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Description

Technical Field

[0001] The present invention relates to a process for producing intermediates of a useful compound which exhibits
an inhibitory action on an activated coagulation factor X, and which is thus useful as a preventive/therapeutic drug for
thrombus-related diseases.

Background Art

[0002] Compounds having a heterocyclic group and a diamine structure are known to be useful as preventive/thera-
peutic drugs for a variety of thrombus-related diseases, because they exhibit excellent inhibitory action against an
activated coagulation factor (FXa) (Patent Documents 1 to 6, and others). For introducing a heterocyclic group into any
of the above compounds, the compound of formula (5); i.e., 5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine-2-car-
boxylic acid (hereinafter referred to as compound (5)):

is an important intermediate.
[0003] In one process which has hitherto been known to produce compound (5), a piperidone derivative is treated
with phosphorus sulfide to thereby form a thiazole ring, and then, a methyl group is introduced to the 5-position by use
of lithium aluminum hydride, and the 2-position is converted to a lithium salt of carboxylic acid (see, for example, Patent
Document 7). In another known process, a mercapto group which has been introduced into a protected aminopyridine
is subjected to a ring formation reaction, followed by chemical reduction of the pyridine ring to thereby form a lithium
salt of carboxylic acid (see, for example, Patent Document 1). In yet another known process, protected piperidone is
first transformed into 2-amino-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine (hereinafter referred to as compound (2)) in the
presence of a secondary amine by use of sulfur powder and cyanamide, then brominated with copper bromide(II) and
alkyl nitrite, after which a methyl group is introduced to the 5-position by use of formaldehyde and triacetoxysodium
borohydride, and the resultant 2-bromo-5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine (hereinafter referred to as
compound (3)) is transformed to a lithium salt of carboxylic acid (see, for example, Patent Document 1).
[0004] However, any of the above methods involves reactions that are difficult to manipulate when performed on an
industrial scale, and includes a considerable number of steps because protection/deprotection steps are needed. More-
over, since chromatography is employed for purification, the overall production time is extended, which is industrially
disadvantageous. Also, a compound (5) isolated as a lithium salt is highly hygroscopic, and therefore handling is difficult.
Moreover, since the compound (5) lacks stability, storage-related problems arise.
[0005] In the meantime, compound (2) has been known to be obtained by reacting 1-methyl-4-piperidone (hereinafter
referred to as compound (1)) with bromine (see for example, Patent Document 8).
[0006] However, use of bromine is industrially disadvantageous, as it is difficult to handle and places a great load on
the environment. Moreover, during the process, a brominated compound must be isolated as an intermediate, which
means that the process requires two steps.
[0007] Another method which has been known for preparing a compound (3) includes bromination of compound (2)
with copper bromide (II) (see, for example, Patent Document 9). However, this method requires copper bromide (II) in
an amount equal to or more than that of the compound (2). This makes it difficult to separate by-produced copper salts
after the reaction, and chromatography is needed for purifying compound (3). Thus, the method is industrially disadvan-
tageous.

[Patent Document 1] International Publication WO 01/74774 pamphlet
[Patent Document 2] International Publication WO 03/000680 pamphlet
[Patent Document 3] International Publication WO 03/016302 pamphlet
[Patent Document 4] International Publication WO 2004/058715 pamphlet
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[Patent Document 5] International Publication WO 2004/058728 pamphlet
[Patent Document 6] International Publication WO 03/000657 pamphlet
[Patent Document 7] International Publication WO 01/62763 pamphlet
[Patent Document 8] Netherlands patent No. 6610324
[Patent Document 9] International Publication WO 92/07849 pamphlet

Disclosure of the Invention

Problems to be Solved by the Invention

[0008] The object of the present invention is to provide a process for industrially producing, through use of inexpensive
starting materials, intermediates of a useful compound which exhibits activated blood coagulation factor X inhibitory
effect. The process enables efficient production of the intermediates with a fewer number of production steps.

Means for Solving the Problems

[0009] In order to solve the aforementioned problems, the present inventors have studied extensively and have found
that (a) a compound (5) can efficiently be produced by subjecting a compound (3) to cyanation thereby giving 2-cyano-
5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine (compound (4)) and then hydrolyzing the compound (4); (b) - the
compound (5) can be produced by subjecting a compound (2) to reduction and thereby giving 4,5,6,7-tetrahydrothiazo-
lo[5,4-c]pyridine (compound 6) and then subjecting the compound (6) to trihalogenoacetylation and then to hydrolysis;
and (c) the compound (2) can conveniently be produced from a compound (1) with a single step by use of a catalytic
amount of a secondary amine, the compound (3) can be produced from the compound (2) without copper bromide (II),
and each of the compounds (2) to (6) can be isolated, by treating with an acidic compound, as a stable salt with the
acidic compound; and that, through use of any of these steps in combination, the compound (5) can be produced in an
industrial scale with a small number of production steps.
The present invention is accomplished based on the findings.
[0010] Accordingly, a process for producing a compound represented by formula (5) or a salt thereof is disclosed:

wherein the process comprises reacting a compound represented by formula (3) or a salt thereof:

with a metal cyanide, to thereby obtain a compound represented by formula (4) or a salt thereof:



EP 2 266 991 B1

4

5

10

15

20

25

30

35

40

45

50

55

and hydrolyzing the obtained compound or a salt thereof.
[0011] A process for producing a compound represented by formula (4) or a salt thereof is also disclosed:

wherein the process comprises reacting a compound represented by formula (3) or a salt thereof:

with a metal cyanide.
[0012] A process for producing a compound represented by formula (5) or a salt thereof is also disclosed:

wherein the process comprises hydrolyzing a compound represented by formula (4) or a salt thereof.

[0013] A process for producing a compound represented by formula (5) or a salt thereof is also disclosed:
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wherein the process comprises reacting a compound represented by formula (2) or a salt thereof:

with an alkali metal nitrite in the presence of a reducing agent in an aqueous solution of an acidic compound, to thereby
obtain a compound represented by formula (6) or a salt thereof:

and reacting the obtained compound or a salt thereof with trihalogenoacetyl halide in the presence of a base, followed
by hydrolysis.
[0014] A process for producing a compound represented by formula (6) or a salt thereof is also disclosed:

wherein the process comprises reacting a compound represented by formula (2) or a salt thereof:

with an alkali metal nitrite in the presence of a reducing agent in an aqueous solution of an acidic compound.
[0015] A process for producing a compound represented by formula (5) or a salt thereof is also disclosed:
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wherein the process comprises reacting a compound represented by formula (6) or a salt thereof:

with trihalogenoacetyl halide in the presence of a base, followed by hydrolysis.
[0016] The present invention provides a process for producing a compound represented by formula (5) or a salt thereof:

wherein the process is characterized by comprising reacting a compound represented by formula (1) or a salt thereof:

with sulfur powder and cyanamide in the presence of a secondary amine, to thereby obtain a compound represented
by formula (2) or a salt thereof:

and reacting the obtained compound or a salt thereof hydrobromic acid and alkali metal nitrite, to thereby obtain a
compound represented by formula (3) or a salt thereof:
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and reacting the obtained compound or a salt thereof with alkyllithium and carbon dioxide.
[0017] A process for producing a compound represented by formula (2) or a salt thereof is also disclosed:

wherein the process comprises reacting a compound represented by formula (1) or a salt thereof:

with sulfur powder and cyanamide in the presence of a secondary amine.
[0018] A process for producing a compound represented by formula (3) or a salt thereof is also disclosed:

wherein the process comprises reacting a compound represented by formula (2) or a salt thereof:

with hydrobromic acid and an alkali metal nitrite.
[0019] A salt formed between an acidic compound and a compound represented by formula (4)is also disclosed.
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[0020] A salt formed between an acidic compound and a compound represented by formula (5) is also disclosed.

[0021] A salt formed between an acidic compound and a compound represented by formula (6)is also disclosed.

[0022] A salt formed between an acidic compound and a compound represented by formula (2)is also disclosed.

[0023] A salt formed between an acidic compound and a compound represented by formula (3) is also disclosed.

