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wo orosioes4pr epar ati on of enantionerically pure PCT/EP2004/051357
m rtazapi ne conprising ring closure with an acid.
M rtazapi ne,
1, 2,3, 4,10, 14b- hexahydr o- 2- net hyl - pyr azi no[ 2,
1-a] pyrido[2,3- c][2]benzazepine is a tetracyclic
conmpound having the fornula |I: The conpound is chiral
and the racem c m xture finds w despread use as a

TEE LB L v B TN ABRFNE OB PORE wirazaeiee

e.g., WO 99/25356 and WD 01/58453 disclose its use in

the treatnment of sleep disorders and
TG BSEP AR PIIES 1t RS Oope BIoPEr B pLengptgmgricaly pure
ﬁmbplﬁmmpmﬁngﬁﬁgtmammma(rea@ O Connor and Leonard,
Neur ophar macol ogy, 1986, vol. 25, pp. 267-270; Kooyman
5 et al. , 1994, vol. 33, pp. 501-507; De Boer et al.
I\m;lerz@pnhe,rme @l1dgitb- libﬁﬂﬁ/drwmmtlﬁlllpyrppno[g d2lmugo2Gover
1988 O t he use of
ﬁ?é]g% Saﬁ(& ﬂ&%#rgag%ant |Voge%?fc° @%?ns whi ch
*- prpduct i on of Iarge
pure mrtazapi ne. The
nprovenment in such a
producti on net hod. NA 'y of nethods are known in
the art for the prepar of mrtazapine. US 4062848
describes variations Within a four stage synthetic
gsi s of mrtazapi ne can be
acconpl i shed starting froma 2-substituted
nicotinitrile. Further m;)dIC\H? cations to vari ous st ages

of this route have subse uent | escri i.n
dbe sompound\igrhjrel andsihg r% i jg! Irg B%fsbvélg pﬁ?éib use as a%dmme for
10 PHERARABMOR dé’cfreﬁ'tﬂﬂbtmiﬂﬁ’fddmal dsgs pos neirtadapina hape alec heen reported

%fgeg\{v%dgdgiﬁgg egd wﬁﬂég%g‘%ﬁl%mms Tgﬁz‘g @%Z ?é’%@\ggéﬁﬁ%bﬁ disorders

168 apies). InvBytigatiensrietbtiwedbidiogicsl effecis ofthe/SnatioaBas0 mlrl.azaplne
ﬁ? gg chﬁgclgrl C?Lg%ﬂéé?ﬁrﬁe d’htaﬁﬁg&zcﬁg 198Ol 5NEEl 28Y-270; Kooyman

1'sation ast er eol soner.i cC
shblt si%@,mbaamp 5oHERT; e Ryer eé@érh!wr%hafr‘awﬂﬂgﬁe 8RBt vp!- 27, .

15 2%)8 odg&/%rce@gll 3(?9.8' nR1, 2P ﬁigza%tz‘oﬁ h%lée(th@%éjof |tiﬁb., compound in its

anol reg eneration o free

tpumnmmmwqunrr@ﬁq M@Gﬂ §pg|pﬁ~,t5ﬂ inged fof ﬁ@plemmgorb@f Iarée quantities

of enantiomerically pure mirtazapine. The present invention provides for improvement in

opens the need fo
guantities of en
present inventi o\

such a production method.

20 A variety of methods are known in the art for the preparation of mirtazapine. US 4062848
describes variations within a four stage synthetic scheme by which the synthesis of
mirtazapine can be accomplished starting from a 2-substituted nicotinitrile. Further
modifications to various stages of this route have subsequently been described in wO
00/62782, WO 01/23345 and US 6,376,668.

25
The preparation of enantiomerically pure mirtazapine has been addressed in US
4062848, WO 00/62782 and Selditz et. al., 1998 (J. Chromatography, 1998, vol 803, pp
169-177). By the method disclosed in US 4062848, enantiomerically pure mirtazapine is
obtained by fractional crystallisation of the diastereoisomeric salts formed by reaction of

30 racemic mirtazapine with enantiomerically pure dibenzoyitartaric acid in ethanol followed
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enantioners. In these nmethods resol ution occurs atthe
end of the synthetic pathway | eading to the generation
of a racemc mxture of mrtazapine. It foll ows
therefore that the overall yield of each
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by ring closure usin (rated sul furic acid. |InWO
00/ 62782 it is indfca t hat\coententrated sulfuric
acid is nost prefe|red. In US/4062848 a remark i s nade
that pure enantio 7 _Lt@zapi ne m ght be obtai ned
synthetically by using enantiogerically pure starting
material for the last ring clogure step. However, the
nmet hod descri bed i nWO 00/ 6788 with concentrat ed

sul furic acid does not sufficiantly retain optica
purity. Apparently, those react Bn” conditions al | ow
excessi ve racem sati on.

