro~-N- (pyrimidin-4-

yvl)benzenesulfonamide
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[0244]

[Formula 53]

F o 0 SN
\\S// l /'
2
N N
H

[0245]
{35a) 4-Cyclohex-l-en-l-ylpyridin-2-amine

The reaction and aftertreatment were conducted in
the same manner as in Example 33a by using 2-amino-4-
chloropyridine (927 mg, 7.21 mmol), 2-cyclohex-l-en-1-yl-
4,4,5,5-tetramethyl-1, 3, 2-dioxaborclane (1.50 g, 7.21
mmol), tetrakis(triphenylphosphine)palladium (0) (416 mg,
0.360 mmol), potassium carbonate (3.98 g, 14.5 mmol) and
DMF (13 mL), to yield the title compound (180 mg, 14%) as
a colorless individual.
H-NMR (500 MHz, CDCls) & ppm: 1.63-1.68 (2H, m), 1.74-
1.79 (2H, m), 2.17-2.22 (2H, m), 2.31-2.34 (2H, m), 4.39
(2H, brs), 6.27-6.29 (iH, m), 6.46 (1H, s), 6.68 (1H, dd,
J=1.5, 5.4 Hz), 7.98 (1H, d, J=5.9 Hz).
(35b) (18", 2R")-2-(2-Aminopyridin-4-yl)cyclohexanol

The reaction and aftertreatment were conducted in
the same manner as in Example 33b by using the 4-
cyclohex-l-en-1l-ylpyridin-2-amine (180 mg, 1.03 mmol)
prepared in Example 35a, a borane-THF complex (0.95 M;

5.17 mL, 4.91 mmol), sodium perborate tetrahydrate (159
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mg, 1.03 mmol), THF (5.0 mL) and water (5.0 mL), to yield
the title compound (27.0 mg, 14%) as a brown individual.
TH-NMR (500 MHz, CDCls) & ppm: 1.25-1.84 (4H, m), 1.95-
2.21 (4H, m), 2.30-2.36 (1H, m), 3.62-3.69 (lH, m), 4.62
(2H, brs), 6.40 (1H, s), 6.56 (1H, d, J=4.4 Hz), 7.82 (1H,
brsj.
(35¢c) 4-{[(1S8",2R") -2~ (2-Aminopyridin-4-
yl)cyclohexyl]oxy}-N-(2,4-dimethoxybenzyl)-2,5-difluoro-
N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4,5-trifluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (64.8 mg, 0.147 mmol) prepared in
Example 14b, the (18", 2R") =2~ (2-aminopyridin-4-
yl)cyclohexanol (27.0 mg, 0.140 mmol) prepared in Example
35b, sodium hydride (63%; 8.0 mg, 0.210 mmol) and DMF
(2.0 mL), to yield the title compound (42.7 mg, 50%) as a
colorless oil.
Y-NMR (500 MHz, CDCls) & ppm: 1.37-1.69 (4H, m), 1.82-
1.85 (1H, m), 1.92-1.98 (2, m), 2.23 (1iH, 4, J=12.3 Hz),
2.73-2.79 {(1H, m), 3.76 (3H, s), 3.77 (3H, s), 4.25 (1lH,
dt, J=4.4, 10.7 Hz), 4.36 (2H, brs), 5.21 (2H, s), 6.36-
6.40 (3H, m), 6.52-6.54 (2H, m), 7.17~7.20 (2H, m), 7.64
(1B, dd, J=6.4, 9.8 Hz), 7.93 (1H, d, J=4.9 Hz), 8.45 (1H,

d, J=5.9 Hz), 8.78 (1H, s).
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(35d) 4-{[(18",2R") -2~ (2-Aminopyridin-4-
yl)cyclohexylloxy}=2,5~difluoro-N-(pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 4-
{[(18",2R") -2~ (2~aminopyridin-4-yl)cyclohexyl]oxy}-N-
(2,4~dimethoxybenzyl) -2, 5-difluoro-N- (pyrimidin-4-
ylibenzenesulfonamide (42.7 mg, 0.0698 mmol) prepared in
Example 35c, triethylsilane (0.10 mL), trifluorocacetic
acid (1.0 mL) and dichloromethane (1.0 mlL), to yield the
title compound (18.6 mg, 58%) as a colorless solid.
'H-NMR (500 MHz, CDsOD) & ppm: 1.42-1.70 (4H, m), 1.82-
1.94 (3H, m), 2.27-2.29 (1H, m), 2.90-2.96 (1H, m), 4.64
(1H, dt, J=4.4, 10.3 Hz), 6.84-6.86 (2H, m), ©.96 (1H, d,
J=6.4 Hz), 7.09 (1H, dd, J=6.8, 11.2 Hz), 7.64 (1H, dd,
J=6.4, 10.3 Hz), 7.72 (1H, d, J=6.4 Hz), 8.18 (1lH, 4,
J=6.4 Hz), 8.49 (1lH, s).
MS (ESI)m/z: 462[M+H]+.
[0246]
(Example 36) 4-{[(18",2R")-2-(2-Aminopyridin-4-
yl)cyclopentylloxy}-2,5-difluoro-N-~ (pyrimidin-4-
yl)benzenesulfonamide

[0247]
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[Formula 54]

[0248]
(36a) 4-Cyclopent-l-en-l-ylpyridine-2-amine

The reaction and aftertreatment were conducted in
the same manner as in Example 33a by using 2-amino-4-
chloropyridine (1.07 g, 8.32 mmol}, Z-cyclopent-l-en-1-
yl-4,4,5,5~tetramethyl-1, 3, 2-dioxaborolane (1.61 g, 8.29
mmol), [1,1'-
bis (diphenylphosphino) ferrocene]dichloropalladium(II)
(303 mg, 0.414 mmol), potassium carbonate {(4.59 g, 33.2
mmol) and DMF (15 mL), to yield the title compound (552
mg, 41%) as a colorless individual.

H-NMR (500 MHz, CDCli) & ppm: 2.00-2.04 (2H, m), 2.51-

2.55 (2H, m), 2.62-2.66 (2H, m), 4.39 (2H, brs), 6.34 (1lH,

t, J=2.0 Hz), 6.46 (1H, s), 6.74 (1H, d, J=5.4 Hz), 7.99
(1H, d, J=5.4 Hz).
(36b) (1S8%,2R") -2- (2-Aminopyridin-4-yl)cyclopentanol

The reaction and aftertreatment were conducted in
the same manner as in Example 33b by using the 4-
cyclopent-1l-en~1-ylpyridine-2-amine (552 mg, 3.44 mmol)
prepared in Example 36a, a borane-THF complex (0.95 M;

18.1 mL, 17.2 mmol), sodium perborate tetrahydrate (531
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mg, 3.44 mmol), THF (18 mL) and water (18 mL), to yield
the title compound (110 mg, 18% )as a colorless oil.
TH-NMR (500 MHz, CDCls) & ppm: 1.50-1.59 (2H, m), 1.75~-
1.82 (2H, m), 2.00-2.05 (2H, m), 2.83-2.90 (1H, m), 3.66-
3.68 (1H, m), 4.47 (2H, brs), 6.37 (1H, s), 6.54 (1H, d,
J=6.4 Hz), 7.90 (1H, d, J=5.4 Hz}.
(36c) 4-{[(18",2R") -2~ (2-Aminopyridin-4-
vl)cyclopentylloxy}=-N-(2,4-dimethoxybenzyl)-2,5-difluoro-
N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzylj-2,4,5~trifluoro~N- (pyrimidin-4-
yvl)benzenesulfonamide (285 mg, 0.649 mmol) prepared in
Example 14b, the (18*,2R*)-2-(2-aminopyridin-4-
yl)cyclopentanol (110 mg, 0.617 mmol) prepared in Example
36b, sodium hydride (63%; 35.3 mg, 0.927 mmol) and DMF
(3.0 mL), to yield the title compound (185 mg, 50%) as a
colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.70-1.79 (2H, m), 1.91-
1.97 (2H, m), 2.11-2.19 (1H, m), 2.24-2.30 (1H, m), 3.23
(1H, dt, J=4.9, 8.8 Hz), 3.76 (3H, s), 3.79 (3H, s), 4.45
(2H, brs), 4.61-4.64 (1H, m), 5.23 (2H, s), 6.35 (1H, =),
6.40~-6.41 (2H, m), 6.49-6.52 (2H, m), 7.18-7.20 (2H, m),
7.74 (1H, dd, J=6.4, 9.8 Hz), 8.00 (1H, d, J=5.4 Hz),

8.45 (1H, d, J=5.9 Hz), 8.78 (1H, s).
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(36d) 4-{[(18",2R")~-2-(2-Aminopyridin-4-
yl)cyclopentylloxy}-2,5-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 4-
{[(18",2R") -2~ (2~aminopyridin-4-y1l)cyclopentyl]oxy}—-N-
(2,4-dimethoxybenzyl)-2,5-difluoro~-N~ (pyrimidin-4-
yl)benzenesulfonamide (185 mg, 0.310 mmol) prepared in
Example 36c, triethylsilane (0.20 mL), trifluorocacetic
acid (2.0 mL) and dichloromethane (2.0 mlL), to yield the
title compound (122 mg, 88%) as a colorless solid.
H-NMR (500 MHz, CD3OD) & ppm: 1.77-1.97 (4H, m), 2.25-
2.37 (2H, m), 3.35-3.40 (1H, m), 4.89-4.92 (1H, m), 6.84-
6.86 (2H, m), 6.96~7.00 (2H, m), 7.74 (1H, dd, J=6.8,
10.3 Hz), 7.77 (1H, d, J=6.4 Hz), 8.23 (1H, d, J=6.4 Hz),
8.52 (1H, s).
MS (ESI)m/z: 448 [M+H]+.
[0249]
(Example 37) 4-{[(18",2R")-2-(1-Ethyl-1H-pyrazol-5-
yl)cyclopentylloxy}-2,5-difluoro-N~ (pyrimidin-4-
yl)benzenesul fonamide
[0250]

[Formula 55]
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[0251]
(37a) (18",2R")-2-(1-Ethyl-1H-pyrazol-5-yl)cyclopentanol

The reaction and aftertreatment were conducted in
the same manner as in Example 4a by using l-ethylpyrazole
(97%, 2.53 g, 25.5 mmol), N,N,N',N'-
tetramethylethylenediamine (3.83 mL, 25.5 mmol), butyl
lithium (1.63 M solution in hexane; 18.3 mL, 29.8 mmol),
cyclopentene oxide (2.66 g, 31.6 mmol) and THF (60 ml),
to yield the title compound (750 mg, 16%) as a colorless
oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.42 (3H, t, J=7.3 Hz),
1.63-1.91 (4H, m), 2.04-2.23 (2H, m), 3.02 (1H, g, J=8.3
Hz), 4.01-4.23 (3H, m), 6.01 (iH, d, J=1.5 Hz), 7.41 (1H,
s).
(37b) N-(2,4-Dimethoxybenzyl)-4-{[ (1S ,2R") -2~ (l-ethyl-
l1H-pyrazol-5-yl)cyclopentylloxy}~2,5-difluoro-N~
(pyrimidin~4~yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)=-2,4,5-triflucro~N- (pyrimidin-4-
vl)benzenesulfonamide (200 mg, 0.455 mmol) prepared in
Example 14b, the (18",2R")-2-(l-ethyl-1H~pyrazol-5-
yl)ycyclopentancl (78.0 mg, 0.432 mmol) prepared in
Example 37a, sodium hydride (63%; 24.7 mg, 0.648 mmol)
and DMF (2.0 mL), to yield the title compound (210 mg,

81%) as a colorless oil.
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ly-NMR (500 MHz, CDCls) & ppm: 1.38 (3H, t, J=7.3 Hz),
1.75-1.97 (4H, m), 2.19-2.34 (2H, m), 3.47 (1B, dt, J=4.9,
8.3 Hz), 3.76 (3H, s), 3.79 (3H, s), 4.11-4.23 (2H, m),
4.63-4.66 (1H, m), 5.23 (2H, s), 6.04 (1lH, d, J=2.0 Hz),
6.39-6.42 (2H, m), 6.52 (1H, dd, J=6.4, 10.7 Hz), 7.17-
7.20 (2H, m), 7.43 (1H, d, J=2.0 Hz), 7.76 (1H, dd, J=6.4,
9.8 Hz), 8.45 (1H, d, J=5.9 Hz), 8.77 (1lH, s).
(37¢) 4-{[(18",2R") -2~ (1-Ethyl-1H-pyrazol-5-
yljcyclopentylloxy}l—2,5~-difluoro-N-(pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl)-4-{[ (18",2R") -2~ (1-ethyl-1H-pyrazol-5-
yl)cyclopentyl]loxy}-2,5-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (210 mg, 0.350 mmol) prepared in
Example 37b, triethylsilane (0.20 mL), trifluorocacetic
acid (2.0 mL) and dichloromethane (2.0 mlL), to yield the
title compound (113 mg, 72%) as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.38 (3H, t, J=7.3 Hz),
1.75-1.83 (1H, m), 1.88-1.98 (3H, m), 2.19-2.34 (2H, m),
3.44-3.48 (1H, m), 4.10-4.24 (2H, m), 4.63-4.66 (1H, m),
6.04 (1H, s), 6.58 (1H, dd, J=6.4, 10.7 Hz), 7.25-7.27
(1H, m), 7.43 (1H, m), 7.74 (1H, dd, J=6.8, 10.3 Hz),
8.39 (1H, d, J=5.9 Hz}), 8.82 (1lH, s).
MS (ESI)m/z: 450[M+H]+.

[0252]
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(Example 38) 4—{[(18*,2R*)—2—(1—Ethyl~1H-pyrazol—5—
yl)cyclopentylloxy}~2,3~difluocro~-N- (pyrimidin-4-
yl)benzenesulfonamide

[0253]

[Formula 56]

[0254]
(38a) N-(2,4-Dimethoxybenzyl)-4-{[ (18", 2R") -2~ (1l-ethyl-
1H~pyrazol-5-yl)cyclopentyl]oxy}~2,3~difluoro-N-
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,3,4-trifluoro~-N- (pyrimidin=-4-
vl)benzenesulfonamide (76.8 mg, 0.175 mmol) prepared in
Example 30a, the (1S*,2R*)-2-(l-ethyl-1H-pyrazol-5-
yl)cyclopentanol (30.0 mg, 0.166 mmol) prepared in
Example 37a, sodium hydride (63%; 9.5 mg, 0.249 mmol) and
DMF (1.0 mL), to yield the title compound (80.0 mg, 80%)
as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.39 (3H, t, J=7.3 Hz),
1.74-1.83 (2H, m), 1.92-1.98 (2H, m), 2.22-2.35 (2H, m),
3.46 (1#, dt, J=4.9, 8.8 Hz), 3.76 (3H, s), 3.79 (3H, s),

4.12-4.21 (2H, m), 4.74-4.76 (1H, m), 5.23 (1H, d, J=16.6
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Hz), 5.28 (1H, d, J=16.6. Hz), 6.05 (1H, d, J=1.5 Hz),
6.39-6.42 (2H, m), 6.64 (1H, t, J=8.3 Hz), 7.19-7.20 (2H,
m), 7.45 (1H, d, J=1.5 Hz), 7.70 (1iH, dt, J=1.5, 7.3 Hz),
8.44 (1H, d, J=5.9 Hz), 8.76 (lH, s}.
(38b) 4-{[(1S",2R") -2~ (1-Ethyl-1H-pyrazol-5-
vl)cyclopentylloxy}-2,3~difluoro-N-{pyrimidin-4-
vl )benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the N-(2,4-
dimethoxybenzyl)-4-{[(18",2R")-2-(l-ethyl-1H-pyrazol-5-
yl)cyclopentylloxy}-2,3-difluocro-N- (pyrimidin-4-
v1l)benzenesulfonamide (80.0 mg, 0.133 mmol) prepared in
Example 38a, triethylsilane (0.10 mL), trifluoroacetic
acid (1.0 mL) and dichloromethane (1.0 ml), to yield the
title compound (30.0 mg, 50%) as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.38 (3H, t, J=7.3 Hz),
1.75-1.83 (1H, m), 1.93-1.96 (3H, m), 2.22-2.34 (2ZH, m),
3.46 (1H, dt, J=4.6, 8.3 Hz), 4.10-4.22 (2H, m), 4.73-
4.76 (1H, m), 6.05 (1H, d, J=1.5 Hz), 6.65 (1H, t, J=8.8
Hz), 7.20 (1H, d, J=6.4 Hz), 7.44 (1, d, J=1.5 Hz),
7.68-7.72 (1H, m), 8.35 (1H, d, J=6.4 Hz), 8.73 (1lH, s).
MS (ESI)m/z: 450[M+H]+.
[0255]
(Example 39) 2,5-Difluoro-4-{[(1S",2R") -2~ (pyridin-3~-
v1l)cyclohexylloxy}-N- (pyrimidin-4-yl)benzenesulfonamide

[0256]
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[Formula 57]
F N
s\H N/

l AN

N =

[0257]
(39a) 3-Cyclohex-l-en-l-ylpyridine

A soluticon of 3-bromopyridine (0.38 g, 2.40 mmol),
2-cyclohex-1-en-1-yl1-4,4,5,5-tetramethyl-1,3, 2~
dioxaborolane (0.50 g, 2.40 mmol),
tetrakis(triphenylphosphine)palladium (0) (0.14 g, 0.12
mmol) and cesium carbonate (1.72 g, 5.29 mmol) in 1,4-
dioxane (8.0 mL) and water (4.0 mlL) was stirred at 90°C
for 4 hours. After allowing to cool, the reaction
solution was subjected to extraction with ethyl acetate
{50 mL), and the organic layer was dried over anhydrous
sodium sulfate. After vacuum concentration, the residue
was purified with column chromatography (hexane/ethyl
acetate = 2:1) to yield the title compound (347.3 mg,
99%) as a colorless oil.
'H-NMR (400 MHz, CDCls) & ppm: 1.65-1.83 (4H, m), 2.20-
2.25 (2H, m), 2.37-2.42 (2H, m), 6.16-6¢.18 (1H, m), 7.22
(1, dd, J=4.7, 7.8 Hz), 7.64 (1H, dt, J=2.0, 9.8 Hz),
8.45 (1H, dd, J=1.2, 6.3 Hz), 8.64 (1lH, d, J=2.4 Hz).

(39b) (18",2R")-2-(Pyridin-3-yl)cyclohexanol
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The reaction and aftertreatment were conducted in
the same manner as in Example 33b by using the 3-
cyclohex-1l-en-1-ylpyridine (0.34 g, 2.14 mmol) prepared
in Example 3%a, a borane-THF complex (0.95 M; 5.62 mL,
5.34 mmol), sodium perborate tetrahydrate (0.85 g, 5.55
mmol), THF (2.1 mlL) and water (3.2 mL), to yield the
title compound (0.12 g, 32%) as a colorless amorphous
solid.
H-NMR (500 MHz, CDCls) & ppm: 1.32-1.56 (4H, m), 1.75-
1.88 (3H, m), 2.12-2.16 (1H, m), 2.43-2.49 (1H, m), 3.64-
3.71 (1H, m), 7.22 (1H, dd, J=4.7, 7.8 Hz), 7.56 (1H, dt,
J=2.0, 5.9 Hz), 8.37 (1H, d4dd, J=1.6, 4.7 Hz), 8.44 (1H, d,
J=2.4 Hz).
(39c) N- (2, 4-Dimethoxybenzyl)-2,5-difluoro-4-{[ (18", 2R")~
2-{pyridin-3-yl)cyclohexyl]oxy}-N- (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N~ (2, 4~
dimethoxybenzyl)=-2,4,5-trifluoro-N- (pyrimidin-4-
yvl)benzenesulfonamide (0.12 g, 0.27 mmol) prepared in
Example 14b, the (1S",2R")-2-pyridin-3-ylcyclohexanol
(0.05 g, 0.27 mmol) prepared in Example 39b, sodium
hydride (63%; 0.02 g, 0.41 mmol) and DMF (1.4 mL), to
yield the title compound (112.8 mg, 69%) as a colorless
amorphous solid.
'H-NMR (400 MHz, CDCls) & ppm: 1.42-1.74 (4H, m), 1.86-
1.87 (1H, m), 1.96-2.01 (2H, m), 2.25-2.28 (1lH, m), 2.89~
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2.95 (1H, m), 3.76 (3H, s), 3.78 (3H, s), 4.26 (1H, dt,
J=4.3, 10.6 Hz), 5.18 (1H, d, J=17.6 Hz), 5.22 (1lH, 4,
J=17.6 Hz), 6.38-6.40 (2H, m), 6.49 (1H, dd, J=6.3, 11.3
Hz), 7.15-7.18 (3H, m), 7.53 (1H, dt, J=2.0, 9.4 Hz),
7.62 (1H, dd, J=6.7, 9.8 Hz), 8.41 (1H, dd, J=1.2, 4.7
Hz), 8.44 (1H, d, J=5.9 Hz), 8.53 (1H, 4, J=2.4 Hz), 8.77
(1H, s).
(39d) 2,5-Difluoro-4-{[(1S",2R")-2- (pyridin-3-
vlycyclohexylloxy} =N~ (pyrimidin-4~yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the N-{(2,4-
dimethoxybenzyl)—Z,5-difluoro—4—{[(15*,2R*)—2—pyridin~3—
ylcyclohexyl]loxy}-N- (pyrimidin-4-yl)benzenesulfonamide
(0.11 g, 0.19 mmol) prepared in Example 39c,
triethylsilane (0.15 mL), trifluorcacetic acid (0.19 g)
and dichloromethane (1.9 mL), to yield the title compound
(77 mg, 92%) as a colorless solid.
'H-NMR (400 MHz, CDs;OD) & ppm: 1.47-1.65 (3H, m), 1.77-
1.94 (3H, m), 2.00~-2.04 (1H, m), 2.29-2.33 (1H, m), 3.10-
3.16 (1H, m), 4.64 (1H, dt, J=3.8, 10.2 Hz), 6.99 (1lH, dd,
J=0.8, 6.3 Hz), 7.05 (1H, dd, J=6.7, 11.7 Hz), 7.62 (lH,
dd, J=6.7, 10.6 Hz), 7.73 (1H, dd, J=5.5, 8.2 Hz), 8.24
(1, dd, J=0.8, 6.7 Hz), 8.33 (1H, dt, J=1.6, 8.2 Hz),
6.53-8.54 (2H, m), 8.77 (1H, d, J=1.6 Hz).
MS (ESI)m/z: 447 [M+H]+.

[0258]
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(Example 40) 2,3-Difluoro-4-{[(1S8",2R")-2-(l-methyl-1H-
pyrazol-b-yl)cyclohexylloxy}-N-{(pyrimidin-4-
vl)benzenesulfonamide

[0259]

[Formula 58]

\N \
\
N==

[0260]
(40a) N—(2,4—Dimethoxybenzyl)~2,3—difluoro—4~{[(15*,2R*)—
2-({l-methyl~1H-pyrazol-5-yl)cyclohexyl]oxy}-N~- (pyrimidin-
4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,3,4-triflucro-N- (pyrimidin-4-
vl)benzenesulfonamide (0.40 g, 0.91 mmol) prepared in
Example 30a, the (1S87,2R")-2-(l-methyl-1H-pyrazol~-5-
yl)cyclohexanol (0.16 g, 0.91 mmol) prepared in Example
4a, sodium hydride (63%; 0.050 g, 1.37 mmol) and DMF (4.6
mL), to yield the title compound (373 mg, 68%) as a
colorless amorphous solid.
'"H-NMR (400 MHz, CDCls) & ppm: 1.34-1.71 (4H, m), 1.86-
1.97 (2H, m), 2.04-2.08 (1H, m), 2.25-2.28 (1H, m), 2.98-
3.04 (1H, m), 3.76 (3H, s), 3.78 (3H, s), 3.90 (3H, s),

4.19-4.25 (1H, m), 5.20 (1H, d, J=16.8 Hz), 5.25 (1H, d,
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J=17.2 Hz), 6.04 (1H, d, J=2.0 Hz), ©6.38-6.41 (2H, m),
6.59 (1H, t, J=8.6 Hz), 7.17-7.20 (2H, m), 7.34 (1H, d,
J=1.6 Hz), 7.62-7.66 (1H, m), 8.44 (1H, d, J=5.9 Hz),
8.76 (1H, s).

(40Db) 2,3-Difluoro—4—{[(15*,2R*)~2—(1—methyl—1H~pyrazol—
5-yl)cyclohexyl]oxy}-N-(pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in

the same manner as in Example 1b by using the N-(2Z, 4-
dimethoxybenzyl) -2, 3-difluoro-4~{[(1S8",2R") -2~ (1-methyl-
1H-pyrazol-5-yl)cyclohexyl]loxy}-N-(pyrimidin-4-
yl)benzenesulfonamide (0.050 g, 0.09 mmol) prepared in
Example 40a, triethylsilane (0.07 mL), trifluorcacetic
acid (0.09 mL) and dichloromethane (0.9 mL), to yield the
title compound (0.040 g, 86%) as a colorless solid.
'H-NMR (400 MHz, CDs;0D) & ppm: 1.45-1.61 (3H, m), 1.67-
1.78 (1H, m), 1.83-1.86 (1H, m), 1.91-1.93 (1H, m), 1.99-
2.03 (1H, m), 2.27-2.30 (1H, m), 3.09-3.15 (1H, m), 3.86
(3H, s), 4.44-4.50 (1H, m), 6.14 (1H, d, J=2.0 Hz), 6.91-
6.96 (1H, m), 7.02 (1H, d, J=6.3 Hz), 7.25 (1H, d, J=2.0
Hz), 7.62-7.67 (1B, m), 8.25 (1H, d, J=6.3 Hz), 8.52 (1H,
s) .

MS (EST)m/z: 450 [M+H]+.

[0261]

(Example 41) 4-{[(1S",2R*)-2-(1-Ethyl-1H-pyrazol-5-
yl)cyclohexylloxy}-2,3-difluoro-N-(pyrimidin-4-
yl)benzenesulfonamide

[0262]
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[Formula 59]

N7
/N

\=—
[0263]
(41a) N—(2,4—Dimethoxybenzyl)~4—{[(18*,2R*)—2~(1—ethy1—
1H~pyrazol=-5-yl)cyclohexyl]oxy}-2,3-difluoro-N-
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-{(2,4-
dimethoxybenzyl)~2,3,4-trifluoro-N- (pyrimidin~4-~
yl)benzenesulfonamide (0.050 g, 0.11 mmol) prepared in
Example 30a, the (1$*,2R*)-2-(l-ethyl-1H-pyrazol-5-
yl)cyclohexanol (0.020 g, 0.11 mmol) prepared in Example
12a, sodium hydride {(63%; 0.010 g, 0.17 mmol) and DMF
(0.6 mL), to yield the title compound (55.4 mg, 81%) as a
colorless amorphous solid.
'H-NMR (400 MHz, CDCls) & ppm: 1.35-1.68 (4H, m), 1.42
(3, t, J=7.4 Hz), 1.86-1.89 (lH, m), 1.94-1.9%6¢ (1lH, m),
2.03-2.07 (1H, m), 2.25-2.28 (lH, m), 2.98-3.04 (1H, m),
3.76 (3H, s), 3.78 (3H, s), 4.09-4.31 (3H, m), 5.19 (1H,
d, J=16.8 Hz), 5.25 (1H, d, J=16.8 Hz), 6.02 (1H, d,
J=2.0 Hz), 6.39-6.41 (2H, m), 6.58-6.62 (1H, m), 7.17~
7.20 (2H, m), 7.37 (1H, d, J=2.0 Hz), 7.62-7.66 (1H, m),

8.44 (1H, 4, J=5.9 Hz), 8.76 (1H, d, J=1.2 Hz).
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(41b) 4-{[(187,2R") -2~ (1-Ethyl-1H-pyrazol-5-
vl)cyclohexyl]oxy}—-2,3-diflucro-N-(pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl)-4-{[ (1S ,2R")~2~ (1-ethyl-1H-pyrazol-5-
yl)cyclohexylloxy}=2,3-difluoro-N-(pyrimidin-4-
vlibenzenesulfonamide (0.060 g, 0.09 mmol) prepared in
Example 41la, triethylsilane (0.07 mlL), trifluorocacetic
acid (0.09 mL) and dichloromethane (0.9 mL}), to yield the
title compound (34.9 mg, 82%) as a colorless solid.
'H-NMR (400 MHz, CDsOD) & ppm: 1.36 (3H, t, J=7.4 Hz),
1.45-1.75 (4H, m), 1.82-1.85 (1H, m), 1.90-1.83 (1lH, m),
1.97-2.02 (1H, m), 2.25-2.32 (1H, m), 3.07-3.14 (1lH, m),
4.11-4.19 (1H, m), 4.25-4.34 (1lH, m), 4.49-4.55 (1lH, m),
6.14 (1H, d, J=2.0 Hz), 6.%4-6.98 (l1H, m), 7.02 (1H, d,
J=6.3 Hz), 7.29 (1H, d, J=2.0 Hz), 7.63-7.68 (1H, m),
8.26 (1H, d, J=6.3 Hz), 8.53 (lH, s).
MS (ESI)m/z: 462[M-H]-.
[0264)
(Example 42) 2,5-Difluoro-4-{[(18",2R") -2~ (l-methyl-1H-
pyvrazol-5-yl)cycloheptyl]loxy}-N-~{(pyrimidin-4-
vl)benzenesulfonamide

[0265]
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[Formula 60]

[0266]
(42a) N-(2,4-Dimethoxybenzyl)-2,5-difluoro-4-{[ (18", 2R") -
2-{(l-methyl-1H-pyrazol-5-yl)cycloheptyl]oxy}~N-
(pyrimidin-4-vyl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4,5-trifluoro~-N- (pyrimidin-4-
yl)benzenesulfonamide (100 mg, 0.228 mmol) prepared in
Example 14b, the (1S*,2R*)-2~(l-methyl-1H-pyrazol-5-
vl)cycloheptanol (30 mg, 0.154 mmol) prepared in Example
9a, sodium hydride (63%; 40 mg, 1.05 mmol) and DMF (2 mL),
to yvield the title compound (50 mg, 53%) as a colorless
oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.57-1.99 (10H, m), 3.23
(1H, dt, J=3.4, 9.8 Hz), 3.76 (3H, s), 3.78 (3H, s), 3.89
(3, s), 4.34-4.38 (1H, m), 5.19 (1H, d, J=16.6 Hz), 5.23
(1, d, J=17.1 Hz), 6.00 (1H, d, J=2.0 Hz), 6.39-6.42 (3H,
my, 7.17-7.19 (2H, m), 7.33 (1lH, d, J=2.0 Hz), 7.67 (1H,

dad, J=6.4, 9.8 Hz), 8.45 (1H, d, J=5.9 Hz), 8.78 (1H, s).
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(42b) 2,5-Difluoro~4-{[(18",2R")-2-(1l-methyl-1H-pyrazol-
5-yl)cycloheptyl]oxy}-N-~ (pyrimidin~-4-
yvl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the N-(2,4-
dimethoxybenzyl) -2, 5-difluoro-4-{[ (18", 2R") -2~ (1-methyl-
l1H-pyrazol~5-yl)cycloheptylloxy}=-N-(pyrimidin-4-
yl)benzenesulfonamide (50 mg, 0.0815 mmol) prepared in
Example 423, triethylsilane (0.10 mlL), trifluorcacetic
acid (1.0 mL) and dichloromethane (1.0 mL), to yield the
title compound (32 mg, 85%) as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.61-1.98 (10H, m), 3.22
(1, dt, J=2.9, 9.3 Hz), 3.89 (3H, s), 4.32-4.36 (1lH, m),
6.00 (1H, d, J=2.0 Hz), 6.45 (1H, dd, J=6.4, 11.2 Hz),
7.21 (1H, brs), 7.32 (1H, d, J=2.0 Hz), 7.66 (1lH, dd,
J=6.8, 9.8 Hz), 8.40 (1H, d, J=6.4 Hz), 8.78 (1H, s).
MS (ESI)m/z: 464 [M+H]+.
[0267]
(Example 43) 2-Fluoro-5-methyl-4-{[(1S",2R")~-2~(1l-methyl~-
1H-pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-4-
yl)benzenesulfonamide
[0268]

[Formula 61]

F o o NN
\\S// | /I
~
>N N
H
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[0269]
(43a) N~ (2,4~Dimethoxybenzyl)-2,4~-difluoro-5-methyl-N~
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 14b by using the N-(2,4-
dimethoxybenzyl)pyrimidin-4~-amine (1.0 g, 4.08 mmol)
prepared in Example 1l4a, 2,4-~difluoro-5-
methylbenzenesulfonyl chloride (W02010079443; 1.85 g,
8.15 mmol), 1,4-diazabicyclo[2.2.2]octane (0.81 g, 8.15
mmol) and THE (20 mL), to yield the title compound (1.41
g, 79%) as a colorless amorphous solid.
l4-NMR (500 MHz, CDCls) & ppm: 2.31 (3H, s), 3.77 (3H, s),
3.79 (3H, s), 5.25 (2H, s), 6.40-6.42 (2H, m), 6.83 (1H,
t, J=9.3 Hz), 7.20-7.23 (2H, m), 7.89 (1H, t, J=7.8 Hz),
8.45 (1H, d, J=5.9 Hz), 8.77 (1lH, s).
(43b) N-(2,4-Dimethoxybenzyl)-2~fluoro-5-methyl-4-
{[(18",2R") -2~ (1-methyl-1H~pyrazol-5-yl)cyclopentyl]oxy}-
N-(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl) -2, 4-difluoro-5-methyl-N-(pyrimidin-4-
yl)benzenesulfonamide (0.30 g, 0.69 mmol) prepared in
Example 43a, the (18*,2R*)-2-(l-methyl-1H-pyrazol-5-
yl)cyclopentanol (0.12 g, 0.72 mmol) prepared in Example
8a, sodium hydride (63%; 0.040 g, 1.05 mmol) and DMF (10
mL), to yield the title compound (0.20 g, 50%) as a

colorless oil.
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H-NMR (500 MHz, CDCls) & ppm: 1.74-1.95 (4H, m), 2.16-
2.34 (2H, m), 2.20 (3H, s), 3.41 (1H, dt, J=4.9, 8.3 Hz),
3.76 (3H, s), 3.80 (3H, s), 3.84 (3H, s), 4.62-4.65 (1H,
m), 5.26 (2H, s), 6.04 (1H, d, J=2.0 Hz), 6.37-6.42 {(3H,
wm), 7.20 (1H, 4, J=8.3 Hz), 7.26-7.28 (1H, m), 7.40 (1H,
d, J=1.5 Hz), 7.76 (1H, d, J=7.8 Hz), 8.42 (1H, d, J=5.9
Hz), 8.76¢ (1H, s).
{(43¢c) 2~Fluoro—5~methyl—4—{[(15*,2R*)—2—(1—methyl~lH~
pyrazol-5-yl)cyclopentyl]loxy}-N-(pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl)-2-fluoro-5-methyl-4-{[ (18", 2R") -2~ (1~
methyl-1H-pyrazol-5-yl)cyclopentyl]oxy}~N-(pyrimidin-4-
yl)benzenesulfonamide (0.20 g, 0.34 mmol) prepared in
Example 43b, triethylsilane {(0.10 mlL), trifluoroacetic
acid {0.50 mL) and dichloromethane (4.0 mL), to yield the
title compound (0.16 g, 98%) as a colorless amorphous
solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.73-1.93 (4H, m), 2.18-
2.34 (2H, m), 2.21 (3H, s), 3.41 (1H, dt, J=4.4, 7.8 Hz),
3.84 (3H, s), 4.62-4.65 (1H, m), 6.04 (1H, d, J=1.5 Hz),
6.44 (1H, -d, J=11.7 Hz), 7.24-7.25 (1H, m), 7.39 (lH, d,
J=2.0 Hz), 7.75 (1H, d, J=7.8 Hz), 8.41 (1H, d, J=5.9 Hz),
8.86 (1H, brs).
MS (ESI)m/z: 432 [M+H]+.

[0270]
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(Example 44) 2-Fluoro-4-{[(1S",2R")-2~(1l-methyl-1H~
pyrazol-5-yl)cyclohexyl]oxy}~N-(pyrimidin~4-
yl)benzenesulfonamide

[0271]

[Formula 62]

F o o SN
\\S// { )
=
>N N
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\
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[0272]
(44a) N-(2,4-Dimethoxybenzyl)-2-fluoro-4-{[(18",2R") -2~
(1-methyl-1H-pyrazol-5-yl)cyclohexyl]joxy}~N- (pyrimidin—-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl) -2, 4-difluoro-N- (pyrimidin=-4-
yl)benzenesulfonamide (0.40 g, 0.95 mmol) prepared in
Example 2%9a, the (18*,2R*)-2-(l-methyl-1H-pyrazol-5-
yl)cyclohexanol (0.17 g, 0.85 mmol) prepared in Example
4a, sodium hydride (63%; 0.040 g, 1.14 mmol) and DMF (4.8
mL), to yield the title compound (489 mg, 89%) as a
colorless amorphous solid.
'H-NMR (500 MHz, CDCl;) & ppm: 1.25-1.63 (4H, m), 1.86-
1.88 (1H, m), 1.93-1.95 {(1H, m), 2.03-2.06 (1H, m), 2.24-
2.26 (1H, m), 2.91-2.96 (1H, m), 3.77 {(3H, s), 3.79 (3H,

sy, 3.88 (3H, s), 4.13-4.18 (1H, m), 5.23 (2H, s), 5.99



- 184 -

(1H, d, J=2.0 Hz), 6.39-6.44 (3H, m), 6.58 (1H, dd, J=2.0,

8.8 Hz), 7.20 (2H, dd, J=8.3, 1l1.2 H=z), 7.34 (1H, d,

J=2.0 Hz), 7.86 (1H, t, J=8.3 Hz), 8.42 (1H, d, J=5.9 Hz),

8.75 (1H, s).

(44b) 2~Fluoro—4~{[(1S*,2R*)—2—(1—methyl~1H—pyrazol—5—

yl)cyclohexyl]oxy}~N- (pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in

the same manner as in Example 1lb by using the N-(2,4-

dimethoxybenzyl)-2-fluoro-4-{[ (18", 2R") -2~ (1-methyl-1H-

pyrazol-5-yl)cyclohexyl]oxy}-N- (pyrimidin—-4-

yl)benzenesulfonamide (0.49 g, 0.84 mmol) prepared in

Example 44a, triethylsilane (0.67 mL), trifluorocacetic

acid (0.84 mL) and dichloromethane (8.4 mlL), to yield the

title compound (318 mg, 88%) as a colorless solid.

'H-NMR (400 MHz, CDsOD) & ppm: 1.25-1.74 (4H, m), 1.81-

1.90 (2H, m), 1.97-2.02 (1H, m), 2.21-2.24 (1H, m), 3.02-

3.08 (1H, m), 3.84 (3H, s), 4.42 (1H, dt, J=3.9, 10.2 Hz),

6.12 (1H, d, J=2.4 Hz), 6.69 (1iH, dd, J=2.4, 12.5 Hz),

6.74 (1H, dd, J=2.7, 9.0 Hz), 7.03 (1lH, dd, J=1.2, 6.3

Hz), 7.24 (1H, d, J=1.6 Hz), 7.84 (1H, t, J=8.6 Hz), 8.30

(1H, d, J=6.3 Hz), 8.85 (1H, d, J=2.0 Hz).

MS (ESI)m/z: 432 [M+H]+.

[0273]

(Example 45) 4-{[(1S",2R")-2~(1-Ethyl-1H-pyrazol-5-

yl)ycyclohexylloxyl=2~fluoro~-N-(pyrimidin-4-

yl)benzenesulfonamide

(02743
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[Formula 63]

N7
/\\N_~

[0275]
(45a) N-(2,4-Dimethoxybenzyl)-4-{[(18",2R") -2~ (1-ethyl-
l1H-pyrazol-5-yl)cyclohexylloxy}-2-fluoro-N- (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (0.40 g, 0.95 mmol) prepared in
Example 2%a, the (18*,2R*)-2~(l-ethyl-1H-pyrazol=-5-
yl)cyclohexanol (0.18 g, 0.95 mmol) prepared in Example

12a, sodium hydride {(63%; 0.040 g, 1.14 mmol) and DMF

o\©

(4.8 mL), to yield the title compound (506.4 mg, 90%) as
a colorless oil.

'H-NMR (500 MHz, CDCls) & ppm: 1.36-1.50 (3H, m), 1.44
(3H, t, J=6.8 Hz), 1.57-1.62 (1H, m), 1.85-1.88 (1H, m),
1.93-1.94 (1H, m), 2.02-2.05 (1H, m), 2.22-2.28 (1H, m),
2.91-2.%96 (1H, m), 3.76 (3H, s), 3.79 (3H, s), 4.10-4.28
(3H, m), 5.23 (2H, s), 5.98 (1H, d, J=2.0 Hz), 6.39-6.44
(3H, m), 6.58 (1H, dd, J=2.4, 8.8 Hz), 7.21 (2H, dd,
J=8.3, 13.2 Hz), 7.36 (1H, d, J=2.0 Hz), 7.86 (lH, t,

J=8.3 Hz), 8.42 (1H, d, J=5.9 Hz), 8.75 (1H, s).



- 186 -

(45b) 4-{[(18",2R")-2-(1-Ethyl-1H-pyrazol-5-
yvl)cyclohexyl]oxyl}l=2-fluoro~N- (pyrimidin—-4-
vl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(Z,4-
dimethoxybenzyl)-4-{[(18",2R") -2~ (1-ethyl-1H-pyrazol-5-
vl)cyclohexylloxyl—-2-fluoro-N-{(pyrimidin-4-
vl)benzenesulfonamide (0.51 g, 0.85 mmol) prepared in
Example 45a, triethylsilane (0.68 mL), trifluorocacetic
acid (0.85 mL} and dichloromethane (8.5 mlL), to yield the
title compound (333.4 mg, 88%) as a colorless solid.
'H-NMR (400 MHz, CDsOD) & ppm: 1.29-1.73 (4H, m), 1.37
(34, £, J=7.4 Hz), 1.81-1.90 (2H, m), 1.97-2.01 (1H, m),
2.22-2.26 (1H, m), 3.00-3.07 (lH, m), 4.07-4.18 (1H, m),
4.23-4.31 (1H, m), 4.46 (1H, dt, J=3.9, 10.2 Hz), 6.12
(1, d, J=2.0 Hz), 6.67 (1lH, dd, J=2.4, 12.5 Hz), 6€.73
(1H, dd, J=2.4, 9.0 Hz), 7.04 (1H, dd, J=1.2, 6.3 Hz),
7.28 (1H, d, J=2.4 Hz), 7.84 (1H, t, J=8.6 Hz), 8.30 (1lH,
d, J=6.3 Hz), 8.55 (1H, s).
MS (ESI)m/z: 446[M+H]+.
[0276]
(Example 46) 2,6-Difluoro-4-{[(1S8",2R")~2~(1-methyl-1H-
pyrazol-5-yl)cyclohexyl]oxy}-N-(pyrimidin-4-
yl)benzenesulfonamide

[0277]
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[Formula 64]
F XN
2
N N
H
o F

[0278]
(dca) N-(Z,4—Dimethoxybenzyl)—2,6~difluoro—4—{[(15*,2R*)—
2-(l-methyl-1H-pyrazol-5-yl)cyclohexyljoxy}~N~(pyrimidin-
4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4~
dimethoxybenzyl)=-2,4,6-trifluoro-N-(pyrimidin-4-
yl)benzenesulfonamide (0.19 g, 0.43 mmol) prepared in
Example 27a, the (18%,2R*)-2-{l-methyl-1H~pyrazol-5-
yl)cyclohexanol (0.080 g, 0.45 mmol) prepared in Example
4a, sodium hydride (63%; 0.030 g, 0.7%9 mmol) and DMF (5
mL), to yield the title compound (0.12 g, 48%) as a
colorless amorphous solid.
'H-NMR (500 MHz, CDCl;) & ppm: 1.38-1.67 (4H, m), 1.86-
.1.88 (1H, m), 1.94-1.95 (1H, m), 2.03-2.06 (1H, m), 2.22-
2.24 (1H, m), 2.90-2.95 (1H, m), 3.77 (3H, s), 3.81 (3H,
sy, 3.86 (3H, s), 4.10~-4.15 (1H, m), 5.24 (2H, s), 5.99
(18, d, J=2.0 Hz), 6.29 (2H, d, J=10.7 Hz), 6.40-6.44 (24,
m), 7.14 (1H, dd, J=1.0, 5.9 Hz), 7.21 (1H, d, J=8.3 Hz),
7.34 (1H, 4, J=2.0 Hz), 8.44 (1H, d, J=5.9 Hz), 8.78 (1H,

s) .
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(46b) 2,6-Difluocro-4-{[ (18", 2R")~2~-(l-methyl-1H-pyrazol-
5-yl)cyclohexyl]loxy}=N-(pyrimidin~4~yl)benzenesulfonamide
The reaction and aftertreatment were conducted in

the same manner as in Example 1lb by using the N- (2,4~
dimethoxybenzyl) -2, 6-difluoro-4-{[ (18", 2R") -2~ (1-methyl-
1H~pyrazolf5—yl)cyclohexyl]oxy}—N—(pyrimidin—4—
ylibenzenesulfonamide (0.12 g, 0.21 mmol) prepared in
Example 46a, triethylsilane (0.10 mL), trifluorocacetic
acid (0.50 mL) and dichloromethane (2.0 mL), to yield the
title compound (0.030 g, 30%) as a colorless solid.
'H-NMR (400 MHz, CDCls) & ppm: 1.38-1.65 (4H, m), 1.85-
1.88 (14, m), 1.93-1.95 (1H, m), 2.03-2.08 (1lH, m), 2.22-
2.24 (1H, m), 2.89-2.96 (1H, m), 3.86 (3H, s), 4.09-4.15
(1H, m), 6.00 (1H, d, J=2.0 Hz), 6.32 (2H, d, J=10.6 Hz),
7.34 (iH, d, J=2.0 Hz), 7.41 (1H, d, J=6.7 Hz), 8.41 (1H,
d, J=6.3 Hz), 8.80 (1lH, s).

MS (ESI)m/z: 450 [M+H]+.

[0279]

(Example 47) 4-{[(18",2R")-5,5-Difluoro~2~(l~methyl-1H-
pyrazol-5-yl)cyclohexylloxy}-2,5-difluorc-N- (pyrimidin-4-
vl)benzenesulfonamide

[0280]
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[Formula 65]
F F NN
s\u N7

\
N==

[0281]
(47a) 5-(4,4-Difluocrocyclohex~l-en-1~-yl)~-1-methyl~-1H-
pyrazole

The reaction and aftertreatment were conducted in
the same manner as in Example 3%a by using 5-iodo-1-
methyl-1H-pyrazole (1.90 g, 9.14 mmol), 2-(4,4-
difluorocyclohex-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (1.00 g, 4.10 mmol),
tetrakis (triphenylphosphine)palladium (0) (240 mg, 0.208
mmol)}, cesium carbonate (2.70 g, 8.29 mmol), 1,4-dioxane
(10 mL) and water (5 mL), to vield the title compound
(767 mg, 94%) as a colorless oil.
H-NMR (500 MHz, CDCls) & ppm: 2.13-2.22 (2H, m), 2.56-
2.60 (2H, m), 2.73 (2H, t, J=14.2 Hz), 3.86 (3H, s), 5.73
(14, brs), 6.14 (1H, d, J=2.0 Hz), 7.42 (1H, d, J=2.0 Hz).
(47b) (18",2R")-5,5-Difluoro-2-(l-methyl-1H~pyrazol-5-
yl)cyclohexanol

The reaction and aftertreatment were conducted in
the same manner as in Example 33b by using the 5-(4,4-
difluorocyclohex-1-en~1-yl)-1l-methyl-1H-pyrazole (767 mg/

3.87 mmol) prepared in Example 47a, a borane-THF complex
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(0.95 M; 12.2 mL, 11.6 mmol), sodium perborate
tetrahydrate (1.20 g, 7.80 mmol), THF (4.0 mL) and water
(8.0 mL), to yield the title compound (148 mg, 18%) as a
colorless oil.
'H-NMR (500 MHz, CDCl;) & ppm: 1.68-1.95 (4H, m), 2.16-
2.21 (1H, m), 2.51-2.57 (1H, m), 2.61-2.66 (1H, m), 3.76~
3.83 (1H, m), 3.80 (3H, s), 3.89 (1H, brs), 6.02 (1H, d,
J=2.0 Hz), 7.26 (l1H, d, J=1.5 Hz).
(47c) 4-{[(1S8",2R")-5,5-Difluoro-2~ (l-methyl-1H-pyrazol-
5~-yl)cyclohexylloxy}=-N-(2,4-dimethoxybenzyl) -2, 5~
difluoro-N-(pyrimidin-4-yl)benzenesulfonanide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(Z,4-
dimethoxybenzyl)-2,4,5-trifluoro-N- (pyrimidin-4-
vl)benzenesulfonamide (160 mg, 0.364 mmol) prepared in
Example 14b, the (1S8",2R")-5,5~-difluoro-2-(l-methyl-1H-
pyrazol-5-yl)cyclohexanol (76 mg, 0.351 mmol) prepared in
Example 47b, sodium hydride (63%; 40 mg, 1.05 mmol) and
DMF (2.0 mL), to yield the title compound (212 mg, 92%)
as a colorless individual.
'H-NMR (500 MHz, CDCls) & ppm: 1.92-2.12 (4H, m), 2.20-
2.33 (1H, m), 2.71-2.77 (1H, m), 3.07-3.12 (1H, m), 3.77
(3H, s), 3.78 (3H, s), 3.92 (3H, s), 4.32 (1H, dt, J=4.9,
10.7 Hz), 5.19 (lH, d, J=17.1 Hz), 5.23 (1H, d, J=17.1
Hz), 6.07 (1H, 4, J=2.0 Hz), 6.39-6.44 (3H, m), 7.15-7.19
(2H, m), 7.36 (1H, d, J=2.0 Hz), 7.71 (1H, dd, J=6.4, 9.8

Hz), 8.46 (1H, 4, J=5.9 Hz), 8.78 (1lH, s).
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(47d) 4-{[(18",2R")~5,5-Difluoro-2~ (l-methyl-1H-pyrazol-
5-yl)cyclohexyl]oxy}-2,5-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 4-
{1(18",2R")~5,5-difluoro-2- (1-methyl-1H-pyrazol-5-
yl)cyclohexylloxy}=-N-(2,4-dimethoxybenzyl)-2,5-difluoro-
N-(pyrimidin~4~yl)benzenesulfonamide (212 mg, 0.334 mmol)
prepared in Example 47c, triethylsilane (0.30 mL),
trifluorocacetic acid (3.0 mlL) and dichloromethane (3.0
mL), to yield the title compound (153 mg, 95%) as a
colorless solid.
H-NMR (500 MHz, DMSO-d¢) & ppm: 1.36-1.77 (1H, m), 1.96-
2.28 (4H, m), 2.64-2.71 (1H, m), 3.35-3.40 (1H, m), 3.79
(34, s), 4.71 (1H, dt, J=4.4, 10.7 Hz), 6.19 (1H, d,
J=1.5 Hz), 6.94 (1H, brs), 7.12-7.16 (1H, m), 7.18 (1H, d,
J=2.0 Hz), 7.61-7.64 (1H, m), 8.24 (1H, brs), 8.56 (1H,
3) .
MS (ESI)m/z: 486[M+H]+.
[0282]
(Example 48) 5-Chloro-2-fluoro-4-{[{1S",2R")-2~ (1-methyl-
1H-pyrazol-5~yl)cyclohexyl]oxy}-N-(pyrimidin-4-
yl)benzenesulfonamide

[0283]
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[Formula 66]
5 L)
N N
H
Cl

(48a) 5-Chloro-N-(2,4-dimethoxybenzyl)-2~fluoro-4-

\N \
\
N==

[0284]

{[(18",2R") -2~ (1-methyl-1H-pyrazol-5-yl)cyclohexyl]oxy}-
N~ (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-
(2,4-dimethoxybenzyl)-2,4-difluocro-N- (pyrimidin-4-
vl)benzenesulfonamide (0.234 g, 0.513 mmol) prepared in
Example 20a, the (18*,2R*)-2-(l-methyl-1H-pyrazol-5-
yl)cyclohexanol (0.116 g, 0.644 mmol) prepared in 4a,
sodium hydride (63%; 0.023 g, 0.600 mmol) and DMF (2 mlL),
to yield the title compound (0.273 g, 86%) as a colorless
solid.
!H-NMR (400 MHz, CDCls3) & ppm: 1.40-1.68 (4H, m), 1.85-
1.97 (2H, m), 2.04-2.10 (1H, m), 2.18-2.23 (1H, m), 3.02-
3.09 (1H, m), 3.76 (3H, s), 3.76 (3H, s}, 3.93 (3H, s),
4.09-4.17 (1H, m), 5.21 (2H, s), 6.03 (1H, d, J=2.0 Hz),
6.38-6.45 (3H, m), 7.17~7.22 (2H, m), 7.35 (1lH, d, J=2.0
Hz), 7.%2 (1H, d, J=7.4 Hz), 8.46 (lH, d, J=5.9 Hz), 8.79

(1H, 4, J=1.2 Hz).
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(48b) 5-Chloro-2-fluoro-4-{[(1S8",2R") -2~ (1l-methyl-1H-
pyrazol-5-yl)cyclohexyl]oxy}-N-(pyrimidin-4-
yvl)benzenesul fonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 5-chloro-N-
(2,4-dimethoxybenzyl)-2-fluoro-4~{[ (18", 2R") -2~ (1-methyl-
l1H-pyrazol-5~yl)cyclohexyl]loxy}-N-(pyrimidin-4-
ylybenzenesulfonamide (0.27 g, 0.438 mmol) prepared in
Example 48a, triethylsilane (0.168 mL, 1.05 mmol),
trifluorocacetic acid (3.4 mL) and dichloromethane (3.4
mL), to yield the title compound (0.148 g, 72%) as a
colorless solid.
H-NMR (400 MHz, CDCls) & ppm: 1.36-1.70 (4H, m), 1.85-
1.96 (2H, m), 2.03-2.11 (1H, m), 2.18-2.23 (1H, m), 3.01-
3.09 (1H, m), 3.93 (3H, s), 4.09-4.17 (1H, m), 6.03 (1H,
d, J=2.0 Hz), 6.47 (1H, d, J=11.7 Hz), 7.23-7.27 (1H, m),
7.34 (1H, d, J=2.0 Hz), 7.94 (1H, d, J=7.8 Hz), 8.39 (1H,
d, J=6.3 Hz), 8.81 (1H, s).
MS (ESI)m/z: 466 [M+H]+.
[0285]
(Example 49) 2,5-Difluoro-4-{[(18",2R")-2-(1l-methyl-1H-
imidazol-5-yl)cyclohexyl]loxy}-N- (pyrimidin-4-
yl)benzenesulfonamide

[0286]
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[Formula 67]
F NN
S\u N/

\N \
\=n

[0287]
{(49a) 2-(1-Methyl-1lH-imidazol~5-yl})cyclohex-2-en-1-one

The reaction and aftertreatment were conducted in
the same manner as in Example 3%a by using (6-—
oxocyclohex-l-en-1-yl)boric acid (J. Org. Chem. 2011, 7¢,
3946-3959; 790 mg, 5.65 mmol), 5-bromo-l-methyl-1H-
imidazole (910 mg, 5.65 mmol),
tetrakis (triphenylphosphine)palladium (0) (326 mg, 0.282
mmol), cesium carbonate (4.00 g, 12.3 mmol), 1,4-dioxane
(10 mL) and water (5 mL), to yield the title compound (80
mg, 8%) as a brown oil.
H-NMR (500 MHz, CDCls3) & ppm: 2.10-2.17 (2H, m), 2.54-
2.60 (4H, m), 3.46 (3H, s), 6.92 (1H, d, J=1.0‘Hz), 7.10
(1H, t, J=4.4 Hz), 7.44 (1H, s).
(49b) 2-(1-Methyl-1H-imidazol-5-yl)cyclohexanol

To a solution of the 2-(l-methyl-1H-imidazol-5-
yl)cyclohex—-2~en~1l-one (80 mg, 0.454 mmol) prepared in
Example 49z in methanol (2.0 ml), sodium borohydride (50
mg, 1.32 mmol) was added at room tTemperature, and the
reaction solution was stirred at room temperature for 30

minutes. To the reaction solution, a saturated aqgueous
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solution of ammonium chloride (20 mL) was added, followed
by extraction with dichloromethane (50 mL). The thus
obtained organic layer was dried over anhydrous sodium
sulfate and vacuum concentrated to yield the title
compound (50 mg, 61%) in the form of a trans/cis (2:1)
mixture as a colorless oil.
(49¢) N-(2,4-Dimethoxybenzyl)-2,5-difluoro-4-{[(18",2R") -
2-{l-methyl-1H~-imidazol-5-yljcyclohexyl]oxy}-N-
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-({(2,4-
dimethoxybenzyl)-2,4,5~trifluorc-N- (pyrimidin-4-
vl)benzenesulfonamide (120 mg, 0.273 mmol) prepared in
Example 14b, the 2-(l-methyl-1H-imidazol-5-
yl)cyclohexanol (50 mg, 0.277 mmol) prepared in Example
49b, sodium hydride (63%; 40 mg, 1.05 mmol) and DMF (2.0
ml), to yield the title compound (46 mg, 28%) as a
colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.38-1.53 (3H, m), 1.68-
1.77 (18, m), 1.88-1.95 (2H, m), 2.06-2.24 (2H, m), 2.85-
2.90 (1B, m), 3.66 (3H, s), 3.77 (3H, s), 3.78 (3H, s),
4,03-4.08 (1H, m), 5.1¢ (1H, d, J=16.6 Hz), 5.24 (1H, d,
J=16.6 Hz), 6.39-6.41 (2H, m), 6.47 (1H, dd, J=6.4, 11.2
Hz), 6.85 (1H, s), 7.16-7.20 (2H, m), 7.29 (1H, s), 7.68
(1H, dd, J=6.4, 9.8 Hz), 8.45 (1H, d, J=5.9 Hz), 8.78 (1H,

s).
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(49d) 2,5-Difluoro-4-{[ (18", 2R") -2~ (l-methyl-1H-imidazol-
5-yl)cyclohexyl]oxy}-N-(pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the N-(2,4-
dimethoxybenzyl) -2,k5—dif1uoro~4-{ [(1S7,2R") -2~ (1-methyl-
1H-imidazol=~5-yl)cyclohexyl]oxy}-N- (pyrimidin-4-
yl)benzenesulfonamide (46 mg, 0.0767 mmol) prepared in
Example 49c, triethylsilane (0.10 mL), trifluorocacetic
acid (1.0 mL), dichloromethane (1.0 mL), to yield the
title compound (33 mg, 96%) as a colorless solid.
'H-NMR (400 MHz, DMSO-d¢) & ppm: 1.34-1.83 (6H, m), 1.95-
1.99 (1H, m), 2.19-2.22 (1H, m), 3.11-3.16 (1H, m), 3.84
(3", s), 4.49 (1H, dt, J=3.5, 10.2 Hz), 6.94 (1lH, d,
J=6.3 Hz), 7.32 (lH, dd, J=3.1, 11.7 Hz), 7.45 (1lH, s),
7.65 {(1H, dd, J=6.7, 10.6 Hz), 8.23 (1H, d, J=6.6 Hz),
8.56 (1H, s}, 8.71 (1H, brs).
MS (ESI)m/z: 448[M-H]-.
[0288]
(Example 50) 4-{[(1S",2R")=-2~-(1-Ethyl-1H-pyrazol-5-
yl)cyclopentyl]oxy}=-2,6~-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide
[0289]

[Formula 68]
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[0290]
(50a) N-(2,4-Dimethoxybenzyl)-4~{[(18",2R") -2~ (l-ethyl-
1H-pyrazol-5-yl)cyclopentylloxy}-2, 6-difluoro-N-
(pyrimidin-4-vyl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl}=-2,4, 6-trifluoro~-N-(pyrimidin-4-
yl)benzenesulfonamide (311 mg, 0.703 mmol) prepared in
Example 27a, the (18*%,2R*)-2-(l-ethyl-1H-pyrazol-5~
yl)cyclopentanol (127 mg, 0.703 mmol) prepared in Example
37a, sodium hydride (63%; 35.1 mg, 0.921 mmol) and DMF
(5.0 mL), to yield the title compound (231 mg, 55%) as a
colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.38 (3H, t, J=7.3 Hz),
1.73-1.95 (4H, m), 2.18-2.31 (2H, m), 3.36 (1H, dt, J=4.9,
8.3 Hz), 3.77 (3H, s), 3.82 (3H, s), 4.09-4.15 (2H, m),
4.62-4.65 (14, m), 5.26 (2H, s), 6.03 (1H, d, J=2.0 Hz),
6.37-6.44 (4H, m), 7.16 (1H, dd, J=1.0, 5.9 Hz), 7.22 (1lH,
d, J=8.3 Hz), 7.44 (1H, d, J=2.0 Hz), 8.44 (1H, d, J=5.9
Hz), 8.78 (1H, s).
(50b) 4-{[(18",2R")-2-(1-Ethyl-1H-pyrazol-5-
yl)cyclopentylloxy}l-2, 6-difluocro-N-(pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2Z,4-
dimethoxybenzyl)—4—{[(18*,2R*)—2—(1—ethyl—1H~pyrazol—5—

yl)cyclopentylloxy}-2, 6~difluoro-N-{pyrimidin-4-
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yl)benzenesulfonamide (231 mg, .0.385 mmol) prepared in
Example 50a, triethylsilane (0.20 mL), trifluorocacetic
acid (2.0 mL) and dichloromethane (2.0 mL), to yield the
title compound (151 mg, 87%) as a colorless amorphous
solid.

ly~-NMR (500 MHz, CDCls) & ppm: 1.38 (3H, t, J=7.3 Hz),
1.71-1.77 {1H, m), 1.84-1.95 (3H, m), 2.17-2.32 (2H, m),
3.37 (1H, dt, J=4.9, 8.3 Hz), 4.09-4.18 (2H, m), 4.61-
4.64 (1H, m), 6.02 (1H, d, J=2.0 Hz), 6.41 (2H, d, J=10.7
Hz), 7.40 (1H, d, J=5.9 Hz), 7.43 (1H, d, J=2.0 Hz), 8.42
{1H, d, J=6.4 Hz), 8.86 (1H, s).

MS (EST)m/z: 450 [M+H]+.

[0291]

(Example 51) 2,3-Difluoro-4-{[(18",2R")~-2-(l-methyl-1H~-
pyrazol-5-yl)cycloheptyl]oxy}-N-(pyrimidin-4-
yl)benzenesulfonamide

[0292]

[Formula 69]

(51a) N-(2,4-Dimethoxybenzyl)-2,3-difluoro-4-{[ (18", 2R")~
2~ {1l-methyl-1H~pyrazol-5-yl)cycloheptyl]loxy}-N-

{(pyrimidin-4-yl)benzenesulfonamide
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The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,3,4-trifluoro-N- (pyrimidin-4-
vl)benzenesulfonamide (201 mg, 0.457 mmol) prepared in
Example 30a, the (1S8*,2R*)-2-(l-methyl-1H-pyrazol-5-
vl)cycloheptanol (84.5 mg, 0.585 mmol) prepared in
Example 9a, sodium hydride (63%; 24.9 mg, 0.654 mmol) and
DMF (3.0 mL), to yield the title compound (190 mg, 72%)
as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.60-2.00 (10H, m), 3.23
(1, dt, J=2.9, 9.3 Hz), 3.77 (34, s}, 3.78 (3H, s}, 3.89
(3H, s), 4.45-4.49 (1H, m), 5.20 (1H, d, J=17.1 Hz), 5.25
(1, d, J=16.6 Hz), 6.02 (1H, d, J=2.0 Hz), 6.40-6.41 (24,
m), 6.53 (1H, t, J=8.3 Hz), 7.19 (2H, d, J=8.3 Hz), 7.33
(1, d, J=1.5 Hz), 7.66 (1H, t, J=9.3 Hz), 8.44 (1H, d,
J=5.9 Hz), 8.76 (1lH, s).
(51b) 2,3-Difluoro-4-{[(1S8",2R") -2~ (1l-methyl-1H-pyrazol-
5-yl)cycloheptyl]oxy}-N- (pyrimidin-4-
yvl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl)—Z,3~difluoro—4—{[(15*,2R*)~2~(1—methyl—
1H-pyrazol=-5~yl)cycloheptyl]oxy}-N-(pyrimidin-4-
ylibenzenesulfonamide (190 mg, 0.310 mmol) prepared in
Example 51a, triethylsilane (0.20 mL), trifluorocacetic
acid (2.0 mL) and dichloromethane (2.0 mL), to yield the

title compound (102 mg, 71%) as a colorless solid.
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'H-NMR (500 MHz, CDCl3) & ppm: 1.59-2.00 (10H, m), 3.23
(1H, dt, J=2.9, 9.3 Hz), 3.88 (3H, s), 4.44-4.48 (1lH, m),
6.03 (1iH, s), 6.55 (1H, t, J=7.3 Hz), 7.27 (1H, d, J=6.4
Hz), 7.34 (l1H, brs), 7.65 (1H, t, J=7.3 Hz), 8.35 (1lH, d,
J=6.4 Hz), 8.83 (lH, s).

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

[0294]

(Example 52) 3-Methyl-4-{[(1S",2R")-2-(1l-methyl-1H-
pyrazol-5-yl)cyclopentyl]loxy} =N~ {pyrimidin—-4-
vl)benzenesulfonamide

[0295]

[Formula 70]

0 0 SN
\%/3 |
S =

N N
H

[0296]
(52a) N-(2,4-Dimethoxybenzyl)~4~fluoro-3-methyl-N-
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 14b by using the N-(2,4-
dimethoxybenzyl)pyrimidin-4-amine (590 mg, 2.40 mmol)
prepared in Example 1l4a, 4-fluoro-3-methylbenzenesulfonyl
chloride (WO201007%9443; 1000 mg, 4.79 mmol), 1,4-

diazabicyclo[2.2.2]octane (537 mg, 4.79 mmol) and THF (20



- 201 -

mL), to yield the title compound (598 mg, 50%) as a
colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 2.28 (3H, s), 3.73 (3H, s),
3.78 (3H, s), 5.22 (2H, s), 6.39-6.41 (2H, m), 7.08 (1H,
t, J=8.8 Hz), 7.14 (1H, d, J=7.é Hz), 7.26-7.2%9 (1H, m),
7.64 (1H, dd, J=2.0, 6.8 Hz), 7.70~7.73 (1H, m), 8.48 (1H,
d, J=5.9 Hz), 8.83 (lH, s).
(52b) N-(2,4-Dimethoxybenzyl)-3-methyl-4~{[(18",2R") -2~
(1-methyl-1H-pyrazol-5-~yl)cyclopentyl]oxy}-N-{pyrimidin-
4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-4-fluoro-3-methyl~N- (pyrimidin-4-
vl)benzenesulfonamide (500 mg, 1.20 mmol) prepared in
Example 52a, the (18*,2R*)-2-(l-methyl-1lH-pyrazol-5-
vl)cyclopentanol (209 mg, 1.26 mmol) prepared in Example
8a, sodium hydride (60%; 71.9 mg, 1.80 mmol) and DMF (15
mlL), to yield the title compound (356 mg, 53%) as a
colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.62-1.96 (4H, m), 2.18-
2.32 (2H, m), 2.18 (3H, s), 3.40 (1H, dt, J=4.9, 8.3 Hz),
3.75 (34, s), 3.76 (3H, s), 3.82 (3H, s), 4.71-4.74 (1H,
m), 5.23 (2H, s}, 6.05 (1H, d, J=2.0 Hz), 6.39 (1H, dd,
J=2.4, 10.7 Hz), 6.42 (1H, d, J=2.0 Hz), 6.66 (1H, d,
J=8.8 Hz), 7.13 (1H, d, J=8.8 Hz), 7.33 (1H, dd, J=1.0,

5.9 Hz), 7.37-7.3% (1H, m), 7.53 (1H, dd, J=1.0, 2.4 Hz),
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7.65 (1H, dd, J=2.4, 8.8 Hz), 8.42 (lH, d, J=6.4 Hz),
8.78 (1H, s).
(52¢) 3-Methyl-4-{[(1S8",2R")~2~(1l-methyl-1H-pyrazol-5-
vl)cyclopentyl]oxy}~N~-(pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl)-3-methyl-4-{[(18",2R") -2~ (1-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-4-
ylibenzenesulfonamide (356 mg, 0.632 mmol) prepared in
Example 52b, triethylsilane (0.20 mL), trifluorocacetic
acid (1.0 mL) and dichloromethane (4.0 mL), to yield the
title compound (202 mg, 68%) as a colorless solid.
H-NMR (500 MHz, CDCls) & ppm: 1.75-1.93 (4H, m), 2.17-
2.32 (2H, m), 2.22 (3H, s), 3.40 (1lH, dt, J=4.0, 7.8 Hz),
3.81 (3H, s), 4.71-4.74 (1H, m), 6.05 (1H, d, J=2.0 Hz),
6.69 (1H, d, J=8.8 Hz), 7.23 (1H, d, J=4.4 Hz), 7.40 (1H,
d, J=2.0 Hz), 7.69-7.73 (2H, m), 8.46 (1lH, d, J=5.9 Hz),
8.81 (1H, s).
MS (ESI)m/z: 413[M+H]+.
[0297]
(Example 53) 2,5-Difluoro-4-{[(1S",2R") -2~ (pyridazin-4-
yvl)cyclohexyl]oxy}-N- (pyrimidin-4~yl)ibenzenesulfonamide
[0298]
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[Formula 71]

F o 0 SN
\\S/ '/ I )
~
N N
H

[0299]
(53a) 4-Cyclohex-l-en-l~ylpyridazine

The reaction and aftertreatment were conducted in
the same manner as in Example 3%a by using 4-
bromopyridazine hydrobromide (0.50 g, 2.09 mmol), 2-
cyclohex-1l-en~1-yl1-4,4,5,5-tetramethyl-1,3, 2~
dioxaborolane (0.43 g, 2.09 mmol),
tetrakis(triphenylphosphine)palladium (0) (0.12 g, 0.10
mmol), cesium carbonate (1.50 g, 4.59 mmol), 1,4-dioxane
(7.0 mL) and water (3.5 mL), to vield the title compound
(301 mg, 99%) as a colorless individual.
'H-NMR (400 MHz, CDCls) & ppm: 1.67-1.85 (4H, m), 2.27-
2.30 (2H, m), 2.36~2.40 (2H, m), 6.54-6.56 (1H, m), 7.35
(1", dd, J=2.4, 5.5 Hz), 9.07 (1lH, dd, J=1.2, 5.5 Hz),
9.25 (1H, dd, J=1.2, 2.7 Hz).
(53b) (18%,2R")-2-Pyridazin-4-ylcyclohexanol

To a solution of the 4-{(cyclohex-l-en-1-
vl)pyridazine (0.15 g, 0.94 mmol) prepared in Example 53a
in dichloromethane (9.4 mL), 3-chloroperbenzoic acid
(0.76 g, 3.09 mmol) was added with cooling on ice, and

the reaction solution was stirred at room temperature for
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4 hours. - A highly polar compound was removed with a
silica gel pad (dichloromethane) to yield crude epoxide.
A solution of the crude epoxide and Raney nickel in
ethanol (3.0 mL) was stirred at 70°C for 3 hours under a
hydrogen atmosphere. The reaction solution was filtered,
and the residue was then purified with silica gel
chromatography to yield the title compound (35 mg, 31%)
as a colorless amorphous solid.
'H-NMR (500 MHz, CDCli) & ppm: 1.31-1.55 (4H, m), 1.80-
1.90 (3H, m), 2.15-2.17 (1H, m), 2.46-2.52 (lH, m), 3.71
(1H, dt, J=4.4, 10.3 Hz), 7.35 (iH, dd, J=2.4, 5.4 Hz),
8.96 (1H, d, J=5.4 Hz), 9.01 (1lH, s).
(53c) N-(2,4-Dimethoxybenzyl)-2,5-difluoro-4-{[ (18", 2R") -
2-(pyridazin-4-yl)cyclohexyl]oxy}-N-(pyrimidin-4-
yl)benzenesul fonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)=-2,4,5-trifluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (0.04 g, 0.08 mmol) prepared in
Example 14b, the (18*,2R*)~2-pyridazin-4-ylcyclohexanol
(0.01 g, 0.08 mmol) prepared in Example 53b, sodium
hydride (63%; 5 mg, 0.12 mmol) and DMF (0.40 mL), to
yield the title compound (44 mg, 93%) as a colorless
amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.46-1.70 (4H, m), 1.90-
1.92 (1H, m), 1.96-2.05 (2H, m), 2.28-2.31 (1H, m), 2.91~-

2.97 (1H, m), 3.76 (3H, s), 3.77 (3H, s), 4.28 (1H, dt,
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J=4.4, 10.3 Hz), 5.18 (1H, d, J=17.1 Hz), 5.22 (1H, d,
J=17.1 Hz), 6.38-6.42 (2H, m), 6.57 (lH, dd, J=6.4, 11.2
Hz), 7.17-7.18 (2H, m), 7.35 (lH, dd, J=2.0, 5.4 Hz),
7.66 (1H, dd, J=6.8, 10.3 Hz), 8.45 (1H, d, J=5.9 Hz)},
8.77 (l1H, s), 9.08 (1H, d, J=5.4 Hz), 9.15 (1H, s}.
(53d) 2,5-Difluoro-4-{[(1S",2R") -2~ (pyridazin-4-
yl)ycyclohexylloxy}-N- {pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl) -2, 5-difluoro-4-{[ (18", 2R") -2~ (pyridazin-
4-yl)cyclohexyl]loxy}~N~{(pyrimidin~4~yl)benzenesulfonamide
{0.04 g, 0.07 mmol) prepared in Example 53¢,
triethylsilane (0.06 mL), trifluorocacetic acid (0.07 mL)
and dichloromethane (0.74 mlL), to yield the title
compound (30 mg, 94%) as a colorless solid.
!H-NMR (500 MHz, DMSO-dg) & ppm: 1.36-1.63 (4H, m), 1.74-
1.88 (3H, m), 2.20-2.23 (1H, m), 2.924-2.98 (1H, m), 4.86
(1, dt, J=3.9, 10.7 Hz), 6.84-7.03 (1H, m), 7.33 (14,
brs), 7.56 (1H, brs), 7.61 (1H, dd, J=2.4, 5.4 Hz), 8.23
(1H, brs), 8.55 (1H, s), 9.06 (1H, d, J=5.4 Hz), 9.21 (1H,
S) .
MS (EST)m/z: 448 [M+H]+.
[0300]
(Example 54) 3-Methyl-4-{[(1S",2R")-2-(l-methyl-1H~
pyrazol-5-yl)cyclohexyl]oxy}~N~-(pyrimidin-4-
y1l)benzenesulfonamide

[0301]
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[Formula 72]
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[0302]
(54a) N-(2,4-Dimethoxybenzyl)-3-methyl-4-{[ (18", 2R")-2-
(1-methyl-1H-pyrazol-5-yl)cyclohexylloxy}-N-{pyrimidin—4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-4-fluoro-3-methyl-N- (pyrimidin~4-
yvl)benzenesulfonamide (0.25 g, 0.60 mmol) prepared in
Example 52a, the (18*,2R*)-2-(l-methyl-1H-pyrazol-5-
yl)cyclohexanol (0.11 g, 0.63 mmol) prepared in Example
4a, sodium hydride (63%; 0.040 g, 0.90 mmol) and DMF (10
mL), to yield the title compound (79 mg, 23%) as a
colorless amorphous solid.
(54b) 3-Methyl-4-{[(18",2R")-2-(1-methyl-1H-pyrazol-5-
yl)cyclohexylloxy}-N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl)-3-methyl-4-{[(1S",2R") -2~ (1~-methyl-1H-
pyrazol-5-yl)ycyclohexylloxy}~N-(pyrimidin-4-
yl)benzenesulfonamide (79 mg, 0.14 mmol) prepared in

Example 54a, triethylsilane (0.1 ml), trifluorocacetic
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acid (1.0 mL) and dichloromethane (4.0 mL), to yield the
title compound (49 mg, 84%) as a colorless solid.

'H-NMR (500 MHz, CDCls) & ppm: 1.38-1.65 (4H, m), 1.85-
1.93 (2H, m), 2.05 (3H, s), 2.05-2.07 (1H, m), 2.24-2.29
(IH, m), 3.00 (1H, dt, J=3.4, 9.8 Hz), 3.88 (3H, s),
4,21~4.26 (1H, m), 5.98 (1H, d, J=2.0 Hz), 6.71 (1H, d,
J=8.8 Hz), 7.21 (1H, brs), 7.33 (1H, s}, 7.62 (1lH, brs),
7.67 (1H, d, J=8.3 Hz), 8.47 (1H, d, J=5.9 Hz), 8.84 (1H,
S) .

MS (ESI)m/z: 427[M+H]-+.

[0303]

(Example 55) 3-Cyano—-4-{[(18",2R")-2~-(1l-methyl-1H-
pyrazol-5-yl)cycloheptyl]oxy}-N-(pyrimidin-4-
yl)benzenesulfonamide

[0304]

[Formula 73]

CN

[0305]
(55a) 3—Cyano—N—(2,4—dimethoxybenzyl)~4—{[(IS*,ZR*)—Z—(l—
methyl-1H-pyrazol-5-yl)cycloheptyl]oxy}-N-{(pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in

the same manner as in Example la by using the 3-cyano-N-
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(2,4-dimethoxybenzyl) ~4~fluoro=-N- (pyrimidin~4-
yl)benzenesulfonamide (198 mg, 0.46 mmol) prepared in
Example 26a, the (18*,2R*)-2-(l-methyl~-1H~-pyrazol-5-
yl)cycloheptancl (94.1 mg, 0.48 mmol) prepared in Example
9a, sodium hydride (60%; 27.7 mg, 0.69 mmol) and DMF (10
mL), to yield the title compound (195 mg, 70%) as a
colorless solid.
H-NMR (400 MHz, CDCls) & ppm: 1.58-1.72 (3H, m), 1.75-
1.95 (5H, m), 1.97-2.02 (1H, m), 1.99 (1H, d, J=4.7 Hz),
3.30 (1H, dt, J=2.4, 9.0 Hz), 3.62 (3H, s), 3.79 (3H, s,
3.94 (3H, s), 4.58 (1H, dd, J=5.5, 9.4 Hz), 5.11 (1H, d,
J=16.8 Hz), 5.16 (1H, d, J=16.8 Hz), 6.02 (1H, 4, J=2.0
Hz), 6.41 (1H, dd, J=2.4, 8.2 Hz), 6.35 (1H, d, J=2.4 Hz},
6.74 (1H, d, J=9.4 Hz), 7.12 (1H, d, J=6.3 Hz), 7.11 (1H,
d, J=4.3 Hz), 7.32 (lH, s), 7.87 (1H, d, J=2.4 Hz}, 8.00
(1, dd, J=2.4, 9.0 Hz), 8.50 (1H, d, J=5.9 Hz), 8.85 (1H,
sy .
(55b) 3-Cyano-4-{[(18",2R") -2~ (l-methyl-1H-pyrazol-5-
yl)cycloheptyl]oxy}-N-(pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 3-~cyano-N-
(2,4~-dimethoxybenzyl) -4~ {[ (18", 2R") -2~ (1-methyl-1H-
pyrazol-5-vyl)cycloheptyljoxy}-N- (pyrimidin-4~-
yl)benzenesulfonamide (195 mg, 0.32 mmol) prepared in
Example 55a, triethylsilane (0.10 mL), trifluorocacetic
acid (1.0 mL) and dichloromethane (4.0 mL), to yield the

title compound (102 mg, 70%) as a colorless solid.
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'H-NMR (500 MHz, CDCls) & ppm:
1.95 (5H, m), 1.96-2.14 (2H,
Hz), 3.94 (3H, s), 4.58 (1H,
(1H, d, J=2.0 Hz), 6.81 (1H,

1.55-1.74 (3H, m)

m), 3.30 (1lH, dt,

dd, J=6.4, 13.2 Hz

d, J=9.3 Hz), 7.16

J=5.9 Hz), 7.32 (1H, 4, J=2.0 Hz), 7.98

8.8 Hz), 8.07 (1H, s), 8.41 (1H, d, J=6.4 Hz),
brs).

MS (ESIym/z: 452 [M+H]+.

[0306]

, 1.76-

J=2.7, 9.

