A METHOD FOR THE PREPARATION OF AN ENANTIOMER OF A TETRACYCLIC BENZAZEPINE.
5 The present invention relates to a method for the preparation of a tetracyclic benzazepine, in
particular of mirtazapine, in substantial enantiomeric excess of the R or S form. The invention further
relates to a nox@bintermediate and its use for the preparation of mirtazaping-having.aesypstantial
enantiomeric excess of the R or S form. The invention further relates to a method for the preparation of
an intermediate 10 tetracyclic compound having substantial enantiomeric excess of the R or S form.
Mirtazapine(1,2,3,4,10,14b-hexahydro-2-methyl-pyrazino[2,1-alpyrido[2,3c][2Thenz- azepine) is a
tetracyclic compound having the formula IV: 15 Formula IV The compound is chiral and the racemic
mixture finds widespread use as a medicine for the treatment of depression. Other medical uses for
mirtazapine Hal& Ai{8HECR JbiEePBREARATION OB FHFISENTHONER OF 3SuSBisOgsadts use in the
treatment of BEEBAlIsHNErS and apnea. Investigations into the biological effects of the enantiomers of
mirtazapine (e. g. O'Connor and Leonard, Neuro-pharmacology, 1986, vol. 25, pp.267-270 ; Kooyman
et al., 199?, x@l 33,\%). 501-507 ; De Boer et. al., Neur(gharmacology,.l%& vol. 27, pp. 399-408 ;
Gower et al., 1688 V5 LGV PP T8EESS) 55 MeREbIPth&Eotip oUREA IR paFe Triaktigmiric forms.
There is a né¥A3eZAMKe iReeTigvtonaritamapiredcinautiasinisezapineravaiiable in fasge quantities.
The present a':mg&rftion. prioyithes fasrinpoese e otan Qﬁl@ﬁmé%fﬁg&g&p%,g{ Ii@gg%hg%nmgeks of i
enantiomeri PUEEMitaZap) elate ines. 30 A variety of m o%s are known in the
art for the prq%gr?tio%ﬁ@f%%%ﬁ%gﬁgg%%%%%@égﬁl ré%@%i%t%ﬁ%sv%&ﬁrﬁea S sff)éa'b synthetic
scheme by which The SyRthESiE of TitaZ S he it e e b piepria i@ rah g hrdmea = dialsstituted
nicotinitri]g. ey 00BrEES 7R CIFEPROGRIVE 3162 FurtherwsdifitttoR 16 Variaus stages of this
route have subsequently been described in WO 00162782, WO 01123345 and US 6,376, 668.

Mirtazapine (1,2,3.4,10,14b-hexahydro-2-methyi-pyrazino2,1 -ajpyrido[2,3¢][2]benz-
azepine) is a tetracyclic compound having the formula 1V:

15

Formuia v

The compound is chiral and the racemic mixture finds widespread use as a medicine
for the treatment of depression. Other medical uses for mirtazapine have also been
20 reported e.g., WO 99/25356 and WO 01/58453 disclose its use in the ireatment of
sleep disorders and apnea. Investigations into the biological effects of the enantiomers

pp.267-270 ; Kooyman et al,, 1994, vol. 33, pp. 501-507 : De Boer et. al., Neuro-
pharmacology, 1988, vol. 27, pp. 399408 ; Gower et al., 1988, vol. 291, pp 185-201)

25 mention the compound in its pure enantiomeric forms. There is a need to make the
enantiomers, in particular the S-mirtazapine available in large quantities. The present
invention provides for improvement of an efficient production of large quantities of
enantiomerically pure mirtazapine and related benzazepines.

30 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.



According to the method described in U54062848 rnirtazapine can be obtained as a 5 result of ring
closure of a compound of formula (A), OH Formula A 10 Examples of such agents include acids such
as sulfuric acid, concentrated hydrochloric acid, picric acid, trifluorOacetic acid, phosphoric acid,
polyphosphoric acid (PPA), phosphorus oxychloride, phosphorus pentoxide and Lewis Acids such as

P
aluminium chIoriﬁ’é’ﬂ%’ﬁ’?&Wmide, zinc chloride, tin chloride, titanium chlosig@eRaseRtkfluoride, 15
antimony pentachloride and zirconium tetrachloride. In US4062848 preparation of mirtazapine is
exemplified by ring closure using concentrated sulfuric acid. In W000162782 it is indicated that
concentrated sulfuric acid is most preferred. The op%cal resolution of racemic mirtazapine has also

been addressedinitdSAOGREAG:2Q; Byrithe ' ' 4062848, enantiomerically pure
mirtazapine is Qb%%!@?ﬁ%&%gﬁéﬂgﬁ%?gg ggif &%ﬁgg%gﬁag?t‘%@éﬁ% MRS ARhe with

enarrtiomerically pure dibenzoyltartaric acid in ethanol, Tiltering off the thus formed diastereomeric salt,

followed by reggners tion of the free base by treatment with agueous ammonia. In this method
resolution of thé BhantioMere Suird desrdeh i HPBIRM Syntitetivipatianay afieideavipg manufactured

a racemic mi§td?§‘@f%ﬂ@ﬁ@ﬁﬁﬁ%@ﬁﬁf@ﬂumuu@fé:ﬁemlmab,the overall yield of each enantiomerically
pure compound obtained is relatively low and can never be more than 50%. Another drawback of such

a late stage enantlomer separation is that significant amounts of waste are generated.
gl

Formmula A
10
Examples of such agents include acids such as sulfuric asid, concentrated hydrochioric
acid, picric acld, trifuoroacetc acld, phesphoric acid, polyphosphoric acid {PRA),
phosphorus oxychloride, phosphorus pentoxide and Lewiz Acids such as aluminium
chioride, ferric chloride, zine chioride, tin chioride, titanium chioride, boron trifluoride,
13 aniimony pentachloride and Zirconium letrachloride, In US4062848 preparation of
mirtazapine is exemplifisd by ring closure using concentrated sulfuric acid, In
WOO/B2782 it s indicatsd that concentrated sulfuric acid is most prafarred,

The optical resolution of racemic mirtazapine has also been sddressed in US4062848.
. 20 By the method disclosed in US4082848, enantiomerically pure mirtazapine is obtained
: by forming diastereomeric salts by reacton of racemic mirtazaplne  with
enartiomerically pure dibenzovliartaric acid in ethanol, filering off the thus formed
diasterecmeric salt, followed by regeneration of the free base by treatment with
aguecus ammonia. In this method resclution of the enantiomers occurs at the eng of
25 the synthetic pathway after having manufactured a racemic mixiure of miriazaping. 1t
follows therefore that the overall vield of each enantiomerically pure compound
obiained is relatively low and can never be more than 50%. Another drawback of such
a iate stage enantiomer separation is that signfficant amounts of waste are generated.
it would be benefictal fo have a more economic and environmentally benign methad in
30 which enantiomerically purs mirtazapine could be prepared with an overall improved
yield.



It would be beneficial to have a more economic and environmentally benign method in 30 which
enantiomerically pure mirtazapine could be prepared with an overall improved yield. 3 In 1154062848
a remark is made that pure enantiomers of mirtazapine might also be o ned synthetically by using
optically active precursors for the last ring closure step. However, it was found that the method
described in L184062848 and W000/62782 with concensulfuric acid does not sufficiently retain optical
purity. Apparently, those reaction conditions allow excessive racemisation. In document WO
2005/005410 It is described that for the synthesis of enantionlericallY pure ml ispine by ring closure of
an enantionterically pure compound of above formulaiA), stereochemical integrity in the starring
material can be pife&&isd (E;éj%n out of the above mentioned ring dosing

reagents. The mefligifl-G0MR e e Rissgrigihprisibg ring

e AT P

SOPE ing mirtazapine witt efEftorha
- closure of a Com%&'«%@gﬁ g@i &%?#Lﬁg "‘ @W&Wmmﬁ@ éeclessrpy tleatpeptwith a
suitable acid In the absence of & S8I0eh G Edsistecd ionsRianEaeiang@syrganic solvent
The inventors ha@@?ﬁ%ﬁ?%r@é@tﬁm@m@ e\ V2005003940, ![é)nctjaeﬂ?v@#hout
substantial racerffia@tirbyiiotectiow efdhaiapRIQR g.ponditions, but tha't%%)dger Stich*&hditions a

significant amount of side products Is formed that Iidates purification of the enantiopure
all yield of the process. Reversely, the formation of

mirtazapine andis@Bs@aua WY I6LEY he overall
side products C%@%‘ﬂ!&gﬁted o hed Bred fdhe shmtiyests i tewekaremambject of the
invention to proyide 2 methodfor't 0 (Aosalrainass TRtizapEnein pastictiaisahmistazapine in
eriantiomerically pure fértn SRR aRieHdntioriterc excess@iihgaR.a) Sform %g%gg& ot have the.
above drawbacKE igrinsappiceding to.a 6 st ASpecE ﬁ?&%ﬁ‘o&@%@dﬁ%@l method for. thfe preparation
of mirtazapine . of the %%ﬁ@?ﬁ’@gaid method
L . - . antigmeri - ; .
comprising the smseotgﬁapé@%ﬂ baxylic acid compound a&%ﬁ‘?@ tePESFiFSa iMgaving a
. " - L muia (A) having enard i
substantial enapligmericaxcess,of the K or Sform, g fiomedc excess by
siitable acid In the absence of 2 solvent or & suitable combination of
an acid and an organic soivent, =ion e

