FP0O8- 0076- 00 DESCRI PTI ON PROCESS FOR PRODUCTI ON OF M RTAZAPI NE
Technical Field [0001] The present invention relates to a process for
production of 5 mrtazapine, which is useful as an anti depressant.
More specifically, the invention relates to a process for prEeRgQ0Pa-00
of mrtazapi ne by cyclization of

2- (4- met hyl1- 2- phenyl pi perazi n-1-y1l) pyridi ne-3 -nethanol with
concentrated sul furic acid. Background Art 10[0002] Mrtazapine is a
useful antidepressant conmpound, and it can be synthesized by
cyclization of 2-(4-nethyl-2-phcDESCREEON 1-

yl ) pyridine-3-nmethanol with concentrated sulfuric acid. Known nethods
for isol ati RROCESSZBPRIBROBUCHION ffi NIRTAZMINE t he cyclized
reaction mxture is diluted with water and then al kalinized, and 15

t he producedquebmi¢adiFielde i s separated and then extracted with

met hyl ene chl oride and concentrated to obtain cr udefm' rtaaa%i ne
(Patent docdf8dl] The pregenthswenHORNTMeEHE 8yRINCSRY 1Pk ALPTUHIH Hure

is diluted with wafer and then al kaliniz and extracted |n.
presehce of migfazapee, é’&ﬁﬁ}érﬁ MSEEH A53)y SPLEP ed%ﬁ easﬂ&lﬁgﬁly,

e cyc I s6diF CAYERGR FELER 40 1S RIPRR el PP, SERLPRARIE B’
I kal i ni zed, q e . e .
s Concent r et o & 3rnenybesPinle e BT oy e T i at ol
ded in_i anal i i ch [ d [
suspended in ltﬁﬁg{r}g@é ﬁﬂ%?ﬁlﬁéﬁ%ﬁ?@ac extraction and concentration

are performe‘ﬁ1 zapi ne 25(see Patent docunent 1).
[ Pat ent doc%#@?pese Pat ent Public | nspection No. 2004-
FP08- 0076-0 at ent docunent 2] International Patent

Publ i gati on a0V Wiirtazapine is a useful antidepressant compound, and it can be

synthesized by cyclization of 2~(4-methyl-2-phenylpiperazin-1-
yDpyridine-3-methanol with concentrated sulfuric acid.  Known
methods for isolating mirtazapine include a method in which the
cyclized reaction mixture is diluted with water and then alkalinized, and
15 the produced precipitate is separated and then extracted with methylene
chloride and concentrated to obtain crude mirtazapine (Patent document
1); a method in which the cyclized reaction mixture is diluted with
water and then alkalinized and extracted in the presence of toluene,
concentrated, and crystallized in a toluene-heptane sjstem (Patent
20 document 2); and a method in which the cyclized reaction mixture is
diluted with water and then alkalinized, the produced precipitate is
separated, the mother liquor is concentrated and both of the obtained
residues are combined and suspended in isopropanol, after which
extraction and concentration are performed to obtain crude mirtazapine
25 (see Patent document 1).
[Patent document 1} Japanese Patent Public Inspection No. 2004-



--01/-038330 Di scl osure of the Invention Problens to be Solved by the

I nvention [0003] In the conventional processes, however, it is
necessary to separate the precipitate after it is produced upon
rendering the cyclized reaction m xture al kaline, and the pFPORRHIOA-O0
is then extracted with nethylene chloride, or the reaction mxture is
al kalinized in the 10 presence of toluene and extracted. However, the
purity of the obtained mrtazapi ne after concentration is not
satisfactory, and therefore recrystallization has been necessary.
[0004] Incigemda |y, according to the Guideline for Residual Solvents
publ i shed by the International Conference on Harnpni sation_of v’bh
Techni cal I?Iméﬂter@jmﬁnémr e ding¢mational dPatentar Bublication &Nok or man
Use (ICH) (hereinafter referred to as "I CH Guideline"), methylene

chl ori de an@1/aRBB80e are C ass 2 sol vents whose residues in
pharmaceutical products are to be limted, and it is preferred to
avoi d t he uPéschbsumecdf thellmyentionn t he fmal stages of drug

manuf acturing. 20 [0005] It is an qgbject of the present invention to
provisde a pPooblens te bpSedvest bythedn¥eptiaBapi ne as a conveni ent

AL D
use as a dr a@aréﬁ\%&r@@il@gta%of‘g%g 1§ Iﬁ’ég&(%gil@é‘ F%%Eﬂl‘g@ Ba&rc ielg%{lit of
present | nvEmeHs: HEFBTEHBREREamg B0 MRS is PR Gt bithe

coor di gt Sndthlene obirtiE e U8 o FATpC FAPE(ME Mickinizad kel Ly

nexpect edl \r L AG FhiEh%ARICALIAM b REel bhg pefityeofoabiaiuedur es

5und al kal ons. beciflcalfy, e invention is the

e et o Bt
phenyl pi per %E&'s{amﬁétﬂﬁfﬁég BerdndRtdapol with concentrated sulfuric
[0004] Incidentally, according to the Guideline for Residual Solvents
published by the International Conference on Harmonisation of
15 Technical Requirements for Registration of Pharmaceuticals for Human
Use (ICH) (hereinafter referred to as "ICH Guideline™), methylene
chloride and toluene are Class 2 solvents whose residues in
pharmaceutical products are to be limited, and it is preferred to avoid
the use of such solvents in the final stages of drug manufacturing,.
20 [0005] It is an object of the present invention to provide a process for
production of mirtazapine as a convenient process for obtaining
mirtazapine from a reaction mixture obtained by cyclization of 2-(4-
methyl-Z-phenylpiperazm-1-yl)pyridine-3-methanol with concentrated
sulfuric acid, at high purity and suitable for safe use as a drug.
25 Means for Solving the Problems

