DESCRIPTION Title of Invention: Pyrazino[2,3-d]isoxazole Derivative Technical Field [0001] The
present invention relates to a pyrazino[2,3-d]isoxazole derivative that is useful as a production
intermediate or the like of 6-fluoro-3-hydroxy-2-pyrazine carboxamide (hereinafter referred to as "T-705")
useful for treatment such as prevention and therapy of influenza virus infection, and a method for
producing the same. In addition, the present invention relates to a method for producing a
pyrazinecarbonitrile derivative and a pyrazinecarboxamide derivative using the pyrazino[2,3-d]isoxazole
derivative. Background Art [0002] T-705 iDELORIPGUON useful for the prevention, treatment and the
like of virus inf 1tt|1%n qnd articHIarlézhirEggg za viruii fection. It has been known that T-705 is produced

from, for example, 6-¥Iu1%)‘/r%-%(3ﬁ:}/d¥6%<)l/-ﬁ-p’yra ECar eon?trrliYé‘ttY]eereinafter referred to as T-705A) (Patent

Documents 1 ametRyidaakant Document 2 describes that T-705A can be efficiently isolated in the form of
salts with various amines. Examples of a known production method of T-705A includes: (1) a method
comprising allo |?1(b1%,6-difIuoro-2-pyrazinecarbonitrile to react with benzyl alcohol and then debenzylating
the reaction product; (2)i2 preshadnceniprsingaliowipg 3 hdliflsonasdpwiazinecarkonitile to react with
water; and (3) a method comprising allowing 3,6-dif|uoro-2-r;{)_{yrazinecarbonitriIe to react with carboxylate

and then gener4tfily ¥ ABdHS Y drGyRRIBa S RDIBERh EHTL T ard B 08 By 2Nk owever, since

3,6-difluoro-2-pysazinasribanritila fasdigh skiniritensy,) andaasivaperizesidie to
low-molecular-weight liquid, it has had a manufacturing problem in that it requires special equipment and

careful handlin@Mietaevardihtiaryglr i il ehe Sfhidss mpprdAnp el dpsBsedysiegilsing a

same. In addition, the present invention relates to a method for producing a
pyrazinecarbonitrile derivative and a pyrazinecarboxamide derivative using the
pyrazino[2,3-d]Jisoxazole derivative.

Background Art

[0002]

T-705 is a compound useful for the prevention, treatment and the like of virus
infection, and particularly, influenza virus infection. It has been known that T-705 is
produced from, for example, 6-fluoro-3-hydroxy-2-pyrazinecarbonitrile (hereinafter
referred to as T-705A) (Patent Documents 1 and 2). Patent Document 2 describes
that T-705A can be efficiently isolated in the form of salts with various amines.

Examples of a known production method of T-705A includes: (1) a method
comprising allowing 3,6-difluoro-2-pyrazinecarbonitrile to react with benzyl alcohol
and then debenzylating the reaction product; (2) a method comprising allowing
3,6-difluoro-2-pyrazinecarbonitrile to react with water; and (3) a method comprising
allowing 3,6-difluoro-2-pyrazinecarbonitrile to react with carboxylate and then
generating T-705A by hydrolysis (Patent Documents 1 and 2).

[0003]

However, since 3,6-difluoro-2-pyrazinecarbonitrile has high skin irritancy,
and easily vaporizes due to low-molecular-weight liquid, it has had a manufacturing
problem in that it requires special equipment and careful handling.

Moreover, with regard to the synthesis of pyrazino[2,3-d]isoxazole having a



carbonyl group at position 3, examples described in Non-Patent Documents 1 and 2 have been known.
However, the pyrazino[2,3-d]isoxazole of the present invention cannot be synthesized by such synthetic
methods. Prior Art Documents Patent Documents [0004] Patent Document 1: International Publication
WO001/60834 Patent Document 2: International Publication WO09/41473 Non Patent Documents [0005]
Non Patent Document 1: Journal of Organic Chemistry, 1972, Vol. 37, #15, pp. 2498-2502 Non Patent
Document 2: Journal of Organic Chemistry, 1988, Vol. 53, #9, pp. 2052-2055 Summary of Invention
Object to be Satugaiby theumwemptisin 0B &xamples described in Non-Patent Documents 1 and 2

have been known. However, the pyrazino[2,3-d]isoxazole of the present invention
cannot be synthesized by such synthetic methods.
Prior Art Documents
Patent Documents
[0004]
Patent Document 1: International Publication WO01/60834
Patent Document 2: International Publication WO09/41473
Non Patent Documents
[0005]
Non Patent Document 1: Journal of Organic Chemistry, 1972, Vol. 37, #15, pp.
2498-2502
Non Patent Document 2: Journal of Organic Chemistry, 1988, Vol. 53, #9, pp.
2052-2055
Summary of Invention
Object to be Solved by the Invention
[0006]

It is an object of the present invention to provide a production intermediate of
T-705 and a method for producing the same, which provides high safety and ease in
handling, and to further provide a method for safely and easily producing T-705 and
the like.
Means for Solving the Object
[0007]

Thus, the present invention provides the following [1] to [15].
[1] A pyrazino[2,3-d]isoxazole derivative represented by the following formula (I):
[0008]
[Chem.1]

formula (I)



It is an object of the present invention to provide a production intermediate of T-705 and a method for
producing the same, which provides high safety and ease in handling, and to further provide a method for
safely and easily producing T-705 and the like. Means for Solving the Object [0007] Thus, the present
invention provides the following [1] to [15]. [1]A pyrazino[2,3-d]isoxazole derivative represented by the
following formula (1): [0008] [Chem. 1] formula (I) [0009] wherein X represents a halogen atom, a
hydroxyl group or a sulfamoyloxy group, and Y represents -C(=0)R or -CN; wherein R represents a

hydrogen atom, an alkoxy oup,an aryloxy group, an alkyl group, an aryl group or an amino group;
wherein the sulfamoyloxy groHp, alkoxy group, aryloxy group, alkyl group, aryl group and amino group

may be optionally subs . The pyrazino[2,3-d]isoxazole derivative according to [1], wherein Y
represents -C(=0)R where R représents an alkoxy group or an amino group, and the alkoxy group and
amino group m?é’ogge] optionally substituted.
wherein X represents a halogen atom, a hydroxyl group or a sulfamoyloxy group, and
Y represents —C(=O)R or —CN; wherein R represents a hydrogen atom, an alkoxy
group, an aryloxy group, an alkyl group, an aryl group or an amino group; wherein the
sulfamoyloxy group, alkoxy group, aryloxy group, alkyl group, aryl group and amino
group may be optionally substituted.
[2]  The pyrazino[2,3-d]isoxazole derivative according to [1], wherein Y represents
—C(=O)R where R represents an alkoxy group or an amino group, and the alkoxy
group and amino group may be optionally substituted.
[0010]
[3] The pyrazino[2,3-d]isoxazole derivative according to [1] or [2], wherein X
represents a hydroxyl group, a chlorine atom or a fluorine atom.
[4] The pyrazino[2,3-d]isoxazole derivative according to [1], wherein X represents
a fluorine atom or a chlorine atom, and Y represents —C(=O)R where R represents an
optionally substituted alkoxy group.
[S]  The pyrazino[2,3-d]isoxazole derivative according to [1], wherein X represents
a fluorine atom or a chlorine atom, and Y represents —C(=O)R where R represents a
methoxy group, an ethoxy group, an n-propoxy group, an iSOpropoxy group, or an
n-butoxy group.
[6] A method for producing a pyrazino[2,3-d]isoxazole derivative represented by
the following formula (I-1):
[0011]
[Chem.3]
formula (I-1)



[0010] [3] The pyrazino[2,3-d]isoxazole derivative according to [1] or [2], wherein X represents a hydroxyl
group, a chlorine atom or a fluorine atom. [4] The pyrazino[2,3-d]isoxazole derivative according to [1],
wherein X represents a fluorine atom or a chlorine atom, and Y represents -C(=0)R where R represents
an optionally substituted alkoxy group. [5] The pyrazino[2,3-d]isoxazole derivative according to [1],
wherein X represents a fluorine atom or a chlorine atom, and Y represents -C(=0)R where R represents a
methoxy group, an ethoxy group, an n-propoxy group, an iSopropoxy group, or an n-butoxy group. [6] A
method for producingpa pyéazino[2,3-d]isoxazole derivative represented by the following formula (I-1):
[0011] [Chem.3] formuld (I-}) [0012] wherein Y has the same meanings as those described below, which
mg(é’ anfacid an isoxazole derivative represented by the following formula (lI):

Y

comprises treati

[0012]
wherein Y has the same meanings as those described below,
which comprises treating with an acid an isoxazole derivative represented by the

following formula (II):

[0013]
[Chem.2]
formula (II)
H2N 0
LN
HN
R'O Y
O
OR!
[0014]

wherein Y represents —C(=O)R or —CN; where R represents a hydrogen atom, an
alkoxy group, an aryloxy group, an alkyl group, an aryl group or an amino group; and
R represents a hydrogen atom or an alkyl group; wherein the alkoxy group, aryloxy
group, alkyl group, aryl group and amino group may be optionally substituted.

[7] A method for producing a pyrazinecarbonitrile derivative represented by the
following formula (III):

[0015]

[Chem.5]

formula (III)

Ny -OH
IS
X~ N” TCN
[0016]

wherein X has the same meanings as those described below,

which comprises treating with a base a pyrazino[2,3-d]isoxazole derivative represented



[0013] [Chem.2] formula (I) O R1 [0014] wherein Y represents -C(=0)R or -CN; where R represents a
hydrogen atom, an alkoxy group, an aryloxy group, an alkyl group, an aryl group or an amino group; and
R1 represents a hydrogen atom or an alkyl group; wherein the alkoxy group, aryloxy group, alkyl group,
aryl group and amino group may be optionally substituted. [7]A method for producing a
pyrazinecarbonitrile derivative represented by the following formula (111): [0015] [Chem.5] formula (IlI) 1
OH X N CN [0016] wherein X has the same meanings as those described below,

by the following formula (I):

[0017]
[Chem.4]

formula (I)

N\ Q

A
Y

[0018]
wherein X represents a halogen atom, a hydroxyl group or a sulfamoyloxy group, and
Y represents —C(=0)R or —CN; where R represents a hydrogen atom, an alkoxy group
an aryloxy group, an alkyl group, an aryl group or an amino group; wherein the
sulfamoyloxy group, alkoxy group, aryloxy group, alkyl group, aryl group and amino
group may be optionally substituted.
[8] A method for producing a compound represented by the following formula (IV):
[0019]
[Chem.8]
formula (IV)

Ny _-OH
XJI N;[CON Ho
[0020]
wherein X has the same meanings as those described below,
which comprises
a step of treating with a base a pyrazino[2,3-d]isoxazole derivative represented by the
following formula (I):
[0021]
[Chem.6]

formula (I)



which comprises treating with a base a pyrazino[2,3-d]isoxazole derivative represented by the following
formula (1): [0017] [Chem.4] formula (I) [0018] wherein X represents a halogen atom, a hydroxyl group or
a sulfamoyloxy group, and Y represents -C(=0)R or -CN; where R represents a hydrogen atom, an alkoxy
group an aryloxy group, an alkyl group, an aryl group or an amino group; wherein the sulfamoyloxy group,
alkoxy group, aryloxy group, alkyl group, aryl group and amino group may be optionally substituted. [8] A
method for producing a compound represented by the following formula (1V): [0019] [Chem.8] formula (V)
N OH X N CONH2 N

X

[0022]

wherein X represents a halogen atom, a hydroxyl group or a sulfamoyloxy group, and
Y represents —C(=0O)R or —CN; where R represents a hydrogen atom, an alkoxy group
an aryloxy group, an alkyl group, an aryl group or an amino group; wherein the
sulfamoyloxy group, alkoxy group, aryloxy group, alkyl group, aryl group and amino
group may be optionally substituted,

so as to produce a compound represented by the following formula (III):

[0023]

[Chem.7]

formula (III)

Ny, ~OH
XJI NICN
[0024]
wherein X has the same meanings as describe above, and
a step of adding water to the compound represented by the formula (III).
[9] The production method according to [7] or [8], wherein X represents a fluorine
atom and Y represents —C(=0O)R where R represents an optionally substituted alkoxy
group.
[10]  The production method according to [7] or [8], wherein X represents a fluorine
atom and Y represents —C(=O)R where R represents a methoxy group, an ethoxy group,
an n-propoxy group, an iSOpropoxy group, or an n-butoxy group.
[11] A compound represented by the following formula (C-2):
[0025]

[Chem.9]
formula (C-2)



[0020] wherein X has the same meanings as those described below, which comprises a step of treating
with a base a pyrazino[2,3-d]isoxazole derivative represented by the following formula (I): [0021] [Chem.6]
formula (I) [0022] wherein X represents a halogen atom, a hydroxyl group or a sulfamoyloxy group, and
Y represents -C(=0)R or -CN; where R represents a hydrogen atom, an alkoxy group an aryloxy group, an
alkyl group, an aryl group or an amino group; wherein the sulfamoyloxy group, alkoxy group, aryloxy
group, alkyl group, aryl group and amino group may be optionally substituted, so as to produce a
compound reprﬁeatedﬁmt_l‘ﬁg,following formula (I11): [0023] [Chem.7]

RO O

[0026]

wherein R' represents an alkyl group, R’ represents -CH,CN, the following formula
(C-2a):

[0027]

[Chem.10]

formula (C-2a)

N
4
Lo

[0028]

or the following formula (C-2b)
[0029]

[Chem.11]

formula (C-2b)

HoN
ke
ROC
[0030]

pad ©)

wherein R represents an alkoxy group, M represents H, Li, K or Na; where the alkoxy
and alkyl group may be optionally substituted.

[12] A method for producing a pyrazino[2,3-d]isoxazole derivative represented by
the following formula (J-4):

[0031]

[Chem.13]

formula (J-4)



formula (II) N OH , 1 X N CN [0024] wherein X has the same meanings as describe above, and a step of
adding water to the compound represented by the formula (111). [9] The production method according to
[7] or [8], wherein X represents a fluorine atom and Y represents -C(=0)R where R represents an
optionally substituted alkoxy group. [10] The production method according to [7] or [8], wherein X
represents a fluorine atom and Y represents -C(=0)R where R represents a methoxy group, an ethoxy
group, an n-propoxy group, an iSopropoxy group, or an n-butoxy group. [11] A compound represented by
the following formulamg-Zgj

| I~ N
Cl N
COOR?

[0032]
wherein R? has the same meanings as those described below,
which comprises allowing a compound represented by the following formula (J-3):
[0033]
[Chem.12]
formula (J-3)
N._OH

CL e

N+
|
O COOR?

[0034]

wherein R* represents an alkyl group or an aryl group; wherein the alkyl group and
aryl group may be optionally substituted,

to react with a chlorinating agent.

[13] A method for producing a pyrazino[2,3-d]isoxazole derivative represented by
the following formula (J-5):

[0035]

[Chem.15]

formula (J-5)

N
N \
L
F° 'N
COOR?
[0036]

wherein R* represents an alkyl group or an aryl group; wherein the alkyl group and
aryl group may be optionally substituted,
which comprises allowing a pyrazino[2,3-d]isoxazole derivative represented by the

following formula (J-4):



[0025] [Chem.9] formula (C-2) R10 HN-R3) R10 0 [0026] wherein R1 represents an alkyl group, R3
represents -CH2CN, the following formula (C-2a): [0027] [Chem. 101 formula (C-2a) OM

[0037]
[Chem.14]
formula (J-4)

-0
JI e N
Cl N

COOR?

wherein R? represents an alkyl group or an aryl group; wherein the alkyl group and
aryl group may be optionally substituted,
to react with a fluorinating agent in the presence of 2.4-dinitrochlorobenzene or
2,4-dinitrofluorobenzene.
[14] A compound represented by the following formula (J-1):
[0038]
[Chem.16]
formula (J-1)

QH
HNji

[0039]

CONH,

COOR?

wherein R* represents an alkyl group or an aryl group; wherein the alkyl group and
aryl group may be optionally substituted.

[15] A compound represented by the following formula (J-2a):

[0040]

[Chem.17]

formula (J-2a)

N\ OH
(e
(‘)_
[0041]
wherein R* represents —CHZCOORZ, or the following formula (J-2b):



ROC [0028] or the following formula (C-2b) [0029] [Chem.11] formula (C-2b) H2N ROC [0030] wherein R
represents an alkoxy group, M represents H, Li, K or Na; where the alkoxy and alkyl group may be
optional ly substituted. [12] A method for producing a pyrazino[2,3-d]isoxazole derivative represented by
the following formula (J-4): [0031] [Chem.13]

[0042]
[Chem.18]
formula (J-2b)
NOH
\ZDCIRE
[0043]
wherein R? represents an alkyl group or an aryl group; wherein the alkyl group and
aryl group may be optionally substituted.
[0044]

The compound of the formula (I-1), the compound of the formula (III), the
compound of the formula (IV), the compound of the formula (J-2) and the compound
of the formula (J-3) may exist as tautomer. The present invention includes these
tautomers. Further, hydrates, solvates and all crystal forms can be used in the present
invention.

[0045]

Also, the compounds described herein may form a salt.

Salts in such a case may include, for example, commonly known salts
produced in the basic group such as amino group or produced in the acidic group such
as hydroxyl group or carboxyl group.

Salts produced in the basic group may include , for example, salt produced
with mineral acid such as hydrochloric acid, hydrobromic acid, nitric acid, and sulfuric
acid; salt with organic carboxylic acid such as formic acid, acetic acid, citric acid,
oxalic acid, fumaric acid, maleic acid, succinic acid, malic acid, tartaric acid, aspartic
acid, trichloroacetic acid and trifluoroacetic acid; and salts with sulfonic acid such as
methanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, mesitylenesulfonic
acid and naphthalenesulfonic acid.

[0046]
Salts produced in the acidic group may include, for example, salts produced

with alkaline metals such as sodium and potassium; salts with alkaline earth metals

10



formula (J-4) [0032] wherein R2 has the same meanings as those described below, which comprises
allowing a compound represented by the following formula (J-3): [0033] [Chem. 12] formula (J-3) N OH C
-Cr NOH COORZ2 [0034] wherein R2 represents an alkyl group or an aryl group; wherein the alkyl group
and aryl group may be optionally substituted,

such as calcium and magnesium; ammonium salts; and salts produced with
nitrogen-containing organic bases such as trimethylamine, triethylamine, tributylamine,
pyridine, N,N-dimethylaniline, N-methylpiperidine, N-methylmorpholine,
diethylamine, dicyclohexylamine, procaine, dibenzylamine,
N-benzyl-pB-phenethylamine, 1-ephenamine, and N,N’-dibenzylethylenediamine.

Among the aforementioned salts, preferred salts include pharmacologically
acceptable salts.
Effect of the Invention
[0047]

According to the present invention, T-705 and the like can be safely and easily
produced.

Mode for Carrying Out the Invention
[0048]

A compound represented by formula (I) will be described.

In the compound represented by formula (I), X represents a halogen atom, a
hydroxyl group or a sulfamoyloxy group. When X represents a halogen atom,
examples of the halogen atom include a fluorine atom, a chlorine atom, a bromine
atom, or an iodine atom. When X represents a sulfamoyloxy group, the nitrogen
atom of the sulfamoyloxy group may be substituted with a hydroxyl group, an amino
group, an alkyl group, an aryl group, a heterocyclic group, or an alkylene group with or
without the mediation of a heteroatom. The substituent on the nitrogen atom contains
preferably O to 10, more preferably 2 to 8, and most preferably 2 to 6 carbon atoms.
Such a group may further have one or more substituents. As such substituents, those
listed in a substituent group A as described later are preferable. Examples of a
sulfamoyloxy group which may be optionally substituted include a sulfamoyloxy
group, an N,N-dimethylsulfamoyloxy group, an N,N-diethylsulfamoyloxy group, and a
morpholinosulfonyloxy group.

[0049]

X represents preferably a fluorine atom, a chlorine atom, a bromine atom or a

11



to react with a chlorinating agent. [13] A method for producing a pyrazino[2,3-d]isoxazole derivative
represented by the following formula (J-5): [0035] [Chem.15] formula (J-5) [0036] wherein R2 represents
an alkyl group or an aryl group; wherein the alkyl group and aryl group may be optionally substituted,
which comprises allowing a pyrazino[2,3-d]isoxazole derivative represented by the following formula (J-4):
[0037] [Chem. 14] formula (J-4)
hydroxyl group, more preferably a fluorine atom, a chlorine atom or a hydroxyl group,
and most preferably a fluorine atom.
[0050]
Y represents ~C(=O)R or -CN. Herein, R represents a hydrogen atom, an
alkoxy group, an aryloxy group, an alkyl group, an aryl group or an amino group.
When R represents an alkoxy group, it is preferably a linear, branched or cyclic alkoxy
group containing 1 to 10 carbon atoms. The alkoxy group contains more preferably 1
to 8, and most preferably 1 to 6 carbon atoms. The alkoxy group may further have
one or more substituents. As such substituents, those listed in the substituent group A
are preferable. Examples of the alkoxy group which may be optionally substituted
include a methoxy group, an ethoxy group, an n-propoxy group, an isopropoxy group,
a 2-methoxyethoxy group, an n-butoxy group, an isobutoxy group, a t-butoxy group,
an isoamyloxy group, an n-amyloxy group, a neopentyloxy group, an n-hexyloxy
group, a cyclohexyloxy group, a benzyloxy group, and a 2-ethylhexyloxy group.
[0051]
When R represents an aryloxy group, an aryloxy group containing 6 to 12
carbon atoms is preferable, an aryloxy group containing 6 to 10 carbon atoms is more
preferable, and an aryloxy group containing 6 to 8 carbon atoms is most preferable.
The aryloxy group may further have one or more substituents. As such substituents,
those listed in the substituent group A are preferable. Examples of the aryloxy group
which may be optionally substituted include a phenoxy group, a 4-methoxyphenoxy
group, a 4-dimethylaminophenoxy group, a 3-methylphenoxy group, a
2,6-dimethylphenoxy group, and a 4-t-amylphenoxy group.
[0052]
When R represents an alkyl group, it is preferably a linear, branched or cyclic
alkyl group containing 1 to 10 carbon atoms. The alkyl group contains more
preferably 1 to 8, and most preferably 1 to 6 carbon atoms. The alkyl group may
further have one or more substituents. As such substituents, those listed in the

substituent group A are preferable. Examples of the alkyl group include a methyl

12



CIN COORZ2 wherein R2 represents an alkyl group or an aryl group; wherein the alkyl group and aryl
group may be optionally substituted, to react with a fluorinating agent in the presence of
2,4-dinitrochlorobenzene or 2,4-dinitrofluorobenzene. [14] A compound represented by the following
formula (J-1): [0038] [Chem. 16] formula (J-1) OH H y.CON H2 LCOOR2 [0039]

group, an ethyl group, an n-propyl group, an isopropyl group, a t-butyl group, an
isobutyl group, an n-butyl group, an n-pentyl group, a cyclopentyl group, a cyclohexyl
group, and a 1-ethylpropyl group.

[0053]

When R represents an aryl group, it is preferably an aryl group containing
preferably 6 to 12, more preferably 6 to 10, and most preferably 6 to 8 carbon atoms.
The aryl group may further have one or more substituents. As such substituents,
those listed in the substituent group A are preferable. Examples of the aryl group
which may be optionally substituted include a phenyl group, a 4-chlorophenyl group, a
4-methoxyphenyl group, a 3,4-dimethylphenyl group, and a 4-fluorophenyl group.
[0054]

When R represents an amino group, the amino group may be substituted with
a hydroxyl group, an amino group, an alkyl group, an aryl group, a heterocyclic group,
or an alkylene group with or without the mediation of a heteroatom. The substituent
on the amino group contains preferably 0 to 10, more preferably 2 to 8§, and most
preferably 2 to 6 carbon atoms. The substituent may further have one or more
substituents. As such substituents, those listed in the substituent group A are
preferable. Examples of the amino group which may be optionally substituted
include an amino group, an N,N-dimethylamino group, an N,N-diethylamino group, an
N,N-diisopropylamino group, an N,N-dipropylamino group, a morpholino group, a
piperidino group, a 4-methylpiperazino group, a pyrrolidino group, and an
N-methyl-N-phenylamino group.

Y preferably represents ~C(=O)R wherein R is an alkoxy group.

[0055]

Substituent group A: an alkyl group containing 1 to 10 carbon atoms, an
alkenyl group containing 2 to 10 carbon atoms, an alkynyl group containing 2 to 10
carbon atom, an alkoxy group containing 1 to 10 carbon atoms, an aryloxy group
containing 6 to 10 carbon atoms, a halogen atom, an aryl group containing 6 to 10

carbon atoms, a hydroxyl group, an amino group, an acylamino group containing 1 to

13



wherein R2 represents an alkyl group or an aryl group; wherein the alkyl group and aryl group may be
optionally substituted. [15] A compound represented by the following formula (J-2a): [0040] [Chem.17]
formula (J-2a) [0041] wherein R4 represents -CH2COORZ2, or the following formula (J-2b): [0042]
[Chem.18] formula (J-2b) 1'4 OH WO R2 [0043]

10 carbon atoms, an alkylsulfonylamino group containing 1 to 10 carbon atoms, a
carbamoyl group containing 1 to 10 carbon atoms, a sulfamoyl group containing 0 to
10 carbon atoms, a carboxyl group, an alkoxycarbonyl group containing 2 to 10 carbon
atoms, an acyloxy group containing 2 to 12 carbon atoms, a heterocyclic group, a
cyano group, and a nitro group.

[0056]

Examples of the alkenyl group containing 2 to 10 carbon atoms include a
vinyl group, an allyl group, a propenyl group, an isopropenyl group, a butenyl group,
an isobutenyl group, a 1,3-butadienyl group, a pentenyl group, a hexenyl group, a
heptenyl group, and an octenyl group.

Examples of the alkynyl group containing 2 to 10 carbon atoms include an
ethynyl group, a propynyl group, a butynyl group, a pentynyl group, a hexynyl group,
a heptynyl group, and an octynyl group.

Examples of the acylamino group containing 1 to 12 carbon atoms include an
acetylamino group, a propionylamino group, a benzoylamino group, and a
naphthoylamino group.

Examples of the alkylsulfonylamino group containing 1 to 10 carbon atoms
include a methanesulfonylamino group, a benzenesulfonylamino group, and a
toluenesulfonylamino group.

[0057]

Examples of the carbamoyl group containing 1 to 10 carbon atoms include a
carbamoyl group, an N,N-dimethylcarbamoyl group, an N,N-diethylcarbamoyl group,
and a morpholinocarbonyl group.

Examples of the sulfamoyl group containing 0 to 10 carbon atoms include a
sulfamoyl group, an N,N-dimethylsulfamoyl group, an N,N-diethylsulfamoyl group,
and a morpholinosulfonyl group.

