PROCESS FOR PRODUCTI ON OF

2- (4- METHYL- 2- PHENYLPI PERAZI N- 1- YL)

PYRI DI NE- 3- METHANOL Techni cal Field The present

invention relates to a nethod for producing

2- (4- et hyl - 2- phenyl pi perazi n-1-yl)pyridi ne-3- net hano
More particularly, the present invention relates to

a method for producing

2- (4- et hyl - 2- phenyl pi perazi n-1-yl)pyridi ne-

3-met hanol which is properly used as a production

internmediate for mrtazapi ne useful as an
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compound useful as an [y IBIRE.SNBTHANOL
2- (4- Met hyl - 2- phenyl pi perazi n-1-yl)pyriidine-3-nethano

| is known as a production internediate for the
mrtazapine. As for a method for producing it, the
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”Et hi‘{} ZpPQQQMJB Iff‘EicS‘n é/ll.gte?s Ctyaréof?%‘ch%i N2o¥ pPiducing

a car I C acl oun
33@3&%@%@%@@%@ A U,
Mo%parélcul%r/iytethglpresectslnventlohl relates to a method
.for producing 2-(4-methyl-2~phenylpiperazin-1l-yl)pyridine-
3-methanol which is properly used as a production intermediate

for mirtazapine useful as an antidepressant.

Background Art

Mirtazapine is a compound useful as an antidepréssant.
2-(4-Methyl-2-phenylpiperazin~1l-yl)pyridine-3-methanol is
known as a production intermediate for the mirtazapine. As for
a method for producing it, the method is known that includes
the steps of hydrolysis or alkaline-decomposition of 2-(4-
methyl-2-phenylpiperazin-1-yl)-3-cyanopyridine so as to make
a carboxylic acid compound, and reduction of the carboxylic acid
compound with lithium aluminum hydride (e.g., JP-859-42678-B,

USP4062848) .



I i tH3 M RTAZAPI NE The known net hods need a process
t hrough the carboxylic acid conpound, and further
need processes of once drying the carboxylic acid
conpound in order to reduce it and reducing the

car boxylic acid_conpound underkﬁ%pydrous condi ti ons.
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| Bvention An oBfect of the preSent invention |si#
provide an efficient nethod for produci ng MRTAZAPINE

2- (4-nmet hyl -2 phenyl pi peraz in-
1-yl) pyridine- 3- net hanol, which is useful as a
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catal ytically
the methods also need 3moles ormore of lithium aluminum hydride

which is expensive. Therefore, this method is not sufficient

for an industrial production method.

Disclosure of the Invention

An object of the present invention is to provide an
efficient method for producing 2-(4-methyl-2-
phenylpiperazin-1-yl)pyridine-3-methancl, which is useful as
a production intermediate for mirtazapine, in industrial
production.

This object and the other objects are explained by the
followings.

Present inventors worked to solve the above-described
prcblems and, as a result, they found out the present invention.

That is, the present invention is as follows.

<1> A method for producing 2-(4-methyl-2-phenylpiperazin-1-



reduci ng 2-(4-nethyl - 2- phenyl pi perazi n-1-yl) - 3-

cyanopyridine in the presence of a partially

deactivated palladiumcatalyst in an aqueous acid

solution. <2> The net hod described in <1> wherein the

partially deactivated palladiumcatalyst is a
ylppkiradine-gamakyhsho lp@orcalilst rdeatld \wategd off tdattalytically

conpound contai ning iron. <3> The netho descrlbe&,
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- Best Mode for Carrying out the Invention 3
<4> The method described in any one of <1> to <3>, wherein the
aqueous acid solution is an aqueous sulfuric acid solution.
<3> The method described in <4>, wherein the partially
deactivated palladium catalyst is prepared by adding a
palladium catalyst of 1 to 10 parts by weight to an aqueous
solution containing iron sulfate of 0.05 to 0.1 part by weight,
stirring the mixture at 0 to 40°C for 1 to 5 hours, filtrating
and washing.
<6> The method described in any one of <1> to <5>, wherein the
amount of the partially deactivated palladium catalyst is 0.1
to 5 parts by weight as an amount of palladium metal based on

100 parts by weight of 2-(4-methyl-2-~phenylpiperazin-1-yl)-

3-cyanopyridine.

