FP0O8- 0076- 00 DESCRI PTI ON PROCESS FOR PRODUCTI ON OF M RTAZAPI NE Techni cal
Field [0001] The present invention relates to a process for product
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Background Art
10 [0002] Mirtazapine is a useful antidepressant compound, and it can be
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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
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 system (Patent
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 isopropancl, after which
extraction and concentration are performed to obtain crude mirtazapine
(see Patent document 1).
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500324 [Patent docunent 2] International Patent Publication No. WO

01/ 038330 Disclosure of the Invention 5 Problens to be Sol ved by the

| nvention [0003] In the conventional processes, however, it is necessary to
separate the precipitate after it is produced upon rendering FRO80)QVo
reaction mxture al kaline, and the precipitate is then extracted with

net hyl ene chloride, or the reaction mxture is alkalinized in the 10
presence of toluene and extracted. However, the purity of the obtained

m rtazapi nespz{ter concentration is not satisfactory, and therefore
recrystalli 324n has been necessary. [0004] Incidentally, according to the
Qui del i ne Z[ﬁr Residfual Sol viﬁtia publi shed by the |nternational Conference
on Har moni d&8lEH gfocumenicchhi énfernglipnale gt 1 Subliegtion aNpen WO
Pharnaceuticla}ﬁ Human Use (ICH) (hereinafter referred to as "ICH

Gui del i ne")O, $ ene chloride and toluene are Cass 2 solvents whose

resi dues in.., pharmaceuti cal products are to be limted, and it is preferred
to avoid '&Wéc "Sf‘%st&'@&a@(ﬂmms in the final stages of drug

manuf act uri_ng.. .20 [ 0005 t 1S an object of the present invention to provide
a p;g)cess flg'rObISFﬁdﬁbbﬁ llﬁ?dii}’rﬁl&zﬁb{ﬁﬁ“% a conveni ent process for

obt ai ni ng Bbég ﬁapi ne froma, reaction m xture obtained by cyclization of
2-(4- methy ﬁ’énﬁ%i%‘@ﬂtﬁma PIACESSSS, dRABEYEr,mdt HanHECFSARY cBhcent r at ed
sulfuric acid, at high purity and.suitabJe for safe use as a drug. 25 Means
for Sol vi ngepPREtp %|péﬁ@put@m)eﬁemtw ced gipan eendesuithancyeligask probl ens

referred to above, .2 FP%- 0Q76-00, the present inventors have caqnpl eted
this i nventEaelien (aixtyre cikaknggand the precipitate is then extracted wit

methylene chloride, or the reaction mixture is alkalinized in the

10 presence of toluene and extracted. However, the purity of the obtained
mirtazapine after concentration is not satisfactory, and therefore
recrystallization has been necessary.

[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-2-phenylpiperazin-1-yl)pyridine-3-methanol with concentrated
sulfuric acid, at high purity and suitable for safe use as é drug.

25 Means for Solving the Problems

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



t hat propanol, which is among the Cass 3 solvents with low toxicity
according to the ICH Guideline and is mscible with water, can unexpectedly
extract mrtazapine fromwater-diluted reaction mxtures 5 under alkaline
condi ti ons. [0007] Specifically, the invention is the follow dg0§-0p74-00
production process for mrtazapine, characterized in that a reaction

m xt ure obtai ned by cyclization of 2-(4-nethyl-2- phenyl pi perazin-
1-yl)pyridi ne-3-nmethanol with concentrated sulfuric 10 acid is diluted with
wat er , theet%:el ution i.s alkalinized in th& Eglresence_of ropanol , .the

i rt azapi ndPPSPERERLARERNIArS MayP oprimBletad dhihanvention Afieedisceverinst al i zed

fromthe extract. [2], A production pr,ocess agcording tq above, wherein
the armunt AL DEPBEI o WBSDHLS SIS 60 CIas 3 ByIVRBRMIAOW KESEBEL to- 100
parts by 15 weight  of

th s . .. .
2- (4- met hy| AC£OFAMG, 16; Hag JGH. Gyidelipei andeiss misaibleoiwithapatenr 6#act i on
process according, tg [1l] or [2] abaqve,.wherein ptane is added after the
dilution i su%f}’iPQ%F‘?FﬁYefH‘]:tTEM] ﬁlﬁ%@%ﬁ%#% m%gﬁuﬁm%tw HHXfWES above,

wherein the a urht2 of heptane used is 10-70 wt % with respect to the total
of ptopanol a @l”Pl‘:éBPE BIONS51 A production process according to any one
of [1] to | 3 e, . rei,n.the congcentr d sulfuric acid is used at
300- 400 par[ﬂm% %/HG'Q@FV:Q&W 1pY¥eREeR 1% g‘el&tjﬁ?}ﬁm% by wei ght of the

