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ABSTRACT

Problem to be Solved

To provide a novel compound inhibiting the effect of HSP90, 1n particular a
novel compound inhibiting the function of HSP90 as a chaperone protein and having
anfitumor activity.
Solution

The present invention provides a pyrazolopyrimidine compound represented
by the formula (1) having various substituents which inhibits the ATPase activity ot
HSP90 and which has antitumor activity, an HSP90 inhibitor comprising the
compound represented by the formula (1), a medicament comprising the compound
represented by the formula (1), an anticancer agent comprising the compound
represented by the formula (1), a pharmaceutical composition comprising the
compound represented by the formula (1) and a method for treating cancer using the

compound represented by the formula (1).

(D
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DESCRIPTION

PYRAZOLOPYRIMIDINE DERIVATIVE AND USE THEREOF AS AN
ANTICANCER AGENT

Technical Field

The present invention relates to a tricyclic compound derived from

pyrazolopyrimidine which inhibits the effect of heat shock protein 90 (HSP90).

Background Art

HSP90 1s a major intracellular chaperone protein. Chaperone proteins are
proteins that bind to various proteins to assist in folding of the bound proteins. A

group of proteins whose folding requires HSP90 are generally called HSP90 client

proteins.

It 1s assumed that HSP90 as well as multiple proteins such as co-chaperones,
partner proteins and immunophilins are involved in the mechanism of folding of
client proteins by HSP90 and that they collaboratively assist in folding of HSP90
client proteins (Non-Patent Document i); however, the details of the mechanism are
still not sufficiently clear. It is assumed that HSP9O0 client proteins form a complex
with HSP90, co-chaperones and the like and are then conformationally changed to
mature proteins, and that the proteins are ubiquitinated and degraded by proteasomes
when they are not folded normally by HSP90 and the like (Non-Patent Documents 1
to 4).

In recent years, HSP90 inhibitors have been expected as candidates for
therapeutic agents for various diseases (for example, cancer, neurodegenerative
diseases such as Alzheimer's disease, cardiovascular diseases, infections,
autoimmune diseases, and diseases associated with apoptotic cell injury) (Non-Patent

Document 2).
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In particular, since many cancer-associated proteins including molecular
targets for anticancer agents are HSP90 client proteins, HSP90 inhibitors have been
expected as candidates for anticancer agents. For example, multiple proteins
involved 1n the appearance and development of cancer such as Her2, Raf, Akt and
telomerase are known as HSP90 client proteins (Non-Patent Document 1). It is
assumed that these cancer-associated proteins are changed from immature proteins to
mature proteins and act to cause malignant transformation of cells, by use of HSP90
as a chaperone protein. HSP90 is a protein that exists not only in cancer cells but
also in normal cells, and it is reported that the affinity with a client profein and the
ATPase activity necessary tor its chaperone activity are higher in cancer cells than in
normal cells (Non-Patent Documents 1 to 3). Therefore, HSP90 inhibitors are
assumed to be capable of tnactivating multiple cancer-associated proteins
simultaneously in a cancer cell-specific manner, and have been expected as
candidates for anticancer agents that are potent and have a broad antitumor spectrum.

Geldanamycin, herbimycin, 17-allylaminogeldanamycin (17-AAG) and the
like are known as HSP90 inhibitors (Non-Patent Documents 1 to 4). These
compounds bind to the ATP binding pocket at the N-terminal of HSP90 and inhibit
binding of HSP90 to ATP in order to inhibit the function of HSP90 as a chaperone
protein. Various compounds inhibiting HSP90 are reported in addition to the above

compounds (Patent Document 1, Non-Patent Document 5 and Non-Patent Document

6).

[Patent Document 1] WO 2005/28434

[Non-Patent Document 1] Medicinal Research Reviews (2006) Vol. 26, No.
3,310-338

[Non-Patent Document 2] TRENDS in Molecular Medicine (2004) Vol. 10,
No. 6, 283-290

[Non-Patent Document 3] British Journal of Pharmacology (2005) 146, 769-
780

FP0722s P101780/English transiation of PCT specification/act/26/02/09
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[Non-Patent Document 4} TRENDS in Biochemical Sciences (2006) Mar,
31(3), 164-172

[Non-Patent Document 5] Journal of Medicinal Chemustry (2005) Vol. 48,
No. 13, 4212-4215

[Non-Patent Document 6] Journal of Medicinal Chemistry (2006) Vol. 49,

No. 1, 381-390

Disclosure of the Invention
Problems to be Solved by the Invention

Although HSP90 inhibitors have been expected to be used as medicaments, 1n
particular as anticancer agents as described above, an etfective compound has not yet
been obtained. Therefore, there is a need to develop a novel compound inhibiting
the effect of HSP90, in particular a novel compound inhibiting the function of

HSP90 as a chaperone protein and having antitumor activity.

Means for Solving the Problems

As a result of extensive studies to solve the above problems, the present
inventors have found a tricyclic compound derived from pyrazolopyrimidine which
is represented by the formula (1), as a novel compound inhibiting the ATPase
activity of HSP90 and having antitumor activity. This finding has led to the
completion of the present invention.

Specifically, the present invention provides:

[1] A compound represented by the formula (1), a salt of the compound, or a

hydrate of the compound or the salt:

FP0722s P101780/English translation of PCT specification/acf/26/02/09
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(1)

wherein in the formula (1),

R' represents a methylene group, an ethylene group or a propenylene group
which may be substituted with 1 or 2 alkyl groups having 1 to 8 carbon atoms,

‘ R? represents an aryl group which may have a substituent(s) or a heterocyclic

group which may have a substituent(s),

Ring A represents a 5- to 8-membered ring (wherein the ring constituent
atoms of Ring A other than the sulfur atom at the 6-position are carbon atoms), and

R’ represents a hydrogen atom or 1 to 4 same or different substituents with
which Ring A 1s substituted,

wherein

the same or different substituents

each independently represents a substituent selected from the group consisting
of a halogen atom, a hydroxy group, a carboxy group, an alkyl group having 1 to 8
carbon atoms which may have a substituent(s), an alkenyl group having 2 to 8 carbon
atoms which may have a substituent(s), an alkynyl group having 2 to 8 carbon atoms
which may have a substituent(s), an alkoxy group having 1 to 8 carbon atoms which
may have a substituent(s), an alkoxycarbonyl group having 1 to 8 carbon atoms

which may have a substituent(s), an alkanoyloxy group having 1 to 8 carbon atoms
which may have a substituent(s), a carbamoyl group which may have a substituent(s),
a carbamoyloxy group which may have a substituent(s), an alkylsulfonyloxy group
having 1 to 8 carbon atoms which may have a substituent(s), an amino group which

may have a substituent(s), a cyano group, an aryl group which may have a

FP0722a P101780/amended pages/acf/26/02/09
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5
substituent(s), a heterocyclic group which may have a substituent(s), an oxo group
and =NOR>! (wherein R’ represents a hydrogen atom or an alkyl group having 1 to
8 carbon atoms which may have a substituent(s)), and

when there is a plurality of the same or different substituents, any two
substituents of the same or different substituents together with the carbon atom(s) on
which they are substituted may form a saturated or unsaturated, fused or spiro 3- to
8-membered ring which may have a substituent(s);