Examples of the alkoxycarbonyl group containing 2 to 10 carbon atoms
include a methoxycarbonyl group, an ethoxycarbonyl group, an n-propoxycarbonyl

group, an isopropoxycarbonyl group, a 2-methoxyethoxycarbonyl group, an
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wherein R2 represents an alkyl group or an aryl group; wherein the alkyl group and aryl group may be
optionally substituted. [0044] The compound of the formula (I-1), the compound of the formula (lll),
the compound of the formula (1V), the compound of the formula (J-2) and the compound of the formula
(J-3) may exist as tautomer. The present invention includes these tautomers. Further, hydrates, solvates
and all crystal forms can be used in the present invention. [0045] Also, the compounds described herein
may form a salt. Salts in such a case may include, for example, commonly known salts produced in

the basic groupnsighxasaboind grayp oriprodugpchibotheé aodic grbuptsuckyastwdieeghgroup or carboxyl
group. Saltﬁég%gduced in the basic group may include , for example, salt produced with mineral acid
such as hydrochloric acid, hydrobromic acid, nitric acid, and sulfuric acid; salt with organic carboxylic acid
such as formic acid, acetiamatid, dittie acith-oxalisupcichdtimeatic acit nabeic acids sugeiriamcid, malic acid,
tartaric acid, aspartic acid, trichloroacetic acid and trifluoroacetic acid; and salts with sulfonic acid such as

methanesulfonit 5818 BeH 8 Re 8UFORICRNEY pH SR b BN 5L 8T HR ST TE AcSIRBATY 98 and

naphthalenesulfgsig.acid. [0046] Salts produced in the acidic group may include, for example, salts
produced with alkaline metals such as sodium and potassium; salts with alkaline earth metals such as

calcium and magnesiufFaifoRfuesBRE AN AL PRoGIEE Rith HRIYg S B ritaiiyi8¥anic bases
such as trimethylaming pifieshilapninRuiioH pilRmiNG: NG Mpbl-gimetbyapilineihianeipyipiperidine,

N-methylmorpholine, diethylamine,dicyclohexylamine,procaine,dibenzylamine, o
N-benzy113-ph@REMyIaHiAe] 1L &htHin aninaddngf NN 2diershrdeinyidib aratming pyridazinyl

group, a pyrazinyl group, a pyrimidinyl group, a tetrazolyl group, an imidazolinyl
group, an imidazolidinyl group, a pyrazolinyl group, a pyrazolidinyl group, a furyl
group, a pyranyl group, a thienyl group, an oxazolyl group, an oxadiazolyl group, an
isoxazolyl group, a morpholinyl group, a thiazolyl group, an isothiazolyl group, a
thiadiazolyl group, a thiomorpholinyl group, a thioxanyl group, a pyrrol-1-yl group, a
pyrrolin-1-yl group, a pyrrolidin-1-yl group, a piperidin-1-yl group, a piperazin-1-yl
group, an imidazol-1-yl group, a pyrazol-1-yl group, a tetrazol-1-yl group, an
imidazolin-1-yl group, an imidazolidin-1-yl group, a pyrazolin-1-yl group, a
pyrazolidin-1-yl group, a morpholin-4-yl group, a thiomorpholin-4-yl group, an indolyl
group, an indolinyl group, a 2-oxoindolinyl group, an isoindolyl group, an indolizinyl
group, a benzimidazolyl group, a benzotriazolyl group, an indazolyl group, a quinolyl
group, a tetrahydroquinolyl group, a tetrahydroisoquinolinyl group, a quinolizinyl
group, an isoquinolyl group, a phthalazinyl group, a naphthyridinyl group, a
quinoxalinyl group, a dihydroquinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a quinuclidinyl group, a pyrrolopyridyl group, a 2,3-dihydrobenzopyrrolyl
group, a benzofuranyl group, an isobenzofuranyl group, a chromenyl group, a
chromanyl group, an isochromanyl group, a benzo-1,3-dioxolyl group, a
benzo-1,4-dioxanyl group, a 2,3-dihydrobenzofuranyl group, a benzothienyl group, a
2,3-dihydrobenzothienyl group, a benzomorpholinyl group, a benzomorpholonyl group,
a benzothiazolyl group, a benzothiadiazolyl group, an indol-1-yl group, an indolin-1-yl

group, an isoindol-2-yl group, a benzimidazol-1-yl group, a benzotriazol-1-yl group, a
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Among the aforementioned salts, preferred salts include pharmacologically acceptable salts. Effect of the
Invention [0047] According to the present invention, T-705 and the like can be safely and easily
produced. Mode for Carrying Out the Invention [0048] A compound represented by formula (I) will be
described. In the compound represented by formula (1), X represents a halogen atom, a hydroxyl
group or a sulfamoyloxy group. When X represents a halogen atom, examples of the halogen atom
include a fluorine atom, a chlorine atom, a bromine atom, or an iodine atom. When X represents a
sulfamoyloxy giteupotiivesitzodepratpmanf tihdagulfambydoap groupmeayidrehsiibstityltegtoaniih a hydroxyl

group, an aming group, an alkyl group, an aryl group, a heterocyclic group, ar an alkylene group with or
% tHl% 9{] I‘Oé gcl Xaﬁh%ﬁgﬁ(bgé)ﬂta é)’}]lf}r(l)or)l(%h 1111 gr gaogll'),a% car aZQ}% f% g

without the mediation ofa AStEToAtSm. u e en’atom con Oﬁll%ferably 0 to 10,

more preferabl\g 2:4eb8lindmgstayeiesabiy@nio SreasPana.atoms! &daeh, a geatpdmay dwither have one or
more substituents. As iih substituents, those listed in a substituent group A as described later are

Su g
preferable. ExaMBRE8BRAN itaf8oxy GrBUBWRERSIRAY-be! o pEMAIRF 6IB5 RIS -indlieta sulfamoyloxy
group, an N,N-gimeskyisufamayloxy group, an N,N-diethylsulfamoyloxy group, and a
morpholinosulfonyloxy group. [0049] X represents preferably a fluorine atom, a chlorine atom, a bromine
atom or a hydrbgggﬁ roup, more preferably a fluorine atom, a chlorine atom or a hydroxyl group, and most

preferably a fluorine atemnfBf¥3Qf the alkyl group containing 1 to 10 carbon atoms, the alkoxy
group containing 1 to 10 carbon atoms, the aryloxy group containing 6 to 10 carbon
atoms, the halogen atom, the aryl group containing 6 to 10 carbon atoms, and the
amino group include those described with regard to the substituent in the descriptions
of the formula (I).

The substituents included in the substituent group A may be further substituted
with one or more substituents selected from the substituent group A.

[0060]

From the viewpoint of the usefulness of the present compound as a production
intermediate of T-705A and T-705, it is preferable that, in the formula (I), X be a
fluorine atom, a chlorine atom or a hydroxyl group and Y be —C(=0O)R wherein R
represents an alkoxy group or an amino group, wherein the alkoxy group and the
amino group may be substituted ; it is more preferable that X be a fluorine atom, a
chlorine atom or a hydroxyl group and Y be —C(=0O)R wherein R represents an
optionally substituted alkoxy group ; it is further preferable that X be a fluorine atom
and Y be —C(=0O)R wherein R represents an optionally substituted alkoxy group ; and it
is most preferable that X be a fluorine atom and Y be —C(=0O)R wherein R represents a
methoxy group, an ethoxy group, an n-propoxy group, an iSOpropoxy group or an
n-butoxy group.

[0061]

Next, the compounds represented by formula (II), formula (I-1), formula (III)

and formula (IV) will be described.

The definitions and preferred ranges of X and Y in the formula (II), formula
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Y represents -C(=0)R or -CN. Herein, R represents a hydrogen atom, an alkoxy group, an aryloxy group,
an alkyl group, an aryl group or an amino group. When R represents an alkoxy group, it is preferably a
linear, branched or cyclic alkoxy group containing 1 to 10 carbon atoms. The alkoxy group contains more
preferably 1 to 8, and most preferably 1 to 6 carbon atoms. The alkoxy group may further have one or
more substituents. As such substituents, those listed in the substituent group A are preferable. Examples
of the alkoxy group which may be optionally substituted include a methoxy group, an ethoxy group, an
n-propoxy grou; Bn fisopbpdky grddp;meul: ri¥thaxydtheaegre timsanlesdvibiak fog nhagpamuisobutoxy group,
a t-butoxy group, an isoamyloxy group, an n-amyloxy group, a neopentyloxy group, an n-hexyloxy group,
a cyclohexylox&%‘roup, a benzyloxy group, and a 2-ethylhexyloxy group. [0051] When R represents
an aryloxy group, an anylaky iaiipacantaiiing ik carhoneatatos isrpietekablaoan andexy group
containing 6 to 10 carbon atoms i% more(ggﬁ)}erable, and an aryloxy group containing 6 to 8 carbon atoms

is most preferabis e RIBA Y rouph rRHEVHEGE: on® R0 FERIESAR FEEY AR QMR substituents,

those listed in thepseibstiiyent gray préneiedpeterablekxamplesahinearieoxy gisan wbish may be
optionally substituted include a phenoxy group, a 4-methoxypheno>§/ group, a 4-dimethylaminophenoxy

group, a 3-methyIPRLRSEF Y GRNEIRs a0gRh BIRAEREN S Srotd, Bt Araterabhy b Sosa ibup. [0052]

When R represgiissan alky| geoHURduis Rrgferakhya hineabnlranchert ofubysliealky! aroupdgontaining 1 to
10 carbon atoms. The alkyl group contains more preferably 1 to 8, and most preferably 1 to 6 carbon

atoms. The alkyPgtBtsHaiaspihseAdvehsnaRitifiehe BopR AR Slch Sipawigentstthose listed in
the substituent Q@N%ﬁ@r%aﬁé@m&hﬁxmﬁ%o& Qﬂgﬁ(ﬂ),géi%ﬁipﬂ{b‘ﬂﬁdﬁ(%ﬂ?%w}@ow, an ethyl
group, an n-propyl group, an isopropyl group, a t-butyl group, an isobutyl group, an n-butyl group, an
n-pentyl group, Siel8pePitiy lgeadiy, aeyerihety Birauprandetdl-amyibrepyl-§esip. §00%53]2  When R
represents an i grang s, preierakiy. an ShiOraHP CPARNRGBISIRIEEE @ drdnpip preferably 6 to
10, and most préferably 6 to 8 carbon atoms. The aryl group may further have one or more substituents.
As such substitoetits] grogedisteddinlteegbstituent group A are preferable. Examples of the aryl group
which may be O[BB ?Jally substituted include a phenyl group, a 4-chlorophenyl group, a 4-methoxyphenyl
group, a 3,4-dimethylphenyl group, and a 4-fluorophenyl group. [0054] When R represents an amino
group, the amino groupheaspingsuldstprtecniwittba thydoryllgrdumdathamimpgualEpasaliedl group, an aryl
group, a heterogcyclic gr or an alkylene group,with or without th iation of a hetergatom. The
substituent on t e%?ﬁﬁ%@%@%ﬁﬁnc%enﬁ{r{%&zeFﬁr) Sfifd%%e%,ar%%?secﬁ%ag%OW'z 0 gj,egﬁgnrlrl?gst preferably 2
to 6 carbon atomshdhe ibstithiedtfinayofurtherphefracnamemarR subBtituents. sAssucthsubstituents,
those listed in the substifuent group A are preferable. Examples of the amjno. group which may be
optionally subs fé%’?éc}ﬂfége A ]i?‘nf)gg%ﬁlﬁ,%Wﬁfﬂmﬁgﬁﬁé?ﬁfﬁ%eﬁ?ﬁgﬁbgﬁzﬁ%iethylamino group,
an N,N-diisoprgpgtamino group, an N,N-dipropylamino group, a morpholino group, a piperidino group, a
4-methylpiperazino group, a pyrrolidino group, and an N-methyl-N-phenylamino group. Y preferably
represents -C(=20)R"Whérein R is an alkoxy group. [0055]
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Substituent group A: an alkyl group containing 1 to 10 carbon atoms, an alkenyl group containing 2 to 10
carbon atoms, an alkynyl group containing 2 to 10 carbon atom, an alkoxy group containing 1 to 10
carbon atoms, an aryloxy group containing 6 to 10 carbon atoms, a halogen atom, an aryl group
containing 6 to 10 carbon atoms, a hydroxyl group, an amino group, an acylamino group containing 1 to
10 carbon atoms, an alkylsulfonylamino group containing 1 to 10 carbon atoms, a carbamoyl group
containing 1 to 10 carbon atoms, a sulfamoyl group containing 0 to 10 carbon atoms, a carboxyl group, an
alkoxycarbonyl group containing 2 to 10 carbon atoms, an acyloxy group containing 2 to 12 carbon
atoms, a heterocyclic group, a cyano group, and a nitro group. [0056] mples of the alkenyl group
containing 2 to 10 carbon atoms include avinyl grouﬁ',cal? allyl group, "5 yRharoup, an isopropenyl
group, a butenyl §to pisobuterr/igr a 1,3-hut nyhgroup, a tenyl group, a hexenyl group, a
heptenyl group, and &p octenyl group. OR'! ngamples of th§ alkynyl group cPntaining 2 to 10 carbon
atoms include an ethynyl group, a propynyl group, a batyriyl'grdup, a petriynyhgroup, a hexynyl group, a
heptynyl group, and arf@ctynyl group. (Examples of thi&acylamino group cont&lining 1 to 12 carbon
atoms include an acetylamino group, a propionylamino group, a benzoylamino group, and a
naphthoylamino group. EXkaimplés of the alkylsulfonylamino group containing 1 to 10 carbon atoms
include a methanesulfonylamino groyp, a benzenesulfo o group, and a sulfonylamino
group. [0057] Examples of the cg g@mongmup cofitaining™ to-10-carbonlato sf'HcIude a carbamoyl
group, an N,N-dimethylca?b% @roup, an N,N-dié’cﬂylc&rba %¥J group, arld a forp ggnocarbonyl
group. Examples of the safamoyl group containing 0 to 10 carbon atoms include a sulfamoyl group,
an N,N-dimethylsulfama@4 graup,caniN,N-diethylSalfambyk droap, and a morpholirfosulonyl group.
Examples of the alkoxycarbonyl group containing 2 to 10 carbon atoms include a methoxycarbonyl group,
an ethoxycarbonyl group, an n-gropgxycarbonyl group, an isopropoxycarbonyl group, a
2-methoxyethoxycarbonyl grofip,” nKN

=

F™ ™M

COR

formulail-3;

[0064]

An acetic acid ester (A) is hydrolyzed to obtain a carboxylic acid (B). In this
reaction, various types of solvents can be used as solvent. In general, water, or a
mixed solvent of water and an organic solvent miscible with the water, can be used.
As bases, various types of inorganic bases or organic bases can be used. Metal
hydroxides, such as sodium hydroxide, lithium hydroxide or potassium hydroxide, are
preferable. A reaction temperature from -20 to 100°C is preferably applied. The
reaction temperature is more preferably from 0 to 80°C.

[0065]

The obtained carboxylic acid (B) is allowed to react with aminoacetonitrile in
a basic to neutral range, so as to convert it to an amide (C). Examples of a
condensing agent used during this reaction include: carbodiimides such as
dicyclohexylcarbodiimide or 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride; activators such as carbonyldiimidazole or N,N’-disuccinimidyl

carbonate; and cationic dehydration-condensation agents such as 2-chloro-1-methyl
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n-butoxycarbonyl group, an isobutoxycarbonyl group, and a t-butoxycarbonyl group. [0058] Examples
of the acyloxy group containing 2 to 12 carbon atoms include an acetyloxy group, a propionyloxy group, a
benzoyloxy group, and a naphthoyloxy group. Examples of the heterocyclic group include a pyrrolyl
group, a pyrrolinyl group, a pyrrolidinyl group, a piperidinyl group, a piperazinyl group, an imidazolyl
group, a pyrazolyl group, a pyridyl group, a tetrahydropyridyl group, a pyridazinyl group, a pyrazinyl
group, a pyrimidinyl group, a tetrazolyl group, an imidazolinyl group, an imidazolidinyl group, a pyrazolinyl
group, a pyrazaidididignoup, iadideyl graughlarpyirdniihgroup, a thidayblgroup, arcbhiazelyl gsoup, an
oxadiazolyl group, an j zolyl grou orpholinyl group, a.thiazolyl group, an isothiazolyl group, a
thiadiazolyl groﬁgl,o at imr’p 3%?/?&@@% %&%ﬁ%rﬁ%’b&g%ﬁ ?%)%/-Sf-f/) ag?buéfzsalopy/trgre()rﬁn- 1-y1 group,
a pyrrolidin-1-y tagrosppalfeiparisinthdd g poismh gaaplipenar ifel oplagialiporapoin il &z otdcy Wighoup, a
pyrazol-1-y1 group, a tetrazol- 1-y1 group, an imidazolin-1-y1 group, an imjdazolidin- 1-y1 group, a
pyrazolin- 1-y1 ?frlgulba,‘}glﬁnsgfgli?ﬁng%-(iffcﬁfgﬁ?)‘? aeﬁ%rﬁﬁdﬂ%/t%%?f AU, A &4ty 1 group, an
indolyl group, amikedolienl SRk R, Z2Rx@Had Qlinyl GO UM oARISOWIED i @saiHRlean THdalkaimdgroup, a
benzimidazolyl group, a benzotriazolyl group, an indazolyl group, a quinolyl group, a tetrahydroquinolyl
group, a tetrawam%@&ﬁmmk}ifwp?e&aﬁﬁ?anﬁm @?Bgﬁ}sgﬁiééa‘ﬁiﬁ’éﬁﬂ'g%U&‘ée%tH&Ié?zinyl group, a
naphthyridinyl gyl @ sinaxaipy! Grestin detibydieruinexalion Giaum, exfwnazalinktgroup, a cinnolinyl
group, a quinuclidinyl group, a pyrrolopyridyl group, a 2,3-dihydrobenzopyrrolyl group, a benzofuranyl
group, an isobéw&m@du&t%@mg?ﬂéﬁm%ﬁb,nat&ﬁf%ﬁﬁwe@Paa&, Al isRPEHAIRIF group, a
benZO'L3'diOX%ﬂ@JOHi@pil%@ﬁf&ﬁ%éa%é%%ﬁ[B{' QBMCG}@%GQJWQ{QQ?JEZQ WaDYhr iR benzothienyl
group, a 2,3-dihydrobenzothienyl group, a benzomorpholinyl group, a benzomorpholonyl group, a
benzothiazolyl §fotipicachdrestiatihZoidi epbpnantieiti o - Ehjarefiastp, matidrim chiptidrdip, an
isoindol1-2-y1 gioup i HRPAMILaRRkel-WEIIRUP NARRPARNRFRIARYE SRR RANZANiAGE!-2-Y1 group,
an indazol-1-y1 group, a benzomorpholin-4-y1 group, a thianthrenyl group, a xahthenyl group, a
phenoxathiinyl drougshd osirtsaizond grduycehyd parbbiieond:grsiens, saghhesndhrhriditage groappah acridiny!
group, a perimidiiy, gy, 4 RNENARITAlifvL QUR PRETARINKI raiR, AN STRthiAZIny) group. and a
phenoxazinyl group. [0059 Examples of the aﬂy group contyalnlng 1 to 10 carbon atoms, the alkoxy
group containingtiabydiOfearborilateens;ltketanploxpgroap contaihingtiérto Wicarboematoms; the halogen
atom, the aryl group ¢ eng%'ﬁnig r6e O%to. carbon %taosmss q end tPgn%rpinchsrau nin%l(lljgvea t'g}ose described with
regard to the substituent in 1he d‘escnphons orthe formu a? ). Ehe’dubstiftients Meluded in the
substituent groy@odoinay be further substituted with one or more substituents selected from the

substituent group A. [0Q60 From the viewpoint of the usefulness of the present compound as a
production intermediatg o#?g?%&%nﬁafpfﬁ \f,\rlﬁ’?saﬁ}bdtee@BI%Otﬁlgff??n&f??ecf‘&rt%ufﬁrﬁﬁd)@ Btegg fluorine atom,

a chlorine atomr@fcadpyeoyl dgratipaamchy dxal odrOMR wviier dilke Risepresentgianiatkaxy@seup or an amino
group, wherein the alkoxytgrou and the amino group may be substituted ; it is more preferable that X be

a fluorine atom ™ EhSHHEaBIA o IR BBl AN NBE -C(L8) Bgkiorei P RPFEHIEE elts an optionally
substituted alkQsyreFip sriniSofes therprafe rable shatrobera il ainsatem andeXchen-prGadR wherein R

represents an optionally substituted alkoxy group ; and it is most preferable that X be a fluorine atom and
Y be -C(=0)R WASFEMAR Y EFteBEMRI AMHAHER Afrd iRl AP BtHSE GHiNYAIT - prosxy g rotip, an

isopropoXxy groyp Qi1RR: BytaYa0ERURJRRG B then N ithECOBRGEIASLRRRSERtEd Ay dormula (11),
formula (I-1), formula (Il1) and formula (1V) will be described. The definitions and preferred ranges of X

and Y in the fompélm}}spélmimmhe subsequent reaction without performing special operations.

Otherwise, the filtrated crystal may be neutralized and the obtained product may be

then used in the subsequent reaction.
[0067]

Conversion of amide (D) to isoxazole (formula (II-1)) can be achieved firstly
by reacting amide (D) with hydroxylamine to form an oxime and carrying out a ring

closure reaction thereon with a catalyst such as an acid or a base. ~As hydroxylamine,
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(I-1), formula (11l) and formula (IV) are the same as those described for the formula (1). In the formula
(1), R1 represents a hydrogen atom or an alkyl group, where the alkyl group may be optionally
substituted. When R1 represents an alkyl group, it is preferably a linear, branched or cyclic alkyl group
containing 1 to 10 carbon atoms. The alkyl group contains more preferably 1 to 8, and most preferably 1
to 6 carbon atoms. The alkyl group may further have one or more substituents. As such substituents,
those listed in the substituent group A are preferable. Examples of the alkyl group include a methyl group,

an ethyl group, ary oseropyh gmammwmﬁog&dwr@ﬁbmﬁybgmumhMBUtiydrguhlmich_n n-butyl group,
oD OO RS RST SR AUEIONEro” QLouE, S0 Sl CLARAE Cuy By preferably &

methyl group or an oup. e compouncf)represen e rmula’(l) and the
compound represendedubyefasmutaliity caprdiersyinthesized tyrthetisehemgasude scifee ejow. In the

formula as shown below, the definitions and preferred ran%es of R and R1 are the same as those
described for tHE¥GHAIAOH) orMERSRRIE i) 4 g R PP AEBRTE S 0 RIoF Na. [0063] [Chem.19] OR1
formula(ll-1) | HHoes)

The compound represented by formula (II-1) is treated with an acid, so as to
produce 5-hydroxypyrazino[2,3-dJisoxazole (formula (I-1a)). Examples of an acid
used herein include: proton acids such as hydrogen chloride, sulfuric acid,
p-toluenesulfonic acid, camphorsulfonic acid, trifluoroacetic acid or
trifluoromethanesulfonic acid; and Lewis acids such as aluminum chloride, zinc
chloride or iron chloride. The acids that are preferably used herein are proton acids.
Of these, hydrogen chloride, sulfuric acid and p-toluenesulfonic acid are more
preferable, and p-toluenesulfonic acid is particularly preferable. The amount of the
acid used as a catalyst is preferably 0.0001 to 1000 times, more preferably 0.001 to 100
times, and most preferably 0.01 to 10 times the molar amount of the compound
represented by the formula (II-1).

[0069]

The type of a solvent used herein is not particularly limited, as long as it does
not affect the reaction. Examples of the solvent include: nitriles such as acetonitrile;
aromatic hydrocarbons such as benzene, toluene or xylene; ethers such as dioxane,
tetrahydrofuran or ethylene glycol dimethyl ether; ketones such as acetone or
2-butanone; alcohols such as methanol, ethanol or 2-propanol; amides such as
N,N-dimethylformamide or N,N-dimethylacetamide; carboxylic acids such as acetic
acid, propionic acid or trifluoroacetic acid; esters such as ethyl acetate or isopropyl
acetate; and sulfoxides such as dimethyl sulfoxide. These solvents may be used in
combination. Examples of a preferred solvent include aromatic hydrocarbons, ethers,
alcohols, carboxylic acids, esters, and sulfoxides. Of these, carboxylic acids, alcohols
and esters are more preferable, and acetic acid is further preferable. Such a solvent

may also act as an acid catalyst.
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COP fo rmul a | -3) [0064] An acetic acid ester (A) is hydrolyzed to obtain a carboxylic acid (B). In this
reaction, various types of solvents can be used as solvent. In general, water, or a mixed solvent of water
and an organic solvent miscible with the water, can be used. As bases, various types of inorganic bases
or organic bases can be used. Metal hydroxides, such as sodium hydroxide, lithium hydroxide or
potassium hydroxide, are preferable. A reaction temperature from -20 to 100C is preferably applied. The
reaction temperature is more preferably from 0O to 80C. 100651 The obtained carboxylic acid (B) is
allowed to react@itb]aminoacetonitrile in a basic to neutral range, so as to convert it to an amide (C).
Examples of a condenajgg al%entt used uri?gt IS reatctiotn [ C|1J e: ca(libod[i'mid s such a
dicyclohexylcarbodiimide of é]fhy -:’;‘-fg-vl%e eyl<l':1srrr11|°n 6?6%%/ carbodiimide eysd)rgg?\tlcl)sril(lfg; activators such
as carbonyldiimigdaz alecan N relistabbininaidgl xasb onate aamehoatiowierdelydratisonaendensation agents
such as 2-chloro- 1-methyl pyridiniumiodide,2-chloro-1,3-dimethylimidazoliniumchlorideor
chloro-N,N,N',I\fhf;eat?&?ﬂléttﬂf/ﬁgmﬁﬂmimﬁgﬁgﬁ&éfrgﬁ%%ﬂ&é@)'Also, there can be applied a method

comprising allowing therbiaibeshcempera i igastiviteraidhalides sucb.asyehlewearbonic ester or
methanesulfonyl chloride to obtain a mixed acid anhydride, and then allowing it to react with acetonitrile.

The reaction tefip&rittiedis diffePEriEdapetfiry UrurebradmuyPagferthsEaMA BehrdY4: it is preferably

from -20C to rogm tefonskatkke:s hiepaaivantthahtra. bauises-hessin ssnnahRaticady-imited so long as it
does not affect the reaction, and examples there include: nitrites such as acetonitrile; aromatic

hydrocarbons SUEF KEHEAYEMETIBIIENS &f ROMher HBvGeHathaPFR/aFRIN D BHRYE - &s chloroform,
methylene chlofjglg-or 1,2-dichloroethane; amides such as N,N-dimethylformamide,
N,N-dimethylacetamide, N-methyl pyrrolidone and N-ethyl pyrrolidone; esters such as ethyl acetate,
isopropyl acetate or bulylthicaeassioguiorihesenehund affsthynsdrélide iseaforelyand tetrahydrofuran.
These solvents&%ggy%eg@&%mation. Also, a reaction is also preferably carried out in a two-phase
system of an organic solvent and water. [0066] A condensation reaction from amide (C) to amide (D)
can be carried A3y reacting the amide (C) with an oxalic diester or the like, using metal alkoxide as a

base, in a solvent suchas ?ggltsr%rﬁy&r%fgr%ql SJuE?cl%?rt‘ﬁe h urﬁ%_ti%ptgemperaturg _is pref_erably from O to
60C, and more preferably from 10 to 40C. A reaction product is generally precipitated in the form of a salt

from the reacticndystepprazing| 2aldhnaydzeledftecied Byiltratibn ahic-nedyheghemnousedes the subsequent

reaction, or it ma}yCEF)rdIilgl %I’ty uesnc%gl inittltlgrs#flh?gu uesrg)} reeettcti é/\(/:iltjli]c%y&a%erforr&ipgabg%ecial operations.
Otherwise, the filtrated cry ﬁlgmay be neutralized and the obtaine prodlécat%ﬂay e then used in the
subsequent reaciianed @6 hmongphnyarsiohcbfogidudeh (B)hiaris pxazoledfdumtasphietyy can be achieved

firstly by rt_aacting % Oidée &D) \%itl]ggg/dr_(g%lamig\ vte% f(I)rm 3{1 o>é' ﬁngar%aﬁ%igptggg 8 vrelgtq closure reaction
thereon with a CREAIVECS Eﬁ § i acid OF B DRSS NS Hﬁf r&ykg h&amp

include N,N-dimethylformamide, N,N-dimethylacetamide, acetonitrile, sulfolane,

N-methyl pyrrolidone, ethyl acetate, and a mixed solvent thereof. As necessary,

triethylamine, pyridine, triethylamine hydrochloride and the like may be added. The

reaction temperature is preferably from room temperature to 130°C, and in general, it

is more preferably from 50 to 110°C.