2- (4-nmet hyl - 2- pheny] pi.perazi n- 1-yl)pyridi ne-3-mqet hanol fotr cyclization,
and the 25 Bﬁtérﬁr@ HOD; PRORSSS: PE Mdrtazanineq qharacigpized M -400 parts

D1 U ok espc o 100 parts by e ght o, . rose) Lo mturcl S
above, wherp ie%yﬁgipaelrggﬂltl—ﬁip%!’ri 1¥1g130-)r(1%gtﬁa1iagl it fcoc{ncte?l%ra?é a:|31i11 | 5 tion.
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 pafts 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 wt% 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 parts by

weight with respect to 100 parts by weight of the 2-(4-methyl-2-

phenylpiperazin-1-yDpyridine-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.



[ 7] A production process according to any one of [1] to [6] above, wherein
the reaction m xture that has been diluted wwth water is 5 decolored at pH
3 or below. Effect of the Invention [0008] According to the invention, the
extraction fromthe reaction mixture that has been dil uted wWPO8wOE6-00s
carried out with propanol, which is a Cass 3 solvent with lowtoxicity
according to the ICH 10 Guideline, 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 nmethylene chloride or
tol uene, t hok Al pradvgtiongproress mesording te canystanie of dtlif oie. )fib abogep] | n
addi tion, since ,the reaction m xture that has been diluted with water is
direct|y exthereireanadkalymatabhydioxide is usedton the allsalinizatios, there is no
need for a _step of extraction after the mrtazapine precipitate that is
produced ha#] beepradiistigneprocess agsordmg &otany mmscefd lil stog{ehwbgve,
simplified. 20 [0011] Moreover, alkalinization after addition of propanol to
the wat er - vhgrgtedthee seagtion mnweture thati has deen dibgeduwitdn waterhes
mrtazapine precipitate as well. Best Mdde for Carrying Qut the Invention
[0082] The decolpradiahpH 3-qsrealowpi per azi n- 1-y1 ) pyri di ne- 3- met hanol 25 used
as the starting materjal according to the invention can be synthesized by
t he met hod Bffect oot Imvemtian 23345 or WOO 1/ 042240, 4 FP08-0076-00 for
exanple. [0013] Mrtazapine (1,2, 3, 4,10, 14b- hexahydr o-2-net hyl pyrazi no[ 2, 1-
a] pyri do[ 2,[@%%1 Awenduge o nide onemeyl, sthey extractions Sens 2the) reaction

mixture that has been diluted with water is carried out with propanol,
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 also 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 for 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 WO01/23345 or W0O01/042240,



synt hesi zed by cyclization of 2-(4-nethyl-2-phenyl pi perazin-1 5

yl ) pyridi ne-3-net hanol with concentrated sulfuric acid, as represented by
the following fornula. [Chemical Formula 1] CH2OH H2SO4 / NN ~I - N N
CH3 ~H3 M rtazapine The concentrated sulfuric acid used is erd?(b‘if-QBl?g-OO
97-99% concentrated 10 sulfuric acid. The anount 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 wei ght of the

2- (4- et hyl - 2- phenyl pi perazin-1- yl)pyridine-3 -nmethanol. 15 [0014] The
reaction | SOE& ?Fliﬁeout by addition of 2-(4-methyl-2-

henyl pi perazi n- .-yl r.i di ne- 3-pethanol .to the cqncentrated .su ric acid.
The T epor 400131 otlaadihind.cr (oa il &b oo Cear Tcohy PETaziBastly 0- 500
and preferaagl 5- g;fr t he vi.ewpoi of . reduci _heat re age.and

