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DESCRIPTION
Title of Invention: METHOD FOR PRODUCING BENZO[B]THIOPHENE
COMPOUND

Technical Field

The present invention relates to a method for producing

a benzo[b]thiophene compound.

Background Art ‘
A 4-(1l-piperazinyl)benzo[b]thiophene compound

represented by Formula (1):

H
is useful for various medicines such as antipsychotic drugs.

Moreover, a 4-(1l-piperazinyl)benzo[b]thiophene compound
represented by Formula (4):
R '

9

N\

S
wherein R' is a hydrogen atom or a protecting group, is useful as

an intermediate for synthesizing the compound represented by
Formula (1).

Reference Example 30 and Example 1 of PTL 1 ‘
specifically disclose a method for producing a benzo[b]thiophene
compound (the reaction scheme shown below). In Reference Example
30, 4-(l-piperazinyl)benzo[b]thiophene is produced by heating
under reflux a mixture comprising 14.4 g of 4- '
bromobenzo[b]thiophene,-29.8 g bf anhydrous piperazine, 9.3 g of
sodium tert-butoxide, 0.65 g of (R)-(+)-2,2'-
bis(diphenylphosphino)-1,1"'-binaphthyl (BINAP), 0.63 g of
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tris(dibenzylideneacetone)dipalladium (0), and 250 ml of toluene

(step X).

C@ ©f>

fm ‘
69 ) f\/@\ K\N , 3
Step ¥ o o/‘\/\/N\) =

However, the reaction of the step X produces a

relatively large amount of by-products that can hardly be
separated, and the purity of the compound (4a) is thus inevitably
reduced. Moreover, although column purification is performed to

increase the purity of the compound (4a), it is very difficult to

 complete1y remove by-products, even by column chromatography

purification. For this reason, there is a demand for the
development’of a novel method for producing the compound (4a)
with high yield and high purity.

Furthermore, by—products contained in the compound (4a)
inevitably reduce the purity of the compound (1) in the
subsequent step Y. Since thé method described in PTL 1 requires
purification by column chromatography to obtain the target
compound (1) with high purity, the method is not suitable for the
industrial process of mass production. In addition, according to
the method, incorporation of by-products that can hardly be
separated is inevitable, and high-purity products usable as
active pharmaceutical ingredients cannot be produced without

purification by column chromatography.

Citation List
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Patent Literature

PTL 1: Japanese Unexamined Patent Publication No. 2006-316052
Non Patent Literature

NPL 1: Tetrahedron Lett., 2004, 45, 9645

Summary of Invention
Technical Problem

- An object of the present invention is to provide a
novel production method that can industrially advantageously
produce the compound represented by Formula (1) or a salt thereof.
Another object of the present invention is to provide a novel
production method that can industrially advantageously produce
the 4-(l-piperazihyl)benzo[b]thiophene compound represented by
Formula (4), which is a precursor of the compound represented by

Formula (1).

Solution to Pfoblem‘

The present inventors conducted extensive research to
solve the above problems, and found that the target compounds can
be obtained via specific steps with high yield and high purity
while suppressing the production of by-products, without

performing purification by column chromatography. The present

" invention has been accomplished based on these findings.

The present invention provides methods accordihg to the
following Items I-1 to I-19, Items II-1 to II-21, and Ifems ITI-1
to IIT-39. |
Item I-1. A method for producing a compound represented by
Formula (4):

R1

ol

N

S
wherein R' is a hydrogen atom or a protecting group, or a salt

4)
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thereof by reacting a compound represented by Formula (2):

X1

N\ (2

S

wherein X' is a leaving group, with a compound represented by

Formula (3):
1
HN N—R' (3)
/S

wherein R' is as defined above, or a salt thereof; the method
comprising: |

step A: reacting the compound represented by Formula
(2) with the compound represented by Formula (3) or a salt
thereof in the presence of (a) a palladium compound and a
tertiary phosphine or (b) a palladium carbene complex, in an
inert solvent or without a solvent.
Item I-2. The method according to Item I-1, wherein in the step A,
the compound represented by Formula (2) is reacted with the
compound represented by Formula (3) or a salt thereof in the
presence of (a) a palladium compdund and a tertiary phosphine, in
an inert solvent or withoutva solvent.
Item I-3. The method according to Item I-1, wherein in the step A,
the compound represented by Formula (2) is reacted with the
compound represented by Formula (3) or a salt thereof in the
presence of (b) a palladium carbene complex, in an inert solvent
or without a solvent.
Item I-4. The method according to any one of Items I-1 to I-3,
wherein the tertiary phosphine is at least one member selected
from the group consisting of tri-tert-butylphosphine, 2-(di-tert-
butylphosphino)-1,1’ -biphenyl, 2-(di-tert-butylphosphino)-2"'-
methyl-1,1'-biphenyl, 2-(di-tert-butylphosphino)-1,1'-binaphthyl,
2-dicyclohexylphosphino-2"',6'-dimethoxy-1,1"'-biphenyl, 2-
dicyclohexylphosphino-2',6"'-di-iso-propoxy-1,1'-biphenyl, N-
phenyl-2-(di-tert-butylphosphino)pyrrole, and 1l-phenyl-2-(di-
tert-butylphosphino)-1H-indene.
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Item I-5. The method according to any one of Items I-1 to I-4,
wherein the palladium carbene complex is at least one member
selected from the group consisting of'(1,4—naphthoquinone)—[1,3—
bis(2,6-diisopropylphenyl)imidazol-2-ylidene]palladium (0),
allylchloro—[1,3—bi$(2,6—diisopropylphenyl)imidazol—2—
ylidenejpalladium (I1), allylchloro-[1,3—bis(2,6-' |
diisopropylphenyl)-4,5-dihydroimidazol-2-ylidene]palladium (II),
and'(3—phenylallylchloro)—[1,3—bis(2,6—diisOpropylphenyl)-4,5-
dihydroimidazol-2-ylidenel]lpalladium (II).
Item I-6. The method according to any one of Items I-1 to I-5,
wherein the tertiary phosphine is tri-tert-butylphosphine and/or
2-dicyclohexylphosphino-2',6"'-di-iso-propoxy-1,1'-biphenyl.
Item I-7. The method according to any one of Items I-1 to I-6,
wherein the palladium compound is at least one member selected
from the group consisting of sodium

hexachloropalladate(IV)tetrahydrate, potassium

‘hexachloropalladate(IV), palladium(II) chloride, palladium(II)

bromide, palladium(II) acetate, palladium(II) acetylacetonate,
dichlorobis(benzonitrile)palladium(II),
dichlérobis(acetonitrile)palladium(II),
dichlorobis(triphenylphosphine)palladium(II),
dichlorotetraamminepailadium(II), dichlorof{cycloocta-1,5-
diene)palladium(II), palladium(II) trifluoroacetate,
tris(dibenzylideneacetone)dipalladium (0),
tris(dibenzylideneacetone)dipalladium (0) chloroform complex, and
tetrakis(triphenylphosphine)palladium (0).

Item I-8. The method according to any one of Items I-1 to I-7,
wherein the palladium compound is palladium(II) acetate.

Item I-9. The method according to any one of Items I-1 to I-8,

wherein the palladium carbene complex is allylchloro-[1,3-

bis(2,6-diisopropylphenyl)-4,5-dihydroimidazol-2-
ylidene]palladium (II).

Item I-10. The method according to any one of Items I-1 to I-9,
wherein in the step A, the inert solvent is xylene and/or toluene.

Item I-11. The method according to any one of Items I-1 to I-10,
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wherein the leaving group represented by X' in Formula (2) is a
halogen atom.

Item I-12. The method according to Item I-11, wherein the leaving
group represented by X' in Formula (2) is a chlorine atom.

Item I-13. The method according to any one of Items I-1 to I-12,
wherein the palladium compound is used in an amount of 0.01 to 5
mole?, in terms of palladium atom, per mole of the compound
represented by Formula (2), and the tertiary phosphine is used in
an amount of 0.01 to 1,000 moles per mole of palladium atom in
the palladium compound.

Item I-14. The method according to Item I-13, wherein the
palladium compound is used in an amount of 0.05 to 0.5 mole%, in
terms of palladium atom, per mole of the compound represented by
Formula (2).

Item I-15. The method according to Item I-13 or I-14, wherein the
tertiary phosphine is used in an amount of 0.1 to 10 moles per
mole of palladium atom in the palladium compound.

Item I-16. The method according to any one of Items I-13 to I-15,

wherein the tertiary phosphine is used in an amount of 1 to 5

~moles per mole of palladium atom in the palladium compound.

Item I-17. The method according to any one of Items I-1 to I-16,
wherein the pa;ladium carbene complex is used in an amount of
0.001 to 5 mole%, in terms of palladium atom, per mole of the
compound represented by Formula (2). '

Item I-18. The method according to Ifem I-17, wherein'the
palladium carbene complex is used in an.amount of 0.01 to 0.5
mole%, in terms of palladium atom, per mole of the compound
represented by Formula (2).

Item I-19. The method according to any one of Items I-1 to I-18,
further comprising the step of obtaining the compound represented
by Formula (2) by decarboxylation of a compound represented by

Formula (6):
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COOH
S
wherein X' is as defined above, or a salt thereof in the presence
of a high-boiling basic compound, in a high-boiling solvent or

without a solvent.

Item II-1. A method for producing a compound represented by

Formula (1):

or a salt thereof by reacting a compound represented by Formula
(4a):

H
)
N (4a)

A\

S

or a salt thereof with a compound represented by Formula (5):

S
' X2 (5)

wherein X? is a leaving group, or a salt thereof; the method
comprising:

_. step B: reactihg the compound represented by Formula
(4a) or a salt thereof with the compound represented by Formula
(5) or a salt thereof in the presence of a basic compound, in an
inert solvent or without a solvent;

step C: mixing an acetic acid and an alcohol with the
reaction product obtained in the step B; and

step D: adding a hydrochloric acid to the mixture
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obtained in the step C to obtain a hydrochloride of the compound
represented by Formula (1).

Item II-2. The method according to Item II-1, further comprising:

step E: reacting the hydrochloride of the compound

represented by Formula (1) obtained in the step D in the presence
of a basic compound to obtain the compound represented by Formula
(1).

Item II-3. The method according to Item II-2, wherein in the step
E, the basic compound is sodium hydroxide.

Item II-4. The method according to Item II-2 or II-3, further
comprising:

step F: converting the compound represented by Formula

(1) obtained in the step E into a salt form.

Item II-5. The method according to any one of Items II-1 to II-4,
'wherein in the step C, the alcohol is at least one member
selected from the group consisting of methanol, ethanol, and
isopropyl alcohol.

Item II-6. The method according to Item II-5, wherein in the step
C, the alcohol is ethanol.

Item II-7. The method according to any one of Items II-1 to II-6,
wherein in the step B, the basic compound'is used in an amount of
0.3 to 5 moles per mole of the compound represented by Formula
(5).

Item II-8. The method according to any one of Items II-1 to II-7,
wherein in the step B, the reaction ié carried out further in the
presence of an alkali metal halide.

Item II-9. The method according to Item II-8, wherein in the step
B, the alkali metal halide is potassium iodide.

Item IT-10. The method according to Item II-8 or II-9, wherein in
the step B, the alkali metal halide is used in an‘amount of 0.1
to 10 moles per mole of the compound represented by Formula (5).
Item II-11. The method according to any one of Items II-1 to II-
10, wherein in the step C, the acetic acid is used in an amount
of 0.1 ml or more per gram of the compound represented by Formula

(1) obtained in the step B.
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Item II-12. The method according to any one of Items II-1 to II-
11, Wherein in the step C, the acetic acid is used in an amount
of 1 ml or more per gram of the compound represented by Formula
(1) obtained in the step B.
Item II-13. The method according to any one of Items II-1 to II-
12, wherein in the step C, the acetic acid is used in an amount
of 1.5 ml or more per gram of the compound represented by Formula
(1) obtained in the step B.
Item II-14. The method according to any one of Items II-1 to II-
13, wherein in the step C, the acetic acid is used in an amount
of 10 ml or less per gram of the compound represented by Formula
(1) obtained in the step B.
Item II-15. The method according to any one of Items II-1 to II-

14, wherein in the step C, the alcohol is used in an amount of 1

“to 100 ml per gram of the compound represented by Formula (1)

obtained in the step B.