[0072]

In a reaction of converting the compound of the formula (I-2) to
5-fluoropyrazino[2,3-d]isoxazole (formula (I-3)), various types of fluorinating reagents
can be used as fluorinating agents. Preferred examples of the fluorinating reagent
include potassium fluoride, cesium fluoride, tetra-n-butylammonium fluoride,
tetramethylammonium fluoride, and tetraphenylphosphonium fluoride. Of these,

potassium fluoride and cesium fluoride are preferable. With regard to potassium
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any one of an aqueous solution of 50% hydroxylamine, hydroxylamine hydrochloride, and hydroxylamine
sulfate can be used. As a solvent, dimethyl sulfoxide, methanol, ethanol, water or the like is preferably
used. The reaction temperature is preferably from 0 to 100C, and more preferably from room temperature
to 80C. [0068] The compound represented by formula (11-1) is treated with an acid, so as to produce
5-hydroxypyrazino[2,3-d]isoxazole (formula (I-la)). Examples of an acid used herein include: proton acids
such as hydrogen chloride, sulfuric acid, p-toluenesulfonic acid, camphorsulfonic acid, trifluoroacetic acid
or trifluoromethéinesddicpiayaditkdgnoakewisthciddess phareisudddmpmefieratidoridie Ainorohaldsde or iron
chloride. The acidstthat(ﬁr% E)referabla/ %ISFCI ‘t}erqlﬁﬁ;}é re %r&%on acids. Of %he%?,jw)idtro?en chloride, sulfuric
acid and p-tolueaﬁeensu1 Shic acidafe'more p% srabe; an p-lfgfﬁ’erﬁlgrse onic acid is Barﬁgfﬁ%irly preferable.
The amount of tha aoid piseddsyal dadaly/ginsspheferailyia04df tord 00 dinnesrarorespreferably 0.001 to
100 times, and most preferably 0.01 to 10 times the molar amount of the compound represented by the
formula (11-1). [06 ratlon'ff]ﬁ‘&{%ténéfa?%R}gﬁtaﬁge%%ﬁpé’ﬁ‘ﬁ %St%%{hﬁ(&l&rﬁﬁ%‘ﬁﬂﬁﬁél?l: Xfong as it does
not affect the repctions Bxamples-efitiesgluenipeipde: nitites syateasaceianitile; Rromatic
hydrocarbons such as benzene, toluene or xylene; ethers such as dioxane, tetrahydrofuran or ethylene
glycol dimethyl ¥tfigh: kBEBIESSEEH R et BROMSIENERTB I ARDHANS steh A4S RiEtknol, ethanol or
2-propanol; amides sxemasdhNiseei fanmamide.arhod imetylasstamideisateoxylic acids such as
acetic acid, prcr)TRjkonic acid or trifluoroacetic acid; esters such as ethyl acetate or isopropyl acetate; and

sulfoxides such™a&eibmyTdidragidecthrbaredidertonteirbeirfanm cOhbRistits ®iEiples of a
preferred solverf ipglidlendrRmaltiai iy diacainisy gbarmiIcielsncarhyliendcidsogriers, and

sulfoxides. Of these, carboxylic acids, alcohols and esters are more preferable, and acetic acid is further
preferable. Suctiaeiveriprrijcarsy aeetasiacabidNcditapRy!fgop7o]de andrfiengimd shtieridesolvent used is

not particularly limitge, [N SRt ISRechi A AT QWP LIEIeTaPlY, 119120, IEs (A ;gnd more

preferably 1 to 15 times (v/w) the amount of the compound represented by the formula (lI-1). The
reaction temperatleeabdydiffeie AP dapending oeampréidbhtdlist tiches svlvertndsadstlt is preferably 200C

or lower, and marg pIgeIaRlY f1am R 19 150G The seactian lim s patnsriaiams imifed It is preferably 5
minutes to 50 h%urs, more preferably 5 minutes to 24 ours, and particularly preferably 5 minutes to 5
hours. In thispadotionf Bérnrdheico mpperd:of thehfopeilir¢hdin sopahiecidmg prederdlaly an alkoxy
group. [0071] Conversion of the compound_of the formula (I-1a) to 5-chloropyrazino[2,3-d]isoxazole
(formula (1-2)) csa(\)r11vﬁnet'a§1n| eg%r;hls}hlgs %ern}%ﬁép{/y%(e)%l oft%r{I%Briré% |n0(j a%gt%{gm i{(ﬁgcl)}{r Without a solvent. The
chlorinating ageahpanthe seldow fienmasmpiriepibdspbearyoablooere,. phosphefeatpentadhtoride,
phosphorus trichloride and tRII}e like. When a solvent is used, re{erred,lé?‘xar%fles of the %‘Ivent include
N,N-dimethylfoffiAiHIHE" R R-HASHIINESAIBE SERIHRHTE, 'S citdiane NSNS HBIidEne, ethy!
acetate, and a mixad:-sakiant thexepk angoassaryptogibylanines; pyridingy Uiethylsooipenydrochloride
and the like may be added, The reaction temperature is preferably from room temperature to 130C, and in

gen eral. it is m 6%1 B}g%bpéﬁﬁﬁl?wgb %%@Em In order to reduce the water content in the

reaction system, various types of dehydration operations may be carried out before the
reaction. For example, it is preferable that a fluorinating reagent to be used is dried
by heating (80°C to 500°C) and vacuum suction (0.001 to 100 torr). Moreover, when
a high boiling point solvent (dimethyl sulfoxide, sulfolane, N-methyl pyrrolidone,
N,N-dimethylformamide, etc.) is used, azeotropic dehydration is preferably carried out
using toluene or xylene. Moreover, it is also preferable to distill away a high boiling
point solvent under reduced pressure, so as to reduce water content in the system.
Furthermore, for the purpose of reducing water content in the system, molecular sieves
or the like can be added. In this operation, molecular sieves, which have been

dehydrated and dried at a high temperature, are preferable. For the purpose of
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[0072] In a reaction of converting the compound of the formula (I-2) to
5-fluoropyrazino[2,3-dJisoxazole (formula (I-3)), various types of fluorinating reagents can be used as
fluorinating agents. Preferred examples of the fluorinating reagent include potassium fluoride, cesium
fluoride, tetra-n-butylammonium fluoride, tetramethylammonium fluoride, and tetraphenylphosphonium
fluoride. Of these, potassium fluoride and cesium fluoride are preferable. With regard to potassium
fluoride, spray-dried potassium fluoride is particularly preferable. The fluorinating agent is added in an
amount of prefenalplytinpatk(r¢intés), moikejorpliesaliynifd tatdlyksaschngd most preferably 1.1 to 3 times the
molar amount otf a r_e%ctioln substrate. A dghydtra:tiqg fl orinatingmagjent.auch as

2,2-dif|uoro-1,3-%ﬁrr2hgt lf/ﬁ”m%glzocl)]ﬁ%rg fﬁlﬁﬂ Srtf,ia,f, ,lg,ye-‘ é?(%lﬁuorog(irpd|eethylaminopropane (Ishikawa's
Reagent), may alsephar gigtlegdhBiiafer cathadampliashdsolventinchidedapiotic solvents, such acetonitrile,
N,N-dimethylformamide, N,N-dimethylacetamide, sulfolane, dimethyl sulfoxide, N-methyl pyrrolidone,
N-ethyl pyrrolidSHEeg}yt‘Bﬁ%ﬁmﬁPéWWfﬁg’fe?‘é%{%&‘}h‘?{’r‘i?e? SRUESTHR R e
N,N-dimethylaceganiaa. s wojaims 1and.oieseting, pulixideaginore guelarable, and acetonitrile,
N,N-dimethylformamide and dimethyl sulfoxide are further preferable. The amount of a solvent used

shmted,and is pr&férebi)8xs DOrEy Rt srcrebsrerd Ay #4810 TR & aUM iBidSmost preferably 1
to 3 times (vIw)lag MDAl iiae @OMMOHAASNEIRIIBIAI0-AlnTBeRDBLIRLAG tesreaction
temperature is changed depending on the boiling point of a solvent. In general, it is preferably from O to
130C, more pref&isHY FrémogAstEM I Hture to 110C, and most preferably from 50 to 100C. It is
preferable that fhg,;gpncentration of water content in the reaction system is low. The concentration of the
water content is more preferably 0.01 to 1000 ppm, further preferably 0.01 to 500 ppm, and most
preferably 0.01 to 300 Yo ircontaups pddbEotRalyakey cotteifesiveddrranaompyerel Barious types of
dehydration opegatigns MY PR -GaIHRA AUt BIokR RRIRASIAN. £08 O@mRlR- 1S BEeferable that a
fluorinating reagent to be Used is dried by heating (80C to 500C) and vacuum suction (0.001 to 100 ton).
Moreover, whers @ikfgratipitidde poirt delvenati(dimethye-sulfoiig¢hesalidiinessNdmathgupyarolidone,
N.N-dimethyformanye. sif i Hsed aeearoricAehdintion s releraflv.sastich autusino toluene or
xylene. Moreover, it Is also preflér ble to disti away a high boiling point solvent under reduced pressure,
S0 as to reducethvat@reoprtgmtahtbee aystem] Huithérmuote (for) tle fpuhposkeaforepeoidg water content in
the system, mogg)%{ll?rdsﬂne%é%s ar tCheeIil§e r%%@s?% é"}ldl()jee%i Ipotréif operation, molecular sieves, which have
been dehydrate And drieda a%fﬁh%e%perature, are preterable. For the purpose of promoting the
reaction, cationjoqaase transfer catalysts such as tetra-n-butylammonium chloride,
tetra—n-butylamm%i]gwromide, tetraphenylphosphonium chloride, tetramethylammonium chloride or
trimethylbenzyl Niim bromide, and nonionic phase transfer catalysts such as 18-crown-6,
polyethylene glycol 409;4 olyethylene glycol 1000p@r tris(2-(2-methoxyethoxy)ethyflamine, can be
preferably used. The g;%@fmtime is preferably > mjnutes to 50 hours, more preferably 10 minutes to 10
hours, and most pr@ferably 15 miputes to 5 haursn 3] When a compound of the formula (J-5) is
synthesized from a compourtd®8fthe formula (J-4) as deRfbed later, 2,4-dinitrochlorobenzene or
2,4-dinitrofluorobgrzeRa 43 prefsrably addeq jiig fhe reagiion mixture. Using these additives, the amount
of black tar component generated as a result of a fluorination reaction can be reduced, and thus, the
quality of the compound of the formula (J-5), or further, the compound obtained in the subsequent
process, can be[oi(r)r;g]roved. [0074] [Chem.20] formula(J-4) OOFe formula(J--5)
2,4-Dinitrochlorobenzene or 2,4-dinitrofluorobenzene is added in an amount

of preferably 0.001 to 10 times, more preferably 0.01 to 1 times, and most preferably

0.01 to 0.2 times the molar amount of the compound of the formula (J-4).

[0076]

Further, it is possible to convert the compound of the formula (I-1a) to the

compound of the formula (I-3) without mediating the compound of the formula (I-2)
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[0075] 2,4-Dinitrochlorobenzene or 2,4-dinitrofluorobenzene is added in an amount of preferably
0.001 to 10 times, more preferably 0.01 to 1 times, and most preferably 0.01 to 0.2 times the molar
amount of the compound of the formula (J-4). [0076] Further, it is possible to convert the compound
of the formula (I-1a) to the compound of the formula (I-3) without mediating the compound of the formula
(I-2) according to a method of allowing 2,2-difluoro-1,3-dimethylimidazoline (DEE on the compound of the
formula (I-1a) in acetonitrile. [0077] Still further, it is also possible to convert the compound of the
formula (I-1a) toatherdorgpoeundedidteffailmelag 2.2} dijlwonve Btidigntiiey nod pzalipo ditldn thahthe compound
of the formula (I-la) to a Ie?\ﬂn? group f_l.i(a:rb.as a sulfai"noyloxy group according to a method of allowing

| e( -(ialj“tlo rgeac )

the compound i Y 8rdrr(1)u a \}\llllt?\“étﬁﬁgrrhoyl chloride in the presence of a base, and then by

substituting the[goaap at position 5 using potassium fluoride, tetrabutylammonium fluoride or the like as a
fluorine anion source. That is to say, ?é)%gzino[zs-d isoxazole derivative having, at position 5

. t
thereof, a group substit B Qith 5 i 1h Gr R YBLP R B U ALy HIUEE {8 )such a group,

is also importanb ageaderasbiclipBrinkerradiaie P8 T bs08AVROTSkhe grMpean Yoistéa(s0)R@ad R is an
amino group in the formula ((cl}% the compound can be synthesized by a method of allowing the compound

represented by SRS UA (HwnErdt Riseancakdsa) BrosEtb rékbt Widh SiRevRtHigdRction, it is

preferable to add aauitakie: hasaddosrexrmiple . tHiethyigsnieo diiRorreRMie AN By tistine, potassium
carbonate or sodium bicarbonate). The type of a solvent used herein is not particularly limited, as long as

it does not affecttRERFACHRTIdEianTe BERse SbivdrtsnéftbEchifewRtiEntag dbet@RitAIat aromatic

hydroca_rbons SH&ABR BenERREJAURRE ALNNIRNG:RINRLTSHab R igNene tGtralydiefytan or ethylene
glycol dimethyl ether; ketones such as acetone or 2-butanone; alcohols such as methanol, ethanol or

2-propanol; amfbégiéﬁléhi@lsW?F\‘Ffdimethylformamide or N,N-dimethylacetamide; esters such as ethyl
acetate or isopropyl acgfgte;apdsulfoxides sieh agimeity sulioxide. fNGRe sPIveatR M3y be used in

combination Examples of a preferréd solvent include aromatic hydrocarbons, ethers, alcohols, esters, and
sulfoxides. Thetherasding foarseiveiiabéavignafiparticultmy dinitsdup eatetudatdssiisanlivean amount of

preferably 1 to ?(9 s{licr:]ﬁeasgg\(/){l\’& ’isaglgorprgf)gr%rnetfgsr%tf)%&uction intermediate of T-705A.
[0078]

When Y is -C(=O)R and R is an amino group in the formula (I), the
compound can be synthesized by a method of allowing the compound represented by
the formula (I) wherein R is an alkoxy group to react with amine. In this reaction, it
is preferable to add a suitable base (for example, triethylamine, diisopropylethylamine,
pyridine, potassium carbonate or sodium bicarbonate). The type of a solvent used
herein is not particularly limited, as long as it does not affect the reaction. Examples
of the solvent include: nitriles such as acetonitrile; aromatic hydrocarbons such as
benzene, toluene or xylene; ethers such as dioxane, tetrahydrofuran or ethylene glycol
dimethyl ether; ketones such as acetone or 2-butanone; alcohols such as methanol,
ethanol or 2-propanol; amides such as N,N-dimethylformamide or
N,N-dimethylacetamide; esters such as ethyl acetate or isopropyl acetate; and
sulfoxides such as dimethyl sulfoxide. These solvents may be used in combination.
Examples of a preferred solvent include aromatic hydrocarbons, ethers, alcohols, esters,
and sulfoxides. The amount of a solvent used is not particularly limited. The

solvent is used in an amount of preferably 1 to 50 times (v/w), and more preferably 1

24



to 15 times (v/w) the amount of the compound of the formula (I).The reaction temperature is preferably
200C or lower, and more preferably from 0 to 150C. The reaction time is not particularly limited It is
preferably 5 minutes to 50 hours, more preferably 5 minutes to 24 hours, and particularly preferably 5
minutes to 5 hours. [0079] Among the compounds represented by the formula (I), a compound
represented by a formula (J-4) as shown below can be synthesized by the following scheme, for example.
[0080] [Chem.21] PH HNCONH2 --COOR2 formula(J-1) _OH 00 C OR2 formula(J-2)

--COOR2. formuwld@td)es (v/w) the amount of the compound of the formula (I). ~ The reaction

temperature is preferably 200°C or lower, and more preferably from 0 to 150°C. The
reaction time is not particularly limited. It is preferably 5 minutes to 50 hours, more
preferably 5 minutes to 24 hours, and particularly preferably 5 minutes to 5 hours.
[0079]

Among the compounds represented by the formula (I), a compound
represented by a formula (J-4) as shown below can be synthesized by the following

scheme, for example.

[0080]
[Chem.21]
OH N. _OH
HNOC. HN.__GONH, E’ ]
l 2 - "= \E — ‘-‘E
COOR COOR? d@ 1
tormula(J—0) formula(y—1) formulai—2)
.--N OH ,___N 0\
[ I/ /[ IE(N
=0 NOH —
rH ]/ COORZ
02 COOR2
formula (J—3) formula(J—4)
[0081]

In the compounds of the formulae (J-0) to (J-4), R? represents an alkyl group
or an aryl group. The alkyl group and aryl group may be optionally substituted. It is
to be noted that the same applies to R? in the compound of the above-described
formula (J-5).

When R? represents an alkyl group, it is preferably a linear, branched or cyclic
alkyl group containing 1 to 10 carbon atoms. The alkyl group contains more

preferably 1 to 8, and most preferably 1 to 6 carbon atoms. The alkyl group may
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N OH NNOH 69 cooR2 formula (J-3)

further have substituent(s). As such substituents, those listed in the substituent group
A are preferable. Examples of the alkyl group which may be optionally substituted
include a methyl group, an ethyl group, an n-propyl group, an isopropyl group, a
2-methoxyethyl group, a t-butyl group, an isobutyl group, an n-butyl group, an isoamyl
group, n-amyl group, a neopentyl group, an n-hexyl group, a cyclohexyl group, a
benzyl group, and a 2-ethylhexyl group.

[0082]

When R? represents an aryl group, it is preferably an aryl group containing
preferably 6 to 12, more preferably 6 to 10, and most preferably 6 to 8 carbon atoms.
The aryl group may further have substituent(s). As such substituents, those listed in
the substituent group A are preferable. Examples of the aryl group which may be
optionally substituted include a phenyl group, a 4-methoxyphenyl group, a
4-dimethylamino phenyl group, 3-methylphenyl group, 2,6-dimethylphenyl group, and
a 4-t-aminophenyl group.

[0083]

In the present invention, R” in the compounds of the formulae (J-0) to (J-4) is
preferably an alkyl group containing 1 to 6 carbon atoms. A methyl group, an ethyl
group, an n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, and a t-butyl group are particularly preferable.

In the compound of formula (J-3), the hydroxyl group of the oxime may adopt
both anti- and syn-isomer structures. In the present invention, it may be either one
isomer or a mixture thereof.

[0084]

The compound of the formula (J-0) can be synthesized by a known method.
For example, a maleic anhydride is allowed to react with alcohol to synthesize a maleic
monoester, it is then induced to an acid chloride using a chlorinating agent such as
thionyl chloride, and the acid chloride is then allowed to react with ammonia, so as to
convert it to an amide body. Alternatively, the above-described maleic monoester is

allowed to react with, for example, methanesulfonyl chloride or chloroformic ester, so
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COOR2 ormula(J-4) [0081] In the compounds of the formulae (J-0) to (J-4), R2 represents an alkyl
group or an aryl group. The alkyl group and aryl group may be optionally substituted. It is to be noted that
the same applies to R2 in the compound of the above-described formula (J3-5). When R2 represents
an alkyl group, it is preferably a linear, branched or cyclic alkyl group containing 1 to 10 carbon atoms.
The alkyl group contains more preferably 1 to 8, and most preferably 1 to 6 carbon atoms. The alkyl group
may further have substituent(s). As such substituents, those listed in the substituent group A are
preferable. Exampeiadicthie talkyhprelupidhidlydridy, bedaptionady substitytediens|tde alovettyl group, an

ethyl group. an f-probyl group, an sepropyl.group. 2,2 meihowely! gioup, 2 Lbubl gioup, an isobuty
group, an n-butyl gioup, an 1S0amyI §rdtip; f-amyl Group, & heopentyl group; anh n-héxylgroup, a
cyclohexyl groujlta hehzyd giohiniamndcarZoriby iexyhgioum. {0882 may BYVhenl R?2 d@presewts an aryl
group, it is preferably an aryl group containing preferablﬁ 6 to 12, more preferably 6 to 10, and most

preferably 6 to 8 Gh afSHE S A YIRS MR MaVESs (R &) RS LR ibstituents,

those listed in theusubstitientgoHp A2 erplaterabieamxeMples: of theranibgrup whiehwnay be optionally
substituted include a phenyl group, a 4-metho%<]%phenyl group, a 4-dimethylamino phenyl group,

3-methylphenyPSidtip, 2 BEdifistfThanyr g6t aht 4% SRfREeht o s cidesaierily

it, so as to obtain the compound of the formula (J-0).

In the present invention, the compound of the formula (J-0) may be either a
cis- or trans-isomer.
[0085]

Conversion of the compound of formula (J-0) to the compound of formula
(J-1) can be achieved by conjugate addition of hydroxylamine.

As hydroxylamine, 50% hydroxylamine aqueous solution, hydroxylamine
hydrochloride, hydroxylamine sulfate, or the like may be used.

When hydroxylamine hydrochloride or hydroxylamine sulfate is used, various
types of organic bases or inorganic bases are preferably added. Examples of a base
that can be used herein include triethylamine, pyridine, sodium hydroxide, potassium
hydroxide, potassium carbonate, sodium bicarbonate, and sodium phosphate. The
base is used in an amount of preferably 0.1 to 10 times, more preferably 0.5 to 2 times,
and most preferably 1 to 1.2 times the molar amount of hydroxylamine.

[0086]

The hydroxylamine is used in an amount of preferably 1 to 10 times, more
preferably 1 to 2 times, and most preferably 1 to 1.2 times the molar amount of the
compound of the formula (J-0).

The type of a solvent used herein is not particularly limited, as long as it does
not affect the reaction. Examples of the solvent include: water; nitriles such as
acetonitrile; aromatic hydrocarbons such as benzene, toluene or xylene; ethers such as
dioxane, tetrahydrofuran or ethylene glycol dimethyl ether; ketones such as acetone or

2-butanone; alcohols such as methanol, ethanol or 2-propanol; amides such as
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In the present invention, R2 in the compounds of the formulae (J-0) to (J-4) is preferably an alkyl group
containing 1 to 6 carbon atoms. A methyl group, an ethyl group, an n-propyl group, an isopropyl group, an
n-butyl group, an isobutyl group, a sec-butyl group, and a t-butyl group are particularly preferable. In
the compound of formula (J-3), the hydroxyl group of the oxime may adopt both anti- and syn-isomer
structures. In the present invention, it may be either one isomer or a mixture thereof [0084] The
compound of the formula (J-0) can be synthesized by a known method. For example, a maleic anhydride
is allowed to redtNwdithablybdfoohtorsynthesiXelanerhiéicanoride steerdtisihsrinducedttooan acid chloride
using a chlorinatir(igr a?{?nt sutch as thiggall chlor'EIe, nd&pei a(&d chloriq.%bjs thﬁbn a{lowedbto react with
ammonia, so as'td CORvETT it to AN amide Sody AfMAtvaly; the*dbove-deScribed maiic monoester is
allowed to reactiwithin tameasripte, Melhgnesolfo pydfefiterideventdhtonotarrmitaastieydseasdis induce it to a
mixed acid anhydride, and the mixed acid anhydride s then allowed to react with ammonia, so as to
convert it to an %H‘ﬁrdeaﬂ)cé’aﬁisDﬁltﬁ’iﬁ fdsal 8’86%%nsggél?ﬁesﬁéﬂné?él%lmﬁf8ﬁ?ﬂl?ﬂnéa?bc8ﬁg{% or ammonium
acetate may beaugectdns agditiee fecasmumienia. Moreover, as an alternative method, a maleic anhydride is
allowed to react with ammonia to synthesize maleic monoamide, and it is then allowed to react with
alcohol in the ng%ﬂce of an acid catalyst such as concentrated sulfuric acid to esterify it, so as to obtain

the compound of the forguliédrbr a solVeAhesBIgSabE pamentian, thecampaindotthe fReanula (3-0) may
be either a cis- or trans-isomer. [0085] Conversion of the compound of formula (J-0) to the compound

of formula (J-1)iE4R HRONERRIRSE Gy RLE A jiRyE0d BSIION oPYIPESE FRINE Lo 10 UARehGHFOXylamine, 50%
hydroxylamine aQugQus,SGLHOR. 1%@5%{&@3%1% hedipehipridendwdrpsylaningStifaiRa or the like may be

used. When hydroxylamine hydrochloride or hydroxylamine sulfate is used, various types of organic
bases or inorgadi®)bases are preferably added. Examples of a base that can be used herein include

triethylamine, py”di”e’ﬁ%@éﬂ&i@%ﬁ?ﬂﬁ%nﬂ@ﬁ@ﬁﬁf%ﬁﬁgﬁ%ﬁiﬂﬁg BRIASSWM Gallponats, sodium

bicarbonate, and sodium phosphate. The base is used in an amount of preferably 0.1 to 10 times, more
preferably 0.5 tpreftiaigs famd htodbpiefenalspreftyabl? finvesodre wioferawmoimt @ Rydrdxylamine. [0086]
The hydroxylamingci% 2%%ed i ar})ﬁr?r%un}o%%p{eferab}!lyrgtgo%QCﬂmes, more preferably 1 to 2 times, and

most preferabI)P {6 imes the'molar amount of the compound of the formula (J-0). The type of a

solvent used herein is bt paticulanyelimitegass-ivadydstteibe sinstpafectvllye reactiortoBRamples of the
solvent include'hwater' nitrites s qh ace onltri ; aromatjc hrydr?c rbo sbchlgs benzene, toluene or
) OUfS. rh(are pre era%t) muhates to 5 Hours, and pargicy fll(??f nli)r#;grflulﬁ_l _IEmtutes to
xylene; ethers such as dioxane, tetrahydroruran or ethylene glyco ethyl ether; ketones such as
acetone or 2-butanone; alcohols such as methanol, ethanol or 2-propanol; amides such as
The compound of the formula (J-1) may be isolated and may be then subjected
to the subsequent process. Otherwise, it may be subjected to the subsequent process
without being isolated.
[0088]
Conversion of the compound of the formula (J-1) to the compound of formula
(J-2) can be achieved by allowing the compound of the formula (J-1) to react with
glyoxal in the presence of an acid or a base. As glyoxal, an inexpensive 40% glyoxal
aqueous solution is preferably used. It is also possible to use, for example, an acetal
body or a sulfite ion adduct as a product equivalent to glyoxal.
The glyoxal is used in an amount of preferably 1 to 10 times, more preferably
1 to 5 times, and most preferably 1 to 3 times the molar amount of the compound of

the formula (J-1).
[0089]
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N,N-dimethylformamide or N,N-dimethylacetamide; esters such as ethyl acetate or isopropyl acetate; and
sulfoxides such as dimethyl sulfoxide. These solvents may be used in combination. Examples of a
preferred solvent include aromatic hydrocarbons, ethers, alcohols, esters, and sulfoxides. Of these,
aromatic hydrocarbons, alcohols and esters are more preferable. [0087] The amount of a solvent
used is not particularly limited The solvent is used in an amount of preferably 1 to 50 times (v/w), more
preferably 1 to 10 times (v/w), and most preferably 1 to 3 times (v/w) the amount of the compound of the
formula (J-0). The Teactianotensperature dshdiffarantoad peidladgydmatsd lvetngsadt dois preferably from
0 to 130C, mor%gé1 erably from room era%u[le t0,100C, Tn _particularli){ refc%rably from room

. |

tem
temperature to e RS tion e 18 Rot 6asr }E:/ﬁ é}ﬁlc iifitett It risnbtrrefer?alb yefoS minutes to 10 hours,

more preferablyd@omiritdes dmbiboyasoainsbpartichiarbe praferabiy ikomingies dhdrdaidh as  The

compound of the formula (J-1) may be isolated and may be then subjected to the subsequent process.
Otherwise, it mipﬁaél%&ﬁﬁ@@%{ﬂ%l%ﬁoéﬁg%al?eﬂy oUW HBER ﬁéﬁﬂ‘bﬂf’s%’l‘&}é‘&.afﬁﬁﬁ‘ﬁ]%r Conversion

of the compounglwfiihenformulaldsiiiadhe campadnt afformpripaabheambauachieved by allowing the
compound of the formula (J-1) to react with g!yoxal in the presence of an acid or a base. As glyoxal, an
i

inexpensive 409 iEReihHoEBtRIde RITSN i B hanHP e HTE Al BHELMIa%TAE" for example, an

acetal body or aspfifglian-adduat agiRBRIYt VAR toualaYal. ThesERBIGYEXRhisyased in an
amount of preferably 1 to 10 times, more preferably 1 to 5 times, and most preferably 1 to 3 times the

molar amount e EEPRPMRMPDS the 1ef @Pigfae el vent ingeds Walet BistasertheiSed herein is not

pf’ﬂlf_tiCU|a”y ”m“i?éi'@@e%,!Qlﬁgh%%,“aﬁ@_ﬁﬁlfaﬁé.aff@FEﬂE‘s%,r%féﬁipéihé?@ﬁﬁ%%%}gflﬂ&?e%%\{@nt include: water;
nitriles such as acetonitrile; aromatic hydrocarbons such as benzene, toluene or xylene; ethers such as

dioxane, tetrahpstsfiaban ardetyiee ienglyceiesirnithy ether; ketones such as acetone or 2-butanone;
alcohols such as methgnal, SHANGH P ARIPRANLE ARITESIHE FaN-dimethylfarmamide or

N,N-dimethylacetamide; esters such as ethyl acetate or isopropyl acetate; and sulfoxides such as
dimethyl sulfoxideiTesmisolperitsabiayl e 10senidn (EOGmbimet onciExaingles 20f tmerefeved solvent include

water, nitriles, ‘%ﬁ?ﬂ%a‘%%&%%‘&%l?'?%"E’ﬁstﬁ%‘g AMAER-RLIEIP A SINETS AdkaigaRols are more
preferable, and water is'most preferable.