Best Mcde for Carrying out’ the Invention



2- (4- Met hyl - 2- phenyl pi perazi n-1-yl)-3-cyanopyri di ne

as a starting material in a nethod of the present

i nvention can be produced by methods described in,

for exanple, JP-S59- 42678-B and W01/ 023345-A. This
conmpound can be used in any formof a free base and a
salt. Exanples of the acid for the aqueous acid
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Further, the aqueous acid solution can be mixed with a
solvent such as acetic acid or methanol in an amount not to
influence the catalytic reduction.

The acid concentration in the aqueous acid solution is
generally 20 to 60% by weight, and preferably 30 to 55% by weight.

The amount of the agueous acid scolution is generally 500
to 2000 parts by volume, and preferably 500 to 1000 parts by
volume based on 100 parts by weight of 2-(4-methyl-2-
phenylpiperazin-1-yl)-3-cyanopyridine.

The palladium catalyst supported on activated carbon,
alumina or zeolite is used. A palladium-carbon catalyst is
preferably used from the viewpoints of reactivity and
econcmical efficiency.

The partially deactivated palladium catalyst is also

called as a poisoned palladium catalyst, and means a catalyst



call ed as a poi soned pal |l adi um cat al yst, and neans a

catal yst 4 decreasing activity of the palladi um

catal yst. A conpound (a catalyst poison) capabl e of

acting on the palladiumcatalyst to prepare the

poi soned pal | adium catal yst is a conpound contai ni ng

iron such as iron sulfate, iron chloride or iron
deGreesiBY ACEbMpEUNAL comR #adilnfiwmeadadlysds | Bagompound (a

acetate or |lead carbonate; or a conmpound contai ning
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containing iron is preferable, and iron sulfate is
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comerci al pal |l adi um carbon catalyst in water and
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example, suspending a commercial palladium~carbon catalyst in
water and adding an aqueous solution of a compound containing
a metal, or adding a palladium-carbon catalyst to an agueous
solution of a compound containing a metal, stirring the mixture
for a predetermined time, and filtrating. Further, a palladium
catalyst prepared in an agueous solution of a compound
containing a metal can be used.

More particularly, for example, when the catalyst poison
is iron sulfate, the partially deactivated palladium catalyst
can be prepared by adding a palladium catalyst of 1 to 10 parts
by weight to an agueous solution containing iron sulfate of 0.05
to 0.1 part by weight, stirring the mixture at 0 to 40°C for
1 to 5 hours, filtrating and washing. In a case of the other

catalyst poisons, the partially deactivated palladium catalyst



to 0.1 part by weight, stirring the mxture at 0 to
40C for 1 to 5 hours, filtrating and washing. In a
case of the other catalyst poisons, the partially
deacti vated pal |l adium catalyst 5 can be prepared by a
sinilar process. This preparation can be carried out
cal erégréne%E} as_at here such rutro t b
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and preferably 3 to 5 kgf/cm® (294 to 490 kPa).
2-(4-Methyl-2-phenylpiperazin-1l-yl)pyridine-3-
methanol as an object compound can be cbtained by subijecting
a reaction liquid after the reduction reaction to general
post-treatment operations such as neutralization, extraction,
concentration and crystallization.

The obtained 2~ {4-methyl-2-phenylpiperazin-1-yl)
pyridine-3-methanol can be purified by a method such as
recrystallization or silica gel column chromatography if
needed.

For example, 2-(4-methyl-2-phenylpiperazin-1l-yl)
pyridine-3-methanol can be purified by recrystallizing with one

or more solvents selected from solvents in an aromatic solvents

such as toluene, lower alcohols such as methanol and butanol,



needed. For exanpl e,

2- (4-net hyl - 2- phenyl pi perazi n-1-yl)

pyri di ne- 3- net hanol can be purified by recrystallizing

with one or nore solvents selected fromsolvents in

an aromatic solvents such as toluene, |ower alcohols

such as nethanol and butanol, 6 and hydrocarbon
angdohydipsasheon &9 Livepitaneuchhe solitegi ek .

