1 SUCCI NATE AND 1VI ALONATE SALT OF TRANS- 4- (( 1R, 3S)-6- CHLORO- 3- :
PHENYLI NDAN- 1- YL) - 1, 2, 2- TRI METHYLPI PERAZI NE AND THE USE AS A MEDI CAMENT
The present inyention relates to

44/ R, 38) - 6- chl or o- 3- phenyl i ndan-1-y1)-1, 2,2- trinethyl pi perazine, in
particular the hydrogen succinate and the hydrogen nal onate salts thereof,
nmet hods for the preparation of 4-(c /

R, 351) - 6- chl or o- 3- phenyl i ndan-1-y1)-1, 2,2- trinethyl pi perazin and the
salts thereof, pharmaceutical conpositions containing these salts to and
t he nediSTHECUSATENENBAVMALONATE SALT QREIFRANSeF-(E8/FSr6pBHEQRO- ot her

0 e NI S MR BT WL

[4-((1R ~5- 153- phenyl i ndan-1-y1)-1, 2, 2-tri nmet hyl pi perazi ne] has
t he gen@plééﬁ‘%ﬁgo(l): and is described generically in EP 638 073. EP

638 @73 covers a group of trans isonmers of 3-aryl-1-(1-piperazinypi ndanes

substituted in 20 the 2- and/or 3-position of the piperazi ring The
conpounddiearesentdgvention gelaiss mﬁ(ﬁé,ﬁﬁ@ﬁfﬁwrw&%&yﬁ%ﬁﬁ ﬂ‘é DI and D2

d.th -
L1 ot o B ERaraTe o eARERN s Wb AR ARERL A B AGSE St Pl

schi zophg&BhfameE3do &3 tﬁgﬁeﬁﬁﬁﬁoﬂl@ﬂL@JRQS?S&M@&3W?MM@HWILZ}Mr ic form
of the above conmpound of formula (1), only trans isoners in_ the form of

r acennt esmathylesesin bedithe saltsihereoh phesoereetticat cqrapasifions coytaming Bessseltheen
d i bed by B | ... - d._ Ch 1 . 38, 0-4392, i
the ior g fie HEdFdter DeeroLdprudipg e oE b MRt ptBBesgEy 120
publ i Ca%%ﬁg?%dﬁgﬁésm&he (-)-enantiomers of conpound 38 is a potent

Di /D, antagonfst's showi ng some D, selectivity in vitro while in vivo it is
equi potent as D, and D2 5 antagoni st. The conpound is al so described as a

pot ent 5-HT2 ant agoni st d i high affinity for a, adrenoceptors.
It is al%cmpBﬁBHQﬁgm‘tmgMd does not induce catal epsy in rats.
The_cor rGanandioNt WARGIRfe bjetebl aRrdsbf ikWHRLAT£(IR! 45 8leHdte- above

conpoun
15  3-phenylindan-1-y1)-1,2,2-trimethylpiperazine] has the general formula (I):

t§ |
Cl I s
@

and is described generically in EP 638 073.

EP 638 073 covers a group of frans isomers of 3-aryl-1-(1-piperazinyljindanes substituted in
20  the 2- and/or 3-position of the piperazine ring. The compounds are described as having high
affinity for dopamine D, and D, receptors and the 5-HT, receptor and are suggested fo be
useful for treatment of several diseases in the central nervous system, inciuding
schizophrenia. EP 638 073 does not disclose the specific enantiomeric form of the above

compound of formula (I}, only frans isomers in the form of racemates are described.

25



10 (1) is also described by Klaus P. Bogeso in "Drug Hunting, the

Medi ci nal Chem stry of 1- Piperazino-3-phenylindans and Rel at ed
Conmpounds®, 1998, | SBN 8 7-88085-1 0-4 (cf e.g. compound 69 in table 3,
p47 and in table 9A, pl101). Thus, the compound of fornula (1) is a m xed
D /D, antagonists, a 5-HT2 antagonisf and it 15 has also affinity for a,
adrenoceptors. In the following is outlined the possible |Iinkage between
di f f er ent, i3RASRS FMSNE (JIRARIHAS bEN AREHTA byasAREDESl. ih hevBd Hilem.,
receptors and the a, adrenoceptors, respectively. The aeti ol ogy of

schi zopHi98Aj 38, ipsge 3 80k4danin thel fortohet thie fimmdrate sklyset tablsi 5s copewstd ZbpHir eni a
20 (Carlsson, Am, J. Psychiatry 1978, . 135, 164-173),,.f.ornul at in the.
ear|y 19688PURication 6RAC s@a{ﬁgég)éqn@%%qm?rﬁg %P%m%léﬁ 1?1?18%%&@2’8? ng the
bi ol ogi '@ﬁg | Mk i s.-di Sak : i S r t he
dopam n?ﬁ%%@%ﬁ%@?s égtﬁfeé?ﬁlt%gaﬂg%ﬂn;vg% r%g{rlltlégﬁylsv bgtsllgtg@inglt)ﬁéggd a\%itt)lh&gm

hy persdopagaatsgiThe sbipoundis absbidascritled @b a ipsteatHHll, ietdgdnyst the as basting high al |
anti psychotic drugs on the narket today exert sone dopam ne . recept or
ant agoniafmity for Se adignompiosh dis alig medoBehibiatihy S?mQ?“n%fOﬁSi}l‘?t WesSver
whereas it .is generally accepted that antagoni sm of dopam ne D2 receptors
in the |9 ?Péy%%&%ns of the brain plays a key role in the treatnent of
positive synptons of schizophrenia, the bl ockade of D2 receptors in
striatal regions of the brain causes extrapyram dal synptons (EPS). As
descr i bekhe qorERp@EBIAGRatp poWEN as tie fungeste WP fharbort rEnPEdLyitermula

i nhibitian has bee serve jth song, sos. 30 call | . _

ant i sy ot iﬂ@‘)@gw@&ﬁgﬁ&?‘ﬁ %FWM Wﬁ%%ep]lﬁ(r%%lf %%g@g@:lﬁiﬁtryrp 4t ment

of schi zg é}%ﬁgb%-@% Biftiads anBREBAN@Impdund ot 2998) ISRV 87-38080206-4136 el SO
been sugggst ed to co%t ri buta% in inpr ovllajng anti psychotic pr oper{(l es (Mlian
et al, Jdmipoud0@0,in 2OR; 3,387 58] in table FylALY, sel ective DI antagoni sts have
been connected to treatnment of sleep disorders and 5 al cohol abuse

(D.N. Eder, Current Opinion in Investigational Drugs, 2002 3(2):284-288).
Dopami nepmyqal ' 180 ik B/DNakiBSon®ld, 91509, Shaddhispaid e

di sorderI&@Pﬁ\ﬂ?ﬁ?’ﬁg@%@%ﬁamﬁ?%v. 1983, Q%O 211-224"" 275- 236 and
237-346; hak aldvedfiniGhimy, adBRepdss. Il it Folld8id8 )is ouflined the possible linkage

between different diseases and the dopamine D, and D, receptors, the 5-HT, receptors and

the o, adrenoceptors, respectively.

The aetiology of schizophrenia is not known, but the dopamine hypothesis of schizophrenia

20  (Carlsson, Am. J. Psychiatry 1978, 135, 164-173), formulated in the early 1960s, has
provided a theoretical framework for understanding the biological mechanisms underlying
this disorder. In its simplest form, the dopamine hypothesis states that schizophrenia is
associated with a hyperdopaminergic state, a notion which is supported by the fact that all
antipsychotic drugs on the market today exert some dopamine D, receptor antagonism

25  (Seeman Science and Medicine 1995, 2, 28-37). However, whereas it is generally accepted
that antagonism of dopamine D, receptors in the limbic regions of the brain plays a key role
in the treatment of positive symptoms of schizophrenia, the blockade of D, receptors in
striatal regions of the brain causes extrapyramidal symptoms (EPS). As described in EP 638
073 a profile of mixed dopamine D,/D, receptor inhibition has been observed with some so-

30 called "atypical" antipsychotic compounds, in particular with clozapine, used in treatment of

schizophrenic patients.



In FP 638 073 is described how conpounds having affinity for 5-HT2
receptors, in particular 5-HT2 receptors antagoni sts, have been suggested
for treatnment of different diseases, such as schizophrenia including the
negative synptons in schizophrenic patients, depression, anxiety, sleep

di sturbance, mgraine attacks and neggoleptic-induced par ki nsoni sm 5-HT2
15 receptor antagoni sm "has al so beerr suggested to reduce the incidence of

| Poychopta ﬂaﬂggﬂ%s A s SRS o0 RBRRAB co R B 57"

provi ded aati rﬂ@d@ﬁﬁl@h@famp&ﬁmﬂaswﬁas 53
20chl or o- 3- IE%enyl indan-1-yl)-1,2,2-trimethyl pi pera)2| ne (formula I) or a

salt thereof, which nmethod conprises conversion of the conpound of formula
Va in cis-confi ur at ontothe conpound of f erei,.n formul.a |
and V. afurag, iR, imisgotish tava b et HeaRart of Be gt Hle

met hogl oty.gh, 1%{1& Wﬁi&r@&? Upiftionil) @@%mm £ 2oy 3p0)t28a52 881 | ned
above, wi%ulecr e‘?n a. rrpound Vi Q’?s rleggtleglvmt di 'rgr’et hyl g?peramsntg to
obtain the conpound of formula VII (Vi)

Dopamine may also play an important role in the etiology of affective disorders (P. Willner,
Brain. Res. Rev. 1983, 6, 211-224, 225-236 and 237-246; J. Med. Chem., 1985, 28, 1817-
1828).
10
In EP 638 073 is described how compounds having affinity for 5-HT, receptors, in particular
5-HT, receptors antagonisfs, have been suggested for treatment of different di'seasés, such ag
schizophrénia including the negative symptoms in schizophrenic patients, depression,
- anxiety, sleep disturbance, migraine attacks and newroleptic-induced parkinsonism. 5-HT,
15  receptor aniagonism has also been suggested to reduce the incidence of extrapyramidal side
effects induced by classical neuroleptics (Balsara et al. Psychapkarmkzéology 1979, 62, 67-
69).

 In afirst aspect, there is provided a method for manufacturing 4{(1 R,35)-6-
20 chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazine (formulaI) or a salt
thereof, which method c_,c')mpriées conversion of the compound of formula Va

in cis-configuration to the compound of formula I, wherein formula I and Va

are as follows:

25
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b. Conpound VII is nethylated at the secondary amne to obtain the free
base of the conmpound of formula |I. In a third aspect, there is provided a
met hod for the preparation of the conpound of formula |I or a salt thereof
conprising reacting a conpound of fornmula Vla (i.e. Conpound VI for which
LOis COwth 2, 2- dinethyl pi perazi ne 3hereby obtaining the conpound of
formula VI1, followed by nethylation at the secondary amne. In a fourth

aspect, there h?a?%c%%ﬁhqgi%c,tﬁ@é hagofiatd ﬁﬁ%&h@@éf@&téiﬁﬁlg%e freSpmRQENd Of

formula | or a sa ereor conprising reacting a conpound of fornula Vla
(i.e. Conpound thd cogrounth iof forh@Gld BasCefin€ll ab{Wi ahemsirt h

2, 2-di et hyl pi perazi ne i resence of ase, f.ol | awe q%wr uctive -3b
ani nation wit hasﬁ?%BPVli\égﬁé?ﬁc&dmﬁiégnF YMP%F&H%E‘{O %leﬁ%r mal dehyde,
trioxane or diet hoxywhiane,fld oyed by isol ation of the conpound of
formula | as the free base or as a salt thereof. In a fifth aspect, there

is provided a nethod for manufadturing 4-((IR 38)-(6-

chl oro- 3- phenyl i ndan-1 -y1)-+32-R-tri net hyl pi perazine (forrmula 1) or a salt
t hereof, which nethod conpri ges conversion of the conpound of fornula Vi
to the conmpound of formula I, rein formula VI1 is as defined above. In
a sixth aspect, there i's provi:ded a conpound (Va) having the structure: OH

(Va) ci .

(VID
b. Compound VII is methylated at the secondary amine to obtain the free

base of the compound of formula 1.

In a third aspect, there is provided a method for the preparation of the
compound of formula [ or a salt thereof comprising reactiﬁg a compound of
formula VIa (i.e. Compound VI for which LG is CI) with 2,2- 7
dimethylpiperazine thereby obtaining the compound of formula VII, followed
by methylation at the secondary amine.

In a fourth aspect, there is provided a method for the preparation of a
compound of formula I or a salt thereof comprising reacting a compound of

formula Vla (i.e. Compound VI for which LG is CI)

R
O

via)

with 2,2-dimethylpiperazine in presence of a base, followed by reductive



In a seventh aspect, there is provided a conmpound (VI) having the
structure: LG (V1) wherein LGis a potential |eaving group, e.g.
selected fromthe group consisting of a halogen, e.g. Br or C, preferably
C, or a sul phonate. (VIl) or a salt thereof BRI EF DESCRI PTION OF LI M
DRAW NGS Fi gure 1: Shows an X-ray powdér diffracto gram of the crystalline
form al pha of the hydrogen succinate salt of Conpound | (obtained using
copper Kul radiation (A =1.5406 A)) Figure 2: Shows an X-ray. powder

di f f ract ogram @mmm@naflgls%qabhywaeaﬁnwétaa foymaldehy g prptenmaldehyde,

succi nate salt ion

(k=1. 5406 A)) ﬁ‘?‘%ﬁ‘rgg Hg&%@%"@gﬁ%ﬁop@s’egﬁﬁerétg’iﬁﬁfp‘{rt%éﬁ%ngé‘gﬁqhg’? t he

hydr ogen mal ondsrendal 4s th ficobpords b séiobteataied usi ng copper K. radiation
(X, =1.5406 A)).

In a fifth aspect, there is provided a method for manufacturing 4-((1%,35)-(6-
chloro-3-phenylindan-1-yl)-1,2,2-trimethylpiperazine (formula I) or a salt
thereof, which method comprises conversion of the compound of formula VII

to the compound of formula I, wherein formula VIl is as defined above.

In a sixth aspecf, there is provided a compound (Va) having the structure:

el
O

(Va)

In a seventh aspect, there is provided a compound (VI) having the structure:

RO®

(VD)
wherein LG is a potential leaving group, e.g. selected from the group

consisting of a halogen, e.g. Br or Cl, preferably Cl, or a sulphonate.

In an eighth aspect, there is provided a compound (VII) having the structure as

follow:



4 DETAI LED DESCRI PTION OF THE I NVENTION Salts of the invention It has
now been found that the aqueous solubility of the hydrogen succinate salt:
and of the 5 hydrogen mal onate salt of the conpound of fornula (1) is
considerably larger than the aqueous solubility of the corresponding
fumarate salt. As used herein the term3hydrogen succinate" salt of the =
conmpound of formula (1) refers to the 1:1 salt of the conpound of formula
(1) and succinic acid. 10 As ysed herein the tenn "hydrogen nal onate" salt
of the conmpound of fornul (Iﬁfrefers to the 1:1 salt.of the compound of

formula (1) and mal onic -N The hydrogen succinate salt was found to
be nore stable than the f ratye salt and than the 15 hydrogen -mal onate
salt and to be non-hygroscQpic,/ The hydrogen naloriate salt of Conpound |
was found to have a stabili simlar to the fumarate salt when exposed to

i ght and nore gtabl e-when exposed to 60C/ 80% rel ative hum dity (RH), but

| ess stabl e than thg fir ake salt at 90C. 90C is however a very 20
stressed condition, doeg’ not necessarily relate to stability at nornal
‘conditions. The nal onét’e alfsorbs gradually up to 1% of water when the
relative humdity is raisedyto 95% but with no hysterhesis. It is

t herefore considered as no §roscopic, but with good wetting properties,
whi ch i ndi cates favourabl Sol ution.properties. 25The invention al so -
covers crystalline salts of—He jpvention, including, e.g. anhydrates
hydrates, and sol vates of the sgvﬁé of the invention. By the term ,
anhydrate is ne £ ts of the invention containing no crystal bound:
wat er. By hydra§§%$wg%%%§%t the salts of the invention containing crystal
bound wat er nol ecul es. Hydrates are usually prepared by formati on of the
salt in presence of sone water. By solvates is neant the salts of the 30

i nvention containing crystal bound sol vent nol ecul es. Sol vates are usually
prepar ed BRIEF DESCRIPTIONGF IHE DRAWENGS i n presence of the solvent:
The sol vent  nol ecules in_a single .5 solvate_ may be_of one or two or nore
di f f er ent HigHredntShows 258{-vay Rowdsr difffastagsam abthe cogialimsdonn airhg odthepr e

| . organi ¢ 's 0\' vent s h?fﬁro%%n S ofne Qﬁpbf\@&%}oﬁﬂi Iv(gﬂtrained using copper K, radiation
O=15406K) - - . |
Figure 2: Shows an X-ray powder diffractogram of the crystallifie form beta of the hydrogen
succinate sali of Compound I (obtained using cc_JpperK;11 radiation (A=1.5406 A))

Figure 3: Shows an X-ray-powder diffractogram of the hydrogen malonate salt of
Compound I (obtained using copper K., radiation (\=1.5406 A)).



