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DESCRIPTION
Title c¢f the Invention: NITROGEN-CONTAINING HETEROCYCLIC
COMPOUND
Technical Field
[0001]

The present invention relates to a nitrogen-containing
heterocyclic compound or a pharmaceutically acceptable salt
thereof useful as an agent for the prophylaxis and/or treatment
of skin diseases, and the like.

Background Art
[0002]

Chemokine i1s a series of families of small inflammatory
cytokines having a strong chemotactic activity and being
composed of about 70 - 120 amino acids, and is a chemotactic
cytokine released from a wide variety of cells in order to lead
various cells such as monocyte, macrophage, T cell, eosincphil,
basophil, neutrophil and the like to the inflammatory site.

The chemokine family was originally defined by 4 conserved
cysteine residues in an amino acid seguence, namely, classified
intc twe subfamilies of CXC-chemokine family and CC-chemokine
family based on the configuration of the first cysteine pair
(two residues) on the N terminal side. In the CXC-chemokine
family including CXCL1, Mig, CX3CL1l, IL-8, Grc-«, NAP-2, IP-10
and the like, these two cysteine residues are separated by one
of the amino acid residues other than cysteine; on the other
hand, in the CC-chemokine family including RANTES (CCLS), MCP-
l1(CCL2), MCPp-2({(CCL8), MCP-3(CCL7}, MCP-4{CCL13), MIP-1x(CCL3},
MIP-1({CCL4), Eotaxin(CCL1l1), Ectaxin-2(CCLZ24), Eotaxin-
3(CCL26}, PARC(CCL18), TARC(CCL1l7), MDC(CCL22), LARC(CCLZ0),
ELC(CCL19), SLC(CCL21), I-309(CCLl), TECK(CCL25), CTACK(CCL27),
MEC (CCL28) and the like, these two cysteine residues are
contiguous. Thereafter, the C chemokine family having, of the
four cysteine residues originally present, only two cysteine
residues corresponding to the second and the fourth residues

from the N terminal side, and the CX3C chemokine family having

1



i0

15

20

25

30

35

a sequence having three aminoc acid residues different from
cysteine between the first two cysteine residues on the N
terminal side were found.

[0003]

Ten kinds of receptors have been reported as the
chemokine receptor that CC-chemckine family binds to. That is,
CCR1 (alias, CKR1l or CC-CKR-1) bindable with MIP-lo, MIP-1B,
MCP-3, RANTES and the like, CCR2A (alias, CKR2ZA or CC-CKR-Z2A)
and CCRZEB (alias, CKRZB cr CC-CKR-2B) bindable with MCP-~1, MCP-
2, MCP-3, MCP-4 and the like, CCR3 {alias, CKR-3 or CC-CKR-3)
bindable with Eotaxin, Eotaxin=-2, RANTES, MCP-2, MCP-3 and the
like, CCR4 (alias, CKR4 or CC~CKR-4) bindable with TARC, MDC
and the like, CCR5> (alias, CKR-5 or CC-CKR-5) bindable with
MIP-la, RANTES, MIP-1p and the like, CCR6 {alias, GPRCY4)
bindable with LARC and the 1like, CCR7 {(alias, EBI-1) bindable
with ELC, SLC and the like, CCRB bindable with I-309 and the
like, CCRS (alias, GPR9-6) bindable with TECKX and the like, and
CCR10 bindable with CTACK, MEC and the like are known [Nature
Reviews Immunology, 2002, vol. 2, page 106].

[0004]

Chemokine receptors have different expression cells
depending on the kind of the receptor. For example, CCR1 is
expressed in various cells such as mcnocyte, T cell, mast cell,
eosinophil, basophil and the like, and CCR2 is expressed in
varicus cells such as dendritic cell, B cell, basocphil,
eosinophil, vascular endothelial cell, fibroblast, platelet, T
cell and the like. On the other hand, some receptors are
expressed only in some cells such as CCR3 expressed in
ecosincphils and basophil, and CCRY9 expressed in T cells.

[C005]

Since invelvement of chemckine receptor in various
diseases has been reported, a medicament modulating a chemckine
receptor activity is expected tc be a therapeutic drug for
various diseases [Expert Opinion on Investigational Drugs, 2010

vol. 19, page 345]. Heretofore, plural chemokine receptor
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activity modulaters have been used as therapeutic drugs. For
example, it has been clarified that, when CD4+T cells are
infected with HIV, HIV invades into the cells wvia CCR5, and
therefore, CCR5 antagonist is used as a therapeutic drug for
HIV infection. Also, as a medicament for meobilization of stem
cells in autologous stem cell transplantation in patients with
non-Hodgkin lymphoma and multiple myeloma, a combined use of an
antagonist cf CXCR4 which is a receptcr of CXC-chemokine family
with G-CSF has been approved. Besides these, CCR3 antagonist,
CCRY% antagcnist, antibody to CCR4 and the like are under
clinical tests [Expert Opinion on Investigational Drugs, 2010,
vol. 19, page 345].

[0006]

As diseases inveolving a chemokine receptor, inflammatory
diseases such as asthma, rhinitis, dermatitis, allergic disease
and the like, immunoregulatory disorders and diseases,
autoimmune diseases such as rheumatoid arthritis, lupus
erythematosus, generalized scleroderma, Sjogren’s syndrome,
Celiac disease and the like, and the 1like are known [Current
Opinion in Immunclogy, 2001, vcl. 13, page 670]. Involvement
of chemokine receptors such as CCR1; CCR2A; CCR2B; CCR3; CCR4;
CCR5; CCR6; CCR7; CCRB; CCRY9; CCR10; CXCR3 and CXCR4 which are
receptors of CXC-chemckine family; and the like in the onset of
these diseases has been reported. 2Among these, as a disease
involving CCR4, CCR8, CCRY9, CCR1C and the like, skin diseases
and the like are known [Journal of Investigative Dermatology,
2009, wvol. 129, page 2552].

[0007] _

As skin diseases involving & chemokine receptor, acne
vulgaris, drug eruption, contact dermatitis, pollen dermatitis,
urticaria, psoriasis, atopic dermatitis, Candida dermatitis,
seborrheic dermatitis, eczema, Stevens-Johnson syndrome, toxic
epidermal necrcsis, erythema multiforme, pityriasis rosea,
lichen planus, lichen pilaris ({keratosis pilaris), herpes

simplex, lupus erythematosus, keloid, scabies, generalized
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sclerocderma and dermatitis as a side effect of anti-cancer
agents and the like are kncwn. In these skin diseases, wvarious
chemokines are highly expressed in the skin. For example, it
is known that, in psoriasis, expression of chemokines such as
MCP-1, RANTES, TARC, MDC, CTACK, CXCLl, Gro-o, IL-8, Mig, IP-10,
CX3CL1 and the like increases in the dermatitis site and T
cells and neutrophils infiltrate intoc the skin via CCR4; CCR6;
CCR10; and CXCR1l, CXCR2 and CXCR3, which are receptors of CXC
chemckine family; and the like (non-patent deocument 1), in
atopic dermatitis, expression of chemokine such as I-309, MCP-1,
MIP-lct, MIP-1[(, RANTES, Eotaxin, MCP-4, PARC, LARC, MDC,
Fotaxin-3, CTACK and the like increases in the dermatitis site
and T cells, monocyte, eosinophils infiltrate into the skin via
CCR1; CCRZ2Z; CCRZ2B; CCR3; CCR4; CCRb; CCR6; CCRE; CCR1I0O; CX3CR1
which 1s the receptcocr of CX3C chemckine family; and the like
(non-patent deccument 2) and the like. Also, it has been
reported that anti~CTACK antibody suppresses dermatitis in
various dermatitis models and the like (for example, non-patent
decuments 3, 4, 5, & and the like). As a medicament that
modulates chemokine receptor activity in skin diseases and the
like in which these chemokine receptors are involved,
pyrazolopyrimidine derivatives are known (patent document 3).
[0008]

CCR10 is a chemckine receptor belonging to the C-C
chemokine family [Gencmics, 1994, wvol. 23, page 609)], and
mainly expressed in the cells localized in the skin such as
Cutaneous lymphocyte-associated antigen (CLA) positive skin-
homing T cells, skin vascular endothelial cell, skin fibroblast,
skin keratinccyte and the like. As a chemokine whose receptor
is CCR10, two kinds of Cutaneous T-cell attracting chemokine
(CTACK: alias CCLZ7) and Mucosae-asscciated epithelial
chemokine {MEC: alias CCL28) are known. CCR10 and ligand
thereof are said tc be invelved in the immunity of epithelial
cells [Protein & Cell, 2012, wvol. 3, page 571].

[0009]
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In recent years, involvement of CCR10 in atopic
dermatitis has been reported. CTACK is selectively expressed
in skin keratinocytes, and skin-homing CCR1C positive cells
selectively migrate into CTACK. In patients with atopic
dermatitis, expressicn of CTACK in the lesion skin is promoted,
and in atopic dermatitis patients, the blood level of CTACK
shows a positive correlation with the severity of dermatitis
(non-patent document 7). Also, in the lesion skin of atopic
dermatitis patients, localization of CCR10 positive T cells is
found, and the CCR10 mRNA expression level of peripheral blcod
CD4 positive T cells of atopic dermatitis patients is higher
than that of healthy adult (non-patent document 8).
Furthermore, IL-22 is highly expressed in the skin lesicn of
atopic dermatitis patients, suppresses fiiaggrin production of
the skin and is involved in the destructicn cf skin barrier.
CCR10C is selectively expressed in Th22 cells that highly
produce IL-22 (non-patent documents S and 10).

[0010]

The role of CTACK and CCR10 in dermatitis has been
studied by using mouse dermatitis model. When chronic centact
dermatitis involving type 2 helper T cell is developed in
keratinocyte selective CTACK highly expressing mouse,
infiltration of CCRI0 positive T cells in the skin tissue and
skin tumentia significantly increase as compared to wild-type
mouse (non-patent document 11).

On the other hand, among the nitrogen-containing
heterccyclic compounds, as a pyridine compound, for example,
the compounds represented by the following formulas (&) and (B)
(patent document 1, 2} and the like are known as a compound
having aliphatic heterocyclic carbonyl at the 3-position.

[0C11]
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(A)

Frior Arts Documents

patent documents

(B)

[0012]

patent document 1: W00B/012532
patent document 2: W010/050461
patent document 3: W013/031931

ncn-patent documents
[0013]

non-patent document 1:
page 538

non-patent document 2;
Immunocleogy’”, 2006, vol.
non-patent document 3:
157-165

non-patent document 4:
18, page 1233-1242
non-patent document 5:
vol. 38, page 647-657
non-patent document 6:
17, page 30-34
non~-patent document 7:
Immunology”, 2004, vol.
non-patent document §:
2005, vol.
non-patent document $:
857

non-patent document 10:

864

“Clinical Dermatology”, 2008, vol. 26,

“Journal of Allergy and Clinical

118, page 178

“Nature Medicine”, 2002, vol. 8, page

“International Tmmunology”, 2006, wvol.

“European Journal of Immunology”, 2008,

“Experimental Dermatology”, 2007, vol.

“Journal of Allergy and Clinical
113, page 334

“Journal of Investigative Dermatology”,

125, page 1149

“Nature Immunology”, 2008, vol. 10, page

10,

“Nature Immunology, 2009, vol. page
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non—-patent document 11: “European Journal of Immunology”, 2008,

vol. 38, page 647

Summary of the Invention
Problems to be Solved by the Invention
[C014]

An object of the present invention is to provide a
nitrogen—containing heterocyclic compound or a pharmaceutically
acceptable salt thereof, which is useful as an agent for the
prophylaxis and/or treatment of skin diseases, and the like.
Means of Solving the Problems
[0015]

The present invention relates to the following (1} - (36).
(1) A nitrogen-containing heterocyclic compound represented by

the formula (I)

[001&]

R?

]= «

L

“yh

[ Ta N
R N7
[0017]

(wherein, X* represents CH or a nitrogen atom,

R! represents cycloalkyl optionally having substituent(s), aryl
optionally having substituent(s), an arcmatic heterocyclic
group optionally having substituent (s}, or an aliphatic
heterocyclic group optionally having substituent(s),

L represents a bond or alkylene,

Y* represents -NH-, -O-, -NH-C(=C)-, -S-, -NH-NR“- (wherein,
Rh'represents lower alkyl), or a bond (provided Y* and L do not
represent a bond at the same time),

R* represents a hydrogen atom, cyano, halogen, lower alkyl

optionally having substituent(s), or lower alkoxy opticnally

7



10

15

20

25
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R*® represents the following formula (R¥™-1) or (R®-2)

[0018]

Q - R34~ N\}S o

3’S -
R¥ Y HaN™
(R%A-1) (R*-2)
[0019]

{wherein, R? represents hydrexy, lower alkyl opticnally having
substituent (s), aryl optionally having substituent{s), or -
NR**R® [wherein, R and R® are the same or different and each
represents a hydrogen atom, lower alkyl optionally having
substituent {s), lower alkoxy opticnally having substituent(s),
cycloalkyl opticnally having substituent(s), aryl optionally
having substituent(s), an aromatic heterocyclic group
optionally having substituent(s), an aliphatic heterocyclic
group optiocnally having substituent(s) or -C{=0)R*® (wherein RS
represents lower alkyl optionally having substituent(s), lower
alkexy optionally having substituent({s), lower alkylamino
optionally having substituent(s), cycloazlkylamino optionally
having substituent(s), or cycloalkyl optionally having
substituent({s}), or R*® and R*® form, together with the adjacent
nitrogen atom, a nitrogen-containing heterocyclic group
optionally having substituent(s)}, and

R* represents a hydrogen atom, lower alkancyl, arovyl, or lower
alkylcarbamoyl}, and

R“‘represents the following formula (R*-1), (R*™-2), (R*™-3),
(R™-4), (R™-5) or (R"™-86)

[0020]
s I I I 0 = I
e O, O T O
R4 Rs k/N\RT K/N\RB N\ o R10
R
(R4A_1) (R4A_2) (R4A—3) (R4A_4) (R4A_5) (R4A—6)
[0C21]

[wherein, R? and R®> are the same or different and each
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represents a hydrogen atom, hydroxy, cyanco, lower alkyl
optionally having substituent(s), aryl optionally having
substituent (s}, lower alkoxy optionally having substituent(s),

or -C(=0)R* (wherein, R

represents amince, alkyl optionally
having substituent (s} or lower alkoxy optionally having
substituent(s)), or R* and R’ form, tecgether with the adjacent
carbon atom, an aliphatic heterocyclic group optionally having
substituent(s), RG, R7, R? and R® represent aryl optionally
having substituent(s), RY™ and R are the same or different and
each represents a hydrogen atom, hydroxy, cyano, lower alkyl
opticnally having substituent({s), aryl opticnally having
substituent(s), lower alkoxy optionally having substituent(s),
or -C(=0)R* (wherein, R*® represents amino, alkyl opticnally
having substituent(s) cr lower alkoxy optionally having
substituent(s)), or R and R form, together with the adjacent
carbon atom, an aliphatic heterccyclic group opticnally having
substituent (s} ]), or a pharmaceutically acceptable salt thereof.
(2) The nitrogen-ceontaining heterocyclic compound or the
pharmaceutically acceptable salt thereof according to (1),
wherein X* is CH.

{3) The nitrogen-containing heterocyclic compcund or the
pharmaceutically acceptable salt thereof according to (1) or
{2), wherein L is a bond.

(4) The nitrogen-containing heterocyclic compound or the
pharmaceutically acceptable salt thereof according to any of
(1y-(3), wherein Y* is -NH- or -O-.

[0022]

(5) The nitrogen-containing heterocyclic compound or the
pharmaceutically acceptablie salt thereof according to any of
(1)-(4), wherein R! is aryl opticnally having substituent(s).
{6) The nitrogen-containing heterocyclic compound or the
pharmaceutically acceptable salt thereof according to any of
(1)-{4), wherein R' is phenyl optionally having substituent (s).
(7} The nitrogen-containing heterocyclic compeound or the

pharmaceutically acceptable salt thereof according to any of
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(1)-(6), wherein R? is a hydrogen atem, halogen cr lower alkyl
optionally having substituent(s).

(8) The nitrogen-containing heterocyclic compound or the
pharmaceutically acceptable salt thereof according to any of
(1)-(6), wherein R? is a hydrogen atom.

{9) The nitrogen-containing heterocyclic compound or the
rharmaceutically acceptable salt thereof according to any of
(1)-(6), wherein R? is halogen.

(10) The nitrogen-containing heterocyclic compound or the
pharmaceutically acceptable salt thereof according to any of
{1)-(6), wherein R® 15 lower alkyl optiocnally having
substituent(s).

(11) The nitrogen-containing heterocyclic compound or the
pharmaceutically acceptable salt thereof according to any of
(1)-(10), wherein R™ is the following formula (R**-1)

[(0023]

A
3/
Ry

(R3A_1)

[0024]

(wherein R® is as defined above).

(12} The nitrecgen-ccntaining heterocyclic compound or the
prharmaceutically acceptable salt therecof according to (11),
wherein R® is -NR**R*® (wherein R*® and R*® are each as defined
above) .

{13) The nitrogen=-containing heterccyclic compound or the
pharmaceutically acceptable salt thereof according te (12),
wherein R* and R® are the same or different and each is a
hydrecgen atom, or an aromatic heterocyclic group cpticnally
having substituent({s).

(14) The nitrogen-containing heterocyclic cempound or the
rharmaceutically acceptable salt therecf according to (12),
wherein R* and R*® are hydrogen atoms.

(15) The nitrogen-containing heterccyclic compcund or the

10




i0

15

20

25

30

pharmaceutically acceptable salt thereof according to (12),
wherein R* is a hydrogen atom, and R® is an aromatic
heterccyclic group cptionally having substituent(s).

(16) The nitrogen=containing heterocyclic compound or the
pharmaceutically acceptable salt therecf according to any of
(1)-(15), wherein R*® is the following formula (R*™-1)

[0025]

hOL
R4

(R4A__1)
[002¢6]
(wherein R* and R® are each as defined above).
(17) The nitrcocgen-containing heterocyclic compound or the
pharmaceutically acceptable salt therecof according to (16},
wherein R® and R® are the same or different and each is a
hydrogen atom, or aryl cpticnally having substituent(s}.
(18) The nitrogen-containing heterccyclic compound or the
pharmaceutically acceptable salt therecf according teo (16),
wherein R* and R’ are the same or different and each is a
hydrogen atom, or phenyl opticnally having substituent(s).
{19) The nitrogen-containing heterocyclic compound cr the
pharmaceutically acceptable salt thereof according to (16),
wherein R* is a hydrogen atom and R® is phenyl opticnally
having substituent (s).
[0027]
(20 A medicament comprising, as an active ingredient, the
nitrecgen-containing heterocyclic compound cr the
pharmaceutically acceptable salt therecf described in any of
(1)-(19).
(21) A CCR10 receptor antagenist comprising, as an active
ingredient, the nitrocgen-containing heterccyclic compound or
the pharmaceutically acceptable salt thereof described in any
of (1)-{19).
{22) An agent for the prephylaxis and/or treatment of a skin
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disease, comprising, as an active ingredient, the nitrogen-
containing heterccyclic compeund or the pharmaceutically
acceptable salt thereof described in any of (1)-(18).

(23} The agent for the prophylaxis and/or treatment of a skin
disease acccording toc (22), wherein the skin disease is a skin
disease selected from acne wvulgaris, drug eruption, contact
dermatitis, dermatitis due tc vencmous mcth, pollen dermatitis,
urticaria, psoriasis, atopic dermatitis, Candida dermatitis,
seborrheic dermatitis, eczema, Stevens-Johnson syndreome, toxic
epidermal necrosis, erythema multifcrme, erythema ncdosum,
granulcma annulare, pityriasis reosea, rosacea, lichen planus,
lichen pilaris (keratcsis pilaris), photosensitivity, sclar
dermatitis, miliaria, herpes simplex, Kaposi’s varicelliform
eruption, impetigo contagiocsa, staphylococcal scalded skin
syndrome, erysipelas, slap cheek, lupus erythematosus, keloid,
Ealley-Hailey disease, scabies and linear dermatitis.

(24) The agent for the prophylaxis and/or treatment of a skin
disease according to (22), wherein the skin disease is a skin
disease selected from contact dermatitis and atopic dermatitis.
[0028]

{25) A method of inhibiting a CCR10 receptor, comprising a step
cf administering an effective amount of the nitrogen-containing
heterocyclic compound or the pharmaceutically acceptable salt
thereof described in any of (1)-(19).

(26) A method for the prophylaxis and/or treatment of a skin
disease, comprising a step of administering an effective amount
of the nitrogen-containing heterocyclic compound cr the
pharmaceutically acceptable salt thereof described in any of
(1)-(19).

(27) The method according to (26), wherein the skin disease is
a skin disease selected from acne vulgaris, drug eruption,
contact dermatitis, dermatitis due to venomous moth, pollen
dermatitis, urticaria, psoriasis, atopic dermatitis, Candida
dermatitis, seborrheic dermatitis, eczema, Stevens-Johnson

syndrome, tcxic epidermal necrosis, erythema multiforme,
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erythema ncdosum, granulcoma annulare, pityriasis rosea, rosacea,’
lichen planus, lichen pilaris (keratosis pilaris),
photosensitivity, sclar dermatitis, miliaria, herpes simplex,
Kaposi's varicelliform eruption, impetigo contagiosa,
staphylococcal scalded skin syndrome, erysipelas, slap cheek,
lupus erythematosus, keloid, Hailey-Hailey disease, scabies and
linear dermatitis.

(28) The method acccrding to (26), wherein the skin disease is
a skin disease selected from contact dermatitis and atopic
dermatitis.

[0029]

(29) The nitrogen-containing heterocyclic compound cr the
pharmaceutically acceptable salt thereof described in any of
{1)-(19) for use in inhibition of & CCR10 receptor.

(30) The nitrogen—cecntaining heterccyclic compeound or the
pharmaceutically acceptable salt therecf described in any of
(1)-(1%9) for use in the prophylaxis and/or treatment of a skin
disease.

(31} The nitrcogen-containing heterocyclic compound cr the
pharmaceutically acceptable salt thereof according to (30),
wherein the skin disease is a skin disease selected from acne
vulgaris, drug eruption, contact dermatitis, dermatitis due to
venomous moth, pollen dermatitis, urticaria, psoriasis, atopic
dermatitis, Candidal dermatitis, seborrheic dermatitis, eczema,
Stevens-Johnson syndrome, toxic epidermal necrosis, erythema
multiforme, erythema nodosum, granuloma annulare, pityriasis
rosea, rosacea, lichen planus, lichen pilaris (keratosis
pilaris), photcsensitivity, solar dermatitis, miliaria, herpes
simplex, Kapcsi's varicelliform eruption, impetigo contagiosa,
staphylococcal scalded skin syndrome, erysipelas, slap cheek,
lupus erythematosus, keloid, Hailey-Hailey disease, scabies and
linear dermatitis.

(32) The nitrogen-containing heterocyclic compecund or the
pharmaceutically acceptable salt therecf according to (30),

wherein the skin disease 1s a skin disease selected from
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contact dermatitis and atopic dermatitis.

(00301

{(33) Use of the nitrogen-containing heterccyclic compound or
the pharmaceutically acceptable salt thereof described in any
cf (1)-(19) for the manufacture of a CCR10 receptor antagonist.
(34) Use cof the nitrogen-containing heterocyclic compound or
the pharmaceutically acceptable salt thereof described in any
of (1}-(19) for the manufacture cf an agent for the prophylaxis
and/cr treatment of a skin disease.

(35) The use according to (34), wherein the skin disease is a
skin disease selected from acne vulgaris, drug eruption,
contact dermatitis, dermatitis due to venomous mecth, pcllen
dermatitis, urticaria, psoriasis, atopic dermatitis, Candida
dermatitis, seborrheic dermatitis, eczema, Stevens-Jchnson
syndrome, toxic epidermal necrosis, erythema multiforme,
erythema nodosum, granulcma annulare, pityriasis rosea, rosacea,
lichen planus, lichen pilaris (keratosis pilaris),
photosensitivity, sclar dermatitis, miliaria, herpes simplex,
Kaposi's varicelliform eruption, impetigo contagiosa,
staphylococcal scalded skin syndrome, erysipelas, slap cheek,
lupus erythematosus, keloid, Hailey-Hailey disease, scabies and
linear dermatitis.

(36) The use according to {(34), wherein the skin disease is a
skin discase selected from contact dermatitis and atopic

dermatitis.

FEffect of the Invention
[0031] -

The nitrogen-containing heterccyclic compound or the
pharmaceutically acceptable salt thereof of the present
inventicn is useful as, for example, a prophylactic and/or
therapeutic agent for gkin diseases and the like.

According to the present invention, a nitrogen-centaining
heterocyclic compound or a pharmaceutically acceptable salt

therecof useful as a prophylactic and/cr therapeutic agent for
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skin diseases, and the like are provided.

Mode for Carrying cut the Inventicn
[0C3Z2]

Hereinafter a compound represented by the general formula
(I} is referred to as compound (I}. Compounds having the cther
fermula numbers are referred to in the same manner.

In a definition cof each group in the general formula (I),

examples of the lower alkyl, and the lower alkyl mciety
of the lower alkoxy, the lower alkylaminc, the lower alkanoyl
and the lower alkylcarbamoyl include linear or branched alkyl
having 1 - 10 carbon atoms, and mcre specific examples thercof
include methyl, ethyl, propyl, isopropyl, butyl, iscbutyl, sec-
butyl, tert-butyl, pentyl, iscpentyl, neopentyl, hexyl, heptyl,
octyl, nonyl, decyl and the like.

[0033]

Examples of the alkylene include groups recited as
examples of the aforementioned lower alkyl from which cne
hydrogen atom has been removed, and the like,

Examples of the cyclcalkyl and the cyclcalkyl moiety of
the cyclcalkylamino include cycloalkyl having 3 -~ 12 carbon
atoms, and mcre specific examples thereof include cyclopropyl,
cyclobutyl, cyclepentyl, cyclcochexyl, cycloheptyl, cyclooctyl
and the like. ZAlsc, the cyclecalkyl may include bicyclic or
tricyclic cyclecalkyl fused with phenyl or 4- to 6-membered
cycloalkyl. Examples of the bicyclic or tricyclic cyclealkyl
fused with phenyl include 2,3-dihydrec-1H-indenyl, 1,2,3,4-
tetrahydronaphthalenyl and the like. Examples of the bicyclic
or tricyclic cycloalkyl fused with 4- to 6-membered cyclcalkyl
include octahydro~lH~indenyl, decahydrcnaphthalenyl,
bicyclc[2.2.1]lheptanyl, bicyclo[3.Z2.1]octanyl and the like.
[0034]

Examples of the aryl and the aryl moiety of the aroyl
include aryl having € - 14 carbon atoms, .and more specific

examples therecf include phenyl, naphthyl, azulenyl, anthryl
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and the like. Also, the aryl may include phenyl fused with 5-
tc 8-membered cycloalkyl. Examples of the phenyl fused with 5-
to 8-membered cyclealkyl include cycloalkyl-fused phenyl having
9 - 12 carbon atoms, and more specific examples thereof include
2, 3-dihydro~lH-indenyl, 1,2,3,4-tetrahydronaphthalenyl and the
like.

00357 .

Examples of the aliphatic heterocyclic group, and the
aliphatic heterocyclic group formed together with the adjacent
carbon atcm include a 3- to 7-membered monocyclic aliphatic
heterocyclic group containing at least one atom selected from a
nitrecgen atom, an oxygen atom and a sulfur atom, a bicyclic or
tricyclic fused aliphatic heterocyclic group, in which 3- Lo 8-
membered rings are fused, and which contains at least one atom
selected from a nitrogen atom, an oxygen atom and a sulfur atom,
and the like, and more specific examples thereof include
aziridinyl, azetidinyl, pyrrolidinyl, piperidinc, piperidinyl,
azepanyl, 1,2,5,6-tetrahydrepyridyl, imidazclidinyl,
pyrazolidinyl, piperazinyl, homopiperazinyl, pyrazolinyl,
oxiranyl, tetrahydrofuranyl, tetrahydrc-2H-pyranyl, 5, 6-
dihydro-ZH-pyranyl, oxazolidinyl, mecrpholino, morphelinyl,
thioxazolidinyl, thiomorpholinyl, 2H-oxazolyl, 2H-thioxarzclyl,
dihydreindolyl, dihydroisoindolyl, dihydrecbenzofuranyl,
benzimidazclidinyl, dihydrobenzooxazolyl,
dihydrobenzcothioxazolyl, benzodioxolinyl, tetrahydroguineolyl,
tetrahydreiscguinelyl, dihydro-2H-chromanyl, dihydro-I1H-
chromanyl, dihydro-ZH-thiochromanyl, dihydro-1H-thiochromanyl,
tetrahydroguinoxalinyl, tetrahydroguinazolinyl,
dihydrobenzodioxanyl, dihydrecisobenzeofuranyl, 7-oxabicyclo
[2.2.1]heptanyl and the like.

[0036]

Examples of the aromatic heterocyclic group include a 5-
or 6-membered monocyclic aromatic heterocyclic group containing
at least one atom selected from a nitrogen atom, an oxygen atom

and a sulfur atom, a bicyclic or tricyclic fused aromatic
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heterocyclic group, in which 3- to 8-membered rings are fused,
and which contains at least cone atom selected from a nitrogen
atem, an oxygen atom and a sulfur atom, and the like, and more
specific examples therecf include furyl, thienyl, pyrrolyl,
imidazolyl, pyrazelyl, oxazolyl, isoxazolyl, oxadiazolyl,
thiazolyl, isothiazelyl, thiadiazolyl, triazolyl, tetrazolyl,
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl,
benzofuranyl, benzothicphenyl, benzoxazclyl, benzothiazolyl,
isoindolyl, indelyl, indazclyl, benzimidazolyl, benzotriazolyl,
oxazolopyrimidinyl, thiazolopyrimidinyl, pyrrolepyridinyl,
pyrrelopyrimidinyl, imidazopyridinyl, purinyl, quinelinyl,
isoguinolinyl, cinnelinyl, phthalazinyl, quinazolinyl,
quinoxalinyl, naphthyridinyl and the like,

[0037]

'Examples of the nitreogen-containing heterocyclic group,
which is formed together with the adjacent nitrogen atom
include a 5-cor 6-membered monocyclic heterocyclic group (said
the monocyclic heterocyclic group may contain cother nitrogen
atom (s}, oxygen atom(s) or sulfur atom(s)), & bicyclic or
tricyclic fused heterocyclic group, in which 3- to 8-membered
rings are fused, and which contains at least cne nitrogen atom
(said the fused heterocyclic group may contain other nitrogen
atom(s), oxygen atom(s} or sulfur atom(s)), and the like, and
more specific examples thereof include aziridinyl, azetidinyl,
pyrrolidinyl, piperidino, azepanyl, pyrrolyl, imidazolidinyl,
imidazolyl, pyrazolidinyl, pyrazolinyl, pyrazolyl, piperazinyl,
homopiperazinyl, oxazolidinyl, Z2H-oxazolyl, thioxazolidinyl,
ZH-thioxazelyl, morpholino, thiomorpholinyl, dihydroindolyl,
dihydreiscindolyl, indelyl, isoindolyl, tetrahydroquineclyl,
tetrahydroisoquinolyl, dihydrobenzooxazolyl,
dihydrebenzothioxazolyl, benzimidazolidinyl, benzimidazolyl,
dihydreindazolyl, indazolyl, benzotriazolyl, pyrrolopyridinyl,
pyrrolopyrimidinyl, imidazopyridinyl, purinyl,
dihydroisobenzofuranyl and the like.

[0038]
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Halogen means each atom of fluorine, chlorine, bromine or
iodine.

Examples of the substituent in the lower alkyl optionally
having substituent(s), the lower alkoxy optionally having
substitﬁent(s), and the lower alkylamino copticnally having
substituent (s), which may be the same or different and in
number of 1 to 3, include substituents selected from the group
comprising halogen, hydroxy, mercapto, nitro, cyano, carboxy,
carbamoyl cpticnally having substituent(s) (examples cf the
substituent in the substituted carbamoyl include 1 toc 2
substituents selected from hydroxy, Cj10 alkyl, Ci-10 alkoxy, Cs-
g cycloalkyl and the like), Cs.g cycloalkyl, Cg1q aryl, an
aliphatic heterccyclic group, an aromatic heterocyclic group
opticnally having substituent (s} (examples of the substituent
in the substituted arcmatic heterocyclic group include 1 to 3
substituents selected from Ci.1p alkyl and the like), Ci-1p
alkoxy, Csg cycloalkoxy, Ce-14 aryloxy, Cy_1s aralkyloxy, Cs.qq
alkanoyloxy, Cr.15 arcyloxy, Ci-1p alkylthio, -NR*R* (wherein R¥
and RY are the same or different and each represents a hydrogen
atom, Ci.1p alkyl, Cs_g cycloalkyl, Cg1y aryl, an arcmatic
heterccyclic greoup, Cy15 aralkyl, Cpo11 alkanoyl, Ci-15 aroyl, Ci-
10 alkoxycarbonyl, Cq.1¢ aralkyloxycarbonyl or the like), Cooig
alkanoyl, Cs.15 aroyl, Ci-1p alkoxycarbonyl, Cs-14 aryloxycarbonyl,
aliphatic heterocyclic carbonyl and the like.

[0039]

Examples of the substituent in the aryl cptionally having
substituent (s), the phenyl opticnally having substituent(s),
and the aromatic heterocyclic group optionally having
substituent(s), which may be the same or different and in
number of 1 to 3, include substituents selected from the group
comprising halogen, hydroxy, mercapto, nitre, cyano, carboxy,
carbamoyl, Ci.ip alkyl optionally having substituent (s)
{(examples cof the substituent in the substituted Ci-i¢ alkyl
include 1 to 3 substituents selected from halogen, hydroxy, Ci-

10 alkoxy and the like), Ci3g cycloalkyl, Ce1s aryl, aliphatic
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heterocyclic group, arcmatic heterccyclic group, Ci-1g alkoxy
optionally having substituent(s) (examples of the substituent
in the substituted Ci.ip alkoxy include 1 to 3 substituents
selected from halogen, hydroxy, Ci-ig alkoxy and the like), Cip
cyclcalkoxy, Cgi1a aryloxy, Cias aralkylcexy, Cp-11 alkanoyloxy,
Cso1s aroyloxy, Cioig alkylthio, -NR¥™R™ (wherein R* and R¥ are
the same or different and each represents a hydrogen atom, Cji_1p
alkyl, Cs5 cycloalkyl, Cgig aryl, an aromatic heterocyclic
group, C7-1¢ aralkyl, Cs-.11 alkanoyl, Cs.15 aroyl, Ci-ip |
alkoxycarbonyl, Cy.is aralkyloxycarbonyl or the like), Cso11
alkanoyl, Cy.15 aroyl, Ci-ip alkoxycarbonyl, Cs-14 aryloxycarbonyl,
Ci-10 alkylcarbamoyl, di-Ci_ip alkylcarbamoyl, Ci-1p alkylsulfonyl
and the like. When the aryl optionally having substituent(s)
is phenyl fused with cycloalkyl copticnally having
substituent(s), the substituent thereof includes oxo in
addition to those menticned above.

[0040]

Examples cf the substituent in the cycloalkyl optionally
having substituent (s), the cycloalkylamino optionally having
substituent (s), the aliphatic heterccyclic group opticnally
having substituent (s), the nitrogen-containing heterccyclic
group cpticnally having substituent (s}, which is formed
together with the adjacent nitrogen atom, and the aliphatic
heterocyclic group opticnally having substituent(s), which is
formed tcgether with the adjacent nitrogen atom, which may be
the same cr different and in number of 1 to 3, include
substituents selected from the group comprising oxo, halogen,
hydrexy, mercapto, nitro, cyano, carboxy, carbamoyl, Ci-1p alkyl,
trifluoromethyl, Ciy cycloalkyl, Cs1a aryl, aliphatic
heterccyclic group, aromatic heterocyclic group, Ci-1p alkoxy,
Cs.g cycloalkoxry, Cs-14 aryloxy, Cy-16 aralkylexy, C;-11 alkanoyloxy,
Cy-15 aroyloxy, Ci-1g alkylthio, -NR®™R* (wherein R® and R™ are
the same or different and each represents a hydrogen atom, Ci_ig
alkyl, Csg cycloalkyl, Ceag aryl, aromatic hetercocyclic group,
Ci-16 aralkyl, C,.;1 alkanoyl, Cyi5 aroyl, Ci-ip alkoxycarbonyl, Ci-
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15 aralkyloxycarbonyl or the like), Cs_11 alkanoyl, Ci_15 arovl,
Ci-10 alkoxycarbonyl, Cg-14 aryloxycarbonyl, Ci_ip alkylcarbamoyl,
di~-Cii¢ alkylcarbamoyl and the Ilike.

[0041]

Examples of the Cj.i1p alkyl shown herein and the Ci_1p
alkyl moiety in the Ci.ip alkoxy, the C;.q1 alkanoyloxy, the Ci g
alkylthio, the C,-1; alkancyl, the Ci.1p alkoxycarbonyl, the Ci.ig
alkylcarbamoyl, the di-Ci_1p alkylcarbamoyl and the Ci_ip
alkylsulfonyl shown herein include the groups recited as
examples of the aforementioned lower alkyl. The two Ci-j¢ alkyl
moieties in the di-Ci.jp alkylcarbamoyl may be the same or
different.

[0042]

Examples of the Cig cycloalkyl and the cyclcalkyl moiety
of the Csz-s cycloalkexy include the groups recited as examples
of the aforementioned cycloalkyl.

Examples of the Cg1s aryl and the aryl moiety of the Cgiqs
aryloxy, the Cr.is5 aroyl, the Cy_i5 arcyloxy and the Cg.1g
aryloxycarbonyl include the groups recited as examples of the
aforementioned arvl.

[0043]

Examples of the C;45 aralkyl and the aralkyl moiety of
the Cy.15 aralkyloxy and the Ciys aralkyloxycarbonyl include
benzyl, phenethyl, phenylpropyl, phenylbkutyl, phenylpentyl,
phenylhexyl, phenylheptyl, phenyloctyl, phenylnenyl,
phenyldecyl, naphthylmethyl, naphthylethyl, naphthylpropyl,
naphthylbutyl, naphthylpentyl, naphthylhexyl, anthrylmethyl,
anthrylethyl and the like.

[0044]

Examples of the aliphatic heterocyclic group and the
aliphatic heterocyclic group moiety of the aliphatic
heterocyclic carbenyl include the groups recited as examples of
the aforementioned aliphatic heterocyclic group.

Examples of the aromatic heterocyclic group and the

halogen include the groups recited as examples of the
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afcrementioned arcmatic heterocyclic group and the
aforementioned halogen, respectively.

In each group of compound (I),
as R, for example, phenyl optionally having substituent(s) 1is
preferable. As the substituent of the phenyl optionally having
substituent{s}), for example, Ci_1p alkyl or halogen is
preferable, and the number therecof is preferably 1 or 2.
[0045]

As Y*, for example, —-NH- is preferable.

As R?, for example, a hydrogen atom, halcgen, or Ci-ip
alkyl opticnally having substituent (s) is preferable. More
preferably, halogen or Ci_1g alkvl is selected.

When R® is the following formula (R¥?P-3)

[0C46]

Q.
3/
R %5

(R¥-1)

[0047]

as R®, for example, -NR®¥R* (wherein R® and R® are each as
defined abcve) is preferable, and more preferably, the formula
wherein R* is a hydrogen atom, and R*® is an arcmatic
heterocyclic group is selected. Alsc, the formula wherein R*
and R™® are hydrogen atoms is further preferable.

When R** is the following formula (R*2-1)
[0048]

K

R4
(R*-1)
[0049]
as RY', for example, a hydrogen atom or Ci-15 alkoxy is
preferable, and more preferably, the formula wherein R? is a
hydrogen atom is selected, and as R°, for example, a rhenyl

optionally having substituent(s) is preferable, and as the
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substituent of the phenyl cptionally having substituent({s), for
example, halcogen is preferable, and the number therecof is
preferably 0 or 1. Also, the formula wherein R? and R® form a
dihydrcbenzofuran ring together with the adjacent carben atom
is alsoc preferable.

[0050]

As compound (I), a compound wherein one or more of the
above-menticned preferable substituents are respectively
combined is preferable. Furthermcre, compounds cbtained by
limiting compounds {(I) described in (2Z) - (19) in “Means of
Solving the Problems” with preferable substituents shown above
are preferable. Compounds cbtained by limiting compounds (I)
described in (2) - (19) in “Means of Solving the Problems” with
a combinaticn of twec or more preferable substituents shown
above are mcre preferable.

[0051]

The pharmaceutically acceptable salt of compound (I)
comprises, for example, pharmaceutically acceptabkle acid
addition salts, metal salts, ammonium salts, organic amine
addition salts, amino acid addition salts and the like.
Examples of the pharmaceutically acceptable acid addition salt
of compound (I) include, but are not limited to, inorganic acid
salts such as hydrecchloride, hydrobromide, nitrate, sulfate,
phosphate and the like, organic acid salts such as acetate,
oxalate, maleate, fumarate, citrate, benzoate, methanesulfonate
and the like, and the like. Examples of the pharmaceutically
acceptable metal salt include, but are not limited to, sodium
salt, potassium salt, magnesium salt, calcium salt, aluminum
salt, zinc salt and the like. Examples of the pharmaceutically
acceptable ammonium salt include, but are not limited to, salts
such as ammonium salt, tetramethylammonium salt and the like.
Examples of the pharmaceutically acceptable organic amine
acddition salt include, but are not limited teo, addition salts
of morpholine, piperidine and the like. Examples of the

pharmaceutically acceptable aminc acid addition salt include,
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but are not limited to, addition salts of lysine, glycine,
phenylalanine, aspartic acid, glutamic acid and the like.
[0052]

Also, the pharmaceutically acceptable salt of compound
(I) comprises quaternary ammonium salt. The quaternary
ammonium salt is a compound wherein a nitrogen atom is
quaternized by Rx {Rx is, for example, lower alkyl or lower
alkyl substituted with phenyl and the like, wherein each lower
alkyl is as defined above).

Further, the pharmaceutically acceptable salt of compcound
{I) includes N-cxide form. The N-oxide form is a compound
wherein a nitrogen atcom is oxidized. An N-oxide form of
compound (I) can be cobtained from compound (I) wherein it is
not N-oxide by any oxidation method and using an oxidation
reagent such as m-chloroperbenzoic acid, air oxidation, liver
extract and the like.

[0053]

The skin disease in the present invention refers to a
disease with a lesion appearing on the skin. Specific examples
include acne vulgaris, drug eruption, contact dermatitis,
dermatitis due to vencomous moth, pollen dermatitis, urticaria,
psoriasis, atopic dermatitis, Candida dermatitis, seborrheic
dermatitis, eczema, Stevens-Johnson syndrome, toxic epidermal
necrosis, erythema multiforme, erythema nodosum, granuloma
annulare, pityriasis rosea, rosacea, lichen planus, lichen
pilaris (keratosis pilaris), photosensitivity, solar dermatitis,
miliaria, herpes simplex, Kaposi’s varicelliform eruption,
impetigo contagiosa, staphylococcal scalded skin syndrome,
erysipelas, slap cheek, lupus erythematosus, keloid, Hailey-
Hailey disease, scabies, linear dermatitis and the like.
However, the skin diseases in the present invention are not
limited to these.

10054]
The treatment in the present invention refers toc

conversion, mitigation or inhibition of the progression of the
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disease or condition to be applied, or cne or more symptoms of
such disease or condition. It further includes application for
inhikbition of the progression of symptoms before remission of
the disease, or when they are mild. In skin diseases,
aggravation and remission may repeat pericdically and
chronically. The therapeutic agent and/or prophylactic agent
of the present invention are/is also used for prolongation of
the remission period or prevention of aggravation. The
prophylactic agent i1s also used for the prevention of the onset
of the disease.

[CO55]

The aggravation used in the present specification refers
to exacerbation cf the symptoms of a disease.

The remissiocn used in the present specification refers to
fTemporary or permanent mitigation or disappearance of the
symptoms cof a disease. Time of remission refers to a remission
state, and remission length means a period when the state of
remission continues.

The present inventicn also comprises prodrugs of compound
(I}. The predrug of compound (I} is a compound converted to
compound (I) as a result of a reaction with an enzyme, gastric
acid and the like in the kody. As prodrugs, many kinds of
prodrugs are known, and a suitable prodrug can be selected from
a known document (for example, Development of Pharmaceutical
Product, Hirckawa Publishing INC., 1990, vol. 7, page 163) and
synthesized by a known method. Examples of the prodrug of
compound (I) when compound (I) has aminec include a compound
wherein the amino is acylated, alkylated or phosphorylated;
examples thereof when compound (I} has hydrcoxy include a
compound wherein the hydroxy is acylated, alkylated,
phosphorylated or borated; and examples thereof when compound
(I) has carboxy include a compound wherein the carboxy is
esterified or amidated and the like. Alsc, the prodrug of
compound (I} may be any of hydrate, non-hydrate and solvate and,

like compound {I}), may. form a salt with a pharmaceutically
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acceptable acid or base.
[0056]

A preferable compound used in the present specification
is a compound having not only pharmacological activity but also
desirable properties in one or more items from various
evaluation items requested for pharmaceutical products such as
a prophylactic and/or therapeutic agent for skin diseases and
the like, such as physical stability, stebility under
physiological conditions, safety for living organisms and the
like.

Compound {I) or a pharmaceutically acceptable salt
therecf of the present invention sometimes shows an
unpreferable action cn living organisms. FEven in such case, it
can exhibit usefulness as a prophylactic and/cor therapeutic
agent for skin diseases or as a pharmaceutical product, by |
employing an appropriate dose and administraticn method, while
reducing the unpreferable action.

[00BT]

Among compound (I} of the present inventiocn,
stereoisomers such as geometric isomer, optical isomer and the
like, tautomer and the like may exist. The present invention
comprises all possible isomers and mixtures therecf including
them, and the mixing ratio thereof may be any wvalue.

Compound (I} or a pharmaceutically acceptable salt
thereof of the present invention is sometimes present as an
adduct with water or various solvents, and such adduct 1s also
comprised in the present invention.

[0058]

A part or all of the respective atoms in compound (I) may
be replaced by ceorresponding isotope atom(s), respectively, and
the present invention also comprises such compounds replaced by
such isotcope atom(s). For example, a part or all of hydrogen
atems in compound (I) may be a hydrogen atom having an atomic
weight of 2 (deuterium atom}. A compound incorporating a

radicoisotope such as M (tritium) or *IC from among the isoctopes
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is useful for examining the fissue distributicn of a compound
and screening for an agent for the prophylaxis and/or treatment
of skin diseases.

[0059]

For example, a compcund wherein a part or all of the
respective atcms in compound (I) is/are replaced by
corresponding isctope atom(s), respectively, can be produced by
using a commercially available building blcck and in the same
manner as in each of the production methods described in the
following. Also, a compound wherein a part or zall of the
hydrogen atoms in compound (I) is/are replaced by deuterium
atom(s) can be synthesized by, for example, 1) a method using
deuterium percoxide, to deuterate carboxylic acid and the like
under basic conditions (US Patent No. 3849458), 2) a method
using an iridium complex as a catalyst, to deuterate alcchel,
carboxylic acid and the like by using deuterium oxide as a
deuterium source [J. Bm. Chem. Soc., Vol. 124, No. 10, 2092
(2002) 1, 3) a method using palladium carben as a catalyst, to
deuterate fatty acid by using only a deuterium gas as a
deuterium source [LIPIDS, Vol. 9, No. 11, 913(1974;1, 4) a
methed using a metal such as platinum, palladium, rhedium,
ruthenium, iridium and the like as catalysts, to deuterate
acrylic acid, methyl acrylate, methacrylic acid, methyl
methacrylate and the like by using deuterium oxide, or
deuterium oxide and deuterium gas, as a deuterium source (JP-B-
5-19536, JP-A-61-277648 and JP-A-€1-275241), 5) a method using
a catalyst such as palladium, nickel, copper or chromite copper
and the like, to deuterate acrylic acid, methyl methacrylate
and the like by using deuterium oxide as deuterium source (JP-
RA-63-198638) and the like.

[0060]

The isotcope atcm used in the present specification refers
to an atom having an atom value or mass number different from
the atom value or mass number generally found in nature.

Examples c¢f the isotope atom in the compound of the present
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invention include 2H, 3H, 13C, 14C, 15N, 17O, 180, 31P, p, g, 1BF,
*C1 and the like.

Next, production methods of compound (I) are explained.
[0061]

Incidentaly, in the production methods shown below, when
a defined group changes under the conditions of the production
methods or is inappropriate for performing the production
methods, the desired compound can be produced by using the
methods for introducing and removing a protecting group
conventicnally used in the synthetic organic chemistry (for
example, methods described in Protective Groups in Organic
Synthesis, third editicn, T.W. Greene, Jchn Wiley & Sons Inc.,
1999 and the like} and the like. Also, if necessary, the ocrder
of the reacticon steps such as substituent intreduction and the

like, can ke changed.

Production method 1

Among compounds (I), compound (Ia} wherein vE ig -NH-, -
O-, -5- or -NH-NRY™- (wherein R® is as defined above), R™ is
the aforementioned formula {Rmul), and R? is hydroxy, and
compound (Ib) wherein R® is -NR™R™® (wherein R*® and R® are the
same or different and each is as defined above) can be produced
according to, for example, the following steps.

[0062]
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[0063]

[wherein RY, I, R?, R*, R®, R™, and x* are each as defined

5 above, Y° represents -NH-, -0-, -S- or ~-NH-NR**- (wherein R'? is
as defined above), and X represents a fluorine atom, a chlorine
atom or a bromine atom]

step 1
Compound (a-3) can be produced by reacting compound {a-1)

ig and 0.5 - b equivalents of compound (2-2) in a solvent in the
presence of 1 - b equivalents of a condensing agent, and, if
necessary, 1n the presence cf 1 - 5 equivalents of an additive,
fer 5 min to 72 hr at a temperature between -20°C and the
boiling pecint of the solvent to be used. |

15 [0064]

Examples of the condensing agent include 1, 3-
dicyclohexanecarbodiimide (DCC), 1-ethyl-3-(3-
dimethylamineopropyl) carbodiimiderhydrochloride (EDC),
carbonyldiimidazole (CDI), 2-chlorc-l-methylpyridinium iodide,

20 O-(benzotriazol-1-y1}-N,N,N,N’ -tetramethyluronium
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hexaflucrophecsphate (HRTU), O-(7-azabenzotriazol-l-vyl)-
N,N,N",N" -tetramethyluronium hexafluocrophecsphate (HATU) and the
like.

[0065]

Examples of the additive include l-hydroxybenzotriazole:-
monohydrate (HOBt), tTriethylamine, N,N-diisopropylethylamine
and the like.

Examples cof the solvent include methanol, ethancol,
dichloromethane, chloroform, 1,2Z-dichloroethane, toluene, ethyl
acetate, acetonitrile, diethyl ether, tetrahydrofuran (THF),
1,2-dimethoxyethane (DME), dioxane, N,N-dimethylformamide (DMF),
N, N~-dimethylacetamide ({(DMA), N-methylpyrrcoclidone (NMP),
pyridine, water and the like, and these are used singly or in a
mixture.

[0C66]

Compound (a-1) can be obtained as a commercially
available product, or can be cobtained by a known method [for
example, Jikken Kagaku Kouza, 5th ed., wvol. 16, p. 1, Maruzen
Company, Limited (2005) and the like] or a method analogous
thereto.

Compcund (a-2) can be obtained as a commercially
availabkle product, or can be obtazined by a known methed [for
example, Jikken Kagaku Kouza, 5th ed., wveol. 14, p.351, Maruzen
Company, Limited (2005) and the like] or a method analogous
thereto.
step 2

Compound {a-5) can be produced by reacting compcund {a-3)
and 1 eguivalent to a large excess amount of compound (a-4) in
a sclvent in the presence of 1 eguivalent to a large excess
amount of a base at a temperature between -78°C and 150°C for 5
min - 72 hr.

[0067]

Examples of the base include n-butyllithium, sec-

butyllithium, tert-butyllithium, phenyllithium, scdium hydride,

lithiumdiisopropylamide, hexamethyldisilasanelithium, potassium
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tert-butoxide, potassium carbonate, potassium hydroxide, sodium

hydreoxide, sodium methoxide, triethylamine,
diisopropylethylamine, N-methylmorpholine, pyridine, 1,8-
diazabicyclo{5.4.0]-7-undecene (DBU) and the like.
(00681

Examples of the solvent include dichloromethane,

chloroform, 1,2-dichloroethane, toluene, diethyl ether, THF,

DME, dioxane, hexane and the like, and these are used singly or

in a mixture.

Also, compound (a-5) can be produced by reacting compound

{a=3) and 1 - 5 equivalents of compound (a-4) in a solvent in
the presence of 0.001 - 1 equivalent of a palladium catalyst,
if necessary, 0.002 - 2 equivalents cof an additive, and, if
necessary, 0.1 - 10 equivalents of a base, for 5 min to 72 hr
at a temperature between ~20°C and the boiling point of the
solvent to be used.
[0069]

Examples of the palladium catalyst include palladium
acetate, tris{dibenzylideneacetone)dipalladium,
tetrakis (triphenylphosphine)palladium, 1,1"-
bis (diphenylphosphino) ferrocenedichloropal ladium:
dichloromethane 1:1 adduct, [1,3-bis{Z,6-
diisopropylphenyl)imidazol-2-ylidene] (3-
chloropyridyl)palladium(II) dichloride (PEPPSI™) and the like.
(0070]

Examples of the additive include triphenylphosphine,
2,2"-bis (diphenylphosphino)~1,1’~binaphthyl, 4,5-
bis (diphenylphosphino} -9, 9~dimethylxanthene, 2-cdi-tert-
butylphosphine~2’,47,6' -triisopropylbiphenyl and the like.

Examples of the base include potassium carbonate,

potassium phosphate, potassium hydroxide, sodium hydroxide,

potassium tert-butoxide, sodium tert-butoxide, cesium carbonate,

triethylamine, diisopropylethylamine, N-methylmorpholine,
pyridine, DBU and the like.
[0071]
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Examples of the solvent include dichlecremethane,
chlorcocform, 1,2-dichlecroethane, toluene, ethyl acetate,
acetenitrile, diethyl ether, THF, DME, dioxane, DMF, DMA, NMP
and the like, and these are used singly or in a mixture.

Compound (a-4} can be obtained as a commercially
available product, or can be obtained by a known method [for
example, Jikken Kagaku Kouza, 5th ed., 14vol., p.351, Maruzen
Company, Limited (2005), Jikken Kagaku Xouza, 5th ed., l4vcl.,
p-1, Maruzen Company, Limited (2005), Organic Syntheses, Coll.
Vol.4, p.401 (1963) and the like] or a methed analcecgous thereto.
step 3

Compound (a-6) can be produced by treating compound (a-5)
with 1 equivalent tc a large excess amount of sodium sulfide or
1 equivalent tc a large excess amcunt of hydrogen sulfide
sodium in a solvent at a temperature between -20°C and 150°C
for 5 min to 72 hr.

[0072]

Examples of the solvent include methanol, ethanol,
dichloromethane, chleroferm, 1,2-dichlorcethane, toluene, ethyl
acetate, acetonitrile, diethyl ether, THF, DME, dioxane, LMF,
DMA, NMP, water and the like, and these are used singly cr in a
mixture.

Also, compecund (a-6) can be preduced by (i) treating
coempeund (a-5) in the presence of 1 ~ 10 equivalents of methyl
3-mercaptopreopionate in a solvent, and in the presence of 0.001
- 1 equivalent cof a palladium catalyst, if necessary, 0.002 - 2
equivalents of an additive, and, if necessary, 0.1 - 10
equivalents of a base, for 5 min to 72 hr at a temperature
between -20°C and the boiling point of the used solvent, and
(ii} treating the obtained compcund in a solvent in the
presence c¢f 0.1 - 10 equivalents of a base for 5 min to 72 hr
at a temperature between -78°C and the boiling point of the
soclvent to be used.

[0073]
Examples of the palladium catalyst toc be used in (1)
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include palladium acetate,
tris{dibenzylidencsacetone)dipalladium,
tetrakis(triphenylphosphine)palladium, 1,1'-

bis {diphenylphosphino) ferrocenedichioropailadium
dichloromethane 1:1 adduct, PEPPSI™ and the like.

Examples of the additive to be used in (i) include
triphenylphosphine, 2,2’ -bis (diphenylphesphino)-1,1"-binaphthyl,
4,5-bis(diphenylphosphino) -9, 8-dimethylxanthene, 2-di-tert-
butylphosphince-27,47,6' —triisopropylbiphenyl and the like.
[0074]

Examples of the base to be used in (i) include potassium
carbonate, potassium phosphate, potassium hydroxide, sodium
hydroxide, potassium tert-butoxide, sodium tert-butoxide,
cesium carbonate, triethylamine, diisopropylethylamine, N-
methylmorpheoline, pyridine, DBU and the like.

Examples of the solvent to be used in (i) include
dichloromethane, chloroform, 1,2-dichloroethane, toluene, ethyl
acetate, acetonitrile, diethyl ether, THF, DME, dioxane, DMF,
DMA, NMP and the like, and these are used singly or in a
mixture.

[0075]

Examples of the base to be used in (ii) include potassium
carbonate, potassium phosphate, potassium hydroxide, sodium
hydreoxide, potassium tert-butoxide, sodium tert-butoxids,
cesium carbonate, Triethylamine, diisopropylethylamine, N-
methylmorphcline, pyridine, DBU and the like.

Examples of tThe sclvent to be used in (ii} include
dichloromethane, chloroform, 1,2-dichlorcethane, tcluene, ethyl
acetate, acetonitrile, diethyl ether, THF, DME, dioxane, DMF,
CMA&, NMP and the like, and these are used singly or in a
mixture.
step 4

Compound {(Ta} can be produced by treating compcund (a-6)
with 2 equivalents to a large excess amcunt of an oxidant, and,

if necessary, 0.1 - 10 eguivalents of an additive in a solvent,
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for 5 min to 72 hr at a temperature between 0°C and the boiling
point of the scolvent to ke used.
[0076]

Examples of the oxidant include metachloroperbenzoic acid
(m—-CPBA), benzoyl percxide, peracetic acid, hydrogen peroxide
water, sodium periodate, potassium nitrate, potassium
permanganate, sulfuryl chloride, benzyltrimethylammonium
chloride/N-chlorosuccinimide, sodium hypochlorite/hydrochloric
acid and the like.

Examples of the additive include hydrochloric acid,
sulfuric acid, formic acid, acetic acid, trifluorocacetic acid,
p-toluenesulfonic acid, methanesulfonic acid and the like, and
these are used singly or in a mixture.

[0077]

Examples of the solvent include methanol, ethanol,
dichloromethane, chloroform, 1,2-dichloroethane, toluene, ethyl
acetate, acetonitrile, diethyl ether, THF, DMK, dioxane, DMF,
DMa, NMP, water and the like, and these are used singly or in a
mixture.
step 5

Compound {(a-7) can be produced by treating compound (Ta)
with 1 equivalent to a large excess amount of a halogenating
agent, and 0.1 - 10 equivalents cf an additive where necessary,
in a sclvent or without solvent at a temperature between -20°C
and 150°C for 5 min - 72 hr.

[0078]

Examples of the halogenating agent include fluorinating
agents such as (diethylamino)sulfur trifluoride,
morpheclinosulfur trifluoride, 1,1,2,2-tetraflucrcethyl-N,N-
dimethylamine and the like, chlorinating agents such as thionyl
chloride, oxalyl chloride, phosphorus oxychloride, sulfuryl
chloride and the like, brominating agents such as thionyl
bromide, phosphorus oxybromide and the like, and the like.

Examples of the additive include DMF, pyridine, N,N-
diisopropylethylamine and the like.
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[0079]

Examples of the solvent include dichloromethane,
chlorofcrm, 1,2-dichlorcethane, toluene, ethyl acetate,
acetenitrile, diethyl ether, THF, DME, dioxane, DMF, DMA, NMP,
pyridine and the like, and these are used singly or in a
mixture.
step 6

Compound (Ib} can be produced by reacting compound (a-7)
and 1 equivalent to a large excess amount of compound (a-8) in
a solvent or without solvent, if necessary, in the presence of
1 equivalent to a large excess amount of a base at a
temperature between -20°C and 150°C for 5 min - 72 hr.

[0080]

Examples of the base include potassium carbonate,
potassium hydroxide, sodium hydroxide, potassium tert-butoxide,
triethylamine, diiscprcpylethylamine, N-methylmorpholine,
pyridine, DBU, 4-dimethylaminopyridine (DMAP) and the like.

Examples of the sclvent include methanol, ethancl,
dichloromethane, chloroform, 1,2-dichloroethane, tocluene, ethyl
acetate, acetonitrile, diethyl ether, THF, IME, dioxane, DMF,
DMA, NMP, pyridine, water and the like, and these are used

singly or in a mixture.

[0081]

Compound (a-8) can be chkbtained as a commercially
avallable product, cr can be obtained by a known methed [for
example, Jikken Kagaku Kouza, 5th ed., wvol. 14, p. 351, Maruzen
Company, Limited (2005) and the like] or a method analogous
thereto.

. Production method 2

Ameng compounds. (ITb), wherein R¥ i3 a hydrogen atom, and
R*® 1ig —C(=O)Rk’(wherein R* is as defined akove), compound {Ic)

wherein R’ is lower alkyl optionally having substituent(s) or

‘cycloalkyl optionally having substituent(s), compound (Id)

wherein R’ is lower alkylaminoc optionally having
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substituent(s) or cycloalkylaminc cpticnally having
substituent (s), and compound {Ie) wherein R¥ is lower alkoxy
optionally having substituent(s) can be produced according to,
for example, the fcollewing steps.

[0082]

R3*2-NCO
(a-10)

step 2

R3c—1

RBC-‘I

(Ic) A (le)

[0083]

(wherein RY, L, R%®, R*™, X® and Y® are each as defined above, R*¢"
! represents lower alkyl opticnally having substituent(s) cr
cycloalkyl cpticnally having substituent(s) in the definiticns
of R*, R*? represents lower alkyl moiety optionally having
substituent (s) in lower alkylaminc opticnally having
substituent (s) in the definition of R¥*, or cyclealkyl moiety
optionally having substituent (s} in cycloalkylamino optionally
having substituent(s) in the definition of R®*, and R¥3
represents lower alkyl moiety cptionally having substituent (s)
in lower alkoxy cpticonally having substituent(s) in the
definition of R*®)

step 1

Compcund (Ic) can be preduced by (i) treating compound
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{a-2%) in a sclvent or without solvent in the presence cf 0.1 -
10 equivalents of a condensing agent, and, if necessary, in the
presence of 1 - 5 equivalents of an additive, at a temperature
between -20°C and 15C°C for 5 min to 72 hr, and then (ii)
reacting 1 - 10 equivalents of compound (Ib’} in a solvent or
without solvent, if necessary, in the presence of 1 - 10
equivalents of a base at a temperature between -20°C and 150°
for 5 min - 72 hr.

[0084]

Examples of the condensing agent to be used IiIn (i)
include DCC, EDC, CDI, Z2-chloro-l-methylpyridinium iodide, HBTU,
HATU and the like.

Examples of the additive to be used in (i) include HOBt,
triethylamine, N,N-diisopropylethylamine and the like.

Examples ¢f the scolvent fo be used in (i) include
dichleromethane, chloroform, 1,2Z-dichlorcethane, toluene, ethyl
acetate, acetonitrile, diethyl ether, THF, DME, dicxane, DMF,
DMA, NMPE, pyridine and the like, and these are used singly or
in a mixture.

(0085]

Examples of the base te be used in (ii) include potassium
carbonate, potassium hydrexide, scodium hydroxide, potassium
tert-butoxide, triethylamine, diisopropylethylamine, N-
methylmorpholine, pyridine, DBU, DMAP and the like.

Examples of the solwvent to be used in (ii) include
dichloromethane, chlercform, 1,2-dichlorcethane, toluene, ethyl
acetate, acetonitrile, diethyl ether, THF, DME, dioxane, DMF,
DMZA, NMP, pyridine, water and the like, and these are used
singly or in a mixture.

[0086]

Compcound (Ib") is cbtained in the same manner as in
Production method 1, step 6.

Compound (a-9) dan be cbtained as a commercially
availeble product, or can be cbtained by a known method [for

example, Jikken Kagaku Kouza, 5th ed., vol. 16, p. 1, Maruzen
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Company, Limited (2005} and the like] or a method analogous
thereto.
step 2

Compound (Id) can be produced by reacting compound (Ib')
and 1 -~ 10 equivalents of compound (a-10) in a solvent or
without solvent in the presence of 1 - 10 eguivalents of a base
for 5 min to 72 hr at a temperature between -20°C and the
boiling point of the solvent to be used.

[0087]

Examples of the base include potassium carbonate,
potassium hydroxide, sodium hydroxide, potassium tert-butexide,
triethylamine, diisopropylethylamine, N-methylmorpholine,
pyridine, DBU, DMAF and the like.

Examples of the solvent include dichloromethane,
chloroform, 1,2-dichlorocethane, toluene, ethyl acetate,
acetonitrile, diethyl ether, THF, DME, dioxane, DMF, DMA, NMP,
pyridine and the like, and these are used singly or in a
mixture.

[0088]

Compound (a-10) can be obtained as a commercially
available product, or can be obtained by a known method [for
example, Jikken Kagaku Kouza, 5th ed., vol. 14, p. 484, Maruzen
Company, Limited (2005)] or a method analogous thereto.
step 3

Compound (Ie) can be produced by reacting compound (Ib’)
and 1 - 10 eguivalents of compound {a-11) in a solvent dr
without solvent in the presence of 1 - 10 equivalents of z base
for 5> min to 72 hr at a temperature between -20°C and the
boiling point of the solvent to be used.

[0089]

Examples of the base include potassium acetate, sodium
hydrogen carbonate, potassium carbonate, potassium hydroxide,
sodium hydroxide, potassium tert-butoxide, triethylamine,
diisopropylethylamine, N-methylmorpheline, pyridine, DRU, DMAP
and the like.
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Examples of tThe solvent include dichloromethane,
chloroform, 1,2-dichloroethane, toluene, ethyl acetate,
acetonitrile, diethyl ether, THF, DME, dioxane, DMF, DMA, NMP,
pyridine and the like, and these are used singly or in a
mixture.

[0090]

Compound (a-11}) can be obtained as a commercially
available product, or can be cbtained by a known method [for
example, Organic Syntheses, Vel. 23, p. 13 (1%43); Coll. Vol. 3,
p.167 {1955)] or & method analogous thereto.

Production method 3

Among compounds (I}, compound (If) wherein Y* is -NH-, -
O-, -S- or -NH-NR'?>- (wherein R'* is as defined above), R® is
the aforementioned formula (Rm—l), and R? is lower alkyl
optionally having substituent{s) or aryl cptionally having
substituent(s) can be produced according to, for example, the

following steps.

[0091]

R1 R? |$1

% R SH LYB o Leys g

YE O (@-12) ) )
R~y Ty RS R R = RAA
B XA R ~g N'X step \\s N’,
Cl N 37N
0
{@-5) (@-13) (If)

[0092]

(wherein R', L, R?®, R®%, X® and Y® are each as defined above, and
R® represents lower alkyl optionally having substituent(s) or
aryl optionally having substituent(s) in the definition of RY
step 1

Compound (a-13) can be produced by reacting compound (a-
5) and 1 - 10 egquivalents c¢f compound {(a-12) in a solvent at a
temperature between -20°C and 150°C for 5 min to 72 hr.
[0093]

Exanples of the solvent include methanol, ethanol,

dichlorcomethane, chloroform, 1,2-dichlorcethane, toluene, ethyl
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acetate, acetonitrile, diethyl ether, THF, DME, dioxane, DMF,
DMA, NMP, pyridine, water and the like, and these are used
singly or in a mixture.