[0024] The present invention also provides a process for producing a compound represented by formula (8) or a salt
thereof:
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wherein

each of R1 and R2 represents a hydrogen atom;

Q1 represents C4 alkylene;

R3 represents a hydrogen atom;

R4 represents a N,N-dimethylcarbamoyl;

Q2 represents 5-chloropyridin-2-yl;

T1 represents carbonyl, -C(=O)-C(=O)-N(R’), -C(=S)-C(=O)-N(R’)-, -C(=O)-C(=S)-N(R’)-, or -C(=S)-C(=S)-N(R’)-
(wherein R’ represents a hydrogen atom, hydroxyl, C1-C6 alkyl or C1-C6 alkoxy),wherein the process is characterized
by the preparation of a hydrochloric salt of compound (5) represented by formula (5):

through a process according to claim 1, followed by reacting the hydrochloric acid salt
with diamines represented by formula (7) or a salt thereof:

(wherein R1, R2, R3, R4, T1, Q1, and Q2 have the same meanings as described above).

[0025] A process for producing a compound represented by formula (8) or a salt thereof is also disclosed:
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(wherein R1, R2, R3, R4, T1, Q1, and Q2 have the same meanings as described above), wherein the process comprises
reacting a compound which is represented by formula (5) and which is produced through any of the above processes
or a salt thereof:

with diamines represented by formula (9) or a salt thereof:

(wherein Rk is an amino-group-protective group and R1, R2, R3, R4, and Q1 have the same meanings as described
above) to thereby obtain a compound represented by formula (10):

(wherein R1, R2, R3 , R4, Q1, and RK have the same meanings as described above), and removing Rk from the obtained
compound or a salt thereof, to thereby produce a compound represented by formula (11) or a salt thereof:

(wherein R1, R2, R3, R4, and Q1 have the same meanings as described above), and reacting the obtained compound
or a salt thereof with a compound represented by formula (12) or a salt thereof:
[F36]

HO-T1-Q2 (12)
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(wherein T1 and Q2 have the same meanings as described above).
[0026] A process for producing a compound represented by formula (8’)is also disclosed:

(wherein R1, R3, R4, T1, Q1, and Q2 have the same meanings as described above), wherein the process comprises
reacting a compound which is represented by formula (5) and which is produced through any of the above processes
or a salt thereof:

with diamines represented by formula (13) or a salt thereof:

(wherein R1, R3, R4, and Q1 have the same meanings as described above) to thereby obtain a compound represented
by formula (14) or a salt thereof:

(wherein R1, R3, R4, and Q1 have the same meanings as described above), and reducing the obtained compound or a
salt thereof, to thereby yield a compound represented by formula (11’) or a salt thereof:
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(wherein R1, R3, R4, and Q1 have the same meanings as described above), and reacting the obtained compound or a
salt thereof with a compound represented by formula (12) or a salt thereof:
[F42]

HO-T1-Q2 (1 2)

(wherein T1 and Q2 have the same meanings as described above).

Effects of the Invention

[0027] The processes of the present invention enable production of a compound (5) in an industrially advantageous
manner. Through use of the processes of the present invention, a compound which exhibits excellent FXa inhibitory
effect and thus is useful as a preventive/therapeutic drug for thrombotic diseases can be produced in an industrially
advantageous manner.