One enbodi nent of the invention relates to the 1:1 salt of
trans-44(11435) - 6- Chl oro-3- 5 phenylindan-1-y1)-1,2,2-trinmethyl pi perazine,
i.e. of the conpound of fornula (1), and succinic acid in the formof a
crystalline anhydrate. The inventors have di scovered 2 crystalline forns
of the hydrogen succinate salt of Cogpound |I (naned al pha and beta). 10
Thus, one enbodi nent relates to a crystalline formof the hydrogen

succi nat gp§adti i@ p ﬁ.@(\XgNiﬁ Raed al pha and characteri zed
by one or m)reEoig i an X—R’g?:po er glffractogram as shown in
Figure 1, (ii) an X-Ray powder diffractogrampattern as illustrated

in Table obt ai ned using copper 151 C'" radiation (X=1.5406 A) which shows
mai n peaﬁ%ltsa‘? the nveptighgl es given; (iii) having a DSC (Differenti al

Seanni noy ol BELTBLY bl AP ML SO0 Br ARIOHARETLICHOBRSh, 13551410

A further enbodi men 0 a cr s |ne rogen

succisnat Byddtdn RAloAREPALGhE compdald dfquulﬁ G?Qd&ﬂsﬁ@ﬁaﬁlydﬂ@eﬁﬂﬂﬁ aed eri zed
by ‘one or nore of: 20 (|) an X- Ray glmwde di ffractogram as shown in Figure

2; (ii) wﬂewm}uh@bmﬂ?é edffortes ¢tdtn as illustrated in Table |
obt ai ned usi ng copper Ica rad| ation (X 1.5406 A) which shows mai n peaks
at the 20-angles given; (iii) having a DSC trace whi ch shows an endot herm

Wi t h onsgl ud3TeddB the term "My drd¥cnN@ECiBIROMIBTMhe ERhRIUBE of Sorthubd Y Pfefdrk | td"'e

hydrogen mal onate salt of Corrpound | 25 characterized by one or nore of
(i) an XhRdyl fdvafdhe dinfifouadtoddpramial) sitbswecinie Fidgure 3; (ii) an X-Ray
powder diffractogrampattern as illustrated in Table | obtai ned using
copp® Kea radiation (2J-1.5406 A) which shows mai n peaks at the 20-angles

gi ven. 3R hallifren S yrfrbsthn! fial aw @6 Wréé%d
usi ng coppe?éal cg rgg}glt&l?oﬁﬁhl 5%6 A% t he céoysta forms al pha and
bet a of thha:hyadraigencanmmund af doraalld (IpindGonjpeicradid., and of the crystalline
hydrogen nal onate salt of Conmpound I. Fig; cf. also Fig.

The hydrogen succinate salt was found to be more stable than the fumarate salt and than the

15  hydrogen malonate salt and to be non-hygroscopic.

The hydrogen malonate salt of Compound I was found to have a stability similar to the
fumarate salt when exposed to light and more stable when exposed to 60°C/80% relative
humidity (R¥), but less stable than the fumarate salt at 90°C. 90°C 1s however a very

20  stressed condition, and does not necessarily relate to stability at normal conditions. The
malonate absorbs gradually up to 1% of water when the relative humidity is raised to 95%,
but with no hysterhesis. It is therefore considered as non-hygroscopic, but with good wetting

properties, which indicates favourable dissolution properties.

25  The invention also covers crystalline salts of the invention, including, e.g. anbydrates
hydrates, and solvates of the salts of the invention. By the term anhydrate is meant the salts
of the invention containing no crystal bound water. By hydrates is meant the salts of the
invention containing crystal bound water molecules. Hydrates are usually prepared by
formation of the salt in presence of some water. By solvates is meant the salis of the

30  invenfion containing crystal bound solvent molecules. Solvates are usually prepared by

formation of the succinate salt in presence of the solvent. The solvent molecules in a single



6 1, Fig. 2 and Fig. 3 providing a representative XRPD pattern of

pol ynor phi ¢ form al pha and beta of the hydrogen succinate salt and of the
mal onate salt of Compound |, respectively. Salt Characteristic reflexes -
mai n peaks (expressed in degree of diffraction angle 20) Succinate, alpha
9.36; 10.23; 11.81; 13.45; 16.21; 16z57; 17.49; 18.89; 19.20; 19.63;

20.01; 20.30; 21.15; 21.53; 21.93; 22.34; 24.37; 25.34; 27.27; 29.65

Succi nat @iy REhay Be &t ondbriwo bt nfbre dfffdent 141vEits. 10 sivatd Phads confhride whitr 4

one of two or more organic solvents or be only a non-water solvent.

One embodiment of the invention relates to the 1:1 salt of #rans-4-((/R,35)-6-Chloro-3-
5  phenylindan-1-yl)-1,2,2-trimethylpiperazine, i.e. of the compound of formula (T}, and
succinic acid in the form of a crystalline anhydrate.

The inventors have discovered 2 crystalline forms of the hydrogen succinate salt of
Compound I (named alpha and beta).
10
Thus, one embodiment relates io a crystalline form of the hydrogen succinate salt of
Compound I, which form is named alpha and characterized by one or more of:
(1) an X-Ray powder diffractogram as shown in Figure 1;
(i) an X-Ray powder diffractogram pattern as illustrated in Table I obtained using copper
15 | K, radiation (A=1.5406 A) which shows main peaks at the 20-angles given;
' (iii) having a DSC (Differential Scanning Calorimetry) trace which shows an endotherm
with onset 139-141°C,

A further embodiment relates to a crystalline form of the hydrogen succinate salt of
Compound I, which form is named beta and characterized by one or more of:
20 (i) an X-Ray powder diffractogram as shown in Figure 2;
(ii) an X-Ray powder diffractogram patt.ern as illusirated in Table I obtained using copper
K, radiation (A=1.5 406 A) which shows main peaks at the 26-angles given;
(iif) having a DSC trace which shows an endotherm with onset 135-138°C.

A further embodiment relates to a crystalline hydrogen malonate salt of Compound I
25 characterized by one or more of:
(i) an X-Ray powder diffractogram as shown in Figure 3;
(1) an X-Ray powder diffractogram pattern as illustrated in Table I obtained using copper
K, radiation (A=1.5406 A) which shows main peaks at the 20-angles given.

30  Table 1. Characteristic X-Ray powder diffractograms obtained using copper K,; radiation
(A=1.5406 A) of the crystal forms alpha and beta of the hydrogen succinate salt of
Compound I, and of the crystalline hydrogen malonate salt of Compound I Fig; cf. also Fig.



17.5; 17.9; 18.4; 18.9; 19.2; 20.3; 21.0; 21.9; 22.5; 23.3; 26.3
Mal onatet 8.3; 10.6; 11.5; 12.8; 14.2; 14.5; 14.7; 15.8; 16.5;

10

15

20

25

6

1, Fig. 2 and Fig. 3 providing a representative XRPD pattern of polymorphic form alpha and
beta of the hydrogen succinate salt and of the malonate salt of Compound I, respectively.

Salt | Characteristic reflexes - main peaks (expressed in degree of
diffraction angle 20)

Succinate, alpha | 9.36; 10.23; 11.81; 13.45; 16.21; 16.57; 17.49; 18.89; 19.20; 19.63;
20.01; 20.30; 21.15; 21.53; 21.93; 22.34; 24.37; 25.34; 27.27; 29.65

Succinate, beta | 8.1; 10.5; 11.4; 14.0; 14.6; 15.6; 15.7; 16.2; 17.2; 17.5; 17.9; 18.4; 18.9;
19.2; 20.3; 21.0; 21.9; 22.5; 23.3; 26.3

Malonatet 8.3; 10.6; 11.5; 12.8; 14.2; 14.5; 14.7; 15.8; 16.5; 17.4; 17.6; 18.0; 18.6;
19.2; 21.2; 22.0; 22.9; 23.7; 24.7; 28.8

As used herein by expressions like "crystalline form of a specific salt of Compound I
characterized by the X-Ray powder diffractogram shown in Figure (1)" is meant the
crystalline form of salt of Compound I in question having an X-ray powder diffractogram
substantially similar to Figure (1), i.e. exhibiting an X-ray powder diffraction pattern
substantially as exemplified in that Figure and measured under comparable conditions as

described herein or by any comparable method.

Generally, all data herein are understood to be approximate and subject to normal
measurement error depending e.g. on the apparatus used and other parameters influencing

peak positions and peak intensities.

The invention also relates to a solid hydrogen succinate salt of Compound I which solid salt
consist mainly of the alpha form as compared to the total amount of the salt. In one
embodiment, the term “mainly” means that the solid hydrogen succinate salt of Compound I
consist of at least 75%, such as at least 80%, at least 90%, or at least 95% crystalline alpha

form as compared to the total hydrogen succinate salt of Compound I present.

The invention also relates to a solid hydrogen succinate salt of Compound I which solid salt
consist mainly of the beta form as compared to the total amount of the salt. In one
embodiment, the term “mainly” means that the solid hydrogen succinate salt of Compound I
consist of at least 75%, such as at least 80%, at least 90%, or at least 95% crystalline beta
form as compared to the total hydrogen succinate salt of Compound I present.

The invention also relates to any mixtures of the crystalline forms of the hydrogen succinate
salt of the invention, e.g. a mixture of the alpha and beta crystalline form of the hydrogen

succinate salt of Compound L.



17.4; 17.6; 18.0; 18.6; 19.2; 21.2; 22.0; 22.9; 23.7; 24.7;, 28.8 5
As used herein by expressions like "crystalline formof a specific salt of
Compound | characterized by the X-Ray powder diffractogram shown in Figure
(1)" is neant the crystalline formof salt of Conpound | in question
havi ng an X-ray powder diffractogranysubstantiaIIy simlar to Figure (1),
I.e. exhibiting an X-ray powder diffraction pattern substantially as
exenplified in that Figure and nmeasured under conparable conditions as 10
descri bed herein or by any conparabl e net hod.

Preparation of the salts of the invention

The succinate salt according to the invention may be obtained by treatment of the free base
of a compound of formula (I) with succinic acid in an inert soivent followed by

5  precipitation, isolation and optionally recrystallization. If desired, the crystalline salt may
thereafter be subjected to micronisation by wet or dry milling or another convenient process,

or preparation of particles from a solvent-emulsification process.

Precipitation of the succinate salt of the invention is preferably carried out by dissolving the
free base of the compound of formula (I) in a suitable solvent, such as acetone or toluene,

10 and thereafter mixing this solution to a suspension or solution of succinic acid in a suitable
solvent, such as acetone, aqueous acetone or toluene. In one embodiment the solvent is a
mixture of acetone and water, e.g. a mixture consisting essentially of acetone and about 2%
to 10%, preferably about 5% water, based on the weight of the mixture. The resulting
suspension may be heated or solvent may be added until all succinic acid has dissoived. The

15 succinate salt of the compound of the invention is precipitated, preferably upon cooling of
the solution. The succinate salt of the invention may optionally be recrystallised one or more

times and isolated by filtration, washed, e.g. with acetone, and dried.

The invention also relates to a method for the preparation of the crystalline beta form of the
hydrogen succinate salt of Compound I, which method comprises leaving an aqueous
20  solution of hydrogen succinate salt of Compound I for slow evaporation of the solvent at

ambient conditions.

The malonate salt may be obtained using analogous procedures. Accordjngiy, the malonate
salt according to the invention may be obtained by treatment of the free base of a compound
of formula (I) with malonic acid in an inert solvent followed by precipitation, isolation and
25  optionally recrystallisation. If desired, the crystalline salt may thereafter be subjected to
micronisation by wet or dry milling or another convenient process, or preparation of

particles from a solvent-emulsification process.

Precipitation of malonate salt of the invention is preferably carried out by dissolving the free
base of the compound of formula (I} in a suitable solvent, e.g. 2-propanol, and thereafter

30  mixing this solution to a suspension or solution of malonic acid in a suitable solvent, e.g. 2~



Generally, all data herein are understood to be approximate and subject to
nor mal nmeasurenent error depending e.g. on the apparatus used and ot her
parameters influencing peak positions and peak intensities. The invention
also relates to a solid hydrogen succinate salt of Conmpound |I which solid
salt 15 consist mainly of the alpha.%orn1as conpared to the total anount
of the salt. In one enbodinent, the Term"mainly" neans that the solid
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whi ch solhermalanate 3@t elihs instentien wey opfionalix bssewystdlisadpne o6 meae tmes 80d he
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as conpdr@aaraonpf the comprypd gf @ nate salt of Conpound | present.
The invention also relates to any m xtures of the crystalline forns of the
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20 resolution of the final product I by crystallisation of diastereomeric salts. Another advantage

of this invention is that the enantiomeric purity of (I) is higher (higher than 99%ee) when
synthesised aécording to the invention as compared to the synthesis using crystallisation of
diastereomeric salts (95.4%ee). Furthermore, the resolution of an intermediate instead of the
final product gives a much more efficient synthesis, as only the right enantiomer is used in

25 the subsequent steps, giving e.g. higher volume yields and less consumption of reagents.



