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Description
AGENT FOR PREVENTING OR TREATING NEUROPATHY
Technical Field

The present invention relates to an agent for preventing
or treating neuropathy and an agent for promoting production or
secretion of a neurotrophic factor.

Moreover, the present invention relates to a novel 5-
membered aromatic heterocyclic compound having neurotrophic
factor production or secretion promoting action, which is useful
for the prophylaxis or treatment of neuropathy and the like.

Background Art

As the 5-membered aromatic heterocyclic compound, the
following compounds have been reported.

(1) As an adenosine Al receptor antagonist, a compound

represented by the formula:

X A z R
RZ/ \T/ \R4

R3

wherein A 1is aﬁ aromatic ring; X, Y and Z are each a carbon, a
nitrogen, an oxygen or a sulfur; R' is an optionally substituted
aryl or an optionally substituted heteroaryl; R?, R® and R are
the same or different and each is a hydrogen, a lower alkyl, a
lower alkenyl, a lower alkynyl and the like; R’ and R® are the
same or different and each is a hydrogen or a lower alkyl; B is
an oxygen or a sulfur; R’ and R® are the same or different and
each is a hydrogen, a lower alkyl, a lower alkoxy, an optionally
substituted aryl, an optionally substituted arylalkyl, an
optionally substituted heteroaryl, an optionally substituted
hetercarylalkyl, an optionally protected carboxyalkyl and the
like has been reported (see EP-A-630894).
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(2) As an antihyperlipidemic agent and anti-arteriosclerosis

agent, a compound represented by the formula:

wherein R; is a Ci6 alkyl; R; and Rs; are each independently a
hydrogen, a Ci—s alkyl, a Ci alkoxy (except t-butoxy), a
trifluoromethyl, a fluoro, a chloro, a phenyl, a phenoxy or a
benzyloxy; Rs and Rs are each independently a hydrogen, a Ci—s
alkyl, a C;-3 alkoxy, a trifluoromethyl, a fluoro, a chloro, a
phenoxy or a benzyloxy; Rs and R; are each independently a
hydrogen, a C;3 alkyl, a Ci; alkoxy, a fluoro or a chloro;

X is - (CHz)m— or —(CHz)qCH=CH(CHz)g- (m is 0, 1, 2 or 3, each g
is 0, or one is 0 and the other is 1); and

Z is —CH(OH)-CH—C (OH) R1p~CH,—COOH (Rip is a hydrogen or a Ci-3
alkyl) ;

provided that each of ring A and B\may have only one selected
from trifluoromethyl, phenoxy and benzyloxy, and -X-Z is present
at the 4- or 5—positién of a pyrazole ring, and the ortho-
position relative to R; has been reported (see WO86/00307).

(3) As a neurotrophin production or secretion promoter, a

compound represented by the formula:

wherein R! is a halogen atom, an optionally substituted

heterocyclic group, an optionally substituted hydroxy group, an

optionally substituted thiol group or an optionally substituted
2
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amino group, A is an optionally substituted acyl group, an

optionally substituted heterocyclic group, an optionally
substituted hydroxy group or an optionally esterified or
amidated carboxyl group, B is an optionally substituted aromatic
group, X is an oxygen atom, a sulfur atom or an optionally
substituted'nitrogen atom, and Y is a divalent hydrocarbon group
or a heterocyclic group has been reported‘(see W001/143§2).

(4) As a retinoid-related receptor function regulator, a

compound represented by the formula

0
1 N— I

R —A—C—R’
ol

wherein R' is an optionally substituted aromatic hydrocarbon

group or an optionally substituted aromatic heterocyclic group;
R? is a hydrogen or an optiénally substifuted hydrocarbon group;
X is O, S or a group represented by -NR*~ wherein R* is a
hydrogen or an opfionally substituted alkyl group; A is an
optionally substituted aromatic hydrocarbon group or an
optionaliy substituted aromatic heterocyclic group; R® is a group
represented by the formula: —OR’- wherein R’ is a hydrogen or an
optionally substituted hydrocarbon group or —-NR®R’ wherein R® and
R’ are the same or different and each is a hydrogen or an
optionally substituted hydrocarbon group, or R® and R’ may form a
ring together with the adjacent nitrogen atom has been reported
(see WO00/01679) .
Summary of the Invention

An object of the present invention is to provide an agent
for preventing or treating neuropathy, and an agent for
promoting production or secretion of a neurotrophic factor,
which have superior actions and which are low toxic.

A further object of the present invention is to provide a
5-membered aromatic heterocyclic compound having superior
prophylactic or therapeutic action on neuropathy, which is low

toxic.
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The present inventors have found that a compound

represented by the formula:

=)

A ¢c—x—z—Yy—R" )

wherein
ring A is a 5-membered aromatic heterocycle containing 2 or more
nitrogen atoms, which may further have substituent(s) ;
B is an optionally substituted hydrocarben group or an
optionally substituted heterocyclic group;
X, %Z, Y and R' are as defined below,
provided that when the 5-membered aromatic heterocycle
represented by ring A is imidazole, then Z should not be
-0—,
which is structurally characterized in that a group represented
by the formula: -X-Z-Y-R' [X is a divalent acyclic hydrocarbon
group; Z is -O0-, -S-, —NR?—,“;CONR?— or -NR?’CO- (R? is a hydrogen
atom or an optionally substituted alkyl group); Y is a bond or a
divalent acyclic hydrocarbon group; R is an optionally
substituted cyclic group, an optionally substituted amino group
or an optionally substituted acyl group] is bonded on a ring-
constituting carbon atom of a 5-membered aromatic heterocycle
containing 2 or more nitrogen atoms, shows superior neurotrophic
factor production or secretion action based on the
characteristic chemical structure, and based on this finding,
completed the present invention.
That is, the present invention relates to
1) an agent for preventing or treating neuropathy, which

comprises a compound represented by the formula:
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wherein

ring A is a 5-membered aromatic heterocycle containing 2 or more
nitrogen atoms, which may further have substituent(s);

B is an optionally substituted hydrocarbon group or an

: optionally substituted heterocyclic group;

X is a divalent acyclic hydrocarbon group;
is -0-, -S-, -NR?-, —-CONR?- or -NR’CO- (R? is a hydrogen
atom or an optionally substituted alkyl group);
is a bond or a divalent acyclic hydrocarbon group; and

R is an optionally substituted cyclic group, an optionally
substituted amino group or an optionally substituted acyl
group,

provided that when the 5-membered aromatic heterocycle
represented by ring A is imidazole, then Z should not be
—0-,

or a salt thereof;

2) the agent of the aforementioned 1), wherein the 5-membered

aromatic hetérocycle represented by ring A is a pyrazole;

oxadiazole, thiadiazole, triazole or tetrazole ring;

3) the agent of the aforementioned 1), wherein the optionally

substituted cyclic group represented by R' is a group represented

by the formula:

D y—R?®

wherein D is a ring optionally further having substituent(s); Y' -
is a bond or a divalent acyclic hydrocarbon group; R is a group
of the formula: —SOﬁ#, -SOR* or -POs;RR® wherein R* and R’ are the
same or different and each is a hydrogen atom, a hydrocarbon
group or a heterocyclic group, and R* and R’ may form a
heterocycle together with the adjacent oxo-substituted

phosphorus atom and two oxygen atoms, or an optionally

substituted heterocyclic group;
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4) an agent for promoting production or secretion of a

neurotrophic factor, which comprises a compound of the formula

B
A ¢c—x—z—y—R (1

wherein

ring A is a 5-membered aromatic heterocycle containing 2 or more
nitrogen atoms, which may further have substituent(s);

B is an optionally‘substituted hydrocarbon group or an
optionally substituted heterocyclic group;

X is a divalent acyclic hydrocarbon group;
is -0-, —-8—, -NR’>-, -CONR?’- or -NR?’CO- (R? is a hydrogen
atom or an optionally substituted alkyl group);

Y is a bond or a divalent acyclic hydrocarbon group; and

R is an optionally substituted cyclic group, an optionally
substituted emino group or an optionally substituted acyl

group,

provided that when the 5-membered aromatic heterocycle
represented by ring A is imidazcle, then Z should not be
-0-,

or a salt thereof;

5) the agent of the aforementioned 4), wherein the 5-membered

aromatic heterocycle represented by ring A is a pyrazole,

oxadiazole, thiadiazole, triazole or tetrazole ring;

6) an agent for ameliorating pain comprising a compound

represented by the formula:

B

A c—x—z—vy—FR (1)

wherein
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ring A is a 5-membered aromatic heterocycle containing 2 or more
nitrogen atoms, which may further have substituent(s);

B is an optionally substituted hydrocarbon group or an
optionally substituted heterocyclic group;

X is a divalent acyclic hydrocarbon group;
is -0-, -S~, -NR*-, —-CONR’- or -NR?’CO- (R? is a hydrogen
atom or an optionally substituted alkyl group) ;

Y is a bond or a divalent acyclic hydrbcarbon group; and

R! is an optionally substituted cyclic group, an optionally
substituted amino group or an optionally substituted acyl
group,

provided that when the 5-membered aromatic heterocycle

represented by ring A is imidazole, then Z should not be

-0—,
or a salt thereof;
7) the agent of the aforementioned 6), wherein the 5-membered
aromatic heterocycle represented by ring A is a pyrazole,
oxadiazole, thiadiazole, triazole or tetrazole ring;
8) a neuroprotective agent comprising a compound represented by
the formula:
B
A c—x—z—y—R 0
wherein
ring A is a 5-membered aromatic heterocycle containing 2 or more
nitrogen atoms, which may further have substituent(s);
B is an optionally substituted hydrocarbon group or an
optionally substituted heterocyclic group;
X is a divalent acyclic hydrocarbon group;
is -0-, -S—, -NR’-, -CONR’-~ or -NR?CO- (R® is a hydrogen
atom or an optionally substituted élkyl group) ;
Y is a bond or a divalent acyclic hydrocarbon group; and
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R is an optionally substituted cyclic group, an optionally
substituted amino groﬁp or an optionally substituted acyl
group,

provided that when the 5-membered aromatic heterocycle
represented by ring A is imidazole, then Z should not be
-0-, ‘

or a salt thereof;
9) a compound represented by the formula

Acxzv@\;' R’ (1)

wherein

ring A is a 5-membered aromatic heterocycle containing 2 or more
nitrogen atoms, which may further have substituent(s);

B is aﬁ optionally substituted hydrocarbon group or an
optionally substituted heterocyclic group;

X is a divalent acyclic hydrocarbon group;
is -0-, -S—, -NR?*-, —CONR’~ or -NR’CO- (R’ is a hydrogen
atom or an optionally substituted alkyl group);

Y and Y' are the same or different and each is a bond or a
divalent acyclic hydrocarbon group; and

D is a ring optionally further having substituent(s);

R® is an optionally substituted acyl group or an optionally
substituted heterocyclic group,

provided that when the 5-membered aromatic heterocycle
represented by ring A is imidazole, then Z should not be
_O_' )

and provided that when the 5-membered aromatic heterocycle

represented by ring A is pyrazole, X is methylene, Z is -S- and

Y is a bond, then the ring represented by D should not be

oxadiazole,
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or a salt thereof;

10) the compound of the aforementioned 9), wherein the 5-

- membered aromatic heterocycle represented by ring A is a

pyrazoie, oxadiazole, thiadiazole, triazole or tetrazole ring;
11) the compound of the aforementioned 9), wherein the
optionally substituted acyl group represented by R® is a group of
the formula: -SO,R*, -SOR! or -PO;R'R® wherein R® and R’ are the
same or different and each is a hydrogen atom, a hydrocarbon
group or a heterocyclic group, and R® and R® may form a
heterocycle together with the adjacent oxo-substituted
phosphorus atom and two oxygen atoms;

12) the compouna of the aforementioned 9), wherein the 5-
membered aromatic heterocycle représented by ring A is a
pyrazole ring;

13) the compound of the aforementioned 9), wherein B is an
optionally substituted aromatic hydrocarbon group or an
optionally substituted aromatic heterocyclic group;

14) the compounq of the aforementioned 9), wherein X is a
divalent Ci;.g aliphatic hydrocarbon group;

15) the compound of the aforementioned 9), wherein Z is —~CONR?-
(R? is a hydrogen atom or an optionally substituted alkyl group) ;
16) the compound of the aforementioned 9), wherein Y is a bond
or a Ciq alkyleﬁe; |

17) the compound of the aforementioned 9), wherein Y' is a bond
or a Ci—s alkylene;

18) the compound of the aforementioned 9), wherein the ring
represented by D is a Cgi1s aromatic hydrocarbon ring;

19) the compound of the aforementioned 9), which is diethyl [4-
({ (2E) -3~[5—- (4—-fluorophenyl)-l-methyl-1H-pyrazol-4-yl]prop—2—

enoyll}amino)benzyl]phosphonate;
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(2E) -N—{4-[(2,4-dioxo-1,3~-thiazolidin-5-yl)methyl]lphenyl}-3-[5-~
(4-fluorophenyl) —1-methyl-1H-pyrazol—-4-yllacrylamide;

(2E) -3—-[5—- (4-flucrophenyl) -1-methyl—-1H-pyrazol-4-yl]-N—-[4—- (1H-
imidazol-1l-ylmethyl)phenyllacrylamide;

(2E)-3—-[5- (4—fluorophenyl) -1-methyl-1H-pyrazol-4-y11-N—-[4—- (1H-

‘ pyrazol-1l-ylmethyl)phenyl]acrylamide;

- diethyl [4-({(2E)-3~[l-methyl-5-(2-thienyl)-1H~-pyrazol—-4-

yllprop—-2—enoyl}amino)benzyl]lphosphonate;
(2E)—3—[5—(4;fluorophenyl)—1—methyl—1H—pyrazol—4—yl]—N—{4—[(3—
methyl—2,4—dioxo—l,3—thiazolidin—5—yl)methyl]phenyl}acrylamide;
(2E) -N-[4- (1H-benzimidazol-1l-ylmethyl)phenyl]-3—-[5- (4-
fluorophenyl) —~1l-methyl-1H-pyrazol—-4-yl]acrylamide;

(2E) -3—-[5—- (4—fluorophenyl) -1-methyl-1H-pyrazol—-4-y1]-N-{4-

[ (methylsulfonyl)methyl]phenyl}lacrylamide;

(2E) -3—-[5- (4—fluorophenyl) ~1-methyl-1H-pyrazol-4-yl]-N—-{4-
[hydroxy (2-pyridinyl)methyl]phenyl}acrylamide;

(2E) —-3—[5- (4~-fluorophenyl) -1-methyl-1H-pyrazol-4-yl]-N-[4- (4-
morpholinylmethyl)phenyl]acrylamide; or

(2E) -N—{4—[ (ethylsulfonyl)methyl]phenyl}-3—-[5- (4—fluorophenyl) -
l-methyl-1H-pyrazol-4-yl]lacrylamide;

20) a pharmaceutical agent comprising the compound of the
aforementioned 9) or a prodrug thereof;

21) a method for preventing or treating neuropathy in a mammal,
which comprises administering a compound represented by the

formula:

A ¢(—x—z7—y—R (1)

wherein
ring A is a 5-membered aromatic heterocycle containing 2 or more

nitrogen atoms, which may further have substituent(s);

10
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B is an optionally substituted hydrocarbon group or an
optionally substituted heterocyclic group;

X is a divalent acyclic hydrbcarbon group;

z is -0-, -8-, -NR?-, —-CONR?- or -NR?’CO- (R? is a hydrogen
atom or an optionally substituted alkyl group);

Y " is a bond or a divalent acyclic hydrocarbon group; and

R is an optionally substituted cyclic group, an optionally
substituted amino group or an optionally éubstituted acy1
group,

provided that when the 5-membered aromatic heterocycle
represented by ring A is imidazole, then Z should not be
-0-,

or a salt thereof, to said mammal;

22) a method for promoting production or secretion of a

neurotrophic factor in a mammal, which comprises administering a

compound represented by the formula:

B

A c—x—z—y—R Q)

wherein

ring A is a 5-membered aromatic heterocycle containing 2 or more
nitrogen atoms, which may further have substituent(s);

B is an optionally substituted hydrocarbon group or an
optionally substituted heterocyclic group;

X is a divalent acyclic hydrocarbon group;

Z is -0-, -S-, -NR?-, —-CONR?>- or -NR’CO- (R? is a hydrogen
atom or an optionally substituted alkyl group);

Y is a bond or a divalent acyclic hydrocarbon group; and

R is an optionally substituted cyclic grbup, an opticnally
substituted amino group or an optionally substituted acyl

group,

11
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provided that when the 5-membered aromatic heterocycle
represented by ring A is imidazole, then Z should not be
_.O._. ,

or a salt thereof, to said mammal;

23) a method for ameliorating pain in a mammal, which comprises

administering a compound represented by the formula:

B

A c—x—1 Y—R' 0

wherein

ring A is a 5-membered aromatic heterocycle céntaining 2 or more
nitrogen atoms, which may further have substituent(s);

B is an optionally substituted hydrocarbon group or an
optionally substituted heterocyclic group;

X is a divalent acyclic hydrocarbon group;
is -0-, -S—, -NR?-, —-CONR?*-~ or -NR?’CO- (R? is a hydrogen
atom or an optionally substituted alkyl group) ;

Y is a bond or a divalent acyclic hydrocarbon group; and

R! is an optionally substituted cyclic group, an optionally
substituted amino group or an optionally substituted acyl
group,

provided that when the 5-membered aromatic heterocycle
represented by ring A is imidazole, then 7Z should not be
-0-,

or a salt therecf, to said mammal;

24) a method for protecting a nerve in a mammal, which comprises

administering a compound represented by the formula:
B

A ¢c—x—7z Y—R' (n

wherein

12
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ring A is a 5-membered aromatic heterocyéle containing 2 or more
nitrogen atoms, which may fﬁrther have substituent(s) ;

B is an optionally substituted hydrocarbon group or an
optionally substituted heterocyclic group;

X is a divalent acyclic hydrocarbon group;
is -0-, —-8-, -NR?-, —CONR?’- or -NR?CO- (R? is a hydrogen
atom or an optionally substituted alkyl group);

Y is a bond or a divalent acyclic hydrocarbon group; and

R is an optionally substituted cyclic group, an optionally
substituted amino group or an optionally substituted acyl
group, ‘

provided that when the 5-membered aromatic heterocycle

represented by ring A is imidazole, then Z should not be

_O_.,
or a salt thereof, to said mammal;
25) use of a compound represented by the formula:
B
1
A ¢c—x—z—y—R (n
wherein
ring A is a 5-membered aromatic heterocycle containing 2 or more
nitrogen atoms, which may further have substituent (s) ;
B .+ is an optiocnally substituted hydrocarbon group or an
optionally substituted heterocyclic group;
X ‘ is a divalent acyclic hydrocarbon group;
is -0-, -8-, -NR?-, -CONR?’- or -NR?’CO- (R? is a hydrogen

atom or an optionally substituted alkyl group);

Y is a bond or a divalent acyclic hydrocarbon group; and

R* is an optionally substituted cyclic group, an optionally
substituted amino group or an optionally substituted acyl

group,

13
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provided that when the 5-membered aromatic heterocycle
represented by ring A is imidazole, then Z should not be
—0O- ’

or a salt thereof, for the prodﬁction of an agent for preventing

or treating neuropathy;

26) use of a compound reﬁreSented by the formula:

B

A ¢(—x—z—Yv—FR 0

wherein

ring A is a 5-membered aromatic heterocycle containing 2 or more
nitrogen atoms, which may further have substituent(s);

B is an optionally substituted hydrocarbon group or an
optionally substituted heterocyclic group;

X is a divalent acyclic hydrocarbon group;

z is -0-, -S—-, -NR?-, -CONR?*- or -NR?’CO- (R? is a hydrogen
atom or an optiocnally substituted alkyl group) ;

Y is a bond or a divalent acyclic hydrocarbon group; and

R is an optionally substituted cyclic group, an'optionally
substituted amino group or an optionally substituted acyl
group,

provided that when the 5-membered arométic heterocycle
represented by ring A is imidazole, then Z shoﬁld not be
-0-,

or a salt thereof, for the production of an agent for promoting

production or secretion of a neurotrophic factor;

27) use of a compound represented by the formula:
B

A ¢c—x—7z Y—R' (n

wherein

14
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ring A is a 5-membered aromatic heterocycle containing 2 or more
nitrogen atoms, which may further have substituent(s);
B is an optionally substituted hydrocarbon group or an

optionally substituted heterocyclic group;

X is a divalent acyclic hydrocarbon group;.

is -0-, -S—, -NR?-, -CONR’- or -NR?CO- (R? is a hydrogen
atom or an optionally substituted alkyl group) ;

Y is a bond or a divalent acyclic hydrocarbon group; and

R! is an optionally substituted cyclic group, an optionally
substituted amino group or an optionally substituted acyl
group,

prpvided that when the 5-membered aromatic heterocycle
represented by ring A is imidazole, then Z should not be
o,

or a salﬁ thereof, for the production of an agent for

ameliorating pain;

28) use of a compound represented by tﬂe formula:

B

A c(—x—z7—Y—F ()

wherein

ring A is‘a 5-membered aromatic heterocycle containing 2 or more
nitrogen atoms, which may further have substituept(s);

B is an optionally substituted hydrocarbon group or an
optionally substituted hetercocyclic group;

X is a divalent acyclic hydrocarbon group;

is -0-, -8-, -NR?*-, —-CONR?’- or -NR?’CO- (R? is a hydrogen

atbm or an optionally substituted alkyl group) ;

is a bond or a divalent acyclic hydrocarbon group; and

is an optionally substituted cyclic group, an optionally

substituted amino gfoup or an optionally substituted acyl

group,

15
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provided that when the 5-membered aromatic heterocycle

represented by ring A is imidazole, then Z should not be

—-QO- ,

or a salt thereof, for the production of a neuroprotective

agent;

29) a production method of a compound represented by the

formula:

B 0 RZ2
A C—X——(”J—-I!J——Y D Y'—R®

wherein

ring A is a 5-membered aromatic heterocycle containing 2 or
more nitrogen atoms, which may further havé
substituent (s) ;

B is én optionally substituted hydrocarbon group or an
optionally substituted heterocyclic group;

X is a divalent acyclic hydrocarbon group;

R? is a hydrogen atom or an optionally substituted alkyl
group; |

Y and Y' are the same or different and each is a bond or a
divalent acyclic hydrocarbon group;

D is a ring optionally further having substituent(s); and

R® is an optionally substituted acyl gfoup or an

optionally substituted heterocyclic group,

or a salt thereof, which comprises reacting a compound

represented by the formula:

B :

0
|

X—C——0H (I11)
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wherein each symbol is as defined above, or a salt thereof, with

a compound represented by the formula:

RZ
| /‘\ - ) )
H—N—Y: O Y'—R® (V)

wherein each symbol is as defined above, or a salt thereof;

5 30) a production method of a compound represented by the

formula:

elllk4

"\

(Xv1)

whereiln

B is an optionally substituted hydrocarbon group or an
10 optionally substituted heterocyclic group, and

alk® is a C;¢ alkyl group or a Cy;;3 aralkyl group,

or a salt thereof, which comprises reacting a compound

represented by the formula:

0
B/“\/\w (XV)

15 wherein W is -OH or -N(alk?) (alk®) wherein alk? and alk® are the
same or different and each is a C;s alkyl group, ande is as
defined above, or a salt thereof, with a C;¢ alkylhydrazine or a
Cya13 aralkylhydrazine in the presence of an acid; and the like.

Detailed Description of the Invention

20 The terms used in the‘present specification are defined in
detail in the following.

In the “5-membered aromatic'heterocycle containing 2 or
more nitrogen atoms, which may further have substituent(s)”

denoted by ring A, as the “5-membered aromatic heterocycle
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containing 2 or more nitrogen atoms”, for example, a 5-membered
aromatic heterocycle containing 2 or more nitrogen atoms. besides
carbon atoms as ring-constituting atoms and optionally further
containing 1 or 2 heteroatoms selected from an Ogygen atom, a
sulfur atom and a nitrogen atom can be mentioned.

As concrete examples of the “5-membered aromatic
heterocyéle containing 2 or more nitrogen atoms”, for example,
an imidazole ring, a pyrazole ring, an oxadiazole ring, a
thiadiazole ring, a triazole ring, a tetrazole ring and the like
can be mentioned. Of these a pyrazole ring, an oxadiazole ring,
a thiadiazole ring, a triazole ring and a tetrazole ring are .
preferable, and a pyrazole ring is particularly preferable.

The “5-membered aromatic heterocycle containing 2 or more
nitrogen atoms” may further have 1 or 2 substituents at
substitutable positions. As such substituent, for example’a
halogen atom, an optionally substituted hydrocarbon group, an
optionally substituted heterocyclic group, an optionally
substituted hydroxy group, an optionally substituted thiol
group, an optionally substituted amino group and the like can be
mentioned.

As the aforementioned “halogen atom”, for example,
fluorine atom, chlorihe atom, bromine atom and iodine atom can
be mentioned. Of these, fluorine atom and chlorine atom are
preferable.

As the “hydrocarbon group” in the aforementioned
“optionally substituted hydrocarbon groub”, for example, an
aliphatic hydrocarbon group, an alicyclic hydrocarbon group, an
aromatic hydrocarbon group, an aromatic aliphatic hydrocarbon
group, an alicyclic aliphatic hydrocarbon group and the like can
be mentioned.

As the aliphatic hydrocarbon groups, for example,
straight-chain or branched aliphatic hydrocarbon groups
containing 1 to 15 carbon atoms, specifically an alkyl group, an
alkenyl group, an alkynyl group, and the like can be mentioned.
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As preferable examples of the alkyl groups, Ci-1p alkyl

" groups such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl,

sec—butyl,'tert—butyl, pentyl, isopentyl, neopentyl, 1-
ethylpropyl, hexyl, ischexyl, 1,l-dimethylbutyl, 2,2-
dimethylbutyl, 3,3-dimethylbutyl, 2-ethylbutyl, heptyl, octyl,
nonyl, decyl and the like can be mentioned.

As preferable examples of tﬂe alkenyl groups, C,-i0 alkenyl
groups such as ethenyl, l-propenyl, 2-propenyl, 2-methyl-1-
propenyl, l;butenyl, 2-butenyl, 3-butenyl, 3-methyl-2-butenyl,
l—penﬁenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 4-methyl-3-
pentenyl, l-hexenyl, 3-hexenyl, 5-hexenyl, l-heptenyl, l-octenyl
and the like can be mentioned.

As preferable examples of the alkynyl groups, Cs-ip alkynyl
groups such as ethynyl, l-propynyl, 2-propynyl, l-butynyl, 2-
butynyl, 3-butynyl, l-pentynyl, 2-pentynyl, 3-pentynyl, 4-
pentynyl, l-hexynyl, 2-hexynyl, 3-hexynyl, 4-hexynyl, 5-hexynyl,
l~heptynyl, l1-octynyl and the'like can be mentioned.

As the alicyclic hydrdcarbon groups, for example,
saturated or unsaturated alicyclic hydrocarbon groups containing
3 to 12 carbon atoms, specifically a cycloalkyl group, a
cycloalkenyl group, a cycloalkadienyl group and the like, can be
mentioned.

'As preferable examples of the cycloalkyl groups, Cs-io
cycloalkyl groups such as cyclopropyl, cyclobutyl,Iéyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, bicyclo[2.2.1lheptyl,
bicyclo[2.2.2]octyl, bicyclo[3.2.1]octyl, bicyclo[3.2.2]nonyl,
bicyclo[3.3.1]nonyl, bicyclo[4.2.1]nonyl, bicyclo[4.3.1]decyl
and the like can be mentioned.

As preferable examples of the cycloalkenyl groups, Cs-ip
cycloalkenyl groups such as 2-cyclopenten-1-yl, 3-cyclopenten-1-
vl, 2—cyclohexeh—l—yl, 3—-cyclohexen—-1-yl and the like can be
mentioned. ‘

As preferable examples of the cycloalkadienyl groups, Cs-1o
cycloalkadienyl groups such as 2,4-cyclopentadien-l-yl, 2,4-
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cyclohexadien-1-yl, 2,5-cyclohexadien-1-yl and the like can be
mentioned.

As the aromatic hydrocarbon group, for‘example, a Ceg-14
aryl group and the like can be mentioned. As preferable
examples of the aryl group, phenyl, naphthyl, anthryl,
phenanthryl, acenaphthylenyl, biphenylyl, indenyl and the iike
can be menticned. Of these, phenyl, naphthyl and the like are
preferable. The aryl group may be partially saturated and as
the partially saturated aryl group, for exaﬁple, dihydroindenyl
and the like can be mentioned.

As the aromatic aliphatic hydrocarbon group, for example,
a C7-13 aromatic aliphatic hydrocarbon group, and concretely, an
aralkyl group, an arylalkenyl group and the like, can be
mentioned.

As preferable examples of the aralkyl group, a Cias
aralkyl group, such as benzyl, phenethyl, phenylpropyl,
naphthylmethyl, benzhydryl and the like, can be mentioned.

As preferable examples of the arylalkenyl group, a Cgas
arylalkenyl group, such as styryl and the like, can be
mentioned.

As the alicyclic aliphatic hydrocarbon group, for example,
a Cg13 alicyclic aliphatic hydrocarbon group, and concretely, a
cycloalkylalkyl group, a cycloalkylalkenyl group and the like
can be mentioned. "

As preferable examples of the cycloalkylalkyl group, a
Ca-13 cycloalkylalkyl’group, such as cyclopropylmethyl,
cyclopropylethyl, cyclopentylmethyl, cyclopentylethyl,
cydlohexylmethyl, cyclohexylethyl and the like, can be
mentioned.

As preferable examples of the cycloalkylalkenyl group, a
Cs-13 cycloalkylélkenyl group, such as cyclopropylethenyl,
cyclopentylethenyl, cyclohexylethenyl and the like, can be

mentioned.
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The ébove—mentioned “hydrocarbon group” may have 1 to 3
substituents at substitutable positions. As suchhsﬁbstituent,
for example, a halogen atom, a nitro, an oxo, a Ci3
alkylenedioxy, an optionally substituted aromatic heterocyclic
group, an optionally substituted non—aromatic heterocyclic
group, an optionally substituted amino group, an optionally
substituted hydroxy group, an optionally substituted thiol
group, an optionally substituted écyl group and the like can be
mentioned. |

As the halogen atoms; for example, a fluorine atom, a
chlorine atom, a bromine atom and an iodine atom can be
mentioned. Especially preferred are a fluorine atom and a
chlorine atom. |

As the C;_3 alkylenedioxy, for example, methylenedioxy,
ethylenedioxy and the like can be mentioned.

As the “aromatic heterocyclic group” of the “optionally
substituted aromatic heterocyclic group”, for example, a 5- to
7-membered monoéyclic aromatic heterocyclic group which
contains, as a ring-constituting atom besides carbon atoms, 1 to
4 heteroatoms selected from an oxygen atom, a sulfur atom and a
nitrogen atom or a condensed aromatic heterocyclic group, can be
mentioned. As the condensed aromatic heterocyclic group, for
example, a group wherein these 5- to 7-membered monocyclic
a;omatic heterocyciic groups are condensed with a 6-membered
ring containing 1 or 2 nitrogen atoms, a benzene ring, a 5-
membered ring containing 1 sulfur atom, and the like can be
mentioned. |

As preferable examples of the “aromatic heterocyclic
group”, furyl (e.g., 2-furyl, 3-furyl), thienyl (e.g., 2-thienyl,
3—-thienyl), pyridyl (e.g., 2-pyridyl, 3-pyridyl, 4-pyridyl),
pyrimidinyl (e.g., 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl,
6—-pyrimidinyl), pyridazinyl (e.g., 3-pyridazinyl, 4-pyridazinyl),
pyrazinyl (e.g., 2-pyrazinyl), pyrrolyl (e.g., l-pyrrolyl, 2-
pyrrolyl, 3-pyrrolyl), imidazolyl (e.g., l-imidazolyl, 2-
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imidazolyl, 4-imidazolyl, 5-imidazolyl), pyrazolyl (e.g., 1-
pyrazolyl, 3-pyrazolyl, 4-pyrazolyl), oxazolyl (e.g., 2-oxazolyl,
4—oxazolyl, 5-oxazolyl), isoxazolyl, thiazolyl (e.g., 2-
thiazolyl, 4-thiazolyl, 5-thiazolyl), isothiazolyl, oxadiazolyl
(e.g., 1,2,4-oxadiazol-5-yl, 1,3,4joxadiazol—2—yl), thiadiazolyl
(e.g., 1,3,4-thiadiazol-2-yl), triazolyl (e.g., l,2,4—triazol;l—
yl, 1,2,4-triazol-3-yl, 1,2,4-triazol-5-yl, 1,2,3-triazol-1-yl,
1,2,3-triazol-2-yl, l,2,3—triazol—4?yl), tetrazolyl (e.g.,
tetrazol-1-yl, tetrazol-5-yl), quinolyl (e.g., 2-quinolyl, 3-

~quinolyl, 4-quinolyl), quinazolyl (e.g., 2-quinazolyl, 4-

quinazolyl), quinoxalyl (e.g., 2-quinoxalyl), benzofuryl (e.g.,
2-benzofuryl, 3-benzofuryl), benzothienyl (e.g., 2-benzothienyl,
3-benzothienyl), benzoxazolyl (e.g., 2-benzoxazolyl),
benzothiazolyl (e.g., 2-benzothiazolyl),'benzimidazolyl (e.g.,
benzimidazol-1-yl, benzimidazol-2-yl), indolyl (e.g., indol-1-yl,
indol-3-yl), 1lH-indazolyl (e.g., lH-indazol-3-yl), 1H-

pyrrolo[2,3-blpyrazinyl (e.g., lH-pyrrolo[2,3-b]pyrazin-2-yl),

1H-pyrrolopyridinyl (e.g., lH-pyrrolo[2,3-blpyridin-6-yl), 1H-
imidazopyridinyl (e.g., lH—imidazo[4,5—b]pyridin—2—yl, 1H-
imidazo[4,5;c]pyridin—2-yl), lH-imidazopyrazinyl (e.g., 1H-
imidazo[4,5-b]pyrazin-2-yl), triazinyl, isoquinolyl,
benzoxadiazolyl, benzothiadiazolyl, benztriazolyl and the like
can be mentioned.

As the “non-aromatic heterocyclic groub" of the
“optionally substituted non-aromatic hetérocyclic group”, for
example, a 5- to 7-membered monocyclic non-aromatic heterocyclic
group which contains 1 to 4 heteroatoms selected from an oxygen
atom, a sulfur atom and a nitrogen atom as a ring-constituting
atom besides carbon atoms or a condensed non-aromatic
heterocyclic group can be mentioned. As the condensed non-
aromatic heterocyclic group, for example, a group wherein these
5— to 7-membered monocyclic non—aromatic heterocyclic groups are

condensed with a 6-membered ring containing 1 or 2 nitrogen
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atoms, a benzene ring, a 5-membered ring containing 1 sulfur
atom, and the like can be mentioned.

As preferable examples of the non-aromatic heterocyclic
group, pyrrolidinyl (e.g., l-pyrrolidinyl), piperidinyl (e.g.;
piperidino), morpholinyl (e.g., morpholino), thiomorpholiﬁyl
(e.g., thiomorpholino), piperazinyl (e.g., l—biperazinyl),
hexamethyleneiminyl (e.g., hexamethylenimin-1-yl), oxazolidinyl
(e.g., oxazolidin-3-yl), thiazolidinyl (e.g., thiazolidin-3-yl),
imidazolidinyl (e.g., imidazolidin-3-yl), imidazolinyl (e.g.,
imidazolin-l-yl, imidazolin-2-yl), oxazolinyl (e.g., oxazolin-2-
yl), thiazolinyl (e.g., thiazolin-2-yl), oxazinyl (e.g., oxazin-
2-yl), tetrahydrofuranyl, azepanyl, tetrahydropyridinyl (e.g.,
1,2,3,6—tetrahydropyridin—l—yl), dihydrobenzofuranyl,
dioxolanyl, dithiolanyl, dioxothiazolidinyl, dioxooxazolidinyl
and the like can be mentioned.

The above-mentioned aromatic heterocyclic group and non-
aromatic heterocyclic group may have 1 to 3 substituents at
substitutable positions. As such substituent, for example, a
nitro, a hydroxy, an amino, an oxo, a halogen atom (e.g.,
fluorine. atom, chlorine atom, bromine atom, iodine atom), a Cis
alkyl optionally substituted by 1 to 3 halogen atoms (e.g.,
fluorine atom, chlorine atom, bromine atom, iodine atom) such as
methyl and ethyl, a Ci alkoxy group optionally substituted by 1
to 3 halogen atoms (e.g., fluorine atom, chlorine atom, bromine
atom, iodine atom) such as methoxyﬂand ethoxy, a Csis aryl (e.g.,
phenyl) and the like can be mentioned. ‘

As the “optionally substituted amino group”, for examplé,
an amino group optionally mono-— or'di—substituted by a Ciop alkyl
group, a Czip alkenyl group, a Csz-ip cycloalkyl group, a Cs-ip
cycloalkenyl group, a Cs-12 aryl group, a Cs3 aralkyl group, a Ci-
13 acyl group or a heteroaryl group, each optionally having
substituents can be mentioned.

Here, as the Ci-1p alkyl group, Cz-1p alkenyl group, Cs-ip
cycloalkyl group, Cs-ip cycloalkenyl group, Cg-14 aryl group and Co
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13 aralkyl group, those exemplified as the “hydrocarbon group” of
the “optionally substituted hydrocafbon group” exemplified as
the substituents for ring A can be mentioned.

As the aforementioned Ci;3 acyl group, those exemplified
as the acyl group of the “optionally substituted acyl group” to
be mentioned later can be mentioned. The acyl group'is
preferably a formyl, a Cii3p alkyl-carbonyl, a Cis alkoxy-—
carbonyl, a Ceis aryl-carbonyl, a Cy3 aralkyl-carbonyl, a 5- or
6-membered aromatic heterocyclic-carbonyl, a 5—‘or 6—-membered
non-aromatic heterccyclic—carbonyl and the like.

Heré, as preferable examples of the‘quo alkyl-carbonyl, -
acetyl, propionyl, butyryl, isobutyryl, valeryl, isovaleryl,
pivaloyl, hexanoyl, heptanoyl, octanoyl and the like can be
mentioned.

As preferable examples of the C;¢ alkoxy-carbonyl, for
example, tert—butoxycarbonyl and %he like can be mentioned.

As preferable exaﬁples'of the Cg14 aryl-carbonyl, benzoyl
and the like can be mentioconed,

~ As preferable examples of the C;_;3 aralkyl-carbonyl,
benzylcarbonyl, phenethylcarbonyl and the like can be mentioned.

As preferable examples of the 5- or 6-membered aromatic
heterocyclic—-carbonyl, furylcarbonyl, pyrrolylcarbonyl,
thienylcarbonyl, pyridylcarbonyl and the like can be mentioned.

As preferable examples of the 5- or 6-membered non-
aromatic heterocyclic-carbonyl, tetrahydrofurylcarbonyl and the
like can be mentioned.

As'the aforementioned heterocaryl group, for example, the
aromatic heterocyclic groups exemplified as the substituents of
the “optionally substituted hydrocarbon group” exemplified as
the substituents for ring A can be mentioned. Of these,
pyridyl, imidazolyl, triazolyl, pyrimidinyl and the like are
preferable . ‘

These Ci-1p alkyl group, Cz-10 alkenyl group, Csig cycloalkyl
group, Cs-1p cycloalkenyl group, Cei1s aryl group, Cr.az aralkyl
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group, Ciaiz acyl group and heteroaryl group may have 1 to 6,
pfeferably 1 or 2 substituents at substitutable positions. As
such substituent, for ekample, a halogen atom (e.g., fluorine
atom, chlorine atom, bromine atom, iodine atom), a Ci-s alkyl
group optionally substituted by 1 to 3 halogen atoms (e.g.,
fluorine atom, chlorine atom, bromine atom, iodine atom) such as
methyl and trifluoromethyl, a Cig aikoxy group optionally
substituted by 1 to 3 halogen atoms (e.g., fluorine atom,
chlorine atom, bromine atom, iodine atom) such as methoxy and
ethoxy, a hydroxy, a nitro, an amino, a CL@ alkylsulfoﬁyl group
(e.g., methylsulfonyl) and the like can be mentioned.

As the substituted amino group, for example, a mono- or
di-Ci-10 alkylamine (e.g., methylamino, dimethylamino, ethylamino,
diethylamino, ethylmethylamino, propylamino, dibutylamino), a
mono— or di-Czip alkenylamino (e.g., diallylaﬁino), a mono— or
di-Cs_1p cycloalkylamino (e.g., cyclohexylamino), a mono—- or di-
Ci-10 alkyl-carboxamide (e.g., acetylamino, propionylamino), a
mono— or di—Cgig arylamino (e.g., phenylamino), a N—-Ci-;p alkyl-N-—
Cs-14 arylamino (e.g., N-methyl-N-phenylamino), a N-Ci-jp alkyl-N-
Cy-13 aralkylamino (e.g., N-methyl-N-benzylamino), a mono— or di-
Ci-¢ alkoxy—-carboxamide (e.g., tert-butoxycarboxamide), a mono—
or di—Cg-14 aryl-carboxamide (e.g., phenylcarboxamide), a mono- or
di-Cy3 aralkyl-carboxamide (e.g., benzylcarboxamide,
phenethylcarboxamide) , a mono- or di-5- or 6-membered aromatic
heterocyclic—carboxamide (e.g., furylcarboxamide, ’
pyrrolylcarboxamide, thienylcarboxamide, pyridylcarboxamide), a
mono— or di—-5- or 6-membered non-aromatic heterocyclic-
carboxamide (e.g., tetrahydrofurylcarboxamide) and the like can
be mentioned.

As the.“optionally substituted hydroxy Qroup”, for
example, a hydroxy group optionally substituted by a C;-1p alkyl
group, a Cz1p alkenyl group, a Csip cycloalkyl group, a Cs-1o
cycloalkenyl group, a Cei1s aryl group, a Cy-13 aralkyl group, a Ci-
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13 acyl group or a heteroaryi group, each of which is optionally
substitqted and the like, can be mentioned.

Here, as the Ci-30 alkyl group, Cz1p alkenyl gfoup, Cs-10
cycloalkyl group, Csz-ip cycloalkenyl group, Csisa aryl group and Ci.
13 aralkyl group, those exemplified as the “hydrocarbon group” of
the “optionally substituted hydrocarbon group” exemplified as
the substituents for ring A can be mentioned.

As the C;_;3 acyl group, those exemplified as the
substituent of the aforementioned “optionally subétituted amino
group” can be mentioned.

As the heteroaryl group, for example, aromatic
heterocyclid groups exemplified as the substituents of the
“optionally substituted hydrocarbon group” exemplified as the
substituents for ring A can be mentioned. Of these, pyridyl,
imidazolyl, triazolyl, pyrimidinyl and the like are preferable.

These Cj-ip alkyl group, Cz-;p alkenyl group, Csip cycloalkyl
group, Csz-ip cycloalkenyl group, Csis aryl group, Cr-i3 aralkyl
group, Ci-13 acyl group and heteroaryl group may have 1 or 2

substituents at substitutable positions. As such substituent,

for example, a halogen atom (e.g., fluorine atom, chlorine atom,

bromine atom, iodine atom), a Cis alkyl group optionally
substituted by 1 to 3 halogen atoms (e.g., fluorine atom,
chlorine atom, bromine atom,‘iodine atom) such as methyl and
trifluoromethyl, a Ci;¢ alkoxy group optionally substifuted by 1
to 3 halogen atoms (e.g., fluorine atom, chlorine atom, bromine
atom, iodine atom) such as methoxy and ethoxy, a hydroxy, a
nitro, an amino, a C; alkylsulfonyl group (e.g.,
methylsulfonyl) and the like can be mentioned.

As the substituted hydroxy group, for example, an alkoxy
group, an alkenyloxy group, a cycloalkyloxy groﬁp, a

cycloalkenyloxy group, an aryloxy group, an aralkyloxy group, an

. acyloxy group, a heterocaryloxy group, each of which is

optionally substituted and the like, can be mentioned.
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© As preferable examples of the alkoxy grdup, Ci-ip alkoxy
group, such as methoxy, ethoxy, propoxy, isopropoxy, butoxy,

isobutoxy, sec—-butoxy, tert-butoxy, pentyloxy, isopentyloxy,

. neopentyloxy, hexyloxy, heptyloxy, nonyloxy and the like, can be

mentioned.

' As preferable examples of the alkenyloxy group, Czio
alkenyloxy group, such as allyloxy, crotyloxy, 2-pentenyloxy, 3-
hexenyloxy and the like, can be mentioned.

As preferable examples of the cycloalkyloxy group, Cs-ip
cycloalkyloxy group, such as cyclobutoxy,hcyclopentyloxy,
cyclohexyloxy and the like, can be mentioned. '

As preferable examples of the cycloalkenyloxy group, Cs-1p
cycloalkenyloxy group, such as 2-cyclopentenyloxy, 2-
cyclohexenyloxy and the like, can be mentioned.

As preferable examples of the aryloxy group, Cs-iz.aryloxy
group, such as phenoxy, naphthyloxy and the like, can be
mentioned.

As preferable examples of the aralkyloxy group, Cr-is
aralkyloxy group, such as benzyloxy, phenethyloxy,
naphthylmethyloxy and the like, can be mentioned.

As preferable examples of the acyloxy group, Cz-13 acyloxy
group, such as Ci¢ alkyl-carbonyloxy group (e.g., acetyloxy,
propionyloxy, butyryloxy, isobutyryloxy) and the iike, can be
mentioned.

‘ As preferable examples of the heterocaryloxy group, 5- to
7-membered monocyclic heterocaryloxy group, such as 2-pyridyloxy,
3—pyridyloxy, 2-imidazolyloxy, 2—pyrimidinyioxy, 1,2,4—triazol-
5-yloxy and the like, can be mentioned.

The above-mentioned alkoxy group, alkenyloxy group,
cycloalkyloxy group, cycloalkenyloxy Qroup, aryloxy group,
aralkyloxy group, acyloxy group and heterocaryloxy group may have
1 to 3, preferably 1 or 2 substituents at substitutable
positions. As such substituent, for example, a halogen atom
(e.g., fluorine atom, chlorine atom, bromine atom, iodine atom),
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a Ci¢ alkyl group optionally éubstituted by 1 to 3 halogen atoms
(e.qg., fluorine atom, chlorine atom, bromine atom, iodine atom)
such as methyl and trifluoromethyl, a Cis alkoxy group
optionally substituted by 1 to 3 halogen atoms (e.g., fluorine
atom, chlorine atom, bromine atom, iodine atom) such as methoxy
and ethoxy, a hydroxy, a nitro, an amino, a C;s alkylsulfonyl
group (e.g., methylsulfonyl) and the like can be mentioned.

As the optionally substituted thiol group, for example, a
thiol group optionally substituted by a Cip alkyl group, a Cpip
alkenyl group, a Cs-1p cycloalkyl group, a Csip cycloalkenyl
group, a Cg1a aryl group, a Cji3 aralkyl group, a Ci-i3 acyl group
or a heteroaryl group, each of which is optionally substituted,
and the like can be mentioned.

Here, as the Ci—p alkyl group, Cz-19 alkenyl group, Cs-ip
cycloalkyl group, ngo‘cycloalkenyl group, Cg-1a aryl group, Crois
aralkyl group, Ci_i;3 acyl group and heteroaryl group, those '
respectively exemplified in the aforementioned “optionally
substituted hydrbxy group” can be mentioned. These groups may
have 1 or 2 substituents at subsfitutable positions. As such
substituent, for example, a halogen atom (e.g., fluorine atom,
chlorine atom, bromine atom, iodine atom), a Ci¢ alkyl group
optionally substituted by 1 to 3 halogen atoms (e.g., fluorine
atom, chlorine atom, bromine atom, iodine atom) such as methyl
and trifluoromethyl, a Ci-¢ alkoxy group éptionally substituted
by 1 to 3 halogen atoms (e.g., fluorine atom, chlorine atom,
bromine atom, icdine atom) such as methoxy and ethoxy, a
hydroxy, a nitro, an amino, a C;¢ alkylsulfonyl group (e.g.,
methylsulfonyl), an oxo and the like can be mentioned.

As the substituted thiol group, for example, an alkylthic
group, an alkenylthio group, a cycloalkylthio group, a’
cycloalkenylthio group, an arylthio group, an aralkylthio group,
an acylthio group, a heteroarylthio group, each of which is

optionally substituted and the like, can be mentioned.
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As preferable examples of the alkylthio group, a Ci-1
alkylthio group, such as methylthio, ethylthio, propylthio,
isopropylthio, butylthio, isobutylthio, sec-butylthio, tert-
butylthio, pentylthio, isopentylthio, neopentylthio, hexylthio,
heptylthio, nonylthio and the 1like, can be mentioned.

As preferable examples of the alkenylthio group, a Cz-1p
alkenylthio group, such as allylthio, crotylthio, 2-
pentenylthio, 3-hexenylthio and the like can be mentioned.

As preferable examples of the cycloalkylthio group, a Cs-p
cycloalkylthio group, such as cyclobutylthio, cyclopentylthio,
cyclohexylthio and the like, can be mentioned.

As preferable examples of the cycloalkenylthio group, a
Cs-1p cycloalkenylthio group,‘such as 2-cyclopentenylthio, 2-
cyclohexenylthio and the-like, can be mentioned.

As preferable examples of the arylthio group, a Ce-is
arylthio group, such as phenylthio, naphthylthio and the like,
can be mentioned.

As preferable examples of the aralkylthio group, a Cr-i3
aralkylthio group, such as benzylthio, phenethylthio,
naphthylmethylthio and the like, can be mentioned.

As preferabie examples of the acylthio group, a Czis
acylthio group, such as a C;—¢ alkyl-carbonylthio group (e.g.,
acetylthio, propionylthio, butyryithio, isobutyrylthio) and the
like can be mentioned.

As preferable éxamples of the hetercarylthio group, a 5-
to 7-membered monocyclic heteroarylthio group, such as 2-
pyridylthio, 3-pyridylthio, 2-imidazolylthio, 2-pyrimidinylthio,
1,2,4-triazol-5-ylthio and the like, can be mentioned.

The above-mentioned alkylthio group, alkenylthio group,
cycloalkylthio group, cycloalkenylthio gfoup, arylfhio group,
aralkylthio group, acylthio group and heterocarylthio group may
have 1 or 2 substifuents at substitutable positions. As such
substituent, for example, a halogen atom (e.g., fluorine atom,
chlorine atom, bromine atom, iodine atom), a Ci;-¢ alkyl
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optionally substituted by 1 to 3 halogen atoms (e.g., fluorine
atom, chlorine atom, bromine atom, iodine atom) such as methyl
and trifluoromethyl, a Cis alkoxy optionally substituted by 1 to
3 halogen atoms (e.g., fluorine atom, chlorine atom, bromine
atom, iodine atom) such as methoxy and ethoxy, a hydroxy, a
nitro, an amino, a Cis alkylsulfonyl (e.g., methylsulfonyl), an
oxo and the like can be mentioned.

As the acyl group of the “optionally substituted acyl
group”, fér example, a group represented by the formula: —COR‘,
~CO-OR*, -S0,R*, -SOR*, —POsR'R® [i.e., —P(=0) (OR?) (OR®)], -CO-
NR®¥R>, -CS-NR**R® and -S0,-NR*R*® wherein R® and R® are the éame
or different and each is a hydrogen atom, a hydrocarbon group or
a heterocyclic group, or R*! and Rélnay form a heterocycle
togéther with the'adjacent oxo—substituted phosphorus atom and 2
oxygen atoms; R* and R® are the éame or different and each is a
hydrogen atom, a hydrocarbon group or a heterocyclic group, Or
R* and R%'may form a nitrogen—containing heterocycle together
with the édjacent nitrogen atom, and the like can be mentioned.

As the “hydrocarbon group” for R!, R’, R* or R®™, those
exemplified as the “hydrocarbon group” of the “optionally
substituted hydrocarbon gréup” exemplified as the substituents
for ring A can be mentioned.

The hydrocarbon group is preferably a CL£0 alkyl group
(preferably methyl, ethyl, propyl, butyl, tert-butyl, pentyl, 1-
ethylpropyl, 2,2—-dimethylpropyl) ; a Cz19 alkynyl group
(preferably 2-propynyl); a Cs.ip cycloalkyl group which may be
condensed with a benzene ring (preferably cyclopropyl,
cyclohexyl); a Cg-14 aryl group which ﬁay be condensed with a Cs-1p
cycloalkane (preferably cyclopentane) (preferably phenyl,
dihydroindenyl, biphenylyl); a Cy43 aralkyl group (preferably
benzyl, phenethyl, phenylpropyl, naphthylmethyl, benzhydryl) and
the like.

As the “heterocyclic group” for R!, R°, R*™ or R®, the
aromatic heterocyclic group and the non-aromatic heterocyclic
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group exemplified as the substituents of the “optionally
substituted hydrocarbon group” exemplified as the substituents
for ring A can be mentioned.

The heterocyclic group is preferably thiazolyl, oxazolyl,
isothiazolyl, isoxazolyl, pyrazolyl, pyridyl, pyrazinyl,
benzoxazolyl, benzothiazolyl, benzothiadiazolyl, guinolyl,
isoquinolyl, pyrrolidinyl, piperidinyl, piperazinyl and the
like.

| As the heterocycle formed by R' and R’ together with the
adjacent oxo-substituted phosphorus atom and 2 oxygen atoms, for
example, a 4- to 7-membered heterocycle containing an oxo-
substituted phosphorus atom and 2 oxygen atoms besides carbon
atoms as a ring—constituﬁing atom, which may further contain 1
or 2 heteroatoms seleéted from an oxygen atom, a nitrogeﬁ atom
and a sulfur atom, and the like can be mentioned. As pfeferable
examples of such heterocycle, Z—Qxide—l,3,2—dioxa§hosphinane; 2-

oxide-1,3,2-dioxaphosphorane, 2-oxide-4,7-dihydro-1,3,2-

' dioxaphosphepine and the like can be mentioned.

As the “nitrogen-containing heterocycle” formed by R* and
R*® together with the adjacent nitrogen atom, for example, a 5-
to 7-membered nitrogen-containing heterocyclé containing at
least one nitrogen atom besides carbon atoms as é ring-
constituting atom, which may further contain 1 or 2 heteroatoms
selected from an oxygen atom, a sulfur atom and a nitrogen atom,
and the like can be mentioned. As preferable examples of such
nitrogen—containing heterocycle, pyrrolidine, imidazolidine,
pyrazolidine, piperidine, piperazine, morpholine, thiomorpholine
and the like can be mentioned.

The acyl group may have 1 to 3 substituents at
substitutable positions.l As such substituent, for example, a Ci-
6 alkyl optionally substituted by 1 to 3 halogen atoms (e.g.,
fluorine atom, chlorine atom, bromine atom, iodine atom) such as
methyl and ethyl, a Ci;s alkoxy optionally substituted by 1 to 3'
halogen atoms (e.g., fluorine atom, chlorine atom, bromine atom,
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iodine atom) such as methoxy and ethoxy, a halogen atom (e.g.,
fluorine atom, chlqrine atom, bromine atom, iodine atom), a
nitro, a hydroxy, an amino optionally mono—- or di-substituted by
a Cis alkyl (e.g., methyl, ethyl) and the like can be mentioned.
As preferable examples of the acyl group, a formyl, a
carboxyl, a carbamoyl, a thiocarbamoyl, a Ci-jp alkyl-carbonyl
(e.g., acetyl, propionyl, butyryl, iscbutyryl, valeryl,
isovaleryl, pivaloyl, hexanoyl, heptanoyl, octanoyl), a Cs-1p
alkenyl-carbonyl (e.g., crotonoyl), a Cs.p cycloalkyl-carbonyl

(e.g., cyclobutanecarbonyl, cyclopentanecarbonyl,

cyclohexanecarbonyl, cycloheptanecarbonyl), a Csip cycloalkenyl-

carbonyi (e.g., 2-cyclohexenecarbonyl), a Cgiz aryl-carbonyl
(e.g., benzoyl, l-naphthoyl, 2-naphthoyl), a C;.;3 aralkyl-
carbonyl (e.g., benzylcarbonyl, phenethylcarbonyl); an aromatic
heterocyclic carbonyl (e.g., nicotinoyl, isonicotinoyl), a non-
aromatic heterocyclic carbonyl (e.g., pyrrolidinylcarbonyl,
piperidinocarbonyl), a Ci¢ alkoxy-carbonyl (e.qg.,
methoxyéarbonyl, ethoxycarbonyl, propoxycarbonyl,
butoxycarbonyl, tert-butoxycarbonyl), a C&Q4 aryloxy-carbonyl
(e.g., phenyloxycarbonyl, naphthyloxycarbonyl), a Crs
aralkyloxy—-carbonyl (e.g., benzyloxycarbonyl,
phenethyloxycarbonyl), a mono—‘or di- (C;-¢ alkyl optionally
having 1 to 3 substituents selected from a halogen atom and a Ci-
6. alkoxy—-carbonyl) -carbamoyl (e.g., methylcarbamoyl,
ethylcarbamoyl, dimethylcarbamoyl, diethylcarbamoyl,
ethylmethylcarbamoyl, propylcarbamoyl, trifluofoethylcarbamoyl),
a mono— or di- (a Ci- alkyl optionally substituted by 1 to 3
halogens) —-thiocarbamoyl (e.g., methylthiocarbamoyl,
ethylthiocarbamoyl), a Cei14 aryl-carbamoyl (e.g.,
phenylcarbamoyl), a Csz-ip cycloalkyl-carbamoyl (e.g.,
cyclopropylcarbamoyl), a Cs.13 aralkyl-carbamoyl (e.g.,
benzylcarbamoyl), a.C;s alkoxy-carbamoyl (e.g.,
methoxycarbamoyl), a Ciip alkylsulfinyl group (e.qg.,
methylsulfinyl, ethylsulfinyl), a Ciip alkylsulfonyl group (e.g.,
32
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methylsulfonyl, ethylsulfonyl), a Csis arylsulfonyl (e.g.,
phenylsulfonyl), a (moho—‘or di-Ci;-1p alkyl)phosphonoe group
optionally forming a ring (e.g., dimethylphosphono;

- diethylphosphono; diisopropylphosphono; dibutylphosphono; 2-

oxide—%,3,2~dioxaphosphinanyl), a mono— or di- (a C—s alkyl
optionally substituted by 1 to 3 halogens)-sulfamoyl (e.qg.,
methylsulfamoyl, ethylsulfamoyl) and the like can be mentioned.

The “hydrocarbon group” of the “optionally substituted
hydrocarbon group” exemplified as the substituents for ring A is
preferably a Ci.;p alkyl group, a Cs-14 aryl group, a Cs-ip
cycloalkyl gréup, a Cy-13 aralkyl group, a Cgi3 arylalkenyl group,
a Cg13 cycloalkylalkyl group and the like. The hydrécarbon group
is more preferably a Ci-1p alkyl group, a Cgis aryl group and the
like. |

The substituent of the “optionally substituted hydrocarbon
group" is preferably a Ci;s alkoxy group optionally substituted
by 1 to 3 halogen atoms (e.g., fluorine atom, chlorine atom,
bromine atom, iodine atom) such as methoxy and ethoxy, a halogen
atom (e.g., fluorine atom, chlorine atom, bromine atom, iodine
atom), a nitro, a hydroky, an amino, a Ci-3 alkylenedioxy (e.g.,
methylenedioxy, ethylenedioxy) and the like. The number of the
substituent is, for example, 1 to 3.

As the “heterocyclic group” of the “optionally substituted
heterocyclic group” exemp;ified as the substituents for ring A,
those exemplified as the aforementioned “heterocyclic group” for
the aforementioned R? can be mentioned.

The heterocyclic group is pieferably an azolyl group
optionally condensed with a benzene ring, such as pyrrolyl,
imidazolyl, pyrazolyl, oxazolyl, isoxazodyl, thiazolyl,
isothiazolyl, oxadiazolyl, thiadiazolyl, triazolyl, tetrazolyl,
and the like.

The above-mentioned heterocyclic group may have 1 to 3
substituents at substitutable positions. As such substituent,
for example, an optionally substituted aliphatic hydrocarbon
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group, an optionailylsubstituted alicyclic hydrocarbon group, an
optionally substituted aromatic hydrocarbon group, an optionally
substituted aromatic heterocyclic group, an optionally
substituted non-aromatic heterocyclic group, a halogen atom, a
nitro, an optionally substituted amino group, an optionally
substifuted hydroxy group, an optionally substituted thiol
éroup, an optionally substituted acyl group, a Ci-s
alkylenedioxy, an oxo aﬁd the like can be mentioned.

Here, as the “aliphatic hydrocarbon group”, “alicyclic

‘hydrocarbon group” and “aromatic hydrocarbon group” of the

“optionally substituted aliphatic hydrocarbon group”,
“optionally substituted alicyclic hydrocarbon group” and
“obtionally substituted aromatic hydrocarbon group”, those
exemplified as the “hydrocarbon. group” of the “optionally
substituted hydrocarbon'group" exemplified as the substituents
for ring A can be mentioned.

As the substituents of the “aliphatic hydrocarbon group”,

‘“alicyclic hydrocarbon group” and “aromatic hydrocarbon group”,

those exemplified as the “substituent” of the “optionally
substituted hydrocarbon group” exemplified as the substituents
for ring A can be mentioned. The position of substitution and
the number of substitution are not particularly limited. The
number of the substitution is preferably 1 to 3.

As the “optionally substituted aromatic heterocyclic
group” and “optionally substituted non-aromatic heterocyclic

group”, those exemplified as the substituents of the "optionally

. substituted hydrocarbon group” exemplified as the substituents

for ring A can be mentioned.

Furthermore, as the “halogen atom”, “optioﬁally
substituted amino group”, “opticnally substituted hydroxy
group”, “optionally substituted thiol group”, “obtionally~
substituted acyl group"'and “Ci-3 alkylenedioxy”, those
exemplified as the substituents of the “optionally substituted
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hydrocarbon group” exemplified as the substituents for ring A
can be mentioned.

As the “optionally substituted hydroxy group”, “optionally
substituted thiol group” and “optionally substituted amino
group” exemplified as the substituents for ring A, those
exemplified as the substituents of the “optionally substituted
hydrocarbon group” exemplified as the éubstituents for ring A
can be mentioned.

The substituent for ring A is preferably an optionally
substituted hydrocarbon group, more preferably a Ci.1p alkyl group,
a Cg-12 aryl group, a Cy13 aralkyl group and the like. The
substituent for ring A is particularly preferably a C;¢ alkyl
group (preferably methyl etc.).

The ring A is preferably,én imidazole ring, a pyrazole
ring, an oxadiazole ring, a thiadiazole ring, a triazole ring or
a tetrazole ring (préferably a pyrazole ring, an oxadiazole ring,
a thiadiazole ring, a triazole ring or a tetrazole ring, more
preferably a pyrazole ring), each of which may have 1 or 2
substituents (preferably a C;¢ alkyl group such as methyl and
the like) selected from a C;o alkyl group, a Cei4 aryl group and

a Cy13 aralkyl group.