i b o pridByedobaor [ Revarspingou CAS eRegsiy %d%gﬁéﬂ%f- is
2|-(4-|me'?h5I-2- henyl pi perazi -.1-l.pﬁ;)gyr'din - 3- an : Is.preferably
carried outSYF’ﬁl'I?‘Tf?é?Q%/‘%i ongy (1@‘9@%&7{!} i d#ls Qf’&‘m%tjggﬁ?&'ﬁ 3111Y]@ﬂ19@11%1117&ewpoi nt of
effigcientl ronpting the reaction. 5 FP08-0076-00 After addition of the
z-(4f met hy?/)dﬁwﬁwr 'nfs%tﬁa%pﬁ- 1119/|C)0§5¢Pn‘§7a1@%{) subsrigapeid, astiepresegied ef f ect ed
for 3-10 hqurs u |1y at abqut 20-50C and preferably at about 30-40C, to
accel er at e%ﬁﬁﬁe@ﬂ@w&g ormuia.

[Chemical Formula 1]

f,\l[CHQOH hso, ~
N [NJ—@ — NN
N -
CHs %H-‘g
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 carried out by addition of 2-(4-methyl-2-
phenylpiperazin-1-yl)pyridine-3-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 addition of 2-(4-methyl-2-phenylpiperazin-1-yl)pyridine-3-
methanol is preferably carried out in portions (10-30 portions, for

example) from the viewpoint of efficiently promoting the reaction.



Conpl etion of the cyclization reaction can be confirmed by HPLC (high 5
performance |iquid chromatography). [0015] Upon conpletion of the reaction,
the sulfuric acid concentration of the reaction mxture is usually |owered
by a nmethod such as dropwi se addition into water. Fromthe vi 760
manageabi lity, the anount of water used is preferably 100-400 parts by

wei ght with respect to 100 10 parts by weight of the reaction m xture. The
liquid tenperature of the diluent is preferably kept at about 0-30C, from

t he vi ewpoi nt, of educi he rel egs nd |im.ting,production of

i mpurities z@tﬁ&F) ad@@@%]oq-grﬁh% aﬁé‘lﬁr@&wﬁaﬁp@enﬁ plsw@lw-aﬁwr@mﬁon in
order to inprgve .the col or tone I,n ase the purity, The d oring
agent may B@eﬁ'ﬁ:ﬁ e SUITERE 25 %@‘gg{grér?b YIS iasuaghyg at ﬁboﬂéégrg&aﬁ:ion may
be carried ouf at.5-35C for 10-60 mnutes. The decol oring agent is then
filtered oﬁnéﬁﬁe’éﬁgﬁé@aﬁp%ggé‘&h{avﬁ? aseolesals thereacigivei ght of water with
respect to.100 parts wei ght ,of the, decol pri ng .agenjf. t he vi ewpoi nt
of safety, gﬁ@ﬂ%@%ﬂ&ﬁﬁ?@ﬁic §a%?%f%@cékﬂwc%gﬁicé’ﬂfi Ledtbﬁﬁﬁ?@r highusti ng

t he £H of the_diluent_, Tl};ﬁ I%*H wll u u)?ally be no greater than 3, and is
preferably ner@rrwephag EL1; ave found, surprisingly, that it is
| nportant f standpaqi nt of_.jincreasing.the  pyrity for the deceleration
to be carri @@Téﬂ.ﬁﬁﬁ@nﬁ@rﬁa’ Hen qfhthe re@cgon, tltmawl]furvﬁ@%caap%ﬁ%ﬂn is
acconplished.with an al kali. As 25 . exanpl es.of alkalis there my be

ment i oned AP TeAgHAN W@xﬁsd@alléﬁ@ﬁveé?a@’d@ e 9&1%‘)@2&@ P VISE assi um

hydr oxi de, w t.h sadium 6 FPQ8-0076-Q0 hydroxi de being, preferred. The
alkali is %lEPEHPP de drepnitee Vd@‘”&ﬁ“‘é?q‘ééﬁl@%ﬂﬁﬁ%nﬁlq gmpunt
concentration of 20-50, wt%.an refe ly 20- 30.wt% fromthe vi oi nt of
nmanageabi | i@fSWaWeu @d?rﬁ&rﬁ‘gb? lﬁb#(%)%ﬂﬁl%wwl%g twithy resgecioclo gé‘@oc and
P e{(? rably ;}é)r-ts?’ g}cf:'weight of the reaction mixture. The liquid temperature of the

diluent is preferably kept at about 0-30°C, from the viewpoint of
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 usuvally 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



