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(57) Abstract: The present invention provides compounds which show high effectiveness against positive symptoms, negative
symptoms and cognitive dysfunction in schizophrenia and reduce conventional side-effect risks as well as have remarkable effects
for central neurological diseases associated with cognitive dysfunction other than schizophrenia. N-Acyl cyclic amine derivatives
of formula (1): wherein Ar' and Ar? are aryl or heteroaryl;, V is nitrogen, or CR?; W' is a single bond, -C(O)-, etc.; W? is Cl1- alky-
lene; W? is a single bond, methylenc, -NH-, -CR*=CR>-, etc.; Ring Q is a group of formula (a) in whichnis O or 1; mis 0 to 2; k
is 1 10 3; Z is a single bond, methylene, oxygen, etc.; R™®, R'® and R are each, same or different, hydrogen, hydroxyl, halogen,
cyano, Cisalkyl, ctc.; or pharmaceutically acceptable salts thercof are provided.
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DESCRIPTION

N-ACYL CYCLIC AMINE DERIVATIVE OR PHARMACEUTICALLY ACCEPTABLE
SALT THEREOF

TECHNICAL FIELD

[0001] The present invention relates to N-acyl cyclic amine derivatives or pharmaceutically
acceptable salts thereof. The present compound is particularly useful as a therapeutic agent
for mental disorders including schizophrenia, bipolar disorder, mania, major depression,
mood disorder, anxiety disorder, eating disorder, attention-deficit hyperactivity disorder.
Additionally, the present compound is also useful as a therapeutic agent for Alzheimer’s

disease, Parkinson disease, Huntington disease, epilepsy, drug dependence, drug abuse, type 2

diabetes, obesity.

BACKGROUND ART

[0002] Compounds disclosed in Patent Document 1, Patent Document 2, Patent Document 3
and Patent Document 4 have been known as N-acyl cyclic amine derivatives having a
psychotropic activity. However, these compounds have different chemical structures from the
derivatives of the present invention.

Schizophrenia is a mental disorder with positive symptoms (e.g., hallucination,
delusion), negative symptoms (e.g., apathy, social withdrawal), and cognitive dysfunction
(e.g., disorders of working memory, attentional function and vigilance, verbal memory, visual
learning and memory, movement velocity, abilities for executive function and business
solution, sociocoginitive abilities, etc.) as a prominent symptom.

First-generation therapeutic agents for schizophrenia such as haloperidol show high
therapeutic activities against positive symptoms, while they have not much effect on negative
symptoms and cognitive dysfunction. Further, it has been known that said agents often cause
side effects including extrapyramidal symptoms, hyperprolactinemia and oversedation. On
the other hand, second-generation therapeutic agents for schizophrenia (e.g., olanzapine,
risperidone), which have a current central role in drug therapy, improve positive symptoms as
well as have effect on negative symptoms, and it has been said that said agents have low risks
for onset of extrapyramidal side effects. However, it has not been said that even second-
generation therapeutic agents for schizophrenia have enough therapeutic effects on negative

symptoms and cognitive dysfunction. Moreover, new side effects including weight gain,
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sugar metabolic abnormality have become a problem in second-generation therapeutic agents for
schizophrenia [Nonpatent Documents 1 to 2].

As such, compounds which show high efficacies in negative symptoms and cognitive
dysfunction on which conventional therapeutic agents for schizophrenia have not had enough
therapeutic effects, and those which reduce the risks for side effects in conventional therapeutic
agents for schizophrenia are expected to be an agent which meets unmet needs in such fields.
Further, compounds having high effects on improvement in cognition function are also effective in
treatment of central neurological diseases associated with similar cognitive dysfunction including
Alzheimer's disease, Parkinson disease, Huntington disease as well as cognitive dysfunction in

schizophrenia.

[CITATION LIST]
[PATENT DOCUMENT]
[0003]
[Patent Document 1] W096/023787 pamphlet
[Patent Document 2] W(099/019325 pamphlet
[Patent Document 3] WO2002/085890 pamphlet
[Patent Document 4] WO2007/06174.1 pamphlet
[NONPATENT DOCUMENT]
[0004]
[Nonpatent Document 1] S. Leucht et al., The Lancet, 2009, Vol 373, p 31-41
[Nonpatent Document 2] O. Agid et al., Expert Opinion on Emerging Drugs, 2008,
Vol 13(3), p 479-495

DISCLOSURE OF INVENTION

[0005] One or more embodiments of the present invention provide novel compounds having high
efficacies on positive symptoms, negative symptoms and cognitive dysfunction in schizophrenia to
reduce the risk of side effects of the conventional therapeutic agents for schizophrenia as well as
showing advantageous effects on central neurological diseases associated with cognitive
dysfunction other than schizophrenia.

[0006] According to extensive studies, the inventors of the present invention have found that one
or more compounds of the following formula (1) or a pharmaceutically acceptable salt thereof,
also referred to as the present compound hereinafter, has the desired pharmacological activity.
[0007] Specifically, the present invention is as follows.

Section 1: A compound of the following formula (1):
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[0008]

[Chemical Formula 1]

At 3@?&

N ” v‘“wil‘h»r‘

wherein Ar' and Ar” are each independently optionally substituted Ce.jo aryl or optionally
substituted heteroaryl;

V is CR?, in which R is hydrogen, hydroxyl, halogen, cyano, or optionally substituted C;_
alkyl;

W' is a single bond, oxygen, sulfur, -C(O)- or -NR*-, in which R? is hydrogen or optionally
substituted Cy_¢ alkyl,

piperidine ring in case that V is CR? may be each independently optionally substituted by
one or more and same or different groups selected from the group consisting of hydroxyl, halogen,
cyano, Cy ¢ alkyl and C; ¢ alkoxy on any substituent positions;

W? is optionally substituted ethylene;

W? is a single bond, oxygen, sulfur, -NH-, optionally substituted methylene, optionally
substituted ethylene, or -CR*=CR’-, in which R* and R’ are each independently hydrogen, halogen
or optionally substituted C;¢ alkyl;

Ring Q is a group of the following formula (a):

[0009]

[Chemical Formula 2]

[y -

42
" qu ¥y }

W

RS:;

R‘ib

in which n is 0O;

mis0, 1 or2;

kis 1,2 or3;

Z.is a single bond, methylene, oxygen, sulfur, -S(O)-, -S(O),- or -NRZ.-, in which R* is
hydrogen or optionally substituted C, 4 alkyl;

R!2 R'™ and R'® are each, same or different, hydrogen, hydroxyl, halogen, cyano, carboxyl,

optionally substituted amino, optionally substituted C; ¢ alkyl, optionally substituted
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Cs;7 cycloalkyl, optionally substituted Cs7 cycloalkyl-C;4 alkyl, optionally substituted
C;.14 aralkyl, optionally substituted heteroaryl-C; 4 alkyl, optionally substituted saturated
heterocyclic C;4 alkyl, optionally substituted Cg g aryl, optionally substituted heteroaryl,
optionally substituted saturated heterocycle, optionally substituted C;.¢ alkoxy, optionally
substituted C;7 cycloalkoxy, optionally substituted Cgjp aryloxy, optionally substituted
heteroaryloxy, optionally substituted saturated heterocyclic oxy, optionally substituted
Cy.14 aralkyloxy, optionally substituted C;¢ alkylcarbonylamino, optionally substituted
C;; cycloalkylcarbonylamino, optionally substituted Cg 19 arylcarbonylamino, optionally
substituted saturated heterocyclic carbonylamino, optionally substituted heteroarylcarbonylamino,
optionally substituted C,.¢ alkylcarbonyloxy, optionally substituted aminocarbonyloxy, optionally
substituted C; galkoxycarbonylamino, optionally substituted Cs;; cycloalkoxycarbonylamino,
optionally substituted saturated heterocyclic oxycarbonylamino, optionally substituted
aminocarbonylamino, optionally substituted aminosulfonylamino, optionally substituted C,.4
alkylsulfonylamino, optionally substituted C;; cycloalkylsulfonylamino, optionally substituted
Ce.10 arylsulfonylamino, optionally substituted saturated heterocyclic sulfonylamino, or optionally
substituted heteroarylsulfonylamino.

[0010] Alternatively, R'* and R may combine each other together with the carbon atom to which
they bind to form C;_7 cycloalkyl ring, or saturated heterocycle, in which the Cs_7 cycloalkyl ring
and the saturated heterocycle may be optionally substituted by one or more and same or different
groups selected from the group consisting of hydroxyl, halogen, cyano, C; ¢ alkyl, C; ¢ alkoxy,
Ce.10 aryl, heteroaryl and 4- to 7-membered saturated heterocycle; or a pharmaceutically
acceptable salt thereof.

[0011]

(Deleted)

[0012]

Section 3: The compound of Section 1, represented by the following formula (2):

[0013]

[Chemical Formula 3]

A rz‘,,wﬁ,é G

[ O

wherein Ar' and Ar” are each independently optionally substituted Ce.jo aryl or optionally
substituted heteroaryl;

W'!isa single bond or -C(O)-;
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W? is a single bond, optionally substituted methylene, optionally substituted ethylene,
or -CR*=CR”-, in which R*and R’ are each independently hydrogen, halogen or optionally
substituted Cy_¢ alkyl;

R? is hydrogen, hydroxyl, halogen or cyano;

Ring Q is a group of the following formula (a-1):

[0014]

[Chemical Formula 4]

in whichmis 0, 1 or 2;

kis 1,2 or3;

Z is a single bond, methylene, oxygen, or -NR*'-, in which R*! is hydrogen or optionally
substituted Cy_¢ alkyl;

R R and R'® have the same meanings as defined in Section 1; or a pharmaceutically

acceptable salt thereof.

[0015]

Section 4: The compound of any one of Sections 1 to 3 wherein Ar' is any one of groups of
the following formulae (b-1) to (b-17):

[0016]
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[Chemical Formula 5]

© B B B

(b-1) (b-2) (b-3) (b-4) (b-5)
N.-S |0 /Nk:(\b o)

7 \< :S /N:{i } L@ N \ %
(b-6) (b-7) (b-8) (b-9) (b-10)
o o Nl\ o IN
SR 43
(b-11) (b-12) (b-13) (b-14) (b-15)
° N

(b-16) (b-17)

>

in which carbon atoms in the groups of the formulae (b-1) to (b-17) may be optionally
substituted by one or more and same or different groups selected from the group consisting of
halogen, hydroxyl, cyano, Ci. alkyl and C;. alkoxy; or a pharmaceutically acceptable salt
thereof.

[0017]

Section 5: The compound of any one of Sections 1 to 4 and 30, wherein Ar? is any one of
groups of the following formulae (c-1) to (c-19):

[0018]
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[Chemical Formula 6]

<: :?j N_ * —
N N "
H H H N

(c-1) (¢-2) (c-3) (c-4) (c-5)
N=
— p— \ /,
S N N %
Q. R Q. W™
(c-6) (¢-7) (c-8) (c-9) (c-10)
N 0 N, N
(c-11) (c-12) (c-13) (c-14) (c-15)
H
. |
oL dn. ¢
(c-16) (¢-17) (c-18) (¢-19)

’

in which carbon atoms in the groups of the formulae (c-1) to (c-19) may be optionally
substituted by one or more and same or different groups selected from the group consisting of
hydroxyl, halogen, cyano, carboxyl, optionally substituted amino, optionally substituted Cy.
alkyl, optionally substituted C;7 cycloalkyl, optionally substituted Cs;.; cycloalkyl-C,.4 alkyl,
optionally substituted Cy.14 aralkyl, optionally substituted heteroaryl-C,.4 alkyl, optionally
substituted saturated heterocyclic Ci.4 alkyl, optionally substituted Cg.1 aryl, optionally
substituted heteroaryl, optionally substituted saturated heterocycle, optionally substituted Cj.
alkoxy, optionally substituted C;.s alkylthio, optionally substituted Cs.; cycloalkoxy,
optionally substituted Ce.1o aryloxy, optionally substituted heteroaryloxy, optionally
substituted saturated heterocyclic oxy, optionally substituted C,.s alkylcarbonylamino,
optionally substituted Ciss cycloalkylcarbonylamino, optionally substituted Ce.10
arylcarbonylamino, optionally substituted heteroarylcarbonylamino, optionally substituted
saturated heterocyclic carbonylamino, optionally substituted C; alkoxycarbonylamino,
optionally substituted Cs37 cycloalkoxycarbonylamino, optionally substituted saturated
heterocyclic oxycarbonylamino, optionally substituted aminocarbonylamino, optionally
substituted aminosulfonylamino, optionally substituted C,.s alkylcarbonyl, optionally
substituted Cs.; cycloalkylcarbonyl, optionally substituted Cs 7 cycloalkyl-C,.4 alkylcarbonyl,
optionally substituted Ce.10 arylcarbonyl, optionally substituted heteroarylcarbonyl, optionally
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substituted saturated heterocyclic carbonyl, optionally substituted C,¢ alkoxycarbonyl,
optionally substituted Cs.; cycloalkoxycarbonyl, optionally substituted saturated heterocyclic
oxycarbonyl, optionally substituted aminocarbonyl, optionally substituted C,.¢ alkylsulfonyl,
optionally substituted Csz cycloalkylsulfonyl, optionally substituted Cs.j0 arylsulfonyl,
optionally substituted heteroarylsulfonyl, optionally substituted saturated heterocyclic
sulfonyl and optionally substituted aminosulfonyl; .

NH in the groups of the formulae (c-1) to (c-19) may be optionally substituted by one
or more and same or different groups selected from the group consisting of optionally
substituted C;¢ alkyl, optionally substituted Cs. cycloalkyl, optionally substituted Cs.;
cycloalkyl-C,.4 alkyl, optionally substituted C;.14 aralkyl, optionally substituted heteroaryl-C;4
alkyl, optionally substituted saturated heterocyclic Cy.4alkyl, optionally substituted Ce.10 aryl,
optionally substituted heteroaryl, optionally substituted saturated heterocycle, optionally
substituted Cy¢ alkylcarbonyl, optionally substituted Cs;7 cycloalkylcarbonyl, optionally
substituted Cs.; cycloalkyl-C,.4 alkylcarbonyl, optionally substituted C,.s alkoxycarbonyl,
optionally substituted Cs.7 cycloalkoxycarbonyl, optionally substituted saturated heterocyclic
oxycarbonyl, optionally substituted Cq.i¢ arylcarbonyl, optionally  substituted
heteroarylcarbonyl, .optionally substituted saturated heterocyclic carbonyl, optionally
substituted aminocarbonyl, optionally substituted C;.¢ alkylsulfonyl, optionally substituted Cs.
7 cycloalkylsulfonyl, optionally substituted Cs.;9 arylsulfonyl, optionally substituted
heteroarylsulfonyl, optionally substituted saturated heterocyclic sulfonyl and optionally
substituted aminosulfonyl; or a pharmaceutically acceptable salt thereof.

[0019]

Section 6: The compound of Section 5, wherein carbon atoms in the groups of the
formulae (c-1) to (c-19) may be optionally substituted by one or more and same or different
groups selected from the group consisting of hydroxyl, halogen, cyano, optionally substituted
Ci6 alkyl, optionally substituted Cs.;4 aralkyl, optionally substituted heteroaryl-C;.4 alkyl,
optionally substituted saturated heterocyclic C,.4 alkyl, optionally substituted C;. alkoxy,
optionally substituted C..¢ alkylthio, optionally substituted saturated heterocyclic oxy,
optionally substituted Ces.10 aryl, optionally substituted heteroaryl, optionally substituted
saturated heterocycle, optionally substituted C,.¢ alkylcarbonyl, optionally substituted C;;
cycloalkylcarbonyl, optionally substituted Cs7 cycloalkyl-Ci4 alkylcarbonyl, optionally
substituted Ce.10 arylcarbonyl, optionally substituted heteroarylcarbonyl, optionally substituted
saturated heterocyclic carbonyl, optionally substituted aminocarbonyl, optionally substituted

Ci alkylsulfonyl, optionally substituted C;.7 cycloalkylsulfonyl, optionally substituted Cq.10
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arylsulfonyl, optionally substituted heteroarylsulfonyl, optionally substituted saturated
heterocyclic sulfonyl and optionally substituted aminosulfonyl; |

NH in the groups of the formulae (c-1) to (c-19) may be optionally substituted by one
or more and same or . different groups selected from the group consisting of optionally
substituted C;. alkyl, optionally substituted Cs.; cycloalkyl, optionally substituted Cs
cycloalkyl-C;.4+ alkyl, optionally substituted saturatéd heterocyclic Ci.4 alkyl, optionally
substituted Ce.1o aryl, optionally substituted heteroaryl, optionally substituted saturated
heterocycle, optionally substituted C;¢ alkylcarbonyl, optionally substituted Cs;
cycloalkylcarbonyl, optionally substituted Cs; cycloalkyl-C;4 alkylcarbonyl, optionally
substituted Cj.¢ alkoxycarbdnyl, optionally substituted Cs7 cycloalkoxycarbonyl, optionally
substituted saturated heterocyclic oxycarbonyl, optionally substituted Cg.1o arylcarbonyl,
optionally substituted heteroarylcarbonyl, optionally substituted saturated heterocyclic
carbonyl, optionally substituted aminocarbonyl, optionally substituted Ci.q alkylsulfonyl,
optionally substituted Cs7 cyc]oalykylsulfonyl, optionally substituted Cq.10 arylsulfonyl,
optionally substituted heteroarylsulfonyl, optionally substituted saturated .heterocyclic
sulfonyl and optionally substituted aminosulfonyl; or a pharmaceutically acceptable salt
thereof.
[0020]
Section 7: The compound of any one of Sections 1 to 6 and 30, wherein R'*, R'® and R'®
are each, same or different, hydrogen, hydroxyl, halogen, cyano, optionally substituted Cy.g
alkyl, optionally substituted Cs7 cycloalkyl, optionally substituted Cs.7 cycloalkyl-C;.4 alkyl,
optionally substituted C;.14 aralkyl, optionally substituted heteroaryl-Ci4 alkyl, optionally
substituted saturated heterocyclic Ci.4 alkyl, optionally substituted Ce.1o aryl, optionally
substituted heteroaryl, optionally substituted saturated heterocycle, optionally substituted C;¢
alkoxy, optionally substituted Cs.7 cycloalkoxy, optionally substituted Ce.j0 aryloxy, optionally
substituted heteroaryloxy, optionally substituted saturated heterdcyclic oxy, optionally
substituted Cr.14 aralkyloxy, optionally substituted C,.s alkylcarbonyloxy, or optionally
substituted aminocarbonyloxy,

alternatively, R'* and R may combine each other together with the carbon atom to
which they bind to form Cs cycloalkyl ring, or saturated heterocycle, in which the Cs
cycloalkyl ring and the saturated heterocycle may be optionally substituted by one or more
and same or different groups selected from the group consisting of hydroxyl, halogen and
cyano; or a pharmaceutically acceptable salt thereof.
[0021] |
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Section 8: The compound of Sections 1 to 7 and 30, wherein Ring Q is any one of rings
of the following formulae (a-2) to (a-7):
[0022]

[Chemical Formula 7]

v R
R1a R1a R1a
|
R1b____{. J/ R1b—o”L S Rt [

f N
\ /0
o @9 / @) /@

R

>

in which R' R!™ and R' have the same meanings as defined in Section 7; or a
pharmaceutically acceptable salt thereof. |

[0023]

Section 9: The compound of any one of Sections 1 to 8 and 30, wherein Ar' is any one of
groups of the following formulae (b-1) to (b-4):

[0024]

[Chemical Formula 8]

© Ao B A

(b-1) (b-2) (b-3) (b-4)

7

in which carbon atoms in the groups of the formulae may be optionally substituted by one or
more and same or different groups selected from halogen, hydroxyl, cyano, Cysalkyl or Cy
alkoxy; or a pharmaceutically acceptable salt thereof.

[0025]

Section 10:  The compound of any one of Sections 1 to 9 and 30, wherein Ar? is any one of
groups of the following formulae (c-1) to (c-3):
[0026]
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[Chemical Formula 9]
N
N N
H ' H H
(c-1) (c-2) (c-3)

in which carbon atoms and NH in the groups of the formulae may be each optionally
substituted by a substituent defined in Section 6; or a pharmaceutically acceptable salt thereof.

[0027]

Section 11:  The compound of any one of Sections 1 to 10 and 30, wherein Ring Q is a

group of formula (a-3) of Section 8; or a pharmaceutically acceptable salt thereof.

[0028]

Section 12:  The compound of any one of Sections 1 to 11 and 30, wherein W? is a single

bond, and V is CH; or a pharmaceutically acceptable salt thereof.

[0029]

Section 13:  The compound of any one of Sections 1 to 12 and 30, represented by the

following formula (3):

[0030]

[Chemical Formula 10]
R14 R

R 15 R12

! 1
e = O/W*AH (3)
R <Ns/\zN

wherein Ar' is any one of groups of the following formulae (b-1°), (b-2), (b-3") or (b-4’):
[0031]
[Chemical Formula 11]

N -NH

’\][::]‘R17 "L\<z::>‘ '/[:<i::>‘
(b-1") (b-2' ) (b-3" (b-4)

in which R'” is hydrogen or halogen;
W' is a single bond or -C(0)-;
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R' R and R have the same meanings as defined in Section 7;

R'! has the same meaning as defined for substituents of NH in the group of formula
(c-1) of Section 6,

R'?, R’ R™ R" and R'® have the same meanings as defined for substituents of |

carbon atoms in the group of formula (c-1) of Section 6; or a pharmaceutically acceptable salt

thereof.

[0032]

Section 14:  The compound of any one of Sections 1 to 12 and 30, represented by the
following formula (4):

[0033]

[Chemical Formula 12]

(4)

wherein Ar' is any one of groups of formula (b-1"), (b-2"), (b-3") or (b-4’) of Section 13;

W! is a single bond or -C(O)-; |

R R'® and R' have the same meanings as defined in Section 7;

R'' has the same meaning as defined for substituents of NH in the group of formula
(c-3) of Section 6,

R'? and R have the same meanings as defined for substituents of carbon atoms in the
group of formula (c-3) of Section 6; or a pharmaceutically acceptable salt thereof.
[0034]
Section 15:  The compound of any one of Sections 1 to 12 and 30, represented by the
following formulae (5):

[0035]
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[Chemical Formula 13]

wherein Ar' is any one of groups of formula (b-1%), (b-2"), (b-3") or (b-4") of Section 13;

W! is a single bond or -C(O)-;

R'™ R'™ and R'° have the same meanings as defined in Section 7,

R'! has the same meaning as defined for substituents of NH in the group of formula
(c-2),

RZ RB R™ and R!® have the same meanings as defined for substituents of carbon
atoms in the group of formula (c-2) of Section 6; or a pharmaceutically acceptable salt thereof.
[0036]

Section 16: The compound of Section 1, wherein W is methylene; n is 1; or a
pharmaceutically acceptable salt thereof.

[0037]

Section 17:  The compound of either one of Section 1 or 16, represented by the following
formula (6):

[0038]

[Chemical Formula 14]

Ar? 0
k™ e
|
I~y N
rn\R1b

wherein Ar' is any one of groups of formula (b-1), (b-2), (b-3) or (b-4) of Section 9, in which
y group

Ar (6)

R1a

carbon atoms in the groups of the formulae may be optionally substituted by one or more and
same or different groups selected from the group consisting of halogen, hydroxyl, cyano, Ci.¢
alkyl and C,.¢ alkoxy;

Ar? is any one of groups of formula (c-1), (c-2) or (c-3) of Section 10, in which carbon

atoms and NH in the groups of the formulae may be each optionally substituted by a
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substituent defined in Section 6,
W! is a single bond or -C(O)-;
m, k, Z, R" R'™ and R" have the same meanings as defined in Section 1; or a
pharmaceutically acceptable salt. thereof.
[0039]
Section 18:  The compound of any one of Section 1, 16 or 17, represented by the following
formula (7):
[0040]
[Chemical Formula 15]

Arz\PO

R1a\’N]\/ O’ "Sar 2)
kA
R1cv

R1b

wherein Ar' is any one of groups of formula (b-1), (b-2), (b-3) or (b-4) of Section 9, in which
carbon atoms in the groups of the formulae may be optionally substituted by one or more and
same or different groups selected from the group consisting of halogen, hydroxyl, cyano, C;.¢
alkyl and C; alkoxy;

Ar? is any one of groups of formula (c-1), (c-2) or (c-3) of Section 10, in which carbon
atoms and NH in the groups of the formulae may be each optionally substituted by a
substituent defined in Section 6; ,

R'™ R'"™ and R' have the same meanings as defined in Section 7, or a
pharmaceutically acceptable salt thereof.
[0041]
Section 19:  The compound of any one of Section 16, 17 or 18, wherein Ar' is a group of
formula (b-4) of Section 9, in which carbon atoms in the group of the formula may be
optionally substituted by one or more and same or different groups selected from the group
consisting of halogen, hydroxyl, cyano, C.¢ alkyl and C,.¢ alkoxy;

Ar* is a group of formula (c-1) of Section 10, in which carbon atoms and NH in the
group of the formula may be each optionally substituted by a substituent defined in Section 6,

W' is a single bond; or a pharmaceutically acceptable salt thereof.
[0042]
Section 20:  The compound of Section 13, wherein R'*, R' and R'® are each, same or

different, hydrogen, hydroxyl, halogen, cyano, Ci¢ alkyl (in which the group may be
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optionally substituted by one ér more and same or different groups selected from hydroxyl,
cyano, and halogen), C;.¢alkoxy (in which the group may be optionally substituted by one or
more and same or different groups selected from hydroxyl, cyano, and halogen), heteroaryl
(in which the group may be optionally substituted by one or more and same or different
groups sclected from hydroxyl, cyano, halogen, and Ci.¢ alkyl), or saturated heterocycle (in
which the group may be optionally substituted by one or more and same or different groups
selected from hydroxyl, cyano, halogen, C,. alkyl, or C,.¢alkylcarbonyl),

alternatively, R'* and R'® may combine each other together with the carbon atom to
which they bind to form C;_; cycloalkyl ring, or saturated heterocycle;

R is a group selected from the group consisting of hydrogen, Cy.alkyl (in which the
group may be optionally substituted by one or more and same or different groups selected
from hydroxyl, cyano, and halogen), C; cycloalkyl (in which the group may be optionally
substituted by one or more and same or different groups selected from hydroxyl, cyano,
halogen, and Cysalkyl), Cs.10aryl (in which the group may be optionally substituted by one or
more and same or different groups selected from hydroxyl, cyano, halogen, and C,. alkyl),
heteroaryl (in which the group may be optionally substituted by one or more and same or
different groups selected from hydroxyl, cyano, halogen, and C, alkyl), saturated heterocycle
(in which the group may be optionally substituted by one or more and same or different
groups selected from hydroxyl, cyano, halogen, Ci. alkyl, C,. alkylcarbonyl, and Ci,
alkylsulfonyl), C;.¢ alkylcarbonyl (in which the group may be optionally substituted by one or
more and same or different groups selected from hydroxyl, cyano, and halogen), Ci¢
alkylsulfonyl (in which the group may be optionally substituted by one or more and same or
different groups selected from hydroxyl, cyano, and halogen), and Cq.1o arylsulfonyl (in which
the group may be optionally substituted by one or more and same or different groups selected
from hydroxyl, cyano, halogen, and C,.¢ alkyl);

R”, R R™ R' and R are each, same or different, a group selected from the group

consisting of hydrogen, hydroxyl, halogen, cyano, Ci¢ alkyl (in which the group may be

- optionally substituted by one or more and same or different groups selected from hydroxyl,

cyano, and halogen), C;.¢ alkoxy (in which the group may be optionally substituted by one or
more and same or different groups selected from hydroxyl, cyano, halogen, and Ci alkyl),
Ci.¢ alkylthio (in which the group may be optionally substituted by one or more and same or
different groups selected from hydroxyl, cyano, halogen, and C,, alkyl), Cs.10aryl (in which
the group may be optionally substituted by one or more and same or different groups selected

from hydroxyl, cyano, halogen, and C;; alkyl), heteroaryl (in which the group may be
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optionally substituted by one or more and same or different groups selected from hydroxyl,
cyano, halogen, and C,¢ alkyl), and saturated heterocycle (in which the group may be
optionally substituted by one or more and same or different groups selected from hydroxyl,
cyano, halogen, C,.¢ alkyl, C,.¢ alkylcarbonyl, and C,¢ alkylsulfonyl); or a pharmaceutically
acceptable salt thereof.

[0043]

Section 21:  The compound of Section 14, wherein R™ R™ and R are each, same or
different, hydrogen, hydroxyl, halbgen, cyano, Cy¢ alkyl (in which the group may be
optionally substituted by one or more and same or different groups selected from hydroxyl,
cyano, and halogen), Cy¢alkoxy (in which the group may be optionally substituted by one or
more and same or different groups selected from hydroxyl, cyano, and halogen), heteroaryl
(in which the group may be optionally substituted by one or more and same or different
groups selected from hydroxyl, cyano, halogen, and C,, alkyl), or saturated heterocycle (in
which the group may be optionally substituted by one or more and same or different groups
selected from hydroxyl, cyano, halogen, C;.¢ alkyl, or C¢ alkylcarbonyl),

alternatively, R'* and R'® may combine each other together with the carbon atom to
which they bind to form Cj.7 cycloalkyl ring, or saturated heterocycle;

R is a group selected from the group consisting of hydrogen, Ci.¢ alky! (in which the
group may be optionally substituted by one or more and same or different groups selected
from hydroxyl, cyano, and halogen), Cs.; cycloalkyl (in which the group may be optionally
substituted by one or more and same or different gfoups selected from hydroxyl, cyano,

halogen, and C,.¢alkyl), Cs.10 aryl (in which the group may be optionally substituted by one or

~more and same or different groups selected from hydroxyl, cyano, halogen, and C,.s alkyl),

heteroaryl (in which the group may be optionally substituted by one or more and same or
different groups selected from hydroxyl, cyano, halogen, and C,¢alkyl), saturated heterocycle
(in which the group may be optionally substituted by one or more and same or different
groups selected from hydroxyl, cyano, halogen, C,.s alkyl, C,. alkylcarbonyl, and Ci.s
alkylsulfonyl), C,.¢alkylcarbonyl (in which the group may be optionally substituted by one or

more and same or different groups selected from hydroxyl, cyano, and halogen), Ci.