As the “optionally substituted hydrocarbon group” and
“optionally substituted heterocyclic group” for B, those
exemplified as the substituents for ring A are respectively
used. Here, the hydrocarbon group of the “optionally
substituted hydrocarbon group” is preferably an alicyclic
hydrocarbon group or an aromatic hydrocarbon group. In
addition, the heterocyclic group of the “optionally substituted
heterocyclic group” is preferably an aromatic heterocyclic
group.

B is preferably an optionally substituted aromatic
hydrocarbon group or an optionally substituted aromatic

heterocyclic group.
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B is further preferably an optionally substituted Cg14
aryl group, an optionally substituted 5- to 7-membered
monocyclic aromatic heterocyclic group and the like. As :
preferable concrete examples of B, a Cg-14 aryl group (preferably
phenyl, naphthyl) and a 5- to 7-membered monocyclic aromatic
heterocyclic group (preferably furyi, thienyl, pyridyl,
pyrimidinyl) , each optionally having 1 to 3 substituents
selected from a Ci¢ alkyl optionally substituted by 1 to 3
halogen atoms (e.g., fluorine atom, cﬁlorine atom, bromine atom,
iodine atom) such as methyl and ethyl, a Cis alkoxy optionaliy
substituted by 1 to 3 halogen atoms (e.g:, fluorine atom,
chlorine atom, bromine atom, iodine atom) such -as methoxy and
ethoxy, a halogen atom (e.g., fluorine atom, chlorine atom,
bromine atom, iodine atom), a nitro, a formyl and a Ci-3
alkylenedioxy (e.g., methylenedioxy), can be mentioned.

Of these, a Cg14 aryl group (preferably phenyl) and a 5-
to 7-membered monocyclic aromatic heterocyclic group (preferably
furyl, thienyl, pyridyl, pyrimidinyl), each optionally having 1
to 3 substituents selected from a Cis alkyl optionally
substituted by 1 to 3 halogen atoms (e.g., fluorine atom,
chlorine atom, bromine atom, iodine atom), a Ci¢ alkoxy
optionally substituted by 1 to 3 halogen atoms (e.g., fluorine
atom, chlorine atom, bromine atom, iodine atom) and a halogen
atom (preferably fluorine atom, éhlorine atom, bromine atom),
are preferable. k

B is particularly preferably a Cs14 aryl group (preferably
phenyl) optionally having a halogen atom (preferably fluorine
atom) .

The “divalent acyclic hydrocarbon group” for X may be
straight-chain 6r branched and saturated or unsaturated, as long
as it is an acyclic divalent hydrocarbon group.

As the “divalent acyclic hydrocarbon group”, for example,

a “divalent aliphatic hydrocarbon group” can be mentioned.
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Particularly, a divalent Cig aliphatid hydrocarbon group

exemplified by the following is preferable.

(1) a Cig alkylene (e.g., —CHy—, —(CHz)2—, —(CHz)3—, —(CHz)s—,
- (CHz)s—, —(CHz)e—, —(CHz)7—, —(CHz)s—, —CH(CHs)—, —C(CHs)2—,
~(CH(CHs) ) 2~, - (CHjz),C(CHs)z~, =(CHy)sC(CHs),— and the like);

(2) a Cpg alkenylene (e.g., —-CH=CH-, -CH,~CH=CH-, -C (CHs),~CH=CH-,
—CH;—CH=CH-CH;—, —-CH,;-CH;~-CH=CH-, —-CH=CH-CH=CH—-, —-CH=CH-CH,-CHy—
CH,— and the like) and the like.
| The C;3 alkenylene encompasses both its E form and Z form.

The “divalent acyclic hydrocarbon group” is preferably a
Ci-s alkylene or a Cz-s alkenylene, more preferably —CHy—, - (CHy).—,
—CH=CH- and the like. X is particularly preferably —-CH=CH- and
the like. ”

7z is —-0-, -S-, -NR’*-, -CONR?>- or -NR?’CO- (R? is a hydrogen
atom or an optionally substituted alkyl group).

In the optionally substituted alkyl group for R?, as the
alkyl group, for example, a C;¢ alkyl group (e.g., methyl,
ethyl, propyl, isopropyl) can be mentioned. The alkyl group may
have 1 to 3 substituents. As such substituent, for example, a
halogen atom (e.g., fluorine atom, chlorine atom, bromine atom,

iodine atom), a C;-s alkoxy optionally substituted by 1 to 3

halogen atoms (e.g., fluorine atom, chlorine atom, bromine atom,

iodine atom) such as methoxy and ethoxy, a hydrdxy, a nitro, an
amino and the like can be mentioned.

R? is preferably a hydrogen atom or a Cig alkyl group,
more preferably a hydrogen atom.

7 is preferably —CONR*- (R? is as defined above), more
preferably —-CONH- (in the present invention, the carbon atom (C)
of —CONR?- is linked with X and the nitrogen atom (N) therein is
linked with Y). ’

As the divalent acyclic hydrocarbon group for Y, those

exemplified as the aforementioned X can be mentioned.
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Y is preferably a bond, a Ci4 alkylene, more preferably a
bond, —-CH,—, —(CHz)z—, —(CHz)3— and the like, Y is particularly
preferably a bond.

As the “cyclic group” of the “optionally substituted
cyclic group” for R' is, for example, an alicyclic hydrocarbon
group, an aromatic hydrocarbon group, an aromatic heterocyclic
group, a non-aromatic heterocyclic group‘and the like can be
mentioned.

Here, as the “alicyclic hydrocarbon group” and “aromatic
hydrocarbon gioup”, those exemplified as the “hydrocarbon group”
of the “optionally substituted hydrocarbon group” exemplified as
the substituents for ring A can be mentioned.

As the “aromafic heterocyclic group” énd “non-aromatic
heterocyclic group”, those exemplified as the substituents of
the “6ptionally substituted hydrocarbon group” exemplified as
the substituents for ring A can be mentioned.

The cyclic group is preferably an optionally partially
saturated Ce.14 aryl group (preferably phenyl, dihydroindényl), a
Cs-10 cycloalkyl group (preferably cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl), a Cs.ip
cycloalkenyl group (preferably cyclohexenyl), a 5- or‘6—membered
aromatic heterocyclic group optionally condensed with a benzene
ring (preferably furyl, thienyl, oxazolyl, thiazolyl,
isoxazolyl, imidazolyl, pyrazolyl, pyridyl, pyrazinyl, indolyl,
quinolyl, isogquinolyl and benzothiadiazolyl), a 5~ or 6-membered
non—aromatic heterocyclic group optionally condensed with a

benzene ring (preferably pyrrolidinyl, tetrahydrofuranyl,

‘thiazolinyl, oxazolinyl, thiazolidinyl, oxazolidinyl,

dioxolanyl, piperidinyl, piperazinyl, morpholinyl,

thiomorpholinyl, dihydrobenzofuranyl, oxodihydrobenzoxazolyl)

‘and the like.  The cyclic group is more preferably a Cg.4 aryl

groub, and phenyl is particularly preferable.
The “cyclic group” for R' may have 1 to 4 substituents at
the substitutable positions. As such substituent, for example,
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(1) a nitro;

(2) an oxo;

(3) a hydroxy;

(4) a cyano;

(5) a halogen atom (e.g., fluorine atom, chlorine atom, bromine
atom, iodine atom) ;

(6) a Ci¢ alkylenedioxy (e.g., methylenedioxy, ethylenedioxy) ;
(7) a carboxyl;

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

butyl, isobutyl, pentyl, neopentyl) optionally substituted by 1

to 3 substituents selected from a halogen atom (e.g., fluorine
atom, chlorine atom, bromine atom, iodine atom); a hydroxy; a
cyano; a Ci¢ alkoxy (e.g., methoxy); an amino optionally mono-
or di- substituted by a Ci;s alkyl and a Ci;s alkyl-carbonyl

(e.g., -acetyl, propionyl, butyryl, isobutyryl, isovaleryl), such
as amino, methylamino, dimethylamino, acetylamino, butyrylamino,
isobutyrylamino and isovalerylamino; a 5- or 6-membered aromatic
héterocyclic group (e.g., thiazolyl, oxazolyl, imidazolyl,
pyrazolyl, oxadiazolyl, thiadiazolyl, triazolyl, tetrazolyl,
pyridyl, pyrimidinyl) optionally substituted by 1 to 3
substituents selected from a Cis alkyl, a hydroxy-Cis alkyl,
carboxyl, carbamoyl and a‘Cbﬁ alkoxy-carbonyl (e.qg.,
methoxycarbonyl) ; an aromatic fused heterocyclic group (e.g.,
benzimidazolyl, benzopyrazolyl, benzothiazolyl, benzoxazolyl,
benzotriazolyl, guinolyl, indazolyl) bptionally substituted by 1
to 3 substituents selected from a Ci;s alkyl, a hydroxy-C;
alkyl, a carboxyl, a carbamoyl and a C;¢ alkoxy—carbonyl (e.g.,
methoxycarbonyl) ; a 5- or 6-membered non—aromatic heterocyclic
group (e.g., tefrahydrofuryl, morpholinyl, thiomorpholinyl,
piperidinyl, pyrrolidinyl, piperazinyl, dioxothiazolidinyl,
dioxooxazolidinyl, oxodihydrooxadiazolyl, dioxoimidazolidinyl,
dioxopiperazinyl, dioxidethiomorpholinyl) optionally substituted
by 1 to 3 substituents selected from a Ci¢ alkyl, a hydroxy-Cig
alkyl, a carboxyl, a carbamoyl and a Ci;¢ alkoxy-carbonyl (e.g.,
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methoxycarbonyl) ; a non-aromatic fused heterocyclic group (e.g.,
oxodihydrobenzoxazolyl, tetrahydpobenzothiazolyl) optionally
substituted by 1 to 3 substituents selected from a Ci alkyl, a
hydroxy—-Ci¢ alkyl, a qarboxyl, a cérbamoyl and a Ci-s alkoxy-
carbonyl (e.g., methoxyqérbonyl); a carboxyl groub; a Cig
alkoxy-carbonyl (e.g., methoxycarbonyl, ethoxycarbonyl, .
propoxycarbonyl, butoxycarbonyl, tert-butoxycarbonyl); a (mono-
or di-Ci1p alkyl)phosphono group optionally forming a ring (e.g.,
dimethylphosphono; diethylphosphoﬁo; diisopropylphosphono;
dibutylphosphono; 2—oxide—1,3,2—dioxaphosphinanyl); a carbamoyl
optionally substituted by an amino; a mono- or di-Cis alkyl-
carbamoyl optionally substituted by 1 to 3 substituents seleéted
from a halogen atom, a hydroxy and a Ci.¢ alkoxy—carbonyl, such
as methylcarbamoyl, ethylcarbamoyl, dimethylcarbamoyl,
diethylcarbamoyl, ethylmethylcarbamoyl, propylcarbamoyl,
trifluoroethylcarbamoyl, hethoxycarbonylethylcarbamcyl, 2-
hydroxy—-l-methoxycarbonyl-ethylcarbamoyl and 2-hydroxy—-1-—
methoxycarbonyl-propylcarbamoyl; a mono- or di-Cgis aryl-
carbamoyl optionally substituted by 1 to 3 substituents selected
from an optionally halogenated Cis alkyl and a C;¢ alkoxy, such
as phenylcarbamoyl, methoxyphenylcarbamoyl and
trifluoromethylphenylcarbamoyl; a mondF or di-Cy.;3 aralkyl-
carbamp?l optionally substituted by 1 to 3 substituents selected
from an amino optionally mono— or di-substituted by a Ci alkyi,'
an optionally halcgenated Ci;¢ alkyl, a hydroxy and a Cig alkoxy—-
carbonyl, such as benzylcarbamoyl, phenethylcarbamoyl,
dimethylaminobenzylcarbamoyl, methoxycarbonylphenethylcarbamoyl

and trifluoromethylbenzylcarbamoyl; a sulfamoyl; an optionally

‘halogenated mono- or di—Cbg alkylsulfamoyl (e.qg.,

methylsulfamoyl, ethylsulfamoyl); a Ci;s alkylthio (e.q.,-

methylthio, ethylthio and tert-butylthio); a Cis alkylsulfinyl

(e.g., methylsulfinyl, ethylsulfinyl and tert-butylsulfinyl); a

Ci-¢ alkylsulfonyl (e.g., methylsulfonyl, ethylsulfonyl and tert-

butylsulfonyl); a Ci;s alkyl-carbonyl (e.g., acetyl); a mono— or
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di-Cg14 aryl—-carboxamide (e.g., phenylcarboxamide); a Cg-1a
arylthio (e.g., phenylthio); a 5- or 6-membered aromatic
heterocyclic thio (e.g., triazolylthio and tetrazolylthio)
optionally substituted by a Ci¢ alkyl; a Cgis arylsulfinyl (e.qg.,
phgnylsulfinyl); a 5- or 6-membered aromatic heterocyclic
sulfinyi (e.g., triazolylsulfinyl and tetrazolylsulfinyl)
optionélly substituted by a Ci- alkyl; a Csis arylsulfonyl (e.qg.,
phenylsulfonyl); a 5- or 6-membered aromatic heterocyclic
sulfonyl (e.g., triazolylsulfonyl and tetrazolylsulfonyl)
optionally substituted by a C;5 alkyl;

(9) a Cs-ap cycloalkyl group (e.g., cyclohexyl) optionally
substituted by 1 to 3 halogen atoms (e.g., fluorine atom,
chloripe atom, bromine atom, iodine atom);

(10) a Ce14 aryl (e.g., phenyl) optionally substituted by 1 to 3
halogen atoms (e.g., fluorine atom, chlorine atom, bromine atom,
iodine atom) ;

(11) a Cy-13 aralkyl (e.g., benzyl) optionally substituted by 1 to

* 3 substituents selected from a halogen atom (e.g., fluorine

étom, chlorine atom, bromine atom,liodine atom) and a hydroxy;
(12) a 5- or 6-membered aromatic heterocyclic group (e.g.,
thiadiazolyl andtimidazolyl) optionally suﬁstituted by 1 to 3
substituents selected from a halogeﬁ atom (e.g., fluorine atom,
chlorine atom, bromine atom, iodine atom), a Cis alkyl and a Cg1s
aryl (e.qg., phenyl)'optionally substituted by 1 to 3 halogen
atoms (e.qg., fluorine atom, chlorine atom, bromine atom and
iodine atom) ;
(13) a Ci-¢ alkoxy group, (e.g., methoxy, ethoxy), optionally
substituted by 1 to 3 substituents selected from a haiogen atom
(e.g., fluorine atom, chlorine atom, bromine atom, iodine atom),
a 5- or 6-membered aromatic heterocyclic group (e.g., thiazolyl,
oxazolyl, imidazolyl, pyrazolyl, oxadiazolyl, thiadiazolyl,
triazolyl, tetrazolyl, pyridyl and pyrimidinyl) optionally
substituted by 1 to 3 substituents selected from a C;4 alkyl, a
hydroxy—-Ci—s alkyl, a carboxyl, a carbamoyl and a Cis alkoxy-—
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carbonyl (e.g., methoxycarbonyl); an aromatic fused heterocyclic
group (e.g., benzimidazolyl, benzopyrazolyl, benzothiazolyl,
benzoxazolyl, benzotriazolyl, quinolyl and indazolyl) optionally
substituted by 1 to 3 substituents selected from a C;s alkyl, a

hydfoxyfcyﬁ alkyl, a carboxyl, a carbamoyl and a Cis alkoxy—

carbonyl (e.g., methoxycarbonyl); a 5- or 6-membered non-
aromatic heterocyclic group (e.g., tetrahydrofuryl, morpholinyl,
thiomorpholinyl, piperidinyl, pyrrolidinyl, piperazinyl,
dioxothiazolidinyl, dioxooxazolidinyl, oxodihydrooxadiazolyl,
dioxoimidazolidinyl,. dioxopiperazinyl, dioxidethiomorpholinyl)
optionally substituted by 1 to 3 substituents selected from a C;-
¢ alkyl, a hydroxy-Ci alkyl, a carbdxyl, a carbamoyl and a Ci-g
alkoxy-carbonyl (e.g.; methoxycarbonyl); a non-aromatic fused
heterocyclic éroup (e.g., oxodihydrobenzoxazolyl and
tetrahydrobenzothiazolyl) optionally substituted by 1 to 3
substituents selected from a C; alkyl, a hydroxy-Cis alkyl, a
carboxyl, a carbamoyl and.a Ci;s alkoxy-carbonyl (e.g., |
methoxycarbonyl) ; ‘

(14) a Ci;¢ alkylthio (e.g., methylthio) optionally substituted -
by 1 to 3 substituents selected from a 5- or 6-membered aromatic
heterocyclic group (e.g., thiazolyl, oxazolyl, triazolyl,
tetrazolyl, pyridyl, pyrimidinyl) optionally substituted by a Ci-
6 aikyl and a halogen atom (e.g., fluorine atom,'chlorine‘atom,’
bromine atom, iodine atom) ;

(15) a Ce-114 aryloxy (e.g., phenoxy) optionally substituted by i
to 3 halogen étoms (e.g., fluorine étbm, chlorine atom, bromine
atom, iodine atom);

(16) an amino optionally mono- or di-substituted by a Ci-¢ alkyl,
such as amino, methylamino, dimethylamino, ethylamino,
diethylamino, ethylmethylamino, propylamino and dibutylémino{
(17) a phosphono—Ci;—¢ alkylamino optionally mono- or di-
substituted by a Ci-1p alkyl, such as phosphonomethylamino and
diethylphdsphonomethylamino;
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(18) a mono— or di-Ci-g alkyl-carboxamide optionally substituted
by(i to 6, preferably 1 to 3, substituents selected from 5'
halogen atom (e.g.; fluorine atom, chlorine atom, bromine atom,
iodine atom), a Ci;s alkyl and a Ci alkoxy—carbonyl (e.qg.,
methoxycarbonyl and ethoxycarbonyl), such as acetylamino,
hexanoylamino, trifluoroacetylamino, N-acetyl-N-methylamino,

pentafluoropropionylamino and ethoxycarbonylpropionylamino}

" (19) a (mono- or di-Ci_ip alkyl)phosphono group optionally forming

a ring (e.g., dimethylphosphono; diethylphosphono;
diisopropylphosphono; dibutylphosphono; 2-oxide-1,3,2-
dioxaphosphinanyl) ;

(20) a Ci élkyl—carbonyl (e.g., acetyl) optionally substituted
by 1 to 3 halégen atoms (e.g., fluorine atom, chlorine atom,
bromine atom, iodine atom) ;

(21) a Ci alkylsulfinfl (e.qg., methylsulfinyi) optionally
substituted by a 5- or 6-membered aromatic heterocyclic group
(e.g., thiazolyl, oxazolyl, triazolyl, tetrazolyl, pyridyl,
pyrimidinyl) optionally substituted by a Ci;s alkyl;

(22) a Ci alkyl;sulfonyl (e.qg., méthylsulfohyl and
ethylsulfonyl) optionally substituted by a 5- or 6-membered
aromatic heterocyclic group (e.g., thiazolyl, oxazolyl,
triazolyl, tetrazolyl, pyridyl, pyrimidinyl) optionally
substituted by a Ci-¢ alkyl;

(23) a Cs-1p cycloalkyl-carbonyl (e.g., cyclohexylcarbonyl)
optionally substituted by 1 to 3 halogen atoms (e.g., fluorine
atom; chlorine atom, bromine atom, iodine atom);

(24)‘a Ce-14 aryl-carbonyl (e.g., benzoyl) optionally substituted
by 1 to 3 halogen atoms (e.g., fluorine atom, chlorine atom,
bromine atom, lodine atom) ;

(25) a Cy-13 aralkyl—carbonyl (e.g., benzylcarbonyl and
phenethylcarbonyl) optionally substituted by 1 to 3 halogen
atoms . (e.g., fluorine atom, chlorine atom, bromine atom, iodine

atom) ;
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(26) a C644~aryl—C}5 alkenyl-carbonyl (e.g., étyrylcarbonyl)
optionally substituted by 1 to 3 halogen atoms (e.g., fluorine
atom,'chlorine atom, bromine atom, ilodine atom) ;

(27) a Ci-¢ alkoxy-carbonyl (e.g., methoxycafbonyl,
ethoxycarbonyl and tert-butoxycarbonyl) optionally substituted
by 1 to 3 halogen atoms (e.g., fluorine atom, chlorine atom,
bromine atom, iodine atom) ;

(28) a 5- or 6-membered aromatic heterocyclic—carboﬁyl (e.g.,
furoyl, pyrrolylcarbonyl and pyridylcarbonyl) optionally
substituted by a Ci¢ alkyl;

(29) a 5; or 6-membered non-aromatic heterocyclic—carbonyl
(e.g., tetrahydfofuroyl) optionally substituted by a Cis alkyl;
(30) a carbamoyl optionally mono- or di-substituted by a Ci
alkyl, such as carbamoyl and dimethylcarbamoyl;

(31) a sulfamoyl bptionally substituted by 1 or 2 substituents
selected from a 5- or 6-membered aromatic heterocyclic group
(e.g., thiazolyl, oxazolyl, triazolyl, tetrazolyl, pyridyl,
pyrimidinyl) optionally substituted by a Cis alkyl and a Cig
alkyl, such as sulfamoyl and dimethylsulfamoyl;

(32) a Cy13 aralkyloxy-carbonylthio (e.g., benzyloxycarbonylthio
and phenethyloxycarbonylthio) optionally substituted by 1 to 3
halogen atoms (e.g., fluorine atom, chlorine atom, bromine atom,
iodine atom) ;

(33) a Cis alkoxy-carboxamide (e.g., tert—butoxycarboxémide);
(34) a Ce-12 aryl-sulfonyl (e.g., phenylsulfonyl) optionally
sﬁbstituted by 1 to 3 halogen atoms (e.g., fluorine atom,

chlorine atom, bromine atom and iodine atom); and the like can

- be mentioned.

The substituent for the above-mentioned “cyclic group” is
preferably | ‘ |
(L) a Cis alkyl group (é.g., methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, pentyl, neopentyl) optionally substituted by 1
to 3 substituents selected from a hydroxy; a 5- or 6-membered
aromatic heterocyclic group (e.g., thiazolyl, oxazolyl, |
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imidazolyl, pyrazolyl, oxadiazolyl, thiadiazolyl, triézolyl,
tetrazolyl, pyridyl and pyrimidinyl) optionally substituted by 1
to 3 substituents' selected from a Ci-¢ alkyl, a hydroxy-Cis alkyl,
a carboxyl, a carbamoyl and a Cis alkoxy-carbonyl; an aromatic
fused heterocyclic group (e.g., benzimidazolyl, beniopyrazolyl,
benzothiazolyl, benzoxézolyl, benzotriazolyl, guinolyl and
indazolyl) optionally subsfituted by 1 to 3 substituents
selected from a Ci¢ alkyl, a hydroxy-Cis alkyl, a carboxyl, a
carbamoyl and a Ci¢ alkoxy—-carbonyl; a 5- or G—membered non-
aromatic heterocyclic group (e.g., tetrahydrofuryl, morpholinyl,
thiomorpholinyl, piperidinyl, pyrrolidinyl, piperazinyl,
dioxothiazolidinyl, dioxooxazolidinyl, oxodihydrooxadiazolyl,
dioxoimidazolidinyl, dioxopiperazinyl and
dioxidethiomorpholinyl) optionally substituted'by 1 to 3
substituents selected from a Cyﬁ'alkyl, a hydroxy—-Ci- alkyl, a
carboxyl, a carbamoyl and'a Ci-s alkoxy—carbonyl; a non—aromatic
fused heterocyclic groﬁp<(e.g., oxodihydrobenzoxazolyl and
tetrahydrobenzothiazolyl) optionally substituted by 1 to 3
substituents selected from a Cis alkyl, a hydroxy-Cis alkyl, a
carboxyl, a carbamoyl and a C;- alkoxy-carbonyl; a (mono— or di-
Ci-10 alkyl)phospheno group optionally forming a ring (e.g.,
dimethylphosphono; diethylphosphono; diisopropylphosphono;
dibutylphosphono; 2¥oxide¥1,3,2—dioxaphosphinanyl); a Cig
alkylthio; a Cis alkylsulfinyl; and a C;.s alkylsulfonyl;

(2) a 5- or 6-membered aromatic heterocyclic group (e.g.,
thiadiazolyl and imidazolyl) optionally substituted by 1 to 3
substituents selected from a halogen atom, a Ci¢ alkyl and a Cgs
aryl optionally substituted by 1 to 3 haloéen atoms; ox

(3) a Cis alkyl-sulfonyl (e.g., methylsulfonyl and
ethylsulfonyl) optionally substituted by a 5~ or 6-membered

aromatic heterocyclic group (e.g., thiazolyl, oxazolyl,

triazolyl, tetrazolyl, pyridyl and pyrimidinyl) optionally

substituted by a C;¢ alkyl.
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The substituent for the “cyclic group” is more preferably

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

" selected from a 5—- or 6-membered aromatic heterocyclic group

(e.g., thiazolyl, oxazolyl, imidazolyl, pyrazolyl, oxadiazolyl,
thiadiazolyl, triazolyl, tetrazolyl, pyridyl and pyrimidinyl)
optionally substituted by a Cis alkyl; an aromatic fused
heterocyclic gioup (e.g.; benzimidazolyl, benzopyrazolyl,
benzothiazolyl, benzoxaquyl, benzot;iazolyl, guinolyl and
indazolyl) optionally substituted by a Ci-¢ alkyl; a 5- or 6-
membered non-aromatic héte;ocyclic group f(e.g., tétrahydrofuryl,
morpholinyl, thiomorpholinyl, piperidinyl, pyrrolidinyl,
piperaiinyl, dioxothiazolidinyl, dioxooxazolidinyl,
oxodihydrooxadiazolyl, dioxoimidazolidinyl, dioxopiperazinyl and
dioxidethiomorpholinyl) optionally substituted by a Cis alkyl; a
(mono— or di-Ci;-ip alkyl)phosphono group optionally forming a ring
(e.g., dimethylphosphono; diethylphosphono;
diisopropylphosphono; dibutylphosphono; 2-oxide-1,3,2-
dioxaphosphinanyl); a Ci;¢ alkylsulfinyl; and a Cis
alkylsulfonyl.

As the “optionally substituted amino group” and
“optionally substituted acyl group” for R', those exemplified as
the substituents of the “optionally substituted hydrocarbon
group” exemplified as the substituents for ring A are used.

As preferable examples of the “optionally substituted
amino group” for R',

1) an amino optionally mono- or di-substituted by substituents
selected from a C;s alkyl optionally substituted by a hydroxy, a
Cs-12 aryl, and a 5- or 6-membered aromatic heterocyclic‘group
(e.g., pyridyl) optionally substituted by a nitro, such as
amino, methylamino, dimethylamino, diisopropylamino, phenylamino
and N-phenyl-N-methylamino;

2) a mono— or di-Cig alkyl-carboxamide optionally substituted by
1 to 3 substituents selected from halogen atoms (e.g., fluorine,
chlorine, bromine, iodine) and a Ci alkyl, such as acetylamino,
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hexanoylamino, trifluoroacetylamino, N-acetyl-N-methylamino and
pentafluoropropionylamino;
3) a Cis alkoxy—carboxamide optionally substituted by a Cig
alkyl, such as tert-butoxycarboxamide and N-tert-butoxycarbonyl-
N-methylamino; ~
4) a Ce-14 aryl-carboxamide (e.g., phenylcarboxamide) optionally
substituted by a Ci—s alkyl; '
5) a Cys aralkyl—cafboxamide (e.g., benzylcarboxamide and
phenethylcarboxamide) optionally substitﬁted by a Cis alkyl;
6) a 5- or 6-membered aromatic heterocyclic-carboxamide (e.qg.,
furylcarboxamide, pyrrolylcarboxamide, thienylcarboxamide,
pyridylcarboxamide) optionally substituted by é Ci-s alkyl;
7) a 5- or 6—-membered non-aromatic heterocyclic—carboxémide
(e.g., tetrahydrofurylcarboxamide) optionally substituted by a
Cyﬁ alkyl; and the like can be mentioned.

As preferable examples of the “optionally substituted acyl
group” for R?, 4
(1) a carboxyl;
(2) a Ci; alkyl-carbonyl (e.g., acetyl);
(3) a Cie alkoxy-carbonyl (e.g., methoxycarbonyl,
ethoxycarbonyl) ; |
(4) a Cig alkylsulfonyl’(e.g., methylsulfonyl, ethylsulfonyl);
(5) a carbamoyl optionally mono— or di-substituted by a C;
alkyl, such as carbamoyl and dimethylcarbamoyl;
(6) a sulfamoyl optionally mono— or di-substituted by a Ci
alkyl, such as sulfamoyl and dimethylsulfamoyl;
(7) a mono— or di-Cgi1s aryl-carbamoyl (e.g., phénylcarbamoyl);
(8) a mono- or di-C;-13 aralkyl-carbamoyl (e.g., benzylcarbamoyl) ;
(9) a (mono- or di-C;_3p alkyl)phosphono group optionally forming
a ring (e.g., dimethylphosphono; diethylphosphono;
diisopropylphosphono; dibutylphosphono; 2-oxide-1,3,2-
dioxaphosphinanyl; and the like can be mentioned.

R' is preferably an optionally substituted cyclic group,
and more preferably, a Cgis aryl group (preferably phenyl)
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optionally substituted by a’Crﬁ alkyl group optionally
substifuted by 1 to 3 substituents selected from a 5- or 6-—
membered aromatic heterocyclic group (e.g., thiazolyl, oxazolyl,
imidazolyl, pyrazolyl, oxadiazolyl, thiazolyl, triazolyl,
tetrazolyl, pyridyl and pyrimidinyl) optionally substituted by a
Ci-¢ alkyl; an aromatic fused heterocyclic group (e.g.,
benzimidazolyl, benzopyrazolyl, benzothiazolyl, benzoxazolyl,
benzotriazolyl, quinolyl and indazolyl) optionally substituted
by a Ci¢ alkyl; a 5- or 6-membered non—aromatic heterocyclic
group (e.g., tetrahydrbfuryl, morpholinyl, thiomorpholinyl,
piperidinyl, pyrrolidinyl, piperazinyl, dioxothiazolidinyl,

| dioxooxazolidinyl, oxodihydrooxadiazolyl, dioxoimidazolidinyl,

dioxopiperazinyl and dioxidethiomorpholinyl) optionally
substituted by a C;¢ alkyl; a (mono— or di-Ci_;p alkyl)phosphono
group optionally forming a ring (e.g., dimethylphosphono;
diethylphosphono; diisopropylphosphono; dibutylphosphono; 2-
oxide-1,3,2-dioxaphosphinanyl); a Cis alkylsulfinyl; and a Ci
alkylsulfonyl. ‘

' When, in the formula (I), the 5-membered aromatic
heterocycle represented by ring A is imidazole, then Z should
not be -0-.

As preferable examples of the compound represented by fhe'
formula (I), the following compounds can be mentioned.

A compound wherein ring A is an imidazole ring, a pyrazole
ring, an oxadiazole ring, a thiadiazole ring, a triazole ring or
a tetrazole ring (preferably a pyrazole ring, an oxadiazole
ring, a thiadiazole ring, a triazole ring and a tetrazole ring,
more preferably a pyrazole ring), each of which may have 1 or 2
substitueﬁts selected from a Cijp alkyl group, a Cg-1za aryl group
and a Cy-13 aralkyl group;

B is a Cg-14 aryl group (preferably phenyl) or a 5- to 7-membered

monocyclic aromatic heterocyclic group (preferably furyl,

thienyl, pyridyl, pyrimidinyl), each optionally having 1 to 3

substituénts selected from a C;s alkyl optionally substituted by
48



WO 2004/039365 PCT/JP2003/013901

10

15

20

25

30

1 to 3 halogen atoms (e.g., fluorine atom, chlorine atom,
bromine atom, iodine atom), a Ci—s alkoxy optionally substituted
by 1 to 3 halogen atoms (e.g., fluorine atom, chlorine atom,
bromine atom, iodine atom) and a halogen atom (preferably
fluérine atom, chlorine atom, bromine atom) ;

X is a Ci4 alkylene or a C34 alkenylene;

% is -CONR?- (wherein R? is as defined above, preferably a
hydrdgen atom or a Ci¢ alkyl gfoup, and the carbon atom (C) of -
CONR?*~ is linked with X and the nitrogen atom (N) therein is
linked with Y);

Y is a bond or a Ci;4 alkylene; and

R' is a Ce14 aryl group (preferably phenyl) optionally

" substituted by a.Ci¢ alkyl group optionally substituted by 1 to

3 substituents selected from a 5- or 6-membered aromatic
heterocyclic group (e.g., thiazolyl, oxazolyl, imidazolyl,
pyrazolyl, oxadiazolyl, thiazolyl, triazolyl, tetrazolyl,
pyridyl and pyrimidinyl) optionally substituted by a Cis alkyl;
an aromatic fused heterocyclic group (e.g., benzimidazolyl,
benzopyrazoelyl, benzothiazolyl, benzoxazolyl, benzotriazolyl,
guinolyl and indazolyl) optionally substituted by a Cis alkyl; a
5- or 6-membered non-aromatic heterocyclic group (e.g.,
tetrahydrofuryl, morpholinyl, thiomorpholinyl, piperidinyl,
pyrrolidinyl, piperazinyl, dioxothiazolidinyl,
dioxooxazolidinyl, oxodihydrooxadiazolyl, dioxoimidazolidinyl,
dioxopiperazinyl and diocxidethiomorpholinyl) optionally
substituted by a Cis alkyl; a (mono— or di-Ci_;y alkyl) phosphono
group optionally forming a ring (e.g., dimethylphosphono;
diethylphosphono; diisopropylphosphono; dibutylphosphono; 2-
oxide-1,3,2~-dioxaphosphinanyl); a Ci¢ alkylsulfinyl; and a Ci
alkylsulfonyl.

As, the optionally substituted cyclic group for R', a group

represented by the formula:
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wherein, as defined in the following, D is a ring optionally
fﬁrther having substituent(s); Y' is a bond or a divalent acyclic
hydrocarbon group; R® is a group of the formula: —SO,R?, -SOR® or
5 —-PO3R’R® wherein R® and R® are the same or different and each is a
hydrogen atom, a hydrocarbon group or a heterocyclic group, and
R* and Rﬁlnay form a heterocycle together with the adjacent oxo-
substituted phosphorus atom and two oxygen atoms, or an
optionally substituted heterocyclic group, is preferable.
10 The “hydrocarbon group” for R! or R® is as defined above.
The “heterocyclic group” for R® or R’ is as defined above.
The heterocycle formed by R* and R’ together with the
adjacent oxo-substituted phosphorus atom and two oxygen atoms is
as defined above.
15 As the divalent acyclic hydrocarbon group for Y', those
exemplified as the aforementioned X can be mentioned.
Y' is preferably a bond or a Ci.4 alkylene, more preferably
a bond, —CHz—, —(CHz),—, —(CHz)3— and the like.
As the ring of the “ring optionally further having
20 gubstituent(s)” for D, for example, the ring corresponding to
the “cyclic group” for the aforementioned R' can be mentioned.
The ring fér D is preferably an optionally partially
saturated Cg-12 aromatic hydrocarbon ring (preferably benzene,
dihydreoindene), a Cs-;p cycloalkane (preferably cyclopropane,
25 cyclobutane, cyclopentane, cyclohexane, cycloheptane,
cyclooctane) , a Csz-ip cycloalkene (preferably cyclohexene), a 5-
or 6-membered aromatic heterocycle optionally condensed with a
benzene ring (preferably furan, thiophene, oxazole, thiazéle,
isoxazole, imidazole, pyrazole, pyridine, pyrazine, indole,
30 guinoline, isoquinoline and benzothiadiazole), a 5—- or 6-—
- membered non-aromatic heterocycle optionally condensed with a
benzene ring (preferably pyrrolidine, tetrahydrofuran,
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thiazoline, oxazoline, thiazolidine, oxazolidine, dioxolane,
piperidine, piperazine, morpholine, thiomorpholine,
dihydrobenzofuran and oxodihydrobenzoxazole), and the like. The
above-mentioned ring is more preferably a Cg14 aromatic
hydrocarbon, and benzene is particularly preferable.

The above-mentioned ring may have 1 to 3 substituents at
substitutable positions. As such substituent, for example, a
halogen atom (e.g., fluorine atom, chlorine atom, broming atom,
iodine atom), a C;¢ alkyl group optionally substituted bf 1 to 3
halogen atoms (e.g., fluorine atom, chlorine atom, bromine atom,
iodine atom) such as methyl and trifluoromethyl, a Cig alkoxy
group optionally substituted by 1 to 3 halogen atoms (e.g.,
fluorine atom, chlorine atom, bromine atom, iodine atom) such as
methoxy and ethoxy, and the like can be mentioned.

As the “optionally substituted acyl group” for R®, for
example, those exemplified as the substituents of the
“optlonally substituted hydrocarbon group” exempllfled as the
substltuents for ring A can be mentioned. As the “optionally
substituted heterocyclic group” for R? or R*, for example, those
exemplified as the substituents for ring A can be mentioned.

As preferable examples of the “optionally substituted acyl
group” for R?, a carboxyl group; a Ci alkoxy-carbonyl (e.q.,
methoxycarbonyl, ethoxycarbényl, prdpoxycarbonyl,
butoxycarbonyl, tert-butoxycarbonyl) ; a (mono- or di—Ci_1g
alkyl)phosphono group optionally forming a ring (e.g.,
dimethylphosphono; diethylphosphono; diisopropylphosphono;
dibutylphosphono; 2—oxide-1,3,2-dioxaphosphinanyl); a carbamoyl
optionally substituted by an amino; a mono— or di-Ci¢ alkyl—-
carbamoyl optionally substituted by 1 to 3 substituents selected
from a halogen atom, a hydroxy and a Ci-s alkoxy-carbonyl, such
as methylcarbamoyl, ethylcarbamoyl, dimethylcarbamoyl,
diethylcarbamoyl, ethylmethylcarbamoyl, propylcarbamoyl,
trifluoroethylcarbamoyl, methoxycarbonylethylcarbamoyl, 2-

hydroxy—1—methoxycarbonyl—ethylcarbamoyl and 2-hydroxy-1-
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methoxycarbonyl—-propylcarbamoyl; a mono- or di—Cgi1s aryl-
carbamoyl optionally substituted by 1 to 3 substituents selected
f;om an optionally halogenated C;¢ alkyl and a C;s alkoxy, such
as phenylcarbamoyl, methoxyphenylcarbamoyl and
trifluoromethylphenylcarbamoyl; a mono- or di-C;,3 aralkyl-

carbamoyl optionally substituted by 1 to 3 substituents selected

from an amino optionally mono- or di-substituted by a Ci-¢ alkyl, -

an optionally halogenated Ci¢ alkyl, a hydroxy and a C;s alkoxy-—
carbonyl, such as benzylcarbamoyl, phenethylcarbamoyl,
dimethylaminobenzylcarbamoyl, methoxycarbonylphenethylcarbamoyl
and, trifluoromethylbenzylcarbamoyl; a sulfamoyl; an optionally
halogenated mono— or di—Cj.g alkylsulfamoyi (e.qg.,
methylsulfamoyl, ethylsulfamoyl); a‘CL{ alkylsulfinyl (e.g.,
methylsulfinyl, ethylsulfinyl, tert-butylsulfinyl); a Cie
alkylsulfonyl (e.g., methylsulfonyl, ethylsulfonyl, tert-
butylsulfonyl); a Cis alkyl-carbonyl (e.g., acetyl); a 5- or 6-
membered aromatic heterocyclic sulfinyl (e.g., triazolylsulfinyl
and tetrazolylsulfinyl) optionally substituted by a Cis alkyl; a
Ce-14 arylsulfonyl (e.g., phenylsulfonyl); a 5- or 6-membered
aromatic heterocyclic sulfonyl (e.g., triazolylsulfonyl and
tetrazolylsulfonyl) optionally substituted by a C;s alkyl; and
the like can be mentioned. As the “optionally substituted acyl
group” for R3}, a group of the formula: -SO,R*, —-SOR® or -POsR'R’®
(wherein each symbol is as defined above) are preferable.

The “optionally substituted aéyl group” for R® is
particularly preferably a Ci¢ alkylsulfonyl; and a (mono—- or di-
Ci-10 alkyl)phosphono group optionally forming a ring (e.g.,
dimethylphosphono; diethylphosphono; diisopropylphosphono;
dibutylphosphono; 2-oxide-1,3,2-dioxaphosphinanyl).

Preferable examples of the “optionally substituted
heterocyclic group” for R® or R® include a 5- or 6-membered
aromatic heterocyclic group (e.g., thiazolyl, oxazolyl,
imidazolyl, pyrazolyl, oxadiazolyl, thiadiazolyl, triazolyl,
tetrazolyl, pyridyl, pyrimidinyl);Aan aromatic fused
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heterocyclic group (e.g., benzimidazolyl} benzopyrazolyl,
benzothiazolyl, benzoxazolyl, benzotriazolyl, guinolyl,
indazolyl); a 5- or 6-membered non-aromatic heterocyclic group

(e.g., tetrahydrofuryl, morpholinyl, thiomorpholinyl,

-piperidinyl, pyrrolidinyl, piperazinyl, dioxothiazolidinyl,

dioxooxézolidinyl, oxodihydrooxadiazolyl, dioxoimidazolidinyl,
dioxopiperazinyl, dioxidethiomorpholinyl); and a non-aromatic.
fused heterocyclic group (e.g., oxodihydrobenzoxazolyl,
tetrahydrebénzothiazolyl), each of which is optionally
substituted by 1 to 3 substituents selected from a Ci- alkyl, a
hydroxy—-Ci¢ alkyl, a carboxyl, a carbamoyl and a C;—s alkoxy-
carbonyl (e.g., methoxycarbonyl).

Of these, a 5- or 6-membered aromatic heterocyclic group
(e.g., thiazolyl, oxazolyl, imidazolyl, pyiazolyl,‘oxadiazolyl,
thiadiazolyl, triazolyl, tetrazolyl, pyridyl, pyrimidinyl), an
aromatic fused heterocyclic group (e.g., benzimidazolyl;
benzopyrazolyl, benzothiazolyl, benzoxazolyl, benzotriazolyl,
gquinolyl, indazolyl), and a 5~ or 6-membered non—-aromatic
heterocyclic group (e.gf, tetrahydrofuranyl,"morpholinyl,
thiomorpholinyl, piperidinyl, pyrrolidinyl, piperazinyl,
dioxothiazolidinyl, dioxooxazolidinyl, oxodihydrooxadiazolyl, -
dioxoimidazolidinyl, dioxopiperazinyl, dioxidethiomorpholinyl),
each of which is optionally substituted by a C; alkyl, are
preferable.

When, in the formula (II), the 5-membered aromatic
heterocycle represented by ring A is imidazole, then Z should
not be —-0—; when the 5-membered aromatic heterocycle represented
by ring A is pyrazole, X 1s methylene, 7 'is -S—- and Y is a bond,

then the ring represented by D should not be oxadiazole.
As preferable examples of the compound represented by the
formula (II), the following compound can be mentioned.

[Compound A]
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A compound wherein ring A is an imidazole ring, a pyrazole
ring, an oxadiazole ring, a thiadiazole ring, a triazole ring or
a tetrazole ring (preferably a pyrazole ring, an oxadiazole
ring, a thiadiazole ring, a triazole ring and a tetrazole ring,
more preferably a pyrazole ring), each of which may have 1 or 2
substituents selected from a Ci;-1p alkyl group, a Ce-i1s aryl group
and a Cy.13 aralkyl group; \

B is an‘optionally substituted aromatic hydrocarbon group or an

optionally substituted aromatic heterocyclic group, more

preferably a Cgis aryl group (preferably phenyl) or a 5- to 7-

membered monocyclic aromatic heterocyclic group (preferably

furyl, thienyl, pyridyl, pyrimidinyl), each optionally having 1
to 3 substituents selected from a Ci-¢ alkyl optionally
substituted by 1 to 3 halogen atoms (e.g., fluorine atom,
chlorine atom, bromine atom, iodine atom), a Ci¢ alkoxy
optionally substituted by 1 to 3 halogen atoms (e.g., fluorine
atom, chlorine atom, bromine atom, iodine atom), and a halogen
atom (preferably fluorine atom, chlorine atom, bfomine étom);
X is a divalent C;-g aliphatic hydrocarbon group, more preferably
a Ci-4 alkylene or a C;4 alkenylene;
7 is —CONR?~ (wherein R? is as defined above and preferably a
hydrogen atom or a Cis alkyl group, and the carbon atom (C) of -
CONR*~ is linked with X and the nitrogen atom (N) therein is
linked with Y) ;. |
Y and Y' are the same or different and each is a bond or a Cia
alkylene; ‘
D is a Cg14 aromatic hydrocarbon group optionally further having
substituent (s), more'preferably a Cg1s4 aromatic hydrocarbon
(preferably, benzene) optionally having 1 to 3 substituents
selected from a halogen atom (e.g., fluorine atom, chlorine
atom, bromine atom, iodine atom), a Ci alkyl group opticnally
substituted by 1 to 3 halogen atoms (e.g., fluoriné atom,
chlorine atom, bromine atom, iodine atom) such as methyl and
trifluoromethyl, and a Ci;s alkoxy group optionally substituted
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by 1 to 3 halogen atoms (e.g., fluorine atom, chlorine atom,
bromine atom, iodine atom) such as methoxy and ethoxy;

R® is a (mono- or di-Ci;p alkyl)phosphono group optionally
ﬁorming a ring (e.g., dimethylphosphono; diethylphosphono;
diisopropylphosphono; dibutylphosphono; 2-oxide-1,3,2-
dioxéphosphinanyl); or a 5~ or 6-membered aromatic heterocyclic
group (e.g., thiazolyl, oxazolyl, triazolyl, tetrazolyl,
pyridyl, pyrimidinyl) or a 5- or 6-membered non-aromatic
heterocyclic group (e.g., tetrahydrofuryl, morpholinyl,
thiomorpholinyl, piperidinyl, pjrrolidinyl, piperazinyl,
dioxothiazolidinyl, dioxooxazolidinyl), each of which is
optionally substituted by 1 to 3 Cis alkyl.

[Compound B]

A compound wherein ring A is an imidazcle ring, a pyrazole
ring, an oxadiazole ring, a thiadiazole ring, a triazole ring or/
a tetrazole ring (preferably a pyrazole ring, an oxadiazole ring,
a thiadiazole ring, a triazole ring or a tetrazole ring, more
preferably a pyrazole ring), each of which may have 1 or 2
substituents selected from a C;_;p alkyl group, a Cgis aryl group
and a Cyoi3 aralkyl group (preferably a Cis alkyl group such as
methyl and the like); ‘

B is a Cs14 aryl group (preferably phenyl) or a 5~ to 7-membered
monocyclic aromatic heterocyclic group (preferably furyl,
thienyl, pyridyl, pyrimidinyl), each optionally having 1 to 3
substituents selected from a Cis alkyl opﬁionally substituted by‘
1 to 3 halogen atoms, a Ci-g alkoxy optionally substituted by 1
to 3 hélogen atoms and a halogen atom; more preferably a Cg-isa
aryl group (preferably phenyl) optionally having a halogen atom
(preferably a fluorine atom);:
X is a C;-4 alkylene or a Cy4 alkenylene; more preferably —CHQ—,
—(CHy) —, —CH=CH-; particularly preferably —-CH=CH-;
7 is —CONR?- (wherein R? is as defined above, and the carbon atom
(C) of -CONR?- is linked with X and the nitrogen atom (N) therein
is linked with Y); more preferablyA—CONH—;
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Y is a bond or a Ci-s alkylene; more preferably a bond, --CHy—,

'—(CHz) 2—, —(CHy)s—; particularly preferably a bond;

Y' ‘is a bond or a Ci; alkylene; more preferably a bond, -CHz—,
—(CHz) 2—, —(CHz)s—;

D is a Cgi14 aromatic hydrocarbon (preferably benzene) optionally
having 1 to 3 substituents selected from a halogen atom, a Ci
alkyl group optionally substituted by 1 to 3 halogen atoms and a
Ci-¢ alkoxy group cptionally substituted by 1 to 3 halogen atoms;
and |

R® is a carboxyl group; a CL{ alkoxy~-carbonyl; a (mono- or di-Csi-
10 alkyl)phosphono group optionally fbrming a ring (e.g.,
dimethylphosphoﬁo; diethylphosphono; diisopropylphosphono;
dibutylphoéphono; 2-oxide-1,3,2-dioxaphosphinanyl) ; a carbamoyl
optionally substituted by an amino; a mono- or di-Cis alkyl-
carbamoyl optionally substituted by 1 to 3 substituents selected
from a halogen atom, a hydroxy and a C;¢ alkoxy-carbonyl; a
mono— or di—Cg-14 aryl-carbamoyl optionally substituted by 1 to 3
substituents selected from an optionally halogenated C;s alkyl
and a C;g alkoxy; a mono— or di—Cm¢3aralkyl—cafbamoyl optionally
substituted by 1 to 3 substituents selected from an amino
optionally mono- or di-substituted by a Ci; alkyl, an optiocnally
halogenated Ci-s alkyl, a hydroxy and a Ci;¢ alkoxy-carbonyl; a
sulfamoyl; an optionally halogenated mono- or di-Ci_g
alkylsulfamoyl; a Cis alkylsulfinyl; a Ci—s alkylsulfonyl (e.g.,
methylsulfonyl, ethylsulfonyl); 'a Ci¢ alkyl—-carbonyl; a 5- or 6-
membered aromatic heterocyclic sulfinyl (e.g., triazolylsulfinyl,
tetrazolylsulfinyl) optionally substituted by a Cis alkyl; a Cga
arylsulfonyl (e.g.; phenylsulfonyl); a 5- or 6-membered aromatic
heterocyclic sulfonyl (e.g., triazolylsulfonyl,
tetrazolylsulfonyl) optionally substituted by a Cis alkyl;

more preferably a C;s alkylsulfonyl (e.g.,‘methylsulfonyl,
ethylsulfonyl); a {(mono- or di-Cj;.;p alkyl)phosphono Qroup
optionally forming a ring (e.g., dimethylphosphono;
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diethylphosphono; diisopropylphosphono; dibutylphosphono; 2-
oxide-1,3,2~dioxaphosphinanyl) .
[Compound C] '

A compound wherein ring A is an imidazole ring, a pyrazole
ring, an oxadiazole ring, a thiadiazole ring, a triazole ring or
a tetrazole ring (preferably a pyrazole ring, an oxadiazole ring,
a thiadiazole ring, a ttiazole ring and a tetrazole ring, more
preferably a pyrazole ring), each of which may have 1 or 2
substituents selected from a Ci-;p alkyl group, a Csis aryl group
and a Cy;3 aralkyl group (preferably a Ci¢ alkyl group such as
methyl and the like);

B is a Cg12 aryl group (preferably a phenyl) or a 5- to 7-
membered monocyclic aromatic heterocyclic group (preferably
furyl, thienyl, pyridyl, pyrimidinyl), each optionally having 1
to 3 substituents selected from a Ci¢ alkyl optionally
substituted by 1 to 3 halogen atoms, a C;—¢ alkoxy optionally
substituted by 1 to 3 halogen atoms and a halogen atom; more
préferably a Cg14 aryl group (preferably phenyl) optionally
having a halogen atom (preferably a fluorine atom);

X is a C;—4 alkylene or a C,.4 alkenylene; more preferably —CHQ—, -
(CHy) —, —CH=CH—; particularly preferably —CH=CH-;

7 is —CONR’~ (wherein R? is as defined above, and the carbon atom
(C) of —CONR?- is linked with X and the nitrogen atom (N) therein
is linked with Y); more preferably —CONH-; A

Y is é bond or a Ci-y alkylene; more preferably a bond, -CHy—, —
(CHz) —, —(CHp)3—; particularly preferably a bond;

Y! is a bond or a Cis alkylene; more preferably a bond, —-CHz—, -
(CHz) 2—, —(CHz)s—;

D is a Cg11 aromatic hydrocarbon (preferably benzene) optionally
having 1 to 3 substituents selected from a halogen atom, a Ci
alkyl group optionally substituted by 1 to 3 halogen atoms and a
Cis alkoxy group optionally substituted by 1 to 3 halogen atoms;

and
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R® is a 5- or 6-membered aromatic heterocyqlic group (e.q.,
thiazolyl, oxazolyl, imidazolyl, pyrazolyl, oxadiazolyl,
thiadiazolyl, triazolyl, tetrazolyl,‘pyridyl, pyrimidinyl); an
aromatic fused heterocyclic group (e.g., benzimidazolyl,
benzopyrazolyl, benzothiazolyl, benzoxazolyl, benzotriazolyl,
quinolyl, indazolyl); a 5- or 6-membered non-arocmatic
heterocyclic group (e.g., tetrahydrofuryl, morpholinyl,
thiomorpholinyl, piperidinyl, pyrrolidinyl, piperazinyl,
dioxothiazolidinyl, dioxooxazolidinyl, oxodihydrooxadiazolyl,
dioxoimidazolidinyl, dioxopiperazinyl, dioxidethiomorpholinyl);
a non-aromatic fused heterocyclic group (e.qg.,
oxodihydrobenzoxazolyl, tetrahydrobenzothiazolyl), each of which
is optionally substituted by 1 to 3 substituents se}ected from a
Cis alkyl, a hydroxy-Ci alkyl, a carboxyl, a carbamoyl and a C-
6 alkoky—carbonyl;
more preferably a 5- or 6-membered aromatic heterocyclic group
(e.g., thiazolyl, oxazolyl, imidazolyl, pyrazolyl, oxadiazolyl,
thiadiazolyl, triazolyl, tetrazolyl, pyridyl, pyrimidinyl), an
aromatic fused heterocyclic group (e.g., benzimidazolyl,
benzopyrazolyl, benzothiazolyl, benzoxazolyl, benzotriazolyl,
quinolyl, indazolyl) or a 5- or 6-membered non-aromatic
heterocyclic group (elg., tetrahydrofuranyl, morpholinyl,
thiomorpholinyi, piperidinyl, pyrrolidinyl, piperazinyl,
dioxothiazolidinyl, dioxocoxazolidinyl, oxodihydrooxadiazolyl,
dioxoimidazolidinyl, dioxopiperazinyl, dioxidethiomorpholinyl),
each of which is optionally substituted by a Ci-s alkyl.
[Compound D]
diethyl [4—({(2E)—3—[5—(4—fluorophenyl)—l—methyl—lH—pyrazol—4—
yllprop—2-enoyl}amino)benzyl]phosphonate (Example No. 2);
(2E) ~N-{4-[(2,4-dioxo-1,3~thiazolidin-5-yl) methyl]phenyl}-3~[5-
(4-fluorophenyl) ~1-methyl-1H-pyrazol-4-yl]acrylamide (Example No.
60) ;
(2E) -3-[5—(4-fluorophenyl) ~1-methyl-1H-pyrazol~4-y1]-N—-[4- (1H-
imidazol-l-ylmethyl)phenyl]lacrylamide (Example No. 159) ;
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(2E)—3—[5—(4—fluorophenyl)—1—me£hyl—1H—pyrazol—4—yl]—N—[4—(1H—
pyrazol-l-ylmethyl)phenyl]acrylamide (Example No. 161);
diethyl [4—-({(2E)-3~[l-methyl-5-(2-thienyl)-1H-pyrazol-4-
vllprop-2-enoyl}amino)benzyl]phosphonate (Example No. 149);
(2E) =3-[5— (4—fluorophenyl) -1-methyl-1H-pyrazol-4-yl1]-N-{4-[ (3~
methyl—z,4—dioxo—l,3—thiazolidin—5—yl)methyl]phenyl}acrylamide
(Example No. 110);
(2E) -N-[4- (1H-benzimidazol-l-ylmethyl) phenyl]-3-[5- (4~
fluorophenyl) -1l-methyl-1H-pyrazol—-4-yllacrylamide (Example‘No.
185);
(ZE);B—[S—(4~fluorophenyl)—1—methyl~1H—pyrazol—4—yl]~N—{4—
[(methylsulfonyl)methyl]phenyl}acrylamide (Example No. 222) ;-
(2E) -3—-[5- (4-fluorophenyl) —1-methyl-1H-pyrazol-4-y1]-N-{4-
[hydroxy (2-pyridinyl)methyl]phenyl}acrylamide (Example No. 49} ;
(2E)—3—[5—(4—fluorophenyl)~1—methyl—1H—pyrazol-4—yl];N—[4-(4~
morpholinylmethyl)phenyl]acrylamide (Example No. 192); and
(2E) ~N—-{4-[ (ethylsulfonyl)methyl]phenyl}-3—-[5- (4-fluorophenyl) —
l-methyl-1H-pyrazol—-4-yllacrylamide (Example No. 223).

The salts of a compound represented by the formula (I) or
(IT), a compound used in synthesizing the compound represented
by the formula (I) or (II) and a compound used in the present
invention are preferably pharmacologically acceptable ones and

may be, for example, a salt with an inorganic base, a salt with

-an organic base, a salt with an inorganic acid, a salt with an

organic acid and a salt with a basic or acidic amino acid.
Preferable examples of the salt with an inorganic base

include alkali metal salts such as sodium salt, potassium salt

‘and the like; alkaline earth metal salts such as calcium salt,

magnesium salt and the like; and aluminum salt, ammonium salt
and the like.

Preferable examples of the salt with an organic base
include salts with trimethylamine, triethylamine, pyridine,
picoline, ethanolamine, diethanolamine, triethanolamine,
dicyclohexylamine, N,N-dibenzylethylenediamine, and the like.
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Preferable examples of the salt with an inorganic acid
include salts with hydrochloric acid, hydrobromic acid, nitric
acid, sulfuric acid, and phosphoric acid’and the like.

Preferable examples of the salt with an organic acid
include salts with formic acid, acetic acid, trifluoroacetic
acid, fumaric acid, oxalic acid, tartaric acid, maleiclacid,
citric acid, succinic acid, malic acid, methanesulfonic acid,
penzenesulfonic acid; p—toluenesulfonic acid, and the like.

| Preferable examples of the salt with a basic amino acid
include salts with érginine, lysine and ornithine and the like.

Preferable examples of the salt with an acidic amino acid
include salts with'aspartic acid, glutamic acid, and the like.

Among these salts, a sodium salt, a potassium salt,
hydrochloride and the like are most preferred.

A prodrug of the compound represented by the formula (I)
or (II) or a salt thereof (hereinafter sometimes abbreviated as
the compound of the present invention) means a compound capéble
of being converted to the compound of the present invention in
vivo by the action of an enzyme or géstric juice and the like
under physiological conditions, namely a compound capable of
being converted to the compound of the present invention upon
enzymatic oxidation, reduction or hydrolysis and the like, or a-
compound capable of being converted to the compound of the
present invention upon hydrolysis and the like by gastric juice
and the like. As the prodrug of the compound of the present
invention, compounds derived by acylation, alkylation or
phosphorylation of the amino group of the compound of the
present invention (e.g. compounds derived by eicosanoylation,
alanylation, pentylaminocarbonylation, (5-methyl-2-oxo-1, 3-
dioxolen—4-yl)methoxycarbonylation, tetrahydrofuranylation,
pyrrolidylmethylation, pivaloyloxymethylation or tert-butylation
of the amino group of the compound of the present invention, and
the like); compounds derived by acylation, alkylation,
phosphorylation or boration of the hydroxy group of the compound
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of the present invention (e.g.“compounds derived by acetylation,
palmitoylatioh, propanoylation, pivaloylation, succinylation,
fumarylation, alanylation or dimethylaminomethylcarbonylation of
the hydroxy group of the compound of the present invention, and
the like); and compounds deri&ed by esterification or amidation
of the carboxyl group of the compound of the present invention
(e.g. compounds derived by ethyl esterification, phenyl
esterification, carboxymethyl estérification,
dimethylaminomethyl esterification, pivaloyloxymethyl
esterification, ethoxycarbonyloxyethyl esterification,
phthalidyi esterification, (5-methyl-2-oxo-1,3-dioxolen-4-
yl)methyl esterification, cYclohexyloxycarbonylethyl
esterification, or methylamidation of the carboxyl group of the
compound of the present invention, and the like), and the like
can be mentioned. These compounds can be produced from the
compound of the present invention by methods known per se.

The prodrug of the compound of the present invention may
be one capable of being converted to the compound of the present
invention under physiological conditions, as described in
"Iyakuhin no Kaihatsu (Development of Drugs)", vol. 7, Molecular
Designing, published by Hirokawa Shoten, 1990, pages 163-198.

The compound of the present invention may be labeled with
an isotope (e.g., °H, Mo, g, 21, and the like) and the like.

Furthermore, the compound of the present invention may be
an anhydride or a hydrate.

The compound of the present invention and a prodrug
thereof are low toxic and can be used for mammals (e.g. human,
mouse, rat, rabbit, dog, cat, cattle, horse, swine, monkey and
the like), as an agent for preventing or treating neuropathy, aﬁ
agent for promoting production or secretion of a neurotrophic
factor and the like, either as such or by admixing with a
pharmacologically acceptable carrier or the like to give a
pharmaceutical composition.

As the above-mentioned pharmacologically acceptable
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carrier, various organic or inorganic carrier substances which
are conventionally used as pharmaceutical preparation materials
can be mentioned. They are incorporated as excipients,
lubricants, binders, disintegrants or the like in solid
preparations; as solvents, solubilizers, suspending agents,
isotonizing agents, buffers, soothing agents or the like in
liquid preparations. Where necessary, additives such as
preservatives, antioxidants, coloring agents, sweeteners and the
like may be used. '

‘As preferable examples of the excipients, lactose, sucrose,
D-mannitol, D-sorbitol, starch, pre-gelatinized starch, dextrin,
crystalline cel;ulose, low-substituted hydroxypropylcellulose,
carboxymethylcellulose sodium, powdered acacia, pullulan, light
silicic anhydride, synthetic aluminum silicate, magnesium
aluminometasilicate and the like can be mentioned.

As preferable examples of the lubricants, magnesium
stearate, calcium stearate, talc, colloidal silica and the like
can be mentioned.

As preferable examples of the binders, pre-gelatinized
starch, sucrose, gelatin, powdered acacia, methylcellulose,
carboxymethylcellulose, carboxymethylcellulose sodium,
crystalline cellulose, saccharose, D-mannitol, trehalose,
dextrin, pullulan, hydroxypropylcellulose, '
hydroxypropylmethylcellulose, polyvinylpyrrolidone and the like
can be mentioned.

As preferable examples of the disiptegrants, lactose,
sucrose, starch, carboxymethylcellulose, carboxymethylcellulose
calcium, croséarmellose sodium, carboxymethylstarch sodium,
light silicic anhydride, low-substituted hydroxypropylcellulose
and the like can be mentioned. '

As preferable examples of the solvents water for injection,
physiological saline, Ringer’s solution, alcohol, propylene
glycol, polyethylene glycol, sesame oil, corn 0il, olive oil,
cotton seed oil and the like can be mentioned.
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As preferable exXamples of the solubilizers, polyethylene
glycol, propylene glycol, D-mannitol, trehalose; benzyl benzoate,
ethanol, trisaminomethane, cholesterol, triethanolamine, sodium
carbonate, sodium citrate, sodium salicylate, sodium acetate and
the like can be mentioned.