)

6.02

(1", d,

8.78

(Example 56) 3-Cyano—-4-{[(18",2R") -2~ (1-methyl-1H-

pyrazol-5-yljcyclohexyl]oxy}=N-(pyrimidin-4-

yl)benzenesulfonamide
[0307]

[Formula 74]

\
N=—

[0308]

(1H, dd, J=2.4,

(1H,

2

(56a) 3—Cyano—N—(2,4~dimethoxybenzyl)~4—{[(15*,2R*)-2~(1—

methyl-1H~pyrazol-5-yl)cyclohexylloxy}-N-(pyrimidin-4-

vl)benzenesul fonamide

The reaction and aftertreatment were conducted in

the same manner as in Example la by using the 3-cyano-N-

(2,4~-dimethoxybenzyl)~4~fluoro-N- (pyrimidin-4-

yv1l)benzenesulfonamide

(0.20 g,

0.466 mmol)

prepared in
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Example 26a, the (1S*,2R*)~2-(l-methyl-1lH-pyrazol-5-
yl)cyclohexanol (0.084 g, 0.466 mmol) prepared in Example
4a, sodium hydride (63%; 0.027 g, 0.69%9 mmol) and DMF
(3.0 mL), to yield the title compound (0.090 g, 34%) as a
colorless amorphous solid.
'H-NMR (400 MHz, CDCls) & ppm: 1.36-1.68 (4H, m), 1.87-
1.90 (1H, m), 1.97-1.99 (1H, m), 2.05-2.10 (1H, m), 2.20-
2.24 (l1H, m), 3.04-3.11 (1H, m), 3.63 (3H, s), 3.79 (3H,
s), 3.95 (3H#, s), 4.34 (1H, dt, J=3.9, 10.2 Hz), 5.10 (1H,
d, J=16.8 Hz), 5.15 (1H, d, J=16.0 Hz), 6.04 (1lH, d,
J=1.6 Hz), 6.36 (lH, d, J=2.4 Hz), 6.41 (1H, dd, J=2.4,
8.2 Hz), 6.79 (1H, d, J=9.0 Hz), 7.09-7.13 (2H, m), 7.34
(lH, 4, J=1.6 Hz), 7.85 (1lH, d, J=2.4 Hz), 7.98 (1H, dd,
J=2.4, 9.0 Hz), 8.50 (1H, d, J=5.9 Hz), 8.84 (1H, d,
J=0.8 Hz).
(56b) 3-Cyano—4-{[(1S8",2R")-2~(l-methyl-1H-pyrazol-5-
yl)cyclohexylloxy}-N-(pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 3-cyano-N-
(2, 4~dimethoxybenzyl) -4-{[ (18", 2R") =2~ (1l-methyl-1H-
pyrazol-5-yl)cyclohexylloxy}-N- (pyrimidin-4-
vl)benzenesulfonamide (0.090 g, 0.15 mmol) prepared in
Example 56a, triethylsilane (0.10 mL), triflucrocacetic
acid (1.0 mL) and dichloromethane (1.0 mL), to yield the
title compound (43 mg, 64%) as a colorless solid.
'H-NMR (500 MHz, DMSO-dg) & ppm: 1.38-1.63 (4H, m), 1.72-
1.74 (1H, m), 1.80-1.82 (1H, m), 1.90-1.93 (1H, m), 2.16-
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2.18 (1H, m), 3.11-3.16 (1H, m), 3.84 (3H, s), 4.67 (1H,
t, J=3.9, 9.8 Hz), 6.07 (1H, d, J=2.0 Hz), 6.93 (1lH, brs),
7.17 (1H, d, J=1.5 Hz), 7.38 (1H, d, J=9.3 Hz), 8.00 (1H,
dd, J=2.0, 9.3 Hz), 8.10 (1H, s), 8.25 (1H, brs), 8.60
(1H, s).

MS (ESI)m/z: 439[M+H]+.

[0309]

(Example 57) 3-Methyl-4-{[(18",2R")~-2~(l-methyl-1H-
pyrazol-5-yl)cycloheptylloxy}-N~(pyrimidin-4-
yl)benzenesulfonamide

[0310]

[Formula 75]

[0311]
(57a) N-(2,4-Dimethoxybenzyl)-3-methyl-4-{[ (18", 2R") -2~
(l-methyl-1H-pyrazol-5-yl)cycloheptyl]oxy}-N~- (pyrimidin-
4-yl)benzenesul fonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)~4~fluoro~3-methyl-N- (pyrimidin-4-
vl)benzenesulfonamide (258 mg, 0.62 mmol) prepared in
Example 52a, the (18*,2R*)-2~(l-methyl-1lH-pyrazol-5-

vl)cycloheptanol (120 mg, 0.62 mmol) prepared in Example
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9a, sodium hydride (63%; 35.3 mg, 2.33 mmol) and DMF (10
mL), to yield the title compound (182 mg, 50%) as a
colorless oil.
TH-NMR (400 MHz, CDCl3) 6 ppm: 1.61-1.99 (10H, m), 2.01
(3H, s), 3.21 (1w, dt, J=3.5, 9.0 Hz), 3.73 (3H, s), 3.77
(3H, s), 3.86 (3H, s), 4.47-4.51 (1H, m), 5.22 (2H, s),
5.98 (1H, d, J=2.0 Hz), 6.37-6.40 (2H, m), 6.61 (1H, 4,
J=9.0 Hz), 7.13 (1H, d, J=8.2 Hz), 7.32-7.34 (2H, m),
7.45 (1H, s), 7.63 (1H, dd, J=2.0, 9.0 Hz), 8.44 (1H, d,
J=5.9 Hz), 8.80 (1H, s).
(57pb) 3-Methyl-4-{[(18",2R")-2-(l-methyl-1H-pyrazol-5-
yl)cycloheptyl]oxy}-N- (pyrimidin~-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl)-3-methyl-4-{[ (18", 2R") -2~ (1l-methyl-1H-
pyrazol-5-yl)cycloheptyl]oxy}-N-(pyrimidin-4-
vl)benzenesulfonamide (182 mg, 0.31 mmol) prepared in
Example 57a, triethylsilane (0.15 mL), trifluorocacetic
acid (1.0 mL) and dichloromethane (1.0 mlL), to yield the
title compound (100 mg, 74%) as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.58-2.04 (10H, m), 2.04
(3H, s}, 3.19-3.23 (1H, m), 3.87 (3H, s), 4.47-4.51 (1H,
m), 5.98 (1lH, s), 6.64 (1H, d, J=8.8 Hz), 7.26-7.33 (2H,
m), 7.61 (1H, s), 7.68 (1H, dd, J=2.4, 8.8 Hz), 8.49 (1H,
brs), 8.27 (1H, brs).
MS (ESI)m/z: 442 [M+H]+.

[0312]
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(Example 58) 2-Fluoro—-4-{[(1S",2R")-2-(l-methyl-1H-
pyrazol-5-~yl)cycloheptyl]oxy}-N-(pyrimidin-4-
vl)benzenesulfonamide

[0313]

[Formula 76]

[0314)
(58a) N-(2,4-Dimethoxybenzyl)-2-fluoro-4-{[ (18", 2R") -2~
(I-methyl-1H-pyrazol-5-yl)cycloheptyl]oxy}-N- (pyrimidin-
4-vyl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4-difluoro-N- (pyrimidin-4-
vl)benzenesulfonamide (0.30 g, 0.71 mmol) prepared in
Example 2%a, the (18*,2R*)-2-(l-methyl-1H~pyrazol-5-
yvl)cycloheptanol (0.14 g, 0.71 mmol) prepared in Example
9a, sodium hydride (63%; 0.040 g, 1.07 mmol) and DMF (3.6
mL), to yield the title compound (260.2 mg, 61%) as a
colorless amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.25-1.38 (4H, m), 1.60-
1.98 (6H, m), 3.16 (1lH, dt, J=2.9, 8.8 Hz), 3.76 (3H, s),
3.79 (3H, s), 3.86 (3H, s), 4.39-4.43 (1lH, m), 5.24 (2H,

s), 5.98 (1H, 4, J=2.0 Hz), 6.39-6.41 (3H, m), 6.55 (1H,



- 214 -

dd, J=2.0, 8.8 Hz), 7.1%9 (1H, d, J=8.3 Hz), 7.23 (1H, dd,
J=1.0, 5.9 Hz), 7.33 (14, d, J=1.5 Hz), 7.88 (1lH, t,
J=8.3 Hz), 8.42 (1H, d, J=5.9 Hz), 8.76 (1lH, s).
(58Db) 2—Fluoro—4—{[(15*,2R*)~2~(1~methyl~lH~pyrazol—5—
vl)cycloheptyl]oxy}-N~ (pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the N-(2,4-
dimethoxybenzyl)-2-fluoro-4-{[ (18 ,2R") -2~ (l-methyl-1H-
pyrazol-5-yl)cycloheptyl]loxy}-N-(pyrimidin-4-
vl)benzenesulfonamide (0.26 g, 0.44 mmol) prepared in
Example 58a, triethylsilane (0.35 mL), trifluorcacetic
acid (0.44 ml) and dichloromethane (4.4 mL), to yield the
title compound (0.15 g, 77%) as a colorless solid.
'H-NMR (500 MHz, DMSO-dg¢) & ppm: 1.51-1.92 (10H, m),
3.20-3.23 (1H, m), 3.77 (3H, s), 4.69-4.73 (1H, m), 6.08
(1, d, J=2.0 Hz), 6.77 (1H, d, J=9.3 Hz), 6.87 (1H, d,
J=11.7 Hz), 6.99 (1H, brs), 7.17 (1H, d, J=1.5 Hz), 7.76
(1", t, J=5.9 Hz), 8.31 (1H, brs), 8.56 (1lH, s).
MS (ESI)m/z: 446[M+H]+.
[0315]
(Example 59) 4-{[(1S",2R")-2-(1-Ethyl-1H-pyrazol-5-
yl)cyclohexylloxy}~2, 6~difluoro-N~ (pyrimidin-4-
yl)benzenesulfonamide

[0316]
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[Formula 77]

F o o NN
\\S// | )
L
~N N
H
e F

NT N
/N

N=
(03171
(59a) N-(2,4-Dimethoxybenzyl)-4-{[(1S",2R") -2~ (1l-ethyl-
1H-pyrazol-5-yl)cyclohexylloxy}-2,6-difluoro-N-
{(pyrimidin-4-vyljibenzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N- (2,4~
dimethoxybenzyl)-2,4, 6-trifluoro-N~ (pyrimidin-4-
yl)benzenesulfonamide (0.20 g, 0.45 mmol) prepared in
Example 27a, the (1S8*,2R*)-2~(l-ethyl-1H-pyrazol-5-
vl)cyclohexanol (0.088 g, 0.45 mmol) prepared in Example
12a, sodium hydride (63%; 0.027 g, 0.67 mmol) and DMF
(3.0 mL), to yield the title compound (0.085 g, 55%) as a
colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.39-1.64 (4H, m), 1.44
(3H, t, J=7.3 Hz), 1.86-1.88 (1H, m), 1.94-1.95 (1H, m),
2.02-2.05 (1H, m), 2.23-2.26 (1H, m), 2.90-2.95 (1H, m),
3.77 (3H, s), 3.81 (3H, s), 4.01-4.25 (3H, m), 5.24 (2H,
s), 5.98 {(1H, d, J=2.0 Hz), 6.29 (2H, d, J=10.7 Hz), 6.41
(1H, dd, J=2.4, 10.7 Hz), 6.43-6.44 (1H, m), 7.16 (1lH, d,
J=7.3 Hz), 7.21 (1H, 4, J=8.3 Hz), 8.38 (1H, d, J=2.0 Hz),

8.44 (1H, d, J=5.9 Hz), 8.78 (1H, s).
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(59b) 4-{[(1S8",2R")-2-(1-Ethyl-1H-pyrazol-5-
yvl)cyclohexyljoxy}-2,6-difluoro-N- (pyrimidin—-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl)-4-{[(18",2R") -2~ (1-ethyl-1H-pyrazol-5-
yl)cyclohexylloxy}t-2,6-difluocro-N-(pyrimidin-4-
yl)benzenesulfonamide (0.080 g, 0.13 mmol) prepared in
Example 59%a, triethylsilane (0.10 mL), trifluorocacetic
acid (1.0 mL) and dichloromethane (1.0 mlL), to yield the
title compound (25 mg, 42%) as a colorless solid.
'Y-NMR (400 MHz, DMSO-d¢) & ppm: 1.24-1.56 (4H, m), 1.29
(3H, t, J=7.0 Hz), 1.69-1.79 (2H, m), 1.86-1.89 (1lH, m),
2.10-2.13 (1H, m), 2.97-3.04 (1H, m), 4.03-4.16 (Z2H, m),
4,57 (1#, dt, J=3.5, 2.8 Hz), 6.06 (1lH, s), 6.73 (2H, d,
J=11.7 Hz), 6.92 (1H, brs), 7.22 (lH, s), 8.29 (1H, brs),
8.58 (1H, s).
MS (ESI)m/z: 464 [M+H]+.
[0318]
(Example 60) 5-Chloro-2-fluoro-4-{[(1S8",2R")-2-(l-methyl-
1H-pyrazol-5-yl)cycloheptyl]loxy}-N-(pyrimidin-4-
vl)benzenesulfonamide

[0319]
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[Formula 78]

Cl

[0320]
(60a) 5-Chloro-N-(2,4-dimethoxybenzyl)-2-fluoro-4-
{[(187,2R") =2~ (1-methyl-1H-pyrazol-5-yl)cycloheptyl]loxy}-
N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-
(2,4-dimethoxybenzyl) -2, 4~difluoro-N- (pyrimidin-4-
yl)benzenesul fonamide (300 mg, 0.66 mmol) prepared in
Example 20a, the (1S*,2R*)-2-(l-methyl-1H-pyrazol-5~-
yl)cycloheptanol (134 mg, 0.69 mmol) prepared in Example
%a, sodium hydride (60%; 39.5 mg, 0.99 mmol) and DMF (10
mL), to yield the title compound (202 mg, 49%) as a
colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.55-1.71 (1H, m), 1.61
(3H, dd, J=4.4, 8.8 Hz), 1.77-1.86 (2H, m), 1.87-1.98 (4H,
m), 3.27 (1H, t, J=9.3 Hz), 3.76 (6H, s), 3.91 (3H, s),
4.40 (1H, 4d, J=6.1, 12.9 Hz), 5.19 (1H, d, J=16.6 Hz),
5.23 (1H, d, J=16.6 Hz), 6.01 (lH, s), 6.37-6.42 (3H, m),
7.19 (1H, d, J=8.8 Hz), 7.22 (1H, d, J=5.9 Hz), 7.34 (1H,
s), 7.%4 (1H, d, J=7.3 Hz), 8.46 (1H, d, J=5.9 Hz), 8.80

{1H, s).
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(60b) 5-Chloro-2-fluoro-4-{[(15",2R")-2-(l-methyl-1H-
pyrazol-5-yl)cycloheptyl]oxy}-N-{(pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 5-chloro-N-
(2, 4-dimethoxybenzyl) -2-fluoro~4-{ [ (1S",2R") -2~ (1-methyl-
1H-pyrazol-5-yl)cycloheptylloxy}-N-(pyrimidin—-4-
ylybenzenesulfonamide (202 mg, 0.32 mmol) prepared in
Example 60a, triethylsilane (0.10 miL), trifluorocacetic
acid (0.5 mL) and dichloromethane (2.0 ml), to yield the
title compound (135 mg, 88%) as a colorless solid.
'H-NMR (500 MHz, CDClz) & ppm: 1.56-2.00 (10H, m), 3.26
(1H, dt, J=2.9, 9.0 Hz), 3.90 (3H, s), 4.34-4.45 (1H, m),
6.00 (1H, d, J=2.0 Hz), 6.43 (1H, d, J=11.7 Hz), 7.18 (1H,
brs), 7.33 (1H, d, J=2.0 Hz), 7.94 (1H, d, J=7.3 Hz),
8.40 (1H, d, J=6.4 Hz), 8.74 (1lH, brs).
MS (ESI)m/z: 479 [M+H]+.
[0321]
(Example 61) 5-Ethyl-2-fluoro-4-{[(1S",2R") -2~ (l-methyl-
1H~pyrazol-5-yl)cyclopentyl]oxy}-N-~ (pyrimidin-4-
yvl)benzenesulfonamide
[0322]

[Formula 79]

F o o SN
\\S/ 7 l )
~
N N
H

N~
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[0323]
(6la) 5-Bromo-N-(2,4-dimethoxybenzyl)-2,4-difluoro-N-
{(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 14b by using the N-(2,4-
dimethoxybenzyl)pyrimidin-4-amine (0.50 g, 2.06 mmol)
prepared in Example 1l4a, 5-bromo-2,4-
difluorobenzenesulfonyl chloride (0.%0 g, 3.08 mmol),
1,4~diazabicyclo[2.2.2]octane (0.46 g, 4.11 mmol) and THF
{10 mL), to yield the title compound (0.60 g, 58%) as a
colorless amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 3.78 (3H, s), 3.79 (3H, s),
5.23 (2H, s), 6.41-6.43 (2H, m), 6.95 (1H, dd, J=7.8, 9.3
Hz)y, 7.16 {(1H, dd, J=1.5, 5.9 Hz), 7.22 (1H, d, J=8.3 Hz),
8.27 (1H, t, J=7.3 Hz), 8.49 (1H, d, J=5.9 Hz), 8.80 (1H,
S).
{(6lb) 5-Bromo-N-(2,4-dimethoxybenzyl)-2-fluoro-4-
{[(18",2R") -2~ (1-methyl-1H-pyrazol-5-yl)cyclopentyl]oxy}-
N-{(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-bromo-N-
(2,4-dimethoxybenzyl)-2,4-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (1.0 g, 2.00 mmol) prepared in
Example 6la, the (18*,2R*)—2—(1~methyl—1H—pyrazol—5—
yvl)cyclopentanol (0.35 g, 2.10 mmol) prepared in Example

8a, sodium hydride (63%; 0.12 g, 3.00 mmol) and DMEF (10
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mL), to yield the title compound (771 mg, 60%) as a
colorless amorphous solid.
'H-NMR (400 MHz, CDCl3) & ppm: 1.77-1.98 (4H, m), 2.18-
2.38 (2H, m), 3.51 (1H, dt, J=5.1, 8.6 Hz), 3.77 (3H, s),
3.79 (3H, s), 3.89 (3H, s), 4.60-4.64 (1H, m), 5.23 (2H,
s}y, 6.06 (1H, d, J=2.0 Hz), 6.39-6.41 (2H, m), 6.46 (1H,
d, J=11.3 Hz), 7.19-7.21 (2H, m), 7.41 (1, d, J=1.6 Hz),
8.19 (1H, d, J=7.4 Hz), 8.46 (1H, d, J=5.9 Hz), 8.79 (1lH,
s).
(61c) N-(2,4-Dimethoxybenzyl)-2-fluoro—4-{[ (18", 2R") -2~
(l1-methyl-1H-pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-
4-yl)-5-vinylbenzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 3%a by using the 5-bromo-N-
(2,4-dimethoxybenzyl)-2—fluoro—4—{[(18*,2R*)~2—(1—methyl—
1H-pyrazol-5-yl)cyclopentylloxy}-N- (pyrimidin-4-
yl)benzenesulfonamide (0.20 g, 0.31 mmol) prepared in
Example 61b, 4,4,5,5~tetramethyl-2-vinyl~-1,3,2-
dioxaborolane (0.11 mL, 0.62 mmol), a [1,1'-
bis (diphenylphosphino) ferroceneldichloropalladium (II)=-
dichloromethane mixture (0.04 g, 0.03 mmol), sodium
carbonate (0.07 g, 0.62 mmol), DMF (8.0 mlL) and water
{2.0 mL), to yield the title compound (113 mg, 63%) as a
colorless amorphous sclid.
'H-NMR (500 MHz, CDCls) & ppm: 1.74-1.82 (1H, m), 1.91-
1.96 (3H, m), 2.16-2.36 (2H, m), 3.42 (1H, dt, J=4.4, 8.3

Hz), 3.76 (3H, s), 3.79 (3H, s), 3.82 (3H, s), 4.65-4.68
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(1H, m), 5.25 (2H, s), 5.38 (1H, d, J=11.2 Hz), 5.80 (1H,
d, J=17.6 Hz), 6.04 (1H, d, J=1.5 Hz), 6.39-6.43 (3H, m),
6.88 (1, d, J=11.2, 18.1 Hz), 7.20 (1H, d, J=8.3 Hz),
7.25~7.26 {(1H, m), 7.40 (1H, 4, J=2.0 Hz), 8.08 (lH, d,
J=8.3 Hz), 8.44 (1H, d, J=6.4 Hz), 8.77 (1H, s).

(61d) 5-Ethyl-2-fluoro-4-{[ (1S ,2R")-2-(1l-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}=N~(pyrimidin-4-
yl)benzenesulfonamide

To a solution of the N-(2,4-dimethoxybenzyl)-2-
fluoro—4—{[(lS*,ZR*}—2~(l—methyl—lH—pyrazol—S—
ylycyclopentylloxy}-N-(pyrimidin-4-yl)-5-
vinylbenzenesulfonamide (29 mg, 0.05 mmol) prepared in
Example 61c and triethylsilane (0.10 mL) in
dichloromethane (4.0 mL), trifluorocacetic acid (0.5 mL)
was added at room temperature, and the mixture was
stirred for 1 hour. The reaction mixture was
concentrated to yield a mixture of the title compound and
a vinyl derivative.

To a solution of this mixture in methanol (0.5 mlL)
and ethyl acetate (0.5 mlL), palladium carbon (10%; 5 mg)
was added, and the mixture was stirred at room
temperature for 3 hours under a hydrogen atmosphere. The
reaction solution was filtered through Celite, and the
residue was purified with silica gel chromatography to
vield the title compound (8.5 mg, 38%) as a colorless

solid.
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'H-NMR (500 MHz, CDCls) & ppm: 1.19 (3H, t, J=7.8 Hz),
1.72-1.81 (1H, m), 1.86-1.95 (3H, m), 2.15-2.34 (2H, m),
2.58~2.66 (2H, m), 3.38-3.42 (1H, m), 3.83 (3H, s), 4.64-
4.67 (1H, m), 6.03 (1H, d, J=1.5 Hz), 6.45 (1H, d, J=12.2
Hz), 7.22 (1H, brs), 7.39 (l1H, d, J=1.5 Hz), 7.75 (1H, d,
J=8.3 Hz), 8.40 (1lH, d, J=6.4 Hz), 8.84 (1lH, brs).

MS (ESI)m/z: 446 [M+H]+.

[0324]

(Example 62) 5-Cyano-2-fluoro-4-{[ (1S ,2R")-2~(l-methyl-
1H-pyrazol-5-yl)cyclopentyl]oxy}-N-{(pyrimidin-4-
yl)benzenesulfonamide

[0325]

[Formula 80]
SN
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[0326]
(62a) Methyl 5-{[(2,4~dimethoxybenzyl) (pyrimidin-4-
yl)aminolsulfonyl}-2,4~difluorobenzoate

The reaction and aftertreatment were conducted in
the same manner as in Example 14b by using the N-{2,4-
dimethoxybenzyl)pyrimidin-4-amine (378 mg, 1.54 mmol)
prepared in Example 14a, methyl 5-(chlorosulfonyl)-2,4-
difluorobenzoate (500 mg, 1.85 mmol), 1,4-

diazabicyclo[2.2.2]octane (208 mg, 1.85 mmol) and THF
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{15.0 mL), to yield the title compound (332 mg, 45%) as a
pale yellow oil.
TH-NMR (500 MHz, CDCls) & ppm: 3.77 (3H, s), 3.79 (3H, s),
3.98 (3H, s), 5.30 (2H, s), 6.40-6.44 (2H, m), 6.96 (1H,
t, J=9.4 Hz), 7.17 (1H, d, J=6.8 Hz), 7.22 (1H, d, J=8.8
Hz), 8.48 (1H, d, J=5.9 Hz), 8.70 (l1H, t, J=7.8 Hz), 8.78
(1H, s).
(62b) Methyl 5-{[{(2,4-dimethoxybenzyl) (pyrimidin-4-
yl)amino]sulfonyl}—4—fluoro—2—{[(18*,2R5)—2—(1—methyl—lH“
pyrazol-5-yl)cyclopentyl]oxylibenzoate

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the methyl
methyl 5~{[(2,4-dimethoxybenzyl) (pyrimidin-4-
yvl)amino]sulfonyl}-2,4-difluorobenzoate (332 mg, 0.692
mmol) prepared in Example 62a, the (18",2R7)-2-(l-methyl-
1H-pyrazol-5-yl)cyclopentanol (115 mg, 0.692 mmol)
prepared in Example 8a, sodium hydride (63%; 32.1 mg,
0.830 mmol) and DMF (2.0 mL), to yield the title compound
(83.3 mg, 19%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.63-1.99 (4H, m), 2.15-
2.39 (2H, m), 3.48-3.54 (1H, m), 3.76 (3H, s), 3.79 (3H,
sy, 3.87 (3H, s), 3.91 (3H, s), 4.63-4.68 (1H, m), 5.23
(24, s), 6.05 (1H, s), 6.37-6.43 (2H, m), 6.50 (1H, d,
J=12.2 Hz), 7.17-7.22 (2H, m), 7.40 (1H, s), 8.44 (1H, d,

J=5.9 Hz), 8.55 (1H, d, J=8.3 Hz), 8.77 (1H, s).
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(62¢c) 5-{[{(2,4~Dimethoxybenzyl) (pyrimidin-4-
yl)amino]sulfonyl}~4"fluoro—2—{[(18*,2R*)—2~(1~methyl—1H~
pyrazol-5-yl)cyclopentyl]loxylbenzamide

To a solution of the methyl 5-{[ (2,4~
dimethoxybenzyl) (pyrimidin-4-yl)amino]sulfonyl}-4-fluoro-
2-{[(18",2R") -2~ (1-methyl-1H-pyrazol-5-
yl)cyclopentylloxylbenzoate (83.3 mg, 0.133 mmol)
prepared in Example 62b in THF (2.0 mL), a 5 M aqueous
sodium hydroxide solution (2.0 mlL) was added, and the
reaction solution was stirred at room temperature for 15
hours. To the reaction solution, 1 M hydrochloric acid
(10 mL) was added with cooling on ice, followed by
extraction with ethyl acetate. The thus obtained organic
layer was washed with saturated saline. The organic
layer was dried over anhydrous sodium sulfate and wvacuum
concentrated, and THF (2.0 mL) was added to the obtained
residue. To the reaction solution, 4-methylmorpholine
(20.0 pL, 0.183 mmol) and isobutyl chloroformate (23.0 pL,
0.183 mmol) were added in this order with cocling on ice,
and the mixture was stirred for 1 hour with cooling on
ice. Then, 28% ammonia water (2.0 mL) was added thereto,
and the mixture was stirred at room temperature for 12
hours. To the reaction solution, saturated saline was
added, followed by extraction with ethyl acetate. The
thus obtained organic layer was washed with saturated
saline. The organic layer was dried over anhydrous

sodium sulfate and vacuum concentrated, and the obtained
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residue was purified with silica gel chromatography
(dichloromethane/methanol = 85:15) to yield the title
compound (64.2 mg, 86%) as a colorless amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.62-2.08 (4H, m), 2.16-
2.42 {2H, m), 3.37-3.44 (1H, m), 3.77 (3H, s), 3.79 (3H,
s), 3.80 (3H, s), 4.87-4.91 (1H, m), 5.30 (2H, s), 6.06
(1H, s), 6.38-6.43 (2H, m), 6.54 (1H, d, J=11.7 Hz),
7.17-7.23 (3H, m), 7.29 (1H, 4, J=6.8 Hz), 7.43 (1H, s),
8.44 (1H, 4, J=5.9 Hz), 8.78 (1H, s), 8.87 (1H, d, J=8.8
Hz) .
(62d) 5-Cyano~N-{2,4-dimethoxybenzyl)-2-fluoro-4-
{[(1s8",2R") -2~ (1-methyl-1H-pyrazol-5-yl)cyclopentyl]oxy}-
N-{pyrimidin-4-yl)benzenesulfonamide

To a solution of the b-methyl{[(2,4-
dimethoxybenzyl) (pyrimidin-4-yl)amino]sulfonyl}-4~-fluocro-
2-{[(18",2R") -2~ (1-methyl-1H-pyrazol-5-
yvl)cyclopentyl]loxylbenzamide (64.3 mg, 0.107 mmol)
prepared in Example 62c in dichloromethane (2.0 mlL),
triethylamine (41.0 pL, 0.300 mmol) and trifluoroacetic
acid (21.0 pL, 0.150 mmol) were added with cooling on ice,
and the reaction solution was stirred at room temperature
for 2 hours. To the reaction solution, triethylamine
(41.0 pL, 0.300 mmol) and trifluoroacetic acid (21.0 uL,
0.150 mmol) were added, and the mixture was stirred at
room temperature for 1 hour. The reaction solution was

purified with silica gel chromatography (ethyl acetate)
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to yield the title compound (32.3 mg, 53%) as a colorless
oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.76-2.04 (4H, m), 2.21-
2.41 (2H, m), 3.50-3.58 (1H, m), 3.77 (6H, s), 3.90 (3H,
sy, 4.64-4.72 (1H, m), 5.21 (2H, s), 6.06 (1H, s), 6.38-
6.44 (2H, m), 6.52 (1H, d, J=11.2 Hz), 7.12 (1lH, d, J=5.9
Hz), 7.19 (1H, d, J=8.8 Hz), 7.41 (1H, s), 8.26 (1lH, d,
J=7.8 Hz), 8.48 (1H, d, J=5.9 Hz), 8.79 (1lH, s).
(62e) 5-Cyano-2-fluoro-4-{[(1S",2R") -2~ (l-methyl-1H~
pyrazol-5-yl)cyclopentylloxy}- (N-pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 5-cyano-N-
(2, 4~dimethoxybenzyl) -2-fluoro-4-{[ (18", 2R") -2~ (1-methyl~-
1H-pyrazol-5-yl)cyclopentyl]loxy}~N-(pyrimidin-4-
yl)benzenesulfonamide (32.3 mg, 0.0545 mmol) prepared in
Example 62d, triethylsilane (0.20 mL), trifluorocacetic
acid (2.0 mL) and dichloromethane (2.0 mL), to yield the
title compound (21.5 mg, 89%) as a colorless solid.
'H-NMR (500 MHz, DMSO-dg) & ppm: 1.65-1.77 (2H, m), 1.79-
1.89 (2H, m), 2.19-2.34 (2H, m), 3.48-3.57 (1H, m), 3.80
(3H, s), 4.96-5.07 (1H, m), 6.17 (1H, s), 6.90-7.05 (lH,
m), 7.25-7.36 (2H, m), 8.07-7.31 (2H, m), 8.56 (1H, s).
MS (ESI)m/z: 443[M+H]+.

[0327]
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(Example 63) 2,6-Difluoro~-4-{[(18",2R")-2~(1-methyl-1H-
pyrazol-5-yljcycloheptyl]oxy}~-N-(pyrimidin—~4-
vl)benzenesulfonamide

[0328]

[Formula 81]

F

[0329]
(63a) N-(2,4-Dimethoxybenzyl) -2, 6~-difluoro-4-{[ (15", 2R")~
2-(l-methyl-1H-pyrazol-5~yl)cycloheptyl]oxy}-N-
(pyrimidin—~4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4~
dimethoxybenzyl)-2,4, 6~trifluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (0.20 g, 0.455 mmol) prepared in
Example 27a, the (1S*,2R*)—2~(1—methyl»1H-pyrazol~5—
yl)cycloheptanol (0.08 g, 0.409 mmol) prepared in Example
9a, sodium hydride (63%; 0.027 g, 0.682 mmol) and DMF (5
mlL), to yield the title compound (0.14 g, 52%) as a
colorless amorphous solid.
'H-NMR (500 MHz, CDCls;) & ppm: 1.60-1.98 (10H, m), 3.15
(1H, dt, J=2.9, 9.3 Hz), 3.77 (3H, s), 3.81 (3H, s), 3.85
(3H, s), 4.36-4.40 (1H, m), 5.25 (2H, s), 5.98 (1H, d,

J=2.0 Hz), 6.27 (2H, d, J=10.7 Hz), 6.41 (1H, dd, J=2.4,
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8.3 Hz), 6.44 (1H, d, J=2.0 Hz), 7.16 (1H, dd, J=1.5, 5.9
Hz), 7.21 (1H, d, J=8.3 Hz), 7.33 (1H, d, J=2.0 Hz), 8.44
(1#, d, J=5.9 Hz), 8.78 (1H, s).
(63b) 2,6~Difluoro—4~{[(15*,2Rf)—2—(1~methyl—1H—pyrazol—
5-yl)cycloheptyl]oxy}=N- (pyrimidin-4-
vl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2, 4~
dimethoxybenzyl) -2, 6—difluoro-4-{[ (18", 2R") -2~ (1-methyl-
l1H-pyrazol-5-yl)cycloheptylloxy}-N-(pyrimidin-4-
yl)benzenesulfonamide (0.14 g, 0.23 mmol) prepared in
Example 63a, triethylsilane (0.15 mL), trifluorocacetic
acid (2.0 mL) and dichloromethane (2.0 mL), to yield the
title compound (60 mg, 40%) as a colorless solid.
'H-NMR (500 MHz, DMSO-dg) & ppm: 1.52-1.92 (10H, m),
3.18-3.21 (1H, m), 3.76 (3H, s), 4.73-4.77 (1H, m), 6.10
(14, d, J=2.0 Hz), 6.72 (2H, d, J=11.2 Hz), 6.94 (1H,
brs), 7.19 (1H, d, J=1.5 Hz), 8.29 (1lH, brs), 8.58 (LlH,
S) .
MS (ESI)m/z: 464 [M+H]+.
[0330]
(Example 64) 2-Fluoro-5-methyl-4-{[(18",2R")-2-(1l-methyl-
l1H-pyrazol-5-yl)cyclohexyl]oxy}-N~(pyrimidin-4~
yl)benzenesulfonamide

[0331]



- 229 -

[Formula 82]
F N
3 [
S\u N/
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\
N=—

[0332]

(64a) N-{2,4~-Dimethoxybenzyl)-2-fluoro-5-methyl-4-
{[(18",2R") -2~ (1-methyl-1H~pyrazol-5-yl)cyclohexyl]oxy}-
‘N~ (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in

the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4~difluoro-5-methyl~-N- (pyrimidin-4-
yl)benzenesulfonamide (0.30 g, 0.69 mmol) prepared in
Example 43a, the (18*,2R*)-2-(l-methyl-1H-pyrazol-5-
yvl)cyclohexanol (0.21 g, 1.15 mmol) prepared in Example 4a,
sodium hydride (63%; 0.070 g, 1.65 mmol) and DMF (10 mL),
to yield the title compound (0.17 g, 42%) as a colorless
oil.

H-NMR (500 MHz, CDCl3) & ppm: 1.40-1.64 (4H, m), 1.86-
1.88 (1H, m), 1.92-1.93 (1H, m), 2.02-2.06 (1H, m), 2.02
(3H, s), 2.23-2.26 (1H, m), 2.97-3.02 (1H, m), 3.76 (3H,
sy, 3.78 (3H, s}, 3.89 (3H, s), 4.01-4.14 (1H, m), 5.24
(2H, s), 5.98 (1H, 4, J=2.0 Hz), 6.36-6.40 (3H, m), 7.19
(1", 4, J=8.8 Hz), 7.28 (lH, dd, J=1.5, 5.9 Hz), 7.35 (1lH,
d, J=2.0 Hz), 7.66 (lH, d, J=7.8 Hz), 8.43 (lH, d, J=5.9

Hz), 8.77 (1H, d, J=1.0 Hz).
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(64b) 2-Fluoro-5-methyl-4-{[(1S",2R") -2~ (1l-methyl-1H-
pyrazol-5-yl)cyclohexyl]oxy}-N- (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl)-2-fluoro~5-methyl-4-{[ (18", 2R") -2~ (1~
methyl-1H-pyrazol-5-yl)cyclohexyl]loxy}~N-{pyrimidin—-4-
yl)benzenesulfonamide (0.17 g, 0.29 mmol) prepared in
Example 64a, triethylsilane (0.10 mL), trifluorocacetic
acid (1.0 mL) and dichloromethane (4.0 ml), to yield the
title compound (129 mg, 99%) as a colorless solid.
IH-NMR (500 MHz, CDCls) & ppm: 1.40-1.60 (4H, m), 1.85-
1.87 (1H, m), 1.91-1.92 (1H, m), 2.04-2.06 (1H, m), 2.05
(3, s8), 2.23-2.25 (1H, m), 2.96-3.02 (1lH, m), 3.88 (3H,
s), 4.10-4.14 (1H, m), 5.98 (1H, d, J=2.0 Hz), 6.42 (1H,
d, J=12.2 Hz), 7.23 (1H, d, J=5.4 Hz), 7.34 (1H, d, J=1.5
Hz), 7.67 (1H, d, J=8.3 Hz), 8.40 (lH, d, J=6.4 Hz), 8.86
(1H, brs).
MS (ESI)m/z: 446[M+H]+.
[0333]
(Example 65) 2-Fluoro-3-methyl-4-{[(1S",2R")-2~(1l-methyl-
l1H-pyrazol-5-yl)cyclopentyl]loxy}-N-(pyrimidin~4-
yl)benzenesulfonamide

[0334]
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[Formula 83]

\\E\:\
[0335]
{(65a) 2,4-Difluoro-3-methylbenzenesulfonyl chloride

To 1,3-difluoro-2-methylbenzene (5.00 g, 39.0 mmol),
chlorosulfuric acid (10.5 mlL, 158 mmol) was added with
cooling on ice, and the mixture was stirred at room
temperature for 5 hours. To the reaction solution, water
(100 mL) was added with cooling on ice, followed by
extraction with dichloromethane (100 mL). The thus
obtained organic layer was dried over anhydrous sodium
sulfate. After vacuum concentration, the residue was
purified with silica gel chromatography to yield the
title compound (8.65 g, 98%) as a colorless amorphous
solid.
'H-NMR (500 MHz, CDCls) & ppm: 2.32 (3H, s), 7.05 (1H, dt,
d=1.5, 8.8 Hz), 7.82-7.87 (1H, m).
(65b) N-(2,4-Dimethoxybenzyl)-2,4-difluoro-3-methyl-N-
(pyrimidin~4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 14b by using the N-{(2,4-
dimethoxybenzyl)pyrimidin-4-amine (1.00 g, 4.08 mmol)

prepared in Example 14a, the 2,4-difluoro-3-
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methylbenzenesulfonyl chloride (1.85 g, 8.15 mmol)
prepared in Example 65a, 1,4-diazabicyclo[2.2.2]octane
(0.91 g, 8.15 mmol) and THF (20 mL), to yield the title
compound (1.75 g, 99%) as a colorless amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 2.05 (3H, s), 3.78 (3H, s),
3.81 (3H, s), 5.28 (2H, s), 6.41-6.44 (2H, m), 6.99 (1H,
dt, J=1.5, 9.3 Hz), 7.20 (1H, dd, J=1.5, 5.9 Hz), 7.22
(1H, d, J=8.3 Hz), 7.92-7.96 (1H, m), 8.44 (1H, d, J=5.9
Hz), 8.75 (1H, d, J=1.0 Hz).
{(65c) N-(2,4-Dimethoxybenzyl)-2~-fluoro-3-methyl-4-
{[(18",2R") -2~ (1-methyl-1H-pyrazol-5-yl)cyclopentyl]oxy}-
N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)=-2,4-difluoro-3-methyl-N~ (pyrimidin-4-
yl)benzenesulfonamide (0.30 g, 0.69 mmol) prepared in
Example 65b, the (1S*,2R*)-2-(l-methyl-1H~pyrazol-5-
yl)cyclopentanol (0.12 g, 0.72 mmol) prepared in Example
8a, sodium hydride (63%; 0.040 g, 1.05 mmecl) and DMF (10
mL), to yield the title compound (181 mg, 45%) as a
colorless amorphous solid.
(65d) 2-Fluoro-3-methyl-4-{[(18",2R")-2-(l-methyl-1H-
pyrazol-5-yl)cyclopentylloxy}-N~{pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-

dimethoxybenzyl)-2-fluoro-3-methyl-4-{[ (18", 2R") -2~ (1~
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methyl-1H-pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-4-
yl)benzenesulfonamide (0.18 g, 0.31 mmocl) prepared in
Example 65c, triethylsilane (0.10 mL), trifluoroacetic
acid (0.50 mL) and dichloromethane (2.0 mlL), to yield the
title compound (134 mg, 99%) as a colorless solid.

'H-NMR (500 MHz, CDCls) & ppm: 1.74-1.95 (4H, m), 2.18
(38, s), 2.21-2.33 (2H, m), 3.40 (lH, dt, J=4.4, 8.3 Hz),
3.82 (3H, s), 4.74-4.77 (1H, m), 6.06 (1H, d, J=2.0 Hz),
6.54 (1H, d, J=8.8 Hz), 7.24-7.25 (1H, m), 7.42 (1H, d,
J=2.0 Hz), 7.79 (1iH, t, J=8.8 Hz), 8.40 (1H, d, J=6.0 Hz),
8.88 (1H, brs).

MS (ESI)m/z: 432[M+H]-+.

[0336]

(Example 66) 2—Fluoro—3—methyl—4~{[(IS*,ZR*)~2—(1—methyl—
1H-pyrazol-5-yl)cyclohexyl]oxy}-N-(pyrimidin-4-
yvl)benzenesulfonamide

[0337]

[Formula 84]

o) SN
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[0338]
(66a) N-(2,4-Dimethoxybenzyl)-2-fluoro-3-methyl-4-
{[(18",2R") -2~ (1-methyl-1H-pyrazol-5-yl)cyclohexyl]oxy}-

N-{(pyrimidin-4-yl)benzenesulfonamide
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The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl) -2, 4-difluoro-3-methyl-N- (pyrimidin-4-
yvl)benzenesulfonamide (0.30 g, 0.70 mmol) prepared in
Example 65b, the (18*,2R*)-2~(l~methyl-1H-pyrazol-5-
yl)cyclohexanol (0.10 g, 0.70 mmol) prepared in Example
4a, sodium hydride (63%; 0.070 g, 1.65 mmol) and DMF (10
mL), to yield the title compound {175.6 mg, 40%) as a
colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.43-1.64 (4H, m), 1.86-
1.94 (2H, m), 1.89 (3H, s), 2.03-2.07 (1H, m), 2.27-2.29
(1H, m), 2.97-3.02 (1H, m), 3.76 (3H, s), 3.79 (3H, s),
3.87 (3H, s), 4.27 (1H, dt, J=3.9, 9.8 Hz), 5.26 (2H, s),
5.98 (1H, d, J=2.0 Hz), 6.39-6.42 (2H, m), 6.55 (1H, d,
J=9.3 Hz), 7.1%9 (1H, d, J=8.3 Hz), 7.25 (1H, dd, J=1.5,
6.4 Hz), 7.35 (1H, d, J=2.0 Hz), 7.77 (1H, t, J=8.3 Hz),
8.41 (1H, d, J=6.4 Hz), 8.75 (1H, s).
(66b) 2-Fluoro-3-methyl-4-{[(1S",2R") -2~ (l-methyl-1H~
pyrazol-5~yl)cyclohexyl]oxy}=N- (pyrimidin-4~
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl)-2-fluoro-3-methyl-4-{[ (18", 2R")-2- (1~
methyl-1H-pyrazol-5-yl)cyclohexyl]oxy}-N-(pyrimidin-4-
yl)benzenesulfonamide (175.6 m0.29 mmol) prepared in

Example 66a, triethylsilane (0.10 ml), trifluorocacetic
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acid (0.5 mL) and dichloromethane (2.0 mL), to yield the
title compound (122 mg, 93%) as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.40-1.65 (4H, m), 1.86-
1.93 (2H, m), 2.05-2.10 (1H, m), 2.18 (3H, s), 2.26-2.28
(l1H, m), 2.97-3.02 (1H, m), 3.86 (3H, s), 4.26 (1H, dt,
J=4.4, 10.3 Hz), 5.99 (1H, d, J=2.0 Hz), 6.54 (1H, d,
J=9.3 Hz), 7.20 (1H, brs), 7.34 (1H, d, J=1.5 Hz), 7.74
(1H, t, J=8.3 Hz), 8.39 (1lH, d, J=6.4 Hz), 8.86 (1H, brs).
MS (ESI)m/z: 446[M+H]+.

[0339]

(Example 67) 4-{[(1S",2R")-4,4-Dimethyl-2-(l-methyl-1H-
pyrazol-5-yl)cyclohexylloxy}—-2,5-difluoro-N-(pyrimidin-4-
yl)benzenesulfonamide

[0340]

[Formula 85]
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[0341]
(67a) 6-Iodo-8,8-dimethyl-1,4-dioxaspiro[4.5]dec-6~¢ene

A solution of 2-iodo-4,4-dimethylcyclohex—-2-en~1-one
(Synlett, 2005, 1263-1266; 5.46 g, 21.8 mmol), ethylene
glycol (3.00 g, 48.3 mmol), p-toluenesulfonic acid
hydrate (100 mg) in benzene (100 mL) was stirred for 7

hours under reflux, and the solvent was subjected to
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azeotropic distillation with water. After allowing to
cool, a saturated agueous solution of sodium
hydrogencarbonate (100 mL) was added to the reaction
solution, and an organic layer was extracted. The thus
obtained organic layer was dried over anhydrous sodium
sulfate. After vacuum concentration, the residue was
purified with silica gel chromatography (hexane/ethyl
acetate = 95:5) to yield the title compound (5.78 g, 90%)
as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.03 (6H, s), 1.65-1.68
(2H, m), 1.95-1.98 (2H, m), 3.96-3.99 (2H, m), 4.19-4.22
(2H, m), 6.39 (1H, s).
{(67b) 5-(8,8~Dimethyl-1,4~-dioxaspiroid4.5]dec-6-en-6-yl)~-
l-methyl-1H-pyrazole

The reaction and aftertreatment were conducted in
the same manner as in Example 33a by using the 6-iodo-
8,8-dimethyl-1,4-dioxaspiro[4.5]dec-6-ene (1.5 g, 5.10
mmol) prepared in Example 67a, l-methyl-5-(4,4,5,5~
tetramethyl-1, 3, 2-dioxaboran-2-yl)-1H-pyrazole (1.00 g,
4.81 mmol), tetrakis(triphenylphosphine)palladium (0)
(240 mg, 0.208 mmol), cesium carbonate (3.40 g, 10.4
mmol), dioxane (7.0 mL) and water (3.0 mL), to yield the
title compound (580 mg, 49%) as a brown oil.
‘H-NMR (500 MHz, CDCls) & ppm: 1.11 (6H, s), 1.71-1.74
(2H, m), 1.91-1.93 (2H, m), 3.51-3.54 (2H, m), 3.78 (3H,
s), 3.79-3.82 (2H, m), 5.65 (1H, s), 6.16 (1H, d, J=2.0

Hz), 7.40 (1E, d, J=2.0 Hz).
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(67¢) 4,4-Dimethyl-2-(l-methyl-1H-pyrazol-5-yl)cyclohex-
2-en-1-one

A solution of the 5-(8,8-dimethyl-1,4~-
dioxaspiro[4.5]dec-6-en-6-yl)-l-methyl-1H~pyrazocle (580
mg, 2.34 mmol) prepared in Example 67b and 2 M
hydrochloric acid (2.0 mL) in THF (5.0 mL) was stirred
for 1 hour under reflux. After allowing to cool, a 1 M
agqueous sodium hydroxide solution (5.0 mlL) was added to
the reaction solution, followed by extraction with ethyl
acetate (50 mL). The thus obtained organic layer was
dried over anhydrous sodium sulfate. After vacuum
concentration, the residue was purified with silica gel
chromatography (hexane/ethyl acetate = 1:1) to yield the
title compound (432 mg, 91%) as a colorless oil.
'H-NMR (400 MHz, CDCls) & ppm: 1.27 (6H, s), 1.99 (2H, t,
J=6.7 Hz), 2.63 (2H, t, J=7.0 Hz), 3.68 (3H, s), 6.13 (1H,
d, J=2.0 Hz), 6.78 (1H, s), 7.44 (1H, d, J=2.0 Hz).
(67d) 4,4-Dimethyl~2-(l-methyl-1H-pyrazol-5-
yvl)cyclohexanol

To a solution of the 4,4-dimethyl-2-(l-methyl-1H-
pyrazol-5-yl)cyclohex~2-en-l-one (432 mg, 2.12 mmol)
prepared in Example 67c¢ in methanol (6.0 mL), sodium
borohydride (200 mg, 5.29 mmol) was added with cooling on
ice, and the reaction solution was stirred at room
temperature for 1 hour. To the reaction solution, a
saturated agueous solution of ammonium chloride (20 mL)

was added, followed by extraction with dichloromethane
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(50 mL). The thus obtained organic layer was dried over
anhydrous sodium sulfate and vacuum concentrated after to
vield a mixture of the title compound and an allyl
alcohol derivative.

A solution of this mixture and palladium hydroxide
carbon (10%; 300 mg) in ethanol (6.0 mlL) was stirred at
room temperature for 3 hours under a hydrogen atmosphere.
The reaction solution was filtered through Celite, and
the residue was purified with silica gel chromatography
(dichloromethane/methanol = 97:3) to yield the title
compound (347 mg, 79%) in the form of a trans/cis (3:1)
mixture.

(67e) N-(2,4-Dimethoxybenzyl)-4-{[ (1S ,2R")~4,4-dimethyl~
2-(l-methyl-1H-pyrazol-5-yl)cyclohexylloxy}-2,5-difluoro-
N~ (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)=-2,4,5~trifluoro~N~ (pyrimidin-4-
yl)benzenesulfonamide (337 mg, 0.767 mmol) prepared in
Example 14b, the 4,4-dimethyl-2-(l-methyl-1H-pyrazol-5~
yl)cyclohexanol (160 mg, 0.768 mmol) prepared in Example
67d, sodium hydride (63%; 80 mg, 2.10 mmol) and DMF (4.0
mL), to yield the title compound (293 mg, 61%) as a
colorless oil.

*H-NMR (500 MHz, CDCls) & ppm: 1.04 (3H, s), 1.12 (3H, s),
1.41-1.47 (1H, m), 1.57-1.62 (2H, m), 1.68-1.81 (2H, m),

2.04-2.08 (1H, m), 3.21-3.26 (1H, m), 3.76 (3H, s}, 3.78
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(3, s), 3.91 (3H, s), 4.08 (1H, dt, J=4.4, 11.2 Hz),
5.19 (1H, d, J=17.1 Hz), 5.23 (14, d, J=17.1 Hz), 6.01
(18, d, J=2.0 Hz), 6.39-6.41 (2H, m), 6.45 (lH, dd, J=6.4,
11.2 Hz), 7.17-7.18 (2H, m), 7.33 (1H, d, J=2.0 Hz), 7.67
(1H, dd, J=6.8, 10.3 Hz), 8.45 (1H, 4, J=5.9 Hz), §.78
(18, d, J=1.0 Hz).
(67f) 4-{[(1S",2R")~4,4-Dimethyl-2-(l-methyl-1H-pyrazol-
5-yl)cyclohexylloxy}-2,5-diflucro-N- (pyrimidin-4-
vlibenzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example lb by using the N-(2,4-
dimethoxybenzyl)-4-{[ (1S, 2R") -4, 4-dimethyl-2- (1-methyl-
1H-pyrazol-5-yl)cyclohexyl]loxy}-2,5-difluoro-N~
(pyrimidin-4-yl)benzenesulfonamide (293 mg, 0.467 mmol)
prepared in Example 67e, triethylsilane (0.40 mL),
trifluorcacetic acid (4.0 ml) and dichloromethane (4.0
mL), to yield the title compound (198 mg, 89%) as a
colorless solid.
H-NMR (500 MHz, DMSO-dg) & ppm: 0.97 (3H, s), 1.08 (3H,
s), 1.44-1.69 (5H, m), 1.98-2.02 (I1H, m), 3.26 (1lH, dt,
J=4.4, 10.3 Hz), 3.79 (3H, s), 4.52 (1H, dt, J=4.4, 10.3
Hz), 6.05 (1H, d, J=2.0 Hz), 6.94 (lH, brs), 7.18 (1H, d,
J=2.0 Hz), 7.26 (1H, brs), 7.61 (lH, brs), 8.24 (1lH, brs),
8.56 (1H, s).
MS (ESI)m/z: 478[M+H]+.

[0342]
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(Example 68) 4-{[(1S",2R")-2-(3-Amino-1H-pyrazol-4-
yl)cyclohexylloxy}-2-fluoro-5-methyl~N- (pyrimidin-4-
yl)benzenesulfonamide

[0343]

[Formula 86]
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(68a) N-(2,4-Dimethoxybenzyl)-2-fluoro-5-methyl-4-
({(18",2R")-2-[3-nitro-1- (tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-4-yllcyclohexyl}oxy)-N-(pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl) -2, 4-difluoro-5-methyl-N- (pyrimidin~4-
yl)benzenesulfonamide (243 mg, 0.559 mmol) prepared in
Example 43a, the (15*,2R*)—2—[3—nitro~1~(tetrahydro—ZH-
pyran-2-yl)-1H-pyrazol-4-yl]lcyclohexancl (165 mg, 0.559
mmol) prepared in Example 34b, sodium hydride (63%; 64.4
mng, 0.671 mmol) and DMF (8.0 mL), to yield the title
compound (291 mg, 73%) as a pale yellow solid.
'H-NMR (500 MHz, CDCl3) & ppm: 1.45-1.68 (8H, m), 1.79-
2.26 (6H, m), 2.05 (3H, s), 3.62-3.69 (2H, m), 3.76 (3H,

s), 3.79 (3H, s), 3.89-4.01 (1H, m), 4.10-4.18 (1H, m),



- 241 -

5.25 (2H, s), 5.30~5.34 (1H, m), ©6.38-6.47 (3H, m), 7.19
(18, d, J=8.3 Hz), 7.29 (1H, dt, J=1.5, 6.4 Hz), 7.43 (1H,
d, J=22.9 Hz), 7.65 (1H, dd, J=3.4, 8.3 Hz), 8.44 (1H, d,
J=5.9 Hz), 8.77 (1lH, s}.
(68b) 2-Fluoro-5-methyl-4-{(1S",2R") -2~ (3-nitro-1H-
pyrazol-4-yl)cyclohexylloxy}-N-(pyrimidin-4-
yvl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 22c¢ by using the N~ (2, 4-
dimethoxybenzyl)—2~fluoro—5—methyl—4—({{18*,2R5)—2—[3—
nitro-1-(tetrahydro-2H-pyran—-2-yl)-1H-pyrazol-4-
yllcyclohexyl}oxy)~N-(pyrimidin-4-yl)benzenesulfonamide
(291 mg, 0.409 mmol) prepared in Example 68a,
triethylsilane (0.10 mL), trifluorocacetic acid (1.0 mlL),
dichloromethane (2.0 mlL) and methancl (1.0 mL), to yield
the title compound (172 mg, 88%) as a pale yvellow solid.
'H-NMR (500 MHz, CDCl3) & ppm: 1.43-1.52 (3H, m), 1.70-
1.72 (1H, m), 1.84-1.97 (2H, m), 1.97 (3H, s), 2.09-2.21
(2H, m), 3.64-3.69 (1H, m), 4.15-4.17 (1H, m), 6.37 (1H,
d, J=12.2 Hz), 7.49 (1H, brs), 7.59 (1H, d, J=8.3 Hz),
7.74 (1H, s), 8.49 (1H, d, J=6.4 Hz), 8.98 (1lH, s).
(68c) 4-{[(18",2R")-2-(3-Amino-1H-pyrazol-4-
yl)cyclohexyl]oxy}=-2-fluoro-5-methyl-N- (pyrimidin-4-
yvl)benzenesulfonamide

A solution of the 2—fluoro—5~methyl—4—{(lS*,ZR*)—Z—
(3-nitro-1H~pyrazol-4-yl)cyclohexylloxy}=N=- (pyrimidin-4-

v1l)benzenesul fonamide (40 mg, 0.0840 mmol) prepared in
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Example 68b and palladium carbon (10%; 30 mg) in methanol
(1.0 mL) and ethyl acetate (1.0 mL) was stirred at 60°C
for 5 hours under a hydrogen atmosphere. The reaction
solution was filtered through Celite, and the residue was
purified with silica gel chromatography
{(dichloromethane/methanol) to yield the title compound
{10.8 mg, 29%) as a colorless solid.

‘H-NMR (500 MHz, CDCli) 6 ppm: 1.25-1.61 (4H, m), 1.79%9~-
1.91 (2H, m), 2.05-2.17 (2H, m), 2.16 (3H, s), 2.67-2.72
(1H, m), 4.00 (1H, dt, J=3.9, 9.8 Hz), 6.40 (1H, d,
J=12.2 Hz), 7.16 (1H, s), 7.2% (1H, brs), 7.66 (1lH, d,
J=8.8 Hz), 8.41 (1H, d, J=6.4 Hz), 8.77 (1H, brs).

MS (ESI)m/z: 447 [M+H]+.

[0345]

(Example 69) 4-{[(1S8",2R")-2-(2-Aminopyridin-3-
yvl)cyclohexylloxy}=2,5~difluoro-N-{(pyrimidin-4-
yl)benzenesulfonamide

[0346]

[Formula 87]

F o o SN
\\S// l )
~
N N
H

[0347]

(69a) 3-Cyclohex-l-en-l1-ylpyridin-2-amine
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The reaction and aftertreatment were conducted in
the same manner as in Example 3%a by using 3-
bromopyridin-Z~amine (0.42 g, 2.40 mmol), 2-cyclohex-1-
en-1l-yl-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (0.50 g,
2.40 mmol), tetrakis(triphenylphosphine)palladium (0)
(0.14 g, 0.12 mmol), cesium carbonate (1.72 g, 5.29% mmol),
l,4-dioxane (8.0 mL) and water (4.0 mL), to yield the
title compound (403.3 mg, 96%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.67~1.71 (2H, m), 1.74-
1.79 (2H, m), 2.15-2.19 (2H, m), 2.20-2.24 (2H, m), 4.55
(2H, brs), 5.82-5.84 (1H, m), 6.64 (1H, dd, J=4.9, 6.8
Hz), 7.21 (1H, dd, J=2.0, 7.3 Hz), 7.95 (1H, dd, J=1.0,
6.4 Hz) .
(69b) (1S87,2R")-2-(2-Aminopyridin-3-yl)cyclohexanol

The reaction and aftertreatment were conducted in
the same manner as in ExampleVBBb by using the 3-
cyclohex-l-en~-l-ylpyridin-2-amine (0.40 g, 2.31 mmol)
prepared in Example 69%9a, a borane-THF complex (0.95 M;
7.30 mL, 6.94 mmol), sodium perborate tetrahydrate (0.93
g, 6.01 mmol), THF (2.3 mL) and water (3.5 mlL), to yield
the title compound (45.4 mg, 10%) as a colorless
amorphous solid.
'H-NMR (500 MHz, CDCls;) & ppm: 1.27-1.51 (4H, m), 1.77-
1.86 (3H, m), 2.08-2.10 (1H, m), 2.47 (1H, t, J=10.3 Hz),
3.55-3.59 (1H, m), 6.62~6.65 (1H, m), 7.37 (lH, d, J=7.3

Hz), 7.73 (1H, d, J=3.9 Hz).
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(69¢c) 4-{[(1S8",2R") -2~ (2~Aminopyridin-3-
yvl)cyclohexyl]oxy}-N~-(2,4-dimethoxybenzyl)~-2,5~diflucro-
N-(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2Z,4-
dimethoxybenzyl)-2,4,5-trifluoro-N-(pyrimidin—-4-
yl)benzenesulfonamide (0.11 g, 0.25 mmol) prepared in
Example 14b, the (187,2R")-2-(2-aminopyridin-3-
yl)cyclohexanol (0.05 g, 0.25 mmol) prepared in Example
69b, sodium hydride (63%; 0.01 g, 0.38 mmol) and DMF (1.3
mL), to yvield the title compound (34 mg, 22%) as a
colorless amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.41-1.76 (4H, m), 1.88-
1.97 (3H, m), 2.27-2.29 (1H, m)}, 2.91-2.96 (1H, m), 3.76
(6H, s), 4.19 (1H, dt, J=4.4, 10.7 Hz), 4.72 (2ZH, brsj,
5.19 (2H, s), 6.38-6.41 (2H, m), 6.51 (1H, dd, J=6.4,
11.2 Hz), 6.66 (1H, dd, J=4.9, 7.8 Hz), 7.17-7.19 (2H, m),
7.37 (1H, dd, J=1.5, 7.3 Hz), 7.66 (lH, dd, J=6.8, 10.3
Hz), 7.%2 (1H, dd, J=2.0, 4.9 Hz), 8.45 (1H, d, J=5.9 Hz),
8.77 (1H, d, J=1.5 Hz).
(69d) 4-{[(18",2R")~2~(2~-Aminopyridin-3-
yl)cyclohexylloxy}-2,5-difluoro-N~-(pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 4-
{[(18",2R") -2~ (2-aminopyridin-3-yl)cyclohexyl]oxy}-N-

(2,4-dimethoxybenzyl)-2,5~-difluoro-N- (pyrimidin-4-
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yl)benzenesulfonamide (0.06 g, 0.09 mmol) prepared in
Example 69c, triethylsilane (0.07 mL), trifluoroacetic
acid (0.09% mL) and dichloromethane (0.90 mL), to yield
the title compound (34.2 mg, 82%) as a colorless solid.
H-NMR (500 MHz, CD3;OD) & ppm: 1.47-1.69 (4H, m), 1.82-
1.92 {(3H, m), 2.27~2.30 (l1H, m), 3.04-3.09 (1H, m), 4.58
(14, dt, J=4.4, 9.8 Hz), 6.66 (1H, dd, J=6.8, 7.8 Hz),
6.88 (1H, dd, J=1.0, 6.4 Hz), 6.99 (1H, dd, J=6.4, 11.2
Hzy, 7.60 (l1H, dd, J=6.8, 10.7 Hz), 7.69-7.73 (2H, m),
8.14 (1H, d, J=6.4 Hz), 8.44 (1H, s).

MS (ESI)m/z: 462 [M+H]+.

[0348]

(Example 70) 2,5-Difluoro-4-{[ (18", 2R") -2~ (2~
methylpyridin-3-yl)cyclohexyl]oxy}—-N- (pyrimidin-4-
yl)benzenesulfonamide

[0349]

[Formula 88]

F o o SN
\\S// l )
~
>N N
H

[0350]
(70a) 3-(Cyclohex-l1-en-1l-yl)=-2-methylpyridine

The reaction and aftertreatment were conducted in
the same manner as in Example 39%9a by using 3-bromeo-2-

methylpyridine (0.41 g, 2.40 mmol), 2-(cyclohex-l-en-1-
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vl)-4,4,5,5~-tetramethyl-1, 3,2~-dioxaborolane (0.50 g, 2.40
mmol), tetrakis(triphenylphosphine) palladium (0) (0.14 g,
0.12 mmol), cesium carbonate (1.72 g, 5.29 mmol), 1,4-
dioxane (8.0 mL) and water(4.0 mL), to yield the title
compound (353.2 mg, 85%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.67-1.78 (4H, m), 2.17-
2.19 (4H, m), 2.51 (3H, s), 5.59-5.61 (1H, m), 7.06 (1H,
ad, J=4.9, 7.8 Hz), 7.34 (1iH, dd, J=2.0, 7.8 Hz), 8.37
(1H, dd, J=2.0, 4.9 Hz).
(70b) (18",2R") -2~ (2-Methylpyridin-3-yl)cyclohexanol

The reaction and aftertreatment were conducted in
the same manner as in Example 33b by using the 3-
(cyclohex~1-en-1-yl)-2-methylpyridine (0.35 g, 2.03 mmol)
prepared in Example 70a, a borane-THF complex (0.95 M;
6.40 mL, 6.08 mmol), sodium perborate tetrahydrate (0.81
g, 5.27 mmol), THF (2.0 mL) and water (3.0 mL), to yield
the title compound (106.3 mg, 27%) as a colorless
amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.24-1.47 (4H, m), 1.76-
1.87 (3H, m), 2.13-2.15 (1H, m), 2.56 (3H, s), 2.71-2.76
(1, m), 3.72-3.77 (1H, m), 7.10 (1H, dd, J=4.9, 7.8 Hz),
7.55 (14, dd, J=1.5, 7.8 Hz), 8.24 (1H, dd, J=1.5, 4.9
Hz) .
(70c) N—(2,4-Dimethoxybenzyl)~2,5~difluoro~4—{[(IS*,ZR*)~
2-(2-methylpyridin-3-yl)cyclohexyl]oxy}-N-(pyrimidin-4-~

yl)benzenesulfonamide
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The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4,5-trifluoro~N- (pyrimidin-4-
yl)benzenesul fonamide (0.25 g, 0.57 mmol) prepared in
Example 14b, the (1S*,2R*)-2-(Z2-methylpyridin-3-
yvl)cyclohexanol (0.11 g, 0.57 mmol) prepared in Example
70b, sodium hydride (63%; 0.03 g, 0.85 mmol) and DMF (2.8
mL), to yield the title compound (45.7 mg, 13%) as a
colorless amorphous solid.
TH-NMR (500 MHz, CDCli) & ppm: 1.43-1.60 (4H, m), 1.88-
1.98 (3H, m), 2.27-2.30 (1H, m), 2.67 (3H, s), 3.15-3.20
(1, m), 3.76 (3H, s), 3.77 (3H, s), 4.29 (1H, dt, J=4.4,
10.3 Hz), 5.20 (2H, s), 6.38-6.43 (2H, m), 6.50 (1lH, dd,
J=5.9, 10.7 Hz), 7.03 (1H, dd, J=4.9, 7.8 Hz), 7.16-7.22
(28, m), 7.44 (1H, dd, J=2.0, 8.3 Hz), 7.61 (1lH, dd,
J=6.8, 10.3 Hz), 8.29 (1H, dd, J=1.5, 3.4 Hz), 8.44 (1H,
d, J=5.4 Hz), 8.77 (lH, s).
(70d) 2,5-Difluoro-4-{[(18",2R")~-2-(2-methylpyridin-3-
yl)cyclohexyl]loxy}-N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl) -2, 5-difluoro-4-{[ (18", 2R") -2~ (2~
methylpyridin-3-yl)cyclohexyl]oxy}-N-(pyrimidin-4-
yl)benzenesulfonamide (0.05 g, 0.08 mmol) prepared in
Example 70c¢, triethylsilane (0.06 mL), trifluorocacetic
acid (0.08 mL) and dichloromethane (0.75 mL), to yield

the title compound (34 mg, 98%) as a colorless solid.
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'H-NMR (500 MHz, CD;OD) & ppm: 1.45-1.75 (4H, m), 1.84-
1.94 (3H, m), 2.2%-2.31 (1H, m), 2.65 (3H, s), 3.18-3.24
(1H, m), 4.61 (1H, dt, J=3.9, 9.8 Hz), 6.95 (1H, dd,
J=1.0, 6.4 Hz), ©.99 (1H, dd, J=6.8, 11.7 Hz), 7.16 (lH,
dd, J=4.9, 7.8 Hz), 7.57 (1H, dd, J=6.8, 10.7 Hz), 7.82
(1, dd, J=2.0, 7.8 Hz), 8.14 (1H, dd, J=1.5, 4.9 Hz),
8.21 (1H, d, J=6.4 Hz), 8.49 (1lH, s).

MS (ESI'm/z: 461 [M+H]+.

[0351]

(Example 71) 4-{[(18",2R")-2-(3-Amino-1H-pyrazol-4-
vl)cyclohexyl]loxyl=5-chloro~-2~fluocro~N- (pyrimidin-4-
ylibenzenesulfonamide

[0352]

[Formula 89]
F XN
W

Cl

[0353]
(71la) 5-Chloro-N- (2, 4~dimethoxybenzyl)-2-~fluocro-4-
({(187,2R") -2~ [3-nitro-1- (tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-4-yllcyclohexyl}loxy)-N=-(pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-

(2,4-dimethoxybenzyl) ~2,4~-difluoro~N- (pyrimidin-4-
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vl)benzenesulfonamide (196 mg, 0.430 mmol) prepared in
Example 20a, the (1S*,2R*)-2-[3-nitro-1-(tetrahydro-ZH-
pyran-2-yl)~1H-pyrazol-4-yl]lcyclohexanol (127 mg, 0.430
mmol) prepared in Example 34b, sodium hydride (63%; 49.5
mg, 0.516 mmol) and DMF (6.0 mL), to yield the title
compound (264 mg, 84%) as a pale yellow amorphous.
H-NMR (500 MHz, CDCl;) & ppm: 1.45-1.69 (8H, m), 1.81-
2.24 (6H, m), 3.61-3.70 (2H, m), 3.77 (3H, s), 3.78 (3H,
sy, 3.92-4.00 (1H, m), 4.27-4.32 (1H, m), 5.22 (2H, s),
5.32-5.36 (1H, m), 6.38-6.41 (2H, m), 6.56 (1H, t, J=12.2
Hz), 7.18 (1H, d, J=9.3 Hz), 7.20-7.23 (1H, m), 7.47 (1lH,
d, J=29.8 Hz), 7.91 (1H, dd, J=5.4, 7.3 Hz), 7.47 (1H, d,
J=5.9 Hz), 8.79 (1H, s).
(71b) 5-Chloro-2-fluoro-4-{ (15", 2R")-2-(3-nitro-1H-
pyrazol-4-yl)cyclohexylloxy}-N- (pyrimidin-4-
yl)benzenesul fonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 22c by using the 5-chloro-
N—(2,4—dimethoxybenzyl)—2~fluoro—4—({(lS*,ZR*)—Z-[3—
nitro-1l-(tetrahydro-2H~-pyran-2-yl)-1H-pyrazol-4-
yllcyclohexyl}loxy)-N-(pyrimidin-4~yl)benzenesulfonamide
(264 mg, 0.362 mmol) prepared in Example 7la,
triethylsilane (0.10 mL), trifluorcacetic acid (0.5 ml),
dichloromethane (2.0 mL) and methanol (1.0 mL), to yield
the title compound (162 mg, 90%) as a white solid.
'H-NMR (500 MHz, DMSO-dg¢) & ppm: 1.31-1.57 (4H, m), 1.71-

1.80 (2H, m), 1.96-1.99 (1H, m), 2.17-2.19 (1H, m), 3.48-
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3.53 (1H, m), 4.56~-4.61 (1H, m), 7.24-7.31 (2H, m), 7.73-
7.76 (2H, m), 7.90-7.91 (1H, m), 8.56 (1H, s).
(71c) 4-{[(18",2R") -2~ (3-Amino~1H-pyrazol-4-
yvl)cyclohexylloxy}=-5-chloro-2-fluoro-N- (pyrimidin-4-
yl)benzenesul fonamide

A solution of the 5-chloro-2-fluoro-4-{(1S",2R")-2-
(3-nitro-1H-pyrazol-4-yl)cyclohexyl]oxy}-N- (pyrimidin-4-
yl)benzenesulfonamide (0.05 g, 0.101 mmol) prepared in
Example 71b, iron powder (56 mg, 1.01 mol) and a
saturated agueous solution of ammonium chloride (2.0 mL)
in ethanol (2.0 mL) was stirred for 15 hours under heated
reflux. After allowing to cool, the reaction solution
was filtered through Celite, and the filtrate was
subjected to extraction with ethyl acetate (100 mL). The
organic layer was dried over anhydrous sodium sulfate and
vacuum concentrated, and the residue was purified with
silica gel chromatography (dichloromethane/methanol) to
yield the title compound (25.9 mg, 64%) as a colorless
solid.
‘H-NMR (500 MHz, CD3;OD) & ppm: 1.38-1.54 (3H, m), 1.66-
1.75 (14, m), 1.80-1.88 (2H, m), 1.97-2.01 (2H, m), 2.72-
2.77 (1H, m), 4.38 (1H, dt, J=3.9, 5.9 Hz), 6.95-6.99 (3H,
m), 7.92 (1H, 4, J=7.8 Hz), 8.24 (1lH, d, J=5.9 Hz), 8.52
(1H, s).
MS (ESI)m/z: 467 [M+H]+.

[0354]
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(Example 72) 4-{[(1S",2R")-5,5-Dimethyl-2~(l-methyl-1H~
pyrazol-5-yl)cyclohexylloxy}-2,5-difluoro~N~- (pyrimidin-4-
vl)benzenesulfonamide

[0355]

[Formula 90]
F NN
S\H N/

\N \
\
N=—

[0356]
(72a) 6-Iodo-9,9-dimethyl-1,4~-dioxaspiro[4.5]dec-6-ene
The reaction and aftertreatment were conducted in
the same manner as in Example 67a by using 2-iodo-5, 5-
dimethylcyclohex-2-en~-1l-one (J. Org. Chem., 1994, 59,
5393-5396; 6.10 g, 24.4 mmol), ethylene glycol (3.00 g,
48.3 mmol), p-toluenesulfonic acid hydrate (230 mg, 1.22
mmol) -and benzene (70 mL), to vield the title compound
(3.33 g, 46%) as a brown oil.
'H-NMR (500 MHz, CDCli) & ppm: 1.01 (6H, s), 1.84 (2H, s),
1.%96 (2H, d, J=3.9 Hz), 3.95-3.98 (2H, m), 4.18-4.21 (2H,
m), 6.59 (1H, t, J=4.4 Hz).
(72b} 5-(9,9-Dimethyl-1,4-dioxaspiro[4.5]dec-6~en-6-yl)~
l-methyl-1H~pyrazole
The reaction and aftertreatment were conducted in
the same manner as in Example 3%9a by using the 6-iodo-

9,9-dimethyl-1,4~dioxaspiro{4.5]dec~6-ene (1.4 g, 4.76
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mmol) prepared in Example 72a, l-methyl-5-(4,4,5,5-
tetramethyl-1, 3, 2-dioxaboran~-2~yl)~1H~pyrazole (1.00 g,
4,81 mmol), tetrakis({triphenylphosphine)palladium (0)
(240 mg, 0.208 mmol), cesium carbonate (3.40 g, 10.4
mmol), 1,4-dioxane (10 mL) and water (5.0 mL), to yield
the title compound (758 mg, ©4%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.09 (6H, s), 1.80 (2H, s),
2.07 (2H, d, J=3.9 Hz), 3.44-3.47 (2H, m), 3.77-3.7% (2H,
m), 3.80 (3H, s), 5.88 (1H, t, J=3.9 Hz), 6.17 (1H, d,
J=1.5 Hz), 7.41 (1H, d, J=2.0 Hz).
{72c)y 5,5-Dimethyl-2-(l-methyl-1H-pyrazol-5-yl)cyclohex-
2-en—-1l-one

The reaction and aftertreatment were conducted in
the same manner as in Example 67c¢ by using the 5-(9,9~
dimethyl-1,4~dioxaspiro[4.5]dec-6-en-6-yl)-l-methyl-1H-
pyrazole (758 mg, 3.05 mmol) prepared in Example 72b, 2 M
hydrochloric acid (2.0 mL) and THF (5.0 mL), to yield the
title compound (581 mg, 93%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.14 (6H, s), 1.58 (2H, s),
2.46 (2H, d, J=2.9 Hz), 3.70 (3H, s), 6.14 (1H, d, J=1.5
Hz), 6.98 (1H, t, J=3.9 Hz), 7.44 (1H, d, J=1.5 Hz).
(72d) (1s8",2R")-5,5-Dimethyl-2- (l-methyl-1H-pyrazol-5-
yl)cyclohexanol

To a solution of the 5,5-dimethyl-2-(l-methyl-1H-
pyrazol-5-yl)cyclohex-2-en~1l-one (581 mg, 2.84 mmol)
prepared in Example 72c¢ in methanol (6.0 mL), sodium

borohydride {200 mg, 5.29 mmol) was added with cooling on
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ice, and the reaction solution was stirred at room
temperature for 30 minutes. To the reaction solution, a
saturated aqueous solution of ammonium chloride (50 mL)
was added, followed by extraction with ethyl acetate (100
mL). The thus obtained organic layer was dried over
anhydrous sodium sulfate. After vacuum concentration,
the residue was purified with silica gel chromatography
(dichloromethane/methanol = 98:2) to yield the title
compound (40 mg, 6.8%) as a colorless oil.
‘H-NMR (500 MHz, CDCli3) & ppm: 1.01 (3H, s), 1.02 (3H, s),
1.29-1.34 (2H, m), 1.44-1.48 (1H, m), 1.55-1.64 (1H, m),
1.72-1.83 (2H, m), 2.47-2.52 (1H, m), 3.81 (1H, dt, J=4.4,
11.2 Hz), 3.84 (3H, s), 6.08 (1H, d, J=1.5 Hz), 7.42 (1H,
d, J=1.5 H=z).
(72e) N=-(2,4-Dimethoxybenzyl)-4-{[(1S",2R") -5, 5~dimethyl-
2= (l-methyl-1H-pyrazol-5-yl)cyclohexyl]oxy}-2,5-difluoro-
N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4,5-trifluoro-N- (pyrimidin-4-
y1l)benzenesulfonamide (85 mg, 0.193 mmol) prepared in
Example 14b, the (15*,2R*)—5,5—dimethyl—2—(l—methyl~1H—
pyrazol-5-yl)cyclohexanol (40 mg, 0.192 mmol) prepared in
Example 72d, sodium hydride (63%; 30 mg, 0.788 mmol) and
DMF (2.0 mL), to yield the title compound (100 mg, 83%)

as a colorless oil.
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H-NMR (500 MHz, CDCls) & ppm: 1.06 (3H, s), 1.10 (3H, s),
1.39~1.48 (2H, m), 1.55-1.62 (1H, m), 1.81-1.96 (3H, m),
2.91-2.96 (1H, m), 3.77 (3H, s), 3.78 (3H, s), 3.90 (3H,
s), 4.30 (1H, dt, J=3.9, 11.2 Hz), 5.19 (1H, d, J=16.6
Hz), 5.24 (1H, 4, J=17.1 Hz), 6.05 (1H, d, J=2.0 Hz),
6.38~6.42 (3H, m), 7.18-7.20 (2H, m), 7.36 (1lH, d, J=1.5
Hz), 7.67 (1H, dd, J=6.4, 9.8 Hz), 8.46 (lH, d, J=5.8 Hz),
8.79 (1H, d, J=1.0 Hz).
(72f) 4-{[(18",2R")~-5,5-Dimethyl-2~ (1-methyl-1H-pyrazol-
5-yljcyclohexylloxy}t=-2,5~-difluoro-N-(pyrimidin-4-
vl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the N-(2,4-
dimethoxybenzyl)-4-{[ (18", 2R") -5, 5~dimethyl~2~ (1-methyl-
1H-pyrazol-5-yl)cyclohexylloxy}-2,5-difluoro-N-
(pyrimidin-4-yl)benzenesulfonamide (100 mg, 0.159 mmol)
prepared in Example 72e, triethylsilane (0.20 mL),
trifluorcacetic acid (2.0 mL) and dichloromethane (2.0
mL), to yield the title compound (70 mg, 92%) as a
colorless solid.
'H-NMR (500 MHz, DMSO-d¢) & ppm: 0.98 (3H, s), 1.09 (3H,
sy, 1.36-1.43 (3H, m), 1.68-1.90 (3H, m), 3.0l (1H, dt,
J=4.4, 11.7 Hz), 3.77 (3H, s), 4.68 (1H, dt, J=3.9, 10.7
Hz), 6.21 (1H, d, J=2.0 Hz), 6.98 (l1H, brs), 7.08 (1lH, dd,
J=6.4, 11.2 Hz), 7.19 (1H, d, J=2.0 Hz), 7.60-7.63 (1H,
m), 8.24 (1H, brs), 8.57 (1lH, s).