[0006] As a result of much research on the problems referred to above,



10 acid is diluted with water, the dilution is alkalinized in the
presence of propanol, the mirtazapine is extracted with propanol and
the mrtazapine is crystallized fromthe extract. [2] A

production process according to [1] above, wherein the anmunigpll o _00
propanol used is 130-500 parts by weight with respect to 100 pa tsﬂﬁ§
15wei ght of the 2-(4-nethyl-2-phenyl pi perazi n-1-yOpyri di ne-3

-nmethanol. [3] A production process according to [1] or [2] above,
wherein heptane is added after the dilution is alkalinized. [ 4]

A product i onhprpeess areaicts hvicocdBpletdd tkis ventbn dfhe &RDONEring
hept ane used is 10-70 wt% w th respect to the total of propanol and

20hept ane.  tha} propemdusticin ip aamepstiecChasdi hgohensn withn dowf tokidityt o
[4] above, wherein the concentrated sulfuric acid is used at 300-400
parts by weiagtordinghto etheetCH dGaidelipar aixd bip wesgibie ofithhevater, can
2-(4-met hyl-2- phenyl pi perazin- 1-yl)pyridine-3-nmethanol for
cycl i zat i on,unaxgectedy satraatl ndrtazapioe iftomnvaterdaluted dedationdmiktubes
wat er _at 100-400@5args by weight with respect to 100 parts by wei ght
of thé reactwsiermlkalinesconditbo®s.0076-00 [6] A production process
according to a e 0 1] to, [5] .above, erein an al kali netal
hydr oxi de is[olggéb%mf{%il%m@dﬂvﬁnﬁ% tore IPEPWANSEr oduct i on process
according t ny one,of .[1] to [6]. above, wherein the reactiaq
i cture tharl el FUGHTCHY ROCS Hor U b SRR eHZER i e
bel ow Effect_of..the |l nventio 0008] ;Accardi-ng-to t [ ntion,~the
extraction frPBFﬁl?’i'me TG o nORfRRY ebbfhathﬁié%ngan &'el éjégmﬁtﬁﬂ'%\ht er
's carried Oﬁﬁen\%ﬁigeparz%?fiD}?ll)pyridine-?a-methanol with concentrated sulfuric
10 acid is diluted with water, the dilution is alkalinized in the presence of
propanol, the mirtazapine is extracted with propanol and the mirtazapine
is crystallized from the extract.
[2] A production process according to [1] above, wherein the amount of
propanol used is 130-500 parts by weight with respect to 100 parts by
15 weight of the 2-(4-methyl-2-phenylpiperazin-1-yl)pyridine-3-methanol.
[3] A production process according to [1] or [2] above, wherein heptane
is added after the dilution is alkalinized.
[4] A production process according to [3] above, wherein the amount of
heptane used is 10-70 wit% with respect to the total of propanol and
20 heptane.
[5] A production process according to any one of [1] to [4] above,
wherein the concentrated sulfuric acid is used at 300-400 parfs by
weight with respect to 100 parts by weight of the 2-(4-methyl-2-
phenylpiperazin-1-yl)pyridine-3-methanol for cyclization, and the
25 obtained reaction mixture is diluted with water at 100-400 parts by
weight with respect to 100 parts by weight of the reaction mixture.



whi ch-i-s-a Class 3 solvent with low toxicity according to the ICH
10Gui del i ne, and therefore the obtained mrtazapi ne can be safely

used as a drug. [0009] The extraction with propanol also gives

crystals of higher purity than extraction with nethylene chloride or
tol uene, thus elinmnating the need for recrystallization. 15FB0&-@076r00
addition, since the reaction m xture that has been diluted with water
Is directly extracted using propanol under al kaline conditions, there
is no need for a step of extraction after the mrtazapine precipitate

areatly S nbbl 71 GHOCSORGh PEpCiom: SPEIBE,focany i Lol ke 41 30014 on
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Effect of the Invention
[0008] According to the invention, the extraction from the reaction
mixture that has been diluted with water is carried out with proi)anol,
which is a Class 3 solvent with low toxicity according to the ICH.

10 Guideline, and therefore the obtained mirtazapine can be safely used as
a drug. |
[0009] The extraction with propanol alse gives crystals of higher purity
than extraction with methylene chloride or toluene, thus eliminating the
need for recrystallization.

15 [0010] In addition, since the reaction mixture that has been diluted with
water is directly extracted using propanol under alkaline conditions,
there is no need for a step of extraction after the mirtazapine precipitate
that is produced has been isolated, and therefore the process is greatly
simplified.

20 [0011] Moreover, alkalinization after addition of propanol to the water-
diluted reaction mixture facilitates dissolution of the mirtazapine
precipitate as well.