Item II-16. The method according to any one of Items II-1 to II-
15, wherein in the step D, the hydrochloric acid is used in an
amount of 1 mole or more of the molar amount of hydrogen chloride
in the hydrochloric acid, per mole of the compound represented by
Formula (1) obtained in the step B.

Item II-17. The method according to any one of Items II-1 to II-
16, wherein in the step D, the hydrochloric acid is used in an
amount of 10 moles or less of the molar amount of hydrogen
chloride in the hydrochloric acid, per mole of the compound
represented by Formula (1) obtained in the step B.

Item II-18. The method according to Items II-17, wherein in the
step D, the hydrochloric acid is used in an amount of 2 moles or
less of the molar amount of hydrogen chloride in the hydrochloric
acid, per mole of the compound represented by Formula (1)
obtained in the step B.

Item II-19. The method according to any one of Items II-1 to II-
18, wherein in the step D, the hydrochloride is obtained by
adding a hydrochloric acid at 50°C to a reflux temperature, and

cooling the mixture to 20°C or less.
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Item II-20. The method according to Item II-19, wherein in the
step D, the hydrochloride is obtained by cooling the mixture to

10°C or less.
Item II-21. The method according to any one of Items II-1 to II-

20, wherein the hydrochloric acid is a concentrated hydrochloric

acid.

Item III-1. A method for producing a compound represented by

Formula (1):

or a salt thereof by reacting a compound represented by Formula
(2):
X1
\ @)
S

wherein X' is a leaving group, with a compound represented by

Formula (3a):
HN. NH (3a)
n__/

or a salt thereof, and reacting the resulting compound

represented by Formula (4a):
) _

[:N:]
N (4a)

A\

S

or a salt thereof with a compound represented by Formula (5):

% .

H
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wherein X? is a leaving group, or a salt thereof; the method
comprising:

step A: reacting the compound represented by Formula
(2) with the compound represented by Formula (3a) or a salt
thereof in the presence of (a) a palladium compound and a
tertiary phosphine or (b) a palladium carbene complex, in an
inert solvent or without a solvent;

stép B: reacting the compound represented by Formula
(4a) or a salt thereof with the compound represented by Formula
(5) or a salt thereof in the presence of a basic compound, in an
inert solvent or without a solvent;

step C: mixing an acetic acid and an alcohol with the
reaction product obtained in the step B: and

step D: adding a hydrochloric acid to the mixture

obtained in the step C to obtain a hydrochloride of the compound

represented by Formula (1).

Item III-2. The method according to Item III-1, wherein in the
step A, the compound representéd by Formula (2) is reacted With
the compound represented by Formula (3) or a salt thereof in the
presence of (a) a palladium compound and a tertiary phosphine, in
an inert solvent or without a solvent.

Item III-3. The method according to Item III-1, wherein in the
step A, the compound represented by Formula (2) is reacted with
the compound represented by Formula (3) or a salt thereof in the
presence of (b) a palladium carbene complex, in an inert solvent
or without a solvent.

Item IIT-4. The method according to any one of Items III-1 to

I1I-3, wherein in the step A, the tertiary phosphine is at least

one member selected from the group consisting of tri-tert-
butylphosphine, 2-(di-tert-butylphosphino)-1,1’-biphenyl, 2-(di-
tert-butylphosphino)-2'-methyl-1,1'-biphenyl, 2-(di-tert-
butylphosphino)-1,1'-binaphthyl, 2-dicyclohexylphosphino-2',6"'-
dimethoxy-1,1'-biphenyl, 2-dicyclohexylphosphino-2',6'-di-iso-
propoxy-1,1'-biphenyl, N-phenyl-2-(di-tert-butylphosphino)pyrrole,
and l-phenyl-2-(di-tert-butylphosphino)-1H-indene.
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Item III-5. The method according to any one of Items III-1 to
I11-4, wherein in the step A, the palladium carbene complex is at
least one member selected from the group consisting of (1,4-
naphthoquinone)-[1, 3-bis(2, 6-diisopropylphenyl)imidazol-2-
ylidene]palladium (0), allylchloro-[1,3-bis(2,6-
diisopropylphenyl)imidazol-2-ylidene]palladium (II), allylchloro-
[1,3-bis(2,6—diisopropylphenyl)—4,5—dihydroimidazol-2-
ylidene]palladium (II), and (3-phenylallylchloro)-[1l,3-bis(2,6-
diisopropylphenyl)-4,5-dihydroimidazol-2-ylidene}palladium (II).
Ttem III-6. The method according to any one of Items III-1 to
IIT-5, wherein in the step A, the tertiary phosphine is tri-tert-
butylphosphine and/or 2-dicyclohexylphosphino-2',6'-di-iso-
propoxy-1,1'-biphenyl. . ,
Item ITII-7. The method according to any one of Items III-1 to
III-6, wherein in the step A, the palladium compound is at least
one member selected from the group,consisting of sodium
hexachloropalladate(IV)tetrahydrate, potassium
hexachloropalladate(IV), palladium(II) chloride, palladium(II)
bromide, palladium(II) acetate, palladium(II) acetylacetonate,
dichlorobis(benzonitrile)palladium(II),
dichlorobis(acetonitrile)palladium(II),
dichlorobis(triphenylphosphine)palladium(II),
dichlorotetraamminepalladium(II), dichloro(cycloocta-1,5-
diene)palladium(II), palladium(II) trifluoroacetate,

tris(dibenzylideneacetone)dipalladium (0),

. tris(dibenzylideneacetone)dipalladium (0) chloroform complex, and

tetrakis(triphenylphosphine)palladium (0).

Item III-8. The method according to any dne of Items III-1 to
III-7, wherein the palladium compound is palladium(Ii) acetate.
Item III-9. The method according to any one of Items IITI-1 to
ITII-8, wherein in thé step A, . the palladium carbene cdmplex is
allylchloro-[1,3-bis(2,6-diisopropylphenyl)-4,5-dihydroimidazol-
2-ylidene]palladium (II). '

Item III-10. The method according to any one of Items III-1 to

I1I-9, wherein in the step A, the inert solvent is xylene and/or
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toluene.
Item III-11. The method according to any one of Items III-1 to
III-10, wherein the leaving group represented by X' in Formula (2)
is a halogen atom.
Item III-12. The method according to Item III-ll, wherein the
leaving group represented by X' in Formula (2) is a chlorine atom.
Item IIT-13. The method according to any one of Items III-1 to
IIT-12, wherein in the step A, the palladium compound is used in
an amount of 0.01 to 5 mole%, in terms of palladium atom, per
mole of the compound represented by Formula (2), and the tertiary
phosphine is used in an amount of 0.01 to 1,000 moles per mole of
palladium atom in the palladium compound.
Item ITII-14. The method according to Item III-13, wherein in the
step A, the palladium compound is used in an amount of 0.01 to
0.5 mole%, in terms of palladium atom, per mole of the compound
represented by Formula (2).
Item IIT-15. The method according to Item III-13 or III-14,
wherein in the step A, the tertiary phosphine is used in an
amount of 0.1 to 10 moles per mole of palladium atom in the
palladium compound.
Item ITI-16. The method according to any one of Items III-13 to
III-15, wherein in the step A, the tertiary phosphine is used in
an amount of 1 to 5 moles per mole of palladium atom in the
palladium compound. |
Ttem ITIT-17. The method according to any one of Items III-1 to
- ITI-16, wherein in the step A, the palladium carbene complex ié
used in an amount of 0.001 to 5 mole%, in terms of palladium atom,
per mole of the compound represented by Formula (2). -
Item ITI-18. The method according to Item III-17, wherein the
palladium carbene complex is used in an amount of 0.01 to 0.5

mole%, in terms of palladium atom, per mole of the compound

- represented by‘Formula (2).

~Item III-19. The method according to any one of Items III-1 to
III-18, further comprising:

step E: reacting the hydrochloride of the compound
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represented by Formula (1) obtained in the step D in the presence

of a basic compound‘tb obtain the compound represented by Formula

(1).

- Item III-20. The method according to Item III-19, wherein in the

step E, the basic compound is sodium hydroxide.
Item III-21. The method according to Item III-19 or III-20,
further comprising:‘ _

step F: convertihg the compound represented by Formula
(1) obtained in the step E into a salt form.
Item III-22. The method according to any one of Items III-1 to
III-21, wherein in the step C, the alcohol is at least one member
selectéd from the group consisting of methanol, ethanol,.and
isopropyl alcbhol.
Item IIT-23. The method according to Item III-22, wherein the
alcohol is ethanol.
Item III-24. The method according to any one of Items III-1 to
IIT-23, wherein in the step B, the basic compound is used in an
amount of 0.3 to 5 moles per mole of the compound represented by
Formula (5). ,
Item III-25. The method according to any one of Items III-1 to
III-24, wherein in the step B, the reaction is carried out
fﬁrther in the presence of an alkali metal halide.
Item III-26. The method according to Item III-25, wherein in the -
step B, the alkali metal halide is potassium iodide.
Item III-27. The method according to Item III-25 or III-26,
wherein in the step B, the alkali metal halide is used in an
amount of 0.1 to 10 moles per mole of the compound represented by
Formula (5).
Item ITI-28. The method according to any one of Items III-1 to
III-27, wherein in the step C, the acetic acid is used in an
amount of 0.1 ml or more per gram of the compound represented by’
Formula (1) obtained in the step B.
Item IIT-29. The method according to any one of Items III-1 to
I11-28, wherein in the step C, the acetic acid is used in an

amount of 1 ml or more per gram of the compound represented by
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Formula (1) obtained in the step B.

Item ITII-30. The method according to any one of Items III-1 to
III-29, wherein in the step C, the acetic acid is used in an
amount of 1.5 ml or more per gram of the compound represented by
Formula (1) obtained in the step B.

Item III—31..The method according to any one of Items III-1 to
III-30, wherein in the step C, the acetic acid is used in an
amount of 10 ml or less per gram of the compound represented by
Formula (1) obtained in the step B. '

Item IITI-32. The method according to any one of Items ITI-1 to
III-31, wherein in the step C, the alcohol is used in an amount
of 1 to 100 ml per gram of the compound represented by Formula
(1) obtalned in the step B.

Item III-33. The method according to any one of Items III-1 to
III-32, wherein in the step D, the hydrochloric acid is used in
an amount of 1 mole or more of the molar amount of hydrogen
chloride in the hydrochloric acid, per mole of the compound
represented by Formula (1) obtained in the step B.

Item III-34. The method according to any one of Items III-1 to
IITI-33, wherein in the step D, the hydrochloric acid is used in
an amount of 10 moles_or less of the molar amount of hydrogen
chloride in the hydrochloric acid, per mole of the compound
represented by Formula (1) obtained in the step B.

Item III-35. The method according to Item III-34, wherein in the
step D, the hydrochloric acid is used in an amount of 2 moles or
less of the molar amount of hydrogen chloride in the hydrochloric
acid, per mole of the compound represented by Formula (1)
obtained in the step B.