Compound (a-12) can be obtained as a commercially
avallable product, or can be obtained by a known method [for
example, Organic Syntheses, Coll. Vol. 4, p.401 (1963) and the
like] or a method analogous thereto.
step 2

Compound (If) can be produced by treating compound (a-13)
with 2 - 10 equivalents of an oxidant in a sclvent at a
temperature between ~20°C and 150°C for 5 min - 72 hr.

[0094]

Examples of the oxidant include metachlorcperbenzoic acid,
benzoyl peroxide, peracetic acid, hydrcgen peroxide water,
sodium pericdate, potassium permanganate and the like.

Examples of the solvent include methanol, ethancl,
dichlorcmethane, chlecroform, 1,2-dichlorcethane, toluene, ethyl
acetate, acetonitrile, diethyl ether, THF, DME, dioxane, DMF,
DMA, NMP, pyridine, water and the like, and these are used

singly or in a mixture.

Production method 4

Emong compounds (I}, compound (Ig) wherein Y® qig -NH~, =
O-, -5- or -NH-NR®*- (wherein R'® is as defined asbove), R®™® is
the aforementioned formula (R%>2), and R*™ is lower alkanoyl or
aroyl can be produced according to, for example, the following
steps.
[0095]
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31 R1 R1 Rad 1 . R

RIA — v (a-16)
tep 1
N2 P T HyCO g ,,xA step 2 H2N step 3
H
(a-6) (a-14) (a-15)
R R
L L

/Qh
NH,
(a-17) (lg)

O Q
RA_ A R4A RZ N RAA
R3¢ H\ | LA step 4 Radﬁr N,
O

[C096]
(wherein R', 1L, R?, R*, X and Y® are each as defined above, R*%
. represnts lower alkyl moiety cr aryl moiety of lower alkanoyl
or aroyl in the definition of R*)
step 1

Compound (a-14) can be produced by treating compound (a-
&) in the presence of 2 - 10 equivalents cof N-bromesuccinimide
and 1 equivalent tfo a large excess amount of methanol in a
sclvent or without sclvent at a temperature between -20°C and
150°C for 5 min to 72 hr. ‘
[0097]

Examples of the solvent include methanol, dichleromethane,
chlorofeorm, 1,2-dichlcrcethane, tcluene, ethyl acetate,
acetonitrile, diethyl ether, THF, DMFE, dioxane, DMF, DMA, NMP,
pyridine and the like, and these are used singly or in a
mixture.
step 2

Compound {(a-15) can be produced by treating compound {(a-
14) with 1 - 10 equivalents of an amine reagent in a solvent at
a temperature between -78°C and 150°C for 5 min to 72 hr.
[0098]

Examples of the amine reagent include lithium
bis(trimethylsilyl)amide, scdium bis(trimethylsilyl)amide,

ammonia, lithium amide, potassium amide and the like.
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Examples of the solvent include dichlcocromethane,
chloroform, 1,2-dichloroethane, toluene, diethyl ether, THF,
DME, dicxane, hexane and the like, and these are used singly or
in a mixture.
step 3

Compcund (a-17) can be produced by reacting compound (a-
15) and 1 eguivalent to a large excess amount of compound (a-—
16) in a solvent in the presence of 1 - 10 eguivalents of a
base at a temperature between -78°C and 130°C for 5 min to 72
hr.

[0099]

Examples of the base include n-butyllithium, sec-
butyllithium, tert-butyllithium, phenyllithium, lithium
diisopreopylamide, potassium tert-butoxide and the like.

Fxamples of the solvent include dichloromethane,
chloroform, 1,2-dichlorcethane, toluene, diethyl ether, THF,
DME, dioxane, hexane and the like, and these are used singly or
in a mixture.

[010C]

Compound (a-16) can be obtained as a commercially
available product, or can be cbtained by a known method [for
example, Jikken Kagaku Kouza, 5th ed., vol. 16, p. 107, Maruzen
Company, Limited (2005) and the like] or a method analogous
thereto.
step 4

Compound (Ig) can be produced by treating compcound (a-17)
in the presence of 1 - 10 equivalents cf a chlcrinating agent
and 1 - 10 eguivalents cf an amine reagent in a sclvent at a
temperature between -78°C and 150°C for 5 min to 72 hr.

[0101]

Examples of the chlorinating agent include N-
chlerosuccinimide, tert-butyl hypochlorite, l-chloro-1H-
benzotriazole, chlorine and the like.

Examples of the amine reagent include

hexamethyldisilasanes and ammonia.
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Examples of the solvent iﬁclude dichloromethane,
chleoroform, 1,2-dichlorcethane, toluene, ethyl acetate,
acetonitrile, diethyl ether, THF, DME, dioxane, DMF, DMA, NMP,
pyridine and the like, and these are used singly or in a

mixture.

Production method 5

Among compounds (I), compound (Ih) wherein Y* is -NH-, -
O-, -S- or -NH~NR'™- (wherein R' is as defined above)}, R® is
the aforementioned formula (R™-2), and R* is a hydrogen atom
can be produced according to, for example, the following steps.

[C102]

R‘I
{
L.
YB O
2
H3C — = R l N R4A
H4C step 1 HN\\S N XA
H,C HoN™ g

(th)

[0103]
(wherein R', L, R?, R*, X® and Y® are each as defined above)
step 1

Compound (Th) can be produced by treating compound (a~18)

with 1 equivalent to a large excess amount of an acid in a

.solvent or without solvent at a temperature between -78°C and

150°C for 5 min to 72 hr.

Examples of the acid include hydrochloric acid, sulfuric
acid, formic acid, acetic acid, trifluorocacetic acid, p-
toluenesulfonic acid, methanesulfonic acid, titanium
tetrachloride, boron triflucride and the like.
[0104]

Examples of the solvent include methanol, ethancl,
dichloromethane, chloroform, 1,2-dichlcroethane, toluene, ethyl

acetate, acetcnitrile, diethyl ether, THF, DME, dioxane, DMF,
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CMA, NMP and the like, and these are used singly or in a
mixture.

Compound (a2-18) can be cobtained using di-tert-butyl
dicarbonate instead of compound (a-16) by a method similar to

that of production methed 4, step 3.

Production method 6

Among compounds (I), compound (Ii) wherien Y* is -NH-, -
0-, -S- or -NH-NR**- (wherein R!® is as defined above}, R® 1is
the aforementioned formula (R™-2), and R* is lower
alkylcarbamoyl can be produced according to, for example, the

feollowing steps.

[0105]
R’ R R
| i !
Loug L.ys Leus
Y R¥+2-NCO ¥ o H
RZ RZ R2
So CRHA (a-19) S OR4A H ST TR
N AL — D T — NN Ly
§TON step 1 a0z 87 N step2 R S, N
i R 1 0.’ o
0} c O NH,
(a-15) (a-20) (Iiy
[0106]
(wherein R', L, R?, R*, X® and Y® are each as defined above, and
RI42 represents lower alkyl moiety of lower alkylcarbamoyl in

the definition of R%*)
step 1

Compound {a-20) can be produced by reacting compound (a-
15) and 1 equivalent to a large excess amount of compound (a-
19) in a solvent in the presence of 1 - 10 equivalents of a
base at a temperature between -78°C and 15C°C for 5 min to 72
hr.

[0107]

Examples of the base include n-butyllithium, sec-—
butyllithium, tert-butyllithium, phenyllithium, lithium
diisopropylamide, potassium tert-butoxide and the like.

Examples of the solvent include dichloromethane,
chloroform, 1,2-dichloroethane, toluene, diethyl ether, THF,

DME, dioxane, hexane and the like, and these are used singly or
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in a mixturs.
[0108]

Compound (a-19) can be obtained as a commercially
available product, or can be cbtained by a known method [for

example, Jikken Kagaku Kouza, b5th ed., vel. 14, p. 484, Maruzen

Company, Limited (2005) and the like] or a method analogous
thereto.

step 2
Compound (Ii) can be produced using compound {a-20) by a

method similar to that of production method 4, step 4.

Production method 7
Among compounds {I), compound (I3} wherein Y* is -NE~

C(=0)- can be produced according to, for example, the following

steps.
[0109]
OCH;
0 RLL
R,
NH, O L)I\CI P
NH O R2 ”s 0 "NH ©
R2 | = R4A (a-23) R2 . e
S & A .
| step 1 TN step 7 | A
aar e X R N R3A N'X
R N™
(a-21) (a-22) (I
[G110]

(wherein R', L, R*, R™, R* and X® are each as defined above)
step 1

Compound ({(a-22) can be produced by treating compound (a-
21) with 1 eguivalent tc a large excess amount of an acid in a
solvent cor without solvent at a temperature between -78°C and

150°C for 5 min to 72 hr.

Examples of the acid include hydrochloric acid, sulfuric
acid, formic acid, acetic acid, triflucrcacetic acid, p-
foluenesulfonic acid, methanesulfonic acid, titanium
tetrachloride, boron trifluoride and the like.

[C111]
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Examples c¢f the solvent include methanol, ethancl,
dichlorcmethane, chlercfeorm, 1,Z2-dichlorcethane, toluene, ethyl
acetate, acetonitrile, diethyl ether, THF, DME, dioxane, DMF,
DMA, NMP and the like, and these are used singly or in a
mixture.

Compound (a-21) can be obtained according tc the methods
described in Production methods 1 - 6.
step 2

Compound (Ij) can be produced using compound {(a-22) and
compound {a-23) by a method similar to that of production
methed 2, step 3.

[0112]

Compound (a-2Z23} can be obtained as a commercially
available product, or can be obtained by a known method [for
example, Jikken Kagaku Kouza, 5th ed., vol. 16, p.98, Maruzen
Company, Limited (2005) and the like] or a method analogous

thereto.

Production method B

Among compounds (I), compound (Ik) wherein Y* is a bond,
L is alkylene, R*® is the aforementicned formula (R**-1), and RrR®
is hydroxy, and compound (Ik’) wherein R® is -NR**R*® (wherein
R* and R™ are the same or different and each is as defined
above) can be produced according teo, for example, the following
steps.

[0113]
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2
RL_AS m— e RE_A RA — R l 7 TR% :
| step 1 J step2 O . XA
SR s i O)\S\\ N stop 3
(a-3) (a-24) (Ik)
1
R2 v R2 RT-Lt—2Zn- X8 R2
S R4A R S R (a-27) = R4A
o. I sa (a-8) o Ml _xa o, I xa
/\ S R®2 S, N R 8 N
X" "0 step 4 N~ "0 step 5 N
- 3b
[0114]

(wherein R', R?, R, R¥®, R“ﬂlxﬁ and X are each as defined above,
L’ represents alkylene, and X® represents a chlorine atom or a
bromine atom)

step 1

Compound {a-2Z4) can be produced by (1) treating compound
(a-3) in the presence of 1 - 10 equivalents of methyl 3-
mercaptopropiconate in a solvent in the presence of 0.001 - 1
equivalent of a palladium catalyst, if necessary, 0.002 - 2
equivalents of an additive, if necessary, and 0.1 - 10
equivalents of a base, feor 5 min to 72 hr at a temperature
between -20°C and the beiling peint of the sclvent to be used,
and {ii) treating the cbtained compcund in a solvent in the
presence of 0.1 - 10 equivalents c¢f a base, for 5 min to 72 hr
at a temperature between -78°C and the boiling point of the
sclvent to be used.

[0115]

Examples of the palladium catalyst to be used in (1)
include palladium acetate,
tris(dibenzylideneacetone)dipalladium,
tetrakis (triphenylphosphine)palladium, 1,1'-
bis(diphenylphosphinc) ferrocenedichloropalladium:
dichloromethane 1:1 adduct, PEPPSI™ and the like.

Examples of the additive to be used in (1) include

triphenylphesphine, 2,2'-bis{diphenylphosphino)-1,1’~-binaphthyl,
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4,5-bis (diphenylphosphino) -9, 9-dimethylxanthene, 2-di-tert-
butylphosphino-2',4’,6" -triisopropylbiphenyl and the like.
[0116]

Examples of the base to be used in (i) include potassium
carbonate, potassium phosphate, potassium hydroxide, sodium
hydroxide, potassium tert-~butoxide, sodium tert-butoxide,
cesium carbonate, triethylamine, diisopropylethylamine, N-
methylmorpheline, pyridine, DBU and the like,

Examples of the solvent to be used in (i) include
dichloromethane, chloroferm, 1,2-dichlorcethane, toluene, ethyl
acetate, acetonitrile, diethyl ether, THF, DME, dioxane, DMF,
DMA, NMP and the like, and these are used singly or in a
mixture.

[0117]

Examples of the base to be used in (ii) include potassium
carbonate, potassium phosphate, potassium hydroxide, sodium
hydroxide, potassium tert-butoxide, sodium tert-butoxide,
cesium carbonate, triethylamine, diisopropylethylamine, N-
methylmorpholine, pyridine, DBU and the like.

Examples of the solvent to be used in (ii) include
dichloromethane, chloroform, 1,2-dichleoroethane, toluene, ethyl
acetate, acetonitrile, diethyl ether, THF, DME, dioxane, DMF,
DMA, NMP and the like, and these are used singly or in a
mixture.
step 2

Compound (Ik)} can be preduced using compound (a-24) by a
method similar to that of Production method 1, step 4.
step 3

Compound (a-25) can be produced using ccmpound {(Ik) by a
method similar to that of Production methoed 1, step 5.
step 4

Compound (a-2¢&) can be produced using compound (a-25)
compound (a-8) and by a methed similar to that of Production
method 1, step 6.

step 5
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Compound (Ik’) can be produced by reacting compound (a-
26) and 1 - 5 eguivalents of compound (a-27) in a sclvent in
the presence of 0.001 - 1 eguivalents cof a palladium catalyst,
and, 1f necessary, in the presence of 0.002 - 2 equivalents of
an additive, for 5 min to 72 hr at a temperature between -20°C
and the boiling point of the solvent to be used.

[0118]

Examples of the palladium catalyst include palladium
acetate, tris(dibenzylideneacetone)dipalladium,
tetrakis{triphenylphosphine)palladium, 1,1~
bis (diphenylphesphino) ferrocenedichloropalladium
dichloromethane 1:1 adduct, PEPPSI™ and the like.

Examples of the additive include triphenylphosphine,
2,27 -bis (diphenylphosphineo)-1,1"-binaphthyl, 4,5-
bis{diphenylphosphinc)-9, 3-dimethylxanthene, 2-di-tert-
butylphosphino-2',4", 6" -triisopropylbiphenyl and the like.
[0119]

Examples of the solvent include dichloromethane,
chloroform, 1,2-dichloroethane, toluéne, ethyl acetate,
acetonitrile, diethyl ether, THF, DME, dioxane, DMF, DMA, NMP
and the like, and these are used singly or in a mixture.

Compound {a-27) can be obtained as a commercially
available preduct or by a known method [for example, Jikken
Kagaku Kouza, 5th ed., vol. 18, p.78, Maruzen Company, Limited
{(2005) and the like] cr a method analcgous thereto.

[0120]

Also, ameng compounds {(I), a compound wherein Y® is a
bond, L is alkylene, R*™ is the aforementicned formula (R*®-1),
R® is lower alkyl optionally having substituent(s) or aryl
opticnally having substituent(s) can be produced by using
compound (a-3) according to the methods of Production method 3,
step 1, Production method 3, step 2, and Production method 8,
step 5. Among compounds (I), a compound wherein Y* is a bond,
L is alkylene, R*® is the aforementioned formula (R™-2), and R™

is lower alkanoyl or aroyl can be produced according to the

48



10

15

20

25

30

35

methods of Producticn method 8, step 1, Producticn method 4,
and Producticn method 8, step 5. 2Amcng compounds (I), a
compound wherein Y* is a bond, L is alkylene, R* is the
aforementioned formula (Rﬂ~2), and R* is a hydrogen atom can
be produced according to the methods of Production method 8,
step 1, Production method 4, step 1, Production method 4, step
2, Production method 5, step 1, and Production method 8, step 5.
Among compounds (I), a compound wherein Y* is a bond, L is
alkylene, R*® is the aforementioned formula (R*-2), and R* is
lower alkylcarbamoyl can be produced according toc the methods
of Production method 8, step 1, Production method 4, step 1,
Production method 4, step 2, Production method 6, step 1,
Production method 6, step 2, and Producticon method 8, step 5.
[0121]

Conversion of a functional group contained in RY, R?, R™,
R*® and the like in compound (I) and each intermediates in the
above-mentioned Production methods can also be performed by a
known method (for example, the method described in
Comprehensive Organic Transformations 2nd edition, R.C. Larock,
Vch Verlagsgesellschaft Mbh, 192999 and the like) or a method
analogous thereto.

[0122]

The intermediates and the desired compounds in the above-
mentioned production methods can be isolated and purified by
applying separation and purification methods usually used in
the synthetic crganic chemistry such as filtration, extraction,
washing, drying, concentration, recrystallization, various
chromatographies and the like. Alsc, intermediates can also be
subjected to a next reaction without particular purification.

To obtain a salt of compound (I), when compound (I) is
obtained in a form of a salt, it can be directly purified. Or,
when compound (I) 1s cbtained in z free form, it may be
dissolved or suspended in a suitabkle solvent, aﬁd an acid or a
base 1s added theretc to form a salt, and then the salt may be

isolated and purified.
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[0123]
Specific examples of compound (I} of the present
invention are shown in Table 1 to Table 27. However, the

compcunds of the present invention are not limited to them.
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[0124]

[Table 1]
Table 1
Lo
RI""°NH ©
2
R = N
I\ N
O:? N
3
R F
compound No. -L-R -R? -R3
F CHs
1 \@ H OH
F CH,
2 \@i H NH,
3 H NH,

NH2

T T
/
Iz

-
T
X
I

T

T =L T
/ S
/IZ
50
O
< I =Y
o T
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[0125]
iTable 2]

Table 2 (coniinued from Table 1)

Compound No. -L-R’ -R? -R3
F CH3 SN
S & G
NH,
F CH3 FO
H
F CH, 0N
N
H
F CH, )OI\
13 H
\@ SN CH,
H
F CHs O .
14 H
CE \”%@F
H
15 ©/\ H NH,
0
16 H CH
[:::I/A\* *\N/H\N/A\V/ 3
H H
cl CH;
17 :(j/\ H NH,
HaC
cl CHj O CH,
18 m " \N)J\N)\CH
HsC H H ®
cl CHs 0
" Ij/\ : \N)ko/\CH
HaC H 3
cl CH,
20 \E;/L H NH,




[012¢]
[Table 3]

Table 3 (continued from Table 1)

Compound No. -L-R’ -R? -R?
cl CH, i
21 H /A
H H
F CH, j\
22 H
\©/\ NN CH,
H H
F CH, ji
- \@; H \N N/\CH3
I H
CH,
F CH,
24 \©/\ cl OH
F CH,
25 \T::::I:ﬁ Cl NH,
CH,
26 @\ Cl NH,
F F
27 ‘\[:::I:& cl NH,
Cl F
28 \@/\ cl NH,
HsCO
29 @\ cl NH,
| HsCO F
30 \@ cl NH,
CH,
31 cl NH,

%
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[C127]
[Table 4

Table 4 (continued from Table 1)

Compound No. AL-RT -R2 _R3
F
32 H3CO\© cl NH,
CHs
33 @; Cl NH,
F F
a4 j@ o NH,
F
H
O~ _N_
F CHs CH,
35 Cl
L ~
L_0o
F CHy H
36 \Ej; Cl N “CHy
H
o]
HsC._ LOH
F CHs !
37 cl N
\©/\ \}N1 “CH,
o]
F CHg OCHz
* L TN
H
F CH3 - N
39 of AV=CHg
\Ei NN
H
F CHs4 N—-O
H
F CHs o
41 \@: cl NP CH,
H
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[0128]

[Table 5]
Table 5
1’L\
R NH O
2
R o R4A
A >
R3
C d
OITINPOC?UI'I _L_R1 -R2 _RS _R4A
F CH, N—C CHj
@ L oL (OO
B CHs
F CH,4 j\
43 Cl e—N F
\C[/\ NN CH, < > <>
H H
0
Cl CHj —nN
46 ﬁ H NH,
Cl CH 0 0
3 =N
47 H /A
L iy
H H
F. CH,
Cl CH,
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[0129]

[Table 6]
Table B
Lo
RY""NH ©
== | N
oSy
|
NH, £
Compound O opl Compound Rt Compound .t
No. L-R No. L-R No. L-R
CH
Cl HaC Cl 3
H4C
cl cl F cl E
51 ij::::[:‘ 59 cl CHy 67 iI::::I:“
HiC H1C
F cl F F
s e AN | e CX
HyC H4C
CH; CFs OCH,
53 /J::::I:ﬁ 61 CHs 69
HaC Cl
CH,
CHy Cl
54 62 /J:::::[:‘ 70 /J:::::[:*
CHy F F
HyC CHs F Cl Cl Cl
55 \T:::I:; 63 \T:::I:; 71 t]:::]:;
F
F CH,
H4C F e
F
Cl CH, F
F




[0130]

[Table 7]
Table 7 {continued from Table 6)
Compound R Compound Y Compound 1 i
No. LR No. L-R ho LR
CHs

74

75

76

77

78

79

80

81

82

1343

O
0 &
T
& n

25

H4CO

j o
I
[9%)

Q

.
o3
§§7

o

C & f

Q

83

84

85

86

87

88

89

90

91

o

H,CO

2

CHs

.

H,CO

&

H,CO

2

CHj
H,CO

v

CF,
H,CO

gy

g2

93

94

95

96

a7

98

99

100

HsCO. : :CI
H4CO
T

Q.
s
-

.
=

]
j e
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[0131]

[Table 8]
Table 8
Lo
R""°"NH ©
= N
N
0=5" "N
3
R F
Compound L-R! -R3 Compound -L-R! -R3
No. No.
CF3 CH4
101 @L NH 109 /©/\ NH,
Cl
CHs
F
102 ©; NH, 110 NH,
HaC
¢ F CH
3
CH
103 @\ NH, 111 \©/\ Sy
H
H,CO CHa F CHs
104 :@ NH, 112 \©/\ ‘\ﬁ/\/OCHa
Cl
HO CHs F. CH,4 - OCHs
105 NH, 113 ﬁ/\((
Cl o
“~ 0
o T
106 Y\©\ NH, 114 \©/\ Oﬁ) O CHy
F
O._CHy
T F CH
3 NH,
o)
CH
: F CHg OCH,
108 NH 118
ey e O
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[0132]
[Table 9]

Table S

/| N
RPN
o:? N
R3 F
Compound -R3 Compound R3 Corrrll;gound R?
No. No. .
O H “~
N\ N/ﬁ ‘\N/\H/CH;;
M7~ CHz || 124 K/N CH, 131 N
' N T 0
0
~. _CH H
e OH P 3 “ -
118 ﬁ/\ﬂ/ 125 N 132 N CHa
0 CH; CH; O
CHa OH
™ N
119 'D 126 "\ “CH, 183~ OH
H
0 H §
0
OH o H N |N\
134 H
120~ 127 N W P
N o8 N~ “CH,
\N . H\/CHS .\N/\CN
121 O 128 H 135 N
CH
o7 N 0
\N/\ 129 N 136 )J\
122 “ -
N e N oH
K/O H 3 H 3
O
0 o OH
NH, \) H
123 180 N N 137 N “CH,
" H
0
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[0133]

[Table 10]
Table 10 (continued from Table 9)
Compound =3 Compound _R3 Compound 3
No. R No. R No. P R
.\N o S
138 NH, || 146 NN | 154 .\NIN)
o H H
CH Br
139 < 3 H 147 Nij/ 155 /[ N\>
N “CHy ~ )‘\\ N S
N“ °N N
o] H H
HiC_ CH N
3 3“ S’\> o m
140 Sy “Ch, || 148 NN 15 N
0 H H
@] H
\%:”N\ H3C\ @]
S e N ﬂ’ CH
141 N 149 /> 157 Y 3
.\
\N/QN N
H H
OH
H
XN H4C CHs
NH |
142 N 150 o P 158 I\
H N™ N7 TSCH, ~ o
0 H N
HsC
.\N/> /N\ [\}"O CHs;
143 151 <P 159 /l\¢;>*ﬂ§=CH
'O)\O .\N .\N CH 3
H H 3
CH;
H,;C
N 3 =N o)
144 ’/ﬁ> 152 . N—CHjs 160 .
O4L‘N Y N
: A i
3
N/ ey
N--CH
145 s | 153 Ay CHs
NN H
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[0134]

[Table 11]
Table 11
Lo
RT""°"NH ©
2
R "
WA
0=8" "N
3
R F
Compound No. -L-R? -R?2 -R3
cl 0
161 H “~ J\ P
N~ “N” CH,
HaC H H
cl 0
162 H CH
/J:::I:\ k\N/ﬂ\N/A\”/ 3
HaC H H
0
163 H
(T e
H H
o] cl 0
164 H ~ /ﬂ\ PN
N~ N7 “CH,
HaC H H
cl cl 0
185 H
i]:::l:‘ k\N/ﬂ\N/A\V/CHB
H,C H H
cl CH, o)
166 H
ij::i]i; \\N/M\N/A\CH3
HsC H H
o] CH, o)
167 H CH
H' '\NJ'LN/\/ 3
HaC H H
F CHs /ﬁ\
168 H CH
156 e
H H
169

Q
: O
€I
%)
I
/I
xI Z>:
T Z>
Q
o
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[0135]
[Table 12]

Table 12 (continued from Table 11)

Compound No. -L-R1 -R? -R3
o CHa 0
N O G
H H
171 H
\1:::]:; NN CH,
H H
F CHs O
172 H /;C&
\@ \NJJ\N
H H
cl CHj ;ﬁ\
173 H
\1:::1:; SN0 cH,
H
F CHy ;ﬁ\
174 H
\1:::]:; SN0 CH,
H
F CH, /Ei\ CHs
175 H
\T:::j:; SN0 e,
H
C
176 [:i:l\‘ cl NH,
Cl CH;
177 \1::::1:\ cl NH,
HaCO CH
178 \T::::I:‘ Cl NH,
HaCO Ci
179 \1::::1:‘ Cl NH,
Cl
180 [:i:J:j?H3 cl NH,




[0136]
[Table 13]

Table 13 (continued from Table 11)

Compound No. L-R1 -R2 _R3
Cl
181 HSC\I:i:J\\ cl NH,
F
182 @; cl NH,
F
183 Zﬁx\\ Cl NH,
F CHs N
184 \T:::]:; cl
NH,
HO
F CHy y
185 cl N
\©/\ N “CH,3
H
o)
HO
F CHj ?Ha
186 Cl N
\\[:::I:\ N “CH;
H
o)
Ha,C
F CH, “ CHj
187 \I:::I:“ cl N,Xg
Ao
F CH, ij>
188 \T:::]:; Cl /
F CHy
189 \Ti::]:; ci
190 Cl ./
T “y
H
F CHy
191 Cl
L “y
H
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[0137]

[Table 14]
Table 14
AN
R “v* 0O
2
R - I R4A
A
RSA = /X
Corpj;;clzud YA R R2 R JRA XA
F CH;
NH
|
F CHs
193 \@ 0. %5
Cl PLONNIPE N F CH
NH Hc” "N 70
|
F CH, ‘
NH 70
| O H,N
F CHs N
0
195 \@ Cl o N CH
NH HN" ~0
|
cl CHs
Osp
196 \@[ CH = —N F CH
NH : HzN\SQO D_@
|
Os
197 /@ CH i — o
cl NH i HZN\S\O N< > <> FCH
|
F CH, H
N Ny
198 \Q: Cl \H/ \sf -—ND—O-F CH
NH Y
i CH3 O HzN
OH
O < >g < :>
HaC NH HZN/\S\O
|
F CH;
HN
200 \@ Cl pi-e «N F CH
NH H.N" ™0

—
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[0138]

[Table 15]
Table 15 (continued from Table 14)
COFR%OUd _YA_L_R1 _RZ _RSA _R4A XA
CO,CHg
o
201 /Q\ ci S N CH
HaC NH HaNT 0
;
ol
202 /©\ cl >s{ N\ F CH
HaC NH H,N" 0
l
CONH,
0
203 /Q cl s —N CH
HaC NH HoN" 0
|
CHa
O
204 @: cl HaCo SB35 -—ND—Q—F CH
NH "0
|
CH, o s
C
NH
!
Cl
o /N
208 /@ cl ‘Es\(' N N—@ CH
HaC TH HaN"" S0 N
Osn”
207 O\ CH il N F CH
NH ® HZN\S\O
|
/@\ OCH;
Osn
208 Cl sl N F  CH
HaC NH HZN\S\O
|
o
o / Z
209 /Q\ cl > N N—@—F CH
HaC IIJH HoNT 0 N
Os”
210 /@ o] P “—N F CH
HsC T HZN\S\O
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[0139]

[Table 16]
Table 16 (continued from Table 14)
CO”&F{’;‘)UC’ VAR R? _R3A RAA XA
O
211 i %% N F CH
'I'H HN" S0
Os”
212 Cl i —N CH
i 7 H2N\S\O i > < > F
Osp”
213 /@ i P FNCCN F  CH
HoC NH HZN\S\O
!
NH O.__"
214 CH 5 — CH
(Q/\ | 3 HZN\S\O N >-~< :)—F
G
215 CH 4 Ysg” —N F CH
NH 3 A\ N/\S\\O
| H
/@\ COCH,
Oxp”
216 cl 57 N F CH
HaC NH HZNE\O < > <>
|
> o -
217 @ cl P — CH
NH H2N\S\O N: > < > F
|
LI )
218 Cl ~8 CH
|
HaC /\N/\I[CHa ]
N
219 Cl P *—N F CH
ANGE HZN\S\O >—< >~
l
CHs
Ose”
220 CH v —N F CH
A e e
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[0140]

[Takle 17]
Table 17 (continued from Table 14)
COI’E[‘);-)Ud YA_L_R1 _R2 _RSA __R4A XA
= NH O "
221 CH ~S8L —N F CH
| = ! S HZN\S\O i > < >
N
@\/\ g
0
222 CH W P2’ e
NH * N N’\S\\O ND_@F eH
| H
" NH O-N
Osx
223 CH Q\/\\\ S —ND—@F CH
| =N l ? N/\S\\O
H
o/\ 0N
224 N CH Q)\O\ < N CH
K/ ~ NN a NN N/\S\\O F
| H
NH N
Os
225 F @\ g7 -—NC>—©—F CH
Ol 5%
H
226 CH S5l N F CH
NH : NJ\N\S\O
] H H
O~N
227 D/\NH cHy QN O MND—@—F CH
! NS0
H
NC
NH Osn”
228 CH g7 N cH
\O/\l ¢ H2N\S\O : > < > F
F CHs
NH H,N™ ™0
|
Osxe”
230 NH cl 57 «—N F CH
©yl HzN\S\O D—@
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[0141]

[Table 18]
Table 18 (continued from Table 14)
Cor[?]%(_)Ud _YA_L_R1 _R2 _RSA _R4A xA
231 ° NH cl o\\&/ ~—N F CH
N HN" S0
CH
O o s
232 CHa {\/L el MN}@F CH
of NH N’\S\o
i H
Q, -
233 CH u Sxd —
| H
H;CO CH
U e L
NH N’\S\o
| H
HaC F
R N o
NH N:S\O
| H
Oxr”
236 @ cl i —
NH NS0 ND—@F er
|
Osn
237 cl i «—N CH
Sy o OO
|
Osn
238 /©\ cl 8l «—N
F 0 N0 Q—@F o
|
S Oy
239 CH L Coe” oo H
NH 3 N N:S§O N F C
| H
F CH,
240 @ cl Y F N
NH HNT 0

-—
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[0142]

[Table 197
Table 19 (continued from Table 14)
COFrI'\'I]%OUd _YA_L_R1 _RZ _R3A _R4A XA
CHjy HsC
w L o e N ) ()r o
NH N pioe
| ST ONTTYo
N H
N
242 cl vl %ND—QfF CH
\£E%:1\ HZN:S\O .
NH
l
0
Ose” < > < >
243 o] i —N CH
%\ HQN\S\O F
NH
l
/©\ O\\N %%
244 CH u S —
| H
FaC N | CH; .
A < > < >
245 CH i =N F CH
A NH s HZN\S\O
F F
XL, o (o
F NH N:S*o
] H
247 CH u > —N
NH * N N’\S\\O Q@F o
| H
Oxe”
248 CHy & M Y3g7 _NQ—Q—F CH
C” NN N:S\O
| H
249 CH I Oxg” N
HaC 0 3N\ N:¥*qg F  CH
| H
HaC,
250 [:::I/A\TH CH zi:ﬂ\o A N<::>%m%<::>»—F CH
3 \ -~ —
R
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[0143]

[Table 20]
Table 20 {continued from Table 14)
COTE%C.)Ud _YA_L_R1 _RZ _R3A _R4A XA
HsC
NH
251 ©/\1 CH;, N | O*s\/ "—N<:>—©~F CH
ST "N Yo
H
Osp”
252 CH &)\ S _ND—@F CH
F NH ’ N’\S\\O
] H
0
NH O~ / Z
253 ) CHa sl —N N F CH
H.N" 0 N/
F
F O“N
on (s () o
NH N 0
l H
94
Ox”
NH N’\S\O
] H
FsCO CN
Os
256 \©[ cl 8l N H
" HzN\s\o >—< :}-F C
|
CN
FsC NH HN™ =0
|
O..~* :
F NH N’\S\o
| H
Cl O
Os”
NH N’\S\o
| H
Br 0N
NH N7 0
| H
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[0144]

[Tabkle 21]
Table 21 {continued from Table 14)
COFRJ%(.)Ud YAL-R! R2 _R3A R4 XA
N o]
NH Ou —
261 CH pi: el
O/\i © o o
OCHg
NH - O __*
262 CH ~s5Z -
©/\l P S N >L< )—F CH
HaC .
HaC NH N0
| H
CHy
F ON
N" S0
NH H
ol 1
F O=N
265 CHa &)\3}3\{(’3 —ND—@F CH
NH H
| HaC
F CHa
266 @: CHy 7 | Osel “-—N/\:>—©F CH
™ >~
NH ST "N O
| H
HsC
F NH \ >s¢
| SN °
F
O-N o
268 CHs @\ >sC ‘—ND—Q—F CH
H,CO NH N0 ,
| H
F .
269 ;Q\ CH, Q/‘Ko\\s\\/ '—NC>—©—F CH
HsCO NH N7 0
| H
Cl F O-n
Ose”
NH \S\o

—
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[0145]

[Table 22]
Table 22 (continued from Table 14)
COI'H%OUC’ YA LR -R2 _RSA _R4A XA
F.
et
271 CH, &)\ 2g7 -—N/\:>—QF CH
o] NH N:S\O
| H
F
cl O-N
N™ 0
NH H
!
F cl
T, o o
273 CHj M g7 -—ND—QF CH
NH N:S\O
| H
cl
T o Qo
o Ao s o
F NH N’\&O
| H
F
F O-N
N~ 0
F NH H
! H.C
HaC NH ‘s N/\S\\O
| H
H,C
277 @ CH 7 —
| S °N” 0
: 0
O~ -~ / Z
278 NH Cl i —N N F CH
‘ | H,N" 0 N/
Cl
T, o Slo
279 CH, M g7 -—ND—@—F CH
Cl NH N:S\O
| H
Cl cl
T o Do
NH H:&O
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[0146]

{Table 23]
Tahle 23 {continued from Takle 14)
CGFRIF(’)C.’Ud YALR! R2 R _R4A XA
cl
O o Clowe
Ci NH N:EKO
] H
CHs,
rll 0. .~
282 ~ CI i «N CH
o W )
O. .+ -
283 /©\ cl i — >—<: >—F C
cl NH H2N\S\O N H
J
NH O. .~
284 CH s N> )—F CH
©/\1 : HZN\S\O
Oxe”
285 /©\ CH i —N F CH
cl NH * Hsz\o O < >
J
CH,
Oxp <> < >
286 @ CH P —N CH
NH 3 HzN\S\O F
!
CH, o
287 CHoCHy QM Psa -—ND—@F CH
NH N™ 0
| H
CN
NG NH H.N™ 0
|
HsC
O, .~
I & S o Wy U
0 : Hsz\o
|
CN
290 /Q: cl O\\a\/ -ND-@-F CH
cl NH H,N" 0

—
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[(0147]

[Table 24]
Table 24 {(continued from Table 14)
Compoud  ya g1 -R? -R* R XA
FaC
291 \©\ cl O\\s\/ «—N F CH
NH H,NT S0
l
@CHB O-N
TR (Y
NH N’\S\o
| H
.
293 CH,CH I Cxe” o
NH 2CHs X st\\o N F CH
| H
F
CHj O-N
| Oge”
294 CH,CHs Q\/L S5 -—ND—QF CH
N"0
NH H
l
OCH;
Oso
295 NH cl s N o
| NS0 .DLQF )
296 NH Cl 0‘\3\/ ~—N CH
| H,N" S0
o}
297 NH cl O“s\/ — CH
| HN""~0
NC
\@\ O\{\] 0
298 CH, Q\)\ >g »—NC>—©—F CH
NH N’\S\O
| H
E HsC
NH N, ‘; >
] SThN o
HLC HaC
NH N_ \ ‘;\S\f.
] ST e
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[0148]

[Table 25]
Table 25 (continued from Table 14)
Compoud A LR! R? -R3A -RIA XA
F HSC
F TH ‘s N,\S\
H
Cl
O.__*
302 cl pioed ~—N F CH
NH H5N ¢}
i
CHj
303 H,C cl O“\s\/ N F CH
3 NH H,N" S0
0 l
CH, OCH3
Oxr
304 @ CH e *—N CH
NH s H?_N\S\o : > < > F
|
CHy " 0
O -—
308 @ CHy e CH
NH HN™ ~0
l
OCHj,
o
306 /@ cl Ssl N F CH
Cl NH H,N"" 0
|
o
307 Cl s CH
o NH H.N" S0
|
Oxn
308 @\ Cl s N CH
Al o2 SO0
CH,
309 /@ cl O\\s\/ MND—Q CH
Cl NH HN" 0
l
HaC o
310 cl o —N F CH
NH H,N" Y0

—
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[0148]

[Table 26]
Table 26 {continued from Table 14)
CO[T'\‘IJ%OUd _YA_L_R‘I _R2 _R3A -R4A XA
CHs
0
FsC NH HN" ~0
|
F._ O
312 T \@ cl Ovs N F CH
F NH H,N" S0
|
CHs OCHj
Osn”
313 J: I Cl e —N >L< >—|: CH
cl NH HzN\S\O
|
CH;
Ox”
314 /©: cl >sg °—N<>—©7F CH
Ct NH HzN\S\O
: |
F H3C
o L o ey A I O)r o
F NH =82
l \S N\ﬁ\o
H
F F H3C
NH 3 N_ \ ‘;\S\\/
] S N 0
H
CH,4 HaG
317 Q/\\\o P
NH N\ ~83
| N\S\O
H
O,N CHs,
O’
318 \©: cl pr: «—N %ﬁ< >—F CH
NH Hsz\O
|
Oxe”
319 /@ cl >82 —N >—< >—F CH
Br NH HZN\S\O
l
HsC CN
Oz
320 :@[ cl s -—N\/:>—©fF CH
HaC NH H:N" ~0

-—
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[0150]

[Table 27]
Table 27 (continued from Table 14)
Corl'r:lF(;C_IUd _YA_L_R1 _RZ _RSA —R4A XA
CN
321 ,@E cl O\\s\/ MND—@F CH
H,CO NH HN" 0
l
CN
322 /@ cl Oss '—N/\:>—®‘F CH
O,N NH H,N" 0
|
CHs \ o]
O " H
323 /@ o] e CH
Cl NH HzN\S\O
J
cl
H,CO NH H,N™ ™0
l
of
Oxp”
325 ,@ cl i —N F CH
F NH HzN:S\O D—@
J
N._ _CHs
HsC " NH H,N" ™0
!
Cl_ _N._ _ClI
327 Cl SBL —N F CH
XSNH H,_N’\S\O : > < >
l .
HaC F
0
328 \Q: cl :\s\f' «—N F CH
NH HaN™ ~O
. l
HL.C._ 4
3 *;;S/ CH3 o P
329 0 cl 8. —N F CH
H,N" ~0
NH
|
0
330 NH cl SsC N F CH
| H.N" Y0
CH,
331 ©i CH 0\\3\/ —N F CH
NH 3 HZN/ <0

—
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[0151]

Next, pharmacological effects of a representative
compound are specifically explained by Experimental Examples.
[Experimental Example 1] CCRLC antagonistic effect
(1) Preparatiocn of human CCR10-inducible expression plasmid

A CCRl0-inducible expression plasmid was prepared
according to a known method [Analytical Biochemistry, 2006, vol.
400, page 163]. A DNA encocding human CCR10 was obtained by PCR.
Using human chromosome DNA (100 ng; manufactured by Clontech]
as & template, synthetic DNA having the sequences depicted in
SEQ ID NOs: 1 and 2 as a human CCRI0 ¢DNA specific primer, and
Pyrobest DNA Polymerase (manufactured by TAKARA SHUZO CO. LTD.)
as an enzyme, a DNA encoding human CCR10 was obtained by PCR.
As a buffer for PCR, the buffer attached to the enzyme to be
used, which was diluted 10-fold with deionirzed water, was used.
Using Thermal Cycler DNA Engine (manufactured by MJ Research),
PCR was performed by 35 cycles of reactions composed of an
incubation at 94°C for 30 sec, at an anneal temperature of 58°C
for 30 sec, and at 72°C for 1 min after treating at 90°C for 2
min.

[0152]

The azmplified PCR fragment was cleaved with HindIII and
NotI, then a human CCR10 DNA fragment was recovered by the
agarcse gel electrophoresis method. The fragment was
incorporated between the corresponding restriction enzyme sites
(HindITT-NctI) of an inducible expression vector to construct a
human CCRlO—ihducible expression plasmid.

Using a primer specific to the sequence of plasmid
(synthetic DNA having the sequences shown in SEQ ID NOs: 3 and
4), the segquence of human CCR10 DNA region was determined. For
the determination of the base sequence, DNA Sequencer 377
{(manufactured by Perkin Elmer. Cc.) and a reaction kit (&BRI
Prism (registered trade mark) BigDye {registered trade mark)
Terminator Cycle Sequencing Ready Reaction kit: manufactured by

Applied Biosystems) were used. The sequence of human CCR10 DNA
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was identical with the sequence (NM 016602) registered in
GenBank.
[0153]
(2) Preparation of human CCR10 expressing cell for calcium
assay

Cells for detecting signals from human CCR10 in calcium
assay were prepared. According to a knewn methed [Analytical:-
Biochemistry {(Analy Biocchem}, 2006, wvol. 400, page 163], human
CCR10-inducible expressing cells whose host cell is KJIMGERS
cell (Namalwa cell-derived cell line) were preparsed. Human
CCR10-inducible expression plasmid produced above and Golé6
expressicn plasmid were co-transfected into the KJMGERS cells
by the electroporaticn methcd [Cytotechnology, 1520, wveol. 3,
prage 133], whereby the signals from human CCR10 could be
detected by calcium assay (hereinafter to be referred to as
hCCR10G16 cell). A Gol6 expression plasmid was produced by
incorporating human Gol6é DNA into expression vector pAMoh (WO
03/087366). Expression of human CCR10 was induced by
cultivating hCCR10G16 cells in the presence of 10 nmol/L f-
estradiol {(manufactured by Sigma Ltd.) for 24 hr.
[0154]
(3) Calcium assay of human CCR10

Cells expressing human CCR10 induced by the above-
mentioned method were suspended in RPMI1640 medium
{(manufactured by Invitrogen), and adjusted to a cell density of
2x10° cells/mL. The cells were blended with an equivalent
volume of a loading buffer prepared according to the attached
protocel of Fluo-3 calcium assay kit (manufactured by Molecular
Devices Corporation), and incubated at 37°C for several dozen
minutes. This mixture was dispensed to & 384 well clear-bottom
plate (manufactured by Corning Incerporated) at 40 uL/well. To
this plate was added a solution of the test compound in
dimethyl sulfoxide (DMSQ), which was diluted 37-fold with
RPMI1640 medium, at 5 pL/well, and the mixture was incubated at
37°C for 30 min. 300 nmol/L human recombinant CTACK
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(manufactured by R&D Systems, Inc.) diluted with RPMI1640
medium containing 1 w/v% bovine serum albumin (manufactured by
Sigma Ltd.) was added at 5 uL/well and, variation of
intracellular calcium ion concentration for about 5 min after
the addition was measured by a screening apparatus (FDSS;
manufactured by Hamamatsu Photonics K.K.). The difference
between the maximum fluorescence intensity and the minimum
flucrescence intensity measured in the 5 minutes was calculated
and taken as the measured value (maximum fluorescence intensity
- minimum fluorescence intensity)}.
[0155]

The inhibiticon rate cof the test compound against increase

of calcium ion concentraticn was calculated by the following

formula.
[0156]
tegt compound
iphibivion rete against imcrease pdditice group - blank
. , . e = |1 - x 100
of caleium ion concentraticn (%} comtrol - blank
[0157]

test compound addition group: average measurement value of
variation of intracellular calcium ion concentration of the
test compound addition group
control: average measurement value as measured by adding,
instead of a solution of the test compound, DMSO 37-fold
diluted with RPMI1640 medium, adding 30C nmol/L CTACK diluted
with RPMI1640 medium containing 1 w/v% bovine serum albumin,
and measuring variation of intracellular calcium icn
concentration
blank: average measurement value as measured by adding, instead
of a solution of the test compound, DMSO 37-fold diluted with
RPMI1640 medium, adding, instead of a medium containing CTACK,
RPMI1640 medium containing 1 w/v% bovine serum albumin, and
measuring variaticn of intracellular calcium ion concentration
A concentration-reacticn curve was drawn from the

inhibkition rate agzinst increase of calcium ion concentration
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when treated with not less than 5 ccncentrations of the test
compound at 3- to 1C-fold common ratio, and ICsg value was
calculated.
[0158]

Compounds 1 - 53, 55 - 96, 98 - 100, 102 - 107, 109 - 182,
184 - 331 inhibited an increase in the calcium ion
concentration by not less than 50% at a -concentration of not
more than 1000 nmol/L. Compound (I) or a pharmaceutically
acceptable salt fhereof was considered to have a CCRI10
antagecnistic action, and to be useful as a prophylactic and/or
therapeutic agent for the diseases involving CCRI10.

Therefore, compound (I) or a pharmaceutically acceptable
salt thereof was considered tc be useful as a prophylactic
and/or therapeutic agent for the diseases involving CCR10, for
example, skin diseases [for example, acne vulgaris, drug
eruption, contact dermatitis, dermatitis due to venomous moth,
pollen dermatitis, urticaria, psoriasis, atopic dermatitis,
Candida dermatitis, seborrheic dermatitis, eczema, Stevens-
Johnscen syndrome, toxic epidermal necrosis, erythema multiforme,
erythema nodcsum, granuloma annulare, pityriasis rosea, rcsacea,
lichen planus, lichen pilaris (keratosis pilaris),
photosensitivity, solar dermatitis, miliaria, herpes simplex,
Kaposi’s varicelliform eruption, impetigo contagiesa,
staphylococcal scalded skin syndreme, erysipelas, slap cheek,
lupus erythematosus, keloid, Hailey-Hailey disease, scabies,
linear dermatitis and the like] and the like.

[0159]
[Experimental Example 2] Suppressive action on
dinitrecfluorcbenzene-induced auricle edema reacticn in mouse

BALB/c mice (female, supplied by CHARLES RIVER
LABORATORIES JAPAN, INC.) were purchased at the age of 5 weeks.
After guarantine and acclimation, mice showing smooth body
weight increase and free of abnormality in appearance were used
and the test was started at the age of 7 weeks. The mice were

housed in a breeding room at room temperature 19 - 25°C,
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humidity 30 - 70%, 12 hr lighting per day (7 a.m. — 7 p.m.)
with 3 mice in each plastic gauge, and bkred on with free
ingestion of a commercially available solid feed and water.
[0160]

Two days before the test, the abdomen of the BALB/c mice
was shaved, and the mice were immunized by applying 100 ulL of a
solution {concentration 0.5% [weight (w)/volume (v)%]} of
dinitrofluorcbenzene (manufactured by Nacalai Tesque) in
acetone (manufactured by Wako Pure Chemical Industries, Ltd.}
to the shaved part. The reaction was induced by applying
dinitrofluorcbenzene-acetone solution [concentration 0.2%
(w/v%)] to the front and the back of auricle (10 ulL to each,
total 20 uL) on day 5 after the immunization. A test compound
dissolved in acetcone at concentration of 0.1% or 1% (w/v%) was
administered by applying same to the front and the back of
auricle {10 ulL to each, tctal 20 pL)} 1 hr before and 3 hr after
induction of the reaction. After application, the applied part
was alr-dried with a dryer.

[Clel]

The group applying administered with the test compound
was taken as a test compound administraticn group, and the
group applying administered with acetone as a solvent instead
of the test compound was taken as a sclvent administration
group. Alsoc, the group free of Immunizaticn and reaction
induction but applying administered with acetone instead of the
test compound was taken as a normal grcup. The thickness of
auricle was measured using a dial thickness gauge (G-1A
manufactured by OZAKI MFG. CC., LTD.) immediately before and 24
hr after induction of the reaction, and the difference thereof
was taken as auricle edema. The suppression rate (%) of
auricle edema was calculated according to the fcllowing formula.
The results are shown in Table 28,

[0167]
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L. " admimistration - compound sdminist-
guricle sdeme grOup ration group
SuppresIion = ® 1an
rate (%) value of soclvent - value of

administraticn group normal group

[0163]
[Table 28]
Table 28
test compound auricle edema
compound No. . .
concentraticon (%) suppression rate (%)
11 1 32
21 0.1 26
22 1 47
25 1 47
176 1 42
232 1 39
233 1 24
241 1 27
259 1 38
291 1 35
[0164]

Compounds 11, 21, 22, 25, 176, 237, 233, 241, 259 and 291
showed a suppressive action on auricle edema response, and
compound (I) or a pharmaceutically acceptable salt thereof was
considered to be useful as a prophylactic and/or therapeutic
agent for contact dermatitis or ateopic dermatitis.

While compound (I} or a pharmaceutically acceptable salt
thereof used in the present inventicn can be directly
administered singly, it is generally desirable Lo provide as
varicus pharmaceutical preparations. Alsc, such pharmaceutical
preparations are used for animals or human.

[0165]

The pharmaceutical preparation of the present invention
can ccntain, as an active ingredient, compound (1) or a
pharmaceutically acceptable salt thereof singly or in a mixture
with any cther active ingredient for the treatment. Also, such

pharmaceutical preparation is produced by any methcd known in
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the technical field of formulation study, by mixing the active
ingredient with one or more kinds of pharmaceutically
acceptable carriers (for example, diluent, solvent, excipient
and the like).

[01l66]

As the administration route, it is desirable to use a
route the most effective for the treatment and, for oral, or,
parenteral routes such as intravenous, external or the like can
be menticned.

Examples of the administraticn form include tablet,
injection, ointment or the like.

For example, tablet and the like suitakle for cral
administration can be produced using excipient such as lactose
and the like, disintegrant such as starch and the like,
lubricant such as magnesium stearate and the like, binder such
as hydroxypropylcellulose and the like, and the like.

01671

For example, injection and the like suitable for
intravenous administration can be produced using diluent or
solvent such as salt soluticn, glucose solution cr a mixture of
salt water and glucose solution and the like, and the like.

For example, cintment suitable for external preparation
can be produced using a base material such as petrclatum and
the like, and an additive such as stearyl alcohol and the like.

While the dose and administration fregquency of compound
(I) or a pharmaceutically acceptable salt thereof used in the
present inventicn vary depending on the administration form,
age and body weight of patients, nature or severity of the
symptoms to be treated, and the like, it is generally 0.01 -
1000 mg, preferably 0.05 - 100 mg, by oral administration to an
adult, which is administered in one to several porticns per day.
For intravencus administration, external use and the like,_
0.001 - 1000 mg, preferably 0.01 - 100 mg, is administered tc
an adult in cne to several porticns per day. However, such

dose and administration frequency vary depending cn the
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aforementioned various conditions.
[01e8]

The present inventiocon is exXplained Iin more detail in the
following by referring to Examples and Reference Examples. The
scope of the present invention is not limited by these Examples
and Reference Examples.

The proton nuclear magnetic resonance spectrum ('H NMR)
used in the Examples were measured at 270 MHz, 300 MHz or 400
MHz, and exchanging proton may not be observed clearly
depending on the compound and measurement conditions. The
indication c¢f the multiplicity of the signals is conventional,
where br means an apparently broad signal. For nomenclature of
each synthesized compound, ChemBicDraw Ultra version 11.0.1 was
used where necessary.

Example 1

[0169]

4~ (4~-fluoro~-Z2-methylphenylamino) -5-[4-(4-
fluorophenyl)piperidine-l-carbonyl]pyridine-2-sulfonic acid
(compound 1)

(step 1} 4,6-Dichloronicotinic acid (19.4 g, 101 mmol) was
dissolved in DMF {300 mL}, HATU (50.0 g, 131 mmol), N,N-
diisopropylethylamine (53 mL, 0.30 mol} and 4-{4-
fluorophenyl)piperidine hydrochloride (26.2 g, 121 mmol) were
added, and the mixture was stirred at room temperature for 5 hr.
To the reaction mixture was added saturated aqueous sodium
hydrogen carbonate solution, and the mixture was extracted with
ethyl acetate. The corganic layer was washed with 10% aqueous
citric acid solution and water, and dried over anhydrous
magnesium sulfate. The solvent was evapcrated under reduced
pressure. The residue was purifiied by silica gel column
chromatography (hexane/ethyl acetate=1/1), and reslurried with
a mixed solvent (1:1} of Z-propanol and ethyl acetate to give
(4,6-dichloropyridin-3-yl1) [4-(4-fluorophenyl)piperidin-1-
yl]methanone {Z5.5 g, 71%).

ESIMS m/z: 353 (M + H)'
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(step 2) 4-Fluoro-Z2-methylaniline (5.2 mL, 45 mmcl} was
dissolved in THF (40 mL), 1.0 mol/L Ilithium
bis{trimethylsilyl)amide/THF solution (45 mlL, 45 mmol) was
added dropwise at -78°C, and the mixture was stirred at -78°C
for 1 hr. To the reaction mixture was added (4, 6-
dichloropyridin-3-yl} [4-(4-fluorcphenyl)piperidin~1-
yllmethanone (4.00 g, 11.3 mmol) obtained in steﬁ 1, and the
mixture was stirred at -78°C for 30 min and at 0°C for 30 min.
To the reacticn mixture was added saturated agueous ammonium
chloride scluticn, and the mixture was extracted with ethyl
acetate. The organic layer was dried over anhydrous magnesium
sulfate, and the sclvent was evaporated under reduced pressure.
The residue was purified by silica gel column chromatography
{hexane/ethyl acetate=1/1} to give [&6~chloro-4~{4-fluoro-2-
methylphenylamino)pyridin=3-yl] [4~{4~fluorophenyl)piperidin-1-
yl]methanone (6.00 g, quantitative).

ESIMS m/z: 442 (M + H)™

[0170]

{(step 3) [6-Chlcro-4-(4-fluoro-Z2-methylphenylamine)pyridin-3-
yv1] [4- (4-fluorophenyl)piperidin-1-vl]methanone (1.00 g, 2.26
mmol)} cbtained in step 2 was dissolved in DMF (9 mlL), scdium
hydrogen sulfide n hydrate (%06 mg, 11.3 mmol) was added, and
the mixture was stirred at 120°C for 2 hr. To the reaction
mixture was added saturated agueocus sodium chleride solution,
and the mixture was extracted with ethyl acetate. The corganic
layer was washed with water, and dried over anhydrous magnesium
sulfate. The solvent was evapcrated under reduced pressure.
The residue was purified by silica gel column chromatography
(chlercform/methanol=20/1), and reslurried with ethyl acetate
to give [4-{4-flucro-Z2-methylphenylamino)~-6-mercaptopyridin-3-
y1l] [4-(4~fluorophenyl}piperidin~l-yl]lmethanone (845 mg, 85%).
ESIMS m/z: 440 (M + H}7

(step 4) [4-(4-Fluoro-2-methylphenylamino)-6-mercaptopyridin—3-
yl] [4~(4-fluorophenyl)piperidin-1-yl]methancne (50.0 mg, 0.114

mmol) obtained in step 3 wasg dissolved in acetcnitrile (2 ml),
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30% aguecus hydrogen peroxide solution (1.0 mL, 9.8 mmol) was
added, and the mixture was stirred at room temperature for 17
hr. To the reaction mixture was added saturated agueous sodium
chleride solution, and the mixture was extracted with ethyl
acetate. The organic layer was dried over anhydrous maghesium
sulfate, and the solvent was evaporated under reduced pressure
to give compound 1 (54.7 mg, 99%).

ESIMS m/z: 488 (M + H)"; 'O NMR (300 MHz, DMSO-dg,8): 1.58-1.83
(m, 4H), 2.18 (s, 3H), 2.74-2.93 {(m, 3H), 3.65-3.83 (m, 1H),
4.44-4.65 (m, 1H), 6.5% (s, 1H}, 7.08-7.26 (m, 3H}, 7.28-7.38
(m, 4H), 8.29 (s, 1H)}, 5.73 (s, 1H).

Example 2

[0171]

4—(4-fluoro-Z2-methylphenylamino)-5-[4—(4-
fluorophenyl)piperidine-l-carbenylipyridine-2-sulfcnamide
(compound 2)

Compound 1 (55.6 mg, 0.114 mmol) was dissolved in
acetonitrile (1 mL), N,N-diisopropylethylamine (0.20 mL, 1.1
mmol) and phosphorus oxychloride (0.11 mL, 1.1 mmol) were added
under ice-cooling, and the mixture was stirred at room
temperature for 30 min. The reaction mixture was dissclved in
acetonitrile (1 mL), and added dropwise to a soluticn of 25%
agueous ammonia solution (0.78 mL, 11 mmel) in acetonitrile (1
mL) under ice-cooling, and the mixture was stirred at room
temperature for 1 hr. To the reaction mixture were added water
and saturated aquecus sodium hydrogen carbonate sclution, and
the mixture was extracted with ethyl acetate. The organic
layer was dried over anhydrous magnesium sulfate, the solvent
was evaporated under reduced pressure, and the residue was
purified by silica gel column chromatography {ethyl acetate) to
give compound 2 (28.6 mg, 52%).

ESIMS m/z: 487 (M + H)'; 'H NMR (400 MHz, CDCls;, 8): 1.65-1.77 (m,
2H), 1.97-2.04 (m, ZH), 2.24 (s, 3H), 2.80-2.%0 {(m, 1H), 3.03-
3.23 (m, 2H), 4.23-4.75 {m, 2H), 5.17 (s, 2H), 6.94-7.05 (m,
iy, 7.14-7.23 (m, 4H), 8.08 (s, 1H), 8.31 (s, 1H).
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Example 3

[0172]

4~{1,3~-dihydroischenzofuran—-5-ylamino)-5-[4- (4-
fluorcphenyl)piperidine-l-carbonyl]lpyridine-2—-sulfonamide
(compound 3)

(step 1) Using (4,6-dichlceropyridin-3-yl) [4-(4-
flucrophenyl)piperidin-1-yl]lmethancne ({800 mg, 2.27 mmol)
obtained in Example 1, step 1, and 1, 3-dihydroisobenzofuran-5-
amine (459 mg, 3.40 mmol), and in the same manner as in Example
1, step 2, [6-chlore-4-(1,3-dihydroiscbenzcfuran-5-
ylamino)pyridin~3~yl] [4- (4-fluorophenyl)piperidin-1-
yl]methancne (1.00 g, 98%) was obtained.

ESIMS m/z: 452 (M + H)©

(step 2) Using [6~chloro-4-{1,3-dihydroisobenzcfuran—-5-
ylamino}pyridin—-3-yl] {4~ (4-flucrophenyl)piperidin-1-
yl]methanone (1.00 g, 2.22 mmol) obtained in step 1, and in the
same manner as 1in Example 1, step 3, a crude product of [4-
(1,3-dihydroisobenzofuran-5-ylamino) —6-mercaptopyridin-3-y1] {4~
(4-fluorophenyl)piperidin-l-yl]methanone was obtained and used
for the next reaction without purification.

ESIMS m/z: 450 (M + H)©

[0173]

{step 3) Using a crude product of [4-(1,3-dihydroisobenzofuran-
S5-ylamino} -6-mercaptopyridin-3-yl1] [4- (4~-fluorophenyl)piperidin-
l-yl]methanone obtained in step 2, and in the same manner as in
Example 1, step 4, 4-(1,3-dihydroiscbenzofuran~5-ylamino)-5-[4-
(4-fluorophenyl)piperidine-l-carbonyl]pyridine-2-sulfonic acid
(1.00 g, vield of 2 steps'91%) was obtained.

ESTMS m/z: 498 (M + H)'

(step 4) Using 4-(1,3~dihydroisobenzofuran-5-ylaming)-5-[4-(4-
fluorophenyl)piperidine-l1-carbonyl]lpyridine-2-sulfonic acid
(200 mg, 0.400 mmol) obtained in step 3, and in the same manner
as in Example 2, compound 3 (28.9 mg, 14%) was obtained.

ESIMS m/z: 497 (M + H)*; 'H NMR (300 MHz, CDCls;, &): 1.50-1.90
(m, 4H), 2.70-2.95 (m, 2H), 3.15-3.35 (m, 1H), 3.45-3.80 (m,
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1#), 4.50-4.75 (m, 1H), 5.00 (s, 4H), 7.05-7.50 (m, 10H), 8.30
(s, 1H)}, 8.70 (s, 1H).

Example 4

[0174]

5-[4- (4-flucrophenyl)piperidine~l-carbonyl]-4-{quinoclin-6-
ylaminc}pyridine-2-sulfonamide (compound 4)

(step 1) Using {(4,6-dichloropyridin-3-yl) [4-(4-
flucrophenyl)piperidin-1-yl]lmethancne (800 mg, 2.26 mmol)
obtained in Example 1, step 1, and quinolin-6-amine (490 mg,
3.40 mmol), and in the same manner as in Example 1, step 2, [6-
chloro-4-(quinolin~6=ylaminc)pyridin-3-y1]i4-(4-
fluorophenyl)piperidin-1-yl]lmethanone (800 mg, 80%) was
obtained.

ESTMS m/z: 461 (M + H)™

(step 2} Using [6-chloro-4-(guinclin-6-ylaminec)pyridin-3-yl1l][4-
(4-fluocrophenyl)piperidin-l1-yl]methancne {1.18 g, 2.56 mmecl)
obtained in step 1, and in the same manner as in Example 1,
step 3, a crude preduct of [4-({4-fluorophenyl)piperidin~1-
yll[6~mercapto-4-(quinclin-6-ylamino)pyridin-3-yl]methanone was
obtained and used for the next reaction without purification.
ESIMS m/z: 459 (M + H)"

[0175]

(step 3) Using a crude product of [4-(4-fluorophenyl)piperidin-
1-yl] [6-mercapto-4-(quinclin-6-ylaminec)pyridin-3-yl]lmethanone
obtained in step 2, and in the same manner as in Example 1,
step 4, 5-{4-(4-flucrophenvyijpiperidine-l-carbonyl]-4-
(quinolin-6-ylamino)pyridine-2-sulfonic acid (900 mg, yield of
2 steps 69%) was obtained.

ESIMS m/z: 507 (M + H)7

(step 4) Using 5-[4-(4~-fluorcphenyl)piperidine-l-carbonyl]-4-
(quinclin-6-ylamino)pyridine-2-sulfonic acid (450 mg, 0.8830
mmol) obtained in step 3, and in the same manner as in Example
2, compound 4 (21.7 mg, 5%) was obtained.

ESTMS m/z: 506 (M + H)*; 'H NMR (300 MHz, DMSO-dg, &): 1.50-1.85
(m, 4H)}, 2.65-2.95 {m, 2H}, 3.15-3.35 {(m, 1H), 3.55-3.85 (m,
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1H), 4.45-4.80 (m, 1K), 7.05-7.85 {(m, 10H}, 8.04 (d, J = 9.0 Hz,
14), 8.29 (d, J = 7.5 Hz, 1H), 8.38 (s, 1H), 8.81-8.86 (m, 1H),
9.10 (s, 1H).

Example 5

[0176]

N-cyclopropyl-4- (4-flucro~Z2-methylphenylamino)-5-[4- (4~
fluorophenyl)piperidine~l-carbonyl]pyridine-2-sulfonamide
(compound 5)

[4-(4-Fluoro~Z-methylphenylamino) ~6-mercaptopyridin-3-
ylil4-(4-fluorophenyl)piperidin-l-yl]lmethanone (100 mg, 0.228
mmol) obtained in Example 1, step 3 was dissolved in
acetonitrile {(1.14 mL}, potassium nitrate (46 mg, 0.455 mmol)
and sulfuryl chloride (0.037 mL, 0.455 mmel) were added under
ice-cocling, and the mixture was stirred for 1 hr. To the
reaction mixture was added cyclopropylamine (0.08 mI, 1.138
mmol), and the mixture was stirred at 0°C for 1 hr. Saturated
brine was added to the reaction mixture, and the mixture was
extracted with ethyl acetate. The organic layer was dried over
anhydrous magnesium sulfate, and the sclvent was evapocrated
under reduced pressure. The residue was purified by silica gel
cclumn chromatography (chloroform/methancl=100/0-92/8) to give
compound 5 (49 mg, 33%).

ESIMS m/z: 527 (M + H)*; ' NMR (270 MHz, CDCls,8): 0.56-0.72 (m,
4H), 1.67-1.7¢ {(m, 2H), 1.98-2.03 (m, 2H}), 2.25 (s, 3H), 2.30-
2.37 (m, 1H), 2.81-2.89% (m, 1H), 3.12-3.18 (m, 2H), 4.50-4.54
{m, 2H), 5.21 (s, 1H), 6.95-7.05 (m, 4H), 7.15-7.26 {(m, 4H),
8.04 (s, 1H), 8.35 (s, 1H).

Example ©

[0177]

2-{4-{4-fluoro-Z-methylphenylaminc)-5-[4-(4-
fluorcphenyl)piperidine-l-carbenyl]pyridine-2-sulfonamide}-N-
methylacetamide (compound 6)

{step 1) Using [4-{4-flucro-2-methylphenylaminc)-6-
mercaptopyridin¥3—yl][4—(4—fluorophenyl)piperidin—l—
yllmethanone (200 mg, 0.455 mmol) obtained in Example 1, step 3,
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and methyl 2-amincacetate hydrochloride (286 mg, 2.28 mmol),
and in the same manner as in Example 5, methyl Z2-{4-(4-fluoro-
Z-methylphenylamino)-5-[4-(4~-fluorcphenyl)piperidine-1-
carbonyl]lpyridine-2-sulfonamidelacetate (compound 113) (52 mg,
20%) was obtained.