2- (4- et hyl - 2- phenyl pi perazi n-1-yl)

pyr i GhaeoBtaehhdnal (damchbyised pheh yipdgeétiargn-1-y1)

m rtazapi ne by the nethods described in
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invention will be explained in detail by exanples,
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exgﬂﬁigg[un}carbon catal yst (54% wet product), stirring

at"a roomtenperature for 2 hours, filtrating and
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was partially deactivated with iron was produced by dissolving
0.035 g of iron sulfate with 50 ml of water under nitrogen
atmosphere, adding 5.0 g of 5% palladium-carbon catalyst (54%
wet product), stirring at a room temperature for 2 hours,
filtrating and washing.

Example 1

One gram (1 g) of 2-{(4-methyl-2-phenylpiperazin-1-yl)-
3-cyanopyridine, 10 ml of an aqueous sulfuric acid solution of
50% by weight, and 0.2 g of the catalyst produced by the
preparation example of a catalyst were mixed and catalytically
reduced in hydrogen at a gage pressure of 3 kgf/cm? (294 kPa)
and 70°C. After 5 hours, the reaction liquid was analyzed by
a HPLC analysis, and it was confirmed that 71.9% of 2- (4-methyl-
2-phenylpiperazin-1-yl)pyridine-3-methanol was produced.

Example 2



50% by wei ght, and 0.2 g of the catal yst produced by
the preparation exanple of a catal yst were m xed and
catalytically reduced in hydrogen at a gage pressure
of 3 kgf/cnm2 (294 kPa) and 70C. After 5 hours, the
reaction liquid was anal yzed by a HPLC anal ysis, and
it was confirned that 71.9% of 2- (4-nethyl-
2- pHery Igsiggerdzion- efyEy pgrindthgl32nehkagdbimesazin-1-yl1) -
produced. Exanple 2 7 One gram (1 g) of
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Example 3

One gram (1 g) of 2-(4-methyl-2-phenylpiperazin-1l-yl)-
3-cyanopyridine, 10 ml of an aqueous sulfuric acid solution of
33% by ﬁeight, and 0.2 g of the catalyst produced by the
preparation example of a catalyst were mixed and catalytically
reduced in hydrogen at a gage pressure of 3 kgf/cm® (294 kPa)
and 70°C. The reaction liquid was analyzed by a HPLC analysis,
and it was confirmed that 69.1% of 2« (4~methyl-2-
phenylpiperazin~1l-yl)pyridine~3-methanol was produced. The
reaction liquid was neutralized with an aqueous sodium
hydroxide solution ¢f 25% by weight and extracted with 30 ml
of toluene. The extracted organic layer was concentrated, and
0.4 g of xylene, 0.1 g of 1-butanol and 1.2 g of methanol were
added thereto, and the mixture was heated up to 60°C so as to

be dissolved. Then, 0.53 g of 2-(4-methyl-2-phenylpiperazin-



and 70C. The reaction liquid was anal yzed by a HPLC

analysis, and it was confirned that 69. 1% of

2- (4- et hyl - 2-

phenyl pi perazi n-1-yl ) pyri di ne- 3- nret hanol was produced.

The reaction liquid was neutralized with an aqueous

sodi um hydroxi de sol ution of 25% by wei ght and
1-pkipuridinar8hm80bhaholovasobuedecethbyexddicied .3 g of
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thereto, and the m xture was heated up to 60C so as to
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B I% 4 One gram (1 g) of

2- (4-net hyl - 2- phenyl piperazi n- 1-yl)- ' 3-cyanopyri.di ne,
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hours, the reaction |iquid was )
preparation example of a catalyst were mixed and catalytically

reduced in hydrogen at a hydrogen gage pressure of 3 kgf/cm2
(294 kPa) and 25°C. After 20 hours, the reaction liquid was
analyzed by a HPLC analysis, and it was confirmed that 20.9%
of 2-(4-methyl-2-phenylpiperazin~l-yl)pyridine-3-methanol
was produced.
Comparative example 1

One gram (1 g} of 2-(4-methyl-2-phenylpiperazin-1-yl)-
3-cyanopyridine, 10 ml of an aqueous hydrochloric acid solution
of 35% by weight, and 0.2 g of a 10% palladium—-carbon catalyst
were mixed and catalytically reduced in hydrogen at a hydrogen
gage pressure of 3 kgf/cm® (294 kPa) and 70°C. After 5 hours,
the reaction liquid was analyzed by a HPLC analysis, and it was

confirmed that an objective product was hardly produced.