As preferable examples of the suspending agents,
surfactants such as stearyltriethanolamine, sodium lauryl
sulfate, laurylaminopropionic acid, lecithin, benzalkonium
chloride, benzethonium chloride, glycerol monostearate and the
like; hydrophilic polymers such as polyvinyl alcohol,
polyvinylpyrrolidone, carboxymethylcellulose sodium,
methylcellulose, hydroxymethylcellulose, hydroxyethylcellulose,
hydroxypropylcellulose and the like; polysorbates,
polyoxyethylene-hardened castor oil, and the like can be
mentioned.

vAs preferable examples of the isotonizing agents, sodium
chloride, glycercol, D—mannitol, D—sorbitol,’glucose and the like
can be mentioned.

As preferable examples of the buffers, buffer solutions of
phosphate, acetate, carbonate, citrate and the like can be
mentioned.

As preferable examples of the soothing agents, benzyl
alcohol and the like can be mentioned.

As preferable examples of the preservatives, para-
hydroxybenzoates, chlorobutanol, benzyl alcohol, phenethyl
alcohol, dehydroacetic acid, sorbic acid and the like can be
mentioned.

As preferable examples of the antioxidants, sulfites,
ascorbates and the like can be mentioned.

As preferable examples of the coloring agents, water-—
soluble edible tar dyes (e.g. food colors such aé Food Color Red
No. 2 and No. 3, Food Color Yellow No. 4 and No. 5, Food Color
Blue No. 1 and Ne. 2), water-insoluble lake colors (e.g.  the
aluminum salt of the above water-soluble edible tar dyes and the
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like), natural colors (e.g. PB-carotene, chlorophyll, red iron
oxide and the like), and the like can be mentioned.

As preferable examples of the sweeteners, saccharin sodium,
dipotassium glycyrrhizinate, aspartame, stevia and the like can
be mentioned. ' '

As the dosage form of the aforementioned pharmaceutical
composition, oral preparations such as tablets (including
sublingual tablet and intraorally disintegrating tablet),
capsules (including soft capsules and microcapsules), granules,
powders, troches, syrups, emulsions, suspensions and the like;
or parenteral preparations such as injections (e.g. subcutaneous
injection, intravenous injection, intramuscular injection,
intraperitoneal injection, drip infusions and the like),
external preparations (e.g. transdermal preparations, ointments
and the like), suppositories (e.g. rectal suppositories, vaginal
suppositories and the like), pellets, transnasal agents,
transpulmonary agents (inhalant), eye drops etc., and the like
can be mentioned, and these preparations can be safely
administered orally or parenterally.

These preparations may be controlled-release preparations
(e.g., sustained-release microcapsules and the like) such as
rapid release preparations, sustained-release preparations and
the like.

The pharméceutical composition can be produced by the
methods well established in fields of the pharmaceutical
manufacturing techniques, for example, by the methods described
in the Japanese Pharmaéopoeia and the like. In the following,
some concrete methods for producing such preparations are
described in detail. The content of the compound of the
invention in a pharmaceutical composition varies depending on
the dosage form, dose of the compound of the invention and the
like, but it is, for example, about 0.1 - 100 wt%.

For example, an oral preparation‘can be producedAby adding
an excipient (e.g., lactose, sucrose, starch, D-mannitol and the
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like), a disintegrant (e.g., carboxymethylcellulose calcium and
the like), a binder (e.g., pfe—gelatinized starch, powdered
acacia, carboxymethylceliulose, hjdroxypropylcellulose,
polyvinylpyrrolidone and the like), a lubricant (e.g., talc,
magnesium stearate, polyethylene glycol 6000 and the like) and
the like to the active ingredient and compression-molding the
mixture, and then, if desirable, by coating the molded product
by‘a method known per se with a cdatiﬁg base for the purpose of
masking of taste, or imparting enteric property or durability.

As the coating base, for example, a sugar coating base, a
water—-soluble film coating base, an enteric film éoating base, a
sustained-release film coating base and the like can be |
mentioned.

As the sugar coating base, sucrose is used and, further,
one or more kinds of ingredients selected from talc,
precipitated calcium carbonate, gelatin, powdered acacia,
pullulan, carnauba wax and the like may be used in combination.

As the water-soluble film coating base, for example,
cellulose polymers such as hydroxypropylcellulose,
hydroxypropylmethylcellulose, hydroxyethylcellulose,
methylhydroxyethylcellulose and the like; synthetic polymers
such as polyvinylacetal diethylaminoacetate, aminoalkyl
methacrylate copolymer E [Eudragit E (trademark) , Rohm Pharmal],
polyvinylpyrrolidone and the like; polysaccharides such as
pullulan and the like, and the like can be mentioned.

As the enterié film coating base, for example, cellulose
polymers such as hydroxypropylmefhylcellulose phthalate,
hydroxypropylmethylcellulose acetate succinate,
carboxymethylethylcellulose, cellulose acetate phthalate and the
like; acrylic acid polymers such as methacrylic acid copolymer L
[Eudragit L (trademark), Rohm Pharma], methacrylic acid '
copolymer LD [Eudragit L-30D55 (trademark), Rohm Pharma],
methacrylic acid copolymer S [Eudragit S (trademark), Rohm
Pharma] and the like; natural products such as shellac and the
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like, and the like can be mentioned.

As the sustained-release film coating base, for example,
cellulose polymefs such as ethylcellulose and the like; acrylic
acid polymers such as aminoalkyl methacrylate copolymer RS
[Eudragit RS (trademark), Rhom Pharma], an ethyl acrylate-methyl
methacrylate copolymer suspension [Eudragit NE (trademark), Rohm
Pharma] and the like; and the like can be mentioned.

Two or more of the above doating bases may be used in
admixture in appropriate proportions. On the occasion of
coating, a shading agent such as titanium oxide, ferric oxide
and the like may be used.

Injections are produced by dissolving, suspending or
emulsifying the active ingredient in an aqueous solvent (e.g.
distilled water, physiological saline, Ringer's solution) or an
oleaginous solvent (e.g. vegetable oils such as olive 6il,
sesame oil, cotton seed oil, corn oil and the like; propylene
glycol and the like), together with dispersants (e.qg.
polysorbate 80, polybxyethylene—hardened castor oil 60,
polyethylene glycol, carboxymethylcellulese, sodium alginate and
the like), preservatives (e.g. methylparaben, propylparaben,
benzyl alcohol, chlorobutanol, phenol and the like), isotonizing
agents (e.g. sodium chloride, glycerol, D-mannitol, D-sorbitol,
glucose and the like) and the like. 1If désirable, additives
such as solubilizers (e.g.vsodium salicylate, sodium acetate and
the like), stabilizers (e.g. human serum albumin and the like),
soothing agents (e.g. benzyl alcohol and the like) and the like;
may be used.

The compound of the present invention has superior
neurotrophic factor production orlsecretion promoting action.

As the neurotrophic factor, for example, neurotrophin,
TGF-B superfamily, neurokine family, growth factor and the
like can be mentioned.

The neurotrophin is a general name of the nerve growth
factor (NGF) gene family, and refers to a protein that plays an
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important role in differentiation and functional homeostasis of
the cells of the central and peripheral nervous systems,
formation of‘synapse, regeneration and repair of damage and the
like. As concrete examples of the neurotrophin, NGF, BDNF

5 (brain-derived neurotrophic factor), NT—é (neurotrophin-3), NT-
4/5 (neurotrophin-4/5), NT-6 (neurotrophin—6) and the like can
be mentioned. The neurotrophin preferably includes NGF, BDNF,
NT~-3 and the like. |

The TGF-B superfamily means a protein group known to

10 have a structure characterized by the position of cysteine in a
mature molecule, and exhibit a great diversity of actions on
various cells and tissues. As concrete examples thereof, TGF-
Bl, TGF-B2, TGF-B3, BMP (osteogenic factor, bone morphogenetic
protein)-2, BMP-3, BMP-4, BMP-5, BMP-6, BMP-7, BMP-8A, BMP-8B,

15 BMP-14 (GDF-5), GDNF (glial cell line-derived neurotrophic
factor), neurturin, artemin, persephin, GDF-1, GDF-8, GDF
(growth/differentiation factor)-15, inhibin ¢, inhibin B, DAF
(dauer formation) 7 and the like can be mentioned. The TGF;B
superfamilyiis preferably GDNF, GDF-15 and the like.

20 As the neurokine family, for example, ciliary neurbtrophic
factor (CNTF), interleukin 6 (IL-6) and the like can be
mentioned.

As the growth‘factor, for example, insulin growth factor-1
(IGF-1) , basic fibroblast growth factor and the like can be

25 mentioned.

The neurotrophic factor is preferably neurotrophin, TGF-B
superfamily and the like, more preferably NGF, BDNF, NT-3,
GDNF, GDF-15 and the like.

The compound of the present invention has a nerve

30 function improving action.

Moreover, the compound of the present invention has a
motor nerve or sensory nerve conduction velocity improving
action, pain (e.g., neuropathic pain) ameliorating actibn
and neuroprotective action.
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Here, the “neuroprotective action” means a neurite
outgrowth action, a neurite network formation action, a
suppréssive action of neurite retraction, a suppressive
action of nerve terminal degeneration, and the like.

The compound of the present invention is useful as an
agent for preventing or treating, for example, neuropathies
(e.g., peripherai neuropathies such as diabetic neuropathy,
cancer treatment—-induced neuropathy and the like, Guillain-
barre syndrome); neurodegenerative diseases (e.g., Alzheimer’s
senile dementia, Parkinson’s syndrome, Huntington’s chorea,
amyotrophic lateral sclerosis (ALS), Down’s syndrome) ;
diabetic cardiac myopathy; peripheral nerve injury; spinal
injury; spinal canal stenosis; multiple sclerosis; cerebral
ischemic disease; epilepsy; depression; trembling; restless
legs syndrome; inflammatory bowel disease (e.g.,
inflammatory colitis); neuropathic pains (e.g., painful
neuropathy, postherpetic neuralgia, back pain, trigeminal
neuralgia, carpal tunnel syndrome, phantom limb pain,
spinal injury, multiple sclerosis); chronic pain (e.g.,
cancer pain); behavioral abnormalities accompanied by
dementia (e.g., wandering, aggressive behavior),; anxiety
disorder; numbness caused by wound; autonomic abnormalities
(e.g., diabetic autonomic disorder, asymptométic
hypoglycemia, gastroparesis, neuropathic diarrhea and
constipation, erectile dysfunction, orthostatic
hypotension, arrhythmia, heart failure, painless cardiac
infarction, dyshidrosis, neuropathic bladder, sudden
deafness, chronic arterial occlusion, facial flush);
bladder dysfunction (e.g., bladder reflex disorder);
hearing impairment; diabetic foot lesion; bone disease
(e.g., osteoporosis); joint disease (e.g., Charcot’s joint,

osteocarthritis, rheumatism); Hirschsprung’s disease and the

‘like.
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In addition, the compound of the present invention is
also useful as an agent for preventing or treating diseases such
as diabetes (e.g., type-l diabetes, type-2 diabetes, gestational
diabetes etc.), impaired glucose tolerance (IGT), hyperlipiaemia
(e.g., hypertriglyceridemia, hypercholesterolemia, hypo—-HDL—
emia, postprandial hyperlipidemia), hyperiﬁsulinemia, obesity,
hyperphagia, hypertension, cardiovascular disease (e.g.,
atherosclerosis) énd the like; or a syndrome (e.g., syndrome X,
visceral obesity syndrome) comprising combination of some of
these diseases.

Moreover, the compound of the present invention is
used for secondary prophylaxis or suppression of progression
(e.g., suppression of progression of impaired glucose tolerance
into diabetes) of the above-mentioned various diseases (e.g.,
cardiac infarction).

Furthermore, the compound of the present invention is
useful as an ameliorating agent of peripheral neuropathy or
brain metabolic disorder; a promoter of curing skin injury
caused by metabolic or endoérine system disease such as
diabetes, and by wound; pancreatic regeneration agent
(pancreatic function recovering agent); renal regeneration
agent (renal function recovering agent); ameliorating or
suppressing agent of pain (e.g., neuropathic pain);
prophylactic agent of amputation of lower limb; a
prophylactic agent of sudden death and the like.

While the dose of the compound of the present invention
varies depending on the administration subject, administration
route, target disease, condition and the like, it is, for
example, in the case of oral administration to an adult patient
with peripheral neuropathy (e.g., diabetic neuropathy),
generally about 0.01 - 100 mg/kg body weight, preferably 0.05 -
30 mg/kg body weight, more preferably 0.1 - 2 mg/kg body weight,
per dose, which amount is desirably administered once to 3 times
a day.
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The compound of the present invention can be used in

“combination with a pharmaceutical agent (hereinafter to be

abbreviated as a combination drug) such as a therapeutic agent
of diabetes, a therapeutic agent of diabetic complications, an
antiepileptic agent, an antidepressant, an opioid agonist, an
antihyperlipemic agent, an antihypertensive agent, an
antiarrhythmic agent, an antiobesity agent, a diuretic, a
chemotherapeutic agent, an immunotherapeutic agent, an
antithrombotic agent, a therapeutic agent of osteoporosis, an
antidementia agent, an agent for ameliorating erectile
dysfﬁnction, a therapeutic agent of incontinentia or
pollakiuria, a therapeutic agent for dysuria, a non-steroidal
anti-inflammatory drug, a local anesthetic, vitamines and the
like. These combination drugs may be a low molecular weight
compound, or may be a high molecular weight protein,
polypeptide, antibody, vaccine and the like.

As the therapeutic agent of diabetes, insulin preparations
(e.g. animal insulin preparations obtained by extraction from
the bovine or swine pancreas; human insulin preparations
synthesized by a genetic engineering technique using Escherichia
coli or a yeast; insulin-zinc; protamine-insulin-zinc, a
fragment or derivative of insulin (e.g., INS-1 etc.), oral
insulin preparations and the like), insulin sensitizers (e.qg.
pioglitazone or its salt (preferably hydrochloride),
rosiglitazone or its salt (preferably maleate), reglixane (JTT—>
501), GI-262570, netoglitazone (MCC-555), YM-440, DRF-2593, BM-
13.1258, KRP-297, R-119702, CS-011, FK-614, the compounds
described in W099/58510 (e.g., (E)-4-[4-(5-methyl-2-phenyl-4—
oxazolylmethoxy)benzyloxyimino]-4-phenylbutyric acid), the
compounds described in WO01/38325, tesaglitazar (AZ-242),
ragaglitazar (NN-622), BMS-298585, ONO-5816, BM-13-1258, IM-
4156, MBX-102, LY-519818, MX-6054, LY-510929, balaglitazone (NN-
2344), T-131 or its salt, THR-0921 and the like), g-glucosidase
inhibitors (e.g., voglibose, acarbose, miélitol, emiglitate
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etc.), biguanides (e.g., phenformin, metformin, buformin eﬁc.),
insulin secretagogues, [sulfonylureas (e.g., tolbutamide,
glibenclamide, gliclazide, chlorpropamide, tolazamide,
acetohexamide, glyclopyramide, glimepiride, glipizide, giybﬁzole
etc.), repaglinide, senaglinide, nateglinide, mitiglinide or its
calcium salt hydrate etc.], GPR40 agonists, GLP-1 receptor
agonists [e.g., GLP-1, GLP-1MR, NN-2211, AC-2993 (exendin-4),
BIM-51077, Aib(8,35)hGLP-1(7,37)NH,, CJC-1131 etc.], amyrin
agonists (e.g., pramlintide etc.), phosphotyrosine phosphatase
inhibitors (e.g., vanadic acid etc.), dipeptidylpeptidase Iv
inhibitors (e.g., NVP-DPP-278, PT-100, P32/98, NVP-DDP-728,
LAF237, TS-021 etc.), B3 agonists (e.g., CL-316243, SR-58611-A,
UL-TG-307, SB-226552, AJ-9677, BMS-196085, AZ40140 etc.),
gluconeogenesis inhibitors (e.g., glycogen phosbhorylase
inhibitors, glucose—6-phosphatse inhibitors, glucagon
antagonists etc.), SGLT (sodium—glucose cotransporter)
inhibitors (e.g., T-1095 etc.), llp-hydroxysteroid dehydrogenase
inhibitors (e.g., BVT-3498 etc.), adiponectin or its agonists,
IKK inhibitors (e.g., AS-2868 etc.), leptin resistance improving
drugs, somatostatin receptor agonists (compounds described in
WO01/25228 and WO03/42204, compounds described in W098/44921,
WO98/45285 and W099/22735 etc.), glucokinase activators (e.g.,
Ro-28-1675) and the like can be mentioned.

As the therapeutic agent of diabetic complications, aldose
reductase inhibitors (e.g., tolrestat, epalrestaﬁ, zenarestat,
zopolrestat, minalrestat, fidaresﬁat, SNK-860, CT-112 and the
like), neurotrophic factors and increasing drugs thereof (e.g.,
NGF, NT-3, BDNF, neurotrophin production or secretion promoters
described in W001/14372 (e.g., 4-(4-chlorophenyl)-2-(2-methyl-1-—
imidazolyl) -5-[3- (2-methylphenoxy) propylloxazole and the like)
and the like), nerve regeneration enhancers (e.g., Y-128 and the
like), PKC inhibitors (e.g., LY-333531 and the like), AGE
inhibitors (e.g., ALT946, pimagedine, pyratoxénthine, N-
phenacylthiazolium bromide (ALT766), ALT-711, EX0-226,
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pyridorin, pyridoxamine, and the like), active oxygen scavengers
(e.g., thioctic acid and the like), cerebral vasodilators (e.qg.,
tiapride, mexiletine and the like), somatostatin receptor
agonists (BIM23190), apoptosis signal regulating kinase-1 (ASK-—
1) inhibitors and the like can be mentioned.

As the antiepileptic agent, for example, gabapentin,
gabapentin MR, trileptal, keppra, zonegran, pregabalin, |
harkoseride, carbamazepine and the like can be mentioned.

As the antidepressant, for example, amitriptyline,
imipramine and the like can be mentioned.

As the opioid agonist, for example, morphine and the like
can be mentioned.

As the antihyperlipemic agent, statin compounds (e.g.,
cerivastatin, pravastatin, simvastatin, lovaétatin, atorvastatin,
fluvastatin, itavastatin and salts thereof (e.g., sodium salt)
and the like), squalene synthase inhibitors (e.g.; compounds
described in W097/10224, such as N-[[(3R,5S)-1-(3~acetoxy-2,2-
dimethylpropyl)~7-chloro-5-(2,3~dimethoxyphenyl)-2-oxo-1,2,3,5-
tetrahydro-4,l1-benzoxazepin—-3-yl]acetyllpiperidine-4-acetic acid
and the like), fibrate compounds (e.g., bezafibrate, clofibrate,
simfibrate, clinofibrate and the like), antioxidants (e.g.,
lipoic acid, probuéol), and the like can be mentioned.

As the antihypertensive agent, angiotensin converting
enzyme inhibitors (e.g., captopril, enalapril, delapril and the
like) or angiotensin II antagonists (e.g., candesartan ciiexetil,
losartan, eprosartan, valsartan, telmisartan, irbesartan,
tasosartan, 1-[[2'—(2,5-dihydro-5-ox0o—4H-1,2,4-oxadiazol—-3—
yl)biphenyl-4-yl]lmethyl]-2-ethoxy-1H-bemzimidazole-7-carboxylic
acid etc.), calcium antagonists (e.g., manidipine, nifedipine,
amlodipine, efonidipine, nicardipine and the like), clonidine
and the like can be mentioned.

As the antiarrhythmic agent, for example, mexiletine and

the like can be mentioned.
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As the antiobesity agent, forAexample, antiobesity drugs
acting on the central nervous system (e.g. dexfenfluramine,
fenfluramine, phentermine, sibutramine, anfepramon,
dexamphefamine, mazindol, phenylpropanolamine, clobenzorex; MCH
receptor antagonists (e;g., SB-568849; SNAP-7941; the compounds
included in WO01/82925 and WO01/87834 étc.); neuropeptide Y
antagonists (e.g., CP—422935 etc.); cannabinoid receptor
antagonists (e.g., SR-141716, SR-147778 etc.); ghrelin
antagonists; llp-hydroxysteroid dehydrogenase inhibitors (e.g.,
BVT-3498 etc.) and the like), pancreatic lipase inﬁibitors
(e.g., orlistat, ALT-962 etc.), B3 agonists (e.g., CL-316243,
SR-58611-A, UL-TG-307, SB-226552, AJ-9677, BMS-196085, Az40140
etc.), anorectic peptides (e.qg., leptin, CNTF‘(ciliary
neurotrdphic'factor) etc.), cholecystokinin agonists (e.g.,
lintitript, FPL-15849 etc.), ancrectics (e.g., P-57 etc.) and
the like can be mentioned.

As the diuretic, for example, xanthine derivatives (e.g.,
sodium salicylate and theobromine, calcium salicylate and
theobromine, and the like), thiazide preparations (e.g.,
ethiazide, cyclopenthiazide, trichloromethyazide,
hydrochlerothiazide, hydroflumethiazide,
benzylhydrochlorothiazide, penflutizide, polythiazide,
methyclethiazide and the like), antialdosterone preparations
(e.g., spironolactone, triamterene and the like), carbonic
anhydrase inhibitors (e.g., acetazolamide and the like),
chlorobenzenesulfonamide preparations (e.g., chlortalidone,

mefruside, indapamide and the like), azosemide, isosorbide,

etacrynic acid, piretanide, bumetanide, furosemide and the like

can be mentioned.

As the chemotherapeutic agent, for example, alkylation
agents (e.g., cyclophosphamide, ifosfamide and the like),
metabolic antagonists (e.g., methotrexate, 5-fluorouracil and
the like), anti-cancer antibiotics (e.g., mitomycin, adriamycin
and the like), plant;derived anti-cancer agents (e.g.,
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vincristin, vindesine, taxol and the like), cisplatin,
carboplatin, etopoxide and the like can be mentioned. Of these,
furtulon and neofurtulon, which are 5-fluorouracil derivatives,
and the like are preferable.

As the immunotherapeutic agent, for example, microorganism
or bacterial components (e.g., a muramyl dipeptide derivative,
picibanil and the like), polysaccharides having :immunity
potentiating activity (e.g., lentinan, sizofiran, krestin and
the like), cytokines obtained by genetic engineering techniques
(e.g., interferon, interleukin (IL) and the like), colony
stimulating factors (e.g., granulocyte colony stimulating
factor, erythropoietin and the like) and the like can be
mentioned, with preference éivén to interleukins such as IL-1,
IL-2, IL-12 and the iike.

As the antithrombotic agent, for example,‘heparin (e.qg.,
heparin sodium, heparin calcium, dalteparin sodium and the like),
warfarin (e.g., warfarin pota531um and the like), anti-thrombin
drugs (e.g., aragatroban and the like), thrombolytic agents
(e.g., urokinase, tisokinase, alteplase, nateplase, monteplase,
pamiteplase and the like), platelet aggregation inhibitors (e. g .
thlOpldlne hydrochloride, cilostazol, ethyl icosapentate,
beraprost sodium, sarpogrelate hydrochloride and the like) and
the like can be mentioned.

As the therapeutic agent of osteoporosis, for example,
alfacalcidol, célcitriol, elcatonin, calcitonin salmon, estriol,
ipriflavone, pamidronate disodium, alendronate sodium hydrate,
incadronate disodium and the like can be mentioned.

As the antidemenfia agent, for example, tacrine, donepezil,
rivastigmine, galantamine and the like can be mentioned.

As the agent for ameliorating erectile dysfunction, for
example, apomorphine, sildenafil citrate and the like can be

mentioned.
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As Ehe therapeutic agent of incontinentia or pollakiuria,
for example, flavoxate hydrochloride, oxybutynin hydrochloride,
propiverine hydrochloride and the like can be mentioned.

\ As a therapeutic agent for dysuria, acetylcholine esterase
inhibitors (e.g., distigmine) and the like can be mentioned.

As the non—steroidal‘anti—inflammatory drug, for example,
aspirin, acetaminophen, indomethacin and the like can be
mentioned.

As the local anesthetic, for example, lidocaine, capsaicin
and the like can be mentioned.

As vitamins, for example, vitamin Bl, vitamin B12 and the like
can be mentioned.

Furthermore, drugs having a cachexia-ameliocrating action
established in animal models or clinical situations, such as
cyclooxygenase inhibitors (e.g., indomethacin and the like)

[Cancer'Research, Vol. 49, 5935-5939, 1989], progesterone

derivatives (e.g., megesterol acetate) [Journal of Clinical

Oncology, Vol. 12, 213-225, 1994], glucosteroid (e.g.,
dexamethasone and the like), metoclopramide agents, '
tetrahydrocannabinol agents (ibid.), fat metabolism improving
agents (e.g., eicosapentaenoic acid and the like) [British

Journal of Cancer, Vol. 68, 314-318, 1993], grbwth hormones,

IGF-1, or antibodies to a cachexia-inducing factor such as TNF-
o, LIF, IL—6, Oncostatin M and the like, can be also used in
combination with the compound of the present invention.

The combination drug is preferably an insulin preparation,
an insulin sensifizer, o~glucosidase inhibitor, a biguanide, an
insulin secretagogue (preferably a sulfonylurea), an aldose
reductase inhibitor, a PKC inhibitor, an antiepileptic agent, an
antidepressant, an antiarrhythmic agent, an opioid agonist, an
antioxidant, a non-steroidal anti-inflammatory drug and the
like.

The administration time of the aforementioned combination
drug is not restricted, and the compound of the present
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invention and the combination drug can be administered to an
administration subject simultaneously, or may be administered at
staggered times. The dosage of the combination drug may be
determined according to the dose clinically used, and can be
appropriately selected depending on an administration subject,
administration route, disease, combination and the like.

The administration mode of the combination drug is not
particularly restricted, as long as the compound of the present
invention and the combination drug are combined in
administration. Examples of such administration mode include
the following methods: (1) The compound of the present invention
and the combination drug are simultaneously processed to give a
single preparation which is administered. (2) The compound of
the present invention and the combination drug are separately
processed to give two kinds of preparations which are
administered simultaneously by the same administration route.

(3) The compound of the present invention and the combination
drug are separately processed to give two kinds of preparations
which are administered by the same administration route at
staggered times. (4) The compound of the present invention and
the combination drug are separately processed to give two kinds
of preparations which are administered simultaneously by the
different administration routes. (5) The compound of the
present invention and the combination drug are separately
processed to give two kinds of preparations which are
administered by the different administration routes at staggered
times (for example, the compound of the present invention and
the combination drug are administered in this order, or in the
reverse order), and the like.

The proportion of the compound of the present invention to
the combination drug can be appropriately selected depending on
an administration subject, administration route, diseases and
the like. For example, when the administration subject is a
human, 0.01-100 parts by weight of the combination drug is used
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invention.

When the compound of the present invention is used in
combination with a combination drug, the dose of the both
components can be reduced within a safe range in consideration

of the opposing effect of the components. Particularly, a

‘combination drug such as an insulin sensitizer, an insulin

secretagogue (preferably a sulfonylurea), a biguanide, an aldose
reductase inhibitor, a PKC inhibitor, an antiepileptic agent, an
antidepressant, an antiarrhythmic agent, an opioid agonist, an
antioxidant, a non-steroidal anti-inflammatory drug and the like
can be reduced from the normal dose. Therefore, the opposing
effect caused by these combination drugs can be safely
prevented.

The compound of the present invention may be used in
combination with a treatment method involving a non-
pharmacological means such as spinal electrical stimulation,
acupuncture and moxibustion and the like.

Hereinafter the production methods of the compound of the
present invention are explained.

Compound (I) can be produced according to a method known
per se, such as Method A, Method D and Method F to be described
in the following, or an analogous method thereto.

The compound (Ia) of the formula (I) wherein Z is —CONR*-
(R* is as defined above) can be produced accordihg to, for
example, the following Method A. '

[Method A] ’

R2

, \ 1
B H—N—Y—R . B
0
i v (.

A ¢—x—cC—on

(n (1a)

wherein the symbols are as defined above.
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In this method, compound (III) is subjected to an’
amidation reaction to produce compound (Ia). This reaction is
carried out according to a method known per se, such as a method
for directly condensing compound (III) with compound (IV), a
method for reacting a reactive derivative of compound (III) with
compound (IV) and the like.

The method for directly condensing compound (III) with
compound (IV) is generally carried out in the presence of a
condensation agent, in a solvent that does not exert an éd&erse
influence on the reaction.

As the condensation agent, conventional one such as
carbodiimide type condensation reagents such as
dicyclohexylcarbodiimide, diisopropylcarbodiimide, ;—ethyl—3—(3—
dimethylaminopropyl) carbodiimide or its hydrochloride and the
like; phosphoric acid type condensation reagents such as diethyl
cyanophosphate, diphenylphosphoryl azide and the like; carbonyl
diimidazole, 2-chloro-1,3—dimethylimidazeolium tetrafluoroborate
and the like can be mentioned.

As a solvent that does not exert an adverse influence on
the reaction, for example, amides such as N,N-dimethylformamide,
N,N-dimethylacetamide and the like; halogenated hydrocarbons
such as chloroform, dichloromethane and the like; aromatic
hydrocarbons such as benzene, toluene and the like; ethers such
as tetrahydrofuran, dioxane, diethyl ether and the like; ethyl
acetate, water and the like can be mentioned. 'Two or more kinds
of these solvents may be used in. a mixture at appropriate
ratios.

The amount of compound (IV) to be used is generally 0.1 -

10 molar equivalents, preferably 0.3 - 3 molar equivalents,
relative to compound (III).

The amount of the condensation agent to be used is

genefally 0.1 - 10 molar equivalents, preferably 0.3 - 3 molar

equivalents, relative to compound (IITI).
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When the above-mentioned carbodiimide type condensation
reagent is used as the condensation agent, the reaction
efficiency can be improved by the use of a suitable condensation
promoter (e.g., l-hydroxy-1H-1,2,3-benzotriazole hydrate, 1-
hydroxy-7-azabenzotriazole, 1-hydroxybenzotriazole, N—
hydroxysuccinimide, N-hydroxyphthalimide and the like) where
necessary. When the above-mentioned phosphoric acid type
condensation reagent is used as the condensation agent, the
reaction efficiency can be improved by generally adding an
organic amine type base such as triethylamine and the like.

The amount of the above-mentioned condensation promoter
and the organic amine type base to be used is generally 0.1 - 10
molar equivalents, preferably 0.3 - 3 molar equivalents,
relative to compound (III).

The reaction temperature is generally -30°C to 100c°cC.

The reaction time is generally 0.5 - 60 hrs.

As the reactive derivative of the aforementioned compound
(III), for example, acid anhydride, acid halide (acid chloride,
acid bromide), imidazolide, or mixed acid anhydride'(e.g.,
anhydride with methyl carbonate, ethyl carbonate or isobutyl
carbonate, and the like) and the like can be mentioned.

For example, when an acid anhydride or an acid halide is
used as the reactive derivative, the reaction is generally
carried out in the presence of a base, in a solvent that does
not exert an adverse influence on the reaction.

As the base, for example, triethylamine,
diisopropylethylamine, pyridine, N- methylmorpholine, N,N-
dimethylaniline, 4-dimethylaminopyridine, lithium hydroxide,
sodium hydroxide, potassium hydroxide, sodium hydrogen
carbonate, sodium carbonate, potassium carbonate, cesium
carbonate and the like can be mentioned.

As the solvent that does not exert an adverse influence on
the reaction, for example, amides such as N,N-dimethylformamide,
N,N-dimethylacetamide and the like; halogenated hydrocarbons
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such as chloroform, dichloromethane and the like; aromatic
hydrocarbons such as benzene, toluene and the like; ethers such
as tetrahydrofuran, dioxane, diethyl ether and the like; ethyl
acetate, acetonitrile, water and the like can be mentioned. ' Two
or more kinds of these solvents may be used in a mixture at
appropriate ratios. When the above-mentioned amides are used as
the solvent that does not exert an adverse influence on the
reaction, the reaction can be also carried out in the absénce of
a base.

The amount of the compound (IV) to be used is generally
0.1-10 molar equivalents, preferably 0.3 - 3 molar equivalents,
relative to compound (III).

The amount of the base to be used is generally 0.1 - 10
molar equivalents, preferably 0.3 - 3 molar equivalents,
relative to compound (III)-.

The reaction temperature is generally -30°C to 100°C.

The reaction time is generally 0.5 - 20 hrs.

When a mixed acid anhydride is used as the reactive
derivative, compound (III) is reacted with chlorocarbonic acid
ester in the presence of a base and then reacted with compound
(IV).

As the chlorocarbonic acid ester, for exampie, meth?l
chlorocarbonate, ethyl chlorocarbonate, isobutyl chlorocarbonate
and the like can be mentioned.

As the base, for example, triethylamine, aniline, N-
methylmorpholine, N,N-dimethylaniline, 4-dimethylaminopyridine,
sodium hydroxide, potassium hydroxide, lithium hydroxide, sodium
hydrogen carbonate, sodium carbonate, potassium carbonate,
cesium carbonate and the like can be mentioned.

The amount of the compound (IV) to be used is generally
0.1-10 molar equivalents,‘preferably 0.3 — 3 molar equivalents,
relative to compound (III).

‘The reaction temperature‘is generally —30°C to 100°C.

The reaction time is generally 0.5 — 20 hrs.
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The compound (Ia) thus obtained can be isolated and
purified by a known separation and purification means, such as
concentration, concentration under reduced pressure, solvent
extraction, crystallization, recrystallization, phase transfer,
chromatography and the like.

The compound (IV) *to be used as a starting compound in the
above-mentioned Methed A can be produced by a method known per
se.

The compound (III) to be used as a starting compound in
the above-mentioned Method A can be produced by, for example,
the following Method B.
[Method B]

B
0 «
A C_x——u—OR" hydrolysis am

()

wherein R® is an optionally substitutéd hydrocarbon group, an
optionally substituted heterocyclic group or an optionally
substituted acyl group, and other symbols are as defined above.

As the “optionally substituted hydrocarbon group” and
“optionally substituted heterocyclic group” for R®, those
respectively exemplified as the aforementioned B can be ﬁsed.

As the “optionally substituted acyl group” for R®, those
exemplified as the aforementioned R' can be used.

R® is preferably a Ci alkyl group (e.g., methyl, ethyl,
propyl, isopropyl, tert-butyl), a Csi3 aralkyl group (e.g.,
benzyl), a Cg14 aryl group (e.g., phenyl) and the like.

In this method, compound (V) is subjected to a hydrolysis
reaction to give compound (III).

This reaction is carried out according to a conventional
method, in the presence of an acid or a base, in a water-

containing solvent.
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As the acid, for example, hydréchloric acid, sulfuric
acid, acetic acid, hydrobromic acid and the like can be
mentioned. |

As the base, for example, alkali metal carbonates such as
potassium carbonate, sodium carbonate, cesium carbonate and the
like; alkaline earth metal carbonates such as barium carbonate,
calcium carbonate and the like; alkali metal alkoxide such as
sodium methoxide and the liké; alkali metal hydroxide such as
potassium hydroxide, sodium hydroxide, lithium hydroxide and the
like; alkaliné earth metal hydroxides such as barium hydroxide,
calcium hydroxide and the like; and the like can be mentioned.

The amount of the acid or base to be used is generally an
excess amount relative to compound (V). Preferably, the amount
of the acid to be used is about 2 - about 50 equivalents
relative to compound (V) and the amount of the base to be used
is about 1.2 - about 10 equivalents relative to'compound (V).

As the water—containing solvent, for example, a mixed
solvent of water and one or mofe kinds of solvents selected from
alcohols such as methanol, ethanol and the like; ethers such as
tetrahydrofuran, dioxane, diethyl ether and the like; dimethyl
sulfoxide and acetone and the like, and the like can be
mentioned. When an acid is used for hydrolysis reaction, an
excess amount of the acid may be used as a solvent.

The reaction temperature is generally about -20 to about
150°C, preferably about -10 to about 100°C.

The reaction time is generally about 0.1 — about 20 hrs.

The compound (III) thus obtained can be.isolated and

purified by a known separation and purification means, such as

" concentration, concentration under reduced pressure, solvent

extraction, crystallization, recrystallization, phase transfer,
chromatography and the like. ' |

The compound (V)lto be used as a starting compound in the .
above—-mentioned Method B can be produced by a method known per
se. For example, of compounds (V), compounds wherein X is —
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CH=CH- or -(CHj)z~ [respectively compound (V-1) or (V-2)] can be
produced according to the following Method C.

[Method C]
B
. B
Step 1
@\ 2 i
COR’ Step 2
f —_— " > A ¢
A ¢ N
Vi) N\ CHO
\ CH,OH
(IX)
Step 1b v
B
A N
CH,
(Vi) B
B .
Step 4 A C
Step 3 A i S
e, ¢ : CH,CH,CO,R’
CH=CHCO,R 1
V-2
(V-1) (V-2)

wherein R’ is an optionally substituted hydrocarbon group, an
optionally substituted heterocyclic group or an optionally
substituted acyl group, and other symbols are as defined above.

As the "opticnally substituted hydrocarbon group”,. .
“optionally substituted heterocyclic group” and “optionally
subétituted acyl group” for R’, those respectively exemplified as
the aforementioned R® are used.

R’ is preferably a Cis alkyl group (e.g., methyi, ethyl,
propyl, isopropyl, tert-butyl), a Cyas aralkyl group (e.qg.,
benzyl), a Cg14 aryl group (e.g., phenyl) and the like.

(Step la) Reduction reaction

This reaction is carried out according to a conventional
method in the presence of a reducing agent in a solvent that
does not exert an adverse influence on the reaction.
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As the reducing agent, for example, sodium borohydride,
lithium borohydride, lithium aluminum hydride,
diisobutylaluminum hydride, sodium dihydrobis(2-

methoxyethoiy)aluminate, borane and its complex (e.g., borane-

tetrahydrofuran, borane-pyridine, borane-dimethylsulfide and the

like) and the like can be mentioned.

The amount of the reducing agent to be used is preferably
about 0.5 — about 10 molar equivalents relative to compound
(VI).

As the solvent that does not exert an adverse influence on
the reaction, for example, aromatic hydrocarbons such as
benzene, toluene, xylene and the like; halogenated hydrocarbons
such as chloroform, dichloromethane and the like; ethers such as
tetrahydrofuran, dioxane, diethyl ether and the iike; water;
alcohols such as methanol, ethanol, isopropanol and the like;
and the like can be mentioned. Two or more kinds of these
solvents may be used . in a mixture at appropriate ratios.

The reaction temperature is generally about -50 to about
150°C, preferably about —lQ to about 100°C.

The reaction time is generally about 0.5 — about 20 hrs.

The compound (VII) thus obtained can be isolated and
purified by a known separation and purification means, such as
concentration, concentration under reduced pressure, solvent
extraction, crystallization, recrystallization, phase transfer,
chromatography and the likg. It is possible to use a reaction
mixture containing compound (VII) as a starting material for the
next reaction without separation or purifification of compound
(VII).

The compound (VI) to be used as a starting compound in the
above—mentioned Step la can be produced according a method known

per se, such as methods described in Tetrahedron Letters, Vol.

41, p. 5453 (2000), WO 99/52882, Journal of Chemical Society,

Perkin Trans. Vol. 1, No. 2, pp. 642-645 (1981) and the like, or
a method analogous thereto.
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(Step 1b) Halogenation and hydroxylation reactions

In this step, compound (VIII) is subjected to a

halogenation reaction and then to hydroxylation reaction to give

compound (VII).

Hefe, the halogenatibn reaction is carried out in the
presence of a halogenating agent and, where necessary, a
suitable reaction initiétor, in a solvent that does not exert an
adverse influence on the reaction.

As the halogenating agent, for example, N-halogenated
imides such as N-bromosuccinimide, N-chlorosuccinimide and the
like, and the like can be mentioned.

The amount of the halogenating agent to be used is
preferably about 1 - about 10 molar equivalents relative to
compound (VIII).

As the reaction initiator, for example, organic azo
compounds such as azobisisobutyronitrile and the like; organic
peroxides such as benzoyl peroxide and the like; and the like
can be mentioned.

The amount of the reaction initiator to be used is
preferably about 0.001 ~ about 1 molar equivalents relative to

compound (VIII).

As the solvent that does not exert an adverse influence on

the reaction, for example, ethérs such as tetrahydrofuran,
dioxane, diethyl ether and the like; halogenated hydrocarbons
such as carbon tetrachloride, 1,2-dichloroethane, chloroform,
dichloromethane and the like, acetonitrile, ethyl acetate, N,N-
dimethylformamide and the like can be mentioned. Two or more
kinds of these solvents may be used in a mixture af appropriate
ratios.

The reaction temperature is generally -50 to 200°C,
preferably 0 to 120°C.

The reaction time is generally 0.1 — 48 hrs.
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The hydroxylation reaction is suitably carried out in the
presence of a suitable base in a solvent that does not exert an
adverse influence on the reaction.

As the base; for example, alkali metal acetates or
formates such as sodium acetate, potassium acetate, sodium
formate and the like; alkali metal carbonates such as potassium
carbonate, sodium carbonate, cesium carbonate and the like;
alkaline earth metal carbonates such as barium carbonate,
calcium carbonate and the like; alkali metal alkoxides such as
sodium methoxide and the like; alkali metal hydroxides such as
potassium hydroxide, sodium hydroxide, lithium hydroxide and the
like; alkaline earth metal hydroxides such as barium hydroxide,
calcium hydroxide and the like; and the like can be mentioned.

The amount of the base to be used 1s generally an excess
amount relative to compound (VIII). The amount of the base to
be used is preferably about 1.2 - about 30 equivalents, relative
to compound (VIII).

As the solvent that does not exert an adverse influence on
the reaction, for example, alcohols such as methanol, ethanol
and the like;.ethers such as tetrahydrofuran, dioxane, diethyl
ether and the like; dimethyl sulfoxide, acetone and the like can
be mentioned. Two or more kinds of these solvents may be used
in a mixture at appropriate ratios, or may be used.in mixture
with water. When the aforementioned solvent is used in mixture
with water, the‘mixing rate of water is, for example, 0.1 -
1000%, preferably 1 - 100%, in volume relative to the solvent.

The reaction temperature is generally about —-20 to about
150°C, preferably about -10 to about 100°C.

The reaction time is generally about 0.1 - about 20 hrs. ‘
The compound (VII) thus obtained can be isolated and purified by
a known separation and purification means, such as
concentration, concentration under reduced pressure, solvent
extraction, crystallization, recrystallization, phase transfer,
chromatography and the like. It is also possible to use a
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reaction mixture containing compound (VII) as a starting
material for the next reaction wihtout separating or purifying
compound (VII).

(Step lc) Dihalogenafion and hydrolysis reaction

In this step, compound. (VIII) is subjected to
dihalogenation reaction and then to hydrolysis reaction to give
compound (IX). ‘

The dihaldgenation reaction is carried out in the presence
of a halogenating agent and, where necessary, a suitable
reaction initiator in a solvent that does not exert an adverse
influence on the reaction. |

As the halogenating agent, reaction initiator and solvent
that does not exert an adverse influence on the reaction, those
respectively exemplified for the aforementioned ha;ogenation
reaction in Step 1lb can be used.

The amount of the halogenating agent to be used is
preferably about 2 — about 20 molar equivalents, relative to
compound (VIII).

The amount of the reaction initiator to be used is
preferably about 0.001 - about 1 molar equivalents'reiative to
compound (VIII).

The reaction temperature is generally -50 to 200°C,
preferably 0 to 120°C.

The reaction time is generally 0.1 - 48 hrs.

The hydrolysis reaction is carried out in the same manner
as in the hydroxylation reaction in the aforementioned Step 1b.
The compound (IX) thus obtained can be isolated and
purified by a known separation and purification means, such as

concentration, concentration under reduced pressure, solvent
extraction, crystallization, recrystallization, phase transfer,
chromatography and the like. It is also poésible to use a
réaction mixture containing compound (IX) as a starting materiél
for the next reaction without separation or purification of
compound (IX).
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The compound - (VIII) to be used as a starting compound in
the above-mentioned Steps 1b and 1lc can be produced according to

a method known per se, for example, the methods described in

Journal of Organic Chemistry, Vol. 51, p. 4075 (1986) and the-
like, ér a method analogous thereto.
(Step 2) Oxidization reaction ‘

This reaction is carried out according to a conventional
method in the presence of an oxidant in a solvent that does not
exért an a&verse influence on the reaction.

As the oxidant, for example, metal oxidants such as
manganese dioxide, pyridinium chlorochromate, pyridinium
dichromate, ruthenium oxide and the like; and the like can be
mentioned.

The amount of the oxidant to be used is preferably about 1
— about 10 molar equivalents relative to compound (VII).

As the solvent thaf does not exert an adverse influence on
the reaction, aromatic hydfocarbons such as benzene, toluene,
xYlene and the like; ethers such as tetrahydrofuran, dioxane,
diethyl ether and the like; halogenated hydrocarbons such as
chloroform, dichloromethane and the like; and the like can be
mentioned. Two or more kinds of these solvents may be used in a
mixture at appropriate ratios.

The reaction temperature is generally about -50 to about
150°C, preferably about -10 to about 100°C.

The reaction time is generally about 0.5 - about 20 hrs.

In addition, compound (IX) can be also produced by adding
a reaction reagent such as a sulfur trioxide pyridine comblex or
oxalyl chloride and the like to compound (VII) in a mixed
solvent of sulfoxides such as dimethyl sulfoxide and the like,
and halogenated hydrocarbons such as chloroform, dichloromethane
and the like, and then reacting with an organic base such as

triethylamine, N-methylmorpholine and the like.
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The amount of the reaction reagent to be used is
preferably about 1 - about 10 molar equivalents, relative to
compound (VITI).

The amount of the organic base to be used is preferably
about 1 - about 10 molar equivalents, relative to compound
(VII).

The reaction temperature is generally about -50 to about
150°C, preferably about -10 to about 100°C.

The reaction time is generally about 0.5 — about 20 hrs.

The compound (IX) thus obtained can be isolated and
purified by a known separation and purification means, such as
concentration, concentration under reduced pressure, solvent
extraction, crystallization, recrystallization, phase transfer,
chromatography and the like. It is also possible to use a
reaction mixture containing compound (IX) as a starting material
for the next reaction without_separation or purification of
compound (IX).

(Step 3) Carbon—addition reaction

In this step, compound (V-1) is produced by the reaction
of compound (IX) with an organic phosphorus reagent in the
presence of a base in a solvent that does not exert an adverse
influence on the reaction.

As the organic phosphorus reagent, for example, methyl
dimethylphosphonoacetate, ethyl diethylphosphonoacetate, ethyl
dimethylphosphonoacetate ana thé like can be mentioned.

The amount of the organic phosphorus reagent to be used is
preferably about 1 - about 10 molar equivalents relative to
compound (IX).

As the base, for example, alkali metal salts such as
potassium hydroxide, sodium hydroxide, sodium hydrogen
carbonate, potassium carbonate and the like; alkaline earth
metal salts such as barium carbonate, calcium carbonate, barium
hydroxide, calcium hydroxide and the like; amines such as
pyridine, triethylamine, N,N-dimethylaniline, 1,8-
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diazabicyclo[5.4.0]Jundec~7-ene and the like; metal hydrides such
as potassium hydride, sodium hydride and the like; alkali metal
alkoxides such as sodium methoxide, sodium ethoxide, potassium
tert—butoxide and the like; and the like can be mentioned.

The amount of thesé bases to be used is preferably about 1
~ about 5 molar equivalents relative to compound (IX).

As fhe solvent that does not exert an adverse influence on
the reaction, for example, aromatic hydrocarbons such as
benzene, toluene, xylene and the like; ethers such as
tetrahydrofuran, dioxane, diethyl ether and the like;
halogenated hydrocarbons such as chloroform, dichloromethane and
the like; amides such as N,N-dimethylformamide and the like;
sulfoxides such as dimethyl sulfoxide and the like; and the like
can be mentioned. Two or more kinds of these solvents may be
uséd in a mixtufe at appropriate ratios.

The reaction temperature isvgenerally about -50 to about
150°C, preferably about -10 to about 100°C.

The reaction time is generally about 0.5 - aboﬁt 20 hrs.

The compound (V-1) thus obtained can be isolated and
purified by a known separation and purification means, such as
concentration, concentration under reduced pressure, solvent
extraction, crystallization, recrystallization, phase transfer,
chromatography and the like. It is also possible to use a
reaction mixture containing compound (V-1) as a starting
material for the next reaction without separation or
purification of compound (V-1).

(Step 4) Hydrogenation reaction

This reaction is carried out according to a conventional

method under a hydrogen atmosphere or in the presence of

hydrogen sources of formic acid and the like and a metal

) catalyst in a solvent that does not exert an adverse influence

on the reaction.
As the metal catalyst, for example, transition metal
catalysts such as palladium—carbon, palladium—barium carbonate,
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palladium black, platihum oxide, platinum-carbon, Raney-nickel,
Wilkinson’s catalyst and the like, and the like can be
mentioned.

The amount of the metal catalyst to be used is preferébly
about 0.01 - about 10 molar equivalents, relative to compound
(Vv-1) .

As the solvent that does not exert an adverse influence on
the reaction, for example, aromatic hydrocarbons such as
benzene, toluene, xylene and the like; ethers such as
tetrahydrofuran, dioxane, diethyl ether and the like;
halogenated hydrocarbons such as chloroform, dichloromethane and
the like; amides such as N,N—dimethylformémide and the like;
alcohols such as methanol, ethanol, isopropancl and the like;
and the liké can be mentioned. Two or more kinds of these
solvents may be used in a mixture at appropriate ratios.

The reaction temperature is generally about -50 to about
150°C, preferably about -10 to about 100°C.

The reaction time is generally about 0.5 - about 20 hrs.
The compound (V-2) thus obtained can be isolated and burified by
a known separation and purification means, such as
concentration, concentration under reduced pressure, solvent
extraction, crystallization, recrystallization, phase transfer,
chromatography and the like.

The compound (Ib) of the formula (I) wherein Z is Za [Zal
is -0-, -S— or -NR?’- (R? is as defined above)] can be produced
by, for example, the following Method D.

[Method D]

91



WO 2004/039365 PCT/JP2003/013901

10

15

20

25

8 H—za—Y—R' B
X 1
A ¢—x—OH A c—x—za—Y—R
x) (1b)
B
H——ZE—N——R1
A c—xL (X1)

X -
wherein L is a leaving group and other symbols are as defined
above.

As the leaving group for L, for example, a halogen atom,
—OSOﬁ@ (R® is a hydrogen atom, a Ci-1 alkyl group, a Ceip aryl
group optionally substituted by a Ci-4 alkyl group, a Cs-14 aralkyl
group optionally substituted by a Ci-s alkyl group) and the like
can be mentioned. ' '

Here, as the halogen atom, fluorine, chlorine, bromine,
iodine and the like can be mentioned.

As the C;—4 alkyl group of “Ci4 alkyl group”, “Cei1p aryl
group optionally substituted by Ci-s alkyl group” and “Cr-1a
aralkyl group optionally substituted by C:-s alkyl group” for RE,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl and
tert-butyl can be mentioned. Of these, methyl is preferable.

As the Cg1p aryl group of the “Cg¢i9 aryl group optionally
substituted by Ci-s alkyl group” for R®, phenyl and naphthyl can
be mentioned. Of these, phenyl is preferable.

As the Cy.14 aralkyl group of the “C;is aralkyl group
optionally substituted by C;-4 alkyl group” for R?,Abenzyl,
phenethyl and naphthylmethyl can be mentioned. Of these, benzyl
is preferable.

The leaving group for L is preferably a halogen atom
(preferably chlorine), methanesulfonyloxy and the like.

The compound (Ib)Acan be produced by, for example,
subjecting compound (X) and compound (XI) to Mitsunobu reaction.
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This reaction is carried out according to a conventional
method in the presence of a'phosphine and. azo compound in a
solvent that does not exert an advgrse influence on the
reaction.

As the phosphine compound, for example,

trimethylphosphine, triethylphosphine, tributylphosphine,

triphenylphosphine, diphenylpyridylphosphine, cyanomethylene

tributylphosphorane and the like can be mentioned.

As the azo compound, for example, diethyl
azodicarboxylate, diisopropyl azodicarboxylate,
azodicarbonyldipiperidine and the like can be mentioned.

When cyanomethylene tributylphosphorane is used as the
phosphine compound, the reaction can be carried out in the
absence of an azo compound.

The amount of the compound (XI) to be used is generally 1-

- 20 equivalents, preferably 1-10 equivalents, relative to

compound (X) .

| The amount of the phosphine compound and azo compound to
be used is generally 1-50 equivalents, preferably 1-10
equivalents, relative to compound (X).

As the solvent that does not exert an adverse influence on
the reaction, for example, aromatic hydrocarbons such as
benzene, toluene, xylene and the like; ethers such as
tetrahydrofuran, dioxane, diethyl ether and the like;
halogenated hydrocarbons such as chloroform, dichloromethane and
the like; amides such as N,N-dimethylformamide and the like; and
the like can be mentioned. Two or more kinds of these solvents
may be used in a mixture at appropriate ratios.

The reaction temperature is generally about -20 to about
150°C, preferably about -10 to about 100°C.

The reaction time is generally about 0.1 - about.20 hrs.

The compound (Ib) thus obtained can be isolated and
purified by a known separation and purification means, such as
concentration, concentration under reduced pressure, solvent
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and reacting the compound (XII) with compound (XI).

The compound (XII) can be produced by reacting compound
(X) with a suitable activating reagent in a solvent that does
not exert an adverse influence on the reaction, where nécessary,
in the presence of a base.

Here, as the activating reagent, those corresponding to

the aforementioned leaving group L can be used. Specific

‘examples of the activating reagent include thionyl chloride,

methanesulfonyl chloride and the like.

The amount of the activating reagent to be used is
preferably about 1 - about 10 molar equivalents relative to
¢ompound (X) . |

As the base, for example, alkali metal salts such as
potassium hydroxide, sodium hydroxide, sodium hydrogen
carbonate, potassium carbonate and the like; alkaline earth
metal salts such as barium carbonate, calcium carbonate, bariqm
hydroxide, calcium hydroxide and the like; amines such as
pyridine, triethylamine, N,N-dimethylaniline, 1,8-
diazabicyclo[5.4.0]Jundec-7—ene and the like; metal hydrides such
as potassium hydride, sodium hydride and the like; alkali metal
alkoxides such as sodium methoxide, sodium ethoxide, potassium
tert-butoxide and the like; and the like can be mentioned.

The amount of thesé bases to be used is preferably about
1 - about 10 molar equivalents relative to compound (X).

As the solvent that does not exert an adverse influence on
the reaction, for example, aromatic hydrocarbons such as
benzene, toluene, xylene and the like; ethers such as
tetrahydrofuran, dioxane, diethyl ether and the like;
halogenated hydrocarbons such as chloroform, dichloromethane and
the like; amides such as N,N-dimethylformamide and the like; and
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the like can be mentioned. Two or more kinds of these solvents
may be used in a mixture at appropriate ratios, or may be used

in mixture with water. When the aforementioned soivent is used
in mixture with water, the mixing rate of water is, for example,
0.1-1000%, preferably 1-100%, in volume relative to the solvent.

The reaction temperature is generally about -20 to about
150°C, preferably about -10 to about 100°C.

The reaction time is generally about 0.1 - about 20 hrs.

The compound (XII) thus obtained can be isolated and
purified by a known separation and purification means, such as
concentration, concentration under reduced pressufe, solvent
extraction, crystallization, recrystallization, phase transfer,
chromatography and the like. It is also possible to use a
reaction mixture containing compound (XII) as a starting
material for the next reaction without separation or
purification of compound (XII).

The reaction of compound (XII) with compound (XI) is
carried out in a solvent that does not exert an adverse
influence on the reaction, where necessary, in the presence of a
base.

As the base, for example, alkali metal salts such as
potassium hydroxide, sodium hydroxide; sodium hydrogen
carbonate, potassium carbonate and the like; alkaline earth
metal salts such as barium carbonate, calcium carbonate, barium
hydroxide, calcium hydroxide and the like; amines such as
pyridine, triethylamine, N,N-dimethylaniline, 1,8-
diazabicyclo[5.4.0]undec—7-ene and the like; metal hydrides such
as potassium hydride, sodium hydride and the like; alkali metal
alkoxides such as sodium methoxide, sodium ethoxide, potassium
tert-butoxide and the like; and the like can be mentioned.

The amount of these bases to be used is preferably about 1
— about 10 molar equivalents relative to compound (XII).

As the solvent that does not exert an adverse influence on
the reaction, for example, aromatic hydrocarbons such as
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benzene, toluene, xylene and theflike; ethers such as
tetrahydrofuran, dioxane, diethyl ether and the like;
halogenated hydiocarbons such as chloroform, dichloromethane and
the like; amides such as N,N-dimethylformamide and the like; and
the like can be mentioned. Two or more kinds of these solvents
may be used in a mixture at appropriate ratios, or may be used
in mixture with water. When the aforementioned solvent is used
in mixture with water, the mixing rate of water is, for example,
0.1-1000%, preferably 1-100%, in volume relative to the solvent.

The amount of the compound (XI) to be used is generally 1-
20 equivalents, preferably 1-10 equivalents, relative to
compound (XII). '

The reaction temperature is generally about -20 to about
150°C, preferably about —-10 to about 100°C.

The reaction time is generally about 0.1 - about 20 hrs.

The compound (Ib) thus obtained can be isolated and
purified by a known separation and purification means, such as
concentration, concentration under reduced pressure, solvent
extraction, crystallization, recrystallization, phase transfer,
chromatography and the like.

The compound (X) and compound (XI) to be used as starting
compounds in the above-mentioned Method D can be produced by a
method known per se or a method analogous thereto.

Of compounds (X), compound (Xa) wherein X is - (CHz)3— can

be produced by, for example, the following Method E.

[Method E]
B B
A C N _— A C N
CH,CH,CO,R® CH,CH,CH,0H
(V-2) (Xa)

wherein the symbols are as defined above.
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In this method, compound (V-2) is subjected to reduction
reaction to give compound (Xa).

This reaction is carried out in the same manner as in Step
la of the aforementioned Method C.

The compound (Xa) thus obtained can be isolated and
purified by a known separation and purification means, such as
concentration, concentration under reduced pressure, solvent
extraction, crystallization, recrystallization, phase tfansfer,
chromatography and the like.

Of the compounds (X), a compound wherein X is other than -
(CHp) 53— can be also produced by the above-mentioned Method E, or
a method analogous thereto.

Compound (I¢) of the formula (I) wherein Z is -NR?CO- (R?
is as defined above) can be produced by, for example, the
following Method F.

[Method F]

1
B HO— ¢—Y—R B Rz
R2 (XIV) i ﬂ

A ¢—x—N—Cc—Y—R'

A c—x—N—H
(Xirn ‘ (le)
wherein the symbols are as defined above.

"In this method, compound (XIII) is subjected to an
amidation reaction to give compound (Ic). This reaction is
carried out in the same manner as in the aforementioned Method
A.

The compound (XIII) and compound (XIV) can be produced by
a method known per se.- |

The compound (Ic) thus obtained can be isolated and
purified by a known separation and purification means, such as

concentration, concentration under reduced pressure, solvent
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- chromatography and the like.

Of the aforementioned compounds (Ia), compound (Iaa)

represented by the formula:

B 0 R2

| .
A C—X—C—N—Y D Y'—~R

wherein each symbol is as defined above, can be produced by
reacting the aforementioned compound (III) with a compound

represented by the formula:

RZ
I /‘\
H—N—Y \U Y—-=~R3? (V)

wherein each symbol is as defined above.

This reaction is carried out in the same manner as in the
aforementioned Method A. In this reaction, compound (IV') to be
used as a starting compound can be produced by a method known
per se.

The compound (Iaa) thus obtained can be isolated or
purified by known separation and purification methods, such as
concentration,'concentration under reduced pressure, solvent
extracfion, crystallization, recrystallization, phase transfer,
chromatography and the like.

Of the aforementioned compounds (IX), compound (IXa),
wherein ring A is a pyrazole substituted by a Cis alkyl group,
can be also produced by, for example, the following Method G.
[Method G]
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* ~ (IXa)
wherein B is as defined above; W is —OH or -N(alk? (alk® ; alk®,
alk?, alk® and alk® are the same or different and each is a Ci-
alkyl group.

As the Cis alkyl group for alk', alk?, alk® or alk®, for
example, methyl, ethyl, propyl, isopropyl, butyl,'isobutyl, sec—
butyl, tert-butyl and the like can be mentioned. Of these,
methyl is preferable.

As the Cy13 aralkyl group for alk?, for example, benzyl and
the like can be mentioned.

(Step 1)
This step can be performed according to a method known per

se, such as the method described in Inorganic Chemistry, 28,

1093(1989), or a method analogous thereto.

First, compound (XIV) is reacted with a formic acid ester
(e.g., lower alkyl ester such as methyl formate, ethyl formate,
propyl formate and the like) in the presence of a base to give
compound (XV) wherein W is —-OH.

This reaction is generally carried out in a solvent that
does not exert an adverse influence on the reaction. As the
solvent that does not exert an adverse influence on the reaction,
for example, alcohols (e.g., methanol, ethanol, propancl,
isopropanol, butanol, tert-butanol, methoxyethanol etc.),
halogenated hydrocarbons (e.g., dichloromethane, chloroform,
1,2-dichloroethane, 1,1,2,2-tetrachloroethane etc.), aromatic
hydrocarbons (e.g., benzene, toluene, xylene, chlorobenzene,
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dichlorobenzene, nitrobenzene etc.), ethers (e.g., ethyl ether,

isopropyl ether, tert-butylmethyl ether, ﬁetrahydrqfuran,

dioxane etc.), nitriles (e.g., acetonitrile, propionitrile etc.

dimethylformamide, dimethylacetamide, N-methylpyrrolidone, -
diméthyl sulfoxide, hexamethylphosphorémide and the like are
used. Two or more kinds of these solvents may be used in a
mixture at appropriate ratios.

As the base, for example, tertiary amines (e.q.,
trimethylamine, triethylamine, tributylamine, N-

ethyldiisopropylamine, N-methylmorpholine, DBU (1,8-

diazabicyclo[5.4.0]-7-undecene), DBN (1,5-diazabicyclo[4.3.0]-5-

nonene) etc.), alkali metal carbonates (e.g., sodium hydrogen
carbonate, potassium carbonate, sodium carbonate, cesium
carbonate etc.), alkali metal hydroxides (e.g., potassium
hydroxide, sodium hydroxide, calcium hydroxide etc.), alkoxides
(e.g., sodium methoxide, sodium ethoxide, sodium propoxide,
potassium tert-butoxide, sodium tert-butoxide‘etc.), potassium
hydride, sodium hydride, sodium amide, potassium metal, sodium
metal and the like are used.

The amount of the formic acid ester and the base to be
used is generally 1 - 10 equivalents, preferably 1 - 5
equivalents, for each, relative to compound (XIV).

The reaction temperature is generally -20 to 150°C,
preferably -10 to 100°C.

The reaction time is generally 30 min. - 24 hrs.,

preferably 1 hr.-15 hrs.