MS (ESI)m/z: 478 [M+H]+.
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[0357]

(Example 73) 4-{[(18",2R") -2~ (3-Amino-1H-pyrazol-4-
vl)cyclohexyl]oxy}-2-fluoro-3-methyl-N- (pyrimidin-4-
yl)benzenesulfonamide

[0358]

[Formula 91]

H,N

-

[0359]
(73a) N-(2,4-Dimethoxybenzyl)-2-fluoro-3-methyl-4-
({(18",2R")-2-[3-nitro-1- (tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-4-yllcyclohexyl}oxy)-N- (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl) -2, 4-difluoro-3-methyl-N- (pyrimidin-4-
yvl)benzenesulfonamide (155 mg, 0.356 mmol) prepared in
Example 65b, the (18*,2R*)~2-[3-nitro—-1-(tetrahydro-2H-
pyran—-2-vyl)-1lH-pyrazol-4-yl]lcyclohexanol (105 mg, 0.356
mmol) prepared in Example 34b, sodium hydride (63%; 41.0
mg, 0.427 mmol) and DMF (6.0 mlL), to yield the title
compound (209 mg, 83%) as a colorless solid.
'H-NMR (500 MHz, CDCls;) & ppm: 1.48-1.65 (8H, m), 1.82-

2.28 (6H, m), 2.05 (3H, s), 3.58-3.68 (2H, m), 3.77 (3H,
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s), 3.80 (3H, s), 3.87-4.00 (1H, m), 4.29-4.35 (1H, m),
5.27 (2H, s), 5.30-5.33 (1lH, m), 6.39-6.43 (2H, m), 6.65
(1H, dd, J=8.8, 15.1 Hz), 7.19 (1H, d, J=8.8 Hz), 7.22-
7.24 (1H, m), 7.43 (1H, d, J=24.4 Hz), 7.81 (1H, dd,
J=8.8, 17.6 Hz), 7.41 (1H, d, J=5.9 Hz), 8.74 (lH, s).
(73b) 2-Fluoro-3-methyl-4-{ (1S8",2R") -2~ (3-nitro-1H-
pyrazol-4-yl)cyclohexyl]oxy}-N-{(pyrimidin-4-
vl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 22c¢ by using the N-(2,4-
dimethoxybenzyl)-2-fluoro-3-methyl-4-({ (18", 2R")~2-[3~
nitro-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-4-
yllcyclohexyl}oxy)-N- (pyrimidin~-4-yl)benzenesulfonamide
(209 mg, 0.294 mmol) prepared in Example 73a,
triethylsilane (0.10 mL), triflucroacetic acid (0.5 mL),
dichloromethane (2.0 mL) and methanol (1.0 mL), to yield
the title compound (139 mg, 99%) as a white solid.
'H-NMR (500 MHz, CDsOD) & ppm: 1.46-1.71 (4H, m), 1.82-
1.93 (2H, m), 1.83 (3H, s), 2.06-2.09 (1H, m), 2.26-2.29
(1H, m), 3.57-3.63 (1lH, m), 4.55 (1H, dt, J=4.4, 10.7 Hz),
6.85 (1H, d, J=8.8 Hz), 7.08 (1lH, d, J=6.4 Hz), 7.69 (1H,
sy, 7.77 (1H, t, J=8.8 Hz), 8.35 (1H, d, J=6.4 Hz), 8.62
(1H, s).
(73¢c) 4-{[(1lS",2R") -2~ (3-Amino~1H-pyrazol-4-
yv1l)cyclohexylloxy}=2-fluoro-3-methyl~-N- (pyrimidin-4-

yl)benzenesulfonamide
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The reaction and aftertreatment were conducted in
the same manner as in Example 68c by using the 2-fluoro-
3-methyl-4-{(18",2R") -2~ (3-nitro-1H-pyrazol-4-
yvl)cyclohexyl]oxy}-N- (pyrimidin-4-yl)benzenesulfonamide
(139 mg, 0.292 mmol) prepared in Example 73b, palladium
carbon (10%; 18 mg), methanol (1.0 mL) and ethyl acetate
(1.0 mL), to vield the title compound (34 mg, 26%) as a
white solid.

'H-NMR (500 MHz, CD;OD) & ppm: 1.42-1.66 (3H, m), 1.78-
1.82 (1H, m), 1.85~1.89 (1H, m), 1.98-2.02 (2H, m), 2.15
(3H, s}, 2.19-2.23 (1H, m), 2.73-2.78 (1H, m), 4.40 (1H,
dt, J=3.9, 9.8 Hz), 6.83 (lH, d, J=8.8 Hz), 7.04 (1H, d,
J=6.4 Hz), 7.17 (1H, s), 7.74 (1H, t, J=8.3 Hz), 8.30 (1H,
d, J=6.4 Hz), 8.55 (1lH, s).

MS (ESI)m/z: 447 [M+H]+.

[0360]

(Example 74) 2,5-Difluoro-4-{[(1S",2R")-2-
phenylcyclohexylloxy}-N-(1,2,4~thiadiazol~-5~
yl)benzenesulfonamide Na salt

[0361]

[Formula 92]

F N
Q\S//O I\\ N
\N s/
|

Na

[0362]
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The reaction and aftertreatment were conducted in
the same manner as in Example 5c by using the 2, 5-
difluoro-4-{[ (18", 2R") -2-phenylcyclohexyl]loxy}-N- (1,2, 4~
thiadiazol-5~-yl)benzenesulfonamide (114 mg, 0.252 mmol)
prepared in Example 1lb, a 1 M sodium hydroxide solution
(0.252 mL, 0.252 mol) and methanol (3.0 mL), to yield the
title compound (119 mg, 99%) as a colorless solid.
*H-NMR (400 MHz, DMSO-d¢) & ppm: 1.31-1.61 (4H, m), 1.70-
1.83 (3H, m), 2.14-2.17 (1H, m), 2.76-2.83 (lH, m), 4.74
(1H, dt, J=3.9, 10.1 Bz), 7.07-7.34 (7H, m), 7.87 (1H, s).
[0363]
(Example 75) 2,5-Difluoro-4-{[ (1R,238)-2~-
phenylcyclohexyl]oxy}-N-(1,2,4-thiadiazol-5~
yvl)benzenesulfonamide
[0364]

[Formula 93]

F q};)/j[i%N
Qv
H
: O

[0365]
(7%a) N-(2,4~-Dimethoxybenzyl)-2,5-difluoro-4~{[ (1R, 28)-2~
phenylcyclohexyl]oxy}-N-(1,2,4~thiadiazol-5-
yvl)benzenesulfonamide

The reaction and aftertreatment were conducted in

the same manner as in Example la by using N-(2,4-
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dimethoxybenzyl)~2,4,5-trifluoro-N~ (1,2, 4~thiadiazol~5-
yl)benzenesulfonamide (W02010079443; 126 mg, 0.283 mmol),
(1R, 28)~2~phenylcyclohexanol (50.0 mg, 0.284 mmol),
sodium hydride (63%; 21.6 mg, 0.567 mol) and DMSO (2.0
nL), to yield the title compound (53.6 mg, 31%) as a
colorless oil.
{75b) 2,5-Difluoro-4-{[(1lR,2S)-2-phenylcyclohexyl]loxy}—-N-
(1,2,4-thiadiazol-5~ylibenzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl) -2, 5~-difluoro-4-{[ (1R, 2S5)~-2~
phenylcyclohexyl]oxy}~N-(1,2,4-thiadiazol-5~-
yl)benzenesulfonamide (53.6 mg, 0.0891 mmol) prepared in
Example 75a, triethylsilane (0.10 ml), trifluorcacetic
acid (1.0 mL) and dichloromethane (1.0 mlL), to yield the
title compound (40.2 mg, 99%) as a colorless solid.
[@]p™°=56.9 (c 0.232, DMSO).
[0366]
(Example 76) 2,5-Difluoro-4-{[(1lS,2R)-2~
phenylcyclohexyljoxy}=N-(1,2,4-thiadiazol~-5-
vl)benzenesulfonamide Na salt

[0367]
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[Formula 94]

F o o N
N /JLT\N
\‘TJ S/
Na

F

[0368]

The reaction and aftertreatment were conducted in
the same manner as in Example 5¢ by using the 2,5-
difluoro-4-{[ (18, 2R} ~2~phenylcyclohexyl]loxy}-N-(1,2,4~-
thiadiazol-5-yl)benzenesulfonamide (386 mg, 0.855 mmol)
prepared in Example 2b, a 1 M sodium hydroxide solution
(0.855 mL, 0.855 mol), to yield the title compound (386
mg, 99%) as a colorless solid.
[a]p*°=-44.1 (c 1.06, DMSO).
[0369]
(Example 77) 2,5-Difluoro-4-{[(1S",2R") -2~ (l-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-4-
yl)benzenesulfonamide Na salt
[0370]

[Formula 95]

F o o SN
\\S/ '/ l )
~
= I \T N
. Na
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The reaction and aftertreatment were conducted in
the same manner as in Example bc by using the 2,5-
difluoro—4—{[(18*,2R*)~2—(1—methyl—lH~pYrazol~5—
vl)cyclopentyl]loxy}-N- (pyrimidin~4-yl)benzenesulfonamide
(15.3 mg, 0.035 mmol) prepared in Example 14d, a 1 M
sodium hydroxide solution (0.035 mL, 0.035 mol), to yield
the title compound (11.0 mg, 68%) as a colorless solid.
'H-NMR (500 MHz, CDsOD) & ppm: 1.75-1.99 (4H, m), 2.24-
2.32 (2H, m), 3.48-3.52 (1H, m), 3.81 (3H, s), 4.78-4.82
(1H, m), 6.19% (1H, d, J=2.0 Hz), 6.71 (1H, d, J=7.3 Hz),
6.81 (1H, dd, J=6.4, 10.7 Hz), 7.35 (1H, 4, J=2.0 Hz),
7.65 (1H, dd, J=6.4, 10.7 Hz), 8.00 (1H, d, J=6.4 Hz),
8.31 (1H, s).
[0372]
(Exanmple 78) 2,5-Difluoro~4—-{[(1R,2S)-2-(l-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}-N- (pyrimidin-4-
vl)benzenesulfonamide
[0373]

[Formula 96]

F o o NN
\\S/ '’ [ )
~
SN N
H
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(78a) N=-(2,4-Dimethoxybenzyl)-2,5~difluoro-4-{[(1R,28)-2~-
(l-methyl-1H-pyrazol~-5-yl)cyclopentyl]oxy}-N- (pyrimidin-
4~yl)benzenesulfonamide

N=- (2, 4-Dimethoxybenzyl) -2, 5-difluoro-4-{[ (18", 2R") -2~
(l-methyl-1H-pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-
4-yl)benzenesulfonamide prepared in Example l4c was
optically resolved with CHIRALPAK AD (Daicel Corp.;
hexane/isopropanol = 4:1), to yield the title compound as
a colorless oil.
(78b) 2,5-Difluoro-4~{[(1R,2S)~-2-(l-methyl~1H~pyrazol-5-
yl)cyclopentyl]oxy}l-N-(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the -(2,4-
dimethoxybenzyl)-2,5-difluocro~4~{[(1R,2S5) -2~ (1-methyl-1H~
pyrazol-5-yl)cyclopentylloxy}-N-(pyrimidin—4-
yl)benzenesulfonamide (436 mg, 0.74 mmol) prepared in
Example 78a, triethylsilane (0.20 mL), trifluoroacetic
acid (2.0 mL) and dichloromethane (2.0 mL), to yield the
title compound (239 mg, 74%) as a colorless solid.
[a]p®®==72.7 (c 1.04, DMSO).
[0375]
(Example 79) 3-Chloro-2-fluoro-4-{[(18",2R")-2-(1-methyl-
1H-pyrazol-5-yl)cyclohexyl]oxy}-N-(pyrimidin-4-
y1l)benzenesulfonamide

[0376]
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[Formula 97]

0 0 SN
N\ I )
S\ P

N N
H

Cl
~NTN
\
N=

[0377]
{(79a) 3-Chloro-N-{(2,4-dimethoxybenzyl)-2,4-difluoro-N-
(pyrimidin~4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 14b by using the N-(2,4-
dimethoxybenzyl)pyrimidin-4-amine (1.00 g, 4.07 mmol)
prepared in Example 14a, 3-chloro-2,4-
difluorcobenzenesulfonyl chloride (1.51 g, 6.11 mmol),
1,4-diazabicyclof[2.2.2]octane (0.69 g, 6.11 mmol) and THF
(20 mL), to yield the title compound (0.983 g, 53%) as a
colorless amorphous solid.
'H-NMR (500 MHz, CDClsi) & ppm: 3.78 (3H, s), 3.81 (3H, s),
5.25 (2H, s), 6.41-6.43 (2H, m), 7.11-7.15 (2H, m), 7.22
(1H, d, J=8.8 Hz), 8.01-8.05 (1H, m), 8.47 (1H, d, J=5.9
Hz), 8.75 (1H, d, J=1.0 Hz).
(79b) 3-Chloro-N-(2,4-dimethoxybenzyl)-2-fluoro-4-
{[(1S",2R")-2-(1-methyl-1H-pyrazol-5-yl)cyclohexyl]oxy}-
N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 3-chloro-N-

(2,4-dimethoxybenzyl)-2,4-difluoro-N~- (pyrimidin-4-
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yvl)benzenesulfonamide (0.30 g, 0.69 mmol) prepared in
Example 79a, the (18",2R")-2-(l-methyl-1H-pyrazol-5-
yl)cyclohexanol (0.12 g, 0.66 mmol) prepared in Example
4a, sodium hydride (63%; 0.050 g, 1.31 mmol) and DMF (2.0
mL), to yield the title compound (314 mg, 77%) as a
colorless amorphous solid.
H-NMR (500 MHz, CDCls) & ppm: 1.41-1.63 (4H, m), 1.88-
1.97 (2H, wm), 2.07-2.09 (1H, m), 2.23-2.26 (1H, m), 3.03-
3.08 (1H, m), 3.77 (3H, s), 3.78 (3H, s), 3.92 (3H, s},
4.29 (1H, dt, J=3.9, 10.3 Hz), 5.21 (1H, d, J=17.1 Hz),
5.26 (1H, 4, J=17.1 Hz), 6.0> (1H, 4, J=2.0 Hz), 6.39-
6.41 (2H, m), 6.60 (1H, d, J=9.3 Hz), 7.16 (1H, dd, J=1.5,
5.9 Hz), 7.19 (1H, d, J=9.3 Hz), 7.36 (1H, d, J=2.0 Hz),
7.81 (1H, dd, J=7.8, 8.8 Hz), 8.44 (1H, d, J=5.9 Hz),
8.76 (1lH, s).
(79¢) 3-Chloro-2-fluoro-4-{[(1S",2R")-2-(l-methyl-1H-
pyrazol-5-yl)cyclohexyl]loxy}~N- (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 3-chloro-N-
(2, 4-dimethoxybenzyl) -2-fluoro-4-{[ (18", 2R") -2~ (1-methyl-
lH-pyrazol-5-yljcyclohexylloxy}-N-(pyrimidin-4-
yl)benzenesulfonamide (314 mg, 0.51 mmol) prepared in
Example 79b, triethylsilane (0.50 mL), trifluoroacetic
acid (5.0 mL) and dichloromethane (5.0 mL), to yield the

title compound (183 mg, 77%) as a colorless solid.
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‘H-NMR (500 MHz, CDCls) & ppm: 1.38-1.70 (4H, m), 1.87-
1.95 (2H, m), 2.06-2.10 (1H, m), 2.22-2.25 (1H, m), 3.03-
3.08 (1H, m), 3.92 (3H, s), 4.28 (1H, dt, J=4.4, 10.7 Hz),
6.04 (1H, d, J=2.0 Hz), 6.61 (1H, dd, J=1.0, 9.3 Hz),
7.20-7.21 (1H, m), 7.36 (1H, d, J=2.0 Hz), 7.78 (1H, t,
J=7.8 Hz), 8.35 (1H, d, J=6.4 Hz), 8.81 (lH, s).

MS (ESI)m/z: 466[M+H]+.

[0378]

(Example 80) 3-Chloro-2-fluoro-4-{[(1S",2R")-2-(l-methyl-
1H-pyrazol-5-yl)cyclopentyl]oxy}=-N-(pyrimidin-4-
yl)benzenesulfonamide

[0379]

[Formula 98]

~ Cl

NN

N=—

[0380]
(80a) 3-Chloro-N=-{(2,4-dimethoxybenzyl)-2-fluoro-4-
{[(18",2R") =2~ (1-methyl-1H-pyrazol-5-yl)cyclopentyl]oxy}-
N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 3-chloro-N-
(2, 4-dimethoxybenzyl) -2, 4-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (463 mg, 1.02 mmol) prepared in

Example 79a, the (187,2R")~-2-(l-methyl-1H-pyrazol-5-
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yl)cyclopentanol (169 mg, 1.02 mmol) prepared in Example
8a, sodium hydride (63%; 50 mg, 1.31 mmol) and DMF (3.0
mL), to yield the title compound (347 mg, 57%) as a
colorless amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.80-1.98 (4H, m), 2.22-
2.35 (2H, m), 3.50 (1H, dt, J=4.9, 8.8 Hz), 3.76 (3H, s),
3.80 (3H, s), 3.87 (3H, s}, 4.73-4.76 (1H, m), 5.24 (1H,
d, J=17.1 Hz), 5.29 (1H, d, J=17.1 Hz), 6.08 (1H, d,
J=2.0 Hz), 6.40-6.42 (2H, m), 6.63 (1H, dd, J=1.0, 8.8
Hz), 7.18 (1H, d4d, J=1.5, 5.9 Hz), 7.20 (1H, d, J=7.8 Hz),
7.42 (1H€, 4, J=1.5 Hz), 7.88 (1H, dd, J=7.8, 8.8 Hz),
8.44 (1H, d, J=6.4 Hz), 8.76 (1lH, d, J=1.0 Hz).
(80b) 3-Chloro-2-fluoro-4-{[(1S",2R")-2~(1-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 3-chloro-N-
(2, 4-dimethoxybenzyl)-2-fluoro-4-{[ (1S",2R") -2~ (1-methyl-
1H-pyrazol-5-yl)cyclopentyl]oxy}-N- (pyrimidin-4-
yl)benzenesulfonamide (344 mg, 0.31 mmol) prepared in
Example 80a, triethylsilane (0.50 mL), trifluoroacetic
acid (5.0 mL) and dichloromethane (5.0 mlL), to yield the
title compound (227 mg, 88%) as a colorless solid.
‘H-NMR (500 MHz, CDCli) & ppm: 1.78-1.98 (4H, m), 2.22-
2.35 (2H, m), 3.49 (1H, dt, J=4.9, 8.3 Hz), 3.86 (3H, s},
4.72-4.75 (1H, m), 6.07 (1H, d, J=2.0 Hz), 6.64 (1H, d,

J=7.8 Hz), 7.24-7.25 (1H, m), 7.42 (1H, d, J=2.0 Hz),
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7.86 (1H, dd, J=7.8, 8.8 Hz), 8.37 (lH, d, J=6.4 Hz),
8.84 (1H, brs).

MS (ESI)m/z: 452 [M+H]+.

[0381]

(Example 81) 2-Fluoro-5-methyl-4-{[(18",2R")~-2~ (1H-
pyrazol-4-yl)cyclohexylloxy}-N-(pyrimidin-4-~
yvl)benzenesul fonamide

[0382]

[Formula 99]

F oo NN
\\S// l )
p
~N N
H

Z=
l
=

[0383]
(8la) N-(2,4-Dimethoxybenzyl)-2~-fluoro-5-methyl-N-
(pyrimidin—4~yl)—4—({(1S*,2R*)—2—[1—(tetrahydro—2H—pyran“
2-yl)-1H-pyrazol-4-yl]cyclohexyl}oxy)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4~difluoro-5-methyl-N- (pyrimidin-4-
yl)benzenesulfonamide (200 mg, 0.45%9 mmol) prepared in
Example 43a, the (187,2R")-2-[1-(tetrahydro-2H-pyran-2-
yl)=-1H-pyrazol-4-yl]lcyclohexanol (114 mg, 0.459 mmol)
prepared in Example 33b, sodium hydride (63%; 27 mg,
0.680 mmol) and DMF (7.0 mL), to yield the title compound

{170 mg, 56%) as a colorless oil.
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'H-NMR (500 MHz, CDCl;) & ppm: 1.41-1.69 (8H, m), 1.80-
2.18 (6H, m), 2.15 (3H, s), 2.85-2.90 (1H, m), 3.62~-3.67
(lH, m), 3.76 (3H, s), 3.79 (3H, s), 3.98~4.02 (2H, m),
5.25 (2H, s), 5.26-5.28 (1H, m), 6.37-6.42 (3H, m), 7.19
(11, 4, J=8.3 Hz), 7.30 (1H, dt, J=1.5, 5.9 Hz), 7.38 (1lH,
d, J=6.4 Hz), 7.41 (1H, s), 7.68 (1H, d, J=8.3 Hz), 8.43
(1, d, J=5.9 Hz), 8.77 (1H, s).
(81b) 2-Fluoro-5-methyl-4-{[(1S",2R") -2~ (1H-pyrazol-4-
ylycyclohexylloxy}-N-(pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 22c by using the N-{(2,4-
dimethoxybenzyl)-2-fluoro-5-methyl-N- (pyrimidin-4-yl)-4-
({(18",2R")~2-[1- (tetrahydro-2B-pyran-2-yl)-1H~pyrazol-4-
yl]cyclohexylloxy)benzenesulfonamide (150 mg, 0.22 mmol)
prepared in Example 8la, triethylsilane (0.15 mL),
trifluorocacetic acid (1.5 mL), dichloromethane (1.5 mL)
and methanol (1.5 mlL), to vyield the title compound (70 mg,
72%) as a colorless solid.
'H-NMR (500 MHz, DMSO-dg) & ppm: 1.30-1.37 (2H, m), 1.45-
1.75 (4H, m), 1.92-1.%94 (1H, m), 2.06 (3H, s), 2.06~2.10
(l1H, m), 2.75-2.80 (1H, m), 4.35 (1H, dt, J=3.9, 9.8 Hz),
6.97 (1, d, J=12.7 Hz), 6.99 (1H, brs), 7.41 (2H, s),
7.62 (1H, d, J=8.3 Hz), 8.31 (1lH, brs), 8.58 (1H, s).
MS (ESI)m/z: 432 [M+H]+.

[0384]
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(Example 82) 4-{[(1S",2R") -2~ (3-Aminopyridazin-4-
yl)cyclohexylloxyl-2,5-diflucro~N- (pyrimidin-4-
yl)benzenesulfonamide

[0385]

[Formula 100]

F o o SN
\\S// [ J
o
N N
H

[0386]
(82a) 6-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-
1,4~dioxaspirol[4.5]dec-6-ene

To a solution of 6-iodo-1,4-dioxaspiro[4.5]dec-6~ene
(Synlett, 2008, 1086-1090; 2.70 g, 10.2 mmol) in THF (30
mL), butyl lithium (1.65 M solution in hexane; 6.7 mlL,
11.1 mmol) was added at -78°C. The reaction solution was
stirred at -78°C for 1 hour. Then, 4,4,5,5~tetramethyl-
2=~ (propan-2-yloxy)-1,3,2-dioxaborolane (4.0 mL, 19.8
mmol) was added thereto, and the mixture was stirred at -
78°C for 2 hours. To the reaction solution, water (50
mL) was added, followed by extraction with ethyl acetate
(50 mL). The thus obtained organic layer was dried over
anhydrous sodium sulfate. After vacuum concentration,
the residue was purified with silica gel chromatography
(hexane/ethyl acetate = 9:1) to vyield the title compound

(1.52 g, 56%) as a colorless oil.
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TH-NMR (500 MHz, CDCls) & ppm: 1.26 (12H, s), 1.72-1.80
(4H, m), 2.07-2.10 (2H, m), 3.93-3.95 (2H, m), 4.16-4.18
(2H, m), 6.71 (1H, t, J=3.4 Hz).
(82b) €6-Chloro-4-(1,4-dioxaspiro{4.5]dec~-6~-en-6-
vl)pyridazin-3-amine

The reaction and aftertreatment were conducted in
the same manner as in Example 3%a by using the 6-
(4,4,5,5-tetramethyl-1, 3, 2~-dioxaborolan-2-yl)~-1,4~
dioxaspiro[4.5]dec~-6-ene (0.64 g, 2.40 mmol) prepared in
Example 82a, 4-bromo-6-chloropyridazin-3-amine (0.50 g,
2.40 mmol), tetrakis(triphenylphosphine)palladium (0)
{(0.14 g, 0.12 mmol), cesium carbonate (1.72 g, 5.29 mmol),
dioxane (8.0 mL) and water (4.0 ml), to yield the title
compound (275.7 mg, 43%) as a colorless oil.
H-NMR (500 MHz, CDCls) & ppm: 1.85-1.89 (4H, m), 2.20-
2.23 (2H, m), 3.70-3.73 (2H, m), 3.89-3.92 (2H, m}, 5.72
(2H, brs), 6.03 (1H, t, J=3.9 Hz), 7.05 (1lH, s).
(82c) 4~-(1,4-Dioxaspirol4.5]dec~6~en~-6~-yl)pyridazin—-3-
amine

A solution of the 6-chloro-4- (1,4~
dioxaspiro[4.5]dec~-6~en-6-yl)pyridazin-3-amine (0.10 g,
0.37 mmol) prepared in Example 82b, ammonium formate
(0.14 g, 2.24 mmol) and palladium carbon (10%; 0.10 g) in
ethanol (3.7 mL) was stirred at 80°C for 4 hours. After
allowing to cool, the reaction solution was filtered
through Celite and concentrated to yield the title

compound in a crude form.
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(82d) 2-(3-Aminopyridazin-4-vyl)cyclohex-2-en~1l-one

The reaction and aftertreatment were conducted in
the same manner as in Example 67c¢ by using the crude 4-
(1,4-dioxaspiro(4.5]dec-6~en-6-yl)pyridazin-3-amine
prepared in Example 82c, 2 M hydrochloric acid (0.37 mlL)
and THF (0.92 ml), to yield the title compound (69 mg,
99%, 2 steps) as a colorless oil.
'H-NMR (500 MHz, CDCl;) & ppm: 2.13-2.18 (2H, m), 2.58-
2.64 (4H, m), 4.97 (2H, brs), 6.99 (1H, d, J=4.9 Hz),
7.19 (1H, t, J=4.4 Hz), 8.61 (1lH, d, J=4.4 Hz).
(82e) (1S87,2R")-2-(3-Aminopyridazin-4-yl)cyclohexanol

The reaction and aftertreatment were conducted in
the same manner as in Example 72d by using the 2-(3-
aminopyridazin-4-yl)cyclohex-2-en-1-one (40 mg, 0.20
mmol) prepared in Example 82d, sodium borohydride (20 mg,
0.59 mmol) and methanol (2.0 mL), to yield the title
compound (39 mg, 99%) as a colorless oil.
'H-NMR (400 MHz, CDCls) & ppm: 1.23-1.95 (7H, m), 2.10-
2.14 (14, m), 2.52-2.57 (1H, m), 3.58-3.63 (1lH, m), 5.43
(2, brs), 7.07 (1H, d, J=4.9 Hz), 8.33 (1H, d, J=4.9 Hz).
(82f) 4-{[(18",2R")-2~(3-Aminopyridazin-4-
vl)cyclohexyl]loxy}=N-(2,4-dimethoxybenzyl)~2,5~difluoro~
N-{pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-{(2, 4~
dimethoxybenzyl)-2,4,5~-trifluoro-N- (pyrimidin-4-

vl)benzenesulfonamide (90 mg, 0.20 mmol) prepared in
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Example 14b, the (18",2R")-2-(3-aminopyridazin-4-
yl)cyclohexanol (40 mg, 0.20 mmol) prepared in Example
82e, sodium hydride (63%; 10 mg, 0.31 mmol) and DMF (1.0
mL), to yield the title compound (45.6 mg, 36%) as a
colorless amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.39-1.59 (3H, m), 1.68-
1.76 (1H, m), 1.91-1.98 (3H, m), 2.30~-2.33 (1H, m), 2.91-
2.97 (1H, m), 3.76 (3H, s), 3.76 (3H, s), 4.16-4.23 (1lH,
m), 5.03 (2H, brs), 5.18 (1H, d, J=17.1 Hz), 5.22 (1H, d,
J=16.6 Hz), 6.38-6.43 (2H, m), 6.57 (1H, dd, J=6.4, 11.2
Hz), 7.10 (1H, d, J=4.9 Hz), 7.15-7.20 (2H, m), 7.71 (1H,
dd, J=6.4, 10.3 Hz), 8.45 (1H, d, J=5.9 Hz), 8.59 (1H, d,
J=4.9 Hz), 8.77 (1H, s).
(82g) 4-{[(18",2R")-2-(3~Aminopyridazin-4-
yl)cyclohexylljoxy}-2,5-difluoro-N-(pyrimidin—-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 4-
{[(18",2R") -2~ (3-aminopyridazin-4-yl)cyclohexyl]oxy}-N-
(2,4-dimethoxybenzyl)~-2,5-difluoro~N- (pyrimidin-4-
vl)benzenesulfonamide (45 mg, 0.073 mmol) prepared in
Example 82f, triethylsilane (0.06 mlL), trifluocrocacetic
acid (0.08 mL) and dichloromethane (0.76 mlL), to yield
the title compound (25 mg, 74%) as a colorless solid.
'H-NMR (500 MHz, CD3OD) & ppm: 1.48-1.60 (4H, m), 1.82-
1.98 (3H, m), 2.29-2.31 (1H, m), 3.06-3.11 (1lH, m), 4.66-

4.71 (1H, m), 6.96 (1H, dd, J=1.0, €.4 Hz), 7.10 (1H, dd,
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J=6.4, 11.2 Hz), 7.36 (1H, d, J=4.9 Hz), 7.65 (1H, dd,
J=6.8, 10.3 Hz), 8.21 (1H, ‘d, J=6.4 Hz), 8.28 (1lH, d,
J=4.9 Hz), 8.49 (1H, s).

MS (ESI)m/z: 463[M+H]+.

[0387]

(Example 83) 2,3-Difluoro-4-{[(1S8",2R")-2-(1H~pyrazol-4-
vl)cyclohexylloxy}-N-{pyrimidin-4-yl)benzenesulfonamide
[0388]

[Formula 101]

[0389]
(83a) N-(2,4-Dimethoxybenzyl)-2,3-difluoro-N- (pyrimidin-
4-~y1)-4-({(18",2R")-2-[1- (tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-4-yl]lcyclohexyl}oxy)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N~ (2,4-
dimethoxybenzyl)-2,3,4-trifluoro-N- (pyrimidin-4-
vl)benzenesulfonamide (200 mg, 0.45 mmol) prepared in
Example 30a, the (18",2R")-2-[1-(tetrahydro-2H-pyran-2-
yl)-1H-pyrazol-4-yl]lcyclohexanol (110 mg, 0.45 mmol)
prepared in Example 33b, sodium hydride (63%; 27 mg,
0.680 mmol) and DMF (5.0 mL), to yield the title compound

(80 mg, 26%) as a colorless oil.
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*H-NMR (500 MHz, CDCls;) & ppm: 1.36-1.66 (8H, m), 1.81-
2.24 (6H, m), 2.85-2.90 (1H, m), 3.62-3.67 (1lH, m), 3.76
{3H, s), 3.79 (3H, s), 3.98-4.01 (1H, m), 4.06~4.11 (1H,
m)y, 5.24 (2H, s}, 5.24~5.28 (1H, m), 6.3%9-6.41 (2H, m),
6.60-6.64 (1H, m), 7.17-7.21 (2H, m), 7.43-7.46 (ZH, m),
7.63 (1H, t, J=8.8 Hz), 8.44 (1H, d, J=6.4 Hz), 8.77 (1H,
s).
(83b) 2,3-Difluoro-4-{[(18",2R")-2- (1H-pyrazol-4-~
yl)cyclohexyl]oxy}-N-(pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 22Z2¢ by using the N-{(2,4-
dimethoxybenzyl)-2,3-difluoro-N- (pyrimidin~-4-yl)—-4-
({(187,2R")-2-[1~- (tetrahydro-2H-pyran-2-yl)-1H-pyrazol-4-
yllcyclohexylloxy)benzenesulfonamide (70 mg, 0.10 mmol)
prepared in EXample 83a, triethylsilane (0.10 mL),
trifluorocacetic acid (1.0 mL), dichloromethane (1.0 mL)
and methanol (1.0 mL), to yield the title compound (15 mg,
33%) as a colorless solid.
'H-NMR (500 MHz, DMSO-d¢) & ppm: 1.33-1.79 (6H, m), 1.94-
1.%96¢ (1H, m), 2.11-2.13 (1H, m), 2.77-2.82 (1H, m), 4.42
(1H, dt, J=3.9, 10.3 Hz), 6.96 (1lH, d, J=6.9 Hz), 7.10
(1H, t, J=8.3 Hz), 7.42 (2H, s), 7.56 (1lH, t, J=8.8 Hz),
8.24 (1H, d, J=5.9 Hz), 8.55 (1H, s), 12.8 (1H, brs).
MS (ESI)m/z: 436[M+H]+.

[0390]
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(Example 84) 4—{[(1S*,2R*)—5,5—Difluoro—2—(1—methyl~lH—
pyrazol-5-yl)cyclohexylloxy}-2-fluoro-3-methyl-N-
(pyrimidin-4-vyl)benzenesulfonamide

[0391)]

[Formula 102]

N7
\
N=—

[0382]
(84a) 4~{[(1S",2R")-5,5-Difluoro-2- (l-methyl-1H-pyrazol-
5-yl)cyclohexyl]oxy}-N=-(2,4-dimethoxybenzyl)-2-fluoro-3-
methyl-N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl) -2, 4-difluoro=-3-methyl-N- (pyrimidin-4-
yl)benzenesulfonamide (60 mg, 0.14 mmol) prepared in
Example 65b, the (18",2R")-5,5-difluoro-2~(l-methyl-1H-
pyrazol-5-~yl)cyclohexanol (30 mg, 0.14 mmol) prepared in
Example 47b, sodium hydride (63%; 20 mg, 0.21 mmol) and
DMF (5.0 mL), to yield the title compound (51 mg, 59%) as
a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.90-2.17 (4H, m), 1.90
(34, s}, 2.30-2.31 (1H, m), 2.73-2.80 (1H, m), 3.07-3.12
(1H, m), 3.77 (3H, s), 3.79 (3H, s}, 3.88 (3H, s), 4.51

(1#, dt, J=4.4, 10.7 Hz), 5.26 (2H, s), ©6.04 (1H, d,
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J=2.0 Hz), 6.39-6.42 (2H, m), 6©6.54 (1H, d, J=8.8 Hz),
7.20 (1H, d, J=7.8 Hz), 7.25 (1lH, dd, J=1.5, 5.9 Hz),
7.38 (1H, 4, J=2.0 Hz), 7.80 (1H, t, J=8.3 Hz), 8.42 (1H,
d, J=5.9 Hz), 8.76 (1lH, d, J=1.0 Hz).
(84b) 4-{[(1S8",2R")-5,5-Difluoro-2-(l-methyl-1H-pyrazol-
5-yl)cyclohexylloxy}=2~fluoro-3-methyl-N- (pyrimidin-4-
vl)benzenesul fonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 4-
{[(18",2R")~5,5-difluoro-2- (1-methyl-1H-pyrazol-5-
yl)cyclohexylloxy}-N- (2, 4~dimethoxybenzyl)-2-fluoro-3-
methyl-N- (pyrimidin-4-yl)benzenesulfonamide (51 mg, 0.081
mmol) prepared in Example 84a, triethylsilane (0.10 ml),
trifluorcacetic acid (0.5 mlL) and dichloromethane (2.0
mL), to yield the title compound (31 mg, 79%) as a
colorless solid.
'H~-NMR (500 MHz, CDCls) & ppm: 1.90-2.12 (4H, m), 1.93
(34, s), 2.31-2.35 (1H, m), 2.73-2.78 (1H, m), 3.07-3.12
(1, m), 3.89 (3H, s), 4.50 (1H, dt, J=3.9, 10.7 Hz),
6.05 (1H, d, J=2.0 Hz), 6.55 (1H, d, J=8.8 Hz), 7.20 (1H,
brs), 7.40 (1H, d, J=2.0 Hz), 7.76 (1lH, t, J=8.8 Hz),
8.42 (1H, brs), 8.78 (1H, brs).
MS (ESI)m/z: 482 [M+H]+.
[0393]
(Example 85) 4-{[(1S",2R") -2~ (3~Amino-1H~-pyrazol-4-
yl)cyclopentyl]oxy}-2-fluoro-5-methyl-N-(pyrimidin-4-

yl)benzenesulfonamide
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[0394]

[Formula 103}
F NN
s\u N/

HoN

TN
Nep

H

[0395]
(85a) 4-(Cyclopent-l-en-1-yl)-3-nitro-1-(tetrahydro-2ZH-
pyran-2-yl)-1H-pyrazole

The reaction and aftertreatment were conducted in
the same manner as in Example 33a by using 4-bromo-3-
nitro-1l-{tetrahydro-2H-pyran-2-yl)-1H-pyrazole
(W02010079443; 1.20 g, 4.35 mmol), 2-cyclopent-l-en-l-yl-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1.20 g, 6.18
mmol), [1,1'~-
bis(diphenylphosphino) ferroceneldichloropalladium (II)
(250 mg, 0.342 mmol), potassium carbonate (2.00 g, 14.5
mmol) and DMF (13 mL), to yield the title compound (1.02
g, 89%) as a yellow oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.63-1.73 (3H, m), 1.96-
2.05 (4H, m), 2.13-2.18 (1H, m), 2.51-2.55 (2H, m), 2.60-
2.65 (2H, m), 3.69-3.74 (1H, m), 4.05-4.08 (1H, m), 5.41
(1, dd, J=2.9, 8.8 Hz), 6.31-6.33 (1H, m), 7.60 (1H, s).
(85b) (18",2R")-2-[3-Nitro-1- (tetrahydro-2H-pyran-2-yl)-

lH-pyrazol-4-yl]cyclopentanol
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The reaction and aftertreatment were conducted in
the same manner as in Example 33b by using the 4-
(cyclopent-l-en-1-yl)-3-nitro-1-(tetrahydro-2H-pyran-2-
yv1l)-1lH-pyrazole (1.02 g, 3.87 mmol) prepared in Example
85a, a borane-THF complex (0.95 M solution in THF; 10 mL,
9.50 mmol), sodium perborate tetrahydrate (1.20 g, 7.80
mmol), THF (4.0 mL) and water (4.0 mlL), to yield a
mixture of the title compound and a by-product.
{85c) N-(2,4~Dimethoxybenzyl)-2-fluoro-5-methyl-4-
({(18",2R") -2~ [3-nitro-1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-4-yllcyclopentyl}oxy)~N~(pyrimidin-4-
vl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl) -2, 4~difluoro-5-methyl-N- (pyrimidin—-4-
yl)benzenesulfonamide (0.19 g, 0.43 mmocl) prepared in
Example 43a, the (1S8",2R")-2-[3-nitro-1-(tetrahydro-2H-
pyran-2-yl)~1H-pyrazol-4~yl]lcyclopentanol (0.12 g, 0.43
mmol) prepared in Example 85b, sodium hydride (63%; 61 mg,
0.64 mmol) and DMF (8.0 mL), to yield the title compound
(129 mg, 43%) as a colorless solid.
H-NMR (500 MHz, CDCls) & ppm: 1.66-2.05 (10H, m), 2.16
(3H, s), 2.16-2.23 (1H, m), 2.34-2.35 (1H, m), 3.68-3.71
(1H, m), 3.76 (3H, s), 3.79 (3H, s), 3.85-3.86 (1lH, m),
4.04-4.06 (1H, m), 4.66-4.67 (1H, m), 5.26 (2H, s), 5.38-

5.40 (1H, m), 6.39-6.47 (3H, m), 7.20 (1H, d, J=7.8 Hz},
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7.30 (1H, 4, J=5.9 Hz), 7.55 (1H, s), 7.72 (1H, d, J=7.8
Hz), 8.43 (1H, d, J=5.9 Hz), 8.77 (lH, s}.
(85d) 2-Fluoro-5-methyl-4-{(18",2R")-2-(3-nitro-1H-
pyrazol-4-yl)cyclopentylloxy}-N-(pyrimidin-4-
vl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 22c¢ by using the N-(2,4-
dimethoxybenzyl)-2-fluoro-5-methyl-4- ({ (18", 2R")~2~[3-
nitro-1i-(tetrahydro-2H-pyran-2~-yl)-1H-pyrazol-4-
vllcyclopentyl}loxy)-N-(pyrimidin-4-yl)benzenesulfonamide
{101 mg, 0.185 mmol) prepared in Example 85c¢,
triethylsilane (0.10 mL), trifluorcacetic acid (0.5 mL},
dichloromethane (2.0 mL) and methanol (1.0 mL), to yield
the title compound (65 mg, 76%) as a colorless solid.
'H-NMR (500 MHz, CDsOD) & ppm: 1.70-1.99 (4H, m), 2.18
(3H, s), 2.23-2.35 (3H, m), 3.83-3.86 (1H, m), ©6.75 (1H,
d, J=12.2 Hz), 7.10 (1H, d, J=6.4 Hz), 7.76 (1lH, d, JI=8.3
Hz), 7.80 (1H, s), 8.35 (1H, d, J=6.4 Hz), 8.62 (1H, s).
(85e) 4-{[(18",2R") -2~ (3-Amino-1H-pyrazol-4-
vl)cyclopentylloxy}=-2~fluoro-5-methyl-N- (pyrimidin-~4-
yvl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 71c by using the Z-fluoro-
5-methyl-4-{(18",2R") -2~ (3-nitro-1H-pyrazol-4-
vl)cyclopentylloxy}-N- (pyrimidin-4-yl)benzenesulfonamide
(65 mg, 0.141 mmol) prepared in Example 85d, iron powder

(78.5 mg, 1.41 mol), a saturated aqgueous solution of
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ammonium chloride (1.0 mL) and ethanol (2.0 mL), to yield
the title compound (30.6 mg, 50%) as a colorless solid.
'H-NMR (500 MHz, CDsOD) & ppm: 1.44-1.88 (5H, m), 1.98
(3H, s), 2.20-2.22 (1lH, m), 2.74-2.78 (1H, m), 4.38-4.42
(l1H, m), ©.83 (1H, d, J=8.8 Hz), 7.06 (1H, d, J=7.3 Hz),
7.19 (1, d, J=2.9 Hz), 7.75 (1lH, t, J=8.8 Hz), 8.31 (1H,
d, J=6.4 Hz), 8.56 (1lH, s).

MS (ESI)m/z: 432 [{M+H]~+.

[0396]

(Example 86) 5-Chloro-2-fluoro-4-{[(18",2R")~2~(l-methyl-
lH-pyrazol-5-yl)cyclohexyl]oxy}-N-(1,3,4-thiadiazol-2~
yl)benzenesulfonamide

[0397]

[Formula 104]

F N—N
LD
S\
N S
H
g,
cl
\

-

\—
[0398)]
(86a) 5-Chloro-N-(2,4~dimethoxybenzyl) -2, 4~-difluoro-N-
(1,3,4~-thiadiazol~-2-yl)benzenesulfonamide

To a solution of N-(2,4~-dimethoxybenzyl)-1,3,4~-

thiadiazol-2-amine (W02010079443; 5.00 g, 19.9 mmol) in
THF (60 mL), lithium bis(trimethylsilyl)amide (1.0 M
solution in THF; 24.0 mL, 24.0 mmol) was added at -78°C.

The reaction solution was stirred at room temperature for
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10 minutes, and a solution of 5-chloro-2,4-
difluorobenzenesulfonyl chloride (5.41 g, 21.9 mmol) in
THE (15 mL) was then added thereto at -78°C. The
reaction solution was stirred at room temperature for 2
hours, and water (100 mL) was then added to the reaction
solution, followed by extraction with ethyl acetate (100
mL). The thus obtained organic layer was washed with
saturated saline (100 mL) and dried over anhydrous sodium
sulfate. After vacuum concentration, the residue was
purified with silica gel chromatography (hexane/ethyl
acetate = 9:1) to yield the title compound (5.31 g, 58%)
as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 3.70 (3H, s), 3.76 (3H, s),
5.33 (2H, s), 6.26 (1H, d, J=2.4 Hz), 6.35 (1H, dd, J=2.4,
8.3 Hz), 6.96¢ (lH, t, J=8.3 Hz), 7.25-7.26 (1H, m), 7.81
(1H, t, J=8.3 Hz), 8.84 (1H, s).
(86b) 5-Chloro-N-(2,4-dimethoxybenzyl)-2-fluoro-4-
{[(18*,2R*)—2—(l~methyl~lH—pyrazol—5—yl)cyclohexyl]oxy}—
N-(1,3,4-thiadiazol-2~yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-
(2,4-dimethoxybenzyl)-2,4-difluocro-N-(1,3,4-thiadiazol~-2~-
yl)benzenesulfonamide (0.80 g, 1.73 mmol) prepared in
Example 86a, the (18",2R")-2-(l-methyl-1H-pyrazol-5-
yl)cyclohexanol (0.311 g, 1.73 mmol) prepared in Example

4a, sodium hydride (€3%; 0.078 g, 2.05 mmol) and DMF (6.0
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mL), to yield the title compound (0.466 g, 43%) as a
colorless solid.
TH-NMR (400 MHz, CDClz) & ppm: 1.40-1.67 (4H, m), 1.87-
1.98 (2H, m), 2.05-2.08 (1H, m), 2.17-2.20 (1H, m), 3.02-
3.07 (1H, m), 3.67 (3H, s), 3.73 (3H, s), 3.93 (3H, s},
4.10-4.15 (1H, m), 5.25 (1H, d, J=15.1 Hz), 5.31 (1H, d,
J=15.1 Hz), 6.04 (1H, d, J=2.0 Hz), 6.24 (lH, 4, J=2.4
Hz), 6.33 (1H, dd, J=2.4, 5.9 Hz), 6.41 (1H, d, J=11.7
Hz), 7.23 (1H, d, J=8.8 Hz), 7.36 (1lH, d, J=2.0 Hz), 7.68
(1H, d, J=7.3 Hz), 8.79 (1lH, s).
(86c) 5-Chloro-2-fluorco-4-{[(1S",2R") -2~ (l-methyl-1H-
pyrazol-5-yl)cyclohexylloxy}-N-(1,3,4-thiadiazol-2-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 5-chloro-N-
(2, 4-dimethoxybenzyl)-2-fluoro-4-{[ (18", 2R") -2~ (1-methyl-
1H-pyrazol-5-yl)cyclohexyl]oxy}-N-(1,3,4~thiadiazol-2-
yl)benzenesulfonamide (0.466 g, 0.749 mmol) prepared in
Example 86b, triethylsilane (0.50 mL), trifluorocacetic
acid (5.0 mL) and dichloromethane (5.0 mL), to yield the
title compound (0.191 g, 54%) as a colorless solid.
'H-NMR (400 MHz, CDsOD) & ppm: 1.43-1.64 (3H, m), 1.68-
1.76 (1H, m), 1.82~1.85 (1H, m), 1.90-1.92 (1H, m), 1.99-
2.02 (1H, m), 2.22~2.24 (1H, m), 3.11-3.16¢ (1H, m), 3.88
(3, s), 4.49 (1H, dt, J=3.9, 10.3 Hz), 6.16 (1H, d,
J=2.0 Hz), 6.95 (1H, d, J=11.7 Hz), 7.28 (1H, d, J=2.0

Hz), 7.75 (1H, d, J=7.3 Hz), 8.54 (1lH, s).
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MS (ESI)m/z: 472 [M+H]+.

[0399]

(Example 87) 5-Chloro-2-~fluoro-4-{[(1S",2R") -2~ (1l~-methyl-
1H~-pyrazol-5-yl}cyclopentyl]oxy}-N-{(1,3,4-thiadiazol-2-
yl)benzenesulfonamide |

[0400]

[Formula 105]

N
F N—
LD
\N S
H

e
~ Ci
N
1N
N>

[0401]
(87a) 5-Chloro-N-(2,4-dimethoxybenzyl)-2-fluoro—-4-
{[(18*,2R*)—2—(1~methyl—1H~pyrazol~5~yl)cyclopentyl}oxy}—
N-({1,3,4~thiadiazol-2~-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-
(2,4~dimethoxybenzyl) -2, 4~-difluoro-N~(1,3,4-thiadiazol-2-
vl)benzenesulfonamide (0.870 g, 1.88 mmol) prepared in
Example 86a, the (1S8",2R")-2-(l-methyl-1H-pyrazol-5-
vl)cyclopentanol (0.313 mg, 1.88 mmol) prepared in
Example 8a, sodium hydride (63%; 0.085 g, 2.23 mmol) and
DMEF (8.0 mL), to yield the title compound (0.377 g, 33%)
as a colorless solid.
'H-NMR (400 MHz, CDCls) & ppm: 1.80-1.98 (4H, m), 2.17-
2.34 (2, m), 3.51 (1H, dt, J=4.9, 8.3 Hz), 3.72 (3H, s),
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3.72 (3H, s), 3.89 (3H, s), 4.59-4.62 (1H, m), 5.30 (2H,
s), 6.06 (1H, d, J=2.0 Hz), 6.27 (lH, d, J=2.4 Hz), 6.34
(1, dd, J=2.4, 8.8 Hz), 6.47 (1H, d, J=11.7 Hz), 7.25
(1, d, J=8.3 Hz), 7.41 (1lH, d, J=2.0 Hz), 7.78 (1H, d,
J=6.8 Hz), 8.80 (1H, s).
(87b) 5-Chloro-2-fluoro-4-{[(1S",2R")-2-(l-methyl-1H~-
pyrazol-5-yl)cyclopentyl]oxy}-N-(1,3,4-thiadiazol-2~
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 5-chloro-N-
(2, 4-dimethoxybenzyl) -2-fluoro-4~-{[ (18", 2R") -2~ (1-methyl-~
lH-pyrazol-5-yl)cyclopentylloxy}-N-(1,3,4-thiadiazol-2~
yvl)benzenesul fonamide (0.377 g, 0.620 mmol) prepared in
Example 87a, triethylsilane (0.50 mL), trifluoroacetic
acid (5.0 mL) and dichloromethane (5.0 mL), to yield the
title compound (0.212 g, 75%) as a colorless solid.
'H~NMR (400 MHz, CD3OD) & ppm: 1.79-1.98 (4H, m), 2.29-
2.36 (2H, m), 3.54 (1H, dt, J=5.9, 7.8 Hz), 3.84 (3H, s),
4.85-4.90 (1H, m), 6.21 (1H, d, J=2.0 Hz), 6.94 (1H, d,
J=11.7 Hz), 7.37 (1H, d, J=2.0 Hz), 7.85 (1H, d, J=7.3
Hz), 8.55 (1H, s).
MS (ESI)m/z: 458[M+H]+.
[0402]
(Example 88) 4-{[(1S8",2R")-4,4-Difluoro-2- (l-methyl-1H-
pyrazol-5-yl)cyclohexyl]loxy}-2,5~-difluoro-N- (pyrimidin—-4-
yl)benzenesulfonamide

[0403]
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[Formula 106]
F NN
: 3¢ 1)

\
N=—

[0404]
(88a) [(4,4-Difluorocyclohex-l-en-1-
vl)oxy] (trimethyl)silane

To a solution of N,N-diisopropyamine (3.30 g, 32.6
mmol) in THF (50 mL), n-butyl lithium (1.65 M solution in
hexane; 18.0 mL, 29.7 mmol) was added dropwise with
cooling on ice. The reaction solution was stirred at 0°C
for 30 minutes. Then, 4,4-difluorocyclohexanone (3.60 g,
26.8 mmol) was added thereto at -78°C, and the reaction
solution was stirred at =-78°C for 1 hour. To the
reaction solution, chlorotrimethylsilane (4.4 mL, 34.8
mmol) and triethylamine (8.0 mL, 57.4 mmol) were added,
and the mixture was stirred at -78°C for 2 hours. To the
reaction solution, a saturated agqueous solution of sodium
hydrogencarbonate (20 ml) was added, followed by
extraction with ethyl acetate (20 mL). The thus obtained
organic layer was dried over anhydrous sodium sulfate.
After vacuum concentration, the residue was purified with
silica gel chromatography (hexane/ethyl acetate = 98:2)
to yield the title compound (2.10 g, 56%) as a colorless

cil.
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"H-NMR (500 MHz, CDCls) & ppm: 0.20 (9H, s), 2.04-2.12
(2H, m), 2.25-2.28 (2H, m), 2.50~-2.56 (2H, m), 4.68-4.71
(1H, m).
(88b) 4,4-Difluorocyclohex-2-en-1-one

To a solution of the [(4,4~difluorocyclohex—1—en~1~
vljoxy] (trimethyl)silane (3.1 g, 15.0 mmol) prepared in
Example 88a in acetonitrile (25 ml), palladium acetate
(4.0 g, 17.8 mmol) was added, and the mixture was stirred
at room temperature for 45 minutes. The reaction
solution was filtered, the filtrate was wvacuum
concentrated, and the residue was purified with silica
gel chromatography (hexane/ethyl acetate = 9:1) to yield
the title compound (1.0 g, 50%) as a vellow oil.
'H-NMR (400 MHz, CDCls;) 8 ppm: 2.47-2.56 (2H, m), 2.68
(2H, t, J=6.7 Hz), 6.19 (1H, d, "H-NMR (400 MHz, CDCls) &
ppm: 2.47-2.56 (2H, m), 2.68 (2H, t, J=6.7 Hz), 6.19 (1H,
d, J=10.6 Hz), 6.76-6.82 (1H, m).
(88c) 4,4~-Difluoro~2~iodocyclohex—-2-en—-1-one

To a solution of the 4,4-difluorocyclohex-2-en-1l-one
(1.0 g, 7.57 mmol) prepared in Example 88b in a THF-water
mixed solvent (1:1; 20 mL), potassium carbonate (1.30 g,
9.41 mmol), iodine (2.9 g, 11.4 mmol) and DMAP (0.56 g,
4.58 mmol) were added, and the reaction solution was
stirred at room temperature for 30 minutes. The reaction
solution was subjected to extraction with ethyl acetate
(20 mL). The thus obtained organic layer was washed with

an aqueous sodium thiosulfate solution (20 mL) and dried



- 287 -

over anhydrous sodium sulfate. After vacuum
concentration, the residue was purified with silica gel
chromatography (hexane/ethyl acetate = 9:1) to yield the
title compound (1.46 g, 75%) as a light brown oil.
H-NMR (500 MHz, CDCls) & ppm: 2.51-2.59 (2H, m), 2.87
(2H, t, J=6.8 Hz), 7.56-7.58 (1lH, m).
(88d) 8,8-Difluoro~6-iodo~1,4~dioxaspiro[4.5]dec~6-ene

The reaction and aftertreatment were conducted in
the same manner as in Example 67a by using the 4,4-
difluorc-2-icdocyclchex-2-en~1~-one (1.46 ¢, 5.66 mmol)
prepared in Example 88c, ethylene glycol (750 mg, 12.1
mmol), p-toluenesulfonic acid hydrate (60 mg, 0.31 mmol)
and benzene (30 mlL), to yield a mixture of the title
compound and a by~-product.
{88e) 5~ (8,8-Diflucro-1,4-dioxaspiro[4.5]dec-6-en-6-yl)~-
l-methyl-1H~pyrazole

The reaction and aftertreatment were conducted in
the same manner as in Example 39a by using the 8,8-
difluoro~-6-iodo-1,4-dioxaspiro([4.5]dec-6-ene (1.34 g,
4.44 mmol) prepared in Example 88d, l-methyl-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaboran-2-yl)-1H-pyrazole (1.40 g,
6.73 mmol), tetrakis(triphenylphosphine)palladium (0)
{250 mg, 0.216 mmol), cesium carbonate (3.40 g, 10.4
mmol), dioxane (10 mL) and water (5.0 mL), to yield a
mixture of the title compound and a by-product.
(88f) 4,4-Difluoro-2-(l-methyl-1H-pyrazol-5-yl)cyclohex~

2—en-1-one
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The reaction and aftertreatment were conducted in
the same manner as in Example 67c by using the 5-(8,8~-
difluoro-1,4-dioxaspiro[4.5]dec-6-en-6-yl)-1-methyl-1H~
pyrazole (758 mg, 2.96 mmol) prepared in Example 88e, 5 M
hydrochloric acid (10 mL) and THF (10 mlL), to yield the
title compound (170 mg, 14%, 3 steps) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 2.59-2.57 (2H, m), 2.85
(2H, t, J=6.8 Hz), 3.74 (3H, s), 6.29 (1H, d, J=2.0 Hz),
6.84 (1H, t, J=5.9 Hz), 7.48 (1H, d, J=2.0 Hz).

(88g) (18",2R")-4,4-Difluoro-2-(l-methyl-1H-pyrazol-5-
yl)cyclohexanol

The reaction and aftertreatment were conducted in
the same manner as in Example 67d by using the 4,4-
difluoro-2-(l-methyl-1H-pyrazol-5-yl)cyclohex-2-en~-1l-one
(170 mg, 0.80 mmcl) prepared in Example 88f, sodium
borohydride (60 mg, 1.59 mmol), methanol (3.0 mlL),
palladium hydroxide carbon (10%; 150 mg) and ethanol (4.0
mL), to yield the title compound (50 mg, 29%) as a
colorless solid.

'H-NMR (500 MHz, CDCls;) & ppm: 1.80-2.00 (3H, m), 2.10-
2.13 (1H, m), 2.24-2.31 (2H, m), 2.98-3.03 (1H, m), 3.73
(1H, dt, J=4.4, 10.3 Hz), 3.86 (3H, s), 6.08 (1H, d,
J=2.0 Hz), 7.41 (1lH, d, J=2.0 Hz).

(88h) 4-{[(1S",2R")~4,4-Difluoro-2~-(l-methyl-1H-pyrazol-
5-y1)cyclohexylloxy}-N-{(2,4-dimethoxybenzyl)-2, 5-

difluoro~-N~-(pyrimidin~4-vyl)benzenesulfonamide
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The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N- (2,4~
dimethoxybenzyl)-2,4,5-trifluoro-N~ (pyrimidin-4-
yl)benzenesulfonamide (110 mg, 0.250 mmol) prepared in
Example 14b, the (IS*,ZR*)~4,4—difluoro—2—(l~methyl~lH—
pyrazol-5-yl)cyclohexanol (50 mg, 0.231 mmol) prepared in
Example 88 g, sodium hydride (63%; 20 mg, 0.525 mmol) and
DMF (2.0 mL), to yield the title compound in a crude form
as a colorless solid.

(881) 4-{[(18",2R")-4,4-Difluoro-2-(l-methyl-1H-pyrazol-
5-yl)cyclohexylloxy}~2,5-difluoro-N-{({pyrimidin~4~
yvl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example lb by using the crude 4-
{[(1s8",2R") -4, 4~-difluoro-2- (l-methyl-1H-pyrazol-5-
vl)cyclohexyl]oxy}—-N~(2,4~-dimethoxybenzyl)-2,5-difluoro-
N-({pyrimidin-4-yl)benzenesulfonamide (150 mg, 0.236 mmol)
prepared in Example 88h, triethylsilane (0.20 mlL),
trifluorcacetic acid (2.0 mlL) and dichloromethane (2.0
mL), to yield the title compound (98 mg, 80%, 2 steps) as
a colorless solid.

'H-NMR (500 MHz, CD;OD) & ppm: 1.83-1.90 (1H, m), 2.19-
2.38 (5H, m), 3.43-3.48 (1H, m), 3.88 (3H, s), 4.62 (1H,
dt, J=3.9, 6.4 Hz), ©.22 (1H, d, J=2.0 Hz), 6.97-7.01 (2H,
my, 7.27 {(1H, d, J=2.0 Hzj), 7.6% (1H, dd, J=6.8, 10.7 Hz},
8.25 (1H, d, J=6.4 Hz), 8.54 (1lH, s).

MS (ESI)m/z: 486[M+H]+.
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[0405]

(Example 89) 4-{[(18",2R")~2~ (3-Amino~1H-pyrazol-4-
yl)cyclohexyl]oxy}-3-ethyl-N- (pyrimidin-4-
vl)benzenesul fonamide

[0406]

[Formula 107]

[0407]
(8%9a) 3-Ethyl-4-fluorobenzenesulfonyl chloride

The reaction and aftertreatment were conducted in
the same manner as in Example 65a by using l-ethyl-2-
fluorobenzene (2.30 g, 19.0 mmol) and chlorosulfuric acid
(4.9 mL, 74.0 mmol), to yield the title compound in a
crude form.
(89b) N~ (2,4-Dimethoxybenzyl)-3~-ethyl-4-fluoro-N-
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 14b by using the N-(2,4-
dimethoxybenzyl)pyrimidin-4-amine (0.80 g, 3.30 mmol)
prepared in Example 1l4a, the crude 3-ethyl-4-
fluorobenzenesulfonyl chloride (1.50 g, 6.50 mmol)

prepared in Example 8%a, 1,4-diazabicyclo[2.2.2]octane
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(0.73 g, 6.50 mmol) and THF (20 mL), to yield the title
compound (1.35 g, 96%) as a colorless oil.
(89c) N-(2,4-Dimethoxybenzyl)-3-ethyl-4-({(18",2R")~-2-[3-
nitro-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-4-
yvllcyclohexylloxy)-N~- (pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-3-ethyl-4-fluoro-N- (pyrimidin-4-
vl)benzenesulfonamide (1.50 g, 3.50 mmol) prepared in
Example 89b, the (1S8",2R")-2-[3-nitro-1-(tetrahydro-2H-
pyran-2-yl)-1H-pyrazol-4-yllcyclohexanol (1.00 g, 3.50
mmol) prepared in Example 34b, sodium hydride (63%; 0.50
g, 5.20 mmol) and DMF (30 mL), to yield the title
compound (1.45 g, 59%) in the form of a diastereomeric
mixture as a pale yellow solid.
(89d) 3-Ethyl-4-{(1S8",2R")-2-(3~-nitro-1H-pyrazol-4-
vl)cyclohexyl]loxy}-N-(pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 22c¢ by using the N-(2,4-
dimethoxybenzyl)—3—ethyl~4—({(18*,2R*)—2—[3—nitro~l—
(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-4-
vllcyclohexylloxy) =N~ (pyrimidin-4-yl)benzenesulfonamide
(70 mg, 0.0990 mmol) prepared in Example 89c,
triethylsilane (0.10 mL), trifluorocacetic acid (0.5 mL},
dichloromethane (2.0 mL) and methanol (1.0 mlL), to yield

the title compound (47 mg, 99%) as a white solid.
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'H-NMR (500 MHz, CD3;OD) & ppm: 0.92 (3H, t, J=7.3 Hz),
1.43~1.67 (4H, m), 1.81-1.91 (2H, m), 2.05-2.09 (1H, m),
2.27-2.30 (1H, m), 2.39 (2H, g, J=7.3 Hz), 3.58-3.63 (1H,
m), 4.53-4.58 (1H, m)}, 7.03 (1H, d, J=8.8 Hz), 7.19 (1H,
d, J=6.4 Hz), 7.68-7.69 (2H, m), 7.78 (1lH, dd, J=2.9, 8.8
Hz), 8.42 (1H, d, J=6.4 Hz), 8.74 (1H, s).
(89e) 4-{[(18",2R") =2~ (3-Amino-1H-pyrazol-4-
ylicyclohexyl]oxy}-3~ethyl-N-(pyrimidin-4-
ylibenzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 71c by using the 3-ethyl-4-
{(187,2R") -2~ (3-nitro~1H-pyrazol-4-yl)cyclohexyl]oxy}-N-
(pyrimidin-4-yljibenzenesulfonamide (67 mg, 0.14Z mmol)
prepared in Example 89d, iron powder (79 mg, 1.42 mol), a
saturated aqueous solution of ammonium chloride (1.0 mL)
and ethanol (2.0 mlL), to yield the title compound (9.1 mg,
15%) as a colorless solid.
'H-NMR (500 MHz, CD3OD) & ppm: 1.03 (3H, t, J=7.8 Hz),
1.41-1.63 (4H, m), 1.77-1.86 (2H, m), 1.99-2.01 (1H, m),
2.20-2.23 (1H, m), 2.52-2.56 (2H, m), 2.74-2.77 (1H, m),
4.37-4.41 (1H, m), 6.98 (1H, 4dd, J=2.4, 8.3 Hz), 7.07-
7.09 (1H, m), 7.16 (iH, d, J=2.4 Hz), 7.69 (1lH, s), 7.73-
7.75 (1H, m), 8.32 (1H, dd, J=2.9, 6.4 Hz), 8.60 (1H, s).
MS (ESI)m/z: 443 [M+H]+.

[0408]
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(Example 90) 4-{[(1S8",2R")-5,5-Difluoro-2-(l-methyl-1H-
pyrazol-5-yl)cyclohexylloxy}-2-fluoro-5-methyl-N-
(pyrimidin-4-yl)benzenesulfonamide

[0409]

[Formula 108]
F NN
e
\u N/

\
N==

[0410]
(90a) 4-{[(1S8",2R")-5,5-Difluoro-2-(l-methyl-1H-pyrazol-
5-yl)cyclohexyl]oxy}=N- (2, 4-dimethoxybenzyl)~-2-fluoro-5-
methyl-N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4-difluoro-5-methyl-N- (pyrimidin-4-
yl)benzenesulfonamide (180 mg, 0.413 mmol) prepared in
Example 43a, the (18" ,2R")-5,5-difluoro-2-(l-methyl-1H-
pyrazol-5-yl)cyclohexanol (89 mg, 0.413 mmol) prepared in
Example 47b, sodium hydride (63%; 60 mg, 0.620 mmol) and
DMF (5.0 mL), to yield the title compound (172 mg, 66%)
as a coclorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.89-2.30 (5H, m), 2.05
(3H, sj, 2.67-2.74 (1H, m), 3.07-3.12 (1H, m), 3.76 (3H,
s}y, 3.78 (3H, s), 3.89 (3H, s}, 4.36 (1H, dt, J=4.9, 10.7

Hz}, 5.23 (2H, s), 6.04 (1H, 4, J=2.0 Hz), 6.35-6.41 (3H,
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m), 7.19 (1H, d, J=8.3 Hz), 7.25 (lH, dd, J=1.0, 6.8 Hz),
7.38 (1H, d, J=1.0 Hz), 7.70 (1H, 4, J=7.8 Hz), 8.43 (1H,
d, J=5.9 Hz), 8.77 (1lH, s).
(90b) 4-{[(1S8",2R")-5,5-Difluoro-2-(l-methyl-1H-pyrazol-
5-v1l)cyclohexylloxyl=-2-fluoro-5-methyl-N- (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 4-
{[(18",2R")-5,5~difluoro~-2~ (l-methyl-1H-pyrazol-5-
yl)cyclohexyl]loxy}=-N-(2,4-dimethoxybenzyl)-2-fluoro-5-
methyl-N- (pyrimidin-4~yl)benzenesulfonamide (172 mg,
0.272 mmol) prepared in Example 90a, triethylsilane (0.10
mL), trifluorocacetic acid (0.5 mL) and dichloromethane
(3.0 mL), to yield the title compound (131 mg, 99%) as a
colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.91-2.33 (5H, m), 2.05
(3H, s), 2.70-2.74 (1H, m), 3.07-3.12 (1H, m), 3.88 (3H,
s), 4.38 (1H, dt, J=4.4, 10.7 Hz), 6.05 (1H, d, J=2.0 Hz),
6.42 (1H, d, J=11.7 Hz), 6.15 (1H, d, J=5.9 Hz), 7.36 (1lH,
sy, 7.71 (1H, d, J=8.3 Hz), 8.36 (lH, d, J=6.4 Hz), 8.70
(1H, s).
MS (ESI)m/z: 482 [M+H]+.
[0411]
(Example 91) 4-{[(1S",2R")-2-(3-Amino~1H-pyrazol-4-
yl)cyclohexylloxy}=3-chloro-2-fluoro-N-(pyrimidin-4-
yl)benzenesulfonamide

[0412]
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[Formula 109]
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[0413]
(91a) 3-Chloro-N-(2,4~-dimethoxybenzyl)-2-fluoro-4-
({(18",2R") =2~ [3-nitro-1- (tetrahydro-2H-pyran-2-yl)~1H-
pyrazol-4-yl]lcyclohexylloxy)-N-(pyrimidin-4-
vl)benzenesul fonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 3-chloro-N-
(2,4-dimethoxybenzyl)-2,4-diflucro~N~ (pyrimidin-4-
yl)benzenesulfonamide (239 mg, 0.525 mmol} prepared in
Example 7%a, the (18",2R")-2-[3-nitro-1-(tetrahydro-2H-
pyran-2-yl)-1H-pyrazol—-4-yl]cyclohexanol (155 mg, 0.525
mmol) prepared in Example 34b, sodium hydride (63%; 60.5
mg, 0.630 mmol) and DMF (6.0 mlL), to yield the title
compound (249 mg, 65%) in the form of a diastereomeric
mixture as a colorless amorphous solid.
(91b) 3-Chloro-2-fluoro-4-{{18",2R")-2~-(3-nitro-1H-
pyrazol-4-yl)cyclohexylloxy}-N- (pyrimidin-4-
yl)benzenesul fonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 2Z2c¢ by using the 3-chloro-

N- (2, 4-dimethoxybenzyl)-2-fluoro-4- ({ (18", 2R") -2~ [3-
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nitro-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-4-
yllcyclohexylloxy)-N-(pyrimidin-4-yl)benzenesulfonamide
(198 mg, 0.341 mmol) prepared in Example 91la,
triethylsilane (0.10 mL), trifluoroacetic acid (0.5 mL),
dichloromethane (2.0 mL) and methancl (1.0 mL), to yield
the title compound (16 mg, 9.4%) as a pale yellow solid.
JH-NMR (500 MHz, CDCls) O ppm: 1.46-1.63 (4H, m), 1.79-
2.09 (3H, m), 2.31-2.3%5 (1H, m), 3.72-3.76 {(1H, m), 4.23-
4.30 (1H, m), 6.69 (1H, d, J=8.8 Hz), 7.48-7.52 (1lH, m),
7.73-7.76 (2H, m), 8.43 (1H, d, J=6.9 Hz), 8.%2 (1H, s).
(91c) 4-{[(18",2R")-2-(3-Amino-1H-pyrazol-4-
yl)cyclohexylloxy}-3-chloro-2-fluoro-N- (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 71c by using the 3-chloro-
2-fluoro-4-{ (18", 2R") -2~ (3-nitro-1H-pyrazol-4-
yl)cyclohexyl]oxy}-N-(pyrimidin-4-yl)benzenesulfonamide
(16 mg, 0.0322 mmol) prepared in Example 91b, iron powder
(18.0 mg, 0.322 mol), a saturated aqueous solution of
ammonium chloride (1.0 mL) and ethanol (2.0 mL), to yield
the title compound (9.7 mg, 65%) as a colorless solid.
'H-NMR (500 MHz, CDsOD) & ppm: 1.42-1.56 (3H, m), 1.68-
1.89 (3H, mj, 1.98-2.01 (1H, m), 2.15-2.20 (1H, m), 2.75-
2.79 (1H, m), 4.44-4.49 (1H, m), 6.97-6.99 (2H, m), 7.30
(1#, brs), 7.82 (1H, t, J=8.3 Hz), 8.23 (lH, brs), 8.52
(1H, brs).

MS (ESI)m/z: 467 [M+H]+.
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[0414]

(Example 92) 2,5-Difluoro-4-{[ (18", 2R") -2~ (1-methyl~1H-
1,2,3-triazol~-5-yl)cyclohexylloxy}-N-(pyrimidin—-4-
yl)benzenesulfonamide

[0415]

[Formula 110]
F N
¥ 1

~N AN
\
N=N

[0416]
(92a) (18",2R")-2-(1-Methyl-1H-1,2,3-triazol-5-
yl)cyclohexanol

The reaction and aftertreatment were conducted in
the same manner as in Example 8a by using l-methyl-1H-
1,2,3-triazole (2.00 g, 24.1 mmol), n-butyl lithium (2.69
M solution in hexane; 2.0 mL, 24.2 mmol), cyclohexene
oxide (2.40 g, 24.5 mmol) and THF (70 mL), to yield the
title compound (197 mg, 4.5%) as a colorless oil.
H-NMR (500 MHz, CDCls) & ppm: 1.25-1.53 (4H, m), 1.78-
1.89 (3H, m), 2.11-2.12 (1H, m), 2.55-2.60 (1lH, m), 3.55-
3.60 (2H, m), 4.01 (3H, s), 7.29 (1H, s).
(92b) N-(2,4-Dimethoxybenzyl)-2,5-difluoro-4~{[(1S",2R")~
2-(1l-methyl-1H-1,2,3~-triazol-5-yl)cyclohexyl]oxy}=N-

(pyrimidin-4~yl)benzenesulfonamide
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The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4,5-triflucro-N- (pyrimidin-4-
yl)benzenesulfonamide (240 mg, 0.546 mmol) prepared in
Example 14b, the (18",2R")-2-(l-methyl-1H-1,2,3-triazol-
5~yl)cyclohexanol (100 mg, 0.552 mmol) prepared in
Example 92a, sodium hydride (63%; 50 mg, 1.31 mmol) and
DMF (3.0 mL), to vield the title compound (270 mg, 82%)
as a colorless oil.
'H-NMR (500 MHz, CDCl3) & ppm: 1.41-1.54 (3H, m), 1.69-
1.77 (1H, m), 1.91-1.99 (2H, m), 2.09-2.12 (1H, m), 2.28-
2.30 (1H, m), 3.01-3.06 (1H, m), 3.77 (3H, s), 3.78 (3H,
s), 4.06~4.12 (1H, m), 4.12 (3H, s), 5.18 {(1H, d, J=17.1
Hz), 5.24 (1H, d, J=17.1 Hz), 6.39-6.41 (2H, m), 6.50 (1H,
dd, J=6.4, 10.7 Hz), 7.16 (1H, dd, J=1.5, 5.9 Hz), 7.18
(lH, d, J=8.8 Hz), 7.50 (1H, s), 7.71 (1H, dd, J=6.8,
10.3 Hz), 8.46 (lH, d, J=5.9 Hz), 8.79 (1H, s).
(92¢c) 2,5-Difluoro-4-{[(1S",2R")-2-(1l-methyl-1H-1,2, 3-
triazol-5-yl)cyclohexylloxy}-N-(pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl)-2,5~-difluoro-4~{[ (18", 2R") -2~ (1-methyl-
1H-1,2,3~-triazol-5~yl)cyclohexyl]oxy}-N-(pyrimidin-4-
yl)benzenesulfonamide (270 mg, 0.450 mmol) prepared in

Example S2b, triethylsilane (0.30 mL), trifluorcacetic
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acid (3.0 mL) and dichloromethane (3.0 mL), to yield the
title compound (168 mg, 83%) as a colorless solid.

'H-NMR (500 MHz, CDsOD) & ppm: 1.46-1.64 (3H, m), 1.73-
1.92 (3H, m), 2.02-2.05 (1H, m), 2.26-2.28 (1H, m), 3.16-
3.21 (1H, m), 4.09 (3H, s), 4.44 (1H, dt, J=3.9, 10.3 Hz),
6.98-7.02 (2H, m), 7.57 (lH, s), 7.68 (1H, dd, J=6.4,
10.3 Hz), 8.25 (1H, d, J=6.4 Hz), 8.53 (1H, s).

MS (ESI)m/z: 451[M+H]+.

[0417]

(Example 93) 4-{[(1S8",2R")-4,4-Dimethyl-2-(l-methyl-1H-
pyrazol-5-yl)cyclopentylloxy}=-2,5-difluoro-N- (pyrimidin-
4-yl)ibenzenesulfonamide

[0418]

[Formula 111]

F oo SN
\\S// l )
~
>N N
H

[0419]

(93a) 6-Iodo-8,8-dimethyl-1,4~-dioxaspiro[4.4]non-6-ene
The reaction and aftertreatment were conducted in

the same manner as in Example 67a by using 2-iodo-4,4-

dimethylcyclopent-2-en-1-one (US6222048; 3.77 g, 16.0

mmol), ethylene glycol (2.0 mL, 32.2 mmol), p-

toluenesulfonic acid hydrate (100 mg, 0.526 mmol) and
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benzene (60 mL), to yield the title compound (3.30 g,
74%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.13 (6H, s), 1.95 (2H, s),
3.95-3.98 (2H, m), 4.18-4.20 (2H, m), 6.23 (1H, s).
{93Db) 5—(8,8—Dimethyl—l,4—dioxaspiro[4.4]non—6—en—6—yl)~
l-methyl-1H-pyrazole

The reaction and aftertreatment were conducted in
the same manner as in Example 3%a by using the 6-iodo-
8, 8-dimethyl-1,4~dioxaspiro[4.4]non-6-ene (1.30 g, 4.64
mmol) prepared in Example 93a, l-methyl-5-(4,4,5,5~
tetramethyl-1,3,2-dioxaboran-2-yl)-1H-pyrazole (1.30 g,
6.25 mmol), [1,1'-
bis{diphenylphosphino) ferrocene]dichloropalladium (II)
(200 mg, 0.245 mmol), cesium carbonate (3.30 g, 10.1
mmol), diocxane (10 mL) and water (5.0 mL), to yield the
title compound (1.07 g, 98%) as an orange oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.23 (6H, s), 2.03 (2H, s),
3.77-3.79 (2H, m), 3.85-3.90 (2H, m), 3.86 (3H, s), 5.95
(14, s}, 6.27 (1H, 4, J=2.0 Hz), 7.43 (1H, d, J=2.0 Hz).
{93c) 4,4-Dimethyl-2- (l-methyl~1H-pyrazol-5-yl)cyclopent-
2—-en~1l-one

The reaction and aftertreatment were conducted in
the same manner as in Example 67c by using the 5-(8, 8-
dimethyl~-1,4~dioxaspiro[4.4]non~-6-en-6-yl)-1l-methyl-1H~
pyrazole (1.07 g, 4.56 mmol) prepared in Example 83b, 2 M
hydrochloric acid (5.0 mL) and THF (5.0 mL), to yield the

title compound (780 mg, 90%) as a light brown solid.
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'H-NMR (500 MHz, CDCl;) & ppm: 1.33 (6H, s), 2.46 (2H, s),
3.90 (3, s), 6.55 (1H, d, J=2.0 Hz), 7.47 (1H, d, J=2.0
Hz), 7.50 (1H, s).
{93d) 4,4-Dimethyl-2-(l-methyl-1H-pyrazol-5-
yl)cyclopentanone

A solution of the 4,4-dimethyl-2-(l-methyl-1H-
pyrazol-5-yl)cyclopent-2-en-l-one (780 mg, 4.10 mmol)
prepared in Example 93¢ and palladium carbon (5%; 700 mg)
in ethanol (8.0 mL) was stirred for 6 hours under a
hydrogen atmosphere. The reaction solution was filtered
through Celite to yield the title compound (750 mg, 95%)
in a crude form as a yellow oil.
‘H-NMR (500 MHz, CDCls3) & ppm: 1.19 (3H, s), 1.28 (3H, s),
2.02 (1H€, t, J=12.2 Hz), 2.20-2.32 (3H, mj), 3.68 (1H, dd,
J=9.3, 12.2 Hz), 6.01 (1H, d, J=2.0 Hz), 7.40 (1H, d,
J=2.0 Hz).
(93e) (187,2R")-4,4-Dimethyl-2- (l-methyl-1H-pyrazol-5-
yl)cyclopentanol

To a solution of the 4,4-dimethyl~2-(l-methyl-1H~-
pyrazol-5-yl)cyclopentanone (750 mg, 3.90 mmol) prepared
in Example 93d in methanol (8.0 mL), sodium borohydride
{150 mg, 3.97 mmol) was added with cooling on ice, and
the reaction scolution was stirred at room temperature for
1 hour. To the reaction solution, water (50 mL) was
added, followed by extraction with ethyl acetate (100 mL).
The thus obtained organic layer was dried over anhydrous

sodium sulfate. After wvacuum concentration, the residue
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was purified with silica gel chromatography
(dichloromethane/methanol = 97:3) to yield the title
compound (390 mg, 52%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.10 (3H, s), 1.18 (3H, s),
1.54 (1H, dd, J=11.2, 13.2 Hz), 1.59 (1H, dd, J=7.8, 12.7
Hz), 1.93 (1H, dd, J=7.8, 12.7 Hz), 1.99 (1H, dd, J=7.8,
13.2 Hz), 3.11-3.16 (2H, m), 3.78 (3H, s), 4.21-4.27 (1H,
m), 6.04 (1H, d, J = 2.0 Hz), 7.32 (1B, d, J=2.0 Hz).
(93f) N=-(2,4-Dimethoxybenzyl)-4-{[(1S",2R") -4, 4-dimethyl~
2= (l-methyl-1H-pyrazol-5-yl)cyclopentylloxy}-2,5-
difluoro-N-(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N- (2, 4-
dimethoxybenzyl)-2,4,5-trifluoro~-N-(pyrimidin-4-
yl)benzenesulfonamide (290 mg, 0.660 mmol) prepared in
Example 14b, the (187,2R")-4,4-dimethyl-2~(1l-methyl-1H-
pyrazol-5-yl)cyclopentanol (130 mg, 0.669 mmol) prepared
in Example 93e, sodium hydride (63%; 60 mg, 1.58 mmol)
and DMF (3.0 mL), to yield the title compound (309 mg,
76%) as a colorless oil.
'H~NMR (500 MHz, CDCls) & ppm: 1.19 (3H, s), 1.24 (3H, s),
1.71-1.77 (2H, m), 2.07 (1H, ddd, J=1.5, 7.8, 13.2 Hz),
2.14 (1, dd, J=7.8, 13.7 Hz), 3.69-3.75 (1H, m), 3.76
(3H, s), 3.79 (3H, s), 3.88 (3H, s), 4.58-4.62 (lH, m),
5.21 (18, d, J=17.1 Hz), 5.25 (1H, d, J=17.1 Hz}, 6.08
(1#, d, J=2.0 Hz), 6.39-6.42 (2H, m), 6.47 (1H, dd, J=6.4,

10.7 Hz), 7.17-7.20 (2H, m), 7.40 (1H, d, J=2.0 Hz), 7.75
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(1H, dd, J=6.8, 10.3 Hz), 8.46 (1H, d, J=5.9 Hz), 8.79
(lH, d, J=1.0 Hz).
(93g) 4-{[(1S",2R")-4,4-Dimethyl-2- (l-methyl-1H-pyrazol-
5-yl)cyclopentylloxy}-2,5-difluoro-N- (pyrimidin-4-
yvl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl)-4-{[ (18", 2R") -4, 4-dimethyl-2- (1-methyl-
1H-pyrazol-5-yl)cyclopentylloxy}-2,5-difluoro-N-
(pyrimidin~4-yl)benzenesulfonamide (309 mg, 0.504 mmol)
prepared in Example 93f, triethylsilane (0.30 mL),
trifluorocacetic acid (3.0 ml) and dichloromethane (3.0
mL}, to yield the title compound (212 mg, 91%) as a

colorless solid.