-alkylsulfonyl (in which the group may be optionally substituted by one or more and same or

different groups selected from hydroxyl, cyano, and halogen), and Cq.;o arylsulfonyl (in which
the group may be optionally substituted by one or more and same or different groups selected
from hydroxyl, cyano, halogen, and C,. alkyl);

R'? and R" are each, same or different, a group selected from the group consisting of
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hydrogen, hydroxyl, halogen, cyano, Cis alkyl (in which the group may be optionally
substituted by one or more and same or different groups selected from hydroxyl, cyano, and
halogen), C,.¢ alkoxy (in which the group may be optionally substituted by one or more and
same or different groups selected from hydroxyl, cyano, halogen, and C,¢ alkyl), Cis
alkylthio (in which the group may be optionally substituted by one or more and same or
different groups selected from hydroxyl, cyano, halogen, and Ci. alkyl), Cs.10aryl (in which
the group may be optionally substituted by one or more and same or different groups selected
from hydroxyl, cyano, halogen, and C,¢ alkyl), heteroaryl (in which the group may be
optionally substituted by one or more and same or different groups selected from hydroxyl,
cyano, halogen, and Ci. alkyl), and saturated heterocycle (in which the group may be
optionally substituted by one or more and same or different groups selected from hydroxyl,
cyano, halogen, C, alkyl, C;; alkylcarbonyl, and C,.¢ alkylsulfonyl); or a pharmaceutically
acceptable salt thereof, '

[0044]

Section 22:  The compound of Section 15, wherein R"™ R"™ and R' are each, same or
different, hydrogen, hydroxyl, halogen, cyano, Ci¢ alkyl (in which the group may be
optionally substituted by one or more and same or different groups selected from hydroxyl,
cyano, and halogen), C;¢alkoxy (in which the group may be optionally substituted by one or
more and same or different groups selected from hydroxyl, cyano, and halogen), heteroaryl
(in which the group may be optionally substituted by one or more and same or different
groups selected from hydroxyl, cyano, halogen, and C;. alkyl), or saturated heterocycle (in
which the group may be optionally substituted by one or more and same or different groups
selected from hydroxyl, cyano, halogen, C,.¢ alkyl, C,.¢ alkylcarbonyl), ‘

alternatively, R' and R'® may combine each other together with the carbon atom to
which they bind to form Cs.; cycloalkyl ring, or saturated heterocycle;

R''is a group selected from the group consisting of hydrogen, Cy.¢alkyl (in which the
group may be optionally substituted by one or more and same or different groups selected
from hydroxyl, cyano, and halogen), Cs.7 cycloalkyl (in which the group may be optionally
substituted by one or more and same or different groups selected from hydroxyl, cyano,
halogen, and C,.¢ alkyl), Ce.j0 aryl (in which the group may be optionally substituted by one or

more and same or different groups selected from hydroxyl, cyano, halogen, and C,.¢ alkyl),

- heteroaryl (in which the group may be optionally substituted by one or more and same or

different groups selected from hydroxyl, cyano, halogen, and C,.¢ alkyl), saturated heterocycle

(in which the group may be optionally substituted by one or more and same or different
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groups selected from hydroxyl, cyano, halogen, Ci¢ alkyl, Ci. alkylcarbonyl, and C,.¢
alkylsulfonyl), C;.¢alkylcarbony! (in which the group may be optionally substituted by one or
more and same or different groups selected from hydroxyl, cyano, and halogen), Cis
alkylsulfonyl (in which the group may be optionally substituted by one or more and same or
different groups selected from hydroxyl, cyano, and halogen), and Ce.19 arylsulfonyl (in which
the group may be optionaily substituted by one or more and same or different groups selected
from hydroxyl, cyano, halogen, and C,.¢ alkyl);

R'?, R®, R™ and R are each, same or different, a group selected from the group
consisting of hydrogen, hydroxyl, halogen, cyano, C,.s alkyl (in which the group may be
optionally substituted by one or more and same or different groups selected from hydroxyl,
cyano, and halogen), C,¢alkoxy (in which the group may be optionally substituted by one or
more and same or different groups selected from hydroxyl, cyano, halogen, and C,.¢ alkyl),
Cisalkylthio (in which the group may be optionally substituted by one or more and same or
different groups selected from hydroxyl, cyano, halogen, and Ci.¢ alkyl), Ce.10 aryl (in which
the group may be optionally substituted by one or more and same or different groups selected
from hydroxyl, cyano, halogen, and Ci alkyl), heteroaryl (in which the group may be
optionally substituted by one or more and same or different groups selected from hydroxyl,
cyano, halogen, and C,¢ alkyl), and saturated heterocycle (in which the group may be
optionally substitutéd by one or more and same or different groups selected from hydroxyl,
cyano, halogen, C;g alkyl, C;¢alkylcarbonyl, and C, alkylsulfonyl); or a pharmaceutically
acceptable salt thereof.

[0045]
Section 23:  The compound of any one of Section 16, 17 or 18, wherein R'*, R'® and R are
each, same or different, hydrogen, hydroxyl, halogen, cyano, C;.s alkyl (in which the group
may be optionally substituted by one or more and same or different groups selected from
hydroxyl, cyano, and halogen), C.¢alkoxy (in which the group may be optionally substituted
by one or more and same or different groups selected from hydroxyl, cyano, and halogen),
heteroary! (in which the group may be optionally substituted by one or more and same or
different groups selected from hydroxyl, cyano, halogen, and C,¢ alkyl), or saturated
heterocycle (in which the group may be optionally substituted by one or more and same or
different groups selected from hydroxyl, cyano, halogen, C,.alkyl, Calkylcarbonyl),
alternatively, R’ and R'® may combine each- other together with the carbon atom to
which they bind to form Cs.7 cycloalkyl ring, or saturated heterocycle;

Ar? is a group of any one of groups of formula (c-1), (c-2) or (c-3) of Section 10,
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in which carbon atoms of the groups of the formulae may be optionally substituted by one or
more and same or different groups selected from the group consisting of hydroxyl, halogen,
cyano, Cisalkyl (in which the group may be optionally substituted by one or more and same
or different groups selected from hydroxyl, cyand, and halogen), C,.¢ alkoxy (in which the
group may be optionally substituted by one or more and same or different groups selected
from hydroxyl, cyano, halogen, and C,.¢ alkyl), Ci alkylthio (in which the group may be
optionally substituted by one or more and same or different groups selected from hydroxyl,
cyano, halogen, and C;alkyl), Ce.10 ary! (in which the group may be optionally substituted
by one or more and same or different groups selected from hydroxyl, cyano, halogen, and C,.¢
alkyl), heteroaryl (in which the group may be optionally substituted by one or more and same
or different groups selected from hydroxyl, cyano, halogen, and C,, alkyl), and saturated
heterocycle (in which the group may be optionally substituted by one or more and same or
different groups selected from hydroxyl, cyano, halogen, C,; alkyl, C¢ alkylcarbonyl, and
Ci¢ alkylsulfonyl); ,

NH of the groups of the formulae may be optionally substituted by a group selected
from the group consisting of C.¢ alkyl (in which the group may be optionally substituted by
one or more and same or different groups selected from hydroxyl, cyano, and halogen), Cs;
cycloalkyl (in which the group may be optionally substituted by one or more and same or
different groups selected from hydroxyl, cyano, halogen, and C,.¢ alkyl), Ce.10 aryl (in which
the group may be optionally substituted by one or more and same or different groups selected
from hydroxyl, cyano, halogen, and C;s alkyl), heteroaryl (in which the group may be
optionally substituted by one or more and same or different groups selected from hydroxyl,
cyano, halogen, and C,.¢ alkyl), saturated heterocycle (in which the group may be optionally
substituted by one or more and same or different groups selected from hydroxyl, cyano,
halogen, C,.¢ alkyl, Cy. alkylcarbonyl, and C,¢ alkylsulfonyl), C,. alkylcarbonyl (in which
the group may be optionally substituted by one or more and same or different groups selected
from hydroxyl, cyano, and halogen), C,. alkylsulfonyl (in which the group may be optionally
substituted by one or more and same or different groups selected from hydroxyl, cyano, and
halogen), and Ce.10 arylsulfonyl (in which the group may be optionally substituted by one or
more and same or different groups selected from hydroxyl, cyano, halogen, and C,.¢alkyl); or
a pharmaceutically acceptable salt thereof.

[0046]
Section 24:  The compound of Section 1, wherein Ar' and Ar” are each independently Ce.10

aryl or heteroaryl (in which the Cq.jparyl and the heteroaryl may be optionally substituted by
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one or more and same or different groups selected from the group consisting of hydroxyl,
halogen, cyano, Cs alkyl, trifluoromethyl, trifluoromethoxy, trifluoromethylthio, Cq.10 aryl,
Ci.6 alkoxy, Cig alkylthio, Ci¢ alkyl which is substituted by one or more hydroxy groups,
heteroaryl, C,. alkyl which is substituted by one or more cyano groups, 4- to 7-membered
cyclic aminocarbonyl, Ci.s alkylcarbonylamino, C,s alkylsulfonyl, Cs.io arylsulfonyl, Ci.
alkylcarbonyl, C,.¢ alkylcarbonylamino and C, alkylaminocarbonylamino;

V 1s nitrogen or CH; |

W' is a single bond or -C(O)-;

W? is Cy3 alkylene;

W? is a single bond, or -CR*=CR’-, in which R* and R’ are each independently
hydrogen, or halogen,;

nisOorl;

misO, 1 or2;

kis1, 2 or 3;

Z is a single bond, methylene, or oxygen;

R'™ R and R'® are each, same or different, hydrogen, hydroxyl, halogen, C,. alkyl,
Cr3 alkoxy, Cp; alkoxy-Cps alkoxy, mono- or di-Ci; alkylaminocarbonyloxy, Ci.
alkoxycarbonylamino, = mono- or di-C,3  alkylaminocarbonylamino, or Ci3
alkylsulfonylamino; or a pharmaceutically acceptable salt thereof.
[0047]
Section 25: The compound of Section 24, wherein Ring Q is a group of any one of
formulae (a-2) to (a-7) of Section 8; or a pharmaceutically acceptable salt thereof.
[0048]
Section 26:  The compound of Section 1, selected from the group consisting of:
(8)-(2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)pyrrolidin-1-yl)(6-methyl-1H-indol-2-
yl)methanone;
(S)~(6-fluoro-1H-indol-2-y1)(2-(2-(4-(4-fluorobenzoyl)piperidin-1 -yl)éthyl)pyrro]idin- 1-
yl)methanone;
(5)-(2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)pyrrolidin-1-yl)(6-(trifluoromethoxy)- 1 H-
indol-2-yl)methanone;
(8)-(2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)pyrrolidin-1-yl)(6-isopropyl-1H-indol-2-
yhmethanone;
(S)~(5-fluoro-4-methoxy-1H-indol-2-yl)(2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)-

pyrrolidin-1-yl)methanone;
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(8)-(3,6-difluoro-1H-indol-2-yl)(2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)pyrrolidin-1-
yl)methanone;
(S)-(3-fluoro-6-(trifluoromethoxy)-1H-indol-2-yl)(2-(2-(4-(4-fluorobenzoyl)piperidin-1-
yDethyl)pyrrolidin-1-yl)methanone;
(S)-(3-fluoro-1H-indol-2-y1)(2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethy)pyrrolidin-1-
yl)methanone;
((28,5S)-2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)-5-methylpyrrolidin-1-y1)(6-methyl- |
1H-indol-2-yl)methanone,
((28,55)-2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)-5-methylpyrrolidin-1-yl)(6-(trifluoro-
methyl)-1H-indol-2-yl)methanone;
((28,5S)-2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)-5-methylpyrrolidin-1-yl)(6-(trifluoro-
methylthio)-1H-indol-2-yl)methanone;
(8)-(2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)pyrrolidin-1-yl)(1-methyl-1H-indol-5-yl)-
methanone; and

(S)-(2-(2-(4-(6-fluorobenzo[d]isoxazol-3-yl)piperidin- 1-yl)ethyl)pyrrolidin-1-yl)(3-phenyl-
1H-pyrazol-5-yl)methanone; or a pharmaceutically acceptable salt thereof.

[0049]

Section 27: A therapeutic agent for schizophrenia, comprising the compound of any one of
Sections 1 to 26 and 30, or a pharmaceutically acceptable salt thereof.

[0050]

Section 28: A method for treating schizophrenia, which comprises administering a
therapeutically effective amount of the compound of any one of Sections 1 to 26 and 30, or a
pharmaceutically acceptable salt thereof to mammals in need thereof.

[0051]

Section 29:  Use of the compound of any one of Sections 1 to 26 and 30, or a
pharmaceutically acceptable salt thereof in the manufacture of a medicament for the treatment
of schizophrenia. '

[0052]

Section 30:  The compound of Section 1, wherein W? is optionally substituted ethylene; n is

0; or a pharmaceutically acceptable salt thereof.

[ADVANTAGEOUS EFFECTS OF INVENTION]
[0053] The present compound and a pharmaceutically acceptable salt thereof show affinities

for dopamine receptors, serotonin receptors and adrenaline receptors. Thus, the present
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compound and a pharmaceutically acceptable salt thereof are expected to improve positive
symptoms, negative symptoms, cognitive dysfunction, etc. in schizophrenia, and to weaken

extrapyramidal side effects.

BEST MODE FOR CARRYING OUT THE INVENTION
[0054] The present invention is described in detail below.

The number of substituents in “optionally substituted” or “substituted” groups herein
is one or more, but is not limited thereto if possible. Each definition for each group is
applicable in case that the group is a part of other groups or a substituent thereof, unless
otherwise indicated.

[0055] The “halogen” used herein includes,‘for example, fluorine atom, chlorine atom,
bromine atom, or iodine atom, etc. Preferable one is fluorine atom, or chlorine atom.

[0056] The “C,alkyl” includes, for example, straight or branched-chain alkyl groups with 1
to 6 carbon atoms, etc. Preferable one includes straight or branched-chain alkyl with 1 to 4
carbon atoms. Particular one includes methyl, ethyl, propyl, 1-methylethyl, butyl, 2-
methylpropyl, 1-methylpropyl, 1,1-dimethylethyl.

[0057]The “Cy.3 alkylene” used herein includes, for example, methylene, ethylene, propylene,
etc. Preferable one includes methylene, ethylene. More preferable one includes ethylene.
[0058] The “Cs.7 cycloalky!” includes, for example, 3- to 7-membered cycloalkyl, etc.
Preferable one includes cycloalkyl with 3 to 6 carbon atoms. Particular one includes, for
example, cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl.

[0059] The “Ce.10 aryl” includes, for example, aryl with 6 to 10 carbon atoms, etc.,
particularly phenyl, 1-naphthyl or 2-naphthyl, etc.

[0060] The “Cq.10 aryl” also includes a condensed ring wherein “Cg aryl” is condensed with 5-
or 6-membered ring comprising same or different and one or more (e.g., 1 to 4) heteroatoms
selected from nitrbgen atom, sulfur atom or oxygen atom, or with 5- to 6-membered
cycloalkyl ring (e.g., cyclopentane, or cyclohexane). Particular examples for the group

include, for example, groups of the following formulae.
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[0061]
[Chemical Formula 16]
0520
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H (16) (17) . (18) (19)
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e = o ~F O | N
(44) (45) (47) (48) (49)

A bond across a ring in the above formulae means that a “group” attaches on any
5 substituent positions of the ring. Particularly, the group may be substituted on any carbon or
nitrogen atoms on the ring.
[0062] Preferable one includes phenyl, naphthyl, groups of formulae (10), (11), (12), (13),
(16), (17), (18), (19), (20), (22), (23), (31), (36), (37), (38), (39), (40), (41), (42), (43), (44),
(45), (47), (48) and (49).
10 [0063] The “Cs.;0aryl” in Ar' includes phenyl, naphthyl, groups of formulae (10), (11), (12),
(13), (16), (17), (18), (19), (20), (22), (23), (31), (36), (37), (38), (39), (40), (41), (42), (43),
(44), (45), (47), (48) and (49).
[0064] Preferable one includes phenyl, naphthyl, groups of formulae (10), (11), (22), (36),
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(37) and (38). .
[0065] The “Cs.10aryl” in Ar* includes phenyl, naphthyl, groups of formulae (10), (11), (12),

(13), (16), (17), (18), (19), (20), (22), (23), (31), (36), (37), (38), (39), (40), (41), (42), (43),
(44), (45), (47), (48) and (49).

{0066] Preferable one includes phenyl, naphthyl and a group of formula (31).

[0067] The “heteroaryl” includes, for example, 5- to 10-membered mono- or poly-cycles
which comprise same or different and one or more (e.g., 1 to 4) heteroatoms selected from
nitrogen atom, sulfur atom or oxygen atom. Particular examples for the “heteroaryl” include,
for example, groups of the following formulae.

[0068]
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[Chemical Formula 17]
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A bond across a ring in the above formulae means that a “group” attaches on any

substituent positions of the ring. For example, the heteroaryl of the following formula:
[0069]
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[Chemical Formula 18]

(50)
refers to 2-furyl, or 3-furyl.
[0070] The “heteroaryl” which is‘a polycycle and a grdup of the following formula:
[0071]
[Chemical Formula 19]
gy

(70)

may be also, for example, 2-benzofuryl or 3-benzofuryl as well as 4-, 5-, 6- or 7-benzofuryl.
[0072] Preferable one includes groups of formulae (50), (51), (52), (53), (54), (55), (56), (57),
(58), (66), (67), (68), (69), (70), (71), (72), (74), (75), (76), (77), (78), (79), (80), (81), (82),
(83), (84), (85), (86), (87), (88), (89), (90), (91), (92), (93), (95), (97), (98), (100), (102),
(103), (105), (106), (107), (108), (109), (110), (111), (112), (113), (114), (115), (116) and
(117).
[0073] The “heteroaryl” in Ar' includes groups of formulae (66), (67), (70), (71), (72), (74),
(75), (76), (77), (78), (79), (80), (81), (83), (84), (85), (87), (88), (89), (91), (92), (93), (95),

~(97), (98), (100), (102), (103), (105), (106), (107), (108), (109), (110), (111), (112), (113),

(114), (115), (116) and (117).

[0074] Preferable one includes groups of formulae (66), (70), (72), (87), (88), (89) and (109).
[0075] More preferable one includes groups of formulae (72), (87), (88), (89).

[0076] The “heteroaryl” in Ar’ includes groups of formulae (50), (52), (53), (54), (55), (56),
(57), (58), (64), (65), (66), (67), (68), (69), (70), (71), (72), (74), (75), (76), (77), (78), (79),
(80), (81), (82), (83), (84), (85), (86), (87), (88), (89), (90), (91), (92), (93), (95), (97), (99),
(100), (102), (103), (105), (106), (108), (109), (110), (111), (112), (113), (114), (115), (116)
and (117).

[0077] Preferable one includes groups of formulae (50), (57), (58), (70), (72), (75), (77), (79),
(80), (81), (82), (83), (88), (89), (90), (108) and (109).

[0078] More preferable one includes groups of formulae (58), (72) and (75).

[0079] The “saturated heterocycle” includes, for example, 4- to 7-membered saturated
heterocycles comprising 1 to 4 heteroatoms selected from 0 to 2 nitrogen atoms, O to 1

oxygen atom or 0 to 1 sulfur atom, etc. A “group” attaches on any ring carbon atoms in the
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heterocycle. Particular one includes, for example, azetidinyl, oxetanyl, tetrahydropyranyl,
tetrahydropyridinyl,  pyrrolidinyl,  oxopyrrolidinyl,  oxopiperidinyl,  oxopiperazinyl,
oxomorpholinyl, tetrahydrofuranyl, piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl,
dioxoimidazolidinyl, tetrahydrotriazoloazepinyl, oxodihydroacrydinyl, tetrahydro-
cyclopentachromenyl, oxobenzoxathiolyl, dihydroindenyl, azepanyl or oxoazepanyl, etc.
Preferable one includes azetidinyl, oxetanyl, tetrahydropyranyl, tetrahydropyridinyl,
pyrrolidinyl, oxopyrrolidinyl,  oxopiperidinyl, = oxopiperazinyl, oxomorpholinyl,
tetrahydrofuranyl, piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, etc. Preferable
“saturated heterocycle” in R'™ R™ and R'® includes oxetanyl, tetrahydropyranyl,
tetrahydrofuranyl. Preferable “saturated heterocycle” wherein R and R"™ combine each
other includes tetrahydropyranyl, tetrahydrofuranyl.

[0080] The “Cs.; cycloalkyl-C,.4 alkyl” refers to a group wherein “Cs.; cycloalkyl” is
substituted on “Cy.4alkyl”. Preferable one includes Cs.¢ cycloalkyl-Ci4alkyl. Particular one
includes, for example, cyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl,
cyclohexylmethyl, cycloheptylmethyl, cyclohexylethyl, cyclohexylpropyl or cyclohexylbutyl,
etc.

[0081] The “Cy.14 aralkyl” refers to a group wherein “Cq_1p aryl” is substituted on “Cj 4 éllkyl”.
Preferable one includes Cy.jo aralkyl. Particular one includes, for example, benzyl, phenethyl,
phenylpropyl or naphthylmethyl, etc. ,

[0082] The “heteroaryl-C;.4 alkyl” refers to a group wherein “heteroaryl” is substituted on
“Ciaalkyl”. Preferable one is 5- or 6-membered monocyclic heteroaryl-C;.4alkyl. Particular
one includes, for example, pyridylmethyl, pyridylethyl, imidazolylethyl, pyrrolylpropyl, etc.
[0083] The “saturated heterocyclic C;.4 alkyl” refers to a group wherein “saturated
heterocycle” is substituted on “Ci.4 alkyl”. Preferable one is 4- to 7-membered saturated
heterocyclic Ci4alkyl. Particular one includes, for example, azetidinylmethyl, pyrrolidylethyl,
tetrahydrofuranylpropyl, morphonylbutyl, tetrahydropyranylmethyl, etc.

[0084] The “C;.¢ alkoxy” includes, for example, straight or branched-chain alkoxy with 1 to 6

carbon atoms. Preferable one includes C;.4alkoxy. Particular one includes methoxy, ethoxy,

propoxy, 1-methylethoxy, butoxy, 2-methylpropoxy, 1-methylpropoxy, 1,1-dimethylethoxy.
[0085] The “Ci alkylthio” includes, for example, straight or branched-chain alkylthio with 1
to 6 carbon atoms. Preferable one includes C,.4 alkylthio.  Particular one includes methylthio,
ethylthio, propylthio, 1-methylethylthio, butylthio, 2-methylpropylthio, 1-methylpropylthio,
1,1-dimethylethylthio.

[0086] The “C;7 cycloalkyl” moiety of the “Cs.; cycloalkoxy” is the same as the “Css
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cycloalkyl”. Preferable one includes Cs.s cycloalkoxy. Particular one includes, for example,
cyclopropoxy, cyclobutoxy, cyclopentyloxy, or cyclohexyloxy.

[0087] The “Cée.10 aryloxy” refers to a group wherein the “Cs.1¢ aryl” binds to oxygen atom.
Preferable one is aryloxy with 6 carbon atoms. Particular one includes phenoxy.

[0088] The “heteroaryloxy” refers to a group wherein the “heteroaryl” binds to oxygen atom.
Preferable one'is 5- or 6-membered monocyclic heteroaryloxy. Particular one includes, for
example, pyridyloxy, imidazolyloxy, pyrrolyloxy, etc.

[0089] The “saturated heterocyclic oxy” refers to a group wherein the “saturated heterocycle”
binds to oxygen atom. Preferable one is “4- to 7-membered saturated heterocyclic oxy”.
Particular one includes, for example, tetrahydropyranyloxy, tetrahydrofuranyloxy,
pyrrolidyloxy, etc. |

[0090] The “C,s alkyl” moiety of the “C,¢ alkylcarbony!” is the same as the “C; alkyl”.
Preferable one includes C;4 alkylcarbonyl.  Particular one includes, for example,
methylcarbonyl, ethylcarbonyl, propylcarbonyl, 1-methylethylcarbonyl, butylcarbonyl, 2-
methylpropylcarbonyl, 1-methylpropylcarbonyl or 1,1-dimethylethylcarbonyl, etc.

[0091] The “C;.7 cycloalkyl” moiety of the “Cs.7 cycloalkylcarbonyl” is the same as the “Cs.;
cycloalkyl”. Preferable one includes Cs.¢ cycloalkylcarbonyl. Particular one includes, for
example, cyclopropylcarbonyl, cyclobutylcarbonyl, cyclopentylcarbonyl, or
cyclohexylcarbonyl.

[0092] The “Cq.1p aryl” moiety of the “Cs.1¢ arylcarbonyl” is the same as the “Cg 1 aryl”.
Preferable one is arylcarbonyl with 6 carbon atoms. Particular one includes benzoyl.

[0093] The “heteroaryl” moiety of the “heteroarylcarbonyl” is the same as the “heteroaryl”.
Preferable one includes 5- or 6-membered monocyclic heteroarylcarbonyl. Preferable one
includes pyridinecarbonyl, pyrrolecarbonyl.

[0094] The “saturated heterocyclic” moiety of the “saturated heterocyclic carbonyl” is the
same as the “saturated heterocycle”. Preferable one is “4- to 7-membered saturated
heterocyclic carbonyl”.  Particular one includes, for example, tetrahydropyrancarbonyl,
tetrahydrofurancarbonyl, morpholinecarbonyl, etc.

[0095] The “C; alkyl” moiety of the “Ci.¢ alkylsulfonyl” is the same as the “C; alkyl”.
Preferable one includes Cis alkylsulfonyl.  Particular one includes, for example,
methanesulfonyl, ethanesulfonyl, propylsulfonyl, 1-methylethylsulfonyl, 2-
methylethylsulfonyl,  1-methylpropylsulfonyl,  2-methylpropylsulfonyl, 1,1-dimethyl-
ethylsulfonyl or butylsulfonyl, etc.

[0096] The “Cs cycloalkyl” moiety of the “Cs.7 cycloalkylsulfonyl” 1s the same as the “Cs.;
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cycloalkyl". Preferable one includes C;.¢ cycloalkylsulfonyl. Particular ones include, for example,
cyclopropylsulfonyl, cyclobutylsulfonyl, cyclopentylsulfonyl, or cyclohexylsulfonyl.

[0097] The "Cg 1 aryl” moiety of the "Cg 1o arylsulfonyl" is the same as the "Cq 19 aryl”. Preferable
one is arylsulfonyl with 6 carbon atoms. Particular ones include benzenesulfonyl.

[0098] The "heteroaryl" moiety of the "heteroarylsulfonyl” is the same as the "heteroaryl”.
Preferable one includes 5- or 6-membered monocyclic heteroarylsulfonyl. Particular ones include
pyrrolesulfonyl, pyridinesulfonyl.

[0099] The "saturated heterocyclic" moiety of the "saturated heterocyclic sulfonyl" is the same as
the "saturated heterocycle". Preferable one is "4- to 7-membered saturated heterocyclic sulfonyl".
Particular ones include, for example, tetrahydropyranesulfonyl, tetrahydrofuransulfonyl, etc.
[0100] The "optionally substituted amino" is selected from amino, mono- or di- substituted amino,
4- to 7-membered cyclic amino.

Substituents of the "mono- or di-substituted amino" are same or different and one or two
groups selected from the group consisting of optionally substituted C,¢ alkyl, optionally
substituted Cs 7 cycloalkyl, optionally substituted Cs_7 cycloalkyl-C; 4 alkyl, optionally substituted
saturated heterocycle, optionally substituted Cg¢_ 1o aryl, optionally substituted heteroaryl.

[0101] A particular example of the "mono-substituted amino” includes, for example, "Ci¢
alkylamino" (e.g., methylamino, etc.), "Cs.7 cycloalkylamino" (e.g., cyclopropylamino, etc.), "(Cs.
10 aryl)amino” (e.g., phenylamino, etc.), "(heteroaryl)amino” {e.g., pyrrolylamino, etc.). Preferable
one includes C; 4 alkylamino, C; ¢ cycloalkylamino, phenylamino, pyrrolylamino.

[0102] A particular example of the "di-substituted amino" includes, for example, "di-C¢
alkylamino" (e.g., dimethylamino, methylethylamino, etc.), "N-(C;¢ alkyl)-N-(Cs;
cycloalkyl)amino” (e.g., methylcyclopropylamino, etc.), "N-(C¢ alkyl)-N-(5- or 6-membered
saturated heterocyclicyamino” (e.g., methyltetrahydropyranylamino, etc.), etc. Preferable one
includes di-C;_4 alkylamino, N-(C;_4 alkyl)}-N-(C5_¢ cycloalkyl)amino.

[0103] The "4- to 7-membered cyclic amino" includes, for example, 4- to 7-membered monocyclic
cyclic amino which may comprise same or different 1 to 3 heteroatoms selected from nitrogen
atom, oxygen atom and sulfur atom. A "group" attaches on any ring nitrogen atoms in the cyclic
amino. Particular ones include, for example, azetidino, pyrrolidino, imidazolidino, oxazolidino,
thiazolidino, piperazino, piperidino, morpholino, thiomorpholino, azepano or oxoazepano, etc.

Preferable one includes azetidino, pyrrolidino, imidazolidino, morpholino.



WO 2011/111875 30 PCT/JP2011/056497

[0104] The “4- to 7-membered cyclic amino” may form a condensed ring together with 6-
membered aromatic hydrocarbon, or 5- or 6-membered heterocycle. Particular one includes
“groups” of the following formulae:
[0105]

5 [Chemical Formula 20]

SO0 OO D A0 TD o

I (118) 1 119 | (120) I a2 | (122) | (23) | az24)
000008 000
(125) 126) (127) 128 (129 (130)
s N N
0 A0 {0 £ £ (o {0
A A0 L Sy A0 X S8
asn 32) (133) a3n
> D A A A0 T
I Iy 0y (O 0 0
138) a39) (149) (141) (143) 144)
=N
VOO 00 L0 010
(j:;'v /”fﬂ\ (:(:) f”/i) 07N 07 N 07N
145) (146) 147 (148) | (149 | aso) | asn
S :Es’P
0 L0 0L LD
OJ:N 07N AN
l asz) I (153) 0O (154) (155) | (156) |(157) Jass)

[0106] Preferable one includes groups of the formulae (120), (125), (127), (128), (129), (130),

(134), (136), (137), (141), (143), (144), (145), (146), (147), (148), (149) and (150).