In addition, compound (XV) whereiﬁ W is —N(alk?) (alkd)
(alk?® and alk® are the same or different and each is a Cig alkyl
group) can be produced by reacting compound (XIV) with
dimethylformamide di-C;¢ alkylacetals (e.g., dimethylformamide
dimethylacetal, dimethylformamide diethylacetal,
dimethylformamide dipropylacetal, dimethylformamide
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diisopropylacetal and the like), bisdimethylaminomethoxymethane
or trisdimethylaminomethane.

- This reaction is generally carried out in a solvent that
does not exert an adverse influence on the reaction. As the
solvent that does not exert an adverse influence on the reaction,

for example, alcohols (e.g., methanol, ethanol, propanol,

Aisopropanol, butanol, tert-butanol, methoxyethanol etc.),

halogenated hydrocarbons (e.g.,.dichloromethane, chloroform,
1,2—-dichloroethane, 1,1,2,2—tetrachloroethane etc.), aromatic
hydrocarbonsv(e.g., benzene; toluene, xylene, chlorobenzene,
dichlorobenzene, nitrobenzene etc.), ethers (e.g., ethyl ether,
isopropyl ether, tert-butylmethyl ether, tetrahydrofuran,
dioxane etc.), nitriles (e.g., acetonitrile, propionitiile etc.),
dimethylformamide, dimethylacetamide, N-methylpyrrolidone,
dimethyl sulfoxide, hexamethylphosphoramide and the like are
used. Two or more kinds of these solvents may be used in a
mixture at appropriate ratios. It is also possible to carry out
the reaction without solvent.

The amount of the above-mentioned dimethylformamide di-Ci_g
alkylacetals, bisdimethylaminomethoxymethane and
tiisdimethylaminomethane to be used is generélly 1-10
equivalents, preferably 1-5 equivalents, for each, relative to
compound (XIV).

The reaction temperature is generally 20 to 200°C,
preferably -10 to 150°C.

The.reaction time is generally 30 min. - 24 hrs.,
preferably 1 hr. - 15 hrs.

The compound (XV) thus obtained can be isolated or
purified by known separation and purification méthods, such as
concentration, concentration under reduced pressure, solvent
extraction, crystallization, recrystallization, phase transfer,
chromatography and the like. A reaction mixture containing
compound (XV) may be used as the starting material for the next
reaction without separation or purification of compound (XV).
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The compound (XIV) used as the starting compound4in this
reaction can be produced by a method known per se.
(Step 2)

Then, compound (XV) is reacted with a C;¢ alkylhydrazine
or a Cy3 aralkylhydrazine in the presence of an acid to give
combound (XVI).

Aé the C;¢ alkylhydrazine, for example, methylﬁydrazine,
ethylhydrazine and the like can be mentioned.

As the Cy_13 aralkylhydrazine, for example, benzylhydrazine
and the like can be mentioned.

| This reaction is generélly carried out in a solvent that
does not exert an adverse influence on the reaction. As the
solvent that does rot exert an adverse influence on the reaction,
for example, alcohols (e.g., methanol, ethanol, propanol,
isopropanol, butanol, tert-butanol, methoxyethanol etc.),
halogenated hydrocarbons (e.g., dichloromethane, chloroform,
1,2-dichloroethane, 1,l,2,2—tetrachloroethane‘etc.), aromatic
hydrocarbons (e.g., benzene, toluene, xylene, chlorobenzene,
dichlorobenzene, nitrobenzene etc.), ethers (e.g.,\ethyl ether,
isopropyl ether, tert-butylmethyl ether, tetrahydrofuran,
dioxane etc.), nitriles (e.g., acetonitrile, propionifrile etc.),
esters (e.g., methyl acetate, ethyl acetate, ethyl propionate
etc.), dimethylformamide, dimethylacetamide, N-methylpyrrolidone,
dimethyl sulfoxide, hexamethylphosphoramide and the like are
used. Two or more kinds of these solvents may be used in a
mixture at appropriate ratios.

As the acid to be used for this reaction, for example,
mineral acids (e.g., hydrochloric acid, hydrobromic acid,
sulfuric acid, phosphoric acid etc.), organic acids (e.g.,
formic acid, acetic acid, propionic acid, butyric acid,
methanesulfonic acid, ethanesulfonic acid, benzenesulfonic acid,
toluenesulfonic acid and the like, camphor sulfonic acid etc.)

and the like can be mentioned. Of these, sulfonic acids are
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preferable, and p-toluenesulfonic acid is particularly
preferable.

The amount of the Ci—¢ alkylhydrazine, the Cs.3
aralkylhydrazine and the acid to be used is generally 1 - 10
equivalents, preferably 1 - 5 equivalents, for each; relative to
compound (XV) .

In this reaction, the C;-s alkylhydrazine and the Cy_13
aralkylhydrazine may be used as an acid addition salt. As such
acid addition salt, salts with inorganic acids (e.g.,
hydrochloride, sulfate) and salts‘with organic acids (e.g., p-
toluenesulfonate) exemplified as the salts of compounds
represented by the formula (I) can be mentioned. When Ci
alkylhydrazine and Cy-13 aralkylhydrazine are used as acid
addition salts, the reaction can be also carried out without
adding an acid.

In this reaction, the amount of the acid (inclusive of the
acid forming an acid addition salt) to be used is preferably 1
equivalent relative to Ci¢ alkylhydrazine or Cr-is
aralkylhydrazine, and use of this amount results in the
production of the objective compound in a high yield.

The reaction temperature is generally -20 to 150°C,
preferably -10 to 100°C. |

The reaction fime is generally 30 min. - 24 hrs.,
preferably 1 hr. - 15 hrs.

The compound (XVL) thus obtained can be isolated or
purified by known separation and purification methods, such as
concentration, concentration under reduced pressure, solvent
extraction, crystallization, recrystallization, bhase transfer,
chromatography and the like. A reaction mixture containing
compound (XVI) may be used as the starting material for the next
reaction without separation or purification of compound (XVI).
(Step 3)

Furthermore, compound (XVI) is subjected to formylation
reaction in the presence of a halogenating agent (e.g.,
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phosphorus oxychloride, phosphorus oxybromide, phosphorus
trichloride, phosphorus pentachloride, thionyl chloride,
phosgene and the like), and the like to give compound (IXa).
This reaction can be carried out according to a Vilsmeier-—
ﬁaack reaction known per se, for example, the method reported

in J. Chem. Soc., Perkin I, 2334(1979) [D. Reid, R. Webster, S.

McKenzie] or a method analogous thereto.

The formylation reaction is carried out using a
formylating agent such as dimethylformamide, N-methylacetanilide,
N—ethylacetanilide and the like.

This reaction is generally carried out in a solvent that
does not exert an adverse influence on the reaction. As the
solvent that does not exert an adverse influence on the reaction,
for example, halogenated hydrocarbons (e.g., dichloromethane,
chloroform, 1,2-dichlorcethane, 1,1,2,2-tetrachloroethane etc.),
aromatic hydrocarbons (e.g., chlorobenzene, dichlorobenzene,
nitrobenzene etc.), ethers (e.g., ethyl ether, isopropyl ether,
tert-butylmethyl ether, bis(2-methoxyethyl) ether,
tetrahydrofuran, dioxane etc.), nitriles (e.g., acetonitiile,
prdpionitrile etc.), esters (e.g., methyl acetate, ethyl acetate,
ethyl propionate etc.) and the like are used. Two or more kinds
of these solvents may be used in a mixture at appropriate ratios.
In addition, the above-mentioned formylating agent may be used
as the solvent. As the combination of the halogenating agent

and the formylating agent to be used for this reaction, a

combination of phosphorus oxychloride * dimethylformamide is

“preferable.

‘Thé amount of the formylation agent énd halogenation agent
to be used is generally 1-10 equivalents, preferably 1-5
equivalents, for each relative to compound (XVI).

The reaction temperature is generally <20 to 200°C,
preferably -10 to 150°C.

The reaction time is generally 30 min. - 24 hrs.,
preferably 1 hr. - 15 hrs.
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The compound (IXa) thus obtained can be isolated or

purified by known separation and purification methods, such as

. concentration, concentration under reduced pressure, solvent

extfaction, crystallization, recrystallization, phase transfer,
chromatography and the like.

Of the compounds (III) to be used as the starting compound
in the above-mentioned Method A, compound (III-1) wherein X is -
CH=CH- can be also produced according to the following Method H.
[Method H]

B B
Ao A ¢
cHo CH=CHCO,H
> (1)

wherein each symbol is as defined above.

In this method, compound (IX) is reacted with malonic acid
to give compound (III-1). This reaction can be carried out
according to a method known per se, for example, methods

described in New Courses in Experiment Chemistry; 14. Synthesis

and Reaction of Organic Compounds [II] pp. 980-981; Organic
Syntheses, Coll. Vol. 4, 731 (1963); J. Am. Chem. Soc., 80, 3645

(1958) and the like, or a method analogous thereto.

For example, this reaction is carried out in the presence
of a base in a solvent that does not exert an adﬁerse influence
on the reaction.

As the base, for example, aromatic amines (e.g., pyridine,
lutidine, quinoline), éecondary amines (e.g., piperidine,
pyrrolidine, morpholine, dicyclohexylamine), tertiary amines
(e.g., trimethylamine, triethylamine, tributylamine, N-
ethyldiisopropylamine, N-methylmorpholine, DBU (1,8-
diazabicyclo[5.4.0]-7—undecene), DBN (1,5-diazabicyclo[4.3.0]-5-
nonene) etc.), alkali metal carbonates (e.g., sodium hydrogen
carbonate, potassium carbonate, sodium carbonate, cesium
carbonate etc.), alkali metal hydroxides (e.g., potassium
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hydroxide, sodium hydroxide, calcium hydroxide etc.), alkoxides
(e.g., sodium methoxide, sodium ethoxide, sodium propoxide,
potassium tert-butoxide, sodium tert-butoxide etc.), potassium
hydride, sodium hydride, sodium amide, potassium metal, sodium
metal and the like are used. Of the above-mentioned bases,
liquid amines may be used as the sol&ent. }

As the solvent that does not exert an adverse influence on
the reaction, for exampie, alcohols (e.g., methanol, ethanol,
propanol, isopropanol, butanol, tert-butanol, methoxyethanol

etec.), halogenated hydrocarbons (e.g., dichloromethane,

chloroform, 1,2-dichloroethane, 1,1,2,2-tetrachloroethane etc.),

aromatic hydrocarbons (e.g., benzene, toluene, xylene,

chlorobenzene, dichlorcbenzene, nitrobenzene etc.), ethers (e.g.,

ethyl ether, isopropyl ether, tert-butylmethyl ether, bis(2-
methoxyethyl) ether, tetrahydrofuran, dioxane etc.), nitriles
(e.g., acetonitrile, propionitrile etc.), dimethylformémide,
dimethylacetamide, N-methylpyrrolidone, dimethyl sulfoxide,
hexamethylphosphoramide, water and the like are used. Two or
more kinds of these solvents may betused in a mixture at
appropriate ratios.

The amount of malonic acid to be used is generally 1-10
equivalents, preferably 1-5 equivalents, relative to compound
(IX) . , _

The amount of the base to be used is generally 1-10
equivalents, preferably 1-5 equivalents, relative to compound
(IX).

’ The reaction temperature is generally -20 to 180°C,
preferably 0 to 120°C.

The reaction time is generally 30 min. - 36 hrs.,

. preferably 1 hr. - 18 hrs.

The compound (III-1) thus obtained can be isolated or
purified by known separation and purification methods, such as

concentration, concentration under reduced pressure, solvent
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extraction, crystallization, recrystallization, phase transfer,
chromatography and the like.

In each of the aforementioned reactions, when the starting
compound has amino, carboxy, hydroxy or carbonyl as a
substituent, these groups may have a protecting group introduced
therein, such as one generally used in peptide chemistry and the
like. The objective compound can be obtained by removing the
protecting group as necessary after the reaction.

As the amino-protecting group, for example, formyl, Ci
alkyl-carbonyl (e.g., acetyl, propionyl and the like), Ci-g
alkoxy—carbonyl (e.g., methoxycarbonyl, ethoxycarbonyl, tert-
butoxycarbonyl and the like), benzoyl, Cr.13 aralkyl-carbonyl
(e.g., benzylcarbonyl and the like), C;_13 aralkyloxy-carbonyl
(e.g., benzyloxycarbonyl, 9;flucrenylmethoxycarbonyl and the
like), trityl, phthaloyl, N,N-dimethylaminomethylene, silyl
(e.g., trimethylsilyl, triethylsilyl, dimethylphenylsilyl, tert-
butyldimethylsilyl, tert-butyldiethylsilyl and the like;, Cz-6
alkenyl (e.qg., 1fallyl and the like) and the like can be
mentioned. These groups are optionally substituted by 1 to 3

halogen atoms (e.g., fluorine, chlorine, bromine, iodine and the

.like), Cis alkoxy (e.g., methoxy, ethoxy, propoxy and the like)

or nitro and the like.

As the carboxy-protecting group, for example, C;s alkyl
(e.g., methyl, ethyl, propyl, isopropyl, butyl, tert-butyl and
the like), Cy.13 aralkyl (e.g., benzyl and the like), phenyl,
trityl, silyl (e.g., tiimethylsilyl, triethylsilyl,
dimethylphenylsilyl, tert-butyldimethylsilyl, tert-
butyldiethylsilyl and the like), Cz6 alkenyl (e.g., l-allyl and
the like) and the like can be mentioned. These groups are
optionally substituted by 1 to 3 halogen atoms (e.g., fluorine,
chlorine, bromine, iodine and the like), C;¢ alkoxy (e.g.,
methoxy, ethoxy, propoxy and the like) or nitro and the like.

As the hydroxy-protecting group, for example, C; alkyl
(e.g., methyl, ethyl, propyl, isopropyl, butyl, tert-butyl and
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the like), phenyl, trityl, C;as aralkyl (e.g., benzyl and the
like), formyl, C;—¢ alkyl-carbonyl (e.g., acetyl, propionyl and
the like), benzoyl, C;.3 aralkyl-carbonyl (e.g., benzylcarbonyl
and the like), 2-tetrahydropyranyl, 2-tetrahydrofuranyl, silyl
(e.g., trimethylsilyl, triethylsilyl, dimethylphenylsilyl, tert-
butyldimethylsilyl, tert-butyldiethylsilyl and the like), Ci
alkenyl (e.g., l-allyl and the like) and the like can be
mentioned. These groups are optionally substituted by 1 to 3
halogen atoms (e.gi, fluorine, chlorine, bromine, icdine and the
like), Ci-¢ alkyl (e.g., methyl, ethyl, propyl and the like), Ci
alkoxy (e.g., methoxy, ethoxy, propoxy and the like) or nitro
and the like.

As the carbonyl-protecting group, for example, cyclic
acetal (e.g., 1,3-dioxane and the like), non-cyclic acetal
(e.g., di-Ci alkyi acetal and the like) and the like can be
mentioned.

The removing method of these protecting groups may be
carried out by methods known per se, for example, the methods

described in Protective Groups in Organic Synthesis, published

by John Wiley and Sons, 19280, and the like. For example,
employed are the methods using acids, bases, ultraviolet ray,
hydrazine, phenylhydrazine, sodium N—methyldithiocatbamate,
tetrabutylammonium fluoride, palladium acetate, trialkylsilyl
halide (e.g., trimethylsilyl iodide, trimethylsilyl bromide,
etc.), etc.; and reduction method, and the like.

When the starting compound can form a salt in each of the
aforementioned reactions, the compound may be used in the form
of a salt. As such salt, for example, those exemplified as the
salt of the compound represented by the formula (I) can be used.

Where the compound of the present invention includes |
optical isomers, stereoisomers, regioisomers and rotational

isomers, those are also encompassed in the compound of the

 present invention, and can be obtained as a single compound by

synthetic methods and separation methods known per se. For
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example, when optical isomers of the compound of the present
invention exist, optical isomers resolved from the compound are
also encompgssed in the compound of the present invention.

The optical isomers can be produced by a method known per
se. Concretely, an optically(active isomer can be obtained
using an optically active synthetic intermediate or by optical
resolution of a final racemate by a conventional method.

For optical resolution, a method known per se, such as a
fractional recrystallization method, a chiral column method, a
diastereomer method, and the like can be used.

1) Fractional Recrystallization Method

The method which comprises allowing a racemate and an
optically-active compound (e.g., (+)-mandelic acid, (-)-mandelic
acid, (+)-tartaric acid, (-)-tartaric acid, (+)-1l-phenethylamine,
(-) —1-phenethylamine, cinchonine, (-)-cinchonidine, brucine,
etc.) to form a salt, which is then separated through fractional
recrystallization method, followed by, when desired, subjecting
the salt to a neutralization step to give a free optical isomer.
2) Chiral Column Method

The method of separating by applying a racemate or a salt
thereof, to a column for fractionating optical isomers (chiral
column). In the case of, for example, 1iquid column
chromatography, the optical isomers are separated by applying a
mixture éf optical isomers to a chiral column, such as ENANTIO-

OVM (manufactu;ed by Tosch Corp.), CHIRAL SERIES (manufactured

by Daicel Co.), etc., and developing with water, various buffers

(e.g., phosphate buffer) and organic solvents (e.g., ethanol,
methanol, isopropanol, acetonitrile, trifluoroacetic acid,
diethylamine, etc.), singly or as a suitablé mixture of them.

In the case of, for example, gas chromatography, aAchiral column

such as CP-Chirasil-DeX CB (manufactured by GL Science Co.), etc.

* is used for separation.

3) Diastereomer Method
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The method that a racemic mixture is chemically reacted
with an optically-active reagent to give a mixture of
diastereomer, which is subjected to an ordinary separation means
(e.g., fractional recrystaliization, chrématography, etc.) to
give a single compound, which is then subjected to a chemical
treatment (e.g., hydrolysis reaction etc.) to separate the
optically—active reagent site from the compound to give an
optical isomer. For example, where éompound of the present
invention has a hydroxy or a primary or secondary amino in the
molecule, the compound and an optically-active organic acid
(e.g., MTPA [g—methoxy-g— (trifluoromethyl)phenyl-acetic acid],
(-) -menthoxyacetic acid, etc.) or the like are subjected to
condensation reaction to give the respectively corresponding
ester or amide diastereomer. On the other hand, where compound
of the‘present in&ention has a carboxylic acid group, the
compound and an optically-active amine or alcohol reagent are
subjected to condensation reaction to give an amide or ester
diastereomer. The separated diastereomer is then subjected to
acidic or basic hydrolysis reaction, through which it is
converted into the optical isomer of the original compound.

Best Mode for Practicing the Invention

The present invention is explained in detail in the
following by referring to Reference,Examples, Examples,
Experimental Examples and Formulation Examples, Which are not to
be construed as limitative.

In the following Reference Examples and Examples, “%”
means percent by weight unless specifically indicated. In

addition, room temperatuie means a temperature of 1-30°C.

In Reference Examples and Examples, HPLC was measured

under the following conditions.
measurement tool: LC-10Avp system, Shimadzu Seisakusho

column: CAPSEL PAK C18UG120 S-3 pym, 2.0 X 50 mm
solvent:

Solution A; 0.1% trifluorocacetic acid-containing water,
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Solution B; 0.1% trifluoroacetic acid-containing

acetonitrile |
gradient cycle: 0.00 min (Solution A/Solution B = 90/10); 4.00
min (Solution A/Solution B = 5/95), 5.50 min (Solution
A/Solution B = 5/95), 5.51 min (Solution A/Solution B = 90/10),
8.00 min (Solution A/Solution B = 90/10)
injection amount: 2 pl, flow rate:0.5 ml/min, detection method:
UV 220 nm

"In Reference Examples and Examples, mass spectrum (MS) was

measured under the following conditions.
measurement tool: Micromass Ltd., platform 11, Waters
Corporation ZQ, or Waters Corporation ZMD
ionization method: Atmospheric Pressure Chemical Ionization
(APCI) or Electron Spray Ionization (ESI)
preparative HPLC apparatus: Gilson, Inc., high through-put
purification system : |
column: YMC Combiprep ODS-A S-5 pym, 20 X 50 mm
solvent:

Solution A; 0.1% trifluoroacetic acid-containing water,

Solution B; 0.1% trifluorocacetic acid-containing

acetonitrile
gradient cycle: 0.00 min (Solution A/Solution B = 90/10), 1.20
min (Solution A/Solution B = 90/10), 4.75 min (Solution
A/Solution B = 0/100), 7.30 min (Solution A/Solution B = 0/100),
7.40 min (Solution A/Solution B - 90/10), 7.50 min (Solution
A/Solution B = 90/10)
flow rate: 25 ml/min, detection methoa: UvV 220nm
Reference Example 1

A mixture of ethyl 4-fluorobenzoylacetate (20.0 g) and

N,N-dimethylformamide dimethylacetal (24.5 g) was stirred for 1
hr. with heating under reflux. The reaction mixture was
concentratéd, and methylhydrazine (9.3 g) and ethanol (100 mL)
were added. The mixture was stirred for 3 hrs. with heating

under reflux. The reaction mixture was concentrated, poured
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into water, and extracted with ethyl acetate. Thé organic layer:
was washed with water, dried over anhydrous sodium sulfate and
concentrated to give a yellow oil (20.1 g). This yellow oil was
dissolved in tetrahydrofuran (100 mL) and lithium aluminum

hydride (3.26 g) was carefully added at 0°C. The mixture was

-stirred at 0°C for 1 hr. Sodium sulfate decahydrate (38 g) was

carefully added to the reaction mixture and the mixture was
stirred at room temperature for 30 min. and filtered. The
filtrate was concentrated to give 15.1 g of a yellow oil. From
this yellow oil, 14.0 g thereof was dissolved in tetrahydrofuran
(200 mL) and activated manganese dioxide (50 g) was added
thereto. The mixture was stirred at room temperature for 14
hrs. The reaction mixture was filtered and the filtrate was
concentrated. The residue was subjected to silica gel column
chromatography to give 5-(4-fluorophenyl)-l-methyl-1H-pyrazole-
4—carbaldehyde (4.25 g) as colorless crystals from a fraction
eluted with hexane-ethyl acetate (2:1, v/v).
NMR (CDC13)§: 3.81(3H, s), 7.2-7.3(2H, m), 7.35-7.45(2H, m),
8.03(1H, s), 9.60(1H, s).

From the fraction eluted after the aforementioned
compound, 3—(4—fluorophenyl)—1—methyl—lH—pyrazole—4—carbaldéhyde

(3.60 g) was obtained as colorless crystals.

- NMR (CDC13)§: 3.99 (3H, s), 7.1-7.2 (2H, m), 7.7-7.8 (2H, m), 7.98

(14, s), 9.90 (1H, s).

Using known ﬁ—ketd ester (including commercially available
products) as a starting material and in the similar manner as in
Reference Example 1, the compounds described in Reference
Examples 2-13 and 16 were produced.

Reference Example 2
5- (4-Methoxyphenyl) -1-methyl-1H-pyrazole—4—-carbaldehyde
yield: 41%. Colorless prism crystals. melting point: 82-83°C
(recrystallized from ethyl acetate-hexane).
Reference Example 3
5~ (4-Chlorophenyl) -1-methyl-1H-pyrazole-4—carbaldehyde
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yield: 28%. Colorless prism crystals. melting point: 78-80°C
(recrystallized from ethyl acetate-hexane).

Reference Example 4

5— (3-Chlorophenyl) -1-methyl-1H-pyrazole—4—carbaldehyde

yield: 25%. Colorless prism crystals. melting point: 91-92°C
(recrystallized from ethyl acetate-hexane).

Reference Example 5
5—(4—Bromophenyl)—1—methyl—lH—pyxazole—4—carbaldehyde

yield: 36%. Colorless solid.

NMﬁ(CDCl3)8: 3.82 (3H, s), 7.25-7.35 (2H, m), 7.7-7.75 (2H, m),
8.05 (1H, s), 9.62 (1H, s).

Reference Example 6

1-Methyl-5-[4— (trifluoromethyl)phenyl]-1H-pyrazole—4-
carbaldehyde

yield: 31%. Colorless prism crystals. méltingﬂpoint: 66—67°C
(recrystallized from ethyl acetate-hexane).

Reference Example 7

5- (2-Fluorophenyl) ~1-methyl-1H-pyrazole—4-carbaldehyde

yield: 48%. Pale-yellow oil.

H-NMR (CDC13)§: 3.80 (3H, s), 7.25-7.4 (3H, m), 7.5-7.6 (lH, m),
8.06 (lH, s), 9.61 (1H, s).

Reference Example 8
5—(3—Fluorophenyl)—l—méthyl—lH—pyrazole—4—carbaldehyde

yield: 20%. Colorless prism crystals. melting point: 115-116°C
(recrystallized from ethyl acetate-hexane).

Eeference Example 9

1-Methyl-5- (4-methylphenyl) ~1H-pyrazole-4-carbaldehyde

‘yield: 33%. Colorless prism crystals.  melting point: 55-56°C

(recrystallized from ethyl acetate-hexane).

Reference Example 10

1-Methyl-5-(1-naphthyl) -1H-pyrazole—4—carbaldehyde

yield: 60%. Colorless prism crystals. melting point: 95-97°C

(recrystallized from ethyl acetate-hexane).
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Reference Example 11
1-Methyl-5-phenyl-1H-pyrazole—4—carbaldehyde
yield: 34%. Colorless prism crystals. melting poinf: 100-101°C
(recrystallized from ethyl acetate—hexane).
Reference Example 12
5;(2—Furyl)—1—methyl—1H—pyrazole—4—carbaldehyde
yield: 37%. Colorless prism crystals. melting point: 121-122°C
(recrystallized from ethyl acetate-hexane).
Reference Example 13
1-Ethyl-5~- (4-fluorophenyl)-1H-pyrazole—-4—carbaldehyde
yield: 24%. Pale-yellow oil.
NMR (CDCls)8: 1.42 (3H, t, J = 7 Hz), 4.08 (2H, g, J = 7 Hz), 7.2-
7.3 (2H, m), 7.35-7.45 (2H, m), 8.06 (1H, s), 9.58 (1H, s).
Reference Example 14

" A mixture of ethyl 4-fluorobenzoylacetate (10.0 g) and
N,N-dimethylformamide dimethylacetal (8.54 g) was stirred for 1
hr. with heating under reflux. The reaction mixture was
concentrated, and benzylhydrazine — oxalate (15.2 g) and ethanol
(100 mL) were added. The mixture was stirred for 3 hrs. with
heating under reflux. The reaction mixture was concentrated,
water was added, and the mixture was extracted with ethyl
acetate. The organic layer was washed with water, dried over
anhydrous magnesium sulfate and concentrated. The residue was
subjected to silica gel column chromatography to give a mixture
(11.83 g) of ethyl l-benzyl-5-(4-fluorophenyl)-1H-pyrazole—4-
carboxylate and ethyl l-benzyl-3-(4-fluorophenyl)-1H-pyrazole—-4-
carboxylate from a fraction eluted with hexane—ethyl acetate
(4:1, v/v).
NMR (CDC13)8: 1.17 (3Hx0.7, t, J=7.2'Hz), 1.26 (3Hx0.3, t, J=7.2
Hz), 4.10-4.28 (2H, m), 5.17 (2Hx0.7, s), 5.32 (2Hx0.3, é),
6.94-7.82 (9H, m), 7.90 (1Hx0.3, s), 8.05 (1Hx0.7, s).

This mixture (11.83 g) was dissolved in tetrahydrofuran

(200 mL), lithium aluminum hydride (1.38 g5 was added carefully
at 0°C and the mixture was stirred at 0°C for 1 hr. A 1N agueous
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sodium hydroxide solution was added carefully to the reaction
mixture until a solid ceased to precipitate. The mixture was
stirred at room temperature for 30 min. and filtered. The
filtrate was concentrated to gi&e 10.29 g of a yellow oil. This
yellow oil was dissolved in tetrahydrofuran (200 mL), activated
manganese dioxide (30 g) was added and the mixture was stirred
at room temperature for 14 hrs. The reaction mixture was
filtered, and the filtrafe was concentrated. The residue was
subjected to silica gel column chromatography to give ;imixture
(7.8 g, yield 59%) of l-benzyl-5-(4-fluorophenyl)-1H-pyrazole—-4-
carbaldehyde and 1—benzyl—3—(4—fluorophenyl)—1H—pyr$zole—4—
carbaldehyde from a fraction eluted with hexane-ethyl acetate
(4:1-2:1, v/v).
NMR (CDC13)§: 5.24 (2Hx0.7, s), 5.35 (2Hx0.3, s), 6.98-7.80 (9H,
m), 7.92 (1Hx0.3, s), 8.11 (1Hx0.7, s), 9.59 (1Hx0.7, s), 9.87
(1Hx0.3, s).
Reference Example 15

A mixture of 4-fluoro—N-methylbenzohydrazide (5.0 g),
ethyl acetoacetate (4.84 g) and ethanol (140 ml) was stirred for
14 hrs. with héating under reflux. The reaction mixture was
concentrated, water was added, and the mixture was extracted
with ethyl acetate.. The organic layer was washed with water,
dried over anhydrous magnesium sulfate and concentrated. The
residue was subjected to silica gel column chromatography to
give an oil from a fraction eluted with hexane-ethyl acetate
(4:1-1:1, v/v). This oil was dissolved in ethanol (50 ml), 1,8-
diazabicyclo[5.4.0]-7-undecene (0.5 ml) was added, and the
mixture was stirred for 4 hrs. with heating under reflux. Water
was added to the reaction.mixture, and the mixture was extracted
with ethyl acetate. The organic lajer was washed with water,
dried over anhydrous magnesium sulfate and concentrated to give
ethyl 5-(4-fluorophenyl)-1,3-dimethyl-1H-pyrazole—4—-carboxylate
(3.41 g, yield 44%) as colorless crystals.
NMR (CDC13)§: 1.11 (3H, t, J=7.0 Hz), 2.50 (3H, s), 3.63 (3H, s),
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4.11 (ZH, q, J=7.0 Hz), 7.10-7.24 (2H, m), 7.26-7.38 (2H, m).
Ethyl 5-(4-fluorophenyl)-1,3-dimethyl-1H-pyrazole—4-
carboxylate (3.25 g) was dissolved in tetrahydrofuran (200 mL),
lithium aluminum hydride (0.47‘g) was added carefully at 0°C, and

the mixture was stirred at room temperature for 2 hrs. A 2N
équeous sodium hydroxide solution was carefully added to the
reaction mixture until a solid ceased to prec;pitate, and after
stirring at room temperature for 30 min., the mixture was
filtered. The filtrate was concentrated to give 2.59 g of a
pale-yellow oil. This pale-yellow oil was dissolved in
tetrahydrofuran (200 mL), and activated maﬁganese dioxide (20 qg)
was added. The mixture was stirred at room temperature for 14
hrs. The reaction mixture was filtered and the filtrate was
concentrated. The residue was subjected to silica gel column
chromatography to give 5-(4-fluorophenyl)-1,3-dimethyl-1H-
pyrazole—4-carbaldehyde (1.63 g, yield 61%) as a colorless
powder from a fraction eluted with hexane-ethyl acetate (4:1-
1:1, v/v). Recrystallization thereof from ethyl acetate-hexane
gave colorless prism crystals. melting point: 130-131°C. -
Reference Example 16
5-Cyclohexyl-1-methyl-1H-pyrazole—4-carbaldehyde
yield: 36%. Colorless prism crystals. melting point: 83-84°C
(recrystallized from ethyl acetate-hexane).
Reference Example 17-1

A mixture of 4-fluoroaniline (11.1 g), ethyl formate (25.0
g) and ethanol (150 ml) was stirred at 65°C for 2 hrs.
Toluenesulfonylmethyl isocyanide (23.4 g) was added to the
reaction mixture and the mixture was stirred for 2 hrs. with
heating under reflux. The reaction mixture was concentrated and
poured into water. The precipitated solids were collected by
filtration, washed with water and dried to give ethyl 1-(4- |
fluorophenyl) —1H-imidazole-5-carboxylate (19.8 g, 85%).
Recrystallization thereof from ethyl acetate-hexane gave pale—
yellow prism crystals. melting point: 114-115°C.
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Reference Example 17-2
To a solution of ethyl 1-(4-fluorophenyl)-1H-imidazole-5-
carboxylate (9.37 g) in tetrahydrofuran (100 ml) was added

dropwise diisobutylaluminum hydride (1.5 mol/l toluene solution,

.60 ml) at 0°C. The mixture was stirred at 0°C for 1 hr., sodium

~sulfate decahydrate (13.0 g) was added and the mixture was

stirred at room temperature for 1 hr. The reaction mixture was

filtered, and the organic layer was concentrated to give [1-(4-

4fluorophenyl)—lH—imidazol—S—yl]methanol (4.10 g, 53%) as

crystals. Recrystallizatioﬁ thereof from ethyl acetate-
isopropyl ether gave pale-yellow prism crystals. melting point:
96-98¢°C. -
Reference Example 17-3

A mixture of [l—(4—fluorophenyl)—1H—imidazol—5—yl]methanol
(2.50 g), activated manganese dioxide (10 g) and tetrahydrofuran
(150 ml) was stirred at room temperature forl3 hrs. The
reaction mixture was filtered, and the organic layer was

concentrated to give.l—(4—fluorophenyl)—1H—imidazole—5—

~carbaldehyde (2.20 g, 89%) as crystals. Recrystallization

thereof from ethyl acetate-hexane gave pale-yellow prism
crystals. melting point: 131-133°C.
Reference Example 18

A mixture of 4’-fluoropropiophenone (7.50 g), p-

‘toluenesulfonyl hydrazide (9.30 g), ethanol (100 ml) and acetic

acid (1 ml) was stirred for 1 hr. with heating under reflux.
The reaction mixture was cooled to room temperature and the
precipitated solids were collected by filtration and dried to
give N’—[1-(4-fluorophenyl)propylidene]-4-

methylbenzenesulfonohydrazide (12.0 g, yield 73%) as white

_ crystals.

NMR (CDC13)&: 1.09 (3H, t, J = 7.5 Hz), 2.42 (3H, s), 2.58 (2H, g,
J =17.5 Hz), 6.95-7.05 (2H, m), 7.32 (2H, d, J = 8.5 Hz), 7.55-
7.65 (2H, m), 7.90 (2H, d, J = 8.5 Hz), 8.07 (1lH, broad s).
N’'—[1-(4-Fluorophenyl)propylidene] —4-
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methylbenzenésulfonohydrazide (12.0 g) was dissolved in thionyl
chloride (30 ml), and the mixture was stirred at room
temperature for 1 hr. The reaction mixture was poured into a 1IN
aqueous sodium hydroxide solution. The precipitated solids were
collecféd by filtration, washed with water and dried with
airflow to give 4—(4—fluorophenyl)—5—methyl—1,2,3—thiadiazole
(6.19 g, 65%) as a yellow solid.
NMR(CDC13)§: 2.71 (3H, s), 7.15-7.25 (2H, m), 7.7-7.8(2H, m).

A mixture of 4~ (4—fluorophenyl)-5-methyl-1,2,3-thiadiazole
(6.19 g), N-bromosuccinimide (12.4 g), 2,2'—
azobis (isobutyronitrile) (100 mg) and carbon tetrachloride (100
ml) was stirred for 6 hrs. with heating under reflux. The
reaction mixture was washed with water, dried over anhydrous
mégnesium sulfate and concentrated. Sodium acetate (30 g) and
acetic acid (100 ml) were added to the residue and the mixture
was stirred for 12 hrs. with heating under reflux. 6N |
Hydrochloric acid (50 ml) was added and the mixture was further
stirred for 1 hr. with heating under reflux.- The reaction
mixture was concentrated, poured into a ‘saturated agueous sodium
hydrogen carbonate solution and extracted with ethyl acetate.
The organic layer was washed with saturated brine, dried over
anhydrous magnesium sulfate and concentrated. The residue was
subjected to silica gel column chromatography to give 4-(4-
fluorophenyl)-1,2,3-thiadiazole-5-carbaldehyde (360 mg, yield
5.4%) as pale—-yellow crystals from a fraction eluted with
hexane-ethyl acetate (2:1, v/v).
NMR (CDC13)§: 7.25-7.35 (2H, m), 7.8-7.9 (2H, m), 10.11 (1H, s).
Reference Exémple 19 |

A mixture of ethyl diethoxyacetate (17.6 g), hydrazine
monohydrate (5.50 g) and ethanol (100 ml) was stirred for 6 hrs.
with heating under reflux. The reaction mixture was
concentrated, and the residue was dissolved in ethanol (50 ml).
4-Fluorophenyl isothiocyanate (15.3 g) was added and the mixture

was stirred at room temperatufe for 15 min. A 2N aqueous sodium
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‘hydroxide solution (200 ml) was added and the mixture was

stirred for 90 min. with heating under reflux. The reaction
mixture was poured into a 6N agueous hydrochloric acid solution
and extracted with ethyl acetate. The organic layer\was washed
with saturated brine, dried over anhydrous magnesium sulfate,
and concentrated to give 5-(diethoxymethyl)—-4- (4-fluorophenyl) -
2,4~dihydro-3H-1,2,4-triazole-3-thione (29.34g, yield: 99%) as a
yellow oil.
NMR(CDCl3)§: 1.13 (6H,t, J = 7Hz), 3.45-3.5 (2H, m), 3.6-3.7 (2H,
m), 5.29 (1H, s), 7.15-7.25 (2H, m), 7.3-7.4 (ZH, m), 11.21 (1H,
broad s).

~ A 3.5N aqueous nitric acid solution (containing 0.3% of
sodium nitrite) was added to 5-(diethoxymethyl)—-4- (4-
fluorophenyl)—2,4—dihydro—3H—1,2,4—triazole—3—thione (25.7 q)
and the mixture was stirred at room temperature for 1 hxr. The
reaction mixture was poured into a saturated agueous sodium
carbonate solution and extracted with ethyl acetate. The
organic layer was washed with saturated brine, dried over
anhydrous magnesium sulfate, and concentrated to give a yellow
oil (19.0 g). This yellow oil was dissolved in a 10% aqueous
sulfuric acid solution (100 ml), heated to 70-75°C and stirred
for 2 hrs. The reaction mixture was poured into é 10% adqueous
disodium hydrogen phosphate solufion, and extracted with ethyl
acetate. The organic layer was washed with saturated brine,
dried over anhydrous magnesium sulfate, and concentrated to give
4—(4—fluorophenyl)—-4H-1,2,4-triazole-3-carbaldehyde (7.25 g,
43%) as yellow crystals.
NMR (CDCl3)§: 7.15-7.25 (2H, m), 7.3-7.4(2H, m), 8.38(1H, s),
10.14 (1H, s). ‘
Reference Example 20

A mixture of methyl 4-fluorobenzoylacetate (3.92 g), p-

toluenesulfonyl azide (4.00 g), triethylamine (2.02 g) aﬁd
acetonitrile (30 ml) was stirred at 0°C for 1 hr. The reaction
mixture was poured into water and extracted with ethyl acetate.
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The organic layer was washed with saturated brine, dried over
anhydrous magnesium sulfate and concentrated to give‘a yellow
0il. The Lawesson’s reagent (8.10 g) and tetrahydrofuran (59
ml) were added to this yellow oil and the mixture was heated
under reflux for 16 hrs. The reaction mixture was condentrated,
and the residue was purified by silica gel column chromatography
to give methyl 5—(4—fluorophehyl)—1,2,3—thiadiazole—4—
carboxylate (1.95 g, yield 41%) as colorless crystals from a
fraction eluted with ethyl acetate-hexane (1:3, v/v).
NMR (CDC13)§: 3.99 (3H, s), 7.15-7.25 (2H, m), 7.55-7.6 (2H, m).
Diisobutylaluminum hydride (1.5NAtoluene solution, 10 ml)
was added to a solution of methyl 5-(4-fluorophenyl)-1,2,3-
thiadiazole—4-carboxylate (1.19 g) in tetrahydrofuran (30 ml) at
0°C and the mixture was stirred at 0°C for 1 hr. The reaction
mixture was poured into an aqueous dilute hydrochloric acid
solution and extracted with ethyl acetate. The organic layer
was washed with saturated brine, dried over anhydrous magnesium
sulfate, and concentrated to give [5-(4-fluorophenyl)-1,2,3-
thiadiazol-4-yl]methanol (0.80 g, yield 76%) as a yellow oil.
NMR (CDC13)§: 5.05 (2H, s), 7.15-7.25 (2H, m), 7.55-7.6 (2H, m) .
[5- (4-Fluorophenyl) -1,2,3-thiadiazol-4-yl]lmethanol (0.75
g) was dissolved in tetrahydrofuran (30 ml) and activated
manganese dioxide (3 g) was added. The mixture was stirred at
room temperature for 16 hrs. The reaction mixture was filtered
and the filtrate was concentrated. Ethyl
diethylphosphonoacetate (0.50 g) and N,N-dimethylformamide (10
ml) were added to the residue. To this mixture was added sodium
hydride (60% in oil, 80 mg) at 0°C and the mixture was stirred at
0°C for 1 hr. The reaction mixture was poured into an aqueous
dilute hydrochloric acid solution and extracted with ethyl
acetate. The organic layer was washed with saturated brine,
dried over anhydrous magnesium sulfate, and concentrated to give
a yellow oil. A 6N aqueous hydrochloric acid solution (10 ml)
and acetic acid (5 ml) were added to this yellow oil and the
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mixture was stirred for 3 hrs. with heating under reflux. The
reaction mixture was concentrated, poured into water, and the
precipitated solids were filtered, washed with water and dried
to give (2E)—3—[5—(4—fluorophenyl)—1,2,3-thiadiazol—4—yl]acrylié
acid (190 mg, yield: 21%) as pale-yellow crystals.

NMR (DMSO-ds) §: 6.98 (1H, d, J = 15.5Hz), 7.3-7.5 (3H, m), 7.6-7.8
(2H, m), 12.67 (1H, broad s). '

Reference Example 21

A mixture of 5—(4—fluofophenyl)—l—methyl—lH—pyrazole—4—
carbaldehyde (350 mg), sodium hydride (60% in oil, 120 mg) ,
ethyl diethylphosphonoacetate (673 mg) and N,N-dimethylformamide
(10 ml) was stirred at room temperature for 1 hf. The reacfion

mixture was poured into water, and the precipitated solids were

collected by filtration. After drying with airflow, the solids

were dissolyed in a mixed solvent of tetrahydrofuran (10 ml) and
ethanol (10 ml). A 1N aqueous sodium hydroxide solution (5 ml)
was added and the mixture was stirred at room température for 2
hrs. The reaction mixture was poured into a 10% aqueous citric
acid solution and the precipitated solids were collected by

)

filtration, washed with water and dried with airflow to give
'(ZE)—3—[5—(4—fluorophenyl)—1—methyl—1H—pyrazol—4—yl]acrylic acid
(354 mg, 84%) as crystals. Recrystallization thereof from
methanol-isopropyl ether gave colorless prism crystals. melting
point: 212-213°C. |

In the similar manner as in Reference Examples 21, the
compounds described in Reference Examples 22-31, 33-35, 37 and
40 were produced.
Reference Example 22
(2E) -3—-[5~ (4-Methoxyphenyl) ~1-methyl-1H-pyrazol-4—-yllacrylic
acid
yield: 28%. Colorless prism crystals. melting point: 190~192°C
(recrystallized from methanol-diisopropyl ether).
Reference Example 23
(2E) -3-[5—-(3-Chlorophenyl) —1-methyl-1H-pyrazol-4-yl]acrylic acid
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yield: 68%. Colorless prism crystals.. melting point: 185-187°C
(recrystallized from methanol-diisopropyl ether).

Reference Example 24
(ZE)—3—[5—(4—Chlorophenyl)—1—methyl—lH—pyfézol—4—yl]acrylic acid
yield: 59%. Colorless prism crystals. melting point: 237-239°C
(recrystallized from methanol-diisopropyl ether).

Reference Example 25 ‘

(2E) -3—- (1-Methyl-5-phenyl-1H-pyrazol-4-yl) acrylic acid

yield: 70%. Colorless prism crystals. mélting point: 215-216°C
(recrystallized from methanol-diisopropyl ether).

Reference Example 26

(2E) -3—{1-Methyl-5-[4—- (trifluoromethyl) phenyl]-1H-pyrazol-4-
yllacrylic acid

yield: 73%. Colorless prism crystals. melting point: 195-196°C

(recrystallized from methanol-diisopropyl ether).

‘Reference Example 27

(2E)—3—[5—(Z;Fluorophenyl)—l—methyl—lH-pyrazol—4~yl]acrylic acid

yield: 30%. Colorless prism crystals. melting point: 186-187°C

(recrystallized from methanol-diisopropyl ether).

Reference Example 28

(2E) —3-[5- (3-Fluorophenyl) ~1-methyl-1H-pyrazol—-4-yl]acrylic acid

yield: 38%. Colorless prism crystals. melting point: 191-192°C

(recrystallized from methanol-diisopropyl ether).

Reference Example 29

(2E)—3*[5—(4—Bromophenyl)—l—méthyl—lH—pyrazol—4—yl]agrylic acid

yield: 46%. Colorless prism crystals. melting point: 246-247°C

(recrystallized from ﬁethanol—diisopropyl ether) .

Reference Example 30

(2E) —3-[1-Methyl-5- (1-naphthyl) -1H-pyrazol-4-yllacrylic acid

yield: 53%. Colorless prism crystals. melting point: 216-217°C

(recrystallized from methanol-diisopropyl ether).

Reference Example 31

(2E) —3—-[1-Methyl-5- (4—methylphenyl) -1H-pyrazol—-4-yl]acrylic acid

yield: 43%. Colorless prism crystals. melting point: 221-222°C
122 |
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(recrystallized from methanol-diisopropyl ether).
Reference Example 32

A mixture of the mixture (3.9 g) of l-benzyl-5-(4-
fluorophenyl)-1H-pyrazole—4-carbaldehyde and 1—benzy1—3—(4—
fluorophenyl);1H—pyrazole—4—carbaldéhyde produced in Reference
Example 14, sodium hydride (60% in oil, 667 mg), ethyl
diethylphosphonoacetate (3.43 g) and N,N-dimethylformamide (30
ml) was stirred at room temperature for 3 hrs. The reaction
mixture was poured into water, and the mixture was extiacted
with ethyl acetate. The organic layer was washed with water,
dried over anhydrous magnesium sulfate aﬁd concentrated to give .
a mixture (4.0 g, 82%) of ethyl (2E)-3-[l1-benzyl-5-(4-
fluorophenyl)-1H-pyrazol—-4-yllacrylate and ethyl (2E)-3-[1-
benzyl-3- (4-fluorophenyl)-1H-pyrazol-4-yllacrylate.
NMR (CDC13)§: 1.20-1.30 (3H, m), 4.08-4.24 (2H, m), 5.20 (2Hx0.7,
s), 5.33 (2Hx0.3, s), 6.08 (1Hx0.3, d, J=16.2 Hz), 6.16 (1lHx0.7,
d, J=15.9 Hz), 6.96-7.60 (10H, m), 7.62 (1Hx0.3, s), 7.88
(1Hx0.7, s).
Reference.Example 33
(2E)—3—[1—Ethyl—5—(4—fluorophenyl)—1H—pyrazol—4—yl]acrylic.acid
yield: 62%. Colorless prism crystals. melting point: 160-161°C
(recrystallized from methanol-diisopropyl ether).
Reference Example 34
(2B) -3—-[5—- (4-Fluorophenyl) -1, 3-dimethyl-1H-pyrazol—-4-yllacrylic
acid
yield: 63%. Colorless prism crystals. melting point: 208-209°C
(recrystallized from methanol-diisopropyl ether).
Reference Example 35
(2E) —-3— (5—Cyclohexyl—-1l-methyl-1H-pyrazol-4-yl)acrylic acid
yield: 85%. Colorless prism crystals. melting point: 160°C
(decomposition) (recrystallized from methanol-diisopropyl ether).
Reference Example 36

A mixture of the mixture (4.0 g) of ethyl (2E)-3-[1-
benzyl-5- (4-fluorophenyl) -1H-pyrazol-4-yl]acrylate and ethyl
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(2E) =3-[1-benzyl-3- (4—-fluorophenyl) ~1H-pyrazol—-4-yl]acrylate
produced in Reference Example 32, a 2N aqueous sodium hydroxide
solution (11 ml) and methanol (20 ml) was stirred at 60°C for 14
hrs. 1N Hydrochloric acid (22 ml) was poured into the reaction
mixture. The precipitated solids were collected by filtration,.
washed with water and isopropyl ether and dried with airflow to
give a mixture (3.5 g, 95%) of (2E)—3—[1—beniyl—5—(4—
fluorophenyl) -1H-pyrazol-4-yllacrylic acid and (2E)-3-[l-benzyl-
3—(4-fluorophenyl)-1H-pyrazol-4-yllacrylic acid as a powder.
NMR(CDC13)8: 5.25 (2Hx0.7, s), 5.38 (2Hx0.3, s), 6.23 (1Hx0.3, d,
J=15.6 Hz), 6.25 (1Hx0.7, d, Jg=15.9 Hz), 6.90—7;60 (1oﬁ, m) ,
8.16 (1Hx0.7, s), 8.51 (1Hx0.3, s).
Reference Example 37
(2E) -3—-[5- (2-Furyl) -1-methyl-1H-pyrazol-4-yl]acrylic acid
yvield: 63%. Colorless brism crystals. melting point: 203-204°C
(recrystallized from methanol-diisopropyl ether).
Reference Example 38 |

Potassium bis (trimethylsilyl)amide (20% toluene solution,
1.0 g) was added to a mixture of bis(2,2,2-trifluorocethyl)
(methoxycarbonylmethyi) phosphonate (318 mg), 18-crown-6 (1.32
g) and tetrahydrofuran (20 mL) at -78°C. Then 5-(4-

methoxyphenyl)~1l-methyl-1H-pyrazole—4-carbaldehyde (216 mg) was

"added and the mixture was stirred at -78°C for 4 hrs. Adqueous

ammonium chloride was added to the reaction mixture and the
mixture was extracted with ethyl acetate. The organic layer was
washed successively with water and saturated brine, dried over
anhydrous magnesium sulfate and concentrated. Methanol (5 mL)
and a 1N aqueous sodium hydroxide solution (5 mL) were added to
the residue and the mixture was stirred at 60°C for 1 hr. The
reaction mixture was condentrated, 1IN hydrochloric acid was
added to the residue and the mixture was extracted with ethyl
acetate. The organic layer was washed successively with water
and saturated brine, dried over anhydrous magnesium sulfate and
concentrated. Recrystallization of the residue from ethyl

t
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acetate—-hexane gave (2%Z)-3-[5-(4-methoxyphenyl)-1l-methyl-1H-
pyrazol-4-yllacrylic acid as crystals (77 mg, yield 30%) .
melting point: 205-206°C. . '
Reference Example 39

' A mixture of methyl (2Z)-3-[5-(4-fluorophenyl)-l-methyl-
1H—pyrazol-4-yllacrylate (300 mg), methanol (5 mL) and a 1IN
aqueous sodium hydroxide solution (5 mL) was stirred at 60°C for
30 min. 1N Hydrochloric acid was added to the reaction mixture
and the mixture was extracted with ethyl acetate. The organic
layer was washed successively with water and saturated brine,
dried over anhydrous magnesiqm sulfate and concentrated.
Recrystallization of the residue from ethyl acetate-hexane gave
(2Z) -3—[5- (4—-fluorophenyl) ~1-methyl-1H-pyrazol-4-yllacrylic acid
as crystals (220 mg, yield 78%). melting point: 205-206°C.
Reference Example 40

(2E) -3—-[1- (4-Fluorophenyl) —1H-imidazol-5-yl]acrylic acid
yield: 85%. Colorless crystals. melting point: decomposed at
250¢°C. ;
NMR (DMSO-dg) §: 6.17 (1H, d, J = 15.5Hz), 7.16 (1H, d, J =
15.5Hz), 7.35-7.6 (4H, m), 7.76 (1H, broad, s), 8.02 (1H, broad,
s), 12.35 (1H, broad, s).
Reference Example 41

A mixture of 4-(4-fluorophenyl)-4H-1,2,4-triazole-3-

carbaldehyde (3.83 g), ethyl diethylphosphonoacetate (5.60 g),
sodium hydride (60%‘in oil, 0.88 g) and tetrahydrofuran (130 ml)
was stirred at 0°C for 1 hr. The reaction mixture was poured

into an aqueous dilute hydrochloric acid solution and the

~mixture was extracted with ethyl acetate. The ethyl acetate

layer was washed with saturated brine, dried over anhydrous
magnesium sulfate and concentrated. The residue was dissolved
in a 6N aqueous hydrochloric acid solution (100 ml) and stirred
for 2 hrs. with heating under reflux. Disodium hydrogen
phosphate was added to neutralize the reaction mixture. The
precipitated solids were collected by filtration, washed with
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water and dried to give (2E)-3-[4-(4-fluorophenyl)-4H-1,2,4~-
triazol-3-yllacrylic acid (3.60 g, yield 76%) as péle—yellow '
crystals. melting point: 226-229°C (recrystallized from ethyl

acetate—hexane) .

.Reference Example 42

Sodium hydride (60% in oil, 60 mg) was added to a mixture
of 4-(4-fluorophenyl)-l-methyl-1H-pyrazole-5-carbaldehyde (168
mg) , ethyl diethylphosphonoacetate (400 mg) and N,N-
dimethylformamide (3 ml) at 0°C and the mixture was stirred at
room temperature for 15 ﬁin. The reaction mixture was poured
into a 1N aqueous hydrochloric acid solution and the mnixture was
extracted with ethyl acetate. The etﬁyl acetate layer was ‘
concentrated and the residue was dissolved in a mixture of 6N
hydrochloric acid (18 ml) and acetic acid (2 ml). The mixture
was stirred for 1 hr. with heating under reflux. The reaction
mixture was concentrated and poured into water. 1IN Sodium
hydroxide was added for neutralization. The precipitated solids
were collected by filtration, washed with water, and dried to
give (2E)-3-[4-(4-fluorophenyl)-l-methyl-1H-pyrazol-5-yllacrylic
acid (159 mg, 78%) as colorless crystals. A '
NMR (DMSO-dg) §: 3.99 (3H, s), 6.17 (1H, d, J = 1l6éHz), 7.2-7.3 (2H,
m), 7.35-7.45 (2H, m), 7.49 (1H, d, J = 1le6Hz), 7.61 (1H, s). -
Reference Example 43

4According to the method exemplified in Reference Example
42, (2E)—3—[4—(4—fluorophenyl)—l—mefhyl—lH—pyrazol—3—yl]acrylié
acid was synthesized from 4- (4-fluorophenyl)-l-methyl-1H~-
pyrazole—3-carbaldehyde. yield: 56%. Colorless crystals.
NMR (DMSO-dg) §: 3.91 (3H, s), 6.38 (1H, d, J = 15.5Hz), 7.2-7.3
(2, m), 7.3-7.4 (2H, m), 7.41 (1H, 4, J = 15.5Hz) , 7.95 (1H,
s). A
Reference Example 44

A mixture of (2E)-3-[5-(4—fluorophenyl)-1-methyl-1H-
pyrazol-4-yllacrylic acid (0.80 g), 5% palladium—carbon (0.30
g), tetrahydrofuran (10 ml) and ethanol (10 ml) was stirred at
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room temperature for 6 hrs. in a hydrogen atmosphere: at
atmospheric pressure. Palladium—carbon.was filtered off and the
filtrate was céncentrated to give 3—[5;(4—fluorophenyl)—1;
methyl-1H-pyrazol-4-yl]lpropionic acid (0.78'g, yield 97%) as a
colorless solid.

NMR (CDC13)§: 2.50 (2H, t, J = 7Hz), 2.69 (2H, t, J = 7Hz), 3.71
(3H, s), 7.1—7.25.(2H, m), 7.25-7.3 (2H, m), 7.42 (1lH, s).
Reference Example 45 ' ,

A mixture of 2—(4-nitrophenyl)ethanethiocamide (1.50 g), 1-
bromo-2-butanone (1.27 g) and ethanol'(SO mL) was heated under
feflux for 30 min. The reaction mixture was‘concentrated, and
ethyl acetate was added to the residue. The mixture was washed
successively with saturated agueous sodium hydrogen carbonate
and saturated brine, dried over anhydrous magnesium sulfate and
concentrated. The residue was subjected to silica gel column
chromatography, and 4-ethyl-2-(4-nitrobenzyl)-1,3-thiazole was
obtained as a brown oil (1.59 g, yieid 84%) from a fraction

eluted with hexane—ethyl acetate (7:1-4:1, v/v).

'NMR (CDC13)&: 1.30 (3H, t, J=7.6 Hz), 2.80 (2H, gd, J=7.6, 1.0

Hz), 4.41 (2H, s), 6.80 (1H, t, J=1.0 Hz), 7.44-7.51 (2H, m),
8,15-8.22 (2H, m).
Reference Example 46 .

A mixture of'2—(4—nitrophenyl)ethanethioamide (1.50 o),
ethyl bromopyruvate (1.64 g) and ethanol (50 mL) was heated
undér reflux for 30 min. The reactiqn mixture was concentrated,
and ethyl acetate was added to the residue. The mixture was
washed successively with saturated aqueous sodium hydrogen
carbonate and saturated brine, dried over anhydrous magnesium
sulfate and concentrated. The residue was subjected to silica
gel column chromatography, and ethyl 2-(4-nitrobenzyl)-1,3-
thiazole—4-carboxylate was obtained as pale-yellow crystals
(1.79 g, yield 81%) from a fraction eluted with hexane-ethyl
acetate (1:1, v/v). Recrystallization thereof from ethyl
acetate—hexane gave pale-yellow prism“crystals. melting point:
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122-123°C.
Reference Example 47

A mixture of 2-(4-nitrophenyl)ethanethioamide (0.50 g), 1-
bromo-2-propanone (0.43 g) and ethanol (20 mL) was heated under
reflux for 1 hr. The reaction mixture was concentrated, and
saturated aqueous'sodium hydrogen carbonate was added ﬁo the
residue. The mixture was extracted with ethyl acetate. The
organic layer‘was washed with saturated biine, dried over
anhydrous magnesium sulfate and concentrated. The residue was
subjected to silica gel column.chromatography, and 4-methyl-2-
(4—nitrobenzyl)—1,3—thiazole’was obtained as pale-yellow |
crystals (0.37 g, yield 63%) from a fraction eluted with hexane-—
ethyl acetate. (2:1-1:1, v/v). Recrystallization thereof from
ethyl acetate-hexane gave colorless prism crystals. melting
point:81-82°C.
Reference Example 48

A mixture of 2-(4-nitrophenyl)ethanethiocamide (0.80 g),
chlorocacetaldehyde (40% agqueous solution, 2.88 g) and ethanol
(20 mL) was heated under reflux for 15 hrs. Saturated aqueous
sodium hydrogen carbonate was added to the reaction mixture, and
the mixture was extracted with ethyl acetate. The organic la&er
was washed with saturated brine, dried over anhydrous magnesium
sulfate and concentrated. The residue was subjected to silica
gel column chromatogfaphy, and 2-(4-nitrobenzyl)-1,3-thiazole
was obtained as an orange oil (0.35 g, yield 39%) from a
fraction eluted with hexane—ethyl acetaté (9:1-2:1, v/v).
NMR (CDC13) §: 4.45 (2H, s), 7.26 (1H, d, J=3.8 Hz), 7.45-7.52 (2H,
m), 7.74 (1H, d, J=3.8 Hz), 8.16-8.23 (2H, m).
Reference Example 49

A mixture of 2-(4-nitrophenyl)acetohydrazide (2.50 g),
triethyl orthoformate (5.69 g), methanesulfonic acid (0.25 g)
and tetrahydrofuran (50 mL) was heated under reflux for 1 hr.
The reaction mixture was diluted with ethyl acetate. The
mixture was washed successively with saturated aqueocus sodium
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hydrogen carbonate and saturated brine, dried over anhydrous
magnesium sulfate and concentrated. The residue was subjectedi
to silica gel column chromatography, and 2-(4-nitrobenzyl)-
1,3,4-oxadiazole was obtained as pale-yellow crystals‘(l.92 g,
yield 73%) from a fraction eluted with hexane—ethyl‘acetate
(3;1—1:1, v/v) . Recrystallization thereof from ethyl acetate—
hexane gave colorless prism crystals. melting point:104-105°C.
Reference Example 50

A mixture of 2—(4—nitrophenyl)acetohydraiide (7.0 o),
trimethyl orthobutyrate (16.01 g), methanesulfonic acid (0;69 g)
and tetrahydrofuran (200 mL) was heated under reflux for 2 hrs.
Water was poured into the reaction mixture, and the mixture was
extracted with éthyl acetate. The organic layer was washed
sucéessively with saturated aqueous sodium hydrogen carbonate
and saturated brine, dried over anhydrous magnesium sulfate and
concentrated. The residue was subjected to silica gel column
chromatography, and 2-(4-nitrobenzyl)-5-propyl-1,3,4-oxadiazole
was obtained as a colorless oil (7.73 g, yield 87%) from a
fraction eluted with hexane—ethyl acetate (3:2-1:2, v/v).
NMR (CDC13)§: 1.00 (3H, t, J=7.2 Hz), 1.69-1.89 (2H, m), 2.79 (2H,
£, J=7.2 Hz), 4.28 (2H, s), 7.47-7.53 (2H, m), 8.18-8.25 (2H,
m) .
Reference Example 51

' A mixture of 4—nitrobenzald$hyde (5.1 ¢, 1,3~

thiazolidine-2,4-dione (11.70 g), piperidine (1.70 g) and
ethanol (300 mL) was heated under reflux for 24 hrs. The
reaction mixture was concentrated. The obtained residue was
washed with ethanol to give 5-(4-nitrobenzylidene)-1,3-
thiazolidine-2,4-dione as yellow crystals (14.8 g, yield 59%).
Recrystallization thereof from acetone-hexane gave pale-yellow
prism crystals. melting point:272-273°C.
Reference Example 52

To a mixture of 5-(4-nitrobenzylidene)-1,3-thiazolidine-
2,4-dione (4.0 g) and N,N-dimethylformamide (100 mL) was added
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sodium hydride (60% in oil, 0.7 g) at room temperature. The
reaction mixture was stirred at room temperature for 30 min. and
iodomethane (6.81 g) was added to the reaction mixture. The
mixture was further stirred at room temperature for 15 hrs.
Water was added to the reaction mixture and the precipitated
crystals were collected by filtration to give 3-methyl-5-(4-

nitrobenzylidene)-1,3-thiazolidine-2,4~-dione as yellow crystals

' (4.02 g, yield 95%). Recrystallization thereof from

tetrahydrofuran-hexane gave yellow prism crystals. melting
point:233-234°C.
Reference Example 53

.To a mixture of 5-(4-nitrobenzylidene)-1,3-thiazolidine-
2,4-dione (3.50 g) and N,N-dimethylformamide (100 mL) was added
sodium hydride (60% in oil, 0.62 g) at room temperature. The
reaction mixture was stirred at room temperature for 30 min. and
iodoethane (6.55 g) was added to the reaction mixture. The
mixture was stirred at room temperature for 15 hrs. Water was
added to the reaction mixture and the precipitated crystals were
collected by filtration to give 3-ethyl-5-(4-nitrobenzylidene)-
1,3-thiazolidine—-2,4-dione as yellow crystals (3.81 g, yield
98%). Recrystallization thereof from acetone-hexane gave yellow
prism crystals. melting point:217-218°C.
Reference Example 54

A mixture of 3-methyl-5-(4-nitrobenzylidene)-1,3-

thlazolldlne -2,4-dione (1.0 g), 5% palladium carbon (1.0 g) and
tetrahydrofuran (150 mL) was subjected to catalytic reduction

-2

under hydrogen pressure of 5.0 kgf-cm The catalyst was

removed by filtration, and the filtrate was concentrated to give

' 5- (4-aminobenzyl) -3-methyl-1,3-thiazolidine-2,4-dione as

colorless crystals (0.71 g, yield 79%). Recrystallization
thereof from ethyl acetate-hexane gave colorless prism crystals.
melting point:91-92°C.
Reference Example 55
A mixture of 3-ethyl-5-(4-nitrobenzylidene)-1,3-
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thiazolidine-2,4-dione (3.60 g), 5% palladium carbon (5.0 g) and
tetrahydrofuran (300 mL) was subjected to catalytic reduction
under hydrogen pressure of 5.0 kgf-mﬁa. The catalyst was
removed by filfration, and the filtrate was concentrated. The
residue was subjected to silica gel column chromatography, and
5- (4-aminocbenzyl) -3-ethyl-1,3-thiazolidine-2,4-dione was
obtained as yellow crystals (3.05 g, yield 94%) from a fraction
eluted with hexane-ethyl acetate’(3:1—l:1, v/v).
Recrystallization thereof from ethyl acetate-hexane gave yellow
prism crystals. melting point:103-104°C.