*H-NMR (500 MHz, CDs;OD) & ppm: 1.18 (3H, s), 1.23 (3H, s),

1.69 (1H, dd, J=4.9, 13.7 Hz), 1.74 (1H, t, J=12.2 Hz),
2.07 (1H, dd, J=8.3, 13.2 Hz), 2.24 (1H, dd, J=7.8, 13.7
Hz), 3.73-3.78 (1H, m), 3.81 (3H, s), 4.83-4.81 (1H, m),
6.23 (1H, 4, J=2.0 Hz), 6.88 (1lH, dd, J=6.8, 11.7 Hz),

7.03 (1H, d, J=6.4 Hz), 7.36 (1H, 4, J=2.0 Hz), 7.75 (1H,

dd, J=¢.8, 10.3 Hz), 8.27 (1H, d, J=6.4 Hz), 8.56 (1lH, s).

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

[0420]

(Example 94) 2,6-Difluoro-4-{[(1S",2R")-2-(1lH-pyrazol-4-
yvl)cyclohexyl]oxy}=~N- {pyrimidin-4-yl)benzenesulfonamide

[0421]
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[Formula 112}

AN

N
H
[0422]
{94a) N-{(2,4-dimethoxybenzyl)-2,6-difluoro~N~- (pyrimidin-
4—yl)—4—({(13*,2R*)—2—[1—(tetrahydro—2H—pyran—2-yl)—1H—
pyrazol-4-yl]cyclohexyl}loxy)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4, 6-trifluoro-N~ (pyrimidin-4-
yl)benzenesulfonamide (0.20 g, 0.45 mmol) prepared in
Example 27a, the (18",2R")-2-[1-(tetrahydro-2H-pyran-2-
yl)-1H-pyrazol-4-yllcyclohexanol (0.10 g, 0.40 mmol)
prepared in Example 33b, sodium hydride (63%; 27 mg, 0.68
mmol), DMF (6.0 mL) and water (0.008 mL), to yield the
title compound (100 mg, 33%) as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.36-1.67 (8H, m), 1.80-
2.17 (6H, m), 2.77-2.82 (1H, m), 3.62-3.67 (lH, m), 3.77
(3H, s), 3.82 (3H, s), 3.97-4.02 (2H, m), 5.26 (2H, s),
5.25-5.28 (1H, m), 6.37 (2H, dd, J=2.0, 11.2 Hz), 6.41
(1H, dd, J=2.4, 8.3 Hz), ©6.44 (1H, d, J=2.4 Hz), 7.18 (1H,
dt, J=1.5, 6.4 Hz), 7.21 (1H, d, J=8.3 Hz), 7.39 (2H, d,

J=11.7 Hz), 8.44 (1H, 4, J=6.4 Hz), 8.78 (1H, s).
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(94b) 2,6-Difluoro-4-{[(1S",2R") -2~ (1H-pyrazol-4-
vl)cyclohexyl]loxy}~N- (pyrimidin~4~-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 22c by using the N- (2,4~
dimethoxybenzyl)~-2, 6-diflucro-N-({pyrimidin~-4-yl)-4-
({(18",2R")-2-[1~ (tetrahydro-2H-pyran-2-yl)-1H-pyrazol-4-
vllcyclohexylloxy)benzenesulfonamide (100 mg, 0.171 mmol)
prepared in Example %94a, triethylsilane (0.10 mL),
trifluorcacetic acid (1.0 mL), dichloromethane (1.0 mL)
and methanol (1.0 mL), to yield the title compound (40 mg,
54%) as a colorless solid.
'H-NMR (500 MHz, DMSO-dg) & ppm: 1.24-1.36 (2H, m), 1.44-
1.59 (2H, m), 1.68~1.75 (2H, m), 1.92-1.95 (1H, m)}, 2.07-
2.09 (1H, m), 2.68-2.74 (1H, m), 4.36 (1H, dt, J=3.9,
10.3 Hz), 6.78 (2H, d, J=11.7 Hz), 6.95 (1lH, brs), 7.42
(2H, s), 8.29 (1H, brs), 8.58 (lH, s).
MS (ESI)m/z: 436[M+H]+
[0423]
(Example 95) 4—{[(18*,2R*)—2—(1—Ethyl—lH—pyrazol~5—
yl)cyclopentyl]oxy}~2,3—difluoro~N—(2—2H)(pyrimidin—4—
yl)benzenesulfonamide
[0424]

[Formula 113]
NN
qgg /Ejtl\
~N N
H
"o F
F
N~
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[0425]
(95a) N-(2,4-Dimethoxybenzyl)-2-fluoropyrimidin-4-amine

A solution of 2,4-difluoropyrimidine (1.00 g, 8.62
mmol) and 2,4-dimethoxybenzylamine (1.44 g, 8.62 mmol) in
THF (28 mlL) was stirred at room temperature for 1 hour.
The reaction solution was vacuum concentrated, and the
residue was purified with silica gel chromatography to
vield thevtitle compound (2.27 g, 62%) as a colorless
amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 3.81 (3H, s), 3.83 (3H, s),
4.55 (2H, brs), 5.74 (1H, brs), 6.28 (1H, brs), 6.44 (1H,
dd, J=2.4, 8.3 Hz), 6.48 {(1H, d, J=8.3 Hz), 7.23 {(1H,
brs), 7.82 (1H, brs).
(95Db) N~(2,4~Dimethoxybenzyl)(Z—ZH)pyrimidin—4~amine

To a solution of the N-(2,4~dimethoxybenzyl)-2-
fluoropyrimidin-4-amine (0.700 g, 2.68 mmol) prepared in
Example 95a in THF (9.0 mlL), deuterated lithium aluminum
hydride (0.220 g, 5.35 mmol) was added, and the reaction
solution was stirred at 40°C for 1 hour. To the reaction
solution, water (10 mL) was added, the mixture was
filtered through Celite, and the filtrate was subjected
to extraction with ethyl acetate (20 mL). The thus
obtained organic layer was dried over anhydrous sodium
sulfate. After vacuum concentration, the residue was
purified with silica gel chromatography to yield the

title compound (75 mg, 11%) as a colorless solid.
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'H~NMR (500 MHz, CDCl;) & ppm: 3.82 (3H, s), 3.85 (3H, s),
4.45 (2H, brs), 5.56 (1H, brs), 6.36 (1H, d, J=5.9 Hz),
6.46 (1H, dd, J=2.4, 8.3 Hz), 6.50 (1H, d, J=2.4 Hz),
7.20 (1H, d, J=7.8 Hz), 8.15 (1H, d, J=5.4 Hz).
{95¢) N-(2,4-dimethoxybenzyl)-2,3,4~trifluorc-N-{(2-
2H)(pyrimidin—4-yl}benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 14b by using the N-{(2,4-
dimethoxybenzyl) (2-?H)pyrimidin-4-amine (100 mg, 0.39
mmol) prepared in Example 95b, 2,3,4-
trifluorcbenzenesulfonyl chloride (180 mg, 0.77 mmol),
l,4-diazabicyclo[2.2.2]octane (50 mg, 0.46 mmol) and THF
{0.77 mL), to yield the title compound (68 mg, 40%) as a
colorless amorphous solid.
'H-NMR (500 MHz, CDCls;) & ppm: 3.80 (3H, s), 3.82 (3H, s),
5.27 (2H, s), 6.44-6.46 (2H, m), 7.13-7.17 (2H, m), 7.24
(lH, d, J=7.8 Hz), 7.87-7.91 (1H, m), 8.50 (1H, d, J=5.9
Hz) .
(95d) N-(2,4-Dimethoxybenzyl)-4-{[ (18", 2R")-2=-(l-ethyl-
lH-pyrazol-5-yl)cyclopentylloxy}-2,3-difluoro-N-(2-
2H)(pyrimidin—4-yl>benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)—2,3,4—trifluoro—N—(2~2H)(pyrimidin—4—
vl)benzenesulfonamide (68 mg, 0.15 mmol) prepared in
Example 95c, the (1S8",2R")-2-(l-ethyl-1H-pyrazol-5-

vl)cyclopentanol (30 mg, 0.17 mmol) prepared in Example
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37a, sodium hydride (63%; 10 mg, 0.25 mmol), DMF (0.77
mL) and water(0.003 mL), to yield the title compound
(59.2 mg, 64%) as a colorless amorphous solid.
TH-NMR (500 MHz, CDCl3) & ppm: 1.41 (3H, t, J=7.3 Hz),
1.77-1.84 (2H, m), 1.94-2.00 (2H, m), 2.20-2.37 (2H, m),
3.48 (1H, dt, J=4.9, 8.38 Hz), 3.78 (3H, s), 3.81 (3H, s),
4.12-4.25 (2H, m), 4.75-4.78 (1H, m), 5.25 (1H, 4, J=17.1
Hz), 5.30 (14, d, J=17.1 Hz), 6.07 (1H, d, J=2.0 Hz),
6.41-6.44 (2H, m), 6.66 (1H, t, J=8.8 Hz), 7.20-7.23 (2H,
m), 7.46 (1H, d, J=2.0 Hz), 7.73 {(1H, dt, J=2.0, 7.3 Hz),
8.46 (1H, d, J=5.9 Hz).
(95e) 4-{[(18",2R")-2-(1-Ethyl-1H-pyrazol-5-
yl)cyclopentyl]oxy}-2,3~-difluoro-N-(2-?H) (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the N-(2,4-
dimethoxybenzyl)-4-{[ (18", 2R") -2~ (l-ethyl-1H-pyrazol-5-
yl)cyclopentylloxy}-2,3-difluoro-N- (2-2H) (pyrimidin-4-
yl)benzenesulfonamide (59.2 mg, 0.098 mmol) prepared in
Example 95d, triethylsilane (0.080 mL), trifluorocacetic
acid (0.10 mL) and dichloromethane (1.0 mL), to yield the
title compound (34.0 mg, 77%) as a colorless solid.
'H-NMR (500 MHz, CDsOD) & ppm: 1.31 (3H, t, J=6.8 Hz),
1.78-1.97 (4H, m), 2.27-2.37 (2H, m), 3.52 (1H, dt, J=5.9,
8.3 Hz), 4.12-4.21 (2H, m), 4.90-4.93 (1H, m), 6.20 (1H,

d, J=2.0 Hz), 6.92 (1H, t, J=7.3 Hz), 7.20 (1H, d, J=6.4
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Hz), 7.41 (1H, 4, J=2.0 Hz), 7.68-7.72 (1H, m), 8.24 (1H,
d, J=6.8 Hz).

MS (ESI)m/z: 451 [M+H]+.

[0426]

(Example 96) N-(4-{(1R",28")-2-[5-Fluoro-2-methyl-4-
((pyrimidin-4-yl)sulfamoyl)phenoxy]cyclohexyl}-1H-
pyrazol-3-yl)acetamide

[0427]

[Formula 114]

F o o N
\\S/, l )
s
N N
H

[0428]
(96a) 4-({(18",2R")~-2-[3-Amino-1- (tetrahydro-2H-pyran-2-
yl)-1H~pyrazol-4-yllcyclohexyl}loxy)-N- (2,4~
dimethoxybenzyl)-2-fluoro-5-methyl-N- (pyrimidin-4-
yvl)benzenesulfonamide

To a solution of the N-(2,4-dimethoxybenzyl)-2-
fluoro-5-methyl-4-({(18",2R")-2-[3-nitro-1-(tetrahydro-
2H-pyran-2-yl)~1H-pyrazol-4-yl]cyclohexyl}loxy) ~N-
(pyrimidin-4-yl)benzenesulfonamide (193 mg, 0.272 mmol)
prepared in Example 68a and bis(acetylacetonato)copper
(II) (21.3 mg, 0.0815 mmol) in a mixed solvent of THF
(4.0 mL) and ethanol (4.0 mL), sodium borohydride (101 mg,

2.66 mmol) was added, and the reaction solution was
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stirred at room temperature for 20 minutes. To the
reaction solution, a saturated aqueous solution of sodium
hydrogencarbonate (10 mL) and ethyl acetate (10 mlL) were
added, the mixture was filtered through Celite, and the
filtrate was subjected to extraction. The thus obtained
organic layer was dried over anhydrous sodium sulfate.
After vacuum concentration, the residue was purified with
silica gel chromatography to yield the title compound (78
mg, 42%) as a light brown amorphous solid.
H-NMR (500 MHz, CDCls) & ppm: 1.38-2.15 (14H, m), 2.15
(34, s), 2.66-2.71 (1H, m), 3.59-3.62 (1H, m), 3.73 (2H,
brs), 3.77 (3H, s), 3.78 (3H, s), 4.00-4.03 (2H, m), 5.04
(1, dt, J=2.0, 9.82 Hz), 5.25 (2H, s}, 6.39-6.44 (3H, m},
7.16 (1H, d, J=2.4 Hz), 7.20 (l1H, d, J=7.8 Hz), 7.29 (1H,
dt, J=1.5, 5.9 Hz), 7.68 (lH, d, J=7.8 Hz), 8.43 (1H, d,
J=6.4 Hz)y, 8.77 (1H, s).
(96b) N-{4-[(1R",257)-2-{4-[(2,4-
Dimethoxybenzyl) (pyrimidin-4-yl)sulfamoyl]-5-fluoro-2-
methylphenoxylcyclohexyll-1-(tetrahydro-2H~-pyran~-2-yl) -
lH-pyrazol-3~-yllacetamide

To a solution of the 4-({(18",2R")-2-[3-amino-1~-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-4-
yl]lcyclohexylloxy)-N-(2,4-dimethoxybenzyl)-2-fluoro-5-
methyl-N-(pyrimidin-4~yl)benzenesulfonamide (78 mg, 0.115
mmol) prepared in Example 96a in pyridine (0.50 mlL),
acetic anhydride (0.021 mL, 0.229 mmol) was added, and

the reaction solution was stirred at room temperature for
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12 hours. To the reaction solution, water (10 mL) and
ethyl acetate (10 mlL) were added, and the organic layer
was washed with water (10 mL) and then saturated saline
(10 mL) and dried over anhydrous sodium sulfate. After
vacuum concentration, the residue was purified with
silica gel chromatcgraphy to yield the title compound
(37.2 mg, 45%) as a colorless amorphous solid.
'H-NMR (500 MHz, CDCls) 8 ppm: 1.38-2.16 (14H, m), 2.10
(3H, s), 2.16 (3H, s), 2.73-2.93 (1H, m), 3.62 (2H, brs),
3.77 (3H, s), 3.78 (3H, s), 3.93-4.01 (2H, m), 4.10-4.13
(1H, m), 5.17-5.20 (1H, m), 5.24 (2H, s), 6.35-6.48 (3H,
m), 7.18-7.20 (1H, m), 7.30-7.35 (2H, m), 7.67 (1H, d,
J=6.8 Hz), 8.43 (1H, d, J=5.8 Hz), 8.77 (1H, s).
(96c) N-(4-{(1R",28")~2-[5-Fluoro~2-methyl-4- (pyrimidin-
4—ylsulfamdyl)phenoxy]cyclohexyl}—1H—pyrazol~3—
yl)acetamide

The reaction and aftertreatment were conducted in
the same manner as in Example 22c¢ by using tﬁe N-{4-
[ (IR, 28")-2-{4~[(2,4~dimethoxybenzyl) (pyrimidin-4-
vl)sulfamoyl]-5-fluoro-2-methylphenoxy}cyclohexyl]~1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-3~-yllacetamide (78
mg, 0.108 mmol) prepared in Example 96b, triethylsilane
(0.10 mL), trifluorcacetic acid (0.50 mL),
dichloromethane (2.0 mL) and methanol (1.0 mL), to yield
the title compound (33.1 mg, 63%) as a colorless solid.
'H-NMR (500 MHz, CDs;OD) & ppm: 1.38-1.62 (4H, m), 1.76-
1.86 (2H, m), 2.04 (3H, s), 2.11-2.24 (2H, m), 2.14 (3H,
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s), 2.87-2.91 (1H, m), 4.38 (1H, dt, J=3.9, 10.3 Hz),
6.78 (1H, d, J=12.7 Hz), 7.06 (1H, dd, J=1.0, 6.8 Hz),
7.42 (1H, s), 7.67 (1H, d, J=8.3 Hz), 8.32 (1H, d, J=5.9
Hz), 8.57 (1H, s).

MS (ESI)m/z: 489 [M+H]-+.

[0429]

(Example 97) 4-{[(18",2R",4R") -4~ (Benzyloxy)-2-(l-methyl-
lH-pyrazol-5-yl)cyclopentylloxy}-2,5-difluoro-N-
(pyrimidin—-4-yl)benzenesulfonamide

[0430]

[Formula 115]
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[0431]
(97a) (1S87,2R",4R")-4- (Benzyloxy)-2- (1l-methyl-1H-pyrazol-
5-yl)cyclopentanol

The reaction and aftertreatment were conducted in
the same manner as in Example 4a by using 1-
methylpyrazole (2.40 g, 29.2 mmol), n-butyl lithium (2.69
M solution in hexane; 10.9 mL, 29.3 mmol), (1R",3s”,558")-
3-benzyloxy-6-oxabicyclo[3.1.0]hexane (Tetrahedron, 2002,
58, 4675-4689; 5.38 g, 28.3 mmol) and THF (90 mL), to

yield the title compound (1.71 g, 22%) as a brown oil.
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'H-NMR (500 MHz, CDCls) & ppm: 1.81-1.87 (1H, m), 1.92-
1.98 (1H, m), 2.23-2.28 (1H, m), 2.55-2.60 (1H, m), 2.99-
3.04 (1H, m), 3.88 (3H, s), 4.17-4.22 (1H, m), 4.38-4.43
(1H, m), 4.50 (2H, s), 6.14 (1H, d, J=2.0 Hz), 7.26-7.41
(6H, m).
(97b) 4-{[(18",2R",4R") -4~ (Benzyloxy)-2- (l-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}-N-(2,4-dimethoxybenzyl) -
2,5-difluoro-N-(pyrimidin~4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)=-2,4,5-trifluoro~N~ (pyrimidin-4-
vl)benzenesulfonamide (100 mg, 0.228 mmol) prepared in
Example 14b, the (18%,2R",4R")-4- (benzyloxy)-2-(l-methyl-
lH-pyrazol-5-yl)cyclopentanol (60 mg, 0.220 mmol)
prepared in Example 97a, sodium hydride (63%; 40 mg, 1.05
mmol) and DMF (2.0 mL), to yield the title compound (88
mg, 58%) as a colorless oil.
'H-NMR (500 MHz, CDCls;) & ppm: 1.97-2.03 (1H, m), 2.06-
2.14 (1H, m), 2.38-2.43 (1H, m), 2.62-2.68 (lH, m), 3.46-
3.51 (1H, m), 3.76 (3H, s), 3.79 (3H, s), 3.86 (3H, s),
4.26-4.31 (14, m), 4.52 (1H, d, J=11.7 Hz), 4.57 (1H, d,
J=11.7 Hz), 4.69-4.73 (1H, m), 5.20 (1H, 4, J=17.1 Hz),
5.24 (1H, d, J=17.1 Hz), .16 (1H, d, J=2.0 Hz), 6.40-
6.42 (2H, m), ¢6.47 (1H, dd, J=6.4, 11.2 Hz), 7.16 (1H, d,
J=6.8 Hz), 7.20 (1H, d, J=7.8 Hz), 7.30-7.42 (6H, m),
7.75 (1H, dd, J=6¢.4, 10.3 Hz), 8.45 (1H, d, J=5.9 Hz),

8.78 (1H, s).



- 314 -

(97¢c) 4-{[(1S",2R",4R") -4~ (Benzyloxy)-2~- (l-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}-2,5~-difluoro-N- (pyrimidin-
4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 4-
{[(18",2R", 4R") -4~ (benzyloxy)-2- (l-methyl-1H-pyrazol-5-
vl)cyclopentylloxy}-N~ (2, 4~dimethoxybenzyl)-2,5-difluoro-
N-{pyrimidin-4-yl)benzenesulfonamide (88 mg, 0.127 mmol)
prepared in Example 97b, triethylsilane (0.20 mL},
trifluoroacetic acid (2.0 mlL) and dichloromethane (2.0
mL), to yield the title compound (60 mg, 87%) as a
colorless solid.
'H-NMR (500 MHz, CDsOD) & ppm: 1.90-1.96 (1H, m), 2.08-
2.15 (1H, m), 2.41-2.46 (1H, m), 2.64-2.70 (1H, m), 3.55-
3.60 (1H, m), 3.79 (3H, s), 4.29-4.33 (1H, m), 4.52 (1lH,
d, J=11.7 Hz), 4.55 (1H, d, J=11.7 Hz), 4.93 (1lH, g,
J=6.8 Hz), 6.27 (1H, 4, J=2.0 Hz), 6.88 (lH, dd, J=6.8,
11.2 Hz), 7.03 (1H, dd, J=1.0, 6.4 Hz), 7.25-7.36 (6H, m),
7.74 (1H, dd, J=6.8, 10.3 Hz), 8.26 (1H, d, J=6.4 Hz),
8.55 (1H, s).
MS (ESI)m/z: 542 [M+H]+.
[0432]
(Example 98) 4-{[(1S",2R",4S8") -4~ (Benzyloxy)-2-(l-methyl-
lH-pyrazol-5-yl)cyclopentyl]oxy}-2,5~-difluoro~-N-
(pyrimidin-4-yl)benzenesulfonamide

[0433]
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[0434]
(98a) (1S7,2R",48")-4- (Benzyloxy)-2-(l-methyl-1H-pyrazol-
5-yl)cyclopentanol

The reaction and aftertreatment were conducted in
the same manner as in Example 4a by using 1-
methylpyrazole (3.40 g, 41.4 mmol), n-butyl lithium (2.69
M solution in hexane; 15.4 mL, 41.4 mmol), (1R",3r",58")-
3-benzyloxy-6-oxabicyclo[3.1.0}lhexane (Tetrahedron, 2002,
58, 4675-4689; 7.77 g, 40.8 mmol) and THF (120 mL), to
yield the title compound (2.58 g, 23%) as a brown oil.
'H-NMR (500 MHz, CDCls;) & ppm: 1.83-1.89 (1H, m), 2.01-
2.05 (1H, m), 2.14-2.19 (1H, m), 2.46-2.50 (1H, m), 2.73
(1H, d, J=8.3 Hz), 3.38-3.42 (1H, m), 3.89 (3H, s), 4.11~-
4.15 (1H, m), 4.19-4.21 (1H, m), 4.54 (2H, s), 5.94 (1H,
d, J=2.0 Hz), 7.29-7.41 (6H, m).
(98b) 4-{[(18",2R",48")~4~ (Benzyloxy)-2~ (l-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}-N-(2,4-dimethoxybenzyl) -
2,5-difluoro-N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in

the same manner as in Example la by using the N-(2,4-



- 316 -

dimethoxybenzyl)-2,4,5-trifluoro-N- (pyrimidin-4-
vl)benzenesulfonamide (100 mg, 0.228 mmol) prepared in
Example 14b, the (18",2R",4S8")-4-benzyloxy-2-(l-methyl-1H-
pyrazol-5-vyl)cyclopentanol (60 mg, 0.220 mmol) prepared
in Example 98a, sodium hydride (63%; 40 mg, 1.05 mmol)
and DMF (2.0 mL), to yield the title compound (143 mg,
94%) as a colorless oil.
H-NMR (500 MHz, CDCls) & ppm: 1.%2-1.99 (1H, m), 2.03-
2.07 (1H, m), 2.41-2.46 (1H, m), 2.57-2.63 (1lH, m), 3.76
(3, s), 3.79 (3H, s), 3.86-3.90 (1H, m), 3.89 (3H, s),
4.18-4.20 (1H, m), 4.52 (2H, s), 4.53-4.57 (1H, m), 5.21
(1g, d, J=17.1 Hz), 5.25 (1H, d, J=17.1 Hz), 6.04 (1H, d,
J=1.5 Hz), 6.39-6.42 (2H, m), 6.46 (1H, dd, J=6.4, 10.7
Hz), 7.17-7.20 (2H, m), 7.28-7.38 (5H, m), 7.40 (1H, d,
J=2.0 Hz), 7.76 (1H, dd, J=6.4, 9.8 Hz), 8.46 (1H, d,
J=5.9 Hz), 8.78 (1H, s).
(98c) 4-{[(18",2R",4S8") -4~ (Benzyloxy)-2-(l-methyl-1H~
pyrazol-5-yl)cyclopentylloxyl}-2,5-diflucro-N-(pyrimidin-
4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 4-
{[(18",2R",48") -4~ (benzyloxy)-2- (1-methyl-1H-pyrazol-5-
yl)cyclopentyl]loxy}-N- (2, 4-dimethoxybenzyl)~2,5~-difluoro-
N- (pyrimidin-4-yl)benzenesulfonamide (143 mg, 0.207 mmol)
prepared in Example 98b, triethylsilane (0.20 mL),

trifluorocacetic acid (2.0 ml) and dichloromethane (2.0
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mL), to yield the title compound (91 mg, 81%) as a
colorless solid.

"H-NMR (500 MHz, CD3OD) & ppm: 1.94-2.03 (2H, m), 2.37-
2.41 (1H, m), 2.66-2.72 (1H, m), 3.81 (3H, s), 3.81-3.86
(1H, m), 4.20-4.22 (1H, m), 4.51 (2H, s), 4.79-4.83 (1H,
m), 6.20 (1H, d, J=1.5 Hz), 6.920 (lH, dd, J=6.4, 11.2 Hz),
7.03 (1H, d, J=6.4 Hz), 7.23-7.36 (6H, m), 7.76¢ (1lH, dd,
J=6.4, 10.3 Hz), 8.26 (1H, d, J=6.4 Hz), 8.55 (1lH, s).
MS (ESI)m/z: 542 [M+H]+.

[0435]

(Example 99) 4-{[(18",2R")-3,3-Dimethyl-2-(l-methyl-1H-
pyrazol-5-yl)cyclopentylloxy}-2,5~-difluoro-N- (pyrimidin-
4~ylibenzenesulfonamide

104361

[Formula 117]
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[0437]
(9%a) 2,2-Dimethyl-1-(l-methyl~-1lH-pyrazol-5-
yvl)cyclopentanol

The reaction and aftertreatment were conducted in
the same manner as in Example 8a by using pyrazole (3.70
g, 45.1 mmol), n-butyl lithium (2.69 M solution in

hexane; 17 mL, 45.7 mmol), 2,2-dimethylcyclopentanone
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{(5.00 g, 44.6 mmol) and THF (100 mL), to yield the title
compound (630 mg, 7.3%) as a colorless solid.
H-NMR (500 MHz, CDCl3) & ppm: 0.77 (3H, s), 1.14 (3H, s),
1.57-1.61 (2H, m), 1.75-1.96 (4H, m), 2.53-2.59 (1H, m),
4.11 (3H, s), 6.07 (1H, d, J=2.0 Hz), 7.36 (1lH, d, J=2.0
Hz) .
(99b) 5-(5,5-Dimethylcyclopent-l-en-1-yl)-l-methyl-1H-
pyrazole

A solution of the 2,2-dimethyl-1-(l-methyl-1H-
pyrazol-5-yl)cyclopentanol (630 mg, 3.24 mmol) prepared
in Example 9%a and p-toluenesulfonic acid hydrate (2.00 g,
10.5 mmol) in toluene (20 mL) was stirred for 8 hours
under reflux, and the solvent was subjected to azeotropic
distillation with water. After allowing to cool, water
{50 mL) was added to the reaction solution, and an
organic layer was extracted. The thus obtained organic
layer was dried over anhydrous sodium sulfate. After
vacuum concentration, the residue was purified with
silica gel chromatography (hexane/ethyl acetate = 3:1) to
yield the title compound (512 mg, 90%) as a brown oil.
'H-NMR (500 MHz, CDCls;) & ppm: 1.11 (6H, s), 1.86 (2H, t,
J=6.8 Hz), 2.47 (2H, dt, J=2.4, 7.3 Hz), 3.81 (3H, s),
5.73 (1H, t, J=2.4 Hz), 6.13 (1H, d, J=2.0 Hz), 7.45 (1H,
d, J=2.0 Hz).
(99¢c) (15*,2R*)~3,3—Dimethyl~2—(1—methyl—lH~pyrazol~5—

yl)cyclopentanol
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The reaction and aftertreatment were conducted in
the same manner as in Example 33b by using the 5-(5,5-
dimethylcyclopent-1l-en~-1-yl)-1l-methyl-1H-pyrazole (500 mg,
2.84 mmol) prepared in Example 98b, a borane-THF complex
(0.95 M solution in THF; 12.0 mL, 11.4 mmol), sodium
perborate tetrahydrate (2.00 g, 13.0 mmol), THF (2.0 mL)
and water (6.0 mL), to yield the title compound (120 mg,
22%) as a colorless oil.
‘H~NMR (500 MHz, CDCls) & ppm: 0.76 (3H, s), 1.05 (3H, s),
1.60-1.86 (3H, m), 2.18-2.25 (1H, m), 2.78 (1lH, d, J=8.8
Hz), 2.81 (1H, brs), 3.78 (3H, s), 4.44 (1H, dt, J=6.4,
8.8 Hz), 6.06 (1H, d, J=2.0 Hz), 7.39 (1H, d, J=2.0 Hz).
(99d) N-(2,4-Dimethoxybenzyl)-4-{[(1S8",2R")~3,3-dimethyl-
2= {l-methyl-1H~pyrazol-5-yl)cyclopentylloxy}-2,5-
difluoro-N~ (pyrimidin-4~yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N~ (2,4-
dimethoxybenzyl)-2,4,5-trifluoro-N-{pyrimidin-4-
yvl)benzenesulfonamide (270 mg, 0.615 mmol) prepared in
Example 14b, the (18",2R")-3,3-dimethyl-2~(l-methyl-1H-
pyrazol-5-vl)cyclopentanol (120 mg, 0.618 mmol) prepared
in Example 99c, sodium hydride (63%; 40 mg, 1.05 mmol)
and DMF (3.0 mL), to yield the title compound (263 mg,
70%) as a colorless oil.
‘H-NMR (500 MHz, CDCls) & ppm: 0.89 (3H, s), 1.13 (3H, s),
1.76-1.94 (3H, m), 2.38~2.45 (1H, m), 3.24 (1H, d, J=6.8

Hz), 3.76 (34, s), 3.79 (3H, s), 3.87 (3H, s), 4.79-4.83
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(14, m), 5.20 (1H, d, J=17.1 Hz), 5.24 (1iH, d, J=17.1 Hz),

6.06 (1H, d, J=2.0 Hz), 6.39-6.41 (2H, m), 6.48 (1H, dd,

J=6.4, 11.2 Hz), 7.17-7.20 (2H, m), 7.43 (1H, d, J=2.0
Hz), 7.71 (1H, dd, J=6.4, 9.8 Hz), 8.45 (1H, d, J=5.9 H
8.77 (1H, d, J=1.0 Hz).
(9%e) 4-{[(1S8",2R")-3,3-Dimethyl-2~ (1l-methyl-1H~pyrazol-
5-yl)cyclopentyl]loxy}-2,5-difluoro-N~ (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2, 4-
dimethoxybenzyl)-4-{[ (18", 2R") -3, 3-dimethyl-2- (1-methyl-
1H-pyrazol-5-yl)cyclopentylloxy}-2,5-difluoro-N-
(pyrimidin-4-yl)benzenesulfonamide (263 mg, 0.429 mmol)
prepared in Example 99d, triethylsilane (0.30 mL),
trifluorocacetic acid (3.0 mL) and dichloromethane (3.0
nL), to yield the title compound (178 mg, 90%) as a
colorless solid.
'H-NMR (500 MHz, CD3;OD) & ppm: 0.88 (3H, s), 1.11 (3H,
1.73-1.82 (2H, m), 1.91-1.98 (1H, m), 2.48-2, 56 (lH, m

3.30-3.33 (1H, m), 3.82 (3H, s), 5.10 (1H, dt, J=4.4, 7.

Hz), 6.24 (1H, d, J=2.0 Hz), 6.94 (1H, dd, J=6.8, 11.7

zZ),

s),
)
8

Hz), 7.02 (1H, d, J=6.4 Hz), 7.39 (1lH, d, J=2.0 Hz), 7.70

(1, dd, J=6.4, 10.3 Hz), 8.27 (1H, d, J=6.4 Hz), 8.54
(1H, s).
MS (FAB)m/z: 464 [M+H]+.

[0438]
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(Example 100) 4-{[(18",28",3R") -3~ (Benzyloxy)-2-(l-methyl-
1H-pyrazol-5-yl)cyclohexyl]oxy}-2,5-difluoro-N-
(pyrimidin~4-yl)benzenesulfonamide

[0439]

[Formula 118]
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[0440]
(100a) (1IR",2R",658")-7-0Oxabicyclo[4.1.0]heptan-2-0l

To a solution of cyclohex-2-en-1-o0l (14.9 g, 152
mmol) in dichloromethane (200 mlL), 3-chloroperbenzoic
acid (70%; 42.0 g, 170 mmol) was added with cooling on
ice, and the reéction solution was stirred for 1 hour
with cooling on ice. To the reaction solution, saturated
sodium thiosulfate (100 mL) and saturated sodium
hydrogencarbonate (100 mL) were added, and an organic
layer was extracted. The thus obtained organic layer was
dried over anhydrous sodium sulfate. After vacuum
concentration, the residue was purified with silica gel
chromatography (hexane/ethyl acetate = 2:3) to yield the
title compound (3.10 g, 18%) as a colorless oil.
'"H-NMR (500 MHz, CDClz) & ppm: 1.23-1.32 (1H, m), 1.43-
1.59 (3H, m), 1.76-1.91 (3H, m), 3.32 (1H, t, J=3.9 Hz),

3.35 (1H, t, J=3.9 Hz), 3.99-4.04 (1H, m).
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(100b) (1R",2R",68")-2-(Benzyloxy)-T7-
‘oxabicyclo[4.1.0]heptan~2*ol

To a solution of sodium hydride (63%; 1.20 g, 31.5
mmol) in THF (20 mL), a solution of the (1R", 2R", 68"y =7~
oxabicyclo[4.1.0lheptan-2~-0l (3.10 g, 27.2 mmol) prepared
in Example 100a in THF (20 mL) was added with cooling on
ice, and the mixture was stirred at room temperature for
1 hour. To the reaction solution, benzyl bromide (4.0 mlL,
33.4 mmol) was added, and the mixture was stirred at room
temperature for 12 hours. To the reaction solution,
water (50 mL) was added, followed by extraction with
ethyl acetate (50 mlL). The thus obtained organic layer
was dried over anhydrous sodium suifate. After vacuum
concentration, the residue was purified with silica gel
chromatography (hexane/ethyl acetate = 4:1) to yield the
title compound (2.85 g, 51%) as a light brown oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.18-1.25 (1H, m), 1.52-
1.67 (3H, m), 1.80-1.84 (2H, m), 3.26-3.27 (1H, m), 3.31-
3.32 (1H, m), 3.79-3.81 (1H, m), 4.68 (1lH, d, J=12.2 Hz),
4,71 (1H, d, J=12.2 Hz), 7.26-7.41 (bH, m).
(100c) (1S8",2R",3R") -3~ (Benzyloxy)-2-(l-methyl-1H-pyrazol-
5-yl)cyclohexanol

The reaction and aftertreatment were conducted in
the same manner as in Example 4a by using 1-
methylpyrazole (2.30 g, 28.0 mmol), n-butyl lithium {(2.69
M solution in hexane; 10.0 mL, 26.9 mmol), the

(1R", 2R", 687) -2~ (benzyloxy)-7-oxabicyclo[4.1.0]lheptan-2-ol
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(5.60 g, 27.4 mmol) prepared in Example 100b and THF (80
mL), to yield the title compound (1.71 g, 22%) as a brown
oil,

'H-NMR (500 MHz, CDCls) & ppm: 1.32-1.45 (2H, m), 1.81-
1.91 (2H, m), 2.08-2.21 (2H, m), 2.75 (1H, t, J=10.3 Hz),
3.25-3.2% (1H, m), 3.73-3.78 (1H, m), 3.85 (3H, s), 4.12
(1H, d, J=11.7 Hz), 4.37 (1H, 4, J=11.7 Hz), 6.10 (1H, d,
J=2.0 Hz), 6.95 {(1H, dd, J=1.5, 7.3 Hz), 7.22~7.26 (4H,
m), 7.51 (1H, d, J=2.0 Hz).

Also, a by-product (1R, 28", 6R")-2~ (benzyloxy)-6-(1-
methyl-1H~pyrazol-5-yl)cyclohexanol (3.93 g, 50%) was
obtained as a brown oil.

'H-NMR (500 MHz, CDCls) & ppm: 1.35~1.47 (2H, m), 1.53-
1.58 (1H, m), 1.64-1.72 (1H, m), 1.86~-1.90 (1H, m), 2.15-
2.20 (1H, m), 2.38 (1H, d, J=8.8 Hz), 3.04-3.09 (1H, m),
3.58-3.62 (1H, m), 3.82 (3H, s), 3.89-3.91 (1H, m), 4.53
(14, d, J=11.7 Hz), 4.73 (1H, d, J=11.7 Hz), 6.07 (1H, d,
J=2.0 Hz), 7.30-7.41 (6H, m).

(100d) 4~{[(18",28",3R")-3-(Benzyloxy) -2~ (l-methyl-1H-
pyrazol-5-yl)cyclohexyl]oxy}-N-(2,4-dimethoxybenzyl) -2, 5=
difluoro~N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)~-2,4,5~-trifluoro~-N~{(pyrimidin-4-
vl)benzenesulfonamide (200 mg, 0.455 mmol) prepared in
Example 14b, the (18",2R",3R") -3~ (benzyloxy)-2-(l-methyl-

1H-pyrazol-5-yl)cyclohexanol (130 mg, 0.454 mmol)
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prepared in Example 100c, sodium hydride (63%; 50 mg,
1.31 mmol) and DMF (3.0 mL), to yield the title compound
{185 mg, 58%) as a colorless oil.
TH-NMR (500 MHz, CDCl3) & ppm: 1.36-1.57 (3H, m), 1.95-
1.98 (1H, m), 2.20-2.29 (2H, m), 3.11 (1H, t, J=10.3 Hz),
3.43-3.48 (1H, m), 3.76 (3H, s), 3.78 (3H, s), 3.89 (3H,
sy, 4.20 (1H, d, J=11.2 Hz), 4.21-4.26 (1H, m), 4.42 (1H,
d, J=11.7 Hz), 5.21 (2H, s), 5.95 (1H, d, J=2.0 Hz),
6.39-6.41 (2H, m), 6.48 (1H, dd, J=6.4, 11.2 Hz), 6.96~
6.97 (24, m), 7.16-7.19 (2H, m), 7.23-7.26 (3H, m), 7.35
(1H, d, J=1.5 Hz), 7.66 (1lH, dd, J=6.4, 9.8 Hz), 8.45 (1H,
d, J=6.4 Hz), 8.78 (1H, d, J=1.0 Hz).
(100e) 4-{[(18",28",3R") -3~ (Benzyloxy)-2~(l-methyl-1H~-
pyrazol-5-yl)cyclohexyl]oxy}-2,5-difluoro-N-(pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 4-
{[(1s8",28",3R") -3~ (benzyloxy) -2~ (1-methyl-1H-pyrazol-5-
yl)cyclohexyljoxy}-N-(2,4-dimethoxybenzyl)-2,5-difluoro-
N- (pyrimidin-4~yl)benzenesulfonamide (185 mg, 0.262 mmol)
prepared in Example 100d, triethylsilane (0.30 mL),
trifluorocacetic acid (3.0 mL) and dichloromethane (3.0
mL), to yield the title compound (141 mg, 97%) as a
colorless solid.
'H-NMR (500 MHz, CD3OD) & ppm: 1.37-1.56 (3H, m), 1.91-
1.94 (1H, m), 2.23-2.33 (2H, m), 3.15 (1H, t, J=10.7 Hz),

3.57-3.62 (1H, m), 3.83 (34, s), 4.18 (1H, d, J=11.2 Hz),
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4,49 (1H, d, J=11.7 Hz), 4.58-4.63 (1H, m), 6.15 (1lH, d,
J=2.0 Hz), 6.94-6.96 (2H, m), 7.01-7.05 (2H, m), 7.19-
7.22 {(3H, m), 7.28 (1H, d, J=2.0 Hz), 7.64 (1H, dd, J=6.8,
10.3 Hz), 7.27 (1H, d, J=6.4 Hz), 8.55 (1H, s).

MS (ESI)m/z: 556[M+H]+.

(04413

(Example 101) 2-Fluoro-5-methyl-4-{[(1S8",2R")-2~(1H~
pyrazol-4-yl)cyclopentyl]loxy}-N-(pyrimidin-4-
yl)benzenesulfonamide

[0442]

[Formula 119]
F XN
3
S\ﬁ N/

T N\

NN

[0443]
(101a) 4-(Cyclopent-l-en-1-yl)-1~(tetrahydro-2H-pyran-2-
yvl)~1H-pyrazole

The reaction and aftertreatment were conducted in
the same manner as in Example 3% by using 4-iodo-1-
(tetrahydro-2H-pyran—-2-yl)-1H-pyrazole (J. Org. Chem.,
2007, 72 (9), 3589-3591; 1.51 g, 5.42 mmol), 2-cyclopent-
l-en~-1-yl1-4,4,5,5-tetramethyl~1, 3, 2-dioxaborolane (1.37 g,
7.05 mmol), [1,1'-
bis (diphenylphosphino} ferrocene]dichloropalladium (IT)

(317 mg, 0.434 mmol), of cesium carbonate (6.01 g, 18.4
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mmol) dioxane (27 mL) and water (5.0 mlL), to yield the
title compound (1.00 g, 85%) as a colorless oil.
(101b) (18",2R")-2~[1-(Tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-4-yl]cyclopentanol

The reaction and aftertreatment were conducted in
the same manner as in Example 33b by using the 4-
{cyclopent-l-en-1-yl})-1-(tetrahydro-2H-pyran-2-yl)~1H~-
pyvrazole (1.00 g, 4.60 mmol) prepared in Example 10la, =a
borane-THF complex (0.95 M solution in THF; 10.6 mL, 10.1
mmol), sodium perborate tetrahydrate (1.49 g, 9.67 mmol),
THF (5.0 mL) and water (10 mL), to yield the title
compound (421 mg, 38%) as a colorless oil.
'H-NMR (500 MHz, CDCls3) & ppm: 1.57-1.87 (6H, m), 2.03-
2.15 (6H, m), 2.81 (1H, g, J=7.3 Hz), 3.66-3.71 (1H, m),
4.01-4.07 (2H, m), 5.32 (1H, dd, J=2.0, 8.3 Hz), 7.44 (1H,
s), 7.47 (1H, d, J=2.9 Hz).
(101c) N=-(2,4-Dimethoxybenzyl)-2-fluoro-5-methyl-N-
(pyrimidin-4-y1)-4-({(18",2R")-2~[1- (tetrahydro-2H-pyran-
2-yl)~1H-pyrazol-4-yl]cyclopentyl}oxy)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4-difluoro~5-methyl~N- (pyrimidin—4-
ylybenzenesulfonamide (0.28 g, 0.63 mmol) prepared in
Example 43a, the (1S87,2R")-2-[1-(tetrahydro-2H-pyran-2-
yvl)=-1H-pyrazol-4-yl]lcyclopentanol (0.15 g, 0.63 mmol)

prepared in Example 101b, sodium hydride (63%; 91 mg,
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0.95 mmol) and DMF (6.4 mL), to yield the title compound
(403 mg, 97%) as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.57-1.92 (8H, m), 2.03-
2.26 (4H, m), 2.20 (3H, s), 3.25-3.30 (1H, m), 3.66-3.71
(l1H, m), 3.76 (3H, s), 3.80 (3H, s), 4.04-4.06 (1H, m),
4.46-4.50 (1H, m), 5.27 (2H, s), 5.30-5.34 (1H, m), 6.39~
6.45 (3H, m), 7.20 (1H, d, J=8.3 Hz), 7.31 (1H, dd, J=1.5,
6.4 Hz), 7.43 (2H, d, J=2.9 Hz), 7.73 (1H, d, J=8.3 Hz),
8.43 (1H, d, J=6.4 Hz), 8.77 (1H, s).
(101d) 2-Fluoro-5-methyl-4-{[(1S",2R")-2- (1H-pyrazol-4-
yl)cyclopentyl]loxy}-N-(pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 22c¢ by using the N-(2,4-
dimethoxybenzyl)-2~fluoro-5-methyl-N- (pyrimidin-4-yl)-4-
({(18*,2R*)—2—[1~(tetrahydro—ZH—pyran—2~yl)—1H—pyrazol—4—
vllcyclopentyl}ioxy)benzenesulfonamide (0.12 g, 0.184
mmol) prepared in Example 10lc, triethylsilane (0.10 mL),
trifluorocacetic acid (0.50 mL), dichloromethane (1.0 mL)
and methanol (1.0 mlL), to yield the title compound (45 mg,
59%) as a colorless solid.
'H-NMR (400 MHz, CD3OD) & ppm: 1.70-1.91 (4H, m), 2.19-
2.27 (2H, m), 2.20 (3H, s), 3.26-3.30 (1H, m), 4.64-4.68
(1H, m), ©.72 (1H, d, J=12.5 Hz), 7.09 (1H, d, J=6.3 Hz),
7.51 (2H, sy, 7.7¢ (iH, d, J=8.2 Hz), 8.32 (1H, d, J=6.3
Hz), 8.59 (1H, s).
MS (ESI)m/z: 418[M+H]+

[0444]
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(Example 102) 4-{[(1S,2R)-5,5-Difluoro-2-(l-methyl-1H~-
pyrazol-5-yl)cyclohexyl]oxy}~2,5-difluoro-N~(pyrimidin—-4-
vl)benzenesulfonamide

[0445]

[Formula 120]

F F F o0 o0 SN
\\S// l )
2
SN N
H

[0446]
(102a) (1S,2R)-4,4-Difluoro-1-{(l-methyl-1H-pyrazol-5-
yl)cyclohexane-1,2-diol

To a solution of methanesulfonamide (480 mg, 5.05
mmel) in a mixed solvent of t-butanocl (10 mL) and water
(10 mL), AD-mixo (Sigma-Aldrich Corp.; 7.10 g) was added,
and the reaction solution was stirred at room temperature
for 10 minutes. To the reaction solution, a solution of
the 5-(4,4-difluorocyclohex-1-en-1-yl)-1l-methyl-1H-
pyrazole (1.0 g, 5.05 mmol) prepared in Example 47a in t~-
butanol (5 mL) was added with cooling on ice, and the
reaction solution was vigorously stirred at room
temperature for 16 hours. To the reaction solution, an
agueous sodium sulfite solution (10 mlL) was added,
followed by extraction with ethyl acetate (50 mL). The

thus obtained organic layer was dried over anhydrous
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sodium sulfate to yield the title compound in a crude
form.
{102b) 5-[1(1S,68)~4,4-Difluoro-7-oxabicyclc[4.1.0]lhept-1~
vl]l-l-methyl-1H-pyrazole

A solution of the crude (1S8,2R)=-4,4~-difluocro-1-(1-
methyl-1H-pyrazol-5-yl)cyclohexane-1,2-diol prepared in
Example 102a, trimethyl orthoacetate (1.60 mL, 12.6 mmol)
and p-toluenesulfonic acid (48 mg, 0.25 mmol) in
dichloromethane (25 mL) was stirred for 45 hours. The
reaction solution was concentrated and diluted with
acetonitrile (15 mL). Lithium bromide (220 mg, 2.53
mmol) and acetyl bromide (0.93 mL, 12.6 mmol) were added
thereto with cooling on ice, and the reaction solution
was stirred for 6 hours with cooling on ice. The
reaction solution was concentrated and then diluted with
methanol {20 mL). Potassium carbonate (1.75 g, 12.7
mmol) was added thereto, and the reaction solution was
stirred at room temperature for 2 hours. To the reaction
solution, water (50 mL) was added, followed by extraction
with ethyl acetate (100 mL). The thus obtained organic
layer was dried over anhydrous sodium sulfate. After
vacuum concentration, the residue was purified with
silica gel chromatography to yield the title compound
(752 mg, 70%, 2 steps) as a colorless solid.
(102c) (1S,2R)~5,5-Difluoro-2-(l-methyl-1H-pyrazol-5-

yl)cyclohexanol
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A solution of the 5-[(1S,6S8)-4,4-difluocro=-7-
oxabicyclo[4.1.0]hept-1-yl]-1-methyl-1H~-pyrazole (50 mg,
0.233 mmol) prepared in Example 102b and Raney nickel
{500 mg) in isopropanol (20 mL) was stirred for 3 hours
under a hydrogen atmosphere. The reaction solution was
filtered, the filtrate was concentrated, and the residue
was then purified with silica gel chromatography to yield
the title compound (21.2 mg, 42%) as a colorless oil.
(102d) 4-{[(18,2R)~5,5~Difluocro-2~(l-methyl-1H-pyrazol-5-
yvl)ycyclohexyl]oxy}—-N-{2,4-dimethoxybenzyl)-2,5-difluocro-
N~ {(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4,5-trifluoro-N- ({pyrimidin-4-
yl)benzenesulfonamide (145 mg, 0.33 mmol) prepared in
Example 14b, the (1S,2R)-5,5-diflucro-2-(l-methyl-1H-
pyrazol-5-yl)cyclohexanol (50 mg, 0.23 mmol) prepared in
Example 102c¢, sodium hydride (63%; 12 mg, 0.33 mmol), DMF
(1.6 mL) and water (0.006 mL), to vyield the title
compound (130 mg, 62%) as a colorless oil.

(102e) 4-{[(18,2R)~-5,5-Difluoro-2~(l-methyl-1H-pyrazol-5~-
yl)cyclohexylloxy}-2,5-difluoro-N-(pyrimidin-4-~
yvl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 4-
{[(18,2R)=5,5-difluoro-2~{l-methyl~1H~-pyrazol-5-

vl)cyclohexylloxy}-N-(2,4-dimethoxybenzyl)-2,5~-difluocro-
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N- (pyrimidin-4-yl)benzenesulfonamide (130 mg, 0.20 mmol)
prepared in Example 102d, triethylsilane (0.30 mL),
trifluorcacetic acid (3.0 mL) and dichloromethane (3.0
mL), to yield the title compound (70 mg, 99%) as a

colorless solid.

(o] p?°==7.62 (c 1.03, DMSO).

[0447]

(Example 103) 4-{[(18",2R")-5,5-Difluoro-2- (lH-pyrazol-4-
yl)cyclohexyl]oxy}=2,5-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide

[0448]

[Formula 1211

F F F o o SN
\\S/ 'y l )
s
NN
H

\\\

NN

[0449]
(103a) 4,4-Difluoro-1-[1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-4-yl]cyclohexanol

The reaction and aftertreatment were conducted in
the same manner as in Example 4a by using 4-iodo-1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazole (J. Org. Chem.,
2007, 72 (9), 3589-3591; 10.0 g, 35.9 mmol), N,N,N',N'-
tetramethylethylenediamine (5.38 mL, 35.9 mmol), t-butyl
lithium (1.60 M solution in pentane; 26.2 mL, 43.Z mmolj},

4,4-difluorocyclohexanone (4.82 g, 35.9 mmol) and THF
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(100 mL}, to yield the title compound (1.10 g, 11%) as a
colorless oil.
'H-NMR (500 MHz, CDCls;) & ppm: 1.61-1.75 (4H, m), 1.95-
2.29 (10H, m), 3.70 (1, dt, J=2.9, 11.2 Hz), 4.06-4.09
(lH, m), 5.35 (1H, dd, J=3.4, 8.8 Hz), 7.54 (1lH, s), 7.59
(1H, s).
(103b) 4-(4,4-Difluorocyclohex-1l-en-1-yl)-1-(tetrahydro-
2H-pyran-2-yl)-1lH-pyrazole

The reaction and aftertreatment were conducted in
the same manner as in Example 9% by using the 4,4-
difluoro~1-[1~(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-4-
yllcyclohexanol (1.10 g, 3.84 mmol) prepared in Example
103a, p-toluenesulfonic acid (0.33 g, 1.92 mmol) and
toluene (20 mL), to yield the title compound (0.55 g,
70%) as a colorless oil.
H-NMR (500 MHz, CDCls) & ppm: 1.61-1.72 (2H, m), 2.02-
2.18 (6H, m), 2.56-2.57 (2H, m), 2.65 (2H, t, J=14.7 Hz),
3.70 (1H, dt, J=2.4, 11.2 Hz), 4.04-4.07 (1lH, m), 5.35
(1, dd, J=2.9, 9.3 Hz), 5.80-5.83 (iH, m), 7.57 (1lH, s),
7.61 (1H, s).
(103¢c) (1S8",2R")~-5,5-Difluoro-2-[1-(tetrahydro-2H-pyran-
2~-yl)~1H-pyrazol—-4-yllcyclochexanol

The reaction and aftertreatment were conducted in
the same manner as in Example 33b by using the 4-(4,4-
difluorocyclohex~1l-en-1~-yl)-1-(tetrahydro~-2H~-pyran-2-yl)-
l1H-pyrazole (0.54 g, 2.01 mmol) prepared in Example 103b,

a borane-THF complex (0.95 M solution in THF; 4.70 mL,
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4.42 mmol), sodium perborate tetrahydrate (0.61 g, 4.02
mmol), THF (20 mL) and water (20 mL), to yield the title
compound (0.40 g, 70%) as a colorless oil.
H-NMR (500 MHz, CDCls) & ppm: 1.57-2.20 (11H, m), 2.46-
2.58 (2H, m), 3.64-3.73 (2H, m), 4.06-4.09 (1H, m), 5.35
(1H, dd, J=2.98, 9.3 Hz), 7.49 (1H, s), 7.53 (1H, s).
(103d) 4-({(1s",2R")-5,5-Difluoro-2-[1- (tetrahydro-2H-
pyran-2-yl)~1H-pyrazol-4-yllcyclohexyljoxy)-N-(2,4~-
dimethoxybenzyl)-2,5-difluoro-N~ (pyrimidin-4-
ylibenzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2Z, 4~
dimethoxybenzyl)-2,4,5-trifluoro-N- (pyrimidin-4-
yvl)benzenesulfonamide (184 mg, 0.42 mmol) prepared in
Example 14b, the (15*,2R*)—5,5—difluoro—2~[l—(tetrahydro-
2H-pyran-2-yl)-1H-pyrazol-4-yl]cyclohexanol (100 mg, 0.35
mmol) prepared in Example 103c, sodium hydride (63%; 21
mg, 0.52 mmol), DMF (5.0 mL) and water (0.0063 mL), to
vield the title compound (180 mg, 75%) as a colorless
amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.57-1.67 (3H, m), 1.89-
2.08 (6H, m), 2.15-2.17 (1H, m), 2.24-2.28 (1H, m), 2.63-
2.68 (1H, m), 2.93-2.98 (1H, m), 3.62-3.68 (1H, m), 3.77
(3H, s), 3.78 (3H, s), 4.00 (1iH, d, J=10.7 Hz), 4.16-4.22
(1B, m), 5.21 (2H, s), 5.25-5.30 (1lH, m), 6.39-6.41 (2H,

m), 6.48 (1H, dd, J=5.9, 10.7 Hz), 7.16-7.19 (2H, m),
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7.46-7.48 (2H, m), 7.73 (1H, dd, J=6.4, 9.8 Hz), 8.46 (1lH,
d, J=5.9 Hz), 8.78 (1H, d, J=2.4 Hz).
(103e) 4—{[(18*,2R*)—5,5—Difluoro—2-(1H—pyrazol—4~
vlycyclohexylloxy}=2,5-difluoro-N-(pyrimidin-4-
vlibenzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 22¢ by using the 4-
({(18*,2R*)—5,5~difluoro—2—{l—(tetrahydro~2H—pyran—2—yl)—
1H-pyrazol-4-yllcyclohexyl}loxy)~N-{(2,4-dimethoxybenzyl) -
2,5-difluoro-N-{pyrimidin~4-yl)benzenesulfonamide (170 mg,
0.24 mmol) prepared in Example 103d, triethylsilane (0.20
mlL), trifluorcacetic acid (2.0 mL), dichloromethane (2.0
mlL) and methanol (2.0 mL), to yield the title compound
{80 mg, 72%) as a colorless solid.
'"H-NMR (500 MHz, DMSO-d¢) & ppm: 1.72-1.81 (1H, m), 1.97-
2.20 (4H, m), 2.59~2.63 (1H, m), 2.98-3.02 (1H, m), 4.63
(11, dt, J=4.4, 10.7 Hz), 6.96 (1lH, brs), 7.14-7.18 (1lH,
m), 7.50 (2H, s), 7.62-7.65 (1H, m), 8.24 (1H, brs), 8.57
(1H, s).
MS (ESI)m/z: 472 [M+H]+.
[0450]
(Example 104) 4-{[(1S",2R")-5,5-Difluoro-2- (1H-pyrazol-4-
vl)cyclohexylloxy}-2, 6-diflucro~N- (pyrimidin-4-
vl)benzenesulfonamide

[0451]
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[Formula 122]

z=
!
Iz

[0452]
(104a) 4-({(18",2R")-5,5~-Difluoro-2-[1- (tetrahydro-2H-
pyran-2-yl)-1H-pyrazol~4-yl]lcyclohexylioxy)-N~(2, 4~
dimethoxybenzyl)=-2, 6~difluoro-N-~ (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4, 6-trifluoro-N~ (pyrimidin-4-
yl)benzenesulfonamide (184 mg, 0.42 mmol) prepared in
Example 27a, the (187,2R")-5,5~difluoro-2-[1- (tetrahydro-
2H-pyran-2-yl)-1H-pyrazol-4-yl]lcyclohexanol (100 mg, 0.35
mmol) prepared in Example 103c, sodium hydride (63%; 20
mg, 0.52 mmol), DMF (6.0 mL) and water (0.0060 mL), to
yield the title compound (120 mg, 49%) as a colorless
amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.59-1.67 (3H, m), 1.86-
2.04 (6H, m), 2.14-2.17 (1H, m), 2.22-2.27 (1H, m), 2.64-
2.65 (1H, m), 2.86-2.91 (1H, m), 3.63-3.68 (1H, m), 3.77
(3H, s), 3.82 (3H, s), 3.98-4.02 (1lH, m), 4.20-4.25 (1H,

m), 5.25 (2H, s), 5.25-5.29 (1lH, m), 6.36-6.44 (4H, m),
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7.14-7.16 (1H, m), 7.21 (1H, d, J=8.3 Hz), 7.41-7.42 (2H,
m), 8.44 (1H, d, J=5.9 Hz), 8.78 (1lH, s).
(104b) 4-{[(1S8",2R")-5,5-Difluoro-2- (1H-pyrazol-4-
yl)cyclohexylloxy}=-2, 6~difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 22c¢ by using the 4-
({(18",2R")-5,5-difluoro-2-[1- (tetrahydro-2H-pyran-2-yl) -
1H-pyrazol-4-yllcyclohexyl}loxy)-N-(2,4-dimethoxybenzyl) -
2,6-difluoro-N- (pyrimidin-4-yl)benzenesulfonamide (120 mg,
0.24 mmol) prepared in Example 104a, triethylsilane (0.15
mL), trifluorocacetic acid (1.5 mL), dichloromethane (1.5
mL) and methanol (1.5 mL), to yield the title compound (45
mg, 56%) as a colorless solid.
IH-NMR (500 MHz, DMSO-dg) & ppm: 1.75-1.80 (1H, m), 1.97-
2.13 (4H, m), 2.55-2.57 (1H, m), 2.91-2.96 (1H, m), 4.58
(14, dt, J=4.4, 10.3 Hz), 6.75 (2H, d, J=11.2 Hz), 6.89-
6.99 (1H, m), 7.44 (1H, brs), 7.51 (1H, s), 8.28 (1H, s),
8.58 (1H, s).
MS (ESI)m/z: 472[M+H]+.
[0453]
(Example 105) 4-{[(1S$",2R")-5,5-Difluoro-2-(l-methyl-1H-
pyrazol-5-yl)cyclohexylloxy}-2,3-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide

[0454]
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[0455]
(105a) 4-{[(18",2R")-5,5-Difluoro-2-(l-methyl-1H-pyrazol-
5-yl)cyclohexylloxy}-N-(2,4-dimethoxybenzyl) -2, 3-
difluoro-N-(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N~ (2,4-
dimethoxybenzyl)-2,3,4-trifluoro~N- (pyrimidin-4-
yl)benzenesulfonamide (145 mg, 0.33 mmol) prepared in
Example 30a, the (18",2R")-5,5-difluoro-2-(l-methyl-1H-
pyrazol-5-yl)cyclohexanol (50 mg, 0.23 mmol) prepared in
Example 47b, sodium hydride (63%; 12.6 mg, 0.33 mmol),
DMF (1.6 mL) and water (0.0059 mL), to yield the title
compound (113 mg, 62%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.92-2.13 (4H, m), 2.30-
2.35 (1, m), 2.73-2.79 (1H, m), 3.08-3.13 (1H, m), 3.77
(6H, s), 3.91 (3H, s), 4.43 (1H, dt, J=4.9, 11.2 Hz),
5.20 (1H, d, J=16.6 Hz), 5.25 (1H, dd, J=16.6 Hz), 6.08
(1H, d, J=2.4 Hz), 6.40-6.41 (2H, m), 6.55-6.58 (1H, m),
7.17-7.20 (2H, m), 7.37 (1H, d, J=2.0 Hz), 7.64-7.68 (1H,

m), 8.45 (1lH, d, J=6.4 Hz), 8.77 (lH, s).
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(105b) 4-{[(18",2R")-5,5-Difluoro-2~ (1l-methyl-1H-pyrazol-
5-yl)cyclohexylloxy}-2,3-difluoro-N- (pyrimidin-4-
vl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 4-
{[(18",2R")-5,5~difluoro-2- (1-methyl-1H-pyrazol-5-
ylycyclohexyl]loxy}=N-(2,4-dimethoxybenzyl)-2,3-difluocro-
N- (pyrimidin-4-yl)benzenesulfonamide (130 mg, 0.20 rmol)
prepared in Example 105a, triethylsilane (0.30 mlL),
trifluorocacetic acid (3.0 mL) and dichloromethane (3.0
mlL), to yield the title compound (80 mg, 81%) as a
colorless solid.
'H-NMR (500 MHz, CDsOD) & ppm: 1.93-2.27 (5H, m), 2.72-
2.76¢ (1H, m), 3.35-3.41 (1H, m), 3.89 (3H, s), 4.68 (1lH,
dt, J=4.9, 10.7 Hz), 6.23 (1H, d, J=2.0 Hz), 6.922 (1lH, t,
J=7.3 Hz), 7.09 (1H, d, J=6.8 Hz), 7.32 (1H, d, J=2.0 Hz},
7.68-7.72 (1H, m), 7.33 (1H, 4, J=6.8 Hz), 8.63 (1H, brs).
MS (ESI)m/z: 486[M+H]+.
[0456]
(Example 106) 2,5-Difluoro-4-{[(1S",2R",4R")~-4-fluoro-2-
(l-methyl-1H-pyrazol-5-yl)cyclopentyl]oxy}-N=- (pyrimidin-
4-yl)benzenesulfonamide

[0457]
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[0458]

(106a) 5-[(1R",28",48") -4~ (Benzyloxy)-2-
(methoxymethoxy)cyclopentyl]-1-methyl-1H-pyrazole

To a solution of the (18",2R",4S8")-4-benzyloxy-2-(1-
methyl-1H-pyrazol-5-yl)cyclopentancl (350 mg, 1.29 mmol)
prepared in Example 98a and diisopropylethylamine (1.3 mIL,
7.64 mmol) in dichloromethane (5.0 mL), chloromethyl
methyl ether (0.48 mL, 6.32 mmol) was added, and the
reaction solution was stirred at 40°C for 5 hours. After
allowing to cool, water (10 mL) was added to the reaction
solution, and an organic layer was extracted. The thus
obtained organic layer was dried over anhydrous sodium
sulfate. After vacuum concentration, the residue was
purified with silica gel chromatography (hexane/ethyl
acetate = 1:2) to yield the title compound (250 mg, 62%)
as a colorless oil.
'H-NMR (500 MHz, CDCli) & ppm: 1.81-1.91 (2H, m), 2.25-
2.29 (1H, m), 2.49-2.53 (1H, m), 3.22 (3H, s), 3.42-3.47
(1H, m), 3.87 (3H, s), 4.00-4.05 (1H, m), 4.05-4.10 (1H,
m), 4.49-4.55 (3H, m), 4.61 (1H, d, J=6.8 Hz), 6.03 (1H,

d, J=2.0 Hz), 7.28-7.36 (5H, m), 7.39 (1H, d, J=1.5 Hz}.
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(106b) (1S87,3R",4S") -3~ (Methoxymethoxy) -4~ (1-methyl-1H-
pyrazol-5-yl)cyclopentanol

A solution of the 5-[(1R",28%,45")-4- (benzyloxy)-2-
{methoxymethoxy)cyclopentyl]-1-methyl-1H-pyrazole (250 mg,
0.790 mmol) prepared in Example 106a and palladium carbon
{5%; 200 mg) in ethanol (3.0 mlL) was stirred for 5 hours
under a hydrogen atmosphere. The reaction solution was
filtered through Celite, the filtrate was concentrated,
and the residue was purified with silica gel
chromatography (dichloromethane/methanol = 96:4) to yield
the title compound (150 mg, 84%) as a colorless oil.
'H-NMR (500 MHz, CDCl;) & ppm: 1.84-1.88 (1H, m), 1.93-
1.99 (1H, m), 2.21-2.26 (1H, m), 2.32-2.38 (1H, m), 2.48
(1H, brs), 3.28 (3H, s}, 3.53-3.57 (1H, m), 3.89 (3H, s},
4,10-4.13 (1H, m), 4.46 (1H, brs), 4.59 (lH, d, J=6.8 Hz),
4.65 (1H, d, J=6.8 Hz), 5.99 (1H, d, J=2.0 Hz), 7.39 (1H,
d, J=2.0 Hz).
(106c) 5-[(1R",287,48")-4-Fluoro-2-
(methoxymethoxy)cyclopentyl]~-1l-methyl-1H-pyrazole

To a solution of the (1s",3R",43")-3-
(methoxymethoxy)-4-(l-methyl-1H-pyrazol-5-
yl)cyclopentanol (150 mg, 0.663 mmol) prepared in Example
106b in dichloromethane (2.0 mL), bis(2-
methoxyethyl)amino sulfur trifluoride (0.26 mL, 1.33
mmol) was added with cooling on ice, and the reaction
solution was stirred at room temperature for 2 hours. To

the reaction solution, an agueous sodium
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hydrogencarbonate solution (10 mL) was added, and an
organic layer was extracted. The thus obtained organic
layer was dried over anhydrous sodium sulfate. After
vacuum concentration, the residue was purified with
silica gel chromatography (hexane/ethyl acetate = 2:3) to
yield the title compound (132 mg, 87%) as a colorless oil.
'H-NMR (500 MHz, CDCl;) & ppm: 1.88-2.08 (2H, m), 2.41-
2.50 (1B, m), 2.60-2.71 {(1H, m}, 3.18-3.23 (1H, m), 3.23
(3H, s), 3.87 (3H, s), 4.26-4.32 (1lH, m), 4.55 (1H, d,
J=6.8 Hz), 4.60 (1H, d, J=6.8 Hz), 5.17-5.31 (1H, m),
6.17 (1H, d, J=2.0 Hz), 7.41 (1H, d, J=2.0 Hz).
(106d) 5-[(18",2R", 4R")-4-Fluoro-2- (1l-methyl-1H-pyrazol-5-
yl)cyclopentanol

A solution of the 5-[ (1R, 28",48")-4-fluoro-2-
(methoxymethoxy)cyclopentyl]-1-methyl-1H-pyrazole (132 mng,
0.579 mmol) prepared in Example 106c in 2 M hydrochloric
acid-methanol (3.0 mL) was stirred at room temperature
for 1. To the reaction solution, an agueous sodium
hydrogencarbonate solution (10 mlL) was added, and an
organic layer was extracted with ethyl acetate (10 mlL).
The thus obtained organic layer was dried over anhydrous
sodium sulfate. After vacuum concentration, the residue
was purified with reverse phase chromatography (30%
methanol/water) to yield the title compound (90 mg, 85%)
as a colorless oil.
'H-NMR (500 MHz, CDCl;) & ppm: 1.87-2.06 (2H, m), 2.36-
2.45 (1H, m), 2.62-2.74 (1H, m), 3.04 (1H, g, J=8.8 Hz),
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3.37 (1lH, brs), 3.74 (3H, s), 4.42-4.46 (1lH, m), 5.1l4-
5.27 (1H, m), 6.12 (1H, d, J=2.0 Hz), 7.32 (1H, d, J=2.0
Hz) .
(106e) N-(2,4-Dimethoxybenzyl)-2,5-difluoro-4-
{[(18",2R", 4R") -4~fluoro-2- (1-methyl-1H-pyrazol-5-
yl)cyclopentyl]oxy}=N-(pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4,5-trifluoro-N- (pyrimidin-4-
yl)benzenesul fonamide (215 mg, 0.489 mmol) prepared in
Example 14b, the 5-[(18",2R",4R")~4~fluoro-2-(l-methyl-1H-
pyrazol~-5-yl)cyclopentanol (20 mg, 0.489 mmcl) prepared
in Example 106d, sodium hydride (63%; 50 mg, 1.31 mmol)
and DMF (3.0 nL), to yield the title compound (235 mg,
80%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 2.07-2.26 (2H, m), 2.62-
2.84 (2H, m), 3.53-3.58 (1H, m), 3.76 (3H, s), 3.79 (3H,
s), 3.85 (3H, s), 4.83 (l1H, g, J=6.8 Hz), 5.20 (1H, d,
J=17.1 Hz), 5.24 (1H, d, J=17.1 Hz), 5.27-5.40 (1H, m),
6.19 (1H, d, J=2.0 Hz), 6.40-6.42 (2H, m), 6.52 (1H, dd,
J=6.4, 10.7 Hz), 7.15 (1H, d, J=1.0, 5.9 Hz), 7.20 (1H, d,
J=8.8 Hz), 7.42 (1H, d, J=2.0 Hz), 7.77 (1H, dd, J=6.4,
9.8 Hz), 8.45 (1H, d, J=5.9 Hz}, 8.78 (1lH, s).
(106f) 2,5-Difluoro-4-{[(1S",2R",4R")~4~-fluoro-2-(1-
methyl-1H-pyrazol-5-yl)cyclopentylloxy}-N-(pyrimidin-4-

yl)benzenesulfonamide
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The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4~-
dimethoxybenzyl) -2, 5-difluoro-4-{[(1s8",2R", 4R") -4~-fluoro-
2-(1l-methyl-1H~pyrazol-5-~yl)cyclopentyl]oxy}-N-
(pyrimidin-4-yl)benzenesulfonamide (235 mg, 0.389 mmol)
prepared in Example 106e, triethylsilane (0.30 mL),
triflucrcacetic acid (3.0 mL) and dichloromethane (3.0
ml), to yvield the title compound (162 mg, %2%) as a
colorless solid.

'H-NMR (500 MHz, DMSO-d¢) & ppm: 1.90-2.18 (2H, m), 2.58-
2.79 (2H, m), 3.62 (1H, g, J=8.8 Hz), 3.75 (3H, s), 5.13
(1H, g, J=6.9 Hz), 5.27-5.42 (1H, m), 6.24 (1H, d, J=2.4
Hz), 6.96 (1H, brs), 7.21-7.23 (1lH, m), 7.31 (1H, d,
J=2.0 Hz), 7.68-7.72 (1H, m), 8.24 (1H, brs), 8.58 (1H,
s) .

MS (ESI)m/z: 454 [M+H]+.

[0459]

(Example 107) 4-{[(1S",2R")~4,4-Difluoro~-2-(l-methyl-1H-
pyrazol-5-yl)cyclopentylloxy}-2,5-difluoro-N- (pyrimidin-
4-yl)benzenesulfonamide

[0460]

[Formula 125]
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[0461]
(107a) (1S",2R",48")-4-(Benzyloxy)-2- (l-methyl-1H-pyrazol-
5-yl)cyclopentyl benzoate

To a solution of the (187,2R",48")-4-(benzyloxy)-2-
{l-methyl~1H-pyrazol-5-yl)cyclopentanol (234 mg, 0.859
mmol) prepared in Example 98a and triethylamine (0.40 ml,
2.87 mmol) in dichloromethane (4.0 mL), benzoyl chloride
(0.260 mL, 2.24 mmol) was added, and the reaction
solution was stirred for 5 hours. To the reaction
solution, water (50 ml) was added, and an organic layer
was extracted. The thus obtained organic layer was dried
over anhydrous sodium sulfate. After vacuum
concentration, the residue was purified with column
chromatography (hexane/ethyl acetate = 3:2) to yield the
title compound (2387 mg, 92%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.97-2.08 (2H, m), 2.41-
2.46 (1H, m), 2.62-2.68 (1H, m), 3.72-3.77 (1H, m), 3.89
(3, s), 4.22-4.25 (1H, m), 4.51 (1H, d, J=11.7 Hz), 4.56
(1H, 4, J=11.7 Hz), 5.33 (1H, dt, J=4.9, 7.3 Hz), 6.06
(lH, d, J=1.5 Hz), 7.28-7.44 (8H, m), 7.54-7.58 (1lH, m),
8.02 (2H, d, J=8.3 Hz).
(107b) (187,2R",48") ~4-Hydroxy-2- (l-methyl-1H-pyrazol-5-
yvl)cyclopentyl benzoate

The reaction and aftertreatment were conducted in
the same manner as in Example 106b by using the
(1S*,2R5,4S*)—4—(benzyloxy)—Z—(1~methyl—lH—pyrazol—5—

vyl)cyclopentyl benzoate (297 mg, 0.789 mmol) prepared in
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Example 107a, palladium carbon (5%; 300 mg) and ethanol
(3.0 mL), to yield the title compound (205 mg, 91%) as a
colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.88-1.92 (1H, m), 2.03-
2.09 (1H, m), 2.28-2.33 (1H, m), 2.66-2.71 (1H, m), 3.79-
3.84 (1H, m), 3.91 (3H, s), 4.58-4.60 (1H, m), 5.31-5.35
(l1H, m), 6.06 (1H, d, J=2.0 Hz), 7.39 (1H, d, J=2.0 Hz),
7.43-7.46 (2H, m), 7.56~-7.59 (1H, m}), 8.01-8.03 (2H, m).
(107¢c) (1S8",2R")-2-(1-Methyl-1H-pyrazol-5-yl)-4-
oxocyclopentyl benzoate

To a solution of the (18%,2R",48")-4-hydroxy-2-(1-
methyl-1H-pyrazol-5-yl)cyclopentyl benzoate (205 mg,
0.716 mmol) prepared in Example 107b in dichloromethane
(3.0 mL), Dess-Martin reagent (610 mg, 1.44 mmol) was
added, and the reaction solution was stirred for 2 hours.
To the reaction solution, an aqueous sodium
hydrogencarbonate solution (10 mL) was added, and an
organic layer was extracted with dichloromethane (10 mL).
The thus obtained organic layer was dried over anhydrous
sodium sulfate. After vacuum concentration, the residue
was purified with silica gel chromatography (hexane/ethyl
acetate = 2:3) to yield the title compound (140 mg, 69%)
as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 2.47-2.59 (2H, m), 2.81-
2.98 (2H, m), 3.88-3.89 (1H, m), 4.09 (3H, s), 5.57-5.59
(1H, m), 6.03 (1H, d, J=2.0 Hz), 7.43-7.4%9 (3H, m), 7.60~-

7.63 (1H, m}, 8.02~-8.04 (2H, m).



- 346 -

(107d) (18", 2R")-4,4-Difluoro-2- (l-methyl-1H-pyrazol-5-
vl)cyclopentyl benzoate

The reaction and aftertreatment were conducted in
the same manner as in Example 106c by using the
(18", 2R") =2~ (1-methyl-1H-pyrazol-5-yl)-4-oxocyclopentyl
benzoate (140 mg, 0.716 mmol) prepared in Example 107c¢,
bis{(2-methoxyethyl)amino sulfur trifluoride (0.80 ml,
4.10 mmol) and dichloromethane (3.0 mL), to yield the
title compound (90 mg, 60%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 2.35-2.47 (2H, m), 2.76-
2.93 (2H, m), 3.68-3.72 (1H, m), 3.97 (3H, s), 5.38-5.41
(1, m), 6.19 (1H, d, J=2.0 Hz), 7.43-7.48 (3H, m), 7.58-
7.62 (1H, m), 8.01-8.03 (2H, m).
(107e) (18",2R")-4,4-Difluoro-2-(l-methyl-1H-pyrazol-5-
vl)cyclopentanol

To a solution of the (1s",2R")-4,4-difluoro-2-(1-
methyl-1H-pyrazol-5~-yl)cyclopentyl benzoate (90 mg, 0.294
mmol)} prepared in Example 107d in methanol (3.0 mL),
potassium carbonate (60 mg, 0.434 mmol) was added, and
the reaction solution was stirred for 30 minutes. To the
reaction solution, water (10 mlL) was added, and an
organic layer was extracted with ethyl acetate (20 mlL).
The thus obtained organic layer was dried over anhydrous
sodium sulfate. After wvacuum concentration, the residue
was purified with silica gel chromatography
{dichloromethane/methanol = 96:4) to yield the title

compound (48 mg, 81%) as a colorless oil.
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TH-NMR (500 MHz, CDCls) & ppm: 2.14-2.38 (2H, m), 2.60-
2,71 (2H, m), 3.24-3.30 (1H, m), 3.68 (1lH, brs), 3.79 (3H,
s), 4.26~4.31 (1H, m), 6.08 (1H, d, J=1.5 Hz), 7.33 (1lH,
d, J=1.5 Hz).
(107f) 4~{[(1S8",2R")-4,4~Difluoro-2-(l-methyl-1H-pyrazol-
5-yl)cyclopentyl]oxy}-N-(2,4-dimethoxybenzyl)~2, 5~
difluoro-N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)=-2,4,5-trifluoro-N- (pyrimidin~4-
yl)benzenesulfonamide (105 mg, 0.239 mmol) prepared in
Example 14b, the (18",2R")-4,4-difluoro-2-(l-methyl-1H-
pyrazol-5~yl)cyclopentanol (48 mg, 0.237 mmol) prepared
in Example 107e, sodium hydride (63%; 30 mg, 0.788 mmol)
and DMF (2.0 mL), to yield the title compound (118 mg,
79%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 2.33-2.45 (2H, m), 2.74-
2.92 (2H, m), 3.75-3.80 (1H, m), 3.77 (3H, s), 3.79 (3H,
sy, 3.90 (3H, s), 4.67 (1H, q, J=6.8 Hz), 5.20 (1H, d,
J=16.6 Hz), 5.24 (1H, d, J=16.6 Hz), 6.14 (1H, d, J=2.0
Hz), 6.39-6.47 (3H, m), 7.15 (1H, dd, J=1.5, 5.9 Hz),
7.19 (1H, d, J=8.3 Hz), 7.43 (1H, d, J=2.0 Hz), 7.79 (1H,
dd, J=6.8, 10.3 Hz), 8.46 (1H, d, J=5.9 Hz), 8.78 (1H, d,
J=1.0 Hz).
(107g) 4-{[(18",2R")=4,4-Difluoro-2-(l-methyl-1H-pyrazol-
5-yl)cyclopentyl]oxy}-2,5-difluoro-N- (pyrimidin-4-

yl)benzenesulfonamide
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The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 4-
{[(18",2R") -4, 4-difluoro-2- (l-methyl-1H-pyrazol-5-
yl)cyclopentylloxy} =N~ (2, 4~dimethoxybenzyl)-2,5-difluoro~-
N~ (pyrimidin-4-yl)benzenesulfonamide (118 mg, 0.190 mmol)
prepared in Example 107f, triethylsilane (0.20 mlL),
trifluorcacetic acid (2.0 mlL) and dichloromethane (2.0
mL), to yield the title compound (50 mg, 56%) as a
colorless solid.
H-NMR (500 MHz, DMSO-dg) & ppm: 2.29-2.43 (2H, m), 2.73-
2.80 (1H, m), 2.99-3.01 (1H, m), 3.79-3.84 (1H, m), 3.79
(3H, s), 5.04-5.08 (1H, m), 6.29 (1H, s), ©6.98 (lH, brs),
7.20-7.23 (1H, m), 7.33 (1H, s), 7.71 (1H, brs), 8.21 (1H,
brs), 8.57 (1H, s).
MS (ESI)m/z: 472 [M+H]+.
[0462]
(Example 108) 2-Fluoro—4-{[(1S",2R")-2- (1H-pyrazol-4-
vl)cyclohexyl]loxy}-N~ (pyrimidin—-4-yl)benzenesulfonamide
[0463]

[Formula 126
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{108a) N~ (2,4-Dimethoxybenzyl)-2-fluoro-N~-(pyrimidin-4-
y1)=4-({(18",2R")-2-[1- (tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-4-yllcyclohexylloxy)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (0.303 g, 0.719 mmol) prepared in
Example 29%a, the (15*,2R*)—2—[1—(tetrahydro—2H~pyran—2—
yl)-1H-pyrazol-4-yllcyclohexanol (0.15 g, 0.599 mmol)
prepared in Example 33b, sodium hydride (63%; 35 mg,
0.898 mmol), DMF (5.0 mL) and water (0.010 mlL), to yield
the title compound (0.14 g, 35%) as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.37-1.69 (8H, m), 1.80-
2.20 (6H, m), 2.79-2.83 (lH, m), 3.62-3.67 (1lH, m), 3.77
(3H, s), 3.80 (3H, s), 3.97-4.06 (2H, m), 5.25 (2H, s),
5.25-5.27 (1H, m), 6.39-6.43 (2H, m), 6.50 (1H, dt, J=2.4,
12.2 Hz), 6.64-6.67 (1H, m), 7.20 (1H, d, J=8.3 Hz), 7.24
(1H, dt, J=2.0, 5.9 Hz), 7.38 (1H, d, J=2.0 Hz), 7.42 (1H,
s), 7.88 (1H, dt, J=1.0, 8.3 Hz), 8.42 (1H, d, J=5.9 Hz),
8.76 (1H, s).
(108b) 2-Fluoro-4-{[(1S",2R") -2~ (1lH-pyrazol-4-
yl)cyclohexylloxy}-N- (pyrimidin—-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 22Z2c by using the N-(2,4-
dimethoxybenzyl)-2-fluoro~-N- (pyrimidin~4-yl)~4-
({(18",2R") —2-—[1— (tetrahydro-2H-pyran-2-yl)-1H-pyrazol-4-

yllcyclohexylloxy)benzenesulfonamide (0.12 g, 0.171 mmol)
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prepared in Example 108a, triethylsilane (0.15 mlL),
trifluorocacetic acid (1.5 mL), dichloromethane (1.5 mL)
and methanol (1.5 mlL), to yield the title compound (60 mg,
76%) as a colorless solid.

