A method for the preparation of an enantiomericallv pure benzazepine The invention relates to a
method for the preparation of an enantiomerically pure benzazepine, in particular of mirtazapine, in
substantial enantiomeric excess of the R 5 or S form. The invention further relates to novel
intermediatessanghéheisirse for the preparation of mirtazapine having a substaplialgpaniomeric
excess of the R or S form. Mirtazapine
(1,2,3,4,10,14b-hexahydro-2-methyl-pyrazino[2,1-a]pyrido[2,3c][2]benzazepine) is a tetracyclic
compound having the formula A: JO Formula A The compound is chiral and the racemic mixture finds

widespread %‘se as a nged cine for the treatment of depression. Other medical uses for mirtazapine
have also beef 5" AR BRI : 3882 use in the treatment of

sleep disorders and apnea. Investigations into the blologlcal effects of the enantiomers of mirtazapine
(e. g. O'Conmae andbhaanasthidely arphampacelogy %&%a—mjn@ BR- %ﬁgn%r%r#é&@ym@ etal., 1994,
vol. 33, pp. 53%412%9%1%%#?@&%&@‘* ’QN%%QQ%Q%%L%%YC Seh\a/(r(%jllom?r% exceesd'qfat C%g)wer etal,,

1988, vol. 0 mention properties o om ound In Iits pure enantlomerlc forms.

The present?mi%ffgh DPSVIAEEHSP dH B f@*ﬁtﬁﬁadlﬁﬁh'ﬁﬁ'é{?&@ atﬁérﬁﬁfeg“&réﬁﬁrf@bﬁﬁ‘@ncally pure
mirtazapine Bifg@3eltte deisaseipmbayviThe sehsideirhationionecaityepoees, dfapti¢aty emel.and "having
a substantial 25 enantiomeric excess" are used interchangeably and all imply a mixture of R and S

enantomersyiRBERRY SSI30tEh BIOET: CIRGES ALING B 018 Sagianarln e context o

the present |nvent on a subst%ntla enantiomeric exces era enal rnc excess of at

least 80%. GBM'SE TERYBGSREAS s ?HBW%@‘ obtalned as a result of ring closure of a

compounfl of Formula B using a variety of dehydrohalogenatlng agents.
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Formula A
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
15 reported e.g., WO $9/25356 and WO 01/58453 disclose its use in the treatment of
sieep disorders and apnea. investigations inio the biological effects of the enantiomers
of mirtazapine (e. g. O’'Connor and Leonard, Neuro-pharmacology, 1986, vol. 285,
pp.267-270G ; Kooyman et al., 1994, vol. 33, pp. 501-507 ; De Boer etal., Neuro-
pharmacology, 1988, vol. 27, pp. 398-408 ; Gower et al., 1988, vol. 291, pp 185-201)
20 mention properties of the compound in its pure enantiomeric forms. The present
invention provides for an efficient production of large quantities of enantiomerically pure
mirtazapine and related benzazepines.

The term “enantiomerically pure”, ‘“optically pure” and ‘having a substantial

25 enantiomeric excess” are used interchangeably and all imply a mixture of R and S
enantiomers comprising a substantial enantiomeric excess of the R or S enantiomer. In
the context of the present invention a substantial enantiomeric excess preferably is an
enantiomeric excess of at least 80%.

30 A variety of methods are known in the art for the preparation of mirtazapine in racemic
or enantiopure form. According to the method described in US4062848 mirtazapine



OH 5Formula B Examples of such agents include acids such as sulphuric 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 chiosidegfersiechloride, zinc chloride, tin chloride, titanium 10 chiarigebosopsitifluoride,
antimony pentachloride and zirconium tetrachloride. In US4062848 preparation of mirtazapine is
exemplified by ring closure using concentrated sulphuric acid. In W000/62782 it is indicated that
concentrated sulphuric acid is most preferred. The optical resolution of racemic mirtazapine has also
been addressedbin %?406 848. By thegmethod disclosed in US4062848, enantiomerically 15 pure
mirtazapine {& obtaffed BY SHARGUSsIEIR irRe SrsHTRRAtish P Micsivgraasaiffie with
enantiomericailipPpiiermlssanaimapgsidsacid in ethanol, filtering off the thus formed diastereomeric salt,
followed by regeneration of the free base by treatment with aqueous ammonia. 20 In document WO
2005/005410 is described that for the synthesis of@nantiomerically pure mirtazapine by ring closure of
an enantiomerically pure compound of aboy ‘A, stereochemical integrity in the starting
material can be preserved by making a spe ific/seleclionut of the above mentioned ring closing
reagents. The method comprises a step of riﬁ’g clesyre of a compound according to formula (A), said
25 step comprising treatment, wherein mirtazapine with enantiomeric excess is formed by the ring
closure of the compound of formula (A) with enantidimeric excess by treatment with a suitable acid in
the absence of a solvent or a suitable combination of an acid and an organic solvent. The inventors
have found that the reaction described in WO E00&BIG05410 can proceed without substantial

racemisatiort kynagtection ithe.gonapprepriatecenrditons, Autdhahurdessych.sonditigns a significant
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consequent%gl‘gslmshe the overall y process.
. phosphorus oxychlofide, phosphorus trioxide, phosphorus pentoxide and Lewis

Acids such as aluminium chloride, ferric chloride, zinc chloride, tin chloride, fitanium

16 chloride, boron trifivoride, antimony pentachloride and zirconium tetrachioride. In
US4062848 preparation of mirtazapine is exemplified by ring closure using
concentrated sulphuric acid. In WO00/62782 it is indicated that concentrated sulphuric
acid is most preferred. The oplical resolution of racemic mirtazapine has also been
addressed in US4062848. By the method disclosed in US4062848, enantiomerically

15 pure mirtazapine is obtained by forming diastereomeric salts by reaction of racemic
mirtazapine with enantiomerically pure dibenzoyltartaric acid in ethanol, filtering off the
thus formed diastereomeric salt, followed by regeneration of the free base by treatment
with aqueocus ammonia.

20 In document WO 2005/005410 is described that for the synthesis of enantiomericaily
pure mirtazapine by ring closure of an enantiomerically pure compound of above
formula (A), stereochemical integrity in the starting material can be preserved by
making a specific selection out of the above mentioned ring closing reagents. The
method comprises a step of ring closure of a compound according to formula (A), said

25 step comprising treatment, wherein mirtazapine with enantiomeric excess is formed by
the ring closure of the compound of formula (A) with enantiomeric excess by freatment
with a suitable acid in the absence of a solvent or a suitable combination of an acid and
an organic solvent. The inventors have found that the reaction described in WO
2005/005410 can proceed without substantial racemisation by selection of the

30 appropriate conditions, but that under such conditions a significant amount of side
products is formed that complicates purification of the enantiopure mirtazapine and
consequently diminishes the overall yield of the process. Reversely, preparation



3 conditions that aim to reduce the amount of side products again proceed with substantial
racemisation, In the described prior art methods resolution occurs at the end of the synthetic pathway
leading to the generation of a racemic mixture of mirtazapine. It follows therefore that the overall yield
of each enantiomerically pure compound obtained is relatively low and can never be more than 50%. It
would be beneficial to have a more economic method in which mirtazapine with substantial
enantiomeric excess could be prepared with an overall improved yield. In US4062848 a general
remark is made that pure enantiomers of mirtazapine may also be prepared directly by starting from
optically active precursors. However, it is not described how to obtain such precursors in enantiomeric

excess or ligiitonstairethailentntiernesictexcesstimont iyt heduhsesyent peastion teps for the
manufactuegiedi saktazaping Jilg methods described in US4062848 and W000/62782 with
concentrated sulphuric acid do not sufficiently retain the enantiomeric excess. The skilled man still has
the problem of choosing between a low yield or, when using optically pure precursors, a low

enantiomelit B% 88 PRl BEfEEs IO MoeD A D ROieE thA anshestvativetiiod for the
preparatiofeafintrtazapigehewing ubstanaticd ensntonierticexphss andmhicihbasahigher overall yield
and can thekeuerng lagsesaansivh b Aier o biRrbal W SRVRINAN L. RLR s gmediates for
the prepargépg&je%réa%&@@g Rhgég/;aﬂ Qve L{g%d in apr ggiets?éfor the preparation of mirtazapine without
substantial racemisation of side Products formation Snd prafiribiy CReafEo LR/ B itained in

enantiomefic&iiiFhMERGARINe3Y 8 ivAERIAleBraliResia Frateispedd trisdpaserdvidtdaa method for
the preparatialofrasyelicytem pouRd s mgaosiomautak aeemprsingre askingomeampound
according éo Fomaudaiie andya semnRLNdaEeeidingIF suladh NEH RBEGRMUa A wherein ring
structure Iﬁ?%%??c?r@?%—i%v@é’@e?,‘ "Ys A %g&#—%gé%gmﬁ% %g{?wtguac B%rc'%’:lré'gr ;in enantiomeric

excess or how to retain the enantiomeric excess throughout the subsequent reaction

steps for the manufaciure of mirtazapine. The methods described in US4062848 and

WO00/82782 with concenirated sulphuric acid do not sufficiently retain the

enantiomeric excess. The skilled man still has the problem of choosing between a low

yield or, when using optically pure precursors, a low enantiomeric excess.,

It is a general object of the invention to provide an alternative method for the
preparation of mirtazapine having substantial enantiomeric excess and which has a
higher overall vield and can therefore be less expensive. 1t is a further object of the
invention to provide intermediates for the preparation of mirtazapine that can be used
in a process for the preparation of mirtazapine without substantial racemisation or side
products formation and preferably can also easily be obtained in enantiomericaily pure
form.



Y is 0, N-R9 or CR9R10 wherein Rg and R10 are hydrogen or substituents comprising saturated or
unsaturated hydrocarbons optionally comprising hetero atoms; RS5 is hydrogen or a hydrocarbon
substituent group comprising one or more carbon.gtoms and optionally one or more hetero atoms; and
wherein in Il, -Z, and Z2 are leaving groups, or together form oxygen creating the
correspondmy-atdenyde or ketone as indicated in Formula llb 0 XR8 Formula lib. - X is a
hydrocarbéwepoinsfor stikseguent HRGCIOSHES: IS e or more carbon atoms and optional
hetero-atogs-and,a g[f% Q atrangra%ir]% %hair?%%rgzﬁﬁgégﬁ trcnt?éeafff)?ﬁﬁrﬁg?\r/@/@éﬁ fyéli€arbon atom
attached tp the centra Car o AR TIPARHIHBas g Qs poisCEdr@hgiberein Q is a

atom o
hydrogen,

HABY e 2y dreemitom wsstitdent eptionrally gomprising hetero atoms, or Q is -NHR or
-OR, wherein R is hydrogen or a hydrocarbon substituent, or Q is L(CHR)mM-(NR)p -(CRH)n- wherein
y drocarbon substituent comprising one or more carbon atoms

bstitugnt diffeyent fr%njimakingt ral carbongatom of Formula Il a
' ording-to a seconégaspect, the C
according to Formula Nib or IV fnracemic, enantiomeric excess or enat

; iorperig pure R or S form,
Formula NibFormula IVb (C(&0) here implies both CH2 and 0=0) whegg/(n X i, Formula Nib is a

hydrocarbon group for subsegygnt.ring closure, comprising one or more carbon atoms and optional
hetero-atoms and a group Q and havging a chain ofgk])er?wg%rgi 1 to 6 atontSBBH#A the carbon atom

attached to the central carbon atom of formula Il and the group Q, or X is -C(=0)-Q, wherein Q is a
hydrogen YHiidjen, a hydrocarbon substituent optionally comprising hetero atoms, or Q is -NHR or
OR, Whe;e;ﬁgtgﬂmbwéqgégrgg&;ygrmggp substituent, or Q is L(CHR)mM-(NR)p -(CRH)r,- wherein
each R isj%sgﬂj&%&r}g)ﬁr} dro%en or a hydrocarbon substituent comprising one or more carbon atoms
and/or hetero atoms, p is 0 OF TeMTsOP6M¥hii8% - 3and m + nis 1 - 3and L is a leaving group: and

whereby in FdfnfiaNVis, efidiRisavingigranprnanR5Hs, hyes agriele hydtosarhnn,su RSHIyeOLgroup
comprisingatunste m@r@§ﬂfr@@@cﬁi9&?§c%ﬁ‘909@%?ﬂ§%l%%prﬂ%eg hetero atoms;

- Rs Is hydrogen or a hydrocarbon substituent group comprising one or more carbon atoms

and optionally one or more hetero atoms;

and wherein in Formula I,

~ £y and Z, are leaving groups, of together form oxygen creating the Corresponding aldehyde

or ketone as indicated in Formula Iib

O

A

Formula Iib.
- X Is a hydrocarbon group for subsequent ring closure, comprising one or more carbon
atoms and optional hetero-atoms and a group Q and having a chain of between 1 to B atoms
between the carbon atom attached to the central carbon atom of formula Il and the group Q,

or X is -C(=0)-Q, wherein Q is a hydrogen, halogen, a hydrocarbon substituent optionally
comprising hetero atoms, or Q is

RE

! ~NHMR or ~OR, wherein R ig hydrogen or a hydrocarbon
substituent, or Q is LCHR)m~(NR), -(CRH),;- wherein each R is independently hydrogen or a
hydrocarbon substituent comprising one or more carbon atoms and/or hetero atoms, pis 0 or
1.n is‘.{JuZ, mis1-3andm+nistT—-3andlLisa leaving group. |

- Rg is hydrogen or a hydrocarbon substituent different from X making the central carbon
atom of Formula H a chiral centre in Formuia lla.



atoms. Sc According to a third aspect, there is provided a compound according to Formula llla,
Formula Illa wherein - ring structure | represents a pyridine; - ring structure Il represents a phenyl ring;
Y is 0, N-R9 or CR9R10 wherein Rg and R19 are ggjrogen or substituents comprising saturated or
unsaturated hydrocarbons optionally comprising hetero atoms - R5 is hydrogen or a hydrocarbon
substitueng&%ﬁ”&%?ﬂ&%‘?ﬁ@%@@ﬁﬁmd@@a’m\aﬁm@% aeBlRRalROR QT MeTe hetero atoms, - X

is -CO-Q windkdimrQaiseenay e al0geR.a Rydrocarbon substituent optionally comprising hetero
atoms, or Q is -NHR or -OR, wherein R is hydroé%ﬁ%%g%’%%%%&%&%ﬁfmnt, orQis

L(CHR)rn-(NR)p -(CRH)n- wherein each R is independently hydrogen or a hydrocarbon substituent
comprising one or more carbon atoms and/or hetero atgfs, i N isO0-2,misl-3andm+n
is 1-3and L is aleaving group. - R8 is hydrogen or a lydragarbo \su/b tituent different from X making
the central carbon atotm™o ula Il a chiral centre in Féfmuia III,“:péiled Description of
Embodiments A ding t0_therinvention there is provided g fheth (jgof)or the preparation of a cyclic

compound accordingyte-formula lll comprising reacting a compouyid according to Formula | and a
compound according to farmula Il, Formula IFormula IIEQMLI&\II

Formula Hib Formula Vb
(C(=0) here impiies both CH, and C=0)

wherein X in Formula lib is a hydrocarbon group for subsequent ring closure, comprising
one or more carbon atoms and optional hetero-atoms and a group Q and having & chain of
between 1 to 6 atoms between the carbon atom attached to the central carbon atom of
formula Il and the group Q, or X is -C(=0)-Q, wherein Q is a hydrogen, halogen, a
hydrocarbon substituent optionally comprising hetero atoms, or Q is —-NHR or —-0OR, wherein
R is hydrogen or a hydrocarbon substituent, or Q is L(CHR)~(NR), <(CRHM),- wherein each R
is independently hydrogen or a hydrocarbon substituent comprising one or more carbon
atoms and/or hetero atoms, pisOor1, nig 0 — 2, misi1-3andm+nis1~3andlisa
leaving group;

and whereby in Formula IVb, L is a leaving group and Rs is hydrogen or a hydrocarbon
substituent group comprising one or more carbon atoms and optionally one or more hetero
atoms.