Best Mode for Carrying Out the Invention

[0028] The processes for producing the compound (5) including the process according to the present invention are
represented by the following reaction scheme and will next be described.
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[0029] Step (A): 1-Methyl-4-piperidone (1) or a salt thereof is reacted, in the presence of a secondary amine, with a
sulfur powder and a cyanamide, to thereby produce a compound (2) or a salt thereof. The compound (1) may be prepared
through, for example, methylation of 4-piperidone by use of a conventional method.
[0030] The cyanamide is preferably used in an amount of 1 to 2 equivalents, more preferably 1 equivalent on the basis
of 1 mole of the compound (1). The sulfur powder is preferably used in an amount of 1 to 2 equivalents, more preferably
1 equivalent on the basis of 1 mole of the compound (1). No particular limitation is imposed on the secondary amine.
Examples of the secondary amine include diethylamine, diisopropylamine, pyrrolidine, piperidine, and morpholine, with
pyrrolidine being preferred. The amount of secondary amine added may be a catalytic amount, preferably 0.01 to 1.2
equivalents, more preferably 0.1 to 0.5 equivalents, still more preferably 0.1 equivalents on the basis of 1 mole of the
compound (1).
[0031] No particular limitation is imposed on the reaction solvent, so long as the solvent is inert with respect to the
reaction. Examples of the solvent which may be employed include alcoholic solvents such as methanol, ethanol, and
2-propanol; ether solvents such as diethyl ether, tetrahydrofuran, and 1,4-dioxane; acetonitrile; and acetic acid alkyl
ester solvents such as ethyl acetate and isopropyl acetate. Among these solvents, alcoholic solvents are preferred, with
2-propanol being more preferred.
[0032] The reaction temperature, which differs depending on the solvent to be employed, typically falls within a range
of 0°C to the boiling point of the solvent, preferably a range of 45°C to the boiling point of the solvent. The reaction is
carried out for about 1 to 24 hours, preferably about 2 to 5 hours until virtually completion.
[0033] The reaction mixture may be directly subjected to filtration to isolate the compound (2) as crystals. Alternatively,
when the compound (2) is to be isolated in the form of a salt, an acidic compound is added to the reaction mixture. The
"acidic compound" refers to a compound which, as itself, is acidic, or which, when being dissolved in water, is acidic.
Examples of the acidic compound which may be employed include organic carboxylic acids such as oxalic acid, acetic
acid, benzoic acid, p-nitrobenzoic acid, malic acid, tartaric acid, succinic acid, maleic acid, and fumaric acid; organic
sulfonic acids such as p-toluenesulfonic acid, and methanesulfonic acid; and inorganic acids such as hydrochloric acid,
hydrobromic acid, sulfuric acid, and phosphoric acid. Among these acidic compounds, hydrobromic acid is preferred.
[0034] Step (B): The compound (2) or a salt thereof is reacted, in the presence of hydrobromic acid, with an alkali
metal nitrite, to thereby give a compound (3) or a salt thereof.
[0035] Examples of the alkali metal nitrite which may be employed include sodium nitrite, potassium nitrite, and lithium
nitrite, with sodium nitrite being preferred. The alkali metal nitrite is preferably used in an amount of 1 to 3 equivalents,
more preferably 1.5 equivalents on the basis of 1 mole of the compound (2).
[0036] The reaction is performed at a temperature falling within a range of -20 to 100°C, preferably -5 to 15°C for
about 1 to 36 hours, preferably 3 to 24 hours until virtually completion.
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[0037] The compound (2) may be isolated through addition of an aqueous solution of an alkali metal hydroxide (e.g.,
sodium hydroxide, potassium hydroxide, or lithium hydroxide) or an alkaline earth metal hydroxide (e.g., calcium hydroxide
or barium hydroxide), preferably aqueous sodium hydroxide, for alkalifying the mixture (about pH 12 to 13); extraction
of the mixture through use of a suitable solvent; and evaporation under reduced pressure.
[0038] No particular limitation is imposed on the solvent employed for extraction. Examples of the extraction solvent
include ether solvents such as diethyl ether, diisopropyl ether, and methyl tert-butyl ether; aromatic hydrocarbon solvents
such as benzene and toluene; and acetic acid alkyl ester solvents such as ethyl acetate and isopropyl acetate. Among
these solvents, aromatic hydrocarbon solvents are preferred, with toluene being more preferred.
[0039] The compound (3) may be isolated in the form of a salt through dissolution in a suitable solvent and treatment
with an acidic compound. Examples of the acidic compound include the same compounds as described above. Of these,
p-toluenesulfonic acid is preferred.
[0040] No particular limitation is imposed on the solvent. Examples of the solvent which may be employed include
alcoholic solvents such as methanol, ethanol, and 2-propanol; ether solvents such as diethyl ether, tetrahydrofuran, and
1,4-dioxane; aromatic hydrocarbon solvents such as benzene and toluene; acetonitrile; and acetic acid alkyl ester
solvents such as ethyl acetate and isopropyl acetate. Among these solvents, alcoholic solvents are preferred, with
methanol being more preferred.
[0041] REFERENCE Step (C)(not according to the present invention): The compound (3) or a salt thereof is reacted
with a metal cyanide, to thereby give 2-cyano-5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine (hereinafter referred to
as "compound (4)") or a salt thereof.
[0042] Examples of the metal cyanide include sodium cyanide, potassium cyanide, lithium cyanide, copper cyanide,
and zinc cyanide. These metal cyanides may be employed in combination of two or more species, and a combination
of sodium cyanide and copper cyanide is preferred. The metal cyanide is preferably used in an amount of 1 to 3 equivalents,
more preferably 1.5 equivalents on the basis of 1 mole of the compound (3).
[0043] No particular limitation is imposed on the reaction solvent, so long as the solvent is inert with respect to the
reaction. Examples of the reaction solvent include amide solvents such as N,N-dimethylformamide and N,N-dimethyl-
acetamide; aromatic hydrocarbon solvents such as benzene and toluene; and dimethyl sulfoxide. Of these, N,N-dimeth-
ylacetamide is preferred.
[0044] The reaction temperature falls within a range of 0 to 200°C, preferably 140 to 160°C. The reaction is performed
for about 8 to 48 hours, preferably 13 to 20 hours until virtually completion.
[0045] The thus-obtained compound (4) may be isolated through addition of aqueous sodium hydrogencarbonate or
a similar solution; extraction with a suitable solvent; evaporation under reduced pressure.
[0046] No particular limitation is imposed on the extraction solvent. Examples of the extraction solvent which may be
employed include ether solvents such as diethyl ether, diisopropyl ether, and methyl tert-butyl ether; aromatic hydrocarbon
solvents such as benzene and toluene; and acetic acid alkyl ester solvents such as ethyl acetate and isopropyl acetate.
Among these solvents, aromatic hydrocarbon solvents are preferred, with toluene being more preferred.
[0047] Alternatively, the compound (4) may be isolated in the form of a salt of an acidic compound. Examples of the
acidic compound include the same as described above. Of these acidic compounds, hydrochloric acid is preferred.
[0048] REFERENCE Step (D) (not according to the present invention): The compound (4) or a salt thereof is hydrolyzed,
to thereby give a compound (5) or a salt thereof.
[0049] The hydrolysis may be carried out by dissolving the compound (4) in a suitable solvent and treating the solution
with an aqueous solution of an alkali metal hydroxide. Examples of the alkali metal hydroxide include sodium hydroxide,
lithium hydroxide, and potassium hydroxide, with lithium hydroxide being preferred. Examples of the solvent which may
be employed include alcoholic solvents such as ethanol, methanol, and 2-propanol, acetone, and acetonitrile, with
ethanol being preferred.
[0050] The reaction temperature falls within a range of 0°C to the boiling point of the solvent, preferably 40 to 70°C.
The reaction is performed until virtually completion, for about 1 to 24 hours, preferably 5 to 10 hours.
[0051] The compound (5) may be isolated in the form of a salt through addition of an acidic compound to the reaction
mixture. Examples of the acidic compound include the same as described above. Of these, hydrochloric acid is preferred.
[0052] Step (E): The compound (3) or a salt thereof is reacted with an alkyllithium and carbon dioxide gas, to thereby
give a compound (5) or a salt thereof.
[0053] The reaction consists of two sub-steps. The first sub-step is lithiation through use of an alkyllithium. The alkyl-
lithium is used preferably in an amount of 1 to 2 equivalents, more preferably 1 to 1.2 equivalents on the basis of 1 mole
of the compound (3). The alkyllithium is preferably n-butyllithium. The reaction temperature falls within a range of -78°C
to the boiling point of the solvent, preferably -78 to 0°C. The reaction is performed for several minutes to 24 hours,
preferably several minutes to 2 hours until virtually completion.
[0054] The second sub-step is a reaction between the lithium salt obtained in the first sub-step and carbon dioxide
gas. Specifically, carbon dioxide is injected to the reaction mixture obtained through the above lithiation, or the reaction
system is placed in a carbon dioxide atmosphere. The reaction temperature falls within a range of -78°C to the boiling
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point of the solvent, preferably -78 to 0°C. The reaction is performed until virtually completion, for several minutes to 24
hours, preferably several minutes to 2 hours. Preferably, in the step (E), the sub-steps are both carried out under nitrogen,
argon, or a similar inert gas.
[0055] No particular limitation is imposed on the reaction solvent, so long as the solvent is inert with respect to reaction.
Examples of the reaction solvent include ether solvents such as methyl tert-butyl ether, diisopropyl ether, tetrahydrofuran,
and 1,4-dioxane; linear of cyclic saturated hydrocarbon solvents such as n-hexane, n-heptane, and cyclohexane; and
aromatic hydrocarbon solvents such as benzene and toluene. Among these solvents, ether solvents are preferred, with
tetrahydrofuran being more preferred.
[0056] The compound (5) may be isolated in the form of a lithium salt by directly subjecting the reaction mixture to
filtration. However, a lithium salt of the compound (5) is unstable. Therefore, preferably, the lithium salt is transformed
into a free carboxylic acid, or, alternatively, a suitable second solvent is added to the resultant free carboxylic acid, and
the solution is treated with an acidic compound, to thereby isolate the compound (5) as a salt. Examples of the acidic
compound include the same as described above, with hydrochloric acid being preferred.
[0057] No particular limitation is imposed on the second solvent. Examples of the second solvent which may be
employed include alcoholic solvents such as methanol, ethanol, and 2-propanol; acetonitrile; and acetic acid alkyl ester
solvents such as ethyl acetate and isopropyl acetate. Among these solvents, alcoholic solvents are preferred, with
methanol being more preferred.
[0058] REFERENCE Step (F) (not according to the present invention): The compound (2) or a salt thereof is reacted
with an alkali metal nitrite in the presence of a reducing agent in an aqueous solution of an acidic compound, to thereby
give a compound (6) or a salt thereof.
[0059] Examples of the acidic compound include the same compounds as described above, with sulfuric acid being
preferred.
[0060] Examples of the reducing agent include hydrogen, sodium borohydride, hypophosphorous acid, and formic
acid, with hypophosphorous acid being preferred. Examples of the alkali metal nitrite include sodium nitrite, potassium
nitrite, and lithium nitrite, with sodium nitrite being preferred.
[0061] The reducing agent is used preferably in an amount of 1 to 3 equivalents, more preferably 2 equivalents on the
basis of 1 mole of the compound (2). The alkali metal nitrite is preferably used in an amount of 1 to 3 equivalents, more
preferably 2 equivalents on the basis of 1 mole of the compound (2). The reaction is performed at a temperature falling
within a range of -20 to 50°C, preferably -5 to 15°C, for about 1 to 36 hours, preferably 1 to 24 hours.
[0062] The compound (6) may be isolated through addition of an aqueous solution of an alkali metal hydroxide (e.g.,
sodium hydroxide, potassium hydroxide, lithium hydroxide), preferably an aqueous lithium hydroxide solution for alka-
lifying the mixture (pH 12 to 13 or thereabouts); extraction through use of a suitable solvent; and evaporation under
reduced pressure.
[0063] No particular limitation is imposed on the extraction solvent. Examples of the extraction solvent which may be
employed include ether solvents such as diethyl ether, diisopropyl ether, and methyl tert-butyl ether; aromatic hydrocarbon
solvents such as benzene and toluene; acetic acid alkyl ester solvents such as ethyl acetate and isopropyl acetate; and
halohydrocarbon solvents such as dichloromethane and chloroform. Among these solvents, acetic acid alkyl ester sol-
vents and halohydrocarbon solvents are preferred, with ethyl acetate being more preferred.
[0064] Alternatively, the compound (6) may be isolated in the form of a salt through addition of an acidic compound
in a suitable solvent. No particular limitation is imposed on the solvent. Examples of the solvent which may be employed
include alcoholic solvents such as methanol, ethanol, and 2-propanol; ether solvents such as diethyl ether, tetrahydro-
furan, and 1,4-dioxane; aromatic hydrocarbon solvents such as benzene and toluene; acetonitrile; and acetic acid alkyl
ester solvents such as ethyl acetate and isopropyl acetate. Among these solvents, alcoholic solvents are preferred, with
2-propanol being more preferred.
[0065] Examples of the acidic compound include the same compound as described above, with p-toluenesulfonic acid
being preferred.
[0066] REFERENCE Step (G)(not according to the present invention): The compound (6) or a salt thereof is reacted
with a trihalogenoacetyl halide in the presence of a base, followed by hydrolysis, to thereby give a compound (5) or a
salt thereof.
[0067] The trihalogenoacetyl halide is preferably used in an amount of 1 to 3 equivalents, more preferably 2 equivalents
on the basis of 1 mole of the compound (6). Examples of the trihalogenoacetyl halide include tribromoacetyl chloride
and trichloroacetyl chloride, with trichloroacetyl chloride being preferred. No particular limitation is imposed on the base.
Examples of the base which may be employed include tertiary amines such as triethylamine, diisopropylethylamine, and
N-methylmorpholine; alkali metal hydroxides such as sodium hydroxide, potassium hydroxide, and lithium hydroxide;
and inorganic bases such as carbonic acid salt and hydrogen carbonic acid salt. Among these bases, tertiary amines
are preferred, and triethylamine, diisopropylethylamine, and N-methylmorpholine are more preferred. The base is pref-
erably used in an amount of 1 to 3 equivalents, more preferably 2 equivalents on the basis of 1 mole of the compound (6).
[0068] No particular limitation is imposed on the reaction solvent. Examples of the reaction solvent which may be
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employed include ether solvents such as diethyl ether, tetrahydrofuran, and 1,4-dioxane; aromatic hydrocarbon solvents
such as benzene and toluene; amide solvents such as N,N-dimethylformamide and N,N-dimethylacetamide; dimethyl
sulfoxide; acetonitrile; and acetic acid alkyl ester solvents such as ethyl acetate and isopropyl acetate. Among these
solvents, aromatic hydrocarbon solvents such as toluene and acetic acid alkyl ester solvents such as ethyl acetate and
isopropyl acetate are preferred, and toluene, ethyl acetate, and isopropyl acetate are more preferred.
[0069] The reaction temperature, which differs depending on the solvent to be employed, typically falls within a range
of -78°C to the boiling point of solvent, preferably 0°C to the boiling point of solvent. The reaction is performed for about
1 to 24 hours, preferably 1 to 5 hours until virtually completion.
[0070] The hydrolysis may be continuously performed through addition of an aqueous solution of an alkali metal
hydroxide to the reaction mixture. Examples of the alkali metal hydroxide include sodium hydroxide, lithium hydroxide,
and potassium hydroxide, with lithium hydroxide being preferred.
[0071] The reaction temperature typically falls within a range of -5°C to the boiling point of the solvent, preferably 0°C
to the boiling point of the solvent. The reaction is performed for about 1 to 10 hours, preferably 1 to 5 hours until virtually
completion.
[0072] After completion of hydrolysis, the organic layer and the aqueous layer are partitioned with each other, whereby
the compound (5) is collected in the aqueous layer, and oil-soluble impurities or other oil-soluble substances are removed
to the organic layer. The thus-collected compound (5) may be isolated in the form of a salt through evaporation of the
aqueous layer, addition of a suitable second solvent, and addition of an acidic compound.
[0073] No particular limitation is imposed on the second solvent. Examples of the second solvent which may be
employed include alcoholic solvents such as methanol, ethanol, and 2-propanol; acetonitrile; and acetic acid alkyl ester
solvents such as ethyl acetate and isopropyl acetate. Among these solvents, alcoholic solvents are preferred, and
methanol is particularly preferred.
[0074] Examples of the acidic compound include the same compounds as described above, with hydrochloric acid
being preferred.
[0075] Next will be described a process for producing, from the compound (5), a compound (8) which is useful as a
preventive/therapeutic agent for thrombotic diseases. The compound (8) may be produced from the compound (5)
through a process described in International Publication WO 2004/058715 pamphlet, or a similar process. A represent-
ative process represented by the following reaction scheme will next be described:
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(wherein R1, R2, R3, R4, Rk, T1, Q1, and Q2 have the same meanings as described above).
[0076] Step (H): The compound (5) or a salt thereof is reacted with a diamine compound (7) or a salt thereof, to thereby
give a compound (8) or a salt thereof.
[0077] The compound (5) may be transformed, prior to being subjected to the reaction, to a mixed acid anhydride, an
acid halide, or an active ester, according to needs. The transformation reaction may be performed through use of a
reagent under conditions, the reagent and the conditions being usually employed in a peptide synthesis. When the
compound (5) is transformed to a mixed acid anhydride, for example, the compound (5) may be reacted with a chloro-
formate such as ethyl chloroformate or isobutyl chloroformate in the presence of a base. When the compound (5) is
transformed to an acid halide, the compound (5) may be treated with an acid halide such as thionyl chloride or oxalyl
chloride. A variety of active esters can be produced. For example, the compound (5) may reacted with a phenol compound
such as p-nitrophenol or with N-hydroxybenzotriazole, N-hydroxysuccinimide, or a similar compound through use of a
condensing agent such as N,N’-dicyclohexylcarbodiimide or 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochlo-
ride. Alternatively, an active ester of the compound (5) may be produced, among others, by reacting the compound (5)
with pentafluorophenyl trifluoroacetate or a similar compound, by reacting the compound (5) with 1-benzotriazoly-
loxytripyrrolidinophosphonium hexafluorophosphite, by reacting the compound (5) with diethyl cyanophosphate (the
Shioiri method), or by reacting the compound (5) with triphenylphosphine and 2,2’-dipyridyldisulfide (the Mukaiyama
method). The thus-obtained mixed acid anhydride, acid halide, or active ester of the compound (5) is reacted with a
diamine compound (7) in the presence of a suitable base in an inert solvent at a temperature of -78°C to 150°C, to
thereby give a compound (8).
[0078] Specific examples of the base employed in the above-described step (H) include carbonates of alkali metals
and alkaline earth metals, alkali metal alkoxides, alkali metal hydroxides, and hydrides (e.g., sodium carbonate, and
potassium carbonate, sodium ethoxide, potassium butoxide, sodium hydroxide, potassium hydroxide, sodium hydroxide,
and potassium hydroxide); alkyllithiums such as n-butyl lithium; organometallic bases such as dialkylamino lithium (e.g.,
lithium diisopropylamide); bissilylamine organometallic bases such as lithium bis(trimethylsilyl)amide; and organic bases



