WO 2006/086984 PCTIDK2006/000086 PROCESS FOR MAKING
TRANS-1- (1 R, 3S) - 6-CHLORO-3 -PHENYLINDAN-1-YL) -3,
3-DIMETHYLPIPERAZINE The present invention relates to a process for
waRig ®et¥d- |-((JR,3S)-6-chloro- 3- PCT/DK2006/000086

phenylindan-1-yl)-3,3-di ﬁ@d I) and salts thereof. 5
TRANS- f&?ﬁ%%‘%ﬂ%ﬁ@%@ﬁ% ﬁ"ipﬁgﬁ‘dswg'ﬂﬁé YhvLpiPERAZINE
((IR,3S)-6-chloro-3- phenyllndan -1-yl)-3,3-dimethylpiperazine) has the
AR T e T R st

including a fumarate and maleate At theredf, &
Phtaydtlaa-d-h-8chiliostrdnincorzonh ¢€ dissased) nud|satig theyatotic
symptoms, are described in PCT/DK04/000546 (WO05/016901). As
described in PCT/DK04/000546 the inventors have found that Compound

5 BASEGBONYR 9F IHRGNYEATISNne (DA) DI receptors, DA D2
Tiecepiapsuadd fatiaiak atee BRGERIQIS 1 USRS AfRMRMRRWAhLWAST, rans-1-
&)klggatg_qé g if%%’fst atldo amine D1 and D2 receptors, and at
&rotomis BIPr IR HEDS NG I A% féﬁh@?ﬁ@&ﬁ@%ﬁ@é%@%@ﬂ%@é@%wa @
Compound | is a relatively weak inhibitd# of CYP2D6 (i.e. reduced
potential for drug to drug interacti d has a relatively low effect on the
QT interval in a rabbit model (i.e. reduced, potential for 20 introducing

drug-induced QT interval prolongation and appearance of fatal cardiac
arrhythmias, torsade de pointes (le3§ In humans). Additionally, the

5-HT2 antagonistic a€fi of:Gompound | suggests that Compound |
pyramidal side effects. WO
64Q00086

may have a relatively low
2006/086984 PCT/DK200

Y

10 Compound I and salts thereof, including a fumarate and maleate salt thereof, and the

medical uses thereof, e.g. in schizophrenia or other diseases involving psychotic symptoms,
are described in PCT/DK04/000546 (WO05/016901).

As described in PCT/DK04/000546 the inventors have found that Compound I displays high
15 affinity for dopamine (DA) D1 receptors, DA D2 receptors and for alfal adrenoceptors.
Furthermore, Compound I was found to be an antagonist at dopamine D1 and D2 receptors,
and at serotonin 5-HT2a receptors, As further described in PCT/DK04/000546, Compound 1
is a relatively weak inhibitor of CYP2D6 (i.e. reduced potential for drug to drug interaction)
and has a relatively low effect on the QT interval in a rabbit model (i.e. reduced potential for
20 introducing drug-induced QT interval prolongation and appearance of fatal cardiac
arrhythmias, torsade de pointes (TdP), in humans). Additionally, the 5-HT, antagonistic
activity of Compound 1 suggests that Compound I may have a relatively low risk of

extrapyramidal side effects.
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The properties outlined above, e.g. binding assays (including alfa-1, DA

D1 or D2 receptors), efficacy assays (including DA D1 or D2, or serotonin

5-HT2A receptors), CYP2D6 inhibition and QT-interval may. be
vastpineesas described in PCT/DK04/000546, cf in particyaqihRa6/000086

"Example" section page 19-24 in the application text as filed for 5

PCT/DK04/000546. ~ Further, the inventors have found that Compound |

did not induce dystonia when tested in pigs sensitized to haloperidol,
Thedisapagdbah | GOES : é, rapyrami

syrr%%m%respggi%ﬁagﬁltﬁg h?r%%%%sﬁ%%ggﬁ% %506\‘@1? dqe%’crl Iesor b2
TofHR S Ho St AR dRSaY LBt B URd 198 BRessestrotonincdntiBbs receptors),
CrepBRIEbsemaiachHing Ry shgsie dadalicda schizariesEi®R04/000546,

ositive, negative, and/qr depressive symptoms) or other diseases
¢ in%ﬁ’x?ﬁ%@%%&i&%@?o SCURCRAEE, %(Pgm SENBHFRRbiGALion text as filed for

PESoBiEOgHelifor Disorder, Schizoaffective Disorder, 15 Delusional

Disorder, Brief Psychotic Disorder, Shared Psychotic Disorder as well

other psychotic disorders or diseases that present with psychotic
Fugthemtamivengonnbana favbiptiat Glispaled AEJ detsidbesl dgsoeinseaf tested in
pifsORPSHALL! far ﬂ;ﬁ%ﬁ&%l?ﬁﬂ@?@ﬁ%gd'ﬁ%d?fémﬁgﬁ%ﬁmﬁe gfl)%gr.%% Sd%oss:%ss EPS

including depression, sleep disturbances, migraine, neuroleptic-induce
(exmrimBitahsy Bpiasairsnops/babilittindemese, alcohol abuse and other

abuse disorders. 20 As indicated in PCT/DK04/000546 a group of

tructurally related to Compound |, i.e. trans isomers of '

PR 50 5 i S R trioolsamoronnobiisope i the
cetiialpipevaaineysing,, asltien gepaidard in bRERP BnBagssaLi@k. indsitive,
nel\/‘,jlt%g(.3 Caflll M. 19r%SS§i§8, 41%8%-4 92 and Klaus P. Begeso in "Drug .

: TN SHARRGR) B s B RS sptoms,

untihg, the MediCina
sufbelate deGompdunydite 19985 t8BOVBEBBAB5 Ditdel-OF chXREMIEI RN Disorder,
DRGNS MRELIC RYY sponding to farmula. (1), but differing i
B oy OB HRe 1B ot
PsYAYtfedisuissiocliserseciiabpretent. with pirebotomptd:895%, 88nania in bipolar

aishRER: 4398, K88 HN G5 ROMROLN kim0 NGNS ERP Wiciry i
references apart from PCT/DK04/000546 disclose the speci ?c ety disorders,
affective disorders including depression, sleep disturbances, migraine, neuroleptic-induced

parkinsonism, or cocaine abuse, nicotine abuse, alcohol abuse and other abuse disorders.

As indicated in PCT/DK04/000546 a group of compounds structurally related to Compound
L, Le. trans isomers of 3-aryl-1-(1-piperazinyl)indanes substituted in the 2- and/or 3-position
of the piperazine ring, has been described in EP 638 073; Begese et al. in J. Med. Chem.,
1995, 38, 4380-4392 and Klaus P. Begess in "Drug Hunting, the Medicinal Chemistry of 1-
Piperazino-3-phenylindans and Related Compounds”, 1998, ISBN 87-88085-10-41. For
example, an enantiomeric pure compound corresponding to formula (1) but differing in that
it has an N-methyl group instead of an N-hydrogen on the piperazine has been disclosed in
Bogesg et al. in J. Med, Chem., 1995, 38, 4380-4392, see table S, compound (-)-38.

None of the above references apart from PCT/DK04/000546 disclose the specific
enantiomeric form above (Compound I) or medical use thereof. The trans isomer in the form

of the racemate of Compound 1 is only indirectly disclosed as an intermediate in the



enantiomeric form above (Compound 1) or medical use thereof. The trans

isomer in the form of the racemate of Compound I is only indirectly

disclosed as an intermediate in the 3 synthesis of compound 38 in

Bogeso et al. in J. Med. Chem., 1995, 38, 4380-4392 while medical use

of Compound | or its correspondlng racemate is not described. Compound

l as an intermediate is disclosed in PGT/DK04/000545 (WO05/016900). s

SUMMARY According to a first aspect, there is provided a method for
symdosifactganpencd hp oumgestdstralilin |} QdrdpOhen.)) 1005, SAlt 48804792 while
mich ivetiach amarPeSGRELSanalA SOMARA ! IRIBNEAI!Rumpoynd Las

(Compound IVa) to the com;lzound of formula I, wherein formula | an
R IEIEgiRsavs: dl%?’ﬂsei‘jl & B4 @Kpf@?ﬁ%ﬁlé\y%&é%?@hg to a second

aspect, there is provided a method for the conversion of the
gt %oggrically enriched compound IVb into essentially racemic
@gm IV, where in Vb and IV are: O O. CI CI QVb) (IV} 25 and
- Asvbeisig ftine facemisatjohcis tﬂqisamadie&yt usifigpdhe eguivialentiog morerpband of
non n %hlhc e foIIo d|t| of a atglﬁtlc amount, or one

gt S g 5 e ©f *

ore f?ﬁe Same or anbtWer ase

coagpestd therieis provided Goearopod 1Y {iVia) haviogtherstrofttveraga I, wherein

\ foI%QW? and TVa are as follows:

o

15

® (Va)

s According to a second aspect, there is provided a method for the conversion of the
enantiomericaily enriched compound IVb into essentially racemic compound IV, where

i IVb and IV are:

O

a\@ .CE O
©(!Vb) (IV)

25 and wherein the racemisation is obtained by using one equivalent or more of a non
nucleophilic base, followed by addition of a catalytic amount, or one equivalent or

more of the same or another base.



0 CI (IvVa) According to a fourth aspect, there is provided a compound
(IVb) having the structure as follows: O Cl pVb) / According to a fifth
aspect, there is provided a compound as defined in the third or fourth
aspect which is substantially pure. DELAILED DESCRIPTION OF THE
INVENTION The present invention in one aspect relates to a new process
for the preparation of Compound | wherein the chirality is introduced
' earlier in the manufacturing process as compared to the process
AcdaesenbhedantRc PADKA4DBO054 prahddntrodngtiomof INe chiratity trenerstemre as
foli%arlsi.er is an advantage because the following step becomes more efficient
ﬂlnvi/e'rms of e.g. volume yield, and consurgption of-reagents and solvents
and production of less waste oyln PCT/DK04/000546, the chirality is
introduced by resolving the race l’m ediate V below, either
enzymatically or by chiral HPLC. e pregent inventors have now
developed a route of synthesis in which the_enantiomer of formula (1) is
obtained via a sequence starting fi@n pmeric pure IV, i.e.
Compound IVa ((S)-6-chloro-3-phenylind&m -one, see below). Thus, in
this process, the intermediate of formula IV is resolved, e.g. by chiral
chromatography, to obtain the enantiomer of formula 1Va. 3b
Alé%tr ermore, Ig{kﬁﬂ%resent inventors have developed a method for the
Facemigalion FResiiRd e arrrder cennpround (Wh)sbeybriohs structure
awfoidbvten can be reused in the resolution. This has a tremendous
impact on the efficiency of the whole synthegis, as the efficiency of the
steps before the resolution isdmcr
Accordingly, the enantiomer of fo
involving the

According to a fifth aspect, there is provided a compound as defined in the third or

fourth aspect which is substantially pure.

DETAILED DESCRIPTION OF THE INVENTION

The present invention in one aspect relates to a new process for the preparation of
Compound [ wherein the chirality is introduced earlier in the manufacturing process as
compared to the process described in PCT/DK04/000546, The introduction of the chirality
one step earlier is an advantage because the following step becomes more efficient in terms
of e.g. volume yield, and consumption of reagents and solvents and production of less waste.
In PCT/DK04/000546, the chirality is introduced by resolving the racemic intermediate V
below, either enzymatically or by chiral HPLC. The present inventors have now developed a
route of synthesis in which the enantiomer of formula (I) is obtained via a sequence sfarting
from enantiomeric pure IV, ie. Compound IVa ((8)-6-chloro-3-phenylindan-1-one, see
below). Thus, in this process, the intermediate of formula IV is resolved, e.g by chiral

chromatography, to obtain the enantiomer of formula IVa,



following steps: CN NH2 ClaCN Base MCA + 1 ~- CN CI/ Solvent (11}
Benzyl cyanide is reacted with 2,5-dichlorobenzonitril in the presence of a
base, suitably potassium tert-butoxide (t-BuOK) in a suitable solvent such
as 1,2-dimethoxyethane (DME), WO32006/086984 PCT/DK2006/000086
4 further reaction with methyl chloro acetate (MCA) leads to spontaneous
ring closure and one pot formation of the compound of formula (I1). The
compound of formula (11) is then subjected to acidic hydrolysis to form a

ound f formula ), suitabl eating in a_ mixture of acetic acid,
Fu‘%ﬁnﬁﬁrm acid R wa é’r ﬁ?‘t’é’e‘gr)eg% (‘? %Cgpggg?fatﬁaﬁh%xacewamn of the
ml!@auv@ thetltloquro(ﬁdlﬁ;fdMMM(lIé?ant&lsw}ablﬁﬁbl\lﬁaﬁ BhiCIb@Teused in the
t rrQlidin-2-o NMP), to form.a
S Ao e L O S A g e
effigiqiey ethpdemdobtertritesoivlion rebshresttbeaciibive thesdesigeeht steps.

enantiomer (formula IVa) for the further synthesis of Compound I, and the
undesired enantiomer (formula IVb) which may be subjected to

AtacamigalioR anehiResling:Brhufal @)\ fkiNR) died Sy a process involving the
- following steps:

o b=

Benzyl cyanide is reacted with 2,5-dichlorobenzonitril in the presence of a base, suitably

Solvent

(i)

potassium tert-butoxide (t-BuOK) in a suitable solvent such as 1,2-dimethoxyethane (DME),



The resolution of IV may, e.g., be performed using chiral chromatography,

preferable liquid chromatography, or sub- or supercritical fluid

chromatography. Chiral liquid chromatography may, e.g., be performed on
wochighsiationary phase, suitably 20 on a column of silica gglwith,an oo

immobilized chiral polymer, or preferably on a column of silica gel coated

with a chiral polymer, e.g. a modified ¢ellulose, or a modified amylose,

WO 2006/086984 PCT/DK2006/000086 5 such as amylose tris

-a- benzylcarbamate], preferably a column of silica gel coated
L s B A R Mg and one
pof Seanpsiothef dhiredtigaitid hfdomadg@phy, such as, e.g. an alcohol 5

preferably a Cl.4-alcohol), a nitrile, an ether, or an alkane (preferably a

(
The orppghighel) fsmplnddines thearadrestaidpigcidiranairatisibimbivm a compound of
foisQuiarapaehitate opidiem pthyiie Uy hether Qs e RtaRS Al DRWES, and

s ﬂltherf%:of,dgretgerabI%/,ethanol g)r n-heptane or a mixture thereof. Acidic. or
BEUETESREPS AN B Sl thefhage s e guRsr e forala ddblidmeaiguitable
sotriéhtpsoeicedimbein triihylethyinenive NiNediethylampingid Sul: QMP), to form a
co %%gkct%l flui(g &Q{}omatography may, e.g., be performed on a chiral

stationary 5 aLllse, suitably on a column of silica gel with an immobilized

direthyipherylcarbafiate)ginostyreferably amylose tris

(3,5-dimethyphenylcarbanmai®r coated o sﬂ?@éjégl,‘m‘a?rnodified
eh @s cellulosa,Bis (4-methyate), or preferable

: ris

(3,5- dimethylphenylggybamate) coated onsifica gelgther types of Chirgly)
stationary phases may be used, e.g. the Pirkle type columns, suitable on
a column of silica gel with covalently 20 bonded 3,5-dinitrobenzoyl

10 ThESAYERRPOERAMNEETY BTG vl QERURSIREUEE CARAR A% mula 1va)

: sgit%%supercritjcal carbon dioxide, containing a
for the er synthests of Compound 1, and the undesired enantiomer {(formula IVb) which

may be subjected to racemisation and recycling:

Cl

15

The resolution of IV may, e.g., be performed using chiral chromatography, preferable liquid
chromatography, or sub- or supercritical fluid chromatography.