T}fe inventors have fmum; that the reaction deseribed in WO 2005/006410 can proceed
without substantial racemizetion by selection of the appropriate conditions, but that
under such conditions a significant amount of side products is formed that co;‘npﬁcat '
?qﬁﬁcaﬂon af the enantiopure mirtazapine and consequenlly deterioratse the ove &:
vield of the process. Reversely, the formation of side products can be prevented pri ;2'&
the cost of pes of opﬂwi_ purity. 1t Is therefore an object of the invention to providi
miaﬂwd for the preparation of mintazapine. n particular of mirtazapineg i:
enartiomerically pure form or with an enantiomeric excess of the R or S form that d

not have the above drawbacks. =

Sumimary

chordmg toa first aspect, there is provided a method for the preparation of mirtazapine

(formula IV) having a substantial enantiomeric excess of the R or § form, said method
b

comprising the steps of

a: providing a carboxylic acid compound according to Formula | having a substantial
enantiomeric excess of the R or S form,

b: converting the carboxylic acid group of compound | into a ketone group, producing a
ketone compound of Formuia i |

¢: opticnally reducing ketone compound Il to form the intermediate hydroxy compound
of Formula Iil,

d. forming the mirtazapine of Formula IV by reduction of the ketone compound I} or of
the hydroxy compound I, with a mixture of a metal hydride reduction agent and a
metal halogenide as reduction agent



b: converting the carboxylic acid group of compound | into a ketone group, producing a ketone
compound of Formula Il, c: optionally reducing ketone compound Il to form the intermediate hydroxy
compound of Formula Ill, d: forming the mirtazapine of Formula IV by reduction of the ketone
compound Il or of the hydroxy compound IlI, with a mixture of a metal hydride reduction agent and a
metal halogenide as reduction agent 3a Acc#kding to a second aspect, there is provided a
compound according to formula Il in a mixture having an enantiomeric excess of the R or S form or in

enantiopure pure R or S form. According_to a third aspect, thes provided a compound according to
of the R or S form or in enantiopure

formula 111, ip. gri2s it having a sg@sta |aI nantlomen/c exce
for € jpounds as

pure R or 3

defined abone-tor the laAX eric excess
ofthe Ror S fon@a' 'One embodimeht}hgrétis provided a nietog# according to the:t

preparation of mirtazapine (formula IVf\rla ng a substantial’enaritiorneric excess\of the R or S form,
said method comprising the steps of a: pr&/iding a carboxylic acid compound accor&gmg to Formula |
having a substantial enantiomeric excess of the R or Storm_ ix converting the carboxylic acid group of
compound | ift8"8'K&tbne group, proddedi§4ekitone compbFHAERFbrmula 11, ECBBHENMly reducing
ketone. compound Il with a mild reducing agent to form the Intermediate hydroxy compound of
Formula Ill and d: forming the mirtazapine of Formula IV by reduction of the ketone compound Il or of

the hydroxy campeaung #h lusing.a sifeng fegdcing-@gdad a compound according to formula Il in a

mixture having an enantiomeric excess of the R or 5 form or in enantiopure pure R or 5

preparation Qf £ pipe (formuig

form.

According to a third aspect, there is provided a compound according to formula IIl, in a
mixture having a substantial enantiomeric excess of the R or S form or in enantiopure

pure R or § form.

*

According to a fourth aspect, there is provided the use of any of the compounds as
defined above for the preparation of mirtazapine (formula IV) having a substantial

enantiomeric excess of the R or S form.

In one embodiment, there is provided a method according to the disclosure for the preparation of
mirtazapine (formula I'V) having a substantial enantiomeric excess of the R or § form, said

method comprising the steps of

a: providing a carboxylic acid compound according to Formula | having & substanfal
snantiomeric excess of the R or § form, .

b converting the carbosylic acid group of compoursd | inio a kelons group, producing 8
Ketone compound of Formuda i,

o pptionally reducing kefone compound B with a mild reducing agent to form the
infermediate hydroxy mmp%mnd of Formuia i and

d: forming the mirtazapine of Formula IV by reduction of the kefone compound I or of
the hydroxy compound ! using 2 sirong reducing agsnt



4  Formula Formula lll Formula IV This reaction was found to proceed without any substantial
racemization and without formation of any significant amount of side products. The reaction product
can be used for preparing pharmaceutical preparations without the necessity of further purification or
of optical resolution. The method of the disclosure enables the production of mirtazapine and
formulations thereof having an enantiomeric excess of the R or S form of at least BO% and comprising
side products in an amount below 10 wr/o’more preferably less than 5 weight percent and most
preferably less than 2 weight percent (wt% expressed as the total weight of the side products divided
by the total weight of the obtained reaction product x400%). Preferably the enantiomeric excess of the
desired enantiomer is at least 90%, more preferably more than 95%. The term mirtazapine is used
here In the generic me%rg}in that Is commot@gy used to refer to the chemlcal compound as a base but

. also to the salts

.Ahe tarmm asiused
i ' @= lear tromy/the ¢ e
term mirta‘apine supp fited with th@ phefixes™ gYspgcifica

S form, the R form,p+the T
compound. The structure/formulas incorp rated in this descgnn on depicting on tlular form are
intended to cover the S form, the R form and<he racernic fo nless specifically-dicated otherwise.

The compound with Fqﬂg;g‘;;#FI [l comprises, apart from the main chiral centre at carbon atom 146, an
additional chiral centre at the carbon atorh 8WRilh the hydrsgyidup is attadwedui€bhsequently of
this compound four stereoisomers can exist comprising two diastereoisomers, viz. (R,R), (R,S), (SA)

or (5$). However i Tastige seriptioncthe insisatiatidun &S/ farmemiy refessitaihe akspius, configuration
at the chiral centwﬂm;mfm@ﬁﬁ@ﬁmmgﬁt@g@é@é@,g&g middle ng %cgnt t%e}:le n(itrogen 5
The term "enant@nesic SuCensnirigls %\J{? c%ib%t een the amoun eac
enantiomers present mt% Pétu reI ve to the fotal amoun o??ﬁ%s%g’n%@ﬁﬁﬁlrwﬁ@cﬂ?%ure
expressed as percenta fB nIn S&asHadeph diineintyin enahies e sashesbendntiomeric
excess" refers t@lﬁ@ﬁ%ﬁﬁgﬁ@ﬂ'ﬁ g dhsrapidiavinman SO0 lipredis atshess ofdth Bror 8 Yormnore

" preferably moreh#En!BB8 6 cminoreupishgrably progectadn SR%ransmeswreieiailymare than 95%.
The term "enanticiiereelydesis tisiariial GRaRie BRGH ISR ?Q%%ﬁ@@@ §Q
en?ntlomerlc exm%@géga%qgg/%@%gmﬁ@%@td%%go %0 LY d%y @‘gr&glruge'ggb g/ more than
95%. the obtained reacion product x 100%). Preferably the enantiomeric excess of the

desired enantiomer is at least 90%., more preferably more than 85%.

The term mirtazapine is used here In the generic meaning that Is commonly used o
refer o the chemical compound as a base but slse o the salts and solvates therecf,
The term mirtazapine as used in the descriplion can refer to the § form, the B form ar
the racemic form, as will be dear from the context in which the terrn is used. The tem
mifazapine supplemented with the profixes (R) or (S) spedifically refers to the
enantiomers of the compound. The structure formulas ingorporated in this description
deplcting one particular form are intended fo cover the S form, the R form and the
racemic form unless specifically indicated amemsa.

The compound with Formula 1i| comprises, apart from the main chiral centre at carbon
atomn 14b, an additional chiral centre at the carbon atomn o which the hydroxy) group is
attached. Conseguently of this compound four stersoisomers can exist comprising two
diastersoisomers, viz. (R,R), (R,8), (S, R) or (8,8). Howaver, in this descripion the
indication R or S form only refers to the ahsalurte configuration at the chiral centre that
is present af carbon atom 14b in the middie nng adjacent o the nitrogen.



The term "side product"” refers to products in the obtained reaction product other than mirtazapine (in S
or R form) or its unreacted intermediate. The presence of side products does not influence the
enantiomeric excess of an enantiomer of a compound of the disclosure, as the enantiomeric excess is
calculated solely with the amounts of enantiomers of the compounds of the disclosure. The amount of
side products however is relevant for the utilization of the obtained mirtazapine as biologically active
compounds. As the removal of substantial amounts of unwanted side products is costly and time
consuming, the amount of side products should bg as low as possible. Detailed description of the
method of the invention Step a The method of thé invention starts with a carboxylic acid with Formula

lin slcubstar’iti&& enaNipEIR ﬁﬁ@%@%&%@sp@s@mme fakf@%?ﬂéi%%%f (@ ﬁQHQ%%J&gt% %H&% Com_Ft’)O‘é”_d
can for ex jastereomeric crystallisatian.of the racemic mixture as described in
US40628;§‘ %ﬁlgﬁﬁ%ﬁ{cgﬁg?ﬁ%&? ne%eﬁﬁ’%?%éf%%%@é? %%Oﬁa‘ it ufagcg e %ﬁ%“&%?%%?ic acid group
of compoufitf] TEEEH EREESTRE akersreéiansx prorfabing seratBRessarmpBIRmiEohEdmUla 11,