wherein X can represent a leaving group, such as a hydroxyl group, an esterified or

stherified hydroxyl group or a halogen, using a variety of ring closing reagents. Examples
of such reagents include acids such as sulfuric acid, concentrated hydrochloric acid, picric
acid, trifluoroacetic acid, phosphoric acid, polyphosphoric acid (PPA), phosphorus
oxychloride, phosphorus trioxide, phosphorus pentoxide and Lewis Acids such as
aluminium chloride, ferric chloride, zinc chloride, tin chloride, titanium chloride, boron

triflucride, antimony pentachloride and zirconium tetrachloride. In US 4062848
preparation of mirtazapine is exemplified by ring closure using concentrated sulfuric acid.
In WO 00/62782 it is indicated that concentrated sulfuric acid is most preferred. In US
4062848 a remark is made that pure enantiomers of mirtazapine might be obtained
synthetically by using enantiomerically pure starting material for the last ring closure step.
However, the method described in WO 00/62782 with concentrated sulfuric acid does not
sufficiently retain optical purity. Apparently, those reaction conditions allow excessive

racemisation.

Surprisingly, it has now been found that for the synthesis of enantiomerically pure

mirtazapine by ring closure of an enantiomerically pure compound of formula (I},
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formula (11),stereochemical integrity in the starting
material can neverthel ess be preserved by making a
specific selection out of the above nentioned ring

cl osing reagents. The present invention therefore
provi des a nethod conpri sing ? step of ring closure of
a conpound according to fornmufa (I1), wherein Xis a
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abbreviated manner the term mirtazapine or compound with enantlomerlc excess refers to

a mixture containing the mirtazapine or the compound with enantiomeric excess.

The invention can provide enantiomerically pure mirtazapine if enantiomerically pure
starting material is used and the ring closure is effected by treatment with a suitable acid
in the absence of a solvent or a suitable combination of an acid and an organic solvent.

Enantiomerically pure compound is one comprising less than 20 % of the other
enantiomer, which is an enantiomeric excess of 60 %. Depending on the specific
conditions of the invented method an enantiomerically pure compound having less than
10 % of the other enantiomer or less than 1 % of the other enantiomer can also be
obtained. The yields of enantiomerically pure mirtazapine isolated are typically not less
than 50 % but yields of not less than 70 % can also be obtained.
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ot her enantiomer, which is an enantioneric excess of

60 % Depending on the specific conditions of the

i nvented nethod an enantionerically pure conpound
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suitable for the stereospecific ring closure leading to enantiomerically pure mirtazapine.
The method comprises performing the ring closure reaction of an enantiomerically pure
compound according to the formula |I, or a salt or solvate thereof, with the meaning of X,
as defined previously with any candidate acid or any candidate acid/solvent combination
and determining a loss of enantiomeric excess by the reaction and identifying an acid or
an acid/solvent combination, as suitable if it results in the loss of less than 40%.
Optionally, a stricter criterion, as mentioned above can be applied for more suitable acids

or acid/solvent combinations.

A suitable acid used in the absence of solvent can be a protic acid or a protic acid
derivative such as a protic acid anhydride. Concentrated sulfuric acid, the prior art
method of choice for the preparation of racemic mirtazapine, or aluminium trichloride is

not suitable.
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therefore an aspect of the invention to provide a
woretohoes4ior t he sel ection of an acid or aci d/ sSBCTEP1004/051357

conbi nation suitable for the stereospecific ring

closure leading to enantionerically pure mrtazapine.
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25 Whilst the ring closure reaction can take place at room temperature, the reaction can aiso
be facilitated with additional heating. It is a further aspect of the invention therefore to
include ring closure according to the methods of the present invention including additional

heating.

30 A compound of formula (Il) can be prepared by the synthetic route shown in Scheme |
which is described in US 4062848.
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are particularly preferred. The aci d/sol vent
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Wil st the ring clos eactio QAN
room tenperatyre, 4he reactlonﬂg%ﬁigis facilitated
with adgitonal hegatinng. It isSa, ¢r aspect of the
i nventilp herefogﬁhto i nclude ri1ng/closure accordi ng
to the net’hods of present invent on/incl uding
addltlonal heati ng. Acgonpound of f orfiha (I'l') can be
prepared By t he syanetlc route show)i n®Schene |
whi ch is described in US 4062848. Schenme 1 Thus,
compound (V) can be prepared by reac]fon of conpound

