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DESCRIPTION

METHOD FOR PRODUCING 5-(DIFLUOROMETHYL)PYRAZINE-2-CARBOXILIC ACID
AND PRODUCTION INTERMEDIATE THEREOF

Technical Field
[0001]

The present invention relates to a method for producing 5-
(difluoromethyl)pyrazine-2-carboxilic acid, which is an important intermediate for the synthesis
of a compound useful for obtaining the amyloid B production-inhibitory action or as an inhibitor

of a beta-site amyloid precursor protein (hereinbelow, referred to as APP) cleaving enzyme, and

a production intermediate thereof.

Background Art
[0002]

Alzheimer's disease is a disease characterized by senile plaque formation and
neurofibrillary tangles associated with nerve cell degeneration and nerve cell loss. At present,
treatment of Alzheimer's disease is limited to symptomatic treatment with symptom-ameliorating
agents represented by an acetylcholinesterase inhibitor, and no radical therapeutic agent for
suppression of disease pr(;gression has been developed. Development of a method for
controlling the etiology of the pathological condition is necessary for creation of a radical
therapeutic agent for Alzheimer's disease.

The Arﬁyloid B (hereinbelow, referred to as AB) protein, which is a metabolite of
APP, is assumed to be largely associated with nerve cell degeneration and nerve cell loss, and
ﬁirther, the expression of symptoms of dementia (see, for example, Non Patent Literatures 1 and
2). The AP protein is mainly composed of AB40, which is composed of 40 amino acids, and
AB42, which is composed of the 40 amino acids plus two additional amino acids at the C-
terminus. The AB40 and AP42 are highly likely to aggregate (see, for example, Non Patent
Literature 3), and are the main components of senile plaques (see, for example, Non Patent
Literatures 3, 4, and 5). Moreover, mutation in the APP and presenilin genes observed in
familial Alzheimer's disease is known to increase the AB40 and AB42 (see, for example, Non
Patent Literatures 6, 7, and 8). Accordingly, a compound capable of reducing the production of
APB40 and AB42 is expected to serve as an inhibitor or preventive drug for the progression of

Alzheimer's disease.
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ApB is produced by cleavage of APP by a beta-site amyloid § precursor protein
cleaving enzyme 1 (hereinbelow, referred to as BACEI or beta-secretase), followed by further
cleavage by gamma-secretase. In light of the above, with an aim to inhibit the production of
AB, creation of a gamma-secretase inhibitor and a beta-secretase inhibitor has been attempted.
Condensed ring compounds having a beta-secretase inhibitory action have been reported in
literatures such as Patent Literatures 1 to 9 shown below, and especially, Patent Literatures 1 to 6
describe condensed aminodihydrothiazine derivatives and compounds having a BACE1
inhibitory activity. |
[0003]

The aforementioned Patent Literatures 1 to 5 and 7 to 8 describe a number of
amide compounds represented by the following formulae, which are important compounds in the

production of pharmaceutical products.

[Formula 1]
HWI Y[
N >
e o}
N._NH NH
o \\sr ’ \I z
R H H
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R

In the above formulas, R represents hydrogen, fluorine, methyl, ethyl, fluoromethyl,
difluoromethyl, trifluoromethyl, methoxy, ethoxyl, methoxymethyl, and the like.
[0004] | |

| The aforementioned compounds share, as a common partial structural motif, 5-
(diﬂuoromethyl)pyrdzine-z-carboxamide, and these compounds are produced from the
intermediate of 5-(diﬂuoromethyl)pyrazine-2_-i:arboxil_ic acid. As to the method for producing
5-(difluoromethyl)pyrazine-2-carboxilic acid (CAS Registry Number: 1174321-06-2),
Production Example 17 of Patent Literature 1 describes that 5—(diﬂuoromethyl)pyfazine 2-

carbox111c acid can be produced by productlon steps such as ones illustrated in the followmg

~ scheme usmg 5- methylpyrazme 2 -carboxylic acid as a startmg material.
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[Formula 2]
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Summary of Invention
Technical Problem
[0007] | |

According to the method using 5-methylpyrazine-2-carboxylic acid as a starting
material illustrated in the scheme shown above as described in Production Example 17 of Patent
Literature 1, deoxofluorination is ‘necessary for the conversion of aldehyde into difluoromethyl in
Step 4 (Singh, R. P.; Sheeve, J. M., Synthesis (2002) 2561: Kirk, K. L., Org. Process Res. Dev.
(2008), 12, 305, and the like). As a deoxofluorinating agent, DAST: N,N-diethylamino sulfur

- trifluoride, Deoxo-Fluor: [bis(2-methoxyethyl)arhino]sulfur trifluoride, TFEDMA: 1,1,2,2-

tetrafluoro-N,N-dimethylethylamine, XtalFluor, and the like are used. These reagents can be
easily purchased and are widely used for small-scale synthesis involving fluorination of a
carbonyl group or hydroxyl group. However, these reagents react with water to produce deadly
poisonous, glass-corrosive hydrogen fluoride; therefore, caution needs to be exercised for
preparation and post-treatfnent of the reaction. Furthermore, these reagents are expensive and
have problems associated with handling safety. As described above, from the aspects of the
stability, corrosiveness, and the like of the reagents, special facilities are required for utilization
of these reagents in industrial production. Furthermore, these reagents also have problems
associated with the price, handling séfety, and the like. In view of the above, there are still a
number of problems to be solved in the conventional production method. |
~ Inlight of the above an object of the present mvention is to provide an

1ndustr1ally advantageous method for producmg 5-(difluoromethyl)pyrazine-2-carboxilic acid,
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which is a raw material for the construction of 5-(difluoromethy!)pyrazine-2-carboxamide, which

is a common partial structural motif of the compound having an AP production inhibitory action

or a BACE1 inhibitory action described in literatures such as Patent Literature 1.

Solution to Problem
[0008]

The present inventioﬁ is a method for introducing a difluoromethyl group by
decarboxylating 5-[carboxy(difluoro)methyl]pyrazine-2-carboxylic acid, which is obtainable by
reacting difluorobromoacetate with 5-bromopyrazine-2-carboxylate, as illustrated in the
following scheme. According to this method, poisonous hydrogen fluoride is not produced in
the production steps, and moreover, no special facilities are required. Furthermore, the reagents

used in this reaction are inexpensive and have no problems associated with handling safety.