Best Mode fox Carrying Out the Invention
[0012] The  2-(4-methyl-2-phenylpiperazin-1-yl}pyridine-3-methanol
25 used as the starting material according to the invention can be

synthesized by the method described in W001/23345 or W001/042240,



a] pyrido[ 2, 3-¢][ 2] benzazepi ne; CAS Registry No.: 85650-52-8) is

synt hesi zed by cyclization of 2-(4-nethyl-2-phenyl pi perazin-1-

5yl ) pyri di ne- 3-net hanol with concentrated sulfuric acid, as
represented by the following formula. [Chem cal Fornmula 1] FP08-0076-00
M rtazapi ne The concentrated sulfuric acid used is preferably 97-99%
concentrated 10sul furic acid. The anmount of concentrated sul furic

acid used will normally be 300-400 parts by weight and is preferably
340-380 parts by weight with respect to 100 parts by wei ght of the

2- (4- et hy Ifgi-agxaeaplepi perazi n- 1- yOpyridine-3 -nethanol . 15[ 0014]

The reaction is carried out by addition of 2-(4-net

phenyl pi per (013] Mlﬂafia)nwwoﬁlniéw-, hesHbriaxahydiare- m%ﬁwmr@émz 1-

| f
sutturie a)pyrido[2,3-c][2]benzazepine; CAS Registry No.: 85650-52-8) is
synthesized by cyclization of 2-(4-methyl-2-phenylpiperazin-1-
5 yl)pyridine-3-methanel with concentrated sulfuric acid, as represented
by the following formula.
[Chemical Formula 1]
CHQOH HSO, ~
[ J_@ >~ N’ ’N\’
CH?, %H3
Mirtazapine

The concentrated sulfuric acid used is preferably 97-99% concentrated

10 sulfuric acid.

The amount of concentrated sulfuric acid used will normally be 300-400
parts by weight and is preferably 340-380 parts by weight with respect
to 100 parts by weight of the 2-(4-methyl-2-phenylpiperazin-1-
yDpyridine-3-methanol.

15 [0014] The reaction is catried out by addition of 2-(4-methyl-2-
phenylpiperazin—l—yl)pyridine—S-methanol to the concentrated sulfuric
acid. The temperature of the reaction mixture during addition is
usually 0-50°C and preferably 5-40°C from the viewpoint of reducing
heat release and limiting production of tar-like impurities.

20 The additon of 2-(4-methyl—2—phenylpiperazin—1—yl)pyridine—S-
methanol is preferably carried out in portions (10-30 portions, for

example) from the viewpoint of efficiently promoting the reaction.



acid.” The teriperature of the reaction mxture during addition is

usual ly 0-50C and preferably 5-40C fromthe viewpoint of reducing

heat release and limting production of tar-like inpurities. 20The
addi tion of 2-(4-nethyl-2-phenyl pi perazi n4-y1)pyridine-3- nmerpafajo76s00
preferably carried out in portions (10-30 portions, for exanple) from
t he viewpoint of efficiently pronoting the reaction. FPO 8-0076-00
After addition of the 2-(4-nethyl-2-phenyl pi perazin- 1-yQopyri di ne- 3-
nmet hanol, stirring is effected for 3-10 hours usually at about 20-50C
and pref er ald fferatadditiot 63014 Q-(4-enetbybleptanglpiperazéad tylypyridine-3-
Conpl etion of the cyclization reaction can be confirnmed by HPLC éhi gh
Sper f or mancendthanoly stimings edfeatsd, for §ddl Bputspasuatiyngl ebo@n2@H0P6e
reaction, the sulfuric acid concentration of the reaction mxture is
usual |y | owenddrbferablysttiabout 30+08€, to apnaleraterdhei repefionnt o wat er .
From t he vi ewpoi nt_ of manageability, the ampunt of water eq.is
preferabl y 10omplatiopzefthetpyclisation regctinn cag @&W&ﬂbﬂ’i@é@

wei ght of the reaction mxture. The lLiquid tenperature of the diluent
i s prf er ablpgricsprange IMtshmnwegrm& t he vi ewpoi nt of reducing
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reducing heat release and limiting production of impurities (tar).

[0016] This is preferably followed by decoloration in order to improve
the color tone and increase the purity. The decoloring agent may be
15 decolorizing carbon or the like, and the decoloration may be carried out
at 5-35°C for 10-60 minutes. The decoloring agent is then filtered out
and washed with usually 500-600 parts by weight of water with respect
to 100 parts by weight of the decoloring agent.
From the viewpoint of safety, the decoloration is preferably carried out
20 after adjusting the pH of the diluent. The pH will usually be no greater
than 3, and is preferably 1-2. The present inventors have found,
surprisingly, that it is important from the standpoint of increasing the
purity for the decoloration to be carried out at no higher than pH 3.
[0017] The pH adjustment is accomplished with an alkali. As
25 examples of alkalis there may be mentioned alkali metal hydroxides

such as sodium hydroxide and potassium hydroxide, with sodium



_purity for tte~decol oration to be carried out at no higher than pH 3.
[0017] The pH adjustnent is acconplished wwth an alkali. As

25exanpl es of alkalis there may be nentioned al kali netal hydroxides
such as sodi um hydroxi de and potassi um hydroxi de, w th sodi EROR-0076-00
FP08- 0076- 00 hydroxi de being preferred. The alkali is preferably
added dropwi se as an aqueous solution, to a concentration of 20-50
wt % and preferably 20- 30 wt% fromthe viewpoi nt of manageability.
The pH adjustnment will usually be in a range of 5-50C and préferably
10-35C. 5[0 xiNexbeinprmpfnedd.i sTheldbBali is preferablyt added duopvine as

m xture is alkalinized for extraction of mrtazapine. It is fsature
of the i nvemt aquedisatolution,dpaptoneentratian ofeled0 WMP@@{Q@&%Z -

sol ution using propanol, which is a solvent, of ass. 3. wth | ow.

