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(57) ABSTRACT

The present invention aims to provide a new method for
producing an indole compound or a salt thereof, which has
an ITK inhibitory action, and is useful for the prophylaxis or
treatment of inflammatory disease.

The present invention is a method for producing N-[2-(6,6-
dimethyl-4,5,6,7-tetrahydro-1H-indazol-3-yl)-1H-indol-6-
y1]-N-methyl-(2S)-2-(morpholin-4-yl)propanamide, which
comprises a step of reacting
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METHOD FOR PRODUCING INDOLE
COMPOUND

TECHNICAL FIELD

[0001] The present invention relates to a new method for
producing an indole compound or a salt thereof, which is
useful as an inducible T cell kinase (ITK) inhibitor, and an
intermediate thereof.

BACKGROUND ART

[0002] Patent Document 1 discloses a compound useful as
an ITK inhibitor, and a method for producing the same.

DOCUMENT LIST

Patent Document

[0003] Patent Document 1: WO 2011/065402

SUMMARY OF THE INVENTION

[0004] The present invention aims to provide a new
method for producing an indole compound or a salt thereof,
which is useful for the prophylaxis or treatment of inflam-
matory disease, and the like.

[0005] Embodiments of the present invention are shown in
the following (1) to (16).

(1) A method of producing N-[2-(6,6-dimethyl-4,5,6,7-tet-
rahydro-1H-indazol-3-y1)-1H-indol-6-y1]-N-methyl-(2S)-2-
(morpholin-4-yl)propanamide (formula [I]

O/ﬁ
CH;
k/ N, H | - CHy),
.. N 3
jive
o /

which comprises a step of removing the protecting group
from N-[2-(6,6-dimethyl-1-(tetrahydropyran-2-y1)-4,5,6,7-
tetrahydro-1H-indazol-3-y1)-1H-indol-6-y1]-N-methyl-(2S)-
2-(morpholin-4-yl)propanamide (formula [I1I]

N-——NH

[111]
CHz),

H3/<’(/

N/N

to give a compound of the formula [I].
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(2) A method of producing N-[2-(6,6-dimethyl-4,5,6,7-tet-
rahydro-1H-indazol-3-yl)-1H-indol-6-y1]-N-methyl-(2S)-2-
(morpholin-4-yl)propanamide monohydrochloride (formula
(1]

(]

O

CH,
CH,
N, | CHy),
, N H
ch/ﬂ( O X -HCI
© / N-—NH

which comprises a step of reacting N-[2-(6,6-dimethyl-4,5,
6,7-tetrahydro-1H-indazol-3-yl)-1H-indol-6-y1]-N-methyl-
(25)-2-(morpholin-4-yl)propanamide (formula [I]

1]

CHz),
//, %
H3

with hydrogen chloride to give a compound of the formula
[1].

(3) A method of producing N-[2-(6,6-dimethyl-4,5,6,7-tet-
rahydro-1H-indazol-3-yl)-1H-indol-6-y1]-N-methyl-(2S)-2-
(morpholin-4-yl)propanamide monohydrochloride (formula

(1]

N/NH

(]

O

/\ CH;
CH; CHy)
N, H | - 3),
/“<’(N N, HCL
H,C .
o O / .

which comprises a step of removing the protecting group
from N-[2-(6,6-dimethyl-1-(tetrahydropyran-2-y1)-4,5,6,7-
tetrahydro-1H-indazol-3-y1)-1H-indol-6-y1]-N-methyl-(2S)-
2-(morpholin-4-yl)propanamide (formula [I1I]

|

o/ﬁ CH;
CH;
k/N,,h o u CHa),
., N "
H3C ‘
o / \

to give N-[2-(6,6-dimethyl-4,5,6,7-tetrahydro-1H-indazol-
3-y1)-1H-indol-6-y1]-N-methyl-(2S)-2-(morpholin-4-y1)pro-
panamide (formula [I]
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o CH;
CH;
L\//N% Ho| i CH),
N N
HaC O
0 / N-—NH
and

a step of treating a compound of the formula [I] with
hydrogen chloride to give a compound of the formula [II].

(4) The method of (1) or (3), which further comprises a step
of reacting N-[2-[6,6-dimethyl-1-(tetrahydropyran-2-y1)-4,
5,6,7-tetrahydro-1H-indazol-3-yl]-1H-indol-6-y1]-N-meth-
ylamine (formula [V]

CH;

" CH),
HN £
g

N—N

with (28)-2-(morpholin-4-yl)propanoic acid (formula [IV]

[1v]
O

K/ Ny, o, H ot
e /ﬂ‘/

¢}

or reactive derivative thereof or a salt thereof to give
N-[2-(6,6-dimethyl-1-(tetrahydropyran-2-y1)-4,5,6,7-tetra-
hydro-1H-indazol-3-y1)-1H-indol-6-y1]-N-methyl-(2S)-2-
(morpholin-4-yl)propanamide (formula [III]

[111]
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(5) The method of (4), which further comprises a step of
subjecting a compound of the formula [VI]

wherein R' and R? are each independently hydrogen, C,
alkyl or C, ¢ alkoxy,

to a reduction reaction to give N-[2-[6,6-dimethyl-1-(tetra-
hydropyran-2-yl)-4,5,6,7-tetrahydro-1H-indazol-3-yl]-1H-
indol-6-yl]-N-methylamine (formula [V]

CH;
?H3 CHj).
HN N
LI
N—N

(6) The method of (5), which further comprises a step of
reacting a compound of the formula [VII]

[VII]

o] o]
CHs,
AN o
Rl—: | CHy
N
F ~x
Oz:>

wherein R is as defined above,
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with a compound of the formula [XI]

(X1

X

L
z O\”/N NO,,
0 \C[
F

wherein R? is as defined above,

wdl

to give a compound of the formula [VI]

wherein R' and R? are as defined above.

(7) The method of (6), which further comprises a step of
subjecting a compound of the formula [VIII]

[VII]
0 0

CH3,

Rl_: AN OWC}E
F Ny
H

wherein R' is as defined above,

to tetrahydropyranylation to give a compound of the formula
[VIN]

[VII]
0 0

CH3,
N @AOWC&
F N\N

wherein R' is as defined above.
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(8) The method of (7), which further comprises a step of
reacting 6,6-dimethyl-4,5,6,7-tetrahydro-1H-indazole-3-
carboxylic acid (formula [IX]

[IX]
O
CHs),
HO / CH,
N\N
H
with a compound of the formula [X]
(X1
M
Rl_: o 0 o M,
P
wherein

M is sodium or potassium, and
R! is as defined above,

to give a compound of the formula [VIII]

[VIIT]
0 0

CHg,

A g [ CH;
P Vo,
H

wherein R is as defined above.

(9) The method of (2) or (3), which further comprises a step
of purifying N-[2-(6,6-dimethyl-4,5,6,7-tetrahydro-1H-in-
dazol-3-yl)-1H-indol-6-y1]-N-methyl-(2S)-2-(morpholin-4-
yDpropanamide monohydrochloride (formula [1I]

(]

with 1-propanol.
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(10) A method of producing a compound of the formula [XI]

(X1

A CH,

N NO,,

R?——

F

wherein R is as defined above,

which comprises a step of subjecting a compound of the
formula [XII]

[XI1]

R?—— I
z o N NO,,

T

¢}

wherein R? is as defined above,
to methylation.

(11)  N-[2-[6,6-dimethy]-1-(tetrahydropyran-2-y1)-4,5,6,7-
tetrahydro-1H-indazol-3-yl]-1H-indol-6-y1]-N-methylam-
ine (formula [V])

CH;

?H3 CH;.
HN N
()~

N—N

(12) N-[2-(6,6-dimethyl-1-(tetrahydropyran-2-y1)-4,5,6,7-
tetrahydro-1H-indazol-3-y1)-1H-indol-6-y1]-N-methyl-(2S)-
2-(morpholin-4-yl)propanamide (formula [I1I])

(]

o/ﬁ CHy
CH; cH
N, H | - 3
/"ﬂ( N N
- ‘
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(13) A compound of the formula [VI]

wherein R' and R? are as defined above.
(14) A compound of the formula [VII]

[VII)
O O
CH;
AN
i © I CH,
I N
F ~x
(@]
wherein R' is as defined above.
(15) A compound of the formula [VIII]
[VII]

O O
CH;
AN o
N
F ~x
H
wherein R' is as defined above.

(16) A compound of the formula [XI]

[XT]
A CH,

|
z o} N NO,,
T

wherein R is as defined above.

-
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Effect of the Invention

[0006] According to the production method of the present
invention, an indole compound having an ITK inhibitory
action, which is useful for the prophylaxis or treatment of
inflammatory disease, and the like, can be produced via
compound considered to be free from safety concerns, in a
few steps and in good yield. In addition, a new intermediate
for producing the indole compound can also be provided by
the method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 shows multi record of powder X-ray dif-
fraction pattern of N-[2-[6,6-dimethyl-1-(tetrahydropyran-
2-y1)-4,5,6,7-tetrahydro-1H-indazol-3-yl]-1H-indol-6-y1]-
N-methylamine. The axis of ordinate shows diffraction
strength (cps: counts per second), and the axis of abscissas
shows diffraction angle 26°.

EMBODIMENTS OF THE INVENTION

[0008] The definitions of the terms used in the present
specification are as follows.

[0009] The “C,_¢ alkyl” means straight chain or branched
chain alkyl having 1 to 6 carbon atoms, preferably straight
chain or branched chain alkyl having 1 to 4 carbon atoms.
Examples thereof include methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, tert-
pentyl, 1-ethylpropyl, neo-pentyl, hexyl, 2-ethylbutyl, 3,3-
dimethylbutyl and the like. Methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl and tert-butyl are preferable, and
methyl is particularly preferable.