WO 2008/125577PCT/EP2008/054315 4 - R1, R2, R3 and R1 may be hydrogen or substituent groups
comprising one or more carbon atoms and/or hetero-atoms, wherein RI, R2, R3 and R4 can be
combined in aromatic or aliphatic ring structures - 'Y is a ring element comprising 1 - 3
substituted or unsubstituted carbon atoms 5and/§Fheteroatoms in the ring and - R5 is hydrogen or a
hydrocarfifosdibstiverthysospecttbeising moeidsdnorecahan demadtOrtanally|nge or more
hetero atoms, and wherein in Formula Il, - Z1 and 4 are, leaving groups, 10- X is a reactive functional
hydrocarbon group for subsequent ring closure, comprising one or more carbon atoms and a reactive
functional group and having a chain ofbetween 1 ms between the carbon atom attached to the
central carbon atom of formula Il an - ctiveifungtional group and - R8 is hydrogen or a
hydrocarbon substituent different from-X_mwki 15central carbon atom of formula Il a chiral centre
in Formula Ill. The compound according to la:tacomprises a primary or secondary amine
connected via 2 carbon atoms having an ugsaturated bond, ring element Y and again to carbon atoms
having an unsaturated bond to a reactive hydrogen atom. Said 20 hydrogen atom is reactive because
it is connected to an unsaturated bond.fieigbid{Rd that the unsaturated bond adjacent to the amine
group stereochemically facilitates the reaction between the amine and said reactive hydrogen atom.
The ring elgvrngr%th can optionally be combined with other substituent groups R1, R2, R3 and R4 to
form a cyclic stru&ure. 25 In a preferred embodiment R3 and R4 are combined forming a substituted
or unsubstituted aromatic ring, preferably a phenyl or pyridine ring. It is considered that an aromatic
ring pronTdted e et SRPRSETHAG SIUIABEL Y may comprise 1, 2 or 3 ring atoms thus making the

compoundriobferniiad|l ageveaneighitenpinegnembered ring.
Y is O, N-Ry or CRgRy, wherein Ry and R,y are hydrogen or substituents comprising
saturated or unsaturated hydrocarbons optionally comprising hetero atoms

- Rs is hydrogen or a hydrocarbon substituent group comprising one or more carbon atoms
and optionally one or more hetero atoms, '

- X. is -CO-Q wherein Q is a hydrogen, halogen, a hydrocarbon substituent optionally
comprising hetero atoms, or Q is ~NHR or ~OR, wherein R is hydrogen or a hydrocarbon
substituent, or Q is L{CHR);-(NR), ~(CRH),- wherein each R is independently hydrogen or a
hydrocarbon substituent comprising one or more carbon atoms and/or hetero atoms, pis O or
1,nis0-2 mis1-3and m+nis1-3andLis aleaving group.

- Rg is hydrogen or a hydrocarbon substituent different from X making the central carbon
atom of Formula Il a chiral centre in Formula ila.

Detailed Descrintion of Embodimanis

According to the invention there is provided a method for the preparation of a cyolic
compound according to formula It comprising reacting a compound according to
Formula | and a compound according to formula i,

R1 ¥ R3 z R1 v )
/S Z—X I
R2 . Fed R8 Ro R4
NH N R8
/l /
RS RS X )

Formula ! Formula U Formula IH

wherein in Formula [,



30 Preferably, Y is -0-, -NR9- or -CR9R10- wherein R9 and R10 are hydrogen or hydrocarbon
substituents that may be saturated or unsaturated and may optionally comprise hetero atoms. .The
reaction between compound | and Il is preferably carried out in the presence of a 35 strong acid such

as trifluoroacetis agcidssethanesulfonic acid, toluenesulfonic acid, but mostprgisrablyzsuliphuric acid.
The reaction between the compound of formula 1 and WO 2008/125577PCT/EP2008/054315 5

formula Il proceeds by elimination of leaving groups Z1 and 4 on compound 11 with the hydrogen on
the amine and the reactive hydrogen. Although the substituents R1, R2, R3 and R4 are broadly
defined, it is considered that preferably these substituents do not comprise primary or secondary

amines or hydrogen Btoftis T drE+&aiDE Witased Aipotstlierd Gfabie rROANg tFcUISsZ 1 and Z2 in
formula 11 are eachinelspdrdenidy hyairdioy, faticomygteiorideelaiorfideRiodidentriflateanmiesylate,
tosylate or besylateofpned esultsiuer e ohtaed AR methrd wherein th_e compOL;nd Il Ireplresehnts -a
(hemi-)acetal (for R8,=.H) ar |- R§ = rocarbon) according to 10 formula lla wherein
Z1 and 4 are OR6 a%dsgﬁg?gggéﬁ}ygfgﬂl\}éﬁ%& r? Rgé’g%b(% Meé:g)hufg’goc%gggﬁ il %%ﬁ@ﬁ, or - the

correspontling aldefid (f%tﬁﬁgtm)i%{hf’é’mﬂ@?fbr R8 = hydrocarbon) according to formula llb: 15 R6

RiO R8 RS8 - Rs is hydrogen or a hydrocarbon substituent group comprising one or more
carbon atoms and optionally one or more hetero atoms,
and wherein in Formula il
-~ £¢ and Z are, leaving groups,

10 - X is a reactive functional hydrocarbon group for subsequent ring closure,
comprising one or more carbon atoms and a reactive functicna! group and
having a chain of between 1 to 6 atoms between the carbon atom atiached to
the central carbon atom of formula Il and the reactive functional group and
-~ Re is hydrogen or a hydrocarbon substituent different from X making the

15 central carbon atom of formula Il a chiral centre in Formula 11l

The compound according fo formuia | comprises a primary or secondary amine
connected via 2 carbon atoms having an unsaturated bond, ring element Y and again
to carbon atoms having an unsaturated bond to a reactive hydrogen atom. Said

20 hydrogen atom is reactive because it is connected to an unsaturated bond. It is
believed that the unsaturated bond adjacent to the amine group stereochemically
facilitates the reaction between the amine and said reactive hydrogen atom. The ring
element Y can optionally be combined with other substituent groups Ry, Ry, R and R,
to form a cyclic structure.

25
In a preferred embodiment Rs and R; are combined forming a substituted or
unsubstituted aromatic ring, preferably a phenyl or pyridine ring. It is considered that an
aromatic ring promotes the reaction. The ring element Y may comprise 1, 2 or 3 ring
atoms thus making the compound of formula Il a seven, eight or nine membered ring.

30 Preferably, Y is —O-, -NRg¢- or -CRgRy~ whersein Ry and R., are hydrogen or
hydrocarbon substituents that may be saturated or unsaturated and may optionally
comprise hetero atoms.

The reaction between compound | and Ii is preferably carried out in the presence of a
35 strong acid such as trifluoroacetic acid, methanesulfonic acid, toluenesulfonic acid, but
most preferably sulphuric acid. The reaction between the compound of formula | and



Formula llaFormula 1lb 20 Suitable example of compounds according to formula lla or llb are
alkylaminoacetaldehyde dialkylacetals, halogen acetaldehyde dialkylacetal, alky1-2,2- dialkoxyacetate,
2,2- dialkoxyacetal alkylamide, 2,2- dialkoxyacetal (2-hydroxy ethyl) alkyl amide. 25 The method
according to the ioseniEery is very suitable for preparing compounds havingmti-ayehe sisictures.
Such compounds often have biologic activity and @an be used for the preparation of pharmaceutical
formulations. The group X in the context of the present invention is chosen in view of further cyclization
reaction, in one or more 30 reaction steps, between reactive functional group X and the nitrogen in the
ring in formu;a III.IHﬁwever,cgtieg noted that compound of formula Ill wherein Y = ox %en_or sulphur are
novel irrespective df tRECERTIES BEGTEIRIRT Sb 1rPHiNg QBRHpBuUATE™® @Pa%f?ﬁ‘ﬁ%”ﬁ?ﬁ oYéh or
hydrocarborftfdtyéragrrsapstieussednwisng feactadivarivtoreggralholyOthe substituents Ry,
2008/12557 FR GL/ER2Q08/OBALY Gdieardids Meatidehanm i iter 002 ilds 3R 13183 MdRscribes a

method for the pIsRARREMAERENZAZERINS AUAGRRIS: fﬁ&a%%éheg&%@'?ﬁ L tr%fsrf%%?ﬁg%g@ 3 ‘é}ﬁﬁér.y

involving ? reaction be}W%ﬁl? Br?r?formaldekgide and a cqmg und according to

Journal of CSMBIRAES kI CHERsIRT VBB edHS %8 206 udLHR L PHEctATY RS BREpfats polycyclic
structure by Rirffeetostifextetiiedtrabramitive iafidearridatmens isidr doeeteombasiftigean ethylaldehyde.
However, these methods do not disclose or teach to prepare an intermediate according to formula llla

comprising SRR HAFERRS AP0 ADIENS AR DRSS, [ paricula i does not 10

disclose or teach the | re&alraélorh%‘ mirtazapine or any of its precursors, more particular having a
substantial enarfiSmeRcelcass T view 6f ﬂpé}ﬁﬁﬂﬁﬁ%dfﬁwgﬁc“cgﬁﬁﬁﬁ%‘iﬂ‘iw)tl?é%ﬂ'ﬁibﬁlhd of Formula
| is prefetabfPraBiRyEicvbsimipotinandcéorim§ s GardpRl, Formuliy ivforhforiniry, smtéidimg to the 15
method of the/dnvention catyilryghie cempound according to Formula llla, wherein | an Il represent ring
structues, Rrals TR ARIAS HEEHARS REANSIRILHGAIRE'S QRNANCAIIRIRIN & hetero
atoms N, S %p. i;I}'h% [ing structures | and/or Il may comprise one or more substitute groups preferably
selected from acir(yH aryl; alkyl-aryl or alkoxy optionally comprising one or more ethylenically
unsaturated bonds and/or 20 optionally comprising one or more hetero atoms, halogen, hydroxy or

sulphur é¢éntaining groups.

OR, o
R70~|~x Py
Rg X~ “Rs

Formulalla Formula lib

26
Suitable example of compounds according to formula lla or b are
alkylaminoacetaldehyde dialkylacetals, halogen acetaldehyde dialkylacetal, alkyl-2,2-
dialkoxyacetate, 2,2- dialkoxyacetal alkylamide, 2,2- dialkoxyacetal (2-hydroxy ethyl)
alkyl amide.

25
The method according o the invention is very suitable for preparing compounds having
multi-cyclic structures. Such compounds often have biologic activity and can be used
for the preparation of pharmaceutical formulations. The group X in the context of the
present invention is chosen in view of further cyclization reaction, in one or more

30 reaction steps, between reactive functional group X and the nitrogen in the ring in
formula ltl. However, it is noted that compound of formula I wherein Y = oxygen or
sulphur are novel Irrespsctive of the choice of group X, so in this compounds X may
also be hydrogen or hydrocarbon that is not substituted with a reactive functional
group.



7------ \V1/----- ‘I kLcl/\ 21, \---\___-"/[1).0 V "----- 7 NH HN- / R5X Formula laFormula llla Most
preferably, at least ring structure Il, preferably both ring structure | and Il represent a substituted or
unsubstituted aromatic ring structure optionally comprising 30 heteroatoms, preferably pyridine or
phenyl, and wiemsin/Y:s36, N-R9 or CROR10 (Rsand R10 are hydrogen orggubshifients eqmprising
saturated or unsaturated hydrocarbons optionally gomprising hetero atoms). Most preferably ring Il is a
phenyl ring to form a benzazepine. Preferably, ring | is a phenyl or pyridine ring. It is noted that all
comments herein relating to generically described compounds similarly apply. to the corresponding
more specifically described compounds, for example comments to compound's of formulae I, 11, Ill, IV
and V similarly apply to 5compounds of formulae la, lie, 11la, IVa and comments to compounds lllb
apply to compieards 1fah1 Ghen11e2.ef0A. a 1RetBOtEfdF thequepiaration ofsthistaZapitte; the

compound agegrstightodf asAEiaddme antagonist for the neurotransmitiers seroionine (5-HT)

involving a reaction between paraformaldehyde and a compound according to formuia

5 la, Similarly, Journal of Combinatorial Chemistry, 8(3), 381-387: 2006 describes a

method to prepare a polycyclic structure by ring closure between an amine and an

aromatic hydrogen atom using an ethylaldehyde. However, these methods do nof

disclose or teach fo prepare an intermediate according to formula Ila comptising a

group X that can be extended to achieve a further ring closure, in parficular it does not

10 disclose or teach the preparation of mirtazapine or any of its precursors, more
particular having a substantial enantiomeric excess.

in view of preparing polycyclic compounds, the compound of Formula | is preferably a
bicyclic compound according to general Formuia la for forming, according to the

15 method of the invention, a tricyclic compound according to Formuia IHa, wherein | an |l
represent ring structures, preferably comprising between five and eight ring atoms
optionally comprising a hetero atoms N, S or O. The ring structures | andfor | may
comprise one or more substitute groups preferably selected from alkyl, aryi, alkyl-aryl
or alkoxy optionally comprising one or more ethylenically unsaturated bonds and/or

20 optionally comprising one or more hetero atoms, halogen, hydroxy or sulphur
containing groups.
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Formula la Formula lila

Most preferably, at least ring structure I, preferably both ring structure 1 and 1l
represent a substituted or unsubstituted aromatic ring structure optionally comprising

30 heteroatoms, preferably pyridine or phenyl, and wherein Y = O, N-Rg or CRgR10 (Rgand
R0 are hydrogen or substituents comprising saturated or unsaturated hydrocarbaons
optionally comprising hetero atoms). Most preferably ring Il is @ phenyi ring to form a
benzazepine. Preferably, ring | is a phenyl or pyridine ring.



2-amino-3-benzylpyridine of Formula Ib forming a novel mirtazapine precursor of 10 formula Illb. For
the preparation of mirtazapine the group X is a reactive group comprising one or more carbon atoms
and optional hetero-atoms chosen in view of one or more subsequent reaction steps to a following ring
closure to formdmirgzagsirie of Formula A. US 4062848 describes a, methad-fortheprepasation of
tetricyclic. compounds according to formula llla statting from tricyclic compounds according to .formula
.1a 20 wherein Y is CH2 , R5 is H and ring Ol is a benzene ring. This method uses acid dihalogenide
HalC(=0)(CH2)Hal to get ring closure forming an imine ring which is subsequently reduced to a
benzazepine according to Formula llla. This preparation route has several disadvantages compared to
the method according to the invention.: First of all, this preparation route cannot be used to prepare
midazapine starting from 25 the compound of Formula. Ib because the acid di-halogenide will also
react with tHe'hift6GEn bRt PSRBT @B RRINGd B SRitsssait olerssbnge apERsIeiv ation of
midazapinesfivllewingihiis methedodimrspendihis prepasatioificaliie dwasdbedgenansdligadvantage that
the Erepar%@%@fghﬁa qgi@@m@ﬁ@gﬁgml@q%dj@ pr g§[l~hg§p\{9l\é@ﬁ a.,rgggﬂ% Séiﬁgl@ \@g\?reasdthe
method ac \ n ises.one reaction step. In a cularly preferre
embo me%%%ﬁ%%}é%%}ﬁg%‘} ﬁ%y@j-%?;éﬁ)im%re%dQﬁ%mﬁ éelﬁésst??ug%%%%?g%:ﬁ% At éﬂ,_ oxygen, or
hydrogen dF48aHEHEIEAT G MBrising one or more carbori or hetero-atoms. The invention relates
in particular to the WO 2008/125577PCT/EP2008/054315 8 mirtazapine precursor compound
according ta iraad it whereimaisien GlaMukipircemnicdaimuhybmneraiRieierahly g prantiomeric
excess or FAIRMEHGRUS Rk Sl Vb Nothh UM HRA2dRAe procursar of

10 formula Hib. For the preparation of mirtazapine the group X is 2 reaclive group

comprising one or more carbon atoms and optional hetero-atoms chosen in view of one

or more subsequént reaction steps to a following ring closure to form mittazapine of

. Formula A.