Reference Egample 56 ,

" A mixture of 2-(4-nitrophenyl)acetohydrazide (0.50 g),
efhyl chlorocarbonate (0.34 g) and N,N—dimethylacetamide (10 mL)
was stirred at room temperature for 1 hr. Water was added to
the reaction mixture, and the mixture was extracted with ethyl
acetate. The organic layer was washed successively with
saturated aqueous sodium hydrogen carbonate and saturated brine,
dried over anhydrous magnesium sulfate, and concentrated to give
colorless crystals. A mixture éf the obtained crystals,
diphosphorus pentaoxidé (1.50 g), hexamethyldisiloxane (2.96 g)
and 1,2-dichlorcbenzene (10 mL) was stirred at 160°C for 2 hrs.
Water was added to the reaction mixture, and the mixture was
extracted with ethyl acetate. The organic iayer was washed
successively with saturated aqueous sodium hydrogen carbonate
and saturated brine, dried over anhydrous magnesium sulfate, and
concentrated to give 5-(4-nitrobenzyl)-1,3,4-oxadiazol-2 (3H)-one
as pale-yellow crystals (0.29 g, yield 50%). Recrystallization
thereof from ethyl acetate-hexane gave pale-yellow prism
crystals. melting point:170-171°C.

Reference Example 57

‘ To a mixture of 3-(4-nitrophenyl)propionic acid (3.00 g),
4—methylmorpholine (2.02 g) and tetrahydrofuran (100 mL) was
added dropwise isobutyl chlorocarbonate (2.95 g) at 0°C. The

"reaction mixture was stirred at 0°C for 1 hr., and insoluble

131



WO 2004/039365 PCT/JP2003/013901

10

15

20

25

30

materials were filtered off. The filtrate'was added to a
mixture of hydrazine hydrate (3.85 g) and tetrahydrofuran (100
ml) at 0°C. The reaction mixture was stirred at 0°C for 1 hr.

and saturated agueous ammonium chloride was added to the

- reaction mixture, and the mixture was extracted with ethyl

acetate. The organic layer was washed with saturated brine,

dried over anhydrous magnesium sulfate and concentrated. A

mixture of the obtained residue, triethyl orthopropionate (8.14

g), methanesulfonic acid (0.30 g) and tetrahydrofuran (100 mL)
was heated under reflux for 1 hr. The reaction mixture was
diluted with ethyl acetate, and the organic layer was‘washéd
successively with saturated agueous sodium hydrogen carbonate
and saturated brine, dried over anhydrous magnesium sulfate and
concentrated. The obtained residue was subjected to silica gel
column chromatography to give 2-ethyl-5-[2-(4-
nitrophenyl)ethyl]—l,3,4—§xadiazole as colorless crystals (2.28
g, vield 60%) from a fraction eluted with hexane—ethyl acetate
(1:2, v/v). Recrystallization thereof from ethyl acetate-hexane
gave colorless prism crystals. melting point:65-66°C.
Reference Example 58

To a mixture of 3—- (4—nitrophenyl)propionic acid (3.00 g),
4-methylmorpholine (2.02 g) and tetrahydrofuran (100 mL) was
added dropwise isobutyl chlorocarbonate (2.95 g) at 0°C. The
reaction mixture was stirred at 0°C for 1 hr. and insoluble
materials were filtered off. The filtrate was added to a
mixture of hydrazine hydrate (3.85 g) and tetrahydrofuran (100
mL) at 0°C. The reaction mixture was stirred at 0°C for 1 hr.
and saturated aqueous ammonium chloride was added to the
reaction mixture. The mixture was extracted with ethyl acetate.
The organic layer was washed with saturated brine, dried over
anhydrous magnesium sulfate and concentrated. A mixture of the
obtained residue, triethyl orthoformate (6.84 g),
methanesulfonic acid (0.30 g) and tetrahjdrofuran (100 mL) was
heated under reflux for 1 hr. The reaction mixture was diluted
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-with ethyl acetate, and the organic layer was washed

successively with saturated agqueous sodium hydrogen carbonate
and saturated brine, dried over anhydrous magnesium sulfate and
concentrated. The obtained residue was subjected to silica gel
column chromatography to give 2-[2-(4-nitrophenyl)ethyl]-1,3,4-
oxadiazole as colorless crystals (2.70 g, yield 80%) from a
fraction eluted with hexane-ethyl acetate (1:2, v/v).
Recrystallization theieof from ethyl ‘acetate-hexane gave
colorless prism crystals. melting point:93-94¢°C.
Reference Example 59

A mixture of 4-chloromethyl-1l,3-oxazole hydrochloride
(5.16 g), potassium carbonate (4.19 g), water (60 mL) and ethyl
acetate (60 mL) was stirred for 15 min. The reaction mixture
was extracted with ethyl acetate. The organic layer was washed
with saturated brine, dried over anhydrous magnesium sulfaté, A
and concentrated. A mixture of the obtained residue, |
tfiphenylphosphine (7.95 g) and acetonitrile (200 mL) was heated
under reflux for 15 hrs. The reaction mixture was cooled and
the precipitated crystals were washed with diethyl ether to give
[(1,3-oxazol-4-yl)methyl]triphenylphosphonium chloride as
colorless crystals (8.11 g, yield 68%). melting point:268-270°C.
Reference Example 60

A mixture of 4-chloromethyl—-2-ethyl-1,3-oxazole (4.87 q),
triphenylphosphine (7.89 ¢g) and acetonitrile (100 mL) was heated
under reflux for 15 hrs. The reaction mixture was concentrated,
and the obtained crystals were washed with diethyl ether to give
[ (2-ethyl-1,3-oxazol-4-yl)methyl]triphenylphosphonium chloride
as colorless crysta;s (10.02 g, vyield 79%). Recrystallization
thereof from acetonitrile-diethyl ether gave colorless prism
crystals. melting point:222-223°C.
Reference Example 61

A mixture of 4-nitrobenzaldehyde (0.42 g), potassium
carbonate (0.58 g), [(l,3-oxazol-4-
yl)methyl]triphenylphosphonium chloride (1.65 g) and N,N—
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dimethylformamide (20 mlL) was stirréd at room temperature for 15
hrs. Water was poured into the reaction mixture, and the
mixture was extracted with ethyl acetate. The organic layer was
washed with saturated brine, dried over anhydrous magnesium
sulfaté'and concentrated. The obtained residue was subjected to
silica gel column chromatography to give yellow crystals from a
fraction eluted with hexane-tetrahydrofuran (1:1, v/v). The
obtained crystals, 5% palladium carbon (1.00 g) and
tetrahydrofuran (50 mL) were subjected to catalytic reduction
under a hydrogen atmosphere at atmospheric pressure. The
catalyst was removed by filtration, and the filtrate was
concentrated. The obtained residue was subjected to silica gel
column chromatography to give 4-[2-(1,3-thiazol-4-
yl)ethyllaniline as colorless crystals (0.27 g, yield 47%) from
a fraction eluted with hexane—ethyl acetate (2:1-1:1, v/v).
Recrystallization thereof from ethyl acetate-hexane gave
colorless prism crystals. melting point:69-70°C.
Reference Example 62

A mixture of 4-nitrobenzaldehyde (1.0 g), potassium
carbonate (1.37 g), [(2-ethyl-1,3-oxazol—-4-
yl)methyl]ltriphenylphosphonium chloride (4.20 g) and N,N—
dimethylformamide (50 mL) was stirred at room temperature for 40
hrs. Water was poured into the reaction mixture; and the
mixture was extracted with ethyl acetate. The organic layer was
washed with saturated brine, dried over anhydrous magnesium
sulfate and concentrated. The obtained residue was subjected to
silica gel column chromatography to give a yellow 0il from a
fraction eluted with hexane-ethyl acetate (3:1-2:1, v/v). The
obtained oil, 5% palladium carbon (2.00 g) and tetrahydrofuran
(200 mL) were subjected to catalytic reductidn under hydrogen
atmosphere at atmospheric pressure. The catalyst was removed by
filtration, and the filtrate was concentrated. The obtained
residue was subjected to silica gel column chromatography to
give 4-[2—-(2-ethyl-1, 3-thiazol-4-yl)ethyl]aniline as a brown
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oil (1.11 g, yield 73%) from a fraction eluted with hexane-ethyl
acetate (2:1, v/v). . ‘
NMR (CDC13)§: 1.39 (3H, t, J=7.6 Hz), 2.84-3.08 (6H, m), 3.56 (2H,
brs), 6.59-6.66 (3H, m), 6.95-7.00 (2H, m).
Reference Ekample 63

A mixture of 5—(4—fluorophenyl)—1H—pyrazole—4—carbaldehyde
(1.0 g), malonic acid (0.67 g), piperidine (0.54 g) and bis (2-
methoxyethyl) ether (10 mL) was stirred at 110°C for 6 hrs.
Water and 1N hydrochloric acid wére added to acidify the
reaction mixture, and the mixture was extracted with ethyl
acetate. The organic layer was washed with saturated brine,
dried over anhydrous magnesium sulfate and concentrated. The
obtained residue was subjected to silica gel column
chromatography to give (2E)-3-[5-(4-fluorophenyl)-1H-pyrazol-4-—
yllacrylic acid as colorless crystals (0.12 g, yield 10%) from a
fraction eluted with hexane-ethyl acetate (1:9, v/v);
Recrystallization thereof from acetone-diisopropyl ether gave
colorless prism crystals. melting point:276-277°C.
Reference Example 64

To a mixture of 3—(4—nitrophenyl)propionic acid (13.45 g),
N,N-dimethylformamide (0.1 mL) and tetrahydrofuran (300 mL) was
addea dropwise oxalyl chloride (10.5 g) at room temperature.
The reaction mixture was stirred at room temperafure for 1 hr.
and concentrated. The obtained residue was dissolved in
tetrahydrofuran (50 mL) and added dropwise to a mixture of 25%
agueous ammonia (100 mlL) and tetrahydrofuran (100 mL) at room
temperature. The reaction mixture was stirred at room
temperature for 2 hrs. and the mixture was extracted with ethyl
acetate. The organic layer was washed with saturated brine,
dried over anhydrous magnesium sulfate, and concentrated to give
3-(4-nitrophenyl) propanamide as colorless crystals (11.80 g,
yield 88%). Recrystallization thereof from ethyl acetate—hexane
gave colorless prism crystals. melting point:177-178°C.
Reference Example 65
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A mixture of 3-(4-nitrophenyl)propanamide (0.50 g), 2,4-
bis(4—methoxyphenyl)—1,3—dithia;2,4-diphosphetane-2,4—disulfide
(0.81 g) and pyridine (5 mL) was stirred at 50°C for 15 hrs. The
reaction mixture was concentrated, and 1IN hydfochloric acid was
added to the obtained residue and the mixture was extracted with
ethyl acétate. The organic layer was washed with saturated
brine, dried over anhydrous magnesium sulfate and concentrated.
The residue was subjected to silica gel column éhrométography to
give 3-(4-nitrophenyl)propanethiocamide as colorless crystals
(0.40 g, yield 73%) from a fraction eluted with hexané—ethyl
acetate (2:1-1:1, v/v). Recrystallization thereof from ethyl
acetate—-hexane gave colorless prism crystéls. melting
point:157-158°C.

Reference Example 66

A mixture of 3-(4-nitrophenyl)propanethiocamide (1.0 g),
chloroacetaldehyde (40% agueous solution, 2.83 g) and tert-
butanol (20 mlL) was heated under reflux for 2 hrs. The reaction
mixture was concentrated, and saturated agueous sodium hydrogen
carbonate was added to the residue. The mixture was extracted
with ethyl acetate. The organic layer waé washed with saturated
brine, driéd over anhydrous magnesium sulfate and concentrated.
The residue was subjected to silica gel column chromatography to
give 2-[2—-(4-nitrophenyl)ethyl]-1,3-thiazole as pale-yellow
crystals (0.31 g, yield 28%) from a fraction eluted with hexane-
ethyl acetate (3:1, v/v). Recrystallization thereof from ethyl
acetate-hexane gave pale-yellow prism crystals. melting
point:92-93°C.

Reference Example 67

A mixture of 3—(4—nitrophenyl)propanethioamide (1.25 qg),
1-bromo—2-butanone (0.98 g) and tert-butanol (30 mL) was heated
under reflux for 30 min. The reaction mixtﬁre was concentrated,
and saturated agueous sodium hydrogen carbonate was added to the
residue. The mixture was extracted with ethyl acetate. The
organic layer was washed with saturated brine, dried over
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anhydrous magnesium sulfate and concentratéd. The residue was
subjected to silica gel column chromatography to givé 4—ethyl—2—
[2- (4-nitrophenyl) ethyl]-1,3—thiazole as a yellow oil (1.48 g,
yield 95%) from a fraction eluted with hexane—ethyl acetate
(4:1-2:1, v/v).
NMR (CDC1s)§: 1.29 (3H, t, J=7.6 Hz), 2.78 (2H, qd, J=7.6, 1.0
Hz), 3.17-3.37 (4H, m), 6.73 (1H, t, J=1.0 Hz), 7.32-7.39 (2H,
m), 8.10-8.18 (2H, m).
Reference Example 68

A mixture of 4-nitrophencl (3.92 g), 4-chloromethyl-1,3-
thiazole hydrochloride (4.0 g), potassium carbonate (8.13 g) and
N,N-dimethylformamide (100 mL) was stirred at room temperature
for 40 hrs. Water was poured into the reaction.mixture, and the
mixture was extracted with ethyl acetate—tetrahydrofurén. The
organic layer was washed with saturatéd brine, dried over
anhydrous magnesium sulfate and conceﬁtrated to give 4-[ (4-
nitrophenoxy)methyl]-1,3-thiazole as colorless crystals (3.38 g,
yéeld 61%) . Recrystallization thereof from ethyl acetate-hexane
gave colorless prism crystals. melting point:175-176°C,
Reference Example 69

A mixture of 4-nitrophenol (5.48 g), 4-chloromethyl-2-
ethyl-1,3-thiazole (7.40 g), potassium carbonate (5.45 g) and
N,N-dimethylformamide (50 mL) was stirred at room temperature
for 15 hrs. Water was poured into the reaction mixture, and the
mixture was extracted with ethyl acetate. The organic layer was
washed successively with 1IN aqueous sodium hydroxide solution
and saturated brine, dried over anhydrous magnesium éulfate and
concentrated. The residue was subjected to silica gel column
chromatography to give 2-ethyl-4-[ (4-nitrophenoxy)methyl]-1,3-
thiazole as colorless crystals (3.60 g, yield 35%) from a
fraction eluted with hexane-ethyl acetate (4:1, v/v).
Recrystallization therecf from ethyl acetate-hexane gave
colorless prism crystals. melting poin£:79—80°C. |

Reference Example 70
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To a mixture of 2-(4-nitrophenoxy)acetic acid (5.0 g), 4-
methylmorpholine (3.34 g) and tetrahydrofuran (100 mL) was added
dropwise iscobutyl chlorocarbonate (4.86 g) at 0°C. The reaction
mixture was stirred at room temperature for 1 hr., and insoluble
materials were filtered off. The filtrate was added dropwise to
a mixture of hydrazine monohydrate (6.36 g) and tetrahydrofuran
(50 mL) at 0°C. The reaction mixtufe was stirred at 0°C for 2
hrs. A saturated aqueous ammonium chloride solution was added
to the ;eaction mixture and the precipitated crystals were
collected by filtration to give 2- (4-nitrophenoxy) acetohydrazide
as colorless crystals (1.30 g, yield 24%). Recrystallization
thereof from tetrahydrofuran-hexane gave colorless prism
crystals. melting point:191-192°C.

Reference Example 71

A mixture of 2-(4-nitrophenoxy)acetohydrazide (1.10 g),
methanesulfonic acid (0.10 g), triethyl orthoformate (2.31 g)
and tetrahydrofuran (50 mL) was heated under reflux for 1 h?.
Water was added to the reaction mixfure, and the mixture was
extracted with éthyl acetate. The organic layer was washed
successively with saturated agueous sodium hydrogen carbonate
and saturated brine, dried ovér anhydrous magnesium sulfate and
concentrated. The residue was subjected to silica gel column
chromatography to give 2-[ (4-nitrophenoxy)methyl]-1,3,4-
oxadiazole as colorless crystals (0.79 g, yield 69%) from a
fraction eluted with hexane-ethyl acetate (1:1, v/v).-
Recrystallization thereof from ethyl acetate-hexane gave
colorless prism crystals. melting point:125-126°C.

Reference Example 72

A mixture of 2-(4-nitrophenyl)acetamide (15.0 g), l-bromo-
2-propanone (19.03 g), and N,N-dimethylformamide (2 mL) was
stirred at 120°C for 3 hrs. Water, potassium carbonate and ethyl
acetate were added to basify the reaction mixture and the
mixture was extracted with ethyl acetate. Insoluble materials

were filtered off, and the organic layer was separated. The
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organic layer was washed with saturated brine, dried over
anhydrous magnesium sulfate and concentrated. The residue was
subjected to silica gel column chromatography to give 4-methyl-
2—(4-nitrobenzyl)-1,3-oxazole as orange crystals (1.50 g, yield
8.2%) from a fraction eluted with hexane-ethyl acetate (2:1,
v/v). Recrystallization thereof from ethyl acetate-hexane gave

colorless prism crystals. melting point:67-68°C.

" Reference Example 73

To a mixture of 2-(4-nitrophenoxy)acetohydrazide (1.57 g)
and N,N-dimethylacetamide (50 mL) was added dropwise acetyl

chloride (0.70 g) at room temperature. The reaction mixture was

‘stirred for 2 hrs. Water was added to the reaction mixture, and

the mixture was extracted with ethyl acetate. The organic layer
was washed with saturated brine, dried over anhydrous magnesiumA
sulfate and concentrated. A mixture of the obtained residue,
diphosphorus pentaoxide (1.76 g), hexamethyldisiloxane (4.03 g)
and 1,2-dichlorobenzene (10 mlL) was stirred at 140°C for 3 hrs.

Saturated aqueous sodium hydrogen carbonate was added to the

" reaction mixture, and the mixture was extracted with ethyl

acetate. The organic layer was washed with saturated brine,
dried over anhydrous magnesium sulfate and concentrated. The
residue was subjected to silica gel column chromatography to

give 2-methyl-5-[ (4-nitrophenoxy)methyl]-1,3,4-oxadiazole as

| colorless crystals (0.41 g, yield 56%) from a fraction eluted

with hexane—ethyl acetate (3:2-1:1, v/v). Recrystallization
thereof from ethyl acetate-hexane gave colorless prism crystals.
melting point:105-106°C.
Reference Example 74

A mixture of 2-(4-nitrophenyl)acetamide (14.6 g), l-bromo-
2-butanone (20.46 g) and N,N-dimethylformamide (2 mL) was
stirred at 140°C for 2 hrs. Water, potassium carbonate and ethyl
acetate were added to basify the reaction mixture and the
mixture was extracted with ethyl acetate. The organic layer was
washed with saturated brine, dried over anhydrous magnesium
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sulfate and concentrated. The residue was subjected to silica
gel column chromatography to give 4-ethyl-2-(4-nitrobenzyl)-1,3-
oxazole as brown crystals (2.65 g, yield 14%) from a fraction
eluted with hexane—ethyl acetate (2:1, v/v). Recrystallizétion
thereof from ethyl acetate-hexane gave brown prism crystals.
melting point:58-59°C. ‘
Reference Exampie 75

To a mixture of ethyl (4-
{[ (benzyloxy) carbonyl]amino}phenyl)acetate (0.30 g) and
tetrahydrofuran (10 mL) was added dropwise 1 M methyl magnesium
bromide (1 M tetrahydrofuran solution, 10 mL) at 0°C. The
reaction mixture was stirred at room temperature for 1 hr. 1IN
Hydrochloric acid was added to.the reaction mixture and the
mixture was extracted with ethyl acetate. The organic layer was
washed with saturated brine, dried over anhydrous magnesium
sulfate and concentrated. The residue was subjected to silica
gel column chromatography to give benzyl 4- (2-hydroxy-2-
methylpropyl) phenylcarbamate as colorless crystals (Otl7 g,
yield 59%) from a fraction eluted with hexane—-ethyl acetate
(4:1-2:1, v/v). Recrystallization thereof from ethyl acetate-
hexane gave colquéss prism crystals. melting point:117-118°C.
Reference Example 76

To a mixture of ethyl (4-
{ [ (benzyloxy) carbonyl]amino}phenyl)acetate (15.3 g) and
tetrahydrofuran (100 mL) was added dropwise 1 M ethyl magnesium
bromide (1 M tetrahydrofuran solution, 500 g) at 0°C. The
reaction mixture was stirred aﬁ room temperature for 15 hrs. 1IN
Hydrochloric acid was added to the reaction mixture, and the
mixture was extracted with ethyl acetate. The organic layer(was
washed with saturated'brine, dried over anhydrous magnesium
sulfate and concentrated.h The residue was subjected to silica
gel column chromatography to give benzyl 4-(2-ethyl-2-
hydroxybutyl) phenylcarbamate as colorless crystals from a

fraction eluted with hexane-ethyl acetate (2:1-1:1, v/v).
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Recrystallization thereof from ethyl aqetate—hexane gave
colorless prism crystals (6.86 g, yield 43%). melting point:99-
100eC. |
Reference Example 77

A mixture of benzyl 4-(2-hydroxy—-2-
methylpropyl)phenylcarbamate (8.60 g), 10% palladium carbon (9.0
g) and tetrahydrofuran (300 mL) was subjected to catalytic
reduction under a hydrogen atmosphere at atmospheric pressure.
The catalyst was removed by filtration, and the filtrate was
concentrated. The residue was subjected to silica gel column
chromatography to give 1-(4-aminophenyl)-2-methylpropan—-2-ol as
colorless crystals (3.54 g, yield 75%) from a fraction eluted
with hexane—ethyl acetate (1:1, v/v). Recrystallization thereof
from ethyl acetate—hexane gave colorless prism érystals.
melting point:107-108°C.
Reference Example 78

A mixture of benzyl 4= (2-ethyl-2-
hydroxybutyl) phenylcarbamate (6.30 g), 10% palladium carbon (5.0
g) and tetrahydrofuran (150 mL) was subjected to catalytic
reduction under a hydrogen atmosphere at étmospheric pressure.
The catalyst was removed by filtration, and the filtrate was
concentrated to give 3-(4-aminobenzyl)-3-pentanol as colorless
crystals (3.51 g, yield 95%). Recrystallization thereof from
ethyl acetate-hexane gave colorless prism crystals. melting

point:85-86°C.

'Reference Example 79

To a mixture of hydroxylamine hydrochloride (21.5 g) and
dimethyl sulfoxide (50 mL) was added dropwise 28% sodium
methoxide methanol solution (59.6 g) at room temperature. A
solution (50 mL) of (4-nitrophenyl)acetonitrile (10.0 g) in
dimethyl sulfoxide was further added dropwise to the reaction
mixture. The reaction mixture was stirred at 100°C for 3 hrs.
Water was added to the reaction mixture, and the mixture was
extracted with ethyl acetate. The organic layer was washed with

141



WO 2004/039365 PCT/JP2003/013901

10

15

20

25

30

séturated brine, dried over anhydrous magnesium sulfate, and
concentrated to give N’-hydroxy—z—(4—nitrophenyl)ethanimidaﬁide
as brown crystals (7.10 g, yield 59%). Recrystalliiation
thereof from ethyl acetate-diisopropyl ether gave brdwn prism
crystals. melting point:170-171°C. '
Reference Example 80

To a mixture.of N’-hydroxy—Z—(4—nitrophenyl)ethanimidamide
(2.38 g) and N,N-dimethylacetamide (30 mL) was added acetyl
chloride (0.96 g) at room temperature and the mixture was
stirred at room temperature for 15 hrs. Water was poured into
the reaction mixture, and the mixture was extracted with ethyl
acetate. The organic layer was washed with saturated brine,
dried over anhydrous magnesium sulfate and concentrated. A
mixture of obtained residue and xylene (100 mL) was heated under
reflux for 24 hrs. ‘The reaction mixture was concentrated and
ethyl acetate was added to the obtained residue. The mixture
was washed wifh saturated brine, dried over anhydrous magnesium
sulfate, and concentrated. The fésidue was subjected to silica
gel column chromatography to give 5-methyl—-3- (4-nitrobenzyl) -
1,2,4-oxadiazole as orange crystals (1.00 g, yield 37%) from a
fraction eluted with hexane—éthyl acetate (4:1-3:1, v/v).
Recrystallization thereof from ethyl acetate-hexane géve_orange
prism crystals. melting point:66-67°C.
Refereﬁce Example 81

A mixture of 5—methyl—3—(4—nitrobenzyl)—1,2,4—oxadiazole
(3.89 g), Lindlar catalyst (2.0 g) and tetrahydrofuran (200 mL)
was subjected to catalytic reduction undef'a hydrogen atmosphere
at atmospheric pressure. The catalysf was'removed by
filtration, and the filtrate was concentrated. The residue was
subjected to silica gel column chromatography to give 4-[(5-
methyl-1,2,4-oxadiazol-3-yl)methyllaniline as a brown oil (0.33
g, yield 10%) from a fraction eluted with hexane-ethyl acetate
(3:1-2:1, v/v).
NMR (CDC13)§: 2.52 (3H, s), 3.62 (2H, brs), 3.92 (2H, s), 6.62-
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6.66 (2H, m), 7.08-7.12 (2H, m).
‘Reference Example 82
A mixture of 1~bromo—3—(4—nitropheny1)—Z—propanone (0.50
g) , propanethiocamide (O.l% g) and ethanol (10 mL) was heated
under reflux for 2 hrs. Saturated agueous sodium hydrogen
carbonate was poured into the reaction mixture, and the mixture
was extracted with ethyl acetate. The organic layer was washed
with saturated brine, dried over anhydrous magnesium sulfate and
concentrated. The residue was subjected to silica gel column
chromatography to give 2-ethyl-4-(4-nitrobenzyl)-1,3-thiazole as
a colorless oilv(0.45 g, yield 96%) from a fraction eluted with
hexane—ethyl acetate (9:1—4:1, v/v) .
NMR(CﬁCl3)5:'l.38 (34, t, J=7.5 Hz), 3.02 (2H, g, J=7.5 Hz), 4.19
(2H, s), 6.74 (1H, s), 7.40-7.44 (2H, m), 8.15-8.18 (2H, m).
Reference Example 83
To a mixture of N’ ~hydroxy—-2- (4-nitrophenyl) ethanimidamide
(6.17 g) and N,N-dimethylacetamide (50 mL) was added propionyl
chloride (3.22 g) at room temperature. The reaction mixture was
stirred at room temperature for 2 hrs. Water was poured into
the reaction mixture and the mixture was extracted with ethyl
acetate. The organic layer was washed with saturated brine,
dried over anhydrous magnesium sulfate and concentrated. A
mixture of the obtained residue and xylene (200 mL) was heated
under reflux for 15 hrs. with azeotropic dehydration. The
reaction mixture was concentrated and the obtained residue was
subjected to silica gel column chromatography to give 5-ethyl-3-
(4-nitrobenzyl)-1,2,4-oxadiazole as brown crystals (4.40 g,
yield 60%) from a fraction eluted with hexane-ethyl acetate
(3:1-2:1, v/v). Recrystallization thereof from ethyl acetate-
hexane gave palé;yellow prism crystals. melting point:69-70°C.
Reference Example 84
A mixture of 5-ethyl-3-(4-nitrobenzyl)-1,2,4-oxadiazole
(4.30 g), iron (reduced, 5.14 g), calcium chloride (0.20 g) and
80% ethanol (50 mL) was heated under reflux for 2 hrs.
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Insoluble materials were filtered off, and the filtrate was
concentrated. Water was added to the residue, and the mixture
was extracted with ethyl acetate. The organic layer was washed
withvsaturated brine, dried over anhydrous magnesium sulfate and
concentrated. The residue was subjected to silica gel column
chromatography to give 4-[(5-ethyl-1,2,4-oxadiazol-3-
yl)methyl]aniline as an orange oil (2.73 g, yield 73%) from a
fraction eluted with hexane-ethyl acetate (2:1-1:1, v/v).
NMR (CDC1s)§: 1.35 (3H, t, J=7.6 Hz), 2.86 (2H, q, J=7.6 Hz), 3.62
(2H, brs), 3.93 (2H, s), 6.61-6.66 (24, m), 7.08-7.12 (2H, m).
Reference Example 85

A mixture.of 1—bromo—3—(4—nitrophenyl)—2—propanone (0.80
g) , thiocacetamide (0.23 g) and ethanol (20 mL) was heated under
reflux for 2 hrs. The reaction mixture was concentrated, and

saturated aqueous sodium hydrogen carbonate was added to the

‘residue. The mixture was extracted with ethyl acetate. The

organic layer was washed with saturated brine, dried over
anhydrous magnesium sulfate and concentrated. The residue was
subjected to silica gel column chromatography to give 2-methyl-
4— (4-nitrobenzyl)-1,3-thiazole as pale-yellow crystals (0.58 g,
yield 79%) from a fraction eluted with hexane-ethyl acetate
(3:142:1, v/v). Recrystallizatioh thereof from ethyl acetate-
hexane gave pale—-yellow prism crystals. melting point:118-119°C.
Reference Example 86

To a mixtﬁre of 5-(4-nitrobenzyl)-1,3,4-oxadiazol-2 (3H) -
one (1.0 g), iodomethane (0.97 g) and N,N-dimethylformamide (30
ml) was added sodium hydride (60% in oil, 0.20 g) at room
temperature. The reaction mixture was stirred at room
temperature for 2 hrs. Water was poured into the reaction
mixture, and the mixture was extracted with ethyl acetate. The

organic layer was washed with saturated brine, dried over

‘anhydrous magnesium sulfate and concentrated. The residue was

subjected to silica gel column chromatography to give 3-methyl-
5—(4-nitrobenzyl)-1,3,4-oxadiazol-2 (3H) -one as colorless
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crystals (0.75 g, yield 71%) from a fraction eluted with hexane-
ethyl acetate &3:1—2:1, v/v). Recrystallization thereqﬁ from
ethyl acetate-hexane gave colorless prism crystals. melting
point:115-116°C. :
Reference Example 87

To a mixture of 5-(4-nitrobenzyl)-1,3,4-oxadiazol-2(3H)-
one (1.50 g), iodoethane (1.59 g) and N,N-dimethylformamide (50
mL) was added sodium hydride (60% in oil, 0.30 g) at room ‘
temperature. The reaction mixture was stirred at room
temperature for 3 hrs. Water was poured into the reaction
mixture and the mixture was extracted with ethyl acetate. The
organic layer was washed with saturated briﬁe, dried over
anhydrous magnesium sulfate and concentrated. The residue was
subjected to silicg gel column chromatography to give 3-ethyl-5-
(4—nifrobenzyl)41,3,4—oxadiazol—2(3H)—one as colorless crystals
(0.99 g, yield 59%) from a fraction eluted with hexane-ethyl
acetate (3:1-2:1, v/v). Recrystallization thereof from ethyl
acetate-hexane gave colorless prism crystals. 'melting
point:108-109°C.
Reference Example 88

To a mixture of 5-(4-nitrobenzyl)-1H-tetrazole (5.0 g) and
N,N-dimethylformamide (200 mL) was added sodium hydride (60% in
oil, 1.17 g) at 0°C. The reaction mixture was stirred at 0°C for
1 hr. and iodoethane (5.69 g) was added at 0°C. The reaction
mixture was stirred at 0°C for 2 hrs. and water was poured into
the reaction mixture. The mixture was extracted with ethyl
acetate. The organic layer was washed with saturated brine,
dried over anhydrous magnesium sulfate and concentrated. The
residue was subjected to silica gel. column chromafography to )
give 2—ethyl—5—(4—nitrobenzyl)—2H—tetrazole as a brown oil (2.70
g, vield 48%) from a fraction eluted with hexane-ethyl acetate
(2:1-1:2, v/v). '
NMR (CDC13)§: 1.63 (3H, t, J=7.5 Hz), 4.35 (2H, s), 4.63 (2H, q,

J=7.5 Hz), 7.48-7.52 (2H, m), 8.16-8.20 (2H, m).

145



WO 2004/039365 PCT/JP2003/013901

10

15

20

25

30

In addition, l-ethyl-5-(4-nitrobenzyl)-1lH-tetrazole was
obtained as brown crystals (0.65 g, yield 11%) from a fraction
sequentially eluted thereafter. 'Recrystallization thereof from
ethyl acetaﬁe—hexane gave brown prism crystals. melting
point:104-105¢°C.

NMR (CDC13)§: 1.44 (3H, t, J=7.4 Hz), 4.25 (2H, q, J=7.4 Hz), 4.40
(2H, s), 7.40-7.44 (2H, m), 8.20-8.24 (2H, m).
Reference Example 89 4

A mixture of 2-(4-nitrophenyl)ethanethiocamide (1.11 g), 2-
chloro—-3-butanone (0.75 g)‘and tert-butanol (50 mL) was heated
under reflux for 4 days. The reaction mixture was concentrated,
and wa£er and saturated aqueous sodium hydrogen carbonate were
added to the residue. The mixture was extracted with ethyl
acetate. The organic iayer was washed with saturated brine,
dried over anhydrous magnesium sulfate and concenﬁrated. The
residue was subjected to silica gel column chromatography to
give 4,5-dimethyl-2-(4-nitrobenzyl)-1,3-thiazole as pale-yellow
crystals (0.67 g, yield 47%) from a fraction eluted with hexane-
ethyl acetate (2:1-1:1, v/v). Récrystallization thereof from
ethyl acetate-hexane gave pale-yellow prism cr&stals. melting
point:93-94°C.

Reference Example 90

A mixture of 2-(4-nitrophenyl)ethanethioamide (7.0 g), 2-
chloro—-cyclohexanone (7.28 g) and tert-butanol (100 mL) was
heated under reflux for 3 days. The reaction mixture was
concentrated, and saturated aqueous sodium hydrogen carbonate
was added to the residue. The mixture was extracted with ethyl
acetate. The organic layer was washed with saturated,briﬁe,
dried over anhydrous magnesium sulfate and concentrated. The
residue was subjected to silica gel column chromatography to
give 2-(4-nitrobenzyl)-4,5,6,7-tetrahydro-1,3-benzothiazole as
pale-brown crystals (6.58 g, yield 66%) from a fraction eluted
with hexane-ethyl acetate (3:1, v/v). Recrystallization thereof
from ethyl acetate-hexane gave pale-yellow prism crystals.
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melting point:118-119°C.
Reference Example 91
2—(4;Nitrobenzyl)—S—prdpy1—1,3,4—oxadiazole (7.70 g), 5%
palladium carbon (7.0 g) and tetrahydrofuran (200 mL) were
subjected to catalytic reduction under a hydrogen atmosphere at
atmospheric pressure. The catalyst was removed by filtration,
and the filtrate was concentrated. The residue was subjected to
silica gel column chromatography to give 4-[ (5-propyl-1,3,4-
oxadiazol-2-yl)methyl]laniline as pale-yellow crystals (3.74 g,
yield 55%) from a fraction eluted with hexane—éthyl acetate
(1:1-1:2, v/v). Recrystallization thereof from ethyl acetate-
hexane gave pale-yellow prism crystals. melting point:60-61°C.
In the similar manner as in Example 91, the compounds
described in Examples 92-112 were produced.
Reference Example 92
5—(4—Aminobenzyl)41,3,4—oxadiazol42(3H)—one was obtained
as colorless crystals (yield 75%). Recrystallization thereof
from ethyl acetate—hexane gave colorless prism crystals.
melting point:267-268°C.
Reference Example 93
4-[2-(5-Ethyl-1,3,4-oxadiazol-2-yl)ethyl]laniline was
obtained as a colorless oil (yield 97%).
NMR (CDCl3)§: 1.35 (3H, t, J=7.6 Hz), 2.83 (2H, g, J=7.6Hz), 2.92-
3.11 (4H, m), 3.61 (2H, brs), 6.58-6.66 (2H, m), 6.95-7.02 (2H,
m) .
Reference Example 94
4-[2-(1,3,4-0xadiazol-2-yl)ethyllaniline was obtained as
colorless crystals (yield 77%). Recrystallization thereof from
ethyl acetate-hexane gave colorless prismycrystals. melting
point:73-74°C.
Reference Example 95 )
4—{2- (4-Ethyl-1,3-thiazol-2-yl)ethyl]aniline was obtained
as a brown oil (yield 96%).
NMR (CDC13)§: 1.29 (3H, t, J=7.6 Hz), 2.73-2.85 (2H, m), 2.93-3.07
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(2H, m), 3.18-3.27 (2H, m), 3.58 (2H, brs), 6.59-6.71 (3H, m),
6.90-7.11 (2H, m).
Reference Example 96 .
4—(1,3-Thiazol-4-ylmethoxy)aniline was obtained as pale-
5 yellow crystals (yield 78%). Recrystallization thereof from
ethyl acetate-hexane gave pale-yellow priém crystals. melting
point:114-115¢°C.
Reference Example 97
4-[(2-Ethyl-1,3-thiazol-4-yl)methoxyl]aniline was obtained
10 a5 a brown oil (yield 83%). ’
NMR (CDCl3)§: 1.40 (3H, t, J=7.2 Hz), 3.04 (2H, g, J=7.2 Hz), 3.44
(2H, brs), 5.08 (2H, d, J=0.9 Hz),‘6.60—6.65 (2H, m), 6.79-6.84
(2H, mj, 7.14 (1H, d, J=0.9 Hz). |
Reference Example 98
15 4-(1,3,4-0Oxadiazol-2-ylmethoxy)aniline was obtained as
colorless crystals (yield 83%). Recrystallization thereof from
ethyl acetate-hexane gave colorless prism crystals. melting
point:56-57°C.
Reference Example 99
20 4—[ (4—Methyl-1,3-oxazol-2-yl)methyllaniline was obtained
as colorless crystals (yield 80%). Recrystallization thereof
from ethyl acetate-hexane gave colorless prism crystals.
melting point:84-85°C.
Reference Example 100
25 4—[(SfMethyl—l,3,4—oxadiazol—2—yl)methoxy]aniline was
obtained as a colorless oil (yigld 87%) .
"NMR (CDC13)§: 2.55 (3H, s), 3.49 (2H, brs), 5.13 (2H, s), 6.60--
6.65 (2H, m), 6.80-6.86 (2H, m).
Reference Example 101
30 4~[ (4-Ethyl-1,3-oxazol-2-yl)methyl]aniline was obtained as
a colorless oil (yield 94%).
NMR (CDCls)§: 1.20 (3H, t, J=7.5 Hz), 2.52 (2H, g, J=7.5 Hz), 3.63
(2H, brs), 3.96 (2H, s), 6.61-6.66 (2H, m), 7.06-7.09 (2H, m),
7.23 (1H, s).
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Reference Example 102

4~-[ (2-Ethyl-1,3-thiazol-4-yl)methyllaniline was obtained
as a colorless oil (yield 92%).
NMR (CDC13)§: 1.37 (3H, t, J=7.5 Hz), 3.01 (2H, g, J=7.5 Hz), 3.59
(24, brs), 3.98 (2H, s), 6.56 (1H, s), 6.62-6.67 (2H, m), 7.04-
7.08 (2H, m).
Reference Example 103

{4-[ (2-Methyl-1,3-thiazol-4-yl)methyllaniline was obtained
as a colorless oil (yield 95%).
NMR (CDC13)§: 2.68 (3H, s), 3.59 (2H, brs), 3.97 (2H, s), 6.56
(1H, s), 6.63-6.67 (2H, m), 7.04-7.07 (2H, m).
Reference Example 104

5—(4—Aminobenzyl)—3—ethyl;l,3,4—oxadiazol—2(3H)—one was
obtained as colorless crystals (yield 71%). Recrystallization
thereof from ethyl acetate-hexane gave colorless prism crysfals.
melting point:88-89°C.
Reference Example 105

4-[ (1-Methyl-1H-tetrazol-5-yl)methyl]aniline was obtained
as pale—-yellow crystals (yield 81%). Recrystallization thereof
from ethyl acetate—hexang gave pale-yellow prism crystals.
melting point:104-105°C.
Reference Example 106

4-[ (2-Methyl-2H-tetrazol-5-yl)methyl]aniline was obtained
as a colorless oil (yield 94%).
NMR (CDC13)§: 3.61 (2H, brs), 4.11 (2H, s), 4.28 (3H, s), 6.62-
6.65 (2H, m), 7.08-7.13 (2H, m). ’
Reference Example 107

4-[ (1-Ethyl-1H-tetrazol-5-yl)methyllaniline was obtained

as pale—-yellow crystals (yield 78%). Recrystallization thereof

from ethyl acetate-hexane gave pale-yellow prism crystals.

melting point:94-95°C.
Reference Example 108

4-[ (2-Ethyl-2H-tetrazol-5-yl)methyl]aniline was obtained
as a colorless oil (yield 98%).
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NMR (CDCl3)§: 1.60 (3H, t, J=7.4 Hz), 3.61 (2H, brs), 4.12 (ZH,
s), 4.59 (2H, ¢, J=7.4 Hz), 6.60-6.65 (2H, m), 7.09-7.13 (2H,
m) . |
Reference Example 109

6-Amino—-1,3-benzoxazol-2 (3H) —one was obtained as colorless

crystals (yield 96%). Recrystallization thereof from ethyl

acetate-hexane gave colorless prism crystals. melting
point:205-207°C (decomposition).
Reference Example 110

4~(1,3-Benzoxazol-2-ylmethyl)aniline was obtained as
colorless crystals (Yield 78%). Recrystallization thereof from
ethyl acetate-hexane gave colorless prism crystals. melting
point:105-106°C.
Reference Example 111

4~[(4,5—Dimethyl—1,3—thiazol—2—yl)methyl]aniline was
obtained as colorless crystals (yield 82%). Recrystallization

thereof from ethyl acetate-hexane gave colorless prism crystals.
melting point:91-92¢°C.
Reference Example 112

4-(4,5,6,7-Tetrahydro-1,3-benzothiazol-2—-ylmethyl)aniline
was obtained a pale-yellow crystals (yield 95%).
NMR (CDC13) §: 1.80-1.85 (4H, m), 2.64-2.76 (4H, m), 3.62 (2H,
brs), 4.12 (2H, s), 6.62-6.66 (2H, m), 7.08-7.20 (2H, m).
Reference Example 113

A mixture of 4’'—-fluoroacetophenone (4.00 g), N,N-
dimethylformamide dimethylacetal (4.48 g) and N,N—
dimethylformamide (4 ml) was stirred at 110°C for 1 hr. The
mixture was further stirred for 6 hrs. with removal of methanol
at atmospheric pressure. After cooling to 25°C, ethyl acetate
(48 ml) was added for dissolution. A solution separately
prepared by dissolving p—toluénesulfonic acid monohydrate (6.06
g) in water (7 ml) and dropwise adding ethylhydrazine (1.91 g)
was added at 25 - 30°C over about 5 min. to the ethyl acetate
solution mentioned earlier. The mixture was stirred at room
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temperature for 5.5 hrs. and partitioned by adding 5% adqueous
sodium hydrogen carbbnate. The aqueous layer was extracted with
ethyl acetate. The organic layers were combined and washed
successively with water and 10% brine. The solvent was
evaporated to quantitatively give 1—ethyl—5—(4—fluoropheﬁyl)—lH—
pyrazole as an oil.
NMR (CDC13)§: 1.38-1.43 (3H, m), 4.09-4.17 (2H, m), 6.24 (1H, s),
7.14-7.17 (2H, m), 7.34-7.39 (2H, m), 7.53 (1lH,s).

| To a solution of the obtained oil in N,N—dimethylforméﬁide
(16 ml) was added dropwise phosphorus oxychloride (7.55 g) at 70
— 80°C over about 2 hrs. The mixture was stirred at 80 — 85°C.
for 1 hr and at 90 - 95°C for 3 hrs. Water (16 ml) was added
drdpwise at 40°C or below and a 4N aquedus potassium hydroxide
solution was added dropwise at 30°C or below to adjust’to pH 7-8.
The mixture was extracted with efhyl acetate and the orxganic
layer/was washed with water. The solvent was evaporated and the
residue was subjected to silica gel column chromatography and
eluted with ethyl acetate-hexane (1:5, v/v) to give'l—ethyl—S—
(4—fluorophenyl) -1H-pyrazole-4—carbaldehyde (3.66 g, yield 58%)
as an oil.
NMR (CDCls)§: 1.39-1.45 (3H, m), 4.05-4.16 (2H,\m), 7.26-7.29
(2H, m), 7.40-7.46 (2H, m), 8.05 (1H, s), 9.58 (1H, s).
Reference Example 114

A mixture of 4'-fluorocacetophenone (3.95 g), N,N-

dimethylformamide dimethylacetal (4.43 g) and N,N-
dimethylformamide (4 ml) was stiried at 110°C for 1 hr. The
mixture was further stirred for 6 hrs. with removal of methanol
at atmospheric pressure. After cooling to 25°C, ethyl acetate
(48 ml) was added for dissolution. A solution separately
prepared by dissolving benzylhydrazine monohydrochloride (4.99
g) in water (5 ml) was added at 25 - 30°C over about 5 min. to
the ethyl acetate solution mentioned earlier. The mixture was
stirred at room temperature for 17 hrs. and partitioned by
adding 5% aqueous sodium hydrogen carbonate. The aqueous layer
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was extracted with ethyl acetate. The organic layers were

combined and washed successively with water and 10% brine. The
solvent was evaporated to quantitatively give l-benzyl-5-(4-
fluoro@henyl)—lH—pyrazole as an oil.
NMR (CDC1l3)§: 5.32 (2H, s), 6.32 (1H, d, J=1.84 Hz), 7.02-7.10
(4H, m), 7.24-7.31 (5H, m), 7.60 (1H, d, J=1.82 Hz).

To a solution of the obtained oil in N,N-dimethylformamide
(16 ml) was added dropwise phosphorus oxychloride (7.45 g) at 70
— 80°C over about 2 hrs. The mixture was stirred at 80 — 85°C
for 1 hr. and at 90 — 95°C for 4 hrs. Water (16 ml) was added
dropwise at 40°C or below and a 4N agueous potassium hydroxide
solution was added dropwise at 30°C or below to adjust to pH 7-8.
The mixture was extracted with ethyl acetate and the organié
layer was washed with water. The solvent was evaporated and the
residue was subjected to silica gel column chromatography and
eluted with ethyl acetate-hexane (1:5, Q/v) to give l-benzyl-5-
(4-fluorophenyl) ~1H-pyrazole—4—carbaldehyde (5.18 g, yield 65%) -
as an oil.
NMR (CDC13)§: 5.24 (2H, s), 7.02—%.05 (2H, m), 7.15-7.21 (2H, m),
7.27-7.33 (5H, m), 8.10 (1H, s), 9.60 (1H, s).
Reference Example 115

A mixture of p—methylacetophenone (5.00 g), N,N-
dimethylformamide dimethylacetal (6.66 g) and N,N-—
dimethylformamide (5 ml) was stirred at 110°C for 1 hr; The
mixture was further stirred for 10 hrs. with removal of methanol
at atmospheric pressure. After cooling to 25°C, ethyl acetate
(60 ml) was added for dissolution. A solution separately
prepared by dissolving p-toluenesulfonic acid monohydrate (7.80
g) in watér (7 ml) and dropwise adding methylhydrazine (1.89 g)
was added at 25 - 30°C over about 5 min. to the ethyl acetate
solution mentioned earlief. The mixture was stirred at room
temperature for 5 hrs. and partitioned by adding 5% aqueous
sodium hydrogen carbonate. The aqueous layer was extracted with
ethyl acetate. The organic layers were combined and washed
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successively with water and 10% brine. The solvent was
evaporated to quantitatively give l-methyl-5-(4-methylphenyl)-
1H—pyrazole as an oil.

NMR (CDCl3)§: 2.37 (3H, s), 3.86 (3H, s), 6.26 (1H, d, J=1.88Hz),

7.23-7.33 (4H, m), 7.49 (1H, d, J=1.86 Hz).

To a solution of the obtained oil in N,N-diméthylformamide
(20 ml) was added dropwise phosphorus oxychloride (9.71 g) at 70
~ 80°C over about 2 hrs. The mixture was stirred at 80 - 85°C
for 1 hr. and at 90 — 95°C for 3.5 hrs. Water (16 ml) was adaed
dropwise at 40°C or below and a 4N aqueous potassium hydroxide

solution was added dropwise at 30°C or below to adjust to pH 7-8.

' The mixture was extracted with ethyl acetate and the organic

layer was washed with water. The solvent was evaporated and the
residue was subjected to silica gel column chromatography and
eluted with ethyl acetate-hexane (1:7-1:5, v/v) to give 1-
methyl-5- (4-methylphenyl) ~1H-pyrazole—4—-carbaldehyde (4.52 g,
yield 61%) as an oil.
NMR (CDC13)§: 2.47 (3H, s), 3.82 (3H, s), 7.31;7.38 (4H, m), 8.03
(l1H, s), 9.61 (1H, s).
Reference Example 116

A mixture of p-methoxyacetophenone (5.00 g), N,N-
dimethylformamide dimethylacetal (5.95 g) and N,N—
dimethylformamide (5 ml) was stirred at 110°C for 1 hr. The
mixture was further stirred for 10 hrs. with removal'of methanol
at atmospheric pressure. After cooling to 25°C, ethyl acetate
(60 ml) was added for dissolution. A solution separately
prepared by‘dissolving p-toluenesulfonic acid monohydrate (6.97
g) in water (7 ml) and dropwise adding methylhydrazine (1.69 g)
was added at 25 — 30°C over about 5 min. to the ethyl acetate
solution mentioned earlier. The mixture was stirred at room
temperature for 18 hrs. and partitioned by adding 5% aqueous
sodium hydrogen carbonate. The agueous layer was extracted with
ethyl acetate. The organic layers were combined and washed
successively with water and 10% brine. The solvent was
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evaporated to quantitatively give 5-(4-methoxyphenyl)-1-methyl-

1H-pyrazole as an oil.
NMR (CDC1s) &: 3.85 (3H, s), 3.87 (3H, s), 6.25 (1H, s),A6.97—7.00
(28, m), 7.33-7.36 (2H, m), 7.49 (1H, s).

To a solution of the obtained oil in N,N—-dimethylformamide
(20 ml) was added dropwise phosphorus oxychloride (8.55 g) at 70
— 80°C over aboﬁt 2 hrs. The mixture was stirred at 80 - 85°C
for 1 hr. and at 90 - 95°C for 3 hrs. Water (20 ml) was added
dropwise at 40°C or below and a 4N aqueous potassiﬁm hydrokide
solution was added dropwise at 30°C or below to adjust to pH 7-8.

The mixture was extracted with ethyl acetate and the organic

(layer was washed with water. The solvent was evaporated and the

residue was subjected to silica gel column chromatography and
eluted with ethyl acetate-hexane (1:7-1:4, v/v) to give 5-(4-
methoxyphenyl) -1-methyl-1H-pyrazole—4—carbaldehyde (4.05 g,
yield 56%) as an oil.
NMR (CDCl3)§: 3.81 (3H, s), 3.89 (3H, s), 7.04-7.08 (2H, m),
7.33-7.38 (2H, m), 8.02 (1H, s), 9.61 (1H, s).
Reference Example‘li7 J

A mixture of 4'—-fluoroacetophenone (10.00 g)., N,N—
dimethylformamide dimethylacetal (11.21 g) and N,N-

- dimethylformamide (10 mL) was stirred at 110°C for 1 hr. The

mixture was further stirred for 8 hrs. with removal of methanol
at atmospheric pressure. After cooling to 25 - 30°C, ethyl ‘
acetate (120 mL) was added for dissolution. A solution
separately prepared by suspending p-toluenesulfonic acid
monohydrate (15.1 g) in water (3 mL) and dropwise adding a 35%
aqueous methylhydrazine solution (10.48 g) at 25°C or below was
added at an internal temperature of 25°C over about 10 min. to
the ethyl aéetate solution mentioned earlier.. The mixture was
stirred at room temperature for 4 hrs., 5% aqueous sodium
hydrogen carbonate was added and the mixture was extracted with

ethyl acetate. The organic layer was washed successively with

water and 5% brine. The solvent was evaporated to
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quantitatively give 5-(4-fluorophenyl)-l-methyl-l1H-pyrazole as
an oil. ﬂ
NMR (CDC13)§: 3.86 (3H, s), 6.27 (1H, s), 7.11-7.18 (2H,m), 7.36-
7.41 (2H, m), 7.50 (1H, s). ‘

To a solution of the obtained oil in dimethylformamide (40
mL) was added dropwise phosphorus oxychloride'(18.87‘g) at 70 -~
80°C over about 3 hrs. The mixture was stirred at 80°C for 1 hr
and at 90°C for 4 hrs. Water (20 mL) was added dropwise at 40°C
or below and a 4N agueous potassium hydroxide solution was added
dropwise at an internal temperature of 30°C or below to adjust to
pH 7.5-8.0. Water (28 mL) wés added dropwise and the mixture
was stirred at 25°C for 1 hr. The precipitated crystals were
collected by filtration and washed with 20% ethanol. The
obtained crystals were recrystallized from ethanol-water to give
5-(4—-fluorophenyl) -l-methyl-1H-pyrazocle-4-carbaldehyde (11.01 g,
yield 74%).
NMR (CDC13)§: 3.80 (3H, s), 7.22-7.28 (2H, m), 7.39-7.44 (2H, m),
8.03 (1H, s), 9.61 (1H, s).
Reference Example 118

To a mixture of 5-(4-fluorophenyl)-l-methyl-1H-pyrazole-4-
carbaldehyde (3.00 g), malonic acid (1.99 g) and bis(2-
methoxyethyl) ether (9 mL) was added dropwise piperidine (1.89
mL) over about 10 min. The mixture was stirred at 90 - 95°C for
1 hr. and further at 105 - 110°C for 4 hrs. After cooling to
25°C, toluene (12 ml:) and 1N aqueous sodium hydroxide solution
(15 mL) were added and the mixture was stirred. The agqueous
layef was separated and the organic layer was extracted with 1IN
aqueous sodium hydroxide solution (6 mL). The aqueous layers
were combined and washed with toluene. The layers were adjusted
to pH 3.5-4.0 with 2N hydrochloric acid at 20 - 30°C and water (9
mL) was added dropwise. After stirring at 25°C for 1 hr., the
precipitated crystals were collected by filtration and washed
with 20% ethanol to give (2E)-3—-[5-(4-fluorcophenyl)-l-methyl-1H-
pyrazol—-4-yllacrylic acid (3.24 g, yield 90%).
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NMR (DMSO-dg)§: 3.73 (3H, s), 6.25 (1H, d,. J=15.9Hz), 7.14 (1H, d,
J=15.9Hz), 7.41-7.56 (4H, m), 8.09 (I1H, s), 12.11 (1iH, br).
Reference Example 119

A mixture of ethyl 3—(3—furyl)—3;oxopropionate (7.8 g) and
N,N—dimethylformamide dimethylacetal (6.15 g) was stirred with
heating under reflux for 1 hr. The reaction mixture was
éoncentrated, and methylhydrazine (5.92 g) and ethanol (50 mL)
were added. The mixture was stirred with heating under reflux
for 30 min. The reactipn mixturé Was‘concentrated, waﬁer was
added to the residue, and the mixture was extracted with ethyl
acetate. The organic layer was washed with water, dried over
anhydrous magnesium sulfate and conbeﬁtrated. The residue was
subjected to silica gel column chromatography to give‘a pale—-red
oil (7.55 g) from a fraction eluted with hexane—ethyl acetate
(4:1, v/v). This palé—red 0il was dissolved in tetrahydrofuran
(250 mL) and lithium aluminum hydride (1.3 g) was carefully
added at 0°C and the mixture was stirred at 0°C for 30 min. A 1IN
aqueous sodium hydroxide solution was carefully added to the
reaction mixture until a Solid ceased to precipitate, and after
stirring at room temperature for 30 min., the mixture was
filtered. The filtrate was concentrated to give a yellow oil
(4.89 g). This yellow oil was dissolved in tetrahydrofurah (200
mL) , to which activated manganese dioxide (10 g) was added, and
the mixture was stifred at room temperature for 14 hrs. The
reaction mixture was filtrated. The filtrate was éoncentrated
and the residue was subjected to silica gel column
chromatography to give 5-(3-furyl)-l-methyl-1H-pyrazole-4-
carbaldehyde (4.25 g) as crystals from a fraction eluted with
hexane-ethyl acetate (2:1, v/v). Recrystallization thereof from
ethyl acetate-hexane gave colorless prism crystals. melting
point:70-71°C.

From the fraction eluted after thevaforementioned
compound, 3-(3-furyl)-l-methyl-1H-pyrazole-4-carbaldehyde (0.60
g) was obtained as crystals. Recrystallization thereof from
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ethyl acetate-hexane gave colorless prism ciystals. melting
point:77-78°C.
Reference Example 120

A mixture of 5-(3-furyl)-l-methyl-1H-pyrazole-4-
carbaldehyde (900 mg), sodium hydride (60% in oil, 245 mg),
ethyl diethylphosohonoacetate (1.26 g) and N,N-dimethylformamide
(10 ml) was stirred at room temperafure for 1 hr. The reaction
mixture was pbured into water, and extracted with ethyl acetate.
The prganic layer was washed with water, dried over anhydrous
magnesium sulfate and concentrated. Recrystallization of the
residue from ethyl acetate-hexane gave ethyl (2E)-3-[5-(3-
furyl)41—methyl—1H—pyrazol—4—yl]acrylate (866 mg, 69%) as
colorless prism crystals. melting point:82-83°C.
Reference Example 121

To a mixture of ethyl (ZE)—3—[5—(3ffuryl)—l—methyl—lH—
pyrazol-4-yllacrylate (800 mg), tetrahydrofuran (10 ml) and
ethanol (10 ml) was added 2N agueous sodium hydroxide solution
(6.5 ml) and the mixture was stirred at 60°C for 1 hr. 1N
Hydrochloric acid was poured into the reaction mixture, and the
precipitated solids were collected by filtration, washed with

water and dried with airflow to give (2E)-3-[5-(3-furyl)-1-

- methyl-1lH-pyrazol-4-yl]lacrylic acid (703 mg, 99%) as crystals.

Recrystallization thereof from ethyl acetate-hexane gave
colorless prism crystals. melting point:218-219°C.
Reference Example 122 ,

A mixture of ethyl 3-oxo-3-(2-thienyl)propionate (10.3‘g)
and N,N-dimethylformamide dimethylacetal (7.28 g) was stirred

‘with heating under reflux for 30 min. The reaction mixture was

-concentrated, and methylhydrazine (7.19 g) and ethanol (50 mL)

were added. The mixture was stirred with heating under reflux
for 30 min. The reaction mixture was concentrated, and water
was poured into the residue. The mixture was extracted with
ethyl acetate and the organic layer was washed with water, dried
over anhydrous magnesium sulfate, and concentrated. The residue
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was subjected to silica gel column chromatography to give a
pale-red oil (9.37 g) from a fraction eluted with hexahe—ethyl

acetate (4:1, v/v). This pale-red oil was dissolved in

. tetrahydrofuran (250 mL) and lithium aluminum hydride (1.5 g)

was added carefully at 0°C and the mixture was stirred at 0°C for
30 min. A 1N agueous sodium hydroxide_solution was carefully
added to the reaction mixture until a solid ceased to
precipitate, and after stirring at room temperature for 30 min.,
filtrated. The filtrate was concentrated to give a yellow oil
(6.53 g). This yellow oil was dissolved in tetrahydrofuran (250
mL). Activated manganese dioxide (15 g) was added and the
mixture was stirred at room temperature for 14 hrs. The
reaction mixture was filtrated. The filtrate was concentrated
and the residue was subjected to silica gel column
chromatography tokgive l-methyl-5-(2-thienyl) -1H-pyrazole-4-
carbaldehyde (3.10 g) as a pale-yellow oil from a fraction
eluted with hexane-ethyl acetate (2:1, v/v).

NMR (CDC13) §: 3.92 (3H,'s), 7.20-7.30 (2H, m), 7.62 (1H, dd,
J=5.1, 1.2 Hz), 8.03 (1H, s), 9.74 (1lH, s).

From the fraction eluted after the aforementioned
compound, 1—methyl—3—(2—thi¢nyl)—lH—pyrazole—4—carbaldehyde
(1.81 g) was obtained as crystals. Recrystallization thereof
from ethyl acetate-hexane gave colorless prism crystals.
melting point:71-72°C.

Reference Example 123

A mixture of l-methyl-5-(2-thienyl)-1H-pyrazole—4-
carbaldehyde (2.0 g), sodium hydride (60% in oil, 0.5 g), ethyl
diethylphosphonoacetate (2.57 g) and N,N-dimethylformamide (20

ml) was stirred at room temperature for 1 hr. The reaction

mixture was poured into water and the mixture was extracted with

ethyl acetate. The organic layer was washed with water, dried

over anhydroﬁs magnesium sulfate and concentrated..