[0010] The “C,_4 alkoxy” means alkyl-oxy wherein the
alkyl moiety is the above-defined “C, ¢ alkyl”. Examples
thereof include methoxy, ethoxy, propoxy, isopropoxy,
butoxy, isobutoxy, sec-butoxy, tert-butoxy, pentoxy, isopen-
toxy, tert-pentoxy, l-ethylpropoxy, neopentoxy, hexoxy,
2-ethylbutoxy, 3,3-dimethylbutoxy and the like. Methoxy,
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy
and tert-butoxy are preferable, and methoxy is particularly
preferable.

[0011] Compounds [III], [V], [VI] and [VII] of the present
invention have tetrahydropyranyl as a protecting group at
the 1-position on the 4,5,6,7-tetrahydro-1H-indazole moiety.
The compounds may have methoxymethyl instead of tetra-
hydropyranyl.

[0012] The protecting group at the 1-position on the
4,5,6,7-tetrahydro-1H-indazole moiety in the compound of
the present invention is preferably tetrahydropyranyl.

[0013] The “reactive derivative” of the carboxylic acid
may be any carboxylic acid derivative as long as it can form
an amide bond. Examples thereof include acid halides,
anhydrides and the like. Acid halides are preferable.

[0014] The “salt” of the compound may be any salt as long
as it forms a salt with the compound of the present invention.
Examples thereof include salts with inorganic acid, salts
with organic acid, salts with inorganic base, salts with
organic base, salts with amino acid, and the like.
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[0015] Examples of the salts with inorganic acid include
salts with hydrochloric acid, nitric acid, sulfuric acid, phos-
phoric acid, hydrobromic acid and the like.

[0016] Examples of the salts with organic acid include
salts with oxalic acid, maleic acid, citric acid, fumaric acid,
lactic acid, malic acid, succinic acid, tartaric acid, acetic
acid, trifluoroacetic acid, gluconic acid, ascorbic acid, meth-
anesulfonic acid, benzenesulfonic acid, p-toluenesulfonic
acid and the like.

[0017] Examples of the salts with inorganic base include
sodium salt, potassium salt, calcium salt, magnesium salt,
ammonium salt and the like.

[0018] Examples of the salts with organic base include
salts with methylamine, diethylamine, trimethylamine, tri-
ethylamine, ethanolamine, diethanolamine, triethanolamine,
ethylenediamine, tris(thydroxymethyl)methylamine, dicy-
clohexylamine, N,N'-dibenzylethylenediamine, guanidine,
pyridine, picoline, choline, cinchonine, meglumine and the
like.

[0019] Examples of the salts with amino acid include salts
with lysine, arginine, aspartic acid, glutamic acid and the
like.

[0020] The salt of compound [IV] is preferably hydro-
chloride, particularly preferably monohydrochloride.

[0021] The “halogen” means fluorine, chlorine, bromine,
iodine or the like. Chlorine and bromine are preferable, and
chlorine is particularly preferable.

[0022] The “methylating agent” means a reagent capable
of introducing methyl into a reactive functional group such
as —NH— and the like. Examples thereof include methyl
iodide, dimethylsulfuric acid and the like. Methyl iodide is
preferable.

[0023] The formula [VI]
| x
RI—
F

wherein R' and R? are each independently hydrogen, C, ¢
alkyl or C, ¢ alkoxy,
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is preferably the formula [VI-1] (benzyl 2-[4-(N-benzyloxy- [0026] The formula [VII]
carbonyl-N-methylamino)-2-nitrophenyl]-3-[ 6,6-dimethyl- [VII]
1-(tetrahydropyran-2-y1)-4,5,6,7-tetrahydro-1H-indazol-3- o o

yl]-3-oxopropanoate)
CH;
AN
N _: OWCHs,
[VI-1] / N N
H

CH;
wherein R' is as defined above,
CH. is preferably formula [VIII-1] (benzyl 3-(6,6-dimethyl-4,5,
6,7-tetrahydro-1H-indazol-3-yl)-3-oxopropanoate)
[VII-1]

0 0
CH;
O
(jA /
N
~N
H

[0027] The formula [X]

(6] (€]

AN OMOM*,

[0024] The formula [VII] rRi—L

VII . . . . .
(Vi wherein M is sodium or potassium, R? is as defined above,

is preferably formula [X-1] (monobenzyl potassium

O O
CH; malonate)
O X-1
Rl_: [ CH;, o o (X-1]
N
~ J
E 0 0K,
(@]

[0028] The moiety

\_/

[0025] wherein R is as defined above, N
is preferably formula [VII-1] (benzyl 3-[6,6-dimethyl-1- Rl—:
(tetrahydropyran-2-yl)-4,5,6,7-tetrahydro-1H-indazol-3-yl1]- F

3-oxopropanoate)

in the above-mentioned compounds [VI], [VII], [VIII] and

[X], and the moiety
[VIL-1]

0 0
CH; N
|
OWCH} R2—|
N F
~N
OD

in the above-mentioned compounds [VI], [XI] and [XII] and
the below-mentioned compound [XIV] are carboxy-protect-
ing groups, preferably benzyl (R? is hydrogen). The moieties
can be each replaced by another moiety. Examples of such
moiety include 4-methoxybenzyl (R* is methoxy) and
4-methylbenzyl (R? is methyl).



US 2017/0253577 Al

[0029] The compound of the present invention may exist
as a tautomer. In this case, the compound of the present
invention may exist as a single tautomer or a mixture
thereof.

[0030] The compound of the present invention may con-
tain one or more asymmetric carbons. In this case, the
compound of the present invention may exist as a single
enantiomer, a single diastereomer, a mixture of enantiomers
or a mixture of diastereomers.

[0031] The compound of the present invention may exist
as an atropisomer. In this case, the compound of the present
invention may exist as a single atropisomer or a mixture
thereof.

[0032] The compound of the present invention may simul-
taneously contain plural structural characteristics that pro-
duce the above-mentioned isomers. Moreover, the com-
pound of the present invention may contain the above-
mentioned isomers at any ratio.

[0033] Unless otherwise referred to note, the formulae,
chemical structures and compound names indicated in the
present specification without specifying the stereochemistry
thereof encompass all the above-mentioned isomers that
may exist.

[0034] A diastereomeric mixture can be separated into
each diastereomer by a conventional method such as chro-
matography, crystallization and the like. In addition, each
diastereomer can also be produced by using a stereochemi-
cally single starting material, or by a synthetic method
employing a stereoselective reaction.

[0035] An enantiomeric mixture can be separated into
each single enantiomer by a method well known in the art.
[0036] For example, a diastercomic mixture can be pre-
pared by reacting an enantiomeric mixture with a substan-
tially pure enantiomer that is known as a chiral auxiliary, and
the diastereomeric mixture can be separated into single
diastereomer having a high isomer ratio or substantially pure
single diastereomer by a standard method such as fractional
crystallization and chromatography. The separated diaste-
reomer can be converted to a desired enantiomer by remov-
ing the added chiral auxiliary by cleavage.

[0037] In addition, an enantiomeric mixture can also be
directly separated by a chromatography method using a
chiral solid phase well known in the art.

[0038] Alternatively, one of enantiomers can also be
obtained by using a substantially pure optically active start-
ing material or by employing stereoselective synthesis
(asymmetric induction) of a prochiral intermediate using a
chiral auxiliary and an asymmetric catalyst.

[0039] The absolute steric configuration can be deter-
mined based on the X-ray crystal analysis of the crystalline
product or intermediate. In this case, a crystalline product or
intermediate derivatized with a reagent having an asymmet-
ric center with a known steric configuration may be used if
necessary.

[0040] The production method of the present invention is
concretely explained in the following.

[0041] In each step, the treatment after reaction can be
performed by a general method, and the product can be
purified by appropriately selecting or combining a conven-
tional method such as distillation, crystallization, recrystal-
lization, column chromatography, preparative HPLC, slurry
washing and the like. The product may be directly used in
the next step without isolation or purification.
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Step 1
[0042]
IS
R
' > o\"/ Hal
N NO, 0
X1v)
F
(XIII)
X

el
|

=z OT§ NO,
F
(XII)

wherein R? is hydrogen, C,_ alkyl or C,_4 alkoxy, and Hal
is halogen.

[0043] Compound [XII] can be obtained by reacting
4-fluoro-3-nitroaniline (compound [XIII]) with compound
[XIV] in an ester solvent (ethyl acetate, etc.), an ether
solvent (tetrahydrofuran, dimethyl ether, diethyl ether, etc.),
a polar solvent (dimethyl sulfoxide, N,N-dimethylforma-
mide, etc.) or the like or in a mixed solvent thereof, in the
presence of an inorganic base (sodium hydrogencarbonate,
potassium hydrogencarbonate, sodium carbonate, potassium
carbonate) or an organic base (triethylamine, N,N-diisopro-
pylethylamine, pyridine, etc.). When an inorganic base is
used, water may be mixed with an inorganic base. The
amount of compound [XIV] is 1.05 equivalent to 1.5 equiva-
lent, preferably 1.1 equivalent, relative to 4-fluoro-3-nitroa-
niline. The amount of the base is 1.5 equivalent to 1.1
equivalent, preferably 1.3 equivalent, relative to 4-fluoro-3-
nitroaniline. The reaction temperature is 0° C. to 50° C.,
preferably room temperature. The reaction time is 1 hr to 10
hr, preferably 2 hr to 4 hr, particularly preferably 3 hr.

[0044] Compound [XIV] may be a commercially available
product, or can be prepared by a known method from a
benzyl alcohol having a desired substituent and a carbonyl-
dihalogen such as phosgene and the like.

Step 2

[0045]

S
R— I
& o N NO,

O ﬁ
F
]

[XTI
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-continued
A CH,
R2 _| |
L~ o\“/N NO,
(@]
F
[XI]

wherein R* is as defined above.