[2] The compound according to [1], a salt of the compound, or a hydrate of
the compound or the salt, wherein R! in the formula (1) is a methylene group which
may be substituted with 1 or 2 alkyl groups having 1 to 8 carbon atoms;

[3] The compound according to [1] or [2], a salt of the compound, or a
hydrate of the compound or the salt, wherein R? in the formula (1) is a heterocyclic
group which may have a substituent(s);

[4] The compound according to any one of [1] to [3], a salt of the compound,
or a hydrate of the compound or the salt, wherein R in the formula (1) is a pyridyl
egroup which may have a substituent(s);

[5] The compound according to any one of [1] to [4], a salt of the compound,
or a hydrate of the compound or the salt, wherein Ring A in the formula (1) 1s a 6- or
7-membered ring (wherein the ring constituent atoms of Ring A other than the sulfur
atom at the 6-position are carbon atoms);

[6] The compound according to any one of [1] to [5], a salt of the compound,
or a hydrate of the compound or the salt, wherein R’ in the formula (1) is a hydrogen
atom or 1 to 4 same or different substituents with which Ring A is substituted,

wherein

the same or different substituents

are each independently a substituent selected from the group consisting of a
hydroxy group, a carboxy group, an alkyl group having 1 to 8 carbon atoms which

may have a substituent(s), an alkynyl group having 2 to 8 carbon atoms which may

FP0722a P101780/amended pages/act/26/02/09
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have a substituent(s), an alkoxy group having 1 to 8 carbon atoms which may have a
substituent(s), a carbamoyl group which may have a substituent(s), a carbamoyloxy
group which may have a substituent(s), an alkylsulfonyloxy group having 1 to 8
carbon atoms which may have a substituent(s), an amino group which may have a
substituent(s), a cyano group, a heterocyclic group which may have a substituent(s)
and an oxo group, and

when there is a plurality of the same or different substituents, any two
substituents of the same or different substituents together with the carbon atom(s) on
which they are substituted may form a saturated or unsaturated, fused or spiro 3- to
8-membered ring which may have a substituent(s);

[7] The compound according to [1], a salt of the compound, or a hydrate of

the compound or the salt, wherein the formula (1) is the following formula (1a):

R-R
Nl""_""N
. NN (1a)
£
Z
S N NH

wherein in the formula (1a), R', R and R® are as defined for R', R* and R’ in
[1], respectively;
(8] The compound according to [1], a salt of the compound, or a hydrate of

the compound or the salt, wherein the formula (1) is the following formula (1b):

1
JR—R
N|‘—"‘N
ﬁ“’ "
R PN
s
S N NH

wherein in the formula (1b), R' R? and R? are as defined for R', R* and R’ in

[1], respectively;

FPO722s P101780/English translation of PCT specification/acf/26/02/09
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[9] The compound according to [1], a salt of the compound, or a hydrate of

the compound or the salt, wherein the formula (1) is the following formula (1¢):

/R——"R
N—/N
3 |
X | \/Ii[\ (1c)
P
S N NH

wherein in the formula (1¢), R', R* and R? are as defined for R, R* and R’ in
[1], rcspéctively;
- [10] The compound according to [1], a salt of the compound, or a hydrate of

the compound or the salt, wherein the formula (1) is the following formula (1d):

(1d)

wherein in the formula (1d), R', R* and R? are as defined for R, R* and R® in

[1], respectively;
[11] A compound represented by the formula (2), a salt of the compound, or a

hydrate of the compound or the salt:

(2)

wherein in the formula (2),

FP0722s P101780/English translation of PCT specification/acf/26/02/09
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R' represents a methylene group, an ethylene group or a propenylene group
which may be substituted with 1 or 2 alkyl groups having 1 to 8 carbon atoms,

R’ represents an aryl group which may have a substituent(s) or a heterocyclic
group which may have a substituent(s),

Ring A represents a 5- to 8-membered ring (wherein the ring constituent
atoms of Ring A other than the sulfur atom at the 6-position are carbon atoms),

R’ represents a hydrogen atom or 1 to 4 same or different substituents with
which Ring A is substituted,

wherein

the same or different substituents

each independently represents a substituent selected from the group consisting
of a halogen atom, a hydroxy group, a carboxy group, an alkyl group having 1 to 8
carbon atoms which may have a substituent(s), an alkenyl group having 2 to 8 carbon
atoms which may have a substituent(s), an alkynyl group having 2 to 8 carbon atoms
which may have a substituent(s), an alkoxy group having 1 to 8 atoms which may
have a substituent(s), an alkoxycarbonyl group having 1 to 8 carbon atoms which
may have a substituent(s), an alkanoyloxy group having 1 to 8 carbon atoms which
may have a substituent(s), a carbamoyl group which may have a substituent(s), a
carbamoyloxy group which may have a substituent(s), an alkylsulfonyloxy group
having 1 to 8 carbon atoms which may have a substituent(s), an amino group which
may have a substituent(s), a cyano group, an aryl group which may have a
substituent(s), a heterocyclic group which may have a substituent(s), an oxo group
and =NOR”! (wherein R* represents a hydrogen atom or an alkyl group having 1 to
8 carbon atoms which may have a substituent(s)), and

when there 1s a plurality of the same or different substituents, any two
substituents of the same or different substituents together with the carbon atom(s) on
which they are substituted may form a saturated or unsaturated, fused or spiro 3- to

8-membered ring which may have a substituent(s), and

FP0O722a P101780/amended pages/acf/26/02/09
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R* represents an amino group having a protecting group;

[12] A compound represented by the formula (3), a salt of the compound, or a

hydrate of the compound or the salt:

(3)

wherein in the formula (3),

Ring A represents a 5- to 8-membered ring (wherein the ring constituent
atoms of Ring A other than the sulfur atom at the 6-position are carbon atoms), and

R’ represents a hydrogen atom or 1 to 4 same or different substituents with
which Ring A is substituted,

wherein

the same or ditferent substituents

each independently represents a substituent selected from the group consisting
of a halogen atom, a hydroxy group, a carboxy group, an alkyl group having 1 to 8
carbon atoms which may have a substituent(s), an alkenyl group having 2 to 8 carbon
atoms which may have a substituent(s), an alkynyl group having 2 to 8 carbon atoms
which may have a substituent(s), an alkoxy group having 1 to 8 carbon atoms which
may have a substituent(s), an alkoxycarbonyl group having 1 to 8 carbon atoms
which may have a substituent(s), an alkanoyloxy group having 1 to 8 carbon atoms
which may have a substituent(s), a carbamoyl group which may have a substituent(s),
a carbamoyloxy group which may have a substituent(s), an alkylsulfonyloxy group
having 1 to 8 carbon atoms which may have a substituent(s), an amino group which
may have a substituent(s), a cyano group, an aryl group which may have a

substituent(s), a heterocyclic group which may have a substituent(s), an oxo group