ESIMS m/z: 559 (M + E)~

(step 2) Compound 113 (150 mg, 9.269 mmol) was dissolved in
methanol (3.0 mL), 4 mol/L aquecus sodium hydroxide solution
{(1.00 mL, 4.00 mmol} was added, and the mixture was stirred at
room temperature for 30 min. To the reaction mixture was added
saturated aqueous ammonium chloride solution, and the mixture
was extracted with ethyl acetate. The organic layer was washed
with saturated aqueous sodium chloride sclution, and dried over
anhydrous magnesium sulfate. The solvent was evaporated under
reduced pressure. The residue was purified by silica gel
column chromatography (chloroform/methancl=100/0-30/10) to give
2—{4-{4~fluorc-2-methylphenylaminc) -5-[4- {4~
fluorophenyl)piperidine-l-carbonyl]pyridine-2-
sulfonamidelacetic acid {compound 118) (35 mg, 24%).

ESIMS m/z: 545 (M + H)7

[0178]

{(step 3) Compound 118 (26 mg, 0.048 mmol) was dissclved in
dichloromethane (2.0 mL), HCBt (43.9 mg, 0.286 mmel), 2.0 mol/L
methylamine/THF solution {0.239 mL, 0.477 mmol) and EDC (54.9
mg, 0.286 mmol) were added, and the mixture was stirred at room
temperature for 6 hr. To the reaction mixture was added 2
mol/L hydrochloric acid, and the mixture was extracted with
ethyl acetate. The organic layer was washed with saturated
aqueous sodium chloride solution, and dried over anhydrous
magnesium sulfate. The solvent was evaporated under reduced
pressure. The residue was purified by preparative thin layer
chromatography (chloroform/methancl=90/10) tc give compound 6
(24 mg, 90%).

ESIMS m/z: 558 (M + H)¥; ' NMR- (400 MHz, CDCls, 8): 1.60-1.75 (m,
4H), 1.95-2.03 (m, 2H), 2.25 (s, 3H), 2.80 (d, J = 4.8 Hz, 3H),
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2.82-2.9C (m, 1H), 3.01-3.25 (m, 1H), 3.75 (d, J = 6.0 Hz, 2H),
4.20-4.75 (m, 1H), 6.12 (t, J = €.0 Hz, 1H), 6.71~6.77 {(m, 1lH),
6.94-7.06 (m, 4H), 7.15-7.22 (m, 4H), 8.10 (s, 1H}, 8.30 (s,
1H) .

Example 7

[0179]

N-{1-{4-({4-fluoro-2~-methylphenylaming) ~5~[4- (4-
fluorcphenyl)piperidine~l-carbonyl ]pyridin-2-
ylsulfonyllpyrrolidin-3-yllacetamide (compound 7)

Using compound 1 (300 mg, C0.615 mmol) and N-{(pyrrolidin-
3-yl)acetamide (0.362 mL, 3.08 mmcl), and in ﬁhe same manner as
in Example 2, compound 7 (32 mg, B.7%) was obtained.

ESIMS m/z: 598 (M + H)*; 'H NMR (400 MHz, CDCls;,8): 1.62-1.76 (m,
2H), 1.91-2.05 {(m, 4H), 1.98 (s, 3H}, 2.09-2.18 (m, 1H}, 2.25
(s, 3H), 2.81-2.90 (m, 1H), 3.04-3.24 (m, 2H}, 3.42 (dd, J =
8.8, 16.4 Hz, 1H), 3.49-3.58 (m, 2H), 3.66 (dd, J = 4.8, 10.6
Hz, 1H},4.47-4.55 (m, 2H),6.87 (d, J = 6.8 Hz, 1H), 6.94-7.05
(m, 4K}, 7.15-7.23 {(m, 4H}, 8.01 (s, 1H), 8.26 (s, 1H)}.
Example 8

[0180]

4- (4-fluoro-2-methylphenylamino)-5-[4-(4-
fluorophenyl)piperidine-l~carkbonyl]~N- (l~methyl-2-
cxopyrrolidin-3-yl)pyridine=~Z2-sulfonamide (compound 8)

Using compound 1 (96.4 mg, 0.198 mmol) and 3-amino-I1-
methylpyrrolidin-2-one (226 mg, 1.98 mmol}), and in the same
manner as in Example 2, compound 8 (65.8 mg, 57 %) was obtained.
ESIMS m/z: 584 (M + H)'; "H NMR (400 MHz, CDCls, 3): 1.24-1.29 (m,
1H), 1.63-1.79 {(m, 2H), 1.95-2.03 (m, 2H), 2.05-2.18 (m, 1H),
2.27 {s, 3H), 2.58-2.70 (m, 1H), 2.79-2.90 (m, 2H), 2.86 (s,
3H), 3.03-3.20 (m, 2H), 3.27-3.34 (m, 2H), 4.08-4.17 (m, 1H),
6.55 (s, 1H), 6.94-7.06 (m, 4H)}, 7.15-7.29 (m, 4H), B8.10 (s,
1H2), 8.34 (s, 1lH).

Example 9
[0181]
[4- (4~flucro—Z-methylphenylamino)-t=(piperazin-1-
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ylsulfonyl)pyridin-3-yl] [4-{4-fluorophenyl)piperidin-1-
yl]lmethanone (compound 9)

(step 1) Using compound 1 (300 mg, 0.615 mmol) and tert-butyl
piperazine-l-carbexylate (573 mg, 3.08 mmol), and in the same
manner as in Example 2, tert-butyl 4-{4-(4-fluocro-2-
methylphenylamino)=«5-[4—(4~fluorophenyl)piperidine-1-
carbonyl]lpyridin-2-ylsulfonyl}piperazine-l-carbexylate (30 mg,
7.4%) was obtained.

ESIMS m/z: 656 (M + H)T

(step Z2) tert-Butyl 4-{4-(4-flucro-Z-methylphenylamino}-5-{4-
(A-fluorcphenyl)piperidine-l-carbonyl]pyridin-2-
ylsulfonyl}piperazine-i-carboxylate (30 mg, 0.046&6 mmol)
obtained in step 1 was dissolved in dichlorcmethane (2.0 mL),
trifluorcacetic acid {0.035 mL, 0.457 mmol) was added, and the
mixture was stirred at room temperature for 1 hr. The soclvent
of the reaction mixture was evaporated under reduced pressure.
The residue was purified by preparative thin layer
chromategraphy (chloroform/methanol=3%0/10) tc give compound 9
(7.0 mg, 28%).

ESIMS m/z: 556 (M + H)*; H NMR (400 MHz, CDCls,d): 1.63-1.78 (m,
2H}, 1.%5-2.07 {(m, 4H), 2.25 (s, 3H), 2.80-2.%0 (m, 1H), 2.95
(dd, J= 4.8, 4.8 Hz, 4H), 3.07-3.18 {(m, 1H), 3.31 (dd, J= 4.8,

4.8 Hz, 4H), 4.25-4.73 (m, 1H), 6.95-7.05 {m, 4H), 7.13 (s, 1H),

7.16-7.27 (m, 3H), 8.05 (s, 1lH), 8.34 (s, 1H).

Example 10

[0182]

[6- (d-amincpiperidin-l-ylsulfonyl)-4-(4-flucro-2-
methylphenylamino)pyridin-3-yl] [4~ (4~fluorophenyl)piperidin-1-
yl]lmethanone {compound 10)

(step 1} Using compound 1 (135 mg, 0.277 mmol) and tert-butyl
piperidin-4~ylcarbamate (554 mg, 2.77 mmol), and in the same
manner as in Example 2, tert-butyl 1-{4-{4-flucro-2-

methylphenylamino)-5-[4-(4-flucrophenyl)piperidine-1-

carbonyl]lpyridin-2-ylsulfenyl}piperidin-4-ylcarbamate (178.6 mg,

56%) was obtained.
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ESIMS m/z: 670 (M + H)7

(step 2} Using tert-butyl 1-{4-{(4-fluoro-2Z-methylphenylamino)-
5-[4-(4-flucrcphenyl)piperidine~l«carbonyl]lpyridin-2-
ylsulfonyl}piperidin-4~ylcarbamate {175 mg, 0.261 mmol}
obtained in step 1, and in the same manner as in Example 9,
step 2, compound 10 (112.6 mg, 76 %) was obtained.

ESIMS m/z: 570 (M + H)+;1H NMR (400 MHz, DMSO-dg,&): 1.55-1.80
(m, 8H), 2.16¢ (s, 3H), 2.55-2.65 (m, 2H), 2.68-2.92 (m, 4H},
3.48-3.58 (m, 4H), 4.50-4.70 (m, 2H}, 6.64 (s, 1H), 7.08-7.19
(m, 3H), 7.20-7.43 (m, 4H), 8.26 (s, 1H), 8.45 (s, 1H).
Example 11

[0183]

4-(4-flucro-Z2-methylphenylamino}-5-[4-{4-
fluorophenyl)piperidine-l-carbonyl]-N-{iscxazol-3-yl)pyridine-
Z-sulfonamide {compound 11}

Compound 1 (300 mg, 0.615 mmol) was dissolved in
acetonitrile (& mL}, N,N-diiscpropylethylamine {(0.32 mlL, 1.8
mmcl) and phosphorus coxychloride {(0.17 mL, 1.8 mmol) were added
under ice-coecling, and the mixture was stirred at room
temperature for 1 hr. The reaction mixture was dissolved in
acetonitrile (3 mL), to a sclution of isoxazol-3-amine (0.45 mIl,
6.2 mmol) and pyridine (0.99 ml, 12 mmol}) in acetonitrile (3
mL) was added dropwise under ice-cooling, and the mixture was
stirred at room temperature for 24 hr. To the reaction mixture
was added 2 mol/I, hydrochloric acid, and the mixture was
extracted with ethyl acetate. The organic layer was dried over
anhydrous magnesium sulfate, the sclvent was evaporated under
reduced pressure, and the residue was purified by silica gel
column chrecmatography {(ethyl acetate) to give compound 11 (57.6
mg, 17%).

ESIMS m/z: 554 (M + H)"; 'H NMR (300 MHz, CDCls,d): 1.46-1.74 (m,
4H), 1.%2-2.03 (m, 2H;, 2.19 (s, 3H), 2.76-2.8%9 (m, 1H), 3.00-
3.21 (m, 1H), 4.25-4.70 {(m, 1H), 6.53 (d, J = 1.8 Hz, 1H),
6.90-7.19 (m, 8H), B8.16 (s, 1H), 8.20 (d, J = 1.8 Hz, 1H), 8.36
(s, 1H).

24



10

15

20

25

30

35

Example 12

[0184]

4-(4-fluorc-Z-methylphenylamino) =5-[4- (4~
fluorcphenyl)piperidine=l~carbonyl]=N- (3-methylisoxzazol-5-
vlipyridine-2-sulfonamide (compound 12)

Using compound 1 (100 mg, 0.205 mmol) and 3-
methylisoxazol-5-amine (291 mg 2.96 mmol), and in the same
manner as 1n Example 11, compound 12 (i8.8 mg, 17%) was
obtained.

ESIMS m/z: 568 (M + H)'; 'H NMR (300 MHz, CDCls,8): 1.20-1.36 (m,
1H), 1.56-1.76 (m, 2H), 1.892-2.03 (m, 3H}, 2,17 (s, 3H), 2.20
(s, 3H), 2.76-2.89 (m, 1H), 3.00-3.21 (m, 1H), 4.25-4.70 (m,
1H}, 5.63 (s, 1H), 6.90-7.06 (m, 4H), 7.11-7.21 (m, 4H), 8.19
(s, 1H), 8.32 (s, 1lH}.

Example 13

[0185]

N—{4-{4-flucro-Z2-methylphenylamino)-5-[4-(4-
fluorophenyl)piperidine-l-carbonyl]pyridine-2-
sulfonyllacetamide (compound 13)

Acetic acid (0.071 mL, 1.23 mmol) was dissolved in DMF
(2.5 mL), CDI (200 mg, 1.23 mmol) was added, and the mixture
was stirred at room temperature for 2 hr. To the reaction
mixture were added compound 2 (120 mg, 0.247 mmol) and DBU
(C.22 mL, 1.48 mmol), and the mixture was stirred at 70°C for
18 hr. To the reaction mixture was added 10% aqueous citric
acid solution, and the mixture was extracted with ethyl acetate.
The organic layer was dried over anhydrous magnesium sulfate,
and tThe solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(chloroform/methanol=100/0~85/5) to give compound 13 (76 mg,
58%) .

ESIMS m/z: 529 (M + H)¥; *H NMR (400 Mz, CDCls,d): 1.67-1.76 (m,
2H), 2.00-2.04 (m, 2H), 2.08 (s, 3H), 2.27 (s, 3H), 2.81-2.89
(m, 1H), 3.10-3.20 (m, 2H}, 4.46-4.60 (m, 2H}, 6.97-7.06 (m,
4u), 7.17-7.25 (m, 3H), 7.42 (s, 1H), 8.04 (s, 1H), 8.35 (s,
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1H) .

Example 14

[018¢]
2,2=difluoro-N~{4-(L{-fluoro-2-methylphenylamino}-5-[4-(4-
fluorcphenyljpiperidine-l-carbonyl]pyridine-2-

sulfenyl leycleopropanecarboxamide (compcound 14)

Using compound 2 (120 mg, 0.247 mmol) and 2, 2-
difluoropropanecarboxylic acid (151 mg, 1.233 mmol), and in the
same manner as in Example 13, compound 14 (37 mg, 26%) was
obtained.

ESTIMS m/z: 591 (M + H)}7; ' NMR (400 MHz, CDCls,&): 1.62-1.77 (m,
3H), 1.99-2.10 (m, 3H), 2.27 (s, 3H), 2.65-2.72 {(m, 1H), 2.81-
2.89 (m, 1H), 3.10-3.20 {(m, 2H), 4.45-4.53 (m, 2H), 6.97-7.06
(m, 4H), 7.17-7.25 (m, 3H), 7.52 (s, 1H), B8.29 (s, 1H), 8.35 (s,
1H) .

Example 15

[0187]

4-(benzylamino) -5-[4- {4-flucrophenyl)piperidine-1-
carbonyl]pyridine-2-sulfonamide {(compound 15)

(step 1) Using 4-{(benzylamino)-6-chleoronicotinic acid (3.55 g,
13.5 mmol} obtained by the method described in US2012/0108566,
and in the same manner as in Example 1, step 1, [4-
(benzylamino)-6-chloropyridin-3-yl] [4-(4-
flucrophenyl)piperidin-l1-ylImethancone (5.66 g, 99%) was
obtained.

ESIMS m/z: 424 (M + H)®

(step 2) Using [4-{benzylamino)~-&-chloropyridin-3-vy1][4-(4-
fluorophenyl)piperidin-l-yl]lmethanone (0.5 g, 1.18 mmecl)
obtained in step 1, and in the same manner as in Example 1,

step 3, [4-(benzylaminoc)}-6-mercaptopyridin-3-y1]f{4-(4-
fluorophenyl)piperidin-l1-yl]methanone (0.3 g, 60%) was cbtained.
ESIMS m/z: 422 (M + H)7

(step 3) Using Eﬁ—(benzylamino)—6—mercaptopyridin~3—yl][4—(4—
flucrecphenyl)piperidin-l-yl]lmethanone (0.3 g, 0.71 mmol), and

25% aquecus ammonia (0.436 g, 6.41 mmol) cbtained in step 2,
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and in the same manner as in Example 5, compound 15 (0.17 g,
51%) was obtained.
ESIMS m/z: 469 (M + H)T; H NMR (270 MHz, CDCls,3): 1.57-1.70 (m,
2H}, 1.92m2.04 (m, 2H), 2.75-2.85 {(m, 1H), 3.10-3.20 (m, 2H),
4.26-4.53 {(m, 4H), 5.11 (br s, 2H), 6.70 {(br t, J = 5.9 Hz, 1H),
6.97-7.04 {m, 2H), 7.11-7.16 (m, 2H), 7.30-7.40 (m, 6H), 8.22
(s, 1H).
Example 16
[0188]
4- (benzylamino)-5-[4-(4-fluorophenyl)piperidine-l-carbonyl]-N~
(propylcarbamoyl)pyridine-2-sulfonamide (compound 16)

Compound 12 (5% mg, 0.12 mmol) was dissclved in acetone
(1 mL), potassium carbonate (32 mg, 0.24 mmol) and n-propyl
isocyanate (15 mg, 0.18 mmol) were added, and the mixture was
stirred under reflux for 2 hr. To the reaction mixture was
added 10% aqueous citric acid solution, and the mixture was
extracted with chloroform. The organic layer was dried over
anhydrous magnesium sulfate, and the soclvent was evaporated
under reduced pressure. The residue was purified by silica gel
column chromatography (chloroform/methanol=100/0-95/5) to give
compound 16 (22 mg, 34%).
ESIMS m/z: 554 (M + H)¥; ' NMR (270 MHz, CDCls, 5): 0.88 (t, J =
7.5 Hz, 1H), 1.49 (td, J = 14.5, 7.5 Hz, 2H), 1.58-1.70 {(m, 2H),
1.92-1.98 (m, 2H), 2.76-2.84 {m, 1H), 3.06-3.19 (m, 4H), 4.27-
4.50 {m, 4H), 5.11 (br s, 2H), 6.73 (br t, J = 5.5 Hz, 1H),
6.80 (br t, J = 5.5 Hz, 1H), 6.98-7.05 (m, 2H), 7.12-7.17 (m,
2H), 7.31-7.40 {m, 6H), B.24 (s, 1H).
Example 17
[C189]
4~ ({4~-chloro~2,5-dimethylphenylamino) -5-[4- (4-
fluorophenyl)piperidine-Il-carbonyl]pyridine-2-sulfonamide
(compound 17}
(step 1) Methyl 4,6-dichloronicetinate (3.0 g, 14.6 mmol) was
dissclved in ethanol (30 mL), 2,53~dimethylaniline {2.65 g, 21.8
mmol} and 12 mol/L hydrochloric acid {(0.485 mL, 5.82 mmol) were
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added, and the mixture was stirred under reflux for 24 hr. The
solvent of the reacticn mixture was evapcrated under reduced
pressure, saturated aqueous sodium hydrogen carbonate solution
was added, and the mixture was extracted with chlorecform. The
organic layer was dried over anhydrous magnesium sulfate, and
the scolvent was evaporated under reduced pressure. The residue
was purified by silica gel column chromatography
(chloroform/methanol=100/0 - 89/1) to give methyl é-chloro-4-
(2,5-dimethylphenylamino)nicotinate (4.23 g, quantitative).
ESIMS m/z: 291 (M + H)¥

{step 2) Methyl 6-chloro-4-(2,5-dimethylphenylamino}nicotinate
(4.23 g, 14.6 mmol} obtained in step 1 was dissclved in ethanol
(22 mL), 4 mol/L aqueous sodium hydroxide solution (22 mL, 87
mmeol )} was added, and the mixture was stirred under reflux for 1
hr. The solvent of the reaction mixture was evaporated under
reduced pressure, and 4 mol/L hydrochloric acid (45 mL) was
added under ice-cooling. The precipitated solid was collected
by filtration, and washed with water to give 6-chloro-4-(2,5-
dimethylphenylamino}nicotinic acid (1.97 g, 49%).

ESIMS m/z: 277 (M + H)'

[01907]

{step 3} Using &-chloro-4-{2,5-dimethylphenylamino)nicotinic
acid (1.97 g, 7.12 mmol) cbtained in step 2, and in the same
manner as in Example 1, step 1, [6é~-chloro-(2,5-
dimethylphenylamine)pyridin-3-yl] [4- (4-fluorophenyl)piperidin-
1-ylimethanone {(2.93 g, 94%) was cbtained.

ESIMS m/z: 438 (M + H)'

(step 4) Using [6é=-chlorc-(2,5-dimethylphenylamino)pyridin-3-
y1l][4~(4d-fluorophenyl)piperidin-l-ylimethanone (2.9 g, 6.62
mmol) obtained in step 3, and in the same manner as in Example
1, step 3, [4-(2,5-dimethylphenylamino)-6-mercaptopyridin-3-
yll[4-(4-Eluorophenyl)piperidin-l~yllmethanone (2.77 g, 96%)
was cbtained.

ESIMS m/z: 436 (M + H)'

(step 5) Using [4-(Z2,5-dimethylphenylamino}~-6-mercaptopyridin-
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3~yl][4~(4-fluorcophenyl)piperidin-1-yl]methanone (2.7 g, 6.20
mmol)} obtained in step 4, and 25% agueous ammonia (3.80 g, 55.8
mmol), and in the same manner as in Example 5, compound 17
(1.25 g, 39%) was obtained.

ESIMS m/z: 517 (M + H)"; 'H NMR (300 MHz, CDCls,8): 1.63-1.77 (m,
2H), 1.95-2.00 (m, 2H), 2.17 (s, 3H), 2.33 (s, 3H), 2.7%-2.87
{m, 1H), 2.87-3.20 {(m, 2H}, 4.26-4.53 (m, 2H), 5.58 (br s, 2H),
6.97-7.04 {m, 2H), 7.10 (s, 1H), 7.12-7.20 (m, 2H), 7.23 (s,
1H), 7.29 (s, 1H), 8.12 (s, 1H), 8.30 (s, 1H).

Example 18

[0191]

4-(4-chlcro-2, 5-dimethylphenylamino) ~5~[4- (4-
fluorcphenyl)piperidine-l-carbonyl ] -N-
{isopropylcarbamoyl)pyridine-2-sulfconamide (compound 18)

Using compound 17 (80 mg, 0.16 mmol) and isopropyl
isocyanate (16 mg, 0.19 mmol), and in the same manner as in
Example 16, ccmpound 18 {33 mg, 35%) was cbtained.

ESIMS m/z: 602 (M + H)'; 'E NMR (270 MHz, CDCls, 8): 1.12 (d, J =
6.6 Hz, eH), 1.63-1.76 {m, 2H), 1.97-2.01 (m, 2H), 2.17 (s, 3H),
2.34 {s, 3H), 2.79-2.88 (m, 1H), 3.07-3.17 {(m, 2H), 3.85-3.93
(m, 1H), 4.41-4.53 (m, 2H), 6.52 (br t, J = 6.9 Hz, 1H), 6.98-
7.04 {(m, 3H), 7.10 (s, 1H), 7.11-7.21 {m, 3H}, 7.29 (s, 1H),
8.12 (s, 1H), 8.32 (s, 1H).

Example 19

[01927]

ethyl 4-(4d-chlore-2,5-dimethylphenylamine) ~5-[4-(4-
fluorophenyl)} piperidine~l~carbonyl]pyridin-2-
ylsulfecnylcarbamate (compound 19)

Compound 17 (120 mg, 0.23 mmol) was dissclved in a mixed
solvent of acetonitrile (1 mlL) and dichlcromethane {1 mL),
ethyl chloroformate (0.33 mL, 0.3 mmcl) and N,N-
diiscpropylethylamine (0.1 mL, 0.56 mmol) were added, and the
mixture was stirred at room temperature for 20 hr. To the
reaction mixture was added 10% aguecus citric acid solution,

and the mixture was extracted with chlorofeorm. The organic
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layer was dried over anhydrous magnesium sulfate,

solvent was evaporated under reduced pressure.

purified by silica gel column chromatography

(chloroform/methancl=100/0-95/5)

29%) .

to give compound 19

and the

The residue was

ESIMS m/z: 589 (M + H)*; 'H NMR (300 MHz, CDCls,d&):

7.1 Hz, 3H), 1.64-1.74 (m, 2H),

2.35 (s, 3H),
= 7.1 Hz, Z2H),

{m, 3H), 7.
8.8¢ (br s,
Example 20
[0193]

29

2.80-2.86 (m,
4.40-4.60 (m,
(s, 1H), 7.46

1H) .

1H),
2H),

1.97-2.04 (m,

3.05-3.16 (m,

20},
2H),

6.98-7.04 (m, 2H)
(s, 1H}), 8.19 (s,

4-(4-chloro-Z-methylphenylamino) =5« [4-(4-

18},

1.17 (%,
2.20 (s,

(40 mg,

J:
3H),

4.12 (g, J

, 7.14-7
§.35 (s,

fluorcphenyl)piperidine~l~carbcenyl]pyridine-2—-sulfonamide

(compound Z20)

(step 1) Using methyl 4, 6-dichloronicotinate

and 4-chlcro-2-methylaniline (5.15 g,

(5.0 g,

same manner as in Fxample 17, step 1, methyl 6-chloroc-4- (4-

chloro-2-methylphenylamino)nicotinate (4.37 g,

obtained.

ESIMS m/z:

311

(M + H)°F

(step 2) Using methyl &6~chloro-4-(4-chloro-2-

methylphenylamino)nicotinate

(4.37 g,

step 1, and in the same manner as in Example 17, step 2, 6-

chloro-4-{4-chloro-2-methylphenylamino)nicotinic acid

guantitative)

ESIMS m/z:

297

was obtainad.

(M + H)T

(step 3) Using 6-chlorc-4-{4-chloro-2-

methylphenylamino)nicotinic acid

in step 2,

(4.17 g, 14.0 mmol)

and in the same manner as in Example 1,

step 1,

chloro—-4-(4-chloro-2-methylphenylamino)pyridin-3-yl] [4- (4-

fluorophenyl)piperidin-1-yl]methanone (4.70 g,

ocbtalined.

ESIMS m/z:

458

(M + H)F

100

13%)

wWas

.19

1H),

24 .3 mmol)

36.4 mmcl), and in the
58%) was
14.0 mmol} obtained in

(4.2 g,

obtained
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[0194]

(step 4) Using [6~chlcro—4-{4-chlocro-2-
methylphenylamino}pyridin-3-y1] [4-{4-fluorophenyl) piperidin-1-
yllmethanone (4.70 g, 10.25 mmol) obtained in step 3, and in
the same manner as in Example 1, step 3, [4-{4-chloro-2-
methylphenylamine) -6-mercaptopyridin~3-yl] [4- (4-
fluorophenyl)piperidin-1-ylimethanone (3.63 g, 78%) was
obtained.

ESIMS m/z: 456 (M + H)*

(step 5) Using [4-(4-chloro~2-methylphenylamino)-6-—
mercaptopyridin-3-yl] [4-{4~fluorcphenyl)piperidin-1-
yl]lmethancne (1.82 g, 3.99 mmol) obtained in step 4, and 25%
agueous ammonia (2.45 g, 35.9 mmol), and in the same manner as
in Example 5, compound 20 (0.756 g, 38%) was obtained.

ESIMS m/z: 503 (M + H)"; 'H NMR (400 MHz, CDCls,8): 1.66-1.77 (m,
2H), 1.98-2.02 (m, 2H), 2.24 {(s, 3H), 2.81-2.88 (m, 1H), 3.03-
3.21 (m, 2H}, 4.34-4.68 (m, 2H), 5.09 (br s, 2H), 6.99-7.03 (m,
Z2H), 7.16-7.23 (m, 4H), 7.31 (br s, 2H), 8.21 (s, 1H), 8.33 (s,
1H}.

Example Z1

F0195]

4- {4-chloro-2-methylphenylamino) ~N~ (cyclopropylcarbamoyl) ~5-[4-
(4-fluorophenyl)piperidine~l~carbonyl]pyridine-2-sulfonamide
{compound 21)

Using compound 20 (100 mg, 0.20 mmol) and cyclopropyl
isocyanate (20 mg, 0.24 mmol), and in the same manner as in
Example 16, compound 21 (48 mg, 41%) was obtained.

ESIMS m/z: 586 (M + H}"; 'H NMR (300 MHz, CDCls,8): 0.49-0.54 (m,
2H), 0.75-0.77 {(m, 2H), 1.65-1.77 (m, 2H), 1.98-2.03 (m, 2E)},
2.24 (s, 3H), 2.60-2.65 {(m, 1H), 2.80-2.89 {(m, 1H), 3.06-3.18
(m, 2H), 4.34-4.,58 (m, ZH), 6.67-6.85 (m, 1H), 6.99-7.04 (m,
2H}y, 7.16-7.23 (m, 5H), 7.31-7.32 {m, 1H}, 8.30 (s, 1H), 8.34
(s, 1H).

Example 22

[0196]
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N-{ethylcarkamoyl)-4-{4~flucro-2~methylphenylamino)-5-[4~ (4-
fluorophenyl}piperidine-l-carbonyl]pyridine-Z2-sulfonamide
{compound 22)

Using compound 2 (1.3 g, 2.67 mmol) and ethyl isocyanate
(0.275 mL, 3.47 mmol), and in the same manner as in Example 16,
compound 22 (0.86 g, 58%) was cobtained.

ESIMS m/z: 558 (M + H)*; 'H NMR (300 MHz, CDCls,8): 1.11 (t, J =
7.1 Hz, 3H), 1.65-1.76 {(m, 2H), 1.97-2.07 (m, 2H), 2.23 {s, 3H),
2.80-2.88 {m, 1H), 2.13-3.2°2 (m, 4H), 4.38-4.63 (m, 2H), 6.62-
6.62 (m, 1H), 6.92-7.04 {(m, 4H), 7.1¢-7.24 (m, 4H), 8.17 {s,
1H), 8.34 (s, 1H).

Example 23

[0197]

N~ (ethylcarbamoyl) -4-{4d~fluoro~-2-methylphenylamino}-5-[4-(4-
flucrcphenyl) piperidine=~l—-carbonyl] -N-methylpyridine-2-
sulfonamide {compound 23}

Compound 2 (56.0 mg, 0.115 mmol} was dissclved in acetone
(0.92 mL), ethyl isccyanate (0.011 mL, 0.138 mmol) and
potassium carbonate (20.7 mg, 0.150 mmol) were added, and the
mixture was stirred at 120°C for 4 hr. The reaction mixture
was allowed to cool to room temperature, methyl p-
toluenesulfonate (0.026 mL, 0.173 mmcl} was added, and the
mixture was stirred at 50°C for 3 hr. To the reaction mixture
were added water and saturated aquecus ammonium chloride
solution, and the mixture was extracted with ethyl acetate.

The solvent was evaporated under reduced pressure, and the
residue was purified by silica gel column chromatography
(heptane/ethyl acetate= 1/1) to give compound 23 (18.5 mg,

28 %).

ESIMS m/z: 572 (M + H)}"; H NMR (400 MHz, CDCls,&): 1.10 (t, J =
7.2 Hz, 3H), 1.23-1.31 (m, 2H), 1.65-1.78 (m, 2H)}, 1.97-2.05 (m,
2H), 2.25 (s, 3H), 2.80-2.91 {(m, 1H), 3.04-3.32 (m, 5H), 3.18
(s, 3H), 6.5%5-7.08 (m, 3H), 7.12 (s, 1H), 7.15-7.23 (m, 4H),
8.14 (s, 1H), 8.31 (s, 1H).

Example 24
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[0198]

3-chloro-4-(4-flucro-2-methylphenylaminc)-5-{4~ (4-
flucrophenyl)piperidine-l-carbonyl]pyridine-2-sulfonic acid
(compound 24}

(step 1) Using 4,5, 6-trichloronicotinic acid (964 mg, 4.26
mmol) cbtained by the method described in the document (Journal
of Medicinal Chemistry, 2006, 49, p.441}, and in the same
manner as in Example 1, step 2, 5,6~dichloro-4-(4-flucro-2-
methylphenylamino)nicotinic acid (1.18 g, 88%) was obtained.
ESIMS m/z: 315 (M + H)F

(step 2) Using 5, 6-dichloro-4-{4-fluoro-2-
methylphenylamino}nicotinic acid (990 mg, 3.14 mmcl) obtained
in step 1, and in the same manner as in Example 1, step 1,

[5, 6-dichloro-4- (4-flucro-2-methylphenylamino)pyridin-3-yl] [4-
{(d-flucrophenyl)piperidin-l-yl]lmethanone (1.35 g, 20%) was
chtained.

ESIMS m/z: 476 (M + H)¥

[0199]

(step 3) Using [5,6-dichloro-4-(4-flucro-2-
methylphenylamino)pyridin-3-yl] [4-{4-fluorcphenyl)piperidin-1-
yl]lmethanone (8.89 g, 18.7 mmol} obtained in step 2, and in the
same manner as in Example 1, step 3, [5-chloro-4-(4-fluocro-2-
methylphenylamino)-6é-mercaptopyridin=-3-y1] [4- (4-
fluorophenyl)piperidin-l1-yllmethanone (7.44 g, 84%) was
obtained.

ESIMS m/z: 474 (M + H)Y

(step 4) Using [5-chloro-4-(4-fluoro-2-methylphenylamino) —-6-
mercaptopyridin-3-yl] [4-(4-fluorophenyl)piperidin-1-
yl]methancne {(9.9C g, 20.9 mmcl} obtained in step 3, and in the
same manner as in Example 1, step 4, compound 24 (7.78 g, 71%)
was obtained.

ESIMS m/z: 522 (M + H)*; 'H NMR (400 MHz, DMSO-de, 5): 1.35-1.55
(m, 2H}, 1.60-1.70 (m, 2H), 1.84-2.04 (m, 1H}, 2.18 (s, 3H),
2.63-3.03 {m, 3H), 3.89-4.09 (m, 1H), 6.94-7.16 (m, 5H), 7.21-
7.35 (m, 3H), 7.922 (s, 1H).
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Example 25

[C200]

3-chloro-4-{4-flucro-2-methylphenylamino)-5-[4-(4-
flucrophenyl)piperidine-l~carbonyl]pyridine-2-sulfonamide
{(compound 25)

Using compound 24 (3.00 g, 5.75 mmol), and in the same
manner as in Example 2, compound 25 (2.24 g, 75%) was obtained.
ESIMS m/z: 521 (M + H)'; 'H NMR (400 MHz, CDCls,8): 1.39-1.57 {(m,
2H), 1.76-1.83 {(m, 2H), 2.02-2.24 (m, 1H), 2.33 (s, 3H), 2.60-
2.99 {(m, 2H), 3.57-3.64 (m, 1H), 4.23-4.32 (m, 1H), 5.68 (s,
2Hy, ©.72 (s, 1H), 6.85-6.%2 {m, 1H), 6.97-7.06 (m, 4H), 7.11
(dd, J = 4.9, 8.8 Hz, 2H), 8.00 (s, 1H).

Example 26

[0201]
3~chloro-h-[4-(4-fluorophenyl)piperidine-l1-carbonyl]-4- (m-
tolylamino)pyridine-2-sulfonamide {(compcund 26)

(step 1) Using 4,5,6-trichloronicotinic acid {700 mg, 3.09
mmol) and m-teluidine {(0.507 mL, 4.64 mmol), and in the same
manner as in Example 1, step 2, 5,6-dichloro-4-(m-
Ttelylamino)nicotinic acid (820 mg, 89%) was obtalined.

ESIMS m/z: 297 (M + H)©

{(step Z2) Using 1 5,6-dichlecro-4- (m-tolylamino)nicotinic acid
(800 mg, 2.69 mmol) cbtained in step 1, and in the same manner
as in Example 1, step 1, [5,6-dichloro-4-(m-tolylamino)pyridin-
3-yl] [4~ {4~fluorophenyl)piperidin-l-yllmethanone (1.10 g, 89%)
was obtained.

ESIMS m/z: 458 (M + H)7

(step 3} Using [5,6-dichlecro-4-(m-tclylamino)pyridin—-3-yl][4-
(4-fluocrophenyl)piperidin-l-ylimethancne (1.25 g, 2.73 mmol)
obtained in step 2, and in the same manner as in Example 1,
step 3, [b-chloro-é-mercaptec—-4- (m~tolylamino)pyridin-3-vyl1][4-
(4-flucrophenyl)piperidin-1-ylimethancne (1.00 g, 80%) was
cbtained.

ESIMS m/z: 456 (M + H)'

[0202]
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(step 4) Using [5-chloro-6é-mercapto-4-(m-tolylaminc)pyridin-3-
y1l][4-(4~-flucorophenyl)piperidin-1-yl]methanone (3850 mg, 2.08
mmol) obtained in step 3, and in the same manner as in kExample
1, step 4, 3-chloro-5-{4-(4-flucrcphenyl)piperidine-1-
carbonyl]~4-(m-tolylamino}pyridine-2-sulfonic acid {900 mg,
86%) was obtained.

ESIMS m/z: 504 (M + H)7

(step 5) Using 3-chloro-5-[4-{4-fluorophenyl)piperidine-1-
carbonyl]-4-(m-tolylamino)pyridine-2~sulfeonic acid (80C mg,
1.59 mmol}) cbtained in step 4, and in the same manner as in
Example 2, compound 26 (250 mg, 31%) was obtained.

ESIMS m/z: 503 (M + I)7*; H NMR (400 MHz, CD;0D,8): 1.60-1.95 (m,
4v), 2.35 (s, 3H), 2.61-2.73 (m, 1H}, 2.94-3.10 (m, 1H), 3.45-
3.58 (m, 2H), 3.93-4.15 (m, 1H), ©6.93-7.09 (m, 6H), 7.14-7.33
(m, 4H), 8.18 (s, 1H).

Example 27

[0203]

3-chloro-4-(2, 4-difluorcphenylamino) -5-[4-(4-
fluorcphenyl)piperidine-Il-carbonyl]pyridine-2-sulfonamide
{compcound 27)

(step 1) Using 4,5, 6-trichloronicetinic acid (500 mg, 2.21
mmol) and 2Z,4-difluorcaniline (371 mg, 2.87 mmol), and in the
same manner as in Example 1, step 2, a crude product of 5,6-
dichloro-4-(2,4-difluorcophenylamino)nicotinic acid was cbhtained
and used for the next reaction without purification.

ESIMS m/z: 319 (M + H)©

(step 2) Using a crude product c¢f 5, 6-dichlorc-4-{2,4-
diflucrophenylamino)nicetinic acid cobtained in step 1, and in
the same manner as in Example 1, step 1, [5,6-dichlcre-4-(2, 4~
difluorophenylamino)pyridin-3-yl] [4-(4-fluorophenyl)piperidin-
l-yl]methancne (1.C0 g, yield of 2 steps 67%) was obtained.
ESIMS m/z: 480 (M + H)°

[0204]

(step 3) Using [5,6-dichloro-4-(2,4-
difluorophenylaminc)pyridin-3-yl] [4-(4-fluorophenyl)piperidin-
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l1-ylimethanone (500 mg, 1.87 mmol) obtained in step 2, and in
the same manner as in Example 1, step 3, a crude product of [5-
chloro-4-(2,4-difluorcphenylaminc}~6-mercaptepyridin-3-y1] [4-
(4-fluorophenyl)piperidin~l=-yljmethancne was obtained and used
for the next reaction without purification.

ESIMS m/z: 478 (M + H)©

(step 4) Using a crude product of [b-chlorc-4-(2,4-
difluorophenylamino) -6-mercaptopyridin-3-y1][{4-(4-
fluorophenyl)piperidin-I1-ylimethanone cbtained in step 3, and
in the same manner as in Example 1, step 4, 3-chloro-4-(2,4-
difluorophenylamino)-5-[4-{(4-fluorophenyl)piperidine-1-
carpbonyl]pyridine-2-sulfonic acid (630 mg, yield of 2 steps
04%) was obtained.

ESIMS m/z: 526 (M + H)"

{step 5) Using 3-chloro-4-(2,4-difluorophenylamino)-5-[4-(4-
flucrophenyl)piperidine-l-carbonyl]pyridine-2-sulfonic acid
{840 mg, 1.60 mmol) obtained in step 4, and in the same manner
as in Example 2, compound 27 {%2.1 mg, 11%) was obtained.
ESIMS m/z: 525 (M + H)*; 'H NMR (300 MHz, DMSO-d¢, D0, 3):
1.30-1.80 (m, 4H), 1.%0-2.20 (m, 1H}, 2.60-3.10 (m, 2H), 3.45-
3.71 {m, 1H), 3.90-4.20 (m, 1H), 7.05-7.45 (m, 7H), 8.17 (s,
1H).

Example 23

[0205]

3-chloro-4-{4-chloro-2-fluorcphenylaming)-5-[4- (4~
fluorophenyl)piperidine-l-carbonyl]pyridine-2-sulfonamide
{compound 28)

(step 1) Using 4,D,6-trichlorcnicotinic acid (500 mg, 2.21
mmol} and 4-chloro-2-flucrcaniline (482 mg, 3.31 mmol), and in
the same manner as in Example 1, step 2, a crude product of
5,6-dichloro-4-{4-chloro-2-fluorophenylamino)nicotinic acid was
obtained and used for the next reaction without purification.
ESIMS m/z: 335 (M + H)T

(step 2) Using a crude product of 5,6~dichlorc-4-(4-chloro-2-

fluorophenylamino)nicotinic acid obtained in step 1, and in the
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same manner as in Example 1, step 1, [5,6-dichloro-4-(4-chloro-
2-flucrophenylamino)pyridin-3-yl] [4- (4-fluorophenyl)}piperidin-
1-yl]methanone (900 mg, yield of 2 steps 82%) was obtained.
ESIMS m/z: 496 (M + H)'

[0206]

{step 3) Using [5,6~dichloro—-4—(4-chloro-2-
fluocrophenylamine) pyridin-3-yl] {4-(4-fluocrophenyl )piperidin-1-
y1l]methanone (200 mg, 1.87 mmol) cobtained in step 2, and in the
same manner as in Example 1, step 3, a crude product of [5~
chloro-4-(4-chloro-2-fluorophenylamino) -6-mercaptopyridin-3-
v1][4-(4-fluorophenyl)piperidin-1-ylimethanone was obtained and
used for the next reaction without purification.

ESIMS m/z: 494 (M + H)7

(step 4} Using a crude product of [5-chloro-4-(4-chloro-2-
fluorophenylamino) -6-—mercaptopyridin-3-y1][4-(4-
fluocrophenyl)piperidin-1-yIimethanone obtained in step 3, and
in the same manner as in Example 1, step 4, a crude product of
3-chloro—-4-{4-chloro-2-fluorophenylamino)-5-[4-(4-
fluorcphenyl)piperidine-l-carbonylipyridine-2-sulfonic acid was
obtained and used for the next reaction without purification.
ESIMS m/z: 542 (M + H)'

{step 5} Using a crude product of 3-chloro-4-(4-chloro-2-
flucrophenylamino)-5-{4-(4-fluorcphenyl)piperidine-1-
carbonyllpyridine-2-sulfonic acid obtained in step 4, and in
the same manner as in Example 2, compound 28 (50.1 mg, yield of
3 steps 5%) was obtained.

ESIMS m/z: 541 (M + H)*; H NMR (300 MHz, DMSO-ds, 8): 1.30-1.80
(m, 4H), 1.85-2.18 (m, 1lH), 2.65-3.10 (m, 2H), 3.45-3.70 (m,
14}, 3.90-4.25 (m, 1H}, 7.00-7.80 (m, SH}, 8.20 (s, 1lH), B8.68
(s, 1H).

Example 29

[0207]
3-chloro-5-[4-{4-fluorophenyl ) piperidine-l-carbonyl]~4-{4-
methoxyphenylamino)pyridine-2-sulfonamide (compound 29)

(step 1) Using 4, 5,6-trichloronicetinic acid (500 mg, 2.21
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mmol) and 4-methoxyaniline (354 mg, 2.87 mmol), and in the same
manner as in Example 1, step 2, a crude product of 5,6-
dichloro-4-{4-methoxyphenylamino}nicotinic acid was obtained
and used for the next reaction without purification.

ESIMS m/z: 313 (M + H}'

{step 2) Using a crude product of 5,6-dichloro-4~(4-
methoxyphenylamino)nicotinic acid obtained in step 1, and in
the same manner as in Example 1, step 1, [5,6-dichloro-4-(4-
methoxyphenylamino)pyridin-3-yl] [4-{4-fluorophenyl)piperidin-1-
ylimethanone (870 mg, yield of 2 steps 80%) was obtained.

ESTMS m/z: 474 (M + H)7

{(step 3) Using [5,6-dichloro-4-(4-methoxyphenylamine)pyridin-3-
y1l] {4-(4-fluorophenyl}piperidin-1-yl]lmethanone (870 mg, 1.76
mmol) obtained in step 2, and in the same manner as in Example
1, step 3, a crude prcoduct of [5-chloro-6-mercapto-4-(4-
methoxyphenylamino) pyridin-3-yl1] [4-{4-fluorophenyl)piperidin-1-
yl]lmethanone was obtained and used for the next reaction
without purificatiocn.

ESIMS m/z: 472 (M + H)~

[0208]

(step 4) Using a crude product of [5-chloro-6-mercapto-4-(4-
methoxyphenylamino)pyridin-3-yl] [4-(4-flucrophenyl)piperidin-1-
y1l]methancne cktained in step 3, and in the same manner as in
Example 1, step 4, a crude product of 3-chlorc-5-(4-(4-
fluorophenyl)piperidine-l-carbonyl) -4-(4-
methoxyphenylamino)pyridine-Z-sulfeonic acid was cbtained and
used for the next reaction without purification.

ESIMS m/z: 520 (M + )7

(step 5) Using a crude precduct of 3-chloro-5-(4-(4-
flucrophenyl)piperidine-l-carbonyl) -4-(4-
methoxyphenylamino)pyridine-2-sulfonic acid obtained in step 4,
and in the same manner as in Example 2, compound 29 (36.8 mg,
yield of 3 steps 4%) was obtained.

ESIMS m/z: 519 (M + H)™; lH' NMR (300 MHz, DMSO-dg, 3): 1.35-1.85
(m, 4H), 2.55-3.10 (m, 3H), 3.55-3.70 (m, 1H), 3.75 (s, 3H),
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3.88-4.20 (m, 1H), 6.85-7.45 (m, 8H), 7.59 (s, 1H).

Example 30

[0209]

3-chloro-4-(2-fluoro-4-methoxyphenylamino) -5-[4~ (4-
fluorophenyl)piperidine-l-carbonyl]pyridine-2-sulfonamide
(compound 30}

(step 1) Using 4,5,6-trichlcronicetinic acid (500 mg, 2.21
mmol) and Z-fluoro—-4-methoxyaniline (467 mg, 3.31 mmeol), and in
the same manner as in Example 1, step 2, a crude product of
5,6~dichloro~4-(2-flucro-4-methoxyphenylamino)nicotinic acid
was obtained and used for the next reaction without
purification.

ESIMS m/z: 331 (M + H)'

{step 2) Using a crude product of 5,6-dichloro-4-(2-fluoro-4-
methoxyphenylamino)nicotinic acid obtained in step 1, and in
the same manner as in Example 1, step 1, [5,6-dichloro-4-(2-
flucro-4-methoxyphenylamine)pyridin-3-yl] [4-(4-
flucrophenyl)piperidin-l-ylimethanone (700 mg, yield of 2 steps
64%) was obtained.

ESIMS m/z: 492 (M + H)©

(step 3) Using [5,6~dichloro—-4-(2-flucro-4-
methoxyphenylaminoe) pyridin-3-yl] [4-(4-fluorophenyl)piperidin-1-
yl]lmethanone (700 mg, 1.42 mmeol) cbtained in step 2, and in the
same manner as in Example 1, step 3, a crude preoduct of [5-
chloro-4~(2~flucro-4-methoxyphenylamino) -6-mercaptopyridin-3-
y1][4-(d-fluorophenyl)piperidin-l1-ylimethanone was obtained and
used for the next reaction without purificaticn,

ESIMS m/z: 490 (M + H)©

[0210]

{(step 4) Using a crude product of [5-chloro-4~(2-fluoro-4-
methoxyphenylamino) —-6-mercaptopyridin-3-yl] [4- (4-
flucrophenyl)piperidin-l-yllmethanone cbtained in step 3, and
in the same manner as in Example 1, step 4, a crude preduct of
3-chlecro-4-(Z2-fluorco=4-methexyphenylamino) -5-[4-{4-

flucrophenyl)piperidine-l-carbonyl]lpyridine-2-sulfonic acid was
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obtained and used for the next reacticn without purification.
ESIMS m/z: 538 (M + H)'

(step 5) Using a crude product of 3-chloro-4-(2-fluoro—-4-
methoxyphenylamino) -5-[4-(4-fluocrophenyl)piperidine-1-
carbonyllipyridine-Z-sulfonic acid obtained in step 4, and in
the same manner as in Example 2, compound 30 (8%.8 mg, yield of
3 steps 12%) was cbtained.

ESTMS m/z: 537 (M + H)7; 1§ NMR {300 MHz, DMSO-dg, O): 1.30-1.75
(m, 4d), 1.85-2.10 (m, 1K}, 2.58-3.10 (m, 2H), 3.35-3.60 (m,
1H), 3.80 (s, 3H), 3.9%0-4.20 (m, 1lH), 6.70-7.40 (m, 9H), 8.13
(s, 1H), 8.43 (s, 1H}.

Example 31

[0211]

3-chlorg-4-(4-fluorco-3-methylphenylamino} -5-[4-(4-
flucrophenyl)piperidine-l-carbonylipyridine-~2-sulfonamide
{compound 31)

(step 1) Using 4,5,6~trichleoronicotinic acid (500 mg, 2.21
mmol) and 4-flucrc=-3-methylaniline (414 mg, 3.31 mmol), and in
the same manner as in Example 1, step 2, a crude product of

5, 6~dichlorc-4-{4-fluoro-3-methylphenylamino)nicotinic acid was
obtained and used for the next reacticn without purification.
ESIMS m/z: 315 (M + H)©

(step 2) Using a crude product of 5,6-dichloro-4-(4-fluorc-3-
methylphenylamino)nicotinic acid obtained in step 1, and in the
same manner as in Example 1, step 1, [5,6-dichloro-4-{4-fluoro-
3-methylphenylamine)pyridin~3-yl] [4- (4-fluorophenyl)piperidin-
l-yl]methanone (700 mg, vyield of 2 steps 6€7%) was obtained.
ESIMS m/z: 476 (M + )"

[0212]

{(step 3) Using [5,6é-dichloro-4-{4-fluoro-3-
methylphenylamino)pyridin-3—-yl] [4~(4=-flucrophenyl)piperidin-1-
yllmethanone .{700 mg, 1.47 mmol} obtained in step 2, and in the
same manner as in Example 1, step 3, a crude product of [5-
chloro-4-(4-fluoro-3-methylphenylamino)-6-mercaptopyridin-3-
y1l] [4—-{4-fluorcphenyl)piperidin~l~-yl]lmethanone was obtained and

110



10

15

20

25

30

35

used for the next reaction without purification.

ESIMS m/z: 474 (M + H)"

(step 4) Using a crude product of [5-chloro-4-{4-fluoro-3-
methylphenylamino) ~6-mercaptopyridin-3-y1] [4-(4-
fluorcphenyl)piperidin-1-yl]|methanone obtained in step 3, and
in the same manner as in Example 1, step 4, a crude product of
3-chloro~4~(4-fluoro-3-methylphenylamino) -5-[4- (4~
flucrophenyl)plperidine-l-carbonyl]pyridine-2-sulfonic acid was
obtained and used for the next reaction without purification.
ESIMS m/z: 522 (M + H)*

(step 5) Using a crude product of 3-chloro-4-(4-fluoro—3-
methylphenylamino) -5-[4-{4~fluorophenyl)piperidine-1-
carbonyl]lpyridine-2-sulfonic acid cbtained in step 4, and in
the same manner as in Example 2, compound 31 (106 mg, yield of
3 steps 14%) was obtained.

ESIMS m/z: 521 (M + H)*; 'H NMR (300 MHz, DMSO~dg, &): 1.30-1.75
(m, 4H), 1.78-2.00 {(m, 1H), 2.07 (s, 3H), 2.58-3.05 {(m, 2H),
3.39-3.57 (m, 1H), 3.%0-4.12 (m, 1H), 6.88-7.40 (m, 7H), 7.60
(s, 2H), 8.20 (s, 1H), 8.85 (s, 1H).

Example 32

[0213]

3-chloro—-4-(3-fluoro-4-methoxyphenylamino) -5—-[4- (4-
fluorophenyl)piperidine-l-carbonyl]pyridine-2~sulfonamide
(ccmpound 32)

(step 1) Using 4,5, 6-trichloronicotinic acid (500 mg, 2.21
mmol) and 3-flucro-4-methoxyaniline (467 mg, 3.31 mmol), and in
the same manner as in Example 1, step 2, a crude product of
5,6-dichlorc-4-(3~flucoro-4-methoxyphenylamino)nicotinic acid
was obtained and used for the next reaction without
purificatiocn.

ESIMS m/z: 331 (M + H)7

(step 2) Using a crude product of 5,6-dichlorec-4-(3-fluorc—4-
methoxyphenylamino)nicetinic acid obtained in step 1, and in
the same manner as in Example 1, step 1, [5,6-dichloro-4-(3-

flucro-4-methoxyphenylamino) pyridin-3-y1] [4- (4~
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fluorophenyl)piperidin-1-yl]methanone (940 mg, yield of 2 steps
86%) was obtained.

ESIMS m/z: 492 (M + H)”

[0214]

(step 3) Using [5,6-dichlorc-4-(3-fluoro-4-
methoxyphenylamino)pyridin-3-yi} [4- (4-flucrophenyl)piperidin-1-
yllmethanone (940 mg, 1.%1 mmol) obtained in step 2, and in the
same manner as in Example 1, step 3, a crude product of [5-
chloro-4-(3-flucro-4-methoxyphenylamino) -6-mercaptopyridin-3-
yl][4-(4-flucrophenyl)piperidin~1-yi]methanone was obtained and
used for the next reacticn withcut purification.

ESIMS m/z: 490 (M + H)~

{(step 4) Using a crude product of [5~chlorc-4-{3-fluoro-4-
methoxyphenylamino) -6-mercaptopyridin-3-y1] [4-{4-
fluorophenyl)piperidin-l-yl]lmethanone obtained in step 3, and
in the same manner as in Example 1, step 4, a crude product of
3-chloro-4-{3-fluoro-4-methoxyphenylamine)-5-[4- (4~
fluorophenyl)piperidine-1-carbonyl]pyridine-2-sulfonic acid was
cbtained and used for the next reaction without purification.
ESIMS m/z: 538 (M + H)”

(step 5) Using a crude product of 3-chloro-4-(3-fluoro-4-
methoxyphenylamine) -5-[4- (4-fluorophenyl)piperidine-1-
carbonyl|pyridine-Z-sulfonic acid obtained in step 4, and in
the same manner as in Example 2, compound 32 (8l1.1 mg, yield of
3 steps 8%) was obtained.

ESTMS m/z: 537 (M + H)*; 'H NMR (300 MHz, DMSO-d¢, 3): 1.35-1.80
(m, 4H), 1.80-2.10 (m, 1H), 2.55-3.10 {(m, 2H), 3.48-3.70 (m,
1d), 3.83 (s, 3H), 3.85-4.30 (m, 1H), 6.80-7.40 (m, 7H), 7.60
{s, 2H}, 8.20 (s, 1H), B8.60 (s, 1H).

Example 33

[0215]
3-chloro-5-[4-{4-fluorcphenyl)piperidine-l-carbonyl]-4-{o-
tolylamino)pyridine-2-sulfonamide (compound 33)

(step 1} Using 4,5,6-trichloronicotinic acid (500 mg, 2.21

mmol) and o-toluidine (355 mg, 3.31 mmol), and in the same

112



10

15

20

25

30

35

manner as in Example 1, step 2, a crude product of 5, 6-
dichloro-4-(o-tolylaminc)nicotinic acid was obtained and used
for the next reacticn without purificaticn.

ESIMS m/z: 297 (M + H)T

(step 2) Using a crude product of 5,6-dichloro-4-(o-
tolylaminc)inicotinic acid obtained in step 1, and in the same
manner as in Example 1, step 1, [5,6-dichloro—-4- (o~
tolylamino)pyridin-3-yl} [4-(4-fluorophenyl)piperidin-1-
yllmethanone {900 mg, yield of 2 steps 88%) was obtained.
ESIMS m/z: 458 (M + H)~

(step 3) Using [5,6-dichloro-4-{o-tolylaminec)pyridin-3-yl1][4-
{4-fluorophenyl)piperidin~l-ylimethanone (200 mg, 1.96 mmol)}
obtained in step 2, and in the same manner as in Example 1,
step 3, a crude product of [b-chloro-&-mercaptoc-4-(o-
tolylamino)pyridin-3-vyl1l] [4-{4-flucrophenyl)piperidin-1-
yllmethancne was obtained and used for the next reaction
without purificatiocn.

ESIMS m/z: 456 (M + H)®

[0216]

(step 4) Using a crude product of [5-chloro-6-mercapto-4-{o-
tolylamino)pyridin-3-yl] [4- (4-fluorophenyl)piperidin~1-
vl]lmethanone cbtained in step 3, and in the same manner as in

Example 1, step 4, a crude product of 3-chloro-5-[4-(4-

fluorcphenyl)piperidine-l-~carbonyl]~4=(oc-tolylamino) pyridine-2-

sulfonic acid was obtained and used for the next reaction
without purification.

ESIMS m/z: 504 (M + H)'

(step 5) Using a crude product of 3-chloro-5-[4-{4-

fluorophenyl)piperidine-l-carbonyl]-4-{o-tolylamino)pyridine-2-

sulfonic acid cbtained in step 4, and in the same manner as in
Example 2, compound 33 (31.0 mg, yield of 3 steps 3%) was
obtained. _

ESIMS m/z: 503 (M + H)'; ' NMR (300 MHz, DMSC-dg, DO, 8):
1.30-1.75 {(m, 4H), 1.75-1.95 {(m, 1H), 2.19 (s, 3H), 2.55-2.93
{m, 3H), 3.80-4.10 (m, 1H), 7.00-7.45 (m, 8H}, 8.09 (s, 1H).

113



10

15

20

25

30

35

Example 34

[0217]
3-chloro~5—[4~{4~flucrophenyl)piperidine~l~carbonyl}-4-(2,4,5-
trifluorcphenylamino)pyridine~2~sul fonamide (compound 34)

(step 1) Using 4,5,6~trichlorcnicotinic acid (500 mg, 2.21
mmcl) and 2,4,5~triflucorcaniline (487 mg, 3.31 mmcol), and in
the same manner as in Example 1, step 2, a crude procduct of
5,6-dichlore-4-(2,4,5-trifluorophenylamino)nicotinic acid was
cbhbtained and used for the next reaction without purification.
ESIMS m/z: 337 (M + H)'

(step 2) Using a crude product of 5,6-dichloro-4-{2,4,5-
trifluorophenylamino)nicotinic acid obtained in step 1, and in
the same manner as in Example 1, step 1, [5,6-dichloro-4-
(2,4,5-trifluorcphenylamino)pyridin-3-y1][4-(4-
flucrophenyl)piperidin-1-yllmethanone (900 mg, yield of 2 steps
B2%) was obtainad.

ESIMS m/z: 498 (M + H}7

(step 3) Using [5,6-dichloro-4-(2,4,5-
trifluorophenylamino)pyridin-3-yl] [4-(4-fluorcphenyl)piperidin-
l-yllmethanone (900 mg, 1.81 mmol) obtained in step 2, and in
the same manner as in Example 1, step 3, a crude product of [5-
chlorg=6-mercapto-4=-(2,4,5-triflucrocphenylamino) pyridin-3-

yl] [4-{4-fluorophenyl)piperidin-l-yl]lmethanone was obtained and
used for the next reaction without purification.

ESIMS m/z: 496 (M + H)7

[0218]

(step 4) Using a crude product of [5-chloro-6-mercapto-4-
(2,4,5-trifluorcphenylamine)pyridin-3-y1][4~ (4~
fluorophenyl)piperidin-1~yl]methanone obtained in step 3, and
in the same manner as in Example 1, step 4, a crude product of
3-chlcro-5-[4~(4-fluorophenyl)piperidine-l-carbonyl]-4-(2,4, 5~
trifluorcphenylamine) pyridine-2-sulfonic acid was obtailned and
used for the next reaction without purification.

ESIMS m/z: 544 (M + H)¥

{step 5) Using a crude product of 3-chloro-5-[4-{4-
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fluorcophenyl)piperidine-l-carbonyl]~4-{(2,4,5~
triflucorophenylamino)pyridine-2-sulfonic acid obtained in step
4, and in the same manner as in Example 2, ccmpound 34 (40.0 mg,
vield of 3 steps 4%) was obtained.

ESIMS m/z: 543 (M + H)™; 'H NMR (300 MHz, DMSO-dg, D0, &):
1.30-1.85 {(m, 4H}, 1.%5-2.25 {(m, 1H}, 2.60-3.15 (m, 2H;, 3.40-
3.75 (m, 1H), 4.05-4.25 (m, 1H), 7.05-7.80 (m, 6H), 8.24 (s,
1H).

Example 35

[0219]

4-{3-chloro-4~{4-fluoro~2-methylphenylamino)-5-[4-(4-
fluorophenyl)piperidine-l-carbonyllpyridin-2-ylsulfonyl}-N-
methylmorpholine-3~carboxamide (compound 35)

(step 1) Using compound 24 (193 mg, 0.370 mmecl) and methyl
morpholine-3~carboxylate (1343 mg, 9.25 mmeol), and in the same
manner as in Example Z, methyl 4-~{3-chloro-4-(4-fluorc-2-
methylphenylamino) -5=[4~-(4~fluorophenyl)piperidine-1-
carbonyl]pyridin-2-ylsulfonyl }merpholine-3-carboxylate (150.4
mg, 63%) was cobtained.

ESIMS m/z: 649 (M + H)7

(step 2) Using methyl 4-{3-chloro-4-{4-flucro-2-
methylphenylamine)-5-[4- (4-fluorcphenyl)piperidine-1-
carbonyl]pyridin-2-ylsulfenyl lmorpholine-3~carboxylate (146 mg,
0.225 mmol} obtained in step 1, and in the same manner as in
Example 6, step 2, 4-{3-chloro-4-(4-fluoro-2-
methylphenylamine)-5-[4-(4-fluorophenyl)piperidine-1-
carbenyl]pyridin-2-ylsulfonyl }morphocline-3-carboxylic acid (51
mg, 36%) was obtained.

ESIMS m/z: 635 (M + H)©

[0220]

(step 3) Using 4-~{3-chloro-4-(4-flucro-Z-methylphenylamino)-5-
[4-(4~fluorcphenyl)piperidine~l-~carbonyl]pyridin-2-
ylsulfenylimorpholine-3-carboxylic acid (50 mg, 0.079 mmol)
obtained in‘step 2, and in the same manner as in Example 6,

step 3, compound 35 (43.2 mg, 85%) was obtained.
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ESIMS m/z: 648 (M + H)"; B NMR (400 MHz, CDCls,8): 1.25-1.70 (m,
4H), 1.71-1.90 (m, 1H), 2.32 (s, 3H), 2.55-2.73 (m, 1H), 2.73-
3.05 (m, 5H), 3.38-3.99 (m, 5H), 4.10-4.62 (m, 2H), 4.69-4.91
(m, 1H), 6.70-7.18 (m, 6H), 7.18-7.40 {(m, 2H), 8.01 (s, 1H),
8§.60-8.92 (m, 1H).

Example 36

[0221]

1-{3-chloro~-4-({4d~fluoro-Z-methylphenylaminec)-5-{4- {4-
fluorophenyl)piperidine-l-carbenyl]pyridine-2-sulfonamide}~N-
methylcycleopropanecarboxamide (compound 36)

(step 1) Using compound 24 (97 mg, 0.185 mmcl) and ethyl 1~
aminocyclopropanecarboxylate hydrochloride (306 mg, 1.85 mmol),
and in the same manner as in Example 2, ethyl 1-{3-chloro-4-{4-
fluore—-2-methylphenylamino) -5-[{4-{4-flucrophenyl) piperidine-1-
carbonyl]pyridine~2-sulfonamide}cyclopropanecarboxylate (71 mg,
£1%) was cobtained.

ESIMS m/z: 633 (M + H)T

(step 2) Using ethyl 1-{3-chloro-4-(4-fluoro-2-
methylphenylamino) -5-[4-(4-fluorophenyl)piperidine-1-
carbonyl]pyridine-2-sulfeonamide}cyclopropanecarboxylate (68 mg,
0.107 mmol) obtained in step 1, and in the same manner as in
Example 6, step 2, a crude product of 1-{3-chloro-4-{4-fluocro-~
Z-methylphenylamino) ~5~[4- (4-flucrophenyl)piperidine-1-
carbonyl]lpyridine-~2-sulfonamide}cyclopropanecarboxylic acid was
obtained and used for the next reaction without purification.
ESIMS m/z: 605 (M + H)'

[0222]

(step 3) Using a crude product of 1-{3~-chloro-4-(4-fluoro-2-
methylphenylamino) -5-[4~ (4-fluorophenyl)piperidine-1-
carbonyl]pyridine-2-sulfonamide}cyclopropanecarboxylic acid
obtained in step 2, and in the same manner asrin Example 6,
step 3, compound 3¢ (50.7 mg, vield of 2 steps 70%) was
obtained.

ESIMS m/z: 618 (M + H)"; 'H NMR (400 MHz, CDCls,3): 1.19-1.31 (m,
2H), 1.35-1.50 {(m, 2H), 1.59-1.69 (m, 2H), 1.75-1.87 (m, 2H),
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2.31 (s, 3H), 2.28-2.40 (m, 1H), 2.59-2.70 (m, 1H), 2.78-3.00
(m, 4E), 3.48-3.€64 {(m, 1H), 4.21-4.35 (m, 1H), 5.71 (s, 1H),
6.78 (s, 1H), 6.87-7.08 (m, 4H),'7.08—7.15 (m, 2H), 7.24-7.31
(m, 1H), 7.36-7.42 (m, 1H), 8.02 (s, 1H).

Example 37

[0223]

(25,3R)-2-{3—-chloro~4~ (4~fluoro-2-methylphenylaminoc)-5-[4- (4-
fluorophenyl)piperidine~1—carbonyl]pyridine—Z—sulfonamide}—3—
hydroxy-N-methylbutanamide {ccmpcund 37)

(step 1) Using compound 24 (193 mg, 0.370 mmecl) and methyl
(25,3R)-2~amino-3-hydroxybutancate hydrochloride (1699 mg, 9.25
mmel), and in the same manner as in Example 2, methyl (28, 3R)-
2-{3-chloro-4-(4-fluoro-2~methylphenylamino)-5-[4-(4-
fluorophenyl)piperidine~l~carbonyl]pyridine—-2-sulfonamide}-3-
hydreoxybutanoate (18%.4 mg, 80 %) was obtained.

ESIMS m/z: 637 (M + H)©

{step 2) Using methyl (25,3R)-2-{3-chlcocro-4-(4-flucro-2-
methylphenylaminc)-5-{4-(4-flucrcphenyl)piperidine-1-
carbonyl]lpyridine-Z-sulfonamide}-3-hydroxybutancate (18% mg,
0.297 mmeol) obtained in step 1, and in the same manner as in
Example ¢, step 2, a crude product of (28,3R)-2-{3-chloro-4-{4-
fluoro-Z2-methylphenylamino) ~5~[4=« (4-fluorcphenyl) piperidine-1-
carbonyl]pyridine-Z-sulfonamide}-3-hydroxybutancic acid was
cbtained and used for the next reaction without purification.
ESIMS m/z: 623 (M + H)"

[0224]

(step 3) Using a crude product of (25,3R)-2-{3~chloro-4-(4-
fluoro-Z2-methylphenylamino) -5-[4- (4-fluorophenyl)piperidine-1-
carbonyl]pyridine-Z2-sulfonamide}-3~-hydrcexybutancic acid
obtained in step 2, and in the same manner as in Example 6,
step 3, compound 37 (97.6 mg, yield of 2 steps 52%) was
cbhbtained.

ESIMS m/z: 636 (M + H)*; 'H NMR (400 MHz, CDCls,&8): 1.29 (d, J =
6.5 Hz, 3H), 1.32-1.52 {(m, 2H), 1.73-1.82 (m, 2H), 2.30 (s, 3H),
2.59-2.70 (m, 1H), 2.76-3.20 {(m, 5H), 3.48-3.62 {m, 1H), 3.95-
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4.05 (m, 1H), 4.17-4.32 (m, 1H), 4.48-4.60 (m, 1H}), 5.97-6.04
(m, 1H), 6.78 (s, 1H), 6.85-6.95 {(m, 1H), 6.96-7.14 (m, 6H),
7.76-7.88 (m, 1E), 8.02 (s, 1H}.