[0046] Compound [XI] can be obtained by reacting com-
pound [XII] with a methylating agent such as methyl iodide,
dimethylsulfuric acid and the like, in a solvent such as a
polar solvent (dimethyl sulfoxide, N,N-dimethylformamide,
N,N-dimethylacetamide, etc.), an ether solvent (tetrahydro-
furan, dimethyl ether, diethyl ether, etc.) and the like, in the
presence of an inorganic base (cesium carbonate, sodium
carbonate, potassium carbonate, sodium hydrogencarbonate,
potassium hydrogencarbonate, sodium hydride, sodium tert-
butoxide, etc.). The amount of the methylating agent is 1.1
equivalent to 1.5 equivalent, preferably 1.2 equivalent, rela-
tive to compound [XII]. The amount of the inorganic base is
1.1 equivalent to 1.5 equivalent, preferably 1.2 equivalent,
relative to compound [XII]. The reaction temperature is 0°
C. to 40° C., preferably 20° C. to 10° C. The reaction time
is 1 hrto 10 hr, preferably 2 hr to 4 hr, particularly preferably
3 hr.

Step 3
[0047]
0O o0
il S OMO'M*
0 S
CH; X)
HO i CH;
Ney
Ix)
0 0
CH;
AN
ri—L © | CH;
! N
F ~x
H

(VIII)

wherein R is hydrogen, C, 4 alkyl or C, 4 alkoxy, and M is
sodium or potassium.

(1) 6,6-Dimethyl-4,5,6,7-tetrahydro-1H-indazole-3-carbox-
ylic acid (compound [IX]) is reacted with a condensing
agent such as 1,1'-carbonyldiimidazole, 1-ethyl-3-(3-dim-
ethylaminopropyl)carbodiimide, dicyclohexylcarbodiimide
and the like, in a polar solvent (dimethyl sulfoxide, N,N-
dimethylformamide, etc.), an aromatic hydrocarbon (ben-
zene, toluene, etc.), an ether solvent (tetrahydrofuran, dim-
ethyl ether, diethyl ether, etc.) or the like or in a mixed
solvent thereof, for 1 hr to 3 hr, preferably for 2 hr or more.
(2) Separately, compound [X] is reacted with magnesium
chloride in a polar solvent (dimethyl sulfoxide, N,N-dim-
ethylformamide, etc.), an aromatic hydrocarbon (benzene,
toluene, etc.), an ether solvent (tetrahydrofuran, dimethyl
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ether, diethyl ether, etc.) or the like or in a mixed solvent
thereof, and the resulting product is mixed with the mixture
obtained in (1), and the mixture is reacted for 1 hr to 3 hr,
preferably for 3 hr, to give compound [VIII]. In this reaction,
the reaction rate can be increased and the yield can be
improved, by addition of a tertiary amine (triethylamine,
diisopropylethylamine, etc.). To improve the yield, the
amount of compound [X] is 1.5 equivalent or more, prefer-
ably 2 equivalent, relative to compound [IX]. The amount of
the condensing agent is 1.0 equivalent to 1.5 equivalent,
preferably 1.1 equivalent, relative to compound [IX]. The
amount of the magnesium chloride is 1.1 equivalent to 1.5
equivalent, preferably 1.25 equivalent, relative to compound
[X]. When a tertiary amine is added, solvent amount thereof
may be added 2 hr after reaction initiation, or later. The
reaction temperature is 0° C. to 100° C., preferably 45° C.
to 55° C. The reaction mixture is preferably warmed to 65°
C. to 75° C. depending on the reaction progress. The
reaction time is 1 hr to 10 hr, preferably 2 hr to 6 hr.
[0048] Compound [X] may be a commercially available
product, or can be prepared by a known method from a
benzyl alcohol having a desired substituent and malonic
acid.

Step 4
[0049]
0 0
CH;
AN O I
R! : NI CH;
H
[VIII]
0 0
CH3
AN
ridl © | CH;
| - Ne_
N
[VII]

wherein R! is as defined above.

[0050] Compound [VII] can be obtained by reacting com-
pound [ VIII] with 3,4-dihydro-2H-pyran in a solvent such as
an ester solvent (ethyl acetate, etc.), a polar solvent (N,N-
dimethylformamide, etc.), an ether solvent (tetrahydrofuran,
etc.), an aromatic hydrocarbon (toluene, etc.) and the like, in
the presence of an organic acid (p-toluenesulfonic acid,
methanesulfonic acid, etc.). The amount of the 3,4-dihydro-
2H-pyran is 1.1 equivalent to 2 equivalent, preferably 1.5
equivalent, relative to compound [VIII]. The amount of the
organic acid is a catalyst amount (for example 0.05 equiva-
lent). The reaction temperature is 0° C. to 50° C., preferably
15° C. to 30° C. The reaction temperature is 1 hr to 5 hr,
preferably 2 hr. The solvent to be used for this reaction is
preferably ethyl acetate, since the production of impurities
can be suppressed, compared with N,N-dimethylformamide,
tetrahydrofuran or toluene.

[0051] While the configuration of the carbon at the 2-po-
sition on the tetrahydropyranyl in compound [VII] may
contain R and S, compound [VII] can be used in the next
step without optical resolution.
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A CH;

& o} N NO,
bl

XD

Step 5
[0052]
0 0
CH;
AN o
Rl_: N/ CH;
e ~y
o]
(VID)
|
1
ST

wherein R! and R? are as defined above.
[0053] Compound [VI] can be obtained by reacting com-
pound [VII] with compound [XI] in an ether solvent (tetra-
hydrofuran, dimethyl ether, diethyl ether, etc.), a polar
solvent (dimethyl sulfoxide, N,N-dimethylformamide, N,N-
dimethylacetamide, etc.) or a mixed solvent thereof, in the
presence of an inorganic base (tripotassium phosphate,
cesium carbonate, sodium carbonate, potassium carbonate,
etc.). The molar ratio of compound [ VII] and compound [XI]
is preferably about 1:1. The amount of the inorganic base is
2 equivalent to 3 equivalent, preferably 2.5 equivalent,
relative to compound [VII]. The reaction temperature is 30°
C. to 100° C., preferably 50° C. to 60° C. The reaction time
is 2 hr to 30 hr, preferably 20 hr.

Step 6
[0054]
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-continued
CH;

CH;
| CH;
) O

N—N

zm

(V]

wherein R! and R? are as defined above.

[0055] N-[2-[6,6-Dimethyl-1-(tetrahydropyran-2-y1)-4,5,
6,7-tetrahydro-1H-indazol-3-yl]-1H-indol-6-y1]-N-methyl-
amine (compound [V]) can be obtained by subjecting com-
pound [VI] to a reduction reaction by hydrogenation in an
alcohol (methanol, ethanol, 1-propanol, 2-propanol, etc.)
alone, or in a mixed solvent of an alcohol with an aromatic
hydrocarbon (toluene, benzene, etc.), an ether solvent (tet-
rahydrofuran, dimethyl ether, diethyl ether, etc.), an ester
solvent (ethyl acetate, etc.) or the like, in the presence of a
palladium catalyst (palladium on carbon (preferably PE
type), palladium black, palladium hydroxide carbon or the
like, preferably palladium on carbon PE type). The hydrogen
pressure is 1 atm to 10 atm, preferably 3 atm to 4 atm. The
reaction temperature is 0° C. to 50° C., preferably 15° C. to
30° C. The reaction time is 5 hr to 40 hr, preferably 20 hr.
[0056] Since compound [V] is crystallized, it can be
purified. In particular, the color substance produced in the
reaction can be removed. When purification is performed by
recrystallization or slurry washing, a mixed solvent of
toluene and 2-propanol is preferably used.

Step 7
[0057]

W)
0/\ CH;
o CHs cn
N, | - e
N O )
H;C 1
o Vi \
0

(I

Sep. 7, 2017

[0058] N-[2-(6,6-Dimethyl-1-(tetrahydropyran-2-y1)-4,5,
6,7-tetrahydro-1H-indazol-3-yl)-1H-indol-6-y1]-N-methyl-
(285)-2-(morpholin-4-yl)propanamide (compound [III]) can
be obtained by reacting compound [V] with (S)-2-(morpho-
lin-4-yl)propanoic acid (compound [IV]) or a salt thereof,
using a condensing agent (1-ethyl-3-(3-dimethylaminopro-
pylcarbodiimide or a salt thereof, dicyclohexylcarbodiim-
ide, diisopropylcarbodiimide, etc.), in the presence of a
reaction accelerator (1-hydroxybenzotriazole or a hydrate
thereof, etc.), in a solvent such as polar solvent (dimethyl
sulfoxide, N,N-dimethylformamide, etc.), an ether solvent
(tetrahydrofuran, dimethyl ether, diethyl ether, etc.) and the
like. When a salt of compound [IV] is used, a base (sodium
hydrogencarbonate, potassium hydrogencarbonate, sodium
carbonate, potassium carbonate, etc.) may be added thereto.
The reaction temperature is 0° C. to 50° C., preferably 20°
C. to 35° C. The reaction time is 3 hr to 7 hr, preferably 5
hr. The molar ratio of compound [V] and compound [IV] or
a salt thereof'is 1:1 to 1:1.2, preferably 1:1.1. The amount of
the condensing agent is 1.1 equivalent to 1.3 equivalent,
preferably 1.2 equivalent, relative to compound [V]. The
amount of the reaction accelerator is 0.1 equivalent to 1.0
equivalent, preferably 0.2 equivalent, relative to compound
[V]. When a base is used, the amount thereof is preferably
1 equivalent relative to the salt of compound [IV].