[Formula 3]

F
o N, F
CI\[/N ] bromination B"\[/N I BrCF,CO,R? R’OzchN |
X OR! x> OR! 1
N step 1 N R step 2 \N OR
o) o] [o]
(rn)

(rn (111)

rr '
hydrolysis Hozc>‘\[/N | decarboxylation F)\[/N ]
- N OH
N ' step 4 \N ]YOH
o

step 3
(1v) (V)
[0009]
Accordingly, the present invention relates to:
{11 A method for producing 5-(diﬂuoromethyl)pyrazine_—Z-carbbxilic acid represented by a
formula (V):

[Formula 5]
F
F)\[/N |
SN OH
° (V)

or a hydrate thereof, or a salt of 5—(diﬂuorométhy_l)pyrazine—Z_—carboxilic acid or a hydrate
thereof, comprising a step of decarboxylating a compound represented by a formula (IV):

[Formula 4]
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Ho?\[/n
o & %OH

o (IV)
or a salt thereof;

[2] A compound represented by a formula (IV):

[Formula 6]
F

Ho;‘j\[/r«
o) \NMOH
° (IV)
and a salt thereof;
[3} A method for producing 5-[carboxy(difluoro)methyl]pyrazine-2-carboxylic acid represented

by the following formula (IV):

[Formula 8]
F

Ho';)‘\[/n
0 \N]\‘rOH
° V)

or a salt thereof, comprising a step of hydrolyzing a compound represented by a formula (III):

[Formula 7}
F

Rzo\%‘\[/ N
-0 \N]\Wow
o (h
wherein R' and R? each independently represent a linear or branched Ci.6 alkyl group,
or a salt thereof; _ |
[4] The production.method according to the aforementioned [3], wherein the hydrolysis is
performed by using an alkali metal hydroxide;

[5] A compound represented by a formula (III):
[Formula 9]

Rzo\;)‘\[n
|
o & j\‘('OR‘

| o - m)
wherein R' »and R? each independently represent a linear or branched C,.4 alkyl group,

or a salt thereof;

[6] A method for producing a compound represented by a formula (II):
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[Formula 11]

RZO\';Pl\[N
|
o & Ho&a’

o (I
wherein R' and R? have the same meaning as defined in the aforementioned [3],

or a salt thereof, comprising a step of coupling a compound represented by a formula (II):

{Formula 10]

Br N
\EN ]\n/ow
° (D
wherein R! represents a linear or branched C,.¢ alkyl group,
or a salt thereof with BrZnCF,COOR? in a presence of a copper salt;
[7]1 A method for producing a compound represented by the following formula (II):
[Formula 13]

Br\[/ N
|
>N j\[(om
o (In

wherein YRI has the same meaning as defined in the aforementioned [6],

-or a sait thereof, comprising a step of subjecting a compound represented by a formula (I):

[Formula 12]
Cl N
\[\N ]ﬁ(ow :
° @
wherein R! has the same meaning as defined in the aforementioned [6],
or a salt thereof to a chlorine-bromine exchange reaction; and _
[8] A method for producing 5-(difluoromethyl)pyrazine-2-carboxilic acid represented by a

formula (V):
[Formula 18]

F
F)\[/N |
\Nj\n/OH
| ° V)

or a hydrate thereof, or a salt of 5f(diﬂuorOméthyl)pyrazine-2-carboxilic acid or a hydrate

thereof, comprising steps of

1) synthesizing a co.mpound represenfed by a formula (II):
[Formula 15] '
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Br. /N
\[\N ]\(OR'
°
wherein R' has the same meaning as defined in the aforementioned [4],

or a salt thereof by subjecting a compound represented by a formula (I):

[Formula 14]

\[ onw

wherein R' has the same meaning as defined in the aforementioned [4],
or a salt thereof to a chlorine-bromine exchange reactlon

ii) synthesizing a compound represented by a formula (I1):
[Formula 16]

RZO\;>‘\[N
g
o} N ]\Wow

o (I
wherein R! and R? have the same meaning as defined ih the aforementioned [3],
or a salt thereof by coupling the compound represented by the formula (II) or a salt thereof with
a compound represented by a formula BrZnCF,COOR? or a salt thereof in a presence of a copper
salt;

iii) subsequently, synthesizing a compound represented by a formula (IV):

[Formula 17]
F

HO\;>I\[/N

0 \N]\WOH
° (IV)

or a salt thereof by hydrolyzing the compound represented by the formula (III) or a salt thereof;

and .

iv) decarboxyléting the compound represented by the formula (IV) or a salt thereof.

[0010]

Hereinbelow,‘ the present invention will be described in detail with an explanation
of ‘the'meaning of the symbols, terms,‘ and the like described in the specification of the present
application. | |
[0011]

~ In the specification of the present application, the structural formula of the
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compound is not limited to the formula shown for convenience' sake but the compound may also
form a salt. Fﬁrther, although crystal polymorphism may exist, similarly, the compound is not
limited to any crystal form but may be present in the form of any single crystal form or a mixture
of multiple crystal forms, and also, the compound may be present in the form of an anhydride as
well as a hydrate. All of the aforementioned forms of the compound are encompassed by the
scope of the claims in the specification of the present application.
[0012]

In the specification of the present application, unless otherwise specifically noted,
speéiﬁc examples of the salt include a hydrohalide such as hydrofluoride, hydrochloride,
hydrobromide, and hydroiodide; an inorganic acid salt such as sulfate, nitrate, perchlorate,
phosphate, carbonate, and bicarbonate; an organic carboxylate such as acetate, oxalate, maleate,
tartrate, fumarate, and citrate; an organic sulfonate such as methanesulfonate,
trifluoromethanesulfonate, éthanesulfonate, benzenesulfonate, toluenesulfonate, and
camphorsulfonate; an amino acid salt such as aspartate and glutamate; a quaternary ammonium
salt such as an ammonium salt, an ethyl ammonium salt, and a benzyl ammonium salt; an alkali
metal salt (such as a sodium salt and a potassium salt; and an alkaline earth metal salt such as a
magnesium salt and a calcium salt.

[0013]
The present invention also encompasses the compounds described in the
speciﬁcétion that are labeled with isotopes. ~An isotopically labeled compound is the same as

the compound represented by the formula (I) except that one or more atoms are replaced by one

“or more atoms having an atomic mass or a mass number that is different from a commonly

naturally occurring atomic mass or mass number. An isotope that can be incorporated into the

- compound of the present invention is an isotope of hydrogen, carbon, nitrogen, oxygen, and

fluorine, which are the constituent elements of the compound, and such an isotope includes *H,
’H,''C, °C, C, PN, 10, '*F, and the like.
[0014]

In the present specification, the term "halogen atom" refers to a fluorine atom, a
chlorine atom, a bromine atom, an iodine atom, and the like, preferably a fluorine atom and a
chlorine atom. o
[0015] _