EP 2 266 991 B1

18

5

10

15

20

25

30

35

40

45

50

55

such as pyridine, 2,6-lutidine, collidine, 4-dimethylaminopyridine, triethylamine, N-methylmorpholine, diisopropylethyl-
amine, and diazabicyclo[5.4.0]undec-7-ene (DBU) .
[0079] Examples of the inert solvent which is employed in the reaction include haloalkyl solvents such as dichlorometh-
ane, chloroform, and carbon tetrachloride; ether solvents such as tetrahydrofuran, 1,2-dimethoxyethane, and dioxane;
aromatic solvents such as benzene and toluene; amide solvents such as N,N-dimethylformamide, N,N-dimethylaceta-
mide, and N-methylpyrrolidin-2-one. Additionaly, in some cases, there may be employed sulfoxide solvents such as
dimethyl sulfoxide, and sulfolane; and ketone solvents such as acetone and methyl ethyl ketone.
[0080] Next will be described the substituents of the compound represented by formula (8).

<Group Q2>

Q2 means 5-chloropyridin-2-yl

[0081] Next will be described, in detail, the following group:

[wherein Q1, R3, and R4 have the same meanings as described above, and 1 and 2 denotes positions].
[0082] The moiety having a cyclic structure containing the above group Q1 is a 6-membered divalent cyclic hydrocarbon
group. Specifically, Q1 represents a C4 alkylene group.
[0083] The cyclic hydrocarbon may have cis-formation or transformation with respect to the 1-position and the 2-
position. In the case of the 6- membered ring, cis- and transformations are both preferred.
[0084] The above substituents R3 and R4 will next be described in detail.
[0085] R3 is a hydrogen atom, and R4 is N,N-dimethylcarbamoyl.

<Group T1>

[0086] T1 represents carbonyl, -C(=O)-C(=O)-N(R’)-, -C(=S)-C(=O)-N(R’)-, -C(=O)-C(=S)-N(R’)-,
-C(=S)-C(=S)-N(R’)-(wherein R’ represents a hydrogen atom, hydroxyl, alkyl, or alkoxy)
In R’, the alkyl group is a C1-C6 linear, branched, or cyclic alkyl group, such as methyl or ethyl. The alkoxy group is a
C1-C6 linear, branched, or cyclic alkoxy group, such as methoxy or ethoxy.