Example 38

[0225]

3—-chlore-4-(4-fluoro-Z-methylphenylamine} -5-[4- (4~
flucrophenyl)piperidine-1-carbonyl]-N-{4-
methoxyphenyl)pyridine-Z-sulfonamide (compound 38)

Using compound 24 (§0.0 mg, 0.153 mmol} and 4-
methoxyaniline {365 mg, 2.96 mmol), and in the same manner as
in Example 11, compound 38 (52.7 mg, 57%) was obtained.

ESIMS m/z: 627 (M + H)*; 'H NMR (300 MHz, CDCls,8): 1.38-1.44 (m,
2dy, 1.75-1.81 {(m, 2H), 2.03-2.26 (m, 1H), 2.28 (s, 3H), 2.59-
2.70 (m, 1H), 2.79-2.98 (m, 1H), 3.53-3.63 (m, 1H), 3.76 (s,
3H), 4.20-4.32 (m, 1H), 6.68 (s, 1H), 6.78-6.92 (m, 3H), 6.96-
7.05 {(m, 4H), 7.07-7.13 {(m, 3H), 7.26-7.31 (m, 2H), 8.07 (s,
1H) .

Example 39

[0226]

3-chloro-4-(4-fluoro~Z2-methylphenylaminc) -5-[4-{4-
flucrophenyl)piperidine-l-carbonyl]-N- (l-methyl-1H-pyrazol-3-
vl)pyridine-2-sulfonamide (compound 39)

Using compound 24 (80.0 mg, 0.153 mmol) and l-methyl-1H-
pyrazcle-3-amine (431 mg 4.44 mmol), and in the same manner as
in Example 11, compound 39 {43.5 mg, 49%) was cbtained.

ESIMS m/z: 601 (M + H)"; 'H NMR (400 MHz, CDCls,8): 1.35-1.55 {(m,
2H), 1.73-1.82 (m, 2H), 2.03-2.26 (m, 1H), 2.29 (s, 3H), 2.55-
2.70 (m, 1H), 2.75-2.94 (m, 1H), 3.53-3.63 {m, 1lH), 3.81 (s,
3y, 4.20-4.32 (m, 1H), €.22 {(d, J = 2.0 Hz, 1H), 6.67 (s, 1H},
6.83-6.20 {(m, 1H), 6.95-7.04 {m, 4H), 7.10 (dd, J = 4.9, 8.8 Hz,
2H), 7.16 (d, J = 2.0 Hz, 1lH), 8.09 (s, 1E), 9.32 (s, 1H).
Example 40

[0227]

3—~chlero-4-(4~flucrc-2-methylphenylamine)-5-[4- (4-
flucrophenyl)piperidine-1-carbonyl]-N-(5-methylisoxazol-3-
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yv1l)pyridine-2-sulfonamide {compound 40)

Using compound 24 (100 mg, 0.205 mmol) and 5-
methylisoxazol-3~-amine (545 mg 5.55 mmel), and in the same
manner as in Example 11, compound 40 (62.0 mg, 56%) was
obtained.

ESIMS m/z: 602 (M + H)'; 'H NMR (300 MHz, CDCls,8): 1.38-1.57 (m,
21y, 1.75-1.82 (m, 2H}, 2.03-2.26 {(m, 1H), 2.31 (s, 3H), 2.35
{s, 3H), 2.58-2.68 (m, 1H), 2.81-2.90 (m, 1H), 3.53-3.63 (m,
1H), 4.20-4.32 (m, 1H), €.22 (s, 1H), €.70 (s, 1H), 6.84-6.93
(m, 1H), ©.96-7.04 (m, 5H), 7.07-7.13 (m, 2H), 8.04 (s, 1H).
Example 41

[0228]

3-chloro-4-({4-fluorc-Z2-methylphenylamino) ~5~[4- (4-
fluorophenyl)piperidine-l-carbonyl] ~N- (3-methylisoxazol-5-
yl)pyridine-2-sulfonamide (compound 41}

Using compound 24 (100 mg, 0.205 mmol) and 3-
methylisoxazol-5-amine (545 mg, 5.55 mmcl), and in the same
manner as in Example 11, compcund 41 (41.5 mg, 37%) was
obtained.

ESIMS m/z: 602 (M + H)*; 'H NMR (300 MHz, CDCls,d): 1.35-1.55 (m,
2H), 1.70-1.80 (m, 2H), 2.03-2.26 (m, 1H), 2.14 (s, 3H), 2.31
(s, 3H), 2.55-2.70 {(m, 1H), 2.75-2.94 (m, 1H), 3.53-3.63 (m,
1a), 4.20-4.32 {(m, 1H), 5.66 (s, 1H), 6.70 (s, 1H), 6.82-6.91
(m, 1H}, 6.95-7.04 (m, 5H), 7.07-7.14 (m, 2H), 7.98 (s, 1H}.
Example 42

[0220]

N-(5-tert-butylisoxazol-3-yl)-3-chloro-4-(4-fluoro-2-
methylphenylamine)-5-[4-(4-fluorophenyl)piperidine-1-
carbonyl]pyridine-2-sulfonamide (compound 42)

Using compound 24 (1C0 mg, 0.205 mmcl) and 5-tert-
butylisoxazol-3-amine (778 mg 5.55 mmol), and in the same
manner as in Example 11, compound 42 (71.2 mg, 60%) was
cbtained.

ESIMS m/z: 644 (M + H)*; 'H NMR (400 MHz, CDCls,8): 1.29 (s, 9H),
1.35-1.55 (m, 2H), 1.73-1.82 (m, 2H), 2.03-2.26 {(m, 1lH), 2.32

115



10

15

20

25

30

35

(s, 3H), 2.55-2.70 (m, 1H), 2.75-2.94 (m, 1H), 3.53-3.63 (m,
11}y, 4.20-4.32 {(m, 1H), 6.00 (s, 1H), 6€.18 (s, 1H), €.71 (s,
11}, 6.84-6.92 (m, 1H}, 6.97-7.04 (m, 4H), 7.07-7.13 (m, 2H),
8.06 (s, 1H).

Example 43

[0230]
3-chloro-N-(ethylcarbamoyl} -4- (4-fluoro-Z2-methylphenylamino}-5-
[4-({4-fluorophenyl)piperidine-l1-carbonyl]pyridine-2-sulfonamide
{(compound 43)

Using compound 25 (41.1 mg, 0.0790 mmol) and ethyl
isccyanate (0.0069 ml, 0.087 mmcl), and in the same manner as
in Example 16, compound 43 (30.0 mg, ©4%) was cbtained.

FSTMS m/z: 592 (M ; H)"; *H NMR (300 MHz, DMSO-d¢, 8): 0.99 (t, J
= 7.1 Hz, 3H), 1.39-1.51 (m, 1H), 1.56-1.71 {(m, 3H), 1.82-2.01
(m, 1H), 2.20 (s, 3H), 2.59-2.91 (m, 2H), 2.99-3.08 (m, 2H),
3.48-3.59 (m, 1H), 3.89-4.04 {m, 1H), 6.47-6.54 (m, 1H), 6.%6-
7.20 (m, S5H}, 7.21-7.36 {(m, 2H), 8.11 (s, 1H), 8.43 (s, 1H),
10.78 (s, 1H).

Example 44

[0231]
4~(benzylaminc}=3-chlorc-5-[4-{4-fluocrophenyl)piperidine-1-
carbonyl]lpyridine-2-sulfonamide (compound 44)

{step 1) 4,5,6-Trichloronicotinic acid (500 mg, 2.21 mmcl) was
dissclved in acetonitrile (20 mL), benzylamine (237 mg, 2.21
mmol) and triethylamine (0.90 mlL, 4.4 mmol) were added, and the
mixture was stirred at B80°C for 6 hr. To the reaction mixture
was added saturated agueous sodium chloride soluticn, and the
mixture was extracted with ethyl acetate. The organic layer
was dried cver anhydrous magnesium sulfate, and the sclvent was
evaporated under reduced pressure. A crude product of 4-
(benzylamino) -5, 6-dichloronicotinic acid was obtained and used
for the next reaction withcout purification.

ESIMS m/z: 297 (M + H)7

{step 2) Using a crude product of 4-(benzylamino)-5,6-

dichloronicotinic acid obtained in step 1, and in the same
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manner as in Example 1, step 1, [4-(benzylaming)-5, 6=
dichlorcpyridin-3-yl][4-{4-flucrophenyl)piperidin-1-
ylimethanone (520 mg, yield of 2 steps 51%) was obtained.
ESIMS m/z: 458 (M + H)7

[0232]

(step 3) Using [4-(benzylaminc)-53,6-dichlorcpyridin~-3-yl1][4-(4-
fluorophenyl)piperidin~1l-ylJmethanone (520 mg, 1.13 mmol)
obtained in step 2, and in the same manner as in Example 1,
step 3, a crude product of [4-(benzylamino)-5-chloro-6-
mercaptopyridin-3-yl] [4-{4-fluorcphenyl)piperidin-1-
yl]methancne was obtained and used for the next reaction
without purification.

ESIMS m/z: 456 (M + H)'

{(step 4) Using a crude product of [4-(benzylamino)~5-chloro-6-
mercaptopyridin-3-yl] [4-(4-fluorophenyl)piperidin-1-
ylimethanone obtained in step 3, and in the same manner as in
kxample 1, step 4, 4-(benzylamino)-3-chloro-5-[4-(4-
fluorophenyl)piperidine-l-carbonyl]pyridine~2~sulfonic acid
(140 mg, yield of 2 steps 13%) was cbtained.

ESIMS m/z: 504 (M + H)

(step 5) Using 4-(benzylamino)-3-chlcro-5-[4-(4-
fluorophenyl)piperidine~1—carbony1}pyridine—Z—sulfonic acid
(490 mg, 0.97 mmol) obtained in step 4, and in the same manner
as in Example 2, compound 44 (7.8 mg, 2%) was cbtained,

ESIMS m/z: 503 (M + H)"; 'H NMR (300 MHz, DMSO-ds, D,0, 5):
1.45-1.70 (m, 2H), 1.70-1.95 (m, 2H), 2.35-2.60 (m, 1H), 2.70-
3.40 {m, 2H), 3.%0-4.20 (m, 1H), 4.48-4.70 {m, 3H), 7.00-7.55
(m, SH), 8.06 (s, 1lH).

Example 45

[0233]

3-chlorc-4-{cyclchexylamine) -5-[4-{4-fluorophenyl)piperidine-1-
carbonyl]pyridine-2-sulfcnamide (compound 45)

(step 1) Using 4,5, 6-trichloronicetinic acid (500 mg, 2.21
mmol) and cyclchexylamine (350 mg, 3.53 mmol), and in the same

manner as in Example 44, step 1, a crude product of 5,6-
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dichloro-4-(cyclohexylamino)nicotinic acid was cbtained and
used for the next reaction without purification.

ESIMS m/z: 289 (M + H)¥

{step 2) Using a crude product of 5, é-dichloro-4-
(cyclohexylamino)nicotinic acid obtained in step 1, and in the
same manner as in Example 1, step 1, a crude product of [5, 6-
dichloro-4- (cyclohexylamino)pyridin-3-yl] {4~ (4-
fluorcphenyl)piperidin~l-ylimethancne was cbtained and used for
the next reaction without purification.

ESIMS m/z: 450 (M + H)”

(step 3) Using a crude product of [5,6-dichlocro-4-
{(cyclohexylamino)pyridin-3-yl][4-{(4-fluorcphenyl}piperidin-1-
vl]lmethanone obtained in step 2, and in the same manner as in
Example 1, step 3, a crude product of [5-chloro-4-
(cyclohexylamino) -6-mercaptopyridin-3-yl1] [4-(4-
fluorophenyl)piperidin-l1-yl]methancne was cbtained and used for
the next reaction without purification.

FESIMS m/z: 448 (M + H)'

[0234]

(step 4) Using a crude product cof [5—-chlcro—4-

(cyclohexylamino) -6-mercaptopyridin-3-yl1] [4- {4~
fluorophenyl)piperidin—-l-yl]methanone obtained in step 3, and
in the same manner as in Example 1, step 4, a crude product of
3—chloro~4-(cyclohexylaminc}-5-[4-{4-flucrophenyl)piperidine-1-
carbonyl]pyridine~2~sulfonic acid was obtained and used for the
next reaction without purification.

ESIMS m/z: 496 (M + H)"

(step 5) Using a crude product of 3-chloro-4-(cyclohexylamino)-
5-[4-{4-fluorophenyl)piperidine-l-carbonyl]lpyridine-2-sulfonic
acid cobtained in step 4, and in the same manner as in Example 2,
compound 45 (77.7 mg, yield of 5 steps 4%) was obtained.

ESTMS m/z: 495 (M + H)"; 'H NMR (300 MHz, DMSO-dg, D0, &):
1.05-2.15 (m, 14H), 2.75-3.05 {(m, 2H), 3.05-3.75 (m, 3H), 4.55-
4.81 (m, 1H), 7.10-7.5C (m, 4H), 7.90-8.20 {m, 1lH).

Example 46
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[0235]

4~ (4d-chloro~2~methylphenylamino)-5-(3H-spiro{iscbanzcfuran-
1,4’ ~-piperidine]~1’~ylcarbonyl]lpyridine-2-sulfonamide (compound
46)

(step 1) Using 6-chloro-{4-chloro-Z-methylphenylamino)nicotinic
acid (0.75 g, 2.52 mmol) obtained in Example 20, step 2, and
3H-spiro[isobenzofuran-1, 4" -piperidine]lhydrochloride (0.684 ¢,
3.03 mmol), and in the same manner as in Example 1, step 1, [6-
chloro-4-(4-chloro-Z-methylphenylamino)pyridin-3-yl] (3H-
spiro[isobenzofuran-1,4’-piperidine]~-1f-yl)methanone (1.18 g,
quantitative} was obtained.

ESIMS m/z: 468 (M + H)'

(step 2) Using [6-chloro-4-{4-chloro-2-
methylphenylamino)pyridin-3-yl] (3E-spirc|[isobenzofuran-1, 4’ -
piperidine]-17-yl)methanone (1.08 g, 2.31 mmcl} obtained in
step 1, and in the same manner as in Example 1, step 3, [4-(4-
chloro-Z-methylphenylamino) -6-mercaptopyridin-3-y1] (3H~-
spirolisobenzofuran-1,4’ -piperidine]l-1’-yl)methancne (1.10 g,
93%) was obtained. ‘

ESIMS m/z: 466 (M + H)'

[023¢]

(step 3) [4-(4-Chloro-Z-methylphenylamine)-6-mercaptopyridin—3-
yl] (3H-spirociiscbenzofuran-1,4’ -piperidine]-1f-yl)methanone
(0.2 g, 0.43 mmol) obtained in step 2 was dissclved in
acetonitrile (2.15 ml), benzyltrimethylammonium chloride (0.32
g, 1.72 mmel), water (0.019 mL, 1.07 mmol) and N-
chlorosuccinimide (0.17 g, 1.29 mmol) were added under ice-
cooling, and the mixture was stirred for 30 min. To the
reaction mixture was added 25% agueous ammonia (0.146 g 2.15
mmol), and the mixture was stirred at 0°C for 30 min. 10%
Agqueous citric acid solution was added to the reaction mixture,
and the mixture was extracted with ethyl acetate. The ocrganic
layer was dried over anhydrous magnesium sulfate, and the
solvent was evaporated under reduced pressure. The residue was

purified by silica gel column chromatcgraphy
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(chiorcform/methancl=100/0-92/8) to give compound 46 (0.2 g,
91%) .

ESIMS m/z: 513 (M + H)*; 'H NMR (300 MHz, CDCls, &): 1.85-2.00 {(m,
4H), 2.26 (s, 3H), 3.46-3.63 (m, 2H), 5.00 (s, 2H), 5.09 (br s,
24y, 7.10-7.13 {(m, 1H), 7.19-7.35 (m, 9H), 8.25 (s, 1H), 8.36
(s, 1H).

Example 47

[0237]
4-(4d-chloro-Z-methylphenylamino)-N~cyclopropylcarbamoyl—5-(3H-
spirc[iscobenzofuran-1,4’~piperidine]-1’-ylcarbonyl]pyridine-2-
sulfonamide (compound 47)

Using compound 46 (80 mg, 0.16 mmol) and cyclopropyl
isocyanate (16 mg, 0.19 mmol), and in the same manner as in
Example 16, compound 47 (27 mg, 29%) was obtained.

ESIMS m/z: 596 (M + H)%; 'H NMR (300 MHz, CDClz,0): 0.48-0.52 (m,
2H), 0.72-0.78 (m, 2H), 1.86-1.%7 (m, 4H), 2.25 (s, 3H), 2.59-
2.65 (m, 1H), 3.46-3.€3 (m, 2H), 5.12 (s, 2H), 6.8l (br s, 1H),
7.11-7.13 {m, 1H), 7.16-7.33 (m, 9H), 8.34 (s, 1H), 8.36 (s,
1H) . |

Example 48

[0238]

3-chloro-4-(3-chlorophenylaminoe)-5-[4~ (4~
fluorophenyl)piperidine-l-carbonyl]pyridine-2-sulfonamide
(ccmpound 176)

(step 1) Using 4,5, 6-trichloronicotinic acid (400 mg, 1.77
mmol), and in the same manner as in Example 1, step 1, [4-{4-
fluorophenyl)piperidin-i-yl] (4,5, 6-trichloropyridin-3-
ylimethanone (630 mg, 95%) was obtained.

ESIMS m/z: 387 (M + H)V

(step 2} Using [4-(4-flucrophenyl)piperidin-1-vy1] (4,5, 6-
trichloropyridin-3-yl)methanone (400 mg, 1.03 mmcl) obtained in
step 1, and 3-chlorcaniline (0.14 mL, 1.3 mmol), and in the
same manner as in Example 1, step 2, [5,6-dichlore-4-(3-
chlecrephenylamino) pyridin-3-y1] [4-{4~-fluorophenyl)piperidin-1-
yl]lmethanone (250 mg, 51%) was obtainsd.
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ESIMS m/z: 478 (M + H)'

{(step 3) [5,6-Dichloro-4-(3-chlorophenylamino)pyridin-3-y1][4-
(4-Tluorophenyl)piperidin-1-yl]methanone (250 mg, 0.522 mmol)
okbtained in step Z was dissolved in DMF (2.61 mL), sodium
hydrogen sulfide n hydrate (146 mg, 1.83 mmol) was added, and
the mixture was stirred at B0°C for 2 hr. Saturated brine was
added to the residue, and the mixture was extracted with ethyl
acetate. The organic layer was washed with saturated brine,
and dried over anhydrous magnesium sulfate. The solvent was
evaporated under reduced pressure. The residue was purified by
silica gel ceclumn chromatography (chloroform/methanol=100/0-
85/5) to give [5-chloro-4-(3-chlorophenylamino)-6-
mercaptopyridin-3-yl] [4- (4-fluorophenyl)piperidin-1-
yl]methanone (259 mg, quantitative).

ESIMS m/z: 476 (M + H)"

[0239]

(step 4) Using [5-chloro-4-(3~chlorophenylamino)-6-
mercaptopyridin-3-yl1] [4~ (4~fluorcphenyl)piperidin-1-
yl]lmethanone (259 mg, 0.544 mmol) obtained in step 3, and in
the same manner as in Example 1, step 4, 3-chlocro-4-(3-
chlorophenylamine) ~5=[4~ (4-fluorophenyl)piperidine-1-
carbonyl]pyridine-Z2-sulfonic acid (196 mg, 69%) was obtained.
ESIMS m/z: 524 (M + H)"

(step 5) Using 3-chleoroc-4-{3-chlorophenylamino)-5~[4-(4—
fluorophenyl)piperidine-l-carbonyl]pyridine-Z-sulfonic acid
(196 mg, 0.374 mmecl) obtained in step 4, and in the same manner
as 1in Example 2, compound 176 (20.0 mg, 10%) was obtained.
ESIMS m/z: 523 (M + H)*; 'H NMR (300 MHz, CDCls,8): 1.48-1.58 (m,
3Hy, 1.75-1.87 (m, 2H), 2.66 (t, J = 11.7 Hz, 1H), 3.07 {(t, J =
12.5 Hz, 1H), 3.61 (d, J = 11.7 Hz, 1H), 4£.29 {d, T = 12.5 Hz,
1H), 5.46 (s, 2H), 6.99-7.07 (m, 3H), 7.08-7.12 (m, 2H), 7.12-
7.1% (m, 2H), 7.21 (d, J = 8.0 Hz, 1H), 7.32 (t, J = 8.0 Hz,
1H), 8.19 (s, 1lH}.

Example 49

(0240]
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3-chloro-4-{4A-chlorc-2-methylphenylamino) ~5-{4-{4-
flucrcphenyl)piperidine-l-carbonyl]pyridine-2-sulfonamide
(compound 177)

(step 1) Using [4-(A-flucrophenyl)piperidin-1l-y1]1{4,5,6-
trichloropyridin-3-yl)methanone (800 mg, 2.32 mmol) obtained in
Example 48, step 1, and 4-chloro-Z-methylaniline (427 mg, 3.02
mmol), and in the same manner as in Example 1, step 2, [5,6-
dichloro-4-(4-chloro-2-methylphenylaminoc) pyridin-3-y1] [4-(4-
fluorophenyl)piperidin-1l-yl]lmethancne (1.25 g, quantitative)
was cbtained.

ESIMS m/z: 492 (M + H)*'

(step 2) Using [5,6-dichloro—-4—{4d-chloro—2-
methylphenylamino)pyridin~3-yl] [4~ {(4-fluorophenyl)piperidin-1-
yl]lmethanone (500 mg, 1.01 mmol} cobtained in step 1, and in the
same manner as in Example 1, step 3, [5-chloro-4-{4-chloro-2-
methylphenylamino) -6-mercaptopyridin-3-yl] [4-(4-
fluorophenyl}piperidin-l-yl]lmethanone (350 mg, 70%) was
cbtained.

ESTMS m/z: 4390 (M + H)'

[0241]

(step 3) Using [5-chlorc-4-(4-chlcrc-Z2-methylphenylamino) -6-
mercaptopyridin-3-y1] [4-(4-fluorophenyl)piperidin-1-
yl]lmethanone (250 mg, 0.510 mmol) cbkbtained in step 2, and in
the same manner as in Example 1, step 4, a crude product of 3-
chloro-4-(4-chloro-Z-methylphenylamino)-5-[4-(4-
fluorcphenyl)piperidine-l-carbcenyl]pyridine-2-sulfonic acid was
obtained and used for the next reaction without purification.
ESIMS m/z: 538 (M + H)7

(step 4) Using a crude product of 3-chloro-4-(4-chloro-2-
methylphenylamino)-5-[4-{4-fluorophenyl)piperidine-1-
carbonyl]|pyridine-2-sulfcnic acid obtained in step 3, and in
the same manner as in Example 2, compound 177 (25.9% mg, yield
of 2 steps 12%) was obtained.

ESIMS m/z: 537 (M + H)*; 'H NMR (300 MHz, DMSO-d¢,8): 1.30-1.75
(m, 4H}, 1.80-2.10 {m, 1H), 2.09-2.30 (s, 3H}, 2.60-2.95 (m,
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2H}, 3.40-3.70 (s, 1H), 3.80-4.15 (s, 1H}, 7.00-7.40 {(m, 7H),
8.10 {s, 1H).

Example 50

(02427

3-chloro-4-(4-flucro-2-methylphenylamino) -5-{4-{4-
fluorophenyl)piperidine-1-carbonyl]-N’-benzoylpyridine-2-
sulfonimidamide (compound 19%4)

{(step 1) [5-Chleoro-4-(4-fluoro-Z2-methylphenylamino)-6-
mercaptopyridin-3-yl] [4-(4-f1luorcophenyl)piperidin~1-
yl]lmethanone (258 mg, 0.544 mmocl) obtained in Example 24, step
3 was dissclved in methanol (7.8 ml), N-bromosuccinimide (203
mg, 1.143 mmel) was added, and the mixture was stirred at room
temperature for 1 hr. To the reaction mixture was added water
was added, and extracted with chloroform. The organic layer was
washed with saturated brine, and dried over anhydrous magnesium
sulfate. The solvent was evaporated under reduced pressure,
and a crude product of methyl 3-chloro-4-({4~flucro-2-
methylphenylaming) -5~i4—({4~fluorcophenyl)piperidine-1-
carbonyl]pyridine-Z-sulfinate was obtalned and used for the
next step without purification.

ESIMS m/z: 520 (M + )7

(step 2) A crude product of methyl 3-chloro-4-(4-flucro-2-
methylphenylamine)-5-[4-(4-flucrophenyl)piperidine~1-
carbonyl]pyridine-2-sulfinate obtained in step 1 was dissclved
in THF (5.4 mL), and lithium bis(trimethylsilyl)amide (1.0
mol/L, THF solution, 2.42 mL, 2.42 mmol) was added dropwise at
~7B°C. After stirring for 20 min under ice-cocling, =saturated
agueous ammonium chloride solution was added, and the mixture
was stirred at room temperature for 15 min. The reaction
mixture was extracted with ethyl acetate, and the sclvent was
evaporated under reduced pressure. The residue was purified by
silica gel column chromatography {(heptane/ethyl acetate=1/5) to
give 3~chloro-4-(4~flucrco~2-methylphenylamino)-5-[4- (4~
fluorcphenyl)piperidine-l-carbonylpyridine-2-sulfinamide {168
mg, yield of 2 steps 62%).
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ESIMS m/z: 505 (M + H)7

[0243]

(step 3) 3"Chloro~4—(4—fluoro—Z—methylphenylamino)—5—[4—ﬁ4ﬂ
fluorophenyl)piperidine-1-carbenyl]pyridine-2-sulfinamide (168
mg, 0.344 mmel} obtained in step 2 was dissolved in THFE (3.3
mL), n-butyllithium (1.64 mol/L, hexane soluticn, 0.428 mlL,
0.701 mmol) and benzoic anhydride (79 mg, 0.351 mmol) were
added at -78°C, and the mixture was stirred for 15 min. To the
reaction mixture was added saturated aqueous ammonium chloride
solution, and the mixture was extracted with ethyl acetate.

The solvent was evaporated under reduced pressure, and the
residue was purified by silica gel ceclumn chromatography
(heptane/ethyl acetate=1/2) to give N-{3-chloro-4-(4-fluoro-2-
methylphenylamino)-5-{4-(4-fluorophenyl)piperidine-1-~
carbonyl]pyridin-2-ylsulfinyl }benzamide (100 mg, 49%).

ESIMS m/z: 609 (M + H)¥

(step 4) N-{3-Chloro-4-(4-fluoro-Z-methylphenylamino)-5-[4-{4-
fluorophenyl)piperidine-1-carbonyl]pyridin-2-
ylsulfinyl}benzamide (87.0C mg, 0.143 mmol} obtained in step 3
was dissolved in acetonitrile (1.4 mL), N-chlorosuccinimide
(22.9 mg, 0.171 mmol} was added, and the mixture was stirred at
room temperature for 1 hr. To the reaction mixture was added
hexamethyldisilasane (0.060 mL, C0.286 mmcl), and the mixture
was stirred at room temperature for 1 hr. To the reaction
mixture was added water, the mixture was extracted with ethyl
acetate, and the solvent was evaporated under reduced pressure.
The residue was purified by silica gel column chromatography
(chloroform/methanol= 20/1) and reslurried with acetornitrile to
give.3—chloro~4~(4—fluoro~2—methylphenylamino)—5—[4—(4—
flucrcphenyl)piperidine-1-carbonyl]-N’-benzoylpyridine-2-
sulfonimidamide {(50.6 mg, 57%).

ESIMS m/z: 624 (M + H)*; 'H NMR (400 MEz, CDCls,8): 1.36-1.52 (m,
2H)y, 1.74-1.85 (m, 2H), 1.91-2.25 {m, 1H), 2.25-2.35 (m, 1H),
2.56-2.70 {(m, 3H), 2.75-3.04 (m, 1H), 3.54-3.72 {(m, 1H), 4.18-
4.38 (m, 1lH), 6.57-6.72 {(m, 3H), 6.83-6.%0 (m, 1H), 6.%4-7.04
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(m, 4H), 7.06-7.15 (m, 2H), 7.43 (t, J = 7.7 Hz, 2H), 7.51-7.58
(m, 1H), €&.06 (s, 1H), 8.18-8.21 {(m, 1H), B8.21 (s, 1H).

Example 51

[0244]
3-chlerc~5-(4-cyano-4-phenylpiperidine-l-carbenyl) -4~ (4~fluorc-
2-methylphenylamino)pyridine-2-sulfonamide (compound 195)

(step 1) Using ethyl 4,5,6-trichloronicotinate (2.0 g, 7.86
mmol} and 4-fluorco-2-methylaniline {1.48 g, 11.8 mmol), and in
the same manner as in Example 1, step 2, ethyl 5,6-dichloro-4-
(4-flucro-2-methylphenylamino)nicotinate {1.64 g, ©1%) was
obtained.

ESIMS m/z: 343 (M + H)¥

(step 2) BEthyl 5,6-dichloro-4-(4-flucro-2-
methylphenylamine)nicotinate (1.00 g, 2.91 mmol} obtained in
step 1 was dissclved in DMF {8 ml), sodium hydrogen sulfide n
hydrate {(0.467 g, 5.83 mmol) was added, and the mixture was
stirred at room temperature for 2 hr. To the reaction mixture
was added saturated aguecus sodium chloride sclution, and the
mixture was extracted with ethyl acetate. The organic layer
was washed with water, and dried over anhydrous magnesium
sulfate. The sclvent was evapocrated under reduced pressure to
give ethyl LS-chlorc-4-(4-flucro-2-methylphenylamino) -6~
mercaptonicotinate (8900 mg, 91%) was obtained.

ESIMS m/z: 341 (M + H)7

[0245]

(step 3) Ethyl 5-chlorc-4-(4-flucro—=Z2-methylphenylaminoc)-6-
mercaptonicotinate (0.60 g, 1.76 mmol) obtained in step 2 was
dissclved in acetonitrile (10 mL}, 30% agueous hydrogen
peroxide soluticon (8.99 mL, 88 mmol) was added, and the mixture
was stirred at room temperature for 2 hr. To the reaction
mixture was added 12 mol/L hydrochloric acid {0.44 mL, 5.28
mmol), and the mixture was stirred at rocm temperature for 2 hr,
To the reaction mixture was added saturated aqueous sodium
chloride solution, .and the mixture was extracted with ethyl

acetate. The crganic layer was dried over anhydrous magnesium
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sulfate, and the solvent was evaporated under reduced pressure.
The residue was purified by silica gel column chromatography
(chloroform/methanol=1/4) to give 3-chloro-b-(ethoxycarbonyl) -
4-{4-fluoro-Z-methylphenylamino)pyridine-2-sulfonic acid (500
mg, 73%).

ESIMS m/z: 389 (M + H}"

(step 4) Using 3-chloro-5-(ethexycarbonyl)-4-(4-fluoro-2-
methylphenylamino)pyridine-2-sulfonic acid (500 mg, 1.29 mmol)
obtained in step 3, and in the same manner as in Example 2,
ethyl b5-chlcro-4- (4-flucro—-2-methylphenylamino)-€-
sulfamoylnicotinate (280 mg, 56%) was obtained.

ESIMS m/z: 388 (M + H)7

{step 5) Ethyl b-chlorc-4-{4-flucro-2-methylphenvylamingc)~-6-
sulfamoylnicotinate (250 mg, 0.645 mmol) obtained in step 4 was
dissclved in THF (4 mL), 1 mol/L agqueous sodium hydroxide
scluticn {2.58 mL, 2.58 mmol) was added, and the mixture was
stirred at room temperature for 2 hr. To the reactlion mixture
was added 1 mol/L hydrochloric acid, and the mixture was
extracted with ethyl acetate. The organic layer was washed
with saturated agueocus sodium chloride solution, and dried over
anhydrous magnesium sulfate. The solvent was evaporated under
reduced pressure tec give b5-chlorc-4-(4-fluoro-2-
methylphenylamine) -6-sulfamoylnicotinic acid (220 mg, 95%) was
obtained.

ESIMS m/z: 360 (M + H)"

[0246]

(step 6) Using 5-chloro-4-(4-fluoro=~2-methylphenylamino)-6-
sulfamoylnicotinic acid (25 mg, 0.069% mmol) obtained in step 5
and 4-phenylpiperidine-4-carbonitrile hydrochloride (31 mg,
0.139 mmol), and in the same manner as in Example 1, step 1,
compound 195 (30 mg, B8Z2%) was obtained.

ESIMS m/z: 528 (M + H)¥; 'H NMR (400 MHz, DMSO-dg, &): 2.00-2.15
(m, 4H), 2.22 (s, 3H), 2.69 (s, 2H), 2.98-3.07 (m, 1H), 3.62-
3.717 {m, 1H), 4.04-4.12 {m, 1H), €.94-7.01 (m, 1H), 7.10-7.22
(m, 2H)}, 7.38-7.62 (m, €H), 8.20 (s, 1H), 8.41 {(br s, 1H).
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Example 52

[C247]

4%(4wchloro¥2—methylphenylamino)—5—[4~(4—
fluorophenyl)piperidine-l-carbonyl]-3-methylpyridine~-2-
sulfonamide (compound 156)

(step 1) Using 4,6-dichloro-5~methylnicotinic acid (1.00 g,
4.85 mmol} obtained by the method described in a document
(Journal of Heterccyclic Chemistry, 1999, 36, p.953), and in
the same manner as in Example 1, step 1, (4,6-dichloro-5-
methylpyridin-3~yl) [4-{4{-flucrophenylipiperidin-1l-vyvl]methanocne
{1.60 g, 90%) was cbtained.

ESIMS m/z: 367 (M + H)'

(step 2) Using (4,6-dichloro-5-methylpyridin-3-yl) [4-(4-
fluorcophenyl)piperidin-l-yl]lmethancne (236 mg, 0.643 mmol), and
4-chloro-2-methylaniline {227 mg, 1.61 mmcl) obtained in step 1,
and in the same manner as in Example 1, step 2, [6-chloro-4-(4-
chloro-2-methylphenylamino)-5-methylpyridin-3~yl] [4-{4-
fluorcphenyl)piperidin-1-yl]methanone (273 mg, 90%) was
cbtained.

ESIMS m/z: 472 (M + H)~

[0248]

(step 3) Using [&-chloro-4-{4~chloro-2-methylphenylamino)-5-
methylpyridin-3-yl][4-(4~fluorophenyl)piperidin~l-yl]lmethanone
(270 mg, 0.572 mmol) obtained in step 2, and in the same manner
as in Example 1, step 3, [4-{4-chloro-Z-methylphenylamino}-6-
mercapto-5-methylpyridin-3-yl] [4-{4-fluorophenyl)piperidin~1-
vl]methanone (164 mg, 61%) was obtained.

ESIMS m/z: 470 (M + H)”

(step 4) Using [4-{4-chleoro-2-methylphenylamino)-6-mercapto-5-
methylpyridin-3-yl]{4-(4-fluorophenyl)piperidin-1-yl]lmethanone
(163 mg, 0.347 mmol) obtained in step 3, and in the same manner
as in Example 1, step 4, 4-(4-chloro-2-methylphenylamino)-5-[4-
(4-fluorophenyl)piperidine-l-carbonyl]-3-methylpyridine-2-
sulfonic acid {167 mg, 93%) was obtained.

ESIMS m/z: 518 (M + ©)*
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(step 5} Using 4-(4-chloro-Z-methylphenylamino)-5-[4~-{4-
fluorophenyl)piperidine—~l-carbonyl]-3-methylpyridine-2-sulfonic

acid (164 mg, 9.317 mmol) obtained in step 4, and in the same

manner as in Example 2, compound 196 (25.1 mg, 15%) was

obtained. |

ESIMS m/z: 517 (M + H)*; ' NMR (400 MHz, CDCls,8); 1.34-1.62 (m,

21y, 1.69-1.99 (m, 2H), 2.33 (s, 3H), 2.38 {(s, 3H), 2.52-2.83

(m, 2H), 2.93-3.27 {(m, 1H), 3.66-3.%6 {(m, 1H}, 4.56-4.78 (m,

1H), 5.51 (s, 2H), €6.52 (d, J = 8.2 Hz, 1H), 6.72 (s, 1lH),

6.94-7.04 {(m, 4H), 7.06 {(dd, J = 8.6, 2.3 Hz, 1lH), 7.24 (d, J =

2.3 Hz, 1H), 8.16 (s, 1H).

Example 53

[0249]

4-(3-chlorophenylamino) —5-[4-{4-flucrophenyl)piperidine-1-
carbonyl]-2-methylpyridine-2-sulfonamide {compound 197)

{(step 1) Using (4, 6-dichloro-5-methylpyridin-3-yl) [4-(4- j
flucrophenyl)piperidin-1-yl]methancne {236 mg, 0.643 mmol)
obtained in Example 52, step 1, and 3-chloroaniline (205 mg,
1.61 mmel), and in the same manner as in Example 1, step 2, [6-
chloro-4-(3~-chlorophenylamino)-5-methylpyridin-3-yl] [4- (4~
fluorophenyl)piperidin-l-yl]methanone (223 mg, 76%) was
obtained.

ESIMS m/z: 458 (M + 107

(step 2) Using [6-chloro-4-(3-chlorophenylamino) -5~
methylpyridin-3-yl] [4-{4-fluorophenyl)piperidin-1-yl]methanone
(220 mg, 0.480 mmol) obtained in step 1, and in the same manner
as in Example 1, step 3, [4-(3-chlorophenylamino}~6-mercapto-5-
methylpyridin-3-yl] f4~{4d-fluorophenyl)piperidin~l-yl]lmethanone
(182 mg, B83%) was obtained.

ESIMS m/z: 456 (M + H)®

[0250]

(step 3) Using [4-(3-chlorcphenylamino)-6-mercapto-5-
methylpyridin-3~-yl] [4-(4-fluorophenyl)piperidin-1-yl]methanone
{180 mg, 0.385 mmol) cbtained in step 2, and in the same manner

as 1in Example 1, step 4, 4-(3-chlorcphenylamino)-5-[4-(4-
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fluorcphenyl)piperidine-l-carbonyl]-3-methylpyridine-2-sulfonic
acid {174 mg, 87%) was obtained.

ESIMS m/z: 504 (M + H)

(step 4) Using 4-{3-chleorophnenylaminc)-5-[4-{4-
flucrophenyl)piperidine-l-carbonyl]-3-methylpyridine-2-sulfonic
acid (164 mg, 0.317 mmcl}) obtained in step 3, and in the same
manner as in Example 2, compound 197 (9.2 mg, 5.4%) was
cbtained.

ESIMS m/z: 503 (M + H)'; H NMR (400 MHz, CDCliz,s): 1.35-1.6%9 (m,
2H), 1.6%-1.%6 (m, 2H), 2.39 (s, 3H), 2.48-2.66 (m, 1H), 2.66-
2.82 (m, 1H), 3.08-3.30 (m, 1H), 3.68-3.90 (m, 1H), 4.51-4.72
(m, 1H), 5.53-5.76 (m, 2H), €.74 (d, J = 7.7 Hz, 1lH), 6.83 (t,
J = 1.8 Hz, 1H), 6.93-7.10 (m, 5H), 7.14 (s, 1H), 7.21 (t, J =
7.9 Hz, 1H), 8.19 (s, 1H).

Example 54

[0251]

3-chlocroc-N’ ~{ethylcarbamoyl)-4- (4d-fluorc—-2-methylphenylamino) -
5-[4-(4-fluorophenyl)piperidine-~l-carbonyl]pyridine-2-
sulfonamide (compcund 198)

(step 1) Using 3-chloro-4-{4-fluorc-Z-methylphenylaming)~5-[4~
(4-fluorophenyl)piperidine-l-carbonyl lpyridine-Z2-sulfinamide
{102 mg, 0.202 mmol) cbtained in Example 50, step 2, and ethyl
isocyanate {(0.017 mL, C.212 mmel), and in the same manner as in
FExample 50, step 3, 3-chloro~N-(ethylcarbamoyl)-4-{4-fluocro-2-
methylphenylamino)-5-{4~- (4-fluorophenyl)piperidine~1-
carbonylipyridine~2«sulfinamide (33.4 mg, 29%) was obtained.
ESIMS m/z: 576 (M + H)"

(step 2} Using 3-chlorc-N-{(ethylcarbamcyl)-4- (4-fluoro-2-
methylphenylamino) -5-[4- (4-fluorophenyl)piperidine-1-
carbonyl]pyridine-2-sulfinamide (31.0 mg, 0.054 mmol) obtained
in step 1, and in the same manner as in Example 50, step 4,
compound 198 (12.6 mg, 40%) was obtained.

ESIMS m/z: 591 (M + H)"; 'H NMR (400 MHz, CDCl3,8): 1.13 (t, J =
7.2 Hz, 3E), 1.38-1.50 (m, 2H), 1.74-1.84 {(m, 2H), 1.%2-2.26 {(m,
1H), 2.32 (s, 3H), 2.57-2.71 {(m, 1H), 2.74-3.02 (m, 1H), 3.11-
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3.32 (m, 2H), 3.56~-3.73 (m, 1H), 4.19-4.37 {(m, 1H), 5.20 (br s,
1H), 6.71 (s, 1H), 6.74 (br s, 2H), 6.89 (dt, J = 2.7, 8.2 Hz,
1H), 6.%96-7.04 (m, 4H), 7.11 (dd, J = 8.4, 5.2 Hz, 2H), 8.04 (s,
1H}) .

Example 55

[0252]

3-chloro-4-(4-fluocro-2-methylphenylaminc)-5-[4-{4-
fluorophenyl)piperidine~l-carbonyl]lpyridine-Z-sulfenimidamid
(compound Z200)

(step 1) Using 3-chloro-4-(4-flucrc-2-methylphenylamino)—~5-[4—
(d-fluorophenyl)piperidine-l-carbonyl]lpyridine-2-sulfinamide
(126 mg, 0.25C0 mmol) obtained in Example 50, step 2, and di-
tert-butyl dicarbonate (57.2 mg, 0.262 mmol), and in the same
manner as in Example 50, step 3, tert-butyl 3-chloro-4-(4-
flucro-Z2-methylphenylamine) -5-[4- (4-flucrophenyl)piperidine-1-
carbonyllpyridin-2-ylsulfinylcarbamate (96.0 mg, 64%) was
obtained.

ESIMS m/z: 605 (M + H)¥

(step 2) Using tert-butyl 3-chloro-4-{4-fluoro-2-
methylphenylamine)-5-[4-(4-flucrophenyl)piperidine-1-
carbenyl]pyridin-2-ylsulfinylcarbamate {23.0 mg, C0.154 mmol)
obtained in step 1, and in the same manner as in Ekample 50,
step 4, 3-chloro~4-(4-fluorc-2-methylphenylaminoc)-5-[4- (4~
fluorophenyl)piperidine-l-carbonyl] -N’ ~tert-
butoxycarbonylpyridine-2-sulfonimidamide {(22.5 mg, 24%) was
obtained.

ESIMS m/z: 620 (M + H)'

F0253]

(step 3) 3-Chlorec-4-(4-fluoro-Z-methylphenylamino) -5-[4- (4-
fluorophenyl)piperidine~l-carbonyl]-N/-tert—
buteoxycarbonylpyridine-2-sulfonimidamide (20.0 mg, 0.032 mmol)
cbtained in step 2 was dissolved in dichloromethane (1 mL},

triflucroacetic acid (0.248 mL, 3.23 mmel} was added, and the

‘mixture was stirred at room temperature for 30 min. The

solvent was evaporated under reduced pressure to give and the
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residue was purified by silica gel cclumn chrecmatography
(chleroform/methanol= 10/1) to give compound 200 (16.6 mg, 99%).
ESIMS m/z: 520 (M + H)"; 'H NMR (400 MHz, CDCls, 8): 1.37-1.54 (m,
2H), 1.74-1.84 {(m, 2H), 2.32 (s, 3H), 2.37-2.46 (m, 1H), 2.64
(tt, J = 3.6, 12.2 Hz, 1H), 2.78-3.04 {(m, 1H), 3.53-3.70 (m,
1H), 4.21-4.36 {m, 1H), 6.72 (br s, 1H), 6.89%9 (td, J =8.2, 2.9
Hz, 1H), ©6.96-7.05 {(m, 4H), 7.07-7.14 {m, 2H), 8.03 (s, 1H}.
Example 56

[0254]
[5-c¢hlore~6~(ethylsulfonyl)-4-(o-teolylamino)pyridin-3-yl] [4-(4-
fluorophenyl)piperidin-l-ylimethanone (compound 204)

{(step 1) [5,6-Dichloro~4~{o-tolylamino}pyridin-3-yl1][4-(4-
fluorophenyl)piperidin-1l-yl]methanone (148 mg, 0.323 mmol)
obtained in Example 33, step 2 was dissolved in DMF (1.5 mL},
sodium ethanethiolate {102 mg, 0.969% mmol) was added, and the
mixture was stirred at room temperature for 1.5 hr. To the
reaction mixture was added water was added, and the mixture was
extracted with ethyl acetate. The solvent was evaporated under
reduced pressure tc give and the residue was purified by silica
gel column chromatography {heptane/ethyl acetate= 2/1) to give
[5-chloro-6-(ethylthio)-4-{o-tolylaminc)pyridin-3-y1] [4- {4~
fluorophenyl)piperidin-1-yl]methancne (100 mg, 64%).

ESIMS m/z: 484 (M + H)7

(step 2) [5-Chloro—~6- (ethylthio)-4-(o-tolylamino)pyridin-3-

y1l] [4~{(4-fluorophenyl)piperidin-l-yllmethancne (47 mg, 0.097
mmol) obtained in step 1 was dissclved in dichloromethane (1.0
mL), m=chloroperbenzoic acid (36.9 mg, 0.214 mmol} was added
under ice-cooling, and the mixture was stirred at rocm
temperature for 3 hr. Tc the reaction mixture was added
saturated agueous sodium hydrogen carbonate solution, and the
mixture was extracted with chlorcform. The solvent was
evaporated under reduced pressure and the residue was purified
by silica gel column chromatography (heptane/ethyl acetate=
2/1) to give compound 204 (26.1 mg, 52%).

BSIMS m/z: 516 (M + H)Y; 7 NMR (A00 MHz, CDCls,d): 1.36=1.46 {m,
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24y, 1.49 (t, J = 7.2 Hz, 3H), 1.69-1.83 {m, 2H), 1.88-2.12 {(m,
18), 2.33 (s, 3H), 2.60 (tt, J = 3.6, 0.5 Hz, 1H), 2.76-3.01 (m,
1H), 3.52-3.76 (m, 3H), 4.16-4.27 (m, 1H), €.84 (br s, 1lH),
6.95-7.05 (m, 3H), 7.05-7.12 {(m, 2H}, 7.20 {dt, J = 9.7, 3.9 Hz,
2H), 7.27-7.32 {(m, 1H), 8.10 (s, 1H).

Example 57

[0255]
3-chloro~5~[4-(4~fluorophenyl)piperidine-l-carbonyl] -4- {m-
tolylthio)pyridine-Z-sulfeonamide (compound 210)

(step 1) 60% Sodium hydride (203 mg, 5.08 mmol) was dissolved
in THF {10 mL), 2-propancl (0.19 mL, 2.4 mmcl) and a solution
of 4,5,6-trichloronicotinic acid (500 mg, 2.21 mmol)} in THF (2
mL) were added under ice-cocling, and the mixture was stirred
at room temperature for 2 hr. To the reacticn mixture was
added 1 mol/T hydrochloric acid (5.5 mL, 5.5 mmel), and the
mixture was extracted with ethyl acetate. The crganic layer
was dried over anhydrous magnesium sulfate, and the solvent was
evaporated under reduced pressure to give a crude product of

5, 6-dichloro-4-isopropoxynicotinic acid, which was used for the
next reaction without purification.

ESIMS m/z: 250 (M + H)'

(step 2) Using a crude product of 5,6-dichloro-4-
isopropoxynicotinic acid obtained in step 1, and in the same
manner as in Example 1, step 1, (5,6-dichloro—4-
iscopropoxypyridin-3-yl) [4- (4-fluorophenyl) piperidin-1-
yl)methanone (780 mg, vield of 2 steps 86%) was obtained.

ESIMS m/z: 411 (M + H)"

[0256]

{step 3) (5,6-Dichloro-4~isopropoxypyridin-3-y1) [4-{4-
flucorophenyl)piperidin=l=yl)methanone (760 mg, 1.85 mmol)}

cbtained in step 2 was dissolved in DMF {2.0 mL}, sodium

" hydrogen sulfide n hydrate (518 mg, €6.47 mmol) was added, and

the mixture was stirred at 80°C for 1 hr. To the reaction
mixture was added saturated agqueous sodium chloride soluticn,

and the mixture was extracted with ethyl acetate. The organic
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layer was washed with saturated agueocus sodium chloride
soluticon, and dried over anhydrous magnesium sulfate. The
sclvent was evaporated under reduced pressure. The residue was
purified by silica gel column chreomatography
{(chloroform/methanol=20/1) to give (5-chloro-4-isopropoxy-6-—
mercapteopyridin-3-yl) [4-(4-fluorcphenyl)piperidin-1-
vl]lmethanone (626 mg, B3%).

ESIMS m/z: 409 (M + H)7

(step 4} Using {(5-chloro-4-isopropoxy-6-mercaptopyridin-3-

yl) [4-{4-flucrophenyl)piperidin-1~-yl]methanone {149 mg, 0.364
mmol) obtained in step 3, and in the same manner as in Example
46, step 3, 3-chloro-5-[4-{4-fluorophenyl)piperidine-1~
carbonyl]~4-iscpropoxypyridine-2-sulfonamide (138 mg, 83%) was
obtained.

ESIMS m/z: 456 (M + H)7

[0257]

(step 5} 3-Chloro-5-[4-(4-fluorcphenyl)piperidine-l-carbonyl]-
4-isopropoxypyridine-Z-sulfonamide (143 mg, 0.314 mmol)
obtained in step 4 was dissoclved in toluene (6.3 mlL), aluminum
chloride (209 mg, 1.57 mmol) was added, and the mixture was
stirred at 70°C for 1 hr. To the reaction mixture was added
water was added, and the mixture was extracted with ethyl
acetate. The organic layer was dried over anhydrous magnesium
sulfate, and the solvent was evaporated under reduced pressure.
The residue was purified by silica gel column chromatography
(ethyl acetate/methanol=6/1) to give 3=-chloro-5-[4-(4-
fluorcphenyl)piperidine-l-carbonyl]~4~hydrcxypyridine-2-
sulfonamide (121 mg, 93%).

ESIMS m/z: 414 (M + H)~

(step ©6) 3-Chloro-5-[4-(4-flucrophenyl)piperidine-1-carbonyl]-
4-hydroxypyridine-2-sulfonamide {217 mg, 0.524 mmol) obtained

in step 5 was dissolved in acetonitrile (2.6 mlL), phosphorus

oxychloride (0.22 mL, 2.4 mmol} was added, and the mixture was
atirred under reflux for 7.5 hr. The reaction mixture was

added to saturated aqueous scdium hydrogen carbonate solution,
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and the mixture was extracted with ethyl acetate. The organic
layer was dried over anhydrous magnesium sulfate, and the
solvent was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (ethyl acetate) to
give 3,4-dichloro-5~[4-(4-fluorophenyl)piperidine-1-

carbonyl ]pyridine-2-sulfonamide (208 mg, 92%)}.

ESIMS m/z: 432 (M + H)"

[0258]

(step 7) Using 3,4-dichloro-5-[4-(4-flucrophenyl)piperidine-1-
carbonyllpyridine-Z-sulfonamide (25.9% mg, 0.060 mmol) cbtained
in step €, and 3-methylbenzenethicl (0.011 mL, 0.096 mmol), and
in the same manner as in Example 1, step 2, compound 210 (29.8
mg, 96%) was obtained.

ESIMS m/z: 520 (M + H)'; 'H NMR (400 MHz, CDCls;, &): 1.42-1.98 (m,
5H), 2.30-2.38 {(m, 3H), 2.43-3.19 (m, 2H), 3.36~3.45 (m, 1H),
4.55-4.83 {m, 1H), 5.26-5.30 (m, 2H), 6.96-7.02 {(m, 2H), 7.05-
7.25 (m, 6H), 8.30-8.35 (s, 1H).

Example 58

[0259]

N-{3-chloro-5-[4- (4-fluorophenyl)piperidine-l-carbonyl]-2-
sulfamoylpyridin-4-yl}benzamide {compound 211}

(step 1) Using [4~(4-fluorcphenyl)piperidin-1-yl1](4,5,6-
trichloropyridin-3-yl)methanone (123 mg, 0.317 mmol} obtained
in Example 48, step 1, and (4-methoxyphenyl)methanamine (0.053
mL, 0.41 mmol), and in the same manner as in Example 44, step 1,
a crude product of [5,6-dichloro-4-(4-
methoxybenzylamino) pyridin-3-yl] [4- {4-fluorophenyl)piperidin-1-
yl]lmethancne was obtained and used for the next reacticn
without purification.

ESIMS m/z: 488 (M + H)"

(step 2) The crude product of [5,6-dichloro~4-(4-
methoxybenzylamine)pyridin-3-y1] [4~ (4-flucrophenyl)piperidin-1-
yl]lmethanone obtained in step 1 was dissolved in
dichloromethane (2.0 mL), triflucrcacetic acid {(0.50 mL, 6.5

mmel) was added, and the mixture was stirred at room
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temperature for 11 hr. The solvent of the reaction mixture was
evapcrated under reduced pressure and the residue was purified
by silica gel cclumn chromatography {(heptane/ethyl acetate=1/0-
1/1) to give (4-amino~5,6-dichloropyridin-3-yl) [4-(4-
fluorophenyl)piperidin-l«yllmethancne (90.3 mg, yield of 2
steps 77%).

ESIMS m/z: 368 (M + H)7

(02601}

(step 3) (4-Amino-5,6-dichlorcpyridin-3-yl) [4- (4~
fluorophenyl)piperidin-l-ylimethanone (77.0 mg, 0.202 mmol)
obtained in step 2 was dissolved in dichlcromethane {3.0 mL),
triethylamine (0.61 mL, 4.4 mmol), benzoyl chloride (1.3 mL,
1.3 mmel) and DMAP (25.6 mg, 0.208 mmol}) were added under ice~
cooling, and the mixture was stirred at room temperature for 16
hr. Toc the reacticn mixture were added water and saturated
aqueous ammonium chloride solution, and the mixture was
extracted with ethyl acetate. The organic layer was dried over
anhydrous magnesium sulfate, and the sclvent was evaporated
under reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate=1/0-1/1) to give N-
benzoyl-N-{2,3-dichloro-5-[4- (4-flucrophenyl)piperidine-1-
carbenyl]lpyridin=4-ylibenzamide {117 mg, 97%).

ESIMS m/z: 576 (M + H)V

(step 4) Using N-benzoyl-N-{2,3-dichloro-5-[4~(4-
fluorophenyl}piperidine-l-carbonyl]pyridin-4-yl}benzamide (117
mg, 0.202 mmol) obtained in step 3, and in the same manner as
in Example 57, step 3, N-benzoyl-N-{3-chloro-5-[4-(4-
fluorcphenyl)piperidine-l-carbonyl]~2-mercaptopyridin-4-
yllbenzamide (49.3 mg, 42%) was obtained.

ESIMS m/z: 574 (M + H)~

[0261]

(step 5) N-benzoyl-N-{3-chloro-5-[4-{4-fluorophenyl)piperidine-
l-carbonyl]-2-mercaptopyridin-4-yl}benzamide {49.3 mg, 0.086
mmol) obtained in step 4 was dissclved in methancl (3.0 mL),

potassium carbonate {11.9 mg, 0.086 mmol) was added, and the
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mixture was stirred at rcom temperature for 1.5 hr and under
reflux for 22.5 hr. To the reaction mixture was added
saturated aguecus ammonium chleride solution, and the mixture
was extracted with ethyl acetate. The crganic layer was dried
over anhydrous magnesium sulfate, and the seclvent was
evaporated under reduced pressure. The residue was purified by
silica gel column chromatography (heptane/ethyl acetate=1/0-
1/1) to give N-{3-chloro-5-[4-{4-flucrophenyl}piperidine-1-
carbonyl]-2-mercaptopyridin-4-yl}lbenzamide (27.6 mg, 68%).
ESIMS m/z: 470 (M + H)~
(step 6) Using N-{3-chloro-5-[4-(4-flucorophenyl)piperidine-1-
carbonyl]-Z-mercaptopyridin-4-ylibenzamide {117 mg, 0.202 mmcl)
cbtained in step 5, and in the same manner as in Example 46,
step 3, compound 211 (2.9 mg, 16%) was obtained.
ESIMS m/z: 517 (M + H)"; 'H NMR {300 MHz, CDCls;,8): 1.58-1.78 (m,
2H), 1.96-2.06 (m, 2H), 2.81 (d, J = 11.7 Hz, 2H), 3.29-3.45 (m,
1H), 3.94 (4, T = 15.4 Hz, 1H), 4.53-4.81 {(m, 1H), 6.37 (br s,
2d), 7.02 (¢, J =18.4 Hz, 2H), 7.19 (dd, T = 5.5, 8.4 Hz, 2H),
7.52-7.62 {(m, 3H), 8.03 (d, J = 7.0 Hz, 2H), 8.17 (s, 1H), B.82
(s, 1H).
Example 59
[0262]
4-benzyl-3-chloro-5-[4-(4-fluorophenyl }piperidine-1-
carbonyl]pyridine-Z-sul fonamide (compound 212)
3,4-Dichloro-5-[4-(4-fluorcphenyl)piperidine-1-
carbonyl ]pyridine-Z2-sulfonamide (20.0 mg, 0.0460 mmol) obtained
in Example 57, step 6, and [1,3-bis{2,6-
diisopropylphenyl)imidazol-2-ylidene] {3-
chloreopyridyl)palladium{IT) dichloride (PEPPSI™, 9.4 mg, 0.014
mmol) were dissolved in THF (1.0 mL}, 0.5 mcol/L benzyl zinc
bromide/THF sclution (0.28 mL, 0.14 mmcl) was added, and the
mixture was stirred at room temperature for 12 hr. To the
reaction mixture was added saturated agqueous ammonium chloride
solution, and the mixture was extracted with ethyl acetate.

The organic layer was washed with saturated agueocus sodium
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chioride sclution, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure. The residue
was purified by silica gel column chromatography (heptane/ethyl
acetate=1/0-0/1) and preparative HPLC (XBridge™ manufactured
by Waters) (acetonitrile/0.05% aquecus triflucroacetic acid
sclution) to give compecund 212 (3.0 mg, 13%).

ESIMS m/z: 488 (M + H)"; H NMR (400 MHz, CDCls,8): 1.53-1.74 (m,
2H), 1.77-2.07 (m, 2H), 2.46-2.64 (m, 2H), 2.69%-3.27 {m, 2H),
4.,08-4.48 (m, 1H), 4.50-4.64 (m, 1H), 4.69-4.93 (m, 1H), 5.26
(br s, 2H), ©.94-7.01 (m, 3H), 7.08-7.21 (m, 4H), 7.27-7.34 (m,
2H), 8.24-8.28 (m, 1H).

Example 60

[0263]
3-chloro-5-[5-(4-flucrophenyl)octahydropyrrele[3,4-clpyrrole-2~
carbconyl]-4-{m-tolylamino)pyridine-2-sulfonamide {compound 213)
(step 1) tert-Butyl hexahydropyrrolo[3,4-clpyrrole-2 (1H) -
carboxylate (3200 mg, 1.41 mmol) was dissolved in toluene (10
mL), l-bromc-4-fluorcobenzene (0.20 mL, 1.84 mmol), 2,27 -

bis (diphenylphosphino}~1, 1’ -binaphthyl (35 mg, 0.057 mmol),
tert-butoxy sodium (217 mg, 2.26 mmol) and
tris({dibenzylideneacetone)dipalladium(0) (26 mg, 0.028 mmol)
were added, and the mixture was stirred at B85°C for 12 hr. The
reaction mixture was filtered through celite (registered trade
mark), saturated aqueous sodium hydrogen carbcnate solution was
added, and the mixture was extracted with ethyl acetate. The
organic layer was washed with saturated aqueous sodium chloride
solution, and dried over anhydrous magnesium sulfate. The
solvent was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (heptane/ethyl
acetate=3/2} to give tert-butyl 5-(4-
flucrophenyl)hexahydropyrrolo([3,4-c]lpyrrole-2(1H)-carboxylate
(140 mg, 32%).

ESIMS m/z: 307 (M + H)".

[0264]

(step 2) tert-Butyl 5-(4-fluorophenyl)hexahydropyrrolo[3, 4-
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clpyrrele-2(1H) —carboxylate (130 mg, 0.424 mmol) obtained in
step 1 was dissolved in ethyl acetate (1 mL), 4 mol/L
hydrochloric acid/ethyl acetate sclution (0.530 mL, 2.12 mmol)
was added, and the mixture was stirred at room temperature for
2 hr. The reaction mixture was concentrates under reduced
pressure to give 2-(4-fluorcphenyl)occtahydropyrrolo[3, 4-
clpyrrole hydrochloride (100 mg, 27%).

ESIMS m/z: 207 (M + H)"

(step 3) Using ethyl 4,5,6-trichloronicotinate (1.50 g, 5.89
mmol) and m-toluidine (0.695 g, 6.48 mmol), and in the same
manner as in Example 1, step 2, ethyl 5,6-dichlorc-4-(m-
tolylamino)nicotinate {1.00 g, 52%) was obtained.

ESIMS m/z: 325 (M + H)'.

{(step 4} Using ethyl 5,6-dichlorc-4-(m-tolylamino)nicotinate
(0.95 g, 2.92 mmel) obtained in step 3, and in the same manner
as in Example 51, step Z, ethyl 5-chloro-%-mercapto-4-{(m-
tolylamino}nicotinate (0.9 g, 95%) was obtained.

ESIMS m/z: 323 (M + H)®

[0265]

(step 5) Using ethyl 5-chloro-é6-mercapto-4- (m-
tolylamino)nicotinate (0.8 g, 2.48 mmol) obtained in step 4,
and in the same manner as in Example 51, step 3, a crude
product of 3-chloro-5-{ethoxycarbonyl)-4- (m-
tolylamino)pyridine-Z2-sul fonic acid was obtained and used for
the next reaction without purification.

ESIMS m/z: 371 (M + H)T

{step 6) Using a crude product of 3-chloro-5-(ethoxycarbonyl)-
4-{m-tolylamino)pyridine-Z-sulfonic acid obtained in step 5,
and in the same manner as in Example 2, ethyl 5-chloro-6-
sulfamoyl-4-(m-tolylaminc)nicotinate (370 mg, yield of 2 steps
40%) was obtained.

ESIMS m/z: 370 (M + H}'

(step 7) Using ethyl 5-chloro-6é-~sulfamoyl-4- (m-
tolylamino)nicotinate (350 mg, 0.946 mmcl} cobtained in step 6,

and in the same manner as in Example 51, step 5, 5~chloro-6-
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sulfamoyl-4-{m-tolylaminc)nicotinic acid {320 mg, 3939%) was
obtained.

ESIMS m/z: 342 (M + H)F

(step 8) Using Z2-(4-fluorophenyl)octahydropyrrolo[3, 4-clpyrrole
hydrochleoride (27 mg, 0.110 mmol) obtained in step 2, and 5-
chlcreo—-6-sulfamoyl-4- {m-tolylamine}nicotinic acid (25 mg, 0.073
mmel) cobtained in step 7, and in the same manner as in Example
1, step 1, compcund 213 {332 mg, 85%) was ohtained.

ESIMS m/z: 53C (M + H)*; *H NMR (400 MHz, DMSO~ds, 3): 2.22 (s,
3H), 2.70-2.77 {m, 2H}, 2.88-2.96 (m, 2H), 3.02-3.10 {(m, 2H),
3.24-3.32 (m, 2H), 3.44-3.51 (m, 2H), €.46-6.5Z2 (m, 2H), 6.77-
6.93 (m, 3H), 7.02 (t, § =8.8 Hz, 2H), 7.13 (t, J = B.8 Hz,
1H), 7.62 (br s, 2H), 8.21 (s, 1H), 8.7C (s, 1H).

Example 61

[0266]

3~chloro-5-[2',4" ~dihydro~1'H~spiro[piperidine~4, 3’ —quinoline] -
l=-ylcarbonyl]~4~{m~tclylamine)pyridine-~2=sulfonamide (compound
218)

(step 1) tert-Butyl 2’,4’'-dihydro-1'H-spiro[piperidine-4,3’-
quineoline] -l1-carboxylate (200 mg, 0.661 mmol) was dissolved in
THE (3 mL}, benzyloxycarbonyl chloride (0.208 mL, 1.45 mmol)
and potassium carkonate (274 mg, 1.98 mmol) were added, and the
mixture was stirred at rocm temperature for 3 hr. To the
reaction mixture was added saturated agquecus ammonium chloride
solution, and the mixture was extracted with ethyl acetate.

The organic layer was washed with saturated agqueocus sodium
chloride solution, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure to give a
crude product of 1'-benzyl l-tert-butyl 1'H-spirco[piperidine-
4,3’ -quinclinel-1,1" (2'H,4"H) -dicarboxylate, which was used for
The next reaction without purificatiocn.

ESIMS m/z: 437 (M + H)"

{step Z2) Using a crude product of 1'-benzyl l1-tert-butyl 17H-
spircipiperidine-4,3’ -quincline]-1,1" (27H, 4'H) -dicarboxylate

cbtained in step 1, and in the same manner as in Example €0,
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step 2, benzyl 27,4’ -dihydro-1'H-spiro[piperidine—4,3’ -
gquincline]-1’-carbexylate (100 mg, yield of 2 steps 45%) was
obtained.

ESIMS m/z: 337 (M + H)'

0267]

(step 3) Using benzyl 2',4’-dihydro-1'H-spiro[piperidine~4, 3’ -
quinoline]-1’-carboxylate (74 mg, 0.219 mmol) obtained in step
2, and 5-chlorc-6-sulfamoyl-—-4- (m~-tolylamino)nicotinic acid (5C
mg, 0.146 mmol) obtained in Example 60, step 7, and in the same
manner as in Example 1, step 1, benzyl 1-[5-chloro-6-sulfamoyl-
4-(m-tolylamino)nicotinoyl]~27,4’ -dihydro-1’H-spiro[piperidine-
4,3"-quinocline]-1f ~carboxylate {70 mg, 73%) was obtained,.

ESIMS m/z: 660 (M + H)Y

(step 4) Benzyl 1-[5-Chloro-6-sulfamoyl-4- (m-
tolylamino)nicetinoyl]-27,4" ~dihydro~l1'H-spiro([piperidine-4,3" -
quinoline] -1’ -carboxylate (50 mg, 0.076 mmol) obtained in step
3 was dissclved in methanol (4 mL), and passed through a
ThalesNanc inc., H-Cube (registered trade mark) flow type
hydrogenation reaction apparatus. As the cartridge, 10% P4/C
Cat Cart 30 was used, and full HZ mode, Temperature 30°C, flow
rate 1 ml/min were employed. After completion of the reaction,
the reaction mixture was concentrated under reduced pressure,
and the residue was purified by preparative HPLC (XBridge™
manufactured by Waters) (acetonitrile/0.03% aqueous
trifluorcacetic acid solution) to give compound 218 (11 mg,
28%) .