'H-NMR (500 MHz, DMSO-dg) & ppm: 1.24-1.38 (2H, m), 1.44-
1.60 (2H, m), 1.69-1.76 (2H, m), 1.91-1.96 (1lH, m), 2.09-
2.12 (1H, m), 2.71-2.76 (1H, m), 4.34 (1H, dt, J=3.9,
10.3 Hz), ©.84 (1H, dd, J=2.0, 8.8 Hz), 6.94 (1lH, d,
J=12.2 Hz), 6.99 (1H, brs), 7.42 (2H, s), 7.76 (1lH, t,
J=8.8 Hz), 8.30 (1lH, brs), 8.57 (1H, s).

MS (ESI)m/z: 418 [M+H]+.

[0465]

(Example 109) 4-{[(1S",2R")-5,5~-Difluoro-2~ (1l-methyl-1H-
pyrazol-5-yl)cyclohexylloxy}-2,6-difluoro-N-(pyrimidin-4-
vl)benzenesulfonamide

[0466]

[Formula 127]

\
N=—

[0467]
(109a) 4-{[(1S8",2R")~5,5-Difluoro-2~ (l-methyl-1H-pyrazol-
5-yl)cyclohexylloxy}-N-(2,4-dimethoxybenzyl) -2, 6=

difluoro-N- (pyrimidin-4~yl)benzenesulfonamide
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The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4, 6-trifluoro~N- (pyrimidin—-4-
yl)benzenesulfonamide (243 mg, 0.55 mmol) prepared in
Example 27a, the (18",2R")-5,5-difluoro-2-(l-methyl-1H~-
pyrazol-5-yl)cyclohexanol (100 mg, 0.46 mmol) prepared in
Example 47b, sodium hydride (63%; 27 mg, 0.69 mmol), DMF
(4.0 mL) and water (0.008 mL), to yield the title
compound (140 mg, 48%) as a colorless amorphous solid.
‘H-NMR (500 MHz, CDCls) & ppm: 1.90-2.11 (4H, m), 2.29-
2.33 (1H, m), 2.69-2.74 (1H, m), 3.00~-3.05 (1H, m), 3.77
(3, s), 3.81 (3H, s), 3.87 (3H, s), 4.36 (1H, dt, J=4.4,
10.7 Hz), 5.24 (24, s), 6.05 (1, d, J=2.0 Hz), 6.30 (2H,
d, J=10.7 Hz), 6.40-6.44 (2H, m), 7.13 (1H, dd, J=1.5,
5.9 Hz), 7.21 (1H, d, J=8.3 Hz), 7.37 (1H, d, J=2.0 Hz),
.45 (1H€, d, J=5.8 Hz), 8.78 (lH, d, J=1.0 Hz).
(109b) 4-{[(18",2R")~5,5-Difluoro-2-(l-methyl-1H-pyrazol-
5-yl)cyclohexylloxy}=2, 6~difluoro-N- (pyrimidin-4-~
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 4-
{[(18",2R")-5,5-difluoro-2- (l-methyl-1H-pyrazol-5-
yvl)cyclohexylloxy}-N-{(2,4-dimethoxybenzyl)-2, 6~difluoro-
N-{pyrimidin—-4-yl)benzenesulfonamide (120 mg, 0.188 mmol)
prepared in Example 10%a, triethylsilane (0.15 ml),

trifluorocacetic acid (1.5 mL) and dichloromethane (1.5
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mL), to yield the title compound (45 mg, 49%) as a
colorless solid.

'H-NMR (500 MHz, DMSO-dg¢) & ppm: 1.24-1.29 (1H, m), 1.67-
1.76 (1H, m), 1.91-2.22 (3H, m), 2.64-2.66 (1H, m), 3.27-
3.33 (1H, m), 3.77 (3H, s), 4.70 (1H, dt, J=4.4, 10.3 Hz),
6.19 (1H, d, J=2.0 Hz), 6.70-6.73 (2H, m), 6.91 (1H, brs),
7.20 (1H, d, J=2.0 Hz), 8.27 (lH, brs), 8.57 (1lH, s).

MS (ESI)m/z: 486[M+H]+.

[0468]

(Example 110) 4-{[(18",2R")-5,5-Difluoro-2- (l-methyl-1H-
pyrazol-5-yl)cyclohexyl]oxy}-2-fluoro-N- (pyrimidin-4-
yl)benzenesulfonamide

[0469]

[Formula 128]

F F F o o SN
\\S// | J
/
>N N
H
g

N7
\
N—

[06470]
(110a) 4-{[(18",2R")-5,5-Difluoro-2- (l-methyl-1H-pyrazol-
5-yl)cyclohexylloxy}=N-(2,4-dimethoxybenzyl)~-2~-flucro-N-
(pyrimidin~-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N~ (2, 4-
dimethoxybenzyl)-2,4~-difluoro-N~ (pyrimidin-4-

yl)benzenesulfonamide (0.23 g, 0.55 mmol) prepared in
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Example 29a, the (1S8",2R")-5,5~-difluoro-2-(l-methyl~1H-
pyrazol-5-yl)cyclohexanol (0.10 g, 0.46 mmol) prepared in
Example 47b, sodium hydride (63%; 27 mg, 0.69 mmol), DMF
(4.0 mL) and water (0.008 mL), to yield the title
compound (0.18 g, 64%) as a colorless amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.90-2.11 (4H, m), 2.26-
2.32 (1H, m), 2.70-2.75 (1H, m), 3.01-3.06 (1lH, m), 3.77
(3, s), 3.78 (3H, s), 3.89 (3H, s), 4.40 (1H, dt, J=4.4,
10.3 Hzy, 5.23 (2H, s}, 6.05 (1H, d, J=2.0 Hz), 6.39-6.45
{(3H, m), 6.59 (1H, dd, J=2.4, 8.8 Hz), 7.18-7.20 (2H, m),
7.36 (1H, d, J=2.0 Hz), 7.89 (1H, t, J=8.3 Hz), 7.43 (1H,
d, J=5.9 Hz), 8.7¢ (1H, s).
{110b) 4—{[(18*,2R*)~5,5—Difluoro—2—(l~methyl—lﬁ~pyrazol-
5-yl)cyclohexyl]oxyl~-2-fluoro-N- (pyrimidin-4-
yvl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 4-
{[(1S8",2R")-5,5~difluoro-2~ (1-methyl-1H-pyrazol-5-
yl)cyclohexylloxy}-N-(2,4-dimethoxybenzyl)-2-fluoro-N~-
(pyrimidin-4-vyl)benzenesulfonamide (0.18 g, 0.29 mmol)
prepared in Example 110a, triethylsilane (0.20 mL),
trifluorocacetic acid (2.0 mL) and dichloromethane (2.0
mlL), to yield the title compound (100 mg, 73%) as a
colorless solid.
'H-NMR (500 MHz, DMSO-d¢) & ppm: 1.68-1.77 (1H, m), 1.96-
2.24 (4H, m), 2.62-2.67 (1H, m), 3.30-3.35 (1H, m), 3.80

(3H, s), 4.64 (1H, dt, J=4.4, 10.3 Hz), 6.17 (1H, d,
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J=1.5 Hz), 6.79 (1H, dd, J=2.4, 8.8 Hz), 6.85 (lH, dd,
J=2.4, 12.2 Hz), 6.96 (1H, brs), 7.20 (1iH, d, J=2.0 Hz),
7.76 (1H, t, J=8.3 Hz), 8.29 (lH, brs), 8.57 (1lH, s).

MS (ESI)m/z: 468 [M+H]+.

[0471]

(Example 111) 2,6-Difluoro-N-(2-fluoropyrimidin-4-yl)-4-
{[(18",2R") -2~ (1-methyl-1H-pyrazol-5-
yl)cyclopentylloxylbenzenesul fonamide

(04721

[Formula 129]
SN

F o o SN
\\S// | )\
~
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[0473]
(11la) t-Butyl (2,4~-dimethoxybenzyl)[(2,4,6~
trifluorophenyl)sulfonyl]carbamate

To a solution of 2,4-dimethoxybenzylamine (0.45 ml,
2.99 mmol) and pyridine (1.21 mL, 15.0 mmol) in
dichloromethane (15 mL), 2,4,6-trifluorobenzenesulfonyl
chloride (0.69 g, 2.99 mmol) was added at 0°C, and the
mixture was stirred at room temperature for 1 hour. To
the reaction solution, di-tert-butyl dicarbonate (2.94 g,
13.5 mmol) and dimethylaminopyridine (0.15 g, 1.20 mmol)
were added, and the mixture was stirred at room

témperature for 6 hours. Water (50 mL) was added thereto,
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and an organic layer was extracted. The thus cbtained
organic layer was dried over anhydrous sodium sulfate and
vacuum concentrated to yield the title compound (0.783 g,
57%) as a colorless amorphous solid.
'H-NMR (400 MHz, CDCls) & ppm: 1.31 (9H, s), 3.79 (3H, s),
3.81 (3H, s), 4.98 (2H, s), 6.44 (1H, d, J=2.4 Hz), 6.47
(1H, dd, J=2.4, 8.2 Hz), 6.80 (2H, t, J=8.2 Hz), 7.23 (1H,
d, J=B.2 Hz).
(111b) t-Butyl [(2,6-difluoro-4-{[(1S",2R")-2-(l-methyl-
1H-pyrazol-5-yl)cyclopentyl]oxylphenyl)sulfonyl] (2,4~
dimethoxybenzyl)carbamate

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the t-butyl
(2,4-dimethoxybenzyl) [ (2,4, 6-
trifluorophenyl)sulfonyl]carbamate (0.78 g, 1.70 mmol)
prepared in Example 11la, the (18",2R")-2-(l-methyl-1H-
pyrazol-5-yl)cyclopentanol (0.31 g, 1.70 mmol) prepared
in Example 8a, sodium hydride (63%; 0.08 g, 2.04 mmol),
DMF (8.5 mL) and water (0.05 mL), to yield the title
compound (740.3 mg, 70%) as a colorless amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.31 (9H, s), 1.73-1.96
(4H, m), 2.20-2.32 (2H, m), 3.37-3.41 (1H, m), 3.79 (3H,
s), 3.81 (3H, s), 3.84 (3H, s), 4.66-4.69 (1H, m), 4.97
(2H, s), 6.06 (1H, d, J=2.0 Hz), 6.42-6.49 (4H, m), 7.24
(1H, d, J=8.8 Hz), 7.41 (1H, d, J=2.0 Hz).
(11ic) 2,6-Difluoro-4-{[(18",2R")-2~(l-methyl-1H-pyrazol-

5-yl)cyclopentyl]oxylbenzenesulfonamide
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The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the t-butyl
[(2,6-difluoro-4-{[(1S8",2R")~2- (1-methyl-1H-pyrazol-5-
yl)cyclopentyl]oxylphenyl)sulfonyl] (2,4~
dimethoxybenzyl)carbamate (0.74 g, 1.22 mmol) prepared in
Example 111b, triethylsilane (0.97 mL), trifluorcacetic
acid (1.2 mL) and dichloromethane (12 mlL), to yield the
title compound (232.9 mg, 54%) as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.72-1.95 (4H, m), 2.19-
2.33 (2H, m), 3.35-3.39 (1H, m), 3.82 (3H, s), 4.63-4.66
(1, m), 5.76 (2H, brs), 6.06 (1H, d, J=2.0 Hz), 6.41 (24,
d, J=10.7 Hz), 7.39 (1H, d, J=1.5 Hz).

(111d) 2,6-Difluoro-N-(2-fluoropyrimidin-4-yl)-4-
{[(18",2R") -2~ (1-methyl-1H-pyrazol-5-
yl)cyclopentyl]oxylbenzenesulfonamide

A solution of the 2,6-difluoro-4-{[(1S",2R")-2-(1-
methyl-1H-pyrazol-5-yl)cyclopentyl]oxy}benzenesulfonamide
(0.23 g, 0.65 mmol) prepared in Example 11llc, 2,4-
difluoropyrimidine (0.23 g, 1.96 mmol) and potassium
carbonate (0.36 g, 2.61 mmol) in DMF (6.5 mL) was stirred
at 120°C for 3 hours. After allowing to cool, water (50
mL) was added to the reaction solution, followed by
extraction with ethyl acetate (50 mL). The thus obtained
organic layer was washed twice with water (50 mL) and
dried over anhydrous sodium sulfate. After vacuum
concentration, the residue was purified with silica gel

chromatography (ethyl acetate/methancl = 6:1) to yield
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the title compound (150 mg, 51%) as a colorless amorphous
solid.

H-NMR (400 MHz, CDCls) & ppm: 1.72-1.96 (4H, m), 2.20-
2.36 (2H, m), 3.35-3.40 (1H, m), 3.85 (3H, s), 4.63-4.66
(lH, m), 6.05 (1H, d, J=1.6 Hz), 6.44 (2H, d, J=13.3 Hz),
7.19 (1H, dd, J=3.5, 5.9 Hz), 7.46 (1H, d, J=1.6 Hz),
8.40 (1H, dd, J=2.0, 5.5 Hz).

MS (ESI)m/z: 454 [M+H]+.

[0474)

(Example 112) 4-{[(1S",2R",4R") -4~ (Benzyloxy)-2-(l-methyl-
1H-pyrazol-5-yl)cyclohexylloxyl}-2,5-diflucro-N-
(pyrimidin-4-yl)benzenesulfonamide

[0475]

[Formula 130]
F N
e 1300
“,, \” N/

~N \
N=—

[0476]
(112a) (1S",2R",4R") -4~ (Benzyloxy)-2-(l-methyl-1H~-pyrazol-
5-yl)cyclohexancl

The reaction and aftertreatment were conducted in
the same manner as in Example 4a by using 1-
methylpyrazole (650 mg, 7.92 mmol), n-butyl lithium (2.69
M solution in hexane; 3.08 mL, 8.28 mmol), (1R",3R",63")-

3-(benzyloxy)=-T7-oxabicyclo[4.1.0]heptane (Biocorg. Med.
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Chem. 2004, 12, 145%9; 1.54 g, 7.54 mmol) and THF (45 mL),
to yield the title compound (790 mg, 37%) as a colorless
solid.

'H-NMR (500 MHz, CDCls) & ppm: 1.50-1.56 (2H, m), 1.84-
1.81 (2H, m), 2.09-2.15 (2H, m), 2.25 (1lH, brs), 3.09-
3.15 (1H, m), 3.61-3.67 (1H, m), 3.73-3.74 (1H, m), 3.81
(34, s), 4.50 (1H, d, J=11.7 Hz), 4.58 (1H, d, J=12.2 Hz),
6.05 (1H, d, J=2.0 Hz), 7.26-7.40 (6H, m).

Also, a by-product (1S",2R",58")-5-(benzyloxy)-2~(1-
methyl-1H-pyrazol-5-yljcyclohexanol (106 mg, 4.9%) was
obtained as a colorless solid.

'H~NMR (500 MHz, CDCls) & ppm: 1.33-1.58 (3H, m), 1.91-
1.95 (1H, m), 2.15-2.19 (1H, m), 2.48-2.52 (1H, m), 2.60-
2.65 (1H, m), 3.49-3.54 (1H, m), 3.60-3.65 (1H, m), 3.86
(34, s), 4.60 (2H, s), 6.02 (1H, d, J=2.0 Hz), 7.29-7.42
(6H, m).

(112b) 4-{[(1S8",2R",4R") -4~ (Benzyloxy)-2-(l-methyl-1H-
pyrazol=-5-yl)cyclohexyl]loxy}-N-{(2,4~dimethoxybenzyl)-2, 5~
difluoro-N- (pyrimidin~4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4,5-trifluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (135 mg, 0.307 mmol) prepared in
Example 14b, the (1S8",2R",4R")-4- (benzyloxy)-2-(l-methyl-
lH-pyrazol-5-yl)cyclohexanol (80 mg, 0.279 mmol) prepared

in Example 112a, sodium hydride (63%; 16.0 mg, 0.420
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mmol) and DMF (2.0 mL), to yield the title compound (137
mg, 70%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.55-1.61 (1H, m), 1.73-
1.7% (1H, m), 1.87-2.04 (2H, m), 2.17-2.21 (1H, m), 2.27-
2.30 (1H, m), 3.49-3.54 (1H, m), 3.76 (3H, s), 3.77 {(3H,
sy, 3.82-3.83 (1H, m), 3.90 (3H, s), 4.11-4.15 (1H, m),
4.53 (1H, 4, J=12.2 Hz), 4.59 (1H, d, J=12.2 Hz), 5.19
(1, d, J=1l6.6 Hz), 5.23 (1H, d, J=17.1 Hz), 6.01 (1H, d,
J=2.0 Hz), 6.38-6.40 (2H, m), 6.47 {(1H, dd, J=5.9, 10.7
Hz), 7.17-7.19 (2H, m), 7.30-7.37 (6H, m), 7.67 (1H, dd,
J=6.4, 9.8 Hz), 8.45 (1H, d, J=5.9 Hz), 8.78 {(1H, s).
(112c) 4-{[(18",2R",4R") -4~ (Benzyloxy)-2- (1l-methyl-1H-
pyrazol-5-yl)cyclohexyljoxy}—-2,5-difluoro-N-(pyrimidin—4-
vl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 4-
{[(18%,2R", 4R") =4~ (benzyloxy) -2~ (l-methyl-1H-pyrazol-5-
vl)cyclohexyl]oxy}=N~(2,4-dimethoxybenzyl)-2,5~difluoro-
N- (pyrimidin-4-yl)benzenesulfonamide (137 mg, 0.194 mmol)
prepared in Example 112b, triethylsilane (0.10 mL),
trifluorocacetic acid (1.0 mL) and dichloromethane (1.0
mL), to vield the title compound (108 mg, 70%) as a
colorless solid.
"H-NMR (500 MHz, CDCls) & ppm: 1.54-1.60 (1H, m), 1.73-
1.79 (1H, m), 2.00-2.05 (2H, m), 2.16-2.20 (1H, m), 2.27~
2.29 (1H, m), 3.4%9-3.54 (1H, m), 3.82-3.83 (1H, m), 3.90

(3H, s), 4.10-4.15 (1H, m), 4.52 (lH, d, J=12.2 Hz), 4.59
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(1H, d, J=12.2 Hz), 4.58-4.63 (1H, m), 6.03 (1lH, brs),
6.50 (1H, dd, J=6.4, 11.2 Hz), 7.22-7.39 (6H, m), 7.66
(lH, dd, J=6.8, 9.8 Hz), 8.40 (lH, brs), 8.81 (1H, brs).
MS (ESI)m/z: 556[M+H]+.

[0477]

(Example 113) 4-{[(18",2R",587) -5~ (Benzyloxy)-2-(l-methyl-
lH-pyrazol-5-yljcyclohexylloxy}-2,5~-difluocro-N-
(pyrimidin-4-yl)benzenesulfonamide

[0478]

[Formula 131]
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[0479]
(113a) 4-{[(18",2R",58") -5~ (Benzyloxy)-2-(l-methyl-1H-
pyrazol-5-yl)cyclohexyl]loxy}-N—-(2,4~dimethoxybenzyl)-2, 5-
difluoro-N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4,5~trifluoro-N~- (pyrimidin-4-
yl)benzenesulfonamide (81.5 mg, 0.185 mmol) prepared in
Example 14b, the (18",2R",58")-5-(benzyloxy)-2-(l-methyl-

1H-pyrazol-5-yl)cyclohexanol (48.3 mg, 0.169 mmol) by-
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producted in Example 112a, sodium hydride (63%; 9.6 mg,
0.252 mmol) and DMF (1.0 mL), to yield the title compound
(94.3 mg, 79%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.45-1.68 (3H, m), 2.04-
2.08 (1H, m), 2.27-2.30 (1H, m), 2.57-2.60 (1H, m), 2.98-
3.03 (1H, m), 3.52-3.58 (1H, m), 3.76 (3H, s), 3.78 (3H,
sy, 3.90 (3H, s), 4.07-4.14 (1H, m), 4.57 (1H, 4, J=11.7
Hz), 4.62 (1H, d, J=11.7 Hz), 5.21 (2H, s), 5.98 (1H, d,
J=2.0 Hz), 6.38-6.41 (3H, m), 7.17-7.20 (2H, m)}, 7.29-
7.37 {(6H, m), 7.69 (1H, dd, J=6.4, 9.8 Hz), 8.46 (1H, d,
J=5.9 Hz), 8.79 (1lH, s).
(113b) 4-{[(18",2R",58") -5~ (Benzyloxy)-2~(l-methyl-1H-
pyrazol-5-yl)cyclohexylloxy}—-2,5-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 4-
{[(18",2R",558") -5~ (benzyloxy)-2- (l-methyl-1H-pyrazol-5-
yl)cyclohexyl]oxyl}=N=-(2,4-dimethoxybenzyl)-2, 5-difluoro-
N-(pyrimidin—-4-yl)benzenesulfonamide (94.3 mg, 0.134
mmol) prepared in Example 113a, triethylsilane (0.10 ml),
trifluorcacetic acid (1.0 mlL) and dichloromethane (1.0
ml), to yield the title compound (56.0 mg, 75%) as a
colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.45-1.68 (3H, m), 2.05-
2.09 (1H, m), 2.28-2.30 (lH, m), 2.57-2.59 (1H, m}, 2.98-
3.03 (1H, m), 3.54-3.59 (1H, m), 3.88 (3H, s), 4.09-4.14

(1H, m), 4.57 (1H, d, J=11.7 Hz), 4.62 (1H, d, J=11.7 Hz),
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5.98 (1H, d, J=2.0 Hz), 6.46 (1H, dd, J=6.4, 10.7 Hz),
7.14 (1B, d, J=6.9 Hz), 7.30-7.37 (6H, m), 7.68 (1lH, dd,
J=6.8, 10.3 Hz), 8.34 (1lH, brs), 8.62 (1H, brs).

MS (ESI)m/z: 556[M+H]+.

[0480]

(Example 114) 2-Fluoro-N-(2-fluoropyrimidin-~4-yl)-4-
{[(1S8",2R") -2~ (1-methyl-1H-pyrazol-5-
yl)cyclopentylloxylbenzenesulfonamide

[0481]

[Formula 132]
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[0482]
(114a) t-Butyl [(2,4-difluorophenyl)sulfonyl] (2,4-
dimethoxybenzyl)carbamate

The reaction and aftertreatment were conducted in
the same manner as in Example 1lla by using 2,4-
dimethoxybenzylamine (0.45 mL, 2.99 mmol), pyridine (1.21
mL, 15.0 mmol), dichloromethane (15 mL), 2,4-
difluorobenzenesulfonyl chloride (0.41 mL, 2.99 mmol),
di-tert-butyl dicarbonate (2.94 g, 13.5 mmol) and
dimethylaminopyridine (0.15 g, 1.20 mmol), to yield the
title compound (0.40 g, 39%) as a colorless amorphous

solid.
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'H-NMR (500 MHz, CDCls) & ppm: 1.31 (9H, s), 3.82 (3H, s),
3.84 (3H, s), 5.04 (2H, s), 6.47 (1H, d, J=2.4 Hz), 6.52
(1H, dd, J=2.4, 8.8 Hz), 6.96-7.07 (2H, m), 7.27 (1H, d,
J=8.3 Hz), 8.03-8.08 (1H, m).
(114b) t-Butyl (2,4-dimethoxybenzyl) [ (2~-fluoro-4-
{[(18",2R") -2~ (1-methyl-1H-pyrazol-5-
yl)cyclopentyl]loxyiphenyl)sulfonyl]carbamate

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the t-butyl
[(2,4-difluorophenyl)sulfonyl] (2,4~
dimethoxybenzyl)carbamate (0.40 g, 0.90 mmol) prepared in
Example 114a, the (18",2R")-2-(l-methyl-1H-pyrazol-5-
yl)cyclopentanol (0.15 g, 0.90 mmol) prepared in Example
8a, sodium hydride (63%; 0.04 g, 1.08 mmol), DMF (4.5 mL)
and water (0.02 mL), to yield the title compound (277.9
mg, 52%) as a colorless amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.28 (9H, s), 1.75-1.96
(4H, m), 2.21-2.32 (2H, m), 3.37-3.41 (1H, m), 3.80 (3H,
s), 3.81 (3H, s}, 3.84 (3H, s), 4.69-4.72 (1H, m), 5.00
(2H, s}, 6.06 (1H, 4, J=2.0 Hz), 6.44 (l1lH, 4, J=2.4 Hz),
6.49 (1H, dd, J=2.4, 8.3 Hz), 6.59 (1H, dd, J=2.4, 12.2
Hz), 6.67 {(l1H, dd, J=2.4, 8.8 Hz), 7.26 (l1H, d, J=8.3 Hz),
7.42 (18, 4, J=2.0 Hz), 7.88 (1H, d, J=8.3 Hz).
(1l4c) 2—Fluoro—4~{[(18*,2R5)—2—(1~methyl—lH~pyrazol-5—
vl)cyclopentyl]loxylbenzenesulfonamide

The reaction and aftertreatment were conducted in

the same manner as in Example 1b by using the t-butyl
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(2,4-dimethoxybenzyl) [ (2-fluoro-4-{[ (18", 2R")-2-(1-
methyl—-1H-pyrazol-5-
yl)ycyclopentylloxyl}phenyl)sulfonyllcarbamate (0.28 g,
0.47 mmol) prepared in Example 114b, triethylsilane (0.38
mL), trifluorcacetic acid (0.47 mlL) and dichloromethane
(4.7 mL), to yield the title compound (159.4 mg, 99%) as
a colorless solid.
'H-NMR (500 MHz, CDCl3) & ppm: 1.75-1.98 (4H, m), 2.21-
2.35 (2H, m), 3.38-3.42 (1H, m), 3.84 (3H, s), 4.69-4.72
(1H, m), 5.29 (2H, brs), 6.08 (1H, d, J=2.0 Hz), 6.63-
6.66 (2H, m), 7.41 (1H, 4, J=2.0 Hz), 7.77 (1lH, t, J=8.8
Hz) .
(1144d) Z—Fluoro—N—(2~fluoropyrimidin~4—yl)—4—{[(15*,2R*)—
2-(1l-methyl-1H-pyrazol-5-
yl)cyclopentylloxylbenzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 111d by using the 2-fluoro-
4-{[(18",2R") -2~ (1-methyl-1H-pyrazol-5-
yl)cyclopentyl]oxyltbenzenesulfonamide (0.16 g, 0.47 mmol)
prepared in Example 1l4c, 2,4-difluoropyrimidine (0.16 g,
1.41 mmol), potassium carbonate (0.26 g, 1.88 mmol) and
DMF (4.7 mL), to yield the title compound (143.6 mg, 70%)
as a colorless amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.75-1.97 (4H, m), 2.20-
2.35 (2H, m), 3.38-3.42 (1H, m), 3.88 (3H, s), 4.69-4.72
(1H, m), 6.08 (1H, d, J=2.0 Hz), 6.61 (1H, d, J=12.2 Hz),

6.71 (1H, d, J=11.2 Hz), 7.10 (1H, d4dd, J=3.9, 5.8 Hz),
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7.49 (1, d, J=2.0 Hz), 7.94 (1H, t, J=8.3 Hz), 8.37 (1H,
dd, J=2.0, 5.9 Hz).

MS (ESI)m/z: 436 [M+H]+.

[0483]

(Example 115) 4-{[(1S8",2R")-2-(1-Ethyl-1H-pyrazol-5-
vl)cyclopentylloxy}=-2~-fluoro-N-(pyrimidin-4-
vl)benzenesulfonamide

[0484]

[Formula 133]
NN

F o o SN
\\S// | /l
—=
~N N
H
e
TN

N~

[0485]
(115a) N-(2,4-Dimethoxybenzyl)-4-{[(1S",2R") -2~ (l-ethyl-
1H~-pyrazol-5-yl)cyclopentyl]oxy}-2-fluoro-N- (pyrimidin—-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl) -2, 4~difluoro~N-(pyrimidin-4-
yl)benzenesulfonamide (0.40 g, 0.95 mmol) prepared in
Example 29%a, the (1S8",2R")-2-(l-ethyl-1H-pyrazol-5-
yl)cyclopentanol (0.17 g, 0.95 mmol) prepared in Example
37a, sodium hydride (63%; 4 mg, 1.14 mmol), DMF (4.8 nmlL)
and water (0.03 mL), to yield the title compound (453 mg,

82%) as a colorless amorphous solid.
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H-NMR (500 MHz, CDCls) & ppm: 1.37 (3H, t, J=7.3 Hz),
1.71-1.93 (4H, m), 2.16-2.30 (2H, m), 3.37 (1H, dt, J=4.4,
7.8 Hz), 3.74 (3H, s), 3.79 (3H, s), 4.10-4.15 (2H, m),
4.67-4.74 (1H, m), 5.27 (2H, s), 6.04 (1H, d, J=2.0 Hz),
6.40 (1H, dad, J=2.0, 10.7 Hz), 6.43 (1H, d, J=2.4 Hz),
6.53 (1H, dd, J=2.4, 12.2 Hz), 6.66 (1H, dd, J=2.4, 11.2
Hz), 7.19-7.23 (2H, m), 7.43 (1H, d, J=2.0 Hz), 7.93 (1H,
t, J=8.8 Hz), 8.41 (1H, d, J=5.9 Hz), 8.74 (lH, s).
(115b) 4-{[(18",2R")=-2~(1-Ethyl-1H-pyrazol-5-
vliicyclopentylloxy}-2-fluoro-N-{pyrimidin-4-
vl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl)-4-{[(18",2R") -2~ (1-ethyl-1H-pyrazol-5-
vljcyclopentylloxy}-2-fluoro-N~(pyrimidin-4-
yl)benzenesulfonamide (0.45 g, 0.78 mmol) prepared in
Example 115a, triethylsilane (0.62 mlL), trifluorcacetic
acid (0.78 mL) and dichloromethane (7.8 mL), to yield the
title compound (173 mg, 52%) as a colorless solid.
'H-NMR (500 MHz, CDCl3) & ppm: 1.38 (3H, t, J=7.3 Hz),
1.72-1.79 (1H, m), 1.86-1.95 (3H, m), 2.19-2.31 (2H, m),
3.37 (1H, dt, J=4.9, 8.3 Hz), 4.09-4.19 (2H, m), 4.66-
4.69 (1H, m), 6.03 (1H, d, J=2.0 Hz), 6.56 (1lH, dd, J=2.4,
12.2 Hz), 6.66 (1H, dd, J=2.4, 9.3 Hz), 7.23 (1lH, brs),
7.43 (1H, d, J=2.0 Hz), 7.90 (1H, t, J=8.3 Hz), 8.39 (lH,
d, J=5.9 Hz), 8.85 (1H, s).

MS (ESI)m/z: 432[M+H]+.
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[0486]

(Example 116) 4-{[(18",2R")-2~(3-Amino-1H-pyrazol-4-
yl)cyclohexyl]loxy}-2, 6-~difluoro-N-(1,3-thiazol-4-
yl)benzenesulfonamide

[0487]

[Formula 134]

F N=
%/9’/L:>s
~N =
H
“0 F
H,oN
2 \\
N—N
H
[0488]

(116a) Tert-butyl 1,3-thiazol-4-yl1[ (2,4, 6~
trifluorophenyl)sulfonyl]carbamate

The reaction and aftertreatment were conducted in
the same manner as in Example 86a by using tert-butyl
1,3-thiazol-4~ylcarbamate (Synthesis, 2010, 3152-3162;
1.00 g, 4.99 mmol), lithium bis(trimethylsilyl)amide (1.0
M solution in THF; 5.9% mL, 5.99 mmol), 2,4, 6-
trifluorobenzenesulfonyl chloride (1.38 g, 5.99 mmol) and
THF (15 mL), to yield the title compound (1.53 g, 78%) as
a pale yellow solid.
‘H-NMR (500 MHz, CDCl;) & ppm: 1.39 (9H, s), 6.84 (2H, t,
J=8.3 Hz), 7.52 (1H, d, J=2.4 Hz), 8.81 (1H, d, J=2.0 Hz).
(116b) Tert-butyl {[2,6-difluoro-4~({(1S8",2R")-2-[3~

nitro-1-{(tetrahydro~2H-pyran-2-yl)~1H-pyrazol-4-
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ylicyclohexyl}oxy)phenyl]lsulfonyl}l,3-thiazol~4-
ylcarbamate

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the tert-butyl
1,3-thiazol-4-vy1{[ (2,4, 6~
trifluorophenyl)sulfonyl]carbamate (491 mg, 1.24 mmol)
prepared in Example 116a, the (1S",2R")-2-[3-nitro-1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-4-yl]jcyclohexanol
{350 mg, 1.19 mmol) prepared in Example 34b, sodium
hydride (63%; 67.7 mg, 1.78 mmol) and DMF (3.0 mL), to
yield the title compound (426 mg, 54%) as a yellow oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.37 (9H, s), 1.47-1.68
(6H, m), 1.83-2.27 (8H, m), 3.53-3.58 (1H, m), 3.64-3.69
(l1H, m), 3.96-4.01 (1H, m), 4.18-4.23 (1H, m), 5.33-5.37
(l1H, m), 6.41 (2H, dd, J=6.4, 10.3 Hz), 7.47 (1H, d,
J=5.9 Hz), 7.49 (1H, d, J=2.4 Hz), 8.79 (1H, d, J=2.0 Hz).
(116c) 2,6-Difluoro-4-{[(1S",2R")-2-(3-nitro-1H-pyrazol-
4-yl)cyclohexylloxy}=N-(1,3~thiazol-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 22c¢ by using the tert-butyl
{[2,6-difluoro-4~({(1S™,2R") -2~ [3-nitro-1- (tetrahydro-2H-
pyran-2-yl)~-1lH-pyrazol-4-
yvllcyclohexylloxy)phenyl]lsulfonyl}l,3-thiazol-4~
ylcarbamate (426 mg, 0.636 mmol) prepared in Example 116Db,

trifluorocacetic acid (1.0 mlL}, dichloromethane (1.0 mL)
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and methanol (0.1 mL), to yield the title compound (167
mg, 54%) as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.60-1.68 (4H, m), 1.87-
1.96 (2H, m), 2.10-2.26 (2H, m), 3.57-3.62 (1H, m), 4.10-
4.14 (1H, m), 6.25 (2H, d, J=106.7 Hz), 6.97 (1H, 4, J=2.0
Hz), 7.70 (14, s), 7.70 (1H, d, J=2.4 Hz), 11.5 (1H, brs).
(116d) 4-{[(18",2R")~2-(3-Amino-1H-pyrazol-4-
ylicyclohexylloxy}-2,6-difluoro-N-(1,3-thiazol-4-
yl)benzenesulfonamide

To a solution of the 2,6-difluoro-4-{[(1S8",2R")-2-(3-
nitro-1H-pyrazol-4~yl)cyclohexylloxy}~N~(1,3~-thiazol~4-
yl)benzenesulfonamide (167 mg, 0.343 mmol) prepared in
Example 116c¢ in ethancl (4.0 ml) and water (2.0 mL},
ammonium chloride (92.0 mg, 1.72 mmol) and iron powder
(57.6 mg, 1.03 mol) were added, and the reaction solution
was stirred for 2 hours under heated reflux. After
allowing to cool, the reaction solution was filtered
through Celite, then filtrate was vacuum concentrated,
and the residue was purified with silica gel
chromatography (dichloromethane/methanol = 93:7) to yield
the title compound (145 mg, 92%) as a colorless solid.
'y-NMR (500 MHz, CDClsz) & ppm: 1.35-1.62 (4H, m), 1.81-
2.18 (4H, m), 2.60-2.64 (1H, m), 3.93-3.96 (lH, m), 6.34
(2H, 4, J=11.2 Hz), 6.97 (1H, d, J=1.5 Hz), 7.10 (1H, s),
8.64 (1H, s).
MS (ESI)m/z: 456[M+H]+.

[0489]
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(Example 117) 4-{[(lS*,2R*)—3,3*Difluoro—2—(l—methyl—lH—
pyrazol-5-yl)cyclohexylloxy}-2,5-difluoro-N- (pyrimidin-4-
vl)benzenesulfonamide

[04901

[Formula 135]
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[0491]
(117a) (187,28",3R")-3- (Benzyloxy) -2~ (l-methyl-1H-pyrazol-
5-yl)cyclohexyl benzoate

The reaction and aftertreatment were conducted in
the same manner as in Example 107a by using the
(18", 2R", 3R") =3~ (benzyloxy) -2~ (1-methyl-1H-pyrazol-5-
yl)cyclohexanol (1.56 g, 5.45 mmol) prepared in Example
(100c), triethylamine (2.00 mL, 14.4 mmol), benzoyl
chloride (1.50 mL, 12.9 mmol) and dichloromethane (15 ml),
to yield the title compound (1.81 g, 85%) as a colorless
solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.39-1.51 (3H, m), 1.93-
1.95 (1H, m), 2.24-2.29 (2H, m), 3.11 (1H, t, J=10.3 Hz),
3.49-3.45 (1H, m), 3.89 (3H, s), 4.13 (1H, d, J=11.2 Hz),
4.3% (1H, d, J=11.2 Hz), 5.16-5.22 (1H, m), 6.09 (1H, d,

J=2.0 Hz), 6.97 (2H, dd, J=1.5, 7.3 Hz), 7.23-7.27 (4H,
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m), 7.34-7.37 (3H, m), 7.48-7.51 (1H, m), 7.79 (1H, dd,
J=1.5, 8.3 Hz).
(117b) (18",28",3R") -3-Hydroxy-2- (1-methyl-1H-pyrazol-5-
yl)cyclohexyl benzoate

The reaction and aftertreatment were conducted in
the same manner as in Example 106b by using the
(18",28",3R") -3- (benzyloxy) -2~ (1-methyl-1H-pyrazol-5-
vl)cyclohexyl benzoate (1.81 g, 4.64 mmol) prepared in
Example 117a, palladium carbon (5%; 1.80 g) and ethanol
(20 mL), to yield the title compound (600 mg, 43%) as a
colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.47-1.63 (2H, m), 1.94-
1.98 (1H, m), 2.05-2.06 (1H, m), 2.14-2.17 (1H, m), 2.25-
2.27 (1H, m), 3.00 (1H, t, J=10.3 Hz), 3.78-3.82 (1lH, m),
3.91 (3H, s), 5.11 (1H, dt, J=3.9, 10.3 Hz), 6.16 (1H, d,
J=2.0 Hz), 7.36-7.39 (3H, m), 7.50-7.53 (1H, m), 7.80-
7.82 (2H, m).
(117c) (187,2R")-3,3-Difluoro-2-(l-methyl-1H-pyrazol-5-
yl)cyclohexyl benzoate

To a solution of the (1S",28",3R")-3-hydroxy-2-(1-
methyl-1H-pyrazol-5-yl)cyclohexyl benzoate (550 mg, 1.83
mmol) prepared in Example 117b in dichloromethane (6.0
mL), Dess-Martin reagent (2.30 g, 5.42 mmol}) was added,
and the reaction solution was stirred for 2 hours. To
the reaction solution, bis{2-methoxyethyl)amino sulfur
trifluoride (3.50 mL, 17.9 mmol} was added, and the

reaction solution was stirred for 3 hours. To the



- 372 -

reaction solution, an aqueous sodium hydrogencarbonate
solution (10 mL) was added, and an organic layer was
extracted with dichloromethane (10 mL). The thus
obtained organic layer was dried over anhydrous sodium
sulfate. After vacuum concentration, the residue was
purified with silica gel chromatography (hexane/ethyl
acetate = 1:1) to yield the title compound (206 mg, 35%)
as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.56-1.99 (4H, m), 2.29-
2.40 (2H, m), 3.45 (1H, ddd, J=2.9, 10.7, 24.4 Hz), 3.92
(3H, s), 5.39 (1H, dt, J=4.4, 10.7 Hz), 6.30 (1H, t,
J=2.0 Hz), 7.35-7.40 (3H, m), 7.50-7.53 (1H, m), 7.78 (2H,
dd, J=1.5, 8.3 Hz).
(117d) (18”,2R")-3,3-Difluoro-2~-(l-methyl-1H-pyrazol-5-
vl)cyclohexanol

The reaction and aftertreatment were conducted in
the same manner as in Example 107e by using the
(18", 2R")-3,3~difluoro-2~- (l-methyl-1H-pyrazol-5-
vl)cyclohexyl benzocate (206 mg, 0.643 mmol) prepared in
Example 117c, potassium carbonate (270 mg, 1.95 mmol) and
methanol (4.0 mlL), to yield the title compound (600 mg,
43%) as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.44-1.91 (4H, m), 2.16-
2.26 {(2H, m), 2.71 (1H, d, J=3.4 Hz), 3.02 (1H, ddd,
J=2.4, 10.3, 26.4 Hz), 3.82 (3H, s), 3.92-3.97 (1H, m),

6.29 (1H, t, J=2.4 Hz), 7.44 (1H, d, J=2.0 Hz).
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(117e) 4-{[(18",2R")-3,3-Difluoro-2-(l-methyl-1H-pyrazol-
5-yl)cyclohexylloxy}~N-{2,4-dimethoxybenzyl) -2, 5~
difluoro~N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4,5-trifluoro~-N- (pyrimidin-4-
yl)benzenesulfonamide (219 mg, 0.498 mmol) prepared in
Example 14b, the (18",2R")-3,3-difluoro-2-(l-methyl-1H-
pyrazol-5-yl)cyclohexanol (98.0 mg, 0.453 mmol) prepared
in Example 117d, sodium hydride (63%; 25.9 mg, 0.680
mmol) and DMF (2.0 mL), to yield the title compound (260
mg, 90%) as a colorless oil.
'H~NMR (500 MHz, CDCli) & ppm: 1.60-2.00 (4H, m), 2.33-
2.36 (2H, m), 3.44 (1H, ddd, J=52.4, 10.7, 26.4 Hz), 3.76
(3, s), 3.78 (3H, s), 3.91 (3H, s), 4.46 (1H, dt, J=3.9,
10.3 Hz), 5.19 (1H, d, J=16.6 Hz), 5.23 (1H, d, J=17.1
Hz), 6.24 (1H, t, J=2.4 Hz), 6.39-6.41 (2H, m), 6.53 (1H,
dd, J=6.4, 10.7 Hz), 7.16 (1H, d, J=5.9 Hz), 7.19 (1H, d,
J=8.8 Hz), 7.36 (1H, d, J=2.0 Hz), 8.48 (1lH, dd, J=6.4,
10.3 Hz), 8.46 (1H, d, J=5.9 Hz), 8.78 (1H, s).
(117f) 4-{[(1S8",2R")~3,3-Difluoro-2~-(l-methyl-1H-pyrazol-
5-yl)cyclohexyl]loxy}=2,5-difluoro-N-(pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 4-
{1(1s8",2R")-3,3-difluoro-2~ (l-methyl-1H-pyrazol-5-

yl)cyclohexyl]oxy}-N-(2,4-dimethoxybenzyl)-2,5-difluoro-



- 374 -

N- (pyrimidin-4-yl)benzenesulfonamide (260 mg, 0.398 mmol)
prepared in Example 117e, triethylsilane (0.20 mL),
trifluorcacetic acid (2.0 ml) and dichloromethane (2.0
mL), to yield the title compound (221 mg, 90%) as a
colorless solid.

'H-NMR (500 MHz, CDCls) & ppm: 1.60~2.01 (4H, m), 2.31-
2.37 (2H, m), 3.43 (1H, ddd, J=2.4, 10.7, 26.4 Hz), 3.91
(3H, s), 4.46 (1H, dt, J=3.9, 10.7 Hz), 6.25 (lH, t,
J=2.0 Hz), 6.57 (1H, dd, J=5.9, 10.7 Hz}, 7.21 (1H, d,
J=6.4 Hz), 7.35 (1H, d, J=2.0 Hz), 7.67 (1lH, dd, J=6.4,
9.8 Hz), 8.39 (1H, d, J=6.4 Hz), 8.75 (1lH, s).

MS (ESI)m/z: 486 [M+H]+.

[0492]

(Example 118) 4-{[(1R,2S8)~-2-(1-Ethyl-1H-pyrazol-5-
yvl)cyclopentylloxy}t=2,3-diflucro-N~ (pyrimidin-4-
yl)benzenesulfonamide

[0493]

[Formula 136]

] F
D
N
[0494]
(118a) (1R,28)-2-(1-Ethyl-1H-pyrazol-5-yl)cyclopentanol
The (18",2R")-2-(l-ethyl-1H-pyrazol-5-

yl)cyclopentanol prepared in Example 37a was optically
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resolved with CHIRALPAK AD-H (Daicel Corp.:;
hexane/ethanol = 8:2) to yield the title compound as a
colorless oil.
[a]p?®=-54.3(c 1.03,MeOH) .
(118b) N~ (2,4-Dimethoxybenzyl)-4-{[(1R,2S)-2~(l-ethyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}=-2,3-difluoro-N~ (pyrimidin-
4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)—z,B,4—trifluoro—N~(pyrimidin—4—
yl)benzenesulfonamide (73.0 g, 166 mmol) prepared in
Example 30a, the (1S,2R)-2-(l-ethyl-1H-pyrazol-5-
yl)cyclopentanol (29.9 g, 166 mol) prepared in Example
118a, sodium hydride (63%; 7.64 g, 200 mmol) and DMF (600
mL), to yield the title compound (77.2 g, 78%) as a
colorless oil.
(118¢c) 4-{[(1R,28)~-2-(1-Ethyl-1H-pyrazol-5-
yl)cyclopentylloxy}=2,3-difluoro-N~ (pyrimidin-4-
yl)benzenesulfonamide

To a solution of the N-(2,4-dimethoxybenzyl)-4-
{[(1S,2R) -2~ (1l~ethyl-1H~pyrazol-5-yl)cyclopentyl]oxy}-
2,3-difluocro-N~{pyrimidin-4-yl)benzenesulfonamide (77.2 g,
129 mmol) prepared in Example 118b and triethylsilane (23
mL) 1n dichloromethane (230 mL), trifluorcacetic acid
(230 mL) was added at room temperature, and the reaction
solution was stirred for 1 hour. The reaction solution

was concentrated, and the residue was purified with
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silica gel chromatography (ethyl acetate/methanol = 9:1)
to yield the title compound as a colorless solid. A
suspension of this title compound in ethyl acetate (200
nL) was further irradiated with ultrasconic waves for 20
minutes. The suspension was filtered, and crystals thus
collected by filtration were washed with ethyl acetate
and dried at 40°C for 24 hours to yield the title
compound (44.4 g, 77%) as colorless crystals.
MS (ESI)m/z: 450[M+H]+;
[a]p*®=-51.6 (c 1.00, DMSO).

The powder x-ray diffraction pattern of the crystals
is shown in FIG. 1. Peaks having a relative intensity of
11 or larger with the maximum peak intensity as 100 in

FIG. 1 are shown in Table 2.

[0485]
[Table 2]
Peak 50 d Relative | Peak 20 d Relative
No. value | intensity | No. value | intensity
1 7.30 | 12.10 - 48 7 22.06] 4.03 35
2 14.64 6.05 21 8 23.401 3.80 100
3 15.30| 5.79 18 9 23.82 | 3.73 21
4 16.60 1] 5.34 11 10 29.54 | 3.02 49
5 19.40 | 4.57 13 11 30.58 | 2.92 51
6 21.40| 4.15 25
[0496]

(Example 1189)
4-{[(1S8,2R)-2-(1~-Ethyl-1H-pyrazol-5-yl)cyclopentyl]oxy}-
2,3~difluoro~N~- (pyrimidin-4-yl)benzenesulfonamide

[0497]
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[Formula 137]

N N
H
“0 E
/\N F
1N
N—
[0498]

(11%a) (1S8,2R)-2-(1-Ethyl-1H-pyrazol-5-yl)cyclopentanol

The (1S8",2R")-2-(l-ethyl-1H-pyrazol-5-
yl)cyclopentanol prepared in Example 37a was optically
resolved with CHIRALPAK AD~H{(Daicel Corp.; hexane/ethanol
= 8:2) to yield the title compound as a éolorless oil.
[a]p*®=56.1(c 1.00,MeCH).
(11%9b) N-(2,4-Dimethoxybenzyl)~4-{[(1S,2R)-2-{1l-ethyl-1H-
pyrazol-5-yl)cyclopentyl]loxy}-2,3-difluoro-N-(pyrimidin-
4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,3,4-trifluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (99.1 g, 226 mmol) prepared in
Example 30a, the (135,2R)-2-(l-ethyl~-1H-pyrazol-5-
yl)cyclopentanol (40.7 g, 226 mol) prepared in Example
119%a, sodium hydride (63%; 12.9 g, 339 mmol) and DMF (1.2
L), to yield the title compound (100.3 g, 74%)as a

colorless oil.



- 378 -

(119¢c) 4-{[(1S,2R)=2-(1-Ethyl-1H-pyrazol-5-
yl)cyclopentyl]oxy}=-2,3-difluoro-N- (pyrimidin-4-
vl)benzenesulfonamide

The N-(2,4-dimethoxybenzyl)-4-{[(1S,2R)-2~(l-ethyl-
1lH-pyrazol-5~yl)cyclopentyl]oxy}-2,3-difluoro-N-
(pyrimidin-4-yl)benzenesulfonamide (100.3 g, 167 mmol)
prepared in Example 119b and triethylsilane (30 ml) in
dichloromethane (300 mL), trifluorocacetic acid (300 mL)
was added with cooling on ice, the reaction solution was
stirred at room temperature for 1 hour. The reaction
solution was concentrated, and the residue was purified
with silica gel chromatography (ethyl acetate/methanol =
9:1) to yield the title compound as a colorless solid. A
suspension of this title compound in ethyl acetate (200
mL) was further irradiated with ultrasonic waves for 20
minutes. The suspension was filtered, and crystals thus
collected by filtration were washed with ethyl acetate
and dried at 40°C for 24 hours to yield the title
compound (32.9 g, 44%) as colorless crystals.
'H-NMR (500 MHz, DMSO-d¢) & ppm: 1.25 (3H, t, J=7.0 Hz),
1.64-1.91 (4E, m); 2.19-2.32 (2H, m), 3.47-3.50 (1H, m),
4.09 (2H, g, J=7.0 Hz}, 4.92-4.9%6 (1H, m), 6.17 (1H, d,
J=1.5 Hz), 6.97 (lH, brs), 7.07 (1H, t, J=7.7 Hz), 7.34
(1#, d, J=1.5 Hz), 7.60-7.64 (1H, m), 8.23 (lH, brs),
8.55 (1H, s}, 13.2 (1lH, brs).
MS (ESI)m/z: 450[M+H]+;

[@]p2°=50.4 (c 1.05, DMSO).
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The powder x-ray diffraction pattern of the crystals
is shown in FIG. 2. Peaks having a relative intensity of
11 or larger with the maximum peak intensity as 100 in

FIG. 2 are shown in Table 3.

[0499]
[Table 3]
Peak 50 d Relative | Peak 50 d Relative
No. value | intensity | No. value | intensity
1 7.30 1 12.10 66 7 22.04 ] 4.03 58
2 14.64 | 6.05 36 8 23.38] 3.80 100
3 15.30] 5.79 22 9 23.82| 3.73 18
4 16.56 5.35 11 10 129.54 | 3.02 73
5 19.40 | 4.57 12 11 130.58] 2.92 52
6 21.40| 4.15 24
[0500]

(Example 120) 2,5-Difluoro-4-{[(1S8",2R",48")~-4-methoxy-2-
{(1-methyl-1H~pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-
4-ylibenzenesulfonamide

[0501]

[Formula 138]

F NN
= A s L
=, S =
N N
H

[0502]
(120a) (1S87,2R",4S8")-4-{[Tert-butyl (dimethyl)silyl]oxy}-2-
(1-methyl-1H~-pyrazol-5-yl)cyclopentanol

The reaction and aftertreatment were conducted in

the same manner as in Example 4a by using 1-
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methylpyrazole (2.13 g, 25.9 mmol), n-butyl lithium (2.69
M solution in hexane; 10.3 mL, 27.7 mmol), tert-

butyl (dimethyl) [ (1R", 3r", 58") -6-oxabicyclo[3.1.0]lhex~3-
yvloxy]silane (W02012/21591; 5.56 g, 25.9 mmol) and THF

(150 mL), to yield the title compound (1.42 g, 18%) as a

o\

colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 0.12 (6H, s), 0.92 (9H, s),
1.85-2.02 (3H, m), 2.29-2.34 (1H, m), 3.46-3.50 (1H, m),
3.92 (3H, s), 4.10-4.13 (1H, m), 4.52-4.54 (1H, m), 5.90
(i#, d, J=2.0 Hz), 7.37 (iH, d, J=1.5 Hz).
(120b) 4-{[(1S",2R",45")-4-{[Tert-
butyl (dimethyl)silylloxy}=-2-(l-methyl-1H-pyrazol-5~
vl)cyclopentylloxy}=-N=- (2, 4~dimethoxybenzyl) -2, 5~-diflucro-
N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4,5-trifluoro-N- (pyrimidin-4-
vl)benzenesulfonamide (1.16 g, 2.64 mmol) prepared in
Example 14b, the (18",2R",48")-4-{[tert-~
butyl (dimethyl)silyl]oxy}-2-(l-methyl-1H-pyrazol-5-
yl)cyclopentanol (710 mg, 2.39 mmol) prepared in Example
120a, sodium hydride (63%; 137 mg, 3.60 mmol) and DMF
(5.0 mL), to yield the title compound (1.37 g, 80%) as a
colorless oil.
'H-NMR (500 MHz, CDCli) & ppm: 0.05 (3H, s), 0.07 (3H, s),
0.89 (9H, s), 1.81-1.85 (1H, m), 1.90-1.98 (1H, m), 2.17-

2.22 (1H, m), 2.52-2.58 (1H, m), 3.76 (3H, s), 3.79 (3H,
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s), 3.88-3.93 (1H, m), 3.90 (3H, s), 4.45-4.47 (1H, m),
4.51-4.55 (1H, m), 5.22 (2H, s), 6.02 (1H, d, J=2.0 Hz),
6.40-6.42 (2H, m), 6.46 (1H, dd, J=6.4, 11.2 Hz), 7.17-
7.20 (2H, m), 7.39 (1H, d, J=1.0 Hz), 7.76 (1H, dd, J=6.8,
10.3 Hz), 8.45 (1H, d, J=6.4 Hz), 8.78 (lH, s).
(120c) N-(2,4-Dimethoxybenzyl)-2,5-difluoro~4~-
{[(187,2R",48") -4-hydroxy-2~- (1l-methyl-1H-pyrazol-5-
yl)cyclopentyl]loxy}-N=-(pyrimidin-4-yl)benzenesulfonamide
A solution of the 4-{[(1S",2R",48")-4-{[tert-
butyl {(dimethyl)silyljoxy}-2-(l-methyl-1H-pyrazol-5-
yl)cyclopentylloxy}-N-{(2,4-dimethoxybenzyl)~2,5-difluoro-
N~ (pyrimidin-4~-yl)benzenesulfonamide (1.25 g, 1.75 mmol)
prepared in Example 120b and tetrabutyl ammonium fluoride
(1.0 M solution in THF; 5.24 mL, 5.25 mmol) in THF (8.0
mL) was stirred at room temperature for 3 hours. To the
reaction solution, 1 M hydrochloric acid (10 mL) was
added, followed by extraction with ethyl acetate (100 mL).
The thus obtained organic layer was dried over anhydrous
sodium sulfate. After vacuum concentration, the residue
was purified with silica gel chromatography (methylene
chloride/methanol) to yield the title compound (1.16 g,
99%) as a yellow oil.
*H-NMR (500 MHz, CDCl3) & ppm: 1.92-2.03 (2H, m), 2.33-
2.37 (1H, m), 2.59-2.65 (1H, m), 3.77 (3H, s), 3.80 (3H,
sy, 3.90 (3H, s), 3.93-3.98 (1H, m), 4.56-~4.59 (2H, m),
5.22 (1H, d, J=17.1 Hz), 5.26 (1H, d, J=17.1 Hz), 6.04

(14, d, J=2.0 Hz), 6.40-6.42 (2H, m), ©6.49 (1lH, dd, J=6.4,
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10.7 Hz), 7.17-7.20 (2H, m), 7.40 (1H, d, J=2.0 Hz), 7.75
(1H, dd, J=6.4, 9.8 Hz), 8.46 (1H, d, J=5.9 Hz), 8.78 (1H,
d, J=1.0 Hz).
{(120d) N-(2,4-Dimethoxybenzyl)-2,5-difluoro-4-
{[(1s8",2R",48")~4-methoxy~-2~- (1-methyl-1H~pyrazol-5-
vl)cyclopentyl]loxy}-N-(pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-{(2, 4~
dimethoxybenzyl)-Q,5~difluoro-4—{[(18*,2Rf,48*)—4~hydroxy—
2-(1l-methyl~-1H-pyrazol-5-yl)cyclopentyl]loxy}-N-
(pyrimidin—~4-yl)benzenesulfonamide (114 mg, 0.185 mmol)
prepared in Example 120c, dimethyl sulfate (17.9 ulL,
0.189 mmol), sodium hydride (63%; 10.5 mg, 0.276 mmol)
and THF (2.0 mL), to yield the title compound (60.0 mg,
51%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.90-1.98 (2H, m), 2.36-
2.40 (1H, m), 2.55-2.60 (1H, m), 3.33 (3H, s), 3.76 (3H,
sy, 3.79 (3H, s), 3.79-3.82 (1H, m), 3.90 (3H, s), 3.97-
3.98 (1H, m), 4.51-4.55 (1H, m), 5.21 (1H, d, J=17.8 Hz},
5.25 (1H, d, J=18.1 Hz), 6.05 (lH, s), 6.39-6.42 (2H, m),
6.46 (1H, dd, J=6.4, 11.0 Hz), 7.17-7.20 (2H, m), 7.40
(1#, s), 7.75 (1H, dd, J=6.4, 9.8 Hz), 8.46 (1lH, d, J=5.9
Hz), 8.78 (1lH, s).
(120e) 2,5-Difluoro-4-{[(18",2R", 48")~4-methoxy-2~ (1~
methyl-1H-pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-4-

yl)benzenesulfonamide
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The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using fhe N-(2,4~
dimethoxybenzyl) -2, 5-difluoro-4-{[ (18", 2R", 48") ~4-methoxy-
2-(l-methyl-1H-pyrazol-5-yl)cyclopentylloxy}-N-
(pyrimidin-4-vyl)benzenesulfonamide (60.0 mg, 0.0975 mmol)
prepared in Example 120d, triethylsilane (0.10 mL),
trifluorcacetic acid (1.0 ml) and dichloromethane (1.0
mL), to yield the title compound (40.0 mg, 88%) as a
colorless solid.

'H-NMR (500 MHz, CDCls) & ppm: 1.90-1.98 (2H, m), 2.37-
2.41 (1#, m), 2.59-2.63 (1H, m), 3.33 (3H, s), 3.77-3.81
(l1H, m), 3.89 (3H, s}, 3.99-4.00 (1H, m), 4.53-4.58 (1H,
m), 6.08 (1H, s), 6.56 (1H, dd, J=6.4, 11.0 Hz), 7.13 (1lH,
brs), 7.39 (1H, s), 7.75 (1H, dd, J=6.4, 10.0 Hz), 8.32
(1", s), 8.61 (1lH, s).

MS (FAB)m/z: 466 [M+H]+.

[0503]

(Example 121) 2,5-Difluoro-4-{[(1S",2R",4R")-4-methoxy-2~
(l-methyl~1H-pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-
4-yl)benzenesulfonamide

[0504]

[Formula 139]

o Pae [
LA

N N
H
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[0505]
(121a) (1S8",2R™,4R")-4~{[Tert-butyl (dimethyl)silylloxy}-2~
(l-methyl-1H-pyrazol-5-yl)cyclopentanol

The reaction and aftertreatment were conducted in
the same manner as in Example 4a by using 1-
methylpyrazole (1.13 g, 13.8 mmol), n- butyl lithium
(2.69 M solution in hexane, 5.47 mlL, 14.7 mmol), tert-
butyl (dimethyl) [(1R",3s",58")-6~oxabicyclo[3.1.0lhex~3~
yloxylsilane (W02012/21591; 2.95 g, 13.8 mmol}) and THF
{90 mL), to yield the title compound (710 mg, 17%) as a
colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 0.06 (3H, s), 0.07 (3H, s),
0.89 (9H, s), 1.67-1.73 (1H, m), 1.89-1.93 (1H, m), 2.02-
2.07 (1H, m), 2.46-2.52 (1H, m), 2.96-3.01 (2H, m), 3.78
(3H, s), 4.37-4.45 (2H, m), 6.11 (1H, d, J=1.5 Hz), 7.34
(1H, s).
(121b) 4-{[(1S",2R",4R") -4~ {[Tert-
butyl (dimethyl)silyl]loxy}=-2~(1l-methyl-1H-pyrazol-5-
vl)cyclopentylloxy}-N-(2,4-dimethoxybenzyl)-2,5-difluocro-~
N-(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2, 4-
dimethoxybenzyl)=-2,4,5~trifluoro~-N- (pyrimidin-4-
yl)benzenesulfonamide (1.16 g, 2.64 mmol) prepared in
Example 14b, the (1S8",2R",4R")-4-{[tert-
butyl (dimethyl)silylloxy}~-2-(l-methyl-1H~-pyrazol-5-

vl)cyclopentanol (710 mg, 2.32 mmol) prepared in Example
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121a, sodium hydride (63%; 137 mg, 3.60 mmol) and DMF
(5.0 mL), to yield the title compound {(1.52 g, 89%) as a
colorless oil.
H-NMR (500 MHz, CDCls) & ppm: 0.09 (6H, s), 0.91 (9H, s),
1.84-1.90 (14, m), 2.04-2.10 (1H, m), 2.22-2.27 (1H, m),
2.53-2.58 (1H, m), 3.44-3.49 (l1H, m), 3.76 (3H, s), 3.79
(3H, s), 3.85 (3H, s), 4.49-4.54 (1H, m), 4.69-4.73 (1H,
m), 5.21 (1H, d, J=17.1 Hz), 5.25 (iH, d, J=17.1 Hz),
6.16 (1H, d, J=2.0 Hz), 6.40-6.42 (2H, m), 6.48 (1H, dd,
J=5.9, 10.7 Hz), 7.16 (1#, dd, J=1.5, 5.9 Hz), 7.20 (1H,
d, J=8.3 Hz), 7.40 (1H, d, J=2.0 Hz), 7.76 (1H, dd, J=6.8,
10.3 Hz), 8.45 (1H, d, J=5.9 Hz), 8.78 (1H, d, J=1.0 Hz).
(121¢) N-(2,4-Dimethoxybenzyl)~-2,5~-difluoro-4-
{[(18*,2R*,4R*) ~4~hydroxy-2~ (l-methyl-1H~pyrazol-5-
yl)cyclopentylloxy}~N-(pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 120c by using the 4-
{[(18",2R",4R") -4~ { [tert-butyl (dimethyl)silylloxy}-2- (1~
methyl-1H-pyrazol-5-yl)cyclopentyl]oxy}-N-(2, 4~
dimethoxybenzyl)-2,5~-difluoro-N-(pyrimidin-4-
vl)benzenesulfonamide (1.39 g, 1.94 mmol) prepared in
Example 121b, tetrabutyl ammonium fluoride (1.0 M
solution in THF; 5.82 mL, 5.82 mmol) and THF (8.0 mL), to
yield the title compound (1.72 g, 99%) as a yellow oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.96-2.07 (2H, m), 2.48-
2.53 (1H, m), 2.59-2.62 (1H, m), 3.43-3.46 (1H, m), 3.76

(3H, s), 3.80 (3H, s), 3.86 (3H, s), 4.57-4.58 (1lH, m),
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4.85-4.88 (1H, m), 5.22 (2H, s), 6.22 (1H, d, J=2.0 Hz),
6.38~6.42 (2H, m), 6.77-6.81 (1H, m), 7.13-7.18 (Z2H, m),
7.35-7.36 (1H, m), 7.69-7.72 (1H, m), 8.43-8.45 (1H, m),
8.77 (1H, s).
(121d) N-{(2,4-Dimethoxybenzyl)-2,5-difluoro-4-
{[(18",2R", 4R") ~4-methoxy-2- (1-methyl-1H-pyrazol-5-
vl)cyclopentyl]loxyl}=N=-(pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl) -2, 5-difluoro-4-{[ (18", 2R", 4R") ~4-hydroxy-
2-{(l-methyl-1H-pyrazol-5-yl)cyclopentyl]oxy}—-N-
(pyrimidin-4-yl)benzenesulfonamide (120 mg, 0.199 mmol)
prepared in Example 121c, dimethyl sulfate (18.8 pL,0.199
mmol), sodium hydride (63%; 11.1 mg, 0.291 mmol) and THF
(2.0 mL), to yield the title compound (65.0 mg, 53%) as a
colorless oil.
'H-NMR (400 MHz, CDCls) & ppm: 1.87-1.95 (1H, m), 2.05-
2.12 (1H, m), 2.31-2.38 (1H, m), 2.60-2.68 (1H, m), 3.35
(3, s), 3.46-3.53 (1H, m), 3.77 (3H, s), 3.80 (3H, s),
3.86 (3H, s), 4.05-4.14 (1H, m), 4.66-4.71 (1H, m), 5.21
(1", d, J=16.8 Hz), 5.25 (1lH, d, J=16.8 Hz), 6.15 (1lH, d,
J=2.0 Hz), 6.40-6.42 (2H, m), 6.51 (1H, dd, J=6.3, 11.0
Hz), 7.16 {(l1H, dd, J=1.2, 7.0 Hz), 7.20 (1H, d, J=8.6 Hz),
7.41 (1#, d, J=2.0 Hz), 7.76 (lH, dd, J=6.3, 9.8 Hz),

8.46 (14, d, J=5.9 Hz), 8.78 (lH, d, J=1.1 Hz).
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(121e) 2,5-Difluoro-4-{[(1S",2R", 4R")-4-methoxy-2- (1~
methyl-1H-pyrazol-5-yl)cyclopentyl]loxy}-N-(pyrimidin-4-
yvl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl)-2,5-difluoro-4-{[ (18", 2R", 4R") -4-methoxy-
2-{(l-methyl-1H-pyrazol-5-yl)cyclopentyl]oxy}-N-
(pyrimidin-4-yl)benzenesulfonamide (65.0 mg, 0.106 mmol)
prepared in Example 121d, triethylsilane (0.10 mL),
trifluorcacetic acid (1.0 mL) and dichloromethane (1.0
mL), to yield the title compound (40.0 mg, 81%) as a
colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.87-1.93 (1H, m), 2.05-
2.11 (1H, m), 2.33-2.38 (1H, m), 2.61-2.67 (1H, m), 3.35
(3H, s), 3.42-3.48 (1H, m), 3.84 (3H, s), 4.05-4.10 (1H,
m), 4.68-4.72 (1H, m), 6.15 (1H, s), 6.58 (lH, dd, J=6.4,
11.2 Hz), 7.17 (1H, brs), 7.39 (1H, d, J=2.0 Hz), 7.74
(1H, dd, J=6.8, 10.3 Hz), 8.35 (1lH, brs), 8.67 (1lH, brs).
MS (FAB)m/z: 466 [M+H]+.
[0506]
(Example 122) 5-Chloro-2-fluoro-4-{[(1S,2R)-2-(1l-methyl-
1H-pyrazol-5-yl)cyclohexyl]loxy}-N- (pyrimidin-4-
yvl)benzenesulfonamide

[0507]
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[Formula 140]
F XN
%
~ u N/
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[0508]
{122a) {(15,2R)~2~(1-Methyl~1H-pyrazol-5-yl)cyclohexanol

The (18",2R")-2-(l-methyl-1H-pyrazol-5-
vl)cyclohexancl prepared in Example 4a was optically
resolved with CHIRALPAK IB (Daicel Corp.; hexane/ethanol
= 9:1) to yield the title compound as a colorless oil.
[a]p*°=33.3(c 0.916, MeOH).
(122b) 5-Chloro-N-(2,4-dimethoxybenzyl)-2-fluoro—-4-
{[(1S,2R)-2-{1l-methyl-1H~pyrazol-5b~yl)cyclochexyl]oxy}-N-
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-
(2,4-dimethoxybenzyl)-2,4-difluoro-N-(pyrimidin—-4-
yl)benzenesulfonamide (0.60 g, 1.32 mmol) prepared in
Example 20a, the (1S5,2R)-2-(l-methyl-1H-pyrazol-5-
yl)cyclohexanol (0.19 g, 1.05 mmol) prepared in Example
122a, sodium hydride (63%; 0.050 g, 1.32 mmol), DMF (6.6
mL) and water (0.020 mL), to yield the title compound

(0.371 g, 50%) as a colorless solid.
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(122¢c) 5-Chloro-2-fluoro-4-{[{1S,2R)-2-(1-methyl-1H~-
pyrazol-5-yl)cyclohexyl]oxy}-N-(pyrimidin-4-
vl)benzenesulfonamide

To a solution of the 5-chloro-N-(2,4-
dimethoxybenzyl)-2-fluoro—-4-{[(1S,2R) -2~ (l-methyl-1H-
pyrazol-5-yl)cyclohexyl]oxy}=N- (pyrimidin-4-
yl)benzenesul fonamide (0.371 g, 0.602 mmol) prepared in
Example 122b and triethylsilane (0.48 mL, 3.01 mmol) in
dichloromethane (6.0 mlL), trifluocrocacetic acid (0.60 mL)
was added at room temperature, and the reaction solution
was stirred for 1 hour. The reaction solution was
concentrated, and the residue was purified with silica
gel chromatography {ethyl acetate/methanol = 6:1) to
yield the title compound (0.28 g, 99%) as a colorless
solid.

[@]p7°=2.28 (c 1.05, DMSO).

A suspension of the title compound (300 mg, 0.644
mmol) in'ethyl acetate (3.0 mL) was stirred for 2 hours
under heated reflux. The reaction solution was cooled,
and hexane (5.0 mL) was then added to the reaction
solution. The suspension was filtered, and crystals thus
collected by filtration were washed with hexane to yield
the title compound (290 mg, 97%) as colorless crystals 1.

The powder x-ray diffraction pattern of the
colorless crystals 1 is shown in FIG. 3. Peaks having a
relative intensity of 12 or larger with the maximum peak

intensity as 100 in FIG. 3 are shown in Table 4.
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[0509]
[Table 4]
Peak 20 d Relative | Peak 0 d Relative
No. value | intensity | No. value | intensity
1 9.98 8.86 19 7 21.16] 4.20 19
2 14.24 ) 6.21 100 8 21.467 4.14 39
3 17.98 | 4.93 17 9 24.34} 3.65 21
4 19.60| 4.53 12 10 25.64 | 3.47 16
5 20.06] 4.42 52 11 27.10) 3.29 17
6 20.76 1 4.28 13
[0510]

The title compound (300 mg, 0.644 mmol} was further
dissolved in a dichloromethane/methanol mixed solution
(10:1, 4.0 mlL), and this solution was concentrated. To
the residue, hexane (5.0 mlL) was added, and this
suspension was irradiated with ultrasonic waves for 30
minutes. The suspension was filtered, and crystals thus
collected by filtration were washed with hexane to yield
the title compound (295 mg, 98%) as colorless crystals 2.

The powder x-ray diffraction pattern of the
colorless crystals 2 is shown in FIG. 4. Peaks having a
relative intensity of 30 or larger with the maximum peak
intensity as 100 in FIG. 4 are shown in Table 5.

[0511]




- 391 -

[Table 5]
Peak 28 d Relative | Peak 00 d Relative
No. value | intensity | No. value | intensity
1 9.02 9.80 55 6 20.00 | 4.44 32
2 14.821 5.97 100 7 20.52 ] 4.32 64
3 15.22| 5.82 30 8 22.26 | 3.99 36
4 17.76 | 4.99 34 9 23.32 1 3.81 98
5 19.30| 4.60 66
[0512]

(Example 123) (18,2R)-2-(1-Methyl-1H-pyrazol-5-
vl)cyclohexanol
[0513]

[Formula 141]

\N \
\
N=

[0514)
(123a) 1-(l1-Methyl-1lH-pyrazol-5-yl)cyclohexanol

To a solution of l-methylpyrazole (6.0 g, 73.1 mmol)
and N,N,N',N'-tetramethylethylenediamine (10.96 mL, 73.1
mmol) in THF (125 mL), butyl lithium (2.69 M solution in
hexane; 31.8 mL, 85.5 mmol) was added at -78°C. The
reaction solution was stirred at -78°C for 30 minutes.
Then, cyclohexanone {(9.06 mlL, 87.7 mmol) was added
thereto, and the mixture was stirred at room temperature
for 15 hours. To the reaction solution, water (500 mL)
was added, followed by extraction with ethyl acetate (250

mL) . The thus obtained organic layer was dried over
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anhydrous sodium sulfate. After vacuum concentration,
the residue was purified with silica gel chromatography
{hexane/ethyl acetate = 3:2) to yield the title compound
(11.32 g, 86%) as a colorless oil.
'H~-NMR (500 MHz, CDCli) & ppm: 1.60-1.84 (8H, m), 1.99-
2.01 (2H, m), 4.05 (3H, s), 6.08 (1H, d, J=2.0 Hz), 7.32
(1H, 4, J=1.5 Hz).
(123b) 5-(Cyclohex-1-en-1-yl)-1l-methyl-1H-pyrazole

The reaction and aftertreatment were conducted in
the same manner as in Example 9% by using the 1-(1-
methyl-1H-pyrazol-5-yl)cyclohexanol (11.32 g, 62.8 mmol)
prepared in Example 123a, p-toluenesulfonic acid
monohydrate (17.9 g, 94.1 mmol) and toluene (100 mL), to
yield the title compound (8.89 g, 87%) as a colorless oil.
TH-NMR (500 MHz, CDCls) & ppm: 1.66-1.78 {4H, m), 2.19-
2.28 (4H, m), 3.85 (3H, s), 5.86-5.88 (1lH, m), 6.08 (1H,
d, J=1.5 Hz), 7.40 (1H, d, J=2.0 Hz).
(123c) (1S,28)-1-(l-Methyl-1H-pyrazol-5-vyl)cyclohexane-
1,2-diol

The reaction and aftertreatment were conducted in
the same manner as in Example 102a by using the 5=
(cyclohex-1~en-1-yl)~1l-methyl-1H-pyrazole (2.66 g, 16.4
mmol) prepared in Example 123b, methanesulfonamide (1.56
g, 16.4 mmol), t-butanol (20 mL), water (20 mL) and AD-
mixa (Sigma-~Aldrich Corp.; 23.0 g), to yield the title

compound (3.22 g, 99%) as a colorless solid.
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'H-NMR (400 MHz, CDCls) & ppm: 1.29-1.89 (6H, m), 2.09-
2.09 (1H, m), 2.16-2.22 (1H, m), 4.05-4.10 (1H, m), 4.07
{(3H, s), 4.80 (1H, brs), 6.08 (1H, d, J=2.0 Hz), 7.39 (1H,
d, J=2.0 Hz).
(123d) 1-Methyl-5-[(1S,6S)~7~oxabicyclo[4.1.0]hept~-1-y1l]-
lH-pyrazole

The reaction and aftertreatment were conducted in
the same manner as in Example 102b by using the (1S,2S8)-
1-(l-methyl-1H-pyrazol-5-yl)cyclohexane-1,2-diol (423 mg,
2.15 mmol) prepared in Example 123c, trimethyl
orthoacetate (0.688 mL, 5.38 mmol), p-toluenesulfonic
acid (20.5 mg, 0.11 mmol), dichloromethane (6.0 mL),
acetonitrile (6.0 mL), lithium bromide (466 mg, 5.38
mmol), acetyl bromide (0.398 mL, 5.38 mmol), methanol
(6.0 mL) and potassium carbonate (743 mg, 5.38 mmol), to
yield the title compound (180 mg, 47%).
‘H-NMR (400 MHz, CDCls) & ppm: 1.29-1.61 (4H, m), 1.96-
2.24 (1H, m), 3.27-3.29 (1H, m), 3.92 (3H, s), 4.80 (1H,
brs), 6.13 (1H, d, J=1.6 Hz), 7.36 (l1lH, d, J=1.6 Hz).
(123e) (1S,2R)=2-({l-Methyl-1H-pyrazol-5-yl)cyclohexanol

The reaction and aftertreatment were conducted in
the same manner as in Example 102c¢ by using the l-methyl-
5-[(1S,6S)-7-oxabicyclo{4.1.0lhept-1-yl]-1H-pyrazole
(0.21 g, 1.17 mmol) prepared in Example 123d, Raney
nickel (2.0 g) and isopropancl (5.9 mL), to yield the
title compound (0.060 g, 28%).