Preferably thiebetariioxphiertitienio epdssiii seéstiviated svithtmmadtieatesand muksernasity, reacted with a
Lewis acidp@igasvaise arefermbnare sl ﬁgﬁéﬂhﬁedmplélv%ﬂoﬁfé#%}l%%&%bﬂ?‘ag' chioride
or phosphqris.o j Je, [ ivation S to ap int igte acid chloride compound. This
compound“i§ 1 ﬁeﬁnq/%a%?gd \?\/%Iw %%gevﬁgeéeé%gfi?ﬁ'h% %ﬁ?&“aggggrelﬁéga%?{}”fs SRLigPHSI0GEnide,
preferably APRIAGTA M AORRIOAECHTBHEE INrapPermiBmsIdiRe BRI oREs FeupeRea: this reaction
step proceedsagithiolt substaaitabbiicendsation’ane thatthe ketanblintermadiatesenmpound of Formula
Il 6 could be obtained maintaining the enantiomeric excess of the carboxylic acid compound, in
particular gyen,in a substantially enantiopure form. Steps ¢ and d 5 In one embodiment, the ketone
with FormuIa‘]aali”;t%:rr:';rf]l %*e!% s?ltgtéeij lljcrg? \Eﬁit%? _R/%% {Sré%%‘celn%%bneen't Q%agé'ggﬁgpﬁga %?é?f f@?fﬂo the alcohol
with Formd{ RFaRARHI2ICOREITs ek, /1 dsunvestientsien sdaisccthe Prasaemine sidth Formula IV.
In an alterpegilusisrdtes edienfibenim i ahenketemr witedsooiud atkatordke Bdugetpiniadne step
reaction Wi eSHQNGLRAGING. AASHLAIECl Jo,mitazaning 9| EAIMWad¥uili§0 believed that the

reduction of Jg ketang yuth EUMyIa fo fiiazapine it Formula [ .8 one step reaction proceeds

via the intermediate alcohol of Formula lll. In this case alconol i8'not obtained'as a separate
intermedidfe (R, it Repatiicalipt Bk HiesebieinethetisiazasimpguRidsidealvedetveon. 15 In
optional steprpatrsiketdisettempoovel of Babstateil ismeduised tonaminsarsiesliatedayedyoxyl compound
with Formutadyl shateandaadseiatethd bisdaaurtian is-ainile sesluginTibe sedusiggagent suitable for
this mild reduction step (c) is a hydride, such as a metal hydride or a borohydride. Prefered metal
hydrides are alkali metal hydride, preferably lithium aluminum hydride, diisobutylaluminum hydride,
lithium tri-%?%ﬂﬁ?mwmmﬁi‘ﬁ:@@%%ﬁf Bre(rvsetiikyethoxy)aluminumhydride, etc. Prefered
borohydridéema@e alkaliborohydrides, preferably sodium borohydride, lithium borohydride, lithium
tri-sec-butyheoneitvelicde mishiantintaviberaiydridaosegismliasaiexvbarehydudeelci45 As described

above, th £0 ng, f in step (c)is.expected.to be a mixture of diastereomers, as this
%qurwhg im&%% & 'gg?é%g@ 1€ ugs)tanna@)n%n ﬁ&?ﬁb’?w%ﬂ%iraﬁ'%eﬁ?@gf) ever, the

compound with Formula Ill'is a di omeric Compo 1avi eritr
absolute SGRAGUPRABIP S AR SRiBlsd Py siet e th s sielielisurb e serpiiaistrasvant for the
preparaticteesribrddn i/ BAO8RBE83@hich is incorporated herein by reference.

Stepb :

in this step the carboxylic acid group of compound | is converted inio a ketone Group,
producing a ketone compound of Formula Il. Preferably the carboxylic acid group is
first activated with an activator and subsequently reacted with a Lewis acid. The
activator is preferably a chlorinating agent, preferably thiony! chloride, oxalyl chloﬁde or
phosphorus oxychloride. This activation leads to an infermediate acid chioride
compound. This compound is then reacted with a Lewis acid." The Lewis acid
preferably is a metal halogenide, preferably aluminum ch!oride,'tin chloride, iron
chioride or zinc chioride. it was found that this réaction step proceeds without
substantial racemisation and that the ketone intermediate compound of Formula i



In final step (d) the ketone compound Il of step (b) or hydroxy compound Il of step (c) are reduced
using a strong reducing agent. Preferably, the strong reduction agent comprises a mixture of a metal
hydride reduction agent as described above in step (c) and a metal halogenide, preferably a mixture of

an aluminum wydride arghan aluminum 35 halogenide, preferably in a mol@rcrﬁggzg@t)?g%gg 2.5and 3.5
such that the reducing agent alane (aluminium trihydride) is generated in situ to act effectively as the

reducing 7 agent. Preferred metal hydride are alkali metal hydrides, preferably lithium aluminum
hydride or diisobutyl aluminum hydride. An alternatéve strong reduction agent is a mixture of a

borohydride andﬁ g}tro%g acid, preferably having the acid in molar excess, preferably a mixture of
sodium boroffydiide an IABRh RTINS atie of EifeMedei B sedurivlg hay oftepirocess steps of the

method of th€dmpettien idicatiie baetse dededomati@ieactiatiopmirduserto prevent lump formation. The
reaction is carried out in a solvent. The solvent type is chosen in view of the chosen reactants and

reaction con@)’%& RS In 40 case of metalhydride reducing agents, the solvent is aprotic to prevent
reaction Wg[hjt e solvent, for example tetrahydrofuran. In case of borohydride a protic solvent can be

chosen, for eXafpiSrarReaLidindiEiore efilrag e rdastiorbte fitperedired csifbe warikd between

-30C and thetefkiRaasiisiatareepttiecssivets nsbd aliveseaittiGnianpataiurerspegigrably higher

than 40C to etramaceeptable iearlioRowigsdln mﬁéﬁ%miewéﬁgrm@mquﬁ@ﬁﬁge iso‘fhose”

not too high Nt Si 0 | pically below about 100 C. Eventually the product

mirtazapine ﬁfé%%ﬁzggﬁﬂg %iqé%rgé} %F};lgsgﬂ@é aﬁoran)éjg?t @iﬁ? A %?ol'beéji%%?da&%e%t%?e LWnter ion as
T

AR THE OB prstiii e 3H3Re A5 e lnsBur R A prepdiamaeoté phiagmaceutical

is known in tFleea_ar :
preparatibh wiffyadtiehiespdesioesblbtdristepsitr unifitatidn stepssfis 4062 84& describes a

ketone compounthastapretiksopiPsep L iNkAARNM e aicoho! of Formula 1. In this case
the alcohol is not obtained as a separate intermediate product, but is believed to be
present in the reaction mixture of the reduction.

15 In optional step ¢, the ketone compound of Formula 1l is reduced io an intermediate
hydroxyl compound with Formula |l that can be isclated. This reduction is a mild
reduction. The reducing agent suitable for this mild reduction step (¢} is a hydride, such
as a metal hydride or a borohydride. Prefered metal hydrides are alkali metal hydride,
preferably fithium aluminum hydride, diisobutylaluminum hydride, lithium ftri-tert-

20 butoxyaluminumhydride, sodium bis{2-methoxyethoxy)aluminumhydride, etc. Prefered
borohydrides are alkaliborohydrides, preferably sodium  borohydride, lithium
borohydride, lithium tri-sec-butylborohydride, lithium triethylborohydride, sodium
triacetoxyborohydride etc.

25 As described above, the hydroxyl compound formed in step (c) is expected to be a
mixture of diastereomers, as this compound with Formula i is a diastereomeric
compound having two chiral centres. However, the absolute configuration at the
second chiral center (that of the hydroxyl group) is not relevant for the preparation of
the end product.

30
In final step (d) the ketone compound Il of step (b) or hydroxy compound Ill of step (c)
are reduced using a strong reducing agent. Preferably, the strong reduction agent
comprises a mixture of a metal hydride reduction agent as described above in step (c)
and a metal halogenide, preferably a mbdure of an aluminum hydride and an aluminum

35 halogenide, preferably in a molar ratio between 2.5 and 3.5 such that the reducing
agent alane (aluminium trihydride) is generated in situ to act effectively as the reducing



and makes a broad general statement that optically active compounds can be made 2_5 from opt?cally
active (enantiopure) precursors. The document does not describe how to ggt sgbstantlally enz_intlopgre
precursors and does not disclose that, in a specific reduction step as specified in the present invention,

such substantatly@aaptpure precursors can be converted to mirtazapineﬁg@;@ﬁng}ﬁg%mng thg high
enantiomeric excess and at a low impurity level. All examples of preparing enantiopure mirtazapine 30
involve resolution of the final product. Further, inventors have found that reduction me_thods described
in this prior art document result in considerable racé&mization, SO the.broz.id statement is merely an
unsubstantiated qe%d?ratum. Therefore, the disclosed methgd in this prior art document dogs not lead
to specific miRAZApING BreCureIPhurdss e Akl meid by ﬁﬁ’l‘?ﬁzé}ﬁ% ahigsLam iy ienantiopure
form. The 35 yéfidearstdiiepheit thierofom doesdet prosiigenatspesifio g ordesioneagatiopuse
intermediate sompeund sharmbia UnT heshydsew compIndraceyding i formuia gg(gggr%erefore e

2008/1255 78536114 P2 RR(0R 8316 SACRIA R SR RIIRAN AR ROt been, doRe TIPS
invention also relates to the ketone compoun accor(qlng o formuta If (ff 8 Bt _ ‘
R)-1,3,4,14b-tetrahydro-2- methyl-pyrazino[z,1-a]pyrido[2,3-0_][2]benzazepin-10(2H)-one) in a mixture
having an enantiomeric excess of the R or S form or in enantiopure R or S form and to the
During any of the process steps of the method of the invention dicalite can be added to
the reaction mixture to prevent lump formation. The reaction is carried out in a solvent.
The solvent type is chosen in view of the chosen reactants and reaction conditions. In
10 case of metafhydride reducing agents, the solvent is aprotic to prevent reaction with the
solvent, for example tetrahydrofuran. In case of borohydride a protic solvent can be
chosen, for example sulfuric acid/water. Generally, the reaction temperatures can be
varied between -30°C and the reflux temperature of the solvents used. The reaction
temperature is preferably higher than 40°C to get an acceptable reaction rate. On the
15 other hand the reaction temperature is chosen not too high to prevent side product
formation, typically below about 100 °C.