<Groups R1 and R2>

[0087] R1 and R2 each represent a hydrogen atom.
[0088] The feature of the compound represented by formula (8) resides in the combination of T1 and Q2.
[0089] The compound represented by formula (8) may have corresponding stereochemical isomers and optical isomers
based on asymmetric carbon atoms. The present invention encompasses any of the stereochemical isomers, the optical
isomers and mixtures thereof.
[0090] No particular limitation is imposed on the salt of the compound represented by formula (8), so long as the salt
is pharmaceutically acceptable. Examples of the salt include mineral acid salts such as hydrochloride, hydrobromide,
hydroiodide, phosphate, nitrate, and sulfate, benzoate, organic sulfates such as methanesulfonate, 2-hydroxyethanesul-
fonate, and p-toluenesulfonate, and organic carboxylates such as acetate, propanoic acid salt, oxalate, malonate, suc-
cinate, glutarate, adipate, tartrate, maleate, malate, citrate, and mandelate.
[0091] The compound represented by formula (8) or a salt thereof may form a solvate. No particular limitation is
imposed on the solvate, so long as the solvate is pharmaceutically acceptable, and examples of the solvate include
hydrates and solvates with ethanol. When the compound represented by formula (8) includes a nitrogen atom, the
compound may form an N-oxide.
[0092] The compound represented by formula (8) is particularly preferably any of the following compounds, a salt
thereof, or similar compounds.
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226) N1-(5-chloropyridin-2-yl)-N2-((1S,2R,4S)-4-[(dimethylamino)carbonyl]-2-{[(5-methyl-4,5,6,7-tetrahydrothiazo-
lo[5,4-c]pyridin-2-yl)carbonyl]amino}cyclohexyl)ethanediamide
227)N1-(5-chloropyridin-2-yl)-N2-((1S,2R,4S)-4-[(dimethylamino)carbonyl]-2-{[(5-methyl-4,5,6,7-tetrahydrothiazo-
lo[5,4-c]pyridin-2-yl)carbonyl]amino}cyclohexyl)ethanediamide

[0093] Each of these compounds may be produced by use of the compound (5) as a starting material through a method
described in Examples of International Publication WO2004/058728 pamphlet.

[Example]

[0094] To further illustrate the present invention in greater detail, the following examples will be given. However, it is
to be understood that the present invention is not limited thereto.

Production Example 1 (REFERENCE): 2-Cyano-5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine hydrochloride mono-
hydrate

[0095]

[0096] N,N-Dimethylacetamide (25 mL) was added to a mixture of copper cyanide (2.88 g) and sodium cyanide (1.58
g), and the resultant mixture was heated at 150°C until all ingredients were completely dissolved, to thereby give a clear,
colorless solution. 2-Bromo-5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine (5.00 g) was added to the solution, and
the resultant mixture was stirred at 150°C for 18 hours. The reaction mixture was allowed to cool to room temperature,
and toluene and saturated aqueous sodium hydrogencarbonate were added thereto. After any insoluble material was
filtered off, the toluene layer was separated from the aqueous layer, and the aqueous layer was further extracted with
toluene twice. The toluene layers were combined, and the combined toluene layer was dried over sodium sulfate anhy-
drate. After any insoluble material was filtered off, the filtrate was concentrated under reduced pressure, and the con-
centrated residue was dissolved in ethanol (35 mL). To the solution was added dropwise 1N HCl in ethanol (25 mL) at
room temperature, to thereby form a hydrochloride salt, and the resultant mixture was stirred at 0°C for 1 hour. The
precipitated crystals were collected by filtration, and were washed with ethanol (20 mL). The thus-obtained wet crystal
was dried at room temperature under reduced pressure, to thereby give 3.05 g of the title compound.
1H-NMR(D2O) δppm: 4.72(br,2H), 3,77(br,2H), 3.36-3.29(t,2H,J=6.2Hz), 3.13(s,3H).
MS(FAB)m/z: 180(M+H)+

Elementary analysis: as C18H12ClN3OS,
Calculated: C,41.11;H,5.18;Cl,15.17;N,17.98;S,13.72
Found: C,41.22;H,4.99;Cl,15.26;N,17.95;S,13.69

Production Example 2 (REFERENCE): 2-Cyano-5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine

[0097]
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[0098] A solution of sodium hydrogencarbonate (272.33 mg) in water (5 mL) was added to 2-cyano-5-methyl-4,5,6,7-
tetrahydrothiazolo[5,4-c]pyridine hydrochloride monohydrate (500.30 mg) at room temperature, and after all ingredients
were completely dissolved, the resultant solution was extracted with toluene three times (10 mL 3 3). The toluene layers
were combined, and the combined toluene layer was dried over sodium sulfate anhydrate (2.00 g). After any insoluble
material was filtered off, the filtrate was concentrated at 40°C under reduced pressure, to thereby give 384.28 mg of the
title compound.
1H-NMR(CDCl3) δppm: 3.76-3.73(t,2H,J=1.5Hz), 3.03-2.98(dt,2H,J=1.5,5.9Hz), 2.89-2.84(t,2H,J=5.9Hz), 2.52(s,3H).
MS(FAB)m/z: 180(M+H)+

Elementary analysis: as C8H9N3S,
Calculated: C,53.61;H,5.06;N,23.44;S,17.89
Found: C,53.40;H,5.08;N,23.41;S,17.89

Production Example 3 (REFERENCE): 5-Methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine-2-carboxylic acid hydrochlo-
ride

[0099]

[0100] To 2-cyano-5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine hydrochloride monohydrate (500.61 mg) were
added ethanol (5 mL) and 4N aqueous lithium hydroxide (1.34 mL) at room temperature, and the resultant mixture was
stirred at 50°C for 7 hours. After the reaction mixture was cooled with ice-water, 1N HCl in ethanol (7.5 mL) was added
thereto, to thereby form a hydrochloride salt, followed by stirring at the same temperature for 1.5 hours. The precipitated
crystals were collected by filtration, and were washed with ethanol (2 mL). The wet crystal was dried at room temperature
under reduced pressure, to thereby give 466.98 mg of the title compound.
1H-NMR(D2O)δppm: 4.82-4.88(d,1H,J=16.0Hz), 4.51-4.57(d,1H,J=16.0Hz), 3.88-3.96(m,1H), 3.60-3.70(m,1H),
3.22-3.33(m,2H), 3.15(s,3H).
MS(EI)m/z: 198(M)+

Elementary analysis: as C8H11ClN2O2S,
Calculated: C,40.94;H,4.72;Cl,15.11;N,11.94;S,13.66
Found: C,40.50;H,4.66;Cl,15.31;N,11.97;S,13.68

Production Example 4 (REFERENCE): 5-Methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine-2-carboxylic acid hydrochlo-
ride

[0101]

[0102] To 2-cyano-5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine (199.30 mg) were added ethanol (2 mL) and 4N
aqueous lithium hydroxide (0.42 mL) at room temperature, and the mixture was stirred at 50°C for 10 hours. The reaction
mixture was cooled with ice-water, and 1N HCl in ethanol (2.8 mL) was added thereto, to thereby form a hydrochloride
salt. The precipitated crystals were collected by filtration, and were washed with ethanol (1 mL). The wet matter was
dried at room temperature under reduced pressure, to thereby give 215.37 mg of the title compound.
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1H-NMR(D2O)δppm: 4.82-4.88(d,1H,J=16.0Hz), 4.51-4.57(d,1H,J=16.0Hz), 3.88-3.96(m,1H), 3.60-3.70(m,1H),
3.22-3.33(m,2H), 3.15(s,3H).
MS(EI)m/z: 198(M)+

Production Example 5 (REFERENCE): 5-Methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine

[0103]

[0104] 2-Amino-5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine (10.00 g) was dissolved in a mixture of sulfuric acid
(25 mL), hypophosphorous acid (50%,13 mL), and water (100 mL) at 15 to 18°C, to thereby give an orange solution. To
the solution was added dropwise a solution of sodium nitrite (8.15 g) in water (30 mL) at -2 to 3°C over 30 minutes. After
the resultant mixture was stirred at 0 to 10°C for 2.5 hours, 8N aqueous potassium hydroxide (130 mL) was added
dropwise thereto, and the pH was found to be 12.6. The precipitated potassium sulfate was filtered off, and was washed
with ethyl acetate (200 mL). The aqueous layer was separated from the filtrate, and was further extracted with ethyl
acetate twice (200 mL 3 2). The organic layers were combined, and the combined organic layer was dried over sodium
sulfate anhydrate (30.00 g). After any insoluble material was filtered off and washed with ethyl acetate (100 mL), the
filtrate was concentrated under reduced pressure, to thereby give 6.15 g of the title compound.
1H-NMR(CDCl3)δppm: 8.62(s,1H), 3.71-3.67(t,2H,J=1.7Hz), 3.01-2.95(dt,2H,J=1.7Hz,5.9Hz), 2.84-2.80(t,2H,J=5.9Hz),
2.51(s,3H).