5 [0018] Next, propanol is added to the filtrate and the m xture is

al kalinized for extraction of mrtazapine. It is a feature of the invention
that mrtazapine is extracted froman aqueous sol ution using propanol,
which is a solvent of Class 3 with low toxicity accordi ng t oFPHg-0EH-00
@Quideline and is normally mscible with 10 water in any proportion, and this
allows mrtazapine to be obtained at higher purity and in a safer formfor
use as a drug, than when the extraction is acconplished with nethyl ene
chloride or toluene. It is another feature of the invention that for the

al kal i ni zathygioside beirgrprefersed.of Thieralkahiis peeferablyanddled drapwise aef or ehand
to acconplish 15 direct and easier extraction of the mrtazapine fromthe
aqueous solatagigousiseduticr,itoi a eonerptititznooiiZ0er) wit% nodpireferably 26-
precipitate and elimnating the need for a step of extraction after

i sol ati on &0 wik fom the ypwpointefi panageabiliie eXhe gdiadjustmantpyidbanol i s
possi bl e because the aqueous solution 20 contains a |arge anount of

i nor gani ¢ swhallybe ina rangecohd° Caard preferablyi 0-36°C. and al kali. [0019] The
propanol used may be either 1-propanol or 2-propanol. The anount of propanol
used is préﬂ@l&bﬁ/\}emsqarspanpbrlssadgiedveﬁomthsa filisate pindf dhabmixtige- 00 parts
by wei ght and nost preferably 130-200 25 parts by weight with respect to
100 parts lkatiniged for extraction of meirtazepinaheny! pi per azi n-
1-yl)pyridine-3-nmethanol. |f the amount of 7 FP08-0076-00 propanol used is
| ess t han 180s pafeaiury ofethghinventi®mihatapdpanapinel is astracteds aaf t er

al kalini zation of the reaction m xture, thus preventin l'i quid separati on,
while if itaqueoys salwton hsinggmoppael, svhichisi zselvenheof éass dcwithdgweont ai n
impurities (inorganic salt of the concentrated, 5 sulfuric acid and alkali,
for exanpl épxicity according to the ICH Guideline and is normally miscible with

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 isolation 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-phenylpiperazin-1-yl)pyridine-3-methanol. If the amount of



[ 0020] Addition of the propanol is followed by al kalinization. The pH w |l
normally be 8 or higher, and is preferably 10-12. The alkali used for this
step may be the sanme al kali used for the aforenentioned pH adjustnent; and
it is preferably added dropwise in the formof an 10 aqueous Eb@@t@%ﬁﬁ4ﬁl a
concentration of 20-50 wt% and preferably 20-30 w% fromthe viewpoint of
manageabi |l ity. The tenperature of the reaction m xture during pH adjustnent
will usually be 20-50C. [0021] According to the invention, heptane is

o1 opanol - hEBPEARO LIS BrS B | SQpar b ueiEbrin BOTEAIDe HilbPOkat er i nto
of i 1 azagiRIV e ABEGRT O i CReSOtamPaURr SIS BFOVRIEIE | ng. of f
ot of or abl y GBA SRR ERLOIELS Th RoPsiioe i S0 PRESHHEJERENtaE 20 | -
700 80C, afPURChRIEN ISPQUEE SOpRTARONTeRUet S lfoRtt B GHRENTARhgueous
25 She or gahlBicaan AR T GROBBRY | o added. the amount w1l nor mal Iy
wei gt i t ROP2Rp Addisignselggappang! foididves BpilRafinafidn °rhe pEf Por'S ¥
or opanol | naHERBCRHIE PR Rcebel ABlisyprdliathnhd of The RGREaREd s 10. 60
the i xed 98T VEH S¥p BaYaPryhestriooRRpASapipt the afsrenfetitionsd BEF ™
adjustment, and it is preferably added dropwise in the form of an
10 aqueous solution, at a concentration of 20-50 wt% and preferably 20-30
wt% 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 wt% 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



wei ght and preferably 350-700 parts by weight with respect to 100 parts by
wei ght of the 2-(4-nethyl-2-phenyl pi perazi n-1-yl)pyridi ne-3- nethanol. 10