ESIMS m/z: 526 (M + HY'; 'H NMR (400 MHz, CDCls, &): 1.23-1.34
(m, 7H}, 2.38 (s, 3H), 2.50-2.537 (m, 2H), 2.93-3.00 {(m, 2H),
3.06-3.14 (m, 2H), 5.75 (br s, 2H), 6.48 (d, J = 7.8 Hz, 1lH),
6.63 (t, J = 7.3 Hz, 1H), 6.90-6.95 (m, 2H), 6.926-7.00 (m, 2H),
7.02-7.07 (m, 2H), 7.24 (s, 1H), 8.11 (s, 1H).

Example 62

[0268]
5—[4—(4—fluorophenyl)piperidine—l—carbonyl]—3—methyl—4—(ln
phenylethylamino)pyridine~2~sulfonamide (ccmpound 220)
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(step 1) Using {4, 6-dichloro-5-methylpyridin-3-yl) [4- (4-
fluorophenyl)piperidin~l-yl]lmethanone {450 mg, 1.23 mmol)
obtained in Example 52, step 1, and l-phenylethan-l-amine {595
mg, 4.91 mmol), and in the same manner as in Example 44, step 1,
[6-chloro-5-methyl-4- (1-phenylethylamino)pyridin-3-yl] [4-(4-
fluorophenyl)piperidin-1-yl]methanone (460 mg, 83%) was
obtained.

ESIMS m/z: 452 (M + H)'

(step 2) Using [6-chlorc-5-methyl-4-(1-
phenylethylamine)pyridin-3-yl] [4-{4-fluorcphenyl)piperidin-1-
yl]lmethanone (340 mg, 0.750 mmel) obtained in step 1, and in
the same manner as in Example 1, step 3, [4-(4-
fluorophenyl)piperidin-1-yl1] [6-mercapto-5-methyl~4-(1-
phenylethylamino)pyridin-3-yl]lmethancne (310 mg, 92%) was
obtained.

ESIMS m/z: 450 (M + W)V

[0269]

(step 3) [4-({4-Fluorophenyl)piperidin~l-yl][é&é-mercapto-5-
methyl-4- (1-phenylethylamino)}pyridin-3~yl]lmethanone (150 mg,
0.330 mmel), and 3 mol/L hydrechloric acid (0.6 mL, 2.0 mmol)
obtained in step 2 were dissolved in acetonitrile (3.0 mL), 5%
agueous sodium hypochlorite solution (2.00 g, 1.35 mmel) was
added dropwise under ice-coocling, and the mixture was stirred
at 0°C for 15 min. To the reaction mixture was added saturated
agueous ammonia solution (1.0 mlL), and the mixture was stirred
at room temperature for 2C min. The reaction mixture was
extracted with ethyl acetate, dried cver anhydrous sodium
sulfate, and the sclvent was evaporated under reduced pressure.
The residue was purified by preparative HPIC (XBridge™
manufactured by Waters) (acetonitrile/50 mmol/L aqueous
ammonium carbonate sclution) to give compound 220 (30.2 mg,
18%) .

ESIMS m/z: 497 (M + H)*; 'H NMR {300 MHz, DMSO-de, 8): 1.43 (d, J
= 13 Hz, 3 H), 1.44-1.50 {(m, 4H), 2.10-2.47 {(m, 1H), 2.48-2.51
{m, 2H), 2.52 (s, 3H), 2.52-2.80 (m, 1H), 4.80-4.28 {(m, 1H),
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5.60-5.78 (m, 1H), 6.9%-7.08 (m, 4H), 7.26-7.34 (m, 8H), 7.96
(s, 1H).

Example 63

[0270]
4-({benzylamino)-3-fluoro-5-[4-(4-fluorophenyl)piperidine-1-
carbonyl]-N~(isoxazocl-3-yl}pyridine-2-sulfonamide (compound
225)

{step 1) Benzylamine (0.542 mlL, 4.%6 mmel) was dissolved in THF
(10 mL), 2.0 mol/L lithiumdiisopropylamide/THF sclution (45 ml,
45 mmol) was added dropwise at ~78°C, and the mixture was
stirred at -78°C for 30 min. To the reaction mixture was added
4-chloro-5,é-difluoronicotinic acid (€00 mg, 3.10 mmol), and
the mixture was stirred at -78° for 30 min. To the reaction
mixture was added saturated agqueous ammonium chloride solution,
and the mixture was extracted with ethyl acetate. The organic
layer was dried over anhydrous magnesium sulfate, and the
solvent was evaporated under reduced pressure to give a crude
product of 4-(benzylamino)-5,6~difluorconicotinic acid, which
was used for the next reacticn withcut purification.

ESIMS m/z: 265 (M + H)"

(step 2) Using a crude product of 4-(benzylaminc)-5, 6-
difluoronicetinic acid cobtained in step 1, and in the same
manner as in Example 1, step 1, [4-(benzylamino)-5,6-
diflucropyridin-3-yl] [4-({4-fluorophenyl)piperidin-1-
yl]lmethanone (480 mg, yield of 2 steps 36%) was obtained.

ESIMS m/z: 426 (M + )7

(step 3) Using [4-(benzylamino)-5,6~diflucropyridin-3~yl][4-{4-
fluorophenyl)piperidin-l-yl]methanone {480 mg, 1.13 mmol)
obtained in step 2, and in the same manner as in Example 57,
step 3, [4-{benzylamino)-5-fluorc-€-mercaptopyridin-3-yl][4-(4-
fluorophenyl)piperidin-1-vyvl]lmethancne (370 mg, 75%) was
cbtained.

ESIMS m/z: 440 (M + H)~

[0271]

(step 4) [4-(Benzylamino)-5-flucro-6-mercaptopyridin-3-yl][4-
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(4-fluorophenyl)piperidin-l-yl]lmethancne (150 mg, 0.341 mmol)
obtained in step 3 was dissclved in acetonitrile (3.41 mL),
benzyltrimethylammonium chloride {253 mg, 1.365 mmol), water
(0.015 mL, 0.8%53 mmol) and N-chlorosuccinimide (137 mg, 1.024
mmol) were added at ~25°C, and the mixture was stirred for 20
min while raising the temperature to -10°C. To the reaction
mixture was added 3-amincisoxazole (0.504 mL, 6.83 mmol), and
the mixture was stirred for 10 min while raising the
temperature to 0°C. To the reaction mixture was added
saturated agquecus sodium chloride sclution, and the mixture was
extracted with ethyl acetate. The organic layer was dried over
anhydrous magnesium sulfate, and the solvent was evaporated
under reduced pressure. The residue was purified by silica gel
column chromatography (chloroform/methancl= 9/1) tc give
compound 225 (120 mg, ©4%).

ESIMS m/z: 554 (M + H)}'; "H NMR (400 MHz, DMSO-dg, 8): 1.41~1.57
(m, 3Hy, 1.€7-1.83 (m, 1H), 2.54-2.70 {(m, 3H), £.45-4.58 (m,
4H), 6.28 (s, 1H), 7.09 (t, J = 8.8 Hz, 2H), 7.18-7.37 {m, 9H),
7.85 (s, 1H), 8.42 (br s, 1H).

Example 64

[0272]

5-(4-fluorc-2-methylphenylamino) -6-[4-(4-
flucrcphenyl)piperidine~l-carbonyl]pyridazine-3~sulfonamide
(compcund 229)

{step 1} Methyl 4,6-dichloropyridazine-3-carboxylate (100 mg,
0.483 mmel) was dissclved in THF (3 mL), and the mixture was
stirred at 0°C for 15 min. To the reaction mixture was added 4
mol/L aqueous sodium hydroxide solution (0.362 ml, 1.449 mmol),
and the mixture was stirred at 0°C feor 1 hr. To the reaction
mixture was added 1 mol/L hydrochloric acid, and the mixture
was extracted with chloroferm. The organic layer was washed
with saturated aqueous sodium chloride sclution, and dried over
anhydrous magnesium sulfate. The solvent was evaporated under
reduced pressure tc give a crude product of 4,6-

dichlcropyridazine-3-carboxylic acid, which was used for the
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next reacticn withcout purificaticn.

ESIMS m/z: 193 (M + H)'

(step 2) Using a crude product of 4,6-dichloropyridazine-3-
carboxylic acid cobtained in step 1, and 4-fluocro-2-
methylaniline, and in the same manner as in Example 1, step 2,
a crude preoduct of 6-chlorc-4-(4-fluorc-2-
methylphenylamino)pyridazine—-3-carboxylic écid was cbtained and
used for the next reaction without purification.

ESIMS m/z: 282 (M + H)Y

[0273]

(step 3) Using a crude product of 6-chloro-4-{4-fluoro-2-
methylphenylamino)pyridazine-3-carboxylic acid obtained in step
2, and in the same manner as in Example 1, step 1, [6é-chloro-4-
{(4-flucro-Z-methylphenylamino}pyridazin-3-yl] [4~{4-
fluorophenyl)piperidin-l-yl]methancne (42 mg, yield cf 3 steps
20%) was obtained.

ESIMS m/z: 443 (M + H)7

(step 4) Using [6~-chloro~4-(4~fluoro-2-
methylphenylamino)pyridazin-3-yl] [4-(4-fluocrophenyl)piperidin-
l-yl]methanone (80 mg, 0.181 mmol) oktained in step 3, and in
the same manner as in Example 1, step 3, [4-(4-flucro-2-

methylphenylamino} -6-mercaptopyridazin-3-yl1] [4— (4~

‘fluorophenyl)piperidin-1-yl]lmethanone (68 mg, 85%) was obtained.

ESIMS m/z: 441 (M + H)~

[0274]

(step 5} [4-(4-Fluoro-2-methylphenylamino)-6-mercaptopyridazin-
3-yl] [4-(4-fluorophenyl}piperidin-1-yl]lmethancne (30 mg, 0.068
mmol) obtained in step 4 was dissolved in acetonitrile (1 ml},
benzyltrimethylammonium chloride (51 mg, 0.272 mmol), water
(0.005 mL, 0.278 mmol) and N-chlorosuccinimide (27 mg, 0.204
mmol) were added at -25°C, and the mixture was stirred for 30
min while raising the temperature tc -5°C. To the reaction
mixture was added 25% aqueous ammenia solution (0.255 mL, 3.41
mmol), and the mixture was stirred at rcoom temperature for 1 hr.

To the reaction mixture was added saturated aqueous sodium
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chloride scolution, and the mixture was extracted with ethyl
acetate. The c¢rganic layer was dried cover anhydrous magnesium
sulfate, and the sclvent was evapcrated under reduced pressure.
The residue was purified by silica gel cclumn chromatography
(chlorcform/methanol= 9/1) and preparative HPLC {manufactured
by Waters XBridge™) (acetonitrile/0.05% aqueous
triflucreacetic acid sclution) to give compound 229 (10 mg,
20%) was obtained.

ESIMS m/z: 488 (M + H)*; 'H NMR (400 MHz, CDsOD, &): 1.80-1.90
(m, 4H), 1.97-2.03 (m, 1H), 2.24 (s, 3H), 2.90-3.07 (m, 2H),
3.32-3.41 (m, 1H}, 3.87-3.%3 (m, 1H}), 6.92 (s, 1H), 6.89-7.10
(m, 4H), 7.17 (dd, J = 8.8, 2.9 Hz, 2H), 7.28 (dd, J = 8.8, 5.4
Hz, 4H).

Example 65

[0275]

3-chloro-5-[4- (4-flucrophenyl}piperidine-l-carbonyl]-4-
(thiophen-Z-ylmethylamino)pyridine-2-sulfonamide (ccmpound 231)
(step 1) Using (4,6-dichloro-5-methylpyridin-3-yl)} [4- (4~
fluocrophenyl)piperidin-1l-yllmethanone (450 mg, 1.23 mmol)
obtained in Example 52, step 1, and thiophen-2-ylmethanamine
(595 mg, 4.91 mmel), and in the same manner as in Example 44,
step 1, [5,6~dichlorc-4-{thiophen-2-ylmethylamino)pyridin-3-
yl][4~(4~fluorophenyl)piperidin—l—yl]methanone (387 mg, 81%)
was obtained.

ESIMS m/z: 464 (M + H)'

(step 2) Using [5,6-dichloro-4-(thiophen-2-

ylmethylamine} pyridin-3-yl] [4-(4~-flucrophenyl)piperidin-1-
yl]methanone (378 mg, 0.810 mmcl} obtained in step 1, and in
the same manner as in Example 1, step 3, [5-chloro-6-mercapto-
4~ (thiophen~2-ylmethylamino)pyridin-3-yl] {4-(4-
flucrophenyl)piperidin-1-yl]methanone (182 mg, 48%) was
cbhtained.

ESIMS m/z: 462 (M + H)7

[02776]

(step 3} Using [5=chloro-6-mercapto-4-(thiophen-2-
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ylmethylamino)pyridin-3-y1] [4- (4-fluorophenyl)piperidin-1-
yllmethanone (100 mg, 0.220 mmol) obtained in step 2, and in
the same manner as in Example 46, step 3, ccmpound 231 (17.6 mg,
16%} was obtained.

ESIMS m/z: 509 (M + H)'; '™ NMR (300 MHz, DMSO-dg, 5): 1.20-1.90
(m, 4H), 2.10-2.30 (m,1H), 2.50-2.90 (m, 2H), 3.10-3.30
(m,1H),4.50-5.00 (m, 3H), 6.50-7.70 (m, 10H), 8.03-8.30 (m, 1H).
Example €6

02771

4~{5-chloro-2-methylphenylamino)-5-[4-(4-
flucrophenyl)piperidine-l-carbonyl] -N- (iscxazol-3-yl}-3-
methylpyridine-2-sulfconamide (compcund 232)

(step 1) Using (4, 6-dichloro-5-methylpyridin-3-yl) [4-{4-
fluorophenyl)piperidin-1l-yl]methanone (150 mg, 0.408 mmol)
cbtained in Example 52, step 1, and 5-chlcro-2-methylaniline
(136 mg, 1.10 mmol), and in the same manner as in Example 1,
step 2, [6-chlecro-4-{5-chloro-2-methylphenylamingc)-5-
methylpyridin-3-yl] [4-(4-fluorophenyl)piperidin-1-yl]methancne
(182 mg, 98%) was obtained.

ESIMS m/z: 472 (M + H)~

(step 2) Using [6-chloro~4-{5=-chloro-2-methylphenylamine)-5-
methylpyridin-3-yli[4-(4~flucrophenyl}piperidin-1~yllmethanone
{191 mg, 0.404 mmol) obtained in step 1, and in the same manner
as in Example 1, step 3, [4-(5-chloro-2-methylphenylaminoc)-6-
mercapto-5-methylpyridin-3-yl] [4-{4-flucrophenyl)piperidin-1-
yl]lmethancne (182 mg, 96%) was obtained.

ESIMS m/z: 470 (M + H)7

[0278]

(step 3) Using [4-(5-chleoro-2-methylphenylaminc)-6-mercapto—-5-
methylpyridin-3-yl][4-{(4-fluorophenyl)piperidin-1l1~yllmethanone
(4.36 g, 9.28 mmcl) obtained in step 2, and in the same manner
as 1n Example 1, step 4, 4-(5-chlorc-2-methylphenylaminoc)-5-[4-
{(d—-flucrophenyl)piperidine-l-carbonyl]-3-methylpyridine-2-
sulfonic acid (4.29 g, 89%) was obtained.

ESIMS m/z: 518 (M + H)'
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(step 4) Using 4-(5-chloro-2-methylphenylamino)-5-[4- (4-
fluorophenyl)piperidine~l~carbonyl]=3-methylpyridine-2-sulfonic
acid (3.48 g, ©.49 mmol) obtained in step 3, and in the same
manner as in Example 11, compound 232 (Z.66 g, 70%) was
obtained.

ESIMS m/z: 584 (M + H)*; 'H NMR (400 MHz, DMSO-dg d): 1.18-1.77
(m, 4H), 1.92-2.11 (m, 1H), 2.16 (s, 3H), 2.51 (s, 3H), 2.59-
2.71 {m, 1H), 2.84-3.09% {(m, 1H), 3.51-3.66 (m, 1H), 4.00-4.15
(m, 1H), 6.35 (d, § =1.8 Hz, 1H), 6.%2-7.03 {m, 1H), 7.05-7.15
(m, 3H), 7.18-7.34 (m, 3H), 7.80 (br s, 1H), 8.09 (s, 1H), 8.67
(d, J =1.4 Hz, 1H), 11.80 (br s, 1H).

Example 67

[0279]

5-[4~({4-fluorophenyl)piperidine-l-carbonyl]-4-(3-
fluorophenylamine) -N-{isoxazol-3-yl) -3-methylpyridine-2-
sulfonamide {compound 233)

{step 1) Using {4,6-dichloro-5-methylpyridin-3-yl) [4- (4~
flucrophenyl)piperidin-1-yl]methanone (150 mg, 0.408 mmol)
cbtained in Example 52, step 1, and 3-flucrcaniline (0.106 mL,
1.10 mmol), and in the same manner as in Example 1, step 2, [6-
chloro-4- (3-fluorophenylamino} -5-methylpyridin-3-yl11[4- (4-
fluorophenyl)piperidin—-1~ylJmethancne (182 mg, guantitative)
was obtained.

ESIMS m/z: 442 (M + H)'

(step 2) Using [6-chloro-4- (3-flucrophenylaming)~5-
methylpyridin-3-yl] [4~{4-fluorcphenyl)piperidin~-1l-yl]lmethanone
(182 mg, 0.412 mmcl) obtained in step 1, and in the same manner
as in Example 1, step 3, [4-(4-fluorophenyl)piperidin-1-y17[4-
(3-flucrophenylamino)-6-mercapto-5=-methylpyridin-3-yl]methancne
(169 mg, 94%) was cbtained.

ESIMS m/z: 440 (M + H)'

[0280]

(step 3) Using [4-(4-fluorophenyl)piperidin-l-y1][4-{3~
fluorcphenylamino) -6-mercapto-5-methylpyridin-3-yl]lmethanone

{168 mg, 0.38Z mmol) cbtained in step 2, and in the same manner
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as in Example 1, step 4, 5-[4-(4-fluorophenyl}piperidine-1-
carbonyl]-4- (3-flucrophenylamino)-3-methylpyridine-2-sulfonic
acid (156 mg, 84%) was cbtained.

ESIMS m/z: 488 (M + H)'

(step 4) Using 5-[4-{4-fluorcophenyl)piperidine-l-~carbonyl]-4-
(3-fluorcphenylamine) -3-methylpyridine-2-sulfonic acid (168 mg,
0.345 mmol) obtained in step 3, and in the same manner as in
Example 11, compound 233 (46.6 mg, 24 %) was cbtained.

ESIMS m/z: 554 (M + H)*; 'H NMR (400 MHz, DMSO-ds, 8): 1.22-1.80
(m, 4H), 2.48 (s, 3H}, 2.59-2.81 (m, 2H), 2.84-3.17 (m, 1H),
3.40-3.60 (m, 1H), 4.06-4.43 (m, 1H), 6.37 (s, 1H), 6.60-6.81
(m, 3H}, 7.09 (¢, J = 8.4 Hz, 3H), 7.26 (dd, J = 15.0, 7.7 Hz,
2H), 8.24 (s, 1H), 8.51 (s, 1H), 8.70 (s, 1H), 11.87 (s, 1H).
Example 68

[0281]

4-(Z-flucrc-4-methylphenylamino) -5-[4-(4-
fluorophenyl)piperidine-l~carbonyl] ~N-{isoxazol-3-yl)-3-
methylpyridine-2-sulfcnamide (compound Z235)

(step 1) Using {4,6-dichloro-5-methylpyridin-3-y1) [4~(4-
flucrophenyl)piperidin~l-yl]lmethanone (300 mg, C.817 mmol)
cbtained in Example 52, step 1, and 2-fluoro-4-methylaniline
(0.249 mL, 2.Z1 mmcl), and in the same manner zs in Example 1,
step 2, [6-chloro-4-(2-flucro-4-methylphenylamino)-5-
methylpyridin-3-yl] [4-{4-flucrophenyl)piperidin-1l-yl]methanone
(330 mg, 89%) was obtained.

ESIMS m/z: 456 (M + H)7

(step 2) Using [6-chloro-4-(2-fluoro-4-methylphenylamino)-5-
methylpyridin-3-yl] [4-(4-fluorcphenyl)piperidin-1-yl]lmethancone
{330mg, 0.724 mmol) obtained in step 1, and in the same manner
as in Example 1, step 3, [4-(2-flucro-4-methylphenylaminc)-6-
mercapto-S-methylpyridin-3-yl] [4-{4-fluorophenyl)piperidin-1-
yl]lmethancone (300 mg, 91%) was obtained.

ESIMS m/z: 454 (M + H)7

[0282]

(step 3) Using [4-(2-flucrc-4-methylphenylamino)~6-mercapto-5-

152



10

i5

20

25

30

35

methylpyridin-3-yl] [4-{4-fluocrophenyl)piperidin-1-y1]lmethanone
(163 mg, 0.347 mmol) obtained in step 2, and in the same manner
as in Example 1, step 4, a crude product cof 4-(2-fluoro-4-
methylphenylamino)~5~[4~ (4-fluorcphenyl)piperidine-l1~carbonyl]-
3-methylpyridine~Z«~sulfonic acid was obtained and used for the
next reaction without purification.

ESIMS m/z: 502 (M + H}'

(step 4) Using a crude product of 4-(2-fluocro-4-
methylphenylamino) -5-[4- (4-fluorophenyl)piperidine-1-carbonyl]-
3-methylpyridine-2-sulfenic acid obtained in step 3, and in the
same manner as in Example 11, compound 235 (153 mg, yield of 2
steps 41%) was obtained.

ESIMS m/z: 568 (M + H)'; 'H NMR (400 MHz, DMSO-dg, &) : 1.14-1.71
(m, S5H), 2.28 {s, 3H), 2.4% (s, 3H), 2.62-2.76 {m, 1H), 2.83-
2.99 (m, 1H), 3.42-3.52 {m, 1H}, 3.94-4.15 {m, 1H), 6.31 (s,
1H), 6.85-7.34 (m, B8H), 7.S%6 (br s, 1H), 8.04 (s, 1H), 8.60 (br
s, 1H).

Example 65

(0283]

4-(2-ethylphenylamino)-5-[4- (4-fluorcophenyl)piperidine-1-
carbonyl]-N-{iscoxazol-3-yl)-3-methylpyridine-2-sulfonamide
(compound 239}

{(step 1) Using (4,6-dichloro-5-methylpyridin-3-yl1) [4-{4-
fluorophenyl)piperidin-l-yl]methanone (250 mg, 0.681 mmol)
cbtained in Example 52, step 1, and 2-ethylaniline (223 mg,
1.84 mmol), and in the same manner as in Example 1, step 2, [6-
chlere-4-{2-ethylphenylamine) ---methylpyridin-3-y1][4-(4-
fluorophenyl)piperidin-1-yl]methancne {278 mg, 9%0%) was
obtained.

ESIMS m/z: 452 (M + H)~

(step 2) Using [6-chloro-4-(Z-ecthylphenylamino)-5-
methylpyridin-3-yl] [4-(4-fluorophenyl)piperidin~-1-yl]lmethancne
{278 mg, 0.615 mmol) chtained in step 1, and in the same manner
as in Example 1, step 3, [4-(2-ethylphenylamino)-6-mercapto-5-
methylpyridin-3-yl] [4=-{4-fluorcophenyl)piperidin-1-yl]methancne
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(236 mg, 85%) was cbtained.

ESIMS m/z: 450 (M + H)}'

[0284]

(step 3) Using [4-(Z2-ethylphenylaminc)-6-mercapto-5-
methylpyridin-3-yl] [4~{4~fluorcphenyl)piperidin-1-yl]methanone
(236 mg, 0.525 mmol) obtained in step 2, and in the same manner
as in Example 1, step 4, 4-(2-ethylphenylamino)-5-[4-{(4-
flucrophenyl)piperidine-l-carbonyl]-3-methylpyridine-2-sulfonic
acid (235 mg, 20%) was cbtained.

ESTMS m/z: 498 (M + H)'

{step 4) Using 4-(Z2-ethylphenylamino)-5-[4- (4~
fluorophenyl)piperidine-l-carbenyl] -3-methylpyridine-Z-sulfonic
acid (235 mg, 0.472 mmcl) obtained in step 3, and in the same
manner as in Example 11, compcound 239 (78.% mg, 30%) was
obtained.

ESIMS m/z: 564 (M + H)"; 'H NMR (400 MHz, DMS0-dg¢,d): 1.05~1.48
(m, 5H), 1.48-1.75 (m, 2H), 2.40 (s, 3H), 2.5% (g, J = 7.6 Hz,
2H), 2.63-2.74 (m, 2H), 2.80-3.10 {(m, 1H), 3.47-3.63 {(m, 1H},
4.08-4.40 (m, 1H), 6.18 (s, 1H), ©6.48-6.73 (m, 1H), ©6.93-7.35

(m, 8H), 8.07 (s, 1H), 8.11-8.37 (m, 1H).

Example 70

[0285]

4d~chloro-5-{4-flucrc-2-methylphenylaminc)-6—[{4-{4-
flucrephenyl)piperidine-l-carbonyl]pyridazine-3-sulfonamide
(compound 240)

(step 1) [6-Chloro-4-(4-fluoro-Z-methylphenylamino)pyridazin-3-
vl] [4-(4-fluorophenyl)piperidin-l-yl]methanone (100 mg, 0.226%
mmol) obtained in Example 64, step 3, was dissolved in DMF (2
mL), N-chlorcsuccinimide (32 mg, 0.237 mmecl) was added under
ice-cooling, and the mixture was stirred at room temperature
for 3 hr. To the reaction mixture was added saturated agueous
ammonium chloride solution, and the mixture was extracted with
ethyl acetate. The organic layer was washed with saturated
agueous sodium chloride sclution, and dried over anhydrous

magnesium sulfate. The solvent was evapcorated under reduced
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pressure. The residue was purified by preparative HPLC
(XBridge™ manufactured by Waters) {acetonitrile/0.05% agueous
trifluorcacetic acid solution) to give [5,6-dichloro-4-—(4-
fluoro-2-methylphenylaminc)pyridazin-3-y1] [4- (4-
fluorophenyl)piperidin~1l-yl]lmethancne (45 mg, 42%).

ESIMS m/z: 477 (M + H)'

{(step 2) Using [5,6~dichloro-4-{4-fluorc-2-
methylphenylamino)pyridazin-3-yl] [4- (4-fluorophenyl)piperidin-
l-yl]lmethanone (40 mg, 0.084 mmol) cbtained in step 1, and in
the same manner as in Example 51, step 2, a crude preduct of
[5-chloro-4- (4-fluorc-Z-methylphenylamino) -6-mercaptopyridazin-
3-yl] [4- (4-fluorophenyl)piperidin-1-vl]lmethanone was obtained
and used for the next reaction without purification.

ESIMS m/z: 475 (M + H)'

[028¢]

(step 3) Using a crude product of [5-chloro-4-(4~fluorc-2-
methylphenylamino) -6-mercaptopyridazin-3-y1] [4~{4-
fluorophenyl)piperidin-l-yl]methanone obtained in step 2, and
in the same manner as in Example 64, step 5, compound 240 (4 mg,
vield of 2 steps 9%) was obtained.

ESIMS m/z: 522 (M + H)*; 'H NMR (400 MHz, CD:OD, &): 1.67-1.86€
(m, 3H), 1.95-2.13 (m, 1H), 2.25-2.39 (m, 4H), 2.69-2.88 (m,
1H), 2.91-3.08 {(m, 1H), 3.77-3.%1 {(m, 1H), 4.02-4.20 (m, 1H),
6.91~7.17 (m, 6H), 7.18-7.32 (m, 3H).

Example 71

(0287]
5-[4-(4-fluorophenyl)piperidine-l-carbonyl]-3-methyl-N- (3~
methylisothiazol-5-yl}-4-(o-tolylamino)pyridine-2-sulfonamide
{compound 241)

(step 1) Using (4,6~dichloro-5-methylpyridin-3-yl) [4- (4-
fluorophenyl)piperidin-1l-yl]methanone (250 mg, 0.681 mmol)
obtained in Example 52, step 1, and o-toluidine {182 mg, 1.70
mmol), and in the same manner as in Example 1, step 2, [6-
chloro-5-methyl-4- (o~tolylamino)pyridin-3-y1] [4-{4-
fluorophenyl)piperidin-l-yl]lmethanone (289 mg, 97%) was
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obtained.

ESIMS m/z: 438 (M + H)7

{(step Z) Using [6-chloro-5-methyl-4-{co-tolylaminc)pyridin-3-
yl][4-(4-flucrcphenyl)piperidin~1-yl]lmethanone (285 mg, 0.651
mmcl) obtained in step 1, and in the same manner as in Example
1, step 3, [4-(4-flucrophenyl)piperidin-1-yl][6-mercapto-5-
methyl-4~ (o-tolylamino)pyridin-3-ylimethancne (243 mg, 86%) was
cbhtained.

ESIMS m/z: 436 (M + H)°F

[0288]

(step 3) Using [4-(4-fluorophenyl)piperidin-l~yl][&-mercapto-5-
methyl-4- (o-tolylamine) pyridin-3-yl]methanone (2392 mg, 0.549
mmcl) obtained in step 2, and in the same manner as in Example

1, step 4, 5-[4-{4-fluorcphenyl)piperidine-l-carbonyl]-3-

o0

methyl-4-(o-telylamino)pyridine-2-sulfenic acid (213 mg, B0%)
was obtained.

ESIMS m/z: 484 (M + H)*

(step 4) Using 5-[4-(4-fluorcphenyl)piperidine-l-carbonyl]-3-
methyl-4-(c-tolylamino) pyridine~2~gul fonic acid (102 mg, 0.21C
mmol} obtained in step 3, and 3-methylisothiazole-5-amine
hydrochleoride, and in the same manner as in Example 11,
compound 241 (47.1 mg, 39%) was cbtained.

ESIMS m/z: 580 (M + H)'; 'H NMR (400 MHz, DMSC~de,dj): 1.13-1.51
(m, 2H}, 1.51-1.71 {(m, 2H), 2.00-2.31 {(m, 1H), 2.10 (s, 3H),
2.1% (s, 3H), 2.41 (s, 3H), 2.60-2.71 (m, 1H}, 2.78-3.06 {(m,
1H), 3.47-3.63 {(m, 1H), 3.99-4.27 (m, 1H), 6.04 (s, 1H), 6.60-
©.77 (m, 1H), ©6.98 (¢, J = 7.2 Hz, 1H), 7.02-7.42 (m, 7H), B8.03
(s, 1H).

Example 72

[0289]
4-{3-chlorophenylamino)-5-[4-(4-flucrcophenyl)piperidine-1-
carbonyl] -N-{isoxazol-3-yl)-3-methylpyridine~Z2-sul fcnamide
(ccmpound 244)

(step 1) Using (4, 6-dichloro-5-methylpyridin-3-y1) [4- (4-
fluorophenyl }piperidin-1-yl]methanone {300 mg, 0.817 mmcl)
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obtained in Example 52, step 1, and 3-chloroaniline (231 mg,
2.21 mmel), and in the same manner as in Example 1, step 2, [6-
chloro-4-(3-chlorophenylaming)-5-methylpyridin-3-y1][4-(4-
fluorgphenyl)piperidin—-1-yl]methanone (408 mg, guantitatiwve)
was obtained.

ESIMS m/z: 458 (M + H}7

(step 2) Using [6-chloro-4-(3-chlorophenylamino)}-5-
methylpyridin-3-yl] [4- (4-flucrophenyl)piperidin-1-yl]lmethanone
(374 mg, 0.817 mmol} obtained in step 1, and in the same manner
as in Example 1, step 3, [4~{3-~chlcrophenylamino)-6-mercapto-5-
methylpyridin-3-yl] {4~ {4~-fluorophenyl)piperidin-1-yllmethancne
(292 mg, 7/8%) was obtained.

ESIMS m/z: 456 (M + I)7

[02590]

(step 3) Using {4-({3-chlorophenylamino)-6-mercapto-5-
methylpyridin-3-yl] [4-{4~-fluorophenyl)piperidin-l1-yl]lmethanone
(292 mg, 0.640 mmecl) obtained in step 2, and in the same manner
as in Example 1, step 4, 4-(3-chlorophenylamino)-5-[4~(4-
flucrophenyl)piperidine-l-carbonyl]-3-methylpyridine-Z2-sulfonic
acid (262 mg, 81%) was obtained.

ESIMS m/z: 504 (M + H)¥

(step 4) Using 4-(3-chlorophenylamino)-5-[4- (4~
fluorophenyl)piperidine-l-carbonyl]~3-methylpyridine-2-sulfonic
acid (154 mg, 0.306 mmcl) cbtained in step 3, and in the same
manner as in Example 11, compound 244 (70.5 mg, 41%) was
obtained.

ESIMS m/z: 570 (M + H)"; 'H NMR (400 MHz, CDCls,8): 1.20-1.36 (m,
1), 1.70-1.%26 (m, 2H}, 2.43 (s, 3H), 2.64-2.76 (m, 2H}, 3.07-
3.19 (m, 1H), 3.43-3.82 m, 2H), 4.62-4.77 {m, 1H), 6.58 (d, J
= 2.0 Hz, 1H), 6.66 (d, J = 7.8 Hz, 1H), 6.81 (s, 1lH), 6.93-
7.10 (m, 6H), 7.21 (dd, J = 7.8, 15.6 Hz, 2H}, 8.23 (s, Z2H).
Example 73

[0291]

4- (benzylamine)-5-[4-{4-flucrophenyl)piperidine~l-carbeonyl]-3-
methyl-N-(l-methyl-1H-pyrazcl-3-yl)pyridine-2-sul fonamide
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(compound 250)

(step 1) Using (4, t—-dichlorc-5-methylpyridin-3-y1) [4- (4~
fluorophenyl)piperidin-1l-yl]lmethancne (2.00 g, 5.45 mmol)
obtained in Example 52, step 1, and benzylamine (5.84 g, 54.5
mmol), .and in the same manner as in Example 1, step 2, [4-
(benzylamino) ~6-chloro~5-methylpyridin-3-y1} {4-{4-
fluorophenyl)piperidin-l-ylImethanone {(2.23 g, 94%) was
obtained.

ESIMS m/z: 438 (M + H)¥

(step 2) Using [4-{(benzylaminec)-6-chloro-5-methylpyridin-3-
y1][4-(4-fluorophenyl)piperidin-l-yl]methanone (2.20 g, 5.02
mmol} obtained in step 1, and in the same manner as in Example
1, step 3, [4m(beﬁzylamino)—6—mercapto—5—methylpyridin—3—yl][4_
(A-fluorophenyl)piperidin-l-yl]lmethanone {(2.20 g, gquantitative)
was cobtained.

ESIMS m/z: 436 (M + H)'

[0292]

(step 3) Using [4-(benzylamino}-6-mercapto-5-methylpyridin-3-
y1][4-(4-fluorophenyl)piperidin-l-ylimethanone (1.13 g, 2.59
mmol) obtained in step 2, and in the same manner as in Example
1, step 4, 4-(benzylamino)-5-[4-(4-fluorophenyl}piperidine-1-
carbonyl]-3-methylpyridine~2-sulfonic acid (870 mg, 70%) was
obtained.

ESIMS m/z: 484 (M + H)'

(step 4) Using 4-(benzylamine)-5-{4- (4-fluorophenyl)piperidine-
l-carbonyl]-3-methylpyridine-2-sulfonic acid (125 mg, 0.257
mmol) obtained in step 3, and in the same manner as in Example
39, compeound 250 (80.4 mg, 56%) was obtained.

ESIMS m/z: 563 (M + H)7; "H NMR (400 MHz, DMSO-dg,d): 1.33-1.44
(m, 1H), 1.44-1.64 {(m, 1H}, 1.64-1.85 (m, 2H), 2.29-2.42 (m,
iH), 2.49% (s, 3H), 2.58-2.86 (m, 1H), 2.80-3.21 {(m, 1H), 3.31-
3.34 {m, 1H), 3.66 (s, 3H), 4.32-4.77 (m, 3H), 5.81 (s, 1H),
6.55-6.93 (m, 1H), ©6.96-7.12 (m, 2H), 7.12-7.19 {(m, 2H), 7.19-
7.26 (m, 2H), 7.26-7.39 (m, 3H), 7.42 (s, 1H), 7.79-8.05 (m,
1H), 10.50 (s, 1H).

158



10

15

20

25

30

35

Example 74

[0293]

4- (benzylamino)}~5-{4- (4-fluorophenyl)piperidine-l-carbonyl]-3-
methyl-N-(3-methylisothiazol~5~yllpyridine-Z-sulfonamide
(compound 251)

Using 4~ {benzylamino)-5-[4-{4-fluorophenyl)piperidine-1-
carbonyl]-3-methylpyridine-Z2-sulfonic acid {125 mg, 0.257 mmol)
obtained in Example 73, step 3, and in the same manner as in
Example 71, step 4, compound 251 (/8.3 mg, 52%) was cbtailined.
ESIMS m/z: 580 (M + H)*; "H NMR (400 MHz, DMSO-dg,8): 1.36-1.60
(m, 2H), 1.68-1.88 (m, 2H), 2.07 (s, 3H), 2.31-2.43 (m, 1H),
2.47 {s, 3H), 2.53-2.89 (m, 2H), 2.94-3.17 {(m, 1H), 4.28-4.74
{m, 3H), 5.92 (s, 1H}, 6.17-6.63 (m, 1H), 6.97-7.11 (m, 3H},
7.11~7.25 {(m, 3H), 7.25-7.41 {(m, 3H), 7.69-7.%0 (m, 1H).
Example 75
[0294]
4~(2,5~diflucrophenylamino) -5-[{4-{4~-fluorophenyl)piperidine-1-
carbonyl]-N-{lsoxazol-3-yl)-3-methylpyridine-2-sulfonamide
{compound 252)

(step 1} Using {4,6-dichloro-5-methylpyridin-3-yl1l}) [4- (4-
fluorophenyl)piperidin-1-yl]methanone {300 mg, 0.817 mmol)
obtained in Example 52, step 1, and 2,5-diflucroaniline (0.12
mL, 1.3 mmol), and in the same manner as in Example 1, step 2,
[6-chloro-4-(2,5-difluorophenylaminec)~5-methylpyridin-3-y1] [4-
(d-fluorophenyl)piperidin-1-yl]methanone (331 mg, 88%) was
cbhtained.

ESIMS m/z: 460 (M + H)*

(step 2) Using [6-chloro~4~(Z2,5~difluorophenylamino)-5-
methylpyridin-3-yl] [4-(4-fluorcphenyl)piperidin-1-yl]methanone
(359 mg, 0.781 mmol) obtained in step 1, and in the same manner
as in Example 1, step 3, [4-(2,5-difluocrophenylamino)-6-
mercapto-5-methylpyridin-3-yl] [4-(4~flucrophenyl)piperidin-1-
yllmethanone (311 mg, 87%) was obtained.

ESIMS m/z: 458 (M + I}

[0295]
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{step 3) Using [4-(2,5-diflucrcphenylamino)-6-mercapto-5-
methylpyridin-3-yl] [4- (4-flucrophenyl)piperidin-1-yl]lmethanone
(318 mg, 0.695 mmol) obtained in step 2, and in the same manner
as in Example 1, step 4, 4-(2,5-difluorophenylamino)-~5-[4-(4-
flucorophenyl)piperidine-1-carbonyl]-3-methylpyridine-2-sulfonic

acid {191 mg, 54%) was obtained.

ESIMS m/z: 504 (M - H)'

(step 4) Using 4-{(2,5-diflucrophenylamino)-5-[4- (4~
fluorophenyl)piperidine-l-carbonyl]-3-methylpyridine-2-sulfonic
acid (191 mg, 0.378 mmol) obtained in step 3, and in the sane
manner as in Example 11, compound 252 (165 mg, 76%) was
obtained.

ESIMS m/z: 572 (M + H)'; 'H NMR (400 MHz, DMSO-ds, &): 1.34-1.73
(m, 4H), 1.93-2.31 (m, 1H), 2.53 (s, 3H), 2.64-2.7¢ {(m, 1H),
2.86-3.09 (m, 1H), 3.54 (d, J = 12.7 Hz, 1E), 4.07-4.24 (m, 1H),
6.36 (s, 1H), 6.82-6.8%4 (m, 2H), 7.10 (t, J = 8.3 Hz, 2H),
7.21-7.30 {m, 3H), 8.19 (s, 1H), 8.31 (br s, 1H), 8.69 (s, 1H),
11.86 (br s, 1H).

Example 76

[022¢€] ‘
4-(2,3-diflucrophenylaminoc)~5~[4-{(4-fluorophenyl )piperidine~1-
carbonyl]-N-{isoxazol-3-yl)-3-methylpyridine-2-sul fonamide
(compound 254)

(step 1) Using (4,6-dichloro-5-methylpyridin-3-vy1) [4-{4~
fluorophenyl)piperidin=l~ylimethanone {300 mg, 0.817 mmol)
obtained in Example 52, step 1, and 2,3-diflucrcaniline (0.221
mL, 2.21 mmol), and in the same manner as in Example 1, step 2,
[6-chloro-4~(2,3-difluorophenylamine) -5-methylpyridin-3-yl] [4-
(d-fluorophenyl)}piperidin-1-ylimethancne (332 mg, 88%) was
obtained.

ESIMS m/z: 460 (M + H)

(step 2) Using [6-chloro-4-(2,3-difluorophenylaminc) -5~
methylpyridin-3-vyl1l] [4-{4-flucrophenyl)piperidin-1-yl]methanone
(332 mg, C.722 mmel) cbtained in step 1, and in the same manner

as in Example 1, step 3, [4-(2,3-diflucrophenylamino)-6-
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mercapto-5-methylpyridin-3-yl] [4- (4-fluorophenyl)piperidin-1-
ylimethanone (320 mg, 97%} was obtained.

ESIMS m/z: 458 (M + H)7

[0297]

{(step 3) Using [4-(2,3-diflucrophenylamino)-6-mercapto-5-
methylpyridin-3-yl] [4-(4-flucrophenyl)piperidin-1-yl]methancne
{320 mg, 0.69% mmol) ocbtained in step 2, and in the same manner
as 1in Example 1, step 4, 4-{2,3-diflucrophenylamino)~5-[4-(4-
flucrophenyl)piperidine-l-carbonyl]-3-methylpyridine-2-sulfonic
acid (352 mg, quantitative) was cbtained.

ESIMS m/z: 506 (M + H)"

{(step 4) Using 4-(2,3-difluorophenylaminoc)-5-[{4-(4-
fluorcphenyl)piperidine-l-carbonyl] -3methylpyridine-2-sulfonic
acid (176 mg, 0.348 mmol) obtained in step 3, and in the same
manner as in Example 11, compound 254 (72.0 mg, 37%) was
chtained.

ESIMS m/z: 572 (M + H)*; 'H NMR (400 MHz, DMSO-de,&8): 1.28-1.77
(m, 4H), 1.8%4-2.16 (m, 1H), 2.53 {s, 3H), 2.63-2.76 (m, 1H},
2.81-3.07 {(m, 1H), 3.45-3.56 (m, 1H), 3.98-4.20 {(m, 1H), 6.35
(d, § = 1.8 Hz, 1H), 6.79-6.91 (m, 1H), 7.01-7.17 (m, 4H),
7.17-7.38 {(m, 2H), 8.17 (s, 1H), 8.35 (s, 1H}, 8.68 (s, 1H),
11.85 (s, 1H).

Example 77

[C298]

5-[4-(4-flucrophenyl)piperidine-l~carbeonyl]-4-(2-
flucrophenylamine)-N-(isoxazol-3~yl)~3-methylpyridine-2-
sulfonamide (compound 255)

(step 1) Using {(4,6-dichloro-5-methylpyridin-3-y1) [4-{4-
fluorophenyl)piperidin-l-yl]lmethanone (300 mg, 0.817 mmecl)
obtained in Example 52, step 1, and 2-fluorcaniline (0.213 mlL,
2.21 mmol), and in the same manner as in Example 1, step 2, [6-
chloro-4-{2-fluorcphenylaminec)-5-methylpyridin-3~y1] [4- (4-
fluorcphenyl)piperidin-l-ylimethancne {361 mg, quantitative)
was obtained.

ESIMS m/z: 442 (M + H)'
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(step 2) Using [6—chlorof4—(2—fluorophenylamino)—5m
methylpyridin-3-yl] [4~{4-fluorophenyl)piperidin-1-yllmethanone
(372 mg, 0.842 mmcl) cbtained in step 1, and in the same manner
as in Example 1, step 3, [4-(4-fluorcphenvyl)piperidin-1-yl]id-
(2-fluocrophenylamino)-6-mercapto-5-methylpyridin-3-yl]lmethanone
(347 mg, 94%) was cbtained.

ESIMS m/z: 440 (M + H)'

[0299]

{step 3) Using {4-(4-fluorophenvl)piperidin-1-y1l][4-{(2-
fluorophenylamino) —6-mercapto-5-methylpyridin-3-yl]imethanone
(347 mg, 0.789 mmol) obtained in step 2, and in the same manner
as in kExample 1, step 4, 5-[4-(4-flucrophenyl)piperidine-1-
carbonyl]-4-(2-fluorophenylaminc) -3-methylpyridine~2-sulfonic
acid (385 mg, quantitative) was obtained.

ESIMS m/z: 488 (M + H)'

(step 4) Using 5-[4-(4-fluorcphenyl}piperidine-l~carbonyl]-4-

{2-fluorophenylaminc)-3-methylpyridine-2-sulfenic acid (199 mg,

0.408 mmecl) obtained in step 3, and in the same manner as in
Example 11, ccmpound 255 (120 mg, 54%) was obtained.

ESIMS m/z: 554 (M + H)®; 'H NMR (400 MHz, DMSO-d¢,8): 1.27-1.73
(m, 4H), 1.84-2.10 (m, 1H), 2.31 (s, 3H), 2.60-2.74 (m, 1H),
2.77-3.04 (m, 1H), 3.44-3.56 {(m, 1H), 3.92-4.17 (m, 1H), 6.35
(d, J =1.8 Hz, 1H), ©.%9-7.17 (m, 5H}, 7.17-7.37 (m, 3H), B8.10
(s. 1H), 8.14 (s. 1H), 8.67 (s, 1H), 11.82 (s, 1H).

Example 78

[0300]
3-chloro-4-{Z2-cyano-4-(triflucromethoxy)phenylamino] -5-[4~- (4~
flucrophenyl)piperidine-l-carbonyl]pyridine-2-sulfcnamide
(compound 256)

(step 1) 3,4-Dichloro-5-[4-(4-fluorophenyl)piperidine-1-
carbonyl]pyridine-2-sulfonamide (847 mg, 1.96 mmol) obtained in
Example 57, step ¢ was dissolved in DMF (15 mL), 4-
methoxybenzyl chloride (0.800 mL, 5.88 mmol) and pectassium

carbonate (1.36 g, 9.80 mmcl) were added, and the mixture was

stirred at 60°C for 4 hr. The reaction mixture was allowed to
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cool to room temperature, saturated agueous ammonium chloride
solution was added, and the mixture was extracted with ethyl
acetate. The organic layer was washed with water and saturated
brine, and dried over anhydrous magnesium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (heptane/ethyl
acetate=80/20-50/50) to give 3,4-dichloro-5-[4-(4-
fluorcphenyl)piperidine—l-carbonyl]-N,N-~bis(4-
methoxybenzyl)pyridine-2-sulfonamide (1.18 g, 90%).

ESIMS m/z: 672 (M + H)©

[0301]

{step 2) 3,4-Dichloro-5-[4-(4-fluorophenyl)piperidine-1~
carbonyl]-N,N-bis (4d-methoxybenzvl)pyridine~2-sulfonamide (74.2
mg, 0.110 mmol) cbtained in step 1, 2-aminc-5-
(triflucromethoxy)benzonitrile (33.4 mg, 0.165 mmol), 4,5-

bis (diphenylphosphino) -9, 9~dimethylxanthene (25.5 mg, 0.044
mmol) and cesium carbonate (53.9 mg, 0.165 mmol) were suspended
in toluene (2.0 mL), tris(dibenzylideneacetone)dipalladium(0)
(20.2 mg, 0.0Z22 mmol} was added, and the mixture was stirred at
80°C for B hr. The reaction mixture was allowed to cool to
room temperature, saturated agueous ammonium chloride sclution
was added, and the mixture was extracted with ethyl acetate.
The organic layer was washed with saturated brine, and dried
cver anhydrous magnesium sulfate. The solvent was evaporated
under reduced pressure. The residue was purified by silica gel
column chromatography (heptane/ethyl acetate=80/20-40/60) to
give 3-chloro-4«[Z2-cyano-4-(trifluoromethoxy)phenylamino]-5-[4-
(4-flucrcphenyl)piperidine-l-carbonyl]-N,N-bis (4-
methoxybenzyl)pyridine-2Z2-sulfonamide (71.9 mg, 78%).

ESIMS m/z: 838 (M + H)7

[0302]

(step 3) 3-Chloro-4-[2-cyano-4- (trifluoromethoxy)phenylamino]-
5-[4-(4-fluorophenyl)piperidine-l-carbonyl]-N,N-bis (4~
metheoxybenzyl) pyridine-Z2-sulfonamide (70.2 mg, C.084 mmol)

obtained in step 2, and anisole {(0.055 mL, 0.502 mmol) were
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dissclved in triflucrcacetic acid (2.0 mL), and the mixture was
stirred at 60°C for 2 hr. The reaction mixture was allowed to
cocl to room temperature, and the solvent was evaporated under
reduced pressure. Water was added to the residue, and the
mixture was extracted with ethyl acetate. The organic layer
was washed with saturated brine, and dried over anhydrous
magnesium sulfate. The solvent was evaporated under reduced
pressure. The residue was purified by silica gel column
chromatography (heptane/ethyl acetate=50/50-20/80) to give
compound 256 (43.4 mg, 87%).

ESIMS m/z: 598 (M + H)*; "H NMR (400 MHz, CDCls,3): 1.41-1.61 (m,
Z2H), 1.81-1.90 (m, 2H), 2.30-2.45 (m, 1H), 2.66-2.77 {(m, 1H),
3.06~3.22 {(m, 1H), 3.55-3.70 (m, 1iH), 4.27-4.43 (m, 1H), 5.44
(br s, 2H), 6.96-7.03 (m, 2H}, 7.07-7.13 (m, 2H), 7.21 {(d, J =
8.8 Hz, 1H), 7.37 (br s, 1H), 7.43 (dd, J = 2.0, 8.8 Hz, 1H),
7.51 (d, J=2.0 Hz, 1H), 8.32 (s, 1H}.

o

Example 789

[0303]

3-chlore-4-[2-cyano-5- (triflucromethyl)phenylamino] -5-[4- (4-
fluorophenyl)piperidine~l-carbonyllpyridine-2-sulfonamide
{compound 257}

(step 1) Using 3,4~dichloro~5-[4-(4-fluorophenyl)piperidine-1-
carbonyl]=N,N-bis (4d-methoxybenzyl)pyridine-2-sul fonamide (57.6
mg, 0.086 mmol) obtained in Example 78, step 1, and Z2-aminc~4-
(trifluoromethyl)benzonitrile (23.9 mg, 0.128 mmol), and in the
same manner as in Example 78, step 2, 3-chloro-4-[2-cyano-5-
(triflucrcomethyl)phenylamino] -5-[4-(4-fluorophenyl)piperidine-
l1-carbonyl]-N,N-bis(4d-methoxybenzyl)pyridine-2-sulfonamide
(58.7 mg, 83%) was obtalned.

ESIMS m/z: 822 (M + H)'

[0204]

(step 2} Using 3-chloro-4-[2-cyano-5-
(trifluoromethyl)phenylamino] -5-[4-{4-flucrophenyl)piperidine-
l-carbonyl]-N,N-bis (d-methoxybenzyl)pyridine-2-sulfonamide
(55.9 mg, 0.068 mmol) obtained in step 1, and in the same
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manner as in Example 78, step 3, compound 257 (33.2 mg, B84%)
was obtained.

ESIMS m/z: 582 (M + H)*; 'H NMR (400 MHz, CDCl,,&): 1.42-1.60 (m,
ZH), 1.79-1.%2 {m, 2H), 2.27-2.51 {(m, 1H), 2.64~2.78 (m, 1H),
3.05-3.21 (m, 1H), 3.63-3.76 {(m, 1H), 4.35-4.49 (m, 1H), 5.54
(br s, 2H), 6.94-7.03 (m, 2H), 7.06-7.14 (m, 2H), 7.38 (s, 1lH),
7.47 {(d, J =8.8 Hz, 1H), 7.63 (br s, 1H), 7.77 {(d, J = 8.8 Hz,
1H), 8.35 (s, 1H).

Example 80

[0305]

4~ (3,4~diflucrophenylamino)-5-[4-{(4-fluorophenyl)piperidine-1-
carbonyl]~-N-(iscxazol-3-y1l)-3-methylpyridine-Z2-sul fonamide
{compound 258)

(step 1) Using (4;6~dichloro-5~methylpyridin-3-y1) [4-(4-
flucrophenyl)piperidin~l-yl]lmethanone (300 mg, 0.817 mmol}
obtained in Example 32, step 1, and 3,4-difluoroaniline {(0.122
mL, 1.23 mmcl), and in the same manner as in Example 1, step 2,
[6-chlorc-4-(3,4-diflucrophenylamino}-5-methylpyridin-3-y1] [4~
(4-fluorophenyl)piperidin-1l-yl]methanone (377 mg, guantitative)
was obtained.

ESIMS m/z: 460 (M + H)™

(step 2) Using [&-chloro-4-(3,4-diflucrophenylamino) -5-
methylpyridin-3-yl] [4~{4=~fluorcphenyl)piperidin-1-yl]lmethanonea
(377 mg, 0.820 mmol) obtained in step 1, and in the same manner
as in Example 1, step 3, [4-{3,4-difluorophenylamino)-6-
mercapto-5-methylpyridin-3-yl] [4- (4-flucrophenyl)piperidin-1-
y1l]methanone (335 mg, 89%) was obtained,

ESIMS m/z: 458 (M + H)'

[(0306]

(step 3) Using [4-{3,4-difluorophenylaminoc)}-6-mercaptc-5-
methylpyridin-3~yl] [4-(4-fluorophenyl)piperidin-1-yl]methanone
{335 mg, 0.732 mmol) cbtained in step 2, and in the same manner
as in Example 1, step 4, 4-(3,4-diflucrophenylamino)-5-[4-(4-
fluocrophenyl)piperidine-l-carbonyl]-3-methylpyridine-2-sulfonic
acid (279 mg, 75%) was obtained.
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ESIMS m/z: 506 (M + H)'

(step 4) Using 4-(3,4-diflucrophenylamino)-5-[4- (4~
fluorophenyl)piperidine-l-carbonyl]-3-methylpyridine-2-sulfonic
acid (273 mg, 0.340 mmol) cbtained in step 3, and in the same
manner as in Example 11, ccmpound 258 (177 mg, 57%) was
obtained.

ESIMS m/z: 572 (M + H)'; 'H NMR {400 MHz, DMSO-ds 8): 1.31-1.76
(m, 4H), 2.00-2.1% (m, 1H), 2.48 (s, 3H), 2.60~2.78 {(m, 1H),
2.82-3.14 (m, 1H), 3.43-3.62 (m, 1H), 4.06-4.40 (m, 1H), 6.36
(d, g =1.4 Hz, 1H), 6.68-6.76 {(m, 1H), 6.90~7.00 {(m, 1H), 7.09
(¢, J = 8.4 Hz, 2H), 7.16-7.39 (m, 3H), 8.19 (s, 1H), 8.43 (s,
1H), 8.65-8.71 (m, 1H), 11.85 (s, 1H).

Example 81

[0307]
4-(4-chlorcphenylamino} -5-[4- (4-fluorophenyl)piperidine-1-
carbonyl]-N-(isoxazol-3-yl}-3-methylpyridine~2~sulfonamide
(compound 259)

(step 1) Using (4,6-dichloro-5-methylpyridin-3-yl1) [4-(4-
fluorophenyl)piperidin=-l=-yl]lmethanone (300 mg, 0.817 mmol)
obtained in Example 52, step 1, and 4-chloroaniline (156 mg,
1.23 mmol), and in the same manner as in Example 1, step 2, [6-
chloro-4- (4d-chlorcphenylamino) -5-methylpyridin-3=-y1l]{4-(4-
fluorophenyl)piperidin-l-yllmethanone (356 mg, %5%) was
obtained.

ESIMS m/z: 458 (M + H)'

(step 2) Using [6-chloro-4-(4-chlorophenylamino)-5-
methylpyridin-3-yl] [4-(4-fluorophenyl)piperidin-l-yl]methanone
(356 mg, 0.777 mmol) obtained in step 1, and in the same manner
as in Example 1, step 3, [4-(4-chlcrophenylamino)}-6~mercapto-5s-
methylpyridin-3-yl] [4-(4-fluorophenyl}piperidin-l-yl]methanone
{348 mg, 98%) was obtained.

ESTMS m/z: 456 (M + H)'

[0308]

(step 3) Using [4-{4-chlorophenylamino)-6-mercapto-5-
methylpyridin-3-yl] [4-(4-fluorophenyl)piperidin~l-yl]lmethanone

166



10

15

20

25

30

35

(348 mg, 0.763 mmcl) obtained in step 2, and in the same manner
as in Example 1, step 4, 4~ (4-chlorcphenylamino)-5-T4-(4-
fluorophenyl)piperidine~l~carbecnyl]-3-methylpyridine-2-sulfonic
acid (282 mg, 73%) was cbtained.

ESIMS m/z: 504 (M + H)'

(step 4) Using 4-{4-chlorophenylamino)-5-[4-{4-
fluorophenyl)piperidine-1-carbonyl}-3-methylpyridine-2-sulfonic
acid (274 mg, 0.577 mmol) obtained in step 3, and in the same
manner as in Example 11, ccmpound 259 (177 mg, 57%) was
ocbtained.

ESIMS m/z: 570 (M + H)*; *H NMR (400 MHz, DMSO-de¢,&): 1.24-1.75
(m, 4H), 1.93-2.15 (m, 1H), 2.47 (s, 3H}), 2.60-2.78 (m, 1H),
2.85-3.13 {m, 1H}, 3.41-3.54 (m, 1H}, 3.99-4.43 (m, 1H}, 6.36
(d, 3 = 1.4 Hz, 1H), 6.89 (d, J = 8.6 Hz, 2H), 7.09 (t, J = 8.6
Hz, 2H), 7.15-7.35 {(m, 4H), 8.19 (s, 1H), 8.41 (s, 1H), B8.66-
8.72 (m, 1H), 11.85 (s, 1iH).

Example 82

[030891]

4-(4-bromophenylamino)-5-[4~ (4-flucrophenyl )piperidine-1-
carbonyl]-N-(isoxazcl-3~-yl)-3-methylpyridine-2-sulfonamide
{compound 260)

(step 1) Using (4, 6~-dichloro-5-methylpyridin-3-y1) [4-{4-
fluorophenyl)piperidin-1-yl]lmethanone (3.00 g, 8.17 mmol)
cbtained in Example 52, step 1, and 4-bromoaniline (1.69 g,
9.81 mmol), and in the same manner as in Example 1, step 2, [4-
{4-bromophenylamino)—-6é-chlorc-5-methylpyridin=~3-y1] [4-{4-
flucrophenyl)piperidin-l-yl]methancne {4.03 g, 98%) was
cbhtained.

ESIMS m/z: 502 (M + H}'

(step 2) Using [4-{4-bromophenylamino)-6-chlcro-5-
methylpyridin-3-yl] [4-(4-fluorophenyl)piperidin-1-yl]lmethanone
(4.03 g, B8.01 mmol; obtained in step 1, and in the same manner
as in Example 1, step 3, a crude product of [4- (4~
bromophenylamino) ~6-mercapto-5-methylpyridin-3-y1] [4- (4-

fluorophenyl }piperidin-I-ylimethancne was obtained and used for
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the next reaction without purification.

ESIMS m/z: 500 (M + H)"

[0310]

(step 3) Using a crude product of [4-{(4-bromcphenylamino)-6-
mercapto—5—methylpyridin—3—yl][4—(4—fluorbpheny1)piperidin—l—
yl]methanone cbtained in step 2, and in the same manner as in
Example 1, step 4, 4-{4-bromophenylaming)-5-[4-(4-
fluorophenyl)piperidine-l-carbonyl] -3-methylpyridine-2-sulfonic
acid (3.97 g, yield of 2 steps 77%) was cbtained.

FESIMS m/z: 548 (M + H)7

{step 4) Using 4-{4-bromcphenylamino}-5-[4-(4-
flucrophenyl)piperidine-l-carbonyl]-3-methylpyridine-2-sulfonic
acid (159 mg, 0.280 mmcl) obtained in step 3, and in the same
manner as in Example 11, cempound 260 (115 mg, 67%) was
cbtained.

ESIMS m/z: 614 (M + H)': g NMR (400 MHz, DMSO-dg,&): 1.22-1.77
(m, 4H)}, 1.93-2.16 (m, 1H), 2.46 (s, 3H), 2.5%-2.7% {(m, 1RH),
2.81-3.14 (m, 1H}, 3.41-3.55 (m, 1H), 3.94-4.46 {(m, 1H), 6.36
(d, 3 = 1.4 Hz, 1H), 6.83 (d, J = 8.6 Hz, 2H), 7.00-7.19 (m,
3Hy, 7.19-7.35 (m, 1H), 7.41 (4, J = 8.6 Hz, 2H), 8.20 (s, 1H),
8.41 (s, 1H), 8.68 (s, 1H}, 11.85 (s, 1H}.

Example 83

[0311]

4~ {benzylamino)-3-methyl-5-{2H~spiro[benzofuran-3,4’ -
piperidine]-1’-yl carbonyl)pyridine-2-sulfonamide (compound
261)

(step 1) Using ethyl 4,6-dichloro-5-methylnicotinate (200 mg,
0.854 mmol) obtained by the method described in a document
(Journal of Heterocyclic Chemistry, 1%99, 36, p.%53), and
kenzylamine (0.14 ml,, 1.3 mmcl), and in the same manner as in
Example 44, step 1, ethyl 4-({benzylaminc)-6-chloro=-5-
methylnicetinate (251 mg, 96%) was cbhtained.

ESIMS m/z: 305 (M + H)¥

(step 2) Using ethyl 4-{benzylamino}-6-chloro-5-
methylnicetinate (251 mg, 0.824 mmol) obtained in step 1, and
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in the same manner as in Example 57, step 3, ethyl 4-
{(benzylamino}-6-mercapto~-5~-methylnicotinate (192 mg, 77%) was
obtained.

ESTIMS m/z: 303 (M + H)'

[0312]

(step 3) Using ethyl 4-(benzylamino)-6-mercapto-5-
methylnicotinate (192 mg, 0.635 mmol) obtained in step 2, and
in the same manner as in Example 46, step 3, ethyl 4-
(benzylamino}-5-methyl-6-sulfamoylnicctinate (112 mg, 51%) was
obtained.

ESIMS m/z: 350 (M + H)'

(step 4) Using ethyl 4-{benzylaminc)-5-methyl-6-
sulfamoylnicotinate (110 mg, 0.315 mmol) obtained in step 3,
and in the same manner as in Example 51, step 5, 4-
(benzylamino) -5-methyl-6-sulfamoylnicotinic acid {105 mg,
quantitative) was obtained.

ESIMS m/z: 322 (M + H)"

(step 5) Using 4-(benzylamino)-5-methyl-6~sulfamoylnicotinic
acid (45.7 mg, 0.142 mmol) obtained in step 4, and 2H-
spiroc[benzofuran-3, 4’ -piperidine] (32.3 mg, 0.171 mmol), and in
the same manner as in Example 1, step 1, compound 261 (41.7 mg,
60%) was obtained.

ESIMS m/z: 493 (M + H)"; 'H NMR (300 MHz, CDCls,8): 1.52~1.93 (m,
3H), 2.51 (s, 3H), 2.86-3.45 (m, 7H), 4.19~4.55.(m, 3H), 4.58-
4.62 (br m, 2H), 6.80 (d, J = 8.1 Hz, 1H), 6.87 (t, J = 7.7 Hz,
11y, 6.95-7.05 (m, 1H), 7.15 (t, 3 = 7.7 Hz, 1H), 7.24-7.28 {(m,
2H}y, 7.34-7.48 (m, 3H), 8.07 (s, 1H).

Example 84

[0313]
4-(3,4-dimethylphenylamino)-5-{4-{4-flucrophenyl)piperidine-1-
carbonyl]~N-(isoxazol-3-yl)-3-methylpyridine-2-sulfonamide
(compound 263)

(step 1) Using (4,6-dichloro-5-methylpyridin-3-yl) [4-(4-
fluorophenyl)piperidin-1-yl]lmethanone {(1.00 g, 2.72 mmol)
obtained in Example 52, step 1, and 3,4-dimethylaniline (495 mg,
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4.08 mmol), and in the same manner as in Example 1, step 2, [6-
chlero-4-(3,4-dimethylphenylamino) -5-methylpyridin-3-y1] [4~{4-
fluorophenyl}piperidin-1-yl]methancne (1.13 g, 92%) was
obtained.

ESIMS m/z: 452 (M + H}'

{step 2) Using [&6-chlcocrec-4-(3,4-dimethylphenylamino)-5-
methylpyridin-3-yl1i[4-{4-fluorophenyl)piperidin-l-ylimethanone
(1.13 g, 2.50 mmol) obtained in step 1, and in the same manner
as in Example 1, step 3, [4~(3,4-dimethylphenylamino)-6-
mercapto-b5-methylpyridin~-3-yl][4- (4-fluorcphenyl)piperidin-1-
yllmethancne (1.11 g, 99%%} was obtained.

ESIMS m/z: 450 (M + H)'

[0314]

(step 3) Using [4-(3,4-dimethylphenylamino)-6-mercaptoc—-5-
methylpyridin-3-yl] [4-{4~fluorophenyl)piperidin-1-ylJmethanone
(1.11 g, 2.47 mmol) obtained in step 2, and in the same manner
as in Example 1, step 4, 4-(3,4~dimethylphenylaminc}-5-[4- (4~
flucrephenyl)piperidine-l-carbonyli-3-methylpyridine-2-sulfonic
acid (500 mg, 42%) was obtained.

ESIMS m/z: 498 (M + H)7

(step 4) Using 4-(3,4-dimethylphenylaminc)-5-[4-{4-
tlucrophenyl )piperidine-l-carbonyl]~3~methylpyridine-2-sulfonic
acid (200 mg, 0.40 mmcl) obtained in step 3, and in the same
manner as in Example 11, compound 263 (70.7 mg, 31%) was
obtained.

ESIMS m/z: 564 (M + KE)*; 'H NMR (300 MHz, DMSO-ds, 8): 1.10-1.70
(m, 4H), 2.00-2.20 (m, 7H), 2.50 (s, 3H), 2.60-2.80 {(m, 1H),
2.80-3.060 (m, 1H}, 3.30-3.50 {(m, 1H), 4.00-4.30 (m, 1H), 6.25
(s, 1H), 6.45-6.63 (m, 1H), 6.68 (s, 1H), €.90~7.40C (m, GH),
7.%0 (s, 1H), B8.10 (s, 1H), 8.5C (s, 1H), 11.80 (s, 1H).
Example 85

[0315]

4-(Z2-flucro-3~methylphenylamino)-5-[{4-(4-
fluorophenyl)piperidine-l-carbonyl]-N-{isoxazol-3-yl)-3-
methylpyridine-2-sulfonamide (compound 264)
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(step 1) Using (4,6—dichloro—5—methylpyridin—3—yl)[44(4—
fluorcphenyl)piperidin-l-ylimethanone (1.00 g, 2.72 mmol)
obtained in Example 52, step 1, and 2-fluoro-3-methylaniline
(511 mg, 4.08 mmcl), and in the same manner as in Example 1,
step 2, {[6-chlorc-4-(2-flucro-3-methylphenylaminc)-5-
methylpyridin-3-yl] [4-{4-flucrcphenyl}piperidin-l-yl]lmethanone
(1.08 g, 87%) was obtained.