FPO722a P101780/amended pages/acf/26/02/09
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and =NOR’! (wherein R’' represents a hydrogen atom or an alkyl group having 1 to
8 carbon atoms which may have a substituent(s)), and

when there is a plurality of the same or different substituents, any two
substituents of the same or different substituents together with the carbon atom(s) on
which they are substituted may form a saturated or unsaturated, fused or spiro 3- to
8-membered ring which may have a substituent(s);

(13] An HSP90 inhibitor comprising the compound according to any one of
[1] to [10], a salt of the compound, or a hydrate of the compound or the salt;

[14] An inhibitor of the ATPase écti,vity of HSP90 comprising the compound
according to any one of [1] to [10], a- salt of the compound, or a hydrate of the
compound or the salt;

[15] An inhibitor of binding of HSP90 to ATP comprising the compound
according to any one of [1] to [10], a salt of the compound, or a hydrate of the

compound or the salt;

[16] A medicament comprising the compound according to any one of [1] to
[10], a salt of the compound, or a hydrate of the compound or the salt as an active
ingredient;

[17] An anticancer agent comprising the compound according to any one of
[1] to [10], a salt of the compound, or a hydrate of the compound or the salt as an
active ingredient;

[18] A pharmaceutical composition comprising the compound according to
any one of [1] to [10], a salt of the compound, or a hydrate of the compound or the
salt, and a pharmaceutically acceptable carrier;

[19] A method for treating cancer comprising administering the compound

according to any one of [1] to [10], a salt of the compound, or a hydrate of the

compound or the salt; and

FP0722s P101780/English translation of PCT specification/act/26/02/09
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11
[20] Use of the compound according to any one of [1] to [12], a salt of the
compound, or a hydrate of the compound or the salt for the manufacture of a

medicament.

Advantages of the Invention
According to one aspect of the invention there is provided a compound

represented by the formula (1), a salt of the compound, or a hydrate of the compound or

the salt:

(1)

wherein in the formula (1),
R' represents a methylene group, an ethylene group or a propenylene group which

optionally is substituted with 1 or 2 alkyl groups having 1 to 8 carbon atoms;

R* represents

an aryl group which optionally has at least one substituent which at each
occurrence is an alkyl group having 1 to 8 carbon atoms which at each occurrence

optionally has any one or any combination of a substituent which is ¢) to j) or 1) to q) as

defined below, or

a pyridyl, quinolyl or benzodioxin group which optionally has at least one

substituent which at each occurrence is

an alkyl group having 1 to 8 carbon atoms which at each occurrence
optionally has any one or any combination of a substituent which is
¢c) to j) or 1) to q) as defined below, or

any one or any combination of a substitutent which is c), d) or ) to })

as defined below;
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11a
Ring A represents a 5- to 8-membered ring, wherein the ring constituent atoms ot
Ring A other than the sulfur atom at the 6-position are carbon atoms; and
R’ represents a hydrogen atom or 1 to 4 same or different substituents with which
Ring A 1s substituted,;
wherein:
the same or different substituents
each independently represents a substituent which 1s
a halogen atom,
a hydroxy group,

a carboxy group,

an alkyl group having 1 to 8 carbon atoms which optionally has at least
one substituent which at each occurrence is any one or any combination of a substituent
which is ¢) to j) or 1) to q) as defined below,

an alkynyl group having 2 to 8 carbon atoms,

an alkoxy group having 2 to 8 carbon atoms,

a carbamoyl group which optionally has at least one substituent which at

each occurence 18

an alkyl group having 1 to 8 carbon atoms which optionally has at
least one substituent which at each occurrence is any one or any combination of a

substituent which is ¢) to j) or 1) to q) as defined below,

an alkenyl group having 2 to 8 carbon atoms,
an alkynyl group having 2 to 8 carbon atoms,
a phenyl group, or
a heterocyclic group which optionally has at least one substituent

which at each occurrence is

an alkyl group having 1 to 8 carbon atoms which optionally
has at least one substituent which at each occurrence 1s any

one or any combination of a substituent which 1s c) to j) or

1) to q) as defined below, or
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11b
any one or any combination of a substituent which 1s ¢), d),
f) to 1) or ) to q) as defined below,
a carbamoyloxy group which optionally has at least one substituent which
at each occurrence is an alkyl group having 1 to 8 carbon atoms which optionally has at
least one substituent which at each occurrence is any one or any combination of a

substituent which 1s c) to j) or 1) to q) as defined below,

an amino group which optionally has at least one substituent which at each

occurrence 1s

an alkyl group having 1 to 8 carbon atoms which optionally has at

least one substituent which at each occurrence 1s any one or any combination of a

substituent which is c¢) to ) or 1) to q) as defined below,
an alkanoyl group having 1 to 8 carbon atoms,

a heterocyclic group which optionally has at least one substituent

which at each occurrence 1s an alkyl group having 1 to 8 carbon atoms which optionally

has at least one substituent which at each occurrence is any one or any combination of a
substituent which is c¢) to j) or 1) to q) as defined below,
an alkylsulfonyl group having 1 to 8 carbon atoms,
an arylsulfonyl group,
a heteroarylsulfonyl group or
a carbamoyl group,
a cyano group,
a phenyl group,
a heterocyclic group which relates to a group derived from a saturated or
unsaturated monocyclic heterocyclic compound containing one or several nitrogen atoms
and which optionally has at least one substituent which at each occurrence 1s

‘a carbamoyl group,
an alkyl group having 1 to 8 carbon atoms which optionally has at
least one substituent which at each occurrence is any one or any combination of a

substituent which 1s ¢) to j) or 1) to q) as defined below,
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l1c
an amino group which optionally has at least one substituent which
at each occurrence is an alkyl group having 1 to 8 carbon atoms which optionally has at
least one substituent which at each occurrence is any one or any combination of a
substituent which is ¢) to j) or 1) to q) as defined below,
an alkanoyl group having 1 to 8 carbon atoms or
a hydroxy group, or
an 0xo group; and
when there is a plurality of the same or different substituents, any two substituents
of the same or different substituents together with the at least one carbon atom on which
they are substituted optionally form a saturated or unsaturated, tfused or spiro 3- to 8-
membered ring which is attached to Ring A and which contain at least one oxygen atom
as cyclo constituent atom different from a carbon atom;
wherein:
a) 1s an alkyl group having 1 to 8 atoms;
b) is a halogenated alkyl group having 1 to 8 atoms;
c) 1s a halogen atom;
d) 1s a hydroxy group;
€) 1S an 0X0 group;
f) 1s cyano group;
g) 1S a carboxy group;
h) is an alkoxy group having 1 to 8 atoms;
1) is a halogenated alkoxy group having 1 to 8 atoms;
i) 1s an alkoxycarbonyl group having 1 to 8 atoms;
k) 1s an alkanoyl group having 1 to 8 atoms;
1) 1s an alkanoyloxy group having 1 to 8 atoms;
m) i1s an amino group which is optionally substituted with one or the same or
different two alkyl groups having 1 to 8 carbon atoms;

n) is a carbamoyl group which is optionally substituted with one or the same or

different two alkyl groups having 1 to 8 carbon atoms;