Step 8

[0059]

o/\ CH;
CH;
K/N,,' H | u CHj
D 1
H3C \ JE——
\
0 / \
(@] )

(o]

o CH,
CH, o
N, GH | - ’ 3
/<"/ N N
- O
© / N~—NH

1

[0060] N-[2-(6,6-Dimethyl-4,5,6,7-tetrahydro-1H-inda-

zol-3-yl)-1H-indol-6-y1]-N-methyl-(2S)-2-(morpholin-4-yl)
propanamide (compound [I]) can be obtained by reacting
compound [III] in the presence of an inorganic acid (hydro-
gen chloride, hydrogen bromide, etc.), in an ether solvent
(cyclopentyl methyl ether, tetrahydrofuran, dimethyl ether,
diethyl ether, etc.) or in a mixed solvent of an ester solvent
(ethyl acetate, etc.) and an alcohol (methanol, ethanol,
1-propanol, 2-propanol, etc.), or in an alcohol (methanol,
ethanol, 1-propanol, 2-propanol, etc.) alone. The reaction
temperature is 40° C. to 70° C., preferably 50° C. to 60° C.
The reaction time is 30 min to 4 hr, preferably 3.5 hr. The
amount of the inorganic acid is 2 to 4 equivalent, preferably
3 equivalent, relative to compound [III]. The solvent for
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extraction on neutralization with aqueous sodium hydroxide
solution and on washing is preferably cyclopentyl methyl
ether.

Step 9
[0061]

H3lh/ﬁ‘/ /

N-—NH

O
/,, H
H3 R
/ N/NH
[0062] N-[2-(6,6-Dimethyl-4,5,6,7-tetrahydro-1H-inda-

zol-3-yl)-1H-indol-6-y1]-N-methyl-(2S)-2-(morpholin-4-yl)
propanamide monohydrochloride (compound [II]) can be
obtained by reacting compound [I] with hydrogen chloride
in an alcohol (methanol, ethanol, 1-propanol, 2-propanol,
etc.), an ester solvent (ethyl acetate, etc.) or a mixed solvent
thereof. The amount of the hydrogen chloride is 0.9 equiva-
lent to 1.2 equivalent, preferably 1.05 equivalent, relative to
compound [I]. The reaction temperature is 40° C. to 70° C.,
preferably 50° C. to 60° C. The reaction time is 30 min to
2 hr, preferably 1.5 hr. Compound [1I] can be precipitated as
a crystal by lowering the reaction temperature to 0° C. to 30°
C.

[0063] The purification of compound [II] is performed
using an alcohol (ethanol, 1-propanol, 2-propanol, etc.)
alone, a mixed solvent of an alcohol (ethanol, 1-propanol,
2-propanol, etc.) and an ether solvent (cyclopentyl methyl
ether, tetrahydrofuran, etc.), or a mixed solvent of an alcohol
(ethanol, 1-propanol, 2-propanol, etc.) and an ester solvent
(ethyl acetate, etc.), preferably 1-propanol.

[0064] The purified compound [II] can be obtained by
suspending the obtained crystals of compound [II] in a
solvent, and then by continuously stirring at the temperature
ot 90° C. to 100° C. for 6 hr or more, subsequently at 0° C.
to 30° C. for 1 hr or more.

[0065] Specific features of the production method of the
present invention are as follows.

(A) Compound [V] can be obtained from compound [VI] by
the progress of the following five reactions due one reduc-
tion reaction:

(1) removal of benzyloxycarbonyl bonding to amino at the
4-position on the phenyl,

(2) reduction of nitro at the 2-position on the phenyl,

(3) removal of benzyl from the benzyl 3-oxopropanoate
moiety,
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(4) formation of the indole ring by condensation and cycl-
ization reaction of the amino formed by the reduction in (2)
and the oxo group of the 3-oxopropanoic acid moiety
formed in (3), and

(5) decarboxylation reaction after the formation of the indole
ring.

(B) It is important that the 1-position on the 4,5,6,7-tetra-
hydro-1H-indazole moiety is protected for the following
reasons (1) and (2).

(1) When compound [VIII] is used instead of compound
[VII] in the reaction of the above-mentioned Step 5, com-
pound [XI] is introduced into not only the 2-position on the
benzyl 3-oxopropanoate moiety, but also the 1-position on
the 4,5,6,7-tetrahydro-1H-indazole moiety.

(2) In the reaction of the above-mentioned Step 7, compound
[IV] is introduced into not only the methylamino at the
6-position on the indole, but also the 1-position on the
4,5,6,7-tetrahydro-1H-indazole moiety. In fact, in Step 2 of
Example 4 in WO 2011/065402, N-{2-(6,6-dimethyl-4,5,6,
7-tetrahydro-1H-indazol-3-y1)-1H-indol-6-y1}-N-methyl-
amine is reacted with an amount of 4.6 equivalent of
(S)-2-(morpholin-4-yl)propionic acid, together with addi-
tion of a base.

[0066] As is clear from the below-mentioned Examples,
by protecting the 1-position on the 4,5,6,7-tetrahydro-1H-
indazole moiety, the amount of compound [IV] can be
reduced to 1 to 1.2 equivalent, preferably 1.1 equivalent,
relative to compound [V].

(C) The tetrahydropyranyl protecting the 1-position on the
4,5,6,7-tetrahydro-1H-indazole moiety serves as a protect-
ing group without being removed in the following steps (1)
to (3):

(1) the reaction under a basic condition for the production of
compound [VI] by reacting compound [VII] with compound
[XI],

(2) the reduction reaction for the production of compound
[V] from compound [VI], and

(3) the amide bond-forming reaction for the production of
compound [III] by reacting compound [V] with compound
[IV].

(D) The protecting groups exemplified in the following (1)
or (2), which may be considered as a protecting group of the
1-position on the 4,5,6,7-tetrahydro-1H-indazole moiety,
cannot be used for the reasons described therein.

(1) When tert-butoxycarbonyl is used, the tert-butoxycarbo-
nyl is removed under a basic condition in the above-
mentioned Step 5.

(2) When trimethylsilylethoxymethyl is used, the by-product
derived from trimethylsilylethoxymethyl after deprotection
in the above-mentioned Step 8 can hardly be removed.
(E) The tetrahydropyranyl in compound [III] is removed
under a mild acidic condition during the conversion into
compound [I], and the by-product derived from tetrahydro-
pyranyl can be easily removed.

(F) Compound [V] having tetrahydropyranyl at the 1-posi-
tion on the 4,5,6,7-tetrahydro-1H-indazole moiety can be
obtained as a crystal. Compound [V] can be obtained with
a high purity by crystallization, since the color substance
produced in the reaction can be removed, and the like.
Therefore, compound [111], compound [I] and compound [1I]
can be obtained with a high purity in a high-yield in the next
step or later.
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(G) The intermediates industrially produced during the
manufacture of medicinal chemicals are required to be safe
for operation. While compound [XI] and compound [VI]
have nitro respectively, the low possibility of runaway
reaction, the low self-decomposition risk, and the like were
deduced from the results of drop-hammer sensitivity mea-
surement, friction sensitivity measurement, differential
scanning calorimetry (DSC) measurement and accelerating
rate calorimeter (ARC) measurement.

[0067] As described in the above-mentioned (A) to (G),
compound [XI], compound [VIII], compound [VII], com-
pound [VI], compound [V] and compound [IIT] used for the
production method of the present invention are useful com-
pounds in order to obtain compound [I].

EXAMPLES

[0068] The present invention is explained in more detail in
the following by referring to Examples, which are not to be
construed as limitative.

Example 1

Synthesis of benzyl
(4-fluoro-3-nitrophenyl)carbamate

[0069]

[XTI-1]

H
O\"/N NO,
X
F
[0070] Under nitrogen atmosphere, sodium hydrogencar-
bonate (13.9 g, 166 mmol) was dissolved in water (200 mL),
and ethyl acetate (150 mL) and 4-fluoro-3-nitroaniline (20.0
g, 128 mmol) were added thereto. Benzyl chloroformate
(24.1 g, 141 mmol) was added dropwise thereto at the
internal temperature of 30° C. or lower. The used container
was washed with ethyl acetate (10 mL), and the washings
were also added dropwise thereto. After the completion of
the addition, the mixture was stirred at room temperature for
3 hr, left to stand for a while, and separated. The obtained
organic layer was filtered, and the filtrate was washed twice
with 5 w/w % brine (100 mL), and concentrated under
reduced pressure until the volume became about 80 mL. To
this concentrated residue was added heptane (60 mL) at the
internal temperature of 30° C. to 40° C., and the mixture was
stirred at the same temperature for 30 min. Additional
heptane (260 ml.) was added thereto, and the mixture was
stirred at room temperature for 2 hr. The precipitated crystals
were collected by filtration, and the obtained wet crystals
were washed with a mixed solution of ethyl acetate (6 mL)
and heptane (54 mL). The wet crystals were dried under
reduced pressure at the external temperature of 50° C. to

give benzyl 4-fluoro-3-nitrophenylcarbamate (34.6 g, yield
93.0%).
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[0071] 'H-NMR (400 Mz, DMSO-d,, 8): 10.26 (brs,
1H(NH)), 8.32 (dd, ]=6.7,2.5 Hz, 1H), 7.74 (ddd, J=9.1, 3.9,
2.8 Hz, 1H), 7.52 (dd, J=11.1, 9.0 Hz, 1H), 7.45-7.31 (m,
SH), 5.17 (s, 2H)

Example 2

Synthesis of benzyl
N-(4-fluoro-3-nitrophenyl)-N-methylcarbamate

[0072]
[XI-1]
T
O\H/N NO,
(6]
F
[0073] Under nitrogen atmosphere, benzyl 4-fluoro-3-ni-

trophenylcarbamate (20.0 g, 68.9 mmol) was dissolved in
N,N-dimethylformamide (120 mL), and cesium carbonate
(26.9 g, 82.7 mmol) was added thereto. Methyl iodide (11.7
g, 82.7 mmol) was added dropwise thereto at the internal
temperature of 25° C. or lower, and the mixture was stirred
at the internal temperature of 20° C. to 30° C. for 3 hr. After
the completion of the reaction, toluene (200 ml.) was added
thereto, and water (100 m[L) was added thereto at the internal
temperature of 35° C. or lower. This solution was stirred for
about 10 min, left to stand for a while, and separated. The
obtained organic layer was washed twice with water (100
ml), and concentrated under reduced pressure until the
volume became about 100 mL. To this concentrated residue
was added heptane (100 mL) at the internal temperature of
30° C. to 40° C., and the mixture was stirred at the same
temperature for 30 min. Additional heptane (140 mlL) was
added thereto, and the mixture was stirred at room tempera-
ture for 1 hr. The precipitated crystals were collected by
filtration, and the obtained wet crystals were washed with a
mixed solution of toluene (6 mL) and heptane (54 mL). The
wet crystals were dried under reduced pressure at the exter-
nal temperature of 50° C. to give benzyl N-(4-fluoro-3-
nitrophenyl)-N-methylcarbamate (19.3 g, yield 91.9%).