J-1).

[0090]

For the purpose of improving yield, it is preferable to add an acid or a base in
the present reaction. Examples of an acid used herein include: proton acids such as
hydrogen chloride, sulfuric acid, p-toluenesulfonic acid, camphorsulfonic acid,
trifluoroacetic acid or trifluoromethanesulfonic acid; and Lewis acids such as
aluminum chloride, zinc chloride or iron chloride. Of these, proton acids are
preferable, and hydrogen chloride, sulfuric acid and acetic acid are more preferable.
[0091]

As bases, various types of inorganic bases or organic bases can be used.
Examples of a preferred inorganic base include sodium bicarbonate, potassium
carbonate, sodium carbonate, lithium hydroxide, sodium hydroxide, potassium
hydroxide, potassium phosphate, and sodium monohydrogen phosphate. Examples of
a preferred organic base include triethylamine, N,N-diisopropylethylamine, pyridine,

and picoline.

[0092]
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The amount of a solvent used is not particularly limited The solvent is used in an amount of preferably 1
to 50 times (v/w), more preferably 1 to 20 times (v/w), and most preferably 1 to 10 times (v/w) the amount
of the compound of the formula (J-1). [0090] For the purpose of improving yield, it is preferable to add
an acid or a base in the present reaction. Examples of an acid used herein include: proton acids such as
hydrogen chloride, sulfuric acid, p-toluenesulfonic acid, camphorsulfonic acid, trifluoroacetic acid or
trifluoromethanesulfonic acid; and Lewis acids such as aluminum chloride, zinc chloride or iron chloride.
Of these, proton acids @he jprigferalileseandshydncgemohtord rcutiibiicatldane) acetic @moid are more

preferable. [0091l rA% tfas%, various dt es of %no anic hases or organic bases can be used.
T rab .1 to .times. an Oat 1c an,?/ 1. to tlme%t ¢ miolar amount % the .
Examples of a Bre erred inorganic base inciude sodiunt bicarbonate, potassium carbonate, sodium

carbonate, lithiwanipydnaxideneSoaiwum ixdyoxide, potassium hydroxide, potassium phosphate, and sodium
monohydrogen phosphate. Examples of a preferr?d organic hase include triethylamine,

N,N-diisopropylethylamin® "ByHAME RS E BEh LT sEdg S pending o A s s usade il fsed in an amount of

preferably 0.01 @AM MR 1Qre3prefarRbpR b Oiimas.andmpesieieiabhClaiu S times the molar
amount of the compound of the formula (J-1). The reaction temperature is different depending on a

solvent used. [tRBrakEFABRFiFERR0fE8™M 36¢2 $H0re preferably from room temperature to 100C, and

particularly preferably ffae4Q#6:80e is not HRRKLAHIPNHINE. IS N pRFticBIRHY i i9 preferably 5
minutes to 10 hours, more preferabelj/elo minutes to 5 hours, and particularly Ereferably 30 minutes to 2

hours. [0093] hougsomvErdIEsHcET e RERTHEEME dNINESTaiH BRI RoRISE B pOURENSEIdPmula (3-3) can
be achieved byxajlgwing the compound of the formula (J-2) to react with nitrite ester in the presence of an
acid. As nitrite ester, ethyl nitrite, n-propyl nitrite, isopropyl nitrite, n-butyl nitrite, isobutyl nitrite, t-butyl

nitrite, isoamy! H¥%&l or the like can be used. Of these, isoamyl nitrite is particularly preferable in terms of

ready availability. — MGIeQVRy, HenCEIRAMNG 8F Iﬂ@f@ﬁmiﬁ?ﬁéﬁ% B8 RRIRINGYAISAPY adding a

sodium nitrite agueous solution to a mixture of the compound of the formula (J-2) and an acid. The
nitrite ester or sddiupamixrisehiz vy inllar ambarroooreterdithy formuld tirdes) remtespieferably 1 to 5

times, and mosf preferahh 1o pRUmes PEMAIR" AVAHALCLIRE SRUIRAURY o1 iBs, farma (J-2).
isopropyl nitrite, n-butyl nitrite, isobutyl nitrite, t-butyl nitrite, isoamyl nitrite or the
like can be used. Of these, isoamy] nitrite is particularly preferable in terms of ready
availability.

Moreover, the compound of the formula (J-3) can be obtained also by adding a
sodium nitrite aqueous solution to a mixture of the compound of the formula (J-2) and
an acid.

The nitrite ester or sodium nitrite is used in an amount of preferably 1 to 10
times, more preferably 1 to 5 times, and most preferably 1 to 3 times the molar amount
of the compound of the formula (J-2).

[0094]

Examples of an acid used herein include: proton acids such as hydrogen
chloride, sulfuric acid, acetic acid, p-toluenesulfonic acid, camphorsulfonic acid,
trifluoroacetic acid or trifluoromethanesulfonic acid; and Lewis acids such as
aluminum chloride, zinc chloride or iron chloride. The acids that are preferably used
herein are proton acids. Of these, hydrogen chloride, sulfuric acid and acetic acid are

more preferable, and hydrogen chloride is most preferable. When hydrogen chloride
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[0094] Examples of an acid used herein include: proton acids such as hydrogen chloride, sulfuric
acid, acetic acid, p-toluenesulfonic acid, camphorsulfonic acid, trifluoroacetic acid or
trifluoromethanesulfonic acid; and Lewis acids such as aluminum chloride, zinc chloride or iron chloride.
The acids that are preferably used herein are proton acids. Of these, hydrogen chloride, sulfuric acid and
acetic acid are more preferable, and hydrogen chloride is most preferable. When hydrogen chloride is
used, acid chloride such as acetyl chloride may be added to alcohols such as ethanol so as to generate
hydrogen chlorideriadassystainridhenalcith i erséchioraie ampbnbtdiqoreferaliiyl Os0dhtes b@Gdishes, more
preferably 0.1 to 10 times, atnti1 osgtif/pretfl?ra(ti)ly 1to 5ttimesTt£1e mg)lar amount of thetcognpound of the
formula (J-2). [68@%]“’ ENTHE ypéo ASoNERt Uided Tiérein i T pgrﬂ%etﬁjlérrllf}qi?nnllf)elﬁl, ds long as it does
not affect the rgaetieibl zRaAMplasOfithes salveprénatirde Dwatero mitite susti6lo aprcatdmtnle; aromatic
hydrocarbons such as benzene, toluene or xylene; ethers such as dioxane, tetrahydrofuran or ethylene
glycol dimethy! 2fHBFS K5 %rwlgsoggﬁfj R39S JREP Wit BRols such as methanol, ethanol or
2-propanol; amjdesssuch as N,N-dimethylformamide or N,N-dimethylacetamide; carboxylic acids such as
acetic acid, propionic acid or trifluoroacetic acid; esters such as ethyl acetate or isopropyl acetate; and

sulfoxides such as dim&bsyVeeIRERiR Ve dseddsirdnis MERPHE HarY TIPLsmhBMAN RS EXSRiples of a
preferred solveRbingludenwateliSthers AERRAB RMITRS: anduaarhawiiciasids f these, ethers, alcohols

and carboxylic acids are more preferable, and alcohols are particularly preferable. [0096] The amount
of a solvent used§OH partRDdinlithredbrRe sseleriaezgeedaliels Shiolieot PrETEPSBIF 1 to 50 times

(v/w), more preferahiy TR i iHnES:bMn ABSLBOSLRIBIRIANK HI012 eSS (M) Hog@meknt of the

compound of the formula (J-2). The reaction temperature is different depending on a solvent used. It
is preferably frohPotasongudcaidfes e fe raplyafiohtirae] fsriperarned (oMBOCUIAR particularly preferably

from room tem%f@-‘&iﬁelﬂ%mﬁnamide—r OEN RAGHANHITES ARPAIHRIIALY JRLCELI 45 rgierably 5 minutes

to 10 hours, more preferably 10 minutes to 5 hours, and particularly”preferably 30 minutes to 3 hours.
[0097] In order toidapreeieniveacompoifhidobthacfaerudal(d-S)do ahetlnd gstindrasaprosrmula (J-4),

chlorination of 3 pyrazing Ung.and fermation of A ‘s%%%%? “ﬂ%s”@%‘éﬁ\?e%t?%‘y't%”ﬁé%%%w carried out, or
these two reactions may be carried out stepwise: In the present reaction,”phosphorus oxychloride,
thionyl chloridecpinbaphonus Bentadéd ofiderghosphargstirichidride qgyedcaiedayhplhosphietichloride,

dichlorotriphenylphosphorane and o 1 chlgride are.used as a reagent(s), singly or in combination of
two or more typael%&%lfgt%xgsﬁé:, aﬁhdc%'spké)?r%se SSxﬁ%ﬁfSrr@%"&%é ?Hlo%%/rlbgﬁ olr‘fcile&ggrearren%j%erepreferably in terms of
yield and costs patterghiaspidaiushokyalal ptidieubupatietdabie preferable. The reagent is used in an amount
of preferably 1C}§R§§ times, more preferably 2 to 10 times, and most preferably 2 to 5 times the molar
amount of the éund of the formula (J-3).

The amount of a solvent used is not particularly limited. The solvent is used
in an amount of preferably 1 to 50 times (v/w), more preferably 1 to 10 times (v/w),
and most preferably 1 to 5 times (v/w) the amount of the compound of the formula
J-2).

The reaction temperature is different depending on a solvent used. It is
preferably from 0 to 130°C, more preferably from room temperature to 100°C, and
particularly preferably from room temperature to 70°C.

The reaction time is not particularly limited. It is preferably 5 minutes to 10
hours, more preferably 10 minutes to 5 hours, and particularly preferably 30 minutes to
3 hours.

[0097]

In order to convert the compound of the formula (J-3) to the compound of the
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[0098] The type of a solvent used herein is not particularly limited, as long as it does not affect the
reaction. Examples of the solvent include: nitrites such as acetonitrile; aromatic hydrocarbons such as
benzene, toluene or xylene; ethers such as dioxane, tetrahydrofuran or ethylene glycol dimethyl ether;
ketones such as acetone or 2-butanone; amides such as N,N-dimethylformamide, N,N-dimethylacetamide
or N-methyl pyrrolidone; ureas such as 1,3-dimethy1-2-imidazolidinone; and esters such as ethyl acetate
or isopropyl acetate. These solvents may be used in combination. Examples of a preferred solvent
include nitrites, faromati¢-4y dhboanhonsoiherezamitesndréas)agiod eSiensoQbtieseg argmatic
hydrocarbons alg1d am'i(tjes are more Hreferabée. Ftor the urpose of increaginlﬁ t?e reaction rate,
dimethylformamﬁjselrlnsuper‘g era |§%"88e8?to‘6é Tse Vriiéamount’or a et usél & ot particularly
limited The solvent is useatdprakeareidntof pralsiallyok fonhRitienasdwndhioiale priefphahly 1 to 10 times
(v/w), and most preferably 1 to 5 times é}lllw) the amount of the compound of the formula (J-3). The
reaction tempe%?&qg’ﬂ%?epgﬂf%]é’ﬁ‘ésnt HEO8K S %%ﬁ?%éiﬂ%?f?@%%@f’éﬂﬁ/ from 0 to 130C, more
preferably fromdieaméampperies H kARG HAristskadly pseiemiiy tarad 10s806. ofhe reaction time
is not particularly limited It is preferably 5 minutes to 20 hours, more preferably 30 minutes to 10 hours,

and particularlySrEPEINY 4f {3'8 Hgupée firto] Of P tts O piyMsing WieB¥pound of the
formula (IIl) usipgidhaccampershat theyfamauia 4 willbe desasined. Jrothisoreastighi asdbases, various

types of inorganic bases or organic bases can be used. Examples of a preferred inorganic base include

potassium fluorfd&iCd&RAlfsRle, sObfuRtEEbIbESLE PorassriAf Ripborkite! dilihearbonate, lithium
hydroxide, SOdiH{%}@}{f@’fQ}QQ@, P@@ﬁﬁi%,%%g%réﬁ@il%m P%Bﬂ%h@%@ﬁ&i%mhate’ sodium
monohydrogen phosphate, and sodium borate. Examples of a preferred organic base include
triethylamine, ethy/Reieepresyimimeubytldine, and picoline. More preferred bases include sodium
bicarbonate, p ium carbonate, sodium carbonate, sodium hydroxide, potassium hydroxide, sodium
phosphate, potassium phosphate, and sodium monohydrogen phosphate. [0101] The base is used in
an amount of preferably1@.1yps 200wy, urrskbepraferably 05 tdagde limissl, antbngostipdefsrably 1 to 10
times the molar, amek gl (15 E8MPAUNARLIG (BITHR (Dincyugc! I HRG,O03 SRR Hped herein is not
particularly limited, as long as it does not affect the reaction. Exampfes of the solvent include: water;
nitrites such asacetomitridr@ropoati stk dsdeartsongdueir as bdere re)dolneheodivylenre; ethers such as
dioxane, tetrahydrofuran.or ethylene glycol dimethyl ether; ketones such as acetone or 2-butanone;
alcohols such A8 I A et SR A A R or
N,N-dimethylacatamideice steide such as iNiacehaitoonisopeoNyl atieiate] aadisidtoxides such as
dimethyl sulfoxide. These solvents may be used in combination. As such a solyent, a single use of water,
o1 a st of a mNGEL LIS U RSP ST Gk SO OB s B o i oxides) miscivle
with the water, is prigfesadilee Masepropyl idsalso preferahledhahspbemsithatoatsiiaimwiscible with water,
such as aromatic hydrocarbons, esters or ethers, be used, and that the reaction be carried out in a
two-phase systEfBPEIH % RIS iRl BbIDEHES AUt O BRA BYHTBFA S Ko RIBRS rifBiiBte with water
may be mixed withqQ sl veREIMrusaible, wishrtardandHuadhne mixkd selvpné pravhsithen used.
Examples of more preferred solvent include aromatic hydrocarbons, ethers, alcohols, esters, and water. A
two-phase systbfi eV RASHRAHIBRSANBE ARSI Fstet RSO prareidiPteifE*BRount of the solvent
used is not partjgylarly limited. The solvent is used in an amount of preferably 1 to 50 times (v/w), and

more preferabl%oloég]w times (v/w) the amount of the compound of the formula (I).

The amount of a solvent used is not particularly limited. The solvent is used
in an amount of preferably 1 to 50 times (v/w), more preferably 1 to 10 times (v/w),
and most preferably 1 to 5 times (v/w) the amount of the compound of the formula
J-3).

The reaction temperature is different depending on a solvent used. It is

preferably from 0 to 130°C, more preferably from room temperature to 100°C, and
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[0102] The reaction temperature is preferably 200C or lower, and more preferably from 0 to 150C.
The reaction time is not particularly limited It is preferably 5 minutes to 50 hours, more preferably 5
minutes to 24 hours, and particularly preferably 5 minutes to 5 hours. In such a reaction, the
above-described cationic phase transfer catalysts or nonionic phase transfer catalysts can also be used.
In this reaction, it is particularly preferable that X in the compound of the formula (I) be a fluorine atom
and Y be -C(=0)R wherein R represents an optionally substituted alkoxy group. [0103] In accordance
with the methogdescriigpiarShbiy Jikke Akagako. Kdze (dhewokxperimentpdiGhamigliynhTalrse), Vol. 14,
pp. 1151-1154 fedited b1¥ tpe Chemical ?é)ﬁietly of Japan 1% 7% water is aci%end to the compound of the

I ) I

formula (1) (1) Uhd&r gaeculi d %Irlllgllﬁtgsngf Under"sas 5658%1 ﬁort%sn}hn e Ef’reser?c‘:lés’o?néibsence of a

hyperacid, or (Jauindesrneptiaapditioahoilereby obtaining the compound of the formula (1V). In this
reaction, it is particularly preferable that X be a fluorine atom. Examples [0104] Hereinafter, a method for
safely and easiﬁQ]p(}@ducing T-705A and T-705, using the compound of the formula (I) of the present

invention as an intermeqiate. wilt taéh depesinrehinatbenfponing spesifit axamplasg khis to be noted that, in
the NMR spectral data in the following examples, "s" indicates a singlet, "d" indicates a doublet, "t"
1

indicates a tripl62™BPURARERsArgHRALy VY iR deiibetes 18 GUCILRL S MiiicatdE ¥eptet, "h" indicates
a nonuplet, "ddyindicatas-a.anasistwith upsawatdistanse:sia” indisates amytinleeand "br indicates a

broad line. [0105] [Chem.22] ' _ _ ' _ '
inorganic base include potassium fluoride, cesium fluoride, sodium bicarbonate,
potassium carbonate, sodium carbonate, lithium hydroxide, sodium hydroxide,
potassium hydroxide, sodium phosphate, potassium phosphate, sodium monohydrogen
phosphate, and sodium borate. Examples of a preferred organic base include
triethylamine, ethyl(diisopropyl)amine, pyridine, and picoline. More preferred bases
include sodium bicarbonate, potassium carbonate, sodium carbonate, sodium
hydroxide, potassium hydroxide, sodium phosphate, potassium phosphate, and sodium
monohydrogen phosphate.
[0101]

The base is used in an amount of preferably 0.1 to 100 times, more preferably
0.5 to 30 times, and most preferably 1 to 10 times the molar amount of the compound
of the formula (I).

The type of a solvent used herein is not particularly limited, as long as it does
not affect the reaction. Examples of the solvent include: water; nitriles such as
acetonitrile; aromatic hydrocarbons such as benzene, toluene or xylene; ethers such as
dioxane, tetrahydrofuran or ethylene glycol dimethyl ether; ketones such as acetone or
2-butanone; alcohols such as methanol, ethanol or 2-propanol; amides such as
N,N-dimethylformamide or N,N-dimethylacetamide; esters such as ethyl acetate or
isopropyl acetate; and sulfoxides such as dimethyl sulfoxide. These solvents may be
used in combination.  As such a solvent, a single use of water, or a use of a mixed
solution of water and organic solvents (alcohols, nitriles, ethers or sulfoxides) miscible

with the water, is preferable. Moreover, it is also preferable that solvents that are
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(A-1)(B-1)(C-1)(D-1) [0106] Synthesis Example 1: Synthesis of (B-1) 11.3 L of water and 1090 g of
sodium hydroxide were added to a 30-L reaction vessel made of glass, and they were dissolved therein.
To the obtained solution, 4000 g of (A-1) (the reagent of Tokyo Chemical Industry Co., Ltd.) was added,
and the obtained mixture was then stirred at an internal temperature of 70C for 30 minutes. Thereafter,
2270 g of sodium chloride was added to the reaction solution and dissolved therein, and the obtained
reaction mixture was then cooled to OC or lower. 2270 mL of concentrated hydrochloric acid was slowly
added to the reactidsvibiixtuire vaunct, 5iicB bs af@thyicdgetatanivas tbearaddabets, tieusaiktane. After completion

of liquid separatf:lon an aqueous layer was.discarded. 11.3 L offa s%turated .salﬂ')ne was added to the
. i Ett the reacti n#e carrie f) tina IfVY.O— Cilse S SteIP OI suchn an 1mmlscr le solvent .
obtained organic layer, and after completion of liqui seﬁ'ara lon, an aqueous layer was discarded. The

obtained organimbyeteyvaFconaenirate dolviae mied bredi pressiraa ¥ odhe dbws dbtaioedntesidue, 5.00 L of
toluene was added, and the toluene sgl tion was then concentr%%(?@gunder reduced pressure. 5.00 L of

toluene was adJBH 5 e YEEUMARE ABAMC GRS WS b VS MY ShOSA T bn. REBREL S, 3200 g of light

yellow oil (B-1) was pkirinadsorietd iRbuli¥ard i NMR{ARQMbIZ, CIREL, I Dh@duesiess 08(fr,1H), 4.97(s,1H),
3.64-3.77(m,4H), 1.28(t,J=7.1Hz,6H) [0107] Synthesis Example 2: Synthesis of (C-1 1.48 kg (10.0
mol) of (B-1) wa¥§fssoVatP iR 40 Bl ATMRLS RAYIOter Ry GRS 36T D IMarsiRGAT &R itrile sulfate

was then addedrip e ehtaingd salbfionYbkgkreinahainiemal tTarReraitie Rt el ok lower, 1.91 kg
(20.0 mol) of Fethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride was added to the mixture.

While keeping tHBIHEPHRITETBEr Aty HEDEs t8/8¢, 220D ug pro Myl b tdtmyriiviethfas added

dropwise to the,mixthrgraNEE SRIRNIRYIGSHI R&RRLaIed reaction mixture was left at room temperature
overnight. 3.00 L of water was added to the reaction mixture, and the solvent was then distilled away

under reduced te&8ure. 7.40 L of ethyl acetate was added to the residue, and the obtained mixture was

then stirred for 10 mi”"%ﬁ‘ér&@ﬁ&%ﬁ‘gﬁl&e}%%eﬁég‘é’ﬁéﬂly%6°W%§ 168t 15t ARG ARAGEOUS layer was

then removed. The organic layer was coole bsequently, while keeping the internal temperature at 6C
or lower, approsiomatety 25000 oTHe@ernptiolLtimgdsoch lprit Qubid wWasisddedt hareforably that the pH of the

aqueous layer Wag adiSias (2 R R EREIb Ol WRIS: Wtk 2dde d.Ihereiay and g prixture was
5 minutes to 5 hours.

In such a reaction, the above-described cationic phase transfer catalysts or
nonionic phase transfer catalysts can also be used.

In this reaction, it is particularly preferable that X in the compound of the
formula (I) be a fluorine atom and Y be —C(=0O)R wherein R represents an optionally
substituted alkoxy group .

[0103]

In accordance with the method described in Shin Jikken Kagaku Koza (New
Experimental Chemistry Course), Vol. 14, pp. 1151-1154 (edited by the Chemical
Society of Japan, 1977), water is added to the compound of the formula (III) (1) under
acidic conditions, (2) under basic conditions in the presence or absence of a hyperacid,
or (3) under neutral conditions, thereby obtaining the compound of the formula (IV).

In this reaction, it is particularly preferable that X be a fluorine atom.
Examples
[0104]
Hereinafter, a method for safely and easily producing T-705A and T-705, using
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then stirred and left at rest, so as to remove the agueous layer. 3.00 L of a saturated saline was added to
the organic layer, and the obtained mixture was then stirred and left at rest, so as to remove the aqueous
layer. The solvent was distilled away from the obtained organic layer under reduced pressure, and 2.00 L
of toluene was then added to the residue, followed by vacuum distillation. Further, 1.00 L of toluene was
added to the resultant, followed by vacuum distillation, so as to obtain 1.11 kg of light brown oil (C-1).
Yield: 59.7%. 1H-NMR(CDC13) S value : 1.27(6H, t, J=7.2Hz), 3.65(2H, q, J=7.2Hz), 3.69(2H, q,
J=7.2Hz), 4.22(hE¢enpb1RB((dFHhs YodB6{ 1D 0§ }h6 BEsah A Diikhkidor af0h08leSyadhesisyEXample 3: Synthesis
of (E-1) Under abng[o%ﬁ]n 0S here,t_’L.44 k f12.8 {nolt) il))f po'%a(?ailutm. te;ﬁt- toxide was dissolved in
10.4 L of tetrahy?jsr("or arant Thereaner swhife }ge%(ﬁpr?@ e interna efenr(ﬁf)era{i‘ufena “10C or lower, a solution of
2.08 kg (11.2 mpbcahthiatiGnidaisioivied sx2p 4, of teidahydrotinarwvas adieddropwiseto the solution
over 1 hour. Supsequently, 1.58 kg (13.4 mol) of dimethyl oxalate was added to the solution, and the
obtained mixturé wa ‘iﬁ%%asﬁﬂ’ % afl 4865812 %%Tﬁ%‘?tﬂ%\’@éﬁ‘élfi}?é% 1 BiFEthSRol was further added to
the reaction solisdndolawret by coReamtsatinhuplasde ahiaine meihanal sRluienof (D-1). The thus
obtained solution was directly used in the subsequent reaction. 1H-NMR(DMSO-d6) S value :

[33gE]

1.15(6H,t,J=7.24§nees 503 Bxliggies mubinisiiasy P7opicass ¢ B9pfding) (0109]  Under a nitrogen
atmosphere, whigokgeping the internal temperature at 10C or lower, 0.979 L (13.2 mol) of trifluoroacetic
acid was added dropwise to the obtained methanol solution of (D-1), and 0.815 kg (11.7 mol) of
hydroxylamine [@’éf‘r’é‘éf’%ride was then added to the mixture. While stirring, the obtained mixture was
heated to reflux for 5 hours. Thereafter, the reaction solution was cooled to room temperature, and
methanol was then distilled away under reduced pressureyFhereafter, 10.4#001‘/ thyl acetate and 8.30 L
of a 20.0% sodium chlorfde aqueous solution were added to the residue. A ter\qfﬁ%ﬁ@z@l-liquid separation
operation was p@z\‘bﬁ’?gfﬁ@‘@z%n aqués ehpras-then re Q. Fothe rerhipiflg organic layer, 8.30
L of a 20.0% sodium @ijge aqueous solutiop,apnd 0.260 kg of sodium bicarbondte were added. After
stirring, a liquid separation operation was performed, and @&jueBleayefsae th&Cetimoved. To the
organic layer, 8.30 L ofta120.0% sodium chloffi aqueous soluti6rwas added adBi®. After stirring, a liquid
separation operation was performed, and an aqueous layer was then removed. The organic layer was
concentrated, so as to obtai,q12§.14 g (purity: 49.0%) of brown oil (E-1). Yield from the (C-1): 47.9%.
1H-NMR(CDC13) S value : 1.32[6Hy,J=6.8Hz), 3.50-3.§p(m51H), 3.98(3H,%), 4,\93(1OH, s), 5.82(2H, br),
9.29(1Hbr) uN” N D

—— P, - P /N
CoHs0 o CO2CHs HO” N cl” N
OC,Hs
(E-1) (F-1) (G-1)
IN\ o\N Ng_-OH Ny_-OH
— Y | Pz | pZ
F~ °N F” "N~ “CN F~ "N~ “CONH,
CO,CHs
(H-1) T— 705A T— 705

[0106]
Synthesis Example 1: Synthesis of (B-1)