0) 1s an alkanoylamino group having 1 to 8 atoms;
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11d

p) is a phenyl group which 1s optionally substituted with one or the same or
different 2 or 3 substituents, wherein the substituent at each occurrence 1s any one or any
combination of a substituent which is a) to d) or f) to 0) as defined above; and

q) is a saturated or unsaturated 4- to 7-membered monocyclic heterocyclic group
which is optionally substituted with one or the same or different 2 or 3 substituents,
wherein the substituent at each occurrence is any one or any combination of a substituent
which is a) to d) or f) to 0) as defined above. '

According to a further aspect of the invention there is provided a compound
represented by the formula (2), a salt of the compound, or a hydrate of the compound or

the salt:

(2)

wherein in the formula (2):

R' represents a methylene group, an ethylene group or a propenylene group which
optionally is substituted with 1 or 2 alkyl groups having 1 to 8 carbon atoms;

R” represents an aryl group which optionally has at least one substituent as
defined in claim 1 or a pyridyl, quinolyl or benzodioxin group which optionally has at
least one substituent as defined in claim 1;

Ring A represents a 5- to 8-membered ring, wherein the ring constituent atoms of
Ring A other than the sulfur atom at the 6-position are carbon atoms;

R’ represents a hydrogen atom or 1 to 4 same or different substituents with which
Ring A is substituted;

wherein:

the same or different sub stituents

each independently represents a substituent which is a halogen atom, a hydroxy

group, a carboxy group, an alkyl group having 1 to 8 carbon atoms which optionally has
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lle

a substituent as defined in claim 1, an alkynyl group having 2 to 8 carbon atoms which
optionally has a substituent as defined in claim 1, an alkoxy group having 1 to 8 carbon
atoms which optionally has a substituent as defined in claim 1, a carbamoyl group which
optionally has a substituent as defined in claim 1, a carbamoyloxy group which
optionally has a substituent as defined in claim 1, an amino group which optionally has a
substituent as defined in claim 1, a cyano group, a phenyl group, a heterocyclic group
which optionally has a substituent as defined in claim 1, or an oxo group, and

when there is a plurality of the same or different substituents, any two substituents
of the same or different substituents together with the at least one carbon atom on which
they are substituted optionally form a saturated or unsaturated, fused or spiro 3- to 8-
membered ring which is attached to Ring A and which may contain at least one oxygen
atom as cyclo constituent atom different from a carbon; and

R* represents an amino group having a protecting group.

According to another aspect of the invention there is provided A compound
represented by the formula (3), a salt of the compound, or a hydrate of the compound or

the salt:

(3)

wherein in the formula (3):

Ring A represents a 5- to 8-membered ring, wherein the ring constituent atoms of
Ring A other than the sulfur atom at the 6-position are carbon atoms; and

R’ represents a hydrogen atom or 1 to 4 same or different substituents with which
Ring A is substituted;

wherein:

the same or different substituents

each independently represents a substituent which is a halogen atom, a hydroxy

group, a carboxy group, an alkyl group having 1 to 8 carbon atoms which optionally has
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11{
a substituent as defined i1n claim 1, an alkynyl group having 2 to 8 carbon atoms which
optionally has a substituent as defined in claim 1, an alkoxy group having 1 to 8 carbon
atoms which optionally has a substituent as defined in claim 1, a carbamoyl group which
optionally has a substituent as defined in claim 1, a carbamoyloxy group which
optionally has a substituent as defined in claim 1, an alkylsulfonyloxy group having 1 to
8 carbon atoms which optionally has a substituent as defined in claim 1, an amino group
which optionally has a substituent as defined in claim 1, a cyano group, a phenyl group, a
heterocyclic group which optionally has a substituent as defined in claim 1, or an oxo
group, and

when there 1s a plurality of the same or different substituents, any two substituents
of the same or different substituents together with the at least one carbon atom on which
they are substituted optionally form a saturated or unsaturated, fused or spiro 3- to 8-
membered ring which is attached to Ring A and which may contain at least one oxygen
atom as cyclo constituent atom different from a carbon.

According to yet another aspect of the invention there is provided a medicament
comprising a compound as described herein, a salt of the compound, or a hydrate of the
compound or the salt and a pharmaceutically acceptable carrier.

According to still another aspect of the invention there is provided an anticancer
agent comprising a compound as described herein, a salt of the compound, or a hydrate
of the compound or the salt and a pharmaceutically acceptable carrier.

According to a further aspect of the invention there is provided a pharmaceutical
composition comprising a compound as described herein, a salt of the compound, or a
“hydrate of the compound or the salt and a pharmaceutically acceptable carrier.
According to another aspect of the invention there is provided Use of the

compound as described herein, a salt of the compound, or a hydrate of the compound or

the salt for the manufacture of a medicament.

According to the present invention, there are provided a novel compound
inhibiting an effect of HSP90, a therapeutic agent for a disease caused by an effect of
HSP90 comprising the compound, a method for treating a disease caused by an effect

of HSP90 using the compound. In particular, according to the present invention,
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there are provided a novel compound inhibiting the function of HSP90 as a
chaperone protein and having antitumor activity, an anticancer agent comprising the

compound, and a method for treating cancer using the compound.

Best Mode for Carrying Out the Invention

In the present invention, "heat shock protein 90" or "HSP90" refers to any or
all of the HSP90 family unless otherwise specified. The HSP90 family includes
HSP90a., HSP90p, 94kDa glucose-regulated protein (GRP94) and Hsp75/tumor
necrosis factor receptor associated protein 1 (TRAP1), for example.

In the present invention, "HSP90 inhibitor" refers to a compound or
composition that partially or completely inhibits an effect of HSP90. Examples of
the HSP90 inhibitor include a compound or composition that partially or completely
inhibits the expression of HSP90 and a compound or composition that partially or
completely inhibits the function of HSP90 as a chaperone protein.

Here, "function of HSP90 as a chaperone protein" refers to a function of
HSP90 to assist folding of a client protein to convert the client protein to its
functioning form, or a function of HSP90 to stabilize a client protein, for example.