20 solution of hydrogen succinate salt of Conpound |I for slow evaporation
of the solvent at anbient conditions. The nmal onate salt nay be obtai ned
usi ng anal ogous procedures. Accordingly, the malonate salt according to
the invention may be obtained by treatnment of the free base of a conpound
of fornula (1) with malonic acid ingn inert solvent followed by
precipitation, isolation and 25optionally recrystallisation. If desired,
the crys i mﬁﬁ% or RT=Tak ! i j by wet
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from a sfeliveliz-sespal si fication process. Precipitation of nalonate salt of
the invention is preferably carried out by dissolving the free base of the
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thereafter 30 mxing this solution to a suspensi C A Ut
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sol ution. The™hal obhte salt o the invenbMiEh may optionally pe
recrystaffised one or nore tines and isol ated by fiItratiohed, e.g.
in 2-propanol, and dried. 5 Preparation of the conpound of taspula () Th

conmpound of forrmula (I) in racemc formmay be prepared as described in EP
638 073, and in Bogeso et al. J. Med. Chem, 1995, 38, page 4380-4392, it
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15
The compound of formula (IV) is then reduced, suitably with Na}B'I-I4 in a solvent such as an
alcohol, e.g. ethanol or iso-propanol, and preferably at a temperature in the rangé of -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 (V) with ¢is configuration:



20 resolution of the final product | by crystallisation of diastereoneric
salts. Another advantage of this invention is that the enantioneric purity
of (1) is higher (higher than 99%e) when synt hesised according to the
invention as conpared to the synthesis using crystallisation of
di astereoneric salts (95.4%e). FurHBernDre, the resolution of an
internediate instead of the final product gives a much nore efficient
synthesis, as onlygphe right enantionmer is used in 25 the subsequent
steps, giywing e.g./higher volune yields and | ess consunption of reagents.
9 According % enantiomer of formula (1) may be obtained by a process
i nvol ving t YW ng steps. 5 Benzyl cyanide is reacted with
2, 5-di chl orobéhzorfjtril in the presence of a base, suitably potassium
" tert-butoxide (t-By in a suitable solvent such as dinethyl ether (DVB),
further reaction ¢ met hyl chloro acetate (MCA) | eads to spontaneous
ring closure and @ pot formation of the conmpound of fornmula (Il1). The
conmpound of forrmula (1) is then subjected to acidic hydrolysis to forma

conpound_of 10 formula WA suitably heating in a mxture of agetjc acid,
sul phur i thesompodnd ohforspla Fpds ]Eeﬁ%lffé‘ggot @&eﬁé &5 d58%sA WEWHEEﬁ?QHﬁ? f‘f@‘it he

conpound 0 - led 1), o h 8 SO . uchnas toluene with
triet hqu'ea];nllSIr)lg‘rl%%‘ﬁfc{r?eﬁtg%alm%ﬁjfs%@ one%o'?gh}(e%?ﬁnl{l%aﬁgﬁ%bund of formula
(1rv). The conpound of forrmula (1V) is then reduced, suitably with
NaBl-14 in a solvent such as an al cohol, e.g. ethanol or iso-propanol, and
preferably at a tenperature in the range of -30 to +30C, e.g. bel ow 30C,
bel ow 20C, bel ow 10 or preferably below 5 C, to forma conpound of

formul a él\/) with cig r({,onfiguration:

The resolution of (V) to (Va) méy, e.g., be performed using chiral chromatography,
preferably liquid chromatography, suitably on a chiral column of silicagel coated with a

10 chiral polymer, e.g. a modified amylose, preferably amylose tris-(3,5-
dimethylphenylcarbamate) coated on silicagel. A suitable solvent is used for the chiral liquid
chrdmatography, such as, e.g. an alcohol, a nifrile, an ether, or an a]kéne, or mixtures
thereof, suitably ethanol, methanol, iso-propanof, acetoniirile, or methyl tert-butyl ether or
mixtures thereéf, preferably methanol or acetonitrile. The chiral liquid chromatography can

15  be scaled up using suitable technologies, e.g. simulated moving bead technology (SMB).

Alternatively, the compound of formula (V) is resolved to achieve Compound Va by
enzymatic resolution. It has been found that enantiomerically pure Compound Va, or
acylated derivatives thercof, may be prepared by enzymatic enantioselective acylation of the
20  hydroxyl group in racemic Compoﬁnd V to obtain Compound Va or an acylated derivative
thereof with high optical purity. Alternatively, enantiomerically pure Compound Va may

also be obtained by a process comprising converting racemic Compound V o a



OH 00 The conpound of formula (V) is resolved to achieve the desired
enantioner (fornmula Va), i.e. also with cis configuration

((1S, 38)wo2688aEsn 3- phenyl i ndan-1-ol): OH (va) The resolution of (V) to
(va) may, e.g., be perforned using chiral chromatography, preferably

l'i quid chromat ography, SU|tany on g chiral columm of silicagel coated
with a to chiral polyner, Ffled anylose preferably anyl ose

AR ?‘%"%&"%%%rm S it A A

al cohol ,dedcylatidyl. [Re ofEnzgilALlE enditioddledtivis dsylation I}Jms(bwn&epdrtmﬂrfénﬁthels ui t abl y
et hanol , nethanol, iso-propanol, acetonitrile, or nethyl tert-butyl ether

or m xt moemmh@r eof preferably nethanol or acetonitrile. The chiral
l'iquid chronatography can 15 be scal ed up using suitabl e technol ogies,
e.g. simulated noving bead technol ogy (SMB).

5 Accordingly, The resolution of Compound V to Compound Va may be performed by
selective enzymatic acylation. Selective enzymatic acylation means that the enzymatic
acylation is preferentially effective for conversion. of one of the cis- enantiomers of the

- compound of formula Compound V leaving the other cis-enantiomer of Compound V as
unconverted in the reaction mixture.
10
Alternatively, The resotution of Compound V to Compound Va may be performed by
selective enzymatic deacylation. Selective enzymatic deacylation means that the enzymatic
deacylation is preferentially effective for conversion of one of the esters of compound of
formula (V), leaving the other cis-enantiomer of esters of a compound of formula (V) as

15  unconverted in the reaction mixture.

0O
OJ\/\ OH
Enzyme, 8. g H Cl
Novozym 435
OQ o - UL

~ For example i

vinylbutyrate %
Q foluene @ Q

v 7 Va

Suitable esters (Vb) of the compound of formula (V) are ester such as acetate, propionate,
butyrate, valerate, hexanoate, benzoate, laurate, isobutyrate, 2-methylbutyrate, 3-
20  methylbutyrate, pivalate, 2-methylvalerate, 3-methylvalerate, 4-methylvalerate

R
O’R 0 o OH
Hydrolase cl 3
L = :
Solvent :

Vb {(1R,3R) Va



Al ternatively, the conpound of fornmula (V) is resolved to achi eve Conpound
Va by enzymatic resolution. It has been found that enantionerically pure
Conpoundyages@hissagy! ated derivatives thereof, may be prepared by enzymatic
enanti osel ective acylation of the 20 hydroxyl group in racenk Conpound V
to obtain Conpound Va or an acyl at eca{ derivative thereof wth high optical
purity. Alternatively, enantioneric Fly pure Conpound Va may al so be

obt ai ne -a r | Sd ty & ] a W
2005/ 016805 1C g5 7S Be Ao aIoRRe AR Ele Lol MR SnC WBANE MRS 20 By an
enzymat iigotRidghile] Daedigdbutyeite Satythalbnfate, Jaealait, Bneghyvhtalaate @t i osel ective
deacyl ati on has been reported for other conpounds. 5 Accordingly, The

r esol ut imefhplivalersiop dunathyivalerddnpound Va may be performed by sel ective
enzymatic acyl ation. Selective enzymatic acyl ati on nmeans that the
enzymatic acylation is preferentially effective for conversion of one of
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other cis-enantionmer of Conpound V as unconverted in the reaction mxture.
10 Al t erematriioeényof titheompawokdwf feamudd V bepatines vonfigucsiond oordpNangray be

perfornmed by sel.ective enzynmatic acylation.. Sel ective enzymatic
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ef fectivg f.85 %%éh\fq{rsi on of one of the esters of conpound of formula (V),

| eavi ng tﬁe o% r cis-enantiomer of esters of a conpound of fornmula (V) as

15 uncorwersudfciing 4 reemiaCoinpound ¥b tr entantiosalectSeienaphaticedheylstigivio)foufi t he
conpound of fornul a i\/) are ester such as acetate, propionate, butyrate,
val efat & MW deeylahehCompeund ¥y at e, isobutyrate, 2-nethyl butyrate, 3-

Enantioselective enzymatic acylation means that the enzymatic acylation is preferentially
effective for conversion of one of the enantiomers of a compound of formula (V)
preferentially Ieaving the other enantiomer of the compound of formula (V) unconverted in
15  the reaction mixture. Enéntioselective enzymatic deacylation means that the enzymatic
deacylation is preferentially effective for conversion of one of the enantiomers of a
compound of formula (Vb), preferentially leaving the other enantiomer of the compound of

formula (Vb ) unconverted in the reaction mixture.

20 The :mixtu:fes obtained by the enzymatic resotution may not be entirely pure, e.g. they may
contain a smaller amount of the other enantiomer in addition toa larger amount of the
desired enantiomer (Va). The composition mixture obtained after acylation or deacylation
according to the invention depend, i.a., on the specific hydrolase used and the conditions
under which the reaction is carried out. Characteristic of the enzymatic acylation/deacylation

25  according to the invention is that a considerably larger portion of one enantiomer 1s
converted than of the other. The enantioselective acylation according to the invention thus
results in a mixture containing preferentially the compound of formula (Vb) in the (R, R -
form and the compound of formula (Va) in the (S, S)-form, or it may result In a mixiure
containing preferentially the compound' of formula (Vb) in the (S, S)-form and the

30 compound of formula (Va) in the (R, R)-form. Likewise, the enantioselective enzymatic
deacylation may result in a mixture containing preferentially the compound of formula (Vb)

in the (S, S)-form and the compound of formula (V) in the (R, R)-form, or it may result in a



20 met hyl butyrate, pivalate, 2-nethylval erate, 3-nethylvalerate,

4-met hyl val erate WD 2005/ 016900 12 wherein R e.g., is acetate,

propi onate, butyrate, val erate, hexanoate, benzoate, |aurate, isobutyrate,
2-met hyl butyrate, 3-nethyl butyrate, pivalate, 2-nmethylvalerate, 3-

met hyl val erate, 4-nethylvalerate. 5 thus, one enbodinent relates to a
process for the preparation of the (S S)- or (R R - enantioner of the
conpound, 0. QbAkingn : ,gng) i ; | 1Yo
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enzymati c acy tjon 25 -according to the i'nvention is that a
consi derialbeyactive) gSuitabte dolvemtsaficlode hpdractrbamyenchi as leaane htptdnd, heneeoé ande

ot her. The enanti osel ective acyl atjon according.tao the ipyention thus
resul t s toRene By suchas et icHisrsHispRIPRY: ST @ﬁwgf%@%oﬂﬁrdﬂ%@n JFul a

(S;/?]Z oir R] ﬁlgﬁ rﬁ%h}}lﬁ%}ﬁﬁrégg l’ﬁ}ﬂ%‘tﬁo&%ﬁnﬁgn&%g s dsQLEHh & gée\ﬂ?j)l Kefbnb h(ﬁltélﬁg,

m xture containing . preferentrally t
conpgunden@fméthyinethyl kedMag; ésterd hech(aSmdB)ylfaosiate pathlyltabetate, ethyl butyrate, vinyl

butyrate and cthyl benzoate; halogenated hydrocarbons such as methylene chloride,

chioroform and 1,1,1-trichloroethane; secondary and tertiary alcohols, such as tert-butanol;
nii:rogen—éontajning solvents such as dimethylformamide, acetoamide, formamide,
acetonitrile and propionitrile; and aprotic polar solvents such as dimethylsulfoxide, N-

20  methylpyrrolidone and hexamethylphosphordus triamide. Preferred organic solvents for
enzymatic acylation are organic solvents such as toluene, hexane, heftane, dioxane and

tetrahydrofuran (THF).

Suitable irreversible acyldonors are, e.g., acyldonors such as vi:iyl—esters, 2-propenyl-esters

25  or 2,2,2-trihalid-ethyl-esters.

Enantioselective enzymatic deacylation is preferably carried out in water or a mixture of
water and an organic solvent, suitable in presence of a buffer. Suitable organic solvents, e.g.,
are solvents miscible with water such as alcohols, acetonitrile, dimethyl formamide (DMF),

30  dimethyl sulfoxide (ODMSO), 1,4-dioxane, DME and diglyme.



30 conmpound of formula (Va) in the (R R)-fom . Likew se, the

enanti osel ective enzymati c deacylation may result in a m xture contai ning
preferentially the conmpound of formula (Vb) in the (S. S)-formand the
conmpound of forrmula (V) inthe (R R)-form or it may result in a 13

m xture containing preferentially t conpound of forrmula (VvVa) in the (R
R)-form and the conpound of formula (Va) in the (S, S)-form The optical
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2,2,2-trihalid-ethyl-esters. Enantiosel ective enzymatic deacylation is
preferably carried out in water or a m xture of water and an organic
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prefer a%fﬁﬁ{ﬂégﬁ%@yﬁ@gij@gtﬁei&%g%m@p esterase, an acyl ase or a
The enzynes

pr ot ease.

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



5 useful according to the invention are such enzynes capabl e of perform ng
R-sel ective acylation or S-selective acylation of the hydroxy group in the
racem ¢ compound of formula (V) or such enzynes which are capabl e of
perform ng R-sel ective deacyl ation or S-selective deacylation of the acyl
group in the racem c conpound of forymla (Vb). In particular inmobilized
forms of the enzyne, including Cross-Li nked Enzynme Crystal (CLEC) are 10
useful according to-fhe invention. A preferred enbodinent relates to use
of a I|p€ g€ for carfrying out the enzymatic resolution of Conpound V The
nost prefe +pase i s Candida antarctica |lipase (Fluka Cat.-No. 62299);
Pseudonobnas | i pase (Fluka Cat.-No. 62309); Novozym CALB L (Candi da
antarctica | 3 (Novozynes A/'S); Novozym 435 (Candi da antarctica

| i pase B) (Novozynmex_ES); or Lipozyne TL I M (Thernmonyces 15 | anugi nosus

| i pase) (Novozynmne preferably in imobilized form The al cohol group
of the cis-al cohol pornmula (Va) is converted to a suitable |eaving
group, such as, e.g.7”a halogen, e.g. G or Br, preferably d, or a

sul phonate, e.g. nmesylate or tosylate, suitably by reaction with an agent,

such as thionyl chlori"d€, nmesyl chloride or tosyl 20 chloride, in an inert
sol vent c&nﬁomﬂnvﬁenew;m%m baBhiyrd, 8 thahydred Wi, 2- Zﬂiﬁeﬂiﬁﬁ%ﬁzﬁﬂ ig@mpound
has formil a (VI), where LG is the | eaving group. In"a preferred

enbodi nmesuitable @olvsm(;le g. @ keton¢ hiehaisse.g | thettiyt] Esotxityl_‘ kﬁtquwl @ niathy)ethyl Getone,
preferably methyl isobutyl ketone in presence of a base, such as e.g., potassium carbonate.

5  The resulting compound of formula (VII):

is methylated at the secondary amine functionality (suitably by reductive amination using |
suitable agents, such as, e.g., formaldehyde, paraformaldehyde, trioxane, or diethoxy
methane (DEM)) to obtain the free base of a compound of formula (I).

10 @
Alternatively, the methyl group may be introduced directly by use of 1,2,2-irimethyl
piperazine (Formula VIII below) instead of 2,2-dimethyl piperazine when reacting with
Compound VI, e.g. where LG is Cl, thereby shortening the synthesis by one step.



(Via) Compound Compound VI, e.g. with LG as chloro, is then reacted with
2, 2-di met hyl pi perazine in a suitable solvent, e.g. a ketone such as, e.g.,
met hyl i sobutyl ketone or nethyl ethyl ketone, preferably nmethyl isobutyl
ketone in presence of a base, such as e.g., potassium carbonate. 5 The
resul ting conpound of formula (VII):(% INCI (WDOis nethylated at the
secondary am ne functionality (suité% y by reductive am nation using
sui tabl e agents, such as, e.g., formal dehyde, parafornal dehyde, tri oxane,
or di et hoxy nethane éDE ) to obtain the free base of a conpound of
formula (1). 10 ernatively, the nethyl group may be introduced
directly by use ofTi,Z 2-trinmet hyl

N

B vy

Furthermore, the piperazine part of the molecule may be introduced by reacting Compound

VI with a compound of formula (IX) below, where PG is a protecting group such as, but not
5  restricted to, e.g. phenylmethoxycarbonyl (often called Cbz or Z), tert-butyloxycarbonyl

(often called BOC), ethoxycarbonyl, or benzyl, thereby obtaining the compound of formula

(X) below.
:PG
%N
_ "
e g
N S}

(IX) (X
After deprotection of the product to (VII), methylation as discussed above gives the final
10 product, Compound I Alternatively, the protecting group such as e.g. ethoxycarbonyl may
be converted directly to a methyl group using a suitable reducing agent, e.g. lithium
aluminium hydride.