11.3 L of water and 1090 g of sodium hydroxide were added to a 30-L
reaction vessel made of glass, and they were dissolved therein. To the obtained
solution, 4000 g of (A-1) (the reagent of Tokyo Chemical Industry Co., Ltd.) was

added, and the obtained mixture was then stirred at an internal temperature of 70°C for
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[0110] Synthesis Example 4: Synthesis of (F-1) 1.55 kg (5.40 mol) of the (E-1) was dissolved in 3.90
L of acetic acid, and 213 g (1.12 mol) of p-toluenesulfonic acid monohydrate was then added to the
solution. The obtained mixture was reacted at an internal temperature of 77C to 80C for 2 hours.
Thereatfter, the obtained reaction mixture was cooled to room temperature, and 8.00 L of water was then
added to the mixture, followed by stirring for 20 minutes. Thereafter, a precipitate was collected by
filtration, and it was then washed with water until the pH of the filtrate became pH 5 or greater. Thereafter,
the resultant wae driedat 40Gemagrnidl2] 5o afsstdiohtahiositls gafaddighb vk ovucsolck¢kxin Yield: 58.4%.
1H-NMR(DMSC€)\é§%) S valuye : 3.99(3H, s), 8.26(1H, s?, 12.75-13.00(1H, br) ij, to be noted that,
Since the (F-1) WA Sl N NAARA GRS SERREIARD Gt T e 5 Sty and sasily used
in the subsequesieeactor) (Il bl Syeihasia ydaoeplerk: Byhthesiswly(@iddd to theli@@cg(®.800 mol) of the
(F-1) was mixed with 373 mL (4.00 mog o%ahosphorus oxygrrttlclforide,,and 110 Lﬁg’).SOO mol) of

triethylamine hyBPSEHiote Wad tHer RIALHYE S IFRETECTOd SRS midfiFeWaR!FE ted at an

internal tempewtlgRiakEhfaiiohdahayisodrreatias dReareaction: SolUHOR WWasGANBEhEowa0M
temperature. A mixed solution of 800 mL of toluene and 1600 mL of water was cooled on ice, and the

above-obtained s iR hrgans fex el 8Bd Bl tHe HRLA LB RITEH P HIr Bhile keeping an

internal temperaiure atigrG Was3leartieg. reastiopumixise s iveher stirechataa ineinal temperature of
22C to 23C for 1 hour, and it was then left at rest. An aqueous layer was removed, and 800 mL of a

saturated salindSRShatstte thEuRgahts RRaNCHe fer, ANE PéiRYIsRE ARG dtiffed and was then

left at rest, and BRLARULAHDIAXEE M’@&J&%‘(ﬁ@edﬂﬂée‘?P&f@é&%%&%{@peﬁ%@opﬁfﬁ%ﬁged four times. In
the 4th operation, the pH of the aqueous layer was pH 6. Anhydrous sodium sulfate was added to the

obtained organitdagédeddidbeadsitas aaadn. Attt heimevancioseehtiniiaulfatts aessblvent was distilled

away under redyﬁfbdg%rieﬁmr 1R (_)Bt@j% 1pz:df 2 Yahtyewe solid (G-1). Yield: 88.9%.
1H-NMR(CDC13) S'value : 4.14(3H, 5%8.65(1H, S) It is to be noted that, since the (G-1) was a solid

and had low vol&igVEA0OMEKIRDEANAy vitloould BdfelyTand 826iliHised 0A-thE sudddguent reaction.
[0112] Synthesifé%@jrgﬂlﬁlgi &Mnthesis of (H-1)
[0107]
Synthesis Example 2: Synthesis of (C-1)
1.48 kg (10.0 mol) of (B-1) was dissolved in 7.40 L of acetonitrile, and 1.10
kg (5.25mol) of aminoacetonitrile sulfate was then added to the obtained solution.
While keeping the internal temperature at 5°C or lower, 1.91 kg (10.0 mol) of
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride was added to the
mixture. While keeping the internal temperature at 0°C to 6°C, 2.07 kg (20.0 mol) of
triethylamine was added dropwise to the mixture over 90 minutes. The obtained
reaction mixture was left at room temperature overnight. 3.00 L of water was added
to the reaction mixture, and the solvent was then distilled away under reduced pressure.
7.40 L of ethyl acetate was added to the residue, and the obtained mixture was then
stirred for 10 minutes. Thereafter, the reaction solution was left at rest, and an
aqueous layer was then removed. The organic layer was cooled. Subsequently,
while keeping the internal temperature at 6°C or lower, approximately 2.00 L of 1.00
mol/L hydrochloric acid was added thereto, so that the pH of the aqueous layer was

adjusted to pH 5. Further, 1.00 L of water was added thereto, and the mixture was
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Under a nitrogen atmosphere, a mixed solution of 2.00 g (10 3 mmol) of (F-1) and 40.0 mL of acetonitrile
was stirred, and 1.88 mL (15 4 mmol) of 2,2-difluoro-1,3-dimethylimidazolidine was then added dropwise
thereto. After completion of the dropwise addition, the obtained mixture was stirred at a temperature of 80
to 90C for 3 hours. Thereafter, the reaction solution was concentrated under reduced pressure, and the
obtained residue was then separated and purified by silica gel chromatography (eluent: hexane/ethyl
acetate = 2/1 (volume ratio)). As a result, 0.900 g of a white solid (H-1) was obtained. Yield: 44.4%.
1H-NMR(CDC 1B1Sstattdean 168 (dk i sdl, 06 SHian ol dhBad nsyub Iyt M R(GDICH3) Stwalaé : -78.74 (1F, d,
J=6.6Hz) It is to he noted Iaa(ti,tsit ce the Hl'lg Wasdathsolil()zlt and hadtlow vol?ﬁilitytan% low skin irritancy, it
could be safelysgﬁaee%assllfl/ uSed’in'tneSlbségtieit redc |oﬁ}ﬁﬁ gﬁn‘?ﬁ%sise ngﬁpf'én : Synthesis of
(H-1) 1.801¢r( 3 tvmal)tofpatassitndleciidiayaas mixed it w2 Qisaill«f Mimetioyh sulfoxide, and
15.0 mL of toluene was then added to the mixture, followed by stirring. Thereafter, toluene was distilled
away under redU&SG PRSI 4E éWférﬁg?iﬁ%ﬁé?ﬁ?)dePﬁ?ﬁ%reoF%é% ZOTHMEY BAUMCB7 g (5.00 mmol) of

the (G-1) was agued totthedasidurfolewved by akedstinmnish anratgiial lemperasuieo689C for 3 hours.
Thereatfter, the reaction product was cooled to room temperature, and 300 mL of ethyl acetate and 200

mL of water wefedgkie digdasriinaretd)orrre Ry bkt ati0assett &y bt Wak! theATIE&MAL rest, and an
aqueous layer wasvemaeed). Thisepperatign was repeatedly performed twice. Subsequently, 50.0 mL of a
saturated salinq was added to the organic I{?ﬁ(er, and the obtained mixture was then stirred and left at rest,

so as to removelEA MR IES1aPeralipe ledlifBntiwiT diied Ve Aihghesiiitedfaatd Was then
filtrated. The filtyaded jwag eoneenirated 159 as ixeliAIN2IRKHIIRGHIK$O g of a brown solid (H-1) and
0.03 g of the (G-1). Yield: 84.0%. (The ingredient ratio in the mixture was calculated based on the integral
values of NMR KP&8ira.) [0114] Synthesis Example 8: Synthesis of T-705A 3.00 mL of
tetrahydrofurans%glgg;@LEQJI%%@;: %99&&19 5@95(11.38 mmol) of sodium hydroxide were added to 200 mg
(12 01 mmol) of the (H-1), and while Stirring the obzained mixture was heated at 80C for 3 hours.
Thereafter, the reactioVsdéution trescemiesplsioont4dradératureDagidnenseioh anteuiesideDOWEX
(registered trademark X 2.+.20 ) hereta. Thereafter, the resultant was filtrated and
concentrated, s%agsétlcg))sogt\e% r%nlég'%m% g? 'E’%%%%\q %%t aé 'foﬁl%cr) a«'? %/réll‘%t\}[\ﬁ%cl)%ﬁ?\(?eﬁe géét%rﬁgl
1H-NMR(DMS @6y rwaloel 0823 (Iowed akoBifibizdf 2DBEEIH] 2 nibDFeNMR(DM 8xd&)dSwalue :

-94.13(1H, br) 2.08 L of tetrahydrofuran was added dropwise to the solution over 1 hour.

Subsequently, 1.58 kg (13.4 mol) of dimethyl oxalate was added to the solution, and
the obtained mixture was then stirred at 40°C for 2 hours. Thereafter, 16.0 L of
methanol was further added to the reaction solution, followed by concentration, so as
to obtain a methanol solution of (D-1). The thus obtained solution was directly used
in the subsequent reaction.

'H-NMR(DMSO-d¢) & value : 1.15(6H,t,J=7.2Hz), 3.52-3.58(4H,m), 3.60(3H.s),
4.75(1H,s), 7.88(1H,br)

[0109]

Under a nitrogen atmosphere, while keeping the internal temperature at 10°C
or lower, 0.979 L (13.2 mol) of trifluoroacetic acid was added dropwise to the obtained
methanol solution of (D-1), and 0.815 kg (11.7 mol) of hydroxylamine hydrochloride
was then added to the mixture. While stirring, the obtained mixture was heated to
reflux for 5 hours. Thereafter, the reaction solution was cooled to room temperature,

and methanol was then distilled away under reduced pressure. Thereafter, 10.4 L of
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[0115] It is apparent that, according to the method of treating the T-705A with a basic aqueous
solution described in Production Example 4 of Patent Document 1 or Production Example 1 of Patent
Document 2 or the like, T-705 can be produced using the T-705A synthesized by the method of the

present invention. [0116]

Further, examples of synthesizing the pyrazino[2,3-d]isoxazole derivative of

the present invention and the like will be described in detail below. [0117] [Chem.23] [0119] [Chem.25]
xN 0, (CH3)2NS020 ....-N OCH3

ethyl acetate and 8.30 L of a 20.0% sodium chloride aqueous solution were added to
the residue. After stirring, a liquid separation operation was performed, and an
aqueous layer was then removed. To the remaining organic layer, 8.30 L of a 20.0%
sodium chloride aqueous solution and 0.260 kg of sodium bicarbonate were added.
After stirring, a liquid separation operation was performed, and an aqueous layer was
then removed. To the organic layer, 8.30 L of a 20.0% sodium chloride aqueous
solution was added again.  After stirring, a liquid separation operation was performed,
and an aqueous layer was then removed. The organic layer was concentrated, so as to
obtain 3.14 kg (purity: 49.0%) of brown oil (E-1). Yield from the (C-1): 47.9%.
'H-NMR(CDCl3) & value : 1.32(6H,tJ=6.8Hz), 3.50-3.80(m,4H), 3.98(3H.s),
4.93(1H,s), 5.82(2H,br), 9.29(1H,br)
[0110]
Synthesis Example 4: Synthesis of (F-1)

1.55 kg (5.40 mol) of the (E-1) was dissolved in 3.90 L of acetic acid, and 213
g (1.12 mol) of p-toluenesulfonic acid monohydrate was then added to the solution.
The obtained mixture was reacted at an internal temperature of 77°C to 80°C for 2
hours. Thereafter, the obtained reaction mixture was cooled to room temperature, and
8.00 L of water was then added to the mixture, followed by stirring for 20 minutes.
Thereafter, a precipitate was collected by filtration, and it was then washed with water
until the pH of the filtrate became pH 5 or greater. Thereafter, the resultant was dried
at 40°C overnight, so as to obtain 615 g of a light yellow solid (F-1). Yield: 58.4%.
"H-NMR(DMSO-dg) & value : 3.99(3H, s), 8.26(1H, s), 12.75-13.00(1H, br)

It is to be noted that, since the (F-1) was a solid and had low volatility and low
skin irritancy, it could be safely and easily used in the subsequent reaction.
[0111]
Synthesis Example 5: Synthesis of (G-1)

156 g (0.800 mol) of the (F-1) was mixed with 373 mL (4.00 mol) of
phosphorus oxychloride, and 110 g (0.800 mol) of triethylamine hydrochloride was

then added to the mixture. The obtained mixture was reacted at an internal
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00 (A-22)(A-23)

(A-25) Cl

temperature of 85°C for 4 hours. Thereafter, the reaction solution was cooled to room
temperature. A mixed solution of 800 mL of toluene and 1600 mL of water was
cooled on ice, and the above-obtained reaction mixture was then added to the mixed
solution over 1 hour, while keeping an internal temperature at 25°C to 30°C. The
reaction mixture was further stirred at an internal temperature of 22°C to 23°C for 1
hour, and it was then left at rest. An aqueous layer was removed, and 800 mL of a
saturated saline was added to the organic layer. Thereafter, the reaction mixture was
stirred and was then left at rest, and an aqueous layer was removed. This operation
was repeatedly performed four times. In the 4™ operation, the pH of the aqueous
layer was pH 6. Anhydrous sodium sulfate was added to the obtained organic layer,
followed by stirring. After the removal of sodium sulfate, the solvent was distilled
away under reduced pressure, so as to obtain 152 g of a light brown solid (G-1).
Yield: 88.9%.

'H-NMR(CDCl5) & value : 4.14(3H, s), 8.65(1H, s)

It is to be noted that, since the (G-1) was a solid and had low volatility and
low skin irritancy, it could be safely and easily used in the subsequent reaction.
[0112]

Synthesis Example 6: Synthesis of (H-1)

Under a nitrogen atmosphere, a mixed solution of 2.00 g (10.3 mmol) of (F-1)
and 40.0 mL of acetonitrile was stirred, and 1.88 mL (154 mmol) of
2,2-difluoro-1,3-dimethylimidazolidine was then added dropwise thereto.  After
completion of the dropwise addition, the obtained mixture was stirred at a temperature
of 80 to 90°C for 3 hours. Thereafter, the reaction solution was concentrated under
reduced pressure, and the obtained residue was then separated and purified by silica gel
chromatography (eluent: hexane/ethyl acetate = 2/1 (volume ratio)). As a result,
0.900 g of a white solid (H-1) was obtained. Yield: 44.4%.

'H-NMR(CDCl5) & value : 8.53(1H, d, J=6.6Hz), 4.14(3H, s)
E-NMR(CDCl;) & value : -78.74 (1F, d, J=6.6Hz)

It is to be noted that, since the (H-1) was a solid and had low volatility and
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[0120] Synthesis Example 9: Synthesis of (A-la)



10.7 g (50.0 mmol) of the (G-1) was mixed with 50.0 mL of ethyl alcohol, and 17.4 mL (100 mmol) of
dlisopropylethylamine and 0.610 g (5.00 mmol) of 4-dimethylaminopyridine were then added to the
mixture. The obtained mixture was reacted at an internal temperature of 80C for 2.5 hours, and it was
then cooled to room temperature. The reaction solution was concentrated, and the residue was then
subjected to silica gel chromatography (hexane : ethyl acetate =4 : 1), so as to obtain 7.39 g of a white
solid (A-la). Yield: 64.8%. 1H-NMR(CDC13)8 value : 8.62(1H, s), 4.60(2H, q, J=7.0Hz), 1.51(3H, t,
J=7.0Hz) [0121loSysiinasisabkxgrinpleli0eSyfiilyesid @l (A-Bed in th2shitge@@00anoiyof the (G-1) was mixed
with 500 mL O:;LB?% pyl alcohol, and 42.0 mL (0.300 mol) of triethylamine was then added to the mixture.
The obtained mixture was reacted at an internal temperature of 80C for 2 hours, and it was then cooled to
room temperat§ntidies leachign 3odytioraas dangentrated, and the residue was then subjected to silica
gel chromatography (hexane : thall acetate = 4 : lé, SO as to obtain 41.6 g of a white solid (A-2). Yield:
86.0%. 1H-NMR(CDC13)8 &aﬂ?é'. gRBPIHOG)PHY t’i%ﬁi‘ﬁﬁ‘ﬁ?ﬁ%?oﬁ?j?fg 4629 B12%] Synthesis
Example 11: Synihesis afi{fid}, and 32Og(3BQ mumol) afithe {Grd) twas mixadavitnd&edasl. of 1-butyl
alcohol, and 52.3 mL (300 mmol) of dlisopropylethylamine and 1.83 g (15 0 mmol) of
4-dimethylaminSpiAdine \Were TRk folsa8 oVES gﬂglﬂ?&ﬁ}?’éy PREHRANEY ATFHCAVAE TESERd at an internal

temperature of QAGdanRNauss@nd ?b%ﬁ@?%ﬁ@%@sf@@%&%@%ﬂﬁ@%@ﬂ heateratignosolution was
concentrated, and the residue was then subjected to silica 5?el chromatography (hexane : ethyl acetate =

4 : 1), so as to Jdrtigsed Gl dRitersERAUGL 3}, anideBsl 49 Papigvik B 19)8 el 8.63(1H, s),

455(21, 1, I=6.Bidzda .8k ARt b Tk SERH fhoch PRl TRHANIH23] Sghesis Example
12: Synthesis of (A-4) 1.00 g(4.39 mmol) of the (A-la) was dissolved in 10.0 mL of isobutyl alcohol,

and 107 mg (0.87&Aried) BHuminrihyianineyiinadies thisniaddBertedie SomtidreT@s obtained
mixture was stigga.yndarheatiog a9 fol QR‘A@elﬁkef%?e‘}t%y‘r@nﬁ‘é@&&!O”ﬂ?JLgp&&w&? cooled to

room temperature and was then concentrated. The residue was purified by silica gel chromatography
(hexane : ethyl weetareatedly Perdorasdd wiotain BLrEQug oy AQY imthefformtofdightsyleilow sil. Yield: 69.4%.

1H-NM R(CDC:Lz%)(%HE&)U%elOan(t%IEl lgy‘grz,%h%ﬁg’gb%e%%dH flh]f)gtlzlpé Z}anhen stirred and left at rest, so

as to remove an aqueous layer. The resultant was dried over magnesium sulfate and
was then filtrated. The filtrated was concentrated, so as to obtain a mixture of 0.830 g
of a brown solid (H-1) and 0.03 g of the (G-1). Yield: 84.0%.
(The ingredient ratio in the mixture was calculated based on the integral values of
NMR spectra.)
[0114]
Synthesis Example 8: Synthesis of T-705A

3.00 mL of tetrahydrofuran, 3.00 mL of water and 55.0 mg (1.38 mmol) of
sodium hydroxide were added to 200 mg (1.01 mmol) of the (H-1), and while stirring
the obtained mixture was heated at 80°C for 3 hours. Thereafter, the reaction solution
was cooled to room temperature, and ion exchange resin DOWEX (registered
trademark) S0W x 2 — 200 (H) was added thereto. Thereafter, the resultant was
filtrated and concentrated, so as to obtain 126 mg of T-705A in the form of a yellow
solid.  Yield: 89.7%.
'H-NMR(DMSO-de) & value : 8.22(1H, d, J=8.1Hz), 13.85(1H,br)
E-NMR(DMSO-de) & value : -94.13(1H, br)
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4.32(2H, d,J=6.6Hz), 8.63( 1H, s) [0124] Synthesis Example 13: Synthesis of (A-5) 1.07 g (5.00
mmol) of the (G-1) was mixed with 5.00 g of neopentyl alcohol, and 1.70 mL (10.0 mmol) of
diisopropylethylamine was then added to the mixture. The obtained mixture was reacted at an internal
temperature of 100C for 5 hours. Thereafter, the reaction solution was cooled to room temperature, and
30.0 mL of ethyl acetate and 20.0 mL of water were then added thereto. The reaction mixture was stirred
and was then left at rest, and an aqueous layer was removed. This operation was repeatedly performed
twice. The orgaltitldyer was concentrated, and the residue was then subjected to silica gel

chromatography (hexa e eth I acetate as to, oltain O. 750 hlte A-5). Yield:
55.6%. 1H-NMR(CDC13) SRPAfGa e“t t?é“eéfiﬂdﬁlgi" Fs Hz%‘l @eoqtg(%?g 32 (Sé“ynthegs
Example 14: Synikesis afl(ﬁoﬁ) descrdb@8 gl(Hﬂcﬁlmﬁbﬁ|)H3€fathple(ﬁ4|a)ﬂl\BSemIXBdcwﬁhn1010(g of 1-hexyl
alcohol, and 3.48 mL (20.0 mmol) of diisopropylethylamine and 0.120 g of 4-dimethylaminopyridine were
then added to thEfHSHaP P BotthEaiThl ﬁf@% %’85&8&1% 31?9%?? HHISEFRELYE B 80C for 3.5

hours. Thereaftgk hroreagtioResobdigNascraled e ineseniampaiiatire. The reaction solution was
concentrated, and the residue was then subjected to silica gel chromatography (hexane : ethyl acetate =

4: 1), so as to dtdiN 2.30 g of a white solid (A-6). Yield: 81.0%. 1H-NMR(CDC13) S value : 8.63(1H, s),
4.54(2H, t, J=6.8H2), LigkibOQAp) ok Fth@B(AH 10)p AH3H L alrdx@itR [RIREI Rypthesis Example
15: Synthesis of (A-7) 2.14 g (10.0 mmol) of the (G-1) was mixed with 10.0 g of cyclohexyl alcohol,
and 2.00 mL (18004558 B diBirshhedHnariide Qﬁﬁr@ﬂ@&%ﬁlh@?ﬁ%thylamlnopyrldlne were then
added to the mixfyre. The obtained mixture was reacted at an internal temperature of 100C for 1 hour.
Thereatfter, the reaction solution was cooled to room temperature, and 100 mL of ethyl acetate and 50.0
mL of hydrochldtiteaerB{1 mol/L) were then added thereto. The reaction mixture was stirred and was then
left at rest, and an aqueous layer was removed. This operation was repeatedly performed twice.
Subsequently, 20.0 mL of a saturated saline was added to the organic layer, and the obtained mixture
was then stirred and left at rest, so as to remove an aqueous layer. The resultant was dried over
magnesium sulfate and was then filtrated. The filtrate was concentrated, and the residue was then
subjected to silica gel chromatography (hexane : ethyl acetate = 4 : 1), so as to obtain 1.30 g of a white
solid (A-7). Yield: 46.1%.
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1H-NMR(CDC13)8 value : 8.62(1H, s), 5.19-5.28(1H, m), 1.31-2.08(10H, m) [0127] Synthesis Example
16: Synthesis of (A-8) 2.28 g (10.0 mmol) of the (A-la) was mixed with 2.08 mL (20.0 mmol) of benzyl
alcohol, and 20.0 mL of diisopropylethylamine was then added to the mixture. The obtained mixture was
reacted at an internal temperature of 80C for 1 hour. Thereafter, the reaction solution was cooled to room
temperature. The reaction solution was concentrated, and the residue was then recrystallized
(hexane/ethyl acetate), so as to obtain 0.780 g of a white solid (A-8). Yield: 26.9%. 1H-NMR(CDC13)8
value : 8.62(1H, s), 7.32-7.57(5H, m), 5.57(2H, s) [0128] Synthesis Example 17: Synthesis of (A-9)

0.430 g (2.00 mmol) qf the (G-1) was mixed with 4.00 mL of ethyl algohol, and 0.220 mL (2.00 mmol) of

benzyl alcohol was en agq?d to the mixtyre. hg\@btained mixtu Srgacted at room temperature for
1 hour. The reacli ign was concentrated, and the residyg sul;/j\enc}edto silica gel
chromatography (hexane : acetate =4 : 1), to obtain 0.490 g elfow solid (A-9). Yield:

84.8%. 1H-NMR(CDC13)8 value : 8.64(1H, s), 731-7.42(5H, m), 4.77(2H, d, J=6.0Hz) [0129] Synthesis
Example 18: Synthesi m -10) 6.41 g (&0 mmol) of the (G-1)awss mixed with 16.0 mL (150 mmol)
of diethylamine, and the obtained mixture was then reacted at 50C for 45 minutes. The reaction solution
was concentrated, and the residue was then subjected to silica gel chromatography (hexane : ethyl
acetate =4 : 1), so as to obtain 6.33 g of a yellow solid (A-10). Yield: 82.7%. 1H-NMR(CDC13)8 value :
8.60(1H, s), 3.67(2H, N J=,2H2), 3.47(2H, t, J=7.2Hz), 1.34(3H, t, J=7.2Hg), 1.26(3H, t, J=7.2Hz)

X Y ‘N N
3 g o/\é g O
(A-5) (A-6)

A6
N N
N = O\ ’ O\
/[/ | o /E\ LN /E\ LN
o S /O cI” N N /\@
(A-7) (A-8) (A-9)
N0 /[/Nl Q
\N - N
CI/[\N]/j/\ cl N:'/\S\
/\ N
O N\_ © Q
)

(A-10 (A-11)
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[0130] Synthesis Example 19: Synthesis of (A-11) 2.14 g (10.0 mmol) of the (G-1) was mixed with
15.0 mL of methyl alcohol, and 0.860 mL (10.5 mmol) of pyrrolidine was then added to the mixture. The
obtained mixture was reacted at room temperature for 40 minutes. Thereafter, the reaction solution was
concentrated, and the residue was then subjected to silica gel chromatography (hexane : ethyl acetate =
4 : 1), so as to obtain 2.27 g of a yellow solid (A-11). Yield: 89.7%. 1H-NMR(CDC13)8 value : 8.61(1H, s),
3.72-3.81(4H, m), 1.98-2.05(4H, m) [0131] Synthesis Example 20: Synthesis of (A-12) 0.630 g (10.8
mmol) of potas$iungfluoride was mixed with 14.4 mL of dimethyl sulfoxide, and the solvent was then
distilled away u[ﬁqtq]er r 9; ced pressure at an external temperature of 80C at 3 to 5 hPa. Thereafter, 15.0
mL of dry dime yeénu?o ide and 0.820 g (3.60 mmol) of the (A-la) were added to the residue, and the
obtained mixture mperature of 90C Burs. According to high
performance liqui ographic analysis, t Moduction rate B be 97,0%. (As an internal
standard, diphenyl &ther \vas tised.) [013é2/] Synthe IS mple 21: Synthesis,of kA\lé)\ 3.50 g (60.0
mmol) of potassium flugfide3vas mixed with 250 ¢fiL ] dimethyl sulfoxide, &and tcf)*le solvent was then
distilled away under reduced pressure at an external temperature of 130C@t12f mmHg. Thereafter, 80.0
mL of dry dimethyl sulfotfde and 4.83 g(200 rr%a)) of the (A-2) were added to the residue, and the
obtained mixture was then reacted at an internal temperature of 90C for 4 hours. The reaction solution
was cooled to room temperature, and 100 mL of toluene and 100 mL of water were added thereto. The
reaction mixture was s{irred and was then left afvestyand an aqueous la emoved. This operation
/

;
was repeatedly pelﬁm d tyjce. Subsequen:g 100 npl- of a saturateq: H N added to obtained
organic layer, ancethe eg{nli:%ure wagthérstirfed and Jeft at rest, so as tdre an aqueous

f

reacted at an in

layer. The resultant was drj venmagnesium sul d was then filtrated. ®he Tiltrate was
concentrated, so as to obfain 3.97 g of a solid (A-léiA_Y' Id: 88.2%. 1H-NMR(GR¢A3)8 value :8.50(1H, d,
J=6.4Hz), 5.46(1H, quintét]9=6.4Hz), 1.49(6H, d, J=6.4Hz) 19F-NMR(CDC13)8 value : -79.16(1F, d,

J=6.4Hz)
ANGo|
NoQ - ) N0
F/,:\Nl ¢ /O F/[\N]/\ﬁ S~ /E\ L
. SN F7ON
o — N
(A-18) (A-19) (A-20)

[0119]
[Chem.25]
N N
N OH = O\ Z l O\
i NS l /N S /N
S | (CH3)oNSO,0™ N (CoHs5),NSO0,0” °N
CI” "N" "CN OCHs o/ ~OCH;

(A-21) (A-22) (A-23)

N0
LI L oy
~ / Cl N
(CoHs5)oaNS0,07 N S~ (CH SN _ O/\/

,NS0,0” “N” “CN
o)
o]

(A-24) (A-25) (A-26)
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[0133] Synthesis Example 22: Synthesis of (A-14) 0.360 g (6.20 mmol) of potassium fluoride was mixed
with 8.00 mL of dimethyl sulfoxide, and 14.0 mL of toluene was added to the mixture, followed by stirring.
Thereatfter, toluene was distilled away under reduced pressure at an external temperature of 80C at 70
mmHg. Subsequently, 0.510 g (2 00 mmol) of the (A-3) was added to the residue, and the obtained
mixture was then reacted at an internal temperature of 80C for 2 hours and at an internal temperature of
90C for 1.5 hours. Thereafter, the reaction solution was cooled to room temperature, and 30.0 mL of
toluene and 20[0 1 of water were added thereto. The reaction mixture was stirred and was then left at
rest, and an aqgg%lﬂs la%%r was removed.. Thi ORe ation was repeatedly performed three times.