[0074] 'H-NMR (400 Mz, DMSO-d,, d): 8.17 (dd, J=6.7,
2.8 Hz, 1H), 7.81 (ddd, J=9.0, 3.9, 2.8 Hz, 1H), 7.59 (dd,
J=11.3,9.0 Hz, 1H), 7.38-7.27 (m, 5H), 5.13 (s, 2H), 3.28 (s,
3H)

friction sensitivity: JIS grade 7
drop-hammer sensitivity: JIS grade 8

[0075] Differential scanning calorimetry (DSC) measure-
ment of benzyl N-(4-fluoro-3-nitrophenyl)-N-methylcar-
bamate Decomposition exothermic onset temperature: 272.
5° C. decomposition calorimetry: 1.33 kl/g

measurement conditions

[0076] sample: 1.470 mg
[0077] container: SUS pressure tight sealed cell
[0078] rate of temperature increase: 10° C./min
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Example 3

Synthesis of benzyl 3-(6,6-dimethyl-4,5,6,7-tetra-
hydro-1H-indazol-3-yl)-3-oxopropanoate

[0079]

[VIII-1]

/ CH;

Step 1: Under nitrogen atmosphere, 6,6-dimethyl-4,5,6,7-
tetrahydro-1H-indazole-3-carboxylic acid (10.0 g, 51.5
mmol) and 1,1'-carbonyldiimidazole (9.19 g, 56.7 mmol)
were suspended in tetrahydrofuran (60 mL), to the suspen-
sion was added dropwise N,N-dimethylformamide (20 mL),
and the mixture was stirred at the internal temperature of 20°
C. 10 30° C. for 1 hr (solution (1)).

Step 2: Under nitrogen atmosphere, magnesium chloride
(19.6 g, 206 mmol) and monobenzyl potassium malonate
(23.9 g, 103 mmol) were suspended in tetrahydrofuran (80
mL) in another reaction container, and to the suspension was
added dropwise N,N-dimethylformamide (80 ml) at the
internal temperature of 20° C. to 50° C. The mixture was
stirred at the internal temperature of 60° C. for 30 min, the
solution (1) was added thereto, and the mixture was stirred
at the internal temperature of 60 to 65° C. for 3 hr. After the
completion of the reaction, toluene (100 mL) was added
thereto, and 10% citric acid solution (100 ml.) was added
thereto at the internal temperature of 35° C. or lower. This
solution was stirred for about 10 min, and separated, and the
obtained organic layer was washed successively with 10%
citric acid solution (100 mL), 5% aqueous sodium bicar-
bonate (100 mL) and water (50 m[.x2). The organic layer
was concentrated under reduced pressure until the volume
became about 20 mL, heptane (40 ml.) was added thereto,
and the mixture was stirred at the internal temperature of 50°
C. to 60° C. for 30 min. Heptane (40 mL) was added
dropwise thereto at the internal temperature of 45° C. to 55°
C., and the mixture was stirred at the same temperature for
30 min, and then at room temperature for 2 hr. The precipi-
tated crystals were collected by filtration, and the obtained
wet crystals were washed with a mixed solution of toluene
(5 mL) and heptane (45 mL). The wet crystals were dried
under reduced pressure at the external temperature of 40° C.
to give benzyl 3-(6,6-dimethyl-4,5,6,7-tetrahydro-1H-inda-
zol-3-yl)-3-oxopropanoate (14.1 g, yield 83.6%).
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[0080] 'H-NMR (400 Mz, DMSO-dg, 8): 13.07 (brs,
1H(NH)), 7.37-7.27 (m, 5H), 5.11 (s, 2H), 4.02 (s, 2H), 2.60
(t, 7=6.1 Hz, 2H), 2.37 (s, 2H), 1.44 (t, I=6.4 Hz, 2H), 0.93
(s, 6H)

Example 4-1

Synthesis of benzyl 3-[6,6-dimethyl-1-(tetrahydro-
pyran-2-y1)-4,5.6,7-tetrahydro-1H-indazol-3-yl]-3-

oxopropanoate
[0081]
[VII-1]
(€] (€]
CH;
© I CH
N\N
(6]
[0082] Under nitrogen atmosphere, benzyl 3-(6,6-dim-

ethyl-4,5,6,7-tetrahydro-1H-indazol-3-y1)-3-oxopropanoate
(10.0 g, 30.6 mmol) was dissolved in ethyl acetate (80 mL),
to this solution were successively added p-toluenesulfonic
acid (0.29 g, 1.53 mmol) and 3,4-dihydro-2H-pyran (3.86 g,
45.9 mmol), and the mixture was stirred at the internal
temperature of 15° C. to 25° C. for 4 hr. After the completion
of the reaction, 5 w/w % aqueous sodium hydrogencarbon-
ate solution (40 mL) was added thereto, and the mixture was
stirred for 10 min, left to stand for a while, and separated.
The obtained organic layer was washed with 10 w/w % brine
(40 mL), dried over magnesium sulfate, and filtered. The
organic layer was concentrated under reduced pressure, and
the concentrated residue was dissolved in a mixed solution
of hexane and ethyl acetate (4:1), and purified by silica gel
chromatography to give benzyl 3-[6,6-dimethyl-1-(tetrahy-
dropyran-2-yl1)-4,5,6,7-tetrahydro-1H-indazol-3-yl]-3-0x0-
propanoate (12 g, yield 95.2%).

[0083] The obtained compound in this step is deduced to
be a mixture of R-form and S-form, but its ratio is not
measured.

[0084] 'H-NMR (400 Mz, DMSO-d,, 8): 7.37-7.27 (m,
5H), 5.40 (dd, J=9.4, 2.7 Hz, 1H), 5.11 (s, 2H), 4.01 (dd,
J=25.7, 15.7 Hz, 2H), 3.83 (d, J=11.1 Hz, 1H), 3.61 (ddd,
J=12.4,8.0,3.3 Hz, 1H), 2.60 (dt, J=22.3, 8.7 Hz, 2H), 2.45
(dd, =473, 17.0 Hz, 2H), 2.16 (tt, J=15.0, 5.3 Hz, 1H),
2.00-1.90 (m, 1H), 1.85-1.77 (m, 1H), 1.70-1.55 (m, 1H),
1.55-1.45 (m, 2H), 1.44 (t, I=6.4 Hz, 2H), 0.94 (d, I=12.3
Hz, 6H)
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Example 4-2

Synthesis of benzyl 3-[6,6-dimethyl-1-(tetrahydro-
pyran-2-y1)-4,5.6,7-tetrahydro-1H-indazol-3-yl]-3-

oxopropanoate
[0085]
[VII-1]
O O
CH;
0 [ o,
N
N
O

[0086] Under nitrogen atmosphere, benzyl 3-(6,6-dim-
ethyl-4,5,6,7-tetrahydro-1H-indazol-3-y1)-3-oxopropanoate
(20.0 g, 61.3 mmol) was dissolved in ethyl acetate (150 mL),
and to this solution were successively added p-toluenesul-
fonic acid (1.17 g, 6.13 mmol) and dihydropyran (7.73 g,
92.0 mmol). The used container was washed with ethyl
acetate (10 mL), and the washings were also added thereto.
The mixture was stirred at the internal temperature of 15° C.
to 30° C. for 2.5 hr, 5 w/w % aqueous sodium hydrogen-
carbonate solution (40 ml) was added thereto, and the
mixture was stirred for a while, and separated. The obtained
organic layer was washed with 10 w/w % brine (80 mL), and
concentrated under reduced pressure until the volume
became about 60 mL. To the concentrated residue was added
ethyl acetate (100 mL), and the mixture was again concen-
trated under reduced pressure until the volume became about
60 mL.. To the concentrated residue was added ethyl acetate
(100 mL), and the mixture was again concentrated under
reduced pressure until the volume became about 60 mL. To
this concentrated residue was added N,N-dimethylacet-
amide (60 mL), and the mixture was again concentrated
under reduced pressure until the volume became about 80
mlL to give a solution of benzyl 3-[6,6-dimethyl-1-(tetrahy-
dropyran-2-y1)-4,5,6,7-tetrahydro-1H-indazol-3-yl]-3-0x0-
propanoate.