15 S _
Formulalb . . Formula lilb

US 4062848 deséribeé a method for the preparation of tetracyclic. compounds
. according to formula Ilia starting from tricyclic compounds. according ﬁé formula la
20 wherein ¥ is CH; , R5 is Haﬁd ring I is & benﬁzéne ring. This method uses acid
dihalogenide HalC{=0){CH,)Hal to get ring,'ciosﬁre forming an imine ring which is
subsequently reduced to a benzazepine éccarding to Formuia ifla. This pr&paé'alxtion'
route has several disadvantages compared to the method gccording to the .E'nvehtian._'
‘ First of aft, this preparation route canfot be used {o ps;epére mirtazapine starting from
:25; the compound of Formula Ib because the acid di-halogenide will also react with the |
'nitmgen of the pyridiﬁe. This document does indeed not describe the pfeparation‘of
- mirtazapine fallowing this method, Fuither, this preparation route has the general
d@sadvantage thatrthe' preparation of the benzazepine with formula 1, Ha, or Iib
involves 2 reaction steps whereas the me{h@d accordiﬁg' to the invention only

30 comprises one reaction step.’ ‘

In a particularly preferred‘emb@dinﬁeﬂt of the invention X is -C(=0)-Q, wherein Qs a

substituent, pz;aférab?‘y nifrogen, oxygen, or hydragen or a substituent group comprising
one of more carbon or hetero-atoms. The invention relates: in particular to the

RECTIFIED SHEET (RULE 91) ISAIEP



The particular preference for this compound wherein X is -c(=0)a follows from its property that the
chiral center adjacent to the ketone/carbonyl (C=0) group can easily 10 be racemised at elevated
temperatures and/or mildly basic or acidic conditions and therefore can be used in a dynamic

enantiomer resphstigmis-obtain either of the enantiomers in theoretically hppgred, pereent yield.
Accordingly, a preferred method for the preparatiofn of the compound of formula Il wherein X is
-C(=0)-Q in enantiomeric excess or enantiomeric pure form, comprises 15 1: subjecting a racemic
mixture of said compound to an optical resolution step, 2: separating the desired enantiomer, 3:
racemising the undesired enantiomer and 4: p referablgorecycllng the racemised undesired enantiomer

preferably to”gﬁﬂ%%? PESBITHERSEY P BT reclinadh P IREIFdEDE ineeraie Yidia Ciefisd ias the
amount in mled ot fherd esirawenaniioaér idivideddydie armsnirinrmmdes efdhestatingcompounds
of formula | ¢srthis at least 70 %, preferably at least 80%, more preferably at least 85 %, more
preferably at least 90 A and most preferably at least 95 %. The racemisation can be 25 done
preferably at slightly elevated temperatures under mlld,ly\basm or acidic conditions. For the preparation
of mirtazapine or other compounds of formuTa II] havmg a 'methyl group adjacent to the chiral carbon,
the method comprises a further step wherelnNhei\:I%Oﬂ-ﬁ’group is reduced to a methylene group, in
particular wherein X is -CH2-0 is obtained by redUCtIOD&f the compound wherein X is -C(=0)-Q
(formula 1X). WO 2008/125577PCT/EP2008/054315 9 1| Nt Formula 111b2

Formula i1

The particular preference for this compound wherein X is -G(=0)-Q follows from iis
property that the chiral center adjacent fo the ketone/carbony (»C=Q) group can easily
10 be racemised at elevated temperatures and/or mildly basic or acidic conditions and
therefore can be used in a dynamic enantiomer resolution fo obtain either of the
enantiomers in theoretically hundred percent yield. Accordingly, a preferred method for
the preparation of the compound of formula Hl wherein X is -C(=0)-Q in enantiomeric
excess or enantiomeric pure form, comprises
15 1: subjecting a racemic mixture of said compound 1o an optical resolution step,
2: separating the desired enantiomer,
3: racemising the undesired enantiomer and
4. preferably recycling the racemised undesired enantiomer preferably to opticai
resolution step 1.
20
By racemising and recycling, the yield, defined as the amount in moles of the desired
enantiomer divided by the amount in moles of the starting compounds of formula { or ||
is at ieast 70 %, preferably at least 80%, more preferably at least 88 %, more
preferably at least 90 % and most preferably at least 95 %. The racemisation can be
25 done preferably at slightly elevated temperatures under miidly basic or acidic
conditions.

For the preparation of mirtazapine or other compounds of formula Il having a methyl
group adjacent to the chiral carbon, the method comprises a further step wherein the

30 C=0 group is reduced to a methylene group, in particular wherein X is ~CH-Q) is
obtained by reduction of the compound wherein X is -C(=0}-Q (formula 1X).



It was found this can be done in an early stage or in any later stage during the 5 preparation,
preferably after ring closure where risk of racemization is less. In the method of the invention X can
also be chosen to be-CH2-Q, wherein Q is a substituent as defined above. In this method racemisation
is not possiblecandsoptiszl resolution must be done using known methodsplikesgdinsiareamer selective
crystallisation. Although this inadvertently leads t@#a lower yield than the preparation route described
10 above using the carbonyl precursor, it is still possible to obtain a good yield while producing
considerably lower amounts of waste compared to prior art methods where the optical resolution step
is done at a later stage in the preparation prge\ess .The-intermediate 111 is very useful for the
preparation of optically pure mirtazapine arid 15 can\ﬁe uged for the preparation of S-mirtazapine,
R-mirtazapine or for racemic mirtazapine. Inigtin |ple/ Foptions presented can be applied for both
enantiomerically pure or racemic mirtazapine. Esters (Q = OR in formula 111b1) can be resolved by
using a chiral acid such as (-)-dibenzoyl-L-tartaric Qg’d yielding the (S)-enantiomer. The amide
enantiomers (0 = NRH) can be resolved by usm a chiral acid, for example 20 enantiopure mandelic
acid. A bromide precursor can be resolved via® ?etlg)gselectlve crystallization, for one sample with
R(+)-mandelic acid giving the S-enantiomer. Slmllarly the opposite R-enantiomer can be obtained by
resolution withWS¢-fenandelic aeichbe2Bdrire igraneXin deigaula inissehasen agevweitherssbsequent

reaction Jeprianaiy SRAKRDETBITNCBLUIMIWAG R, 080 e1eL ARISRLIOPIRALIR R oYl

structures, the Int late compgund ding to formul a can be prepared. Accordingly, in the
preparation W}%ﬂ?ﬁ? ﬁ&%llﬂ %’lﬁ%?§o )1(10@91 (%?1 REFRI RSsC E(%)WW%I@Z@%?\WW&@ inQis
chosen to béd_feiry, E(NR% rdms-nsthah speiringatihRigmagt beatiblsame GUior difteteitrsubstituent
hydrogen omaubydrecsshen.sitastiuent corpsisingikn iRk meshearkenatamsandipietero atoms, p

isOorl,n Imo U ;'na&@f@gq RSt 2 HoaRe il %Lﬁ%@%&@&&n&%ﬁ@ fudpation of a six
member? ?/:}sﬁpref rred that Q is -LC2H4NMe-, in ord (to obtain a precursor of formula IVa. In

the preparata CRRESH0k 55344 BOFS Riro (R Lot rﬁlr@gﬁgp‘fﬁ’é Hilentermediate
compound |§rﬂ$&l@ﬁm§3ﬁ@r§@@bl@m fortfuM waste compared to prior art methods where

the optical resolution step is done at a later stage in the preparation process.

The intermediate Il is very useful for the preparation of optically pure mirtazapine and

I5 can be used for the preparation of S-mirtazapine, R-mirtazapine or for racemic
mirtazapine. In principle all options presenied can be applied for both enantiomerically
pure or racemic mirtazapine. Esters (Q = OR in formula 1llb1) can be resoived by using
a chiral acid such as (-)-dibenzoyi-L-tartaric acid yielding the (S)-enantiomer. The
amide enantiomers (@ = NRH) can be resolved by using a chiral acid, for example

20 enantiopure mandelic acid. A bromide precursor can be resolved via diastereoselective
crystalliization, for one sample with R(+)-mandelic acid giving the S-enantiomer.
Similarly the opposite R-enantiomer can be obtained by resolution with S(-)»-mandelic
acid.

25 The group X in formula Hl is chosen in view of the subsequent reaction steps towards
desired end products. In view of the general object to produce polycyclic structures, the
intermediate compound according to formula IV can be prepared. Accordingly, in the
preparation method a compound Il is chosen wherein X is -C(=0)Q or -CH,Q and
wherein Q is chosen fo be L(CHR)~(NR), -{CRH),- wherein each R may be the same

30 or different substituent hydrogen or a hydrocarbon substituent comprising one or more
carbon atoms and/or hetero agloms, pisQor1,nis -2, misd-3andm+nis1 -3
and L is a leaving group. For the formation of a six membered ring it is preferred that Q
is ~L.CoHsNMe-, in order to obtain a precursor of formula IVa. In the preparation



Thz,R3 / R5 -R4 R5'C(7.0) L(CHR)M(NR)p(CHR)n Formula IV R1.R3 R2- -\\N/-7/7 R4 R8 \ R5
'c(=C8 Alternatively, instead of choosing a compound 11 that directly produces a compound of 10
Formulae IV, IVa or IVb, a method can be followed wherein Q comprises a reactive group which is
reacted with gypextendseraccording to the formula L(CHR)mM-(NR)p - (CRFBé'r)ﬁ’mﬁ@ﬁ's@{ a group
reactive with Q. For the preparation of compound gf formula IVa or Vb (from compounds lll, llla, 111b,
llibl, or 111b2), the group Q can be reacted with extension group -AC2H4L to form a group
-NMeC2HA4L. Good results were 15 obtained in preparations wherein Q is a halogen, -NHR or -OR
wherein R is a hydrogen or hydrocarbon substituent, preferably a ClI - C4 alkyl. In case Q is a good
leaving grouB PéfeAbifFHATGHEY 0P 2O R REHRIR Com et sBlhencease BidsasRlgroup, A is a
good leaving@rolp | Yreferably halogenide or OR wherein R comprises a tolysate or mesylate. It was
found for mirtazapine preparation that this extension 20 reaction proceeds with a very high retention of
optical purity. If the synthesis is started from an enantiopure form of compound 11, the compound of

formula IV can be obtained \ln egantl%ure fQ:Em\T oy Ra N e
VT T 7 Ih / T
| \ /f \ { i I\ \
/ it o N NS // | s

R2~ S RN /RS NN S
N—< 'R8 N=—"'R8 N -"*<' H
RS /k:(:o) RS L=0) R5 /\C(=o}
LICHRIM(NR)(CHR)N N s N:
5 Fp— * L e AN
Formula IV Formula [Va Formula IVb

{C{=0) implies both CH,and C=0)

Alternatively, instead of choosing a compound il that directly produces a compound of

10 Formulae IV, Va or IVb, a method can be followed wherein Q comprises a reactive
group which is reacted with an extender according to the formuia L{CHR)m-(NR), -
(CRH)A wherein A'is a group reactive with Q. For the preparation of compound of
formula [Va or IVb (from compounds 1ll, Hila, llib, 1lib1, or 11b2), the group Q can be
reacted with extension group —AC;H,L to form a group ~NMeC,H4L. Good results were

15 obtained in preparations wherein Q is a halogen, ~NHR or —-OR wherein R is a
hydrogen or hydrocarbon substituent, preferably a C1 — C4 alkyl. in case Q is a good
leaving group, preferably halogen or ~OR, A is RHN- or, reversely, in case Q is a RHN-
group, Ais a good leaving group, preferably halogenide or OR wherein R comprises a
tolysate or mesylate. It was found for mirtazapine preparation that this extension

20 reaction proceeds with a very high retention of optical purity. If the synthesis is started
from an enantiopure form of compound I, the compound of formula IV can be obtained
in enantiopure form.

A compound of formula IV wherein L is a weak leaving group can be converted into a
25 compound according to formula V by modification of said weak leaving group L info a
strong leaving group and subsequent ring closure in the presence of a base through
nucteophilic displacement of the leaving group by the amidine in the ring. The strong
leaving group L is preferably chosen from the group of chioride, bromide, iodide,
methanesulfonate, toluenesulfonate, triflate, etc.
30



A compound of formula IV wherein L is a weak leaving group can be converted into a 25 compound
according to formula V by modification of said weak leaving group L into a strong leaving group and
subsequent ring closure in the presence of a base through nucleophilic displacement of the leaving

group by the sidingisihe ring. The strong leaving group L is preferably %EQZH&GHSQQ%WOUP of
chloride, bromide, iodide, methanesulfonate, toluepesulfonate, triflate, etc. WO
2008/125577PCT/EP2008/054315 11 R1 NNR3 \:\ R2 R8 18(1,3r1'C(=0) (NR)P (CH,)n formula V
Leaving group L can be chosen to be a weak leaving group, preferably hydroxyl, to 5 prevent
interference with the reaction between Q and:A. Hoyvever, it is also possible in the extension reaction
to directly proceed to ring closure forming the cb;m'pcmnﬂ according to formula V in one step. In this
case L in the compound of formula IV is chggenl\fo be \;é,islrggnger leaving group that can react directly
with the amine in the presence of a base. In the rjﬂeth{)dqﬁor the preparation of mirtazapine via
compounds of 10 Formula Ib, lllb or Vb this restlts ingpistazapine according to formula A. As
described above, in case the compound is derived.fraim, an intermediate compound comprising a
carbonyl group adjacent to the chiral center, a %FPQS%E r\?duction step can follow to reduce the carbonyl
group >C=0 to an ethylene group >CH2. 15 The invention also relates to the intermediate compounds
for the preparation of mirtazapine according to formulae 111b, IVb or Vb in racemic, enantiomeric
excess or endiRidetieysukecRnoreSursratite anyasietbadripiytheppreparatnn wirigazapine in
racemic, enantiomericayeess WiRNRNHIBRIICHRMRR or B damusiagany otibe Ss%%@qmpounfs- hJS
4,062, 848 ' jmi ) S Y ric terms, but nqt a preparation route specifically
for the prepﬁ%ﬁ?ﬁ%ﬁﬁé@g{%ﬁg?&%{%ﬁg rlcgg%gﬁ%.rm%tadz%g&rﬁe? F@@Lﬁs I EEE Lannot be
used becausé the 4 iéodﬁgﬁg\’gﬁé/niﬁgﬂﬁlﬁgﬂgo IBdREviRAGe it gEmertRg sYririmelaing iesulting in an
entirely diffeFEREEMea Bt piedaet. leaving group that can react directly with the amine in the

presence of a base. In the method for the preparation of mirtazapine via compounds of

10 Formula Ib, llib or IVb this results in mirtazapine according to formula A.

As described above, in case the compound is derived from an intermediate compound
comprising a carbonyl group adjacent to the chiral center, a further reduction step can
follow to reduce the carbonyi group >C=0 to an ethylene group >CH..

15
The invention also relates to the intermediate compounds for the preparation of
mirtazapine according to formulae llib, IVb or Vb in racemic, enantiomeric excess or
enantiomeric pure R or S form and to any method for the preparation of mirtazapine in
racemic, enantiomeric excess or enantiomeric pure R or S form using any of these

20 compounds. US 4, 062, 848 describes similar precursors only in generic terms, but not
a preparation route specifically for the preparation of mirtazapine from such precursors.
Mirtazapine precursor Ib indeed cannot be used because the acid di-hatogenide will
also react with the nitrogen of the pyridine ring resulting in an entirely different
unwanted product.

25
Particularly preferred are intermediate compounds for the preparation of mirtazapine
according to Formula Hib1 in racemic form, in enantiomeric excess or enantiormeric
pure R or S form, wherein Q is a reactive group for ring formation, preferably —
NMeCsHiL, halogen, -NHMe or —OR wherein R is hydrogen or a hydrocarbon

30 substituent, preferably a C1 — C4 alkyi. These components are preferred because they
can easily be converted to a racemic state and recycled to the optical resolution step
resulting in a very high yield.



25 Particularly preferred are intermediate compounds for the preparation of mirtazapine according to
Formula IlIbi in racemic form, in enantiomeric excess or enantiomeric pure R or S form, wherein O is a
reactive group for ring formation, preferably - NMeC2HA4L, halogen, -NHMe or -OR wherein R is
hydrogen or sviwmnscasbon 30 substituent, preferably a Cl - C4 alkyl. Thesa-¢armprpenis: are preferred
because they can easily be converted to a racemitzstate and recycled to the optical resolution step
resulting in a very high yield. WO 2008/125577PCT/EP2008/054315 12 NN-:>c\" /7/7 N(-1-1 H
Formula 111b1 5 The invention also specifically relates to intermediate compounds for the preparation
of mirtazapine according to Formula 111b2 in enantiomeric excess or enantiomeric pure R or S form,
wherein Q is a reactive group for ring formatj,gn\ preferably -NMeC2H4L, halogen, -NHMe or -OR
wherein R is hydrogen or a hydrocarbon sulg’i'stitﬁé’ht‘)ﬁre{érably a Cl - 04 alkyl. n N\W"-C\N/ - <-1H 10
Formula 111b2 The invention also relates to grecursor-€6mpounds in enantiomeric excess or 15
enantiomeric pure R or S form according to gene’ﬁ’[al—fm‘o‘ﬂnula [, IV, and V. Although in the
forementioned prior art document a broad statemera{ig Mmade that optically active compounds can be
made from optically active precursors, it is co}gg;%%rgq] IE}h’at this broad statement does not provide a
specific enabling pointer to enantiopure intermedia%e compounds. There is no disclosure of a specific
optically active 20 intermediate compound, no disclosure of a process to prepare such optically active
compounds &l inediel obur emsfcl pibcedssasingnsrchedipticadly: pativis ioetw sespatattactall examples

of en?ntéqfrf)umr%mw@@l@mlr@ BrepMed t@[ﬂ% Mﬁm%?r&r%eﬂllée&éi@r'féeé?%ﬁ%gﬂ{éﬁp raye l,JSi”gt
entirely diffe u wed by aptical resolution only of.the end produ urther, inventors
have found t%?arl% gé)ﬁr%’p(a’?ﬁéétiﬁeorhg %%tﬁ%a ggsgif%jgd#% thid p()r"i){(:rfra Ié?f' dggeug%%ﬁ réﬁgq?scﬁggvnsiderable
racemisatior &&PHe brIaHS alentdRt 14 RTBRIRals UnEliPetaNnfated HELgarapInpUbstituent,

preferably a C1 ~ C4 alkyl.
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Formula b2

The invention also relates to precursor compounds in enantiomeric excess or

15 enantiomeric pure R or S form according to general formula lil, IV, and V. Although in
the forementioned prior art document a broad statement is made that optically active
compounds can be made from optically active precursors, it is considered that this
broad statement does not provide a specific enabling pointer to enantiopure
intermediate compounds. There is no disclosure of a specific opfically active

20 intermediate compound, no disclosure of a process to prepare such optically active
compounds and no disclosure of a process using such optically active precursors. in
fact all examples of enantiopure compounds were prepared only using an entirely
different preparation route using entirely different precursors followed by optical
resolution only of the end products. Further, inventors have found that a preparation

25 method described in this prior art document resulis in considerable racemisation, so
the broad statement is merely an unsubstantiated desideratum.