Recrystallization of the residue from ethyl acetate-hexane gave’

ethyl (2E)-3-[l-methyl-5-(2-thienyl)-1H-pyrazol—-4-yl]acrylate .
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(2.09 g, 77%) as pale-yellow prism crystals. melting point:73-
74°C.
Reference Example 124

To a mixture of ethyl (2E)-3-[l-methyl-5-(2-thienyl)-1H-
pyrazol-4-yllacrylate (2.0 g) and methanol (20 ml) was added 2N

aqueous sodium hydroxide solution (7.6 ml) and the mixture was

" stirred at 60°C for 30 min. 1N Hydrochloric acid was poured into

the reaction mixture, and the precipitated solids were collected
by filtration, washed with water énd dried with airflow to give
(2E) -3- [1-methyl—-5- (2-thienyl) ~1H-pyrazol-4-yl]acrylic acid
(1.69 g, 95%) as crystals. Recrystallization thereof from
methénol—isopropyl-ether gave coiorless(prism crystals. melting
point:210-212°C.
Reference Example 125

A mixture of ethyl 3-oxo-3-(3-pyridinyl)propionate (7.58
g) and N,N-dimethylformamide dimethylacetal (6.07 g) was stirred
with heating under reflux for 30 min. The reaction mixture was
concentrated and methylhydrazine (5.85 g) and methanoll(SO mL)
were added. The mixture was stirred with heating under reflux
for 30 min. The reaction mixture was concentrated, and”water
was poured into the residue. The mixture was extracted with
ethyl acetate. The orgaﬁic layer was washed with water, dried
oyér anhydrous magnesium sulfate, and éoncentrated.' The residue
was subfected to silica gel colump chromatography to give methyl
1-methyl-5- (3-pyridinyl) -1H-pyrazole—4-carboxylate (1.15 g, 13%)
as a pale-yellow oil from a fraction eluted with hexane-ethyl
acetate (2:1, v/v).
NMR (CDC1l3)§: 3.71 (3H, s), 3.78 (3H, s), 7.44-7.50 (1€, m), 7.76-
7.82 (1H, m), 8.01 (1H, s), 8.64 (1H, s), 8.72-8.76 (1H, m).
Reference Example 126

To a mixture of methyl l-methyl-5-(3-pyridinyl)-1H-
pyrazole—4-carboxylate (1.1 g) and tetrahydrofuran (20 mL) was
added carefully lithium aluminum hydride (192 mg) at 0°C and the
mixture was stirred at room temperature for 30 min. A 1IN
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aqueous sodium hydroxide soiution was carefully added to the
reaction mixture until a solid ceased to precipitate, and after
stirring at room temperature for 30 min., filtrated. The
filtrate was concentrated to give a yelloW oil (0.95 g). This
yellow oil was dissolved in tetrahydrbfuran (50 mL). Activated
manganese dioxide (3 g) was added and the mixture was stirred at

room temperature for 14 hrs. The reaction mixture was

‘filtrated, and the filtrate was cqncentrated. Recrystallization

of the residue from ethyl acetate-hexane gave l-methyl-5-(3—-
pyridinyl)-1H-pyrazole—4-carbaldehyde (770 mg, 82%) aé pale-—
yellow prism crystals. melting point:118-119°C.
Reference Example 127 |

A mixture of 1—methyl—5—(3—pyridinxl)—1H—pyrazole—4—
carbaldehyde (750 mg), sodium hydride (60% in oil, 176 mg),
ethyl diethylphosphonoacetate (1.08 g) and N,N-dimethylformamide
(8 ml) was stirred at room temperature for 1 hr. The reaction
mixture was poured into water, and the mixture was extracted
with ethyl acetate. The organic layer was washed with water,
dried over anhydroué magnesium sulfate, and concentrated.
Recrystallization of the residue from ethyl acetate-hexane gave
ethyl (2E)~-3-[l-methyl-5-(3-pyridinyl)-1H-pyrazol-4-yl]acrylate
(770 mg, 75%) as pale-yellow prism crystals. melting point:159-
160°C.
Reference Example 128

To a mixture of ethyl (2E)~3—[l—methyl—S—(3—pyriainyl)—lH—
pyrazol—-4-yllacrylate (700 mg) and methanol (5 ml) was added a
2N aqueous sodium hydroxide solution (2.7 ml) and the mixture '
was stirred at 40°C for 14 hrs. A saturated aqueous citric acid
solution was poured into the reaction mixture to adjust pH to 5,
and the mixture was extracted with ethyl acetate. The organic
layer was washed withvwater, dried over anhydrous magnesium
sulfate, and concentrated. The residue was recrystallized ffom
ethyl acetate-isopropyl ether to give (2E)-3—-[l-methyl-5-(3-
pyridinyl)—lH—pyrazol—4—yl]acrylic acid (296 mg, 47%) as pale—
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vellow prism crystals. melting point:236-237°C.
Reference Example 129

A mixture of 1,5-dimethyl-1H-pyrazole—4-carbaldehyde (400
mg) , sodium hydride (60% in oil, 155 mg), ethyl
diethylphosphonoacetate (795 mg) and N,N-dimethylformamide (5
ml) was stirred at room temperature for 1 hr. The reaction
mixture was poured into water, and the mixture was extracted
with ethyl acetate. The organic layer was washed with water,
dried over anhydrous magneéium sulfate, and concentfated.
Recrystallization of the residue from ethyl acetate-hexane gave
ethyl (2E)—3—(l,5—dimethyl-lH;pyrazol—4—yl)acrylate (304 mg,
49%) as colorless prism prystals. melting point:82-83°C.
Reference Example 130

To a mixture of ethyl (2E)-3-(1,5-dimethyl-1H-pyrazol-4—
yl)acrylate (380 mg) and methanol (20 ml) was added a 2N aqueous
sodium hydroxide Solution (2.0 ml), and the mixture was stirred
at 60°C for 14 hrs. 1N Hydrochloric acid was poured into the
reaction mixture, and the mixture was extracted with ethyl
acetate. The organic layer was washed with water, dried over

anhydrous magnesium sulfate, and concentrated.

~Recrystallization of the residue from ethyl acetate-hexane gave

(2E)—3—(1,S—dimethyl—1H—pyrazol—4—yl)acrylic acid (283 mg, 87%)
as colorless prism crystals. melting point:217-219¢°C.
Reference Example 131

A mixture of l-methyl-lH-pyrazole—-4-carbaldehyde (2.59 qg),
sodium hydride (60% in oil, 1.13 g), ethyl
diethylphosphonoacetate (5.8 g) and N,N-dimethylformamide (50
ml) was stirred at room temperature for 2 hrs. The reaction
mixture was poured into water, and the mixture was extracted
with ethyl acetate. The organic layer was washed with water,
dried over anhydrous magnesium sulfate, and concentrated. The
residue was subjected to silica gel column chromatography to
give ethyl (2E)-3-(l-methyl-1H-pyrazol-4-yl)acrylate (2.72 g,
64%) as crystals from a fraction eluted with hexane—ethyl'
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acetate (1:1, v/v). Recrystallization thereof from ethyl ‘
acetate-hexane gave colorless prism crystals. melting point:43-
440C,
Reference Example 132

To a mixture of ethyl (2E)-3-(l-methyl-1H-pyrazol-4-
yl)acrylate (2.5 g), methanol (20 ml) and tetrahydrofuran (20
ml) was added a 2N aqueous sodium hydroxide solution (13.9 ml)
and the mixture was stirred at 60°C for 3 hrs. 1N Hydrochloric
acid was poured into the reaction mixture, and the mixture was
extracted with ethyl acetate. The organic layer was washed with
water, dried over anhydrous magnesium sulfate, and concentrated
to give (2Ef—3—(1—methyl—lH—pyrazol—4—yl)acrylic acid (1.75 g,
83%) as an amorphous form.
NMR (CDC13)8: 3.93 (3H, s), 6.16 (1H, d, J=15.8 Hz), 7.57 (1H, s),
7.65 (1H, d, J=15.8 Hz), 7.72 (1H, s).
Reference Example 133

A mixture of diethyl [3-(bromomethyl)benzyl]phosphonate
(10 g), potassium phthalimide (5.77 g) and N,N-dimethylformamide
(100 ml) was stirred at room temperature for 14 hrs. The
reaction mixture was poured into water, and the mixture Wés
extracted with ethyl acetate. The organic layer was washed with
water, dried over anhydrous magnesium sulfate, and concentrated.
Recrystallization of the residue from ethyl acetate-hexane gave
diethyl {3-[(1,3-dioxo-1,3-dihydro-2H-isoindol-2-
yl)methyllbenzyl}phosphonate (9.40 g, 78%) as colorless prism
crystals. melting point:100-101°C.
Reference Example 134

A mixture of diethyl [2—(bromomethyl)benzyl]phosphonéte
(11.2 g), potassium phthalimide (6.46 g) and N,N-
dimethylformamide (100 ml) was stirred at foom temperature for
14 hrs.  The reaction mixture was poured into water, and the’
mixture was extracted with ethyl acetate. The organic layer was
washed with water, dried over anhydrous magnesium sulfate, and
concentrated. ‘Recrystallization of the residue from.ethyl
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acetate-hexane gave diethyl {2-[(1,3-dioxo-1,3-dihydro—-2H-
isoindol-2-yl)methyl]benzyl}phosphonate (11.3 g, 83%) as
colorless prism crystals. melting point:91-92°C.
Reference Example 135

A mixture of methyl 1H-1,2,4-triazole-3-carboxylate (7.06
g), 4-nitrobenzyl bromide (10 g), potassium carbonate (16.6 g)
and N,N-dimethylformamide (60 ml) was stirred at room
temperature for 4 hrs. The reaction mixture was poured into
water, and the mixture was extracted with ethyl acétate. The
organic layer was washed with water, dried over anhydrous
magnesium sulfate, and concentrated. The residue was subjected
to silica gel column chromatography to give methyl 1-(4-
nitrobenzyl)-1H-1,2,4-triazole-5-carboxylate (1.50 g, 12%) as
crystals from a fraction eluted with hexane-ethyl acetate (1:1,
v/v); ‘Recrystallization thereof from ethyl acetate-hexane gave
colorless prism crystals. melting point:126-130°C.

From the fraction eluted after the aforementioned
compound, methyl 1- (4-nitrobenzyl)-1H-1,2,4-triazole-3-
carboxylate (1.49 g, 12%) was obtained as crystals.
Recrystallization thereof from ethyl acetate-hexane gave
colorléss prism crystals. melting point:175-177¢°C.

Reference Example 136

A mixture of methyl l—(4~nitrobenzyl)—1H—l,2,4¥£riazole—5—
carboxylate (1.3 g), 10% palladium carbon (130 mg) and ethanol
(200 ml) was stirred under a hydrogen atmosphere at room
temperature for 2 hrs. Palladium carbon was removed from the
reaction mixture by filtration, and the filtrate was
concentrated. The residue was subjected to silica gel column
chromatography to give methyl 1-(4-aminobenzyl)-1H-1,2,4-
triazole-5-carboxylate (0.88 g, 76%) as crystals from a fraction
eluted with.hexane;ethyl acetate (1:2, v/v). Recrystallization
thereof from ethyl acetate—isobropyl ether gave colorless prism
crystals. melting point:101-103°C.

Reference Example 137
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A mixture of 1-(2-bromoethyl)-4-nitrobenzene (18.7 qg),
pyrazole (5.53 g) and potassium hydroxide (4.56 g) was stirred
at 140°d for 8 min. The reaction mixture was poured into water,
and the mixture was extracted with ethyl acetate. The organic
layer was washed with water, dried over anhydrous magﬁesium
sulfate, and concentrated. The residue was subjected to silica
gel column chromatbgraphy to give l—[2—(4—nitrophenyl)éthyl]¥lH—
pyrazoie (1.37g, 8%) as crystals from a fraction eluted with
hexane-ethyl acetate (1:2, v/v). Recrystallization thereof from
ethyl acetate-hexane gave yellow prism crystals. melting
point:92-93°C.

Reference Example 138

A mixture of 1-[2-(4-nitrophenyl)ethyl]-1H-pyrazole (0.8
g), 10% palladium carbon (80 mg) and ethénol (200 ml) was.
stirred under a hydrogen atmosphere at room temperature for 6
hrs. Palladium carbon was removed from the reaction mixture by
filtration, and the filtrate was concentrated.

Recrystallization of the residue from ethyl acetate-hexane gave
1—[2—(4—aminophenyi)ethyl]—lﬁwpyrazole (520 mg, 75%) as
colorless prism crystals. melting point:73-74°C.

Reference Example 139

A mixture of 4-nitrobenzylamine hydrochloride (8.0 g),
ethyl 4—chloro—4—oxobutanoate (10.47 g), saturated aqueous
sodium hydrogen carbonate (100 ml) and ethyl acetate (100 ml)
was stirred at room temperature for 2 hrs. The reaction mixture
was extracted with ethyl acetate. The organic layer was washed
with water, dried over anhydrous magnesium sulfate, and
concentrated. Recrystallization of the residue from ethyl
acetate—-hexane gave ethyl 4-[(4-nitrobenzyl)amino]-4-
oxobutanoatei(lO.B g, 87%) as colorless prism crystals. melting
point:104-106°C.

Reference Example 140

A'mixture of ethyl 4-[(4-nitrobenzyl)amino]-4-oxobutanoate

(10 g), 10% palladium carbon (1 g) and ethanol (300 ml) was
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stirred under a hydrogen atmosphere at room temperatufe for 14
hrs. Palladium carbon was removed from the reaction mixture by
filtration, and the filtrate was concentrated.
Reciystallization of the residue from ethyl acetate-hexane gave
5 ethyl 4-[(4-aminobenzyl)amino]-4-oxobutanocate (3.6 g, 40%) as
colorless prism crystals. melting point:62-64°C.
Reference Example 141
A mixture of 2-(4-nitrobenzyl)-2H-tetrazole (5 g), 10%
palladium carbon (500 mg), ethanol (100 ml) and tetrahydrofuran
10 (100 ml) was stirred under a hydrogen atmosphere at room
temperature for 4 hrs. Palladium carbon was removed from the
reaction mixture by filtration, aﬁd the filtrate was
concentrated. Reérystallization of the residue from ethyl
acetate-hexane gave 2—(4—aminobenzyl)—2H—tetrazole (2.83 g, 66%)
15 as yellow prism crystals. melting point:86-87°C.
Reference Examplé 142 |
A mixture of 1-(4-nitrobenzyl)-1H-tetrazole (5 g), 10%
palladium carbon (500 mg), ethanol (100 ml) and tetrahydrofuran
(100 ml) was stirred under a hydrogen atmosphere at rdom
20 temperature for 4 hrs. Palladium carbon was removed from the
reaction mixture by filtration, and the filtrate was
concentrated. Recrystallization of the residue from ethyl
acetate—heiane gave 1-(4-aminobenzyl)-1H-tetrazole (3.03 g, 71%)
as yellow prism crystals. melting point:138-140°C.
25 Reference Example 143
A mixture of [1-(4-nitrobenzyl)-1H-imidazol-2-yl]lmethanol
(3.6 g), 10% palladium ca;bon (400 mg) and ethanol (50 ml) was
stirred under a hydrogen atmosphere at room temperature for 4
hrs. Palladium carbon was removed from the reaction mixture by
30 filtration, and the filtrate was concentrated.
Recrystallization of the residue from ethyl acetate-hexane gave
[1- (4—aminobenzyl) ~1H-imidazol-2-yl]methanol (2.53 g, 95%) as
colorless prism crystals. melting point:125°C(decomposition)
- Reference Example 144
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A mixture of 4-methyl-l1H-imidazole (25.5 g), 4-nitrobenzyl
bromide (56 g), potassium carbonate (86 g) and N,N—
dimethylformamide (500 ml) was stirred at room temperature for
14 hrs. The reactioﬁ mixture was poured into water, and the
mixture was extracted with etﬁyl acetate. The organic layer was
washed with water, dried over anhydrous magnesium sulfate, and
concentrated. The residue was subjected to silica gel column
chromatograéhy to give 5-methyl-1-(4-nitrobenzyl)-1H-imidazole
(1.6 g, 3%) as crystals from a fraction eluted with methanol-
ethyl acetate (1:20, v/v). Recrystallization thereof from ethyl
acetate-isopropyl eéther gave colorless prism crystals. melting
point:120-121°C.

From the fraction eluted before the aforementioned
compound, a mixture (25 g, containing 4—meth§1—l—(4—i
nitrobenzyl)-1H-imidazole by about 75%) of 4-methyl-1-(4-
nitrobenzyl)-1H-imidazole and 5-methyl-1-(4-nitrobenzyl)-1H-
imidazole was obtained.

Reference Example 145

A mixture of the mixture (25 g, containing 4-methyl-1-(4-
nitrobenzyl)-1H-imidazole by about 75%) of 4-methyl-1-(4-
nitrobenzyl)-1H-imidazole and 5—methyl—1—(4—nitrobenzyl)FlH—
imidazole obtained in the above-mentioned Reférence Example 144,
10% palladium carbon (3 g) and ethanol (500 ml) was stirred
under a hydrogen atmosphere at room temperature for 14 hrs.
Palladium carbon was removed from the reaction mixture by
filtration, and the filtrate was concentrated. The residue was
recrystallized from ethyl acetate to give 1-(4-aminobenzyl)-4-
methyl-1H-imidazole (3.91 g) as colorless prism crystals.
melting point:141-142°C.

Reference Example 146

A mixture of 5-methyl-1- (4-nitrobenzyl)-1H-imidazole (1.4
g), 10% palladium carbon (200 mg) and ethanol (20 ml) was
stirred under a hydrogen atmosphere at room temperature for 4
hrs. Palladium carbon was removed from the reaction mixture by
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filtration, and the filtrate was concentrated.
‘Recrystallization of the residue from ethyl acetate;hexane gave
1-(4—-aminobenzyl)-5-methyl-1H-imidazole (1.17 g, 97%) as
colorless prism crystals. melting point: 124-125°C.
Reference Example 147

A mixture of 4-ethyl-1H-imidazole (2.46 g), 4-nitrobenzyl
bromide (6.08 g), potassium carbonate (7.08 g) and N,N-
dimethylformamide (50 ml) was stirred at room temperature for 14
hrs. The reaction mixture was poured intq water, and the
mixture was extracted with ethyl acetate. The organic layer was
washed with water, dried over anhydrous magnesium sulfate, and
concentrated. The residue was subjected to silica gel column
chromatography to give 4—efhyl—1—(4—nitrobenzyl)—1H—imidazole
(1.95 g) as a yellow oil from a fraction eluted with ethyl
acetate-hexane (1:1, v/v). A mixture of 4-ethyl-1-(4-
nitrobenzyl)-1H-imidazole (1.95 g), 10% palladium carbon (200
mg) and ethanol (50 ml) was stirred under a hydrogen atmosphere
at room temperature fér 4 hrs. Palladium carbon was removed
from the reaction mixfure by filtration, and the filtrate was
concentrated; Recrystallization of the residue from ethyl
acetaté—hexane gave 1—(4—aminobenzyl)—5—methyl—1H—imidazole.
(1.44 g) as colorless prism crystals. melting point:137-138°C.
Reference Example 148

A mixture of 5,6-dimethyl-1H-benzimidazole (5.0 g), 4-

nitrobenzyl bromide (6.16 g), potassium carbonate (7.88 g) and

.N,N~dimethylformamﬁde (60 ml) was stirred at 60°C for 14 hrs.

The reaction mixture was poured into water, and the mixture was
extracted with ethyl acetate. The organic layer was washed with
water, dried over anhydrous magnesium sulfate, and concentrated.
The residue was subjected to silica gel column chromatography to
give 5,6-dimethyl-1-(4-nitrobenzyl)-1H-benzimidazole (2.6 g, .
32%) as crystals from a fraction eluted with methanol-ethyl
écetate (1:20, v/v). Recrystallization thereof from ethyl
acetate-hexane gave pale-red prism crystals. melting point:175-
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177°C.
Reference Example 149

A mixture of 5,6-dimethyl-1-(4-nitrobenzyl)-1H~-
benzimidazole (2.5 g), 10% palladium carbon (300 mg), ethanol
(150 ml) and tetrahydrofurén (150 ml) was stirred.under a
hydrbgen atmosphere at room temperature for 4 hrs. Palladium
carbon waé removed from the reaction mixture by filtration, and
the filtrate was concentrated. Recrystallization of the residue
from ethyl acetate-methanol gave 1-(4-aminobenzyl)-5,6-dimethyl-
1H-benzimidazole (1;88 g, 84%) as colorless prism crystals.
melting point:238-239°C. |
Reference Example 150

A mixture of 1-(4-nitrobenzyl)-1H-indazole (9.25 g), 10%
palladium carbon (1 g), ethanol (100 ml) and tetrahydrofuran
(100 ml) was stirred under a hydrogen atmosphere at room
temperature for 4 hrs. Palladium carbon was r%moved from the
reaction mixture by filtration, and the filfraté was
concentrated. Recrystallization of the residue from acetone-
hexane gave 4—(lH-indazol—l—ylmethyl)aniiine (6.77 g, 83%) as
colorless prism crystals. melting point:110-111°C.
Reference Example 151

A mixture of 2- (4-nitrobenzyl)-2H-1,2,3-benzotriazole (1.0
g), 10% palladium carbon (100 mg) and ethanol (20 ml) was
stirred under a hydrogen atmosphere at room temperature for 4
hrs. ‘Palladium carbon was removed from the reaction mixture by
filtration, and the filtrate was concentrated. The residue was
subjected to silica gel column chromatography to give 4-(2H-
1,2,3-beénzotriazol-2-ylmethyl)aniline (313 mg, 35%) as crystals
from a fraction eluted with ethyl acetate-hexane (1:1, v/v).
Recrystallization thereof from ethyl acetate-hexane gave
colorless prism crystals. melting point:229-230°C.
Reference Example 152

To a mixture of 5-(4-fluorophenyl)-1l-methyl-1H-pyrazole—-4-—
carbaldehyde (4.50 g) and tetrahydrofuran (50 ml) was added
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dropwise mefhyl magnesium bromide (1 mol/L tetrahydrofuran
solution, 25 ml) at 0°C and the mixture was stirred at 0°C for 30
min. The reaction mixture was poured into a saturated aqueous
ammonium chloride solution, and the mixture was extracted with
ethyl acetate. The ethyl acetate layer was‘dried over anhydrous
magnesium sulfate and concentrated and the residue was dissolved
in acetone (60 ml). This solution was cooled to 0°C and the

Jones reagent (prepared by the method described in New Courses

in Experiment Chemistry,‘Vol. 15, p. 151, published by Maruzen

Company, Limited) was added dropwise until the red color of the
reagent no longer disappeared. Isopropyl alcohol and water were
added to the reaction mixture, and the mixture was extracted
with ethyl acetate. The ethyl acetate layer was dried over
anhydrous magnesium sulfate and concentrated. The residue was
dissolved in N,N-dimethylformamide (50 ml). To this solution
were added ethyl diethylphosphonoacetate (6.0 g) and sodium
hydride (60% in oil, 1.0 g) and the mixture was stirred at 80°C
for 12 hrs. The reaction mixture was poured into water, and the
mixture was extracted witﬁ ethyl acetate. The ethyl acetate
layer was dried over anhydrous magnesium sulfate, concentrated
and the residue was purified by silica gel column chromatography
to give a yellow oil from a fraction eluted with ethyl acetate-
hexane (1:1, v/v). This yellow oil was dissolved in a mixture
of acetic acid-37% hydrochloric acid (20-20 ml) and the mixture
was stirred at 120°C for 3 hrs. The reaction mixture ﬁas V
concentrated and poured into water. The precipitated crystals
were collected by filtration, washed with water and dried to
give (ZE)—3—[5—(4—fluorophenyl)—l—methyl—lH—pyrazol—4—yl]but—2—
enoic écid (4.60 g, 80%) as colorless crystals.
Recrystallization thereof from ethyl acetate-hexane gave
colorless prism crystals. melting point: 123-124°C.
Reference Example 153 ‘
According to the method described in Reference Example 44,
3-[5- (4—fluorophenyl) —~1-methyl-1H-pyrazol-4-yl]lbutanoic acid was
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obtained from (2E)-3-[5-(4—-fluorophenyl)-l-methyl-1H-pyrazol-4-
yllbut-2-enocic acid in a yield of 85%. Colorless prism
crystals. melting point: 90-91°C (recrysfallized from ethyl
acetate-hexane) . '
Reference Example 154

To a mixture of ethyl 1,5—diphenyl—lH—pyrazole—4—
carboxylate (14.9 g) and tetrahydrofuran (250 ml) was added
dropwise diisobutylaluminum hydride (1 mol/l toluene solution,
120 ml) under ice-cooling. The reaction mixture was stirred at
room temperature for 1 hr. and poured into a 1IN aqueous
hydrochloric acid solution. YThe mixture was extracted with
ethyl acetate. The ethyl acetate layer was washed successively
with a 1N aqueous hydrochloric acid solution and saturated
brine, dried over anhydrous magnesium sulfate, and concentrated
to give (1,S—diphenyl;lﬂ—pyrazol—4—yl)methanol (12.6 g, 99%) as
colorless crystals. Reérystallization~thereof from ethyl
acetate-hexane gave colorless prism crystals. melting point:
147-148°C.
Reference Example 155

To a mixture of (1,5-diphenyl-1H-pyrazol-4-yl)methanol
(11.78 9g), triethylaminé (10 ml):and ethyl acetate (300 ml) was
added dropwise methanesulfonyl chloride (4.5 ml) at 0°C. The
mixture was stirred at room temperature for 1 hr. and the ethyl
acetate layer was washed successively with water and saturated
brine, dried over anhydrous magnesium sulfate, and concentrated
to give an oil. This oil was dissolved in N,N-dimethylformamide

(100 ml) and the resulting solution was added dropwise to a

~solution of sodium diethyl malonate in N,N—diﬁethylformamide

(prepared using diethyl malonate 20.33 g, sodium hydride (60% in
oil, 4.88 g) and N,N-dimethylformamide 200 ml) at 0°C. The
mixture was stirred at room. temperature for 5 hrs.,'and poured .
into a 1N aqueous hydrochloric acid‘solution. The mixture waé
extracted with ethyl acetate. The ethyl acetate layer was
washed successively with a 1N agueous hydrochloric acid solution
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and saturated brine, dried over anhydrbﬁs magnesium sulfate, and
concentrated to give an oil. A mixture of this oil, a 6N
aqueous hydrochloric acid solution (100 ml) and acetic acid (50
ml) was heated under reflux for 5 hrs. The reaction mixture was
cooled, concentrated and poured into water. The precipitated
crystals were collected by filtration, washed with water, and
dried to give 3—(1;5—diphenyl—lH—pyrazol—4ryl)propionic acid.
yield: 68%. colorless needle crystais._ melting boint:159—160°c
(recrystallized from acetone-hexane). '
Reference.Example 156

A mixture of 5—(4fchlor0phenyl)—1-methyl—1H—pyrazole—4—
éarbaldehyde (6.68 g), ethyl diethylphosphonoacetate (7.47 o),
sodium hydride (60% in oil, 1.30 g) and N,N-dimethylformamide
(100 ml) was stirred at room temperature for 1 hr.. The reaction
mixture was poured into water, and the mixture was extracted
with ethyl acetate. The organic layer was washed successively
with water and séturated brine, dried over anhydrous magnesium
sulfate, and concentrated to give colorless crystals (8.37 g).
A mixture éf the crystals (4.55 g), platinum dioxide (228 mg)
and ethanol (50 ml) was stirred under a hydrogen atmosphere at
atmospheric pressure at room temperature for 2 hrs. The

catalyst was removed by filtration and the filtrate was

"concentrated and purified by silica gel column chromatography to

give ethyl 3—[5—(4—chlorophenyl)—l—methyl—lH—pyrazol—4—
yllpropionate (4.70 g) as a colorless oil from a fraction eluted
with hexane—ethyl acetate (1:2, v/v).

Elemental analysis: Calculated (CisH;7C1NpO;) C, 61.54; H, 5.85;

"N, 9.57. Found C, 61.28; H, 5.95; N, 9.21.

Reference Example 157 |

A mixture of ethyl 3-[5-(4-chlorophenyl)-1-methyl-1H-
pyrazol—4-yllpropionate (2.35 g), a 1N aqueous sodium hydroxide
solution (16 ml), tetrahydrofuran (30 ml) and ethanocl (30 ml)
was stirred at room temperature for 3 hrs. The reaction mixture
was poured into an aqueous potassium hydrogen sulfate solution,
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and the mixture was extracted with ethyl acetate. The ethyl

acetate layer was washed with saturated brine, dried over

anhydrous magnesium sulfate, and concentrated to give- 3—[5-(4-
chlorophenyl) -1-methyl-1H-pyrazol-4-yllpropionic acid (1.46 g,
69%) as a colorless powder. melting point:138—l40°C
(recrystallized from acetone—hexane) .
Reference Example 158

Potassium bis(trimethylsilyl)amide (20% toluene solution,
3.05 g) was added to a mixture of bis(2,2,2—trifluoroethyl)
(methoxycarbonylmethyl) phosphonate (973 mg) , .18-crown—-6 (4.04 g)
and tetrahydrqfuran (50 mL) at ~78°C.' Furthermore, 5-(4-
fluorophenyl) ~1-methyl-1H-pyrazole—4-carbaldehyde (312 mg) was
added and the mixture was stirred overnight while allowing to
warm from -78°C to room temperature. Saturated aqueous ammonium
chloride was added to the reaction mixture and the mixture was
extracted with ethyl acetate. The organic layer was washed
successively with 1IN hydrochloric acid, water and saturated
brine, dried over anhydrous magnesium sulfate, and concentrated.
The residue was subjected to silica gel column chromatography to
give methyl (2%) =3-[5- (4—fluorophenyl) ~1-methyl-1H-pyrazol—-4-
yl]acrylate as crystals (0.35 g, yield 95%) from a fraction
eluted with hexane—-ethyl acetate (4:1-1:1, v/v) (recrystallized
from ethyl acetate-hexane). melting point:108-109°C.
Reference Example 159

A mixture of 1-(4-fluorophenyl)-2-propanone (10.0 g) and
N,N—dimethylformamide dimethylacetal (8.00 g) was stirred at
120°C for 2 hrs. The reaction mixture was cooled, and hexane was
added to the precipitated solids; which were collected by
filtration to give 4—(dimethylamino)—3—(4—fluorophenyl)but—3—en—
2—one (11.3 g, yield 83%) as a pale-yellow solid.
NMR (CDC15)§: 1.94 (3H, s), 2.70 (6H, broad s), 6.95-7.05 (2H, m),
7.1-7.2 (2H, m), 7.58 (1H, s).
Reference Example 160

A mixture of 4- (dimethylamino)-3- (4-fluorophenyl)but-3—-en-—
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2-one (10.36 g), methylhydrazine (2.31 g) and ethanol (50 ml)
was stirred for 1 hr. with heating under reflux. The reaction
mixture was concentrated, poured into water and extracted with
ethyl acetate. The organic layer was washed with saturated'
brine, dried over anhydrous magnesium sulfate and concentrated
to give a yellow oil. This yellow oil was dissolved in carbon
tetrachloride (100 ml), and N-bromosuccinimide (9.79 g) and
2,2"-azobis (isocbutyronitrile) (50 mg) were added. The mixture
was stirred for 5 hrs. with heating under reflux. The reaction
mixture was concentrated, poured into water and extracted with
ethyl acetate. The organic layer was washed with saturated
brine, dried over anhydrous magnesium sulfate and concentrated
to give a yellow oil. This yellow oil was dissolved in methanol
(100 ml), and sodium formate (10.0 g) was added. The mixture
was stirred for 16 hrs. with heating under reflux. The reaction
mixture was concentrated, poured into water, and extracted with
ethyl acetate. The organic layer was washed with saturated
brine, dried over anhydrous magnesium sulfate and concentrated.
The residue was purified by silica gel column chromatography and -
eluted with hexane-ethyl acetate (100:0-0:100, v/v) to separate
the following two kinds of compounds. ‘
[4- (4-Fluorophenyl)-1-methyl-1H-pyrazol-5-yl]methanol: (311 mg).
pale-yellow solid. |
NMR (CDC13) §: 3.99 (3H, s), 4.74(2H, s), 7.05-7.15 (2H, m), 7.3-
7.4 (2H, m), 7.53 (1H, s). | | |
[4—(4—Fluorophenyl)—l—methyl—lH—pyrazol¥3—yl]methanol: (60 mg) .
pale-yellow solid.
NMR (CDC13)§: 3.92 (3H, s), 4.72(2H, s),7.0-7.1 (2H, m), 7.4-7.5
(2H, m), 7.45 (lH, s). |
Reference Example 161

A mixture of [4—(4—fluorophenyl)—1—methyl—lH—pyrazbl—5—
yllmethanol (250 mg), activated manganese dioxide (1.0 g) and
tetrahydrofuran (10 ml) was stirred at room temperature for 3

hrs. The reaction mixture was filtered, and the organic layer
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was conceﬁtrated to give 4-(4-fluorophenyl)-l-methyl-1H-
pyrazole—S—carbaldehyde (172 mg, yield 70%) as pale-yellow
crystals. ‘
NMR (CDC13)§: 4.23 (3H, s), 7.1-7.2 (2H, m), 7.35-7.45 (2H, m),
7.59 (1H, s), 9.84 (1H, s).
Reference Examplé le2
4—(4—fluorophenyl)—l—methyl—lH—pyrazole—3—carbaldehyde
According to the method exemplified in Reference Example
161, the title compound was synthesized from [4-(4- | '
fluorophenyl)—1—methyl—lH—pyrazol—3¥yl]methanol.
yield: 80%. Pale-yellow solid.
NMR (CDC13)§: 4.05 (3H, s), 7.05-7.15 (2H, m), 7.52 (1H, s), 7.55-
7.6 (2H, m), 10.04 (1H, s).
Reference Example 163
A mixture of 4-(4-fluorophenyl)-1,2,3-thiadiazole-5-
carbaldehyde (180 mg), ethyl diethylphosphonoacetate (450 mg),
sodium hydride (60% in oil, 40 mg) and N,N-dimethylformamide (3
ml) was stirred at room temperature for 2 hrs. The reaction
mixture was poured into a 1N aqueous hydrochloric acid solution
and the mixture was extracted with ethyl acetate. The ethyl
acetate layef was concentrated, and a 6N aqueous hydrochloric
acid solution (3 ml) and acetic acid (3 ml) were added to the
residue. The mixture was stirred for 3 hrs. with heatingrunder
reflux. The reaction mixture was concentrated and poured into
water. The precipitated solids were collected by filtration,
washed with water and dried to give (2E)-3-[4-(4-fluorophenyl)-
1,2,3—thiadiazol—5—yl]aérylic acid (130 mg, yield 60%) as a
pale-yellow solid.
NMR (DMSO-dg) §: 6.69(1H, d, J = 15.5Hz), 7.45-7.6 (3H, m), 7.75—
7.85 (2H, m).
Example 1
A mixture of dimethyl 4-aminobenzylphosphonate (0.86 g), (2E)-3-
[5—(4—fluorophenyl)—1—methyi—1H—pyrazol—4—yl]acrylic acid (0.74
g), l-hydroxy-1H-1,2,3-benzotriazole hydrate (0.61 g), l-ethyl-
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3—(3—dimethylaminopropyl)carbodiimiae hydrochloride (0.77 g) and
N,N-dimethylformamide (8 ml) was stirred at room temperature
overnight; The reaction mixture was poured into a 0.5N aquebus
hydrochloric acid solution and extracted with ethyl acetate.

The ethyl acetate layer was washed with saturated aqueous sodium
hydrogen carbonate; and then with saturated brine, driéd (MgS04) -
and concentrated. The obtained solid was recrystallized from
acetone-water to give (2E)-N-[4-
(dimethylphosphonomethyl) phenyl]—3-[5- (4—fluorophenyl)-1-methyl—
1H-pyrazol—-4—-yl]lacrylamide (0.86 g, yield 65%) as colorless
prism crystals. melting point: 209-210°C.

In the similar manner as ih Example 1, the compounds
described in Examples 2-33, 36-50, 54-62, 65, 66, 69-77 and 80—
82 were produced.

Example 2

(2E) —-N-[4~ (Diethylphosphonomethyl) phenyl]-3—-[5- (4—-fluorophenyl) —
l—methyl—lH—pyrazolf4—yl]acrylamide

yield: 68%. Colorless prism crystals. melting point: 208-209°C
(recrystallized from acetone-isopropyl ether). .
Example 3 »
(2E)—3—[5—(4—Fluorophenyl)—l—methyl—1H~pyraiol—4—yl]—N—{4~[(2—
oxide-1,3,2-dioxaphosphinan-2-yl)methyl]phenyl}acrylamide

yield: 25%. Colorless prism crystals. melting point: 223_227°C,
(recrystallized from acetone-isopropyl ether).

Example 4 .

(2E) -N- [4- (Dimethylphosphonomethyl) phenyl]-3-[5- (4-
methoxyphenyl)rl—methyl—lH—pyrazol—4—yl]acrylamide

yield: 55%. Colorless prism crystals. melting point: 199-200°C
(recrystallized from ethyl acetate-hexane).

Example 5

(2E)—N—[4—(Diethylphosphonomethyl)phenyl]—3—[5—(4—
methoxyphenyl) ~1-methyl-1H-pyrazol-4-yl]lacrylamide

yield: 57%. Colorless prism crystals. melting point: 199-200°C
(recrystallized from ethyl acetate-hexane).
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Example 6

(2E) —-3—[5— (3-Chlorophenyl) —1-methyl-1H-pyrazol—-4-yl]-N-[4~
(dimethylphosphonomethyl) phenyllacrylamide

yield: 39%. Colorless prism crystals. .melting point: 248-249°C
(recrystallized from ethyl acetate-hexane).

Examplé 7 |

(2E) -3-[5-(3-Chlorophenyl) -1l-methyl-1H-pyrazol—-4-yl]-N—[4-
(diethylphosphonomethyl) phenyl]lacrylamide

yield: 51%. Colbrless prism crystals. melting point: 214-216°C
(recrystallized from ethyl acetate-hexane).

Example 8

(2E) -3—-[5—-(4—-Chlorophenyl) -1-methyl-1H-pyrazol-4-y1l]-N—[4~-
(dimethylphosphbnomethyl)phenyl]acrylamide

yield: 61%. Colorless prism crystals. melting point: 209—210°C

(recrystallized from ethyl acetate-hexane).

. Example 9

(2E) -3~ [5- (4-Chlorophenyl) -1-methyl-1H-pyrazol-4-yl]-N-[4-

(diethylphosphonomethyl)phenyl]acrylamide

yield: 45%. Colorless prism.crystals. melting point: 217-218°C

(recrystallized from ethyl acetate—hexané).

Example 10

(2E)—N—[4—(Dimethylphosphonomethyl)ﬁhenyl]—B—(1—methyl—5—phenyl—

1H-pyrazol—-4-yl)acrylamide

yield: 20%. Colorless prism crystals. melting point: 219-220°C

(recrystallized from ethyl acetate—hexane). 4

Example 11

(2E) -N- [4~ (Diethylphosphonomethyl) phenyl] -3— (1-methyl-5-phenyl-

1H-pyrazol-4-yl)acrylamide

yield: 61%. Colorless prism crystals. melting point: 239-240°C

(recrystallized from ethyl acetate—hexane).

Example 12

(2E) -N— [4- (Dimethylphosphonomethyl) phenyl]-3-{1l-methyl-5-[4~

(trifluoromethyl)phenyl]-1H-pyrazol-4-yllacrylamide

yield: 49%. Colorless prism crystals. melting point:.212-213°C
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(recrystallized from ethyl acetate-hexane).

Example 13
(2E)—N—[4—(Diethylphosphonomsthjl)phenyl]—3—{l—methyl—5—[4—
(trifluorometﬁyl)phenyl]—lH—pyrazol—4—yl}acrylamide '
yield: 58%. Colorless prism crystals. melting point: 200-201°C
(recrystallized from ethyl acetate-hexane).

Example 14

(2E) -N- [4— (Dimethylphosphonomethyl) phenyl]-3-[5-(2-
fluorophenyl) -1-methyl-1H-pyrazol-4-yl]acrylamide

yield: 67%. Colorless prism crystals. melting point: 220—221°C
(recrystallized from ethyl acetate-hexane).

Example 15
(2E)—N—[4—(Diethylphosphonomethyl)phenyl]—3—[54(2—flusrophenyl)—
l-methyl-1H-pyrazol-4-yllacrylamide '

yield: 43%. Colorless prism crystals. melting point: 238-240°C
(récrystallized from ethyl acetate-hexane).

Example 16

(2E) —3—-[5- (4—-Bromophenyl) -1-methyl-1H-pyrazol—-4-yl]-N-[4-
(dimethylphosphonomethyl) phenyl]lacrylamide

yield: 57%. Colorless prism crystals. melting point: 212-214°C
(recrystallized from ethyl acetate-hexane).

Example 17 \

(2E) —3— [5- (4-Bromopheny1l) ~1-methyl-1H-pyrazol-4—y1]-N—[4-
(diethylphosphonomethyl)phenyl]acrylamide

yield: 52%. Colorless prism crystals. melting point: 229-231°C

(recrystallized from ethyl acetate-hexane).

Example 18

(2E) —N- [4— (Dimethylphosphonomethyl) phenyl]-3—[1-methyl-5-(1-
naphthyl) -1H-pyrazol-4-yllacrylamide

yield: 30%. Colorless prism crystals. melting point: 207-209°C
(recrystallized from ethyl acetate-hexane).
- Example 19

(2E) -~N-[4— (Diethylphosphonomethyl) phenyl]-3—-[1-methyl-5-(1-
naphthyl)-1H-pyrazol—-4-yllacrylamide
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yield: 33%. Colorless prism crystals. melting point: 229-231°C
(recrystallized from ethyl acetate-hexane).

Example 20 )

(2E) -N—-[4~- (Dimethylphosphonomethyl) phenyl]-3—-[5-(3-
fluorophenyl)—1—methyl—lH—pyrazol—4-yl]acrylamide

yield: 35%. Colorless prism crystals. melting point: 224-226°C
(recrystallized from ethyl acetate-hexane).

Example 21
(2E)—N—[4—(Diethylphosphonomethyl)phenyl]—3—[5—(3—fluorophenyl)—
1-methyl-1H-pyrazol-4-yl]acrylamide - -
yield: 56%. Colorless prism crystals. melting point: 205-206°C
(recrystallized from ethyl acetate-hexane).

Example 22 ) .

(2E) -N-[4- (Dimethylphosphonomethyl) phenyl]-3-[1-methyl-5- (4-
methylphenyl) -1H-pyrazol—-4-yllacrylamide

yield: 58%. Colorless prism crystals. melting point: 207-209°C
(recrystallized from ethyl acetate-hexane).

Example 23
(2E)—N-[4—(Diethylphosphonomethylfphenyl]—3—[1—methyl—5—(4—
methylphenyl)-1H-pyrazol—4-yllacrylamide

yield: 57%. Colorless prism crystals. melting point: 243-245°C

(recrystallized from ethyl acetate-hexane).

‘ Example 24

(2E) —3—[5—- (4~Fluorophenyl) ~1-methyl-1H~-pyrazol—-4-yl]-N—-{4—[ (5-
méthyl—z—oxide—l,3,2—dioxaphosphinan—2—
yl)methyl]lphenyl}acrylamide

yield: 36%. Colorless prism crystals. melting point: 253-254¢°C
(recrystallized from ethyl acetate—hexane).

Example 25

(2E) -N—{4-[ (5,5-Dimethyl-2-oxide-1, 3,2-dioxaphosphinan—-2-
yl)methyl]phenyl}—-3-[5-(4—fluorophenyl)-1l-methyl-1H-pyrazol-4—
yllacrylamide

yield: 69%. Colorless prism crystals. melting point: 271-273°C
(recrystallized from ethyl acetate-hexane).
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Example 26

(2E) -N-{4-[ (4, 6-Dimethyl-2-oxide-1,3,2-dioxaphosphinan-2—

yl)methyl]phenyl}—3—[5—(4-fluorophenyl)—l—methyl—lH—pyrazol—4—

yl]lacrylamide

yield: 62%. Colorless prism crystals. melting point: 250-252°C

(recrystallized from ethyl acetate—hexane) .

Example 27

(2E) -N-{4~-[ (5-Butyl-5-ethyl-2—-oxide-1,3,2-dioxaphosphinan—-2—

yl)methyl]phenyl}—B—[S—(4—fluorophenyl)—1—methyl—1ﬁ—pyrazol—4—

yllacrylamide |

yield: 53%. Colorless prism crystals. melting point: 220-222°C

(reérystallized from ethyl acetate-hexane).

Example 28

(2E) -N-[3~ (Diethylphosphonomethyl) phenyl]—-3-[5- (4-fluorophenyl) -

l-methyl-1H-pyrazol-4-yllacrylamide

yield: 76%. Colorless prism crystals. melting point: 170-172°C

(recrystallized from ethyl acetate-hexane).

Example 29

(2E)—N—[2—(Diethylphosphohomethyl)phenyl]—B—[S—(4—fluorophenyl)—

l-methyl-1H-pyrazol—-4-yl]acrylamide '

yield: 65%. Colorless prism crystals. melting point: 168;169°C

(recrystallized from ethyl acetate-hexane) .

Example 30

(2E) -N- [4- (Dibutylphosphonomethyl) phenyl]-3-[5- (4—fluorophenyl) -

1-methyl-1H-pyrazol-4-yllacrylamide

yield: 50%. Colorless solid.

NMR (CDCls) §: 0.89 (6H, t, J=7Hz), 1.3-1.4 (4H, m), 1.5-1.65 (4H,

m) , 3.11 (2H, d, J=21.5 Hz), 3.78 (3H, s), 3.9-4.00 (4H, m),

6.35 (1H, d, J=15 Hz), 7.18-7.38 (6H, m), 7.40 (1H, d, J=15 Hz),

7.51 (2H, d, J=8. Hz), 7.66 (1H, s), 7.82 (lH, s).

Example 31 ‘

(2E)—N—[4—(Diethylphosphono)phenyl]—3—[Sf(4—fluorophenyl)—l—

methyl-1H-pyrazol-4-yl]acrylamide

yield: 6%. Colorless prism crystals. melting point: 174-176°C
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(recrystallized from ethyl acetate-hexane).

Example 32

(2E) -N—-{4—~[2- (Diethylphosphono) ethyl]phenyl}-3—[5- (4~
fluorophenjl)—l—methyl-lH;pyrazol—4—yl]acrylamide

yield: 19%. Colorless prism crystals. melting point: 157-158°C
(recrystallized from ethyi acetate-hexane) .

Example 33 . )

(2E) —N- [4~ (Diethylphosphonomethyl) —2-methylphenyl]-3-[5-(4-
fluorophenyl) —-1-methyl-1H-pyrazol-4-yl]acrylamide

yield: 50%. Colorless prism crysfals. melting point: 154-155°C
(recrystallized from ethyl acetate-hexane).

Example 34 }

A mixture of the mixture (250 mg) of (2E)-3-[l-benzyl-5-
(4—fluorophenyl)—lH—pyrazol—4—yi]acrylic acid and (2E)-3-[1-
benzyl-3- (4-fluorophenyl) -1H-pyrazol-4-~yllacrylic acid produced
in Reference Example 36, l-hydroxy-1H-1,2,3-benzotriazole
hydrate (142 mg), l-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (178 mg), diethyl 4—aminobeﬁzylphosphonate (283

mg) and N,N-dimethylformamide (20 ml) was stirred at room

temperature for 14 hrs. The reaction mixture was poured into a

1IN aqueous hydrochloric acid solution, and the mixture was

extracted with ethyl acetate. The ethyl acetate layer wés

washed with saturated aqueous sodium hydrogen carbonate, and.
then with saturated brine, dried (MgSO;) and concentrated. The
residue was subjected to silica gei column chromatography to
give (2E)—3—[1—benzyl—5—(4—fluorophenyl)—1H—pyrazol—4;yl]—N—[4—
(diethylphosphonomethyl) phenyl]lacrylamide (106 mg) as a
colorless powder from a fraction eluted with ethyl acetate.
Recrystallization thereof from ethyl acetate-hexane gave

colorless prism crystals. melting point: 207-208°C.

‘Example 35

(2E) -3—-[1-Benzyl-3- (4-fluorophenyl) -1H-pyrazol—-4-yl]-N—-[4-
(diethylphosphonomethyl) phenyl]acrylamide (242 mg) was obtained
as a colorless powder from a later—-eluted fraction of (2E)-3-[1-
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benzyl-5- (4-fluorophenyl) ~1H-pyrazol—-4-yl]-N-[4-
(diethylphosphonomethyl)phenyl]acrylamide obtained in Example
34. Recrystallization thereof from ethyl acetate-hexane gave
colorless prism crystals. melting point: 199-200°C.

Example 36
(2E)—N—[4—(Dimethylphosphonomethyl)phenyl]—3—[l—ethyl—54(4;
fluorophenyl)—1H—pyraiol—4—yl]acrylamide

yield: 73%. Pale-yellow prism c:ystals. melting point: 187-
189°C (recrystallized from ethyl acetate-hexane).

Example 37

(2E) -N—[4— (Diethylphosphonomethyl) phenyl]-3-[1-ethyl-5- (4~

-fluorophenyl) -1H-pyrazol-4-yllacrylamide

yield: 74%. Pale—yellow prism crystals. melting point: 226-
227°C (recrystallized from ethyl acetéte—hexane).
Example 38
(2E) -3—[5—(4-Flucrophenyl) -1, 3-dimethyl-1H-pyrazol—-4-yl]-N—[4—
(dimethylphosphonomethyl) phenyllacrylamide
yield: 70%. Pale-yellow prism crystals. melting point: 195-
198°C (recrystallized from ethyl acetate-hexane).
Example 39 . h
(2E) -N-[4— (Diethylphosphonomethyl) phenyl]-3-[5~ (4-fluorophenyl) —
1,3-dimethyl-1H-pyrazol-4-yl]lacrylamide
yield: 16%. Pale-yellow prism crystals. meltingspoint: 159-
160°C (recrystallized from ethyl acetate-hexane).
Example 40
(2E) -3— (5—Cyclohexyl—-l-methyl-1H-pyrazol-4-yl)-N-[4-
(dimethylphosphonomethyl) phenyl]acrylamide
yield: 19%. Pale-yellow solid
NMR (CDCl3) §: 1.2-1.85 (10H, m), 2.7-3.0 (1H, m), 3:15 (2H, d, J
= 21.5 Hz), 3.65 (3H, s), 3.69 (3H, s), 3.87 (3H, s), 6.15 (1H,
d, J = 15.9 Hz), 7.1-7.8 (7H, m).
Example 41
(2E) —-3- (5—-Cyclohexyl-1-methyl-1H-pyrazol-4-yl) -N-[4-
(diethylphosphonomethyl) phenyl]lacrylamide
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J = 21.5 Hz), 3.65 (3H, s), 3.95-4.1 (4H, m), 6.15 (1H, d, J =
16 Hz), 7.1-7.8 - (7H, m).
Example 42
(2E) —-N- [4— (Dimethylphosphonomethyl) phenyl] -3-[5- (2-furyl) -1-
methyl-1H-pyrazol-4-yl]acrylamide
yield: 72%. Coiorless prism crystals. melting point: 201-202°C
(recrystallized from ethyl acetate-hexane).
Example 43 |
(2E) -N-[4— (Diethylphosphonomethyl) phenyl]-3-[5- (2-furyl)-1-
methyl-1H-pyrazol-4-yllacrylamide
yield: 84%. Colorless prism crystals. melting point:.195-196°C
(récrystallizéd from ethyl acetate-hexane).
Example 44
(2E)—N—{4—[(5—Buty;—5—ethyl—2—oxide—l,3,2—dioxaphosphinan—2—
yl)methyl]phenyl}—B—[5—(2—fu:yl)—1—methyl—1H—pyrazol~4~
yllacrylamide
yield: 88%. Colorless prism crystals. melting point: 201-202°C
(recrystallized from eﬁhyl acetate-hexane) .
Example 45
(2E)—N-{4—[(Diethylphosphono)(mgthoxy)methyl]phenyl}—B—[5—(4—
fluorophenyl)—l—methyl—1H—pyrazol—4—yl]acrylamidé .
yield: 60%. Colorless prism crystals. melting point: 200-201°C
(recrystallized from ethyl acetate-hexane).
Example 46
(2E)—N—{4—[(Diethylphosphono)(hydroxy)methyl]phenyl}—3—[5—(4—
fluorophenyl) —1-methyl-1H-pyrazol-4-yl]acrylamide
yield: 15%. Colorless prism crystals. melting point: 194-195°C
(recrystallized from ethyl acetate-hexane).
Example 47
(2E) —3-[5- (4-Fluorophenyl) -1-methyl-1H-pyrazol—-4-yl]-N—{4-[ (2—
oxide—4,7—dihydro—1,3,2—dioxaphésphepin—2—
yl)methyllphenyl}acrylamide
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yield: 65%. Colorless prism crystals. melting point: 169-171°C
(recrystallized from ethyl acetate-hexane).
Example 48
(2E) -N-{4~—[ (Benzyloxycarbonyl) sulfanyl]lphenyl}-3—-[5- (4
fluorophenyl) —1-methyl-1H-pyrazol-4-yl]lacrylamide
yield: 36%. Colorless solid.
NMR (CDC1s)§: 3.78 (3H, s), 5.24 (2H, s), 6.27 (1H, d, J =
15.5Hz), 7.15-7.3 (4H, m), 7.3-7.4 (6H,lm), 7.5-7.6 (2H, m),
7.61 (28, d, J = 8.5Hz), 7.83(lH, s).
Example 49 |
(2E) -3~ [5— (4-Fluorophenyl) -1-methyl-1H-pyrazol—-4-yl]-N—-{4-
[hydroxy (2-pyridinyl)methyl]phenyl}lacrylamide
yield: 23%. Pale-yellow crystals. '
NMR (CDC13)§: 3.75 (3H, s), 5.30 (1H, broad s), 5.72 (1H, s), 6.27
(1, 4, J = 15.5H2), 7.1-7.4 (9H, m), 7.40 (1H, d, J = 15.5Hz),
7.5-7.65 (3H, m), 7.80 (1H, s), 8.56 (1lH, a, J = 5Hz).
Example 50
(2E)—3—[5—(4—Fluorophenyl)—l—methyl—lH—pyrazol—4—yli—N—{4—
[hydroxy (6-methyl-2-pyridinyl)methyl]phenyl}acrylamide |
yield: 68%. Colorless crystals.
NMR (DMSO-dg) §: 2.59 (3H, s), 3.74 (3H, s), 5.81 (1H, s), 6.52
(14, d, J = 15.5Hz), 7.14 (1H, d, J = 15.5Hz), 7.3-7.65 (llH,
m), 7.89 (lH, s), 8.03 (1H, broad s), 10.06 (1H, s).
Example 51 |

A mixture of‘(ZE)—N—{é—
[ (benzyloxycarbonyl)sulfanyllphenyl}—3-[5-(4—-fluorophenyl) -1~
methyl-1H-pyrazol-4-yllacrylamide (488 mg), 3-(chloromethyl)-4-
propyl-4H-1,2,4—triazole (240 mg), a 1N aqueous sodium hydroxide
solution (3 ml) and ethanol (30 ml) was stirred at room
temperature for 3 hrs. The reaction mixture was concentrated,
poured into water, and extracted with efhyl acetate. The
organic layer was washed with water, dried over anhydrous
magnesium sulfate and concentrated to give (2E)-3-[5-(4-
fluorophenyl) —-1-methyl-1H-pyrazol-4-yl]-N—(4—{[ (4-propyl-4H—
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1,2,4—triazol—3—yl)methyl]thio}phenyl)acrylamiqe (310 mg, 65%)
as pale-yellow crystéls. |
NMR (CDC13)§: 1.00 (3H, t, J = 7Hz), 1.8-1.95 (2H, m), 3.77 (3H,
s), 3.97 (2H, t, J = 7Hz), 4.19 (2H, s), 6.34 (1H, d, J =
15.5Hz), 7.15-7.4 (8H, m), 7.51 (1H, d, J = 8.5Hz), 7.78 (1H,
s), 8.02 (1H, broad s), 8.08 (lH, s).
Example 52

A mixture of (2E)-3-[5-(4-fluorophenyl)-l-methyl-1H-
pyrazol—4—yl]—N—(4—{[(4—propyl—4H—l,2,4—triazol—3—
yl)methyllthio}phenyl)acrylamide (96 mg), m—chloroperbenzoic
acid (40 mg) and tetrahydrofuran (3 ml) was stirred at room
temperature for 3 hrs. The reaction mixture was concentrated
and purified by HPLC to give (2E)-3-[5-(4-fluorophenyl)-1-
methyl—lH—pyrazol—4—yl]—N—(4—{[(4—propyl—4H—l;2;4—triazol—3—
yl)methyllsulfinyl}phenyl)acrylamide (36 mg, 37%) as pale-yellow
crystals. '

NMR (CDC13)§: 0.96 (3H, t, J = 7Hz), 1.7-1.9 (2H, m), 3.79 (3H,

"s), 3.98 (2H, t, J = 7.5Hz), 4.21 (1H, d, J = 9Hz), 4.32 (1H, d,

J = 9Hz), 6.34 (1H, d, J = 15.5Hz), 7.2-7.5 (8H, m), 7.73 (1H,
d, J = 8.5Hz), 7.82 (1H, s), 8.01 (1H, broad s), 8.14 (lH, s).
Example 53

In the similar manner as in Example 52 except that the
amount of m-chloroperbenzoic acid used was 60 mg, (2E)-3-[5-(4-
fluorophenyl) -1-methyl-1H-pyrazol-4-yl]-N-(4-{[ (4—propyl—-4H-
1,2,4-triazol-3-yl)methyl]sulfonyl}phenyl)acrylamide was
synthesized.
yield: 30%. Pale-yellow crystals.
NMR (CDC13)§: 1.05 -(3H, t, J = 7Hz), 1.9-2.0 (2H, m), 3.79 (3H,
s), 4.18 (2H, t, J = 7.5Hz), 4.64 (2H, s), 6.37 (1H, d, J =
15.5Hz), 7.2-7.45 (6H, m), 7.5-7.6 (2H, m), 7.7-7.8 (3H, m),
8.24 (1H, s).
Example 54
(2E) -N— [4- (Diethylphosphonomethyl) phenyl] -3~ [3— (4—fluorophenyl) -
l-methyl-1H-pyrazol-4-yllacrylamide
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yield: 60%. Pale-yellow piism crystals. melting point: 197-

198°C (recrystallized from ethyl acetate-hexane).

Example 55 |

(ZE)—N—[4—(Diethylphosphonomethyl)phenyl]—3—[4—(4—fluorophenyl)—

l-methyl-1H-pyrazol-5-yl]acrylamide

yield: 74%. Palé—yellow prism crystals. melting point: 138-

139°C (recrystallized from acetone-hexane) .

Example 56

(2E) -N—[4- (Diethylphosphonomethyl) phenyl]—-3—-[4- (4~fluorophenyl) —

l-methyl-1H-pyrazol-3-yl]lacrylamide

yield: 62%. Pale-yellow prism crystals. melting point: 203-

204°C ' (recrystallized from acetone¥hexane).

Example 57

N—[4—(Diethylphosphonomethyl)phenyl]—é—[5—(4—fluorophenyl)—1—

methyl—lH—pyrazol—4—yljpropionamide'

yield: 53%. Colorless prism crystals. melting point: 143-144°C

(recrystallized from acetone—hexane).

Example 58 4 ’

N—[4—(Dimethylphosphonomethyl)phenyl]—3—[5—(4—flubrophenyl)—1;

methyl-1H-pyrazol-4-yl]propionamide

yield: 47%. Colorless prism crystals. melting point: 142-143°C

(recfystallized from acetone-hexane). |

Example 59

3-[5-(4-Chlorophenyl)-l-methyl-1H-pyrazol—-4-yl]-N-[4—

(diethylphosphonomethyl) phenyl]propionamide

yield: 53%. Colorless crystals.

NMR (CDCls) &: 1.24 (6H, t, J = 7Hz), 2.53 (2H, t, J = 7Hz), 2.82

(24, t, J = 7Hz), 3.10 (2H, d, J = 21.5Hz), 3.73 (3H, s), 3.95-"

4.1 (44, m), 7.17 (1H, dd, J = 1.5/8.5Hz), 7.2-7.3 (2H, m), 7.37

(24, d, 0§ = 8.5Hz), 7.4-7.5 (4H, m), 7.72 (1H, broad s).

Example 60 ’

(2E) -N-{4-[(2,4-Dioxo-1,3-thiazolidin-5-yl)methyl]lphenyl}-3-[5-

(4—fluorophenyl) —-1-methyl-1H-pyrazol-4-yl]acrylamide

yield: 53%. Colorless prism crystals. melting point: 149-150°C
185
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(recrystallized from acetone-hexane).
Example 61
(2E) -N- [4— (Diethylphosphonomethyl) phenyl]-3-[1- (4-fluorophenyl) -
1H-imidazol-5-yl]acrylamide
yield: 68%. Colorless prism crystals. melting point: 165-166°C
(recrystallized from acetone-isopropyl ether).
Example 62
(2E) -N- [4— (Dimethylphosphonomethyl) phenyl]-3-[1- (4-
fluorophenyl)—1H—imidazol—5—yl]acrylamider
yield: 62%. Colorless prism crystals. melting point: 108-109°C
(recrystallized from methanol-water).
Example 63 \ .

A mixture of (2E)—N~[4—(diethylphosphonomethyl)phenyl]—3—
[1—(4—fluorophenyl);1H—imidazol—5—yl]acr&lamide (92 mg), 5%
palladium—-carbon (100 mg) and ethanol (10 ml) was stirred at

- room temperature under a hydrogen atmosphere at atmospheric

pressure for 3 hrs. The reaction mixture was filtered, and the
organic layer was concentrated to give N-[4-
(diethylphosphonomethyl)phenyl]-3—-[1- (4-fluorophenyl)-1H-
imidazol-5-yl]propionamide (éO ﬁg, 65%) as a colorless solid.
NMR (CDC13) §: 1.24 (6H, t, J = 7Hz), 2.63 (2H, t, J = 7Hz), 2.92
(2H, £, J = 7Hz), 3.10 (2H, d, J = 21.5Hz), 3.9-4.1 (4H, m),
6.94 (1H, s), 7;15—7l25 (4H, m), 7.25-7.35 (2H, m) , 7.39 (2H, d,
J = 8Hz), 7.53 (1H, s), 7.86 (1H, broad s). »

In the similar manner as in Example 63, the cémpounds of
Examples 64, 67 and 68 were synthesized.
Example 64
N—[4—(Dimethylphosphonomethyl)phenyl]—3—[i—(4-fluorophenyl)—lH—
imidazol-5-yl]propionamide
yield: 63%. Colorless solid.
NMR (CDCl3) §: 2.64 (2H, t, J = 7Hz), 2.91 (2H, t, J = 7Hz), 3.12
(2H, 4, J = 21.5Hz), 3.64 (3H, s), 3.68 (3H, s), 6.94 (1H, s),
7.15-7.25 (4H, m), 7.25-7.35 (2H, m), 7.41 (2H, d, J = 8Hz),
7.53 (1H, s), 8.11 (1H, broad s).
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(2E) -N-[4- (Dlethylphosphonomethyl)phenyl] —-3-[4-(4- fluorophenyl)—
4H-1,2,4-triazol-3-yl]lacrylamide
yield: 64%. Colorless prism crystals. melting point: 217-218°C

5 (recrystallized from acetone-isopropyl ether).

10

- 15

20

25

30

Example 66

(2E) -N- [4— (Dimethylphosphonomethyl) phenyl]-3—-[4-(4-

fluorophenyl) —-4H-1,2,4-triazol-3-yl]acrylamide

yield: 81%. Colorless prism crystals.

melting point:

decomposed at 250°C or above (recrystallized from methanol-

acetone).