toxicity acBOrhdram theeiewppishiofsransgeabidity.s hbe Pal AgusBERGIE wi ¢ h
at hi gher | pustALly B Aol 50PG Y BIEISBSA0 400 ug,  Chan vhen { he
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extraction of mict in ropanol, i s .added beforehand to acconplish
15 direct & Mﬁgﬁﬁﬁﬁ?ﬁgﬁmﬁ?@%ﬁﬁ rtazapi ne fromthe aqlrjne)o:Js
solution, thus fagilitatj di | utj = M '
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I solation of the mr ' e T ' '

pr opanol isaBBE%'fsg%oéﬁ@é@%@g ﬁ?@%@dé’@&ghslso uS'? Fﬁlt%t(ggﬁﬁa? ﬁgﬂy?‘grge

Zrﬁgm _ of 1 RRIRY! fcShlihg WHEhE ICH GLiAERES uhai§ hosmally méscilsledwithd
10 water in any proportion, and this allows mirtazapine to be obtained at
higher purity and in a safer form for use as a drug, than when the
extraction is accomplished with methylene chloride or toluene.
It is another feature of the invention that for the alkalinization and
extraction of mirtazapine, propanol is added beforehand to accomplish
15 direct and easier extraction of the mirtazapine from the aqueous solution,
thus facilitating dissolution of the mirtazapine precipitate and
eliminating the need for a step of extraction after jsolation of the
mirtazapine precipitate.
The extraction with propanol is possible because the aqueous solution
20 contains a large amount of inorganic salt due to the concentrated
sulfuric acid and alkali.
[0019] The propanol used may be either 1-propanol or 2-propanol.
The amount of propanol used is preferably 130-500 parts by weight,
more preferably 130-300 parts by weight and most preferably 130-200
25 parts by weight with respect to 100 parts by weight of the 2-(4-methyl-
2—pheny1piperazin—l—yl)pyridme-S—methanoL If the amount of



J 0019 "The propanol used may be either 1-propanol or 2-propanol. The
anount of propanol used is preferably 130-500 parts by weight, nore
preferably 130-300 parts by wei ght and nost preferably 130-200 ,
25parts by weight with respect to 100 parts by wei ght of th&PQg-0076-00
2- (4-met hyl- 2-phenyl pi perazin-1-yl)pyridine-3-nethanol.If the anmount
of FPO08-0076-00 propanol used is |ess than 130 parts by weight, the
mrtazapine will not dissolve after alkalinization of the reaction

m xture, thus preventing liquid separation, while if it |s greater

t han 500 paptcepangl weedis less %mneid@ parts hyyweightathe mirtaapinewill not
(inorganic salt_of the concentrated 5sul furic acid and alkali, .for
exanpl e). [ 0czolveaaterx iadrrlrizatisn pgotg&nmactlgﬂfwmﬁs‘ed preventing
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shortening the tine required for distilling off of the solvent.” The
amount of heghaBReHS eshd St A ehefalbly 1840 dopwisd invthe fored evfabhy
50-70 wt % based on the total ‘weight of the propanol and 20hept ane.
[0020) The exheesd sslntibs, st comebntrationtufl 20-66 ari% gntlipeeforablyi Hh 38t
70- 80C, after which liquid separation is performed to renove the
aqueous | ayen% from the viewpoint of manageability. The temperature of the

reaction mixture during pH adjustment will usually be 20-50°C.

[0021] According to the invention, heptane is preferably added after

alkalinization, for extraction with a propanol-heptane mixed solvent.
15 This can minimize carry-in of water into the organic layer and is

therefore advantageous for obtaining an anhydrate of mirtazapine, while

also shortening the time required for distilling off of the solvent.

The amount of heptane used is preferably 10-70 wi% and more

preferably 50-70 wt% based on the total weight of the propanol and
20 heptane.

[0022] The extraction is carried out while heating the solution at 70-

80°C, after which liquid separation is performed to remove the aqueous

layer. |

[0023] Propanol or a propanol/heptane mixed solvent may be added to
25 the organic layer next..

When propanol is added, the amount will normally be 350-1000 parts



[ 0023] Propanol
25t he organic |

or "a propanol / hept ane m xed sol vent may be added to
ayer next. Wen propanol is added, the anount w ||

normal | y be 350-1000 parts FP08-0076-00 by wei ght and preferably

600- 950 parts by weight with respect to 100 parts by wei ght @03%76 00

2-(4-met hyl-2-p
pr opanol / hept an
10-60 W% wi th

henyl pi perazi n- 1-yppyridi ne-3- nethanol. Wen
e m xed solvent is added, the amobunt of 5 hept ane IS
respect to the total of propanol and heptane, and the

anount of the m xed solvent is usually 350-1000 parts by wei ght and

preferably
wei ght of t
nmet hanol . 1
treat nent,

magnesi um s ingthanol. anhydrous sodium sul fate or nol ecul ar sieves nay

be used.
10- 20 parts

2(4 t hyl
b‘gEfoII
|nproved co

may be nent
Alum na A-1

ment i oned as’
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he 2-(4-nethyl-2-phenyl pi perazi n- 1-yl)pyridine-3-
@aois 2y Wd:tghis olflihe ci’ﬁ(g;me wl-2tpljenylmpetaaimé gl irwaidioe-3-

and for exanple, a dehydrating agent such as anhydrous

The anmount o dehydr atin ent used will normally be
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(product of
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15

20

25

n%etﬁ fé oy | pi perazin-1-yppyridi ne-3- methanol . 25Shirasagi
eda Pharnmaceutical Co., Ltd.) may be nentioned as a

J0624PTRe ROAMHT may e AIFjtEd 9 dehydration treatment, and for
example, a dehydrating agent such as anhydrous magnesium sulfate,
anhydrous sodium sulfate or molecular sieves may be used.