The term "linear or branched C\.¢ alkyl group" refers to an alkyl group having 1 to
6 carbon atoms, and examples of a preferable g.roup‘ include a linear or branched C,.¢ alkyl group

such as a methyl group, an ethyl group, an n-propyl group, an iéopropyl group, an n-butyl group,
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an isobutyl group, a t-butyl group, an n-pentyl group, an isopentyl group, a neopentyl group, an
n-hexyl group, a 1-methylpropyl group, a 1,2-dimethylpropyl group, a 1-ethylpropyl group, a 1-
methyl-2-ethylpropyl group, a 1-ethyl-2-methylpropyl group, a 1,1,2-trimethylpropyl group, a 1-
methylbutyl group, a 2-methylbutyl group, a 1,1-dimethylbutyl group, a 2,2-dimethylbutyl
group, a 2-ethylbutyl group, a 1,3-dimethylbutyl group, a 2-methylpentyl group, and a 3-
methylpentyl group. More preferable examples include a methyl group, an ethyl group, and an
n-propyl group.
[0016]
The term "linear or branched C;.¢ alkoxy group" is used to mean an oxy group
bound to the aforementioned "C;.¢ alkyl group”, and examples of a preferable group include a
linear or branched C,.¢ alkoxy group such as a methoxy group, an ethoxy group, an n-propoxy
group, an iSopropoxy group, an n-butoxy group, an isobutoxy group, a t-butoxy group, an n-
pentyloxy group, an isopentyloxy group, a neopentyloxy group, an n-hexyloxy group, a 1-
methylpropoxy group, a 1,2-dimethylpropyloxy group, a 1-ethylpropyloxy group, a 1-methyl-2-
ethylpropyloxy group, a 1-ethyl-2-methylpropyloxy group, a 1,1,2-trimethylpropyloxy group, a
1-methylbutyloxy grbup, a 2-methylbutyloxy group, a 1,1-dimethylbutyloxy group, a 2,2-
dimethylbutyloxy group, a 2-ethylbutyloxy group, a 1,3-dimethylbutyloxy group, a 2-
methylpentyloxy group, and a 3-methy1pentyioxy group. More preferable examples include a
methoxy group, an ethoxy group, and an n-propoxy group.
[0017] _
The production method of the present invention is illustrated in the following
reaction scheme.

[Formula 19]
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e F

C'\[/ I bromination B’\[,N | BrCF,CO,R? R20 CXEN

D e E—— 2
~ R1 : 1 | 1
Nj\ﬂ/o tep \Nj\”/DR \Nj\ﬂ/OR

step 2
0 (o] (0]

(n (11 (111)

rh F
hydrolysis HOZC>K[/N | decarboxyiation F )\[/N |
X OH
step 3 N step 4 \N]\[(OH
° o

(1v) (v)

hydrolysis{ step 3‘

R
HNRR* R’NWN ] R?
(11 1) —————stepza o \N]\H/Nw
0

v
In the above reaction scheme, R' and R*each independently represent a linear or branched C,.4
alkyl group, and R® and R* each independently represent a hydrogen atom, a linear or branched
C\.¢ alkyl group or a benzyl group that may have a substituent such as a halogen atom, a linear or
branched C;.¢ alkyl group and a linear or branched C;.¢ alkoxy group.
[0018]

The production method of the present invention is a method for producing 5-
(difluoromethyl)pyrazine-2-carboxilic acid (V) through multiple steps including Steps 1 to 4
using the compound (I) as a raw material.

As the compound (I), a commefcially available product can be directly used.
Alternatively, the compound (I) can also be produced by a method publicly known to those
skilled in the art from a commercially available compound. Hereinbelow, Steps 1 to 4 will be

described in detail.
[0019]
Step 1:

This step is a step for obtaining the compound (IT) by the chlorine-bromine
exchange reaction of the compound (I).

The reaction in this step can be carried out under similar conditions to those
normally used for the halbgen-halogen exchange reactioh of aromatic heterocyclic halogenated
compounds as described in litératu'res (for example, T. Yajima and K. Munakata, Chem. Lett.,
1977, 891).

Meanwhile, the reaction is efficiently carried out by disturbing equilibrium by
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continuously distilling off trimethylsilyl chloride (TMSCI) produced by the halogen-halogen
exchange reaction in a method using trimethylsilyl bromide (TMSBr) described in Schlosser, M.
and Cottet, F., Eur. J. Org. Chem., 2002, 4181), whereby the compound (II) can be obtained with
good yield.
[0020]

Specifically, the compound (I) is dissolved in an organic solvent such as
acetonitrile, to which two equivalents of TMSBr is added. Reactions are allowed to proceed at
80°C and TMSCI produced as a byproduct is distilled off under reduced pressure to disturb the
equilibrium. Although no partic‘ular limitation is imposed on the reaction time, it is normally
five minutes to 24 hours, preferably five minutes to 12 hours. The reaction temperature is
normally room temperature to 100°C, more preferably room temperature to 80°C.

[0021]
Step 2:

This step is a step for obtaining the compound (III) by coupling BrZnCF,COOR?,
whiéh is an organic zinc compound produced by reacting BrCF,COOR? with zinc, with the
compound (II).

The compound (II) used in the reaction may be one isolated in Step 1, or a

reaction solution or a solution in which the solvent is replaced after post-treatment may be

directly used without isolating the compound (II).

The reaction to obtain the organic zinc compound in this step can be carried out
under similar conditions to those normally used for producing an organic zinc compound (the
Reformatsky reagent) by feacﬁng a-bromoacetate with zinc as described in literatures (for
example, S. Reformatsky, Ber., 20, 1210 (1887), S. M. Hannick, Y. Kishi., , J. Org. chcm., 48,
3833 (1983), K. Tanaka, S. Kishigami, F. Toda, J. Org. Chem., 56, 4333 (1991)). The Reaction
of VBrCFzCOORz with zinc can be carried out under similar conditions‘ to those described in a
literature (P. W. Konas; J . Pankuch, J. K. Coward, Synthesis, 2002, 2616). Further,
BrZnCF,COOR? can be stabilized in triglyme described in a literature (D. J. BURTON and J. C.
EASDON, J. Fluorine Chem., 1988, 25). For activation of zinc in performing the above
reaction, TMSCI, TMSBr, trifluoroacetic acid, and the like are used.  Although the solvent us¢d
in this reaction is not particularly limited as long as it does not interfere with the reaction,
preferable examplés thereof include diglyme, triglyme, toluene, xylene, l—methyl-Z-pyrrolidone,

tetrahydrofuran, and 1,4-dioxane.  Although no particular limitation is imposed on the reaction

- temperature, it is normally ice-cooling to the solvent reflux temperature, preférably, for example,

10 to 40°C. Although no parficular limitation is imposed on the reaction time, it is normally 0.5
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to 24 hours, preferably 0.5 to 6 hours.
[0022]

The coupling reaction of BrZnCF,COOR? with the compound (II) can be carried
out under similar conditions to those described in the literature describing the use of a copper
reagent (Y. Pan, C. P. Holmes, D. Tumelty, J. Org. Chem., 2005, 4897). The copper reagent
used in this reaction is not particularly limited as long as it is a monovalent copper reagent, and
preferable examples thereof include copper (I) bromide (CuBr). The organic zinc compound is
used in an amount of one to three equivalents relative to the raw material. The copper reagent
is used in an amount of one to three equivalents relative to the raw material. The solvent used
in this reaction is not particularly limited as long as it does not interfere with the reaction and
capable of dissolving the copper reagent, and preferable examples thereof include N,N-
dimethylformamide, N,N-dimethylacetamide, 1-methyl-2-pyrrolidone, dimethyl sulfoxide,
tetrahydrofuran, 1,4-dioxane, acetonitrile, and propionitrile. Although no particular limitation
is imposed on the reaction temperature, it is normally ice-cooling to the solvent reflux
temperature, preferably, for example, 10 to 40°C.  Although no particular limitation is imposed
on the reaction time, it is normally 0.5 to 24 hours, preferably 0.5 to 4 hours.