[0515]
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(Example 124) 2-Fluoro-4-{[(1S,2R)-2~(l-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-4-
yvl)benzenesulfonamide

[0516]

[Formula 142]
SN

F o o NN
\\S// | /l
B
N N
H
e
1N

N~

[0517]
(124a) (1S,2R)-2-(1-Methyl-1H-pyrazol-5-yl)cyclopentanol
The (18",2R")-2-(l-methyl-1H-pyrazol-5-
yl)cyclopentanol prepared in Example 8a was optically
resolved with CHIRALPAK IC (Daicel Corp.; hexane/ethanol
= 8:2) to yileld the title compound as a colorless oil.
[a]p*°=59.0(c 0.30,MeCH) .
(124b) N-{2,4-Dimethoxybenzyl)~-2-fluocro-4-{[(13,2R)-2-(1~-
methyl-1H-pyrazol-5-yl)cyclopentyl]loxy}-N-{(pyrimidin-4-
vl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4-difluoro-N-(pyrimidin~4-
yl)benzenesulfonamide (191 mg, 0.45 mmol) prepared in
Example 2%a, the (1S5,2R)-2-{(l-methyl-1H-pyrazol—-5-
yl)cyclopentanol (68 mg, 0.38 mmol) prepared in Example

124a, sodium hydride (63%; 28.7 mg, 0.75 mmol) and DMF
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(2.0 mL), to yield the title compound (198 mg, 93%) as a
colorless oil.

(124c¢c) 2-Fluoro-4-{[(1S,2R)-2-(l-methyl-1H-pyrazol-5~-
yl)cyclopentyl]oxy}-N-(pyrimidin-4-yl)benzenesulfonamide
To a solution of the N~(2,4—dimethoxybeniyl)—2—

fluoro-4-{[(1S8,2R)-2~(l-methyl-1H-pyrazol-5~-
yl)cyclopentyl]oxy}-N-(pyrimidin—~4-yl)benzenesulfonamide
(8.35 g, 14.7 mmol) prepared in Example 124b and
triethylsilane (11.75 mL, 73.6 mmol) in dichloromethane
(147 mL), trifluorocacetic acid (14.7 mL) was added at
room temperature, and the reaction solution was stirred
for 1 hour. The reaction soluticn was concentrated, and
the residue was purified with silica gel chromatography
(ethyl acetate) to yield the title compound as a
colorless solid. A suspension of this title compound in
a hexane/dichloromethane mixed solvent was further
irradiated with ultrasonic waves for 1 hour. The
suspension was filtered, and crystals thus collected by
filtration were washed with hexane and dried at 40°C for
24 hours to yield the title compound (5.95 g, 97%) as
colorless crystals.

[a]p*°=59.7 (c 1.01, DMSO).

The powder x-ray diffraction pattern of the crystals
is shown in FIG. 5. Peaks having a relative intensity of
24 or larger with the maximum peak intensity as 100 in
FIG. 5 are shown in Table 6.

[0518]
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[Table 6]
Peak d Relative | Peak d Relative
No. 20 value | intensity | No. 20 value | intensity
1 7.18 | 12.30 24 7 18.08| 4.90 55
2 9.32 9.48 31 8 18.94 | 4.68 56
3 11.94 | 7.41 25 9 20.26 1 4.38 62
4 14.60 | 6.06 100 10 121.18| 4.19 76
5 15.60) 5.68 58 11 | 24.781 3.59 41
6 15.98 ] 5.54 57
[0519]

(Example 125) 4-{[(1S8",2R")-5,5-Diflucro-2-(l-methyl-1H-
pyrazol-5-yl)cyclohexylloxy}t-2-fluoro-5-methyl-N-(1,3,4~-
thiadiazol-2-yl)benzenesulfonamide

[0520]

[Formula 143]

N
F N—
N LD
SN S
H
\
o

[0521]
(125a) N-(2,4~-Dimethoxybenzyl)-2,4~-difluocro-5-methyl-N-
(1,3,4~thiadiazol-2-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 86a by using N-(2,4-
dimethoxybenzyl)=-1,3,4~thiadiazol-2-amine (WC2010079443;
1.00 g, 3.98 mmol), lithium bis(trimethylsilyl)amide (1.0
M solution in THF; 4.78 mL, 4.78 mmol), 2,4-difluoro—-5-

methylbenzenesulfonyl chloride (W02010079443; 0.989 g,
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4.36 mmol) and THF (20 mL), to yield the title compound
(1.16 g, 66%) as a colorless amorphous solid.
TH-NMR (500 MHz, CDCls) & ppm: 2.23 (3H, s), 3.71 (3H, s),
3.75 (3H, s), 5.30 (24, s), 6.29 (1H, d, J=2.0 Hz), 6.36
(1#, dd, J=2.4, 8.3 Hz), 6.83 (1lH, t, J=9.3 Hz), 7.24 (1H,
d, J=8.3 Hz), 7.62 (1lH, t, J=7.8 Hz), 8.80 {(1H, s).
(125b) 4-{[(1S",2R")-5,5-Difluoro-2-(l-methyl-1H-pyrazol-
5-yl)cyclohexyl]loxy}~N-(2,4-dimethoxybenzyl)-2~fluoro-5-
methyl-N-(1,3,4~thiadiazol~2~yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-~
dimethoxybenzyl)-2,4-difluoro-5-methyl-N-(1,3,4-
thiadiazol-2~-yl)benzenesulfonamide (205 mg, 0.464 mmol)
prepared in Example 125a, the (1S87,2R")-5,5-difluoro-2-
(1-methyl-1H~-pyrazol-5-yl)cyclohexanol (100 mg, 0.462
mmol) prepared in Example 47b, sodium hydride (63%; 26.1
mg, 0.6%6 mmol), DMF (2.0 mL) and water (0.013 mL), to
yvield the title compound (78.8 mg, 27%) as a colorless
oil.
'H-NMR (500 MHz, CDCli) & ppm: 1.89-2.11 (4H, m), 1.97
(3H, s), 2.29~2.36 (1H, m), 2.68-2.74 (1H, m), 3.07-3.12
(1, m), 3.68 (3H, s), 3.74 (3H, s), 3.89 (3H, s), 4.36
(1H, dt, J=4.4, 10.7 Hz), 5.24 (1H, d, J=15.6 Hz), 5.29
(1H, d, J=14.6 Hz), ©6.05 (1H, d, J=2.0 Hz), 6.27 (1lH, d,
J=2.4 Hz), 6.33-6.38 (2H, m), 7.22 (1H, d, J=8.3 Hz),
7.39 (1H, 4, J=1.5 Hz), 7.47 (1H, d, J=7.3 Hz), 8.77 (1H,

s) .
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(125¢c) 4-{[(18",2R")-5,5-Difluoro-2- (l-methyl-1H-pyrazol-
5-yl)cyclohexyljoxy}-2-fluoro-5-methyl-N- (1,3, 4-
thiadiazol-2-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 4-
{[(18",2R")~5,5~difluoro-2- (1-methyl-1H-pyrazol-5-
y1l)cyclohexyl]oxy}=N-(2,4~-dimethoxybenzyl)-2-fluoro-5-
methyl-N-{(1,3,4-thiadiazol-2~yl)benzenesulfonamide (78.8
mg, 0.124 mmol) prepared in Example 125b, triethylsilane
(0.20 mL), trifluorocacetic acid (2.0 mL) and
dichloromethane (2.0 mlL), to yield the title compound
(48.6 mg, 81%) as a colorless solid.
'H-NMR (500 MHz, CDsOD) & ppm: 1.87-2.23 (5H, m), 2.02
(3H, s), 2.65-2.70 (1H, m), 3.33-3.37 (1lH, m), 3.85 (3H,
sy, 4.60 (1H, dt, J=4.4, 10.7 Hz), 6.20 (1H, d, J=2.0 Hz),
6.64 (1H, 4, J=11.7 Hz), 7.33 (1H, d, J=2.0 Hz), 7.56 (1H,
d, J=7.8 Hz), 8.52 (1H, s).
MS (ESI)m/z: 488 [M+H]+.
[0522]
(Example 126) 4-{[(1S",2R")-4,4-Difluoro-2- (l-methyl-1H-
pyrazol-5-yl)cyclohexylloxy}-2-fluoro-5-methyl-N-
(pyrimidin~4-vyl)benzenesulfonamide

[0523]
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[Formula 144]
F NN
L

—~NTX
\
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[0524]
(126a) 4-{[(18",2R")-4,4-Difluoro-2-(l-methyl-1H-pyrazol-
5-yl)cyclohexyl]oxy}=N-(2,4-dimethoxybenzyl)-2-£fluocro-5-
methyl-N-{pyrimidin-4~yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl) -2, 4-difluoro-5-methyl-N- (pyrimidin-4-
yl)benzenesulfonamide (193 mg, 0.44 mmol) prepared in
Example 43a, the (18",2R")-4,4-difluoro-2-(l-methyl-1H-
pyrazol-5-yl)cyclohexanol (80.0 mg, 0.37 mmol) prepared
in Example 88 g, sodium hydride (63%; 28.2 mg, 0.74 mmol)
and DMF (1.0 mL), to yield the title compound {(80.0 mg,
34%) as a colorless solid.
'Y-NMR (400 MHz, CDCls) & ppm: 1.87-2.48 (6H, m), 2.04
(3H, s), 3.38-3.45 (1H, m), 3.76 (3H, s), 3.78 (3H, s),
3.90 (3H, s), 4.23 (1H, dt, J=3.1, 10.6 Hz), 5.23 (2H, s),
6.03 (1H, 4, J=2.0 Hz), 6.34 (1H, d, J=11.7 Hz), 6.38-
6.41 (2H, m), 7.19 (1H, d, J=8.6 Hz), 7.24-7.26 (1lH, m),
7.38 (1H, 4, J=2.0 Hz), 7.69 (1H, d, J=8.2 Hz), 8.43 (1lH,

d, J=6.3 Hz), 8.76 (1H, d, J=0.8 Hz).
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(126b) 4-{[(18",2R")-4,4-Difluoro-2- (l-methyl-1H-pyrazol-
5-yl)cyclohexyl]loxy}=-2-fluoro-5-methyl-N- (pyrimidin-4-
yvl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 4-
{([(18",2R") -4, 4~-difluoro~-2~ (1-methyl-1H-pyrazol-5-
yl)cyclochexylloxy}-N-(2,4~dimethoxybenzyl)-2-fluoro-5-
methyl-N-{(pyrimidin-4-yl)benzenesulfonamide (80.0 mg,
0.13 mmol) prepared in Example 126a, triethylsilane (0.10
ml), trifluorocacetic acid (1.0 mlL) and dichloromethane
(1.0 mL), to yield the title compound (61.0 mg, 99%) as a
colorless solid.
H-NMR (400 MHz, CDCls) & ppm: 1.83-2.45 (6H, m), 2.06
(3H, s), 3.38-3.45 (1H, m), 3.89 (3H, s), 4.24 (1H, dt,
J=3.5, 9.4 Hz), 6.04 (1H, d, J=2.0 Hz), 6.39 (1H, d,
J=12.1 Hz), 7.1%-7.21 {(1H, m), 7.38 (1H, d, J=2.0 Hz),
7.70 (1H, d, J=8.2 Hz), 8.41 (1H, d, J=5.9 Hz), 8.80 (1H,
s).
MS (ESI)m/z: 482 [M+H]+.
[0525]
(Example 127) 4-{[(1S8",2R")-5,5-Difluoro-2- (1H-pyrazol-4-
yl)cyclohexyl]oxy}-2-fluoro-5-methyl-N~- (pyrimidin-4-
yl)benzenesulfonamide

[0526]
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[Formula 145]
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[0527]
(127a) 4-({(1s8",2R")-5,5-Difluoro-2-[1- (tetrahydro-2H-
pyran-2-yl)~1H-pyrazol-4-yllcyclohexylloxy)-N-(2,4~-
dimethoxybenzyl)-2-fluoro-5-methyl-N- (pyrimidin-4-
vl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl) -2, 4-difluoro~b-methyl-N~ (pyrimidin-4-
yl)benzenesulfonamide (0.22 g, 0.50 mmol) prepared in
Example 43a, the (18*,2R*)—5,S—difluoro—Z-[1~(tetrahydro—
2H-pyran-2-vyl)-1H-pyrazol-4-yl]cyclohexanol (0.12 g, 0.42
mmol) prepared in Example 103c¢c, sodium hydride (63%; 25
mg, 0.63 mmol), DMF (6.0 mL) and water (0.0075 mL), to
yvield the title compound (0.22 g, 76%) as a colorless
solid.
‘H-NMR (500 MHz, CDCls) & ppm: 1.58-1.67 (3H, m), 1.88-
2.03 (6H, m), 2.15 (3H, s}, 2.15-2.17 (1H, m), 2.23-2.27
(1H, m), 2.63-2.68 (1H, m), 2.93-2.98 (1H, m), 3.62-3.67
(1, m), 3.76 (3H, s), 3.79 (3H, s), 3.97-4.00 (1H, m),
4.21~4.26 (1H, m), 5.25 (2H, s), 5.25-5.29% (lH, m), 6.38-

6.41 (3H, m), 7.19 (1H, d, J=8.3 Hz), 7.26-7.27 (1H, m),
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7.41-7.42 (2H, m), 7.71 (1H, d, J=8.3 Hz), 8.43 (1lH, d,
J=5.9 Hz}, 8.77 (1H, s).
(127b) 4-{[(18",2R")-5,5-Difluoro~-2- (1H-pyrazol-4-
vlijcyclohexyllioxy}l=2-fluoro~5S-methyl-N~ (pyrimidin-4-
vlibenzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 22c¢ by using the 4-
({(18",2R")~-5,5-difluoro-2-[1- (tetrahydro-2H-pyran-2-yl)-
lH-pyrazol-4-yllcyclohexylloxy)-N-(2,4-dimethoxybenzyl) -
2-fluoro-5-methyl-N-(pyrimidin-4-yl)benzenesulfonamide
{0.20 g, 0.28 mmol) prepared in Example 127a,
triethylsilane (0.20 mL), trifluorocacetic acid (2.0 mL),
dichloromethane (2.0 mL) and methancl (2.0 mL), to yield
the title compound (0.11 g, 85%) as a colorless solid.
'H-NMR (500 MHz, DMSO-d¢) & ppm: 1.74-1.83 (1H, m), 1.99-
2.18 (4H, m), 2.07 (3H, s), 2.50-2.55 (1H, m), 2.98-3.03
(1K, m), 4.60 (1H, dt, J=4.4, 9.8 Hz), 6.90 (1H, d,
J=12.7 Hz), 7.00 (1lH, brs), 7.51 (2H, s), 7.4 (1H, d,
J=8.8 Hz), 8.31 (lH, brs), 8.58 (1lH, s).
MS (ESI)m/z: 468[M+H]+.
[0528]
(Example 128) 2-Fluoro-4-{[(1R,28)-2-(l-methyl-1H-
pyrazol-5-yl)cyclopentyl]joxy}~N-{pyrimidin—4-
yl)benzenesulfonamide

[0529]
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[0530]
(128a) (1R,2S)-2-{1-Methyl-1H-pyrazol-5-yl)cyclopentanol

The (1S",2R")~2-(1l-methyl-1H-pyrazol-5-
vl)cyclopentanol prepared in Example 8a was optically
resolved with CHIRALPAK IC{(Daicel Corp.; hexane/ethanol =
8:2) to yield the title compound as a colorless oil.
[a]p*®=-53.3(c 0.35,MeCH) .
{(128b) N~ (2,4~Dimethoxybenzyl)-2-fluoro-4~{[(1R,2S)-2~ (1~
methyl-1H-pyrazol-5-yl)cyclopentyl]oxy}-N-{(pyrimidin-4~
v1l)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl) -2, 4-difluoro-N- (pyrimidin-4-
vl)benzenesulfonamide (421 mg, 1.00 mmol) prepared in
Example 2%a, the (1R,2S8)-2-(l-methyl-1H-pyrazol-5-
vl)cyclopentanol (150 mg, 0.83 mmol) prepared in Example
128a, sodium hydride (63%; 63.4 mg, 1.66 mmol) and DMF
(2.0 mL), to yield the title compound (150 mg, 32%) as a
colorless oil.
(128c) 2-Fluoro-4-{[(1R,2S)-2-(l-methyl-1H-pyrazol-5-

vl)cyclopentyl]oxy}~N~- (pyrimidin—~4-yl)benzenesulfonamide
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The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the N-(2,4-
dimethoxybenzyl)-2-fluoro-4-{[(1R,28) -2~ (l-methyl-1H~
pyrazol-5-yl)cyclopentyl]loxy}=N~{(pyrimidin-4-
yl)benzenesul fonamide (150 mg, 0.26 mmol) prepared in
Example 128b, triethylsilane (0.10 mL), trifluoroacetic
acid (1.0 mL) and dichloromethane (1.0 mL), to yield the
title compound (98.0 mg, 89%) as a colorless solid.
[a]p?°==53.0 (c 1.02, DMSO).
[0531]
(Example 129) 4-{[(18",2R")-4,4-Difluoro-2-(l-methyl-1H-
pyrazol-5-yl)cyclohexylloxy}-2,6-difluoro-N- (pyrimidin-4-
yl)benzenesul fonamide
[0532]

[Formula 147]

F XN
F N N7
H
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[0533]

(12%a) 4-{[(18",2R")-4,4-Difluoro-2- (l-methyl-1H-pyrazol-
5-yl)cyclohexyl]oxy}-N-(2,4~-dimethoxybenzyl) -2, 6~
difluoro=N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-

dimethoxybenzyl)=-2,4,6~-trifluoro-N- (pyrimidin-4-
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vl)benzenesulfonamide (150 mg, 0.34 mmol) prepared in
Example 27a, the (18*,2R*)~4,4—difluoro—2—(1—methyl—1H~
pyrazol-5-yljcyclohexanol (61.6 mg, 0.28 mmol) prepared
in Example 88 g, sodium hydride (63%; 21.7 mg, 0.57 mmol)
and DMF (2.0 mL), to yield the title compound (85.9 mg,
47%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.86-2.47 (6H, m), 3.33-
3.38 (1H, m), 3.77 (3H, s), 3.81 (3H, s), 3.87 (3H, s),
4.24 (1H, dt, J=3.9, 10.3 Hz), 5.23 (2H, s), 6.04 (1H, d,
J=2.0 Hz), 6.30 (2H, 4, J=10.3 Hz), 6.40-6.44 (2H, m),
7.12 (1H, dd, J=1.5, 6.4 Hz), 7.21 (1H, d, J=8.3 Hz),
7.38 (1H, d, J=2.0 Hz), 8.44 (1H, d, J=5.9 Hz), 8.78 (1H,
d, J=1.0 Hz).
(129b) 4~{[(18*,2R*)—4,4—Difluoro~2~(1—methyl~1H—pyrazol—
5-yl)cyclohexyl]oxy}—2, 6~-difluoro-N- (pyrimidin-4-
vl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 4-
{[(18",2R")-4,4~difluoro-2~ (1-methyl~1H-pyrazol-5-
yl)cyclochexylloxy}-N-(2,4-dimethoxybenzyl) -2, 6~difluoro-
N- (pyrimidin-4-yl)benzenesulfonamide (85.9 mg, 0.14 mmol)
prepared in Example 129a, triethylsilane (0.10 mL),
trifluorocacetic acid (1.0 mL) and dichloromethane (1.0
mL), to yield the title compound (58.0 mg, 88%) as a
colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.88-2.45 (6H, m), 3.33-
3.38 (1H, m), 3.88 (3H, s), 4.25 (1H, dt, J=3.9, 10.3 Hz),
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6.06 (1H, d, J=2.0 Hz), 6.33 {(2H, d, J=10.7 Hz), 7.38-
7.40 (2H, m), 8.41 (1H, d, J=6.4 Hz), 8.85 (1lH, s).

MS (EST)m/z: 486[M+H]+.

[0534]

(Example 130) 4-{[(1S",2R")-4,4-Difluoro-2-(l-methyl-1H-
pyrazol-5-yl)cyclohexyl]loxy}~-2-fluoro-N- (pyrimidin-4-
yvl)ibenzenesulfonamide

[0535]

[Formula 148]

F oo SN
E \\S// l /)
F SN N
H
e

~~N AN
\
N==

[0536]
(130a) 4-{[(1S",2R")-4,4-Difluoro-2~ (l-methyl-1H-pyrazol-
5-yl)cyclohexyl]oxy}=N- (2, 4-dimethoxybenzyl)-2-fluoro-N-
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4-difluoro-N-(pyrimidin-4-
yl)benzenesulfonamide (167 mg, 0.40 mmol) prepared in
Example 29a, the (187,2R")-4,4-difluoro—-2-(l-methyl-1H-
pyrazol-5-yl)cyclohexanocl (71.5 mg, 0.33 mmol) prepared
in Example 88 g, sodium hydride (63%; 25.2 mg, 0.66 mmol)
and DMF (2.0 mL), to yield the title compound (79.7 mg,

39%) as a colorless oil.
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*H-NMR (500 MHz, CDCl;) & ppm: 1.85-2.46 (6H, m), 3.34-
3.39 (1H, m), 3.76 (3H, s), 3.79 (3H, s), 3.89 (3H, s),
4.28 (1H, dt, J=3.9, 10.3 Hz), 5.23 (2H, s), 6.04 (1H, d,
J=2.0 Hz), 6.39-6.45 (3H, m), 6.59 (lH, dd, J=2.4, 11.2
Hz), 7.17-7.20 (2H, m), 7.36 (1H, 4, J=1.5 Hz), 7.89 (1lH,
t, J=8.8 Hz), 8.42 (1H, 4, J=5.9 Hz), 8.75 (1H, s).
(130b) 4~{[(18",2R")~4,4-Difluoro-2-(l-methyl-1H-pyrazol-
5-yl)cyclohexylloxy}l=2~fluoro~-N—~(pyrimidin-4-
vl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 4-
{[(18",2R") -4, 4-difluoro-2-(1l-methyl-1H-pyrazol-5~
yl)cyclohexyl]oxy}=N=(2,4-dimethoxybenzyl)-2~fluoro-N-
(pyrimidin-4-yl)benzenesulfonamide (79.7 mg, 0.13 mmol)
prepared in Example 130a, triethylsilane (0.10 mL),
trifluorocacetic acid (1.0 mL) and dichloromethane (1.0
mL), to yield the title compound (60 mg, 99%) as a
colorless solid.
‘H-NMR (500 MHz, CDCls) & ppm: 1.85-2.47 (6H, m), 3.33-
3.39 (1H, m), 3.8% (3H, s), 4.2% (1H, dt, JI=3.9, 10.7 Hz),
6.06 (1H, d, J=2.0 Hz), 6.47 (lH, dd, J=2.4, 11.7 Hz),
6.60 (1H, dd, J=2.4, 6.8 Hz), 7.23 (1H, d, J=5.9 Hz),
7.37 (1B, d, J=2.0 Hz), 7.87 (1H, t, J=8.8 Hz), 8.39 (1H,
brs), 8.83 (1H, brs).
MS (ESI)m/z: 468[M+H]+.
[0537]

(Example 131)
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5-Chloro-4-{[(1S8",2R") -4, 4-difluoro-2~ (l-methyl-1H-
pyrazol-5-yl)cyclohexyl]oxy}-2-fluoro-N- (pyrimidin-4-
yl)benzenesulfonamide

[0538]

[Formula 149]
F XN
N N7
H
cl

[0539]
(131a) 5-Chloro-4-{[(1S",2R")-4,4-difluoro-2-(l-methyl-
1H-pyrazol-5-yl)cyclohexyl]oxy}-N-(2,4-dimethoxybenzyl) -
2-fluoro=N=- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5~-chloro-N-
(2,4-dimethoxybenzyl)-2,4-difluoro~N~ (pyrimidin—-4-
yl)benzenesulfonamide (167 mg, 0.37 mmol) prepared in
Example 20a, the (18*,2R*)—4,4-difluoro—2—(1—methyl—lH—
pyrazol-5-yl)cyclchexanol (65.9 mg, 0.30 mmol) prepared
in Example 88g, sodium hydride (63%; 23.2 mg, 0.61 mmol)
and DMF (2.0 mL), to yield the title compound (104 mg,
52%) as a colorless oil.
'H-NMR (500 MHz, CDClz) & ppm: 1.94-2.47 (6H, m), 3.44-
3.50 (1H, m), 3.76 (6H, s), 3.94 (3H, s}, 4.25 (1H, dt,
J=4.4, 10.3 Hz), 5.19 (1H, d, J=17.6 Hz), 5.23 (1H, d,

J=17.1 Hz), 6.07 (1H, d, J=2.0 Hz), 6.39-6.42 (3H, m),
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7.17-7.20 (2H, m), 7.38 (lH, d, J=1.5 Hz), 7.96 (1H, d,
J=7.3 Hz), 8.47 (1H, d, J=5.9 Hz), 8.79 (1H, s).
(131b) 5-Chloro-4-{[(18",2R")~4,4-difluoro-2-(l-methyl-
1H-pyrazol-5~yl)cyclohexyl]loxy}-2-fluoro~-N- (pyrimidin—4-
yvl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 5-chloro-4-
{[(18",2R")-4,4-difluoro-2- (l-methyl-1H-pyrazol-5-
yl)cyclohexyl]oxy}=N~-(2,4-dimethoxybenzyl)-2-fluoro-N-
{(pyrimidin-4-ylj)benzenesulfonamide (104 mg, 0.16 mmol)
prepared in Example 131a, triethylsilane (0.10 mlj,
trifluorcacetic acid (1.0 mL) and dichloromethane (1.0
mL), to yield the title compound (72.2 mg, 90%) as a
colorless solid.
"H-NMR (500 MHz, CDCl3) & ppm: 1.94-2.49 (6H, m), 3.44-
3.49 (1H, m), 3.94 (3H, s), 4.26 (1H, dt, J=4.4, 10.3 Hz),
6.09 (1H, d, J=2.4 Hz), 6.46 (1H, d, J=11.2 Hz), 7.26-
7.27 (1H, m), 7.38 (1H, d, J=1.5 Hz), 7.97 (1H, d, J=7.3
Hz), 8.39 (1H, d, J=6.4 Hz), 8.79 (1H, s).
MS (ESI)m/z: 502 [M+H]+.
[0540]
(Example 132) 4-{[(1S",2R")-4,4-Difluoro-2- (l-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}~2,3~difluoro-N- (pyrimidin-
4-yl)benzenesulfonamide

[0541]
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[Formula 150]

\IIJ N F
No—
[0542]
{(132a) 4—{[{18*,2R5)—4,4~Difluoro~2~(1~methyl—lH—pyrazol—
5-yl)cyclopentyl]loxy}-N-{(2, 4~-dimethoxybenzyl) -2, 3~
difluoro~N- (pyrimidin-4~yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,3,4-trifluoro~-N- (pyrimidin~4~
yl)benzenesulfonamide (233 mg, 0.530 mmol) prepared in
Example 30a, the (187,2R")-4,4-difluoro-2-(l-methyl-1H-
pyrazol-5-yl)cyclopentanol (101 mg, 0.500 mmol) prepared
in Example 107e, sodium hydride (63%; 29 mg, 0.750 mmolj),
DME (2.0 mL) and water (0.780 mL), to yield the title
compound (164 mg, 53%) as a colorless amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 2.35-2.46 (2H, m), 2.75-
2.96 (2H, m), 3.75-3.85 (1H, m), 3.77 (3H, s), 3.79 (3H,
sy, 3.89 (3H, s), 4.76 (1lH, g, J=7.3 Hz), 5.21 (1lH, d,
J=16.6 Hz), 5.26 (1H, d, J=16.6 Hz), 6.15 (1H, d, J=2.0
Hz), 6.40-6.42 (2H, m), 6.57 (1H, t, J=7.3 Hz), 7.15-7.21
(2H, m), 7.44 (1H, d, J=2.0 Hz), 7.71-7.75 (1H, m), 8.46

(14, d, J=5.9 Hz), 8.77 (1H, d, J=1.0 Hz).
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(132b) 4-{[(1S",2R")~4,4-Difluoro-2-(l-methyl-1H-pyrazol-
5-yl)cyclopentyl]oxy}=2,3~difluoro~N- (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 4-
{[(18",2R") -4, 4-difluoro-2~- (1-methyl-1H-pyrazol-5-
yl)cyclopentyl]oxy}-N- (2, 4-dimethoxybenzyl) -2, 3~difluoro-
N- (pyrimidin-4-yl)benzenesulfonamide (161 mg, 0.259 mmol)
prepared in Example 132a, triethylsilane (0.30 ml),
trifluorcacetic acid (2.0 mlL) and dichlcromethane (3.0
mlL), to yield the title compound (118 mg, 97%) as a
colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 2.35-2.47 (2H, m), 2.76-
2.98 (2H, m), 3.75-3.80 (1H, m), 3.90 (3H, s), 4.75 (1lH,
q, J=6.8 Hz), 6.16 (1H, d, J=2.0 Hz), 6.58-6.62 (1lH, m),
7.22-7.23 (1H, m), 7.46 (1H, d, J=2.0 Hz), 7.70-7.73 (1H,
m), 8.38 (lH, d, J=6.4 Hz), 8.78 (1lH, s).
MS (ESI)m/z: 472[M+H]+.
[0543]
(Example 133) 4-{[(18",2R")-4,4-Difluoro-2-(l-methyl-1H-
pyrazol-5-yl)cyclopentyl]oxy}-2-fluoro-5-methyl-N-
(pyrimidin-4-yl)benzenesulfonamide

[0544]
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[Formula 151]

\\T N
N
[0545]
(133a) 4-{[(18",2R")-4,4-Difluoro-2-(l-methyl-1H-pyrazol-~
5-yl)cyclopentyl]oxy} =N~ (2, 4-dimethoxybenzyl)-2-fluoro-5-
methyl-N={pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4-difluoro-5-methyl-N- (pyrimidin-4-
yl)benzenesulfonamide (231 mg, 0.530 mmol) prepared in
Example 43a, the (18%,2R")-4,4-difluoro-2-(l-methyl-1H-
pyrazol-5b-yl)cyclopentanol (101 mg, 0.500 mmol) prepared
in Example 107e, sodium hydride (63%; 29 mg, 0.750 mmol),
DMF (2.0 mL) and water (0.780 mL), to yield the title
compound (175 mg, 57%) as a colorless amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 2.21 (3H, s), 2.29-2.43
(2H, m), 2.76-2.89 (2H, m), 3.69-3.81 {(1H, m), 3.77 (3H,
sy, 3.79 (3H, s), 3.87 (3H, s), 4.70 (1H, g, J=6.8 Hz),
5.24 (2H, s), 6.14 (1H, d, J=2.0 Hz), 6.30 (1H, d, J=11.2
Hz), 6.39-6.42 (2H, m), 7.16-7.26 (2H, m), 7.44 (1H, d,
J=2.0 Hz), 7.7% (1H, d, J=8.8 Hz), 8.43 (1H, d, J=6.4 Hz),

8.76 (1H, s).
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(133b) 4-{[(1S",2R")-4,4~-Difluoro-2- (l-methyl-1H-pyrazol-
5-yl)cyclopentyl]oxy}=-2-fluoro-5-methyl-N-(pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 4-
{[(18",2R")~4,4-difluoro-2- (1l-methyl-1H-pyrazol-5-
yl)cyclopentyl]oxy}-N-{(2,4-dimethoxybenzyl)-2-fluoro—-5o—
methyl-N-(pyrimidin-4-yl)benzenesulfonamide (171 mg,
0.277 mmol) prepared in Example 133a, triethylsilane
(0.30 mL), trifluorcacetic acid (2.0 mL}) and
dichloromethane (3.0 mL), to yield the title compound
(106 mg, 82%) as a colorless solid.
'"H-NMR (500 MHz, CDCls) & ppm: 2.22 (3H, s), 2.27-2.43
(2H, m)}, 2.75-2.89 (2H, m}, 3.70~-3.75 (1H, m), 3.87 (3H,
sy, 4.70 (1H, g, J=6.4 Hz), 6.13 (1H, 4, J=2.0 Hz), 6.36
(14, d, J=11.7 Hz), 7.22 (1H, brs), 7.43 (1H, 4, J=2.0
Hz), 7.78 (1H, d, J=8.3 Hz), 8.40 (1H, d, J=6.4 Hz), 8.81
(1H, brs).
MS (ESI)m/z: 468[M+H]+.
[0546]
(Example 134) 5-Chloro-4-{[(1S",2R")-5,5-difluoro-2~-(1-
methyl-1H-pyrazol-5-vyl)cyclohexyl]oxy}-2-fluoro-N- (1,3, 4~
thiadiazol-2-yl)benzenesulfonamide

[0547]
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[Formula 152]
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[0548]
(134a) 5—Chloro—4—{[(18*,2R*)—5,5—difluoro-2~(1~methyl—
lH-pyrazol-5-yl)cyclohexyl]oxy}=N-{2,4~dimethoxybenzyl) -
2-fluoro-N-(1,3,4-thiadiazol-2-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-
(2,4-dimethoxybenzyl)-2,4-difluoro-N-{(1,3,4~thiadiazol-2~
vl)benzenesulfonamide (280 mg, 0.606 mmol) prepared in
Example 86a, the (18",2R")-5,5-difluoro-2-(l-methyl~1H-
pyrazol-5-yl)cyclohexanol (120 mg, 0.555 mmol) prepared
in Example 47b, sodium hydride (63%; 22.1 mg, 0.589 mmol),
DMF (2.0 mL) and water (0.011 mL), to yield the title
compound (291 mg, 80%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.91-2.14 (4H, m), 2.30-
2.35 (1H, m), 2.66-2.71 (1H, m), 3.12-3.17 (1H, m), 3.66
(34, s), 3.74 (3H, s), 3.93 (3H, s), 4.34 (1lH, dt, J=4.9,
10.7 Hz), 5.26 (1H, d, J=15.1 Hz), 5.32 (1lH, d, J=15.1
Hz), 6.09 (lH, d, J=2.0 Hz), 6.22 (1lH, d, J=2.4 Hz), 6.34
(18, dd, J=2.4, 8.3 Hz), 6.37 (1H, d, J=11.2 Hz), 7.24
(1#, d, J=8.3 Hz), 7.39 (1H, d, J=2.0 Hz), 7.69 (1H, d,

J=7.3 Hz), 8.80 (1H, s).
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(134b) 5~Chloro-4-{[(18",2R")-5,5-difluoro-2~ (1l-methyl-
lH-pyrazol-5-yl)cyclohexyl]oxy}—-2—-fluoro-N-(1,3,4~
thiadiazol-2~yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 5-chloro-4-
{[(18*,23*)—5,5—difluoro—2—(1~methyl~lH~pyrazol-5—
yl)cyclohexylloxy}-N-(2,4~-dimethoxybenzyl)~2~-fluoro~-N-
{1,3,4~thiadiazol-2-yl)benzenesulfonamide (291 mg, 0.442
mmol) prepared in Example 134a, triethylsilane (0.20 mL),
triflucroacetic acid (2.0 mL) and dichloromethane (2.0
mL), to yield the title compound (183 mg, 81%) as a
colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.92-2.12 (4H, m), 2.29-
2.34 (1H, m), 2.65-2.72 (1H, m), 3.12-3.17 (1H, m), 3.97
(3, s), 4.35 (1H, dt, J=4.4, 10.7 Hz), 6.11 (1H, d,
J=2.4 Hz), 6.46 (1H, d, J=11.2 Hz), 7.45 (1H, d, J=2.0
Hz), 7.92 (1H, d, J=7.3 Hz), 8.23 (1lH, s).
MS (ESI)m/z: 508 [M+H]+.
[0549]
(Example 135) 4~{[(18",2R")-4,4-Difluoro~2-(l-methyl-1H-
pyrazol-5-yl)cyclopentylloxy}~2,6-difluoro-N- (pyrimidin-
4-ylj)benzenesulfonamide

[0550]
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[Formula 153]
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[0551]

(135a) 4-{[(18",2R")-4,4-Difluoro-2-(l-methyl-1H-pyrazol-
5-yl)cyclopentylloxy}=-N-{(2,4-dimethoxybenzyl)-2, 6-
difluoro-N-{pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)=-2,4,6-trifluoro-N- (pyrimidin—4-~-
yvl)benzenesulfonamide (233 mg, 0.530 mmol) prepared in
the Example 27a, the (1S8",2R")-4,4-difluoro-2-(l-methyl-
l1H-pyrazol-5-yl)cyclopentanol (101 mg, 0.500 mmol)
prepared in Example 107e, sodium hydride (63%; 29 mg,
0.750 mmol), DMEF (2.0 mL) and water (0.780 mL), to yield
the title compound (98 mg, 32%) as a colorless solid.
'H-NMR (500 MHz, CDCl3) & ppm: 2.29-2.40 (2H, m), 2.71-
2.91 (2H, m), 3.65-3.70 (1lH, m), 3.76 (3H, s), 3.81 (3H,
s), 3.83 (3H, s), 4.71 (1H, g, J=6.8 Hz), 5.25 (2H, s),
6.14 (1H, d, J=2.0 Hz), 6.36-6.44 (4H, m), 7.12 (1H, dd,
J=1.0, 5.9 Hz), 7.21 (1H, d, J=8.3 Hz), 7.42 (1H, d,

J=2.0 Hz), 8.44 (1H, d, J=5.9 Hz), 8.78 (1H, d, J=1.0 Hz).
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(135b) 4-{[(18",2R")~4,4-Difluoro-2-(l-methyl-1H-pyrazol-
5—yl>cyclopentyl]oxy}—2,6—difluoro—N“(pyrimidin—4—
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 4-
{[(18",2R")~4,4~difluoro-2-(l-methyl-1H-pyrazol-5-
yl)cyclopentyl]oxy}-N=- (2, 4~dimethoxybenzyl) -2, 6-diflucro-
N- (pyrimidin-4-yl)benzenesulfonamide (98 mg, 0.158 mmol)
prepared in Example 135a, triethylsilane (0.30 mL),
trifluorcacetic acid (2.0 mL) and dichloromethane (3.0
mL), to yield the title compound (54 mg, 73%) as a
colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 2.29-2.41 (2H, m), 2.73-
2.89 (2H, m), 3.65-3.70 (1H, m), 3.84 (3H, s), 4.68 (1H,
g, J=6.8 Hz), 6.13 (1H, d, J=2.0 Hz), 6.39 (2H, d, J=10.7
Hz), 7.30 (1H, brs), 7.43 (1H, d, J=2.0 Hz), 8.43 (1H, d,
J=5.9 Hz), 8.78 (1H, brs).
MS (ESI)m/z: 472 [M+H]+.
[0552]
(Example 136) 4-{[(18",2R")~4,4-Difluoro-2-(l-methyl-1H-
pyrazol-5-yl)cyclopentylloxy}-2-fluoro-N- (pyrimidin-4-
yl)benzenesulfonamide

[0553]
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[Formula 154]
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[0554]

(136a) 4-{[(1S",2R")-4,4-Difluoro-2- (l-methyl-1H-pyrazol-
5-yljcyclopentyl]oxy}-N- (2, 4~dimethoxybenzyl)-2-fluoro—N-
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)~-2,4-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (223 mg, 0.530 mmol) prepared in
Example 29a, the (1S8",2R")-4,4-difluoro-2-(l-methyl-1H-
pyrazol-5-yl)cyclopentancl (101 mg, 0.500 mmol) prepared
in Example 107e, sodium hydride (63%; 29 mg, 0.750 mmol),
DMF (2.0 mL) and water (0.780 mL), to yield the title
compound (105 mg, 35%) as a colorless amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 2.31-2.42 (2H, m), 2.74-
2.91 (2H, m), 3.66-3.71 (1H, m), 3.77 (3H, s), 3.80 (3H,
sy, 3.85 (3H, s}, 4.73 (1H, g, J=6.4 Hz), 5.24 (2H, s),
6.14 (1H, s), 6.40-6.42 (2H, m), 6.52 (1H, dd, J=2.0,
11.2 Hz), 6.64 (1H, dd, J=2.0, 9.3 Hz), 7.19-7.21 (2H, m),
7.44 (1H, s}y, 7.97 (1H, t, J=8.8 Hz), 8.43 (1H, d, J=5.9

Hz), 8.76 (1H, s).
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(136b) 4-{[(18",2R")~4,4~-Difluoro-2~(l-methyl-1H-pyrazol-
5-yl)cyclopentylloxy}-2-fluoro-N- (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 4-
{[(18",2R")~4,4~difluoro~2~ (1-methyl-1H~pyrazol-5-
vl)cyclopentylloxy}~N-(2,4-dimethoxybenzyl)-2-fluoro-N-
(pyrimidin-4-yl)benzenesulfonamide (105 mg, 0.174 mmol)
prepared in Example 136a, triethylsilane (0.30 mL},
trifluoroacetic acid (2.0 mL) and dichloromethane (3.0
mL), to yield the title compound (76 mg, 96%) as a
colorless solid.
'H-NMR (500 MHz, DMSO-d¢) & ppm: 2.21-2.41 (2H, m), 2.71-
2.79 (1H, m), 2.95-3.08 (1H, m), 3.71-3.75 (1H, m), 3.77
(3H, s), 5.04 (1H, g, J=5.9 Hz), 6.29 (1H, d, J=2.0 Hz),
6.88~7.05 (3H, m), 7.33 (1H, d, J=1.5 Hz), 7.82 (1H, brs),
8.36 (1H, brs), 8.56 (1H, brs).
MS (ESI)m/z: 454 [M+H]+.
[0555]
(Example 137) 4-{[(1S,2R)-5,5-Difluoro-2~ (l-methyl-1H~
pyrazol-5~yl)cyclohexyl]oxy}~2-fliuoro-5-methyl-N-
(pyrimidin-4-yl)benzenesulfonamide

[0556]
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[Formula 155]
F N
F F O\\S/,O /E)

\
N=—

[0557]
(137a) 4~-{[(15,2R)-5,5-Diflucro~2~{l-methyl-1H-pyrazol-5-
yl)cyclohexyl]loxy}-N-(2,4-dimethoxybenzyl)~2~-fluocro-5-
methyl-N-(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N- (2, 4-
dimethoxybenzyl)-2,4-difluoro-5-methyl-N~ (pyrimidin-4-
vl)benzenesulfonamide (175 mg, 0.401 mmol) prepared in
Example 43a, the (1S$,2R)-5,5-difluoro-2-(l1-methyl-1H-
pyrazol-5-yl)cyclohexancol (72.3 mg, 0.334 mmol) prepared
in Example 102c¢, sodium hydride (63%; 25.5 mg, 0.668
mmol) and DMF (2.0 mL), to yield the title compound (198
mg, 94%) as a colorless oil.
(137b) 4-{[(1S,2R)-5,5-Difluoro~2~(l-methyl-1H-pyrazol-5-
yl)cyclohexyl]loxyl}-2~-fluoro-5-methyl-N- (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 4-
{[(1S8,2R)~5,5~difluoro-2-(l-methyl-1H-pyrazol-5-
yl)cyclohexylloxy}-N-{2,4~-dimethoxybenzyl)-2-fluocro-5-

methyl-N-{pyrimidin-4~yl)benzenesulfonamide (198 mg,
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0.313 mmol) prepared in Example 137a, triethylsilane
(0.10 mL), trifluorcacetic acid (1.0 mL) and
dichloromethane (1.0 mlL), to yield the title compocound (80
mg, 53%) as a colorless solid.

[a]p*°==12.4 (c 1.01, DMSO).

[0558]

(Example 138) 2-Fluoro-5-methyl-4-{[(1S",2R")-2- (1H-
pyrazol-5-yl)cyclopentyl]oxy}-N- (pyrimidin-4-
yl)benzenesulfonamide

[0559]

[Formula 156]

F o o SN
\\S/ /] ‘ /l
~
N N
H

[0560]
(138a) (1S8",2R")-2-[1-(Tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-5-yllcyclopentanol

To a solution of 1l-(tetrahydro-2H~pyran-2-yl)-1H-
pyrazole (3.04 g, 20.0 mmel) in THF (30 mlL), n-butyl
lithium (1.63 M solution in hexane; 12.7 mL, 20.7 mmol)
was added dropwise at -78°C for 7 minutes. The reaction
solution was stirred for 30 minutes, and boron
trifluoride—-ethyl ether (3.14 mlL, 25.0 mmol) was then
added thereto. The reaction solution was further stirred

for 10 minutes. Then, cyclopentene oxide (2.08 mL, 24.0
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mmol) was added thereto, and the reaction solution was
stirred at ~-78°C for 3 hours. To the reaction solution,
a saturated agueous solution of sodium hydrogencarbonate
(15 mL) was added, followed by extraction four times with
ethyl acetate (20 mL). The thus obtained organic layer
was dried over anhydrous sodium sulfate. After vacuum
concentration, the residue was purified with silica gel
chromatography (hexane/ethyl acetate = 1:4) to yield the
title compound (1.54 g, 33%) in the form of a
diastereomeric mixture as a colorless oil.
(138b) N~(2,4-Dimethoxybenzyl)-2-fluoro-5-methyl-N-
(pyrimidin-4-y1)-4-({(1S",2R")-2-[1~- (tetrahydro~2H-pyran-
2-y1l)~-1H-pyrazol-5-yl]lcyclopentyl}oxy)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(Z2,4-
dimethoxybenzyl)-2,4-difluoro-5-methyl-N-{pyrimidin-4-
yl)benzenesulfonamide (218 mg, 0.50 mmol) prepared in
Example 43a, the (18",2R")-2-[1-(tetrahydro-2H-pyran-2-

yl)-1H-pyrazol-5-yl]cyclopentancl (154 mg, 0.65 mmol)

(@]

prepared in Example 138a, sodium hydride (63%; 38 mg, 1.
mmol), DMF (3.0 mL) and water (1.1 mL), to yield the
title compound (165 mg, 51%) in the form of a
diastereomeric mixture as a colorless amorphous solid.
(138c) 2-Fluoro-5-methyl-4-{[(18",2R")-2~ (1H-pyrazol-5-
yl)cyclopentylloxy}=N~-(pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in

the same manner as in Example 1lb by using the N-(2,4-
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dimethoxybenzyl)-2-fluoro-5-methyl-N~ (pyrimidin-~4-yl)-4-
({(18",2R")~2-[1~- (tetrahydro~2H-pyran-2-yl)-1H-pyrazol-5-
yllcyclopentylloxy)benzenesulfonamide (155 mg, 0.238
mmol) prepared in Example 138b, triethylsilane (0.30 mi),
trifluorocacetic acid (2.0 mlL) and dichloromethane (3.0
mL), to vield the title compound (108 mg, 99%) as a
colorless solid.

'H-NMR (500 MHz, CDsOD) & ppm: 1.80-1.94 (4H, m), 2.20
{3H, s), 2.22-2.28 (2H, m), 3.38-3.42 (1H, m), 4.84-4.92
(l1H, m), ©.19 (1H, d, J=2.4 Hz), 6.71 (1H, d, J=12.7 Hz),
7.97 (1H#, d, J=5.9 Hz), 7.52 (1H, 4, J=2.0 Hz), 7.75 (1H,
d, J=8.3 Hz), 8.32 (1H, d, J=6.4 Hz), 8.57 (1H, s).

MS (ESI)m/z: 418 [M+H]+.

[0561]

(Example 139) 2,6-Difluoro-4-{[(18",2R")-2-(1H-pyrazol-5-
vl)cyclopentylloxy}-N-(pyrimidin-4-vl)benzenesulfonamide
[0562]

[Formula 157]
HN

F o o0 SN
\\S// t )
e,
SN N
H
"o F
N

N~

[0563]
(139%a) N-(2,4~Dimethoxybenzyl)-2,6-difluoro-N- (pyrimidin-
4-yl)-4-({(18",2R")-2-[1- (tetrahydro-2H-pyran-2-yl)-1H-

pyrazol-5-yllcyclopentyl}oxy)benzenesulfonamide
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The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4,6-trifluoro-N- (pyrimidin-4-
vl)benzenesul fonamide (220 mg, 0.50 mmol) prepared in
Example 27a, the (18",2R")-2-[1-(tetrahydro-2H-pyran-2-
yl)-1H-pyrazol-5~ylljcyclopentanol (154 mg, 0.65 mmol)
prepared in Example 138a, sodium hydride (63%; 38 mg, 1.0
mmol), DMF (3.0 mL) and water (1.1 mlL), to yield the
title compound (122 mg, 37%) in the form of a
diastereomeric mixtureas as colorless amorphous solid.
(139b) 2,6-Difluoro-4-{[(18",2R") -2~ (1H-pyrazol-5-
yl)cyclopentyl]oxy}-N-(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl) -2, 6-difluorc~N~- (pyrimidin-4-yl)-4-~
({(18",2R")-2-[1- (tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-
yllcyclopentylloxy)benzenesulfonamide (121 mg, 0.185
mmol) prepared in Example 139%9a, triethylsilane (0.30 mL),
trifluorocacetic acid (2.0 mL) and dichloromethane (3.0
mL), to yield the title compound (67 mg, 86%) as a
colorless solid.
*H-NMR (500 MHz, CDCls) & ppm: 1.83-1.94 (4H, m), 2.17-
2.29 (2H, m), 3.42-3.46 (1H, m), 4.82-4.85 (1H, m), 6.20

(1H, d, J=2.4 Hz), 6.47

(24, d, J=13.2 Hz), 7.45 (1H, d,
J=7.3 Hz), 7.57 (1H, d, J=2.0 Hz), 8.41 (1H, d, J=6.4 Hz),
8.87 (1H, d, J=1.0 Hz), 10.06 (2H, brs).

MS (ESI)m/z: 422[M+H]+.
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[0564]

(Example 140)
5~Chloro-2-fluoro-4-{[ (18", 2R") -2~ (1H-pyrazol-5-
vl)cyclopentyl]oxy}-N-(pyrimidin-4-vyl)benzenesul fonamide
[0565]

[Formula 158]
F N
N N
H
Cl

[0566]
(140a) 5-Chloro-N=-(2,4-dimethoxybenzyl)-2~fluoro-N-
(pyrimidin~4-yl1l) -4~ ({ (18", 2R")~-2~[1- (tetrahydro-2H-pyran-
2-yl)-1H-pyrazol-5-yl]lcyclopentyl}oxy)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-
(2,4-dimethoxybenzyl)-2,4~-difluoro~-N-(pyrimidin-4-
y1l)benzenesulfonamide (228 mg, 0.50 mmol) prepared in
Example 20a, the (18",2R")-2-[1-(tetrahydro-2H-pyran-2-
y1l)-1H-pyrazol-5-yl]lcyclopentanol (154 mg, 0.65 mmol)
prepared in Example 138a, sodium hydride (63%; 38 mg, 1.0
mmol), DMF (3.0 mL) and water (1.1 mL), to yield the
title compound (128 mg, 38%) in the form of a
diastereomeric mixture as a colorless amorphous solid.
(140b) 5-Chloro-2-fluoro-4-{[(18",2R") -2~ (1H-pyrazol-5-

yl)cyclopentyl]oxy}~N-{pyrimidin-4-yl)benzenesulfonamide
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The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 5-chloro-N-
(2,4~dimethoxybenzyl)-2-fluoro-N- (pyrimidin-4-yl)-4-
({(18",2R") -2~ [1- (tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-
yvllcyclopentylloxy)benzenesulfonamide (126 mg, 0.187
mmol) prepared in Example 140a, triethylsilane (0.30 mL),
trifluorcacetic acid (2.0 mL) and dichloromethane (3.0
mL), to yield the title compound (63 mg, 77%) as a
colorless solid.

'H-NMR (500 MHz, CDCls) & ppm: 1.89-2.01 (4H, m), 2.18-
2.34 (2H, m), 3.49-3.52 (1H, m), 5.03-5.04 (1lH, m), ©6.23
(lH, d, J=2.4 Hz), 6.72 (1H, d, J=11.7 Hz), 7.32 (1H, d,
J=5.4 Hz), 7.56 (1H, d, J=2.0 Hz), 7.99 (1H, d, J=7.3 Hz),
8.40 (1H, d, J=6.4 Hz), 8.81 (1H, d, J=1.0 Hz).

MS (ESI)m/z: 438[M+H]+.

[0567]

(Example 141) 5-Chloro-4-{[(1S",2R")-5,5~difluoro-2-(1-
methyl-1H~-pyrazol-5-yl)cyclohexyl]oxy}-2-fluoro-N-
(pyrimidin~4-yl)benzenesulfonamide

[0568]

[Formula 159]
F XN

Cl
\.N \

[0569]
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(141a) 5—Chloro—4~{[(15*,2R*)—5,5—difluoro—2—(1~methyl—
1H~pyrazol=-5-yl)cyclohexyl]oxy}-N-(2,4-dimethoxybenzyl) -
2~fluoro-N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-
(2,4-dimethoxybenzyl) -2, 4-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (202 mg, 0.444 mmol) prepared in
Example 20a, the (18%,2R")-5,5~difluoro-2-(l-methyl-1H-
pyrazol-5-yl)cyclohexanol {(80.0 mg, 0.370 mmol) prepared
in Example 47b, sodium hydride (63%; 21.1 mg, 0.555 mmol)
and DMF (2.0 mL), to yield the title compound (212 mg,
88%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.84-2.14 (4H, m), 2.29-
2.33 (18, m), 2.66-~2.71 (1H, m), 3.12-3.17 (1H, m), 3.78
(3H, s), 3.78 (3H, s), 3.93 (3H, s), 4.35 (1H, dt, J=5.9,
10.7 Hz), 5.20 (2H, s), 6.08 (1H, d, J=2.4 Hz), 6.39-6.43
(384, m), 7.17-7.19 (2H, m), 7.37 (1H, d, J=2.0 Hz), 7.96
(15, d, J=7.3 Hz), 8.47 (1H, d, J=5.9 Hz), 8.79 (1lH, s).
(141b) 5-Chloro-4-{[(18",2R")-5,5-difluoro-2- (l-methyl-
1H-pyrazol-5-yl)cyclohexyl]oxy}-2-fluoro-N- (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 5-chloro-4-
{[(1S8",2R")-5,5-difluoro-2- (1-methyl-1H-pyrazol-5-
y1l)cyclohexyl]loxy}=N~(2,4-dimethoxybenzyl)-2-fluoro-N-
(pyrimidin-4-yl)benzenesulfonamide (212 mg, 0.325 mmol)

prepared in Example 14la, triethylsilane (0.10 mL),
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trifluorocacetic acid (1.0 mL) and dichloromethane (1.0
mL), to yield the title compound (135 mg, 83%) as a
colorless solid.

'H-NMR (500 MHz, CDCls) & ppm: 1.91-2.14 (4H, m), 2.29-
2.34 (1H, m), 2.66~2.71 (1lH, m), 3.12-3.17 (1H, m), 3.92
(3H, s), 4.37 (1H, dt, J=4.4, 10.7 Hz), 6.09 (1lH, d,
J=2.0 Hz), 6.48 (1H, d, J=11.2 Hz), 7.19 (lH, d, J=6.4
Hz), 7.36 (1H, d, J=2.0 Hz), 7.97 (14, d, J=7.3 Hz), 8.37
(1, d, J=6.4 Hz), 8.70 (1H, s).

MS (ESI)m/z: 502 [M+H]+.

[0570]

(Example 142) 5-Chloro-2-fluoro-4-{[(1R,28)-2~ (l-methyl-
1H-pyrazol-5-yl)cyclohexyl]loxy}-N-(pyrimidin-4-
yl)benzenesulfonamide

[0571]

[Formula 160]

F o o NN
\\S// | J
N N
H
Y O
f cl

\
N=

[0572]

(142a) (1R,2S)-2-(1-Methyl-1H~-pyrazol-5-yl)cyclohexanol
The (187,2R")-2-(l-methyl-1H-pyrazol-5-

yv1l)cyclohexanol prepared in Example 4a was optically

resolved with CHIRALPAK IB(Daicel Corp.; hexane/ethanol =

9:1) to yield the title compound as a colorless oil.
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[a]p*°=-33.1(c 1.09,MeOH) .
(142b) 5-Chloro-N-(2,4~dimethoxybenzyl)-2-fluoro-4-
{[(1R,2S) -2~ (1l-methyl-1H-pyrazol-b-yl)cyclohexyl]oxy}-N-
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-
(2,4~-dimethoxybenzyl)-2,4-difluoro-N-(pyrimidin-4-
yl)benzenesulfonamide (23.1 g, 50.7 mmol) prepared in
Example 20a, the (1R,28)-2-{(l-methyl-1H-pyrazol-5-
yl)cyclohexanol (9.13 g, 50.7 mmol) prepared in Example
142a, sodium hydride (63%; 2.21 g, 50.6 mmol), DMF (500
mL) and water (0.91 mL), to yield the title compound
(23.3 g, 75%) as a colorless solid.
(142c) 5-Chloro-2-fluoro—4-{[(1R,2S)-2-(1l-methyl—-1H~-
pyrazol-5-yl)cyclohexyl]oxy}-N-{(pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 122c¢ by using the 5-chloro-
N-(2,4-dimethoxybenzyl)-2-fluoro-4-{[ (1R, 23) -2~ (1l-methyl-
1H-pyrazol-5-yl)cyclohexyl]loxy}-N~ (pyrimidin-4-
yl)benzenesulfonamide (23.3 g, 37.8 mmol) prepared in
Example 142b, triethylsilane (28.3 mL, 177 mmol),
trifluorocacetic acid (50 mL) and dichloromethane (500 ml),
to yield the title compound (15.4 g, 88%) as a colorless
solid.
[a]p”°==3.21 (c 1.02, DMSO).

[0573]
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(Example 143) 4-{[(1S,2R)-5,5-Difluoro~2-{(lH-pyrazol-4-
yl)cyclohexyl]oxy}-2-fluoro-5-methyl-N- (pyrimidin-4-
yl)benzenesulfonamide

[0574]

[Formula 161]

F F F o o SN
\\S// l )
s
N N
H

[0575]
(143a) 4,4-Difluoro-1-{(1lH-pyrazol-4-yl)cyclohexanol
The reaction and aftertreatment were conducted in
the same manner as in Example 8a by using 4-iodo-1H-
pyrazole (5.82 g, 30.0 mmol), butyl lithium (2.69 M
solution in hexane; 22.3 mL, 60.0 mmol), 4,4-
difluorocyclohexanone (4.43 g, 33.0 mmol) and THF (120
mL), to vyield the title compound (2.32 g, 55%) as a pale
yellow solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.95-2.05 (6H, m), 2.18-
2.35 (24, m), 2.55 (1H, t, J=7.3 Hz), 7.55 (2H, s).
(143b) 4-(4,4-Difluorocyclohex~-1-en-1-yl)-1H-pyrazole
The reaction and aftertreatment were conducted in
the same manner as in Example 98%b by using the 4,4-
difluoro-1-{lH-pyrazol-4-yl)cyclohexanol (0.25 g, 1.24
mmol) prepared in Example 143a, p-tcluenesulfonic acid

monohydrate (120 mg, 0.62 mmol) and toluene (3.0 mlL), to
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vield the title compound (189 mg, 83%) as a colorless
solid.
'H-NMR (500 MHz, CDCls) & ppm: 2.11-2.19 (2H, m), 2.57-
2.69 (4H, m), 5.82-5.84 (1H, m), 7.61 (2H, s).
(143c) (18",2R")~-5,5-Difluoro-2- (1H-pyrazol-4-
yvl)cyclohexanol

The reaction and aftertreatment were conducted in
the same manner as in Example 33b by using the 4-(4,4-
difluorocyclohex-l1-en-1-yl)-1H-pyrazole (0.30 g, 1.63
mmol) prepared in Example 143b, a borane-THF complex
(0.95 M solution in THF; 3.77 mL, 3.59 mmol), sodium
perborate tetrahydrate (0.55 g, 3.59 mmol), THF (1.6 mL)
and water (2.4 mlL), to yield the title compound (0.31 g,
94%) as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.74-1.99 (4H, m), 2.15-
2.22 (1H, m), 2.52-2.59 (2H, m), 3.69 (1H, dt, J=4.4,
10.7 Hz), 7.52 (2H, s).
(143d) (1S8”,2R")-5,5-Difluoro-2-[1- (4-methoxybenzyl)-1H-
pyrazol-4-yl]cyclohexanol

A solution of the (1S",2R")-5,5-difluoro-2-(1H~
pyrazol-4-yl)cyclohexanol (0.24 g, 1.17 mmol) prepared in
Example 143c, potassium carbonate (0.32 g, 2.34 mmol) and
4-methoxybenzyl chloride (0.16 mL, 1.17 mmol) in
acetonitrile (5.9 mL) was stirred at 80°C for 12 hours.
After allowing to cool, water (20 mL) was added to the
reaction solution, and an organic layer was extracted

with ethyl acetate (20 mL). The thus obtained organic
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layer was dried over anhydrous sodium sulfate. After
vacuum concentration, the residue was purified with
silica gel chromatography to yield the title compound
(92.9 mg, 25%) as a colorless solid.
H-NMR (500 MHz, CDCls) & ppm: 1.63-1.98 (4H, m), 2.11-
2.18 (1H, m), 2.41-2.54 (2H, m), 3.61 (1H, dt, J=4.4,
10.7 Hz)y, 3.80 (3H, s), 5.15 (2H, s), 6.88 {(2H, d, J=8.8
Hz), 7.19 (2H, d, J=8.3 Hz), 7.24 (1H, s), 7.39 (1lH, s).
{(143e) (18,2R)-5,5-Diflucro-2-[1-{(4-methoxybenzyl)-1H~-
pyrazol-4-yllcyclohexanol

The (1S8",2R")-5,5-difluoro-2-[1~- (4-methoxybenzyl)-1H-
pyrazol-4-yl]lcyclohexanol prepared in Example 143d was
optically resolved with CHIRALPAK IA (Daicel Corp.:
hexane/isopropanol = 8:2) to yield the title compound as
a colorless sclid.
(143f) 4-({(18,2R)~5,5~Difluoro-2-[1-(4-methoxybenzyl)~
1H-pyrazol—-4-yllcyclohexylloxy)~N- (2, 4-dimethoxybenzyl) -~
2-fluoro-5-methyl-N- (pyrimidin-4-vyl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4-difluoro-5-methyl-N- (pyrimidin-4-
yl)benzenesulfonamide (0.16 g, 0.37 mmol) prepared in
Example 43a, the (1S,2R)-5,5~difluorc=-2~[1~ (4~
methoxybenzyl)-1H~-pyrazol-4-yljcyclohexanol (0.09 g, 0.29
mmol) prepared in Example 143e, sodium hydride (63%; 10

mg, 0.37 mmol), DMF (1.8 mL) and water (0.010 mL), to
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vield the title compound (177.7 mg, 66%) as a colorless
amorphous solid.
"H-NMR (500 MHz, CDCls) & ppm: 1.86-2.00 (3H, m), 2.07
(3#, s), 2.12-2.25 (2H, m), 2.64~2.66 (1H, m), 2.90-2.94
(1, m), 3.78 (3H, s), 3.80 (3H, s), 3.81 (3H, s), 4.22
(lH, dt, J=4.4, 10.3 Hz), 5.13 (2H, s), 5.26 (1H, d,
J=16.6 Hz), 5.30 (1H, d, J=17.1 Hz), 6.38-6.43 (3H, m},
6.85 (2H, 4, J=6.4 Hz), 7.07 (2H, 4, J=8.8 Hz), 7.12 (1H,
sy, 7.19-7.22 (2H, m), 7.40 (1H, s), 7.72 (1H, d, J=7.8
Hz), 8.44 (1H, d, J=5.9 Hz), 8.78 (1H, d, J=1.0 Hz).
(143qg) 4-{[(18,2R)-5,5-Difluoro-2-(1lH-pyrazol-4-
yl)cyclohexyl]loxyl}=-2-fluoro-5-methyl-N- (pyrimidin-4-
vl)benzenesulfonamide

A solution of the 4-({(1S,2R)~-5,5~difluoro-2~{1- (4~
methoxybenzyl)-1H-pyrazol-4-yl]cyclohexyl}loxy)-N-(2,4-
dimethoxybenzyl)-2-fluoro-5-methyl-N- (pyrimidin~-4-
yl)benzenesulfonamide (0.15 g, 0.20 mmol) prepared in
Example 143f, triethylsilane (0.16 mL) and
trifluorocacetic acid (0.20 mL) in dichloromethane (2.0
mL) was stirred at 140°C for 1 hour under microwave
irradiation. The reaction solution was concentrated, and
the residue was purified with silica gel chromatography
(ethyl acetate) to yield the title compound (90 mg, 94%)
as a colorless solid.

[0576]
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(Example 144) 4-{[(1R,28)-5,5~Difluocro-2-(1H-pyrazol-4-
yl)cyclohexylloxy}~2~fluoro-5-methyl-N- (pyrimidin-4-
vl)benzenesulfonamide

[05771

[Formula 162]

¢ ()

\\
N—m
[0578]
(144a) (1R,28)-5,5-Difluoro-2~[1~{(4-methoxybenzyl)~1H~-
pyrazol-4-yllcyclohexanol

The (1S",2R")-5,5-difluoro-2-[1-(4-methoxybenzyl)-1H-
pyrazol-4~yl]cyclohexanol prepared in Example 143d was
optically resolved with CHIRALPAK IA(Daicel Corp.:
hexane/isopropanol = 8:2) to yield the title compound as
a colorless solid.
(144b) 4-({(1R,2S8)~5,5~-Diflucro-2-[1-(4-methoxybenzyl) -
lH-pyrazol-4~yllcyclohexyl}oxy)~N~ (2, 4~dimethoxybenzyl) -
2~fluoro~5-methyl-N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl) -2, 4-difluoro=-5-methyl~N- (pyrimidin-4-
vl)benzenesulfonamide (0.15 g, 0.34 mmol) prepared in
Example 43a, the (1R,28)-5,5-diflucro~2-{1-(4-

methoxybenzyl)-1H-pyrazol-4-yl]cyclohexanol (0.09 g, 0.28
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mmol) prepared in Example 144a, sodium hydride (63%; 10
mg, 0.34 mmol), DMF (1.8 mL) and water(0.010 mL), to
vield the title compound (158.3 mg, 62%) as a colorless
amorphous solid.
(144c¢) 4-{[(1R,28)-5,5~-Difluoro-2~(1H~-pyrazol-4-
yl)cyclohexylloxy}-2-fluoro-5-methyl-N~ (pyrimidin-4-
ylibenzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 143 g by using the 4-
({{1R,28)-5,5-difluoro-2-[1~({4d-methoxybenzyl)-1H-pyrazol-
4-yllcyclohexylloxy)-N-(2,4-dimethoxybenzyl)-2-fluoro-5-
methyl-N~ {pyrimidin-~4-yl)benzenesulfonamide (0.15 g, 0.20
mmol) prepared in Example 144b, triethylsilane (0.16 nLj,
trifluorocacetic acid (0.20 mL) and dichloromethane (2.0
mL), to yield the title compound (60 mg, 63%) as a
colorless solid.
[a]p*°=-23.1 (c 1.01, DMSO).
[0579]
(Example 145) 5-Chloro-2-fluoro-4-{[{(15,2R)-2-(l-methyl-
1H-pyrazol-5-yl)cyclohexylloxy}—-N~(pyrimidin-4-
yl)benzenesulfonamide Na salt

[0580]
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[Formula 163]
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[0581]

To a solution of the 5-chloro-2-fluoro-4-{[(1lS,2R)~
2-(l-methyl-1H-pyrazol-5-vl)cyclohexyl]oxy}~N-(pyrimidin-
4-ylybenzenesulfonamide (0.12 g, 0.26 mmol) prepared in
Example 122¢ in methanol (5.0 mlL), a 2 M sodium hydroxide
solution (0.13 mL, 0.262 mol) was added. The reaction
solution was concentrated and further freeze dried to
yield the title compound (123 mg, 98%) as a colorless
amorphous solid.

'H-NMR (500 MHz, CD3OD) & ppm: 1.42-2.01 (7H, m), 2.22-
2.24 (1H, m), 3.09-3.14 (1H, m), 3.90 (3H, s), 4.40-4.41
(14, m), 6.14 (1H, s), 6.69 (1H, d, J=5.4 Hz), 6.81 (1H,
d, J=11.2 Hz), 7.27 (1H, s), 7.82 (1H, d, J=6.8 Hz), 8.00
(1, d, J=5.4 Hz), 8.30 (1H, s).

[0582]

(Example 146) 5-Chloro—4-{[(18",2R")~4,4~difluoro-2-(1-
methyl-1H-pyrazol-5-yl)cyclopentyl]oxy}-2-fluoro-N-
(pyrimidin-4-yl)benzenesulfonamide

[0583]
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[Formula 164]
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[0584]
(146a) 5-Chloro-4-{[(1S8",2R")-4,4-difluoro-2-(l-methyl-
1H-pyrazol=-5~-yl)cyclopentyl]loxy}-N- (2, 4-dimethoxybenzyl) -
2-fluoro-N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-
(2,4-dimethoxybenzyl)~-2,4~-difluocro~N~ (pyrimidin-4-
yl)benzenesulfonamide (274 mg, 0.600 mmol) prepared in
Example 20a, the (18",2R")-4,4~difluoro-2-(l-methyl-1H-
pyrazol-5-yljcyclopentanol (101 mg, 0.500 mmol) prepared
in Example 107e, sodium hydride (63%; 29 mg, 0.750 mmol),
DMF (2.0 mL) and water (0.016 mL), to yield the title
compound (316 mg, 929%) as a colorless amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 2.29-2.46 (2H, m), 2.72-
2.93 (2H, m), 3.75 (3H, s), 3.78 (3H, s), 3.79-3.87 (1H,
m), 3.93 (3H, s}, 4.71 (1H, g, J=6.8 Hz), 5.20 (1H, d,
J=16.6 Hz), 5.24 (1H, d, J=16.6 Hz), 6.15 (1H, d, J=2.0
Hz), 6.37-6.40 (2H, m), 6.47 (1H, d, J=10.7 Hz), 7.17-
7.18 (2H, m), 7.42 (1H, d, J=2.0 Hz), 8.03 (lH, d, J=7.3

Hz), 8.46 (l1H, d, J=5.9 Hz), 8.78 (l1H, d, J=1.0 Hz).



- 438 -

(146b) 5-Chloro-4-{[(1S8",2R")~4,4-difluoro-2- (l-methyl-
lH-pyrazol-5-yl)cyclopentyl]oxy}l-2~-fluoro-N- (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 5-chloro-4-
{[(18",2R")~4,4-difluoro-2- (l-methyl~1H-pyrazol-5-
vl)cyclopentylloxy}-N-(2,4-dimethoxybenzyl)~-2-flucro~N-
(pyrimidin-4-yl)benzenesulfonamide (316 mg, 0.495 mmol)
prepared in Example 146a, triethylsilane (0.30 mL),
trifluoroacetic acid (2.0 mL) and dichloromethane (3.0
mL), to yield the title compound (237 mg, 98%) as a
colorless solid.
'H-NMR (500 MHz, CDs;OD) & ppm: 2.28-2.51 (2H, m), 2.72-
2.79 (1H, m), 2.95-3.06 (1H, m), 3.81-3.90 (1H, m), 3.87
(3H, s}, 5.00 (1H, g, J=6.8 Hz), 6.31 (1H, d, J=2.0 Hz),
6.93 (1H, 4, J=11.2 Hz), 7.00 (1H, brs), 7.39 (1H, d,
J=2.0 Hz), 8.01 (1H, d, J=7.3 Hz), 8.24 (lH, brs), 8.52
(1H, s).
MS (ESI)m/z: 488[M+H]+.
[0585]
(Example 147) 4—{[(IS*,ZR*)—5,5—Difluoro—2—(1H~pyrazol—4—
vl)cyclohexyl]oxy}-2-fluoro-N- (pyrimidin-4-
yl)benzenesulfonamide

[0586]
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[Formula 165]

N
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N

[0587]
(147a) 4,4-Difluocro-1-[1-{(methoxymethyl)-1H-pyrazol-4-
yllcyclohexanol

To a solution of 4-iodo~-1-{methoxymethyl)-1H-
pyrazole (Organic Letters, 2007, 9, 4847-4850; 1.40 g,
5.88 mmol) in THF (15 mlL), isopropyl magnesium chloride
(2.0 M solution in THF; 3.8 mL, 7.64 mmol) was added with
cooling on ice. The reaction solution was stirred for 30
minutes with cooling on ice. Then, 4,4-
difluorocyclohexanone (2.30 g, 17.6 mmol) was added
thereto, and the mixture was stirred at room temperature
for 1 hour. To the reaction solution, an agqueous
ammonium chloride solution (50 mL) was added, followed by
extraction with ethyl acetate (50 mL). The thus obtained
organic layer was dried over anhydrous sodium sulfate.
After vacuum concentration, the residue was purified with
silica gel chromatography (hexane/ethyl acetate = 7:3) to
yield the title compound (0.95 g, 66%) as a colorless oil.
'y-NMR (500 MHz, CDClji) & ppm: 1.97-2.07 (6H, m), 2.19-
2.32 (2H, m), 3.34 (3H, s), 5.36 (2H, s), 7.54 (1H, s},

7.56 (1H, s).
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(147b) 4-(4,4-Difluorocyclohex~l-en-1-yl)-1-
(methoxymethyl)-1H-pyrazole

The reaction and aftertreatment were conducted in
the same manner as in Example 99b by using the 4,4-
difluoro-1~[1-{(methoxymethyl)-1H-pyrazol-4-
yvllcyclohexanol (0.20 g, 0.81 mmocl) prepared in Example
147a, p-toluenesulfonic acid (14 mg, 0.081 mmol) and
toluene (5.0 mL), to yield the title compound (0.18 g,
97%) as a colorless oil. ‘
H-NMR (500 MHz, CDCls) & ppm: 2.11-2.20 (2H, m), 2.57-
2.70 (4H, m), 3.32 (3H, s), 5.36 (2H, s), 5.84-5.86 (1lH,
m), 7.52 (1H, s), 7.62 (1H, s).
(147¢) (187,2R")-5,5-Difluoro-2~[1- (methoxymethyl)-1H~
pyrazol-4-yllcyclohexanol

The reaction and aftertreatment were conducted in
the same manner as. in Example 33b by using the 4-(4,4-
difluorocyclohex~1l-en-1-yl)-1-(methoxymethyl)-1H-pyrazole
(0.25 g, 1.09 mmol) prepared in Example 147b, a borane-
THF complex (0.95 M; 2.50 mL, 2.41 mmol), sodium
perborate tetrahydrate (0.33 g, 2.18 mmol), THEF (10 mL)
and water (10 mL), to yield the title compound (0.13 g,
48%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.70-1.90 (4H, m), 2.15-
2.22 (1H, m), 2.48-2.59 (2H, m), 3.35 (3H, s), 3.66-3.71

(l1H, m), 5.36 (2H, s), 7.49 (1H, s), 7.50 (1lH, s).
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(147d) 4-({(18",2R")~5,5-Difluoro~2-[1- (methoxymethyl)-
lH-pyrazol-4-yl]lcyclohexyll}loxy)-N- (2, 4-dimethoxybenzyl) -~
2-fluoro-N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4~difluoro-N- (pyrimidin~4-
yl)benzenesulfonamide (205 mg, 0.48 mmol) prepared in
Example 29a, the (1S8",2R")-5,5-difluoro-2-[1-
{(methoxymethyl)-1H-pyrazol—-4-yllcyclohexanol (0.10 g,
0.40 mmol) prepared in Example 147c, sodium hydride (63%;
24 mg, 0.60 mmol) and DMF (5.0 mL), to yield the title
compound (0.18 g, 69%) as a colorless amorphous solid.
'H~-NMR (500 MHz, CDCls) & ppm: 1.88-2.01 (3H, m), 2.14-
2.19 (1H, m), 2.24-2.29 (1H, m), 2.65-2.71 (1H, m), 2.86-
2.94 (1H, m), 3.21 (3H, s), 3.77 (3H, s), 3.79 (3H, s),
4,25-4.31 (1H, m), 5.23 (2H, s), 5.28 (2H, s), 6.39-6.41
(2H, m), 6.52 (1H, dd, J=2.4, 11.7 Hz), 6.67 (1H, dd,
J=2.4, 8.8 Hz), 7.20 (1H, d, J=8.3 Hz), 7.22 (1H, dd,
J=1.5, 7.3 Hz), 7.38 (1H, s), 7.44 (1H, s), 7.91 (1H, t,
J=8.8 Hz), 8.43 (1H, d, J=5.9 Hz), 8.76 (lH, d, J=1.0 Hz).
(147e) 4-{[(1S*,2R*)~5,5—Difluoro—2—(1H—pyrazol~4—
yl)cyclohexylloxyl}-2~-fluoro=-N-(pyrimidin~4~-
yvl)benzenesulfonamide

To a solution of the 4-({(1S8",2R")-5,5-difluoro-2-[1-
{methoxymethyl)-1H~pyrazol—-4-yl]lcyclohexyl}loxy)-N=-(2,4~
dimethoxybenzyl)-2-fluoro-N- (pyrimidin-4-

yl)benzenesulfonamide (0.12 g, 0.19 mmol) prepared in
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Example 147d and triethylsilane (0.15 mL) in
dichloromethane (4.0 mlL), trifluorcacetic acid (3.0 mL)
was added at room temperature, and the reaction solution
was stirred for 2 hours. The reaction solution was
concentrated, then ethanol (1.0 mL) and 2 M hydrochloric
acid (4.0 mlL) were added to the residue, and the mixture
was stirred at 100°C for 3 hours. After allowing to cool,
the reaction solution was neutralized with sodium
hydrogencarbonate, and the resulting solid was collected
by filtration. The solid thus collected by filtration
was purified with silica gel chromatography
(dichloromethane/methanol = 95:5) to yield the title
compound (40 mg, 48%) as a colorless solid.

'H-NMR (500 MHz, DMSO-dg) & ppm: 1.73-1.81 (1H, m), 1.99-
2.17 (4H, m), 2.52-2.64 (1H, m), 2.94-2.99 (1H, m), 4.54
(1, dt, J=4.4, 10.3 Hz), 6.83 (1H, dd, J=2.4, 8.8 Hz),
6.90 (1H, dd, J=2.0, 12.2 Hz), 6.98 (1H, d, J=5.9 Hz),
7.50 (28, s), 7.78 (1H, t, J=8.8 Hz), 8.29 (1H, brs),
8.56 (1H, s), 12.70 (1H, brs).

MS (ESI)m/z: 454 [M+H]+.