|

(I'V) with chloronicotinitrile (I111) ijn an organic

sol vent, such hydr of uran or hy!| f or mam de
and in the an equi val ent_of hase such as
pot assi u [ 'onpeuﬂd—(jgijgfﬁ“ en/ be prepared
by hydr ol ysi gonmpound (V) I ng_an agqueous base
such as pot'assi ydr oxi de in am”al

et hanol, typically/at reflux. InWD Q0/62782, it is
descri bed t hat \Jolar ratio of th gse used to
effectuate the thr?me hydrol ysi s canypecrieduced from
25 nol es of bas (as di scl osed in the procedure of US
pat ent 4062848) to arourlchemerfbl es of base. Flnally

compound (I1) can be prepared by reduction of conpound
(TVg, mg’@pmd,l(sli) ogn ae n@panedlbymacg@n efirermnpayngd (I‘{}wnmﬁhloronlcotlnltnle

?llltl’)l %‘ cggéﬁ Ui sl Eh Qé‘teﬁél%@%fﬁraﬁ ok Miﬁi@ihyﬁé&ﬁ%nﬂ&e and in the
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Hal PHRRET ) BRIt SREmbBURPNY ISAS af afudots besedich as potassium
hydroxide in an alcohol such as ethanol, typically at refiux. In WO 00/62782, itis
described that the molar ratio of the base used to effectuate the nitrile hydrolysis can be
reduced from 25 moles of base (as disclosed in the procedure of US patent 4062848) to
around 12 moles of base. Finally compound (ll) can be prepared by reduction of
compound (V1) again using a metal hydride such as lithium aluminium hydride in an
organic solvent such as tetrahydrofuran. Conversion of the alcohol function to other
leaving groups such as carboxylate and sulphonate esters and to halogens can be readily

achieved by methods which are well known in the art.

Preparation of enantiomerically pure compound (II) can then be achieved by using
methods well known in the art. For example, asymmetric synthesis methods e.g.,
synthesis with chiral induction, fractional crystallisation of diastereoisomeric salts formed
upon reaction with a chiral acid or separation by chromatography on a chiral medium by
normal or reverse phase chromatographic methods. Such methods are for example
described in ‘Chirality in Industry’ (edited by A.N. Collins, G.N. Sheldrake and J. Crosby,

1992; John Wiley)
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art. For exanple, asymretric synthesis nethods e.g.,
synthesis with chiral induction, fractional
crystallisation of diastereoisoneric salts forned upon
reaction with a chiral acid or separation by

chromat ography on a chiral nedium by normal or reverse
phase chr omat ogr aphi ¢ net hods. Such nmethods are for

pe " %petlod@@fs'ol lhci[)edde eRﬁntgﬁHte'ﬁ'lgélfgtpé a'l]aggp% %r)sﬁ%uc{e@%ggl%jmethod of

Jepredaint myén'ﬁbe anhd pnarrm:meutahlmmpns'tnm such for use in therapy. Such
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gc'ffabtgﬁoﬁé‘tg}ﬁ")k"%“ﬁ'% eQfiprise a therapeutically effective

enantionmerically pure mrtazapine in

combi nation with pharmaceutically acceptable carriers

I in the art. The
[ nverﬁ'?ﬁtgﬁ '?@Esﬁ usttﬁ)}gtéfeogoobo@b%ﬁégﬁ@g?l owi ng exanpl es:
Exanpl e la Preparation of fSl-mrtazapi ne
ERhmbid B Hydr oxynet hyl - 2- pyri dyl ) - 4- met hyl - 2~phenyl pi p
e_mhrazme (0.23 g, 1.03 mml) was dissolved in
L/ - met hyl pyrrolidinone (10 nmL). The resulting solution
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enant’l oneri c_excess tf‘- t he
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Example 1b
To a mixture of polyphosphoric acid (41.8 g) and N-methylpyrolidine (10.5 ml) was added

a solution of (S)—1-(3-Hydroxymethyl-z-pyridyl)-4-methyl—2-phenylpiperazine (7.02g,24.7
mmol) in N-methylpyrrolidinone (10 mL). The reaction mixture was heated to 130°C for 1
hour. To the reaction mixture were added water (152 ml), dicalite (8.8 g), toluene (76 mi),
and 33% sodium hydroxide solution (128 ml). The aqueous layer was separated and
extracted twice with toluene (76 ml). The combined toluene layers were washed three
times with water (76 ml), dried with MgSO, and evaporated. This gave 4.63 g of (S)-
Mirtazapine (70%) with an e.e. of 99%.

Example 2

Preparation of (S)-mirtazapine
(S)-1-(3-Hydroxymethyl-2-pyridyl)-4-methyl-2-phenyipiperazine (0.30 g, 1.0587 mmole)
was dissolved in 18.75 mi of dimethylformamide. To the solution 0.75 g dicalite and 1.5 g

polyphosphoric acid was added. The reaction mixture was stirred for one day at 100 °C. It
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(10 nmL). The reaction m xture was heated to 13Q0C for
1 hour. To the reaction m xture were added water (152
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solution was extracted with diethyl ether. The organic
|Expeapleds dried with magnesi um sul fate and evapor at ed.