ESIMS m/z: 456 (M + H}"

(step 2) Using [6-chloro-4-(2-flucro-3-methylphenylamino)-5-—
methylpyridin-3~yl] [4-{4-fluorophenyl)piperidin-1-ylimethanone
(1.08 g, 2.37 mmol) cobtained in step 1, and in the same manner
as in Example 1, step 3, [4-{2-fluorc-3-methylphenylamino)-6-
mercapto-b5-methylpyridin-3-y1] [4- (4-flucrophenyl)piperidin-1-
yllmethanone (1.18 g, gquantitative) was obtained.

ESIMS m/z: 454 (M + H)"'

[031¢€]

(step 3) Using [4-(2-fluoro-3-methylphenylaminc)-6-mercapto-5-
methylpyridin-3-yl] [4-{4-fluorophenyl)piperidin-1-ylIimethanone
(1.18 g, 2.60 mmol) cbtained in step 2, and in the same manner
as in Example 1, step 4, 4-{2-~fluorc-3-methylphenylamino)-5-[4-
(4-fluorophenyl)piperidine~l~carbonyl]-3-methylpyridine-2~
sulfonic acid (550 mg, 42%) was obtained.

ESIMS m/z: 502 (M + H)'

(step 4) Using 4~ (2~fluoro-3-methylphenvlamino)-5-[4~{4-
fluorcophenyl)piperidine~l-carbonyl]-3-methylpyridine-2~sulfonic
acid (200 mg, 0.40 mmol) obtained in step 3, and in the same
manner as in Example 11, compound 264 (75.1 mg, 33%) was
obtained.

ESIMS m/z: 568 (M + H); 'H NMR (300 MHz, DMSO-dg,8): 1.10-1.70
(m, 4H), 2.00-2.30 (m, 1H), 2.21 (s, 3H}), 2.50 (s, 3H), 2.60-
2.80 {m, 1H), 2.80-3.10 (m, 1H), 3.40-3.50 {(m, 1H}, 3.90-4.20
(m, 1H), 6.30 (d, J = 1.5 Hz, 1H), 6.81 {(br s, 1H), 6.90-7.15
(m, 4H}, 7.22 (br s, 2H), 7.97 (br s, 1H), 8.10 (s, 1lH}, 8.59
(br s, 1H), 11.8 {(br s, 1H).

Example 86
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[0317]

4-({3-chloro-2~-fiuorcphenylamino) -5-[4-(4-
flucrophenyl)piperidine-l-carbonyl]-N-(isoxazol-3-yl) -3~
methylpyridine-2-sulfonamide {(compound 265)

(step 1) Using (4, 6-dichloro-5-methylpyridin-3-yl} [4-{4-
fluorophenyl)piperidin-1-yl]methanone (432 mg, 1.14 mmol)
obtained in Example 52, step 1, and 3-chlcoro-2-fluorcaniline
(215 mg, 1.48 mmecl), and in the same manner as in Example 1,
step 2, [&-chlcoro-4-(3-chlorc-2-flucrophenylamino) -5-
methylpyridin-3-yl] [4-(4-flucrophenyl)piperidin-1-yljmethancne
(543 mg, quantitative) was obtained.

ESIMS m/z: 476 (M + H)'

(step 2) Using [6-chloro-4-(3-chloro-2-flucrophenylamino) -5-
methylpyridin-3-yl] [4-{4-fluorcphenyl)piperidin—-l-yl]methanone
(543 mg, 1.13 mmol) cbtained in step 1, and in the same manner
as in Example 1, step 3, a crude product of [4~(3-chloro—2-
fluorophenylamino) -6-mercapto-5-methylpyridin-3-yl] [4- (4~
flucrophenyl!piperidin~-l~-yl]lmethanone was obtained and used for
the next reaction without purification.

ESIMS m/z: 474 (M + H)F

[0318]

(step 3) Using a crude product of [4-{3-chloro-2-
fluorcophenylamino) —6-mercapto-5S-methylpyridin-3-yl] [4-(4-
fluorcphenyl)piperidin-1-yl]|methanone obtained in step 2, and
in the same manner as in Example 1, step 4, 4-(3-chloro-2-
fluorophenylamino) -5-[4-{4-fluorophenyl)piperidine-l-carbonyl]-
3-methylpyridine-Z2-sulfonic acid (422 mg, yield of 2 steps 71%)
was obtained.

ESIMS m/z: 522 (M + H)'

{(step 4) Using 4-(3-chloro-2-fluorophenylamino)-5-[4-{4-
fluorophenyl)piperidine-l-carbonyl] -3-methylpyridine-2-sulfoenic
acid (422 mg, 0.803 mmol) obtained in step 3, and in the same
manner as in Example 11, compound 265 {(B0.2 mg, 17%} was
obtained.

ESTMS m/z: 588 (M + H)'; 'H NMR (400 MHz, DMSO-d¢, d): 1.15-1.76
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(m, 4H), 1.85-2.15 {(m, 1H), 2.49 (s, 3H), 2.60-2.74 {m, 1H),
2.80-3.10 (m, 1H), 3.40-3.60 (m, 1H), 4.00-4.28 {(m, 1H), 6.33
(s, 1H}, 6.80-7.50 (m, 7H), 8.10-8.35 (m, 2H), 8.55 (br s, 1H),
11.85 (br s, 1H).

Example 87

[0319]

5-[4-(4~fluorcphenvyl)piperidine-l-carbonyl]-4-(3-
fluocrophenylamino) ~3-methyl-N-{3-methylisothiazol-5~
yv1l)pyridine-Z2-sulfonamide {compcund 2&7)

Using 5-[4-~(4~flucrcphenyl)piperidine-l~-carbonyl]-4-(3-
flucrophenylamino)-3-methylpyridine-2-sulfonic acid (357 mg,
0.732 mmol) cbtained in Example 67, step 3, and in the same
manner as in Example 71, step 4, compound 267 {38 mg, 8.9%) was
obtained.

ESTMS m/z: 584 (M + H)*; 'H NMR (400 Miz, DMSO-dg, 5): 1.25-1.82
(m, 4H), 2.08 (s, 3H), 2.11-2.31 (m, 1H), 2.42 (s, 3H), 2.61-
2.78 {(m, 1H), 2.84-3.12 {m, 1H), 3.40-3.59 (m, 1IH), 4.12-4.49
(m, 1H), 5.97 (s, 1H), 6.48-6.57 (m, 2H), ©6.58-6.68 (m, 1H),
6.95-7.34 (m, 6H), 8.1% (s, 1H}, 8.23 (s, 1H).

Example £8

[0320]

4—~(2-fluorc-5-methoxyphenylamino)-5-[4-(4-
flucrophenyl)piperidine-l-carbonyl]-N-(isoxazol-3-yl})-3-
methylpyridine~2~sulfonamide (compcund 268)

(step 1) Using (4, 6-dichlcro-5-methylpyridin-3-yl) [4~(4-
fluorophenyl)piperidin—-l~yl]lmethancne (1.00 g, 2.72 mmol}
obtained in Example_52, step 1, and Z2-flucro-5-methoxyaniline
(575 mg, 4.08 mmol), and in the same manner as in Example 1,
step 2, [6-chloro-4-(2-fluoro-5-methoxyphenylamino)-5-
methylpyridin-3-yl] [4- (4-flucrephenyl)piperidin-l-yl]methanone
(1.35 g, guantitative) was obtained.

ESIMS m/z: 472 (M + H)”

(step 2) Using [6-chloro-4-(2-flucro-5-methoxyphenylamino)~5-
methylpyridin-3-vy1] [4-{4-fluorophenyl)piperidin-1l-yvllmethanone

{(1.35 g, 2.87 mmol) obtained in step 1, and in the same manner
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as in Example 1, step 3, [4-(2-fluoro-5-methoxyphenylamino)-6-
mercapto-5-methylpyridin-3-y1] [4- (d-fluorophenyl)piperidin-1-
yl]methanone (1.10 g, 82%) was cbtained.

ESIMS m/z: 470 (M + H)7

[0321]

(step 3) Using [4-(2-flucro-5-methoxyphenylamino)-6-mercapto-5-
methylpyridin-3-yl] [4-(4~-flucrophenyl}piperidin-T1-ylimethancne
(1.10 g, 2.34 mmol} obtained in step 2, and in the same manner
as in Example 1, step 4, 4-{2-fluoro-5-methoxyphenylaminc)-5-
[4-(4-flucrophenyl)piperidine-l-carbonyl]-3-methylpyridine-2-
sulfonic acid (500 mg, 41%) was obtained.

ESIMS m/z: 518 (M + H)'

{step 4) Using 4~ (2-fluoro~-5-methoxyphenylaminc)-5-{4- (4~
fluorophenyl)piperidine~l-carbonyli-3-methylpyridine-Z-sulfonic
acid (250 mg, 0.480 mmol) obtained in step 3, and in the same
manner as in Example 11, compound 268 (118 mg, 42%) was
obtained.

ESIMS m/z: 584 (M + H)'; "H NMR (400 MHz, DMSO-dg, D0, 8):
1.10-1.70 {(m, 4H), 1.90-2.30 {(m, 1H), 2.50 (s, 3H), 2.60-2.80
(m, 1H), 2.5%0-3.10 (m, 1H), 3.40-3.¢60 (m, 1H), 3.67 (s, 3H),
4.05-4.30 (m, 1H), 6.27 (s, 1B), 6.30~6.70 (m, 2H), 7.00-7.40
(m, 5H), 8.13 (s, 1H}, 8.46¢ (br s, 1iH).

Example 89

[0322]

4- (4-flucro-~3-methoxyphenylamine) -5« [4~ (4~
fluorophenvyl)piperidine~l-carbonyl]-N-{isoxazol-3-yl}-3-
methylpyridine-Z-sulfonamide {compound 269)

(step 1) Using (4,6-dichloro-5-methylpyridin-3-yl) [4-(4-
fluorophenyl)piperidin-1-yl]methanone (1.50 g, 4.09 mmol)
cbtained in Example 52, step 1, and 4-fluorc-3-methoxyaniline
(865 mg, 6.13 mmol}, and in the same manner as in Example 1,
step 2, [6-chloro-4-{4-fluoro-3-methoxyphenylamino)-—5=
methylpyridin-3-yl] [4-(4-fluorophenyl)piperidin-l~-yl]lmethanone
(1.35 mg, 70%) was obtained.

ESIMS m/z: 472 (M + )7
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(step 2) Using [&6-chloro-4-(4-flucro-3-methoxyphenylamino)-5-
methylpyridin-3-yl] [4- (4-flucrophenyl)piperidin-1-yl]methancne
(1.35 g, 2.85 mmol) obtained in step 1, and in the same manner
as in Example 1, step 3, a crude product of [4-(4~fluoro-3-
methoxyphenylamino) -6-mercapto-5-methylpyridin-3-yl] [4-(4-
fluorcphenyl)piperidin-l-yl]lmethancne was obtained and used for
the next reaction without purification.

ESIMS m/z: 470 (M + H)"

10323]

(step 3) Using a crude product of [4-(4-flucro-3-
methoxyphenylamino)-6-mercapto-5-methylpyridin-3-y1] [4-(4-
fluorcophenyljpiperidin-l-yl]methanone obtained in step 2, and
in the same manner as in Example 1, step 4, a crude product of
4-(4-fluoro-3-methoxyphenylaming) -5-[4- {4-
fluorophenyl)piperidine-l-carbonyl]-3-methylpyridine-2-sulfonic
acid was obtained and used for the next reaction withocut
purification.

ESIMS m/z: 518 (M + H)©

(step 4} Using a crude preduct of 4-{4-fluoro-3-
methoxyphenylamino) ~5~[4~ (4~fluorophenyl)piperidine-1-
carbonyl]-3-methylpyridine-~2-sulfonic acid obtained in step 3,
and in the same manner as in Example 11, compcund 269 (61 mg,
yield of 3 steps 22%) was obtained.

ESIMS m/z: 584 (M + H)*; 'H NMR (300 MHz, DMSO-ds, D,0, &):
1.20-1.80 (m, 4H), 1.88-2.28 (m, 1H), 2.52 (s, 3H), 2.60-3.19
(m, 2H), 3.40-3.68 (m, 1H), 3.77 (s, 3H), 3.87-4.39 {(m, 1H),
6.33 (s, 1H), 6.46 {(br s, 1H), 6.65-6.80 (m, 1H), 7.04-7.34 (m,
5H), 8.13 (s, 1H), 8.23 (s, 1lH), 8.59 (br s, 1H), 11.81 (br s,
1H) .

Example 90

[0324]

4-(4-chlero-2-fluorcophenylamine)-5-[4-{4-
fluorophenyl)piperidine~l—~carbonyl]-N-{isoxazcl-3-yl)-3-
methylpyridine-2-gul fonamide {(compound 270)

(step 1) Using (4,6-dichloro-5-methylpyridin-3~-yl) [4-(4-
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flucreophenyl)piperidin-1-yl]lmethancne ({(1.00 g, 2.72 mmol)
cbhbtained in Example 52, step 1, and 4-chlorc-2-flucroaniline
(594 mg, 4.08 mmeol), and in the same manner as in Example 1,
step 2, [6-chloro-4-{4-chloro-Z-flucrophenylamino)-5-
methylpyridin-3-yl] [4-(4-fluorcphenyl)piperidin-1-yl]lmethanone
(920 mg, 71%) was obtained.

ESIMS m/z: 476 (M + H)7

(step 2) Using [6-chloro—-4-{4~chloro-2-flucrophenylamino)-5-
methylpyridin-3-yl] [4-(4~flucrophenyl)piperidin-1-yl]methancne
(1.28 g, 2.70 mmcl) obtained in step 1, and in the same manner
as in Example 1, step 3, a crude product of [4-(4-chlcoro-2-
fluorophenylamino) ~6-mercapto-5b-methylpyridin-3-y1][4-{4-
fluorophenyl)piperidin-1-yl]methanone was obtained and used for
the next reaction without purificatiocn.

ESIMS m/z: 474 (M + I)F

[0325]

(step 3) Using a crude product of [4-{4-chicro-2-
fluocrophenylamino) -6-mercapto-5-methyipyridin-3-y1] [4-(4-
fluorophenyl)piperidin-1-yl]lmethanone obtained in step 2, and
in the same manner as in Example 1, step 4, 4-(4-chloro-2-
flucrophenylamine) -5-[4- (4-fluorophenyl)piperidine-l1-carbonyl]-
3-methylpyridine-Z2-sulfonic acid (500 mg, vield of 2 steps 35%)
was cbtained.

ESIMS m/z: 522 (M + H)F

(step 4) Using 4-{4-chloro-Z2-fluorcphenylamino)-5-[4- (4~
fluorophenyl)piperidine~-l~carbonyl]~3-methylpyridine-2-suifonic
acid (250 mg, 0.480 mmol) cbtained in step 3, and in the same
manner as in Example 11, compound 270 (53.8 mg, 19%) was
obtained.

ESIMS m/z: 588 (M + H)™; H NMR (400 MHz, DMSO-ds, D30, &):
1.20-1.80 {(m, 4H), 1.90-2.30 (m, 1H), 2.50 (s, 3H), 2.60-2.80
(m, 1H), 2.80-3.1C (m, 1H), 3.40-3.60 (m, 1H), 4.00-4.30 (m,
1E), 6.27 (m, 1H) 6.80-7.60 (m, 7H), 8.12 (s, 1H), 8.48 (br s,
1K) .

Example 91
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[032¢]

4—({h-chlorc~2~fluorophenylamine) -5-[4-(4-
flucrephenyl)piperidine-1-carbonyl]-N-{isoxazol-3-yl}-3-
methylpyridine-2-sulfonamide (compound 271)

{(step 1) Using (4, é-dichloro-5-methylpyridin-3-yl) [4-(4-
fluorophenyl)piperidin-1l-yl]methanone (1.00 g, 2.72 mmol)
obtained in Example 52, step 1, and 5~chloro~2-fluorcaniline
{594 mg, 4.08 mmel), and in the same manner as in Example 1,
step 2, [6-chloro-4-{b-chloro-2-flucrophenylamino) -5-
methylpyridin-3-yl] [4~ (4-fluorophenyl}piperidin-1-yl]methanone
(850 mg, 69%) was obtained.

ESIMS m/z: 476 (M + H)'

{step 2) Using [6-chloro-4-{5-chloro-2-flucrophenylamino)-5-
methylpyridin-3-yl] [4-{4-fluorcphenyl)piperidin-1-ylimethanone
{920 mg, 1.93 mmol) obtained in step 1, and in the same manner
as in Example 1, step 3, a crude product of [4-(5-chloro-2-
fluorophenylamino} ~6-mercapto-5-methyloyridin-3-yl] [4-{4-
fluorophenyl)piperidin-l-yl]lmethancne was obtained and used for
the next reaction without purification.

ESTMS m/z: 474 (M + H)'

[0327]

{step 3) Using a crude product of [4-{5-chloro-2-
flucrophenylamino) -6-mercapto-5-methylpyridin-3-yl1] [4- (4~
flucrophenyl)piperidin~l~yl]lmethanone obtained in step 2, and
in the same manner as in Example 1, step 4, 4-(5-chloro-2-
flucrophenylamino) —-5-[4- (4-fluorophenyl)piperidine-1-carbonyl]-
3-methylpyridine~2Z2-sulfonic acid (500 mg, yield of 2 steps 50%)
was obtained.

ESIMS m/z: 522 (M + H)"

(step 4) Using 4-{b-chloro-2-fluorcphenylamino)~5-[4-{4-
fluorophenyl)piperidine-l-carbonyl]-3-methylpyridine-2~sulfonic
acid {250 mg, 0.480 mmol) obtained in step 3, and in the same
manner as in Example 11, compound 271 ($5.4 mg, 34%) was
oktained.

ESIMS m/z: 588 (M + H)¥; 'H NMR (300 MHz, DMSO-dg, 3): 1.20-1.80

177



10

15

20

25

30

35

{m, 4H), 2.00-2.30 {(m, 1H), 2.51 (s, 3H), 2.60-2.80 (m, 1H),
2.%90-3.1%5 (m, 1H), 3.40-3.60 (m, 1H), 4.15-4.30 (m, 1H), ©.23
(s, 1H), ©.70-7.40 (m, 7H), 8.37 (s, 1H), 8.47 (br s, 1H).
Example 92

[0328]

4-{Z2-chloro-3~fluocrophenylamino)~5-[4- (4~
flucrophenyl)piperidine-l-carbonyl] -N-{isoxazol-3-y1}-3~
methylpyridine-2-sulfonamide {(compocund 272}

{step 1) Using (4,6-dichloro-5-methylpyridin-3-y1} [4—- {4~
fluorophenyl)piperidin—lmyl}methanone {(1.50 g, 4.09 mmol}
obtained in Example 52, step 1, and 2-chloro-3-flucrcaniline
(892 mg, ©.13 mmel), and in the same manner as in Example 1,
step Z, [&6-chlore—-4-(2-chlore-3-fluorophenylamino)-5-
methylpyridin-3-vy1] [4-{4-fluorophenyl}piperidin-1-yl]methanone
(1.24 g, 64%) was obtained.

ESTMS m/z: 476 (M + H)'

(step 2) Using [&6-chlcoro-4-(2-chloro-3-fluorcphenylamine)-5-
methylpyridin-3-yl] [4-(4-fluorophenyl)piperidin-l-yl]methanone
(1.24 mg, 2.59 mmcl) cbtained in step 1, and in the same manner
as in Example 1, step 3, a crude product of [4-{2~chloro-3-
fluorophenylamino) ~6~mercapto~5-methylpyridin-3-yl][4-{4-
fluorophenyl)piperidin-l-yl]methanone was obtained and used for
the next reaction without purification.

ESIMS m/z: 474 (M + H)¥

[0329]

{step 3) Using a crude product of [4-{2-chlorc-3-
tlucrcephenylaminge) —-6-mercapto-5-methylpyridin-3-vy1][4-(4-
fluorophenyl)piperidin-1-vyl ]methanone obtained in step 2, and
in the same manner as in Example 1, step 4, a crude product of
4—(2—chloro—B—fluorophenylamino)—5-{4—(4—
fluorophenyl)piperidine-l-carbonyl] -3-methylpyridine~2~sulfonic
acid was obtained and used for the next reaction without
purificatiecn.

ESIMS m/z: 522 (M + H)®

(step 4} Using a crude product cof 4-(Z-chlcro-3-
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fluorophenylamino) ~-5-[4~ (4~-fluorophenyl)piperidine-i-carbonyl]-
3-methylpyridine-2-sulfeonic acid cbtained in step 3, and in the
same manner as in Example 11, compound 272 {89.9 mg, yield of 3
steps 32%) was obtained.

ESIMS m/z: 588 (M + H)*; 'H NMR (300 MHz, DMSO-dg, &): 1.05-1.80
{m, 4H}, 2.10-2.45 {m, 1H), 2.53 (s, 3H), 2.65-2.80 (m, 1H),
2.90~3.20 {(m, 1H), 3.49-3.65 (m, 1H}, 4.15-4.35 {(m, 1H}, 6.33
{s, 1H), 6.50-6.75 (m, 1H), 7.01-7.45 (m, 6H), 7.85-8.12 (m,
1H), 8.28 (s, 1H), 8.57 (br s, 1H), 11.86 {(br s, 1H).

Example 23

[0330]

4-({2-chloro-4-flucrophenylamino}-5-[4-(4-
fluorophenyl)piperidine-l-carbenyl] -N-(isoxazol-3-y1}-3-
methylpyridine-2-sulfonamide (compound 273)

(step 1) Using (4,6-dichloro-5-methylpyridin-3-vy1) [4-{4-
fluorcphenyl)piperidin-1-yl]methanone (1.00 g, 2.72 mmol)
obtained in Fxample 52, step 1, and 2-chlorc-4-flucrocaniline
{594 mg, 4.08 mmol), and in the same manner as in Example 1,
step 2, [6b-chloro-4-(2-chloro-4-fluorophenylaming)-5-
methylpyridin-3-yl] [4- (4-fluorophenyl)piperidin-1-y1l]lmethanone
(930 mg, 72%) was obtained.

ESIMS m/z: 476 (M + H)'

{(step 2) Using [6&-chloro-4-(2-chloro-4-fluorophenylaming) -5~
methylpyridin-3-yl]} [4-(4-fluocrophenyl)piperidin~l-yl]methanone
(1.05 g, 2.20 mmol) obtained in step 1, and in the same manner

as in Example 1, step 3, a crude product of [4-{(2-chloro-4-

- fluorophenylaming) -6-mercapto-5-methylpyridin~-3-yl] [4-(4-

fluorophenyl)piperidin~-l-yl]lmethancne was obtained and used for
the next reaction withcut purification.

ESIMS m/z: 474 (M + H)7

[0331]

(step 3) Using a crude product of [4-~(Z~chloro-4-
flucrephenylamino) -6-mercapto-5-methylpyridin-3-y1] [4~ {4~
flucrophenyl)piperidin-l-yl]lmethanone obtained in step 2, and

in the same manner as in Example 1, step 4, 4-(2-chloro-4-
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flucrophenylamino)-5-[4- (4-fluorophenyl)piperidine-l1-carbonyl]-
3-methylpyridine-2-sulfonic acid (900 mg, yield of 2 steps 78%)
was obtained.

ESIMS m/z: 522 (M + H)®

(step 4) Using 4-(2-chloro-4-fluorophenylamino}-5-[4-{4-
fluorcphenyl}piperidine-i-carbonyl]-3-methylpyridine-2-sulfonic
acid (250 mg, 0.480 mmcl) obtained in step 3, and in the same
manner as in Example 11, compound 273 (67.8 mg, 24%) was
obtained.

ESIMS m/z: 588 (M + H)¥; 'H NMR (300 MHz, DMSO-de, &): 1.15-1.79
(m, 4H), 2.05-2.40 (m, 1H), 2.50 (s, 3H), 2.60-2.80 (m, 1H),
2.82-3.10 (m, 1H}, 3.45-3.63 {(m, 1H), 4.05-4.25 (m, 1H), ©.30
(s, 1H), 7.06-7.24 {(m, 7H), 7.40-7.58 (m, 1H), 7.78-8.00 (m,
1H), 8.10 (s, 1H), 8.54 (br s, 1H).

Example 94

[0332]

4-{2-chloro-b5-flucrephenylamino) -5-[4- (4~
fluorcphenyl)piperidine-l-carbonyl] -N- (iscxazol-3-yl)-3-
methylpyridine-2=-sulfonamide (compcocund 274)

{step 1) Using {4,6-dichloro-5-methylpyridin-3-yl} [4-{4-
fluorophenyl)piperidin-1-yl]lmethanone (1.00 g, 2.72 mmol)
obtained in Example 52, step 1, and 2-chloro-5-fluorcaniline
(594 mg, 4.08 mmol), and in the same manner as in Example 1,
step 2, [6-chloro-4-{2-chloro-5-fluorophenylamino)-5-
methylpyridin-3-yl1] {4-(4—f£luorophenyl)piperidin-1-y1]methanone
{810 mg, 70%) was obtained.

ESIMS m/z: 476 (M + H)7

(step 2) Using [6-chloro-4-(2-chloro-5-fluocrcophenylamino)-5-
methylpyridin-3-y1] [4-{4-fluorophenyl)piperidin-1-yllmethancne
(643 mg, 1.35 mmcl) obtained in step 1, and in the same manner
as in Example 1, step 3, a crude product of [4-(2~-chloro-5-
fluorcphenylamino) -é-mercapto-5-methylpyridin-3~yl] [4- (4-
fluorcphenyl)piperidin~l-yl]lmethancne was obtained and used for
the next reaction without purification.

ESIMS m/z: 474 (M + H)
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[0333]

{step 3) Using a crude product of [4-(Z2-chlcoro-5-
fluorophenylamino) —-6~mercaptc=5-methylpyridin-3-yl1] i4-(4-
flucrophenyl)piperidin-i-ylimethanone cbtained in step 2, and
in the same manner as in Example 1, step 4, 4-{2-chloro-5-
fluorophenylamino)-5-{4-(4-fluorophenyl)piperidine~l-carbonyl] -
3-methylpyridine-2-sulfonic acid (600 mg, yield of 2 steps 80%)
was cobtained.

ESIMS m/z: 522 (M + )7

(step 4) Using 4-{Z-chlorc-5-flucorcphenylaminge)—-5-[4-{4-
flucrophenyl)piperidine-1l-carbonyl]-3-methylpyridine-2-sulfonic
acid (250 mg, 0.480 mmol) cbtained in step 3, and in the same
manner as in Example 11, compound 274 {53.7 mg, 19%) was
obtained.

ESIMS m/z: 588 (M + H)*; 'H NMR (300 MHz, DMSO-dg, ©): 1.10-1.80
(m, 4H}, 2.20-2.45 (m, 1H), 2.50 (s, 3H), 2.62-2.82 {(m, 1H),
2.90-3.15 {(m, 1H), 3.48-3.68 (m, 1H), 4.18-4.42 {(m, 1H), 6.31
(s, 1H), 6.50-6.75 (m, 1H), 6.80-7.00 (m, 1H), 7.00-7.38 (m,
5H), 7.45-7.65 {m, 1H}, 7.75-8.05 {m, 1H), 8.28 (s, 1H), 8.5%

{(br s, 1H).
Example 55
[0334]

5-[4-{4-fluocrophenyl)piperidine-l-carbonyl]-N-{isoxazocl-3-yl} -
3-methyl-4-(2,3,5-triflucrephenylaminc)pyridine-2-sulfonamide
(compound 275)

(step 1) Using (4,6-dichloro-5-methylpyridin=-3-yl) [4-(4-
fluorcphenyl)piperidin-l-yllmethancone (1.20 g, 3.27 mmol)
obtained in Example 52, step 1, and 2,3,5-trifluocroaniline (721
mg, 4.%0 mmol), and in the same manner as in Example 1, step 2,
[6-chloro-5-methyl-4-(2, 3, 5-triflucrophenylamine)pyridin-3-

yl] [4-(4-fluorcphenyl)piperidin-l-yl]lmethanone (663 mg, 42%)
was obtained.

ESIMS m/z: 478 (M + H)'

(step 2) Using [6-chloro-5-methyl-4-(2,3,5-
triflucrophenylamino)pyridin-3-yl] [4-{4-flucrophenyl)piperidin-
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l-yl]methanone (663 mg, 1.329 mmol) obtained in step 1, and in
the same manner as in Example 1, step 3, [4~(4-
fluorcophenylpiperidin-1-yl] [6-mercapto~3~methyl-4-(2, 3, 5-
triflucrophenylamine)pyridin-3~yllmethanone (610 mg, 92%) was
obtained.

ESTMS m/z: 476 (M + H)~

[03351]

(step 3) Using [4~(4-flucrophenyl)piperidin-1-yl][6-mercapto-5-
methyl-4-(2,3,5~trifluorophenylamino)pyridin-3-ylimethanone
(610 mg, 1.28 mmol) obtained in step 2, and In the =same manner
as in Example 1, step 4, 5-[4-(4-fluorophenyl)piperidine-1-
carbonyl]-3-methyl-4-(2, 3, 5-trifluorophenylamino)}pyridine-2-
sulfonic acid (300 mg, 45%) was obtained.

ESIMS m/z: 524 (M + H)©

(step 4) Using 5~[4-(4-fluorcphenyl)piperidine-l1-carbonyl]-3-
methyl-4- (2,3, 5~trifluorophenylamino) pyridine-2-sulfenic acid
(250 mg, 0.480 mmol) obtained in step 3, and in the same manner
as in Example 11, ceompound 275 (81.8 mg, 30%) was obtained.
ESIMS m/z: 590 (M + H)*; 'H NMR (300 MHz, DMSO-ds, D,0, &):
1.00-1.80 (m, 4H), 2.10-2.30 (m, 1H), 2.51 (s, 3H), 2.60-2.80
(m, 1H}, 2.80-3.20 (m, 1H), 3.40-3.60 {(m, 1H), 4.10-4.3C (m,
iH}), ©.2% (s, 1H), 6.50-6.80 (m, 1H), 7.00-7.40 (m, 5H), 8.32
{br s, 1H), 8.51 (br s, 1H).

Example S6

[0336]
5-[4-(4-fluorophenyl)piperidine-l-carbonyl]-3-methyl-N- {3~
methylisothiazol-5-yl)-4- (phenylamine)pyridine-2-sulfonamide
{compound 277)

(step 1) Using (4,6-dichloro~5~methylpyridin-3-yl1) [4-(4-
fluorcphenyl}piperidin~l1~yl]lmethancone (300 mg, 0.817 mmol!}
cbtained in Example 52, step 1, and aniline (0.112 mk, 1.23
mmol), and in the same manner as in Example 1, step 2, [6-
chloro-5-methyl-4- (phenylamino) pyridin-3-vy1] [4-(4-
fluorophenyl)piperidin-1l1-ylimethanone (290 mg, 84%) was

obtained.
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ESIMS m/z: 424 (M + H)V

(step 2) Using [6-chloro-5-~methyl~4- (phenylamino)pyridin-3-
yv1][4-{(4-flucrcphenyl)piperidin~l-yl]lmethancne (290 mg, 0.684
mmol) cbtained in step 1, and in the same manner as in Example
1, step 3, [4-(4-fluorcphenyl)piperidin-1-yl] [6-mercapto-5-
methyl-4- (phenylamino)pyridin-3-yl]lmethanone (262 mg, 91%) was
cbtained.

ESIMS m/z: 422 (M + H}'

[0337]

(step 3) Using [4-(4-fluorophenyl)piperidin-1-yl][6é-mercapto-5-
methyl-4- (phenylamino)pyridin-3-yljmethanone (260 mg, 0.617
mmel} cbtained in step 2, and in the same manner as in Example
1, step 4, 5-[4~{4-fluorophenyl)piperidine-l-carbenyl]-3-
methyl~4- (phenylamino)pyridine-2-sulfonic acid (250 mg, 86%)
was obtained.

ESIMS m/z: 470 (M + H}7

{(step 4) Using 5-[4-(4-fluorcphenyl)piperidine-l-carbonyll-3-
methyl-4- (phenylamine)pyridine-2-sulfonic acid (250 mg, C.532
mmol) obtained in step 3, and in the same manner as in Example
71, step 4, compound 277 (102 mg, 34%) was cbtained.

ESIMS m/z: 566 (M + H)'; "H NMR (400 MHz, DMSO-dg,8): 1.22-1.76
(m, 4H), 1.80~2.03 (m, 1H), 2.28 (s, 3H}, 2.47 {s, 3H), 2.57-
2.76¢ (m, 1H), 2.78-3.11 (m, 1H), 3.48-3.68 (m, 1H), 3.86-4.42
(m, 1H), 6.¢6 (s, 1H), ©€.80 (d, J = 7.7 Hz, 2H), 6€.93-7.35 {(m,
7H), 8.17 (s, 1H), 8.35 (s, 1H), 12.09% (br s, 1H).

Example 97

[0338]

4-(2,5-dichlorophenylamino)-5-[4~ (4~flucrophenyl)piperidine-1-
carbonyl]-N-(isoxazol~3-yl)~3-methylpyridine-2-sulfonamide
(compound ZB81)

(step 1) Using (4,6-dichloro-5-methylpyridin-3-y1) [4-{4-
flucrophenyl)piperidin-1-yl]methanone (1.20 g, 3.27 mmol)
obtained in Example 52, step 1, and Z,5-dichlorcaniline {688 mg,
4.25 mmol), and in the same manner as in Example 1, step 2, [6&-

chlorec—-4~(2,5~-dichlorophenylamine)-5-methylpyridin-3-y1] [4- {4~
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fluorophenyl)piperidin-1-ylimethanone (874 mg, 54%) was
obtained. '

ESIMS m/z: 492 (M + H)7

(step 2) Using [6-chloro-4-{2,5-dichlorophenylaming)-5-
methylpyridin-3-yl] [4-{(4-flucrophenyl)piperidin-1-yl]methancne
(874 mg, 1.77 mmol) obtained in step 1, and in the same manner
as in Example 1, step 3, a crude product of [4-(2,5-
dichlorophenylamine)-é-mercapto-5-methylpyridin-3-yl] [4- {4~
fluorophenyl)piperidin-1l-yllmethanone was obtained and used for
the next reaction without purification.

ESIMS m/z: 490 (M + H)”

[C339]

(step 3) Using a crude product cf [4-(2,5-dichlorophenylamino) -
b-mercapto-5-methylpyridin-3-yl] [4-{4-fluorcphenyl)piperidin-1-
yl]lmethanone obtained in step 2, and in the same manner as in
Example 1, step 4, a crude product of 4-(2,5-
dichlorophenylamino)-5-[4-(4-fluorophenyl)piperidine-1-
carbcnyl]-3-methylpyridine-2-sulfonic acid was obtained and
used for the next reaction without purification.

ESIMS m/z: 538 (M + H)"

(step 4) Using a crude product cf 4-(2,5~dichlorophenylaminc) -
5-[4~ (4-fluorophenyl)piperidine-l-carbonyl]-3-methylpyridine-2-
sulfonic acid obtained in step 3, and in the same manner as in
Example 11, compound 281 (59.5 mg, vield of 3 steps 12%) was
obtained.

ESIMS m/z: 604 (M + H)7; 'H NMR (300 MHz, DMSO-dg, &): 1.10-1.80
(m, 4H), 2.10-2.45 {(m, 1H), 2.53 (s, 3H), 2.70-2.83 (m, 1H),
2.98-3.19 (m, 1H}, 3.50-3.65 (m, 1H), 4.15-4.40 (m, 1H), 6.34
(s, 1H), ©.70-7.45 {m, 6H), 7.46-7.60 (m, 1H), 7.80~8.10 (m,
1H), 8.29 (s, 1H), 8.59 (br s, 1H), 11.89 (br s, 1H).

Example 93

[0340]

4- (benzylaminc)-5-[3~ (4~fluorophenyl}azetidine~l-carbonyl]-3-
methylpyridine~2-sulfonamide {compound 284)

(step 1} Using 4,6-dichlcrc-5-methylnicotinic acid (1.00 g,
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4.85 mmcl} obtained by the method described in a document
(Journal of Heterccyclic Chemistry, 1999, 36, p.953), and in
the same manner as in Example 44, step 1, 4-(benzylamino)-6-
chloro-5-methylnicotinic acid (433 mg, 22%) was obtained.
ESIMS m/z: 277 (M + H)'

{step 2) Using 4-{benzylaminc)~é-chloro~5-methylnicotinic acid
(433 mg, 1.55 mmol) obtained in step 1, and 3-(4-
fluorophenyl)azetidine'hydrochloride {441 mg, 2.34 mmol), and
in the same manner as in Example 1, step 1, [4-(benzylamino)-6&-
chlcro-5-methylpyridin-3-yl] [3-(4-fluorophenyl)azetidin-1-
yl]lmethanone (220 mg, 35%) was obtained.

ESIMS m/z: 410 (M + H)'

[0341]

(step 3) Using [4=~{benzylaming)=6-chloro-5-methylpyridin-3-
y1][3-(4-fluorophenyl)azetidin-I-yllmethanone (85.6 mg, 1.07
mmel) obtained in step 2, and in the same manner as in Example
1, step 3, a crude preduct of [4-(benzylamino)-6-mercapto-5-
methylpyridin-3-v1] [3-{4-flucrophenyl)azetidin-1-yl]methancne
was obtained and used for the next reacticn without
purification.

ESIMS m/z: 408 (M + H)7

(step 4) Using a crude product of [4-(benzylamino)-6-mercapto-
S-methylpyridin-3-yl] [3~(4~flucrophenyl)azetidin-1-yImethanone
obtained in step 3, and in the same manner as in Example 1,
step 4, 4-(benzylamino)-5-[3~(4-flucrophenyl)azetidine-1-
carbonyl]—3—methylpyridine—Z—sulfonic acid (208 mg, yield of 2
steps 85%) was cobtained.

ESIMS m/z: 456 (M + H)"

{(step 5) Using 4-(benzylamino)-5-[3-(4-flucrcphenyl)azetidine-
l-carbeonyl]-3-methylpyridine-2-sulfonic acid (180 mg, 0.330
mmol) obtained in step 4, and in the same manner as in Example
2, compound 284 (54.8 mg, 31%) was obtained.

ESIMS m/z: 455 (M + H)Y; 'H NMR (400 MHz, DMSO-d¢, &):2.53 (s,
3H), 3.30-3.53 (m, 3H}, 3.80-3.85 (m, 1H}, 4.23-4.35 {(m, 1H),
4.50-4.73 (m, 2H), 6.95-7.48 (m, 12H), B8.05 (s, 1H).
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FExample 99

[0342]
4-{3-chlorophenylaminc}-5-[3-(4-fluorophenyl)azetidine-1-
carbonyl]-3-methylpyridine—-2-sulfonamide (compound 285)

(step 1) Using 4,6-dichlorc-5-methylnicotinic acid (480 mg,
2.34 mmol) obtained by the method described in a document
(Journal cf Heterocyclic Chemistry, 1999, 36, p.953), and 3-
chloroaniline {300 mg, 2.34 mmcl), and in the same manner as in
Example 1, step 2, a crude product of 6-chloro~-4-{3-
chlcrophenylamino) ~5~methylnicotinic acid was obtained and used
for the next reacticn without purification.

ESIMS m/z: 297 (M + H)'

(step 2) Using a crude product of 6-chloro-4-{3-
chlorophenylamino)-b-methylnicotinic acid obtained in step 1,
and in the same manner as in Example 98, step 2, [6-chleoro~4-
{(3-chlorophenylamino) -5-methylpyridin-3-yl} [3-{4-
fluorcophenyl}azetidin-1-yl]methanone (302 mg, yield of 2 steps
30%) was obtained.

ESIMS m/z: 430 (M + H)'

[0343]

{step 3) Using [6b-chloro-4-(3-chlorophenylaminog) -5~
methylpyridin-3-yl! [3-(4-fluorophenvyl)azetidin-l-yl]methanone
(302 mg, 0.700 mmol) obtained in step 2, and in the same manner
as in Example 1, step 3, a crude product of [4-{(3-
chlorophenylamino) -6-mercapto-5-methylpyridin-3-y1][3-{4-
fluorophenyl)azetidin—~l~yl]methanone was obtained and used for
the next reaction without purification.

ESIMS m/z: 428 (M + H)"

(step 4) Using a crude product of [4-{(3-chlorophenylamino)-6-
mercapto-5-methylpyridin-3-vy1! [3-(4d-fluorophenyl)azetidin-1-
yllmethanone obtained in step 3, and in the same manner as in
Example 1, step 4, 4-(3-chlorophenylamino)-5-[3-{4-
fluorcphenyl)azetidine-l-carbonyl] -3-methylpyridine~2-sulfonic
acid (226 mg, yield of 2 steps 68%) was obtained.

ESIMS m/z: 476 (M + H)°7
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[0344]

(step 5) Using 4-({3-chlorcphenvylamino}-5-[3-{4-
fluorophenyl)azetidine-l-carbonyl]-3-methylpyridine-2~sulfonic
acid (200 mg, 0.420 mmol) obtained in step 4, and in the same
manner as in Example 2, compound 285 (70.4 mg, 35%) was
obtained.

ESIMS m/z: 475 (M + H)'; 'H NMR (400 MHz, CDCls, &): 2.46 (s,
3H), 3.50-3.70 (m, 1H), 3.78-3.%4 {(m, 1H), 4.00-4.18 (m, 20},
4.42 (¢, J = 6.6 Hz, 1H), 6.75-6.89 (m, 1H), 6.%0-7.00 {(m, 1H),
7.00~-7.08 {(m, 1H), 7.15-7.60 (m, 7H), 8.42 (s, 1H}, 8.61 (s,
1H) .

Example 100

[0345]

3-ethyl-5-[4-(4-flucraophenyl)piperidine-I1-carbonyl]~N-
{isoxazol-3-yl)-4-{o-teolylamino})pyridine-2-sulfonamide
(compound 287)

{step 1)} Using diethyl 2-ethyl-3-oxcpentanedicate (10.7 g, 44.2
mmcl) obtained by the method described in a document (Nippon
Nogeikagzaku Kaishi, 1%74, 48, p.507), and in the same manner as
in the method described in a document (Journal of Heterocyclic
Chemistry, 1999, 36, p.953), 4,6-dichloro-5-ethylnicotinic acid
(5.50 g, 54%) was obtained.

ESIMS m/z: 220 (M + H)'

(step 2} Using 4,6-dichloro-5-ethylnicotinic acid (5.5 g, 23.7
mmel) cbtained in step 1, and in the same manner as in Example
1, step 1, (4,6-dichloro-5-ethylpyridin-3-y1) [4-(4-
flucrophenyl)piperidin-1-yl]methancne (10.0 g, quantitative)
was obtained.

ESIMS m/z: 381 (M + H)7

[0346]

(step 3) Using (4,6-dichloro-5-ethylpyridin-3-yl) [4-(4-
fluorophenyl)piperidin-1-ylimethanone (432 mg, 1.14 mmol), and
c-toluidine (155 mg, 1.48 mmol} obtained in step 2, and in the
same manner as in Example 1, step 2, a crude product of [6-

chloro-5-ethyl-4-{c-tclylamino)pyridin-3-y1] [4- (4~
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fluorophenyl)piperidin-1l~yl]methancne was obtained and used for
the next reaction without purification.

ESIMS m/z: 452 (M + H)7

{step 4) Using a crude product of [6-chlorc-5-ethyl-4-(o-~
tolylamino)pyridin-3-y1j[4-(4-fluorophenyl)piperidin-I1-

vyl lmethanone cbtained in step 3, and in the same manner as in
Example 1, step 3, a crude product of [b-ethyl-6-mercapto-4-{o-
tolylamino)pyridin-3-vyl] [4-{4-flucrophenyl)piperidin-1-
yllmethancne was obtained and used for the next reaction
without purification.

ESIMS m/z: 450 (M + H)'

[0347]

(step 3) Using a crude product of [5~ethyl-6-mercapto-4-(o-
tolylamino)pyridin-3-yl] [4-{4-fluorophenyl)piperidin-1i-
yllmethanone cbtained in step 4, and in the same manner as in
Example 1, step 4, 3-ethyl-5-[4-{(4-fluorophenyl)piperidine-1~
carbonyl]-4-{o-tolylamino}pyridine-2-sulfonic acid (400 mg,
yield of 3 steps 71%) was obtained.

ESIMS m/z: 498 (M + H)}'

{(step 6) Using 3-ethyl-5-[4-(4-flucrophenyl)piperidine-1-
carbonyl]-4-(o-tolylamino)pyridine-Z-sulfonic acid (400 mg,
0.803 mmol) obtained in step 5, and in the same manner as in
Example 11, compound 287 (191 mg, 42%) was chtained.

ESIMS m/z: 564 (M + H)': 'H NMR (400 MHz, DMSO-dg, &6): 1.21 (t,
J = 5.1 Hz, 3H), 1.30-1.70 (m, 5H), 2.24 {s, 3H), 2.60-2.8%0 (m,
2y, 3.11-3.28 {m, 2H}, 3.50~3.60 {m, 1H), 3.80-4.08 (m, 1H),
€.31 (s, 1H), 6.75-7.00 {(m, 1H), 7.00-7.80 (m, SH), 7.97 (s,
1H), 8.52 (br s, 1H).

Example 101

[0348]
5-[4-(4-fluorophenyl)piperidine-l-carbonyl]-3-methyl-4-(p-
tolyloxy)pyridine-2-sulfonamide ({compound 283)

(step 1) (4,6-Dichloro-5-methylpyridin-3-y1) [4-(4-
flucrophenyl)piperidin-l1-yl]lmethanone (3.00 g, 8.17 mmcl)

obtained in Example 52, step 1 was dissclved in 1,4-dioxane (41
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mL), methyl 3-mercaptopropionate (1.1 mL, 9.8 mmol),
Tris{dibenzylideneacetone)dipalladium (0} (374 mg, 0.408 mmol),
4,5-bis(diphenylphosphino)~9, 9~dimethylxanthene (473 mg, 0.817
mmel) and cesium carbonate (5.32 g, 16.3 mmol) were added, and
the mixture was stirred under reflux for 6.5 hr. To the
reaction mixture was added saturated aguecus ammonium chloride
solution, and the mixture was extracted with ethyl acetate.

The organic layer was dried over anhydrcus magnesium sulfate,
and the solvent was evaporated under reduced pressure to give a
crude product of methyl 3-(4-chlcro-5-[4-(4-
fluorcphenyl)piperidine-1-carbonyl]-3-methylpyridin-2-
ylthic)propicnate, which was used for the next reaction without
purification.

ESIMS m/z: 451 (M + H)"

[0349]

{step 2) The crude product of methyl 3-{4-chloro-5-[4-(4-
fluorophenyl}piperidine-l-carbonyl}-3-methylpyridin-2-
ylthio)propionate obtained in stepr 1 was dissolved in THF (30
mL), potassium tert-butoxide (917 mg, 8.17 mmol) was added
under ice-ccoling, and the mixture was stirred for 15 min under
ice-cocling. To the reaction mixture was added saturated
agueous ammcnium chloride solution, and the mixture was
extracted with ethyl acetate. The organic layer was dried over
anhydreous magnesium sulfate, and the sclvent was evaporated
under reduced pressure. The residue was purified by silica gel
column chromatography (chloroform/methancol=1/0-10/1) to give
(A-chloro-6-mercapto-5-methylpyridin-3-yl) [4- (4~
fluorcphenyl)piperidin-l-yl]methanone (2.71 g, yield of 2 steps
91%) .

ESIMS m/z: 365 (M + H)7

{step 3) Using (4-chloro-6t-mercapto-5-methylpyridin—-3-yl) [4-(4-
flucrophenyl)piperidin-1-yl]methanone (2.23 g, 6.11 mmol)
obtained in step 2, and in the same manner as in kKxample 46,
step 3, 4-chlcro-5-[4-(4~fluorophenyl)piperidine-l-carbonyl]-3-
methylpyridine-Z2-sulfonamide {633 mg, 25%) was obtained.
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ESIMS m/z: 412 (M + H)7

(step 4) Using 4-chloro-5-[4-{(4-flucrophenyl)piperidine-1-
carbonyl]-3-methylpyridine-2-sulfonamide (326 mg, 0.791 mmol)
obtained in step 3, and in the same manner as in Example 78,
step 1, 4-chlore-5-[4-(4-fluorcphenyl)piperidine-l~carbonyl]-
N,N-bis(4-methoxybenzyl)-3-methylpyridine-Z2-sulfonamide (299 mg,
58%) was obtained.

ESIMS m/z: 652 (M + H)'

[0350]

(step 5} 4-Chlorc—-5-[4-(4-fluorcphenyl)piperidine-1-carbonyl]-
N,N-bis (4-methecxybenzyl)-3-methylpyridine-2-~sulfonamide (22.9
mg, 0.0350 mmcl) cbtained in step 4 was dissolved in DMA (0.70
mL), p-cresol (15.0 mg, 0.176 mmol) and cesium carbonate {(34.3
mg, 0.105 mmol} were added, and the mixture was stirred at 80°C
for 8 hr. To the reaction mixture was added saturated aqueous
sodium chloride solution, and the mixture was extracted with
ethyl acetate. The organic layer was dried over anhydrous
magnesium sulfate, and the sclvent was evaporated under reduced
pressure. The residue was purified by preparative HPLC
(XBridge™ manufactured by Waters) (acetonitrile/0.05% agueous
triflucrcaceticacid scluticon) to give 5-[4-(4-
fluorcphenyl)piperidine-l-carbonyl]-N,N-bis {(4-methoxybenzyl)-3-
methyl-4- (p-tolyloxy)pyridine-2-sulfonamide (14.0 mg, 55%).
ESIMS m/z: 724 (M + H)T

{step 6) Using 5-{4-(4-flucrophenyl)piperidine-l~carbonyl]-N, N-
bis (4-metheoxybenzyl)-3-methyl-4-(p-tolyloxy)pyridine-2-
sulfonamide (17.9 mg, 0.025 mmol)} cobtained in step 5, and in
the same manner as in Example 78, step 3, compound 289 (8.6 mg,
72%) was cbtained.

ESIMS m/z: 484 (M + H)'; 'H NMR (400 MHz, CDCl;,d): 1.24-1.53 (m,
2d), 1.65-1.88 {m, 2H), 2.25-2.31 (m, 3H), 2.40 (t, J = 12.2 H=z,
1H), 2.52-2.56 (m, 3H}, 2.62-2.80 (m, 1H), 2.98-3.17 (m, 1H),
3.2 (¢, J=10.7 Hz, 1H), 4.53-4.70 (m, 1H), 5.37 (s, 2H),
6.76 (d, J = 6.8 Hz, 2H), 6.96-7.07 {(m, 3H), 7.09-7.15 (m, 3H},
8.34-8.39 (m, 1H).
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Example 102

[C351]
3-chloro-5-[4-(4-fluorcphenyl)piperidine-l-carbonyl]-4-[4-
(triflucromethyl)phenylamino]pyridine-2-sulfonamide (compound
281)

(step 1) Using 3,4-dichloro-5-[4-(4-flucrophenyl)piperidine~1-
carbonyl]-N,N-bis(4-methoxybenzyl}pyridine-Z2-sulfonamide (114
mg, 0.169 mmol) obtained in Example 78, step 1, and 4-
(trifluoromethyl)aniline {41.0 mg, 0.254 mmol), and in the same
manner as in Example 78, step 2, 3-chloro-5-{4-(4-
flucrophenyl)piperidine~l-carbonyl]-N,N-bis(4-methoxybenzyl)-4-
[4—(trifluoromethyl)phenylamino]pyridine—z—sulfonamide {112 mg,
83%) was obtailned.

ESIMS m/z: 797 (M + H)7

(step 2) Using 3-chloro-5-[4-(4-fluorophenyl)piperidine~1-
carbonyl]-N,N-bis(4-methoxybenzyl}-4-[4-
(trifluoromethyl)phenylamino]pyridine-2-sulfonamide (112 mg,
0.140 mmol) obtained in step 1, and in the same manner as in
Example 78, step 3, compound 291 (59.4 mg, 76%) was obtained.
ESIMS m/z: 557 (M + H)'; 'H NMR (400 MHz, CDCls, &): 1.28-1.52 (m,
ZHy, 1.73-1.85 (m, Z2H), 2.58-2.69 (m, 1H), 2.5%2-3.07 {(m, 1H), |
3.48-3.63 (m, 2H)}, 4.22-4.3¢ {(m, 1H}, 5.26 (s, 2H), 6.99 (t, J
= 8.8 Hz, 2H), 7.03-7.09 (m, 2H), 7.16 (d, J = §.8 Hz, Z2H),
7.19%-7.22 (m, 1H}, 7.63 (d, J = 7.8 Hz, 2H}, 8.29 (s, 1H).
Example 103

[0352]
5-[3-(4~fluorophenyl)azetidine-l1-carbonyl}-N-(isoxazol-3-yl)-3-
methyl-4- (o-tolylamino) pyridine-2-sulfonamide (compound 292}
{step 1} Using 4,6-dichloro-5-methylnicotinic acid {(2.00 g,
9.66 mmol) obtained by the method described in a document
(Journal of Heterocyclic Chemistry, 199%, 36, p.953), and o-
toluidine (1.55 g, 14.5 mmol), and in the same manner as in
Example 1, step 2, a crude product 9f 6-chlcro-5-methyl-4-{(o-
tolylaminc)nicotinic acid was obtained and used for the next

reaction without purificaticn.
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ESIMS m/z: 277 (M + H)7

(step 2) The crude product cf 6-chloro-5-methyl-4-{oc-
tolylamino)nicotinic acid cbtained in step 1 was dissolved in
THF (30 mL), diazcmethane (4.5 mcl/L diethylether sclution, 20
mL, %0 mmol) was added under ice-cocling, and the mixture was
stirred for 2 hr under ice-cooling. To the reaction mixture
was added acetic acid {3 mL), and the solvent was evaporated
under reduced pressure to give a crude product of methyl 6-
chiloro-b-methyl-4-{o-toclylamino)nicotinate, which was used for
the next reaction without purification.

ESIMS m/z: 291 (M + m)*

(step 3) Using a crude product of methyl 6&6-chloro-5-methyl-4-
(o-tolylaminc)inicotinate cbtained in step 2, and in the same
manner as 1n Example 1, step 3, a crude product of methyl 6-
mercapto-5-methyl-4-(o-tolylamino)nicotinate was obtained and
used for the next reaction without purification.

ESIMS m/z: 289 (M + HI)©

[0353]

{(step 4) Using a crude product of methyl 6-mercapto-5-methyl-4-
(o-tolylamino}nicotinate obtained in step 3, and in the same
manner as in Example 1, step 4, 5-{methoxycarbonyl)-3-methyl-4-
(o~tolylamino)pyridine-2-sulfonic acid (1.80 g, vield of 4
steps bb%) was obtained.

ESIMS m/z: 337 (M + H)¥

(step 5) Using 5-{methoxycarbonyl)-3-methyl-4-{o-
tolylamino)pyridine-2-sulfonic acid {520 mg, 1.55 mmol)
obtained in step 4, and in the same manner as in Example 11,
methyl 6-(N-isoxazol=3-ylsulfamoyl}-5-methyl-4-{o-
Tolylamino}nicotinate (500 mg, 80%) was obtained.

ESIMS m/z: 403 (M + H)}V

(step ©6) Using methyl 6-(N-isoxazol-3-ylsulfamoyl)-5-methyl-4-
(o-tolylamino)nicotinate (1.00 g, 2.48 mmcl) obtained in step 5,
and in the same manner as in Example 51, step 5, 6-(N-isoxazol-
3-ylsulfamoyl)-5-methyl-4-(o-tolylamine)nicotinic acid (126 mg,

13%) was obtalned.
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ESIMS m/z: 389 (M + H)'
(step 7) Using 6~ {N-isoxazol=-3-ylsulfamoyl}-5-methyl-4-(o-

tolylaminc)nicotinic acid (100 mg, 0.27 mmecl) obtained in step

¢, and in the same manner as in Example 98, step 2, ccmpound

282 (33.3 mg, 25%) was obtained.

ESIMS m/z: 552 (M + H)"; H NMR (300 MHz, CDsOD,38):2.2% (s, 3H),
2.50 (s, 3H), 3.70-3.%0 (m, 2H), 4.00-4.27 (m, 2H), 4.40-4.

60

(m, 1H), 6.25 (s, 1H), 6.80-6.90 (m, 1H), 7.00-7.18 (m, 4H),

7.20-7.40 (m, 3H), 8.20-8.35 {(m, 2H).

Example 104

10354]
3—ethyl-5-[4-(4-fluorophenyl)piperidine~l-carbonyl]-N-

(1scxazol-3-yl)-4-(phenylamino)pyridine-2-sulfonamide (compound

293)

{step 1) Using {4, 6-dichloro-5-ethylpyridin-3-vl1){4-{4-
fluorophenyl)piperidin-1l-yl]methanone (800 mg, 2.10 mmol)
cbtained in Example 100, step 2, and aniline (293 mg, 3.15
mmol), and in the same manner as in Example 1, step 2, [&6-
chloro-5-ethyl-4-(phenylamino)pyridin-3-v1][4-(4-
flucrophenyl)piperidin~1-yllmethancne (761 mg, 83%) was
obtained.

ESIMS m/z: 438 (M + H)'

{(step 2) Using [6-chloro-5-ethyl-4-(phenylamine)pyridin-3-

y1][4-{4-flucrophenyl)piperidin-l-yl]methancne (761 mg, 1.53

mmcl) cbtained in step 1, and in the same manner as in Example

1, step 3, a crude product of [5-ethyl-6-mercapto-4-
{(phenylamino)pyridin-3-y1l] [4-{4-fluorophenyl)piperidin-1-
yllmethanone was obtained and used for the next reaction
without purificatiocon.

ESIMS m/z: 436 (M + H)'

[0355]

(step 3) Using a crude product of [5-ethyl-6-mercapto-4-
(phenylaminc)pyridin-3-yl] [4~(4~flucrcphenyl)piperidin-1-
yl]lmethanone cbtained in step 2, and in the same manner as

Example 1, step 4, a crude product of 3-ethyl-5-[4-(4-
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fluorcphenyl)piperidine-l-carbonyl]-4- (phenylamino)pyridine-2-
sulfcnic acid was obtained and used for the next reaction
without purification.

ESIMS m/z: 484 (M + H)'

(step 4) Using a crude product of 3-ethyl-5-[4-{4-
flucrophenyl)piperidine-1l-carbonyli-4- (phenylamino)pyridine-2-
suifonic acid obtained in step 3, and in the same manner as in
Example 11, compound 293 (23.3 mg, yield of 3 steps 6%) was
obtained.

ESIMS m/z: 550 (M + H)¥; 'H NMR (300 MHz, DMSO-dg, D:0, &):
0.80-2.10 {m, 8H), 2.50-2.80 (m, 1H), 2.90-3.80 (m, 4H), 3.90-
4.30 (m, 1H}, 6.30 {(s, 1H), 6.90-7.50 {(m, 9H}, 8.1C (s, 1H),
8.30 (s, 1H).

Example 105

[0356]

3-ethyl-4- (3-flucro-2-methylphenylamino)} ~5-{4- (4-
fluorophenyl}piperidine-1l-carbonyl]-N- (isoxazol-3-yl)pyridine-
Z2-sulfconamide {compound 294)

{step 1) Using (4,6-dichloro-5-ethylpyridin-3-yl) [4~ (4~
fluorophenyl)piperidin-1-yl]methancone {800 mg, 2.10 mmol)
obtained in Example 100, step 2, and 3-fluorc-2-methylaniline
(394 mg, 3.15 mmol}, and in the same manner as in Example 1,
step 2, [6-chloro-5-ethyl-4-(3-fluoro-2- |
methylphenylamine)pyridin-3-yl] [4~-(4~fluorophenyl ) piperidin-1-
yllmethanone (750 mg, 83%) was obtained.

FESTMS m/z: 470 (M + H)*

(step 2} Using [6-chloro—-5-ethyl-4-({3~fluocro-2-
methylphenylamino)pyridin=-3-yl] [4~{4d-flucrophenyl)piperidin-1-
yl]lmethanone (750 mg, 1.60 mmol} obtained in step 1, and in the
same manner as in Example 1, step 3, a crude product of [5-
ethyl-4-(3-flucro-Z-methylphenylamino) -6-mercaptopyridin=-3-
y1][4-(4-fluorophenyl)piperidin-l-ylimethanone was obtained and
used for the next reaction without purification.

ESIMS m/z: 468 (M + H)'

[0357]
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(step 3) Using a crude product of [5-ethyl-4-(3-fluoro-2-
methylphenylamino) —~6-mercaptopyridin-3-y1] [4-(4-
fluorcphenyl}piperidin~l~yl]lmethanone obtained in step 2, and
in the same manner as in Example 1, step 4, a crude product of
3~ethyl~4-~(3~fluoro-Z2-methylphenylaminc)-5-[4-{4-
fluorcphenyl)piperidine-l-carbeonyl Jpyridine-2-sulfonic acid was
obtained and used for the next reaction without purification.
ESIMS m/z: 516 (M + H)'

(step 4) Using a crude product of 3-ethyl-4-(3-fluocro-2-
methylphenylamino)-5-[4-(4-fiuorophenyl) piperidine-1-
carbonyl]pyridine-Z-sulfenic acid obtained in step 3, and in
the same manner as in Example 11, compound 294 (28.2 mg, yield
of 3 steps 6%) was obtained.

ESIMS m/z: 582 (M + H)"; 'H NMR (300 MHz, CDsOD, 3): 1.10-2.30
(m, 8H), 2.27 (s, 3H), 2.55-3.30 (m, 4H), 3.55-3.70 (m, 1H),
4.05-4.30 {(m, 1H), 6.31 (s, 1H), 6.70-6.85 (m, 1H), 6.%7-7.1C
(m, 3H), 7.11-7.30 {m, 3H), 8.C1 (s, 1H), 8.31 (s, 1H).
Example 106

[0358]

3-chlorec-5-[4-(4-fluorcphenyl) -4-methoxypiperidine~l-~carbonyl]-
4- {l1-phenylcyclopreopylamine)pyridine-2-sulfonamide {compound
295)

{(step 1} Using ethyl 4,5,6-trichlorcnicetinate (0.400 g, 1.57
mmol) and l-phenylcyclopropanamine (0.291 mL, 2.36 mmol), and
in the same manner as in Example 44, step 1, ethyl 5, 6-

dichlorc-4-(l-phenylcyclepropylamino)nicotinate (0.438 mg, 79%)

=

was obtained,.

ESIMS m/z: 351 (M + H)T

(step 2) Using ethyl 5, 6-dichloro-4-{1-
phenylcyclopropylaminc)nicotinate {(0.438 g, 1.25 mmol) obtained
in step 1, and in the same manner as in Example 51, step 2,
ethyl b-chloro-6-mercapto-4-(1-
phenylcyclopropylamino)nicotinate (370 mg, 85%) was cobtained.

CESIMS m/z: 349 (M + H)

{(step 3) Using ethyl 5-chloro-&6-mercapto-4-{1-
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phenvlcyclopropylamino)nicotinate (0.370 g, 1.06 mmol) cbtained
in step 2, and in the same manner as in Example 51, step 3, 3~
chloro-5-{ethoxycarbonyl)-4-(l-phenylcyclopropylamino)pyridine-
2-sulfonic acid (285 mg, 68%) was obtained.

ESIMS m/z: 397 (M + H)7

[0359]

(step 4) Using 3-chloro—-5-{ethoxycarbonyl) -4-(1-
phenylcyclopropylamino}pyridine-2-sulfonic acid (280 mg, 0.706
mmcl) obtained in step 3, and in the same manner as in Example
2, ethyl 5-chloro-4-~(l-phenylcyclopropylaminoe)-6-
sulfamoylnicotinate (226 mg, 81%) was obtained.

ESIMS m/z: 396 (M + H)'

{step 5) Using ethyl 5-chleoro-4-(l-phenylcyclopropylamino)-6-
sulfamoylnicotinate {225 mg, 0.568 mmcl} cbtained in step 4,
and in the same manner as in Example 51, step 5, S5-chloro-4-{(1-
phenylcyclopropylamino) -6-sulfamoylnicotinic acid (210 mg,
quantitative) was obtained.

ESIMS m/z: 368 (M + H)'

(step ©)} Using 5-chloro-4-(l-phenylcyclopropylamine) —6-
sulfamoylnicotinic acid {53.0 mg, 0.144 mmol} obtained in step
5, and 4-(4-fluorophenyl)-4-methexypiperidine hydrochloride
(49.6 mg, 0.202 mmol) obtained by the method described in
WO2003/053361, and in the same manner as in Example 1, step 1,
compcund 295 (38.6 mg, 48 %) was obtained.

ESIMS m/z: 559 (M + H)*; H NMR (400 MHz,CDCls;, 3): 0.93-1.15 (m,
1), 1.34-1.60 {m, 3H), 1.60-1.76 {m, 3H), 1.90-2.01 {m, 2H},
2.21-2.55 (m, 1H), 2.63-2.78 (m, 1H), 2.80 (s, 3H), 4.16-4.4¢
(m, 1H), 5.28 (s, 2H), 6.34 (s, 1H), 7.02 (t, J = 8.6 Hz, 2H),
7.06-7.14 {(m, 2H), 7.16-7.25 (m, 3H), 7.28-7.42 (m, 2H), 7.90
(s, 1H).

Example 107

[03€0]
3-chloro-4-(1-phenylcyclopropylamino) -5- (4-phenylpiperidine-1-
carbonyl)pyridine-2-sulfonamide (compound 296)

Using 5-chloro-4-(l-phenylcyclopreopylamino)-6-—
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sulfamoylnicotinic acid (53.0 mg, (0.144 mmol} obtained in
Example 106, step 5, and 4-phenylpiperidine (32.5 mg, 0.202
mmel), and in the same manner as in Example 1, step 1, compound
296 (15.1 mg, 21%) was cbtained.

ESIMS m/z: 511 (M + H)*; 'H NMR (400 MHz,CDCls;, 3): 0.94-1.12 (m,
1H), 1.18-1.35 {(m, 1H), 1.35-1.47 (m, 1H), 1.47-1.65 (m, 3H),
1.65-1.85 {(m, 3H), 1.%9-2.15 (m, 1H), 2.37-2.51 (m, 1H), 2.92-
3.08 (m, 1H), 4.45-4.61 (m, 1H), 5.26 (s, 2H), 6.34 (s, 1H),
7.06-7.15 {(m, 4H), 7.17-7.24 (m, 2H}, 7.27-7.31 (m, 2H), 7.35
(t, d =17.7 Hz, 2H}, 7.%6 (s, 1H).