[0087] The obtained compound in this step is deduced to

be a mixture of R-form and S-form, but its ratio is not
measured.
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Example 5-1

Synthesis of benzyl 2-[4-(N-benzyloxycarbonyl-N-
methylamino)-2-nitrophenyl]-3-|6,6-dimethyl-1-
(tetrahydropyran-2-yl)-4,5,6,7-tetrahydro-1H-inda-
zol-3-yl]-3-oxopropanoate

[0088]
[VI-1]

[0089] Under nitrogen atmosphere, to a solution of benzyl
3-[6,6-dimethyl-1-(tetrahydropyran-2-yl)-4,5,6,7-tetra-
hydro-1H-indazol-3-yl]-3-oxopropanoate (142 mg, 0.346
mmol) in dimethyl sulfoxide (0.71 mL) were successively
added benzyl N-(4-fluoro-3-nitrophenyl)-N-methylcarbam-
ate (100 mg, 0.329 mmol) and potassium carbonate (96 mg,
0.692 mmol), and the mixture was stirred in an oil bath of
90° C. for 2 hr and 20 min. After the completion of the
reaction, the reaction solution was cooled to room tempera-
ture, and poured into 5 w/w % aqueous citric acid solution.
Then, the mixture was extracted with ethyl acetate, and
separated, and the obtained organic layer was washed suc-
cessively with water and saturated brine. The obtained
organic layer was dried over anhydrous sodium sulfate, the
anhydrous sodium sulfate was removed by filtration, and the
filtrate was concentrated under reduced pressure. The resi-
due was purified by column chromatography (hexane:ethyl
acetate 3:1 to 2:1) to give benzyl 2-[4-(N-benzyloxycarbo-
nyl-N-methylamino)-2-nitrophenyl]-3-[6,6-dimethyl-1-(tet-
rahydropyran-2-y1)-4,5,6,7-tetrahydro-1H-indazol-3-y1]-3-
oxopropanoate (184 mg, yield 81%).

[0090] The obtained compound in this step is deduced to
be a mixture of diastereomers and/or tautomers, but its ratio
is not measured.

[0091] 'H-NMR (DMSO-Dq, 8): 8.11 (dd, J=13.9, 2.4 Hz,
1H), 7.74 (1d, 1=8.2, 2.4 Hz, 1H), 7.45 (dd, J=8.5, 3.0 Hz,
1H), 7.39-7.23 (m, 10H), 6.32 (d, J=9.0 Hz, 1H), 5.43-5.34
(m, 1H), 5.26-5.18 (m, 2H), 5.16 (d, J=4.4 Hz, 2H), 3.81-
3.68 (m, 1H), 3.64-3.52 (m, 1H), 3.31 (d, J=5.3 Hz, 3H),
2.65-2.56 (m, 2H), 2.55-2.30 (m, 2H), 2.12-2.00 (m, 1H),
1.97-1.82 (m, 1H), 1.77-1.67 (m, 1H), 1.67-1.35 (m, 5H),
0.94 (dd, J=11.9, 6.0 Hz, 6H)

Differential Scanning Calorimetry (DSC) Measure-
ment of Benzyl 2-[4-(N-benzyloxycarbonyl-N-
methylamino)-2-nitrophenyl]-3-[6,6-dimethyl-1-

(tetrahydropyran-2-yl1)-4,5,6,7-tetrahydro-1H-
indazol-3-yl]-3-oxopropanoate
[0092] Decomposition exothermic onset temperature: 120.
8° C.
decomposition calorimetry: 848.3 J/g
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measurement conditions
[0093] sample: 3.390 mg
[0094] container: SUS pressure tight sealed cell

[0095] rate of temperature increase: 10° C./min

Example 5-2

Synthesis of benzyl 2-[4-(N-benzyloxycarbonyl-N-
methylamino)-2-nitrophenyl]-3-[ 6,6-dimethyl-1-
(tetrahydropyran-2-y1)-4,5,6,7-tetrahydro-1H-inda-
7ol-3-yl]-3-oxopropanoate

[0096]

[VI-1]

[0097] Under nitrogen atmosphere, to a solution of benzyl
3-[6,6-dimethyl-1-(tetrahydropyran-2-y1)-4,5,6,7-tetra-
hydro-1H-indazol-3-yl]-3-oxopropanoate, = which  was
obtained in Example 4-2, were successively added benzyl
N-(4-fluoro-3-nitrophenyl)-N-methylcarbamate  (18.6 g,
61.3 mmol) and tripotassium phosphate (32.5 g, 153 mmol),
the used container was washed with N,N-dimethylacetamide
(20 mL), and the washings were also added thereto. The
mixture was stirred at the internal temperature of 50° C. to
60° C. for 23 hr, and then at the internal temperature of 70°
C. to 80° C. for 5.5 hr. After the completion of the reaction,
toluene (100 mL) was added thereto at the internal tempera-
ture of 40° C. or lower, and water (160 mL) was added
thereto at the internal temperature of 30° C. or lower. This
solution was stirred at room temperature for about 30 min,
and separated, and the obtained organic layer was washed
successively with 10 w/w % aqueous citric acid solution (80
mL), 5 w/w % aqueous sodium hydrogencarbonate solution
(80 mL) and 10 w/w % brine (80 mL). The obtained organic
layer was concentrated under reduced pressure until the
volume became about 80 mlL. to give a solution of benzyl
2-[4-(N-benzyloxycarbonyl-N-methylamino)-2-nitrophe-
nyl]-3-[6,6-dimethyl-1-(tetrahydropyran-2-y1)-4,5,6,7-tetra-
hydro-1H-indazol-3-yl]-3-oxopropanoate.

[0098] The obtained compound in this step is deduced to

be a mixture of diastereomers and/or tautomers, but its ratio
is not measured.
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Example 6

Synthesis of N-[2-[6,6-dimethyl-1-(tetrahydropyran-
2-y1)-4,5,6,7-tetrahydro-1H-indazol-3-yl]-1H-indol-
6-yl]-N-methylamine

[0099]

CH;

CH;
CH;

\zm

N—N

[0100] A solution of benzyl 2-[4-(N-benzyloxycarbonyl-
N-methylamino)-2-nitrophenyl]-3-[6,6-dimethyl-1-(tetra-
hydropyran-2-yl)-4,5,6,7-tetrahydro-1H-indazol-3-yl]-3-
oxopropanoate, which was obtained in Example 5-2, was
charged into a pressure tight bottle, the used container was
washed with toluene (20 mL), and the washings were also
added thereto. Then, methanol (120 mL) and 5 w/w %
palladium on carbon (PE type, 50% wet, 4.0 g) were added
thereto, the reaction system was purged with hydrogen, and
the mixture was stirred under hydrogen pressure of 3 atm to
4 atm for 24 hr. After the completion of the reaction,
tetrahydrofuran (140 ml.) was added thereto, and the pre-
cipitated crystals were dissolved. The palladium on carbon
was removed by filtration, and washed with tetrahydrofuran
(20 mL). The obtained filtrate and the washings were
combined, and concentrated under reduced pressure until the
volume became about 60 mL. To the concentrated residue
was added toluene (100 mL), and the mixture was again
concentrated under reduced pressure until the volume
became about 60 mL. To the concentrated residue was added
toluene (100 mL), and the mixture was again concentrated
under reduced pressure until the volume became about 60
mL. To the obtained concentrated residue was added 2-pro-
panol (40 mL) at the internal temperature of 45° C. to 55°
C., and the mixture was stirred at the same temperature for
1 hr, and then at room temperature for 1 hr. The precipitated
crystals were collected by filtration, and the obtained wet
crystals were washed with a mixed solution of toluene (8
ml) and 2-propanol (32 mL). The wet crystals were dried
under reduced pressure at the external temperature of 50° C.
to give N-[2-[6,6-dimethyl-1-(tetrahydropyran-2-yl)-4,5,6,
7-tetrahydro-1H-indazol-3-y1]-1H-indol-6-yl]-N-methylam-
ine (18.5 g, yield 79.8%, L.C purity 99.3%).

[0101] The obtained compound in this step is deduced to
be a mixture of R-form and S-form, but its ratio is not
measured.

[0102] 'H-NMR (400 Mz, DMSO-d,, 8): 10.60 (d, J=1.4
Hz, 1H), 7.19 (d, J=8.5 Hz, 1H), 6.50 (d, J=1.9 Hz, 1H),
6.40-6.35 (m, 2H), 5.36-5.29 (m, 2H), 3.92 (d, J=11.8 Hz,
1H), 3.58-3.66 (m, 1H), 2.68 (d, J=5.1 Hz, 3H), 2.60 (t,
J=6.0 Hz, 2H), 2.34-2.45 (m, 2H), 2.08-1.99 (m, 1H), 1.86
(dd, J=13.0, 2.7 Hz, 1H), 1.75-1.62 (m, 1H), 1.55 (t, J=6.2
Hz, 4H), 1.01 (d, J=10.9 Hz, 6H)
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LC Analysis Condition for N-[2-[6,6-dimethyl-1-
(tetrahydropyran-2-y1)-4,5,6,7-tetrahydro-1H-inda-
70l-3-yl]-1H-indol-6-y1]-N-methylamine

column: YMC-triart C18 5 um 4.6x150 mm
column temperature: constant temperature around

[0103]
[0104]
40° C.
[0105] mobile phase A: 10 mmol/L. phosphate buffer solu-
tion

[0106]
[0107]

mobile phase B: MeCN
gradient condition:

TABLE 1

Time (min)

0 2 10 19 20 25

mobile phase A (%) 90 20 10 10 20 20

mobile phase B (%) 10 10 20 90 10 10
[0108] flow rate: 1.5 mL/min
[0109] detection method: UV 254 nm
[0110] injected amount: 10 pl,
[0111] analysis time: 20 min
[0112] retention time: about 10.0 min
[0113] preparation method of mobile phase A: NaH,PO,.

2H,0 (2.34 g) is dissolved in water (3 L), and 85% H;PO,
(1.0 mL) is added thereto. This solution is filtered through a
filter (0.45 um), and the filtrate is degassed well, and then
used for LC analysis.