[0107] The “Cs.7 cycloalkyl” moiety of the “Cs.7 cycloalkyl-C;.4 alkylcarbonyl” is the same as
10 the “Cs.; cycloalkyl”. Preferable one is Cs.¢ cycloalkyl-Ci.salkyl. Particular one includes, for

example, cyclopropylmethylcarbonyl, cyclohexylethylcarbonyl, etc. '

[0108] The “C;. alkoxycarbonyl” includes straight or branched-chain alkoxycarbonyl with 1

to 6 carbon atoms. Preferable one includes Ci4 alkoxycarbonyl. Particular one includes, for

example, methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, 2-methylethoxycarbonyl,
15 butoxycarbonyl, 2-methylpropoxycarbonyl, 1-methylpropoxycarbonyl or 1,1-

dimethylethoxycarbonyl, etc. '

[0109] The “Cs.7 cycloalkoxy” moiety of the “Cj cycloalkoxycarbonyl” is the same as the

“Cs.7 cyclo_alkdxy”. Preferable one includes Cs¢ cycloalkoxycarbonyl. Particular one

includes, for example, cyclopropoxycarbonyl, cyclobutoxycarbonyl, cyclopentyloxycarbonyl,

20 or cyclohexyloxycarbonyl.
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[0110] The "saturated heterocyclic oxy" moiety of the "saturated heterocyclic oxycarbonyl" is the
same as the "saturated heterocyclic oxy". Preferably one is "5- to 7-membered saturated
heterocyclic oxycarbonyl". Particular ones include, for example, tetrahydropyranyloxycarbonyl,
etc.
[0111] The "optionally substituted amino” moiety of the "optionally substituted aminocarbonyl" is
the same as the "optionally substituted amino”. The "optionally substituted aminocarbonyl"
includes, for example, aminocarbonyl, mono- or di-substituted aminocarbonyl, 4- to 7-membered
cyclic aminocarbonyl.
[0112] Substituents of the "mono- or di-substituted aminocarbonyl" are same or different 1 to 2
groups selected from the group consisting of optionally substituted C;¢ alkyl, optionally
substituted C; 7 cycloalkyl, optionally substituted C; ; cycloalkyl-C;_4 alkyl, optionally substituted
4- to 7-membered saturated heterocycle, optionally substituted Ce.19 aryl and optionally substituted
heteroaryl.
[0113] A particular example of the "mono-substituted aminocarbonyl” includes, for example,
"C).6 alkylaminocarbonyl (e.g., methylaminocarbonyl, etc.)", "Cs.scycloalkylaminocarbonyl (e.g.,
cyclopropylaminocarbonyl, etc.)", "(Cs_10 aryl)aminocarbonyl (e.g., phenylamino-carbonyl, etc.),
"(heteroaryl)aminocarbonyl (e.g., pyrrolylaminocarbonyl, etc.)". Preferable ones include
C).4 alkylaminocarbonyl, Cs_¢ cycloalkylaminocarbonyl.
[0114] A particular example of the "di-substituted aminocarbonyl” includes, for example, "di-C;_¢
alkylaminocarbonyl (e.g., dimethylaminocarbonyl, methylethylaminocarbonyl, etc.)", "N-(C;
alkyl)-N-(C;_7 cycloalkylaminocarbonyl (e.g., methylcyclopropylaminocarbonyl, etc.)", "N-
(Cy_6 alkyl)-N-(5- or 6-membered saturated  heterocyclic)aminocarbonyl (e.g.,
methyltetrahydropyranylaminocarbonyl, etc.)", etc. Preferable ones include di-
C14 alkylaminocarbonyl, N-(C4 alkyl)-N-(C; ¢ cycloalkylaminocarbonyl.
[0115] The "4- to 7-membered cyclic aminocarbonyl” includes, for example, 4- to 7-membered
monocyclic cyclic aminocarbonyl which may comprise same or different 1 to 3 heteroatoms
selected from nitrogen atom, oxygen atom and sulfur atom. Particular ones include, for example,
azetidinocarbonyl,  pyrrolidinocarbonyl,  imidazolidinocarbonyl,  oxazolidinocarbonyl,
thiazolidinocarbonyl, piperazinocarbonyl, piperidinocarbonyl, morpholinocarbonyl,
thiomorpholinocarbonyl, azepanocarbonyl or oxoazepanocarbonyl, etc. Preferable ones include
azetidinocarbonyl, morpholinocarbonyl.

The 4- to 7-membered cyclic amino moiety of the "4- to 7-membered cyclic
aminocarbonyl” may form a condensed ring together with 6-membered aromatic hydrocarbon, or

5- or 6-membered heterocycle.
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[0116] The "optionally substituted amino” moiety of the "optionally substituted aminosulfonyl" is
the same as the "optionally substituted amino”. The "optionally substituted aminosulfonyl”
includes, for example, aminosulfonyl, mono- or di-substituted aminosulfonyl, 4- to 7-membered
cyclic aminosulfonyl.

[0117] Substituents of the "mono- or di-substituted aminosulfonyl" are same or different 1 to 2
groups selected from the group consisting of optionally substituted C;¢ alkyl, optionally
substituted Cs 7 cycloalkyl, optionally substituted C3_7 cycloalkyl-C, 4 alkyl, optionally substituted
4- to 7-membered saturated heterocycle, optionally substituted C¢ 1o aryl and optionally substituted
heteroaryl.

[0118] A particular example of the "mono-substituted aminosulfonyl" includes, for example,
"Cy6 alkylaminosulfonyl (e.g., methylaminosulfonyl, etc.)", "Cs scycloalkylaminosulfonyl (e.g.,
cyclopropylaminosulfonyl, etc.)", "(Ce.19 aryl)aminosulfonyl (e.g., phenylaminosulfonyl, etc.)",
"(heteroaryl)aminosulfonyl (e.g., pyrrolylaminosulfonyl, etc.)". Preferable one includes
C, 4 alkylaminosulfonyl, C; ¢ cycloalkylaminosulfonyl.

[0119] A particular example of the "di-substituted aminosulfonyl” includes, for example, "di-C;.¢
alkylaminosulfonyl (e.g., dimethylaminosulfonyl, methylethylaminosulfonyl, etc.)", "N- alkyl)-N-
(C55 cycloalkylaminosulfonyl (e.g., methylcyclopropylaminosulfonyl, etc.)", "N-(C;_¢ alkyl)-N-(5-
or 6-membered saturated heterocyclicyaminosulfonyl (e.g.,
methyltetrahydropyranylaminosulfonyl, etc.)", etc. Preferable ones include di-
C, 4 alkylaminosulfonyl, N-(C;4 alkyl)-N-(Cs_4 cycloalkylaminosulfonyl.

[0120] The "4- to 7-membered cyclic aminosulfonyl" includes, for example, 4- to 7-membered
monocyclic cyclic aminosulfonyl which may comprise same or different 1 to 3 heteroatoms
selected from nitrogen atom, oxygen atom and sulfur atom. Particular ones include, for example,
azetidinosulfonyl, pyrrolidinosulfonyl, imidazolidinosulfonyl, oxazolidinosulfonyl,
thiazolidinosulfonyl, piperazinosulfonyl, piperidinosulfonyl, morpholinosulfonyl,
thiomorpholinosulfonyl, azepanosulfonyl or oxoazepanosulfonyl, etc. Preferable ones include
azetidinosulfonyl, morpholinosulfonyl.

The 4- to 7-membered cyclic amino moiety of the "4- to 7-membered cyclic
aminosulfonyl" may form a condensed ring with 6-membered aromatic hydrocarbon, or 5- or 6-
membered heterocycle.

[0121] The "C,4 alkyl" moiety of the "C;¢ alkylcarbonylamino” is the same as the "C; ¢ alkyl".
Preferably one is C;_4 alkylcarbonylamino. Particular ones include methylcarbonylamino, etc.

[0122] The "Cs_7 cycloalkyl"” moiety of the "Cs. cycloalkylcarbonylamino” is the same as the
"Cs7 cycloalkyl". Preferably one is C; ¢ cycloalkylcarbonylamino. Particular ones include, for

example, cyclopropylcarbonylamino, etc.
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[0123] The "C;¢ aryl" moiety of the "C;¢ arylcarbonylamino” is the same as the "Cg 19 aryl".
Preferably one is arylcarbonylamino with 6 carbon atoms. Particular ones include benzoylamino.
[0124] The "heteroaryl” moiety of the "heteroarylcarbonylamino” is the same as the "heteroaryl".
Preferably one is 5- or 6-membered monocyclic heteroarylcarbonylamino. Particular ones include,
for example, pyrrolecarbonylamino.

[0125] The "saturated heterocyclic" moiety of the "saturated heterocyclic carbonylamino” is the
same as the "saturated heterocycle". Preferable ones include 4- to 7-membered saturated
heterocyclic carbonyl. Particular ones include, for example, azetidinecarbonylamino.

[0126] The "Cy.14 aralkyloxy" refers to a group wherein the "C5.14 aralkyl” binds to oxygen atom.
Preferably one is C7.;; aralkyloxy. Particular ones include, for example, benzyloxy, phenethyloxy,
phenylpropyloxy or naphthylmethyloxy, etc.

[0127] The "C . alkyl" moiety of the "C,.¢ alkylcarbonyloxy" is the same as the "C.¢ alkyl", and
the alkylcarbonyloxy" includes, for example, straight or branched-chain alkylcarbonyloxy with 1
to 6 carbon atoms, etc. Preferably one is C;4 alkylcarbonyloxy. Particular ones include
methylcarbonyloxy, etc.

[0128] The “"optionally substituted amino” moiety of the "optionally substituted
aminocarbonyloxy” is the same as the "optionally substituted amino"”, and the "optionally
substituted aminocarbonyloxy" includes, for example, aminocarbonyloxy, mono- or di-substituted
aminocarbonyloxy, 4- to 7-membered cyclic aminocarbonyloxy.

[0129] Substituents of the "mono- or di-substituted aminocarbonyloxy" are same or different 1 to 2
groups selected from the group consisting of optionally substituted C;¢ alkyl, optionally
substituted C; 7 cycloalkyl, optionally substituted C; ; cycloalkyl-C;_4 alkyl, optionally substituted
4- to 7-membered saturated heterocycle, optionally substituted Ceg o aryl, and optionally
substituted heteroaryl.

[0130] A particular example of the "mono-substituted aminocarbonyloxy" includes, for example,
"Cl6 alkylaminocarbonyloxy (e.g., methylaminocarbonyloxy, etc.)",
"Cs.7 cycloalkylaminocarbonyloxy (e.g., cyclopropyl aminocarbonyloxy, etc.)", "(Ce.19 aryl)-
aminocarbonyloxy (e.g., phenylaminocarbonyloxy, etc.)", "(heteroaryl)aminocarbonyloxy (e.g.,
pyrrolylaminocarbonyloxy, etc.)". Preferable ones include C;4 alkylaminocarbonyloxy, Cs
cycloalkylaminocarbonyloxy.

[0131] A particular example of the "di-substituted aminocarbonyloxy" includes, for example, "di-
C,.6 alkylaminocarbonyloxy (e.g., dimethylaminocarbonyloxy, methylethyl-aminocarbonyloxy,
etc.)", "N-(C16 alkyl)-N-(C;_7 cycloalkyl)aminocarbonyloxy (e.g.,
methylcyclopropylaminocarbonyloxy, etc.)", "N-(Cy¢ alkyl)-N-(5- or 6-membered saturated

heterocyclic)aminocarbonyloxy (e.g., methyltetrahydropyranylaminocarbonyloxy, etc.)", etc.
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Preferable ones include di-C;jalkylaminocarbonyloxy, N-(Ci4 alkyl)-N-(Cs¢ cycloalkyl)-
aminocarbonyloxy.

[0132] The "4- to 7-membered cyclic aminocarbonyloxy" includes, for example, 4- to 7-membered
monocyclic cyclic aminocarbonyloxy which may comprise same or different 1 to 3 heteroatoms
selected from nitrogen atom, oxygen atom and sulfur atom. Particular ones include, for example,
azetidinocarbonyloxy, pyrrolidinocarbonyloxy, imidazolidino-carbonyloxy,
oxazolidinocarbonyloxy, thiazolidinocarbonyloxy, piperazinocarbonyloxy, piperidinocarbonyloxy,
morpholinocarbonyloxy, thiomorpholinocarbonyloxy, azepano-carbonyloxy or
oxoazepanocarbonyloxy,  etc. Preferable ones include  azetidinocarbonyloxy,
morpholinocarbonyloxy.

[0133] The "C,¢ alkoxy" moiety of the "C,¢ alkoxycarbonylamino” is the same as the "C 4
alkoxy". Preferable ones include C; 4 alkoxycarbonylamino. Particular ones include, for example,
methoxycarbonylamino, ethoxycarbonylamino, propoxycarbonylamino,
2-methylethoxycarbonylamino, butoxycarbonylamino, 2-methylpropoxycarbonylamino, or
1-methylpropoxycarbonylamino.

[0134] The "Cs 7 cycloalkoxy" moiety of the "C; 7 cycloalkoxycarbonylamino” is the same as the
"Cs7 cycloalkoxy". Preferable ones include C;¢ cycloalkoxycarbonylamino. Particular ones
include, for example, cyclopropoxycarbonylamino, cyclobutoxycarbonylamino,
cyclopentyloxycarbonylamino, or cyclohexyloxycarbonylamino.

[0135] The "saturated heterocyclic oxy" moiety of the "saturated heterocyclic oxycarbonylamino”
is the same as the "saturated heterocyclic oxy". A preferable one is "5- to 7-membered saturated
heterocyclic ~ oxycarbonylamino”. Particular ~ ones  include, for example,
tetrahydropyranyloxycarbonylamino, etc.

[0136] The “"optionally substituted amino” moiety of the "optionally substituted
aminocarbonylamino” is the same as the "optionally substituted amino", and the "optionally
substituted aminocarbonylamino” includes, for example, aminocarbonylamino, mono- or di-
substituted aminocarbonylamino, 4- to 7-membered cyclic aminocarbonylamino.

[0137] Substituents of the "mono- or di-substituted aminocarbonylamino" are same or different 1
to 2 groups selected from the group consisting of optionally substituted C alkyl, optionally

substituted C; 7 cycloalkyl, optionally substituted C; 7
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cycloalkyl-C,_4 alkyl, optionally substituted 4- to 7-membered saturated heterocycle, optionally
substituted Cg o aryl, and optionally substituted heteroaryl.

[0138] A particular example of the "mono-substituted aminocarbonylamino” includes, for
example, "Cj¢ alkylaminocarbonylamino (e.g., methylaminocarbonylamino, etc.)", "C;z
cycloalkylaminocarbonylamino (e.g., cyclopropylaminocarbonylamino, etc.)", "(Cq. 0 aryl)-
aminocarbonylamino  (e.g., phenylaminocarbonylamino, etc.)", "(heteroaryl)amino-
carbonylamino (e.g., pyrrolylaminocarbonylamino, etc.)". Preferable one includes C;4
alkylaminocarbonylamino, C; ¢ cycloalkylaminocarbonylamino.

[0139] A particular example of the "di-substituted aminocarbonylamino” includes, for
example, "di-C,¢  alkylaminocarbonylamino  (e.g.,  dimethylaminocarbonylamino,
methylethylaminocarbonylamino, etc.)", "N-(Ci4 alkyl)-N-(Cs;
cycloalkylaminocarbonylamino (e.g., methylcyclopropylaminocarbonylamino, etc.)", "N-(C.
alkyl)-N-(5- or 6-membered saturated heterocyclic)aminocarbonylamino (e.g., methyl-
tetrahydropyranylaminocarbonylamino, etc.)", etc. Preferable one includes di-C;4
alkylaminocarbonylamino, N-(C,.4 alkyl)-N-(C;. cycloalkylaminocarbonylamino.

[0140] The "4- to 7-membered cyclic aminocarbonylamino” includes, for example, 4- to 7-
membered monocyclic cyclic aminocarbonylamino which may comprise same or different 1 to

3 heteroatoms selected from nitrogen atom, oxygen atom and sulfur atom. Particular one

includes, for example, azetidinocarbonylamino, pyrrolidinocarbonylamino,
imidazolidinocarbonylamino, oxazolidinocarbonylamino, thiazolidinocarbonylamino,
piperazinocarbonylamino, piperidinocarbonylamino, morpholinocarbonylamino,

thiomorpholinocarbonylamino, azepanocarbonylamino or oxoazepanocarbonylamino, etc.
Preferable one includes azetidinocarbonylamino, morpholinocarbonylamino.

[0141] The "C, alkyl" moiety of the "C.¢ alkylsulfonylamino” is the same as the "C;¢ alkyl".
Preferable one includes C;, alkylsulfonylamino. Particular one includes, for example,
methanesulfonylamino, ethanesulfonylamino, propylsulfonylamino, 1-
methylethylsulfonylamino, 2-methylethylsulfonylamino, 1-methylpropylsulfonylamino, 2-
methylpropylsulfonylamino, 1,1-dimethylethylsulfonylamino or butylsulfonylamino, etc.
[0142] The "Cs7 cycloalkyl"” moiety of the "Cs_; cycloalkylsulfonylamino” is the same as the
"Cs7 cycloalkyl". Preferable one includes Cs¢ cycloalkylsulfonylamino. Particular one
includes, for example, cyclopropylsulfonylamino, cyclobutylsulfonylamino,
cyclopentylsulfonylamino, or cyclohexylsulfonylamino.

[0143] The "Cg.1p aryl” moiety of the "Cg 19 arylsulfonylamino” is the same as the "Cg 1o aryl".
Preferable one includes arylsulfonylamino with 6 carbon atoms. Particular one includes

benzenesulfonylamino.
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[0144] The "heteroaryl" moiety of the "heteroarylsulfonylamino” is the same as the
"heteroaryl". Preferable ones include 5- or 6-membered monocyclic heteroarylsulfonylamino.
Particular ones include pyrrolesulfonylamino, pyridinesulfonylamino.

[0145] The "saturated heterocyclic” moiety of the "saturated heterocyclic sulfonylamino” is the
same as the "saturated heterocycle”. Preferable ones include "4- to 7-membered saturated
heterocyclic sulfonylamino”. Particular ones include, for example,
tetrahydropyransulfonylamino, tetrahydrofuransulfonylamino, etc.

[0146] The “optionally substituted amino” moiety of the "optionally substituted
aminosulfonylamino” is the same as the "optionally substituted amino”, and the "optionally
substituted aminosulfonylamino” includes, for example, aminosulfonylamino, mono- or di-
substituted aminosulfonylamino, 4- to 7-membered cyclic aminosulfonylamino.

[0147] Substituents of the "mono- or di-substituted aminosulfonylamino” are same or different
1 to 2 groups selected from the group consisting of optionally substituted C;¢ alkyl, optionally
substituted Cs.;7 cycloalkyl, optionally substituted Cs7 cycloalkyl-C;4 alkyl, optionally
substituted 4- to 7-membered saturated heterocycle, optionally substituted Cgo aryl, and
optionally substituted heteroaryl.

[0148] A particular example of the "mono-substituted aminosulfonylamino” includes, for
example, "C;¢  alkylaminosulfonylamino. Preferable  ones include "Ci4
alkylaminosulfonylamino (e.g., methylaminosulfonylamino, etc.)".

[0149] A particular example of the "di-substituted aminosulfonylamino” includes, for example,
"di-C, ¢ alkylaminosulfonylamino. Preferable ones include "di-C, jalkylaminosulfonylamino
(e.g., dimethylaminosulfonylamino, methylethyl-aminosulfonylamino, etc.)".

[0150] The "4- to 7-membered cyclic aminosulfonylamino” includes, for example, 4- to 7-
membered monocyclic cyclic aminosulfonylamino which may comprise same or different 1 to
3 heteroatoms selected from nitrogen atom, oxygen atom and sulfur atom. Particular ones
include, for example, azetidinosulfonylamino, morpholinosulfonylamino, etc. Preferable ones
include morpholinosulfonylamino.

[0151] Substituents of the "optionally substituted C;¢ alkyl" and the "optionally substituted
C,; alkyl" are selected from

(a) halogen,

(b) cyano,

(©) hydroxy,
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(d) formyl,

(e)  Cisgalkylcarbonyl,

® Ci¢ alkylcarbonyloxy,

(g) carboxyl,

(h)  amino (in which the amino may be optionally substituted by same or different 1 to 2
groups selected from the group consisting of:

(h1) Cisalkyl (in which the alkyl may be optionally substituted by:

(h11) hydroxy,

(h12) Ci.¢ alkoxy,

(h13) carboxyl,

(h14) aminocarbonyl,

(h15) mono- or di-C;¢ alkylamino,

(h16) mono- or di-C;.¢ alkylaminocarbonyl,

(h17) Cis alkylcarbonylamino,

(h18) ‘mono- or di-C, ¢ alkylaminocarbonylamino, or
(h19) Ci.¢ alkoxycarbonylamino),

(h2) Cs7cycloalkyl (in which the cycle may be optionally substituted by C; alkyl),

(h3) Csycycloalkyl-Cy.4alkyl, -

(h4) 4- to 7-membered saturated heterocycle (in which the heterocycle may be optionally
substituted by halogen, or Cy alkyl), '

(h5) 4- to 7-membered saturated heterocyclic-C,.4 alkyl,

(h6) Ce.aparyl (in which the ring may be optionally substituted by halogen, C, alkyl or C;.
salkoxy),

(h7) Cs.ysaralkyl (in which the ring may be optionally substituted by halogen, C,.¢ alkyl or
Ci¢ alkoxy), 4

(h8) heteroaryl (in which the heteroaryl may be optionally substituted by same or different
1to 3 groups selected from the group consisting of halogen and C,.alkyl) and

(h9) heteroaryl-C,.4 alkyl (in which the heteroaryl may be optionally substituted by same or
different 1 to 3 groups selected from the group consisting of halogen and C,.¢ alkyl)),
) 4- to 7-membered cyclic amino (in which the cycle may be optionally substituted by:

(11) halogen,

(12) hydroxy,

(13) Cis alky! (in which the group may be optionally substituted by hydroxy or Cis
alkoxy),
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(i4) Cisalkoxy,

(i5) amino (in which the group may be optionally substituted by 1 to 2 C;alkyl),

(16) cyano,

(17) aminocarbonyl (in which the group may be optionally substituted by 1 to 2 Cy.¢ alkyl),

(i8) Cisalkylcarbonyl,

(19) Ci.salkylcarbonylamino, or

(i10) Cy¢alkylsulfonylamino),
() Ci.s alkoxy (in which the group may be optionally substituted by:

(j1) hydroxy,

(G2) Cialkoxy,

(3) Csscycloalkyl,

G4 4-to 7-membere.d saturated heterocycle (in which the heterocycle may be optionally
substituted by halogen, or C;. alkyl), '

(j5) 4- to 7-membered cyclic amino (in which the cycle may be optionally substituted by
the above (i1) to (110)),

(36) 4- to 7-membered cyclic aminocarbonyl (in whith the cycle may be optionally
substituted by the above (il) to (110)),

(7) Csaoaryl (in which the group may be optionally substituted by halogen, Cy.¢ alkyl, or
Ci.¢ alkoxy),

(38) Ci.salkylcarbonylamino,

(i9) mono- or di-C, . alkylamino,

(j10) mono- or di-Cy.¢ alkylaminocarbonyl,

(j11) halogen, or

(j12) Cscycloalkyl),
(k)  Cscycloalkoxy (in which the cycle may be optionally substituted by Cy.¢ alkyl),
() Cs.10aryl (in which the aryl may be optionally substituted by halogen, Ci.¢ alkyl, or Ci.
s alkoxy),
(m)  4-to 7-membered saturated heterocycle (in which the heterocycle may be optionally
substituted by the above (i1) to (i110)),
(n)  aminocarbonyl (in which the amino moiety refers to unsubstituted amino, mono- or di-
Cis alkylamino, or 4- to 7-membered cyclic amino),
(o)  aminosulfonyl (in which the amino moiety refers to unsubstituted amino, mono- or di-
Cisalkylamino, or 4- to 7-membered cyclic amino),

(p)  aminocarbonyloxy (in which the amino moiety refers to unsubstituted amino, mono-
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or di-C.s alkylamino, or 4- to 7-membered cyclic amino),
(qQ)  Ceioaryloxy (in which the group may be optionally substituted by halogen, C,.¢alkyl,
or Cy.¢ alkoxy),
() Cr.4aralkyloxy,
(s) heteroaryloxy (in which the ring may be optionally substituted by halogen, or Ci.¢
alkyl),
t) 4- to 7-membered saturated heterocyclic oxy (in which the heterocycle may be
optionally substituted by halogen, or C;.¢ alkyl),
(u) Ci¢ alkylsulfonyl,
) Ci.s alkylcarbonylamino,
(w)  Cigalkoxycarbonyl,
x) Ci.¢ alkylsulfonylamino,
) C.¢ alkoxycarbonylamino
(2) mono- or di-C;.¢ alkylaminocarbonylamino, or
(aa) mono- or di-C;.¢ alkylaminosulfonylamino, etc.
[0152] Preferable one includes:
(a) halogen,
(b) cyano,
(c) - hydroxy,
(h) amino (in which the amino may be optionally substituted by same or different 1 to 2
groups selected from the group consisting of:
(h1) Cisalkyl,
(h2) Cscycloalkyl, and
(h8) heteroaryl (in which the ring may be optionally substituted by same or different 1 to 3
halogen atoms)),
@) 4- to 7-membered cyclic amino (in which the cycle may be optionally substituted by:
(i1) halogen,
(12) hydroxy, or
(16) cyano),
)] Cis alkoxy (in which the group may be optionally substituted by:
(j1) hydroxy, '
(G2) Cisalkoxy,
(3) GCscycloalkyl, or
(j4) 4-to 7-membered saturated heterocycle),
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(k) C57 cycloalkoxy,
(N Ce.10 aryl (in which the group may be optionally substituted by halogen, or C; ¢ alkoxy),
(m)  4- to 7-membered saturated heterocycle (in which the heterocycle may be optionally
substituted by the above (il), (i12), (i6)),
(n) aminocarbonyl (in which the amino moiety refers to unsubstituted amino, mono- or di-C_4
alkylamino, or 4- to 7-membered cyclic amino),
0) aminosulfonyl (in which the amino moiety refers to unsubstituted amino, mono- or di-Cy ¢
alkylamino, or 4- to 7-membered cyclic amino),
(p) aminocarbonyloxy (in which the amino moiety refers to unsubstituted amino, mono-or di-
C16 alkylamino, or 4- to 7-membered cyclic amino),
) 4- to 7-membered saturated heterocyclic oxy,
v) C,6 alkylcarbonylamino,
(w) C16 alkoxycarbonyl,
) C, 6 alkoxycarbonylamino.
[0153] Substituents of the "optionally substituted C,¢ alkylcarbonyl", the "optionally substituted
Cy6 alkylsulfonyl”, the "optionally substituted C,¢ alkylsulfonylamino”, the "optionally
substituted C;_¢ alkoxy", the "optionally substituted C; ¢ alkylthio", the "optionally substituted C 4
alkoxycarbonyl", the "optionally substituted C,.¢ alkylcarbonylamino”, the "optionally substituted
C, alkylcarbonyloxy", the "optionally substituted C, ¢ alkoxycarbonylamino", the "optionally
substituted C, 3 alkylene", the "optionally substituted methylene", and the "optionally substituted
ethylene" are groups selected from the above (a) to (aa).
[0154] Preferable ones include:
(a) halogen,
(b) cyano,
(©) hydroxy,
) C,.6 alkoxy (in which the group may be optionally substituted by:

(j1)  hydroxy,

(G2)  C;, alkoxy,

(G3)  Cs cycloalkyl, or

(j4)  4- to 7-membered saturated heterocycle),
k) Cs 5 cycloalkoxy,
(N Cs-10 aryl (in which the group may be optionally substituted by halogen, or C;¢ alkoxy),
(m)  4-to7-membered saturated heterocycle (in which the group may be optionally substituted

by the above (il), (i2), (i6)).
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[0155] Substituents of the "optionally substituted C;.7 cycloalkyl”, the "optionally substituted
C;; cycloalkyl-C; 4 alkyl", the "optionally substituted C;;cycloalkylcarbonyl”, the "optionally
substituted C; 7 cycloalkylcarbonylamino”, the "optionally substituted C; 7 cycloalkylsulfonyl”, the
"optionally substituted Cs scycloalkylsulfonylamino”, the "optionally substituted Cs_7 cycloalkyl-
C,4 alkylcarbonyl”, the "optionally substituted C;; cycloalkoxy”, the "optionally substituted
Cs.7 cycloalkoxycarbonyl”, the "optionally substituted C;7 cycloalkylcarbonylamino”, the
"optionally substituted 4- to 7-membered cyclic amino", the "optionally substituted 4- to 7-
membered cyclic aminocarbonyl”, the "optionally substituted 4- to 7-membered cyclic
aminosulfonyl”, the "optionally substituted 4- to 7-membered cyclic aminocarbonyloxy"”, the
"optionally substituted 4- to 7-membered cyclic aminocarbonylamino”, the "optionally substituted
4- to 7-membered cyclic aminosulfonylamino”, the "optionally substituted saturated heterocycle",
the "optionally substituted saturated heterocyclic C;4 alkyl", the "optionally substituted saturated
heterocyclic carbonyl"”, the "optionally substituted saturated heterocyclic sulfonyl”, the "optionally
substituted saturated heterocyclic sulfonylamino”, the "optionally substituted saturated
heterocyclic oxy", the "optionally substituted saturated heterocyclic carbonylamino”, the
"optionally substituted saturated heterocyclic oxycarbonyl”, and the "optionally substituted
saturated heterocyclic oxycarbonylamino” are groups selected from the above (a) to (aa), etc.
[0156] Preferable ones include:

(a) halogen,

(b) cyano,

(©) hydroxy,

) C, alkoxy.

[0157] Substituents of the "optionally substituted Cq.1o aryl" defined except in Ar' and Ar?, the
"optionally substituted C7.14 aralkyl", the "optionally substituted C7.14 aralkyloxy", the "optionally
substituted Cg 19 arylcarbonyl, the "optionally substituted C¢ 19 aryloxy", the "optionally substituted
Ce.10 arylsulfonyl”, the "optionally substituted Ce 1o arylsulfonylamino”, the "optionally substituted
Ce.10 arylcarbonylamino”, the "optionally substituted heteroaryl" defined except in Ar'and Ar?, the
"optionally substituted heteroaryl-C;4 alkyl", the "optionally substituted heteroaryloxy"”, the
"optionally substituted heteroarylcarbonyl”, the "optionally substituted heteroarylsulfonyl"”, the
"optionally  substituted heteroarylsulfonylamino”, and the “optionally substituted
heteroarylcarbonylamino” are selected from:

(a2)  halogen,

(b2) cyano,

(c2) Cy¢alkyl,

(d2)  C;, alkylsulfonyl (in which the group may be optionally substituted by:
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(d21) halogen,

(d22) hydroxy,

(d23) C, alkoxy,

(d24) C;7 cycloalkyl,

(d25) (5 cycloalkoxy,

(d26) di-C,¢ alkylamino,

(d27) 4- to 7-membered cyclic amino, or

(d28) saturated heterocycle),
(e2)  C;.7 cycloalkylsulfonyl (in which the group may be optionally substituted by C;_¢ alkyl),
(ee2) Ce.10 arylsulfonyl (in which the group may be optionally substituted by C; ¢ alkyl),
(f2)  saturated heterocyclic sulfonyl (in which the cycle may be optionally substituted by
halogen, or C ¢ alkyl),
(ff2)  heteroarylsulfonyl (in which the heteroaryl may be optionally substituted by halogen, or
Cy¢ alkyl),
(g2) amino (in which the amino may be optionally substituted by same or different 1 to 2
groups selected from the group consisting of the above (h1) to (h9)),
(hh2) aminosulfonyl (in which the amino may be optionally substituted by same or different 1 to
2 Cy6 alkyl (in which the alkyl may be optionally substituted by halogen, hydroxy, C.¢ alkoxy, or
di-C,_¢ alkylamino)),
(ii2)  4-to 7-membered cyclic amino (in which the cycle may be optionally substituted by the
above (il) to (il0)),
(jj2)  aminocarbonyl (in which the amino may be optionally substituted by same or different 1 to
2 groups selected from the group consisting of the above (hl) to (h9)),
(k2)  4-to7-membered cyclic aminocarbonyl (in which the cycle may be optionally substituted
by the above (il) to (il0)),

(12)  4- to 7-membered saturated heterocycle (in which the heterocycle may be optionally
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substituted by the above (il) to (i10)),

(m2) carboxyl, ’

(n2) Ci¢alkoxy (in which the group may be optionally substituted by the above (j1) to
(G12)),

(02) Ci¢cycloalkoxy,

(p2) 4- to 7-membered saturated heterocyclic oxy (in which the heterocycle may be
optionally substituted by the above (i1) to (110)),

(q2) Cy.isaralkyloxy,

(12) C,s alkoxycarbonyl (in which the group may be optionally substituted by the above
(1) to (12)),

(s2)  Cis alkylcarbonylamino (in which the amino may be optionally substituted by Ci.c
alkyl, and the alkyl may be optionally substituted by the above (a) to (aa)),

(t2)  Ciz cycloalkylcarbonylamino (in which the amino may be optionally substituted by
Ci¢alkyl),

(u2) Cis cycloalkyl-C.4 alkylcarbonylamino (in which the amino may be optionally
substituted by Ci.¢ alkyl),

(v2)  5- or 6-membered monocyclic heteroarylcarbonylamino (in which the amino may be
optionally substituted by C,.¢ alkyl),

(w2) 4-to 7-membered saturated heterocyclic carbonylamino (in which the amino may be
optionally substituted by C;.¢ alkyl, and the heterocycle fnay be optionally substituted by the
above (i1) to (i10)),

(x2) mono- or di-C; alkyla_minocarbonylamiho (in which the amino may be optionally
substituted by C.s alkyl),

(y2) Cisalkoxycarbonylamino (in which the amino may be optionally substituted by Ci.
alkyl, and the alkoxy may be optionally substituted by the above (j1) to (j12)),

(2) Ceoaryl, |

(aa2) S- or 6-membered monocyclic heteroaryl, and

(aa2) Cis alkylthio (in which the group may be optionally substituted by the above (j1) to
(j12)), etc.