Chiral liquid chromatography may, e.g., be performed on a chiral stationary phase, suitably
20 ona column of silica gel with an immobilized chiral polymer, or preferably on a column of

silica gel coated with a chiral polymer, e.g. a modified cellulose, or a modified amylose,
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modifier may be used as eluent for the sub- or supercritical fluid
chromatography. The modifier is selected from the lower alcohols such as
methanol, ethanol, propanol and 25 isopropanol, or e.g. acetonitril may be
weeatodasagaine, such as diethylamine, optionally 0.1% dietlytaminegs/coooss
triethylamine, propylamine, and dimethyl iso-propyl amine, and optionally
an acid, such as formic acid, acetic aciil and trifluoroacetic acid may be
added. In a further embodiment of the invention the modifier is selected

Sl,fmms ey Im\ii\ﬁi‘ia|ﬁgbl@|$1}[&ﬂy_t$l§&_l i%ﬁ(Sa{b Bﬁﬁﬁédl%rglfgﬁl?@l ﬁ%@%ﬂ%ﬁ?ﬁﬁa gel coated
isopropanal, or.e.9. acetopitril may be used, as long as the modifier is
Wé?ogr%ﬁﬂ?ﬁ ?ﬁﬁﬁ%ﬁ%’%ﬁ}xﬁ@w %B%%?Efésgm PCT/11K2006/000086 6
The chiral chromatography can be scaled up using suitable technologies,
ACsHSi | techno, B), or sub- or supercritical fluid
e B S el o e an sleobo
(restipesblntadraphisoBris laveiliit siis ik, Led arOalfore:, (Prefe2006) Bshhelkane), or
pemeound.of formig (Mahk, themiaoLasd S Wit a.complex metal,
mhydride such as borohydride, suitably \?vglﬁr%gjluﬂ bgoc%) li}?ﬁ?%e‘?ﬁfﬁéﬁﬁi‘? butyl

ot QiH SR ARG QR AitHRh ko PReETb I SRR osudRienanziophh@bereof.

Aeididl sratesiobhagigeathanober iageddiapanobiand PreferaRly ata:y acetic acid,
erature in the range, of about -30 to +30C, e.g. below 30 10 C, below

tﬁ&j@%%@ﬁ%ﬁc % E‘e%g’iy 8?&%1)3}1% lemiBetorm a compound of formula

(Va) with cis configuration: OH OH OH CI CI CI M 6 6 (va) (Vb) The
Va).is converted to a suitable

sAlcanal, Qun. ofltﬁe. isl-]f%lco ol of Iﬁrmula / .

eawpng gil:chr}‘gﬁp, gh&cﬁ a%rfuén.%%r% aff)l@’éné%fg]?edf% oFped  BRetatiirat ptefionaty
phassuiphishitenne gy coliersplat silinethelnsittiony late)airiiasylakéral polymer, or on a
coldrialeengsy E@P&’é@%@&MQWiQY%@ﬁ{QPeMtQ %n ﬂazgg tahnS'Ilchsh as%c?? Iaosna¥1'1yl<3se:

chloride, mesyl (methansulfonyl) chloride’orYosy ? tfuenesu ny

tris [(8)-a-methylbenzylcarbamate], or preferably amylose tris (3,5-
dimethylphenylcarbamate), most preferably amylose tris (3,5-dimethylphenylcarbamate)
coated on silica gel, or a modified cellulose, such as cellulose tris {4-methylbenzoate), or
preferable cellulose tris (3,5-dimethylphenylcarbamate), most preferably cellulose tris (3,5-
dimethylphenylcarbamate) coated on silica gel. Other types of chiral stationary phases may
be used, e.g. the Pirkle type columns, suitable on a column of silica gel with covalently

bonded 3,5-dinitrobenzoy! tetrahydrophenanthrene amine,

Sub- or supercritical carbon dioxide, suitable supercritical carbon dioxide, containing a
modifier may be used as eluent for the sub- or supercritical fluid chromatography. The
modifier is selected from the lower alcohols such as methanol, ethanol, propanol and
isopropanol, or e.g. acetonitril may be used. An amine, such as diethylamine, optionally
0.1% diethylamine, triethylamine, propylamine, and dimethyl iso-propyl amine, and

optionally an acid, such as formic acid, acetic acid and trifluoroacetic acid may be added,

In a further embodiment of the invention the modifier is selected from the lower alcohols
such as methanol, ethanol, propanol and isopropanol, or e.g. acetonitril may be used, as long

as the modifier is compatible with the column.
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chloride, in an inert solvent, e.g. an ether, suitably tetrahydrofuran. The
resulting compound has formula (VI), where LG is the leaving group: LG
CI'Olt 20 (VI) In a preferred embodiment, LG is Cl, i.e. the cis-chloride of

: WO 2006/086984 PCT/DK2006/000086 7 CI '
‘{&%%Lg?fr%%)/l, e.g. with LG as chloro, is then reacted with Pgr%l&)mmm%
2,2-dimethylpiperazine in a suitable sglvent, e.g. a ketone such as, e.g.,
methyl isobutyl ketone or methyl ethyl ketone, preferably methyl isobutyl

etone in the presence of a base, such as e.g., potassium 5 carbonate, to
T S AN ol b oSt Bre JF B B e rigoated

noeiingresdUicelthblp g 4 814i8) Compbo undupétaitio fior petind afyformala(\dbx (ed.)
! i i roup, su but_not restricted to, e.
o B e e R R
298%kn called BOC), ethoxycarbonyl, or benzyl, thereby obtaining the
compound of formula (VIII) below. Compound VIl is subsequently
deprotected tg afford Compound I. PG N PG C1 (CND H (VII) 1Vnp A
ThGrtnBre R Rfifoem B Ghe v Ehpoidetedersg o 98P kot thrtal hydride, such as

bereliydieRiuringt@bld with sodium * borohydride (NaBH,) or such as lithium
aluminiumhydride, in a solvent, such as an aicohol {e.g. a Cy.s-alcohol), e.g. ethanol or iso-
propanol, and preferably at a temperature in the range of about —30° to +30°C, e.g. below 30
°C, below 20 °C, below 10 °C, or preferably below 5 °C, to form a compound of formula

(Va) with cis configuration:

cz ci O . CI\@
v O =D O

The alcohol group of the cis-alcohol of formula (Va) is converted to a suitable leaving
group, such as, e.g., a halogen, e.g. Cl or Br, preferably Cl, or a sulphonate, e.g. mesylate
(methansulfonylate) or tosylate (4-toluenesulfonylate), svitably by reaction with an agent,
such as thionyl chloride, mesy! (methansulfonyl) chloride or tosyl (4-toluenesulfonyl)
chloride, in an inert solvent, e.g. an ether, suitably tetrahydrofuran. The resulting compound

has formula (VI), where LG is the leaving group:
Cl . (

VD)

In a preferred embodiment, LG is Cl, i.e. the cis-chloride of formula (Via):



15 compound [Compound IX:

4-((IR,3S)-6-chloro-3-phenylindan-I-yl)-1,2,2- trimethylpiperazine] having

the following formula (1X) or a salt thereof: WO 2006/086984

WCTK2986/000086 8 CH tN Nj CI (1X) which method comprisgsiod)cooss

manufacturing Compound | by a method of the present invention, i.e. in

particular from Compound IVa; and 5 (i) converting Compound | into

Compound IX, preferably by methylating the secondary amine

functionality, suitably by reductive alkylatiogusing suitable agents, such

as, e.g., formaldehyde, parafatmaldehyds, trioxane, or diethoxy methane
@ >

(DEM). The term reductive alkyla o the above-mentioned
reagents in combination with a toved ¢ agent, such as formic acid.
Thus, further embodiment of the invention Yelates to the methods as
described herein for the manufacturing q \pound 1, wherein
Compound | is "replaced” by Compound Compound IX is described
generically in EP 638 073 while the enantiomer of formula (IX) has been
described by Bogese et al. in J. Med. Chem. (R85, 38, page 4380-4392,

' rgpeof the f te salt, see table 5, compound (-)-38. Compound .
R S i OB S Tt CARSS Beare o o
sytbseofobsnipeand kxigie pesticslar s, mebidlindgutkinate sathahgl athyl ketone,
pBeRIBIINECIRP RS Ak AGE UL ASREIREUAR 2QRE TRKAN0003ER

As indicated above the invention alsorelates to a method for the

5 cahonatadrphiginCemapslhd | or Compound IX as described herein
wherein Compound IVb is recycled such that it can be used for the

nthesis of Compound | or Compound |X, resgegtivel , see also 25 the
Aﬁ%}?ﬁ%}’, % Bléeiéw;?erazme part of the molecule may be introduced by reacting Compound

VI with a compound of formula (V1) below, where PG is a protecting group, such as, but
not restricted to, e.g. phenylmethoxycarbony! (often called Chz or Z), tert-butyloxycarbonyl

10 (often called BOC), ethoxycarbonyl, or benzyl, thereby obtaining the compound of formula
(VIII) below. Compound VIII is subsequently deprotected to afford Compound 1.

Y

T

(Vi)

A further embodiment of the invention relates to a method for the manufacturing of a
15 compound {Compound IX: 4-((1R, 35)-6-chloro-3-phenylindan-1-y1)-1,2,2-
trimethylpiperazine] having the following formula (IX) or a salt thereof:
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WO 2006/086984 PCT/DK2006/000086 9 0 CI Compound | O/ Cl (lva)

| / Resolution (M O (IVb) 2) Quench/1)BaseOp C1C1b5

Surprisingly, the racemisation of compound IVb can be achieved using
wiffeigniskeges of bases, e.g. an amide, preferably a dialkylgrpid 5o 6k Ridbse
not limited to lithium diethylamide, lithium diisopropylamide, lithium
tetramethylpiperidide, suitable lithium gjisopropylamide (LDA), or a metal
bis-silylamide, e.g. alkali bis(trimethylsilyl)Jamide, or an metal alkoxide,

e.g. but not limited to metal methoxide, megq} ethoxide, metal

tert-butoxide, suitably alkali to alkox%ﬁafe?ably potassium alkoxide,

must preferably potassium tert-butoxide, ornan alkyl metal, suitable an

alkyl lithium, preferably butyl lithium o te@ﬂyl lithium. After quenching
the reaction mixture, the racemic keton® 1V can be isolated. The
racemisation can be achieved usihg twq different bases as well; again,
different types of 15 non nucI Ases can by used as "the former
base" (base 1), e.g. an amide, preferalfly a dialkylamide, e.g. but not
limited to lithium diethylamide, lithium dlsapropylamide, WO 2006/086984
PCT/DK2006/000086 10

(1}
which method comprises:
(1)  manufacturing Compound I by a method of the present invention, i.e. in particular
from Compound IVa; and
(ii) converting Compound I into Compound IX, preferably by methylating the secondary
amine functionality, suitably by reductive alkylation using suitable agents, such as,

e.g., formaldehyde, paraformaldehyde, trioxane, or diethoxy methane (DEM).

The term reductive alkylation refers to the above-mentioned reagents in combination with a

reductive agent, such as formic acid.

Thus, further embodiment of the invention relates to the methods as described herein for the

manufacturing of Compound I, wherein Compound I is “replaced” by Compound IX.

Compound IX is described generically in EP 638 073 while the enantiomer of formula, (IX)
has been described by Begeso et al. in J. Med. Chem., 1995, 38, page 4380-4392, in the
form of the fumarate salt, see table 5, compound (-)-38. Compound IX and a method for
manufacturing Compound IX from Compound 1, and salts of Compound IX (in particular a
crystalline succinate salt and a crystalline malonate salt) are further described in
PCT/DK2004/00545.

As indicated above the invention also relates to a method for the manufacturing of
Compound I or Compound IX as described herein wherein Compound IVb is recycled such
that it can be used for the synthesis of Compound I or Compound IX, respectively, see also

the illustration below.
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lithium tetramethylpiperidide, suitable lithium diisopropylamide (LDA), or a
metal bis- silylamide, e.qg. lithium bis-silylamide, suitably lithium
bis(trimethylsilyl)amide, or an metal alkoxide, e.g. but not limited to metal
wiethexidegmetal ethoxide, metal tert-butoxide, suitably alkaliatkrxidenocoss
preferably lithium alkoxide, must preferably lithium tert-butoxide. 5 After

the former base (base 1) have been ntixed with the ketone, "the latter

base" (base 2) is added. As with the former base, different types of bases
can be used; e.g. an amide, preferably a dialtylamide, e.g. but not limited
to lithium diethylamide, lithium dii§bprepylaride, Jithiym
tetramethyipiperidide, suitable lithium yIamid@A), Breidtal
bis-silylamide, e.g. glkali bis(trimgthylsilyl)amide, or an metal alkoxide, e.g.
but 1 o n@t limited t$ metal oxide, 1ets
eferably potassiunalKoxide, must preferably
n alkyl metal, suitable an aIkyI lithium,

potassium te ‘
preferably butyl lith)
be obtained u'sﬂng

using a nucleophillig base. 20 Alternatively, the racemic alcohol V can be
resolved by chiral chromatography descr in PCT/DK04/000546, to
obtain Va for theusyinthesis of Com ouhﬁ’l b, which can be
racemerised and reusedyin the resolyfion as |nd|cated in the figure below.
The racemisation of Vb is,obtajned by *oxidation of Vb to IVb, e.g. by
using pyridinium chlorochromate (PCC), racemisation of IVb to IV as
described above, agd then reduction of IV to V inthe 25 usual way, as

describeg.aboye. WO 2006/086984 PCT/DK2006/000086 11 OH Cl
Compound @ formn, Ny
vl R C

Surprisingly, the racemisation of compound IVb can be achieved using different types of
bases, e.g. an amide, preferably a dialkylamide, e.g. but not limited to lithium diethylamide,
lithium diisopropylamide, lithium tetramcthylpiperidide, suitable lithium diisopropylamide
(LDA), or a metal bis-silylamide, e.g. alkali bis(trimethylsilylamide, or an metal alkoxide,
e.g. but not limited to metal methoxide, metal ethoxide, metal fert-butoxide, suitably alkali
alkoxide, preferably potassium alkoxide, must preferably potassium fert-butoxide, or an
alkyl metal, suitable an alkyl lithium, preferably butyl lithium or fers-butyl lithium, After

quenching the reaction mixture, the racemic ketone IV can be isolated.