During the synthesis some cis diastereoisomer of Compound I {i.e. 4-((1LS,38)-6-chloro-3-

15 phenylindan-1-yl)-1,2,2-trimethylpiperazine) is formed as an impurity in the fimal product.
This impurity is due mainly to the formation of some of the trans form of (VI) (e.g. (15,3R)-
3,5-dichloro-1-phenylindan when LG is Cl) in the step where Compound VI is formed.
Therefore, the impurity can be minimized by crystallisation of the desired cis form of
Compound VI, from the mixture of frans and cis (VI); in the case where LG is Clin

20  Compound VI this can be done by stirring the mixture with a suitable solvent, e.g. an
alkane, such as heptane, whereby the desired cis form of VI precipitates and the undesired
trans form of Compound VI goes into solution. The desired cis form of Compound VI (e.g.

when 1.G is Cl) is isolated by filtration, washed with the solvent in question and dried.



pi perazine (Forrmula VIE bel ow) instead of 2,2-dinethyl piperazine when
reacting with Conpound VI, e.g. where LGis O, thereby shortening the
synt hesi's by one step. Furthernore, the piperazine part of the nolecule
may be introduced by reacting Conmpound VI with a conpound of fornula (a)
bel ow, where PG is a protecting gr oyp such as, but not 5 restricted to,
e. g. phenyl net hoxycarbonyl (often cal'led Cbz or Z), tert-butyl oxycarbonyl
(often called BOC), ethoxycarbonyl, or benzyl, thereby obtaining the
conmpound of forrmula (X) below. After deprotection of the product to
(VI), nEthydiatoranofComipaad Sddsprbat én thebagchtdf€VI)iusal inlibe pyrdhksist of Conpound
. Alternatively, the protectin roup such as e.g._eth car bonyl may be
convert e@oxap@wgws this \gﬂlr@vmsegv gl?gfo%%tiﬂjl o thepreapoan Pg@‘}@i’rpﬁﬁn%é&@- e.g.
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the final product. This inpuri(;fy is due mainly to the formation of some of
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20 Compound VI this can be done by stirring the mxture with a suitable
sol vent , coenmpuad of Fdrommtee(VIE)L opticalli éplicaved, bywinermedry re-brys@lispiiens. ci s f or m of
VI precipitates and the undesired trans form of Conpound VI goes into

sol uti on. The desired cis formof Compound VI (e.g. when LGis d) is

i sol ate L At ] Lhe: ' UeSlbRmaNs @réged. 17
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4415, 35)Boppd by sregipipten of nemiable.splt of thexopmepnd of iormeledD:; gg) 2 sadt ofpn

I mpurit yorigarllnit(: \a{(lzild) guch as an organic diacid, suitably a fumarate salt, e.g. the hydrogen fumarate

)

15  salt of the compound of formula (T) optionally followed by one or more re-crystallisations.

The invention in further aspects also relates to the intermediates as described herein for the
synthesis of the compound of formula (I), i.e. in particular the intermediates (Va), VI, e.g.
Vla, and VII, or salts of Compound VII. In this context is understood that when specifying
20  the stereoisomeric form, then the sterecisomer is the main constituent of the compound. 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 (Va),

25 preferably having an enantiomeﬁc excess of at least 60% (60% enantiomeric excess means
that the ratio of Va to its enantiomer is 80:20 in the mixture in question), at least 70%, at
least 80%, at least 85%, at least 90%, at least 96%, preferably at least 98%. Furthermore, the
diastereomeric excess of the compound is preferably at least 70% (70% diastereometic
excess means, that the ratio of Compound Va to (1R,38)-6-chloro-3-phenylindan-1-ol is

30 85:15 in the mixture in question), at least 80%, at least 85%, at least 90%, or at least 95%.

One embodiment relates to substantially pure Compound Va.



5 this gives a second option of avoiding the cis formof Conpound | in the
final product: It has been found that the cis form of Conpound VII can be
renoved-by precipitation of a suitable salt of the conpound of fornula
Compound VI1, e.g. a salt of an organic acid, such as an organic diacid,
suitably the hydrogen fumarate salt ;gr the hydrogen nmal eate salt of the
conpound of forrmula (VII), optionally followed by one nore

re-crystaldl i i : thek i i LEies in
he.  or ri o s e Eimehb o HERRRAIRE Rfarl 1o REcGRnl OF Rk RAVT), Fobitlobly®
4418, 38)havinidnenanitordreresdcessddnt least DY alledst t70Varet leydt BDHe nlzas & Yayaty
effectively be renoved by precipitation of a suitable salt of the conpound
of f or mirest PPYe, atdegst S@%os prederahly ghleast§8¥i-c aci d, such as an organic diacid,
suitably a fumarate salt, e.gjl$he hydrogen fumarate 15 salt of the
conmpound of fornulé (I') optiopally foll owed by one or nore
re-crystallisation 1 i tion in further aspects also relates to the
i nternedi ates as desc ein for the synthesis of the compound of
formula (1), i.e. inp {r the internediates (Va), VI, e.g. Vla, and
VI, or salts of Conpound VII\ In this context i's understood that when
speci fying 20 the stereoisone form then the stereoisoner is the nmin
constituent of the conpound. articul ar, when specifying the
enantionmeric form then the cappgund has an enanti oneri c excess of the
enantiomer in question. Accordi ngl¥l) one enbodi nent of the invention
relates to the conmpound of formula (Va), 25 preferably having an

enantsi onelidreindxe essspaéniad ldaemgtorGQ/plcdObly nelnttcd roni the grapsonsisEngsofishat

the ratio of Va tg_ its enantioner is 80;20 in the m xture in question), at
| east - 7ORHE. Feorisyr SRuIpRRGE- G80Fmbp SIS i SRseSptgas Pty
preferab . 989 t 43 i : i t he
ompound T e S e R e et hat
t he ratiww{10% apeursdmépictencdst heatd that thb ratioce fEquiypmpldiVidatheloiol s 3085: 15
in the mxture in question), at_ |east 80% at |east 85% .at_|east 90% or
at Ieastdlgﬁ%o@merdﬁﬁfoﬂﬁSﬁ%\}3ﬁé11‘é¥1%@'¥Eh%B%@@nWh% L@zgi)ﬁ%s%ﬁﬁbﬂi‘ﬁd Va.

18 further embodi.nent. of i j r&l B9 dh £

formll a ﬂ\’/‘l%fe l%ﬂ%?sé&g)b F%leﬁséélgﬁ’gé%\é?ée&%ﬂajg{%b%r| c é(@%rggl%%a?&g? 9| sty at
| east 7q&ﬁeggﬂb@@§ivﬁ096 at least 85% at |east 90% at |east 96%
preferably at [east 98% .

=

Accordingly, the invention also relates to a compound having the following formula (VIa),

Cl
D
O (Vla)

15  preferably having an enantiomeric excess of at least 60%, at least 70%, at least 80%, at least
85%, at least 90%, at least 96%, preferably at least 98%. One embodiment relates to the
diastereomeric purity of the compound, i.e. the compound having a diastereomeric excess
of, preferably at least 10% (10% diastereomeric excess means that the ratio of the compound
to the cis diastersoisomer, (18,3R)-3,5-dichloro-1-phenylindan, is 55:45 in the mixture in

20 question), at least 25% or at least 50%. One embodiment relates to substantially pure
Compound VI where LGis Cl.

The invention also relates to a compound (VII) having the structure:



LG W) , 5 wherein LGis a potential |eaving group, preferably selected
fromthe group consisting of a halogen, e.g. chloride, or a sul phonate.
One enbodi ment relates to the diastereoneric purity of Conmpound VI; i.e.

t he conpound having a diasteroneric excess of preferably at |east 10% (10%
di astereoneri c excess neans that the1 rati o of Conpound VI to the cis

di astereoi soner (e.g. (1S, 3R)-3,5-di (?hl or o- 1- phenyl i ndan when LG=Cl) is
55:45 in the 10 m xture i question), at |least 25%or at |east 50% One
enbodi ment, relates t erbstantiaI |y pure Conpound VI. Accordingly, the

I nvention also relates/to0 conpound having the following fornmula (V a),
15 preferably having mgﬁntiomeri c excess of at least 60% at |east 70%
% at |east 90% at |east 96% preferably at

| east 98% Onel.enbadi relates to the diastereomeric purity of the
conmpound, i.e. tf und havi ng a di astereoneric excess of, preferably
at least 10% (10% di-astereoneri c excess neans that the ratio of the
conpound to the cis diastereoisoner, (1S, 3R)-3,5-dichloro-I-phenylindan,

is 55:45 in the m xturg 20 question), at least 25%or at |east 50% One
enbodi nent relates to bantially pure Conpound VI where LGis O. The

I nvention also rel ates Wrrpound (VI'l1) having the structure:

r

at |l east 80% at | east

preferably having an enantiomeric excess of at least 60% (60% enantiomeric excess means
that the ratio of VII fo its enantiomer is 80:20 in the mixfure in question), at least 70%, at
least 80%, at least 85%, at least 90%, at least 96%, preferably at least 98%,
5  or a salt thereof, such as, e.g., a fumarate salt, e.g. hydrogen fumarate, or a maleate salt, e.g.

hydrogen maleate. One embodiment relates to the diastereomeric purity of the Compound
VII, i.e. the compound having a diastereomeric excess of preferably at least 10% (10%
diastereomeric excess means that the ratio of Compound VI to the cis-(185, SS)
diastereoisomer is 55:45 in the mixiure in question), at least 25%, at least 50%, at least 70%,

10 atleast 80‘%, at least 90%, at least 95%, at least 97%, at least 98%. One embodiment relates
to substantially pure Compound VII or a salt thereof.

A further aspect relates to Compound I or a salt thereof, in particular the fumarate, malonate,
or succinate salt, obtainable, in particular obtained, by a method of the invention as

15  described herein.

A further aspect relates to Compound VII or a salt thereof, e.g. the fumarate salt, obtainable,

in particular obtained, by a method of the invention as described herein.

20  Pharmaceutical use

The physical properties of the Compound I salts of the invention indicate that they will be
particularly useful as a pharmaceutical.

Accordingly, the present invention further relates to a pharmaceutical composition of the
succinate salt, in particular the hydrogen succinate salt as described herein (e.g. the alpha or

25  beta form as described herein), or of the malonate salt, in particular the hydrogen malonate



Oli) preferably having an enantioneric excess of at |east 60% (60%
enantiomeric excess nmeans that the ratio of VII to its enantioner is 80:20
in the mxture in question), at least 70% at |east 80% at |east 85% at
| east 90% at |east 96% preferably at |east 98% 5or a salt thereof, such
as, e.g., a fumarate salt, e.g. hydrpgen f-umarate, or a naleate salt,

e.g. hydrogen nal eate. One enbodi nent” relates to the diastereoneric purity
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preferably’ gﬁm?gg%?m%gﬁ(f%ﬁ}?a@éter egﬁgﬁig&gf?g%g%n{epgns t anet e ‘ragtio of
Conpoundsals hnd eorpsiting - udbas Eb)helireninefitadiasivie insholendal ndrvdsesysiext ur e

I n question), at |east 25% at |least 50% at |least 70% to at |east 80%
at | eastinggdingpsyshogis: ingmugcular spligenhraya/or fhen dispgpesgBuplvIDE@SEM9BEI nent

relates to substantiall oynd. Vi | a | &t hareaf further
Rekebal ol S e e G e T R B e o
f unarsat enjsoflen Talldsionl DSdbeddrBEEr BdthoticAbikaide Bhared Peyddatit Dedbrddr a8 kiei ned,
by a nethod of the invention as 15described herein. A further aspect
rel at es ather@shighetindisgrderper disepass thetmeeseot with pgychphe sYmpfamst @2 gaimia in
obt ai naq%.e i articul ar obtained, by a nethod of the invention as

e Pﬂéjf&?% ¢

describ 0 Pharmaceutical use The physical propetLies of the
Compound | salts of the invention indicate that they will be particularly
useful as a pharnmaceuti cal . Accordi ngly, the present invention further

rel at es Additiopdilyr thecellll, enthgamstpositivitp of ofmphimdsddled maewiaduggestathat the

particul ar the hydrogen succinate salf{ as described herein (e.g. the al pha
or 28 belommogrdTiRy Tave g relpdeein F%B?f%ﬂraaﬁw@ﬁ@?& 8% salt, in

particul ar the hydrogen mal onate 20

The present invention also relates to use of the succinate or malonate salt of the invention,
preferably the hydrogen succinate (e.g. the crystalline form alpha) or hydrogen malonate
salt, of the compound of formula (I) for treatment of a disease selected from the group

15  consisting of anxiety disorders, affective disorders including depression, sleep disturbances,
migraine, neuroleptic-induced parkinsonism, cocaine abuse, nicotine abuse, alcohol abuse

and other abuse disorders.

Ina bfoad aspect, the present invention relates to a method of treating Schizophreniform

20  Disorder, Schizoaffective Disorder, Delusional Disorder, Brief Psychotic Disorder, Shared
Psychotic Disorder or mania in bipolar disorder, comprising administering a therapeutically
effective amount of the compound zrans-4-(6-chloro-3-phenylindan-1-y1)-1,2,2-

trimethylpiperazine or a salt thereof.

25 As used herein the term "trans-4-(6-chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazine™,
i.e. without any specific indication of the enantiomer form (e.g. using (+) and (-), or using
the R/S-convention, is meant to refer to any enantiomeric form of this compound, i.e. either
of the two enantiomers, 4-((1R,3S)-6-chioro-3-phenylindan-1-y1)-1,2,2-trimefhylpiperazine
(D or 4-((18,3R)-6-chloro-3-phenylindan-1-yl)-1,2,2-trimethylpiperazine or to a mixture of

30 the two, e.g. the racemic mixture. However, in this context preferably the content of the
enantiomer corresponding to that of Compound I is at least 50%, 1.e. at least as the racemic

mixture, preferably Compound I is in enantiomeric excess.



salt, of the conpound of fornmula (1). The invention also relates to the
medi cal use of such salts and conpositions, such as for the treatnment of a
di sease in the central nervous system including psychosis, in particular
schi zophreni a or other diseases involving psychotic synptons, such as,
e.g., Schinphrenia, Schizophrenifonglu sorder, Schizoaffective 5 D sorder,
Del usi onal Disorder, Brief Psychoti ¢ Di sorder, Shared Psychotic Di sorder
as well other psychotic disorders or diseases that present with psychotic
synptonms, e.g. mania in bipolar disorder. Additionally, the 5-HT2
antagoni stic activity of conpound of the invention suggests that the 10
conmpound may have a relatively low risk of extrapyram dal side effects.
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25 salt of the compound of formula (I).

C

A forther embodiment of the invention relates to a method of treating positive symptoms of
schizophrenia comprising administering a therapentically effective amount of the compound
trans-4-(6-chloro-3-phenylindan-1-yl)-1,2,2-trimethylpiperazine or a salt thereof, preferably

30 the compound of formula (I} or a salt thereof, or in a preferred embodiment a succinate or a
malonate salt of the compound of formula (I}, preferably the hydrogen succinate or the
hydrogen malonate salt of the compound of formuia (I).



15 Di sorder, Shared Psychotic Di sorder or mania in bipolar disorder,
conprising admnistering a therapeutically effective anount of the
conmpound of forrmula (I) [i.e. .