Subsequently, ML of A Rifurated Salife Was Added to the organic layer, and the obtained mixture

was then stirred and lefioat gg5t).8mas tpoaiRoe Brvas ueotswayes0.0 el reseligntv@sdesd over
magnesium sulfate and was then filtrated. The filtrate was concentrated, and _the residue was then
subjected to silit5elthid atBﬁ?gBhﬁh@k%Wéo%WVggé'fgtea—n% pﬂl,gsoga?ttggoﬂfﬁ]ﬁ?%.féo g of a white
solid (A-14). Yieldi @& ambbpyNR(E P& Hdhvialial 18 hd [hnge J=DidHB)aihidkiute 26.8HZ),
1.81-1.89(2H, m), 1.47-1.57(2H, m), 1.00(3H, t, J=7.2Hz) 19F-NMR(CDC13)8 value : -79.02(1F, d,
J=6.4Hz) [01341°85RfHE &/ B ERATPS iR fetisCofque-Paiours. anddevas HittbeRedtindXRere, 4.68 mL of

dimethyl sulfoxidgaighd@.0 MkeofdRiisna wiaisradded i ZRama, (Al mmebi@lodasshun fluoride, and
the obtained mixture was then heated to 70C. Thereafter, toluene was distilled away under reduced

pressure. Furthriecsobiey flicr7erh sisnrotaserphyssvascadeiby freéerastdue; shaswhikB&irring, the

obtained mixture Was iepgine AP fe5)2 hewg. dsga result of the HPLC analysis of the reaction
solution, the production rate was found to be 84.0%. (As an internal standard, diphenyl ether was used.)

[0135] SynthesiSIEXMRETOCE) SyitsesisBt (K- 15008 tof =/ WHite $S1I¢B3HA-167 Waldzbtained from 0.230
g (4.00 mmol) %121]

Synthesis Example 10: Synthesis of (A-2)

42.7 g (0.200 mol) of the (G-1) was mixed with 500 mL of isopropyl alcohol,
and 42.0 mL (0.300 mol) of triethylamine was then added to the mixture. The
obtained mixture was reacted at an internal temperature of 80°C for 2 hours, and it was
then cooled to room temperature. The reaction solution was concentrated, and the
residue was then subjected to silica gel chromatography (hexane : ethyl acetate = 4 : 1),
so as to obtain 41.6 g of a white solid (A-2). Yield: 86.0%.

'H-NMR(CDCl5)8 value : 8.63(1H, s), 5.45(1H, quint, J=6.0Hz), 1.49(6H, s)
[0122]
Synthesis Example 11: Synthesis of (A-3)

32.0 g (150 mmol) of the (G-1) was mixed with 150 mL of 1-butyl alcohol,
and 52.3 mL (300 mmol) of diisopropylethylamine and 1.83 g (15.0 mmol) of
4-dimethylaminopyridine were then added to the mixture. The obtained mixture was
reacted at an internal temperature of 90°C for 2 hours, and it was then cooled to room
temperature. The reaction solution was concentrated, and the residue was then
subjected to silica gel chromatography (hexane : ethyl acetate = 4 : 1), so as to obtain

25.1 g of a white solid (A-3). Yield: 65.4%.
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potassium fluoride, 6.00 mL of dimethyl sulfoxide and 0.400 g (1 50 mmol) of the (A-5) by the same
operations as those applied in Synthesis Example 22. Yield: 50.1%. 1H-NMR(CDC13)8 value : 8.51(1H,
d, J=6.6Hz), 4.22(2H, s), 1.09(9H, s) 19F-NMR(CDC13)8 value : -79.11(1F, d, J=6.6Hz) [0136] Synthesis
Example 25: Synthesis of (A-17) 0.620 g (10.7 mmol) of potassium fluoride was mixed with 14.4 mL
of dimethyl sulfoxide, and 14.0 mL of toluene was then added to the mixture, followed by stirring.
Thereatfter, toluene was distilled away under reduced pressure at an external temperature of 80C at 70
mmHg. 0.510 g' BENMRACB Wi added t8.48d Fesiduet, sfidHhe obtsisEd) mikRird #HHhenxeacted at an
internal temperature far , internal temperature of 90C for 2 hours. According to
high performani&i&t%%ﬁ%ﬁoﬁ’afo%@%%its%?{a%%g, the production rate was found to be 89.0%. (As an
internal standand, diphenyl ether was used.) [0137] Synthesis Example 26: Synthesis of (A-18) 0.310
g of a white solgé\A&S%Ev;%s obtained from 0.470 g (8.10 mmol) of potassium fluoride, 11.0 mL of
dimethyl sulfoxichd S5 ot @@?é%gmm%ﬁbsc?f {A5TA-7) by the same operations as those applied in
Synthesis Example 221 Wield443.4faofb N B(QBGI3)8 valved:i8. AR(Lh. of dsbubiig)ch0-5.27(1H, m),
1.99-2.07(2H, m), 1.33-1.90(8H, m) 19F-NMR(CDC13)8 value : -79.21(1F, d, J=6.6Hz) [0138] Synthesis

Example 27: Sﬁﬁ‘fhé%?s“i‘ﬁ 6&_ §)mmol) of 4-dimethylaminopyridine was then added to the solution.
The obtained mixture was stirred under heating at 100°C for 5 hours. Thereafter, the
reaction solution was cooled to room temperature and was then concentrated. The

residue was purified by silica gel chromatography (hexane : ethyl acetate =4 : 1), so as

to obtain 0.780 g of (A-4) in the form of light yellow oil.  Yield: 69.4%.

'H-NMR(CDCl;) &  value : 1.07(6H,d,J=6.8Hz),  2.19(1H,h,J=6.7Hz),
4.32(2H,d,J=6.6Hz), 8.63(1H.s)
[0124]

Synthesis Example 13: Synthesis of (A-5)

1.07 g (5.00 mmol) of the (G-1) was mixed with 5.00 g of neopentyl alcohol,
and 1.70 mL (10.0 mmol) of diisopropylethylamine was then added to the mixture.
The obtained mixture was reacted at an internal temperature of 100°C for 5 hours.
Thereafter, the reaction solution was cooled to room temperature, and 30.0 mL of ethyl
acetate and 20.0 mL of water were then added thereto. The reaction mixture was
stirred and was then left at rest, and an aqueous layer was removed. This operation
was repeatedly performed twice. The organic layer was concentrated, and the residue
was then subjected to silica gel chromatography (hexane : ethyl acetate = 4 : 1), so as
to obtain 0.750 g of a white solid (A-5). Yield: 55.6%.

'H-NMR(CDCl5) § value : 8.63(1H, d, J=6.6Hz), 4.23(2H, s), 1.09(9H, s)
[0125]
Synthesis Example 14: Synthesis of (A-6)

2.28 g (10.0 mmol) of the (A-1a) was mixed with 10.0 g of 1-hexyl alcohol,

and 3.48 mL (20.0 mmol) of diisopropylethylamine and 0.120 g of

4-dimethylaminopyridine were then added to the mixture. The obtained mixture was
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0.590 g (10.0 mmol) of potassium fluoride, 12.0 mL of dimethyl sulfoxide and 0.760 g (3 00 mmol) of the
(A-10) were reacted at 80C for 4 hours by the same operations as those applied in Synthesis Example
25. As a result, the production rate was found to be 65.0%. [0139] Synthesis Example 28: Synthesis of
(A-20) 0.520 g (9.00 mmol) of potassium fluoride, 12.0 mL of dimethyl sulfoxide and 0.76 g (3.00
mmol) of the (A-11) were reacted at 80C for 4 hours by the same operations as those applied in
Synthesis Example 25. As a result, the production rate was found to be 81.0%. [0140] Synthesis Example
29: Synthesis ofeft&iL it an h@thahltcafpatraly dfoRrah fdr. B0Snhlowt walkerank? 0l mg{Go491 mmol) of
sodium hydroxid% were added 1to 1t00 m (t0.468 rtnmol)ﬂll‘ the S?'l)’ ntd while stirringf trt1edobtained
mixture was he3ted &t 86C 87 1 hour° herEHtE tite reactich SOlution Was'¢ooied 8 Fosim temperature,
and ion exchangeinésire ROYWERX fiagistgeed draderoadd Shdmaderdily (Hyxaas: addeddhaxeto. Thereafter,
the resultant was filtrated and con,cenérated, SO as to obé/?\_iin 70.0,m§% (glf A-21) in the form of a yellow

solid. Yield: 95.9%: LSRRI BRTED-d8)2 S \ARKNE XA Ok, 1% '%r) [0141] Synthesis Example
30: Synthesis of ENORACDCIA- G0 valu©f ks, kUl DfiwatgraseH,224 o (AGEHNMY!) of sodium
bicarbonate were added to 0.500 g (2 22 mmol) of the (A-15), and while stirring, the obtained mixture was
reacted at 80C *&131%?&&%%?@11 Beldr 5 rs. As a result of the high performance liquid
chromatographig gigalysis of the reaction solution, the production rate was found to be 92.0%.

Synthesis Example 15: Synthesis of (A-7)

2.14 g (10.0 mmol) of the (G-1) was mixed with 10.0 g of cyclohexyl alcohol,
and 2.00 mL (10.0 mmol) of diisopropylethylamine and 0.210 g of
4-dimethylaminopyridine were then added to the mixture. The obtained mixture was
reacted at an internal temperature of 100°C for 1 hour. Thereafter, the reaction
solution was cooled to room temperature, and 100 mL of ethyl acetate and 50.0 mL of
hydrochloric acid (I mol/L) were then added thereto. The reaction mixture was
stirred and was then left at rest, and an aqueous layer was removed. This operation
was repeatedly performed twice. Subsequently, 20.0 mL of a saturated saline was
added to the organic layer, and the obtained mixture was then stirred and left at rest, so
as to remove an aqueous layer. The resultant was dried over magnesium sulfate and
was then filtrated. The filtrate was concentrated, and the residue was then subjected
to silica gel chromatography (hexane : ethyl acetate =4 : 1), so as to obtain 1.30 g of a
white solid (A-7). Yield: 46.1%.

'H-NMR(CDCl5)8 value : 8.62(1H, s), 5.19-5.28(1H, m), 1.31-2.08(10H, m)
[0127]
Synthesis Example 16: Synthesis of (A-8)

2.28 g (10.0 mmol) of the (A-1a) was mixed with 2.08 mL (20.0 mmol) of
benzyl alcohol, and 20.0 mL of diisopropylethylamine was then added to the mixture.
The obtained mixture was reacted at an internal temperature of 80°C for 1 hour.
Thereafter, the reaction solution was cooled to room temperature. The reaction

solution was concentrated, and the residue was then recrystallized (hexane/ethyl
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[0142] Synthesis Example 31: Synthesis of (A-22) A mixed solution of 1.36 g (7.00 mmol) of the
(F-1), 20.0 mL of acetonitrile and 1.49 mL (9.00 mmol) of diisopropylethylamine was cooled on ice, and
0.860 mL (8.00 mmol) of dimethylcarbamic acid chloride was then added to the solution. The obtained
mixture was reacted at room temperature for 1 hour. Thereafter, 100 mL of ethyl acetate and 100 mL of
water were added to the reaction solution. The reaction mixture was stirred and was then left at rest, and
an aqueous layer was removed. This operation was repeatedly performed twice. Subsequently, the
organic layer wastrigdsoviertanagie i sulfate/kindsulas(thén corickhnitad. The residue was then

subjected to sili ﬁﬁ &; togr hyég xane : ethyl =4 :5? s to obtain 0.740 g of a white
solid (A-22). Vieltr R OB?@%?(%%%C ?@?@\?&ﬁg%ﬁg@:%& %, 62(%35), 3.17(6H, s) [0143]
Synthesis Examples32: Synthesis of (A-23) A mixed solution of 6.66 g (34.0 mmol) of the (F-1), 50.0
mL of acetonitrile and 6.80 mL (41.0. mmol) of dijs joropylethylamine was cooled on ice, and 5.10 mL

(41.0 mmol) of IMBETIERHRNC Acty UARSKEE €Nd’0.370 g (3.00 mmol) of 4-dimethylaminopyridine were

then added to the solutiorBoThexajotaines) By eavasweasied @lviapmiempasatidiel avasmight. Thereafter,
the reaction solution was concentrated, and 100 mL of ethyl acetate and 100 mL of diluted hydrochloric

acid (1 mol/L) vi8re4riéR Bthaetd tHRoLbARESRIATe2 s, HiHe tRetcaddetirithe WaE SirretPand was then

left at rest, and saadeaHSURYRhMREKEMAVRImIRISRPRIALIGS Was e Peptediprifained iwice.
Subsequently, the organic layer was dried over magnesium sulfate and was then concentrated. The

residue was thefrs ASpsCiEr it sited Bel Eridinatayripmy thissisdeto sthgh fcbieherm%o13PRY as to obtain

9.97 g of a yellqpelighdd {Ms2 R eI 488 A% LTHNMRIGL66L3)F YR wEAR(LAL0S), 4aLid3H, S),
3.59(4H, q, J=7.2Hz), 1.31(6H, t, J=7.2Hz) [0144] Synthesis Example 33: Synthesis of (A-24) 1.65¢g

(5.00 mmol) of #e3fA-23) was mixed with 5.00 mL of 1-butyl alcohol, and 1.70 mL (10.0 mmol) of
disopropyetryiaNAMER{1S: afied IR A6 The GRIAINES XIS Waseacted ot an inernal
[0129]
Synthesis Example 18: Synthesis of (A-10)

6.41 g (30.0 mmol) of the (G-1) was mixed with 16.0 mL (150 mmol) of
diethylamine, and the obtained mixture was then reacted at 50°C for 45 minutes. The
reaction solution was concentrated, and the residue was then subjected to silica gel
chromatography (hexane : ethyl acetate =4 : 1), so as to obtain 6.33 g of a yellow solid
(A-10). Yield: 82.7%.

'H-NMR(CDCl3)8 value : 8.60(1H, s), 3.67(2H, t, J=7.2Hz), 3.47(2H, t, J=7.2Hz),
1.34(3H, t, J=7.2Hz), 1.26(3H, t, J=7.2Hz)

[0130]

Synthesis Example 19: Synthesis of (A-11)

2.14 g (10.0 mmol) of the (G-1) was mixed with 15.0 mL of methyl alcohol,
and 0.860 mL (10.5 mmol) of pyrrolidine was then added to the mixture. The
obtained mixture was reacted at room temperature for 40 minutes. Thereafter, the
reaction solution was concentrated, and the residue was then subjected to silica gel
chromatography (hexane : ethyl acetate =4 : 1), so as to obtain 2.27 g of a yellow solid
(A-11).  Yield: 89.7%.

'H-NMR(CDCl5)8 value : 8.61(1H, s), 3.72-3.81(4H, m), 1.98-2.05(4H, m)
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Thereatfter, the reaction solution was cooled to room temperature. The reaction solution was
concentrated, and the residue was then subjected to silica gel chromatography (hexane : ethyl acetate =
4:1), so as to obtain 1.47 g of a yellow liquid (A-24). Yield: 79.0%. 1H-NMR(CDC13)8 value : 8.55(1H,
s), 4.52(2H, t, J=6.8Hz), 3.57(4H, q, J=7.2Hz), 1.80-1.88(2H, m), 1.48-1.57(2H, m), 1.30(6H, t, J=7.2Hz),
1.00(3H, t, J=7.2Hz) [0145] Synthesis Example 34: Synthesis of (A-25) 10.0 mL of tetrahydrofuran,
10.0 mL of water and 0.270 g (6.75 mmol) of sodium hydroxide were added to 1.51 g (5.00 mmol) of the
(A-22), and whil@lstliring, the obtained mixture was heated at 80C for 40 minutes. Thereafter, the reaction

solution was cogleg]to. room telgllg%?rgt%{ . and.i n%?)rchange resin DOWEX (registered trademark) 50W x

2 - 200 (H) was Add&d théfets. “The TESUlaRCW As_ iltrated and concentrated, so as to obtain 0.610 g of

(A-25) in the form of a yedbowesolial 8 Yiatdi b0 0YotakHubMRIDMS @asl G)Bxealweth 8184 I, s)f 2.88(3H, S)
[0146] Synthesis Example 35: Synthesis of (A-21) 2.00 mL of toluene, 1.00 mL of water and 0.340 g
(4 00 mmol) of SBATIN I GRaBIarS AN 815 {08 M GTs BF THE (AL Do HRavhile stirring,

the obtained migusaanas raastaduat 000> onshowsPAs armssiter theohigh eedioramasesiquid

chromatographic analysis of the reaction solution, the production rate was found to be 13.0%. [0147]

Synthesis Exaripid6° 8yt of3ro9asmoD of ghes@alp) ot NeNdirdthifforriidifiad D20 mL of water

and 114 mg (1. 46 mehhAhRetassium Acelate Werk afdariehihe Mo Cof 6dmmal)Lhthie (A-14). While
stirring, the obtained mixture was heated at 80C for 3 hours, and it was then cooled to room temperature.

As a result of tr@cpmﬁjggéﬁé%isp@ffﬂ{glﬁg%ﬂp@ﬂiﬁqmatographic analysis, the production rate

was found to be 97.0%. (As an internal standard, diphenyl ether was used.)
[0132]
Synthesis Example 21: Synthesis of (A-13)

3.50 g (60.0 mmol) of potassium fluoride was mixed with 250 mL of dimethyl
sulfoxide, and the solvent was then distilled away under reduced pressure at an
external temperature of 130°C at 21 mmHg. Thereafter, 80.0 mL of dry dimethyl
sulfoxide and 4.83 g (20.0 mmol) of the (A-2) were added to the residue, and the
obtained mixture was then reacted at an internal temperature of 90°C for 4 hours.
The reaction solution was cooled to room temperature, and 100 mL of toluene and 100
mL of water were added thereto. The reaction mixture was stirred and was then left
at rest, and an aqueous layer was removed. This operation was repeatedly performed
twice. Subsequently, 100 mL of a saturated saline was added to the obtained organic
layer, and the obtained mixture was then stirred and left at rest, so as to remove an
aqueous layer. The resultant was dried over magnesium sulfate and was then filtrated.
The filtrate was concentrated, so as to obtain 3.97 g of a solid (A-13). Yield: 88.2%.
'H-NMR(CDCl5)8 value : 8.50(1H, d, J=6.4Hz), 5.46(1H, quintet, J=6.4Hz), 1.49(6H, d,
J=6.4Hz)

E.NMR(CDCI5)8 value : -79.16 (1F, d, J=6.4Hz)
[0133]
Synthesis Example 22: Synthesis of (A-14)

0.360 g (6.20 mmol) of potassium fluoride was mixed with 8.00 mL of
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the production rate was found to be 57.0%. [0148] Synthesis Example 37: Synthesis of T-705A 2.00
mL of tetrahydrofuran, 1.00 mL of water and 37.0 mg (0.930 mmol) of sodium hydroxide were added to
185 mg (0.773 mmol) of the (A-14). While stirring, the obtained mixture was heated at 80C for 1 hour, and
it was then cooled to room temperature. As a result of the HPLC analysis of the reaction mixture, the
production rate was found to be 94.9%. [0149] Synthesis Example 38: Synthesis of T-705A 2.00 mL
of isopropyl alcohol, 1.00 mL of water and 37.0 mg (0.930 mmol) of sodium hydroxide were added to 185
mg (0.773 mmalinafthiye (AddiyleV\dnidle 1stiOrimg), o eoblotaineas miditd eomas hested, bBO&efobyl hour, and it
was then cooledt.to. roomljjemgﬁrature. As are ulho the HPI_dC an(?ul:}/s(iis of the retactiont mixlture, the
production rate Was found'to" eeééf)ég/eol.]e[dﬁqg(ﬂ? 1yr?t 3%@@%%6% &t §§/er§ hesis of ﬁ‘ -‘?B%A) Under a
nitrogen atmospdigperaheomioet dinmethyinsLpfoxsdesaget didby00m1L00f e Nedimehydioneamisie were added

to 460mg (7 91 mmol) of potassium fluoride, and N,N-dimethylformamide was distilled away. Further,
0.460g (2.61mn8h ?)4%?()At-%‘szggeadﬂg&}{ﬁé’lbéf‘b?egn'dm\ﬁﬂﬁ% Ysriig, TR SR IR Hiite was reacted

at 80C for 3 howrspdhaireacBorcsalutiampivaskogled danmdampaiatuse sard 90.0Menf ethyl acetate
and 30.0 mL of water were added thereto, The reaction mixture was stirred and was then left at rest. After

liquid separatiom"tFeSHtaiMedearamitoyar WAS GRRIFEdWIBe B I TR Witet A th8Hwith 30 mL of

saturated salingoBgk theasrive i verswaigtlied auvay bing¥aporaier 2 Qimlnak dirnathybgyfgxide, 1.0 mL of
water and 0.120 g (3 00 mmoII) of sodium hydroxide were added to the residue, and while starring, the
&

resultant mixturd'v3€teheted G r80e oY ABITICPHE RYSEHR JBMRISH wa EoBRSER O OB temperature,
and 0.48 mL (2,41 mmepefrdicye'ahexviaminesyas addad theeter Aftar dierRthahie splution was

adjusted to be pH=9 by concentrated hydrochloric acid, 2.0 mL of acetone and 3.0 mL of water were
added thereto. THEpietipitigatieryseal washilabiemed anad te otstatheo BT dsitidHexykemine salt of

T-705A as a ”gﬁ.kt R{ QULVO Iéq aqueous layer. The resultant was dried over magnesium sulfate and
was then filtrated. The filtrate was concentrated, and the residue was then subjected
to silica gel chromatography (hexane : ethyl acetate = 4 : 1), so as to obtain 0.400 g of
a white solid (A-14). Yield: 83.7%.

'H-NMR(CDCl3)8 value : 8.51(1H, d, J=6.4Hz), 4.54(2H, t, J=6.8Hz), 1.81-1.89(2H,
m), 1.47-1.57(2H, m), 1.00(3H, t, J=7.2Hz)

PF-NMR(CDCl3)5 value : -79.02(1F, d, J=6.4Hz)

[0134]

Synthesis Example 23: Synthesis of (A-15)

Under a nitrogen atmosphere, 4.68 mL of dimethyl sulfoxide and 10.0 mL of
toluene were added to 203 mg (3.51 mmol) of potassium fluoride, and the obtained
mixture was then heated to 70°C. Thereafter, toluene was distilled away under
reduced pressure. Further, 0.300 g (1.17 mmol) of the (A-4) was added to the residue,
and while stirring, the obtained mixture was reacted at 80°C for 2 hours. As a result
of the HPLC analysis of the reaction solution, the production rate was found to be
84.0%. (As an internal standard, diphenyl ether was used.)

[0135]
Synthesis Example 24: Synthesis of (A-16)
0.190 g of a white solid (A-16) was obtained from 0.230 g (4.00 mmol) of
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[0151] Synthesis Example 40: Synthesis of (A-26) 5.00 g (23.4 mmol) of the (G-1) was mixed with
23.0 mL of 1-propanol, and thereafter, 8.00 mL (46.8 mmol) of diisopropylethylamine and 0.250 g (2.00
mmol) of 4-dimethylaminopyridine were added to the mixture. The obtained mixture was reacted at 80C
for 70 minutes, and at 90C for 110 minutes. Thereafter, the reaction solution was concentrated, and the
residue was then subjected to silica gel chromatography, so as to obtain 3.50 g of a light yellow solid
(A-26). Yield: 61.8%. 1H-NMR(CDC13)8 value : 8.64(1H, s), 4.51(2H, q, J=6.8Hz), 1.85-1.94(2H, m) ,

1.08(3H,.t., J=7 Iﬁithm);iﬁﬁﬁﬁﬂ]oride Sidertiheof alinpobyids: (R alktan@d® 24)0) (A2 2Pten(doR 4 drd (A-26) had
ol vt S s, e o B hanedsle and e BiE ez O
50.1%.
'H-NMR(CDCl5)8 value : 8.51(1H, d, J=6.6Hz), 4.22(2H, s), 1.09(9H, s)
E.NMR(CDCI5)8 value : -79.11(1F, d, J=6.6Hz)
[0136]
Synthesis Example 25: Synthesis of (A-17)

0.620 g (10.7 mmol) of potassium fluoride was mixed with 14.4 mL of
dimethyl sulfoxide, and 14.0 mL of toluene was then added to the mixture, followed by
stirring. Thereafter, toluene was distilled away under reduced pressure at an external
temperature of 80°C at 70 mmHg. 0.510 g of the (A-6) was added to the residue, and
the obtained mixture was then reacted at an internal temperature of 80°C for 2 hours,
and at an internal temperature of 90°C for 2 hours. According to high performance
liquid chromatographic analysis, the production rate was found to be 8§9.0%. (As an
internal standard, diphenyl ether was used.)

[0137]
Synthesis Example 26: Synthesis of (A-18)

0.310 g of a white solid (A-18) was obtained from 0.470 g (8.10 mmol) of
potassium fluoride, 11.0 mL of dimethyl sulfoxide and 0.760 g (2.70 mmol) of the
(A-7) by the same operations as those applied in Synthesis Example 22. Yield:
43.4%.

'H-NMR(CDCl5)8 value : 8.49(1H, d, J=6.6Hz), 5.20-5.27(1H, m), 1.99-2.07(2H, m),
1.33-1.90(8H, m)

E-NMR(CDCl5)3 value : -79.21(1FE, d, J=6.6Hz)

[0138]

Synthesis Example 27: Synthesis of (A-19)

0.590 g (10.0 mmol) of potassium fluoride, 12.0 mL of dimethyl sulfoxide and
0.760 g (3.00 mmol) of the (A-10) were reacted at 80°C for 4 hours by the same

operations as those applied in Synthesis Example 25. As a result, the production rate
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COOC2H5 (A-29) N OH C | NOH N-F 0- COOC2H5 (A-31) N OH NOH (A-32)

was found to be 65.0%.
[0139]
Synthesis Example 28: Synthesis of (A-20)

0.520 g (9.00 mmol) of potassium fluoride, 12.0 mL of dimethyl sulfoxide and
0.76 g (3.00 mmol) of the (A-11) were reacted at 80°C for 4 hours by the same
operations as those applied in Synthesis Example 25. As a result, the production rate
was found to be 81.0%.

[0140]
Synthesis Example 29: Synthesis of (A-21)

1.00 mL of tetrahydrofuran, 1.00 mL of water and 20.0 mg (0.491 mmol) of
sodium hydroxide were added to 100 mg (0.468 mmol) of the (G-1), and while stirring,
the obtained mixture was heated at 80°C for 1 hour. Thereafter, the reaction solution
was cooled to room temperature, and ion exchange resin DOWEX (registered
trademark) S0OW x 2 — 200 (H) was added thereto. Thereafter, the resultant was
filtrated and concentrated, so as to obtain 70.0 mg of (A-21) in the form of a yellow
solid.  Yield: 95.9%.

"H-NMR(DMSO-dg) & value : 8.44(1H,s), 13.85(1H,br)
[0141]
Synthesis Example 30: Synthesis of T-705A

2.00 mL of toluene, 1.00 mL of water and 0.224 g (2.66 mmol) of sodium
bicarbonate were added to 0.500 g (2.22 mmol) of the (A-15), and while stirring, the
obtained mixture was reacted at 80°C for 3 hours, and at 100°C for 5 hours. As a
result of the high performance liquid chromatographic analysis of the reaction solution,
the production rate was found to be 92.0%.