Item III-36. The method according to any one of Iteﬁs ITI-1 to
III-35, wherein in the step D, the hydrochloride is'obtained by
adding a hydrochloric acid at 50°C to a reflux temperature, and

cooling the mixture to 20°C or less.
Item I1I-37. The method according to Item III-36, wherein in the

step D, the hydrochloride is obtained by cooling the mixture to

10°C or less.
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Item III-38. The method according to any one of Items III-1 to

III-37, wherein the hYdrochloriq acid is a concentrated

hydrochloric acid. _

Item III-39. The method according to any one of Items III-1 to

III-38, further comprising the step of obtaining the compound

represented by Formula (2) by decarboxylation of a compound

represented by Formula (6):

X1

N\ (6)
COOH
S
wherein X' is as defined above, or a salt thereof in the presence
of a high-boiling basic cbmpound, in a high-boiling solvent or

without a solvent.

Advantageous Effects of Invention

The production method of the present invention can
produce, with high purity and high yield, and by a simple
operation, a compound represented by Formula (1) or a salt
thereof, which is useful for various medicines such as
antipsychotic drugs. Additionally, the production method of the
present invention can produce, with high purity and high yield,
and by a simple operation, a compound represented by Formula (4a)
or a salt thereof, which is a precursor of the compound
represented by Formula (1) or a salt thereof and is useful for
various medicines (e.g., antipsychotic drugs) and pesticides.'
That is, according to the production method of the present
invention, the compound represented by Formula (1) or a salt
thereof, and the compound representéd by Formula (4a) or a salt
thereof can be produced with high purity and high yield by a
simple operation, in place of column chromatography, which is an
industrially disadvantageous process.

Therefore, the production method of the present

invention is suitable for industrial applications.
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Description of Embodiments
In the present invention, a compound represented by

Formula (1):

/ N s O
OI”D\O/\/\/Q o

or a salt thereof can be produced from a benzo[b]thiophene

compound represented by Formula (2):
x1

\ (2) .

S

wherein X' is a leaving group, or a salt thereof via the specific

steps shown below.

Reaction Scheme 1
) Coa e R
X x N

(3)
N—cooH 3\ - [

First step Second step
() , (2) N\

4
N Deprotection

Third step
Db
/q._‘_‘_\

(4a)

wherein R' is a hydrogen atom or a protecting group, and X' is as
defined above.

The benzo[b]thiophene compound represented by Formula
(2) is produced by, as shown in the above Reaction Scheme 1,

decarboxylation of a compound represented by Formula (6) or a
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'salt thereof in the presence of a high-boiling basic compound

(first step).

Moreover, the 4-(1l-piperazinyl)benzo[b]thiophene
compound represented by Formula (4a) or a salt thereof is
produced by reacting the benzo[b]thiophene compound represented
by Formula (2) with a piperazine compound represented by Formula
(3) or a salt thereof (second step), and optionally removing the
N-protecting group of the obtained compound (third step). In the
present invention, the second step is also referred to as step A.

In Formulae (6) and (2), examples of the leaving group
represented by X' include halogen, lower alkylsulfonyloxy,
perfluoro lower alkylsulfonyloxy, arylsulfonyloxy,
aralkylsulfonyloxy, etc.

Examples of the halogen atom represented by X' include

fluorine, chlorine, bromine, and iodine.

In the present invention, Y“lower alkyl”, “lower alkoxy” and
“lower alkanoyl” include “C;.¢ 1linear or branched alkyl”, “Ci.
linear or branched alkoxy” and “C;. linear or branched alkanoyl”,

respectively}

Specific examples of the lower alkylsulfonyloxy group
represented by X' include C;.¢ linear or branched alkylsulfonyloxy
groups such as methylsulfonyloxy, ethylsulfonyloxy, n-
propylsulfonyloxy, isopropylsulfonyloxy, n-butylsulfonyloxy,
tert-butylsulfonyloxy, n-pentylsulfonyloxy, and n-
hexylsulfonyloxy.

Specific examples of the perfluoro lower
alkylsulfonyloxy group represented by x! include C,.¢ linear or
branched perfluoroalkylsulfonyloxy groups such as
trifluoromethylsulfonyloxy, 1,1,2,2,2-pentafluoro-1-
ethylsulfonyloxy, 1,1,2,2,3,3,3-hepta-1-propylsulfonyloxy, and
1,1,2,2,3,3,4,4,4-nonafluoro-1-butylsulfonyloxy.

Examples of the arylsulfonyloxy group represented by X'
include phenylsulfonyloxy groups optionally having, on the phenyl
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ring, 1 to 3 substituents selected from the group consisting of

Ci-¢ linear or branched alkyl groups, C;.s linear or branched

alkoxy groups, nitro groups, and halogen atoms; and
naphthylsulfonyloxy groups. Specific examples of the
phenylsulfonyloxy group optionally having a substituent include
phenylsulfonyloxy, 4-methylphenylsulfonyloxy, 2- '
methylphenylsulfonyloxy, 4-nitrophenylsulfonyloxy, 4-
methoxyphenylsulfonyloxy, 2—nitrophenylsu1fonylbxy, 3-
chlorophenylsulfonyloxy, and the like. Specific examples of
naphthylsulfonyloxy groups include a-naphthylsulfonyloxy, (-
naphthylsulfonyloxy, and the like. '

| Examples of the aralkylsulfonyioxy group represented by
X! include C;.¢ linear or branched alkylsulfonyloxy groups
substituted with a phenyl group optionally having, on the phenyl
ring, 1 to 3 substituents selected from the group consisting of
Ci-¢ linear or branched alkyl groups, C;.¢ linear or branched
alkoxy groups, nitro groups, and halogen atoms; and C;.¢ linear or
branched alkylsulfonyloxy gfoups substituted with a naphthyl
group. Specific examples of alkylsulfonyloxy groups substituted
with a phenyl group include benzylsulfonyloxy, 2-
phenylethylsulfonyloxy, 4-phenylbutylsulfonyloxy, 4-
methylbenzylsulfonyloxy, 2-methylbenzylsulfonyloxy, 4-
nitrobenzylsulfonyloxy, 4-methoxybenzYlsulfonyloxy, 3-
chlorobenzylsulfonyloxy, and the like. Specific examples of
alkylsulfonyloxy groups substituted with a naphthyl group include
ca-naphthylmethylsulfonyloxy, (-naphthylmethylsulfonyloxy, and the
like.

First step:

The compound represented by Formula (6) or a salt

‘thereof is subjected to decarboxylation without a solvent or in a

high-boiling solvent, in the presence of a high-boiling basic
compound, thereby producing a compound represented by Formula (2).
Examples of high-boiling solvents include ethers such

as diethylene glycol dimethyl ether‘and dibutyl ether; aromatic’
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hydrocarbons such as toluene, xylene, and mesitylene; alcohols
such as 1-hexanol, 2-hexanol, 3-hexanol, l-heptanol, 2-heptanol,
3-heptanol, l-octanol, 2-octanol, 3-octanol, l-nonaol, 2-nonaol,
l-decanol, 2-decanol, and 4-decanol; ketones such as 2-octanone,
3-octanone, 2-nonanone, 3-nonanone, 5-nonanone, 2-decanone, 3-
decanone, and 4-decanone; and polar solvents such as N,N-
dimethylformamide (DMF), dimethylsulfoxide (DMSO), N,N-
dimethylecetamide (DMA), 1,3-dimethyl-2-imidazolidinone (DMI),
hexamethylphosphoric triamide, and tris(dimethylamino)phosphine.
Among these high-boiling solvents, solvents having a boiling
point of 160°C or more are preferable, and DMI is particularly
preferable.

As the high-boiling basic compound, known basic
compounds having a melting point of 200°C or more can be widely
used. Examples thereof include organic bases such as 1,8-

diazabicyclo[5.4.0]Jundec-7-ene (DBU) and 1,5-

/diazabicyclo[4.3.0]non—5—ene (DBN). These high-boiling basic

compounds can be used singly or in combination of two or more.
Among these high-boiling basic compounds, DBU is preferable.

The amount of high-boiling basic cempound used is
generally about 0.05 to 10 moles, and preferably about 0.1 to 6
moles, per mole of the compound of Formula (6).

The reaction of the first step can be carried out under
reduced, normal, or elevated pressure, and can also be carried
out in an inert gas atmosphere such as nitrogen or argon.

The above reaction is generally performed at ambient
temperature to 300°C, preferably 150 to 250°C, and is generally
completed in about 1 to 30 hours. ' '

According to the first step, the decarboxylation
reaction proceeds well without using a reaction solvent, and the
amount of high-boiling basic compound (e.g., DBU) used is lower.
Thus, the first step has not only economic advahtages but also

benefits of simplifying treatment after reaction.

Second step (Step A):




10

15

20

25

30

35

WO 2013/015456 PCT/JP2012/069784
-21-

The compound represented by Formula (2) is reacted with
a compound represented by Formula (3) without a solvent or in an
inert solvent, in the presence or absence of a basic compound and
in the presence of (a) a catalyst comprising a tertiary phosphine
and a palladium compound or (b)'a palladium carbene complex,
thereby producing a compound represented by Formula (4).

The compound represented by Formula (3) is a known
compound, or can be easily produced from a known compound.

Examples of inert solvents include water; ethers such
as dioxane, tetrahydrofuran, diethyl ether, diethylene glycol
dimethyl ether, and ethylene glycol dimethyl ether; aromatic
hydrocarbons such as benzene, toluehe, and xylene:; lower alcohols
such as methanol, ethanol, and isopropanol; ketones such as
acetone and methyl ethyl ketone; and polar solvents such as DMF,
DMSO, hexamethylphosphoric triamide, and acetonitrile.

As the palladium compound used in the reaction, known
palladium compounds can be widely used. Examples thereof include
tetravalent palladium compounds such as sodium
hexachloropalladate(IV)tetrahydrate and potassium _
hexachloropalladate(IV); divalent palladium compounds such as
palladium(II) chloride, palladium(II) bromide, palladium(ITI)
acetate, palladium(II) acetylacetonate,
dichlorobis(benzonitrile)palladium(II),
dichlorobis(acetonitrile)palladium(II),
dichlorobis(triphenylphosphine)palladium(II),'
dichlorotetraamminepalladium(II), dichloro(cycloocta-1,5-
diene)palladium(II), and palladium(II) trifluoroacetate;
zerovalent palladium compounds such as '
tris(dibenzylideneacetone)dipalladium (0),
tris(dibenzylideneacetone)dipalladium (0) chloroform complex, and
tetrakis(triphenylphosphine)palladium (0); and the like. These "
palladium compounds can be used singly or in combination of two
or more.

The amount of palladium compound used is not

particularly limited, and can be suitably selected from a wide
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range. For example, the palladium compound can be generally used
in an amount of 0.000001 to 20 mole%, in terms of palladium atom,
per mole of the compound represented by Formula. (2). When the
amount of palladium compound is within this range, the compound
of Formula (4) can be produced with high selectivity. From the

viewpoint of producing the target compound with high yield in a

~short time and from an economic viewpoint, it is preferable to

use the palladium compound in an amount of about 0.0001 to 20
mole%, more preferably about 0.0001 to 5 mole%, even more

preferably about 0.01 to 5 mole%, and particularly preferably

- about 0.01 to 0.5 mole%, in terms of palladium atom, per mole of

the compound represented by Formula (2).