The invention further relates to compounds according to formula Ifl or lila, wherein X is
-C(=0)-Q or compounds according to formula IV, 1Va, or V, comprising a C=0 group
30 adjacent to the chiral carbon atom and their use for the manufaciure of the



The invention further relates to compounds according to formula Il or llla, wherein X is or compounds
according to formula 1V, IVa, or V, comprising a C=0 group 30 adjacent to the chiral carbon atom and
their use for the manufacture of the WO 2008/125577PCT/EP2008/054315 13 corresponding
compounds hewingsusssrstantial enantiomeric excess of the R or S enantipmgsponiigRally followed by
reduction of the -C(=0)- group to a -CH2 - group. £s described above these compounds having a C=0
group adjacent to the chiral carbon can relatively easily be racemised allowing recycling of the
racemised 5 undesired enantiomer and a preparation process with a very high yield. The invention will
be illustrated by the following examples. Example 1 10 A methylamine compound according to
formula 11153 \rﬁﬁg?@mn@ éﬁ%ﬁ%ﬁdﬁ\fﬂg a substantial enantiomeric excess of the R or §
dihydro-5H-5eaz6ps]pyridsedybieliapsia-10 pinetihylphibthylcamine)ramstpre pared agralgscribed below
using two differentometiodsotaantE Meipothbs TrAMBPduR-of group adjacent to the chiral
2-amino-3-besgdpyegine(z AL dmmpohands metvisminercelaldenvas dimelin acetal (3.7 9, 31.1
mmol, 2.7 egaz n a 250 ml round-bottomed flask was treated at rooym mperature With €hcentrated
sulphuric acid't56"% WW@W%M%WW@‘Q&HW@?WWﬁ%l%%ﬁ@fhé‘ﬁﬁic reaction took place. After
stirring for 45 minutes the dark mixture was poured on ice water (250 ml). 20 Concentrated ammonia
(25% ag.; 150ahverioaddeddonbasifydbe mibtucayikxtratigryvas done with ethyl acetate (3 x 150
ml). The combined organic layers were dried with Na2SO4. Evaporation under vacuum gave the crude
10,11-dihyd}j(g§|;|‘en o[e]pyrido[2,3-blazepin-10-ylmethylymethyl-amine as a yellow oil (2.5 g, 10.5
mmol) in 929 yrett—25 Mass analysis: M+1 = 240 major peak. 1H-NMR (CDCI3) 5 (ppm) 2.16 1H, br
s, NH; 2.4 3HmeihnlEmps: 3amegurg Aadcerdinue® Tiernaia b8 vkaeGHM =4 MBMH (6). = 15.2 Hz;
5.05 1H, dd dihydi2odsbinsk 6z0[b1zy Bibi2, 3Hjd2e pinNIg:yirhihldeh W anfink A0S BriiardHis? . 15 1H, m,

ArH; 7.19-7.gd 3 d8 below using two different methods A and B,

Method A,

15 A mixture of 2-amino-3-benzylpyridine (2.1 g, 114 mmol} and N-
methylaminoacetaldehyde dimethyl acetal (3.7 g, 31.1 mmol, 2.7 eq.} in a 250 ml
round-bottomed flask was freated at room temperature with concentrated sulphuric
acid (30 mi) by quick addition while stirring. A vigorous exothermic reaction took place.
After sfiring for 45 minules the dark mixture was poured on ice water (250 ml).

20 Concentrated ammonia (25% aq.; 150 ml) was added to basify the mixture. Extraction
was done with ethyl acetate (3 x 150 ml). The combined organic layers were dried with
Na,80,. Evaporation under vacuum gave the crude 10,11-dihydro-5H-
benzole]pyridof2,3-blazepin-10-yimethyh-methyl-amine as a yellow ofl (2.5 g, 10.5
mmot) in 92% vield.

25 Mass analysis: M™ = 240 major peak.

"H-NMR (CDCls) & (ppm) 2.16 1H, br s, NH; 2.54 3H, 5, N-CHs; 3.14-3.18 2H, m; 3.68
TH, d, J = 18.2 Hz, CHH; 4.45 1H, d, J = 15.2 Hz; 5.05 1H, dd, J = 2.4 and 6.0 Hz: 5.55
1H, brs, NH; 6.49 1H, dd, J = 5.1 and 7.5 Hz, ArH; 7.15 1H, m, ArH; 7.19-7.27 4H, m,
30 ArH; 7.86 1H, dd, J = 1.8 and 5.1 Hz, ArH.
Chiral HPLC analysis: column Chiralcel OJ {250 x 4.6 mm; 5um), mobile phase:
n-heptane/EtOH/ELNH (90:10:0.2), flow: 1.0 mi/min, UV: 248 and 308 nm, sample: ~ 1
mg/mi in 2-propanol, injection: 10 pl, temp: 22 °C. Enantiomers at 13.8 and 18.0 min.
The preduct was used in subsequent steps without further purification.
35
Method B. Via reduction of N-methylamide



30 ArH; 7.86 1H, dd, J = 1.8 and 5.1 Hz, ArH. Chiral HPLC analysis: columnChiralcel OJ (250 x 4.6
mm; 5pm), mobile phase: n-heptane/EtOH/Et2NH (90:10:0.2), flow: 1.0 ml/min, UV: 248 and 308 nm,
sample: - 1 mg/ml in 2-propanol, injection: 10 pl, temp: 22 C. Enantiomers at 13.8 and 18.0 min. The
product was useehis/sisssequent steps without further purification. 35 MethedBe )i fRe6tion of
N-methylamide WO 2008/125577PCT/EP2008/054315 14 N-methylamide (700 mg, 2.77 mmol) was
dissolved in THF (20 ml). The solution was cooled to 0 C while stirring BF3.0Et2 (1.0 ml, 7.89 mmol,
2.8 eq.) was added and the mixture was stirred for 30 minutes at 0 C. Then BH3.SMe2 (3.0 ml, 2.0 M
in THE; 6.0 gqmol %??%? After stirring for 3 hours at room tem égrature the mixture was 5 heated
to reflux for 3 Houry ﬁomé o Aihog : oM TR A SRRePRl ah e mixkuredvals Hehsedsien room
temperature @2k A CF whdeaslidna & GuehtH tHerexde’dS boran Sfeliowed bydhe additien of water
(20 ml) and ethydraoetateritiklOronl3oTheaeganio yermarsseraialed.oThe 2guaeys iayes was extracted
with diChlorqmﬁEg)a@Es(zaEfd%E b AR AARANeaAaAnic Rr WBLe Al NagS9d.and
concentra%e% r va g\ r%to ive an oll. Purification by chromato rap y on Silica geﬁ:’ gave the
pure prodtc f“?%eé? L% Gh %ﬂj% %‘Sg)"?n@moﬁﬁg@@ﬁﬁféig"%‘m i@?lﬂ%i‘ Paae BRAmple 2 15 A
bromine conﬁﬁ@‘ﬁﬁd‘hé@@?ﬂiﬁ@“t@fﬁiﬂqumﬁWh@ﬁ@l@d@eﬂ Be (@i@rortiemetings- borane,
10.11-dihydroiGheianzafelitiol2 3oz uine) wasdwgpasedies deseiiper bl gmmfmo different

thods A e .0l 2- b n I l) and
gimﬁaieta%@?dgég%w ﬁ?é:cg%ﬁ @.gg}glswgg Oé%hgﬁqwqmﬁh girrlﬁgé qhneéﬁ dx boEfto erg;?a)sk?/\r/las

treated at room emp'enrea ‘Wfﬁ} r%fgi?%t‘ffwﬁ%%@T@&WBW%F&H'H%?ﬂl‘t’%”ﬂ’wgorous
exothermft fétR ATk Prafestivfdry/stirimpiogeneyrousiive darkavixturewaspouredass ice (ca. 500
ml). Concentngtecdzanmmoniia wis gdded to basify the 25 mixture. Extraction was done with ethyl
acetate (10Qnd) apdiglighigromeihane (2 450 ml). The combined organic layers were dried with
Na2S04. Evaporation under vacuum gave
10-bromomethy1-10,11-dihydro-5H-benzo[e]pyrido[2,3-b]azepine as a brown powder (14 g, 48.6
mmol) in 75%EH8 e fiass analysis: Mt' 289,291 (Br-isotope) major peak. 30 11-1-NMR (CDC13) 6
(pPnl) 3.88 2Hyrdmire G@riday@HRBN-ERH dHothda11523vwhar&it; 4.85 did-ifodonbndHz, CHH:
5.01 1H, dd44 F169ane-32. H 9 Kz, ArH;
7.17-7.29 5K, m, {Aglﬁegesjigjﬁfff Bglnéa%éaﬁgs Aw%é?fgﬁeéa %‘%%u%ﬁ ﬁs%%@%aﬁ WiKout further
purification.

Method A. Neat

20 A mixiure of 2-amino-3-benzylpyridine (12.0 g, 65.2 mmol) and bromoacetaldehyde
dimethyt acetal (19 g, 112.4 mmol, 1.7 eq.) in a 250 ml round-bottorned flask was
treated at room temperature with concentrated sulphuric acid (50 mi) by quick addition.
A vigorous exothermic reaction took place. After stirring for one hour the dark mixture
wasg poured on ice (ca. 500 ml). Concentrated ammonia was added io basify the

25 mixture. Extraction was done with ethyl acetate (100 mi) and dichloromethane (2 x 1580
mi). The combined organic layers were dried with Na,SC,. Evaporation under vacuum
gave 10-bromomethyl-10,11-dihydro-5H-benzolelpyrido[2,3-blazepine as a brown
powder (14 g. 48.6 mmol) in 75% yield. Mass analysis: M"' 289,291 (Br-isotope) major
peak.

30 "H-NMR (CDCls) & (ppm) 3.88 2H, d, J = 6.9 Hz, CH,Br; 3.95 tH, d, Jd = 15.3 Hz, CHH;
4.05 1H, d, J = 15.3 Hz, CHH; 5.01 1H, dd, J = 6.9 and 12.3 Hz, CH; 5.35 1H, br s,
NH; 6.58 1H, dd, J = 4.8 and 6.9 Hz, ArH; 7.17-7.29 5H, m, ArH; 7.93 1M, dd, J = 2.1
and 4.8 Hz, ArH.

The product was used without further purification.

35

Method B. Dichloromethane solution



35 Method B. Dichloromethane solution WO 2008/125577PCT/EP2008/054315 15 A mixture of
2-amino-3-benzylpyridine (11.6 g, 63,0 mmol) and bromoacetaldehyde dimethyl acetal (10.65 g, 63.0
mmol, 1.0 eq.) was dissolved in dichloromethane (100 ml). The stirred solution was cooled to 0C with

an ice bath. Gomesstiased sulphuric acid (50 ml) was added in portions oveg¢aponga minyie to the
cooled solution while 5 stirring. A vigorous exothersnic reaction took place. Stirring was continued for 3
hours while warming to room temperature. The mixture was poured on ice (ca. 500 ml). The resulting
mixture was basified with concentrated ammonia (250 m1). Extraction was done with dichloromethane

(3x200 ml1), The com ed organic layers were dried with Na2SO4. Evaporatlon under vacuum gave
10-bromometh§ 4817 § ch % %%B’éﬁ%f‘efﬂ{}r?d@[ﬁ B187apihass Mo eRRs Blwaste(15.3 g, 53.1

mmol) in 84%"?@@'8@4‘@*@8%0&%%/ AL MSRLTHE produes wisselsed] ividholirfurtieanpu tifitation.
Example 3 ihe temyiavndsiebtainetd iboerxample 2 @illba, @ vRromisehwere pticalycesolved by

15 diast f t
dlhytljari %ﬁot?;ﬁﬂgoﬁ?g?%%%%%ﬁﬁmg g)%:ﬁ%r?%%gsr +%r%%bril1’69? i%rg%% 7%%11(%;1 Vﬁﬂrir?mol) in EtOH

(100 ml) was 2dd gom? ofeﬁ%ﬂﬂd%oﬁ@a’oc% %rrf’%Wﬁfl)CfPf‘@iBW 808 AV T he mixture
was heated W HEfUX A teaREToivT6leE td rooniriempemanmesdhiie istiiag500tng) 2DHeeating
mantle. AfterebiitnysntheustispansisimansfitterectaveradPa-ghassfiltentergive.a-paisnbrayn solid. The

lid | n dried t
e 775 S e el 5}.’%@&2@”@% %W@&%@éﬂﬁh. D o i
EtOH (200 miy.gavé 5.2' 4t W}h YA95"d. & 2RYETh ré8KTstal BRSPS IRYEISH (7l og@ve 83% d.e.

After two' %&%ﬁ?ﬂ?@fgﬁ&%@&h&%ﬁ@!ﬂ@@ﬁ@éﬁmmwéerb@@ﬁegl Wit aupnoleiz GE8/dighlondmethane to

give bromid®®R¢-puBylitamenethylodd it sdibydiar Slihbenzelelpytanizignblazepine with 92% e.e. The
first filtrate from above was concentrated under vacuum to give 6.3 g salt (21.8 30 mmol). The free

base was Ilbgratedl gd dissolved in EtOH (250 m1). R(-)-mandelic acid (0.8 eq., 2.66 g, 17.5 mmol)
was added re was heated to reflux and then cooled to room temperature overnight. The

suspension W& dRpedeveLiRRG d fRr@mple 2 (b2, Q = Bromide) were optically resolved by

15 diastereomeric salt resolution of the enaniiomer mixture {10-bromomethyi-10,11-
dihydro-5H-benzolelpyrido]2,3-blazepine).
A solution of S(+)-mandelic acid (7.0 g, 46.2 mmoal) in EtOH (100 mi) was added to a
warm solution of bromide (13.3 g, 46.2 mmol) in EtOH (400 mi). The mixiure was
heated to reflux and then slowly cooied to room temperature while stirring in the

20 heating mantle. After 4 hours the suspension was filtered over a P2-glass filter to give a
pale brown solid. The solid was washed with 2-propanol {10 ml) and isopropyl ether (25
ml) and then dried under vacuum to give 7.7 g salt (17.5 mmol; Mgy = 440) in 38%
vield with 59% d.e. (chiral HPLC). Recrystallization in EtOH (200 mi) gave 5.2 g salt
with 74% d.e. Again recrystallization from EtOH (70 mi) gave 83% d.e. Afier two more

25 recrystallizations the free base was liberated with ag. Na,COs/dichloromethane to give
bromide  R(-}-10-bromomethyl-10,11-dihydro-5H-benzole]pyrido[2,3-bjazepine  with
92% e.e.