The amount of dehydrating agent used will normally be 10-20 parts by
weight with respect to 100 parts by weight of the 2-(4-methyl-2-
phenylpiperazin-1-ypyridine-3-methanol.

[0025] This may be followed by another decoloration treatment if
necessary, for improved color tone or increased purity.

As decoloring agents there may be mentioned active alumina,
decolorizing carbon and the like. Alumina A-11 (product of Sumitomo
Cherpical Co., Ltd.) may be mentioned as an active alumina product.
The amount of active alumina used will normally be 5-30 parts by
weight and preferably 10-20 parts by weight with respect to 100 parts
by weight of the 2-(4-methyl-2-phenylpiperazin-1-yDpyridine-3-
methanol. | |

Shirasagi A (product of Takeda Pharmaceutical Co., Ltd.) may be

mentioned as a decolorizing carbon product. The amount of



FP08- 0076- 00 decol ori zing carbon used will normally be 2-10 parts by
wei ght and preferably 4-6 parts by weight with respect to 100 parts

by wei ght of the 2-(4-nethyl-2-phenylpip erazin-1 -yl)pyridine-3

- et hanol . The al um na and decol ori zi ng carbon may be&RERD076-00
al one or in 5conbination. The tenperature for decoloration wll

normal Iy be 15C-40C and preferably 20-35C. The tinme required for

decol oration is usually about: 15-30 m nutes. The decoloring agent is
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pressure. ¥ é&dg{jﬁ%@%’i}gf’%ﬂ@%aﬂpgﬁgﬁp nr%‘ﬁé‘em@ﬁ’@gﬁ 1cPa 15and
Pate. Doy inatuih e SRHIFRRL bsBpn BT o skl ol i on, B "
ext ery of cg¥§{bﬁ++%%ﬁtion occurs. \Wien 2-propanol is used, the

solvent is off until the 2-propanol remains in the

concerts et SnA00ue K R BPuTgl ol A B C4be 0o

by weight w't ect to

2- (4- met hy 1 nafaily| POBSPEZI MPhel 14RPYEgHire8- Ry HBESI8RSon WeRuall
1-propanol is used, the solvent is distilled off until the 1-propanol

remai ns i n {RgueLRCehimfies.at- 40- 100 parts by wei ght and preferably
40- 60 parts by weight wth respect to 100 parts by wei ght of 25the

G {4 g b et . oo it T
10 amount of propanol used for washing will usually be 200-250 parts by
weight with respect to 100 parts by weight as the total decoloring agent.
[0026] The propanol or propanol/heptane mixed solvent is then distilled
off. The solvent may be distilled off at atmospheric pressure or under
reduced pressure. The degree of reduced pressure may be 0.6-40 kPa
15 and preferably 4-30 kPa from the viewpoint of improving the distillation
rate.
[0027] The solvent is distilled off until the necessarily extent of
crystallization occurs. When 2-propanol is used, the solvent is distilled
off until the 2-propanol remains in the concentrate at 40-100 parts by
20 weight and preferably 40-80 parts by weight with respect to 100 parts
by weight of the 2-(4-methyl-2-phenylpiperazin-1-yl)pyridine-3-
methanol. When I-propanol is used, the solvent is distilled off until
the 1-propanol remains in the concentrate at 40-100 parts by weight and
preferably 40-60 parts by weight with respect to 100 parts by weight of
25 the 2-(4-methyl-2-phenylpiperazin-1-yl)pyridine-3-methanol.
[0028] Crystallization can be carried out directly from the obtained

10



FP0O8- 0076; 00 concentrate, or mrtazapine nmay instead be crystallized
froma solvent of Class 3 of the ICH Guideline, water or a m xture
thereof. Fromthe viewpoint of stirrability and inproved vyield,

heptane is preferably added for the crystallization. The anmount of
heptane will normally be 10-100 5 parts by wei ght and pref eFRBBy0076-00
40-80 parts by weight with respect to 100 parts by weight of the

2- (4- et hyl- 2- phenyl pi perazi n-1-yQpyri di ne3-net hanol. In order to
ensure stable quality, the tenperature during the heptane addition is

pr e er bl Y SSpLOGul o ML nol couss (SROST L 80l R, os.
o T eroblCAa AL 8RS S0F P bR B, SR
e B P SR Ao sl i
T T B DRI SR PR 10
orf e5a0t v gsadiny gkt A9 OIS CLalls B0 RGNS
filtering anm)o\BaREBy Weilht\ GIhane(Rieiin-2 idkeny TSerAsUNL TRy risRs-ane

used nmay be 30-100 20parTs by weight w'th respeCt” to 100 parts by

vei ght of t Ienithdnglet Milorder phenstiei pabiazqunlitd,- tHeptempbira®re during
-met hanol . The isolated crystals nmay be dried under reduced pressure

at a tenper ahar hepthndSaédiGon is prefdrfOIF1S ST cwhidniveiil rmotocasse
al l ows production of mrtazapi ne at 25high purity and in a formsafe

for use as alaposiiorbxtilelcegstalsPOTedeptat: jsqosirablyaddedaropwiseni | |
now be expl ai ned in gr eater detail by exanples, with the ]
unded 8t andi §ORARSeedsrysielsmre arefesablyt added scethas ihy obtaingd selution

exanpl es. has a uniform crystal size. They will usually be added at 48-55°C.