[0142]
Synthesis Example 31: Synthesis of (A-22)

A mixed solution of 1.36 g (7.00 mmol) of the (F-1), 20.0 mL of acetonitrile
and 1.49 mL (9.00 mmol) of diisopropylethylamine was cooled on ice, and 0.860 mL

(8.00 mmol) of dimethylcarbamic acid chloride was then added to the solution. The
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[0154] Synthesis Example 41: Synthesis of (A-27) Underanitrogenatmosphere,54g(0.377mol)of
ethyl-(Z)-4-amino-4-oxo-2-butenoate was dissolved in 300 mL of ethanol, and while keeping the internal
temperature at 15 to 25C, 26.2 g (0.396 mol) of a 50% hydroxylamine aqueous solution was added
dropwise to the solution. The obtained mixture was stirred at 20C for 4.5 hours, and the reaction solution
was then cooled to -20C. The precipitated solid was filtrated. The thus obtained solid was washed with 50
.0 mL of cooled ethyl acetate, so as to obtain 42.4 g of a white solid (A-27). Yield: 63.8%. 1H-
NMR(DMSO-depGiveduaixdut8(3rtabtt 2Hz)o1R . ed{fddadateIfor . 6 Hdub H Y e2e58¢1 H (il 610,16.0Hz), 3.63
(1H,dd,J:6.0,7.6tq<%), 4105(2qut)3():6 Hé% F%.SO 1H,6HCri), 112 1H, bQ,7.3141%1H,br),;h51$1|—t|,br) [0155]
Synthesis Exarﬁp% 4% gjc/natlﬁess 6#(3,&)- ?er 6. geé.% Mo of &% td}cin(‘jlyoxéilra%l]("uleocl)]us solution,
125 mL of tetrahyehiotvan stizbdahdofwalien &fical 23, gl HOLpIN ) Dlepotassinoyearbaonate were mixed,
and the obtained mixture was then cooled to 12C, Then, 33.7 g §0.191 mol) of the (A-g‘) was added to
the reaction solCRIGAL AhY thEBEISHE RTINS WAL then RIFFREP LY 208 Y& hBVFE “idPister, 11.6 g of

acetic acid wasagfled dacthe eagtiknaselutionanehHienphtained maixtviyvassthien coneertrated to 80.0 g.
30.0 mL of a saturated saline was added to the concentrate, and the obtained mixture was then stirred.

The precipitatePsdlichals Rt AREOSARE tHE Fitfkate Wes iradhed wilh 50 thiooPs Etutiietaline and then
dried, so as to ghiaif 1d+d 9a0d® ligktdink $ekbg (A-29). Yield: 36.7 %. 1H- NMR(DMSO-d6)8 value :
1.16(3H,t,J=6.8Hz), 3.69(2H.%), 4.06(2H,q,J=7.2Hz), 7.24(1H, d,J=6.0Hz), 7.54(1H,d,J=5.6Hz),
12.3(1H,br) [0158] idsExsle %37 QPhtheditOotilass B)17(6H)solution prepared by adding 1.60
mL (22.5 mmol}@fsagetyl chloride to 30.0 mL of ethanol was added to a mixture of 5.00 g (0.0252 mol) of
the (A-29) and 65.0 mL of ethanol, and the thus obtained mixture was then stirred. Thereafter, 3.70 mL
(27.5 mmol) of sauhagisAitieriatadpiberdsthie(fedétion solution, and the obtained mixture was then

stirred at room temperagure for & RS INEESAEL 0 Q) BE dis: (. 11981 AfisaiuMbRifHiE was added to

the reaction solution, and the obtained mixture was further stirred at room temperature for 3.5 hours. To
this reaction sohndon 38 sdiutidh prepdred dyseridindethFem it W70 olrd i dfcacatybchlonte to 5.00 mL of

ethanol, and 0.5004mL, (3,72 oh.qf jsqamyl nitrite, were added, and the thus obtained mixture was left
overnight. Subs%eq'uenty,o s(éﬁ]t:ﬁbnepl%ﬁareel Cy a%jgincg 1.60 mL (2%'.5 mr%o?) bfd;énety(f?%hforide to 20.0 mL
of ethanol, and 4&oetily ibdidopymbheot éso draykddeiteo Wereohdided tdlihebreastiomisoittions and the thus

obtained mixture wag tggnr stirred at 35C. Thereaftgtr, thflah%oéthnt was conqentratzc{iglqder reduced

pressure. Acetgﬁ?tcrtlfe was 38!13&56 f%pfﬁ%t?reesu(ftvgﬁl%}gand the orbflalﬁrédtrﬁixli%arcel\(/)\?ass \en cooled on ice. The

precipitated solihweastfilirétadd $6tamtoodlotayn £dtoxe) aklal 0hibd. 6|l (ABaydriebrid Ja&Glo( 1
INVR(DVSO.A08 value 13 00 8% ZAR0. TRE(AES S AL A g o)

and was then left at rest, and an aqueous layer was removed. This operation was
repeatedly performed twice. Subsequently, the organic layer was dried over
magnesium sulfate and was then concentrated. The residue was then subjected to
silica gel chromatography (hexane : ethyl acetate = 4 : 1), so as to obtain 9.97 g of a
yellow liquid (A-23). Yield: 88.4%.
'H-NMR(CDCl5)8 value : 8.56(1H, s), 4.11(3H, s), 3.59(4H, q, J=7.2Hz), 1.31(6H, t,
J=7.2Hz)
[0144]
Synthesis Example 33: Synthesis of (A-24)

1.65 g (5.00 mmol) of the (A-23) was mixed with 5.00 mL of 1-butyl alcohol,
and 1.70 mL (10.0 mmol) of diisopropylethylamine was then added to the mixture.

The obtained mixture was reacted at an internal temperature of 80°C for 2 hours.
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[0157] Synthesis Example 44: Synthesis of (A-la) 12.0 mL of toluene and 12.0 mL of
dimethylformamide were cooled on ice, and 4.60 mL (49.3 mmol) of phosphorus oxychloride was then
added thereto. Thereafter, 2.27 g (10 0 mmol) of the (A-31) was added to the mixture, and the thus
obtained mixture was then stirred at 70C for 4.5 hours. Thereafter, the reaction solution was cooled to
room temperature, and ethyl acetate and water were then added thereto. The obtained mixture was
stirred and was then left at rest. Thereafter, an aqueous layer was removed, and the organic layer was
concentrated ufitlereréciuceat prassone sdlhigoabtainessksidoernas seppeatadceby SHicagelichromatography
(eluent: hexane/qltg@/l acetate = 9/12ri1 f\%a regulﬁ,1 1.60.q of a Whi%g solidb(JA-Ia21 was optaine . Yield: 70.3%.
[0158] SyntheS|Ss0 xglr]npvréls%c:ogg/eﬁ]t e&is oq‘nisopr%pg/ §@)94-\5?ﬁin09 -oX0 5 Butelfoale™ 196 g (2.00 mol)
of maleic anhydtidenavagdigsotiechie 128hgl (2-0atmsel)af B;popaneland.80a7m of £tlkyoacetate.
Thereafter, 300 mL (2.15 mol) of t(iegh lamine was added dropwise to the solution at an internal
temperature of ]iﬂ)l&d(;IAI fer o) 81"11.75 ‘ﬁl‘hrs, and the obtained mixture was then stirred for 1 hour.
Thereafter, 193'miN{ZK8 pal)dfvethyt draoforgatesvasiaddec d@pwWssiathe reagtizm mixture at an
internal temperature of -5C or lower over 2 hours. After the mixture had been stirred for 30 minutes, the
obtained reactidrf ety aldtisd-dreihige: th 8 idoids Elutid Cohtaifing 360 mL (2.16 mol) of
28% ammonia ygatgy) and 250 g of ice. The obtained reaction mixture was left at room temperature
overnight. Thereafter, 400 mL of ethyl acetate was added to reaction product, followed by stirring.
Thereafter a quﬁﬂ@éﬁé@f%@pﬁﬁ%ﬁ%&‘ﬁéﬁo@ﬁied on the reaction solution, so as to remove an

aqueous layer. This opgsafign WeseRsatsttireedimes: JhgAbtained 81ganie iy ermyieig gathered and
were then concentrated. Recrystallized from hexane/ethyl acetate was performed, so as to obtain 50.5 g

of isopropyl-(Z)sedamihydosids- 2yatediisater ih the GrA9 o itehsolitt 2% etid y119AHTENSMR(DMSO-d6)
S value : 1.20(QhL o6, H 4 RAMEE RERAES 4020 Por’l%lhhﬁu%e:s.ll-ﬁ;%%aﬁe?,ﬁﬁilé#&&f&?-o'*z)’

7.18(1H,br), 7.57(1H,br) [0159] Synthesis Example 46: Synthesis of (A-2 13.9 g (0.210 mol) of a
50% hydroxylansihigiemwes asodislutapowasaissaivedand 200 snthafR-mopdHY Whike keepsidg the internal
é(i)xo- -butenoate

temperature at 3.5 to 6C in.an ice b 4 g (0.200, mal). of isgpropyl-(Z2)-4-amino-4-

was added to tr%ea%s%q]&trl ngg\%r{% FnalinBl?tzléI,) a\%a fé%drr:[t%) %’-pr%%%rﬁ%\éf]\lﬁvgg)lst %?%h@ggttf ed thereto. The
obtained reactionmsetutionlwasastiorebkan O tenipérature fie Idrours agretlatwsasdherYigft:at rest in a
refrigerator. Th%(p{)g/ocipitated solid was collected by filtration, and it was then washed with cold
2-propanol. The resultant was dried under reduced pressure at room temperature, so as to obtain 22.3 g

of a white solid (A-RBIRWIMGB8,E0alue : 8.04(1H, s), 2.88(3H, s)
[0146]
Synthesis Example 35: Synthesis of (A-21)

2.00 mL of toluene, 1.00 mL of water and 0.340 g (4.00 mmol) of sodium
bicarbonate were added to 0.510 g (2.00 mmol) of the (A-10), and while stirring, the
obtained mixture was reacted at 100°C for 2 hours. As a result of the high
performance liquid chromatographic analysis of the reaction solution, the production
rate was found to be 13.0%.

[0147]
Synthesis Example 36: Synthesis of T-705A

0.750 mL of N,N-dimethylformamide, 0.120 mL of water and 114 mg (1.16
mmol) of potassium acetate were added to 185 mg (0.773 mmol) of the (A-14).
While stirring, the obtained mixture was heated at 80°C for 3 hours, and it was then

cooled to room temperature. As a result of the HPLC analysis of the reaction mixture,
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1H-NMR(DMSO-d6) S value : 1.18(6H, d, J=6.4Hz), 2.36(1H, dd, J=8.0, 16.0Hz), 2.55(1H, dd, J=6.0,
16.0Hz), 3.61(1H, t, J=6.8Hz), 4.87(1H, sep, J=6.4, 6.4Hz), 5.70-5.90(1H, br), 7.00-7.18(1H, br),
7.20-7.35(1H, br), 7.46(1H, s) [0160] Synthesis Example 47: Synthesis of (A-28) 9.43 g (60 0 mmol)
of isopropyl4E)-4-amino-4-oxo-2-butenoate was dissolved in 28.3 mL of tetrahydrofuran, and the obtained
solution was then heated in a water bath that was set at 42C. 4.16 g (63 0 mmol) of a 50% hydroxylamine
aqueous solution was added dropwise to the solution over 20 minutes, and the obtained reaction solution
was then stirredhatpt@@idoorlrivouwrasTfoareafier 9740:mL of water was added to the reaction solution, and
tetrahydrofuran yas then distilled away under reduced pressure. It was confirmed by 1H-NMR that the
raw material di appe]ared from the obtained solution and (A-28) was contained therein. 1H-NMR(D20) S
value : 1.26(6HS ghtlebs4tapmpee8(1$ynddsid=6 8,706/M4Hz), 2.77(1H, dd, J=7.2, 16.0Hz), 3.96(1H, t,
J=6.8Hz), 5.01(1H, sep, J=6.4, 6.4H%}E [0161] Synthesis Example 48; Synthesis of (A-3?% 3.72 g (25.0
Kt %{ &

M Sy e DA i A e Rl o = TR R

temperature was&ahalh @exideavaes wataribas hbeoerftanntB ot 24 mmolveithaifAn28) was
dissolved in 2.00 mL of water and 4.00 mL of 2- ro%ganol, and the obtained solution was then added
dropwise to thet%BQ@lBﬁdﬁiéﬂl@oWo?ﬁafﬁﬂrﬁﬁ&%h' 19peraannh, ashEthas Witk f8lahéoaBscribed

solution, a 1 Mtk g carbeRAlg: A UROMBISOIMIRNWaS BisR A4 RRVISE Prsistaoso that the pH
of the reaction solution could be maintained at pH 8.9 to 9.1. The obtained reaction mixture was reacted

at an internal teitipEratirr e be ¥ % hours. The internal temperature was decreased to 20C, and acetic
acid was added {@4dne reaction product, so as to adjust the pH to be pH 6.0. The solvent was distilled
away under reduced pressure, and a saturated saline was then added to the residue. The generated solid
was collected by¥ifratioFxamali 3¥asndasiwasHedMih a cold saturated saline, followed by drying, so as

o obiain 289 g of a o rguH O A B0 RIS AP RUELY.5 2201 NMRIRISE d0) S value.
1.17(6H, d, J=6.0Hz), 3.66(2H, s), 4.87(1H, sep, J=6.4, 6.4Hz), 7.24(1H, d, J=5.6Hz), 7.53(1H, d,
3=5.6Hz), 12.00013B0(IHobie[062) yrtackis BRAMBIS tonyvkiesid o 4A-30)ile stirring,

the obtained mixture was heated at 80°C for 1 hour, and it was then cooled to room

temperature. As a result of the HPLC analysis of the reaction mixture, the production

rate was found to be 85.6%.

[0150]

Synthesis Example 39: Synthesis of (T-705A)

Under a nitrogen atmosphere, 10.0 mL of dimethyl sulfoxide and 15.0 mL of

N,N-dimethylformamide were added to 460mg (7.91 mmol) of potassium fluoride, and

N,N-dimethylformamide was distilled away. Further, 0.460g (2.61mmol) of the

(A-22) was added thereto, and while starring, the obtained mixture was reacted at 80°C

for 3 hours. The reaction solution was cooled to room temperature, and 50.0 mL of

ethyl acetate and 30.0 mL of water were added thereto. The reaction mixture was

stirred and was then left at rest. After liquid separation, the obtained organic layer

was washed with 30 mL of water, and then with 30 mL of saturated saline, and the

solvent was distilled away by evaporator. 2.0 mL of dimethyl sulfoxide, 1.0 mL of

water and 0.120 g (3.00 mmol) of sodium hydroxide were added to the residue, and

while starring, the resultant mixture was reacted at 80°C for 3 hours. The reaction

solution was cooled to room temperature, and 0.48 mL (2.41 mmol) of
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12.22 g (77.8 mmol) of isopropyl-(E)-4-amino-4-oxo-2-butenoate was dissolved in 19.8 mL of THF, and
the obtained solution was cooled to 15 to 20C in a water bath. 5.14 g (77 8 mmol) of a 50%
hydroxylamine agueous solution was added dropwise to the solution over 1 minute, and the obtained
reaction solution was then stirred at 27 to 30C for 3 hours. It was confirmed by 1H-NMR that the raw
material disappeared from the obtained solution and (A-28) was contained therein. 0.118 g of sodium
bicarbonate was dissolved in 18.3 mL of water. 20.31 g (140.0 mmol) of a 40% glyoxal aqueous solution
and the aforeménticiobekyhikisolutiondktheh{Aa8) whee hdddt drdpwidetiberets adiesteéd tminutes. During
this operation, tlg)egeﬂ‘lqé; l\4\/ith the abov -dtﬁscrli1 e(ljcsa%lllé'fi N %EO% sodium h&/gré))gl e aqueous solution was
also added dropw?se t )

e?’efé’?g%n{ﬁaé? hheypr e reaction solﬁ{igﬁeté)élﬁlﬁlbe maintained at pH 8.2t0 8.4
(three solutionsweeradisdullareousithagadedpiteapivsgkall hasobitaisedsreactiopbnixturenasfreacted at an
internal temperature of 50C for 1 hour, During this operation, a 50% sodium hydroxide aqueous solution
was added dropwWise¥andesIes %5?%(3@%%3%% Ot §B1tion could be maintained at pH 8.4. THF
was distilled away3sunder reduced pressure, and 5.0 g of saline was then added to the residue.
Concentrated hgdroch.loric acid is added at an internal temperature of 40 to 50C so as to adjust the pH to

be pH3.0. The SSRMBHWARBISIEY &y BES& 4180, and filtered. The solid on a mesh was washed twice

with 10 mL of water of §Gnas lowemnialiayadiRy @ningasenatdoatiamolRB e gi8giabL, hkvn solid (A-30)
(purity: 90%). Yield from A-28: 58.9% [0163] ?Sii/]‘_réthesis Example 50: Sg/nthesis of (A-32 Under a

nitrogen atmos@késaltgpOMMmbi oprapyltEshisPRiarydidanda B9 §-¢29.9 %%Wlapkﬁéf (A-30), and
while stirring, the ghiaiRethmiWRINASLROISEHEA 3G - FurthefaR.86 1R (#R:3dnmakataggtyl chloride was

added dropwise to the reaction solution, while keeping the internal temperature at 10C or lower. The
temperature of reirsaitRsl it fenvagéncred g6 40C! 18naisues. mTigodtenris yekisamyl nitrite was
then added dropyyige fherato. After cRmPIGHEN AL thesfraPwise additiapy ie.gbiaingd migyre was stirred
at 25C for 1.5 hours, and it was then cooled to -10C. The precipitated solid was filtrated, and it was then
washed with 5.00rpmaioRteplient ayiceobfiie fexligtant Wal deiéely solidd fo28htaii4l&9d.&foa light yellow

solid (A-32). Yieé% 71}9%@? - MRéeDM ﬁz@ Swvajue ‘1%.22(6 =€ﬁ§.o , H,sep,J=6.4Hz),
7.28(1H, d,J=5. ‘ﬁw . (élﬁ_fi?fk\ld,ﬁzg .6'H%(),% .4(Si1—|q,!br 9 ’.o‘élr{l v 16%35;%% %%Ius ample 51:
Synthesis of (A12)8(3H, Uddeér&lnitrogen atmosphere, while stirring a mixed solution of 25.0 g (0.1204 mol)
of the (A-32), 6 5%L of N,N-dimethylformamide and 62.5 mL of toluene, the internal temperature was
kept at 15C or lower, and 47.3 mL (0.510 mol) of phosphorus oxychloride was added dropwise to the
mixed solution. After c&inpietior@hpoendsopwiag taddititin, (tAe2Bmperatdreand ire2@detiblosolution was
increased to 70C, and the reaction solution was then stifred for 7 hours, Thereafter, the reaction solution
was cooled to r?ﬁ%ir%l é%aﬁlgrglt rséf“éH&l tﬁ‘ﬂgﬁ’, t\ﬁl% fﬁ)ﬂido tg‘?ﬂ 13(}83% %ﬂnﬁﬁﬁ ire was slowly added dropwise
to a mixed solut@sHf 62.5 mL of toluene and 300 mL of a 10% saline at an internal temperature of 10C or
lower. After completion of a liquid separation operation, the organic layer was washed with 100 mL of a
10% saline twi&ﬁhﬁﬁbzmen with 100 mL of a 10% sodium bicarbonate solution and with 100 mL of a 10%
saline. This organiglayer was concent@ated, and 7.50 mL N§§Upyl alcohol and 150 mL of hexane were
then added to theHgsi genkhe precifi eolits was filtrated, land it was then washed twice with 15.0 mL
of a mixed solvent of |sopropyl alcohol/hexane = 5/95 (volur¥é ratio), so as to obtain 12 6 g of a light pink

solid (A-2) (purity: 98.3%)O¢igld: 49.3%. [03@8Synthesis ERampROS2HSynthesis of (A-13)

(A-27) (A-28) (A-29)
[/N | OH _N_OH [/N OH
|
\'.“+ [\N+| NOH \,}P NOH
o coo{ O COOCHs O COO0
(A-30) (A-31) (A-32)
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0.219 g (2.00 mmol) of tetramethylammonium chloride, 2.32 g (40 0 mmaol) of potassium fluoride, 9.70 mL
of dry dimethyl sulfoxide and 38.6 mL of dry toluene were mixed. Thereafter, toluene was distilled away
under reduced pressure at an external temperature of 120C. After the mixture was cooled to room
temperature, 0.203 g (1.00 mmol) of 2,4-dinitrochlorobenzene and 4.83 g (20 0 mmol) of the (A-2) were
added to the reaction solution, and the obtained mixture was then reacted at an internal temperature of
90C for 2 hours. After the mixture was cooled to room temperature, 0.180 mL of water was added to the
reaction solutiof)1&aAd the obtained mixture was then stirred for 2.5 hours. Thereafter, 0.180 mL of water
was further ad(éed tl? theE;react'i qlsc%ult@n .an? C\ge% btained mixture was then stirred for 1 hour.
Thereafter, 14.5 ML of toluene and TA"2'ML Of water were added to the reaction solution, and the
obtained mixture was stiigidrandavasninegdeft aitiastpseras tosremoye afpaqaeousdayer.ofhen, 14.5 mL
of a saturated sodium bicarbonate solution was added to the organic layer, and the obtained mixture was
stirred and WasefﬁéTi(@ft‘Léaﬁ?éus‘f%Bxg' (3 HERMEYe 5 44180 EE 1Byet AL-FSLLRR 1igKe YallSw solution of
(A-13) was obtaingshansenmilagk tameamprnantiyag fosrd; This solutiosswasidisgctlysased in the
subsequent process. [0166] Synthesis Example 53: Synthesis of dicyclohexylamine salt of T-705A

14.5 mL of wat&¥ 30332881 @ﬁ(‘}e@?ﬂﬁ%ﬁ@?s‘ﬁ%ﬁﬁfiﬁ%éﬁ%ﬂé?et%@%%ﬂ@&to Tihe 8BiRGH of the (A-13)

obtained in the abyR-dascried RyHerls Example ad. ROLIE MGG HiKuE Wasidhen reacted at an
external temperature of 100C for 4 hours. Thereafter, an organic layer was removed, and 3.43 mL (60.0

mmol) of acetic &1 wakhtherrdatigkothe gedbtatedyer it vbeliid inirliftertas rehetked under
reduced pressugg pisgniexieRal JemPaiRiuiE: ks A6 At LAWY 4of 1¢5 hauts sJife mistyre was cooled
to room temperature, and thereafter, 5.00 mL of water, 9.60 L of acetone, and 3.30 mL of 28% ammonia
water were addé#lb fHe3feaction solution. Then, 3.78 mL (19.0 mmol) of dicyclohexylamine was added

dropwise o the:mixahigh3iA0@ey 19 mintes. pd e obiadied midyrpRehen e at room

temperature for 1 hour. Thereafter, 9.60 mL of water was added to the reaction solution, the obtaine
for1 hour. T fter, 9.60 mL of dded to th i luti btained
mixture was thehS8fitFbdat=imtetha) . tempepdidrBoib E6dl 1.4ibur, and & 8oliHvwastHdtriiltrated. The
solid on a Nuts hg% BS,SU£48 i gl g T‘ﬁ% q;tg IQb L of water, a mixed solution of 5.00 mL of
acetone and 5.00 me,}l_ ) §v)\’/a'ter, and %0.0%mL’or}l)\{aéeitl@ne’ of 10C or lower. The resultant was dried, so as to
obtain 5.37 g ofl@iéytlohexylamine salt of T-705A in the form of a light brown solid. Yield: 83.0%; and
HPLC purity: 99,0%. [0167] Synthesis xamd% 4. . Synthesis of T-705 10.0 mL of toluene and a
sodiu;n hydro>(§id %Z%Egﬁxsiﬂﬁt%§ﬁ§§%§ eﬁg%?ﬁsolving 0.656 &30 (;f sodium hygsr(t);gdebdi}g 2060 mL of
water) were added to 5560 gg(1®.68% yofodlicy xylhgoxiah eagar Tsal068y, amelsthelobdéined mixture
was then stirred at foqm temperature for 30 mi . T cti olution was left at rest for 10 minutes,
ot omor 1S BP VA B AU YO AR o N S AN B R Bt JeF S %R 1 was thon
stirred and left afikea! fad 16 obauiRE. iRareakay tiamh Wpprd IRy er aas Taspved. Aeadiumdnydroxide
agueous solution rcefg‘éred by dissolving 0.593 g of sodium hydroxide in 5.00 mL of water) was added to

a lower layer. b Aty SR dBiHY draciarfP i PRI PRI S5 E S HEY(31.5 mmol) of

40.0% viw hydragea peroxidawascaddedrsirpuisel ioothe bl aciiteaohtiaied mixiiegivas stirred at
25C for 30 minutes, and the pH of the solution was adjusted to pH 6.5 to 8.0 by h)é(jrochloric acid.

Thereafter, the 1Hi%HOE HdstheaRIB6LBE s Hiat thensomfsndaed iRy diskbletifftie solution.
Thereafter, 0.230.¢-0f actiNated carhati (RHRASAGHAXWas @dred b the reaetian walutip, and the

obtained mixture was then stirred at 40C for 30 minutes, followed by filtration. A solid on a Nutsche was

washed with 5.08: of R RIECHE Ry drbehTsrddERE has dHbn Bldaed wasahiked Eohudid mbf a filtrate and
a washing solutipn afanRfeinak MRRRUNEIl 3 10 4BGins gt dhe REhBEIEOSNas adyisted to pH 3 to

4. The mixed solytion was cooled to 0 to 5C, and it was then stirred for I hour. Thereafter, the
precipitated sol¥isAdisfilfrdted, and it was then washed with 5.00 mL of water and 5.00 mL of isopropyl|

alconol, so as to, pb{aifk\G:sbol AW hitR <ol (3795191 B4 @Y inslusipt Aqplisahilsy 0168
7.24(1H,d,J=6.0Hz), 7.54(1H,d,J=5.6Hz), 12.3(1H,br)
[0156]
Synthesis Example 43: Synthesis of (A-31)
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The present invention is useful for production of T-705 that is useful for the treatment such as prevention
and therapy of influenza virus infection, and the like. CLAIMS [Claim 1]A pyrazino[2,3-d]isoxazole
derivative represented by the following formula (1): [Chem. 1] formula (I) wherein X represents a halogen
atom, a hydroxyl group or a sulfamoyloxy group, and Y represents -C(=0)R or -CN; wherein R represents
a hydrogen atom, an alkoxy group, an aryloxy group, an alkyl group, an aryl group or an amino group;
wherein the sulfamoyloxy group, alkoxy group, aryloxy group, alkyl group, aryl group and amino group
may be optionally subsAtsibdiojGlaima2{Theapynaz ne)213-dlizoxazole dertegtivéladdordiB@@o claim 1,

wherein ¥ repfemsf%tfse&%ﬂ%%%% ded R [eRresents ?@oa'k@?‘é(zg%ou >°£fatﬂe?]51‘_i %905?%‘%’.&‘”" the alkoxy
group and amino group may be op |onaﬁly Shbstitutdd. [é int 3The pyrazino|2,3-d]isoxazole derivative
according to claith df ethanwhefehXHiepsesais mikyes oad geaupiredhldiee ater3orarfiuorine atom.