The first filtrate from above was concentrated under vacuum to give 6.3 g salt (21.8
30 mmol). The free base was liberated and dissolved in EtOH (250 mi). R{-}-mandelic acid
(0.8 eq., 2.66 g, 17.5 mmol) was added. The mixture was heated to reflux and then
cooied to room temperature overnight. The suspension was filiered over a glass filter.
The salts were washed with EtOH (10 mi) and isopropyl ether {25 mil). Drying under
vacuum gave 3.9 g sait (8.9 mmol) in 19% yield with 86% d.e. Recrystallization from
35 EtOH (40 mi) gave after hot filtration 3.2 g salt with 92% d.e.. After two more
recrystaliizations the salt was obtained with 97% d.e. Liberation of the free base gave



The salts were washed with EtOH (10 ml) and isopropy! ether (25 ml). Drying under vacuum gave 3.9 ¢
salt (8.9 mmol) in 19% yield with 86% d.e. Recrystallization from 35 EtOH (40 ml) gave after hot
filtration 3.2 g salt with 92% d.e.. After two more recrystallizations the salt was obtained with 97% d.e.
Liberation of wié fregf1ase gave WO 2008/125577PCT/EP2008/054315 1faiomiie ns4315
S(+)-10-bromomethy1-10,11-dihydro-5H-benzole]@yrido[2,3-blazepinewith 97% e.e. Chiral HPLC
analysis: columnChiralcel OJ (250 x 4.6 mm; 5pm), mobile phase: 5 n-heptane/2-PrOH/Et2NH
(60:40:0.2), flow: 1.0 ml/min, UV: 248 and 308 nm, sample: - 1 mg/ml in 2-propanol, injection: 10 pl,

temp: 22 C. Epantjo 0.3 min (minaqr 24.9 min. (major R-isomer). Example 4 10 A methyl
ester com po%ﬁodmédcec?‘r%ﬂg@() f8FmU ‘3@%%@1% @H&y&w@t&wg{alpyndo[ZjB-b}azep:ne with
(10,11-dihydPé8+t5enzole]pyrido[2,3-b]Jazepine-10-carboxylic acid methyl ester) was prepared as
described below. A mixture of 2-amino-3-benzylpyridine (18.3 g, 99.4 mmol; crude) and methyl 2,2- 15
dimethoxyacelata (34 &.-4L16:0 eq.) | - e was treated at room
temperatuge r\{\»’ri}tg 9a%n%3tr£g€%§%§0%cg%%ggﬁ%% é%f(?kqa%%ﬁ%% \Ag/gl ’Iét]i?r%%? a\?feg'orous
exothermic reaction took place” After stirring for 30 h "The d&rie At drg Was $56TREd on ice water
(1000 m1). CoMe&RtiatéPRRANPINEIESEoR: 4§, MR SO HaS aBtedtitrisesity e miktyrénxtraction with
dichloromethende? 22xis0ma)r20iddrescpmbined organic layers were dried with Na2SO4. Evaporation
under vacuum gave 10,11-dihydro-5H-benzo[e]pyrido[2,3-b]azepine-10-carboxylic acid methyl ester as
a yellow o 72.8 mmol) in 73% yield. An analytically pure sample can be obtained by
chromatograpt rsifica gel. R1 = 0.3 (EtOAc/n-heptane = 1:1). 25 Mass analysis: W1 = 255 major
peak. THRMATR¥YCEEE EPPPRHYS B4 aFNg ‘O3B 881 IM IS 2 1584 | CNNYiyit1H, d, J =
15.5 Hz, OHM{-8:620ldhyiid 3[2, B adapibeBT0ddrHaxglid\ktid. D, deted) Swbdl pr@aiedHg ArH; 7.08
1H, m, ArH; ded&ifedldbwm, ArH; 7.88 1H, dd, = 1.5 Hz and 4.8 Hz, ArH. 30 M.p. 130.6C

A mixture of 2-amino-3-benzylpyridine (18.3 g, 99.4 mmol; crude) and methyl 2,2-

15 dimethoxyacetate (22 g, 21.6 mmol, 1.9 eq.) in a 250 ml round-bottomed flask was
treated at room temperature with concentrated sulphuric acid (50 ml) by quick addition
while stirring. A vigorous exothermic reaction took place. After stirring for 30 minutes
the dark mixture was poured on ice water (1000 rmi). Concentrated ammonia (25% aq.;
250 ml) was added to basify the mixture. Extraction with dichloromethane (2 x 150 ).

20 The combined organic layers were dried with Na,S0,. Evaporation under vacuum gave
'EO,‘I1»dihydro-»SH—benzo{e]pyrido{Z,3—b]azepine—10~carboxyEiC acid methyl ester as a
yellow foam (18.5 g, 72.8 mmol) in 73% yield. An analytically pure sample can be
obtained by chromatography on silica gel. Ry = 0.3 (EtOAc/n-heptane = 1:1 ).

25 Mass analysis: M"! = 255 major peak.
"H-NMR (CDCly) & {ppm) 3.84 3H, s, OCHa: 3.86 1H, d, J = 15.5 Mz, CHH; 4.11 1H, d,
J = 15.5 Hz, CHH,; 5.51 1H, d, J = 8.7 Hz; 5.87 1H, br s, NH; 6.52 1H, dd, J = 5.1 and
7.2 Hz, ArH; 7.08 1H, m, ArH; 7.20-7.31 4H, m, ArH; 7.88 1H, dd, J = 1.5 Hz and 4.8
Hz, ArH.

30 M.p.130.6°C

Chiral HPLC analysis: column Chiralpak AD-H (250 x 4.6 mm; 5um), mobile

phase: n-heptane/EtOH/ELNH (50:50:0.2), flow: 0.5 mi/min, UV: 248 and 308 nm,

sample: ~ 1 mgfml in 2-propancl, injection: 10 ul, temp: 22 °C. Enantiomers at 44.8
35 ((+)-isomer) and 68.5 min. ({-)-isomer).

The product was used without further purification.



Chiral HPLC analysis: columnChiralpak AD-H (250 x 4.6 mm; 5pm), mobile phase:
n-heptane/EtOH/Et2NH (50:50:0.2), flow: 0.5 ml/min, UV: 248 and 308 nm, sample: - 1 mg/ml in
2-propanol, injection: 10 pl, temp: 22 C. Enantiomers at 44.8 35 ((+)-isomer) and 68.5 min.
((-)-isomer). The predastwas used without further purification. WO 2008/ 32a5ahRfe4iER2008/054315
17 Example 5 The methyl ester compound obtaingd in example 4 (111b1, Q = OMe) was optically
resolved by diastereomeric salt resolution. 5 A mixture of methyl ester
(10711-dihydro-5H-benzolelpyrido[2,3-b]Jazepine-10- carboxylic acid methyl ester) (2.14 g, 8.41 mmol)
in EtOH (35 ml) and (-)-dibenzoyl-Ltartaric acid (3.01 g, 8.41 mmol) was stirred at 70 C until a clear
solution was obtained. While cooling to room temperature salts precipitated. After 18 hours the
precipitated E¥#8REwere filtered over a glass filter. The solids were washed with EtOH (10 ml),
isopropanol @ migianddseprapybetherd2ainad)) iDeyingpinden vecuan: gane thesdiagterggmeric salt
(1.54 9, 2.52:;mal) iR 3% el With.80 % digndhe ee was determined as follows. Treatment of a
sample of the salt with ag. Na2CO3 and extraction with CH2CI2 gave after evaporation an oil. Chiral
HPLC analysis showed that 15 the sample had 80% ee of the (-)- isomer. Repeated recrystallization of
the salt from“EtORPdade (- Wigihvbossies. Exarhbrngdroitetyrelsioy ddoibdbintemoerting to formula
111b1 whereiar@xy O Btitl O diytidsyehia201 5id; env alelpy idp{di3-aezepine 10-¢athegylic-acid ethyl
ester ) was prepasedassleperivad AN AduiuEe:of¢-2inp-ARepauingdine. G 414 mmoD

and ethyl 2,2: ii%hco&%cegta%e %3;? 9, 21't6 mm% 1.9 eqi&)ain a 250 ml round-bottomed flask was treated
at room 25 temperature-with concentrated SufpHuft5E 130 Mtehy GhiekadbmiBiesiirestirring. A
vigorous 'ExHEr R seHitiBh RISk plakssalitier stiftngdlisis 30aisinvessanendarEiittgre wis poured on
ice water (10 mbpaoh¢ehtraedramsopriay26¢waqzs2mmiDuasaddest todeasHy gaesmidure.
Extraction with&ibacetata2 x50 mih. 306 £ambinedarganis laversoweredrigd with Na2so4.
Evaporation dé@&%% r\}/{g:\é?u%mf o‘?ﬁ\\ﬁ% 19 18 -g%hrédr?-gHs- 30 Eb%rg'zc%e]pyndo 2,3-blazepine-10-carboxylic
acid ethyl ester as a dark yellow oil Efi. d, g mmo?ﬂﬂei 70 ?/ RH éfﬁ@yﬁ@al%ﬁ% s%ﬂﬁple can be
obtained by &f8rHatota Hiebh efveaHer. axprombBofEID A/ e tHRE G andlysiv akeveatalysis: Mil = 269
major pew(_ the sample had 80% ee of the (-)- isomer. Repeated recrystallization of the salt from

EtOH gave (-)- with >98% ee.

Example B
An ethyl ester compound according to formula [Hb1 wherein Q = OFt (10.11-dihydro-

20 5H-benzolelpyrido[2,3-blazepine-10-carboxylic acid ethyl ester } was prepared as
described below.

A mixture of 2-amino-3-benzylpyridine (2.1 g, 11.4 mmol) and ethy! 2, 2-diethoxyacetate
(3.8 g, 21.6 mmol, 1.9 eq.) in a 250 ml round-botiomed flask was freated at room
25 temperature with concenirated sulphuric acid (10 mi) by quick addition while stirring. A
vigorous exothermic reaction took place. After stirring for 30 minutes the dark mixture
was poured on ice water (100 mi). Concentrated ammonia (25% aq.; 25 ml) was added
to basify the mixiure. Extraction with ethyl acetate (2 x 50 ml). The combined organic
layers were dried with Na,S0,. Evaporation under vacuum gave 10,11-dihydro-5H-
30 benzo[elpyrido[2,3-blazepine-10-carboxylic acid ethy! ester as a dark yellow oil (2.4 g,
8.9 mmol) in 79% c.y. An analytically pure sample can be obtained by chromatography
on silica gel. Ry = 0.3 (EtOAc/n-heptane = 1:1).
Mass analysis: M*' = 269 major peak.
'H-NMR (CDCl) & (ppm) 1.28 3H, d, J = 7.2 Hz, CHg; 3.80 1H, d. J = 15.5 Hz, CHH;
35 418 1M, d. J = 15.5 Hz, CHH; 4.32 2H, q, J = 7.2 Hz, OCH,; 5.54 1H, d, J = 5.1 Hz:



1H-NMR (CDC13) 6 (ppm) 1.28 3H, d, J = 7.2 Hz, CH3; 3.80 1H, d, J = 15.5 Hz, CHI-1; 35 4.18 1H, d,
J=15.5Hz, CHH; 4.322H, q, J = 7.2 Hz, OCH2; 5.54 1H, d, J =5.1 Hz; WO
2008/125577PCT/EP2008/054315 18 5.86 11-1, brd, J = 5.1 Hz, NH; 6.50 1H, dd, J = 4.8 and 7.2 Hz,
ArH; 7.08 1Hwm20ksk258:20-7.30 4H, m, ArH; 7.88 1H, dd, J = 1.5 Hz and d¢& hezdvhs@hyal HPLC
analysis: columnChiralcel OF (250 x 4.6 mm; 5pm¥, mobile phase: n-heptane/2-PrOH/Et2NH
(95:5:0.2), flow: 1.0 ml/min, UV: 248 and 310 nm, sample: - 5 1 mg/ml in 2-propanol, injection: 10 pl,
temp: 22 C. Enantiomers at 75.3 ((+)-isomer and 83.6 min. ((-)-isomer). The product was used without
further purificagion. Example The ethyl ester compound olzt ined in example 6 (111b1, Q = OEt)
was opticallyg ?aééggwfgbd gy%i'aétfejr}g‘?‘(ﬂjrfgeﬁr’iéDI %}élﬁﬁés%%t{cfnf;iw% igﬁltfﬂ(‘f# o?t@%%?h?i’é@fé’;r (3.2 9,
11.94 mmolY iREL] {50 Tifat: 788 Thstrektetithamit diBélzdytL -tartaric acid (4.27 g, 11.94
mmol). The GiikaireRkasastilyad: tblati70 C for8RaminwEs2The resulingplearseliii@nyas stirred while
Brashed vt B emt e e e o b e s g
washed w, isopropanol (1 nd isQpropy er ml). Drying under vacuum gave
the diastegregmmé?{%qqs‘gltg(%gpéa%iﬁsTj?ﬁgrﬁ{‘)ll) 1irén ?@%rg@ %ith88§§}§a?f8. fie eﬁ?léé%é‘fé?ﬁ%ﬁﬁed as
follows. Tre&tActtdFisEnmiRsithe salt with ag. 20 Na2003 and extraction with CH2CI2 gave after
evaporation Bre gifodlisirabbl PieC aitadysisthowedftzibthe sample had 88% ee of the (-)-enantiomer.
Repeated recrystallization of the salt from EtOH gave (-)- with >99% ee. The absolute configuration of
the (-)- isomgs not known. Evaporation of the combined filtrates, basifying with aq. Na2CO3 and
extraction witir25CH2CI2 gave 2.2 g (8.2 mmol) of the opposite enantiomer (+)- (39% e.e.) with 69%
recovery! ExX4IR RS SHK @Wi%@%d@ﬂ%&%@5%%0@{1@69@1&%\/@@?@#1% = NHMe
(10,11- dihydresbEt heniiajeippridoi2s3ihjeaspiine- 10-N-methylcarboxamide) was prepared as
described below using 2 different methods A and B Method A. From methyl ester compound obtained

in example 4; 35 Methylamine, (250 ml 40% in water) was adged the crude methyl ester compound
(225, 88.2\ r%vr%rg})séqxr%%nmo errefpeeré({uerse.Ea E%égﬁxﬁd)r'gx was' ﬁ' érfe%??onég r%i%t té:r was

treated with (-)-dibenzoyl-L-tartaric acid (4.27 g, 11.94 mmol). The mixture was stirred
15 at 70 °C for 30 minutes. The resulting clear solution was stirred while cooling to room
temperature. The precipitated salis were filtered over a glass filter. The solids were
washed with EtOH (10 ml), isopropanol {10 ml} and isopropyi ether (25 ml). Drying
under vacuum gave the diastereomeric sait (2.2 g, 3.51 mmol) in 28% c.y. with 88%
d.e. The se was determined as follows. Treatment of a sample of the salt with ag.
20 NapCOs; and extraction with CH,Cl; gave after evaporation an oil. Chiral HPLC analysis
showed that the sample had 88% ee of the (-}-enantiomer. Repeated recrystallization
of the salt from EtOH gave (-} with >99% ee. The absolute configuration of the (-)-
isomer is not known.
Evaporation of the combined filtrates, basifying with ag. Na,CQs and extraction with
25 CHCly gave 2.2 g (8.2 mmol) of the opposite enantiomer (+)- (39% e.e.) with 9%
recovery.

Exampie §
30 A carboxamide compound according to formufa llib1 wherein Q = NHMe (10,11~

dihydro-5H-benzole]pyrido[2,3-blazepine-10-N-methylcarboxamide) was prepared as
described below using 2 different methods A and B

Method A. From methy! ester compound obtained in example 4:
35 Methylamine (250 ml 40% in water) was added fo the crude methyl ester compound
{22.5 g, 88.6 mmol) al room temperature. The mixture was heated to 85 °C on a water



WO 2008/125577PCT/EP2008/054315 19 bath for 5 minutes. The obtained solution was stirred
overnight while cooling to room temperature. The reaction mixture was heated to reflux for one hour
and then evaporated under vacuum to dryness. Toluene (50 ml) was added and the mixture was
evaporated twdryneesssAcetone (50 ml) was added and the mixture was againebemagpanated to
dryness to give the crude racemic carboxamide n&arly quantitattively. Mass analysis: W1 = 254 major
peak 11-I-NMR (CDC13) 6 (ppm) 2.88 3H, quasi d, N-CH3; 3.49 1H, d, J = 15.0 Hz, CHH; 4.15 1H, d,
J =15 Hz, CHH; 4921H br s, CH'5951H brs, NH; 6.58 1H, dd, J=5.1 and 7.5 Hz, ArH; 6.96 1H,
brs, NH; 7. ]b6 gH My Arht, \ d{.‘)!‘] 1.2 and 5.1 Hz, 10 ArH. The crude product was used
without further. purlflca ion. ai‘—nrorﬁ’ e Pes?é‘rséé’i‘ﬁ QUE Bt ARe FRARINHIBE™A mixture of
ethyl ester (500R9IGUIB 7 R BT 8litd 40048 u‘é@%s"\%ﬂ@yl‘ﬁmfﬁ@wﬁﬁmr)% s stirdethat room
temperaturesceennigitt to:dpvecompletdrgosuersitmste e Ninethyiamidenk skastianrwvassone with
toluene (2 x &kl dicipRBCRANG &2 16501 Whathe R bine il GARlE RXUREIS g dried with

Na2S504. va»poratlicélz} H) er vacuum %u e amide in near%gﬁantltatlve yiel accor ing to

11-1-NMR and mass ana’%jeS Ofw (N S5 B AR 8™ AR a6 Ppound obtained
in example &eEEANAIESiS: I\“/Ié’-)%ﬁ?@bﬁ@ﬂﬁy resolved by diastereomeric salt resolution. 25 A mixture

of the raceniid-badBaaIGiseSdopppiad $HO Qigsith.8-migol) 4nd-S ) mamdelie avigh(11154 g, 1.0 eq.)
\%?S mixed W:th &thanes (190md) z%lee‘iW%?%n@Hniy‘?ﬁﬁhq{ﬂé( kr\ﬁ@ts%é%z 51315&& t9 ﬁ:?ﬁ %laféear SOHt“O”d
e warm s n r [ 0 em r 24 hours the salts were filtere
over a glass(?fgtg{r) imc?is rés%%ﬁ%ﬁ Fgﬁ-)r%el %lt\aég%’r%bwtﬁ ﬁ?@?\/&@ %"\‘/{nth i uleih El'dzml) and then
30 wash&dl Wtk isopropyl ether (2 x 40 m1). The residual solid was dried under vacuum to give the
S(+)-mandelibeacidosatt¢@udt gy 2emhmitip e Sathafwhitetisalid in 31% yield with 74% d.e., according
to chiral HPLC of the liberated S(+)-carboxamide. The salt was recrystallized from ethanol to give 6.8 g

salt with 86% g Ber 0259 UG5 Mss psilie & 29usas JNa2003 and the corresponding

A mixture of ethyl ester (500 mg, 1.87 mmol) and 40% aqueous methylamine (50 mi)
15 was stirred at room temperature overnight to give complete conversion to the N-
methylamide. Extraction was done with foluene (2 x 50 ml) and dichloromethane (2 x
50 mi). The combined organic extracts were dried with Na,SQ,. Evaporation under
vacuum gave pure amide in nearly quantitative yield according to 'H-NMR and mass
analysis: M™" = 254 found
20
Example 9
The carboxamide compound obtained in example 8 {lib1, Q = NHMe) was optically
resolved by diastereomeric salt resolution.