Example 108

[0361)
3~chloro-4-{l-phenvlcyclopropylamino)-5-{({2H-spiro[benzofuran-
3,4" -piperidini-1’-ylcarbonyl)pyridine-2-sulfonamide {(compound
297)

Using 5-chloro-4-(l-phenylcyclopropylamine)-6-
sulfamoylnicotinic acid (53.0 mg, 0.144 mmol) obtained in
Example 106, step 5, and ZH-spirco{benzcfuran-3,4f-
piperidine] (38.2 mg, 0.202 mmol), and in the same manner.as in
Example 1, step 1, ccmpound 297 (27.4 mg, 35%) was obtained.
ESIMS m/z: 539 (M + H#)¥; 'H NMR (400 MHz,CDCls, 8): 0.85-1.08 (m,
1H), 1.30-1.96 {m, 9H), 2.67-3.00 (m, 1H), 3.94-4.17 {m, 2H),
4.32-4.59 (m, 1H), 5.29 (s, 2H), &.35 (s, 1H), 6.78 (d, T = 8.2
Hz, 1H}, 6.87 (t, J = 7.0 Hz, 1H), ©€.96 (d, J = 7.2 Hz, 1H),
7.08-7.19 (m, 3H), 7.29 (d, 3 = 7.7 Hz, 1H), 7.38 (t, J = 7.7
Hz, 2H}, 7.99 (s, 1H).

Example 109

[0362]

4- (4-cyanophenylamino)-5-[4- (4-flucrophenyl)piperidine-1-
carbonyl ]| -N-({isoxazol-3-yl)-3-methylpyridine-2-sulfonamide
(compound 298)

(step 1) Using (4, 6-dichloro-5-methylpyridin-3-y1) [4-(4-
flucrophenyl)piperidin-1-yl]methanone (300 mg, 0.817 mmol)
cbtained in Example 52, step 1, and 4-amincbenzonitrile (193 mg,

1.63 mmol), and in the same manner as in Example 1, step 2, 4-
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{2-chloro-5-[4-{4-flucrophenyl)piperidine-l1-carbonylj-3-
methylpyridin-4-ylamino}benzonitrile {232 mg, 63%) was obtained.
ESIMS m/z: 449 (M + H)'

{step 2) Using 4-{Z-chlorc-5-[4-(4-flucrophenyl)piperidine-1-
carbonyl]-3-methylpyridin-4-yiaminclibenzonitrile (179 mg, 0.398
mmol) cbtained in step 1, and in the same manner as in Example
1, step 3, 4-{b-[4-{4-flucrcphenyl;piperidine-l-carbonyl]-2-
mercapto-3-methylpyridin-4-ylaminolbenzonitrile (150 mg, 84%)
was obtained.

ESIMS m/z: 447 (M + H)7

(step 3) Using 4-{5-i4-(4-fluorophenyl)piperidine-l-carbonyl]-
2~mercapto-3-methylpyridin-4-ylaminoc}benzonitrile (150 mg,
0.336 mmol) obtazined in step 2, and in the same manner as in
Example 1, step 4, 4-(4-cyancphenylamino}-5-[4-(4-
fluorcphenyl)piperidine-l-carbonyl] -3-methylpyridine~2-sulfonic
acid (130 mg, 78%) was cbtained.

ESIMS m/z: 495 (M + H)¥

[0363]

(step 4} Using 4=~ (4-cyanophenylamino)-5~[4- (4~
fluorophenyl)piperidine-~l~carbonyl]~3-methylpyridine-2-sulfonic
acid (84 mg, 0.170 mmol} obtained in step 3, and in the same
manner as in Example 11, compound 288 (86.1 mg, 20%) was
obtained.

ESIMS m/z: 561 (M + H)Y; 'H NMR (400 MHz, DM50-dg, &) ¢ 0.89-1.12
(m, 1H), 1.31-1.80 (m, 3H), 2.17-2.37 {m, 1H), 2.43 (s, 3H),
2.60-2.82 {m, 2H), 2.84-3.15 {m, 1H), 4.19-4.53 {(m, 1H), 6.14
(s, 1H), 6.73 (d, J = 8.2 Hz, 2H), 6.83-7.03 (m, 1H), 7.0% (t,
J = 8.8 Hz, 2H), 7.17-7.38 {(m, 1H), 7.58 {(d, J§ = B.6 Hz, 2H),
8.11-8.22 (m, 1H), 8.22-8.37 {m, 1H), 8.63-8.83 (m, 1H).
Example 110

[0364]

5=[4-(4-flucrophenyl)piperidine-l-carbonyl]—-4- (4~
fluorophenylamino) ~3~methyl-N~(3-methylisothiazol-5-
yl)pyridine-2-sulfonamide (compound 299)

(step 1) Using (4,6-dichloro-5-methylpyridin-3-yl) (4~ {4~
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fluorophenyl)piperidin-1-yl]lmethanone (400 mg, 1.09 mmcl)
obtained in Example 5Z, step 1, and 4-fluorcaniline (181 mg,
1.63 mmol), and in the same manner as in Example 1, step 2, [6-
chloro-4-(4-fluorophenylamino)~5-methylpyridin-3-y1] [4-(4-
fluorophenyl)piperidin~l~yl]lmethancne (420 mg, B7%) was
cbtained.

ESIMS m/z: 442 (M + H)¥

(step 2) Using f{6-chloro-4-{4-fluorophenylamino)-5-
methylpyridin-3-yl} [4-{4-flucorophenyl)piperidin-1-yvljmethanone
(420 mg, 0.950 mmol) cobktained in step 1, and in the same manner
as in Example 1, step 3, & crude product of [4-(4-
fluorophenyl)piperidin-1-y1] [4-{4-fluorcphenylamino) -6-
mercapto~5-methylpyridin-3-yllmethanone was obtained and used
for the next reacticn without purification.

ESIMS m/z: 440 (M + H)”

[0365]

(step 3) Using a crude product of [4-(4-fluorophenyl)piperidin-
1-vl][4-{4-flucrophenylamingo)-6-mercapto-5-methylpyridin-3-
yv1l]methanone cbtained in step 2, and in the same manner as in
Example 1, step 4, a crude product cf 5-[4-{4-
flucrophenyl)piperidine-l-carbonyl]-4- (4-fluorcphenylamino) -~3-
methylpyridine-2-sulfonic acid was obtained and used for the
next reaction without purification.

FESIMS m/z: 488 (M + H)'

(step 4) Using a crude product of 5-[4-(4-
fluorophenyl)piperidine-1-carbonyl]-4-(4-fluorophenylamino} -3-
methylpyridine-2-sulfonic acid obtained in step 3, and in the
same manner as in Example 71, step 4, compound 299 (46.9% mg,
yiaeld of 3 steps 14%) was cbtained.

ESIMS m/z: 584 (M + H)'; 'H NMR (300 MHz, DMSO-de¢, D20, 8):1.20-
1.80 (m, 4H), 2.10 (s, 3E), 2.40 (s, 3H), 2.60-2.80 (m, 1H),
2.90-3.10 (m, 1H), 3.30-3.50 {m, 1H), 4.00-4.20 (m, 2H), 6.00
(m, 1E), 6.80-6.80 {(m, 2H), 7.00-7.40 {(m, ©6H), 8.10 (s, 1H).
Example 111

[0366]
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5-[4-{4-fluorophenyl)piperidine~l-carbonyl]-3-methyl-N-(3- .
methylisothiazol-5-yl)-4-(p-tolylamino)pyridine-2-sulfonamide
(compound 300)

(step 1) Using (4, 5-dichloro-5-methylpyridin~-3-yl} [4- {4~
flucrophenyl)piperidin-1-yl]methanone (400 mg, 1.09 mmol)
obtained in Example 52, step 1, and p-teoluidine(174 mg, 1.62
mmol), and in the same manner as in Example 1, step 2, [6-
chloro~5-methyl-4-{p-tolylamino)pyridin-3-y1] [4-(4-
fluorophenyl)piperidin-l-yl]methanone (440 mg, 91%) was
obtained.

ESIMS m/z: 438 (M + H)'

(step 2) Using [6-chlorc-5-methyl-4-(p-tolylamine)pyridin-3-
v1l][4-(4-flucrcphenyl)piperidin-1l-yl]methanone (440 mg, 1.00
mmol) obtained in step 1, and in the same manner as in Example
1, step 3, a crude product cof [4-(4-flucrophenyl)piperidin-1-
yvl] [6-mercapto-5-methyl-4-{p-tolylamino)pyridin-3-yllmethanone
was obtained and used for the next reaction without
purification.

ESTMS m/z: 436 (M + H)*

10367]

(step 3) Using a crude prcduct of [4-({4~flucrophenyl)piperidin-
1-yl] [6-mercapto-5-methyl-4-(p-tolylamino)pyridin-3-
ylimethanone obtained in step 2, and in the same manner as in
Example 1, step 4, a crude product of 5-[4-{4-
flucrophenyl)piperidine-~l«carbonyl]-3-methyl-4-{p-
tolylamino)pyridine-Z2-sulfcocnic acid was cbtained and used for
the next reaction without purification.

ESIMS m/z: 484 (M + H)¥

(step 4) Using a crude product cf 5-[4-{4-
fluorcphenyl)piperidine~l-carbonyl]-3-methyl-4- (p-
tolylamino)pyridine-2-sulfonic acid cbtained in step 3, and in
the same manner as in Example 71, step 4, compound 300 (39.7 mg,
yield of 3 steps 10%) was obtainéd.

ESIMS m/z: 580 (M + H)'; 'H NMR (300 MHz, DMSO=-dg, D20, &):1.10-
1.80 (m, 4H), 2.10-2.30 {(m, 1H), 2.13 (s, 3H}, 2.22 (s, 3H),
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2.42 (s, 3H), 2.50-2.70 (m, 1H}, 2.90-3.10 {(m, 1H), 3.30-3.50
(m, 1H), 3.%90-4.30 (m, 1H), 6.15 (s, 1H) 6.70-6.80 (m, Z2H},
7.00-7.30 (m, 6H), 8.10 (s, 1H).

Example 112

[0368]
4-(3,4-difluorophenylamino}-5-[4-(4-flucrophenyl)piperidine-1-
carbonyl]-3-methyl-N- {3-methylisothiazol-5-yl)pyridine-2-
sulfonamide (cbmpound 301)

Using 4-(3,4-difluorcphenylamino) -5~ 1[4~ (4~
fluorophenyl)piperidine-l1-carbonyl]-3-methylpyridine-2-sulfonic
acid (240 mg, 0.48 mmol) obtained in Example 80, step 3, and in
the same manner as in Example 71, step 4, compound 301 (57.0 mg,
20%) was obtained.

ESIMS m/z: 602 (M + H)'; 'H NMR (300 MHz, DMSC-dg, D0, &):1.25-
1.85 (m, 4H), 1.92-2.00 {(m, 1H}, 2.28 {s, 3H), 2.48 (s, 3H),
2.62-2.80 (m, 1H), 2.80-3.21 (m, 1H), 3.42-3.59 {(m, 1H), 3.95-
4.36 (m, 1H), 6.68 (s, 1H), 6.70-6.82 (m, 1H), 6.90-7.04 (m,
1H), 7.04-7.4% {m, 5H), 8.50 (s, 1H).

Example 113

[0369]

3-chlero-4-(4-chlorcphenylamino)-5-[4- (4-

fluorcophenyl ) piperidine-l-carbonyllpyridine-2-sulfonamide
{compcund 302)

(step 1) Using 3,4-dichloro-5-[4-{4-fluorophenyl)piperidine-1-
carbonyl]-N,N-bis (4-methoxybenzyl)pyridine-2-sulfonamide (90.0
mg, 0.134 mmcl) obtained in Example 78, step 1, and 4-
chlcroaniline (25.6 mg, 0.201 mmol), and in the same manner as
in Example 78, step 2, a crude product of 3-chloro-4- (4-
chlorophenylamino) -5-14- (4-fluorophenyl)piperidine~l-carbonyl]-
N,N-bis (4-methoxybenzyl)pyridine-2-sulfonamide was obtained and
used for the next reaction without purification.

ESIMS m/z: 763 (M + H)"

(step 2) Using a crude product of 3-chloro-4-{4-
chlorophenylaminec) -5-[4~(4-fluorophenyl)piperidine-l-carbonyl]-
N,N-bis {4-methoxybenzyl)pyridine-2-sulfonamide obtained in step
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1, and in the same manner as in Example 78, step 3, compound
302 (41.8 mg, yield of 2 steps ©0%) was obtained.

FSIMS m/z: 523 (M + H)%; ' NMR (400 Mz, CDCls,d): 1.26-1.36 (m,
1H), 1.41-1.5% (m, 1H), 1.75-1.84 {(m, 3H), 2.59-2.€9 (m, 1H)},
2.86-3.00 {m, 1H), 3.47-3.56 {(m, 1H), 4.22-4.33 (m, 1H), 5.32
(s, 2H), 6.97-7.04 (m, 3H), 7.05-7.12 {(m, 4H), 7.36 (d, J = 8.8
Hz, 2H}, 8.19 (s, 1H).

Example 114

[0370]

4-(5-acetyl-Z2-methylphenylaminge) -3-chlero-5-[4-{4-
flucrophenyl)piperidine-l-carbonyl]pyridine-Z-sulfonamide
{compound 303)

(step 1) Using 3,4-dichlorc-5-[4-(4-fluorophenyl)piperidine~1-
carbonyl]-N,N-bis(4-methoxybenzyl)pyridine-2-sulfonamide (60.0
mg, 0.08%9 mmol) cbtained in Example 78, step 1, and 1-(3-amino-
4-methylphenyl)ethancne (20.0 mg, 0.134 mmel)}, and in the same
manner as in Example 78, step 2, 4-{(5-acetyl-2-
methylphenylaminec)-3-chloro~-5-[4-(4-fluorcphenyl)piperidine-1-
carbonyl] -N,N-bis{4-methoxybenzyl}pyridine-Z2-sulfonamide (59.1
mg, 84%) was obtained.

ESIMS m/z: 785 (M + H)~

(step 2) Using 4-(b-acetyl-2-methylphenylaminec}-3-chlorc-5-[4-
(4-fluorophenyl)piperidine-1-carbonyl]-N,N-bis (4-
methoxybenzyl)pyridine-Z2-sulfonamide (59.1 mg, 0.075 mmol)
cbtained in step 1, and in the same manner as in Example 78,
step 3, compound 303 (28.5 mg, 70%} was obtained.

ESIMS m/z: 545 (M + H)F; 11 NMR (400 MHz, CDCls,o): 1.25-1.31 {m,
1Hy, 1.36-1.58 (m, 1H), 1.70-1.84 (m, 2H), 1.88-2.10 {(m, 1H),
2.43 {s, 3U), 2.54-2.62 (m, 1H), 2.58 (s, 3H), 2.98 (br s, 1H),
3.68 {(d, J =12.7 Hz, 1H), 4.15 (d, J = 12.7 Hz, 1H), 6.88 (br
s, 1H), .98 (¢, J = 8.8 Hz, 2H), 7.10 (dd, J = 5.9, 7.8 Hz,
2H), 7.37 {d, § =7.8 Hz, 1H), 7.59 (s, 1H), 7.74 (d, J = 7.8
Hz, 1H), 8.0> (s, 1H}.

Example 115

[0371]
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5~{4~{4~fluorcphenyl) ~4-methoxypiperidine-l-carbonyl]~3-methyl-
4-(c—tolylamino)pyridine-2-sulfonamide {compound 304)
{(step 1) Using 5-{(methoxycarbonyl)-3-methyl-4-(o-
tolylamino)pyridine-Z-sulfonic acid (0.220 g, 0.650 mmol)
cbtained in Example 103, step 4, and in the same manner as in
Example 2, a crude product of methyl 5-methyl-6-sulfamoyl-4-{o-
tolylamino)nicotinate was obtained and used for the next step
without purification.
ESIMS m/z: 336 (M + H)©
{step 2) Using a crude product of methyl 5-methyl-6-sulfamoyl-
4-(o-tolylamino)nicotinate obtained in step 1, and in the same
manner as in Example 51, step b5, S5-methyl-6-sulfamovl-4-{o-
tolylamino)nicotinic acid {0.133 g, yield of 2 steps 63%) was
cbtained.
ESIMS m/z: 322 (M + H)"
(step 3) Using 5-methyl-6-sulfamoyl-4-{o-tolylamino)nicotinic
acid (44.0 mg, 0.137 mmol) obtained in step 2, and 4-(4-
flucrophenyl) -4-methoxypiperidine hydrochloride (44.0 mg, 0.178
mmol) cbtained by the method described in W02003/053361, and in
the same manner as in Example 1, step 1, compound 304 (38.0 mg,
54%) was cbtained. 7
ESIMS m/z: 513 (M + H)'; 'H NMR (400 MHz,DMSO-dg, 5): 1.40-1.94
(m, 4H}, 2.17 (s, 3H), 2.39-2.64 (m, 1H), 2.41 (s, 3H), 2.84 (s,
3H), 3.04-3.22 {(m, 1H), 3.22-3.30 {(m, 1H)}, 3.75-3.94 (m, 1H),
6.78-6.92 {(m, 1H), 6.96-7.12 (m, 2H), 7.12-7.26 {(m, 3H), 7.29-
7.44 (m, 4H), 7.50-7.69 (m, 1H), 8.08 (s, 1H).
Example 116
(03721
3-methyl-5-(2H-spiro[benzofuran-3,4’ -piperidin] -1’ -yl
carkbonyl)~4-({c~-tolylamino)pyridine-2-sulfenamide (compound 305)
Using 5-chlero-6-sulfamoyl-4-{o-tclylamino)nicetinic acid
(44.0 mg, 0.137 mmol) obtained in Example 115, step 2, and in
the same manner as in Example 83, step 5, compound 305 (42.7 mg,
63%) was obtained.

ESIMS m/z: 493 (M + H)*; 'H NMR (400 MHz, DMSO-d¢, 8): 1.43-1.87
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(m, 4H), 2.20 (s, 3H), 2.43 (s, 3H), 2.78-3.15 (m, 1H), 3.36-
3.47 {(m, 2H)}, 3.79-3.95 {(m, 1H), 4.37 (dd, J = 25.4, 9.1 Hz,
2H), 6.76 {(d, J = 8.2 Hz, 1H), 6.82-6.94 (m, 2H}, 7.05-7.14 {(m,
2H)y, 7.14-7.29 {(m, 3H), 7.38 (s, 2H), 7.56-7.73 (m, 1H), 8.12
(s, 1H).

Example 117

[C373]
3~chloro-4-(3-chlorcphenylamine)-5-[4-{4-fluorcphenyl) -4-
methoxypiperidine—-l-carbonyl]pyridine-Z2-sulfonamide (compound

308)

"{step 1) Using 4,5,6-trichlorcnicotinic acid (2.00 g, 8.83

mmol), and 3-chloroaniline {1.70 g, 12.0 mmcl), and in the same
manner as in Example 1, step 2, a crude product of 5, 6-
dichlorce-4-(3-chlorophenylamino)nicotinic acid was cbtained and
used for the next reaction without purification.

ESIMS m/z: 317 (M + H)' |

(step 2) Using a crude prcduct of 5,6~dichioro~4-{3-
chlorophenylamino)nicctinic acid obtained in step 1, and in the
same manner as in Example 103, step 2, a crude product of
methyl 5,6-dichlorco-4-{3-chlorophenylamino)nicotinate was
obtained and used for the next reacticn without purification.
ESIMS m/z: 331 (M + H)7

(step 3) Using a crude product of methyl 5,€¢-dichloro-4-(3-
chlorophenylamino)nicotinate obtained in step 2, and in the
same manner as in Example 1, step 3, a crude product of methyl
5-chloro-4-(3-chlorophenylamino}-6~mercaptonicotinate was
obtained and used for the next reaction without purification.
ESIMS m/z: 329 (M + H)'

[0374]

(step 4) Using & crude product cof methyl 5-chloro~4-(3-
chlcrophenylamino) -6-mercaptonicotinate obtained in step 3, and
in the same manner as in Example 1, step 4, a crude product of
3-chloro=4=({3~chlorcphenylamino) -5- (methoxycarbonyl)pyridine-2-
sulfonic acid was obtained and used for the next reaction

without purification.
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ESIMS m/z: 377 (M + O}V
{(step 5) Using a crude product of 3-chloro-4-(3-
chlorophenylamino} -5- (methoxycarbonyl)pyridine-2-sulfonic acid
obtained in step 4, and in the same manner as in Example 2, a
crude product of methyl 5-chloro-4-(3-chlorophenylamineg)-6-
sulfamoylnicotinate was obtained and used for the next step
without purification.
ESIMS m/z: 376 (M + H)V
(step ©) Using a crude product of methyl 5-chloro-4-(3-
chlorophenylamino)-6-sulfamoylnicotinate obtained in step 5,
and in the same manner as in Example 51, step 5, 5-chloro-4-(3-
chlorophenylamine) -6-sulfamoylnicotinic acid (0.105 g, yield of
6 steps 12%) was obtained.
ESIMS m/z: 362 (M + H)¥
[0375]
(step /) Using 5-chloro-4-(3-chlorophenylamino)-6-
sulfamoylnicotinic acid (52.0 mg, 0.144 mmcl) obtained in step
6, and 4-(4-fluorophenyl)-4-methoxypiperidin ehydrochloride
{45.9 mg, 0.187 mmol) cbtained by the method described in
WC2003/053361, and in the same manner as in Example 1, step 1,
compound 306 (32.6 mg, 41%) was obtained.
ESIMS m/z: 553 (M + H)'; 'H NMR (400 MHz, CDCls,8): 1.64-1.85 {m,
2y, 1.90-2.04 {(m, 2H), 2.23-2.71 {(m, 1H), 2.%4 (s, 3H), 3.31-
3.51 (m, 2H}, 3.98-4.09 {m, 1H), 5.57-5.67 {(m, 2H), 7.00-7.11
(m, 4H), 7.14 (s, 1H), 7.17-7.23 {m, 1H), 7.25-7.34 (m, 3H),
8.12 (s, 1H}.
Example 118
[037¢€]
3-chloro-4-(3-chlorophenylamino)-5-{2H-spiro[benzofuran-3, 4’ -
piperidine]-1'-yl carbonyl)pyridine-2-sulfonamide {compound
307)

Using 5-chloro-4-(3-chlorophenylamino)-6-
sulfamoylnicotinic acid (52.0 mg, 0.144 mmol} obtained in
Example 117, step 6, and in the same manner as in Example 83,

step 5, compound 307 (16.1 mg, 21%) was obtained.
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ESIMS m/z: 533 (M + H)"; 'H NMR (400 MHz, CDCl3, 5): 1.46-1.91 (m,
4H), 2.08-2.53 (m, 1H), 3.02-3.1% (m, 1H}), 3.48-3.61 (m, 1H),
3.87~-4.23 (m, 1H), 4.29-4.41 (m, 2H), 5.44 (s, 2H), 6.82 (d, J
= 8.2 Hz, 1H), 6.92 (t, J = 7.0 Hz, 1H), 7.02-7.15 {m, 4H),
7.15-7.21 (m, 1H), 7.22-7.28 (m, 1H), 7.35 (t, J = 7.9 Hz, 1H),
8.21 (s, 1H).

Example 119

[0377]

3-chloro-4-(3-chlorophenylamino) -5~ {4d-phenylpiperidine-1-
carbonyl)pyridine-2-sulfonamide (compound 308)

Using b-chloro-4-(3-chlorophenylamino) ~6-
sulfamoylnicotinic acid (110 mg, 0.310 mmol) obtained in
Example 117, step 6, and 4-phenylpiperidine(58.9 mg, 0.370 .
mmol), and in the same manner as in Example 1, step 1, compound
308 (43.0 mg, 28%) was obtained.

ESIMS m/z: 505 (M + H)"; 'H NMR (300 MHz, CDsOD,5):1.45-2.20 (m,
5H), 2.60-2.80 {(m, 1H), 3.00-3.20 (m, 1H), 3.50-3.70 (m, 1H),
4.00-4.30 (m, 1H), ©.95-7.12 (m, 1H), 7.13-7.40 (m, 8H), 8.28
(z, 1H).

Example 120

[0378]

3-chloro-4- (5-chloro-Z2-methylphenylamino}-5-(4-
phenylpiperidine-l-carbonyl)pyridine-2-sulfonamide {compound
309)

(step 1) Using 4,5, 6-trichlorcenicetinic acid (2.50 g, 11.0
mmol), and b-chlcocro-Z-methylaniline (2.37 g, 16.6 mmol), and in
the same manner as in Example 1, step 2, a crude product of
5,6-dichloro-4-(5-chloro-2-methylphenylamino)nicotinic acid was
obtained and used for the next reaction without purificaticn.
ESIMS m/z: 331 (M + H)Y

(step 2) Using a crude prcduct of 5,6-dichlorc-4-(5-chloro-2-
methylphenylamino)nicotinic acid obtained in step 1, and in the
same manner as in Example 103, step 2, a crude product of
methyl 5,6-dichloro-4-{5-chloro-2-methylphenylamino}nicctinate

was obtained and used for the next reaction without
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purification.

ESIMS m/z: 345 (M + H)©

(step 3) Using a crude product of methyl 5,6-dichloro-4-(5-
chloro-2~methylphenylamino)nicotinate obtained in step 2, and
in the same manner as in Example 1, step 3, a crude product of
methyl 5-chloro-4-(b-chloro-2-methylphenylamino)-6-
mercaptonicectinate was obtained and used for the next reactiocon
without purification.

ESIMS m/z: 343 (M + H)7

[0379]

(step 4) Using a crude product of methyl 5-chloro-4-(5~chloro-
Z2-methylphenylamino) -6-mercaptonicotinate cbtained in step 3,
and in the same manner as in Example 1, step 4, a crude product
of 3-chloro-4-(5-chlorc-2-methylphenylamino) -5~
(methoxycarbonyl)pyridine-2-sulfconic acid was obtained and used
for the next reaction without purification.

ESIMS m/z: 391 (M + H)¥

{step 5) Using a crude product cof 3-chloro-4-(5-chloro-2-
methylphenylamino) -5- (methoxycarbeonyl)pyridine-2-sulfonic acid
cbtained in step 4, and in the same manner as in Example 2,
methyl 5-chloro-4-({5-chloro-2-methylphenylamino)-6-
sulfamoylniccotinate (1.00 g, yield of 5 steps 35%) was obtained.
ESIMS m/z: 390 (M + H}™

{(step 6) Using methyl 5-chloro-4-(5-chloro~2-
methylphenylamino) -6-sulfamoylnicotinate (1.00 g, 2.56 mmol)
obtained in step 5, and in the same manner as in Example 51,
step 5, 5S-chlerg-4-(5-chloro-2-methylphenylamino)—-6-
sulfamoylnicotinic acid (220 mg, 23%) was ocbtained.

ESIMS m/z: 376 (M + H)°

[0380]

(step 7) Using 5-chloroc-4-(5-chlecro-2-methylphenylamine)-6-
sulfamoylnicotinic acid (%0 mg, 0.240 mmol) obtained in step 6,
and in the same manner as in Example 119, compound 209 (29.2 mg,
23%) was obtained.

ESIMS m/z: 519 (M + H)¥; 'H NMR (300 Miz, CDiOD,8): 1.40-2.00 (m,
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4H)y, 2.01~-2.30 (m, 1H), 2.27 (s, 3H), 2.60-2.85 {(m, 1H}), 3.00-
3.30 {m, 1H), 3.860-3.85 (m, 1H), 4.10-4.25 {(m, 1H), 7.10-7.45
(m, 8H), 8.12 {s, 1H).

Example 121

[0381]

3~chloro-4- (4-ethylphenylaminc) -5-[4-(4-
fluorcphenyl)piperidine-l-carbonyllpyridine-2-sulfonamide
{(compound 310)

(step 1) Using [4-(4-fluorophenyl)piperidin-1-v1] (4,5, 6-
trichloropyridin-3«yl)methancne (400 mg, 1.03 mmel} obtained in
Example 48, step 1, and 4-ethylaniline (18¢ mg, 1.53 mmol), and
in the same manner as in Example 1, step 2, [5,6-dichloro-4-{4-
ethylphenvylamino)pyridin-3-vyl] [4-{4-fluorocphenvl)piperidin-1-
vllmethanone (387 mg, 75%%) was obtained.

ESIMS m/z: 472 (M + H)'

(step 2} Using [5,6~dichloro-4-(4d-ethylphenylamino)pyridin-3-
v1][4-(4-fluorophenyl)piperidin-l-yllmethanone (387 mg, 0.820
mmol} obtained in step 1, and in the same manner as in Example
1, step 3, a crude preoduct of [5-chloro-4-(4-ethylphenylamino) -
6-mercaptopyridin-3-yl1] [4- (4-flucrophenyl)piperidin-1-
yl]lmethancne was okbtained and used for the next reaction
without purificatiocn.

ESIMS m/z: 470 (M + H)*

[0382]

{step 3) Using a crude product of [5-chloro-4-(4-
ethylphenylamino} ~é-mercaptopyridin-3-yl] (4~ (4~
flucrophenyl}piperidin-1l-yl]methanone obtained in step 2, and
in the same manner as in Example 1, step 4, a crude product of
3-chloro-4-(4-ethylphenylamino)-5-[4-({4-
flucrcphenyl)piperidine-l-carbonyl]pyridine-2-sulfonic acid was
obtained and used for the next reaction without purification.
ESIMS m/z: 518 (M + H)'

(step 4) Using a crude product of 3-chloro-4-(4-
ethylphenylamino)-5-{4-{4-fluorophenyl)piperidine~1-
carbonyl]pyvridine-2-sulfonic acid ({196 mg, 0.374 mmol) obtained
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in step 3, and in the same manner as in Example Z, compound 310
(5.8 mg, yield of 3 steps 3%) was obtained.

ESIMS m/z: 517 (M + H)"; 'H NMR (300 MHz, DMSO-dg,8): 1.05-1.20
(m, 3H), 1.31-1.%1 (m, 5HH), 2.56-2.73 (m, 3H), 2.75-3.05 {(m,
1%}, 3.75-4.20 (m, 2H), 6.9%96-7.31 {(m, 8H), 7.60 (br s, ZH),
8.19 (s, 1H), 8.65 {(br =, 1H).

Fxample 122

[0383]
3~chloro~5-[4-{4-fluorophenyl)piperidine-l-carbonyl]-4-[2-
methyl-5~(trifluoromethyl)phenylamino]pyridine-2~sulfonamide
(compound 311)

(step 1) Using [4~(4~-fluorophenyl)piperidin-1-yl1](4,5,6-
trichloropyridin-3-yl)methanone (400 mg, 1.03 mmcl} obtained in
Fxample 48, step 1, and Z2-methyl-5-(trifluorcmethyl)aniline
(276 mg, 1.54 mmcl), and in the same manner as in Example 1,
step 2, {5,6-dichlcrc-4-[2-methyl-5-
{(trifluoromethyl}phenylaminolpyridin-3-yl1l} [4- (4~
fluorcphenyl)piperidin-l~yl]lmethancne (400 mg, 74%) was
chbtained.

ESIMS m/z: 526 (M + H)'

(step 2) Using {5,6-dichlorc-4-[2-methyl-5b-
(triflucromethyl)phenylaminc]pyridin-3-y1} [4-{4-
fluorophenyl)piperidin-1-yl]methancne (400 mg, 0.762 mmol)
obtained in step 1, and in the same manner as in Example 1,
step 3, a crude product of {b5-chlcocro-6-mercapto-4-[2-methyl-5~
(triflucromethyl)phenylamine]pyridin-3-vyv1} [4-(4-
fluorophenyl)piperidin-1l-yl]lmethanone was obtained and used for
the next reaction without purificaticn.

ESIMS m/z: 524 (M + H)®

[0384]

(step 3) Using a crude product of {5-chloro-6-mercapto-4-[2-
methyl-5-(trifluorcmethyl)phenylaminc]pyridin=3-yl} [4-{4-
fluorcphenyl)piperidin-1l-yl]methancne obtained in step 2, and
in the same manner as in Example 1, step 4, a crude product of

3-chloro-5-{4-{4-fluorophenyl)piperidine-1l-carbonyl]-4-[2-
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methyl-5-{(triflucrcmethyl)phenylamino]pyridine-2-sulfonic acid
was cbtained and used for the next reaction withcout
purification.

ESIMS m/z: 572 (M + H)}®

{step 4) Using a crude product of 3-chloroc-5-[4-(4-
flucrophenyl)piperidine-l-carbonyl]-4-[2-methyl-5-
(triflucromethyl)phenylamino]pyridine—Z2-sulfonic acid cbtained
in step 3, and in the same manner as in Example 2, compcound 311
{10.0 my, vyield cf 3 steps 4%) was obtained.

ESIMS m/z: 571 (M + H)"; *H NMR (400 MHz, CD3;0D, D.0, &):1.40-
2.10 {m, bH), 2.34 (s, 3H), 2.60-2.78 (m, 1H), 2.80-3.10 (m,
1H}, 3.50-3.70 (m, 1H), 4.00-4.20 (m, 1H), 6.90-7.10 {m, 2H),
7.15-7.30 {(m, 2H), 7.48-7.65 (m, 3H), 8.13 (s, 1H).

Example 123

[0385]

3-chloro-4-[4-(difluoromethoxy)phenylamino] -5-[4-{4-
tlucrophenyl)piperidine-l-carbonyl]pyridine-Z2-sulfonamide
(compound 312}

(step 1) Using [4-{4-fluorophenyl)pipveridin-1-ylj (4,5, 6-
trichloropyridin-3-yl)methanone (400 mg, 1.03 mmol} obtained in
Example 48, step 1, and 4-(diflucromethoxy)aniline (245 mg,
1.54 mmol), and in the same manner as in Example 1, step 2,
{5,6-dichloro-4-[4-(diflucromethoxy)phenylamino]lpyridin-3-
yli[4-{4-flucrophenyl)piperidin-l-yl]methanone (415 mg, 79%)
was obtained.

ESIMS m/z: 510 (M + H)'

(step 2) Using {5,6-dichlorc-4-[4-
(diflucromethoxy)phenylamine]pyridin-3=-yl} [4~{4-
fluorcophenyl)piperidin~l=ylimethanone {415 mg, 0.840 mmol!}
obtained in step 1, and in the same manner as in Example 1,
step 3, a crude product of {S-chloro-4-[4-
(difluoromethoxy)phenylamino] -6-mercaptopyridin-3-vy1} [4-{4-
flucrophenyl)piperidin-l-yl]lmethanone was obtained and used for
the next reaction without purification.

ESIMS m/z: 508 (M + H)'
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{0386}

{step 3) Using a crude product of {5-chloro-4-[4-
(diflucromethoxy)}phenylamino] -6-mercaptopyridin-3-y1} [4- (4~
flucrephenyl)piperidin-1-yl]lmethancne cbtained in step 2, and
in the same manner as in Example 1, step 4, a crude product of
3-chloro-4-[4-(difluoromethoxy)phenylamino]-5-[4- (4-
fluorophenyl)piperidine-l1-carbonyllpyridine-2-sulfonic acid was
obtained and used for the next reaction without purification.
ESIMS m/z: 556 (M + H)~"

(step 4} Using a crude product of 3-chloro-4-[4-
(diflucromethoxy)phenylamino] -5-[4- (4-fluorophenyl)piperidine-
l-carbonyl]pyridine-2-sulfonic acid cobtained in step 3, and in
the same manner as in Example 2, compound 312 (62.0 mg, yield
of 3 steps 21%) was cbtained.

ESIMS m/z: 555 (M + H)™; H NMR (300 MHz, DM50-ds, o):1.35-1.98
(m, 5H), 2.60-2.80 {(m, 1H), 2.83-3.25 {(m, 1H), 3.45-3.55 (m,
1H), 3.89-4.23 (m, 1H), 7.05-7.40 {(m, 9H), 7.50-7.70 (m, 2H),
8.24 (s, 1H), 8.76 (br s, 1H).

Fxample 124

[0387]

3-chlorc-4-(5~chloro-2-methylphenylamino) -5-[4- (4~
fluorophenyl) -4-methoxypiperidine~l~carbonyl]pyridine-2-
sulfonamide {compound 313)

Using 5-chloro-4-(5~-chloro-2-methylphenylamino) -6~
sulfamoylnicotinic acid (58.C mg, 0.154 mmol} obtained in
Example 120, step 6, and in the same manner as in Example 106,
step 6, compound 313 (42.3 mg, 48%) was obtained.

ESIMS m/z: 567 (M + H)"; ' NMR (400 MHz, CDCls,8): 1.64-1.85 (m,
2H), 1.96-2.04 {(m, 2H), 2.32 {(s, 3H), 2.45-2.82 (m, 1H}, 2.95
(s, 3H), 3.43-3.58 {m, 2H), 3.97-4.09 (m, 1H), 5.46-5.64 (m,
2H), 6.76 (s, 1H), 6.96 (s, 1H), 7.06 (t, J = 8.6 Hz, 2H),
7.11-7.24 (m, Z2H), 7.31 (dd, J = 8.6, 5.4 Hz, 2H), 8.02 (s, 1H).
Fxample 125

[0388]

3-chloro-4~(5-chloro-Z-methylphenylamino) -5-[3- (4~
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flucrophenyl)azetidine-1-carbonyl]pyridine-2-sulfonamide
{compound 314)

Using 5-~chloro-4~(5-chloro-Z2-methylphenylamino)-6-
sulfamoylnicotinic écid (90 mg, 0.24 mmol} obtained in Example
120, step 6, and in the same manner as in Example 98, step 2,
compound 314 (4.9 mg, 4%) was cbtained.

ESIMS m/z: 509 (M + H)"; 'H NMR (300 MHz, DMSC-d¢, 3):2.29 (s,
3H), 3.70-3.80 (m, 1H), 3.85-4.00 (m, 2H}, 4.10-4.20 (m, 1H),
4.40-4.60 {(m, 1H), 7.00-7.20 {(m, 2H), 7.20~7.32 {m, 3H), 7.33-
7.43 (m, 2H), 8.22 (s, 1H).

Example 126

[0389]
4-(2,5-difluorophenylamino}-5-{4-{4-fluorophenyl)piperidine~1-
carbonyl]-3-methyl-N-(3-methylisothiazol-5-yl)pyridine-2-
gsulfonamide (compound 315)

Using 4-{2,5-difluocrcphenylamino) ~5-[4~{4-
fluorophenyl)piperidine-l-carbonyl]-3-methylpyridine-2-sulfonic
acid (240 mg, 0.470 mmol) obtained in Example 75, step 3, and
in the same manner as in Example 71, step 4, compound 315 (19.7
mg, 7%) was obtained.

ESIMS m/z: 602 (M + E)'; 'H NMR (400 MHz, CDCD, 3): 1.30-1.70
(m, 4H), 2.10-2.35 (m, 1H), 2.28 (s, 3H), 2.49 (s, 3H), 2.50~
2.70 (m, 1H), 2.90-3.10 (m, 1H), 3.40-3.60 (m, 1H), 4.10-4.30
(m, 1H), 6.56 (s, 1H), 6.60-6.80 (m, 2H), 6.80-6.90 (m, 2H),
7.00-7.20 (m, 3H), 8.07 (s, 1H).

Example 127

[0390]
4—(2,4—difluorophenylamino)—5~f4u(4—fluorophenyl)piperidine—l—
carbonyli~3-methyl-N-(3-methylisothiazol-5-y1l)pyridine-2-
sulfonamide (compound 316)

(step 1) Using (4, 6-dichloro-5-methylpyridin-3-y1) {4- {4~
flucrophenyl)piperidin~l-yl]methancne (400 mg, 1.09 mmol}
obtained in Example 52, step 1, and 2,4-difluorcaniline (169 mg,
1.31 mmel), and in the same manner as in Example 1, step 2, [6-

chloro-4-(2,4-difluorcphenylamine) -5-methylpyridin-3-y1] {4~ (4-
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flucrophenyl}piperidin~-l~yl]methancne (385 mg, 77%) was
cbtained.

ESIMS m/z: 460 (M + H)"

(step 2) Using [6—chlofo—4—(2,4—difluorophenylamino)—5—
methylpyridin-3-yl] [4-{4-Tluocrophenyl)piperidin~l~yl]methanone
(385 mg, 0.840 mmol) obtained in step 1, and in the same manner
as in Example 1, step 3, a crude preoduct of [4-(2,4-
difluorophenylamine)} ~&-mercapto-5~methylpyridin-3-y1][4-(4-
fluorophenyl)piperidin~1~yl]lmethancne was obtained and used for
the next reaction without purification.

ESIMS m/z: 458 (M + H)*

[0391]

{step 3) Using a crude product of [4-(2,4-difluorcphenylamino)-
6~mercapto-5-methylpyridin-3-yl] [4~{4~fluorophenyl}piperidin-1-
vl]lmethanone cbtained in step 2, and in the same manner as in
Example 1, step 4, 4-(2,4-diflucrophenylamino)-5-[4- (4~
fluorophenyl)piperidine-l-carbonyl]-3-methylpyridine-2-sulfonic
acid (180 mg, yield of 2 steps 53%) was obtained.

ESIMS m/z: 506 (M + H)'

(step 4) Using 4-{Z2,4-diflucrophenylaminoc)-5-{4-(4-
flucrophenyl)piperidine-l-carbonyl]-3-methylpyridine-2-sulfonic
acid (180 mg, 0.360 mmol) cbtained in step 3, and in the same
manner as in Example 71, step 4, compound 316 (15.3 mg, 9%) was
ocbtained.

ESIMS m/z: 602 (M + H)'; 'H NMR (300 MHz, CD;0D, 8):0.40-0.80 (m,
4Hy, 2.00-2.10 {(m, 1H), 2.23 (s, 3H), 2.49 (s, 3H), 2.60-2.70
(m, 1H), 2.80-2.50 (m, 1H), 3.40-3.5C {(m, 1H), 4.00-4.10 {(m,
1H), 6.52 (s, 1H}, 6.86-7.09 (m, 4H), 7.10-7.12 (m, 3H), 7.96
(s, 1H}.

Example 128

[0392]
3-chloro~5-[4-(4-flucrophenyl)piperidine-1-carbonyl]-N-(1-
methyl-1HE-pyrazol-3-ylj-4-{o-tolylamino)pyridine-2-sulfonamide
(compound 317)

(step 1) Using [4-{4~flucrophenyl)piperidin-l-yl] (4,5, 6-
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trichloropyridin-3-yvl)methanone (400 mg, 1.03 mmol) obtained in
Example 48, step 1, and o-toluidine (165 mg, 1.54 mmol), and in
the same manner as in Example 1, step 2, [5,6-dichloro-4-{o-~
tolylamino)pyridin-3-vyl] [4~ (4~fluorophenyl)piperidin-1-
vl]methanone (430 mg, 91%} was obtained.

ESIMS m/z: 458 (M + H)'

(step 2) Using [5,6-dichloro-4-(o-tolylamino)pyridin-3-yl][4-
{4-fluorophenyl)piperidin-1-yl]methancne (430 mg, 0.%40 mmol)
obtained in step 1, and in the same manner as in Example 1,
step 3, [5-chloro-6-mercapto-4-{c-tolylamino)pyridin-3-yl][4-
(d-flucrophenylpiperidin-l1-yl]methanone (360 mg, 84%) was
obtained.

ESIMS m/z: 456 (M + H)'

(step 3} Using [5-chloro-6-mercapto-4-{o-tolylamino)pyridin-3-
yv1l] [4-(4-fluorophenyl)piperidin-1-yl]methanone (360 mg, 0.790
mmel) obtained in step 2, and in the same manner as in Example
1, step 4, a crude product of 3-chlore-5-[4-{4-
fluorcophenyl)piperidine-l-carbeonyl]-4-(o-tolylamino)pyridine-2-
sulfenic acid was cobtained and used for the next reacticn
without purification.

ESIMS m/z: 504 (M + H)'

[0393]

(step 4) Using a crude product of 3-chloro-5-[4-(4-
flucrophenyl)piperidine-l-carbonyl]-4-(c-telylamino)pyridine-2-
gulfonic acid obtained in step 3, and in the same manner as in
FExample 39, compound 317 (40.3 mg, yield of 2 steps 11%) was
obtained.

ESIMS m/z: 583 (M + H)7; 5 NMR (300 MHz, DMSO-dg, &):1.20-2.00
{m, 5H), 2.15 (s, 3H), 2.50-2.70 {m, 1H}, 2.70-2.%0 (m, 1H),
3.40~-3.60 {m, 1H), 3.70 (s, 3H), 4.00-4.20 (m, 1H), 5.90 (s,
1H), 7.00-7.5C0 {(m, 9H), 8.05 (s, 1H).

Example 129

[0394]

3-chlore~-5-[4~{4~fluorophenyl jpiperidine-l-carbonyl]}-4-{2-

methyl-4-nitrophenylamino)pyridine-2-sulfonamide (compound 318)
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(step 1) Using 3,4-dichloro-5-[4-(4~fluorophenyl)piperidine-1-
carbonyl] -N,N-bis(4{-methoxybenzyl)pyridine-2-sulfonamide (150
mg, 0.225 mmol) obtained in Example 78, step 1, and 2-methyl-4-
nitroaniline {(34.2 mg, 0.225 mmecl), and in the same manner as
in Example 78, step 2, 3-chlcre-5-[4-(4-
fluorophenyl)piperidine~l-carbonyl] -N,N-bis{4-methoxybenzyl)-4-
(Z-methyl~4-nitrophenylamino)pyridine~2-sulfonamide (64.0 mg,
36%) was obtained.

ESIMS m/z: 788 (M + H)'

(step 2) Using 3-chloro-5-[4-{4-fluorophenyl)piperidine~1-
carbonyl]-N,N-bis(4-methoxybenzyl}-4-(Z2-methyl-4-
nitrophenylaminc)pyridine-2-sulfonamide (64.0 mg, C.081 mmol)
obtained in step 1, and in the same manner as in Example 78,
step 3, compound 318 (14.7 mg, 33%) was cbtained.

ESIMS m/z: 548 (M + H)"; 'H NMR (300 MHz, CDs;OD,5): 1.30-1.69 (m,
2H), 1.70-1.95 {(m, ZH), 1.85-2.40 (m, 1H), 2.43 (s, 3H), 2.65-
2.85 (m, 1H}, 3.05-3.25 (m, 1H), 3.65-3.85 (m, 1H), 4.10-4.35
(m, 1H), 6.5%0-7.10 (m, 2H), 7.11-7.30 (m, 3H), B8.00-8.10 {(m,
1H), 8.20 (s, 1H), 8.30 (s, 1H).

Example 130

[0395]

4~ (3-bromocphenylamino)~3~chloro-5-[4- (4~
fluorophenyl)piperidine-l-carbonyl]pyridine-2-sulfonamide
{compocund 319)

(step 1) Using [4-{4-flucrophenyl)piperidin-1-yl1] (4,5, 6~
trichloropyridin-3-yl)methancne (400 mg, 1.03 mmol) obtained in
Example 48, step 1, and 3-bromoaniline (265 mg, 1.54 mmol), and
in the same manner as in Example 1, step 2, [4-(3~
bromephenylaming) -5, 6—dichloropyridin-3-yl1] [4- {4~
fluorophenyl)piperidin-l-yl]methanone (430 mg, 80%) was
cbtained.

ESIMS m/z: 522 (M + H)©

{(step 2) Using [4-(3-bromophenylaminc)-5, 6-dichlorcpyridin-3-
vyl][4-({4-flucrophenyl)piperidin-1-yl]methanone (430 mg, 0.820

mmol) obtained in step 1, and in the same manner as in Example
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1, step 3, a crude product of [4-(3-bromophenylamino)-5-chloroc-
6-mercaptopyridin-3-vyl1] [4~ (4~fluorcphenyl)piperidin-1-
yl]lmethancne was obtained and used for the next reaction
without purification.

ESIMS m/z: 520 (M + H}©

r0386]

(step 3) Using a crude product of [4-{3-bromophenrylamino)—5-
chloro-6-mercaptopyridin-3-yl] [4-(4-flucrophenyl)piperidin-1-
vl ]lmethancne obtained in step 2, and in the same manner as in
Example 1, step 4, & crude product of 4-(3-bromophenylamino)-3-
chloro-5-{4-{4-flucrophenyl)piperidine-l-carbonyl]pyridine-2-
sulfonic acid was obtained and used for the next reaction
without purification.

ESIMS m/z: 568 (M + H)'

(step 4) Using a crude product of 4-(3-bromophenylamino}-3-
chlorc-5-[4-(4-fluorophenyl)piperidine-l1-carbonyl]pyridine-2-
sulfonic acid obtained in step 3, and in the same manner as in
Example 2, compound 318 (23.3 mg, yield of 3 steps 9%) was
obtained.

ESIMS m/z: 567 (M + H)*; 'H NMR (300 MHz, DM8O-ds, &):1.40-1.72
(m, 4H), 1.85~2.10 {m, 1H), 2.60-2.80 (m, 1H)}, 2.91-3.12 (m,
1H), 3.41-3.6% (m, 1H), 4.01-4.23 (m, 1H), 6.85-7.35 (m, 8H),
7.65 (br s, 2H), 8.32 (s, 1H), 8.86 (br s, 1H).

Example 131

[0387]

3-chloro-4-(2-cyano-4,5-dimethylphenylaming) -5-[4-{4-
fluorophenyl}piperidine-l-carbonyl]pyridine-2-sulfonamide
(compound 320)

(step 1) Using 3,4~dichloro-5-[4-{4~-fluorcophenyl)piperidine-1-
carbonyl]-N,N-bis (4d-methoxybenzyl)pyridine-2-sulfonamide (150
mg, C0.225 mmol) cbtained in Example 78, step 1, and Z-amino-
4,5-dimethylbenzenitrile (32.92 mg, 0.225 mmel), and in the same
manner as in Example 78, step 2, 3-chloro-4-(Z2-cyanc-4,5-
dimethylphenylamine) ~5=[{4-(4~flucrophenyl)piperidine-1-
carbonyl]-N,N-bis (4-methoxybenzyl}pyridine-2-sulfonamide (71.0
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mg, 40%) was obtained.

ESIMS m/z: 782 (M + H)'

(step 2) Using 3-chloro-4-(Z-cyanc~4,5~dimethylphenylaminoc} -5-
[4~(4-fluorophenyl)piperidine-l~carbonyl]—~N,N-bis (4-
methoxybenzyl)pyridine-2-sulfonamide (71.0 mg, 0.091 mmol)
obtained in step 1, and in the same manner as in Example 78,
step 3, compcund 320 (2.4 mg, 5%) was cbtained.

ESIMS m/z: 542 (M + H)"; 'H NMR (400 MHz, CD;0D,8): 1.30-1.59 (m,
3H), 1.60-1.80 {(m, 2H}, 2.21 (s, 3H), 2.23 (s, 3H), 2.10-2.35
(m, 1H), 2.50-2.70 {(m, 1H), 3.40-3.60 (m, 1H), 2.90-4.10 {m,
1H), ©.80-6.95 (m, 2H), 7.00 (s, 1H), 7.05-7.20 {m, 2H), 7.40
(s, 1H), 8.10 (s, 1H}.

Example 132

[0398]

3—chloro-4-{2-cyanc-b-methoxyphenylamino) -5-[4- {4~
flucrophenyl)piperidine-1-carbonyl]pyridine-2-sulfonamide
(ccmpound 321)

(step 1) Using 3,4-dichlorc-5-[{4-{4-fluorcphenyl)piperidine-1-
carbonyl]-N,N-bis (4-methoxybenzyl)pyridine-2-sulfeonamide (15C
mg, 0.225 mmol) obtained in Example 78, step 1, and 2-aminc-4-
methoxybenzonitrile (322.9 mg, 0.225 mmol}, and in the same
manner as in Example 78, step 2, 3-chloro-4-(2-cyano-5-
metheoxyphenylamino) -5-{4- (4-fluorcphenyl)piperidine-1-
carbonyl]-N,N-bis(4-methoxybenzyl)pyridine-Z2-sulfonamide (72.0
mg, 61%) was obtained.

ESIMS m/z: 784 (M + H)™

(step 2) Using 3-chlorc-4-{2-cyano-5-methoxyphenylamine) -5-[4-
(4-fluorcphenyl)piperidine-l-carbonyl]-N,N-bis (4-
methoxybenzyl) pyridine~2-sulfonamide (72.0 mg, 0.092 mmol)
cbtained in step 1, and in the same manner as in Example 78,
step 3, compound 321 (12.5 mg, 25%) was obtained.

ESIMS m/z: 544 (M + H)"; 'H NMR (300 MHz, CDCls,3):1.20-2.40 (m,
5H}, 2.50-2.80 (m, 1H), 3.00-3.20 {m, 1H}, 3.40-3.60 (m, 1H},
3.82 (s, 3H), 4.20-4.40 {(m, 1H), 5.29 (s, 2H), 6.60 (s, 1H),
6.70~6.8C {m, 1H), 6.90-7.02 {m, 2H), 7.05-7.15 {(m, 2H), 7.21
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{s, 1H), 7.50-7.6C (m, 1H), 8.37 (s, 1H).

Example 133

[C389]

3-chloro-4-(Z2-cyano-5-nitrophenylamino)-5-[4-{4-
fluorophenyl)piperidine-I-carbeonyl]pyridine-2-sulfonamide
(compound 322}

{(step 1) Using 3,4-dichloro-5-[4-(4-fluocrophenyl)piperidine-1-
carbonyl]-N,N-bis(4-methoxybenzyl)pyridine-2-sulfonamide (150
mg, 0.225 mmol) obtained in Example 78, step 1, and Z2-amino—-4-
nitrobenzonitrile (37.0 mg, 0.225 mmel), and in the same manner
as in Example 78, step 2, 3-chicroc-4-{Z-cyanoc-b-
nitrophenylamino)-5-{4-(4-fluorophenyl)piperidine-l-carbonyl]-
N,N-bis (4-methoxybenzyl)pyridine-Z-sulfonamide (65.0 mg, 36%)
was obtained.

ESIMS m/z: 799 (M + H)7

(step 2) Using 3-chlorc-4-(2-cyano-5-nitrophenylamino)—-5-[4~(4-
fluorophenvyi)piperidine-l-carbonyl]-N,N-bis (4~
methoxvybenzyl)pyridine-2-sulfcnamide (65.0 mg, 0.081 mmol)
obtained in step 1, and in the same manner as in Example 78,
step 3, compound 322 (6.0 mg, 13%) was cbtained.

ESIMS m/z: 559 (M + H)'; 'H NMR (400 MHz, CDOD,d):1.40-2.40 (m,
5H), 2.70-2.%0 (m, 1H), 3.20-3.30 (m, 1H}, 3.70-3.80 {m, 1H),
4.10-4.30 (m, 1H), 6.95-7.12 (m, 2H), 7.20-7.38 (m, 2H), 7.95-
8.24 {(m, 3H), 8.40 (s, 1H).

Example 134

[C400]

3-chloro-4-(5-chloro-Z2-methylphenylamino) -5~ (2H-
spiro[kenzofuran-3,4’ ~piperidinj~1l’ -yicarbonyl)pyridine-2-
sulfonamide (compound 323)

Using 5-chioro-4-(5-chloro-Z2-methylphenylamino)-6-
suilfamoylnicotinic acid {(58.0 mg, 0.154 mmol) obtained in
Example 120, step €, and in the same manner as in Example 83,
step 5, compound 323 (20.0 mg, 24%) was obtained.

ESIMS m/z: 547 (M + H)'; 'H NMR (400 MHz, CDCls, 8): 1.66-1.91 (m,
41y, 2.19-2.54 (m, 1H), 2.33 (s, 3H), 3.10-3.2% (m, 1H), 3.60-
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3.75 (m, 1H), 3.89-4.20 (m, 1H), 4.39 (s, 2H), 5.41 (s, 2H),
6€.76 (s, 1H), 6.83 (d, J = 8.2 Hz, 1H), 6.92 (t, J = 7.2 Hz,
1H), €.%7 (s, 1H), 7.07-7.14 (m, 1H), 7.14-7.32 (m, 3H), §.08
(s, 1H).

Example 135

r0401]

3-chloro—-4-{2~chloro-5-methoxyphenylamino} -5-[4-{4-
fluorophenyl)piperidine-l-carbonyl]pyridine-2-sulfonamide
(compound 324)

{(step 1) Using 3,4-dichlcro-5-[4~{4~fluorophenyl)piperidine-1-
carbonyl]-N,N-bis{4-methoxybenzyl)pyridine-2-sulfonamide (100
mg, 0.149 mmol) obtained in Example 78, step 1, and 2-chloro-5-
methoxyaniline hydrochleoride (43.3 mg, 0.223 mmol), and in the
same mannher as in Example 78, step 2, 3-chloro-4-(2-chloro-5-
methexyphenylamine) -5-[4- (4-flucrophenyl}piperidine~1-
carbonyl]-N,N-bis{4-methoxybenzyl)pyridine-2-sulfonamide (59.0C
mg, 50%) was obtained.

ESIMS m/z: 793 (M + I)7

(step 2} Using 3-chloro-4-{Z2-chloro-5-methoxyphenylamino)-5-[4-
(4-flucrophenyl)piperidine-l-carbonyl]-N,N-bisg (4~
methoxybenzyl)pyridine-2-sul fonamide (59.0 mg, 0.074 mmol)
obtained in step 1, and in the same manner as in Example 78,
step 3, compocund 324 (35.9 mg, 87%) was obtained.

ESIMS m/z: 553 (M + H)™; 'H NMR (400 MHz, CDCls,8): 1.22-1.35 (m,
2H), 1.38-1.49 (m, 1H), 1.71-1.81 (m, 2H), 2.56-2.64 (m, 1H),
2.99 (t, J=12.7 Hz, 1H), 3.42 (d, J = 12.7 Hz, 1H), 3.81 (s,
3H), 4.28 (4, J = 10.7 Hz, 1H), 5.28 (s, 2H), 6.70 (d, J = 6.8
Bz, 2H), ©.%2-7.13 (m, 5H), 7.34 {(d, J = 8.8 Hz, 1H), B8.30C (s,
1H} .

Example 136

[0402]

3-chloro-4-{2-chlorco-5-flucrcphenylamino) -5-[4-{4-
fluorophenyl)piperidine-l-carbonyl]pyridine-2-sulfonamide
{compound 325)

(step 1) Using 3,4-dichlcre-5-[4-(4-fluorcphenyl)piperidine-1-
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carbeonyl]-N,N-bis (4-methoxybenzyl)pyridine-2-sulfenamide (10C
mg, 0.149 mmol} obtained in Example 78, step 1, and 2-chloro-5-
fluorcaniline (32.5 mg, C.223 mmol), and in the same manner as
in Example 78, step 2, 3-chloro—-4-(2-chloro-5-
fluorophenylamino) -5-[4-(4-fluorophenyl)piperidine-1-carbonyl]-
N,N-bis(4-methoxybenzyl)pyridine-2-sulfonamide (80.8 mg, 70%)
was obtained.

ESIMS m/z: 781 (M + H)'

(step 2) Using 3-chlorc-4-{(2-chloro-5-flucrophenylamine}-5-[4~
(4~fluorophenyl)piperidine-l-carbonyl]~N,N~bis (4-
methoxybenzyl)pyridine-2-sulfonamide (8C.8 mg, 0.103 mmol)
cbtained in step 1, and in the same manner as in Example 78,
step 3, compound 325 (48.0 mg, B86%) was cbtained.

ESIMS m/z: 541 (M + H)'; 'H NMR {400 MHz, CDCls,8}: 1.23-1.35 (m,
2H), 1.40-1.54 (m, 1H), 1.81 {(d, J = 12.7 Hz, 2H), 2.66 {(t, JT =
12.2 Hz, 1H), 3.09 (t, J =12.7 Hz, 1H), 3.59 {(d, J = 11.7 Hz,
1H), 4.40 {(d, J = 13.7 Hz, 1E}, 5.34 (s, 2H), 6.81-6.90 (m, 2H),
6.97-7.11 {(m, 5H), 7.43 (dd, J = 8.8, 4.9 Hz, 1H), 8.29 (s, 1H).
Example 137

[0403]

3-chloro-4-(2,5-dimethylpyridin-3-ylamino)-5-[4- (4-
fluorcphenyl)piperidine-1-carbonyl]pyridine-2-sulfeonamide
(compound 326)

(step 1) Using 3,4-dichloro-5-[4-{(4-fluorophenyl)piperidine-1-
carkbonyl]-N,N-bis (4d-methoxybenzyl)pyridine-2-sulfonamide (80.0
mg, 0.119 mmol) obtained in Example 78, step 1, and 2,5-
dimethylpyridin-3-amine (14.5 mg, (0.11% mmol), and in the same
manner as in Example 78, step 2, 3-chloro-4-{2,5-
dimethylpyridin-3-ylamino)-5-[4-(4-fluorophenyl)piperidine-1-
carbonyl]-N,N-bis (4-methoxybenzyl)pyridine-2-sulfonamide (54.3
mg, 60%) was obtained.

ESIMS m/z: 758 (M + H)"

(step 2) Using 3-chloro-4-{(2,5-dimethylpyridin-3-ylamino}~5~[4-
(4-fluorophenyl)piperidine~l-carbonyl] -N,N-bis (4~
methoxybenzyl)pyridine-2-sulfonamide (54.3 mg, 0.072 mmol)
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obtained in step 1, and in the same manner as in Example 78,
step 3, compcund 326 (30.0 mg, 81%) was obtained.

ESIMS m/z: 518 (M + HE)*; 'H NMR (400 MHz, CDCls;,8): 1.30-1.48 ({(m,
2H), 1.70-1.83 (m, 2H), 1.95-2.24 (m, 1H), 2.32 (s, 3H), 2.52
(s, 3H), 2.54-2.65 (m, 1H), 2.76-2.97 (m, 1H), 3.44-3.59 (m,
1H), 4.18-4.32 (m, 1H), 5.41 (s, 2H), 6.84 (s, 1H), 6.99 (t, J
= 8.6 Hz, 2H), 7.09 {(dd, J = 8.6, 5.4 Hz, 20}, 7.22-7.33 (m,
1H), 8.12 (s, 1H), 8.25 (s, 1H).

Example 138

[0404]

3-chloro-4-(2, 6-dichloropyridin-3-ylamino) -5-[4-(4-
fluorophenyl)piperidine-1-carbonyllpyridine-2-sulfonamide
{compound 327)

(step 1) Using 3,4-dichlorec-5-[4-(4-fluorophenyl)piperidine-1-
carbonyl]-N,N-bis(4-methoxybenzyl)pyridine-2-~sulfonamide {B0.0
mg, 0.119 mmol) obtained in Example 78, step 1, and 2, 6-
dichloropyridin-3-amine {12.4 mg, 0.119 mmel), and in the same
manner as in Example 78, step 2, 3-chloro-4-(2,6-
dichloropyridin-3-ylamine)-5-[4-{4-fluorophenyl)piperidine-1-
carbonyl]-N,N-bis (4-methoxybenzyl)pyridine-2-sulfonamide (40.6
mg, 43%) was obtained.

ESIMS m/z: 798 (M + H)'

{(step 2) Using 3-chloro-4-(2, 6-dichloropyridin-3-ylamino)-5-[4-
(d-flucrophenyl)piperidine-l-carbonyl]-N,N-~bis (4-
methexybenzyl)pyridine-2-sulfonamide {40.6 mg, 0.051 mmol)
obtained in step 1, and in the same manner as in Example 78,
step 3, compcound 327 (24.0 mg, 85%) was obtained.

ESIMS m/z: 558 (M + H)"; 'E NMR (400 MHz, CDCls, 8): 1.33-1.53 (m,
2d), 1.75-1.91 (m, 2H), 2.25-2.51 (m, 1H), 2.61-2.73 (m, 1H),
3.02-3.16 {(m, 1H), 3.49-3.62 (m, 1H), 4.30-4.42 (m, 1H), 5.44
{s, 2H), €.96-7.05 (m, 3H), 7.08-7.16 (m, 2H), 7.29 (d, JT = 8.2
Hz, 1H), 7.53 (d, J = 8.2 Hz, 1H), 8.22 (s, 1H).

Example 135

[0405]

3-chloro-4- (2-fluoro-4-methylphenylamino)}-5-[4- (4-

221



10

15

20

25

30

35

fluorophenyl)piperidine-l-carkbonyl]pyridine-2-sulfonamide
{compound 328)

(step 1) Using 4,5,6-trichloronicotinic acid {500 mg, 2.21
mmol) and 2-fluoro-4-methylaniline (415 mg, 3.32 mmol), and in
the same manner as in Example 1, step 2, a crude product of

5, 6~dichloro-4- (2-flucrc-4-methylphenylamino)nicotinic acid was
obtained and used for the next reacticn without purification.
ESIMS m/z: 315 (M + H)7

{step 2) Using a crude prcduct of 5,6-dichlcro~-4-{2-fluoro-4-
methylphenylaminc)nicotinic acid obtained in step 1, and in the
same manner as in Example 1, step 1, [5,6-dichlorgc-4-(2-fluoroc-
4-methylphenylaminec)pyridin-3-yl] [4- (4-fluorophenyl)piperidin-
1-ylijmethanone (850 mg, vield cof 2 steps 87%) was obtained.
ESIMS m/z: 476 (M + H)"

[0406]

(step 3) Using [5,6-dichloro-4-(2-fluoro-4-
methylphenylamine)} pyridin-3-yl] [4-(4-flucrophenyl)piperidin-1-
yl]lmethanone {850 mg, 1.79 mmol) obtained in step 2, and in the
same manner as in Example 1, step 3, [5-chloro-4-(2-fluoro-4-
methylphenylaming) —6-mercaptopyridin-3-v1] [4-(4-
flucrophenyl)piperidin-1-yl]methancne {710 mg, 84%) was
obtained. '

ESIMS m/z: 474 (M + H}"

(step 4) Using [b-chleoro-4-(2-fluocro-4-methylphenylamine)-6-
mercaptopyridin-3-yl] [4- (4-flucrcphenyl)piperidin-1-
yl]lmethanone (710 mg, 1.50 mmcl) chtained in step 3, and in the
same manner as in Example 1, step 4, a crude product of 3-
chloro-4-(2-flucro-4-methylphenylamino) ~5-[4- (4-
flucrephenyl)piperidine-l-carbonyl]pyridine-2-sulfonic acid was
cbhbtained and used for the next reaction without purificaticn.
ESIMS m/z: 522 (M + H)7

(step 5) Using a crude product cof 3-chloro-4-{Z2-flucro-4-
methylphenylamino) ~5-[4~(4-flucrophenyl)piperidine-1-
carbonyllpyridine-2-sulfonic acid obtained in step 4, and in

the same manner as 1n Example 2, compeund 328 (73.6 mg, yield
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of 2 steps 25%) was obtained..

ESIMS m/z: 521 (M + H)"; "H NMR (300 MHz, DMSO-dg, 3):1.20-1.80
(m, 4H), 1.80-2.10 {(m, 1H), 2.31 (s, 3H), 2.60-2.75 (m, 1H),
2.80-3.00 {m, 1H), 3.35-3.62 {(m, 1H), 3.85-4.20 {(m, 1H), 6.90-
7.00 (m, 1H}, 7.00-7.2C {(m, 4H), 7.20-7.55 (m, 2H), 7.60 {(br s,
2d), 8.16 (s, 1H), 8.51 (kr s, 1H).

Example 140

[0407]

4~ (4~flucro~2-methylphenylamino) -5~[4-(4-
flucrophenvyl)piperidine—l-carbonyl] -3-methyl-N—-(3-
methylisothiazol-5-ylipyridine-Z2-gsulfonamide (compound Z266)
(step 1) Using (4,6~dichloro-5-methylpyridin-3-yl) [4- (4~
flucrophenyl)piperidin-1-ylimethancne {300 mg, 0.817 mmol)
obtained in Example 52, step 1, and 4-fluoro-Z-methylaniline
(261 mg, 2.04 mmcl), and in the same manner as 1n Example 1,
step 2, [&~chloro~4~{4~fluoro-2~methylphenylamino)-5-
methylpyridin—-3-yl] [4-(4-fluorcophenyl)piperidin-1-yl]methanone
{355 mg, 95%) was cbtained.