[0588]

(Example 148) 2~Fluoro~5-methyl-4-{[(1S,2R)~-2~(1H~
pyrazol-5-yl)cyclopentyl]loxy}-N-(pyrimidin-4-
yl)benzenesulfonamide

[0589]
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[Formula 166]
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[0590]
(148a) 5-[(1R",28")-2-(Benzyloxy)cyclopentyl]-1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazole

To a solution of the (IS*,2R*)—2—[1~(tetrahydro—2H—
pyran-2~yl)~1H=-pyrazol-5-yl]lcyclopentancl (975 mg, 4.13
mmol) prepared in Example 138a in DMF (20 m), sodium
hydride (63%; 236 mg, 6.19 mmol) and benzyl bromide
(0.735 mL, 6.19 mmol) were added, and the reaction
solution was stirred at room temperature for 7 hours. To
the reaction solution, water (50 mL) was added, followed
by extraction with ethyl acetate (50 mL). The thus
obtained organic layer was washed twice with water (50
mL) and dried over anhydrous sodium sulfate. After
vacuum concentration, the residue was purified with
silica gel chromatography (hexane/ethyl acetate = 7:3) to
yvield the title compound (1.15 g, 57%) in the form of a
diastereomeric mixture as a colorless oil.
(148b) 5-[(1R",28") -2~ (Benzyloxy)cyclopentyl]-1H-pyrazole

To a solution of the 5-[(1R",2S")-2~
(benzyloxy)cyclopentyl]l-1~-(tetrahydro-2H~pyran-2-yl)-1H-

pyrazole (1.15 g, 3.52 mmol) prepared in Example 148a in



- 444 -~

dichloromethane (10 mlL), trifluorcacetic acid (5.0 mL)
was added at room temperature, and the reaction solution
was stirred for 12 hours. The reaction solution was
concentrated, and a saturated agqueous solution of sodium
hydrogencarbonate (50 mL) was added to the residue,
followed by extraction with ethyl acetate (50 mL). The
thus obtained organic layer was washed with saturated
saline (50 mi) and dried over anhydrous sodium sulfate.
After vacuum concentration, the residue was purified with
silica gel chromatography (hexane/ethyl acetate = 1:1} to
yvield the title compound (840 mg, 98%) as a pale yellow
oil.
'H~NMR (500 MHz, CDCls) & ppm: 1.73-1.92 (4H, m), 2.02-
2.10 (1H, m), 2.16-2.23 (1H, m), 3.16-3.21 (1H, m), 3.95
(1H, g, J=6.4 Hz), 4.47 (1H, d, Jg=11.2 Hz), 4.57 (1H, d,
J=11.7 Hz), 6.08 (iH, d, J=2.9 Hz), 7.26-7.34 (5H, m),
7.48 (1H, d, J=2.0 Hz).
(148c} 5-[(1R,2S)-2-(Benzyloxy)cyclopentyl]-1H-pyrazole

The 5-[(1R",28") -2~ (benzyloxy)cyclopentyl]-1H-
pyrazole prepared in Example 148b was optically resolved
with CHIRALPAK AD-H (Daicel Corp.; hexane/isopropancl =
9:1) to yield the title compound as a pale yellow oil.
(148d) 3-[(1R,2S)-2-(Benzyloxy)cyclopentyl]-1-
(tetrahydro~-2H-pyran-2-yl)-1lH-pyrazole

A solution of the 5-[(1R,28)-2-
(benzyloxy)cyclopentyl]-1H-pyrazole (322 mg, 1.33 mmol)

prepared in Example 148c, 3,4-dihydro-2H-pyran (0.728 mL,
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7.98 mmol) and p-toluenesulfonic acid hydrate (50 mg,
0.266 mmol) in dichloromethane (5.0 mlL) was stirred for 3
hours under reflux. After allowing to cool, the reaction
solution was vacuum concentrated, and the residue was
purified with silica gel chromatography (hexane/ethyl
acetate = 7:3) to yield the title compound (402 mg, 93%)
in the form of a diastereomeric mixture as a colorless
oil.
(148e} (1S,2R)-2-[1-(Tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-3-yl]lcyclopentanol

The reaction and aftertreatment were conducted in
the same manner as in Example 106b by using the 3-
[ (1R, 28) -2~ (benzyloxy)cyclopentyl]-1-(tetrahydro~-2H-
pyran-2-yl)-1H-pyrazole (403 mg, 1.23 mmol) prepared in
Example 148d, palladium carbon (5%; 400 mg) and ethanol
(20 mL) to yield the title compound (265 mg, 91%) in the
form of a diastereomeric mixture as a colorless oil.
(148f) N-(2,4-Dimethoxybenzyl)-2-fluoro-5-methyl-N-
(pyrimidin~4-yl)-4-({ (18, 2R)-2~[1~-(tetrahydro~-2H-pyran-2-
yl)~1H-pyrazol-3-yl]cyclopentyl}loxy)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)~-2, 4-difluoro-5-methyl-N-{pyrimidin-4-
yl)benzenesulfonamide (239 mg, 0.55 mmol) prepared in
Example 43a, the (18,2R)~2-[1-(tetrahydro-2H-pyran-2-ylj}-
lH-pyrazol-3-yllcyclopentanol (118 mg, 0.50 mmol)

¢!

prepared in Example 148e, sodium hydride (63%; 29 mg,
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0.75 mmol), DMF (3.0 mL) and water (0.016 mL), to yield
the title compound (267 mg, 82%) in the form of a
diastereomeric mixture as a colorless amorphous solid.
(148g) 2-Fluoro-5-methyl-4-{[(15,2R)~2-(1H-pyrazol-5-
yl)cyclopentyl]oxy}-N-{(pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the N-(2,4-
dimethoxybenzyl)-2-fluoro-5-methyl-N- (pyrimidin-4-yl)~4-
({(18,2R)-2-[{1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol—-5-
yllcyclopentylloxy)benzenesulfonamide (265 mg, 0.407
mmol) prepared in Example 148f, triethylsilane (0.60 ml),
trifluorocacetic acid (4.0 mL) and dichloromethane (6.0
mL), to yield the title compound (168 mg, 99%) as a
colorless solid.
[@],*°=60.5 (c 1.02, DMSO).
[0591]
(Example 149) 2-Fluoro-5-methyl-4-{[(1R,28)-2-(1H-
pyrazol-5-yl)cyclopentyl]oxy}-N-(pyrimidin-4-
yl)benzenesulfonamide
[0592]

[Formula 167]
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(149a) 5-[(1S8,2R)-2-(Benzyloxy)cyclopentyl]-1H-pyrazole

The 5-[ (1R",28")-2~ (benzyloxy)cyclopentyl]-1H~
pyrazole prepared in Example 148b was optically resolved
with CHIRALPAK AD-H (Daicel Corp.; hexane/isopropanol =
9:1) to yield the title compound as a pale yellow oil.
(149b) 3-[(1S,2R)-2-(Benzyloxy)cyclopentyl]-1-
(tetrahydro-Z2H-pyran-2-yl)—-1H-pyrazole

The reaction and aftertreatment were conducted in
the same manner as in Example 148d by using the 5-
[(1S,2R)-2-(benzyloxy)cyclopentyl]-1H-pyrazole (320 mg,
1.32 mmol) prepared in Example 14%a, 3,4-dihydro-2H-pyran
(0.723 mL, 7.92 mmol), p~toluenesulfonic acid hydrate (50
mg, 0.266 mmol) and dichloromethane (5.0 mL), to yield
the title compound (421 mg, 98%) in the form of a
diastereomeric mixture as a colorless oil.
(149c) (1R,28)-2~[1~-(Tetrahydro~2H-pyran-2-yl)-1H-
pyrazol-3-yllcyclopentanol

The reaction and aftertreatment were conducted in
the same manner as in Example 106b by using the 3-
[(1S,2R) -2~ (benzyloxy)cyclopentyl]~-1-(tetrahydro-2H~
pyran-2-yl)-1H-pyrazol (419 mg, 1.28 mmol) prepared in
Example 149b, palladium carbon (5%; 400 mg) and ethanol
(20 mL), to yield the title compound (269 mg, 89%) in the
form of a diastereomeric mixture as a colorless oil.
(149d) N-(2,4-Dimethoxybenzyl)-2-fluoro-5-methyl-N~
(pyrimidin-4-yl)-4-({(1R,2S)-2-[1-(tetrahydro-2H-pyran—2-

yl)~1H-pyrazol-3-yllcyclopentylloxy)benzenesulfonamide



~ 448 -

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl) -2, 4-difluoro-5-methyl-N- (pyrimidin-4-
vl)benzenesulfonamide (239 mg, 0.55 mmol) prepared in
Example 43a, the (1R,2S)-2~[1l~{tetrahydro~-2H-pyran-2-yl1l)-
1H-pyrazol-3-yl]lcyclopentanol (118 mg, 0.50 mmol)
prepared in Example 149c, sodium hydride (63%; 29 mg,
0.75 mmol), DMF (3.0 mL) and water (0.016 mL), to yield
the title compound (227 mg, 70%) in the form of a
diastereomeric mixture as a colorless amorphous solid.
{(14%9e) 2-Fluoro-b-methyl-4-{[(1R,28)-2-(1H-pyrazol-5~-
vl)cyclopentyl]joxy}-N-(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-(2,4-
dimethoxybenzyl)-2-fluoro-5-methyl-N- (pyrimidin-4-yl1l)-4-
({(1IR,28)-2-[{1-(tetrahydro—-2H-pyran-2-yl)-1H-pyrazol-5~-
vllcyclopentylloxy)benzenesulfonamide (227 mg, 0.348
mmol) prepared in Example 149d, triethylsilane (0.60 mL),
trifluoroacetic acid (4.0 mL) and dichloromethane (6.0
nl), to vield the title compound (143 mg, 98%) as a
colorless solid.
[a]p*®==-57.8 (c 1.02, DMSO).
[0594]
(Example 150) 5-Chloro-2-fluoro-4-{[(1S,2R)=-2~(1H~-
pyrazol-5-yl)cyclopentyljoxy}-N- (pyrimidin~4-
vl)benzenesulfonamide

[0595]
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[0596]
{150a) 5-Chloro-N-{(2,4-dimethoxybenzyl)-2-fluoro~-N-
(pyrimidin—-4-yl)-4~-{{(15,2R)-2-[1-(tetrahydro~2H-pyran-2-
yl)~1H-pyrazol-3-yl]lcyclopentyl}oxy)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-
(2, 4-dimethoxybenzyl) -2, 4-difluoro-N- (pyrimidin-4-
yvl)benzenesulfonamide (251 mg, 0.55 mmol) prepared in
Example 20, the (13,2R)-2~[1l-(tetrahydro-Z2H-pyran-2-yl)-
1H-pyrazol-3-yllcyclopentanol (118 mg, 0.50 mmol)
prepared in Example 148e, sodium hydride (63%; 29 mg,
0.75 mmol), DMF (3.0 mL) and water (0.016 mL), to yield
the title compound (281 mg, 84%) in the form of a
diastereomeric mixture as a colorless amorphous solid.
(150b) 5-Chloro-2-fluoro-4-{[(1S,2R)-2-(lH-pyrazol-5-
vljcyclopentylloxy}~N~{pyrimidin—-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 5-chloro-N-
(2, 4-dimethoxybenzyl)~2-fluoro-N- (pyrimidin-4~yl)-4-
({({1S,2R)-2-[1-(tetrahydro-2H-pyran-2-yl}-1H-pyrazol-3-

yl]cyclopentyl}oxy)benzenesulfonamide (281 mg, 0.418
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mmol) prepared in Example 150a, triethylsilane (0.60 mL),
trifluorocacetic acid (4.0 mL) and dichloromethane (6.0
mL), to yield the title compound (182 mg, 99%) as a
colorless solid.

[a]p*®=65.0 (c 1.05, DMSO).

[0597]

(Example 151) 5-Chloro-2-fluoro-4-{[(1R,2S)-2~-(1H-
pyrazol-5~yl)cyclopentyl]loxy}~-N~{(pyrimidin-4-
yl)benzenesulfonamide

[0598]

N

[Formula 169]

F o o N
\\S// i )
=
N N
H
X i
HN
]§
NI~

[0599]
(151a) 5-Chloro-N- (2, 4-dimethoxybenzyl)-2-fluoro-N-
(pyrimidin-4-vy1)-4~({(1R,2S)-2-[1-(tetrahydro-2H~-pyran—-2-
yl)-1H-pyrazol~3-yl]cyclopentyl}oxy)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-
(2, 4-dimethoxybenzyl)-2,4-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (251 mg, 0.55 mmol) prepared in
Example 20a, the (1R,28)-2-[1l-(tetrahydro-2H-pyran-2-yl)-
lH-pyrazol-3-yl]cyclopentanol (118 mg, 0.50 mmol)

prepared in Example 149c, sodium hydride (63%; 29 mg,
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0.75 mmol), DMF (3.0 mL) and water (0.016 mL), to yield
the title compound (287 mg, 85%) in the form of a
diasterecmeric mixture as a colorless amorphous solid.
(151b) 5-Chloro-2-fluoro-4-{[ (1R, 25)~-2- (1lH~-pyrazol-5~
yl)cyclopentyl]oxy}-N- (pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 5-chloro—-N-
{2,4~dimethoxybenzyl)-2~-fluocro-N~ (pyrimidin-4-yl) -4~
({(1R,28)~-2-[1~-(tetrahydro-2H-pyran—-2-yl)-1H-pyrazol-3-
yvllcyclopentylloxy)benzenesulfonamide (287 mg, 0.427
mmol) prepared in Example 151la, triethylsilane (0.60 mL},
trifluorocacetic acid (4.0 mL) and dichloromethane (6.0
mL), to yield the title compound (185 mg, 99%) as a
colorless solid.
[a]p°==52.1 (c 1.04, DMSO).
[0600]
(Example 152) 5-Chloro-4-{[(18",2R")~5, 5-difluoro-2~ (1H~
pyrazol-4-vyl)cyclohexyl]oxy}-2-fluoro-N- (pyrimidin-4-
vl)benzenesulfonamide
[0601]

[Formula 170]

Cl

[0602]
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(152a) 5-Chloro-4-({(1S8",2R")-5,5-difluoro-2-[1-
{(methoxymethyl)-1H-pyrazol-4-yl]cyclohexyl}loxy)-N- (2, 4-
dimethoxybenzyl)-2~fluoro~N- (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-
(2,4-dimethoxybenzyl)~2,4-difluoro-N- (pyrimidin-4-
ylibenzenesulfonamide (0.22 g, 0.48 mmol) prepared in
Example 20a, the (18",2R") -5, 5-difluoro-2-[1-
{(methoxymethyl)-1H~-pyrazol-4-yllcyclohexanol (0.10 g,
0.40 mmol) prepared in Example 147c, sodium hydride (63%;
24 mg, 0.60 mmol) and DMF (5.0 mL), to vield the title
compound (0.24 g, 87%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.88-2.10 (3H, m), 2.17-
2.31 (2H, m), 2.65-2.69 (1H, m), 3.01-3.06 (1H, m), 3.22
(3H, s), 3.77 (3H, s), 3.78 (3H, s), 4.21 (1H, dt, J=4.4,
10.3 Hz), 5.21 (2H, s), 5.27 (1H, d, J=10.7 Hz), 5.29 (1H,
d, J=10.7 Hz), 6.39-6.41 (2H, m), 6.47 (1H, d, J=11.7 Hz),
7.18-7.20 (2H, m), 7.47 (1H, s), 7.50 (1H, s), 7.99 (1H,
d, J=7.3 Hz), 8.46 (1H, d, J=5.9 Hz), 8.79 (1lH, d, J=1.0
Hz) .
(152b) 5-Chloro-4-{[(18",2R")-5,5-difluoro-2~- (1H-pyrazol-
4~yl)ycyclohexyl]loxy}=2~fluoro~-N~{(pyrimidin—-4-
yvl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 147e by using the 5-chloro-

4-({(18",2R")~5,5-difluoro-2-[1- (methoxymethyl)-1H-



- 453 -

pyrazol-4~yllcyclohexylloxy)~N- (2, 4-dimethoxybenzyl)-2-
fluoro~N~ (pyrimidin-4-yl)benzenesulfonamide (0.20 g, 0.29
mmol) prépared in Example 152a, triethylsilane (0.20 mL),
dichloromethane (2.0 mL), trifluorocacetic acid (2.0 mL),
ethanol (1.0 mL) and 2 M hydrochloric acid (5.0 mL), to
yield the title compound (0.060 g, 42%) as a colorless
solid.

'H-NMR (500 MHz, DMSO-d¢) & ppm: 1.76-1.84 (1H, m), 2.00-
2.19 (4H, m), 2.55-2.59 (1H, m), 3.01-3.05 (1H, m), 4.67
(1H, dt, J=3.9, 9.3 Hz), 6.94 (1lH, brs), 7.15 (1H, d,
J=12.2 Hz), 7.51 (2#, s), 7.81 (1H, d, J=7.8 Hz), 8.23
(lH, brs), 8.56 (1H, s), 12.88 (1lH, brs).

MS (ESI)m/z: 488[M+H]+.

[06031

(Example 153) 5-Chloro-2-fluoro-4-{[(1lS,2R)~2~(l-methyl-
1H-pyrazol-5-yl)cyclohexyl]loxy}=N~(2~0ox0-2, 3—
dihydropyrimidin-4-yl)benzenesulfonamide

[0604]

[Formula 171]

F o o NN
\\S// | /&
N N 0
H H
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Cl
\

\N\

N—~———
[0605]

(153a) 2-(Benzyloxy)-N-(2,4~dimethoxybenzyl)pyrimidin~4-

amine
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To a solution of the N~ (2,4-dimethoxybenzyl)-2-
fluoropyrimidin~4~amine (2.50 g, 9.50 mmol) prepared in
Example 95a and benzyl alcohol (1.97 mL, 19.0 mmol) in
DMF (48 mL), sodium hydride (0.90 g, 23.7 mmol) was added,
and the reaction solution was stirred at room temperature
for 6 hours. To the reaction solution, an agqueous
ammonium chloride solution (200 mL) was added, followed
by extraction with ethyl acetate (100 mL). The thus
obtained organic layer was washed twice with water (200
mL) and dried over anhydrous sodium sulfate. After
vacuum concentration, the residue was purified with
silica gel chromatography (hexane/éthyl acetate = 1:2) to
yvield the title compound (3.29 g, 99%) as a colorless
amorphous solid.

H-NMR (500 MHz, CDCls) & ppm: 3.79 (3H, s), 3.82 (3H, s),
4.44 (2H, brs), 5.37 (2H, s), 6.01 (1H, brs), €.42 (1H,
dd, J=2.4, 8.3 Hz), 6.46 (1H, d, J=2.4 Hz), 7.14 (1lH, d,
J=8.3 Hz), 7.26-7.35 (3H, m), 7.45-7.47 (2H, m), 7.95 (1H,
brs).

(153b) N-[2~-(Benzvyloxy)pyrimidin-4-yl]-5-chloro-N- (2,4~
dimethoxybenzyl) -2, 4-difluorobenzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 86a by using the 2-
(benzyloxy)~N—~(2,4-dimethoxybenzyl)pyrimidin-4-amine
(0.50 g, 1.42 mmol) prepared in Example 153a, 5-chloro-
2,4-difluorobenzenesulfonyl chloride (0.36 g, 1.57 mmol),

lithium bis(trimethylsilyl)amide (1.0 M solution in THF;
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1.71 mL, 1.71 mmol) and THE (5.0 mL), to yield the title
compound (487.8 mg, 61%) as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 3.81 (3H, s), 3.82 (3H, s),
5.24 (2H, s), 5.29 (2H, s), 6.46-6.48 (2H, m), 6.81 (1H,
d, J=5.4 Hz), 7.02 (1H, t, J=8.8 Hz), 7.27 (1lH, d, J=9.3
Hz), 7.33-7.41 (54, m), 8.21 (1H, t, J=7.3 Hz), 8.31 (1H,
d, J=5.9 Hz).
(153¢c) N-[2-(Benzyloxy)pyrimidin-4-yl]-5-chloro-N- (2,4~
dimethoxybenzyl)-2-flucro-4-{[(13,2R) -2~ (1l-methyl-1H-
pyrazol-5-yl)cyclohexylloxylbenzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-[2-
(benzyloxy)pyrimidin-4-yl]-5-chloro-N- (2,4~
dimethoxybenzyl)-2,4~-difluorobenzenesulfonamide (0.49 g,
0.87 mmol) prepared in Example 153b, the (1S,2R)-2-(1~-
methyl-1H-pyrazol-5-yl)cyclohexanol (0.13 g, 0.69 mmol)
prepared in Example 122a, sodium hydride (63%; 0.030 g,
0.87 mmol), DMF (4.3 mlL) and water (0.030 mL), to yield
the title compound (479.7 mg, 77%) as a colorless
amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.36-1.68 (4H, m), 1.85-
1.94 (2H, m), 2.04-2.07 (1H, m), 2.18-2.20 (1H, m), 3.02-
3.07 (1H, m), 3.76 (3H, s}, 3.76 (3H, s), 3.91 (3H, s),
4.12-4.18 (1H, m), 5.16 (2H, s), 5.22 (2H, s), 6.03 (1H,
d, J=2.0 Hz), 6.39-6.41 (2H, m), 6.45 (1H, d, J=11.7 Hz},
6.83 (1H, d, J=5.4 Hz), 7.19 (1H, d, J=8.8 Hz), 7.26-7.36

(6H, m), 7.%6 (1H, d, J=7.3 Hz), 8.24 (1H, d, J=5.9 Hz).
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(153d) 5-Chloro~2-fluoro-4-{{(1S,2R)-2-(l-methyl~1H~
pyrazol-5-yl)cyclohexyl]loxy}~N~(2-oxo—-2, 3~
dihydropyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the N-[2-
(benzyloxy)pyrimidin-4-yl]-5~chloro-N-(2, 4~
dimethoxybenzyl)-2-fluoro-4-{[(1S,2R)-2-(l-methyl-1H-
pyrazol-5-yl)cyclohexylloxylbenzenesulfonamide (0.48 g,
0.66 mmol) prepared in Example 153c, triethylsilane (1.6
mL), trifluorocacetic acid (2.0 mL) and dichloromethane
(6.6 mL), to yield the title compound (285 mg, 89%) as a
colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.39-1.68 (4H, m), 1.86-
1.95 (2H, m), 2.05-2.08 (1H, m), 2.19-2.23 (1H, m), 3.02-
3.07 (1H, m), 3.92 (3H, s), 4.18 (1H, dt, J=3.9, 10.3 Hz),
6.06 (1H, d, J=2.0 Hz), 6.42 (1lH, brs), 6.50 (1H, d,
J=11.7 Hz), 7.35 (1H, d, J=2.0 Hz), 7.56-7.58 (1H, m),
7.85 (1H, d, J=7.3 Hz), 11.82 (1H, brs).
MS (ESI)m/z: 482 [M+H]+;
[a]p*®=-13.9 (c 1.00, DMSO).
[0606]
(Example 154) 5-Chloro-2-fluoro-4-({(18",2R")-2~[1~
(3¢, ?H3)methyl-1H-pyrazol-5-yl]lcyclohexyl}oxy) -N-
{(pyrimidin-4-yl)benzenesulfonamide

[0607]
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[0608]
(154a) 1-(*3C,?Hs)Methyl-1H-pyrazole

To a solution of iodo(*C,?Hs)methane (5.00 g, 34.2
mmol) and lH-pyrazole (2.16 g, 31.7 mmol) in THF (20 mL),
sodium hydride (63%; 1.32 g, 34.5 mmol) was added with
cooling on ice, and the mixture was stirred at room
temperature for 6 hours. To the reaction solution,
methylene chloride (200 mL) was added, the resulting
insoluble matter was filtered off, and the filtrate was
vacuum concentrated to yield the title compound (1.27 g,
47%) in a crude form as a yellow oil.
*H-NMR (500 MHz, CDCls) & ppm: 6.25 (1H, t, J=2.0 Hz),
7.35-7.36 (1H, m), 7.50 (1H, d, J=1.5 Hz).
(154b) (18", 2R")-2~[1-(*3C,?H;)methyl-1H~pyrazol-5-
yllcyclohexanol

The reaction and aftertreatment were conducted in
the same manner as in Example 4a by using the 1~
(BC,%h)methyl—lﬂ—pyrazole (1.27 g, 14.8 mmol) prepared
in Example 154a, N,N,N',N'-tetramethylethylenediamine
(2.21 mL, 14.8 mmol), butyl lithium (2.69 M solution in

hexane; 6.41 mL, 17.2 mmol), cyclohexene oxide (1.79 mL,
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17.7 mmol) and THF (30 mL), to yield the title compound
(1.29 g, 48%) as a yellow oil.
'H-NMR (500 MHz, CDCls;) & ppm: 1.30-1.46 (4H, m), 1.75-
1.91 (44, m), 2.10-2.13 (1H, m), 2.57-2.62 (1H, m), 3.61-
3.65 (14, m), 6.08 (1H, d, J=2.0 Hz), 7.44 (1H, d, J=1.5
Hz) .
{154c) 5-Chloro-N-(2,4-dimethoxybenzyl)-2-flucro—4-
({(18",2R")~2~[1~(*C,?H;)methyl-1H-pyrazol-5-
yllcyclohexylloxy)-N-{pyrimidin—~4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-
(2,4-dimethoxybenzyl)-2,4-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (3.19 g, 7.00 mmol) prepared in
Example 20a, the (18*,2R*)—2—{1~(BC,2H3)methyl—1H—pyrazol—
5—yl]cYclohexanol (1.29 g, 7.0 mmol) prepared in Example
154b, sodium hydride (63%; 0.32 g, 8.40 mmol), DMF (20
nL) and water (0.13 mL), to yield the title compound
(2.70 g, 62%) as a yellow oil.
'H-NMR (400 MHz, CDCls) & ppm: 1.39-1.67 (4H, m), 1.85-
1.97 (2H, m), 2.04-2.10 (iH, m), 2.18-2.23 (1H, m), 3.02-
3.08 (1H, m), 3.76 (3H, s), 3.77 (3H, s), 4.09-4.17 (1H,
m), 5.21 (2H, s), 6.03 (1lH, d, J=2.0 Hz), 6.39-6.44 (3H,
my, 7.17-7.22 (2H, m), 7.35 (1, 4, J=2.0 Hz}, 7.93 (1H,
d, J=7.4 Hz), 8.46 (1H, d, J=5.9 Hz), 8.79 (1H, d, J=0.78

Hz).
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(154d) 5-Chloro-2-fluoro-4-({ (18", 2R")-2-[1-
Ugc,%ﬁ)methyl~1H—pyrazol—5~yl]cyclohexyl}oxy)—N-
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 5-chloro-N-
(2, 4-dimethoxybenzyl)-2-fluoro-4-({ (18", 2R") -2~ [1-
PSC,%ﬁ)methyl—lH—pyrazol-S—yl]cyclohexyl}oxy)—N—
(pyrimidin-4-yl)benzenesulfonamide (2.70 g, 4.35 mmol)
prepared in Example 154c, triethylsilane (2.00 ml),
trifluorocacetic acid (2.0 ml) and dichloromethane (20 mL},
to yield the title compound (0.904 g, 44%) as a colorless
solid.
*H-NMR (500 MHz, CDCls) & ppm: 1.39~1.69 (4H, m), 1.86-
1.96 (2H, m), 2.05-2.08 (1H, m), 2.17-2.22 (1H, m), 3.01-
3.06 (1H, m), 4.11-4.16 (1H, m}, 6.03 (1H, d, J=2.0 Hz),
6.47 (14, d, J=11.7 Hzy, 7.23 (1H, d, J=6.4 Hz), 7.33 (lH,
d, J=2.0 Hz), 7.94 (1lH, d, J=7.8 Hz), 8.39 (lH, d, J=6.4
Hz), 8.79 (1H, s).
MS (ESI)m/z: 468[M-H]-.
[0609]
(Example 155) 4-{[(1S",2R")-5,5-Difluoro-2- (1H-pyrazol-5-
vl)cyclohexylloxy}~-2-fluorc-5-methyl-N- (pyrimidin-4-
vl)benzenesulfonamide

[0610]
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[0611]
(155a) 1-[{(2-Methoxyethoxy)methyl]-1H~pyrazole

To a solution of 1H-pyrazole (13.6 g, 200 mmol) and
N,N-diisopropylethylamine (68 mL, 400 mmol) in
dichloromethane (150 mL), 2-methoxyethoxymethyl chloride
(24.9 mL, 220 mmol) was added with cooling on ice. The
reaction solution was stirred at room temperature for 2
hours, and an aqueous sodium hydrogencarbonate solution
(500 mL) was then added to the reaction solution,
followed by extraction three times with dichloromethane
(500 mL). The organic layer was dried over anhydrous
sodium sulfate. After vacuum concentration, the residue
was purified with silica gel chromatography (hexane/ethyl
acetate = 1:1) to yield the title compound (29.9 g, 96%)
as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 3.36 (3H, s), 3.48-3.50
(2H, m), 3.63-3.64 (2H, m), 5.52 (2H, s), 6.35 (lH, t,
J=2.0 Hz), 7.56 (1H, d, J=1.0 Hz), 7.60 (1H, d, J=2.4 Hz).
(155b) (18", 2R",5R") -5-(Benzyloxy)-2-{1-[ (2~

methoxyethoxy)methyl]~-1H~pyrazol-5~yl}cyclohexanol
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To a solution of the 1-{(2-methoxyethoxy)methyl]-1H~-
pyrazole (3.13 g, 20.1 mmol) prepared in Example 155a in
THF (30 mL), butyl lithium (2.69 M solution in hexane;
7.46 mL, 20.1 mmol) and a boron trifluoride-diethyl ether
complex (6.30 mL, 50.1 mmol) were added in this order at
-78°C. The reaction solution was stirred at -78°C for 10
minutes. Then, (18%,3R",6R")~-3-(benzyloxy)-T7-
oxabicyclo[4.1.0]heptane {(J. Chem. Soc. Perkin Trans. 1
1997, 657; 3.41 g, 16.7 mmol) was added thereto, and the
mixture was stirred at -78°C for 5 hours. To the
reaction solution, an agueous sodium hydrogencarbonate
solution (100 mL) was added, followed by extraction three
times with ethyl acetate (100 mL). The thus obtained
organic layer was dried over anhydrous sodium sulfate.
After vacuum concentration, the residue was purified with
silica gel chromatography (ethyl acetate) to yield the
title compound (3.00 g, 55%) as a mixture (3.00 g, 55%)
with (18%,2R",48") -4~ (benzyloxy)-2-{1-[(2-
methoxyethoxy)methyl]~1H-pyrazol-5-yl}cyclohexanol.

{(155¢) (lS*,ZR*,SR*)~5—(Benzyloxy)—Z—{l~[(2—
methoxyethoxy)methyl]-1H-pyrazol-5-yl}cyclohexyl benzoate

To a solution of the mixture (2.99 g, 8.30 mmol) of
(1S™,2R", 5R") =5~ (benzyloxy) -2- {1~ (2~
methoxyethoxy)methyl]-1H-pyrazol-5-yl}lcyclohexanol and
(18", 2R", 48") -4~ (benzyloxy)-2-{1-[ (2~
methoxyethoxy)methyl]-1H~pyrazol-5-yl}cyclohexanol

prepared in Example 155b, triethylamine (4.62 mL, 33.2



- 462 -

mmol) and 4-(N,N-dimethylamino)pyridine (203 mg, 1.66
mmol) in dichloroethane (30 mlL), benzoyl chloride (1.93
mL, 16.6 mmol) was added, and the reaction solution was
stirred for 5 hours under heated reflux. To the reaction
soluticn, water (100 mL) was added, and an organic layer
was extracted and then dried over anhydrous sodium
sulfate. After vacuum concentration, the residue was
purified with column chromatography (hexane/ethyl acetate
= 1:9) to yield the title compound (2.72 g, 71%) as a
mixture (2.72 g, 71%) with (lR*,ZR*,4S*)—4—(benzyloxy}—2—
{1-[ (2~methoxyethoxy)methyl]~1H-pyrazol-5~yl}cyclohexyl
benzoate.

(155d) (18",2R",5R")-5-Hydroxy-2-{1-[(2—
methoxyethoxy)methyl]~1H-pyrazol-5-yl}cyclohexyl benzoate
A solution of the mixture (2.72 g, 5.84 mmol) of

(18", 2R", 5R™) -5~ (benzyloxy)-2-{1-[ (2~
methoxyethoxy)methyl]-1H-pyrazol-5-ylicyclohexyl benzoate
and (1R",2R",4S8")-4- (benzyloxy)-2-{1-[(2-
methoxyethoxy)methyl]-1H-~pyrazol-5-yl}lcyclohexyl benzoate
prepared in Example 155c¢ and palladium carbon (5%; 3.00
g) in ethanol (20 mL) was stirred at 50°C for 11 hours
under a hydrogen atmosphere. The reaction solution was
filtered through Celite, the filtrate was concentrated,
and the residue was purified with silica gel
chromatography (ethyl acetate) to yield the title

compound (1.06 g, 48%) as a colorless oil.
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'H-NMR (500 MHz, CDCls) & ppm: 1.69-1.80 (2H, m), 1.90-
1.97 (2H, m), 2.06-2.13 (1H, m), 2.34-2.39 (1H, m), 3.26-
3.31 (1H, m), 3.37 (3H, s), 3.42-3.51 (2H, m), 3.55-3.65
(2H, m), 4.36 (1H, s), 5.45 (1H, d, J=11.7 Hz), 5.59 (1H,
dt, J=4.4, 10.7 Hz), 5.77 (1lH, d, J=11.2 Hz), 6.24 (lH, d,
J=2.0 Hz), 7.35-7.38 (3H, m), 7.51 (1H, t, J=7.3 Hz),
7.82~7.84 (2H, m).

Also, a by-product (18",2R",48")~4-hydroxy-2-{1-[(2-
methoxyethoxy)methyl]-1H-pyrazol-5-yl}cyclohexyl benzoate
(825 mg, 38%) was obtained as a colorless oil.

'H-NMR (500 MHz, CDCls) & ppm: 1.56-1.68 (3H, m), 2.12-
2.35 (3H, m), 3.34-3.38 (1H, m), 3.38 (3H, s), 3.42-3.51
(2H, m), 3.53-3.64 (2H, m), 3.86-3.92 (1H, m), 5.16 (1H,
dt, J=4.4, 10.3 Hz), 5.42 (1H, 4, J=11.2 Hz), 5.76 (1lH, d,
J=11.2 Hz), 6.20 (1H, d, J=2.0 Hz), 7.35-7.38 (3H, m),
7.51 (1H, t, J=7.3 Hz), 7.81-7.82 (2H, m).

(155e) (lS*,ZR*)—Z—{l—[(2~Methoxyethoxy)methyl]—1H~
pyrazol-5-yl}-5-oxocyclohexyl benzoate

The reaction and aftertreatment were conducted in
the same manner as in Example 107c¢ by using the
(18", 2R", 5R") -5-hydroxy-2-{1-[ (2-methoxyethoxy)methyl]~1H-
pyrazol-5~yl}lcyclohexyl benzoate (1.06 g, 2.83 mmol)
prepared in Example 155d, Dess-Martin reagent (1.80 g,
4.25 mmol) and dichloromethane (40 mL), to yield the

title compound (945 mg, 90%) as a colorless oil.

'H-NMR (500 MHz, CDCls) & ppm: 1.89-1.98 (1H, m), 2.36-
2.67 (4H, m), 3.04 (1H, ddd, J=1.5, 4.9, 14.6 Hz), 3.36



- 464 -

(3, s), 3.43-3.53 (2H, m), 3.57-3.71 (3H, m), 5.48-5.53
(lH, m), 5.52 (1H, d, J=11.2 Hz), 5.82 (1H, d, J=11.2 Hz),
6.24 (1H, d, J=1.5 Hz), 7.38~7.43 (3H, m), 7.54 (1H, t,
J=7.3 Hz), 7.85-7.87 (2H, m).
(155£) (18",2R")-5,5-Difluoro-2-{1-[(2-
methoxyethoxy)methyl]-1H-pyrazol-5-yl}cyclohexyl benzoate

The reaction and aftertreatment were conducted in
the same manner as in Example 106c by using the
(18", 2R") -2-{1-[ (2-methoxyethoxy)methyl]-1H-pyrazol-5-
yl}-5-oxocyclohexyl benzoate (940 mg, 2.52 mmol) prepared
in Example 155e, bis{2-methoxyethyl)amino sulfur
trifluoride (2.66 mL, 15.1 mmol) and dichloromethane (10
mL), to yield the title compound (465 mg, 43%) as a
colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.80-2.29 (5H, m), 2.74-
2.81 (1H, m), 3.31-3.34 (1H, m), 3.36 (3H, s), 3.40-3.51
(24, m), 3.53-3.65 (2H, m), 5.41 (1H, dt, J=4.4, 10.7 Hz),
5.44 (1H, d, J=11.7 Hz), 5.76 (1H, d, J=11.2 Hz), 6.21
(1, d, J=2.0 Hz), 7.36-7.39 (3H, m), 7.53 (1H, t, J=7.8
Hz), 7.81-7.83 (2H, m).
(155g) (1S",2R")~5,5-Difluoro-2-{1-[(2-
methoxyethoxy)methyl]j-1H-pyrazol-5~-yl}cyclohexanol

The reaction and aftertreatment were conducted in
the same manner as in Example 107e by using the
(18", 2R") =5, 5-difluoro-2-{1-[ (2-methoxyethoxy)methyl]-1H-
pyrazol-5-yl}cyclohexyl benzoate (463 mg, 1.17 mmol)

prepared in Example 155f, potassium carbonate (16 mg,
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0.117 mmol) and methanol (10 mL), to yield the title
compound (307 mg, 90%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.71-1.99 (4H, m), 2.15-
2.21 (1H, m), 2.56-2.63 (1H, m), 2.73-2.79 (1H, m), 2.87-
2.92 (1H, m), 3.30 (3H, s), 3.44-3.46 (2H, m), 3.59-3.68
(24, m), 3.85-3.91 (1H, m), 5.53 (1H, d, J=11.2 Hz), 5.65
(14, d, J=11.2 Hz), 6.22 (l1H, d, J=2.0 Hz), 7.50 (1H, d,
J=1.5 Hz).
(155h) 4-{[(1S",2R")-5,5-Difluoro-2-{1-[(2-
methoxyethoxy)methyl]-1H-pyrazol-5-ylicyclohexyl]loxy}—N-
(2,4-dimethoxybenzyl)-2-fluoro-5-methyl-N-(pyrimidin-4~-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N- (2,4~
dimethoxybenzyl)~2,4-difluoro-5-methyl-N- (pyrimidin-4-
vl)benzenesulfonamide (261 mg, 0.60 mmol) prepared in
Example 43a, the (18%,2R")-5,5-difluoro-2-{1-[ (2~
methoxyethoxy)methyl]-1H-pyrazol-5-yl}cyclohexanol (145
ng, 0.50 mmol) prepared in Example 155 g, sodium hydride
(63%; 29.0 mg, 0.75 mmol), DMF (8.0 mL) and water (0.016¢
mL), to yield the title compound (280 mg, 79%) as a
colorless amorphous solid.
H-NMR (500 MHz, CDCls) & ppm: 1.84-2.04 (3H, m), 1.98
(3", s}y, 2.12-2.18 (1H, m), 2.25-2.31 (1H, m), 2.68-2.74
(1, m), 3.35 (3H, s), 3.39-3.45 (2H, m), 3.47-3.55 (2H,
m), 3.65-3.6% (1H, m), 3.76 (3K, s}, 3.78 (3H, s), 4.41

(14, dt, J=3.9, 10.3 Hz), 5.23 (2H, s), 5.44 (1H, d,
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J=11.2 Hz), 5.83 (1H, d, Jg=11.7 Hz), 6.10 (1H, 4, J=1.5
Hz), 6.38-6.44 (3H, m), 7.19 (1H, 4, J=8.8 Hz), 7.25 (1H,
dd, J=1.5, 5.9 Hz), 7.41 (1H, d, J=2.0 Hz), 7.68 (1H, d,
J=7.3 Hz), 8.43 (1H, d, J=5.9 Hz), 8.76¢ (1lH, s).
(1551) 4-{[(18",2R")~5,5-Difluoro-2- (1H-pyrazol-5-
yl)cyclohexyl]oxy}=2~fluoro-5-methyl-N- (pyrimidin-4-
vl)benzenesulfonamide

To a solution of the 4-{[(1S",2R")-5,5~difluoro-2-{1-
[{2-methoxyethoxy)methyl]~1H~-pyrazol-5-
yvllcyclohexyl]oxy}-N-(2,4-dimethoxybenzyl)-2-fiuoro-5-
methyl-N- (pyrimidin-4-yl)benzenesulfonamide (265 mg,
0.376 mmol) prepared in Example 155h and triethylsilane
(0.50 mL) in dichloroethane (5.0 mL), trifluoroacetic
acid (5.0 mL) was added at room temperature, and the
reaction solution was stirred for 4 hours. The reaction
solution was concentrated, then methanol (15 mlL) and 6 M
hydrochloric acid (5.0 mlL) were added to the residue, and
the reaction solution was stirred for 5 hours under
heated reflux. To the reaction sclution, an agqueous
sodium hydrogencarbonate solution (50 mL) was added,
followed by extraction with five times with a
dichloromethane/methanol (10:1) mixed solvent (50 mlL).
The thus obtained organic layer was dried over anhydrous
sodium sulfate. After vacuum concentration, the residue
was purified with silica gel chromatography
{dichloromethane/methanol = 10:1) to yield the title

Q

compound (125 mg, 71%) as a colorless solid.
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'H-NMR (500 MHz, DMSO-d¢) & ppm: 1.78-1.86 (1H, m), 2.00-
2.23 (4H, m), 2.00 (3H, s), 2.55-2.63 (1H, m), 3.15-3.20
(1H, m), 3.74-3.78 (1H, m), 6.15 (1H, d, J=2.0 Hz), 6.88
(1, d, J=12.2 Hz), 7.00 (1H, brs), 7.47 (1H, brs), 7.62
(1H, d, J=8.3 Hz), 8.31 (1H, brs), 8.57 (1H, brs), 12.60
(1H, brs).

MS (ESI)m/z: 468[M+H]+.

[0612]

 (Example 156) 5-Chloro-4-{[(1S",2R")-5,5-difluoro-2- (1H-
pyrazol-5-yl)cyclohexyl]oxy}-2~fluoro-N- (pyrimidin-4-
vl)benzenesulfonamide

[0613]

[Formula 174)]
F XN
1 O
\u N/

HNT N

\
N=

[0614]
(156a) 5-Chloro-4-{[(1S",2R")-5,5-difluoro-2~{1-[(2-
methoxyethoxy)methylj-1H-pyrazol-5-yl}lcyclohexyl]oxy}—-N-
(2,4-dimethoxybenzyl)~2-fluoro-N-{pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted 1in
the same manner as in Example la by using the 5-chloro-N-
(2,4-dimethoxybenzyl)-2,4-diflucro-N- (pyrimidin-4-

yl)benzenesulfonamide (129 mg, 0.283 mmol) prepared in
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Example 20a, the (18",2R")-5,5-difluoro-2-{1-[(2-
methoxyethoxy)methyl]-1H-pyrazol-5-yl}cyclohexanol (68 mg,
0.236 mmol) prepared in Example 155 g, sodium hydride
(63%; 13.0 mg, 0.354 mmol), DMF (5.0 mL) and water (0.008
mL), to yield the title compound (105 mg, 61%) as a
colorless amorphous solid.
H-NMR (500 MHz, CDCls) & ppm: 1.87-2.16 (4H, m), 2.26-
2.32 (1H, m}), 2.66-2.70 (1H, m), 3.35 (3H, s), 3.40-3.53
(44, m), 3.65-3.69 (1H, m), 3.76 (6H, s), 4.39 (1H, dt,
J=4.4, 10.7 Hz), 5.20 (2H, s), 5.41 (1H, d, J=11.2 Hz),
6.02 (1H, 4, J=11.2 Hz), 6.14 (1H, d, J=2.0 Hz), 6.38-
6.40 (24, m), 6.49 (1H, d, J=11.2 Hz), 7.19 (2H, d, J=8.3
Hz), 7.40 (1H, d, J=2.0 Hz), 7.94 (1H, d, J=7.3 Hz), 8.47
(1, d, J=5.4 Hz), 8.79 (1lH, s).
{156b) 5—Chloro—4—{[(lS*,ZR*)—5,5—difluoro—2—(1H—pyrazol~
5-yl)cyclohexyl]loxy}-2-fluoro-N=- (pyrimidin-4-
ylibenzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1551 by using the 5-chloro-
4-{[(18",2R")=5,5-difluoro~-2-{1-[ (2~
methoxyethoxy)methyl]~1H-pyrazol-5-yl}cyclohexyl]oxy}-N-
{2,4-dimethoxybenzyl)-2-fluocro-N- (pyrimidin-4-
yl)benzenesulfonamide (105 mg, 0.145 mmol) prepared in
Example 156a, triethylsilane (0.30 mL), trifluorocacetic
acid (3.0 mL), dichloromethane (3.0 mL), 6 M hydrochloric
acid (5.0 mL) and methanol (15 mL), to yield the title

Q

compound (29 mg, 41%) as a colorless solid.
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'H-NMR (500 MHz, DMSO-d¢) & ppm: 1.80-1.87 (1H, m), 1.99-
2.28 (4H, m), 2.55-2.64 (1H, m), 3.18-3.22 (1H, m), 4.86-
4.91 (1H, m), 6.18 (1H, d, J=2.0 Hz), 6.95 (1lH, brs),
7.13 (1H, d, J=11.7 Hz), 7.47 (1H, brs), 7.7% (1lH, 4,
J=7.3 Hz), 8.24 (1H, brs), 8.56 (1H, brs), 12.51 (1H,
brs) .

MS (ESI)m/z: 488 [M+H]+.

[0615]

(Example 157) 4-{[(1S",2R")-4,4-Difluoro-2- (lH-pyrazol-5-
yl)cyclohexyl]oxy}-2-fluoro~5-methyl~-N- (pyrimidin-4-
yl)benzenesulfonamide

[061l6]

[Formula 175]
F N
~ ” N/

HNT X

\
N=

[0617]
(157a) (18",2R")=-2-{1-[(2-Methoxyethoxy)methyl]-1H-
pyrazol-5-yl}-4~-oxocyclohexyl benzoate

The reaction and aftertreatment were conducted in
the same manner as in Example 107c by using the by-
product (18%,2R", 4S")-4-hydroxy-2~{1-[ (2=
methoxyethoxy)methyl]-1H-pyrazol-5-yl}cyclohexyl benzoate

(825 mg, 2.20 mmol) of Example 155d, Dess-Martin reagent
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(1.40 g, 3.31 mmol) and dichloromethane (10 mL), to yield
the title compound (688 mg, 83%) as a colorless oil.
H-NMR (500 MHz, CDCls) & ppm: 2.09-2.17 (1H, m), 2.25-
2.32 (1H, m), 2.54-2.66 (2H, m), 2.71-2.77 (1H, m), 2.94
(1H, dd, J=5.9, 15.1 Hz), 3.33 (3H, s), 3.43-3.50 (2H, m),
3.58-3.69 (2H, m), 3.%5 (1lH, g, J=6.4 Hz), 5.54 (1H, d,
J=11.2 Hz), 5.55-5.58 (1H, m), 5.79 (1H, d, J=11.2 Hz},
6.20 (1H, d, J=1.5 Hz), 7.44-7.47 (3H, m), 7.59 (1H, t,
J=7.3 Hz), 7.97-7.99 (2H, m).

(157b) (187,2R")-4,4-Difluoro-2-{1-[(2-
methoxyethoxy)methyl]-1H-pyrazol-5-yl}cyclchexyl benzoate
The reaction and aftertreatment were conducted in

the same manner as in Example 106c by using the

(18", 2R") -2-{1-[(2-methoxyethoxy)methyl]-1H~pyrazol-5-
yl}=-4-oxocyclohexyl benzoate (686 mg, 1.84 mmol) prepared
in Example 157a, bis{2-methoxyethyl)amino sulfur
trifluoride (1.24 mL, 11.1 mmol) and dichloromethane (10
mL), to yield the title compound (547 mg, 75%) as a
colorless oil.

‘H-NMR (500 MHz, CDCli) & ppm: 1.87-2.13 (3H, m), 2.25-
2.32 (2H, m), 2.51-2.57 (1H, m), 3.37 (3H, s), 3.47-3.56
(3H, m), 3.60~3.68 (2H, m), 5.26 (1lH, dt, J=3.4, 10.7 Hz),
5.44 (1H, d, J=11.2 Hz), 5.75 (1H, d, J=11.2 Hz), 6.21
(1, d, J=2.0 Hz), 7.36-7.39 (3H, m), 7.53 (1H, t, J=7.3
Hz), 7.82-7.84 (2H, m).

(157¢) (18",2R") -4, 4-Difluoro-2-{1-[ (2~

methoxyethoxy)methyl]l-1H-pyrazol-5~yl}cyclohexanol



- 471 -

The reaction and aftertreatment were conducted in
the same manner as in Example 107e by using the
(18*,2R*)~4,4—difluoro—2~{l—[(Z—methoxyethoxy)methyl]—1H—
pyrazol-5-yllcyclohexyl benzoate (547 mg, 1.39 mmol)
prepared in Example 157b, potassium carbonate (19 mg,
0.139 mmol) and methanol (10 mL), to yield the title
compound (404 mg, ‘99%) as a yellow oil.

'H-NMR (500 MHz, CDCls) & ppm: 1.75-1.81 (1H, m), 1.85-
2.03 (2H, m), 2.12-2.26 (2H, m), 2.31-2.38 {(1H, m), 3.18-
3.24 (1H, m), 3.31 (3H, s), 3.43-3.51 (2H, m), 3.60-3.73
(3H, m), 5.53 (1H, d, J=10.7 Hz), 5.61 (1H, d, J=11.2 Hz),
6.22 (lH, s), 7.51 (1lH, s).

(157d) 4-{[(1S",2R")-4,4-Difluoro-2-{1-[(2-
methoxyethoxy)methyl]~-1H~pyrazol-5-yl}cyclohexyl]oxy}-N-
(2,4~-dimethoxybenzyl)~2~-fluoro-5-methyl-N- (pyrimidin—-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-{(2,4-
dimethoxybenzyl)-2,4-difluoro-5-methyl-N- (pyrimidin-4-
yl)benzenesulfonamide (785 mg, 1.81 mmol) prepared in
Example 43a, the (1S8",2R")-4,4-difluoro-2-{1-[ (2~
methoxyethoxy)methyl]-1H-pyrazol-5-yl}cyclohexanol (404
mg, 1.39 mmol) prepared in Example 157c, sodium hydride
(63%; 79.0 mg, 2.08 mmol), DMF (6.0 mL) and water (0.045
mL), to yield the title compound (358 mg, 36%) as a

colorless amorphous solid.
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'H-NMR (500 MHz, CDCli) & ppm: 1.82-2.14 (3H, m), 2.00
(3H, s), 2.22-2.31 (2H, m), 2.47-2.56 (1H, m), 3.36 (3H,
sy, 3.44-3.54 (2H, m), 3.64-3.73 (3H, m), 3.75 (3H, s),
3.78 (3H, s), 4.32 (1H, dt, J=3.4, 10.3 Hz), 5.24 (2H, s),
5.44 (1H, d, J=11.2 Hz), 5.81 (1H, d, J=11.2 Hz), 6.13
(1, d, J=2.0 Hz), 6.38-6.44 (3H, m), 7.18 {(1H, d, J=7.8
Hzy, 7.27 (1H, d&, J=6.4 Hz), 7.42 (1H, d, J=2.0 Hz), 7.68
(14, d, J=7.8 Hz), 8.43 (1H, d, J=5.9 Hz), 8.76 (1lH, s).
{157e) 4—{[(lS*,ZR*)-4,4—Difluoro—2—(1H—pyrazol—5—
yl)cyclohexyl]loxy}—-2-fluoro-5-methyl-N~(pyrimidin-4-
yv1l)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1551 by using the 4-
{[(18",2R")~4,4-difluoro-2-{1-[ (2-methoxyethoxy)methyl]-
1H~pyrazol-5-yl}cyclohexyl]oxy}-N=- (2, 4~dimethoxybenzyl) -
2-fluoro=-5-methyl~N-(pyrimidin-4-yl)benzenesulfonamide
(356 mg, 0.504 mmol) prepared in Example 1574,
triethylsilane (0.50 mL), trifluorocacetic acid (5.0 ml),
dichloromethane (5.0 mL), 6 M hydrochloric acid (5.0 mL)
and methanol (15 mlL), to yield the title compound (155 mg,
66%) as a colorless solid.
‘H-NMR (500 MHz, DMSO-d¢) & ppm: 1.60-1.67 (1H, m), 1.98
(34, s), 2.10-2.36 {5H, m), 3.20-3.26 (1H, mj, 4.69-4.74
{1H, m), ©6.11 (1H, d, J=2.0 Hz), 7.00-7.02 (2H, m), 7.45
{(1H, brs), 7.59 (1H, d, J=7.8 Hz), 8.35 (1H, brs), 8.58
(1H, brs), 12.59 (1H, brs).

MS (ESI)m/z: 468[M+H]+.
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[0618]

(Example 158) 5-Chloro-2-flucro-4-{[(1lS,2R)-2~(1H-
pyrazol-5-yl)cyclohexyl]oxy}-N- (pyrimidin-4-
yl)benzenesulfonamide

[0619]

[Formula 176]
F NN
2
\ﬁ N/

Cl

[0620]
(158a) (18",2R")-2-{1-[ (2-Methoxyethoxy)methyl]-1H~
pyrazol-5-yl}cyclohexanol

The reaction and aftertreatment were conducted in
the same manner as in Example 155b by using the 1-[(2-
methoxyethoxy)methyl]-1H~-pyrazole (2.00 g, 12.8 mmol)
prepared in Example 155a, butyl lithium (2.69 M solution
in hexane; 4.76 mL, 12.8 mmol), a boron trifluoride-
diethyl ether complex (2.68 mL, 21.3 mmol), cyclohexene
oxide (1.05 g, 10.7 mmol) and THF (100 mL), to yield the
title compound (1.64 g, 60%) as a colorless oil.
'H-NMR (500 MHz, CDCls;) & ppm: 1.30-1.48 (4H, m), 1.73-
2.13 (3H, m), 2.11-2.13 (1H, m), 2.77-2.82 (1H, m), 3.32
(3H, s), 3.45-3.47 (2H, m), 3.57-3.68 (4H, m), 5.52 (1H,
d, J=12.2 Hz), 5.64 (1H, d, J=11.2 Hz), 6.18 (1H, d,

J=2.0 Hz), 7.48 (1H, 4, J=1.0 Hz).



- 474 -

(158b) (1S,2R)-2-{1-[(2-Methoxyethoxy)methyl]-1H~-pyrazol-
5-yl}cyclohexanol

The (1S",2R")-2-{1-[(2-methoxyethoxy)methyl]~1H-
pyrazol-5~ylicyclohexanol prepared in Example 158a was
optically resolved with CHIRALFLASH IC (Daicel Corp.;
hexane/isopropanol = 1:1) to yield the title compound as
a colorless oil.
{158c) 5-Chloro-N—- (2, 4~dimethoxybenzyl)-2-fluoro—-4-
{[(18,2R)-2-{1-[{2-methoxyethoxy)methyl]-1H-pyrazol-5-
yllcyclohexyl]loxy}=N- (pyrimidin~4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-
(2,4~dimethoxybenzyl) -2, 4~difluoro~-N- (pyrimidin-4-
vl)benzenesulfonamide (280 mg, 0.614 mmol) prepared in
Example 20a, the (1S,2R)-2-{1-[(2-methoxyethoxy)methyl]-
l1H-pyrazol-5-ylicyclohexanol (104 mg, 0.409 mmol)
prepared in Example 158b, sodium hydride (63%; 18.7 mg,
0.491 mmol) and DMF (2.0 mL), to yield the title compound
(242 mg, 86%) as a colorless amorphous solid.
'H-NMR (400 MHz, CDCls) & ppm: 1.43-1.69 (4H, m), 1.84-
1.95 (2H, m), 2.08-2.21 (2H, m), 3.36 (3H, s), 3.43-3.55
(4H, m), 3.65-3.70 (1H, m), 3.76 (6H, s), 4.17 (1H, dt,
J=3.9, 10.2 Hz), 5.21 (2H, s), 5.40 (1H, d, J=11.3 Hz),
6.05 (1H, d, J=11.3 Hz), 6.10 (1H, d, J=2.0 Hz), ©.37~-
6.40 (2H, m), 6.49 (1lH, d, J=11.7 Hz), 7.16-7.19 (1lH, m),

7.22 (1H, dd, J=1.6, 6.3 Hz), 7.38 (1H, d, J=1.6 Hz),
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7.91 (1H, d, J=7.4 Hz), 8.46¢ (1H, d, J=5.9 Hz), 8.79 (1H,
d, J=0.8 Hz).
(158d) 5-Chloro-2-fluoro-4-{[(1S,2R)-2-{1-[ (2~
methoxyethoxy)methyl]-1H-pyrazol-5-yl}cyclohexyl]oxy}-N~
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 5-chloro-N-
(2,4-dimethoxybenzyl)-2-fluoro-4-{[(15,2R)~2~{1~[ (2~
methoxyethoxy)methyl]-1H-pyrazol-5-yllcyclohexyl]oxy}-N-
{(pyrimidin-4-yl)benzenesulfonamide (154 mg, 0.223 mmol)
prepared in Example 158c¢, triethylsilane (0.20 ml),
trifluorocacetic acid (1.0 mL) and dichloromethane (2.0
mL), to yield the title compound (120 mg, 99%) as a
colorless oil.
‘H-NMR (500 MHz, CDCls) & ppm: 1.43-1.67 (4H, m), 1.85-
1.94 (2H, m), 2.08-2.21 (2H, m), 3.36 (3H, s), 3.42-3.45
(4H, m), 3.64-3.69 (1H, m), 4.17 (1H, dt, J=3.9, 10.3 Hz),
5.38 (1H, d, J=11.2 Hz), 6.04 (1H, d, J=11.7 Hz), ©6.11
(18, s), 6.54 (1H, d, J=11.2 Hz), 7.25 (1H, d, J=6.4 Hz),
7.37 (1H, s), 7.93 (1H, dd, J=2.0, 7.3 Hz), 8.37-8.39 (1H,
m), 8.80 (1H, s).
(158e) 5~Chloro-2-fluoro-4~{[(1S5,2R)~-2-(1H~pyrazol-5-
yl)ycyclohexylloxy}-N~(pyrimidin~4-yl)benzenesulfonamide

A solution of the 5-chloro~-2-fluocro-4-{[{1S,2R)-2~
{1-[ (Z-methoxyethoxy)methyl]-1H~-pyrazol-5-
yl}jcyclohexylloxy}—-N-(pyrimidin-4-yl)benzenesulfonamide

(120 mg, 0.222 mmol) prepared in Example 158d in 6 M HC1
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(5.0 mL) and methanol (4.0 mlL) was stirred for 5 hours
under heated reflux. The reaction solution was
concentrated, and the residue was purified with silica
gel chromatography (dichloromethane/methanol = 85:15) to
yield the title compound (80.0 mg, 80%) as a pale yellow
solid.

'H-NMR (500 MHz, CDsOD) & ppm: 1.43-1.65 (3H, m), 1.74-
1.93 (3, m), 2.07-2.09 (1H, m), 2.27-2.29 (1H, m), 3.14-
3.19 (1H, m), 4.61 (1H, dt, J=3.9, 10.3 Hz), 6.52 (1H, d,
J=2.4 Hz), 7.06 (1H, d, J=12.2 Hz), 7.13 (1H, d, J=6.4
Hz), 7.85 (1H, d, J=2.4 Hz), 7.94 (1H, d, J=7.3 Hz), 8.38
(1H, d, J=6.8 Hz), 8.68 (1H, s).

MS (ESI)m/z: 452 [M+H]+;

[a)p™®=2.61 (c 0.998, DMSO).

[0621]

(Example 159) 5-Chloro-2-fluorco-4-{[(1R,28)-2~ (1H~
pyrazol-5-yl)cyclohexyl]oxy}-N~(pyrimidin—-4-
yl)benzenesulfonamide

[0622]

[Formula 177]
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(15%a) (1R,28)~-2-{1-[(2-Methoxyethoxy)methyl]-1H~pyrazol-
5-yl}lcyclohexanol

The (18",2R")-2-{1-[(2-methoxyethoxy)methyl]-1H-
pyrazol-5-yl}cyclohexanol prepared in Example 158a was
optically resolved with CHIRALFLASH IC (Daicel Corp.;
hexane/isopropanol = 1:1) to yield the title compound as
a colorless oil.
{15%b) 5-Chloro-N-(2,4-dimethoxybenzyl)-2-fluoro-4-
{[(1R,28)-2-{1~[{2-methoxyethoxy)methyl]-1H-pyrazol-5-
yl}cyclohexyl]oxy}-N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-
(2, 4-dimethoxybenzyl) -2, 4-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (296 mg, 0.649 mmol) prepared in
Example 20a, the (1R,2S8)-2-{1-[(2-methoxyethoxy)methyl]-
1H-pyrazol-5-yl}cyclohexanol (110 mg, 0.432 mmol)
prepared in Example 159a, sodium hydride (63%; 19.8 mg,
0.520 mmol) and DMF (2.0 mL), to yvield the title compound
(188 mg, 63%) as a colorless amorphous solid.
(159¢) 5-Chloro-2-fluoro-4-{[ (1R,28)-2-{1-[ (2~
methoxyethoxy)methyl]~1H-pyrazol-5-yl}cyclohexyl]oxy}-N~-
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 5-chloro-N-
(2, 4-dimethoxybenzyl)-2~fluoro-4-{[ (1R, 23)-2-{1-[ (2~
methoxyethoxy)methyl]-1H-pyrazol-5-yl}lcyclohexyl]oxy}-N-

{(pyrimidin-4-yl)benzenesulfonamide (188 mg, 0.272 mmol)
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prepared in Example 159%b, triethylsilane (0.20 mL),
trifluorocacetic acid (1.0 mlL) and dichloromethane (2.0
mL), to yield the title compound (139 mg, 95%) as a
colorless oil.
(159d) 5-Chloro-2-fluoro-4-{[ (1R,28)-2~ (1lH~pyrazol-5-
vl)cyclohexyl]oxy}-N=- (pyrimidin~-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 158e by using the 5-chloro-
2-fluoro~4-{ [ (1R,28)-2-{1-[ (2-methoxyethoxy)methyl]-1H-
pyrazol-5-yl}cyclohexylloxy}=N- (pyrimidin-4-
yl)benzenesulfonamide (139 mg, 0.257 mmol) prepared in
Example 159¢, 6 M HCl (5.0 mL) and methanol (4.0 mL), to
yield the fitle compound (101 mg, 73%) as a pale yellow
solid.
[a]p®®=-2.52 (c 1.05, DMSO).
[0624]
(Example 160) 5-Chloro-2-fluoro-4-{[(18",2R",5R") -5~
hydroxy—z—(1—methyl—1H—pyrazol~5—yl)cyclohexyl]éxy}—N—
(pyrimidin-4-yl)benzenesulfonamide

[0625]

[Formula 178]
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(160a) (18",2R",5R")-5~{ [Tert-butyl (dimethyl)silyl]loxy}-2-
(l-methyl-1H-pyrazol~5-yl)cyclohexanol

The reaction and aftertreatment were conducted in
the same manner as in Example 4a by using the 1-
methylpyrazole (500 mg, 6.09 mmol), n-butyl lithium (2.69
M solution in hexane, 2.37 mL, 6.37 mmol), tert-
butyl (dimethyl) [(18",3R", 6R")-7-oxabicyclo[4.1.0lhept-3-
yvloxylsilane (J. Pharm. Pharmacol., 49, 835-842, 1997;
1.32 g, 5.78 mmol) and THF (30 mL), to yield the title
compound (932 mg, 52%) as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 0.06 (3H, s), 0.08 (3H, s),
0.91 (%H, s), 1.48-1.76¢ (3H, m), 1.87-2.14 (3H, m), 2.56-
2.62 (1H, m), 3.87 (3H, s), 4.03-4.08 (1H, m), 4.24-4.26
(l1H, m), 6.11 (1H, d, J=2.0 Hz), 7.44 (1H, d, J=2.0 Hz).
(160b) 4-{[(18",2R",5R")-5-{ [Tert-
butyl (dimethyl)silylloxy}-2-(l-methyl-1H-pyrazol-5-
yl)cyclohexyl]loxy}=5~chloro-N- (2, 4-dimethoxybenzyl) -2~
fluoro~N- (pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-
(2,4-dimethoxybenzyl)-2,4~-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (91.6 mg, 0.201 mmol) prepared in
Example 20a, the (18",2R",5R")-5-{[tert-
butyl {(dimethyl)silylloxy}—-2-(l~methyl-1H-pyrazol-5-
yl)cyclohexanol (52.0 mg, 0.167 mmol) prepared in Example

160a, sodium hydride (63%; 9.6 mg, 0.252 mmol) and DMF
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(1.0 mL), to vield the title compound (59.0 mg, 47%) as a
colorless oil.
TH-NMR (500 MHz, CDCl3) & ppm: 0.10 (6H, s), 0.96 (SH, s),
1.61-1.66 (2H, m), 1.82-1.88 (2H, m), 2.14-2.25 (2H, m),
3.04-3.08 (1H, m), 3.76 (3H, s), 3.77 (3H, s), 3.96 (3H,
s), 4.30-4.32 (1H, m), 4.62 (1H, dt, J=3.9, 10.7 Hz),
5.18 (1H, d, J=16.6 Hz), 5.25 (1H, d, J=16.6 Hz), 6.05
(1, d, J=2.0 Hz), 6.3%9-6.41 (2H, m), 6.50 (1H, d, J=11.7
Hz), 7.18-7.20 (2H, m), 7.36 (1H, d, J=2.0 Hz), 7.93 (1H,
d, J=7.3 Hz), 8.46 (1H, d, J=5.9 Hz), 8.79 (1lH, d, J=1.0
Hz) .
(160c) 5-Chloro-2~fluoro—-4-{[(18",2R", 5R") -5-hydroxy-2-(1-
methyl-1H-pyrazol-5-yl)cyclohexyl]oxy}=N- (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 4-
{[(18",2R",5R") -5~ { [tert-butyl (dimethyl)silyl]loxy}-2- (1~
methyl-1H-pyrazol-5-yl)cyclohexyl]oxy}—-b-chloro-N- (2,4~
dimethoxybenzyl)-2-fluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (59.0 mg, 0.0791 mmol) prepared in
Example 160b, triethylsilane (0.050 mL), trifluorocacetic
acid (0.50 mL) and dichloromethane (1.0 mL), to yield the
title compound (9.5 mg, 25%) as a colorless solid.
‘H-NMR (500 MHz, CDsOD) & ppm: 1.70-1.92 (4H, m), 2.10-
2.19 (1H, m), 2.33-2.35 (14, m), 3.17-3.22 (1H, m), 3.91
(3H, s), 4.28-4.30 (1H, m), 4.75 (1H, dt, J=3.9, 10.3 Hz),

6.15 (1H, d, J=2.0 Hz), .93 (1H, d, J=11.7 Hz), 7.01 (1H,
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d, J=6.4 Hz), 7.28 (1H, d, J=2.0 Hz), 7.91 (1H, d, J=7.3
Hz), 8.25 (1H, brs), 8.53 (1H, s). MS (ESI)m/z: 482[M+H]+.
[0627]

(Example 161) 5-Chloro-2-fluoro-4-{[(1S8",2R", 4R") -4~
hydroxy—-2-(l-methyl-1H-pyrazol-5-yl)cyclohexyl]oxy}-N~
(pyrimidin-4-yl)benzenesulfonamide

[0628]

[Formula 179]
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[0629]
(161la) (1S8",2R",4R")-4-{[Tert-butyl (dimethyl)silylloxy}-2-
{(l-methyl-1H~pyrazol-5-yl)cyclochexanol

The reaction and aftertreatment were conducted in
the same manner as in Example 4a by using 1-
methylpyrazole (500 mg, ©6.09 mmol), n-butyl lithium (2.69
M scolution in hexane, 2.37 mL, 6.37 mmol), tert-
butyl (dimethyl) [ (1R",3R", 65") -7~oxabicyclo[4.1.0]hept-3~
vloxy]silane (J. Pharm. Pharmacol., 49, 835-842, 1997;
1.32 g, 5.78 mmol) and THF (30 mlL), to yield the title
compound (1.23 g, 69%) as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 0.06 (3H, s), 0.07 (3H, s),
0.293 (9H, s), 1.49-1.61 (3H, m), 1.78-1.97 (3H, m), 3.18-
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3.23 (1H, m), 3.64-3.68 (1H, m), 3.85 (3H, s), 4.05-4.07
(l1H, m), 6.07 (1H, d, J=2.0 Hz), 7.44 (1H, d, J=1.5 Hz).
(161b) 4-{[(1S",2R",4R")-4~{[Tert-
butyl (dimethyl)silyl]loxy}=-2~(l-methyl-1H-pyrazol-5-
vl)cyclohexylloxy}=-5-chloro-N-(2,4-dimethoxybenzyl) -2~
fluoro-N-{pyrimidin-4-vyl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-
(2, 4-dimethoxybenzyl) -2, 4-difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide (91.6 mg, 0.201 mmol) prepared in
Example 20a, the (187,2R",4R")-4~{[tert-
butyl (dimethyl)silylloxy}-2-(l-methyl~1H-pyrazol-5-
yl)cyclohexanol (52.0 mg, 0.167 mmol) prepared in Example
16la, sodium hydride (63%; 9.6 mg, 0.252 mmol) and DMF
(1.0 mL), to yield the title compound (90.0 mg, 72%) as a
colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 0.08 (3H, s), 0.09 (3H, s),
0.94 (9H, s), 1.60~2.09 (6H, m), 3.58-3.63 (lH, m), 3.76
(6H, s), 3.93 (3H, s), 4.13-4.17 (2H, m), 5.21 (2H, s),
5.98 (1H, d, J=2.0 Hz), 6.38-6.41 (2H, m), 6.45 (1H, d,
J=11.7 Hz), 7.21 (1H, d, J=9.3 Hz), 7.23 (1H, dd, J=1.0,
5.9 Hz), 7.34 (14, d, J=1.5 Hz), 7.%2 (1H, d, J=7.8 Hz),
8.46 (1H, d, J=5.9 Hz), 8.79 (lH, d, J=1.0 Hz).
{16lc) 5-Chloro-N~ (2, 4~dimethoxybenzyl)~-2-fluoro—4-
{([(18",2R", 4R") -4~-hydroxy-2- (1-methyl-1H-pyrazol-5-

yl)cyclohexyl]oxy}=N- (pyrimidin-4-yl)benzenesulfonamide
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The reaction and aftertreatment were conducted in
the same manner as in Example 120c by using the 4-
{[(18",2R", 4R")~4~{ [tert-butyl (dimethyl)silylloxy}-2-(1-
methyl-1H-pyrazol-5-yl)cyclohexylijoxy}-b-chloro-N-(2, 4~
dimethoxybenzyl)-2-fluoro~N- (pyrimidin-4-
yl)benzenesulfonamide (90.0 mg, 0.120 mmol) prepared in
Example 161b, tetrabutyl ammonium fluoride (1.0 M
solution in THF; 0.241 mlL, 0.241 mmol) and THF (5.0 mLj),
to yield the title compound (65.3 mg, 86%) as a colorless
solid.
'H-NMR (500 MHz, CDCl;) & ppm: 1.83-2.17 (6H, m), 3.59-
3.65 (1H, m), 3.76 (6H, s), 3.85 (3H, s), 4.14-4.19 (1H,
m)y, 4.23-4.26 (1H, m), 5.21 (2H, s}, 6.02 (1H, d, J=2.0
Hz), 6.38-6.40 (2H, m), 6.43 (1H, 4, J=11.7 Hz), 7.18 (1H,
d, J=9.3 Hz), 7.22 (lH, d4d, J=1.0, 5.9 Hz}, 7.35 (lH, 4,
J=2.0 Hz), 7.93 (1H, d, J=7.8 Hz), 8.46 (1lH, d, J=5.9 Hz),
8.79 (1H, s).
(161d) 5-Chloro-2-fluoro-4-{[(1S",2R", 4R")~4-hydroxy-2- (1~
methyl-1H-pyrazol-5-yl)cyclohexylloxy}-N-(pyrimidin—-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 5-chloro-N-
(2, 4-dimethoxybenzyl) -2-fluoro-4-{[ (18", 2R", 4R") -4~
hydroxy-2-(l-methyl-1H-pyrazol—~-5-yl)cyclohexyl]oxy}-N-
(pyrimidin-4-yl)benzenesulfonamide (65.3 mg, 0.103 mmol)
prepared in Example 161c, triethylsilane (0.050 mL),

trifluoroacetic acid (0.50 mL) and dichloromethane (1.0
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mL), to yield the title compound (32.6 mg, 71%) as a
colorless solid.

H-NMR (500 MHz, CDsOD) & ppm: 1.77-2.04 (6H, m), 3.56-
3.61 (1H, m), 3.90 (3H, s}, 4.10-4.13 (1lH, m), 4.51-4.56
(lH, m), 6.15 (iH, d, J=2.0 Hz), ©6.97 (1lH, d, J=12.2 Hz),
7.00 (1H, d, J=6.4 Hz), 7.26 (1H, d, J=2.0 Hz), 7.90 (1H,
d, J=7.3 Hz), 8.25 (l1H, d, J=6.4 Hz), 8.53 (lH, s).

MS (ESI)m/z: 482 [M+H]+.

[0630]

(Example 162) 5-Chloro-2-fluoro-4-{[(18",2R",48") -4~
hydroxy-2- (l-methyl-1H-pyrazol-5-yl)cyclohexyl]oxy}-N=-
(pyrimidin-4-yl)benzenesulfonamide

[0631]

[Formula 180]
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[0632]
(162a) (1S",2R",4R")-4-{[Tert-butyl (dimethyl)silyl]oxy}-2-
(1-methyl-1H~pyrazol-5-yl)cyclohexyl benzoate

The reaction and aftertreatment were conducted in
the same manner as in Example 107a by using the
(18", 2R", 4R") -4~ { [tert-butyl (dimethyl)silylloxy}-2- (1~
methyl-1H~-pyrazol-5~yl)cyclohexanol (1.07 g, 3.45 mmol)

prepared in Example 16la, triethylamine (2.88 mL, 20.7
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mmol), benzoyl chloride (2.00 mL, 17.2 mmol) and
dichloromethane (10 mL), to yield the title compound
(1.30 g, 91%) as a colorless oil.
'H-NMR (500 MHz, CDCls;) & ppm: 0.09 (3H, s), 0.10 (3H, s),
0.96 (9H, s), 1.67-1.75 (2H, m), 1.83-1.87 (1H, m), 1.95-
2.05 (3H, m), 3.52-3.58 (1H, m), 3.87 (3H, s), 4.12-4.14
(1H, m), 5.11-5.16 (1H, m), 6.05 (1H, d, J=2.0 Hz), 7.33
(1, 4, J=2.0 Hz), 7.38 (2H, t, J=7.3 Hz), 7.51 (lH, tt,
J=1.5, 7.3 Hz), 7.85-7.87 (2H, m).
(162b) (18",2R",4R") ~4-Hydroxy-2- (l-methyl-1H-pyrazol-5-
yl)cyclohexyl benzoate

The reaction and aftertreatment were conducted in
the same manner as in Example 120c by using the
(18", 2R", 4R") -4~ { [tert-butyl (dimethyl)silylloxy}-2-(1-
methyl-1H-pyrazol-5-yl)cyclohexyl benzoate (1.30 g, 3.14
mmol) prepared in Example 162a, tetrabutyl ammonium
fluoride (1.0 M solution in THF; 9.42 mlL, 9.42 mmol) and
THF (5.0 mL), to yield the title compound (867 mg, 92%)
as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.78-2.12 (6H, m), 3.53-
3.58 (1H, m), 3.89 (3H, s), 4.22-4.25 (1H, m), 5.11-5.1¢
(1H, m), 6.08 (1lH, d, J=1.5 Hz), 7.34 (1H, d, J=2.0 Hz),
7.39 (24, t, J=7.3 Hz), 7.52 (1H, tt, J=1.5, 7.3 Hz),
7.86-7.88 (2H, m).
(162¢) (18",2R")-2-(1-Methyl-1H-pyrazol-5-yl)-4-

oxocyclohexyl benzoate
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The reaction and aftertreatment were conducted in
the same manner as in Example 107c by using the
(18", 2R, 4R") ~4-hydroxy-2- (1-methyl-1H-pyrazol-5-
yl)cyclohexyl benzoate (439 mg, 1.46 mmol) prepared in
Example 162b, Dess-Martin reagent (1.24 g, 2.92 mmol) and
dichloromethane (10 mL), to yield the title compound (430
mg, 99%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 2.10-2.16 (1H, m), 2.20-
2.27 (1H, m), 2.54-2.59 (1H, m), 2.63-2.67 (1H, m}, 2.76-
2.82 (1H, m), 2.90-2.94 (1H, m), 3.79 (1H, g, J=5.9 Hz),
4.00 (3H, s), 5.42-5.45 (1H, m), 6.10 (1H, d, J=2.0 Hz),
7.40 (1H, d, J=2.0 Hz), 7.48 (2H, t, J=7.3 Hz), 7.61 (1H,
tt, J=1.0, 7.8 Hz), 8.02-8.04 (2H, m).
(162d) (1s8",2R",48")-4-Hydroxy-2- (l-methyl-1H~pyrazol-5-
yl)cyclohexyl benzoate

To a solution of the (18",2R")-2-(l-methyl-1H-
pyrazol-5-yl)-4-oxocyclohexyl benzoate (430 mg, 1.44
mmol) prepared in Example 162c¢ in ethanol (7.0 ml),
sodium borohydride (164 mg, 4.34 mmol) was added, and the
mixture was stirred at room temperature for 5 hours. To
the reaction solution, water (10 mlL) was added, followed
by extraction with ethyl acetate (50 mL). The thus
obtained organic layer was washed twice with water (50
mL) and dried over anhydrous sodium sulfate. After
vacuum concentration, the residue was purified with

reverse phase chromatography (YMC HPLC COLUMN, YMC-Pack
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ODS-A; methanol/water = 6:4) to yield the title compound
(293 mg, 69%) as a colorless solid.
"H-NMR (500 MHz, CDCls) & ppm: 1.59-1.70 (3H, m), 2.12-
2.29 (3H, m), 3.07-3.13 (1H, m), 3.82-3.86 (1lH, m), 3.86
(34, s), 5.08-5.13 (1H, m), 6.10 (1H, d, J=2.0 Hz), 7.33
(l1#, 4, J=2.0 Hz), 7.38 (2H, t, J=7.8 Hz), 7.51 (1H, tt,
J=1.5, 7.3 Hz), 7.82-7.84 (2H, m).
(162e) (187,2R",48")-4~{[Tert-butyl (dimethyl)silylloxy}-2-
(1-methyl~-1H-pyrazol-5-yl)cyclohexyl benzoate

To a solution of the (1S",2R",48")-4-hydroxy-2~-(1-
methyl-1H-pyrazol-5-yl)cyclohexyl benzoate (293 mg, 0.976
mmol) prepared in Example 162d and 2,6-lutidine (0.136 ml,
1.17 mmol) in dichloromethane (5.0 mL), tert-
butyl (dimethyl)silyl trifluoromethanesulfonate (0.269 mL,
1.17 mmol) was added, and the mixture was stirred at room
temperature for 1 hour. To the reaction solution, water
(10 mL) was added, followed by extraction with
dichloromethane (50 mL). The thus obtained organic layer
was dried over anhydrous sodium sulfate. After vacuum
concentration, the residue residue was purified with
silica gel chromatography (hexane/ethyl acetate = 4:1) to
yield the title compound (367 mg, 91%) as a colorless
solid.
'"H-NMR (500 MHz, CDCl;) & ppm: 0.08 (3H, s), 0.09 (3H, s),
0.90 (9H, s), 1.60-1.76 (3H, m), 2.00-2.05 (1H, m), 2.10-
2.15 (1H, m), 2.24-2.28 (1H, m), 3.06-3.11 (1H, m), 3.76-

3.83 (1H, m), 3.87 (3H, s), 5.09 (1H, dt, J=4.4, 10.3 Hz),
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6.11 (1H, d, J=2.0 Hz}, 7.34 (1H, 4, J=2.0 Hz), 7.38 (2H,
t, J=7.3 Hz), 7.51 (1H, tt, J=2.4, 8.8 Hz), 7.82-7.84 (2H,
m) .
(162f) (1S",2R",48")-4~{[Tert-butyl (dimethyl)silyl]oxy}-2~
(l1-methyl~1H-pyrazol-5-yl)cyclohexanol

A solution of the (1S8",2R",4S")-4-{[tert-
butyl (dimethyl)silylloxy}-2-(l-methyl-1H-pyrazol-5-
yl)cyclohexyl benzoate (367 mg, 0.885 mmol) prepared in
Example 162e and potassium carbonate (245 mg, 1.77 mmol)
in methanol (5.0 mL) was stirred at room temperature for
3 hours. To the reaction solution, water (50 mL) was
added, followed by extraction with ethyl acetate (50 mL).
The thus obtained organic layer was washed twice with
water (100 mL) and dried over anhydrous sodium sulfate.
After vacuum concentration, the residue was purified with
silica gel chromatography (hexane/ethyl acetate = 3:2) to
yield the title compound (187 mg, ©68%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 0.06 (3H, s), 0.07 (3H, s),
0.88 (%H, s}, 1.50-1.61 (3H, m), 1.96-2.06 (3H, m), 2.65~-
2.71 (1H, m), 3.57-3.62 (1H, m), 3.69-3.76 (1H, m), 3.83
(3, s), 6.07 (1H, d, J=1.7 Hz), 7.37 (1H, s).
(162g) 4-{[(18",2R",48")~4~{ [Tert-
butyl (dimethyl)silyl]loxy}-2~(l1~-methyl-1H-pyrazol-5-
yl)cyclohexyl]oxy}-5-chloro-N=- (2, 4-dimethoxybenzyl)-2-
fluoro-N- (pyrimidin—4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in

the same manner as in Example la by using the 5-~chloro-N-
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(2,4-dimethoxybenzyl)~2,4~-difluoro-N~ (pyrimidin-4-
yl)benzenesulfonamide (152 mg, 0.333 mmol) prepared in
Example 20a, the (187,2R",4S")-4-{[tert-
butyl (dimethyl)silylloxy}-2-(l-methyl-1H-pyrazol-5-
yl)cyclohexanol (94.0 mg, 0.303 mmol) prepared in Example
162f, sodium hydride (63%; 17.3 mg, 0.454 mmol) and DMF
(2.0 mL), to yield the title compound (81.5 mg, 36%) as a
colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 0.08 (3H, s), 0.09 (3H, s),
0.8% (9H, s), 1.50-1.82 (3H, m), 2.01-2.18 (3H, m), 3.15~
3.20 (1H, m), 3.76 (6H, s), 3.79-3.84 (1H, m), 3.93 (3H,
sy, 4.10-4.16 (1H, m), 5.19 (1H, d, J=16.6 Hz), 5.23 (1H,
d, J=16.6 Hz), 6.08 (1H, d, J=2.0 Hz), 6.38~6.40 (3H, m),
7.17-7.21 (2H, m), 7.36 (1H, d, J=1.5 Hz), 7.93 (1lH, d,
J=7.3 Hz), 8.46 (1H, 4, J=5.9 Hz), 8.79 (1H, s).
{(162h) 5-Chloro=-N-(2,4-dimethoxybenzyl)-2-fluoro-4-
{[(18",2R", 458"y ~4~-hydroxy-2- (1-methyl-1H-pyrazol-5-
vl)cyclohexyl]loxy}-N- (pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 120c by using the 4-
{[(18",2R", 48") -4~ {[tert-butyl (dimethyl)silylloxy}-2~-(1-
methyl-1H-pyrazol-5-yl)cyclohexyl]oxy}-5-chloro-N-(2,4-
dimethoxybenzyl)-2-fluoro-N- (pyrimidin-4-
vl)benzenesulfonamide (81.5 mg, 0.109 mmol) prepared in
Example 162 g, tetrabutyl ammonium fluoride (1.0 M

solution in THF; 0.218 mL, 0.218 mmol) and THF (5.0 mL),
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to yield the title compound (66.5 mg, 89%) as a colorless
oil.
'H-NMR (500 MHz, CDClz) O ppm: 1.49-1.79 (3H, m), 2.14-
2.28 (3H, m), 3.16-3.21 (1H, m), 3.76 (6H, s), 3.86-3.92
(14, m), 3.92 (3H, s), 4.11-4.18 (1H, m), 5.20 (2H, s),
6.07 (1H, d, J=2.0 Hz), 6.39-6.42 (3H, m), 7.17-7.21 (2H,
m)y, 7.36 (1H, d, J=2.0 Hz), 7.%94 (1H, d, J=7.3 Hz), 8.4¢
(1, d, J=5.9 Hz), 8.79 (1H, d, J=1.0 Hz).
(162i) 5-Chloro-2-fluoro-4-{[(18",2R",4S8")-4-hydroxy-2-(1-
methyl-1H-pyrazol-5-yl)cyclohexylloxy} =N~ {pyrimidin-4~
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 5-chloro-N-
(2, 4-dimethoxybenzyl)-2-fluoro-4-{[(18",2R",48") -4~
hydroxy-2-(l-methyl~-1H-pyrazol-5~yljcyclohexyl]oxy}~N-
(pyrimidin-4~yljibenzenesulfonamide (66.5 mg, 0.0975 mmol)
prepared in Example 162h, triethylsilane (0.10 mL),
trifluorocacetic acid (1.0 mL) and dichloromethane (1.0
nL), to yield the title compound (39.2 mg, 83%) as a
colorless solid.
'H-NMR (500 MHz, CDsOD) & ppm: 1.56-1.77 (3H, m), 2.06-
2.22 (3H, m), 3.79-3.85 (1H, m), 3.88 (3H, s), 4.50-4.55
(l1H, m), 4.81-4.89 (1H, m), 6.18 (1H, d, J=2.0 Hz), 6.95~
7.00 (2H, m), 7.26 (lH, d, J=2.0 Hz), 7.90 (1H, d, J=7.3
Hz), 8.25 (1H, d, J=5.9 Hz), 8.52 (1lH, s).
MS (ESI)m/z: 482 [M+H]+.