[0158] Preferable one includes:

(a2) halogen,

(b2) cyano,

(c2) Cisalkyl,

(d2) Cisalkylsulfonyl (in which the group may be optionally substituted by:
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(d21) halogen), _
(ee2) Ceparylsulfonyl (in which the group may be optionally substituted by C,.¢ alkyl),
(f2)  saturated heterocyclic sulfonyl (in which the heterocycle may be optionally substituted
by halogen, or Cy.¢ alkyl),
(ff2)  heteroarylsulfonyl (in which the ring may be optionally substituted by halogen, or C;.6
alkyl),
(hh2) aminosulfonyl (in which the amino may be optionally substituted by same or different
1 to 2 Cy¢alkyl),
(5j2) aminocarbonyl (in which the amino may be optionally substituted by same or different
1 to 2 groups selected from the group consisting of the above (hl) to (h9)),
(k2) 4- to 7-membered cyclic aminocarbonyl (in which the cycle may be optionally
substituted by the above (i1) to (110)),
(12)  4- to 7-membered saturated heterocycle (in which the heterocycle may be optionally
substituted by the above (i1) to (110)),
(n2) C,salkoxy (in which the group may be optionally substituted by the above (j1) to
(12)),
(02) C,¢cycloalkoxy,
(p2) 4- to 7-membered saturated heterocyclic oxy (in which the heterocycle may be
optionally substituted by the above (i1) to (110)),
(q2) Crisaralkyloxy,
(z2) Cepoaryl,
(aa2) 5- or 6-membered monocyclic heteroaryl, and
(aa2) Ci¢alkylthio (in which the group may be optionally substituted by the above (j1) to
(j12)), etc.
[0159] The phrase “R' and R'® may combine each other together with the carbon atom to
which they bind to form C;7 cycloalkyl ring, or saturated heterocycle” means that Ring Q is,
for example, the following formulae (a-8) to (a-15), etc.
[0160]
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[0161] Preferable R*, R'™ and R'® in the present invention each include, same or different,
hydrogen, hydroxyl, halogen, cyano, Cis alkyl (in which the group may be optionally
substituted by one or more and same or different groups selected from hydroxyl, cyano, and
halogen), Ce 10 aryl (in which the group may be optionally substituted by one or more and
same or different groups selected from hydroxyl, cyano, halogen, and C, alkyl), heteroaryl
(in which the group may be optionally substituted by one or more and same or different
groups selected from hydroxyl, cyano, halogen, and Cis alkyl), saturated heterocycle (in
which the group may be optionally substituted by one or more and same or different groups
selected from hydroxyl, cyano, halogen, Cysalkyl, Cy.¢alkylcarbonyl, and Cy.¢alkylsulfonyl),
Ci.s alkoxy (in which the group may be optionally substituted by one or more and same or
different groups selected from hydroxyl, cyano, and halogen), C;¢ alkylcarbonyloxy (in which
the group may be optionally substituted by one or more and same or different groups selected
from hydroxyl, cyano, and halogen), aminocarbonyloxy (in which the group may be
optionally substituted by one or two and same or different groups selected from C,.¢ alkyl), or
4- to 7-membered cyclic aminocarbonyloxy. Alternatively, R' and R'® may combine each
other together with the carbon atom to which they bind, and in that case, Ring Q is a group of

formula (a-11) or (a-12).
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[0162] Preferably R R® and R in the present invention each include, same or different,
hydrogen, hydroxyl, halogen, cyano, C, ¢ alkyl (in which the group may be optionally substituted
by one or more and same or different groups selected from hydroxyl, cyano, and halogen), C; ¢
alkoxy (in which the group may be optionally substituted by one or more and same or different
groups selected from hydroxyl, cyano, and halogen), heteroaryl (in which the group may be
optionally substituted by one or more and same or different groups selected from hydroxyl, cyano,
halogen, and C,¢ alkyl), or saturated heterocycle (in which the group may be optionally
substituted by one or more and same or different groups selected from hydroxyl, cyano, halogen,
C1 alkyl, C1 alkylcarbonyl). Alternatively, R® and R™ may combine each other together with
the carbon atom to which they bind, and in that case, Ring Q is a group of formula (a-11) or
(a-12).

[0163] When Ar'in the present invention is optionally substituted Cg.jo aryl or optionally
substituted heteroaryl, substituents are one or more and same or different groups selected from the
group consisting of halogen atom, hydroxyl, cyano, C, ¢ alkyl and C; ¢ alkoxy.

[0164] When Arin the present invention is optionally substituted Cg.jo aryl or optionally
substituted heteroaryl, substituents which are optionally substituted on the carbon atoms in the
group are one or more and same or different groups selected from the group consisting of
hydroxyl, halogen atom, cyano, carboxyl, optionally substituted amino, optionally substituted C;¢
alkyl, optionally substituted Cs; cycloalkyl, optionally substituted Cs;; cycloalkyl-C,4 alkyl,
optionally substituted Cr.j4 aralkyl, optionally substituted heteroaryl-C;4 alkyl, optionally
substituted saturated heterocyclic C;4 alkyl, optionally substituted Ce 19 aryl, optionally substituted
heteroaryl, optionally substituted saturated heterocycle, optionally substituted C;4 alkoxy,
optionally substituted C;¢ alkylthio, optionally substituted C;; cycloalkoxy, optionally
substituted Ce.10 aryloxy, optionally substituted heteroaryloxy, optionally substituted saturated
heterocyclic oxy, optionally substituted C;¢ alkylcarbonylamino, optionally substituted
Cs.7 cycloalkylcarbonylamino, optionally substituted Cg.;9 arylcarbonylamino, optionally
substituted heteroarylcarbonylamino, optionally substituted saturated heterocyclic carbonylamino,
optionally substituted Cis alkoxycarbonylamino, optionally substituted
Cs.cycloalkoxycarbonylamino, optionally substituted saturated heterocyclic oxycarbonylamino,
optionally substituted aminocarbonylamino, optionally substituted aminosulfonylamino, optionally
substituted C; alkylcarbonyl, optionally substituted C;; cycloalkylcarbonyl, optionally
substituted Cs 7 cycloalkyl-C; 4 alkylcarbonyl, optionally substituted Cq. o arylcarbonyl, optionally
substituted heteroarylcarbonyl, optionally substituted saturated heterocyclic carbonyl, optionally
substituted C;4 alkoxycarbonyl, optionally substituted C;; cycloalkoxycarbonyl, optionally

substituted saturated heterocyclic oxycarbonyl, optionally substituted aminocarbonyl, optionally
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substituted C,¢ alkylsulfonyl, optionally substituted C;.; cycloalkylsulfonyl, optionally substituted
Ce.10 arylsulfonyl, optionally substituted heteroarylsulfonyl, optionally substituted saturated
heterocyclic sulfonyl and optionally substituted aminosulfonyl,

substituents which are optionally substituted on the nitrogen atoms in the group are one or
more and same or different groups selected from the group consisting of optionally substituted C; ¢
alkyl, optionally substituted Cs.; cycloalkyl, optionally substituted Cs.; cycloalkyl-C,4 alkyl,
optionally substituted saturated heterocyclic C;4 alkyl, optionally substituted Ce.;9 aryl, optionally
substituted heteroaryl, optionally substituted saturated heterocycle, optionally substituted C;
alkylcarbonyl, optionally substituted Cs7 cycloalkylcarbonyl, optionally substituted
Cs.7 cycloalkyl-C;_4 alkylcarbonyl, optionally substituted C;¢ alkoxycarbonyl, optionally
substituted Cs_; cycloalkoxycarbonyl, optionally substituted saturated heterocyclic oxycarbonyl,
optionally substituted Cg.1o arylcarbonyl, optionally substituted heteroarylcarbonyl, optionally
substituted saturated heterocyclic carbonyl, optionally substituted aminocarbonyl, optionally
substituted C,_¢ alkylsulfonyl, optionally substituted C;_; cycloalkylsulfonyl, optionally substituted
Ce.10 arylsulfonyl, optionally substituted heteroarylsulfonyl, optionally substituted saturated
heterocyclic sulfonyl and optionally substituted aminosulfonyl.
[0165] When Ar’in the present invention is a group of formulae (c-1) to (c-19), preferable
substituents of the carbon atoms in the group include one or more and same or different groups
selected from the group consisting of hydroxyl, halogen, cyano, C; ¢ alkyl (in which the group may
be optionally substituted by one or more and same or different groups selected from hydroxyl,
cyano, and halogen), Ce_19 aryl (in which the group may be optionally substituted by one or more
and same or different groups selected from hydroxyl, cyano, halogen, and C, 4 alkyl), C, ¢ alkoxy
(in which the group may be optionally substituted by one or more and same or different groups
selected from hydroxyl, cyano, halogen, and C.¢ alkyl), C;_¢ alkylthio (in which the group may be
optionally substituted by one or more and same or different groups selected from hydroxyl, cyano,
halogen, and C¢ alkyl), Cs7 cycloalkyl (in which the group may be optionally substituted by one
or more and same or different groups selected from hydroxyl, cyano, halogen, and C;¢ alkyl),
heteroaryl (in which the group may be optionally substituted by one or more and same or different
groups selected from hydroxyl, cyano, halogen, and C,.¢ alkyl), saturated heterocycle (in which the

group may be optionally
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substituted by one or more and same or different groups selected from hydroxyl, cyano,
halogen, C,.¢ alkyl, C,.¢ alkylcarbonyl, and C,. alkylsulfonyl), aminocarbonyl (in which the
group may be optionally substituted by one or two and safne or different groups selected from
Ci alkyl), 4- to 7-membered cyclic aminocarbonyl, C,.¢ alkylcarbonylamino (in which the
group may be optionally substituted by one or more and same or different groups selected
from hydroxyl, cyano, and halogen), C.¢ alkylsulfonyl (in which the group may be optionally
substituted by one or more and same or different groups selected from hydroxyl, cyano, and
halogen), Cs.10 arylsulfonyl (in which the group may be optionally substituted by one or more
and same or different groups selected from hydroxyl, cyano, halogen, and C,. alkyl), Ci.¢ -
alkylcarbonyl (in which the group may be optionally substituted by one or more and same or
different groups selected from hydroxyl, cyano, and halogen), Ci. alkylcarbonylamino (in
which the group may be optionally substituted by one or more and same or different groups
selected from hydroxyl, cyano, and halogen) and C,.¢ alkylaminocarbonylamino (in which the
group may be optionally substituted by one or more and same or different groups selected
from hydroxyl, cyano, and halogen).

Preferable substituents of NH in the groups of formulae (c-1) to (c-19) include a group

selected from the group consisting of Cy alkyl (in which the group may be optionally

substituted by one or more and same or different groups selected from hydroxyl, cyano, and
halogen), Ce.10 aryl (in which the group may be optionally substituted by one or more and
same or different groups selected from hydroxyl, cyano, halogen, and C,s alkyl), C;;
cycloalkyl (in which the group may be optionally substituted by one or more and same or
different groups selected from hydroxyl, cyano, halogen, and Cy¢alkyl), heteroaryl (in which
the group may be optionally substituted by one or more and same or different groups selected
from hydroxyl, cyano, halogen, and C.¢ alkyl), saturated heterocycle (in which the group may
be optionally substituted by one or more and same or different groups selected from hydroxyl,
cyano, halogen, Cy¢ alkyl, C; alkylcarbonyl, and C;s alkylsulfonyl), aminocarbonyl (in
which the group may be optionally substituted by one or two and séme or different groups
selected from C;¢ alkyl), 4- to 7-membered cyclic aminocarbonyl, C;. alkylsulfonyl (in
which the group may be optionally substituted by one or more and same or different groups
selected from hydroxyl, cyano, and halogen), Ce.1o arylsulfonyl (in which the group may be
optionally substituted by one or more and same or different groups selected from hydroxyl,
cyano, halogen, and C,.¢alkyl), and C,.alkylcarbonyl (in which the group may be optionally
substituted by one or more and same or different groups selected from hydroxyl, cyano, and

halogen).
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[0166] When Ar® in the present invention is a group of formulae (c-1) to (c-19), preferable
substituents of the carbon atoms in the group include one or more aﬁd same or different
groups selected from the group consisting of hydroxyl, halogen, cyano, Ci. alkyl (in which
the group may be optionally substituted by one or more and same or different groups selected
from hydroxyl, cyano, and halogen), C alkoxy (in which the group may be optionally
substituted by one or more and same or different groups selected from hydroxyl, cyano,
halogen, and C. alkyl), C;.¢ alkylthio (in which the group may be optionally substituted by
one or more and same or different groups selected from hydroxyl, cyano, halogen, and Ci.6
alkyl), Ce.10aryl (in which the group may be optionally substituted by one or more and same
or different groups selected from hydroxyl, cyano, halogen, and Ci¢ alkyl), heteroaryl (in
which the group may be optionally substituted by one or more and same or different groups
selected from hydroxyl, cyano, halogen, and C,¢ alkyl), and saturated heterocycle (in which
the group may be optionally substituted by one or more and same or different groups selected
from hydroxyl, cyano, halogen, C,. alkyl, Ci¢alkylcarbonyl, and C,.s alkylsulfonyl).
Preferable substituents of NH in the groups of formulae (c-1) to (c-19) include a group
selected from the group consisting of C;¢ alkyl (in which the group may be optionally
substituted by one or more and same or different groups selected from hydroxyl, cyano, and
halogen), Cs.; cycloalkyl (in which the group may be optionally substituted by one or more
and same or different groups selected from hydroxyl, cyano, halogen, and C; alkyl), Ce.10
aryl (in which the group may be optionally substituted by one or more and same or different
groups selected from hydroxyl, cyano, halogen, and C,.¢ alkyl), heteroaryl (in which the group
may be optionally substituted by one or more and same or different groups selected from
hydroxyl, cyano, halogen, and C,. alkyl), saturated heterocycle (in which the group may be
optionally substituted by one or more and same or different groups selected from hydroxyl,
cyano, halogen, Ci.s alkyl, C,. alkylcarbonyl, and C,.s alkylsulfonyl), C;. alkylcarbonyl (in
which the group may be optionally substituted by one or more and same or different groups
selected from hydroxyl, cyano, and halogen), C.¢ alkylsulfonyl (in which the group may be
optionally substituted by one or more and same or different groups selected from hydroxyl,
cyano, and halogen), and Cq.1o arylsulfonyl (in which the group may be optionally substituted
by one or more and same or different groups selected from hydroxyl, cyano, halogen, and Ci.6
alkyl).
[0167] A pharmaceutically acceptable salt includes, for example, a salt with a mineral acid
such as hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid; a salt with an

organic carboxylic acid such as formic acid, acetic acid, fumaric acid, maleic acid, oxalic acid,
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citric acid, malic acid, tartaric acid, aspartic acid, glutamic acid; a salt with sulfonic acid such
as methanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid,
hydroxybenzenesulfonic acid, dihydroxybenzenesulfonic acid; alkali metal salt such as
sodium salt, potassium salt; alkaline-earth metal salt such as calcium salt, magnesium salt;
ammonium salt; triethylamine salt, pyridine salt, picoline salt, ethanolamine salt,
dicyclohexylamine salt, a salt with N,N’-dibenzylethylenediamine, etc.

[0168] Preferable one includes a salt with hydrochloric acid, hydrobromic acid, sulfuric acid,
acetic acid, fumaric acid, maleic acid, oxalic acid, methanesulfonic acid, benzenesulfonic acid,
p-toluenesulfonic acid.

[0169] The present compound (1) and a pharmaceutically acceptable salt thereof may be
hydrate, or a solvate such as ethanolate, and the hydrate and/or the solvate are also included in
the present compound.

[0170] The present compound (1) has stereoisomers, tautomers and/or optical isomers. The
present invention includes a mixture of these isomers and an isolated isomer.

[0171] The présent compound (1) may be synthesized from known compounds according to a
combination of known synthetic methods, but for example, it may be also synthesized by
Preparation a) of the following scheme.

Preparation a)

[0172]

[Chemical Formula 22]

[°] \ / \ 3
o [5] y W ArZ/W\fHO W
“ A
N @'j“"wo @44\,@ —BEL o

(8] (7 (2] (1]
[In the scheme, Ar', Ar%, Q, V, W! W3 have the same meanings as defined above. P is a
protective group of amino group. nis 0, 1 or 2.]
[0173] A compound of formula [1] may be prepared by reacting diamine of formula [2] with
carboxylic acid of formula [3], for example in the presence of a condensing agent, in an inert

solvent at room temperature or under heating, or by reacting the diamine with acid halide or

acid anhydride corresponding to the carboxylic acid of formula [3] in the presence of a base in

an inert solvent at room temperature or under heating.
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[0174] As the condensing agent, a condensing agent such as dicyclohexylcarbodiimide (DCC),
diisopropylcarbodiimide (DIPC), 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide (WSC),
benzotriazol-1-yl-tris(dimethylamino)phosphonium hexafluorophosphide (BOP),
diphenylphosphonyl diamide (DPPA), N,N-carbonyldiimidazole (CDI), benzotriazol-1-yl-
N,N,N’,N’-tetramethyluronium hexafluorophosphide (HBTU) is, for example, used, and if
needed, an additive such as N-hydroxysuccinimide (HOSu), 1-hydroxybenzotriazole (HOBt),
3-hydroxy-4-oxo-3,4-dihydro-1,2,3-benzotriazine (HOOBt) may be, for example, added.
[0175] The solvent includes, for example, aromatic hydrocarbon solvent such as benzene,
toluene, xylene, ether solvent such as tetrahydrofuran, 1,4-dioxane, halogenated hydrocarbon
solvent such as dichloromethane, chloroform, 1,2-dichloroethane, amide solvent such as
dimethylformamide, dimethylacetamide, basic solvent such as pyridine, or a mixture thereof,
etc.

[0176] The base includes, for example, alkali carbonate (including cesium carbonate,
potassium carbonate, sodium carbonate, potassium bicarbonate, sodium bicarbonate), alkali
hydride (including sodium hydride, potassium hydride), alkali hydroxide (including
potassium hydroxide, sodium hydroxide), alkali alkoxide (including sodium ethoxide, sodium
tert-butoxide, potassium tert-butoxide), organic base (including N-methylmorpholine,
triethylamine, diisopropylethylamine, tributylamine, 1,8-diazabicyclo[5.4.0]undec-7-ene, 1,5-
diazabicyclo[4.3.0]non-5-ene, 1,4-diazabicyclo[5.4.0Jundec-7-ene, pyridine), preferably
potassium carbonate, potassium tert-butoxide, triethylamine, etc.

{0177] The diamine of formula [2] may be prepared by removing the protective group P on
the amino group in a compound of formula [4]. As the protective group which protects the
amino group, a conventional protective group used in the organic synthetic chemistry field
may be used, and the protective group may be introduced and removed according to the
conventional method (e.g., a method of T. W. Greene et al., Protective Groups in Organic
Synthesis 3rd edition, John Wiley & Sons, Inc., 2002).

[0178] The protective group of the amino group includes, for example, tert-butyloxycarbonyl,
etc. The protective group of the amino group may be removed by treating in the presence of
an acid such as hydrochloric acid, trifluoroacetic acid in a solvent such as aqueous
tetrahydrofuran, methylene chloride, chloroform, aqueous methanol.

[0179] A compound of formula [4] may be prepared by reacting a compound of formulé [6]
with a reducing agent in an inert solvent. The reducing agent includes, for example, lithium
aluminum hydride, or borane complex (including borane-dimethylsulfide complex or borane-

tetrahydrofuran complex), etc. The inert solvent includes, for example, tetrahydrofuran, 1,4-
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dioxane, or a mixture thereof, etc.
[0180] A compound of formula [6] may be prepared by reacting amine of formula [5] with |
carboxylic acid of formula [9] under a similar condition for a compound of formula [1].

[0181] A compound of formula [4] may be also prepared by reacting aldehyde of formula [7]
with amine of formula [5], for example in the presence of a reducing agent, in an inert solvent
at room temperature or under heating in a reductive amination reaction.

[0182] As the reducing agent, a reducing agent such as a complex hydride compound
including sodium triacetoxyborohydride, lithium aluminum hydride, sodium borohydride,
sodium cyanoborohydride, and diborane may be used. A reduction by sodium, sodium
amalgam, or zinc-acid, and an :electroly-tic reduction in which lead or platinum is used as an
anode may be also used. The solvent includes, for example, alcohol solvent such as methanol
and ethanol, ether solvent such as tetrahydrofuran, 1,4-dioxane, halogenated hydrocarbon
solvent such as dichloromethane, chloroform, 1,2-dichloroethane, or a mixture thereof.

[0183] A compound of formula [7] may be prepared by treating a primary alcohol of formula
[8] in an inert solvent in an oxidation reaction. The solvent includes halogen solvent
(including dichloromethane, dichloroethane, chloroform), N,N-dimethylformamide, ether
solvent (including diethylether, tetrahydrofuran, 1,4-dioxane), or a mixture thereof. A
preferable oxidation reaction is Swern oxidation, Dess-Martin oxidation, chromic acid
oxidation, activated manganese dioxide oxidation, and may be carried out according to a
method of literature (e.g., R. C. Larock et al., Comprehensive Organic Transformations 2nd
edition, John Wiley & Sons, Inc., 1999, or Chemical Society of Japan, Jikken Kagaku Koza
4th edition, Maruzen, 1993).

[0184] A compound of formula [8] may be prepared by reacting carboxylic acid of formula
[9] with a reducing agent in an inert solvent. The reducing agent includes, for example,
lithium aluminum hydride, or borane complex (including borane-dimethyl sulfide complex or
borane-tetrahydrofuran complex), etc. The inert solvent includes, for example,
tetrahydrofuran, 1,4-dioxane, or a mixture thereof, etc.

[0185] The carboxylic acid of formula [3] and the amine of formula [5] are known compound,
or may be synthesized from known compounds by a combination of known synthetic methods. .
[0186] A starting compound of formula [9] is known compound, or may be synthesized from
known compounds by a combination of known synthetic methods. For example, it rﬁay be
also synthesized by a method wherein the number of carbon atoms of carboxylic acid moiety
of N-protected proline is increased by treating with diazomethane or

trimethylsilyldiazomethane (e.g., a method of Y. Yamada et al., Chemical and pharmaceutical
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Bulletin, 2004, vol. 52, p 1082-1085), or by a method wherein allyl group of 2-allyl-N-
protected pyrrolidine is oxidatively cleaved (e.g., a method of C. Pousset et al., Tetrahedron
Asymmetry, 2004, vol. 15, p 3407-3412). A starting compound of formula [9] may be also
prepared by Preparation b) of the following scheme.

Preparation b)
[0187]
[Chemical Formula 23]
g 3 R 3
N n N n N n N n OH
Q oH — Q X —> Q)’H\CN —_— @4\”/
0o

(12] [11] [10] [0l
[In the scheme, Q, n, P have the same meanings as defined above. X is a leaving group.]
[0188] A compound of formula [9] may be prepared by hydrolysis of a compound of fomula
[10] under acidic or basic condition in an inert solvent at room temperature or under heating,
for example.
[0189] The acid includes, for example, hydrochloric acid, sulfuric acid, acetic acid, etc. The
base includes, for example, an inorganic base such as sodium hydroxide, potassium hydroxide.
The solvent includes, for exafnple, water, alcoholic solvent such as ethanol, methanol, ether
solvent such as tetrahydrofuran, 1,4-dioxane, basic sol\}ent such as pyridine, or a mixture
thereof, etc.
[0190] A compound of formula [10] may be prepared by reacting a compound of formula
[11] with cyanide in an inert solvent in the presence of an additive, if needed. The cyanide
includes, for example, potassium cyanide or sodium cyanide, etc. The reaction solvent
includes, for example, an inert solvent such as dimethylformamide or dimethyl sulfoxide.
The additive includes potassium iodide, sodium iodide, etc.
[0191] A compound of formula [11] may be prepared by converting hydroxyl of a compound
of formula [12] into a leaving group. A compound of formula [11] wherein the leaving group
is halogen (e.g., chlorine atom) is obtained by reacting a compound of formula [12] with
thionyl chloride in the presence of a base, if needed. The solvent includes, for example,
pyridine, tetrahydrofuran, methylene chloride, etc. The base includes, for example, pyridine,
etc. |
[0192] A compound of formula [11] wherein the leaving group is sulfonyloxy is obtained by
reacting a compound of formula [12] with sulfonyl chloride in the presence of a base, if

needed. The solvent includes, for example, pyridine, tetrahydrofuran, methylene chloride,
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chloroform, etc. The base includes, for example, triethylamine, etc. The sulfonyl chloride
includes, for example, alkylsulfonyl chloride such as methanesulfonyl chloride, arylsulfonyl
chloride such as tosyl chloride, benzenesulfonyl! chloride, etc.

[0193] A starting compound of formula [12] is known compound, or may be synthesized
from known compounds by a combination of known synthetic methods. For example, it may
be also prepared according to a synthetic reaction of cyclic amine via ring closure reaction
(e.g., amethod of H. Takahata et al., Tetrahedron Asymmetry, 1991, vol. 2, p 351-352, or A. L.
Meyers et al., The Journal of Organic Chemistry, 1996, vol. 61, p 2586-2587).

[0194] A starting compound of formula [3] of Preparation a) is known compound, or may be
synthesized from known cdmpounds by a combination of known synthetic methods. For
example, indole-2-carboxylic acid and azaindolecarboxylic acid, and an ester which can be
easily converted into the carboxylic acid may be synthesized according to Fisher method or
Reissert method which are known as a general synthetic method of indoles (e.g., a method of
JP;A-7-10839, JP-A-8-208602, or F. D. Marsh et al., Journal of the American Chemical
Society, 1965, vol. 87, p 3530-3531). 2H-Pyrazole-5-carboxylic acid and an ester which can
be easily converted into the carboxylic acid may be also synthesized according to a method of
X. Qi et al., Angewandte Chemie International Edition, 2007, vol. 46, p 3242-3244., A. F. C.
Flores et al., Synthesis, 2005, vol. 16, p 2744-2750., or W02006/33943, for example.

[0195] In the present compound or an intermediate thereof having a functional group
including amino, carboxy, hydroxyl, or oxo, any technique for protection and deprotection
may be used, if needed. A preferable protective group, protection techique and deprotection
techinique are described in the above Protective Groups in Organic Synthesis 3rd edition, etc.,
in detail.

[0196] A compound of formula [1] of the present invention, or an intermediate for preparing
the same may be purified by known methods. For example, it may be purified by column
chromatography (e.g., silica gel column chromatography, or ion-exchange column
chromatography), or recrystallization, etc. For example, as a solvent for the recrystallization,
alcohol solvent such as methanol, ethanol or 2-propanol, ether solvent such as diethylether,
ester solvent such as ethyl acetate, aromatic hydrocarbon solvent such as benzene or toluene,
ketone solvent such as acetone, hydrocarbon solvent such.as hexane, aprotic solvent such as
dimethylformamide or acetonitrile, water, or a mixture thereof may be used. Other
purification methods include a method of Jikken Kagaku Koza (Chemical Society of Japan,
Maruzen Co., Ltd.) vol. 1, etc.

[0197] A compound of formula [1] of the present invention having one or more asymmetric
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centers may be prepared by using starting compounds having asymmetric centers or by
introducing asymmetric centers in midstream according to the conventional method. For
example, optical isomers may be obtained by using optically active starting corﬁpounds, or by
an optical resolution in an appropriate step of preparation. The optical resolution may be
carried out by a diastereomer method in which a compound 6f formula [1] or an intermediate
thereof forms a salt with an optically active acid (e.g., monocarboxylic acid such as mandelic
acid, N-benzyloxyalanine, or lactic acid, dicarboxylic acid such as tartaric acid,
diisopropylidenetartaric acid or malic acid, or sulfonic acid such as camphorsulfonic acid or
bromocamphorsulfonic acid) in an inert solvent (e.g., alcoholic solvent such as methanol,
ethanol, or 2-propanol, ether solvent such as diethylether, ester solvent such as ethyl acetate,
hydrocarbon solvent such as toluene, or aprotic solvent such as acetonitrile, and a mixture
thereof), for example.

[0198] A compound of formula [1] or an intermediate thereof having acidic functional groups
such as carboxy may be prepared by forming a salt with optically active amine (e.g., organic
amines such as a-phenethylamine, kinin, quinidine, cinchonidine, cinchonine, strychnine).
[0199] The temperature to form a salt is selected from the range of room temperature to a
boiling point of a solvent. It is desired that a temperature is once raised around a boiling point
of a solvent in order to improve an optical purity. Yields of filtration of a precipitated salt
may be improved by cooling, if needed. A usage of an optically active acid or amine is in the
range of about 0.5 to about 2.0 equivalents to a substrate, and preferably, around 1 equivalent
is appropriate. A crystal may be also recrystallized in an inert solvent (e.g., alcoholic solvent
such as methanol, ethanol, 2-propanol, ether solvent such as diethylether, ester solvent such as
ethyl acetate, hydrocarbon solvent such as toluene, aprotic solvent such as acetonitrile, and a
mixture thereof) to give an optically active salt in a high purity, if needed. An optically
resolved salt may be also treated by an acid or a base in a conventional manner to give a free
body thereof, if needed.