As the tertiary phosphine used in combination with the
palladium compound in the present invention, known tertiary
phosphines can be widely used. Specific examples thereof include
trialkylphosphines such as triethylphosphine, tri-
cyclohexylphosphine, tri-isopropylphosphine, tri-n-butylphosphine,
tri-iso-butylphosphine, tri-sec-butylphosphine, and tri-tert-
butylphosphine; triarylphosphines such as triphenylphosphine,
tri-pentafluorophenylphosphine, tri-o-tolylphosphine, triémf
tolylphosphine, and tri-p-tolylphosphine; phenoxyphosphines such
as tri(2,6-dimethylphenoxy)phosphine, tri(2-tert-
‘butylphenoxy)phosphine, triphenoxy phosphine, tri(4-
methylphenoxy)phosphine, and tri(2-methylphenoxy)phosphine; and -
biarylphosphines such as 2,2'—bis(diphenylphosphino)—1,1'—'
binaphthyl (racemic body), (R)-(+)-2,2"'-bis(diphenylphosphino)-
1,1'-binaphthyl, and (S)—(+)—2;2'—bis(diphenylphosphino)—1,1'-
binaphthyl, 2-(di-tert-butylphosphino)-1,1’-biphenyl (JohnPhos),
2-dicyclohexylphosphino-2'-methylbiphenyl (MePhos), 2-
dicyclohexylphosphino-2',6'-dimethoxy-1,1'-biphenyl (SPhos), 2-
(dicyclohexylphosphino)-2'-(N,N-dimethylamino)biphenyl (DavePhos),
and 2-(dicyclohexylphosphino)-2',6'-di-iso-propoxy-1,1'-biphenyl
(RuPhos). These tertiary phosphines can be used singly or in
cbmbination of two or more. More preferred tertiaryAphosphines

are trialkylphosphines such as tri-tert-butylphosphine, and
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biarylphosphines such as 2-(dicyclohexylphosphino)-2',6'-di-iso-
propoxy-1,1'-biphenyl (RuPhos).

In terms of suppressing the progress of side reactions,
preferable tertiary phosphines to be used ih the present
invention are tri-tert-butylphosphine and biarylphosphines such
as 2-(di-tert-butylphosphino)-1,1’-biphenyl (hereinafter “L1”),
2-(di-tert-butylphosphino)-2'-methyl-1,1"'-biphenyl (hereinafter
“L2”), 2-(di-tert-butylphosphino)-1,1'-binaphthyl (hereinafter
“L5”), 2-dicyclohexylphosphino-2',6'-dimethoxy-1,1'-biphenyl
(hereinafter “L10”), 2-dicyclohexylphosphino-2',6'-di-iso-
propoxy-1,1'-biphenyl (RuPhos) (hereinafter “L12”), N-phenyl-2-
(di-tert-butylphosphino)pyrrole (hereinafter “L16”), and 1-
phenyl-2-(di-tert-butylphosphino)-1H-indene (hereinafter “L17”).
More preferable among these are tri-tert-butylphosphine and L12.

Furthermore, the tertiary phosphine used in the present
invention may be prepared in a salt form in advance. Specific
examples of such salts include tri-tert-butylphosphonium
tetraphenylborate and tri-tert-butylphosphonium tetrafluoroborate.

The amount of tertiary phosphine used is generally
about 0.01 to 10,000 moles per mole of palladium atom in the
palladium compound. It is preferable to use the tertiary
phosphine in an amount of about 0.1 to 1,000 moles, more
preferably about 0.1 to 10 moles, and particularly preferably
about 1 to 5 moles, per mole of palladium'atom in the palladium
compouhd.

‘ Suitable combinations of a palladium compound and a
tertiary phosphine include combinations of a palladium compound
selected from the group consisting of palladium acetate,
bis(dibenzylideneacetone)palladium,
tris(dibenzylideneacetone)dipalladium,
tetrakis(triphenylphosphine)palladium, palladium chloride,
dichlorobis(triphenylphosphine)palladium, and dichlorobis(tri—o-
tolylphosphine)palladium; and a tertiary phosphine selected from
the group consisting of‘2—(di—tert-butylphosphino)-1,1’-biphenyl,
2,8,9-triisobutyl-2,5,8,9-tetraaza-1- |



10

15

20

25

30

35

WO 2013/015456 PCT/JP2012/069784

-24-

phosphabicyclo[3, 3, 3]Jundecane, N-phenyl-2-(di-tert-
butylphosphino)indole, N-phenyl-2-(di-tert-butylphosphino)pyrrole,
tri-tert-butylphosphine, 4,5-bis(diphenylphosphino)-9,9-
dimethylxanthene, tri-tert-butylphosphonium tetraphenylborate,

and tri-tert—butylphosphonium tetrafluoroborate. Particularly
preferable combinations are the combination of palladium acetate
and tri-tert-butylphosphonium tetraphenylborate, and the
combination of palladium acetate and RuPhos.

_ In terms of suppressing the progress of side reactions,
preferable combinations of a palladium compound and a fertiary
phosphine are combinations of palladium acetate and tri-tert-
butylphosphine, L1, L2, L5, L10, L12, L16, or L17, and more
preferable combinetions are combinations of palladium acetate and
tri-tert-butylphosphine or L12.

The palladium compound and the tertiary phosphine may
be prepared in a complex form in advance. When the palladium'
compound and the tertiary phosphine'are used in a complex form,
the above-mentioned combinations of a palladium compound and a
tertiary phosphine can be used. The amount of complex is
preferably the same as the above-mentioned amount of palladium
compound. |

As the palladium carbene complex, known palladium
carbene complexes can be widely used. Specific examples thereof
include (1,4-naphthoquinone)-[1,3-bis(2,6-
diisopropylphenyl)imidazol-2-ylidene]palladium (0) (hereinafter
“CX11”), (1,4-naphthoquinone)-[1,3-bis(2,4,6-
trimethylphenyl)imidazol-2-ylidene]palladium (0) (hereinafter
“CX12”), allylchloro-[1,3-bis(2,6-diisopropylphenyl)imidazol-2-
ylidene]palladium (II) (hereinafter “CX217), allylchloro-[1,3-
bis(2,4,6-trimethylphenyl)imidazol-2-ylidene]palladium (II)
(hereinafter “CX22"), allylchloro—[1,3-bis(2,6—
diisopropylphenyl)-4,5—dihydroimidazol-2—ylidene]palladium (IT)
(hereinafter “CX23”), (3-phenylallylchloro)-[1l,3-bis(2,4,6-
trimethylphenyl)-imidazol-2-ylidene]palladium (II) (hereinafter
“CX31”), (3-phenylallylchloro)-[1,3-bis(2,6-diisopropylphenyl)-
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4,5-dihydroimidazol-2-ylidenelpalladium (II) (hereinafter “CX32”),
dichloro-[1,3-bis(2,6-diisopropylphenyl)imidazol-2-
ylidenelpalladium (II)dimer (hereinafter “CX41”), and other
palladium complexes of N-heterocyclic carbene. These palladium
carbene complexes can be used singly or in combination of two or
more. In terms of suppressing the progress of side reactions,
preferable palladium carbene complexes to be used in the present
invention are CX11l, CX21, CX23, CX32, and other palladium
complexes of N-heterocyclic carbene. More preferable are CX11,
CX21, CX23, and CX32. | _

The amount of palladium carbene complex used is not
particularly limited, and can be suitably selected from a wide
range. For example, the palladium carbene complex can be '
generally used in an amount of about 0.0001 to 20 mole%, in terms
of palladium atom, per mole of the compound represented by
Formula (2). When the amount of palladium carbene complex is
within this range, the compound of'Formula (4) can be produced
with high selectivity. From the viewpoint of producing the target
compound with high yield in a short time and from an economic
viewpoint, it is preferable to use the palladium carbene complex
in an amount of about 0.001 to 5 mole%, and more preferably about
0.01 to 0.5 mole%, in terms of palladium atom, per mole of the
compound represehted by Formula (2).

The palladium carbene complex may be prepared in a
complex form in advance, or may be formed in a reaction system
from a palladium compound as mentioned above and a corresponding
carbene precursor. Usable carbene precursors are corresponding N-
heterocyclic halide salts. Specific examples thereof include 1,3-
bis(2,6-diisopropylphenyl)imidazolium chloride, 1,3-bis(2,4,6-
trimethylphenyl)imidazolium chloride, 1,3-bis(2,6- '

| diisopropylphenyl)-4,5-dihydroimidazolium chloride, 1,3-

bis(2,4,6-trimethylpheny1)—4,5-dihydroimidazolium chloride, and
other 1,3-disubstituted imidazolium salts or 1,3-disubstituted
dihydroimidazolium salts. The amount of palladium compound used

in this case may be the same as the amount of the aforementioned
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palladium carbene complex in terms of palladium atom. Moreover,
the amount of carbene precursor used is generally in the range of
about 0.0001 to 20 mole$% per mole of the compound represented by
Formula (2). From the viewpoint of producing the target compound
with high yield in a short time and from an economic Viewpoinf,
it is preferable to use the carbene precursor in an amount of
about 0.001 to 5 mole%, and more preferably about 0.01 to 0.5 -
mole%, per mole of the compound represented by Formula (2).

As the basic compound, known basic compounds can be
widely used. Examples thereof include alkali metal hydroxides
such as sodium hydroxide, potassium hydroxide, cesium hydroxide,
and lithium hydroxide; alkali metal carbonates such as sodium
carbonate, potassium carbonate, cesium carbonate, and lithium
.carbonate; alkali metal hydrogencarbonates such as lithium
hydrogencarbonate, sodium hydrogencarbonate, and potassium
hydrogencarbonate; alkali metals such as sodium and potassium;
inorganic bases such as sodium amide, sodium hydride, and
potassium hydride; alkali metal alkoxides such as sodium
methoxide, SOdium ethoxide, potassium methoxide, potassium
ethoxide, lithium tert-butoxide, sodium tert-butoxide, and
potassium tert-butoxide; and organic bases such as triethylamine,
tripropylamine, pyridine, quinoline, piperidine, imidazole, N—.
ethyldiisopropylamine, dimethylaminopyridine, trimethylamine,
dimethylaniline, N-methylmorpholine, DBN, DBU, and 1,4-
diazabidyclo[z.z.2]octane (DABCO). These basic compounds can be
used singly or in combination of two or more. A preferred basic
compound is alkali metal alkoxide.

The basic compound is generally used in an amount of
about 0.5 to 10 moles, and preferably about 0.5 to 6 moles, per
mole of the compound of Formula (2).

The compound of Formula (3) is generally used in an
amount of at least about 0.5 moles, and preferably about 0.5 to 5
moles, per mole of the compound of Formula (2).

The reaction of the second step can be carried out

under normal or elevated pressure, and can also be carried out in
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an inert gas atmosphere such as nitrogen or argon.
The above reaction is generally performed at ambient

temperature to 200°C, preferably at ambient temperature to 150°C,

and is generally completed in about 1 to 30 hours.

Third step:

In the compound represented by Formula (4) or a salf
thereof obtained in the second step, when R' is an N-protecting
group, the.compound or a salt thereof is subjected to removal of
the N-protecting group, thereby producing the compound (4a) or a
salt thereof.

Preferable examples of the "N-protecting group" include
mono-, di-, or triphenyl(lower)alkyl (e.g., benzyl, phenethyl, 1-
phenylethyl, benzhydryl, and trityl), lower alkanoyl (e.g.,
formyl, acetyl, propionyl, hexanoYl, and pivaloyl), mono- (or di-
or tri-) halo(lower)alkanoyl (e.g., chloroacetyl and
trifluoroacetyl), lower alkoxycarbonyl (e.g., methoxycarbonyl,

' ethoxycarbonyl, and tert-butoxycarbonyl), mono- (or di- or tri-)

halo(lower)alkoxycarbonyl (e.g., chloromethoxycarbonyl,
dichloroethoxycarbonyl, and trichloroethoxycarbonyl), aroyl (e.g.,
benzoyl, toluoyl, xyloyl, and naphthoyl), phenyl(lower)alkanoyl
(e.g., phenylacetyl and phenylpropionyl),

phenyl({lower)alkoxycarbonyl optionally having nitro or lower.