NMR (DMSO-dg) &: 3.21 (2H, d, J = 21.5Hz), 3.57 (3H, s), 3.62 (3H,

s), 7.08 (1H, d, J = 15.5Hz), 7.2-7.4 (3H, m), 7.4-7.7 (6H, m),

8.90 (1H, s), 10.4

Example 67

N-[4- (Diethylphosphonomethyl)phenyl]-3-[4-
1,2,4-triazol-3-yl

6 (1H, broad s).

lpropionamide

yield: 77%. Pale-yellow solid.

NMR (CDC13) §&: 1.24

(6H, t, J = 7Hz),

3.0-3.1

(4-fluorophenyl) —4H-

(4H, m), 3.10 (2H,

d, J =21 Hz), 3.9-4.1 (4H, m), 7-.15-7.3 (4H, m), 7.3-7.4 (2H,

m), 7.48 (2H, d, J

Example 68

= 8.5Hz), 8.21 (1H, s), 8.8-9.0 (1H, m).

Nf[4—(Dimethylphosphonomethyl)phenyl]—3—[4—(4—fluorophenyl)-4H~

1,2,4-triazol-3-yl

lpropionamide

yield: 54%. Pale-yellow solid.

NMR (DMSO-dg) §: 3.0-3.1 (4H, m), 3.11 (2H, d,

(3", s), 3.67 (3H,
(26, d, J = 8.5Hz)
Example 69

J = 21.5Hz), 3.64

s), 7.15-7.3 (4H, m), 7.3-7.4 (2H, m), 7.48

, 8.20 (1H, s), 9.

22 (1H, broad s).

(2E) —-N-[4—~ (Diethylphosphonomethyl) phenyl] -3~ [5— (4~ fluorophenyl)—

1,2,3-thiadiazol—-4-

yl]acrylamlde

yield: 45%. Pale-yellow solid.

+NMR (CDC13) &: 1.30

4.05-4.2 (4H, m),

(6H, t, J = 7Hz)
7.15-7.3 (4H, m),
187

7.4-7.5

, 3.15 (2H, d, J = 21.5Hz),

(28, m), 7.5-7.6
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(2H, m), 7.65-7.75 (2H, m); 9.29 (1H, broad s).

Example 70

(2E) -N- [4— (Dimethylphosphonomethyl) phenyl]-3-[5-(4~-
fluorophenyl)-1,2,3-thiadiazol-4-yllacrylamide

yield: 54%. Pale-yellow crystals.

NMR (CDCls) §:.3.20 (2H, d, J = 22Hz), 3.71 (3H, s), 3.75 (3H, s),
7.2-7.3 (4H, m), 7.4-7.5 (3H,‘m), 7.58 (2H, d, J = 8.5Hz), 7.73
(1H, d, J = 15Hz), 8.06 (1H, broad s).

Example 71

’(2E)—N—[4—(Diethylphosphonomethyl)phenyl]—3—[4—(4—fluorophenyl)—

i,2,3—thiadiazol—5—yl]acrylamide
yield: 37%. Pale-yellow prism crystals. melting point: 173—
175°C (recrystallized from acetone-hexane) .
Example 72
(2E) -N— [4— (Dimethylphosphonomethyl) phenyl]-3-[4- (4~
fluorophenjl)—l,2,3—thiadiazol—5—yl]acrylamide
yield: 53%. Pale-yellow prism crystals. melting point: 196-
197°C (recrystallized from acetone-hexane) .
Example 73
(2E)-Nf[4—(Diethylphosphonomethyl)phenyl]—3-[5—(4;flugrophenyl)—
1-methyl-1H-pyrazol-4-yl]but-2-enamide
yvield: 65%. Pale-yellow crystals.
NMR (CDCl3) §: 1.23 (6H, t, J = 7Hz), 2.29 (3H, s), 3.10 (2H, d, J
= 21.5Hz), 3.70 (3H, s), 3.95-4.15 (4H, m), 5.78 (1H, s), 7.1;
7.4 (74, m), 7.4-7.5 (2H, m), 7.64 (1H, s).
Example 74
N~[4-(Diethylphosphonomethyl)phenyl]—B—[5—(4—fluorophenyl)—1—
methyl-1H-pyrazol-4-yllbutanamide ' ‘
yield: 68%. Colorless crystals.
NMR (CDC1s) §: 1.2-1.3 (9H, m), 2.4-2.6 (2H, m), 3.10 (2H, d, J =
21.5Hz), 3.15-3.25 (1H, m), 3.68 (3H, s), 3.95-4.1 (4H, m), 7.1-
7.2 (4H, m), 7.2-7.3 (2H, m), 7.34 (ZH’.d’ J = 8.5Hz), 7.48 (1H,
s), 7.5-7.6 (1H, m).
Example 75
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(22) -N-[4— (Diethylphosphonomethyl) phenyl]-3-[5-(4-
methoxyphenyl)—1—methyl—1H—pyrazol—4—yl]écrylamide.
yield: 76%. Colorlesé prism cryétals. melting point: 187-188°C
(recrystallized from ethyl acetate—hexahe).
Example 76
(2Z)—N—[4—(Dimethylphosphonomethyl)phenyl]-3—[5—(4—
methoxyphenyl) -1-methyl-1H~pyrazol-4-yl]acrylamide
yield: 76%. Colorless prism crystalé. melting point: 172-173°C
(recrystallized from ethyl acetate-hexane).
Example 77
(ZZ)—N—[4—(Diethylphosphonqmethyl)phenyl]—3f[5—(4—fluorophenyl)—
l-methyl-1H-pyrazol-4-yllacrylamide
yield: 68%. Colorless prism crystals. melting point: 208-209¢°C
(recrystallized from ethyl acetate-hexane).
Example 78
| In the similar manner as in Example 51, (2E)-3-[5-(4-
fluorophenyl)—l~methyl—1ﬁ—pyrazol—4—yl]—N—(4—{[(1-propyl—lH—
imidazol-5~-yl)methyl]thio}phenyl)acrylamide was produced.
yield: 65%. Pale-yellow amorphous form. .
NMR (CDCl3) §: 0.97 (3H, t, J = 7Hz), 1.8-1.9 (2H, m), 3.77 (3H,
s), 3.92 (2H, t, J = 7Hz), 3.97 (2H, s), 6.33 (1H, d, J =
15.5Hz), 6.67 (1H, s), 7.15-7.4 (7H, m), 7.4-7.45 (2H, m), 7.51
(1, d, J = 8.5Hz), 7.78 (1H, s), 7.95-8.05 (1H, m).
Example 79 ‘ ‘
A mixture of 2- (ethoxycarbonyloxy)—-3-[4-({ (2E)—-3—-[5-(4—-
fluorophenyl) -1-methyl-1H-pyrazol-4-yl]-2- l
propenoyl }amino) phenyl]propionamide (420 mg), 1,8-
diazabicyclo[5.4.0]-7-undecene (266 mg) and acetonitrile (10 ml)
was stirred at rooﬁ temperature for 1 hr. The reaéfion mixture
was concentrated and diluted with ethyl acetate. The mixture
was successively washed with a 1N aqueous hydrochloric acid
solution, water and saturated brine. The organic layer was
dried over anhydrous magnesium sulfate and concentrated to give
(2E) -N-{4~[ (2,4-dioxo-1,3-oxazolidin-5-yl) methyl]phenyl}-3—[5-
189
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(4-fluorophenyl)—1—methyl—lH—pyrazol—4—yl]acrylamide (293 mg,
77%) as coiorless crystals.

NMR (CDCl3) §: 2.95-3.2 (2H, m), 3.74 (3H, s), 5.15-5.25 (1lH, m),
6.52 (1H, d, J = 15.5Hz), 7.05-7.2 (3H, m), 7.35-7.6 (6H, m),
7.89 (1H, s), 10.04 (1H, s), 11.70 (1H, broad s).

Example 80
N—[4~(Diethylphosphonomethyl)phenyl]—3—(1,5—diphenyl—lH—pyrazpl—
4—yl)propionamide |

yield: 92%. Colorless prism crystals. melting point: '157-159°C
(recrystallized from ethyl acetate-hexane). |

Example 81

N-[4- (Ethoxycarbonylmethyl) phenyl]-3-(1,5-diphenyl-1H-pyrazol—-4-

- yl)propionamide

_yield: 92%. Colorless prism crystals. melting point: 143-144°C

(recrystallized from ethyl acetate-hexane).
Example 82
N—[4—(Methoxycarbonyl)phenyl]—3-(1,5—di§henyl—lH-pyrazol—4—
y1l) propionamide | '
yield: 97%. Colorless prism crystals. melting point: 196-197°C
(recrystallized from ethyl acetate—hexaﬁe).
Example 83

A mixture of N-[4- (ethoxycarbonylmethyl)phenyl]-3-(1,5-
diphenyl-1H-pyrazol-4-yl)propionamide (0.76 g), a 1IN aqueous
sodium hydroxide solution (5 ml) and ethanol (5 ml) was stirred
at 50°C for 3 hrs. The reéction mixture was poured into a 1IN
aqueous hydrochloric acid solution and the precipitated crystals
were collected by filtration, washed with water and dried to
give (4-{[3-(1,5-diphenyl-1H-pyrazol—-4—
Yl)propanoyl]amino}phenyl)acetic acid.
yield: 94%. Colorless prism crystals. melting point: 199-201°C
(recrystallized from ethyl acetate-hexane).
Example 84

In the similar manner as in Example 83, 4-{[3-(1,5-
diphenyl-1H-pyrazol-4—-yl) propanoyl]lamino}benzoic acid was
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produced.

yield: 93%. Colo?less prism crystals.‘ melting point: 254-
256°C (recrystallized from acetone-hexane).

Example 85 '

To a mixture of (2E)-3-[5-(4-fluorophenyl)-l-methyl-1H-
pyrazol-4-yllacrylic acid (0.50 g), N,N-dimethylformamide (0.05
mL) and tetrahydrofuran (15 mL) was added dropwise oxalyl
chloride (0.30 g) at room temperature. The reaction mixture was
stirred at room temperature for: 30 min. and concentrated. A
mixture of the obtained residue, 4—[(5-p£opyl—l,3,4—oxadia201—2—
yl)methyllaniline (0.48 g) and N,N-dimethylacetamide (20 mL) was
stirred at room temperature for 2 hrs. Water was poured into
the reaction mixture, and the mixture was extracted with ethyl
acetate. The organic layer was washed successively with 1IN
hydrochl@ric acid, saturated agqueous sodium hydrogen carbonaﬁe
and saturated brine, dried over anhydrous magnesium sulfate, and
concentrated to give (2E)-3-[5- (4-fluorophenyl)-l1-methyl-1H—-
pyrazol-4-y1]-N-{4-[ (5-propyl-1,3,4-oxadiazol-2- '
yl)methyl]lphenyl}acrylamide as colorless crystals (0.81 g, yield
91%). Recrystallization thereof from acetone-hexane gavé
colorless prism crystals. melting point:154-155°C.

In the similar manner as in Example 85, the compounds
described in Examples 86-108 were produced.

Example 86

| (2E) -3—-[5- (4—-Fluorophenyl) —1-methyl-1H-pyrazol—-4—yl]-N—-{4-
[(5—oxo—4,5—dihydro—l,3(4;oxadiazol—2—
yl)methyl]phenyl}acrylamide Was obtained as colorless crystals
(yield 83%). Recrystallization thereof from acetone-hexane gave
colorless prism crystéls. melting point:262-263°C.
Example 87 '

(2E) -3—-[5- (4—-Fluorophenyl) —1-methyl-1H-pyrazol—-4-yl]-N—[4—
(lH-tetrazol-5-ylmethyl) phenyllacrylamide was obtained as pale-
yellow crystals (yield 84%). Recrystallization thereof from
acetone-methanol gave pale—yellow prism crystals. melting
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point:252-253°C.
Example 88

(2E) -N—{4-[2- (5-Ethyl-1,3,4-oxadiazol-2-yl) ethyl]lphenyl}-
3-[5- (4-fluorophenyl) -1-methyl-1H-pyrazol-4-yllacrylamide was
obtained as colorless crystals (yield 93%). Recrystallization
thereof from ethyl acetate-hexane gave colorless prism crystals.
melting point:167-168°C.
Example 89 ‘

(2E)-3—[5f(4—Fluorophenyl)—l—methyl—lH—pyrazol—4-yl]—N—{44‘
[2-(1,3,4-oxadiazol-2-yl)ethyl]phenyl}acrylamide was obtained as
colorless crystals (yield 87%).' Recrystallization thereof from
ethyl acetate-hexane gave colorless prism crystals. melting
point:177-178°C.
Example 90

(2E) -N—-{4~[2—- (2-Ethyl-1,3-thiazol-4-yl) ethyl]phenyl}-3—-[5—-
(4-fluorophenyl) ~1-methyl-1H-pyrazol—-4-yllacrylamide was
obtained as colorless crystals (yield 74%). Recrystallization
thereof from ethyl acetate-hexane gave colorless prism crystals.
melting point:190-191°C.
Example 91

(2E)—3—[5—(4—Fluorophenyl)—l—methyl-lH—pyrazol—4—yl]~N—{47
[2-(1,3-thiazol-4~yl)ethyllphenyl}acrylamide was obtained as
colorless cryétals (yieid 65%). Recrystallization thereof from
ethyl acetate-hexane gave colorless prism crystals. melting
point:211-212°C.
Example 92

(2E) -3~ [5- (4-Fluorophenyl) —1-methyl-1H-pyrazol-4-yl]-N—-[4-
(1,3-thiazol-4-ylmethoxy)phenyl]acrylamide was obtained as pale-
yellow crystals (yield 91%). Recrystallization thereof from
acetone-hexane gave colorless prism crystals. melting o
point:171-172°C. '
Example 93

(2E) -N—{4-[ (2-Ethyl-1,3-thiazol-4-yl)methoxylphenyl}-3~[5-
(4—fluorophenyl) -1-methyl-1H-pyrazol-4-yl]acrylamide was
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obtained as colorless crystals (yield 97%). Recrystallization

thereof from ethyl acetate-hexane gave colorless prism crystals.

melting point:98-99°C.

Example 94
(2E) ~3—-[5— (4—Fluorophenyl) —1-methyl-1H-pyrazol-4—yl]-N-[4-
(1,3,4—oxadiazol—2—ylmethoxy)phenyl]acrylamide was obtained as

_colorless crystals (yield 76%). Recrystallization thereof from

ethyl acetate-hexane gave.colorless prism crystals. melting
point:154-155¢°C.
Example 95

(2E) —3-[5— (4—~Fluorophenyl) —1-methyl-1H-pyrazol-4-y1]-N-{4- |
[(4—methyl—1,3—oxazol—2—yl)methyl]phenyl}acrylaﬁide was obtained
as colorless crystals (yield 68%). Recrystallization thereof

from ethyl acetate-diisopropyl ether gave colorless prism

crystals. melting point:220-221°C.

Example 96 ‘
(2E)—3—[5—(4—Fluorophenyl)—l-methyl—1H—pyrazol—4—yl]—N—[4—
(pyridin—2-ylmethyl) phenyl]acrylamide was obtained as colorless
crystals (yield 87%). Recrystallization thereof from ethyl
acetate-hexane gave colorless prism crystals. melting
point:215-216°C. |
Example 97
(2E)—3—[5—(4—Fluorophenyl)—1—methyl—lH—pyrazol~4—yl]~N—{4—
[ (5-methyl-1,3,4-oxadiazol-2-yl)methoxy]phenyl}lacrylamide was
obtained as colorless crystals (yield 74%). Recrystallization
thereof from acetohe—hexane gave colorless prism crystals.
melting point:117-118°C.
Example 98
(2E)—N—{4—[(4—Ethyl—l,3—oxazol—2—yl)methyl]phenyl}—B—[5~
(4-fluorophenyl) —1-methyl-1H-pyrazol-4-yl]acrylamide was
obtained as colorless crystals (yield 88%). Recrystallization
thereof from ethyl acetate-hexane gave colorless prism crystals.
melting point:174-175¢°C,
Example 99
193
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(2E) -N—{4-[ (2-Ethyl-1,3-thiazol-4-yl)methyl]lphenyl}-3—-[5-
(4—fluorophenyl)jl—methyl—lH—pyrazol—4¥yl]acrylamide was
obtained as colorless crystals (yield 35%).

Recrystallization thereof from acetone-hexane gave colorless
prism crystals. melting point:178-179°C. |
Example 100

(2E) -3—-[5— (4-Fluorophenyl) ~1-methyl-1H-pyrazol-4-yl]-N-{4-
[(2—methyl—l,3—thiazol—4—yl)methyl]phenyl}acrylamide was
obtained as colorless crystals (yield 63%). Recrystallization
thereof from acetone-hexane gave colorless prism crystals.
melting point:192-193°C.

Example 101

(2E)—3—[5—(4—Fluorophenyl)~1—methyl—lH—pyrazol—4-yl]—N—{4—
[ (L-methyl-1H-tetrazol-5-yl)methyl]lphenyl}acrylamide was
obtained as colorless crystals (yield 32%). Recrystallization
thereof from acetone-hexaneé gave colorless prism crystals.
melting point:243-244°C.

Example 102 4

(2E)—3—[5—(4—Fluorophenyl)—l—methyl—lH—pyrazol—4—yl]—N—{4—
[(2~methyl—2H—tetrazol—5—yl)methyl]phenyl}acrylamide was
obtained as colorless crystals (yield 96%). Recrystallization
thereof from acetone-hexane gave colorless prism crystals.
melting point:159-161°C.

Example 103

(2E)—N—{4—[(l—Ethyl—lH—tetrazol—S—yl)methyl]phenyl}—3—[5—
(4—fluorophenyl) —1l-methyl-1H-pyrazol-4-yllacrylamide was
obtained as colorless crystals (yield 87%). Recrystallization
thereof from acetone—hexéne gave colorless prism crystals.
melting point:206-207°C. |
Example 104

(2E) -N-{4-[ (2-Ethyl-2H-tetrazol-5-yl)methyl]lphenyl}-3—-[5-
(4—fluorophenyl) —-1-methyl-1H-pyrazol-4-yl]lacrylamide was
obtained as colorless crystals (yield 61%). Recrystallization
thereof from acetone-hexane gave colorless prism crystals.
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melting point:187-188°C.
Example 105 |

" (2E) -3- [5- (4—Fluorophenyl) ~1-methyl-1H-pyrazol-4-yl]-N- (4-
neopentylphenyl) acrylamide was obtained as colorless crystals
(yield 27%). Recrystallization thereof from ethyl acetate-
hexane gave colorless prism crystals. melting point:150-151°C.
Example 106 -

(2E) -3—[5~ (4-Fluorophenyl) —~1-methyl~1H-pyrazol—-4-yl]-N- (2~
oxo-2,3-dihydro-1,3-benzoxazol-6-yl)acrylamide was obtained as
colorless crystals (yield 70%). Recrystallizéfion thereof from
tetrahydrofuran—-hexane gave colorless prism crystals. 'melting
point:>300°C.

Example 107

(2E)—N—[4—(l,3—Benzoxazol—2—ylmethyl)phenyl]QB—[5-(4—
fluorophenyl)—l-methyl—1H#pyrazol—4—yl]aérylamide was obtained
as colorless crystals (yield 50%). Recrystallization thereof
from acetone-hexane gave colorless prism crystals. melting
point:195-196°C.

Example 108
.(2E)—N—[4—(lH—Benzimidazol—z—ylmethyl)phenyl]—3—[5—(4—

fluorophenyl)—1—mefhyl—lH—pyrazol—4~y1]acrylamide was obtained

as colorless crystals (yield 56%). Recrystallization thereof

from N,N-dimethylformamide-water gave colorless prism crystals.

melting point:>300°C.

Example 109

A mixture of ethyl (4-amin6phenyl)acetate‘(0.88 g), (2E)-
3-[5- (4-fluorophenyl) —1-methyl-1H-pyrazol-4-yl]lacrylic acid (1.0
g), l-hydroxy-1H-1,2,3-benzotriazole hydrate (0.81 g), 1-ethyl-
3- (3-dimethylaminopropyl) carbodiimide hydrochloride (1.02 g) and
N,N—dimethylformamide (30 mL) was stirred at room temperature
for 15 hrs. Water was poured into the reaction mixture, and the
mixture was extracted with ethyl acetate. The organic layer was
washed successively with 1IN hydrochloric acid, saturated aqueous
sodium hydrogen carbonate and saturated brine, dried over
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anhydrous magnesium sulfate, and concentrated to give éthyl [4-
({ (2E) -3-[5~ (4~fluorophenyl) -1-methyl-1H-pyrazol-4—yl] prop-2-
enoyl}amino)phenyl]acetate as colorless crystals (1.49 g,'yield
89%) . Recrystallization thereof from ethyl acetate-hexane gave
colorless prism crystals. melting point:177-178°C.

In the similar manner as in Example 109, the compounds
described in Examples 110-124 were produced.
Example 110

(2E) -3-[5- (4-Fluorophenyl) ~1-methyl-1H-pyrazol-4-y1l]-N-{4—
[ (3-methyl-2,4-dioxo-1,3-thiazolidin-5-
yl)methyl]lphenyl}acrylamide was obtained as colorless crystals
(vield 65%). Recrystallization thereof from acetone-hexane gave
colorless prism crystals. melting point:228—229°C.
Example 111

(2E) -N-{4-[ (3-Ethyl-2,4-dioxo-1,3-thiazolidin-5~ .
yl)methyl]phenyl}—B-[S—(4—fluorophenyl)—1—methyl—1H—pyrazol—4—
yllacrylamide was obtained as colorless crystals (vield 40%).
Recrystallization thereof from acetone-hexane gave colorless
prism crystals. melting point:214-215°C.
Example 112

Diethyl 4-({ (2E) -3~ [5~ (4—-fluorophenyl) —-1H-pyrazol-4-
yllprop—2-enoyl}amino) benzylphosphonate was obtained as
colorless crystals (yield 50%). Recrystallization thereof from
ethyl acetate-hexane gave colorless priém crystals. melting

point:181-182°C.

Example 113

(2E)—N—{4—[2—(4—Ethyl—1,3—thiazol—2—yl)ethyl]phenyl}—B—[S—
(4-fluorophenyl) -1-methyl-1H-pyrazol-4-yl]acrylamide was
obtained as colorless crystals (yield 38%). Recrystallization
thereof from ethyl acetate-hexane gave colorless prism crystals.
melting point:200-201°C.

Example 114

(2E)—3—[5—(4—Fluorophenyl)—l—methyl—lH—pyrazol—4—yl]—N—[4—
(2-hydroxy-2-methylpropyl) phenyllacrylamide was obtained as
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colorless crystals (yield 89%). Recrystallization thereof from
ethyl acetaté—hexane‘gave colorless prism crystalst melting
boint:188;189°c.
Example 115
(2E)—N—[4-(2—Ethyl—2—hydroxybutyl)phenyl]—3—[5—(4—
fiuorophenyl)—1—methyl—lH—pyrazol—4—yl]acrylamide was obtained
as colorless crystals (yield 55%). Recrystallization thereof
from acetone-hexane gave colorless prism crystals. melting
point:150-151°C.
Example 116
(2E) -=3—-[5- (4—-Fluorophenyl) -1-methyl-1H-pyrazol—-4-yl]-N-{4-
[(5—methyl—1;é,4—oxadiazol—3—yl)methyl]phenyl}acrylamide was
obtained as pale-yellow crystals (yield 57%). Recrystallization
thereqf from acetone-hexane gave colorless prism crystals.
melting point:183-184°C.
Example 117
| (2E) =N— (4—{ [Acetyl (methyl) amino]methyl }phenyl) -3—-[5- (4~
fluorophenyl)—1—me£hyl—lH—pyrazol—4—yl]acrylamide was obtained
as colorless crystals (yield 58%). Recrystallization thereof
from acetone-hexane gave colorless prism crystals. melting
point:192-193°C.
Example 118 .
\ (2E) -N—{4—[ (5-Ethyl-1,2,4-oxadiazol-3-yl)methyl]phenyl}-3-
[5-(4—fluorophenyl)-1—methyl—1H—pyrazol—4—yl]acrylamide was

obtained as colorless crystals (yield 51%). Recrystallization

' thereof from acetone-hexane gave colorless prism crystals.

melting point:150-152°C.
Example 119

(2E) -3— [5— (4-Fluorophenyl) -1-methyl-1H-pyrazol-4-yl]-N-{4-
[(4—methyl—5—oxo—4,S—dihydro—l,3,4foxadiazol—2—

vyl)methyl]phenyl}acrylamide was obtained as colorless crystals

(vield 54%). Recrystallization thereof from acetone-hexane gave
éolorless prism crystals. melting point:200-201°C.
Example 120
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(2E) -N—{4-[ (4-Ethyl-5-oxo-4,5-dihydro-1,3,4—-oxadiazol-2-
yl)methyl]phenyl}—3—[5—(4—fluorophenyl)—l—methyl—lH—pyrazol—4—
yl]lacrylamide was obtained as colorless crystals (yield 73%).
Recrystallization thereof from acetone-hexane gave colorless
prism crystals. melting point:149-150°C.

Example 121 '

(2E) -3—-[5- (4~Fluorophenyl) —1-methyl-1H-pyrazol-4-yl]-N-[4-
(2—-oxopropyl)phenyllacrylamide was.obtained as colorless
crystals (yield 17%). Recrystallization thereof from acetone-—
hexane gave colorless prism crystals. melting point:186-187°C.
Example 122 |

(2E)-3—[5—(4—Fluorophenyl)—ljmethyl~1H—pyrazol—4;yl]—N—(3—
methyl—Z—oxo—Z,3-dihydro—1,3—benzoxaiol-6—yl)acrylamide was
obtained as colorless crystals (yield 56%). Recrystallization
thereof from tetrahydrofuran-hexane gave colorless prism
crystals. melting point:265-266°C.

Example 123

(2E)~N—{4—t(4,5—Dimethyl—1,3—thiazol—2—yl)methyl]phenyl}—

,3—{5—(4—fluorophenyl)—1—methyl—1H—pyrazol—4—yl}acrylamide was

obtained as colorless crystals (yield 56%) . Recrystallization
thereof from ethyl acetate-hexane gave colorless prism crystals.
melting point:210—2ll°c.
Exaﬁple 124

| (2E) -3—[5- (4-Fluorophenyl) —-1-methyl-1H-pyrazol-4-yl]-N—[4~-
(4,5,6,7—tetrahydro—l,3—benzbthiazol—2~
ylmethyl)phenyl]acrylamide was obtained as colorless crystals
(vield 73%). Recrystallization thereof from acetone-hexane gave .
colorless prism crystals. melting point:205-206°C. |
Example 125

4—Ethyl—2—(4—nit:obeniyl)—1,3—thiazole (0.50 g), 5%

palladium carbon (0.50 g) and tetrahydrofuran (30 mL) were
subjected to catalytic reduction under a hydrogen atmosphere at
atmospheric pressure. The catalyst was removed by filtration,
and the filtrate was concentrated. A mixture of the obtained
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residue, (2E)—3—t5—(4—fluo£ophenyl)—1—methyl—lH—pyrazol—4—
yllacrylic acid (0.49 g), l-hydroxy-1H-1,2,3-benzotriazole
hydrate (0.46 g), l-—ethyl-3-(3-dimethylaminopropyl)carbodiimide-
hydrochloride (0.58q) and N,N—dimethylformamide‘(10 mL) was
stirred at room temperature for 15 hrs. Water was poured into
the reaction mixfure, and the mixture was extracted with ethyl
acetate. The organic layer was washed successively with 0.1N
hydrpchlpric acid, saturated aqueoué sodium hydrogen carbonate
and saturaﬁed brine, dried over anhydrous magnesium sulfate and
concentrated. The residue was subjected to silica gel column
chromatography to give (2E)-N-{4-[(4-ethyl-1,3-thiazol-2-
yl)methyl]phenyl}—3—[5—(4—fluoropheny1)—1—methyl—lH—pyrazol—4—
yllacrylamide as colorless crystals (0.35 g, yield 39%) from a
fraction eluted with hexane—ethyl acetate (1:5, v/v).
Recrystallization thereof from acetone-hexane gave colorless
prism crystals. melting point:211-212°C.

In the similar manner ‘as in Example 125, the compounds
described in Examples,126—130 were produced.
Example 126

Ethyl 2-[4-({ (2E)~-3-[5- (4-fluorophenyl)-1-methyl-1H-
pyrazol—4—yl]prop—2~enoyl}amino)benzyl];1,3—thiazole—4—
carboxylate was obtained as colorless crystals (yield 23%).
Reérystallization thereof from ethyl'acetate—hexané gave
colorless prism crystals. melting point:189-190°C.
Example 127

(2E)-3—[5—(4—Fluo;ophenyl)—l—methyl—1H—pyrazol—4—yl]—N—{4—
[ (4-methyl-1,3-thiazol-2-yl)methyl]phenyl}acrylamide was
obtained as colorless crystals (yield 31%). Recrystallization
thereof from acetone-hexane gave colorless prism crystals.
melting point:217-218°C.
Example 128

(2E)—3—[5—(4—Fluorophenyl)—1—methyl—lH—pyrazol—4—yl]—N—{4—
[(1,3-thiazol-2-yl)methyl]lphenyllacrylamide was obtained as
colorless crystals (yield 22%). Recrystallization thereof from
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acetone-hexane gave colorless prism crystals. melting
point:209-210°C.
Example 129

(2E)-3- [5 (4- Fluorophenyl) —l-methyl- 1H—pyrazol 4-yl]-N-[4-
(1,3,4-oxadiazol~- Z—ylmethyl)phenyl]acrylamlde was obtalned as
colorless crystals (yield 63%). Recrystallization thereof from
acetone—hexaneygave colorless prism crystals. melting
point:223-224°C. '
Example 130

(2E)—3—[5—(4—Fluorophenyl)—l—methyl—lH—pyrazol—4—yl];N—{4—
[2-(1,3-thiazol-2-yl) ethyl]lphenyl}acrylamide was obtained as
colorless crystals (yield 24%). Recrystallization thereof from
ethyl acetate-hexane gave colorless prism crystals. melting
point:201-202°C.
Example 131

A mixture of ethyl 2—[4-({(2E)-3-[5- (4-fluorophenyl)-1-
methyl-1H-pyrazol-4-yl]prop-2-enoyl}amino)benzyl]-1,3-thiazole-
4—carboxylate (0.52’g), a 1IN aqueous sodium hydroxide solution
(2 mL), tetrahydrofuran (2 mL) and ethaﬁol (2 mL) was stirred at
50°C for 30 min. 1N Hydrochloric acid (2 mL) and water were
added to the reaction mixture and the precipitated crystalshwere
collected by filtration to give 2—[4—({(2E)—3-[5—(4—
fluorophenyl) -1-methyl-1H-pyrazol-4-yl]prop—2-
enoyl}amino) benzyl]-1,3—thiazole-4-carboxylic acid as colorless
crystals (0.41 g, yield 80%). Recrystallization thereof from
acetone-hexane gave colorless prism crystals. melting
point:226-227°C.
Example 132

A mixture of 2-[4-({(2E)-3-[5-(4-fluorophenyl)-l-methyl-
1H-pyrazol—-4-yl]prop-2-enoyllamino) benzyl]-1,3-thiazole—-4-
carboxylic acid (0.24 g), a l-hydroxy-1H-1,2,3-benzotriazole
ammonia complex (0.12 g), l-ethyl-3—-(3-
dimethylaminopropyl) carbodiimide hydrochloride (0.15 g) and N,N-
dimethylformamide (5 mL) was stirred at room temperature for 3
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days.  Water was poured into the reaction mixture, and the
mixture was extracted-with ethyl acetate. The organic layer was
washed succeséively with 0.1N hydroéhloric acid, saturated
aqueous sodium hydrogen carbonate and saturated brine, dried
over anhydrous magnesium sulfate, and concentrated to give 2-[4-
({(2E)—3—[5—(4—f1uorophenyl)41—methyl—1H—pyrazol—4—yl]prop—Zr
enoyl}amino)benzyl]—l,3—thiazole—4—cérboxamide as colorless
crystals (0.21 g, yield 88%). Recrystallization thereof from
acetone-hexane gave colorless prism crystals. melting
point:159-160°C. |
Example 133

A mixture of ethyl [4-({(2E)-3-[5-(4-fluorophenyl)-1-
methyl-1H-pyrazol-4—yl]prop—2-enoyl}amino) phenyl]acetate (1.33
g), a 1N aqueous sodium hydroxide solution (5 mL),
tetrahydrofuran (5 mL) and ethancl (5 mL) was stirred at room
temperature for i hr. 1N Hydrochloric acid (5 mL) and water

were added to the reaction mixture and the precipitated crystals

were collected by filtration to give [4-({(2E)-3-[5-(4-

fluorophenyl) -1-methyl-1H-pyrazol-4-yl]prop—2-
enoyl]amino}phenyl]acetic acid as colorless crystals (1.14 g,
yield 91%). Recrystallization thereof from acetone-hexane gave
colorless prism crystals. melting point:245-246°C.
Exémple 134 |

To a mixture of [4-({ (2E)-3-[5-(4-fluorophenyl)-l-methyl-
lH—pyrazolié—yl]prop—Z—enoyl}amino)phenyl]adetic acid (0.40 g),
4-methylmorpholine (0.14 g) and tetréhydrofuran (10 mL) was
added dropwiée a solution (5 mL) of isobutyl chlorocarbonate
(0.20 g) in tetrahydrofuran at 0°C. The reaction mixture was
stirred at 0°C for 1 ﬁr. and insoluble materials were filtered
off. The filtrate was added to a}mixture of hydrazine hydrate
(0.28 g) and tetrahydrofuran (10 mL) at 0°C. The reaction
mixture was stirred at 0°C for 1 hr. and saturated aqueous
ammonium chloride was added to the reaction mixture. The
precipitated crystals were filtered to give colorless crystals.
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A mixture of the obtained crystals, triéthyl orthopropionate
(0.58 g), methanesulfonic acid (0.02 g) and tetrahydrofuran (10
mL) was heated under reflux for 1 hr. The reaction mixture was
diluted with ethyl acetate, and the organic layer was washed
successively with saturated aqueous sodium hydrogen carbonate
and saturated brine, dried.over anhydrous magnesium sulfate and
concentrated. The obtained residue was subjected to silica gel
column chromatography to give (2E)-N-{4-[(5-ethyl-1,3,4-
oxadiazol-2-yl)methyllphenyl}-3—[5-(4-fluorophenyl)-1-methyl-I1H-
pyrazol-4-yllacrylamide as colorless crystalé (0.24 g, yield
51%) from a fraction eluted with ethyl acetate—méthanol (20:1,
v/v). Recrystallization thereof from acetone-hexane gave
colorless prism crystals. melting point:164-165°C.
Example 135 |

To a mixture of [4— ({(2E)-3-[5-(4-fluorophenyl)-l-methyl-
lH—pyrazol—4—yl]prop—Z—enoyl}amino)phenyl]acétic acid (5.5 g),
4-methylmorpholine (1.91 g) and tetrahydrofuran (100 mL) was
added dropwise a solution (10 mL) of isobutyl chiorocarbonate
(2.98 g) in tetrahydrofuran at 0°C. The reaction mixture was
stirred at room temperature for 1 hr. and insoluble méterials
were filtered off. The filtrate was added dropwise to a mixture
of hydrazine monohydrate (3.63 g) and tetrahydrofuran (30 mL) at
0°C. The reaction mixture was stirred at 0°C for 2 hrs. and
saturated aqueous sodium hydrogen carbonate was added. The
precipitated crystals were collected by filtration to give (2E)-
3—[5—(4—fluoroph¢nyl)-1—methyl—1H—pyrazol—4—yl]-N—[4—(2—
hydrazino—2-oxoethyl) phenyl]acrylamide as pale-yellow crystals‘
(4.97 g, yield 87%). Recrystallization thereof from N,N-
dimethylformamide-water gave colorless prism crystals. melting
point:273-274°C. ‘
Example 136

A mixture of (2E)-3-[5-(4-fluorophenyl)-1l-methyl-1H-
pyrazol—4-yl]-N-[4~- (2-hydrazino-2-oxoethyl)phenyl]acrylamide
(0.50 g), triethyl orthoacetate (6.63 g) , methanesulfonic acid
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(0.025 g), and tetrahydrofuran (10 mL) was heated under reflux
for 1 hr. The reaction mixture was diluted with ethyl acetate,
washed successively with saturated agueous sodium hydrogen
carbonate and saturated brine, dried over anhydrous magnesium
sulfate and concentrated. The residue was subjected to silica
gel column chromatography to give (ZE)—3—[5—(4—fluorophenyl)—1—
methyl-lH—pyrazol—4—yl]—N—{4—[(5—methyl—l,3,4—oxadiazol—2—
yl)methyllphenyl}acrylamide as pale-yellow érystals (0.25 g,
yvield 46%) from a fraction eluted with ethyl acetate-methanol
(100:0-20:1, v/v). Recrystallization thereof from ethyl
acetate—hexane gave pale-yellow prism crystals. melting
point:151-152¢°C.

Example 137 _

A mixture of tert—buﬁyl [4-({ (2E) -3~ [5- (4—-fluorophenyl) -1-
méthyl~1H—pyrazol-4—yl]prop42—enoyl}amino)benzyljcarbamate (2.0
g) and 4N hydrogenchloride in ethyl acetate (80 mL) was stirred
at 70°C for 15 hrs. The precipitated crystals were collected by

filtration and washed with ethyl acetate. A 1N aqueous sodium

' hydroxide solution (50 mL) was added to the obtained crystals

(0.30 g) and the mixture was extractéd with ethyl acetate-
tetrahydrofuran. The organic layer was washed with saturated
brine, dried over anhydrous magnesium sulfate, ‘and concentrated
to give (2E)-N-[4-(aminomethyl)phenyl]-3-[5-(4-fluorophenyl)-1—
methyl—lH—pyrazol—4—yl]écrylamide as colorless crystals (0.18
g) . Recrystallization thereof from ethyl acetate-hexane gave
colorless prism crystals. melting point:201-202°C.
Example 138

A mixturé of tert-butyl [4-({(2E)-3-[5-(4-fluorophenyl)-1-
methyl-1H-pyrazol-4-yl]prop-2-enoyl}amino) benzyl]carbamate (2.0
g) and 4N hydrogenchloride in ethyl acetate (80 mL) was stirred
at 70°C for i5 hrs. The precipitated crystals were collected by
filtration,Aand washed with ethyl acetate. Triethylamine (0.39
g) was added to a solution (10 mL) of the obtained crystals
(1.00 g) in N,N-dimethylacetamide at room temperature. The
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reaction mixture was stirred at room temperature for 30 min. and
propionyl chloride (0.27 g) was added. The reaction mixture was
further stirred at room temperature for 2.5 days. Water was
poured into the reaction mixture, and the mixture was extracted
with ethyl acetate-tetrahydrofuran. The organic layer was
washed successively with IN hydrochloric acid, saturated aqueous
sodium hydrogen carbonate and saturated brine, dried over
anhydrous magnesium sulfate, and concentrated to give (2E)-3-[5-
(4—fluorophenyl)—l—methyl—lH—pyrazol—4—yl]—N—{4—
[(propionylamino)methyl]phenyl}acrylamide as colorless crystals
(0.51 g). Recrystallization thereof from acetone—hexane gave |
colorless prism crystals. melting point:271-272°C.

In the similar manner as in Example 138, the compounds
described in Examples 139-142 were produced.
Example 139 .

(2E) =3—-[5- (4-Fluorophenyl) ~1-methyl-1H-pyrazol—-4~yl]-N-{4-
[ (isobutyrylamino)methyl]lphenyllacrylamide was obtained as
éolorless crystals. Recrystallization thereof from acetone-
hexane gave colorless priém crystals. melting point:258-259¢°C.
Example 140

(2E) -N—-{4-[ (Butyrylamino)methyl]phenyl}-3—-[5- (4~
fluorophenyl) -1-methyl-1H-pyrazol-4—-yl]acrylamide was obtained
as colorless crystals. Recrystallization thefeof from acetone-
hexane gave colorlesé prism crystals. melting point:259-260°C.
Example 141

(2E) =3—-[5- (4-Fluorophenyl) -1-methyl-1H-pyrazol-4-yl]-N- (4—
{[ (3-methylbutanoyl) amino]lmethyl}phenyl)acrylamide was obtained
as colorless crystals. Recrystallization thereof from acetone-
hexane gave colorless prism crystals. melting point:226-227°C.
Example 142

N—[4—({(2E)—3—[5~(4—Fluorophenyl)—1—methyl—lH—py£azol—4—
yl]prop—z—enoyl}aminé)benzyl]bénzamide was obtained as colorless
crystals. Recrystallization thereof from acetone-hexane gave
éolorless prism crystals. melting point:250-251°C.

204



WO 2004/039365 PCT/JP2003/013901

10

15

20

25

30

Example 143

A mixture of dimethylémine (2M tetrahydrofuran solution,
1.7 mL), [4-({(2E)-3-[5-(4-fluorophenyl)-l-methyl-lH-pyrazol-4-
yllprop-2-enoyllamino) phenyl]acetic acid (0.70 g),kl—hydfoxy—lH—
1,2,3-benzotriazole hydrate (0.35 g), l-ethyl-3-(3-

- dimethylaminopropyl) carbodiimide hydrochloride (0.44 g) and N,N-

dimethylformamide (20 mL) was stirred at room temperature for 15
hrs. . Water was poured into the reaction mixture, and the
mixture was extracted with ethyl acetate. The organic layer was
washed successively with 1N hydrochloric acid, saturated aqueous
sodium hydrogen carbonate and saturated brine, dried over
anhydroﬁs magnesium sulfate and concentrated. The residue was
subjected to silica gel column chromatographyAto give (2E)-N—-{4- -
[2- (dimethylamino) ~2—-oxoethyl]phenyl}-3-[5- (4-fluorophenyl) -1-
methyl-1H-pyrazol-4-yl]lacrylamide as colorless crysﬁals (0.36 g,
yield 49%) from a fraction eluted with ethyl acetate-methanol
(20:1, v/v). Recrystallization thereof from acetone—diisopropyl
ether gave colorless prism crystals. melting point:209-210°C.
Example 144 ‘

A mixture of diethylamine (0.17 g), [4-({(2E)-3-[5-(4-
fluorophenyl) —1-methyl-1H-pyrazol—-4-yl]prop-2-
enoyl}amino)phenyl]acetic acid (0.70 g), l-hydroxy-1H-1,2,3-
benzotriazole hydrate (0.35 g), l-ethyl-3-(3-
dimethylaminopropyl) carbodiimide hydrochloride (0.44 g) and N,N-.
dimethylformamide (20 mL) was stirred at room temperature for 15
hrs. Water was poured into the reaction mixture, and the
mixture was extracted with ethyl acetate. The organic layer was
washed successively with 1IN hydrochloric acid, saturated aqueous °
sodium hydrogen carbonate and satufated brine, dried over
anhydrous magnesium sulfate and concentrated. The residue was
subjected to silica gel column chromatography to give ((2E)-N-
{4-[2- (diethylamino) —2—oxoethyl]phenyl}-3—[5- (4—-fluorophenyl)-1-
methyl-1H-pyrazol-4-yllacrylamide as colorless crystals (0.48 g,
yield 62%) from a fraction eluted with ethyl acetate-methanol
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(20:1, v/v). Recrystallization thereof from acetone-hexane gave
colorless prism crystals. ~melting point:175-176°C.
Example 145 \

To a mixture of (2E)-3-[5-(4-fluorophenyl)-1l-methyl-1H—-
pyrazol-4-yllacrylic acid (35.0 g), acetonitrile (245 ij and
dimethylformamide (0.175 mL) was added thionyl chloride (11.4
mL) at 40-45°C and the mixture was stirred for 1 hr. Then

diethyl 4—amihobenzylphosphonate (36.3 g) was added at 5°C and

" diisopropylethylamine (61.9 mL) was further added dropwise. The

mixture was stirred at room temperatﬁre for 1 hr. A 1N agueous
sodium hydroxide solution (140 mL) was added to neutralize the
reaction mixture and water (472.5 mL) was further added. The
mixture was stirred at room .temperature for 1 hr. The
precipitated crystals were collected by filtration and washed
with 30% acetonitrile to give diethyl [4-({ (2E)-3-[5-(4-
fluorophenyl) -1-methyl-1H-pyrazol-4-yllprop—2—-
enoyl}amino)benzyl]phosphonate (61;5 g, yield 92%).

The obtained c&ystals were dissolved in 90% ethanol by
heating, warm water was added at 60-65°C, a seed crystal was
added with stirring and the mixture was cooled to room
temperaturé to give crystals. melting point: 208-209°C.

Example 146

A mixture of dimethyl 4-aminobenzylphosphonate (258 mg),
(2B) -3—-[5—(3—furyl) -1l-methyl-1H-pyrazol-4-yl]lacrylic acid (218
mg) , l-hydroxy-1H-1,2,3-benzotriazole hydrate (184 mg), l-ethyl-
3—- (3—-dimethylaminopropyl) carbodiimide hydrochloride (230 mg) and
N;N—dimethylformamide (8 mL) was stirred overnight at room
témperature. The reaction mixture was poured into a 0.5N
aqueous hydrochloric acid solution, and the mixture was
extracted with ethyl acetate. The ethyl acetate layer was
washed with saturated aqueous sodium hydrogen carbonate and then
with saturated brine, dried (MgSO;) and concentrated. The
obtained solid was recrystallized from ethyl acetate-hexane to
give dimethyl 4-{[(2E)-3-[5-(3-furyl)-l-methyl-1H-pyrazol-4-
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yl]prop—z—enoyl]amino}benzyiphosphonate (123 mg, yield 30%) as
colorless prism crystals. melting point: 176-177°C.

In the similar manner as in Example 146, the compounds
described in Examples 147-155 were produced.
Example 145
Diethyl 4-[{(2E)-3-[5-(3-furyl)-1-methyl-1H-pyrazol-4-yl]prop-2-
enoyl}amino]benzylphosphonate
yield: 37%. Colorless prism crystals. melting point:208-210°C
(recrystallized from ethyl acetate-hexane).
Example 148 -
Dimethyl 4-({(2E)-3—-[l-methyl-5-(2-thienyl)-1H-pyrazol-4-
yl]prop-Z—enoyl}amino)benzylphésphonate
yield: 24%. Colorless prism crystals. melting point:247-248°C
(recrystallized from ethyl acetate-hexane).
Example 149
Diethyl_[4—({(2E)—3—[l—methyl—5—(2¥thienyl)—1H—pyrazol—4—
yllprop—2—enoyl}amino)benzyl]lphosphonate
yield: 31%. Colorless prism crystals. melting point:262-263°C
(recrystallized from ethyl acetate-hexane).
Example 150
Diethyl 4-({(2E)-3-[l-methyl-5-(3-pyridinyl)-1H-pyrazol—-4-
yl]prop—z—enoyl}amino)benzylphosphonate
yield: 37%. Colorless prism crystals. melting point: 211-214°C
(recrystallized from ethanol-ethyl acetate).
Example 151 |
Diethyl 4—{[(2E)-3-(1,5-dimethyl-1H-pyrazol-4-yl)prop-2-
enoyl]amino}benzylphosphonate
yieldﬁ 29%. Colorless prism crystals. melting point:228-230°C
(recrystallized from ethyl acetate-hexane).
Example 152
Diethyl 4-{[ (2E) -3~ (1-methyl-1H-pyrazol-4-yl)prop—2—
enoyl]amino}benzylphosphonate
yield: 34%. Colorless prism crystals. melting point:201-202°C
(recrystallized from ethyl acetate-hexane).
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Example 153 .
(2E) -3— [5— (4—Fluorophenyl) —1-methyl-1H-pyrazol-4-yl]-N- [4-
(hydroxymethyl)phenyl]acrylamide |
yield: 74%. Colorless prism crystals. melting point:117-118°C
(recrystallized from ethyl acetate-isopropyl ether).
Example 154
Diethyl 4-[({(2E)-3-[5-(4-fluorophenyl)-1l-methyl-1H-pyrazol-4-
yllprop-2—-enoyl }amino) methyl]benzylphosphonate
yield: 74%. Amorphous form.
NMR (CDC13) §: 1.25 (6H, t, J=7.0 Hz), 3.11 (2H, d, J=21.6 Hz),
3.76 (3H, s), 3.93-4.08 (4H, m), 4.46-4.50 (2H, m), 5.96-6.02
(1H, m), 6.15 (1H, d, J=15.4 Hz), 7.15-7.36 (9H, m), 7.74 (1H,
s) .
Example 155 _
(2E) -N-{4—-[(2,4-Dioxo-1,3-thiazolidin-3-yl)methyl]lphenyl}-3—[5-
(4-fluorophenyl) -1-methyl-1H-pyrazol—-4-yl]lacrylamide
yield: 75%. Colorless prism crystals. melting point:245-247°C
(recrystallized from ethyl acetate-hexane).
Example 156

A mixture of (ZE)—3—[5—(4~fluorophenyl)—1—méthyl—1H—
pyrazol—4—yl]-N—[4—(hydroxymethyl)phenyljacrylamide (8.4 g),
thionyl chloridg'(2.59 mL) and tetrahydrofuran (70 mL) was
heated under reflux for 3 hrs. The reaction mixture was poured
into saturated aqueous sodium hydrogen carbonate, and the
mixture was extracted with ethyl acetate. The ethyl acetate
layer was washed with water and then saturated brine, dried
(MgS0,) and concentrated to give a solid (6.22 g). To a mixture
of 1,3-oxazolidine-2,4-dione (123.3 mg) and N,N-
diﬁethylformamide (5 mL) was added sodium hydride (60% in oil,
48.8 mg) and the mixture was stirred at room temperature for 30
min. The obtained.solid (300 mg) was added to the reaction
mixture and the mixture was further stirred overnight at room
temperature. Water was added to the reaction mixture, and the
mixture was extraéted with ethyl acetate. The organic layer was
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washed successively with 0.1N hydrochloric acid, water and
saturated brine, dried over anhydrous magnesium sulfate, and
concentrated. The residue was recrystallized from ethyl
acetate-hexane to give (2E)—N—{4—[(2,4—dioxo—1,3—oxazolidin—3—
yl)methyllphenyl}—-3-[5- (4-fluorophenyl) -1-methyl-1H-pyrazol-4-
yllacrylamide as yellow prism crystals (132 mg, yield 37%).
melting point:239-240°C.

In the similar manner as in Example 146, the compounds
described in Examples 157-158 were produced.
Example 157
(2E) -N-{4-[ (2,5-Dioxo-1-imidazolidinyl)methyl]phenyl}-3-[5- (4~
fluorophenyl) —1-methyl-1H-pyrazol-4-yl]acrylamide
yield: 53%. Yellow prism crystals. melting point:249-250°C
(récrystallized from ethyl acetate-hexane).
Example 158
(2E) -N—-{4~[ (2,6-Dioxo-l-piperidinyl)methyl]phenyl}-3—-[5-(4-
fluorophenyl) —~1-methyl-1H-pyrazol-4-yl]acrylamide
yield: 65%. Colorless prism crystals. melting point:218-220°C
(recrystaliized from ethyl acetate-hexane).
Example 159

A mixture of (2E)-3-[5-(4-fluorophenyl)-1l-methyl-1H-
pyrazol-4-yllacrylic acid (1.0 g), oxalyl chloride (618 mg),
tetrahydrofuran (60 mL) and N,N—dimethylformamidé (2 drops) was
stirred at room temperature for 2 hrs. The reaction mixture was
concentrated and diluted with N,N-dimethylacetamide (50 mL). 4-
(1H—Imidazol—l—ylmethyl)aniiine'(844 mg) was added and the
mixture was stirred overnight at robm temperature. Water was
poured into the‘reaction mixture, and the mixture was extracted
with ethyl acetate. The ethyl acetate layer was washed with
water, dried (MgSOs;) and concentrated. The obtained solid was
recrystallized from acetone-hexane to give (2E)-3-[5-(4-
fluorophenyl) -1-methyl-1H-pyrazol-4-yl]-N-[4~- (1H-imidazol-1-
ylmethyl)bhenyl]acrylamide as pale-yellow prism crystals (1.41
g, yield 86%). melting point:213-214°C.
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In the similar manner as in Example 146, the compounds
described in Examplgs 160-179 were préduced.
Example 160
(2E) -N- [4— (2-Amino-2-oxoethyl) phenyl]-3—[5- (4-fluorophenyl) -1-
methyl-1H-pyrazol-4-yllacrylamide
yield: 46%. Colorless prism crystals. melting point:253-255°C
(recrystallized from ethyl acetate-hexane).
Example 161
(2E) =3~ [5- (4~Fluorophenyl) -1-methyl-1H-pyrazol—-4-yl]-N-[4- (1H~-
pyrazol-l-ylmethyl)phenyl]acrylamide
yield: 86%. Colorless prism crystals. melting point:189-191°C
(recrystallized from acetone-hexane).
Example 162
(2E) -3—-[5- (4~-Fluorophenyl) —1-methyl-1H-pyrazol-4-y1]-N-{4-[ (2-
isopropyl-1H-imidazol-1-yl)methyl]phenyl}acrylamide
yield: 74%. (Colorless prism crystals. melting point:271-272°C
(recrystallized from acetone-hexane).
Example 163
(2E) —=3—[5- (4-Fluorophenyl) —1-methyl-1H-pyrazol—-4-yl]-N—-[4- (1H-
1,2,4-triazol-1-ylmethyl)phenyllacrylamide
yield: 90%. Colorless prism crystals. melting point:225-226°C
(recrystallized from acetone-hexane).
Example 164 ‘
Methyl 1—[4—({(ZE)f3—[5—(4—fluorophenyl)—1—methyl—1H—pyrazol—4—
yl]lprop—2-enoyl}amino)benzyl]-1H~1,2,4-triazole-5-carboxylate
yield: 87%. Colorless prism crystals. melting point:203F205°C
(recrystallized from acetone-hexane).
Example 165
(2E) -N— (4-Acetylphenyl) -3—[5- (4-fluorophenyl) ~1-methyl-1H~
pyrazol—-4-yllacrylamide
yield: 65%. Colorless prism crystals. melting point:204-205°C
(recrystallized from acetone—hexane).
Example 166
(2E)—N—[4—(Acetylamino)phenyl]—3—[5—(4—fluorophenyl)—l—methyl—
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1H-pyrazol—-4-yllacrylamide

yield: 87%. Colorless prism crystals. melting point:281-282°C
(recrystallized from acetone-hexane).

Example 167 |

(2E) -3-[5- (4—-Fluorophenyl) —~1-methyl-1H-pyrazol—-4-yl1]-N—[4-(2-
hydroxyethyl)phenyl]acrylamide

yield: 85%. Colorless prism crystals. melting point:198-200°C
(recrystallized from acetone-hexane).

Example 168

(2E) -3—[5~ (4—Fluorophenyl) -1-methyl-1H-pyrazol—-4-yl]-N—(4-
methylphenyl) acrylamide

yield: 85%. Colorless prism crystals. melting point:178-180°C

‘(recrystallized from acetone-hexane).

Example 169
(2E)—3—[5—(4—Flgorophenyl)—l—methyl—lH—pyrazol—4—yl]—N—[3—
(hydroxymethyl) phenyl]acrylamide ‘

yield: 42%. Colorless prism crystals. melting point:130-132°C
(recrystallized from acetone-hexane).

Example 170

tert-Butyl 4- ({ (2E)-3-[5-(4-fluorophenyl)-1-methyl-1H-pyrazol-4-

yl]lprop—2-enoyl}amino)benzylcarbamate
yield: 69%. Colorless prism crystals. melting point:222-223°C
(recrystallized from acetone-isopropyl ether). |
Example 171 |
(2E) -N—-{4—[ (4-Ethyl-1H-imidazol-1-yl)methyl]phenyl}-3-[5-(4-
fluorophenyl)—l—methyl—lH—pyrazol—4—yl]acrylamide
yield: 30%. Colorless prism crystals. melting point:224-226°C
(recrystallized from acetone-hexane).
Example 172
(2E) -N—{4~-[ (5,6-Dimethyl-1H-benzimidazol-1-yl)methyl]lphenyl}-3-
[5- (4—fluorophenyl) ~1-methyl-1H-pyrazol-4-yl]acrylamide
yield: 74%. Colorless prism crystals. me;ting point:279-280°C
(recrystallized from acetone-methanol).
Example 173
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(ZE)—3—[5—(4—Fiuorophenyl)—l—methyl—lH;pyrazol—4—yl]—N—{4—[(2—
methyl-1H-benzimidazol-1-yl)methyl]phenyl}acrylamide

yield; 58%: Colorless prism crystals. melting point:263-264°C
(recrystallized from acetone-methanol).

Example 174

(2E) =3—-[5~ (4—-Fluorophenyl) -1-methyl-1H-pyrazol-4-yl]-N-{4-
[hydroxy(pheﬁyl)methyl]phenyl}acrylamide

yield: 50%. Colorless prism crystals. melting point:192—195°c
(recrystallized from ethyl acetate).

Example 175

(2E) -N- (4-Benzylphenyl) -3-[5- (4~fluorophenyl) ~1-methyl-1H-
pyrézol—4-yl]acrylamide _

yield: 28%. Coloriess.prism crystals. melting point:226-227°C
(recfystallized from acetone-hexane).

Example 176 ‘
(ZE)—3f[5—(4—Fluorophenyl)—l—methyl—lH—pyrazol—4—yl]—N-[4—(1H—
indazol-1l-ylmethyl)phenyl]acrylamide

yield: 71%. Colorless prism crystals. melting point:146-148°C
(recrystallized from acetone-hexane).

Example 177
(2E)—N—[4—(11—1]—1,2,3—Benzotriazol—l—ylmethyl)phenyl];B—[S—(4:-~
fluorophenyl)—1-methyl-1H-pyrazol-4-yl]acrylamide

yield: 41%. Colorless prism crystals. melting point:226-227°C
(recrystallized from acetone-hexane).

Example 178

(2E) -3—-[5- (4~-Fluorophenyl) ~1-methyl-1H-pyrazol-4-yl]-N—-[4—- (2H-
indazol-2-ylmethyl)phenyl]acrylamide

yield: 53%. Colorless prism crystals. melting point:231-232°C
(reérystallized from acetone-hexane).

Example 179
(ZE)—N—[4—(2H—l,2,3—Benzotriazol—z—ylﬁethyl)phenyl]—B—[5—(4— ]
fluorophenyl)—i—methyl—1H—pyrazol—4—yl]acrylamide

yield: 50%. Colorless prism crystals. melting point:222-223°C
(recrystallized from acetone-hexane). |
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Example 180
A mixture of (2E)-3-[5-(4-fluorophenyl)-l-methyl-1H-
_pyrazol-4-yllacrylic acid (600 mg), oxalyl chloride (260 pl) ,
tetfahydrofuran (10 mL) and N,N-dimethylformamide (2 drops) was
5 stirred at ioom temperature for .3 hrs. The reactiop mixture was
concentrated and diluted with N,N-dimethylacetamide (10 mL). *
Etﬁyl 4—aminobenzoate (482 mg) was added and the mixture was
stirred at room temperature for 3 hrs. The reaction mixture was
poured into a 0.1N aqueous hydrochloric acid solution, and the
10 mixture was extracted with ethyl acetate.‘ The ethyl acetate
layer Wés washed with saturated aqueous sodium hydrogen
carbonate, and then with saturated brine, dried (MgSO;) and
concentrated. The obtained solid was recrystallized from
acetone—hexane to give ethyl 4—({(2E)—3—[5—(4—fluorophenyl)-i—
15 methyl-1H-pyrazol-4-yl]prop-2-enoyl}amino)benzoate (810 mg,
yield 84%) as colorless needle crystals. melting point: 202-
203°C.
In the similar manner as in Example 180, the compounds
described in Examples 181-206 were prodﬁced.
20" Example 181
(2E)—N—f4—(Aminosulfonyl)phenyl]—3—[5—(4—fluoro§henyl)—1—methyl—
1H-pyrazol-4-yllacrylamide
yield: 39%. Pale-yellow prism crystals. melting point:300-305°C
(decomposition) (recrystallized from acetone-isopropyl ether).
25 Example 182
(2E) =3—[5- (4—Fluorophenyl) —-1-methyl-1H-pyrazol-4-yl]-N—-(4-
hydroxyphenyl) acrylamide
yield: 65%. Colorless prism crystals. ‘melting point:259-260°C
(recrystallized from ethyl acetate-hexane).
30 Example 183
4—({ (2E) -3—-[5- (4-Fluorophenyl) —~1-methyl-1H-pyrazol-4-yl]prop—2-
enoyll}amino)benzamide |
yield: 76%. Colorless prism crystals. melting point:276-278°C

(recrystallized from acetone-hexane) .
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Example 184

(2E) —3-[5- (4-Fluorophenyl) -1-methyl-1H-pyrazol—-4-yl]-N—[2—
(hydroxymethyl) phenyl]acrylamide |

yield: 22%. Colorless prism crystals. melting point:119-120°C
(recrystallized from acetone-hexane).

Example 185
(ZE)—N—[4—(1H—Benzimidazol—l—Ylmethyl)phenyl]—3—[5—(4—
flﬁoropﬁenyl)fl-methyl—lH—pyrazol-4—yl]acrylamide

yield: 79%. Pale-yellow prism crystals. melting point:243-244°C
(recrystallized from acetone-hexane).

Example 186

(2E) =3-[5~- (4~-Fluorophenyl) -1-methyl-1H-pyrazol-4-y1l]-N-{4-[2-
(1H—pyraiol—1—yl)ethyl]phenyl}acrylamide

yield: 82%. Colorless prism crystals. melting point:205-206°C
(recrystallized from ethyl acetate—héxane).

Example 187

(2E) —=3-{5- (4~Fluorophenyl) -1-methyl-1H-pyrazol-4-yl}-N-{4-[2-

(lH—imidazol—l—yl)ethyl]phenyl}acfylamide

yield: 71%. Colorless.prism crystals. melting point:160-162°C

(recrystallized from ethyl acetate-hexane).

Example 188 |

Ethyl 4—{[4-({(2E)-3—-[5-(4-fluorophenyl)-1l-methyl-1H-pyrazol-4-

yl]lprop—2-enoyl}amino)benzyl]amino}-4—-oxobutanoate

yield: 57%. Colorless prism crystals. melting point:195-197°C

(recrystallized from acetone-hexane) .

Example 189

(2E) -N-{4-[ (Acetylamino)methyl]phenyl}-3-[5- (4-fluorophenyl) -1-

methyl-1H-pyrazol-4-yl]lacrylamide

yield: 62%. Colorless prism crystals. melting point:233-234°C

(recrystallized from acetone-hexane).

Example 190

(2E)—3j[5—(4—Fluorophenyl)—1—methyl—1H—pyrazol—4—yl]—N—{4—[(2—

methyl-1H-imidazol-1-yl)methyl]phenyl}acrylamide

yield: 63%. Colorless prism crystals. melting point:232-233°C
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(recrystallized from ethanol-hexane).