[0200] The present compound may be orally or parenterally administered for use as a
pharmaceutical. Specifically, it may be orally administered in a conventional dosage form,
for example, in the form of powder, granule, tablet, capsule, syrup, suspension, or it may be
parenterally administered by injection, for example, in the form of solution, emulsion,
suspension. It may be also transdermally administered in the form of tape, or rectally
administered in the form of suppository. It may be- also administered by intravesical
instillation in the form of solution. The appropriate dosage forms may be prepared by

combining the present compound and a conventional acceptable carrier, excipient, binder,
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stabilizer, diluent, for example. In the injectable form, an acceptable buffer, solubilizing
agent, isotonic agent may be also added, for example. Dosage amounts and number of doses
vary depending on target diseases, conditions, ages or weights of subjects, dosage forms, for
example, and the present compound may be usually administered 0.1 to 2000 mg, preferably 1
to 200 mg, per a day to an adult in a single dose or several divided doses (e.g., 2 to 4 times).
[0201] The present compound has a high binding affinity to one or more receptor subtypes
among dopamine receptors such as dopamine D;, dopamine D,, dopamine D3, dopamine Dy,
serotonin receptors such as serotonin 5-HT14, serotonin 5-HT;, serotonin 5-HTg, serotonin 5-
HT,, adrenergic receptors such as ay, 0.

It has been already well known that there is a strong correlation between antagonistic
activities of D, receptor among dopamine receptor subtypes and activities for schizophrenia
(see P. Seeman, pharmacological Reviews, 1980, vol. 32, p 229). D, Receptor antagonistic
activities can particularly control positive symptoms of schizophrenia (e.g., hallucination,
delusion). It has been reported that serotonin S-HT, receptor antagonistic activities are
desirable to activities for schizophrenia (see P. A. Janssen et al., The Journal of pharmacology
and Experimental Therapeutics, 1988, vol. 244, p 685). 5-HT, Receptor antagonistic
activities may contribute to an impfovement for negative symptoms of schizophrenia (e.g.,
apathy, social withdrawal), and can reduce extrapyramidal symptoms which have been well

known as side effects of a therapeutic agent for schizophrenia.

[0202] Moreover, 5-HT¢ receptor antagonistic agent has been considered to be useful as a

therapeutic agent for, particularly, cognitive dysfunction in schizophrenia and Alzheimer’s
disease, and depression or anxiety disorder (see E. S. Mitchell et al, pharmacology &
Therapeutics, 2005, vol. 108, p 320-333, etc.), as well as for obesity and metabolic diseases
(see D. J. Heal et al,, pharmacology & Therapeutics, 2008, vol. 117, p 207-231). Thus,
compounds having high binding affinities to these receptors are expected to show high
effectiveness against positive symptoms and negative symptoms as well as cognitive
dysfunction of schizophrenia. On the other hand, adrenaline o; receptor antagonistic activities
are considered to be involved in side-effects expression in a conventional therapeutic agent
for schizophrenia including oversedation and orthostatic hypotension, and dissociation of said
activities may be expected to reduce side effects via o, receptor antagonistic activities.

[0203] Therefore, the present compound has, for example, therapeutic activities for

- schizophrenia, improvement activities of cognition function, antidepressant activities,

antianxiety effects, etc., and particularly, is useful as a therapeutic agent for schizophrenia,

bipolar disorder, mania, major depression, mood disorder, anxiety disorder, eating disorder,
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attention-deficit hyperactivity disorder, dementia and associated symptoms thereof, etc.

EXAMPLES
[0204] Mass spectrometry data of Examples 1-8 are shown in Table 1.
[0205]
[Table 1]
Ex. M1 Ex. Mo
STRUCTURE (% STRUCTURE (%
N ] |N i
0. Intensity) 0. Intensity}
o ' NH
Yo 462 Mo O/[Q 472
1 HSC%,@\,Q)K@\F 100% | | ° “3°J©fﬂ\&m~ " | 100%
-0
Lo | gs7 o Oi@ 475
2 | e A 100% | | © “30%«.‘@ " | 100%
E NH
3 | el Cf% as [ || Ty NS | s
g H O N_oe~UN 1 100% H[Nj““\\/N 100%
J 0
N-S HaC
. o AP 500 ||| e (% | 456
(ojg/\)LO_ﬂ\\\,N\) v 100% H @..M\,N 100%
_ 0

Synthetic procedures are as follows.
[0206]
Example 1
(S)-(2-(2-(4-(4-Fluorobenzoyl)piperidin-1-yl)ethyl)pyrrolidin-1-yl)(6-methyl-1H-indol-2-
yl)methanone
[0207]
[Chemical Formula 24]

0
HsC . o m
N

To a solution of intermediate 1 (0.45 g, 1.20 mmol) and 6-methylindole-2-carboxylic
acid (0.21 g, 1.20 mmol) in dimethylformamide (4.00 mL) were added triethylamine (0.85
mL, 1.32 mmol) and HBTU (0.50 g, 1.32 mmol). After.stirring for 15 hours at room
temperature, to the mixture were added water and ethyl acetate, and the aqueous layer was
extracted with ethyl acetate. The organic layer was washed with water and brine, .and then

dried over sodium sulfate, and concentrated under reduced pressure. The obtained residue




10

15

20

25

30

WO 2011/111875 53 _ PCT/JP2011/056497

was purified with silica gel column (chloroform/methanol = 98/2 to 85/15) to give the title
compound (0.37 g, 0.80 mmol, 67%).

MS (ESI+) 462 (M'+1, 100%)

'H-NMR (300 MHz, CDCly) & 9.18 (brs, 1H), 7.99-7.94 (m, 2H), 7.54 (d, 1H, I = 7.8Hz),
7.21 (brs, 1H), 7.21 (t, 2H, ] = 6.7Hz), 6.97 (d, 1H, J = 8.0Hz), 6.84 (brs, 1H), 4.41 (brs, 1H),
3.86-4.00 (m, 2H), 3.18-3.34 (m, 1H), 3.04-3.17 (m, 2H), 2.47-2.68 (m, 2H), 2.46 (s, 3H),
2.38-1.78 (m, 10H).

[0208]

Example 2

(S)-(2-(2-(4-(1H-Indazol-3-yl)piperazin-1-yl)ethyl)pyrrolidin-1-yl)(6-methyl- 1H-indol-2-
yl)methanone

[0209]

[Chemical Formula 25]

1
HsC N N

(e

The title compound was obtained by a similar procedure to Example 1 using
intermediate 8.
MS (ESI+) 457 (M'+1, 100%)

'H-NMR (300 MHz, CDCl;) § 9.29 (brs, 1H), 7.61-7.84 (m, 2H), 7.22 (brs, 1H), 7.04 (m, 3H),

6.84 (brs, 1H), 4.53-4.39 (m, 1H), 3.99-3.70 (m, 2H), 3.25-3.05 (m, 1H), 3.08-2.96 (m, 2H),
2.52 (s, 3H), 2.65-2.40 (m, 2H), 2.36-1.62 (m, 12H).

[0210]

Example 3
(S)-(2-(2-(4-(5-Fluoroindolin-1-yl)ethyl)pyrrolidin-1-yl)(6-methyl-1H-indol-2-yl)methanone
[0211]

[Chemical Formula 26]

e N
HaC N F

The title compound was obtained by the same procedure as Example 1 using
intermediate 9.
MS (ESI+) 475 (M'+1, 100%)
'H-NMR (300 MHz, CDCls) & 9.29 (brs, 1H), 7.84-7.61 (m, 2H), 7.22 (brs, 1H), 7.04 (m, 3H),
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6.95-6.88 (t, 1H, J = 6.0Hz), 6.23 (ddd, 1H, J = 12.0, 9.0, 3.0Hz), 3.78-3.68 (brs, 1H), 3.43 (d,
2H, J = 9.0Hz), 3.20-3.17 (m, 3H), 3.05-2.97 (m, 2H), 2.89 (t, 2H, J = 9.0Hz), 2.80 (s, 3H),
2.37 (brs, 2H), 2.04-1.82 (m, 12H).

[0212]

Example 4
(S,E)-3-(Benzo[d][1,3]-5-dioxoly!)-1-(3-(2-(4-(benzo[d]isothiazo-3-yl)piperazin-1-
ylethyl)piperidin-1-yl)-2-propen-1-one

[0213]

[Chemical Formula 27]
N-S
|

<o D/\j\ O‘\/ Q J\Q

The title compound was obtained by the same procedure as Example 1 using
intermediate 11.
MS (ESI+) 505 (M'+1, 100%)
'"H-NMR (300 MHz, CDCl3) § 7.77-7.50 (m, 2H), 7.08-6.98 (m, SH), 6.95-6.85 (m, 2H), 6.00
(brs, 2H), 3.96-3.89 (m, 4H), 3.50-3.35 (m, 4H), 3.05-2.86 (m, 6H), 2.20-1.58 (m, 11H).
[0214]
Exarﬁple 5
(S)-(2-(2-(4—(6-F1uoro-1H-indol-3-yl)piperidin-l-yl)ethyl)piperidin-l-yl)(6—methyl—1H-indol-
2-yl)methanone
[0215]
[Chemical Formula 28]

LIy (>
N
e H (Ny INGAY
MY F

The title compound was obtained by the same procedure as Example 1 using
intermediate 12.
MS (ESI+) 473 (M'+1, 100%)
"H-NMR (300 MHz, CDCls) & 9.24 (brs, 1H), 8.07 (brs, 1H), 7.59-7.50 (m, 2H), 7.22 (s, 1H),
7.05-6.83 (m, 2H), 4.51-4.39 (m, 1H), 4.00-3.72 (m, 2H), 3.27-3.00 (m, 2H), 2.88-2.75 (m,
1H), 2.70-2.52 (m, 2H), 2.47’(5, 3H), 2.40-1.65 (m, 12H).
[0216] |
Example 6
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(5)-(2-(2-(4-(6-Fluorobenzo[d]isoxazol-3-yl)piperidin-1-yl)ethyl)pyrrolidin-1-y1)(6-methyl-
1H-indol-2-yl)methanone
[0217]

[Chemical Formula 29]
N-©.

e |
N
H3C H Cj w~UN F

The title compound was obtained by the same procedure as Example 1 using
intermediate 13.
MS (ESI+) 475 (M'+1, 100%)
'H-NMR (300 MHz, CDCl) & 9.25 (brs, 1H), 7.66-7.71 (m, 1H), 7.55 (d, 1H, J = 9.0Hz),
7.22 (s, 1H), 7.04 (m, 3H), 6.84 (s, 1H), 4.53-4.39 (m, 1H), 4.02-3.70 (m, 2H), 3.25-2.98 (m,
3H), 2.47 (s, 3H), 2.65-2.40 (m, 2H), 2.36-1.92 (m, 10H), 1.90-1.59 (m, 2H).
[0218]
Example 7
(R)-(3-(2-(4-(1H-Indol-3-yl)piperidin-1-yl)ethyl)morpholino)(5-fluoro-1H-indol-2-
yl)methanone |
[0219]
[Chemical Formula 30]

F\mfo O%
H N~ N |
)

The title compound was obtained by the same procedure as Example 1 using
intermediate 59.
MS (ESI+) 475 (M'+1, 100%)
'H-NMR (300 MHz, CDCls) & 9.24 (brs, 1H), 8.10 (brs, 1H), 7.44-7.33 (m, 2H), 7.29-7.00 (m,
2H), 7.10-6.77 (m, 2H), 4.44-4.32 (m, 1H), 4.05-3.55 (m, 2H), 3.29-3.00 (m, 2H), 2.74-2.55
(m, 1H), 2.66-2.52 (m, 2H), 2.47 (s, 3H), 2.30-2.11 (m, 4H), 2.05-1.88 (m, 4H), 1.70-1.35 (m,
4H).
[0220]
Example 8 .
(5)-(2-(2-(4-(Benzofuran-3-yl)piperidin- 1 -yl)ethyl)pyrrolidin-1-yl)(5-methyl-1H-indol-2-

yl)methanone
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[0221]
[Chemical Formula 31]

HsC
Ty ¥
N
O

The title compound was obtained by the same procedure as Example 1 using
intermediate 14.
MS (ESI+) 456 (M'+1, 100%)
'H-NMR (300 MHz, CDCls) & 9.08 (brs, 1H), 7.77-7.39 (m, 2H), 7.25 (s, 1H), 7.15 (brs, 1H),
7.22-6.88 (m, 2H), 4.47 (brs, 1H), 4.11-3.54 (m, 2H), 3.21-2.88 (m, 2H), 2.70-2.44 (m, 4H),
2.48 (s, 3H), 2.27-2.10 (m, 4H), 1.98-1.80 (m, 2H), 1.73-1.60 (m, 2H), 1.50-1.32 (m, 4H).

Reference Example
[0222]

Intermediate 1
(S)-(4-Fluorophenyl)(1-(2-(pyrrolidin-2-yl)ethyl)piperidin-4-yl)methanone hydrochloride
[0223]

[Chemical Formula 32]
O

PUSRS!
NN F

U 2HCI

To a solution of intermediate 2 (10.4 g, 248 mmol) and 4-(4-fluorobenzoyl)-piperidine
hydrochloride (12.4 g 51.2 mmol) in tetrahydrofuran - (200 mL) was added sodium
triacetoxyborohydride (11.3 g, 53.6 mmol). After stirring for 3 hours at room temperature, to
the mixture were added saturated sodium bicarbonate water and ethyl acetate, and the aqueous
layer was extracted with ethyl acetate. The organic layer was washed with water and brine,
and then dried over sodium sulfate, and concentrated under reduced pressure. The obtained
residue was purified with silica gel column (chloroform/methanol = 98/2 to 90/10) to give a
Boc derivative of the title compound (19.7 g, 48.6 mmol, 99%).

MS (ESI+) 405 (M*+1, 100%)

To a solution of the obtained Boc derivative (19.7 g, 48.6 mmol) in methanol (200
mL) was added hydrochloric acid-dioxane solution (4N, 25.0 mL). The mixture was stirred
for 2 hours at 80°C. After concentrated under reduced pressure, to the mixture were added

ethyl acetate and water. The aqueous layer was adjusted to pH = 8-9 with aqueous sodium
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hydroxide solution, and extracted with ethyl acetate. To the organic layer was added 4N-
hydrochloric acid-dioxane solution (24 mL), and the mixture was concentrated under reduced
pressure to give the title compound (16.1 g, 42.8 mmol, 88%).

MS (ESI+) 305 (M'+1, 100%)

[0224]

Intermediate 2

(S)-tert-Butyl 2-(2-oxoethyl)pyrrolidine-1-carboxylate

[0225]

[Chemical Formula 33]

>|/O\I/O
(E]""“\CHO

To a solution of oxalyl chloride (0.33 mL, 3.80 mmol) in dichloromethane (10.0 mL)
was added a solution of dimethylsulfoxide (0.43 mL, 6.0 mmol) in dichloromethane (2.0 mL)
dropwise at -78°C. After stirring for 30 minutes, to the mixture was added a solution of
intermediate 3 (0.53 g, 2.5 mmol) in dichloromethane (2.0 mL) dropwise, and after additional
30 minutes, to the mixture was added triethylamine (1.8 mL, 13.0 mmol) dropwise. After
stirring for 2 hours at 0°C, to the mixture was added water, and the aqueous layer was
extracted with chloroform. The organic layer was washed with water and brine, and then
dried over sodium sulfate, and concentrated under reduced pressure. The obtained residue
was purified with silica gel column (chloroform/methanol = 98/2 to 90/10) to give the title
compound (0.50 g, 2.30 mmol, 93%).
MS (ESI+) 214 (M'+1, 100%)
[0226]
Intermediate 3
(S)-tert-Butyl 2-(2-hydroxyethyl)pyrrolidine-1-carboxylate
[0227] |
[Chemical Formula 34]
>‘/O\N(O

~"\_-OH

To a solution of intermediate 4 (0.57 g, 2.50 mmol) in tetrahydrofuran (10 mL) was

added borane-tetrahydrofuran-complex (1.0 M, 7.5 mL). After stirring for 17 hours at room

temperature, to the mixture was added methanol, and concentrated under reduced pressure.
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To the residue were added water and chloroform, and the aqueous layer was extracted with
chloroform. The organic layer was washed with water and brine, and then dried over sodium
sulfate, and concentrated under reduced pressure to give the title compound (0.53 g, 2.50
mmol, quant.). |
MS (ESI+) 230 (M'+1, 100%)
[0228]
Intermediate 4
(S)-2-(1-(tert-Butoxycarbonyl)pyrrolidin-2-yl)acetic acid
[0229]
[Chemical Formula 35]
XO\'\TO
()" coH

To a solution of intermediate 5 (35.2 g, 167 mmol) in methanol (167 mL) was added
aqueous sodium hydroxide solution (30%w/v, 167 mL), and heated to 100°C. After stirring
for 3 hours, the reaction solution was concentrated under reduced pressure. To the obtained
residue was added aqueous hydrochloric acid solution to adjust pH 4-5, and the aqueous layer
was extracted with ethyl acetate. The organic layer was washed with water and brine, and
then dried over sodium sulfate, and concentrated under reduced pressure to give the title
compound (28.8 g, 125 mmol, 75%).
MS (ESI+) 230 (M'+1, 100%)
[0230]
Intermediate 5
(S)-tert-Butyl 2-(cyanomethyl)pyrrolidine-1-carboxylate
[0231]
[Chemical Formula 36]
>‘/O\(O

C]““\\CN

To a solution of intermediate 6 (90.4 g, 255 mmol) in dimethylsulfoxide (255 mL) was
added sodium cyanide (16.2 g, 331 mmol), and heated to 100°C. After stirring for 4 hours, to
the mixture was added water, and the aqueous layer was extracted with ethyl acetate. The
organic layer was washed with water and brine, and then dried over sodium sulfate, and

concentrated under reduced pressure. The obtained residue was purified with silica gel
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column (hexane/ethyl acetate = 70/30 to 30/70) to give the title compound (35.2 g, 168 mmol,
66%). -
MS (ESI+) 211 (M*+1, 100%)
[0232]
Intermediate 6
(S)-tert-Butyl 2-(tosyloxymethyl)pyrrolidine-1-carboxylate
[0233] _
[Chemical Formula 37]
>rO\N(O
Q-*“‘\OTS

A solution of N-Boc-L-prolinol (51.2 g, 254 mmol) in dichloromethane (250 mL) was
cooled to 0°C, and thereto were added p-toluenesulfonylchloride (53.4 g, 280 mmol),
triethylamine (30.9 g, 42.6 mL, 305 mmol), and 4-dimethylaminopyridine (5.00 g, 40.9
mmol). After stirring overnight at room temperature, to the mixture was added water, and the
aqueous layer was extracted with ethyl acetate. The organic layer was washed with water and
brine, and then dried over sodium sulfate, and concentrated under reduced pressure. The
obtained residué was purified with silica gel column (hexane/ethyl acetate = 70/30 to 30/70)
to give the title compound (89.7 g, 250 mmol, 99%).
MS (ESI+) 356 (M'+1, 100%)
[0234]
Intermediate 7
(8)-tert-Butyl 2-(2-oxoethyl)piperidine-1-carboxylate
[0235]

[Chemical Formula 38]
o0._0

>y

o)

The title compound was synthesized by a similar procedure to intermediate 2.
[0236]
Intermediate 8
(S)-3-(4-2-(Pyrrolidin-2-yl)piperazin-1-yl)-1H-indazole
[0237]
[Chemical Formula 39]
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65
“‘\/ N \/’ /KQ

The title compound was obtained by a similar procedure to intermediate 1 using 3-
(piperazin-1-yl)-1H-indazole.
MS (ESI+) 300 (M*+1, 100%)
[0238]
Intermediate 9
(S)-5-Fluoro-1-(1-(2-(pyrrolidin-2-yl)ethyl)piperidin-4-yl)indoline
[0239]
[Chemical Formula 40]

N
N \\/O /b':
U

The title compound was obtained by a similar procedure to intermediate 1 using
intermediate 10.
MS (ESI+) 318 (M'+1, 100%)
[0240]
Intermediate 10
5-Fluoro-1-(piperidin-4-yl)indoline
[0241]

[Chemical Formula 41]

OO

To a solution of 5-fluoroindoline (1.0 g, 7.30 mmol) and N-Boc-4-piperidone (1.60 g,
7.50 mmol) in tetrahydrofuran (10.0 mL) was added sodium triacetoxyborohydride (1.80 g,
7.50 mmol). After stirring for 3 hours at room temperature, to the mixture were added
saturated sodium bicarbonate water and ethyl acetate, and the aqueous layer was extracted
with ethyl acetate. The organic layer was washed with water and brine, and then dried over
sodium sulfate, and concentrated under reduced pressure. The obtained residue was purified
with silica gel column (chloroform/methanol = 98/2 to 90/10) to give a Boc derivative of the
title compound. MS (ESI+) 321 (M'+1, 100%)

To a solution of the obtained Boc derivative in methanol (10.0 mL) was added

hydrochloric acid-dioxane solution (4N, 3.0 mL). After stirring for 2 hours at 70°C, the
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mixture was concentrated under reduced pressure, and ethyl acetate and water were added.
The aqueous layer was adjusted to pH = 8-9 with aqueous sodium hydroxide solution,
extracted with ethyl acetate, and concentrated under reduced pressure to give the title
compound (1.50 g, 6.81 mmol, 93%).

MS (ESI+) 221 (M'+1, 100%)

[0242]

Intermediate 11

(S)-3-(4-(2-(Piperidin-3-yl)ethyl)piperazin-1-yl)benzo[d]isothiazole

[0243]

[Chemical Formula 42]
N-S

(\

The title compound was obtained by a similar procedure to intermediate 18 using
intermediate 55.
MS (ESI+) 331 (M'+1, 100%)
[0244]
Intermediate 12
(S)-3-(1-(2-(Piperidin-2-yl)ethyl)piperidin-4-yl)- 1H-indole
[0245]
[Chemical Formula 43]

NH
Q/EQ
H
W N

The title compound was obtained by a similar procedure to intermediate 1 using
intermediate 7.
MS (ESI+) 312 (M'+1, 100%)
[0246]
Intermediate 13
(8)-5-Fluoro-3-(1-(2-(pyrrolidin-2-yl)ethyl)piperidin-4-yl)benzo[d]isoxazole
[0247]
[Chemical Formula 44]
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N-O

H !

F
The title compound was obtained by a similar procedure to intermediate 1.

MS (ESI+) 318 (M'+1, 100%)

[0248]

Intermediate 14

(S)-4-(Benzofuran-3-yl)-1-(2-(pyrrolidin-2-yl)ethyl)piperidine

[0249]

[Chemical Formula 45]

O
0 /

The title compound was obtained by a similar procedure to intermediate 1.
MS (ESI+) 299 (M'+1, 100%)
[0250]
Intermediate 15
(S)-6-Fluoro-3-(1-(2-(pyrrolidin-2-yl)ethy!)piperidin-4-yl)-1H-indazole
[0251] |

[Chemical Formula 46]
N-NH
I
H .‘\\\\\/ N F
Q,] .2HCI

The title compound was synthesized by a similar procedure to intermediate 1.
MS (ESI+) 317 (M'+1, 100%)
[0252]
Intermediate 16
(S)-6-Fluoro-3-(1-(2-(pyrrolidin-2-yl)ethyl)piperidin-4-yl)benzo[d]isoxazole
[0253]
[Chemical Formula 47]
N-O
/

Negs®

N
Q;j 2HCI

The title compound was synthesized by a similar procedure to intermediate 1.
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MS (ESI+) 318 (M'+1, 100%)

[0254]

Intermediate 17
(8)-6-Fluoro-3-(1-(2-(pyrrolidin-2-yl)ethyl)piperidin-4-yl)- 1H-indole hydrochloride
[0255]

[Chemical Formula 48]

l NH
H
N \/I\O/EQ\F

Q 2HCI

The title compound was synthesized by a similar procedure to intermediate 1.
MS (ESIH) 316 (M'+1, 100%)
[0256]
Intermediate 18
(8)-3-(1-(2-(Pyrrolidin-2-yl)ethyl)piperidin-4-yl)-1H-indole
[0257]
[Chemical Formula 49]

NH
OIQ
H .
N_-~_N

J

To a solution of intermediate 19 (500 mg, 1.30 mmol) in chloroform (10.0 mL) were
added methanol (10.0 mL) and 4N hydrochloric acid-dioxane solution (10.0 mL). After

stirring for 5 hours at room temperature, the mixture was concentrated under reduced pressure

to give the title compound (501 mg, 1.30 mmol, 86%).
MS (ESI+) 298 (M'+1, 100%),

'H-NMR (300 MHz, DMSO-dg) 5 10.8-9.2 (brm, 2H), 7.68 (d, 1H, ] = 7.5Hz), 7.34 (d, 1H, J

= 8.1Hz), 7.30-7.10 (m, 3H), 3.30-2.90 (m, 6H), 2.40-1.70 (m, 9H), 1.70-0.30 (m, SH).
[0258]

Intermediate 19

(S)-tert-Butyl 2-(2-(4-(1H-indol-3-yl)piperidin-1-yl)ethyl)pyrrolidine-1-carboxylate
[0259]

[Chemical Formula 50]

I NH
o @]
~ jjwﬁ/[@
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To a solution of intermediate 20 (0.60 g, 1.50 mmol) in tetrahydrofuran (10.0 mL) was
added borane-tetrahydrofuran solution (8.10 mL of 0.90 mol/L solution, 7.30 mmol) dropwise
for about 5 minutes. After stirring for a day at room temperature, the reaction solution was
ice-cooled and methanol (10.0 mL) was added dropwise. After warmed to room temperature,
the mixture was heated to reflux for additional 4 hours. After the reaction solvent was
evaporated under reduced pressure, to the obtained residue was added saturated aqueous
solution of sodium carbonate, and separated with ethyl acetate. The extracted organic layer
was washed with brine, and then dried over sodium sulfate, and concentrated under reduced
pressure. The obtained residue was purified with silica gel column (chloroform/methanol =
100/0 to 80/20) to give the title compound (0.50 g, 1.30 mmol, 86%).

MS (ESI+) 398 (M'+1, 60%)

'H-NMR (300 MHz, CDCl;) & 7.99 (brs, 1H), 7.63 (d, 1H, J = 7.5Hz), 7.34 (d, 1H, T = 7.8Hz)
7.20-7.05 (m, 2H), 6.96 (m, 1H), 3.90-2.70 (m, 6H), 2.50-2.30 (m, 2H), 2.20-1.30 (m, 21H).
[0260]

2

Intermediate 20

(S)-tert-Butyl 2-(2-(4-(1H-indol-3-yl)piperidin-1-yl)-2-oxoethyl)pyrrolidine-1-carboxylate
[0261]

[Chemical Fofmula 51]

INH
0 @]
<Y

To a solution of intermediate 4 (0.30 g, 1.30 mmol) and 3-piperidin-4-yl-1H-indole
(0.31 g, 1.30 mmol) in dimethylformamide (10.0 mL) were added triethylamine (0.55 mL,
3.90 mmol) and HBTU (0.54 g, 1.40 mmol). After stirring for a day at room temperature, to
the mixture were added water and ethyl acetate, and the aqueous layef was extracted with
ethyl acetate. The organic layer was washed with water and brine, and then dried over
sodium sulfate, and concentrated under reduced pressure. The obtained residue was purified
with silica gel column (hexane/ethyl acetate = 50/50 to 10/90) to give the title compound
(0.60 g, 1.30 mmol, 99%).
MS (ESI+) 412 (M'+1, 25%)
'H-NMR (300 MHz, CDCl3) & 8.14 (brs, 1H), 7.59 (d, 1H, J = 7.5Hz), 7.35 (d, 1H, J = 8.1Hz),
7.30-7.00 (m, 2H), 6.93 (m, 1H), 4.85-4.60 (m, 1H), 4.30-3.90 (m, 2H), 3.50-2.50 (m, 6H),
2.40-1.30 (m, 18H).
[0262]
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Intermediate 21
3-(1-(2-((2R,4R)-4-Methoxypyrrolidin-2-yl)ethyl)piperidin-4-yl) IH-indole
[0263] '

[Chemical Formula 52]

[ NH

Me05_7 2HCl

To a solution of intermediate 22 (40.0 mg, 0.07 mmol) in tetrahydrofuran (1.0 mL)
was added borane-tetrahydrofuran-complex (1.0 M, 0.17 mL). After stirring for 2 hours at
room temperature, to the mixture was added methanol, and stirred for 4 hours at 70°C. To the
mixture were added saturated sodium bicarbonate water and ethyl acetate, and the aqueous
layer was extracted with ethyl acetate. The organic layer was washed with water and brine,
and then dried over sodium sulfate, and concentrated under reduced pressure. The obtained
residue was purified with silica gel column (hexane/ethyl acetate = 80/20 to 20/80) to give a
Boc derivative of the title compound (26.0 mg, 0.05 mmol, 67%).
MS (ESI+) 528 (M'+1, 100%)

To a solution of the obtained Boc derivative (25.0 mg, 47.0 pumol) in methanol (1 mL)
was added hydrochloric acid-dioxane solution (4N, 0.20 mL). The mixture was stirred for 6
hours at 40°C and concentrated under reduced pressure to give the title compound.
MS (ESI+) 328 (M'+1, 100%) '
[0264]
Intermediate 22
tert-Butyl 3-(1-(2-((28,4R)-1(tert-butoxycarbonyl)-4-methoxypyrrolidin-2-
yl)acetyl)piperidin-4-yl)-1H-indole-1-carboxylate
[0265] |

[Chemical Formula 53]
o

o}
J ¢

|
0 (@]
Y
(o]
MeO

To a solution of intermediate 23 (85.0 mg, 0.16 mmol) in dimethylformamide (1.0
mL) were added sodium hydride (13.0 mg, 0.32 mmol) and methyl iodide (20 gL, 0.32 mmol).

After stirring for 30 minutes at room temperature, to the mixture were added saturated
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aqueous solution of ammonium chloride and ethyl acetate, and the aqueous layer was
extracted with ethyl acetate. The organic layer was washed with water and brine, and then
dried over sodium sulfate, and concentrated under reduced pressure. The obtained residue
was purified with silica gel column (hexane/ethyl acetate = 80/20 to 40/60) to give the title
compound (40.0 mg, 0.07 mmol, 46%).