Powder X-ray Diffraction Measurement of N-[2-[6,
6-dimethyl-1-(tetrahydropyran-2-yl)-4,5,6,7-tetra-
hydro-1H-indazol-3-yl]-1H-indol-6-y1]-N-methyl-
amine

[0114] The sample was fixed on an aluminium cell, and
powder X-ray diffraction was measured using powder X-ray
diffraction apparatus (PANalytical X' pert Pro) under the
condition of X-ray source: Cu, tube voltage: 45 kV, tube
current: 40 mA, scan speed: 0.418°/sec, step width: 0.0334°
and diffraction angle: 3° to 25° to give a diffraction pattern.
The obtained diffraction pattern is shown in FIG. 1.
diffraction peak: 26=9.59, 10.6, 11.0, 11.7, 14.0, 14.4, 14.8,
15.1,16.7,17.9,18.7,18.9,19.2, 19.8, 20.1, 20.4, 20.6, 20.9,
21.6,21.9, 23.3, 23.9, 24.2, 24.5°.

Example 7-1
N-[2-(6,6-dimethyl-1-(tetrahydropyran-2-y1)-4,5,6,7-
tetrahydro-1H-indazol-3-y1)-1H-indol-6-y1]-N-
methyl-(2S)-2-(morpholin-4-yl)propanamide
[0115]

O/ﬁ CH;
CH; -
N//,, H | H 3
., N i
h O
0
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[0116] Under nitrogen atmosphere, N-[2-[6,6-dimethyl-1-
(tetrahydropyran-2-yl)-4,5,6,7-tetrahydro-1H-indazol-3-yl1]-
1H-indol-6-yl]-N-methylamine (1.50 g, 3.96 mmol) was
dissolved in N ,N-dimethylformamide (7.5 mL), and (S)-2-
(morpholin-4-yl)propanoic acid (694 mg, 4.36 mmol), 1-hy-
droxybenzotriazole monohydrate (606 mg, 3.96 mmol) and
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydro-
chloride (836 mg, 436 mmol) were successively added
thereto at room temperature, and the mixture was stirred at
room temperature for 5 hr. After the completion of the
reaction, the reaction solution was poured into aqueous
sodium hydrogencarbonate solution, and the mixture was
stirred at the same temperature for 30 min. The precipitated
solid was collected by filtration, and washed successively
with aqueous sodium hydrogencarbonate solution and water.
The obtained wet crystals were dried to give N-[2-(6,6-
dimethyl-1-(tetrahydropyran-2-yl)-4,5,6,7-tetrahydro-1H-
indazol-3-yl)-1H-indol-6-yl]-N-methyl-(2S)-2-(morpholin-
4-yDpropanamide (1.92 g, yield 93%).

[0117] The obtained compound in this step is deduced to
be a mixture of SR-form and SS-form, but its ratio is not
measured.

[0118] 'H-NMR (DMSO-D,, 8): 11.31 (s, 1H), 7.54 (d,
J=8.1 Hz, 1H), 7.31 (s, 1H), 6.89 (d, J=8.1 Hz, 1H), 6.63 (s,
1H), 5.34 (d, J=9.7 Hz, 1H), 3.97-3.87 (m, 1H), 3.69-3.56
(m, 1H), 3.52-3.43 (m, 4H), 3.20-3.15 (m, 4H), 2.69-2.60
(m, 2H), 2.57-2.33 (m, 5H), 2.30-2.18 (m, 2H), 2.07-1.96
(m, 1H), 1.92-1.82 (m, 1H), 1.75-1.61 (m, 1H), 1.61-1.46
(m, 4H), 1.05-0.94 (m, 3H), 1.01 (d, J=9.0 Hz, 6H)

Example 7-2
N-[2-(6,6-dimethyl-1-(tetrahydropyran-2-y1)-4,5,6,7-

tetrahydro-1H-indazol-3-y1)-1H-indol-6-y1]-N-
methyl-(2S)-2-(morpholin-4-yl)propanamide

[0119]

|

[0120] Under nitrogen atmosphere, N-[2-[6,6-dimethyl-1-
(tetrahydropyran-2-yl)-4,5,6,7-tetrahydro-1H-indazol-3-yl1]-
1H-indol-6-yl]-N-methylamine (10.0 g, 26.4 mmol) was
dissolved in N,N-dimethylformamide (50 mL), and (S)-2-
(morpholin-4-yl)propanoic acid monohydrochloride (5.67 g,
29.0 mmol), sodium hydrogencarbonate (2.44 g, 29.0
mmol), 1-hydroxybenzotriazole monohydrate (0.81 g, 5.28
mmol) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (6.08 g, 31.7 mmol) were successively added
thereto at room temperature, and the mixture was stirred at
the internal temperature of 20° C. to 35° C. for 5 hr. After
the completion of the reaction, cyclopentyl methyl ether
(100 mL) and 10 w/w % brine (50 mL) were added thereto
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at the internal temperature of 0° C. to 30° C., and the mixture
was stirred at the same temperature for 30 min. The mixture
was left to stand for a while, and separated, and the obtained
organic layer was concentrated under reduced pressure until
the volume became about 30 mL. To the concentrated
residue was added cyclopentyl methyl ether (70 mL.), and
the mixture was again concentrated under reduced pressure
until the volume became about 30 mL. To the concentrated
residue was added cyclopentyl methyl ether (70 mL.), and
the mixture was again concentrated under reduced pressure
until the volume became about 30 mL. The volume was
adjusted to about 60 mL by addition of cyclopentyl methyl
ether to give a solution of N-[2-(6,6-dimethyl-1-(tetrahydro-
pyran-2-y1)-4,5,6,7-tetrahydro-1H-indazol-3-yl)-1H-indol-
6-yl]-N-methyl-(2S)-2-(morpholin-4-yl)propanamide.
[0121] The obtained compound in this step is deduced to
be a mixture of SR-form and SS-form, but its ratio is not
measured.

Example 8-1
Synthesis of N-[2-(6,6-dimethyl-4,5,6,7-tetrahydro-

1H-indazol-3-y1)-1H-indol-6-y1]-N-methyl-(2S)-2-
(morpholin-4-yl)propanamide

[0122]
l
o CHs
CH;
N// H | CH3
1, N g
T
© / N-——NH
[0123] Under nitrogen atmosphere, N-[2-(6,6-dimethyl-1-

(tetrahydropyran-2-yl)-4,5,6,7-tetrahydro-1H-indazol-3-y1)-
1H-indol-6-y1]-N-methyl-(2S)-2-(morpholin-4-yl)propana-
mide (1.88 g, 3.62 mmol) was dissolved in methanol (18.8
mL), and 2N hydrochloric acid (5.43 mL) was added thereto.
The mixture was stirred for 2 hr and 10 min in an oil bath
of 60° C. After the completion of the reaction, the mixture
was cooled to room temperature, and concentrated under
reduced pressure. To the residue were added ethyl acetate
and water, and the mixture was extracted and separated. To
the obtained aqueous layer was added ethyl acetate, and the
pH of the mixture was adjusted to 8 with sodium hydrogen-
carbonate while stirring at room temperature. After extrac-
tion and separation, and the obtained organic layer was
washed with saturated brine, and dried over anhydrous
sodium sulfate. The anhydrous sodium sulfate was removed
by filtration, and the filtrate was concentrated under reduced
pressure to give N-[2-(6,6-dimethyl-4,5,6,7-tetrahydro-1H-
indazol-3-yl)-1H-indol-6-y1]-N-methyl-(2S)-2-(morpholin-
4-yDpropanamide (1.52 g, yield 96%).

[0124] 'H-NMR (DMSO-Dy, 8): 12.53 (s, 1H), 11.40 (s,
1H), 7.53 (d, J=8.1 Hz, 1H), 7.27 (s, 1H), 6.87 (d, ]=8.6 Hz,
1H), 6.58 (s, 1H), 3.50-3.44 (m, 4H), 3.21-3.15 (m, 1H),
3.17 (s, 3H), 2.65 (1, J=6.0 Hz, 2H), 2.47-2.36 (m, 4H),
2.30-2.18 (m, 2H), 1.56 (t, J=6.3 Hz, 2H), 1.00 (d, J=16.2
Hz, 3H), 0.99 (s, 6H)
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Example 8-2

Synthesis of N-[2-(6,6-dimethyl-4,5,6,7-tetrahydro-
1H-indazol-3-yl)-1H-indol-6-y1]-N-methyl-(2S)-2-
(morpholin-4-yl)propanamide

[0125]
1]
0 CH;
CH;
N, SH | CHs
te,, N g
H3C§( ‘
© / N-—NH
[0126] Under nitrogen atmosphere, to a solution of N-[2-

(6,6-dimethyl-1-(tetrahydropyran-2-y1)-4,5,6,7-tetrahydro-
1H-indazo1-3-y1)-1H-indol-6-y1]-N-methyl-(2S)-2-(mor-
pholin-4-yl)propanamide, which was obtained in Example
7-2, was added dropwise 2N hydrogen chloride-ethanol
solution (39.6 mL) at the internal temperature of 15° C. to
60° C., and the mixture was stirred at the internal tempera-
ture of 50° C. to 60° C. for 3.5 hr. After the completion of
the reaction, this solution was added dropwise to a mixed
solution of 1N aqueous sodium hydroxide solution (84.5
mL) and cyclopentyl methyl ether (350 mL) at the internal
temperature of 0° C. to 60° C., the used container was
washed with ethanol (20 mL), and the washings were also
added thereto. After confirming that the pH of the aqueous
layer was 9 or more, the mixture was separated at the
internal temperature of 40° C. to 50° C., and the obtained
organic layer was washed three times with water (100 mL)
at the same temperature, and concentrated under reduced
pressure until the volume became about 30 mL. To the
concentrated residue was added ethyl acetate (70 mL), and
the mixture was again concentrated under reduced pressure
until the volume became about 30 mL. To the concentrated
residue was added ethyl acetate (70 mL.), and the mixture
was again concentrated under reduced pressure until the
volume became about 30 mL to give a solution of N-[2-(6,
6-dimethyl-4,5,6,7-tetrahydro-1H-indazol-3-y1)-1H-indol-
6-yl]-N-methyl-(2S)-2-(morpholin-4-yl)propanamide.