E@%‘éﬁbﬁ\ﬁ@ﬂ“‘%}%@t I eI compound (0.24 g, 51 % with

To [S]'-’iv-'(3-Hydré;cy'metigyl-z-pgﬁfgyl)-ed--#mthyl-z-phenylpiperazine (0.5 g, 1.77 mmole)
was added polyphosphoric acid (2.6 g). The reaction mixture was heated to 100°C for 20
hours. The reaction mixture was diluted with water (6.5 ml) and the pH was brought to 8
by adding 4N sodium hydroxide solution. The water layer was extracted with ethyl acetate.
The organic layer was washed with water, dried with magnesium sulfate and evaporated.
This provided the title compound (0.29 g, 62%) with e.e. of 76%.

Example 5

To [S]-1 —(3-Hydroxymethyl-2-pyridy|)-4-methy|—2-pheny|piperazine (1.0 g, 3.53 mmole)
was added polyphosphoric acid (2 g). The reaction mixture was heated to 130°C for 18
hours. The reaction mixture was diluted with water (6.5 ml) and the pH was brought to 8
by adding 4N sodium hydroxide solution. The water layer was extracted with ethyl acetate.
The organic layer was washed with water, dried with mag nesium sulfate and evaporated.
This provided the title compound (0.71 g, 76%) with e.e. of 98%.

Example 6
A solution of [S]-1-(3-Hydroxymethyl-2-pyridyl)-4-methyl-2-phenylpiperazine (1.0g,3.53
mmole) in dichloromethane was added to polyphosphoric acid prepared from 85%
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20 at 130°C for 18 hours. To the reaction mixture were added water (22 mi), ethyl acstate
(22 ml), and 33% sodium hydroxide solution (8.5 ml). The ageous layer was separated
and exiracted twice with ethyl acetate (22 ml). The combined organic fractions were
washed three times with water (22 mi), dried with MgSO, and evaporated. This gave 0.78
g of (S)-Mirtazapine (84%) with an e.e. of 83%.

25
Example 9

Preparation of (S)-mirtazapine
To sulfuric acid (30.36 ml) at a temperature of 48 °C was added a solution of (S)-1-(3-

30 hydroxymethyl-2-pyridyl)-4-methyl-2-phenylpiperazine (15.18 g, 51.05 mmole) in ethanol
(30 ml). After 1 night an additional amount of sulfuric acid (30 ml) was added. After 4
hours the reaction was complete. Water (195 ml) was added followed by a sodium
hydroxide solution (8.3 M) until a precipitate formed. The aqeous layer was extracted with
ethyl acetate. The organic layer was subsequently washed with sodium hydroxide

35 solution, then sodium chloride solution, dried with magnesium sulfate and evaporated.
This yielded the title compound (7.97 g, 59%) with an e.e. of 62%.
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1, characterised in that ring closure occurs using a
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2. The method of claim 1, characterised in that the ring closure oceurs using a suitable

acid in the absence of a solvent.

15 3. The method of claim 2, characterised in that the acid is a protic acid or a protic acid

derivative.

4. The method of claim 3, characterised in that the acid is polyphosphoric acid or
phosphorus pentoxide in phosphoric acid.
20
5. The method according to claim 4, characterised in that the weight ratio between
polyphosphoric acid and the compound according to formula Il is less than 5 to 1.

6. The method of claim 1, characterised in that ring closure occurs using a suitable acid

25 and organic solvent combination.

7. The method of claim 6, characterised in that the suitable acid and organic solvent
combination is a protic acid or protic acid derivative in combination with a polar

coordinating solvent.



and organic solvent conbination. 7. The nethod of
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acid derivative in conmbination wth a polar

coordi nating solvent.8. The nmethod of claim6,
characterised in that the suitable acid and organic
sol vent conbination is a mneral acid in conbination
with a polar coordinating solygnt. 9. The net hod of
claim7, characterised in that“the suitable acid and
organi ¢ sol vent conbination is pol yphosphoric acid in
conmbi nation with L/-methyl pyrrolidinone or DM. 10. A
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! estrs\e }orr]namladlfloaé’d meaning of X of claim 1 leading to enantiomerically pure mirtazapine
comprising testing the reaction by treatment of the enantiomerically pure compound
with a candidate acid or a candidate acid/solvent combination and determining a loss
of enantiomeric excess by the reaction and identifying an acid or an acid/solvent

combination, as suitable if it results in the loss of less than 40%.