Accordingly, specific examples of the HSP90 inhibitor include a compound
inhibiting the expression of HSP90, a compound inhibiting binding of HSP90 to a
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 client protein, a compound inhibiting binding of HSP90 to co-chaperones or
immunophilins, a compound inhibiting binding of HSP90 to ATP, a compound
inhibiting the ATPase activity of HSP90 and a compound inhibiting the
conformational change of HSP90. The HSP90 inhibitor can be used as a
therapeutic agent for a disease caused by an effect of HSP90.

In the present invention, examples of the "disease caused by an effect of
HSP90" include cancer, neurodegenerative diseases such as Alzheimer's disease,
cardiovascular diseases, infections, autoimmune diseases, and diseases associated
with apoptotic cell injury.

Each substituent in the formulas (1) to (3) according to the present invention
will be described below.

First, R' will be described.

R represents a methylene group, an ethylene group or a propenylene group
which may be substituted with 1 or 2 alkyl groups having 1 to § carbon atoms.

The "methylene group, ethylene group or propenylene group which may be
substituted with 1 or 2 alkyl groups having 1 to 8 carbon atoms" refers to a
methylene group, an ethylene group or a propenylene group which may be
substituted with 1 or 2 linear, branched or cyclic alkyl groups having 1 to 8 carbon
atoms. Examples of the alkyl group having 1 to 8 carbon atoms include a methyl
group, an ethyl group, a propyl group, an isopropyl group, a cyclopropyl group, a
cyclobutyl group, a cyclopentyl group and a cyclohexylethyl group.

Next, R* will be described.

R* represents an aryl group which may have a substituent(s) or a heterocyclic
group which may have a substituent(s).

The aryl group 1n the "aryl group which may have a substituent(s)" refers to a
group derived from a monocyclic or polycyclic aromatic hydrocarbon compound.
The aryl group may be bonded at any position. Examples of the aryl group include
a phenyl group, a naphthyl group and a fluorenyl group. These aryl
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gronps_ may be substituted with one or the same or different 2 to 5 substituents
 selected from the group consisting of an alkyl group having 1 to 8 carbon atoms
which may have a substituent(s) and c), d), ) to j) and 1) to q) in the later-described
Substituent Group.

Here, the alkyl group having 1 to 8 carbon atoms in the "alkyl group having 1
to 8 carbon atoms which may have a substituent(s)” refers to a linear, branched or
cyclic alkyl group having 1 to 8 carbon atoms. Examples of the alkyl group having

1 to 8 carbon atoms include a methyl group, an ethyl group, a propyl group, an
' 1sopropyl group, a cyclopropyl group, a cyclobutyl group, a cyclopentyl group and a
cyclohexylethyl group. These alkyl groups having 1 to 8 carbon atoms may be
substituted with one or the same or different 2 or 3 substituents selected from c) to j)
and 1) to q) in the later-described Substituent Group. The alkyl group having 1 to 8
carbon atoms may be substituted on the same carbon atom or different carbon atoms
with these substituents, insofar as it can be substituted.

The heterocyclic group in the "heterocyclic group which may have a
substituent(s)" refers to a group derived from a saturated or unsaturated, monocyclic
or condensed heterocyclic compound containing one or more oxygen, nitrogen or
sulfur atoms as constituent atoms of the ring structure. The heterocyclic group may
be bonded at any position. Examples of the saturated heterocyclic group include a
group derived from azetidine, pyrrolidine, imidazolidine, triazolidine,
tetrahydrofuran, tetrahydrothiophene, oxazolidine, thiazolidine, piperidine,
piperazine, tetrahydropyran, dioxane, tetrahydrothiopyran, morpholine,
thiomorpholine, homomorpholine or homopiperazine. Examples of the unsaturated
heterocyclic group include a group derived from pyrrole, pyrazole, imidazole,
triazole, tetrazole, thiophene, furan, thiazole, oxazole, isothiazole, isoxazole, pyridine,
dihydropyridine, pyridazine, pyrimidine, pyrazine, quinoline, isoquinoline, indole,
1,3-dioxaindan, benzothiazole, benzodioxole, benzodioxane or thiazolopyridine.

These heterocyclic groups may be substituted with one or the same or different 2 to 5
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substituents Sélected-from the group consisting of an alkyl group having 1 to 8
carbon atoms which may have a substituent(s) and ¢), d), {) to j) and 1) to q) in the
later-described Substituent Group. Here, the "alkyl group having 1 to 8 carbon
atoms which may have a substituent(s)" is as defined above.

Next, R’ will be described.

R’ represents a hydrogen atom or 1 to 4 same or different substituents with
which Ring A is substituted (wherein the same or different substituents each
independently represents a substituent selected from the group consisting of a
halogen atom, a hydroxy group, a carboxy group, an alkyl group having 1 to 8
carbon atoms which may have a substituent(s), an atkenyl group having 2 to 8 carbon
atoms which may have a substituent(s), an alkynyl group having 2 to 8 carbon atoms
which may have a substituent(s), an alkoxy group having 1 to 8 carbon atoms which
may have a substituent(s), an alkoxycarbonyl group having 1 to 8 carbon atoms
which may have a substituent(s), an alkanoyloxy group having 1 to 8 carbon atoms
which may have a substituent(s), a carbamoyl group which may have a substituent(s),
a carbamoyloxy group which may have a substituent(s), an alkylsulfonyloxy group
having 1 to 8 carbon atoms which may have a substituent(s), an amino group which
may have a substituent(s), a cyano group, an aryl group which may have a
substituent(s), a heterocyclic group which may have a substituent(s), an oxo group
and =NOR’' (wherein R*! represents a hydrogen atom or an alkyl group having 1 to
8 carbon atoms which may have a substituent(s)), and when there is a plurality of the
same or different substituents, any two substituents of the same or different
substituents together with the carbon atom(s) on which they are substituted may form
a saturated or unsaturated, fused or spiro 3- to 8-membered ring which may have a
substituent(s)).

When R’ represents 2 to 4 same or different substituents, Ring A may be
substituted on the same carbon atom or different carbon atoms with these

substituents, msofar as it can be substituted.
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The "alkyl group having 1 to 8 carbon atoms which may have a
substituent(s)" is as defined for R? above.

The alkenyl group having 2 to 8 carbon atoms in the "alkenyl group having 2
to 8 carbon atoms which may have a substituent(s)" refers to a linear, branched or
cyclic alkenyl group having 2 to 8 carbon atoms. Examples of the alkenyl group
having 2 to 8 carbon atoms include a vinyl group, an allyl group, a 1-propeny! group,
a 3-methyl-2-pentenyl group, a 1-butenyl group, a cyclopentenyl group and a
cyclohexenylethyl group. These alkenyl groups having 2 to 8 carbon atoms may be
substituted with one or the same or different 2 or 3 substituents selected from c¢) to j)
and 1) to q) in the later-described Substituent Group. The alkenyl group having 2 to
8 carbon atoms may be substituted on the same carbon atom or different carbon
atoms with these substituents, insofar as i1t can be substituted.