~alkoxy (e.g., benzyloxycarbonyl, phenethyloxycarbonyl, p-

nitrobenzyloxycarbonyl, and p-methoxybenzyloxycarbonyl), lower
alkylsulfonyl (e.g., methylsulfonyl, ethylsulfonyl,
propylsulfonyl, isopropylsulfonyl, pentylsulfonyl, and
butylsulfonyi), arylsulfonyl (e.g., phenylsulfonyl, tolylsulfonyl,
xylylsulfonyl, and naphthylsulfonyl), and
phenyl{(lower)alkylsulfonyl (e.g., benzylsulfonyl,
phenethylsulfonyl, and benzhydrylsulfonyl).

More preferable examples of the “N—pfotecting group"
include triphenyl (C,..) alkyl, (Ci.4) alkanoyl, and (Ci.s)
alkoxycarbonyl, and particularly preferably tert-butoxycarbonyl.

The removal of the N-protecting group (deprotection) is
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performed by a known method such as hydrolysis or reduction.

Hydrolysis:

Hydrolysis is preferably carried out in the presence of
base or acid, including a Lewis acid.

Examples of suitable bases include inorganic bases such
as alkali metal‘hydroxides (e.g., sodium hydroxide and potassium
hydroxide), alkali earth metal hydroxides (e.g., magnesium
hydroxide and calcium hydroxide), alkali metal carbonates (e.g.,
sodium carbonate and potassium carbonate), alkaline earth metal
carbonates (e.g., magnesium carbonate and calcium carbonate), and
alkali metal hydrogencarbonates (e.g., sodium hydrogencarbonate
and potassium hydrogencarbonate); and organic bases such as
trialkylamine (e.g., trimethylamine and triethylamine), picoline,
DBN, DBU, and DABCO. ‘

Suitable acids are organic acids (e.g., formic acid,
acetic acid, propionic acid, trichlofoadetic acid, and
trifluoroacetic acid) and inorganic acids (e.g., hydrochloric
acid, hydrobromic acid, and sulfuric acid).

Deprotection using a Lewis acid such as trihaloacetic
acid (e.g., trichldroacetic acid or trifluoroacetic acid), is
preferably carried out in the presence of a cation scavenger
(e.g., anisole or phenol). '

Hydrolysis is performed in a commonly used solvent that
does not adversely affect the reaction. Examples thereof include
water; alcohols such as methanol, ethanol, trifluoroethanol, and
ethylene.glycol; acetone; ethers such as diethyl ether, dioxane,
énd tetrahydrofuran; halogenated hydrocarbons such as chlordform,
methylene chloride, and ethylene chloride; esters such as methyl
acetate and ethyl acetate; acetonitrile and DMF; and mixtures
thereof. When the base or acid is liquid, the base or acid can
also be used as a solvent.

The hydrolysis reaction is generally carried out while

cooling or heating, or at ambient temperature.
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Reduction:

Known reduction reaction such as chemical reduction and
catalytic reduction can be applied to reduction.

Preferable reducing agents used in chemical reduction
are, for example, combinations of hydrides (e.g., lithium
aluminum hydride, sodium borohydride, sodium cyanoborohydride,
and diisopropyl aluminum hydride), metals (e.g., tin, zinc, and
iron), or metal compounds (e.g., chromium chloride and chromium
acetate) with organic or inorganic acids (e.g., formic acid,
acetic acid, propionic acid, trifluorocacetic acid, p-
toluenesulfonic acid, hydrochloric acid, and hydrobromic acid).

Preferable catalysts used in catalytic reduction are
platinum catalysts (e.g., platinum plates, platinum sponge,
platinum black, colloidal platinum, platinum oxide, and platinum

wires), palladium catalysts (e.g., palladium sponge, palladium

 black, palladium oxide, palladium-carbon, colloidal palladium,

palladium-barium sulfate, and palladium-barium carbonate), nickel
catalysts (e.g., reduced nickel, nickel oxide, and Rahey nickel),
cobalt catalysts (e.g., reduced cobalt and Raney cobalt), iron
catalysts (e.g., reduced iron and Raney iron), and copper
catalysts (e.g., reduced copper, Raney copper, and Ullmann
copper). ’

The reduction reaction is performed in a commonly used
solvent that does not adversely affect the reaction. Examples
thereof include water; alcohols such as methanol, ethanol,
trifluoroethanol, and ethylene glycol; acetone; ethers such as
diethyl ether, dioxané, and tetrahydrofuran; halogenated
hydrocarbons such as chloroform, methylene chloride, and ethylene
chloride; esters such as methyl acetate and ethyl acetate;
acetonitrile, DMF, and pyridine; and mixtures thereof.

The reduction reaction is generally carried out while
cooling or heating, or at ambient temperature, preferably at
ambient temperature to 100°C, for about 0.5 to 10 hours.

Furthermore, the aforementioned deprotection of the N-

protecting group is not limited to the above reaction conditions.
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For example, the reaction described in T. W. Green and P. G. M.
Wuts, "Protective Groups in Organic Synthesis” 2nd ed., John
Wiley & Sons; New York, 1991, p. 309, can be applied to the third
step.

Reaction Scheme 2

H
BRSS!
2
[N:I o N o >N |
(5) // '
y PO SR
o O/\/\/N

N
S H

(4a) M

wherein X* is a leaving group.

In Formula (5), examples of the leaving group
represented by X? include those mentioned as examples of the
leaving group represented by X' such as halogen, lower
alkylsulfonyloXy, perfluoro lower alkylsulfonyloxy,
arylsulfonyloxy, and aralkylsulfonyloxy.

The compound represented by Formula (5) is a known

compound, and can be produced by a known method.

Step B:

As shown in the above Reaction Scheme 2, the compound
represented by Formula (1) or a salt thereof can be produced by
reacting a 4-(l-piperazinyl)benzo[b]thiophene compound
represented by Formula (4a) or a salt thereof with a compound

represented by Formula (5) or a salt thereof without a solvent or

. in an inert solvent, in the presence of a basic compound. In the

step B, an alkali metal halide is preferably present in the
reaction system.

The compound of Formula (4a) or a salt thereof is used
in an amount of about 0.5 to 5 moles, preferably about 0.9 to 2
moles, and more preferably about 1 to 1.2 moles, per mole of the
compound of Formula (5) or salt thereof.

As the basic compound, known basic compounds can be
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widely used. Examples thereof include alkali metal hydroxides
such as sodium hydroxide, potassium hydroxide, cesium hydroxide,
and lithium hydroxide; alkali metal carbonates such as sodium
carbonate, potassium carbonate, cesium carbonate, and lithium
carbonate; alkali metal hydrogencarbonates such as lithium
hydrogencarbonate, sodium hydrogencarbonate, and potassium
hydrogencarbonate; alkali metals such as sodium and potassium;
inorganic bases such as sodium amide, sodium hydride, and
potassium hydride; alkali metal alkoxides such as sodium
methoxide, Sodium ethoxide, potassium methoxide, potassium
ethoxide, lithium tert-butoxide, sodium tert-butoxide, and
potassium tert-butoxide; organic bases such as triethylamine,
tripropylamine, pyridine, quinoline,'piperidine, imidazole, N-
ethyldiisopropylamine, dimethylaminopyridine, trimethylamine,
dimethylaniline, N-methylmorpholine, DBN, DBU, and DABCO. These
basic compoﬁnds can be used singly or in cdmbination of two or
more. Preferable basic compounds include alkali_métal carbonates.

The basic compound is generally used in an amount of
about 0.3 to 5 moles, and preférably about 1 to 2 moles, per mole
of the compound of Formula (5).

Examples of alkali metal halides include potassium
iodide and sodium iodide. These alkali metal halides can be used
singly or in combination of two or more. Preferable alkali metal
halides include potassium iodide.

The alkali metal halide is generally used in an amount .
of about 0.1 to 10 moles, and preferably about 1 to 1.2 moles,
per mole of the compound of Formula (5).

Examples of inert solvents include water; ethers such
as dioxane, tetrahydrofuran, diethyl ether, diethylene glycol
dimethyl ether, and ethylene glycol dimethyl ether; aromatic
hydrocarbons such as benzene, toluene, and xylene; lower alcohols
such as methanol, ethanol, and isopropénol; ketones such as
acetone and methyl ethyl ketone; and polar solvents such as DMF,
DMSO, hexamethylphosphoric triamide, ahd acetonitrile.

The above reaction is generally performed at ambient
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temperature to 200°C, preferably at ambient temperature to 150°C,
and is generally completed in about 1 to 30 hours.

In the Reaction Scheme 2, the compound represented by
Formula (1) or a salt thereof can be produced with high purity by
a simple method including the following steps C and D. That is,

the compound represented by Formula (1) or a salt thereof, which

- is sufficiently applicable to medicine applications, can be

obtained with high purity via the steps C and D, without

performing purification by column chromatography.

Step C:

A solution of the compound represented by Formula (1)
can be obtained by mixing an acetic acid and an alcohol with the
compound represented by Formula (1), which is a reaction product
obtained in the step B.

Examples of alcohols include methanol, ethanol,
isopropyl alcohol, n-propyl alcohol, tert-butyl alcohol, and the
like. Preferable are methanol, ethanol, and isopropyl alcohol,
and more preferable is ethanol. These alcohol solvents can be
used singly or in combination of two or more.

In the step C, the acetic acid and alcohol can be mixed
simultaneously or separately. More specifically, a mixed solvent
of the acetic acid and alcohol can be mixed with the'compound of
Formula (1); or one of the acetic acid and alcohol is first mixed
with the compound of Formula (1), and the other is then mixed.

The amount of acetic acid'used may be 0.1 ml or more,
preferably 1 ml or more, and more preferably 1.5 ml or more, per
gram of the compound represented by Formula (1) obtained in the
step B. Although the upper 1limit of the amount is not
particularly limited, the amount of acetic acid used is, for
example, 10 ml or lower per gram of the compound represented by
Formula (1) obtained in the step B. » |

The alcohol solvent may be used in an amount that
allows sufficient dissolution of the compound represented by

Formula (1) and precipitation of the hydrochloride represented by
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Formula (1) in the step D described later. For example, the above
purification method can be performed using 1 to 100 ml of alcohol
solvent per gram of the compound represented by Formula (1)
obtained in the step B.
' In the step C, solvents other than acetic acid and
alcohol may be mixed. Examples of such a solvent include water

and other solvents.

Step D:

A hydfochloride of the compound represented by Formula
(1) can be obtained by adding a hydrochloric acid to the mixture
obtained in the step C.

Examples of hydrochloric acids include concentrated
hydrochloric acids and hydrochloric acids with a normality of 1
to 12. A mixed solution of an alcohol (e;g., methanol, ethanol,
or isopropyl alcohol) and a‘concentrated hydrochloric acid or
hydrochloric acids with a normality of 1 to 12 can also be used.
In addition, a solution prepared by dissolving hydrogen chloride
in an organic solvent such as an alcohol (e.g., methanol, ethanol,
or isopropyl alcohol), ether (e.g., dioxane), or ester (e.g.,
ethyl acetate), can also be used.

As the amount of hydrochloric acid used, the molar

“amount of hydrogen chloride in the hydrochloric acid is

preferably 1 mole or more per mole of the compound represented by
Formula (1) obtained in the step B. Although the upper limit of
the amount is not particularly limited, the molar amount of
hydrogen chloride in the hydrochloric acid is, for example, 10
moles or lower, and preferably 2 moles or lower per mole of the
compound represented by Formula (1) obtained in the step B.

The temperature at which the step D is performed is not
particularly limited; for example, the hydrochloride can be
obtained by adding a hydrochloric acid at around 50°C to a reflux
temperature, and cooling the mixture to 20°C (preferably 10°C) or
less.

By employing a production method including the above
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steps B, C, and D, hardly removable by-products can be removed by
a simple method, without using a purification method such as

column chromatography, and the compound represented by Formula

(1) or a salt thereof can be produced with high yield and high

" purity.