(27.5 mmol) of isoamyl nitrite was added to the reaction solution, and the obtained

mixture was then stirred at room temperature for 4 hours. Thereafter, 0.500 mL (3.72

mmol) of isoamyl nitrite was added to the reaction solution, and the obtained mixture

was further stirred at room temperature for 3.5 hours. To this reaction solution, a

solution prepared by adding 0.500 mL (7.04 mmol) of acetyl chloride to 5.00 mL of

ethanol, and 0.500 mL (3.72 mmol) of isoamyl nitrite, were added, and the thus

obtained mixture was left overnight. Subsequently, a solution prepared by adding

1.60 mL (22.5 mmol) of acetyl chloride to 20.0 mL of ethanol, and 1.50 mL (11.1

mmol) of isoamyl nitrite, were added to the reaction solution, and the thus obtained

mixture was then stirred at 35°C. Thereafter, the solvent was concentrated under

reduced pressure. Acetonitrile was added to the resultant, and the obtained mixture

was then cooled on ice. The precipitated solid was filtrated, so as to obtain 4.10 g of

a white solid (A-31). Yield: 71.5%.

'H-NMR(DMSO-d¢)d value : 13.0(1H,br),l 2.4(1Hbr), 7.66(1H,d,J=6.0Hz),

7.29(1H,d,J=6.0Hz), 4.20(2H,q,J=7.0Hz), 1.21(3H,t,J=7.0Hz)

[0157]

Synthesis Example 44: Synthesis of (A-1a)

12.0 mL of toluene and 12.0 mL of dimethylformamide were cooled on ice,

and 4.60 mL (49.3 mmol) of phosphorus oxychloride was then added thereto.

Thereafter, 2.27 g (10.0 mmol) of the (A-31) was added to the mixture, and the thus

obtained mixture was then stirred at 70°C for 4.5 hours. Thereafter, the reaction

solution was cooled to room temperature, and ethyl acetate and water were then added

thereto. The obtained mixture was stirred and was then left at rest. Thereafter, an

aqueous layer was removed, and the organic layer was concentrated under reduced

pressure. The obtained residue was separated by silica gel chromatography (eluent:

hexane/ethyl acetate = 9/1). As a result, 1.60 g of a white solid (A-1a) was obtained.
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[Claim 4]The pyrazino[2,3-d]isoxazole derivative according to claim 1, wherein X represents a fluorine
atom or a chlorine atom, and Y represents -C(=0)R where R represents an optionally substituted alkoxy
group. [Claim 5]The pyrazino[2,3-d]isoxazole derivative according to claim 1, wherein X represents a
fluorine atom or a chlorine atom, and Y represents -C(=0)R where R represents a methoxy group, an
ethoxy group, an n-propoxy group, an iSopropoxy group, or an n-butoxy group. [Claim 6]A method for
producing a pyrazino[2,3-d]isoxazole derivative represented by the following formula (I-1): [Chem.3]
formula (I-1) whielifi03¥tas the same meanings as those described below, which comprises treating with
an acid an isox?&cgg] derivative represented by the following formula (Il): [Chem.2]

Synthesis Example 45: Synthesis of isopropyl-(Z)-4-amino-4-oxo-2-butenoate

196 g (2.00 mol) of maleic anhydride was dissolved in 123 g (2.05 mol) of

2-propanol and 800 mL of ethyl acetate. Thereafter, 300 mL (2.15 mol) of

triethylamine was added dropwise to the solution at an internal temperature of 10°C or

lower over 1.5 hours, and the obtained mixture was then stirred for 1 hour. Thereafter,

193 mL (2.03 mol) of ethyl chloroformate was added dropwise to the reaction mixture

at an internal temperature of -5°C or lower over 2 hours. After the mixture had been

stirred for 30 minutes, the obtained reaction mixture was added dropwise to an aqueous

solution containing 300 mL (2.16 mol) of 28% ammonia water and 250 g of ice. The

obtained reaction mixture was left at room temperature overnight. Thereafter, 400

mL of ethyl acetate was added to reaction product, followed by stirring. Thereafter a

liquid separation operation was performed on the reaction solution, so as to remove an

aqueous layer. This operation was repeated three times. The obtained organic

layers were gathered and were then concentrated. Recrystallized from hexane/ethyl

acetate was performed, o) as to obtain 50.5 g of

isopropyl-(Z)-4-amino-4-oxo-2-butenoate in the form of a white solid.  Yield: 16.1%.

'H.NMR(DMSO-dg) & value : 1.20(6H,d,J=6.0Hz), 4.94(1H,sep,J=6.4Hz),
6.15(1H,d,J=11.6Hz), 6.26(1H,d,J=12.0Hz), 7.18(1H,br), 7.57(1H,br)
[0159]

Synthesis Example 46: Synthesis of (A-28)

13.9 g (0.210 mol) of a 50% hydroxylamine aqueous solution was dissolved in
200 mL of 2-propanol. While keeping the internal temperature at 3.5 to 6°C in an ice
bath, 31.4 g (0.200 mol) of isopropyl-(Z)-4-amino-4-oxo-2-butenoate was added to the
solution over 15 minutes, and 20.0 mL of 2-propanol was further added thereto. The
obtained reaction solution was stirred at room temperature for 3 hours, and it was then
left at rest in a refrigerator. The precipitated solid was collected by filtration, and it

was then washed with cold 2-propanol. The resultant was dried under reduced
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formula (II) O RI wherein Y represents -C(=0)R or -CN; where R represents a hydrogen atom, an alkoxy
group, an aryloxy group, an alkyl group, an aryl group or an amino group; and R1 represents a hydrogen
atom or an alkyl group; wherein the alkoxy group, aryloxy group, alkyl group, aryl group and amino group
may be optionally substituted. [Claim 7]A method for producing a pyrazinecarbonitrile derivative
represented by the following formula (111): [Chem.5] formula (1) IN OH , XCN wherein X has the same
meanings as those described below, which comprises treating with a base a pyrazino[2,3-d]isoxazole
derivative repregsested bythenfollopdragufermula (b) opCie224) g of a white solid (A-28).  Yield:

58.6%.

'H-NMR(DMSO-dg) & value : 1.18(6H, d, J=6.4Hz), 2.36(1H, dd, J=8.0, 16.0Hz),
2.55(1H, dd, J=6.0, 16.0Hz), 3.61(1H, t, J=6.8Hz), 4.87(1H, sep, J=6.4, 6.4Hz),
5.70-5.90(1H, br), 7.00-7.18(1H, br), 7.20-7.35(1H, br), 7.46(1H, s)

[0160]

Synthesis Example 47: Synthesis of (A-28)

9.43 g (60.0 mmol) of isopropyl-(E)-4-amino-4-oxo-2-butenoate was
dissolved in 28.3 mL of tetrahydrofuran, and the obtained solution was then heated in a
water bath that was set at 42°C. 4.16 g (63.0 mmol) of a 50% hydroxylamine
aqueous solution was added dropwise to the solution over 20 minutes, and the obtained
reaction solution was then stirred at 42°C for 1 hour. Thereafter, 9.40 mL of water
was added to the reaction solution, and tetrahydrofuran was then distilled away under
reduced pressure. It was confirmed by 'H-NMR that the raw material disappeared
from the obtained solution and (A-28) was contained therein.

'H-NMR(D0) § value : 1.26(6H, d, J=6.4Hz), 2.68(1H, dd, J=6.8, 16.4Hz), 2.77(1H,
dd, J=7.2, 16.0Hz), 3.96(1H, t, J=6.8Hz), 5.01(1H, sep, J=6.4, 6.4Hz)

[0161]

Synthesis Example 48: Synthesis of (A-30)

3.72 g (25.0 mmol) of a 39% glyoxal aqueous solution was dissolved in 30.0
mL of 2-propanol. The internal temperature was set at 41°C in a hot water bath.
Thereafter, 2.38 g (12.5 mmol) of the (A-28) was dissolved in 2.00 mL of water and
4.00 mL of 2-propanol, and the obtained solution was then added dropwise to the
above-obtained solution. During this operation, together with the above-described
solution, a 1 mol/L sodium carbonate aqueous solution was also added dropwise
thereto, so that the pH of the reaction solution could be maintained at pH 8.9 to 9.1.
The obtained reaction mixture was reacted at an internal temperature of 41°C for 2
hours. The internal temperature was decreased to 20°C, and acetic acid was added to

the reaction product, so as to adjust the pH to be pH 6.0. The solvent was distilled
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formula (I) wherein X represents a halogen atom, a hydroxyl group or a sulfamoyloxy group, and Y
represents -C(=0)R or -CN; where R represents a hydrogen atom, an alkoxy group an aryloxy group, an
alkyl group, an aryl group or an amino group; wherein the sulfamoyloxy group, alkoxy group, aryloxy
group, alkyl group, aryl group and amino group may be optionally substituted. [Claim 8]A method for
producing a compound represented by the following formula (1V): [Chem.8] formula (IV) N OH X N
CONH2 wherein X has the same meanings as those described below, which comprises a step of treating

with a base a pyvazinoj®;3redisexiapeiewerivativesraprese st deby th ehtolleddiad) tforheutes{d)ie.
The generated solid was collected by filtration, and it was then washed with a cold
saturated saline, followed by drying, so as to obtain 2.89 g of a light brown solid
(A-30). Yield: 62.3% (purity: 57.2%).
'H-NMR(DMSO-dg) & value : 1.17(6H, d, J=6.0Hz), 3.66(2H, s), 4.87(1H, sep, J=6.4,
6.4Hz), 7.24(1H, d, J=5.6Hz), 7.53(1H, d, J=5.6Hz), 12.00-12.50(1H, br)
[0162]
Synthesis Example 49: Synthesis of (A-30)

12.22 g (77.8 mmol) of isopropyl-(E)-4-amino-4-oxo-2-butenoate was
dissolved in 19.8 mL of THF, and the obtained solution was cooled to 15 to 20°C in a
water bath. 5.14 g (77.8 mmol) of a 50% hydroxylamine aqueous solution was added
dropwise to the solution over 1 minute, and the obtained reaction solution was then
stirred at 27 to 30°C for 3 hours. It was confirmed by 'H-NMR that the raw material
disappeared from the obtained solution and (A-28) was contained therein.

0.118 g of sodium bicarbonate was dissolved in 18.3 mL of water. 20.31 g
(140.0 mmol) of a 40% glyoxal aqueous solution and the aforementioned THF solution
of the (A-28) were added dropwise thereto over 60 minutes. During this operation,
together with the above-described solution, a 50% sodium hydroxide aqueous solution
was also added dropwise thereto, so that the pH of the reaction solution could be
maintained at pH 8.2 to 8.4 (three solutions were simultaneously added dropwise).
The obtained reaction mixture was reacted at an internal temperature of 50°C for 1
hour. During this operation, a 50% sodium hydroxide aqueous solution was added
dropwise thereto, so that the pH of the reaction solution could be maintained at pH 8.4.
THF was distilled away under reduced pressure, and 5.0 g of saline was then added to
the residue. Concentrated hydrochloric acid is added at an internal temperature of 40
to 50°C so as to adjust the pH to be pH3.0. The solution was cooled to 5°C over 1
hour, and filtered. The solid on a mesh was washed twice with 10 mL of water of 5°C
or lower followed by drying, so as to obtain 10.80 g of a light brown solid (A-30)
(purity: 90%). Yield from A-28: 58.9%
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[Chem.6] formula (I) wherein X represents a halogen atom, a hydroxyl group or a sulfamoyloxy group,
and Y represents -C(=0)R or -CN; where R represents a hydrogen atom, an alkoxy group an aryloxy
group, an alkyl group, an aryl group or an amino group; wherein the sulfamoyloxy group, alkoxy group,
aryloxy group, alkyl group, aryl group and amino group may be optionally substituted, so as to produce a
compound represented by the following formula (ll): 1, X N CN wherein X has the same meanings as
describe above, and a step of adding water to the compound represented by the formula (l11). [Claim
9]The productidoIdigthod according to claim 7 or 8, wherein X represents a fluorine atom and Y

represents -C(:SO})nth\évSfi]seﬁ% a%{)?éjgg:sgyrtlﬁlggso&t'&r_]?yy substituted alkoxy group.

Under a nitrogen atmosphere, 20.0 mL of isopropyl alcohol was added to 4.60
g (21.7 mmol) of the (A-30), and while stirring, the obtained mixture was cooled to
5°C. Further, 2.86 mL (40.3 mmol) of acetyl chloride was added dropwise to the
reaction solution, while keeping the internal temperature at 10°C or lower. The
temperature of the reaction mixture was increased to 40°C, and 5.41 mL (40.3 mmol)
of isoamyl nitrite was then added dropwise thereto. ~After completion of the dropwise
addition, the obtained mixture was stirred at 25°C for 1.5 hours, and it was then cooled
to -10°C. The precipitated solid was filtrated, and it was then washed with 5.00 mL
of toluene twice. The resultant was dried, so as to obtain 4.59 g of a light yellow
solid (A-32). Yield: 87.9%.

'H-NMR(DMSO-d¢) & value : 1.22(6H,d,J=6.0Hz), 5.01(1H,sep,J=6.4Hz),
7.28(1H,d,J=5.6Hz), 7.65(1H,d,J=5.6Hz), 12.4(1H,br), 13.0(1H,br)

[0164]

Synthesis Example 51: Synthesis of (A-2)

Under a nitrogen atmosphere, while stirring a mixed solution of 25.0 g (0.104
mol) of the (A-32), 62.5 mL of N,N-dimethylformamide and 62.5 mL of toluene, the
internal temperature was kept at 15°C or lower, and 47.3 mL (0.510 mol) of
phosphorus oxychloride was added dropwise to the mixed solution. After completion
of the dropwise addition, the temperature of the reaction solution was increased to
70°C, and the reaction solution was then stirred for 7 hours. Thereafter, the reaction
solution was cooled to room temperature, and then, the thus obtained reaction mixture
was slowly added dropwise to a mixed solution of 62.5 mL of toluene and 300 mL of a
10% saline at an internal temperature of 10°C or lower. After completion of a liquid
separation operation, the organic layer was washed with 100 mL of a 10% saline twice,
and then with 100 mL of a 10% sodium bicarbonate solution and with 100 mL of a
10% saline. This organic layer was concentrated, and 7.50 mL of isopropyl alcohol

and 150 mL of hexane were then added to the residue. The precipitated solid was
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[Claim 10]The production method according to claim 7 or 8, wherein X represents a fluorine atom and Y
represents -C(=0)R where R represents a methoxy group, an ethoxy group, an n-propoxy group, an
isopropoxy group, or an n-butoxy group. [Claim 11] A compound represented by the following formula
(C-2): [Chem.9] formula (C-2) R10 HN-R3 ) R10 0 wherein R1 represents an alkyl group, R3 represents
-CH2CN, the following formula (C-2a): [Chem. 10] formula (C-2a) OM

filtrated, and it was then washed twice with 15.0 mL of a mixed solvent of isopropyl
alcohol/hexane = 5/95 (volume ratio), so as to obtain 12.6 g of a light pink solid (A-2)
(purity: 98.3%). Yield: 49.3%.

[0165]

Synthesis Example 52: Synthesis of (A-13)

0.219 g (2.00 mmol) of tetramethylammonium chloride, 2.32 g (40.0 mmol) of
potassium fluoride, 9.70 mL of dry dimethyl sulfoxide and 38.6 mL of dry toluene
were mixed. Thereafter, toluene was distilled away under reduced pressure at an
external temperature of 120°C. After the mixture was cooled to room temperature,
0.203 g (1.00 mmol) of 2,4-dinitrochlorobenzene and 4.83 g (20.0 mmol) of the (A-2)
were added to the reaction solution, and the obtained mixture was then reacted at an
internal temperature of 90°C for 2 hours. After the mixture was cooled to room
temperature, 0.180 mL of water was added to the reaction solution, and the obtained
mixture was then stirred for 2.5 hours. Thereafter, 0.180 mL of water was further
added to the reaction solution, and the obtained mixture was then stirred for 1 hour.
Thereafter, 14.5 mL of toluene and 14.2 mL of water were added to the reaction
solution, and the obtained mixture was stirred and was then left at rest, so as to remove
an aqueous layer. Then, 14.5 mL of a saturated sodium bicarbonate solution was
added to the organic layer, and the obtained mixture was stirred and was then left at
rest, so as to remove an aqueous layer. As a result, a light yellow solution of (A-13)
was obtained, and no black tar component was found. This solution was directly used
in the subsequent process.

[0166]
Synthesis Example 53: Synthesis of dicyclohexylamine salt of T-705A

14.5 mL of water and 3.36 g (40.0 mmol) of sodium bicarbonate were added
to the solution of the (A-13) obtained in the above-described Synthesis Example 52,
and the obtained mixture was then reacted at an external temperature of 100°C for 4
hours. Thereafter, an organic layer was removed, and 3.43 mL (60.0 mmol) of acetic

acid was then added to the aqueous layer. The obtained mixture was refluxed under
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ROC or the following formula (C-2b) [Chem.11] formula (C-2b) ROC wherein R represents an alkoxy
group, M represents H, Li, K or Na; where the alkoxy and alkyl group may be optionally substituted.
[Claim 12]A method for producing a pyrazino[2,3-d]isoxazole derivative represented by the following
formula (J-4): [Chem.13] formula (J-4)

reduced pressure at an external temperature of 70°C at 100mmHg for 1.5 hours. The
mixture was cooled to room temperature, and thereafter, 5.00 mL of water, 9.60 L of
acetone, and 3.30 mL of 28% ammonia water were added to the reaction solution.
Then, 3.78 mL (19.0 mmol) of dicyclohexylamine was added dropwise to the mixed
solution over 10 minutes, and the obtained mixture was then stirred at room
temperature for 1 hour. Thereafter, 9.60 mL of water was added to the reaction
solution, the obtained mixture was then stirred at an internal temperature of 5°C for 1
hour, and a solid was then filtrated. The solid on a Nutsche was successively washed
with 10.0 mL of water, a mixed solution of 5.00 mL of acetone and 5.00 mL of water,
and 10.0 mL of acetone of 10°C or lower. The resultant was dried, so as to obtain
5.37 g of dicyclohexylamine salt of T-705A in the form of a light brown solid.  Yield:
83.0%; and HPLC purity: 99.0%.
[0167]
Synthesis Example 54: Synthesis of T-705

10.0 mL of toluene and a sodium hydroxide aqueous solution (prepared by
dissolving 0.656 g of sodium hydroxide in 20.0 mL of water) were added to 5.00 g
(15.6 mmol) of dicyclohexylamine salt of T-705A, and the obtained mixture was then
stirred at room temperature for 30 minutes. The reaction solution was left at rest for
10 minutes, and an upper layer was then removed. 10.0 mL of toluene was added to a
lower layer, and it was then stirred and left at rest for 10 minutes. Thereafter, an
upper layer was removed. A sodium hydroxide aqueous solution (prepared by
dissolving 0.593 g of sodium hydroxide in 5.00 mL of water) was added to a lower
layer. Subsequently, while keeping the internal temperature at 15 to 20°C, 2.68 mL
(31.5 mmol) of 40.0% v/w hydrogen peroxide was added dropwise to the mixture.
The obtained mixture was stirred at 25°C for 30 minutes, and the pH of the solution
was adjusted to pH 6.5 to 8.0 by hydrochloric acid. Thereafter, the mixture was
heated to 40°C, so that the solid was completely dissolved in the solution. Thereafter,
0.250 g of activated carbon (SHIRASAGI A) was added to the reaction solution, and

the obtained mixture was then stirred at 40°C for 30 minutes, followed by filtration.
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CIN COORZ2 wherein R2 has the same meanings as those described below, which comprises allowing a
compound represented by the following formula (J-3): [Chem. 12] formula (J-3) N OH CNOH a coo R2
wherein R2 represents an alkyl group or an aryl group; wherein the alkyl group and aryl group may be
optionally substituted, to react with a chlorinating agent. [Claim 13]A method for producing a
pyrazino[2,3-d]isoxazole derivative

A solid on a Nutsche was washed with 5.00 mL of water, and hydrochloric acid was

then added to a mixed solution of a filtrate and a washing solution at an internal

temperature of 35 to 45°C, so that the pH thereof was adjusted to pH 3 to 4. The

mixed solution was cooled to 0 to 5°C, and it was then stirred for 1 hour. Thereafter,

the precipitated solid was filtrated, and it was then washed with 5.00 mL of water and

5.00 mL of isopropyl alcohol, so as to obtain 2.06 g of a white solid (T-705). Yield:

84.0%.

Industrial Applicability

[0168]

The present invention is useful for production of T-705 that is useful for the

treatment such as prevention and therapy of influenza virus infection, and the like.
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represented by the following formula (J-5): [Chem.15] formula (J-5) wherein R2 represents an alkyl
group or an aryl group; wherein the alkyl group and aryl group may be optionally substituted, which
comprises allowing a pyrazino[2,3-d]isoxazole derivative represented by the following formula (J-4):
[Chem. 14] formula (J-4) COOR2 wherein R2 represents an alkyl group or an aryl group; wherein the
alkyl group and aryl group may be optionally substituted, to react with a fluorinating agent in the presence
of 2,4-dinitrochlorobenzene or 2,4-dinitrofluorobenzene.

CLAIMS

[Claim 1] A pyrazino[2,3-d]isoxazole derivative represented by the following
formula (I):
[Chem.1]

formula (I)

N\ o}
L
Y
wherein X represents a halogen atom, a hydroxyl group or a sulfamoyloxy group, and
Y represents —C(=O)R or —CN; wherein R represents a hydrogen atom, an alkoxy
group, an aryloxy group, an alkyl group, an aryl group or an amino group; wherein the
sulfamoyloxy group, alkoxy group, aryloxy group, alkyl group, aryl group and amino
group may be optionally substituted.
[Claim 2]  The pyrazino[2,3-d]isoxazole derivative according to claim 1, wherein Y
represents —C(=0O)R where R represents an alkoxy group or an amino group, and the
alkoxy group and amino group may be optionally substituted.
[Claim 3] The pyrazino[2,3-d]isoxazole derivative according to claim 1 or 2,
wherein X represents a hydroxyl group, a chlorine atom or a fluorine atom.
[Claim 4]  The pyrazino[2,3-d]isoxazole derivative according to claim 1, wherein X
represents a fluorine atom or a chlorine atom, and Y represents —C(=0)R where R
represents an optionally substituted alkoxy group .
[Claim 5]  The pyrazino[2,3-d]isoxazole derivative according to claim 1, wherein X
represents a fluorine atom or a chlorine atom, and Y represents —C(=0O)R where R
represents a methoxy group, an ethoxy group, an n-propoxy group, an iSOpropoxy
group, or an n-butoxy group.
[Claim 6] A method for producing a pyrazino[2,3-d]isoxazole derivative
represented by the following formula (I-1):
[Chem.3]
formula (I-1)
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[Claim 14] A compound represented by the following formula (J-1): [Chem. 16] formula (J-1) OH H
Ny.CON H2 LCOOR2 wherein R2 represents an alkyl group or an aryl group; wherein the alkyl group and
aryl group may be optionally substituted. [Claim 15] A compound represented by the following formula
(J-2a): [Chem.17] formula (J-2a) rN OH 0 wherein R4 represents -CH2COORZ2, or the following formula
(J-2b): [Chem.18]

N\ O\
Ty
HO™ N
Y
wherein Y has the same meanings as those described below,
which comprises treating with an acid an isoxazole derivative represented by the
following formula (II):

[Chem.2]
formula (II)

wherein Y represents —C(=O)R or —CN; where R represents a hydrogen atom, an
alkoxy group, an aryloxy group, an alkyl group, an aryl group or an amino group; and
R represents a hydrogen atom or an alkyl group; wherein the alkoxy group, aryloxy
group, alkyl group, aryl group and amino group may be optionally substituted.

[Claim 7] A method for producing a pyrazinecarbonitrile derivative represented by
the following formula (III):

[Chem.5]

formula (III)

Ny -OH
PN
X~ "N~ "CN
wherein X has the same meanings as those described below,
which comprises treating with a base a pyrazino[2,3-d]isoxazole derivative represented
by the following formula (I):

[Chem.4]

formula (I)
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formula (J-2b) NOH COOR2 wherein R2 represents an alkyl group or an aryl group; wherein the alkyl
group and aryl group may be optionally substituted.

N\ Q

A
Y

wherein X represents a halogen atom, a hydroxyl group or a sulfamoyloxy group, and
Y represents —C(=O)R or —CN; where R represents a hydrogen atom, an alkoxy group
an aryloxy group, an alkyl group, an aryl group or an amino group; wherein the
sulfamoyloxy group, alkoxy group, aryloxy group, alkyl group, aryl group and amino
group may be optionally substituted.
[Claim 8] A method for producing a compound represented by the following
formula (IV):
[Chem.8]
formula (IV)

N_OH
xi NICON Hp
wherein X has the same meanings as those described below,
which comprises
a step of treating with a base a pyrazino[2,3-d]isoxazole derivative represented by the
following formula (I):
[Chem.6]

formula (I)

N\ Q
s
X~ °N
Y
wherein X represents a halogen atom, a hydroxyl group or a sulfamoyloxy group, and
Y represents —C(=O)R or —CN; where R represents a hydrogen atom, an alkoxy group
an aryloxy group, an alkyl group, an aryl group or an amino group; wherein the
sulfamoyloxy group, alkoxy group, aryloxy group, alkyl group, aryl group and amino

group may be optionally substituted,

so as to produce a compound represented by the following formula (III):
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[Chem.7]
formula (III)

j Nj:OH
X~ "N” "CN
wherein X has the same meanings as describe above, and
a step of adding water to the compound represented by the formula (III).
[Claim 9]  The production method according to claim 7 or 8, wherein X represents a
fluorine atom and Y represents —C(=O)R where R represents an optionally substituted
alkoxy group .
[Claim 10]  The production method according to claim 7 or 8, wherein X represents
a fluorine atom and Y represents —C(=O)R where R represents a methoxy group, an
ethoxy group, an n-propoxy group, an isopropoxy group, or an n-butoxy group.
[Claim 11] A compound represented by the following formula (C-2):

[Chem.9]
formula (C-2)

R'O  HN-R3

RO O
wherein R’ represents an alkyl group, R’ represents -CH,CN, the following formula
(C-2a):
[Chem.10]
formula (C-2a)
A

\OM

ROC
or the following formula (C-2b)

[Chem.11]
formula (C-2b)
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HoN
/

—

=z-O

ROC

wherein R represents an alkoxy group, M represents H, Li, K or Na; where the alkoxy
and alkyl group may be optionally substituted.

[Claim 12] A method for producing a pyrazino[2,3-d]Jisoxazole derivative
represented by the following formula (J-4):

[Chem.13]

formula (J-4)

COOR?

wherein R? has the same meanings as those described below,

which comprises allowing a compound represented by the following formula (J-3):
[Chem.12]

formula (J-3)

_N__OH
ENJ;?NOH
|
O COOR?

wherein R? represents an alkyl group or an aryl group; wherein the alkyl group and
aryl group may be optionally substituted,

to react with a chlorinating agent.

[Claim 13] A method for producing a pyrazino[2,3-d]isoxazole derivative
represented by the following formula (J-5):

[Chem.15]

formula (J-5)
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wherein R* represents an alkyl group or an aryl group; wherein the alkyl group and
aryl group may be optionally substituted,

which comprises allowing a pyrazino[2,3-d]isoxazole derivative represented by the
following formula (J-4):

[Chem.14]

formula (J-4)

COOR?

wherein R? represents an alkyl group or an aryl group; wherein the alkyl group and
aryl group may be optionally substituted,
to react with a fluorinating agent in the presence of 2.4-dinitrochlorobenzene or
2,4-dinitrofluorobenzene.
[Claim 14] A compound represented by the following formula (J-1):
[Chem.16]
formula (J-1)
OH

|
HNWiCONHz

COOR?
wherein R? represents an alkyl group or an aryl group; wherein the alkyl group and
aryl group may be optionally substituted.
[Claim 15] A compound represented by the following formula (J-2a):
[Chem.17]
formula (J-2a)

N\ OH
(L
(‘)_
wherein R* represents -CH,COOR?, or the following formula (J-2b):

[Chem.18]
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formula (J-2b)
NOH
\fDGRE
wherein R? represents an alkyl group or an aryl group; wherein the alkyl group and

aryl group may be optionally substituted.
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