MS (ESI+) 542 (M'+1, 100%)

[0266]
Intermediate 23

tert-Butyl 3-(1-(2-((2S,4R)-1-(tert-butoxycarbonyl)-4-hydroxypyrrolidin-2-yl)acetyl)-
piperidin-4-yl)-1H-indole-1-carboxylate

[0267]

[Chemical Formula 54]

I,\?_())(

o\fo
HO ©

To a solution of intermediate 24 (1.90 g, 3.60 mmol) in acetonitrile (20.0 mL) were
added di-tert-dibutylcarbonate (0.96 g, 4.40 mmol) and dimethylaminopyridine (45.0 mg,
0.36 mmol). After stirring for 80 minutes at 60°C, the mixture was concentrated under v
reduced pressure. The obtained residue was purified with silica gel column (hexane/ethyl
acetate = 80/20 to 30/70) to give a benzyl derivative of the title compound (2.14 g, 3.46 mmol,
94%). '

To a solution of the obtained benzyl derivative (2.14 g, 3.46 mmol) in ethanol (30.0
mL) was added palladium hydroxide (0.49 g, 0.68 mmol). The mixture was stirred for 2
hours at room temperature under hydrogen atmosphere. The palladium catalyst was filtered
off by Celite, and washed with ethyl acetate. The organic layer was concentrated under
reduced pressure, and the obtained residue was purified with silica gel column (hexane/ethyl
acetate = 80/20 to 10/90) to give the title compound (0.6 g, 1.14 mmol, 33%).
MS (ESI+) 528 (M'+1, 100%)
[0268]
Intermediate 24
(2S,4R)-tert-Butyl 2-(2-(4-(1H-indol-3-yl)piperidin-1-yl)-2-oxoethyl)-4-(benzyloxy)-

pyrrolidine-1-carboxylate



10

15

20

25

WO 2011/111875 7 PCT/JP2011/056497

[0269]
[Chemical Formula 55]

’NH
T
Y

BnO :
The title compound was synthesized by a similar procedure to intermediate 20 using

2-((2S,4R)-4-(benzyloxy)-1-(tert-butoxycarbonyl)pyrrolidin-2-yl)acetic acid.
MS (ESI+) 518 (M'+1, 100%)
[0270]
Intermediate 25
1-(4-(1H-Indol-3-yl)piperidin-1-y1)-2-((2S,4R)-4-(2-ethoxyethoxy)pyrrolidin-2-yl)ethanone
[0271]
[Chemical Formula 56]

NH
[
H
N N

N
O j

o

The title compound was synthesized by a similar procedure to intermediate 18 using
intermediate 26.
MS (ESI+) 386 (M'+1, 100%)

[0272]
Intermediate 26
tert-Butyl 3-(1-(2-((2S,4R)-1-(tert-butoxycarbonyl)-4-(2-ethoxyethoxy)pyrrolidin-2-yl)-
acetyl)piperidin-4-yl)-1H-indole-1-carboxylate
[0273]
[Chemical Formula 57]
o
VN
Yo O/EQ
~ O ©

The title compound was synthesized by a similar procedure to intermediate 22 using

intermediate 23.

MS (ESI+) 600 (M'+1, 100%)
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[0274]

Intermediate 27
(3R,5R)-5-(2-(4-(1H-Indo!-3-yl)piperidin-1-yl)ethyl)pyrrolidin-3-ylethyl carbamate
[0275]

[Chemical Formula 58]

NH
/
H
N NN

5—] 2HCI

0
EtHN
The title compound was synthesized by a similar procedure to intermediate 18 using
intermediate 28.
MS (ESI+) 385 (M'+1, 100%)
[0276]
Intermediate 28
tert-Butyl  3-(1-(2-((2S5,4R)-1 -(tert-butoxycarbonyl)-4-(ethylcarbamoyloxy)pyrrblidin—2-yl)—
acetyl)piperidin-4-yl)-1H-indole-1-carboxylate
[0277]
[Chemical Formula 59]

o,
| r\?/ 7\/
0. 0
<
Sy
0
0
=0
EtHN

The title compound was synthesized by a similar procedure to intermediate 22 using
intermediate 23.
MS (ESI+) 599 (M'+1, 100%)
[0278]
Intermediate 29 _
(3R,4R)-5-(2-(4-(1H-Indol-3-yl)piperidin-1-yl)ethyl)pyrrolidin-3-ol
[0279] |
[Chemical Formula 60]
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Intermediate 24 (0.70 g, 1.40 mmol) was reduced by a similar procedure to
intermediate 19, and subsequently, to a solution of the obtained benzyl derivative in ethanol
(30.0 mL) was added palladium hydroxide (0.50 g, 0.70 mmol). The mixture was stirred for 8
hours at 40°C under hydrogen atmosphere. The palladium catalyst was filtered off by Celite,
and washed with ethyl acetate. The organic layer was concentrated under reduced pressure,
and the obtained residue was purified with silica gel column (chloroform/methanol = 100/0 to
88/12) to give a de-benzyl derivative of the title compound (0.16 g, 0.39 mmol, 27% in 2
processes).
MS (ESI+) 414 (M'+1, 100%)

To a solution of the obtained de-benzyl derivative (0.16 g, 0.39 mmol) in methanol (5
mL) was added hydrochloric acid-dioxane solution (4N, 0.58 mL). The mixture was stirred
for 3 hours at room temperature, and then concentrated under reduced pressure to give the
title compound (0.17 g, 0.39 mmol, 99%).
MS (ESI+) 313 (M'+1, 100%)
[0280]
Intermediate 30
3-(1-((28,5R)-5-(Pyridin-3-yl)pyrrolidin-2-yl)ethyl)piperidin-4-yl)-1H-indole

[0281]
[Chemical Formula 61]
NH
SHS,
% H
\ .
'\Q'@ SN e

A solution of intermediate 31 (0.15 g, 0.50 mmol), 3-piperidin-4-yl-1H-indole (0.10 g,
0.50 mmol), HBTU (0.23 g, 0.60 mmol) and triethylamine (0.2 mL, 1.50 mmol) in
dimethylformamide (3.0 mL) was stirred overnight at room temperature. To the mixture was
added brine, and extracted 3 times with ethyl acetate. The organic layer was washed with
brine, dried over sodium sulfate, concentrated under reduced pressure, and purified with silica
gel column chromatography (chloroform/methanol = 20/1) to give a precursor of the title
compound (0.24 g, 0.50 mmol, 100%).
MS (ESI+) 489 (M'+1, 58%)
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The obtained precursor was dissolved in THF (1.5 mL), and a solution of borane-
tetrahydrofuran-complex in THF (1.0 M, 2.0 mL) was added. The mixture was stirred for 4
hours at 80°C, cooled to room temperature, and then methanol was added. After heated to
80°C again, the mixture was stirred for 1 hour. To the mixture was added 4N-hydrochloric
acid-dioxane solution (1 mL), and stirred for 1 hour at 80°C. After cooled to room
temperature, the mixture was concentrated under reduced pressure to give the title compound
(0.19 g, 0.44 mmol, 87%).

MS (ESI+) 375 (M+1, 100%)

[0282]

Intermediate 31
2-((2S,5R)-1-(tert-Butoxycarbonyl)-5-(pyridin-3-yl)pyrrolidin-2-yl)acetic acid
[0283]

[Chemical Formula 62]

O (_7 “‘\COOH

The title compound was synthesized (1.40 g, 4.70 mmol, 89%) by a similar procedure
to intermediate 4 using intermediate 32.
MS (ESI+) 308 (M'+1, 86%)
[0284]
Intermediate 32
(2S,5R)-tert-Butyl 2-(cyanomethyl)-5-(pyridin-3-yl)pyrrolidine-1-carboxylate
[0285]
[Chemical Formula 63]

SV

The title compound was synthesized (1.50 g, 5.30 mmol, 88%) by a similar procedure
to intermediate 5 using intermediate 33.
'H-NMR (CDCls) 8 1.19 (br, 9H), 1.94-2.03 (m, 1H), 2.03-2.12 (m, 1H), 2.22-2.31 (m, 1H),
2.33-2.41 (m, 1H), 2.94 (br, 2H), 4.19-4.25 (m, 1H), 4.70-4.80 (m, 1H), 7.28 (dd, J = 8.3Hz,
5.1Hz, 1H), 7.66 (br, 1H), 8.500 (s, 1H), 8.504 (dd, J = 4.9Hz, J = 1.5Hz, 1H)
[0286]

Intermediate .3 3
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(2R, 5S)-tert-Butyl 2-(pyridin-3-yl)-5-(tosyloxymethyl)pyrrolidine-1-carboxylate
[0287]
[Chemical Formula 64]

SN

Intermediate 34 was dissolved in THF (100 mL), and triethylamine (2.10 mL, 15.0
mmol) was added. To the mixture was added di-tert-butylcarbonate (2.60 g, 12.0 mmol), and
stirred for 2 hours at room temperature. After concentrated under reduced pressure, the
residue was dissolved in ethyl acetate, washed with brine, dried over sodium sulfate,
concentrated under reduced pressure, and purified with silica gel column chromatography
(chloroform/ethyl acetate = 4/1). The obtained compound was dissolved in ethanol (250 mL),
and cooled to 0°C. After calcium chloride (1.80 g, 16.0 mmol) was added and dissolved in
the solution, sodium borohydride (1.2 g, 33 mmol) was added. Afrer warmed to room
temperature, the mixture was stirred overnight. To the mixture was added aqueous potassium
carbonate solution (2 M, 65 mL), and concentrated under reduced pressure. The residue was
dissolvéd in water, and extracted with ethyl acetate. The organic layer was washed with brine,
dried over sodium sulfate, concentrated under reduced pressure, and then purified with silica
gel column chromatography. The obtained compound was dissolved in methylene chloride
(40.0 mL), and triethylamine (2.4 mL, 17.0 mmol) was added. To the mixture was added p-
toluenesulfonyl chloride (1.60 g, 8.40 mmol) at 0°C, and stirred for 15 hours at room
temperature. To the mixture was added water, and extracted with chloroform. The organic
layer was washed with brine, dried over sodium sulfate, and concentrated under reduced
pressure. The obtained residue was purified with silica gel column chromatography
(hexane/ethyl acetate = 1/3) to give the title compound (2.60 g, 6.00 mmol, 73% in 2
processes).

MS (ESI+) 433 (M'+1, 86%)
[0288] |

Intermediate 34

| (2S,5R)-Ethyl 5-(pyridin-3-yl)pyrrolidine-2-carboxylate

[0289]
[Chemical Formula 65]
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Intermediate 35 was dissolved in dioxane (20.0 mL), and 4N-hydrochloric acid-
dioxane solution (31.0 mL) was added, and the mixture was stirred overnight at room
temperature. After concentrated under reduced pressure, the residue was dissolved in water,
and ethyl acetate was added. After then, to the mixture was added saturated sodium
bicarbonate water, and the aqueous layer was adjusted to pH 10. The aqueous layer was
extracted with ethyl acetate, and the organic layer was washed with brine, dried over sodium
sulfate, and concentrated under reduced pressure. The residue was dissolved in isopropyl
alcohol (30.0 mL), and palladium/carbon (250 mg, 10%, 50%wet) was added, and the mixture
was stirred for 15 hours under hydrogen atmosphere. The insoluble matter was removed by
filtration using Celite, and the filtrate was concentrated under reduced pressure to give the
title compound (2.20 g, 9.80 mmol, 82%).

MS (ESI+) 221 (M"+1, 100%)

[0290]

Intermediate 35
(S)-Ethyl-2-(teft-butoxycarbonylamino)-5-0xo-5—(pyridin-3-yl)pentanate
[0291]

[Chemical Formula 66]

0
IS
%COOH
=

To a diethyl ether (75.0 mL) was added a solution of butyllithium ‘in hexane (1.6 M,
21.0 mL, 33.0 mmol), and a solution of 3-bromopyridine (5.20 g, 33.0 minol) in diethyl ether
(25.0 mL) was added dropwise for 20 minutes at -78°C, and the mixture was stirred for 1 hour.
Then, to the mixture was added a solution of N-Boc-(S)-ethyl pyroglutamate (5.60 g, 22.0
mmol) in diethyl ether (15.0 mL) dropwise at -78°C, stirred for 2 hours at -78°C, and stirred
for 2 hours at room temperature. The solution was cooled to 0°C, saturated aqueous solution
of ammonium chloride was added dropwise, and the aqueous layer was extracted with ethyl’
acetate. The organic layer was washed with brine, dried over sodium sulfate, concentrated
under reduced pressure, and purified with silica gel column chromatography (hexane/ethyl

acetate = 1/1) to give the title compound (3.80 g, 11.2 mmol, 51%).
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MS (ESI+) 337 (M*+1, 100%)

[0292]

Intermediate 36
3-(1-(2-(Azepan-2-ylethyl)piperidin-4-yl)-1H-indole
[0293]

[Chemical Formula 67]

Q/%
H
C)/VN

The title compound was obtained by a similar procedure to intermediate 1 using
intermediate 37.
MS (ESI+) 325 (M™+1, 100%)
[0294]

" Intermediate 37

tert-Butyl 2-(2-(4-(1H-indol-3 -yl)piperidin- 1-yDethyl)azepane-1-carboxylate
[0295]
[Chemical Formula 68]

~+ .
o\(o ;
@N@*@

To a solution of intermediate 38 in tetrahydrofuran (15.0 mL) was added borane-
tetrahydrofuran-complex (1.0 M, 12.0 mL). After the mixture was stirred for 17 hours at
room temperature, methanol was added, heated to 60°C, stirred for 5 hours, and then
concentrated under reduced pressure. To a solution of the obtained residue in tetrahydrofuran
(10.0 mL) were added di-tert-butylcarbonate (1.75 g, 8.00 mmol) and triethylamine (0.85 mL,
5.90 mmol). After stirring for 16 hours at room temperature, the mixture was concentrated
under reduced pressure. To the obtained residue were added water and ethyl acetate, and the
aqueous layer was extracted with ethyl acetate. The organic layer was washed with water and
brine, and then dried over éodium sulfate, and concentrated under reduced pressure. The
obtained restdue was purified with silica gel column (chloroform/methanol = 100/0 to 90/10)
to give the title compound (0.47 g, 1.12 mmol, 56%).

MS (ESI+) 426 (M'+1, 100%)
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[0296]

Intermediate 38
7-(2-(4-(1H-Indol-3-yl)piperidin-1-yl)-2-oxoethyl)azepan-2-one
[0297]

[Chemical Formula 69]

INH
1O
N N
OR:

The title compound was synthesized by a similar procedure to intermediate 20 using

o)

intermediate 39.

MS (ESI+) 354 (M*+1, 100%)
[0298]

Intermediate 39
2-(7-Oxazepan-2-yl)acetic acid
[0299]

[Chemical Formula 70]
H

OU\COZH

To a solution of intermediate 40 (0.66 g, 2.52 mmol) in methanol (30.0 mL) was
added palladium/carbon (0.30 g). The mixturé was stirred for 18 hours at room temperature
under hydrogen atmosphere. The palladium catalyst was filtered off by Celite, and washed
with ethyl acetate. The organic layer was concentrated under reduced pressure to give the
title compound (0.39 g, 2.27 mmol, 90%).
MS (ESI+) 173 (M'+1, 100%)
[0300]
Intermediate 40
Benzyl 2-(7-oxazepan-2-yl)acetate
[0301]
{Chemical Formula 71]

H
OUCOZBn

To a solution of intermediate 41 (3.12 g, 7.89 mmol) in methanol (50.0 mL) were
added palladium/carbon (1.50 g) and ammonium formate (5.00 g, 79.0 mmol). The mixture
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was stirred for 4 hours at 80°C. The palladium catalyst was filtered off by Celite, and washed
with ethyl acetate. The organic layer was concentrated under reduced pressure, and to the
obtained residue was added water, and then the aqueous layer was extracted with ethyl acetate.
The organic layer was washed with water and brine, and then dried over sodium sulfate, and
concentrated under reduced pressure. The obtained residue was purified with silica gel
column (chloroform/methanol = 100/0 to 90/10) to give the title compound (0.66 g, 2.52
mmol, 32%).

MS (ESI+) 262 (M'+1, 100%)

[0302]

Intermediate 41

Dibenzyl 2-(7-oxazepan-2-yl)malonate

[0303]

[Chemical Formula 72]

H COan
COsBn

To a solution of azepan-2-one (4.05 g, 35.8 mmol) and HMPA (250 mL) in
tetrahydrofuran (120 mL) was added N-butyllithium (30.0 mL, 47.4 mmol) dropwise at -78°C.
After stirring for 15 minutes, to the mixture was added a solution of N-tert-butyl
benzenesulfinimidoyl chloride (10.0 g, 46.3 mmol) in tetrahydrofuran (50.0 mL) dropwise,
stirred for additional 30 minutes, and then dibenzylmalonate (15.3 g, 53.7 mmol) was added
dropwise. After stirring for 15 hours at room temperature, the mixture was concentrated
under reduced pressure. To the obtained residue was added water, and the aqueous layer was
extracted with ethyl acetate. The organic layer was washed with water and brine, and then
dried over sodium sulfate, and concentrated under reduced pressure. The obtained residue
was purified with silica gel column (hexane/ethyl acetate = 90/10 to 30/70) to give the title
compound (5.86 g, 14.8 mmol, 41%).

[0304] |

Intermediate 42
5-(2-(4-(1H-Indol-3-yl)piperidin-1-yl)ethyl)-1,4-oxazepane
[0305]

[Chemical Formula 73]
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The title compound was obtained by a similar procedure to intermediate 1 using
intermediate 43.
MS (ESI+) 402 (M'+1, 100%)
[0306]
Intermediate 43
tert-Butyl 5-(2-(4-(1H-indol-3-yl)piperidin-1 -yl)ethyl)- 1,4-oxazepane-4-carboxylate
[0307]
[Chemical Formula 74]

! NH
° N/;KLQ
S

The title compound was synthesized by a similar procedure to intermediate 1 using
intermediate 44.
MS (ESI+) 428 (M'+1, 100%)
[0308]
Intermediate 44 _
tert-Butyl 5-(2-oxoethyl)-1,4-oxazepane-4-carboxylate
[0309] |
[Chemical Formula 75]

0. 0

he

N H
DL
(0]

To a solution of intermediate 45 (0.27 g, 1.13 mmol) in methanol (10.0 mL) were
added water (5.0 mL) and osmium tetroxide (2.5% tert-butanol solution, 85.0 ulL). After
stirring for 30 minutes at room temperature, to the mixture was added sodium periodate (0.72
g, 3.50 mmol), and stirred for 2 hours at room temperature. After filtration using Celite, to
the mixture was added aqueous sodium thiosulfate solution, and the aqueous layer was
extracted with ethyl acetate. The organic layer was washed with brine, dried over sodium

sulfate, and concentrated under reduced pressure to give the title compound (0.27 g, 1.13
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mmol, quant.).

MS (ESI+) 244 (M'+1, 100%)

[0310]

Intermediate 45

tert-Butyl 5-allyl-1,4-oxazepane-4-carboxylate
[0311]

[Chemical Formula 76]

NE
o

To a solution of trifluoroborane/diethyl ether (0.55 mL, 4.40 mmol) in
dichloromethane (8.0 mL) was added a solution of intermediate 38 (1.15 g, 3.97 mmol) in
dichloromethané (5.0 mL) dropwise at -78°C under nitrogen atmosphere. After stirring for 10
minutes, to the mixture was added a solution of allyltrimethylsilane (0.8 mL, 5.0 mmol) in
dichloromethane (5.0 mL) dropwise. After stirring for 4 hours at 0°C, to the mixture was
added brine. The aqueous layer was extracted with chloroform, and the organic layer was
washed with water and brine, and then dried over sodium sulfate, and concentrated under
reduced pressure. The obtained residue was purified with silica gel column
(chloroform/fnethanol = 100/0 to 90/10) to give the title compound (96.0 mg) and a
desilylated derivative thereof. To a solution of the desilylated derivative in tetrahydrofuran
(5.0 mL) were added di-tert-butylcarbonate (0.87 g, 4.0 mmol) and triethylamine (0.56 mL,
4.0 mmol). The mixture was stirred for 12 hours at room temperature, and to the mixture was
added water, and the aqueous layer was extracted with chloroform. The organic layer Was
washed with saturated aqueous solution of ammonium chloride and brine, and then dried over
sodium sulfate, and concentrated under reduced pressure. The obtained residue was purified
with silica gel column (chloroform/methanol = 100/0 to 90/10) to give the combined title
compound (0.17 g, 1.23 mmol, 28%).
MS (ESI+) 242 (M'+1, 100%)
[0312]
Intermediate 46
tert-Butyl 5-(trimethylsilyloxy)-1,4-oxazepane-4-carboxylate
[0313]
[Chemical Formula 77]
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To a solution of intermediate 47 (2.15 g, 10.0 mmol) in dichloromethane (50.0 mL)
was added diisobutylaluminum hydride (1.0 M, 14.0 mL) dropwise at -78°C. After stirring
for 15 minutes, to the mixture were added pyridine (2.4 mL, 3.00 mmol) and trimethylsilyl
triflate (4.5 mL, 2.50 mmol) dropwise. After stirring for 3 hours, to the mixture was added an
aqueous solution of 15% potassium sodium tartrate. The aqueous layer was extracted with
chloroform, and the organic layer was washed with water and brine, and then dried over
sodium sulfate, and concentrated under reduced pressure. The obtained residue was purified
with silica gel column (hexane/ethyl acetate = 90/10 to 30/70) to give the title compound
(1.50 g, 5.20 mmol, 52%).
MS (ESI+) 290 (M'+1, 100%)
[0314]
Intermediate 47
tert-Butyl 5-oxo-1,4-oxazepane-4-carboxylate
[0315]
[Chemical Formula 78]

\‘/

O\I\TOO-

>

To a solution of 1,4-oxazepan-5-one (6.9 g, 60.0 mmol) in dichloromethane (120.0

mL) were added di-tert-butylcarbonate (1.75 g, 8.00 mmol) and dimethylaminopyridine (7.90
g, 65.0 mmol), and triethylamine (12.5 mL, 90.0 mmoi) was added dropwise. After stirring
for 16 hours at room temperature, to the mixture was added water, and the aqueous layer was
extracted with chloroform. The organic layer was washed with saturated aqueous solution of
ammonium chloride and brine, and then dried over sodium sulfate, and concentrated under
reduced pressure. The obtained residue was purified with silica .gel column (hexane/ethyl
acetate = 90/10 to 0/100) to give the title compound (7.30 g, 37.2 mmol, 62%).
MS (ESI+) 216 (M'+1, 100%)
[0316]

Intermediate 48
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(S)-3-(1-(2-(Azetidin-2-yl)ethyl)piperidin-4-yl)-6-fluorobenzo[ d]isoxazole
[0317] ‘

[Chemical Formula 79]

N-Q

R
< .
HN—_N

L]

| The title compound was synthesized'by a similar procedure to intermediate 18 using
intermediate 49.
'H-NMR (CDCls) § 5.76 (1H, s), 4.49-4.60 (1H, m), 3.71-3.94 (2H, m), 2.36-2.53 (1H, m),
2.16-2.33 (1H, m), 1.41 (9H, s) |
[0318]
Intermediate 49 » :
(S)-tert-Butyl 2-(2-(4-(6-fluorobenzo[d]isoxazol-3-yl)piperidin-1-yl)-2-oxoethyl)azetidine-1-
carboxylate '
[0319]

[Chemical Formula 80]
-0

. _ y
=L 2 s
oA | F
7Y
o)
The title compound was synthesized by a similar procedure to intermediate 20 using
intermediate 50.
MS (ESI+) 418 (M'+1, 100%)
[0320]
Intermediate 50
(S)-2-( 1-(tert-Butoxycarbonyl)azetidin-2-yl)acetic acid
[0321] :
[Chemical Formula 81]
O

%O)LID SCO,H

The title compound was synthesized by a similar procedure to intermediate 4 using
intermediate 51.
MS (ESI+) 216 (M+1, 100%)
[0322] -
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Intermediate 51
(S)-tert-Butyl 2-(2-methoxy-2-oxoethyl)azetidine-1-carboxylate
[0323]

[Chemical Formula 82]
O

%\o*'\ﬂ_—l SCoMe

To a solution of intermediate 52 (1.40 g, 6.22 mmol) in methanol (60.0 mL) were
added benzoic acid silver (0.13 g, 0.60 mmol) and tfiethylamine (2.60 mL, 18.7 mmol). After
stirring for 1 day at 60°C, the mixture was filtered using Celite. To the mixture were added
brine and ethyl acetate, and the aqueous layer was extracted with ethyl acetate, and the
organic layer was washed with water and brine, and then dried over sodium sulfate, and
concentrated under reduced pressure. The obtained residue was purified with silica gel
column (hexane/ethyl acetate = 90/10 to 75/25) to give the title compound (0.53 g, 2.30 mmol,
37%).

MS (ESI+) 130 (M'+1, 100%)

[0324]

Intermediate 52

(S)-tert-Butyl 2-(2-diazoacetyl)azetidine-1-carboxylate
[0325]

[Chemical Formula 83]

0] (@)
%OJLT]‘&\\H\NZ

A solution of (S)-1-(tert-butoxycarbonyl)azetidine-2-carboxylic acid (1.80 g, 8.95
mmol) in tetrahydrofuran (90.0 mL) was cooled to 0°C, and isobutyl chloroformate (1.30 mL,
9.85 mmol) and triethylamine (1.50 mL, 10.7 mmol) were added. After stirring for 1 hour at
room temperature, ammonium salt was filtered off, and the filtrate was concentrated under
reduced pressure. The obtained residue was dissolved in acetonitrile (90.0 mL), and
trimethylsilyldiazomethane (13.5 mL, 26.8 mmol) was added. After stirring for 7 hours at
room temperature, to the mixture were added saturated sodium bicarbonate water and ethyl
acetate. The aqueous layer was extracted with ethyl acetate, and the organic layer was
washed with water and brine, and then dried over sodium sulfate, and concentrated under

reduced pressure. The obtained residue was purified with silica gel column (hexane/ethyl
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acetate = 90/10 to 75/25) to give the title compound (1.40 g, 6.22 mmol, 69%).
MS (ESI+) 226 (M™+1, 100%)

[0326]

Intermediate 53
(S)-6-Fluoro-3-(1-(2-(piperidin-3-yl)ethyl)piperidin-4-yl)benzo[ d]isoxazole
[0327]

[Chemical Formula 84]

N-O.
|

OO
SN
2HCI

The title compound was synthesized by a similar procedure to intermediate 18 using
intermediate 54.
MS (ESI+) 405 (M'+1, 100%)
[0328]
Intermediate 54 _
(S)-tert-Butyl 3-(2~(4-(6-fluorobenzo[d]isoxazol-3-yl)piperidin-1-yl)-2-oxoethyl)piperidine-1-
carboxylate
[0329]

[Chemical Formula 85]
N-O

I
s O
N\O)_kN A
0

The title compound was synthesized by a similar procedure to intermediate 20 using
intermediate 55.
MS (ESI+) 446 (M'+1, 100%)
[0330]
Intermediate 55
(S)-2-(1-(tert-Butoxycarbonyl)piperidin-3-yl)acetic acid
[0331]
[Chemical Formula 86]

N X o O
MO
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The title compound was synthesized by a similar procedure to intermediate 4 using
intermediate 56.
MS (ESI+) 244 (M'+1, 100%)
[0332]
Intermediate 56
(S)-tert-Butyl 3-(cyanomethyl)piperidine-1-carboxylate
[0333]
[Chemical Formula 87]

0]
SO

The title compound was synthesized by a similar procedure to intermediate S using
intermediate 57. '
MS (ESI+) 225 (M'+1, 100%)
[0334] '
Intermediate 57 ,
(R)-tert-Butyl 3-(tosyloxymethyl)piperidine-1-carboxylate
[0335]
[Chemical Formula 88]

O
y\o)l\r\(:l““\\OTs

The title compound was synthesized by a similar procedure to intermediate 6 using
(R)-tert-butyl 3-(hydroxymethyl)piperidine-1-carboxylate.
MS (ESI+) 370 (M'+1, 100%)
[0336]
Intermediate 58
(R)-3-(2-(4-(1H-Indol-3-yD)piperidin-1-yl)morpholine
[0337]
[Chemical Formula 89]

NH
[
H
N ‘\\\\\/ N

(]

O
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The title compound was synthesized by a similar procedure to intermediate 1 using
intermediate 59.
MS (ESI+) 314 (M'+1, 100%)
[0338]
Intermediate 59
(R)-tert-Butyl 3-(2-oxoethyl)morpholine-4-carboxylate
[0339]
[Chemical Formula 90]
%/OYO

N~ .0

S

The title compound was synthesized by a similar procedure to intermediate 2 using
intermediate 60. |
MS (ESI+) 230 (M™+1, 100%)

[0340]

Intermediate 60

(R)-tert-Butyl 3-(2-hydroxyethyl)morpholine-4-carboxylate
[0341]

" [Chemical Formula 91]

%/Ob\l\lfo\\\\/OH
&

Under nitrogen atmosphere, to a solution of intermediate 59 (5.92 g, 26.8 mmol) in
ethyl acetate (134 mL) were added palladium hydroxide/carbon (5.60 g, 8.03 mmol) and di-
tert-butylcarbonate (7.59 g, 34.8 mmol). The mixture was stirred for 15 hours at room
temperature under hydrogen atmosphere. The palladium catalyst was filtered off by Celite,
and washed with ethyl acetate. The organic layer was concentrated under reduced pressure,
and to the obtained residue was added water, and then the aqueous layer was extracted with
ethyl acetate. The organic layer was washed with water and brine, and then dried over
sodium sulfate, and concentrated under reduced pressure. The obtained residue was purified
with silica gel column (hexane/ethyl acetate = 90/10 to 30/70) to give the title compound
(5.67 g, 24.5 mmol, 92%).
MS (ESI+) 232 (M'+1, 100%)
[0342]
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Intermediate 61
(R)-2-(4-Benzylmorpholin-3-yl)ethanol
[0343]

[Chemical Formula 92]

I|3n
N ‘\\\\\/OH
»

To a solution of intermediate 60 (6.44 g, 29.4 mmol) in methanol (120 mL) was added
sodium borohydride (1.33 g, 35.2 mmol) at 0°C under nitrogen atmosphere. The mixture was
stirred for 30 minutes at room temperature, and ethyl acetate and water were added. The
aqueous layer was extracted with ethyl acetate, and the organic layer was washed with water
and brine, and then dried over sodium sulfate. The organic layer was concentrated under
reduced pressure to give the title compound (6.50 g, 29.4 mmol, quant.).

MS (ESI+) 222 (M'+1, 100%)

[0344]

Intermediate 62
(R)-2-(4-Benzylmorpholin-3-yl)acetaldehyde
[0345]

[Chemical Formula 93]

?n
N aw 0]
o H

To a solution of intermediate 61 (6.90 g, 31.9 mmol) in toluene (160 mL) was added
diisobutylaluminum hydride (47.4 mL, 47.9 mmol) at -78°C under nitrogen atmosphere.
After stirring for 90 minutes, to the mixture were added methanol, and additionally 2N
hydrochloric acid. - The aqueous layer was basified, and extracted with ethyl acetate. The
organic layer was washed with water and brine, and then dried over sodium sulfate, and
concentrated under reduced pressure. The obtained residue was purified with silica gel
column (hexane/ethyl acetate = 90/10 to 30/70) to give the title compound (7.00 g, 31.9 mmol,
quant.)..

MS (ESI+) 220 (M'+1, 100%)
[0346]
Intermediate 63

(R)-2-(4-Benzylmorpholin-3-yl)acetonitrile
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[0347]
[Chemical Formula 94]

?n
N
(Y™

The title compound was synthesized by a similar procedure to intermediate 5 using
intermediate 62.
MS (ESI+) 217 (M'+1, 100%)
[0348]
Intermediate 64
(S)-4-Benzyl-3-(chloromethylymorpholine
[0349]
[Chemical Formula 95]

?n
EN j“\\\\ cl
0]

To a solution of intermediate 65 (9.60 g, 46.3 mmol) in dichloromethane (230 mL)
was added thionyl chloride (60.0 mL, 69.5 mmol). After stirring for 15 hours, to the mixture
was added aqueous sodium hydroxide solution. The aqueous layer was neutralized with 2N
hydrochloric acid, and then extracted with dichloromethane. The organic layer was washed
with water and brine, and then dried over sodium sulfate, and concentrated under reduced
pressure to give the title compound (10.4 g, 46.3 mmol, quant.).