The compound (IIT) may undergo ester exchange during the reaction, and the
compound may be present as a mixture of compounds in which R' and R? are switched.

[0023]

| Specifically, for example, TMSBr is added to a suspension of zinc powder in
triglyme, followed by stirring at 70°C for one hour or longer to activate the zinc powder. Then,
BrCF,COOR? is added dropwise to the suspérision of zinc powder at 10 to 30°C, to which a
solution of the compound (II) obtained by Step 1 in N,N-dimethylacetamide is added at 0°C.
The resulting solution was warmed to 20°C and CuBr is added in small portions. Upon
completion of the reaction, the reaction solution is diluted with toluene and washed with

hydrochloric acid and aqueous sodium chloride. The toluene solution thus obtained is directly

* used in the step 3.

[0024]

Also, the reaction in this stép 2 can be carried out under similar conditions to
those used for reacting halopyridine or halobenzene directly with BrCF,COOR? in the presence
of copperv as described in literatures such as (M. S Ashwood et al, Tetrahedron Lett., 43 (2002)
9271, Y. Kobayashi et al., Tetrahedron L‘ett.., 27 (1986) 6103, I. Kumadaki et al., J. Fluorine
Chem., 125 (2004) 509) without using BrZnCF,COOR?. However, as will be demonstrated in

Reference Example to be described later, drastic degradation was observed in the copper-
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catalyzed coupling of the compound (II) with BrCF,COOR?, resulting in a yield of the
compound (III) of as low as about 17%, revealing that this reaction is not practical.
[0025]
Step 2a:

This step is a step for obtaining the compound (VI) by reacting the compound
(IIT) with an amine compound of HNR’R*.

The compound (III) used in the reaction may be a mixture of ester-exchanged
compounds. Alternatively, it may also be an isolated compound, or a solution after post-
treatment may also be directly used without isolating the compound (III).

As the reaction condition, for example, ammonia, methylamine, ethylamine, 1-

propylamine or benzylamine may be used, and an organic solvent such as methanol, ethanol and

isopropanol may be used if necessary. Although no particular limitation is imposed on the

reaction temperature, it is normally 0°C. to the solvent reflux temperature, preferably, the room
temperature to 50°C.  Although no particular limitation is imposed on the reaction time, it is
normally 5 minutes to 48 hours.

[0026]

Step 3: |

This step is a step for obtaining the compound (IV) by hydrolyzing the compound
(IIT) or the compound (VI). | '

The compound (IIT) used in the reaction may be a mixture of ester-exchanged
compounds. Alternatively, it may also be an isolated compound, or a solution after poSt—
treatment may also be directly used without isolating the cofnpound (I1D). Th‘e compound (VI)
used in the reaction may be an isolated compound, or a solution after post-treatment may also be
directly used without isolating the compound (VI). .

As to the reaction conditions, for example, an aqueous solution of sodium
hydroxide, an aqueous solution of lithium hydroxide, and an aqueous solution of potassium
hydroxide can be used, and an organic solvent such as methanol and ethanol is used as needed.
Although no particular limitation is imposed on thel reaction temperature, it is normally 0°C to
the solvent reflux femperature, preferably room temperature to 50°C.  Although no particular
limitation is imposed on the reaction time, it is normally five minutes to 48 hours.

(0027 | | |
‘ " The compound (IV) may be in the free form or in the form of a salt or a hydrate.
For example; when it is in the form of a salt, the salt is not particularly limited as long as it is an

alkali metal salt or an organic amine salt, preferable éxamplés thereof include a lithium salt,a
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potassium salt, a sodium salt, a benzylamine salt, a pyridine salt and an isopropylamine salt.
[0028]
Step 4:

This step is a step for converting the compound (IV) into the compound (V) by
the decarboxylation reaction. The compound (IV) used in this step may be in the free form or
in the form of a salt. _

The reaction in this step can also be carried out under similar conditions to those
normally used for decarboxylation of carboxylic acid. Particularly, the reaction can also be
carried out under similar conditions to those used for decarboxylation of 2-allyl-2,2-
difluoroacetic acid described in a literature (H. Amii et al., Org. Lett., 13 (2011) 5560).

[0029]

‘ In this step, the reaction is preferably carried out under acidic conditions by
directly using the compound (IV), which is an acidic compound, in the free form, or separately
adding an acid. Examples of the acid to be used include phosphoric acid, hydrochloric acid,
sulfuric acid, and trifluoroacetic acid.

The compound (V) may be in the free form or in the form of a sait, and when it is
in the free form, it may be an anhydride or a hydrate.

[0030] | |

Representative examples of the production method of the compound (V) are as
described above. The raw material compounds and a variety of reagenfs in the producﬁoh
method of the compound (V) may form a salt or a hydrate, and they vary depending on the
starting materials, solvents used, and the like, and are not particularly limited as long as théy do
not interfere with the reaction. Solvents used also vary depending on the starting materials,
reagents, and the like, and needless to say, they are not particularly limited as long as they do not
interfere with the reaction and can dissolve a certain amount of starting materials. When the
compoﬁnd (V) is obtained in the free form, the compound (V) cen be converted into the state of a
salt that can be formed by the compound (V) as described above according to a routine method.
Similarly, when the compound (V) is obtained as a salt of the compound (V), it can be converted
into the free form of the compound (V) according to a routine method.

[0031] | |

Hereinbelow, the present invention will be described in detail with reference to
Examples and Reference Example; however, the present invemion is not limited thereto. Also,
the abbreviations used in Examples are conventional abbreviations well-known to those skilled

in the art, some of which are SBown below. .
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- DMA; N,N-dimethylacetamide

DMF; N,N-dimethylformamide
TFA; trifluoroacetic acid
NMP; 1-methyl-2-pyrrolidone
TMSCI,; trimethylsilyl chloride
TMSBr; trimethylsilyl bromide
Copper (I) bromide; CuBr
The chemical shift in the proton nuclear magnetic resonance spectrum is recorded
in the 6 unit relative to tetramethylsilane (ppm), and the coupling constant is recorded in hertz
(Hz). The patterns are: s; singlet, d; doublet, t; triplet, q; quartet, and br; broad.
HPLC: Shimadzu Corporation, Prominence (R)
NMR: JEOL Ltd., INM-AL400-type nuclear magnetic resonance apparatus (400 MHz)
[0032]
Hereinbelow, the "room temperature" in Examples and Reference Example
normally refers to about 10°C to about 35°C.  Unless otherwise specifically noted, % indicates

weight percent.

- [0033]

Example 1

Preparation of 5-Ldiﬂuoromethvl)pvrazine-2-éarboxylic acid (V) ‘
[Formula 20]

\[ 1 \[ BrCF,CO,Et Etozcj\[ R’HNOCj\[
OR 41— OR' or' ° NHR®

(rn (III) (VI)

. F F F .
N
. H02C>‘\[/ I FJ\[/N I |
H )
1—-3 \N ° 1—-4 - \N OH
o 0

(1rv)

In the above reaction scheme, R! is a methyl group, an ethyl group or an isopropy! group, and R’
is a methyl group.