Production Example 6 (REFERENCE): 5-Methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine p-toluenesulfonic acid salt

[0105]

[0106] 5-Methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine (1.00 g) was dissolved in 2-propanol (10 mL) at room tem-
perature, and p-toluenesulfonic acid monohydrate (1.23 g) was added thereto at room temperature, followed by stirring
at room temperature for 20 minutes. When the resultant mixture was cooled to 0°C, a salt was crystallized out of the
mixture. After the resultant mixture was stirred at 0°C for 2 hours, the precipitated salt was collected by filtration, and
was washed with 2-propanol (2 mmol). The wet material was dried at room temperature under reduced pressure, to
thereby give 1.91 g of the title compound.
1H-NMR(D2O)δppm: 9.00(s,1H), 7.68-7.65(d,2H,J=8.1Hz), 7.35-7.32(d,2H,J=8.1Hz), 4.25-4.85(br,2H),
3.40-3.95(br,2H), 3.25-3.18(t,2H,J=6.0Hz), 3.08(s,3H), 2.38(s,3H).
MS(EI)m/z: 154(M)+

Elementary analysis: as C14H18N2O3S2,
Calculated: C,51.51;H,5.56;N,8.58;S,19.65
Found: C,51.24;H,5.52;N,8.81;S,19.37
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Production Example 7 (REFERENCE): 5-Methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine-2-carboxylic acid hydrochlo-
ride

[0107]

[0108] 5-Methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine (1.00 g) was dissolved in toluene (10 mL) at room tempera-
ture, and triethylamine (1.81 mL) and trichloroacetyl chloride (1.45 mL) were sequentially added thereto at room tem-
perature, followed by stirring at room temperature for 4 hours. To the resultant mixture was added a solution of lithium
hydroxide monohydrate (1.22 g) in water (10 mL), to thereby perform hydrolysis. The organic layer was separated from
the aqueous layer, and was further extracted with water (10 mL). The aqueous layers were combined, and the combined
aqueous layer was concentrated in a bath at 50°C under reduced pressure. Ethanol (10 mL) was added thereto, and
the resultant mixture was again concentrated under reduced pressure. Ethanol (15 mL) was added to the concentrated
residue, and the resultant mixture was cooled with ice-water. Concentrated hydrochloric acid (2.7 mL) was added
dropwise thereto, to thereby form a hydrochloride salt, and the resultant mixture was stirred at the same temperature
for 1.5 hours. The precipitated crystals were collected by filtration, and were washed with ethanol (4 mL). The wet matter
was dried at room temperature under reduced pressure, to thereby give 1.25 g of the title compound.
1H-NMR(D2O)δppm: 4.82-4.88(d,1H,J=16.0Hz), 4.51-4.57(d,1H,J=16.0Hz), 3.88-3.96(m,1H), 3.60-3.70(m,1H),
3.22-3.33(m,2H), 3.15(s,3H)
MS(FAB)m/z: 199(M+H)+

Production Example 8: 2-Amino-5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine

[0109]

[0110] A solution of 1-methyl-4-piperidone (180.0 g) in 2-propanol (1.44 L) was heated to 50°C, and to the solution
were sequentially added a solution of cyanamide (67.0 g) in 2-propanol (360 mL) and sulfur powder (51.0 g). After a
catalytic amount of pyrrolidine (13.3 mL) was added thereto, the resultant mixture was stirred at or above 50°C for 2
hours, and was allowed to cool to room temperature, followed by stirring overnight. The resultant mixture was cooled to
or below 10°C in an ice-water bath, and was stirred for 1 hour at the same temperature. The precipitated crystals were
collected by filtration, and were washed with 2-propanol (540 mL). The wet crystal was dried at 40°C under reduced
pressure, to thereby give 209.9 g of the title compound.
1H-NMR(CDCl3)δppm: 4.86(br,2H), 3.47-3.46(t,2H,J=1.9Hz), 2.78-2.71(m,2H), 2.71-2.65(m,2H), 2.47(s,3H).
MS(FAB)m/z: 170(M+H)+

Elementary analysis: as C7H11N3S,
Calculated: C,49.68;H,6.55;N,24.83;S,18.95
Found: C,49.70;H,6.39;N,24.91;S,19.00

Production Example 9: 2-Amino-5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine dihydrobromide

[0111]
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[0112] 1-Methyl-4-piperidone (100.0 g) was dissolved in 2-propanol (800 mL) at room temperature, and the solution
was heated to an internal temperature of 50°C in a water bath. To the resultant mixture were sequentially added a
solution of cyanamide (37.16 g) in 2-propanol (200 mL) and sulfur powder (28.34 g) at 50°C. A catalytic amount of
pyrrolidine (7.4 mL) was added thereto, and the resultant mixture was stirred at 50 to 64°C for 1 hour. After the resultant
mixture was allowed to cool to room temperature, 48% hydrobromic acid (358.0 g) was added dropwise thereto at 30
to 40°C, and the mixture was cooled to or below 10°C in an ice-water bath, followed by stirring at the same temperature
for 1.5 hours. The precipitated crystals were collected by filtration, and were washed with 2-propanol (500 mL). The wet
crystal was dried at 40°C under reduced pressure, to thereby give 258.2 g of the title compound.
1H-NMR(D2O)δppm: 4.45-4.53(d,1H,J=15.2Hz), 4.20-4.26(d,1H,J=15.2Hz), 3.75-3.90(m,1H), 3.50-3.67(m,1H),
3.10(s,3H), 2.91-3.18(m,2H).
Elementary analysis: as C7H13Br2N3S,
Calculated: C,25.39;H,3.96;Br,48.27;N,12.69;S,9.69
Found: C,25.54;H,3.93;Br,48.09;N,12.62;S,9.72

Production Example 10: 2-Bromo-5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine

[0113]

[0114] 2-Amino-5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine (600.0 g) was suspended in water (6.0 L), and 48%
hydrobromic acid (4.2 L) was added dropwise thereto at 5 to 15°C. A solution of sodium nitrite (367.2 g) in water (1.8
L) was added dropwise thereto at 0 to 5°C over 1.5 hours, and the reaction mixture was heated to 30°C, followed by
stirring for 24 hours. The resultant mixture was made strongly basic (pH 12.5) with 5N aqueous sodium hydroxide (6.0
L). The aqueous layer was extracted with toluene twice (12.0 L, 6.0 L), and the toluene layers were combined. The
combined toluene layer was dried over sodium sulfate anhydrate (1202.0 g), and after any insoluble material was filtered
off, the mother liquor was concentrated at 40°C under reduced pressure, to thereby give 557.6 g of the title compound.
1H-NMR(CDCl3)δppm: 3.58-3.57(t,3H,J=1.8Hz), 2.92-2.87(m,2H), 2.81-2.76(m,2H), 2.49(s,3H).

Production Example 11: 2-Bromo-5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine p-toluenesulfonic acid salt

[0115]
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[0116] 2-Bromo-5-methyl-4, 5,6,7-tetrahydrothiazolo [5,4-c]pyridine (557.6 g) was dissolved in methanol (3.9 L), and
to the solution was added dropwise a solution of p-toluenesulfonic acid monohydrate (500.0 g) in methanol (1.7 L) at
30°C. The resultant mixture was stirred at the same temperature for 1 hour, and then at or below 10°C for 2 hours. The
precipitated crystals were collected by filtration, and were washed with methanol (1.1 L), followed by drying at 40°C
under reduced pressure, to thereby give 851.9 g of the title compound.
1H-NMR(DMSO-d6)δppm: 10.15(br,1H), 7.47-7.43(d,2H,J=8.2Hz), 7.09-7.07(d,2H,J=8.2Hz), 4.47(s,2H),
3.58(s,2H)3.04(t,2H,J=6.1Hz), 2.96(s,3H), 2.29(s,3H).
Elementary analysis: as C14H17BrN2O3S2,
Calculated: C,41.48;H,4.23;Br,19.71;N,6.91;S,15.82
Found: C,41.52;H,4.33;Br,19.80;N,6.99;S,15.90

Production Example 12: 2-Bromo-5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine p-toluenesulfonic acid salt

[0117]