The alkynyl group having 2 to 8 carbon atoms in the "alkynyl group having 2
to 8 carbon atoms which may have a substituent(s)" refers to a linear or branched
alkynyl group having 2 to 8 carbon atoms. Examples of the alkynyl group having 2
to 8 carbon atoms include an ethynyl group, a 1-propynyl group, a 2-propynyl group,
a 1-butynyl group, a 3-butynyl group and a 4-pentynyl group. These alkynyl groups
having 2 to 8 carbon atoms may be substituted with one or the same or difterent 2 or
3 substituents selected from c) to j) and 1) to q) in the later-described Substituent

Group. The alkynyl group having 2 to 8 carbon atoms may be substituted on the
same carbon atom or different carbon atoms with these substituents, insofar as it can

be substituted.

The alkoxy group having 1 to 8 carbon atoms in the "alkoxy group having 1
to 8 carbon atoms which may have a substituent(s)" refers to an alkoxy group
containing an alkyl group having 1 to 8 carbon atoms as described above 1n its
structure. Examples of the alkoxy group having 1 to 8 carbon atoms include a
methoxy group, an ethoxy group, an n-propyloxy group, an i1sopropyloxy group, an

isobutyloxy group, a cyclopropylmethyloxy group and a cyclopentylmethyloxy
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group. These alkoxy groups having 1 to 8 carbon atoms niay be substituted with
one or the same or different 2 or 3 substituents selected from ¢) to j) and 1) to q) in
the later-described Substituent Group. The alkoxy group having 1 to 8 carbon
atoms may be substituted on the same carbon atom or different carbon atoms with
these substituents, insofar as it can be substituted.

The alkoxycarbonyl group having 1 to 8 carbon atoms in the "alkoxycarbonyl
group having 1 to 8 carbon atoms which may have a substituent(s)" refers to an
alkoxycarbonyl group containing an alkoxy group having 1 to 8 carbon atoms as
described above in its structure. Examples of the alkoxycarbonyl group having 1 to
8 carbon atoms include a methoxycarbonyl group, an ethoxycarbonyl group, an n-
propyloxycarbony! group, an isopropyloxycarbonyl group, an isobutyloxycarbonyl
group, a cyclopropylmethyloxycarbonyl group and a cyclopentylmethyloxycarbonyl
group. These alkoxycarbonyl groups having 1 to 8 carbon atoms may be
substituted with one or the same or different 2 or 3 substituents selected from c) to j)
and 1) to q) in the later-described Substituent Group. The alkoxycarbonyl group
having 1 to 8 carbon atoms may be substituted on the same carbon atom or different
carbon atoms with these substituents, insofar as it can be substituted.

The alkanoyloxy group having 1 to 8 carbon atoms in the "alkanoyloxy group
having 1 to 8 carbon atoms which may have a substituent(s)" refers to an
alkanoyloxy group containing an alkanoyl group having 1 to 8 carbon atoms 1n 1ts
structure. The "alkanoyl group having 1 to 8 carbon atoms" refers to a linear,
branched or cyclic alkanoyl group having 1 to 8 carbon atoms. Examples of the
group include a formyl group, an acetyl group, an n-propionyl group, an n-butyryl
group, an isobutyryl group, a cyclopropanecarbonyl group and a
cyclohexanecarbonyl group. Accordingly, examples of the alkanoyloxy group
having 1 to 8 carbon atoms include a formyloxy group, an acetyloxy group, an n-
propionyloxy group, an n-butyryloxy group, an isobutyryloxy group, a

cyclopropanecarbonyloxy group and a cyclohexanecarbonyloxy group. These
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alkanoyloxy groups having 1 to 8 'Carbon atoms may be substituted with one or the
same or different 2 or 3 substituents selected from ¢) to j) and 1) to q) in the later-
described Substituent Group. The alkanoyloxy group may be substituted on the
same carbon atom or different carbon atoms with these substituents, insofar as 1t can
be substituted.

The "carbamoyl group which may have a substituent(s)" refers to a carbamoyl
group having a substituent(s) or a 4- to 7-membered saturated nitrogen-containing
heterocyclic carbonyl group which may have a substituent(s), in addition to a
carbamoyl group.

Here, the carbamoyl group having a substituent(s) refers to a carbamoyl group
substituted with one or the same or different two substituents selected from the group
consisting of an alkyl group having 1 to 8 carbon atoms which may have a
substituent(s) as defined above, an alkenyl group having 2 to 8 carbon atoms which
may have a substituent(s) as defined above, an alkynyl group having 2 to 8 carbon
atoms which may have a substituent(s) as defined above, an aryl group which may
have a substituent(s) as defined for R* above and a heterocyclic group which may
have a substituent(s) as defined for R* above.

Examples of the 4- to 7-membered saturated nitrogen-containing heterocyclic
carbonyl group include an azetidinocarbonyl group, a pyrrolidinocarbonyl group, a
morpholinocarbonyl group and a piperazinocarbonyl group. The 4- to 7-membered
saturated nitrogen-containing heterocyclic carbonyl group may be substituted with
one or the same or different 2 or 3 substituents or atoms selected from an alkyl group
which may have a substituent(s) as defined above and ¢) to j) and 1) to q) in the later-
described Substituent Group. The saturated nitrogen-containing heterocyclic
carbonyl group may be substituted on the same carbon atom or different carbon
atoms with these substituents, insofar as i1t can be substituted. When the saturated
nitrogen-containing heterocyclic carbonyl group contains as a constituent atom a

nitrogen atom other than the nitrogen atom bonded to the carbonyl group, as a
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piperadinocarbonyl group or the like does, the nitrogen atom other than the nitrogen
atom bonded to the carbonyl group may be substituted with a substituent selected
from a), b), }), k), n), p) and q) in the later-described Substituent Group.

The "carbamoyloxy group which may have a substituent(s)" refers to a
carbamoyloxy group containing a carbamoyl group which may have a substituent(s)
as defined above in its structure. Examples of the carbamoyloxy group include a
carbamoyloxy group, a methylcarbamoyloxy group, an ethylcarbamoyloxy group, a
cyclopropylmethylcarbamoyloxy group, an N,N-dimethylcarbamoyloxy group, an N-
ethyl-N-methylcarbamoyloxy group, a pyrrolidinocarboxy group, a
morpholinocarboxy group and a 4-methylpiperazinocarboxy group.

The "alkylsulfonyloxy group which may have a substituent(s)" refers to an
alkylsulfonyloxy group containing an alkyl group having 1 to 8 carbon atoms which
may have a substituent(s) as defined above 1n its structure. Examples of the
alkylsulfonyloxy group having 1 to 8 carbon atoms which may have a substituent(s)
include a methanesulfonyloxy group which may have a substituent(s), an
ethanesulfonyloxy group which may have a substituent(s), an isopropylsulfonyloxy
group which may have a substituent(s), a cyclopropanesulfonyloxy group which may
have a substituent(s), a cyclopentanesulfonyloxy group which may have a
substituent(s) and a cyclopentylmethanesulfonyloxy group which may have a
substituent(s).