The amount of seed crystals used will normally be 0.005-0.1 part by
weight with respect to 100 parts by weight of the 2-(4-methyl-2-
phenylpiperazin-1-y])pyridine-3-methanol.

15 The crystals are then matured at 48-55°C for about 1-2 hours and cooled.
The cooiing is preferably gradual cooling, for example at 0-10°C for 1-
10 hours and preferably 5-8 hours.
[0030] The mirtazapine crystals are isolated by ﬁltéring and washed
with heptane or the like. The amount of heptane used may be 30-100

20 parts by weight with respect to 100 parts by weight of the 2-(4-methyl-
2-phenylpiperazin-1-yl)pyridine-3-methanol.
The isolated crystals may be dried under reduced pressure at a
temperature of 45-65°C.
[0031] This convenient process allows production of mirtazapine at

25 high purity and in a form safe for use as a drug.

Examples

11



[ 0033] [Table 1] 5HPLC conditions: Col um Mobil e phase Flow rate
Detector (UV) Conditions CDS (4.6 x250nun) Phosphate buffer (pll=4)
lacetonitrile Gadient conditions: 90/10 --> 18/82 1.0

FP08-0076-00

[0032] The invention will now be explained in greater detail by
examples, with the understanding that the invention is not limited only
to these examples.

[0033] [Table 1}

5 HPLC conditions:
Column Mobile phase P;ﬁ: D(elt_]e\c(t)or
Conditions | ODS Phosphate buffer (pH=4) 1.0 220 nm
(4.6x250mm) | facetonitrile ml/min
Gradient conditions:
90/10 — 18/82
[0034] Example 1
[0035] [Chemical Formula 2]
CHQOH H,S0, ~
E J J =Ny
N
CHS ' r\t:ng,
Mirtazapine
10 [0036] To 530 g (5.4 mol) of 98% sulfuric acid there was added 147.4 g

(0.52 mol) of 2-(4-methyl-2-phenylpiperazin-1-yl)pyridine-3-methano]
in portions over a period of about 3 hours, under a nifrogen atmosphere
at 30-40°C. The mixture was then stirred at 30-40°C for about 6 hours.
Upon confirming disappearance of the starting material by HPLC, an
15 amount of 677 g of reaction mixture was obtained. A 260 g portion of
the reaction mixture was added dropwise into 408 g of water at 5-26°C
for dilution. The vessel containing the reaction mixture was washed
with 25.5 g of 98% sulfuric acid, and added to the diluent. The pH
was adjusted to 1.5 by dropwise addition of 635.8 g of an aqueous

12



m/mn 220 nm [0034] Exanple 1 [0035] [Chem cal Fornmula 2]

10[ 0036] To 530 g (5.4 nol) of 98% sulfuric acid there was added
147.4 g (0.52 nol) of 2-(4-nethyl-2-phenyl piperazin- 1

-yQpyri di ne- 3-net hanol in portions over a period of about 3 g\ -8076-00
under a nitrogen atnosphere at 30-40C. The m xture was then stirred

at 30-40C for about 6 hours. Upon confirm ng di sappearance of the
starting material by HPLC, an 15 anount of 677 g of reaction m xture
was obtained. A 260 g portion of the reaction m xture was added

dr opwi se i nsolutipgd of 26%wapdiunathylrogides @r thi dilueohat TRe30PES s e fter
containing the reaction m xture was washed with 25.5 g of 98%

sul furic acihken addingddeg afoleaelorsring earbonrrad stirming aagpu?lﬁ"ébf@roﬁ. 5

by dropwi se gdditiqgn of 635.8 g.of an agueous, FP08-0076-00 sol ution
of 25% sodi GHIWFEy e mixkEe vas Bierea andapaghedpith S & of Wéﬁﬁraa@itl ng

fﬁfgm-"it U 6 TGP PR I EHAA P b 108 g 3{’%2?2(‘2%”?535’
' ' To 699
L i gtr Ed t“ﬁipz&é?@rgaéflﬁ e e@%f;ﬁgﬁa Snores Sitpd i & B3PR8l

' o ' 3Q- 33C Hi1,2
(534" or "B ol R e ek BE iRl SlutiBe, Mshedddd
2 propanol - FERRBEGRSIRIA o BRE1 SIS 4 6B R TR S,
;ggﬁgngzﬁg%w;w% erilned B et o L e s

: . ! b

2gent was { howT EEHCRIAIBE 293 Sl IO 10 e Sred e 19560 X EPT e
filtypt e wagheemaen! NagreduadTSuraRie®eChemical Co., Ltd.) was added, the

mixture was stirred at about 28°C for 15 minutes, and then 1.4 g of

decolorizing carbon was added and the mixture was stirred for 15
minutes. The decoloring agent was then filtered out and washed with
14.2 g of 2-propanocl. The filtrate was concentrated under reduced
15 pressure and the 2-propanol was distilled off to a concentrated residue
of 38.5 g. After then adding 7.5 g of 2-propanol and heating to 66°C,
15 g of heptane was added. A small amount of mirtazapine seed
crystals was added at about 53°C, and matured at 50°C for 1 hour and
then cooled to 1°C over a period of 6 hours. The crystals were filtered
20 out and washed with 14 g of heptane. They were then dried under
reduced pressure at about 60°C to obtain 21.2 g of mirtazapine as white

crystals. The yield was 80% and the HPLC purity was 99.98%.