25 A mixture of the racemic carboxamide compound (19.2 g, 75.9 mmol) and S(+)-
mandetic acid (11.54 g, 1.0 eq.) was mixed with ethanol (100 ml). The suspension was
shortly heated to 65 °C to give a clear solution. The warm solution was stirred while
cooling fo room temperature. After 24 hours the salts were filtered over a glass filter
under suction. The finely divided powder was washed with ethanol (10 ml} and then

30 washed with isopropy! ether (2 x 40 mi). The residual solid was dried under vacuum fo
give the S(+)-mandelic acid salf (9.4 g, 23.2 mmol) as an off-white solid in 31% vield
with 74% d.e., according to chiral HPLG of the liberated S(+)-carboxamide. The salt
was recrysiallized from ethanol fo give 6.8 g salt with 86% d.e.

The combined filtrates were basified with aqueous Na,CO; and the corresponding R(-)-

35 isomer was extracted with dichloromethane. The organic layer was dried with Na,SO,.
Evaporation under vacuum gave R(-}-enantiomer (6.4 g, 25.3 mmol) with 44% e.e.



35 isomer was extracted with dichloromethane. The organic layer was dried with Na2SO4.
Evaporation under vacuum gave R(-)-enantiomer (6.4 g, 25.3 mmol) with 44% e.e. WO
2008/125577PCT/EP2008/054315 20 Then, R(-)-mandelic acid (2.88 g, 18.95 mmol, 0.72 eq.) and
ethanol (25 mipuees zeided. The mixture was warmed to give a clear solutionegpesistising while
cooling to room temperature precipitation of the R{)-mandelic acid salt of R(-)-enantiomer took place.
The salt was filtered over a glass filter and washed with ethanol (5 ml) and 5 isopropyl ether (2 x 25
ml). After drying under vacuum 4.0 g (9.88 mmol) of the R(-)- mandelic acid salt of R(-)-enantiomer
was obtained,in 3 e ith 98% tment oft alt with CQ3 and extraction
with CH2CI2‘Elhg %@Y&éﬁ %(Ya(tt'mlgl% Eizdsﬁx%mple 16mAn @i‘é n%%vé co%n%%g @ '\%2 gwer
hydroxyethy® LE‘@Mﬁﬁmﬁééer@m@?@ﬁﬁ@ﬁ&im1%10{7\/&%&vﬁmﬂmm )
(10,ll-dihydﬁ@%t@b@@z@[&’}pyrﬂm{&ﬂ@b]aiémn@ﬂ@ﬂhhﬁ@lEhW@)@&tbﬁlRC&%@R&M&)MS prepared
aztdescgbe%@@éowwm MHfﬁ&remdt%tOQ? s%r?@lzz% é@gl\s/tget@%!a/lwﬁf%tﬂgﬁaﬂwl rﬁﬁt%ﬁomtpgund
obtaine m inoethang 0 S a eate
solution o 1%)(3%0%? %hr é% n%@o'? pyrgdjorwg Br)jégev%?e %1aH; chvé%c aC|8 ftgr (27.5q,
108.3 mmolfTAPFEike (‘i% AN it 750 SRMECRFAing AR gFagﬁﬁﬁtlﬁu?&/%é{’ei@%Nﬁb @@r’(vé?éﬂon was
observed byTt@iM@TiEﬁ@&eﬁxﬂtr@rﬁlmﬂaa@em&@rmddwﬁmtays atthadidepperature REpncentration
under vacuumit 95 C) gave a brown solid. Dichloromethane (200 ml) was added and after stirring for
5 minutes the mixture was filtered over a glass filter. The solid residue was washed with ethyl acetate
(300 ml) and acetone (50 ml). Drying under vacuum gave the amide as an off-white solid (18.4 25 g,

. B#8% 3feld. From the combined filtrates a second crop of amide was isolated by
filtration andﬁdrynf@td%serammlys|hymefhzgaama]@npwkzomblelxhwlﬁo(cﬂmmmdﬁ)oﬁn@ppm) (appears as
a mixture ofiapidareiamene,d,fd-giths: Noikid- M@e%%ﬂa Mz@i@b}%ﬂa@ﬁdﬂ)w Jn; 4.71 1H, d,

s:1.and 10 ST S AR 2 b G

7.21-7.31 5I£T‘,e|1H, Hh-ep 1H d, J=5.1 Hz, ArH. Method B. From ethyl ester compound obtained in
Exampld &: 35 A m|xture of 2- (N methyl)-aminoethanol (10 g, 133.2 mmol) and
10,11-dihydneetidaenzeieipysisiald Sshlazepipsdkiorcathmedimasidmpwlester (2.0 g, 7.46 mmol) was

2-(N-methyl)-aminoethanol {25 g, 330 mmol} was added to a preheated solution of

10,11-dihydro-5H-benzole]pyrido[2,3-blJazepine-10-carboxylic acid methyl ester (27.5
g, 108.3 mmol) in THF (100 mi) at 75 °C while stirring. After 30 minutes ca. 15%
20 conversion was observed by LC-MS. The reaction mixture was siirred for 3 days at
room temperature. Concentration under vacuum (at 95 °C) gave a brown solid.
Dichloromethane (200 mi) was added and after stirring for 5 minutes the mixture was
filtered over a glass filter. The solid residue was washed with ethyl acetate (300 mi)
and acetone (50 mi). Drying under vacuum gave the amide as an off-white solid (18.4
25 g, 61.95 mmol) in 57% vyield. From the combined filtrates a second crop of amide was
isalated by filtration and drying.
Mass analysis: M*! = 298 major peak.
"H-NMR (dmso-d6) & {ppm) (appears as a mixture of amide rotamers) 2.80 1.8H, s, N-
CHs; 3.05 1.2H, s, N-CHj3; 3.16-3.70 6H, m; 4.71 1H, d, J = 15 Hz, CHH; ; 4.83 1H, d, J
30 =15Hz, CHH, 5.96, 1H, dd, J = 5.1 and 8.9 Hz; 6.23 1H, dd, J = 5.1 and 10.2 Hz; 6.46
1H, dd, J = 4.8 and 6.9 Hz, ArH; 6.88 0.34H, m, NH; 7.00 0.66H, m, NH: 7.21-7.31 5H,
m. ArH; 7.75 1H, d, J = 5.1 Hz, ArH.

Method B. From ethy! ester compound obtained in Example 6:
35 A mixture of 2-(N-methyl}-aminoethanol (10 g, 133.2 mmol) and 10,11-dihydro-5H-
benzofe]pyridof2,3-blazepine-10-carboxylic acid ethyl ester (2.0 g, 7.46 mmol) was



WO 2008/125577PCT/EP2008/054315 21 heated for 15 minutes at 70 C while stirring. The resulting
mixture was stirred for 5 days at room temperature. The mixture was concentrated under vacuum (at
90 C) to give the amide as a brown solid in nearly quantitative yield. Mass analysis: V" = 298 major
peak. The pradustog/assarsed without further 5 purification. Example 11 A kydraxystindmethylamide
compound (according to formula 111b2 with 0 = HOC2H4NMe-) according to formula 111b2
(10,11-dihydro-5H-benzole]pyrido[2,3- 10 blazepine-10-y1-(2-hydroxyethyl)-methylamine), was
prepared as described below using 2 different methods A and B Method A. From the bromide
compound obtajned in Example 2 ethylaminoethanol 15 A solution of
10-b$omomer{%§}f§1(&rl iRy tr%gﬁg?bge%z‘!g E‘]gyﬁ%??;s-ﬂfaﬁ%%i BYTPIG 485 SHRaor ©
2-(methylamfASJethEisT (STRETal8e3 Mt 8is spy aRRCRIOTSY 264 Y88 miabRM4 6y tpwas heated
to reflux in agetotitrienicOam}) horlbaiio ites:amddeniistikedoyer the weekend (3 days) while cooling
to room tempgralusgidhe shut-oftheatingmarle. Tie reaciion mixluryuas, fnReqiration under
vacuum. ater.ﬁ\%/at?o% added and the crude product was extracted with dichloromethane (2 x 25 ml).

The dichlordmethiane solution was dried with Na2S04, filtered and concentrated to give the crude

hydroxyethylamine, which could be used directly in the following step. A sample of 4 g crude material
was purifiedEpaautemated ISCO chromatography and afforded 510 mg (1.77 mmol) analytically pure

. RS  GH3R58-2,86,3 4 t,d =11.7 Hz; 3.52
T, - 15,017, Chi SeL DRl R SR A e e 25 e

10.8 Hz; 6.01%#%;&5“,%5 368%2%?[%3% %ﬁg?@%llz-ijr’?ngiﬁ'Q: ) Hﬁ?%%bﬁ%%?]]%‘%’?ﬁ“z. 30 Method
B. From tRe WEgRINariind- Comipriniatoptasdty Rmseimpias? aiseBrsmoetiisroiimstakeieith carbonate
(14.6 g, 105BinyRalif2reqt hwimasldethddBa mixture of amine
10,11-dihydro-5H-benzo[e]pyrido[2,3-biazepin-10-ylmethyl)-methyl-amine(13.7 g, 57.3 mmol) and
K T O T T e
methylaminoethanol
15 A solution of 10-bromomethyi-10,11-dihydro-5H-benzole]pyridof2,3-blazepine (13.4 g,
46.5 mmol), 2-(methylaminojethancl (31 g, 413.3 mmol; 8.9 eq.) and K,COs (26 g,
188.4 mmol; 4 eq.) was heated to reflux in acetonitrile (50 mi) for 15 minutes and then
stired over the weekend (3 days) while cooling to room temperature in the shut-off
heating mantle. The reaction mixture was concentration under vacuum. Water was
20 added and the crude product was extracted with dichloromethane (2 x 25 ml). The
dichloromethane solution was dried with Na,80,, filtered and concentrated to give the
crude hydroxyethylamine, which could be used directly in the following step. A sample
of 4 g crude material was purified by automated 1SCO chromatography and afforded
510 mg (1.77 mmol) analytically pure product.
25 "H-NMR (CDCl) & (ppm) 2.39 3H, s, CHy; 2.58-2.86 3H, m; 3.12 1H, t, J = 11.7 Hz:
3.52 1H, d, J = 15.0 Hz, CHH; 3.61-3.75 3M, m; 4.64 1H, d, J = 15.0 Hz, CHMH; 5.17 1H,
dd, J = 3.9 and 10.8 Hz; 6.01 1H, br s, NH; 6.45 1H, m, ArH; 7.12-7.30 5H, m, ArH;
777 1H,d, J =4.8 Hz.

30 Method B. From the methyl amine compound obtained in Example 2 and
bromoethano!
Potassium carbonate (14.6 g, 105.8 mmol, 2 eq.) was added to a mixiure of amine
10,11-dihydro-5H-benzofe]pyrido[2,3-blazepin-10-yimethyl)-methyl-amine (13.7 g,
57.3 mmol) and bromoethanol (1.0 eq., 7.16 g) in DMF (50 mi). The mixture was
35 heated to reflux for 5 hours. Evaporation of the solvent under vacuum, addition of



WO 2008/125577PCT/EP2008/054315 22 dichloromethane and washing with water gave after drying
of the organic layer with Na2S0O4 and concentration under vacuum the product in nearly quantitative
yield. Example 12 5 Mirtazapine was prepared from
10,11-dihydrexBldsteenzete]pyrido[2,3-blazepine-10-y1- (2-hydroxyethyl)-mgthydesairaabiained in
Example 11 10,11-dihydro-5H-benzorelpyrido12,32blazepine-10-y1-(2-chloroethy0-methylamine
Thionyl chloride (2 ml) was added to a solution of 10,11-dihydro-5H-benzol[e]pyrido[2,3- 10
blazepine-10-y1-(2-hydroxyethyl)- methylamine in dichloromethane (15 ml) at room temperature to
replace the c(:hrox(}/n% oup Wlth a strf(])r\:% eavmagé%oup After stirring for one hour the reaction mixture
was concentiated URALrVaAThIVES JRiE B LEigE wnis it MBS A FBRESR" Kiks analysis:
M1-1 = 302’%4%qggwni@tmﬁmw@uum the product in nearly guantitative yield.

Thecrudel0,11- dihydro -5H-benzole]pyrido[2,3-b]azepine-10-y1-(2-chloroethyl)- methylamine obtained
ing LAlRS e present) was dissolved in DMF (10 ml). K2CO3 (800 mg) and KI (500 mg)
were add%d was requ for q S(gllutlon with water (100 ml) and extraction with
dichloromethane (afmi(%am R4 ylﬂg [ N E2EEA Ry Ok PRSP CRIAE Hacemic
mirtazapine gsABRY S RUNIRNYEHOBYSEMN £821mie, HY, J = 3.3 and 10.8 Hz, H-3; 2.37 3H, s,
N-CH3; 2.51 1H, t, J =10.2 Hz, H-1; 2.86 1H, m, H-1; 2.96 1H, m, H-3; 3.42 1H, d, = 13.2 Hz, H-10;
350 1H, m, 43R i tﬁ@k%ﬁ% Ayz%gﬂfﬁéﬁﬁo%rﬁ(@%h%s%%?hﬁﬁ%&@fé’mv?ne 135 Hz,

151H,dd,J=1.8

2n$05 ?_ 7H22 dd ‘ghi_;fgl‘fzg @m&% i azgd?ﬁe % gsesllye%)&g r}i]duhydro -5H- benze {elpyridof2,3-

10,11- d.ﬁ9dma§ﬁ°ﬁe ré(ﬁﬁmyeibyazeeimamw(zﬁhwm@ﬁﬁmmrb@xm detobstaimed in

example 10f80perature to replace the hydroxy group with a stronger leaving group. After stirring

for one hour the reaction mixture was concentrated under vacuum to give the crude
chloride compound as a brown oil. Mass analysis: M™ = 302,304 (Chisotope).

15 Mirtazapine
The crude 10,11-dihydro-5H-benzofejpyridof2,3-bjazepine-10-yi-(2-chloroethyl)-
methylamine obtained (some starting material present) was dissolved in DMF (10 mi).
KoCOj3 (800 mg) and Kl (500 mg) were added. The mixture was refluxed for 4 hours.
Dilution with water (100 mi) and extraction with dichloromethane {2 x 100 ml) gave after
20 drying with Na,SO4 and evaporation crude racemic mirtazapine as an oil.
'H-NMR {CDCl3) 5 (ppm) 2.32 1H, dd, J = 3.3 and 10.8 Hz, H-3; 2.37 3H, s, N-CHg;
251 1H. 1, J=10.2 Hz, H-1; 2.86 1H, m, H-1; 2.96 1H, m, H-3; 3.42 1H, d, J = 13.2 Hz,
H-10; 3.50 1H, m, H-4; 3.69 1H, m, H-4; 4.35 1H, dd, J = 2.4 and 9.9 Hz, H-14b: 4.52
1H, d, J = 13.5 Hz, H-10; 8.72 1H, dd, J = 4.8 and 7.2 Hz, H-8; 7.14 4H, m, ArH; 7.30
25 1H, m, H-9; 8.15 1M, dd, J = 1.8 and 5.1 Hz, H-7.