[ 0024] The solution nay be subjected to dehydration treatnent, and for
exanpl e, a dehydrating agent such as anhydrous magnesi um sul f EPO3-08A6M) ous
sodi um sul fate or nol ecul ar sieves may be used. The anmobunt of dehydrating
agent used will normally be 10-20 parts by weight wth respect to 100 parts
by wei ght of the 2-(4-nmethyl-2- 15 phenylplpera2|n- I -yI)pyridine-3

- met hanol . 0025] Thi be f owed by ot her, decaloration treatnment if
necessary, BoWeighr m@@re BPLyt 8Qé EoY Pﬁ‘éﬁZ?% 181)? with respegbdel ¥ ng agent s

there may berretlone ive alum rizing. c glt e |ike.
Al unmi na A- PR Bd‘ﬁ@%g foé the 2o m@%Yb%ﬁﬁ%%Y PéReraZn- ‘XHS)PEE} nti oned
as an active % na product. The ampunt of active alum na used wll

nornal |y bdn&l @ﬁgLarts by weight and preferably 10-20 parts by weight with

% s et hy W BephanprepRaiaiane yjed | salients s naddeihothe mennt abgi A
((jg::%dlcj)(r:;[ z?%&%@%ﬁ%@nf@%d%ﬁuaﬁﬁweé%ﬁﬁﬂouﬁ% ngﬁéﬁb? atpn: g%étg?l@? i zi ng
e S L5 S L 00 B
decol or i 21 IRt BB 'p'?ﬁ ﬁlzyuﬁéfar@%pm &%21%@3%23%%& paEpor at ur e

for decoloratlon IIy 15C-4 preferably 5C Thetlrre
required &Y deIE Fatq Efgm ﬁyl% enylplperazm— —yl)pyrl ine-3-
methanol.
10 [0024] The solution may be subjected to 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-
15 phenylpiperazin-1-yl)pyridine-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
20 Chemical 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-yl)pyridine-3-
methanol.
25 Shirasagi A (product of Takeda Pharmaceutical Co., Ltd.) may be

mentioned as a decolorizing carbon product. The amount of



about 15-30 mi nutes. The decoloring agent is then filtered and washed with
propanol. The 10 anount of propanol used for washing wll usually be

200- 250 parts by weight with respect to 100 parts by weight as the total
decol oring agent. [0026] The propanol or propanol / heptane ni KB@8s@@{a®0 i s
then distilled off. The solvent may be distilled off at atnospheric
pressure or under reduced pressure. The degree of reduced pressure may be
0.6-40 kPa 15 and preferably 4-30 kPa fromthe viewpoint of inproving the
distillati ate. [0027] The, salvent is djstilled off until_ the

necessari | egg{(@}&mgfcargpbsg%qq i“élitlt PgHmg é’ub%.i'\l\ﬁeﬁalﬁs gropesightiadised, the

solvent is distille of f until. the .2-propanol mai ns in t concentrate at
40- 100 parﬂe%ia%%éws ﬁd”‘f}ggfﬁlﬁb?‘iﬁpﬁétgblbéws Y%@lgﬁto r}’(eh respect
to 100 parts,, b { ght, of .the . . e

2- (4- et hyIIZT@‘ML%F%@QPW@I@@W})‘)le}mir?‘@ngf?"ﬁ%qthéﬂﬁl-. Wien 1-propanol is
used, the | vent i.s distilled off. until the 1-propangl temains jn the
concentratzﬁﬁ"t 3291@@@ Bﬁat 96631%1@& cathpn p‘l'n@}’elr%&bl eao $Haf% stthy wei ght
with respect ta 1Q0 parts by weight of 25 the

2- (#- met hy CORIREHOMI per azi n- 1-yI ) pyri di ne- 3- et hanol . [ 0028]
Crystallization can be catried qut directly fromt o] iLn 10

FPOS- 0076. A81E CEMPSFAER d0To e?ﬁcipf%ﬁ%i\‘{éﬁ %W@Yreﬁ%i &%ﬂg@%m@ed from a
solvent of O as f I Gui del i ne, . or a.mxture thereof. From
the vi empﬁrﬁ%r%l?@sglorﬁgﬁ;-l it %ﬂ@?n{ﬁ%\)@t %EI COlREAtiONe 1§ su%!’rai]g’er abl 'y
added for i)he Eryﬁial.li{_ati on. The amount of heptane will normally be