MS (ESI+) 226 (M'+1, 100%) |
[0350]

Intermediate 65
(R)-(4-Benzylmorpholin-3-yl)methanol

[0351]

[Chemical Formula 96]

@

W

OH

To a solution of intermediate 66 (12.6 g, 53.6 mmol) in tetrahydrofuran (200 mL) was
added borane-tetrahydrofuran-complex (1.0 M, 348 mL). Afiter stirring for 6 hours at room

temperature, to the mixture was added methanol, and after heated to 80°C, stirred for 2 hours.
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To the mixture were added saturated sodium bicarbonate water and ethyl acetate, and the
aqueous layer was extracted with ethyl acetate. The organic layer was washed with water and
brine, and then dried over sodium sulfate, and concentrated under reduced pressure. The
obtained residue was purified with silica gel column (hexane/ethyl acetate = 90/10 to 10/90)
to give the title compound (9.60 g, 46.0 mmol, 86%).

MS (ESI+) 208 (M'+1, 100%)

[0352]

Intermediate 66

(8)-4-Benzyl-5-oxomorpholine-3-carboxylic acid

[0353]

[Chemical Formula 97]

R

To a solution of (S)-2-(benzylamino)-3-hydroxypropanoic acid (40.0 g, 205 mmol) in

o)
““U\OH

tetrahydrofuran (600 mL) was added aqueous potassium carbonate solution (85.0 g, 600 mL)
at 0°C under nitrogen atmosphere, and additionally, chloroacetylchloride (29.0 mL, 369
mmol) was added. After stirring for 2 hours at room temperature, to the mixture was added
30% aqueous sodihm hydroxide solution to adjust to pH 13. To the mixture was added
diethyl ether, and the organic layer was separated, and then concentrated hydrochloric acid
was added to adjust to pH 1, and cooled to 0°C. The precipitated crystal was collected by
filtration to give the title compound (29.0 g, 123 mmol, 60%).

MS (ESI+) 236 (M'+1, 100%)

[0354]

Intermediate 67

3,6-Difluoro-1H-indole-2-carboxylic acid

[0355]
[Chemical Formula 98]
. F

N N

H oH

~ Ethyl 6-Fluoroindole-2-carboxylate (0.48 mmol, 0.10 g) was dissolved in acetonitrile
(5 mL). To the solution was added magnesium oxide (0.96 mmol, 0.039 g) at room

temperature. To the mixture was added Selectfluor (0.58 mmol, 0.21 g) gradually at room
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temperature, and stirred overnight at room temperature. The mixture was dried under reduced
pressure, and purified with silica gel column chromatography (amine silica gel) (hexane/ethyl
acetate = 100/0—5/1) to give a 22.5 mg of white solid (yield 21%). The solid was dissolved
in ethanol (1 mL). To the solution was added aqueous lithium hydroxide solution (2 M, 0.3
mmol, 0.15 mL) at room temperature, and stirred overnight at room temperature. The mixture
was dried under reduced pressure, and the residuum was dissolved in water. To the solution
was added aqueous hydrochloric acid solution (1 M), and the precipitated solid was collected
by filtration to give the title compound (14.7 mg, yield 75%). MS (ESI+) 198 (M'+1, 14%)
[0356]

Intermediate 68

5-Fluoro-4-methoxy-1H-indole-2-carboxylic acid

[0357]
[Chemical Formula 99]
\
R 0
\
u 0]
OH

Ethyl 4-methoxyindole-2-carboxylate (1.46 mmol, 0.30 g) was dissolved in
acetonitrile (15 mL). To the solution was added saturated sodium bicarbonate water (3 mL),
and cooled to 0°C. To the mixture was added Selectfluor (2.2 mmol, 0.78g) gradually, and
stirred for 5 hours at room temperature. To the mixture was added water, and extracted three
times with ethyl acetate. The organic layer was washed with brine, and dried over anhydrous
sodium sulfate. The resultant was dried under reduced pressure, and purified with silica gel
column chromatography (hexane/diethyl ether = 100/0—3/1) to give a 92.1 mg of white solid
(yvield 28%). The solid was dissolved in methanol (2 mL). To the solution was added
aqueous lithium hydroxide solution (2 M, 1.23 mmol, 0.62 mL) at room temperature, and
stirred for 3 hours at 40°C. The mixture was dried under reduced pressure, and the residuum
was dissolved in water. To the solution was added aqueous hydrochloric acid solution (1M),
and the precipitated solid was collected by filtration to give the title compound (79.2 mg,
yield 92%).

'H-NMR (300 MHz, CDCl3) & 4.03 (d, J = 1.2 Hz, 3H), 7.05-7.15 (m, 3H), 11.9 (s, 1H)
[0358]

Intermediate 69
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3-Fluoro-6-(trifluoromethoxy)-1H-indole-2-carboxylic acid
[0359]
[Chemical Formula 100]

F

|
N
H

F3CO
o

OH
The title compound was synthesized by a similar procedure to intermediate 68.
MS (ESI+) 264 (M'+1, 53%)
[0360]
Intermediate 70

3-Fluoro-1H-indole-2-carboxylic acid

[0361]
[Chemical Formula 101]
F

\ .
N O
H  oH

The title compound was synthesized by a similar procedure to intermediate 68.
MS (ESI+) 180 (M'+1, 38%)
[0362]
Intermediate 71 ‘
(4-Fluorophenyl)(1-(2-((2S,5S)-5-methylpyrrolidin-2-yl)ethyl)piperidin-4-yl)methanone
hydrochloride
[0363]

. [Chemical Formula 102]

o

q m
F

tiy,, (N 7.\\\\\\/
2HCI

To a solution of intermediate 72 (0.62 g, 2.73 mmol) and 4-(4-fluorobenzoyl)-
piperidine hydrochloride (0.66 g, 2.73 mmol) in tetrahydrofuran (10 mL) was added sodium
triacetoxyborohydride (0.75 g, 3.55 mmol). After stirring for 1 hour at room temperature, to
the mixture were added saturated sodium bicarbonate water and ethyl acetate, and the aqueous
layer was extracted with ethyl acetate. The organic layer was washed with water and brine,

and then dried over sodium sulfate, and concentrated under reduced pressure. The obtained
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residue was purified with silica gel column (chloroform/methanol = 98/2 to 90/10) to give a
Boc derivative of the title compound (1.15 g, 2.73 mmol, quant).
MS (ESI+) 419 (M'+1, 100%)

To a solution of the obtained Boc derivative (1.15 g, 2.73 mmol) in methanol (150
mL) was added hydrochloric acid-dioxane solution (4N, 1.3 mL). The mixture was stirred for
2 hours at 90°C, concentrated under reduced pressure, and ethyl acetate and water were added.
The aqueous layer was adjusted to pH = 8-9 with aqueous sodium hydroxide solution, and
extracted with ethyl acetate. To the organic layer was added 4N-hydrochloric acid-dioxane
solution (24 mL), and concentrated under reduced pressure to give the title compound (0.98 g,
2.73 mmol, quant).
MS (ESI+) 432 (M™+1, 100%)
[0364]
Intermediate 72
(28,55)-tert-Butyl 2-methyl-5-(2-oxoethyl)pyrrolidine-1-carboxylate
[0365]
[Chemical Formula 103]

?oc

N

Me"'( 7“‘\\\CHO

To a solution of SO3/Py (1.30 g, 8.19 mmol) in chloroform (10.0 mL) were added
dimethylsulfoxide (1.50 mL) and triethylamine (2.0 mL) dropwise. To the mixture was added
a solution of intermediate 73 (0.63 g; 2.73 mmol) in chloroform (2.0 mL) dropwise. After
stirring for 1 hour at room temperature, fhe mixture was cooled to 0°C, saturated sodium
bicarbonate water was added, and the aqueous layer was extracted with ethyl acetate. The
organic layer was washed with water and brine, and then dried over sodium sulfate, and
concentrated under reduced pressure to give the title compound (0.62 g, 2.73 mmol, quant.).
MS (ESI+) 228 (M'+1, 100%)

[0366]
Intermediate 73
(2S,58)-tert-Butyl 2-(2-hydroxyethyl)-5-methylpyrrolidine-1-carboxylate
[0367] |
[Chemical Formula 104]
I?oc

Me s, C“J..«\\/OH
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To a solution of intermediate 74 (0.80 g, 3.28 mmol) in tetrahydrofuran (15.0 mL) was
added borane-tetrahydrofuran-complex (1.0 M, 10.9 mL). After stirring for 30 minutes at
room temperature, to the mixture was added methanol, and stirred for 2 hours at 90°C. The
mixture was concentrated under reduced pressure, and ethyl acetate and water were added.
The organic layer was washed with water and brine, and then dried over sodium sulfate, and
concentrated under reduced pressuré. The obtained residue was purified with silica gel
column (chloroform/methanol = 98/2 to 90/10) to give the title compound (0.63 g, 2.73 mmol,
83%).

MS (ESI+) 230 (M™+1, 100%)

[0368]

Intermediate 74
2-((28,58)-1-(tert-Butoxycarbonyl)-5-methylpyrrolidin-2-yl)acetic acid
[0369]

[Chemical Formula 105]

I?oc

N_
Me”’( 7~““cozH

To a solution of intermediate 75 (1.43 g, 6.40 mmol) in methanol (50.0 mL) was
added aqueous sodium hydroxide solution (30%w/v, 7.0 mL), and heated to 100°C. After
stirring for 3 hours, the reaction solution was concentrated under réduced pressure. To the
obtained residue was added aqueous hydrochloric acid solution to adjust to pH 4-5, and the
aqueous layer was extracted with ethyl acetate. The organic layer was washed with water and
brine, and then dried over sodium sulfate, and concentrated under reduced pressure to give the
title compound (1.30 g, 5.34 mmol, 83%).
MS (ESI+) 244 (M'+1, 100%)
[0370]
Intermediate 75 _
(28,55)-tert-Butyl 2-(cyanomethyl)-S-methylpyrrolidine-1-carboxylate
[0371]
[Chemical Formula 106]

Boc

M e /1, N ‘\\\\\ CN

To a solution of intermediate 76 (2.63 g, 7.12 mmol) in dimethylsuifoxide (20.0 mL)
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was added sodium cyanide (0.38 g, 7.82 mmol), and heated to 70°C. After stirring for 3 hours,
to the mixture was added water, and the aqueous layer was extracted with ethyl acetate. The
organic layer was washed with water and brine, and then dried over sodium sulfate, and
concentrated under reduced pressure. The obtained residue was purified with silica gel
column (hexane/ethyl acetate = 70/30 to 30/70) to give the title compound (1.43 g, 6.40 mmol,
90%).
MS (ESI+) 225 (M'+1, 100%)
[0372]
Intermediate 76
(2S,5S)-tert-Butyl 2-methyl-5-(tosyloxymethyl)pyrrolidine-1-carboxylate
[0373]
[Chemical Formula 107]

I?oc

Me s, N N

OTs

A solution of intermediate 77 (1.62 g, 7.53 mmol) in chloroform (30.0 mL) was
cooled to 0°C, and p-toluenesulfonylchloride (1.90 g, 9.79 mmol), triethylamine (1.70 mL,
12.0 mmol), and 4-dimethylaminopyridine (0.16 g) were added. After stirring for 6 hours at
room temperature, to the mixture was added water, and the aqueous layer was extracted with
ethyl acetate. The organic layer was washed with water and brine, and then dried over
sodium sulfate, and concentrated under reduced pressure. The obtained residue was purified
with silica gel column (hexane/ethyl acetate = 70/30 to 30/70) to give the title compound
(2.63 g, 7.12 mmol, 94%).

MS (ESI+) 370 (M'+1, 100%)
[0374]
Intermediate 77
(2R, 5S)-tert-Butyl 2-(hydroxymethyl)-5-methylpyrrolidine-1-carboxylate
[0375]
[Chemical Formula 108]
Boc

M e It N .\\\\\ O H

Intermediate 78 (4.15 g, 12.0 mmol) was dissolved in ethanol (130 mL), and cooled to

0°C. After calcium chloride (7.10 g, 63.6 mmol) was added and dissolved in the solution,
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sodium borohydride (4.53 g, 120 mmol) was added. After warmed to room temperature, the
mixture was stirred overnight. To the mixture was added aqueous potassium carbonate
solution (2 M, 65 mL), and concentrated under reduced pressure. The residue was dissolved
in water, and extracted with ethyl acetate. The organic layer was washed with brine, dried
over sodium sulfate, concentrated under reduced pressure, and then purified with silica gel
column chromatography to give the title compound (1.62 g, 7.53 mmol, 63%).

MS (ESI+) 216 (M'+1, 100%)

[0376]

Intermediate 78

(2R,55)-1-tert-Butyl 2-ethyl 5-methylpyrrolidine-1,2-dicarboxylate

[0377]

[Chemical Formula 109]

!IBOC
~CO,Et

'Me /,,d7

Intermediate 79 (3.10 g, 15.4 mmol) was dissolved in chloroform (40 mL), and
triethylamine (5.40 mL, 38.7 mmol) was added. To the mixture was added di-tert-
butylcarbonate (3.90 g, 17.8 mmol), and stirred for a day at room temperature. After
concentrated under reduced pressure, the residue was dissolved in ethyl acetate, washed with
brine, dried over sodium sulfate, concentrated under reduced pressure, and purified with silica
gel column chromatography (chloroform/ethyl acetate = 4/1) to give the title compound (4.15
g, 15.4 mmol, quant.).

MS (ESI+) 258 (M'+1, 86%)

[0378]

Intermediate 79

(28,5R)-Ethyl 5-methylpyrrolidine-2-carboxylate
[0379]

[Chemical Formula 110]

Intermediate 80 (2.32 g, 15.4 mmol) was dissolved in ethanol (160 mL), and

~CO,Et

palladium/carbon (1.10 g, 10%, 50%wet) was added, and then stirred for 2 days under
hydrogen atmosphere. Insoluble matter was removed by filtration using Celite, and the

filtrate was concentrated under reduced pressure to give the title compound (3.10 g, 15.4
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mmol, quant.).

MS (ESI+) 158 (M'+1, 100%)

[0380]

Intermediate 80

(S)-Ethyl 5-methyl-3,4-dihydro-2H-pyrrole-2-carboxylate
[0381]

[Chemical Formula 111]

Me \(,27.\\002&

Intermediate 81 (4.30 g, 15.4 mmol) was dissolved in tetrahydrofuran (50.0 mL), and
4N-hydrochloric acid-dioxane solution (10.0 mL) was added, and then stirred overnight at
60°C. The mixture was concentrated under reduced pressure to give the title compound (2.32
g, 15.4 mmol, quant.).

MS (ESI+) 156 (M™+1, 100%)

[0382]

Intermediate 81
(S)-Ethyl-2-(tert-butoxycarbonylamino)-5-oxo-hexanate
[0383]

[Chemical Formula 112]

o HN’BOC

MeU-"ICOZEt

To a solution of (S)-1-tert-butyl 2-ethyl 5-oxopyrrolidine-1,2-dicarboxylate (7.00 g,
27.4 mmol) in tetrahydrofuran (100 mL) was added methyl Grignard reagent (3M in diethyl
ether, 9.60 mL, 28.8 mmol) dropwise for 20 minutes at -78°C, and stirred for 1 hour. After
stirring for 2 hours at 0°C, to the mixture was added saturated sodium bicarbonate water
dropwise, and the aqueous layer was extracted with ethyl acetate. The organic layer was
washed with brine, dried over sodium sulfate, and concentrated under reduced pressure to
give the title compound (7.60 g, 26.5 mmol, 97%).
MS (ESI+) 274 (M'+1, 100%)
[0384] Data of compounds synthesized by the procedures described in Examples and
Reference Examples are shown in Tables 2 to 7.

[0385]
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[Table 7]
Ex. M+ Ex. M+1
o STRUCTURE (% " STRUCTURE (%
. Intensity) ' Intensity)
Yo K 463 T A 449
H.C N l/\
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H CF,
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i o 449 N o 545
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w| e ot (] e ot |
(_7 F
o F N
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N N
13| ne H(ij&\,{:IJW:ELF oo | 1153 Qiiﬁ;ﬁ\véi:I)kE::LF 100%
N S
S PP i 461 Lo 454
44 “%E;N\,KZTJWi:LF 00% | | 154 Cbﬂ\,E:TJWi:LF 100%
145 ﬁEI?*r° Sh el oo | | 158 “°i;jﬁ?€§;‘¥. : 100%
H NN 0 ‘ N F ?
(_7 F
N
Yo R 490 E:JT<L« i 473
Hj3C N\ (o]
148 Efiijjgzﬁ}w\vﬁiirﬁwijlp 100% | | 1% N (fjs\vﬁi:fmT::LF 70%
A i ' 9 v
7 519 T o 466
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H H ‘0 N o]
HSCVNEN N O 534 HeG (o 424
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[0391]

Example 159
(8)-(6-Fluoro-1H-indol-2-y1)(2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)pyrrolidin-1-yl)-

methanone

[0392]

[Chemical Formula 113]
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N F

N
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The title compound was obtained by the same procedure as Example 1 using
intermediate 1 and commercially available materials.
'H-NMR (300 MHz, CDCls) & 9.53-9.64 (m, 1H), 7.96 (dd, 2H, J = 8.4Hz, 5.5Hz), 7.57-7.69
(m, 1H), 7.08-7.16 (m, 3H), 6.86-6.94 (m, 2H), 4.42-4.57 (m, 1H), 3.84-3.98 (m, 2H), 3.18-
3.28 (m, 1H), 3.03-3.12 (m, 2H), 2.51-2.53 (m, 2H), 2.01-2.22 (m, 6H), 1.60-1.88 (m, 6H).
[0393]
Example 160
(S)-(2-(2-(4-(4-Fluorobenzoyl)piperidin-1-yl)ethyl)pyrrolidin-1-yl)(6-(trifluoromethoxy)- 1H-
indol-2-yl)methanone
[0394]
[Chemical Formula 114]

N

( 7.‘1\\\\\/

The title compound was obtained by the same procedure as Example 1 using

F3CO \ o
e O)ﬁ
H
) N F

intermediate 1 and commercially available materials.

'H-NMR (300 MHz, CDCL) & 1.58-1.75 (m, 3H), 1.78-2.08 (m, 6H), 2.10-2.30 (m, 4H), 2.52
(br, 2H), 3.00-3.14 (m, 2H), 3.13-3.25 (m, 1H), 4.33-4.72 (m, 2H), 7.02 (d, J = 8.0Hz, 1H),
7.14 (¢, J = 8.0Hz, 2H), 7.35 (br, 1H), 7.61-7.83 (m, 1H), 7.90-8.10 (br, 1H), 10.40 (br, 1H).
MS (ESIH) 532 (M'+1, 100%)

[0395]

Example 161
(S)-(2-(2-(4-(4-Fluorobenzoyl)piperidin-1-yl)ethyl)pyrrolidin-1-yl)(6-isopropyl-1H-indol-2-
yl)methanone

[0396]

[Chemical Formula 115]
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The title compound was obtained by the same procedure as Example 1 using
intermediate 1 and commercially available materials.
"H-NMR (300 MHz, CDCl3) 8 1.32 (d, T = 7.0Hz, 6H), 1.80-1.88 (m, 2H), 1.88-2.22 (m, 8H),
2.29-2.36 (m, 2H), 3.02 (septet, J = 7.0Hz, 1H), 3.07-3.20 (m, 2H), 3.45-3.52 (m, 1H), 3.84-
3.99 (m, 2H), 4.38-4.47 (m, 1H), 6.84 (s, 1H), 7.05 (dd, J = 8.3Hz, J = 1.2Hz, 1H), 7.14 (dd, J
= 8.7Hz, ] = 8.7Hz, 2H), 7.25 (s, 1H), 7.58 (d, J = 8.5Hz, 1H), 7.94 (dd, J = 8.2Hz, J = 5.7Hz,
2H), 9.16 (s, 1H) |
MS (ESI+) 491 (M'+1, 41%)
[0397]
Example 162
(S)-(5-Fluoro-4-methoxy-1H-indol-2-yl)(2-(2-(4-(4-fluorobenzoyl)piperidin-1-
yDethyl)pyrrolidin-1-yl)methanone

[0398]
[Chemical Formula 116]
£ O—
1 o)
N O
YCL
N .

O™

The title compound was obtained by the same procedure as Example 1 using
intermediate 1 and intermediate 68.
'H-NMR (300 MHz, CDCl) & 1.82-1.84 (m, SH), 2.02-2.13 (m, 6H), 2.24-2.26 (m, 1H),
2.46-2.49 (m, 2H), 3.00-3.02 (m, 1H), 3.08-3.11 (m, 1H), 3.16-3.18 (m, 1H), 3.90-3.99 (m,
2H), 4.42 (br, 1H), 6.96-7.08 (m, 3H), 7.10-7.15 (m, 2H), 7.93-7.98 (m, 2H), 9.43 (br, 1H).
MS (ESI+) 496 (M'+1, 100%)
[0399]
Example 163
(S)-(3,6-Difluoro-1H-indol-2-yl)}(2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)pyrrolidin-1-
yl)methanone o
[0400]
[Chemical Formula 117]

F
\ o

” 0]
( N ) _.\\\\\\/ N F

F



10

15

20

25

WO 2011/111875 107 PCT/JP2011/056497

The title compound was obtained by the same procedure as Example 1 using
intermediate 1 and intermediate 67.
'H-NMR (300 MHz, CDCl;) § 9.34 (brs, 1H), 7.95 (dd, J = 8.9Hz, 5.4Hz, 2H), 7.57 (dd, J =
8.9Hz, 5.2Hz, 1H), 7.13 (t, ] = 8.6Hz, 2H), 6.99-7.02 (m, 1H), 6.90 (dt, J = 2.1Hz, 9.2Hz, 1H),
4.38 (brs, 1H), 3.80 (brs, 2H), 3.01-3.18 (m, 3H), 2.00-2.51 (m, 7H), 1.65-1.83 (m, 7H). MS
(EST+) 484 (M'+1, 100%) |
[0401]
Example 164
(S)-(3-Fluoro-6-(trifluoromethoxy)- 1 H-indol-2-yl)(2-(2-(4-(4-fluorobenzoyl)piperidin-1-
yl)ethyl)pyrrolidin-1-yl)methanone |

[0402]
[Chemical Formula 118]
F3CO F

\ (0]
" ; SRe!
N N N F

The title compound was obtained by the same procedure as Example 1 using
intermediate 1 and intermediate 69. ,
'H-NMR (300 MHz, CDCl) & 9.73-9.83 (m, 1H), 7.95 (dd, J = 8.8Hz, 5.5Hz, 2H), 7.63 (d, J
= 8.8Hz, 1H), 7.21 (s, 1H), 7.10-7.16 (m, 2H), 7.01 (d, J = 8.8Hz, 1H), 4.41 (brs, 1H), 3.80 -
(brs, 2H), 3.00-3.18 (m, 3H), 2.01-2.54 (m, 7H), 1.67-1.84 (m, 7H). MS (ESI+) 550 (M'*+1,
100%)
[0403]
Example 165
(S)-(3-Fluoro-1H-i ndol—2-y1)(2-(2-(4-(4-ﬂuorobenzoy1)piperidin- 1-yl)ethyl)pyrrolidin-1-
yl)methanone
[0404]
[Chemical Formula 119]

F
\ 0O

N (@]
{r~ :

The title compound was obtained by the same procedure as Example 1 using
intermediate 1 and intermediate 70.

'H-NMR (300 MHz, CDCls) § 8.93 (brs, 1H), 7.95 (dd, ] = 8.8Hz, 5.6Hz, 2H)
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7.63 (d, J = 8.0Hz, 1H), 7.28-7.34 (m, 2H), 7.10-7.15 (m, 3H), 4.38 (brs, 1H), 3.81 (brs, 2H),
3.01-3.18 (m, 3H), 2.48 (m, 2H), 1.83-2.31 (m, 12H). MS (ESI+) 466 (M'+1, 100%)

[0405]

Example 166

((2S,5S)-2-(2-(4-(4-Fluorobenzoyl)piperidin- 1-yl)ethyl)-5-methylpyrrolidin-1-yl)(6-methyl-
1H-indol-2-yl)methanone

[0406]

[Chemical Formula 120]

\ (@]
SV SR S!
H

N F

N

iy, ( 7..'\\\\\/

The title compound was obtained by the same procedure as Example 1 using
intermediate 71 and commercially available materials.
'H-NMR (300 MHz, CDCl;) & 1.44 (d, J = 4.0Hz, 3H), 1.53-2.08 (m, SH), 2.04-2.22 (m, 2H),
2.45 (s, 3H), 2.44-2.53 (m, 2H), 2.57-2.77 (m, 1H), 3.03-3.12 (m, 2H), 3.16-3.29 (m, 2H),
4.20-4.55 (m, 2H), 6.90-6.99 (m, 1H), 7.09-7.18 (m, 3H), 7.30-7.36 (m, 1H), 7.92-8.03 (m,
2H), 9.70 (br, 1H). MS (ESI+) 476 (M'+1, 100%)
[0407]
Example 167
((28,5S)-2-(2-(4-(4-Fluorobenzoyl)piperidin-1-yl)ethyl)-5-methylpyrrolidin-1-yl)(6-
(trifluoromethyl)- 1H-indol-2-yl)methanone
[0408] '
[Chemical Formula 121]

SV SRo!
H
N F

N

Hin,, ( 7...\\\\\/

The title compound was obtained by the same procedure as Example 1 using
intermediate 71 and commercially available materials.
'H-NMR (300 MHz, DMSO dg) § 1.36 (d, J = 4.0Hz, 3H), 1.30-1.40 (m, 12H), 2.94-3.30 (m,
SH), 3.50-3.76 (m, 1H), 4.18-4.40 (m, 1H), 7.07 (br, 1H), 7.30-7.43 (m, 3H), 7.73-7.84 (m,
2H), 8.05-8.13 (m, 2H), 12.02 (br, 1H). MS (ESI+) 530 (M'+1, 100%)
[0409]
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Example 168
((2S,58)-2-(2-(4-(4-Fluorobenzoyl)piperidin-1-yl)ethyl)-5-methylpyrrolidin-1-yl)(6-
(trifluoromethylthio)- 1H-indol-2-yl)methanone

[0410] '

[Chemical Formula 122]

PSR!
H
N F

N

Iy, ( 7 ..m\\\/

The title compound was obtained by the same procedure as Example 1 using
intermediate 71 and commercially available materials.
'H-NMR (300 MHz, DMSO dg) 8 1.36 (d, J = 8.0Hz, 3H), 1.60-1.80 (m, 1H), 2.02-2.23 (m,
10H), 2.24-2.40 (m, 1H), 2.97-3.23 (m, 5H), 3.02-3.73 (m, 1H), 4.19-4.25 (m, 1H), 7.04 (br,
1H), 7.31 (d, J = 8.0Hz, 1H), 7.33-7.42 (m, 2H), 7.79-7.84 (m, 2H), 8.04-8.12 (2H, m), 11.96
(br, 1H). MS (ESI+) 562 (M'+1, 100%)
[0411]
Example 169
(S)-(2-(2-(4-(4-Fluorobenzoyl)piperidin-1-yl)ethyl)pyrrolidin-1-yl)(1-methyl-1H-indol-5-
yD)methanone
[0412]
[Chemical Formula 123]

IR N sae!
The title compound was obtained by the same procedure as Example 1 using

intermediate 1 and commercially available materials.

'H-NMR (300 MHz, CDCls) & 7.96 (brs, 2H), 7.82 (brs, 1H), 7.42-7.45 (m, 1H), 7.31(d, J =

8.3Hz, 1H), 7.09-7.17 (m, 3H), 6.52 (d, J = 2.4Hz, 1H), 4.17-4.40 (m, 1H), 3.81 (s, 3H), 3.51-

3.59 (m, 2H), 3.04-3.20 (m, 2H), 2.13-2.53 (m, 3H), 1.66-1.86 (m, 12H). MS (ESI+) 462

(M1, 95%)

[0413]

Example 170
(S)-(2-(2-(4-(6-Fluorobenzo[dJisoxazol-3-yl)piperidin-1-yl)ethyl)pyrrolidin-1-yl)(3-phenyl-
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1H-pyrazol-5-yl)methanone hydrochloride
[0414]
[Chemical Formula 124]

HCl N-O

7\
N, I
N 0
H F
N o~ N

The title compound was obtained by treating a compound obtained by the same
procedure as Example 1 using intermediate 1 and commercially available materials in the
similar manner to Example 172.