anal yzed by a HPLC analysis, and it was confirned that

20. 9% of

2- (4- net hyl - 2- phenyl pi perazi n-1-yl) pyri di ne- 3- met hano

was produced. Conparative exanple 1 One gram (1 g) of

2- (4- et hyl - 2- phenyl pi perazin-1-yl)- 3-cyanopyri di ne,

10 M of an aqueous hydrochloric acid solution of 35%
HPHy q@idhEionand 0.2 g of a 10% pal | adi um car bon

catal yst were mxed and catalytically reduced in
Cohyht ngerncatumn h§Bg ogepm, ghge pmésibPemnf 3 kgf/cnP

(294 kPa) and 70C. After 5 hours, the reaction |iquid
Molwalse griad ez edLbyguad HRPLCl amab ¥ gl.saqaadubt ammsniamnbicemrad e

that an objective product was hardly produced. 9 HPLC

condi ti on Col um:sdhwol s (gD (B 4.6 mmf xI 50 mm)
Mobi | e phase: Liquid A- 1 mmol /L aqueous anmoni um

acetate solniqoid (PH ctonitaligl B: Acetonitrile
Concentration of Liquid B: 10%during O to 5 mnutes

Cordbrtieat {6k epf i ONqhi eR: 1006t QuBOXRdDr tH955mi RuBls in the
m nutes, 80%during 30 to 40 m nufes. Flowrate: 1
retldtldh t@ﬁéj,md%e%eﬁﬁguaﬁfiﬂg% etartad mavel engt Iaﬁring
UV220 nm
30 to 40 minutes.
Flow rate: 1 ml/min
Column temperature: 40°C
Detected wavelength: UV220 nm
A production method of the present invention can
efficiently produce 2-(4-methyl-2-phenylpiperazin-1-yl)
pyridine-3-methancl useful as a production intermediate for
mirtazapine without passing through a carboxylic acid
derivative of the objective product, without requiring an
anhydrous reaction system, and without using lithium aluminum

hydride which is expensive.
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A production nmethod of the present invention can
efficiently produce

2- (4- net hyl - 2- phenyl pi perazi n-1-yl)

pyri di ne- 3- met hanol useful as a production
internediate for mrtazapi ne wthout passing through
a carboxylic acid derivative of the objective
product, w thout requirifgAMS anhydrous reaction
system and without using lithiumalum num hydride
which is expensive. 10 CLAIMS 1. A nethod for
produci ng 2-(4-net hyl - 2- phenyl pi per azi n-

W ol eyB-glidianialg i ch-neoi i -sBsolead vl yip€bd £ in -1~
reduci ng 2-(4-nethyl - 2- phenyl pi perazi n-1-yl) - 3-

gﬂ@@b@z@ﬂdi@ié@iﬂéﬂﬂbﬁmﬂ GRENGE Qnpr Padd i@ddylytically
eactivated palladiumcatalyst in an aqueous acid
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the partially deactivated pal’l adium catalyst i1s a
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partially deactivated with a compound containing iron.

. The method according to claim 2, wherein the compound
containing iron is iron sulfate, iron chloride or iron

acetate.

. The method according to c¢laim 1, wherein the acid aqueous

solution 1s an aqueous sulfuric acid solution.

. The method according to c¢laim 4, wherein the partially
deactivated palladium catalyst is prepared by adding a
palladium catalyst of 1 to 10 parts by weight to an agueous
solution containing iron sulfate of 0.05 to 0.1 part by weight,
stirring the mixture at 0 to 40°C for 1 to 5 hours, filtrating
and washing.

. The method according to claim 1, wherein an amount of the

partially deactivated palladium catalyst is 0.1 to 5 parts

by weight as an amount of palladium metal based on 2-(4-
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deacti vated pal |l adium catal yst is prepared by adding a
pal | adium catal yst of 1 to 10 parts by weight to an
aqueous solution containing iron sulfate of 0.05 to
0. 1 part by weight, stirring the mxture at 0 to 40C
for 1 to 5 hours, filtrating and washing. 6. The

met ho ccording to claim1l, wherein an anpunt of the
BE YA 147 RSB SRR R Tt 1 il b TR vaneeyrkdne e £00
parts by meiq?t as an amount of palladium netal based
@ﬁxrg_s( Ly wpight.

nmet hyl - 2- phenyl pi per azi n-1-yl ) -3-cyanopyri di ne of 100
parts by weight. 12
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