4- ((1R, 35)-6-chl or03- phenyl i ndan-1-y1)-1, 2, 2-tri net hyl pi perazine] or a
salt thereof. One enbodi nent of theaynvention relates to a nmethod of
treating positive synptons of 20 schi'zophrenia, negative synptons and
depressive synptons of schizophrenia conprising adm nistering a
therapeutically effective anmount of the conpound trans-4-(6-chloro-3-
phenyl i ndladthérendodimentdftiid ineértiphpelpes azi nethod of teating tegetieodfymppoms ef abl y
t he conpound of fornula (1) or a.salt thereof, aor in a pre
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salt of the conpound of formula (1). 22 Another enbodi nent of the

i nvent i oA fodhertearbotloment pitheauvantion redats twop methad o weatipgsiepressivg symptoms

schi zophreni a conprising adm nistering a therapeutically effective anount
of t®e Fnpound -

trans-4- (.6&- - 3= |.iRERRe: = = Jih ] j { al t
t her eof ,s(cglrzg p%%f%?%%l%{;%t%e cgf ﬁ%g%%éh%?&? %‘Férlr%: ég?%%t:i]‘;g agirlﬁgﬁ ggtlht@%f) ﬁfgro g%c?, or
in a prefeisedc-ehlond s phaiylmdand eilpale-nimahyipipenaine os akalt tieraofiepreferadpbund

of formula (1), preferably the hydrogen succinate or,Z the hydr n nal onat e
salt of thheompagrsteidonnuleher laéfﬂg thereof, or lwﬂﬂcf‘&?fﬁ%#ef%‘i’%g‘ﬁl"%ﬁ? ﬁ%ﬁ"&%
invention relates to t [ ssive synptons 10of

schi zoph@gﬁ@gt%c%%aﬁ?%a?enéﬁaog%ﬁien?i@%d;u?ﬁgfa 'h%gir)g‘geuti cally effective anount
of the conpound

trans-4-(6-chl oro- 3-phenylindart-| 2,2-trimethyl pi perazi.ne or a salt

-yl)-1
t her eof , Afwalicsagpscy o mehwnﬁ@mmﬂatesr%f%ﬁﬁshpéomaﬁ@g manigand/eryegiglspancgofi n 5

preferred enbodi nent the.hydroge CCh t he
conpoungnB&z* %F?ﬁ?lgﬁcc(qlgl?‘s% a‘k“ﬁﬁqrﬁ%ra %gr%é%h%%%%ﬁ?%\%% |tz)or¥%frleel ates to a
met hod Oémﬁﬂo%ﬁaiﬁnﬁsmq@m@ecy-gﬁengﬁmnep@me,zmmh ipaperahinositesalicherssd, si ng
adm ni stering a therapeutically effective amount of the cgggoqnd

t r ans- 4-gréfectily the-@nyiveny bf fraenla (Dyar)a spltzhereaf; prinatmigieppd embodimenb a sal t
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succinate or the hydrogen malonate salt of the compoimd of formuia (1).

A further aspect of the invention relates to a method of treating neuroleptic-induced
parkinsonism comprising administering a therapeutically effective amount of the compound
25  trans-4-(6-chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazine or a salt thereof, preferably
the compound of formula () or a salt thereof, or in a preferred embodiment a succinate or a
malonate salt of the compound of formula (I), preferably the hydrogen succinate or the

hydrogen malonate salt of the compound of formula (I).

30 The invention further relates to a method of treating substance abuse, e.g. nicotine, alcohol
or cocaine abuse, comprising administering a therapeutically cffective amount of the

compound tmns-4—(6—chloro-3—phenylindan-1—y1)~1,2 2-trimethylpiperazine or a salt thereof,



20 succinate or a nmalonate salt of the conpound of formula (1), preferably
t he hydrogen succi nate or the hydrogen mal onate salt of the conpound of
formula(1). A further aspect of the invention relates to a nmethod of
treating neurol eptic-induced parkinsoni smconprising admnistering a
therapeutically effective anount of dzhe conpound

25trans-4-(6-chl oro- 3-phenylindan-1-yl)-1,2,2-trinethyl pi perazine or a

sal t t hepefirablpief @hahhid bhRreaRRDUWIG saft theédT b eiprefefiedemBbdimehies eof ,  or

in a preferred enbodi nrent a succinate.or a malonate salt of the conpound

of f or nusugcinrle, or sredlenaibialt efiibe pyrdpawd ot Serovilsd), praderablydhdvrogem mal onat e
It of the d of foimula (l)...30 The | ti th | ates t
ot hoo o EPERTR I SiRbec bbb il or R R E RN o Coci e © °

abuse, conprising admnistering a therapeutically effective anount of the

conmpound trans-4-(6-chl oro-3-phenylindan-1-y1)-1,2,2-trimethyl pi perazine
or a sal A salier eocbmpodompoeithe iraishiort ey be agoumsiered if myyrauitablé Wayerg. aralbi t

t hereof, or jin preferred enpodi pent a succinate or a malaonate salt of
the conpd¥kg- Sfb%%l’ﬁtﬂf&ar@me?ﬂ& EETRg 5RY Map & REREFY W*’é’é’c“&lﬁ%ﬁ? E‘”B’r Xhe

hydr ogengjgl.anatiradht ¢ 8fint rggw% i orRlor @
CONpoSi t?dgﬁag t he |%§/%%tlf1(§$1€ %&913 e é %ﬁ%%?i%p%gﬁe#)gwégé? %’gﬁtﬁ%ﬂvﬁéy e.g.
oral |y, dismesibns foulbdjentipualn @re epebodivhentad dayt, of sedinvdigionakd admiisbeedirsthent ed
in any suitable formfor such admnjstration, e.g in the formof tablets,
capsul esforpekasplid harmapeutisal ety spighly 8t 2 Hblgher £F@RIef or i njection. In
one g;rbodi ment, a salt of the invention are admnistered in the formof a
solid pharmaceutical entity, suitably as a tablet or a capsule. 10 Mt hods
for the MItpas &rithdipRpareibn of Rlidpiaseitthtial pRpapisataewsl khewneh thekamown in
the art. Tablets may thus be prepared by m xing the active ingredient with
or di nar yTad¢tevwewttbys e prepared bnahixing theractvagresiass withondingryodinyaassiibgst he

m xture | conveni ent tabhl etting . .macghine. Exanmpl es of juvants,.fillers
ana ai e EEB AR s et Chpprts PR d B kb AT £ e il Rl E IR L ac e
gel at i NepxdnAtOSed; SR, HAAE ahd Githdnkoordiiibe Obihakarait 1at¥AR! taRimAddi ti ve such
as col ourings, aroim, preservatives, etc. may al so be used provi ded that

t heylsar emegresimi feaatg gdlatiteelagtose, wumisngrddie dle.sAnySuhertadirvent erradditivect i ons
may be prepared by dissolving a salt of the invention. sible

20addl t| 5 o ROIgURa S RSP R P Tt o i GRGRRERSY S er 1 o
vat er,  adinbsib 0w theSRlite in@fedients. :

. Solutions for injections may be prepared by dissolving a salt of the invention and possible
20  additives in a part of the solvent for injection, preferably sterile watér, adjusting the solution
to desired volume, sterilisation of the solution and filling in suitable ampules or vials. Any
suitable additive conventionally used in the ari may be added, such as tonicity agents, -

preservatives, antioxidants, solubilising agents efc.
25  The daily dose of the compound of formula (I) above, calculated as the free base, is suitably
between 1.0 and 160 mg/day, more suitable between 1 and 100 mg, e.g. preferably between

2 and 55, or between 3 and 55 mg.

The term "treatment” as used herein in connection with a disease or disorders includes also

30  prevention as the case may be.

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



to desired volune, sterilisation of the solution and filling in suitable
anpul es or vials. Any suitable additive conventionally used in the art may
be added, such as tonicity agents, preservatives, antioxidants,
solub|I|S|ng agents etc 25 The daily dose of the conpound of fornula ()
above, calculated as the free base, %f suitably between 1.0 and 160
ng/ day, nore suitable between 1 and “100 mg, e.g. preferably bet ween 2 and
55, or between 3 and 55 ngy The term "treatnent” as used herein in
connection with a disease or disorders includes also 30 prevention as the
case nmayEXKAMPRES nvention will be illustrated in the follow ng
non-limting exanples. 24 EXAMPLES COVPOUND PREPARATI ON 5 Anal ysis The
enanti onmeri c excess of conpound (Va) in Exanple la is determ ned by chiral
HPLC usi | um, 0.46cmID X 25 cmL, |Qomat 40 C
nHexan/e?ggﬁgﬁﬁﬁéiﬂ?iggdé%A§$¥ﬁ?s used as nobile phase at a flow rate of
1.0 ¥/ mn, detection 10 is perfornmed using a UV detector at 220nm HPLC
anal ysis for conversion rate used for Exanples Ib: Columm: A Lichrospher
RP-8 col AmalysB50 x 4 mm (5 pmparticle size) fluent: Buffered MeOH wat er
d

prepar ed 1_1 Et3N ) ter. % .15 04(aq)
= JF qogt 16?&%8]6’“;%&8 ﬁ@rﬂ%els

i s added

added tOuémﬁat&ﬁ@@ﬁkﬂﬂh@Cﬁﬁ&ﬂﬁhﬁﬂ@ﬂB&n@B@@§§mﬁﬁ,qgﬂﬁ&ﬂﬂd ofVg) in exanple
b is determ ned by chiral HPLC using a CHI RALPAKS AD col utm, 0.46cm ID X

25 cm L, HeOmvetbano? 95:6 (vol/vol) is used as mobile phase at a flow rate of 1.0 ml/mm detection
10 is performed using a UV detector at 220nm.

" ]

ave e - --L-..

HPIC analysis'for conrversion rate used for Examples 1b:

Column: A Lichrospher RP-8 column, 250 x 4 mm (5 pm particle size)

Eluent: Buffered MeOH/water prepared as follows: 1.1 ml Et;N added to 150 ml water, 10%
15  H;PO,aq) is added to pH=7 and water is added {o a total of 200 ml. The mixture 1s added to

1.8 L. MeOH.

The enanfiomeric excess of combound (Va) in example 1b is determined by chiral HPLC

using a CHIRALPAK® AD column, 0.46cm ID X 25 cm L, 10pm at 21 °C.

20  Heptane/ethanol/Diethylamine 89.9:10:0.1 (vol/vol/vol) is used as mobile phase at a flow
rate of 1.0 ml/mun, detection is performed using a UV detector at 220nm.

The enantiomeric excess of Compound I is determined by fused silica capillary

electrophoresis (CE) using the following conditions: Capillar: 50pum ID X 64.5 cm L, run
25 buffer: 1.25mM B cyclo dextrin in 25mM sodium dihydrogen Iﬁhosphate, pH 1.5, voltage:
16kV, temperature: 22 °C, injection: 50mbar for 5 seconds, detection: column diode array
detection 192nm, sample concentration: 500pg/ml. In this system, Compound I has a
retention time of approximately 33 min, and the other enantiomer has a retention time of
approximately 35 min.
30
"H NMR spectra are recorded at 500.13 MHz on a Bruker Avance DRX500 instrument or at
250.13 MHz on a Bruker AC 250 instrument. Chloroform (99.8%D) or dimethyl sulfoxide




20 Hept ane/ et hanol /D et hyl arnine 89.9:10:0.1 (vol/vol/vol) is used as
nobi | e phase at a flowrate of 1.0 m/mn, detection is perfornmed using a
UV detector at 220nm The enantioneric excess of Conpound | is determ ned
by fused silica capillary el ectrophoresis (CE) using the follow ng
conditions: Capillar: 50pmID X 64. ? cmL, run 25 buffer: 1.25nmM J3 cyclo
dextrin in 25mM sodi um &hydrogen ph éphate pH 1.5, voltage: 16kV,
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system .cﬁ‘ﬂmaﬂund | has a retention tinme of approximtely 33 mn, and t he
ot her enantioner has a retention tine of approximately 35 mn. 30 25
(99.8%) is used as solvents, and tetranmethylsilane (TM5) is used as

i nt er nal r ef.erence,.st andar d. T e_ei rans rat,i 0. of; s L and VII is
wet or m G AR R R 85 Minabl SnB VT &' R fRl e SO S B VG
38, 4380-AaR4s tRAYT. HRBBCH. Q995 L3, UBR)-430N@akd 5398, ABRt dodirhs). The eRmROMNd VI

is also determ ned by 111 NVR i n chi oroform using the integrals of the

si gnal auti6 OchmmmdrVItlhelsoldgtmm@ﬂ)yaHdiMBen@bm@ﬂonax usingsthe gntegrels afhe

t | | it ent f th d d
Somer o St Lo BRSO RS SR SPP e o EORRE  ecor ded
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i S measure ectio e in the 20-range 5- 40. The Melting points
~are neasured using leferentlal Scanning Calorinetry (DSC). The 15

e Sl R B AL WS

| oosel y ni i at eri al
20 Corp ﬁr%ﬁ%g%%%ﬁ??ﬂﬂs 8 ?&#1 N R Sl S P i O e
(NaBH4) Artapting a nethod described in Bogeso | Med. Chem 1983, 26, 935,

usi ng et hanol as solvent, and perform ng the reaction at approxinmately 0
C. Both conmpounds are described in &Testa et al. .1 Med. Chem 1995, 38,

or ocedur e YEBBARRL 1 SR w30 Bt Synbul (R R e

15 equipment is 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 nifrogen

flow,

Synthesis of key starting material

20 Compound V was synthesised from IV by reduction with sodium borohydride (NaBH,)
adapting a method described in Bogese J. Med. Chem. 1983, 26, 935, using ethanol as
solvent, and performing the reaction at approximately 0 °C. Both compounds are described
in Bogess of al. J. Med. Chem. 1995, 38, 4380-4392. Compound IV was synthesised from IT
using the general procedures described in Sommer et al., J. Org. Chem. 1990, 55, 4822,

25  which. also describes II and the synthesis thereof.

Example 1a Synthesis of (1S,3S)-6-chloro-3-phenylindan-1-ol (Va) by use of chiral
chromatography
Racemic cis-6-chloro-3-phenylindan-1-ol (V) (492 grams) is resolved by preparative
30 chromatography, using a CHIRALPAK® AD column, 10cm ID X 50cm L, 10pm 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



25 which al so describes Il and the synthesis thereof Exanple |la Synthesis
of (1S, 3S)-6-chl oro-3-phenylindan-1-ol (Va) by use of chiral

chr onmat Q@h agR¥idsagem ¢ ci s- 6-chl or o- 3- phenyl i ndan-1-ol (V) (492 grans) is
resol ved by preparative 30 chronmat ography, using a CBI RALPAI C AD col um,

10cm I D X 50cm L, 10gm at 40C. Meth | is used as nobile phase at a flow
rate of 190 ml/mn, detection I s perforned using a UV detector at 287nra.
The rac c 1e8 ol B4 PRELSH i
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t he fr actitleossnposhd mhtmﬁnteathm 733 eha:cttiomem repedsnchravedibined end hapodéibto
enanti oneri ¢ excess, are conbi ned and evaporat ed to dréness using a rotary

evaporat@wneswﬁlmméeta@yemm@ iqligwid &y drying “imorecucy] & Qz‘@e ZOrams g

lid. . .
onant] orts Pt Ry By BT FRERIAAN e ity HE hlifionlepf cpoesp g
+44. 5 ( Crghd} thmgl;@a@do}dmgmm HHY GOy a} fresiass  qE=1.0, methanol).

(1S, 3S) - 6-chl oro- 3-phenyl I ndan-1 -0l (Va) by use of enzyrratlc resol ution
Va 10 Conpound V (5g, 20.4 mmol) is dissolved in 150 m anhydrous tol uene.

Car . o bl Sy FritSoRia oo fRafoipuabel ShEATRY 655 ol )

The mxture is stidgzegha¢Rireebipgapani cal stirrer at 21 C After 1 day, an
additional 0.5 g Novozym 435 is added. After 4 days at a

¢ Novozym 435 d 3
) .
vinylbutyrate t
Q toluene Q Q

A Va

=t

10
Compound V (5g, 20.4 mmol) is dissolved in 150 ml anhydrous toluene. 0.5 g Novozym
435 (Candida Antarctica lipase B) (Novozymes A/S, Fluka Cat.-No. 73940) is added
followed by vinylbutyrate (13 ml, 102.2 mmol). The mixture is stirred using mechanical
stitrer at 21 °C. After 1 day, an additional 0.5 g Novozym 435 is added. After 4 days ata

15  conversion of 54%, the mixture is filtered and concentrated in vacuo to obtain an oil
containing a mixture of (1R, 3R)-¢is-6-chloro-3-phenylindan-1-ol-butyrate ester and desired
compound Va with an enantiomeric excess of 99.2% (99.6% compound Va and 0.4% (IR,

3R)- cis-6-chloro-3-phenylindan-1-ol).