[0034]

(1-1) Preparation of methyl S-bromopyrazine- 2 carboxylate (II)

(1-1)-A:

To a solution of methy] 5-chloropyrazine-2-;_:arboxylate (1,138.0 ‘g, 0.800 mol) in

acetonitrile (690 mL) was added TMSBr (207.6 mL, 1.600mol) under nitrogen atmosphere, and
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the fesulting mixture was stirred at 80 °C for 20 min.After about 138 mL of volatile component
was removed by distillation under reduced pressure (atmospheric pressure to 940 hPa),
acetonitrile (138 mL) was added to the mixture and 138 mL of volatile component was
redistilled away under reduced pressure (atmospheric pressure to 875 hPa) at 80 °C. After the
reaction was cooled to around room temperature, an aqueous sodium bicarbonate solution (6.3%,
1104 g) and ethyl acetate (340 mL) were added to the reaction. After phase separation of the
mixture, the aqueous layer was re-extracted with ethyl acetate (690 mL). The organic layers were
combined and washed with aqueous sodium chloride solution (5%, 363 g). The organic layer was
concentrated at 60 °C under reduced pressure, énd DMA was added to the residue and the
mixture was concentrated again at 60 °C under reduced pressure to afford 1827.0 g of a DMA
solution of the title compound (II) (title compound (II), 145.3 g, 84% yield). Content of the title
compound (IX) was determined by HPLC and the ratio of I and IT were shown as 3.9:96.1 by
HPLC analysis. |
The data of "H NMR of the title compound is as follows:

'"H NMR (400 MHz, DMSO-de) &: 3.91 (s, 3H), 9.01 (s, 3H), 9.01 (m, 2H). |
[0035]

HPLC was performed under the following conditions.

HPLC Parameters:
HPLC column: Sunniest RP-AQUA, 4.6 x 150 mm
| Temperature: 45.°C

Flow rate: _ 1 mL/min.

Mobile phase (Solvent A) Acetonitrile/ water/ TFA= 10 mL/ 990 mL/
1 mL |

Mobile phase (Solvent B) Acetonitrile/ water/ TFA= 900 mL/ 100 mL/
1 mL

Gradient: _ Time, min %-Solvent . | %-Solvent B

A

Initial 100 0
30 70 30
35 . 0 100
s 0 | 100
45.01 100 0
5. 100 |0
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Detection: 270 nm UV
Run time: 55 min

I Retention time: . 17.8 min

II Retention time: 20.0 min

[0036]
1-1)-B:

To a solution of methyl 5-chloropyrazine-2-carboxylate (I, 30.0 g, 0.174 mol) in
acetbnitrile (120 mL) TMSBr (45.1 mL, 0.348 mol) was added under nitrogen atmosphere. The
mixture was stirred and heated at 80 °C for 5 h while volatile component (105 mL) was distilled
away under reduced pressure (atmospheric pressure to 800 hPa). After the mixture was cooled to
0 °C, water (150 mL) was added while keeping the internal temperature at 0 to 8 °C, and the |
mixture was stirred at 0 °C for 1 h. The precipitated solids were collected by filtration, washed
with water .(12‘0 mL), and dried under reduced pressure at 50 °C to provide 35.0 g of the title
compound (II) (93% yield) as brown solids. The ratio of I and II was 1.1:98.9 by its HPLC
analysis.

[0037]

(1-2) Preparation of methyl 5-(2-ethoxy-1,1-difluoro-2-oxoethyl)pyrazine-2-carboxylate (III)

To the mixture of zinc powder (46.0 g, 0.703 mol) and triglyme (352 mL) was’
added TMSBr (9.12 mL, 0.070 mol) under nitrogen, and the mixture was stirred at 70 °C for 1.5
h. After the mixture was cooled to room temperature, ethyl bromodifluoroacetate (108.6 mL,
0.847 mol) was added while keeping the internal temperature at 18 to 31 °C, and the mixture was
stirred at 20 °C for 30 min and then cooled to 10 °C. After a DMA solution of methyl 5-
bromopyrazine-2-carboxylate (I, gross 914 g, net 72.7 g, 0.335 mol) was added to the mixture
and rinsed the vessel with DMA (166 mL), the mixture was warmed to 20 °C. Copper bromide
(CuBr, 100.9 g, 0.703 mol) was added in fifth porﬁons over ‘1 h, followed by stirring the }nixture
for 30 min. The reaction mixture was transferred into a pre-cooled (10 °C) mixture of an aqueous
sodium chloride solution (10%, 705 g), hydrochloric acid (5 M, 705 mL) and toluene (1409 mL),
and the resulting mixture was vigorously stirred. After phase separation, the organic layer was
washed twice with aqueous sodium chloride solution (5.7%, 705 g and 2.9%, 705 g) to afford
1378 g of a toluene solution of the title compound (IIT). Compound (III) was obtained as a
mixture of four'derivativeé of methyl and ethyl esters, and directly used as 100% yield to the
next step. | |
[0038]
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The data of "H NMR for each ester compound is as follows:
Methyl 5-(1.1-difluoro-2-methoxy-2-oxoethyl)pyrazine-2-carboxylate
'H NMR (400 MHz, DMSO-dg) &: 3.88 (s, 3H), 3.95 (s, 3H), 9.29 (m, 2H).
[0039]

Methyl 5-(2-ethoxy-1.1-difluoro-2-oxoethyl)pyrazine-2-carboxylate

'"H NMR (400 MHz, DMSO-dg) 8: 1.22 (t, J = 7.2 Hz, 2H), 3.95 (s, 3H), 4.34 (q, J= 7.2 Hz,
2H), 9.29 (m, 2H).

[0040]

Methyl ( 5-ethoxycarbonvlpvrazin—2-vl)—diﬂuoroacetate

'H NMR (400 MHz, DMSO-dg) 8: 1.35 (t, J= 7.2 Hz, 3H), 3.88 (s, 3H), 4.41 (g, J=7.2 Hz,
2H), 9.29 (m, 2H).

[0041]

Ethyl 5-(2-ethoxy-1.1-difluoro-2-oxoethyl)pyrazine-2-carboxylate

'H NMR (400 MHz, DMSO-dg) 8: 1.22 (t, J=7.2 Hz, 2H), 1.35 (t, J= 7.2 Hz, 3H), 4.34 (q, J =
7.2 Hz, 2H), 4.41 (q, J = 7.2 Hz, 2H), 9.29 (m, 2H).