Eventually the product mirtazapine can be crystallized as a free base or as a salt with a
biological acceptable counter ion as is known in the art. The obtained product can then

20 be used in the preparation of a pharmaceutical preparation without further optical
resolution steps or purification steps.

US 4, 082, 848 describes a ketone compound as a precursor to prepare mirtazapine
and makes a broad general statement that optically active compounds can be made
25 from opfically active (enantiopure) precursors. The document does not describe how to
get substantially enantiopure precursors and does not disclose that, in a specific
reduction step as specified in the present invention, such substantially enantiopure
precursors can be converted to miriazapine whilst maintaining the high enantiomeric
excess and af a low impurity level. All examples of preparing enantiopure mirtazapine
30 involve resolution of the final product. Further, inventors have found that reduction
methods described in this prior art document result in considerable racemization, so
the broad statement is merely an unsubstantiated desideratum. Therefore, the
disclosed method in this prior art document does not lead to specific mifazapine
precursor hydroxyl compound !l or mirtazapine in substantially enantiopure form. The
35 general statement therefore does not provide a specific pointer to enantiopure
intermediate compound of formula If. The hydroxyl compound according to formula il



5 hydroxyl compound according to formula Il (1,2,3,4,10,14b-hexahydro-2-
methylpyrazino[2,1-a]pyrido[2,3-c][2Thenzazepin-10-ol) in racemic form, in a mixture having a
substantial enantiomeric excess of the R or S form or in enantiopure form. In particular, to such

compounds hexingeghaatigmeric excess of the R or S form of at least 80%, preferably at least 95%
and comprising side products in an amount below 10 10 wt%, preferably bgﬁwwé%?s‘f’ﬁé invention
also relates to the use of said compounds for the preparation of mirtazapine (formula 1V) having a
substantial enantiomeric excess of the R or S form.gln view of avoiding undesired side effects in use,
for example as a anti-depressant, it is 15 important that the mirtazapine is as pure as possible, that is
having a high eASRTEPETRIEAPEW SRlaghertiictesmitent. Theerirtazapineabained byiihe method
according to théinvetrtienamepts thiscesirgmertransktneratoye is mestsuitable.foluse in a

pharmaceutiead: atiemoTihe jon SO stoa. harmaceutlca'li,’gormulation
comprising i,r}téatg“ [Byrtlﬁ Ch;g/iggﬁﬁ?%{gg%%rﬁ@?%g%%%oﬁ&e_ or g rﬁoramn%%r?a??éﬁ@ 86%,
preferably at east%gé%m and comprising st e%pl%ﬁﬂtffé {h &STBTIPPHIP R BUM BBV twtdise preferably
below 2 wive RS orfP BRI B asasPifiTae frm ofayshartiaceuticab accepiabiessalirthereof. The
intermediaterafgeyioyreaimpieuinaliirobiajbellimeten-6pin k8. ytid GddhiRerahydro s 2R xiure

2-methylpyrazieR=lsalpuidel2s:a421ReNZaZeN -0}, i ovel compounpd which can
é_of mir@ﬁ%ﬂﬁe&%é’ compound taR 8BtSHEIN be prepared

advantageoﬁxigﬁays%d foghthce re a(rjatign :

according to different methods Than descrbaaaBaY TS nGErRISnCAISS R1ateS formmetiod for the
preparation SEHiIAS 2R dhiRM B %cmpearditingthistrongivesusing agents asiégscribed
above, i paiticuih far8mtiarepinehauing arsubstantial enantiemeticexeessLf the Ripr S form.

The inventioroisgsaddiresteddodhe dise.af arcpmpoud.hayi ormula Ill, preferagbly in substantially
enantiopure é?ma%ﬁn{gﬁ@ e)f(gr ng Hﬂ%pﬁrartE)P of rhirta%%p?n@%ég% 3ré%?y%aé’\i/?§gae 6t c excess of
the R or S form. 35 The metho accoréllng {0 the invention is specifically developed for the preparation

of mirtazapine, but has been found to be equally applicable for the preparation of other 9 tetra cyclic
compounds!THerefére/abiainveltitedsalsefticactedde mmatngdalsthe nepRarationofadetracyclic

compound degargingttiafermiasyYishaving ' ntj ric excess of the S or R form,
wherein, instead Qf ihe 8;1&9&&%&&@%&%? %ﬂ%%glﬁﬂ%%ﬂ%@ ic gmig%]uer? _né%@é)&rg?ﬁg to formula
V having substanial 5 enantiomeric excess Orhe 8o FATBTPYShis B irdBprestia bt method of

the inventiof! SESEb SBEEHoVBISTIIRAMIG BB NS UG Pt anvs twheehte Yiandsé amd Z represent
ring structureREBATSHEN fives tlaiighf Hagnrenibe ratermransowbgisinENg sHEMelIS Y preferably

represent afmaramaadic dgHaRHANAINLESNHY sM heleLalamsRrelgrably pyridine orhenzyl. 10
FormulagY of at least 80%, preferably at least 95% and comprising side products thereof in an
amount below 10 wt%, preferably below 2 wt% in the form of the base or in the form of
a pharmaceutical acceptable salt thereof.

The intermediate alcohol compound 11l obtained in step (c), 1,2,3,4,10,14b-hexahydro-
25 2~methyipyrazino{2,‘T—a]pyrido[2,3-c}{2]benzazepin-1 0-ol, is a novel compound which
can advantageously be used for the preparation of mirtazapine. The compound can
optionally be prepared according to different methods than described above. The
invention also relates fo a method for the preparation of mirtazapine by reduction of
compound Ifl with strong reducing agents as described above, in particular for
30 mirtazapine having a substantial enantiomeric excess of the R or S form. The invention
is also directed fo the use of a compound having Formula Ill, preferably in substantially

enantiopure R or S form, for the preparation of mirtazapine, preferably having
enantiomeric excess of the R or S form.

35 The method according to the invention is specificaily developed for the preparation of
mirtazapine, but has been found to be equally applicable for the preparation of other



Formula VI 15 Ring structure X preferably also represents an aromatic ring structure optionally
comprising heteroatoms, preferably pyridine or benzyl. Ring structure Z preferably is a partially
unsaturated or saturated ring comprising five to eight ring member atoms, preferably comprising a
second nitrogei ategn 4gsthe ring. Ring structures X, Y and/or Z may comprj %er&gg oL foore
substitutions each independently selected from alkyl, aryl, 20 alkyl-aryl or alkoxy optlonaﬁ y comprising
one or more unsaturated bonds or one or more hetero atoms or halogen, hydroxy or sulfur containing
groups. All the reagents and other conditions described above for steps a to d of the method of the
invention for the preparation of mirtazapine in substantial enantiomeric excess of 25 the R or S form,
apply accordiftfy S TR Hap s TheRiventiba foramioprsparatidireotd toteaoyatioddmpaund
according to fopraurdion, dficevitegr supdiantaienantioperimexeessrafibes oLRIorapIRagdgvention is
illustrated bydhe foleymingExamples <10, a

(S)-2-(4-methyl2: U%n)fl Jap a2| %/13 ai;ﬁ?fngggrrgg iﬂg%%? Octgre}lC%%)ﬁéyfﬁcﬁmgnan%opure
carboxylic acid, 2 ?’ methyl-2-p 1 B?ﬁgeraszff%; BhVR dlﬁéiz?ﬁi%o\{(yhé"éi@d feBFEYiEhd 1), can be
prepared §ta?f?ﬁ8 WW’%S?"E%@W%% SpleRylpiferdzittechii steskiord-8fdyianopyriding s shown in
the scheme BerWomdesdeabed alitam Bignificantoqpmaniites ebim)1h-methylsinpheny!Riparazine for use

in the synthasﬁr@seﬁawré&aaw% - SHRIAHIBIUIAN ARt SANICAR oS Was, Sxploited (see
Figure 1). Fr%&ﬁgwe Qiesavin as%eptsﬁ this compoun g%gre the most elfective. First the
salt of (S)-1-methyl-3-p enylp|§/era ine With (S)(H: '%H[&/&% WP asiRRARERr. The free
base of (S)- Pisig ﬂ X@” H’é?rﬁfl zine was liberated by treatment with sodium hydroxide and
extractiohfwith ethyl acetate. In this way (S)-1-methyl-3-phenylpiperazine was obtained in an overall
yield between 35-40% and with an ee >98%. Alternatively (S)-1-methyl-3- 15 phenylpiperazine can be
obtained via an enzymatie res¢ cemic mi according 10-W02007/144409. Lastly a
stereoconvergent synthesis of (B £ thy1-3-phenylpiperazihe Statj

be accomplished via proce8seg/that hé\ e béen described*for
and JP2007/284358.

Formula V Formula Vi

15 Ring structure X preferably also represents an aromatic ring structure optionally
comprising heteroatoms, preferably pyridine or benzyl. Ring structure Z preferably is a
partially unsaturated or saturated ring comprising five to eight ring member atoms,
preferably comprising a second nitrogen atom in the ring. Ring structures X, Y and/or Z
may comprise one or more substitutions each independently selected from alkyl, aryi,

20 alkyl-aryl or alkoxy optionally comprising one or more unsaturated bonds or one or
more hetero atoms or halogen, hydroxy or sulfur containing groups.

All the reagents and other conditions described above for steps a to d of the method of

the invention for the preparation of mirtazapine in substantial enantiomeric excess of
25 the R or S form, apply accordingly o the method of the invention for the preparation of

a tefracyclic compound according to formula Vi, having substantial enantiomeric

excess of the S or R form.