Example 13
Mirtazapine was prepared from 10,11-dihydro-5H-benzofelpyridof2,3-blazepine-10-N-
(2-hydroxyethyl}-carboxamide obtained in example 10.
30
10,11-dihydro-5H-benzofe]pyridof2,3-bjazepine-10-N-(2-chioroethyi)-carboxamide
Thionyl chioride (13.5 mi) was added to a suspension of 10,11-dihydro-5H-
benzo{e]pyrido[2,3-blazepine-10-N-(2-hydroxyethyl)}-carboxamide (18.6 g, 61.95 mmol)
in chloroform {100 ml) at room temperature. The mixture was stirred overnight at room
35 temperaiure. Evaporation under vacuum gave an oily product. The residue was



10,11-clihydro-5H-benzolelpyrido12,3-Nazepine-10-N-(2-chloroethy0-carbozamide Thionyl chloride

(13.5 ml) was added to a suspension of 10,11-dihydro-5H-
benzo[e]pyrido[2,3-bJazepine-10-N-(2-hydroxyethyl)-carboxamide (18.6 g, 61.95 mmol) in chloroform

(100 ml) at rowm temmpeeature. The mixture was stirred overnight at room 3ptempgiaki4ig, £vaporation
under vacuum gave an oily product. The residue was WO 2008/125577PCT/EP2008/054315 23

coevaporated with toluene (50 ml) under vacuum to give the crude chloride as a beige solid in
guantitative yield. Mass analysis: M" = 316,318 (Cl-isotope). The chloride was used without further
purification. 5 3,4,10, 4§-te rahydro-2-methyl-pyrazino[2,1-alpyrido[2,3-c][2]benzazepin-1(2H)- one
Amixtureofcrig é’f@fé? I )’;tar fé‘f—'i‘-%@92B‘fé]ﬁjﬁf’(ﬁd’[@ﬂ@fﬁ]fé}z@ﬁ%@%@"-@@@ﬁl@?@tﬁ)}?ﬁ@ﬁrboxamide
(2.4 g, 7.46 FRION K2OB(B:YigiRHlasmanelyssidvK] $3 T6d; 186/ 3Hmomadkin DMF (100 ml) was heated

to reflux whiletsticringadiies 3drawstihe LOihaatingas-stopped and the mixture was stirred overnight
while cooling to room temperature. The mixture was evaporated under vacuum at 85 C. Water (50 ml)

was addeg ag% %e %%%tgtre W%S extracted with a mixture of dichloromethane/methanol (95:5, 100 m1).
The organic extratt Was CAMEerATEa (I HRY FALRIn T THY SERlhé s Bidbrmeranis-838%ived in acetone

a
(10 ml). Upofdition of t-butyl methyl ether (50 15 ml) a beige precipitate was formed which was

filtered over & glasiiiiter uptier suetion. MryngiRresVASHIIT B2 919 dpRdite fempound (13%
vield) as a witigraeli Eafesmaining Aljareas eyaporaied.undesyacm and e esidue was
purified by c%o %tr?l%{a&h%iﬂpjjlé%agﬁ ; eIutwg with dichlor me?hane/m'('atﬁgmofj: :f R 0.1) to give
another crop o the tite Compburd a8 s Wik SAIRE 50 Tikes Whilayaieing: Atse® tPUNMR (CDC13) 5
(ppm) 3.19 g NYEE- $PPIBD A 4 EHMINEB Y dHs el 01 6iAdHE VEHH 8oTAg L, mvd.42 1H, m;
4.83 1H, d, Jemp6ratie, Tid/rlixm@0vb 6956cbackHirdr Joefudk AT & HEaAH5T A8 45k M, ArH; T23
3H, m, ArH; 75334l Ehf ine =8,z wAtHa 89k A J r?wiQﬂ?rgrﬁl)q %iéhﬁo%dﬂe‘émangmethanol
(85:5, 100 ml). The organic extract was concentrated under vacuum. The obtained
brown oil was dissolved in acetone (10 ml). Upon addition of t-butyl methy! ether (50
15 ml) a beige precipitate was formed which was filtered over a glass filter undar suction.
Drying under vacuum gave 0.28 g of the titlie compound (13% vyield) as a white solid.
The remaining filtrate was evaporated under vacuum and the residue was purified by
chromatography on silica gel, eluting with dichioromethane/methanclt = 9:1 (Re=0.1)10
give another crop of the title compound as a white solid.
20 Mass analysis: M™ = 280.
"H-NMR (CDCls) 8 {ppm) 3.19 3H, s, N-CHs; 3.30-3.44 2H, m; 3.49 1H, d, J = 16.2 Hz,
CHH; 3.71 1H, m; 4.42 1H, m; 4.83 1H, d, J = 16.2 Hz, CHH: 5.80 1H, s: 6.63 iH, dd, J
= 5.1 and 7.5 Hz, ArH; 7.09 1H, m, ArH; 7.23 3H, m, ArH; 733 1H, d, J = 6.9 Hz, ArH;
8.01 1H, dd, J = 0.9 and 5.1 Hz, ArH,
25
iMirtazapine
3.4,10,14b-tetrahydro-2-methyl-pyrazino[2,1 -ajpyrido[2,3-cl{2]benzazepin-1(2H)-one
(200 mg, 0.72 mmol) was dissolved in dichloromethane (40 ml). BF;.0EL, (0.5 mi) was
added while cooling to 0 °C with an ice-water bath under stirring. A yellow precipitate
30 was formed. After 15 minutes BHs.SMes (10 ml 2.0 M in THF) was added in one
portion. The mixture was stirred overnight while warming to room temperature. Water
was added, followed by addition of an aqueous Na,CO; solution. The water phase was
extracted with dichloromethane (3 x 25 ml) and the organic extract was dried with
Na,S04. Evaporation under vacuum gave crude mirtazapine as a yellow solid (246
35 mg). Purification by chromatography gave pure mirtazapine {105 mg, 0.4 mmol} in 55%
vield.



Mirtazapine 3,4,10,14b-tetrahydro-2-methyl-pyrazino[2,1-a]pyrido[2,3-c][2Thenzazepin-1(2H)-one (200
mg, 0.72 mmol) was dissolved in dichloromethane (40 m1). BF3.0Et2 (0.5 ml) was added while cooling
to 0 C with an ice-water bath under stirring. A yellow precipitate 30 was formed. After 15 minutes
BH3.SMe2 (M0onbadsQ4in THF) was added in one portion. The mixture wag-stigradsamgsnight while
warming to room temperature. Water was added, followed by addition of an aqueous Na2003 solution.
The water phase was extracted with dichloromethane (3 x 25 ml) and the organic extract was dried
with Na2S0O4. Evaporation under vacuum gave crude mirtazapine as a yellow solid (246 35 mg).
Purification chromfito Jraphy gave pure mirtazapine (105 mg, 0.4 mmol) in 55% yield. WO
2008/12557 ﬁ'ﬁ?ﬁﬁﬁ&%% 24 Mass analysis: M+1 = 266 Example 14 (R)-mirtazapine is
prepared from R(-)-10,11-dihydro-5H-benzo[e]pyrido[2,3-b]azepine5 10-N-methylcarboxamide
obtained in eample 947-10,11-dihydro-5H-benzorelpyrido[2,3-tdazepin-10-ylmethyl)-methyl-amine

Method A. Li :tion ' ) IC.aci It of , )
R(-)-1o,115-d%%fﬁ%ﬁﬂ%%?%%&&%@%ﬂg-%}@f 1o ﬁ%‘%’%ﬁ‘%@?ﬁ@%ﬁ"&?éa@%e@ 6.79 mmol:
98% d.e.)was MidEd Wit XA PAGIEE IR RaPEIBE (25 ml) and dichloromethane (50 m1). After
vigorous mixing the dichloromethane layer was separated, dried with Na2S0O4 and concentrated under
vacuum to gWGmhﬁfm@m%enm[@]pyﬁdo[z,3-b]azepin»-mwy!meshyiymeﬂyhamine

R(-)-lO,11-dm¥g{@d%|1ggmﬂgmggg[gf%m%epinelO-N-methyIcarboxami e as a foam. THF (25 ml)
was added a‘rg]dﬁ%?[l)?&r solytion was 15 obtained. This THF solution was added dropwise to a stirred
A “?%%g

suspension 0 YA FEShtR! S B My e el datied HareRitvden
atmosphkte NarehgoawinaBLdstirrAd at sobm tempetalifié nba¢actiontiastitakén placetand the
mixture wasdeated toiaghox {25 2nN0uns witiieosbiringahesteaRlioRTBIXIEEWAS AuanFie by careful
addition of wRAIAGIAAN 4 ONGENUiaed BaUaALS RRIASSIUILSodiy M. 20 tariipte solion (50 )
The mixture was ext,tractedt ith dichloromethang. T e,organlc ayer was arleo?wﬁ ac D4 and
concentratedihder FalliGnt G areol (T13df- Lofiavding B some kg matenasaing 70%
R-10,11-dihy8rd-8ityepmspaimitias 2 JowiazBpi @0 yinveh yidad thyd-amies, stoirdiwgsto LC-MS.
Chiral HPL OaiaalysisTols R-4s8l%0reaak nantomemre 13 8 (maiprianshdBOdnin(niage). 25 Method
B. 6H3.SMeg sequeiion ab amide TheRmandelic ag] A0y
R(+10,1l-dim§dr9-5 ,-b.enz?[ellég)(?)z)riIolglg:%T bJa%?Hg@g-g@%ﬁ%@%&%ﬁﬁg ?E?O%f{fei.%c} mmol; 98%
d.e.) was mix[endjv?/ﬁﬁ irring at roorm temperature no reaction had taken place and the mixiure was

heated to reflux for 2 hours while stirring. The reaction mixture was quenched by

careful addition of water (10 mi) and a concentrated aqueous potassium sodium
20 tartrate solution (50 mil). The mixiure was extracted with dichloromethane. The arganic
layer was dried with Na,SO4 and concentrated under vacuum to give an ot (1.3 g),
containing of 30% starting material and 70% R-10,1 1-dihydro-5H-benzofe]pyridof2,3-
biazepin-10-yimethyl)-methyl-amine, according to LC-MS. Chiral HPLC analysis on
R-4b 87% ee. Enantiomers at 13.8 (major) and 18.0 min. {minor).
25
Method B. BH..5Me, reduction of amide
The R{-)}-mandelic acid salt of amide R{-)-10,11-dihydro-5H-benzolejpyrido|2,3-
blazepine-10-N-methylcarboxamide (1.0 g, 2.47 mmol; 98% d.e.) was mixed with
saturaied agueous Na,CO; (20 mi) and dichloromethane (50 mi). After vigorous mixing
30 the dichloromethane layer was separated. The aqueocus layer was extracted with
dichioromethane (25 ml). The combined organic fractions were dried with Na,SO4 and
concentrated under vacuum to give the free amide R(-)-10,11-dihydro-5H-
benzolelpyridof2,3-blazepine-10-N-methylcarboxamide as a foam. The amide was
mixed with dichloromethane (25 ml) and BF;.0Et, (0.5 ml, 2.35 mmol) was added while
35 stiring at 0 °C. After 5 minutes BH3.SMe; (6.0 mi, 2.0 M in THF; 12.0 mmol} was
added. After 18 hours at room temperature very low conversion was observed and



saturated aqueous Na2CO3 (20 ml) and dichloromethane (50 ml). After vigorous mixing 30 the
dichloromethane layer was separated. The aqueous layer was extracted with dichloromethane (25
m1). The combined organic fractions were dried with Na2SO4 and concentrated under vacuum to give
the free amidedr{seka Fizdihydro-5H- benzole]pyrido[2,3-b]Jazepine-10-N-methwsarbexamide as a
foam. The amide was mixed with dichloromethanes(25 ml) and BF3.0Et2 (0.5 ml, 2.35 mmol) was
added while 35 stirring at 0 C. After 5 minutes BH3.SMe2 (6.0 ml, 2.0 M in THF; 12.0 mmol) was
added. After 18 hours at room temperature very low conversion was observed and WO

2008/125577PCT/ 8/Q54315 25 again 8F3.0Et2 (3 ml, 14.1 mmol) was added under vigorous
gas evolutioﬁgﬂﬁegggﬁ%u& gt?fe ‘}ﬁiitmg%ba‘gaﬁoﬁ‘é‘adiﬁ g WARROHF O By OlstipradiRa3e 03 (100 mi)

was added dif¥thé ikiasvugseReaetb ifith et diGfethaSet( 2. 100HL) ( The rofigaric extracts
were dried withidta2S0H1eantkioon aesteated o detactismie: givesthe crudend produsiidds mg, 1.85
mmol) in 75%yi eI rif} 9' ili el gave the pure product
4b (266 mg, 16%1@%%%@ 450 %'lr Bgﬁgﬂl %l@L%‘%%%%%%%@%%@%?e%%g %78, crtiad
1R-10,11-diRydro: I—‘-ben%felp"_ 401" iz epite- 16551 3%- Ry didipe i - PEtisianiny crude
R-lo,ll-dihﬁg%ﬁ'ﬁi—t%@ﬁ%[@ﬂ‘p? PRl0Be B5imae-pathitlMoniedhyraniiid wastisséb®d in DMF (25
ml) and 2-brognoethanol (0.85 g, 6.8 mmol), K2CO3 (3.9 g, 28.3 mmol) and Kl (2.0 g, 12.0 mmol) were

added. The mixtigrvashspiad Qvernigbsyhile 15 stirring. The mixture was filtered over a glass filter
and the filtrate was concentrated under vacuum to give the crude alcohol. Purification by

chromatc];(ﬁra hy on silica gel, eluting with CH2C12/MeOH
R-10,11- hﬁ%?&%ﬁﬁ@‘%{%ﬁ%@@f?!ﬂmﬁﬁ hé-2B3rRiR
mmol) in 73%effglthmine
Crude R-10,11-dihydro-5H-benzole]pyrido[2,3-bJazepin-10-yimethyl-methyl-amine was
dissolved in DMF (256 ml) and 2-bromoethanot (0.85 g, 6.8 mmol), K,CO5 (3.9 g, 28.3
mmol) and KI (2.0 g, 12.0 mmol) were added. The mixture was heated overnight while

15 stirring. The mixture was filtered over a glass filter and the filtrate was concentrated
under vacuum to give the crude alcohol. Purification by chromatography on silica gel,
eluting with CH:Cl,/MeOH mixtures (100:0-90:10), gave R-10,11-dihydro-8H-
benzolepyrido[2,3-blazepine-10-yl-(2-hydroxyethyl)}-methylamine (1.4 g, 4.95 mmaof) in
73% vyield.

20
R-mirfazapine
R-10,11-dihydro-5H-benzo[e]pyrido]2,3-blazepine-10-yl-(2-hydroxyeth yh-methylamine
was dissolved in dichloromethane (50 mi). Thionyl chloride (3 mi) was added at room
temperature. After stirring for 15 minutes the mixture was evaporated under vacuum.

25 Toluene (50 mi) was added and the mixture was again concentrated under vacuum.
The resuiting clear brown oil (the intermediate chloride) was dissolved in DMF (50 mi).
K2CO3 (6.0 g, 43.5 mmol) and Kl (3.0 g, 18.1 mmol) were added and the resulting
mixture was heated to refiux for 80 minutes, stirred overnight at room temperature and
heated to reflux for one hour. The mixture was evaporated under vacuum at 85 °C with

30 a rotary evaporator. CH,Cl, (50 ml) was added to the residue and the resulting slurry
was filtered over a glass filter. Evaporation under vacuum gave crude R(-}-mirtazapine
as an oil. Purification by chromatography on silica gel, eluting with CH,CL/MeOH = 9:1
(TLC: Ry = 0.45; staining with |, vapor), gave R(-)-mirtazapine (1.0 g, 3.7 mmol} in 78%
yield. Chiral HPLC analysis: 98% e.e. R{-}-mirtazapine.