[0042]

(1-3)-A  Preparation of benzyl amine salt of 5-[carboxy(difluoro)methyl]pyrazine-2-carboxylic

acid (IV)

To a toluene solution of methyl 5-(2-ethoxy—1,1-diﬂuord-2—oxoethy1)pyrazine-2-
carboxylate (III, gross 1378 g, 0.335 mol as 100% yield at former step, example (1-2)) was
added an aqueous sodium hydroxide solution (5 M, 268 mL, 1.34 mol), and the mixture was
stirred at room temperature for 15 h. After addition of concentrated hydrochloric acid (32 mL)
was to the mixture and phase separation, the organic layer was re-extracted with water (44 mL).
The aqueous layers were combined, and then isopropyl acetate (732 mL) and conc. hydrochloric
acid (32 mL) were added. After phase separatidn, the aqueous layer was re-extracted with
isopropyl acetate (366 mL). After the organic layers were combined, 2-propanol (1098 mL) was
added followed by add_ition of benzylamine (109.7 mL, 1.00 mol) while maintaining the internal
temperature at 16 to 20 °C, and the suspension was stirred at room temperature for 2 h. The
precipitated solids were collected by ﬁltraﬁon, washed with 2-propanol (174 mL), and dried at
60 °C under reduced pressure to provide 115.6 g of the title compound (dibenzylamine salt of IV,
80% yield based on methyl ester (II)) as pale brown solids. ’

* The data of "H NMR of the title compound is as follows.
"H NMR (400 MHz, DMSO-dg) 6: 4.02 (s, Y4H), 7.38 (m, 10H), 8.72 (s, 1H) , 8.98 (s, 1H).
[0043] | - |
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(1-3)-B  Preparation of potassium salt of 5-[carboxy(difluoro)methyl]pyrazine-2-carboxylic

acid (IV)

To a mixture of zinc powder (4.58 g, 0.070 mol) and triglyme (35 mL) was added
TMSBr (0.91 mL, 0.007 mol) under nitrogen, and the mixture was stirred at 70 °C for 1.5 h.
After the mixture was cooled to room temperature, ethyl bromodifluoroacetate (10.8 mL, 0.084
mol) was added while maintaining the internal temperature at 22 to 27 °C, and the mixture was
stirred at 20 °C for 30 min and then cooled to 0 °C. After addition of the solution of methyl 5-
bromopyrazine-2-carboxylate (II, 7.23 g, 0.033 mol) in DMA (106 mL) to the mixture, the
resulting mixture was warmed to 20 °C. Copper bromide (CuBr, 10.0 g, 0.070 mol) was added in
fifth portions over 1 h followed by stirring the mixture for 30 min. The reaction mixture was
transferred into a pre-cooled (ice bath) mixture of an aqueous sodium chloride solution (6.3%,
111 g), concentrated hydrochloric acid (29.4 mL) and toluene (140 mL), and the resulting
mixture was vigorously stirred. The organic layer was separated and washed twice with aqueous
sodium chloride sblutions (5.7%, 70 g and 2.9%, 70 g) to afford 136 g of a toluene solution of
methyl 5-(2-ethoxy-1,1-difluoro-2-oxoethyl)pyrazine-2-carboxylate (III).
To the obtained toluene solution of methyl 5-(2-ethoxy-1,1-difluoro-2-oxoethyl)pyrazine-2-
carboXylate (II1, gross 34.0 g, 8.33 mmol as 100% yield) were added water (3 mL) and an
aqueous potassium hydroxide solution (48%, 4.87 g, 41.7 mmol), and the mixture was stirred at
room temperature for 14 h. After phase separation, the organic léyer was re-extracted with water
(1 mL). After combining the obtained two aqueous layers, methanol (20 mL) was added to the
aqueous layer, and the resulting suspension was stirred for 1 h while ice cooling. The precipitated
solids were collected by filtration, washed with methanol (5 mL), and dried at 50 °C under
reduced pressure to afford 1.83 g of the title compound (potassium salt of IV) as ocher solids.
Water content of the obtained title compound was 5.93%, and the content as a free form was.
determined as 72.5% based on a calibration curve prepared by HPLC (chemical yield was 73%
from the methyl ester (II)).
_ The data of '"H NMR is as follows.

'H NMR (400 MHz, DMSO-dy) 8: 8.63 (d, J = 1.6 Hz, 1H), 8.90 (d, /= 1.6 Hz, 1H).
The water cohtent was measured by Karl Fischer titration. The same parameters for HPLC
(retention time of IV was 7.0 min) as described in example (1-1)‘ were appiied.
[0044) _
(1-3)-C  Preparation of potassium salt of 5-[carboxy(difluoro)methyl]pyrazine-2-carboxylic
acid (IV) _ ,

- To a mixture of zinc powder (2.29 g, 0.035 mol) and triglyme (17.5 mL) was .
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added TMSBr (0.45 mL, 0.004 mol) under nitrogen, and the mixture was stirred at 70 °C for 1.5
h. After the reaction mixture was cooled to room temperature, ethyl bromodifluoroacetate (5.41
mL, 0.042 mol) was added while maintaining the internal temperature at 22 to 27 °C, and the
mixture was stirred at 20 °C for 30 min and then cooled to 0 °C. After addition of a solution of
isopropyl 5-bromopyrazine-2-carboxylate (II, 4.48 g, 0.017 mol) in DMA (51 mL) to the
reaction mixture, the resulting mixture was warmed to 20 °C. Copper bromide (CuBr, 5.02 g,
0.035 mol) was added in fifth portions over 1 h followed by stirring the mixture for 30 min. The
resulting mixture was transferred into a pre-cooled (ice bath) mixture of an aqueous sodium
chloride solution (6.3%, 55.5 g), concentrated hydrochloric acid (14.7 mL) and toluene (70 mL),
and the resulting mixture was vigorously stirred. After phase separation, the organic layer was

washed twice with an aqueous sodium chloride solution (5.7%, 35 g and 2.9%, 35 g) to afford

74.2 g of a toluene solution of isopropyl 5-(2-ethoxy-1,1-difluoro-2-oxoethyl)pyrazine-2-

carboxylate (III).

To the obtained toluene solution of isopropyl 5-(2-ethoxy-1,1-difluoro-2- ,
oxoethyl)pyrazine-2-carboxylate (III, gross 37.1 g, 8.33 mmol as 100% yield) were added water
(3 mL) and an aqueous potassium hydroxide solution (48%, 4.87 g, 41.7 mmol), and the mixture
was stirred at room temperature for 14 h. After extraction with water (1 mL), the organic layer

was re-extracted with water (1 mL). After combining the obtained two aqueous layers, methanol

(25 mL) was added, and the suspension was stirred for 1 h while ice cooling. The precipitated

solids were collected By filtration, washed with methanol (5 mL), and dried at 50 °C under
reduced pressure to afford 1.99 g of the title compound (potassium salt of I'V) as ocher solids.
The water content of the obtained title compound (potassium salt of IV) was 5.96%, and the
content as a free form was determined as 70.8% a calibration curve prepared by HPLC (chemical

yield was 78% from the isopropyl ester (I)).

[0045]
(1-3)-D  Preparation of 5-[1,1-difluoro-2-(methylamino -N-methyl
carboxamide (VI)

To the toluene solution of methyl 5-(2-eth0xy-1,1-diﬂuoro-2-oxoéthy1)pyrazine-
2-carboxylate (III, gross 6.80 g, 1.67 mmol as 100% yield) which was obtained from example

(1-3)-B was added a methanol solution of methylamine (9.8 M, 0.52 mL, 5.0 mmol), and the

mixture was stirred at room temperature for 45 h. To the reaction mixture were added methanol
solution of methylamine (9.8 M, 0.52 mL, 5.0 mmol) and 2-propanol (1 mL), and the resulting
mixture was stirred for 24 h. After addition of water (2 mL) and stirring the suspension for 3.5 h

while ice-cooling, the precipitated solids were collected by filtration and washed with toluene
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(0.5 mL) and water (0.5 mL), respectively. The obtained solids were dried at room temperature
under reduced pressure to afford the title compound (VI, 224 mg, 55% yield) as white solids.
The data of '"H NMR of the obtained title compound is as follows.