20  Synthesis of (I) and removal of the impurity in form of the cis diastereoisomer by

precipitation of the hydrogen fumarate salt of (I)

Example 2  Synthesis of (15,35)-3,5-dichlere-1~-phenylindan (VL, LG=CI)
Cis-(1S5,38)-6-chloro-3-phenylindan-1-ol (Va) (204 grams) obtained as described in

25 Example 1a is dissolved in THF (1500ml) and cooled to -5°C. Thionyl chloride (119 grams)
is added dropwise 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



15 conversion of 54% the mxture is filtered and concentrated in vacuo to
obtain an oil containing a m xture of (1R

3R) - ci sWoCsangewe- phenyl i ndan4-ol -butyrate ester and desired conmpound Va
wi th an enantionmeric excess of 99.2% (99. 6% conpound Va and 0.4% (1R, 3R)-
Ci s- 6-chl or o- 3- phenyl i ndan- 1-01). 20,-Synthesis of (1) and renoval of the
inpurity in formof the cis diastereoi soner by precipitation of the

hydr oge t i .

(15 38). nths fégh e ?@%Jteiipﬂ%] A? fﬂ?c(igl%%% 1 ;ﬁégé‘:@%!rése%&ated, and the organic |

G s- (18, ﬂﬁa)se B1SMaethtaa¢ﬁwnb{kamndmd -shéinin §ivabod2OR0QmalieTheabtiminned as
described in 25 Exanple la_is dissolved in THE (1500ml) and cooled to -5C
Thi onyl E%ﬁ@PP@%Pb@E@%WSW@P@dé’WMé@THhaéﬁ\ﬁl adiugisd tp BB PuTithospdiER THE (500

i e, 1 RReBREh 58, e fhea 155 B CorBt Bl Rl CREATRE B U
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are separated, and the organic phase B is washed twice with saturated

sodi um betbrasetate: dhe pihgl aﬂe;ate memﬁwﬁbﬁ@m@l@m& dried whbi ned

W th water hase A, . adj sodi um hydr oxj de .(289 nd used
o wash ERERORGAR b 400 Bnsdef it dpt Yl sdfhintiir se e
and the Qiosiing aBRASE. Biehl 24P eRALNERN iAidd UlEctWah e BRART & CS/R%ET act ed
with ethyl ‘acetate. The ethyl "acetate phase is conbi ned with the organic
phase B, ratlpi7@ @3vdctérdimggn@BVIBm sul phat e, and evaporated to dryness using a
rotary evaporator, giving the title conmpound as an oil. Yield 240 grans,
whi ¢ is used directly in the exanple 5. Cis'trans ratio 77:23 accordi ng

to NWVR Hy&t he " o 'm_?yd i perazi n-2-one Potassium
car bonat e ?Igg%r% n% anéd e?ﬁst‘lgjr?eﬁ%ﬁlgrqhi‘ne 6‘81 grans) are stirred with
t ol uene ]Pdtaﬁﬁmi):arbémﬁ@(%l @m@)fazﬂtdﬂﬂlen% diaroii i( B0 Uiryms)t e (ot withns) i n
t ol uene (750 nil dded. The suspen5| on is heated to reflux over _night,

and fil tefusge (FrH l)f m%mowféthys xba@ﬁ@aollwwet(ﬁw Slaishi foBisoe (P miyag
. conbi ‘ﬁ%ﬁ F} disgilled
;'? 0I gea mehtgl?e;s %éné%hqyg%a%%@to;r%% us §|é s"(tjdn ?%%r n ~di Sﬁl I a?ggqfis E&I ©

col | get eﬁhtmolaéle%(}@ cR Eﬁﬁﬁ@ﬁlﬁiﬂe&ﬁlﬁ:ﬁest (vehubiod. 0 Deart Beal@l €3) a wiftk Batheidene
is added (600 m), anot her 1200 ml distillate is collected at 76 C

(the tendisfilladiei® 3 zﬁm Henghkileisen sppagdnsCyirst T%@Q@hélspﬁ@@ isgolleptsd abHeY" agai n,

d 11001, of distillate. is £1.68. C . t
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with toluene, and dried over night in a vacuum oven at C Yield 171 g
(52% ofis 3d®adjagm agd p1emhef disttlase s colikted arfsi °6t (gsmupanptute is tthamizxivre. 71

20 °C). The mixture is stirred on an ice bath and inoculated, whereby the product precipitates.

The product is isolated by filtration, washed with toluene, and dried over night in a vacuum
oven at 50 °C. Yield 171 g (52%) of 3,3-dimethylpiperazin-2-one. NMR consistent with
structure.

25 Example4  Synthesis of 2,2-dimethyipiperazine
A mixture of 3,3-dimethylpiperazin-2-one (8.28 kg, 64.6 mol) and tetrahydrofuran (THF)
(60 kg) is heated to 50-60 °C. giving a shghtly unclear solution. THF (50 kg) is stirred under
nitrogen, and LiAIH, (250 g, in a soluble plastic bag, from Chemetall) is added, which gives
a slow evolution of gas. After gas evolution has ceased, more LiAIH, 1s added (a total of 3.0

30 kg, 79.1 mol, is used), and the temperature rises from 22 °C to 50 °C because of an exoterm.
The solution of 3,3-dimethylpiperazin-2-one is added slowly over 2 hours at 41-59 °C. The
suspension is stirred for another hour at 59 °C (jacket temperature 60 °C). The mixture is



25 Exanple 4 Synthesis of 2,2-dinethyl pi perazine A m xture of

3, 3-di net hyl pi perazi n-2-one (8.28 kg, 64.6 nol) and tetrahydrofuran (THF)
(60 kg) ‘is heated to 50-60 C. giving a slightly unclear solution. THF (SO
kg) is stirred under nitrogen, and Li AlH4 (250 g, in a soluble plastic
bag, from Chenetall) is added, whic ives a slow evolution of gas. After
gas evol ution has ceased, nore LiAl is added (a total of 3.0 30 kg, 79.1
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oot er m QL mf Bfeh (EDUEARGHA GrlURRE 0BT 68 b Pud SIS over
2 hours fdcedshnb® dool Wik agatkeeniperirs o0 PE). @led eodian bytekidequs%as.56 kel

(jacket tenperature 60 C). The mxture is 28 cooled, and water (3 1) is
added ovisradfigghoves 3P sninwise pi 247G seolingraseessyy MopeVaigr 851 & added pgerms ary
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stirred over night under nitrogen. Filter agent 5 Celit (4 kg) is added,
and t he Thxeambingdiikiatasereenncaetdd intthe regetorunty theslshwaramire in thelFecl® ikg) .

epor at (1 & (e iSh Bttt e R b e ot irite & 885 o s00
mbar.  The,eRRETGea f&zva?okwaﬁﬁ&xwt%@% ICPRGRP thétneus &aki@UgPor to
approximately 10 1. Finally, the mxture 1s fractionally distilled at

at nos phedistillqir 2 stmospherinprettues, and thegtrodst isclollebdal 146-483-Vield 5. kel d 5. 3
kg 10 (72% . NMR conmplies w.th the structure. Exanple 5 Synthesis of

t r an¥: 14%&)3%9%PW§3B}%FW‘?%%-I -y1) -3, 3- dinet hyl pi perazine (Vi)
Ci s-(1S,35)-3,5-dichloro-1-phenylindan (VI, LG=Cl) (240 g) is dissolved in
but an- 2-one 15 (1800 nml). Potassium carbonate (272 g) and 2, 2-di net hyl

pi per azi Pearplee ar Bxhthesisutmprrsel 4(LR(3ISH3-chlor-B-phemylthdundl yhe3,3d xture is

heated at reflux tenperature for 40 h. To the reaction mxture is added
di ethyl ether (2 19mehylpinerasine 6YHe acid (1M 61). The phases are

separate i n.the er asg $-L ] . i
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or gani ¢ [B8OS tmiINPetisaAtR darbdhaf (22 o} shdeN)SdirfethiAerZAndfprefdi @i Exahipld N t he
wat er phase. Sodi um hydroxide (28% is added to the water phase until pH
is 10, ahdlihe) warddedrindsbe imsxtase is deatediatrailwetomiperpiute dotrdfl b.diorfbe rqaptiay |

The di et hyl et.he tracts are.conhi ne drie ] sQdi um sul phate, and
evapor at TS ééﬂtﬁ@lﬁﬁberéf })@P%H@%lﬁgf’ﬁ?lgt(mYF& gg‘ﬁgﬁgmﬁ? of the
title coppound, A% S iPibe watlifHisd 8 10408€d BohfTid Ywith chbi@niesl h§sdERbee
Cs/trans ratio, 82:18 according to NVR 25 Exanple 6 Synthesis of

trans- 4-2@@!‘-‘{}1338)&@-@]&1&;@5 as@l jorveash|thewokgamic physe)onts @gadn in order to ensure, that
et RLREL 3L L) O Ofen ATt 2P o o s gl
]S g'r 'm) C( ;%9 ﬂcggga %?%ﬁ‘ﬁ&ﬂé&u&&%@@%ﬂ%&ﬁﬁ%m& (VB! Bhe a1 Gher and
extracts are contbined, dried with sodium sulphate, and evaporated to dryness using a rotary
evaporator. Yield 251 grams of the title compound as an oil, which 1s used djrectly in the
next example. Cis/irans ratio, 82:18 according to NMR.
25
Example 6 Synthesis of trans-4-((1R,3S)-6-chlore-3-phenylindan-1-y1)-1,2,2-
trimethylpiperazininm (I) hydrogen famarate
Crude frans-1-{((1R,35)-6-chloro-3-phenylindan-1-yl)-3,3-dimethylpiperazine (VI) (250
grams) 1s mixed with formaldehyde (37% in water, 300 ml) and formic acid (366 grams),
30 and the mixture is slowly heated to reflux. The mixture is stirred at reflux for 3.5 hours, and
after cooling to room temperature, water (1200 ml) is added. The mixture is extracted twice

with ether (1200 ml), and then the water phase is made alkaline by adding sodium hydroxide



30 and the mxture is slowy heated to reflux. The m xture is stirred at
reflux for 3.5 hours, and after cooling to roomtenperature, water (1200
m) is added. The m xture is extracted twice with ether (1200 m), and
then the water phase is nmade al kaline by addi ng sodi um hydroxi de 29 (28%
approximately 500 mL). The water phage is extracted three tinmes with ether
(900 m ). The organi c phases are corbi ned and washed with brine (650 m),

and twc i I GRS ek ' '

cul phat o257 PP RliElely 300 ol Trhe Ml JigR0 bR SR UABAGOO D,
Yiel d: 21Re grcadis phfisek bftcombiddd, ahd)wshedwith brid J andawick-wi t
1,2,2-tri me?%I Ilpipgesr azine free. ba)swe éil) as anegjle?u]\?\,i th 19%%Pfﬁ:rci S

di ast ere@ioﬁ@lﬂér hecusinic plpse i doigd bymedivansripaiel Slisred;and sVanrsatpd tojdypessanol

(3.18 1) _and.the m xture,is heated to 50C, which gives a cle )| utd on.
Fumari c %?W%ﬁvipﬁ?ééﬁ%mﬁsag% ey” °§i’f’{ﬁ”ﬁé‘ m%‘gar %‘8?%%@%@#&%&%%* ure
is ald owed 2@ ipipelashe Bee b () 4sl 8 FOKRRUDY, O 86 cRidiatesoisob@ product
is isolated by fi I?ratlon, washed with 1-propanol, and dried "in vacuo" at
60C. 10 icetding tbIIVER- dilns compotrui is dlissdlyedin t-hropand (3l 8 ) anddbe srture is

accordi to, N El ntal apal ysis and NVMR c mto.the structure. The
onant | ok B DG REE Bivan aFlear STt e el o oo Lo Bty I St ing

el ectrop ok mmﬁ% Taliavdll th&odl, WheftBY RRNA1E &bheimbianmef the
free am ﬁg&?ﬁ%‘)&lcﬁ%mt eqﬂycﬁ%get% Fur’rar gt eysalt acr?(]jnproggr ie)ci ﬁati on 15
~as hydr ogedudic sohsddeyaiittatiynd veghed with dropnsh and diedfiplvecio” sy a0Hesi s of
:1; |1 ngﬁg,i'glcg%g Eﬁ?%gé,f%% %90 1?115 t%é %ils)d-ialsie%éoﬁéomer according to NMR. Elemental

Tr ans- 44 ; " ) R wor _ al
(15 "y BRI o8 G AR o hardorierke ot Bt HiKhBL 85 50T 111
Aqueous  gi¥aRim@ioliital dpilliry elesirésidestes (TH). [diée2pl8a6ed . nsstigiblr ed unti |

all solids have di sappeared. The organi c phase is separated, and the
aqueous phase is washed with toluene (25 m ). The conbi ned tol uene phases

o gan o ihetaeh SEferdemils o o e HE FAD BN RiGakte AU R0 Pt cRftatid |
filtey edaghivliroBen bddcifath fnd hydPoRMansbaiREale dryness on a rotary

evaporator, giving the title conmpound as an oil. The crude free base (15
grans) is used without further purification. Exanple 8 Synthesis of

S A RN S i S 51

trans-441R, 35) - 6- cﬂhﬂgﬁyﬁjiﬁg%gﬁimsgml) -1,2,2-trinet hyl pi perazine (1)
(8,50

Trans-4-((1R,38)-6-chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazimium () hydrogen

20  fumarate (25.0 grams) is suspended in toluene (125 ml). Aqueous ammonia 25% (75 ml) is
added. The three phases are stirred until all solids have disappeared. The organic phase is
separated, and the aqueous phase is washed with toluene (25 ml). The combined toluene
phases are washed with water (25 ml). The agueous phase is discarded and the organic phase
is dried by sodium sulphate sicc. {35 grams), the slurry is filtered and the filtrate is

25  evaporated to dryness on a Totary evaporator, giving the title compound as an oil. The crude

free base (15 grams) 1s used without further purification.