The "amino group which may have a substituent(s)" refers to an amino group
substituted with one or the same or different two substituents, in addition to an amino
group. The substituent for the amino group is selected from the group consisting of
an alkyl group having 1 to 8 carbon atoms which may have a substituent(s) as
defined above, an alkenyl group having 2 to 8 carbon atoms which may have a
substituent(s) as defined above, an alkynyl group having 2 to 8 carbon atoms which
may have a substituent(s) as defined above, an alkoxycarbonyl group having 1 to 8

carbon atoms which may have a substituent(s) as defined above, an alkanoyl group
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having 1 to 8 carbon atoms which may have a substituent(s) as defined above, a
carbamoyl group which may have a substituent(s) as defined above, an aryl group
which may have a substituent(s) as defined for R? above, a heterocyclic group which
may have a substituent(s) as defined for R? above, an arylcarbonyl group which may
have a substituent(s), a heterocyclic carbonyl group which may have a substituent(s),
an alkylsulfonyl group having 1 to 8 carbon atoms which may have a substituent(s),
an arylsulfonyl group which may have a substituent(s) and a heterocyclic sulfonyl
group which may have a substituent(s).

Here, the "arylcarbonyl group which may have a substituent(s)" refers to an
arylcarbonyl group containing an aryl group which may have a substituent(s) as
defined for R* above in its structure. Examples of the arylcarbonyl group which
may have a substituent(s) include a phenylcarbonyl group which may have a
substituent(s), a naphthylcarbonyl group which may have a substituent(s) and a
fluorenylcarbonyl group which may have a substituent(s).

The "heterocyclic carbonyl group which may have a substituent(s)" refers to a
heterocyclic carbonyl group containing a heterocyclic group which may have a
substituent(s) as defined for R’ above in its structure. Examples of the heterocyclic
carbonyl group which may have a substituent(s) include a furoyl group which may
have a substituent(s), a tetrahydrofuroyl group which may have a substituent(s), a
tetrahydropyrancarbonyl group which may have a substituent(s), a
pyrrolidinecarbonyl group which may have a substituent(s), a pipecolinoyl group
which may have a substituent(s), a morpholinecarbonyl group which may have a
substituent(s), a piperazinecarbonyl group which may have a substituent(s), a
picolinoyl group which may have a substituent(s), a nicotinoyl group which may
have a substituent(s), an imidazolecarbonyl group which may have a substituent(s)
and a thiazolecarbonyl group which may have a substituent(s).

The "alkylsulfonyl group having 1 to 8 carbon atoms which may have a

substituent(s)" refers to an alkylsulfonyl group containing an alkyl group having 1 to
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8 carbon atoms which may have a substituent(s) as defined above 1n 1ts structure.
Examples of the alkylsulfonyl group having 1 to 8 carbon atoms which may have a
substituent(s) include a methanesulfonyl group which may have a substituent(s), an
ethanesulfonyl group which may have a substituent(s), an isopropylsulfonyl group
which may have a substituent(s), a cyclopropanesulfonyl group which may have a
substituent(s), a cyclopentanesulfonyl group which may have a substituent(s) and a
cyclopentylmethanesulfonyl group which may have a substituent(s).

The "arylsulfonyl group which may have a substituent(s)" refers to an
arylsulfonyl group containing an aryl group which may have a substituent(s) as
defined for R* above in its structure. Examples of the arylsulfonyl group which
may have a substituent(s) include a phenylsulfonyl group which may have a
substituent(s), a naphthylsulfonyl group which may have a substituent(s) and a
fluorenylsulfonyl group which may have a substituent(s).

The "heterocyclic sulfonyl group which may have a substituent(s)" refers to a
heterocyclic sulfonyl group containing a heterocyclic group which may have a
substituent(s) as defined for R* above in its structure. Examples of the heterocyclic
sulfonyl group which may have a substituent(s) include a tetrahydropyransulfonyl
group which may have a substituent(s), a thiophenesulfonyl group which may have a
substituent(s), a furansulfonyl group which may have a substituent(s), an
isoxazolesulfonyl group which may have a substituent(s), a thiazolesultonyl group
which may have a substituent(s), an imidazolesulfonyl group which may have a
substituent(s), a pyrazolesulfonyl group which may have a substituent(s) and a

pyridinesulfonyl group which may have a substituent(s).

The "aryl group which may have a substituent(s)" is as defined for R* above.

The "heterocyclic group which may have a substituent(s)" is as defined for R’

above.

The phrase "when there is a plurality of the same or different substituents, any

two substituents of the same or different substituents together with the carbon
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atom(s) on which they are substituted may form a saturated or unsaturated, fused or
spiro 3- to 8-membered ring which may have a substituent(s)" refers to the fact that a
3- to 8-membered ring which may have a substituent(s) is bonded to Ring A in the
formula (1) in a fused or spiro manner. The 3- to 8-membered ring may be a
saturated ring or an unsaturated ring, and may contain a nitrogen atom, an oxygen
atom or a sulfur atom as a ring constituent atom other than a carbon atom. The 3- to
8-membered ring may be substituted with one or the same or different 2 or 3
substituents selected from a) to q) in the above Substituent Group. The 3- to 3-
membered ring may be substituted on the same carbon atom or different carbon
atoms with these substituents, insofar as it can be substituted.

The "alkyl group having 1 to 8 carbon atoms which may have a
substituent(s)" in R°' is as defined for R’ above.

Next, R* will be described.

R* represents an amino group having a protecting group.

The protecting group in the "amino group having a protecting group” is not
particularly limited insofar as it is a protecting group used in a common organic
chemistry reactions. Examples of the amino group having a protecting group
include an alkanoylamino group having 1 to 6 carbon atoms, a tert-
butoxycarbonylamino group, a di(tert-butoxycarbonyl)amino group, a
benzyloxycarbonylamino group, a di(benzyloxycarbonyl)amino group, a p-
methoxybenzylamino group, a di(p-methoxybenzyl)amino group, a 2,4-
dimethoxybenzylamino group, a di(2,4-dimethoxybenzyl)amino group and an N-
(tert-butoxycarbonyl)-N-(2,4-dimethoxybenzyl)amino group.

Next, Ring A will be described.

Ring A represents a 5- to 8-membered ring. Ring A 1s, as represented by the

formula (1):

FPO722s P101780/English translation of PCT specification/acf/26/02/09



CA 02663965 2009-03-19

22

a 5- to 8-membered heterocyclic group containing as a ring constituent atom
one sulfur atom at the 6-position of the compound of the formula (1). The rning
constituent atoms of Ring A other than the sulfur atom are formed by carbon atoms.
Ring A may have a double bond therein.