35



20 R-mirtazapine
R-10,11-dihydro-5H-benzo[e]pyrido[2,3-b]azepine-10-y1-(2-hydroxyethylymethylamine was dissolved
in dichloromethane (50 m1). Thionyl chloride (3 ml) was added at room temperature. After stirring for
15 minutes thegmigurgswvas evaporated under vacuum. 25 Toluene (50 mpaagragigaedand the mixture
was again concentrated under vacuum. The resulting clear brown oil (the intermediate chloride) was
dissolved in DMF (50 m1). K2CO3 (6.0 g, 43.5 mmol) and Kl (3.0 g, 18.1 mmol) were added and the
resulting mixture was heated to reflux for 90 minutes, stirred overnight at room temperature and
heated to reflux for one hour. The mixture was evaporated under vacuum at 85 C with 30 a rotary
evaporator. € PetE(5h ml) was added to the residue and the resulting slurry was filtered over a glass
filter. Evapor@ttoriidepipgcuu gaversrigde RiQamirt&£apittetasramraittird fficationdoy-5H-
chromatograghy ae]syitn|ged; irtipey s Bh2telidMehmd:El (TLC: Rf = 0.45; staining with 12
vapor), gave R(- ) mirtazapine (2.0 g, 3.7 mmol) in 78% yield. Chiral HPLC analysis: 98% e.e.
R(-mirtaz p| % é“3‘18/12%577PCT/EP2008/054315 26 Exarggdh
S()-mirtazap Z%%?e‘ff Vo SERE YA TS RenNAZ SR AT T df o B s ERY 1 pyrido[ 2, 3-blazepine
as obtained Re8R¥HPIES 5 S-10,11-dihydro-514-benzo[e]pyridop,3-Mazepine-10-y1-(2-hydroxyethyl)-
methylamineSB()*’)alﬂﬁbfmn@mihlyit%I&wﬂfdibmdﬁ@n&b[m}mﬂglgmgﬂgﬁgQlaéegigg ﬁwg){ 3.53 mmol;
97% e.e.), ZWQW@WW%%(%@BA& (4 s i3 #08 KA b gL fQ-) was
anafy3|s (1 owe

heated to reflux in acetonitr (50 mrzpo ernl After gne hour e formation

of 5-7 (Mn =28#/18aRdS 3@% ATRIEP Erﬁa@%&ﬂbg}’iw&@@ Lﬁﬂfé@ﬁ&ﬂ?ﬁf“%ﬁ?@f‘y\ﬁiﬁs added and
the crudé(brém}%@@ﬂ?e\ﬁa@é@@%@i@d?ﬁ&ﬁ‘oﬁ@«ﬂéﬁ@maﬁ@ (2ar12® miKjurEhedichiorotrastisane solution
was dried withdsa2g64rand\iiterack P utfication by e hromatogr@RinyUAeas exiracted with

S-10,11-dihygroepbidRenzel rw@'ﬂ{ %@emr&n%%e g?mgmsmv&m%wg@n P9 mg, 2.21

mmol) in 60% éd Pl fS |rt ne T% I chloride was ad ichforomethane solution
(20 ml) of S inyait enzgfg? {812, 33 E)?h 11%h¥ir?fﬁmmlf%?nylamme at
room az,epmem‘lo yi 2 hydroxyethyi »-methylamine 599 mg, 2.21 mmol) in 60% yield.

15

S-mirtazapine
Thionyl chloride (2 ml) was added to a dichloromethane solution (20 ml) of S-10,11-
dihydro-5H-benzofe|pyrido[2,3-blazepine-10-yl-(Z-hydroxyethyl}-methylamine at room
temperature. After stirring for one hour, the reaction mixture was concentrated under
20 vacuum to give the crude intermediate chloride. The crude chloride was dissolved in
acetonitrile (100 mi). KyCO3 (1.5 g, 10.9 mmol) and Ki (1 g, 6.0 mmol) were added. The
mixture was refluxed overnight while stirring. Evaporation under vacuum. Water (50 mi)
was added. Exiraction with dichloromethane (3 x 50 ml), drying with Na,S0, and
concentration under vacuum gave an oil. Mass analysis: M™" = 266 {mirtazapine) found.
25 An analytically pure sample of S(+)}mirtazapine (439 mg, 1.65 mmol; 75% vield) was
obtained by chromatography on silica gel. Chirai HPLC analysis {Chiraicel OF column):
87% e.a. S{(+)-mirtazapine.



temperature. After stirring for one hour, the reaction mixture was concentrated under 20 vacuum to
give the crude intermediate chloride. The crude chlgside was dissolved in acetonitrile (100 ml). K2CO3
(2.5 g, 10.9 mmol) and K1 (1 g, 6.0 mmol) were added. The mixture was refluxed overnight while
stirring. Evaporation under vacuum. Water (50 ml) was added. Extraction with dichloromethane (3 x 50
ml), drying;yith,Na2SO4 and concentration under vacuum gave an oil. Mass analysis: NA" = 266
(mirtazapjne) found. 95 An analytically pure sample of Sﬁ%)-mirtaz pine (439 mg, 1.65 mmol; 75%
yield) wad SRR EHIBHEATARTY B <HEA e E AR BT AR S (Pl G R Mn):
97% e.e.rSéshnigtazapined2cClaimg ©. imetadel dof theqreparatisrrofcingyiclicacowpdlnd according
to Formula llla comprising reacting a compound according to Formula la and a compound according to
Formula Il, wherein 51 trugturet+represents a pyridine; - riag-s uctm\;re ILrepresents a phenyl ring;
Y is 0, N-R9 or OROR10 whefein R9 and R10 are hy&rogen or ents '
unsaturated hydrocarkons gptionally comprising freterd atoms!
substituent group comprising gne,or nore carbon atdms and optional y, onegrmore hetero atoms; and
wherein in Formula Il, - Z1 and 4 are leaving groups, or together form ,0xygen creating the
corresponding aldehyde or R&tone as indicated in Formula lib Formffa lib. *

Formula la Formula li Formula illa

wherein

- ring structure | represenis a pyridine;

- ring structure il represents a phenyl ring;

- Y is O, N-Rg or CRgRo wherein Ry and Ry, are hydrogen or substituents comprising
saturated or unsaturated hydrocarbons optionally comprising hetero atoms;

- R; is hydrogen or a hydrocarbon substituent group comprising one or more carbon atoms
and optionally one or more hetero atoms;

and wherein in Formula l,

- Z, and Z, are leaving groups, or together form oxygen creating the corresponding aldehyde

or ketone as indicated in Formula lib

Formuia lib.

- X is a hydrocarbon group for subsequent ring closure, comprising one or more carbon
atoms and optional hetero-atoms and a group Q and having a chain of between 1 to 6 atoms
between the carbon atom attached to the central carbon atom of formuia H and the group Q,
or X is -C(=0)-Q, wherein Q is a hydrogen, halogen, a hydrocarbon substituent optionally
comprising heterc atoms, or Q is -NHR or -OR, wherein R is hydrogen or a hydrocarbon
substituent, or Q is L{CHR)-(NR}, -(CRH),- wherein each R is independently hydrogen or &
hydrocarbon substituent comprising one or more carbon atoms and/or hetero atoms, pis 0 or
1,nis0—-2 mis1-3andm+nis1-3andLis a leaving group.

- Rg is hydrogen or a hydrocarbon substituent different from X making the central carbon

atom of Formula Il a chiral centre in Formula {lla.

2. The method according to claim 1 wherein the leaving groups Z; and Z; in Formula i each
independently are hydroxide, alkoxide, chloride, bromide, iodide, triflate, mesylate, tosylate

or besylate.



- X is a hydrocarbon group for subsequent ring closure, comprising one or more carbon atoms and
optional hetero-atoms and a group Q and having agnain of between 1 to 6 atoms between the carbon
atom attached to the central carbon atom of formula Il and the group Q, or X is -C(=0)-Q, wherein Q is
a hydrogen, halogen, a hydrocarbon substituent optionally comprising hetero atoms, or Q is -NHR or
-OR, wherein R is hydrogen or a hydrocarbon substituent, or Q is L(CHR)m-(NR)p -(CRH)0- wherein
each R is independently hydrogen or a hydrocarbon sub?tituent comprising one_or mor car%o_p atoms
and/or heterSS(BRECH RGP0 195 mo2 e £15 ACRRH T W FREE thd IS4 T8RN BrBde: - R s
hydrogeri-iproa (hpdroratbbiios it tithpatoddferemefroprdX griakivg the ibentral carbon atom of Formula Il a
chiral centre in Formula Illa. 2. The method according 4@ claim 1 wherein the leaving groups Z1 and 4
in Formula Il each independently are hydroxide, alkox d€, chloride, bromide, iodide, triflate, mesylate,
tosylate or besylate. 28 3. The method accordiffg7totlaith 2 wherein formula Il represents a
(hemi-)acetal (for R8 = H) or (hemi-)ketal (for R8 = hydrocarbon) according to formula lla OR6 OR7 KS
Formula Illa wherein R6 and R7 are hydrocarbon or hydroHen. 4. The method according to claim 1 for
the preparation of mirtazapine precursor of Formi@M¥eb!@herein the compound of Formula la is
2-amino-gHeesinymysidine acsondingsobbarsnilaitbgedH, Formula Ib Formula 111b. 5. The method
according to claim 4, wherein X is -CO-Q and R5 and R8 are H, according to Formula 111b1,

4. The method according to claim 1 for the preparation of mirtazapine precursor of Formula
iitb, wherein the compound of Formuia {a is Z-amino-3-benzyipyridine according to Formula
Jo!

Formula ib Formuia Hib.

5. The method according to claim 4, wherein X is -CO-Q and Rs and Ry are H, according to
Formula b1,

Formula b1

wherein G is a hydrogen, halogen, a hydrocarbon substituent optionally comprising hetero
atoms, or ~NHR or ~OR wherein R is hydrogen or a hydrocarbon substituent.

6. The method according to claim 3 for the preparation of the compound of Formula 1lIb1 in
enantiomeric excess comprising the sieps:

1: subjecting a racemic mixture of said compound to an optical resolution step,

2. separating the desired enantiomer,

3: racemising the undesired enantiomer and

4: recycling the racemised undesired enantiomer fo the optical resolution step 1.



Formula 111bl wherein Q is a hydrogen, halogen, a hydrocarbon substituent optionally comprising
hetero atoms, or -NHR or -OR wherein R is hydrogga or a hydrocarbon substituent. 6. The method
according to claim 5 for the preparation of the compound of Formula 111b1 in enantiomeric excess
comprising the steps: 1: subjecting a racemic mixture of said compound to an optical resolution step,
2 separaying e demibad enantiRmey. datacs IR e deRifed snantemel A1 rRevgRa he
racemised undesired enantiomer to the optical resolution step 1. 79 7. The method according to claim
6, whereilFHHEXDIGEHERIUREPh LRI Y15 further reduced to a compound of Formula 111b2
Formula 111b2. 8. The method according to anyone of claims 1 to 6, wherein X is -CO-Q wherein Q is
L(CHR),-(NR)p-(CRH),-,- wherein each R indef tly is-hydrogen or a substituent group comprising
one or more carbon atoms and/or hetero-atiﬁs} [ 1/nis0-2,misl-3andm+nis1-3and
Lisa leaving group. 9. The method accordingo clain herein Q is -NMeC2H4L and R8 is
hydrogen. 10. The method according to anyone oftlaim 5 to 7, wherein Q is reacted with an extender
compound according to the Formula L(CHR),-,-(NR)g-(CRH),A, wherein each R independently is
hydrogen or hydrocarbon optionally comprisinﬁﬁletirq@ ms,pisOorl,nis0-2, misl1-3andm+n
is 1-3, L is aleaving group, and - A is RHN-, SHein 'R " hydrogen or a hydrocarbon substituent, if Q
is a leaving group, or - A'is a leaving group, if Q is an RHN- group, wherein R is hydrogen or a

hydrocarBorTselhstitHentadderding methgdaceardineto €lains 1anwhearein Q isaalpgeninNgIR or -OR

wherein E(&Fﬂ%%—?@%@ﬁ&%&Q%grv%gi[g%nesa% Sigtlx"lnecpébendeﬁﬂy is hydrogen or a substituent group
comprising one or more carbon atoms and/or hetero-atoms, pis Oori, nis0-2 mis 1-3

andm+nis 1-3andLis a leaving group.
9. The method according to claim 8, wherein Q is -NMeC.H,L and Rg is hydrogen.

10. The method according to anyone of claim 5 to 7, wherein Q@ is reacted with an extender
compound according to the Formula L(CHR)s-(NR), -(CRH),A wherein each R
independently is hydrogen or hydrocarbon optionally comprising hetero atoms, pis O or 1, n
80-2,mist1-3andm+nis1-3 Lis aleaving group, and

- A is RHN-, wherein R is hydrogen or a hydrocarbon substituent, if Q is a leaving group, or

- A is a leaving group, if @ is an RHN- group, wherein R is hydrogen or a hydrocarbon
substituent.

11. The method according to claim 10, wherein Q is a halogen, —-NHR or ~OR wherein R is
hydrogen or a hydrocarbon substituent.

12. A compound according to Formulfa b or IVb in racemic, enantiomeric excess or
enantiomeric pure R or 8 form,

Formula ilib Formula Vb
(C(=0) here implies both CH; and C=0)



12. A compound according to Formula lllb or 1Vb in racemic, enantiomeric excess or enantiomeric
pure R or S form, Formula lllbFormula IVb (C(=0) hgre implies both CH2 and 0=0) 30 wherein X in
Formula lllb is a hydrocarbon group for subsequent ring closure, comprising one or more carbon
atoms and optional hetero-atoms and a group Q and having a chain of between 1 to 6 atoms between
the carbon atom attached to the central carbon atom of formula 1l and the group Q, or X is -C(=0)-Q,
wherein Q.is a. hy ro ?pcarbon substlt ent Oﬁtlona%comprlsm%hetero atoms orQ

d
Nt ol e R R GG et S e e
-(CRH),- ,oWrmw@%am@oeﬁ@@ﬁtlywm@@é@@mmwﬁbwmé@mttatrtreoﬁmph@mgfone or

Imore cargoR,atems %ﬂ:@%t&iﬁ%eb@t@v@fﬂsttﬂ £8rB6d. A (btté’cﬁ@dst% the adtdw?gﬁc@ﬁaoh e@o&f&@f‘- isba

eaving group;.angd wher in Formula |V, IS roup.apd RS is rogen or,a rocarbon
substltue{lt gﬁtgupﬁcom%r%%ggong (r)E;2 m%ite%arbocr?a@lr\ébg and” oeg?o Ii3 one%ér trl]eatle C?Xatogms 13.
The combts@rﬁ@%earaw@fttvemlﬁm@ﬁwattwﬁr@faaﬁemren%tﬁftan%rn@ é&céﬁé%eén%%dﬁt@fﬁﬁbure R

or S fornrhavingrbgemulaaltpdresdriosmeladitdd, OMege;mﬂera(hwpogemmalwemta bydfazarbon
b
substitueqt, ﬂe@%%ﬁt%eﬁlmg@t@tﬁe ArESaAl R Al ORAIGICIE 52 Ietiogenara

hydrocarbon su g) (NR p - CRH r| w erein ea is indepen ydrogen
ora hydr%%ﬁcﬁ?gt%ﬁﬁt?éﬂtaé@ﬁ?pﬁ%lﬁ &hé of idte &arbbrtatontsPaddidvi H%t%r% atbARE pi€Bor 1, n
is 0- 2, masving3angbm + nis 1 - 3 and L is a leaving group. 14. A compound according to Formula

1Ha, Fornylala=8} in Formuia Vb, L is a leaving group and Rs is hydrogen or a hydrocarbon
substituent group comprising one or more carbon atoms and opticnally one or more hetero
atoms.

13. The compound according to claim 12 in racemic form, in enantiomeric excess or
enantiomeric pure R or S form having Formula Hb1 or Formulza [1ib2

()
Q

Formulza illb1 Formula Hib2,

wherein Q is a hydrogen, halogen, a hydrocarbon substituent optionaily comprising hetero
atoms, or Q is —~NHR or —OR, wherein R is hydrogen or a hydrocarbon substituent, or Q is
L(CHR)-(NR), -(CRH),- wherein each R is independently hydrogen or a hydrocarbon
substituent comprising one or more carbon atoms and/or hetero atoms, pisOor1, nis 0~ 2,
mis1-3andm+nis1-3andL is a leaving group.

14, A compound according to Formula illa,

35] X

Formula lila

wherain



- ring structure | represents a pyridine; - ring structure 1l represents a phenyl ring; Y is 0, N-R9 or
CR9R10 wherein R9 and R10 are hydrogen or substituents comprising saturated or unsaturated
hydrocarbons optionally comprising hetero atoms - 'R5 is hydrogen or a hydrocarbon substituent group
comprising one or more carbon atoms and optionally one or more hetero atoms, - X is -CO-Q wherein

Qisa hygr@%e&rmmgg@e&é%j{@cg@g@iﬁélbstituent optionally comprising hetero atoms, or Q is -NHR
or -OR, wherein R Is hydrogen or a hydrocarbon substituent, or Q is L(CHR),,-(NR)p -(CRH),-,-

wherein 4819 RILGIEE HERAERMRARYGEH 8PS hydrocarbon substituent comprising one or more
carbon aténms &hdidRheterC BtGmswpassthoRd amds B 23 ydre@andrnsdbatisidnt anddrismgleaving

group. - R8is-Adraoam of Ahudrertbon subsitealHiiRrenL fg Mt Falingsthe central carbon atom

of Formula ]l a chiral centre in Formula llla. .
_6}45 ?s%ydrogen or a hydrocar%on substituent group comprising one or more carbon atoms

and optionally one or more helero atoms,

- X is -CO-Q wherein Q is a hydrogen, halogen, a hydrocarbon substituent optionally
comprising hetero atoms, or Q is —NHR or —~OR, wherein R is hydrogen or a hydrocarbon
substituent, or Q is L{CHR)~(NR}), -(CRH),- wherein each R is independently hydrogen or a
hydrocarbon substituent comprising one or more carbon atoms and/or hetero atoms, pis 0 or
tnisl~2 mist-3andm+nis1-3andl is aleaving group.

- Ry is hydrogen or a hydrocarbon substituent different from X making the central carbon
atom of Formula Il a chiral centre in Formula Hla.