The racemisation can be achieved using two different bases as well; again, different types of
non nucleophillic bases can by used as “the former base™ (base 1), e.g. an amide, preferably

a dialkylamide, e.g. but not limited to lithium diethylamide, lithium diisopropylamide,
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CI NO Resolution OH CI ~ 11 (Vb) Reduction Oxidation O O _CI Cl (V) \
(IVb) 2) Quench\ 1) Base O p CICI C-HH C b b] When studying the
racemisation on a 10 g scale, an impurity as a by product can be detected

Wiy desMeegéliquid chromatography - mass spectroscopy); angtypﬁ,mm%%
suggest that the 5 impurity is a dimer of IV and/or the enantiomers IVa

and IVb. The analytical data furthermqgge indicates, that the di_mer can
eliminate water, depending on the work up procedure. Laborious work

: i t ' . be suppre )
e RS BT e gt vis-

sifplarislorit Sleen digmhilemidep potteldy dithiy: histiimegdtsbd)bpide, or an metal

tallisimgiit i : n L an hol.. ide
e e o
s Q5 Al e

it erlerrEoitys el adinerers anairbbidiiemgtr-butoxide.
Affmrtipdumok! fag: (bae 1) have been mixed with the ketone, “the latter base” (base 2) is

et 95 Qi O TR B Ak e o Do e be bseay eg, an amide,
preferably a dialkylamide, e.g. but not limited to lithium diethylamide, lithium
diisopropylamide, lithium tetramethylpiperidide, suitable lithium diisopropylamide {LDA),
or a metal bis-silylamide, e.g. alkali bis(trimethylsilyl)amide, or an metal alkoxide, e.g. but
not limited to metal methoxide, metal ethoxide, metal fers-butoxide, suitably alkali alkoxide,
preferably potassium alkoxide, must preferably potassium fert-butoxide, or an alkyl metal,

suitable an alky! lithium, preferably butyl lithium or rers-buty! lithiuvm.

Furthermore, racemisation can be obtained using two or more different bases by adding

them all from the very start, preferable by adding two different bases from the very start.

In a further embodiment of the invention the racemisation can achieved by using a

nucleophillic base.

Alternatively, the racemic alcohol V can be resolved by chiral chromatography as described
in PCT/DK04/000546, to obtain Va for the synthesis of Compound I, and Vb, which can be
racemerised and reused in the resolution as indicated in the figure below. The racemisation
of Vb is obtained by oxidation of Vb to IVb, e.g. by using pyridinium chlorochromate
(PCC), racemisation of IVb to IV as described above, and then reduction of IV to V in the

usual way, as described above.
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impurity in the final product. This impurity is due mainly to the formation of
some of the trans form of (VI) (e.g. (1S,3R)-3,5-dichloro-I-phenylindan
when LG is Cl) in the step -where Compound VI is formed. -1herefore,
whe2nmpusatyscan be minimized by crystallisation of the desiredeisfgrioss
Compound VI, from the mixture of trans and cis (VI); in the case 10 where
LG is C1 in Compound VI this can be hone by stirring the mixture with a
suitable solvent, e.g. an alkane (Cs-1o-alkane), such as heptane,

whereby the desired cis fonn of VI precipitatesiand the undesired trans
form of Compound VI goes into sdlltionxIheldesired gis form of
Compound VI (e.g. when LG is Cl) is
preferably washedovz_\llith the solvent in questiqn and dried. 15 The cis form
of Compound. | may also be
Compoundfi ]
an organic tiagid
compound of formila
re-crystallisa(t}pns
form of Compound
free base from a suitable solvent. The invep#omnin further aspects also
relates to the intermediates as describ&® he\g‘n)or the 25 synthesis of
the Compound I, in particular the intermediates IVa and IVb. In this
context is und rste%?g when specifying th O%Sart%gisomeric form, that the
stereoisomer is the Main constituent. In garticular, when specifying the
enantiomeric form,(}hen the compound has apg enantiomeric excess of the
enantioger in.quegtion. 3o Accordingly,.one gmbodiment of the invention
relates to t
enantiomerie-gxcess of at least 60% (66% erantiomeric excess means
that the ratio of C pound IVa to its enantis 80:20 in the mixture in

question), ag/O 086984 PCT/D2006/000086 13 least 70%, at
least 80%, at least 85%, at least 90%, at least™ 96%, preferably at least

98%. w
2) Quench\ 1) Base
0

)
Ci Cl

When studying the racemisation on a 10 g scale, an impurity as a by product can be detected
by LC-MS (liquid chromatography — mass spectroscopy); analytic data suggest that the
impurity is a dimer of IV and/or the enantiomers IVa and IVb. The analytical data
furthermore indicates, that the dimer can climinate water, depending on the work up
procedure. Laborious work has shown, that the formation of the dimer can be suppressed
appreciably by carcfully selecting the conditions for the racemisation, and the content of the
dimer in the product can by further reduced by recrystallising the product from a suitably

solvent, e g. an alcohol, preferably ethanol or 2-propanol.
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One embodiment relates to substantially pure Compound IVa. A further
embodiment of the invention relates to the compound of formula (1Vb),
preferably 5 having an enantiomeric excess of at least 60%. The

wiyesiiaRasza further aspect relates to Compound | or a salt HagreehieHoss
HCI, a | marate or a maleate salt thereof) obtained by meat, a f the and

the A" __| ibya X11.. IAVu of the inVgr"Uu, anu uic ulcuicai use thereof,
in particular for the medical indication as disclosed herein, e.g. as an 10
antipsycotic, such as for schizophrenia. Also within the invention are a
pharmaceutical composition of Compound | or salt thereof obtained by a
method of the invention. In the present context, in particular for the
pharmaceutical uses of Compound I, it is understood that when
DS ecifgli?n%gh enantiomer form as done in formula (1), then the 15
co ot NPT RS ROCHRL 1 St Gindistteangisimer pfcfirmprpndel Ge. 1-
(B apticridtin axphas/|maidenstB0Yaliaklampti09sirend mere refgrahly als an
insas 81(31‘)/31g8§‘)/ er;aﬁg?nﬁnic.exce?‘?m ans that the ratio of Ito its
nantiomer isr@%ﬁa A the MvIORETH 4t SetonTapIdadrocmatipatsgpes! the
iraspfeferalb{\a) I6ast OB RIS phielbrred-phehptinentyibe digsterenmetie step
i 0 0 i i i
WAESS Al GMpON %%Efggﬁgoﬁggﬁo?g IR RS B MR Yy 05 Aalisation
ofthq ds syl el Feroos GrrangHndi 3 fipin 1. -tiietiyd fpevazinkds BB )n i case
wiRAsLeP% catilpashPh¥ndoy AllRASIBYu ACEY dindly the eri%ﬁleﬁsw%ltg%uitable

invention may comﬁrise a step whereby Compound I'or a salt thereof is

SO FRfuffe AR RIE A D Harm At T A BERNE, THeebribeslssirehitiofoas of VI

precipipesitian 0kGanpRE g4 RyrRecAdHSIRIE &N B0t tablR WA e tesired

orally, cal, sublj al or parenterally, and the compound or, salt may
e R Tt L IAPaUR T S o i vl

0
e prese
washtdbiets leapduiesimpowsttrs aagrdihsl or solutions or dispersions for
injection. In one embodiment, the compound or salt of the invention are

administered in the form of a solid pharmaceutical entity, suitably as a
Thekfstiora eapeutpowsiNlethpddsfobehemeepd iatipreopgatidrpbfrmaebitical: of
couoRiaions At HRbBANIA KIS FARGISMAYNISRE RIERAIEE: Wiiacia

mixing the active ingredient with ordinary adjuvants, fillers ’
suitably 4 fumarate salt or a maleate salt of the compound of formula (I), optionally followed

by one or more re-crystallisations e.g. as described in PCT/DK2004/000546.

The cis form of Compound I may also bé removed by isolating Compound 1 as the free base

from a suitable solvent.

The invention in further aspects also relates to the intermediates as described herein for the
synthesis of the Compound I, in particular the intermediates [Va and TVb. In this context is
understood when specifying the stereoisomeric form, that the stereoisomer is the main
constituent. In particular, when specifying the enantiomeric form, then the compound has an

enantiomeric excess of the enantiomer in question.

Accordingly, one embodiment of the invention relates to the compound of formula (1Va),
preferably having an enantiomeric excess of at least 60% (60% enantiomeric excess means

that the ratio of Compound IVa to its enantiomer is 80:20 in the mixture in question), at
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WO 2006/086984 PCT/DK2006/000086 14 and diluents and

subsequently compressing the mixture in a convenient tabletting machine.
Examples of adjuvants, fillers and diluents comprise corn starch, lactose,
walcsmogsiggnesium stearate, gelatine, lactose, gums, and thetiRa28uapo00ss
other adjuvant or additive such as colourings, aroma, preservatives, etc.
may also be used provided that they ar@ 5 compatible with the active
ingredients. Solutions for injections may be prepared by dissolving a salt

lekthmiavanten @m nassikles Bddiivesin@pal RhiNeEIMGREIRbLy at least 98%.
dn%eCU%) déEérefer sterile Wate adjusting the solution  to'desire

Voilv BofstH B'npﬁf?ucﬁ’lﬁ}?@‘i‘ﬁ%b‘{%ble ampules or vials.

Any to suitable additive conventionally used in the art may be added, such

clty ervatives, l0xid nts solubilj ISI nts.etc.
aﬁi‘éﬁéggl% %%%Hoﬁr%%%rwggﬁﬁ%o é??r)]éula% ?Ifa Ve 2 c:a{I 13(}@3 gé? hﬁ’eprefembiy
hﬁ*éégtﬁals@za@gmmlyxmmé@wqag &d. 160 mg/day, more suitable
between 1 and 100 mg, e.g. preferably between 15 2 and 55 mg. The

term "treatment" as used herein in connection with a disease or disorders

Thicinuediansd grévdmioresireaasionteppeund o arfpinthsreofil(be a HCL

ﬁlﬁhﬁﬂ?@t@da méh@@%%ﬁ%ﬁ%@@@ﬂ@ﬂﬁ% #%W%%n, and the medical
QLY CAL METHODS 2t The enantijomerijc excess of compounds (I11V)
UiV EEREVE) Pf"g&g%ﬁ?éd S SRSSRitRAPAHOR ehrdivritseiabryisifgads an

a@lﬂﬁp@hﬁ&&x&hpﬂdﬁtl%hﬁkbpﬂr@ﬂﬁothDWﬂﬁhwﬁé/ﬁ@mm&ﬁ@g@@)ﬂ%rmaceuuoal
for %G n Sa V %rS gl‘ %f%gat 254n ther a
]LBX};?(JC) olumn, O-48¢h arﬁnft YRS S ure

is used under the following conditions: Eluent: Ethanol Wlth 0.1%

nfigRmInC At ariler @09k JRhe.lawdn JAUIMINARAINE, 1 i i
pressure Is 200 bar. The retention time e two enantiomers” are 2.3
uﬁ*ﬁﬁ’iﬁtﬂ%}f&ﬁd@?@gsﬂﬁﬁm%}hePWHWAE@EL@% dDeHirdlmnla0(B6 then the

cdiibdbne i%%@ﬁﬁ&%ﬁ%%l? %@W%@?pmferably the enantiomeric excess

is at least 60%, at least 70%, and more preferably at least 80% (80% enantiomeric excess
means that the ratio of I to its enantiomer is 90:10 in the mixfure in question) at least 90%,
at least 96%, or preferably at least 98%. In a preferred embodiment, the diastereomeric
excess of Compound 1 is at least 90% (90% diastereomeric purity means the ratio of
Compound I to cis-1-((1S, 3S)-6-chloro-3-phenylindan-1-y1)-3,3-dimethylpiperazine is 95:5),
at least 95%, at least 97%, or at least 98%.

Accordingly, the process of the invention may comprise a step whereby Compound I or a
salt thereof is formulated into a pharmaceutical composition. The compound, salt or
composition of Compound [ may be administered in any suitable way e.g. orally, buccal,
sublingual or parenterally, and the compound or salt may be presented in any suitable form
for such administration, e.g. in the form of tablets, capsules, powders, syrups or solutions or
dispersions for injection. In one embodiment, the compound or salt of the invention are

administered in the form of a solid pharmaceutical entity, suitably as a tablet or a capsule.

Methods for the preparation of solid pharmaceutical preparations are well known in the art.