'H NMR (400 MHz, DMSO-dg) &: 2.70 (d, J = 4.8 Hz, 3H), 2.83 (d, J = 4.8 Hz, 3H), 9.02-9.09
(m, 2H), 9.05 (m, 1H), 9.24 (m, 1H).
[0046]

(1-4)-A  Preparation of 5-(difluoromethyl)pyrazine-2-carboxylic acid (V)

To a mixture of benzyl amine salt of 5-[carboxy(difluoro)methyl]pyrazine-2-
carboxylic acid (IV, 110 g, 0.245 mol) and water (460 mL) were added toluene (550 mL) and an
aqueous sodium hydroxide solution (5 M, 127 mL), and the aqueous layer was separated. After
addition of phosphoric acid (85%, 121 mL, 1.78 mol) to the obtained aqueous layer and stirring
the mixture at 110 °C for 24 h, and the reaction was cooled to room temperature. An aqueous
sodium hydroxide solution (48%, 140 mL) was added, and the resulting mixture was stirred at
110 °C for 22 h and then cooled to room temperature. After addition of isopropyl acetate (412

mL) and concentrated hydrochloric acid (210 mL), the mixture was passed through a filter and

~ the filter was rinsed with isopropyl acetate (137 mL). After phase separation of the obtained

mixture, the aqueous layer was re-extracted with isopropyl acetate (550 mL). The obtained two
organic layers were combined and washed six times with water (165 mL each), and the six
washings were combined and re-extracted with isopropyl acetate (550 mL). After combining the

obtained two organic layers, concentration at 50 °C under reduced pressure, and cooling the

- residue (about 93 mL) to 20 °C followed by addition of n-heptane (155 mL) over 1 h, the -

mixture was cooled to -10 °C. The precipitated solids were collected by filtration, washed with
n-héptane (53 mL), and dried at 50 °C under reduced pressure to afford the title compound (V,
29.1 g, 66% yield) as yellow solids. ‘ ‘

The data of '"H NMR for the title compound (V) is as follows.
'H NMR (400 MHz, DMSO-dg) 8: 7.20 (t, J = 54 Hz, 1H), 9.07 (s, 1H), 9.27 (s, 1H), 14.0 (br,
1H).
[0047]

(1-4)-B  Preparation of 5-(difluoromethyl)pyrazine-2-carboxylic acid (V)

Toa rhixture of wet solids (235 g including 2-propanol) of benzyl amine salt of 5-
[carboxy(diﬂuoro)methyl]pyrazine-Z-cafboxylic acid (IV, 214 g, 0.495 mol,) and toluene (1070
mL) wefe added water (303 mL) and an aQueous sodium hydroxide solution (48%, 68.3 mL),

and the aqueous layer was separated. After the organic layer was re-extracted with water (107

mL), the aqueous 1ay¢rs were combined. To the aqueous layer were added cyclopentyl methyl
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ether (2141 mL) and concentrated hydrochloric acid (165 mL), and the organic layer was
separated.

The aqueous layer was re-extracted with cyclopentyl methyl ether (963 mL), and
thé vessel rinsed with cyclopentyl methyl ether (107 mL) followed by combining the obtained
three organic layers. After the mixture was stirred at 90 °C for 30 h and cooled to room
temperature, water (828 mL) and sodium hydroxide solution (48%, 54.6 mL) were added to the
mixture. After phase separation, the organic layer was re-extracted with water (107 mL), and the
obtained two aqueous layers were combined. Phase separation was conducted after addition of
1sopropyl acetate (2141 mL) and concentrated hydrochloric acid (86.6 mL), and the aqueous
layer was re-extracted with isopropyl acetate (1070 mL). After combining the obtained two
organic layers, the organic layers were washed with water (321 mL). Insoluble materials in the
organic layer was removed by polish filtration through aand the filter was rinsed with isopropyl
acetate (107 mL). The obtained organic layer was concentrated at 50 °C under reduced pressure,
and the residue (about 188 mL) was diluted with isopropy] acetate (46 mL) followed by cooling
to 30 °C. After addition of n-heptane (640 mL) over 1 h, the mixture was cooled to -10 °C. The
precipitated solids were collected by filtration, washed with n-heptane (117 mL), and dried at 50
°C under reduced pressure to afford the title compound (V, 68.2 g, 79% yield) as flesh colored
solids. |
[0048]

(1-4)-C  Preparation of 5-(difluoromethyl)pyrazine-2-carboxylic acid (V)

To a mixture of potassium salt of 5-[carboxy(difluoro)methyl]pyrazine-2-
carboxylic acid (IV, 1.00 g, 3.32 mmol) which was obtained from example (1-3)-B, isopropyl
acetate (4 mL), and water (2 mL) were added concentrated sulfuric acid (0.60 mL, 10.8 mmol),
and the organic layer was separated. The aqueous layer was re-extracted with isopropyl acetate
(4 mL) followed by combining the obtained two organic layers. After stirring the mixture at
75 °C for 16.5 h, the mixture was stirred at 80 °C for 6 h and cooled to room temperature. After
polish filtration of the mixture through a filter and rising the filter with isopropyl acetate (1 mL),
water (4 mL) and aqueous sodium hydroxide solution (48%, 973 mg, 8.33 mmol) were added to
the filtrate, and then the aqueous layer was separated. To the aqueous layer was added
concentrated hydrochloric acid (0.83 mL, 10.0 mmol), and the resulting mixture was stirred
while in icé-cdoling for 17 h. The precipitated solids were collected by filtration, washed with
water (0.5 mL), and dried at 50 °C under reduced pressure to afford the title compound (V, 371
mg, 64% yield) as pale brown solids. '

[0049] - »
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(1-4)-D Preparation of potassium salt of 5-(difluoromethyl)pyrazine-2-carboxylic acid (V)

To a mixture of potassium salt of 5-[carboxy(difluoro)methyl]pyrazine-2-
carboxylic acid (IV, 1.00 g, 3.24 mmol) which was obtained from example (1-3)-C, isopropyl
acetate (4 mL), and water (2 mL) was added concentrated sulfuric acid (0.60 mL, 10.8 mmol),
and the organic layer was separated. The aqueous layer was re-extracted with isopropyl acetate
(4 mL) followed by combining the two organic layers. After stirring the obtained isopropyl
acetate solution mixture at 75 °C for 16.5 h, and the solution was stirred at 80 °C for 6 h
followed by cooling to room temperature. The reaction mixture was passed through a filter, and
the filter was rinsed with isopropyl acetate (1 mL). To the filtrate were added methanol (4 mL)
and an aqueous potassium hydroxide solution (48%, 973 mg, 8.33 mmol) followed by stirring
the mixture while ice-cooling for 17 h. The precipitated solids were collected by filtration,
washed with isopropyl acetate (1 mL), and dried at 50 °C under reduced pressure to afford the
title compound (potassium salt of V, 433 mg, 63% yield) as pale brown solids.