The invention is illustrated by the following Examples.

30 Example 1



Compound 1 (S)-1-methy1-3-phenylpiperazine.(+)Anicyphos salt 25 100 g of
(R,S)-1-methyl-3-phenylpiperazine (1) (567 mmole) and 154.5 g of (+)-. Anicyphos (571 mmole) were
dissolved in 250 ml of water by heating the mixture to reflux. After cooling down to room temperature a

seed crystal wasaggedsAfter two hours, the white crystals formed were c@&gm{}%&g? ion and
dried in a vacuum oven at 40 C for 21 hours. This provided 121 g (48 A) with an ee of 85.5%. The 30

crystals were dissolved in water (119 ml) at reflux temperature. After_cooling_ down the crystallization
started. After one hour the crystals were collected by filtration and dried 11 in a vacuum oven at 40 C.
The yield of the crystals of (S)-1-methy1-3- phenylpiperazine.Anicyphos salt was 105'.8 g (42 %, ee
99.0%). Thepé%oﬁf&&%‘e%ﬁ%%“éﬁ“WW@W%@E@W@M&B@WQ@@mrammo(mamel), 5 %
iso-propylalcghatintheiane, flow rate 1.0UV-detector, column temperature 40 5 C, retention times 5.6
min, 6.3 min. (S)-1-methy1-3-phenylpiperazine

The enantiopure carboxylic acid, 2-(4-methyl-2-phenyl-1-piperazinyl)-3-

5 pyridinecarboxylic acid (compound 1), can be prepared starting from (S)-1-methyl-3-

phenylpiperazine and 2-chloro-3-cyanopyridine as shown in the scheme below. In

order to obtain significant quantities of (S)1-methyi-3-phenylpiperazine for use in the

synthesis of {S)-mirtazapine, a classical resolution using (S)}(+-Anicyphos was

exploited (see Figure 1). From a series of resolving agents, this compound appearad

10 the most effective. First the sait of (S)1-methyl-3-phenylpiperazine with (S)-(+)-

Anicyphos was crystallized from water. The free base of (S)1-methyl-3-

phenyipiperazine was liberated by treatment with sodium hydroxide and exiraction with

ethyl acetate. In this way (S)}1-methyl-3-phenyipiperazine was obtained in an overall

yield between 35-40% and with an ee >98%. Alternatively (SF1-methyl-3-

15 phenylpiperazine can be obtained via an enzymatic resolution of the racemic mixture,

according to WO2007/144409. Lastly, a stereoconvergent synthesis of {S)-1-methyl-3-

phenylpiperazine starting from (S)-phenyiglycine can be accomplished via processes

that have been described for the racamate in WO 2003/024918, 2003 and

JP2007/284358.
20
e ON . N
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Compound |

(S)-1-methyl-3-phenylpiperazine.{+Anicyphos salt
25 100 g of (R,S)}1-methyl-3-phenylpiperazine (1) (667 mmole) and 154.5 g of (+)-
Anicyphos (571 mmole) were dissolved in 250 mi of water by heating the mixture fo

reflux. After cooling down to room temperature a seed crystal was added. After two
hours, the white crystals formed were collected by filtration and dried in a vacuum
oven at 40 °C for 21 hours. This provided 121 g (48 %) with an ee of 85.5%. The
30 crystals were dissolved in water (119 mi) at reflux temperature. After cooling down the
crystallization started. After one hour the crystals were coliected by filtration and dried



(S)-1-methy1-3-phenylpiperazine.(+)Anicyphos salt (100 g) was suspended in dichloromethane (378
m1). To this stirred suspension 25% ammonium hydroxide (63.2 10 ml) diluted with water (315 ml) was
added. The layers were separated. The dichloromethane layer was washed three times with saturated
aqueous solutian-absediusn chloride. The dichloromethane layer was driedp\%itpEma&nesium sulphate,
and evaporated to dryness. This yielded 30.3 g (75%, ee 99.0%) of (S)-l-meﬁvaf‘?ﬁ- b‘ﬁéﬂﬁlpiperazine
as colourless oil that crystallized upon standing. 15 1H-NMR data (CDC13): 6 (ppm): 1.90 (s, 1H, NH),
2.0 (t,2H, CH"), 2.16 (dt, 1H, CH"), 2,32 (3H, s, CHB), 2.85 (m, 1H, CHeq), 2.89 (m, 1H, CH,q), 3.12
(dt, 1H, CH"), 3.15 (m, 1H, CHeq), 3.88 (dd, 1H, CHbe,",), 7.23-7.41 (m, 5H, Ar-H). The ee was
determined b{' HPLEPSHER sREChi#hidd OB 23084 Bivitn 10, 16 prydaicey, 595 iseatigrsdalcohol in
hexane, flow patiigpeTharel Anicohhiomnstemperatye 4Ty Y29 detector (210 nm), retention times

5.8 min and 6"&7@@%85%2@%%@%WM&D%@QR&%&'@M%I&%i@\ﬂ'fz%'@%rtd%rﬁ?g@%%@%’@ mixture of

(S)-1-methyl:3- Ipiperazine (21.7 g, 123 ole), 2-chloronicotinitri 157 mmole), KF
(21.7 g, 373 r%m%%%% VIR f"r%’l}"v%‘é? ee?@ﬂ’%&%ﬂd&"f@ﬁ?ﬁ%t%%ﬁ IITHHENHS: 4he DMF was
evaporatea afrd ﬁ%tefﬁiéoﬁr{’fﬂésp? dUes Ethyhisicetate (45 ml) and water (64 ml) of 60 C were added. The

mixture was refluxed for 10 minutes. The aqueous layer was separated from the organic layer and was

extracted withsthyhaeetala{dd mbekhgcollected ethyl acetate layers were evaporated to 30 dryness.
) . : - 5. = i ; -2-nvridi itri . > 0
07.696) 25 & Dot ol ik e ey HELeh G Lo eibebt Hogh 1R MR GARIREDO13): 6 (ppr)
2.38 (s, 3H, CI93ProrEsingRe {11 8cm), ToABigmt ) SEse8nsioft a5 BHin @i Gi6 Iy ditieGE).25.43 (t, 1H,
CHbenzd)) 6179 (dithtaH wih HyaBA 88, 1), 3BArddYied. 26Hem RhdssAkvels TsapsiMedHrs-H), 7.78
(dd, 1H, Ar-l'ﬂicﬁi&ﬁr{@%aﬂé’1lé\feH)vaW\Qagmﬁ/t%?e%sEﬁﬁ%gwiﬁmpg&g%(&%g4§%u%%gs solution of
sodium chloride. The dichloromethane layer was dried with magnesium sulphate, and
evaporated {o dryness. This vielded 30.3 g (75%, ee 98.0%) of (S)-1-methyl-3-
phenylpiperazine as colourless ol that crystallized upon standing.
15 "H-NMR data (CDCh): 8 (ppmy): 1.90 (s, 1H, NH), 2.0 (t,1H, CHax), 2.16 {dt, 1H, CH,,),
2,32 (3H, s, CHa), 2.85 (m, 1H, CH,g), 2.89 (m, 1H, CHeq), 3.12 (dt, 1H, CH.,), 3.15 (im,
TH, CHeq), 3.88 (dd, TH, CHuenoy), 7.23-7.41 (m, 5H, Ar-H).
The ee was determined by HPLC analysis: Chiralcel OD 250*4.6mmiD, 10 um (Daicel),
5 % iso-propylalcohol in hexane, flow rate 1.0 ml.min™, column temperature 40 °C, Uv-
20 detector (210 nm), retention times 5.8 min and 6.7 min.

2-{(2S)-4-methyl-2-phenyl-1-piperazinyl]-3-pyridinecarbonitrile
A mixture of (S)-1-methyl-3-phenylpiperazine {(21.7 g, 123 mmole), 2-chloronicotinitrile
25 (21.7 g, 157 mmole), KF (21.7 g, 373 mimole), and DMF (65 ml}) was heated to reflux
temperature for 23.5 hours. The DMF was evaporated and to the crude product ethyl
acetate (45 mi) and water (64 ml) of 60 °C were added. The mixture was refluxed for 10
minutes. The aqueous layer was separated from the organic layer and was extracted
with ethyl acetate (45 ml). The collected ethyl acetate layers were evaporated to
30 dryness. This furnished 2-{(25)-4-methyl-2-phenyl-1 -piperazinyi)-3-pyridinecarbonitrile
(53.5 g, »100%, ee 97.6%) as a brown oil that was directly used in the subsequent
step.
'H-NMR data (CDCls): & (ppm): 2.38 (s, 3H, CHa), 2.57 (m, 1H, CH), 2.78 (m, 2H), 2.95
(dd, 1H, CH), 3.6 (m, 1H, CH), 5.43 (¢, 1H, CHuenzy), 6.79 (dd, TH, Ar-H}, 7.18 (m, 1H,
35 Ar-H), 7.26 (m, 2H, Ar-H), 7.37 {m, 1H, Ar-H), 7.78 (dd, 1H, Ar-H), 8.26 (dd, TH, Ar-H).