Tablets may thus be prepared by mixing the active ingredient with ordinary adjuvants, fillers
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15 25 cm L, at room temperature is used under the following conditions:
Eluent: Ethanol (30%) is used as modifier, the flow is 4 ml/min, and the
pressure is 200 bar. The enantiomeric excess of compound (Va) in
viexampladgs determined by supercritical 5 fluid chromatograRRYpSEdouss
Gilson SF3 Supercritical Fluid Chromatography System with a
CHIRALPAK(r) AD-H column, 0.46cmip X 25cm L, at room temperature.
Eluent: Ethanol with 0.1% diethylamine is used at modifier (30%), the flow
s 3; [ . -Detection 1s performed using a. .
T S L T Lo R R B
Exampliontéradinanisy filleryvendasiles reemmpniss. Tme tetanantiovissic talcum,
meXAaSEHO bCArBRO BRI AEXAMBIR, 1343 ARISIRaIned, itk HELGy additive
ug;ng a chlRALCEL(r) OD column, 0.46cm ID X 25 cm L, 10m at 40 C.
SRHEX SRR THERD) 5B (PETATETT I T etiCastoBIRS ditadeed i ditdedafeniothey are
cobnatitdeniviidtestidre ingedenmed using a UV detector at 220nm. 15 The
enantiomeric excess of compound (1) is determined by fused silica
capillary electrophoresis (CE) using the following conditions: Capillar:
Sagtiens o it usmayrbe phafferd bPGissh\Bnpycls ettt in@nHvM and possible
20elim.di 1.5 . LOKV, temperature: 22C, .
inje_ctigc?ﬁill Omgg:Pl %Eﬁ%égc{?% g%%&%%%%%%rﬁ%ﬁrgﬁ)gggfr%({}u#gf%c ﬁ)ﬁéluuon
to fetigeshiqlWagn slerdisaéen abithsreobotugnd flingdrsysitehle Gopfpsumdials. Any
sult@Sl@ ZQHBLE ARG A ARRIIMAE L Oy, AR54ERe AlBET.E NERURY %éents,

has a retention time of approximately 11 min. The enantiomeric excess

P ST B NG ¥ e FRHHRLIS NP #9888 Sifica capillary electrophoresis
(CE) using the following conditions: Capillar: 50m ID X 64.5 cm L, run 25
buffer: 3.0 mM, R cyclo dextrin and 10 mM hydroxypropyl O cyclo dextrin in
B SRRS ETRUER o CBHALD PRPECaEN G ARy e ace, 1S sutably

betewper&tand: ZRCrgjeyfimoreAdritiide Hamwdsetandd,00aiRckon peaiibly between
2 figde Agay detection at 192nm, sample concentration: 100g/ml. In this
system, Compound IX has a retention time of approximately 47 min, and
the enantiomer has a retention time of approximately 46 min. The other

THM 3O RSt R0IS0MEiSerein in connection with a di disorders incl
4-((1_R,3R21§6-Chloro-3-phenyl-indan-l-yl)-1,2,2-trimlg? Sﬁ-%ﬁpésroarzierl%lgﬁgdes also
prevention as the case may be,

The invention will be illustrated in the following non-limiting examples.
EXAMPLES

ANALYTICAL METHODS

The enantiomeric excess of compounds (IV). (IVa), and (IVb) is determined by supercritical

fluid chromatography using a Gilson SF3 Superecritical Fluid Chromatography System,
detection is performed using a Gilson UV/VIS-831 detector at 254nm. Either a
CHIRALPAK® AD-H column, 0.46cm ID X 25¢m L, at room temperature is used under the
following conditions: Eluent: Ethanol with 0.1% diethylamine is used at modifier (30%),
the flow is 3 mi/min, and the pressure is 200 bar. The retention time of the two cnantiomers
are 2.36 min. (IVa) and 2.99 min. (IVb). Or a CHIRALCEL® OD-H column, 0.46 cm ID X
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4-((1S,3S)-6-Chloro-3-phenyl-indan-1-yl)-1,2,2-trimethyl-piperazine have
retention times of approximately 49 min. and 52 min. respectively. WO
2006/086984 PCT/DK2006/000086 16 1H NMR spectra are recorded at
w0QdM3/ddddzion a Bruker Avance AV-500 instrument or a Bro&emiyeiianooss
DRX500 instrument, or at 250.13 MHz on a Bruker Avance DPX-250
instrument or a Bruker AC 250 instrumgnt. Chloroform (99.8%D) or
dimethyl sulfoxide 5 (99.8%D) is used as solvents, and tetramethylsilane
26TM9), ﬁﬁgeﬁl{i&@mwe@m&mgﬁs% gsosa&/&@@%gﬁﬂt%mm (30%)
Compound i and iX is determined using 1H NMR as describe Bogeso
isggssft 23 mpdifics Mesiloroisst mEmingwditho pigsape B399 Mght column). The
cis/trans 10 ratio of compound Vla is determined by 1H NMR in
MSO d6 usm rals 0 he slnal atb. 6 ppm for the cis isomer
i tQrmes npoung (Vi) in ARE pﬁ{?tﬁqmﬁmxﬁupercnhcal

ﬂummmmomm ﬁmmmﬁe@nm sﬁmstgaaﬂxem ?&mm@ﬁsﬂs@@@ﬁoﬁe@m with

e me enerall te
a?ggg%)%lrr}?ate y @%TS Eumnh esirer s%n?gr cafﬁ’ %t nt):ioerpegfh W/?Fi
Eftaeoletith§ pirticthpdemisa suveet as imgdififie(2oftal @eéhmmg?@allﬁmmemythe
“{Q&C\Q 18 m ‘&agwgnéﬂ%sa“;—i%mu ug&nenj&-%ﬁ§'g QQ’SA\Q% %ﬁ?upw‘:ct& at 254nm.

“TA-instruments DSC-2920 calibrated at 5/min to give the me lting point as

Theedenfinndimarfuhe g Seabemsis Pff’r%ﬁféaiahﬁfﬁ)lﬁné J6geip- dioRkedhe
cRAMMACR Hitagen J&Nﬁo@&?@ﬁ)&iﬁ@&ﬁﬂﬁ%%@kb@é&%ﬂ%%ﬁﬁ& $1PY@ using a
i0 Eé]%{ma\é sator from Elementar build to measure C, H, and N content.

C%ﬁ%% R rolmaatees T & deemmtindumetdhng- afiraaiimeg 45:5
mgveaeh il FheeliticphiaiatioNds messUratnisinig, afetsn klgebmedeking a
%%carl ﬁ\%% the concentration is 1% in methanol unless otherwise

IS performed using a Waters Symmetry C-18 column,
O.460m IDX3cmlL, 3.5m,

The enantiomeric excess of compound (1) is determined by fused silica capillary

electrophoresis (CE) using the following conditions: Capillar: 50pm ID X 48.5 cm L, run
buffer: 1.25mM p cyclo dextrin in 25mM sodium dihydrogen phosphate, pH 1.5, voltage:
16kV, temperature: 22°C, injection: 40mbar for 4 seconds, detection: column diode array
detection at 195nm, sample concentration: 500ug/m!. In this system, Compound I has a

retention time of approximately 10 min, and the other enantiomer has a retention time of

approximately 11 min,

The enantiomeric excess of compound (IX) is determined by fused silica capillary
electrophoresis (CE) using the following conditions: Capillar: 50pm ID X 64.5 cm L, run

buffer: 3.0 mM P cyclo dextrin and 10 mM hydroxypropyl B cyclo dextrin in 50 mM
sodinm dihydrogen phosphate, pH 1.5, voltage: 15kV, temperature: 22°C, injection: 40mbar
for 4 seconds, detection: column diode array detection at 192nm, sample concentration:
100pg/ml. In this system, Compound IX has a retention time of approximately 47 min, and
the enantiomer has a retention time of approximately 46 min. The other two
diastereoisomers 4-((1R,3R)-6-Chloro-3-phenyl-indan-1-y1)-1,2,2-trimethyl-piperazine and
4-((18,35)-6-Chloro-3-phenyl-indan-1-y1)-1,2,2-trimethyl-piperazine have retention times of

approximately 49 min. and 52 min. respectively.
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at 60C. The eluent is a gradient of (A) water with 0.05% trifluoroacetic acid
and (B) 30 acetonitril with 5% water and 0.035% trifluroacetic acid, going
from 90% A and 10% B to 100% B in 2 minutes; flow 3 ml/min. Detection
WhRestaEped using a Shimadzu detector at 254nm. The mass-sRESHMRoise
recorded by a Sciex API300 mass spectrometer. WO 2006/086984
PCT/DK2006/000086 17 SYNTHESIg;Synthesis of key starting materials
5 Compound V is synthesised from IV by reduction with sodium
borohydride (NaBH4) adapting a method described in Bogeso J Med.
,.Chem. 1983, 26, 935, using ethanol as solvent, and performing the

e Rty © SNBIGHAVEbwou Baskar e\slesaribEd5 00 Ragesent or a
Bakdk AJRERArFeo 199Ru38x 438 Q4321 LomRound, Y issy ’#Qg%%g&ax-zso

. from Il using the general gorocedures described in Sommer et al.,

InEERT 966 Bk AL Te0vimtknaest dddersean GASYHR) syndhestby! sulfoxide

(MheveDs. FExasmples Geheyrihesi s LRy Rao-@PRg Y Indand- a6 (Y Rference
s an&i )-6-chloro-3- phenylindan -1-one (IVb) by use of chiral
%’ﬁrom‘atography Racemic 6-chloro-3-phenylindan-l-one (1V) is resolved by
preparative chromatography, 15 using a CHIRALPAK'(r) AS-V column. A

~iiX] f. thanol.an - diethylamijne js u mobile . )
B 0 R SIS AR M
Begeaticate b rided\S herinBRIB 34548 YDA inghd 38enghsuitabla). The cis/trans
ﬁglg@wm ToTWETaY i ifable.intervals. All the fractions,
rz,iwhich contgti'?ﬁ:ﬁéggﬁﬁw%gﬁgr%@%qﬁn%}g@e%ér'iltsl%)nr%E%clgatf e&éfg,Of the
sighal gbmb i Brdhevarisementd By piesslasingareo fotthy everydrater, Allby 'H

NIVECiQRE] MTGIC AR NHeORBAURb M) YTl XY 8 HCOMRRYAIR JAYAAnd the
.an Ivgl%are i%mblned and evaporated to dryness using a rotary
S*%l’fgpgér PPEMBIE B8 imesi Cspemtieis mitiens eapproximately 1% of the

urRyifed MoneBephbaytirdrd-boNeityb) by oxidation of
(IR,3R)-6-chloro-3-phenylindan-I-ol (Vb) 25
(IR,3R)-6-chloro-3-phenylindan-I-ol (Vb) isolated as in example la (20g) is

m.sktﬂmmmonmm {409 miffardipyridiaiuncialoohemMa®sC). The

ecfifatehi48 2 FAIFRAHGE T BRC-01000 or a TA-instruments DSC-2920 calibrated at

5°/min to give the melting point as onset value. About 2 mg of sample is heated 5°/min in a

loosely closed pan under nitrogen flow.
The elemental analysis is performed using a Vario El analysator from Elementar build to
measure C, H, and N content. The value given is the mean of two determinations using

approximately 4 mg each.

The optical rotation is measured using a Perkin Elmer model 241 polarimeter, the

concentration is 1% in methanol unless otherwise stated,

LC-MS is performed using a Waters Symmetry C-18 column, 0.46cm ID X 3em L, 3.5 um,
at 60°C. The cluent is a gradient of (A) water with 0.05% trifluoroacetic acid and (B)
acetonitril with 5% water and 0.035% trifluroacetic acid, going from 90% A and 10% B to
100% B in 2 minutes; flow 3 ml/min. Detection is performed using a Shimadzu detector at

254nm. The mass spectrum is recorded by a Sciex API300 mass spectrometer.
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mixture is stirred for 1'/2 hour at room temperature. The mixture is filtered,
and the oily residue in the reaction vessel is washed with

dichloromethane. The combined organic fractions are evaporated to
VIONeessesa rotary evaporator, giving a black oil (25 g). Ethyt3Mreet@teoss
(200 ml) and sodium hydroxide (2M in water, 200 ml) are added. The
phases are separated, and the waterjghase is extracted twice with ethyl
acetate (200 ml). The combined organic phases are washed three times
with sodium hydroxide (2M in water, 100 ml), twice WO 2006/086984

g 06/000086 18 with water (100 ml), and once with brine (100
ml); and Tinally dried with sodium sulphate. Evaporation to dryness
followed by drying in a vacuum oven at 40 C gives 15 grams of crystals,

sialbad Sh(C= Qt' ethanal). 90% ee according to the chiral analysis. 5
ﬁExamgle chrlii%e#{%sglt?o%no S(R)-6-ch|oro-3-phenylindan-l-one (IVb)

Comsotdpyl aminelssibed fiudBS oiyetitnetiyntetrihaibfnnabof@hyid)i e ONaBH,)
ot e ot o with pogling ‘
adHiR0 4 hRURRAIWIQR 868 'fﬁegﬁfﬁgge(l I\e%%ﬁd?{\é’% %ﬁ%ﬁ?’% using pthanol as

acetone/dry ice bath. Butyl lithium (1.6 exan

solygiiyA rsrEoRmEre ke sersting Boaprrexipiida P\t Bothisewarerdbath described

inAfbgestiuing, for deM2diemur, (835 5sehlorgn3rphenylindan: o0 (NI O ed from 1
synthesised in example Ob (7.05 g, 90% ee) dissolved in dry THF (60 mf)
USie e B09E BECSHIRIRR SOy B iR S cablirtg DGl ntifed Tor822,

wiiihnlpeitesciTharIpnthseivyniiekts Meeside (1.0 M in THF, 28.8 ml) is
added over 17 minutes, and then stirring is continued for another two
hours on the ice/water bath. The reaction mixture is quenched with
ExapapdeAtoriSavite(d M (Spaweh]and themFlitidmbmoy gl HomdTRPE I 0-3-
on the rota rafor. 200 ml) and diethyl ether (350 ml) are
added, and%llﬁ%ﬁp Y<'§1%S,L‘)'eﬂs ?Jtltr((amg\,/g)z)‘f};\gr<E:1t{)é"'d‘[.l Oe} %&1 3? %H’éys”é“?é’%’%ﬁ? Eted twice
Ragstniaeehiretiepioodivdrniama 68 hi)reFolved dinbiersdatirgahionhagenhy,

usBiECIshes WO WalRE(H 00 MNnLOGEALRHDS AE00 Tk AR dried

.with sodium S%Ehate. Evagé)ration to dryness on a rotary evaporator,

digfiylamiassy wirsiAs Mo bilo abasmefeetiradupefaned winpg Biadeiestonny220nm.

THoth2Bhi2l3 TV i20j6eaid a9 BellienRIOHY CLAS A SRRRUAMREG the
xcess of 2% rdi%goio,the chiral analysis, and contains 6% of the b

solution 18 iniec ega o i i X
product ($ed émﬁt%‘ﬁ R UYFETAG 10 1L1BE EaHRR AP j5toeRatyin compound (IVa)
with more than 98% enantiomeric excess, are combined and evaporated to dryness using a
rotary evaporator. All fractions, which contain compound (IVb) or mixtures of compounds

(IVa) and (IVD) are combined and evaporated to dryness using a rotary evaporator.