[0118] 2-Amino-5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine dihydrobromide (50.01 g) was suspended in a mix-
ture of water (250 mL) and 48% hydrobromic acid (175 mL) at room temperature. After the suspension was cooled to
an internal temperature of 10°C or lower, a solution of sodium nitrite (15.63 g) in water (75 mL) was added dropwise
thereto over 1.5 hours while the internal temperature was kept at or below 10°C. After the resultant mixture was stirred
at or below 10°C for 20 hours, 10N aqueous sodium hydroxide (175 mL) was added dropwise thereto while being kept
at or below 20°C, to thereby make the solution basic, and the pH of the resultant solution was found to be 13.1. Subse-
quently, the aqueous layer was extracted with toluene twice (375 mL, 250 mL), and the toluene layers were combined.
A quarter of the amount of the combined toluene layer was used for the following procedures. The toluene layer was
concentrated, and the concentrated residue was dissolved in methanol (43.8 mL). A solution of p-toluenesulfonic acid
monohydrate (5.03 g) in methanol (18.8 mL) was added dropwise thereto at room temperature, and the mixture was
cooled to or below 10°C, followed by stirring at the same temperature for 1.5 hours. The precipitated crystals were
collected by filtration, and were washed with methanol (18.8 mL). The wet crystal was dried at 40°C under reduced
pressure, to thereby give 9.05 g of the title compound.
1H-NMR(DMSO-d6)δppm: 10.15(br,1H), 7.47-7.43(d,2H,J=8.2Hz), 7.09-7.07(d,2H,J=8.2Hz), 4.47(s,2H), 3.58(s,2H),
3.04(t,2H,J=6.1Hz), 2.96(s,3H), 2.29(s,3H).
Elementary analysis: as C14H17BrN2O3S2,
Calculated: C,41.48;H,4.23;Br,19.71;N,6.91;S,15.82
Found: C,41.54;H,4.18;Br,19.83;N,7.03;S,16.02

Production Example 13: Lithium 5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine-2-carboxylate

[0119]

[0120] To 2-bromo-5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine p-toluenesulfonic acid salt (490.0 g) was added
2N aqueous sodium hydroxide (2.45 L), and the mixture was stirred at room temperature for 30 minutes. The resultant
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mixture was extracted with toluene twice (4.9 L 3 2), and the organic layer was dried over sodium sulfate anhydrate
(979.8 g). After any insoluble material was filtered off, the mother liquor was concentrated at or below 40°C under reduced
pressure, to thereby give 2-bromo-5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine (284.0 g) as a brown oily com-
pound. The resultant 2-bromo-5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine (284.0 g) was dissolved in anhydrous
tetrahydrofuran (2.84 L). After the system was purged with argon, n-Butyllithium (as 1.59 mol/L n-hexane solution, 766
mL) was added dropwise to the solution at -40 to -30°C, and the resultant mixture was stirred at the same temperature
for 1 hour. After passing carbon dioxide gas through the reaction mixture at -40 to -25°C, the mixture was stirred under
carbon dioxide atmosphere at the same temperature for 1 hour. The resultant mixture was heated to room temperature,
and ethyl acetate (1.42 L) was added thereto. The precipitated solid was filtered off, and was washed with ethyl acetate
(0.85 L). The thus-obtained solid material was dried at 40°C under reduced pressure, and was pulverized, to thereby
give 235.1 g of the title compound.
1H-NMR(DMSO-d6)δppm: 3.54(s,2H), 2.65-2.85(m,4H), 2.36(s,3H).

Production Example 14: 5-Methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine-2-carboxylic acid hydrochloride

[0121]

[0122] To lithium 5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine-2-carboxylate (3.00 g) was added 1N HCl in eth-
anol (36 mL), and the mixture was stirred at room temperature for 1 hour. The precipitated crystals were collected by
filtration, and were washed with ethanol (9 mL). The wet crystal was dried at room temperature under reduced pressure,
to thereby give 2.76 g of the title compound. 1H-NMR(D2O)δppm: 4.82-4.88(d,1H,J=16.0Hz), 4.51-4.57(d,1H,J=16.0Hz),
3.88-3.96(m,1H), 3.60-3.70(m,1H), 3.22-3.33(m,2H), 3.15(s,3H).
Elementary analysis: as C8H11ClN2O2S,
Calculated: C,40.94;H,4.72;N,11.94;S,13.66
Found: C,40.51;H,4.65;N,11.79;S,13.53

Production Example 15: 5-Methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine-2-carboxylic acid hydrochloride

[0123]

[0124] 2-Bromo-5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine p-toluenesulfonic acid salt (40.00 g) was mixed with
1N aqueous sodium hydroxide (200 mL) at room temperature, and the mixture was stirred for 30 minutes. The aqueous
layer was extracted with toluene twice (400 mL 3 2), and the organic layers were combined. The combined organic
layer was washed with 5% brine (200 mL), and was concentrated to 80 mL at an external temperature of 50°C or lower
under reduced pressure. A sample for water content measurement was taken from the resultant mixture (weight of the
mixture after concentration: 91.03 g, weight of the mixture after sampling: 87.68 g). The sample of the concentrated
mixture was subjected to water content measurement with Karl-Fischer Moisture Titrator, and the water content was
found to be 0.0231% (on a weight-to-weight ratio). The remaining portion of the concentrated mixture after sampling
was dissolved in anhydrous tetrahydrofuran (231 mL). After the system was purged with argon, the reaction mixture
was cooled to an internal temperature of -30°C or lower, and to the solution was added dropwise n-butyllithium (as 1.59
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mol/L n-hexane solution, 61.7 mL) while the internal temperature was kept at or below -30°C, followed by stirring at the
same temperature for 1 hour. After passing carbon dioxide gas through the resultant mixture while the internal temperature
was kept at or below -30°C, the reaction mixture was stirred under carbon dioxide atmosphere for 1 hour. The resultant
mixture was heated to an internal temperature of 15°C, and methanol (193 mL) was added thereto, to thereby dissolve
the precipitated solid, and concentrated hydrochloric acid (19.3 mL) was added dropwise thereto while the internal
temperature was kept at or below 20°C. The resultant mixture was cooled to an internal temperature of 10°C or lower,
and was stirred at the same temperature for 1 hour. The precipitated crystals were collected by filtration, and were
washed with methanol (58 mL). The wet crystal was dried at room temperature under reduced pressure, to thereby give
21.20 g of the title compound.
1H-NMR(D2O)δppm: 4.82-4.88(d,1H,J=16.0Hz), 4.51-4.57(d,1H,J=16.0Hz), 3.88-3.96(m,1H), 3.60-3.70(m,1H),
3.22-3.33(m,2H), 3.15(s,3H).
MS(EI)m/z: 198(M)+

Elementary analysis: as C8H11ClN2O2S,
Calculated: C,40.94;H,4.72;Cl,15.11;N,11.94;S,13.66
Found: C,40.83;H,4.56;Cl,14.81;N,11.91;S,13.87

Production Example 16: N1-(5-Chloropyridin-2-yl)-N2-((1S,2R,4S)-4-[(dimethylamino)carbonyl]-2-{[(5-methyl-4,5,6,7-
tetrahydrothiazolo[5,4-c]pyridin-2-yl)carbonyl]amino}cyclohexyl) ethanediamide

[0125]

[0126] N1-{(1S,2R,4S)-2-Amino-4-[(dimethylamino)carbonyl]cyclohexyl}-N2-(5-chloropyridin-2-yl)ethanediamide
(553.4 mg) was dissolved in dimethylacetamide (7 mL), and to the solution were added 1-hydroxybenzotriazole mono-
hydrate (245.1 mg), 5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine-2-carboxylic acid hydrochloride (386.0 mg), and
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (345.0 mg) at room temperature. The resultant mixture
was stirred for 13 hours, and triethylamine and water were added thereto. The precipitated crystals were collected by
filtration, and were dried, to thereby give 674.1 mg of the title compound.
1H-NMR(CDCl3)δppm: 1.60-1.98(3H,m), 2.00-2.16(3H,m), 2.52(3H,s), 2.78-2.90(3H,m), 2.92-2.98(2H,m), 2.95(3H,s),
3.06(3H,s), 3.69(1H,d,J=15.4Hz), 3.75(1H,d,J=15.4Hz), 4.07-4.15(1H,m), 4.66-4.72(1H,m), 7.40(1H,d,J=8.8,0.6Hz),
7.68(1H,dd,J=8.8,2.4Hz), 8.03(1H,d,J=7.8Hz), 8.16(1H,dd,J=8.8,0.6Hz), 8.30(1H,dd,J=2.4,0.6Hz), 9.72(1H,s).
MS(ESI)m/z: 548(M+H)+.