10- 100 5 paPPYLhy-HEMYREeSnd preferably 40-80 parts by wei ght with respect

(0 o300 e DA o % (T R By T e
he thne ad%intlcin?nr][ cl)fs pporpegn% %%Iegl f%)?-v?fgs%iﬁgi\%l 1 Vl\lliSll.lc'l:ﬂlg’] te 566550 parts by
weight with respect to 100 parts by weight as the total decoloring agent.
[0026] The propano! 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



deposi tion
[ 0029] See
a uni form
seed cryst
to 100 par
- met hanol

and cool ed
for 1- 10
are isol at
of heptane
by wei ght

The isol at
of 45-65C.
at 25 hig
FPO8- 0076-
by exanpl e
to these e

of the crystals. The heptane is preferably added dropw se. 10
d crystals are preferably added so that the obtained solution has
crystal size. They will usually be added at 48-55C. The anount of

als used will normally be 0.005-0.1 part by weight 't%1 pect
ts by weight of the 2-(4-nethyl-2- phenyl pi perazin- ﬂﬂﬁ "Bb?gdﬁﬁe%
15 The crystals are then matured at 48-55C for about 1-2 hours

. The cooling is preferably gradual cooling, for exanple at 0-10C
hours and preferably 5-8 hours. [0030] The mrtazapine crystals

il 55 AP HEHES lh HERRR Pl Bch o BBE o
o £ LA oo RS B T ot el
SR8 Y SR o B A NI e e 372 e
R e L B

FFoud Dot et Pa et nd kARl 40 shsEoRa kR i B R 220

(4. 6x250mm), d@ﬁ&ftg %Bft&jafg%t Yk Q-(4-rnethyl—Z—-phenylpiperazin— 1-yDpyridine-

10

15

20

25

3-methanol. In order to ensure stable quality, the temperature during
the heptane addition is preferably 55-70°C which will not cause
deposition of the crystals. The heptane is preferably added dropwise.
[0029] Seed crystals are preferably added so that the obtained solution
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-yl)pyridine-3-methanol.

The crystals are then matured at 48-55°C for about 1-2 hours and cooled.
The cooling 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 filtering and washed
with heptane or the like. The amount of heptane used may be 30-100
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
high purity and in a form safe for use as a drug.

Examples

11



G adi ent conditions: 90/10 -. 18/ 82 [0034] Exanple 1 [0035] [Chem cal
Formula 2] r.', CHROHH2SO4 i ; \'/ N91 NNN CH3 ~Hs Mrtazapine 10
[0036] To 530 g (5.4 nol) of 98% sulfuric acid there was added 147.4 ¢
(0.52 nmol) of 2-(4-nmethyl-2-phenyl pi perazin-1-yl)pyridi ne- 3- Egﬁg&?(b IQB
portions over a period of about 3 hours, under a nitrogen at df/6-
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

L“glzgz{ ® cont QP Ht b En Rl bl 8?&&%%%&5@@ éi%w%f%a@é?éiféht %3&2 e

[ ' ' H_.. ' 1.5

aropwi se agermBRS P gheghyddsiaBidhitf thar (B abRT G RTR e on o1 2506
i h ' il - . Af h i f

Zgglolucr)nri %??\%%%%b%@sg;l lrJ(rain;ga;t 1go?ggc 1"6\0£ e£15t %nnﬁ'(tjgls,ngt ﬁé g’l >C<)t ure was

filtered a itth 108 g of water, and the filtrate was separated
into 2 parrgqjﬁsﬁé@g&]g of the separated filtrate there was added 51 g of

2- prsopanol T[Pf@dccgﬂlﬁﬂoﬁs:%% sodi um hydr oxi de aqueous sol ution was added

Column Mobile phase Ii:: Dza[t}:\c/t)or
Conditions { ODS Phosphate buffer (pH=4) 1.0 220 nm
(4.6x250mm) | /acetonitrile ml/min
Gradient conditions:
90/10 — 18/82
[0034] Example 1
[0035] [Chemical Formula 2]
@CHQOH H,S0, | N
N [N]—-@ - NN
N N\
CH3 %Hs
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-methanol
in portions over a period of about 3 hours, under a nitrogen 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