Example Ob Synthesis of enantiomeric pure (R)-6-chloroe-3-phenylindan-1-one {IVh)
by oxidation of (1R,3R)-6-chiloro-3-phenylindan-1-ol {Vh)
(IR,3R)-6-chloro-3-phenylindan-1-ol (Vb) isolated as in example 1a (20g) is dissolved in
dichloromethane (400 ml) and pyridinium chlorochromate (PCC) (26.5 g) is added. The
mixture is stirred for 1% hour at room temperature. The mixture is filtered, and the oily
residue in the reaction vessel is washed with dichloromethane. The combined organic
fractions are evaporated to dryness on a rotary evaporator, giving a black oil (25 g). Ethyl
acetate (200 ml} and sodium hydroxide (2M in water, 200 ml) are added. The phases are
separated, and the water phase is extracted twice with ethyl acetate (200 ml). The combined

organic phases are washed three times with sodium hydroxide (2M in water, 100 ml), twice
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(4.99 g) is recrystallised from absolute ethanol (40 ml), giving 3.71 g of a
red solid. [a]02 -0.84 (c=1.0, methanol). Contains 2.6% of the by product
(see body text) according to HPLC. 25 Example la Synthesis of

wWiSrds3)nbesrloro-3-phenylindan-l-ol (Va) and (1R,3R)-6- PCT/DK2006/000086
chloro-3-phenyl-indan-I-ol (Vb) by use of chiral chromatography Racemic

cis-6-chloro-3-phenylindan-I-ol (V) (492grams) is resolved by preparative
chromatography, using a CHIRALPAK(r) AD column, 1 Ocm ID X 50cm L,

m.at 40 C. Methanol is, ysed ohile se at a flow rate of 190
A L M R R oY B S Be il o st
Eraperafioratochioi«ds fedlinjed teddagiag 50 000 ppmosetusiold G ghethahetade of

Ligsiniected\ath.intaryal in. All the fractions, which contain WO
R et T/DK’ZOO%/%%%%%%%?S %%"r%réé*ﬁ%é’ R’/%Shvi\ﬁ%iarl}\ao}%lihan

98% enantiomeric excess, are combined and evaporated to dryness

EXFHIE 00104 QYRRLARIPE IO ER AN SRS VRGP gL Ry Yield 220

grams as a solid. Elemental analysis and NMR conform to the structure,

DisonspBHonie S dxeRds dssplysrbinAnnigmiy deaisrondd 1B Lhibanb pathe

sdRRA0s s (erdbOuinRiGPnRR cbiByisetheshiiaghors vihi A eAN AR
.compound (Vb).are combined and evaporated to dryness, giving 214g of
(1 R RSATe 2e0 SRS T sy eerntivo BesReRya tak-speesy Byth an
iceéglatetibnlofABOrenantipfoetic houe (Rya)-¢Hbe-chibdmphenybadanhpne

.can. by reduc sodiium borohydride adapti method
e L R S I Gl et v 0
myslirsntehdirpegfontiingablingdathi dreatGippd fombt ey, Ghingotassium fers-

e r ¢ t j . e .
(I%@?ﬁ%cﬁg{g%— %%?gﬁéﬁﬁ%% \%?%g’g%ll)nutes, and then stirring is continued

foppaqthardsy-Bouri Gt insdiirnbah- Ide(rasticomiram<y obsathed vaish
hydesexibad dsdfexampledd isdissaivadnin, Tk (a0Rmhandicenled, s PSary

Thionyl chloride (119 grains) is added drop wise as a solution in THE
cVERSEPI B £200700 B e PR ke 8 0heided, an the phases are

separated. The water phase is extracted twice with diethyl ether (200 ml, then 100 ml). The
combined organic phases are washed twice with water (100 ml), once with brine (100 ml),
and dried with sodium sulphate. Evaporation to dryness on a rotary evaporator, followed by
drying in a vacuum oven at 40°C, gives 6.70g of a red solid. [o]p*® —2.34° (c=1.0,
methanol). The product has an enantiomeric excess of 2% according to the chiral analysis,
and contains 6% of the by product (see body text) according to HPLC. The raw product
(4.99 g) is recrystallised from absolute ethanol (40 ml), giving 3.71 g of a red solid. or]p°
~0.84° (¢=1.0, methanol). Contains 2.6% of the by product (see body text) according to
HPLC.

Example 1a Synthesis of (18,35)-6-chloro-3-phenylindan-1-ol (Va) and (1R,3R)-6-

chloro-3-phenyl-indan-1-ol (Vb} by use of chiral chromategraphy
Racemic cis-6-chloro-3-phenylindan-1-o0l (V) (492 grams) is resolved by preparative
chromatography, using a CHIRALPAK® AD column, 10cm ID X 50cm L, 10um at 40 °C.
Methanol is used as mobile phase at a flow rate of 190 ml/min, detection is performed using
a UV detector at 287nm. The racemic alcohol (V) is injected as a 50,000 ppm solution in

methanol; 90 ml is injected with intervals of 28 min. All the fractions, which contain
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at room temperature over night. Ice (100 g) is added to the reaction

mixture. When the ice 20 has melted the water phase (A) and the organic

phase (B) are separated, and the organic phase B is washed twice with
wateategksadium bicarbonate (200 ml). The sodium bicarbam@ieRh@ses00s6

are combined with water phase A, adjusted to pH 9 with sodium

hydroxide (28%), and used to wash theggorganic phase B once again. The

resulting water phase (C) and the organic phase B are separated, and the
cMRISLRIAS Gih sslealarbian sl acalelc, Te el arslale BlasR. 1o

is combined with the organic phase B, dried with” magnesium su pha}t)e,
d’é’rﬁ‘ﬂsé\‘/‘é‘é‘ér%féﬁ%eﬂ’r‘?ﬁéaégfunggV@m&)éVﬁﬁmmﬂ@ isidg thevtield 220 grams
aCRRAHGURR AN Aikiysielchd 40 atamsonh s LUeed Al el iRneric excess is
,examh%lg >, Cis/traps ratio 77:23 accordifg to NMR. 30 Example 3

. Y
highR s TP Sosaurmes R R iC2 (e PothSSi(mlchibetarelisbikewise, the
fracdons) whidreibylene diging (L0Pd-QsamshadestiagiiBd 19lMSA8sE1 2ing
21‘[2 A tion of ethyl 2-bromoisobutyrate (500 grams) in toluene (756 ml)
IS S 6/086984 PCT/DK2006/000086 20 added. The suspension is
heated to reflux over night, and filtered. The filter cake is washed with
toluene (500 ml). The combined filtrates (volume 4.0 1) are heated on a
water bath and distilled at 0.3 atm. using a Claisen apparatus; first 1200
Exgmapdeifiite iSuuthesteof 413830 6atidowripphanyiinidnthé-mhi¥addjsréBuGlion of
More toluen%ﬁmg@gggp@ﬂgd another 1200 5 ml distillate is

collected at 76 C (the temperature’in the mixture is 80 C). Toluene (750
(Sl acsphardindand-a10@ al ervbstirdticsd eotfeerdimibeentydride adapting a

mEBBPESRBEI T BRI VR AL Cldy| PR ENEUER 4S @ﬁﬁé@h‘%ﬂo@@si Ca Rt ng
aﬁd seeded, whereby the product OBroecip_itates. The product is isolated by
PHIENBIS RASREP G 2tey Pdfed o8 cABARYRL VAt uum oven at

50 C. Yield 171 g (52%) of 3,3-dimethylpiperazin-2-one. NMR consistent

with structuge. .10 Ex hesis of 2,2-dimethylpiperazine A
R R ROt B A S R M
C&fﬂ&%réfdr@mﬁﬁﬁ@m(s@d@mwa% H0:66) htgividgsaladigitidy in
E%?éa[asﬁlﬂgg&vgﬂﬁ {%l@% dﬁrﬁﬂrggg éjo%‘ije%‘rto -5°C. Thionyl chloride (119 grams)

is added drop wise as a solution in THF (500 ml) over a period of 1 h. The mixture is stirred

at room temperature over night, Ice (100 g) is added to the reaction mixture, When the ice
has melted the water phase (A) and the organic phase (B) are separated, and the organic
phase B is washed twice with saturated sodium bicarbonate (200 ml). The sodium
bicarbonate phases are combined with water phase A, adjusted to pH 9 with sodium
hydroxide (28%), and used to wash the organic phase B once again. The resulting water
phase (C) and the organic phase B are separated, and the water phase C is extracted with
ethyl acetate. The ethyl acetate phase is combined with the organic phase B, dried with
magnesium sulphate, and evaporated to dryness using a rotary evaporator, giving the title
compound as an oil. Yield 240 grams, which is used directly in the example 5. Cis/trans
ratio 77:23 according to NMR.

Example3  Synthesis of 3,3-dimethylpiperazin-2-one
Potassium carbonate (390 grams) and ethylene diamine (1001 grams) are stirred with

toluene (1.50 1). A solution of ethyl 2-bromoisobutyrate (500 grams) in toluene (750 ml) is
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nitrogen, and LiAIH4 (250 g, in a soluble plastic pag) Is added, which

gives a slow evolution 15 of gas. After gas evolution has ceased, more
LiAll-14 is added (a total of 3.0 kg, 79.1 mol, is used), and the '
empesatysesrises from 22 C to 50 C because of an exoterm pFhe,394tMess
of 3,3-dimethylpiperazin-2-one is added slowly over 2 hours at 41-59 C.
The suspension is stirred for another hgur at 59 C (jacket temperature 60
C). The mixture is cooled, and water (3 1) is added over two hours,

@D R JSMBR R IWA eIV AR G i n?gl%%?g%sﬁ{t%%% %%el\%)aq? is washed

t f 0 C). Then sodiu
1B B9t a5 TRy oTES i et (aLpdsbath and

dadtieti0 0 half @mhauri{GeR ipgRRce SN Yh Nl t&@t{‘i‘é ‘i'é%é@és?:éﬁe 3500

Celit (4 ko)
R R S i Fe ok vt 120

médmbﬁia@da‘mﬁee&(aae TOTC el aegdnibe ;Eﬁﬁ&t%ﬁiém}lét% gg F;‘I:B%FEHUIES {850 mi)
d o tem erat a m
lstiﬁggn%eﬁr%%g %léqg&l&)m (}P é[‘h Ll geo ?P&? acré'i%mﬁffﬁf‘”l’@ in the mixture 71
Bbéméqysmqemwc@wmthmdme&ﬁa@tuembmhelﬁfdtﬁﬁ%e? %a%es The
FRSSLY roduct js collected.at 163-4 ie
PG () R AL VR SIS S5 gl Ghinadiecipm oven
att@ 1Y ?iq:\;l @15%5%@&95 B3ptiewphiritinerazin)2308e dithvERhylpiperaziniid Mructure,
(Compound 1) hydrogen maleate salt WO 2006/086984
PCT/ K20 6/000086 21 Cis-(1S,3S)-3,5-dichloro-1-phenylindan (VI,
Rie! Y4 é?%%ﬁﬁ&x?e@fﬁ%hﬁﬂl’ﬁéﬁ@e(woo ml). Potassium

arate3(2-G2ngianshphde | Z
e g)ha g(zgdﬁg G }fﬁe mﬂﬁ)[(zﬁfr[ﬂ(a}é (sgga{%%g‘%%%taeg%%rature for A@%r)
o] S o SOk L8 g Prele ey m g Ry ke drigitrsitiunder

e reac Ioh™ Mixtu

niggpRenganyl MddHhrase g dreaSaleplerptiads ang Iﬁl'&dﬁet@ 3@3@%@1@@@?@1&% evolution
ith concentrated hydroc Ci e water

o e e Gt ket et el i

usptoAne hs irReraiarevis dan S MUm dexnjms(e‘z&"@ ixadgadTiR:Wfution of

3, M&ﬁétﬁmﬁ%ﬁ%bp&ﬁéﬁ%d@@@16'%@?1)"6%%% Sl PERleg wice With s
dt?yl ether (21). The UY -"ethyl et
stirred for another hour at 59 °C (jacket temperature 60 °C). The mixture is cooled, and

water (3 1) is added over two hours, keeping the temperature below 25 °C (it is necessary to
cool with a jacket temperature of 0 °C). Then sodium hydroxide (15%, 3.50 kg) is added
over 20 minutes at 23 °C, cooling necessary. More water (9 1) is added over half an hour
(cooling necessary), and the mixture is stirred over night under nitrogen. Filter agent Celit 4
kg) is added, and the mixture is filtered. The filter cake is washed with THF (40 kg). The
combined filtrates are concentrated in the reactor until the temperature in the reactor is 70 °C
(distillation temperature 66 °C) at 800 mbar. The remanence (12,8 kg) is further
concentrated on a rotavapor to approximately 10 1. Finally, the mixture is fractionally
distilled at atmospheric pressure, and the product is collected at 163-4 °C. Yield 53kg
(72%). NMR complies with the structure.

Example 5  Synthesis of trarzs—l~((1R,3S)-6-eh!0ro~3~phenylindan-1~y!)-3,3-

dimethylpiperazinium (Compeund I} hydrogen maleate salt
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extracts are combined, dried with sodium sulphate, and evaporated to
dryness using a rotary 10 evaporator. Yield 251 grams of the title
compound as an oil. Cis/traps ratio, 18:82 according to NMR. The crude
woil ¢oes/@Bograms) is further purified by flash chromatographyonsiticagebose
(eluent: ethyl acetate/ethanol/triethylamine 90:5:5) followed by

evaporation to dryness on a rotary evaporator. Yield 12 grams of the title
compound as an oil (cis/traps ratio, 10:90 according to NMR). The olil is

ciselvsylas atbanal-(1ORRilnand dor thissal o LhiaddedAsalilien ol
ei id in.ethanol to pH 3. The resulting mixture is stirred at room
(lig%!l ﬁPZﬁH’&%‘P&8%‘6?}}%‘%%%%%%&1&@&6&&@@%K@&é@r@s&m Example

4)‘i{ﬁrs;ig_?a{med¢c§| Imit:ehefx\l(ﬁrtﬁgﬁ)é medlaeﬁ}aﬁ@ba;@e&afe%maqﬁ To the reaction
Ipitate, 1S, Go eql. . ram I0 (NQ.CIS ISomer IS aetecte
T VI ST e AR E A N At ing
seqpAGEdsand p¥hinvietting s pimst 761476@ MM R compliesotitntheedthyaiutBloric
48 reenl itign he resolution of .
e e M P B iR e mone gy

alhpgpahcs is it Bie Hirferighssre Spdmoh R B 836y ésuldadg (N weighase until

piBilson SHInSwReritical Flyid GhromalogiralnSysiemofluent Pifferent.
solvents containi O.?]j,%, 25 diethylamine are used as modifier (BO%ﬁ, the
R RRTIRCAU e o Lo Bl el rupsralehirs Rptiaorit foacy

ewﬁmfﬂg Detegton ﬂ@rfﬂ;‘ﬁ?lﬁﬁlp@jlﬁ@ & Qgilggndséi@e_{ir? ﬁg&hgg%tgording
Anm. The retentign time aof the two enantiomers an an
totéﬁel:%\?v{lgfﬁe in ggl?‘rﬁ'féh o%{ﬁg%%‘%gg?{ﬂﬁegﬁa Hash-chremptnpsaehy @ing
silizagoh(triporibyVersian/SiRnsiditathydantine ai3le bolyweiMes dhoration to

To) individual columns 30 wjth a series of
S Tl e n S R S e
raipol 980 6 oBens 4 P FRKEBCEI00de868valiCahamm Q80 Md)ywnd to this solution

is RiERANSieRsRMetharel fkiha : jtrill._Chiralpalg
“AD-H 4.6, 2505 171 10.0%?0%%%%%2 c %&ﬁ%%ﬁg%% B B atroom

CCBPFATEI IS POl Bs e thfarmes greqipitateds oullps by Btirasion7 Thevolome of

ethanol is reduced and another batch of precipitate is collected. Yield 3.5 gram solid (no cis
isomer is detected according to NMR) of the title compound. Enantiomeric excess according

to CE is >99%. Melting point 175-178 °C, NMR complies with the structure.