Step E:

The compound represented by Formula (1) can also be
obtained by further reacting the hydrochioride of the compound of
Formﬁla (1) obtained in the step D in a mixture of water and
alcohol (e.g. methanol, ethanol, isopropylalcohol) in the
presence of a basic compound.

The mixture of water and alcohol used in step E can be
obtained by, for example, mixing alcohol with water in an amount
such that the volume ratio of water to alcohol is 0.1 to 10.

As the basic compound, known basic compounds can be
widely used. Examples thereof include alkali metal hydroxides
such as sodium hydroxide, potassium hydroxide, cesium hydroxide,
and lithium hydroxide; alkali metal carbonates such as sodium
carbonate, potassium carbonate, cesium carbonate, and lithium -
carbonate; alkali metal hydrogencarbonates such as lithium
hydrogencarbonate, sodium hydrogencarbonate, and potassium
hydrogencarbonate; alkali metals such as sodium and potassium;
inorganic bases such as sodium amide, sodium hydride, and
potassium hydride; alkali metal alkoxides such as sodium
methoxide, sodium ethokide, potassium methoxide, potassium
ethexide, lithium tert-butoxide, sodium tert-butoxide, and
potassium tert-butoxide; and organic bases such as triethylamine,
tripropylamine, pyridine, quinoline, piperidine, imidazole, N-
ethyldiisopropylamine, dimethylaminopyridine, trimethylamine,
dimethylaniline, N-methylmorpholine, DBN, DBU, and DABCO. These
basic compounds can be used singly or in combination of two or
more. A preferred basic compound is alkali metal alkoxide.
Preferred basic compounds are alkali metal hydroxides such as

sodium hydroxide, potassium hydroxide, cesium hydroxide, and
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lithium hydroxide; and alkaline earth metal hydroxides such as

calcium hydroxide. A more preferred basic compound is sodium
hydroxide.

The temperature at which the step E is performed is not
particularly 1imited;»for example, the compound of Formula (1)
can be obtained by adding the basic compound at around 60°C to a
reflux temperature, and cooling the mixture to 50°C (preferably
40°C) or less.

Step F:

A salt of the compound represented by Formula (1) can
be obtained by further converting the compound of Formula (1)
obtained in the step E into a salt form. As the method for
obtaining the salt of the compound of Formula (1), known methods
generally used can be used. For example, a compound corresponding
to the target salt (e.g., acid such as hydrochloric acid) is
reacted in a solution of the compound represented by Formula (1).

In the method shown in the above Reaction Scheme 1, the
compound (6) used as a starting material may be an easily
available known compound, or can be easily produced by a known
method. For example, the compound (6) can be produced by a method

shown in the following Reaction Scheme 3:

Reaction Scheme 3
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wherein X' is as defined above, and X’ is halogen (fluorine,
chlorine, bromine, or iodine).
The compounds represented by Formulae (7) to (11) are
5 known compounds, or can be easily produced from known compounds.
These series of reactions can be performed by the
methods disclosed in Reference Examples 1 to 8, or by methods
similar to those methods.
The starting compound used@ in each of the above
10 reactidn schemes may be a preferable salt. Moreover, the target
compéund obtained in eaéh reaction may form a preferable salt.
Examples of such preferable salts include preferable salts of the
compounds (1) and (4a) exemplified below.
Preferable salts of the compounds (1) and (4a) are
15 pharmacologically acceptable salts. Examples therebf include
metal salts such as alkali metal salts (e.g., sodium salts and
potassium salts) and alkaline earth metal salts (e.g., calcium
salts and magnesium salts); ammonium salts; salts of other

inorganic bases such as alkali metal carbonates (e.g., lithium
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carbonate, potassium carbonate, sodium carbonate, and cesium
carbonate), alkali metal hydrogencarbonates (e.g., lithium
hydrogencarbonate, sodium hydrogencarbonate, and potassium
hydrogencarbonate), and alkali metal hydroxides (e.g., lithium
hydroxide, sodium hydroxide, potassium hydroxide, and cesium
hydroxide); salts of organic bases such as tri(lower)alkylamines
(e.g., trimethylamine, triethylamine, and N- '
ethyldiisopropylamine), pyridine, quinoline, piperidine,
imidazole, picoline, dimethylaminopyridine, dimethylaniline, N-
(lower)alkylmorpholine (e.g., N-methylmorpholine), DBN, DBU, and
DABCO; inorganic acid salts such as hydrochloride, hydrobromate,
hydriodate, sulfate, nitrate, and phosphate:; organic acid salts
such as formate, acetate, propionate, oxalate, malonate,
succinate, fumarate, maleate, lactate, malate, citrate, tartrate,
citrate, carbonate, picrate, methanesulfonate, ethanesulfonate,
p—toluenesuifonate, and glutamate; and the like.

Each of the target compounds obtained according to the
above reaction schemes can be isolated and purified from the
reaction mixture by, for example, cooling the reaction mixture,
followed by an isolation procedure such as filtration,
concentration, or extraction, to separate a crude reaction
product, and then subjecting the crude reaction product to a
usual purification procedure, such as recrystallization. From the
industrial viewpoint, the purification proéedure is preferably
recrystallization or the like.

The compounds of Formulae (1) and (4a) according to the
present invention naturally include geometrical isomers,

stereoisomers, optical isomers, and like isomers.

Examples
The present invention is described below in more detail
with reference to Reference Examples and Examples.
Reference Example 1 *
¢+ Synthesis of 2,6-dichlorobenzylidenerhodanine
2,6-Dichlorobenzaldehyde (77.0 g), rhodanine (58.6 g),
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and acetic acid (539 ml) were suspended with stirring at room

temperature. Anhydrous sodium acetate (116 g) was added to the

suspension, and the resulting mixture was heated under reflux for

3 hours. The reaction mixture was cooled to 45°C, and ice water

(700 ml) was added. After the mixture was stirred for 0.2 hours,

the precipitated crystals were collected by filtration, washed

with water, and then dried to obtain 2,6-

dichlorobenzylidenerhodanine. Even in non-dried form, this

product could be subjected to the subsequent step.

Yield: 125.4 g

'H-NMR (CDC1;) Oppm;

7.30-7.44 (3H, m), 7.70 (1H, s), 9.6 (1H, br.).

Reference Example 2

* Synthesis of 2-chloro-6-fluorobenzylidenerhodanine
2-Chloro-6-fluorobenzaldehyde (9.50 g), rhodanine (7.98

g). and acetic acid (57 ml) were stirred at room temperature.

Anhydrous sodium acetate (14.0 g)vwas added to the obtained

suspension, and the mixture was heated with stirring for 2 hours.

The reaction mixture was allowed to cool to room temperature, and

ice water (190 ml) was added thereto. The precipitated crystals

were collected by filtration, washed with water, and then dried

- to obtain 2-chloro-6-fluorobenzylidenerhodanine.

Yield: 15.7 g
'H-NMR(CDC1;) Sppm;
7.37-7.64 (4H, m), 13.9 (1H, br.).
Reference Example 3
e Synthesis of (Z)-3-(2,6-dichlorophenyl)-2-mercapto-2-propenoic
acid

_ A suspension of 2,6- dichlorobenzylidenerhodanine
(160.4 g) and water (800 ml) was stirred at room temperature, and
sodium hydroxide (83.0 g) was added over a period of 1 hour. The
resulting mixture was heated with stirring for another 0.5 hours.
The reaction mixture was cooled with ice (10°C), and concentrated
hydrochloric acid (192 ml) was added. After the mixture was

stirred while cooling with ice for 0.5 hours, the precipitated
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| crystals were collected by filtration. vThe crystals obtained by

filtration were washed with water and then dried to obtain an
equivalent amount of (Z)-3—(2,6-dichlorophenyl)—2—mercapto—2—
propenoic acid.
Yield: 138.9 g
'H-NMR (DMSO-ds) Oppm;
7.23-7.67 (4H, m), 3.5-5.7 (1H, br.), 11.7-14.5 (1H, br.).
Reference Example 4 o
¢ Synthesis of 2-carboxy-4-chlorobenzo[b]thiophene

A suspension of (Z)-3-(2,6-dichlorophenyl-2-mercapto-2-
propenoic acid (72.4 g) and water (362 ml) was stirred at room
temperature. Further, potassium hydroxide (40.8 g) was added, and
the mixture was heated under reflux for 4 hours. After the
mixture was allowed to cool, the mixture was stirred for 1 hour
while cooling with ice. The precipitated crystals ((Z)-3-(2,6-
dichlorophenyl-2-mercapto-2-propenoic acid potassium salt) were
collected by filtration and washed with coid water. After the
crystals were suspendéd in water, 35% concentrated hydrochloric
acid (32 ml) was added (pH = 1), and the mixture was stirred at
room témperature for 1 hour. The precipitated crystals were
collected by filtration and dried to obtain 2-carboxy-4-
chlorobenzo[b]thiophene.
Yield of 48.8 g
'H-NMR (DMSO-ds) Oppm;
7.53 (1H, t, J = 7.7 Hz), 7.58 (1H, 44, J = 7.7, 1.3 Hz), 8.03
(1H, 4, J = 0.5 Hz), 8.07 (1H, 4, J = 7.6 Hz).
Reference Example 5
* Synthesis of sodium 4-chlorobenzo[b]thiophen-2-carboxylate

After sodium hydroxide (4.55 g) was dissolved in water
(50 ml), 2,6-dichlorobenzylidenerhodanine (10.00 g) was added.
The mixture was stirred under reflux for 5 hours, and then cooled
to room temperature. The precipitated crystals were collected by
filtration and washed with cold water to obtain sodium 4-
chlorobenzo[b]thiophenQZFcarboxylate.
Yield: 7.24 g '
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'H-NMR (DMSO-ds) Sppm;
7.39 (t, J = 7.7 Hz, 1H), 7.47 (44, J = 7.7, 1.0 Hz, 1H), 7.73 (4,
J =0.8 Hz, 1H), 7.93 (dt, J = 7.9, 0.9 Hz, 1H).
Reference Example 6

¢ Synthesis of 2-carboxy-4-chlorobenzo[b]thiophene
Sodium 4-chlorobenzo[b]thiophen-2-carboxylate (2.40 g)

was dissolved in water (33 ml) at 60°C. Concentrated hydrochloric

acid (1.3 ml) was added to the solution at the same temperature,

and the resulting mixture was stirred. The precipitated crystals
were collected by filtration, washed with water, and then dried
to obtain 2-carboxy-4-chlorobenzo[b]thiophene.
Yield: 1.61 g
'H-NMR (DMSO-ds) ;
7.53 (1H, t, J = 7.7 Hz), 7.58 (1H, 44, J = 7.7, 1.3 Hz), 8.03
(1H, 4, J = 0.5 Hz), 8.07 (1H, 4, J = 7.6 Hz).
Reference Example 7 _
* Synthesis of 2-carboxy-4-chlorobenzo[b]thiophene

After potassium hydroxide (30.8 g) was dissolved in
water (179 ml), thioglycolic acid (19.4 g) was added to the
solution, and 2,6-dichlorobenzaldehyde (32.0 g) was further added.
The resulting mixture was heated under reflux for 2.5 hours. The
mixture was allowed to cool, and then allowed to stand at room
temperature overnight. The precipitated crystals (potassium 4-
chlorobenzo[b]thidphén—z-carboxylate) was collected by filtration
and washed with cold water. Further, the crystals were dispersed
in water (256 ml). After concentrated hydrochloric acid (20 ml)
was added thereto, the resulting mixture was stirred for 1 hour.
The precipitated crystals were collected by filtration and washed
with water. Crude crystals of this 2-carboxy-4-
chlorobenzo[b]thiophene were dispersed in ethyl acetate (96 ml),
and washed at room temperature. The predipitated crystals were
washed with ethyl acetate, and then dried to yield 29.12 g of a
dried product. The dried product was further washed with ethyl
acetate, and the wash was concentrated to 70 ml. The precipitated

secondary crystals were collected and dried to obtain 2-carboxy-
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4-chlorobenzo[b]thiophene (1.35 g).
Yield: 30.5 g
White crystals
'H-NMR (DMSO-ds) Sppm; .
7.53 (1H, t, J= 7.7 Hz), 7.58 (1H, 44, J= 7.7, 1.3 Hz), 8.03 (1H,
d, J= 0.5 Hz), 8.07 (1H, 4, J= 7.6 Hz).
Reference Example 8
e Synthesis of 4-chlorobenzo[b]thiophene