[Substituent Group]

a) an alkyl group having 1 to 8 carbon atoms

The "alkyl group having 1 to 8 carbon atoms" refers to a linear, branched or
cyclic alkyl group having 1 to 8 carbon atoms. Examples of the alkyl group having
1 to 8 carbon atoms include a methyl group, an ethyl group, a propyl group, an
isopropyl group, a cyclopropyl group, a cyclobutyl group, a cyclopentyl group and a
cyclohexylethyl group.

b) a halogenated alkyl group having 1 to 8 carbon atoms

The "halogenated alkyl group having 1 to 8 carbon atoms" refers to an alkyl

group as defined in a) above which is substituted with one or the same or different 2

to 4 halogen atoms. The group may be substituted on the same carbon atom or
different carbon atoms with the halogen atoms.

c) a halogen atom

d) a hydroxy group

€) an 0Xo group

f) a cyano group

g) a carboxy group

h) an alkoxy group having 1 to 8 carbon atoms
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The "alkoxy group having 1 to 8 carbon atoms" refers to an alkoxy group
containing an alkyl group having 1 to 8 carbon atoms as defined in a) above 1n its
structure.

1) a halogenated alkoxy group having 1 to 8 carbon atoms

The "halogenated alkoxy group having 1 to 8 carbon atoms" refers to an
alkoxy group containing a halogenated alkyl group having 1 to 8 carbon atoms as
defined in b) above 1n 1ts structure.

j) an alkoxycarbonyl group having 1 to 8 carbon atoms

The "alkoxycarbonyl group having 1 to 8 carbon atoms" refers to an
alkoxycarbonyl group containing an alkoxy group having 1 to 8 carbon atoms as
defined in h) above 1n its structure.

k) an alkanoyl group having 1 to 8 carbon atoms

The "alkanoyl group having 1 to 8 carbon atoms" refers to a linear, branched
or cyclic alkanoyl group having 1 to 8 carbon atoms. Examples of the alkanoyl
group having 1 to 8 carbon atoms include a formyl group, an acetyl group, an n-
propionyl group, an n-butyryl group, an isobutyryl group, a cyclopropylcarbonyl
group and a cyclohexylacetyl group.

1) an alkanoyloxy group having 1 to 8 carbon atoms

The "alkanoyloxy group having 1 to 8 carbon atoms" refers to an alkanoyloxy

group containing an alkanoyl group having 1 to 8 carbon atoms as defined in k)

above in its structure. Examples of the alkanoyloxy group having 1 to 8 carbon
atoms include a formyloxy group, an acetyloxy group, an n-propionyloxy group, an
n-butyryloxy group, an isobutyryloxy group, a cyclopropylcarbonyloxy group and a
cyclohexylacetyloxy group.

m) an amino group which may be substituted with one or the same or
different two alkyl groups having 1 to 8 carbon atoms

The "amino group which may be substituted with one or the same or ditferent

two alkyl groups having 1 to 8 carbon atoms" refers to an unsubstituted amino group
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or an amino group substituted with 1 or 2 alkyl groups having 1 to 8 carbon atoms as

defined in a) above.

n) a carbamoyl group which may be substituted with one or the same or
different two alkyl groups having 1 to 8 carbon atoms

The "carbamoyl group which may be substituted with one or the same or
different two alkyl groups having 1 to 8 carbon atoms" refers to an unsubstituted
carbamoyl group or a carbamoyl group substituted with 1 or 2 alkyl groups having 1
to 8 carbon atoms as defined 1n a) above.

0) an alkanoylamino group having 1 to 8 carbon atoms

The "alkanoylamino group having 1 to 8 carbon atoms" refers to an
alkanoylamino group containing an alkanoyl group having 1 to 8 carbon atoms as
defined in k) above in its structure.

p) a phenyl group which may be substituted with one or the same or different
2 or 3 substituents selected from the Substituent Group consisting of a) to d) and {) to
0) above.

q) a saturated or unsaturated 4- to 7-membered monocyclic heterocyclic group
which may be substituted with one or the same or different 2 or 3 substituents
selected from the Substituent Group consisting of a) to d) and f) to o) above.

Examples of the saturated 4- to 7-membered monocyclic heterocyclic group
include a group derived from azetidine, pyrrolidine, imidazolidine, triazolidine,
tetrahydrofuran, tetrahydrothiophene, oxazolidine, thiazolidine, piperidine,
piperazine, tetrahydropyran, dioxane, tetrahydrothiopyran, morpholine,
thiomorpholine, homomorpholine or homopiperazine. Examples of the unsaturated
4- to 7-membered monocyclic heterocyclic group include a group derived trom
pyrrole, pyrazole, imidazole, triazole, tetrazole, thiophene, furan, thiazole, oxazole,
isothiazole, isoxazole, pyridine, dihydropyridine, pyridazine, pyrimidine, quinoline,

isoquinoline, indole, 1,3-dioxaindan, benzothiazole or thiazolopyrndine.
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In an embodiment of the present invention, R!is preferably a methylene
group which may have 1 or 2 alkyl groups having 1 to 8 carbon atoms, and more
preferably an unsubstituted methylene group.

R? is preferably a heterocyclic group which may have a substituent(s). The
heterocyclic group is preferably a pyridyl group, a pyridazinyl group, a pyrimidinyl
group, a pyrazinyl group, a benzothiazole group or a thiazolopyndyl group. The
substituent with which the heterocyclic group may be substituted 1s preferably a
halogen atom, an alkyl group, a halogenated alkyl group, an alkoxy group or a
halogenated alkoxy group.

R’ is preferably a hydrogen atom or 1 to 4 same or different substituents with
which Ring A is substituted (wherein the same or different substituents each
independently represents a substituent selected from the group consisting of a
hydroxy group, a carboxy group, an alkyl group having 2 to 8 carbon atoms which
may have a substituent(s), an alkynyl group having 1 to 8 carbon atoms which may
have a substituent(s), an alkoxy group having 1 to 8 carbon atoms which may have a
substituent(s), a carbamoyl group which may have a substituent(s), a carbamoyloxy
group which may have a substituent(s), an amino group which may have a
substituent(s), a cyano group, a heterocyclic group which may have a substituent(s)
and an oxo group, or when there 1s a plurality of the same or different substituents,

any two substituents of the same or different substituents together with the carbon
atom(s) on which they are substituted form a saturated or unsaturated, fused or spiro
3- to 8-membered ring which may have a substituent(s)), and more preferably a
hydrogen atom or 1 to 4 same or different substituents with which Ring A is
substituted (wherein the same or different substituents are each independently
selected from the group consisting of an alkyl group having 1 to 8 carbon atoms
which may have a substituent(s), an alkynyl group having 2 to 8 carbon atoms which

may have a substituent(s), a carbamoyl group which may have a substituent(s) and an
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