Example 6  Screening conditions for the resolution of 6-chioro-3-phenylindan-1-one
(IV) by Super Critical Fluid chromatography
A series of columns is screened for the ability of resolving (TV) using a Gilson SF3
Supereritical Fluid Chromatography System. Eluent: Different solvents containing 0.1%
diethylamine are used as modifter (30%), the flow is 4 mi/min, the pressure is 200 bar, and
the column is kept at room temperature. Detection is performed using a Gilson UV/VIS-831
detector at 254nm. The retention time of the two enantiomers (RT) and RT3) and the width
in half height of the two peaks (w; and ) are calculated using Gilson Unipoint, version 3.2,
software. The table below gives the resolution (R;) calculated for the individual columns

with a series of modifiers; R; is calculated from the formula

Rg= Z(RTZ o RT;)/(CD] + 602)



10

15

20

Chiralpak' IA 4.6, 250, 5 5.4 2.8 0.6 2.6 (R,R)-Whelk-O 1 4.6, 250, 5 1.0

1.1 1.7 - 'Internal Diameter (mm), Column length (mm), particle size (m)
Example 7 Resolution of 6-chloro-3-phenylindan- | -one (IV) by Super
Woitioaldsksigk 5 chromatography The resolution is performedgdsing Wi 0a00ss
Berger Multigram Il Prep-SFC system with a CHIRALPAK(r) AD-H

column, 20 mm ID x 250 mm L, 5 gm.-pluent: Ethanol is used as modifier
(20%), the flow is 50 ml/min, the pressure is 100 bar, and the column is
kept at 35C. Detection is performed using a UV detector at 230 nm. A
Berger. separator is used for to fraction collection and decompression. The

equment%?lf}mmrolled by SFG Pronto software The Rzgo enantlomers

I\I

the retentign I d@ III Thetacefn v
N e e Bt o BORSHLBD et

N\ s injected as a solétion In acef

ChateaktrifyDsHo [ of $i2¥biitidn islifjected withGftervals of 232 secondd.9.1

.3,
ving.a_solutioh of (I\Va) in ethanol, and.15 all the fralctlons6

mjom@rﬂ@g Fompourg (Ve argrgpmbimed-apg
C@Hﬁﬁhiﬁg)canpouﬁé (B %are conifined land de¢ompressed-éis well. -

CQ&H&B&JOHHVEI) |s45@|@§@d5by eva@o;ratln J the g.@lutio on aggtary

\ tor- and-deving fhn residue_in.a.vacuum oven_at 40'C. Yieldl25.6 a
Ciiﬁi%’% lid. M elf?rﬁ;%ﬁﬂnf 110.8C:4NMR confotms tg strutbire, [d]0202.6

(RFRX %ﬂk—ﬂ) G)@ ethanghy, GHN calplglatec for 20{CISHITIOGE T 7423, H

74-09-H4.70399% ce 3 nrrhnn to-theé chiral analvs

ernép?d%%@éﬁ?}sgfg’ﬂé’a‘llrﬁﬁ@ g‘ﬁfﬂ}e Wlﬁﬁﬁ?g(%b g (43%) of SO|Id
Melting point 110 6C, NMR conforms to structure, [01D20 -70.33 (c=1.0,
S LT AT A ot .
according tehttwrsitirgtaphalysis. 5 Example 8 Synthesis of
TR SRR NPAHERRATHIN AR b RLMTER 5190, rE SRS,
C ij}@\ P ® AD-H column, 20 mm ID x 250 mm L, 5 pm. Eluent; Ethanol is used as
modifier (20%), the flow is 50 ml/min, the pressure is 100 bar, and the column is kept at
35°C. Detection is performed using a UV detector at 230 nm. A Berger separator is used for
fraction collection and decompression. The equipment is controlled by SFC Pronto software.
The two enantiomers have the retention time 3.9 min. (IVa) and 4.8 min. (IVb). The racemic
ketone (IV) is injected as a solution in acetonitril (55g of (IV) in 800 ml acetonitril); 500 pl
of this solution is injected with intervals of 132 seconds. All the fractions containing

compound (IVa) are combined and decompressed giving a solution of (IVa) in ethanol, and

all the fractions containing compound (IVb) are combined and decompressed as well,

Compound (I'Va) is isolated by evaporating the solution on a rotary evaporator, and drying
the residue in a vacuum oven at 40°C. Yield 25.6 g (47%) of solid. Melting point 110.8°C,
NMR conforms to structure, [a¢]p?® +72.65° (c=1.0, methanol). CHN calculated for
C15HOCL: C 74.23, H 4.57; found: C 74.09, H 4.70. >99% ee according to the chiral

analysis.

Compound (IVb) is isolated in the same way, giving 23.9 g (43%) of solid. Melting point
110.6°C, NMR conforms to structure, {a]g.?'o -70.33 (¢=1.0, methano!). CHN calculated for
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(S)-6-chloro-3-phenylindan-1-one (IVa) (isolated as in example 7) (23 g) is
added in small . portions to a suspension of sodium ooranydade (1.6 g)

in ethanol ti60 ml) at 3-50C. . After the addition has been finalised, the
wkdureos@iowed to reach room temperature. The to reactiormixtusesisoooss
stirred for 2.75 hours, where after it is evaporated to dryness. The residue

Is dissolved in a mixture of water (1504%l) and ethyl acetate (200 ml), the
phases are separated, and the water phase is extracted with ethyl

AR (1a0.m. HporaaliaRhases Brs comBied. washed W WalRE
(lf ml), dried with magnesium sul ate, filtere evapor J 0

agpbfiEss. The residue is recrystalllsed from heptanes (250 ml), giving 20.9
g 1s (90 %) of the title product as a solid. Melting point 108.9C, NMR
conforms to structure, [a]D20 +48.30 (c=1.0, methanol). CHN calculated
for C156H130CI: C 73.62, H 5.35; found: C 73.55, H 5.29. >99% ee

Eaaeostling to Haahim! ﬁﬁﬁ&&@-@@t@ﬁ%%&ﬁﬂﬂhﬁﬁ%@f%} by reduction of
(1S,3S)-3,5- dlchloro I ﬁ}/“n (VI, LG=C1) A solution of
(1S,3S)-6-chfBA49 errﬂW ESRY2 (va) (17 g) (synthesized as in

(Bxaaipieos) -phetethaﬁydm&mles(m(aﬂ@snmaé g0in| eglawiphe ah (m:eg;amdzretﬂamyinan

pgptluub (8] (a SUs ntﬂﬂ}le& grmgfgigla(‘%ﬁé(wy h_nls adq%gn%g ’V\gge ﬁt & ’5C"Ca er

hen the mixture Is stlrre over night at a Bi%} tem eré ure. mIX ure o A’F

tfwa@%@&@e&p iraptipadu 8y bty is et izseanld rsxper eripecsntin Tbe
rédibARE e eNaR INgUL 73 RERNARRS AR RNRL 408 dh 859?"[‘3 remdue

phase is washed twice with sodium bicarbonate (5% in Water

I Vet R agirnehvearr blAG R sadetsd onetrin20Pgab é%w&g@sm

sépeatextinated wilbrefiiyde acsiaiadd A il1eQieRNITDhaFErRIG JA8B phases
comb ed drie g\%lth \g e§ § sﬁlfltgte filtered, and evaporated to

A ARRLe HR vﬁn SO SHIm by SO B eEas e FY Bfefigred and

em;m;amdrtd mmmﬂhwmmﬂnmasﬂy@mdlﬁeﬁ frbwa topteiat (3130 ml) giving 209g

ichl nis 18‘V L

O SRR 2 SO DR st
[ofla? Z@&@(‘fﬁ@ﬁﬁ@ﬂh@h@%-@ﬁ%lﬂd&ﬁdﬁqm%gﬂﬂ)ﬁ%mﬂb@alﬁﬂﬂe found: C

74G9MPeYndoos e according to the chiral analysis.

Example 9  Synthesis of (15,35)-3,5-dichlore-1-phenylindan (VI, LG=CI)

A solution of (15,35)-6-chloro-3-phenylindan-1-0l (Va) (17 g) (synthesized as in example 8)
in tetrahydrofuran (130 ml) is cooled with an ice bath. Thionyl chloride (9.9 g) in
tetrahydrofuran (50 ml) is added drop wise at 4-5°C, and then the mixture is stirred over
night at ambient temperature. A mixture of water and ice (approximately 25 mi) is added,
and stirring is continued until all the ice has melted. The phases are separated, and the
organic phase is washed twice with sodium bicarbonate (5% in water, 25 ml). The water
phases are then combined, extracted with the organic phase, and then extracted with ethyl
acetate (50 ml). The organic phases are then combined, dried with magnesium sulfate,
filtered, and evaporated to dryness using a rotary evaporator. Yield 18.7 g (102%) of the title
compound as an oil, which partly solidifies. The content of (15,3R)-3,5-dichloro-1-
phenylindan is 18% according to NMR.
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A mixture of (1S,3S)-3,5-dichloro-I-phenylindan (VI, LG=CI) (18 g)
(synthesised as in example 9), potassium carbonate (20.8 g),
2,2-dimethylpiperazine, and methyl ethyl ketone 5 (135 ml) is heated to

vellshsongeqaioht. After cooling to room temperature, diethyl Q)
and hydrochloric acid (1 M, 450 ml) are added, and the mixt?g{;s)%?rr%d 086

for a few minutes. The phases are sep rated, and the pH in the water
phase is adjusted from 1 to 12 using sodium hydroxide (28%). The water

Dhase is extracted with diethyl ether (two times_170 ml). All the organic
T SR B 0 o Arirsehion S et M- o
evaporated diswethzipdparyveOsaipsu)Ely 20.7 g (89 %) of the title

: i \ o )
ACRmRRY %ﬁ%ﬁ"ﬁéﬁ%ﬁé’g%ﬁ%ﬂ% RSR/PYBECS AFR ASSAAIg 10 i
“fpgide Al IRtasiug. catbenas: fHeh g i2ndimdihy| pipertrime thydnipesalziiyketone

10Xy drRas ivpaiatesder night. - i
( Tra}lr?)-ll-( 1R,35)-6-c‘hlorp-3?;) hetnAﬁtﬁrdg%o-lf})%lf?Br,%? }ﬁé?ﬁ%ﬁ%ﬁlgg’rglzei%g I(?,ther
Us%%ﬂﬁé doshlosieand M)‘ig(%lﬂﬁl?@éi@\ﬁﬁﬁefbr@ﬁftth@mi@&@imﬁmor a few

miaumaltabydests 496 jepwaier, :ba. B iﬁ%@%@?&%@&@ AR om 110 12

wem erat%ellOC%gp Gl‘% our. Water is added to the reaCtion mixture
“Ater-cooling tr80 }ti(ﬁ)p e NASE P RxHaftedeni o digshrbsibrnttnp times
1%0ith) sédlithm diyenixitestaaderohivenplodiie isiaxHagis witbualisthy\Bihen. and
te. 20 addi ' xide. (28%) in between the,
o St WA R S e epmasua e on
Theorapiers &L drrceivisomso diUuRY suiphvdiog fittéieR.and evaporated to

dryness, using a rotary evaporator. Yield 10.9 g (100%) of (1X) as an oil,
containing 20% of the cis form according to NMR. 25 The oil (10 g) is

Exnamapde) MitrS 1thepanb rarsotril ReiSiner ehbierfoph siyiadionabielc3,3.2) is
added, andiaRliRASreeRLnHEA Hﬂ'@ﬁﬁé&ﬁ%%ﬁgaéhe mixture is
7 cooée&é% 5258%1 ﬁmperature and seeded, whereby the product .
TBreCipltet HREPIR S sBYARS Y Hlrddotimaiak rieerari e G manhesised as in
examp:ej mﬂ))islkthre@aﬁfbi g%mggkréed(irs a @M&Mﬁﬁﬂ@ﬁf&@ﬁ %iﬁzihg xﬁfge‘%égz.s ml),
%)..Melting.poin .3C, NM rms to strycture, [a]o20 -15. _
o 48 R RS T O Ko St e pstion
migthsraiivo diakitgrsoisomersiaretuny hoé gt tieddhetdh eocpntorinie bl 0w with
o) 1INkl euiaiedio 3 Cl: C66.30,,H.6.63, N 5.95;
o e LB wl T e Sl cee,
adding sodium hydroxide (28%) in between the extractions, if the pH becomes lower than
12. The organic phases are combined, dried with sodium sulphate, filtered, and evaporated
to dryness, using a rotary evaporator. Yield 10.9 g (100%) of (IX) as an oil, containing 20%

of the cis form according to NMR.

The oil (10 g) is heated with 1-propanol (150 ml), giving a solution. Fumaric acid (3.3 g)is
added, and heating is continued until all is dissolved. The mixture is cooled to room
temperature and seeded, whereby the product precipitates. The solid is isolated by filtration,
washed with a small amount of 1-propanol, and dried in a vacuum oven at 40°C. Yield

6.85 g (52%). Melting point 193.3°C, NMR conforms to structure, [a]p?° —15.2° (¢=1.0,
methanol). Contains 4% of the cis form according to CE, the other two diastereoisomers are
not detected (i e. the content is below 1%). CHN calculated for CaeH3iN204ClL: C 66.30, H
6.63, N 5.95; found: C 65.96, H 6.61, N 5.57. >98% ee according to CH,
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WO 2006/086984 PCT/DK2006/000086 25 Example 12 Synthesis of
enantiomeric pure (R)-6-chloro-3-phenylindan-l-one (IVb) by oxidation of
(IR,3R)-6-chloro-3-phenylindan-I-ol (Vb) Pyridinium chlorochromat (66.1 g)
vsadsiaddaa solution of (IR,3R)-6-chloro-3-phenyl 5 indan-lsad-{&hoos/000086
(isolated as in example la) (50.0 g) in dichloromethane (840 ml), and the
mixture is stirred at ambient temperatgge for two hours. The mixture is
filtered, and the residue in the vessel is washed twice with
dichloromethane (200 ml), which is is used to wash the filter cake as well.
The comblned filtrates are evaporated to dryness, using a rotary

Eggmpdsdior Srréhesis ol enansinreerisatsddifreljdroxidene Vinday-druhe (IVD)

ethyl acetamyl&ﬁ&%maf@ﬁlzfgmn@wr&w%ngmsﬁﬁsp grgjed, and
water phase is extracted with_ethyl acetate (500 m&) The combined
P S AP e P A AP SRR A LS B gny-

indlea Q-BI%Jbbdnmmeﬂl loridexX2apia) @ngﬁﬁ digiatoicpbasei 88Uy wilhhe
nesium su rc and silica gel 6
mmﬁgeg o 1?&% red,” §geva};j)er£‘fr ry?n‘é%%s usit gmé’gr}ﬁgﬁy tg\/(%fﬁ%rgi’i’gzrthe
reﬂdéeréls@@.l.@eé@@ B g\)aﬁlqiéd;ws@amﬁedﬁd:@fmmthapﬁﬁéﬂ @b}l 2Bindl}s thased to
whtpdckigisalated byfisarion and washed &lgh Zch%aﬂtnS 1D bsing o rotary
0

Drying in a vacuum oven at 50C gives 26.0 g oduct a

c\epmpiaudibnEpens it strsd Wm@mbyﬁm&g@@ﬂu@ Eaambyl acetate

(75tPal Y Earl DamRtBaMRY) phabih acalcMilied, f@fd@ﬂéﬁ%ér%'se@s ifdtdd with ethyl
4.57, N 0.00; found: C 73.89, H 4.71, N 0.05. 99.2% ee according to the

acgtibel 0 did b pbivad v Blereb AR &' drsiNG  eog enrhwiroxide
(m@lﬂﬁtnﬂ')tw.ﬁ % ﬁﬁhﬁﬂ@}ﬂ&ﬁl@@iﬁn@r orhégt WHB:BER YR8 is stirred with

s ectlve Scr ﬁes for t% acemisation of
(&6 uIHlt%r : -te#en 8 EP 'rg?'i NoRrRE Y séosgg LA TR f G filtered,

anﬁllclvurlmrmdyb Idmmss(Bmg)acataipgonatoismﬂﬁehdﬁm(ﬁLﬁ)g) {gRéuiystallised
RS GAINAGYS A0, 1L IR ROlAS ORI (SR SRR I00)

no. 2(,) 65 Ongthl?}ng te butoxr]?dieS % C{E’H) cata 8%3% no. 39 Sl)%l Eaprgp anol
(48 ri AnERE By Boyggeum oven at 50°C gives 26.0 g (53 %) of the product as a solid.
Melting point 110.8°C, NMR conforms to structure, [o}p®° —75.6° (¢=1.0, methanol). CHN
calculated for CisH;OClE: C 74.23, H 4,57, N 0.00; found: C 73.89, H 4.71, N 0.05. 99.2%

ee according to the chiral analysis.