The ee was determined by HPLC analysis: Chiralcel OD-H 250*4.6mm1D, 10 pm (Daicel), 3%
iso-propylalcohol in hexane+0.1 % diethylamine, flow rate 1.0 column temperature 40 C, UV-detector

(295 nm), retention times 6.6 min and 7.7 min. 5

2-[(2S)-4-methydr 2opheRyd 1-piperazinvl1-3-pyridinecarboxylic acid PCTIED
2-[(2S)-4-methy1-2-phenyl-1-piperazinylj-3-pyridinecarbonitrile (53.5 g) was IEEBNEE H nethanol

(86.8 ml) and the solution was heated to 50 C. A 33% sodium hydroxide solution (127.4 ml) was added
and the reaction mixture was refluxed for three dayg: The mixture was diluted with water (22 ml) and
the methanol_ was evaporated. Thus 10 formed oil was separated from the salty aqueous phase and

dissolved in WQ&W&%"W?WH%Q&H8‘{13@{‘@%%@%@@@! 80 Phe pldnwalSadjusted 5.5 10.5 by
adding sulph(eeeticiaidsther solitiomavasrstiaes:fon %d’@iﬂyiﬁﬁm\é/%w} WRs 1mawad-y co-

evaporaton wiiolu6RE3RAA )T, s 1435 [fSTes o emove the sals, b ivate was

evaporated to dryness and the crude product was co-e aporate twice w UP&"of methanol
(87 ml) and Water 2 ml The reS|due was dlssolved in acetone (109 ml) at 50C after which the
solution was 4 : | PRI gt egernight. The mixture was stirred

for another h@nﬁ@éﬁ ‘H:O’@%ﬂ@‘iﬂlhrQHPtk‘mmztﬁ}ﬂ-afpyrldznecarbont’mle 53 5 g) was dissoived in

2-((28)-4-methoharphey: %pm%%&&%@@%%@%ﬂ@% o S SRR MR ot

dried in a vagupm oyen, The yield of the crystals was 20.9 o ee >
(CDCI3): 6 (ppm): 2 2Y43 ? )6" % e ?ty?ﬁﬂe?ﬁﬁ'i f@’i%r?ﬁﬁfaeltﬁfewﬂieﬁf)r@ gpyedt, 1H, CH), 4.79
(dd, 1H, CHPerZf* Vrﬂ’%@é’é%ﬁf* ‘mih ‘ﬂ@iﬂ) (2. 28) eiet] BB mRthE) 0BiE4 (odpdidiedr-F)sThe ee was
determin®! Syrﬁei_@i analysisr Shiratoe QR 2e6:mMERs 3002 HaaicH el 0% i)
iso- propylaldﬁghmbr@dw@%ﬂ@teﬂ%r@&%t@a@w@‘*ﬂky?ﬁﬁg% [%%J(J#gn t§g£§eragél i 40 A
Preparation of,(14h5).1.3.4 ﬁb tefrahydro-2. (aéf} razin pyrido
c][21benzaze\?|n -10(2H)-one (ketone Compatin ¥3 THIRHSP B 32 STRSREMmOl) was
added drop & ég%@?@&ﬁﬁéﬂ%ﬁ@@@@n@ﬁmﬁ%}m was filtered to remove the salts. The
2-(4- methyl Qﬁfﬂ{@m@vpm@myﬁ)yﬁqsyrmﬁlﬁmdﬁm@bﬁ)agtd weRmpevashli@Mdvice with
N,N-dimethyiferamister§iahbinghehioiameshans (0Gm)a ARAWLO 25 hader Scetone

(109 ml) at 50 °C after which the solution was cooled to ambient temperature at which it

was sfirred overnight. The mixiure was stirred for another hour at -10 °C after which the

crystals of 2—[(2S)~4-methyl-2~phenyl~'I—piperaziny[}-3~pyridinecarboxyiic acid wera

coliected by filtration and dried in a vacuum oven. The yield of the crystals was 20.9 g

20 (57%, ee >99%).

'H-NMR data (CDCls): & (pprm): 2.43 (8,3H, CHa), 2.61 (t, 2H, CHa), 3.12 (m, 3H,

CHz+CH), 3.42 (dt, 1H, CH), 4.79 (dd, 1H, CHuenzy), 7.11-7.28 (m, 4H, Ar-H), 8.25 (dd,

TH, Ar-H), 8.54 (dd, 1H, Ar-H).

The ee was determined by HPLGC analysis: Chiralcel OD-H 250*4.6mmID, 10 urm

25 (Daicel), 10 % iso-propylalcohol in heptane, flow rate 1.0 mi.min™, UV-detector, column
temperature 40 °C,

A, Preparation of (14b8)~1,3,4,14b—z‘etrahydro~2~methylnpyrazfno[z7’-a]pyrf'do[2,3~
cl[2]benzazepin-10{2H)-one (ketone Compound If)
30
Thiony! chloride (4.91 ml, 67.3 mmol) was added drop wise to a solution of (10.0 g,
33.6 mmot) 2—(4-—methyl—2~phenyl—1-«piperaziny!)—S-pyridinecarboxyfic acid (compound 1)
and N,N-dimethylformamide (5 ml) in dichloromethane (100 ml) at about 0 °C under a
nitrogen atmosphere. The reaction mixture was stirred at room temperature for one
35 hour. Then aluminum chioride (24.2 g, 181 mmol) was added in portions fo the reaction



nitrogen atmosphere. The reaction mixture was stirred at room temperature for one 35 hour. Then
aluminum chloride (24.2 g, 181 mmol) was added in portions to the reaction 13 mixture at about O C.
The reaction mixture was stirred at room temperature until the reaction was completed. To the reaction

mixture was agidegswater-¢500 ml), dichloromethane (500 ml) and a 5 solutgygnf% s?)dium hg/droxide
(36.53 g, 913 mmol) in water (100 ml). The reaction mixture was filtered over dicaita T organic
layer was separated from the water layer. The water layer was extracted twice with dichloromethane
(250 ml). The three organic layers were combined gnd washed twice with water (250 ml). The organic
layer was dried with magnesium sulphate, filtered and the solvent was evaporated under 10 vacuum.
The brown oﬂr\'ﬁ%ed%s%%@éﬂ% etHARIEECTOMMY dvre 146 milrftihaé etarnelhwasevapotated under
vacuum. Thesatidmwesscrystallized from the ethanol for about an hour at room temperature and one
hour at about 0 C. The solid was isolated and dried at 40 C under vacuum resulting in the title product

as a yellow sp(_l)iqh@.%%&ibwg% ield, de{ﬂped as mole% relative to the starting compound). Purity
according 15 HPLC was 10004 lfléAVI‘i@ SURRY DT S¥Hth W a8 Thispekieng d 2 MWvide @y aotal peak
area x 100965 LR A skt & YsirHR 8 dS6ratng. HP B Cuotifainvie €009 and)tHeEhaedtiogopoint
according DSUxies 150 Bi€ed eobtainkd. oroeustischriasterisesby MR, (GPG13.600 MHz) as

foll 6 = 2536 . , 8 02: . 3;3.0 m.,38d , 4.42 (d,
ollows 36 (L b 44 G5 ) o 23 E i O Sl 386 ﬁ&%o@“f dgéi%ﬁg_;gj . d<,

1H), 4.90 (m d, 1H). 7.35 20 (dt, 1H), 7.56 (dt, 1H). 7 |
1H), 8.51 (dd. Egé;f%?’%fgg"p'%'}%ﬁéﬁ‘% %‘%r%?ﬁja”‘é%%]%% g BralGRITm e @ lagr10.7 mmol)
and lithium atdfhiffiff K8 deEs s meugh sienfiltjan evatydsolvranv2d avhwasaddedsdrop wise to
a solutioA®bf heu2B pFodurbeh st pvas(6i8dige@ 1semmel) in7e wrahysuofusami(18 w) atahgut 000 under
a nitrogen atmesphereatbie rRReian mKItR, WasSHY. W Asolution of sodium
tartrate dihyg@ﬂ%lgﬁagqogmg@ %rréir,gpulpuiré F\]/vdater ([4{9 ml gvggt?sétagt%gafct%%ﬁép_f%gtcﬁ?ar??n?ﬁ&t%%rgugt about0 C
resulting in a suspensiqn In the water ayer The' ¥ SHEPHNE sttutivh $hid was solatseligndodium
qQ e

hydroxide sSilie A (AWM S ryarE TayeTUilas e ditel srovtheswatetayerlThe watgr layer was
extracted twiteOWitbiesludntngB0 anlndlbd thrietverganie layeiagvesesaimbinedmpdwagheg twice with
water (60 LRI Theaganis I@m(yvg%iq;iggﬁ@i%m@g %m %L@tsrégt%&’eé%‘% t,(%?aﬁgé\gﬁnt was
evaporated H%%GS(VWT {r?éL&HQﬁn%‘n%@r?ct'gﬁri?Joéjc%%tréf?nSeﬁgtv_@-%ﬁi?aﬂta\ﬂgf E)e()‘(%: and the

melting point according DSC was 150.5 °C. The obtained product is characterised by

'H-NMR (CDCls, 600 MHz) as follows: & = 2.35 (dt, 1H), 2.44 (s, 3H), 2.55 (dd, 1H),

3.02 (m, 1H), 3.20 (dt, TH), 3.38 (d, TH), 4.42 (d, 1H), 4.90 (m, 1H), 6.85 (dd, 1H), 7.35

20 (dt, 1H), 7.56 (dt, 1H), 7.62 (dd, 1H), 8.02 (d, 1H), 8.36 (dd, 1H), 8.51 (dd. 1H).

B. Preparation of S-mirtazapine

A solution of aluminum chioride (1.43, 10.7 mmol) and lithium aluminum hydride (32.3

ml. 32.3 mmol) in tetrahydrofuran (21 ml} was added drop wise to a solution of the
25 product of step A (6.00 g, 21.5 mmot) in tetrahydrofuran (18 mi) at about 0 °C under a

nitrogen atmosphere. The reaction mixture was stirred at 50 °C for 20 hours,

A solution of sodium tartrate dihydrate (5.96 g. 25.9 mmol) in water (49 ml) was added
to the reaction mixture at about 0 °C resulting in & suspension in the water layer. The

30 pH of the solution was set at 14 with sodium hydroxide solution (4 M). The organic
layer was separated from the water layer. The water fayer was extracted twice with
toluene (60 mi). The three organic layers were combined and washed twice with water
(60 ml}. The organic layer was dried with magnesium sulfate, filtered and the solvent
was evaporated under vacuum resulting in the title product in nearly guantitative yield.