[0037] Example 2
To 699 g of the remainder of the filtrate that had been separated into

25 two parts in Example 1 there was added 51 g of 1-propanol, and then a

25% sodium hydroxide aqueous solution was added dropwise at 22-

13



15- pressure and the-2-propanol was distilled off to a concentrated
residue of 38.5 g. After then adding 7.5 g of 2-propanol and heating
to 66C, 15 g of heptane was added. A snall anount of mrtazapi ne seed
crystals was added at about 53C, and matured at 50C for 1 hobg[; 85168
then cooled to 1C over a period of 6 hours. The crystals wer 08-0076-00
filtered 20out and washed with 14 g of heptane. They were then dried
under reduced pressure at about 60C to obtain 21.2 g of mrtazapi ne

as white crystals. The yield was 80% and the HPLC purity was 99. 98%

[ 0037] EXa”Bb@C?tg PH 1708 g?@.lgg O sbiii ﬁﬁ?édggfmfﬁﬁlﬂﬁ ée%fa&g)gxgggggtl g

had been separ at into 25two”parts 1n Exanple 1 there S

of 1-pr Opanghrfoﬁﬁédtah@rteﬂlé%%ﬁ@ﬂf uﬁgfw@fh@t@l F6RayUe oS Henl ddifingas
added dropw se at 22- FP08-0076-00"30Cto pH 11.8 (54.1 g of

sol ution used).g dhd-piogand! fepas sfdapic Wsker pexd esclith & apploximatedyy ur e
of appr oxi matelgy 76$ 0ther t hen agddi n\é@?m g of 1- propgrr)\ol to the
organi c | ay@7°@pd.&cpof ehgnina Appl (prodattedfySeniont EhgnotalaCowyilng)A- 11
(product of Sum tono Chemical Co., Ltd.) 5 was added, the m xture
was stirredvas alled; 2e@itore Wasndtinredest aliowt 23°6F fateldohnitesnd.4e@r bon
was added and the nmixture was stirred for 15 minutes. After
filtration, of Wiecakrizing icagbaryavas addediandh dbe whidtureawas gtinfed for 15
1-propanol. The filtrate_was, concentrated under reduced_pressure at
appr oxi mat elinuiss. adfienial thmdecoleringiagent wes vershed avith 148 g

trationg
concentrated residue of 37. . After then adding 1. of 1-propanol
and heati ngof i@l@panolhep'f%élt%ﬁ@ ViRfRNCeRlrg IFHC%WE‘%#C?Q%PI‘CSSU@G at
rnirtazapi ne seed cryst was added .at about 48C an tured, at
Lbout "50C. 1 GPDEMBEICE a0 Chedo ddFed BIOPEEODHRS 2 ARCHRGA G 5 hbur s.
wer o0 12 - nenmETieRed RS BHazanepr ut o eddite.d Be el P el Y o
ond the By a0 hedhid 2180 " Geohelink SRy aified: RS ol i [Be 00
of 98% sul f yuL:i i
2- (4- et hyl @%ﬁgﬁ?géﬁgﬁg’?}f\% ‘ﬁ%-y eg%? %glg%éa@%dbnea%ﬁ%ﬁ e|'dr?Efﬁpecl)brotuitons
over a peri 9@°eff8ﬁt1T urdah® Weh cdlﬂ@&"noQ"Ciéxfe?%g&r?éd@?@lﬁﬁﬁs.at’[‘he

approxi matel'y 40 e mxture was then stirr at approxinately 40C
for 5 hourscrfdtslanpgsanged olit bhe vadshed iwith MAiesf Béptias, CTREY ie by

HPLC. The reaction m xture was added dropw se 1 nto 25204 g of water
for I | uti othenldeledagik redidetl Praguidet sbaet 607C foxtiuheur to obtain
19.6 g of mirtazapine as white crystals. The yield was 73.9% and the
HPLC purity was 99.97%.
[0038] Example 3
To 102 g (1.04 mol) of 98% sulfuric acid there was added 28.3 g (0.1
20 mol) of 2-(4-methyl-2-phenylpiperazin-1-yl)pyridine-3-methanol in
portions over a period of about 4 hours, under a nitrogen atmosphere at
approximately 40°C. The mixture was then stirred at approximately
40°C for 5 hours. Disappearance of the starting material was
confirmed by HPLC. The reaction mixture was added dropwise into
25 204 g of water for dilution. The vessel containing the reaction mixture

was washed with 13 g of 98% sulfuric acid, and added to the diluent.
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was washed with 13 g-0of 98% sulfuric acid, and added to the diluent.
FP08- 0076-00 The pH was adjusted to 1-2 by dropw se addition of an
aqueous solution of 25% sodi um hydroxide to the diluent at 13-30C.
After then adding 10 g of decolorizing carbon and stirring ) >
for 40 mnutes, the mxture was filtered and washed with 546ng(§$06%§00
water. 5To the filtrate there was added 37 g of 2-propanol, and then
a 25% sodi um hydr oxi de aqueous sol ution was added dropw se at 25-35C
to pH 11 (62 g of solution used). After next adding 57 g of heptane,