The reaction was repeated twice giving 48 g of the product with 99.6 % ee, and 48 g of the
product with 98.9 % ee, respectively.

Example 13 Screening of bases for the racemisation of (R)-6-chloro-3-phenyl-indan-
1-one (IVb)
The bases used are from Aldrich: Buty! lithium (BuLi) catalogue no. 18,617-1, fert-butyl
lithium (tBuLi) catalogue no. 18,619-8, potassium teri-butoxide (KOtBu) catalogue no.
32,865-0, Lithium ferf-butoxide (LiOtBu) catalogue no. 398195, sodium tert-butoxide
(NaOtBu) catalogue no. 35,9270, lithium bis(trimethylsilyl)amide (LiHMDS) catalogue no.
225770, sodium bis(trimethylsilyl)amide (NaHMDS) catalogue no. 24,558-5, and potassium
bis(trimethylsilyl)amide (KHMDS) catalogue no. 324671. Lithium diisopropylamide is
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(NaOtBu) catalogue no. 35,927-0, lithium bis(trimethylsilylyamide

(LIHMDS) catalogue no. 30 225770, sodium bis(trimethylsilyl)amide
(NaHMDS) catalogue no. 24,558-5, and potassium

wiseinaiiylsily)amide (KHMDS) catalogue no. 324671. Lithjyum,,
dilsopropylamide is WO 2006/086984 PCT/DK2006/000086 5 Porcagosionnos
from diisopropylamine (Sigma-Aldrich gatalogue no. 386464) and BulLi just

before use in every experiment. The following procedure is typical for the
use of two different

ime ijlustrates the of LDA and 5 th
T AT G s 0 e (e
u3g ihevsaxRsEmpier nitrogen and cooled with a batch of dry ice and
acetone. Butyl lithium (BuLi) (1.6M in hexaries, 1.6u mi) is added over 5
inutes. Stirring is continued for 10 minutes, and then the cooling batch
The fRPRIKNE BiRFedprTos Waitel atdes cApwimentirmpdotiasictee HLOiminlEsA and
thtGisolfiten affdonbtekigro-3-phenylindan-l-one (IVb) (synthesised as in

example 0.50 g) in THFE (4 ml) is added drop wise over 5 minutes to
A oA oo Dl oty Sinfh gied uncer

nitegen-ivd bedbi isidon bawhe fdry2csmbidasdie B By Hid&MEbL hexaash
hdda Bk r?'%éﬁfﬂ iLaatlg%re aseeli'skgr%%‘eltZ ist_added drop wise over 5 minutes,

wheré after stirring at the ice-watet DAtChHS ¢S iU RS 9B RsEndihgn the
copién fpttivisrmiecedivli(a v jceSwhtmlpachdbifier AfienSHHing R0 minutes, a

oTHHASE (NG £Y: ted, a water phase is extracted with
js ethyl acéggge%?v%)? St?ﬁglgefggn%ﬁﬁhgngmgﬁesﬁ%%ﬁﬁ% BhasEeape 13} (0.50g)
mv%ﬁh@dﬂ&&hﬂééaﬁﬁ% ATéYec 25 ménutes el Yhd elitivittofiTdyA€Sibnformer base”,

basellDhaie. stiltered: andyavapQraied 1o AMDeSS W@%ﬁ%@%ﬁé’%@%ﬁ? s Min
g

b Yield 0.]47 %ﬁ{‘%) of an oil, the chemical purity is 83 % accordin

TS A Brdntichhasic. drse 2 i dsheéraniiivg syane mBwhivarhere after
stianadysithe e abiehariow ssimadisas ¥ sealla OARGEBNINC acid (4 M,
4 WiV grgs Eﬁase 1 Egl%jvallgnts Base 2 Time Purity of ee of base 1 of

g gl rgV\'IA cr sturing 1or 1U minutes, the phases are separated, and the water phase is

extracted with ethyl acetate (two times 10 ml). The combined organic phases are washed
with sodium chloride (25 %, 10 ml), dried with magnesium sulphate, filtered, and
evaporated to dryness using a rotary evaporator. Yield 0.47 g (94 %) of an oil, the chemical
purity is 83 % according to LC-MS, and the enantiomeric excess is 1 % according to the

chiral analysis.

The table below summarises the results obtained:

Entry | Equivalents | Base! | Equivalents | Base2 | Time" Purity of | ee”
of base 1 of base 2 raw
product
hr % %
1 2.25 LDAY N/A N/A 2.5 91 2
2 2.25 KOtBu N/A N/A 2.5 38 -10
3 2.25 BuLi N/A N/A 2.5 39 5
4 225 tBuLi N/A N/A 2.5 40 -13
5 1.25 LDAY 1.25 BuLi 2.5 83 1
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product hr % % 1 2.25 LDA N/AN/A 2.591 2 2 2.25 KOtBu N/A N/A 2.5
38-10 32.25BuLiN/AN/A 25395 42.25tBuLi N/AN/2540-13 5

1.25 LDA 1.25 BuLi 2.5 83 1 WO 2006/086984 PCT/DK2006/000086 27
veal286hfafed KOtBu 2.5 88 -0 7 1.25 LDA 1.25 tBuLi 2.5 88rt 180k 2h6/000086
LIHMDS 1 KOtBu 2.586 1 9 1.25 LiOtB 1 KOtBu 2.5933 0 10 1.25 LDA
1BuLi0.5822 11 1.25LDA 1BuLi 1293 2 12 1.25 LDA 1 BuLi 2.5 90 -3
LDA"1BuLi0.5852 14 1.25LDA 1BuLi1852 151.25LDA 1BuLi2.5

86-1 IEdlcq'ggsg the timg A8r Sfirfingat OC |affeR gl as bpen n,rixc%'g 0

tlomeric-exeess:.-a nedative Qign indicates, that [Va isfin excess

(D
A

imfpurities in the sam&l?‘?g)ay‘mteﬁe?r% with t#8Halysis?S1LDA i$inad

St

using 24.50 emsivaldntsrpfahsgpropyaming afga,2o . Uty
5-A\-PA-is-made-usina-1.50 i diisopropylamine and 1.25

Uy

J }I_LI -
equivalents '¢f"BuLi. Uis\madel using 1/98t84uivalénts of 93 0
diiopropyldraine apd lrkQ’equivalents of ulguIf) T thse expergpents,

TV o Y0 I S | +la malnat -nﬂlba:ted as ba be ;g -1S-a jf‘lﬁd from.the
A, DU Al e~ airm T 5}|u >
bielqinmnq 0 ?ﬁe e pe‘}%i#\ nts, befmje the adoﬁﬂ}ﬁ of: comlpound 8. 10 2

Ebample 14 .8tale upldbaatemisatian of (R)-8whiorp-3<phenyl-ingan-I-pne 3

() 1.25 LDAY i Buli 0.5 85 3
149 1.25 LDhAY 1 Bul.i 1 85 2
159 1.25 LDA> 1 Buli 2.5 86 -1

“Indicating the time for stirring at 0°C after all has been mixed.

YEnantiomeric excess; a negative sign indicates, that I'Va is in excess, impurities in the
sample may interfere with the analysis.

DA is made using 2.50 equivalents of diisopropylamine and 2.25 equivalents of Bul.i.
DLDA is made using 1.50 equivalents of diisopropylamine and 1.25 equivalents of BuLi,
LDA is made using 1.25 equivalents of diisopropylamine and 1,50 equivalents of BuLi.
%1n these experiments, all BuLi - also the amount indicated as base 2 - is added from the

beginning of the experiments, before the addition of compound IVb.

Example 14 Scale up of racemisation of (R)-6-chloro-3-phenyl-indan-1-one IVh)

The bases used are the same as in example 13.

A representative procedure is as follows:

Diisopropylamine (6.25 g) is dissolved in tetrahydrofuran (THF) (160 ml), and the mixture
is cooled with an dry ice/acetone batch while stirring under nitrogen. Buty! lithium (1.6 M in
hexanes, 33 ml) is added slowly keeping the temperature below -60°C. Stirring is continued
for 5 minutes at the dry ice/acetone batch, which is then replaced by an ice/water batch, The
mixture is stirred for 10 minutes at —10 to 0°C, where after a solution of {R)-6-chloro-3-
phenylindan-1-one (IVDb) (synthesised as in example 12) (10.0 g) in THF (80 ml) is added
slowly keeping the temperature below 5°C. After stirring for approximately % an hour, butyl
lithium (1.6 M in hexanes, 33 ml) is added slowly, keeping the temperature below 5°C.,
After stirring at 0-5°C for 2% hours, hydrochloric acid (4 M, 100 ml) is added slowly. The
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The bases used are the same as in example 13. A representative

procedure is as follows: 15 Diisopropylamine (6.25 g) is dissolved in
tetrahydrofuran (TI-IF) (160 ml), and the mixture is cooled with an dry
we/anrignresbatch while stirring under nitrogen. Butyl lithium %M(ﬁ@uemaooss
hexanes, 33 ml) is added slowly keeping the temperature below-60C.
Stirring is continued for 5 minutes at thg dry ice/acetone batch, which is
then replaced by an ice/water batch. The mixture is stirred for 10 minutes

bs r r.a solution of (R)-6-chloro-3 20 phenylindan-I-one
D A5 W e e st (100 .
By REEHPIgIRie Rirspereureshalovit Z390 Kedistirdhig hae A axiMAe Nired
£86 2080 RS, WAk iR | 33.m) is added slowly,
f.léee Pin% the tem&i%%%%ﬁvh%ﬂg( Qﬁﬁ%&%%??n%ﬂt%’%@ fiFss! I’éjﬁrﬁ) After
ORISR PAI 15 GBrRAyES AHns WIS heoWi) @OPGIBEIBE residuc

isRETYDHEQAGIONDDBE pABN APE) IS SERAIGY : AME WalgrRhase s | .

. ext d two fi ith efhy] acetate (100 ml). The combined organic
’%%églgg‘%ée ol Pl Akl Githn RSB (0 SOC aner stighsdY feld 1085 g
(G9hitatdéeliing poar 96 SUINIEMRhRLEF(RB:G), REGRAE]Y).- Anel ilich, 98l anon,
CEAO.9) Aier f‘f)glt&t'i%ngt\ki? arganic ﬁhas,e is evaporated to dryness using a
rotary evaporator. The résidue 5713 re‘*c?yfsfgff&%d“frjérﬁgz-%fbénﬂl-?&@ PRl).
acepidineoigube ehisd lenali sty Fitriari O, wasiedingith Ticev®ld 2-propanol (20
ml), and dried in the vacuum oven at 50C over night. Yield 5.85 g (60 %).
Melting point 95.2C, NMR conforms to structure, [aJo2 -1.1 (c=1.0,
The SiRliotie mRessrd irtbetablebepvOCi: C 74.23, H 4.57; found: C

74,29, H 4.62. -1.0 % ec according to the chiral analysis. Purity 97 %
dine-to-L-C-MS.-10 The results are summarised in the table below:

ERhy| CAUARIR] Bage ) ERannes bRsee2 Tiéneidid Reky eePativadoes?
qu.tfféﬁ%kipﬁ% 12.25 ldphebWA NIA 2.5 53 9%,:3 21.35 LDAL25 |
U35 T IDAY N/A N/A 2.5 53 97 -3
2 1.25 LDAY 1.25 BuLi 2.5 60 97 -1
3 1.25 LDAY 1- KOtBu| 25 76 87 0
4 1.25 LiOtBu 1 KOBu| 25 70 79 -2
5 1.25 LDA* 1 BuLi 2.5 70 97 0
6% 1.25 LDA® 1.25 BuLi Y 59 96 0

l)Indicaviing the time for stirring at 0°C after all has been mixed.

“Enantiomeric excess; a negative sign indicates, that I'Va is in excess,

DA is made using 2.50 equivalents of diisopropylamine and 2,25 equivalents of BuLi.
DLDA is made using 1.50 equivalents of diisopropylamine and 1.25 equivalents of BuLi.
JLDA is made using 1.25 equivalents of diisopropylamine and 1.50 equivalents of Bul.i.
In this experiment, all BuLj - also the amount indicated as base 2 — is added from the
beginning of the experiment, before the addition of compound I'Vb; i.e. 1.25 equivalents of

diisopropylamine and a total of 2.50 equivalents of BuLi is used.




31.25LDA 1KOtBu2576870 4 1.25LiOtBu 1l KOtBu257079-2 5
1.25LDA1BuLi2570970 6 1.25 LDA 1.25 BuLi %2 59 96 0 Indicating
the time for stirring at OC after all has been mixed. 2)Enantiomeric excess;
WOrP8pEERF34ign indicates, that IVa is in excess. 15 3)LDA is PGaRKI8#§00086
2.50 equivalents of diisopropylamine and 2.25 equivalents of BulLi.
41LDA is made using 1.50 equivalen&9f diisopropylamine and 1.25
equivalents of BuLi. 5)LDA is made using 1.25 equivalents of
diisopropylamine and 1.50 equivalents of BuLi. 6)In this experiment, all
BuLi - also the amount indicated as base 2 - is added from the beginning
of the experiment, before the addition of compound IVb; i.e. 1.25
equivalents of 20 diisopropylamine and a total of 2.50 equivalents of BuLi
is used. WO 2006/086984 PCT/DK2006/000086 29 5 CLAIMS 1. A
method for manufacturing a compound of formula | (Compound I) or a salt
gf, which method comer menses con ersion of a compound of
formula IVa (Compound IVa) to the compound of formula I, wherein
1 formxla | gn If)éa areﬁ% 10 follows: N O CICl (1) (lva) 2. The method of
* clairh I Eomprish eBHTEHRE 1R CoRpRRth o faarwald (Pamneumk D or a salt
corrésperidimgialcahehvd witheisesonfigusiation cvherginiNaandVa it 1va

as f?&mﬁoﬁé Rf 8 ljt'o (t}lle%]étgg\)/c@n&vgt) formula I, wherein formula I and IVa are as
10 follows:

5 C

ct ?