35 The product was pure according fo NMR. The enantiomeric purity according HPLC-
chiral was 100%.



[ ' [ [ ding HALO-chiral was

35 The product was pure according to NMR. The enantiomeric purity accor | (
100%. \F/)VO 2008/125578PCT/EP2008/054316 14 The crude prodgct was dissolved in ethanol (15.8
m1). To this solution a solution of maleic acid (2.75 g, 23.7 mmql) in ethanol (7.9 rglzjvya(js atdjg% 'Jrf]]ger
solution was s@m@g%@@a night at room temperature. The solid v(;/_as |sHoFI)aEt§% \’,%% 0@%’?}%&?@ 10
5 vacuum and gave a white solid (5.28 g, 70 % yield). Purity according Al
enantiomeric purity according HPLC-chiral was 100%. 11-1-NMR (CDC13, 400 MHz): 5 = 2.98 (s, 3H),
3.30 (dI, 1H), 3.46 (t, 1H), 3.53 (d,1H), 3.55 (m, 1H)43.56 (dt, 1H), 3.68 (m, 1H), 3.98 (m, 1H), 4.47
(dd, 1H), 4.59 (d, 1H), 6.26 (s, 2H), 6.92 (dd, 1H), 7.14 (m, 1H), 7.22(m, 1H), 7.22 (m, 1H), 7.29 (m,
1H), 7.53 (dd, 1H), 8.13 (dd, 1H). 10 Example 2 A.Preparation of 114bS)-1,2,3,4,10,1_4k_)- Hexahydro-
2-methylpyraFimoc2lb- alppylido wh2 1s62kbenzazenior 195 (Rydrexyhisompamnd 1LY, E%HU&‘ ?'Ulf';"(‘gggg
hydride (3513 lammal,was added tapise jasaaplulion a6 5 the praduct of Example 1A (0
g, 3.51 mmogljrnn egah c%ro{uran (g.O ml) at about O& under a nitrogen a?n?%i%ﬁ@ﬁ%ﬁﬁ ction
mixture was stirred a?%br% {Emperaliradsre hBgised esrisalaieh srkdiiedwri0atileddrater (10 ml),
ethyl acetate’PEHYMPAAPAVE It HY dPedade 20I0kivie!(B. T Minbauty dHge-IH ©f the geater layer was
14. The orgafid layerwatiosepar atetfeanvitbiegvaterdayeia The; water layaimas %@%t%?v?cleowrﬂ)
ethyl acetated@) )= Bl taregorganicdayels Wesecombined %p %ﬂf?g%{%w%@w%lftg 8vc\;/gé e d( mb)
The organic megwg dr'Tﬂ vgn% rTc?tgir}f?j(sHJ%}sulfate)f|It rec{ijajnH t6 2680 VSH i/éa92 vapor ted under
vacuum resulting in tlfrg’tili g product’as a lig tgﬂgl’l&w SOIRP (d: 1H). 8.26 (s, 2H), 6.92 (dd, 1H),

7A4%m, TH), 7.22 (m, 1H), 7.22 (m, 1H), 7.29 (m, 1H), 7.53 (dd, 1H), 8.13 (dd, TH).

10
Example 2
A.FPreparation of (14bS)-1,2,3,4.10,14b- Hexahydro- 2-methylpyrazing 2. 1-aloyrido

[2.5-cif2]benzazepin-10-of thydroxyl compound it

Lithium afuminum hydride (3.51 mi, 3.51 mmol) was added drop wise to a solution of

15 the product of Example 1A (0.98 g. 3.51 mmol) in tetrahydrofuran (10 ml) at about 0 °C
under a nitrogen atmosphere. The reaction mixture was stirred at room temperature for
1 hour,

To the reaction mixture were added water (10 mi), ethyl acetate (10 ml) and a sodium

20 hydroxide solution (8.3 M, 6 ml}. The pH of the water layer was 14. The organic layer
was separated from the water layer. The water layer was exiracted twice with sthyl
acetate (10 mi). The three organic layers were combined and washed twice with water
(10 mi). The organic layer was dried with magnesium sulfate, filtered and the solvent
was evaporated under vacuum resulting in the ftitle produci as a light yellow solid

25 (0.987 g, 100%). Purity according HPLC was 95%. Diastereomeric ratio is
approximately 85/15. '"H-NMR (MeQD, 400 MHz): 5 = 2.38 (s, 3H), 2.46 (dt, 1H), 2.62
(dd, TH), 2.96-3.03 (Zxm, 2H, -1), 3.53 (dt, 1H), 3.70 (dt, 1H), 4.42 (d, 1H), 5.53 (broad
8, 1H), 6.89 {dd, 1H), 7.20-7.41 (4H,-7-8-9-1 0), 7.59 (dd,1H), 8.12 (dd, 1H).

30 B. Preparation of S-mirtazapine

Lithium aluminium hydride (3.3 m!, 1M in THF) was added dropwise to a solution of
aluminium chioride (143 mg, 1.07 mmol) in tetrahydrofuran (15 ml) at 0°C. After 15
minutes a solution of the compound 1t obtained in Example 2A in tetrahydrofuran (10
ml) was added. The reaction mixture was heated to 50°C for 18 hours. When the
35 reaction was completed, a solution of sodium tartrate dihydrate (1 g, 4.3 mmol) in water
{10 mi) was added to the reaction mixture at about 0 °C resuliing in a suspension in the



25 (0.987 g, 100%). Purity according HPLC was 95%. Diastereomeric ratio is approximately 85/15.
1H-NMR (MeOD, 400 MHz): 5 = 2.38 (s, 3H), 2.46 (dt, 1H), 2.62 (dd, 1H), 2.96-3.03 (2xm, 2H, -1), 3.53
(dt, 1H), 3.70 (di, 1H), 4.42 (d, 1H), 5.53 (broad s, 1H), 6.89 (dd, 1H), 7.20-7.41 (4H,-7-8-9-10), 7.59

i -mi ine Lithi ini ide (3.3 ml, 1M in
(dd,1H), 8.12(dhobkh»3%B. Preparation of S-mirtazapine Lithium alumini %Eg{i%g&}(% 3 ml,
THF) was added dropwise to a solution of aluminium chloride (143 mg, 1.07 mmal) in tetrahydrofuran

(15 ml) at OC. After 15 minutes a solution of the compound Il obtained in Example 2A in
tetrahydrofuran (10 ml) was added. The reaction migture was heated to 50C for.18 hours. When the 35
reaction was completed, a solution of sodium tartrate dihydrate (1 g, 4.3 mmol) in water (10 ml) was
added to the‘?’@?&ti%hmﬁr%"‘a‘f%%@?b”@%é‘é%ﬁtﬁ@@Eih 4 sa¥pertion indiosidtSviatien ldye. The pH of
the solution Was segeatclidyeitvasodiprardivdrbaidersoluioni4gdV) THO @ SEgasiel aver wagseparated from

Were combimert ap R e e e R gnogium
were combi ed twice with. water : ‘ |

sulfate, filterrégdﬂ‘aqr?(% ﬁ\gyg@q ?ﬂvﬁ{%‘? WSEUGANEANES %}%dje\?’@@lﬁ%eﬁélgﬂlﬁw&iﬁFH@"@EF@B?JQQM (0.24 g,
quantitative) STHEbré@EcENRROFIE adrdrting T NIMRAHD & PLChT hétlenantibierie. parity according
HPLC-chiral svasti@3%). Exampiéu8t MaA pPreparatitingolo NMR and HPLC. The enantiomeric

. , - - ' - in-10(2H)-one
(14bS)-1,3,4 tefsamykl M2roeinMndazinei 2,1-alpyridol2,3 021_benzazep|n _
(Compound ﬁ%ﬂTQﬁionyl chloride (22 ml, 301 mmol) was added drop wise to a solution of 2-(4-methy1-2-

phenyl-1-piperazinyl)-3-pyridinecarboxylic acid (compound 1,44 g, 148 mmoI)‘ and N,N-
dimethylfom%fﬁmggi ml) in dichloromethane (440 ml) at about O C under a nitrogen
10 A, Preparation of (14bS)- 1,3,4, 14b-tetrahydro-2-methyl-pyrazinof2, 1-aJpyridof2, 3-

cll2fbenzazepin-10(2H)-one (Compound if)
Thionyl chloride (22 mi, 301 mmol) was added drop wise 1o a solution of 2-(4-methyl-2-
phenyl-1-piperazinyl)-3-pyridinecarboxylic acid (compound |, 44 g, 148 mmol) and N,N-
dimethylformamide (22 mil) in dichloromethane (440 mil) at about 0 °C under a nitrogen
15 atmosphere. The reaction mixture was stirred at room temperature for 75 minutes.
Then aluminum chloride (39.5 g, 296 mmol) was added to the reaction mixture at about
0 °C. Over the course of 8 hours three additional portions of aluminium chicride (each
19.7 g, 148 mmol) were added. The reaction mixture was stirred at room temperature
untit the reaction was completed.
20
To the reaction mixture was added water (2200 mti), dichioromethane (1320 mi) and a
solution of sodium hydroxide (147 g, 3.7 mol) in water {440 ml). The reaction mixture
was filtered over dicalite. The organic layer was separated from the water layer. The
water layer was extracted twice with dichloromethane (500 mi). The three organic
25 layers were combined and washed twice with water {600 ml). The organic layer was
dried with magnesium sulphate, fitered and the solvent was evaporated under vacuum.
The title compound was obtained as an ol (38.7 g, 96% yield)., the crude product was
sufficiently pure for use in the following step. The enantiomeric purity according HPLC-
chiral was 100%. As opposed to example 1, in exampie 3 there is no intermediate
30 crystallisation step to isolate compound |l. The crude compound 1l thus obtained was
sufficiently pure according to NMR for direct use in the following step to be converted
into S-mirtazapine according to the procedure as described in Example 1 step B.