A mixture of 2-carboxy-4-chlorobenzo[b]thiophene (7.24
g). quinoline (36 ml), and copper powder (1.45 g) was stirred at
145 to 155°C for 1 hour. After the mixture was allowed to cool to
room temperature, the mixture was diluted with diisopropyl ether‘
(145 ml), and insoluble materials were removed by filtration. The
filtrate was washed with dilute hydrochloric acid (40 ml of 35%
concentrated hydrochloric acid + 200 ml of cold water) and with
water, then dried over magnesium sulfate, and concentrated. A
trace amount of precipitates was further removed from the
concentrate by filtration to obtain 4-chlorobenzo[b]thiophene.
Yield: 5.59 g
Light brown oil
'H-NMR (DMSO-ds) Sppm;
7.38 (1H, t, J = 8.4 Hz), 7.51 (1H, 4d, J = 5.5, 0.8 Hz), 7.48

(1H,.dd,vJ =7.7, 0.9 Hz), 7.94 (1H, 4d, J = 5.5, 0.4 Hz), 8.02
(1H, 4at, J = 8.0, 0.9 Hz).
Example 1

* Synthesis of 4-chlorobenzo[b]thiophene

A mixture of 2-carboxy-4-chlorobenzo[b]thiophene (50.00
g). 1,3-dimethyl-2-imidazolidinone (DMI; 200 ml), and 1,8-
diazabicyclo[5.4.0]-undec-7-ene (140.7 ml) was heated at 160 to

195°C with stirring for 6 hours. After the mixture was cooled to

| 10°C, the mixture was added to 3N-hydrochloric acid (350 ml)

cooled to 10°C. After the mixture was extracted with toluene (500
ml), the toluene layer was washed with 3N-hydrochloric acid,
water, aqueous sodium bicarbonate solution, water, saline, and

water in this order, and then concentrated to obtain 4-
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chlorobenzo[b]thiophene.

Yield: 36.78 g

'H-NMR (DMSO-d¢) Sppm;

7.38 (1H, t, J = 8.4 Hz), 7.51 (1H, dd, J = 5.5, 0.8 Hz), 7.48

(1H, 44, J = 7.7, 0.9 Hz), 7.94 (1H, dd, J = 5.5, 0.4 Hz), 8.02
(1H, 4t, J = 8.0, 0.9 Hz).
Example 2

* Synthesis of 4-(l-piperazinyl)benzo[b]thiophene hydrochloride
4-Chlorobenzo[b]thiophene (5.00 g), piperazine (5.11 g},
palladium acetate (II) (2.7 mg), tri-tert-butylphosphonium
tetraphenylborate (6.2 mg), sodium tert-butoxide (8.548 g), and
xylene (70 ml) were stirred at 120 to 130°C for 5 hours. After
the reaction mixture was cooled to room temperature, water was
added thereto, and the layers were separated. The xylene layer
was washed with water, and then with'saline. After addition of
activated carbon, the mixture was stirred at room temperature for
30 minutes. After filtration of the mixture, concentrated
hydrochloric acid was added to the filtrate, and the resulting
mixture was stirred at room temperature for 30 minutes. The
precipitated crystals were collécted by filtration and dried to
obtain 4-(1l-piperazinyl)benzo[b]thiophene hydrochloride.
Yield: 6.94 g
'H-NMR (DMSO-d¢) Sppm;
3.30 (4H, br.s), 3.61 (4H, br.s), 6.97 (1H, 4, J= 7.8 Hz), 7.32
(1H, br.d4d, J= 8.4, 7.8 Hz), 7.53 (1H, 4, J= 5.6 Hz), 7.70 (lH; d,
J= 8.4 Hz), 7.76 (1H, 4, J= 5.6 Hz), 9.37 (1lH, br.s).
Example 3
* Synthesis of 4-(1l-piperazinyl)benzo[b]thiophene hydrochloride
4-Chlorobenzo[b]thiophene (10.0 g) and xylene (100 ml)
were placed in a reaction vessel. The reaction vessel was
evacuated and then purged with argon. Subsequently, piperazine
(15.3 g), sodium tert-butoxide (17.1 g), palladium acetate (II)
(13.0 mg), and 2-dicyclohexylphosphino-2’,6’ -di-iso-propoxy-1,1’-
biphenyl (RuPhos) (69.0 mg) were added. After evacuation and

purging with argon, the mixture was refluxed for 2 hours. After
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the reaction mixture was cooled to about 80°C, water (50 ml) and
silica #600H (0.65 g) were added. The mixture was stirred at
approximately 60°C for about 10 minutes, and then filtered. After
the filtrate was separated into layers, the xylene layer was
washed with water. Subsequently; the xylene layer was placed into
the reaction vessel again. After addition of water (200 ml) and
concentrated hydrochloric acid (8.0 ml), the mixture was heated
with stirring for dissolution. The layers were separated at 75°C
or more. After the aqueous layer was collected, toluene (150 ml)
and 25% aqueous sodium hydroxide solution (16 ml) were added, and
the mixture was stirred. The layers were separated, and the
organic layer was collected. The organic layer was washed with
water and concentrated with an evaporator. Methanol (150 ml) was
added to the concentrated oil to dissolve the o0il, thus producing
a methanol solution. 2-Propanol (150 ml) and concentrated
hydrochloric acid (7 ml) were placed into anothervreaction vessel,
and the methanol solution was added dropwise over a period of 15
minutes or more. After completion of the dropwise addition, the
mixture was cooled and stirred at 10°C or less for about 30
minutes, and then filtered (washed with a mixture of 5 ml of
methanol and 5 ml of 2-propanol). The crystals were collected,
and then dried to obtain 4—(1—piperazinyl)benzo[b]thiophene
hydrochloride.

Yield: 11.61 g

'H-NMR (DMSO-dg) Oppm;

8.0, 7.5 Hz), 7.52 (1H, 4, J = 5.5 Hz), 7.70 (1H, 4, J = 8.0 Hz),
7.75 (1H, 4, J = 5.5 Hz), 9.35 (lH, br.s).
Reference Example 9
. Syhthesis of 7-(4-chlorobutoxy)-1H-quinolin-2-one

After 7-hydroxy-1lH-quinolin-2-one (10 g) and DMF (50
ml) were heated to approximately 30°C, an aqueous potassium
carbonate solution (potassium carbonate: 8.6 g, water: 10 ml) was

added. After the mixture was stirred at 30 to 40°C for about 15
minutes, 1l-bromo-4-chlorobutane (14.3 ml) was added and stirred
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at approximately 40°C for 5 hours. Water (100 ml) was added
dropwise over a period of 30 minutes or more while the
temperature was maintained at BGTfor more. After the mixture was
stirred at approximately 30°C for 30 minutes, stirring was
continued at 10°C or less for 1 hour, after which the precipitated
crystals were collected by filtration. After methanol (100 ml)
was added to the precipitated crystals, the mixture was stirred
under reflux to ensure dissolution. This solution was cooled and
stirred at 30 to 40°C for 30 minutes and then at 5°C or less for
about 1 hour, after which the precipitated crystals were
collected by filtration. The crystals were dried at 60°C to
obtain 7-(4-chlorobutoxy)-1H-quinolin-2-one as white powder.
Yield: 12.3 g
'H-NMR (300 MHz; CDCl;) Oppm;
1.95-2.05 (4H, m), 3.64 (2H, t, J = 6.0Hz), 4.10 (2H, t, J = 5.5
Hz), 6.56 (1H, 4, J = 9.5 Hz), 6.80 (1H, 4d, J = 9.0 Hz, 2.5 Hz),
6.84 (1H, 4, J = 2.5 Hz), 7.45 (1H, 4, J = 9.0 Hz), 7.73 (1H, 4,
J = 9.5 Hz), 12.45 (1H, brs).
Example 4
* Synthesis of 7-[4—(4-benzo[b]thiophen—4-yl-piperazin-1-
yl)butoxy]l-1H-quinolin-2-one '

After l-benzo[b]thiophen-4-yl-piperazine hydrochloride
(10.6 g), potassium carbonate (5.8 g), and DMF (50 ml) were
stirred at 30 to 40°C for about 30 minutes, 7-(4-chlorobutoxy)-1H-
quinolih-z-one (10.0 g) and potassium iodide (6.9 g) were added.
The mixture was stirred at 90 to 100°C for 2 hours. While the
temperature of the mixture was maintained at 60°C or more, water
(150 ml) was added dropwise over a period of 10 minutes or more.

After the mixture was cooled to 10°C or less, the precipitated

~ crystals were collected by filtration, and washed with water and

then with ethanol.

After ethanol (325 ml) and acetic acid (25 ml) were
added to the precipitated crystals, the mixture was stirred under
reflux for dissolution. Concentrated hydrochloric acid (3.6 ml)

was added at around 70°C, and the mixture was cooled. After
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confirming the precipitation of crystals, the mixture was heated

again and stirred under reflux for 1 hour. After the mixture was

cooled to 10°C or less, the precipitated crystals were collected

by filtration and washed with ethanol.

After ethanol (191 ml) and water (127 ml) were added to
the precipitated crystals, the mixture was stirred under reflux
for dissolution. After activated carbon (0.89 g) was added, the
mixture was stirred under reflux for 30 minutes and then hot
filtered. After activated carbon was rémoved, the mixture was
heated again for dissolution. After 25% aqueous sodium hydroxide
solution (5.8 ml) was added at approximately 70°C, the mixture was
stirred under reflux for 30 minutes, after which water (64 ml)
was added at approximately 70°C. After the mixture was stirred at
40°C for 30 minutes, the precipitated crystals were cqllected by
filtration at 40°C or less, then washed with water, and dried to
obtain 7-[4-(4-benzo[b]thiophen-4-yl-piperazin-1-yl)butoxy]-1H-
quinolin-2-one as white crystals. '

Yield: 14.30 g

'H-NMR(DMSO-ds) OSppm:

1.6-1.75 (2H, m), 1.75-1.9 (2H, m), 2.44 (2H, t, J = 7.0 Hz),
2.,55-2.70 (4H, m), 3.00-3.15 (4H, m), 4.06 (2H, t, J = 6.3 Hz),
6.30 (1H, 4, J = 9.5 Hz), 6.75-6.85 (2H, m), 6.88 (1H, 4, J = 7.5
Hz), 7.27 (1H, dd, J = 8 Hz, 8 Hz), 7.40 (1H, 4, J = 5.5 Hz),
7.55 (1H, 4, J = 9.5 Hz), 7.61 (1H, 4, J = 8 Hz), 7.69 (1H, 4, J
= 5.5 Hz), 7.80 (1H, 4, J = 9.5 Hz), 11.58 (1H, bs).