Example8 Synthesis of trans-4-((1R,35)-6-chloro-3-phenylindan-1-yI)-1,2,2-
trimethyl-piperazinium (¥) hydrogen succinate
30  Crude trans-4-((1R,3S)-6-chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazine (I) (8,50
grams of oil) obtained as described in Example 7 is dissolved in acetone (30 ml). A

suspension of succinic acid (3,25 grams) in acetone (32 ml) is prepared and the #rans-4-



gans of oil) obtained as described in Exanple 7 is dissolved in acetone
(30 nl). A suspension of succinic acid (3,25 grans) in acetone (32 nil) is
prepared and the trans-4- 30 . ‘ :

((1R, 38)-6-chl oro- 3- phenyl i ndan-1-y1)-1, 2, 2-tri met hyl pi perazine (1)
solution ts, added, the succinic acig di ssol ves and shortly thereafter the
trans-441R, 38) - 6- chl or o- 3- phenyl i ndanl' -y1) -1, 2, 2-tri met hyl pi perazi nium (1)
hydr ogen ' [£6h R AiRESS1vh- 75 248 j | i3.0..0C 0

m nut o Sererd AR EEhantisbas v ko p AR AR AT AL Uit i
super nat amcitis acii sitsaoltedarahnshotthethpreafténthé ates-4-5( MRS e cbitols-abatydingad-20
mLl). The sit:a-Ty.is centrifuyged and the supernatant is discarded and the
pr eci pi t 191 3 2¥imagihyiperimign (Rbydmeen TGSt TEEPRATE 7 WieRLTI o0 15

pr ocedur . f e -t he, . spl at ed. praoduct,. was t he
bet a-f or %)&?%Ff@{v(\; %égrﬁgjd}élﬁe? F%ﬁ%ﬁ I#lég’%qc{pé%l%m?%a}e Ef%eﬁlg‘})ffqg%%“ fe stable
al phas f oswpepfiatdid iSOERRdsIchn thy peoipanteIs Hasitatiih ASRMOTED ). The@hove
descri bed experinment can be substituted by aqueous acetone (95% al so
resul ti n@el}tﬂg%ﬂ@ﬁﬁml the sypernafenidp giveartied andbthe @repoiateds rikg inogewn st GOF@at e.
D'fferenh;éh §%gnning Calorinetry (DSC) shows an endothermw th an onset

t enper at s §1‘ 1 and a peak at 141 C corresponding to the al pha form
XRPD di f iy 1ReitBRpAc0cdireGRRIRIEEmYY f thd WrsPiRBthd i95100cd pFORBPL S Be beta-
trans-44( 1R, 3S) - 6- ehl or o- 3- phenyl i ndan- 1-y1)-1, 2, 2- tprl met hyl pi perazi ni um
(1) hydr égen folkdvonarepetfiiombaresulted in formation of the more stable alpha-form of
trans-44(1R, 38) : 6-chl or o- 3-phenyl i ndan-1-y1)-1, 2, 2-tri net hyl pi perazine (I)
(1.0™0 Pﬁ%ﬂouéqgliy‘#ﬂ%q’{mﬁ afned as described in Exanple 7 is dissol ved
in 2-pro SO ] Y nmol )
in 2 pr opeanne PRVl e RhalRpR Bl Sulfifed f afkbofl Ane o5

t r ans- 44 0l&rSo)ting-Tdnmation S ilealyhd- fodmrofCondgouhd 2 hediceenm@ichinhel per azi ne

sol ution_is added, whereby the _ )

t r ans- 44Ptiergnal Geamies alorigednyPSd shoves gn gndpthery vith #eensyl tsmperedire af um

emporat D Darsf T 8L 'ChiReepbiind ¥R IOLE EPREEHEGEEAT. i 0n The

supennat aditfoinss b Gy Akh fand. the precipitate is washed with 2-propanol (5
m ). The slurry is centrifuged and the supernatant is discarded and the
precipitate is dried "in vacuo" at 50C. Yield: 0.98 grains (849%.

El enent a n i's,confqr 0, t st,ruct ut.e., The X di ffract ogram
conf or nshﬁi%nﬂégcl fre¥ 7’3’3{12‘3?’@5?'8% %‘g"ﬁ%}’ B‘Bgﬁ“'ﬂal%}’?%e as shown in
figure 3. trimethylpiperazinium (I) hydrogen malonate

Crude trans-4-((1R,35)-6-chloro-3-pbenylindan-1-y1)-1,2,2-trimethylpiperazine (I) (1.0

20  gram, 2.81 mmol, obtained as described in Example 7 is dissolved in 2-propanol (5 ml). A
solution of malonic acid (0.291 grams, 2.46 mmol) in 2-propancl (5 ml) is prepared and the
trans-4-{(1R,35)-6-chloro-3 -phenylindan—I—y1)~1,2,2-trim_ethylpiperazine solution is added,
whereby the frans-4-((1R,38)-6-chloro-3-phenylindan-1-y1}-1,2,2-trimethylpiperazinium
hydrogen malonate precipitates. The suspension in cooled to room temperature before the

25  precipitate is isolated by centrifugation. The supernatant is discarded and the precipitate is
washed with 2-propanol (5 mi). The slurry is centrifuged and the supernatant is discarded
and the precipitate is dried “in vacuo™ at 50°C. Yield: 0.98 grams (84%). Elemental analysis
conforms to the structure. The X-ray diffractogram conforms to the diffractogram of the
hydrogen malonate as shown in figure 3.

30



31 Synthesis of (1), salt formation of (VIl) in order to renove cis

di astereoi soner of (Vii), and formation of the hydrogen succinate salt
fromcrude (1) . Exanpl e 10 Synt hesis of

trams-1- ( (1R, 3S)-6-chl or o- 3- phenyl i ndan-1-y0- 3, 3- 5di et hyl pi perazi ni um
(M'1) hydrogen nal eate Exanples 2 and 5 are repeated, giving crude
trans-14( 1R, 38) - 6- chl or o- 3- phenyl i nddn-1-y1)- 3, 3-di net hyl pi perazi ne (W)

_ 00 ' ; ; e f g
i omat oo eips S AETaf tbrmifin b (Vip) i drdEF eEHnpove T8 diksckichbmer of (VI
90: 5: 5) & forvedicnyofale ppdrdgen Suédinte ¥4k Fom@bnaid (@) ary evaporator. Yield

12 grans of the title conpound as an 10 oil (cis/trans ratio, 90:10
according to NVR) The oil is dissolved in ethanol (100 m), and to this

" asul t BRI funBeatt pEhwi B8 D tber Tt FallAT and  ne
fornmed precipitat eginfethAblREhAdivy (V11 byaidgeh maiBsevol une of ethanol is

reduced and anot her batch of precipitate is collected. Yield 3.5 gram
sol i d of Exdwepits 2 bad & ereuopeatied, giving guds omes- 146 dethdarodeplmnglingant b-yRVR)

15 Melti int. 175-178 I 1 . .y .
Lrans. 1 e SR By R O DGRy 0 Srvan % ap b #hishs BEmsy PRI B (vi1) A
Lrans- 14CTRgRpmeghy op silicagel (eluent; ety acctate changl/ricthylamine P59 followed BY oo

hy dr ogerevapbrtite td dyhgss(0B. a%otara awappratan ¥ésid 1 2 peshsaefithotide commound as 560 M ),
brine (150 m) and ethyl acetate (250 nml) is stirred at roomtenperature
for Ho rethic @nspwage%oyrh(?@cgad&a%fa&W)a pihts digpobysa dn prharad (190 s utt ed

i th et hyl . . ab) LC a ith
\ll)mri ne, ?%i%lg%gélgbﬁﬁ%%@g%?génﬁgﬂé[gﬁ%]t%%,@#@??ﬂ e%%%glﬁ)dp I@?a%@e?%?'gg" 0 ryn\(lamss

I N vacuos sifired 8t réom ghpeRneé f@i16.hodfs, bxamelferndsd Jrédpiadiedsicolledd by
trans-4-((1R 35)-6-chl oro- 3-phenyl i ndan-1-y1)-1,2,2-
t ri met hyfilpiapen alfiervelymeef ¢hanol {sypduced and another batch of precipitate is collected.

ot ame) (VB9 &5t GG R A e SR o ety SRR B BRERE RN <

addeg f oveRindafavda 764G85cl) .

Example 11 frans-1-((LR,3S5)~6-chloro-3-phenylindan-1-yI)-3,3-dimethylpiperazine
(VID
A mixture of trans-1-((1R,3.5)-6-chloro-3-phenylindan-1-yI}-3,3-dimethylpiperazinium

20 hydrogen maleate (VII) (9.9 grams), concenirated aqueous ammonia {100 ml), brine (150
ml) and ethyl acetate (250 ml) is stirred at room temperature for 30 min. The phases are
separated, and the aqueous phase is extracted with ethyl acetate once more. The comBined
organic phases are washed with brine, dried over magnesium sulphate, filiered and
evaporated to dryness in vacuo. Yield 7.5 grams of oil.

| 25
Example 12 Preparation of trans-4-((1R,35)-6-chloro-3-phenylindan-1-yI)-1,2,2-
trimethylpiperazine free base (I)

Trans-1-((1R,3S5)-6-chloro-3-phenylindan-1-y1}-3,3-dimethylpiperazine (8.9 grams) (VII) is
dissolved in formic acid (10.5 ml) and to the solution is added formaldehyde (10.5 ml).

30  Heated to 60°C and kept at this temperature for 2% hours. After cooling of the reaction
mixture, water (50 ml) and hexane (50 ml) are added. Adjustment of pH with NaOH (27%,
33 ml) to pH > 12. The hexane phase is washed with aq. NaCl (20 ml) and water (20 ml).



30 Heated to 60C and kept at this tenperature for 21/2 hours. After
cooling of the reaction m xture, water (50 m) and hexane (50 m) are
added. Adjustnent of pHwith NaOH (27% 33 ml) to pH > 12. The hexane
phase is washed with ag. NaCl (20 m) and water (20 m ). 32 Hexane is
exchanged azeotropic with acetone (99, nm ) and the m xture is concentrat ed.

The crude free base in acetone (10 is used without further
puri fi catfeQihe iEX M. tr th "
Trans- 4- ((1/ 261135) > 6 | 22oolrop %ﬁ%n coto 689013111)](31(1?13 els concentrated. The

5t ri met hytude fiee bz&amunmt()zhe (1oyl) dguesad sxumouirmthe@wxﬁeauon
trans-4-( (1R, 38)-6-cbl oro- 3- phenyl i ndan-1-y1)-1, 2, 2-tri nmet hyl pi perazi ne
(1) in acetone solution (10 nil). A suspension of succinic acid (3.4

?r;ﬁgs £4lgxgﬁ§ﬁ%f%h§f&sq grll}ezf%\y r6e %r%—d_’- 9@%’?@ aE"]tW %ﬁ%’%yl pi per azine (I)

sol utjon is added miﬂetﬂyq)lpbﬁ@;zuﬁﬂm (i) liﬁﬁ"’o%éh bwecirfté ux (55C). The succinic
acid dissolves 10 and during cooling e solution
£ ans- 44 SR rarB L BAS)-G-phumyH phsaRBlenytyD 1 220 imethypcheping @pazi ni um

(1) v 080 SRHAT 6 A SpBS il i WARGARH AR b BBGLILON 10

Tr ans- 444Rs38) nfd el k8- ﬁf(mk@,@y oL AGRE-3 Ishkh ) Hiddag. 12y1§fllmh¥}i{é1ﬁﬂ§ﬁfe?a?zhﬁé um
hydrogen succinate is isolated by filtration and washéd w th” acet one (20
ml) . The(Ipedtien isiagldelt insidhe inmixmeeci dtated tooBlnx (BYCeI The sﬁc@mgraamsdlssolves

Cempbh of B 18%%%2?851&33 o ZolsBak e A R %ﬂe@aﬁaﬁ"ﬁghpﬁ hefhi 30 form

XRPD di f {185

met hanolg 0ﬁ ynt he5| sqro)?ﬁmé%ﬂ Sﬁ&ﬁlagé %Q‘t?srllgrg& % Q&nglé%lgfé &Iei]qlghtm
Synt hesi ® wecifitd@e MMHJ-AI{(WB@F@WM &pﬁem/mmd&—&ym-mplmhmﬂg&p@mﬁm ne
(50 gragﬁa{ i s suspended. in 1, 2-di met hoxyet hane DI\/E) 150 and

pot assi uREaEBoRSEIBAtE rDiseiataddy filiration w@@%w |36%FPH%(?@GBD4 e prrdyetis
added 25 dk: bsf our, while the m xture is cool ed slightly,

al | ow ngdﬁﬁglﬁenﬁg’ratﬁ&gto reach 50 'C. The mixture is stirred 9 hours at
an oid bwidd:ato 48nkS C, and a sanple is withdrawn for NVR, which

i ndi cates that there is still 8%starting material left (singal at 2.8
ppn) . MoPHIsretia) Scamingiealpymet shoyHarsengio Wil enset teinpetahse pE142 G r ed

f or anot 1 at_40 w -NVR ows full. conversion.
The it SRa felicar P2E G Bomepanaing IR oA S SO e AR, it R D
filtratehbsiuapen Ibed=L J4YBLE8, Gbikhid).41 grans of the title corrpound
NVR conplies wth the structure.

20 Synthesis of I using 1,2,2-trimethylpiperazine

Example 14 Synthesis of 3,3,4-trimethylpiperazin-2-one
3,3-dimethylpiperazin-2-one (50 grams) is suspended in 1,2-dimethoxyethane (DME) (150
ml) and potassium carbonate (70 grams) is added. Methyl iodide (66.4 grams) is added
25, during half an hour, while the mixture is cooled slightly, allowing the temperature to reach
50 °C. The mixture is stirred 9 hours at an-oil bath at 40-45 °C, and a sample is withdrawn
for NMR, which indicates, that there is still 8% starting material left (singal at 2.8 ppm).
More methyl iodide is added (4.6 grams), and the mixture is stirred for another 2% hour at
40 °C, and a new NMR sample shows full conversion. The mixture is filtered, and the filter
30  cake is washed with DME. The filtrate is evaporated to dryness giving 41 grams of the title
compound. NMR complies with the structure.



33 Exanpl e 15 Synthesis of 1,2,2-trinethyl pi perazine A solution of [ithium
al um ni um hydride in tetrahydrofuran (THF) (1.0 M Aldrich cat. no.
21,277-6, 90 M) is heated to 50 C on an oil batch. Crude

3,3,4-trimethyl pi perazin -2-one (10 g) is suspended in THY and is slowy
added, giving evolution of gas. The gfsulti ng 5 mxture is stirred at
45-56 C for 4 hours, giving full conversion to the title conpound

accordin ( ty_d . tarting material). The
§x g% A Qg%@eaeah,a 2 &éﬁﬁ%é@gﬂgg g )

m xture 1s C wat er” (3 d, giving evolution of gas.
Then a sdlwhiton offlittsmai aluwmbyyein dyidde innetvahlydrofiirhb Y3HB) @ .0M), Alériddee cho.
giving npre and finally water (10 m) is _added. The m xture is

P11t or ed2Laner dmi) is heptod s s omars Ak bataR Gruds 3¢ onaiRy PP Rraneat e

are conc ed.9 - r - .3 . ' wat er
bat ch). E‘lhrhté55 ?Slem uge?g{g%@s%ﬂg%%&?m@’@‘%g %@%ﬁg&o& ?é’ghév# ?‘ﬂ&?s%di um
sul phat emitiiesis bieeddarasu36E°a for i Housy, eflingdfll chbheeréibh td thkegitlezof@bemNt r at ed
on a rotary evaporator (0.2 atmand 60 Cin the water batch) giving 6.4

gr gms of agcheding to MMEotmecignnl aNvVRPEBHpN skriiigrhatend). skheuskbwre is aohled, and
t i ns. THE, 15 S i s .0f .. .
Crans- a4 v BILiSRATES Biline AL e, S SR Mo b esdeds: i um

(1) hydr garp (3908 2he) ifs%ﬁﬂéd}%[mﬂg'ﬁ_ﬂregéas, and finally water (10 ml) is added. The

Ci s- (151, 35)-3,5-dichl oro-1-phenylindan (VI w Erh LGL.) (17.8 grans) is
coupl ed wixthreds Sitetetl cahdithe fiter eakees Wydhod patbaldin €1 00vnh 1 Thy Blrategaears) , usi ng
t he procedure described in 20 ex |l e 5. ‘The raw product qf the free am ne
(15. % or Srmbpieater o fiy Bopap A0S ere ndbSe iR N8t pharenhe s
hydr ogen ;fmé 3 [ . ¥ EmBeturfi - ddr ans
of the tfl{s e c%ﬁ@ﬂl\%ﬁlgﬂggﬁg? ‘iwclgtgl(g\{‘;}w&tqﬁlr sﬁ:}lpéﬂ J'[set??%gt%re, hrllrglffligﬂ%g’oazrrlgr IS
obser vedthe Silmith éscamcaiirated/sd akdtanyeviygiratof () Irated ado6pWLiincthé watet bagkn
succinate salt 25 Exanple 17 Synthesis of .

Cr ans- 4- IS G bR G0 ARG RN SGpopHiosavigh the SfrHgirty FogHREA%E ni um
() hydrg&%n@f&ﬁé e, beta form Conpound | hydrogen succinate (50 ng) is
suspended 1 n of water (1 nil) and allowed to equilibrate for 3 days. Any
undi ssol ved material is renmoved by filtration. The beta -form of

Example 16 Synthesis of irans-4-((1R,35)-6-chloro-3-phenylindan-1-yl)-1,2,2-

. trimethylpiperazinium (I} hydrogen fumarate from compound VI
Cis-(15, 35)-3,5-dichloro-1-phenylindan (VI with LG=CI) (17.8 grams) is coupled with
distilled 1,2,2-trimethylpiperazine (VIII) (8.7 grams), using the procedure described in
20  example 5. The raw product of the free amine (15.7 grams), containing 6% of the cis isomer,
is used to form the hydrogen fumarate salt, using the procedure in example 6. Yield 15.7

grams of the title compound; NMR complies with the structure, no cis isomer is observed.