Example 4
35 A. Preparation of mirtazapine



15 atmosphere. The reaction mixture was stirred at room temperature for 75 minutes. Then aluminum
chloride (39.5 g, 296 mmol) was added to the reaction mixture at about O C. Over the course of 8
hours three additional portions of aluminium chloride (each 19.7 g, 148 mmol) were added. The
reaction mixtugeyWwas, stidad at room temperature until the reaction was co?Blgf%ed. 20 To the reaction
mixture was added water (2200 ml), dichloromethane (1320 ml) and a solution o?%’%?ﬁﬁ%}ﬁydroxide
(147 g, 3.7 mol) in water (440 m1). The reaction mixture was filtered over dicalite. The organic layer
was separated from the water layer. The water layagwas extracted twice with dichloromethane (500
ml). The three organic 25 layers were combined and washed twice with water (600 m1). The organic
layer was driE3SKRHCn dghésinfSdisratydiere e eisolvar nasieaporaeshunsginacuum. The
title compouridwes &btaindasramiil( 3% oy069Eyireld) adhe pruds. proguctyas,sufigigntly pure for
use in the follgmngsstap( The gpanti IGPLILI ding HALQ-chiral was 100%. As opposed to
example 1, i%r% gdp‘l rr:f);tr}etrlﬁfs’ l&i@rﬁéd%% %ﬁ%sﬁ%sﬁ%ﬁo&em%u{goﬁa é@ﬁﬁiﬁ dIl. The
crude com&ou_nd this Bbtamed was sufficafity Hure%desrding B RNREfor dirke tesiiatthe following

step to be-coMUHEdRtogdsfriaziapint aborelifg asetreptotedlirerasidsscripedin Exgonple 1 step B.
Example 4 38yArcRidsperiation @RmiltazapinepdGiRACEME layers, the water layer was extracted

il s issghei s a0 10 0. T i Snen SR CUGRIGHE (15811 o

mmol) is dis%Me%p@%sL{rl]{ ric Scidﬂélo ml). T%this solution sodil (

was added. The reaction mixture wa$ stirr8d 5E Bl LIS &SRS IR v Wi tRedeaction was
completed. TYTREPLALHOIPE Rfikitire Wit amirbe iheiteLoomboettyh acetides{ 16 mi) (a0% 33% aqueous
sodium hiiroRidersdlutiovess@entyicaftey sepraratiomaf thereyarsyihg WatRlayenwas.extacted with

ethyl acetatesfd@enhx Tharembingdeibyhagsiate Lyers vsie yashed shiee times with water (10 ml)
and were sup‘%qg%@&g gg;‘gdowit Jaagn sium sulphate andS ev%’%?ﬁ?é%”u% ef#\%%ﬁet\?friﬁc.'%is furnished
the title compourid in a yield o mggfg cﬁ?TB'The product was identified by NMR and had an HPLC

purity of 96%. This example shows that sodium borohydride in sulfuric acid is a good reduction agent
for reducing E¥amptiréxyl compound Il to mirtazapine. Example 5 15 A. Preparation of mirtazapine
Racemicihydroxyl compound 111 (100 mg, 0.36 mmol) is dissolved in methanesulfonic acid (10 m1). To

this solution&qslrig;ggrg%gi&yqﬂggz%g%mg, 3.6 mmol) was added. The

Racemic hydroxy! compound 1 (100 mg, 0.36 mmol) is dissolved in methanesulfonic
acid (10 mi). To this solution sodium borohydride (135 mg, 3.6 mmol) was added. The
reaction mixture was stirred at ambient termperature until completion, To the reaction

20 mixture was added water (10 ml), ethyl acelate (10 ml) and 33% aqueous sodium
hydroxide solution (42 ml). Afier separation of the fayers, the water layer was extracted
with ethy! acetate (10 ml). The combined ethyl acetate layers were washed three times
with water (10 ml} and were subsequently dried with magnesium sulphaie and
evaporated under vacuum. This furnished the fitle compound in a yield of 80 mg (85%).

25 The product was identified by NMR and had an HPLC purity of 89%. This example
shows that sodium borohydride in methanesulfonic acid is a good reduction agent for
reducing the hydroxyl compound il to mirtazapine.



reaction mixture was stirred at ambient temperature until completion. To the reaction 20 mixture was
added water (10 ml), ethyl acetate (10 ml) and 33% aqueous sodium hydroxide solution (42 ml). After
separation of the layers, the water layer was extracted with ethyl acetate (10 ml). The combined ethyl
acetate layers were washed three times with water (10 ml) and were subsequently dried with
magnesium sulphate and evaporated under vacuum. This furnished the title compound in a yield of 80
mg (85%). 25 The product was identified by NMR afid had an HPLC purity of 99%. This example
shows that sodium borohydride in methanesulfonic acid is a good reduction agent for reducing the
hydroxyl cémpédiid Il to mirtazapine. 17 CLAIMS 1. A method for the preparation of mirtazapine
(formula 1V) having a substantial enantiomeric excess of the R or S form, said method comprising the
steps of 5 a: providing a carboxylic acid compound according to Formula | having a substantial
enantiometic exEEEa%t (e RorEshfmtian convdiargrne é%%ﬁidﬁbiaﬁj’r’ﬂgpaoﬁe@ﬁﬁmd linto a
ketone gratmhiwdeting:acketondehpduitof Fodmuits coenpptionatly seducing ketone compound
Il to form the jrsormeriateydigny semprapnsbdof Eermulall = g forminguthe mirtazapine.of Formula
IV by reduction, of the ketone compaund lI or of the hydroxy compound IlI, with"a mixture of a metal
hydride reﬁﬁ%ﬁgﬁ%%?n?’é{:ﬁ 29 t@%ﬁ%ﬁ géﬂae as reduction agent CO2HO Formula IFormula
lIFormula MEsfyRI DN cathe st ascor g tonciaimdl), miezdiatthe foonedomidiazapiae has an
enantiometig@xcess eiine & prosm of at least 80% and the obtained mirtazapine product
comprises_sige, S mount below 1 % (Wi% expressed as the 70 total weight of side
products d(f\'/i%%é? h%qﬁ%‘t%%%%ﬁ? %fct%new%%fgign}g Oref%%gﬁep%tg U@FQ*T@O&{W%VW@WH%
accord‘iﬁg 5 ERATAE Wherein the enantiomeric excess is at least 95% and the amount of side products
is below 2dvimiggThe miethempiascsidhogtolelains tdeudtivherein thaspdusiopsian(Qrisidone with

a hydride ge.reduRioN A96Mund 11, with a mixture of a metal hydride reduction agent and a
metal halogenide as reduction agent

—~_ CO,H
) g C
Q ey
&"hl“ N 14::”‘}“;
N\ &N
\
15 Formula | Formula i Formuta 1l Formula V.

2. The method according to claim 1, wherein the formed mirtazapine has an
enantiomeric excess of the R or S form of at least 80% and the obtained mirtazapine
product comprises side products in an amount beiow 10 wt% (wt% expressed as the

20 total weight of side products divided by the total weight of the obtained reaction product
x 100%).

3. The method according to claim 2 wherein the enantiomeric excess is at least 95%
and the amount of side producis is below 2 wi%.

4. The method according to claims 1 to 3, wherein the reduction step (c) is done with a
hydride as reduction agent.

5. The method according to claims 1 to 4, wherein the hydride is a metal hydride.



5. The method according to claims 1 to 4, wherein the hydride is a metal hydride. 18 6. The method
according to claims 1-3, wherein in step (d) a mixture of a borohydride and a strong acid is used. 7.
The method according to claims 1 to 6, wherein in step (b) the carboxylic acid group 5 is first activated
with an activator and subsequently reacted with a Lewis acid. 8. The method according to claim 7,
wherein the activator is a chlorinating agent. 9. A compound according to formula Il in a mixture
having an enantiomeric excess of 10 the R or S fogm or in enantiopure pure R or S form. 10. A
compound according to formula Ill, in a mixture having a substantial enantiomeric excess of the R or S

form or in éndhtapetecilaedironG formids 185, Thepampouieg aecarding.te eRinbeeHklikaving
enantiomeé;gdeg(gﬁgiﬁggp@;&ge& form of at least 80%, and comprising side products in an amount
below 10 wt%. 12. The use of any of the compounds according to claims 9 to 11 for the preparation of
mirtazapine (formula 1V) having a substantial enant omeric excess of the R or S form.

7. The method according to claims 1 1o 6, wherein in step (b) the carboxylic acid group

5 is first activated with an activator and subsequently reacted with a Lewis acid.
8. The method according to claim 7, wherein the activator is a chlorinating agent.

8. A compound according to formula I in & mixture having an enantiomeric excess of
10 the R or 8 form or in enantiopure pure R or 8 form.

10. A compound according to formula I, in a mixture having a substantial enantiomeric
excess of the R or S form or in enantiopure pure R or S form.

15 11, The compound according 1o claim 9 or 10 having enantiomeric excess of the R or 8
form of at least 80%, and comprising side products in an amount below 10 wt%.

12. The use of any of the compounds according to claims 9 to 11 for the preparation of
mirtazapine (formula IV) having a substantial enantiomeric excess of the R or $ form.