The data of 'H NMR for the title compound is as follows.

'"H NMR (400 MHz, DMSO-dg) 8: 7.07 (t, J = 54 Hz, 1H), 8.76 (s, 1H), 8.97 (s, 1H).
[0050] '

Reference Example

[Formula 21]
F
Br.__N FJ N ’ F N
\[, l BrCF,CO,Et Etozcﬂ\[/ l HOC™ 7Y
. . N OEt
N]YOEt T cu \N]\’(oa N A
[o] fe) (o]

(vVI1) (VII1) (x

[0051]

Preparation of the mixture of ethyl 5-(2-ethoxy-1 @iﬂuoro-2-oxoethpryrazine-}carboxmte
(VIID) and [5-(ethoxycarbony)pyrazin-2-yll(difluoro)acetic acid (IX)

To a mixture of copper powder (286 mg, 4.50 mmol) and DMF (3.5 mL) was
added TFA (11 pL, 0.15 mmol), and thebresulting mixture was stirred at} room temperature for 30
min. To the mixture were added ethyl. S-bromopyrazine-2-carboxylate (VII, 347 mg, bl .50 mmol)
and ethyl bromodifluoroacetate (289 pL, 2.25 mmol), and the mixture was stirred at 50 °C for 2.
h. To the reaction mixture were added a saturated aqueous sodium bicarbonat_e solution (10 mL)
ahd efhyl acetate (15 mL), and the organic layer waS separated. The organic layers was washed
twice with an aqueous sodium chloride solution (5%, 20 mL each). After the organic layer was

dried over sodium sulfate, concentration at 40 °C under reduced pressure and purification of the

residue by silica gel chromatography (ethyl acetate and n-hexane) afforded the title compound
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(VIIL, 30.9 mg, 8% yield and IX, 34.9 mg, 9% yield).
[0052]
The data of "H NMR for the title compound (IX) is as follows.
[5-(ethoxycarbonyl)pyrazin-2-yl}(difluoro)acetic acid (IX)
'H NMR (400 MHz, CDCl3) &: 1.49 (t, J= 6.8 Hz, 3H), 4.55 (g, J = 6.8 Hz, 2H), 9.40 (s, 1H),
9.76 (s, 1H). '

Industrial Applicability
[0053]

According to the production method of the present invention, 5-
(difluoromethyl)pyrazine-2-carboxilic acid, which is a raw material for the construction of 5-
(difluoromethyl)pyrazine-2-carboxamide, which is a common partial structural motif of the
compbund having an A} production inhibitory action or a BACEL! inhibitory action, can be

industrially advantageously produced.
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CLAIMS

[Claim 1]

A method for producing 5-(difluoromethyl)pyrazine-2-carboxilic acid represented
by a formula (V): '
[Formula 2]

F
FJ\[/N |
o
°c M
or a hydrate thereof, or a salt of 5-(difluoromethyl)pyrazine-2-carboxilic acid or a hydrate

thereof, comprising a step of decarboxylating a compound represented by a formula (IV):

[Formula 1]
F

HO\:F‘\[/N

o) \N]YOH
° (v)

or a salt thereof.

[Claim 2]

A compound represented by a formula (IV):

[Formula 3]
F

HO\;>|\[/N '
0 \N]\H/OH
° V)
and a salt thereof.
[Claim 3]
A method for producing 5-[carboxy(difluoro)methyl]pyrazine-2-carboxylic acid
represented by the following formula (IV): |

[Formula 5}
F

HO%‘\[/N
|
| 0 \Nj\n/OH |
o (IV) _ _
or a salt thereof, comprising a step of hydrolyzing a compound represented by a formula (III):

-[Formula 4]
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Rzo;])\[/N
o} N ]\‘/OR‘

o (1D ‘
wherein R' and R? each independently represent a linear or branched C,.¢ alkyl group,
or a salt thereof. | |
[Claim 4]

The prod}lction method according to Claim 3, wherein the hydrolysis is

performed by using an alkali metal hydroxide.

[Claim 5]
' A compound represented by a formula (III):
[Formula 6]
F
RZO\TP‘\[/N
o] \N]\”/ow

o (1D
wherein R' and R? each independently represent a linear or branched C,.¢ alkyl group,

or a salt thereof.

[Claim 6]
A method for producing a compound represented by a formula (III):
[Formula 8]
o
RZO;PKE/ N
|
0 \Nj\n/om

o 11D
wherein R' and R? have the same meaning as defined in the aforementioned (3],

or a salt thereof, comprising a step of coupﬁng a compound represented by a formula (II):
[Formula 7]

Br N -
INMORf
o 1)
wherein R' represents a linear or-branched C;.¢ alkyl group,
 or a salt thereof, with BrZnCF,COOR? in a presence of a.copper salt.
[Claim 7]

A method for producing a compound represented by the following formula (I):
[Formula 10]
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Br /N
\[\N]\[(OR1
o (I
wherein R’ has the same meaning as defined in the aforementioned [6],

or a salt thereof, comprising a step of subjecting a compound represented by a formula (I):

-[Formula 9]

\[ :H{OR‘

wherein R! has the same meaning as defined in the aforementioned [6],
or a salt thereof to a chlorine-bromine exchange reaction.
[Claim 8] '

A rh,ethod for producing 5-(difluoromethyl)pyrazine-2-carboxilic acid represented
by a formula (V): ' |
[Formula 15]

F
F)\[/N |
\Nj\(OH
0 (V

or a hydrate thereof, or a salt of 5-(difluoromethyl)pyrazine-2-carboxilic acid or a hydrate
thereof, comprising steps of

1) synthesizing a compound represented by a formula (II):
[Formula 12]

Br. /N
\[\N]\H/OR"
° (I
wherein R' has the same meaning as defined in the aforementioned [4],

or a salt thereof by subjecting a éompound represented by a formula (I):

[F ormula 11]

\[ ]\H/OR’

wherein R! has the same meaning as defined in the aforementioned 4],
or a salt thereof to a chlorine-bromine exchange reaction;
ii) ’ synthesizing a compound represented by a formula (III):

[Formula 13]
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Rzo\;)\[/n
o] X ]\'(OR‘

o (Il
wherein R' and R* have the same meaning as defined in the aforementioned (31,
or a salt thereof by coupling the compound represented by the formula (II) or a salt thereof with

a compound represented by a formula BrZnCF,COOR? or a salt thereof in a presence of a copper

salt;

iii) synthesizing a compound represented by a formula (IV):
[Formula 14}

Ho\;}\[/r«
o s k(on
° (V)
or a salt thereof by hydrolyzing the compound represented by the formula (III) or a salt thereof;

and

iv) decarboxylating the compound represented by the formula (IV) or a salt thereof.