'H-NMR (300 MHz, DMSO dg) & 1.90-2.01 (m, 4H), 2.18-2.37 (m, SH), 3.11-3.17 (m, 4H),
3.36-3.51 (m, 2H), 3.62-3.77 (m, 2H), 3.80-3.95 (m, 2H), 4.24-4.32 (m, 1H), 7.13 (s, 1PD,
7.32-7.36 (m, 2H), 7.42-7.46 (m, 2H), 7.73 (dd, J=9.0Hz, J = 2 2Hz, 1H), 7.82-7.84 (m, 2H),
8.14-8.21 (m, 1H), 10.2-10.7 (br, 1H)

MS (ESI+) 488 (M'+1, 100%)

[0415]

Example 171
(S)-(3-Fluoro-1H-indol-2-yl)(2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)pyrrolidin-1-
yl)methanone hydrobromide

[Chemical Formula 125]

F
\ 0

u 0
N : WS N F

HBr

To a suspension of the compound obtained in Example 165 (2.99 g, 6.43 mmol) in
methanol (30 mL) was added dropwise 48% aqueous hydrobromic acid solution (0.69 mL,
6.10 mmol), and the obtained solution was concentfated under reduced pressure. To the
residue was added a mixed solvent of ethanol/ethyl acetate, and the precipitated crystal was
filtered to give the title compound (3.19 g, 5.84 mmol, 96%).
'H-NMR (300MHz, DMSO-de) 6 11.39 (s, 1H), 9.14 (brs, 1H), 8.09 (dd, J=8.7Hz, 5.6Hz, 2H),
7.59 (d, I=8.1Hz, 1H), 7.36-7.42 (m, 3H), 7.26 (t, J=7.7Hz, 1H), 7.10 (t, J=7.4Hz, 1H), 4.23-
4.28 (m, 1H), 3.61-3.74 (m, SH), 3.05-3.21 (m, 3H), 1.76-2.26 (m, 11H).
[0416]
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Example 172
(S)-(3-Fluoro-1H-indol-2-y1)(2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)pyrrolidin-1-
yl)methanone hydrochloride

[Chemical Formula 126]

F
\ O

N_ o~ N F

Q HCI

To a solution of the compound obtained in Example 165 (20 mg, 0.043 mmol) in ethyl

I=

acetate (2 mL) was added 4N hydrochloric acid/ethyl acetate (500 pL), and the mixture was
stirred, and then ethyl acetate was removed under reduced pressure. The residue was dried
under reduced pressure to give the title compound (20 mg).
'H-NMR (DMSO-ds) & 1.69-1.79(m, 2H), 1.88-2.00(m, 6H), 2.10-2.16(m, 1H), 2.24-2.32(m,
1H), 3.03-3.18(m, 4H), 3.57-3.69(in, 5H), 4.23-4.29(m, 1H), 7.10(dd, J=7.6Hz, J=7.6Hz, 1H),
7.23-7.27(m, 1H), 7.37-7.41(m, 3H), 7.59(d, J=8.0Hz, 1H), 8.08(dd, J=8.5Hz, J=5.4Hz, 2H),
10.13(bs, 1H), 11.42(s, 1H).
[0417]
Experimental Example
<Experimental Procedure>
(1) Dopamine Dy, Receptor Binding Assay

D, receptor binding assay was performed in reference to a method described by
Hirose et al. (Japan. J. Pharmacol., 53, 321-329, 1990). After a reaction in a total volume of
200 pL of 50 mM Tris-HCI (pH = 7.6) buffer solution containing 50 pL of [*H]-spiperone
(final concentration 0.5 nM), 1 pL of test drug in DMSO, and 149 pL of human Dy, receptor-
expressing CHO cell membrane sample, human Dy receptor binding activity of [*H]-
spiperone was measured. The reaction solution let stand for 60 minutes at room temperature,
and then it was quickly added on a glass fiber filter plate (Multiscreen FB, Millipore inc.)
coated with 0.3% polyethyleneimine (PEI) and filtered under reduced pressure. The glass
fiber filter was washed with 200 pL of ice-cooled 50 mM Tris-HCI (pH = 7.6) twice,
repeatedly filtered under reduced pressure, and then transferred to a vial containing 4 mL of
Ecoscint A (National Diagnostics inc.). The residual radioactivity on the glass fiber filter was
measured by a liquid scintillation counter. Nonspecific binding was measured in the presence

of 10 uM of spiperone, and [*H]-spiperone binding inhibition rate in the presence of 10 nM of
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test drug was determined. The larger binding inhibition rate (%) means that test drug has the
higher binding affinity for human Dy, receptor. The results are shown in Tables 8 to 13.
[0418]
(2) Serotonin 5-HT;4 Receptor Binding Assay

5-HT,4 receptor binding assay was performed in reference to a method described by
Hirose et al. (Japan. J. Pharmacol., 53, 321-329, 1990). After a reaction in a total volume of
200 pL of 50 mM Tris-HCI (pH = 7.6) buffer solution containing 50 uL of [*H]-ketanserin
(final concentration 1 nM), 1 pL of test drug in DMSO, and 149 pL of human 5-HT;a
receptor-expressing CHO éell membrane sample, human 5-HT,4 receptor binding activity of
[H]-ketanserin was measured. The reaction solution let stand for 15 minutes at 37°C, and
then it was quickly added on a glass fiber filter plate (Multiscreen FB, Millipore inc.) coated
with 0.05% Brij 35 and filtered under reduced pressure. The glass fiber filter was washed
with 200 pL of ice-cooled 50 mM Tris-HCI (pH = 7.6) twice, repeatedly filtered under
reduced pressure, and then transferred to a vial containing 4 mL of Ecoscint A (National
Diagnostics inc.). The residual radioactivity on the glass fiber filter was measured by a liquid
scintillation counter. Nonspecific binding was measured in the presence of 10 uM of MDL-
100907, and [*H]-ketanserin binding inhibition rate in the presence of 1 nM or 10 nM of test
drug was determined. The results are shown in Tables 8 to 13.
[0419]
(3) Serotonin 5-HT¢ Receptor Binding Assay

After a reaction in a total volume of 200 pL of 50 mM Tris-HCl (pH = 7.6), 4 mM
CaCl,, and 0.5 mM EDTA buffer solution containing 50 pL of [*H]-clozapine (final
concentration 2 nM), 1 pL of test drug in DMSO, and 149 pL of human 5-HTs receptor-
expressing CHO cell membrane sample, human 5-HTs receptor binding activity of [’H]-
clozapine was measured. The reaction solution let stand for 40 minutes at room temperature,
and then it was quickly added on a glass fiber filter plate (Multiscreen FB, Millipore inc.)
coated with 0.3% polyethyleneimine (PEI) and filtered under reduced pressure. The glass
fiber filter was washed with 200 pL of ice-cooled 50 mM Tris-HCl (pH = 7.6) twice,
repeatedly filtered under reduced pressure, and then transferred to a vial containing 4 mL of
Ecoscint A (National Diagnostics inc.). The residual radioactivity on the glass fiber filter was
measured by a liquid scintillation counter. Nonspecific binding was measured in the presence
of 10 uM of SB-258585, and [3H]-clozapine binding inhibition rate in the presence of 100 nM
of test drug was determined. The results are shown in Tables 8 to 13.

[0420]
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(4) Adrenaline 0,p Receptor Binding Assay
Afier a reaction in a total volume of 200 pL of 50 mM Tris-HCl (pH = 7.6) buffer

solution containing 50 pL of [*H]-prazosin (final concentration 0.6 nM), 1 uL of test drug in
DMSO, and 149 pL of human a;p receptor-expressing CHO cell membrane sample, human
a;p receptor binding activity of [3H]—prazosin was measured. The reaction solution let stand
for 30 minutes at room temperature, and then it was quickly added on a glass fiber filter plate
(Multiscreen FB, Millipore inc.) coated with 0.3% polyethyleneimine (PEI) and filtered under
reduced pressure. The glass fiber filter was washed with 200 pL of ice-cooled 50 mM Tris-
HCI (pH = 7.6) twice, repeatedly filtered under reduced pressure, and then transferred to a
vial containing 4 mL of Ecoscint A (National Diagnostics inc.). The residual radioactivity on .
the glass fiber filter was measured by a liquid scintillation counter. Nonspecific binding was
measured in the presence of 1 uM of prazosin, and [’H]-prazosin binding inhibition rate in the

presence of 100 nM of test drug was determined. The results are shown in Tables 8 to 13.
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[Table 8]
Ex BINDING INHIBITION RATE (%)
No. STRUCTURE DaL 5HT2A . 5HT6 oD

10nM | 1nM | 10nM 100nM 100nM
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[Table 9]
n BINDING INHIBITION RATE (%)
- STRUCTURE Da | SHT2A | 5HT6 | ao
| 10nM | 1nM | 10nM_| 100nM_|_100nM
N-C
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[0423]
[Table 10]
Ex BINDING INHIBITION RATE (%)
NO.. STRUCTURE Do 5HT2A 5HT6 ai

10nM | 1nM | 10nM | 100nM 100nM

H,cmo =
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[Table 11]
Ex BINDING INHIBITION RATE (%)
No.. STRUCTURE Da _BHT2A . 5HT6 oD

10nM | 1nM | 10nM | 100nM 100nM
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42 “3°‘o©j%(}v@i© 57 85 70

, NH
13 0%0/(@ | 77 83 82

. |
\ i NH
44 %VQ/EQF 83 98 70

(¢]
45 m(\)/mF 82 | 84 | o7 46

H,;C
46 %\‘ NQ*@ 58 | 48 82 54

47 @?\ﬁ» O/“\@F 72 94 85

48 e m; 82 97 40

Qj\f() fo} :
49 Y OACLF 83 75 30

E i
.0 o
HiC cl A\ (o)
50 m?\i VQ*@L 7| 66 | 88 43
Qo‘ B F .
’ Ph o
Y
51 E?\f Q)\Q 81 | 6 95 51
oSN
O -

H:;C‘Qj\( T

52 NP O/EQ 86 | 43 95 64
/ \"m N_o~_N
)
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[Table 12]
= BINDING INHIBITION RATE (%)
N STRUCTURE Dy |  5HT2A 5HT6 | oo
' 10nM_| 1nM | 10nM | 100nM_| _100nM
53 pw@*@ 89 94 48
F
O, N<:> .
54 ; o 0)‘\@\ 71 7 81 63
H(b"“‘\/N £
5 | Yo | ® 100
Qo“\/N F
Ny
A N o o]
56 \@%V@*@F g4 | 70 91 70
57 | O) -~ i QVNQJ\Q 69 86 76
T = |
58 @ESVO/E@ 57 | 74 | o 98 97
HsC i o
59 @E" O | oo | s 87 95
o F
o o
0] A / N
60 O O/CQ 76 78 97 76
H N NN
U Cl
(o}
N o}
61 :CH § T ,.NO*@F 69 | 46 82 29
F
Q
N\
2 ° 1| e 7 23
: sousacuN L L 8
CHs Qj\fo 1
63 ek g“ﬂ@m\\/ O)nF 0 17
159 zu]\?‘ ¢ O)k@ 3 | 78 % 71
UA\,N F
160 QN%‘ ¢ Oﬂ@ 0 | 72 98 53
(_7"’“\/"' F .




WO 2011/111875

PCT/JP2011/056497

119
[0426]
[Table 13]
= BINDING INHIBITION RATE (%)
o STRUCTURE D 5HT2A 5HT6 D
' ; 10nM | 1M [ 10nM | 100nM | 100nM
[e]
161 zu]\r‘ r 0 49 | 69 97 66
(—7»‘\/N £
R OMe
\ Q
162 Qﬁ]\{;\, m 86 | 84 93 79
F
F ‘F o
163 e 8 | 75 95 48
L.oa,
164 Py O)k@ 79 | 56 99 43
(_7“‘\/'\‘ F
F Q
\
165 N F° % | 74 90 53
rr oo,
\ Q
166 zu]\f/o YO 88 o7 62
~O" F
Fac‘@j\f 0
167 e 75 95 3
O,
168 Zujv‘ ° OAQ 81 o4 61
"M.CTA\,N E
— HCH N0
169 BN Q)\@ 81 | 47 73 49
N o F
o~
N o
170 \ o 87 95 83
Lo,
INDUSTRIAL APPLICABILITY

[0427] N-Acyl cyclic amine derivatives or pharmaceutically acceptable salts thereof of the present
invention show high effectiveness against positive symptoms, negative symptoms and cognitive
dysfunction in schizophrenia, and are uscful as a therapeutic agent reducing side-effects risks as seen

in a conventional therapeutic agent for schizophrenia as well as having remarkable effects for central

neurological diseases associated with cognitive dysfunction other than schizophrenia.
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[0428] Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise”, and variations such as "comprises” and "comprising”, will be
understood to imply the inclusion of a stated integer or step or group of integers or steps but not
the exclusion of any other integer or step or group of integers or steps.

[0429] The reference in this specification to any prior publication (or information derived from it),
or to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication (or information derived from it) or
known matter forms part of the common general knowledge in the field of endeavour to which this

specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A compound of the following formula (1):

[Chemical Formula 1]

L
N (\V’WLAr1 (1)
@WZ'N\)

wherein Ar' and Ar’ are each independently optionally substituted Cg.1o aryl or optionally
substituted heteroaryl;

V is CR’, in which R® is hydrogen, hydroxyl, halogen, cyano, or optionally
substituted C,.¢ alkyl;

W'isa single bond, oxygen, sulfur, -C(O)- or -NR?-, in which R? is hydrogen or
optionally substituted C,.¢alkyl,

piperidine ring in case that V is CR® may be each independently optionally
substituted by one or more and same or different groups selected from the group consisting
of hydroxyl, halogen, cyano, C,.¢alkyl and C,.¢ alkoxy on any substituent positions;

W? is optionally substituted ethylene;

W? is a single bond, oxygen, sulfur, -NH-, optionally substituted methylene,
optionally substituted ethylene, or -CR*=CR’-, in which R* and R® are each independently
hydrogen, halogen or optionally substituted C,.¢ alkyl;

Ring Q is a group of the following formula (a):

[Chemical Formula 2]

|
k(rN‘ )n
A

R1c

R1P (@)

in which n is 0;
mis 0, 1or2;
kis1,2or3;
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7 is a single bond, methylene, oxygen, sulfur, -S(O)-, -S{O)- or NR*-. in which R
is hydrogen or optionally substitted Uy ¢ alkyly

R'® R'™ and RY ave each, same or different, hydrogen, hydroxyl, halogen, cyano,
carboxyl, optionally substituted amine, optionally substituted Cy.gaikyl, optionally substituted
Cs.peycloalkyl, optionally substituted Cy.7 cycloalkyl-C 4 alkyl, oplionally substituted Lo
aralkyl, optionally substituted heteroaryl-Cig alkyl, optionally substituted saturated
heterocyelic Cp.g alkyl, optionally substituted Cep aryl, optionally substituted heteroaryl,
optionally substituted satuvated heterocycle, optionally substituted Cys slkoxy, optioually
substituted Ca.r cycloalkoxy, optionally substituted Ceap aryloxy, optionally substituted
heteroarvloxy, optionally substituted saturated heterocyclic oxy, optionally substituted Cyyq
aralkyloxy, optionally substituted €y alkylcarbonylamine, optionally substituted Cyo
eyveloalkylearbonylamino, optionally substituted Ceag aryvicarbonylamine, optionally
substitted  satwrated  heterocyclic  carbonylamine.  optionally  substituted
heteroarylcarbonylamino, optionally substituted €5 alkylcarbonyvioxy, optienally substituted
aminocacbonyloxy, optionally substifuted Cy.gatkoxycarbonylamino, optionally substituted Cs.
reycloalkoxyearbonylamine, optionally substituted saturated heterooyelic oxycarbonylamino,
optionally substituted aminocarbonylamine, optionally substituted aminosulfonylamine,
optionally  substituted €y allylsulfonylaminn,  optionally  substituted Gy
cycloalkylsulfonylamino, optionally substituted Cg.igarylsulfonylamine, optionally substituted
saturated heterocyelic sulfonylaminoe, or optionally substituted heterparyisulfonylamine,

aliernatively, R' and R'® may combine each other together with the carbon alom to
which they bind to form Ciy eycloalkyl ring, or saturated heterocyele, in which the Cyy
eyclnalkyl ring and the saturated heteroeyele may be eptionally substifited by one or more and
samg or different groups selected from the group consisting of hydroxyl, halogen, cyano, Ci4
alkyl, Cig alkoxy, Cegp aryl, heteroaryl and 4~ to 7-membered saturated heterocycle; or a
pharmaceutically acceptable salt thereof.

2. The compound of claim 1, represented by the following formula (2%
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[Chemical Formula 3]

w: o

27

G)/\/

wherein Ar' and Ar? are each independently optionally substituted Ce.10 aryl or optionally

Ar

substituted heteroaryl;

W' is a single bond or -C(O)-;

W is a single bond, optionally substituted methylene, optionally substituted
ethylene, or -CR*=CR’-, in which R and R are each independently hydrogen, halogen or
optionally substituted C,.¢ alkyl;

R}is hydrogen, hydroxyl, halogen or cyano;

Ring Q is a group of the following formula (a-1):

[Chemical Formula 4]

R |
.N

Rw"(.rx (a-1)
7

R1c m

in whichmis 0,1 or2;

kis 1,2 or3;

Z is a single bond, methylene, oxygen, or -NR?!-, in which R?' is hydrogen or
optionally substituted C,.¢alkyl;

R'?, R" and R' have the same meanings as defined in claim 1; or a
pharmaceutically acceptable salt thereof.
3. The compound of either one of claim 1 or 2, wherein Ar' is any one of groups of

the following formulae (b-1) to (b-17):

[Chemical Formula 5]
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N-NH N-O E' NH NF.—E
(b-1) (b-2) (b-3) (b-4) (b-%)
By Ry Ly Yy
DA R Ry
(b-6) (b-7) (b-8) (b-9) (b-10)
(0] N
B B S
(b-11) (b-12) (b-13) (b-14) (b-15)
(o)
N
D%
(b-16) (b-17)

in which carbon atoms in the groups of the formulae (b-1) to (b-17) may be optionally
substituted by one or more and same or different groups selected from the group consisting
of halogen, hydroxyl, cyano, C,.¢ alkyl and C,.¢ alkoxy; or a pharmaceutically acceptable
salt thereof.

4. The compound of any one of claims 1 to 3, wherein Ar? is any one of groups of the
following formulae (c-1) to (c-19):

[Chemical Formula 6]
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N,/ N’ 1 -
G B ol
H H
(c-1) (c-2) (c-3) (c-4) (c-5)
N=
T N TN Q\:/}]\
Q. . Qo KXy
(c-6) (c-7) (c-8) (c-9) (c-10)
o N-o ) N N
(c-11) (c-12) (c-13) (c-14) (c-15)
H
N N
ocL &oL o
(c-16) (c-17) (c-18) (c-19)

in which carbon atoms in the groups of the formulae (c-1) to (c-19) may be optionally
substituted by one or more and same or different groups selected from the group consisting
of hydroxyl, halogen, cyano, carboxyl, optionally substituted amino, optionally substituted
Ci alkyl, optionally substituted Cs.7 cycloalkyl, optionally substituted Cs.7 cycloalkyl-C,.4
alkyl, optionally substituted C;.)4 aralkyl, optionally substituted heteroaryl-C;4 alkyl,
optionally substituted saturated heterocyclic C,.4 alkyl, optionally substituted Cq. o aryl,
optionally substituted heteroaryl, optionally substituted saturated heterocycle, optionally
substituted C,.¢ alkoxy, optionally substituted C,.¢ alkylthio, optionally substituted Cs.;
cycloalkoxy, optionally substituted Cs.19 aryloxy, optionally substituted heteroaryloxy,
optionally substituted saturated heterocyclic oxy, optionally substituted C,.
alkylcarbonylamino, optionally substituted Cs.; cycloalkylcarbonylamino, optionally
substituted Cg.19 arylcarbonylamino, optionally substituted heteroarylcarbonylamino,
optionally substituted saturated heterocyclic carbonylamino, optionally substituted C,4
alkoxycarbonylamino, optionally substituted Cj.; cycloalkoxycarbonylamino, optionally
substituted  saturated  heterocyclic = oxycarbonylamino, optionally  substituted
aminocarbonylamino, optionally substituted aminosulfonylamino, optionally substituted

Ci.6 alkylcarbonyl, optionally substituted C;.7 cycloalkylcarbonyl, optionally substituted
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Cs.7 cycloalkyl-C,4 alkylcarbonyl, optionally substituted C¢.j¢ arylcarbonyl, optionally
substituted heteroarylcarbonyl, optionally substituted saturated heterocyclic carbonyl,
optionally substituted C,¢ alkoxycarbonyl, optionally substituted Cs.; cycloalkoxycarbonyl,
optionally substituted saturated heterocyclic oxycarbonyl, optionally substituted
aminocarbonyl, optionally substituted C, alkylsulfonyl, optionally substituted Cj;-
cycloalkylsulfonyl, optionally substituted Cs.;o arylsulfonyl, optionally substituted
heteroarylsulfonyl, optionally substituted saturated heterocyclic sulfonyl and optionally
substituted aminosulfonyl;

NH in the groups of the formulae (c-1) to (¢c-19) may be optionally substituted by
one or more and same or different groups selected from the group consisting of optionally
substituted C;.¢ alkyl, optionally substituted C;.; cycloalkyl, optionally substituted C.;
cycloalkyl-C, .4 alkyl, optionally substituted C;.14 aralkyl, optionally substituted heteroaryl-
Ci.4 alkyl, optionally substituted saturated heterocyclic C,.4 alkyl, optionally substituted Cs.
10 aryl, optionally substituted heteroaryl, optionally substituted saturated heterocycle,
optionally substituted C,.¢ alkylcarbonyl, optionally substituted Cs.; cycloalkylcarbonyl,
optionally substituted C;; cycloalkyl-C4 alkylcarbonyl, optionally substituted C
alkoxycarbonyl, optionally substituted Cs.; cycloalkoxycarbonyl, optionally substituted
saturated heterocyclic oxycarbonyl, optionally substituted Cs.o arylcarbonyl, optionally
substituted heteroarylcarbonyl, optionally substituted saturated heterocyclic carbonyl,
optionally substituted aminocarbonyl, optionally substituted C,.¢ alkylsulfonyl, optionally
substituted Cs.; cycloalkylsulfonyl, optionally substituted Cq.1o arylsulfonyl, optionally
substituted heteroarylsulfonyl, optionally substituted saturated heterocyclic sulfonyl and
optionally substituted aminosulfonyl; or a pharmaceutically acceptable salt thereof.

5. The compound of claim 4, wherein carbon atoms in the groups of the formulae (c-
1) to (c-19) may be optionally substituted by one or more and same or different groups
selected from the group consisting of hydroxyl, halogen, cyano, optionally substituted C,.¢
alkyl, optionally substituted C;.14 aralkyl, optionally substituted heteroaryl-C,4 alkyl,
optionally substituted saturated heterocyclic C;.4 alkyl, optionally substituted C,.¢ alkoxy,
optionally substituted C, alkylthio, optionally substituted saturated heterocyclic oxy,
optionally substituted Cq.1o aryl, optionally substituted heteroaryl, optionally substituted
saturated heterocycle, optionally substituted C,.¢ alkylcarbonyl, optionally substituted Cs.;

cycloalkylcarbonyl, optionally substituted Cs.; cycloalkyl-C 4 alkylcarbonyl, optionally
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substituted Ce.19 arylcarbonyl, optionally substituted heteroarylcarbonyl, optionally
substituted saturated heterocyclic carbonyl, optionally substituted aminocarbonyl,
optionally substituted Cj alkylsulfonyl, optionally substituted Cs.; cycloalkylsulfonyl,
optionally substituted Cq.;o arylsulfonyl, optionally substituted heteroarylsulfonyl,
optionally substituted saturated heterocyclic sulfonyl and optionally substituted
aminosulfonyl;

NH in the groups of the formulae (c-1) to (c-19) may be optionally substituted by
one or more and same or different groups selected from the group consisting of optionally
substituted C,, alkyl, optionally substituted C;.; cycloalkyl, optionally substituted C;.;
cycloalkyl-C,4 alkyl, optionally substituted saturated heterocyclic C,.4 alkyl, optionally
substituted Cqg.1¢ aryl, optionally substituted heteroaryl, optionally substituted saturated
heterocycle, optionally substituted C,¢ alkylcarbonyl, optionally substituted Cs.
cycloalkylcarbonyl, optionally substituted C;; cycloalkyl-C.4 alkylcarbonyl, optionally
substituted C,.¢ alkoxycarbonyl, optionally substituted C;_; cycloalkoxycarbonyl, optionally
substituted saturated heterocyclic oxycarbonyl, optionally substituted Ce.jo arylcarbonyl,
optionally substituted heteroarylcarbonyl, optionally substituted saturated heterocyclic
carbonyl, optionally substituted aminocarbonyl, optionally substituted C,.¢ alkylsulfonyl,
optionally substituted Cs.; cycloalkylsulfonyl, optionally substituted Ce.jo arylsulfonyl,
optionally substituted heteroarylsulfonyl, optionally substituted saturated heterocyclic
sulfonyl and optionally substituted aminosulfonyl; or a pharmaceutically acceptable salt
thereof.

6. The compound of any one of claims 1 to 5, wherein R R'" and R'® are each, same
or different, hydrogen, hydroxyl, halogen, cyano, optionally substituted C;¢ alkyl,
optionally substituted Cs.; cycloalkyl, optionally substituted C;.; cycloalkyl-C;4 alkyl,
optionally substituted C5.14 aralkyl, optionally substituted heteroaryl-C, 4 alkyl, optionally
substituted saturated heterocyclic C;4 alkyl, optionally substituted Cs.io aryl, optionally
substituted heteroaryl, optionally substituted saturated heterocycle, optionally substituted
C\.6 alkoxy, optionally substituted Cj.; cycloalkoxy, optionally substituted Cs.jo aryloxy,
optionally substituted heteroaryloxy, optionally substituted saturated heterocyclic oxy,
optionally substituted Cs.14 aralkyloxy, optionally substituted C,.¢ alkylcarbonyloxy, or

optionally substituted aminocarbonyloxy,
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alternatively, R' and R'® may combine each other together with the carbon atom to
which they bind to form Cs.; cycloalkyl ring, or saturated heterocycle, in which the Cs.;

cycloalkyl ring and the saturated heterocycle may be optionally substituted by one or more

and same or different groups selected from the group consisting of hydroxyl, halogen and
cyano; or a pharmaceutically acceptable salt thereof.

7. The compound of any one of claims 1 to 6, wherein Ring Q is any one of rings of |
the following formulae (a-2) to (a-7):

[Chemical Formula 7]

R1a R1a

R1a I
| \L \N
DD S
Aa-Z) Aa-3) e (a-4)
R e
Dy Dy 5
/ (a-5)

(a-6) (a-7)

R1c
in which R R! and R'® have the same meanings as defined in claim 6; or a
pharmaceutically acceptable salt thereof.
8. The compound of any one of claims 1 to 7, wherein Ar' is any one of groups of the
following formulae (b-1) to (b-4):

[Chemical Formula 8]

. : N-NH N-O [' NH
(b-1) (b-2) (b-3) (b-4)

in which carbon atoms in the groups of the formulae may be optionally substituted by one
or more and same or different groups selected from the group consisting of halogen,
hydroxyl, cyano, C;.¢alkyl and C,.¢ alkoxy; or a pharmaceutically acceptable salt thereof.

9. The compound of any one of claims 1 to 8, wherein Ar® is any one of groups of the

20 following formulae (c-1) to (c-3):
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[Chemical Formula 9]
@1 Ne /5 N’;l‘
N N H
(c-1) (c-2) (c-3)

in which carbon atoms and NH in the groups of the formulae may be each optionally
substituted by a substituent defined in claim 5; or a pharmaceutically acceptable salt
thereof.

10.  The compound of any one of claims 1 to 9, wherein Ring Q is a group of formula
(a-3) of claim 7, or a pharmaceutically acceptable salt thereof.

11. The compound of any one of claims 1 to 10, wherein Wlisa single bond, V is CH,

or a pharmaceutically acceptable salt thereof.

12 The compound of any one of claims | to 11, represented by the following formula
3):
[Chemical Formula 10]

R14 R13

wherein Ar' is any one of groups of the following formulae (b-1°), (b-2’), (b-3’) or (b-4"):

[Chemical Formula 11]

N-NH N-O -NH
@Rfl A@“Rr’ /k©—R17 L©5R17
(b-1') (b-2') (b-3') (b-4')

in which R' is hydrogen or halogen;
W' is a single bond or -C(O)-;
R'" R'® and R'® have the same meanings as defined in claim 6;

R'! has the same meaning as defined for substituents of NH in the group of formula

(c-1) of claim 5;
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R'z, R]3, R”, R" and R'® have the same meanings as defined for substituents of
carbon atoms in the group of formula (c-1) of claim 5; or a pharmaceutically acceptable

salt thereof.

13.  The compound of any one of claims 1 to 11, represented by the following formula
4

[Chemical Formula 12]

R13 R12

S 1
R (N\/\/N

wherein Ar' is any one of groups of the formulae (b-1°), (b-2), (b-3) or (b-4’) of claim
12;

W' is a single bond or -C(O)-;

R' R'® and R' have the same meanings as defined in claim 6;

R'' has the same meaning as defined for substituents of NH in the group of formula
(c-3) of claim $;

R'? and R" have the same meanings as defined for substituents of carbon atoms in
the group of formula (c-3) of claim 5; or a pharmaceutically acceptable salt thereof.
14.  The compound of any one of claims 1 to 11, represented by the following formula
)
[Chemical Formula 13]

(5)

wherein Ar' is any one of the formulae (b-1°), (b-2"), (b-3") or (b-4’) of claim 12;
W'isa single bond or -C(O)-;

R' R'" and R'® have the same meanings as defined in claim 6;
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R' has the same meaning as defined for substituents of NH in the group of formula

(c-2) of claim $;

R'2, R"3, R™ and R'S have the same meanings as defined for substituents of carbon

atoms in the group of formula (c-2) of claim 5; or a pharmaceutically acceptable salt

thereof.

15.  The compound of claim 1, selected from the group consisting of:
(S)-(2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)pyrrolidin-1-yl)(6-methyl-1H-indol-2-
yl)methanone;
(S)-(6-fluoro-1H-indol-2-yl)(2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)pyrrolidin-1-
yl)methanone;
(S)-(2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)pyrrolidin-1-yl)(6-(trifluoromethoxy)-
1H-indol-2-yl)methanone;
(S)-(2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)pyrrolidin-1-yl)(6-isopropyl- 1 H-indol-
2-yl)methanone;
(S)-(5-fluoro-4-methoxy-1H-indol-2-y1)(2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)-
pyrrolidin-1-yl)methanone;
(S)-(3,6-difluoro-1H-indol-2-yl)(2-(2-(4-(4-fluorobenzoy!)piperidin-1-yl)ethyl)pyrrolidin-
1-yl)methanone;
(S)-(3-fluoro-6-(trifluoromethoxy)-1H-indol-2-y1)(2-(2-(4-(4-fluorobenzoyl)piperidin-1-
yl)ethyl)pyrrolidin-1-yl)methanone;
(S)-(3-fluoro-1H-indol-2-yl)(2-(2-(4-(4-fluorobenzoyl)piperidin- 1-yl)ethyl)pyrrolidin-1-
yl)methanone;
((28,5S)-2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)-5-methylpyrrolidin-1-y1)(6-
methyl-1H-indol-2-yl)methanone;
((25,55)-2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)-5-methylpyrrolidin-1-y1)(6-
(trifluoromethyl)-1H-indol-2-yl)methanone;

((2S,5S)-2-(2-(4-(4-fluorobenzoyl)piperidin- 1 -yl)ethyl)-5-methylpyrrolidin-1-y1)(6-
(trifluoromethylthio)-1H-indol-2-yl)methanone;
(S)-(2-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)pyrrolidin-1-yl)(1-methyl-1H-indol-5-
yl)methanone and
(S)-(2-(2-(4-(6-fluorobenzo[d]isoxazol-3-yl)piperidin-1-yl)ethyl)pyrrolidin-1-yl)(3-phenyl-

1H-pyrazol-5-yl)methanone; or a pharmaceutically acceptable salt thereof.
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16.  (S)-(2-(2-(4-(4-Fluorobenzoyl)piperidin-1-yl)ethyl)pyrrolidin-1-yl)(6-methyl-1H-
indol-2-yl)methanone.

17.  (S)-(6-Fluoro-1H-indol-2-yl)(2-(2-(4-(4-fluorobenzoyl)piperidin-1-
yl)ethyl)pyrrolidin-1-yl)methanone.

18.  (S)-(5-Fluoro-4-methoxy-1H-indol-2-y1)(2-(2-(4-(4-fluorobenzoyl)piperidin-1-
yDethyl)pyrrolidin-1-yl)methanone.

19.  (S)-(3,6-Difluoro-1H-indol-2-yl)(2-(2-(4-(4-fluorobenzoyl)piperidin-1-
yDethyl)pyrrolidin-1-yl)methanone.

20. (S)-(3-Fluoro-6-(trifluoromethoxy)- 1 H-indol-2-y1)(2-(2-(4-(4-
fluorobenzoyl)piperidin-1-yl)ethyl)pyrrolidin-1-yl)methanone.

21.  (S)-(3-Fluoro-1H-indol-2-yl)(2-(2-(4-(4-fluorobenzoyl)piperidin-1-
yDethyl)pyrrolidin-1-yl)methanone hydrochloride.

22. A therapeutic agent for schizophrenia, comprising a compound of any one of
claims 1 to 21 or a pharmaceutically acceptable salt thereof.

23. A method for treating schizophrenia, comprising administering a therapeutically
effective amount of a compound of any one of claims 1 to 21 or a pharmaceutically
acceptable salt thereof to a mammal in need thereof.

24, Use of a compound of any one of claims 1 to 21 or a pharmaceutically acceptable

salt thereof in the manufacture of a medicament for the treatment of schizophrenia.
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