7\
® (Va)
2. The method of claim I comprising converting the compound of formula IVa intc the

corresponding alcohol Va with cis configuration, wherein IVa and Va are as follows:
15

3. The method of claim 2 comprising converting the alcohol group of the cis-alcohol of

20 formula Va to a leaving group LG, resulting in the compound of formuia VI.
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3. The method of claim 2 comprising converting the alcohol group of the
cis-alcohol of 20 formula Va to a leaving group LG, resulting in the
compound of formula VI. WO 2006/086984 PCT/DK2006/000086 30 LG

W bl dedshie method of claim 3, wherein LG is a halogen, q,grsf[}#%gg@b@msé

4,

10.

i1

preferably Cl, or a sulphonate, e.g. a tosylate or a mesylate

method of claim 3 or 4, wherein Compgund VI is precipitated from a
suitable solvent. 6. The method of claim 5, wherein LG is a halogen, e.g.
Cl, and the solvent is an 10 alkagpe, e.g. heptane. 7. The method of any of
claims 3-6, whereigiCompoundpVi is reacted with 2,2- dimethylpiperazine
to obtain Compound I. ethod of claim 7, wherein Compound |
IS precipitated as a salt: hethod of claim 8, wherein the formed salt
is a fumarate salt, a maleate sal or a hydrochloride salt of Compound I.
20 10. The method of claim 7,4 ein Compound 1 is isolated as the free
base. 11. The method of any @fcladms 3-10, comprising - reacting
Compound VI with 1-protected 2,2-di¥i¢thylpiperazine (VII), wherein PG
is a protection group thereby obtaining a compound of formula VIII; and 25
- depyrotecting Compound VIII to obtain Compound I, wherein Compound

Vil a F15Pd 5 HiBvs: W20 b6 086 981 RE TYRK2DOS K0 ROEE Bl RS or

sulphonate, e.g. a tosylate or a mesylate.

The method of claim 3 or 4, wherein Compound V7 is precipitated from a suitable

solvent,

The method of claim 5, wherein LG is a halogen, e.g. Cl, and the solvent is an

alkane, e.g, heptane,

The method of any of claims 3-6, wherein Compound VI is reacted wiih 2,2~

dimethylpiperazine to obtain Compound I.
The method of claim 7, wherein Compound I is precipitated as a salt.

The method of claim 8, wherein the formed salt is a fumarate salt, a maleate salt or a

hydrochloride salt of Compound 1.
The method of claim 7, wherein Cempound 1 is isolated as the free base.

The method of any of claims 3-10, comprising

- reacting Compound VI with 1-protected 2,2-dimethylpiperazine (VII), whereinl
PG is a protection group thereby obtaining a compound of formula VIII; and

- deprotecting Compound VIII to obtain Compound 1,

wherein Compound VII and VIII are as follows:
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J) NPG CIND C N (VII) (VIII) 12. The method of any of claims 1-11,
wherein compound IVa is obtained by resolution of the racemic

compound IV using chiral chromatography. 5 13. The method of claim 12,
wrhaneinssgtd chiral chromatography is performed using chiraCligquidoss/cocoss
chromatography. 14. The method of claim 12 or claim 13, wherein said
chiral chromatography is performed 13 on a chiral sationary phase. 15.
The method of claim 14, wherein said chiral chromatography is performed
on a column of silicagel coated with m dlfleEIGamonse 15 16. The

method of claim 15, wherein said chir mmatography is performed on a
column of silicagel coated with amylos

tris-[(S)-a-methylbenzylcarbamate]. 17. The-method of claim 16 wherein

for said chiral chromatpgraphgt-a seiven {s used comprising a mixture of
n-heptane and ethangl, an opt| :

fluid chromatographyiN19. The method
chromatography is p&for(mgd on a chiral =25 stgfignary phase. WO
2006/086984 PCT/DK2006/000086 32 20. The method of claim 19,

wherein said chiral chromatography is performed on a column

12. The method of any of claims 1-11, wherein compound IVa is obtained by resolution of

the racemic compound IV using chiral chromatography.

13. The method of claim 12, wherein said chiral chromatography is performed using chiral

liguid chromatography.

14. The method of claim 12 or claim 13, wherein said chiral chromatography is performed

on a chiral sationary phase.

15. The method of claim 14, wherein said chiral chromatography is performed on a column

of silicagel coated with modified amylose.

16. The method of claim 15, wherein said chiral chromatography is performed on a column

of silicagel coated with amylose tris-[(S)-a-methylbenzylcarbamate].

17. The method of claim 16 wherein for said chiral chromatography a solvent is used

comprising a mixture of n-heptane and ethanol, and optionally N, N-diethylamine.

18. The method of claim 12, wherein said chiral chromatography is performed using sub- or

supereritical fluid chromatography, preferably supercritical fluid chromatography.

19. The method of claim 18, wherein said chiral chromatography is performed on a chiral

stationary phase.



of silicagel coated with a chiral polymer, or on a column of silicagel with an
immobilized chiral polymer, or on a column of silicagel with a covalently
bound chiral monomer. 5 21. The method of claim 20, wherein said chiral

Wy amasaasaphy is performed on a column of silicagel coateldc\@/}gkm%mmn%
amylose tris (3,5-dimethylphenylcarbamate) or amylose tris [(S)-

a-methyibenzylcarbamatej, or on a camn of silicagel with immobilized
amylose tris (3,5-dimethylphenylcarbamate), or on a column of silicagel

i I [ 5-dimethylphenylcarbamate) or. cellulose
S TR vt Covier oo

3,8t dilinretlanaisyl vattangitalrerantreos aeinm2s shegdeihndef any
ofithiagiaizeg 02l RLein: Y CalahGly OmAIRg ARNY I%, RIS
a column of silicaggl coated with amylose trils (3%gi w%gﬁ% cmz%%nﬁy'ﬂoun chiral
difi®A¥Phenylcarbamate). 23. The method of any of the claims 20-22,

5 wherein said chiral chromatography is performed with a modifier selected

rqm. the grqup of methanol, ethanol, isopropanol, or acetonitril, optionally
zégﬁe mﬁtﬁogie h%?éfr% iﬁnBe,‘% St GE%PBMWP&?WE’?W PArTPRRC Ao lumn

aining

ofényiofeelaimted-@BIcamprisings Oy dlingiGOSRBRHBA UMY SOAMSIEND:s [(S)-
e%anﬁmmericajlgﬁggd@g%gg gom ound IVb intg essentially. racemic
e VD an

FHIGLY 1 DCIZY 167 s 8 \7 Eci(r):eu:ngx 6){ éﬂhé?gfé mtwﬂw_l%amylose tris

compodund IV; w

26d810esdRA FEIKDOBE00086 a3 RENT hé siiathptl ofabdimidd cellulose tris
10 wheteiiheiaeenisatinmis.obtal Ing a base or a_mixture of two

or more basygg. 26. The me%fgod O%%%é%% %%rggr 2 Wheraradfke o on & column of

raCeTRELYEh rovHeRR Ayadsingdirobenzoy! tetrahydrophenanthrene amine.

22. The method of any of the claims 20-21, wherein said chiral chromatography is
performed on a column of silicagel coated with amylose tris (3,5-

15 dimethylphenylcarbamate).

23. The method of any of the claims 20-22, wherein said chiral chromatography is
performed with a modifier selected from the group of methanol, ethanol, isopropanol, or
acetonitril, optionally containing diethylamine, optionally 0.1% diethylamine.

20
24. The method of any of claims 1-23 comprising recycling Compound ['Vb by converting

enantiomerically enriched compound IVb into essentially racemic compound IV, where
IVb and I'V are:

0O

pesTa e
)

25 (Vb vy,
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5 equivalent or more of a non nucleophilic base ("the former base"),
followed by addition of a catalytic amount, or one equivalent or more of
the same or another base ("the latter base"). 27. A method for the
WidppiieiEiens4of the enantiomerically enriched compound Vb iPEE/2E2006/060086
essentially racemic compound IV, where in IVb and IV are: O O Oa", a
(IVb) _ (IV) and wherein the racemisaii®n is obtained by using one
equivalent or more of a non 15 nucleophilic base, followed by addition of
2352 Tidaltieod BI08) i B0 VB R 6H IR Aenli sHRRELIOb IR RABS Q5 AN or o
basl%u%g. ;rtr‘]; method é)f claim 26 or 27, wherein the racemisation is
ogfalnedqby u%f)nrgmé’ﬁ% %Sﬁﬁivalent or more of a non nucleophilic base ("the
former base") selected from the 20 group consisting of an amide,
' i as but not limited ta lithium diethylamide,
e e e m e MAIEA o YR 7
dReBYAbEY armees @ mororusinestdlibkasildmiftersubhsad  iftliomebiby addition
siylapaidgueWiahlvditivg bistrimetbysiv) aride.ar.an éﬂglﬁlératlalér%xtdt%b latter
such as but not limited to metal methoxide, metafet oxide, meta
téWBL}toxide, suitably alkali 25 alkoxide, preferably lithium alkoxide, must
preferably lithium tert-butoxide followed by the addition of a catalytic
zﬁ%glur&gbgrfc%qg ec uivalent Oﬁépore of the same or another base ("the
atter base ) SefeIBE TS FhE Y POt eBIrEIcthY DY ishes FrawursrbYRiRIa
deabeyiaiidecguihcampoitnddiMiwiied ta ivhiusd diethylamide, lithium
diisopropylamide, WO 2006/086984 PCT/DK2006/000086 34 lithium
tetramethylpiperidide, suitable lithium diisopropylamide (LDA), or a metal
his- silylamide, such as alkali;
alkoxide, such a§bugretJin
metal tent-butoxide, H
alkoxide, must preferabfy potassium tert-but

O

(IVb) (iv)

7 metal ethoxide,

kali alkoxide potassium
( an alkyl

and wherein the racemisation is obtained by using one equivalent or more of a non
nucieophilic base, folowed by addition of a catalytic amount, or one equivalent or

more of the same or another base,

28. The method of claim 26 or 27, wherein the racemisation is obtained by using one
equivalent or more of a non nucleophilic base (“the former base”) selected from the
group consisting of an amide, preferably a dialkylamide, such as but not limited to
lithium diethylamide, lithium diisopropylamide, lithium tetramethylpiperidide, suitable
lithium diisopropylamide (LDA), or a metal bis-silylamide, such as lithium bis-
silylamide, suitably lLithium bis(trimethylsilyl)amide, or an metal alkoxide, such as but
not limited to metal methoxide, metal ethoxide, metal ferr-butoxide, suitably alkaii
alkoxide, preferably lithium alkoxide, must preferably lithium ferf-butoxide followed by
the addition of a catalytic amount, or one equivalent or more of the same or another base
(“the latter base”) selected from the group consisting of an amide, preferably a

dialkylamide, such as but not limited to lithium diethylamide, lithium diisopropylamide,
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20

5 metal, suitably an alkyl lithium, preferably butyl lithium ortert-butyl
lithium, or a mixture thereof. 29. The method of claim 28, wherein the non
nucleophilic base ("the former base") is selected from the group

veonsisingsef lithium diisopropylamide (LDA), lithium 10 PCT/DK2006/000086
bis(trimethylsilyl)amide (LIHMDS), or lihiumtert-butoxide. 30. The method

of claim 28 wherein the "latter base" is;gelected from the group consisting
of lithium diisopropylamide (LDA) potassium tert-butoxide, butyl lithium, or

tepirauly of any, of the claims 24-26 and any
ofghe cla{ﬁ#gpﬁlé‘/[ﬁgb%% é?leln the orfﬂ%}“ﬁ‘é{’@%ﬁd’ﬂﬁ@%@%ér gpectal bis-
pr‘é’ééﬁ’#?@nﬁltﬁéaét@halgblsmmﬂﬂmhd&lmuy,@&*alamﬂﬁi@hdﬂ%éﬁﬂg Bhenot
epRbiall HREEMIGRIILGLEY éﬁlo%%ae?fgﬁ%%ﬁ%d 2SS Vi akonice,

solv nt, such as an alcoho (e.g. a Cl.b-a

BrbrAR Rtassim kot decmns quzﬁec@hpmﬁm@vagmmnmb,em an alkyl

Smmr&asbwl@wkﬂ i) WQ-BR06/03 8R4 P G TR (R% Q0086
35 3leth % gund (IVb) ha\i%\g the struc%?re as fo%w *%68(, B3R
compoun efined in claim 33 or 34 which is substantially pure, 36.
The method of any of the claims 1-8, or any of the claims 11-32, where

mpound.l is replaced b ound IX, where Compound IX has the
z.yfolr ?ﬁlﬁ}fgls{ﬂgd c;.a ISR 28, whéé‘em {Qg non nucleop hc base (¢ the former base”) is
selected from the group consisting of lithium diisopropylamide (L.DA), lithium

bis(trimethylsiiyl)amide (LiIHMDS), or lihium fer-butoxide.

30. The method of claim 28 wherein the “latter base” is selected from the group consisting
of lithium diisopropylamide (LDA), potassium tert-butoxide, butyl Hthium, or fers-butyl
lithium.

31. The method of any of the claims 24-26 and any of the claims 27-30 wherein “the former

base” and “the latter base” are present from the start.
32. The method of any of claims 24-31, wherein the essentially racemic product (IV) is
recrystallised from = suitably solvent, such as an alcohol {e.g a Cie-alcohol), e.g.

ethanoi or 2-propanol or a mixture thereof,

33. A compound (IVa) having the structure as follow:




(IX) 10 37. The method according to claim 36, wherein Compound IX is

precipitated as a succinate salt or a malonate salt of Compound IX. 38.

The method according to claim 37, wherein Compound IX is precipitated
Va3 morgsizliine succinate salt or a crystalline malonate salt. e B8x3twe/000086

method of claim 38, wherein said salt is formulated into a pharmaceutical

composition. 35

34, A compound (IVb)} having the structure as follow:

5 35. A compound as defined in claim 33 or 34 which is substantially pure.

36. The method of any of the claims 1-8, or any of the claims 11-32, where Compound [ is

replaced by Compound IX, where Compound IX has the formula:

(iX)
10 37. The method according to claim 36, wherein Compound IX is precipitated as a succinate

salt or a malonate salt of Compound IX.

38. The method according to claim 37, wherein Compound IX is precipitated as a crystalline
succinate salt or a crystalline malonate salt.

15
39. The method of claim 38, wherein said salt is formuiated into a pharmaceutical

composition.