[0633]
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(Example 163) 5-Chloro-2-fluoro-4-{[(1S8",2R",55")~5-
hydroxy-2- (l-methyl-~1H-pyrazol-5-yl)cyclohexyl]loxy}-N=-
(pyrimidin-4-yl)benzenesulfonamide

[0634]

[Formula 181]
OH F NN
I
S\u N/

Cl

[0635]
(163a) (18",2R",5R")-5-{ [Tert-butyl (dimethyl)silyl]oxy}-2-
(l-methyl-1H-pyrazol-5-yl)cyclohexyl benzoate

The reaction and aftertreatment were conducted in
the same manner as in Example 107a by using the
(18", 2R", 5R™) -5-{ [tert-butyl (dimethyl)silyl]oxy}-2- (1~
methyl-1lH-pyrazol~-5-yl)cyclohexanol (774 mg, 2.49 mmol)
prepared in Example 160a, triethylamine (2.08 mL, 14.9
mmol), benzoyl chloride (1.45 mL, 12.6 mmol) and
dichloromethane (8.0 mL), to yield the title compound
{739 mg, 72%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 0.09 (3H, s), 0.14 (3H, s),
0.96 (9H, s), 1.58~1.68 (2H, m), 1.79-1.85 (2H, m), 2.07-
2.15 (14, m), 2.29%9-2.33 (1H, m), 2.97-3.02 (1H, m), 3.88
(3", sy, 4.27-4.30 (1H, m), 5.56 (1H, dt, J=3.%, 10.3 Hz),

6.12 (1H, d, J=2.0 Hz), 7.34 (1H, d, J=2.0 Hz), 7.37 (2H,
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t, J=7.3 Hz), 7.50 (1H, tt, J=1.5, 7.3 Hz), 7.84-7.86 (2H,
m) .
(163b) (18", 2R",5R")-5-Hydroxy-2- (1l-methyl-1H-pyrazol-5-
yl)cyclohexyl benzoate

The reaction and aftertreatment were conducted in
the same manner as in Example 120c by using the
(18", 2R", 5R") =5~ { [tert-butyl (dimethyl)silyl]oxy}-2~ (1~
methyl-1H-pyrazol-5-yl)cyclohexyl benzcate (739 mg, 1.78
mmol) prepared in Example 163a, tetrabutyl ammonium
fluoride (1.0 M solution in THF; 5.34 mlL, 5.34 mmol) and
THE (5.0 mL), to yield the title compound (517 mg, 97%)
as a colorless solid.
H-NMR (500 MHz, CDCls) & ppm: 1.67-1.80 (2H, m), 1.87-
1.96 (2H, m), 2.08-2.16 (1H, m), 2.35-2.39 (1H, m), 3.04
(1, dt, J=2.9, 10.3 Hz), 3.90 (3H, s), 4.35 (1H, brs),
5.55 (14, dt, J=3.9, 10.3 Hz), 6.15 (1H, d, J=2.0 Hz),
7.34-7.39 (3H, m), 7.51 (1H, t, J=7.3 Hz), 7.86 (2H, d,
J=8.3 Hz).
(163c) (187,2R")-2~-(1-Methyl-1H-pyrazol-5-yl)~5-
oxocyclohexyl benzoate

The reaction and aftertreatment were conducted in
the same manner as in Example 107c¢c by using the
(18", 2R", 5R") -5-hydroxy-2- (1-methyl-1H-pyrazol-5-
yl)cyclohexyl benzoate (517 mg, 1.72 mmol) prepared in
Example 163b, Dess-Martin reagent (1.46 g, 3.44 mmol) and
dichloromethane (10 mL), to yield the title compound (441

mng, 86%) as a colorless solid.
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'H-NMR (500 MHz, CDCls) & ppm: 1.97-2.06 (1H, m), 2.31-
2.37 (1B, m), 2.52-2.59%9 (1H, m), 2.62-2.69 (2H, m), 3.02-
3.06 (1H, m), 3.46 (1H, dt, J=4.4, 9.3 Hz), 3.98 (3H, s),
5.47 (1H, dt, J=5.4, 8.8 Hz), 6.19 (1H, d, J=2.0 Hz),
7.40-7.43 (3H, m), 7.56 (1H, t, J=7.3 Hz), 7.88-7.90 (2H,
m) .
(163d) (18",2R",58")-5-Hydroxy-2- (1l-methyl~1H-pyrazol-5-
vljcyclohexyl benzoate

The reaction and aftertreatment were conducted in
the same manner as in Example 162d by using the
(18*,2R*)42—{1—methyl—1H—pyrazol~5~yl)~5~oxocyclohexyl
benzocate (441 mg, 1.48 mmol) prepared in Example 163c,
sodium borohydride (168 mg, 4.44 mmol) and ethanol (7.0
mL), to yield the title compound (290 mg, 65%) as a
colorless amorphous solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.44-1.65 (3H, m), 2.02-
2.06 (iH, m), 2.12-2.14 (1H, m), 2.55-2.59 (1H, m), 2.96
(1, dt, J=3.9, 11.7 Hz), 3.69-3.73 (1H, m), 3.87 (3H, s),
3.90-3.95 (1H, m), 5.16 (1H, dt, J=4.4, 11.2 Hz), 6.05
(1, 4, J=2.0 Hz), 7.33 (1H, d, J=2.0 Hz), 7.38 (2H, t,
J=7.8 Hz), 7.52 (1H, t, J=7.3 Hz), 7.83-7.85 (2H, m).
(163e) (18",2R",58")-5-{ [Tert-butyl (dimethyl)silyl]oxy}-2-
(l-methyl~1H-pyrazol-5-yl)cyclohexyl benzoate

The reaction and aftertreatment were conducted in
the same manner as in Example 162e by using the
(18*,2R5,58*)—5—hydroxy—2—(1~methyl—1H—pyrazol—5-

yl)cyclohexyl benzoate (290 mg, 0.966 mmol) prepared in
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Example 163d, 2,6-lutidine (0.136 mL, 1.17 mmol), tert-
butyl (dimethyl)silyl triflucromethanesulfonate (0.269 mL,
1.17 mmol) and dichloromethane (5.0 mL), to yield the
title compound (327 mg, 82%) as a colorless oil.
H-NMR (500 MHz, CDCls) & ppm: 0.09 (3H, s), 0.10 (3H, s),
0.89 (9H, s), 1.45-1.67 (3H, m), 1.98-2.04 (2H, m), 2.43-
2.47 (1H, m), 2.91-2.96 (lH, m), 3.84-3.89 (1H, m), 3.86
(3, s), 5.16 (1H, dt, J=4.4, 11.2 Hz), 6.05 (1lH, d,
J=2.0 Hz), 7.33 (1H, d, J=2.0 Hz), 7.37 (2H, t, J=7.3 Hz),
7.51 (1, tt, J=1.5, 7.3 Hz), 7.84-7.86 (2H, m).
(163f) (18",2R",58") ~5-{[Tert-butyl (dimethyl)silylloxy}-2-
(l-methyl-1H-pyrazol—-5b-yl)cyclohexanol

The reaction and aftertreatment were conducted in
the same manner as in Example 162f by using the
(18",2R", 58") -5~ { [tert-butyl (dimethyl)silylloxy}-2-(1-
methyl-1H-pyrazol-5-yl)cyclohexyl benzoate (327 mg, 1.09
mmol) prepared in Example 163e, potassium carbonate (301
mg, 2.18 mmol) and methanol (5.0 mL), to yield the title
compound (207 mg, 87%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 0.08 (3H, s), 0.08 (3H, s),
0.89 (9H, s), 1.34~1.45% (2H, m), 1.50-1.57 (1H, m), 1.86-
1.94 (2H, m), 2.23-2.26 (1H, m), 2.55-2.59 (1lH, m), 3.58-
3.63 (1H, m), 3.72-3.78 (1H, m), 3.80 (3H, s), 6.00 (1H,
sy, 7.33 (1H, s).
(163g) 4-{[(18",2R",58")-5-{[Tert-

butyl (dimethyl)silyl]loxy}-2~(l-methyl-1H-pyrazol-5-
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yl)cyclohexyl]oxy}=-5-chloro-N-(2, 4-dimethoxybenzyl) -2~
fluoro-N- (pyrimidin-4~-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N~
(2,4~dimethoxybenzyl)-2,4-difluoro-N-(pyrimidin-4-
vl)benzenesulfonamide (152 mg, 0.333 mmol) prepared in
Example 20a, the (18",2R",587)-5-{[tert-
butyl (dimethyl)silylloxy}-2-(l-methyl-1H-pyrazol-5-
yv1l)cyclohexanol (94.0 mg, 0.303 mmol) prepared in Example
163f, sodium hydride (63%; 17.3 mg, 0.454 mmol) and DMF
(2.0 mL), to yield the title compound (174 mg, 77%) as a
colorless oil.
H-NMR (500 MHz, CDCls) & ppm: 0.07 (3H, s), 0.08 (3H, s),
0.88 (9H, s), 1.47-1.72 (3H, m), 2.01-2.05 (2H, m), 2.32~-
2.36 (1H, m), 2.98-3.03 (1H, m), 3.76 (6H, s), 3.78-3.82
(1H, m), 3.91 (3H, s), 4.16 (1H, dt, J=3.9, 10.7 Hz),
5.19 (1H, d, J=16.6 Hz), 5.24 (1H, d, J=16.6 Hz), 6.00
(1, d, J=2.0 Hz), 6.37-6.40 (3H, m), 7.18 (1H, d, J=8.8
Hz), 7.22 (1H, dd, J=1.0, 5.9 Hz), 7.34 (1H, d, J=2.0 Hz),
7.93 (1H, d, J=7.3 Hz), 8.46 (1H, d, J=6.4 Hz), 8.80 (1H,
d, J=1.0 Hz).
(163h) 5-Chloro-N- (2, 4~dimethoxybenzyl)-2-fluoro—-4-
([(18",2R",55")-5-hydroxy-2- (1-methyl-1H-pyrazol-5-
vl)cyclohexyl]loxy}—-N- (pyrimidin—-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 120c by using the 4-

([(18",2R",58")-5-{[tert-butyl (dimethyl)silyl]loxy}-2- (1~
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methyl-1H-pyrazol-5-yl)cyclohexyl]oxy}-5-chloro-N-(2,4-
dimethoxybenzyl)-2-fluoro-N~ (pyrimidin-4-
yvl)benzenesulfonamide (174 mg, 0.233 mmol) prepared in
Example 163 g, tetrabutyl ammonium fluoride (1.0 M
solution in THF; 0.466 mL, 0.466 mmol) and THF (5.0 mL),
to yield the title compound {148 mg, 93%) as a colorless
oil.
1H-NMR (500 MHz, CDC13) & ppm: 1.46-1.69 (3H, m), 2.04-
2.08 (1H, m), 2.14-2.17 (1H, m), 2.46-2.49 (1H, m), 3.01-
3.06 (1H, m), 3.76 (6H, s), 3.81-3.88 (1H, m), 3.93 (3H,
sy, 4.18 (1H, dt, J=4.4, 10.7 Hz), 5.20 (1iH, d, J=17.1
Hz), 5.23 (1H, d, J=16.6 Hz), 6.01 (1H, d, J=2.0 Hz),
6.39-6.43 (3, m), 7.17 (1H, d, J=8.8 Hz), 7.22 (1H, d,
J=5.9 Hz), 7.35 (1H, d, J=2.0 Hz), 7.%3 (1H, d, J=7.3 Hz},
8.46 (1H, d, J=6.4 Hz), 8.79 (1lH, s).
(163i) 5-Chloro-2-fluoro-4-{[(1s",2R",58")-5-hydroxy-2-(1-
methyl-1H-pyrazol-5~yl)cyclohexyl]loxy}-N=- (pyrimidin—-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 5-chloro-N-
(2, 4-dimethoxybenzyl)-2-fluoro-4-{[ (18",2R", 58") -5~
hydroxy-2-(l-methyl-1H-pyrazol-5-yl)cyclohexyl]oxy}-N=-
(pyrimidin-4-vyl)benzenesulfonamide (148 mg, 0.217 mmol)
prepared in Example 163h, triethylsilane (0.10 mL),
trifluorocacetic acid (1.0 mL) and dichloromethane (1.0
mL), to yield the title compound (80.5 mg, 77%) as a

colorless solid.



- 497 -

'H-NMR (500 MHz, CD30OD) & ppm: 1.45-1.75 (3H, m), 1.97-
2.08 (2H, m), 2.43-2.46 (1H, m), 3.10~-3.15 (1H, m), 3.81-
3.86 (1H, m), 3.88 (3H, s), 4.56 (1H, dt, J=3.9, 10.7 Hz),
6.13 (1H, s), 6.96-7.01 (2H, wm), 7.25 (1H, s), 7.91 (1H,
d, J=7.3 Hz), 8.25 (1H, d, J=6.4 Hz), 8.53 (1lH, s).

MS (ESI)m/z: 482 [M+H]+.

(06361

(Example 164) 5-Chloro-2-fluocro-4-{[(1R,2S,4S)-4-hydroxy-
2~ (l-methyl-1H-pyrazol-5~yl)cyclohexyl]oxy}-N-(pyrimidin-
4~-ylybenzenesulfonamide

[06371

[Formula 182]

F o o NN
HO P\ P
~T:::1\ K N
H
"o
: cl
\N\
\
N—J

[0638]
(164a) (1R,2S5,48)-4-{[Tert-butyl (dimethyl)silyl]loxy}-2-
(1-methyl-1H-pyrazol-5-yl)cyclohexanol

The (1S",2R", 4R")~-4-{[tert-butyl (dimethyl)silylloxy}-
2= (1l-methyl-1H-pyrazol-5-yl)cyclohexanol prepared in
Example 16la was optically resclved with CHIRALFLASH
IC(Daicel Corp.; hexane/isopropanol= 6:4) to yield the
title compound as a colorless oil.
(164b)} 4-{[(1R,25,48)-4~{[Tert-butyl (dimethyl)silylloxy}-

2~ {(l-methyl-1H~pyrazol-5-yl)cyclohexyl]oxy}-5~-chloro-N-
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(2,4-dimethoxybenzyl)-2-fluoro-N- (pyrimidin-4-
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-
(2,4~dimethoxybenzyl)-2,4-difluocro-N-{pyrimidin-4-
vl)benzenesulfonamide (243 mg, 0.533 mmol) prepared in
Example 20a, the (1R,25,4S5)-4-{[tert-
butyl (dimethyl)silyl]loxy}=2~(l-methyl-1H-pyrazol-5-
vl)cyclohexanol (138 mg, 0.444 mmol) prepared in Example
164a, sodium hydride (63%; 25.4 mg, 0.667 mmol) and DMF
(2.0 mL), to yield the title compound (272 mg, 82%) as a
colorless oil.
(164c) 5-Chloro=-N-(2,4-dimethoxybenzyl)-2-fiuoro—-4-
{[(1R,2S,4S)-4-hydroxy~2~ (1l-methyl~1H~pyrazol-5-
yl)cyclohexyl]oxy}=N-(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 120c by using the 4-
{[(1R,28,43)-4-{[tert-butyl (dimethyl)silylloxy}-2-(1-
methyl-1H-pyrazol-5-vyl)cyclohexyl]loxy}-5-chloro-N- (2,4~
dimethoxybenzyl)-2~fluoro-N~- (pyrimidin-4-
vl)benzenesulfonamide (272 mg, 0.364 mmol) prepared in
Example 164b, tetrabutyl ammonium fluoride (1.0 M
solution in THF; 0.729 mL, 0.729 mmol) and THF (5.0 mL),
to yield the title compound (189 mg, 82%) as a colorless

amorphous solid.
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(164d) 5-Chloro-2-fluoro-4-{[(1R,25,4S)~-4-hydroxy-2-(1-
methyl-1H-pyrazol=-5-yl)cyclohexyl]oxy}~N~ (pyrimidin-4-~
yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 5-chloro-N-
(2,4~-dimethoxybenzyl)~-2-fluoro-4-{[ (1R, 25,45)-4-hydroxy-
2~ (1l-methyl-1H-pyrazol-5-yl)cyclohexyl]oxy}-N-(pyrimidin-
4-y1l)benzenesulfonamide (189 mg, 0.299 mmol) prepared in
Example 164c, triethylsilane {(0.050 mlL), trifluorocacetic
acid (0.50 mL) and dichloromethane (1.0 mL), to yield the
title compound (86.0 mg, 60%) as a colorless solid.
[@]p*°=-10.0 (c 1.04, DMSO).
[0639]
(Example 165) 5~Chloro-2-fluoro—-4-{[(1S3,2R,4R)-4-hydroxy-
2= (1-methyl-1H-pyrazol-5-yl)cyclohexyl]oxy}-N~(pyrimidin-
4-yl)benzenesulfonamide
[0640]

[Formula 183]
F o NN
‘., ~ lr:ll N

\
N=

[0641]
(165a) {(18,2R,4R})=4~{[Tert~butyl(dimethyl)silyl]joxy}-2-

{(l-methyl-1H-pyrazol-5-yl)cyclohexanol
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The (18",2R",4R")-4-{[tert-butyl (dimethyl)silyl]oxy}-
2= (l-methyl~1H-pyrazol-5-yl)cyclohexanol prepared in
Example 16la was optically resolved with CHIRALFLASH IC
(Daicel Corp.; hexane/isopropanol = 6:4) to yield the
title compound as a colorless oil.

{165b) 4-{[(1S,2R,4R)-4-{[Tert-butyl (dimethyl)silyl]loxy}-
2~=(l-methyl-1H-pyrazol-5-yl)cyclohexylloxy}—-5-chloro-N-
(2,4~dimethoxybenzyl)~2-fluoro-N- (pyrimidin-4-
yvl)ibenzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro-N-
(2,4~-dimethoxybenzyl)~-2,4-difluoro~N~ (pyrimidin-4-
yl)benzenesulfonamide (238 mg, 0.522 mmol) prepared in
Example 20a, the (18,2R,4R)-4-{[tert-
butyl (dimethyl)silylloxy}~2~{l-methyl-1H-pyrazol-5-
yl)cyclohexanol (135 mg, 0.434 mmol) prepared in Example
165a, sodium hydride (63%; 24.8 mg, 0.651 mmol) and DMF
(2.0 mL), to yield the title compound (262 mg, 81%) as a
colorless oil.

(165¢c) 5-Chloro-N- (2, 4-dimethoxybenzyl)-2~-fluoro-4-
{1(18, 2R, 4R) ~4~hydroxy-2~ (l-methyl-1H-pyrazol-5-
yl)cyclohexyl]loxy}—-N-(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 120c by using the 4-
{[(1S,2R,4R) -4~ { [tert-butyl (dimethyl)silyl]loxy}-2-(1-
methyl-1H-pyrazol-5-~yl)cyclohexylloxy}=5~chloro-N=- (2,4~

dimethoxybenzyl)-2~fluero-N- (pyrimidin-4-
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yvl)benzenesulfonamide (262 mg, 0.351 mmol) prepared in
Example 165b, tetrabutyl ammonium fluoride (1.0 M
soluticn in THF; 0.702 mL, 0.702 mmol) and THF (5.0 mL),
to yield the title compound (153 mg, 69%) as a colorless
amorphous solid.
(165d) 5-Chloro-2-fluoro-4-{[(1S5,2R,4R)-4~-hydroxy-2- (1~
methyl-1H-pyrazol-5-yl)cyclohexyl]oxy}-N-{pyrimidin-4-
ylibenzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 5-chloro-N-
(2,4-dimethoxybenzyl)-2-fluorco—-4~-{[ (1S, 2R, 4R) -4-hydroxy-
2-{1l-methyl-1H~pyrazol-5-yl)cyclohexyl]loxy}-N-(pyrimidin-
4-yiibenzenesulfonamide (153 mg, 0.242 mmol) prepared in
Example 165¢c, triethylsilane (0.050 mL), trifluoroacetic
acid (0.50 mL) and dichloromethane (1.0 mL), to yield the
title compound (92.0 mg, 79%) as a colorless solid.
[a]p”°=9.62 (c 0.915, DMSO).
[0642]
(Example 166) (1R,3R,4S)~-4-[2-Chloro-5-fluorc~-4-
(pyrimidin-4-ylsulfamoyl)phenoxy]-3-(l-methyl-1H-pyrazol-
5-yl)cyclohexyl acetate

[0643]
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[Formula 184]

F o o NN
o W >
B s
Y e, \N N
H

e}

N
\
N=—

[0644]

A solution of the 5-chloro-2-fluoro—-4-{[ (18, 2R,4R)-
4-hydroxy-2-(l-methyl-1H-pyrazol-5-yl)cyclohexyl]oxy}-N-
(pyrimidin-4-yl)benzenesulfonamide (22.0 mg, 0.046 mmol)
prepared in Example 165d, acetic anhydride (0.50 ml) and
4-(N,N-dimethylamino)pyridine (0.6 mg, 0.0046 mmol) in
pyridine (1.0 mL) was stirred at room temperature for 3
hours. The reaction soluticon was concentrated, and 1 M
HCl (10 mL) was then added to the residue, followed by
extraction with dichloromethane (50 mL). The thus
obtained organic layer was dried over anhydrous sodium
sulfate. After wvacuum concentration, the residue was
purified with silica gel chromatography
(dichloromethane/methanol = 10:1) to yield the title
compound (22.0 mg, 91%) as a colorless solid.

'H-NMR (500 MHz, CDCls) & ppm: 1.68-1.75 (1H, m), 1.88-
1.97 (2H, m), 2.05-2.15 (2H, m), 2.15 (3H, s), 2.22-2.27
(1B, m), 3.40-3.45 (1H, m), 3.94 (3H, s), 4.19 (1H, dt,
J=3.9, 10.3 Hz), 5.18-5.19 (1H, m), 6.04 (1lH, d, J=2.0

Hz), 6¢.45 (1, d, J=11.2 Hz), 7.26-7.27 (1H, m), 7.35 (1H,
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d, J=2.0 Hz), 7.%6 (1H, d, J=7.3 Hz), 8.39 (1H, d, J=6.4
Hz), 8.82 (1H, s).

MS (ESI)m/z: H24[M+H]+.

[0645]

(Example 167) 5-Chloro-2-fluoro-4-{[(15,28)-2-(1l-methyl-
1H~pyrazol-5~-yl)cyclohexyl]loxy} =N~ (pyrimidin-4-
yvl)benzenesulfonamide

[0646]

[Formula 185]
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[0647]
(167a) (3aS,7a8)-3a-(1-Methyl-1H-pyrazol-5-yl)hexahydro-
1,3-benzodioxol-2-one

A solution of the (18,28)-1-(l-methyl-1H-pyrazol-5~-
yl)cyclohexane~1,2-dicl (1.21 g, 6.17 mmol) prepared in
Example 123c¢, dimethylaminopyridine (75.3 mg, 0.62 mmol)
and carbonyldiimidazole (2.0 g, 12.3 mmol) in toluene (20
mL) was stirred for 3 hours under heated reflux. To the
reaction solution, carbonyldiimidazole (1.0 g, 6.17 mmol)
was added, and the reaction solution was further stirred
for 3 hours under heated reflux. To the reaction
sclution, carbonyldiimidazole (0.50 g, 3.08 mmol) was

further added, and the reaction solution was stirred for
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3 hours under heated reflux. After allowing to cool, the
reaction solution was vacuum concentrated, and the
residue was purified with silica gel chromatography
(hexane/ethyl acetate = 7:3) to yield the title compound
(1.18 g, 86%) as a colorless solid.
'H-NMR (500 MHz, CDCls) & ppm: 1.26-1.35 (1H, m), 1.60-
1.77 (3H, m), 1.87-1.94 (1H, m), 2.02-2.08 (1H, m), 2.28-
2.33 (2H, m), 4.02 (3H, s}, 4.90 (1H, t, J=3.4 Hz), 6.19
(1H, d, J=2.0 Hz), 7.45 (1H, d, J=2.0 Hz).
(167b) (18,28)-2-(1-Methyl-1H-pyrazol-5-yl)cyclohexanol

A solution of the (3a8,7aS)-3a-{(l-methyl~1H-pyrazol-
5~yl)hexahydro-1, 3-benzodioxol~2~one (500 mg, 2.25 mmol)
prepared in Example 167a and palladium carbon (10%; 500
mg) in THF (10 mL) was stirred at 60°C for 12 hours under
a hydrogen atmosphere. The reaction solution was
filtered through Celite, and the residue was purified
with silica gel chromatography (hexane/ethyl acetate =
2:1) to yield the title compound (85 mg, 21%) as a
colorless oil.
H-NMR (500 MHz, CDCls) & ppm: 1.34-1.44 (2H, m), 1.50-
2.00 (6H, m), 2.83-2.87 (1H, m), 3.80 (3H, s), 3.94-3.96
(1H, m), 6.15 (1H, d, J=2.0 Hz), 7.39 (1lH, 4, J=1.0 Hz).
{(167c) 5~Chloro-N-(2,4-dimethoxybenzyl)-2-fluoro-4-
{[(18,28)~2-(1-methyl-1H-pyrazol-5-yl)cyclohexyl]oxy}—-N-
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in

the same manner as in Example la by using the 5-chloro-N-
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(2, 4-dimethoxybenzyl) -2, 4-difluoro-N- (pyrimidin-4-
v1l)benzenesulfonamide (98.0 mg, 0.215 mmol) prepared in
Example 20a, the (1S,28)-2-(l-methyl-1H-pyrazol-5-
yl)cyclohexanol (38.7 mg, 0.215 mmol) prepared in Example
167b, sodium hydride (63%; 12.0 mg, 0.315 mmol) and DMF
(1.0 mL), to yield the title compound (98.0 mg, 74%) as a
colorless oil.
'H-NMR (500 MHz, CDCls;) & ppm: 1.47-1.98 (6H, m), 2.13-
2.28 (2H, m), 2.97-3.00 (1H, m), 3.76 (3H, s}, 3.78 (3H,
s), 3.85 (3H, s), 4.58-4.59 (1H, m), 5.21 {(1H, 4, J=1l6.6
Hz), 5.25 (1H, d, J=16.6 Hz), 6.17 (1H, d, J=2.0 Hz),
6.39-6.41 (3H, m), 7.1¢9 (1H, d, J=8.8 Hz), 7.24 (1H, d,
J=6.4 Hz), 7.28 (1H, d, J=8.8 Hz), 8.00 (1H, d, J=7.3 Hz),
8.47 (1H, d, J=5.9 Hz), 8.80 (lH, s).
(l67d) 5-Chloro-2-fluoro-4-{[(1S,25)-2- (l-methyl-1H~
pyrazol-5-yl)cyclohexyl]loxy}-N- (pyrimidin-4-
v1l)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1lb by using the 5-chloro-N-
(2,4-dimethoxybenzyl)-2~fluoro-4~-{[(1S,2S)-2-(l-methyl-
1H-pyrazol~-5-yl)cyclohexyl]oxy}-N- (pyrimidin-4-
vl)benzenesulfonamide (98.0 mg, 0.159 mmol) prepared in
Example 167c, triethylsilane (0.10 mL), trifluorocacetic
acid (1.0 mlL) and dichloromethane (1.0 mlL), to yield the
title compound (67.0 mg, 90%) as a colorless solid.
'H-NMR (500 MHz, DMSO-dg¢) & ppm: 1.48-1.84 (6H, m), 1.99-
2.10 (2H, m), 3.18-3.21 (1H, m), 3.80 (3H, s), 4.91-4.92
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(1H, m), 5.99 (1H, d, J=2.0 Hz), 6.96 (1lH, brs), 7.10-
7.12 (2H, m), 7.83 (1H, d, J=7.3 Hz), 8.26 (lH, brs),
8.58 (1H, s).

MS (ESI)m/z: 466[M+H]+;

[a]”°=120.8 (c 1.04, DMSO).

[0648]

(Example 168) 5-Chloro-2-fluocro-4-{[(1R,2R)-2-({1-methyl-
1H-pyrazol-5-yl)cyclohexyl]loxy}-N-{pyrimidin-4-
yvl)benzenesulfonamide

[0649]

[Formula 186]
F N
3¢ 1)
\ﬁ N/

\N \
\
N==

[0650]
(168a) (1R,2R)-1-{1-Methyl-1H-pyrazol-5-yl)cyclohexane-
1,2-diol

The reaction and aftertreatment were conducted in
the same manner as in Example 102a by using the 5-
(cyclohex-l-en-1-yl)~1l-methyl-1lH-pyrazole (1.00 g, 6.16
mmol) prepared in Example 123b, methanesulfonamide (586
mg, 6.16 mmol), t-butancl (10 mL), water (10 mL) and AD-
mixB (Sigma-Aldrich Corp.; 8.67 g), to yield the title

compound (1.21 g, 99%) as a colorless oil.
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(168b) (3aR,7aR)~-3a-(1-Methyl-1H-pyrazol-5~yl)hexahydro-
1, 3-benzodioxol-2-one

The reaction and aftertreatment were conducted in
the same manner as in Example 167a by using the (1R,2R)-
1-{l-methyl-1H-pyrazol-5-yl)cyclohexane-1,2-diol (1.21 g,
6.17 mmol) prepared in Example 168a,
dimethylaminopyridine (75.3 mg, 0.62 mmol),
carbonyldiimidazole (3.50 g, 21.6 mmol) and toluene (20
ml), to yield the title compound (1.26 g, 92%) as a
colorless oil.
{168c) (1R,2R)-2~{(1-Methyl-1H-pyrazol-5~yl)cyclohexanol

The reaction and aftertreatment were conducted in
the same manner as in Example 167b by using the
{3aR,7aR)-3a~(l-methyl~1H-pyrazol-5-yl)hexahydro~1, 3~
benzodioxol~2-one (760 mg, 3.42 mmol) prepared in Example
168b, palladium carbon (10%; 760 mg) and THF (10 mL), to
yield the title compound (133 mg, 22%) as a colorless oil.
{168d) 5-Chloro-N-(2,4~-dimethoxybenzyl)-2-fluoro-4-
{[(IR,2R)-2-(l-methyl-1H-pyrazol-5-yl)cyclohexyl]oxy}-N-
(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the 5-chloro~N-
(2,4-dimethoxybenzyl)~-2,4-difluoro-N~ (pyrimidin-4-
yvl)benzenesulfonamide (80.0 mg, 0.175 mmol) prepared in
Example 20a, the (1R,2R)-2-(l-methyl-lH-pyrazol-5-
yl)cyclohexanol (31.6 mg, 0.175 mmol) prepared in Example

168c, sodium hydride (63%; 8.0 mg, 0.210 mmol) and DMF



- 508 -

(1.0 mL), to yield the title compound (55.0 mg, 51%) as a
colorless oil.
(168e) 5-Chloro-2-fluoro-4-{[(1R,2R})-2~(l-methyl-1H-
pyrazol-5-yl)cyclohexylloxy}-N-{pyrimidin-4-~
yvl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 1b by using the 5-chloro-N-
(2,4-dimethoxybenzyl)-2-fluoro-4-{[ (1R, 2R) -2~ (1l-methyl-
1H-pyrazol-5~yl)cyclohexylloxy}-N-(pyrimidin-4-
vl)benzenesulfonamide (55.0 mg, 0.0893 mmol) prepared in
Example 168d, triethylsilane (0.10 mL), trifluoroacetic
acid (1.0 mL} and dichloromethane (1.0 mL), to yield the
title compound (41.6 mg, 99%) as a colorless solid.
MS (ESI)m/z: 466 [M+H]+
[a]p?®==116.1 (c 1.01, DMSO).
[0651]
(Example 169) 2,6-Diflucro-4-{[(1R,2S)-2~(1H~-pyrazol-4-
yl)cyclohexyl]oxy}-N- (pyrimidin-4-yl)benzenesulfonamide
[0652]

[Formula 187]
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[0653]

(169a) (1R",28")-2-(1H-Pyrazol-4-yl)cyclohexanol
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The reaction and aftertreatment were conducted in
the same manner as in Example 155b by using 4-iodo-1H-
pyrazole (5.82 g, 30.0 mmol), butyl lithium (2.69 M
solution in hexane; 22.3 mL, 60.0 mmol), a boron
trifluoride-diethyl ether complex (7.54 mL, 60.0 mmol),
cyclohexene oxide (3.24 g, 33.0 mmol) and THF (120 mL),
to yield the title compound (0.48 g, 10%) as a colorless
solid.

'H-NMR (500 MHz, CDCls) & ppm: 1.26-1.51 (4H, m), 1.73-
2.11 (4H, m), 2.43-2.48 (1H, m), 3.41-3.46 (1H, m), 7.51
(2H, s).

(16%b) (1R,2S8)-2-(1lH-Pyrazol-4-yl)cyclohexanol

The (1R",28")-2-(1H-pyrazol-4-yl)cyclohexanol
prepared in Example 169a was optically resolved with
CHIRALPAK AD-H (Daicel Corp.; hexane/ethanol = 8:2) to
yield the title compound as a colorless solid.

(169c) (1R,28)-2-[1-(Methoxymethyl)~1H~pyrazol-4-
yllcyclohexanol

To a solution of the (1R,2S8)-2~(1H-pyrazol-4-
yvl)cyclohexanol (170 mg, 1.02 mmol) prepared in Example
1690 in DMF (5.0 mL), chloromethyl methyl ether (0.078 mL,
1.02 mmol) was added, and the reaction solution was
stirred at room temperature for 2 hours. The reaction
solution was vacuum concentrated, and the residue was
then purified with silica gel chromatography
(hexane/ethyl acetate = 7:3) to yield the title compound

(132 mg, 61%) as a colorless solid.
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TH-NMR (500 MHz, CDCls) & ppm: 1.26-1.48 (4H, m), 1.74-
2.09 (4H, m), 2.39-2.44 (1H, m), 3.34 (3H, s), 3.40-3.44
(1H, m), 5.35 (2H, s}, 7.46 (1H, s), 7.49 (1H, s).
(169d) N-(2,4-Dimethoxybenzyl) -2, 6~difluoro~4-{{(1R,2S8)-
2~[1~(methoxymethyl)~-1H-pyrazol-4-yl]lcyclohexyl}oxy)~N-
(pyrimidin-4~yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2, 4-
dimethoxybenzyl)-2,4,6~-trifluoro-N- (pyrimidin-4-
vl)benzenesulfonamide (178 mg, 0.405 mmol) prepared in
Example 27a, the (1R,23)~-2-[l-{methoxymethyl)-1H~-pyrazol-
4-ylicyclohexanol (71.0 mg, 0.338 mmol) prepared in
Example 169c, sodium hydride (63%; 19.3 mg, 0.507 mmol)
and DMF (2.0 mL), to yield the title compound (62.2 mg,
29%) as a colorless oil.
'H-NMR (400 MHz, CDCls) & ppm: 1.37-1.65 (4H, m), 1.81-
2.19 (4H, m), 2.78-2.84 (1H, m), 3.22 (3H, s), 3.77 (3H,
s), 3.82 (3H, s), 3.98-4.04 (1lH, m), 5.26 (2H, s), 5.28
(2H, s), 6.35-6.44 (4H, m), 7.18 (1H, dd, J=1.2, 5.9 Hz),
7.21 (1H, d, J=8.2 Hz), 7.34 (1lH, s), 7.41 (1H, s), 8.44
(1H, d, J=6.3 Hz), 8.78 (1H, d, J=0.8 Hz).
(169e) 2,6-Difluoro-4-{[(1R,2S)-2~-(1lH-pyrazol-4-
yl)cyclohexyl]oxy}=N-(pyrimidin-4~yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 147e by using the N-(2,4-
dimethoxybenzyl)-2, 6~difluoro~4—-({ (1R,2S)~2~[1~

(methoxymethyl)-1H-pyrazol-4-yl]lcyclohexyl}loxy)-N-
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(pyrimidin—4-yl)benzenesulfonamide (62.2 mg, 0.0988 mmol)
prepared in Example 169d, triethylsilane (0.080 mL),
dichloromethane (1.0 mL), trifluorcacetic acid (1.0 mL),
methanol (6.0 mL) and 6 M hydrochloric acid (2.0 mL), to
yield the title compound (37.0 mg, 85%) as a colorless

solid.

[a]p*°==23.0 (c 1.04, DMSO).

[0654]

{(Example 170) 2-Fluoro-5-methyl-4-{[(1R,23)-2-(1H~-
pyrazol-4-yl)cyclohexyl]loxy}-N- (pyrimidin-4-
yl)benzenesulfonamide

[0655]

[Formula 188]
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[0656]
(170a) N~ {(2,4-Dimethoxybenzyl)-2~-fluoro—-4-({(1R,2S5)-2~-[1~-
(methoxymethyl)-1H-pyrazol-4-yl]cyclohexyl}oxy)-5-methyl-
N-(pyrimidin—4~yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(Z,4-
dimethoxybenzyl) -2, 4-difluoro-5-methyl-N- (pyrimidin—-4-
ylibenzenesulfonamide (154 mg, 0.354 mmol) prepared in

Example 43a, the (1R,28)-2-[1-{methoxymethyl)-1H-pyrazol-
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4-yl]lcyclohexanol (61.8 mg, 0.294 mmol) prepared in
Example 169c, sodium hydride (63%; 16.8 mg, 0.441 mmol)
and DMF (2.0 mL), to vyield the title compound (144 mg,
78%) as a colorless oil.
'H-NMR (500 MHz, CDCls) & ppm: 1.41-1.65 (4H, m), 1.80-
2.20 (4H, m), 2.14 (3H, s}, 2.85-2.90 (1H, m), 3.20 (3H,
s), 3.76 (3H, s), 3.79 (3H, s}, 4.00~4.04 (1H, m), 5.25
(2H, s), 5.27 (2H, s), 6.38-6.41 (3H, m), 7.19 (1H, d,
J=8.3 Hz), 7.30 (1H, dd, J=1.5, 5.9 Hz), 7.34 (1H, s),
7.41 (1H, s), 7.68 (1H, d, J=7.8 Hz), 8.42 (1H, d, J=5.9
Hz), 8.76¢ (1H, d, J=1.0 Hz).
(170b) 2-Fluoro-5-methyl-4-{[(1R,2S8)-2- (1lH-pyrazol-4-
yl)cyclohexyl]oxy}-N-(pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 147e by using the N-(2,4-
dimethoxybenzyl)~2~-fluoro-4-({ (1R, 23)-2-[1-
(methoxymethyl)~-1H-pyrazol-4-yl]lcyclohexyl}loxy)-b-methyl-
N- (pyrimidin-4-yl)benzenesulfonamide (144 mg, 0.230 mmol)
prepared in Example 170a, triethylsilane (0.184 mL),
dichloromethane (1.0 mL), trifluorocacetic acid (1.0 mL),
methanol (15 mL) and 6 M hydrochloric acid (5.0 mL), to
yield the title compound (51.7 mg, 52%) as a colorless
solid.
[a]p”®=-20.3 (c 0.979, DMSO).
[0657]
(Example 171) 2,6-Difluoro-4-{[(18,2R)-2-(1H-pyrazol-4-

yl)cyclohexylloxy}-N-(pyrimidin-4-yl)benzenesulfonamide
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[0658]

[Formula 189]
3 XN
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H
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(171a) (1S,2R)=~2-(1H-Pyrazol-4-yl)cyclohexanol

The (1R",2S8")-2-(1H-pyrazol-4-yl)cyclohexanol
prepared in Example 16%a was optically resolved with
CHIRALPAK AD-H (Daicel Corp.; hexane/ethanol = 8:2) to
yield the title compound as a colorless solid.
(171b) (18,2R)=2-[1-(Methoxymethyl)-1H-pyrazol-4-
yllcyclohexanol

The reaction and aftertreatment were conducted in
the same manner as in Example 169c by using the (1S,2R)-
2-(1H-pyrazol-4-yl)cyclohexanol (144 mg, 0.866 mmol)
prepared in Example 171a, chloromethyl methyl ether
(0.069 mL, 0.908 mmol) and DMF (4.0 mL), to yield the
title compound (132.2 mg, 73%) as a colorless oil.
(171c) N-(2,4-Dimethoxybenzyl)-2,6-difluoro-4-({(1S,2R)~
2-[1-{methoxymethyl)-1H-pyrazol-4~yl]lcyclohexyl}oxy)-N~-
(pyrimidin~4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-

dimethoxybenzyl)~-2,4, 6-trifluoro-N- (pyrimidin—-4-
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yl)benzenesulfonamide (156 mg, 0.355 mmol) prepared in
Example 27a, the (1S,2R)-2-[1-(methoxymethyl)-1H~pyrazol-
4-yllcyclohexanol (62.2 mg, 0.296 mmol) prepared in
Example 171b, sodium hydride (63%; 16.9 mg, 0.444 mmol)
and DMF (2.0 mL), to yield the title compound (40.5 mg,
22%) as a colorless oil.
(171d) 2,6~Difluoro~4~{[(18,2R)~2~(1lH~pyrazol—-4-
yl)cyclohexylloxy}-N-{pyrimidin-4-yl)benzenesulfonamide
The reaction and aftertreatment were conducted in
the same manner as in Example 147e by using the N-(2,4-
dimethoxybenzyl)-2, 6-difluoro~4~-({(15,2R)~2-[1~
(methoxymethyl)-1H-pyrazol~4-yl]lcyclohexylloxy) -N-
(pyrimidin-4-ylibenzenesulfonamide (40.5 mg, 0.0643 mmol)
prepared in Example 171c, triethylsilane (0.055 mlL),
dichloromethane (1.0 mL), trifluorcacetic acid (1.0 mL),
methanol (6.0 mL) and 6 M hydrochloric acid (2.0 mlL), to
yield the title compound (28.0 mg, 99%) as a colorless
solid.
[0660]
(Example 172) 2-Fluoro-5-methyl-4-{[(1lS,2R)-2~-(1H-
pyrazol-4-yl)cyclohexyl]loxy}=N-(pyrimidin-4-
yl)benzenesulfonamide

[0661]
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[Formula 190]
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[0662]
{(172a) N-(2,4-Dimethoxybenzyl)-2-fluoro—-4-({(18,2R})~-2~-[1-
(methoxymethyl)-1H~pyrazol-4-yllcyclohexyl}oxy)~b-methyl-
N-{(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example la by using the N-(2,4-
dimethoxybenzyl)-2,4-difluoro-5-methyl-N- (pyrimidin-4-
yl)benzenesulfonamide (174 mg, 0.400 mmol) prepared in
Example 43a, the (1S,2R)-2-[1~(methoxymethyl)-1H-pyrazol-
4-yl]cyclohexanol (70.0 mg, 0.333 mmol) prepared in
Example 171a, sodium hydride (63%; 19.0 mg, 0.49% mmol)
and DMF (2.0 mL), to yield the title compound (61.5 mg,
30%) as a colorless oil.
(172b) 2-Fluoro-5-methyl-4-{[(15,2R)-2-(1lH~pyrazol-4-
vl)cyclohexyl]loxy}-N-(pyrimidin-4-yl)benzenesulfonamide

The reaction and aftertreatment were conducted in
the same manner as in Example 147e by using the N-(2,4-
dimethoxybenzyl)-2-fluoro-4-({ (1S,2R)-2~-[1~
(methoxymethyl)-1H-pyrazol-4-yl]lcyclohexyl}oxy)-5-methyl-
N- (pyrimidin—-4-yl)benzenesulfonamide (61.5 mg, 0.0983

mmol) prepared in Example 172a, triethylsilane (0.079 mlLj,
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dichloromethane (1.0 mL), trifluorcacetic acid (1.0 mL),
methanol (15 mL) and 6 M hydrochloric acid (5.0 mL), to
yvield the title compound (42.0 mg, 99%) as a colorless
solid.

[a]p®®=16.1 (c 0.943, DMSO).

[0663]

(Preparation Example 1)

Tablets can be obtained by mixing 5 g of the
compound of Example 119, 90 g of lactose, 34 g of corn
starch, 20 g of crystalline cellulose and 1 g of
magnesium stearate with a blender and subjecting the thus
obtained mixture to tablet compression by using a
tableting machine.

[0664]
(Preparation Example2)

Tablets can be obtained by mixing 5 g of the
compound of Example 122, 90 g of lactose, 34 g of corn
starch, 20 g of crystalline cellulose and 1 g of
magnesium stearate with a blender and subjecting the thus
obtained mixture to tablet compression by using a
tableting machine.

[0665]
(Preparation Example 3)

Tablets can be obtained by mixing 5 g of the
compound of Example 124, 90 g of lactose, 34 g of corn
starch, 20 g of crystalline cellulose and 1 g of

magnesium stearate with a blender and subjecting the thus
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obtained mixture to tablet compression by using a
tableting machine.

[0666]

(Preparation Example 4)

Tablets can be obtained by mixing 5 g of the
compound of Example 143, 90 g of lactose, 34 g of corn
starch, 20 g of crystalline cellulose and 1 g of
magnesium stearate with a blender and subjecting the thus
obtained mixture to tablet compression by using a
tableting machine.

[0667]
(Preparation Example 5)

Tablets can be obtained by mixing 5 g of the
compound of Example 171, 90 g of lactose, 34 g of corn
starch, 20 g of crystalline cellulose and 1 g of
magnesium stearate with a blender»and subjecting the thus
obtained mixture to tablet compression by using a
tableting machine.

[0668]
(Test Example 1) Construction and cultivation of cell
lines

HNav 1.7 and hNav Bl and B2 subunits cloned from
human brain were stably expressed by using Lipofectamine
(Invitrogen Corp.) in HEKZ293A cells, and stably
expressing cell lines of hNav 1.7/B1/B2 were selected by
taking the amount of expression as an indicator. As the

culture medium, DMEM (Invitrogen Corp.) containing 20%
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fetal bovine serum (Hyclone Laboratories, Inc.), 100 U/ml
penicillin (Invitrogen Corp.), 100 pg/ml streptomycin
(Invitrogen Corp.), 200 pg/ml hygromycin B (Invitrogen
Corp.), 200 pg/ml Zeocin (Invitrogen Corp.) and 1 pg/ml
puromycin (Clontech Laboratories, Inc.) was used.

[0669]

(Test Example 2) Electrophysioclogical evaluation (J.
Biomol. Screen., 2006 Aug; 11(5): 488-96.)

Current recording was obtained by an automated patch
clamp system "IonWorks Quattro (Molecular Devices
Corporation)" in Population Patch Clamp mode. The
operation was conducted in accordance with the operating
procedure of the system. A Dulbecco's phosphate buffer
containing calcium and magnesium (Sigma) was used as
extracellular fluid, and a low Cl-buffer (100 mM K-
gluconate, 40 mM KC1l, 3.2 mM MgCl,, 5 mM EGTA, 5 mM Hepes,
pH 7.3) was used as intracellular fluid. A test compound
was dissolved in dimethylsulfoxide (DMSO) to prepare a 30
mM stock solution, so as to produce 4-fold serial
dilutions with the extracellular fluid for attaining a
DMSO concentration of 0.3% in measurement.

The hNav 1.7/B1/B2 cells cultured to a 70-80%
confluent state in a T150 flask (Sumilon) were washed
with PBS and subsequently with versene (Invitrogen Corp.),
and collected by allowing to react with 0.05% trypsin

(Invitrogen Corp.) at 37°C for 3 minutes. After washing

with a culture medium, the resultant cells were suspended
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in extracellular fluid at a concentration of 2 x 107
cells/ml so as to be used for the measurement. The cell
membrane was perforated by using intracellular fluid
including 100 pg/ml amphotericin B (Sigma).

Current response was obtained at a sampling
frequency of 10 kHz. Leakage current correction was
performed by applying a step pulse of -110 mV before a
test pulse. The membrane potential was fixed at -100 mV
for 5 seconds immediately before applying the test pulse.

In order to check the state-dependency of the
inhibiting activity of a test compound, the test pulse
was applied as follows: After applying a depolarization
pulse of -10 mV for 5 msec., the potential was fixed at -
100 mvV for 200 msec., a potential (V1/2) at which
approximately 50% of channels are inactivated was held
for Z2 seconds, and a depolarization pulse of -10 mV was
applied for 50 msec. Such a test pulse was applied
before adding the test compound and after cultivation for
5 minutes and 30 seconds with a solution of the test
compound gradually added by 3.5 pl at each time. Since
IonWorks Quattro has a measuring electrode head (E-head)
and an agent supplying head (F-head) separated from each
other, the membrane potential was not clamped during the
addition and the cultivation of the test compound.

The inhibiting activity of the test compound was
analyzed with respect to the responses to the two

depolarization pulses. Data to be analyzed was selected
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under the conditions that the ratio of the resistance
value attained before adding the test compound to the
resistance value attained after the addition fell in the
range of 0.5 to 1.6, that the seal resistance value was
30 MQ or more, and that the current response obtained
before adding the test compound was 1/3 or more of the
average of all wells. Inhibiting activity values were
determined on the basis of currents generated in response
to the depolarization pulses applied before and after
adding the test compound, and the 50% inhibition
concentration (ICsg) was calculated by regression
analyzing a 6-point concentration response curve in
accordance with the following sigmoidal dose-response
function:

y = Bottom + (Top - Bottom) (1 + 107[(LogEC50 - x) x
Hill slope])

The ICsq values of the inhibiting activities of test
compounds corresponding to the response caused by the
second depolarization pulse (with the pre-pulse potential
set to V1/2) are shown in Tables 7-1 and 7-2.

[0670]
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[Table 7-1]

Compound hNavl.7 ICsp Compound hNavl.7 ICsg
(Example No.) | (uM) (Example No.) | (uM)
1 0.12 44 0.33
2 0.020 45 0.19
3 0.27 40 0.030
4 0.012 47 0.12
5 0.29 48 0.016
6 0.61 49 0.66
7 0.45 50 0.047
8 0.017 51 0.75
9 0.014 52 0.083
10 0.030 53 0.33
11 0.010 54 0.039
12 0.12 55 0.039
13 0.082 56 0.25
14 0.15 57 0.075
15 0.028 58 0.66
16 0.23 59 0.031
17 0.51 60 0.037
18 0.17 61 0.0026
19 0.51 62 0.12
20 0.045 63 0.028
21 0.25 64 0.031
22 0.52 65 0.13
23 0.13 66 0.017
24 0.023 67 0.043
25 0.095 68 0.086
26 0.20 69 0.087
27 0.043 70 0.33
28 0.046 71 0.15
29 1.8 72 0.036
30 0.50 73 0.10
31 0.058 74 -

32 1.0 75 >10
33 0.30 76 -

34 0.25 77 -

35 0.099 78 43

36 0.50 79 0.070
37 0.21 80 0.086
38 0.24 81 0.15
39 1.0 82 0.056
40 0.33 83 0.65
41 0.16 84 0.036
42 0.091 85 0.17
43 0.024 86 0.036
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[0671]
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[Table 7-2]

Compound hNavl.7 ICsg Compound hNav1l.7 ICsg
(Example No.) | (uM) (Example No.) | (uM)
87 0.28 130 0.88
88 0.32 131 0.059
89 0.13 132 0.20
90 0.089 133 0.057
91 0.17 134 0.034
92 1.0 135 0.051
93 0.065 136 0.29
94 0.12 137 0.030
95 0.17 138 0.024
96 0.25 139 0.035
97 0.034 140 0.034
98 0.046 141 0.058
99 0.41 142 47
100 0.38 143 0.021
101 0.18 144 3.4
102 0.036 145 -

103 0.32 146 0.024
104 0.071 147 0.60
105 0.22 148 0.018
106 0.27 149 32
107 0.042 150 0.021
108 1.7 151 33
109 0.050 152 0.017
110 0.30 153 >100
111 0.030 154 0.017
112 0.31 155 0.028
113 1.0 156 0.041
114 0.078 157 0.050
115 0.58 158 0.028
116 0.17 159 9.8
117 0.75 160 0.56
118 21 161 0.13
119 0.10 162 0.82
120 0.27 163 0.19
121 0.93 164 >10
122 0.020 165 0.040
123 - 166 0.059
124 2.4 167 4.6
125 0.20 168 >10
126 0.014 169 >10
127 0.12 170 >10
128 92 171 0.043
129 0.10 172 0.034
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[0672]
(Test Example 3) Thermal hyperalgesia assay

In the present invention, mice and rats affected by
thermal hyperalgesia were used for evaluation.

A test compound was orally administered to an animal,
and thermal hyperalgesia was evaluated at each
measurement time determined by the study director.
Specifically, thermal stimulation was applied to the sole
of a hind paw of the animal, and latency until it showed
escape behaviors such as licking and shaking was measured.

The test compound was evaluated by calculating the
improvement rate of pain score (%) at a constant dose
against a vehicle treatment group. Improvement rates of
pain score (%) at a constant dose are shown in Tables 8-1
and 8-2 as "C" when the rate was 0 to 30%, as "B" when
the rate was 31 to 60%, and as "A" when the rate was 61
to 100%.

[0673]
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Compound

(Example No.)

Rate of

improving pain

Compound

(Example No.)

Rate of

improving pain

score { score {
1 - 44 C
2 - 45 C
3 - 46 C
4 - 47 A
5 - 48 A
6 - 49 -
7 - 50 B
8 - 51 B
9 - 52 B
10 - 53 -
11 - 54 C
12 - 55 C
13 - 56 B
14 - 57 B
15 A 58 B
16 - 59 C
17 - 60 C
18 - 6l -
19 - 62 B
20 - 63 C
21 - 64 C
22 - 65 B
23 A 66 A
24 - 67 C
25 A 68 B
26 - 69 B
27 - 70 -
28 C 71 A
29 A 72 C
30 B 73 A
31 A 74 -
32 - 75 -
33 A 76 -
34 - 77 -
35 B 78 C
36 - 79 C
37 C 80 C
38 A 81l C
39 - 82 B
40 A 83 B
41 B 84 B
42 C 85 B
43 B 186 A

[0674]
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[Table 8-2]
Compound 3ate O? . Compound 3ate O? .
(Example No.) improving pain (Example No.) 1mprov1?g pain
score (%) score (%)
g7 B 130 -~
88 C 131 C
89 - 132 A
90 B 133 A
91 A 134 B
92 - 135 B
93 B 136 B
94 A 137 A
95 C 138 B
96 A 139 C
97 C 140 B
98 C 141 A
99 - 142 C
100 - 143 B
101 B 144 -
102 - 145 -
103 B 146 C
104 B 147 C
105 A 148 B
106 - 149 -
107 B 150 C
108 A 151 -
109 B 152 B
110 B 153 -
111 A 154 -
112 - 155 - -
113 - 156 -
114 B 157 -
115 A 158 C
116 B 159 -
117 - 160 -
118 A 161 -
119 A 162 -
120 C 163 -
121 - 164 -
122 A 165 B
123 - 166 -
124 - 167 -
125 C 168 -
126 C 169 -
127 A 170 -
128 B 171
129 C 172 -

[Industrial Applicability]
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(06751

The present compound or a pharmacologically
acceptable salt thereof is useful because 1t can be used
as an active ingredient of a pharmaceutical composition
for treating and/or preventing pains, sodium channel
assoclated diseases or disorders such as central nervous

system disorders.
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What is claimed is:
1. A compound represented by formula (I) or a
pharmacologically acceptable salt thereof:

[Formula 1]

4 1 N\ /Y
Rs\\/R Rl\/ﬁ/ S\N/Ar2
Y
<S)\ o /v/\RZ
1

Ar )

wherein
ar' and Ar? each independently represent a heteroaryl
group or an aryl group,
R', R? and R® each independently represent a hydrogen atom,
a halogen atom, a Cl-C6 alkyl group, a halogenated C1-C6
alkyl group, a hydroxy Cl-C6 alkyl group, a Cl-C6 alkoxy
Cl-C6 alkyl group, a C3-C7 cycloalkyl group or a cyano
group,
R* and R® each independently represent a hydrogen atom, a
halogen atom, a Cl1-C6 alkyl group, a halogenated Cl-C6
alkyl group, a hydroxyl group, a hydroxy Cl-Cé6 alkyl
group, a Cl-C6 alkoxy Cl-C6 alkyl group, a C3-C7
cycloalkyl group or a Cl-C6 alkoxy group, and
n represents an integer of 1 to 3, and

wherein the heterocaryl group or the aryl group
optionally has one or two substituents independently
selected from a halogen atom, a Cl-C6 alkyl group, a
halogenated C1-C6 alkyl group, a hydroxyl group, a

hydroxy C1-C6 alkyl group, a Cl-C6 alkoxy Cl-C6 alkyl
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group, a C3-C7 cycloalkyl group, a carboxy group, a cyano
group, an amino group, a C1-C3 alkylamino group and a di-
Cl-C3 alkylamino group, and when the hetercaryl group or
the aryl group has two such groups, the two groups are
the same as or different from each other is relating to.
And the present invention further relates to the

following.

2. The compound or a pharmacologically acceptable salt
thereof according to claim 1, wherein in formula (I},

ar' and Ar? each independently represent a heteroaryl
group,

R', R? and R’ each independently represent a hydrogen atom,
a halogen atom, a Cl-C6 alkyl group, a halogenated Cl-Cé6
alkyl group or a C3-C7 cycloalkyl group,

rR* and R® each independently represent a hydrogen atom, a
halogen atom, a Cl-C6 alkyl group or a halogenated Cl-Cé6
alkyl group, and

the substituent on the heterocaryl group is one or two
groups selected from the group consisting of a halogen
atom, a Cl-C6 alkyl group, a halogenated C1-C6 alkyl
group, a hydroxyl group, a hydroxy Cl-Cé6 alkyl group, a
C3-C7 cycloalkyl group, an amino group, a C1-C3

alkylamino group and a di-Cl1-C3 alkylamino group.

3. The compound or a pharmacologically acceptable salt

thereof according to claim 1 or 2, wherein the heterocaryl
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group is a 5- or 6-membered nitrogen-containing aromatic

heterocyclic group.

4. The compound or a pharmacologically acceptable salt
thereof according to any one of claims 1 to 3, wherein
Ar' is a pyridyl group, pyridazinyl group, pyrimidinyl
group, pyrazolyl group or imidazolyl group optionally

having a substituent.

5. The compound or a pharmacologically acceptable salt
thereof according to any one of claims 1 to 4, wherein
ar' is a pyridyl group, pyridazinyl group, pyrimidinyl
group, pyrazolyl group or imidazolyl group, optionally
having as substituents one or two groups selected from
the group consisting of a chlorine atom, a fluorine atom,
a methyl group, an ethyl group, a trifluoromethyl group,
an amino group, a methylamino group and a dimethylamino

group.

6. The compound or a pharmacologically acceptable salt
thereof according to any one of claims 1 to 5, wherein

Ar?

is a thiadiazolyl group, thiazolyl group, pyrimidinyl
group, 1isoxazolyl group, oxazolyl group or isothiazolyl

group, optionally having a substituent.

7. The compound or a pharmacclogically acceptable salt

thereof according to any one of claims 1 to 6, wherein
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Ar?

is a thiadiazolyl group, thiazolyl group, pyrimidinyl
group, isoxazolyl group, oxazolyl group or isothiazolyl
group, optionally having a chlorine atom, a fluorine atom

or a methyl group as a substituent.

8. The compound or a pharmacologically acceptable salt
thereof according to any one of claims 1 to 7, wherein RY,
R? and R® each independently represent a hydrogen atom, a
chlorine atom, a fluorine atom, a methyl group, an ethyl

group, a trifluoromethyl group or a cyano group.

9. The compound or a pharmacologically acceptable salt
thereof according to any one of claims 1 to 8, wherein R*
and R° each independently represent a hydrogen atom, a

fluoro group or a methyl group.

10. The compound or a pharmacologically acceptable salt
thereof according to claim 1, wherein the compound
represented by formula (I) is

2,5-difluoro-4-{[(18",2R") -2~ (1l-methyl-1H-pyrazol-5-
vl)cyclopentylloxy}-N-{(pyrimidin~-4-yl)benzenesulfonamide;
2,5-difluoro-4-{[ (18", 2R") -2~ (1-methyl-1H-pyrazol-5-
vl)cyclopentyl]loxy}-N-(1,3~thiazol-2-
vl)benzenesulfonamide;

3-chloro-4-{[ (18", 2R") -2~ (1-methyl-1H-pyrazol-5-

yv1l)cyclopentyl]oxyl =N~ (pyrimidin-4-yl)benzenesulfonamide;
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2,5-difluoro-4-{[(18",2R") -2~ (1-methyl-1H-pyrazol-5-
yl)cyclohexyl]oxy}-N=-{pyrimidin-4-yl)benzenesulfonamide;
2-fluoro-4-{[ (18", 2R") -2~ (1-methyl-1H-pyrazol-5-
yl)cyclopentyl]loxy}=N-(pyrimidin-4-yl)benzenesulfonamide;
2,5-difluoro~4~-{[(1S,2R)~-2~(1l~methyl~1H~pyrazol-5~-
yl)ycyclopentyl]loxy} =N~ (pyrimidin-4-yl)benzenesulfonamide;
2,5-difluoro-4-{[(18",2R") -2~ (1H-pyrazol-4-
yvl)cyclohexyl]oxy}=N-{(pyrimidin-4~-yl)benzenesulfonamide;
4-{[(18",2R") -2~ (l-ethyl-1H-pyrazol-5-
yl)cyclopentyl]loxy}=2,3-difluoro~N- (pyrimidin~4-
yl)benzenesulfonamide;
2,3-difluoro-4-{[ (18", 2R") -2~ (1-methyl-1H-pyrazol-5-
yl)cyclohexyl]oxy} =N~ (pyrimidin~4~yl)benzenesulfonamide;
4-{[(18",2R")-5,5-difluoro-2- (1-methyl-1H-pyrazol-5-
yl)cyclohexylloxy}=2,5-difluoro~N- (pyrimidin-4-
yl)benzenesulfonamide;
5-chloro-2-fluoro-4-{[ (18", 2R") -2~ (1l-methyl-1H-pyrazol-5-
yl)cyclohexyl]oxy}~-N~ (pyrimidin—4~yl)benzenesulfonamide;
2-fluoro-4-{[ (18", 2R")-2-(1-methyl-1H-pyrazol-5-
yl)cycloheptyl]oxy}-N-(pyrimidin—-4~-yl)benzenesulfonamide;
2~fluoro-3—methyl—4—{[(18*,2R*)—2-(1—methyl—1H—pyrazol—5—
yvl)cyclohexyl]oxy}-N-(pyrimidin-4-vyl)benzenesulfonamide;
4-1{[(18",2R") -2~ (3~amino~-1H-pyrazol-4-yl)cyclohexylloxy}~-
2-fluoro-5-methyl-N~ (pyrimidin-4~yl)benzenesulfonamide;
4-{[(15*,2R*)—2—(3—amino—lH—pyrazol—4—yl}cyclohexyl]oxy}—

5-chloro-2-fluocro~N- (pyrimidin-4-vyl)benzenesulfonamide;
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4-{[(18",2R") -2~ (3-amino~1H-pyrazol-4-yl)cyclohexyl]oxy}-
2-fluoro-3-methyl-N- (pyrimidin-4~-yl)benzenesulfonamide;
2,6-difluoro-4-{[(15*,2R*) -2~ (1lH-pyrazol-4-
vl)cyclohexyl]loxy} =N~ (pyrimidin~-4-vyl)benzenesulfonamide;
4-{[(18,2R)~5,5-difluoro-2~(1l-methyl~1H-pyrazol-5-
vl)cyclohexyl]oxy}=-2, 5-difluoro-N- (pyrimidin-4-
vl)benzenesulfonamide;
4-{[(18,2R)-2~(l-ethyl-1H-pyrazol-5-yl)cyclopentylloxy}-
2,3=difluoro-N-(pyrimidin-4-yl)benzenesulfonamide;
5-chloro-2-fluocro-4~{[ (1S,2R)-2-(l-methyl-1H-pyrazol-5~
vl)cycliochexylloxy}-N-(pyrimidin-4-yl)benzenesulfonamide;
2-fluoro-4-{[(1S,2R)-2-(1l-methyl-1H-pyrazol-5~
vl)cyclopentylloxy}-N=- (pyrimidin-4-yl)benzenesulfonamide;
4-{[(18*,2R*)~-5,5-difluoro-2~ (1lH-pyrazol-4-
vl)cyclohexylloxyl=2-fluoro-5-methyl-N- (pyrimidin-4-
vl)ybenzenesulfonamide;
4—{[(18*,2R*})-4,4-difluocro-2~(l-methyl-1H~-pyrazol-5-
vl)cyclopentyl]loxy}-2~-fluoro=-5-methyl-N- (pyrimidin-4-
vl)benzenesulfonamide;

4-{[(18*,2R*)~-5,5~difluoro~2- (l-methyl~1H-pyrazol-5~
v1l)cyclohexyl]loxy}=-2-fluoro-5-methyl-N- (pyrimidin-4-
vl)benzenesulfonamide;

2-fluoro-5-methyl-4-{[ (18*,2R*)~2~-{1H-pyrazol-5-
yl)ycyclopentylloxy}-N-~(pyrimidin-4-yl)benzenesulfonamide;
5~chloro-2-fluoro-4-{ [ (1S*,2R*)-2-(1lH-pyrazol-5-

yvl)cyclopentyl]oxy}-N-~(pyrimidin-4-yl)benzenesulfonamide;



- 534 -

4~-{[(1S5,2R)~5,5~difluoro~2~ (1H-pyrazol-4-
yl)cyclohexyl]loxy}-2-fluoro-5-methyl-N-(pyrimidin-4-
vl)ibenzenesulfonamide;

2-fluoro-5-methyl-4-{[(1S,2R)~2~ (1lH-pyrazol-5-
yvl)cyclopentyl]oxy}-N-{(pyrimidin-4-yl)benzenesulfonamide;
5-chloro-2-fluoro-4-{[(1S,2R)~-2~(1H~pyrazol-5-
yl)cyclopentyl]loxy}-N-(pyrimidin-4-yl)benzenesulfonamide;
5-chloro-4-{[(15*,2R*)-5,5~difluoro-2—- (1lH-pyrazol-4-
yl)cyclohexyl]loxy}—-2-fluoro-N- (pyrimidin-4-
yl)benzenesulfonamide; or

2,6-difluoro-4-{[(1S,2R)~-2~ (1H-pyrazol—-4-

yl)cyclohexyl]loxy}=N-(pyrimidin-4-yl)benzenesulfonamide.

11. The compound or a pharmacologically acceptable salt
thereof according to claim 1, wherein the compound
represented by formula (I) is
2-fluoro—4-{[ (18*,2R*) -2~ (1l-methyl-1H-pyrazol-5-
yl)cyclopentyl]oxy}-N-(pyrimidin-4-yl)benzenesulfonamide;
2,5-difluoro-4~{[ (18*%,2R*) -2~ (1lH-pyrazol-4-
vl)cyclohexyl]oxy}-N- (pyrimidin-4-yl)benzenesulfonamide;
4-{[(18*,2R*)~-2~(l-ethyl~1H-pyrazol-5-
yvl)cyclopentylloxy}l=2,3~difluoro-N- (pyrimidin-4-
yl)benzenesulfonamide;
4-{[(18*%,2R*)~5,5-difluoro~2-(l-methyl—-1H-pyrazocl-5-
vl)cyclohexyl]oxy}-2,5-difluoro-N- (pyrimidin-4-

yl)benzenesul fonamide;
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5-chloro-2-fluoro~4~{[ (18*,2R*) -2~ (l-methyl-1H-pyrazol-5~
yl)cyclohexylloxy}—-N-{pyrimidin—-4-yl)benzenesulfonamide;
2,6-difluoro-4~{[(18*,2R*)-2~ (lH-pyrazol-4-
yl)cyclohexylloxy}-N-(pyrimidin—-4-vyl)benzenesulfonamide;
4-{[(18,2R)=-5,5~difluoro-2-{(l-methyl~1H-pyrazol-5-
yl)cyclohexyl]loxy}-2,5~difluoro~-N- (pyrimidin-4-
vl)benzenesulfonamide;
4-{[(15,2R)~2-(l=ethyl~-1H-pyrazol-5-yl)cyclopentylloxy}~
2,3-difluoro-N~ (pyrimidin-4~-yl)benzenesulfonamide;
5~chloro-2-fluoro-4-{[(15,2R)-2-(l-methyl-1H-pyrazol-5-
yl)cyclohexyl]oxy}-N- (pyrimidin-4-vyl)benzenesulfonamide;
2-fluoro-4-{[(1S,2R)~-2-(1l-methyl-1H-pyrazol~5-
yl)cyclopentyl]loxy}-N-(pyrimidin-4-yl)benzenesulfonamide;
4-{{(18*,2R*)-5,5-difluoro-2- (1H-pyrazol—-4-
yvl)cyclohexylloxyl—-2-fluoro-5-methyl-N- (pyrimidin-4-
yl)benzenesulfonamide;
2-fluoro~b-methyl-4~{[ (18*,2R*)-2- (1H-pyrazol-5~
yl)cyclopentyl]loxy}-N-(pyrimidin-4-yl)benzenesulfonamide;
5-chloro~-2-fluoro-4-{[(18*,2R*)~2- (1H-pyrazol-5~
yvl)cyclopentyl]oxy}=N-(pyrimidin-4-yl)benzenesulfonamide;
4-{[(1S5,2R)~5,5~-difluoro-2~(1lH-pyrazol-4-
yl)cyclohexylloxyl-2~-fluoro-5-methyl-N-(pyrimidin-4-
yvl)benzenesulfonamide;
2-fluoro~b-methyl-4-{[ (1S, 2R)-2-(1H-pyrazol-5-
yl)cyclopentyl]oxy}-N~(pyrimidin-4-yl)benzenesulfonamide;

or
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2,6-difluoro-4-{[(1S,2R)~2~ (1lH-pyrazol—-4-

vl)cyclohexyl]oxy}-N-(pyrimidin-4-yl)benzenesulfonamide.

12. The compound or a pharmacologically acceptable salt
thereof according to claim 1, wherein the compound
represented by formula (I) is

2-fluoro—-4-{[ (18*,2R*}~-2~(l-methyl~-1H-pyrazol-5~-
yl)cyclopentyl]oxy}-N-(pyrimidin-4-yl)benzenesulfonamide;
4-{[(18*,2R*)-2~{(1~-ethyl~-1H-pyrazol-5-
vl)cyclopentylloxy}-2,3-difluoro-N-{pyrimidin—4~-
yl)benzenesulfonamide;
S5-chloro-2-fluoro-4~-{[(1S8*,2R*)~2~{1l-methyl-1H-pyrazol-5-
yl)cyclohexylloxy}~N~(pyrimidin-4-yl)benzenesulfonamide;
2,6-difluoro-4-{[(18*,2R*) -2~ (1H-pyrazol-4-
v1l)cyclohexyl]oxy}-N-(pyrimidin-4-yl)benzenesulfonamide;
4-{[(15,2R) -2~ (1l-ethyl~-1H~pyrazol-5-yl)cyclopentylloxy}-
2,3-difluoro-N- (pyrimidin-4-yl)benzenesulfonamide;
5-chloro-2-fluoro-4-{[(13,2R)~-2-(l-methyl-1H~pyrazol-5-
yl)cyclohexyl]oxy}-N- (pyrimidin-4-yl)benzenesulfonamide;
2-fluoro-4-{[(1S,2R)~2-{(l-methyl-1H-pyrazol-5-
yl)cyclopentylloxy}-N-(pyrimidin-~4~yl)benzenesulfonamide;
4-{{(18*,2R*)-5,5~-difluoro~2~ (1lH-pyrazol-4-
yl)cyclohexylloxy}-2-fluoro-5-methyl-N- (pyrimidin-4-
yl)benzenesulfonamide;

4-{[(18,2R)-5,5~-difluoro-2~ (1lH-pyrazol—-4-
vl)cyclohexylloxy}=2-fluoro-5-methyl-N- (pyrimidin-4~

yl)benzenesulfonamide; or
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2,6~-difluoro-4~{[(1S,2R)~2~(1lH-pyrazol-4-~

yl)cyclohexyl]oxy}-N-(pyrimidin—~4-yl)benzenesulfonamide.

13. A pharmaceutical composition comprising a compound
or a pharmacologically acceptable salt thereof according
to any of claims 1 to 12, and a pharmaceutically

acceptable carrier.

14. The pharmaceutical composition according to claim 13,

for treating and/or preventing pain.

15. The pharmaceutical composition according to claim 13,
for treating and/or preventing a disease or symptom
selected from the group consisting of acute pain; chronic
pain; pain caused by injury to soft tissues or peripheral
tissues; postherpetic neuralgia; central pain;
neuropathic pain; migraine; pain associated with
osteoarthritis or rheumatoid arthritis; contusion; pain
associated with sprain or trauma; spondylalgia; pain
caused by injury to the spinal cord or the brain stem;
lower back pain; sciatic neuralgia; toothache; myofascial
pain syndrome; perineal section pain; gout pain; cardiac
pain; muscle pain; eve pain; inflammatory pain; orofacial
pain; abdominal pain; dysmenorrhea; labor pain or pain
associated with endometriosis; somatic pain; pain
assocliated with nerve or radicular injury; amputation;

tic douloureux; pain associated with neuroma or



- 538 -

vasculitis; pain caused by diabetic neuropathy or
diabetic peripheral neuropathic pain; pain caused by
chemotherapy-induced neuropathy; atypical prosopalgia;
neuropathic lower back pain; trigeminal neuralgia;
occipital neuralgia; myelomere or intercostal neuralgila;
HIV-associated neuralgia; AIDS-assoclated neuralgia;
hyperalgesia; thermal burn pain; idiopathic pain; pain
caused by chemotherapy; occipital neuralgia; psychogenic
pain; pain associated with gallstone; neuropathic or non-
neuropathic pain associated with cancer; phantom limb
pain; functional abdominal pain; headache; acute or
chronic tension headache; sinus headache; cluster
headache; temporomandibular joint pain; maxillary sinus
pain; pain caused by ankylosing spondylarthritis; post-
operative pain; scar pain; chronic non-neuropathic pain;
fibromyalgia; amyotrophic lateral sclerosis; epilepsy
(particularly, partial epilepsy, adult epilepsy partial
seizure and ﬁartial seizure of an epileptic patient):; and

generalized anxiety disorder and restless legs syndrome.

16. The pharmaceutical composition according to claim 13,
for treating and/or preventing pain caused by diabetic

neuropathy.

17. The pharmaceutical composition according to claim 13,
for treating and/or preventing a sodium channel

associated disease.
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18. Use of a compound or a pharmacologically acceptable

salt thereof according to any of claims 1 to 12, for

producing a pharmaceutical composition.

19. The use according to claim
prharmaceutical composition is a

composition for treating and/or

20. The use according to claim
pharmaceutical composition is a
composition for treating and/or

diabetic neuropathy.

21. The use according to claim
rharmaceutical composition is a
composition for treating and/or

channel associated disease.

22. A formulation intended for

18, wherein the
pharmaceutical

preventing pain.

18, wherein the
pharmaceutical

preventing pain caused by

18, wherein the
pharmaceutical

preventing a sodium

administration to a

mammal for treating and/or preventing pain, comprising a

pharmacologically effective dose of a compound or a

pharmacologically acceptable salt thereocf according to

any of claims 1 to 12.

23. The formulation according to claim 22, wherein the

pain is pain caused by diabetic

neuropathy.
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24. The formulation according to claim 23, wherein the

mammal i1s a human.

25. A sodium channel inhibitor comprising a
pharmacologically effective dose of a compound or a
pharmacologically acceptable salt thereof according to

any of claims 1 to 12.

26. The sodium channel inhibitor according to claim 25,
wherein the sodium channel inhibitor is intended for

administration to a mammal.

27. The sodium channel inhibitor according to claim 26,

wherein the mammal is a human.

28. A method for treating and/or preventing pain,
comprising administering a compound or a
pharmacologically acceptable salt thereof according to

any of claims 1 to 12.

29. A method for treating and/or preventing a disease or
symptom selected from the following group, comprising
administering a compound or a pharmacologically
acceptable salt thereof according to any of claims 1 to

12:
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acute pain; chronic pain; pain caused by injury to soft
tissues or peripheral tissues; postherpetic neuralgia;
central pain; neuropathic pain; migraine; pain
associated with ostecarthritis or rheumatoid arthritis;
contusion; pain associated with sprain or trauma;
spondylalgia; pain caused by injury to the spinal cord or
the brain stem; lower back pain; sciatic neuralgia;
toothache; myofascial pain syndrome; perineal section
pain; gout pain; cardiac pain; muscle pain; eye pain;
inflammatory pain; orofacial pain; abdominal pain;
dysmenorrhea; labor pain or pain associated with
endometriosis; somatic pain; pain associated with nerve
or radicular injury; amputation; tic douloureux; pain
associated with neuroma or vasculitis; pain caused by
diabetic neuropathy or diabetic peripheral neuropathic
pain; pain caused by chemotherapy-induced neuropathy:
atypical prosopalgia; neuropathic lower back pain;
trigeminal neuralgia; occipital neuralgia; myelomere or
intercostal neuralgia; HIV-associated neuralgia; AIDS-
associated neuralgia; hyperalgesia; thermal burn pain;
idiopathic pain; pain caused by chemotherapy; occipital
neuralgia; psychogenic pain; pain associated with
gallstone; neuropathic or non-neuropathic pain associated
with cancer; phantom limb pain; functional abdominal
pain; headache; acute or chronic tension headache; sinus
headache; cluster headache; temporomandibular joint pain;

maxillary sinus pain; pain caused by ankylosing
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spondylarthritis; post-operative pain; scar pain; chronic
non-neuropathic pain; fibromyalgia; amyotrophic lateral
sclerosis; epilepsy (particularly, partial epilepsy,
adult epilepsy partial seizure and partial seizure of an
epileptic patient); and generalized anxiety disorder and

restless legs syndrome.

30. A method for treating and/or preventing pain caused
by diabetic neuropathy, comprising administering a
compound or a pharmacologically acceptable salt thereof

according to any of claims 1 to 12.

31. A method for treating and/or preventing a sodium
channel associated disease, comprising administering a
compound or a pharmacologically acceptable salt thereof

according to any of claims 1 to 12.