Example 9
Synthesis of N-[2-(6,6-dimethyl-4,5,6,7-tetrahydro-

1H-indazol-3-yl)-1H-indol-6-y1]-N-methyl-(2S)-2-
(morpholin-4-yl)propanamide monohydrochloride

[0127]

(]

o/\ CH;
CH;
.y, N g
mc/ﬂ‘/ O -
Y4

N-——NH
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[0128] Step 1
[0129] To a solution of N-[2-(6,6-dimethyl-4,5,6,7-tetra-

hydro-1H-indazol-3-y1)-1H-indol-6-y1]-N-methyl-(2S)-2-
(morpholin-4-yl)propanamide, which was obtained in
Example 8-2, was added 1-propanol (15 ml), and the
insoluble substance was removed by filtration. The used
container and filter were washed with 1-propanol (15 mL).
The filtrate and washings were combined, and 4N hydrogen
chloride-ethyl acetate solution (2.64 mL, 10.6 mmol) was
added dropwise thereto at the internal temperature of 50° C.
to 60° C. The mixture was stirred at the same temperature for
1 hr, and 4N hydrogen chloride-ethyl acetate solution (3.96
ml, 15.8 mmol) was added dropwise thereto. The mixture
was stirred at the same temperature for 30 min, ethyl acetate
(90 ml.) was added dropwise thereto, and the mixture was
stirred for 1 hr. The mixture was stirred overnight at room
temperature, and the precipitated crystals were collected by
filtration. The obtained wet crystals were washed with a
mixed solution of 1-propanol (4 mL) and ethyl acetate (16
ml), and then ethyl acetate (20 mL). The wet crystals were
dried under reduced pressure at the external temperature of
50° C. to give N-[2-(6,6-dimethyl-4,5,6,7-tetrahydro-1H-
indazol-3-yl)-1H-indol-6-y1]-N-methyl-(2S)-2-(morpholin-

4-yDpropanamide monohydrochloride (11.0 g, yield
88.0%).

Step 2

[0130] Under nitrogen atmosphere, N-[2-(6,6-dimethyl-4,

5,6,7-tetrahydro-1H-indazol-3-yl)-1H-indol-6-y1]-N-
methyl-(2S)-2-(morpholin-4-yl)propanamide monohydro-
chloride (4.0 g) was suspended in 1-propanol (18 mL), and
the suspension was stirred at the internal temperature of 90°
C. to 100° C. for 7.5 hr, and then overnight at room
temperature. The crystals were collected by filtration, and
the obtained wet crystals were washed with 1-propanol (8
mL). The wet crystals were dried under reduced pressure at
the external temperature of 65° C. to give N-[2-(6,6-dim-
ethyl-4,5,6,7-tetrahydro-1H-indazol-3-y1)-1H-indol-6-y1]-
N-methyl-(2S)-2-(morpholin-4-yl)propanamide =~ monohy-
drochloride (3.48 g, yield 87.0%, LC purity 99.9% or more).
[0131] 'H-NMR (400 Mz, DMSO-d,, 8): 11.54 (s, 1H),
10.35 (brs, 1H), 7.62 (d, 1=8.3 Hz, 1H), 7.38 (s, 1H), 6.98
(dd, J=8.3, 1.8 Hz, 1H), 6.65 (s, 1H), 4.95-3.75 (m, 4H), 3.70
(t, J=12.1 Hz, 1H), 3.47-2.96 (m, 7H), 2.66 (t, J=6.1 Hz,
2H), 2.42 (s, 2H), 1.56 (1, J=6.4 Hz, 2H), 1.35 (d, J=6.5 Hz,
3H), 1.01 (s, 6H)

[0132] LC analysis condition for N-[2-(6,6-dimethyl-4,5,
6,7-tetrahydro-1H-indazol-3-yl)-1H-indol-6-y1]-N-methyl-
(25)-2-(morpholin-4-yl)propanamide monohydrochloride

[0133] column: YMC-triart C18 5 um 4.6x150 mm
[0134] column temperature: constant temperature around
40° C.
[0135] mobile phase A: 20 mmol/L. phosphate buffer solu-
tion
[0136] mobile phase B: MeCN
[0137] gradient condition:
TABLE 2
Time (min) 0 2 10 25 30
mobile phase A (%) 80 80 40 40 80

mobile phase B (%) 20 20 60 60 20
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[0138] flow rate: 1.5 mL/min

[0139] detection method: UV 220 nm

[0140] injected amount: 10 ul.

[0141] analysis time: 30 min

[0142] retention time: about 12.7 min

[0143] preparation method of mobile phase A: KH,PO,

(4.08 g) and K,HPO, (5.23 g) are exactly weighed, and
dissolved in water (3 L). This solution are filtered through a
filter (0.45 um), and the filtrate is degassed well, and then
used for LC analysis.

INDUSTRIAL APPLICABILITY

[0144] The compound of the present invention is useful as
a synthetic intermediate for producing a compound of the
formula [II].
[0145] The present invention can provide a method for
producing a compound of the formula [II] in good yield.
[0146] The production method of the present invention
can be performed in a few steps without a reagent that needs
careful handling due to danger and toxicity, and therefore it
is useful as an industrial large-scale synthetic method.

1. A method of producing a compound of the formula [I]

(1

o/\ CHy
CHj; cH
N, H | N 35
/<’( N H
h O

which comprises a step of removing the protecting group
from a compound of the formula [III]

[111]
o/\ CH;
CHj; cH
N//,, H | N 3
.. N N
N O
0 \
/ N—N

to give a compound of the formula [I].
2. A method of producing a compound of the formula [II]

(]

/ﬁ CH;
N, #H | CHs
n,, N g
jive /ﬂ( O HCI,

0 N-——NH

@]
0
&
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which comprises a step of treating a compound of the
formula [I]

l

O/\ CH;
CH; cH
N, H | 3
o, N g
H,C O
O
/ N-——NH

with hydrogen chloride to give a compound of the formula
(1.

3. A method of producing a compound of the formula [II]

(]

o CH;
CHj3
K/N"h. H Il\] N CH;
© / N-—NH

which comprises a step of removing the protecting group
from a compound of the formula [III]

0/\ CH;
CHs CH
N/,,, H | N %
., N N
N O
0

to give a compound of the formula [I], and

a step of treating a compound of the formula [I]

O/A\T cry
CH; ox
N, H | N 3
/ﬂ‘/ N H
- O
© / \N/NH

with hydrogen chloride to give a compound of the formula
(1.
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4. The method of claim 1 or 3, which further comprises a
step of reacting a compound of the formula [V]

vl
CH;
CH;
| CHs,
m i
‘ Van
N—N
(0]
with a compound of the formula [IV]
[Iv]
@)
k/Nll' H
OH,
H;C

e}

or a reactive derivative thereof or a salt thereof to give a
compound of the formula [III]

|

o CH;
CH;3 cH
N/,,, H | N 3
., N N
N O
0]

5. The method of claim 4, which further comprises a step
of subjecting a compound of the formula [VI]
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wherein R! and R? are each independently hydrogen, C, ¢
alkyl or C,_¢ alkoxy,

to a reduction reaction to give a compound of the formula

[Vl
[
CH;
CH;z
| CH;.
N i
()
N—N
O\>:>

6. The method of claim 5, which further comprises a step
of reacting a compound of the formula [VII]

vl

[VII]

0 0
CH;
\ o
Rl_: / CH;,
N
F ~x
023

with a compound of the formula [XI]

| x CH;
R*—r |
/ o N NO,,

(X1
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7. The method of claim 6, which further comprises a step
of subjecting a compound of the formula [VIII]

[VIIT]
0 0

CH;

Rl_l \ © I CHs,
| - N\N
H

to tetrahydropyranylation to give a compound of the
formula [VII]

[VII]
0 0

CH;
S W
7 Ny

8. The method of claim 7, which further comprises a step
of reacting a compound of the formula [IX]

[IX]
O
CH;
HO l omL,
N
~N
H
with a compound of the formula [X]
(X1
O O
| x oMo- MY,
Ri—m
A
wherein

M is sodium or potassium,

to give a compound of the formula [VIII]

[VIIT]
0 0

CH;

N @/\OWCH3’
A AN
H
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9. The method of claim 2 or 3, which further comprises a wherein R' and R? are each independently hydrogen, C, 4
step of purifying a compound of the formula [II] alkyl or C,_¢ alkoxy.
(1 14. A compound of the formula [VII]
o CH;
CH.
N B CHs
1, N H
H3C/<’( N HoL
0 / N —NH [vII]
(€] (€]

with 1-propanol. CH;

10. (canceled) I A 0

11. A compound of the formula [V] Rl—l I CHs,
vl = My

CH;
CH;
| CH;. o
/ N—N
wherein R! is hydrogen, C, ¢ alkyl or C,_4 alkoxy.
(6]

15. A compound of the formula [VIII]

12. A compound of the formula [III]

[111]

[VIIT]
0 0

CH;

N @AOWC&
A N
H

wherein R! is hydrogen, C, ¢ alkyl or C,_4 alkoxy.
16. A compound of the formula [XI]

13. A compound of the formula [VI]

[XT]
i x CH;

F

wherein R? is hydrogen, C, 4 alkyl or C,_4 alkoxy.

#* #* #* #* #*