l'i qui d sepaTatipihwasadpestédtoritd by deopwisperdditisreobhn aboedus/éutide t he
organic |l ayer there were added 99 g of 2-propanol and 15 g of 10
hept ane, andf 2B¥nsadigmohydronidento thekdiluent atilid+308C. SuhfienthenCidding al
Co., Ltd.) was added, 1.4 g of decolorizing carbon was further added
and the m xﬂﬁr&of\dscdm‘lzn‘@ica‘boakﬁ@dtStB‘ﬂ(Igf%tSr?’OJ:Sl?ﬁ: dor 46 mirnges, the
decol oring agent was then filtered out and washed with 14 g of 2-
propanol Tﬁéxﬁﬂpt"‘f@étf@t%éaédﬁﬁ davidl 6r§16fwéi%spher| C pressure to

N i i S
Ahout "60& ¢ f;o gﬁ&oﬂ%m%qm ! EZHTW%%&??@?%& a
STelt vas oBEDdI G Brof sloRopuhiad” ARG A8usfddiRarat i Br HepklHe,
e ot | &5“38??9%3@?‘?3’%% Bitbpbd e 2 RER Pt e bR RE R b by
Sy pyri af niaofgtde 87 *gﬁﬁgc‘gﬁ‘?;ﬁ{’ LPIPELEE Plpropangl and 15 g of
puri t@’ and h@%‘i%.gé g&ﬁ) ; %l@f Eilﬁﬁllﬁé“}*-ﬁ-lti' rédyct rSiﬂmt%lﬁ'eﬁ'Jﬁ@méH

pro UCtI on pr azap| ne aracteri z Int reaction

m xture obt @gnettdy vﬁa\écédde’ﬂt ijodh bf decolonzm% carbon was firther added
2- (4- et hyl - 2- phenyl pi per azin-| - -y1) pyri di ne- met hanol with

al Kall| i 260 The b osence of mrapancl. 1 he. Bif Lazaning | & oxt 1 act ed
wi t h pr opandkcaloringhagentr wag dhemefiitaredr gt ahd i washedr wntlt Hd gxof et .
propanol. The filtrate was concentrated under atmospheric pressure to
15 a concentrated residue of 38.2 g. A small amount of mirtazapine seed
crystals was added at about 53°C and matured for 2 hours, and then
cooled to about 1°C. The crystals were filtered out and washed with
14 g of heptane. They were then dried under reduced pressure at about
60°C to obtain 21.2 g of mirtazapine as white crystals. The yield was
20 80% and the HPLC purity was 99.98%.
Industrial Applicability
[0039] According to the invention it is possible to conveniently produce
mirtazapine from a reaction mixture obtained by cyclization of 2-(4-
methyl-2-phenylpiperazin-1-yl)pyridine-3-methanol with concentrated
25 sulfirtic acid, at high purity and in a form suitable for safe use as a drug,
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2. A production process according to claim1, wherein the anmount of
propanol used is 130-500 parts by weight with respect to 100 parts by
wei ght of the 2-(4-

nmet hyl- 2- phenyl pi perazi n-1-yl)pyridine-3-nmethanol. 3. A production
process according to claiml1l, wherein heptane is added after the
dilution is alkalinized. 4. A production process according to claim
3, wherein the amount of heptane usegaisslO-70 wt % with respect to
the total of propanol and heptane. 5. A production process according
to claim1, wherein the concentrated sulfuric acid is used at 300-400

parts by lght with respect to 100 parts by weight of the . )
2- (4- met hm*Zlfﬂﬂwﬂnpﬁ)rﬁég%ﬁzf%-mlitazefmlpﬁy?haa@%%r@dn@t fhgha|regcion mixture

cyclizati -and e -al.ned aci ppn nd xtu Sl ed w ter
100 a0t b ) PRRRGT BT L ER A P e R
reaction mkdiadble withd cotveRfratbdcil Qi boideRsdidaed rwitln gviter, cthai dilukion is
wherein an al kali netal hydroxide is used for the al kalinization. 7.
A productalbalipeetisshegressnge g prapasphithe mirtadapins i extracted adth propanol

m xture th has. been dil uted. w wat.er i | or H r
bel ow. and the mirtazapine 1s crystalhzea Iilrom Ehee extl%cgeco ored at pH 3 o

2. A production process according to claim 1, wherein the amount of propanol
used is 130-500 parts by weight with respect to 100 parts by weight of the 2-(4-
methyl-2-phenylpiperazin-1-yl)pyridine-3-methanol.

3. A production process according to claim 1, wherein heptane is added after the

ditution is alkalinized.

4. A production process according to claim 3, wherein the amount of heptane used

is 10-70 wt % with respect to the total of propanol and heptane.

5. A production process according to claim 1, wherein the concentrated sulfuric
acid is used at 300-400 parts by weight with respect to 100 parts by weight of the
2-(4-methyl-2-phenylpiperazin-1-yl)pyridine-3-methanol for cyclization, and the
obtained reaction mixture i1s diluted with water at 100-400 parts by weight with
respect to 100 parts by weight of the reaction mixture.

6. A production process according to claim 1, wherein an alkali metal hydroxide is

used for the alkalinization.

7. A production process according to claim 1, wherein the reaction mixture that

has been diluted with water is decolored at pH 3 or below.
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