Example 5 _
| A palladium compound and a tertiary phosphine compound,
or a palladium carbene complex, used in the second step (step A)
was investigated. ’

Example'5a

4-Chlorobenzo[b]thiophene (500 mg) and xylene (5 ml)
were placed in a reaction vessel. Subsequently, piperazine (766
mg) was added thereto, and the reaction vessel was purged with
argon gas. Subsequently, sodium tert-butoxide (855 mg), palladium
acetate (II) (6.6mg, 1.0 mol%), and 2-(di-tert-butylphosphino)-
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1,1’ -biphenyl (17.6mg, 2.0 mol%) were placed in the reaction
vessel. The reaction vessel was evacuated and then purged with

argon. Subsequently, the reaction was allowed to proceed under

reflux for 3 hours. After the reaction, a portion of the

suspension was sampled, and unreacted materials and the reaction
product contained in the reaction suspension were analyzed using
high-performance liquid chromatography (HPLC) (column; XBridge C8
(4.6 mm I.D. x 15 cm), eluate; 10 mmol/L aqueous sodium dodecyl
sulfate (SDS) solution: acetonitrile: acetic acid = 50:5021, 290
nm, flow rate: 1.0 ml/min, temperature: 30°C). Table 1 below

shows the results.

SRR

()

/N

/ \ catalyst - N 7 S
N\ + HN N
S \—/ tBuONa N\
xWene
S S AN
S
4-CBTH (3a) (4a) impurity 1 impurity 2

Rt=8.9 min Rt=5.1 min Rt=15.8 min Rt=37.0 min

Rt is the retention time under the above-mentioned conditions in
HPLC,YtBu is tert-butyl and 4-CBTH stands for 4-
chlorobenzo[b]thiophene.

Examples 5b to 5g / _

The reaction product contained in the reaction
suspension was analyzed in the same manner as in Example 5a,
except that the tertiary phosphine compounds (the above L2, L5,
L10, L12, L16, and L17) (2.0 molg%) were used ih place of 2-(di-
tert-butylphosphino)-1,1’ -biphenyl (L1l). Table 1 below shows the

results.
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I P(Bu), I P(Bu), : I P(1Bu), I PCy, .
MeO OMe

PCYQ ’ P(tBU)z O‘
PrO QiPr

L12 L17

“P(tBu),

In the above formulas, Me is methyl, tBu is tert-butyl,
iPr is isopropyl, and Cy is cyclohexyl.
Example 6 _
Examples 6a to 64

The reaction product contained in the reaction
suspension was analyzed in thé same manner as in Example 5a,
except that palladium carbene complexes (the above CX11l, CX21,
CX23, and CX32) (1.0 mol%) were used in place of palladium
acetate (II) and L1. Table 1 below shows the results.
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CX21

CX11

Pr ' Pr

Cx23 Cx32
iPr is as defined above.
Example 7

The reaction product contained in the reaction

suspension was analyzed in the same manner as in Example 5a,
except that the amount of palladium acetate (II) used in Example
5a was changed to 0.08 mol%, and tri-tert-butylphosphonium
tetraphenylborate (0.12 mol%) was used in place of 2-(di—tert—
butylphosphino)-1,1’ -biphenyl. Table 1 shows the results.
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Table 1
Tertiary HPLC area$
phosphine
Example or carbene (4a) ~ 4-CBTH | Impurity 1 | Impurity 2

complex
5a L1 68.55 N.D. 0.14 9.99
5b L2 65.08 16.19 0.07 2.22
5c L5 64.72 15.10 0.13 2.14
54 L10 88.29 N.D. 0.98 2.04
5e L12 80.03 N.D. 0.41 4.20
5f L16 82.57 0.01 0.06 7.20
5g L17 . 74.64 0.02 0.01 14.26
6a CX11 83.74 0.03 0.44 6.58
6b CX21 92.33 0.02 0.63 1.85
6C CX23 96.08 N.D. 0.28 0.13
64 CX32 87.56 0.02 0.45 5.51
7 TTBuP-K 81.42 0.13 0.30 1.83

In Table 1, each numerical yield value was calculated

from the area of the peak area in HPLC.

TTBuP-K is tri-tert-

butylphosphonium tetraphenylborate, and 4-CBTH is as defined

above.

Industrial Applicability

The present invention provides an industrially

advantageous method for producing a benzo[b]lthiophene compound

that is useful as an intermediate in the synthesis of various

pharmaceuticals such as antipsychotic drugs, pesticides, etc. In

field of pharmaceutical manufacturing.

- particular, this method can be advantageously performed in the
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CLAIMS
[Claim 1]
A method for producing a compound represented by

Formula (4):

R1
|
_/Nj
N @)
B
N A g

wherein R' is a hydrogen atom or a protecting group, or a salt

thereof by reacting a compound represented by Formula (2):
X1
N\ @
~S
wherein X' is a leaving group, with a compound represented by
Formula (3):
HN N—R' (3)
__/

wherein R! is as defined above, or a salt thereof; the method
comprising:

step A: reacting the compound represented by Formula

(2) with the compound represented by Formula (3) or a salt

thereof in the presence of (a) a palladium compound and a
tertiary phosphine or (b) a palladium carbene complex, in an

inert solvent or without a solvent.

[Claim 2]

The method according to claim 1, wherein the tertiary
phosphine is at least one member selected from the group
consisting of tri-tert-butylphosphine, 2-(di-tert-
butylphosphino)-1,1’ -biphenyl, 2-(di-tert—butylphosphino)-2'-
methyl-1,1'-biphenyl, 2-(di-tert-butylphosphino)l,1'-binaphthyl,
2-dicyclohexylphosphino—z',6'—dimethoxy—l,l'—biphenyl, 2-
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dicyclohexylphosphino-2',6'-di-iso-propoxy-1,1'-biphenyl, N-
phenyl-2-(di-tert-butylphosphino)pyrrole, and l-phenyl-2-(di-
tert-butylphosphino)-1H-indene.

[Claim 3]

The method according to claim 1, wherein the‘palladium
carbene complex is at least one member selected from the group
consisting of (1,4-naphthoquinone)-[1,3-bis(2,6-
diisopropylphenyl)imidazol—2-ylidené]palladium (0), allylchloro-
[i,3-bis(2,6-diisopropylphenyl)imidazol-2~ylidene]palladium (11),
allylchloro-[1,3-bis(2,6-diisopropylphenyl)-4,5-dihydroimidazol-
2-ylidene]palladium (II), and (3-phenylallylchloro)-[1,3-bis(2,6-
diisopropylphenyl)-4,5-dihydroimidazol-2-ylidene]palladium (II).

[Claim 4]

The method according to any one of claims 1 to 3,
further comprising the step of obtaining the compound represented
by Formula (2) by decarboxylation of a compound represented by

Formula (6):
X1

' ()
\ COOH

S

wherein X' is as defined above, or a salt thereof in the presence
of a high-boiling basic compound, in a high-boiling solvent or

without a solvent.
[Claim 5]

A method for producing a compound represented by

Formula (1):

JS N AN o
N ——
o H O/”\\//\\V/ \V/J

or a salt thereof by reacting a compound represented by Formula
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(4a):
N
S

A\

S

or a salt thereof with a compound represented by Formula (5):

o~
| @ ©
o N o >

H

wherein X2 isva ieaving group, or a salt thereof; the method
comprising:

step B: reacting the compound represented by Formula
(4a) or a salt thereof with the compound represented by Formula
(5) or a salt thereof in the presence of a basic compound, in an
inert solvent or without a solvent;

step C: mixing an acetic acid and an alcohol with the
reaction product obtained in the step B; and

step D: adding a hydrochloric acid to the mixture
obtained in the step C to obtain a hydrochloride of the compound

represented by Formula (1).

[Claim 6]

The method according to claim 5, further comprising:

step E: reacting the hydrochloride of the compound
represented by Formula (1) obtained in the step D in the presence

of a basic compound to obtain the compound represented by Formula
(1).

[Claim 7]
The method according to claim 6, further comprising:
step F: converting the compound represented by Formula

(1) obtained in the step E into a salt form.
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[Claim 8]
- The method according to any one of claims 5 to 7,
wherein the alcohol is at least one member selected from the

group consisting of methanol, ethanol, and isopropyl alcohol.

[Claim 9]
A method for producing a compound represented by

Formula (1):

10 or a salt thereof by reacting a . compound represented by Formula
(2): . . :
X1
N\ @
S

wherein X' is a leaving group, with a compound represented by
Formula (3a):
. / \
HN NH (3a)
15 __/ |
or a salt thereof, and reacting the resulting compound

represented by Formula (4a):

H
()
N (4a)

N\

S

or a salt thereof with a compound represented by Formula (5):

=
o ©
o N O/\/\/

20 H
wherein X? is a leaving group, or a salt thereof;'the method
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comprising:
step A: reacting the compound represented by Formula
(2) with the compound represented by Formula (3a) or a salt‘
thereof in the presence of (a) a palladium compound and a
tertiary phosphine or (b) a palladium carbene complex, in an
inert solvent or without a solvent;
step B: reacting the compound represented by Formula
(4a) or a salt thereof with the compound represented by Formula
(5) or a salt thereof in the presence of a basic compound, in an
inert solvent or without a solvent;
step C: mixing an acetic acid and an alcohol with the
reaction product obtained in the step B:; and
step D: adding a hydrochloric acid to the mixture
obtained in the step C to obtain a hydrochloride of the compound

represented by Formula (1).

[Claim 10]

The method according to claim 9, wherein the tertiary
phosphine is at least one member selected from the group
consisting of tri-tert-butylphosphine, 2-(di-tert-
butylphosphino)-1,1’ -biphenyl, 24(di-tert—butylphosphino)—2'-
methyl-l,li—biphenyl, 2-(di—tért—butylphosphino)1,1'—binaphthyl,
2-dicyclohexylphosphino-2',6"'-dimethoxy-1,1"'-biphenyl, 2-
dicyclohexylphosphino-2',6'-di-iso-propoxy-1,1'-biphenyl, N-
phenyl-2-(di-tert-butylphosphino)pyrrole, and l-phenyl-2-{di-
tert-butylphosphino)-1H-indene. '

[Claim 11]

The method according to claim 9, wherein the palladium
carbene complex is at least one member selected from the group
consisting of (1,4-naphthoquinone)-[1,3-bis(2,6-
diisopropylphenyl)imidazol-2-ylidene]palladium (0), allylchloro-
[1,3—bis(2,6—diisopropylphenyl)imidazol—z—yiidene]palladium (11),
allylchloro-[1,3-bis(2,6-diisopropylphenyl)-4,5-dihydroimidazol-
2-ylidene]palladium (II), and (3-phenylallylchlor6)-[1,3—bis(2,6-
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diisopropylphenyl)-4,5-dihydroimidazol-2-ylidene]palladium (II).

[Claim 12]

The method according to any one of claims 9 to 11,
further comprising:

step E: reacting the hydrochloride of the compound
represented by Formula (1) obtained in the step D in the presence

of a basic compound to obtain the compound represented by Formula
(1).

[Claim 13]
The method according to claim 12, further comprising:
step F: converting the compound represented by Formula

(1) obtained in the step E into a salt form.

[Claim 14]
The method according to any one of claims 9 to 13,
wherein the alcohol is at least one member selected from the

group consisting of methanol, ethanol, and isopropyl alcohol.

[Claim 15]

The method according to any one of claims 9 to 14,
further comprising the step of obtaining the compound represented
by Formula (2) by decarboxylation of a compound represented by

Formula (6):
X1
(6)
\ COOH
S

wherein X' is as defined above, or a salt thereof in the presence
of a high-boiling basic compound, in a high-boiling solvent or

without a solvent.
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3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet
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As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

m No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 2, 10(completely); 1, 4-9, 12-15(partially)

processes comprising monodentate phosphine ligands according
to present claim 2

2. claims: 3, 11(completely); 1, 4-9, 12-15(partially)

processes comprising palladium carbene complexes according
to present claim 3

3. claims: 4, 15(completely); 1-3, 5-14(partially)

processes comprising an additional decarboxylation step
according to present claim 4

4. claims: 5, 9-15(completely); 1-4, 6-8(partially)

processes comprising additional work-up steps C and D
according to present claim 5
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