Claims

1. A process for producing a compound of formula (5) or a salt thereof:

wherein the process is characterized by comprising reacting a compound of formula (1) or a salt thereof:
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with sulfur powder and cyanamide in the presence of a secondary amine, to thereby obtain a compound of formula
(2) or a salt thereof:

and reacting the obtained compound or a salt thereof with hydrobromic acid and alkali metal nitrite, to thereby obtain
a compound of formula (3) or a salt thereof:

and reacting the obtained compound or a salt thereof with alkyllithium and carbon dioxide.

2. The process according to claim 1, wherein alkyllithium is n-butyl lithium.

3. The process according to claim 1, wherein the secondary amine is pyrrolidine.

4. The process according to claim 1, wherein the alkali metal nitrite is sodium nitrite.

5. The process according to claim 1, wherein the compound obtained according to the process of claim 1 is treated
with hydrochloric acid to obtain the hydrochloride salt of the compound of formula (5).

6. A process for producing a compound of formula (8) or a salt thereof:

wherein

each of R1 and R2 represents a hydrogen atom;
Q1 represents C4 alkylene;
R3 represents a hydrogen atom;
R4 represents a N,N-dimethylcarbamoyl;
Q2 represents 5-chloropyridin-2-yl;
T1 represents carbonyl, -C(=O)-C(=O)-N(R’), -C(=S)-C(=O)-N(R’)-, -C(=O)-C(=S)-N(R’)-, or
-C(=S)-C(=S)-N(R’)-(wherein R’ represents a hydrogen atom, hydroxyl, C1-C6 alkyl or C1-C6 alkoxy),
wherein the process is characterized by the preparation of a hydrochloric salt of compound (5) represented
by formula (5):
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through a process according to claim 1, followed by reacting the hydrochloric acid salt with diamines of formula
(7) or a salt thereof:

(wherein R1, R2, R3, R4, T1, Q1, and Q2 have the same meanings as described above).

7. A process according to claim 6,
wherein

each of R1 and R2 represents a hydrogen atom;
Q1 represents C4 alkylene;
R3 represents a hydrogen atom;
R4 represents a N,N-dimethylcarbamoyl;
Q2 represents 5-chloropyridin-2-yl;
T1 represents -C(=O)-C(=O)-N(R’) (wherein R’ represents a hydrogen atom).

Patentansprüche

1. Verfahren zur Herstellung einer Verbindung der Formel (5) oder eines Salzes derselben:

wobei das Verfahren dadurch gekennzeichnet ist, dass es das Umsetzen einer

Verbindung der Formel (1) oder eines Salzes derselben:
mit Schwefelpulver und Cyanamid in Anwesenheit eines sekundären Amins umfasst, um

dadurch eine Verbindung der Formel (2) oder ein Salz derselben zu erhalten:
und Umsetzen der erhaltenen Verbindung oder des Salzes derselben mit Bromwasserstoffsäure und einem Alka-
limetallnitrit, um dadurch eine Verbindung der
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Formel (3) oder ein Salz derselben zu erhalten:
und Umsetzen der erhaltenen Verbindung oder des Salzes derselben mit Alkyllithium und Kohlendioxid.

2. Verfahren nach Anspruch 1, wobei das Alkyllithium n-Butyllithium ist.

3. Verfahren nach Anspruch 1, wobei das sekundäre Amin Pyrrolidin ist.

4. Verfahren nach Anspruch 1, wobei das Alkalimetallnitrit Natriumnitrit ist.

5. Verfahren nach Anspruch 1, wobei die Verbindung, die gemäß dem Verfahren nach Anspruch 1 erhalten wird, mit
Salzsäure behandelt wird, um das Hydrochloridsalz der Verbindung der Formel (5) zu erhalten.

6. Verfahren zur Herstellung einer Verbindung der Formel (8) oder eines Salzes derselben:

wobei

jedes R1 und R2 für ein Wasserstoffatom steht;
Q1 für ein C4-Alkylen steht;
R3 für ein Wasserstoffatom steht;
R4 für N,N-Dimethylcarbamoyl steht;
Q2 für 5-Chlorpyridin-2-yl steht;
T1 für Carbonyl, -C(=O)-C(=O)-N(R’), -C(=S)-C(=O)-N(R’)-, -C(=O)-C(=S)-N(R’)- oder - C(=S)-C(=S)-N(R’)-
steht (wobei R’ für ein Wasserstoffatom, Hydroxyl, C1-C6-Alkyl oder C1-C6-Alkoxy steht),
wobei das Verfahren durch die Herstellung eines Hydrochloridsalzes der Verbindung (5)

der Formel (5):
durch ein Verfahren nach Anspruch 1, gefolgt von Umsetzen des Hydrochloridsalzes mit Diaminen der Formel
(7) oder einem Salz derselben:

(wobei R1, R2, R3, R4, T1, Q1 und Q2 die gleichen Bedeutungen wie oben beschrieben aufweisen) gekenn-
zeichnet ist.

7. Verfahren nach Anspruch 6, wobei
jedes R1 und R2 für ein Wasserstoffatom steht;
Q1 für ein C4-Alkylen steht;
R3 für ein Wasserstoffatom steht;
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R4 für N,N-Dimethylcarbamoyl steht;
Q2 für 5-Chlorpyridin-2-yl steht;
T1 für -C(=O)-C(=O)-N(R’) steht (wobei R’ für ein Wasserstoffatom steht).

Revendications

1. Procédé pour produire un composé de formule (5) ou un sel de celui-ci :

lequel procédé est caractérisé en ce qu’il comprend la réaction d’un composé de formule (1) ou d’un sel de celui-ci :

avec du soufre en poudre et du cyanamide en présence d’une amine secondaire, afin que soit ainsi obtenu un
composé de formule (2) ou un sel de celui-ci :

et la réaction du composé obtenu ou d’un sel de celui-ci avec de l’acide bromhydrique et un nitrite de métal alcalin,
afin que soit ainsi obtenu un composé de formule (3) ou un sel de celui-ci :

et la réaction du composé obtenu ou d’un sel de celui-ci avec un alkyl-lithium et du dioxyde de carbone.

2. Procédé selon la revendication 1, dans lequel l’alkyl-lithium est le n-butyl-lithium.

3. Procédé selon la revendication 1, dans lequel l’amine secondaire est la pyrrolidine.

4. Procédé selon la revendication 1, dans lequel le nitrite de métal alcalin est le nitrite de sodium.

5. Procédé selon la revendication 1, dans lequel le composé obtenu conformément au procédé de la revendication 1
est traité avec de l’acide chlorhydrique pour que soit obtenu le sel chlorhydrate du composé de formule (5).

6. Procédé pour produire un composé de formule (8) ou un sel de celui-ci :
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dans laquelle

chacun de R1 et R2 représente un atome d’hydrogène ;
Q1 représente un radical alkylène en C4 ;
R3 représente un atome d’hydrogène ;
R4 représente un radical N,N-diméthylcarbamoyle ;
Q2 représente le radical 5-chloropyridin-2-yle ;
T1 représente un radical carbonyle, -C(=O)-C(=O)-N(R’), -C(=S)-C(=O)-N(R’)-, -C(=O)-C(=S)-N(R’)- ou
-C(=S)-C(=S)-N(R’)- (où R’ représente un atome d’hydrogène ou un radical hydroxyle, alkyle en C1 à C6 ou
alcoxy en C1 à C6), lequel procédé est caractérisé par la préparation d’un sel chlorhydrate du composé (5)
représenté par la formule (5) :

par un procédé selon la revendication 1, opération suivie d’une réaction du sel d’acide chlorhydrique avec des
diamines de formule (7) ou un sel de celles-ci :

(dans laquelle R1, R2, R3, R4, T1, Q1 et Q2 ont les mêmes significations que celles décrites ci-dessus).

7. Procédé selon la revendication 6, dans lequel
chacun de R1 et R2 représente un atome d’hydrogène ;
Q1 représente un radical alkylène en C4 ;
R3 représente un atome d’hydrogène ;
R4 représente un radical N,N-diméthylcarbamoyle ;
Q2 représente le radical 5-chloropyridin-2-yle ;
T1 représente un radical -C(=O)-C(=O)-N(R’)- (où R’ représente un atome d’hydrogène).
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