Example 191

‘(2E)—N—{4—[(2—Ethyl—1H—imidazol—1—yl)methyl]phenyl}—B—[5—(4—

fluorophenyl) ~1-methyl-1H-pyrazol-4-~yl]acrylamide
yield: 56%. Colorless prism crystals. melting point:237-238°C
(recrystallized from ethanol-hexane).
Example 192
(2E)—3—[5—(4—Fluorophenyl)—l—methyl—lH—pyrazol—4—yl]—N—[4—(4—
morpholinylmethyl) phenyl]acrylamide
yield: 75%. Colorless prism crystals. meltiﬁg point:202-203°C
(recrystallized from ethanol-hexane) . |
Example 193
(2E) -3—[5- (4-Fluorophenyl) -1-methyl-1H-pyrazol-4-yl]-N—-[4-(1—
pyrrolidinylmethyl)phenyl]acrylamide
yield: 25%. Colorless prism crystals. melting point:192-193°C
(recrystallized from.ethanol-hexane).
Example 194
(2E) —3—[5- (4-Fluorophenyl) -1-methyl-1H-pyrazol—-4—-y1l]-N—[4- (1H-
1,2,3-triazol-1-ylmethyl)phenyl]acrylamide
yield: 50%. Colorless prism crystals. melting point:252-253°C
(recrystallized from ethanol-hexane) .
Example 195
(2E) —-3—[5- (4-Fluorophenyl) ~1-methyl-1H-pyrazol—-4-yl]-N—-[4—(1H-
imidazol-1-yl)phenyl]acrylamide
yield: 10%. Colorless prism crystals. melting point:238-239°C
(recrystallized from ethanol-ethyl acetate).
Example 196 (
(2E)—3—[5—(4—Fluorophenyi)—l—methyl—lH—pyrazol—4—yl]—N—[4—(2H—
1,2,3-triazol-2-ylmethyl)phenyl]lacrylamide
yield: 74%. Colorleés prism crystals. melting poiht:l78—l79°c
(recrystallized from ethyl acetate-hexane).
Example 197 |
(2E) =3~ [5- (4-Fluorophenyl) —1-methyl~1H-pyrazol—-4-yl]-N—-[4- (1H~-
pyrazol-1l-yl)phenyl]acrylamide
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yield: 63%. Pale—yelléw prism crystals. melting point:200-201°C
(recrystallized from ethyl acetate-hexane).

Example 198

(2E) -3—-[5- (4—-Fluorophenyl) -1-methyl-1H-pyrazol-4-yl]-N-[4- (2H-
tetrazol-2-ylmethyl) phenyl]acrylamide '

yield: 83%. Pale-yellow prism crystals. melting point:210-211°C
(recrystallized from ethyl acetate-hexane).

Examble 199 |
(ZE)—3;[5-(4—Fluorophenyl)—1—methyl—lH—pyrazol~4—yl]—N—[4-(lH—
tetrazol-l-ylmethyl)phenyl]lacrylamide

yield: 78%. Colorless prism crystals. melting point:233-234°C

(recrystallized from ethyl acetate-hexane).

- Example 200

(2E) -3-[5— (4—-Fluorophenyl) -1-methyl-1H-pyrazol-4-yl]-N-(4-{[2-
(hﬁdroxymethyl)—1H—imidazol—1~yl]methyl}phenyl)acrylamide
yield: 38%. Colorless prism crystals. melting point:229-230°C
(recrystallized from acetone-hexane) .
Example 201 '
(2E) -3—-[5- (4-Fluorophenyl) -1-methyl-1H-pyrazol-4—-yl]-N—{4-[ (5-
methyl-1H-imidazol-1-yl)methyl]phenyl}acrylamide
yield: 50%. Colorless prism crystals. ‘melting point:260-261°C
(recrystallizéd from acetone-hexane) . '
Example 202
(2E) —3-[5- (4-Fluorophenyl) -1-methyl-1H-pyrazol-4-yl]-N-{4-[ (4~
methyl-1H-imidazol-1-yl)methyl]phenyl}acrylamide
yield: 57%. Colorless prism crystals. melting point:202-203°C
(recrystallized from acetone-hexane).
Example 203
(2E)—N—{4—[(l,l—Dioxide—4—thiomorbholinyl)methyl]phenyl}—3—[5—
(4—fluorophenyl) —-1-methyl-1H-pyrazol-4-yl]acrylamide
yield: 73%. Colorless prism crystals. melting point:237—238°d
(recrystallized from acetone-hexane).
Example 204
(2E) -3-[5- (4-Fluorophenyl) ~1-methyl-1H-pyrazol—-4-yl]-N—-[4-
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(methylthio) phenyl]lacrylamide

‘yield: 76%. Colorless prism crystals. melting point:164-165°C
(recrystallized from ethyl acetate-hexane).

Example 205

(2E) -N- (4-Benzoylphenyl) -3—-[5- (4-fluorophenyl) —1-methyl-1H~-

pyrazol—-4-yllacrylamide

" yield: 82%. Colorless prism crystals. melting point:110-112°C

(recrystallized from acetone-hexane).
Example 206
(2E) —3-[5- (4-Fluorophenyl) —-1-methyl-1H-pyrazol—-4-yl]-N—[4-
(phenylsulfonyl)phenyl]acrylamide
yield: 61%. Colorless prism crystals. melting point:169-172°C
(recrystallized from acetone-hexane).
Example 207

A'mixture of (2E)-3-[5-(4-fluorophenyl)-1-methyl-1H-
pyrazol-4-yl]-N-[4- (hydroxymethyl) phenyl]lacrylamide (8.4 g),
thionyl chloride (2.59 mL) and tetrahydrofuran (70 mi) was
heated under reflux for 3 hrs. The reaction mixture was poured
into saturated aqueous sodium hydrogen carbonate, and the
mixture was extracted with ethyl acetate. The ethyl acetate
layer was washed with water and then saturated brine, dried
- {MgS04) and concenfrated to give a solid (6.22 g). A mixture of
this solid (1.0 g), sodium thiomethoxide (0.57 g) and N,N-
dimethylformamide (10 mL) was stirred at 40°C for 14 hrs. The
reéction mixture was poured into a 0.1N aqueous hydrochloric
acid solution, and the mixture was extracted with ethyl acetate.
The ethyl acetate layer was washed with saturated aqueous sodium

hydrogen carbonate, and then with saturated brine, dried (MgSOs)

~and concentrated. The residue was subjected to silica gel

column chromatography to give (2E)-3-{l-methyl-5-[4-
(methylthio) phenyl]-1H-pyrazol—-4-yl}-N-{4-
[(methylthio)methyl]phenyl}acrylamide as crystals (650 mg) from
a fraction eluted with hexane-ethyl acetate (2:1-1:1, v/v).
Recrystallization thereof from acetone-hexane gave colorless
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prism crystals. melting point:145-146°C.
Example 208
A mixture of (2E)—3—[5—(4—fluorophenyl)—1—methyl—1H—

" pyrazol—-4-yl]-N-[4- (hydroxymethyl) phenyl]acrylamide (8.4 g),

thionyl chloride (2.59 mL) and tetrahydrofuran (70 mL) was
heated under reflux for 3 hrs. ' The reaction mixture was poured
into saturated aqueous sodium hydrogen carbonate, and the
mixture was extracted with ethyl acetate. The ethyl acetate
iayer was washed with water and then saturated brine, dfied
(MgS0O,;) and concentrated to give a solid (6.22 g). A mixture of
this solid (300 mg), sodium thiomethoxide (56.9 mg) and N,N-
dimethylformamide (10 mL) was stirred at room temperature for 30
min. The reaction mixture was poured into a 0.1N aqueous
hydrochloric acid solution, and the mixture was extracted with
ethyl acetate. The ethyl acetate layer was washed with
saturated aqueous sodium hydrogen carbonate, and tﬁen with
éaturated brine, dried (MgSOs) and concentrated. The residue was
subjected to silica gel column chromatography to give (2E)-3-[5-
(4-fluorophenyl) —-1l-methyl-1H-pyrazol—-4-yl]-N—{4-
[ (methylthio)methyllphenyl}acrylamide as crystals (125 mg) from
a fraction eluted wit hexane-ethyl acetate (1:1-0:1, v/v).
Recrystallization thereof from acetone-hexane ga&e,colorless
prism crystals. meltihg point:165-168°C.

In the similar manner as in Example 208, the compounds
described in Exampies 209-214 were produced.
Example 209
(2E) -3—[5- (4-Fluorophenyl)-1l-methyl-1H-pyrazol-4-yl1l]-N—-[4—-
(methoxymethyl) phenyl]acrylamide
Colorless prism crystals. melting point:170-171°C
(recrystallized from acetone-hexane).
Example 210
(2E)—N—{4—[(Ethylthio)methyl]phenyl}—3—[5—(4—fluorophenyl)—1—
methyl-1H-pyrazol-4-yl]acrylamide
Colorless prism crystals. melting point:157-158°C
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(recrystallized from ethyl acetate-hexane).
Example 211
(2E) —-N-{4~[ (tert-Butylthio)methyllphenyl}-3~[5- (4—-fluorophenyl) -
l—methyl—lH—pyrazbl—4—yl]adrylamide ‘
Colorless prism crystals. "melting point{166—168°c
(recrystallized from acetone-hexane) .
Example 212
(2E) —-3—[5- (4-Fluorophenyl) -1-methyl-1H-pyrazol—-4-y1]-N-{4-
[ (phenylthio)methyl]lphenyl}lacrylamide
Colorless prism crystals. melting point:197-198°C
(recrystallized from acetone-hexane).
Example 213 |
(2E)—3—[5—(4—Fluorophenyl)—l—methyl—lH—pyrazol—4—yl]—N—{4—[(1H—
1,2,3-triazol-4-ylthio)methyl]phenyl}lacrylamide
Colorless prism crystals. melting point:182-183°C
(recrystallized from acetone—hexane) .
Example 214
(2E)—3—[5—(4—Fluorophenyl)—l;methyl—lH—pyrazol—4—yl]—N—(4—{[(l—
methyl-1H-tetrazol-5-yl) thiolmethyl}phenyl)acrylamide
Colorless prism crystals. melting point:150-152°C
(recrystallized from acetone-hexane).
Example 215

A mixture of (2E)-3-[5-(4-fluorophenyl)-1-methyl-1H-
pyrazol—4—yl]—N—{4—[kmethylthio)methyl]phenyl}acrylamide (600
mg) , m—chloroperbenzoic acid (387 mg) and tetrahydrofuran (50
ml) was stirred at 0°C for 20 min. A saturated aqueous sodium
sulfite solution was added to the reaction mixture, and the
mixture was extracted with ethyl acetate. The ethyl acetate
layer was washed with saturated aqueous sodium hydrogen

carbonate, and then with saturated brine, dried fMgSO4) and

. concentrated. The obtained solid was recrystallized from

acetone-hexane to give (2E)-3-(5-(4-fluorophenyl)-1-methyl-1H-
pyrazol—4—yl)—N—(4—((methylsulfinyl)methyl)phenyl)acrylamide
(340 mg, yield 54%) as colorless prism crystals. melting point:
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240-241°C.

In'the similar manner as in Example 215, the compounds
described in Examples 216-221 were produced.
Example 216
(2E)—N—{4—[(Ethylsulfinyl)méthyl]phenyl}—B—[5—(4—fluoropﬁenyl)—
1-methyl-1H-pyrazol—-4-yllacrylamide
yield: 66%. Colorless prism'érystals. melting point:228-229°C
(recrystallized'from ethyl acetate-hexane).
Example 217
(2E) -3—[5- (4-Fluorophenyl) —1-methyl-1H-pyrazol—-4-yl]-N—-[4—
(methylsulfinyl)phenyl]acrylamide
yield: 62%. Colorless prism crystals. melting point:260-261°C
(recrystallizéd from acetone-hexane) .
Example 218
(2E) -N—{4-[ (tert-Butylsulfinyl)methyl]phenyl}-3-[5-(4—-
fluorophenyl)—-1l-methyl-1H-pyrazol-4-yllacrylamide '
yield: 33%. Colorless prism crystals. melting point:242-243°C
(recrystallized from acetone—hexane).
Example 219 |
(2E)—§—[5~(4—Fluorophenyl)—l—methyl—lH—pyrazol—4fyl]—N—{@—
[ (phenylsulfinyl)methyl]phenyl}acrylamide
yield: 47%. Colorless prism crystals. melting point:236-237°C
(recrystallized from acetone-methanol).
Example 220
(2E) -3—[5- (4—Fluorophenyl) -1-methyl~1H-pyrazol—4-yl]-N- (4—{[ (1-
methyl-1H-tetrazol-5-yl) sulfinyl]methyl}phenyl)acrylamide
yield: 66%. Colorless prism crystals. melting pqint:179—183°c
(recrystallized from acetone-hexane).
Example 221
(2E) -3—-[5- (4-Fluorophenyl) —1-methyl-1H-pyrazol-4-yl]-N—-{4-[ (1H-
1,2,3-triazol-4-ylsulfinyl)methyl]phenyl}acrylamide
yield: 54%. Colorless prism crystals. melting point:179-183°C
(recrystallized from acetone—hexane).
Example 222
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A mixture of (2E)-3-[5-(4-fluorophenyl)-1-methyl-1H-
pyrazol—4—yl]—N—{4—[(methylthio)methyl]phenyl}acrylamide (600
mg) , m—chloroperbenzoic acid (780 mg) and tetrahydrofuran (50
ﬁL) was stirred at 0°C for 20 min. A saturated aqueous sodium
sulfite solution was added to the reaction mixture, and the

mixture was further stirred for 10 min. and extracted with ethyl

"acetate. The ethyl acetate layer was washed with saturated

aqueous sodium hydrogen carbonate, and then with saturated
brine, dried (MgSO;) and concentrated. The obtained solid was
recrystallized from acetone-hexane to give (2E)-3-[5-(4-
fluorophenyl) —1-methyl-1H-pyrazol-4-y1]-N-{4-
[ (methylsulfonyl)methyl]phenyl}acrylamide (490 mg, yield 75%) as
colorless prism crystals. melting point: 251-252°C.

In the similar manner as in Example 222, the compounds
described in Examples 223-227 were produced.
E#ample 223
(2E)—Nf{4—[(Ethylsulfonyl)methyl]phenyl}—3—[5—(4—fluoroph¢nyl)—
1-methyl-1H-pyrazol-4-yllacrylamide '
yield: 64%. Colorless prism crystals. melting point:257-258°C
(recrystallizedlfrom ethyl acetate-hexane).
Example 224
(2E)—N—{4—[(tert—Butylsulfon?l)methyl]phenyl}—3—[5—(4—
fluorophenyl)—1—methyl—lH-pyrazol—4-yl]acrylamide
yield: 71%. Colorless prism crystals. melting point:260-261°C
(recrystallized from acetone—hexane); '
Example 225
(2E)—3—[5—(4—Fluorophenyl)—1—methyl—lH—pyrazol—4—yl]—N—{4-
[(phenylsulfonyl)methyl]phenyl}acrylamide
yield: 66%. Colorless prism crystals. melting point:223-224°C
(recrystallized from acetone-hexane).
Example 226
(2E) —-3- [5~ (4-Fluorophenyl) -1-methyl-1H-pyrazol-4-y1l]-N-(4-{[ (1~
methyl—lH—tetrazol—S—yl)sulfonyl]methyl}phenyl)acrylamide
yield: 21%. Colorless prism crystals. melting point:224-225°C
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(recrystallized from acetone—hexane).\
'Example 227 4

(2E) =3-[5- (4-Fluorophenyl) -1-methyl-1H-pyrazol-4-yl]-N-{4-[ (1H-
1,2,3—-triazol-4~ylsulfonyl)methyl]phenyllacrylamide

vield: 45%. Colorless piism crystals. melting point:204-206°C
(recrystallized from acetone—hexane).

Example 228

A mixture of diethyl {3-[(1,3-dioxo—-1,3-dihydro-2H-

isoindol-2~yl)methyl]jbenzyl }phosphonate (8.0 g), hydrazine
hydrate (4 mL) and methanol (100 mL) was heated under reflux for A
14 his. The reaction mixture was cooled and the precipitated
crystals were removed by filtration. The filtrate was
concentrated and a 1N aqueous sodium hydroxide solution (50 mL)
was added to the residﬁe. The mixture was extracted with ethyl
acetate. The ethyl acetate layer was washed with water and then
with saturated brine, dried (MgSO4) and concentrated td give a
colorless oil (2.0 g). A migéure of this oil (310 mg), (2E)-3-
[5~(4—fluorophenyl)—1—methyl—lH—pyrazol—4—yl]acrylic acid (246
mg) , l-hydroxy-1H-1,2,3-benzotriazole hydrate (184 mg), l-ethyl-
3—-(3—-dimethylaminopropyl) carbodiimide hydrochloride (230 mg) and
N,N-dimethylformamide (8 mL) was stirred overnight at room
temperature. The reaction mixture was poured into a 0.5N
aqueous hydrochloric acid solution, and thé mixture was
extracted with ethyl acetate. The ethyl acetate layer was
washed with saturated aqueous sodium hydrogen carbonate, and
then with saturated brine, dried (Mg$0,) and concentrated. The
residue was subjected to silica gel column chrqmatography to
give diethyl 3-[({(2E)-3-[5-(4-fluorophenyl)-1-methyl-1H-
pyrazol-4-yllprop-2—enoyllamino)methyl|benzylphosphonate (391
mg) as an amorphous forﬁ from a fraction eluted with hexane-
ethyl acetate (4:1-1:1, v/v).

NMR(CDCl13)§: 1.24 (6H, t, J=7.0 Hz), 3.12 (2H, 4, J=21.6 Hz),
3.76 (3H, s), 3.93-4.08 (4H, m), 4.27 (2H, d, J=5.8 Hz), 5.95-
6.10 (1H, m), 6.16 (1H, d, J=15.6 Hz), 7.15-7.37 (9H, m), 7.76
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(1H, s).

In the similar manner as in Example 228, the compound
described in Example 229 was ' produced.

Example 229 _

Diethyl 2-[ ({ (2E)-3-[5-(4-fluorophenyl)-1l-methyl-1H-
pyrazol—4—yl]prop—2—enoyl}amino)metﬁyl]benzylphosphonate was
obtained as an amorphous form (357 mg).

NMR (CDC13)§: 1.28 (6H,rt, J=7.0 Hz), 3.23 (2H, d, J=21.6 Hz),
3.74 (3H, s), 3.91-4.11 (4H, m), 4.52 (2H, d, J=5.4 Hz), 6.22
(1H, d, J=15.4 Hz), 7.14-7.42 (9H, m), 7.79 (1H, s), 7.89 (1lH,
brs) . ‘

In the similar manner as in Example 1, the compounds
described in Examples 230-231 were produced.

Example 230
3-[5-(4-Chlorophenyl)-1-methyl-1H-pyrazol—-4-yl]-N-[4-
(dimethylphosphonomethyl)phenyl]propiohamide

yield: 97%. Colorless crystals.

HPLC analysis: purity 99.6% (retention time: 3.389 min.)
MS (ESI+) :462 (M+H)

Example 231

Methyl 3—[4—({(2E)—3—[5—(4—fluorophenyl)—l—methyl—lH—pyrazol—4—
yl]prop-2—enoyl}amino) phenyl]-2-hydroxypropionate

yield 97%. Colorless crystals.

HPLC analysis: purity 80% (retention time: 3.385 min.)
MS (ESI+) :424 (M+H) '

Example 232

A mixture of methyl 3—[4—({(2E)—3—[5—(4—fluorophenyi)—l—
methyl—lH—pyrazol44—yl]prop—Z—enoyl}amino)phenyl]42—
hydroxypropionate (1.34 g), a 2N aqueous sodium hydroxide
solution (10 ml) and methanol (20 ml) was stirred at room
temperature for 1 hr. The reaction mixture was poured into a 1IN
aqueous hydrochloric acid solution (100 ml). The precipitated
solids were collected by filtration, washed with water and dried
to give 3—[4—({(2E)—3—[5—(4—fluorophenyl)—l—methyl—lH—pyrazol—4—
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yl]prop—z—enoyl}amino)phenyl]—2—hydtoxypropionic acid (800 mg,
62%) as colorless crystals.

HPLC analysis; purity 100% (retention time: 3.216 min.)

MS (EST+) : 410 (M+H) '

Example 233

A mixture of 3-[4-({(2E)-3-[5-(4-fluorophenyl)-1-methyl-
1H-pyrazol-4-yl]lprop-2-enoyl}amino) phenyl]-2-hydroxypropionic
acid (409 mg), ethyl chlorocarbonate (324 mg), triethylamine
(405 mg) and ethyl acetate (10 ml) was stirred at 0°C for 1 hr.
Conc. aqueous ammonia (10 ml) was added to the reaétion' mixture
and the mixture was stirred at room. temperature for 1 hr. The
reaction mixture was concentrated, and the precipitated solids
were collected by filtration, washed with water and dried to
give 2-(ethoxycarbonyloxy)-3-[4-({ (2E)-3—[5-(4-fluorophenyl)-1-
methyl‘lﬂ—pyrazol—é—yl]prop—z—enoyl}amino)phenyl]propionamide
(471 mg, 98%) as colorless crystals.

HPLC analysis: purity 94.7% (retention time: 3.398 min.)
MS (ESI+) :481 (M+H)
Example 234 ‘

A mixture of ethyl 4-({(2E)-3-[5- (4-fluorophenyl)-1-
methyl-1H-pyrazol-4-yl]prop—2-enoyl}amino)benzoate (510 mg), a
2N aqueous sodium hydroxide solution (1.29 mL) and ethanol (20
mL) was stirred at 50°C for 14 hrs. 1N Hydrochloric acid (2.6
mL) was added to the reaction mixture, and the mixturé was
extracted with ethyl acetate. The ethyl acétate layer was
washed with saturated agueous sodium hydrogen carbonate, and
then with saturated brine, dried (MgSO;) and concentrated. The
obtained solid was recrystallized from acetone-hexane to give 4-
({ (2E) =3-[5— (4—fluorophenyl) —1-methyl-1H-pyrazol—-4-yl]prop—2—
enoyl}amino)benzoic acid (390 mg, yield 82%) as colorless prism
crystals. melting point: 291-292°C.

Of the compounds obtained in the aforementioned Examples,
the compounds having different names are indicated in the
following by the different names.
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Example 1 ‘
Dimethyl [4-({ (2E) -3~[5- (4—fluorophenyl) —-1-methyl-1H-pyrazol-4-
yllprop—-2—enoyl}amino)benzyl]phosphonate |
Example 2

Diethyl [4—({ (2E) -3—[5- (4—-fluorophenyl) ~1-methyl~1H-pyrazol—-4-
yllprop—2-enoyl}amino)benzyl]phosphonate

Example 4

Dimethyl [4-({ (2E) —-3—-[5- (4—methoxyphenyl) ~1-methyl-1H-pyrazol—-4—
yl]prop-2-enoyl}amino) benzyl]phosphonate

Example 5

Diethyl [4-({(2E)-3-[5-(4-methoxyphenyl)-l-methyl-1H-pyrazol-4—
yl]lprop—2—-enoyl}amino)benzyl]phosphonate |

Example 6

Dimethyl [4—({(2E)—3—[5—(3—chlorophenyl)—1—méthyl—1H—pyrazol—4—
yllprop—2-enoyl}amino) benzyl]lphosphonate '
Example 7

Diethyl [4—({(2E)—3—[5—(3—chlorophenyl)—1~methyl—iH—pyrazol—4—

yllprop-2-enoyl}amino)benzyl]phosphonate

- Example 8

20

25

30

Dimethyl [4~({(2E)—3—[5—(4—chlorophenyl)—1—methyl—lH—py£azol—4—
yllprop—-2—-enoyl}amino) benzyl]phosphonate
Example 9
Diethyl [4—({(2E)—3—[5—(4—chlorophenyl)—1—methyl—1H—pyraz§l~4~
yl]lprop—2—enoyl}amino) benzyl]phosphonate
Example 10 ‘ h
Dimethyl (4-{[(2E)-3-(l-methyl-5-phenyl-1H-pyrazol—-4-yl)prop—-2-
enoyl]amino}benzyi)phosphonate .
Example 11
Diethyl (4-{[(2E)-3-(l-methyl-5-phenyl-1H-pyrazol-4-yl)prop—2-
enoyllamino}benzyl) phosphonate
Example 12
Dimethyl {4—[((2E)—3—{1—methyl~5—[4—(trifluoromethyl)phenyl];lH—
pyrazol-4-yllprop-2-enoyl) amino]benzyl }phosphonate
Example 13 ‘
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Diethyl {4-[((2E)-3-{l-methyl-5-[4- (trifluoromethyl)phenyl]-1H~-
pyrazol-4-yl}prop—-2-enoyl) amino]benzyl}phosphonate

Example 14

Dimethyl [4—({(2E)—3—[5—(2—fluorophenyl)fl—methyl—lH—pyrazol—4—
yl]prop—z-enoyl}émino)benzyl]phosphoﬁate

Example 15 ,

Diethyl [4-({(2E)-3-[5-(2-fluorophenyl)-l-methyl-l1H-pyrazol-4-
yl]lprop—2-enoyl}amine) benzyl]phosphonate

Example 16

Dimethyl [4-({(2E)-3—-[5-(4-bromophenyl)-l-methyl-1H-pyrazol-4-
yllprop—2-enoyl}amino)benzyl]phosphonate’ . ‘
Example 17

'Diethyl [4-({ (2E) =3-[5~ (4-bromophenyl) —1-methyl-1H-pyrazol-4-

yl]prop—z—enoyl}amino)benzyl]phosphonate

Example 18 A

Dimethyl [4—({(2E)—3—[1—methyl—5—(l—naphthyl)—1H—pyrazol—4—

yllprop—-2—-enoyl}amino)benzyl]phosphonate

Example 19 '

Diethyl [4-({(2E)-3-[l-methyl-5-(1-naphthyl)-1H-pyrazol-4-

yl]lprop-2—-enoyl}amino) benzyl]phosphonate

Example 20 |

Dimethyl [4—({ (2E) -3~ [5~ (3—fluorophenyl)~1-methyl-1H-pyrazol—-4-

yl]prop—-2-enoyl}amino)benzyl]phosphonate

Example’Zl

Diethyl [4-({(2E)-3-[5-(3-fluorophenyl)-1l-methyl-1H-pyrazol-4-

yl]lprop—2—-enoyl}amino)benzyllphosphonate

Example 22

Dimethyl [4-({(2E)-3-[l-methyl-5- (4-methylphenyl)-1H-pyrazol—-4-

yl]lprop-2—enoyl}amino) benzyl]phosphonate

Example 23

Diethyl [4-({(2E)-3-[l-methyl-5-(4-methylphenyl)-1H-pyrazol-4-

yl]prop-2-enoyl}amino) benzyl]phosphonate

Example 28 '

Diethyl [3-({(2E)-3-[5-(4-fluorophenyl)-1-methyl-1H-pyrazol—4-
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 yllprop—-2-enoyl}amino)benzyl]lphosphonate

Example 29
Diethyl [2-({(2E)-3-[5-(4-fluorophenyl)-1l-methyl-1H-pyrazol-4-
yl]prop—Z—enéyl)amino)benzyl]pﬁosphonate
Example 30 |
Dibutyl [4-({(2E)-3-[5-(4-fluorophenyl)-1l-methyl-1H-pyrazol-4-
yl]prop—Z—enoyl}aminojbenzyl]phosphonate
Example 31
Diethyl [4-({(2E)-3-[5-(4-fluorophenyl)-1l-methyl-1H-pyrazol-4-
yl]prop—2-enoyl}amino) phenyl]phosphonate o
Example 32 )
Diethyl {24[4—({(2E)—3—[5—(4—fluorophenyl)—1—methyl—lH—pyrazol-
4—yl]prop—2—enoyl}amino)phenyl]ethyl}phosphonate
Example 33
Diethyl [4-({(2E)-3-[5-(4-fluorophenyl)-1l-methyl-1H-pyrazol-4-
yllprop—2—-enoyl}amino) -3-methylbenzyl]phosphonate ‘
Example 34 ' o
Diethyl [4-({(2E)-3-[1l-benzyl-5-(4~fluorophenyl)-1H-pyrazol-4-
yllprop—2—enoyl}amino) benzyl]phosphonate
Example 35
Diethyl [4-({(2E)-3-[l-benzyl-3-(4-fluorophenyl)-1H-pyrazol-4-
yl]prop—2—-enoyl}amino)benzyl]phosphonate |
Example 36
Dimethyl [4-({(2E)-3-[l-ethyl-5-(4-fluorophenyl)-1H-pyrazol-4—-
yl]prop—z—enoyl}amino)benzyl]phosphonaté
Example 37 -
Diethyl [4-({(2E)-3-[l-ethyl-5-(4-fluorophenyl)-1H-pyrazol-4-
yl]prop—z—enoyl}amino)benzyl]phosphonate
Example 38 ‘ ;
Dimethyl [4-({(2E)-3—-[5-(4-fluorophenyl)-1,3-dimethyl-1H-
pyrazol—4-yl]prop-2-enoyl}amineo)benzyl]phosphonate
Example 39
Diethyl [4-({(2E)-3-[5-(4-fluorophenyl)-1,3-dimethyl-1H-pyrazol-
4—yl]prop—2—enoy;}amino)benzyl]phosphonate
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Example 40
Dimethyl {4-{[(2E)-3-(5~-cyclohexyl-l1-methyl-1H-pyrazol-4-
y1l) prop-2-enoyl]amino}benzyl}phosphonate
Example 41 *
5 Diethyl (4-{[(2E)-3-(5-cyclohexyl-l-methyl-1H-pyrazol-4-yl)prop-
2—enoyl]amino}benzyl) phosphonate
Example 42
Dimethyl [4-({(2E)-3—-[5-(2-furyl)-l-methyl-1H-pyrazol—-4-yl]prop-
2—enoyl}amino) benzyl]phosphonate A
10 Example 43
Diethyl [4-({(2E)-3-[5-(2-furyl)-l-methyl-1H-pyrazol—-4-yl]prop—
2—enoyl}amipd)benzyl]phosphonate
Example 45
Diethyl [{4-({(2E)-3—-[5-(4-fluorophenyl)-1l-methyl-l1H-pyrazol-4-
15 yl1]prop-2-enoyl}amino) phenyl} (methoxy)methyl]phosphonate
Example 46
Diethyl ([4—({(2E)~3—[5—(4—fiuoiophenyl)—l—methyl—lH—pyrazol—é—
yl]brop—z—enoyl}amino)phenyl](hydroxy)methyl}phosphonate
Example 48
20 0-Benzyl S—[4-({(2E)-3-[5-(4~fluorophenyl)-1-methyl-1H-pyrazol-
4-yl]lprop-2—enoyl}amino) phenyl] thiocarbonate
Example 54
Diethyl [4—({(2E)—3—[3—(4~fluorophenyl)—1~methyl—1H*pyrazol—4;
yl]lprop—-2-enoyl }amino) benzyl]phosphonate
25 Example 55
Diethyl [4-({(2E)-3-[4—-(4-fluorophenyl)-1l-methyl-1H-pyrazol-5-
yl]prop-2-enoyl }amino) benzyl]phosphonate
Example 56
Diethyl [4-({(2E)-3-[4-(4-fluorophenyl)-1-methyl-1H-pyrazol-3-
30 yl]prop-2-enoyl}amino)benzyl]lphosphonate
Example 57
Diethyl [4-({3-[5-(4-fluorophenyl)-l-methyl-1H-pyrazol-4-
yl]lpropanoyl}amino)benzyl]phosphonate
Example 58
228
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Dimethyl [4-({3—-[5-(4—fluorophenyl)-1-methyl-1H-pyrazol-4-
yl]propanbyl}amino)benzyl]phosphbnate

Example 59

Diethyl [4-({3-[5-(4-chlorophenyl)-1l-methyl-1H-pyrazol-4-
yl]propanoyl}amino)benzyl]phosphonate

Example 61 |

Diethyl [4-({(2E)-3—-[1-(4-fluorophenyl)-1H-imidazol-5-yl]prop-2-

enoyl}amino)benzyl]phosphonate

Example 62

Dimethyl [4-({ (2E)-3—-[1-(4-fluorophenyl)-1H-imidazol-5-yl]prop-

" 2—enoyl }amino) benzyl]phosphonate

Example 63

Diethyl [4-({3-[1-(4-fluorophenyl)-1H-imidazol-5-
yllpropanoyl }amino) benzyl]phosphonate

Example 64 .

Dimethyl [4—({34[1—(éffluorophenyl);1H—imidazol—5—
yl]propanoyl}amino)beniyl]phosphonate

Example 65

Diethyl [4—({(2E)—3;[4—(4—fluorophenyl)—4H—1,2,4~triazol—3—

yllprop-2-enoyl}amino) benzyl]phosphonate

‘Example 66

Dimethyl [4—({ (2E) -3—[4— (4—-fluorophenyl)-4H-1,2,4-triazol-3~-
yl]prop—Z—eno?l}amino)benzyl]phosphonate

Example 67 '

Diethyl [4-({3-[4-(4-fluorophenyl)-4H-1,2,4-triazol-3~
yllpropanoyl}amino) benzyl]phosphonate '

Example 68

Dimethyl [4-({3-[4- (4-fluorophenyl)-4H-1,2,4-triazol-3-
yl]propanoyl}amino) benzyl]phosphonate

Example 69

‘Diethyl [4—({(2E)—3—[5—(4—fluorophenyl)—i,2,3—thiadiazol—4—

yllprop—2-enoyl}amino) benzyl]phosphonate

Example 70

Dimethyl [4-({(2E)-3-[5-(4-fluorophenyl)-1,2,3—thiadiazol-4-
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yllprop—-2—-enoyl}amino) benzyl]phosphonate

Example 71

Diethyl [4—({(2E)—3;[4—(4;fluorophenyl)—1,2,3—thiadiazol—5—
yl]prop-z—enoyl}amino)bénzyl]phosphonate

Example 72

Dimethyl [4—({(2E)—3—[4—(4—fluorophényl)—1,2,3—thiadiazol—5—

yllprop-2—enoyl}amino) benzyl]phosphonate

’Example 73

Diethyl [4—({(2E)—3-[5—(4—fluorophenyl)—1—methyl—lH—pyrééol—4—
yl]but-2-enoyl}amino) benzyl]phosphonate
Example 74 A
Diethyl [4—({3—[5—(4—fluorophenyl)—1—méthyl—lH—pyrazol—4—
yllbutanoyl}amino)benzyl]phosphonate
Example 75
Diethyl [4-({(22)-3-[5-(4-methoxyphenyl)-1l-methyl-1H-pyrazol-4-
yl]prop—2—enoyl}amino) benzyl]phosphonate
Example 76
Dimethyl [4-({(2Z)-3—-[5- (4-methoxyphenyl)-1-methyl-1H-pyrazol-4-
yl]lprop-2-enoyl}amino)benzyl]phosphonate
Example 77
Diethyl [4-({(22)-3-[5- (4-fluorophenyl) -1-methyl-1H-pyrazol-4—
yl]lprop-2—enoyl}amino)benzyl]phosphonate
Example 80
Diethyl [4—-{[3-(l,5-diphenyl-1H-pyrazol—-4—
v1l) propanoyl]amino}benzyl]phosphonate
Example 81
Ethyl (4-{[3-(1,5-diphenyl-1H-pyrazol—-4-
yl)propanoyl]amino}phenyl)acetate
Example 82 '
Methyl 4—-{[3-(1,5-diphenyl-1H-pyrazol—-4—
yl)propanoyl]amino}benzoate
Experimentai Example 1

Using rat C6 glioma cells, the GDNF production promoting
action of the compound of the present invention was evaluated.
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Rat C6 glioma cells (ATCC) were grown in Dulbecco’s
Modified Eagle’'s Medium (DMEM) contaihing 10% FBS (Fetal Bovine
Serum) in a collagen type 1 coated 75 cm? culture flask (SUMITOMO
BAKELITE Co., Ltd.) until near confluent, detached by trypsin
treatment and washed once with DMEM containing 10% FBS.

The ceils after washing were diluted with 10% FBS-
containing DMEM to a concentration of\5x104/mL and seeded at 0.3
mL/well in each well of collagen type 1 coated 48 well culture
dish (SUMITOMO BAKELITE Co., Ltd.). After 3 days, the culture
in the culture dish was placed in a 1% BSA (bovine serum
albumin, Sigma)-containing DMEM medium supplemented with various
concentrations of test compound, and further cultured for 2
days. The culture supernatant was recovered and preserved at -
80°C until measurement of GDNF. .

The content of GDNF in the culture supernatant was
measured by the following ELISA Method.

Anti-GDNF antibody (MAB212, R&D) was diluted with TBS
(Tris buffered physioclogical saline: 25 mmol/L Tris-HCl (pH
8.0), 150 mmol/L NaCl) to 2 pg/mL and dispensed ét 0.1 mL/well

to each well of a 96-well immunoplate. The 96-well immunoplate

was incubated overnight at 4°C and washed once with TBS
containing Tween 20 at 0.05% (hereinafter to be abbreviated as
TBST). A blocking solution (TBS containing 1% BSA and 5%
sucrose) was added at 0.2 mL/well to each well after washing,
and the plate was incubated at room temperature for 1 hr., after
which each well was washed twice with TBST. The culture
supernatant (0.1 mL) of the aforementioned C6 cells was added to
each well after washing and the plate was incubated at room
temperature for 3 hrs., after which the wells were washed 5
times with TBST. The 500-fold diluted‘anti—GDNF antibody
(62791, Promega) was added by 0.1 mL to each well after washing,
incubated at room temperature for 2 hrs. and washed 5 times with
TBST. A 5000-fold diluted horseradish peroxidase—labeled anti-
chicken IgY antibody (G1351, Promega) was added at 0.1 mL/well
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to each well after'washing, incubated at room temperature for 2
hrs. and washed 5 times with TBST. A substrate solution (TMB
substrate solution, BIO-RAD) was added at 0.1 mL/well to each
well after washing and allowed to develop color at room
temperature for 8 min. To stop the reaction, 0.1 mL of 1 mol/L
phosphoric acid was added to'each well in coloring developing
reaction. The absorbance of the reaction solution at 450 nm
wavelength was measured.

In the same manner as above except the test compound was
not used, the ELISA Method was performed and this was used aé a
control group. | A

Using various concentrations of GDNF (Promega), ELISA
Method was performed in the same manner as above and standard
line was prepared.

From the aforementioned absorbénce and standard line, GDNF
content in a sample was calculated and the concentration (ECs),
which causes 50% increase of GDNF relative to the control group
was calculated from the regression line. The results are shown

in Table 1.

[Table 1]

Example number ECsy value (ymol/L)

1 0.
2

5

9

11
27
49
50
60
61
71

0O = O O O = O O N = O
N Y N ¢ o B A W © 2 I N © S & ) B > B R » O

91

S
[\e]
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110 0.31
121 0.18
140 0.22
147 0.46
149 0.51
159 0.12
161 0.13
163 0.19

185 0.3

190 0.59

192 0.54
193 0.16
195 0.12
222 0.12
223 0.036

As shown in Table 1, the compound of the present invention
has GDNF production promoting action.
Experimental Example 2

Using PCl2 cells, the neuroprotective action of the
compound of the present invention was evaluated.

PCl2 cells were precultured for one day in a DMEM |
(Dulbecco’s Modified Eagle’s Medium) culture solution containing
10% FCS (Fetal Calf Serum) in an incubator at 37°C, 5% CO;, and
seeded at 5x103/well in a 24 well plate (Falcon) in the same
medium. After the cells adhered to the bottom surface, the
culture was changed to a DMEM culture solution containing 0.5%
FCS and 2 ng/mL of NGF (Wako Pure Chemical Industries, Litd.).
After culturing overnight, the test compound was added at a
concentration of 0.3-3.0 pmol/L and the cells were cultured for
two more days. Gultalaldehyde was added to the cultured to a
final concentration of 2% and the cells Were fixed for 1 hr.,
after which stained with a Diff-Quick (International Reagents
Corporation). The cells were washed, dried with air and
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observed under a.microscope.

As a result, the cells treated with the compounds of Example 2,
Example 49, Example‘60, Example 110, Example 149, Example 159,
Example 161, Example 185, Example 192, Example 222 and Example
223 showed pfémoted formation of neurite netwo;k, which
demonstrated that these compounds have a neuroprotective action.

Formulation Example 1 (production of capsule)

1) compound of Example 1 30’mg
2) cellulose fine powder 10 mg
3) lactose 19 mg
4) magnesium stearate 1 mg
total 60 mg

1), 2), 3) and 4) were mixed and filled in gelatin
capsules.

Formulation Example 2 (production of tablet)

1) compound of Example 1 30 g
2) lactose 50 g
3) corn starch 15 g

4) carboxymethylcellulose calcium 44 g

5) magneéium stearate 1l g

1000 tablets total 140 g

The total amount of 1), 2) and 3) and 30 g of 4) were
kneaded with water and, after drying in vacuo, granulated. The
granules were mixed with 14 g of 4) and 1 g of 5) and punched
with a tableting machine. In this way, 1000 tablets containing
30 mg of the compound of Example 1 per tablet are obtained.

Industrial Applicability

The compound of the present invention has superior
neurotrophic factor production or secretion promoting action aﬁd
is useful for the prophylaxis or treatment of neuropathy and the

like.

This application is based on a patent application No.
2002-320153 filed in Japan, the contents of which are all hereby
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incorporated by reference.
The references cited herein, including pateﬁts and patent
applications, are hereby incorporated in their entireties by

reference, to the extent that they have been disclosed herein.
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Claims
1. An agent for preventing or treating neuropathy, which

comprises a compound represented by the formula:

A ¢c—x—z7—Y—R ()

wherein

ring A is a 5-membered aromatic hetérocycle containing 2 or more
nitrogen atoms, which may further have substituent(s);

B is an optionally substituted hydrocarbon groﬁp or an
optionally substituted heferocyclicAgroup;

X is a divalent acyclic hydrocarbon group;
is -0-, -S-, -NR’-, —CONR’- or -NR?CO- (R’ is a hydrogen
atom of an optionally substituted alkyl group);

Y is a bond or a divalent aéyclic hydrocafbon group; and

is an optionally substituted cyclic group, an optionally

substituted amino group or an optionally substituted acyl

group, '

provided that when the 5—membered aromatic heterocycle

| represented by ring A is imidazole, then Z should not be

-0-,

or a salt thereof.

2. The agent of claim 1, wherein the 5-membered aromatic
heterocycle represented by ring A is a pyrazole, oxadiazole,

thiadiazole, triazole or tetrazole ring.
3. The agent of claim 1, wherein the optionally substituted

cyclic group represented by R' is a group represented by the

formula:
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D y'——R?*

wherein D is a ring optionally further haviné substi‘t:uents{Y1 is
a bond or a divalent acyclic hydrocatbon group; R® is a group of
the formula: —SO.R*!, -SOR! or -PO;R‘R® wherein R®! and R’ are the
same or different and each is a hydrogen atom, a hydrocarbon

group or a heterocyclic group, and R* and R® may form a

,heterocycle together with the adjacent oxo-substituted

phosphorus atom and two 6xygen atoms, or an optionally

substituted heterocyclic group.

4. An agent for promoting production or secretion of a

neurotrophic factor, which comprises a compound of the formula

B

A ¢—X—2Z —Y—R ()

wherein

ring A is a 5-membered aromatic heterocycle containing 2 or more
nitrogen atoms, which may further have substituent(s);

B is an optionally substituted hydrocarbon group or an

optionally substituted heterocyclic gfoup;

X is a divalent acyclic hydrocarbon group;

4 is -0-, —-S—, -NR’>-, —CONR*~ or -NR’CO- (R? is a hydrogen
atom or an optionally substituted alkyl group);
is a bond or a divalent acyclic hydrocarbon group; and

R is an optionally substituted cyclic group, an optionally
substituted amino group or an optionally substituted acyl

group,

provided that when the 5-membered aromatic heterocycle
represented by ring A is imidazole, then Z should not be

_O_ ’
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or a salt thereof.

5. The agent of claim 4, wherein the 5-membered aromatic
heterocycle represented by ring A is a pyrazole, oxadiazole,

thiadiazole, triazole or tetrazole ring.

6. An agent for ameliorating pain comprising a compound

represented by the formula:
B

A ¢—x—7z—vy—R ()

wherein

ring A is a 5-membered aromatic heterocycle containing 2 or more

nitrogen atoms, which may further have substituent(s);
B is an optionally substituted hydrocarbon group or an
optionally substituted heterocyclic group;
X is a divalent acyclic hydrocarbon group;
is -0-, -S—-, -NR?’-, -CONR?*- or -NR’CO- (R? is a hydrogen
atom or an optionally substitﬁted alkyl group) ;

is a bond or a divalent acyclic hydrocarbon group; and

substituted amino group or an optionally substituted acyl

group,

provided that when the 5-membered aromatic heterocycle

represented by ring A is imidazole, then Z should not be

—0— ’

or a salt thereof.

7. The agent of claim 6, wherein the 5-membered aromatic
heterocycle represented by ring A is a pyrazole, oxadiazole,

thiadiazole, triazole or tetrazole ring.
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8. A neuroprotective agent comprising a compound represented by

the formula:

B

A o—x—7 —y—R' (1)

wherein

ring A is a 5-membered aromatic heterocycle containing 2 or more
nitrogen atoms, which may further have‘substituent(s);

B is an optionally substituted hydrocarbon group or an
optionally substituted heterocyclic group; A

X is a divalent acyclic hydrocarbon group;
is -O0-, -S-, —NP?—, —CONR?—Ior -NR’CO- (R? is a hydrogen
atom or an optionally substituted alkyl group);
is a bond or a divalent acyclic hydrocarbon group; and

R! is an optionally substituted cyclic group, an optionally
substituted amino groﬁp or an optionally substituted acyl
group,

provided that when the 5-membered aromatic heterocycle
represented by ring A is imidazole, then Z should not be

00— ’

or a salt thereof.

9. A compound represented by the formula
B
A ¢c—x—z—Y @ e L
wherein

ring A is a 5-membered aromatic heterocycle containing 2 or more

nitrogen atoms, which may further have substituent(s);
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B "is. an optionally substituted hydrpcarbon group Or an
optionally substituted heterocyclic group;’
X is a divalent acyclic hydrocarbon group;
is -0-, -S-, -NR?’-~, -CONR?*- or -NR?’CO- (R®* is a hydrogen
atom or an optionally substituted alkyl éroup);
Y and Y' are the same or different and each is a bond or a
divalent acyclic hydrocarbon group; and
D is a ring optionally further having substituent(s);
R? is an optionally sﬁbstituted acyl group or an optionally
substituted heterocyclic group,
provided that when the 5-membered aromatic heterocycle
represented by ring A is imidazole, then Z should not be

-0-,
and provided that when the 5-membered aromatic heterocycle-
represented by'ring A is pyrazole, X is methylene, Z is -S- and
Y is a bond, then the ring represented by D should not be

oxadiazole,

or a salt thereof.
10. The compound of claim 9, wherein the 5-membered aromatic
heterocycle represented by ring A is a pyrazole, oxadiazole,

thiadiazole, triazole or tetrazole ring.

11. The compound of claim 9, wherein the optionally substituted

_acyl group represented by R’ is a group of the formula: -SOR*, -

SOR! or -POs;R°R® wherein R® and R® are the same or different and
each is a hydrogen atom, a hydrocarbon group or a heterocyclic
group, and R* and R® may form a heterocycle together with the

adjacent oxo-substituted phosphorus atom and two oxygen atoms.

12. The compound of claim 9, wherein the 5-membered aromatic

heterocycle represented by ring A is a pyrazole ring.
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13. The compound of claim 9, wherein B is an optionally
substituted aromatic hydrocarbon group or an optionally

substituted aromatic heterocyclic group.

14. The compound of claim 9, wherein X is a divalent Ci-s

aliphatic hydrocarbon group.

15. The compound of claim 9, wherein Z is —CONR?>- (R? is a

hydrogen atom or an optionally substituted alkyl group).

16. The compound of claim 9, wherein Y is a bond or a Ci

alkylene.

17. The compound of claim 9, wherein Y' is a bond or a Cig

alkylene.

18. The compound of claim 9, wherein the ring represented by D

is a Cg-14 aromatic hydrocarbon ring.

19. The compound of claim 9, which’is diethyl [4-({(2E)-3—-[5-(4-
fluorophenyl) —1-methyl-1H-pyrazol-4-yl]lprop—2-
enoyl}amino)benzyl]phosphonate; |

(2E) -N—{4-[ (2,4-dioxo-1,3-thiazolidin-5-yl)methyl]lphenyl}-3-[5-
(4-fluorophenyl) —1-methyl-1H-pyrazol-4-yl]acrylamide;
(2E)—3—[5—(4;fluorophenyl)—1—methyl—1H—pyrazol—4—yl]—N—[4—(1H—
imidazol-1l-ylmethyl)phenyl]acrylamide;

(2E) -3-[5- (4—-fluorophenyl) ~1-methyl-1H-pyrazol-4-yl]-N—-[4- (1H~
pyrazol—-1l-ylmethyl)phenyllacrylamide;

diethyl [4-({(2E)~-3—-[l-methyl-5-(2-thienyl)-1H-pyrazol-4-

yllprop—2-enoyl}amino)benzyl]phosphonate;
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(2E) -3-[5- (4—-fluorophenyl) ~1-methyl-1H-pyrazol-4-yl]-N—-{4-[ (3-
methyl-2,4-dioxo-1,3-thiazolidin-5-yl)methyllphenyl}acrylamide;
(2E) -N-[4- (1H-benzimidazol-1-ylmethyl) phenyl]-3-[5- (4- |
fluorophenyl) ~1-methyl-1H~pyrazol-4-yl]acrylamide; ‘

(2E) -3- [5- (4-fluorophenyl) —~1-methyl-1H-pyrazol-4-yl]-N-{4-

[ (methylsulfonyl)methyl]phenyllacrylamide;
(2E)—3-[5—(4—fluorophenyl)—l—methyl—lH-pyraZol—4—yl]-N—{4— -
[hydroxy (2-pyridinyl)methyl]phenyl}acrylamide;

(2E) -3—-[5- (4-fluorophenyl) -1l-methyl-1H-pyrazol—-4-yl]-N-[4- (4-
morpholinylmethyl)phenyl]acrylamide; or
(2E)—N—{4—[(ethyisulfonyl)methyl]phenyl}—3—[5—(4—fluorophenyl)—

l-methyl-1H-pyrazol-4-yl]acrylamide.

20. A pharmaceutical agent comprising the compound of claim 9 or

a prodrug thereof.

21. A method for preventing or freating neuropathy in a mammal,
which comprises administering a compound represented by the

formula:

A ¢ X—1 Y—R' (1)

wherein
ring A is a 5-membered aromatic heterocycle containing 2 or more

nitrogen atoms, which may further have substituent(s);

'B is an optionally substituted hydrocarbon group or an

optionally substituted heterocyclic group;

X is a divalent acyclic hydrocarbon group;
is -0-, —-S-, -NR?’-, —CONR’-~ or -NR?CO- (R? is a hydrogen
atom or an optionally substituted alkyl group);

Y is a bond or a divalent acyclic hydrocarbon group; and
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R! is an optionally substituted cyclic group, an optionally
substituted amino group or an optionally substituted acyl

group,
provided that when the 5-membered aromatic heterocycle
5 represented by ring A is imidazole, then Z should not be

—-0O- ,

or a salt thereof, to said mammal.

22. A method for promoting production or secretion of a
10 neurotrophic factor in a mammal, which comprises administering a

compound represented by the formula:

B

A ¢—x—z—vy—R N

wherein

ring A is a 5-membered aromatic heterocycle containing 2 or more
15 nitrogen atoms, which may further have substituent(s);
B is an optionally substituted hydrocarbon group or an

optionally substituted heterocyclic group;

X is a divalent acyclic hydrocarbon group;

z is -0-, -S-, -NR*-, —CONR?- or -NR?’CO- (R? is a hydrogen
20~ atom or an optionally substituted alkyl group) ;

Y is a bond or a divalent acyclic hydrocarbon group; and

R is én‘optionally substituted cyclic group, an optionally

substituted amino group or an optionally substituted acyl

group,

25 prbvided that when the 5-membered aromatic heterocycle
‘represented by ring A is imidazole, then Z should not bé

—-0O- ,

or a salt thereof, to said mammal.
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23. A method for ameliorating pain in a mammal, which comprises

administering a compound represented by the formula:

B

A ¢—x—z—Y—FR 0

. wherein

ring A is a 5-membered aromatic heterocycle containing 2 or more
nitrogen atoms, which may further have substituent(s);

B - is an optionally substituted hydrdcarbon group or an
optionally substituted heterocyclic group;

X is a divalent acyclic hydrocarbon group;
is -O0-, -S—, —~NR?-, —CONR?>~ or -NR*CO- (R? is a hydrogen
atoonr an optionally substituted alkyl group);
is a bond or a divalent acyclic hydrocarbon group; and

R is an optionally substituted cyclic group, an optionally
substituted amino group or an optionally substituted acyl
group, ’

provided that when the 5-membered aromatic heterocycle
repregented by ring A is imidazole, then Z should not be

—0- ’

or a salt thereof, to said mammal.

24. A method for protecting a nerve in a mammal, which comprises

administering a compound represented by the formula:

B
A ¢c—x—1z ~——Y—"R1 (1)
wherein

ring A is a 5-membered aromatic heterocycle containing 2 or more

nitrogen atoms, which may further have substituent(s);
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B ié an optionally substituted hydrocarbon group or an
optionally substituted heterocyclic group;
X is a divalent acyclic hydrocarbon group;

is -0-, -8-, -NR?’-, —-CONR?*- or -NR?CO- (R? is a hydrogen

atom or an optionally substituted alkyl group);
is a bond or a divalent acyclic hydrocarbon group; and
R is an optionally substituted cyclic group, an optionally

substituted amino group or an optionally substituted acyl
group, A

provided that when the 5-membered aromatic heterocycle
represented by ring A is imidazole, then Z should not be

—-0O- ,

or a salt thereof, to said mammal.

25. Use of a compound represented by the formula:
B

A ¢—x—z—Y—R (1)

wherein
ring A is a 5-membered aromatic heterocycle containing 2 or more

nitrogen atoms, which may further have substituent(s);

B is an optionally substituted hyarocarbon group or an
optionally substituted heterocyclic group;
X is a divalent acyclic hydrocarbon group;
"is -0-, -S-, -NR?’-, —CONR?>- or -NR®’CO- (R? is a hydrogen
atom or an optionally substituted alkyl group);
is a bond or a divalent acyclic hydrocarbon group; and
R is an optionally substituted cyclic group, an optionally

substituted amino group or an optionally substituted acyl
group,
provided that when the 5-membered aromatic heterocycle
represented by ring A is imidazole, then Z should not be
-0-,
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or a salt thereof, for the production of an agent for preventing

or treating neuropathy.

26. Use of a compound represented by the formula:

B

A c—x—7z Y—R (n

wherein

ring A is a bS-membered aromatic heterocycle containing\2 or more
nitrogen atoms, which may further have substituent(s);

B is an optionally substituted hydrocarbon group o6r an
optionally substituted heterocyclic grbup;

X is a divalent acyclic hydrocarbon group;
is -0-, -S—, -NR?*-, —-CONR?’- or -NR?’CO- (R? is a hydrogen
atom or an optionally substituted alkyl group) ;

Y is a bond or a divalent acyclic hydrocarbon group; and

R? is an optionally substituted cyclic group, an optionally
substituted amino group or an optionally substituted acyl
‘group, '

provided that when the 5-membered aromatic heterocycle
represented by ring A is imidazole, then Z should not be

~0— ’

or a salt thereof, for the production of an agent for promoting

- production or secretion of a neurotrophic factor.

27. Use of a compound represented by the formula:

B

A ¢—x—7 Y—R' (n

wherein
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ring A is a 5-membered aromatic heterocycle containing 2 or more
nitrogen atoms, which may further have-substituent(s);
B is an optionally substituted hydrocarbon group or an

optionally substituted heterocyclic group;

X is a divalent acyclic hydrocarbon group;
is -0-, -S-, —NR?Q, ~CONR?*~ or -NR?’CO- (R? is a hydrogen
atom or an optionally substituted alkyl group);
Y is a bond or a divalent acyclic hydrocarbon group; and
R' is an optibnally substituted cyclic group, an optionally
substituted amino group or an optionally substituted acyl
group,
provided that when the 5-membered aromatic heterocycle
| represented by ring A is imidazole, then Z should not be
-0-,
or a salt the;eof, for the production of an agent for
ameliorating pain.
28. Use of a compound represented by the formula:
5 :
A ¢—x—z—vy—R (1
wherein
ring A is a 5-membered aromatic heterocycle containing 2 or more
‘ nitrogen atoms, which may further have substituent(s);
B is an optionally substituted hydrocarbon group or an
optionally substituted heterocyclic group;
X is a divalent acyclic hydrocarbon group;
is —0-, -S—, -NR*-, —CONR?*- or -NR?’CO- (R® is a hydrogen
atom or an optionally substituted alkyl group) ;
Y is a bond or é divalent acyclic hydrocarbon group; and
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R is an optionally substituted cyclic group, an optionally
substituted amino group or an optionally substituted acyl
group,

provided that when the15—membered aromatic heterocycle
represented by ring A is~imidazole, then Z should not be

—0O- ’

or a salt thereof, for the production of a neuroprotective agent.

29. A production method of a compound represented by the

formula:

B 0 R2
A C———X—(l'_ll—lll—Y D Y'—~R?

wherein

ring A is a 5—membered aromatic heterocycle containing 2 or-
more nitrogen atoms, which may further have
substituent(s); |

B is an optionally substituted hydrocarbon group or an
optionally substituted heterocyclic group;

X is a divalent acyclic hydrocarbon group;

R? is a hydrogen atom or an optionally substituted alkyl’
group; '

Y and Y' are the same or different and each is a bond or a
divalent acyclic hydrocarbon group;

D is a ring optionally further having substituent(s); and

R’ is an optionally substituted acyl group or an

optionally substituted heterocyclic group,

. or a salt thereof, which comprises reacting a compound

represented by the formula:

248



WO 2004/039365 PCT/JP2003/013901

10

15

20

B 0

B

A ¢c—x—c—oH 1D

wherein each symbol ié as defined above, or a salt thereof, with

a compound represented by the formula:

R? :

N

H—N—Y- D Y R® (V)
N

wherein each symbol is as defined above, or a salt thereof.

30. A production method of a compound represented by the

formula:

elllk4

W

(xXv1)

wherein

B is an optionally substituted hydrocarbon group or an
optionally substituted heterocyclic group, and

alk® is a Cis alkyl group or a Cya3 aralkyl group,

or a salt thereof, which comprises reacting a compound

represented by the formula:

0
B/U\/\w (XV)

wherein W is —OH or -N(alk?) (alk®) wherein alk? and alk® are the
same or different and each is a Ci;—¢ alkyl group, and B is as
defined above, or a salt thereof, with a Ci¢ alkylhydrazine or a

C713 aralkylhydrazine in the presence of an acid.
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US 4 835 280 A (MARTENS, ALFRED ET AL)
30 May 1989 (1989-05-30)
examples 18F,,19C
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X

ZHANG, YUENLANG ET AL: "Chemotherapeutic
studies on schistosomiasis. XXXIII.
Synthesis of beta-(5-nitroimidazol-2-y1)
acrylamides and related compounds”
YIYAO GONGYE (PHARMACEUTICAL INDUSTRY),
vol. 17, no. 10, 1986, pages 444-8,
XP009025354

ISSN: 0255-7223
compounds F-31142, F-31144, F-31145,
40001, 40004 & 40005
EP 0 153 850 A (SAWAI PHARMACEUTICAL CO.,
LTD., JAPAN) 4 September 1985 (1985-09-04)
page 23, compound 6
page 19, example 3
US 4 172 136 A (BERGER, HERBERT ET AL)
23 October 1979 (1979-10-23)

examples 10,12,15

US 3 702 330 A (HOFF, DALE R. ET AL)
7 November 1972 (1972-11-07)

examples 6,7,10

LING Y Z ET AL: "17-Imidazolyl,
pyrazolyl, and isoxazolyl androstene
derivatives. Novel steroidal inhibitors of
human cytochrome C17,20-1yase (P450(17
alpha).”
JOURNAL OF MEDICINAL CHEMISTRY,

vol. 40, no. 20,
26 September 1997 (1997-09-26), pages
3297-3304, XP002270332

ISSN: 0022-2623

Scheme 3, step ii

PLATE R ET AL: "Synthesis and muscarinic
activities of
3-(pyrazolyl)-1,2,5,6-tetrahyd ropyridine
derivatives."

BIOORGANIC & MEDICINAL CHEMISTRY,

vol. 4, no. 2, February 1996 (1996-02),
pages 227-237, XP002270333

ISSN: 0968-0896

Schemes 1 and 3

1,4,6,8

1,4,6,8

1,2,4-8

1,4,6,8
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X LEE C S ET AL: "Carbon—carbon-Tinked
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antibacterial activity against multiple
drug resistant gram-positive and
fastidious gram-negative bacteria.”
BIOORGANIC & MEDICINAL CHEMISTRY,

vol. 9, no. 12, December 2001 (2001-12),
pages 3243-3253, XP002270334

ISSN: 0968-0896

Scheme 1, step f

X PLATE R ET AL: "Synthesis and in vitro
muscarinic activities of a series of
3-(pyrazol-3-y1)-1-azabicyclo‘2.2.2!octane
S."

BIOORGANIC & MEDICINAL CHEMISTRY,

vol. 8, no. 2, February 2000 (2000-02),
pages 449-454, XP002270335

ISSN: 0968-0896

Scheme 1, step e

X HARPER R W ET AL: "Leukotriene B4 (LTB4)
receptor antagonists: a series of
(hydroxypheny1)pyrazoles."

JOURNAL OF MEDICINAL CHEMISTRY,

vol. 37, no. 15,

22 July 1994 (1994-07-22), pages
2411-2420, XP002270336

ISSN: 0022-2623
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Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

Claims Nos.: 1-18, 20-29 (all partially)

because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful international Search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).
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Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1.D

3.D

As all required additional search fees were timely paid by the applicant, this International Search Report covers aif
searchable claims.

As all searchabie claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
Remark on Protest l:l The additional search fees were accompanied by the applicant’s protest.

[:J No protest accompanied the payment of additional search fees.
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Claims Nos.: 1-18, 20-29 (all partially)

Present claims 1-19, 20-29 relate to (products comprising and the use of)
an extremely Targe number of possibie compounds. Support within the
meaning of Article 6 PCT and/or disclosure within the meaning of Article
5 PCT is to be found, however, for only a very small proportion of the
compounds. In the present case, the claims so lack support, and the
application so lacks disclosure, that a meaningful search over the whole
of the claimed scope is impossible. Consequently, the search has been
carried out for those parts of the claims which appear to be supported
and disclosed.

For the above reasons the search has therefore been restricted to that
which the International Search Authority believes to be the essence of
the application, namely to compounds where ring A is as defined in claim
1, groups X, Z and Y together form an acylamide linker and Rl is a
(substituted) phenylene group. A1l the preferred compounds of claim 19
are covered by this particular generic group of compounds.

The applicant’s attention is drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no international
search report has been established need not be the subject of an
international preliminary examination (Rule 66.1(e) PCT). The applicant
is advised that the EPO policy when acting as an International
Preliminary Examining Authority is normally not to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.
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