dropwi se at 30-33C to pH 11.2 (53.4 g of solution used). The liquid
separation was perforned at a tenperature of approximately 76C. After then
addi ng 255 g of 2-propanol to the organic layer, 4.8 g of 10 alum na A-11
(product of Sumitonp Chemical Co., Ltd.) was added, the m xtEP@8+¥/ &00rred
at about 28C for 15 m nutes, and then 1.4 g of decolorizing carbon was
added and the m xture was stirred for 15 mnutes. The decol oring agent was
then filtered out and washed with 14.2 g of 2-propanol. The filtrate was

o a conceAPIHABIOf ol fpysodiam ForcBogideatt ahe: Bbieioeh ag-10%g ez pr opanol
o ) 88, 15t oS SR o b B osoc o 1
i1 orod 2BMBHICSaAne SR obHi4ge 81 MEBHSASTIURNE)S BooE Wk 208) od under
Crystal's Moy eravanSRAosaate BOMLC pur i Uy vas 00.68% [0037] Example 2
. B P 8 LSS SRS 2
30C 10 py Fadshers & 955 Sesu o Geage TR SIUGERabeS GHdRds
e or opanol dtebwise B yimiicd) tpF A LObH & 9t oTuion siedha e i 4.6 g of
al um na A-11 (pr.oduct of mtqnmo Chemcal Co., Ltd.) 5 was. a t he
m xt ure waSCRATAHPBJWAS Eﬁgﬁm‘?%caﬁ o WEDErAlTesO @ppr@xu@qtegégfﬁ% i zing
carhon s el g ALY U SIS0 o TR e S
10 alumina A-11 (product of Sumitomo Chemical 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-propanol. 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



of 1-propanol. The filtrate was concentrated under reduced pressure at
approxi mately 70C and the 1-propanol was distilled off to a 10 concentrated
residue of 37.1 g. After then adding 1.9 g of 1-propanol and heating, 16 g
of heptane was added. A small anmpunt of mrtazapi ne seed cr s ppdded
at about 48C and matured at about 50C for 1 hour, and then ¥§E?§§N¥§§gg
over a period of 6 hours. The <crystals were filtered out and washed with 14
g of heptane. They were 15 then dried under reduced pressure at about 60C
for 1 hour to obtain 19.6 g of mrtazapine as white crystals. The yield was

73.9% and B0EC tdPpH PUIS (34.1vas 0f olrtion [u@@@ﬁ]( OE}lierﬂzl%lﬁd%e a?tﬂih @vdsl. 04 nol )
. 0

of 98% sulfuric acid there was added 28.3 ¢ nol

2- (4- et hy pefophedydtrd panpetaturelof whproxintitol: 26°0Et Kefiet theh addinlgi ons over
a period of about 4 hours, under a nitrogen atnosphere at approxinmately

40C. The nii¥0ug efwaprépaivlsio thieedrginiaayexand icobYingHiCaproinizgelss .
D sappearance of the starting material was confirnmed by HPLC. The reaction

m xture wag27a@dd® drofinluagna M-d 12§pradbactyodBumitemof Chemi¢altCon Ltdte vessel
containing the reaction mxture was washed with 13 g of 98% sul furic acid,

and5Sadded txast ddlat], lthe mhixtudedwiaBirf&Y &t @BoullRE°CHordS adhitdsed.4 @ 1-2 by
dropwi se addition of an aqueous sol ution of 25% sodi um hydroxide to the

di | uent at of HeddloriZihgecarbbanwaddidded dfdothef mderipbowaz istigredhfbon 5and

stirring at 30-31C for 40 minutes, the mixture was filtered and washed with
54 g of waheinutés. ToAftee filirhtion! thd deceloviag @ttde dvay/washéd Zviph dgadel , and

then a 25% sodi um hydr oxi de aqueous sol ution was added dropw se at 25-35C

| quld Scparatl o was Perormed Bl B L enaeratire of abent Do o
approximately 70°C and the 1-propanol was distilled off fo a
10 concentrated residue of 37.1 g.  After then adding 1.9 g of 1-propanol
and heating, 16 g of heptane was added. A small amount of
mirtazapine seed crystals was added at about 48°C and matured at about
50°C for 1 hour, and then cooled to 1°C over a period of 6 hours. The
crystals were filtered out and washed with 14 g of heptane. They were
15 then dried under reduced pressure at about 60°C for 1 hour 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-y!)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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the organic |ayer there were added 99 g of 2-propanol and 15 g of 10