Synthesis of crystalline beta form of Compound I hydrogen saccinate salt
25
Example 17 Synthesis of trans-4-((1R,3S)-6-chloro-3-phenylindan-1-yl)-1,2,2-
| trimethyl-piperazinium (I) hydrogen succinate, beta form
Compound I hydrogen succinate {50 mg) is suspended in of water tl ml) and allowed to
equilibrate for 3 days. Any undissolved material is removed by filtration. The beta -form of
30  Compound I hydrogen succinate forms during the natural evaporation of the solvent. The

beta form is analysed after full evaporation of the solvent by XRPD and DSC.



30 Conpound | hydrogen succinate forns during the natural evaporation of
the solvent The beta formis analysed after fall evaporation of the

sol vent by XRPD and DSC. 34 Analytical results: Differential Scanning
Calorinmetry (DSC) shows an endothermw th an onset tenperature of 135.6C
and a peak at 137.5C corresponding tg4the beta form XRPD confornms with
the beta-form 5 CHARACTERI SATI ON OF THE SALTS Exanple 18 Solubility of
the sal t d\nalytichleresultsp Difificteniial SoarmintsaC41b)imER (BOC)KHowstar cAfiothBn $atl5 | N
wat er was d?%erm' ned %ﬁgddi ng_.an excess g50 ng) of salt to 2 m of water.

The susp&NEtSAPHEE AidPr 0% ahdha peak 2 rlAV 2°¢ eprresponding to the bhafosn. XMRED10

subseque%ﬁﬁgrﬁg—lgmqh | and the concentration was determ ned by
FI PLC. The soli pre%:?‘%ié?%rgg was isolated and left to dry in the

| aboratory. The results are summarized in table 1. Table 1: Solubility of
t he sal t; I n_water at roomtenperature. Sanpl epHSol ubility(ng/ m) Succmate
1: 1 af phSHARSMRERIFATION OB TEHE SAERE at e3. 81. 5 15 Exanple 19 Stability

of the salts of the conmpound of forrmula (I)

Example 18 Solubility of the salts of the compound of formula (I)
The solubility of the salts in water was determined by adding an excess (50 mg) of salt to 2
ml of water. The suspensions were left at the rotarmix for at least 24 hours, and

10 subsequently pH was measured and the concentration was determined by HPLC. The solid

precipitate was isolated and left fo dry in the laboratory. The results are stummarized in table

L.

Table 1: Solubility of the salts in water at room temperature.
Sample pH Solubility(mg/ml)
Succinate 1:1 alpha 4.4 ‘13

Malonate 1:1 3.9 15

Fumarate 3.8 1.5

15 Example 19 Stability of the salts of the compound of formula (I)
The stability of the salts was investigated under the following circumstances:
Heat, 60°C/80%RH.: Samples were stored at 60°C with 80%RH for one week. Then they
were dissolved and analysed by HPLC.
Heat, 90°C: Samples (~10 mg) were stored at 90°C in closed containers contaming 1 droplet
20 of water. Then they were dissolved and analysed by HPLC.
Light: Samples were placed in the light cabinet at 250 w/m? for 24 hours. Then they were
dissolved and analysed by HPLC.
The area of peaks in the chromatograms besides the peaks corresponding to the substance or
the acid was summarized. The succinate salt of the invention does not show any degradation

25 atall.



The stability of the salts was investigated under the foll ow ng

ci rcunst ances: Heat, 60C/ 80%RFI: Sanples were stored at 60C with 80%H for
one week. Then they were dissolved and anal ysed by HPLC Heat , - 90C:
Samples (-10 nmg) were stored at 90C in closed containers containing 1
droplet 20 of water Then they were di3ssol ved and anal ysed by HPLC. Light:
Sanpl es were placed in the Iight cabinet at 250 wn2 for 24 hours. Then

t hey wer elahl %gol ved and anal ysed by HPLC. The area of peaks in the

chr omat ogram sls he 0 ponding tao the substance or the acid
was sunmetPEee. The succﬁﬁﬁl@f@mﬂlﬂf}meakhmm%ventl on does not show any
degradation 25at an. 360°TaROBRE §@‘FUDI eSumgpt i mpurity peak area %

60C/ 80%?Ij/[gglgfégt]t ate 171 a lga 06,4gb06—Succi nate 1:1000
Fumar at e 070 0 %Qarrpl e 20 hygr%’?gopi city of salts of the

corrpoundF a (I)

0 ,09 0,06

Example 26 The hygroscop_icity of salts of the compound of formula (I)

The hygroscopicity of the famarate salt, the succinate salt (the alpha form) and the malonate
5 salt was investigated by Dynamic Vapour sorption (DVS). The fumarate and the succinate

salts were found to be non-hygroscopic. The malonate absorbs gradually up to 1% of water

when the relative humidity is raised to 95%, but with no hysteresis.



The hygroscopicity of the futnarate salt, the succinate salt (the al pha
form and the nalonate 5 salt was investigated by Dynam c¢c Vapour sorption
(DVS). The futnarate and the succinatig salts were found to be

non- hygroscopi c. The nmal onate absorbs gradually up to 1% of water when the
relative humdity is raised to 95% but with no hysteresis. 36 Cains 1. A
met hod f édamenuf acturing 4-((/ R, 3S)-6-chl oro- 3-phenylindan-1-y1)-1, 2, 2-
trimethyl pi perazine (formula |I) or a salt thereof, which nmethod conprises
conversion of the conpound of fornula Va in cis-configuration to the
conmpoundiof far Y ¥eXe (Va)
2. The nmet hod oflﬁgﬂlhgflr%rl cggr%ﬁﬂlﬂs Jg@f{:ﬂ?@gf@?{gﬁ%ﬁﬁeﬁwﬁd %ﬁ@mﬁ%j’?oup of the
ci s- al cohol U‘Imﬂbylmﬂeaam (femmlsDior alshle theeend] which htsivd doneipd ting in the

conpound of fornula LG
np conversion of the compound of formula Va in cis-configuration to the

compound of formula I, wherein formula I and Va are as follows:

(Va) M

2. The method of claim 1, comprising conversion of the alcohol group of the cis-
alcohol of formula Va to a suitable leaving group LG resulting in the

compound of formula V1.

(VD

3. The method of claim 2, wherein LG is a halogen, e.g. Cl or Br, preferably Cl

or a sulphonate.

4, The method of claim 2 or 3, wherein Compound VI is precipitated from a

suitable solvent.

5. The method of claim 4, wherein LG is a halogen, preferably Cl, and the

solvent is an alkane, e.g. heptane.



(VI') 3. The nethod of claim2, wherein LGis a halogen, e.g. O or Br,

preferably O or a sul phonate 4. The nethod of claim2 or 3, wherein

Conmpound VI is precipitated froma sa7table solvent. 5. The method of

claim4, wherein LGis a halogen, preferably C, and the solvent is an

al kane, e.g. heptane. 37 6.The nmethod of obtaining the free base of the

conpoundbof f dhermiethod cobbrining the foecalmge of thelcainpourid &f fﬁviﬁﬁlmlaac@ging? nmpound
. . it . . =

?ll)rlmsjl ;es/lc'lt edtowa&yhof%la%mgll[g%twr}}élrghpera2| ne to obtain the compoun

a. Compound VI is reacted with 2,2-dimethylpiperazine to obtain the

compound of formula VII

.
o0

b. Compound VII is methylated at the secondary amine to obtain the free

base of the compound of formula I.

7. The method of claim 6, wherein the compound of formula VII is precipitated

as a suitable salt, e.g. a salt of an organic acid, such as an organic diacid.

8. The method of claim 7, wherein the formed salt is the hydrogen fumarate salt
or the hydrogen maleate salt of Compound VILI.

9. The method of any of claims 3 - 7, wherein compound V1 is reacted with

1,2,2-trimethylpiperazine (formula VIII) to obtain the free base of the

compound of formula (T).

oY

Ho v

10.  The method of any of claims 3-6, comprising



(M) b. Conpound VII is nethylated at the secondary am ne to obtain the
free base of the conpound of fornmula I. 7. The nethod of claim®6, wherein
t he conpound of fonnula VII is precipBtated as a suitable salt, e.g. a
salt of an organic acid, such as an organic diacid. 8 The nethod of claim
7, wherein the forned salt is the hydrogen fumarate salt or the hydrogen
mal eat e sal t shc@upponpound VI with 1Fretentet! Rott dofethylyipofazivk 306 wBerein/,

wher ei n conpoun is reacted with 1, Ztrlnethylplprazme(forrmla
VII1) to obtai ngpﬁéaﬂ"g cHonstoun. thereby cﬁ’rﬁiﬁﬁ’ﬁ& C(S’F“HOBP% fprippla X

reacti ng Conpougshr¥eciind QohndiRl 2 e (I X) wherein
PGis a prot ect?%bn grog Eerebyq%g%ﬁnﬁgbﬁxﬂpgtﬁﬁ{@%orrrul a X; and -
deprot ecti ng Cofpoigadn t%reémm@m@pﬂmind VIl or converting Conpound X
dlrectlyto | X and X are as follows: 11. The
net hod of cl af m‘%’]évd%emﬁ%%f%d%o%?ﬁﬁgﬂfi Sgroup PG is selected fromthe
group of phenyl net hoxycarbonyl, tert-butyl orgcar bonyl, ethoxycarbonyl, and
benzyl. 12. A nethod for the preparati o,éthe conmpound of forrmula I or a
salt thereof conprising reacting a conpound™f forrmula Vla (i.e. Conpound
VI for which LGis d) with 2,2-dinethyl i;‘ﬁ)azi ne thereby obtaining the
conpound of formula VII, followed by methlation at the secondary anine.
13. A nmethod for the prepa:r@tl orirhe orpound of fornula | or a salt

t hereof conpri sing reactl formula Vla (i.e. Conpound VI

conp
for which LGis d) [f

(1X) X)

11.  The method of claim 10, wherein the protection group PG is selected from the
group of phenylmethoxycarbonyl, tert-butyloxycarbonyl, ethoxycarbonyl, and
benzyl.

12. A method for the preparation of the compound of formuia [ or a salt thereof
comprising reacting a compound of formula VIa (i.e. Compound VI for which
LG 1s Cl) with 2,2-dimethylpiperazine there‘by obtaining the compound of
formula VII, followed by methylation at the secondary amine.

13. A method for the preparation of a compound of formula I or a salt thereof
comprising reacting a compound of formula Vla (i.e. Compound VI for which

LG is CI)

(Vla)
with 2,2-dimethylpiperazine in presence of a base, followed by reductive

amination with suitably reagents, such as formaldehyde, paraformaldehyde,



d (Mia) with 2, 2-di nmet hyl pi perazine in presence of a base, followed by
reductive amnation with suitably reagents, such as formal dehyde, .
par af or mal dehyde, 39 trioxane or di 82hoxynet hane foll owed by isolation of
t he conpound of fornula | as the free base or as a salt thereof 14. A

met hod for rranufacturln&w ((I R 35)-(6-chl oro-3-phenylindan-I-y1)-1, 2, 2-
trimethyl pi pe &pxape oy 4ig meﬂh)in@follawséby 1gohetioeaff tharvingloungbfiod conpri ses

conver si on of C f forrrul o the conpound of fornula I,

wherein for rruiﬁ;rn'@ IOYTIS)[ %gr ?ﬁeoé&sflﬁaﬁ(ﬁfﬁi‘#G 15. The nethod of any of

claims 1-11, wherein the conpound of fornula (I) is precipitated as a

sui tabl e salt 9?8 a salt of an organic acid, such as an organic diacid,
L8]

in order 4o réB @;ﬁaé@am@@ptm@ 4H gt@-é@rﬁb]@rfeﬁﬁhi@hnﬁh%flFsécz)h,@gﬂ OL I(:I ai m
15, wherein t ydro t. 0 oun
The rreteho:j of Hglrl\{/ ogﬁgf e(f(ﬁ@ﬂ gl%gi rfr’g‘?@ﬁﬁme dLOmPEHS %

succi nat e sal tomtrsicar cliﬁihacaﬁlhj)ound of formula VII to the compound of formula I,

wherein formula VII is as defined in claim 6.

15.  The method of any of claims 1-11, wherein the compound of formula (1) is
precipitated as a suitable salt, e.g. a salt of an organic acid, such as an organic

diacid, in order to remove undesired cis diastereoisomer.

i6. The method of claim 15, wherein the formed salt is a hydrogen fumarate salt
of Compound I.

17.  The method of any of claims 1-13, comprising preparing a hydrogen succinate

salt of formula (I).

18. The method of claim 17, wherein the Compound I hydrogen succinate is

prepared in a ketone solvent, preferably acetone, e.g. aqueous acetone.

19. The method of any of claims 1-17, comprising preparing a hydrogen malonate

salt of formuia (I).

20. The method of claim 19, wherein the Compound I hydrogen malonate is

prepared in a in an alcohol solvent, e.g. 2-propanol.

21.  The method of any of claims 1-20 comprising conversion of the free base of

the compound of formula (1) to a salt of formula (I).

22.  The method of any of claim 21, wherein the base of formula (I) obtained is
first isolated as the fumarate salt thereof, which is optionally recrystallised one

or more times, the fumarate salt is then treated with a base to liberate the free



18. The method of claim 17, wherein the Conpound | hydrogen succinate is
prepared in a ketone solvent, preferably acetone, e.g. aqueous acetone.

19. The nethod of any of clains 1-17,40conprising preparing a hydrogen

mal onate salt of fornmula (1). 20. The nethod of claim 19, wherein the
Compound | hydrogen nmal onate is prepared in a in an al cohol solvent, e.qg.
2- propanol . 2Pasefdherarpranngfof fprymu4 (1 whiohss theg @oramedits trgueeinater si on of
the free base of formula (1) to a salt of formula (1). 22.
The net hod ofogﬁvhgﬁﬁﬁggpﬁggﬁE wherein the base of foima (1) obtained is
first isolated as the fumarate salt thereof, which is optionally

recrysta one or. nore tines, the fumarate salt is then treated with a

i se ES, A 2
base to lzlr,"beriﬂ‘%“tel‘@dquééy ojglaipy el dpllawt ksoirpletwniothe Compulral ¢f1 ) whi ch
i's then convegdgfid Pastihe I.nat | opate salt thereof 23. The nethod
of any of clains 1-5?‘?0??%%%%Q§f§?§g¥a 1On of the conmpound of formula I
as the free base or as a salt thereof 24. A conpound (Va) having the

structurg, OH, compound (Va) having the structure:

(Va)

25. A compound (V1) having the structure:

wherein LG is a potential leaving group, e.g. selected from the group
consisting of a halogen, e.g. Br or Cl, preferably Cl, or a sulphonate.



(Va) 25. A compound (VI) having the structure: LG wherein LGis a
potential |eaving group, e.g. selected fromthe group consisting of a

hal ogen, e.g. Br or O, preferably C4l or a sul phonate. 41 26. A conpound
(VIl) having the structure as follow. (VIlI) or a salt thereof 27. A
conmpound _.as defined in a of clainms 24-26, which conpound is

subst ant i%8t | y ‘berrapound (V- éwﬂ%@ﬁbﬁﬁnthmﬂysﬁﬂMQda|nB 1-13 or any of clains
15-23, wherein Conpound Va ¥§ obt ai ned by enzymatic resol ution of Conpound

V.

or a salt thereof.

27. A compound as defined in any of claims 24-26, which compound is

substantially pure.

28.  The method of any of claims 1-13 or any of claims 15-23, wherein Compound

Va is obtained by enzymatic resolution of Compound V.