ESIMS m/z: 456 (M + H)7

(step Z) Using [6-chloro-4-(4-fluorc-2-methylphenylamino)-5-
methylpyridin-3-yl][4-(4-fluorophenyl)piperidin-1-yl]methanone
(555 mg, 1.22 mmol) obtained in step 1, and in the same manner
as in Example 1, step 3, [4~{4~flucro~Z-methylphenylaminc)-6-
mercapto-5-methylpyridin-3-yl1][4-(4-flucrophenyl)piperidin-1-
vl]|methanone (430 mg, 78%) was obtained.

ESIMS m/z: 454 (M + H)'

[0408]

{step 3) Using [4-{4-fluoro-Z-methylphenylamine)-é-mercapto-5>-
methylpyridin-3-yl] [4-{(4-fluorophenyl)piperidin-l1~yl]lmethanone
(102 mg, 0.225 mmel) cbtained in step. 2, and in the same manner
as in Example 1, step 4, 4-{4~flucro~Z-methylphenylamino}-5-[4-
(4-flucrophenyl)piperidine-l«carbonyl]-3-methylpyridine-2-
sulfonic acid (113 mg, gquantitative) was obtained.

ESIMS m/z: 502 (M + H}V

(step 4) Using 4-{4-fluoro-Z-methylphenylamino)-5-[4-(4-
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fluorcephenyl)plperidine-l-carbonyl]-3-methylpyridine-2-sulfonic
acid (400 mg, 0.7928 mmol) cbtained in step 3, and in the same
manner as in Example ll,loompound 266 (190 mg, 40%) was
obtained.

ESIMS m/z: 598 (M + H)*; "H NMR (400 MHz,DMSO-de, 8): 1.21-1.75
{m, 4H), 2.09 (s, 3H), 2.17 (s, 3H), 2.44 (s, 3H), 2.61-2.75 {m,
1H), 2.76-3.03 (m, 1H), 3.46-3.59 (m, 2H), 3.98-4.24 (m, 1H),
5.98 (s, 1H), 6.75-6.87 (m, 1H), 6.87-6.98 {(m, 1H), 6.99-7.06
(m, 1H}, 7.09 (t, J = 8.8 Hz, 2H), 7.14-7.44 {(m, 3H), 7.95 (s,
1H) .

Example 141

(0409]
5-[4-(4-fluorophenyl)piperidine-l-carbonyl]-3-methyl-N- (3~
methylisothiazol-5-yl)-4-{m-tolylamino)pyridine-2-sulfonamide
{compound 276)

(step 1) Using (4,6-dichlcro-5-methylpyridin-3-yl) [4- (4~
fluorcphenyl)piperidin-1~yl]methanone (750 mg, 2.04 mmol)
obtained in Example 52, step 1, and m-toluidine(5%1 mg, 5.51
mmol), and in the same manner as in Example 1, step 2, [6-
chloro~5-methyl-4- {m-tolylamino)pyridin-3-y1] [4-(4-
fluorophenyl)piperidin-1-yl]lmethanone (795 mg, 8%%) was
obtained.

ESIMS m/z: 438 (M + H)7

{step 2) Using [6é-chloro-5-methyl-4~ (m~tolylamino}pyridin-3-
v1l][4-(4-flucrophenyl)piperidin-l~yl]lmethanone (795 mg, 1.82
mmol) obtained in step 1, and in the same manner as in Example
1, step 3, [4-(4-fluorcphenyl)piperidin-1-yl}[6-mercapto-5-
methyl-4- (m-tolylamino)pyridin-3-yl]lmethanone (762 mg, 9%96%) was
obtained.

ESIMS m/z: 436 (M + H)"

[0410]

(step 3) Using [4-(4-fluorophenyl)piperidin-1-yl}[é~-mercapto-5-
methyl-4-{m~telylamino)pyridin-3-yl]lmethanone (745 mg, 1.71
mmol} cbtained in step 2, and in the same manner as in Example

1, step 4, 5-[4-{4-fluorophenyl)piperidine-l-carbonyl]-3-
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methyl-4-{m-tolylamino)pyridine-2-sulfonic acid (653 mg, 79%)
was opbtained.

ESIMS m/z: 484 (M + )7

{(step 4) Using 5-[4-(4-Llucrcphenyl)piperidine-l~carbonyl]-3-
methyl-4- (m-tolylamine)pyridine-2-sulfonic acid (318 mg, 0.658
mmol) obtained in step 3, and in the same manner as in Example
11, compound 276 (124 mg, 33%) was obtained.

ESTMS m/z: 580 (M + H)'; 'H NMR (400 MHz,DMSO-dg, 8): 1.27-1.71
(m, 4H), 1.81-2.03 (m, 1H), 2.24 (s, 3H), 2.27 (s, 3H)}, 2.46 (s,
3H), 2.56-2.73 (m, 2H), 2.81-3.07 (m, 1H), 3.92-4.35 (m, 1H),
6.62-6.72 (m, 2H), 6.74 (s, 1H), 6.76~6.86 {(m, 1H), 7.04-7.17
(m, 4H), 7.17-7.36 (m, 1H}, 8.17 (s, 1lH), 8.28 (s, 1H), 11.81~
12.38 (m, 1H).

Example 142

[0411]
5-[4-(4-fluorophenyl)piperidine-l-carbonyl]~3-methyl-4-{o-
tolylamino)pyridine-2-sulfonamide (compound 331}

Using 5-[4-(4-flucrophenyl)piperidine-l-carbonyl]-3-
methyl-4-(o-tolylamino)pyridine~2-sulfonic acid (63.0 mg, 0.125
mmol) obtained in Example 71, step 3, and in the same manner as
in Example 2, compound 331 (47.6 mg, 79%) was obtained.

ESIMS m/z: 483 (M + H)*; 'H NMR (400 MHz,CDCli,8): 1.37-1.65 (m,
2Hy, 1.€8-1.929 {(m, 2H), 2.35 (s, 3H), 2.37 (s, 3H), 2.48-2.81
(m, 2H), 2.95-3.27 {(m, 1H), 3.68-4.00 (m, 1H), 4.47-4.80 (m,
1H), 5.45 (s, 2H), €.62 (d, J = 7.7 Hz, 1H), 6.74-6.85 {m, 1H),
6.91-7.07 (m, 5H), 7.10 (t, J = 6.8 Hz, 1H), 7.22-7.26 {(m, 1H),
g8.16 (s, 1H).

Example 143

[C412]

The following compounds were synthesized based on Example
2.
4-{2-chlorc-5-methylphenylamino) ~5-[4- (4-
fluorophenvyl)piperidine-l-carbonyllpyridine-2-sulfonamide
(compound 50); ESIMS m/z: 503 (M + H)*
4-{2,4-dichleocre~5-methylphenylaminc) ~5-[4~ (4~
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fluorophenyl)piperidine-l-carbonyl]lpyridine-Z-sulfonamide
(compound 51); ESIMS m/z: 537 (M + H)T
4~{(2-chlorco—-4-flucro-5-methylphenylaminc} ~5-[4-{4-
fluorcphenyl)piperidine~l-carbonyl]pyridine-2-sulfonamide
(compound 52); ESIMS m/z: 521 (M + H)}T
4-(2,5~dimethylphenylamine) -5-[4- (4~fluorophenyl)piperidine-1-
carbonyl]pyridine-Z-sulfonamide (compound 53); ESIMS m/z: 483
(M + B}

4—(2,6-dimethylphenylamino) -5-{4-{4-flucrophenyl)piperidine-1-
carbonyl]pyridine-2-sulfcnamide {compound 54); ESIMS m/z: 483
M + H)F
4—-(2,4-dimethylphenylamino) -5-[4- (4-fluorophenyl)piperidine~1i-
carbonyl]lpyridine-2-sulfcnamide (compound 55); ESIMS m/z: 483
(M + H)™

4—(2—fluoro—4—methylphenylaminq)—5—[4—(4—
fluorophenyl)piperidine-l1-carbenyl]pyridine-2-sulfeonamide
(compound 56); ESIMS m/z: 487 (M + H)~
4—{3-chloro-2-methylphenylamino}-5-[4~ (4~
fluorophenyl)piperidine-l-carbonyl]lpyridine-2-sulfonamide
{compound 57); ESIMS m/z: 503 (M + H)'
4-(2-chloro-4-methylphenylamino) -5-[4-{4-
fluorophenyl)piperidine-l-carbonyllpyridine-2-sulfonamide
(compound 58}; ESIMS m/z: 503 (M + H}Y
4-{4-chloro-3-fluoro-Z-methylphenylamino) -5-[4~{4-
fluorophenyl)piperidine-l1-carbonyl]lpyridine-2-sulfonamide
(compound 5%); ESIMS m/z: 521 (M + H)*
4—(3-fluoro-Z-methylphenylamine) -5-{4~ (4~
fluorophenyl)piperidine~l-carbonyl]pyridine-2-sulfcnamide
(compound 60); ESIMS m/z: 487 (M + H)~
5=[4=-(4~-flucrophenyl)piperidine-1-carbonyl]-4-[2-methyl-3-
{trifluoromethyl)phenylaminc]pyridine-2-sulfonamide (compound
61); ESIMS m/z: 537 (M + H)7
4—(5-fluoro-2-methylphenylamino)~5-[4-{4-
fluorophenyl}piperidine-l-carbonyl]lpyridine-2—-sulfonamide

(compound 62); ESIMS m/z: 487 (M + H}T
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4-{Z2-chloro-4-fluorophenylamino) -5-{4- (4-
fluorophenyl)piperidine~l-carkbeonyl]lpyridine-2-sul fonamide
(compound 63); ESIMS m/z: 507 (M + H)'
4-(3-fluoro-4-methylphenylamino) -5-[4-{4-
fluorophenyl)piperidine-l-carbonyl]pyridine-2-sulfonamide
(compound 64); ESIMS m/z: 487 (M + H)"
4-(2,3-dimethylphenylamino)-5-[4-{4-fluorophenyl)piperidine—1-
carbonyl]pyridine-2-suifeonamide {(compound 65); ESIMS m/z: 483
(M + H)*

4-(4-chloro-2, 3-dimethylphenylamino) -5-[4-(4-
flucrophenyl)piperidine-l-carbonyl]lpyridine-2-sulfonamide
(compound 66); ESIMS m/z: 517 (M + H)V
4-{4-chlorgc-2-fluoro-5-methylphenylamino) -5-{4- {4~
flucrophenyl)piperidine-l-carbonyl]pyridine-2-sulfonamide
(compound 67); ESIMS m/z: 521 (M + H}"

[0413]

4-({Z2-flucro-5-methylphenylaming) -5-[4-{4-
fluorophenyl)piperidine~l~carbenyl]pyridine~Z-sulfonamide
(compound 68); ESIMS m/z: 487 (M + H)¥

4~ (5~chloro=2-methoxyphenylamino)-5-[4-(4-
fluorophenyl)piperidine-l-carbonyl]pyridine-2-sulfcnamide
{(compound 69); ESIMS m/z: 519 (M + H)~
4-({2-chloro-5-flucrophenylamino) -5-[4-(4-
fluorophenyl)piperidine-l-carbonyl]|pyridine-2-sulfonamide
(compound 70); ESIMS m/z: 507 (M + I)F
4-{2,4-dichloro-5-fluorophenylaminc) -5-[4- {4~
fluorophenvyl)piperidine-l-carbonyl]lpyridine~2-sulfonamide
(compound 71); ESIMS m/z: 541 (M + H)"
4-(2-fluocro-6-methylphenylamino) -5-[4- (4-
fluorophenyl)piperidine-l-carbonyl]pyridine-2-sulfonamide
{(compound 72}; ESIMS m/z: 487 (M + H)Y

4~ (2,6-difluorophenylamino)~5-[4~(4~flucrophenyl)piperidine-1-
carponyl]lpyridine~Z-sulfonamide {(compound 73); ESIMS m/z: 491
(M + H)™

4-(2-chloro-3-fluorophenylamine) -5-[4-(4-
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fluorophenyl)piperidine-l-carbonyl]lpyvridine-2-sulfonamide
(compound 74); ESIMS m/z: 507 (M + H)~
4-(2,4-dichlorc-3-fluorophenylamino) -5-[4-(4-
fluorophenyl)piperidine-l-carbonyl]pyridine~2-sulfonamide
(compound 75); ESIMS m/z: 541 (M + I)°'

4~ {2-fluoro~3-methylphenylamino) -5-[4~ {4~
fluorophenyl)piperidine-l-carbonyllpyridine-2-sulfonamide
{compound 76); ESIMS m/z: 487 (M + H)'
4—{4-chloro-2-flucro-3-methylphenylamino)-5-[4- (4-
fluorophenyl)piperidine-l-carbonyl]pyridine-2-sulfonamide
(compound 77); ESIMS m/z: 521 (M + H)'
5-[4-({4-fluorophenyl)piperidine-l-carbonyl}-4-{4-methoxy-2-
methylphenylamine)pyridine-2-sulfonamide (compound 78}; ESIMS
m/z: 499 (M + H)'

4-(3-chloro-4-methylphenyiamino)-5-[4-(4-
fluorcphenyl)piperidine-l-carbonyl]lpyridine-2-sulfonamide
(compound 79); ESIMS m/z: 503 (M + H)"
4-({4-chleoro-Z-flucrophenylaming)-5-[4-(4-
fluorophenyl)piperidine-l-carbonyl]pyridine-Z2-sulfonamide
{compound 80); ESIMS m/z: 307 (M + H)'
4-(2,4-dichlorophenylamino) ~5-[4~(4~flucrcphenyl)piperidine-1-
carbonyl]pyridine-2-sulfonamide (compcound 81); ESIMS m/z: 523
M+ H)F

4-(4-chlorophenylamino) -5-[4-(4-flucrophenyl}piperidine-1-
carbonyl Jpyridine~Z2-sulfonamide (compound 82); ESIMS m/z: 489
(M + H)Y

4-{4-fluoro-3-methylphenylamine)-5-[4-{4-
flucrophenyl)piperidine-1l-carbonyl]pyridine-2-sulfonamide
(compound 83); ESIMS m/z: 487 (M + H)}T
5-[4-(4-flucrophenyl)piperidine~l~carbonyl]—-4-(4-
methoxyphenylamino}pyridine—Z-sulfonamidé (compound 84); ESIMS
m/z: 485 (M + H)'
5-[4-{4-fluorcphenvyl)piperidine-l-carbonyl]-4-{o-
tolylamino)pyridine-2-sulfonamide (compound 85); ESIMS m/z: 469
M+ m°
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[0414;

4-(3-fluoro-4-methoxyphenylaminc} -5-[4— {4~
fluorophenvyl)piperidine-l-~carbonyl]lpyridine~2-sulfonamide
(compound 86); ESIMS m/z: 503 (M + H)'
4—-(2-fluoro-4-methoxyphenylamino) -5-[4- (4~
fluorophenyl)piperidine-l-carbonyl]pyridine—-2-sulfonamide
(compound 87); ESIMS m/z: 503 (M + H)'
5-T4-(4-flucrophenyl)piperidine-l-carbonyl]—-4- (4-methoxy-3-
methylphenylamine)pyridine-2-sulfonamide (compound 88); ESIMS
m/z: 499 (M + H)*
5-14-(4-fluorophenyl)piperidine-l-carbonyl]-4-[4~methoxy-3-
(trifluorcmethyl)phenylamine]pyridine-Z-sulfcramide (compound
89); ESIMS m/z: 553 (M + H)'
4-{4-brome-2-chlorophenylamine) -5-[4-(4-
fluorcphenyl)piperidine-l-carbonyl]pyridine-2-sulfonamide
(compound 90); ESIMS m/z: 567 (M + H)V
4-(4d-bromo-2-flucrophenylamino) -5-[4- (4-
flucrophenyl)piperidine-l-carbonyl]pyridine-2-sulfcocnamide
(compound 91); ESIMS m/z: 551 (M + H)®
4—{2-chloro-4-methoxyphenylamino} ~5=[4~(4-
flucrophenyl)piperidine~l~carbonyl]lpyridine-2-sul fonamide
(compound 92} ; ESIMS m/z: 51% (M + H)'
5-[4-(4-fluorophenyl}piperidine-l-carbonyl]-4- (5-methoxy-2-
methylphenylamine)pyridine-2-sulfonamide (compound 93} ; ESIMS
m/z: 499 (M + b7
4—(2,3-dihydrobenzcofuran-5-ylamino) -5-[4-{4-
fluorcphenyl)piperidine-l-carbonyllpyridine-2-sulfonamide
(compound 94); ESIMS m/z:497 (M + H)T

5-14-(4-fluorophenyl) piperidine-l-carbonyl]—4-
(phenylamino)}pyridine~2-sulfonamide (compound 95); ESIMS m/z:
455 (M + H)~©
5-[4-(4-flucrcphenyl)piperidine-l-carbonyl] -4~ (m-

tolylamino)pyridine-Z-sulfonamide (compound 26); ESIMS m/z: 46%

(M + H)F

5-[4~-(4-fluorophenyl)piperidine-l1-carbonyl]-4-(2-
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methoxyphenylamino)pyridine-2-sulfcnamide (compound 97); ESIMS
m/z: 485 (M + H)T
5-[4-(4-fluorcphenyl)piperidine-l-carbonyl]-4-(p-
teclylamino)pyridine-2-sulfonamide {(compcund 98} ; ESIMS m/z: 469
(M + H)T

4-{4-flucrc-Z2-methoxyphenylamino) -5-[4- (4-
flucrophenyl)piperidine-l-carbonyl]pyridine-2-sulfonamide
{compound 99); ESIMS m/z: 503 (M + H)7
5-{4-(4-flucrophenyl}piperidine-l-carbonyl]-4-{2-methyl-4-
(trifluoromethyl)phenylaminc]pyridine-Z2-sulfcnamide {compound
100} ; ESIMS m/z: 537 (M + 1)
5-[4-{4-fluorophenyl)piperidine-l-carbonyl]-4-{2~
(triflucromethyl)phenylamino]pyridine-2-sulfonamide {compound
101); ESIMS m/z: 523 (M + H)7
5-[4-(4-fluorcphenyl)piperidine-l-carbonyl]-4-(2-
fluorophenylamino)pyridine-Z-sulfonamide (compound 102); ESIMS
m/z: 473 (M + )7
4-(3~chleorophenylamino)-5-[4-({4-fluorcphenyl)piperidine-1-
carbonyl]pyridine-2-sulfonamide (compound 103); ESIMS m/z: 489
M+ m’

[0415]

4-(5-chloro-4-methoxy-Z-methylphenylamino) -5-[4- (4~
fluorcphenyl)piperidine-l-carbonyl]pyridine-2-sulfcnamide
(compound 104); ESIMS m/z: 533 (M + H)*
4-{5-chlorc-4-hydroxy-7-methylphenylaminec) -5-[4- {4~
fluorcphenyl)piperidine-l-carbonyl]pyridine-2-sulfonamide
(compound 105); ESIMS m/z: 519 (M + H)F
4-[4-(difluoromethoxy)phenylamino]-5-[4-(4-
fluorophenyl)piperidine~l-carbenyl]pyridine-2-sulfonamide
(compound 106); ESIMS m/z: 521 (M + H)"
4-(3,4-dimethylphenylaminc)-5-[4-{4-flucrophenyl)piperidine-1-
carbeonyl ]pyridine-2-sulfonamide (compcund 107); ESIMS m/z: 483
M+ H)T

5-14-{4~-fluorophenylpiperidine-Il-carbonyl]-4-(4-

isopropylphenylamine)pyridine-2-sulfonamide {compound 108);
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ESIMS m/z: 497 (M + H)Y
4-(5-chlocro-Z2-methylphenylamino)-5-[4-(4-
flucrophenyl)piperidine—~l-carbonyl]pyridine-2-sulfonamide
(compound 10%); ESIMS m/z: 503 (M + H}'
4-(3,5~dimethylphenylamino) -5-[4- (4-fluorophenyl)piperidine-1-
carbonyllpyridine-Z2-sulfonamide (compound 110); ESIMS m/z: 483
(M + H)*

4—({4-fluoro~-Z-methylphenylamino)-5-{4-(4-
fluorcphenyl)piperidine-l-carbonyli-N-methylpyridine-2-

sul fonamide (compound 111); ESIMS m/z: 501 (M + H)"
4-{4-fluorc-2-methylphenylaminc)-5-[{4- (4~
fluorophenyl)piperidine-l-carbonyl]-N- (2~methoxyethyl)pyridine-
2-sulfonamide (compound 112); ESIMS m/z: 545 (M + H)"

diethyl 2,2’-{4-(4-flucro-2-methylphenylamino)-5-[4- (4-
fluorophenyl)piperidine-1-carbonyl]pyridin-2-
ylsulfonylazanediylidiacetate (compound 114}; ESIMS m/z: 659 (M
+ HYT

2-{4-{4{-fluoro-2-methylphenylamino}-5-[4-{4-

flucrephenyl) piperidine-1-carbonyl ]pyridine—-2-
sulfonamide}acetamide {compound 115); ESIMS m/z: 544 (M + H)*
methyl 1-{4-(4-fluorc-2-methylphenylamino)-5-[4- (4~
fluorophenyl)piperidine-1-carbonyl]pyridin-2-
ylsulfonyllpyrrolidine-2-carboxylate (compound 116); ESIMS m/z:
599 (M + H)'
[4~({4-flucro-Z2-methylphenylamino)-6—(pyrrolidin-1-
ylsulfonyl)pyridin-3-y1][4-(4-fluorophenyl)piperidin-1-
yl]lmethanocne (compound 119); ESIMS m/z: 541 (M + H)*V
[4-{4d-fluorc-2-methylphenylamino) -6-(piperidin-1-
yisulfonyl)pyridin-3-yl][4~{4~fluorcphenyl}piperidin-1-
yl]methanone (compound 121); ESIMS m/z: 555 (M + H)'

[4= (4—-fluoro-Z2-methylphenylamino) -6-
(morpholinesulfonyl)pyridin-3-y1] [4-{4-fluorophenyl)piperidin-
1-yl]lmethanone (compound 122); ESIMS m/z: 557 (M + EH)~

[0416]

I-{4~{4~(4~fluoro~2-methylphenylamino)-5-[4-(4-
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flucrophenyl)}piperidine-~l-carbonyl]pyridin-2-
ylsulfonyllpiperazin-1l-yllethanone (compound 124); ESIMS m/z:
598 (M + H)Y

4-({4-fluoro-2-methylphenylaminc)-5-[4-{4-
fluorophenyl)piperidine-l-carbonyl]-N,N-dimethylpyridine-2-
sulfonamide {compound 125); ESIMS m/z: 515 {M + H)*
4~{4-flucro~-Z-methylphenylaming) =5~ [4~ (4~
fluorcphenyl)piperidine~l-carbonyl]-N- (Z-oxopropyl)pyridine-2-
sulfonamide (compound 131); ESIMS m/z: 543 (M + H)~
4-({4-fluoro-2-methylphenylaminoc)-5-[4-(4-
flucrophenyl)piperidine-l1-carbonyl] -N-[ (5-methylpyrazin-2-
yl)methyl]pyridine—Z—sulfonamide (compound 134); ESIMS m/z: 593
(M + HYY

N- {cyancomethyl} -4~ (4~fluoro-2-methylphenylamino)-5-[4- (4-
fluorophenyl)piperidine-l-carbonyl]pyridine-Z2-sulfonamide
(compound 135); ESIMS m/z: 526 (M + H)V
N-{1l-{4-{4~fluoro-Z2-methylphenylamino) -5-[4-(4-
fluorophenyl)piperidine-l-carbonyl]pyridin-2-
ylsulfonyllpiperidin-4-yllacetamide (compound 136); ESIMS m/z:
612 (M + H)7

1-{4-(4-fluoro-Z2-methylphenylamino)-5-{4-(4-
flucrophenyl)piperidine-l-~carbonyl]lpyridin-2-
ylsulfeonylipiperidine-4=~carboxamide (compound 138); ESIMS m/z:
598 (M + H)'

4-{4-fluoro-2-methylphenylamino)-5-[4- (4~
fluorophenyl)piperidine-I-carbonyl]-N- (Z-oxopyrrolidin-3-
yl)pyridine-2-sulfonamide (compound 142); E3TMS m/z: 570 (M +
H)"

3-{4-(4-flucorc-2-methylphenylamino) -5-{4-(4-
fluorophenyl)piperidine-l-carbonyl]lpyridin~-2-
ylsulfonylloxazolidin-Z=-cne {(compound 143); ESIMS m/z: 557 (M +
mT

1-{4-{4-fluoro-2-methylphenylamino)-5-[4-{4-
fluorcophenyl)piperidine-l-carbonyl]pyridin-2-
vlsulfonyllimidazolidin-2~cne (compound 144); ESIMS m/z: 556 (M
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+ H)'

4-({4-fluorc-2-methylphenylamino) -5-[4-(4-
flucrophenyl)piperidine-l-carbonyl] -N- (pyrimidin-2-yl)pyridine-
2-sulfonamide (compound 145); ESIMS m/z: 565 (M + H)'

4~ ({4-flucro-2-methylphenvylamino)-5-[4-(4-
fluorophenyl)piperidine-l-carbonyl] -N-(pyridin-2-yl)pyridine-2-~
sulfonamide (compound 146); ESIMS m/z: 564 (M + H)*

[0417]

N- {5~bromopyrimidin-2-yl) -4~ (4-fluoro-2-methylphenylamino) ~5-
[4-{4~fluorophenyl)piperidine~l—carbonyl]pyridine-2-sul fonamide
(compound 147); ESIMS m/z: 643 (M + H)'
4-(4-fluoro-2-methylphenylamino)-5-[4-~ (4~
fluorophenyl)piperidine~-l-carbonyl]~N-(thiazol-2-yl)pyridine~2-
sulfonamide {(compound 148); ESIMS m/z: 570 (M + H)+
4-(d~-fluoro~2-methylphenylamino) -5-[4-(4-
fluorophenyl)piperidine-l-carbonyl]~N-(l-methyl-1H-imidazol-2-
ylipyridine-2-sulfonamide (ccmpound 149); ESTMS m/z: 567 (M +
H)"

4-(4-fluoro-2-methylphenylamino)-5-[4-(4-
fluorophenyl)piperidine-l-carbonyl]-N-[{Z2- (methylthic)pyrimidin-
4-yl]lpyridine-2-sulfonamide (compound 150); ESIMS m/z: 611 (M +
H) Y

N- (3, 5~dimethylisoxazol~4~-yl)-4-(4-fluocro-2-methylphenylamino) -
5-[4-{4-fluorophenyl)piperidine~l~carbonyl]pyridine-2-
sulfonamide {compound 151); ESIMS m/z: 582 (M + HY©
4-(4-fluorc-2~-methylphenylamino) ~5-[4- {4~
flucrophenyl)piperidine-l-carbonyl]~N- (1,3, 5~trimethyl-1H-
pyrazol-4-yl)pyridine-2-gulfonamide {(compound 152)}; ESIMS m/z:
595 (M + m)7

4= (4-flucro-Z2-methylphenylamino)-5-[4-(4-
fluorophenyl)piperidine-l-carbonyl]-N-(l-methyl-1H-pyrazol—-3-
vl)pyridine-Z-sulfonamide (compound 153); ESIMS m/z: 567 (M +
H)"

4d-{4d-fluoro-Z2-methylphenylamino)-5-[{4-{4-
fluorophenyl)pipéridine—l—carbonyl]—N—{thiazol—4—yl)pyridineHZ-
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sulfonamide (compound 154); ESIMS m/z: 570 (M + H)~
4-(4~-fluoro-Z-methylphenylamino)-5-[4-(4-
flucorophenyl)piperidine-l1-carbonyl]-N-(thiazol-5~vy1l)pyridine-2-
sulfonamide (compound 155); ESIMS m/z: 570 (M + H)*
4-{4-flucrc-Z2-methylphenylamino) -5-[4-(4-
fluorophenyl)piperidine-l-carbonyl] -N- (pyrimidin-5-yl)pyridine-
2-sulfonamide (compound 156); ESIMS m/z: 565 (M + H}
4-({4-flucrco-2-methylphenylaming) ~5~[4~ {4~
fluorophenyl}piperidine~l~carbonyl] -N-(5-methylisozazol-3-
vlipyridine-Z-sulfonamide (compcound 157}); ESIMS m/z: 568 (M +
ith
N-(3,4-dimethylisoxazol~5-yl)~4-(4-fluoro-Z-methylphenylamino) -
5-[4-(4-flucrophenyl)piperidine-l-carbonyllpyridine-2-

sul fonamide {compound 158); ESIMS m/z: 582 (M + H)"

[0418]

N-(>-tert-butylisoxazol~3-yl)~4~ (4-fluoro-2-methylphenylamino) -
5-{4-(4-fluorophenyl)piperidine~l~carbonyl]lpyridine-2-
sulfonamide (compound 159); ESIMS m/z: 610 (M + Hy*
5~{4-(4~fluorophenyl)piperidine-l1-carbonyl]-N-(isoxazol-3-yl}~
4-({4d-methoxy-2-methylphenylamino) -3-methylpyridine-2-
sulfonamide (compound 234); ESIMS m/z: 580 (M + H)'
5-[4-(4-fluorophenyl)piperidine-l-carbonyl]-3-methyl-4-[2-
methyl-6- (trifluoromethyl)pyridin~3-ylamino]pyridine-2-
sulfonamide (compound 245); ESIMS m/z: 552 (M + H)?
5-[4-(4-fluorophenyl)piperidine-1-carbonyl]-N-{isoxazol=3-y1)-
3-methyl-4-(2,4,5-trifluorophenylamino)pyridine-2-sulfonamide
(compound 246); ESIMS m/z: 590 (M + H)'
4-(1,3-dihydroiscobenzofuran-5-ylamino)-5-[4-(4-
flucorcphenyl)piperidine-l-carbonyl] -N- (iscxazol-3-yl)-3-
methylpyridine-2-sulfonamide {compound 247); ESIMS m/z: 578 (M
+ 1)

4~ {4-fluoro~2~methylphenylamino)-5-[4-(4-
fluorophenyl)piperidine-l-carbonyl]-3-methyl-N-{3-
methyliscthiazol-5-yl)pyridine-2-sulfonamide {compcocund 266);
ESIMS m/z: 598 (M + H)'
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5-[4-(4-fluorcphenyl)piperidine-l-carbonyl]-3-methyl-N-(3-
methyliscthiazol-5-yl)-4-(m-tolylamino)pyridine-2-sulfonamide
(compound 276}; ESIMS m/z: 580 (M + H)'
4-(3,4-dichlorophenylaminc)-5-[4- (4-fluorophenyl)piperidine-1-
carbonyl]-N- (isoxazol-3-yl)-3-methylpyridine-2-sulfcnamide
{compound 279); ESIMS m/z: 604 (M + H)"'
4-{2,4-dichlorophenylamino}-5-[4-{4-flucrophenyl)piperidine-1-
carbonyli-N-{isoxazol-3-yl)-3-methylpyridine-2-sulfonamide
(compound 280); ESIMS m/z: 604 (M + H)™

Example 144

[0419]

The fcllowing compounds were synthesized according to
Example &, step 1.
1-{4-(4-fluoro-2-methylphenylamino}-5-[4-(4-
fluocrophenyl)piperidine-l-carbonyl |pyridin-2-ylsulfonyl}-N-
methylpyrrolidine-2-carboxamide (compound 117); ESIMS m/z: 598
M+ =17
1-{4-{4-flucro-2-methylphenylaminc) ~5~[4~ {4~
fluorophenyl)piperidine~l-carbcenyl]pyridin-2-
ylsulfonyl}pyrrolidine-2-carboxamide (compound 123} ; ESIMS m/z:
584 (M + )"
2-{4-(4-fluorc-2-methylphenylamino)-5-[4- (4-
flucrophenyl)piperidine-1l-carkbonyl]lpyridine-Z-sulfonamide}-N, N-
dimethylacetamide (compound 126); ESIMS m/z: 572 (M + H)*
N-cyclopropyl-2-{4-{4-flucro-2-methylphenylamino)-5-[4-(4-
fluorophenvyl)piperidine-l-carbonyl]|pyridine-2-
sulfonamide}acetamide {(compound 127); ESIMS m/z: 584 (M + H)~
N-ethyl-2-{4-(4d-fluorc-Z2-methylphenylamino)}-5-[4-{4-
fluorcphenyl)piperidine-l-carbenyl]pyridine-2-
sulfonamidelacetamide (compound 128}); ESIMS m/z: 572 (M + H)T
2—{4-({4-fluorc-2-methylphenylaminc} -5-[4- {4~
fluorcphenyl)piperidine~l~carbenyl]lpyridine-2-sulfonamide}-N-
methoxy-N-methylacetamide {compound 129}; ESIMS m/z: 588 (M +
m*

4-(4-fluoro-2-methylphenylamino) -5-[4- (4~
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fluorcphenyl)piperidine-1-carbonyl]-N- (2-morpholine-2-
cxoethyl}pyridine—~2-sulfonamide (compound 130); ESIMS m/z: 614
M+ H)T

2-{4-{4~flucoro~2-methylphenylamino)-5-[4-(4-
flucrophenyl)piperidine-l-carbonyl] -N-methylpyridine-2-
sulfonamide}-—-N~-methylacetamide (compound 132); ESIMS m/z: 572
(M + Hy'*

2-{4-{4~-fluoro-Z-methylphenylamino)~5-[4-{4-
fluorophenyl)piperidine-l-carbonyl]lpyridine-2-sulfonamide}-3-
hydroxy-N-methylpropaneamide (compound 137); ESIMS m/z: 588 (M
+ H)"

2={4-(4-fluoro-2-methylphenylamino)-5-[4-(4-
flucrophenyl)piperidine-l-carbonyl}pyridine~2-sulfonamide}-N-
methylpropaneamide (compound 139); ESIMS m/z: 572 (M + H)'
2={4-{L{-fluoro-2-methylphenylamino)-5-[4- (4-
fluorcphenyl)piperidine-l-carbonyl]pyridine-2-sulfonamide}-N, 2~
dimethylpropaneamide {compound 140); ESIMS m/z: 586 (M + )7
(25,4R) -1-{4-(4-fluoro-2Z2-methylphenylamino) -5-[4- (4~
fluorophenyl)piperidine-l-carbonyl]pyridin-2-ylsulfonyl}-4-
hydroxy-N-methylpyrrelidine-2-carboxamide (compcocund 141); ESIMS
m/z: 614 (M + H)"' '

[0420]

4-{cyclohexylamino)-5-[4-{4~fluorcphenyl}piperidine-1~
carbonyl]-3-methylpyridine~Z-sulfcnamide (compcound 207); ESIMS
m/z: 475 (M + H)¥
H-[4-(4-flucrophenyl)piperidine-l-carbonyl]-3-methyl-4-

[ {tetrazhydro-Z2H-pyran~4~yl)methylamino]pyridine-2-sulfonamide
{compound 214); ESIMS m/z: 491 (M + H)~

4~ (cyclchexylaminc) -5-[4-(4-flucrophenyl)piperidine-1-
carbonyl]~N-(isoxazol-3-y1l)-3-methylpyridine-2-sulfonamide
(compound 215); ESIMS m/z: 542 (M + H)'
5-[4-(4-fluorophenyl)piperidine-l-carbonyl]-3-methyl-4-
(pyridin-3-ylmethylamino)pyridine-2-sulfonamide {compound 221);
ESIMS m/z: 484 (M + H)'
5-[4-(4-fluorophenyl)piperidine-l-carbonyl]-N- (isoxazol-3-yl) -
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3-methyl-4- (phenethylamine)pyridine~2-sulfonamide (ccmpound
222); ESIMS m/z: 564 (M + H)?
5-[4-{4-flucrophenyl)piperidine-l-carbecnyl]}~N~{isoxarocl-3-y1)-
3-methyl-4-{pyridin-Z2-ylmethylamino)pyridine~2-sulfonamide
(compound 223); ESIMS m/z: 551 (M + H)*
5-[4-(4-flucrcphenyl)piperidine~l-carbonyl]-N-{isocxazocl-3-y1)-
3-methyl-4~ (Z-merphelincethylamine) pyridine-2-sul fonamide
(compound 224}; ESIMS m/z: 573 (M + H)"
4--{cyclobutylmethylamine) -5-[4-({4-fluorophenyl)piperidine-1-
carbonyl]~N~(isoxazol—3—yl)—3—methylpyridine—?—sulfonamide
(compound 227); ESIMS m/z: 528 (M + H)~

4w (3~cyanobenzylamino)-5-[4-{4-fluorophenyl)piperidine-1-
carbonyl]-3-methylpyridine~Z2-sulfonamide (compound 228); ESIMS
m/z: 508 (M + E)7

3-chlore-5~[4~ (4~-flucrophenyl)piperidine-l-carbonyl]-4-{1-
phenylcycloprepylamine)pyridine-2-sulfonamide {compound 230);
ESIMS m/z: 529 (M + H}'

3-chloro-4-(3-fluorophenoxy)-5-14- (4-flucrophenvl)piperidine-1-
carbenyl]pyridine-2-sulfonamide {(compound 238); ESIMS m/z: 508
(M + H)T

3-chloro-5-[4- {4-flucrophenyl)piperidine-l-carbonyl] -4~ (l-oxo-
Z2,3-dihydro-lH-inden~5-ylaminc)pyridine-Z~sulfonamide (compound
243); ESIMS m/z: 543 (M + H}'

A~ (5-chloro-2-methylpyridin-3-ylamino) -5-[4- (4-
flucrophenvl)piperidine-l-carbonyl]-N- (isoxazol-3-yl)-3-
methylpyridine-Z-sulfonamide (compound 248); ESIMS m/z: 585 (M
+ H}'
5-[4-(4-fluorophenyl)piperidine-l-carbonyl]~N~{isoxazol-3-v1)-
3-methyl-4-({m-tolyloxy)pyridine~Z-sulfonamide (compound 249);
ESIMS m/z: 551 (M + H)® |

4~ (benzylamino) ~5-~{4-{4-fluorophenyl) -3-oxopiperazine-1-
carbonyl] -3-methylpyridine-Z-sulfonamide (compound 253); ESIMS
m/z: 498 (M + H)7

Example 145

[0421]
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The feolleowing compounds were synthesized based on Example
6, step 2.
1-{4-{4-fluoro-2-methyvlphenylamino) ~5~{4~ (4~
fluorophenyl)piperidine-1-carbonylipyridin-2-
ylsulfonyl}ipyrrolidine~2-carboxvlic acid {(compound 120); ESIMS
m/z: 585 (M + H)7
2—-{4d-({A-flucro-2-methylphenylamino)-5-[4-{4-
fluorophenyl)piperidine-l-carbonyl]pyridine-2-sulfonamide}-3-
hydroxypropionic acid (compound 133); ESIMS m/z: 575 (M + H)"
Example 14¢
[0422]

The following compound was synthesized based on Example
13.
N-{4~{4-fluoro-Z-methylphenvlamino) -5-[4-{4-
fluorcophenyl)piperidine-1-carbonyl]pyridin-2-
ylsulfonyl}cyclopropanscarboxamide (compound 160); ESIMS m/z:
555 (M + H)'
Example 147
[0423]

The following compounds were synthesized based on Example
16.
4-(2-chloro-h-methylphenylamino)-N-(ethylcarbamoyl) ~5-[4- (4-
fluorophenyl)piperidine-1-carbonyl]pyridine-2-sulfonamide
(compound 161); ESIMS m/z: 574 (M + H)~
4-({2-chloro-5-methylphenylaminec)-5-[4-{4-
fluorophenyl)piperidine-1-carbonyl] -N-
{(propylcarbamoyl)pyridine-2-sulfonamide {compound 162); ESIMS
m/z: 588 (M + H)T
4— (benzylamino)-N-{ethylcarbamoyl)-5-[4-(4-
fluocrophenyl)piperidine~l-carbonylipyridine-2-sulfonamide
(compound 163); ESIMS m/z: 540 (M + H)'
4-(2,4~dichloro-5-methylohenylamino)-N-(ethylcarbamoyl)-5~[4-
{4-flucrophenyl)piperidine-l-carbkonyllpyridine-2-sulfonamide
(compound 1643 ; ESIMS m/z: 608 (M + H)~
4-(2,4-dichloro-5-methylphenylamino)-5-[4- (4-
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fluorcphenyl)piperidine-1-carbonyl]-N-
(propylcarbameyl ) pyridine-2-sulfonamide (compound 165); ESIMS
m/z: 622 (M + H)”
4~ (4-chloro-2, 5~dimethylphenylamino) -N- (ethylcarbamoyl)-5-[4-
(4-fluorcophenyl}piperidine-l-carbonyl]pyridine-2-sulfonamide
(compound 166); ESIMS m/z: 588 (M + H)'
4-{4-chloro-2,5-dimethylphenylamino) -5-[4- (4-
fluorophenyl)piperidine-l-carbonyl] -N-
(propylcarbamoyl)pyridine-2-sulfonamide (compound 167); ESIMS
m/z: 602 (M + H)T
4-{4-fluoro-Z-methylphenylamino} -5-[4-{4-
flucrophenyl)piperidine-1-carbonyl]-N-
(propylcarbamecyl ) pyridine-2-sulfconamide (compound 168); ESIMS
m/z: 572 (M + H)}'
4-(4-chloro-2-methylphenylamino)-N- {ethylcarbamoyl)-5-[4-(4-
fluorophenyl)piperidine-l-carbeonyl]pyridine-2-sulfonamide
(compound 169); ESIMS m/z: 574 (M + H)¥
4-{4-chloro-Z2-methylphenylamino)-5~[4~ (4=
fluorcphenyl)piperidine=-l~carbonyl] =N~
(propylecarbamoyl)pyridine-2-sulfonamide (compound 170); ESIMS
m/z: 588 (M + H)~
4-(4d~fluoro-2-methylphenylamino)-5-[4-(4-
fluorophenyl)piperidine-1-carbonyl]-N-
{isopropylcarbamoyl)pyridine-2-sul fonamide (compound 171} ;
ESIMS m/z: 572 (M + H)7
N- (cyclopropylcarbamoyl)-4-{4-fluorc-2-methylphenylamino) ~5-[4-
(4-fluorophenyl)piperidine-l-carbonyl]lpyridine-2-sulfonamide
(compound 172); ESIMS m/z: 570 (M + H)'
N—(ethylcarbamoyl)—5~[4—(4—fluorophenyl)piperidine—lwcarbonyl]—
3-methyl-4-{o-telylamino)pyridine-2-sul fenamide (compound 226) ;
ESTMS m/z: 554 (M + H)'
Example 148
[0424]

The following compounds were synthesized based on Example

19.
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ethyl 4-{4-chloro-2-methylphenylamino) -5~ [4~ (4~
fluorcphenyl)piperidine-Il-carbonyljpyridin-2-
ylsulfonylcarbamate (compound 173); ESIMS m/z: 575 (M + H)~
ethyl 4-(4-fluoro-2-methylphenylamino) -5-[4- (4-
flucrophenyl)piperidine-l-carbonyl]pyridin-2-
ylsulfonylcarbamate (compound 174); ESIMS m/z: 559 (M + )7
isopropyl 4-{4-flucro-Z-methylphenylamino)~5-[4-(4-
flucrophenyl)piperidine-l~carbeonyl]lpyridin-2-
ylsulfonylcarbamate (compound 175); ESIMS m/z: 573 (M + H)'
Example 149
[0425]

The following compounds were synthesized based on Example
25.
3-chloro-5-[4-{4-flucrophenyl)piperidine-l~carbonyl] -4-(4-
methoxy-2-methylphenylamino) pyridine-2-sulfonamide {compound
178); ESIMS m/z: 533 (M + H)~
3-chloro-4~-{2-chlcocro-4~methoxyphenylamino) -5-[4-{4-
flucrophenyl)piperidine-l-carbonyl]pyridine-2-sulfonamide
(compound 179); ESIMS m/z: 553 (M + H)~
3-chloro-4-(3-chloro-2-methylphenylamino)-5-{4-(4-
fluorophenyl)piperidine-l-carbonyl]pyridine-2~sulfonamide
(compeound 180); ESIMS m/z: 537 (M + H)'
3-chlcro—4-(3-chlorc-4-methylphenylamino)-5-[4-(4-
fluorophenyl)piperidine-l-carbonyllpyridine-2-sulfonamide
(compound 181); ESIMS m/z: 537 (M + H)*'
3-chloro-4-(2, 6-diflucrcphenylaminoc)-5-[4-(4-
fluorophenyl)piperidine—l—carbonyl]pyridine—Z—sulfonamide
(compound 182); ESIMS m/z: 525 (M + H)"
3-chlore-4-(cyclopropylamino} -5-[4- (4-flucrophenyl)piperidine-
l-carbonyl]pyridine-2-sulfconamide {compound 183); ESIMS m/z:
453 (M + H)7
[6-(4~aminopiperidin=-l~ylsulfonyl)-5-chloro-4-(4-fluoro-2-
methylphenylamino}pyridin-3-yl} {4-(4-flucrophenyl)piperidin~1-
yl]lmethanone (compound 184); ESIMS m/z: 604 (M + H)"
3-{3-chloro-4-{4-flucro-Z-methylphenylamino}~5-[4-(4-
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fluorophenyl)piperidine~l~carbonyl]pyridin-2-ylsulfenyl}-4,4-
dimethyloxazolidin-2-cne (compound 187); ESIMS m/z: 619 (M +
H)*

3-chloro-4-(4-flucro-2-methylphenylamino)-5-[4-(4-
fluorcphenyl)piperidine-l1-carbonyl]-N-(thiazcl-2-yl)pyridine-2~
sulfonamide {compound 188); ESIMS m/z: 604 (M + H)}"

[0426]

3-chlcro-N-(3,5-dimethylisoxazol-4-yl)-4-{4-flucro-2-
methylphenylamino) ~5-[4-(4-flucrophenyl)piperidine-1-
carbonyl Jpyridine-2~sulfonamide {(compound 189); ESIMS m/z: 616
(M + H)F

3-chloro-4-(4-fluoro-2-methylphenylamino)-5~[4-(4-
fluorophenyl)piperidine~l~carbonyl] -N-(isoxazol-3~yl)pyridine-
2-sulfonamide (compound 120); ESIMS m/z: 588 (M + H)'
3-chloro-4-(4-fluoro~-2~methylphenylamingc)-5-[4-(4-
fluorcphenyl)piperidine~l-carbonyl] -N-phenylpyridine-2-
sulfonamide (compound 121); ESIMS m/z: 597 (M + H)"

[6- (1H-pyrrolo{3,2-b]pyridin-1l-ylsulfonyl) -5-chloro-4- (4-
fluoro-2-methylphenylamino)pyridin-3-y1] [4-(4-
fluorophenyl)piperidin-1-yl]lmethancne (compound 192} ESIMS
m/z: €22 (M + H)T '
3-chloro-4-(4-fluoro-Z-methylphenylaminec)-5-[4-(4-
flucreophenyl)piperidine-l-carbonyl] -N-methoxypyridine-2-
sulfonamide (compound 193); ESIMS m/z: 551 (M + H)T
3-chlore-5-[4-{4-fluorophenyl)piperidine-Il-carbonyl] -4- (1~
methyl-1H-indazol-5~-ylamino)pyridine-2-sulfonamide {compound
242); ESIMS m/z: 543 (M + H)'
3-chloro-4-(3~chlorophenylamino) -5-[3- (4~
fluorophenyl)aretidine-l-carbonyllpyridine—-2-sulfonamide
(compound 283); ESIMS m/z: 495 (M + H)*
5-[3-{4-flucrophenyl}azetidine~l-carbonyl]-3-methyl-4- (o=
tolylamino}pyridine~2-gulfonamide {(compound 286); ESIMS m/z:
455 (M + H)~

Example 150

f0427]
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The following compounds were synthesized based on Example
35.
2-{3-chlorc-4~-(4~flucrce~Z2-methylphenylamino)-5-[4-(4-
flucrophenyl)piperidine-l~carbenyl]lpyridine-2-sulfonamide}-3-
hydroxy-N-methylpropanamide (compcocund 185); ESIMS m/z: 622 (M +
H)"
2-{3-chloro-4-{4-fluoro-2-methylphenylamino) -5-[4-(4-
fluorophenyl)piperidine—l—carbonyljpyridine—Z—sulfonamide}—3—
hydroxy-N,N-dimethylpropanamide (compound 186); ESIMS m/z: 636
(M + H}'
Example 151
[0428]

The feollowing compounds were synthesized based on Example
46.
4—-{(4-fluoro-Z2-methylphenylamino)}-5- (4d-phenylpiperidine-1-
carbonyl}pyridine-2-sulfonamide {compound 48); ESIMS m/z: 469
(M + HYF
4-({4-chloro-2-methylphenylamino) -5- (A-phenvylpiperidine-1-
carbeonyl)pyridine-2-sulfonamide ({(compcocund 49); ESIMS m/z: 485
M+ 1"
3-chloro-4-(2,4-dimethylpyrimidin~5-ylaminc)-5-[4- {4~
flucrophenyl)piperidine~l~carbonyl]pyridine-2-sulfonamide
{compound 219); ESIMS m/z: 51% (M + H}V
Example 152
[0429]

The following compound was synthesized based on Example
51.
3-chlocro-5-[4-{4-fluorophenyl)-3-oxcpiperazine~l~carbonyl]-4-
(l-phenylcycloprepylamino) pyridine-Z—-sulfonamide (compound
278); ESIMS m/z: 544 M + H)'
Example 153
[0430]

The following compound was synthesized based on Example
56.
[5-chloro~6- (phenylsulfonyl) -4~ (o-tolylamino)pyridin-3-yl1] [4-
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(4—fluorcphenyl)piperidin-1-yljmethanone (compound 205); ESIMS
m/z: 564 (M + H)'
Example 154
[C431]

The following compounds were synthesized based on Example
57.
4-((1R,28,45)-7-oxabicycleo[2.2.1]lheptan~2-ylamino}-3-chloro-5-
[4—(4-Tlucrophenyl)piperidine-l-carbonyl]pyridine-2-sul fonamide
(compound 217); RESIMS m/z: 509 (M + H)~
4-( (1R, 28,48)-bicyclo[2.2.1]heptan-2-ylaminc)-3-chloro-5-[4~(4-
flucrophenyl) piperidine~l~carbonyl]pyridine-2-sulfonamide
{compound 236); ESIMS m/z: 507 (M + H}T
3-chloro-4-(2,3-dihydro-1H-inden-1-ylamino) -5-{4-(4-
fluorcophenyl)piperidine-l-carbonyl]lpyridine-2-sulfonamide
(compound 237); ESIMS m/z: 529 (M + H)"
Example 155
(0432}

The following compounds were synthesized based on Example
60, step 8.
3-chloro-5-[4~(4~fluocrophenyl)-4-hydreoxypiperidine-1-carbonyl]-
4~ (m~tolylamino}pyridine-2-sulfonamide {compound 129); ESIMS
m/=z: 519 (M + H)'
methyl 1-[5-chloro-6-sulfamoyl-4-(m-tolylamino)nicotinoyl]-4-
phenylpiperidine-4-carboxylate (compound 201); ESIMS m/z: 543
M+ H)7
3-chlore-5-[4-{4-fluorophenyl)-1,2,3,6~-tetrahydropyridine-1-
carbonyl]-4- (m-tolylamino)pyridine-2-sulfonamide (compound
202); ESIMS m/z: 501 (M + H)'
1-[5~chloro-6-sulfamoyl-4- (m-tolylamino)nicotinoyl]-4-
prhenylpiperidine-4-carboxamide (compound 203); ESIMS m/z: 528
(M + =)'
3-chloro-5-[4-{2-chlorophenyl)piperazine-l-carbonyl]-4- (m-
tolylamino)pyridine~2~sulfonamide {(compound 206); ESIMS m/z:
520 (M + W)Y
3-chloro-5-[4-{4-flucrophenyl)-4-methoxypiperidine-l-carbonyl] -
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4-(m-tolylamine)pyridine-2-sulfonamide {(compound 208} ; ESIMS
m/z: 533 (M + H)*
3-chloro-5-[4~ (4-flucrophenyl)-3-oxopiperazine-l-carbonyl]~4-
(m-tolylamino)pyridine~2-sulfonamide {compcund 209); ESIMS m/z:
518 (M + H)'
5-{d-acetyl-4-(4-flucrophenyl)piperidine-l-carbonyl]-3-chloro-
4-(m-tolylamino)pyridine-2-sulfonamide (compound 216); ESIMS
m/z: 545 (M + H}'
Fxample 156
[0433]

The following compounds were synthesized based con Example
78.
3-chloro-5-[4-(4-fluorophenyl)piperidine-l1-carbonyl] -4~ (2-
methyl-2-phenylhydrazinyl)pyridine-2-sulfonamide (compound
282); ESIMS m/z: 518 (M + H)'
3-chloro-4-(2, 5-dicyanophenylaminc) -5-[4-{4-
fluorophenyl)piperidine-l-carbonyl]pyridine-Z2-sulfonamide
{(compound 288); ESIMS m/z: 539 (M + H)*
3-chloro-4-(5-chloro-Z-cyancphenylaming) -5-[4- {4~
fluorcphenyl)piperidine~l-carbonyl]pyridine—~2~sul fonamide
(compound 290); ESIMS m/z: 548 (M + H)'
3-chloro-5-[4-(4-fluorcophenyl)piperidine~l-carbonyl]-4~[2~
methyl-4- (methylsulfonyl)phenylamino]pyridine-2-sulfonamide
(compound 329); ESIMS m/z: 581 (M + H)'
Example 157
(0434]

The following compounds were synthesized based on Example
83.
4~{benzylamino}-5~[4- (4-fluorophenyl)-4-methoxypiperidine-1-
carbonyl]-3-methylpyridine-Z2-sulfecnamide {compound 262); ESIMS
m/z: 513 (M + H)'
3-chloro-5-[3-{4-fluorophenyl)azetidine-l-carbonyl]-4-(1-
rhenylcyclopropylamino) pyridine-Z-sulfonamide (compound 330);

ESIMS m/z: 501 (M + ©)*
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Industrial Applicability
[0435]

The nitrcgen-containing heterocyclic compound or the
pharmaceutically acceptable salt thereof of the present
invention is useful as a prophylactic and/or therapeutic agent
for, for example, skin diseases and the like.

According to the present invention, a nitrogen~containing
heterocyclic compound or a pharmaceutically acceptable salt
thereof and the like, which are useful as a prophylactic and/or
therapeutic agent for skin diseases, are provided.

Sequence Listing free text

[0436]

SEQ ID NO: l-explanation of artificial sequence: synthetic DNA
SEQ ID NO: Z2-explanaticn of artificial sequence: synthetic DNA
SEQ TD NO: 3-explanaticn of artificizl sequence: synthetic DNA

SEQ ID NO: 4-explanation of artificial sequence: synthetic DNA
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Claims

1. A nitrogen-containing heterccyclic compound represented by

the formula (I}

&1
; .

0

(wherein, x* represents CH or a nitrogen atom,

R' represents cycloalkyl optionally having substituent(s), aryl
opticnally having substituent(s), an aromatic heterocyclic
group optionally having substituent{s), or an aliphatic
heterocyclic group optionally having substituent(s),

L represents a bond or alkylene,

v® represents -NH-, -0-, -NH-C(=0)-, -8-, -NH-NR'- {(wherein,
R*® represents lower alkyl), or a bond (provided Y* and L do not
represent a bond at the same time},

R? represents a hydrcgen atom, cyano, halogen, lower alkyl
cpticonally having substituent(s}, or lower alkoxy opticnally
having substituent(s),

R*® represents the following formula (R*®-1) or (R*-2)

O\\/“ R3d/N\\ P

RS’S\\ H N/S\\
O 2 O

(RSA_1 ) (RBA_Z)
{wherein, R’ represents hydroxy, lower alkyl optionally having
substituent(s), aryl cpticnally having substituent (s}, cr -
NR¥*¥R™ [wherein, R™ and R*® are the same or different and each
represents a hydrogen atom, lower alkyl optionally having
substituent{s), lower alkoxy optionally having substituent(s),
cycloalkyl optionally having substituenti{s), aryl opticnally

having substituent(s), an aromatic heterocyclic group
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optionally having substituent(s), an aliphatic heterccyclic
group optiocnally having substituent (s) or -C(=0)R* (wherein,
R’ represents lower alkyl optionally having substituent (s),
lower alkoxy optionally having substituent{s), lower alkylamino
optionally having substituent{s), cycleoalkylamino optionally
having substituent{s), or cycloalkyl optionally having
substituent{s)), or R*® and R°® form, together with the adjacent
nitrogen atom, a nitrogen-containing heterocyclic group
optionally having substituent(s)], and

Rw‘represents a hydrogen atom, lower alkanoyl, aroyl,'or lower
alkylcarbamoyl}, and

R"™ represents the following formula (R**-1), (R™-2), (R*™-3),
(R*®-4), (R*-5) or (R'¥™-¢)

RS - i:foﬂ
R4 | R K/N\RT NN Qj\l\

(R4A_1) (R4A_2) (R4A—3) (R4A_4) (R4A_5) (R4A_6)

[wherein, R' and R’ are the same or different and each
represents a hydrogen atom, hydroxy, cyano, lower alkyl
opticnally having substituent (s}, aryl optionally having
substituent (s}, lower alkoxy optionally having substituent(s),
or ~C{=0)R*® (wherein, R*® represents amino, alkyl opticnally
having substituent{s) or lower alkoxy cptionally having
substituent(s)), or R* and R® form, together with the adjacent
carbon atom, an aliphatic heterocyclic group optionally having
substituent(s), RE, R7, R¥ and R® represent aryl opticnally
having substituent (s), R and R are the same or different and
each represents a hydrogen atom, hydroxy, cyano, lower alkyl
optiocnally having substituent{s), aryl optionally having
substituent (s}, lower alkoxy optionally having substituent(s),
or -C{=0)R* (wherein, R'° represents amino, alkyl optiocnally
having substituent(s) or lower alkoxy optionally having
substituent(s)), or RY and r* form, together with the adjacent
carbon atom, an aliphatic heterocyclic group optionally having

substituent(s)]), or a pharmaceutically acceptable salt Lhereof.
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2. The nitrogen-containing heterocyclic compound or the
pharmaceutically acceptable salt therecf according to claim 1,

wherein X* is CH.

3. The nitrogen-containing heterccyclic compound or the
pharmaceutically acceptable salt thereof according to claim 1

or 2, wherein L. is a bond.

4. The nitrogen-containing heterocyclic compound or the
pharmaceutically acceptable salt therecf accerding to any of

claims 1 tc 3, wherein Y* is -NH~ or -0O-.

5. The nitregen-containing hetercocyclic compound cr the
pharmaceutically acceptable salt thereof according to any of
claims 1 to 4, wherein R! is aryl opticnally having

substituent{s).

6. The nitrogen-containing heterocyclic compound or the
pharmaceutically acceptable salt thereof according to any of
claims 1 to 5, wherein R® is a hydrogen atom, halecgen or lower

alkyl optionally having substituent (s).

7. The nitrogen-containing heterocyclic compound cor the
pharmaceutically acceptable salt thereof according to any of

claims 1 to 5, wherein R® is a hydrogen atocm.

8. The nitrogen-containing heterocyclic compound or the
pharmaceutically acceptable salt thereof according to any of

claims 1 to 5, wherein R? is halcgen.

9. The nitrogen-containing heterocyclic compound or the
pharmaceutically acceptable salt thereof according to any of
claims 1 to 5, wherein R® is lower alkyl optionally having

substituent (s).
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10. The nitrogen-containing heterocyclic compound or the
pharmaceutically acceptable salt thereof according to any of

claims 1 to 9, wherein R*® is the following formula (R*®-1)

A~

3/
R

(R¥-1)

{(wherein R’ is as defined above).

11. The nitrcgen-containing heterccyclic compeound cor the
pharmaceutically acceptable salt thereof according to claim 10,

wherein R® is -NR¥*™R* (wherein R* and R® are each as defined

above) .

12. The nitrogen-cecntaining heterocyclic compound or the
pharmaceutically acceptable salt therecf according to claim 11,
wherein R** and R® are the same or different and each is a
hydrogen atom, or an aromatic heterocyclic grecup opticnally

having substituent(s).

13. The nitrogen-containing heterocyclic compound or the
pharmaceutically acceptable salt thereof according to claim 11,

wherein R’ and R® are hydrogen atoms.

14. The nitregen-containing heterocyclic compound cor the
pharmaceutically acceptable salt therecof according to claim 113,
wherein R*® is a hydrogen atom, and R is an aromatic

hetercocyclic group cptionally having substituent (s).
15. The nitrogen-containing heterocyclic compound or the

pharmaceutically acceptable salt thereof accerding to any of

claims 1 to 14, wherein R* is the following formula (R*-1)
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R4
(R4A' 1)

(wherein R* and R® are each as defined above) .

16. The nitrogen-containing heterocyclic compound or the

pharmaceutically acceptable salt thereof according to claim 15,

wherein R* and R®> are the same or different and each 1s a

hydrogen atom, or aryl optionally having substituent(s}.

17. A medicament comprising, as an active ingredient, the
nitrogen-containing heterocyclic compound or the
pharmaceutically acceptable salt thereof described in any of

claims 1 to 16,

18. A CCR10 antagonist comprising, as an active ingredient, the

nitrogen-containing heterocyclic compound or the
pharmaceutically acceptable salt thereof described in any of

claims 1 to 16.

19. An agent for the prophylaxis and/or treatment of a skin
disease, comprising, as an active ingredient, the nitrocgen-
containing heterocyclic compound or the pharmaceutically

acceptable salt thereof described in any of claims 1 to 16.

20. The agent for the prophylaxis and/or treatment of a skin
disease according to claim 19, wherein the skin disease is a
skin disease selected from acne vulgaris, drug eruption,
contact dermatitis, dermatitis due to venomous moth, pollen
dermatitis, urticaria, psoriasis, atopic dermatitis, Candida
dermatitis, seborrheic dermatitis, eczema, Stevens~Johnson

syndrome, toxic epidermal necrosis, erythema multiforme,

erythema nodosum, granuloma annulare, pityriasis rosea, rosacea,

lichen planus, lichen pilaris (keratosis pilaris),

250



10

15

24

25

30

35

photosensitivity, solar dermatitis, miliaria, herpes simplex,
Kaposi’s varicelliform eruption, impetigec contagiosa,
staphylccoccal scalded skin syndrome, erysipelas, slap cheek,
lupus erythematosus, keloid, Hailey-Hailey disease, scabies and

linear dermatitis.

21. The agent for the prophylaxis and/or treatment of a skin
disease according to claim 19, wherein the skin disease is a
skin disease selected from contact dermatitis and atopic

dermatitis.

22. A method of inhibiting a CCR10 receptor, comprising a step
of administering an effective amount of the nitrogen-containing
heterocyclic compeund or the pharmaceutically acceptable salt

therecof described in any of claims 1 to 16.

23. A method for the prophylaxis and/or treatment of a skin
disease, comprising a step of administering an effective amount
cf the nitrogen-containing heterccyclic compound or the
pharmaceutically acceptable salt thereof described in any of

claims 1 to 16.

24. The method according te claim 23, wherein the skin disease
is a skin disease selected from acne wvulgaris, drug eruption,
contact dermatitis, dermatitis due to venomous moth, pcllen
dermatitis, urticaria, psocoriasis, atopic dermatitis, Candida
dermatitis, seborrheic dermatitis, eczema, Stevens—~Johnson
syndrome, toxic epidermal necrosis, erythema multiforme,
erythema nodesum, granuloma annulare, pityriasis rosea, rosacea,
lichen planus, lichen pilaris (keratosis pilaris),
photosensitivity, solar dermatitis, miliaria, herpes simplex,
Kaposi's wvaricelliform eruption, impetigo contagiosa,
staphylococcal scalded skin syndrome, erysipelas, slap cheek,
lupus erythematosus, kelcid, Halley-Hailley disease, scakies and

linear dermatitis.
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25. The methed acceording to claim 23, wherein the skin disease
is a skin disease selected from contact dermatitis and atopic

dermatitis.

26. The nitrogen-containing heterccyclic compound or the
pharmaceutically acceptable salt thereof described in any of

claims 1 to 16 for use in inhibiticon of a CCR10 receptor.

27. The nitrcgen-containing heterocyclic compound cr the
pharmaceutically acceptable salt therecof described in any of
claims 1 to 16 for use in the prophylaxis and/or treatment of a

skin disease.

28. The nitrogen-containing heterocyclic compound or the
pharmaceutically acceptable salt thereof according to claim
27,wherein the skin diseasgse is a skin disease selected from
acne vulgaris, drug eruption, contact dermatitis, dermatitis
due to venomous moth, pollen dermatitis, urticaria, psoriasis,
atopic dermatitis, Candidal dermatitis, seborrheic dermatitis,
eczema, Stevens-Johnson syndrome, toxic epidermal necresis,
erythema multiforme, erythema ncdosum, granuloma annulare,
pityriasis rosea, rosacea, lichen planus, lichen pilaris
(keratosis pilaris), photosensitivity, sclar dermatitis,
miliaria, herpes simplex, Kaposi's varicelliform eruption,
impetigo contagiosa, staphylococcal scalded skin syndrome,
erysipelas, slap cheek, lupus erythematosus, keloid, Hailey-

Hailey disease, scabies and linear dermatitis.

29. The nitrogen-containing heterocyclic compound or the
pharmaceutically acceptable salt thereof according to claim 27,
wherein the skin disease is a skin disease selected from

contact dermatitis and atopic dermatitis.

30. Use of the nitrogen-containing heterocyclic compound or the
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pharmaceutlcally acceptable salt thereof described in any of
claims 1 tTo 16, for the manufacture of a CCR10 receptor

antagonist.

31. Use of the nitrogen—-containing heterocyclic compound cr the
pharmaceutically acceptable salt thereof described in any of
claims 1 to 16, for the manufacture of an agent for the

prophylaxis and/cr treatment of a skin disease.

32. The use according to claim 31, wherein the skin disease is
a skin disease selected from acne vulgaris, drug eruption,
contact dermatitis, dermatitis due to venomous moth, pollen
dermatitis, urticaria, psoriasis, atopic dermatitis, Candida
dermatitis, séborrheic dermatitis, eczema, Stevens-Jchnscn
syndrome, toxic epidermal necrosis, erythema multiforme,
erythema nodosum, granuloma annulare, pityriasis rosea, rcosacea,
lichen planus, lichen pilaris (keratosis pilaris),
photosensitivity, solar dermatitis, miliaria, herpes simplex,
Kaposi's wvaricelliform erupticn, impetigo contagiocsa,
staphylococcal scalded skin syndrome, erysipelas, slap cheek,
lupus erythematosus, keloid, Hailey-Halley disease, scabies and

linear dermatitis.
33. The use according to claim 31, wherein the skin disease is

a skin disease selected from contact dermatitis and atoepic

dermatitis.
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Sequence Listing

SEQUENCE LISTING

<110> Kyowa Hakko Kirin Co., Ltd.

<120> Nitrogen-Containing Heterocyclic compound

<130> 1000P12282
<160> 4

<210> 1

<211> 61

<212> DNA

<213> Artificial

<220>
<223> synthetic DNA

<400> 1

cagtcaagct tccaccatgg ggacggaggc cacagagcag gtttcctggg gccatttact ¢

<210> 2

<211> 37

<212> DNA

<213> Artificial

<220>
<223> synthetic DNA

<400> 2

gttatagcgg ccgcagcctg ccccctcctc tagattc

<210> 3

<211> 25

<212> DNA

<213> Artificial

<220>
<223> synthetic DNA

<400> 3
cggagactct agagggtata taatg

<210> 4

<211> 21

<212> DNA

<213> Artificial

<220>
<223> synthetic DNA

<400> 4
ctaatacgac tcactatagg g
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