hept ane, and then 5 g of alum na A-1l (product of Sumtono Chem cal Co.
Ltd.) was added, 1.4 g of decolorizing carbon was further added and the’

m xture was stirred at about 30C for 15 m nutes. The decol orFRORauEM-0nas
then filtered out and washed with 14 g of 2- propanol. The filtrate was
concentrated under atnospheric pressure to 15 a concentrated residue of 38.2
g. A small anount of mrtazapi ne seed crystals was added at about 53C and
matured for 2 hours, and then cooled to about 1C. The crystals were

filtered olthegld washddstd to 1-24by dobpiveset auh@itioﬁfmﬁlamqaemmfemldmioﬁd under
reduced pressure at about 60C to obtain 21.2 of mrtazapine as white
crystal s. ®ha5)h sbdivaahydeoxiizdtoati dlﬂmeﬂﬁl%lmj@ﬁﬂ?(ﬂy wefteBthedBaddingdust ri al
Applicability [0039] According to the invention it is possible to

conveni ent 19 gobdecelormingazaponanid stinring atd0i DI Grifat dOemiitas,nthet by
cyclization of 2-(4- nethyl-2-phenyl pi perazin-1-yl)pyridine-3-nethanol with
concent r at sdxafeswas filtececdhand washedi withii# gtof watidri n a form suitable for
safe use as a drug. 15 FP08-0076-00 CLAIMS 1. A production process for

m r fazapi ndo trafdtraty ihee wastddded 37egcof @rpropanioly andbthahna 396
cyclization of 2-(4-nethyl-2-phenyl pi perazin-1- yl)pyridine-3-nethanol with
concent r at sodismh fydroxile aueowdi solutidnwvah atldedtdnopwibe adi25uB50@ tos

al kalinized in the presence of propanol, the mrtazapine is extracted with
propanol aphl tlie(62 rg @f agpludonsusech)y stAfter nestt fadaing He7 exof duptade, A
production process according to claim1, wherein the anount of propanol

used is 13liqaid sppatasiomy wasi perfomned ates pemperatufdof phong HPC.10Teei ght  of
the 2-(4-nmethyl -2-phenyl pi perazi n-1-yl)pyri di ne- 3-met hanol .
the organic layer there were added 99 g of 2-propanol and 15 g of
10 heptane, and then 5 g of alumina A-11 (product of Sumitomo Chemical
Co., Ltd.) was added, 1.4 g of decolorizing carbon was further added
and the mixture was stirred at about 30°C for 15 minutes. The
decoloring agent was then filtered out and washed with 14 g of 2-
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 sulfuric acid, at high purity and in a form suitable for safe use as a drug.
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3. A production process according to claim1 or 2, wherein heptane is added
after the dilution is alkalinized. 4. A production process according to

claim 3, wherein the anmbunt of

hept ane used is 10-70 w% w th respect to

the total of propanol and 15 heptane. 5. A production procesEPQ8c0 e84 to
any one of clains 1 to 4, wherein the concentrated sulfuric acid is used at
300-400 parts by weight with respect to 100 parts by weight of the

2- (4- et hyl - 2- phenyl pi perazin-1- yl)pyridi ne-3-nethanol for cyclization, and
t he obtained reaction 20 m xture is_ dil d with water at 100-400 parts by
wei ght with respect to 100 parts 59 t of the reaction mxture. 6. A
producti on_ pr,oces ccordi ng to any, one. of ¢l ai .1 to 5 wherein an alkal
metal hydr ox r%@f?@uﬁgéhpme%ﬁ ff@)r ﬂ@?ﬁ%ﬁ%ﬁ?ﬁc@nmﬁ& i et ocess
accordi ng

has been d
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yl)pyridine-3-methanol with concentrated sulfuric 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 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-y1)pyridine-3-methanol.
3. A production process according to claim 1 or 2, wherein heptane is
added after the dilution 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 any one of claims 1 to 4, 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 is 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 any one of claims 1 to 5, wherein
an alkali metal hydroxide is used for the alkalinization.

7. A production process according to any one of claims 1 to 6, wherein
the reaction mixture that has been diluted with water is decolored at pH

3 or below.
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